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AnHoTtanust. [TomynsipHOCT ONIIMOHOB, BTOPUYHBIX (PUHAHCOBBIX HHCTPYMEHTOB, PacTeT,
CTUMYJIIMPYSA Pa3BUTUC MATEMATUYCCKUX MCETOAOB PCHICHUA 3aJad 110 OIPCACIICHHUIO HX
crouMocTd. B Hacrosiiiee BpeMsi Ha phIHKE LIEHHBIX OyMar paboTaer OOJbIIoe KOIMYECTBO
BUJIOB OIIIFIOHOB: EBPOICHCKHE, aMEPUKAHCKUE, OapbepHbIe, dK30THYeCKHe W T. . JlaHHas
CTaTbs IIOCBsII€EHA OLCHUBAHUIO Aa3MATCKHUX  OIIIMOHOB. MaremaTtnueckoi MOACIIbIO
paccMaTpuBaEMoOi 3amaun sBisiercss Moaens bioka — Iloymsa [6], mpencrapmsromas coOoi
napaboIiuecKoe YpaBHEHHE B YaCTHBIX IMPOM3BOJHBIX OTHOCHTEIBHO CTOMMOCTH a3HAaTCKOTrO
OITIIMOHA. HpI/IMeHeHI/Ie HCABHBIX PAa3HOCTHBIX CXEM K PCIICHUIO MOCTaBIICHHOM 3a1a4u
MO3BOJSICT TIONYYUTh YCTOWYMBOE UHCICHHOE pEeIIeHHE Ui pa3IMYHbIX 3HAYCHUI
BOJIATWJIHOCTH, OE3pHUCKOBOM CTaBKM U BPEMEHH UCIIOIMHEHHs omniuoHa [1-3; 9].

KuaroueBbie ciaoBa: momens bmdka — Illoym3a, oOnmuoHbl, a3MaTCKUN OIIIMOH,
OK30TUYCCKHUEC OIIIMOHBI, (I)I/IHaHCOBaH MaTeéMaTHKa, BTOPUYHBLIC IICHHBIC 6YMaFI/I, HCABHBIC
Pa3HOCTHBIE CXEMBI, ONIMOHHBIN KaJbKYJISITOP.

1. KpaTkue cBegeHusi 00 onumoHax

OnumoH — 3T0 KOHTPAKT Ha TPOAAXKY WM IMOKYIKY [EHHBIX OyMar 1o docogophoii yete E, TIOKy-
MaeMbIX JIO WM B MOMEHT cpoka ucnonnenus onyuona T [4; 7]. O003HaAUUM CTOMMOCTh 0a30BOIr0 aKTHBa
gepes S, TeKyIuii MOMeHT BpeMeHH uepes f (t € [0; T']), a pyHKwro cromMocTy ormpona yepes V(S 7).

CymiecTByeT /iBa OCHOBHBIX THIIA OMIIMOHOB — call M put. Put-ONIIMOH — 3TO ONIIMOH, KOTOPBIH
JIaeT MPaBo JIepKATEII0 OMIIMOHA MPOJATh aKTUB 10 (UKCUPOBAHHON IleHe £ B MOMEHT BpeMeHHU 7.
Call-oniuoH — 3TO OMIIMOH, KOTOPBIH JaeT MpaBo KYIHUTh aKTHB IO (PUKCUPOBAHHOW IIeHe £ B MOMEHT
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BpeMenu 7. Ilocie yCTaHOBIIEHHOTO JJOTOBOPOM CPOKa, TO €CTh IO UcTeueHun Bpemenn 1 (¢ > T), on-
IIMOH 00ECIICHUBACTCS, M BBIILIATA TAKOTO OII[MOHA CTAHOBUTCS PaBHOM HYIIIO.

[ToMuMO THTIOB, OMITMOHBI MMOAPA3ACIISIOTCS 10 CTHIISIM: e8pOnelicKue, amepukancKue u 9K30mu-
yeckKkue. EBpOHeﬁCKHﬁ OIIIIMOH MOXET 61)ITI) HCIIOJIHEH TOJIBKO B MOMCHT BPEMCHHU HCIOJHCHUS OIl-
uvoHa 7, aMepuKaHCKUM OnuuoH npu ¢ < 7.

