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NOoBYAOOBA KPUTEPIIB 3roau NnPo BUrNsaa,
IMNYJ1IbCHOI NEPEXIAHOI ®YHKLLIT

Pe3siome. Ctarts npucBsiHeHa AOCIIXEHHIO iMyIbCHOI nepexiaHoi ¢pyHKUii, ii o4iHKv Ta BnacTuBOCTew, KBaApaTHO-
raycoBuX BUNaaKOBUX BEJIMYMH i MPOLIECIB, LBUAKOCTI 3GIXKHOCTI HEBIAOMOI iMNy1bCHOI nepexigHoi yHKuii, nepe-
BipLi rimoTe3uv npo BurAsa iMnybCHOI nepexiaHoi ¢yHKLUii, nobyaosi imitauiriHoi moaeni. [poBeaeHe A0CHIAXEeHHS
riokas3aJsio, Lo iMMy/IbCHa rnepexigHa QyHKLIS — Le BUXigHWY curHan cuctemu npu o6pobLi curHaniB, Ko BXigHui
CUrHaJl € KOPOTKUM iMIysIbCOM. Y BinbLu 3araibHOMY BUITISAI iMAYy/IbCHa nepexiaHa QyHKLUis onucye Bianosigb abo
BUXiA CUCTEMU SIK PYHKLIIO Yacy. Takox iMnyibCHa nepexigHa QyHKLisS BBaXXa€eTbCsl BAaCTUBICTIO CUCTEM J1iHIIHOro
nepemiLeHHs. Y npoueci 40CIAXEHHS OLIHKU iIMITYy/IbCHOI nepexigHoi pyHKUii Ha OPTOHOPMOBaHOMY Ta TPUIOHO -
MeTpuyHoMy 6asucax 6y cpopmoBaHi ABi ymoBu A, b Ta 3ayBaxxeHHs1 0 HUX, SKi Hagasi B po60oTi BAKOPUCTOBY-
10THCS 4715 3HAXOAXEHHS Pi3HUX Koe@ilieHTiB. JocCiaxeHHs KBaapaTtHO-rayCoByxX BUNaaKOBUX BEJINYUH | POoLeciB
rioka3aso KOpUCTb Bifl BAKOPUCTAHHS iX MO BiAHOLUEHHIO A0 iMy/IbCHOI nepexigHoi ¢yHKuUii. Takox 6ysa noka3aHa
Teopewma, sika gasa ouiHKy BMOBIPHOCTI BEJIMKOro BiAXWIEHHS KBaapaTHO-raycoBOro rnpoLecy B HOpMi Hernepeps-
HOT @yHKUii. Jns AOCNIAXEeHHS LWBUAKOCTI 36iKHOCTI OLHKM HEBIAOMOI iMMy1bCHOI nepexiaHoi GyHKUii B mpocTopi
HernepepBHUX QYHKUIV i B npocTopi L, 6y cpopmoBaHi 1ema, a Takox Teopema, sika 6earnocepenHbo rokasasna
LUBMAKICTL 30IKHOCTI OLIHKY iMIy/IbCHOI nepexiaHoi QyHKUiII B MpocTopi HernepepBHUX QyHKLUii. Bynn cpopmoBaHi
HYJ/IbOBa ¥ asibTepHaTuBHa rinote3uv. HysiboBa rinotesa cTBepaxysasa, LWo iMy/1bCHa nepexigHa QyHKUis iCHYeE, a
asbTepHaTuBHa rnepeabayana npoTUIexHe TBepaAXeHHs. [ nepeBipku rinoteau rnpo Bursa iMnysibCHOI nepe-
XiaHoI @yHKUii 6yna BukoprucTaHa TeopemMa, 3a 4OrnoMOroo sikoi 6yB c¢popmoBaHuii Kputepii. [as nobynosu imi-
TauiiHoi moaeni BUKOpMCTOBYBasiocs IHTerpoBaHe cepeaosuLle po3pobku Visual Studio Community 2022 (moBa
nporpamyBaHHs C++) Ta cuctema komn’totepHoi anrebpu Wolfram Mathematica an1s aHaniTM4HUX NEPEeTBOPEHbD |
4YncesIbHUX PO3PaxyHKIB, L0 Aasi0 3MOry AOCUTb TOYHO 3P00OUTH MaTeMaTnydHi PO3pPaxyHKU.

Knio4yosi cnoBa: iMnynbcHa nepexiaHa QyHKUis, KBaapaTHO-rayCcoBi BeJINYUHN, OUiHKa IMMY/IbCHOI nepexigHoi
QYHKUII.

BCTYN Yy pagapax, ynsTpa3BykoBOMY AiarHOCTUYHOMY 00-

IMnynbCcHa nepexigHa QyHKUia — Le peakuisa
OyOb-aKOT AMHAMIYHOT CUCTEMW Y BiAMOBIab Ha ae-
SIKY 30BHiLLHIO 3MiHYy. OOHi€0 3 HANMOLMNPEHILLINX
cdhep BUKOPUCTAHHSA iMMNYSIbCHUX 3BYKIB Y MY3WULL
€ noaasaHHs pesepbepaldii 40 pisHux ronocis. i
4aCTO BUKOPUCTOBYIOTh, HANpuknaa, Asas CTBOPEH-
HS Pi3HUX edeKTiB i 3BYKIiB ANna ritap. Ang imitauii
3BYKY 3aJ1iB TaKOX BMKOPUCTOBYIOTbCHA NY/bCO-
Bi NnepenneTeHHs 6araTbOXx BiJOMUX KOHLUEPTHUX
MangaH4ynKiB.

B ekoHOMiIUi iMNynbCHa nepexigHy OyHKLUiO
BUKOPUCTOBYIOTb [J191 ONMMUCY EKOHOMIYHMX peakLii
Ha 30BHIiLWHI iIMNYNbCN B MAaKPOEKOHOMIYHUX MO-
nensax. IMnynbcu, ski TakoX Ha3MBaloThb LLOKaAMMN,
3 MaKpPOEKOHOMIYHOT TOYKM 30PY, € TAKUMM 30BHilLLI-
HiMK daKkTopamm, K N0AATKOBI CTaBKN, AEP>XaBHI
OoaXeTn, pesepBu ToWOo. IMAynbCcHa nepexigHa
GYHKLUIA ONUCYE peakLilo EKOHOMIKM Ha iMMNyJbC,
0e 3MIHHUMUN € BUMYCK, CMOXWBAHHS, IHBECTMLIT Ta
piBeHb 6€3p0o6iTTA HA MOMEHT iMMyNbCy Ta B Ha-
CTYMHI MOMEHTM Yacy.

OkpimMm nepepaxoBaHux BuLe chep, iMnynbcHa
nepexigHa GyHkLis TakoX Bigirpae BaxmBy pPosib

NafiHaHHI Ta CynyTHUKAaX.

