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JlanHas pabota mocssieHa 0630py COBPEMEHHOM TEOpHH Bpe-
MEHHOU CTPYKTYpPHBI IIPOLIEHTHBIX CTaBOK. B paboTe mpenacraBieHbl
OCHOBHBIE TUIIOTE3bl, OOBICHSIOUINE BPEMEHHYIO CTPYKTYpy (THU-
MOTE3bl OXKUAAHUM, IPEANOYTEHUS JIUKBUIHOCTH, & TAKKE TUIIOTE-
361 00 U3MEHSIOLIEICSI BO BpEMEHU MPEMUH 32 CPOK, CErMEHTALH
peIHKOB U "mpeanountaemoin” cpezsl). IlpuBenen kpatkuii 0630p
UX 3MIIMPUYECKHUX MPOBEPOK. Mojenu BpeMeHHON CTPYKTYpPbI OT-
HECEHbl K YEeThIpEM KJaccaM: MaKpO’KOHOMHUYECKHE IOJXOJBbI,
(akTOpHBIE CTOXAaCTUYECKHE MOJIENIH, CTOXAaCTHMYECKHE MOJIENIH
o0mIero paBHOBECHS M MOJICIH C OTCYTCTBHEM apOuTpaxka. Pac-
CMOTPEHBI OCHOBHBIE MOJIEIIM BPEMEHHON CTPYKTYpBI B KaXKJIOM
KJIaCCE U OMUCAHBI PE3YJIbTaThl X SMIIUPUUECKUX CPABHEHUI.
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Berymiienue

Bo Bropoii nonoBuHe XX-To BeKa poJib pblHKA FOCYIapCTBEH-
HBIX IEHHBIX OyMar B SKOHOMHKE 3HAYMTEIHHO Bo3pocina. [ocy-
JApCTBEHHBIC 3aMMCTBOBAHUSI HA OTKPBHITOM PBIHKE CTaJu B 10J1aB-
JSAIOIMIEM OOJIBIIMHCTBE CTPaH MHpPa OCHOBHBIM HCTOYHHKOM
cpencTB st (GUHAHCHUPOBAHUS OIODKETHBIX Ne(ULIUTOB U OCY-
LIECTBJIEHUSI TOCYJaPCTBEHHBIX MHBECTUIIMOHHBIX MPOeKTOB. Ore-
paly Ha OTKPBITOM PBIHKE (IIOKYIKa/TIPOJIaXka rocyJapCTBEHHBIX
oOmnuraruit) sSBIAIOTCS HanOoJiee BaKHBIM MHCTPYMEHTOM JCHEXK-
HO-KPEIUTHON MOJUTHKYU JJIs JIF0OOT0 IEHTpaIbHOTO OaHKa, He3a-
BHCHMO OT TOT'0, KAKOB €r0 LIeJIEBOM OPUEHTHUP - YPOBEHB MPOIIEH-
Ta UiIu 00BEM JIEHEHKHOTO MPEeII0KeHHsI. PBIHKM TOCy1apCTBEHHBIX
IIEHHBIX OyMar OOJIBITMHCTBA CTPaH, KaK SKOHOMHUYECKH Pa3BUTHIX,
TaK 1 pa3BUBAIOIINXCS, a TAKXKE CTPaH C MEPEXOTHON SIKOHOMUKOM,
WHTEPHAIMOHANILHBI, TTOCKOJBKY BBICTYMAaeT B KauecTBE OOBEKTa
WHBECTHUPOBAHUS HE TOJBKO JJII OT€UECTBEHHOT0, HO U JJI UHO-
CTPAHHOTO KaITaos”.

CoBpemeHHas Teopust PUHAHCOBBIX PHIHKOB MpeaiaraeT 3Hauu-
TeIbHBIA 00BbeM pa3paboTOK, THIOTE3 U MOJAENEH MO pa3sIuYHBIM
acniektaM (DYHKIIMOHUPOBAHUS BCEX CErMEHTOB (PUHAHCOBOTO
pBIHKA, B TOM YHCJI€ PbIHKA TOCYJAapCTBEHHBIX IIEHHBIX OyMar.
Haubonee xapakrepHOli 0COOEHHOCTHIO YPOBHSI CTaBKHU IPOIIEHTA
(moxomgHOCTH) TIO HamboJee PacIpOCTPaAaHEHHOMY BHJYy TOCyAap-
CTBEHHBIX IIEHHBIX OyMar, roCcyJapCTBEHHBIM OOJUTAIHSM, SBIISI-

!B tom qrcIe, A TaK Ha3bIBaeMBIX "TOps9uXx" ICHET, MPUTOKU WM OTTOKH
KOTOPBIX MOT'YT CIPOBOLIMPOBATH OCTPEUIINil (PUHAHCOBBIN KPU3KUC B SKOHOMHU-
K€ CTPaHbI, YTO HATJISIHO MPOJIEMOHCTPUPOBAIN COOBITHS TOCICTHUX JBAIATH
JeT B crpaHax JlaTuHCkoM AMepHKu, a Takke Kpuszuc B Poccuu u psipe crpaH
CHI B 1998 romy.



€TCsl OTCYTCTBUE YHUKAJIbHOW COCTABIISIFOLIEH B OLIEHKE PUCKA IO
JAHHOMY BHUJY LIEHHBIX 6yMar2. DTO CBOMCTBO /a€T BO3MOKHOCTh
KCCIIEIOBATh YPOBEHb U JUHAMUKY JOXOJHOCTH T'OCYJAaPCTBEHHBIX
LIEHHBIX Oymar B 3aBUCUMOCTH, B TIEPBYIO ouepeib, OT PyHIaMeH-
TaJbHBIX (AKTOPOB M TOKa3aTelied OXUIAHUN SKOHOMUYECKHX
areHToB. K n1aHHOMY HampaBieHHIO T€OPUH (PMHAHCOBBIX PHIHKOB
OTHOCSITCS MOJENM MPOLIEHTa Ha OCHOBE runote3bl M.@umepa, na-
puTEeTa IPOLIEHTHHIX CTABOK M C Y4eTOM 3P deKTa JIUKBUIHOCTH.

BaxxupiM mpeaMeToM HCCIeIOBaHUS B paMKax Teopuu (QpUHAH-
COBBIX PBIHKOB SIBJISIETCS AHAJIU3 COOTHOLIEHUS MEXAY IOXOHHO-
CTSIMM TOCYJIAapCTBEHHBIX LIEHHbIX Oymar (WM JIOOBIX ApPYTHUX
CPOYHBIX (PMHAHCOBBIX MHCTPYMEHTOB) C Pa3IUYHBIMH CPOKAMH 0
MOTAILICHUS, T. €. aHAIU3 BPEMEHHOU CMPYKMYpbl HPOYEHMHBIX
CMasox.

K nHacrosimieMy BpemMeHU TE€OpHUsi BPEMEHHOM CTPYKTYpbI HpPO-
LIEHTHBIX CTABOK MPEICTABJICHA B PYCCKOA3BIYHON SKOHOMUYECKOU
JUTEepaType JUIIb Ha CaMOM AJIEMEHTApHOM YPOBHE B y4eOHHKax
M0 MHBECTHIHUSIM M (UHAHCOBOMY aHaJ'II/I3y3. B 1o xe Bpems pac-
cMaTpuBaeMasi TeMa BKJIIOYAET B Ce€0sl MHOXECTBO MOJENIed U HC-
CIEOBAaHMM, IIHUPOKO HCIOIB3YEMbIX KaK IpPH TEOPETHYECKOM
aHayn3e (PUHAHCOBBIX PHIHKOB HAa MaKpPOIKOHOMHUYECKOM YpPOBHE,
TaKk U MPH MPAKTUYECKOW paboTe HAa PBIHKAX CPOYHBIX U MPOU3-
BOJHBIX (PMHAHCOBBIX HHCTPYMEHTOB.

Jannas paboTta uMeeT CBOEH 11eIbi0 0000IIHUTh U AaTh YUTATE-
JI0 TpeJCTaBlIeHHE 00 OCHOBHBIX THIIOTE3aX U MOJIENSIX BPEMEH-
HOW CTPYKTYpBl INPOLEHTHBIX CTaBOK, COBPEMEHHOM COCTOSIHUU
SMIIUPUYECKUX HCCIICIOBAHUN MO PA3JIUMYHBIM acCIeKTaM JaHHOU
TeMbl. ABTOpP HE CTPEMWJICS ONMUCATh BCE YIOMSHYTBHIE MOJAEIH
BPEMEHHOU CTPYKTYpbl TOAPOOHO, B YAaCTHOCTH, OOJBIIMHCTBO

® B ToM umcIte pucKa 1edonTa, He CBA3aHHOTO C CHCTEMATHUECKHM PHCKOM.

¥ B kauecTBe HCKIIOUCHHMS MOXHO Ha3Bath crathio O.Bykimememesa u
A.IlomaHCKOTO B XypHaje "DKOHOMHKAa M MaTeMaTHdeckue Meronsl B 1992
rOJy, MOCBSIICHHYIO OIMMCAHUIO OJHOM M3 HauOOJIee BaXKHBIX MOJEC/CH BpeMeH-
HOU cTpYKTYpHI - Moaenu Kokca-WUurepcomna-Pocca (cm. Byknememes, [Toman-
ckuil, 1992) m sMnupruvecKkue OLEHKH TUIOTE3bl OXHaHuil mist peiHka ['KO-
O3 B padote UDIIIIII B 1998 rony (cM. DHTOB 1 1p., 1998).
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IIPOMEKYTOUYHBIX MaTEeMAaTHYECKUX BBIKJIAJOK NMPH OOpaIleHuu K
TOM MM MTHOH MOJEJHM BPEMEHHOU CTPYKTYPBI OIYIIEHO.

O0630p cocTouT M3 cemu maparpadoB, CIHCKa JTUTEPaTyphl U
npuinokenus. [lepBelif maparpad coaepKUT OCHOBHBIE MOHATHS U
OIIpeJIeJIEHUs], UCIIOIb3yEMbIE B TEOPHH BPEMEHHON CTPYKTYpbl. Bo
BTOpOM Maparpade NpeACTaBICHbl MATh TUIIOTE€3 BPEMEHHOM
CTPYKTYpBI (O)KUIAHUN, TPEATNIOUYTEHHS TUKBUAHOCTH, 00 U3MEHSI-
IOLEICS BO BPEMEHU NPEMHUU 32 CPOK, CETMEHTALMU PBIHKOB U
"mpeanounTaeMon’ cpesbl), a TaKXKe JIaH KPaTKUK 0030p UX IMITH-
pUUECKUX HpoBepok. TpeTuil maparpad MOCBSIIEH MaKpOIKOHO-
MUYECKUM IOJIXOJaM K aHaJIu3y BPEMEHHOM CTPYKTYpbl IPOLIEHT-
HBIX CTaBOK. UeTBepThId, MATHINA U 1IECTONW nmaparpadsl BKIOYAIOT
ONMCaHME TPEX KJIACCOB CTOXAaCTMUYECKMX MoOJiesIell BpPEeMEHHOU
CTPYKTYpbI ((pakTopHBIE MOJENH, MOJEIN OOIIEro paBHOBECHS U
MOJIETIU ¢ OTCYTCTBHEM apOuTpaxa). Hakoner, cenpmoii maparpad
IpescTaBiIsieT co0oil 0030p OCHOBHBIX PabOT MO 3MIHUPUUYECKUM
IIPOBEPKAM DPA3JIMYHbIX MOJeNiell BpeMEHHOH cTpyKTypsl. B mpu-
JIO)KEHUU JaHbl OCHOBHBIE IIOJOXKEHUS TEOPUU CTOXACTUYECKHX
MIPOLIECCOB, UCMOJIb3YEMBIX B CTOXACTUYECKUX MOJENSIX BPEMEH-
HOM CTPYKTYpBHI.



1. OcHOBHBIE IOHATHS U ONIPeAeJICHUS

[Ipexxne yeM MNPUCTYNUTHh K OINKCAHUIO TUIOTE3 M Mojelel
BPEMEHHOU CTPYKTYpbl JOXOJHOCTH IEHHBIX OyMmar, oInpeneanm
OCHOBHbBI€ TEPMHUHBI U TIOHSTHS, UCTIOIb3YEMbIE B TEOPUU BPEMEH-
HOUM CTPYKTYPBHI, a TAKXKE UX MaTeMaTHYECKYyIO 3amuch. B 3ToM ma-
parpade aBTOp clielyeT TEPMHUHOJOTMH U (OPMYJIUPOBKAM, HC-
nosib3yembiM B Campbell, 1986; Shiller, 1990; Cuthbertson, 1996;
Campbell, Lo, MacKinlay, 1997; Mishkin, 1997; Backus, Foresi,
Telmer, 1998, lllapn, Anexcanop, baiinu, 1998.

[Tox cmoBom "obauramusi" OyneT MOHUMATHCS JHO00E I0JITO-
BOoe 0053aTenbCTBO, 0GOPMIIEHHOE B BUE PHIHOYHOW LIEHHOH Oy-
Mar, miaaTexu (TUiaTex) Mo KOTOpOMY OIpe/eleHbl B HOMHHAIb-
HBIX (JIEHEXKHBIX €IMHUIIAX) WIN PEAIbHBIX (HAMp., 10 OTHOLIECHUIO
K MHJEKCY MOTPEeOUTENbCKUX 1IeH) BenuunHax. Oomuranuu Jaensr-
Csl Ha TUCKOHTHBIE U KYTIOHHBIE.

JlucKOHTHAsI 00Uranusi — 1ieHHas Oymara, JI0X0/I 1o KOTOpOoit
OMpeJeNseTCs 3a CUeT pa3HULIbl (AUCKOHTA) MEX1y LEHOM MOKyI-
K1 (pa3MelleHus) oOMUraliu U €e HOMHHAJIOM, YIUIaYuBaeMbIM
MIPH TIOTAIICHUH.

Kynonnasi obauramusi — 1neasas Oymara, J0XOJ MO0 KOTOPOM
CKJIa/IbIBAETCSl KaK CyMMa KyNOHHBIX BBITUIAT 3a MEpHUO oOparie-
HUSL OONHranuu M, BO3MOXKHO, TUCKOHTA (TOJOXKHUTEIHHOTO WU
OTPHULIATENILHOI0) MEXAY LIEHOW MOKYINKH (pa3MelieHus) olnura-
MU ¥ €€ HOMUHAJIOM, YIUTAaYMBAEMBIM TIPH TTOTAIICHHH.

[Ipu popmynupoBaHUU TUIIOTE3 M MOCTPOCHUH MOENel Bpe-
MEHHOW CTPYKTYpHI Ui YNPOIIEHUS 3amucu Mbl OyaeM paccMat-
pUBaTh HCKIIOYUTENIBHO JUCKOHTHBIE OOJIUTalliu, TMO3TOMY BCE
OTIpeJIeTICHUS JaJie€ OTHOCSTCS K TUCKOHTHBIM OOJTUTAIIHSIM.
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JaTta moramenusi (maturity) — ycraHoBIICHHas! TPH BBITYCKE
(pa3mernieHnn) OOIUTAIMK J1aTa BBITIIAThl HOMUHAJIA OOIUT Ak, 1.

Cpok 10 moramenusi (term, time to maturity) — BpemeHHO#
MHTEpBAJl OT TEKyIIel AAThl 10 JaThl MOTAIICHUS JaHHOW o0JHra-
mun, m =T —t.

Hrwopamusi (duration) — B3BELICHHOE CpEHEEC BPEMEHHBIX HH-
TEPBAJIOB 70 BCEX KYMOHHBIX TUIATSKEH 3a MEPHOT IO TOTAIICHUs
o0JMraiuy, rjae B Ka4yecTBE BECOB BBICTYMAOT KYITOHHBIC CTaBKH
(cornmacuo Macaulay, 1938), D. lns auckoHTHO# oOmuramuu D =
m.

B kaxnpiit MOMEHT BpeMeHH t JUCKOHTHAsE OOJIUTamus ¢ JaTou
noranieHust T (CO CPOKOM JI0 MOrameHus: M) UMEeeT PHIHOYHYIO IIe-
Hy p(t, T), wm p(t, m), koTopas onpenensercs B pe3yybraTe J0-
CTHDKCHHUS PABHOBECHS MEXKIY CIPOCOM UM TpeioxeHueMm. Ecmm
MPUHATH HOMUHAJ OOJIUTAIlMH 32 €IUHUILY, TO, OYEBUIHO, B JTFOOOM
MomeHT Bpemenu t' < T nena obmuramuu p(t, T) < 1 1 mocTeneHHo
YBEJIMYUBACTCS IO Mepe MpUONIKEeHUsT JaThl moramenus. B atom
cllydae A0X0aHOCTh K moramenuto (yield to maturity) paBua tem-
Iy pOCTa IEHbI OOJIUTAINN 0 EAMHHUIIBI K 1aTe TOTaIICHUS.

Ortcronma ciemyeTr, 4To IIeHa OOJUTalMH B KaXKIbIi MOMEHT
Bpemenu ', t <t' <T, momxHa onpenensiThbCs U3 YCIOBHS

ot T) = pt,T)e" "

rae r(t, T) — JOXOIHOCTh K MOTramieHHio (CTaBKa MPOLCHTA) B
MOMEHT { TMCKOHTHOM oOnuranuu ¢ aatoi noramenus 1. [Ipupas-
HSB IIEHY OOJIMrali B MOMEHT TOTalleHus K eaunuie, 1.e. p(t' =
T, T) = 1, MbI monyyaem:

o, 7) = AT
T -t

B nmannoii ¢popme 3ammcu JOXOAHOCTD K MOTAIICHUIO HA3bIBACT-
csl elle CmoT-cTaBKoii (Spot-rate) mo oOswurarwu, 1100 T0X0THO-
CTBHIO K MOTAIIEHHIO B HENIPEPBIBHOM Hcuncienun (continuously
compounded yield to maturity), MrHOBeHHO¥ CTaBKOIi MpoOLEHTA
(instantaneous compound interest).

B kaxaplii MOMEHT BpEMEHHM Ha pPBhIHKE HAOII0/IAeTCs MHOXeE-
CTBO CTIOT-CTaBOK IO OOJIMTAIUsAM C Pa3IUYHBIMU JaTaMHU MOTraiie-
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HUA (Cpokamu 10 ToramieHus). BpemeHHoil cTpykTypoii mpo-
HeHTHBIX cTaBok (term structure of interest rates) naswiBaeTcs
(GYHKIHS, CBS3bIBAIONIAs JOXOAHOCTh K TIOTAIICHHIO KaXIOH U3
obyuranuii ¢ ee CpoKoM JI0 moraiienus, 1.¢. r(t, m) = F(t, m), wiu

—In[ p(z,
F(t, m) = —LAtLm]
m
Pucynox 1.1
Paziimunbie (popMbI KPUBOH 10XOIHOCTH
rttm) 4 r(t, m) F
m m
r(t, m) r(t, m)
m >

r(t, m)

—

m
m/

12



Takum 00pazoMm, BpeMEHHasi CTPYKTypa JOXOJHOCTH OOJUTa-
Ui B KaXX/IbIi MOMEHT BPEMEHH 3aJaCTCsl MHOKECTBOM LIEH 00JIH-
raivii ¢ pa3IMyHbIMU CpoKamu 10 morameHus. Eciu cpok 1o mo-
rameHns O0JIMTalliil OTHOCUTEIIFHO MaJl, TO CIIOT-CTaBKa 10 TaKOH
oOJIMraIii Ha3bIBaeTCSl KPATKOCPOUHOW craBkoii (short-term
rate), ecnu cpok — OOJIBIION, TO — IOJATOCPOYHOI cTaBKoii (long-
term rate).

Kpusas noxoanoctu (yield curve) — rpaduk, oroGpakarommuii
COOTHOIIEHHE MEXIy IOXOIHOCTHIO OOJNUTalii C pa3iIu4HbIMU
CpOKaMu JI0 MOTAIICHUsI U CPOKOM J0 moramieHus (cM. puc. 1.1).

IpouentHplii cnp3x nmo odsuramusam (yield spread) — pas-
HOCTh MEX/IY JOXOJHOCTBHIO OOJHTaIli CO CPOKOM IO TIOTAIICHHS
M U TOXOTHOCTBHIO OOJUranuy, roramaemMoil B MomeHT t + 1, T. €.
s(m, t) =r(t, m) —r(t, 1).

®opBapanas craBka (forward rate) — wnesBmas (implicit)
CTaBKa, oOmpejaeisieMas Ha OCHOBE HaOIromaeMoll BpeMEHHOU
CTPYKTYpPBbI POLIEHTHBIX CTaBOK. DopBapIHas cTaBKa Ha OyIyIIni
nepuon N = T — t' paBHa cTaBKe, BRIYUCIIIEMO B MOMEHT t Ha oc-
HOBE CITOT-CTaBOK IO OOJHMTanusM cO CPOKaMH 10 morameHus t' u
T, 1 paccuuThIBaeTCA Mo cienyromei popmyse (s JUCKOHTHBIX
obmuraruii):

f(@t,0',T) = (T —0r (f’g )_—;t'—t)r(t,f) |

(1.1)

IMpenen (1.1) mpu t' cTpemsimemcst k T o6o3nauaercs f(t, T) u
Ha3bIBACTCS MIHOBEeHHOU (opBapaHoii craBkoii (instantaneous
forward rate)*:

a(t,T)
ST =6 T) (T =)=

N

a(t,m)

f(t,m)=r(t,m)+m n

(1.2)

* B nanbHeiimem Mbl GyIeM MOIb30BAThCS 3AIHCHIO KAK B HENPEPHIBHOM, TAK H B
JVCKPETHOH (popMe B 3aBUCHMOCTH OT YA0OCTBA B Ka’KZIOM KOHKPETHOM CIIydae.
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PemuB nuddepennuanpHoe ypaBuenue (1.2), Mbl HAXOIUM, YTO
¢dopsapnnas craska f(t, t', T) paBHa cpeqHeMy MrHOBEHHBIX (op-
BapJIHBIX CTABOK 3a nepuon [t', T]:

|
S ny= o[ f9ds.

C npyroit cTopoHb! (popBapAHas cTaBKa MOXKET ObITh onpeje-
JICHA KaK

At,m—1)
t,t 17 =In[———].
ft,t+m—1T)=1In[ p(t,m)]
ITO YKBUBAJICHTHO
T-1
> ft,t+m+1T)

r(t, m) ==
m

Takum 00Opa3oM, cHoT-cTaBKa paBHa cpenHemy (opBapIHBIX
CTaBOK 3a TMEPUOJ] 10 TTOTAIIEHUs OOJIUTAITUH.

CraBka 3a mepuoja BJaageHusi odosmranmeit (holding period
rate) — DOXOAHOCTh OT TMPOAAXKU OOJIHMIallH, KYIUICHHOW paHee.
JIns AMCKOHTHOM OOJNMTaluy 3Ta JOXOJHOCTh PaBHA JOXOTHOCTH
OT TpoJaku obauranuu B MoMmeHT t' o 1iene p(t', T), ecnu oHa ObI-
Ja KyTieHa paHee B MoMeHT t o tiene p(t, T).
(T -, T)— (T -")n(?,T)

e, t',\T) = ; (1.3)
r—t
MrHoBeHHasi CTaBKa 3a MNepHOJ BJaJeHUs oO0auranme
. . t,T
(instantaneous holding return) pasua H(z,T) = % .

Jns HaXOXKII€HWS COOTHOLICHHS MEXIY CTaBKOM 3a MEPHO]
BIIQJICHUS OOJIUTAIMe U CTIOT-CTaBKOM BBIPA3UM CTaBKY 3a MEPHO/]
BIIQJICHUS OONHTraInueil yepes 1eHbl OOJIUraliii B MOMEHTBI MTOKYTI-
ku, {, u mponaxwu, t'=¢+1:

', Ty exp[(T -t)r(t,T)]
AeT)  expl(T —t)r(t', )]

Wt,t',T) = (1.4)
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Taxum oOpa3oM, cTaBKa 3a IEpUO] BIAACHUS oOiurauueil tem
BBIIIE, YEM BBILIE OOJUTAIUs UMENIa T0XOAHOCTh B MOMEHT TOKYII-
KM, U 4YEM HUXKE — IIPU IIPOJAXKE.

[IponorapudmuponaB ypaBHenue (1.4) u moacraBus ¢=+¢'-1,
MBI [10JIy4aeM, 4TO CTaBKa 3a MEpUOJl BJIaJeHUs oOnuranuei onpe-
JeNIsieTCsl CIOT-CTAaBKOM B MOMEHT IMOKYINKH OOJIMralii U U3MeHe-
HUEM CIIOT-CTaBKHU 3a NEPUOJ BJIAJCHUS:

W, T)=r(t,T)— (T —rt, T) - r(t, T)]. (1.5)

Eciu B ypaBHeHun (1.5) cnoT-cTtaBKM BBIpa3uTh 4epe3 LEHBI
obnuranuii, To, CcyMMHUpysl 110 BCEMY CPOKY 0 IOTalleHUs, Mbl [10-
JIy4UM:

7-1
pt,T)=D h(t,t +1,T)
t=0

nJIn
T-1

ht,t+1,T)

r(t,T)=""—— (1.6)

T—t
VYpaBuenue (1.6) mokaspIBaeT, YTO JOXOJHOCTh K MOTALIEHUIO
JUCKOHTHOM OOJHraluu paBHa CpeIHEW 3a BpeMs 10 MOTallleHUs
CTaBKe 3a MEePHO/]T BIIAJICHUS 00IUTaIIEH.
dopBapaHas npemus 3a cpok (forward term premium), mpe-
Must 3a JukBUAHOCTD (liquidity premium) — 3To pa3HOCTh MEXITY
(dbopBapAHON CTaBKOW M YCIOBHBIM OXHJIaHUEM COOTBETCTBYIOIIEH
Oynyiei CTaBKu:
®, ., T)=ft",T)-E,n',T)t<t'<T, (1.7)

riae E; — omepaTop MaTreMaTu4eckoro 0XKuaaHusl.

Ipemus 3a cpok Baagenus odomranmeit (holding period term
premium) s mepuona t < t' < T ompexpensieTcsi Kak pa3HOCThb
MEXTy YCIOBHBIM OXXKHIAHHEM JOXOJHOCTH 3a IEPHOJ] BIIAJICHUS
oOJurareit 1 COOTBETCTBYIOIIECH CITOT-CTaBKOM:

D, (.1, T)=E ht,t', T)—rt,t"),t <t'<T . (1.8)
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['unoTe3bl, 00BACHAIONINE MPUYUHBI BOSHUKHOBEHHUS M CMBICI
MIPEMHIA 32 CPOK, OyAyT MPECTABICHBI HIKE.

W3 dpopmymn 1.1, 1.3, 1.7 u 1.8 mosy4aem COOTHOILICHUE MEXKITY
(dhopBapaHOH MTpeMuUeH 3a CPOK U IPEMHUEH 3a CPOK BIIaJICHUS O0JIH-
ranuem:

T -t
O,(,1,T)= O .(,1,T),t<t'<T,
h(a > ) t'—t—l f(a > )>

e ®,t1,T)>D,(60,T).

16



2. I'nnore3bl KPUBOU TOXOTHOCTH
LEHHbIX Oymar

2.1. 'MnoTe3a oXxnpaaHun

WNHTepec K HM3yYEHHIO BPEMEHHOW CTPYKTYPbl IIPOLIEHTHBIX
CTaBOK BO3HHK JaBHO, emie B koHie XIX Beka. [lepBoit (u Haubo-
JIee 4acTo MPOBEPsieMON B SMIIMPHUUECKHUX HCCIEIOBAaHUSIX JI0 CHX
0P ) SABJISICTCA TMIIOTE3a OKUIAAHUH.

I'umore3a oxmpanumii (expectations hypothesis), B oGmiem Bu-
7€, IPEeIoJaraeT, YTo JAO0JITOCPOYHbIE MPOLEHTHBIE CTaBKU OTpa-
KAIOT OKUJAAHUS KPAaTKOCPOUYHBIX CTABOK.

[IpenmonoxkeHus 0 TOM, YTO TEKYyIIHWE AOITOCPOYHBIE MPO-
LEHTHBIE CTAaBKH JOJDKHBI COJIEpKaThb MHPOPMALUIO O OyIymux
KOPOTKMX CTaBKax mosiBWiHCh emie B koHue XIX Beka (Bohm-
Bawerk, 1891; Fisher, 1896). 3HauuTenbHBIN BKJIaa B Pa3BUTHE
JAHHOM TUTIOTE3bI ObLT caenad B padore Y. ®umepa B 1930 roxy,
MOCBSIIEHHON M3YyYEHHIO B3aUMOCBSI3U MEXAY PEAJIbHOM M HOMHU-
HanbHOM craBkamu nporenta (Fisher, 1930). IIpencrasienue Ho-
MHHAJIBHOM MPOLICHTHOW CTABKHM KaK CYMMBI JKE€JIAa€MOM pealbHOU
MPOLIEHTHON CTaBKH U OKHUJIAeMOW MH(ISALUU MMO3BOJMUIO BBIIBU-
HYTb HJIEI0 O CIIOCOOHOCTH JOJTOCPOYHBIX MPOLEHTHBIX CTABOK
MIPE/ICKa3bIBATh HE TOJIBKO KOPOTKHUE CTaBKH, HO M MHQIISILMIO (TIpU
YCIIOBHH TTOCTOSIHHOTO YPOBHSI PEAIbHOTO MPOICHTA)".

K psily paHHUX PabOT, MOCBSIIEHHBIX OOCYXICHUIO MPEACKa3aTeIbHBIX BO3-
MOHOCTEH MPOIEHTHBIX CTaBOK, oTHOCsATCs myOnukanuu Williams, 1938; Lutz,
1940; Hicks, 1946.
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Paznuyaror 1Ba THHA THIIOTE3bl OXKHUIAHUIN: YHCTYI0 THIOTE3Y
oxkuaHuii (pure expectations hypothesis) u, coocTBeHHO, rHIIOTe-
3y oxkmaanmii (expectations hypothesis).

Yucrasi THIOTE3a OXKUAAHUN YTBEPXKIAET, YTO JOJITOCPOYHBIC
NPOLICHTHBIE CTaBKH DPaBHBI CPEIHEMY OT OXXHIAEMBIX KPaTKO-
CPOYHBIX MPOICHTHBIX CTaBOK. B NepBOHaYaIbHOM BHJIE TMIIOTE3a
OKHJIaHU# Tpejarmosarajga CoBepiicHHOe mnpeaBuacHue (perfect
foresight) u HeHTPaIbHOCTH HHBECTOPOB 110 OTHOIIECHUIO K PUCKY
(risk neutrality)®. DTo yTBepkaeHHE PABHOCHIBHO HECKOIBKHM
SKBUBAJICHTHBIM OTIPEICIICHHUSIM.

1) Oxunaemasi JOXOJHOCTh OT BJIZI€HHsI OOJIMTalUsIMU C JIO-
OBIMH CpPOKaMH 0 MOTALICHUs 3a IEPUOJ BPEMEHU n OyAeT O1H-
HAKOBOW M paBHA CIOT-CTaBKE IO OOJIMTAIlMHM C CPOKOM JIO Iora-
HICHUS 7'

E h(t,t+nm)—r(t,n)=0

Vm,n<m
128101
D, (t,t+nm)=0.

2) Cnor-cTtaBKa 1Mo OOJMraiuy, rmoramaeMoi yepes n Iepuo-
JI0B, paBHa 0XH/Ia€MOM CTaBKE 3a MEPHO/] BIaJACHUs oOIHUranueit ¢
OOJIBIITUM CPOKOM JI0 TIOTAIIECHUS:

r(t,n)=E h(t,t + n,m)

n<m

3) JloXOAHOCTh [OJTOCPOYHOM OOJUTalluKd pPaBHA CpEIHEMY
OKHMJIAeMBIX JOXOJHOCTEH KPATKOCPOYHBIX OOJIMTAIiidi 3a BECh
CPOK JI0 TIOTAIIICHUS:

Ti E, (1))

D=

6 Hauueix moaxon Obul pasBut B paborax Meiselman, 1962; Malkiel, 1966;
Bierwag, Grove, 1967 u op.

18



4) dopeapHas MpeMUs 3a CPOK paBHA HYIIIO IS JIFOOOTO Cpo-

Ka 10 morameHus (popBapaHas CTaBKa paBHA OXXKUIAEMOW CIOT-
CTaBKe):

D (4,1, m)=0,Vm

: (2.1)
f,t+L,T)=E r(t+1T)

W3 dopmynsl (2.1) cnenyet, uro onHomnepuoaHas (GopBapaHas
CTaBKa I10 MHBCCTUIIUAM, COBCPUICHHBIM YC€PEC3 KaKOC-TO BpCMs nB
Oyny1iem, T0JKHA 00J1a1aTh CBOMCTBOM MapTHHTAJIA:
ftt+nt+n+)=E r(t+nt+n+l)=

=E [E,,7¢+nt+n+])]=E, ft+Lt+n+Lt+n+2)

(2.2)

t+1

OnHako MHorue wuccienoBatenu (Hanmpumep, Stiglitz, 1970;
LeRoy, 1982), yka3piBanu Ha TO, 9YTO B TAKOM BHUJE TUIIOTE3a OXKH-
JaHWN TMPOTHBOPEUYMIIA psay TpeOOBaHMN K OOIICHPUHATOMY K
Havasy 70-X roJioB MpEJCTABJICHUIO JMHAMHMKH IICH B BUJE CTOXa-
CTHMYECKHUX IPOIECCOB. B YaCTHOCTH, HE MOTJIO OBITh BBIOJIHEHO
ycnoBue HepaBeHcTBa JIxencena (Jensen's inequality, Shiller,
1990). Pa3Burne Teopum parMoHaIbHBIX oxumanuii (Muth, 1961;
Lucas, 1972; Sargent, Wallace, 1975) mo3BoJmiIo mpeoaoaeTs Bo3-
HUKIIee npoTuBopeure. C 3TOro BpeMEHHU TUIIOTe3a OXKUIaHUH JUTsI
BPEMEHHOW CTPYKTYpBI IMpearojaraia HajJuuue HEHYJICBOW Tpe-
MHH B 3aBHCHMOCTH OT CpOKa J0 ToramieHus. [ mmoresa paruo-
HAJBHBIX OXKUJAHWH TPUMEHUTEIBHO K BPEMEHHOW CTPYKTYpe
MPOICHTHBIX CTABOK BOIILIA B OOJIBIIMHCTBO YUCOHUKOB MO TEOPHH
(UHAHCOB, MAKPOIKOHOMHKE M JCHEKHON TEOPUH 10T Ha3BaHHEM
COOCTBEHHO THIOTE3bI OkuaaHuii (Hamp., Sargent, 1987; Brealey,
Myers, 1991; Romer, 1996; Cuthbertson, 1996; Mishkin, 1997;
Ilapn, Anexcanoep, Botinu, 1998).

CornacHo JaHHOW THUIIOTE3€ OKHAAHUN OXKHJaeMast M30BITOY-
Has JOXOJHOCTH (ITPEMHs 32 CPOK) paBHA TOCTOSIHHOW BEJIHYWHE,
OJTMHAKOBO# [ 00 IMTralMii CO BCEMH CPOKAMH JIO TOTAIICHNUS,

E, it t +1,m)—r])=D,Vm,
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T. €. (bOpBapI[Haﬂ mpeMus 3a CpOK IMOCTOAHHA U OJUHAKOBA JIA
BCCX CPOKOB 10 HOFaH_IeHI/I5I7:
D, (1,0',m) =D, Y.

O6a Buia runoTe3bl OKUAAHUM 00JIaaloT PSIIOM CBOMCTB, MM03-
BOJISIFOIIUX OOBSICHUTH (hOpMYy HAOIIOAAEMBIX KPUBBIX JTOXOIHO-
cT. Bo-miepBhIX, OHU OOBSACHSIOT, TOYEMY JTOXOAHOCTH OOIHTaIuit
C pa3IMYHBIMHU CPOKaMU 1O MOTALCHHs JABUKYTCS OJHOHAIIpaBIIe-
HO. Ecin pocT KpaTKOCPOYHBIX MPOLEHTHBIX CTABOK CErOJHS BOC-
IIPUHUMAETCS. KaK JOJI'OCPOYHOE NOBBILIEHUE YPOBHS INPOLICHTA,
TO COXPAHSAIOTCS OXHUJAHUS MX pocTa U B Oyaymem. Oxugaemoe
MOBBIIIEHHE KPAaTKOCPOYHBIX CTABOK BBI3BIBAET POCT JOJTOCPOY-
HBIX CTaBOK B TEKyIIeM nepuojie. Takum o0pa3oM, KpaTKOCPOUHbIE
U JOJITOCPOYHBIE CTaBKU JABUYKYTCS OJTHOHAIPABIIEHO.

