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AHANNS BIUAHNA PUNBTPALUUA HA YYBCTBUTEJIbHOCTb KYMYJTAHTHOIO
METOOA OBHAPYXEHUA AKYCTUYECKUX CUTHATIOB YTEYKA
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[TpoBesieHo ekcnepuMeHTanbHe JI0C-
JKeHHST BiHOIICHHS KYMYJISIHTIB aKycC-
TUYHUX CUTHAJIB BUTOKY PilUHU B TPyOO-
npoBofii Ta 3aBaju. [lokazano, 1m0 3acTo-
CyBaHHSI CMYTroBOl1 (biTbTpamil 30iTblIye
BiJJHOLLICHHS KYMYJISIHTIB Ha MOPSIKY.

[IpoBeneHo SKCrEepUMEHTAIBHOE  HIC-
CJIE[IOBaHNE OTHOIIEHUS KYMYJISTHTOB aKy-
CTUYECKUX CHUTHAJIOB YTCYKHU >KUJKOCTU B
TpybonpoBofe u momexu. [lokazano, 4ro
MPUMEHEHUE TOJIOCOBOW (PUIIbTPALMM YBe-
JIMYMBACT OTHOLICHUE KYMYJISIHTOB Ha IO-

An experimental study of the ratio
of cumulants of acoustic signals of fluid
leakage in a pipeline and interference is
carried out. It is shown that the use of
bandpass filtering increases the ratio of
cumulants by orders of magnitude.

PSITIKH.

bub6a. 15, Tabn. 5, puc. 3.

KioueBbie cjioBa: AKYCTUYCCKOE€ KOHTAKTHOC TCYEHUCKAHUC, O6HaPY)KCHI/IC CUTHAJIa YTCUYKU 2KUJAKOCTU, aKYCTUICCKUC

IIYMOBBIE CUTHAJIbI, KYMyJISIHTHI:Iﬁ aHaIm3.

Beeoenue

OnHoii u3 3amau obecreueHusl HaJieXKHOW pabOoThl CH-
CTEeMbl TEMJIOCHAOXKEHUSI SIBJISIETCSI KOHTPOJIb HAPYILICHUS
repMeTUYHOCTHU TpyOonpoBosioB [1, 2]. [1ns peluenus 3aa-
Yy OOHAPYKEHUSI yTeUeK KUJKOCTU B TPyOONPOBOJE B MPO-
LECCEe ero 3KCIUlyaTalydyd WHUPOKKE BO3MOXKHOCTH MMEIOT
METOJIbl aKYCTUYECKOI0 KOHTAKTHOIO Teueuckanusi [2-7].
AKYCTHUYECKWI1 CUTHAJT YTEUKH MCKasKaeTcsl IyMaMu, CO3-
[aBaeMbIMU JIBUKYIIUMCSI TOTOKOM 3KUJIKOCTU, MOITOMY
3aa4a OOHApYXKEeHUsl yTeueK B TPyOOMpOBOIax CBOAUTCS K
3aaue OOHAPY>KEHUs LIIyMOBOI'O CUTHAJA YTeUKU Ha (poHe
LIYMOBOI1 noMexu. B HacTosiuiee Bpemsi peleHue 3TOoi 3a-
madm GasmpyeTcs, Kak MpaBUJIO, HA METOfaX KOPpeJsiy-
OHHO-CMIEKTPAJILHOIO aHaJIn3a, KOTOPhIE SIBJISIOTCS UcUep-
MBIBAIOIIMMU, €CJIM CUATATh, YTO CUTHAJ M MOMeXa UMEIOT
rayCCOBCKOE pacrpe/eieHue MrHOBEHHbIX 3HAUEHMUIA.

