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Anomauyia—IIpoBeneHo aHAJII3 Yy TJIMBOCTI 32CTOCYBAHHSI KyMYJISIHTA IPYTOro NOPsiAKy aJUTHBHOI CyMillli IIyMOBOI0O
CHTHAJY i IyMOBOi 3aBajiM 10 BUsIBJICHHs curHauy. JlocaigxkyBaanch, HopMaldbLHUH, piBHOMIpHHII Ta MOKA3HUKOBHII PO3-
MOJiIM CUTHAJY 3 Pi3HMMM cepeJHIMU KBaAPATHYHNMH BiIXHJICHHSAMM, /151 3aBajiH — CTAHAAPTHHII HOPMAILHUI PO3MOALI.
Js fiMmoBipHOCTi NpaBMWILHOIO BUsiBJIEeHHs curHaiay 0,99 npu iimoBipHocTi nomuiaku nepuworo poay 0,01 pospaxoBano
MOPOroBi 3HAYeHHs1 Ta MiHIMaibHI 00’eMu BUOGipKH, siki 3a0e3meuy0Th 3a1aHi iMOBIpHOCTI, BUXOASYM 3 raycciBcbKoOro
PO3MOAiIy OWIHKH KyMYJSIHTa APyroro mopsiaky. Pe3yinTaTn MogemioBaHHS HiATBEPIUIN PO3PAXyHKH, eKCIIEPHMEHTA-
JIbHA HMOBIpHiCTL NPABMJILHOTO BUSIBJICHHS] OTPMMAHA He MeHIIIe 3a1aHoil.

Knrwuogi cnosa — adumuena cymiut; 6UA6NEHHA CUZHATLY; OUCNEPCIA; 3AKOH PO3NOOINLY; KYMYAAHMU; KYMYJAAHMHUI aHA-
J1i3; MOYKO08A OUIHKA; UWIYMOBA 0iAZHOCIMUKA; WYMO08A 3A6A0A; WIYMOGUIL CUCHA

I. BcTvin

JI71s1 BU3HAYCHHS TEXHIYHOTO CTaHy 00’ €KTiB €Hepre-
THKA 3 METOH 3a0e3meucHHS iXHBOI EeKCILTyaTalliiHOT
HaJIAHOCTI, TOBrOBIYHOCTI i OE3MEKH CTBOPIOIOTHCS Ta
BIIOCKOHAJIIOIOTBCSI CHCTEMH (DYyHKIIOHAJIBHOI JiarHoC-
tuku [1]-[3]. 3HauHe Micie cepen HUX MOCITAIOTh CHC-
TEMH IIYMOBOI JIarHOCTHKH, sIKi Oa3yeTbcs Ha aHaizi
aKyCTUYHHX JiarHOCTHYHUX curHaiiB [1]-[7], mo cTBo-
PIOIOTECS] CAaMUMH 00’ €KTaMH J1iarHOCTYBaHHSI.

OmHMMU 3 OCHOBHHUX 3aBAaHb IIYMOBOI iarHOCTHUKH
€ BUSIBJICHHS Ta PO3Pi3HCHHS ITYMOBHX CHUTHAIIIB Ha ()OHI
[TyMOBO1 3aBajii, HA OCHOBI YOTO 3iHCHIOETHCS KOHT-
POJb Ta TiarHOCTHUKA 00’ €KTiB EHEPTeTUKH.

OmHMM i3 TepCTIEKTUBHUX HAIPSAMKIB IITyMOBOI Jiar-
HOCTHUKH € KyMyJsaHTHI MeTonu [1], [8], mo 6a3yroThbes
Ha KyMYJSHTHOMY aHali3i JiarHOCTUYHHX CHTHANIB,
SIKWI TIepen0adae aHami3 IXHIX KyMYJISHTIB 1 KyMYyJISHT-
HUX KoeiuieHTiB. Ha mpakTuii 3amMicTh TEOPETUUHHX
3HaUeHb KyMYJISIHTIB BUKOPHCTOBYIOTh IXHi €KcIiepume-
HTaJIbHI 3HAYECHHSI y BUTJISIII TOYKOBUX OLIIHOK.

