EKOHOMiKO-MameMamuy4yHe MoOes1lo8aHHSs

EKOHOMIKO-MATEMATUYHE MOOENIOBAHHA

Mukona HE[ALLUKOBCbKWUW, Bacuns MYPABCbKUUA

OIITUMI3 UIA INTOPTHEAA HIHHUX IT TIEPIB Bb HKIBCbKHUX
YCT HOB X

Po3sanisiHymo ocHosHi npobnemu, 3 SKUMU cmuKkaromeCsi baHKI8ChbKi ycmaHos8u rnpu
nputHaImMmi iHeecmuuitiHUuX pillueHb, 3arnporoHO8aHo HU3KY Kpumepiig i memodig 8idbopy
iHeecmuUujtHUX rpoekmis. 3arponoHo8aHo MOAesi OUiHKU be3rneKu, siKi 8Kno4Yarome
8r1/1u8 iHeecmuujiliHuX pilieHb Ha doxodu baHkKie 8i0 ceoix nopmaebernie UiHHUX rarnepie i
Ha HesU3HadeHicmb, nog'sidaHy 3 yumu doxodamu. CmeopeHo (Ha OCHOBI ICHyto4oi meopii)
OuHamiyHy modenb onmumizayii nopmapens UiHHUX nanepie ma 3arporoHo8aHo
egekmusHuli Memod peanisauii yiei mooderti.

OCHOBOIO PO3BUTKY EKOHOMIKU KpaiHW € CTabinbHICTb hiHAaHCOBO-6aHKIBCHKOI CMCTEMM.
Mpuxig Ha diHaHCOBUI PUHOK YKpaiHW iIHO3eMHUX BaHKiB 3aroCTpUB KOHKYPEHLLito,
3YMOBWB 3aCTOCYBaHHsS 6aHKkaMun MeTofiB cTpaTeriyHOro NraHyBaHHS i ynpaBniHHS.
OpieHTauig 6aHkiB Ha NoNUT i NOTPEBU PUHKY, Ha 3anUTK KNIEHTIB | HAOAHHSA TaknXx
BaHKIBCbKMX MOCNYT, SIKi KOPUCTYIOTLCHA NOMUTOM | AaloTb 3annaHoBaHi NpubyTKK,
BUCYHYNa HOBi BMMOMM LWOAO MiArOTOBKM BMCOKOKBanigikoBaHMx gaxiBuiB i ix
ePeKTMBHOro BUKOpUCTaHHS. [osiBunack notpeba y 3acTocyBaHHI HOBUX iIHDOPMALiNHNX
TEXHONOriN, y BUKOPUCTaHHI MateMaTU4YHOro anapaTty 3 MeTOK 3[4iNCHEHHSA
BaraTtoBapiaHTHWUX PO3paxyHKiB 4115 IPUAHATTA OBrPYHTOBaHWX | ONTUManbHUX PilleHb.

BaxnueMMu ymoBamu edekTuBHOI poboTn BGaHKiB €. HasBHICTb haxiBuiB, AKi
BOMOAiH0Tb Cy4aCHUMM 3HAHHSIMK, B TOMY YKCHTi | B 0BriacTi MatemMaTtnyHoro MogerntoBaHHs
€KOHOMIYHMX NPOLIECIB, BUKOPUCTaHHS Cy4aCcHOI KOMM'KOTEPHOI TEXHIKY | HOBX TEXHOITONIN
Ans 3abesnevyeHHs sKicHOro ynpaeniHHA 6aHKIBCbKOK AisnbHICTIO; nobyaosa
onTUManbHoI cTpareril i 4inosoro 6isHec-nnaHyBaHHS 6aHKy 3 BpaxyBaHHAM peanbHOCTi
3a7ay, LLIO pO3B'A3Y0ThCH; YNpaBniHHA KpeaUTHUM nopTdienem Sk OCHOBHUM [HKepernom
BaHKIBCLKMX PU3KKIB, ONTUMI3aLlis onepaLii 3 akTuBamMu i nacnusamu 6aHky, edekTBHa
iHBECTULIMHA NoniTuka; 3abopoHa pMU3MKOBaHOI | HeHaaiHOI BaHKIBCbKOT MpaKTUKN.

Lli npobnemu i BU3Ha4atoTb akmyarsbHicme [OCHiAXeHb B MOCTAHOBL Ta eheKTUBHOMY
pO3B’A3aHHi 3a4ay, SKi BUHUKaOTb B NPOLIECi AOCATHEHHSA OCHOBHOT METK BaHKiBCbKOT
[iSANbHOCTI — OTPUMAaHHI OYiKyBaHOro NpubyTKY Npy OQHOYAaCHIN MiHiMi3aLii pu3uKiB.