Pe3ynbraThl TEOpEeTMUYECKUMX M 3IKCNEPUMEHTAILHbBIX
uccaenosanuii [8—11] nokazanu, OqHAKO, YTO aKyCTUUECKUE
CUTHAJIbI YTEUKW SIBJISIFOTCSI HETAyCCOBCKMMU CITyYaiiHBIMU
nponeccaMmu, MO3TOMY JIJIsl UX OOHApY>KEHUsI Hapsiy ¢ KOp-
PETSILUOHHO-CIIEKTPAJILHBIMU ~ METOfIAMU  LIEJIECO0OPa3HO
NPUMEHSITH METOJIbI, OCHOBAHHbIE HA BEPOSITTHOCTHOM aHAJIH-
3e HerayccoBckux npoueccos [12]. B pa6ore [13] npepgo-
JKEH KYMYJISIHTHBI METOJ] OOHAPYKEHUSI YTEUEK KUJKOCTHU
B TPyOONpPOBOJE, /sl MPAKTUYECKON MPOBEPKU KOTOPOro
HEOOXOMO TPOBEICHNE SKCIIEPUMEHTALHBIX UCCIICHOBAHUIA.

Henbto aHHON pabOTHI SIBJISIETCS] AHATIU3 UyBCTBUTE b~
HOCTU KYMYJISIHTHOTO METOJa OOHAPYKEHUSI YTeUeK Ha OcC-
HOBE CTAaTUCTUYECKOIl 0OpabOTKM aKyCTUYECKOIro CHUrHaja
YTE€UKU U TMOMEXHU, CO3[AABAEMOM [BMKYIIMMCS MOTOKOM
SKUJKOCTH.

Kymynanmmuotii memoo oonapyscenusn ymeuex

PaccmoTpum Moziesb (popMUpOBaHus 1 BEPOSITHOCTHbBIE
XapaKTepUCTUKN AKYCTMYECKOrO CUTHaja npu oOpa3oBa-

HuM Teun B TpyoOonposoje [11]. Ecim B HEKOTOpPO# TOUKe

, TPYObI BO3HMKJIa T€Yb, TO B PE3yJbTaTe Mepenaja jaB-
JieHUi U3 TpyObl MPOUCXOUT yTEUKa KUAKOCTU, KOTOpas
BO30YXKJIa€T MEXaHUYECKUE KOJeOAHUsl, SIBJISIIOLLIMECS] UC-
TOYHMKOM aKyCTU4eCKoro curHana yreuku & (f). Curnan
YTEUKU MCKAXKAETCS AJIATUBHON aKyCTUYECKOH LIYyMOBOW
MTOMEXOu E (¢), coznaBaeMoii IBUXKYILLIMMCSI TOTOKOM KUJIKO-
CTH, TOTOMY cUrHaJI E(f) Ha BXOJIE 3JIEKTPOAKYCTHYECKOTO
npeoOpa3oBaTesis, yCTAaHOBJIEHHOIO BOJIM3M TOYKY X, , UMEET

CIIEYIOLIMI BUJL:
EN=E,0+E 0. (D

CnenaeM crepyrolmye TPENONIOXKEeHNS OTHOCUTETHHO
CBOJICTB CHUTHAlIa Ey (1) m momexu E (9). B obwem cayyae
Ey (#) m § (f) ABNAIOTCS HETAYCCOBCKMMM HECTAMOHAPHBIMK
CJIy‘{aI/IHbIMI/I MPOLECCaMU, OTHAKO HA KOPOTKUX MPOMEKYT-
Kax BpeMeHHU (HECKOJIbKO MUHYT), HEOOXOIUMbIX JIJIsl peru-
CTpaiuu 1 06pabOTKH, 3TU CUTHAJIBI MOXKHO CUMTATh CTAIU-
oHapHbIMU. Vcxopist n3 (pu3niecKnx cooOpaskeHnit, MOSKHO
TIPE/NOTIOXKUTE, YTO CUTHAJI EYT(I) " TIoMexa En(t) SIBJISTFOTCSI
HE3aBUCUMBIMU CJTyYallHBIMU POIIECCaMMU.

[IpocThiMU, HO OCTATOYHO MH(POPMATUBHLIMUA XapaK-
TEPUCTUKAMU HErayCCOBCKUX TMPOLECCOB SIBJSIOTCS OJIHO-
MepHble KyMyJIsSHTBI [12] k mopsiaka s = 1,2,..., KOTOpbIE
nJist curana (1) paBHbl

KS = Ks,y'r+ Ks,u’ (2)

rae K ., K — KyMyJISHTbI §-TO NOPSIKA CUTHANIA Y TEUKU 1
MOMEXM.

