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U3MEPEHUE AKYCTUYECKOW B3AUMHOW CBA3U MEXAOY
NMbE30JJNIEKTPUHECKUMU SJIEMEHTAMU B YJIbTPA3BYKOBbIX
®A3SNPOBAHHbBIX AHTEHHbIX PELLETKAX
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Onucani memoo ma eKCnepumMeHmaibHa YCMaHoeKa 0 BUMIPIOBAHHS AKYCMUYHO20 B3AEMHO20 38'S3KY
MidC  N'€30€1eKMPUYHUMU  eIEMEHMAMU 8  YIbIMPA36YKOSUX (DA30BAHUX AHMEHHUX IPAMKAx npu
BUKOPUCMAHHI MBEPOOMINbHO20 AKYCIMUYHO20 HABAHMAIICEHHSL.

Kuouosi cnosa: (pazosa amumenna pewimka, Oegexm, n’ezoenemenm, axyCmuyHull 63AEMHULL 36'SI30K,

ycmaHoeka, Moayflb, aKycmu4dHe HasanmdadiiCeHHA.

Paccmompenst memoo u sxcnepumeHmanbHas yCMaHo8Ka 01 U3MepeHusi akyCImuyecKkol 83auMHOU C843U
MedAHCAY Nbe30INEKMPULECKUMU DTIEMEHMAMU 8 YIbMPA368YKOBbIX (A3UPOBAHHBIX AHMEHHBIX PEULEmKax npu
UCNONIL308AHUY MEEPOOMENbHOU aKYCMUYeCKOU Ha2py3KU.

Knioueswvie cnosa: ¢pazosas anmennas pewiemxa, oeghexm, nbe3031eMeHm, aKyCmu4ecKkast 63auUMHAsL C653b,

YCMAHO0BKA, MOOYIb, AKYCMUYECKAas Ha2py3Kd.

The article considers the method and experimental installation for measuring cross-coupling between
piezoelectric elements in ultrasonic phased arrays wile using solid acoustic load are considered.
Keywords: phase array, defect, piezoelement, acoustic interconnection, setting, module, acoustic loading.

JloCTOBEpHOCTh M TOUYHOCTH YIBTPa-3BYKOBOTO
KOHTPOJSL C WCIONb30BaHHEM Je()EeKTOCKOIOB-
tomorpador (IT) B 3HaUMTENbHONW MEpe 3aBUCHUT
OT  YYBCTBUTEIBHOCTH ¥  IMPOCTPAHCTBEHHO-
BPEMEHHBIX XapaKTEPUCTHK BXOISIINX B HX COCTaB
¢dazupoBaHHBIX ~ aHTeHHBIX  pemietok  (DAP)
MbE303JICKTPHUYECKUX Mpeodpasonateneit (I1211).

B ycrnoBusx mpakTHYecKOro KOHCTPYUPOBAHUA,
npu  cozmanuu  peanbHBIXx DAP  Bo3HHKaiOT
pasaIM4HOrO0  poaa  moboyHble  "mapasuTHbIC"
3¢ deKTsI: WHEPITMOHHOCTh KoseOaHui
MbE303JICMCHTOB,  JICHCTBHE  MOOOYHBIX  MOJ
KoleOaHW! THE302JIEMEHTOB, B3aUMHAsl  CBS3b
MEXTY MbE303JIEMEHTaMH, HEUJCHTHYHOCTH
MbE303JIEMEHTOB, HETOYHOCTH ux
MIPOCTPAHCTBEHHOTO  TOJIOXKEHUS H  JpPYyTHE,
KOTOpBI€ OKa3bIBAIOT CYILIECTBEHHOE HEraTHBHOE
BIIUSTHHUE Ha YyBCTBUTEIHLHOCTh u
MIPOCTPAHCTBEHHO-BPEMEHHEIE XapaKTePUCTUKU
®AP TIDII. [IIposiBnenme 53TuX OSPPEKTOB B
Tporecce yiabTPa3ByKOBOTO KOHTPOJS MPUBOIUT K
YAaCTUYHOM WJIM TIOJIHOM TMOTepe JOCTOBEPHOM
nHopMalMK O  BEJIMYMHE,  XapakTepe U
MECTOIOJIOKECHUH J1e() EKTOB.