A3uamcxuii onyuon — 3TO OMITNOH, II€HA UCIIOHEHUSI KOTOPOTO OMPEAEIIAeTCs KaK CPeIHss IeHa
OIIIFIOHA 32 BECh MEPHOJI €ro UCIOTHEHHS. [{eHa 3Toro ommmoHa onpenensiercs «TpaeKToOpPHei» IeHo-
BBIX 3HaUCHHI 0a30BOTr0 aKTHBA.

OOBIYHO a3MaTCKKUE OIIIMOHBI 3aKIIOYAIOTCS Ha TOBApbl, OMPKEBbIC MHICKCHI, BATIOTY H CTaBKY
IIpOLCHTA. Takwne OIMIMOHBI HIMPOKO NPUMEHAIOTCA Ha BAJIIOTHOM PBIHKE, HA PBIHKE METAJIJIOB U OHEP-
TOpPECypCOB.

Jiis onpeiesieHusl IIEHBI a3UaTCKOrO OMIIMOHA HA MOMEHT BPEMEHH ¢ HEOOXOIMMO 3HATh CpPEeIHEe
3HaueHwue el S, npu ¢ < 7. B nanHoii paboTe UCIONB30BaNACh CIICAYIOIas (OopMyIIa IS BHIYUCICHUS
CpemHEero 3HAUYCHUS IIEHBI a3UaTCKOTO OIMIIMOHA;

t
4, = fo £(So,0)do.

2. Metoa binka — llloya3a

Meron 66Ut pa3pabotan B 1973 r. yuensimu @umiepom bivkom n Maitponom oymsom [1]. Co-
rnacHo mozenu bimaka — [loyn3a 1ieHa 6a30BOro akTUBa HA MOMEHT BPEMEHU ! PACCUUTHIBACTCS 110
YpaBHEHHUIO

W 12620 GV
6t+205 asz+rSas rV = 0. (1)

31ech 0 — BONATUIIBHOCTB; # — O€3pUCKOBast IPOLIEHTHAs CTaBKa. B Mozenu mpeamonaraercst oT-
CYTCTBHE TPaH3aKIIMOHHBIX H3JIEPKEK U BO3MOKHOCTH apOuTpaka.

UYepez 4 00603HaUMM yCpeAHEHHOE 3HAUYCHHE BCEX MMEIOIINXCS LIeH 0a30BBIX aKTHBOB S K MO-
MeHTY BpeMeHH ¢. CieoBaTebHO, PYHKIIHS BHITUIATHI } a3MaTCKOTO OIMIIMOHA 3aBUCHT OT TPEX Mapa-
MeTpoB — 4, S, t, u ypaBaenue biska — Hloynza npunumaer Buj [ 8]

W 12620 GOV CLA
5 T30S asz+rSaS+f(S,t LTV =0 ()

B otnnume ot crangaptHol Bepcuu ypaBHeHus biska — oynsa, BeipaxkeHue (2) coaepKuT HO-
Boe cinaraemoe f(S,T) = S_Z-

Takum 00pazoM, IMeeM CIEIYIOUIYI0 MOCTAHOBKY 3aJa4yd, KOTOpas COCTOUT B YHCICHHOM pe-
IICHUH ypaBHEHUs (2) oTHocuTenbHO V (S, t, A) — CTOMMOCTH a3MaTCKOIO OIIMOHA MPH CICAYIONIUX
3aJIaHHBIX TIApaMeTpax: » — MPOLEHTHON CTaBKH; 0 — KO3 (UIMEHTAa BOIATHIBHOCTH, T — BPEMEHH
WCTIOJIHEHUS ONITNOHA, £ — IIEeHBI UCTIOTHEHUS ONMIIMOHA B MOMEHT BpeMeHU 1.

Pemenus ypaBHenus (2) onpenenensl Ha obmactu S > 0, 4 > 0, 0 < ¢ < T B TpeXMEpPHOM IPO-
cTpaHctBe (S, 4, t).