IIpuHuyn oOHApY>KEHUs] CUTHaIA yTeuKd EYT(t) Ha oc-
HOBE KYMYJISSHTHOT'O aHAJIM3a 3aKJHYACTCS B CJAEAYIOLLIEM.
Eciu yTteuka B KOHTPOJIMpPYEMOM TpyOONpOBOAE OTCYT-
crByeT, To K =0 1 BCe KyMyJISIHTbI K =K _ , a IIPU HaJIu-
YUK yTEUKU K 7 K_ . BuacTHOM cnyqae Koma nomexa & (1)

NMEET FayCCOBCKI/II/I 3aKOH pacnpeesIeHus1, €€ KyMYJISIHTbI
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K =0,s=3. Torja npuHUMaETCs pelieHrne 00 OTCYTCTBUN
YTEUKHM, ecyi Ipi s = 3 K =0, ¥ 0 HAIMYMKI yTEUKH, €CJII
K #0.

Huast aHanm3a BO3MOXKHOCTEH KYMYJISIHTHOTO METOJia
0OHapy>KeHusl yTeueK HeOOXOIMMO pacrojlaraTb KOHKpET-
HBbIMM 3HAYEHUSIMU KYMYJISIHTOB PEAJIbHBIX CUTHAJIOB yTeu-
KM 1 IOMeX, KOTOPbIE MOYKHO MOJYYUTh B pe3yJbTaTe Mpo-
BEJICHUSI HATYPHOT'O 3KCIEPUMEHTA.

Ycnosus nposedenus sxcnepumenmanvrovix
uccieoosanui

OcHoBHas npoGsieMa obecnedyeHnst JOCTOBEPHOCTH pe-
3yJIbTATOB 3KCIEPUMEHTAbHBIX MCCIEOBAHUN COCTOUT B
TOM, UYTO Ha pealbHbIX OOBEKTAX HEBO3MOKHO IMOJIYUYUTh
CUTHAJI YT€UKH B TPYOOMPOBOJie C U3BECTHLIM pa3MepoM U
hopMoIi Teuu NMpu 3aJaHHOM TTOCTOSTHHOM JIaBJICHUU B TPYyOe
U MPU OTCYTCTBUU aKyCTUUECKUX MOMEX.

[TosTomy st popMUpPOBaHUS CUTHATIA YTEUKU UCTIONb-
30BaHa pa3pabOTaHHAasi U U3rOTOBJICHHASI B OTJEJE TEIJIO-
METPUH, IUATHOCTUKHU U ONTUMU3ALMK B aHepretuke UTTP
HAHY ycranoBka (puc. 1, a), MO3BOJISIIOIIAS OCYIIECTBIISITh
(pu3MUECKOe MOJENIMPOBAHNE YTEUKH XKUAKOCTU B TPyOe B
crosiueit Bope [14]. [ns umutauuu Teun B TpyOe MCHOJb-
30BaHA HACaAJIKa C MEHbIMU CTEHKAMU U CKBO3HbIM LIAJIMH-
APUYECKUM OTBEPCTUEM AUAMETPOM 1 MM, a J71sl MOJTyYEeHUsT
yTeueK B TpyOe MoJyiep>KUBajIoch aBiieHne 6 aT™.

B kauecTBe moMexu KCMOJIB30BAH 1IyM, CO3[AaBAEMbIi
ABIDKYIIMMCSI TOTOKOM SKUIKOCTH B TPyOOMNPOBOJIE TEII0-
Boro nmyHkta B kopnyce Ne 7 UTT® HAHY (puc. 1, 0).
[Tomexa peructpupoBanach Ha TpyOONPOBOJIE paclpeeu-
TEJILHOW CETH MpPU JIaBJICHUU 7 aTM, OOBEMHBIA pacxoj Te-
TUTOHOCHUTENS B cpefiHeM cocTaBisin 6onee 1000 ni/gac, uto
obecneunBasio CKOpoCTh oToKa 6osee 0,567 M/c, ipu KOTO-
POIi pekuM ero MBUXKEHUSI MOYKHO CUATATh TYPOYJICHTHBIM.