MerTol0 cTaTTi € N0OyAOBa KpUTEPIiB 3roan
MpPO BUMMAA iMMYSIbCHOI NepexigHoi pyHKLji Ta Bia-
NOBiIAHOro NporpamHoro 3acoby Ha OCHOBI No-
OynoBaHux kpuTepiie. Ona AOCArHEHHS METU No-
CTaBJIEHO TakKi 3aBAAHHS:

¢ 03HAMOMMUTUCS 3 IMNYILCHOIO NepexigHOoIo
dYyHKLiE Ta i1 BNACTUBOCTAMU;
® OUIHUTW iIMNYNbCHY NepexiaHy PyHKLLK Ha Op-

TOHOPMOBAHOMY Ta TPUrTOHOMETPUYHOMY Ba-

3ucax;

e 03HaAMOMUTUCH 3 KBaAPaTHO-rayCoBUMU BU-
nagkoBMMU BeNM4YMHaMu Ta npouecamu;
e OOCNIANTU WBUAKICTb 30iXXHOCTI OLiHKMN He-

BiAOMOI iMNYNbCHOI NepexiaHoi pyHKLIT;

* MNEPEBIPUTU riNOTE3N MPO BUMSS, iMAYAbCHOI
nepexioHoi yHKUIT;
e nobyaysBaTu iMiTauiliHy Mogerb.

AHAJI3 NYBNIKALIA

Mpobnema ineHTUdikauii 1 oLiHKKM cTOoXac-
TUYHOI NiHINHOI cMcTeEMN € NpeaMeToM aKTUB-
HUX DOCNIOXEHb OCTaHHIX POKiB. |oeHTndikauia
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cUcTeEMM O3Havyae NodynoBYy MaTeEMaTUYHUX MO-
nenen guHamiyHMX CUCTEM Ha OCHOBI criocTepe-
XYBaHUX BXiOAHUX | BUXIOHUX gaHuX. Lle cTtBOploe
3HAYHY KiNbKiCTb MOAENEN, AKi MOXHA PO3MAHYTH.
Cdepa 3acToCcyBaHHS LUX MOAENen ayxXe WnpokKa:
obpobka curHanis, aBToMmaTU4He KepyBaHHS, @i-
HaHCOBMUIM PUHOK, MeAuLMHA, MallMHHE HaBYaHHS
TOLO.

MTaHHA OLIHKY iIMNYIbCHOT NepexigHoi GYyHK-
uii nogibHe 0o o6epHEeHOoi 3aaadi Ta PO3ropPTKU, AKi
BUKOPWUCTOBYIOTbLCS, HAaNpuknaa, aas BiAHOB/IEHHS
CUrHasny 4ym 300paxeHHs, BUSBEHHS CUTHay.

LlikaBuTb OLiHKaA Tak 3BaHOi iIMNYNbCHOI Nepe-
XigHOI dYHKLIi Big cnocTepexeHb 3a Biarykamu
cuctemu SISO (single-input single-output) Ha neB-
Hi BXigHi curHanu. ns po3s’a3aHHa Uiei npobnemm
BUKOPUCTOBYBA/INCS Pi3HI CTATUCTUYHI NiAX0au.
3raganmo aBi MmoHorpadii 3 uiei npobnemn beH-
nataillipcona [1] Ta LUeTueHa [2]. Akalike [3] oo-
cnigxyBaB NiHinHy cuctemy MISO (multiple-input
single-output) i OTpMMaB OLHKM NepPeTBOPEHHS
dyp’e PyHKUii BiAryky B KOXXHOMY KOMMOHEHTI.
lMi3HiWwe BiH PpO3rNsAHYB CUgHapil, Wo nepenbdayae
Heraycosi npouecu [4].

Leski meToan OuiHKM HEBIAOMOI iMNYNbCHOI
nepexigHoi GYHKLUIi NiHiNHOI cucTeMm Ta AOCAi-
[)KEeHHS1 BNacTUBOCTEN BiANOBIAHMX OLIHOK Oynu
pPO3MAHYTI B Npauax bynaurida ta moro nocnigos-
HuKiB. Lli MeToan 3acHoBaHi Ha NobyaoBi BUBIPKO-
BOI KPOC-KOpenorpamm Mix BXigHMM CTOXaCTUYHUM
MPOLLEeCOM i BiAMOBIAAI0 CUCTEMMN.

HepiBHicTb po3nogainy Ana cynpemymy noxmo-
KM OLIHKM B MPOCTOPI HENEPEPBHUX PYHKLLIN Y BU-
nagky Kpoc-KOpPenorpamMHoi OLiHKY iHTerpasbHOro
TNy otpumaHa Kosa4veHkom i Po3opoto B [5].

Y npaui [6] po3rnsHYyTO HENEPEPBHY NiHIAHY
CUCTEMY, HE3MIHHY B 4Yaci, 3 AiCHOIO iMMNYIbCHOIO
nepexigHoto GyHkuieto. MNMpouec BXigHOro curHany
OyB rayCoBMM CTOXaCTUYHUM MPOLLECOM i3 HYJIbO-
BUM CepEeHIM, akunii OyB NpeacTaBieHnin y BUrnaai
06p06neHOoi CymMM WO 00 OPTOHOPMOBAHOIo 6asncy
B L,(R). Bunapok noniHomiB EpmiTa ik OpTOHOP-
MoBaHoro 6asucy B L,(R) 6yno BUBYEHO.

Y [7] ans iHTEerpanbHOi KPOC-KOPENOrPamMHoi
OUjiHKM BYB HaNMcaHW anropuTM NepeBipkn cTa-
TUCTMYHOI rinoTe3u ang GyHKUii Bignosiai i3 3acTo-
CYBaHHAM BEPXHbOI OL,iHKM NEPEBULLEHHS BUNaa-
KOBMM KBagpaTHO-rayCoOBMM MPOLLECOM 3 PiBHEM,
3a0aHNM HENEPEPBHOI PYHKLIEIO.

BUKJIAL OCHOBHOIO MATEPIANY

IMnynbcHa nepexigHa yHkKuUiq, T OLiHKa
Ta BJIaCTUBOCTI

IMAynbCcHa nepexigHa GyHKLUig — ue peak-
Lis 6yab-aKoi AMHAMIYHOT CUCTEMU Y BiAMOBIOb
Ha OesKy 30BHILWHIO 3MiHY. Hanpuknag, iMmnynbCHY
nepexigHy GyHKLji KiMHaTM MOXHa BigobpasnTtu

Ta BUMIPATU, FEHEPYIOUYN KOPOTKUIA 3BYKOBUIN CUT -
Han y KiMHaTi Ta 3anmcyyun Moro pa3oMm i3 cur-
HanoMm peBepbepalii. 3HaUYM YaCcTOTY i AOBXNHY
MnOY4YaTKOBOIr0 CUrHasy, MOXHa 3HaNTU IMMYJIbCHY
nepexigHy @yHkKLil0 B KiMHaTI. IMAynbCcHa nepe-
XigHa QYHKLiS BBaXaETbCS BACTUBICTIO CUCTEM
NIHINHOrO NEPEMILLEHHS.

Po3rnaHemMo He3MiHHY B 4aci HenepepsHY
NiHINHY cncTeMy 3 KBaApaTHO iHTErPOBAHOIO iM-
nynbCHOIO nepexigHot ¢yHkuie H(t), gka BU-
3HaveHa Ha CKiH4YeHHin obnacTi iHTepsany t € [0,A].
Lle o3Havae, o BiAMOBiAb CUCTEMU HA BXiOHUNA
curHan X(t), wo cnocTtepiraeTbCcq Ha t € R, mae
HacTynHy dopmy:

Y(©) = [ HOX(t —1)dt, tER, (1)

Ta H € L,([0,A]).

OpHieto 3 Npobnem, Wo BUHUKAE B TEOPIi NiHiN-
HUX CUCTEM, € OUjiHKa PYHKLIT H Big, CNOCTEPEXEHDb
3a BiANOBIOAI0 CUCTEMM HA NEBHI BXiAHI CUTHaNN.