Bo-BTOpBIX, TUIIOTE3BI OXKUAAHUN OOBSCHSIOT, MOYEMYy KpUBas
JIOXOJTHOCTH MMEET MOJOKHUTEIbHBIA HAKJIOH, KOTJla KpaTKOCpOU-
HbIE CTaBKM HU3KH, U OTPULATEIbHBIM HAKIIOH, KOTJa KPaTKOCpOY-
HBbIE CTaBKH BBICOKH. ECIM KpaTKOCPOUHBIE CTaBKM HU3KHU (HUKE
JOJITOCPOYHOIO CPENHEr0 YPOBHSA), TO SKOHOMMYECKHE areHThI
OKUJAIOT UX POCTA, €CJIM BHICOKH (BBIIIE JIOJITOCPOYHOTO CPEIHETO
YPOBHA) — CHUXEHHs. TakuM o00pa3oM [IOJITOCPOYHBIE CTaBKH,
paBHBIE CpeIHEMY TEKYIIMX M OyIyIIMX KPaTKOCPOUYHBIX CTaBOK,
OKa3bIBAIOTCS BBIIIE WJIM HUKE JOXOJTHOCTH KOPOTKHUX OOJIHMTaIii.

B-TpeTpux, naHHBIE THUNOTE3BI OOBACHSIOT OONBIIYIO BOJa-
TWIBHOCTh KPaTKOCPOYHBIX CTaBOK II0 CPAaBHEHHUIO C JIOJITOCpPOY-
HbIMU. [IOCKOJIBKY IPOLIEHTHBIE CTaBKHU JEMOHCTPUPYIOT CBOKMCTBO
BO3BpaIlaThcs K cpeaHemy (mean-reverting), To cpemHee KpaTko-
CPOYHBIX CTaBOK JOJDKHO MMETh MEHBIIYIO BOJATWIBHOCTH, YEM
CaMHM CIIOT-CTaBKH.

OpHako THUMOTE3bl OKUIAHUI HE MOTYT OOBSICHHUTH TOT (haKT,
YTO KpUBas JOXOJHOCTH MUMEET MPEUMYUIECTBEHHO MOJIOKUTEIIb-
HBII HaKJIOH. B 3TOM ciy4ae, COrjiacHO TUIOTE3€, KPATKOCPOUHbIE
IIPOLIEHTHBIE CTABKM Yallle HAXOIATCS HUXKE JOJITOCPOUYHOrO Cpe-
Hero ypoBHs. KpoMe Toro, cornacHO mpuBeIeHHBIM BBIIIE (HOpMY-

7
Amnanornyno BoipakeHusM (2.1) u (2.2) dbopBapaHyO CTaBKy B 3TOM ciydae
MO’KHO OTIPEIEIUTh KaK MApTHHTaJI CO CABMIOM, paBHbiM @D .
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JMPOBKaM OOOHMX THIIOB THITOTE3bI OKUIAHUN KPUBasi JOXOJAHOCTH
JIOJDKHA CTPEMHUTHCSI K TOPU3OHTAIBHOMN MPSIMOM, YTO HA MPAKTHKE
HaOJII01aeTCs PEIKO.

ILOHYHIGHI/IG 0 BO3MOJKHOCTH HAJIMYUS IOCTOSIHHOU IIpEMHUH 3a
CPOK TO3BOJIHJIO COJMU3UTh T'MIIOTE3y OXHIAHUN M aJbTCPHATHB-
HBI TOAXOJl, PA3BUBACMbIN Ha MPOTSHKCHUU NECATHICTHH — TEO-
puro NpCAnOYTCHUA JIMKBUAHOCTH.

2.2. T'vnoTe3a npeanoYTeHUA NIMKBUAHOCTH

[TepBbIie MpeAIoNoKEHHs O TOM, YTO (hOpBapIHbIC CTaBKH (T. €.
OyIyllue CTaBKH, PACCUMUTHIBAEMbIE HA OCHOBE COOTHOIICHHS Te-
KyIIMX KOPOTKUX W JOJTOCPOYHBIX CTABOK) JIOJDKHBI COJCPIKATH
MOJIOKUTEIbHYIO TIpeMHI0 (TIPeMHUI0 3a puUckK, risk premium, wim
IIPEMUIO 3a CPOK, term premium) BeICKa3bIBaauCh yike B 30 — 40
roabl XX Beka (Keynes, 1930, 1936; Lutz, 1940; Hicks, 1946). JTx.
XUWKC TpeAroarai, YTo Takas IpeMusi He0OX0MMa, TIOCKOJIBKY B
MIPOTHBHOM CJIy4ae MHBECTOPHI HE OYAYT NENaTh Pa3IAUHs MEXITY
KPaTKOCPOYHBIMH M JIOJITOCPOYHBIMHU BJIOKCHUSIMH, KPOME KaK U3
MpeanouTeHuit TMKBUIHOCTU. [To3TOMY CTaBKM Ha Ooliee TMHHBIE
CPOKH JIOJKHBI OBITH BBIIIE, Y€M KOPOTKHE, YTOOBI MPUBJICYb BJIO-
KEHUsI Ha MONTUH cpok. boree opurmHampHas rumnore3a Oblia BbI-
ckazana Jlyruem (Lutz, 1940): oH cuuTan, 4TO MOCKOJIBKY JACHBIH,
CaMblil JINKBUIHBIN aKTUB, HE IPUHOCST MPOIIEHTA, TO MPOIEHT IO
IIEHHBIM OymaraM JOJDKeH OBITh TEM BBIIIE, YeM JOJBIIEe UX CPOK
JI0 TIOTAIICHUS (T. €. YeM MEHEE OHH JIUKBUIHBI).

I'unore3a npeanourenunii JukBuaHoctu (liquidity preference
hypothesis) mpeamnonaraer, uto (opBapHas MpeMusi 3a CPOK IMO-
CTOSIHHA BO BPEMEHH, HO 3aBUCHUT OT CpPOKa JO MOTaIIeHHs 00IHra-
unn, @, (2,¢',m)=>D(m). Obnurauun ¢ OOJIBIIMM CPOKOM JI0 110~

ralmiCHus paccMaTpruBarOTCA KakK 60.]'[66 PUCKOBEIC, qcM
KpaTKOCPOYHbIC O6J'II/IFaLII/II/I, JaX€ CCJIM MbI pacCMaTpuBacM OAUH
" TOT K€ NCPpUOA BIAACHUA O6J'II/I1"aI_II/I$IMI/I. C POCTOM CpOKa 0 I10-
TallCHUA HpeMI/IH 3a JUKBUJAHOCTH U, COOTBCTCTBCHHO, OXXHAacMasd
CTaBKa 3a Nepruoa BIaACHUA O6HHF3HI/I6171 YBCIIMYUBAKOTCA:

E, h(t,t +1,m) — 1(t,]) = D(m)

D(m) > D(m —1)>D(m —2)>...
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['unoTe3a mpennovTeHus: JTUKBUIHOCTU OOBACHAET (B TOM ke
JIOTUKE. YTO U TUMOTE3a 0KUIaHUI) OJTHOHAIIPABICHHOE JABI)KCHUE
KPaTKOCPOYHBIX M JOJTOCPOYHBIX CHOT-CTaBOK, IOJIOKUTEIbHBIN
HAKJIOH KpUBOU 10X0AHOCTH. OJIHAKO OHA HE MOJKET B IOJIHON Me-
pe OOBSICHUTH OTPUIATENIbHBIN HaKJIOH KpuBOM aoxomHoctu. Co-
TJIACHO JIaHHOM TUIOTE3€, TOJITOCPOYHBIE CTAaBKH MOTYT OBITH HU-
K€ KpPaTKOCPOUHBIX TOJBKO B TOM CIIydae, €CJId KpaTKOCPOYHbIE
CTaBKU HACTOJIbKO CHJIBHO IPEBBILIAIOT CPEHUN YPOBEHb, YTO 3TO
MEePEKPHIBACT MOJIOKUTEIbHYIO IPEMHUIO 32 CPOK.

JlanbHelilee pa3BUTHE THIIOTE3bI OBLIO HAIMPABJICHO HA U3y4Ye-
HUE CBOMCTB MPEMUMU: SIBJIAETCS JIM MIPEMUsI IOCTOSHHOM (constant
term premium), au00 OHa M3MEHSETCS O] BO3JCHCTBHEM JPYTHX
dakrtopos (time-varying term premium). B gactaoctu, Byasapa u
Joui (Woodward, 1983; Day, 1986) npearmosnaraiu, 4To nMpeMus, B
OoJIbLIeH CTETEHU ONpeeseTCs MPeaeIbHOW CKIOHHOCTBIO K IO-
TpeOJICHUIO, YeM NPEACIbHON CKIIOHHOCTBIO K 3aMEIICHUI0 MEXIY
OyMaramu ¢ pa3JIMuHbIMH CPOKaMH JI0 MOTaIlIEeHUsI.

2.3. 'mnoTe3a 06 M3MeHALWENCA BO BPEMEHMU
npemMumn 3a cpokK

I'mnore3a 00 u3MeHsIOIIEliCSI BO BpeMeHHM NMPEMHHU 32 CPOK
(time varying term premium) y4uThIBa€T BO3MOXXHOCTH BIIMSHUS
9K30T€HHBIX TIEPEMEHHBIX COCTOSIHUS Ha YPOBEHb U 3HAK (opBap.-
HOW mpeMuu 3a cpok. Oxkumaemas U30BITOYHAS ITOXOAHOCTH OT
BJIaICHNS OOJMralusMU C pa3HbIMU CPOKaMH JI0 TOTallleHus 3aBU-
CHUT KaK OT CpoOKa JI0 NOTAlIeHUs, TaK U OT 3K30T€HHBIX (aKTOpOB,
M3MEHSIOIUXCS BO BpeMeHu. TakuM o0pa3oM, mpemMusi 3a CpokK 3a-
BHUCHUT OT CpPOKa JIO TOTAIICHUs OOJIUTallii U U3MEHSETCS] BO Bpe-
MEHH:

E it +1,m)—r(t,]) = D(m,z)
D aD _
n > O;E;O;Z =2z(1)

rae Z = z(t) — ¢byHKIMs, ONKUCHIBAIOIAS U3MEHEHHE TePEMEH-
HOM COCTOSIHHSI BO BPEMEHH.

Haubonbiiee pacrnpocTpaHeHHE MOMYyYHUIIO HAIpaBlIEHUE HC-
CIIETIOBaHMM, CBSI3BIBAIOIIMX KOJEOAHUS U 3HAK MPEMUU 3a CPOK C
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JBMDKEHUEM MaKpPOIKOHOMHUYECKUX MEPEMEHHBIX U IUKIOB YKOHO-
Muueckoil aktuBHocTU. B paborax bappo, I[lnoccepa, TypHoBcku u
Munepa, Jlu (Barro, 1974; Plosser, 1982, 1987; Turnovsky,
Miller, 1984; Lee, 1991; Balduzzi, Corsetti, Foresi, 1997) uzyua-
mich 3G deKThl prcKaTbHON MOJUTHKH M TOCYAapCTBEHHBIX PacXo-
JIOB Ha JIMHAMHKY KPAaTKOCPOUYHBIX M JOJTOCPOYHBIX CTaBOK. B
YaCTHOCTH, BBIMIOJIHACTCS JIM YCJIOBHE "IKBHBAJICHTHOCTH Pukap-
no" (Ricardo Equivalence) mist ctaBoK ¢ pa3IuYHBIMUA CPOKAMH 10
norameHust obnuranuu. Psg sxonomuctoB (McCafferty, 1986;
Breeden, 1986; Harvey, 1988; Sill, 1996) paccmarpuBaiu Moeiu,
CBSI3BIBAIOIIUE ITUKIMYHOCTD MOTPEOICHHUSI U CTPYKTYPY MPOIICHT-
HBIX CTaBOK. boubmioe 4uciao paboT MOCBAIMIEHO OOBSICHEHUIO
HAKJIOHA KPWUBOW JOXOJAHOCTH B KOHTEKCTE LUKJIOB JKOHOMHYE-
CKOI aKTHBHOCTH M OKHUJAHUI SIKOHOMUYECKOTO POCTa WIIH perec-
cun. Cpeny HUX MOXXKHO YHOMsiHyTh ctatbu Mankiw, Summers,
1984; Harvey, 1989; Chen, 1991; Labadie, 1994; Friedman,
Kuttner, 1994; Wang, 1996; Roma, Torous, 1997.

K naHHOMy HampaBIEHHWIO HCCIEIOBAHUN OTHOCSTCS MOCTPOE-
HUE TEOPUN BPEMEHHOU CTPYKTYPHI C YUYETOM PUCKA U MPEANIOYUTe-
uuii mukBuaHoctu (Backus, Gregory, Zin, 1989; Salyer, 1990;
Abel, 1998; Domowitz, Glen, Madhaven, 1998), nukBHIHOCTH
peiaka (Elton, Green, 1998), usmeHeHus peallbHOTO Kypca HaIuo-
HATBHOW BaJIOTBI U CTENICHW OTKPBITOCTH SKOHOMHKH (SVENSson,
1991; Dillen, 1997), mIOKOB JEHEXKHO-KPEIUTHON TMOJTUTHUKA
(Campbell, 1995), uHDOpMAIMOHHBIX MOTOKOB M KaJeHIAPHBIX
apdexror (Jones, Lamont, Lumsdaine, 1996), monutuku perynu-
poBanus craBok (Mankiw, Miron, 1986; Balduzzi, Bertola, Foresi,
1996), usmeHenus pexkuma Hanoroobioxenus (Green, Odegaard,
1997; Elton, Green, 1998), momutuueckux mporeccos (Miller,
1997a), neonpenenennoct oxxuaanuii uadsun (Miller, 1997b).

Onnako B psge pador (mampumep, Campbell, 1986) ykasbia-
JIOCh Ha TO, 4TO (haKTUYECKU HaOIroAaeMasi IpeMus MOXKET ObITh
MPEJCTaBIIiCHa B BHUJIE CYMMBI TIPEMHI 3a CPOK, 32 PHUCK, 32 JIHK-
BUJHOCTb, & TAaK)XE OXUIAHWH W3MCHCHHUS YPOBHS IMPOIECHTHOM
CTaBKU. B 3TOM ciyuyae OTAenbHbIE KOMIOHEHTHI OOIIEH NMpeMuun
MOTYT OCTaBaThCs IMOCTOSHHBIMH TPH W3MEHEHUHU JPYTHX, YTO HE
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IIO3BOJIACT IIOJHOCTBIO OTBEPrHYTH IPCAIIOJIOKEHUEC O IIOCTOSAH-
CTBC IIPEMHUU 34 CPOK.

2.4. T'vnoTe3a cermeHTaLumn pbIHKOB

Tpetbeit TUNOTE301, OOBACHSIOMICH pa3IMuue B YPOBHSIX JO-
XOJHOCTU OyMmar c pa3jMYHbIMH CPOKaMHU IOTAILlEHUS, SBISETCS
TEOPHs CErMEHTAIMH PHIHKOB.

I'umore3a cermeHTamuu pbIHKOB (Market segmentation
hypothesis) ocHOBBIBaeTCsl Ha PEATIOIOKEHUH O TOM, YTO Pa3lIny-
HBIE WHBECTOPHI MOTYT UMETh Pa3IM4YHbIE MPEATIOYTEHHSI OTHOCH-
TEJIBHO JKEJAaeMbIX CPOKOB HMHBECTUPOBAHUS, JTUOO MPUHYKICHBI
3aKOHOJATEJIbHO OCYIIECTBIIATH BIOKEHUS B OOJIUralliu C orpese-
JNICHHBIMH CPOKAMHM IO TOTameHus’. B TakoM ciydae, BEpOSITHO,
CYIIECTBYIOT HECKOJIBKO OTJIEIBHBIX PHIHKOB UL OyMmar ¢ pa3iind-
HBIMHM CPOKaMH [0 IMOTAalIeHHs, U IeHbl OOJIUraluil ycTaHaBIuBa-
IOTCSl B 3aBUCHUMOCTH OT CIIpOCa M TNPENJIOKEHUS Ha KaKIOM U3
pbiHKOB. Ilpu 3TOM, BCIenCTBHE Pa3sHOTO poAa OrpaHHYEHHH, ap-
OUTpaXX MEXIy STUMHU PBIHKAMH HEBO3MOXKEH, H OOJIUTAIIUH C pa3-
JUYHBIMU CPOKAMHM JI0 TIOTAIIeHHs HE MOTYT BBICTYINAaTh Kak CyO-
CTUTYTHI P HHBECTUPOBAHUH HA KaKO-T100 MEepHO/I BpEMEHHU.

Takum 00pa3oM, pacCUUTHIBAEMBIH H3OBITOYHBIN JOXOA OT
BJIQJICHUS] OONHTAaNMed C OMpEACTCHHBIM CPOKOM JI0 TOTAIleHHSI
(dbopBapaHas mpeMus 3a CPOK) 3aBUCUT OT 00BEMa MPEIOKEHUS U
crpoca Ha OOJUraliy ¢ KaX/IbIM U3 CPOKOB JI0 TIOTallICHHS:

E, i(t,t +1,m) —r(t,]) = O(s)

aDb
—=0;5=s(¢,
=0;5 = s(t, m)

® HanpumMep, Ha phIHKE MOKHO BBIICTHTB TPYIITY MEIKHX HHBECTOPOB, PHIHOU-
HBIX CIEKYJISHTOB, ()MHAHCOBBIX MEHEIKEPOB, YIPABISIONINX CBOOOJHBIMU
cpeacTBaMy (UPM W TPYNIy MHCTHTYLHOHAJIBHBIX MHBECTOPOB (B3aWMHBIE U
MICHCHOHHBIE ()OH/IBI). YUaCTHUKH MEPBOH TPYIITBI MPEAIOYNTAIOT KPATKOCPOd-
Hble OyMarH, MOCKOJIbKY OHH UMEIOT 0oJjiee BBICOKHE MPEIIOYTEHHUS JTMKBUIHO-
CTH, a IPEACTaBUTENIN BTOPOH IPyNIbl HHBECTUPYIOT NPEUMYIIECTBEHHO B J0OJI-
rOCpOYHbIE OyMaru, Tak Kak 3TO rapaHTUPYET UM CTAOWIIBHBIN 1 OoJiee BEICOKHUN
JI0XOJ] Ha IPOTSHKEHUN AIUTEIBHOTO IIEPHOA.
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rae S = S(t, m) — dbyHKOMA, OnpeneNnsonas OTHOCUTEIBHYIO
NPUBJIEKATEILHOCTH OOJIMTAIMI CO CPOKOM ITOTaIIeHHs M B 001IeM
00BEMe BCEX BBIMYIIEHHBIX OOJIUTAITHIHA.

[peamnonoxeHue 0 TOM, 4TO CTaBKU MPOICHTA HA Pa3HbIC CPO-
KU OTJIMYAIOTCS BCIICICTBUE TOTO, YTO CIIPOC HA AKTHBBI C Pa3HBIM
CPOKOM O0paleHus IPeIbsBISETCS CO CTOPOHBI PA3IUYHBIX TPYIIIT
MHBECTOPOB, OBUIO BIIEpBbIC BBIABHHYTO B padore Culbertson,
1957.

['urnore3a cerMeHTAMU PHIHKOB OOBSCHSET MPEUMYILECTBCHHO
MOJIOKUTEIBHBIA HAKJIOH KPUBOH TOXOAHOCTH TE€M, YTO CIIPOC Ha
JOJITOCPOYHbBIE OOJIMranuy OOBIYHO MEHBIIIE, YeM Ha KPaTKoCpOoY-
Hble. OJJHAKO JaHHAas THIOTE3a HE MOXKET YOCTUTEIbHO OTBETHTH
Ha BOIPOCHI, II0YEMY CTABKH 10 KPATKOCPOYHBIM U JIOJTOCPOYHBIM
o0JUranysM JBWXKYTCS OJHOHAINIPABICHO W IOYEMY KpUBas J0-
XOJIHOCTH WMEET IOJIOKHUTEIbHBIA HAKIOH MpPU HU3KHUX KPaTKO-
CPOYHBIX CTaBKaX U OTPHUIIATESIbHBIN — IPU BHICOKHUX.

2.5. N'mnoTte3a "npegnoyntaemon cpenbl”

[TaToif THUMOTE301, OOBACHSIONIEH BUJI KPUBOM JOXOIHOCTH,
SIBJISIETCS. TaK Ha3biBaemasl '"Teopusi MpEeArounTaeMou cpessl’.
BriepBrie rumoresa Oblia BeIBHHYTa B crathe Modigliani, Sutch,
1966.

Teopusn nmpeanmountaemoii cpeabl (preferred habitat theory)
OTpHUIIaeT HAMMYUE (PYHIAMEHTAIBHBIX MaKPOIKOHOMHUYECKHX OC-
HOB ormpejiesieHus: popBapHOM rpeMuu 3a cpok. [Ipeanonaraercs,
YTO WHBECTOP, B TIEPBYIO 0Yepe/lb — HEMPOPECCUOHAIBHBINA, UMEET
CBOI COOCTBEHHBI TOPH3OHT WHBECTUIIMH (Hauboyiee mMmpHemie-
MBI U YAOOHBIN JUISI HETO ¢ TOYKH 3PEHUS MOIy4aeMOro J0X0/a,
LIEJT UHBECTUPOBAHMS U TPAHCAKIIMOHHBIX U3JIEPKEK CPOK BIIOKE-
HUS) ¥ TIPEATNIOYUTAET MOKYIATh OOJUTAIINH, CPOK JI0 TOTAIICHUS
KOTOPBIX HE BBIXOJTUT 3a ero mpezaensl. Habmiomaemas Ha phIHKE
BpEMEHHAs CTPYKTypa IOXOJHOCTH IICHHBIX OyMmar sBIsieTcs pe-
3yJbTAaTOM MPHUHATHS YKOHOMHUUYECKUMHU areHTaMHd MHOXKECTBa He-
3aBUCHUMBIX pemieHuil. B kaxaol u3 takux "cpen' CylecTByrOT
CBOM CIPOC U TMPEIOKEHHE, YTO MOKET MPHUBOJIUTH K JTHOOOMY
3HAaKy W MU3MEHEHHIO TPEMUU 3a CPOK. TakuMm oOpazoM, JIHUIIL 00-
JUTAIUU ¢ OJM3KUMH CPOKAMH JI0 TIOTAIIEHUS MOTYT paccMaTpu-
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BaTbCs KaK CyOCTUTYTHI U MMETh OJMHAKOBYIO (hOpBApAHYIO Mpe-
MUIO 32 cpok. [0 cBOMM OOBSACHSIOIIMM CBOMCTBaM TEOpHs Mpe.-
MIOYUTAEMOM CpeIbl OJIM3Ka TUIIOTE3€ CETMEHTAIUU PHIHKOB.
JannHas runoresa, GpakTU4ECKH, HE TPOTUBOPEUUT HU OJHOMY
U3 TEPEUYUCIICHHBIX paHee MPEeNOoNIOKEeHUN, OOBICHSAIOIMIUX Bpe-

MeHHy'IO Cpr'KTypy HpOI_leHTHBIX CTaBOK, 4TO IIOKa3aHO B pa60TaX
Mishkin, 1980, 1997; Mankiw, 1986.

2.6. O630p aMNUpPUYECKNX NMPOBEPOK
rmnoTes BPeMEHHOWU CTPYKTYpbI

[TepBBIie SMIUPUYECKHUE UCCICIOBAHUS BPEMEHHON CTPYKTYPBI
MPOICHTHBIX CTaBOK OBUIM TIOCBSIICHBI MPOBEPKE YUCTON TUIIOTE-
361 okupanuid. Mx aeroper (Macauley, 1938; Hickman, 1942;
Culbertson, 1957) He cMmoriu no0Ka3aTh, 4TO TEKYIIHE CTABKH 10
JOJITOCPOYHBIM OOJIMTaIUsAM TIPEJCKA3bIBAIOT OYIyIINe KOPOTKUE
CTaBKH.

C HayanoM peBoroLHH "IPPEKTUBHBIX PHIHKOB" B TeOpUU (Hu-
HAHCOB aBTOPHI CTAJIA BKJIFOYATH MPEIIOI0KEHUS O PallOHATBHO-
CTH OXHJAHWH B CBOM MOJeNH. [lepBble TECTHPOBAHUS THIIOTE3HI
paIMOHANBHBIX OXHJAHWA B OTHOLICHHHM BPEMEHHOHW CTPYKTYPHI
nporeHTHIX cTaBok (Meiselman, 1962; Kessel, 1965) noarsepau-
71, 9T0 (OpBap/IHBIC CTABKU B OOJBIIMHCTBE CIyYaeB MPaBUIHHO
MPEJICKA3bIBAIOT 3HAK M3MEHEHUS KOPOTKHX IPOIEHTHBIX CTaBOK
Ha JOOBIX cpokax. OJHAKO TH pe3yNbTaThl ObLIM IMOJBEPTHYTHI
kputuke (Buse, 1967), B nmepByto ouepenb, U3-3a HEYJauHOU cIie-
MU(UKAIIMA TECTUPYEMBIX ypaBHEHH. TakuM 00pa3oM, BBIBOJIBI
MaiicennbMaHa OBLIM CIIPaBEJIUBEI TOJIBKO B IMPEATIOIOKEHUH, €C-
JM OKUJAHUS YKOHOMHYECKMX areHTOB OTBEYaJM CBOWMCTBaM OIl-
TUMaJIbHBIX JIMHEWHBIX mporro3oB (optimal linear forecasts
property, Diller, 1969; Nelson, 1970; Shiller, 1978).

B nmanpgeiimeM OONBIIMHCTBO HCCIIENOBATEIEH OTKA3aIMCh OT
MPOBEPKH YHCTOW THITOTE3bl OXHJIAHUH, TOCKOJIBKY OHA HE TO/I-
tBepxkaaiack (Taylor, 1992). B To xe Bpems, Modigliani, Shiller,
1973; Friedman, 1979, 1980; Kane, 1983; Shiller, Campbell,
Schoenholtz, 1983; Fama, 1984; Campbell, 1986 mnoka3amu, uTto
BpEMEHHAs CTPYKTypa JOXOJHOCTH aMEPUKAHCKUX Ka3HAUYEeHCKHX
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00513aTE€ILCTB  COOTBETCTBYET MPEANOIOKEHUIO O HOCMOAHHOU
IIPEMUH 332 CPOK".

Pa3paboTka HOBOTO MaTeMaTHYECKOTO ammaparta (MOeln
ARCH, GARCH, Engle, 1982; Bollerslev, 1986; Engle, Ng,
Rothschild, 1990) no3Bosmia BBeCTH B MOJIENb YCIOBHYIO JIUCIIEP-
CHIO OIIMOOK MPOTHO32, OTBEYANOIIYI0 3a CHJIbHBIE KOJIeOaHUS
BPEMEHHBIX Ps0B (GOpPBApPAHBIX CTaBOK. Takue KoieOaHuUs, IO
MHEHHUIO KpuTHKOB (Harmpumep, Culbertson, 1957), ve Moriu cooT-
BETCTBOBATh HU OJIHOMY M3 BUJOB OxujaHuil. OgHako B koH1e 70-
x — Havane 80-x rogoB Illwmiep u ap. uccnemosarenu (Shiller,
1979, 1981, 1986; Singleton, 1980; Flavin, 1983) moka3anu, 4to
BBICOKAs JIUCIIEPCHsI OMIMOOK MPOTHO3a BCIEACTBHE 0oJiee BBICO-
KOH BOJIATWJIBHOCTH JIOJITOCPOUYHBIX CTaBOK JINOO HECTAIlMOHAPHO-
CTH KOPOTKHX CTaBOK, HE MPOTHBOPEUUT MPEANOIONKEHUIO O TO-
CTOSIHCTBE TIPEMHH 32 CPOK.

HccnenoBanue mpoOieMbl HECTAMOHAPHOCTU (HAJIU4YUs €1H-
HUYHOTO KOpHS) PSAJOB JTOXOAHOCTH OOJMranuii ¢ pazIudyHbIMU
CpPOKaMH JI0 TIOTAIICHUs COCTABJISIET OTAENbHBIN KIacc padoT B 00-
JIACTH TEOPUU BPEMEHHOU CTPYKTYphl. Hanmuuue enMnHUIHOTO KOp-
HS BO BPEMEHHOM PsITy U3MEHEHHI CTaBOK C OJIMHAKOBBIM CPOKOM
1o moramienus (T. €. "caydaitnoe omyskaanue”, random walk, mpu-
POCTOB CTaBOK) JIOJDKHO CBHJIETEIILCTBOBATH O HEBO3MOXKHOCTHU
MpeCKa3bIBaTh MPOIEHTHBIE cTaBKU B Oyayiue. [lepBoe mpemrmo-
JIO’)KEHUE O HECTALMOHAPHOCTH psifa (OpBapIHBIX CTABOK OBLIO
caenaHo (M OTBEPTrHYTO MpPH MPOBEPKE HA HENENbHBIX JaHHBIX IO
kasHayerickuM ooOs3aTenbcTBam CIIA) Pomtom B 1970 roay (Roll,
1970). @uaunc u Ilunnencep, Muwxun, Ilecanoo (Phillips,
Pippenger, 1976, 1979; Mishkin, 1978; Pesando, 1981, 1983)
YTBEPKAAIHA, YTO €AUHUYHBIA KOPEHb CBOMCTBEHEH JOJITOCPOY-
HBIM MTPOIICHTHBIM CTaBKaM.

C npyroif CTOpOHBI, HECMOTPS Ha TO, YTO OTAEIBHBIEC PAJBI 10-
XOJHOCTEH C pa3HBIMU CPOKaMHU 0 TMOTAIIeHHs] HEeCTAIMOHAPHBI,
WX JIMHEHHas KOMOWHAIMS MOXKET OBITh CTAllMOHAPHA, T.C. PSIIbI

° ITpeMust IOTOKHUTETbHA U 3aBHCHT TONBKO OT CPOKA OOJTHIAINH 0 MTOTAIICHHS
(v ypOBHSI IpOLIEHTa), HO HE OT BpeMEHH. V3MeHeHue HakJIoHa KPUBOM 10X0/-
HOCTH MOXET 03HayaTh TOJILKO M3MEHEHHE OXKUAAHHH OTHOCHTENIBHO OYAyIINX
MIPOLIEHTHBIX CTABOK.
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KOuMHTerpupoBanbl. KonHTerpamnusi o3HadaeT Halu4Ke J10JIr0CpOU-
HOM B3aMMOCBSI3M MEXAY CTaBKaMH Pa3IUYHON CPOYHOCTH, B TO
BpEMs KaK UX KPaTKOCPOUYHBIC KOJIEOAHUSI MOTYT PacCMaTpPUBATHCS
Kak "cirydaitHoe Omysknanue".

JanbHele ucciaen0BaHusl HE J1ajdl OJHO3HAYHOTO OTBETa Ha
BOIPOC, MPUCYIIIH JIU JBUKECHHUIO MPOIICHTHBIX CTABOK C PA3TUYHON
CPOYHOCTBIO CBOHMCTBa 'cimydailHOro Omy>kmaHUs'", SIBISIOTCS U
BpEMECHHBIC PsIBI KOMHTETrpHpOBaHHBIMU. Hawbosiee BepOSITHBIM
MIPEJICTaBIISeTCsl MIPEANOIOKEHHE O TOM, YTO CBOWMCTBA PAJIOB Bpe-
MEHHOU CTPYKTYpPBI HE TOCTOSSHHBL. OHU 3HAYUTETHLHO OTIMYAIOTCS
B Pa3HBIX CTpaHaX M Ha Pa3HBIX MEPHOJaX HAOIIOACHMS, a TAKXKE B
3aBHCHMOCTH OT CPOYHOCTH PacCMaTpPUBAEMBIX CTaBOK. K psy
UCCIIEIOBaHMUM, MOKAa3bIBAIONIMX HAJIMYUE EJAUHUYHOTO KOPHS B
paccMaTpyuBaeMbIX BPEMEHHBIX PsiiaxX M OTPHUIIAIOIIUX KOMHTETpa-
IUI0 MEXJy HHUMH, OTHOCITCS pabotel Rose, 1988; Bradley,
Lumpkin, 1992; Mougoue, 1992; Zhang, 1993; Guest, McLean,
1998. Hanpotus, runore3a 0 HATMYUHU J0JITOCPOYHOM B3aMMOCBSI3U
MEXTy KpPaTKOCPOYHBIMU M JIOJITOCPOYHBIMH CTaBKaMHU (KOHMHTEP-
raiusi) nMpu HaOJIIOIEHUH CBOMCTB "ciaydaiiHOTO Ony>kmanus" y ps-
JIOB CTaBOK MOATBepkmaercs B craThsx Wallace, Warner, 1993;
Engstead, Tanggaard, 1994a,b; Johnson, 1994; Clinebell, Kabhl,
Stevens, 1996; Cuthbertson, Hayes, Nitzsche, 1998.

[TpoBepka runoTe3sl OKUIAAHHUM (C YUETOM MPEANOCHUTKHA O pa-
[MOHANFHBIX OXUIAHHUSIX y YYaCTHHUKOB PBIHKA) OCTaeTCs 0
HACTOSIIETO MOMEHTA JOCTATOYHO MOMYJISIPHBIM OOBEKTOM SMITH-
PUYECKHUX UCCIICIOBAaHUH CpeI SKOHOMHCTOB. Bo MHOTHX CITyJasix
OBUIH HACHBI 10KA3aTeIbCTBA €€ MPABOMEPHOCTH . B TO ke
BpeMsi, B pAJie UCCIEIOBAHUIN aBTOPHI MOKAa3ajiH, YTO yCTOWYHBAs
B3aMIMOCBSI3b MEXJIY JOJTOCPOYHBIMU U OyAYIIMMH KOPOTKUMH
MPOIEHTHBIMUA CTaBKaMU OTCYTCTBYET, U aHAJIU3 U3MEHEHUH cTa-
BOK HE MOXET OTBEPTHYTh TMIIOTE3y 00 uUxX '"ciydailHOM Onyskna-

0 Cm., nanp., Fama, Bliss, 1987; Leiderman, Blejer, 1987; MacDonald, Speight,
1988; Hamilton, 1988; Froot, 1989; McFadyen, Pickerill, Devaney, 1991;
Campbell, Shiller, 1991; Choi, Wohar, 1991; Taylor, 1992; Engsted, 1993,
1996; Mishkin, 1993; Sola, Driffill, 1994; McCullum, 1994; Svensson, 1994;
Mandeno, Giles, 1995; Karfakis, Moschos, 1995; Gerlach, Smets, 1997;
Dhillon, Lasser, 1998, u op.
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uun": Elton, Gruber, Rentzler, 1983; Mills, 1991; Dahlquist, 1995;
Balduzzi, Bertola, Foresi, 1997; Hassler, Nautz, 1997; Guest,
McLean, 1998, u op. Ipoii, Ane u bexapm (Gray, 1996; Ang,
Bekaert, 1998) ncrnosp30Baan METObI PErPECCHOHHOIO aHAIU3a,
JOMYCKaIole HAJIWYME PA3HBIX PEKHMMOB Ha pacCMaTpUBAEMOM
Mepuoie, U MOKa3alld, YTO CBOMCTBA BPEMEHHBIX PsIOB MPOIEHT-
HBIX CTaBOK M CHp3Ja MEXIY CIOT-CTaBKOM U JOJITOCPOYHBIMU
CTaBKaMU HM3MEHSIIOTCS BO BPEMEHH. AHAJW3 OCHOBHBIX MPUYHUH
PacxoKJIeHUsl Pe3yIbTaTOB IMPOBEPOK TMITOTE3bI OXKUIAHUN U ONU-
CaHHe YKOHOMETPUUYECKUX OCOOCHHOCTEH pa3NuYHbIX TECTOB MPEI-
craBineHbl B Anderson, Breedon, Deacon, Derry, Murphy, 1996;
Driffil, Psaradakis, Sola, 1997, Bekaert, Hodrick, Marshall, 1997,
u Fisher, Gilles, 1998.

[IpuMeHHTENPHO K aHaJIW3y BPEMEHHOM CTPYKTYpPBI POCCHI-
CKOTO PbIHKA LIEHHBIX Oymar oco0O CTOUT BBIIEIUTH PabOThI, MO-
CBAILIEHHBIE MPOBEPKE TUIOTE3bl O0XXHAAHWM Ha pPa3BUBAIOIIMXCS
poinkax (Aprentuna — Leiderman, Blejer, 1987; Mexcuxka -
Domowitz, Glen, Madhaven, 1998; Poccusi — Dumos, Paodvicun,
May, Cunenvnukos, Tpogumos, /[podowviwesckui, Jlyeosot u op.,
1998). MccnenoBaHus MOKa3alid, YTO XOTS YHCTas THIIOTE3a OXKH-
JaHWI He OIpaBJAbIBAETCSs, IMpeacKa3aTesbHas CIHOCOOHOCTh Bpe-
MEHHOW CTPYKTYpPhI IPOLEHTHBIX CTAaBOK Ha Pa3BUBAIOLIUXCS PhIH-
KaX COOTBETCTBYET, B IIE€JIOM, pe€3yJIbTaTaM, MOJYyYEHHBIM Jis
Pa3BUTHIX ()MHAHCOBBIX PHIHKOB, M TEKYIIHE JOJITOCPOYHBIE TPO-
LIEHTHBIE CTAaBKU cojJepkKaT MHPOpMAIHI0 0 OyIyIHUX KOPOTKHX
CTaBKax MpOIEHTA.