Hapazi KyMyJsiHTHI METOIM IIHPOKO BHKOPHCTOBY-
totees [1], [4]-[6], [9]-[16] npu BupiiieHHi pi3HOMaHIT-
HUX 33/1a4 B PaJiOTEXHilll, aKyCTHIIl Ta iH. 32 HAIBHOCTI
HeraycciBChKHX TmporeciB. [Ipum mpoMy Halgacrimie
cepell mapaMeTpiB TakHX IMPOILECiB BUKOPUCTOBYIOTHCS
KoeiIlieHTH acuMeTpii Ta excIecy.

B 3aJa4ax BUABJICHHA PO3TJIAAAE€TBCA aJUTHBHA
CyMilI OIyMOBOTO CHTHANy i IIyMoBoi 3aBagu. OnHak
y BiJIOMiit JliTepatypi BiICYTHI pe3yJIbTaTH LIOJ0 Xapak-
TEPUCTHK BUSBJICHHA CHIHAIY Yy CKIaai aJdTHUBHOI
CyMillli 3 3aBajiol0 3a JIONIOMOTOI0 BUKOPUCTAHHS KyMYy-
JMTHTHAX METOJiB. METOI0 CTaTTi € JOCIIIKSHHS Ty TIIH-

BOCTI KyMYyJISIHTa IDYTOT'0O MOPSIIKY 10 BUSIBJICHHS ILIyMO-
BOTO CHTHaJy Ha (OHI mIyMoBoi 3aBamu. JlocmimkeHHS
Oyze MpoBeIeHO Ha OCHOBI TOYKOBHX OLIIHOK KyMYJISTHTa
IPYTOTO TOPSIKY MO BHOIPIi MHUTTEBUX 3HAYCHb CHT-
Hay.

II. AJUTUBHA CYMIII CUTHAJTY TA 3ABAIU

IIym poboTu crpaBHOTO 00’€KTa MPEACTABISIETHCS
sIK WwyMoBa 3aBaja &, (7). IIpu BUHUKHEHH] HECIIPaBHO-

cTi (nedexTy) BUHUKAE 10JaTKOBUH curHan & (t) . Cur-

HaJI Ta 3aBaJia € He3aJIS)KHUMH CTAI[iOHAPHUMH BHUIIAIKO-
BUMH Tpouecamu. Pa3oM BOHM YTBOPIOIOTH aJUTHUBHY

cymimn §(¢) =&, (¢)+&,(¢). Hanpuknaz, uym tpy6on-
POBOMIB cUCTeMH Teruio3abe3neueHHs [1] — mymoBa
3aBajia, TOJI CUTHAJ BHUTOKY PiIuHHU 3 TpyOOmpoBOIY
B pa3l BUHHKHEHHS Teui, Oy/e JOJATKOBHM IITYMOBHM
CUTHAJIOM.

KyMynsiHTH BHKOPHCTOBYIOTHCS SIK XapaKTEPUCTUKU
PO3MOITIB CUTHATY, 3aBafy Ta cymimti. KymynsaHTu — e
Koe(illieHTH po3Kiaxy JorapupmMy XapakTepHUCTHIHOT
¢yHKIii BUITaKOBOT BETMYMHH B psii MakJiopeHa B OKOJIi
Hyu [8]:

_ s @ s
* du’® =0
Ji€ S — MOPANOK KyMyJsHTa, i =~/—1, f (u) — xapaxre-
pUCTHYHA (YHKIIIS.
KyMyIsiHT ApYroro mopsiiKy € HeHTpalbHUM MOMEH-
TOM JPyroro mopsjaky, Tooto mucmepcieto [8], [17], [18]:

Ky =pp =0 =D,

—G)
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Je Ly — LUEHTPalbHUH MOMEHT JIpYyroro Hopsjiky, ¢ —
cepenne kBanapatnyHe Biaxwienas (CKB).