Hexain cuctema dyHkuiint {@o(t), i (), ¥, (0),
k = 1} 6yne opTroHopmoBaHM 6asuncom B Ly([0,A]).
MpunycTumo, Wwo yHKLiS @y(t) € KOHCTaHTO. Lle

. 1
o3Havaeg, o BOHA Mae AopiBHIOBATU @y (t) = 7

Po3arnaHemo Tenep sk BXigHi AaHi NiHinHOT cuc-
TeMW AINCHWNI rayCOBUI CTaLLiOHApPHWNI CTOXacTuy-
HUI NPoUEC 3 HYNbOBUM cepeHiM X =Xy = (Xy(u),
u € R), WO MOXHa NPeacTaBuUTn 9K

Xn(W) = Yoo &) + Tz mpr (W), (2)
ne N>0 — ue ¢ikcoBaHe Life 4Y4Ccno i BUNaaKkoBi
BENNYUHU &, 1, k=0, € He3anexHumun 3 E&, = En,, =
=0, E&% = Eng2.

3ayBaxeHHs 1

IcHye 6araTto MeToavK, WO AaloTh 3MOTy pO3-
WMPUTN BUNAAKOBI MpoOLLEeCU B PN, Hanpuknag,
po3knagaHHa KaxpyHeHa-JloBe [8; 9], psaa dyp’e
[10] Towo. Y npauax [10; 11], npnceBa4eHUx MO-
LesIlOBaHHIO BUNaKOBKX MPOLLECIB i3 TOYHICTIO Ta
HadilfHICTIO, FONIOBHA iges nonsarae B TOMy, o0
npeacTaBuUTM MOAENb Y BUMNSAAI CKIHYEHOT CymMun
psaay, SKWO cam npoLec MoXxHa npencTaBuTu
y BUMAA4i pagy 3i cToXxacTU4HUMM yneHamu. Mo-
MEHT BiACIKaHHS TakMX CKiIHYEHUX (3pi3aHunX) paais
0a3yeTbCs Ha yMOBax, WO 3anexaTb Big 3agaHoi
TOYHOCTI Ta HAAINHOCTI. TOMY CTOXaCTUYHWI NPO-
uec Xy(u) 3 (2) MmoxHa po3rnagaTv 9Kk Moaesnb BU-
naakoBOro rnpoLecy

Xy(W) = Yoo k@) + X5 mpe (). (3)

3ayBaxkeHHs 2

Ockinbkn npouec X(t) Bu3HayeHuin Ha R Ta
PyHKUiT @i (1), Yi(t), k =1, € OpTOHOPMOBAHNM
6asncom B L,([0,A]) TOo pani byaemo BBaxartu, L0
ui dyHKuii nepiognyHi 3 nepiogom A. OTxe,

@0 () = @o(t +nh), @i(t) = @it +nh) (4)

Y () =y (t+nA), k=1, t€[0,A], nE€N.
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Akuwo cuctema (1) 36ypeHa BUNagKOBUM NPo-
Lecom Xy, TO 4J18 BUXigHOro npoLecy OTPUMYEMO

Yy () = [; H(OXy(t — D)dr. (5)

KoBapiauiHy @yHKLiIO CTaLioHapHOro cTo-
XaCTUYHOrO NpoLecy nerko 3Hantn Xy. Cnpasai,

mv(t —s) = EXy(O)Xn(s) = (6)
= Yh=1(@ @i (s) + PO (5)).

Mig a, BU3HA4YaeMO BUXig, (BigMoBigb) cMcTeMmn
Ha NOCTINHWIA CUrHan
ay = \/ixfoAH(t)dt. (7)
Habip
H*(1) = H(1) — a,. (8)
AK ouiHKy H*(t) pidHMLi OyHKUiT IMAOYNbCHOT
XapakTepPUCTUKU Ta a, PO3MSHEMO iHTErpanbHy
KpoC-kopenorpamy
A@) = Ayra@ =7 [) TW(©Xy(t —D)dt,  (9)
ne T>0 e napamMeTpoM ycepegHeHHs.
3ayBakeHHs1 3
IHTerpan y (1) po3rnagaeTbcs K cepenHbo-
KBagpaTu4Huin iHTerpan PimaHa.
IHTerpan B (1) iCHye TOAj | NULWIE TOAi, KOAK iC-
Hye iHTerpan Pimana [12]

LY H@ry(s — DH(s)dsdr. (10)

Ockinbkn 1y (t — 5) = Xi_1 (r (D) @i (s) + P ()%
xPr(8)), dYHKUIT @,(s), Y,(t) € KBAAPATHO iHTErPO-
BaHUMU Ha [0,A] Ta H € L,([0,A]), To iHTerpany (10)
iCHYE.

[Mo3Hauymmo Tenep

a, = [} HO@(0)dt, by = [; H{O, (dt.

(11)

Mpunyctumo, wo H € C1([0,A]). MoTim dyHKLO
H MOXHa po3k/iacTu B psg 32 OPTOHOPMOBAHUM
6asncom {@, (t), Y, (t), k = 0} Ha npocTopi [0,A]. OT-
PUMYEMO

H(t) = X5—0 arpr(t) + 5= bbr (1), (12)
ne a, ta b, 3 (11). Okpim TOro, pan y (12) pisHo-
MipHO 36iraeTbcsd Ha [0,A].

Jlema 1

CnpaBeanuBi HAaCTyMHi CNiBBIAHOLWEHHS:

Efyra(0) = f; H0)ry (v — 1)dv =

(13)
=Yr-1(x(ay + Y (Dby), T €[0,A],

Ta

H*(7) — EFIN,T,A () =
= Yi=n+1(@x(@Da + Py (T)by), T € [0,A].
Y HacTynHii nemi 064MCAOEMO CNiNbHI MO-
MEHTW OS5 OLLIHKM IMIMYNbCHOI NepexigHoT QyHKLi.

Jlema 2
CninbHWin MOMeHT Hy 74 [opiBHIOE

EAn 74 (0) Ay (6) = fOA H@)ry (r — wdux

(14)

X fy H)ry (0 = v)dv + — [ [ L[ [, H@w)H )X
Xry(t—s+u—v)dudv -ry(t—s+6—1)+
+ fOAH(v)rN(t —s+6—v)dvx
XfOAH(u)rN(s —t+ 1 —u)duldtds,
(13)
e ry(t-s) = EXy(t)Xy(s) € koBapiauieto Xy, koedi-
LiEHTU a, Ta b, BU3Ha4veHi y (11).
Hacnigok 1 ~
Oucnepcis ouiHku Hy r 4 fopiBHIOE
Var Ay a0 == [ 3 LSy Jy H)H (@) %
Xry(t —s +u—v)dudv-ry(t —s) + fOAH(v) X
Xry(t—s+1—v)dvX
XfOA H@Wry(s —t + T — w)du ] dtds.
(16)
Var (Aypa (D) = Ayzra(0)) = = 7 [T12 [ [ Hw)x
XH)ry(t —s +u—v)dudv(ry(t —s) —
—rN(t—s+9—T))+f(;\H(v)(rN(t—s+T—v)—
—ry(t—s+6— v))dvaAH(u)rN(s —t+t—u)du+
+f0AH(u)rN(t —s+6—v)dv fOAH(u)x
X(ry(s —t+6 —u) —ry(s — t + 7 — u))du] dtds.