OTnensHBIM HAIPABJICHUEM MPOBEPKH TUTIOTE3bI A((HEKTHBHO-
CTH BPEMEHHOM CTPYKTYPHI SBISIETCS UCCIIEIOBAHNE BO3MOKHOCTH
MPOLICHTHBIX CTABOK C Pa3IM4YHBIMU CPOKAMM JO MOTAIICHUS Mpe-
CKa3bIBaTh OyylIne U3MEHEHUS UH(ISALNY, T.€. TPOBEpPKa TUIIOTE-
3l M. @uiiepa B OTHOLIEHUH BPEMEHHOW CTPYKTYphl. IIpakTnye-
CKH BCE HCCIICIOBAHWSA B TOW WM WHOW CTENEHH IOJITBEPIAHIN
CTPABEUTMBOCTh TAHHOM THIMOTE3b . HeOOX0MMMO OTMETHTB, UTO

1 B kauecTBe mpuMepa MOXKHO TpuBecTH pabotsr Fama, 1975, 1990; Mishkin,
1981, 1990, 1993; Murphy, 1986; Barsky, 1987; Jorion, Mishkin, 1991; De
Bondt, Bange, 1992; Svensson, 1994; Engsted, 1995; Estrella, Mishkin, 1995,
1997; Crowder, Hoffman, 1996; Kandel, Ofer, Sarig, 1996; Barr, Campbell,
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B OOJIBIIMHCTBE UCCIIEJOBAHUI OTMEYANIOCh pPa3inyie B CIOCOOHO-
CTH TIPEJICKa3bIBaTh MHMIALNIO MEXTYy KPATKOCPOUYHBIMH U JIOITO-
CPOYHBIMU CTaBKaMU. B OONBIIMHCTBE CIydaeB KpPAaTKOCPOUHBIE
CTaBKU HE cojepkaT uHpopMaluu o Tekyueil u Oyaymeil nadius-
LIMU, B TO BpeMs KaK JOJITOCPOYHbIE CTaBKU MPEJCKA3bIBAIOT JBU-
KEHHE YPOBHS 1I€H JOCTATOYHO XOPOIIO.

OMIOUPUUECKUE HCCIEIOBAHUS MO OLEHKE U3MEHSIOIEHCS BO
BpEMEHHM IMpPEMHH 3a CPOK Hadaluch B cepenuHe 60-x rogos. B
1965 roay Keccens (Kessel, 1965) npeamonoxui, 4To BeIHYHHA
MPEeMHUH 3aBUCUT OT TEKYIIEro ypOBHS KPAaTKOCPOUYHOU MPOIICHT-
HOUM craBku. OILIGHKH IMOKa3alld CTATHCTUYCCKYIO 3HAYMMOCTh U
MOJIOKHUTEIBHBINA 3HAK Takoro poja 3aBucumoctd. OmHako Henb-
con B 1972 roxy (Nelson 1972), oueHuBast Cip3 1 MEX1y KOPOTKH-
MU U JIOJITOCPOYHBIMH CTaBKaMH, MOIYyYHUT MPOTHBOIOJIOKHBIN
3HaK B PErPEeCCHMOHHOM YpaBHEHHUH JUIA KOX(PPHUIMEHTa MPH TEKY-
el KpaTKOCPOUYHOW MPOIEHTHOW CTaBKe. BrociiencTBuM aBTOPBI
mpesaraii B CBOMX paboTax pa3nyHble MAaKPOIKOHOMHYECKUE U
(vHAHCOBBIE TEpEeMEHHbIC, OTBEYAIOIIME 3a KOJIEeOaHUS M 3HAK
npemur. B 9acTHOCTH paccMaTpUBAIKCh IIUKIIBI JICTOBOW aKTHBHO-
ctu (Fama, Bliss, 1987; Harvey, 1988, 1993, 1997; Estrella,
Hardouvelis, 1991; Hu, 1993; Plosser, Rouwenhorst, 1994;
Clinton, 1995; Estrella, Mishkin, 1995, 1997, 1998; Alles, 1995;
Chapman, 1997; Kamara, 1997; Kim, Limpaphayom, 1997; Berk,
1998), oxunanus neduimra rocyrapcTseHHoro orwmxera (Plosser,
1987; Thomas, Abderrezak, 1988; Goff, 1990; Cebula, 1991; Lee,
1991; Correia-Nunes, Stemitsiotis, 1995), oxumaHust U3MEHEHHS
Kypca HalunoHaabHOM BaymoTel (Svensson, 1994; Dahlquist, 1995),
curyarms Ha ¢doumoBom peiake (Campbell, 1987; Wu, Lu, Lee,
1994; Fraser, 1995), MHCTPYMEHTHI TOJIUTHKHA PETYJIHPOBAHUS
craBok (Mankiw, Miron, 1986; Balduzzi, Bertola, Foresi, 1996),
uHpopmanmonnsie motoku (Jones, Lamont, Lumsdaine, 1996),
MeKIyHapoaHbie B3ammocBszu  (Bomhoff, Schotman, Grilli,
Leiderman, 1988; Johnson, 1993; Kazemi, Warotamasikkhadit,
Nageswaran, 1997), m3menenue HamoroBoro pexuma (Green,

1996; Alles, Bhar, 1997; Lee, Clark, Ahn, 1998. OrpurnarensHbie pe3yabTaThl
TIPE/ICTABIICHBI B cTaThsax Evans, 1998; Crockett, 1998; Berk, 1998.
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Odergaard, 1997; Elton, Green, 1998), kosiebaHus ICHEKHOTO
npeiokenus (Lynch, Ewing, 1998), nukBuaHOCTh phIHKA (CIPA
MEXIy 3asBKaMHM Ha TIOKYNKy u mponaxy) (Shen, Starr, 1998;
Elton, Green, 1998), usMeHeHHsT CTPaHOBOI'O PUCKA M OXKHIAHUS
nesansBau (Domowitz, Glen, Madhaven 1998), ycinoBHble auc-
NEepCUU TPOICHTHBIX cTaBok (mpemuu) (Lee, 1989; Longstaff,
1990; Taylor, 1992; De Bondt, Bange, 1992; Engle, Ng, 1993;
Heynen, Kemna, Vorst, 1994; Margaritis, 1994; Elton, Gruber,
Mei, 1996; Mayfield, Murphy, 1996; Bhar, 1996; Ederington, Goh,
1997; Tzavalis, Wickens, 1997; Lyer, 1997).

DOMIUpUYECKHe TPOBEPKU TUIIOTE3bI CETMEHTAIMU PHIHKOB Me-
Hee pacnipoctpanensl. Japdu (Duffee, 1996) u banpaunu u Kepy-
ounu (Baldini, Cherubini, 1998) paccmarpuBanu 3Ha4uTesibHO 60-
Jiee BBICOKYIO JTUCIIEPCHIO KOJICOAHHMH KPATKOCPOUYHBIX CTABOK TIO,
COOTBETCTBCHHO, aMEPUKAHCKUM W HUTAIBSIHCKUM Ka3HAYCHCKUM
00s13aTeNTLCTBAM B CPAaBHEHUH C JIOJITOCPOUYHBIMH CTaBKaMH 1O 00-
JUTALUSAM KaK pe3yJbTaT pa3/IelICHUs] PRIHKOB OyMar ¢ KOPOTKUM U
JUTMHHBIM CcpokamMu 1o mnoramenus. Ilapk u Csutuep (Park,
Switzer, 1997) oOHapy»XHJIH BO3MOYKHOCTh CEIMEHTAIIMH PBIHKA,
n3ydasi METOAbl TEXHUYECKOTO MPOTHO3UPOBAHUS JOXOTHOCTH 00-
JUTAUN ¥ IPOU3BOHBIX (PMHAHCOBBIX HHCTPYMEHTOB. HampoTtus,
Koneman, ®umep u M660tcon (Coleman, Fisher, Ibbotson, 1992),
cpaBHUBas (hopBap/aHbIC CTaBKM MO JUCKOHTHBIM M KYHOHHBIM
neHHeiM Oymaram KasnaueiictBa CIIIA, He oOHapyXwiu 3HAUYU-
MBIX OTJIMYMN MEXIy BHJAMU IIEHHBIX OyMar u CpoKamu JI0 Tora-

IIEHUH.
* % %

Takum oOpa3oMm, B SKOHOMHYECKOH TEOpHUU CYLIECTBYET IATh
OCHOBHBIX THUIIOTE3 BPEMEHHOW CTPYKTYphl HMPOLEHTHBIX CTAaBOK:
TUIIOTE3a OXKMJAHWH, TUIIOTe3a MPEINOYTeHUs JTUKBUIHOCTH, THU-
nore3a 00 M3MEHSIOMIEHCS BO BpEMEHH IPEMHUH 3a CPOK, TUIIOTE3a
CErMEHTaIMsl PHIHKOB U Tunore3a "mpeanountaemoi cpenbl”. Kak
BUJIHO U3 MPEJCTABIEHHOT0 0030pa, K HACTOSIIIEMY BPEMEHHU IpakK-
TUYECKU MPEOI0JIEHBI IPOTUBOPEUMS MEXAY Pa3IUYHBIMU MOIXO-
IaMH K OOBSICHEHUIO (POpMBI KPUBOI JOXOAHOCTH, U BHIOOpP KOH-
KpEeTHOW THUIIOTE3bl 3aBUCUT OT TMPEANOCBUIOK, Leled u
PEe3yJIbTaTOB KOHKPETHOTO UCCIIEJOBAHUS.
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[ToapoOHbIE 0030pBEI UCTOPHU PAa3BUTHS M COBPEMEHHOIO CO-
CTOSTHUSI THIIOTE3 BPEMEHHOM CTPYKTYPBI, & TAKXKE PE3yJIbTaTOB X
IMIIMPUYUCCKUX MPOBepoKk MokHo HaiTu B Shiller, 1990; Taylor,
1992; Cuthbertson, 1996; Campbell, Lo, MacKinlay, 1997;
Mishkin, 1997.
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3. Makpo3KoHOMUYeCKHE MOAX0AbI

MakposKOHOMUYECKHE TTOAXO0/Ibl K aHAJIN3y BPEMEHHOW CTPYK-
Typbl TPOIIEHTHBIX CTABOK HAIIPaBJICHbl HAa U3y4eHHE HP(HEKTOB
JCHEeKHO-KPETUTHON M (PUCKATBbHOW MOJUTHKH B paMKax CTaH-
JTApTHBIX MAaKpPOIKOHOMHUYECKMX TEOPHUH — HEOKCHWHCHMAHCTBA H
HeokJlaccuki. OCHOBHOE BHUMAaHHUE YEIAETCS Pa3IudusM B peak-
LMY HA IEWCTBUS TOCyAapcTBa B JUHAMUKE KPATKOCPOUHBIX U J10J1-
TOCPOYHBIX CTAaBOK. Takue MOJENIN HE ONUCHIBAIOT JBUKEHHUE BCEM
KpUBOI JOXOJHOCTH, B HUX Pa3JESAIOTCS TOJBKO KPAaTKOCPOUHbIE
U JOJITOCPOYHBIE CTABKH.

OMNUpUYECKHE MPOBEPKU MOJENEH BPEMEHHON CTPYKTYphI Ha
OCHOBE MAaKpO3KOHOMHYECKHX IOJIXOJI0OB OTHOCSTCS K H3Y4YEHHIO
(hakTOpOB, BIUSIONINX HA KOJIEOAHUS TTPEMHUU 3a CPOK (CM. BBIIIIE).
AHanu3 noBeleHNUs] BPEMEHHOM CTPYKTYpPhI MPOLUEHTHBIX CTABOK C
TOYKH 3PEHHS] MaKPOIKOHOMHUYECKON MOJUTHKU TOAPOOHO Mpe-
crasiied B Blanchard, Fisher, 1989; Turnovski, 1995; Evans,
Marshall, 1998, Goodfriend, 1998 u Walsh, 1998.

3.1. HeokenHcuaHckaa mogenb bnaHwapa

O. bnanmap (Blanchard, 1981) paccmaTpuBaer HeokeiHCHaH-
CKYIO MOJIEJIb 3aKPBITOM SKOHOMHMKHM B paMkax moaxoxaa IS-LM c
MTOCTOSTHHBIM 00BEMOM KanuTaja. B Takoi 5KOHOMHKE CyIIECTBYET
OJIMH BUJ Oyiara U 4eThIpe BU/Ia PHIHOYHBIX aKTHUBOB: aKLUU (TIpe.i-
CTaBISIOT (PU3MYECKUI KamUTal), YaCTHbIE KPATKOCPOUHBIE U J0J-
TOCPOYHBIE OOJIUTAIlNY U JIEHBT .

Pasnosecue na pvinke moeapoe. llpennonoxxum, 4to cCyue-
CTBYET TPU OCHOBHBIX (paKTopa, ONMpeAeNIONINX TeKyIInue MmoTpe-
ourenbckue pacxojibl. Bo-niepBhIX, N3MEHEHHE 1IeH aklui Ha (HOH-
IOBOM pbIHKE. [TOCKONBKY aKIuMu TpPEeACTaBISIIOT cOo00i 4acTh
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0orarcTBa, U3MEHEHUE UX CTOMMOCTH BIMSIET Ha TEKyllee NoTped-
JICHHUE, @ COOTHOILIEHHE UX IIEHbl 1 BOCCTAHOBUTEIBHON CTOMMOCTH
KamuTaja KOpPHOpaluid — Ha WMHBECTHIHMOHHBIE pPEIeHHS (CM.
Tobin, 1978). Bo-BTOpbIX, TEKYIIUi J0XO0J, BIUSHHE KOTOPOTO B
YCIIOBHSIX OTPAHUYEHUS Ha JIMKBUJIHOCTh HE 3aBHCUT OT OOrarcTaa.
B-Tpethux, ¢uckaipHas MOJIUTUKA — KaK Yepe3 TocyJapCTBEHHbIE
pacxojpl, TaK U 4epe3 HAJIOTH.

TakuMm 006pa3oM, MIIaHUPYEMbIE PACXOJIbl MOTYT OBITh BBIpaXKe-
HBI B CIIEAYIOLIEM BUJIE:

e=aq+p+g
B <l0)) ’

rJie € — IJIaHUPYEMBbIE PACXObl, (| — KanuTaau3anus (OoHI0BOr0O
pBIHKA, Y — TEKyIIUil A0X0A, § —TOCYAapCTBEHHbIE pacxonbl. Bce
BEJIMYUHBI IaHBI B PEATTEHOM BBIPaKCHHUU.
OOBbeM BBIITyCKa U IUIAHUPYEMBIE PACXOAbl CO BPEMEHEM IpH-
XOIST B paBHOBecHE (0 — KO3 puuueHT "HacTpoiku"):
y=o(e~y)=olaq+by+g)
o>1, : (3.2)
b=p-1<0

U3 (3.1) cnenyer, 4To, BO-NIEPBBIX, 10 TE€X MOP, MOKA BBITYCK HE
OTpearupoBall Ha YBEJIMYEHHE CIIpOca, MPOUCXOAUT H3MEHEHHE
TOBAapHBIX 3aIIaCOB; BO-BTOPBIX, XOTS (haKTHUECKUE TEKYIHE pac-
XOJIbl BCETJa paBHBI BBITYCKY, IUIAHUPYEMBIE PACXOJIbI MOTYT OT-
JUYAThCA OT TEKYIIETO BBITYCKa.

Pasnosecue na pvinke ¢unancosvix axmuseos. Bee Tpu Hene-
HEXHBIX aKTHBAa PAaCCMAaTPHUBAIOTCSA KaK COBEPIICHHBIE CyOCTHTY-
Thl. CnenoBaTenbHO, Onarojiapsi BO3MOXHOCTU apOUTpaka M OT-
CYTCTBUIO pHCKa OHM HMEIOT OJHY M Ty JX€ JTOXOJHOCTh B
KpaTkocpouHoM nepuoze. IlocnenHss, B CBOWO ouyepenb, IOHKHA
OBITh TaKOH, 4TOOBI SKOHOMHYECKHE areHThl OBUIM COTJIacHBI Ha
UMEIOIIYIOCS JIONIO JIeHEeT B cBoMX moptdensx. [lopTdenbhbrii 6a-
JIAHC XapaKTepHU3yeTCs: OOBIYHBIM COOTHOIIEHHEM LM:

m—p=5y—}7i,
g>0,h>0
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niin
i=cy—hm-p) (3.2)

rae | — KpaTKOCPOUHBIA HOMHUHAIBHBIN MPOIIEHT, M U P — Jiora-
pU(pMBI HOMUHATILHOM JI€HEKHOM MacChl U yPOBHSI LIEH.

KpaTkocpouHas peanbHas NPOLEHTHAs CTaBKa ONPEIEIAeTCs
KaK

rE=i=pr (33)

rJie 3Be370YKa 00O03HA4YaeT OXKUIAHUA, a p* — OXUJTaEMBII

YPOBEHb UHQIALIH.

Apbumpasic mexncoy KpamkoCpOYHLIMU U OQO0N20CPOYHBIMU 00-
aueayusmu. JoirocpoyHble OOIUTaMK TPEICTABICHBI JTUCKOHT-
HBIMU [IEHHBIMH OyMaramu ¢ 1oxXofaHocThio | u nienoit 1/1. Oxuna-
eMasi JOXOJTHOCTh JIaHHOTO BUJa OyMar B KPaTKOCPOYHOM TMEPHOJE
paBHA CyMMeE JOXOJHOCTH H OKHUJAEMOT0 HOMHHAIBLHOTO KAaIlH-
TaJBHOTO MPUPOCTA:

1@+fiﬂg)—1 1*/1
dat\1)) '

ITockonbky apOUTpaXK AOMYCKaeTCs:
I—-I*/I=i. (3.4)

U3 ypasuenus (3.4) cuenyer, uro I */I =1 —i. Takum obpa-
30M, €CJIHM JI0OXOJIHOCTh JOJITOCPOYHOM obsmrauuu | Beimie noxon-
HOCTH KPaTKOCPOYHOH OOJIMTAINH |, THBECTOpAM CIIEAYET OXKHIATh
KalUTaJIbHBIX TOTEPh MO JOJTOCPOYHOM OOMUTAIlluH, T. €. POCTa
JOJTOCPOYHON MPOLEHTHOW cTaBkU. OO0O03HAUYMM JIOJITOCPOYHYIO
peanbHyl0 CTaBKY MpolieHTa R u omnpeaenuM ee aHaJOTHYHO ypaB-
HeHuto (3.4):

*=R—-R*/R. (3.5)

Apbumpasic mesicoy KpamroCpOUHbIMU 0OIULAYUAMU U AKYUSL-
mu. Ecin  obo3HavyaeT xanuTtanu3anuio (GOHIOBOTO PHIHKA B pe-
aJIbHOM BBIPQXEHUH, OXKHJaeMasi peabHasi JOXOAHOCTb OT aKIMH
paBHa g */q+ 7/ q, vae w— peanpHas npuObUIL Kopriopanui. [To-
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CIIE[IHss, B CBOIO OdYepe/b, IPEANoJaraercss Kak BO3pacTarolas
JTUHENHHas QYHKLUS OT BBIITYCKa:
T=a,+a,y

a, >0
Bo3moxHOCTE apOuTpaxka MexX1y KpaTKOCPOUHBIMU OOJIUTaly-

MU 1 aKIMIMHU 03HAYAET, YTO
-
q + o tay

q q

r¥*. (3.6)

VYpasaenus (3.1) — (3.6) onUCHIBAIOT BBIMYCK, (POHIOBBIA PhI-
HOK M IMPOIEHTHBIE CTaBKU KakK (QYHKIMHM OT MEPEMEHHBIX, XapakK-
TEPU3YIOIIMX SKOHOMHUYECKYIO MOJIUTHUKY, M U §, OKUAAHUA, ¢ * U

p*, u ypoBeHb 1eH p. JlaHHas cucTeMa peKypCHUBHA: JIOJITOCPOU-

HbIE CTaBKH omnpezenstorcs ypaBHeHussmMu (3.4) u (3.5), HO oTCyT-
CTBYIOT B JAPYTuX ypaBHEHHsX. CBSA3YIOIIMM 3BEHOM MEXIY PbIH-
KaMy (PMHAHCOBBIX aKTHBOB M TOBAPOB SIBISCTCS KaNUTaTIU3AIlHsI
bongoBOrO pHIHKA (CcormacHo rumore3e Tobuua; cMm. Tobin, 1978).
Mg npeAnonaraeM, 4To OKUJAHUS YIKOHOMUYECKUX areHTOB pallv-
OHAJIBHBI, TAKUM 00pa3oM, JJIsi MX OIMCAHMUSA HaM JOCTAaTOYHO OJ-
HOTO ypaBHEHHS, XapaKTePU3YOIIETO TMHAMHUKY YPOBHS IIEH .

Pewenue cucmemuvr ona cnyuasn sowcecmkux yen. B npeamnomnoxe-
HUU O JKECTKUX IIeHaX OTCYTCTBYeT HaOllto/laeMasi U OKujaemast
UHOISAUS, HOMAHATBHBIE U peabHbIe TPOIEHTHBIC CTABKH PABHBI,
cucTeMa Cokpamiaercst 1o detbipex ypaBaenuit (3.1), (3.2), (3.5),
(3.6). Ilpu sToM B ypaBHEeHHH (3.2) HOMHHAJIbBHAS KPAaTKOCPOUHAS
CTaBKa 3aMEHSETCS pealbHOW CTaBKOW, BPEMEHHAas CTPYKTypa
MIPOIICHTHBIX CTABOK OMHUCHIBAETCS ypaBHEHUEM (3.5).

B ycToifunBOM paBHOBECHOM CTATUYECKOM COCTOSIHMH » =0.
CnenoBarenbHO, BBITYCK, PaBHBIN MJIaHUPYEMBIM PAacxojiaM, 3aBU-
CHUT OT CUTyalluu Ha (POHIOBOM PBIHKE U YPOBHS I'OCYAapCTBEHHBIX

a 1 L.
pacxoloB: y = b q-+ P g . ®onnoBslit peHOK (Tpu ¢ = ¢* = 0) omnpe-

T 0(0 + aly
OCIIACTCA KaK q == .
r cy—h(m-p)

PBIHKA paBHA OTHOMICHUIO HpI/I6bIJ'II/I B YCTOI‘/JI‘H/IBOM PaBHOBCCHOM

36

Kanuramuzamus ¢hoHmoBOTO



COCTOSIHUM K PaBHOBECHOW MpOLEHTHOH craBke. O6e GyHKIMU
(mpuOBLTH M MPOLIEHTA) ABJSAIOTCS BO3PACTAIOIIMMU (QYHKIMSAMHU OT
BBIITyCKa: MPUOBLIH TPSMO MPONOPIMOHATEHA 00bEMY BBIITYyCKa, a
IIPOLIEHT MOBBIIIAETCs O1arofaps pocTy TPaHCAKLIMOHHOIO CIpoca
Ha JIEHbI'W NP yBEIUYEHHUHU BbITycKa. Takum oOpa3oM, BIIUSHUE
BBIITyCKa Ha (OHIOBBIM PHIHOK HEOAHO3HAuHO. Eciau 0003HAYUTH
3HAYCHHWE KalnuTalIn3auuu (OHIOBOTO pPHIHKA B PaBHOBECHOM
YCTOHYMBOM COCTOSIHUM KaK ¢ , TO Ipu (cq — ;) >0 BIusiHUE IIPO-

[IEHTHOU CTaBKH OyJIET JOMUHUPOBATH U POCT BBITYyCKa MPUBEIET K
cnaay Ha (OHIOBOM PbIHKE. B MpOTHBOMOIOKHOM Ciyyae 0Kujia-
HUS IPUOBUTH MPe00IaIaloT, U PHIHOK HAYHET PACTU C YBEIUUCHU-
€M BBIITyCKa.

Mpsl He OyneM MpencTaBiIsaTh (pa30BbIC TUATPAMMBI TUHAMUYC-
CKOTO pElICHUs U OCTAaHOBHMMCS TOJIbKO Ha MOBEJAECHUU BPEMEHHOMN
CTPYKTYpPBbI IIPU U3MEHEHHSIX NIEPEMEHHBIX, XapaKTepU3YIOIIUX Je-
HEXHYIO U (PUCKAbHYIO IOJTUTHKY TOCYJapCTBa.

IIpu yBenu4eHUH IEHEKHOM MAacChl HOBOE YCTOMUYMBOE PABHO-
Becrue OyJlleT XapakTepHu3oBaThCs Oojiee HU3KUM ypOBHEM peallb-
HBIX MPOLEHTHBIX CTaBOK, BHICOKHM YPOBHEM BBIIIyCKa U KaluTa-
nu3anued (OHIOBOTO PBIHKA. DTO COOTBETCTBYET CPAaBHUTEIHHOU
cratuke oObryHOM Mozaenu IS-LM. Ognako nuHamuka mpuxoja B
HOBOE PaBHOBECHOE COCTOSIHHE OYJEeT 3aBHCETh OT TOTO, B KaKOi
Mepe 3KOHOMHMYECKHE areHThl MPEABUACIH JaHHOE YBEIMYECHHE
JICHE)KHOU MaccChl.

[Ipu HEnmpeABUACHHOM pPaCIIMPEHUU JACHEKHOTO MPEI0KEHUS
B MOMEHT tp KpaTKOCPOYHBIC MPOIIEHTHBIE CTAaBKH PE3KO YIaTyT
JUIS TIOA/Iep>KaHUsS HOBOM JOJNH JeHer B MOPTQensiX SKOHOMHYE-
CKHX areHtoB (cM. pucyHOK 3.1). JlonrocpodHble CTaBKH TaKKe
yIHaayT, OJHAKO OHU CHU3STCS B MEHBIIIEH CTENEeHH, TaKk KaK B Oy-
JyILEM 0>KMJIAeTCsl POCT BBIMYCKa U, COOTBETCTBEHHO, POCT CIpoca
Ha geHbru. KpuBas noxonHoctu OyneT MMETh MOJOKUTENbHBIN
HakJIoH. Yepe3 HEeKOTopoe BpeMsi 00beM BBINTyCKa U TUTAHUPYEMBIE
pacxoabl IPUAYT B paBHOBECHE, KPATKOCPOUHBIE U JJOJTOCPOYHBIE
MIPOLIEHTHBIE CTAaBKM TAK)KE CPaBHSIOTCS HAa HOBOM YPOBHE, Oojiee
HU3KOM, YeM MpH MpPeIbIIylieM paBHOBECHH, HO 0OJiee BBICOKOM,
YeM MEepPBOHAYAJIbHBIA CKAUYOK CTABOK BHHU3 B MOMEHT JCHEKHOMU
9KCIIaHCHUHU.
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Pucynox 3.1
Rar

to Bpems

IIpyn okmpaeMoM pacIIMpEHUU ACHEKHOW MacChl U3MEHEHHE
KpUBOI TOXOJHOCTH OyJeT OTIMYHBIM (cM. pucyHok 3.2). [lomy-
CTMM, YTO B MOMEHT 1ty ObUIO OOBSIBIEHO, YTO JEHEXKHas Macca
YBEJIMYUTCS B Mocienyromuil MoMeHT t;. O0bsaBiIeHne 06 yBenu-
YEHUU JICHE)KHOTO MPEJIOKEHUs MIPUBENIET K MOABEMY (POHIOBOTO
pBIHKA B OKUJIaHUU HHU3KUX MPOICHTHBIX CTaBOK M pOCTa MPUOBI-
M. YBeIWYeHHe CTOMMOCTH aKIMH BBI30BET POCT pacxojoB (6ia-
rogaps apdexty 6orarctsa). Ciie0BaTeNIbHO, BBIITYCK HAUYHET pac-
TH eme 10 (PaKTUIECKOTO PaCIIMPEHUs IEHEKHOTO MPEIOKEHUS.
OnHako, TOCKOJIBKY JIEHEe)KHAsI Macca elle He M3MEHWIIAch, KpaT-
KOCPOUHBIE MPOLIEHTHbIE CTABKH yBEINYATCs, B TO BpeMs Kak J0JI-
TOCPOYHBIE CTaBKM HAYHYT MOHMXKAThCS B OXKUAAHUHM OYIyIIEro
CHIDKEHHS TPOLIEHTa. B 3TO Bpems KpuBasi JOXOAHOCTH Tprolpe-
TaeT OTpULATENIbHBIN HakIoH. [lociie MOMeHTa pacmmMpeHus ae-
HEKHOM Macchl MOBEAECHUE BCEH BPEMEHHON CTPYKTYpbI aHalo-
TMYHO CITy4aro HeMpeaABUICHHOMN JIEHE)KHOW IKCITAHCHH.
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Pucynox 3.2.

to t Bpems

[TocneacTBus yBenU4YeHUs TOCYJapCTBEHHBIX PACXOJIOB B paM-
Kax JaHHOW MOJIeNU Takke 04eBUAHbI. HoBOE paBHOBECHOE COCTO-
ssHUE OyJIeT XapaKTepH30BaThCs YBEIMUYCHHUEM BBITYCKa, MTPUOBLIH
Y YpOBHS TIPOIICHTHBIX CTaBOK. BiwsiHve Ha ()OHIOBBIA PHIHOK HE
OTIPE/IENICHO U 3aBUCUT OT COOTHOIIEHHS POCTa BBIMTyCKa (BEAET K
MOJTbEMY PBIHKA) M YPOBHS MPOIIEHTA (CHUXAET IICHBI aKIIUH).

PaccMoTpuM qUHAMHKY W3MEHEHUS BPEMEHHON CTPYKTYPBI JIIst
cllydasi OXXHJIAeMOTO VYBEJIWYCHUS TOCYAapCTBEHHBIX PACXOIOB,
MOCKOJIbKY 2TO HanOoJiee PEalIMCTUYHBIN CLIEHApPH MPOBEICHUS
(buCKaTbHON MOTUTUKH.

31ech pa3nuyaroTcs JABa BO3MOXKHBIX BapHAaHTA B 3aBUCUMOCTH
OT COOTHOIIEHUs (cg — ¢;)B MOAENH: 1) IpHU TOMUHUPYIOLIEM PO-
cTe MpuObUIN U TIoJbeMe (POHIOBOTO phIHKA (CM. pUCYHOK 3.3); 2)
MIPH TOMHHHUPYIOIIEM YBEIMUYCHUU YPOBHS MPOICHTA U CHIDKCHUHN
IIEH aKIuil (CM. pUCyHOK 3.4).
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Pucynoxk 3.3

to t Bpems

Pucynox 3.4

to ty Bpems

B nepBom ciywyae oxumaeMblii poCT NMPHUOBIIM MEPEKPHIBAET
OKUJIaHUS YBEJIMYEHHS YpPOBHS MPOLEHTA, U KamuTaau3aus (HoH-
JIOBOTO pBIHKA pacTeT. B cBOl ouepenb, 0KMIAaHUS yBEIUUYECHUS
BBIIIyCKa U YpPOBHS IMpPOLIEHTa MPHUBOJAT K CKauKy BBEPX IOJTO-
CPOUHBIX MPOLEHTHBIX CTaBOK, B TO BpeMs KaK KPaTKOCPOUYHBIE
CTaBKU MEJIEHHO PacTyT IO MEPE YBEIUYEHHUS CIIPOCaA Ha JIEHBIH.

Bo BTOpOM ciyyae B MOMEHT OOBsIBIEHUS! 00 YBEIMYSHHUN TOC-
YAApCTBEHHBIX PacXoA0B (POHIOBBI PHIHOK MaJaeT, MOCKOJIbKY
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3pPEKT OT OXUIAHUS POCTA TMPOICHTHBIX CTABOK IPEBBINIACT
OKUJaHMs yBEIUYEHUS NMPpUObUTH. B mepuoa BpeMeHn Mex1y 00b-
SIBJICHUEM O HAMEPCHHUSAX W W3MCHECHHEM (PHCKAIBHON MOJIUTUKU
BBINIYCK CHIDKACTCS, TaK KaK YaCTHBIC PACXOJIbl CHU3HIIUCH B pe-
3ynbrate 3¢ dexra 6orarcTBa (peakiys Ha CHUKEHHE CTOMMOCTH
aKlui), a TOCYIapCTBEHHbIE — OCTAJHNCh TMOKa 0e3 M3MEHEHUH.
Crpoc Ha JIEHBI'W M KPAaTKOCPOUHBIC MPOICHTHBIC CTaBKU MAJAl0T
no moMmeHTa t;. JlonrocpouHbie CTaBKH, OJHAKO, TOBBIMIAOTCS B
OXKUJIaHUM OyaylIero MOBBIINICHUS ypOBHs mporeHTa. [locne yBe-
JUYEHUS TOCYIapCTBEHHBIX PACXOJIOB BBITYCK HAYMHAET PACTH, a
BMECTE C HUM — U KPaTKOCPOYHBIE CTaBKU. KpwBas HOXOAHOCTH
MMEET TOJI0KUTEIILHBIN HAKIIOH Ha MIPOTSKEHUH BCETO IEPHOIA.

Pewenue onsn cnyyasn eubxux yen. Ecinu neHsl COBEPIIEHHO THO-
KM€, TO U3MEHEHHS HOMUHAIBHOTO 00beMa JIEHEKHOW Macchl Oy-
YT HEUTPaIIbHBI IO OTHOIICHHIO K BBITYCKY M ()OHOBOMY PBIHKY.
VYpaBHEHHE IIEH B MOJEIM MOXXET OBITh 3aIMCaHO B CIICAYIOLIEM
BUJIC:

p=p*=0(p—-p)
, (3.7)
6>0

€ p — YPOBEHb IIEH MPHU MOJHOW 3aHATOCTA M HEKOTOPOM

HOMHHAJILHOM 00beMe JICHEe)KHOM Macchl 71 . Takoro poja mporecc
JOCTIDKEHHSI PABHOBECHSI 03HAYAET, YTO B JOJTOCPOYHOM TIEPUOJIE,
[0 M€pe TOTO KaK II€HbI JOCTUTAI0T HOBOTO PABHOBECHOT'O YPOBHS,
JIEHbI'M HEUTPAJbHBI M, XOTS POCT LIEH PABEH OKUIAEMOMY, JIOMY-
mieHus: 00 MHEPIMOHHOCTH OXUJAHUW WM TPENOINpeaesIeHHbIX
KOHTpaKTaMH IleHaX UMeIT mecTo. JlobaBneHue B ypaBHeHue 3.7
OTKJIOHEHHsI 6€3pa0OTUIIBI OT €CTECTBEHHOTO YPOBHSI CHIETAeT ero
eme Oojee ONM3KMM K ypaBHEHUIO KpuBoil DuIHICa, OJHAKO B
JAHHOM MOJIENI 3TO HE SBJISIETCS BAXKHBIM, a TOJIBKO 3aTPyAHUT
BBIYUCIICHHUS.

B ycTOWYMBOM paBHOBECHOM COCTOSIHMM BBINYCK, pe€ajbHbIC
MPOLIEHTHBIE CTaBKU U (DOHIOBBIM PHIHOK MHBApPUAHTHBI O OTHO-
IEHUI0 K HOMUHAJIBHOMN JIEHEKHOM Macce. MI3MeHeHne HOMUHAIIb-
HOUM JCHEXKHOW MAacChl MPUBOAUT TOJBKO K MPOMOPIHOHATHEHOMY
W3MEHEHUIO0 YpOBHA 1ieH. JlJ1d aHanu3a TWHAMHUKU W3MEHEHUs Iie-
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PEMEHHBIX PAacCMOTPUM Cilydail HENpeIBUICHHOIO YBEIMUYCHMS
JIEHEI)KHOTO TPEI0KECHHUS.

