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OIIITHIOBAHHS ITAPAMETPA KOBAPIAITINTHOT ®VHKITIT
HETAYCCOBOTI'O BUIIA/JIKOBOTO ITPOIIECY Y MOJJEJII 3
IIOXUWBKOIO

An interval estimation for unknown parameter of covariance function of one non-gaussian stochastic
processes in model with measurement errors was found in this article.

V it cTarTi A8 HEBIIOMOTO MapaMerpa KoBapiamiiuol (DyHKIHT OHOTO HErayCcCOBOTO BHIIAIKOBOTO
TIPOIECy 3HAMUIEHO iHTEPBAIBHY OIIHKY Y MOJENI 3 MOXUOKOI0 Yy BHMiPIOBAHHSIX.

1. Beryn. 3agada omiHIOBaHHA HapaMeTpiB KoBapialiifHux (byHKIIIH BUIATIKOBHX
HPOIECIB Ta IOJIIB BUHUKAE y 0ararbOX Cy4aCHMX MOJEJISX TiJIpoJIorii, rijijpoMexa-
HIKM, aCTPOHOMII, PaIioe/IeKTPOHIKHN, (DIHAHCOBOI MATEMATUKH Ta 1HIIUX TaJIy3sX
HAYKW 1 TexHiKW. B ocTanni AecaTHIITTS TOPS 3 KIACHIHIMA METOJAMU OIIHIOBA-
HHS HEBITOMHX HMapaMeTpiB B CTACHCTHUIN BUMAIKOBHUX IPOIECIB 3aCTOCOBYIOTH Me-
ToJ OakcTepiBchbKuX cyM. Ha BiaMiHy BiJ iHIINX METOIB, CTATUCTHKH, MOOYI0BaHI
3a JIOIIOMOI'0I0 MeTO/1y 0AKCTEPIBChbKUX CYM, JIO3BOJISIOTH 1100Y/lyBaTU KOH3UCTEHTHI
OIIHKM Ta HEACUMNTOTHUYHI 1HTepBaJW HAMIHHOCTI JJId MEBHOTO KJACy BUIAIKOBHX
nporeciB. Hanpukiaz, miit Temaruni npucsstaeni poborn P. €. Maitbopoan [1], FO.
B. Kozauenka ta O. O. Kypuenka [2]|, O. O. Kypuenka [3], 2K.- K. Bperona, I.
Hypaena ta /Ixx. [Texkari [4].

Ocrannim gacom 0yJ10 onyO/iKOBaHO Ppsaj PyHIAMEHTAJTBHEX POOIT, IPUCBAIE-
HUX BUBYEHHIO MOjeJsieil criocTepezkenb 3 noxubkamu B perpecopi. Tak, y kuurax [
[Treenaiica ta T.-I1. Mirrara [5] i B. A. ®y/ep [6] supuatorhes weminiitni Moei
— {K CKaJgpHi, Tak i BeKTOpHi; migpyynuk Y. Yenra ta /Ixx. Ban Hecca [7| moci-
JKye JiHiiHl i moninomiaabai Mogeni. Monorpadia C.B. Macioka, O.I. Kykyma
Ta iHmux [8] mpucBsUeHa HeJIHIRHUM MOJEIAM perpecil 3 HOXUOKAMH BUMiDIOBAH-
H¢ Ta OI[IHIOBAHHIO HapaMeTpiB MoOjeseil, a TaKoXK 3a/ladaM OIIHIOBAaHHS PU3HUKIB y
MOJIEJISIX 3 TIOXUOKAMU B JI03aX ONMPOMIHEHHS.

FO. B. Kozauenko ta O. O. Kypuenko [9] y 2011 p. orpumasu Teopemu 6akcTepiB-
CHKOTO THUILY JIJI OJHOTO KJIACY BHIIAIKOBUX MPOIECIB 6€3 MPHITYIIEeHHS I'ayCCOBOCTI.

2. IlocTanoBka 3ama4i OIiHIOBAHHS.

Hexait (2, F', P) — iimMoBipuicuuii mpoctip.

Oznauenns 1. [9] Bunadrosut sexmop (§,m) € Ly(2) X L4(2) mae saacmu-
sicmv K, axwo

1) B¢ =FEn=0,

9) BE(€+n)* <3(E(¢+n)?)".