(17)
PosrngaHemMo Ttenep cnucrtemy QyHkLIn

(freos (T Rsin () k=1L (19)

O € OPTOHOPMOBaHNM 6a31coM B L,([0,A]).
3a No3Ha4YeHHsIMM 3 NONePeaHbOro Po3ainy
Maemo

00(0) = = 9u() = Zcos (2,

WO =), k21
Ta koediuieHTn a,, b, LOPIBHIOTb
@ = [} HO@,(D)dr =
=\/%f0AH(T)cos(ZIj\m)dT, k=1, (20)
b = fy HO(D)dr =
(21)

2 A ., 2knmt
= R H@ sin(2 e, k2 1.

Mpunyctnmo Tenep, Wo npouecu BxigHOro
curnany cuctemu (1) € ctauioHapH1UMM rayCoBUMM
CTOXaCTUYHMMU NpoLECaMn 3 HYNIbOBUMU cepea -
HiMK, aki dopmytoTbes B (18). Lle o3Havae, wo
npowec XN(u) BUMAOAE:

Xy() =

u € R.
(22)
3 (6) BunamBae, L0 KoBapiauinHy @yHKL,io cTa-
LLIOHAaPHOIro rayCoBOro NPoLecy Xy MOXHa 3anmcaTi sk
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(e =) = TR (e (D0r () + YO (s)) =
= 1o (cos (57 cos () +
+sin(%)s1 ()= 1 By cos (=)
(23)

PoarngHemMo HacTymnHi yMOBU:

Ymosa A.

®dyHkuia H(t) ABidi andepeHuiioBaHa Ha [0,A].
dyHkuji H(t) Ta H'(7) HenepepBHi Ha [0,A] Ta

Iy =1y(A) = [ |H(D)|dr < o, (24)

A 1/2
0<h=5L0N)=(f|H@®Fdt) <o, (25)

L =5LW)=[H @ldt<o.  (26)
YmoBa b.
CnpaBeannBo Take CniBBiAHOLLEHHS
H(0) = H(A). (27)
3ayBaxkeHHs 4
YmoBa b o3Hauae, wo imnynbcHa nepexigHa
dYHKUis cKiHyeHa Ha iHTepsani [0,A]. OTxe, 3Ha4YeHHS
yHKUii Ha novaTky H(0) Mae OopiBHIOBATY 3HAYEH-
HIO B KiHLi H(A) Ta H(T) He MOxe OYTU KOHCTaHTOIO.
Mo3Haummo
= |H' (0)| + |H (W)]. (28)
Jlema 3
MpunycTumMo, WO BUKOHYIOTLCSH YMOBU A Ta

b. Toni
A(d+12)

2N

|H (@) - EHNTA( )| ) (29)

2
Var fly @ < S42E -1y, (30)
e I,(A) Ta I,(A) Bu3Ha4eHi B ymoBi A.
_HactynHa nema pae ouiHky gucnepcii pisHuui
Hyra (™ — Hyra(8).
Jlema 4
Hexai BUKOHYIOTbCS YMOBU nemu 3. Toai

Var(I:IN,T,A(T) - I:IN,T,A(H)) <C(N,T,N|t - 6|%

a €(0,1], 7,0 € [0,A],
(31)
ae
C(N,T,A) =
@+ V2NN - 1D((2 - )N + 1)
B (1 — a)n*-eT2N2-«
npu « € (0,1),
x _ (a+V2DA?IF(2N-1)(1+In N) _
C(N,T,A) = o prr npu a = 1.
(32)

KeagpaTHO-raycosBi BUnaakoBi BeJIMYUHMU,
npouecu Ta ix 3aCTOCyBaHHS

Hexan (Q,L,P) — NMOBIPHICHU NPOCTIp i He-
xan (T,p) — KOMNAKTHUM METPUYHUIA NPOCTIpP i3
METPUKOIO p.

O3Ha4YeHHs 1

[13] Hexan E = {¢,,t € T} — cimelicTBO 06’€n-
HaHUX rayCoBUX BUMAAKOBUX BENUNYUH, AN GKUX

E¢, = 0 (Hanpuknag, &, teT, € raycoBum BUNaa-
KOBVM NPOLLECOM).

MpocTip SG=(Q) — ue npocTip KBagpaTHo-ra-
YCOBUX BMNAAKOBUX BENNYUH, SKLWO OyOb-AKNNA
eJIeMeHT 1 € SGz(£1) MOXHa NpencTaBnUTU aK

n=¢'AS — ESAS, (33)
ne fT = ({1,{2,...,671), Ek S E, k = 1, ...,n,A — ue
OiicHa MaTpuus Yn enemMeHT 1 € SG(Q) moxe 6yTun
npeacTaBieHnl aK rpaHnLa cepegHboKBaapaTmy-
HOI MOCNIA0BHOCTI BUNagKoBMX BENUYUH 3 (33)

n = lim (§7A§ — E§14). (34)

O3HayeHHs 2

[13] CtoxacTtuyHmin npouec é(t) = {£(t),t € T}
€ KBagpaTHO-raycoBUM, SIKLLO Ans Oyap-akoro te T
BMNagkoBa BennymHa &(t) HanexunTb NpoCTopy
SG:(Q).

BnacTtmnBocCTi kBagpaTHO-rayCoBUX BUNagKOBMX
NMPOLECIiB MOXHa 3HanTK, Hanpuknag, y [10-16].

[MosHa4ymmo 4yepes N(u) MeTPUYHY MACUBHICTb,
TOOTO HaMMeEHLLY KiNbKiCTb 3aMKHYTUX KyJib pagjy-
ca u, nokpuTTa Habopy T Wwono meTpukn p. Hexamn
&(t) = {é(t),t € T} kBagpaTHO-raycoBuMin BUNaaKo-
BMIA npouec. MNpnnyctnmo, Lo iCHYE MOHOTOHHO
3pocTatoya HenepepsHa dyHKuia o(h), h >0 Taka,
wo o(h)-»0npn h—0, Ta HepiBHiCTb

sup (Var(¢(t) - 5(5)))2 <a(h) (35)

p(ts)<h
cnpaeeanmea. Tenep BU3HAYMMO HACTYMHI 3Ha-
YEeHHS:

= infsup p(tl S) ’ tO = 0-(80)1 (36)
teT seT
1
Yo = sup(Var §(¢))2. (37)
teT

Hexait C — ue MakcumyM 3 &, Ta y,, C =max{ty, ¥, }.
HacTtynHa Teopema ga€ OuiHKy MMOBIPHOCTI BENU-
KOro BIAXWEHHS KBaZpaTHO-rayCcoBOro npouecy
B HOPMi HenepepBHOi dyHKLUji. [loBeaeHHA Teope-
MW MOXHa 3HalTn y ctatTi [5] abo B MoHorpadii
[10].