IIpu Takoil NEHEKHOU HKCIIAHCUM PEAJIbHBIE KACCOBBIE OCTAaTKU
BO3pacTaloT B KPAaTKOCPOUYHOM IMEpHOJE, TaK KaK CpearupoBaTh
MI'HOBEHHO IIEHbI HE YCIIEBAIOT, HOMHHAJbHbBIC NIPOLEHTHbIE CTaB-
KM CHWKaroTcs. PeanbHble NMPOLIEHTHBIE CTaBKU Malal0T M3-3a PO-
cra oxumanuii unpasimuu (3dpdexkr Mangemna). B mepuox mo
YCTaHOBJIEHUS! HOBOT'O YPOBHS LIEH BBIITYCK PAaCIIUPSIETCS, PEBBI-
11ass PaBHOBECHBIM ypoBeHb. PeanbHble CTaBKM MpOLIEHTa MOCIE
[IEPBOHAYAJILHOTO MAJCHMUS MOJHUMAIOTCS BBIIIE PAaBHOBECHOI'O
ypOBHsI Oarojapsi CHIDKEHHIO PEaIbHBIX KAaCCOBBIX OCTaTKOB, PO-
CTY TPaHCAaKLIIMOHHOTO CIpPOCa Ha JIEHbI'M, CHIXKEHUIO UHQISIIMOH-
HBIX OKUAAHUH. B pesynbraTe 10rocpodHble peanbHble MPOLEHT-
HbIE€ CTaBKM CHMYKAIOTCSl B MEHBIIIEH CTENIEHU, YEM KPATKOCPOUHBIE,
KpUBas 10XOAHOCTH UMEET IOJIOXKUTEIbHBIA HAKJIOH (CM. PUCYHOK
3.5). Co BpemeHeM BpeMeHHasi CTPYKTypa CTaHOBUTCS Oo0Jiee MoJio-
rOM U JJOCTUraeT OTPULIATEIBHOIO HAKJIOHA.

Pucynok 3.5

R, r
N

to Bpems

3.2. HeokenHcuaHckue mogenu TypHoBcku-Munnepa
n MakkadchepTtun

C.Typuoscku u M.Mwnep (Turnovsky, Miller, 1984) paccmart-
PUBAIOT HEOKEHHCHUAHCKYI0 MOJEIb 3aKPhITOM SKOHOMUKH, aHAJIO-
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ruunyto mozenu bnanmapa. Otianure 3aKi04aeTcs B TOM, YTO aB-
TOpBI BKJIIOYAIOT B MOJIENb PHIHOK I'OCYJapCTBEHHBIX, a HE 4acT-
HBIX OOJMTranui, UCKIIOYUB U3 PACCMOTPEHUS! (DOHIOBBIN PBHIHOK.
Takas mocTaHoBKa 3ajjaud IMO3BOJISET U3YUYMUTh BIIMSHUE Ha Bpe-
MEHHYIO CTPYKTYpY NPOLIEHTHBIX CTABOK CO CTOPOHBI YBEIUYEHUS
rOCyAapCTBEHHBIX PACXOJI0B, OCYIIECTBIAEMOrO 3a CUET JEHEKHON
HKCHAHCUHW, WU PACHIMPEHUs 3aWMCTBOBAHMN Ha (DUHAHCOBOM
PBIHKE (BBIIIyCKa rOCyJapCTBEHHBIX 00IUranuil).

B cnywae ¢unHancupoBaHus aeduuMTa TOCYIAPCTBEHHOIO
OroJKeTa 3a CYET YBEIMYCHMS NPEIJIOKEHHs JACHEr pPe3ysbTaThl
IIOJIHOCTHIO MOBTOPSAIOT BBIBO/BI biiaHIapa o moBeJeHUH BPEMEH-
HOM CTPYKTYpbI NPOLIEHTHBIX CTABOK MPH JAEHEKHOM AKCIaHCUU (C
YKECTKUMH IICHAMHU ).

Ecnu yBennueHue rocy1apcTBEHHBIX pacxoJ0B (hruHaHCUPYETCs
3a CUeT BBIMYCKa OOJIMTaluii, TO, B COOTBETCTBUU C JAHHOW Moje-
JIBIO, BUJ KPUBOW JOXOJHOCTH HE U3MEHHUTCS, KPaTKOCPOUYHBIE U
JOJITOCPOYHbIE CTaBKU OYIyT OJHOBPEMEHHO MOJHUMATHCS 0 HO-
BOT'O PaBHOBECHOT'O YPOBHS.

Makkappepru (McCafferty, 1986), Taxxe B pamMKax HEOKCHH-
CHAHCKOTO MOJX0/a, pacCMaTpUBAET BIMSIHHME COBOKYITHOTO CIIPO-
ca Ha KoyieOaHUsl JOXOIHOCTH OOJIUTralii ¢ pa3sHbIM CPOKOM [0
norauieHus. B qaHHON Mojenu nmpeanosaraercs, 4To prlHOK TOBa-
POB U JIEHEKHBIN PBIHOK NMPUBOJAATCA B PaBHOBECHE Pa3INYHBIMU
cTaBKamu TmporeHTa (B pamkax moaxona [S-LM). CoBokymHbIH
CIPOC Ha TOBaphbl 3aBUCUT OT JOJTOCPOYHON CTaBKH MPOIEHTA, B
TO BpPEMsI KaK CIIpOC Ha JEHBIU ONPENENSIETCS KpPaTKOCPOYHBIMU
craBkamu. Kpome storo, mogens Makkaddepru nomyckana croxa-
CTHUUECKHMH XapakTep MU3MEHEHHMs IIeH OOJIMraIuii, B TO BpeMs Kak
Monenu brnanmapa u TypHOBcku-Muiuiepa ObUTH MONHOCTBIO Jie-
TEPMUHHCTCKIE .

ABTOp IOKa3bIBa€T, UTO, HECMOTPS HA TO, YTO HA Pa3HbIX PbIH-
Kax JEeMCTBYIOT pa3jMYHbIe CTaBKH IMPOILIEHTA, KOJIeOaHHsI KPaTKO-
CPOYHBIX CTAaBOK IO BO3CHCTBHEM IIIOKOB ACHEKHOTO MpPEeIo-
KEHHMSI OKa3bIBAIOT BIMSAHHE HAa JAMCIEPCUIO0 JIOJTOCPOYHBIX

12

Mackapo u Menstiiep (Mascaro, Meltzer, 1983) BBenu B CBOIO MO/Ieib, aHa-
JIOTHYHYI0 MOJIeNid braHiapa, puck Kak 9K30T€HHBIH mapaMeTp, TEM He MeHee
MX aHAJM3 OCTAJICS MTOJTHOCTHIO IETEPMUHUCTCKUM.
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MPOICHTHBIX CTABOK M, TAKMM 00pa30M, BIHMSIOT HA WHBECTUIOH-
HBbIE PEIICHUS U ypOBEHb MOTpeOieHus. B Toxe Bpems crekys-
TUBHBIA CIIPOC HA AKTHBBI, BKJIFOYAss KPATKOCPOUYHBIC OOJIUTAIINU,
OTIpeIeIIAETCs KOJICOAaHUSIMH JIOJITOCPOYHBIX TPOIICHTHBIX CTABOK.

Mopens Makkaddeptu crama mnpooOpa3oM HOBOTO Kiacca
MaKpOIKOHOMHUYECKHX TMOJIXOA0B K U3YYCHHUIO BPEMEHHOU CTPYK-
TYpHbI POIIEHTHBIX CTABOK, PACCMOTPEHHOMY HIKE.

3.3. Heoknaccuyeckas mogenb TypHOBCKMU

Mogens C. Typuoscku (Turnovsky, 1989) ssisercss Heokiac-
CHUYECKOM CTOXaCTHYECKOW MaKpO3KOHOMHUYECKON MOJENbI0 Bpe-
MEHHOM cTpYKTYypbl. OHa COCTOUT U3 NATH YpaBHEHUI:

ytz_éRt_'_gt (38)
0>0 '
m,—p =a), _a2it (3 9)
a, >0,a,>0 '
Yi = 7(pz ~ P *) (3 10)
y >0 -
r= it _(pt+1,t *_pt) (311)
1
K :Rl __(Rt+1t *_Rz)’ (312)
n ,

rze Yi —OTKJIOHEHHE pealbHOro 0ObeMa BBIITyCKa OT €CTECTBEH-
HOro ypoBHS (B Jorapupmax); Ry — nmonrocpounasi peanbHas mpo-
IICHTHAsl CTaBKa; Iy — KPAaTKOCPOYHAs HOMHUHAJbHAs MPOICHTHAS
CTaBKa; It — KpaTKOCPOYHasl peajbHas MPOLIEHTHAs CTaBKa; g — pe-
aJIbHbIE TOCYAapCTBEHHBIE pacXo/ibl (B Jlorapupmax); Pt — ypoBEeHb
ILIEH NPOM3BOMTENEH (B orapudmax); p,,; * —OXKHIaHUS B MO-

MeHT t 1ieH B mepuoje t+i, i =1, 2, 3,...; M — HOMUHAJIbHAS ICHEK-
Has Macca (B Jorapudmax).

VYpasuenue (3.8) npencrasiset, pakTUIeCKH, KpuByo IS, re B
KauecTBe MPOILEHTA B35iTa JOJITOCPOUHAs MPOIEHTHAsI CTaBKa. JTO
03HAYAET, YTO WHBECTHIINH, SIBJISIONMIMECS YaCThbIO OOIIUX pacxo-
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JIOB, ONPEIENSAI0TCA JOITOCPOYHON CTaBKOW mpoueHTa. PaBHOBe-
CH€ Ha JICHEKHOM pbIHKE OIUChIBaeTcs ypaBHeHuem (3.9), rue
CIIPOC Ha JIEHbI'U 3aBUCUT OT KPATKOCPOYHOU IIPOLICHTHOM CTABKH.
VYpasHenue (3.10) onuchiBaeT OOIMIMK BBINYCK B BHUAE (YHKIUU
npemyioxkenus Jlykaca, T. €. OTKIIOHEHUE BBIITYCKA OT €CTECTBEHHO-
IO YpOBHS 3aBHCHUT OT HEIIPEIBHUJEHHOIO U3MEHEHMs YPOBHS LIEH.
VYpaaenust (3.11) mpencraBisieT 0ObBIYHOE COOTHOIICHHE MEXIY
pEIbHBIMM U HOMMHAJIbHBIMU KPaTKOCPOUHBIMHM MPOLEHTHBIMU
CTaBKaMH B IPEANOJI0KEHUN O HEUTPAIbHOCTH UHBECTOPOB IO OT-
HOILIEHUIO K PUCKY. BpeMmeHHas CTpyKTypa IpPOLEHTHBIX CTaBOK
onuckiBaeTcs ypaBHenueM (3.12). 3xaecy A0arOCpoUHas MPOIEHT-
Hasl CTaBKa ONpEeesIeTcs Kak JOXOJHOCTh JI0JIFOCPOYHOM o0iura-
MY, OOCCTICUYMBAIONICH pealbHBI KYyNOHHBIM IUIATEX, PABHBIMA
e/IMHUIIe, B TEYEHUE BCEro CpoKa J0 MoramieHus. Takum oOpa3oM,

IIEHa JIaHHOW OOJMraluu paBHa IR VYpaBuenue (3.12) sBusercs

nuHeiHoi annpokcuManuedt monenun CAPM g pbhlHKa LIEHHBIX
OyMar ¢ pa3IMYHBIMHU CPOKaMH JI0 MorameHus. B npeamnongoxenun
0 HEUTPaJILHOCTH MHBECTOPOB MO OTHOUIEHHIO K PUCKY IapaMmeTp
77 paBeH CpeIHel TOJNTOCPOYHON peaTbHOM cTaBke R 13,

Cucrema ypaBHenmii (3.8) — (3.12) ompenensieT COBMECTHO
IITh MIEPEMEHHBIX: BBINYCK, JOJITOCPOYHYIO U KPAaTKOCPOUHYIO pe-
aJIbHBIE MPOLIEHTHBIE CTABKU, KPATKOCPOUYHYIO HOMHUHAJIBHYIO IIPO-
LEHTHYIO CTaBKy U YPOBEHb II€H. Y CTOWYMBOE COCTOSTHHE IKOHO-
MUKH (KOT/Ia BCE OXKHUIAHUS peaJnu30BaHbl U HE H3MEHSIOTCSA)
XapakTepusyercs cieayomuMu cooTHoueHusMu (I oGo3Hauaer
JOJITOCPOYHYI0 HOMUHAJIBHYIO IPOLEHTHYIO CTaBKY):

3 Ecnu MHBECTOPHI He SBIIOTCS HEHTPATLHBIMU 10 OTHOIICHHIO K PHCKY, TO
23 2 2
napamerp 77=R + k0O, rne k — oTpaxaer creneHs HenpuATHA PHCKA, @ O

— IUCTIEPCHsI JONTOCPOYHOM peanbHOH cTaBku. OHAKO €CiiM SKOHOMHKA HaXo-
JIUTCS B CTAOMIIbHOM COCTOSIHHH, TO AMCIIEPCHUs TOITOCPOUHON peasibHOM CTaBKH
HE U3MEHSETCs, U Mbl MOXEM PacCMaTpUBATh IapaMETP 77 IOCTOSIHHBIM U B 3TOM
ciy4ae.
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Takum 00pazoM, B JIOITOCPOYHOM IEPHOJE BCE MPOLCHTHHIC
CTaBKM PaBHBI U ONPEACISIOTCS TOJBKO YPOBHEM TOCYNapCTBEH-
HBIX PacxoJI0B. YPOBEHb IICH MPOMOPLUUOHAIICH 00bEMY JICHEKHON
Macchl U TAKXKe 3aBUCHUT OT 00beMa rocyTapCTBEHHBIX PACXOJIOB.

Pewenue modenu. JIns 5)KOHOMUM MECTa 3[€Ch HPEIICTABICHBI
TOJIBKO MTOTOBBIE BBIPAXXCHUS JUIS TIPOLEHTHBIX CTaBOK, MOJTYYCH-
HBIC B PE3yJIbTATE PELICHHS CHCTEMBI ypaBHernii (3.8) — (3.12) 1*:

1) HonrocpouHas peajibHas MPOLIEHTHAs CTAaBKa.

1
Rt = Rt,t—l *+ 5 [_7(mz - mt,t—l*) + (1 + o, + aly)(gt - gt,t—l*) -

k k
N 2 rd-on)< 2
-V (mz+ t *_mt+ (,t— *)[ j + (gt+ t *_gt+ - *)( j ]
kz:‘ k, k,t—1 1+ 0’2 577 kz:‘ k, k,t—1 1+ %

%
R s Sl
te-1
o

1
D:5(1+012+a17/)+y05(1+—j >0
n

2) KpaTkocpouHas peasibHas MPOLIEHTHAs CTaBKa.

Y Jlnst pemreHust cHCTEMBI B TIEPBYIO OYEpeIh OMPEICISIOTCS OKUIAHHS Mepe-
MEHHBIX Ha OJMH IIEPUOJ| BIIEPE], MOCIE YETO OKUAAHMS BBIYUTAKOTCS U3 IEp-
BOHAUAJIBHBIX YypaBHeHUHl. MToroeoe pemeHue HaxXOAUTCS Ui MaTPUYHOIO
YPaBHEHHUS], COCTOSIIETO U3 MOIYYEHHBIX PA3HOCTEN.
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= rt,t—l *+ D [_7(mt - mt,t—l *) +(1 + a, + aly)(gt - gt,t—l *) -
a, ' r(l—a,n) & a, )
_ * 2 A S *_ * 2 _
}/Z(mHk t t+kt 1 )[l-l- azj 577 kZ:;(ng,t gt+k,t—1 )(14- azj ]
_5_77(gt+1,t >k_gtJrl,t—l*)
1 1 1

Vi1 *= g [l + ;J 8111 *— 5_77 8411 *

1
D =6(1+a, +a1;/)+ya2(1+—j >0

n

3) KpaTKOCquHaﬂ HOMMUHAJIbHAA NPOLCHTHAA CTaBKa.

o 1 1
L =1 *+B [_[7(1 +;j + 6‘](mt m,; *) +(1 + j(l +a 7/)(gt 81 *) +

k
a
+_(1+al7/)2(mt+kt t+ktl*)[ : j +

I+a,
k
Lran@n-b g ( j
a,n Z( t+kt 8k -1 ) 1+a, ]

1 1 1 1
it,t—l *= _(1 jmt,tl *+ (1 + _j gt,t—l *+ x
+a, o(l+a,) n a,(1+a,)

{zm”k” (1+a2]k ( )Zg”k” (1+ajk]

1
D=61+a, +a1;/)+7/a2(1+—j >0
n

4) HOHFOCPO‘IH&H HOMMUHAJIbHAA MPOLICHTHAA CTaBKa.
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I, = ]t,t—l * +ﬁ (lt T L )+ ; (l’+«f” * Thjee *)(1 + ﬁj

R & 1Y
[zH*: > it+‘t1*( —)
’ 1+R ‘=z ™ 1+R

J

I I I I
i,.,=——m,_. +———|1+— ot X
T gy T 5(l+a2)( n]g'“” a1+ a,)

k
2 a,n—1 a

x Z mt+j+k,t *+( 25 jgt+j+k,t * 1 2
=1 n t+a,

Jlanee mpuUBOIUTCS UCCIEIOBAHHE MOIYYEHHOTO PEIICHHS [UIs
Pa3IMYHBIX THIIOB BO3MYIICHHUH CO CTOPOHBI MEPEMEHHBIX, XapaK-
TEPU3YIOUMX SKOHOMHYECKYIO TOJUTHKY (ICHEKHOE IpeyIoKe-
HUE U TOCYJapCTBEHHbIE PACXO/Ibl).

Henpeosuoennoe pacuwiupenue 0eHel’CHO20 — NPedslodCeHUs.
(BpeMEeHHOE WM MOCTOSTHHOE) MPUBEAET K CHIKEHHIO KaK KPaTKO-
CPOYHBIX, TaK M JIOJTOCPOYHBIX peabHBIX MPOIEHTHBIX CTAaBOK,

1
OJTHAKO BJIMSIHUE Ha mocyienue Oyaet cuibHee B (1+ —) pa3. Ho-
n
MUHAJIbHBIE CTaBKH TAK)XE MOHU3ATCS, IPUYEM JOJTOCPOUYHbIE HO-

1
MUHaJIbHbIE CTaBKU MOHU3ATCS B (1 + ?) pa3 Oonsire. Hempensu-

JICHHOE BPEMEHHOE YBEIWYECHHE JCHEKHOM Macchl BBI3BIBAET
OoJbIliee CHIDKEHHE KPAaTKOCPOYHBIX HOMHHAIBHBIX, Y€M KpPaTKO-
CPOYHBIX peaIbHBIX, MPOIEHTHBIX CTABOK. DTO K€ CIPaBEUIUBO U
JUTSI TOJTOCPOYHBIX MPOIEHTHBIX CTABOK B CIIy4ae, €CJIM HHBECTO-
pBl HEHTpaJIbHBI MO OTHOILIEHUIO K PHUCKY (€CIM WHBECTOPHI HE
HEUTpaIbHBI, JAHHOE YCIOBHE MOXET HE BBINONHATHCS). Hempen-
BHUJICHHOE TTOCTOSIHHOE YBEJIUYECHHUE JICHEKHOTO MPEIIOKEHUS BbI-
3bIBaC€T OOJIBIIIEE CHIIKEHHWE PEATBHBIX CTAaBOK MO CPAaBHEHHIO C
HOMHMHAIIBHBIMH ISl BCeX CPOKOB. HempenBuaeHHas BpeMeHHas
JICHEe)KHAsl HKCIIAHCHUSI TIOHIDKAET B OOJNbIIEH CTEIeHH HOMHHAIb-
HbIE TPOLIEHTHBIE CTaBKH, Y€M TOCTOSIHHAs, HO peajbHbIC MpPO-
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LICHTHbIE CTaBKM CHMJKAIOTCSI MEHbILE, YEM 3TO UMENIO Obl MECTO
IIPY HENPEABUACHHOM IIOCTOSIHHOM YBEJIMYEHHUH JIEHEKHON MACCHI.

ITockonbKy OXKMIaeMble 3HAYECHMs peabHBIX IPOLEHTHBIX CTa-
BOK 3aBHCST TOJBKO OT I'OCYJAPCTBEHHBIX PACXOJ0B M HE 3aBUCST
OT HOMUHAJIBHOHN JEHEKHOW MAaCChl, pEaKLHsl PEaJIbHBIX IPOLIEHT-
HBIX CTaBOK Ha odxccuoaemoe pacuiuperue O0eHetCHO20 npeodiodice-
Hus OyJeT TaKoW e, KaK M JUIA Caydasl HEeNpEeIBUACHHOW JCHEX-
HOM 3Kcrancuu. Kpome Toro, 0kuaaemMoe oCTOSSHHOE YBEIMYECHHE
JNEHE)KHOM Macchl BEIET K IPONOPLUUOHAIBHOMY YBEIWYEHHUIO
0’KHMJIa€MOI'0 YPOBHS LIEH, U peajbHas JECHEXHas Macca HE U3MEHs-
€TCsl; 0’KMIAaHWsI HOMHHAJIBHOM KPAaTKOCPOUHOM CTaBKM TaKXKe HE
MeHsoTea. Oxugaemasi JOJArOCPOYHAss HOMUHAJIbHAST MPOLIEHTHAs
CTaBKa €CTb JUCKOHTHPOBAHHAs CyMMa 0XHMJIAE€MBIX KpPaTKOCpOY-
HBIX HOMMHAQJIBHBIX CTABOK U, CJIE€IOBATEIBHO, OCTACTCS MOCTOSH-
HOM. C 1pyroil cTOpoHbI, BPEMEHHOE 0KHUJAEMOE pPaCUIMpPEHUE Jie-
HEXKHOTO IPEMIOKEHUS ITOHMWKACT OKUIAEMYI0 HOMHHAIBHYIO
KPaTKOCPOYHYIO CTaBKy, U HOMHHAJIbHas KPaTKOCPOYHAs CTaBKa
najaeT aaxe OOJbIle, YeM NPU HEOXHJIAHHON JEHEKHOM dKCIaH-
CHM. AHAJIOTUYHAs CUTYyalMsi HaOJIoJaeTcs W Al HOMHUHAJIBHOU
JIOJITOCPOYHOM CTaBKH.

Henpeosuoennoe e6pemennoe ysenuuenue 20Cy0apcmeeHHblx
pacxo0os BEAET K POCTy KPATKOCPOUHBIX M JOJITOCPOUYHBIX peallb-

1
HBIX MPOIEHTHBIX cTaBOK. [locnennue moseimaroTes B (1+ —) pasa
n
cunbHee. HoMUHAIIbHBIE KPATKOCPOUYHBIE U JIOJTOCPOYHBIE CTaBKH

TaK)X€ BO3pPAcTaroT, IPU 3TOM JIOJITOCPOYHBIE CTaBKU — B (1+ ?)

pa3 Ooublire.

HpI/I MPECAITIOJIOXKCHNUH, YTO 3JIACTUYHOCTD CIIpOCa Ha ACHBI'U I10
IPOLEHTY «,77<1, HEnpeIBHACHHOE IIOCTOSHHOE YBEIMYEHUE
roCyJapCTBCHHBLIX PaCXOAOB BBI3BIBACT POCT AOJITOCPOYHBIX PC-
AJIBHBIX CTAaBOK Ha BCIIMYUHY, 60.]'H)HIYIO YEM IOBBINICHUEC KPaTKO-
CPOYHBIX pEalbHBIX CTABOK. Peakius KpaTKOCPOYHBIX PeabHBIX
CTaBOK, B 00IIIeM ciTydae, He SIBISICTCS OAHO3HAYHOM, W TIPH OIpe-
ACJICHHBIX YCJIIOBUAX OHH MOTYT yHacCThb. HCHPCI[BI/II[CHHOC IIO0CTO-
SHHOC YBEJIHMYCHHE T'OCYJapCTBEHHBIX PACXOJOB IOBBINIACT KaK
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JOJTOCPOYHbIE, TaK U KPaTKOCPOUHbIe (B OOJbILIEH CTENEHU) HO-
MUHaJIbHBIE TPOICHTHHIE CTABKHU.

Henpensuaennoe BpeMEHHOE YBEJIMUYEHHUE TOCYIaPCTBEHHBIX
pacxoioB OKa3bIBaeT 0oJiee CUIBHOE BIMSHUE Ha peajbHbIE, YeM
HA HOMUHAJIbHBIE CTAaBKH, B TO BPEMS KaK MOCTOSIHHOE — Ha HOMU-
HasbHble. [Ipu yenosuy, 4to «, 77 <1, HENPENBUICHHOE BPEMEHHOE

YBEJIIMYCHUE TOCYJapCTBEHHBIX PACXOI0B CHJIbHEE BIMSET Ha
KPaTKOCPOYHBIE CTaBKH, 4YeM TMOCTOsSHHOEe. JlJis TONTrOoCpOYHBIX
CTaBOK CUTYyallus 0OpaTHas: OHU B OOJIBIICH CTEIIEHU T0IBEPIKCHBI
BIIUSTHUIO HETPEABUICHHOTO ITOCTOSHHOTO POCTa TOCYIapCTBEH-
HBIX PacXoJIOB, YEM B CUTYAIlMH, KOT/Ia TAKOW POCT BPEMECHHBIMH.
Odicudaemoe NOCMOsIHHOE Y@eaudeHue 20CyO0apCmeeHHbIX pac-
X0006 TIOBBIIIACT BCE 0)KUACMbIC CTAaBKH HA OJTHY U TYKE€ BEJINYH-

HY: g HOCKOJIBKy oXugacMas JOJITOCpOYHasA pcajibHasA CTaBKa

3aBUCUT TOJBKO OT TEKYIIMX T'OCYJapCTBEHHBIX PacXOJIOB, €€ pe-
aKIMsl HE 3aBUCUT OT TOTO, SIBJISCTCS JIM YBEINYEHHUE BPEMEHHBIM
WK TOCTOSHHBIM. O’kujaemasi KpaTKOCpOYHasl peajibHasi CTaBKa
BO3pacTaeT B OTBET HAa BPEMEHHOE YBEIWYEHUE pPacxoJ0B B

1
E(1+—) pa3. OxumaeMblii pOCT KPAaTKOCPOUYHOW HOMUHAIBHOMN
n

CTaBKH 3aBUCHUT OT OKMJAHUM ypOBHS LeH. OTKIUK MOCIEIHETO B
ClIyyae BPEMEHHOT'O YBEJIMYEHUsS TOCYAapCTBEHHBIX PacXoJ0B Oy-
JIET BBIIIE TT0 CPABHEHUIO C TTIOCTOSIHHBIM POCTOM PAacX0JI0B TOJIBKO
IIpH ycloBuu a,nn<1.

Omuocumenvhas oucnepcusi npoyenmuvlx cmaeok. Ecim nipen-
CTaBUTh CTOXACTUYECKUH MPOIECC TUHAMHUKH MPOLIEHTHBIX CTaBOK
KaK JIMHEHHYI0 KOMOMHAIIMIO TPeX BUIOB BO3MYIICHHI: BpEMEH-
HBII JICHEKHBIN IIOK, MOCTOSHHBIN JIEHEKHBIM IIOK, BPEMEHHBIN
(bUCKaNBHBINA IIOK, TO OTHOCUTENIBHAS TUCTIEPCHUS TOJITOCPOUHBIX U
KpaTKOCPOYHBIX pealbHBIX CTaBOK OyJET paBHA

o

R
| /2’
a+ 1)
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a COOTBETCTBYHIOIIIAA OTHOCUTCIIbHAA JUCIICPCHUA HOMHWHAJIBHBIX
CTaBOK

2
% _

1
o 1/ 52
; (1+4)

[Ipu ycnoBum HEUTPaIbHOCTH WHBECTOPOB IO OTHOLICHHIO K
pUCKYy 7= R 3TH JBa BBIpRXXCHUS COBNAAAIOT. B auamasone ¢ak-

TUYECKUX 3HAYEHUH JOJITOCPOUYHBIX PABHOBECHBIX CTABOK JJISl pa3-
BUTHIX S3KOHOMUK (0 — 15%) aucnepcust JOJroCpOYHBIX CTABOK CO-
CTaBJISIET MAJIyl0 JIOJIIO JAMCIIEPCUM KPAaTKOCPOUHBIX CTaBOK. Ecim
K€ MHBECTOPHI HE TIPUEMITIOT PUCK, TO, MIPU CTPEMJICHUU TTapaMeT-
pa, OTBEYAIOIIETO 3a HEMpHSITHE PUCKA, K OECKOHEYHOCTH, OTHO-
LIEHUE AUCTIEPCUM CTPEMHUTCS K €AMHHUIIE.

Ecnu xe MBI JI0ITyCcKaeM, 9YTO UMEIOT MECTO TOJIbKO (PHCKaIb-
HBIE IIOKH, BBIPAKEHHUS 11 OTHOCUTEJIBHOW JHCTIEPCUM HOMHU-
HAJbHBIX U PEAIbHBIX CTABOK YCIIOXKHSAIOTCS, M1 BO3MOXKHA CHUTYya-
1Y, IPpU KOTOPOUM AUCTIEPCHS JOJITOCPOUHBIX CTABOK MPEBOCXOAUT

AUCTICPCUIO KPATKOCPOYHBIX CTABOK.
* % *

Crnenyrolue TpH Kjlacca MOJENEN BpPEMEHHOW CTPYKTYphI IIPO-
LIEHTHBIX CTABOK pacCMaTpHUBAIOT JABM)KEHUS LIEH 0OJIUranuii ¢ pas-
JUYHBIMU CPOKaMH JI0 MOTalleHusl Kak JUHAMHUKY LIeH (UHAHCO-
BBIX AaKTMBOB, IIPEACTABICHHYI0 B BHIE CTOXaCTHYECKOIO
rpoliecca, U He IpeJIHa3sHa4YeHbl Ul LENNel aHalu3a MaKpOdKOHO-
MHYECKMX IIOCJIEICTBUM  pa3IMYHBIX BapUaHTOB JICHEKHO-
KpeAUTHON M (QuCcKanbHON MOMUTHKU. KpaTkuili 0030p OCHOBHBIX
BHJIOB U CBOMCTB CTOXaCTHYECKHUX MPOLECCOB U TEOPUU CTOXACTHU-
yeckux au¢depeHInalbHbIX ypaBHeHUH mnpuBeneH B [Ipumoxe-
HUU.
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4. @aKkTOpPHBbIE CTOXACTHYECKHE MO/IEJIH

CroxacTuueckre MeTO/bl U3yueHUus 1IeH (PMHAHCOBBIX aKTUBOB
MOJyYUITH IIUPOKOE PACIPOCTPAHEHHUE IOCIE OMyOIMKOBaHUS B
1973 rony pabot bimdka, Illoyn3za u MepTtoHa mo 1ieHOOOpa3zoBa-
uuto Ha omuonsl (Black, Scholes, 1973; Merton, 1973). B mocie-
NYIOIIMe HECKOJBKO JIET MPEJCTaBICHUE O CIy4alHOM XapakTepe
(dbopMupoBaHUs IeH PUHAHCOBBIX aKTUBOB CTAJI0 MPEOOIaJaI0IM
Cpeau YKOHOMHCTOB, U3Y4aIOINX (PMHAHCOBBIC PHIHKH.

[TpuMeHHUTETHHO K TEOPUH BPEMEHHOW CTPYKTYPBI IPOIICHTHBIX
CTaBOK MO>XHO BBIZICNIUTH TPU TPYIIBI CTOXAaCTUYECKUX MOJIETEH:
(akTOpHBIE MOJETH, MOJENIN OOIEro paBHOBECUS M MOJIENHU C OT-
CyTcTBHEM apouTpaxka. OCHOBHOE OTJIMYHME MEXIY dTHMHU TpyIra-
MU 3aKJTFOYAETCS B MPEINOCHUIKE O TOM, BBICTYMAIOT JIH JOXOIHO-
CTH OONHTranuii ¢ pa3IMYHBIMU CPOKAMH JI0 MOTAIIeHHs B KAUYECTBE
SHJIOTEHHOM MepeMEeHHOMN, MO0 OHM CUUTAIOTCA dK30T€HHO 3a/1aH-
HbIMU. JlanbHelNIIee MOCTPOEHNUE TEOPETUUECKOW MOJEIN U dMIIH-
pHUYECKHE TPOBEPKHU €€ a/JIeKBATHOCTH HAOJIOIAaeMbIM JTAHHBIM OC-
HOBBIBAIOTCSI HA TPUHUMAEMOMN MPEIOCHLIKE.

OCHOBHOH 11eTbI0 TIOCTPOCHUS (PAKTOPHBIX CTOXACTHUECKHUX
MoJieTiel SBNsETCS OOBSCHEHUE IUHAMHKHU IMPOIEHTHBIX CTaBOK
IIEHHBIX OyMar ¢ pa3jIMYyHBIMH CPOKAaMH JIO ToTramieHus. B kage-
CTBE MCXOJIHOTO MYHKTa ISl IOCTPOEHUS TaKUX MOJIeNIeH 3a0at0TCs
OJIMH WJIA HECKOJIBKO CIy4YailHBIX ()aKTOPOB, OOBSICHSIOIINX MOBE-
JICHUE KPATKOCPOYHBIX TIPOICHTHBIX CTaBOK. OOIIENpHHITHIM
TEPMHUHOM JJI1 0003HAYCHHS KPATKOCPOYHBIX MPOIEHTHBIX CTABOK
BO BceX (PaKTOPHBIX CTOXAaCTUYECKUX MOJENAX (TaKke Kak B MoJie-
TsX OO0IIEero paBHOBECHSI M MOJENSAX C OTCYTCTBHEM apOUTpaka)
sBisieTcst "cnom-cmasxa". Jlanee NpUHATHIN CTOXaCTUYECKUN TPO-
necc cnenu@UIMpyeTcss TakuM o0pa3oM, 4TOOBI COOTBETCTBOBATH
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(hakTH4eCKO BpeMeHHOU cTpyKType. ClleyIomuid mar COCTOUT B
MOJIyYEHUHU YCIIOBUSL paBHOBECHS, KOTOPOE MPEIOIaraeT BO3MOX-
HOCTh O€3pHCKOBOr0 apOUTpaka, U ONMPEICICHUH MMPEMHUH 32 CPOK
B 3aBHCHMOCTH OT ciydaiiHoro ¢akropa. Ha ocHoBe ¢akTtopHOii
Mozenu cTpoutcs nuddepeHaibHoe ypaBHEHUE IIeHbl 00JHra-
LMA B YaCTHBIX NMPOU3BOAHBIX, UMEIOIIEE AHATUTUUYECKOE pelle-
HUE.

DakTOpHBIC CTOXACTHYECKHUE MOJCIH BPEMEHHOW CTPYKTYPBI
MPOLEHTHBIX CTAaBOK Hayajiu cBoe pa3Buthe B 1976 romy. B utoine
sTOro roja Owina omybnukoBaHa craThst Kokca u Pocca (Cox, Ross,
1976), mocBsIIeHHAs ATBTEPHATHBHBIM (10 OTHOIICHUIO K MOJICIH
bmka—Illoyn3a) MeTogaM CTOXacTHUECKOTO MOJEIMPOBAHUS IICH
OIIIMOHOB. ABTOPBI BIIEPBbIE YIOMSHYIH O BO3MOKHOCTH MpUMe-
HEHUSI CTOXAaCTUYECKUX Mojieneil (opMUpOBaHUS IIEHBI (PUHAHCO-
BOTO aKTWBa JUIS M3YUYEHUS JUHAMUKH IICH OOJIMTAIHiA, XOTS U HE
npennoxuwin popmanbHoit Mogenu. OcHoBonosararomei paboToi
B JJaHHOM HarpajieHuu cuutaercs crarbsi O. Bacuueka 1977 rona
(Vasicek, 1977).