[Touck pemieHns B MPOCTPAHCTBE MEPEMEHHBIX S, ¢ 1 A IPUBOAUT K BBIYUCIUTEIHHBIM TPYIHO-
CTSIM, MO3TOMY IiepedopMyaupyeM 3agady (2) ¢ Iebl0 YMEHBIICHHUS MPOCTPAHCTBA PEIICHUN I10-
CPEACTBOM BBEIEHUS BCIIOMOTraTEIbHOM MepeMEHHON

t
R, = Sit Jy Sedf 3)
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Y JIOTIOTHUTENbHON (DYHKIIUU

V(S,At) =S H(R,?). @)
[oncrasmss (3) B (4), momyuum crneayroumii Bua ypaBHenus biska — [loynza:
OH | 1 2p20H _ R
5 T50°R 6R2+(1 rR)aR—O. (5)

HavanbHbIM yciioBreM siBisieTcs QyHKINS BBITUIAT, onpenensemMas BennuuaaMu £, Tu Ry:
1

VYpasHeHue (5) npeanonaraer mpoxo mo BpeMenu ot ¢ = T o ¢ = 0. [yig ydyera 3Toro Heo0xo-
MO W3MEHHThH 3HAK MPOU3BOMIHBIX 110 BpeMeHH B (5) U B JIEBOM IpaHUYHOM YclioBHHU. [lepenuiiem
ypaBHeHue (5), HayaJgbHOE yclioBUE (6) U TpaHUYHBIE YCIOBUA B BUJIE

_OH | 1 _5,50%H _ OH
ST TF0R o+ (1-7rR) =0 (7)
o o OnpuR—0, H(Rt)= 0mpuR — o, (8)
at OR
H(Ry,T) = (1 —25)*, 9

TakuM 00pazoM, MOCTAHOBKA JAAHHOM 3a[a4M MPEJICTaBlIcHa ypaBHEHUAMH (7—9) OTHOCUTEIb-
HO H(R, ), KOTOpbIE pelIaINCh HESIBHOW Pa3HOCTHOM cxeMoi [S] oTHocuTensHO Hy,

1
?O-ZRL'Z (1 - TRl')
h? 2h

1 o2%R?
Hin_+11+<—;—h—zl)Hin+1+

1 2p2
?O- R; +(1_rRi) n+1__1Hn

hz 2h i+1 — T i

C HaYaJIbHBIM yclIOBHEM (9) ¥ TpaHUYHBIMHU YCIOBUSMU TpU i =0 u i = N

H(}—HS_H{’—HS

=0npui=0,
T h fp
Hy —Hy Hy—Hy_q
— =0mnpui=N.
T h P

[Tocrne BHIYMCIECHHS AUCKPETHBIX 3HauYeHui Gynkiuun H(R, f) nena asuatckoro onuuona V(S,t)
paccuuThIBaeTcs 1mo gpopmyse (4).

3. Pe3yJILTaTI)I YUCJIECHHBIX pacue€eToB

Jlnist 4HMcIeHHOoro pemieHus 3ajaun Obln pa3paboTaH ajiropuTM, PEalln30BaHHBIA B BHJE IPO-
rpaMMbl Asia_option Ha si3pike nporpammupoBanus C++. JlaHHbIe pacdueToB Ui aHajnM3a MONyYeH-
HBIX PE3YJILTATOB C()OPMHUPOBAHBI B BHJE TAOJNUI| U TPaQUKOB B (opMaTe DIIEKTPOHHBIX TAOIHIl U
muarpamm Excel.

Paccmorpum paboTy mporpaMmbl Ha IpUMeEpe a3uaTcKoro put-omnnuoHa. ONpenenuM Cleayro-
IMe 3HAYCHUSA BXOIHBIX rmapamerpon: » = 0,05; ¢ = 0,25; £ = 10; T = 1. JIi1s npoCTOThl HAOIIOICHU
BBIOEpPEM HEOOJIBIIIOE KOTMYECTBO Pa30MEHUH 110 BPEMEHH, TO eCTh 3aaaaum 1 = 10.

Ha rpaduke (puc. 1) mpencrapieHa MOBEpXHOCTh BBIIUIATHI a3MATCKOTO PUt-OMIIMOHA MPHU Clie-
IyroImmx 3HadeHusx napamerpoB 7 = 1; r = 0,05; Sy = 10, sigma = 0,1. llena azuaTckoro onmuoHa B
MOMEHT BPEMEHH ¢ HAXOAUTCS B TOUYKE MIEPECEUCHUH TEKYIIEro 3HaYCHUS [ICHbI akTHBa S U MOJTy4eH-
Hoii nosepxuoctu V (S, t).
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Puc. 1