OCHOBHBIMM TIpOOJIEMaMU CTAaHOBSTCS, Kak
MpaBUIJIO, MOOOYHBIC MOABI KOJICOAHMM, B3aUMHAs
CBS3b u MHEPIIMOHHOCTh KoJie0aHui
mbe30371eMeHToB [1,2].

B nanHoii pabore HauOoOJbIlIee BHUMaHHE
YIEINEHO OSKCIEPUMEHTAIBHBIM  HCCIIEOBAHUSAM
AKyCTHYECKOU B3aMMHOMI CBsI3U MEXIY
nbe3odieMeHTamMu @AP, mpenHasHadYeHHBIMH IS
YABTPa3BYKOBOI'O KOHTPOJISI METAJLIIOB.

OKcIeprUMEeHTaIbHBIM HCCIIEN0BAHUAM
aKyCTHYECKOU B3aMMHOMI CBsI3H MEXIY
nee3ovieMeHTamMu  PAP  mocesmeHo  Hemano

nyonukanuii [3,4]. OgHako, B OOJNBIIMHCTBE PabOT
MpH  HW3MEPEHWH B3aWMHON CBSI3M B KauyeCTBE
aKyCTUYECKOM  Harpy3Kh  3JIEMEHTOB OAP
HCIOJIB3YIOT BOAY WM BO3[yX, YTO 3aKOHOMEPHO
JUIA PacIpOCTpPaHEHUs MOJYYEHHBIX Pe3yJIbTaTOB
Ha DAP IIDIl MeaMIMHCKOrO HAa3HAYEHUS WIIN
HMMEPCUOHHBIX  —  JJI  Hepa3pyLIarollero
KOHTPOJIS.

B Hamem ciyuae 3ajgaueil ABiIS€TCS CO3JaHUE
MEeToJa M YCTAHOBKM JJISI HM3MEPEHUs B3aUMHOM
CBSI3U MEXIy  IbE303JIEMEHTAMHU DAP c
HCIIOJIB30BAHUEM TBEPAOTEIBHON aKyCTUYECKOMN
Harpy3ku, 4TO COOTBETCTBYET pEaIbHbIM yCIOBUSIM
paboret DAP mpu  ynbTpa3BYyKOBOM KOHTPOJIE
METAJUIMYECKUX MAaTEPUAIIOB U U3JICIIHMN.

N3MepeHus akyCTUYeCKOW B3aMMHOM CBSI3H
MEXIy  Mbe3odjeMeHTaMu  JuHeiHoi ~ DAP
MIPOU3BOAMIINCEH B PEKUME U3ITydECHUS UMITYIHCHBIX
CUTHAJIOB Ha YCTaHOBKE, CTPYKTypHas cxema
KOTOpO# mpuBeeHa Ha puc. 1.
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B cocraB ycTaHOBKH BXOAMT:
— Tepelarolliil TPakT, KOTOPBIH (opMUpyer

BHUJICOMMITYJICHBIE CHUTHAJIBI, TpEAHA3HAUYCHHBIC
JUIS  BO30YXKIEHUs Tbe3odsieMeHTOB DAP
KOMMYTAITMI0O  KaHAJIOB  (MBE303JIEMEHTOB) U

KOTOpBII BKITIOYAET T€HEPATOp BHUJICOMMITYIILCOB |
(reHepaTop yHmapHOro BO30YXXICHMS), KOTOPBIH
JOJDKEH obecreunTh BO30YXJICHUE
[1bE303JIEMEHTOB DAP HMITYJIbCOM TOKa
SKCTIOHCHIIMAILHOH (OPMBI U HMMEET CIIEAYIOIIne
mapamMeTphl: aMILIMNTyda HUMITyJIbCa TOKa Ha
Harpy3ke C = 1000 n® B mpenmenax amamazoHa OT

o 15 A; IIOCTOSTHHAA BpEeMEHU
SKCITOHCHIIUAJIBbHOI'O HUMITyJIbCa

T, =/ -7,,)£0l/f mkc, rne f — HOMHHANBHBIE

3HAYCHUsA YaCTOTBI [, WIX [, TOBEPIEMOro
nee3odnieMenta B MII; UIHTENBHOCTH (pOHTA
Ty, S1/2f Mxe [5], u xommyraTop 2, KOTOpBIi

obecrieunBaer MepeKIIoueHue
(mbezonnementoB OAP);