4.1. OgHodpakTOopHaa mogenb Bacuyeka

Bacuuek (Vasicek, 1977) paccmarpuBaeT pbIHOK JUCKOHTHBIX
oOnurainui, KOTopble MOTYT OBITH CBOOOJHO KYIIJICHBI U MPOJAHbI
M0 PBIHOYHOMN 1eHe. Puck nedonra mo oGnuranusM OTCYTCTBYET.
Ilena obmuranuu ¢ 1aTON NMorameHust T B II0O0OH MOMEHT BpeMEHH
t o6osnauaercst p(t, T). B MOMeHT moramieHusi IieHa OOJHTaIlHK
paBHa equnuie, T. €. P(T, T) = 1. JIoX0AHOCTH K MOTANICHUIO paBHA

Inp(¢, m)
m

R(t,m)=— ,Tme m =T —t > 0 — cpok oOparieHus 00IH-

raim. R(¢,m) Kak QYHKIMS OT M MPEACTABISET BPEMEHHYIO

CTPYKTYpPY HNPOLCHTHBIX CTABOK Ha MOMCHT t. Cnor-craBKa orpe-
ACIICTCA KaK MTHOBCHHAA MPOLCHTHAA CTaBKa AJId 3aUMOJATCIIA U
3acMIIUKa:
Ht) = R(t,0) = lim R(¢, m).
m—0

HpI/IHI/IMaIOTCH clIeayromuc Tpyu NpCarnoCblIKU:
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1. Jeuoicenue cnom-cmasku coomeemcmsyem HenpepvleHOMY
Mapxosckomy  (Ougpgyzuonnomy) npoyeccy. Paccmarpupaercs
Cllyuyail, KOTJa CIOT-CTaBKa OIPEIEIIsIeTCs] IPOLECCOM C BO3Bpa-
HIeHHEM K cpeaHeMy (mporeccoM OpHcereliHa-YieHOeKa):

dr =a(y —r)dt + az | 1)
a>0

rae ¥ — JOJrOCPOYHOE CpelHee 3HaueHHe croT-craBku, Z(t) —
Buneposckuii mporiecc. Takoi mpoiiecc UMEET CTallMOHapHOE pac-
npexaenenue. [lapamerp aucnepcun mnocrosiHeH u paBeH o. Ilapa-
MeTp Apeiida « xapakTepusyeT CKOPOCTh BO3BpAICHUS Mpoiiecca
K JIOJICOCPOYHOMY CpEAHEMY 3HAUEHHIO, IMPOIMOPLHOHAIBHYIO OT-
KJIOHEHHUIO TEKYIIIETO 3HAYEHUS CIIOT-CTaBKU OT cpeHero ( —r) .
VY caoBHBIE MATEMAaTUYECKOE OKUJIAHUE CIIOT-CTaBKU U JUCIIEp-

CHUsl B MOMEHT BpeMeHHU { paBHBI:
Er=y+[rt)-yle

2

D,r= ;—a (1= 27 0)

—a(T—t)

2. llena nuckoHTHOU obOymranuu p(t, T) Ha TMPOTSHKEHHUE BCETO
CpOKa JI0 MOTaIIeHHs OPEeNIeTCs OLEHKONH B MOMEHT BPEMEHHU t
ydacTKa CTOXaCTHMYECKOTO Mpoliecca CcroT-cTaBku {1(7),t<7<T}.

Heo6x0auMo0 OTMETHTB, YTO BCE TUIIOTE3bl BPEMEHHON CTPYKTYPHI
(0umaHui, NPEANOYTEHHs JTUKBUIHOCTH, CETMEHTAIIMM PBIHKA U
"MpennoynTaeMoil cpebl") COOTBETCTBYIOT MPEATNONOKEHHIO (2),
MOCKOJIbKY OHHM NPUHUMAIOT BPEMEHHYIO CTPYKTYpYy B BHIE

t+m

R(t,m)=E, T Ir(z‘)dt + ®[t,m,r(t)] ¢ pa3IUYHBIMU BHUJAAMU
t

bynkuuu D[t m, r1(t)].

3. PeiHOK 3ddexTuBeH. DTo o3HAYaeT, 4YTo MHPOpPMALUSA I0-
CTyITHa BCEM HHBECTOpPaM B PaBHOW CTEMEHH W BCE HHBECTOPHI
JEUCTBYIOT PAlMOHAIBHO (MIPEINOYUTaOT Oojiee BBICOKMH Yypo-
BEHb 0OraTcTBa MEHbIIEMY, HCIIOJIB3YIOT BCIO JOCTYITHYIO HH(OP-
Marnuo). TpaHcakMOHHbBIE U3JEPKKU OTCYTCTBYIOT. TakuMm oOpa-
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30M, WUHBECTOpPHI UMEIOT OJIMHAKOBBIE OXKUAAHUS, U HEBO3MOXKEH
0e3pUCKOBBII apOUTpaxk, JaroIuii IPHUOBLIb.

CornacHo npenmnonoxenuto (1), mpupaiieHusi CroT-CTaBKU Ha
BpeMeHHOM uHTepBaie (1, T) 3aBUCAT TOIBKO OT TEKYIIETO YPOBHS
crnot-ctaBku, (). CiemoBarenbHO, U3 IpeANONoKeHus (2) ciery-
€T, YTO IIeHa O0IUraIy sIBiaseTcs GyHKIUEH OT CIOT-CTaBKHU:

o, T)=p[t, T,r(t)].

3HAuEHUE CIOT-CTaBKHU SIBJISIETCA €AMHCTBEHHOH INEepeMEHHON
cocTosiHUs ((haKTOPOM), OMPEACIAIONINM BPEMEHHYIO CTPYKTYPY.
Osxunanusi GopMUPYIOTCS HA OCHOBE 3HAHUA O BCEH Mpeablayleit
JUHAMMKE BCEX JOXOJHOCTEM K IOTALIEHUI0, BKIKOYas TEKYLIYIO
KPHUBYIO JIOXOJHOCTU. B cuity npenmnonoxenus 06 3pGeKTUBHOCTH
3TO HKBUBAJIEHTHO TOMY, YTO YCJOBHBIE OXHUAAaHUSA (HOPMUPYIOTCS
Ha OCHOBE TEKYIIEro 3Ha4Y€HHUs CIOT-cTaBKH. [IocKobKY MBI pac-
CMaTpUBAEM TOJIBKO OJIHY NEPEMEHHYI0 COCTOSIHMS, MTHOBEHHBIE
JTOXOAHOCTH OOJHMTrayii ¢ pasHBIMU CPOKaMHM JI0 MOTAIIEeHUs] KOp-
penupoBanbl. TakuM 00pa3oM, HaM JOCTATOYHO JABYX OOJUTAITHI
(KpaTKOCPOYHOH M JTFO0O0M APYTOM) ISl OTMCAHKS BCEH BPEMEHHOM
CTPYKTYpBI IPOIICHTHBIX CTaBOK. TeM He MeHee, Ha JIIoOOM KOHEed-
HOM OTpE€3KE BPEMEHHM JOXOIHOCTH OT JEpKaHHs OOIuranuii He
KOPPPEJIMPOBAHbI, U T€ UHBECTOPHI, KOTOPbIE HE XOTAT HENPEPHIB-
HO TiepecMaTpuBaTh CBOW MopTdens oOIUranuid, JOHKHBI UMETh
JUIL JOCTHKEHMsI CBOMX IIeiel Habop oOiuramnuii ¢ pasHbIMH Cpo-
KaMHM J10 MTOTalIeHMS.

[Tockonpky 1ieHa oOMUranuu SBIsSETCS (PYHKIMEH OT CHOT-
CTaBKH, 3aJJaHHOM CTOXAaCTUYECKUM IporeccoM (4.1), s Haxox-

ACHUA TEMIIa €€ IMMPUPOCTaA % HeO6XOI[I/IMO NPpUMCHUTH IIPpaBUJIA

muddepenimpoBanus cornacHo nemme Uto. Takum o6pasom, 1u-
HAMHKa 1eHbl obmuraiuu, pf,7T,7), COOTBETCTBYET CTOXACTUYE-
ckoMy Ju(dEPEHINATIEHOMY YPABHEHHIO B YAaCTHBIX IPOM3BO/I-
HBIX:

2
%4—[0{(7/—7‘)4—@1]%—!—%0‘2 Zzp—rp=O’ (4.2)
t<T
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rie A= A(r,t)— pbIHOYHAS II€HA pHUCKa, OMpeneseMas U3
YCJIOBUS OTCYTCTBUSL apOuTpaka npu (GopMHpoBaHUM MOpTdens
obnurauuii ¢ pa3HbIMM CpOKamMH A0 morauieHus. Jlyis 3apaHHOU
PBIHOYHOM LIEHBI PUCKA pelleHne ypaBHEHUs (4.2) HaXOAUTCS MpH
orpannuenuun p(71,7,r)=1.

Pemenue ypaBHeHus (4.2) 3anuchiBaeTcs B CIEIyIOILEM BHUIE:
2

PT, P =exp| 1= e R(0) = 1= (T = DR ()~

4a3 [1 _ efa(T—t) ]2

(4.3)

MaremaTudeckoe OKHUJAaHUEC HW CTAaHOAPTHOC OTKIIOHCHHC

MTHOBEHHOH JTOXOAHOCTH OT Jep>KaHHs OONMTaluy ¢ JaToi rmora-
1IeHus: T paBHBI

ol —a(T—t)
Eh(t.T)=r(0)+—[1-e ]

Dh(t,T)=Z[1- =]
(04
1<T

Takum oOpa3zoM, 4yeM JUTHHHEE CPOK JI0 MOTAIICHHs OOIUT AN,
TeM OOJIbIlIe AWCTIEPCHs] MTHOBEHHOM JIOXOJIHOCTH OT JCpIKaHUs, a
MIPEBBIIICHUE €€ MAaTeMaTUYEeCKOTO OXHUIaHUS HaJl CHOT-CTaBKOM
MPONOPIMOHAIBHO CTAHJAPTHOMY OTKJIOHEHHIO.

YpaBHEHHE BPEMEHHOW CTPYKTYpPHI MPOIIEHTHBIX CTaBOK IPH-
HUMAaeT CIIEIYIOITUN BU/I;:

2

1
R(t,m) = R(@) + [r(0) = R(@)]_—(1=¢™) + (1-e™)

4a’m
m=0

(4.4)

CornacHo ypaBHeHuto (4.4) kpuBasi JOXOJHOCTH HAUYMHAETCS B
touke M = 0 ¢ ypoBHsi, paBHOTrO I(t), 1 TpUOIIKAETCS K ACHMITTOTE
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R(0) pu m —>oo. Ilpu 3uaueHusx r(t), MCHBIINX WM PaBHBIX
2

o
R(0) — i—z (r., puc. 4.1), kpuBasi JOXOAHOCTH MOHOTOHHO BO3-

a
62
pactaet. [lpu 3Hauenusx r(t), Gompmmx R(w)— %—2 (ru, puc.
a
02
4.1), Ho MeHbIIHX R (0) + %—2 , ona umeer "rop6". Eciu r(t) pas-
a
62
HO uiu Oonbie R(o0) + %—2 , KpuBasg JTIOXOJHOCTH MOHOTOHHO
a
yOBIBaeT.
Pucynox 4.1
re) o
M
R(e)
re /
m

VpaBuenus (4.1) u (4.4) MONMHOCTHIO OMUCKHIBAIOT TOBEACHUE
MPOIICHTHBIX CTaBOK IMPHU MPHUHATHIX Mpeamnocbuikax. OHM MO3BO-
JISFOT BBIYUCIHUTD JOXOJHOCTU OONHTranuil ¢ pa3HbIMU CPOKaMU JI0
MOTaIeHHs B II000 MOMEHT BPEMEHHU, a TaKXKe TUHAMUKY H3Me-
HEHUS 1[eHbl 00JIUTallii Ha BCEM CPOKe 10 moramenus. Kpome To-
ro, ypaBHeHue (4.4) ONMUCHIBACT TUHAMUKY JIOXOTHOCTH OOJIUTaIluN
C 3aJJaHHBIM CPOKOM JI0 TIOTAllleHHs Ha pacCMaTpUBaeMOM HHTEp-
BaJie BpeMEHM. Tak Kak CHOT-CTaBKa paclpejelieHa HOPMalbHO
(cBoiicTBO mpouecca OpHcTeiiHa-YiaeHOeka), a BpeMEHHas CTPYyK-
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Typa SIBJSETCS TMHEHMHON (PYHKIMEN OT CIOT-CTaBKH, MIPOLIEHTHBIE
CTaBKU IIEHHBIX OyMar ¢ pa3HbIMH CPOKaMH JI0 TOTAIICHUS TaKkKe
pacrpeaeseHbl HOpMaJIbHO.

Paznocts mexay QopBapaHO CTaBKOW W OXKHJIa€MOW CIIOT-
CTaBKOH (IpeMHusi 3a CPOK) HE 3aBHCUT OT I, u siBisiercs GyHKIuen
TOJIBKO OT CPOKA J10 NOTAIICHUS:

D (t,m)=F(t,t+m) =B r(t+m)= (R(oo) -7+ éaemj(l -e ™) =d(m)

m20

Herpynno 3ameruts, uyro mpu m = 0, ®0)=0, npu
T = oo, ®(0) = R(o0) — y . [lockonbky R(o0) 3aBUCHUT OT pbIHOYHOU
1eHbl pucka (4.3), To QyHKIus mpeMun 3a CPOK MOXKET BO3PACTATh
WK yOBIBAaTh MPH Pa3NuYHbIX BennynHax A . Eciu peiHOYHas 1eHa

o
pucka A >—, 10 ®(m) — MOHOTOHHO BO3pacTaromiast GyHKIUSI OT
a

o
m. B mpenenax 0< A <— (QyHKUUSA IPEMUH 3a CPOK SIBIISIETCS BO-
a

2
O

THYTOM ¢ MaKCUMyMOM 5 » AOCTHTAEMOT0 /NS CPOKa 70 MOrame-

1 [ o/a
HUgS m=—In

j . IIpu priHOUHOI 1eHe pucka A <0 mpe-
a

ola—A
MU 32 CPOK MOHOTOHHO YOBIBaeT.

4.2. OpHodakTOopHbLIE Mogenu [loTaHa
n Kokca-UHrepconna-Pocca

B monenu [lorana (Dothan, 1978) B xadecTBe (hakTopa Takke
MPUHUMAETCS KpPaTKOCPOUHasi OE3pHUCKOBAasi CIOT-CTaBKa, OJTHAKO
ee JMHAMHKA TPEJICTaBlIeHa B BHJIE F€OMETPUYECKOro BuHepoB-
CKOTo Tporiecca 6e3 ciBura (aHaAJIOTMYHO MO 1IeHO00pa3oBa-
Hus oniroHoB Meprona, Merton, 1973):

dr = ardz=,

1€ O — KOHCTAaHTa, dz — BHHCpOBCKI/Iﬁ mponecc. B oTiauume ot
moaenn Bacnmdeka Takas 3aIlHCh npeamnojgaract JOrHOpMaJIbHOC
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pacrpesneneHne CroT-CTaBKH, T. €. CHOT-CTaBKa BCErJa MOJI0XKH-
TenbHas (Mojens Bacuueka nomyckana OTpUIATENbHbIE 3HAYCHUS
cnor-ctaBku). OnHako y JloTaHa OTCYTCTBYET WiIEH, OTBEUYAIOLIUI
3a "BO3BpallleHHe K cpegHemy', B TO BpeMs KaK B pealbHOCTH
HaOMIOaeTCsl IUKJINYHOCT HW3MEHEHHSI TPOLEHTHBIX CTaBOK.
HuddepenunanbHoe ypaBHEHHE LEHbI OONUTalMU Ui yCIOBHS
OTCYTCTBHS apOUTpaxa:

22 0P
@2

~

1o —GZW@—VP—@=O
? a a

A
y==
(o3

PerHOYHas 11eHa pucka (A) IpUHUMAETCS B MOJICTH TOTOSHHOM,
T. €. HE 3aBHCHUT OT BPEMEHU, YPOBHS CIIOT-CTaBKU. Pemenue ypas-
HeHust i teHbl P(r, t) HaXOAWUTCS MPH HAYaJbHOM M KpPAceBBIX
OrpaHUYECHUSIX

pr0)=1
p(Oat)Zl )
oo, t)=0,t>0

" 3alIMCBhIBACTCA B CICAYIOIICM BU/IC:

I'u)
2
X=—=r
O_Z
02
s=—1
2
u=3+y

Kak moxazano Jloranom, 1ieHa oOiuramuu siBisieTcsi yObIBaro-
el BBIMYKIION (DYHKITMEH OT CIIOT-CTaBKH M BPEMEHH, BO3pacTa-

59



romeil BoruyToil QyHkuuei or o’. BpeMeHHas CTpyKTypa IIpo-
IEHTHBIX CTAaBOK SBJIICTCS MOHOTOHHO yObIBaromied (QyHKIueH B
mo60ii MomeHT BpeMeHu t. Kpome Toro, 10XoAaHOCTh K morarie-
HUIO SIBJIIETCSL BO3pacTaroulel BOTHYTOM (yHKIHMEH OT CHoT-
CTABKH U yOBIBAIOMIEH BRITYKIIOH (pyHKIHEH 0T .

B 1980 r. Kokc, Uurepcomn u Pocc omybiukoBanu coBMecT-
HyI0 paboTy Mo aHanu3y 3aiiMOB C KOJEOMIOIICHCS MPOICHTHON
craBkoii (Cox, Ingersoll, Ross, 1980). ABTopsl paccMOTpETH MO-
mudunupoBanHyo moxaenb Meprona (Merton, 1973) mns cpaBHe-
HUS JUHAMUKU [IeH 0e3pHCKOBBIX 3aiMOB C NEPEMEHHOW CTaBKOM
NPOIeHTa U 3aliMOB C PUCKOM jedonta W mokasaiu, 4TO eIuH-
CTBEHHOE pEUICHHE CTOXAaCTHYECKOTO YPaBHEHUS MOXKET OBITh
HailzieHo B 000UX ciyyasx.

B ux Mmopnenu moBeneHue NepeMEHHOM cocTosiHUs (Oe3pHcKo-
BOH CIIOT-CTaBKH) OIMCBHIBACTCS CIEAYIONIMM CTOXaCTHYECKHM
IIPOLIECCOM:

dr = a?d=,

a pbIHOYHAS 1IeHa pHcKa onpenenserca kak AUr,1) = Ar”, rae A
— KOHCTAHTAa.

JuddepennmanbHoe ypaBHEHUE 1IEHBI aKTHUBA MPEJICTABICHO B
CIIEAYIOLIEM BUJIE:

0»‘)2
%azr3&—§7—b2§+%+dr,t)—rpzo,

rae o(r,t) — QyHKUUS JOMOJHUTENbHBIX JIEHEKHBIX MMOTOKOB,
CBSI3aHHBIX C JAHHBIM aKTHBOM (HAIlp., KyHNOHHBIE TUIATE)KU WU
IUBHJIEHIbI). [lanee paccMaTpuBaeTCsi HECKOJBKO ClIy4aeB (yHK-
mun o(r,t): A o0aurauuil ¢ MOCTOSHHBIM KYIOHHBIM JI0XOJ/I0M,
Ui obnuranuii ¢ odbecrieyeHueM, ¢ IEPEMEHHON KyNOHHOM CTaB-
KOI, KOHBEPTHPYEMBIX OOJMrainuii, ooauranuii ¢ rapaHTHpPOBaH-

HBIM MUHUMYMOM M MaKCHUMyMOM KYIIOHHOW CTaBKH, C PHUCKOM
nedonra.
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4.3. iByxcdakTopHble moaenu bpeHHaHa-llBapua
n Wedepa-LLBapua

B 1978 roay Puuapx (Richard, 1978) paccmorpen BO3MOX-
HOCTh mpuMeHeHusi (opmynsl bioka-Illoynsa (Black, Scholes,
1973) mis MomenMpOBaHUs BPEMEHHOW JOXOTHOCTH OOJUTaIuii B
ciydae AByX (akTopoB. Puyaps BBen BTOpoe ypaBHEHHE COCTOSI-
HUSl, ONUCHIBAIOIIEE AMHAMUKY WHQISAIUH, pa3fesiuB TEM CaMbIM
HOMMHAJIBHBIE U PEAJIbHBIE NIPOLIEHTHBIE cTaBKU. Ero Mozens crana
NepBOil B KJ1acce MHOTO(AaKTOPHBIX MOJIENIEH BPDEMEHHOM CTPYKTY-
pBI TIPOLICHTHBIX CTaBOK. Pa3BuTHe MHOTO(MaKTOpPHBIX (ABYX(dax-
TOPHBIX) MOJIEJICH CBSA3aHO Takke ¢ padoroi bpennana u IlIBapma
(Brennan, Schwartz, 1982).

Bbpennan u IlIBapu paccMaTpuBalOT IIEHy OOJIMTaldU, HE MOJ-
BEP)KEHHON pHUCKY AedoiTa, Kak QYyHKIHUIO OT JBYX MEPEMEHHBIX
COCTOSIHUS: CHOT-CTaBKM U JIOJITOCPOYHOM MPOLIEHTHOM CTaBKHU
(ctaBkM Mo o6JUranuu ¢ OECKOHEYHO JJIMHHBIM CPOKOM JO Iora-
menust, |). CroxacTudeckue mporecchl, OMUCHIBAONINE THHAMUKY
MEPEMEHHBIX COCTOSIHUS, OTIPEIETIeTCs CIeAYIOmUM 00pa3oMm:

dr=[a, + B (I-r)ldt + ro,dz,

dl=la, + Bor+y,Ddt + lo,dz,’

Taxast popMyIHpOBKa MPEIOiaraeT, 4To NpupameHie Kaxaon
U3 IPOLEHTHBIX CTaBOK IPONOPLHOHAIBHO TEKYIIEMY 3HAYEHUIO
ctaBku. OyHKUM apeiida B BIpa)KeHUHU AJI KPAaTKOCPOUHOM CIOT-
CTaBKHM COOTBETCTBYET T'MIIOTE3€ OKMUIAHHM BPEMEHHOW CTPYKTY-
PBI: €CIU TOJTOCPOYHBIE CTaBKH 3aKII0YAIOT B cebe MH(pOpMAIIHIO
00 0XHuJaeMbIXx OyaymHX KpaTKOCPOUYHBIX CTaBKaxX, TO KpPaTKO-
CPOYHBIE CTABKH JIOJKHBI "'BO3BPAIIATHCS" K TEKYILEMY 3HAYEHUIO
JOJArOCPOYHOM cTaBku, T.e. [ >0. Koapduuuent mponopuuo-

HaJbHOCTH B (PYHKIMU apeida st mpolecca TUHAMHUKA JIOJITO-
CPOYHBIX CTaBKaX MPUHUMACTCS KaK JUHEHHass QYHKIUS oT I u |.

AHanmuTtnueckoe pemieHue AuQQPepeHInanbHOTO YPaBHEHUS
I[EHbl OOJIMTAMK HE OBUIO TOJY4YeHO. ABTOPBI PAcCMATPUBAIOT
TOJIBKO JHMCKPETHYIO 3alHCh CTOXAaCTHYECKHX MPOIECCOB JJISl dM-
MUPUYECKON MPOBEPKHU BBIIBUHYTON THIIOTE3HI.

[epep u IIsapu (Schaefer, Schwartz, 1984) npencraBuin
aTbTEPHATUBHYIO NBYX(aKTOPHYIO MOJeib. B kauecTBe mepemeH-
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HBIX COCTOSIHUS B3SThI CTaBKa 110 OOJIMranuy ¢ OECKOHEYHBIM CPO-
KoM oOpamienus, |, u cripag Mexay Oe3pHCKOBOW CIIOT-CTaBKOH M
CTaBKOW IO OOJHMranuu ¢ OSCKOHEYHBIM CPOKOM OOpamieHus, S.
Kpome Toro, pyHkumsi pucnepcuu B ypaBHEHUH JUISL J1OJITOCPOY-
HO# TPOLICHTHOW MPONMOPLUOHAJIbHA YPOBHIO (B Mojenn bpeHHa-
Ha-1lIBapua - kBagpaTy ypoBHs) JaHHOH cTaBKH. /lMHaMuKa mepe-
MCHHBIX COCTOSAHUA OIMUCBIBACTCA CTOXACTUUCCKHUMU ITPOLICCCaAMMU:

ds= [ (u—s)dt + o,dz,
di = B,(s, 1, )dt + oy ldz,

PeiHoYHAs [IeHA pHCKa A MPUHUMAETCS KaK KOHCTaHTa, a Kodg-
(GHUIHEHT KOppeNsur MeXAy BuHepoBCKHMMH Tpoueccamu 0z; u
dz, — paBHBIM HYIIIO.

Juddepenimanbioe ypaBHEHHE [IEHBI OOTHUTAlUH TPUHUMACT
BUI:

2 2
ﬁplzlé’pﬂ( Ao, )@7(21)@7(1)@7
+-0 +h,(u——=9)—+(0; —Is)——(I+s)p——
,02 72 1 B, A 2 a a

1

0
2 &2

Pemenne ypaBuenus npu orpanmdenuu p(s, |, T) = 1 moxer
OBITH TIpencTaBlIeHO Kak s, [, m)=x(s,m)y(l,m), m — cpok 10

IoramiceHus, rac
2

1 - o, ~fm N2
x(s,m)=exp[—(1—e")(s, —5)—ms, ——=(1-e’")’]
B 4B

Ao, | o}
e
B B

Y(lom) = A(m)e
2a exp{(s + a)m / 2} 2
(s + a){exp(am) — 1} + 2a
2 {exp(am) — 1}

(s + a){exp(am) — 1} + 2

a=s’+20,

A(m) :{

B(m) =
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[lepBolii 4iieH mnpou3BeAcHHUS B (HOpMysie IICHBI aHAJIOTHYCH
1eHe obnuranuu B Mojaenu Bacuueka, B TO BpeMs Kak BTOPOH —
PEIICHUIO B MOJCIISX O0IIIEero paBHOBECHS (CM. HIDKE).

Bpemennas CTpykTypa DpPOLEHTHBIX CTaBOK OIMCHIBAETCSA
ypaBHCHHEM

R(s,l,m)= _lnp(;?nﬂ =s, —F(m)(s, —s)+G(m) + %[B(m)l —In{A(m)}]

1—ehm

Bm

2

Gm) =——(1- ¢ ")?
48°m

F(m)=

Takum 00pa3oM, BpeMEHHAasi CTPYKTYpa MPOLEHTHBIX CTABOK HE
3aBUCHUT SIBHBIM 00pa3oM OT BPEMEHH, HO SBIAETCS (YHKIHMEH OT

CpoOKa JI0 TorameHus M.
* k% %

K xmaccy ¢akTopHBIX MOAeNeil BpeMEHHOU CTPYKTYpBI TaKKe
OoTHOCSTCS onHodakTopHblie Monenu Marsh, Rosenfeld, 1983;
Oldfield, Rogalski, 1987; Nelson, Siegel, 1987; Fong, Vasicek,
1991, nByxdaktopueie moxenn Gong, Remolona, 1997; Vetzal,
1997; Balduzzi, Das, Foresi, 1998, Tpexdakropusie moaenu Kraus,
Smith, 1993; Bliss, 1997; Dillen, 1997. CpaBHUTEIbHBIN aHAIH3
(aKTOPHBIX CTOXAaCTUYECKUX MOJeNeld U Mojenel oOIIero paBHO-
Becus Ha ocHoBe moaxona Kokca, Murepcomna, Pocca (cM. HUXKe)
MoxkHo Haitu B Chan, Karolyi, Longstaff, Sanders, 1992; Fornari,
Mele, 1995; Boero, Torricelli, 1996.
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5. CTroxacTu4yeckue MoaeJu 00IIero
paBHOBeCHS

Mogenu o61iero paBHOBECHS! O4€Hb OJM3KU OAHO(PAKTOPHBIM
MOJIENISIM BPEMEHHOM CTPYKTYypbl. Bo MHOTMX cilydasx HcciaenoBa-
TEJIW HE JIeJar0T pa3jinyus MEeXJy HUMH, Tak Kak o0a Kjacca Mo-
neneil paboTaroT ¢ OJMHAKOBBIM MaTeMaTHdecKuM amnmnaparoM. Lle-
Ha oOnuranMy ompeienseTcs Kak CTOXacTUYEeCKMH Ipolecc,
OIpeEIsAEMbIl OJHOW WM HECKOJbKMMH IEPEMEHHBIMU COCTOSI-
Hus (Ppaxropamu). OxHako eciu (aKTOpHbIE MOJEIH paccMaTpu-
BAlOT JUHAMUKY LI€Hbl (PMHAHCOBOTO aKTHBAa B OTPBIBE OT HKOHO-
MHUKH B LIE€JIOM, CTOXaCTUYECKHI IPOLECC 3aJaeTCsl MIPOU3BOJIBHO,
TO B JJAHHOM KJIacC€ MOJIEeNIeH paccMaTpUBaeTCsl yCIOBHE OOIIETO
paBHOBecHs B 9KOHOMHKE. CTOXaCTUYECKUI XapaKTep U3MEHEHUs
1IeH (PMHAHCOBBIX AKTUBOB BBI3BAH CYIIECTBYIOIIEH HEOIpeeseH-
HOCTBIO OTHOCUTENBHO OYAYIIEro COCTOSHUS OCHOBHBIX 9KOHOMHU-
YecKHx nokasareneid. Takum oOpa3oM, IIeHbl (HHAHCOBBIX aKTHBOB
U UX CTOXAaCTUYECKHE CBOMCTBA ONpPENENSIOTCS SHAOreHHO. [ud-
(depeHIanbHOe ypaBHEHHE LIEHbl OOJMIallid B YAaCTHBIX MPOU3-
BOJIHBIX SIBJISIETCSl YAacCThIO TAKOM MOJENTH OOILIero paBHOBECHS, a
€ro pelIeHne ONpeAessieT PaBHOBECHYIO IIEHYy OOJIMTaluu B Tep-
MHUHaX peajbHbIX MEPEMEHHBIX, OMHMCHIBAIOLUINX SKOHOMHKY (CM.,
nanpumep, Cox, Ingersoll, Ross, 1985a).

5.1. OgHocpakTOpHasA moaenb obLero paBHoBecUusi
Kokca-UHrepconna-Pocca

B 1985 roay Koxkc, Unrepconmn u Pocc Hanum pemieHue ais
11eH (MHAHCOBBIX aKTHBOB B PaMKax MOJIE/IH OOIIETr0 PaBHOBECHS B
sxonomuke (Cox, Ingersoll, Ross, 1985a), a Takxe mpeacTaBHUIIH
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€ro YacTHBIM CIy4daill JJig OINpENEeTIeHUs BPEMEHHOW CTPYKTYpBI
nporeHTHbIX ctaBok (CoX, Ingersoll, Ross, 1985D).

PaccmarpuBaeTcs MeXBpeMEHHasi MOJEIb KOHKYPEHTHOU 3KO-
HOMUKH B HEIIPEPBIBHOM BPEMEHH. B Takoil 3KOHOMHKE CyIIECTBY-
eT oIHO OJjaro, M IEHbl BCEX AKTUBOB M3MEPSAIOTCA B €AMHUIIAX
sToro Omnara. IIpon3BOACTBEHHBIE BO3MOXXHOCTH IPEIICTABICHBI
MHOKECTBOM K3 N BUJIOB SKOHOMUYECKOW JNESITEIBHOCTU C JIMHEU-
HOM MPOM3BOACTBEHHON (DyHKITHEH. BEKTOp 0XKUIaEMBIX T0XOIHO-
CTeH MaHHBIX BHJIOB SKOHOMHYECKOW AEATEIHbHOCTH 0003HAUUM «,
a ux matpuny koBapuanun — GG', rne G - maTpuna ¢ pazmepHo-
cthio 1 X (n+ k). Kommonentsl o u GG' sBistrores GyHkiusmu K-
MEpHOIro BeKTOopa Y, XapaKTepU3YIOLIEro YpOBEHb TEXHOJOTUU U
M3MEHSIONIEr0cs CTOXacTUYeCKU BO BpeMeHU. [lunamuka Y, Takum
o0pa3om, onpesesseT IPOU3BOCTBEHHbIE BO3MOXHOCTH, KOTOPBIE
JOCTYTHBI JJIsl SKOHOMUKH B OyaymieM. BeKTop okugaemMbIx U3Me-
HeHui Y — 4, a MaTpHIla MX KoBapHuamuu — SS'.

DKOHOMHKA COCTOUT U3 OJIMHAKOBBIX MHIWBHUIYYMOB, KayKIblii
U3 KOTOPBIX MaKCUMHU3UPYET CBOIO LIEIEBYIO (YHKIIUIO, TIPE/ICTaB-
JICHHYIO B BHJIE

E[UIC(9),Y (5), sKds,

rae C (S) — morpebiieHne B MoMeHT S, U — dyHKIMs mose3Ho-
ctu Hoiimana-¢pon MoprenmrepHa, t' — OKOHYaHHE BPEMEHHOTO
TOPU30HTA OXKUAAHUA. MaKCUMHU3UPYs CBOIO IENEBYI0 (YHKIIUIO,
KKl MHAUBHUIYYM BBIOMpAET ONTHUMAIBHBIM ypOBEHBb MOTPEO-
nenus C*, onmruManbsHOE pacmpenencHue o#* ooratctBa W Mexmy
WHBECTUIUSIMU B pa3lMYHbIE BHUJbI MPOU3BOJACTBA, ONTHUMAIbHOE
pacnipenenenue b* GoraTcTBa MEXIy WHBECTUIMSIMHU B Pa3JIMIHbIC
BUJIbI (DMHAHCOBBIX aKTUBOB. (DUHAHCOBBIE AKTUBBI OI[CHHBAIOTCS
SHJIOTCHHO, TaK YTO IUIATEXH 10 HUM SIBIISIOTCS (DYHKIHSIMH OT
OorarctBa u TexHoJoruu. OcTaToK UMeIerocs 6orarcTea, KOTo-
pBIii onpenensercs U3 O HKETHOTO OTPaHIYEHUS, 3aHUMAETCS HITH
olamkuBaerca mo craBke I. HesBuas ¢yHkuus mosesHoctu J =
J(W, Y, t) BRIBOAWTCS TIPH PEIICHUH 3a1a9l MAaKCUMH3ALHH.

65



B paBHOBecuM mpoueHTHas CTaBKa U 0XKUAAEMBIE TOXOIHOCTH
(PMHAHCOBBIX aKTHBOB JIOJDKHBI OBITh TAKMMH, YTO BCE OOraTCTBO
HHBCCTHPOBAHO B IIPOMU3BOACTBO. HHBGCTI/II_[I/II/I COBCPLIAIOTCA
HEMMOCPCACTBCHHO MHAWBUAYYMAaMU HJIU OIIOCPCIAOBAHO — (1)1/IpMa—
mu. CrenoBarenbHO, 3Ha4eHHE J B PAaBHOBECHUH OIPEEISeTCS U3
pemieHus: mpo0IeMbl ONTUMAIBFHOTO TUIAHUPOBAHHS C YY€TOM BCEX
BO3MOKHBIX BUJIOB (prznueckoro mpousBoacTsa. [locne Toro, kak J
SIBHO 3aIMICaHa, YCIOBHE ONTUMAIILHOTO pacIpeieieHus: 00raTcTBa
MeXay (UHAHCOBBIMU aKTUBAMHU U 3aliMaMH MOKET OBITH 00BeIu-
HEHO C yCJIOBUEM JOCTH)KCHUSI paBHOBECHs Ha (DMHAHCOBOM PBHIH-
KC, U OITPCACJICHBI PABHOBCCHBIC ITPOLUCHTHAA CTABKA U O KUAACMBIC
JTOXOJHOCTH aKTHUBOB.

Jns wccnenoBaHus BPEMEHHOM CTPYKTYpPHI IPOLEHTHBIX CTa-
BOK PacCMaTpUBAeTCs Cllydail (yHKIMH IOJE3HOCTU C TOCTOSH-
HBIM a0COJIIOTHBIM HENPUSATHEM pUCKa. B wacTHOCTH, HyHKIHS 1O-
nesnoctu U[C(S), Y(S), S] He 3aBHCHUT OT MepeMeHHOM coCTOSTHUS Y
U IMEeT BUJL

vicw.si=e | S,

rie p — TOCTOSIHHBIA JUCKOHTHpYromumii ¢aktop. KocBennas
(yHKITUS TIOIE3HOCTH BBIPAYKAETCS KaK
JW.Y,0) = f (Y, OUW,0)+g(¥,1).

Takoil B KOCBEHHOH (PYHKIIMM IOJIE3HOCTU MO3BOJIET CJHe-
JaTh JABa BaXHBIX ympoueHus: 1) ko3pPHUIHeHT OTHOCUTEIBHOIO
HENPUATHS PUCKA JUISL 3TOM (YHKIMHU TOJIE3HOCTH MOCTOSTHEH U HE
3aBUCHUT OT OOraTCTBa M EPEMEHHON COCTOSHUS:
>’ |
W w

l-y;

2) BMacTUYHOCTh NPEEIbHON MOJIE3HOCTH OoraTcTBa 10 OTHO-
IICHUIO K IEPEMEHHOM COCTOSTHHS HE 3aBHCHT OT OOTaTCTBA:

o g
S awer| awo ﬂ’/f'
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OnTuManbHOE pacipeesiCcHHe HHBECTUIIMOHHOTO TTopTders a*
3aBucHT oT Y u He 3aBucutT oT W. CrnenoBaTenbHO, BEKTOP (hakTo-
POB MPEMHUU 32 PUCK U PAaBHOBECHAs IPOLICHTHAs CTaBKa TaKXKe 3a-
BHUCSIT TOJIBKO OT Y.

Takum oOpa3oM, B paBHOBECHOM COCTOSTHUH BEKTOpP OXHac-
MO TOXOAHOCTH (PHAHCOBBIX aKTUBOB PABEH:

24
R=F+—,
r+é’Y

IJie 7 - BEKTOP, BCE KOMIIOHEHTBHI KOTOPOTO PaBHBI OE3PHCKO-
BOMU cTaBKe I

& (-JdUCcH/a?
&\ A(C*/ &

cov(C,W) - BEKTOp NpEMUH 3a PUCK IS

KaXXJa0ro u3 (bHHaHCOBBIX AKTHUBOB.

