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IMTPO OIVIH I3 METO/A1B MOAEJIFOBAHHA KBAJIPATNTYHO
ITFAYCCOBUX ITPOIIECIB KOKCA

In this paper we deal with Cox processes driven by a homogeneous square-gaussian random pro-
cesses. We construct models of such processes which approximate them with some accuracy and
reliability given beforehand.

Posrnsnarorbess Bunaakori mporecn Kokca KepoBaHI CTAIliOHAPDHUMH KBaJIPATUIHO TayCCOBUMM
nporecamMu. BymyroTbest MOIesTi TaKuX MPOIIECiB, MO HAOIMKAIOTE X 3 MEBHOK TOYHICTIO Ta HAIIH-
HICTIO, 3a/JaHUMH HATIEPE/I.

1. Beryn. B poGoti onucyerbcsi OJiuH 3 METO/IB MO/IEJIOBAHHS BHIIAIKOBUX
nporeciB Kokca. A came, Oyze pO3IJISHYTO BHUIIAJ0K KOJIM IHTEHCUBHICTH € CTAIiO-
HAPHUM KBaJIPATUYIHO rayCCOBUM BHUITAIKOBUM TporecoMm. lana poboTa B meBHOMY
po3ymiuni € mopudikarmiero [1]. B Hiit BUKOpUCTOBYETbCsI aHATOTIYHIIT MeTO TO0Y-
JIOBU MOJIeJTi BUIIAIKOBOTO Tpotiecy Kokca, ajie MpOMoOHYEThCS 30BCIM 1HIITHNA TT1IXiT
JI0 MOJIEJIFOBAHHS IHTEHCUBHOCTI JIAHOT'O ITPOIIECY.

Hasenemo HeOXimHI O3HAYEHHSI.

Hexaii {2, §, P} — crangapruauii iimosipuicuuii npoctip, 8 — o-anrebpa 6opeJiis-
cokux muoxkua T, T C R, {Y (t), t € T} — cranjonapuuii, neaTpoBanuii, raycco-
BUii, HEEPePBHUIA B CepeIHbOMY KBaJIPDATHYHOMY BUIAJIKOBHI mpotec, B (t — s) =

EY (1)Y (s).

Osuauennsa 1. Hexatl Z (t) nesid emnuti eunadrosuti npovec. Sdxuso ymoenud
posnodia {v (B),B € B} npu 6yoo- ,ﬂm'zi peaﬂisauii' Z (t) e Iyacconiecokum npo-
uecom 3 ynryicto inmencusnocmi i (B fB (wo,t) dt, mo v (B) nasusacmves
sunadrxosum npouecom Kokca neposaHuM npouecom Z (t).

dxmo Z (t) = Y?(t), to v (B) 6yaemo HazupaTi nponecom Kokca KepoBaHIM
KBaJIPATHIHO TayCCOBAM BHIAIKOBUM HpouecoMm Y2 (t), abo IpoCTo KBaJApaTHUHO
rayccopuM mporecom Kokca.

Ockinbku {v (B), B € B} 1e MoABIHHO cTOXaCTHYHUI BUMAIKOBHI MPOIEC, TO
fioro Momenb Oymyerbca B aBa eramu. CHOYATKY MOJETIOEMO IayCCOBUI BHIIAIKO-
suii niporec {Y (¢), t € T}, nani posrisgaemo jneske po3ourrs Dy obmacti T i na
KOKHOMY eJieMeHTi po30urrs Dt OyjyeMO MOJe/Ib 11yacCOHIBCLKOI BUIIAIKOBOI Be-
JIMYWHU 3 BiJIMTOBIITHAM CEpPEHIM.