BaxnuBoro BIAaCTUBICTIO KyMYJISTHTIB, 11O 3YMOBIIIOE
3pY4YHICTh IXHBOI'O BHKOPHCTAHHS SIK XapaKTEPUCTHKH
PO3MOITY CyMillli, € BIACTHBICTh aJUTUBHOCTI:

Ks[&l+§2]:Ks[§1]+Ks[&2]v (1)

ge & 1 &, — He3aleXHI BUIAJKOBI BEIMYHMHHU.
B nonanbuioMy sk 3HaueHHS BeIMuuH &; Ta &, Oyaemo

BMKOPHCTOBYBATH 3HaueHHs npouecis &, (1) a & (7).

III. IIEPEBIPKA CTATUCTUYHMX I'IIOTE3 BIITHOCHO
OLIHOK KYMVJISIHTA JIPYT'OI'O ITOPAAKY
Ha npaxruui npouec &(#) mopaerses BUGIpKoko Horo
BimNiKiB §),&,,...,Ey 00°emy N .

ToukoBa OIiHKAa KYMYJSIHTA IPYroro MOPSAKY Mae
purisig [1], [17], [18]:

G =36
2 =5 k >
Nk:]

ne m — OLiHKa CIIOAiBaHHS

.1 %g
m=— k-
Nia

MaT€MaTU4YHOI'O

Bimomo [19], 1110 TOYKOBI OILIHKH, SIKi € BUITATKOBUMH
BEJIMYMHAMH, MAOTh aCHMIITOTHYHO I'ayCCIBCHKHIA PO3-
MOJTLT, 11O BHUILIMBAE 3 IICHTPAJIHHOI TPAHUIHOT TCOPEMH.
Tomy GYyHKITS pO3NOILTY OIIiIHOK KYMYJISTHTIB TIOJTAETHCS
HACTYITHUM YHHOM:

()= x—M[f(S]
F (x)=0 —D[ks] , 2

e M[ﬁs] Ta D[ﬁs] — MaTeMaTUYHE CIOJIBaHHSI Ta
JUCTIEPCisl OWIHKM KyMYJITHTA TOPSAIKY S BIIIOBIITHO,
X

(D(x) = 1 J exp(—O,sz)dx — IHTerpayl IMOBipHO-

MartemaTiyHe CIOMIBaHHSA Ta IUCHEPCis OIHKH
KyMYJISIHTa APYTOr'0 MOPSIIKY MArOTh BUTIISA BiIIOBiTHO
[17], [18]:

2
~ N-1 ~ Hgq —HUo
M|k, [=——py; DKy [=—=. 3
[k2]=——h2: D[R] == 3)
IIpu ®, # 0 BigHOCHA MOMHJIKA OLIHIOBAHHS 3AIKCY-

€THCA TaK:

. 1 =
5(K2)=K—\/D[K2]- 4
2
3 ¢opmyn (3—4) BUIIIMBAE CIiBBIIHOICHHS JJISl PO3-
paxyHKy MiHIMaJILHOTO 00’ €My BUOIpKH, STKUI 3210BOJTb-
HUTH BITHOCHY ITOMUJIKY:

__ M- H%

min — - " o (5)
[x28(%,)]

[MpuitHATTS pilIeHHS PO HASBHICTH CUTHAY 3Jiiic-
HIOETHCS HA OCHOBI MEPEBIPKHU JABOX CTATUCTUYHHX TillO-
Te3 [19] BiTHOCHO KyMyJIsIHTa APYrOTo MOPSAKY CyMiIi
&(r). Tinoresa Hy :ky =%, [€,] — curnan BixcytHii,

rinoresa Hj :k, =k, [&] — curnan assuuii. IMosipHo-
CT1 HOMMJIOK IIEPLIOTO Ta APYyroro poxy o =P (H | H 0)
i B=P(H, | H,) Bianosiauo. Toxi iiMOBipHiCTS NpaBu-

JIbHOT'O BUSBJICHHS OIMUCYETHCA (l)OpMy.HOI()
dII—B:P(Hl |H1)