Juis norapudmudeckoil pyHKIUH MOJIE3HOCTH, COOTBETCTBYIO-
_ e Prn
meit cnydaro y = 0, moiyqaercs uto f(Y,t)=———— Takum
Yo,

o0pa3oM, KOCBeHHasi (QYHKIUS MOJE3HOCTU 3aBUCUT OT MEepPEMEH-
HOM cocTostHUS ToNbKO yepe3 g(Y,¢) . BekTop nmpemun 3a puck pa-

BCH 5 =a*'GS , 4@ OIITUMAJIBHOC PpacClpCACICHUC MHBCCTULIMOH-

HOTO TIOpTdens
I-1'(GG) 'a
I'GG)'I

a*=(GG) o+ (GGY'I,

rae | - ennHrYHAs MaTpuIa.

Mojens BpEMEHHOM CTPYKTYpPbI HMPOIICHTHBIX CTABOK OCHOBBI-
BAeTCsI Ha CIEAYIONIMX TPEX JOMOIHUTEIILHBIX MPEIMOCHUTKAX:

1) U3MEeHEHHS IPOM3BOICTBEHHBIX BO3MOKHOCTEH OMHUCHIBAIOT-
Cs €IMHCTBEHHOM MEPEMEHHON COCTOSHMUS, Y

2) cpednee u oucnepcusi HOpM O0OXOOHOCIU NPOUZBOOCEEHHBIX
npoyeccog nponopyuonaivisl Y. Takum o0pa3oM, HU cpeiHee, HU
JMCTIEPCHS HE JIOMHHUPYIOT TIPU BBIOOPE MOPTQENs MPH BHICOKUX
3HaYeHUAX Y,
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3) JluHamMuKka nepeMeHHON COCTOSHUA Y 3a7aeTCsl CTOXacTUYe-
ckuM auddepeHInaIbHbIM ypaBHEHUEM

dY (£) = (&Y + O)dt + oY dw(d)

rae & u ¢ — koHctauTthl, £>0,a v — (N + K)-MepHbIi BEeKTO-
pa, C MOCTOSHHBIMHA KOMITOHEHTAMH U, .

DKOHOMHUYECKHE areHThl BBHIOMpAIOT Takue 3HaueHus C*, a*,
b*, xoTOpble MaKCUMH3UPYIOT WX (YHKIMIO MOJE3HOCTH IMPH 3a-
naHHbIX Y, @, . YcinoBue paBHOBECHS B SKOHOMHKE OMpeAemseT
PaBHOBECHYIO MPOIEHTHYIO CTaBKY, PABHOBECHBIC OXKHIaeMbIE J10-
XOJTHOCTH (PMHAHCOBBIX AaKTHUBOB, OOIIMKA TUTAH BBIMYCKa, OOIIMIA
IJIaH TOTpeOICHMS.

CoracHo HpHHHTOMy BBILIIE peII0JI0KEHHIO,
a=aY,GG'=QY,GS'= rae «,Q. Y — KOHCTaHThl. Toraa
PaBHOBECHAs MPOLEHTHAS CTABKA MOKET ObITh 3aIllCaHa KaK

(1' Q'd- 1)
"D="1a7

TakuM 00pa3zoM, MPOLIEHTHAs CTaBKa Takxke cienayer nuddysu-
OHHOMY Tipotieccy. [lapameTpsl JaHHOTO IPOLIECCa TAKOBBI:

I'O'g - )
efI | T + K'9
ap (b( o (&Y +¢) =x(
(I'Q‘la ]j S
ucraepceunda | ————— 19,9 =07,
AUCTIEP Q1

rie x,0,0° — koHCTaHTHl, x0>0,0° >0. Buneposckuii mpo-
Iecc I TPOICHTHOW ~ CTaBKM  ONpPEICNsAeTCs  Kak
G\/;dz(t) =Y dw(t). JluHamMuKa TPOLIEHTHOM CTaBKU OIHCHIBA-
€TCSl CTOXAaCTHYCCKUM U PepeHITnaTbHBIM YPaBHEHUEM:
dr = k(0 — r)dt + ordz(t).

Hns x>0,0>0 3TO COOTBETCTBYET HENPEPHIBHOMY aBTOpE-
IPECCHOHHOMY TpOIleccy MEPBOro Mnopsjka (Ipoueccy ¢ BO3Bpa-
HIEHHWEM K CpefHeMy), TIe ClydyailHOe [BH)KEHUE MPOIEHTHOMN
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CTaBKHM BO3BpaIllaeTcs K JOJIrocpoyHOMy 3HauyeHuio, 6. Koaddu-
IUEHT K ONpeessieT CKOPOCTh BO3BpalleHus. [IpolieHTHas CTaBKa

jocTMTaeT Hylds npu o >2x6. Ilpu 2xk0> o’ BocxomAuii
Apeid CIUIIKOM CHIIEH, YTOOBI JOCTUTHYTh HAYAIbHOTO 3HAUCHHMS.
B mro0om ciy4ae, OJMHAKOBBIM 3HAK Yy HapaMeTpoB (OYHKIHH
npetiha (k 1 ) o3HAYaeT, YTO MPU TMOJIOKHUTEITHHOM HAYaILHOM
3HAYCHUH, MPOICHTHAS CTaBKa HUKOTJA HE MOJKET BITOCJICICTBUH
CTaTh OTPULIATESIHHOM.

[ToBeneHre NPOIIGHTHOW CTaBKH 00agacT CICAYIOUMMH pea-
JUCTUYHBIMH CBOMCTBaMU: 1) OTpUIIATEIbHBIC CTABKH MCKIIIOYCHBI,
2) eclii TMPOLIEHTHAs CTaBKa JOCTUTAET HYJIS, BIOCICICTBHH OHA
CTAaHOBHUTCS TIOJIOKUTEIIbHOM; 3) aOCONIOTHAs TUCIIEPCHS TIPO-
IICHTHOM CTaBKU BO3pAacTaeT C YBEJIMUCHHEM YPOBHS MPOICHTA; 4)
CYIIECTBYET yCTOMYMBOE CTAIIMOHAPHOE PACIpeielicHHEe TPOLICHT-
HBIX CTABOK.

MareMaTHuecKoe OKUJIaHUE U JUCIEPCHUS MPOIECHTHON CTaBKU
B MOMEHT BPEMCHH S TIPU 33J]aHHOM TEKyIleM 3HaueHuH I(t) paBHBI

E[A(9)|r(0)]= r(1)e O + 61— ™)
2 2
DIr(s)r(t)]= r(t)% (e _ g6y 4 QZ—K (1— =62

Jnst nuckoHTHBIX obnuranuii 6e3 pucka nedosita, UX LEHBI
MOJTHOCTBIO OINUCBIBAIOT BPEMEHHYIO CTPYKTYpy. IIpemus 3a puck
OyIeT onpenesIThCs Kak

P _
2 -

I-1'Q'a

&'le+[ TSy, )1‘912 Y=1Y.

JuddepennnanbHoe ypaBHEHHE IIEHbI AUCKOHTHOM o0iMranuu
B YaCTHBIX ITPOM3BO/IHBIX 3AIMCHIBACTCS B BUJIC

’p P» D D
%G2r?+l(‘(9—r)5+g—ﬂf§—rpzol (5.1)

T, T)=1

CornacHo JieMMme I/ITO, MEPBBIC TPHU YJICHA OIPCACIIAOT OXKUIa-
€MO€ HM3MCHCHHC ILICHBI 06J'II/Il"aI_II/II/I. Taxkum 06pa30M, oXugacMas
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JOXOJIHOCTb OT BJIaJ€HMs obdnuranueil papHa » + — — . MrHOBEH-

p a
Has TIPEeMHUS 3a BIIaJIeHUEe O0JIMraluei mpornopirHoHaibHa 3J1acTH-
HOCTH IIeHBI oOyuraruu 1mo npoueHty. [Ipoussenenne Ar 0603Ha-
qaceT KOBapI/IaI_[I/IIO MG)KI[y N3MCHCHUEM HpOHCHTHOf/’I CTaBKH H
MIPOLIEHTHBIM M3MEHEHHEM paclpelieieHusi 0orarcta (CTPyKTYpbl

peiHOYHOTO TIOpTdens). Tak kak 5 <0, mosioKUTEIbHAS IPEMMUS

Oyzaet HaOIr0aTHCS TOJBKO B ciayvae, A <0.

N3 ypaBaenus (5.1) BugHO, 4TO I€Ha OOJUTAIMKM 3aBHCHUT
TOJIBKO OT OJHOM CIIy4ailHOM NEpPEMEHHOM, CIOT-CTaBKU, KOTOpas
WUrPAET POJiIb UHCTPYMEHTAIbHOM MEPEMEHHON JUIsl ONHUCAHMS He-
OIIPEAEIIEHHOCTH TEXHOJIIOTUYECKUX U3MEHEHUH.

Pemenue ypaBHenust (5.1) 3anucbiBaeTcst B CJIEIYIOIIEM BUJIE:

prt,T)=A@t,T)e *“""

rae
2 [(x+A+y (T —1))/2 250/ 2
A(t> T) = s T—¢
(y +x+ )T —D+2y
2 y(r—t) __ 1
B, T)= (e )

(y+x+ )7 —D+2y
Yy = \/(/c+ 7/)2 + 207

Ilena oOnuramuu sABIsETCS yOBIBAIOIICH BBIMYKIOW (yHKIIHEH
OT MPOLIEHTHOH CTaBKU W yObIBaromiel GpyHKIMEH oT cpoka 10 mo-
rameHus. BnusHue napaMeTpoB CTOXaCTHUECKOIO MpoIecca CHoT-
CTaBKU Pa3JIMYHO: [IeHa OOJUTaluy SBJSETCs yObIBaIOLIEH BBITYK-
JI0i (yHKIMEN OT CpPEeAHEro JOJITOCPOYHOI0 YPOBHS CIOT-CTaBKU €
U Bo3pacTaroleil BorHyToi (yObIBaroiiei BBIMYKIOW) (yHKIHEH
OT mapaMeTpa CKOpPOCTH BO3BpAIlICHUs K CPEIHEMY K, €CJIH Ipo-
[IEHTHasl cTaBKa Bblme (Hmwke) 6. Kpome Toro, meHbl oOauranmii —
BO3pacTalollie BOTHYThIE (YHKIUU OT PHIHOYHOW IIEHBI pHcKa A.
3TO0 MOXET OBITh OOBSICHEHO TEM, YTO BBICOKHE 3HAYEHHS LIEHBI
pHUCKa O3HayaeT OOJIbIIYI0 KOBApHUALIMIO MPOIEHTHBIX CTABOK C 00-
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rarcTBoM. TakuM 00pazoMm, IpHU BBICOKMX 3HAUYCHMSX IMapamerpa
pHUCcKa LEHbl OOJHMraiuii, BeposTHO, OyayT BbIlIE. JTO COOTBET-
CTBYeT HM3KOMY YPOBHIO OOraTrcTBa M, CJI€J0BaTEIbHO, €ro Oosee
BBICOKOW TMpeaenbHol mnone3Hoctu. llena oOnuranuum sBisieTcs
BO3pacTarolleil BoruyToil (ynkimeit or o. Haubonee BaKHBIM
OOBSICHEHHEM MOCIEAHETO MOKET CIY>KUTh TO, YTO MPHU BBICOKHUX
3HAUYECHMSX JUCIEPCUU, XapPaKTEPU3YIOIIMX POCT HEONPEIEICHHO-
CTH OTHOCHUTEJIBHO OyIyIIMX MPOU3BOJICTBEHHBIX BO3MOMXHOCTEH,
HE CKJIOHHBIE K PUCKY MHBECTOPBI OLICHUBAIOT AKTUB C FapaHTHUPO-
BaHHOI NPUOBLIBIO BHILLIE.

JloXoIHOCTh K MOTAIICHUIO OONHUranuu OyJeT B TaKOM cllydae
paBHa

rB(t,T)—1nA(t,T)

R(.T) —

[Tpyu npubnmkeHuu 1aThl NOTALICHUS JOXOAHOCTh K IOrarie-
HUIO CTPEMHUTCS K 3HAYCHMIO TEKYIIEH CHOT-CTaBKH, MPHU JIHOOBIX
3HAYEHUSAX TMapaMeTpoB. J[OXOIHOCTh K TOTAIICHHIO OOJIUTaIlUH
P YBEJIMYEHUH CPOKa oOpallieHus 10 0ECKOHEUHOCTU CTPEMUTCS

2x6
K npeneny R(r,t,00)=————. Ecnu cnoT-cTaBKa HIKE JaHHO-
y+x+ A
ro 3HAYCHHS, KpUBas JOXOAHOCTH MOHOTOHHO Bo3pacTaeT. [lpwm

K6

CIIOT-CTaBKE BBIIIIEC BpEMEHHAs CTPYKTypa UMEET OTpula-

TEJIbHBIM HAaKJIOH. EcCiau 3HaueHus KpaTKOCPOUHOW HPOLIEHTHOMN
CTaBKM HAXOJSTCS B MPOMEXKYTKE MEXKIY NAaHHBIMHU BEJIMYMHAMH,
KpuBas TOXOTHOCTH uMeeT "rop0".

CpaBHUTENbHAS CTaTUKA KPUBOM JOXOJHOCTH TO3BOJISIET CHE-
JIaTh HECKOJBKO BBIBOJIOB, COMIACYIOIIMXCA C SKOHOMUYECKON MH-
Tyuruen. 1) Poct Tekyiiell npoueHTHONH CTaBKHM BBI3BIBAET IMOBBI-
[IEHWE JOXOJHOCTH K IMOTall€HHWI0 MO BCEM CpOKaM, OJIHAKO,
BIIMSIHME Ha KOPOTKUI KOHEIl KPUBOM JOXOMHOCTH cuiibHee. 2) Ilo-
BBILLICHUE JTOJITOCPOYHOTO CPEAHErO 3HAYEHUS CIIOT-CTABKH BEJIET
K pOCTY BCEX JOXOAHOCTEU, HO MaHHBIN 2(PPEKT cuIbHEe MPOsSBUT-
Csl Ha JUIMHHOM KOHITE KpuBOH. 3) JI0XOAHOCTH K MOTAIICHUIO CHU-
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JKacTCA IpU pOCTC MapaMCTPOB pUCKaA (HCOHpe,Z[eJ'ICHHOCTI/I) O'2 n
A

5.2. HenuHenHaa mogenb obLuero
paBHoBecus JloHrctadca

B 1989 roay Jlonrcradd (Longstaff, 1989) omyonukoBan cra-
TBIO C AJBTCPHATUBHBIM IPEICTABICHHEM CTOXACTHYECKOTO IPO-
1ecca B paMKax TOM ke caMOi MOJIeJIM SKOHOMUKH, 4To U 'y Kokca-
Hurepcomna-Pocca (Cox, Ingersoll, Ross, 1985b)15. OpnHako mpen-
[oJjIaraeTcsi, 4To JMHAMHMKA MEPEMEHHOW COCTOSHUS Y CleayeT
croxactuueckomy npoueccy dY =mdt +sdz, rne m < 0,s > 0 -
KOHCTAHTBI, a IMHAMUKA CIIOT-CTABKH MPOMOPIHOHAIbLHA KBAIPATy
nepeMeHHoit cocTostHus I ~ Y2 B 3TOM Cilydae CKOPOCTh BO3Bpa-
HIEHHUs K JOJTOCPOYHOMY CpeIHEMY 3HAYEHHUIO MPOIOPIIHOHAIBHA
0—r , a He @ —r. Takum 00pa3oM, THHAMHKA MIHOBEHHOM 0e3-
PHMCKOBOM CTaBKH OIMCBHIBACTCS HEIMHEHHBIM CTOXACTHYECKUM
ypaBHEHUEM:

dr = k(0 = Jr)dt + olrdz
x>0 )
o>0

9= 50
npuuem =—>0.
4x
Takoii TpoIecc COXpaHsIET BCE CBOMCTBA, MPUCYIIUE MOBEIE-
HHUIO CIIOT-CTaBKHU B MOJCIN KOKca-I/IHrepCOHHa-Pocca. KpOMe TO-

ro, eMy MNPUCYIIU €Ille JBa BaXXHbIX cBoMcTBa. 1) Jlns onucanus
2

o
JMHAMUKHU TPOIICHTHOW CTaBKH (B CHITY 9:4—) TpeOyeTcs 3Ha-
K

HHE TOJBKO JIBYX MapaMeTpoB: kK M o . JIONTOCPOYHOE CpesHee
3HAYEHHE CTaBKHU HE MOXKET OBITH OIPEIETICHO OTACIBHO OT APYTUX

> B craresx Beaglehole, Tenney, 1992, u Constantinides, 1992, ykassiBaercs Ha
TO, YTO pCIICHUC B MOJCIIN HE SABJIACTCA O6HII/IM peuicHuCM Jid paccMaTpuBac-
MOro CTOXaCTUYECKOro Iponecca U CYHECTBYCT TOJIBKO IIPpU OIPCACIICHHBIX
TIPEATIOCBUIKAX, IPUHATHIX aBTOPOM.
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napamMeTpoB mporiecca. Hampumep, eciu ¢~ yBeIMYHBAETCA, TO
pacTeT u cpeaHee 3HaueHue, U Hao0opoT. 2) CKopocTh, ¢ KOTOPOH
NpOIEHTHAs CTaBKAa BO3BpAIAeTCs K CpeiHeMy 3HadeHmio 6°,
HECUMMETpPHUYHA; BBICOKHE MPOICHTHBIC CTAaBKH MEHEe THOKU. DTO
BBI3BAHO TEM, YTO MapaMeTp apeiida mpornoplroHaieH 0—r.
[Ipu \/;<49(r<6?2 ) HabmogaeTcss BocxonaAlmui Apeid cmoT-

craBku. [lpu Jr> Ar>6*) napeitdp — mumcxopsmmit. OnHaKo
npetip crnabee (Mo aOCOMOTHOMY 3HAYEHHIO) KOTJA CIOT-CTaBKa
paBHa @° + &, uem npu @ — &. Takas acHMMeTpHs BeJeT K TOMY,
YTO CTAaBKa BO3BpAILACTCS K CpeJHEMY C 0oJiee BHICOKMX 3HAUCHHN
MeJUICHHEee, YeM C 0ojiee HU3KHUX. YCJIOBHBIC MaTeMaTH4ecKoe
OXHJAHUE U JMCICPCHS B MOMEHT BPEMEHH S > t TMHEHHBI 10 OT-

HOLICHUIO K I
2

o S
E[H(s)|r(1)]=r+ e
D[r(s)|r(t)]= ol rs+ 0'83

VYpaBHeHHE 1IEHbI 00JUTAIIUU TPUHUMAET BUJT

ro’ &°p o b
5 52 + 2 —x~r—2ar & TP

(T, T)=1

P _
— =0

(5.2)

O’xumaeMass MCHOBEHHasl JI0XOJHOCTb OT BIIAJEHMs JUCKOHT-
. . 2Ar ¢p
HOM obnurauuel paBHa » + —— — . Tak e, Kak ¥ B MOJEIHU
p a
Koxkca-HHurepcomna-Pocca, oHa mpomnopuuoHaigbHa 3IaCTUYHOCTH
LEHBI OOJIMTALMH 110 MPOLEHTY, U MPEMUS 32 CPOK MOJOKHUTEIbHA
IIPY OTPULIATEIILHOM LICHE PUCKA.
[Ipu pemenun ypaBHeHus (5.2) Mbl MOJIy4aeM DPAaBHOBECHYIO

OeHy O6HHFaHI/II/I B CJICAYIOIICM BUIC:
p(r’ m) — A(m)eB(m)rJrC(m)\/; ,
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rac

2

c, +c,em
exp| ¢ +em+—————
1—c,e™

0

2y

C(m)=

o’ (1—c,e™)

2624 + y) (1 —e™?)?

y =N4r +20°

Cy

Ilena oOnuramum siBhsieTcss (PyHKIUEH OT IBYX MEPEMEHHBIX:
CIIOT-CTaBKU M CpPOKa JO0 MOTAlICHHUS M MapaMeTPUUYECKH 3aBUCHUT
OT KOHCTaHT K, 0'2, A. OTIIMYUTENEHON YepTOl JaHHOTO PEIICHHUS
SIBIISICTCS TO, YTO JIOXOJHOCTh K IOTAIICHUIO HEIWHEHHO 3aBHCHUT
OT CHoT-cTaBKU. B OonbmuHCTBE Apyrux mojuened ((hakTOpHBIX,
00I11ero paBHOBECHUS, C OTCYTCTBHEM apOUTpaxka) 3aBUCUMOCTD JIH-

HeilHa.
HenuraelHnocTs JaHHOU

CHMKCHHUIO IICHBI o6n1/1rau1/m, BCIIMYHUHA E OoJblIe HE SIBIISIETCS
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3aBUCUMOCTH TIPUJAET PELICHUIO PN
MHTEpEeCHbIX CBOMCTB. 1). PocT cmor-cTaBkM He Bcerzna BeleT K



P (1- ™ )4
yiEem =1’
u HaoOopoT. Llena oOnuranuu sSBIsETCS BOTHYTON (YHKIMEH mpu
MaJIbIX 3HAYEHUSAX CHOT-CTaBKH U BBIMYKJIOH — MPHU BBICOKHX. 2)
[Tpou3BoHas IEHBI OOJUTALUH 110 CPOKY 1O MOTAIICHUS MEHBIIE
HYJIA JUIS JTF0OBIX 3HAUEHUH CIIOT-CTaBKM M CPOKa JI0 MOrallieHusl.
DTO COOTBETCTBYET PEATUCTUYECKOMY MPEANOIOKEHUIO O TOM, YTO
(dopBapIHbIE CTaBKH CTPOTrO MOJOXKHUTEIbHBI. 3) 3HAKH MPOU3BOJ-
HBIX [(CHBI OOJIMIAIMH [0 K U 0 MOTYT NPHHUMATh J0G0l 3HAK,
MOCKOJIbKY WX HM3MEHEHHS BIMSIOT TaKXKe Ha BEIUYHHY JOJIO-
CPOYHOTO CpPE/IHEro 3Ha4eHus CTaBKU. 4) 3HAK NPOM3BOIHON LIEHBI
o0JMranyy MO PHIHOYHOM LIEHE pHCKa TaK)Ke HE OIpEesieH, Tak
KaK HEeJIMHEWHas MoJenb He TpeOyeT MOHOTOHHOCTH IpPEMUHU 3a
CPOK IO CPOKY JI0 MOTaIICHHS.
JI0XOAHOCTb K MOTAIIEHUI0 TMCKOHTHOW 00IMrauy paBHa

CTPOTO OTPHULATEIIBHOM. = MEHBIIIE HYJIA IpU 7 >

1
R(r,m) = ~— (In A(m) + B(m) + C(m)r).

bnaronapss HenMHEHHOCTH NaHHas MOJENb OXBaThIBaeT Ooiiee
CJIO’KHBIE (M peaIuCTHUHBIE) (GOPMBI KPUBOM JOXOJAHOCTH, YEM MO-
e C JTUHEWHOM 3aBHCHUMOCTBIO OT CIIOT-CTaBKU. B dacTHOCTH,
MOJIETIb COOTBETCTBYET CIydasM C IEPEMEHHOU BBIMYKIOCTHIO U
BOTHYTOCTBIO KPUBOM JTOXOJHOCTH, KOTOPbIE HE MOTYT OBITh OIU-
caHbl ¢ noMo1bto Moaenu Kokca-Murepcomna-Pocca.

Tak ke, Kak ¥ B IIpeAbIAYIIEH MOJAEIH, JOXOIHOCTh K Ioraiie-

HUTIO 06n1/1rau1/m ¢ 0ECKOHEYHEBIM CPOKOM 10 IoramecHus paBHACTCA
2

. Kk° y-21
IIOCTOSIHHOU BCJINYUHE — + T

TEKyIIeW CIOT-CTaBKU. DTO COOTBETCTBYET HAOII0JaeMOMY TOpH-
30HTAJILHOMY Y4YacTKy KPUBOW JOXOJHOCTH Ha €€ JUTMHHOM KOHIIE.
0O6e monenu (Kokca-HUurepcomna-Pocca u Jlonrcradda) mokassi-
BArOT, 4YTO BOJIATUIJIIBHOCTH JOJIITOCPOYHBIX CTABOK HUXKE, YEM KpaT-
KOCPOYHBIX.

[Mpemust 3a cpok BiageHHs (OXKUaaeMasi JOXOJHOCTh MHUHYC
CTIOT-CTaBKa) JUIsl TUCKOHTHBIX OOJUraIii paBHa

> (), KoTOpasg HE 3aBUCUT OT
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D, (r,m) =24 B(m)r + C(m)% .

[Ipemust 3a cpok BiIaJIeHUs 3aBUCUT KaK OT CIOT-CTaBKH, TaK U
OT cpoka na0 mnorameHus. B ommume or mogpenmn Kokca-
Nurepcomna-Pocca, B KOTOpo# IpeMus 3a CPOK MOHOTOHHO BO3-
pacTtaeT 1mo cpoky Ao moramieHus, B moaenu Jlonrcrapda npemus
3a CPOK MOXKET jocturarb Makcumyma. Kpome toro, npu Oecko-
HEYHOM CPOKE K IOTAIIECHUIO NPEMUS 3a CPOK MOXKET IPUHUMATh
OTpHULATEJIbHbIE 3HAUEHUS:

2422 -
lim @, (r,m) =(—2y)\/?(\/?—§) <0,k >y~r .
mM—»0 O'

5.3. AByxdakTopHas moaenb obwero
paBHoBecus JloHrctada-LlBapua

Asropsl (Longstaff, Schwartz, 1992a) paccmarpuBaroT Mo/eIb
SKOHOMUKHM, a”HasornuHyro monenn Koxca-HHrepcomna-Pocca, B
KOTOPOW CYIIECTBYIOT JIB€ TEPEMEHHBIE COCTOSHUSA: X — KOMIIO-
HEHT 0XHJIaeMOH TOXOJHOCTH, HE CBSI3aHHBIM C HEOIpe/IeIeHHO-
CTBIO B 00beMe BhIMTycKa, Y — KOMIIOHEHT, KOTOPBI YUUTHIBAET MO-
ciennee. JlMHaMMKa TIEPEMEHHBIX COCTOSHUSI  OIKCHIBAETCA
AQHAJIOTUYHBIMH CTOXaCTHYECKUMH MPOIIECCaAMHU:

dX =(a, — bX)dt + s, X dz,
dY =(a, —bY)dt +s5,Y dz,

rne a,,b,s,,a,,b,,s, — NOJOKUTENbHbIE KOHCTAHTHI, Z,,Z,
BunepoBckue npoueccsl.

B kauecTBe (pakTOpOB, ONpeneNAONUX BPEMEHHYIO CTPYKTYpPY
MPOIIEHTHBIX CTaBOK, BBIOpaHbl O€3pUCKOBAst CIIOT-CTaBKa U €€ BO-
JATWIBHOCTh (MTHOBEHHAs! AMCIEpCUsl M3MEHEHUi), V. DakTopsl
MIpe/ICTaBJICHbl B BUJIE TMHEHHBIX (PYHKIMHI OT NEPEMEHHBIX COCTO-
STHUS:

r=oX + fpY
V=a’X+pY'
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a>0,4>0 ni1s BcexX BO3MOXXHBIX 3HAYCHHH NMEPEMEHHBIX CO-

crossHUA. B aTOM ClIydac JUHaMUKa CIIOT-CTaBKH W BOJIATUJIBHOCTHU
OIIMCBhIBACTCsA ,I[I/I(b(bepeHI_[I/IaJ'IBHBIMI/I CTOXaCTHYECCKNMH YPaBHCHU-
SAMU:

dr—(ay+[i’7]—ﬂ; %, ;; z jdt /a(ﬂ &+ ,3/
dV:[a27+ﬂ277—aﬂ(a_ar—ﬂg_wV}dﬂ- / ﬂr_ &, +
p-a p-a

rae , f,y,0,n,& — NONOKUTEIbHbIE KOHCTAHTHI. JlaHHBIE CTO-

XaCTHYECKHE MPOIECChl B3aNMO3aBHCUMBI, T. €. CIIOT-CTaBKa 3aBU-
CHUT OT BOJIATHJILHOCTH, U HA000POT.

Ilena MMCKOHTHOM OOMUTALIMK KaK (QyHKLHUS OT IBYX (pakTOpoB
Y CPOKa JI0 TIOTAIICHHs 3aIHChIBACTCS B BHJIE:

PV, m) = A7 (m)B>" (mye ey

A(m) = 24

) = S he™ —1) 124
B(m) = 2y

(v+y)(e™ —D+2y

C _ag(e”™ —DB(m)— Py(e™ —1)A(m)

(m) =

Py (f— )
Frmy < V™ = DA — g D B(m)
Py (S — )

v=<~&+ A

¢ = \N2a + 57
W =28+ V’
K=y(O0+@)+mn(v+y)

AHaNW3 JaHHOTO PEIEHUs NOKA3bIBAET, UTO, KaK U B HEJIMHEHU-
Hoit Mmojnenu Jlonrcradda, yacTHast MPOU3BOIHAS [IEHBI OOIUTAITUN
10 CTIOT-CTaBKE MOYKET MMETH JIF000H 3HaK. AHAJIOTUYHO, YETKO HE
OTIpe/IeNsAeTCSl 3HAK YaCTHOW MPOW3BOJHON IIEHBI OOJMTraIH IO
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BOJIATHIILHOCTH. DopBapiHbIe CTAaBKH CTPOTO MOJOXKHUTEIbHBIC.
O1HaKO JIOXOJHOCTH K MOTAIICHHUIO SBJISCTCS JTMHEHHON (QyHKIMEH
OT (haKTOPOB:

xm + 2y In A(m) + 2nln B(m) + C(m)r + F(m)V

m

R V,m)=—-

[Tpenen 710XOAHOCTH K NOTAIICHUIO ITPU OECKOHEYHOM CPOKE /10
MOTalleHusl HEe 3aBUCUT OT 3Ha4YeHHA (PAKTOPOB U paBeH
y(¢—0)+ n(y — v). 3aBUCUMOCTh KPUBOH JOXOJHOCTU OT ABYX

(akTOpOB MO3BOJIAET ONMUCATH (POPMBI BPEMEHHOM CTPYKTYpBI, HE
JOCTyIHbIE JUIsl 0JHO(GAKTOPHBIX MOJeNel, Hampumep, "Tscky"”
KPUBOM JTIOXOAHOCTH C HECKOJbKUMHU '"ropOamu" u "BnaguHamu'.
BonatuibHOCTh OKa3bIBaeT Haubojee CHIBHOE BIMSHUE Ha Cpel-
HIOK 4aCTb KPUBOM JIOXOJHOCTH, B TO BpPEMs KaK KOHIIBI KPUBOU
JIOXOJTHOCTH 3aBHCST, B OOJIbILIEH CTENEHU, OT YPOBHS CIOT-
CTaBKH.
@dopBapaHas NpeMHUs 3a CpPOK TakKKe SBIAETCS JIMHEWHON
¢byHKIHEH OT PaKTOPOB:
(" =1)B(m)
y(f~-a)

IIpemus 3a cpok Bcerzaa NOJIOKHUTENbHA MPU OTPULATEIBHOU
IIeHe pucka. J[11 KOPOTKHX CPOKOB JI0 MOTAIIEHHS ITPEMUS 32 CPOK
ABIISIETCS Bo3pacTaromeil GpyHkuuei no cnor-craBke. Ha ninuHHOM
KOHIIE KPHUBOM JIOXOJAHOCTH BO3MOXXHO oOpaTHoe. CoOoTHOILIEHUE
MEXIy NpPEeMHEN 32 CPOK M BOJIATHIBHOCTBIO TAKXKE HE MOXKET
OBITH CTpOro ompezaeneHo. Jlucnepcus JOXOTHOCTH K MOTAIICHUIO
B JJAHHOM MOJENHM BO3pacTaeT MO Mepe yBETUYEHHUs CpoKa JI0 Io-
ralmcHus.

O, (r,V,m) =24 (ar—=V).

bonee mo3mHue mocTpoeHHss B 00JacTH OMHOGAKTOPHBIX U
MHOTO(aKTOPHBIX MOJeIIei 00IIero paBHOBECHSI TaKXKe 0a3UPYIOT-
csa Ha moxene Kokca-Uurepcomna-Pocca. K nx umcimy otHOcATCA
oxHodakropusie mogenu Lee, 1989; Longstaff, 1990, 1992; Gray,
1996; Wang, 1996; Eckwert, 1996; nByxdakropHble MOJICIU
Longstaff, Schwartz, 1992b; Chen, Scott, 1992; Steely, 1997; Tice,
Webber, 1997; tpexdakropuas moxens Chen, Scott, 1993. B Poc-
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CHUM TepBas CTaThs, MOCBALICHHAS MPEACTABICHUIO MOJIETIHN 00I1Ie-
ro paBHoBecusi Kokca-Unrepcomnna-Pocca, O6puta omyOiMkoBaHa B
1992 roxy B xypHane "DKOHOMUKA U MAaTeMaTHUYE€CKUE METOJbI"
(Byxnemuwes, [Tomanckuii, 1992).
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6. Mozeau ¢ oTcyTcTBHEM apGuTpaska'®

B ¢akropHBIX MOIENSIX M MOJENSIX OOLIEro paBHOBECUS Bpe-
MEHHas CTPYKTypa MPOLIEHTHBIX CTABOK DHJIOT€HHA U ONpEAEIIAeT-
sl Kak (DyHKIMSI HE TOJIBKO OT CPOKa JI0 MOTAIIeHHsI, HO U OT OJIHO-
ro (WM HECKOJIbKHX) (aKTOpOB (IIEPEMEHHBIX COCTOSHHUA), B
OOJIBLIIMHCTBE CIIy4aeB — O€3pUCKOBON CIIOT-CTaBKU. Mojenu ¢ oT-
CYTCTBHEM apOUTpaka (MM MOJIEIH C SHAOI€HHOW CIOT-CTaBKOIN)
paccMaTpuBalOT BCIO BPEMEHHYIO CTPYKTYpPY B Kau€CTBE 3K30I€H-
HOH, U3MEHSIOLIEHCA TI0 HEKOTOpOoMY 3akoHy. Ha 3Tu n3meHeHus
HaKJIaJbIBAIOTCA ONPENIEIICHHBIE OTpaHuUYeHus. B epByro ouepens,
JIOJDKHA OTCYTCTBOBATh BO3MOXKHOCTD ISl COBEPILICHUS apOUTpaxk-
HBIX OIlepalnyii, TPUHOCAIIMX NPUOBLIb. DTO OrpaHUYEHHE O00Y-
CJIOBHWJIO Ha3BaHUWE JAHHOTO KJlacca MoJenei (1Mo onpeneneHuto Xo
u JIu: Ho, Lee, 1986) — momenu ¢ orcyrcTtBreM apOuTpaka. Cpas-
HEHHE ¢ (PaKTOPHBIMU MOJENISIMU U MOJIENISIMU OOIIEro PaBHOBECHS
MTOKAa3bIBAET, YTO CTOXACTUYECKUI MPOIECC CIIOT-CTaBKU 3aBUCUT
OT UCXOJTHON BPEMEHHOW CTPYKTYPBI, T. €. ONPEIEIAETCS SHI0T€H-
HO, B TO BpEMsl KaK IIEpBbIE [1Ba KJIacca MOJEIIEH 3a1al0T €0 IK30-
T€HHO.