Kaac yciz dsosumipnux sexmopis 3 eaacmusicmio K nosuavwumo K. Ilidkarac Ky
waacy K eusnavumo ax nabip 3 yciz eexmopie xaacy K, das axuxr E(E £ n)t =

2\ 2
3(E(E+n))"
Haupukiag, /i He3a/e2KHUX PIBHOMIDHO PO3NOJLIEHUX HA BLAPI3KY [—a, al,
a > 0, BunajgkoBux Bejuunt &1, BunagakoBuii BekTop (£1,&2) HANEKUTH KJIacy

K [9).
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Jlema 1. [9] Hexati &,& — Hesaneschi 6unadkosi 8EAUNUHY 3 HYAOBUM CEPE-

. . . 2 .
OHIM TG CRIMMEHUMU MOMERTAMU 4—20 nopadky maxi, wo FE (&) = 3(FEH) i =
1,2. Todi sunadkosuii eexmop (&1,&2) nareorcumos xaacy K.

Jlema 2. [9] Hezati & = (&1,&),m = (m1,m2) — Hesaaesncni 6unadkosi 6eKmopu
kaacy K. Todi eunadrosut eexmop & + 1 makooic nanrescumo xaacy K.

Osznauennsd 2. [9] Bunadrosud npouec {Y (t),t € [0,1]} 38 nyavosum cepednim
HA3UBAEMBCA Npouecom 3 npupocmamy kaacy K (sidnosiono Ki), axuwo das do-
ginvrur 0 < s <t <u <wv <1 eunadkosi eekmopu (£,1n), de E =Y (1) —Y(s),n =
Y (v) = Y(u), maroms eaacmusicme K (sidnosiono K ).

Hanpukia, rayccoBuii BUNIQIKOBHUI TPOIEC 3 HYJBOBUM CEPEIHIM € TPUKJIAIOM
BHIIa/IKOBOTO IPOIECy 3 IpHpocTamMu Kiaacy K.

Posrisaemo Bunajaxosuii nporec {B(t),t € [0,1]} 3 HyapoBuM cepenHiM 3HaYe-
HH$M, KOBapialniifHoIO (hyHKIIEIO:

EB(t)B(s) = % ([t + [s]? = |t = s|*) , t,s € [0,1], H € (0,1), (1)

i npupocramu Kjiacy K;.
Hexaii Mu cniocrepiraemo 3nauenns sunakosux seuaud Y (0), Y (%) o X (1),
n

Kl BIAPI3HAIOTHCH BiJ| ClPaBAKHIX 3HAUYeHb BunajkoBoro npouecy {B(t),t € [0, 1]}
3 mpupocTamu Kjacy Ky, B Toukax

k
Qp,
ne (a,) € Nya, — 0o,n — 00, Ha BeJIMYMHY MOXUOKU BUMIPIOBAHHSI {5;3’”{0 <k<

ap }, IPUIOMY
k k
Qn, Qn

Je O — He3aJIeZKHI BUIIA/IKOBI BeJIMUUHU 3 HYJIbOBUM CEPEJIHIM Ta CKIHYeHHMH MO-

nggan—l,nzl},

. 2

MeHTaMH 4-T0 mOpaAKy, A1s akux E07, = o2, o2 — Bigome, ta B}, =3 (E6Z,),
0<k<a,.

Baaua oniHoBaHHs (DOPMYJIIOIOETHCS TaK. 3a CHOCTEPerKeHHIME B Mozesi (2) 3a

an

BUNAKOBUM TIporecom {Y (ﬁ> |0 < k < a,} norpibno nobyyBaru iHTEpPBAIbHY
OIHKY J/s HeBijomoro mapamerpa H, H < H* < 1 3 Bimomum H*, KoBapiaiii-
noi dyukuii (1) Bumaakosoro mpouecy {B(t),t € [0,1]} 3 nmpupocramu knacy Kj.
[IpuiycrumMo Takozx, mo s AoBlibHoro o > 0 ps > o a,® — 306ixHuil.

JIpoboBuii OpoyHIBChKHiT PyX € MPUKJIAI0M BUIIAIKOBOTO POIECY 3 KOBapialiii-
Hoto dynkiieo (1) i npupocramu kiaacy K.

Y po6ori [10]| HaBegenuii mpuKIa HErayCcCOBOIO BHIAIKOBOIO MPOIECY 3 KOBa-
piamiiinoo dyukmieo (1) i mpupocramu knacy K;.

3. OcHOBHUii pe3yabTar.

Jluist 3py9HOCTI BBE/IEMO HACTYIIHI MO3HAYEHHS:

k+1 k
ABk,n =B < il ) - B (_> s A(Sk,n = 5k+1,n - 5k,n7

an n
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AYk,n:Y(k—l—l)—Y(ﬁ),ogkfan—l.

an n

[IpomonoBana oninka mapaverpa H koapiamiiinoi dyskmil (1) mis po3risiy-
BaHOI MOJIeJI 3 MOXHUOKOIO TPYHTYEThCS HA CTATHCTHUIL:

Z AYkn — 2a,0°, S’n = aiH_lSn,n > 1.
k=0

Jlns oninku gucrepcii 6akcTepiBCHKUX CyM S, MU 3aCTOCYEMO TaKy JIEMY.