3HayHe MicLie cepep 3agay nnaHyBaHHs Ta NOKpaLleHHs 6aHKIBCbKOI iANbHOCTI
3arMMatoTb 3agadi onTumisauii noptdensa LiHHMX nanepis. MaTtemaTtuyHi mogeni, Wwo
OO03BONSATb BU3HAYMTM HaWkpawmin Habip LiHHUX nanepiB, Aki 3abesnedvyloTb
OdiKyBaHWA NpUBYTOK i NPU LIbOMY 30iNCHIOTb Xe4XKUPYBaHHS LLNSAXOM ONTUMI3aLi,
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po3rmsagatTeea y 6azambox rybriikauisx 8im4u3HsHUX ma 3apybiKHUX 84eHUX. BUBYEHHIO
umx nutaHb npuceadveHo npaui C. |. Wenobaesa, C. A. MuHka, E. A. Pos6a, K. K.
Kysbmuua, Mappi Mapkosiua, [xoHa P. O'bpaneHa, CaHgxes Lpusactaea, Mankna
Bpomsuya, Panbda BiHca TaiH. [1, 2, 4-7].

Memoro daHo20 OocriidKeHHSs € aHani3 OCHOBHMX OOCATHEHb Cy4acHOT MaTemMaTUYHOI
Ta eKOHOMIYHOI HayKV B (hiHAHCOBOMY aHanisi Ta opraHisauii Toprisni LiHHUMK nanepamu,
CTBOPEHHI Ha OCHOBI iCHYIOUMX TEOPI ANHaMIYHOT MoAeni Ansa onTuMisauii noptdens
LiiHHMX nanepi., 3anpornoHyBaHHA ePeKTUBHNUX METOAIB peanisadii uiei moaeni.

MMig diHaHCOBUM PUHKOM PO3YMItOTb CYKYMHICTb MONUTY, NPOMNO3uLin i peanisauii
UiHHMX nanepis. YyacHuMKammn (piHAHCOBOro pWHKY BUCTynalTb GaHKW, CTpaxosi
TOBapUCTBA, iHLLI hiHAHCOBI CTPYKTYpK, rpomagsaHn. Pesynstatn 6aratbox onepawin 3
LiHHUMK NanepamMu Ta IX XxapakTepuUCTUKN Hanepea nepegdavynTn HeMoXnuBo. 3 Liel
NPUYMHK NS 3aCTOCYBaHHS MEBHUX HAyKOBWX METOAIB MPUNMal0Thb AesiKi 3aCTEPEXKEHHS:

a) NCUXOrOriYHi MOTUBU He BPaxoBYOTLCA. KOXHUIA y4aCHUK PUHKY HAMaraeTbCs
ISt Tak, Wwob JocArHyTM HanbinbLoro NpubyTKy, a He Ha 3M0 KOHKypeHTaMm. Lle
NPUHLIMNOBE NOMOXEHHS AN 3aCTOCYBaHHS HAyKOBUX METO/IB aHani3y puHKy;

6) NOKa3HWKN PUHKY MOXKHa MOAENIOBATU SIK BUNaAKoBi BEMUYMHW, LLIO AaE MOXKIMBICTb
BMKOPUCTOBYBATW TEOPETUKO-MMOBIPHOCHI Ta CTaTUCTUYHI METOAN;

B) ANs peanisauil Mogerni HeobxigHO HarpoMaaunTL NEBHY iHChOPMAaLto, SKOT MOBUHHO
OyTn OOCTaATHBLO ANSA CTaTUCTUYHOT 06POBKM 3 METOK OTPMMAHHS OLLIHOK HEOOXIiAHNX
MOKa3HWKIB.

Y 3aranbHOMY BUNagKy diHaHCOBI onepallii pu3nMKoBaHi, OCKiNbKM TOYHUA A0XiA Big
HUX Haneped nepeabaynTn HeMOXNUBO. PU3nK BUHWKAE Todi, KoMK He 3po3yMina
MOBHICTIO CUTYaLisi | He 3po3yMino, sk byayTb po3BuBaTUCs Nogii B ManbyTHbomy. Ha
NnoAonaHHA nporanuH B iHopMaLil npu po3B’s3aHHi 3ag4ay BUKOPUCTOBYHOTL Pi3Hi
iHpopmaLinHi cucteMm obpoBKM | NPURHATTS pilleHb. PU3uK Big HE3HaHHSA TakUM YYMHOM
MO>Ha 3BeCTM O Hyns.

3anuwaeTbCa BUNaaKoBICTb. Y 3B'A3KY 3 LM BUHUKAE psg NuTaHb: 1) Akuid cepeHin
odikyBaHUM goxia? 2) Aka MMOBIPHICTb OTPUMaHHSA JOXOAY He MeHLUe 3adaHoro? 3)
Axunii pranik Uiet onepadii? 4) Aky onepadito BUBpaTH, AKLLO Y HUX PidHi pysukn i goxogun?
5) Ak oTpumaTtin 6axkaHuin AOXiA 3 IMOBIPHICTIO HE MeHLLIE 3afaHoi? Ha Ui nuTaHHA gae
BiAMNOBIAb TeOpis UMOBIPHOCTI | MaTemMaTUyHa CTaTUCTMKa.

Ha cpiHaHCcOBOMY pUHKY nepebyBae B 0biry Benuka KinbkiCTb LiHHWX nanepis,
€(EeKTUBHICTb | PU3NKOBaHICTb SIKMX pidHa. ManopunsmnkoBi LiHHI nanepu, Sk npasuIio,
ManogoxofgHi. BucokogoxofgHi, sk npasuno, 6inbw pusnkosi. Kynytoumn akuii ogHiet
KOMMaHii, iHBECTOpP CTaBWUTb CBIi 06POOYT B 3aneXHiCTb Bif O4HIET KOMNaHil. AKLOo X
BKMaZae KOLTU B aKLil AEKiNbKOX KOMMNaHin, TO eheKTUBHICTE CHOPMOBaAHOMO Taknm
YMHOM nopTdens LiHHUX nanepiB 3anexatuMme Bif yCepeOHEHOro Kypcy KirlbKoX
KOMMaHin.