JlanHO€ OTNIMYME BBI3BAHO, BO MHOTOM, Pa3HBIMU 3aJa4aMu IIpH
noctpoeHuu mojeneil. IlepBoie 1Ba Kilacca MOAENENH UMEIOT 1EIbIO
BBIBECTH BPEMEHHYIO CTPYKTYpPY IPOLEHTHBIX CTaBOK U3 IPEATO-
CBIJIOK O PAaBHOBECUU U HAWTH TAaKOM CTOXaCTHMUECKHUH MpOLECC TU-
HAaMHUKH CIIOT-CTAaBKH, KOTOPBII MOXET MOPOJUTh PEaTUCTUYHYIO

16 [IpaBmnpHee ObIIO OBI HA3BaTh MAHHEIN pasnen "Modenu ¢ 3H0o2eHHOl cnom-
cmaekou", 4To B OONBIIEH CTENEHH COOTBETCTBYET OCHOBHOM CYTH OTIMYHH
JAHHOTO KJjlacca MOJeJied OT PacCMOTPEHHBIX BbIIE MOAX0M0B. OJIHAKO MBI
ocraBisieM HauboJiee yacTo BCTpedaroleecs B UTepaType Ha3Banue "Modenu ¢
omcymemauem apoumpasxca'.
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PaBHOBECHYIO BPEMEHHYIO CTPYKTypy. B paccmarpuBaemom Huxe
nojaxone Oepercs UCXOAHAs BPEMEHHas CTPYKTypa, 3a/JaeTcsl Xa-
pakTep MU3MEHEHUM BPEMEHHOM CTPYKTYpBl U BBIBOJUTCS ABHKE-
HUE KPATKOCPOYHOU CTaBKHU JJIsi (OPMUPOBAHUS 1IEH OOIUrauuii B
OynyuieM. 3aMeTuM, YTO MOJENU C OTCYTCTBHEM apOuTpaxka Jo-
MCKAIOT CYIIECTBOBAHHWE OTPHUILATENbHBIX (DOPBAPAHBIX CTaBOK.
OnHako OHU TO3BOJIAIOT aHAJIM3UPOBATH (PAaKTHUYECKUE HAOI0qae-
Mbl€ KpUBbIE JOXOJHOCTH Ui ONpEAeNeHUs LeH APYruX CBs3aH-
HBIX ()MHAHCOBBIX MHCTPYMEHTOB, B YACTHOCTH, LI€H OOJIUrauuii u
MIPOU3BOIHBIX (PMHAHCOBBIX HHCTPYMEHTOB.

6.1. BuHoOMMHanbHaa moaenb Xo u Jln

Xo u JIu (Ho, Lee, 1986) ncxojs u3 TOro, 4TO B SKOHOMHKE, B
KOTOPOH OTCYTCTBYET HEOMPEIEICHHOCTh, (OpBapAHBIC CTaBKH,
onpenesieMble TEeKyIIel BPEMEHHOW CTPYKTYpOM, JOJIKHBI COOT-
BETCTBOBATh OyaymuM (PaKTHYECKHM MPOLEHTHBIM CTaBKaM. B
KadecTBe HamboJjee MpPOCTOro crocoda BBEACHUST HEOTPEIETIEHHO-
CTH OHHU TIpe/JiaraloT OMHOMHHAJIBHBIA IPOIIecC, B KOTOPOM Bpe-
MEHHasi CTPYKTypa MpPOIEHTHBIX CTAaBOK B MOMEHT BpemeHH t+1
paBHA BPEMEHHOHN CTPYKType (HOpBapIHBIX CTABOK B MOMEHT BpE-
MeHH t, CKOppPEKTUPOBAHHOW Ha 3HaYeHWE (HYHKIIMH BO3MYIIICHHI.
[Tocnenusiss MOXET MPUHUMATH JBA 3HAYEHHUS: "BepxHee" U "HHX-
nee"'’.

Mopenb OCHOBBIBAETCS Ha CIIEAYIOMIMUX MPEANOChUIKAX:

1) PeiHOK coBeplIeHEeH, T. €. OTCYTCTBYIOT TpPaHCAKIIMOHHbBIE
W3JIEPXKKH, HAJIOTH, BCE OOJUTAIIMN HaXOISITCS HAa pyKaxX y MHOXe-
CTBa MEJIKUX UHBECTOPOB.

2) Pasnosecue na pvinke ycmanasiusaemcsi 6 OUCKpem-

Hble MOMEHMbl 8peMeHU, omoeleHHble Opye Om Opyea 0OUHAKOBbL-

MU UrRmepeailamu, pasHblMu e()uHuue.

17 :
B mocnencteue biauce u Poun (Bliss, Ronn, 1989) paccmot-

penu Mozenb Xo u JIu ¢ TpeMst BO3MOXKHBIMU 3HAaYEHUSMU B KaXK-

JbIii MOMEHT BpeMEHHU: "BepXHUM", "HIOKHUM" U "HEM3MEHHBIM".
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3) Puinok obaueayuii noiou, m. e. Cyuwecmsyom 00Cmyn-
Hble 014 1100020 UHBECMOpPA OUCKOHMHblEe o0nUayuu ¢ arobIM

cpokom 00 nozawenua m, m=012,....

4) B kadicovlii MOMeHm 6peMeHU Cyuwecmsyem KOHeuHoe
YUCTIO BO3MONCHBIX COCMOSHUIL.

PaBHOBecHas 11eHa TUCKOHTHOW OOJMTali CO CPOKOM JI0

HOTAIIeHUsT M JUIS COCTOSIHUS | 3amuchiBaeTcsi Kak p, (¢, m). Ilo-

CKOJIBKY 1I€Ha OOJIMTaluy 3aMrChIBACTCS KaK (PYHKIIUS OT CPOKa J0
MOrall€Husl, TO OHA MOJHOCTHIO OIUCHIBAET BPEMEHHYIO CTPYKTYPY
MPOIEHTHBIX CTABOK B MOMEHT t /ij1s1 cocTostHus |. DYHKIUS IIEHBI

o0iuranuu OT CpoKa A0 TMOTAlICHUS Ha3bIBACTCS OUCKOHMHOU
@yHKyueil.
Ha neny oGnuranuu HakIagbIBarOTCS CIEAYIOIIUE OTpa-

HUYCHUA .

p,(60)=1Vim
lim p(¢t,m)=0,Vi,m"

m—>o0
JluHamMyKa BpEMEHHOW CTPYKTYphI OMUCHIBACTCS CIIETYIONINM
oOpa3om. B HayaibHBIIT MOMEHT BPEMEHHU MbI IMEEM HYJIEBOE CO-
CTOSIHWC, W 3HAa4YCHHE JUCKOHTHOW (DYHKIIMHM 3alMCBIBACTCS Kak
P, (0,m). B MoMeHT BpeMeHH 1 qUCKOHTHAsI QyHKIMS MOKET IIPH-

HATH JIBa BO3MOXHBIX 3HAYEHUS, COOTBETCTBYIOIINUX COCTOSTHUSAM 0
u 1, T. e. cCylmecTByeT BCEro JBa BO3MOXXHBIX COCTOSHHUS,
po(Lm); p, (1, m). 3HaueHue QyHKIUM B COCTOSHUU | Ha3bIBaeTCs
"BepxHuM", a B cocTosiHuM O — "HUKHUM".

B MomeHT BpemeHM 2 BO3MOXHBI Tpu coctosiHus: 0, 1 u 2
(mpenmomnaraetcs, 4yTo "BepxHee" 3HaYeHHME I (QYHKIMH, HAXO-
JTUBIIECS B coCcTOSHMM (0, WIAEHTUYHO "HWKHEMY' 3HAYECHUIO
(GyHKIIMY, HAXOIUBIIEHCS B COCTOSIHUM 1, CM. pUCYHOK 6.1).
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Pucynox 6.1

2

JanpHeimass AMHAMUKA JUCKOHTHOM (QYHKIMH (BpeMEHHOU
CTPYKTYpbI) OIHUCHIBAETCSI aHAIOTUYHBIM CTOXACTUYECKUM IPOLIEC-
com. J{nst moGoro (t + 1) meproma BpeMeHU MEXIy MOMEeHTamu t u
t + 1 3HaueHMe AMCKOHTHON (QyHKUUU p,(f,m) oIpenensercs B
MOMEHT BpeMeHH { Tociie MPOXOXKAEHUS | COCTOSHUM ¢ "BepXHUM"
3HayenueM u (t - i) cocrosHuii ¢ "HWKHUM" 3HaYeHHEM. B cooT-
BETCTBUU C MPHUHATON MPEINOCHUIKON AUCKOHTHAsK (QYHKITUS 3aBU-
CHUT TOJIBKO OT uncia "BepXHHUX'" 3HAYEHUM M HE 3aBUCHUT OT UX I10-
clenoBaTeNbHOCTH. TakuM oOpazoM, OMHOMHHAIBHBIA MPOIIECC B
MOMEHT BpEMEHH t 3aIIMChIBAETCS KaK

D +1,m) — "BepxHee" 3HaUCHUE

p;(t,m)= p.(t+1m) — "HuxKHee" 3HaUEeHueE.

JuckoHTHas QyHKUMS onpenensieTcs s Kaxa0ro Momenra t u
KaXIOT0 COCTOSIHHS I. MHOXECTBO BCEX MUCKOHTHBIX (YHKIHMI
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o0Opa3yeT OMHOMHHAIBHYIO CTPYKTYpY. Y3Jbl TaKOH CTPYKTYpbI
OTIPEICTISAIOTC MOMEHTOM BPEMEHHU M cocTossHueM (1, 1). s mio-

ooro MomeHTta Bpemenu t cymectByer t + 1 cocrosHuid (I =
0,1,2,..., 1). BpemeHHass cTpyKTypa MOXET MEPEXOAUTh OT OJHOIO
y3jia B JPYroi Mo pas3jin4yHON TPAaeKTOPHUH, HO 3TO HE BIMSIET Ha
3HaYEHHUE JUCKOHTHOHN ()yHKLUU B KOHEUHOM Y3JI€ Ha TPAeKTOPHUH,
T. €. JUCKOHTHbIE (DYHKLUU HE 3aBUCAT OT TPACKTOPUHU ABHIKCHMS
BPEMEHHON CTPYKTYPBI.

BBenem B Mozenb OrpaHHYEHUE HA TPACKTOPUIO BPEMEHHOU
CTPYKTYpHI, 00eCIIeunBaroIIee OTCYTCTBUE apOuTpaxka. B ycioBu-
AX ONPEJENICHHOCTH JUCKOHTHAsi (PyHKIUS onpeseseHa B Kax bl
MOMEHT BPEMEHH t 1 [IS1 KaXK0T0 COCTOSHMSA 11 p, (¢, m) U IOJDKHA

obOecrieunBaTh BPEMEHHYIO CTPYKTYpY (OpBapIIHBIX CTaBOK, HE

JIOTYCKAIOIIy 0 apOuTpaxKa:

p(t,m+1)

Si@m)=p,(t+Lm)=p,(¢+L,m=—"—""-—"—"
pi (til) H

m=01...

MOCKOJIBKY "BepxHee' U "HIkHee" COCTOSHMS HePa3IMUUMBbl.
s ygeta HeompeneneHHOCTH B MOJENb BBOJATCSA JABE (PYHK-
1MW BO3MYIIeHU, A(m) u h* (m), Takue 4to "BepxHee" 3HAUCHHE

JUCKOHTHOMN ()YHKIIMM COOTBETCTBYET

p,(t,m+1)
L+l m)=——""h ,
pl+1 ( m) pi (t,l) (m)
a "HwkHee" 3HaUYeHHE —
pi(t,m+1)
pt+Lm)y=——"—""h*(m),
J2L(AY)

nipu 3ToM h(m),h* (m)>0 u h(0)=h*(0)=1.

OyYHKIIMY BO3MYIIEHUN OTBEYAIOT 33 OTKJIOHEHHS JUCKOHTHOM
(GyHKIMU OT BPEMEHHOW CTPYKTYpbl (OpBapAHBIX CTaBOK, T. €.
OMPENENAI0T Pa3HULY MEXAy "BEepXHUMHU" U "HIKHUMH' LEHAMHU
obyuranuii B CIIeAYIOIUA MOMEHT BpeMeHHu. Ecimu A(m) Oosbie
€IMHUIIBI JUTSI BCEX 3HAYEHHUU M, TO BCe IIEHBI OOJUTAIMi OyIyT
pactu 10 "BepxHero" COCTOSHUSA. AHaIOTW4YHO, ecnu h* (m)
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MEHBIIIE SAUHUIBI JUI BCEX 3HAUCHUM M, IIEHBI BCEX OOIUTAIIAMA
ynagyT 10 "HUKHEro" COCTOSIHUS.

VYcaoBue OTCYTCTBUS apOWTpaka HAKIIAIBIBACT OTPAHUYCHHUS
Ha 3HaueHHs (QYHKIMHA BO3MYIICHUS B Kaxaom ysiue (i, i). B pe-
3yJapTare o0mui BUA (YHKIMA BO3MYIICHHH JOKEH OTBEYATh
YCJIOBHIO:

hm)r+ h*(m)(1—-rm)=1
,

Ym

rjue 77 — napameTp OMHOMHUHAJIBHOIO paclpeieleHusl BEpOsSTHO-
CTH, HE 3aBUCALIMI OT BPEMEHU U CPOKa JI0 IOramieHus. ABTOpPbI
OOBSCHSIIOT 77 KAK OTHOIIIEHUE JJOXOHOCTH B "HUKHEM" COCTOSTHUU
KO BCEMY CIIP3Jly MEXAY OXOAHOCTSAMU B "BepxHeM" n "HmxHeM"
cocrosiHusX. Cle10BaTeNbHO, IPU BBICOKUX 3HAUEHUSAX ITapaMeTpa
77 HanboJiee BEPOSITHO CHWKEHME LieHbl obnuranuu. [Ipu 3HaueHun
napameTpa OJIM3KOM K HYJIO IIeHa, OYeBUAHO, Oyner pactu. Ha
(GyHKIMM ~ BO3MYILICHHMS  HAJOXKEHO  TPAaHUYHOE  YCIOBHE
W0)=h*(0)=1. B xauectBe npumepa (yHKIUHA BO3MYILICHHS

paccMaTpUBaIOTCS:
1
h(m)=——""—"-
7+ (1-m)o"
5”’!
h*(m)=——-—"-+,
T+(1-7m)o
m=0
rie O — TIOJIOKUTENbHAs KOHCTaHTa, o<1 (Tak Kak

h*(m)<h(m)), paBHas CHOpdy MEXIy 3HAYECHUAMH (QyHKIIHHA
BO3MyIIeHHS. UeM OoJIbIlie CIp3/1], TEM BBIIIEC BOJATHIBHOCTH MTPO-
LIEHTHBIX CTABOK.

Takum o00pa3oMm, BpeMeHHasi CTPYKTypa MPOIEHTHBIX CTaBOK
OJTHO3HAYHO OMPENENsAeTCS NBYMsI KOHCTaHTaMu 7 U O. h(m) — Mo-
HOTOHHO BO3pacTaroias BOrHyTass (GyHKIHS C acUMIToTol 1/ 7,
h*(m) — BeImykJias QyHKIMS, MOHOTOHHO YOBIBAromasl 10 HYJIS.
"BepxHee" 3HaueHuUe MEHBI OONUTAMK ompenensercs h(m), cie-
JI0BaTEIIbHO, YeM OOJIBIIE CPOK JI0 TOTALICHHUs, TeM OoJbIIe OyaeT
U3MEHEHUE LIeHbl. VI3MeHeHne IeHbl KPaTKOCPOYHBIX OOIHMranuit
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IPOTUBOMNOJIOKHO O. s NOArOCpOYHBIX OONUTranuii U3MEHEHHe

LEHBI MTOCTOSIHHO JIJISl BCEX CPOKOB 0 IMOTAaIleHus U paBHO 1/ 7,

puyeM ciiydail 0 =1 COOTBETCTBYET IOJIHOM ONpe/IeICHHOCTH.
CrnoT-cTaBKa B MOJIENIM MOKET OBITh MOJIy4YeHa U3 (POPMYIIBI

JJIA IICHBI OJIHOHepI/IO)IHOﬁ 06HI/IraHI/IH
p.(t)= PO . B atoM ciyuae oamomepuoaHas
T p(t,0)[7r+(1-7m)o']
A1,0)

craBka paBHa 7,(t,])=1In +In[z6™" +(1-n)]+ilnS. Ma-

>
TEMATUYCCKOC OXHUAAHHUE U JUCIIEPCHUA CIIOT-CTABKM B MOMCHT
BpPECMCHU tc BEPOSITHOCTBIO (| JOCTUXKCHHUSA COCTOSIHUS I OIpeaciri-
IOTCA KakK

p9) +1In[76 ™" + (1—-7)6" ]
p(t,1) .

D,r(t)=tq(1- g)(In3)*

[lepBoe cnmaraemoe B (opMyjie MaTeMaTHYECKOTO OXKHUIAHUS
MPEACTABISIET CO00M OgHONEPUOAHYIO (OPBAPIHYIO CTaBKY, CIle-
JIOBAaTEIbHO, OKHIAaeMOe 3HAaYeHHE CIIOT-CTaBKH paBHO (opBapi-
HOW CTaBKe IUIIOC HEKOTOPOE OTKJIIOHEHHE, BhI3BAaHHOE HeEOIlpese-
nerHoctelo. [lpm =1 oTkioHeHHMEe paBHO HymI0. Jucmepcus
CHOT-CTaBKU 3aBHCHUT TOJIBKO OT CIp3Ja, MpHUYeM, KaKk U 0XKHJa-
JI0Ch, 3aBUCUMOCTb 0OpaTHasl.

I[OXOZIHOCTB K IIOralmi€cHuIo ZIHCKOHTHOﬁ O6JII/II‘aIII/II/I 3al1McChiBa-
eTCsl B CIIEAYIOIIEM BUJIE:

1 ptm+1) 1
In—="———

Er(t)=In

-~ ——Inh(m),i=1
m L)) mo (m),
(7. =
EMEC L me 1 _
B ke (m),i=0
m pl) m

B TakoMm Buje Ha IBW)XKEHHS KPUBOH JOXOJHOCTH HAKJIA/IbIBa-
IOTCSl HEKOTOpBIE JIOTIOJIHUTENbHbIE OrpaHuueHus. B wacTHOCTH,
KOTI'JIa KpaTKOCPOYHBIE CTABKU JOCTUTAIOT 00Jiee BHICOKOTO (HU3KO-
r0) YPOBHS, JOITOCPOYHBIE CTABKH TAKXKE MOJHUMAIOTCS (OITyCKa-
1oTcs1). OJTHAKO MOCKOJIBKY JBMKEHHE MPOUCXOAUT OTHOCHUTEIBHO

86



HCXO/HOM KpuBOH (hOpBap/HBIX CTAaBOK, HE OTPAHUYEHHONW HU Ka-
KUMU YCJIOBUSIMH, KPUBast JOXOAHOCTH MOXET IMPUHUMATH JIFO0YIO
bopwmy.
IIpemus 3a cpok B mogenu Xo u JIu Beipaxaercs Kak
1 (1-¢)0" +¢q

oem= Wi x|

[Ipemust 3a cpok paBHa HyJIO npu 7 =¢q. Ecnu g > 7 npemus

3a CPOK MOJIOKUTENNbHAs. JloNTocpodHbIe 00IMraluu UMEIOT 0oJiee
BBICOKYIO O’KHJIAEMYIO JIOXOJHOCTh OT BiIaJIcHHs. Takum o0pa3om,
7T MOXKET PacCMaTPUBATHCS KaK BEPOSATHOCTD JOCTHUKEHUS OIMpeie-
JIEHHOTO COCTOSIHUSI IS HEUTPAJIBHOTO IO OTHOIICHUIO K PHUCKY
nHBectopa. CienoBaTenbHO, eciii (pakTuyeckast BEpOSITHOCTD ( J10-
CTHKEHUSI "BEpXHEr0'" COCTOSHUS BBINIE, YEM 77, OXKHUAaeMas J0-
XOJHOCTh OT BIJIAACHHUSA OOJHUranuend OOoKHA OBITH BBIIIE, T. €.
MIPEMUS 32 CPOK OOJIbIIIE HYJIA.

K Henocratkam mMoaenu Xo u JIu MOKHO OTHECTH, BO-TIEPBBIX,
TO YTO OHA HE YUYUTHIBAJIA CYHIECTBYIOUIYIO Y MPOIIEHTHBIX CTaBOK
TEHJICHIIUIO BO3BpaIlleHUsI K CpenHeMy. Bo-BTOPBIX, TPOIIEHTHBIE
CTaBKH MPEANOJIaraiuch HOPMAIBHO paclpeeIeHHbIMH, T. €. MOT-
JI1 IPUHUMATh OTPUIIATENIbHbIE 3HAYEHUS C MOJIOKUTEIBbHON BEpO-
SITHOCTBIO.

6.2. OgHocpakTOpHaa mogenb Xuta-[hxappoy-MopToHa

B 1990 romy moxmens Xo u JIu Obuia ycOBEpIIEHCTBOBAaHA
(Heath, Jarrow, Morton, 1990). ABTOpbI JOMYCTHIIH BO3MOKHOCTh
W3MEHEHHS XapPaKTEPUCTHK OMHOMHHAJIBHOTO PaCIpEICICHHUS BO
BPEMEHH, OCTaBasACh, TEM HE MEHEe, B paMKax JUCKPETHOrO Mpe.-
cTaBieHus (pyHKIUHM LeHBl obnuramuii. BrocnencTum Oblna 110-
MyIIeHa BO3MOXXHOCTh U3MEHEHHSI XapaKTePUCTHK (DYHKITH BEPO-
STHOCTH U3MEHECHHUS IIEHBI OOJUTAINI B KaXKIBIi MOMEHT BPEMEHH
B BUJIE CTOXACTUYECKOT0 (MapKOBCKOI'0) Mpolecca. ITo MO3BOIUIO
MEPEeHTH K HENpPephIBHBIM BO BPEMEHH MOJEISIM C OTCYTCTBHEM
apoutpaxa (Heath, Jarrow, Morton, 1992).
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Xwur, JI>xappoy 1 MOpTOH paccMaTpuBarOT MHOXECTBO TOPrye-
MBIX AMCKOHTHBIX OOJHMraluii ¢ pa3IMyHbIMU CPOKAMHU JI0 Horamie-
HUSI, TI0 KOTOPBIM OTCYTCTBYeT puck jaedonra. p(t, m) obo3Havaer
IIeHy B MOMEHT t oOnuranuu co cpokoM 110 morameHus M. L{ensr
o0iuranuil yJ10BI€TBOPSIIOT CACAYIOIIUM YCIOBUSIM:

pt+m,m)=1,Vm

p(t,m)>0,Vt,m
An p(t,m)

Yit,m— 3
7m d’}’l

[lepBoe ycioBre HOPMUPYET BBHITUIATHI MO OOJTUTAIMSAM K €IH-
HUIIE B MOMEHT MorameHus. Bropoe ycioBue ycrtpaHsieT TpUBHU-
aNbHOE ycCIoBHE apOuTpaxa. TpeThe yciaoBHE HEOOXOIUMO s
CYIIECTBOBaHMS (JOPBAPIHBIX CTABOK, KAK OHH OMPEICIISIOTCS HU-
xKe.

MrHoBeHHasi popBap/Has CTaBKa B MOMEHT BpeMeHH t s 00-
JIUTaluy CO CPOKOM JI0 MOTAILIEHUS M OMpeaesaeTcs Kak

2ln p(t,m)
f(t,m)=—7,w,m. (6.1)

DTO COOTBETCTBYET CTAaBKE, IO KOTOPOH MOXKET OBITh MPHOOpe-
TeHa Oe3prcKoBasi o0nHraius, Belllyckaemasi B MOMEHT t + M u mo-
ramaemMasi B clieayroilee MrHOBeHHe. Pemienne muddepeHnmans-
HOTO ypaBHeHUs (6.1) maeT HaM BBIpaKeHHE JIJIs 1IEHBI OOTUT A

+m

Pt,m) =exp| — j £(t,5)ds ©2)
Vt,m

CnoTt-cTaBka B MOMEHT t, r(t), S5kBUBaJieHTHA MTHOBEHHOH (op-
BapJHOM CTaBKU B MOMEHT t st MomeHTa t, T. e. »(¢) = f(¢,1),Vt .

JBuxenue (opBapIHBIX CTaBOK YJOBJIETBOPSET YpPaBHEHHUIO
CJIEYIOIIErO BUJA!

f(t,m)— f(O,m)= .([ a(s,m,X)ds + .([ o(s,m,X)dz ’ (6.3)

0<t<t+m
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rae X — BHEIHIHsIS TiepeMeHHast coctostaus, Z(t) — BunepoBckuii

nponecce, OnpeaAcICHHbIC HHTCIPAJIbl YAOBJIICTBOPAIOT YCJIOBUAM
t+m

[lectt, m, x|t < +o0
0

t+m

[ o2t m,x)dt < +o0
0

B Takoii 3anucu croxactudeckuii mporuecc (B popme GpoyHOB-
CKOTO JBM)KECHHS) ONMCHIBAET CIIy4yailHble JBUKEHUS Gceli KpUBOM
(dopBapIHBIX CTABOK, HAUMHAs OT HK30I'€HHO 33/laHHON HayaJlbHOU
kpuBoii f(0, m). YpaBuenue (6.3) sBIsieTCS] HHTETPAIbHBIM BbIpa-
KEHHEM Ui CTOXaCTUYECKOTO IU(QPEepeHINaTbHOIO ypaBHEHHS
(uaTerpanpHas popma Oosiee TOUHA)

df (t,m) = a(t,m,X)dt + o(t, m,X)dz .

OmpeneneHHbIi HAMU CTOXaCTUYECKUH IPOIECC IUHAMUKU
(bopBapIHBIX CTAaBOK MMEET camblii oOumid Buja. a(e) u o(e) He
MUMEIOT W3HAYAILHO 33JaHHON (QYHKIMOHAIBEHON (POPMBI U 3aBUCST
HE TOJIKO OT CpOKa JI0 TOTAaIIeHHs M, HO U OT BHEIIHEH ImepeMeH-
HOM cocTosHus X.

JlMHAMKa CIOT-CTAaBKU OMKCHIBACTCS CTOXACTHYSCKUM IPOIIEC-
coMm B obmem Buxe'®, aHamormyHBIM Tponeccy s GOpBApPIHBIX
CTaBOK, HO TEKyIIMH MOMEHT BPEMEHHU W JaTa MOTAlICHUS MEHS-
I0TCS JJIsl Hee OJTHOBPEMEHHO:

t t
H6,X) = £O0,0) + [ als,t, X)dr + [ o, m, X )dz . (6.4)
0 0
[Toacrasus (6.3) B (6.2) ¢ yuetoMm (6.4), mociie MOHMWKEHUS T10-

psAKa UHTETPUPOBAHUSI U YIPOLIECHUS MBI MOJy4YaeM BbIpaKeHUE
JUIA TIEHBI OOIUTain

8 TIpu COOTBETCTBYIONINX TMPEANOCHUIKAX OTHOCHTENBHO (YHKIMOHATBHOI
¢dopmbl Mozens Xwura-/xappoy-MopToHa MOXXeT OBITh CBeleHa K JII000H M3
PacCMOTPEHHBIX paHee CTOXACTHYECKUX MOETCH.
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In pfe,m) = In p(0,m) + [ [(5,X) + b5, m, X)lds +— % [ a(s, m, X)ds + [ (s, m, X)dz

t+m
a(t,m,X) =— Ia(t, s, X)ds
t

t+m

B, m, X) = — [ a(t, 5, X)ds + K a(t,m, X )’

(6.5)

[Tpumenenne nemmbl Uto i (6.5) mo3BossieT HalWTH 1IeHy 00-
nuranuu P(t, M) KaKk aHAJTUTHYECKOE PEIICHUE CIICAYIONIero CToXa-
CTMYECKOI'0 YPaBHEHHUS:

dp(t,m) = [r(t) + b(t, m, X)|t, m)dt + a(t, m, X)) p(t, m)dz
t+m

a(t,m,X) = - [ o(t,5,X)ds

t+m

Ht,mX)=— I a(t,s,X)ds+ % a(t,m,X)*

t

B ob6mem cnydae OBHKEHHE IIEHBI OOJMUTALUK HE SBISETCS
MapKOBCKMM  TIPOIIECCOM,  TOCKOJNbKY  (yHKIMU  japeiida
[7(2) + B(t,m, X )]u BomarunbHOCTH a(f,m,X) MOTYT 3aBHCETh OT

HPOLIIOi HcTOpUN GPOYHOBCKOTO TpoIiecca.

Jyist TOro 4TOOBI YCTPAHHUTD CIOT-CTaBKY M3 (QYHKIHMHU apeiida,
MBI OyZeM paccMaTpuBaTh OTHOCHTENBHBIC IICHBI OOJIHTaIHid

pt,m) y
B rae B(t)=exp .[ r(t)dr| — Tak Ha3bIBaeMbIii
0

AKKyMYJISIIUOHHBIN (aKkTop, paBHBIA NMPUBEJEHHON CTOMMOCTH HH-
BECTHIIMI Ha JICHEXKHOM PBIHKE I10J1 O€3pUCKOBYIO CTaBKY MPOLIEH-
ta. OTHOCUTENbHAS 1IeHa O0IuTaluii paBHa:

t

P(t,m)=

In P(¢,m) = In P(0,m) + J-b(s, m,X)ds— ), I a(s,m,X)ds + I a(s,m,X)dz
0 0 0
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HeoOxoauMbIM ¥ JOCTaTOYHBIM YCIIOBHEM TOT'O, YTO OIpEie-
JICHHBIH BBIIIE CTOXACTUYECKHN MPOLECC AMHAMUKH (OpBapIAHBIX
CTaBOK 00ECIeYrBacT OTCYTCTBHE BO3MOXKHOCTH JUIsl apOMTpaxa,
NPUHOCSIIETO MPUOBLIb, SBISCTCS CYIICCTBOBAHUE €IMHCTBEHHON
SKBHBAJICHTHOH MapTHHrajbHOM Mepbl (equivalent martingale
probability measure). Takas mepa cymecTByeT, eciu (yHKIUS
npetia 3amaHa B BUIC

Wt,m, X)=At,X)a(t,mX), (6.6)

rae A(t,X) — pbolHOouHas ueHa pucka. [logcrasus B (6.6) BbIpa-

xenust 1ist a(e) u b(e) u mpoauddepeHnrpoBas Mo M, MbI HalIeM
OrpaHUuYcHHEe Ha (QYHKIMIO JApedda CTOXaCTHYECKOro mpolecca
(bopBapaHBIX CTABOK:

t+m

at,m X) = o(t,m, X [ o(t,5,X)ds+ A(6,X) | .

t

JlaHHblE OrpaHMYEHMs] O3HAYaIOT, YTO IApaMeTpsl Ipoliecca
CIOT-CTaBKU W PBIHOYHAS LI€HA pHUCKa HE MOTYT OBITh BbIOpaHbI a
priori He3aBHCHMO JIPYT OT APYra U OT AWHAMUKH LIEH OOJIHTaIHi,
YTO JI0IyCKaJIOCh B PAHEE PACCMOTPEHHBIX CTOXACTUYECKUX MOJIE-
JSX BPEMEHHOM CTpyKTypbl. HeszaBucumasi crnenmukamus 3TUX
MIPOLIECCOB MOXKET MPUBECTU K JIOKHBIM MOJENSIM IIEHOOOpa3oBa-
Hus. B aTOM 3aKioyaercss OCHOBHast KPUTHKA (DAKTOPHBIX MOAETeH
U Mojenel oOIero paBHOBeCHs CO CTOpPOHBI Xuta, Jxappoy u
Moprona. Kpome Toro, B paccMaTpuBaeMoOil MOJEIN HE SIBIJISIETCA
HeoOXoauMoM "MHBEpCHUS BPEMEHHOW CTPYKTYpbl" ISl MCKIIIOUe-
HUS PBIHOYHOM LIEHBI PUCKA IPU ONPEIEICHUHA PAaBHOBECHBIX LIEH
obnuranuii. Heo6Xo1uMo OTMETUTh, YTO €CIIM KaXKAas U3 MpeJibl-
OYLUX MOJEJIed BpEMEHHOW CTPYKTYpbl UMeNa psiJi COOCTBEHHBIX
orpaHuyeHuii, To mMonenab Xurta-/xappoy-MopToHa MOXKeT ObITh
Ha3BaHa CJIIMLIKOM o0uIeil. B mpuHIune oHa MOKeT BKIIHOYATh JIHO-
60€ KOJIMUYeCTBO (PaKTOPOB, ONPENENIONUX BPEMEHHYIO CTPYKTY-
py. OJIHaKO BBIUMCIUTEIBHBIE CIOKHOCTH 3aTPyIHSAIOT MCIIONb30-
BaHHE MOJIEH C YUCIIOM (haKTOPOB OOJBIIIE OTHOTO.
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6.3. Mogenu c otcytcTBMeM apbuTtpaxa Xanna-Yaurta

B 1990 rogy Xamn u YaiiT onyOauKoBaiu CTaThio, MOCBSAIICH-
HYI0 (D OPMHPOBAHHIO I[€H OMIIMOHOB Ha OOJHTAIlMU U MPOLEHTHBIX
csoroB (Hull, White, 1990). B atoii ctaThe aBTOpPBI HPEACTABUIN
TaK Ha3bIBaeMble "paCIIMpPEHHBIE" MOAECIN BPEMEHHON CTPYKTYpPhI
Bacuueka u Kokca-Unrepcomna-Pocca. JlanHbie monenu ObLiu
"pacmmpensl" 3a CUeT OMpENEJCHUs CPEIHEr0 3HAYCHHUS CIOT-
CTaBKH, CKOPOCTH BO3BpAIICHHUS K CPEIHEMY U JMCIIEPCHUU Kak
GyHKIUI OT BpeMEHH, T. €.
dr=[6(t) — a(t)rldt + o(t)dz — pacimpenHnas mojenp Bacuueka;

dr=[6(t) — a(t)ridt + O'(l‘)\/;dZ — pacmupenHas Mmoxenb Koxca-
NHrepcomna-Pocca.

B Takoii 3anucu paccMoTpeHHbIe (PaKTOPHBIE MOJIETH MPHHSIIN
BHJI, aHaJOru4HbId Moaenu Xo u JIu (Ho, Lee, 1986), onnako B
pPaCUIMPEHHBIX MOJENSIX CIOT-CTaBKa o0iajaia CBOMCTBOM '"BO3-
BpaieHusi kK cpeaHeMy'. JlonyiieHue o 3aBUCUMOCTH MapaMeTpOB
CTOXaCTUYECKOI'0 Mpollecca CIOT-CTaBKM OT BPEMEHH I03BOJISET
paccMaTpuBaTh BPEMEHHYIO CTPYKTYpPY MPOIEHTHBIX CTaBOK Kak
AK30TE€HHBIN (PAKTOp, B COOTBETCTBUHU C H3MEHEHHEM KOTOPOTO Me-
HSIOTCSI TapaMeTphbl CTOXACTHYECKOro TMpoliecca CIOT-CTaBKH.
Xamt v YalT HalluIM aHATUTHYECKOE PELIEHUE IS IpolLiecca CIoT-
CTaBKM B PaCIIMPEHHON Mojenu Bacuueka, B TO BpeMs Kak s
pacmpennoit monenu Kokca-MHrepcomna-Pocca BO3MOXHO TOb-
KO YHCJICHHOE PEIICHUE JJIsl KOHKPETHOTO CIyyasl.

B 1993 1 1994 romax Xamn u Yaiir (Hull, White, 1993, 1994a)
MIPEJICTAaBUIIN HETIPEPHIBHYIO BO BPEMEHH MOJIENh IIEHOOOpa3oBa-
HUS OIIMOHOB HA OOJUTAIIMU W TPOIICHTHBIX CBOTIOB Ha OCHOBE
BPEMEHHON CTPYKTYpOH MPOIEHTHBIX CTaBOK. J[MHamuka cnot-
CTaBKHM OMHCHIBAETCS TPUHOMHHAIBHBIM CTOXAaCTHUYECKUM IpOIieC-
coM c "BO3BpallleHHEM K CpelHeMY', mapaMeTpbl KOTOPOro SBIIS-
10TCsl PYHKIIUAMH OT BpeMeHH. B KadecTBe SK30T€HHBIX (PaKTOpOB
B MOJIETIM BBICTYNAIOT BPEMEHHAs CTPYKTypa W BOJATUIBLHOCTH
MPOLEHTHBIX CTaBOK. Pemienue s momenu Xaia-Yaira cyiie-

CTBYCT TOJIbKO Ha OCHOBC YHCJICHHBIX MCTOIOB.
* % %
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K uucny mpounx paboT, B KOTOPBIX MPEACTABICHBI HEMPEPHIB-
HBIC BO BpPpCMCHU MOIACIIN C OTCYTCTBUEM ap6HTpa>Ka, OTHOCIATCA
crarb (Hull, White, 1990, 1994b; Black, Derman, Toy, 1990;
Black, Karasinski, 1991; Constantinides, 1992; Duffie, 1992;
Jeffrey, 1995; Schoenbucher, 1997; Stanton, 1997; Ghysels, Ng,
1998; Guo, 1998; Jiang, 1998).