JIost momanpImmx po3paxyHKiB 3a)iKCOBaHO 3HAYCHHS
TIOMUJIKH MEPIIOr0 POAY Ta BIIHOCHOI IIOMMIIKH OILHIO-
BanHsa o =0,01 i 6=0,01 BigmoBimHO. [y NpUAHATTS
pilleHHs1 PO BHOIp TiNOTE3UM BUKOPHUCTOBYETHCS HOPO-
rose 3HadeHHs ['(. Ilpu Horo mepeBHIEHHI OLIHKOO
KyMyJISHTa K, >1'() HpuiMaeTbcs pilIGHHS PO HasB-
HiCTb cUrHaiy (Tinoresa /), a B IPOTHJIEKHOMY BHIIa-

JIKy — TIpo Horo BifCYTHICTS (rimoTesa Hy).
MartemaTidHe CIOMIBaHHS Ta JUCIEPCis OIHKH

KyMYJIIHTa JIPYTOTO IOPSAKY 3@ BiACYTHOCTI CHI'HAIY,
BpaxoByo4H ¢popmyiy (3), BIAIOBIIHO TOPIBHIOIOTS!

M[ %, (&,)] :%03;])[‘22 (&)]= u4(§jv)+63 :

A 3a HasiBHOCTI curHAINy 3rigHo ¢hopmyn (1) 1 (3) ma-
TEMaTHYHE CIIOJ{IBAHHS Ta JUCICPCis OLIHKU KyMYJISTHTA
JIPYTOTO MOPSIKY CYMIIlli BiZIIOBITHO MAafOTh BUTJISI:

M[f(z (F,)] :NT_I(GE +c§);
4 4

2.2
D[ﬁz (E_,):| _ 2% (§3)+“4 (éc );4G3Gc —03 —G¢ )

Toni noporose 3HaueHHs I'; 3HaXOAMTHCS HACTYI-

HUM YUHOM. IMOBIPHICTH TOTO, IO 3HAYCHHS OIIHKH
&, (&) motpamnsats B inTepBan (—oo;I), € 3HaYeHHAM

(GYHKIIT po3NOAITY OLIIHKK KyMYJISIHTa JIPyroro MOpsIKY
3a HasBHOCTI 3aBajy B Toulli [y :

P{&; <Tg}=F (Tp)=0,99. (6)

[Micns mipcranoBku ¢Gopmynu (6) B dopmyny (2),
KOPHUCTYIOUUCH TAOTMIHUMHY 3HAYCHHSIMH 1HTETpaJia iMo-
BIPHOCTI, OTPUMYETHCSI BUPA3 [UIsl 3HAXOHKEHHSI IIOPOTro-
Boro 3HaueHHsx [1], [5]:

Iy = 2,32\/])[‘22 (&)]+M[% (&)]. @

IV. XAPAKTEPUCTHKU BUABJIEHHS CUTHAJTY
B 3MOJIEJIbOBAHII CYMILIII

ExcniepuMeHTanbHe JOCHIIKCHHST BHSBICHHS CHT-
HaJly B AQIWTHBHIN CyMilli 3iHCHIOBAJIOCS METOJO0M
MOJICJTIOBAHHS IITYMOBO1 3aBajl Ta CUTHAIY B IIPOTpaM-
HoMy makeTi MATLAB® [20]. Cymim yTBOpIOBanach