Hexait obaacte mogemoannst T mae purasin T = [0, T], T € R,. Posourrs
Dy = {to, 11, .. ,tk} niel O6JIaCTi Ha inTepsamn B; = [ti—1,t;] BUOEpeMO Tak, mo6
t; < tig1, TA by — d_ Z_Ok—l

Yepes Y (t) mosadmmo MO,ILeJII) uporecy Y (t), v (B;) — Mo;Leﬂb v (B;), Tobro
MOJIEJTh ITYACCOHIBCHKOI BUIAIKOBOI BeTHINHN 3 cepenrim i (B;) = | B, Y2 ) dt.

v (B;) me 4uca0 TOYOK MOJENl, N0 HaJekKaTh 00/1acTi BZ, ajle MM He 3HAEMO
IXHBOI'O CIIPABYKHBOI'O PO3TAILYBAHHS, TOMY PO3MIILYEMO 1X B B; 10BLIbHO. fKINO XK
v (B;) =1, 70 TOUKY pO3MINLYEMO B HEHTPI 001aCTi.

3po3yMLiJIo, 110 MO/IeJIb MOZKHA BBAzKaTH JIOIYCTUMOIO, SIKITIO YMOBHI HMOBIPpHOCTI

by (B) =P {v(B) =k /Y (t),t € T} a pry (Bi) = P{u( )_k/Y()teT}
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BIIDI3HSIOTHCST MaJio, a TAKOXK HMOBIPHICTH TOTO, 10 9HCI0 TOYOK v (B;) (Biamo-
BijiHO 1 v (B;)) Gyme Ginbuie oguuuii, Takok Mana. OTxKe, 3aj1a4a MOJETIOBAHHI
KBaIpATUIHO TayccoBoro mporecy Kokca po3duBaeTbcs Ha JBi 3ajadi, a caMe BH-

6opy po3ouTTa obiacti T Ta moOYIOBH MOIE TaycCOBOTO IMEHTPOBAHOTO MPOIECY
Y (t).

2. Bagaya Bubopy pos3burrta obaacti T. Po36urrs obaacri T (Tobro d abo
k) BuGupaemo Tax, mob6 BUKOHYBAJIaCh HEPIBHICTH

P{v(B;)>1} <o, (1)

Je d TeBHe Hamepe 3ajane yucyo (mampukaan, 0 = 0.01).
Teopema 1. Hezxatli {v(B),B € B} xeadpamuuno 2ayccosutdi npoyec Koxca.
I06 manra micue wepienicmo (1), d = % docmammbo ubpamU MAKUM YUHOM, UL0D

2
d< |0

8v2B2 (0)

Hosederns. Ockinbku P{v (B;) > 1} =E(1—exp{—u (B;)}
ta mpu x > 0 copasequsa oniaka 1 —exp{—z} (1 +z) <
(1) mocuthb, mMO6 BUKOHYBATACH HEPIBHICTH

Eu? (B;) < 26. (2)

— 1 (B exp{—p (Bi)})
-, TO JUlsl BUKOHAHHA

Bukonaemo Taki neperBopeHHs:
2

Eu? (B;) = E /YZ(t)dt :E/YQ(t)dt/YQ(s)ds:

B

:;E) / Y2 (1) y? (s)idtds: /7EY2 (1) Y2 (s) dtds.

BiXB,L' BiXBrL'
(3)

L — 1 Bukopucraemo mepisuicrs Lenpaepa:

. 1
[Ipm uq, ug gificHUX TAKWX, IO wte

EY?(t)Y?(s) < (EY*™ (t)) " (EY?"2 (s)) "2 . (4)
J11s1 rayccoBol BUIIAAKOBOI BeJIMUMHE & CIpaBe I TiNBe HACTYIHE CIiBBiIHOIICHHS:
¢’ = ¢, (%), (5)
OpuIOMY
¢, < V2> exp{—g}. (6)

Buxopucrosyioun (5), Maemo EY 2% (1) =cy,, E (Y2 ()" = oy, B“ (0). Anamoriuno
EY?“2 (t) = ¢, B2 (0) . Posnucasmm ca,, Ta Cay, 3a gonomoroio (6), i3 (4) maTume-
MO