MopTdenbHuin Niaxig Mae Ha MeTi MakcMMi3aLito 4oXoay Bid LiHHMX nanepis npu
OOHOYaCHIW MiHiIMi3aUIiT pusnkiB 3a paxyHOK ansepcudikauii. S3HMKEHHS pU3NKIB LUMNSIXOM
noeaHaHHs LiHHKX nanepis (aueepcudikaLis nopTdens) BusHadvae edekt npu 3depiraHHi
noptdpens.

Ockinbku hopMyBaHHs NopTdEnNs LiHHKMX NanepiB BU3HaYaeTbCA CTpaTerieto 6aHky,
TO MpoLec ynpasriHHA nopTdenem BKIYae HACTYNHI MOMEHTU:
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a) HeobXiAQHO YiTKO BU3HAYUTW | chopmarnidyBat MeTy BaHKy Y BUMSAi MaTeMaTuiHmnX
KpuTepiiB onTuMi3aLii Npu paLioHanbLHOMY NoegHAHHI 0BMeXeHb Mo PIBHAX JOXOAHOCTI
i PU3MKy.

0) noTpiGHO BMPOBUTU cTpaTerito 6aHKy Ha OCHOBI aHanmi3dy iCHyl4OI cuTyalii Ha
hiHAHCOBOMY PUHKY, 3anponoHyBaTW HOBI (DIHAHCOBI IHCTPYMEHTU | BUOpaT onTMarbsHe
NoeAHaHHS HanPSMKIB AnBepcudikaLlii.

B) HEOOXiAHO peanidyBaT NeBHY cTpaTerito 6aHKy 3 POopMyBaHHS ONTUManbHOro
nopTens LiHHWX nanepiB Ha OCHOBI IKICHOO NPOrHO3Y HAaCTaHHS TOI YK iHLLIOT cUTyauil
Ha hiHaHCOBOMY PUHKY | AIMOBIPHOCTI I HACTaHHS.

Taknm YnHoM, MU 3myLleHi ByayBaTu Taki mogeni 6eaneku, ski byayTb BKIo4aTH
BMSIMB iHBECTULINHUX pilleHb K Ha 4oXo4u, OTpMMaHi Big nopTdenis LiHHKX nanepis,
TaK i Ha HEBM3HAYEHICTb, MOB'A3aHY 3 LMmun goxogamu. Lli mogeni 6yayTe 6yayeaTtucs
3 BUKOPUCTaHHSAM KoHLenUiT Teopil iHBecTuuiiHoro noptdens (portfolio analysis). Lis
Teopisi BCTaHOBIIOE, LLIO PUHKOBA BapTiCTb KOHKPETHOrO LiiHHOMO nanepy 3anexuTb Big
pU3KKY | 4OXOAY, KU BOHa MPUHOCUTL, TOAI, KONWU BiH 3HaxXoauTbesa B noptdeni 3
iHLWWUMM LiHHMMK nanepamun. Hawoto meTolo € nobygosa moaeni ouiHku i Biabopy
iHBECTULINHUX NPOEKTIB Takoro Tuny. Po3rnsHeMo OCHOBHi MOMOXEHHS Teopil
iHBECTULINHOrO NopTdhens, BUKOPUCTAEMO LiHO TEOPIt0 AN NobyaoBu Moaenemn OLiHKK
iHBECTULINHUX NOPT(EniB | KOHKPETHMX LIHHUX NanepiB, PO3rNSAHEMO XapakTepUCTUKK
npaBunn NPUAHATTA pilleHb, SIKi CigyoTh 3 LMX Mogenen.

Mpw NoBGyaosi MoAeni M1 MOBUHHI MPUNHATN HU3KY BaXNMBUX NPUNYLLEHb.

*  nignpubyTKoM Bif LiHHOrO Nanepy Hagani 6yaemMo BBaXaTvi MIUTOMMUIA NPUBYTOK
AK BiAHOLLEHHS NPUPOCTY BapTOCTi LIHHOTO nanepy 3a nepiog Ao No4aTkoBOl BapTOCTi;

®  Kynyr4u LiHHI nanepu, My onnavyyemo nuie IXHo BapTiCTb Ha PUHKY, Byab ki
onepaLw,iiHi Y1 noaaTKoBi BUTPATU BiACYTHI;

*  NPUAMAaEMO pilLIEHHS, ke € 0BOB’A3KOBUM Ha nepios AOCNiMKEHHAM, By ab-sKi
3MiHM B LUbOMY Mepiodi He NPoBOAATLCS;

* MM BMIEMO NPOrHO3yBaTN OYiKyBaHy BENUYNHY NPUBYTKY Bif KOXXHOMO LiIHHOMO
nanepy i BAKOPUCTOBYEMO LIt0 BENNYNHY AN BUMIPY BUrigHOCTI LIbOro LiHHOMoO nanepy;