®
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HIIAXOM IIOEJIEMEHTHOTO H0JABAHHS 3HAYEHD peaizaiii TaBmLA 1 PO3PAXOBAHI IIAPAMETPU JULA MOJAEIOBAHHSI
BHIAJKOBHX BEIMUMH, IO BIAMOBINAIOTh CHUTHANY Ta Bxiani xani Tapaverpi pospaxynKy
3aBafi. .
A CKB cue- Po3noodin mIIZZI; a;:fw_ 06’em Ilopozose
Sk 3aBamy Oyio oﬁpaﬂo HOpMaJIbHO p03np;[ineHy nany cuznany oiny subipxu | snauenns
BUIaZIKOBY BENMYMHY i3 MAaTCMaTHYHUM CIOZBAHHSM N[m.o] |oon 208527 | 1,00600499
m, =0 1a CKB 0, =1. Jlna peanizauiit curtany 0yJjio XTh
o -0,1905;
00paHO BHITAJIKOBY BEIMYHMHY, II0 Ma€ HOPMaJIbHHH 0,11 R[Cl,b] 0.1905 327471 | 1,00573347
N[m,c|, pieHomipunii R[a,b] Ta nokasnukoBuii Exp[2] | 9.0000 329995 | 10057115
Exp|A| posmoginu [21]. MaremaTiyHe criomiBaHHS JUIst
p[4] posmox [. ] : o4 A N[m,c] | 00,12 211241 | 1,00713862
HOPMaJIBHOTO Ta pIBHOMIpHOTo posmofimiB m, = 0.
- y 0,12 Rla,b] | 22978 | 535300 | 1,00573347
MaremaTiyHe CIOZIBaHHA VI ITOKa3HHKOBOTO PO3IIO- ’ ’ 0,2078 ’
Ity BU3Hauanoch yepes iforo CKB. Exp[k] §.3333 237571 | 100673143
Hst MoneioBaHHs OyIi 31iiCHeH] TaKi pO3PaxyHKH N[m, c] 0: 0.13 153759 | 1.00713862
g pisHux CKB curnany: mapamerpa G HOPMAalbHOTO
posmnojiny, mapamerpiB a,b pPiBHOMIPHOTO PO3IOALTY, 0,13 R[a,b] 0022225522 174481 | 1,0078547
napaMerpa A IIOKa3HHKOBOTO DO3IOALTY, HEOOXiJIHUX )
PaMETP pOSHOMIY, o Exp[A] | 7.6923 176096 | 1,0078186

MiHiManeHUX 00’eMiB BuOipku 3a ¢opmyiono (5) Ta
MTOPOTOBUX 3HAaYeHb 32 hopMyIoro (7), ki 3a0e31meuyoTh N [m, c] 0;0,14 114614 | 1,00969138
IMOBIpHICTb TOMIJIKH Tiepmoro poay o = 0,01 ta iMoBi-

-0,2425;
PHICTh TpaBWIBHOTO BHsBIEHHS d =0,99. PesynbraTn 014 R[a,b] 0,2425 132345 1 1,00901882
IIUX PO3pPaxyHKIiB HABEJACHO B Ta0M. 1. Exp[k] 7,1429 133776 | 1,00898
3i 3menmenssiM CKB curnany cnocrepiraerscs 30i- N[m,c] 0:0.15 87224 | 101110932
JBbIIEHHS. HEOOX1THOTO 00’eMy BHOIPKH Ta 3MCHIICHHS 33595,
noporosoro 3HadeHHs. Halimenumii 00’eM BUOGIpKy NOT- 0,15 Ra,b] 02508 102724 | 1,01023689

PpiOHMI U1l CUTHATY 3 HOPMaJIBbHUM PO3IIOJIIOM, a Hakl-

UL LI — 3 TOKASHIKOBHM Exp[L] | 6.6667 103834 | 1,01018202

Ha puc. 1 HaBeneHo rpadik 3anexHOCTI HIMOBIPHOCTI
npaBwiIbHOTO BUsiBlieHHs Big CKB curnamy 3 HOpMaib- d(o)
HHUM PO3MOIJIOM IIPH 3aBajli 3 HOPMAJIbHUM PO3IIOJIIIOM T —
N[0,1] anst pizHEX 00’ €MiB BUOIPKH. oo s

3 rpagikiB Ha puc. 1 BUIHO, 0 HMOBIpHICTH NpaBH-
JIEHOTO BUABJICHHA pH 06 emi Bubipku 106 s CKB 0,1,
IpsIMY€E 0 OJUHULI. B peanbHOMY BUITaAKy PU BUKOPH- oe
CTaHHI aHAJIOTOBO-NM(POBOTO TIEPETBOPIOBAYA IS 05
3amucy cyMimn Takuid 00’eM BUOIpPKM IPH 4acTOTI JUc- 01
kperuzanii 48000 I'm BumaraB OW TpUBAIICTH 3amHCy
6inbmre 20 c.