EY?2(t)Y?(s) < 4V 2u uze 2B? (0) . (7)
I3 ymosu (3), mepisuocri (7), B saxiit nokmmagemo u; = uy = 2 Ta (2), BUmIUNBAE
CIPaBeJINBICTb TEOPEMU.
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3. ITo6ymosa mozmeni npomecy Y (t). Hexait {Q, §, P} — cranpapranii iimo-
BipHicHuit mpocrip, {Y (t),t € T} — cranionapuuii, rayccoBuit, aificuuii, Hemepeps-
HUil B CepeIHbOMY KBaJIPAaTHIHOMY, IEHTPOBAHUI BUIIAIKOBUIl mIporec. SIK Bigomo,
koBapiamniitna dyuknig B (7) Takux nporecis Moxke 6yTu 300parKeHa y BULJIs 1H-
rerpaiy [2]

B(r)=EY (t+71)Y (t)= /cos)\TdF (N,
0
e F (M), A € [0, +oo| monoToHHO HECcTana, HenepepsHa 3aiBa Gynkmis, F (0) = 0,
F (+00) = B(0). 3a reopemoro Kapyuena [3| cramionapuuii, neHTpoBasuii mporec
Y (t) moxke GyTu 306pazKkeHuii y BUTTISAI

Y (¢) :/Cos)\tdf()\)+/sin)\tdn()\), (8)

ae (M) ta n(\) neHTpoBaHI BHIIAIKOBI MPOIECH 3 HEKOPEIbOBAHUMHU HPHUPOCTAMU
Taki, Mo Tpu Ay < Ao

E(E() —&M)=Em) —n(\)?=F () — F (M),

F ()\) — cnexkrpanbua dyukiis nponecy Y (t), BU3HAYEHA BHUIIE.
3a Mozes1b Takoro nponecy oparumemo cymy Y (1) Burssy

N
Y(t)=> (& cos(it + npsinyt), 9)
k=0
/\k+1 )\kJrl
e & =0 EN) = [ dEN), e =2 (N) = [ dn()N), ¢ — He3anexkHI BunaKOBI
Ak Ak
semauan; Dy = {Ag, A1 ... Ay1} — Tmake pos6urTs MuOKEMHE [0, 00], MO A9 =

0, \n = AA € Ry), Ayi1 = 00, A < Aea1; &k, Tk € TAYCCOBUMHU BHIIAIKOBUMU
pesmauHaMu Takumu, mo B, = Eny = 0, EE = En? = F(A\e1) — F(\) = b3
(r — BUIAJIKOBI BEJIMYUHU, 10 TPUIIMAIOTH 3HAYEHHS HA BiAPI3KaX [Ag, Apy1] Ta npu
bz >0

E(A) —F (M)
F(Xe1) = F (M)

dkmo b =0, 10 & = 0, g, = 0, (& = 0 3 iimoBipuicTIO otuaung (TuBHCD [4]).

Fi(A) = P{G <A} =

4. HabGaum>keHHd KBaagpaTWudHO rayccoBoro mnpoiecy Kokca 3 meBHOIO
TOYHICTIO Ta HafAiliHicTIO. OCKITbKI MOJIE/b KBAaJIPATUIHO TayCCOBOIO IMPOIECY
Kokca {v (B;), B; C B} norpibuo 6yysaru 1ak, mob ymosHi fimosipocti pry (B;)
Ta Pry (B;) 3 AMOBIPHICTIO G/1M3bKO0 /10 OJMHUI BiIPI3HSIUCH MAJIO, TO HPUPOIHIM
€ HACTYITHE O3HAYEHHSI.

Ozuauennd 2. Ckasrcemo, wo modeav keadpamuuno 2ayccosozo npovecy Kowkca
{v(B;),Bi C B} nabauscae tozo 3 mounicmio o, 0 < a < 1 ma waditnicmio 1 —
v, 0 <y <1, akuwo sukonyemvea HePIeHICMD

k3

p {g}g@pw (Bi) — by (Bi) | > Oé} <7
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Jlema 1. Hexatd Y (t) — cmayionaprud, uenmposanud, nenepepsnuil 6 cepe-
IHvoMY Keadpamuuromy 2ayccosut sunadkosut npouec, modi npu p > 1 mae micue
OUIHKQ

o VIR(I6B (0) ) Al exp {~p}

oP

P { o In (B) 71 (5)] > o |

de
A2T?
N2

Ay = 2B(0) +8(B(0) = F(A)).