* MKW MOXEMO MPOrHo3yBaTu cepefHbOKBagpaTUYHE BiAXUNEHHS posnoginy
MNMOBIPHOCTI [OXOAIB Bi KOKHOI aKLii. Konu akujis po3rnsgaetbcs Okpemo, Lid BennymnHa
€ MOBHUM MipUIIOM PU3UKY;

. MU BMieMO nependadumTti kKopensauito Ansa 0yab-aKoi napu aku,in;

*  nNpuBabnuBiCTb LiHHOM Nanepy 41 nopTgens NoBHICTIO BU3HAYaETLCH TPbOMa
3MiHHUMK: OYiKyBaHUM [OXOOOM; iHOUBIAYaNnbHUM PU3UKOM, SKUN BUMIPHOETLCS
cepeaHbOKBaapaTUYHIM BiaXUNEHHAM AOX0AIB; KOpensuiero AaHMX AOXOAIB 3 4OX04aMU
Bif iHLUMX LiHHMX NanepiB.

Mpwn BMBOPI TOro UM iHWOro Habopy LiHHMX Nanepis (BMiCcTy nopTdento) iHBecTop
KOPUCTYETLCA NEBHUMU NpasunamMmu. ToMmy Teopis iHBECTULIMHOIO NopTdens BuMarae
BBEAEHHS NEBHUX NPUNYLLEHb LWOoAO ChiBBIAHOLEHb MiXK PU3NKOM | JOXOA0M:

— BBaXKa€ETbCH, L0 NPU iHLWIKX PiBHMX YMOBaX iHBECTOP BMBMpae BapiaHT 3 BinbLunm
Aoxoaom;

— IHBECTOp YXWUNAETLCA Big PU3KKY, Bigdalouu nepesary MEHLOMY PU3UKY 3
MOXITMBMX;
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— Ha OCHOBI MpuBegeHUX NMpuUnyLweHb NPUMIMaemMo pilleHHs, Wo, no-nepe,
nopTdens 3 HAaMMEHLLMM cepefHbOoKBaApaTUYHUM BiOXUMEHHAM BUOMPAETLCS 3 ABOX
HabopiB LiiHHUX NanepiB 3 O4HAKOBMM OYiKyBaHUM JOXOO0M; NO-Apyre, noptdens 3
HaMBInbLLLIOK HOPMOIO peHTabernbLHOCTI BUOMPaETLCA 3 ABOX HAOOPIB, sIKi MatoTb OAMHaKIB
PU3KK.

Takum 4mHoM, iHBecTop Byae nparHyTu npu BUBOpi nopTdens UiHHUX nanepis
MaKCUMi3yBaTK CBi OYiKyBaHWIM 40Xi4 Npy JaHOMY pU3nKy abo MiHiMi3yBaTu CBill pU3NK
npv AaHomy piBHi goxogis.

MobypoBa gMHaMivyHOT Mogeni 3agavdi onTuMmisauii nopTdens LiHHKUX
nanepis.

PosrnsHeMo n BMAiB LiiHHWX Nanepi., 3 AKMX MoXkHa cdhopmyBaTi noptaderns. KoxHun
3 HUX XapaKTepu3yeTbea qrakTiHAMKA NpubyTKamu E, (t), E(t), ..., E (1), sk €
BUMaAKOBMMU BEMMYMHAMY, | BIANOBIAHMMM OYikyBaHUMK npubyTkamm U (1), U,(1), ...,
U () ki € MatemaTU4HMMM CnogdiBaHHAMM LIMX BUNAAKOBMX BeNnymH. Kpim Toro, ans
KOXKHOTO LiiHHOrO nanepy BigomMa Aucnepcia Ta A4 KOXHOI napu LiiHHUX Nanepis BigoMuii
KoediLieHT kopensii.

AKLo iHBEeCTOp PO3NOAINMB KOLITU YacTKaMu

O£ x(t)£1, i=12,.,n,4a X (t)y=1

Ans npuabaHHA PisHUX LiHHXX Nanepis, TO OYiKyBaHUX MUTOMUIN NPUBYTOK Bif YCbOro
nakety Byae piBHUN

é Xi(t)Ui(t)  Posnogin

i=1

n
col( %y (t), X5 (t),....%,(1)),i =12,...,n é X; (t) =1 HasvBaeTbCS CTPYKTYPOLO NOPTENS
i=1
LiHHMX Nanepis.
3agamMo yMoBY: OYiKyBaHWA MUTOMUIA NPUBYTOK BCbOrO NakeTy LiHHMX nanepis
NoBUHEH BYTW PiBHUI 3a4aHOMY 3HAYEHH!O U, OTpumyemo cuctemy obmMmexeHb ans
onTUmisauinHol 3agaui:

a Xi(t)zl (1)
i=1

Of£ x,(t)£1, 1i=12,.,n )
au (x(t)=u, 3)

i=1
bBynemo BBaxatu, WO 3anexHicTb Big 4acy BenuuuH E(t), U (1), x(t) mae
noniHoMianbHWUIA XapakTep.
Anroputmu Bnbopy oNnopHOro nnaHy 3agadi ontumisadii.