Jns 3abe3neyeHHs JOCTOBIPHOCTI pe3yIbTaTiB MOJIe- 01
JIIOBaHHS 00paHO KUIBKICTh peaii3aliil OLiHKU JpYyroro 0

KyMyJsIHTa k = 10%, Jist i€l KinbKoCTI y BUIIaKy HOP-
MayibHOTO posnoaity curHany N[0;0,15]. 6yno modymo-
BaHO SCPHY OILIHKY IIIJIBHOCTI KIMOBIPHOCTI OIIHKK Ky-  Puc. 1 3anexHicTs iMOBIPHOCTI IPABHIILHOIO BUSIBICHHS
MYJISIHTa JPYToro Mopsiaky (puc. 2).

Puc. 2 BimoOpakae HaOMMKEHWH 0 HOPMAIBHOTO ° ——
PO3IIO/IIT TOYKOBUX OIIHOK JHCIIepcCii y BUMaaKax Biacy- w
THOCTI Ta HasIBHOCTI CUTHAIY. Takoxx 300paxeHo MOopo- o
rose 3HaueHHa I'. Ilioma, oOMexeHa KpUBOIO 3aBajH, o

IPaBOPYY Bijl HOPOTOBOTO 3HAUCHHS BiJIOBia€ HMOBIp-
HOCTI MTOMIJIKH TIEPIIIOTO POy, a TUIoIIa, 0OMexeHa rpa-
(ikoM cymili, IpaBopyd Bix mopory — IMOBipHOCTI mpa-
BWJIBHOTO BUSIBJIEHHS CUTHAITY. “

Sos ooo 1 101 102 103 104 105
Ty =1,01110932

Puc. 2 SlnepHa oriHKa IUIBHOCTI HMOBIPHOCTI OLIHKH THCIIEPCil
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TABJINLA 2 PE3YJIBTATU MOJIEJTIOBAHHS

Bxiani nani PesyabTaTH MOAEIIOBAHHS
Bionocna no-
Excnepu- Ka
CKB cue- Po3nodin cue- fuemfmﬂ.bﬂa OuinKu
imogipnicmo L .
Hany Hany npasuLHoZ0 imogipnocmi
P~ npasuibHo2o
eusnenenns, %
HOPMaJIbHUI 0,9909 0,09
0,11 pIBHOMIpHUIT 0,9955 0,56
TMOKa3HUKOBUI 1 1,01
HOpMaJIbHHH 0,9914 0,14
0,12 PiBHOMIpHHUIA 0,9951 0,51
TIOKa3HUKOBUI 1 1,01
HOpMaJIbHHUI 0,9905 0,05
0,13 pIBHOMIpHUIT 0,996 0,61
MMOKa3HUKOBUI 1 1,01
HOpMaJIbHHH 0,9904 0,04
0,14 piBHOMIpHHUIA 0,9971 0,72
TIOKa3HUKOBUI 1 1,01
HOpMaJIbHHUI 0,9918 0,18
0,15 pIBHOMIpHUIT 0,9965 0,66
TMOKa3HUKOBUI 1 1,01
B T1abn. 2 HaBemeHO pe3ynbTaTH MOJEITIOBAHHS.

Koskna peanizauist Oyia auTHBHOIO CYMIIIIIIO CHUTHATY
Ta 3aBagu. Iy K0>kHOT BHOIpKH OyJI0 OTpUMaHO peatiza-
il OLIHKK APYroro KyMyJIsiHTa Ta 3a JJOIOMOTOI0 Iepe-
BIpKH TiNOTE3 MPUHAHATO pPillEeHHS HPO HAsBHICTH abo
BiZICyTHICTh curHaiy. ExcriepuMmeHTanbHa HMOBIpHICTH
MPaBUJILHOTO BUSIBJICHHSI OTPHUMaHa SIK BiTHOIIECHHS KiJlb-
KOCTI NPHUHHATUX pilleHb NPO HAasBHICTb CHTHATY 0
3arajgbHOi KUTBKOCTI peamizamiidi. Takoxx oOuucieHo ii
BiTHOCHY IOMUIJIKY, SIKa 3HaXOIAHUThCS B Mexax 1,01%.