Teopema 1

Hexan é(t) = {é(t),t € T}— ue cenapabenbHWii
KBagpaTHO-raycoBuin BUNagkosui npouec. MNpu-
NyCTUMO, WO iCHYE 3pocTatoda dyHKUiA ry(u) 20,
u=1, 3BNacCTUBOCTAMMU: r(u) — oo Ta u — o i Hexam
oyHKuia r(exp{t}) onykna. Mpunyctumo, WO Ha-
CTYMHUI iHTerpan

07 (N (6D w))) du (38)
€ 30iXHUM. Toai ong Bcix x>0
P{iuglf(t)l >x}<
€

= 2oisil{r<-1>i(ff"”r(zv(d-“(v)))dv)x (39)

\/_x(l -p) )2 ex

p{-“52 1

X (142D
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Mpunyctnmo, wo Xy = (Xy(u), u € R), € AicHUM
He3aNexHUM LEHTPOBaHUM rayCoBMM MNPOLLECOM
3 (22). MpunycTnmo, Lo ue 30ypioe HENOCTIMHY
B Yaci BMNaaKoBY HEMEPEPBHY NiHiNHY cuctemy (1).

PoarnaHemo ouiHky (9) ong iMmnynbCcHOI ne-
pexigHoi dyHKUii H HEBMMIPHOI BignoBiai Ha no-
CTiNHWI curHan a, 3 (7). BuxigHnii npouec Y(t)
BMU3Ha4YeHu B (1).

Maemo HacTynHy nemy.

Jlema 5

CroxactuuHmit npouec Zyra(t) = Hyra(x) —
—EHy (D), T > 0, € KBafpaTHO-raycoBmm.

Po3rngHemMo piSHULIO OLiHKN HNTA(T) Ta iM-
NynbCHOI NepexiaHoi GyHKUiT H(t) HeBUMIPHOI Bif-
NOBiAi HA NOCTINHWI curHan a,

H*(t) — ﬁN‘T'A(T), 7> 0. (40)

CnoyaTKky JOCHiAXYEMO PO3MNoain CynpemMymy
Ong uiei pisHuui Ha obnacrTi iHTepany [0,A], ae
A >0 e dpikcoBaHVUM JOOATHIM YMCIIOM,

P{ sup |Ayr (D) —H'(D)|= ¢}, e>0. (41)
7€[0,A]

Mo3Ha4ymmo A@tD)
+
hya = TZ; (42)

Topi 3 (29) BunnuBae, LWo
|EAyza (D) —H' @ | < hjyp, T€[0,A] (43)

MNoknagemo
VoN,T,A) = yp =20 (2—2). (44)

3 (30) maemo, Lo

sup \/VarZy 1 (t) < v,. (45)

T7€[0,A]

Hexan
101 _%__

L1

Zaeay a2, (46)

HacTtynHa Teopema nokasye LBMUAKICTb 30iX-
HOCTI OLLIHKM iIMMYJIbCHOI NepexiaHoi GyHKLii B Npo-
CTOPI HenepepBHUX OYHKLIN.

Teopema 2

MpunycTMMO, WO BUKOHYIOTbCS ymMOBU A Ta B.
Topai HepPIBHICTL

M, = 2*

1
P { sup |H*(z) — Hyra(2)| > £ } < M, (e — Ry ) *x
T€[0,A]

1
X (Ca +V2a(e —hy,) — 2y)  exp A+i}
(47)
cnpaseavea Ans
> Y20 4y, @€ (0], (48)

MoGyanosa kpuTepiie 3rogu NpPo BUrnag, im-
nyabCHOI NepexiaHoi PyHKLIT

BukopucToByioum Teopemy 2, MOXHa nepeB.i-
PUTK FiNOTE3N NPO BUrAKL, iMAYy/IbCHOT nepexigHoi

DYHKLT.

Hexaln HynboBa rinotesda H, ctBepaxye, wo
iMmnynbCcHa nepexigHa gyHKuUia € H(t), T € [0,A],
a anbTepHaTuBHa rinotes3a H, nepenbayae npoTu-
NexXHe TBEPAXEHHS.

MosHaumnmo

g(&) = g(&,N,T) = M, (¢ —

X (Ca+V2a(e— hya) — 2)’0) exp {_

1
h;v,A)“X

\/—m _}
(49)
3 TeopemMin 2 BUNANBAE, LWLO AKLLO € > Zy 1 p =

‘/—V" + hjy 5, @ € (0,1], TOA

P { 2}313\]|H(T) —Ayra(@]>e}< ge). (50)

Hexali €5 6yne po3B’s13KOM PiBHAHHS
gles) =6, 0<d <1 (51)
Moknagemo
€5 = max{&s, Zyra}- (52)
OyeBnaHO, WO g(es) <dTa

P { sup |H(t) — Ay, (0)| > e} < 6. (53)
T7€[0,A]

3 Teopemu 2 BUNAMBAE, WO OJ19 NEepPeBipKU
rinoteam Hy, MOXHa BUKOPUCTATN HACTYMHUN KPU-
Tepin.

Kpurepii

Ona 3apaHoro pisHg posipn 1-6, 6 € (0,1), ri-
noTtesa H, BiAXUNAETbCS, AKLLO

sup. |H(@) = Ayra (@] > &5, (54)
T
iHakwe rinotesda H, npuiimaeTbcs, ae €5 3 (52).

3ayBa)keHHs1 5

PiBHAHHS g(g5) = 8, mae piweHHa ong Oyab-
aKoro ¢ > 0 ockinbku dyHkuUia g(e) cnapae. Pos-
B’S1I30K PIBHSAAHHS MOXHa 3HAWTM 3a AONOMOrOI0
YNCENIbHUX METOLIB.

PoarngaHemo okpemuin Bunagok, Kkonv a=1.
IMNynbCHY nepexiaHy QYyHKLi0 BiS3bMEMO Y BUMNSALI

H(@) =t(e ™ —e™). (55)

Burnag, uiei oyHKUii NpogeMOHCTPOBAHO Ha
puc. 1.

Bizbmemo A =10. O4yeBnaHO, WO yMOBU A Ta
B BukonytoTbCca ana H(t). Ana nowyky Iy, Iy, I, d
CKOPUCTAEMOCS CUCTEMOIO KOMM'IOTEPHOI anrebpu
Wolfram Mathematica. OTxe, maemo:

Iy = [}'|H(@)|dt = 0.9972, (56)

I = ('1H (@©)*de )1/2 =0.5, (57)

I = [|H" (©)ldr = 1.2703, (58)

d = |H' (0)| + |H (A)] = 1.0004.  (59)

Ona 3HaxooxeHHs 3HavYeHb napameTpa T BU-
KOPUCTAeEMO piBHAHHSA (49) Tak:
g, N,T)=96 (60)
OTxe, OTPMMYEMO
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1
8= Mq(e = hjgp)
1

* 2 —hx 1
X (Ca+V2a(e —hy,) — 2yp) > exp{— sﬁ]’:’o"‘ +-}

(61)

Po3B’a3aHHs piBHAHHSA (61) po3i6’emMo Ha aBa
KPOKW: NepLINM KPOKOM Oyae 3HaxXOOXEeHHS Koe-
oiuieHTiB hy o, C(N, T, A), v, My; Apyrum — nigcTas-
NeHHs KoediuieHTiB y piBHAHHSA (61) i nowyk T.

Ins nowyky koediuieHTis hy o, C(N,T,A), vo, M,
CKOpPUCTAeMOCS peani3auien HannucaHi Ha MOBI
C++. Anga 3HaxomXeHHsA T CKOPUCTAaEMOCS CUCTE-
Moto komn’toTepHoi anredpu Wolfram Mathematica.
[na nopiBHAHHA pe3dynbTarTiB Bi3bMeEMO PiBHI 3pi3y
N=100, N=200, N=500 Ta N=1000.