Ilnst cbopa, peructpauuu U 06pabOTKU aKyCTUUECKUX
CHUTHAJIOB MCNONB30BaHa MOOMJITbHAsT cucteMa [11], B cocTas
KOTOpo#l BXopaT akcesjepoMeTp KD 39 (paboumit puana-
30H YacToT 7o 13 kI'1, YyBCTBUTEIBHOCTD 1O HANPSSKEHWIO
5 mMB/(M/c?)), yemmurens 3apsa (KOa(ppUIEHT yCUTeHnst
no Harnpspkenuto 24 nb), yeunurens-punstp PY2-11, mo-
nyns ALIT ADA-1406 (paspspHocTs 14 6uT, yacToTta auc-
kpetuzanuu 1o 350 k'), HOyTOYK ¢ pa3paboTaHHBIMU MPO-
rpaMMaMM CTATUCTUYECKON OOPaOOTKH.

Jlns monyyeHusl CUrHaja YTEUKU aKCeJepoOMETp Kpe-
MIAJICSI C TIOMOIIBIO EMEHTUPYIOIIEH IIMIIBKA Ha MIIgO-

BaHHYIO NMOBEPXHOCTb TPYObI BOJIM3M Teun (Ha PAcCTOSTHUU
0,05 m ot Hee). [Tomexa peructTpupoBanach ¢ MOMOLIbIO aK-
cesiepoMeTpa Ha TPyOONpPOBOJIE PACTIPEAEINTENLHOM CETH B
Touke 1.

3annch CHUTHAJIOB HA SKECTKUH [HUCK HOYTOyKa OCy-
miecTBisack ¢ nomouibio AT u nporpamMmHoro obecre-
yenusi «PowerGraph» ¢ dacroroi guckperuzanuu 150 kI
B Teuenue 10...15 c. [1ng ycTpaHeHnst TpUOO3JIEKTPUYECKUX
MOMEX, BbI3BaHHBIX HU3KOYACTOTHBIMU BUOpALMsIMU TPYOO-
MPOBOJA, CUTHAJIbI TIPU PErMCTPALY NOJBEPraIuCh BbICOKO-
YacTOTHOM (priibTparyu ycunureneM-puibtpom PY2-11 ¢
yactoTou cpe3a 10 I'n,.

AﬂzopumM bl cmamucmuu4ecKkozo anaiuiza

OLEHKN KyMYJISIHTOB K, § =2,6, TOJy4YeHbl Ha OCHO-
BE METO/Ia MOMEHTOB U CBSI3aHbI C OLIEHKAMU LEHTPATLHBIX
MOMEHTOB CJIeyoLuM oopa3oM [15]:

Ky =My,

K3 =[3,

A A A 3
Ry =fy =303, ©)
Ks = fis — 100131, ,

R =g — 15041, — 1005 +30013.

[TonyuyeHue oLeHOK KyMYJISIHTOB M pa30poca 3THX OLe-
HOK OCYUIECTBJISNIOCH B TaKOWl MOCJeN0BaTEIbHOCTH. Jist
WCCNIEJIOBaHUST M3 TOJYYEHHbIX aHcamOuell peannsauuit
CUTHAJIOB YTEUKM M TIOMEX ObUIM OTOOpaHbl peajn3aluu
IJIUTENBHOCTBIO 7 C, YTO COOTBETCTBYET 00BEMY BbIOOPKU
N = 10° orcueToB.

Peanuzauumn paszbuBanuch Ha L = 7 HenepekpblBaro-
LMXCS] UHTEPBAJIOB JINTEIBHOCTHIO 1 C, YTO COOTBETCTBYET
o6beMy BbiOopku 7 = N/ L = 143000 orcueToB. [I7st KaxK-
foro uHTeppana /=1,L mo Beibopke (€, ,...., § ) BHauane
HAXOJIUJIUCh OLICHKU UEHTPAIbHbIX MOMEHTOB

N 1Z S

A (D) ==2 (& —y ), (4)
n =1

rae ﬁll — OL€HKA MaTEMaTUYICCKOIr'o O>KUaaHuda I/ICCJICIIyeMO-

ro HpOIIeCCEl Ha COOTBCTCTBYIOH_ICM I/IHTepBaJ'Ie

1 n
iy == &
n =1
a 3aTeM 1o ¢popmyaam (3) BLIYUCISITUCH OLIGHKU KyMYJISH-

Puc. 1.
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ToB K, (/).