Jlema 3. [9/ Hexadi sunadrosuts sexmop (&,1) nasesrcumo kaacy K. Todi eu-
KOHYEMBCA HACTIYNHA HEPIBHICND!

E (&%) < 2(B¢n)* + EEED* + % ((E§2)2 — éEg‘*) + % ((En2)2 — %En“) .

[3 1iel leMu BUILTHBAE, 10 JUist Bunaakosoro mpomuecy {B(t),t € [0,1]} 3 npu-
pocramu nopsiKy Kiaacy K7 sunagkosuii Bektop (€, 1) 13 o3Ha4eHHs 2 33/10BOJIbHIE
HEPIBHICTD:

E (&) < 2(B(&n))” + EEEn’. (3)
Jlema 4. Hezaii H* € (0,1). Todi

10 . 1
sup VarS, < —+ 8a" ~1g? 4 Qa1 (2 — —) ot+
He(0,H*) Qn Qn
= ((4—4H"), H*€(0,});
+ l(l—l—lnan) H* =3;
aiH*73 * 3
an <1+4H* 3) H 6(171)7
de ((s) =207 =, s> 1.
Alosedenns. 3naiiieMo ClIOUATKY MaTeMaTH4He CIO/IBAHHA BUIAJIKOBOI BeJn-
quHU S,

anp—1
ES, =d*"'ES, = *"7'E (Z (AYi,)® — 2%02) =

k=0

anp—1
S kE+1 k k+1 k
- (§ E(W( - )+Y2( >—2Y( i )Y(—)) —2an02).
Qn an n n
k=0
I3 Burasigy mofeni (2) Ta cTOXaCTHYHOI HE3aJEeKHOCTI BUIIQJIKOBHX BeJHYUH

{B (%) 75k,n|0 < k < a,} BunjMBaE€, MO MaTeMATHYHI CHOJIBAHHS JIJIsT JOOYTKIB
EB <£> Ok = 0, B0k nOpt1,n = 0,0 < k < a,,, 3BiaKM:

an—1 2 2
. 1
ES, = aiH_1< E E( (B (k; ) +5k+1,n> + (B <aﬁ) - 5,w) —
k=0 n n
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—2 (B (k i 1) + 5k+1,n) (B <£) + 51{7”) - 2an02> =
Qp, anp,

an—1
: k41 k
= g2 ( > (EB2 ( - ) +E6,,, + EB? (a—> + E6;,,—

k=0

(5)(2) )

Toxi 3 dpopmyu (1) mias Koapiamiitaol ¢dyHKnil Bumaakosoro mporecy { B(t),t €
[0,1]} Ta Bu3HAYEHHS BUNIAJAKOBOI BeJIMYUHU Of , BUILJIUBAE, 110

an—1 2H
N - k+1
ESn:aiH1< 5 (‘ ;— +0o®+

k=0
_2<

2H
an—1
= a1 < Z <202 +

k=0

2H
+ o2~

Qn

2H
2H
i ) — 2an02> = 1.

an

E+1 M

Qn

k

an

Qn

3 ByracTuBOCTEil JTECTIEPCiT BUTIAIKOBUX BEJTUIUH MAEMO:

VarS, = Var (a2771S,) = ax"*VarsS,,

an—1 an—1 2
VarS, = E (S, — ESn)2 =F (Z (AYk7n)2 — Z E (AYk,n)2> =
k=0

k=0

—F (i ((Ay,m)2 ~E (AY}W)Q) ( (AY;)? — E (AY;)? )) -

k,j=0
an—1
= Y (B (Vi) (AYj0) = B (AYi,)’ B(AY;,)).
k,j=0
Braciok HepiBHOCTI (3) JJjisi IPUPOCTIB HErayCCOBOIO BHIAJIKOBOIO MPOIECY
{B(t),t € [0,1]} BumuBae, 1o

an—1 anp—1
VarS, <2 Y (EAY;,AY;,)2 =2 (E(AY:)%) +
k,j=0 k=0
an—1
+4 > (BAY,AY,)%. (4)
k,j=0,
j<k

Toni 3 BusHauenHs Bumaakosoro mnporecy {B(t),t € [0,1]} ra Hezamexnocri
BHUIAIKOBUX BeaudnH { B (%) ,5;{7”’0 < k < a,}, onepxKumMo:

s s (42)-(£)
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E(Y2<k‘+1> }72<k‘> (k’+1) <kj)>
Gp, anp, Gp, Qnp,

E52 EBQ k E52

) k+1,n ( ) k.n

126

Qn

1
—2F (B (k ; ) + 5,§+17n) (B (g) + 5,@,1) =a,* + 20 (5)

Ockinbkn, Bunaakosi Beanaunu ABy , 1a Ady,, 0 < k < a, — 1 € He3aI€KHUMY,

TO
EAY;,AY;, = E(ABgy + Ady) (ABj, + AS;,) =

— EAB,AB;, + EAS 0 A8, k # j.