OTtpumyemo Tabn. 1-4, dKi MiCTUTb MiHi-
MaJsibHi 3Ha4eHHs napameTpa T Taki, wo g(e, N, T) =
= § i3 3a4aHNM PIBHEM 3HAYYLLIOCTI § Ta TOYHICTIO €.

Ta6n.1-4 MicTUTb MiHIMaNbHi 3Ha4YEeHHS Na-
pametpa T Taki, wo g(&,N,T) = § i3 3apgaHum pis-
HeM 3Ha4yu,oCTi § Ta TOYHICTIO €. Lli 3HA4YeHHs
MOXHa Ha3BaTU KPUTUYHUMN TOHKaMU Ta iX BapTO
BMKOPWCTOBYBATU Tak: AKLLO napamMeTp ycepen-
HEHHS T B OLiHL

Tabsus 1
MiHimanbHi 3HayeHHda T npn A=10 gnqa
¢dikcoraHoro N=100 i3 3agaHumM piBHEM
3HavywocTi § Ta TouHOCTI £ gna g(&,N,T)=§

Il Il Il Il t
-1 1 2 3
05t
-1.0
15k
Puc. 1. Npadik H(1)
Avra() =1 [} Yy (X (t — Dt (62)

MEHLLWA HiXX KPUTUYHI TOYkK 3 Tabnuui, ToAi ri-
notesa H, Bigxmnaetoca. Akwo T 6inbwunin abo
[OPIBHIOE KPUTUYHIM ToYLi 3 Tabnuui, To rinotesa
H, npuinHara.

3 oTpumaHux Tabn. 1—-4 moxHa nobauunTu,
Lo Npw 36iNbLIEHHI piBHA 3pi3y N MiHiManbHe 3Ha-
YeHHs NnapamMeTpa ycepegHeHHsa T ang BianoBigHUX
PiBHIB 3HAYYLLLOCTi § TA TOYHOCTI € BMEHLLYETHLCA.

Tabsus 3
MiHimanbHi 3Ha4yeHHa T npn A=10 gnqa
¢dikcoeaHoro N=500 i3 3agaHumM piBHEM
3HauvywocTi § Ta ToyHOoCTI £ pna g(&,N,T)=§

e\ 0,3 0,2 0,1 &\s 0,3 0,2 0,1
0,3 432 460 505 0,3 421 447 491
0,5 255 271 298 0,5 252 267 294
1 126 134 147 1 126 133 147
1,5 84 89 98 1,5 84 89 98
2 63 67 73 2 63 67 73
5 25 27 29 5 25 27 29
Tabnmus 2 Tabnnus 4

MiHimanbHi 3HayeHHqa T npn A=10 gnqa
¢dikcoraHoro N=200 i3 3agaHuM piBHEM
3Hauvyw,ocTi 6 Ta TOYHOCTI € anga g(&,N,T) =46

MiHimanbHi 3Ha4yeHHa T npn A=10 gnqa
¢dikcoraHoro N=1000 i3 3agaHnm piBHEM
3Hauvyw,ocTi 6 Ta TOYHOCTI £ ana g(&,N,T) =6

e\o 0,3 0,2 0,1 &\s 0,3 0,2 0,1
0,3 425 452 496 0,3 419 446 490
0,5 253 269 296 0,5 251 267 293
1 126 134 147 1 125 133 147
1,5 84 89 98 1,5 84 89 98
2 63 67 73 2 63 67 73
5 25 27 29 5 25 27 29
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Takox Tabnuui NokasyTb, WO Npu HaNBINbLIN
TOYHOCTI £ = 0,3 Ta HAMMEHLLOMY PIBHIO 3HAYYLLOCTI
6=0,1 (HagjinHicTio 90 %) napameTp ycepeaHeHHs
T € HanbBiNbLWMM, WO BignoBigae OiNCHOCTI.

BUCHOBKHA

MpoBeneHe pocnigXeHHa nokasano, Wwo im-
Ny/bCHOIO NepexigHo QYHKLUIE AesSKOro npo-
LLeCY € BUXIOHWI CUTHAN, SKUN OTPUMYETLCS, KON
BXiOHWI cUrHan € iMnynbcom, ToO6TO panToBOO Ta
KOPOTKOIO 3MiHOIO curHany. Takox imnynbCcHa ne-
pexigHa QyHKLiS BBaXAETbLCHA BNACTUBICTIO CUCTEM
NIHINHOro NepeMiLLEeHHS.

Mpw gocniaXeHHi OuUiHKM iIMNYNbCHOI Nepexia-
HOT PYHKLIT HA OPTOHOPMOBAHOMY Ta TPUTOHOME -
Tpu4HoMy Hasncax 6ynm coopmoBaHi ABi YyMOBU
A, B Ta 3ayBaxeHHs [0 HUX, Y KX OynNn BBEAEHI
dopmynn onsa obumncnenus Iy, I, I, d, aki Hagani
B pOOOTI MOCTINHO BMKOPUCTOBYIOTbLCS AN 3HA-
XOO)KEHHS Pi3HUX KOediLieHTIB.

JocnigxeHHa KBagpaTHO-rayCoBux Bunag-
KOBMX BEIMYMH i NPOLLECiB NOKa3ano KOPUCTb Bif,
BUKOPUCTAHH4A iX NO BIAHOWEHHIO 00 iMMNYJIbCHOT
nepexigHoi GyHKLii. Takox Oyno nokasaHo Teo-
pemy, sika nana OUiHKY MMOBIPHOCTI BEIMKOIO Bif-
XWUJIEHHS KB pPaTHO-rayCcoBOro npoL,ecy B HOPMi
HenepepBHOI PYHKLLT.

g 0oCniaXXeHHs WBUAKOCTI 3BKHOCTI OLLiHKM
HEBIAOMOI iIMMYJIbCHOI NepexigHoT GYHKUIT B NpO-
CTOpi HenepepBHUX PYHKLiN Ta B NpOCTOpi L, 6ynn
cdhopmMoBaHi nemMa, a Takox Teopema, sika 6e3no-
cepenHbOo Nokasana LWBUAKICTb 30iXKHOCTI OLHKK
iMNYyNbCHOI NepexigHoi PpyHKLIT B MPOCTOPI Hene-
PEPBHUX PYHKLLiINA.

Bynu cpopmoBaHi HynboOBa 11 anbTepHaTUBHA
rinoteau. HynboBa rinotesa cTBepaxysana, L0
iMmnynbcHa nepexigHa QyHKLiA iCHYE, a anbTep-
HaTMBHA nepeabdayana NPoTUIEXHE TBEPOKEHHS.
Lnga nepeBipku rinote3am Nnpo BUMMAA, iMNYfbCHOI
nepexigHoi yHKuUii 6y10 BUKOPUCTAHO TEOPEMY,
3a 4,0MNoMOrot skoi 6yB chopMoBaHMA KPUTEPIN.

Ona nobynoBu iMiTauinHOT Moaesni BUKOPUC-
TOBYBAJIOCS iHTErPOBAHE cepenoBuLLE PO3POOKU
Visual Studio Community 2022 (moBa nporpamy-
BaHHA C++) Ta cucTtemMa KoMn'toTepHOi anredpu
Wolfram Mathematica ona aHaniTMyHmMx nepeTBo-
PeHb | YNCEeNIbHNX PO3PaxyHKiB, L0 4ano 3Mory
DOCUTb TOYHO 3P0BUTM MaTeMaTUYHI PO3PaxyHKM.