OLEHKHU KyMyJISIHTOB &, 10 BCell peann3auuy Haxoau-
nack Kak cpejiHee apncpMeTquCKoe OLIGHOK TI0 KasKjIOMy
VHTEpBay:

LS ).

=
Lo
Pasbpoc 0( k) OUCHOK K BBIMHCIISIICS 1O popmyJte

o)L

K

/)] ~0,3786( &, (/)]

rie o k (/)] — pasbpoc oueHkn K (/), KOTOPbIil paBeH
- 1
ol %, (1]=

> (&, () &,)’
— DK, (/)-x,) -
L-1,5

TaxkuM 06pa3zoM, pe3yIbTaThbl OUEHUBAHKS MOXKHO MPeJi-

CTaBUTb B TAKOM BUJIE k= K+ 20( K, ), YTO COOTBETCTBY-

€T JIOBEPUTEIIHLHOI BeposiTHOCTH p = 0,95 B mpepnonoxxkeHnun
O HOPMAJILHOM PACIIPENIEJICHUH OLEHOK K, .

Pe3lebmal1’lbl aHaIu3a OMHOULEHUA CUZHAT/NoMeXa

Kaccuyeckre MeTOfbI OOHAPYKEHHST IIYMOBBIX CHUT-
HAJIOB Ha (pOHE LIYMOBOI NTOMeXH 6a3UpyIOTCS Ha KpUTEPUU
OTHOIIIEHUST CUTHAJ/TIOMEXa, KOTOPbIN OMpeieNiIeTCsl Kak
OTHOIIICHHUE CPEIHUX KBAJ[PATUYECKUX OTKJIOHEHWH, T. €.

o, /o =(k, /x, )".BTa6m. alHBeHeHbI 3HAUYEHUS OLIEHOK
CpClIHI/IX KB%JJ;paTquCKI/Ix OTKJIOHCHHI1 IOMEXH O, 1 CUIHasia

YTEUKH O, 3 TAKXKE MX OTHOLICHNE 0 /0.
Tabun. 1
o, o, 6,/ 06,
0,0448+0,0008 1,0407+0,0375 23
SM), aBTy

=== noMexa
— yTEMEA

Puc. 2.

Hucnepcuu K, —u K, CHUrHAma yTEUKU U TMOMEXH Xa-
PaKTEpU3yIOT CPEHIOI MOLIHOCTH MCCIIEyeMbIX MpOLec-
COB BO BCEM YaCTOTHOM Juamna3oHe. [l peleHus 3ajaun
MOBBIIIEHNS] OTHOLIEHUS] CUTHAJ/IOMEXa HEOOXOMMO WC-
CJIeIOBATh CNEKTPAJbHbIE MIIOTHOCTH CHUTHAJIOB YTEUYKU U
MOMEXH, KOTOPbIE MOKAa3bIBAIOT pacrpefiesieHne UCTepCuil
HCCIIE/lyeMBbIX TPOLECCOB MO YacTOTe.

Ha puc. 2 npuBeneHbl OUEHKHM CNEKTPAJbHBIX MJIOT-
HOCTENl CHIHAJIOB YTE€YKWM M MOMEXU OTHOCUTENBHO OMNOp-
HOTO ypOBHs1 ycKopenusi a, = 107 m/c?, KoTopble mosyue-
Hbl C TIPUMEHEHUEM ObICTpPOro npeodpazoBaHusi Pypbe Ha
OCHOBE MOJIM(PUIMPOBAHHON MNEPUOIOTPAMMHON OLEHKU
[15] npu nepekpeiTin cocegHux cermeHToB 50 %. Pazmep
MPSIMOYTOJILHOTO OKHA JIaHHbIX cocTaBiisl 1024 orcuerta,
YTO 00ECHEeYNIIO Pa3pellarolly0 ClIOCOOHOCTD M0 YacTOTe
Af = 150,2 T'u. CnekTpanbHas TWIOTHOCTH IIyMa M3MepH-
TEJLHOTO TPAaKTa MPAKTUUYECKH TIOCTOSIHHA BO BCEM paboueM
YaCTOTHOM Auamna3oHe u pasHa 24 nb/I'n.