MaTtpuus U (t) cuctemmn obmexeHs (3) € perynapHoto maTpuueto poamipy N° N,
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€nemMeHTV AKoi — NiHinHi MHorounexu, X (t) - BeK'rop(x1 (t) X (t) peeer X (t))T , B(t)-

T
BEKTOP NiHiNHMX NomniHOMIB (b1 (t) , bZ (t) yor bn (t )) .

3a Takmx ymoB po3e’si3ok X () cuctemun obmexeHb (3) MOXHa LuyKaTu y BUrMAAi
psAy:

¥
X0 =Q X (Ot @)
k=0

ne X,., k3 Q — BEKTOP, KOMMOHEHTU SIKOrO0 MakoTb KOeiLiEHTM i3 nonsa AiINCHUX
k

yucen |, Wo obuncniooTbCA 3a hopmynoto [5]:

g 16, 0£kET;
U X =- UIX _|+ ! !
0k Ia:1 k +0 <k, )

ae T —creninb matpuui U, (1) (k=0,1,2,L).
Matpuuto U (t) i Bektop B(t) MoxHa nogatv y BUrnsiai MaTpuyHUX MHOTOYNEHIB:
U(t)=Ust+Uq, B(t) =Byt + By

TeepaxeHHsa 1. Pag (4), akun € hopmanbHUM po3B'a3koM cuctemiu (3), 3biraetbes
NPY BUKOHaHHI

i B o su S

HOoseneHHs. 3rigHo chopmynu (5) ans koediuieHTn pagy (4) MoxHa 3anucaTu:

Xo=Us'By ,
Xy =Ug"[By- UiXo]
LLLLLLLLLrrr @

~

x¥ =y ey, xda
€ i

O G = = = = e

LLLLLLLLL

Topi po3s’'sa3ok cuctemu (3) moxe ByTu 3anucaHni y BUrnagi pagy:

Xl ):U61[Bo+(81' U Xo)t - Uy Xt? - U Xot° - K- lektk+1- K].
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Axwo B (6) ans Beix k =1,2,3,K nocnigosHo 3aminntu X, Ha X, _;, TO 04EPXNMO

=U; "By,
X;=Uo 8B - UlUo Bl
X2 =-U6]UlU61$B1' UUg By
X3 =gU<SJU18 Zudlng UU;'BH,

A po3B’a30k cuctemu (3) MOXKHa 3anucaTtu y BUrnsagi:
X (£)=Ug "By +Ug"(By - UiUg"By) t- Ug™UiUg (B, - UjUg By) t° +
- - - k-1, - -1
+(UgU)?Ug (By - Ug Bo)t® +...+ (- 1) (Ug U
spp-1 -1 k —11-1 A - 2 - 2,3
Uo'(By- Ug Bt +...=Ug "By + & - (Ug Ut? +(Up'U)*E + )
k-1, - . N1 T
+ (-1 (UG K ]1"+...3 Us B, - UUg By M
Po3arnaHemo MaTpuyHUiM cTeneHeBni psa
t- UgUat? + (U U2t + .+ (- 1) T UG U )R MR + 8)

3a osHakoro [lanambepa psg (8) 3biraeTbes, AKWO ANs WOro Ynewis ay i ay .q
BMKOHYETLCHA HEPIBHICTb

a'k+1 <1
a, .
3acTocyBaBLUM Lto 03HaKy Ans psay (8), oaepxmmo
A — HU(') Y 1” At <1
2
3Bigkun
t Uy
STl .
TakvuM YnHOM, pagiycoM 36ixXHOCTI cTeneHeBoro paay (8) € iHTepsan
& |- L - 16
& o] o 2 a0
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Teopemy gosefeHo.
KpiM cucteMn obmeskeHb, (3) oTpumanuii Bektop X (t) NoBUHEH 3840BONBHATU YMOBY

HeBia'emHocTi. OTxe, cepeq 3HaveHb napameTtpa t i3 paaiycy 36ixHOCTI cTeneHeBoro
psay (8) Tpeba BuGpatu Ti, ans kotpux X (t) 2 0. Micnsa Yoro cepen MHOXMHUW BEKTOPIB

X (t) Ha KOXHOMY JOMyCTUMOMY iHTepBani 3mMiHu napametpa { nuiuaeTbea 3HaiiTy

Takuii, Wo obepTas 6U Linboy dyHkuito L(X (1)) B Mmakcumym.

OTxe, MOXHa Tak cdopmMmynoBaTh anropuTMm MOLWYKY PO3B’'A3Ky 3adad
napamMeTpuU4HOro nporpamyBaHHs (3):

— 3HaxoAsTb MHOXWUHY PO3B’'A3KiB cuctemun (3), K PO3B’'A3KIB CUCTEMMW TiHINHKX

anrebpaiyHnx piBHSHbL 3 | -MaTpuusMy;
— BM3HAYaloTb MHOXWHY 3HadYeHb napameTpa t, ana akmx X(t) 2 0;

— Ha KOXHOMY iHTepBani 3MiH1 napameTtpa | gochimkyoTe LinboBY YHKLIO
L(X(t))Ha ekcTpeMyM i 3HaxoasATb ii HANGINbLUe 3HAYEHHSI.

BusHayeHHs pu3ukiB nopTtdensd LiHHUX nanepis.