BUCHOBKU

[IpoBeneHo po3paxyHKH Ta OTPUMAHO HEOOXiIHI
00’eMH BHOIPKHM Ta MOPOTOBI 3HAYCHHS NPH (PiKCOBaHUX
TTOMUJIKAX OIIHIOBaHHS JIJISl HAMO1IBII BXKUBAHUX PO3TIO-
JIUTIB IIYMOBHUX CHTHAJIB: HOPMaJIbHOTO, PIBHOMIPHOTO
Ta MOKa3HUKOBOTO.

B pesynbrati npoBeieHHS OTO JOCIIKEHHS 11T
XOM MOJIENTIOBaHHS OyJI0 MiATBEPIKEHO, IO BUKOPHUC-
TaHHS KyMYJSIHTa JPYTOro MopsiiKy (aucmepcii) 103Bo-
JIsi€ BUSABIIATH CUTHAT Ha (OHI IIyMOBOi 3aBajaul 3 Bijo-
MUM posnozinaom. ExcriepumenTanbaa IMOBiIpHICTS 1pa-
BUJIGHOTO BUSBJICHHS BiJAIOBIIA€ 3aaHilf — I BCiX eKC-
MIEpUMEHTIB ii 3HaYeHHs mepeBunyoTs 0,99.
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Abstract—In order to determine the technical condition of energetic objects with the objective of ensuring their opera-
tional reliability, durability and safety, systems of noise diagnostics, which are based on the analysis of acoustic diagnostic
signals. A promising area of noise diagnostics are cumulant methods, based on cumulant analysis, which involves the use of
cumulants and cumulant coefficients. In known literature no characteristics of detection of a signal within an interference-
containing additive mixture with the use of a second-order cumulant (variance) can be found. That is why the objective of
the paper is to study the use of cumulant method on the basis of point estimations of variance for a sample of momentary
values for detection of an acoustic signal against the background of noise interference.

The research was carried out by way of modeling the additive mixture of signal and interference using the MATLAB®
software package. Interference is a model of a noise acoustic signal, which accompanies the operation of properly functional
equipment. Signal is a model of an acoustic signal which is created with the occurrence of a malfunction. Signal and inter-
ference are independent random variables, so the property of additivity of cumulants was used — the variance of a mixture
equals the sum of variances of signal and interference. The decision about the presence of a signal was made on the basis of
testing two statistical hypotheses. The null hypothesis — the signal is absent, variance equals to the variance of the interfer-
ence. The first hypothesis — the signal is present, variance equals to the variance of the mixture. Additional parameters:
probability of a Type I error 0,01, probability of correct determination 0,99. The relative error of estimation determined
the minimal sample size. These values allowed for the calculation of the threshold value, upon the exceeding of which by
the variance estimation, the decision on the presence of signal is made.

For each sample, assessments of variance were made. Experimental probability of correct determination is calculated
as a total number of decisions taken regarding the presence of a signal, divided by the number of realizations, and corre-
sponds to the value of the specified probability of correct determination. Its relative error was calculated in order to control
the validity of the results. Also, kernel density estimation of the probability of the variance assessment for the case of a signal
with normal distribution. As shown by the graphs, the assessments have a distribution that is close to normal.

The conducted study proves that a variance -based cumulant method allows to detect a signal against the background
of noise interference. The necessary sample size, which shows the number of the necessary momentary values, is given in
the paper. That is to say that with the help of the frequency of an analogue digital converter the needed duration of
the recording of a real for assessment of its variance can be obtained, and the decision on the presence or absence of a signal
is to be made on the basis of the specified threshold values. The results of the study can be added to the known sample sizes
and threshold values for the coefficients of asymmetry and excess with different distributions. Application of the described
method requires additional testing on real acoustic signals and has the areas of use in systems of noise diagnostics.

Keywords — additive mixture, cumulants, cumulant analysis, distribution law, noise diagnostics, noise interference, noise
signal, point estimation, signal detection, variance.
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