[To puc. 2 BUAHO, YTO OCHOBHAsl MOLIHOCTH TOMEXH
cocpeforoyeHa B mnosioce 0...5 kI, a y curHana yTeuyku
MOXHO BBIIEJINTb TPU XapaKTEPHBbIX AWala3oHa YacToT:
1-0...5«lmg, 2 -5...10 k['g, 3 — 10...15 k['u, npuyem
OCHOBHAsl MOIIIHOCTb CHUTHaJla COCPEIOTOYEHA B TOJIOCE
5...10 kI,

PaccMOTpUM  BO3MOXKHOCTD - yJTy'llICHUs]  OTHOLUCHHS

0 _/ 6 3a cyer nmpuMeHeHus uugpoBoil pubTpauun [15].
I/fcxouﬂble pealm3alyy CUrHajla YTE€YKW M TNOMEXH MOf-
BEprajiich (PUIbTPAUUA B TPEX OTMEUEHHBIX XapaKTEPHbBIX
AMana3oHax 4acToT C nomollbio punabTpoB barrepBopra ¢
yKa3aHHbIMU HUKE BUJAMH, MOJIOCAMU MPOMYCKaHUS U TI0-
psiKaMu (pUIIbTPOB:

1 — punbTp HUXKHUX YacToT, 0...5 K[y, 15 nopsnok;

2 — n10s0coBO# pUnbLTP, 5...10 KI'y, 8 NOpsAOK;

3 — monocoBoii puteTp, 10...15 kI'1, 8 MOpsIOK.

AMIUTUTY/THO-4aCTOTHBIE XapaKTEPUCTUKN (DUIBTPOB
NpuBefIeHbI Ha puc. 3, a, Ha puc. 3, 6 — OLEHKHU CNEKTPallb-
HBIX MJIOTHOCTEN CUTHAJA YTEUYKH MOCIie MPOBefieHns (pilb-
Tpalyu B TPEX Mana3oHax 4acToT.

B Ta6n. 2 TPUBE/ICHbI 3HAUCHNSA OLEHOK CPEIHMX KBa-
APaTIYECKNX OTKJIOHEHUI IOMEXH O, 1 CUTHajla YTeUKN O, ,
a TAKXKE UX OTHOLLEHUE 0 /6, 6e3 HpI/IMeHeHI/IH (b]/mb’rpam/m
u ¢ punbTpanmen.

W3 nanHbIX Tabu1. 2 ciefyer, 4To ¢ NpUMEHeHneM (puilb-
Tpaluu oTHoleHue G, /0 yBenuuuiock 6osee ueM B 15 pas
paist monockl 5...10 xI'y u 6osiee yeM B 19 pa3 auist nosockl
10...15 k' no cpaBHEHUIO C OTCYTCTBUEM (PUIBTPALUH.

Pe3y./lbmal’l'lbl anaau3a 4yecmeumejibHoCmu KymyJjianmaoe

IIpoananu3upyem BiusiHUE (pUILTPAUMKM HA YYBCTBU-
TEJILHOCTh KYMYJISIHTOB UCCIIEyeMbIX TpoieccoB. B Ta6n. 3
NPUBE/IEHbI 3HAYEHUSI OLEHOK KYMYJISIHTOB NMOMEXU K . B
Tabn. 4 — 3HAYCHUS! OLIGHOK KYMYJISTHTOB CHTHAJIa yTe‘{KI/I
6e3 npuMeHeHus! (PUIbTpauUU U ¢ (PUILTPALUEH.

AHanu3 faHHbIX TabJ. 3 moKasal, YTO C NPUMEHEHUEM
¢unbpTpanuu B nojoce yactoT 0...5 k['1 3HaYeHNsT Kymy-
JITHTOB TIOMEXM MPAKTUYECKN HE U3MEHWINCH, a B OCTAJIb-
HBIX MOJI0CaX OHU YMEHBIIUJIUCH B IECATKHU ThICSY Pa3.