OuiHka pu3smkiB nopTdens LiHHMX nanepis 30iCHI0ETHCS B KOXKHUIA OKPEMUIA MOMEHT
Yacy Ha OCHOBI OLLiHKM OMCMEPCii KOXKHOMO BAQY LIIHHMX Nanepis Ta napHUx KoedilieHTiB
KopensLii, siki MaloTb CTaTUYHWIA XapakTep Ta BU3Ha4YaTbCA eMMNiPUYHO Ha OCHOBI AaHNX
3a nonepegHi nepioan. Tomy 3acikCyeMo MOMEHT Yacy t=t; i BBeAEeMO No3HaYeHHs

X=X(ty), E=E(ty), U=U(ty).

PoscitoBaHHs1 OXO0AIB MO LiHHUX Nanepax BiHOCHO X OYiKyBaHWX 3Ha4YeHb € Ans
iHBECTOpPA MipOH0 PU3MKY, 3B'I3aHOI0 3 KOXXHOLO aKLieto. Lle po3citoBaHHS BUMIPHOETLCA

abo cepeaHbO-KBaApaTUYHUM BigXuneHHaMm S, abo aucnepcieto D, BigHOCHO
o4ikyBaHoro npubyTky U.. Arne HeBu3Ha4eHiCTb, NoB'A3aHa 3 noprgernem, He Moxe ByTu
BUMIipsiHa MPOCTUM CePeAHbO3BaXKEHNM 3HAYEHHSAM X OKpEMUX cepeqHbOKBaapaTUYHNX
BiAXMNeHb Yn gucnepcin. HeBnsHayeHiCcTb NopTdens 3anexuTb Big TOro, Ak npudyTku
BiJ YCiX akuin MiHA0TbCA cninbHO. [MNopTdeni, Wo cknagaTbes 3 LiHHMX nanepis, Ha
SKi BNAMBaOTb OOHI i Ti )K YMHHUKK, € BinbLue pUsnKoBaHUMMK, HiX Ti, SIKi nignagatoTb nig
BMNSINB Pi3HNX YMHHUKKIB. B 0oCTaHHbOMY BUNaaKy NpubyTKM HPKYE OYiKyBaHOro 3Ha4eHHS
3a O4HUMU LiiHHMMK Nanepamu MoXyTb B6yTIn NOB’'s3aHi 3 6inbL BUCOKMMM OX0A4aMu 3a
iHW1MK. Maclutabu umx NposBiB 3anexarb Big HACTYNHMUX YAHHUMKIB: BiGHOCHOI YacTKK
KO>XHOrO LLIHHOro nanepy B NopTdeni; BenuYMHM ix BiGHOCHWX ANCMEPCin Yn cepeaHbOo-
KBagpaTUYHUX BiAXUNEHb; WiNbHOCTI 3B’A3KY MK IXHIMK MpubyTkamu.

Mpo oBa NepLUNX YUHHUKN YKe WLINOCH, PO3rMSHEMO TPETIN YUHHMK.

ObMmexunmocs Ha gesikuii Yac noptdenem i3 ABOX TWNIB LiHHWX nanepis. OTpuMaHi
pesynbTaTy y3ararbHUMO Ha NOpTAdEnb 3 AOBIMbHOI KiflbKOCTI LIIHHUX nanepi..

Oucnepcia nopTdens ABOX LiHHUX NanepiB s Taj 3anucyeTbes Tak:

-3 2
Dp=a Ri(Ep-Up)”, (11)
ae Ep— KOXXHUIA MOXITMBMI NpUBYTOK nopTdens , u,- OuiKyBaHW NpubyTOK, p,—
MMOBIPHICTb OTPUMaHHSA NPUBYTKY Ep. KoxHun Ep € 3BaXKeHa cymMa napu oKpemux
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nNpubyTKiB Big ABOX LiHHMX NanepiB S Ta j, BaraMu € 4acTk1 S Ta j B nopTdeni X, Tax,.
AHanori4yHo Up € cepeaHbO3BaXXeHWI OYikyBaHMI A0OXiA Bif ABOX LiiHHUX Nanepi..
Togai (11) nepenuiemo

D, =é Pi (X Ej +XsEg) - (XU +sts))2=

é pi ((X;E;j + xEq )? +(xU; +xUg)?- 2AXE; +xEg)(xU; +xUy))=

é Pi((X B} )% +(XsEs)? + 2( X EjXsEg ) +(XjU )% +(xUs)? +2(xU jx U ) -

- 2x2(E\U; ) 2x%4(E;Ug ) - 2xx (EU | ) - 2x2(EU,)) =

a POA(ES+U % - AEU )+ x (B +U% - 2AEU )+ 2% X(E|Eq+U Uy - ElU - EU )=
é (X 2(E - U ) +x2(Eg - Ug)? +2xX((Ej - U )(Eg - U)) =x;°D; +xZDg +2X; X cov( js)

ae
Ej'Uj)(Es'Us)