Hani, Bukopucrosytoun dopmyry (1), maemo:

sanan e (5(522)-0(2) (s(52) -0 (2) -

G R N L TR N (G R (e ©)
2 an an, 2 an
IToknazemo
11141127 2H {1 _12H

3BijICH BUILIMBAE HACTYIIHE CITiBBiIHOIIEHHSI:

EAYk,nAY}’n = %GnZHUkj + EABkmABj’n, 1 < k,j < Ap — 1.

3HaiiieMo cepefHe s J0OYTKY He3asleKHUX BHIAIKOBUX BennduH Ady, Ta
Abjpn, 1 <k,j<a,—1:

EAdk,nA(sj,n =F (6k+1,n - 5k,n) (6j+1,n - 5j,n) =

= E<5k+1,n5j+1,n — Ok+1,n00jn — Ok nOjt1m + 5k,n5j,n) =

202, axmo k = j;
=q —0? akmo k=7 —1; (7)

0, akmo |j — k| > 1.

TakuM 4MHOM, BpaxoByloun cuisimmomenns (5)—(7) ta mepisnicrs (a + b)® <
2(a*+ %) ,a,b € R, i3 pisnocti (4) Mu oTpuMaemo, 1o:

an—1 an—1

_ 2 1 _
VQTSn - 2( Z (an2H + 202) + 2 Z <§CLn2H’Uk»_]’+
k=0 k,j=0,
i<k
9 an—1
+EA5,€,”A5M> ) < 2< (a,* +4a,*"0” + 40*) +
k=0
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an—1

2
+4 Z ( _4HU;% _j (EA5k,nA5j,n> )) = QCL}L_U{ +8a1 M52 4 8a, 0%+

k,j=0,
i<k

an—1 an—1
n n 1
'S ( 4HU,3]+U)+8 Y (4a iy ])_

lk—jl=1, [k—j|>1,
j<k i<k
an—1
_ o, 1—4H 1-2H 2 4 —4H 2
= 2a, " +8a, + 8a,0* + 8(a, — 1)o* + 2a,, E Vi j-
k?j:07
j<k

[Toxknmanaroun k — 7 = 1,5 < k, 3 nonepeIHiX MipKyBaHb OTPHMAEMO:

VarS, < 2a-"* +8a"*0* +8(2a, — 1) o* + 2a,*" Z

k,j=0,
i<k

an—1
< 2a:* 4 8al M o? +8(2a, — 1) o* + 2a} 47 Z vy
=1

2 . .
Ockinbkn v = (22H 2) <4 upu H € (0,1), To mjst gucnepcii noc/iioBHOCTI
DaKCTepiBCHKUX cyM S, MA€MO

anp—1
VarsS, < 2a*" +8al"*0* +8(2a, — 1) 0* + 2a, " <4 + Z v?) (8

=2

aji, Tak gK v; — IPHUPICT APYTroro IOpaiaK uxuii f(z) = 2?7, 2 > 1 ua
y y @y

Biapisky [[—1,[4+1], To 3 dopmynu mis upupocry n-ro nopsaky npu n = 2 [aus. [11],
c. 244] sunmsae, mo vy = 2H(2H — 1)0?7 72 ne 6, € (1 — 1,1+ 1). Bpaxosyioun, 110

sup [2H(2H —1)| =2,
He(0,1)

OTPUMAEMO

2 < 4 [ >
Vi S gy b2 2

Tozi 3 ocranHbOi HepiBHOCTI Ta HepiBHOCTI (8) BHIIMBAE HACTYNHA OIHKA 3BEPXY
TS THCIIEePCil BUIIAAKOBOI BEJTMYUHA Sy,

an—1

_ _ 1
‘/GTS% §;10a; 4H’+»8a1 2H 2 +»8(2an ].)O'4 +—2a; 4H :g: Zijj13§:2?f'

Taxkum 9uHOM /IS BUIIAJIKOBOI BEJIUYUHA S, = aiHﬁlSn OTPUMAEMO

a 1
A 10 * * 1 2 7 1
sup Vars, < ——1—8&7211{ _102+8aiH -1 <2 — _) i M _ (9
He(0,H~ Qp, ap, an ; (l _ 1)474H ( )
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Ockinbknu
v ((4—4H*), H*¢ (30, 3);
ZWS l+na,, — H*=4;
=1

AH* -3
[y * 3
s akmo H* € (Z? 1) )

ae ((s)=>7, #, s > 1, 1o i3 mepiBHOCTI (9) OTPUMYEMO TBep/ZKEHHS JeMHu. Jlema
JTOBEJICHA.