Kak BujHO M3 AaHHBIX Tabs. 3 U 4 KyMyJSHTbI CUr-
HaJla YTeYKU BO BCEX CJIyYasiX CYIIECTBEHHO TPEBBIIIAIOT
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10...15 kly
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Py N SRS N WY 1S S U DN U W
70 f- e f e
] e 1. S £ CLERRTRRR
s e
]
50
L et o ""-%r'-'-:; """""""""" .
LI N b £,y
15000 o 5000 50 15000
0)
Puc. 3.
Ta6mn. 2
[Monoca cpunbTpammm o, o, GYT/ 8n
Be3s usbrpa 0,0448+0,0008 1,0407+0,0375 23
0.5kl 0,0447+0,0008 0,3909+0,0192 9
5...10 xI'y, 0,0025+2,45-10° 0,8975+0,0278 365
10...15 kI'y 0,0007+3,73-10°¢ 0,3255+0,0259 451
Taba. 3
a1
Bes ¢punbrpa | 0,0020 +7,15-10° 3,58:107 £4,21-10° | -1,20-10°+4,83-107 | 5,38-10° +4,46-10® | 6,09-10° +4,44-10°
0.5l 0,0020 +7,15-10° 3,36:107 £4,20-10¢ | -1,21-10°+4,83-107 | 545-10° 24,46:10® | 6,11-10° +4 46-10°
5..10kTy | 6,05-10°+1,20-107 [ -2,28-1012 £5,25-102 | -4,11-10"% £1,13-102 | 6,09-10'¢ +2,54-10""° | 1,31-10'7 £3,29-10'7
10..15kT'y | 522-107 £541-10° | 7,88:10"° £6,09-10" | -1,25-10'° £2,95-10 | -7,46-10%° £1,55-10" | 1,09-10%° £1,65-10°
Taba. 4
Q)HIJIIZ%());EI/II/I Ko Ky Ky K yr Koar
Be3s dunbrpa 1,0852 +0,0782 -0,0027 + 0,0087 0,3846 +0,1435 0,0064 +0,0791 0,7237 +0,6370
0.5kl 0,1533 +0,0153 -0,0008 +0,0012 0,0039 + 0,0034 0,0007 +£0,0012 0,0010 £0,0018
5...10 kI'y 0,8067 +0,0497 5,10-10°+7,11-10° 0,1941 +0,0642 0,0011+0,0025 0,0741 £0,1175
10...15 kI, 0,1070 £ 0,0174 -1,74-107+ 4,78-107 0,0204 +0,0163 3,35:107 £ 2,26-10° 0,0603 +0,0968

KYMYJISIHTBI IOMEXH, & 3HAUUT, KyMYJISSHTbI CMECU CUTHAJIa
YTEUKU U NOMEXU OyAyT ONPENESATHCS B OCHOBHOM KYyMY-
JITHTaMU CUTHaJIa yTeuku. B Tabi1. 5 npuBeieHb! OTHOIICHHS
aOCONIOTHBIX 3HAYEHWIT KyMYJISTHTOB CUTHANA YTEYKH K KYy-

MyJISTHTaM MoMexu K__ /K = |K__|/|K_| 6e3 npuMeHeHust
S,yT KA . SyT KA

¢punbTpaumu u ¢ pusbTpalyen.

Kax BujiHO 13 JaHHBIX TA0J1. 5, OTHOLICHNUE KYMYJISIHTOB

K, /¥, TIOPSIKOB s > 2 HAMHOTO GOJBILIEC OTHOILICHNSI [IHC-
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Tabn. 5
[Tonoca dpunbTpauumn K, /K, K, /K, K, /K, K, /K K, /K,
bes unbrpa 5399 7450.,8 3,20-105 1,20-10° 1,19-108
0..5xIq 76,603 2307,7 32235 1,35-10° 1,57-10°
5..10 xI'y, 1,33-10° 2,24-107 4,73-101 1,85-10"2 5,67-10%
10...15 k' 2,05-10° 2,21-108 1,63-10' 4.48-10" 5,55-108

nepcuii K, /K, ocobenHo B mojocax 5...10 kI'n n 10...
15 xI'm. l%pOMe TOrO, OTHOIICHHE K /K CYILIECTBEHHO
BO3pacTaeT C yBeJIMYeHHEe MOpsijKa §, YTO MOATBEPXK/aeT
YYBCTBUTEJLHOCTb KYMYJISIHTOB BBICOKMX TMOPSIKOB K Ha-
JMYMIO YTEUKH.