cov(js)=Q Pi((E;-U; )(Es-Ug)=(Q o )S iS¢ =r(jS)s S,

s

TyT r(js)- koeilieHT Kopenauil MiX ABOMa akuisMum s Ta j. KoedilieHT kopensuii €
3BMYaNHUM CTaTUCTUHMHUM MOKa3HUKOM, LLO BUKOPUCTOBYETLCA ANSA BUMIPIOBaHHS
CTyneHs 3B’A3Ky MiX 3MiHHUMUK. KaxxyTb, Wo npubyTky Big ABOX LiHHMX nanepis
MO3WUTMBHO KOPENHOKTh, AKLLO BEMVKi BiAXWUINEHHS NOHaA 0YiKyBaHi 3Ha4eHHs NpubyTky
332 OOHUM UiHHUM nanepoM 3B’si3aHi 3 NOAIGHMMW BiAXUNEHHAMU 3a APYTUM.
EkcTpemanbHuii npuknag no3MTUBHOT KOPENSLii BUHMKAE TOAI, KON KOXKHE BiAXUNEHHS
NpubYTKY 32 OAHUM LLiHHAM NanepoM OAHO3HAYHO NOB’'sI3aHe 3 NOAIGHUM BigXWUNEHHAM
nNpubyTKy 3a iHWWMM LiHHUM nanepoM. B LboMy Bunagky roBopsaTh, L0 NpubyTKK 3a
LiHHMMW NanepamMm NiHiNHO KOPEenoTh | 3HaYEHHSI NPUOYTKY 3a O4HMM LIIHHUM Nanepom
TOYHO NPOrHO3y€ NPUOYTOK 3a APYIVM.

Omxe, pU3nK, NOB’'A3aHUIA 3 KOXXHUM LiHHUM ManepoM, Npu OKpeMoMy posrnsgi
BMMIPIOETBLCA ANCNEPCIED (UM CEPEAHBbO-KBAAPaTUYHUM BiAXUMNEHHSAM) OTO NPUOYTKY.
CTyniHb, 3 IKUM Ha Lji NpUBYTKM BNNMBAIOTD L K YMHHMKW, LLIO i HA iHLUI aKLii, BUMIpHOETLCS
KOBapiaLjiero X A0XO0AiB 3 4OX04aMM NO iHLWKNX LiHHKX nanepax. Takum YYHOM, KOXXHUI
LiHHMI Nanip B NOEAHAHHI 3 IHLIMMMW LiHHUMW Nanepamu, Wo BXoAATb A0 nopTdens,
NPUHOCUTL B LEen nopTdenb BNacHUN pU3uK, a TakoX BMNMBaE Ha 3aranbHy
HEeBM3HaYeHICTb BCbOro nopTdens.

Hawa cdopmyna 3aranbHOro pusuky noptdens 3 4BoX LiHHMX nanepis Moxe 6yTu
y3aranbHeHa ans noptdens 3 n UiHHMX nanepis. KoXXHWIA UiHHWIA nanip BHOCUTb B
3ararnbHuUM pU3KK CBil BKIa, PiBHUA CyMi MOro AnCnepcii, 3BaXkeHOT No kBagpaTy horo
YacTku B nopTdpeni, Ta horo koBapiauii 3 BCiMa iHLIMMW LiHHUMW nanepamu, 3BaXKeHnMn
no Ao6yTKy AOro YacTki B MOPTAEni Ha YacTKy iHLIMX akUii, 3 SKUMW BiH KOPENIOE.
Bknag uiHHOro nanepy i B 3aranbHUn pusnk nopTdento MoXKHa 3anmcaTm Tak:

n
2 o ..
XDy +Q %x; cov(i)
=
3aranbHuii pusmk noptdens 3 N LiHHWX nanepis € CYMOIO PU3KKIB KOXHOTO LIHHOMO
nanepy:
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n n n
o o o] ..
Dp,=a xiZDi +a a xix;cov(ij) (12)
i=1 i=1 j=Ljti
Ockinbkun gucnepcis KOXXHOro LiHHOro nanepy € B NeBHOMY CMUCHI KOBapiaLieto
noro NpubyTKy 3 camMmmm coboto, TO B (5) MOXKHa BKIHOUUTU BriacHy Ancnepcito i gopmyna
OoTpUMae BUMSAA;
g ¢
Dp=a a »x; cov(ij) (13)
i=1 j=1
3 BpaxyBaHHAM 3HaAeHOro pu3nky noptdens UiHHMX nanepis Ha OCHOBI (YOPMYI
(1)-(3) Ta (13) cchopMyntoeMo HaCTynHy 3agadvy onTUmisai:

n n
a a xx cov(ij) ® min

én' X|:l (14)
i=1

0£x, £1, i=12,.n

a xu =u,

OprmaHa 3afavya € 3agavero Keagpatu4yHoro nporpamyBaHHA i Ha3MBaEeTbLCA

3apaveto Mapkosiua.
[ns i po3B'sazaHHA Nobyayemo dpyHKuito NarpaHxa

L(Xq2Xp, e Xl ,m):§ én. Xi X cov(ij)- | (én. X - 1)- r‘r(én. xU; - Up)
i=1 j=1 i=1 i=1

3Begemo 3agady Ha YMOBHUIA eKCTpEMYM A0 3agadvi Ha 6e3yMoBHMIA. [Ns Lboro
nobyayemo cuctemy 3 n+2 piBHsAHb:

P .o :
— =2 cov(i,s)x - I -nmJg=0,s=12,...,n

s i=1
n n 15
L_&x-1=0 , E-4xu,-u,=o0 (13)
=t im %
Beefemo nosHaveHHst:
aeov(1l) cov(l2) .. cov(ln) o a0 & 0 &, 0
¢ + G, + c, ¢, +
G:Qoov(Z,l cov(2,2) .. COV(2,n).j e:glj X:gxz: U=gU2:XT=(X1,Xz _____ %), UT=(UsU, 0
goov(n,l) cov(n,2) .. con(n,n); 31; gxn; gUn;
3anuwemo piBHAHHS (15) y MaTpu4HOMY BUMMA4:
I
Gx=—e+My
285 (16)
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e'x=1 (17)
UTx=uU, (18)

Paxyewmo, o matpuus koBapiauin G He BUpogkeHa, OTxKe iCHye 0o Hel obepHeHa
mMaTpuusa G i po3B'a3ok cuctemm (16) y maTpuiHomy Burmaai byae Takumi:

| m
Xx=—Gle+—GU
> > (29)

MigcTaBumo uer po3s’asok B (17) Ta (18) i oTpumaemo cuctemy piBHSAHb :

i Ty T- m_
1, (e'G e)§+(e61U)E—l
T I m
| Tr-1 . TH- =
T(U G e)2+(U 61U)2 Up

Pose’spkemo cuctemy metogom Kpamepa:

Ol Olr

[(UTGU)-U (eGU)]

I
2
r_2n [(U(§GU)- (UTGU),  ge
D=(e'Ge)(U'G'U)- (U'Ge)

lMigcTaBuMO po3B’'a30k B (19) | OTPUMaEMO CTPYKTYPY ONTUManNbHOTO NopTdens LiHHNX
nanepis:

X :%{[(UTG']U )-U,(e'G V)]G e+ [U, (e'Ge)- (U'Ge)]GU}

(20)
BignoeigHa MiHiManbHa gucnepcia 3anmweTbes Tak:

Dg‘in :(Srgin )2 :(Xopt )TGXOpt :%[Us(eTG—le)_ ZJp(UTG—le)+(UTG—].tJ )]

(21)

opt

Akwo B 3HangeHoMy poss’asky geaki X+ £ 0, To Buknoyaemo 3 noptdens

BiQNOBIAHI LiHHI Nanepw i po3B’a3yeMo 3agady crovaTky.

Bbyanemo BBaxaTu, LLO:

1. Bci cepeaHi npubyTku LiHHMX NanepiB pi3Hi (3 4BOX LiHHMX Nanepis 3 O4HaKOBUM
cepegHimM NpuMbyTKOM i PisHUMIK AMCTepcCisiMm iIHBeCTOp BUGepe LiHHUA Nanip 3 MEHLLIOK
aucnepcieto). Tomy nepeHyMepyeMOo iX No cnagaHHo cepeaHbLoro npubyTKy:

U,>U,>..>U,
2. binblwunm cepeaHim NpubyTkam BignosigatoTe GinbLUi AUcnepcil:

s2>s2> . .>s?2
Toni CTPyKTypa ONTUMAanbHOro nopTdens
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é”‘ (Ui -Up)U;-Ug)
opt _ i=1 Si2
X = 5
SZO (Ui'Uj)
S
i<j

, $=12,..,n

s’s®

i BignoBigHa MiHimanbHa aucnepcis

g (U;-U,)?
| AT
Dmmz(smln) —_i=1 [
P p é (Ui'Uj)2
gy sfs?

<]

Takum 4uHOM, Micns NPOBeAEeHUX OOCNiAXeHb 3pO0OMMO B8UCHOBOK. B MeXax
30iNCHEHUX NpUNyLeHb MOXHA TaK 3A4INCHUTU guBepcudikauito nopTdens LiHHNX
nanepi., 06 3 HAMMEHLLUM PU3NKOM J0OUTUCS OdikyBaHOro npubyTky. My BBaxanu,
LLIO NpUBYTOK | Mipa pu3nKy B CYKyMHOCTi AatoTb MOBHWUIA OMUC KOXHOTO LiiHHOTO nanepy
Ta noptchens B uinomy. CeprosHum npunyLLeHHsaM 6yno Te, Lo iHBECTOP CMIPOMOXHUIA
peanbHO BU3HAYMTW AMcnepcil LiHHMX Nanepis Ta OLiHUTM MMOBIPHICTb, 3 AKOK OKpeMi
NPUBYTKN Bif KOXHOI Mapu LiHHUX nanepis OyayTb 3MiHIOBATUCA 3anexHO OauH Bif
ofHoro. To6To, BBaXXa€EThCS, LLIO iHBECTOPU MOXYTb NepeabaqmTi, HaCKiNbKN BiOXUNEHHS
BiJ MaTtemMaTW4HOro crnogiBaHHs NpuOyTKy Bid OAHOrO LiHHOrO nanepy 3B'dA3aHO 3
pesynsTaTtom Big iHWworo. Lii npunyLLeHHs CTBOPIOKTL iIHBECTOPY 004ATKOBI TPYAHOLL.
YCYyHEHHS LiMX CKNagHMX MOMEHTIB BUMarae 0o0amkogux O0CiOKEHb.
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