— TpHEMHBIH TpakKT, KOTOpBIH Mpeodpasyer
aKyCTUYECKHE  CHUTHAlbI B DJIEKTPUYECKHE,
obecrieunBaeT WX YCUJIEHHE JO HOPMHUPOBAHHOTO
YpOBHS, WHIWKALMIO Ha SKpaHe ocuuuiorpada,
u3MepeHne ©u  00pabOTKy  MH(POPMATHBHBIX
mapamerpoB Ha IIK © BKiIO4aer: TOYCHHBIN
MarHMUTOCTPUKIIMOHHBIHN npeoOpasosatens (TMCII)
5, MIMPOKOMOJIOCHOE COrJacylolllee YCTPOWCTBO
(ICY) 6, arrenroaTtop 7, IIHPOKOIIOJIOCHBIM
yewnutenbs 8, 1umdpoBoi  ocumiuiorpad 9,
nepcoranbHbii komnsioTep (1K) 10.

B mpueMHOM TpakTe YCTAaHOBKM HCIONB3YeTCs
CIIELIUAIIBHO pa3pabOTaHHBIH TOYEUHBIN
MarHUTOCTPUKIIMOHHBIN peoOpa3oBaTeb,
nraMerp paboueil  (KOHTaKTHOW) TOBEPXHOCTH
koToporo cocrasiser 50 mxm. [IpeoOpa3oBatens 5
WCIOJIB3yeTCsl COBMECTHO co BCTpoeHHbIM LLICY 6,
KOTOpPO€ OCYIIECTBIISIET COrJIaCOBAaHHWE HH3KOTO
conporuBienus (TMCII), paBaoro 1-2 Om ¢
BBICOKMM BXOAHBIM COIIPOTHUBJICHHUEM aTTCHIOATOpAa
7 B auamnasone yactoT ot 0,5 MI't mo 5,0 MI'y ipu
nepeaayuc aKTUBHOMU MOIOHOCTHU MPHUHATOTO 3XO-
curtasia ot TMCII k Harpyske (Rgy 4n.) HALITYUIIIIM
o0pasom.

ATTeH0aTop 7  BBINOJHSAET  JHUCKPETHOE
ociablieHre MPHUHATBHIX 9X0-CUTHAJIOB B JHana3oHe
or 0 1b no 40 nb ¢ marom 1 nb. BxoxmHoe
COINIPOTHUBJIEHNE aTTEHI0ATOpa OTBEYAET YCIOBHUIO

KaHaJIOB

st.am 2 202@51,\'. LUCV((D) >, THe Zew,cLUCV((D) — BBIXOJHOC
DIIEKTPUIECKOE conportuBieane  [ICY 6.
[I¥poKONONIOCHBIH ~ yCUIIUTENh 8§  MPOU3BOIUT

YCHJICHHE JXO0-UMITYJIbCOB B JIMAIa30HE YacTOT OT
0,1 MI'm no 10 MI't ¢ uyBcTBHTENRHOCTRIO 10 MB
u perynupoBkoi B auamasone ot 0 ab mo 40 nb.
Brixonnoe HOPMHPOBAHHOE HampsoKEHUE

yeunurtens 1,0 B. OroOpaxkeHue MPHHATBIX 5XO-
CHTHAJIOB, HMX  HU3MepeHne U  o0paboTKy
UHQOPMATHUBHBIX  TAPaMETPOB  OCYILIECTBIISCT
nudpoBoit  ocumsuorpad 9 M MEepPCOHANBHBIM

kommbroTep 10.
I X3
-
X1

1 — cenepamop 6udeoUMnyIbCO8; 2 — KOMMYMAMop
Kauanos (nvezosnemernmos @AP); 3 — AP IIOI1;
4 — axycmuueckas HazpysKa, 5 — moueyHulil
MACHUMOCMPUKYUOHHBII NPeobpazosamens
(TMCII); 6 — wupokononocHoe coanacyroujee
yempoticmeo,; 7 — ammeHioamop, 8 — umupoxo-
noaoCHbIU ycunumens, 9 — yudposoii ocyuiioepap;
10 — nepconanvusiii komnwvromep, 11 — mexanuuec-
Koe ycmpoticmeo opuenmayuu u guxcayuu PAP
1IDII; 12 — mexanuueckoe ycmpoucmeo
nepemewjeHus: aKyCcmuyeckol Hazpy3Ku no
rxoopounamam X1, X2, X3