Buieoowt

1. OcHOBHasi MOIIIHOCThL MOMEX COCPEIOTOYeHa B IO-
qoce 0...5 x['u, a curnana yreuku — B nosioce 5...10 kI'm.
OTHOIlIeHNe CPeIHNX KBaJIpaTMUECKUX OTKJIOHCHUI CUTHA-
Jla yTeUKU W TIOMEXHU C TpUMeHeHNeM (PUIIbTpaluy YBe-
yunock 6osee yem B 15 pa3z st monockl S...10 kI'y u 60aee
yeM B 19 pa3 auns nosock! 10...15 kI’ no cpaBHeHUIO ¢ OT-
CyTCTBUEM (DUIILTPAIUN.

2. Ilpu punbTpalun 3HaYCHUS] KYMYJISIHTOB TIOMEXU B
nogioce 0...5 K[| MpakTUUECKU He U3MEHSIIOTCS, a B TI0JI0CaX
5...10 kI'y u 10...15 x['y yMeHbLIAIOTCS HA HECKOJILKO MO-
psakoB. OTHOIIIEHWE KYMYJISTHTOB K /¥ TIOpSyIKOB s > 2
HAMHOT'O OOJIbIIIE OTHOIIICHUS }mcnepcym K, / K, ,0CO0eH-
Ho B nojiocax S5...10 kI['yu 10...15 kI, npvmeM OTHOHICHI/Ie
KYMYJISTHTOB CYILIECTBEHHO BO3PACTAaeT C YBEJIMUCHUEM TO-
PSIIKa 5, 4TO TIOAITBEP3K/IaeT YyBCTBUTEIBHOCTD KYMYJISTHTOB
BBICOKHX MOPSIKOB K HAJIMUUIO YTEUKHU.
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ANALYSIS OF THE INFLUENCE OF
FILTRATION ON THE SENSITIVITY OF THE
CUMULANT METHOD OF DETECTING THE

ACOUSTIC SIGNALS OF LEAKAGE

Beregun V.S.!, Krasilnikov A.L%, Polobyuk T.A.?

! National Technical University of Ukraine «Igor Sikorsky
Kyiv Polytechnic Institute», 16, Politekhnichna str., Kyiv,
03057, Ukraine

2 Institute of Engineering Thermophysics of the National
Academy of Sciences of Ukraine, 2a, Zhelyabova str., Kyiv,
03680, Ukraine

The purpose of the article is to analyze the sensitivity
of the cumulant method of detecting fluid leaks in a pipeline
based on the statistical processing of the acoustic leakage
signal and interference generated by the moving fluid flow. To
analyze the possibilities of a cumulant leak detection method,
it is necessary to have specific values of cumulants of real
leakage signals and interference, which can be obtained as a
result of a full-scale experiment.

To generate a leakage signal, an installation is used that
allows physical modeling of the leakage of liquid in the pipe
in standing water. To simulate a leak in a pipe, a nozzle with
copper walls and a through hole with a diameter of 1 mm
was used, and a pressure of 6 atmospheres was maintained
to produce leakages in the pipe. As a interference, noise
generated by a moving fluid flow in the pipeline is used. The
interference was recorded on the pipeline of the distribution
network at a pressure of 7 atmospheres, the volume flow of
the coolant averaged more than 1000 liters per hour, which
ensured the flow rate of the fluid at which its motion can be
considered turbulent.

The results of experimental studies of acoustic signals of
fluid leakage in the pipeline and interference showed that the
main interference power is concentrated in the 0...5 kHz band,
and the leakage signal is in the band 5...10 kHz. With the use
of bandpass filtering, the ratio of the mean square deviation of
the leakage signals and interference increased by more than
an order of magnitude for the frequency bands 5...10 kHz
and 10...15 kHz, as compared with the absence of filtering.
In this case, the ratio of the absolute values of the cumulants
of the leakage signal and the interference is much greater
than the ratio of the variances, and the ratio of cumulants
increases substantially with increasing order. This confirms
the sensitivity of high-order cumulants to the presence of a
leak.

References 15, tables 5, figures 3.

Key words: acoustic contact leak test, detection of a leakage
signal, acoustic noise signals, cumulant analysis.
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