Zlosederns.

P L ()~ (B)| > a b < S P {ln (B)-7(B)] > a) <

< ) —1i (B; .
< kmax P {|u(Bi)— i (Bi)| > o}

BukopucroByiouun nepiuicts Hebuiirena, MaTrumMeMo

P (i (B) —fi(B)| > a} < =

[3 y3araapaeHoi HepiBHOCTI MiHKOBCHKOTO

(E|u(Bi) — i (B)")7 =

1

p) ?dt.

_ (E <Bf 2 (r) - 72 (t)‘dt>p>p < ChEOEE0

Takum 9uHOM, 13 OCTAHHIX TPHOX HEPIBHOCTEl BUILINBAE HACTYIHA OIIHKA:

k (f (E ]Y? (1) — V2 (t))p>; dt)p
P {maX 1 (By) — i (B)| > a} <\ . (10)

B;eB aP

Ckopucraemoch HepiBaicTio ['ebaepa:

2’9)é .1

Kozken 3 MHOKHEKIB ipaBol yactuun (11) orinnmvo 3a gomomororo (5).

2),9' (12)
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Bepyun 10 yBaru 306paxenns (8) ta (9) mpomecy i fioro Moz, OniHIMO PI3HHIIO

2

E’Y(t)—?(t)

Akt1 Ak41 2
=E (f} [ [ (cos At — cos Gt) dE(N) + [ (sin At — sin Cxt) dn(A )]) =

k=0 | X M
N Akt1 2 N Akt1 2
=>E ( [ (cos At — cos (t) dﬁ()x)) + > E < [ (sin At — sin (xt) dn()\)) =
k=0 YS k=0 M
N Akt1 2
= > EE. ( [ (cos At — cos (it) d{()x)) +
k=0 M
N Ak+1 2
+ S E,Eq | [ (sinAt —singt)dn(N) | =
k=0 A
N Ak+1 ) N Akt1 )
=Y E; [ (cosAt —cos(t)"dF(N\) + > E¢, [ (sin Xt —sin(t)” dF(N).
k=0 Ak k=0 M

[Tpu BukonauHi nux nepersopenb mu Bpaxysaau, o E(N), n(A), (; Hesanexui B

CYKYITHOCTI Ta BUKOpucraan reopemy PyoGimi.
Ockinbku P {(, < A} = M ta F(Apr1) — F(A\g) = b2, 10

FApy1)—F ()
. 2
E|ly 1) -7V @) -
N Akt1 Akt1
=53 [ [ (cosAt— cos 1/15)2 dF()\)degV)+
N Akt1 Agt1
+ > f f sm)\t—smyt) dF()\) ) <
k=0 X g
—1 Akt1 Akt
Z f f 8 sin” ()\ dF(A)dF(V) + f f sin? A ”)tdF()\)dF<V).
E=0 X Ag AN AN
Bubepemo po3ourtst Dy TaKuM 9HHOM, IO Agy1 — Ap = %, i=0,1,...,N—1(N €
N), roxi
2 N—1 Ak+1 Ak+1 5 s
ElY () -Y () Zf [ 282 dF () ”)+8fde )
=0 A\ A AN AN by

< 2B(0)A2F +8(B(0) — F(A)).
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I3 maworo criBBigHOMeHHs Ta (12) Maemo, 110

~ 2
E|Y () -V @) <epal,

(13)

Ay = 2B(0)ATE 8 (B (0) — F(A)).