[Iporpamma Asia_option npeacTaBiseT coOOOM OMIIMOHHBIN KaIbKYJISITOP, MPeIHA3HAYCHHBIN 115
BBIYHMCJICHHUS CTOMMOCTH a3MaTCKOrO OMIIMOHA Ha OCHOBE pa3paOOTaHHON METOIMKH YHMCICHHOIO pe-
meHus ypaBaeHunit bika — [lloym3a. B mento mporpamMmser (puc. 2) 3a1ai0Tcs BXOAHBIC JaHHBIC IS
MPOBEJICHUS YMCICHHBIX pacdeToB: I — CPOK HCIIOIHCHHUS OIIMOHA; » — OE3PUCKOBAs MPOILICHTHAS
CTaBKa, 0 — BOJATHIBHOCTR; Sy — HadabHAS IICHA aKTHBA.

BBEJHTE HAYAJIbHBIE 3HAYEHHS ITAPAMETPOB

Iepuon ommiona : T l:
TpoueHTHAS CTABKA : T |:J
BonariusHoceTks ; sigma l:l

HauaneHas cTOMMOCTE AKTHBOR - 50 l:

Puc. 2

3HadeHne KaKJO0ro mapaMeTpa 3aHOCHUTCS B COOTBETCTBYIOIIEE I0JIe BBOAAa MeHI0. C MOMOIIbIO
KOMITBIOTEPHOW MBI BBIOMpAETCS 1MOJIe BBO/A, B KOTOPOE BHOCUTCS HEOOXOMMOE 3HAUCHUE Mapa-
MeTpa M Haxkumaercst knaBuma Tab. Ilocie BBeleHHS BCeX MapaMeTpoB HEOOXOJMMO HaxaTh Start
JUTS Havana o0paboTKU U BBIBOJIA PE3YNIHTATOB PACUETOB Ha SKPaH MOHHUTOPA.

OnuuoHHbIE KABKYISTOPHI IIHPOKO HCIOIB3YIOTCS TIPU aHaIn3e OUPIKEBBIX CBOJOK, TTO3BOJISS
MpeacKa3aTh MOBEACHNE CTOMMOCTH OMIIMOHOB MPU M3MEHEHHH Pa3IUYHbIX IMapaMeTpoOB, TAKUX Kak
BOJIATHIILHOCTD, TIPOIIEHTHAS CTABKa, CTOMMOCTh 0a30BbIX aKTHBOB, IEPUOJI UCTIOIHEHHS OIIIUOHA.
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Abstract. The popularity of options as secondary financial instruments is increasing
and it stimulates the development of mathematical methods of their evaluation. Currently,
the stock market has numerous types of options: European, American, barrier, Exotic, etc.
This article focuses on evaluating the Asian option. The mathematical model of considered
problem is represented by the Black — Scholes model [6], which is a parabolic partial differ-
ential equation in relation to the price of Asian option. The use of implicit difference
schemes for solving the problem can produce a stable numerical solution for different values
of volatility, risk — free rate and the time of option exercise [1-3; 9]. For numerical solution
algorithm was developed, implemented as a program Asia option programming language
C++. These calculations for the analysis of the results are generated in the form of tables
and graphs in spread sheet format and Excelcharts.

Consider the example of the program of Asian put option. Define the following input
parameters: » = 0.05, 0 = 0.25, £ = 10, T = 1. For simplicity, we choose a small time step
and define n = 10. The graph (Figure 1) shows the surface of payments Asian put option for
the following parameters 7= 1, r =0.05, S;= 10, sigma = 0.1. Asian option price at time # is
at the intersection of the current value of the asset price S and the resulting surface V(S, 7).

The program Asia_option is optional calculator, designed to calculate the value of
Asian option based on the numerical solution of the Black-Scholes. In the program menu
(Figure 2) are given by the input data for numerical calculations: T — expiry date of the op-
tion, » — the risk-free interest rate, o — volatility, Sy — initial price of the asset.

Value of each parameter is entered in the appropriate input box menu. Input field is se-
lected by a computer mouse, which is entered in the necessary parameter key and press Tab.
To begin the process necessary to press Start button and the results of calculations will be
on the screen. Optional calculators are widely used in the analysis of the stock ticker, allow
to predict the behavior of the value of options when changing various parameters such as
volatility, interest rate, the price of the underlying assets, the period of the Strike.

Key words: Black-Scholes model, options, Asia option, Exotic options, financial
mathematics, derivatives, implicit difference schemes, option calculator.
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