3. HoBipui inTepBanu. [lepeiigemo 10 1mobymoBu JI0BIpYOro iHTEpBALY /I
napaMerpa f, mo BXOJMTH MOKA3HUKOM JI0 KOBapialliiitHoi (pyHKIIII BHUIIAIKOBOTO
nporiecy {B(t),t € [0,1]} 3 mpupocramu knacy K y mMomesni cniocreperxkentst (2).

Teopema 1. Hezxati H € (0, H*], de H* € (0,1) — ¢ixcosaro. Todi inmepsan
(Hpi, Hyp) N (0,1) € dosipuum inmepsanom oas napamempa H 3 pienem dosipu
1-pe(0,1), de

1/ I(l—9)—1 1/ I(l+~)—1
Hnl:—(1+n( ) HS"),HMZ—(Hn( ) nS”),

’ 2 Ina, ’ 2 Ina,
0, (H* .
V= ( )7 0.(H")= sup VarS,.
p He(0,H*

Hosedenns. Hexaii 1 —p € (0,1) — 3amanmii piBeHb JOBipUH Ta HEPIBHICTH
1S, — 1| = |a?71S,, — 1| < v, BuKOHYyeTBCH 3 BesMKOIO iiMoBipricTio. Lle o3nauae,
IO HEePiBHICTH

P{|§n—1|>7}§p (10)

Oy/le BUKOHYBaTUCh 3 MaJioio iiMosipwicTio p € (0, 1).

BuKOpHCTOBYIOUN HATIT MPUITYIIEHHST B IaHiii Mojiesi criocteperkents (2), 3 aHa-
JIOTTIHUX MIpKYBaHb, MPOBeIeHUX Y PoOoTi [12] mom0 mobyoBu 1oBipUoro inTepBasy
JIJIS TTapaMeTpy XIOpcTa B MOJIe i 3 MOXHOKOIO B perpecopi, OTpUMAEMO iHTepBaIbHY
ominky Jiyist napamerpa H, H < H* < 1:

He (1 In(l—7v)—InS, 1 In(l+~)- lnSn> '

2jL 2Ina, ’§+ 2Ina,

BHaii1eMo OmiHKY /i BequauHu Y. JJ1s horo 3a gomomMoron HepiBHocTi Hebn-
moBa i3 mepisrocTi(10) orprMaemo:

P{Ign—1|>v}SWSp-

Jlami, BUKOPUCTOBYIOUN OTPUMAHY B JieMi 4 OIIHKY /g JUCHepcii B IKOBOL
BeJIMYrHE S, Ta OCTAHHIO HEPIBHICTH, MH MAa€MO

i 0, (H* i
P {|Sn —1] > 7} < ( 5 ) <p, naeb,(H")> sup VarS,.
Y He(0,H~)

Tomy crnpaBemuBoIO OyIe HEPIBHICTH
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OTKe, Y BiJIMOBITHUX 3HAYEHHAX BEJUINH 0 Ta H*, a TaKOXK IPU ONTUMAJIBHO-

MY 9HCJi CIOCTEePEZKEeHDb 1 38 JOMOMOTOI0 OCTAHHLOI HEPIBHOCTI 3HAMIEHO OTIHKY 1715
Be/INYUHU 7. 3BIJICH, BAKOPUCTOBYIOYH IIPOBE/ICH] BUIIE MiPKYBaHHS, OTPUMAEMO JI0-
Bipuwmii inTepsan 3 pisaem gosipu 1 — p € (0, 1) aaa posragaysanoro mapamerpa H
koBapiariitrnoi dbyukmii (1). Teopemy mgoseaeHo.

4. BucHoBokK. B po6oTi Ha 6a3i 6aKcTepiBCbKUX CTATUCTUK ITOOYI0BAHO HEACHM-

OTOTHYHI JOBipYi iHTepBaIn g HapaMeTpa KoBapiamiitHol dyHKII BHIIAIKOBOTO
nporecy kiaacy K B omHiit Moaesi cocTepeskeHHs i3 MOXHOKO0 Y BUMipIOBAHHSIX.
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