ImiTauinHa moaens cknaganacs 3 TPbOX KPOKIB.
Mepwmm Kpokom Byno 3HaxooxkeHHs Iy, I, I,, d 3a
[0OMOMOTO CUCTEMU KOMMN’IOTEPHOI anredpu
Wolfram Mathematica 3 ymoB A Ta b Ta 3ayBaxeH-
HA 00 HUX. [IpyrMm KpoKOM 6yn0 3HaXOOKEeHHS
koediuieHTis hya, C(N,T,A), vy, M, 3 piBHAHHS (61)
3a JONOMOroto peanisauii HanucaHin Ha mosi C++.
TpeTiMm KpokoM Oyno niacTaBAeHHs KoedilieHTIB
y PiBHAHHSA (61) i nowWyK napameTpa ycepeaHeHHs

T 32 4OMOMOrO0 CUCTEMU KOMIM' IOTEPHOT anredpu
Wolfram Mathematica.

Y moaeni 6ynu HacTynHi 3MiHHI: A=10, N=100;
200; 500; 1000, £=0,3;0,5;1;1,5; 2; 5, 6=0,1; 0,2;
0,3 DOCNIIKEHHS SKNX BUSIBUIO, LLIO NPY OAHAKOBUX
piBHSAX 3pidy Npu 36inbleHHi obnacTi iHTepBany
[0,A] miHiManbHe 3HaveHHsa napameTtpa T npu Han-
OinbLWin TOYHOCTI £ =0,3 Ta HANMEHLLOMY PIBHIO
3HavywocTi 6 =0,1 (HaginHicTio 90 %) € Halbinb-
wum. To6To NnobynoBaHa Moaesnb nokasana, o
npun 36inbWeHHI piBHA 3pidy N MiHiManbHe 3Ha-
YeHHs napamMeTpa ycepegHeHHs T ong BianoBigHUX
PiBHIB 3HA4YyLWOCTi § Ta TOYHOCTI £ BMEHLUYETHLCS.

CNMUCOK BUKOPUCTAHUX IDKEPEJ1

1. Bendat J. S. Engineering Applications of Correlation
and Spectral Analysis / J. S. Bendat, A. G. Pier-
sol. — New York : Wiley, 1980. — 472 p.

2. Schetzen M. The Volterra and Wiener Theories of
Nonlinear Systems / M. Schetzen. — New York :
Wiley, 1980. — 550 p.

3. Akaike H. On the statistical estimation of the fre-
quency response function of a system having mul-
tiple input // Annals of the Institute of Statistical
Mathematics. — 1965. — No. 17. — P. 185-210.

4. Akaike H. On the use of non-Gaussian process in the
identification of a linear dynamic system / H. Akaike //
Annals of the Institute of Statistical Mathematics. —
1966. — No. 18. — P. 269-276.

5. Kozacenko Yu. On cross-correlogram estimators of
impulse response function / Yu. Kozacenko, I. Ro-
zora // Theoretical Probability and Mathematical
Statistics. — 2016. — No. 93. — P. 79-91.

6. Kozacenko Yu. A criterion for testing hypothesis
about impulse response function / Yu. Kozacenko,
I. Rozora // Statistics, Optimization & Information
Computing. — 2016. — No. 4. — P. 214-232.

7. Rozora I. Statistical hypothesis testing for the shape
of impulse response function // Communications
in Statistics — Theory and Methods. — 2018. —
No. 47(6). — P. 1459-1474.

8. Kozacenko Yu. On an expansion of random proces-
sesin series /Yu. Kozacenko, |. Rozora, Ye. Turchyn //
Random Operators and Stochastic Equations. —
2007. — No. 15(1). — P. 15-34.

9. Kozacenko Yu. Properties of Some Random Series /
Yu. Kozacenko, |. Rozora, Ye. Turchyn // Commu-
nications in Statistics — Theory and Methods. —
2011. — No. 40(19-20). — P. 3672-3683.

10. Kozacenko Yu. Simulation of Stochastic Processes
with given Accuracy and Reliability / Yu. Kozacenko,
0. Pogoriliak, |. Rozora, A. Tegra. — London : ISTE
Press Ltd and Elsevier Ltd, 2016. — 346 p.

11. Kozacenko Yu. Simulation of stochastic processes
and fields / Yu. Kozacenko, A. Pashko, I. Rozora —
Kyiv : Zadruga, 2007. — 232 p.

12. Gikhman I. I. Introduction to the theory of random
processes / I. |. Gikhman, A. V. Skorokhod — New
York : Dover Publications Inc, 1996. — 544 p.

13. Buldygin V. V. Metric characterization of random
variables and random processes / V. V. Buldygin,
Yu. V. Kozachenko. — Providence : American Math-
ematical Society, 2000. — 257 p.

14. Kozacenko Yu. Large deviation probabilities for
square-Gaussian stochastic processes / Yu. Ko-
zacenko, O. Moklyachuk // Extremes. — 1999. —
No. 2(3). — P. 269-298.

58 SCIENCE, TECHNOLOGIES, INNOVATIONS » 2022, N2 2



CUCTEMHUW AHANI3 | NIPUAHATTS PILLEHb

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Kozacenko Yu. Square-Gaussian stochastic pro-
cesses / Yu. Kozacenko, O. Moklyachuk // Theory
of Stochastic Processes. — 2000. — No. 3-4. —
P. 98-121.

Kozacenko Yu. Square-Gaussian random processes
and estimators of covariance functions / Yu. Ko-
zacenko, O. Stus // Mathematical Communica-
tions. — 1998. — No. 3(1). — P. 83-94.
Gondenshluger A. On adaptive inverse estimation
of linear functionals in Hilbert scales / A. Gonden-
shluger, S. Pereverzev // Bernoulli. — 2003. —
No. 9(5). — P. 783-807.

Meister A. Deconvolution Problems in Nonparametric
Statistics / A. Meister. — Berlin: Springer-Verlag,
2009. — 210 p.

Ingster Y. Nonparametric Goodness-of-Fit Testing
Under Gaussian Models /Y. Ingster, |. Suslina //
Springer. — 2003. — No. 2. — P. 141-152.
Tsybakov A. Introduction to Nonparametric Estima-
tion. Springer Series in Statistics / A. Tsybakov. —
New York : Springer, 2009. — 214 p.

Fan J. Local Polynomial Modelling and its Applica-
tions / J. Fan, I. Gijbels. — London : Chapman &
Hall, 1996. — 360 p.

Hannan E. The Statistical Theory of Linear Systems /
E. Hannan, M. Deistler // Wiley. — 1988. —
No. 8. — P. 135-143.

Cardot H. Thresholding projection estimators in
functional linear models / H. Cardot, J. Johannes //
Journal of Multivariate analysis. — 2010. — No. 101. —
P. 395-408.

Pillonetto G. Kernel methods in system identification,
machine learning and function estimation: A survey /
G. Pillonetto, F. Dinuzzo, T. Chen // Automatica. —
2014. — No. 40(3). — P. 657-682.

Delaigle A. On deconvolution with repeated meas-
urements / A. Delaigle, P. Hall, A. Meister // Annals
of Statistics. — 2008. — No. 36. — P. 665-685.
Dashti M. The Bayesian approach to inverse prob-
lems / M. Dashti, A. Stuart. — New York : Springer,
2007. — 107 p.