. [Lnga rayccoBux, cTaIioHApHUX, MEHTPOBAHUX BUIIA/I-

-2
Oninnvo E ‘ Y(#)+Y (t)‘ "

~ N2
KOBHX TIporecis Maiorh Micne pisnocti E (Y (t))* = B(0), E (Y (t)) = F'(A), romy

2

E‘Y(t)+}7(t) = B(0)+ F(A) +2BY ()Y (1),

k=0 X k=0 X

EY ()Y (t) = (Z Tlcos)\tdf'( —I—Z kfﬂmn)\tdn()\))

N Akt1 N Akl
(Z [ cos(ytdE (N —1—2 [ sin¢gtdn (A ))

0 A =0 X
N ki1 N k1
=3 [ cosAtcos(tdF (N)+ > [ sinMtsin(t dF (M) =
k=0 Xy k=0 Xy
N Ak+1
=3 [ cos t(A—=¢)dEF (N).
k=0,

[3 ABOX ocTaHHIX CIIBBIIHONIEHD JIETKO OAYUTH, 1110

2p

< ¢, (4B (0))". (14)

E‘Y(t)JrY(t)

Bpaxosyioun (13) ta (14) a takox omiuky (6) ms o, iC/IsI eTeMeHTapHUX MepeT-
Bopens i3 (11) BumINBaE, 110

E[v2(t) - V2 ()] < v2(16B(0))! p7 exp {—p} A}

I3 orpumanoro crissignomenus i mepisnocti (10) BUIIHBAE TBEPZKEHHST JIEMU.

Jlema 2. Hexat Y (t) — ecmauionaprud, uenmposanud, nenepeperud 6 cepeonbo-

1
MY Keadpamuuromy 2ayccosuli sunadkosul npoyec, modi axwo o > 2d (B (0) Ay)? ,
mo MOE MICUE OUIHKG

[NIE

P {g}g@pw (Bi) = by (Bi) | > O‘} = \/ﬁkexp{_Qd(B (0) Ay) }

de AN eusnauero 6 ymosi semu 1.
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Hosedenns. CupapeninBa HepiBHICTH (j10BejieHHst quBuCh B [1])

P{ max %|ka (Biy...iin)—Dry (Biy i) > a}

i1seemin

<P {B max | (Biy,..in)— i (Biy,.in)| > O‘} :

i15eeeyin €

r P
ﬂk(lﬁB(O)dQ) 2 A% pP exp{—p}
aoP

MinimizyBaBiru (yHKITIIO 10 3MIiHHIii p, JJerko 6auuTH, 110

JIaHa JeMa BUILIABAE 3 JeMu 1.
Teopema 2. HexalY (t) — cmayionaphud, 2ayccosut, uenmposanudl, nenepeps-

Hutl 6 cepednbomy Keadpamuuromy sunadkosul npovec. HAKxu0 suroHyOMbCA YMO-
68U

N

a>2d(B(0)Ay)?,

\/ﬁkexp — a - <7,
24 (B (0) Ay)?
de
Ay =2B0) 21 4 8(B(0)~ F(n)).

modi modeav keadpamuuno 2ayccosozo npouecy Koxea {v (B;), B; C B} nabauoricae
Gio2o 3 mounicmio o ma Hadidnicmio 1 — .

Zlosederns. OueBuHO, 1O JIaHA TEOPEMa € MPAMHUM HACILIKOM O3HAY€HHS 2
Ta JIeMH 2.

5. BucunoBku. B janiit pobori Oy/1ytorbest Mojie i Bunaikosux nporecis Kokca
KePOBAHWX BUIAIKOBOIO IHTEHCUBHICTIO 3 TIEBHOIO TOYHICTIO Ta HaLiitHicTIO. Po3rIs-
HYTO BHUIAJOK KOJIM 1IHT€HCUBHICTH MOPOJIZKYETHCS KBAIPATHIHOTO TAyCCOBUM CTa-
IIIOHAPHUM IIPOIECOM Ta OJUH 3 MiIXOMIB J0 11 MOJEJTIOBAHHI.
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