O030p WCTOPUU Pa3BUTHS U COBPEMEHHBIX NPEICTABICHUN O
BCEX KJIaccaX CTOXACTHYECKMX MOJENIe MOXHO Haiitu B Marsh,
1995; Boero, Torricelli, 1996; Campbell, Lo, MacKinlay, 1997;
Backus, Foresi, Telmer, 1998.
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7. Pa3jim4HbIe cJiy4yau NpUMeHeHUs
Mo eJIeld BpEMEHHON CTPYKTYPbI

[TepBbie TecThl Ha aAEKBATHOCTH (DAKTOPHBIX CTOXACTUUYECKUX
MojieTiel HaOJIk0TaeMbIM JTAHHBIM TTPUBOIWINCH CAMHMH aBTOPaMHU
MojieJiell B KaueCcTBE WUIFOCTPALMU K TEOPETHUECKUM pa3paboT-
kam. Jloran, bpennan u lIBapn, Mapm u Pozendensa, [ledep u
Bapu, Onndunn wu Poramsckm (Dothan, 1978; Brennan,
Schwartz, 1982; Marsh, Rosenfeld, 1983; Schaefer, Schwartz,
1984; Oldfield, Rogalski, 1987) moka3anu, 4TO HpPEIOKECHHBIC
MMU BHUJBI OOILETO pelIeHUs ypaBHEHUS (CUCTEMbl ypaBHEHUN —
JUIsl TBYX(DaKTOPHBIX MOJENEH) JOCTAaTOYHO XOPOIIO OMHCHIBAECT
MMEIOIIUECS] B UX PACHOPSIKEHHH JaHHBbIE O AMHAMHKE IMPOIIECHT-
HBIX CTaBOK C Pa3JIMYHBIMHU CPOKAMHU /10 TTOTAILIECHHUS.

[[Inpokoe NMpUMEHEHHE CTOXAaCTUYECKUX YpaBHEHUH I aHa-
J3a JBUKEHUS BPEMEHHON CTPYKTYPHI MPOIIEHTHBIX CTABOK Haya-
JI0Ch TocTie OMmyOIMKOBaHUSI Mojenu olmiero paBHoBecus Kokca,
Wurepcomnna, Pocca (Cox, Ingersoll, Ross, 1985b). B 1986 romy
bpayn u JIu6sur (Brown, Dybwig, 1986) npemnoxunm nuckpert-
Hy!0 annpokcumanuioo moxaenn Kokca-WHrepcomna-Pocca nia sm-
nupudyeckux wucciaemoBannii. Crambayx (Stambaugh, 1988) wuc-
nonb3oBan wmojenb Kokca-UHrepcomna-Pocca 11 mpoBepku
TUIOTE3bl OKUAAHUM BpeMeHHOU cTpykTyphl. B 1989 roay Jlonr-
cradpd (Longstaff, 1989) mokasasn, 4To €ro Mojaeab ¢ HETHHEHHOM
3aBHCHUMOCTBIO MPEMHH OT YPOBHsI O€3pHMCKOBOI CTaBKH Jydllle
OMHUCHIBAET (aKTUYECKUE JAAHHBIE, YeM HUCXOJHAS MOJEIh OOIIEero
paBHOBECHsI C JIMHEWHOW 3aBUCHUMOCTBIO MPEMUU OT OE3pHCKOBOI
CHOT-CTaBKH.

B 1992 rony 6bu10 0myOIMKOBAHO MEPBOE CPABHUTEIBHOE HC-
CJIeIOBAHME PA3IUYHBIX BUAOB CTOXACTHUYECKOTO ypaBHEHUS AU-
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HAMUKHU KPAaTKOCPOYHOU CIIOT-CTAaBKHU Ji1 (PaKTOPHBIX MOJENe U
Mmozenei obmero paBuoBecus (Chan, Karolyi, Longstaff, Sanders,
1992). Pe3ynbpTaThl cpaBHEHHUS TOKa3ajld, YTO Haubojee pacrpo-
crpanennbie mMozenu (Vasicek, 1977; Cox, Ingersoll, Ross, 1985b)
XyKe padoTaoT ¢ (PaKTUUEeCKUMU JaHHBIMU, YEM MEHEE W3BECTHbIE
monenu (Dothan, 1978; Cox, Ingersoll, Ross, 1980).

BriocnenctBuM aBTOpPBI HOBBIX SMITMPUYECKHX HCCIIEOBAHUI
paboTany ¢ HECKOJIIbKO BHJOU3MECHEHHBIMH, B 3aBHCUMOCTH OT IIe-
JI UCCIIEI0BAHUs, MOJCIIIMA BPEMEHHON CTPYKTYPBI, ONUPAIOIIH-
MHUCS Ha pa3pa0oTaHHBIE paHee MOJENH, B MEPBYIO Ouepeb, Ha
Mozenb Kokca-MHrepcoina-Pocca. [lonydeHHble UMH pe3ysIbTaThl
MPOTHBOPEUYMBHL. ABTOpaM HE yNalOCh JI0Ka3aTh, YTO KaKas-THOO
MOJIETIb JIy4Yllle OMHMChIBaeT (haKTUYECKHUe HaOII0/IaeMble JTaHHBIE,
yeMm npyrue. Tak, bpayn u Illedep (Brown, Schaefer, 1994, 1996)
MoKaszajid, 4to Mojenb obmero pasHoBecust Koxca-Wnrepcosma-
Pocca agekBaTHa BpeMEHHOW CTPYKTYpe CTaBOK Ha PBIHKE MHICK-
cupyeMbIX obiuranuii BemukoOpurannu, Moxancon (Johansson,
1994) momyuwms aHaNOTHYHBIE PE3YJbTATHI JJISI IIBEICKOTO MEX-
O0ankoBckoro peiHka. Jle Mynnuk u Cxorman (De Munnik,
Schotman, 1994) cpaBHuam cooTBeTcTBHE Mojenei Kokca-
Hurepconna-Pocca n Bacuueka roanackoMy peIHKY OOJHTaIidii
U BBISBHWIIHM, YTO TMEpBasi MOJENb UMEET JIyUIlhe OMUCATENbHbIE U
IIpOrHo3Hble cBoiicTBa. B TO e Bpewms, IIupcon u Cyn (Pearson,
Sun, 1994) otBeprim amekBaTHOCTH OMHO(AKTOpHOW U NBYX(Dak-
topHoi Mopeneit Kokca-NHrepcomna-Pocca peIHKY aMepUKaHCKUX
Ka3Ha4eWCKUX OOIUraIni.

JlanpHeilee pa3BUTHE MATEMATUYECKUE METOJbI OLIEHKHU Bpe-
MEHHOM CTPYKTYpbl B paMKax Mojenu oouiero paBHoBecus: Kokca-
Hurepcomna Pocca nmoayumnu B crathax Gray, 1996; Overbeck,
Ryden, 1997; Jiang, Knight, 1997 u op. IlapamienbHo npoaoinKa-
JIOCh TECTHPOBAHWE M AbTEPHATHBHBIX THUIIOB CTOXACTHYECKUX
moneneid. Tak, JamskBuct u Csenccon (Dahlquist, Svensson,
1996) cpaBHMIM pe3yJbTaThl OLICHKU JBYX(aKTOpHON Moaenu 00-
mero paBHoBecusi Jlonrcragda-IllBapna (Longstaff, Schwartz,
1992) u onnodakroproit momenu Henwcona-3urens (Nelson,
Siegel, 1987) ¢ menpio HMCMONB30BaHHMS WX MPU MPOBEIACHUU Je-
HE)KHO-KpeAUTHON nonuTuku B [IIBennu. bansayuum, {ac u @ope-
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3u (Balduzzi, Das, Foresi, 1998) ouenmiu aByx(hakTOpHYIO MO-
nens Bacuueka (B kadecTBe BTOporo Qaxrtopa Oblia B3siTa LIEH-
TpasibHas TeHaeHIus, central tendency, namenstonascs croxacTu-
YeCKH BO BPEMEHH) W TONYYHIH JIy4IlIde pe3yJbTaThl 110
CpaBHEHHIO C MCXOJHOHM OAHO(MAKTOPHON MOeNbI0. B TO ke Bpe-
ms, Yenr (Cheng, 1996) moka3zai, uyto mozaens Bacuueka BrosHe
aZIcKBaTHA JaHHBIM 110 KOPOTKUM CTaBKaM B I'oHkoHre. Beit u I'yo
(Wei, Guo, 1997) cpauwim w™oxenu Jlonrcradda-IlIsapma
(Longstaff, Schwarz, 1992) u Meprona (Merton, 1973) na npumepe
PBIHKA €BPOJOJUIAPOB U MPUILIHM K BBIBOJY, UTO HU OJHA U3 MOJe-
Jel He OMHUCBHIBAET JOCTATOYHO TOYHO Mpeodsiafaruryro (opmy
KpPUBOM JOXOAHOCTH, XOTS MOJAENb MepTOHa HMMEET HEKOTOPOE
MIPEUMYIIECTBO.

OMIuMpuYecKrue IpoOBepKU MOJIENIEH ¢ OTCYTCTBUEM apOUTpaxka
HE TaK MHOTOYHCIICHBI. Yale BCero Mx OLEHKH SBISIOTCS YacThIO
aHaM3a IeH MPOM3BOIHBIX (DUHAHCOBBIX MHCTPYMEHTOB (OIIIHO-
HOB, ()BIOYEPCOB, MPOIICHTHBIX CBOIIOB), MCIOJB3YIOIIUX B Kaue-
cTBe 0a30BOTO akTUBa obOnuranuu (cM., Hanpumep, Pelsser, 1996).

CpaBHUTENBbHBIE UCCIIETOBAHMS PA3JIMYHBIX KIACCOB CTOXACTH-
yeckux Mmoneneit (Boero, Torricelli, 1996; Raj, Sim, Thurston,
1997) no3BoamIH crenaTh CIEeIYIOIINUE BBIBOIBI:

1) ®akTopHbIE MOAETN M MOJAETH OOILEro paBHOBECHS MMEIOT
SIBHbIE TMPEUMYIIECTBA B TEOPETHYECKOM OOOCHOBAHMH JTWHAMHKH
BPEMEHHOW CTPYKTYPHI, TOCKOJIBKY CITOT-CTaBKa U MPEMUS 33 CPOK
SIBIISTIOTCS] B HUX YHJIOTCHHBIMH.

2) CnenoBarenbHO, 3TU KJIACCHI MOJENEH MO3BOJSIOT JIydIle
MPEJCTaBUTh B3aUMOCBS3b MEXIy (PMHAHCOBBIM M pPeallbHBIM CEK-
TOPOM 3KOHOMHUKH, HATIPUMED, MIPH HCCIETOBAHNHU (HPaKTOPOB, BIU-
SFOIUX Ha 3HAK U KOJICOAHUS TIPEMUH 32 CPOK.

3) Mogenu ¢ OTCyTCTBHEM apOUTpaka, MOCKOJIbKY BpeMEHHas
CTPYKTYpa 3aJaeTcs B HUX DK30T€HHO, JIy4Ille ONHUCHIBAIOT (B TEp-
MHUHaX 3KOHOMETPHKH) U TPEICKA3BIBAIOT JIBHKCHHUE TPOIICHTHBIX
CTaBOK, a TAKXKE BOJIATWIIBHOCTh PHIHKA.

Taxum 00pa3zom, (pakTopHbIE MOJIEIH U MOJIENIH OOIIETro paBHO-
BECHUS TPENNOYTHTENbHEE sl OOBSCHEHUS NPUYMH KoJeOaHMit
YPOBHS CHOT-CTaBKH, 3HAKa W BEJIMYUHBI NMPEMHUHU 32 CPOK, B TO
BpeMsI KaK MOJICJIA C OTCYTCTBHEM apOMTpaka MO3BOJISIOT JIydllle
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IIPpOrHo3upoBaTb JMHAMHUKY HTOXOJHOCTH 6YMaF C pa3sHbIMU CPOKa-
MU OO IIOramicCHUs. MOI[GJ'II/I C OTCYTCTBUCM ap6HTpa>Ka TNOJIy1HNJIN
HIMPOKOE PACIPOCTPAaHEHUE Cpeau (PMHAHCOBBIX AHAJUTUKOB U UC-
cienoBaTesiel MPOU3BOAHBIX (UHAHCOBBIX HHCTPYMEHTOB, B TO
BpEMs KaK IIEPBBIC ABa KiacCa CTOXAaCTHYCCKHUX MO,I[CJ'IC?I HUCIIO0JIb-
3YIOTCA, MPECUMYIICCTBECHHO, JISI TCOPCTUUCCKUX (I)yHJIaMeHTaJIL-
HBIX HCCIIEIOBaHMNA B OOJIACTH BPEMEHHOH CTPYKTYpPBHI MPOLEHT-
HBIX CTaBOK.

B Hacrosimiee Bpemsi pa3BUTHE CTOXaCTHYECKUX Mojenen (dak-
TOPHBIX, O6I_I_IGFO PaBHOBECUA U C OTCYTCTBHEM ap61/1Tpa>Ka) npo-
XOOAUT B HaANpPaBJICHUHU BKIIOYCHHA HOIIOJIHHUTCIBHBIX q)aKTOpOB,
IIO3BOJJIAOIIIUX HpI/I6J'II/ISI/ITI) TCOPCTUUCCKUE ITTOCTPOCHHUA K pPCalib-
HBbIM Ha6J’IIO,Z[aeMbIM JaHHBIM.

O630p (I)OpM 3alMUCHU PA3JINYHBIX KJIIACCOB CTOXACTUYCCKHUX MO-
JeNeld Ui SMIMPUYECKUX HUCClieqoBaHuii MoxHO Haité B Chan,
Karolyi, Longstaff, Sanders, 1992; Boero, Torricelli, 1996;
Cuthbertson, 1996; Campbell, Lo, MacKinlay, 1997; Ferguson,
Raymar, 1998.

97



NMpunoxeHue
OCHOBBI TEOPUH CTOXACTHYECCKHUX

IPOLECCOB ™

Ocnosuvle onpedeﬂeyuﬂ

Cmoxacmuyeckum (CIyyaiinvim) npoyeccom Ha3bIBACTCS JIBU-
KCHHE TIEPEMEHHON BO BPEMEHU 110 TPACKTOPHH, KOTOPAsi MOKET
paccMmaTpuBaThCs Kak ciydaiiHas. CToxacTH4ecKHil mpolecc 3aaa-
€TCsl 3aKOHOM pacHpe/eNICHUs BEPOSTHOCTH M3MEHEHHs 3HAYCHUS
X; IEpEMEHHOM X B JTF0001 MOMEHT BpeMeHH t. Takum oOpazom, st
Ka)XXJIoro MOMeHTa BpeMeHu {; < f, < {3 < ... 3a/1aHa, WM MOXKET
OBITh BBIYUCIIEHA BEPOATHOCTH TOTO, YTO COOTBETCTBYIOIIME 3HA-
YECHUS X1, X2, X3, ... JIOKAT B onpeaeieHHoM uHTepBaje: P(a; < X; <
b1, a8 < X; < b, ...).JTo Mepe peanu3anuu MOMEHTa BpeMEHH t; MbI
HaOmoaeM (hakTUUECKOe 3HAYCHHE X; U MOXKEM IMOCTPOUTH, HC-
MOJIB3YS 3Ty UHGOPMAIIHIO, HOBOE YCIOBHOE pacIpeieliecHue Bepo-
SITHOCTH Ha Oyy1ee.

Pa3znuyaroT cranimoHapHble U HECTAIl[HOHAPHBIE CTOXaCTHYECKHE
nporecchl. CTaTUCTUYECKHE CBOWCTBA (MATEMaTUYECKOE OXKHJIa-
HUE, TUCTIEPCHS) CMAYUOHAPHO20 CIOXACMUYECK020 npoyecca He
M3MEHSIOTCSI BO BPEMEHH, MaTeMaTUYEeCKOe OXKUIAHHWE M JUCIIeP-
CUSl HeCmayuoHApHo20 CMOXACMU4ecKko20 npoyecca MOTYT BO3-
pacTath CO BpeMEHEM.

BonbImMHCTBO HAOIOIaeMbIX B SKOHOMHKE IPOIIECCOB SIBJISI-
IOTCSL  OUCKPEMHbIMU  CIOXACMUYeCKUMU Npoyeccamu, B TOM
CMBICTIE, UTO paccMaTpUBaeMble U3MEHEHUS 3HAUCHUS IEPEMEHHOMN
MIPOUCXOJIAT C OINpeNeTIeHHONW MEepUOJINIHOCTRIO (HAlpuMep, exKe-

¥ B coorsercreuu ¢ Arnold, 1992; Dixit, Pindyck, 1994; Neftci, 1996.
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JTHEBHO, €KEMECSIYHO, €KETroIH0). TeM He MeHee, B TEOPETHUECKUX
MOJIENIAX JUIsl YIPOLIEHHUs 3alUCH Yalle UCIOJIb3YeTCs Mpe/cTaB-
JICHWE JBW)KCHUS paccMaTpUBAacMON NMEPEMEHHON B BUIE Henpe-
PBIBHLIX CIOXACMUYECKUX NPOYECCO8.

Haubonee mnpocThiMH THpUMEpPAMU IUCKPETHBIX CITyYalHBIX
MIPOLIECCOB SIBJISIOTCS:

1. "Cnyyvaiinoe 6myxnanue" x, =x,, + &, TIe & — CllydaiHas
BEJIMYMHA C 33]aHHBIM PACIpeeIeHUEM BEPOSTHOCTH.

2. "CuyuaiiHoe OnyxnaHue ¢ apeipom" x, =a+x, | +¢&,.

3. ABTOperpecCHOHHBI  TpoLecC  MepBOro  MopsaKa
X, =0+, , +n,106 —1<p<l u 1, — HOPMAIBHO pacmpeze-
JICHHasl CllyyaiiHas BeJIMYMHA C HYJIEBBIM MaTEMaTUYECKHM OXKH-
JaHUCM.

[epBbIe nBa mporecca sBISIOTCS HECTAIMOHAPHBIMHA CTOXACTH-
YECKMMHU TPOLIECCAMH, B TO BPEMsI KaK aBTOPETPECCHOHHBIN MpPO-
LIECC OTHOCHUTCS K KJIACCy CTAallMOHAPHBIX MPOILIECCOB C BO3Bpalle-
HHUEM K cpeHeMy (Mmean-reverting process).

"Cnyuaitnoe Omyxxnanue" (c nperidom mmm 6e3) u aBTOperpec-
CHOHHBIH TPOIIECC OTHOCATCA K KJIacCy MapKOBCKHX IPOIECCOB
(kaK B JAMCKPETHOM, TaK U B HENPEPHIBHOM BbIpaxkeHuu). Ctoxa-
CTHYECKHH MPOLECC SABISACTCS MAPKOBCKUM NPOYECCOM, €CITH pac-
MMpEaACIICHUE BEPOATHOCTHU JIA Xt+1 3@BUCHUT TOJIBKO OT X; U HC 3aBH-
CHT OT TPOIUION WCTOPHUU JBWXCHHS TIEPEMEHHOH 10 MOMEHTa
BpemeHu t. HemnpepbIBHBIM MapKOBCKUI Ipolecc Ha3bIBACTCS
oughghy3uonHbIM NPOYECCOM.

Buneposckuii npoyecc

Buneposcxum npoyeccom (MMM OPOYHOSBCKUM  OBUINCEHUEM)
HA3bIBAETCSl HEMpPEPBIBHBIA CTOXAaCTUYECKHM TMpoliecc, o0anaro-
1IN TpeMsi CBOMCTBaMU:

1) On sBnsieTcss MapKOBCKUM MPOIIECCOM, T. €. pacrlpeesieHus
BEPOSITHOCTH IS BCEX OyMYIIMX 3HAYCHHUU 3aBHCAT TOJIBKO OT Te-
KYIIETO0 COCTOSIHHSI U HE 3aBUCAT OT MPOILUIBIX 3HAYCHUH WU JIPY-
rux (pakTopoB.

2) [puparienus HE3aBUCUMEBI JIPYT OT JIpyra B pa3Hble MOMEH-
Thl BPEMEHHU, T. €. pachpelielieHue BEPOSTHOCTH MPHUPAIICHUN 3a
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ONPEIEICHHON MEepUOJ BPEMEHU HE 3aBUCUT OT paclpeesieHus
BEPOSITHOCTH Ha JAPYTroM (HE MepPeKPhIBAIOIIEM ) IIEPUOJIC BPEMEHH.

3) I[pupamienust Ha AHOO0M KOHEUHOM BPEMEHHOM HHTEpBAJIe
pacrpeesieHbl HOpMalIbHO, @ UX JIUCIIEPCHUs JIMHEWHO BO3pacTaeT
CO BPEMEHEM.

Ecmu kakoit-nmubo croxactuyeckuii nporecc z(t) seasercs Bu-
HEPOBCKHUM IPOIIECCOM, TOT/a J000e mpupamieHue, Az, COOTBET-
CTBYyIOLLlEE MEpUOAYy BpeMeHU Al , yIOBIETBOPSAET CIEAYIOLIUM
YCJIOBHSIM:

1. CooTHomienue Mexy Az u At 3aiaeTcst Kak

Az:g,\/E,

I7le & — HOPMAJIBHO paclpeielieHHas clydyailHas BeJIMYMHA C
HYJIEBBIM MAaTEMAaTUYECKUM OXKUJAHUEM U CTaHJAPTHBIM OTKJIOHE-
HUEM, PaBHBIM €IHHHUIIC.

2. CiyyaiiHas BEIIMYMHA &, CEPUIHO HE KOPPEIMPOBAHA, T. €.
E[g €,]1=0,¢ # 5. Takum oOpa3zom, 3HaueHuss AZ A7s1 AByX pasiny-
HBIX BPEMEHHBIX HHTEPBAJIOB HE3aBUCUMBI IPYT OT JIpyTa.

Paccmotpum moapobHee 3tH 1Ba ycnoBus s Z(t) Ha HEKOTO-
POM KOHEYHOM MHTepBasie BpeMeHHu 1. PazoObem naHHBIN mepron
BPEMEHH Ha N OTPE3KOB IMPOJOJKUTEIBHOCTBIO At KaXKIbIi, T. €.
n=T/At. Torna obiee H3MEHEHHUE Z 32 BECh IEPUOJL BPEMEHH Oy -
JIET OIPENENIThCS KaK

Z(S+T)—Z(S)=i8i\/E.

ITockonbKy &, HE3aBHCHUMBI IPYT OT APYyTa, Mbl MOKEM IIPHMeE-
HUTh LIEHTPAJIbHYIO MPEIENIbHYI0 TEOpeMy K CyMMe, CTOSIIeH B
npaBoii  uactu. CornacHo JaHHOHM TeopeMe, H3MEHEHHe
z(s+7T) —z(s) HOpMaJbHO paclpee]eHO C HYJIEBBIM MaTeMaTu-
YecKuM oxunaHueMm u aucnepcuend nAt =T . IlocrnenHee BeIpaxe-
HHE, KOTOpPOE CJIEeAyeT U3 TOro, 4ro Az 3aBucut or At, a He OT t,
0COOCHHO Ba)XHO: JUCHEpcUs MpHupauieHuii BunepoBckoro mpo-
1[ecca yBEIMYMBAETCS JIMHEHHO cO BpeMeHeM. Takum o0pazom,
BunepoBckuil npouecc He crannoHapeH. B nonrocpouyHom nepuo-
JIe €ro JUCHEPCUs pacTeT 10 OECKOHEUHOCTH.
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[Tpunumas At GeCKOHEYHO MajbIM, Mbl MOXEM HpPEICTaBUTh
npupalieHre HerpepbpiBHOro BuHepoBckoro mpoiecca, dz , kak

dz=8t\/E.

[TockonbKy & HMeeT HyJeBOe MAaTeMaTHYECKOE OXXKUAAHHE U
€IMHUYHOE CTaHAAPTHOE OTKJIOHEHUE, MATEMAaTHYECKOE OXKHUaHHE
npupauternst E(dz) = 0, a nucmepcust D(dz) = E[(dz)?] = dt. 3ame-
TUM, 4TO BUHEPOBCKUI NpOLECC HE UMEET IIPOU3BOAHOU IO Bpe-

Az 1
MEHU B OOBIYHOM MOHMMAHMU: —— = &, ——= CTPEMUTCS K OecKo-
At VAL

HEYHOCTH TP At CTpeMsIIeMcs K HyJIO.

PaccmoTpum koBapuanuio AByX win 6osee BuHepoBCkux mpo-
neccos. Ilycts z,(f) u z,(f) — Buneposckue mpoueccsl. Toraa
E(dz,dz,) = p,dt, tne p,, — KOOPOUIUEHT KOPPEIALUUUA MEXTY
STUMH ABYMS IpoueccaMu. Tak kak BHHEpOBCKHII ITPOLIECC UMEET
MTHOBEHHBIE JHCIIEPCUI0 U CTAHJAPTHOE OTKJIOHEHHE, pPaBHbBIE
enunune (£ [(dz)2]/dt =1), p, SBIETCS TaKKe KOBapHaIruen
MEXIy dTUMH JBYMS MPOIIECCAMU B €IMHUILY BPEMEHH.

bpoyrnosckoe osudicenue ¢ opetighom. OnauM U3 Haubosee mpo-
CTBIX CTOXAaCTHYECKHX IPOIECCOB, BKIFOUYAIONIMNX BuHEpOBCKHiA
MIPOLIECC, SIBIISIETCA OPOYHOBCKOE ABMXKEHUE C Aperdom:

dx = aodt + alz ,

rne dz — npupanienne BuHepoBckoro mporecca, o — napameTp
npeiida, o — mapamerp Bapuanuu. Ha mo0omM nHTEpBalie BpeMEHH,
At, u3mMeHeHue X, o0o3HauaeMoe AX, HOPMAJIBHO paclpeeNieH0 U
nMeeT Maremaruueckoe oxunanne E(Ax)=coAru nucnepcuto
D(Ax)=c’At.
Obobwennoe bpoyrnosckoe dsudicenue — npoyeccol Umo

BunepoBckue Tmpolecchl HCMONB3YIOTCS i  TOCTPOEHUs
0oJIbIIIero YHcla cToXacTUdeckux mojeneil. Hambonee vacto wmc-
MOJIb3YEMBIMH  SIBIISIIOTCSL  PA3JIMYHbIE BAapUAHTHI OPOYHOBCKOTO
IBWKeHUs ¢ apeiidom. OOmas ¢opma 3amucu HEMPEepbIBHOTO Opo-
YHOBCKOT'O IBWKEHUSI ¢ ApeiihoM HaswiBaeTcs npoyeccom Mmo (10
process):
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dx = a(x, 0)dt + x, )dz, 1)

rae X(t) — mporece Uro, dz — npupaiienue BuaepoBckoro mpo-
necca, a(x, t) u b(x, t) — u3BecTHele (HeciaydaiiHble) QyHKIMUA. B
Haubozee obmieit hopme apeiid u aucepcus SBIIOTCS QyHKIUS-
MH OT TEKYILETr0 COCTOSHHS M BpeMeHH. MaTeMaTu4ecKkoe OxHa-
nue E(dx)=a(x,t)dt, nockonbky E(dz)=0. ducnepcus npupa-

menuii mponecca Uto paBHa E(dx*)—E(dx)® ¥ conepuT 4iIeHsI,
3
Brirouaromie dt, (dt)®> u (dz)(dt), T. e. co cremnensro (dt)é . [lpu

Oeckoneuno Manbix dt wnenamu ¢ (dt)? u (dt)% MOXHO TIpEHe-
6peub, U aucIepcus npupanienuit papaa D(dx) = b*(x, t)dt .
T'eomempuueckoe dOpoynosckoe osudicenue. OIHUM U3 HaubO-
Jiee BaXXHBIX THIIOB mporeccoB UNTo siBisiercss eeomempuueckoe
bpoyHoeckoe oOsudcenue ¢ Opetigpom. Ero mapameTrpsl paBHBI
a(x,t)=oa,b(x,t)=ocx , e @ 1 ¢ — KOHCTaHTbl. OOt

BHJI 3aIMCH YPaBHEHU:
dx = odt + oxd= .

Maremarudeckoe OKHUJAHHE 3HAYEHUS npouecca
E[x(t)]=x,e”, macnepcus — D[x(¢)]=x e (e”" —1), rae X =
x(0).

[Ipouiecc ¢ Bo3BpamieHueM K cpeaHeMy. Jpyroil BaKHbIA CITy-
qail npornecca Mto — mpoiiecc ¢ BO3BpalleHUEM K CpelHeMy (UIu
nporecc OpHcTeiiHa — YiieHOeka):

dx = 1m(x —x)dt + oz ,

I/ 77 — CKOPOCTh BO3BpAILEHUS K CPEJHEMY, X — "HOpPMab-
HBIH" YpOBEHb X, K KOTOPOMY BO3BpalllaeTcsl 3HaAUEHHE Ipolecca.
OsxumaemMoe mpupalieHre Mmporecca 3aBUCUT OT OTKJIOHEHMs 3Ha-
YeHHsl mpouecca OT "HopMmanbHOro" ypoBHs. Ecimu X Oosblie
(MeHbITIe) X , TO HauboJiee BEPOSTHO, YTO 3HAYEHUS Tpoliecca Oy-
IyT MOHMXKATbCs (PacTH) Ha MPOTSDKEHUE CIEAYIOLIEro Mepuoja
BpeMmeHu. Takum 00pa3zoMm, XOTs MPOLECC C BO3BpAIIEHUEM K Cpel-
HEMY U SBJISETCS MapKOBCKHM IPOIIECCOM, €ro MpHUpAIICHUs He
HE3aBUCHMBI.
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MaremaTHueckoe OXHJIaHHE Ipolecca B JII000H MOMEHT Bpe-
menu t pauo E(x,)=Xx +(x, —x)e ", a qucrepcusi OTKIOHEHHUS

. O _
oT "HopMmanbHOro" ypoBHa — D(x, —X)= 2—2(1 — e 3amernm,
n

YTO O0XHIACMO€ 3HAYCHHUE X; CTPEMHUTCI K X npu ¢t —> o0, a Ouc-
2

nepcusi CTpEMUTCs K PP Kpome Toro, mpu 7—> oo aucnepcus
n

OTKJIOHEHUM CTPEMUTCS K HYJIIO, YTO O3HAYaEeT, YTO 3HAYEHUS IIPO-
1[ecca HE MOTYT OTKJIOHATHCSA OT "HOpMajbHOIO" ypOBHS Ja)Ke Ha
KOpOTKHE OTpe3ku BpeMeHu. [Ipu 77— 0 mnpouecc craHOBUTCA
UJCHTUYEH IPOCTOMY OpOYHOBCKOMY JBI)KEHHUIO, a TUCIIEPCHS
npouecca D(x,)—> o’t.

Bbonee obmume dopmbl mporecca ¢ BO3BpAIICHHEM K CPEIHEMY
MOTYT BKJIIOYaTh (GYHKIUU TUCHEpcUd W Apeida, Mpomopiuo-
HaJIbHbIE 3HAYECHUIO NIpoLiecca:

dx = n(x —x)dt + oxdz

dx = mx(x — x)dt + axdz’
Jemma Umo

Kak y»xe Ob110 cka3zaHo, mporecc MTo HenmpepsiBeH, HO HE UMe-
€T OOBIYHOW MPOM3BOAHON Mo BpeMeHH. OAHAKO Tpu paboTe co
CTOXaCTHYECKUMH TPOIECCaMH B SKOHOMHYECKHUX MOJEISX YacTo
TpeOyeTcss HaXOXAEHUE MPOU3BOAHOM 10 BPEMEHM OT paccMaTpu-
BaeMoi pynkuuu. IlpaBuna nuddepeHupoBanus 1 UHTETPUPOBA-
HUS (QYHKIMH CTOXacCTMYECKHMX MpPOLECCOB THma mporecca Mto
omnpezaensrores nemmoit Mo (1to's Lemma).

HaunOonee mpocTeiM mpeacraBieHueM jeMMbl MTo sBisercs
pasnoxxenue (QyHKIMM Tporecca B pan Teitnopa. JlomycTum, 4to
X(t) — mporiece Uto, u paccmorpuMm ¢yukmuto F(X, t), kotopas, mo
KpaitHeil Mepe, nBaxabl 1uddepeHupyema no X u oJuH pas 1o t.
IMomusiii nuddepennman pyaxipn F(X, t) ¢ yaeToM 4IeHOB TOIBKO
MIEPBOTO MOPSAIKA PABEH:

dF—fd +fdt
= X 5 dr
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BanuireM nonuelid auddepennuan ¢yuknuun F(X, t) ¢ yuetom
MIPOM3BOIHBIX MO X O0Jiee BEICOKOTO MOPSIKA:
FF OF
P (dx)* ++ e

F F
dF =—dx + —dt + (dx)+... (2

& a

OOBIYHO YJIEHBI BBHIIIE MEPBOTO MOPSJIKA CTPEMSTCS K HYJIIO.
Jljis IpoBEpKU ATOTrO CBOMCTBA JUIsl ypaBHEHUs (2) HalAEM YJIEHbI

BTOPOTO M TPETHEro Mopsaka. Bo-nepsrix, Haitnem (dx)’ u3 ypas-
Henus (1):

(dx)? = @ (x, £)(dr) +2a(x, )ix, 0)(dD) * + B (e,0de. (3)

3
Yiensl ¢ (dt)’ u (dt)é CTpeMsTCs K HyJto ObicTpee, yem ¢ dt,

I03TOMY MBI MOKEM MX 0TOpocuTh: (dx)* = b’ (x,t)dt .

Bce uiieHbl ¢ mpoM3BOIHON TPETHETo MOPsIKa MO X comepxar dt
B CTEIIEHH BbIIIEe 1epBoi. Toxke caMoe OTHOCUTCSI KO BCEM HPOM3-
BoHBIM (pyHKImu F(X, t) mo X 6os1ee BBICOKOTo MOpsIIKa.

Jlemma Hro. [l cTroxacTHYecKoro mpouecca X, 3aJaHHOTO
CTOXaCTHUYECKUM g depeHIHaTbHBIM ypaBHEHHEM
dx = a(x,t)dt + Nx,t)dz, u Hekotopoir Gpyukuuu F(X, t) or artoro
mporiecca, 10CTaTouHo pa3 audepeHnupyemMoit mo X u t, MOTHBINA
muddepennman Gyukuu F pasen:

@y, @

r ¥ .
dF=Edt+gdx +5

uiu

2

F o
> ol + M)

24 a o, o
dF = —+a(x,t)g+3b (x,?)

Q)

ITo cpaBHEHMIO ¢ OOBIYHOM 3aMUCHIO MOJHOTO IUbdepeHuana
ypaBHeHHE (5) COJAEPXHUT OJWH JOMOJHUTENBHBIA wieH. UToObI
MOHATH €r0 CMBICI, PACCMOTPHM, JUIS MPOCTOTHI, CIIy4ail ¢ (yHK-

> 2
et aperiga a(x, t) = 0 u 5 = O . IIpu stom E(dx)=0, HO
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E(dF)#0. D10 OomHO W3 CIEACTBUI BBINIOJHCHHS HEpPaBEHCTBA
Jlxencena. MaremMaTnueckoe OKuJIaHue TOJHOTO nuddepeHimana
F(x, t) momoxxutenpHOE, eciau F — Boimykiaas GyHKus mo X (T. e.
OF
@CZ
2
dCz
kak dt. Takum 00pa3oM, BOTHYTOCTh WJIM BBIMYKIOCTH (DYHKI[HH
3aBHCHUT OT WJIEHA BTOPOTO IMOPSJIKA, BKIIOYAIOIIETO MpUpPALCHUE
BpemeHu dt, ¥ KOTOpBI HE MOXET ObITh OTOPOIICH HpPU 3alUCH
nonHoro nuddepennmana F. JlononHuTenpHOE cliaraeMoe B ypaB-
HEHUU (4) yUUTHIBAET 3TO CBOWCTBO paccCMaTprUBAeMOM (YyHKIIUH.
Jnst pyHKIMKM HECKOJBKUX mpolieccoB VTo pasnokeHue B psij

> (), u oTpunarenbHoe, eciau F — BorayTas GyHKIus 1o X (T.

<0). s mporecca Mro dx BemeT cebs kak Jdt | a (dx)* —

.

Tennopa Oyner QHAJIOTMYHBIM. IIpeanonoxum, 4TO
F=F(x,,...,x,,t) — (yHkuus BpeMeHH u M mpoueccoB Uro
Xiseees X, , THE

dx,=a,(x,,....x,,t)dt+b(x,,...,x,,t)dz,

i=1....m ’ ©)

u E(dz,dz;)= p,,dt. Torna nonusiii aupdeperuman GyHKIUT
F cornacuo nemme Hto ompenensercs Kak:

F F F
F=" T dx. +1 dx . . 7
d ddt+zi:dcidx’+2zi:;ékidcj dx dx 7)

[ToacrasuB (6) B (7) moaydaem MOTHYIO 3amuch ypaBHeHUs (7):
2

F aF FF
dF=[E+Zi:ai(xl,...,t)dc—i+%Zi:bf(xl,...,t) P

oF aF
+mebi(xl,...,t)bj(xl,...,z)W]dt+Zbi(x,,...,t)§dzi

i¢j i j i
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