Alquier P. Inverse Problems and High-Dimensional
Estimation / P. Alquier, E. Gautier, G. Stoltz. — New
York : Springer, 2011. — 363 p.

REFERENCES

. Bendat, J. S., & Piersol, A. G. (1980). Engineering

Applications of Correlation and Spectral Analysis.
New York: Wiley, 472 p.

. Schetzen, M. (1980). The Volterra and Wiener Theo-

ries of Nonlinear Systems. New York: Wiley, 550 p.

. Akaike, H. (1965). On the statistical estimation of

the frequency response function of a system hav-
ing multiple input. Annals of the Institute of Sta-
tistical Mathematics, 17, P. 185-210. https://doi.
org/10.1007/BF02868166

. Akaike, H. (1966). On the use of non-Gaussian

process in the identification of a linear dynamic
system. Annals of the Institute of Statistical Math-
ematics, 18, P. 269-276. https://doi.org/10.1007/
BF02869534

. Kozacenko, Yu., & Rozora, |. (2016). On cross-cor-

relogram estimators of impulse response function.
Theoretical Probability and Mathematical Statistics,
93, P. 79-91. https://doi.org/10.1090/tpms/995

. Kozacenko, Yu., & Rozora, I. (2016). A criterion for

testing hypothesis about impulse response func-
tion. Statistics, Optimization & Information Comput-
ing, 4, P. 214-232. https://doi.org/10.19139/so0ic.
v4i3.222

. Rozora, I. (2018). hypothesis testing for the shape of

impulse response function. Communications in Sta-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

tistics — Theory and Methods, 47(6), P. 1459-1474.
https://doi.org/10.1080/03610926.2017.1321125

. Kozacenko, Yu., Rozora, I., & Turchyn, Ye. (2007). On

an expansion of random processes in series. Ran-
dom Operators and Stochastic Equations, 15 (1),
P. 15-34. https://doi.org/10.1515/ROSE.2007.002

. Kozacenko, Yu., Rozora, I., & Turchyn, Ye. (2011).

Properties of Some Random Series. Communica-
tions in Statistics — Theory and Methods, 40 (19—
20), P. 3672-3683. https://doi.org/10.1080/0361
0926.2011.581188

Kozacenko, Yu, Pogoriliak, O., Rozora, |., & Tegra,
A. (2016). Simulation of Stochastic Processes with
given Accuracy and Reliability. London: ISTE Press
Ltd and Elsevier Ltd, 346 p.

Kozacenko, Yu., Pashko, A., & Rozora, |. (2007).
Simulation of stochastic processes and fields. Kyiv,
232 p.

Gikhman, I. I., & Skorokhod, A. V. (1996). Introduc-
tion to the theory of random processes. New York:
Dover Publications Inc, 544 p.

Buldygin, V. V., & Kozachenko, Yu. V. (2000). Metric
characterization of random variables and random
processes. Providence: American Mathematical So-
ciety, 257 p. https://doi.org/10.1090/mmono/188
Kozacenko, Yu., & Moklyachuk, O. (1999). Large de-
viation probabilities for square-Gaussian stochastic
processes. Extremes, 2 (3), P. 269-2983.
Kozacenko, Yu., & Moklyachuk, O. (2000). Square-
Gaussian stochastic processes. Theory of Stochas-
tic Processes, 3-4, P. 98—-121.

Kozacenko, Yu., & Stus, O. (1998). Square-Gaussian
random processes and estimators of covariance
functions. Mathematical Communications, 3 (1),
P. 83-94.

Gondenshluger, A., & Pereverzev, S. (2003). On
adaptive inverse estimation of linear functionals in
Hilbert scales. Bernoulli, 9 (5), P. 783-807. https://
doi.org/10.3150/bj/1066418878

Meister, A. (2009). Deconvolution Problems in Non-
parametric Statistics. Berlin: Springer-Verlag, 210 p.
Ingster, Y., & Suslina, I. (2003). Nonparametric Good-
ness-of-Fit Testing Under Gaussian Models. Sprin-
ger, 2, P. 141-152. https://doi.org/10.1007/978-
0-387-21580-8

Tsybakov, A. (2009). Introduction to Nonparametric
Estimation. Springer Series in Statistics. New York:
Springer, 214 p. https://doi.org/10.1007/b13794
Fan, J., & Gijbels, I. (1996). Local Polynomial Model-
ling and its Applications. London: Chapman & Hall,
360 p.

Hannan, E., & Deistler, M. (1988). The Statistical
Theory of Linear Systems. Wiley, 8, P. 135-143.
Cardot, H., & Johannes, J. (2010). Thresholding
projection estimators in functional linear models.
Journal of Multivariate analysis, 101, P. 395-408.
https://doi.org/10.1016/j.jmva.2009.03.001
Pillonetto, G., Dinuzzo, F., & Chen, T. (2014). Kernel
methods in system identification, machine learning
and function estimation: A survey. Automatica, 40
(3), P. 657-682. https://doi.org/10.1016/j.auto-
matica.2014.01.001

Delaigle, A., Hall, P. & Meister, A. (2008). On de-
convolution with repeated measurements. Annals
of Statistics, 36, P. 665-685.

Dashti, M., & Stuart, A. (2007). The Bayesian ap-
proach to inverse problems. New York: Springer,
107 p.

Alquier, P., Gautier, E., & Stoltz, G. (2011). Inverse
Problems and High-Dimensional Estimation. New
York: Springer, 363 p.

SYSTEM ANALYSIS AND DECISION MAKING

59



HAYKA, TEXHOJ1OTTIi, IHHOBALLIl 2022, N2 2

I. V. ROZORA, D. Sc. in Physics and Mathematics
A. O. MELNYK, Master Student

CONSTRUCTION OF GOODNESS-OF-FIT CRITERIA FOR THE TYPE
OF IMPULSE RESPONSE FUNCTION

Abstract. The article is devoted to the study of the impulse response function, its estimation and properties,
square-Gaussian random variables and processes, the rate of convergence of the unknown impulse response
function, testing the hypothesis about the type of impulse response function, building a simulation model. The
study showed that the pulse response function is the output signal of the system during signal processing, when
the input signal is a short pulse. In a more general form, the impulse response function describes the response or
output of the system as a function of time. Also, the impulse response function is considered a property of linear
displacement systems. During the study of the estimation of the impulse response function on orthonormal and
trigonometric bases, two conditions A, B and remarks to them were formed, which are used in the future to find
different coefficients. The study of square-Gaussian random variables and processes has shown the benefits
of using them in relation to the impulse response function. A theorem was also presented, which estimated the
probability of a large deviation of the square-Gaussian process in the norm of a continuous function. To study the
rate of convergence of the unknown impulse response function in the space of continuous functions and in the
space L,, a lemma was formed, as well as a theorem that directly showed the rate of convergence of the impulse
response function in the space of continuous functions. Zero and alternative hypotheses were formed. The null
hypothesis claimed that the impulse response function existed, and the alternative hypothesis suggested the
opposite. To test the hypothesis about the form of the impulse response function, a theorem was used by which
a criterion was formed. Visual Studio Community 2022 integrated development environment (C ++ programming
language) and Wolfram Mathematica computer algebra system for analytical transformations and numerical
calculations were used to build the simulation model, which allowed to make mathematical calculations quite
accurately.

Keywords: impulse response function, square-Gaussian quantities, estimation of impulse response function.
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