Pucynox 1 — CTpyKkTypHasi cxeMa YCTAaHOBKH
JUISl U3MEPEHUS aKyCTH4YeCKO B3aUMHOM CBA3M
MexKAy Nbe303J1eMEHTAMH B YJIbTPa3ByKOBOM
Juneiinoii ®AP

AxycTrueckas Harpyska 4 CIy>KUT UMHTaTOPOM

pabGoueif  cpempl IS IBE303IEKTPUUECKHX
npeoOpazoBareneii AP, a Tarke KoOprmycoMm st
BCTPOEHHOT'0 B Hee TOYEYHOTO

MarHUTOCTPHUKIIMOHHOTO TpeoOpa3oBaTens 5, oHa
BBHITIONIHEHA B (hopMe TPSMOYTOJNILHOTO Opycka |
HMeEET Clenylonme napamerpel: matepuan - Cr.45;
reomerpudeckue pasmepbl - 100 x 60 x 20 MM;
HIepOXOBAaTOCTh paboyel MOBEPXHOCTH - He Oolee
R, <0,63 MKM; JOMYyCK HO IUIOCKOCTH B 00IacTH

ycranoku DAP TIDIT - 0,002 mm; paboume
MOBEPXHOCTH aKycTuueckoi Harpy3ku u TMCII
pacIlOJIOKEHBl B OJHOW IUIOCKOCTH 3a CYET MX
W3TOTOBJICHUS IIyTEM COBMECTHOTO IUTH(OBAHUSI.

B kauecTBEe KOHTakTHOM JKHUIKOCTH IIpU
IIPOBEICHUH HCCIEN0BaHUN HCIIOJIB3YyETCS
KacTOpOBOE MacIIo.
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MexaHndeckoe YCTPOMCTBO OpHEHTAllUu W
¢ukcarmn  DAP TIDIT 11 obecneunBaer ee
repeMelieHre no koopauHate X3 B auanaszone ot 0
mo 10 MM, a TakkKe TMNPHXKUM K IUIOCKOU
MTOBEPXHOCTH aKyCTHYECKOU Harpysku c
WCIIONb30BAaHUEM  TNPYXHUHSIIEH  TOIBECKH C
perynupyemoii cuioii. Kpome Toro, ycrpoicTBo
no3Bossier oBopaunBath AP 1911 B guamazone
yrioB £ 45° oTHOCHTENHHO OCH (KOOpIWHATHI) X3
TUIS BBITIOJTHEHUS OpHUEHTALNU rpaHeit
nbe3odsieMenToB @ AP Brons koopauHaT X1 u X2.

Mexannueckoe ycTpoiicTBO 12 obecreunBaer
MPEeLMU3NOHHOE  TIepEeMEIIeHne  aKyCTUYECKOU
Harpy3kn 4 mo koopauHatam X1, X2, X3 ¢
norpenrHocTio He xyxe + 0,01 mm.

IIpouenypa  MOArOTOBKM U
HU3MEPEHUN SBIIAETCA CIEqYIOUIEH.

OAP IIDII, mnomiexkaiyro HCCICIOBAHHUIO,
3aKpEIUISIIOT B y3JI€ JepKaTelsi MEXaHH4YECKOro
ycrpoiictBa 11. Ha pabGoune moepxHoct DAP
[I9I1 u akycTH4eckoil Harpy3Kd HAHOCAT TOHKHI
CIIOM KOHTaKTHOM cMma3ku. IIpkaB MOBEpXHOCTH
Ipyr K ApYyry, MPOU3BOIAAT WX IPUTHUPKY IMyTeM
HEOJHOKPAaTHOIO  IEepeMEeIleHUs]  aKyCTHYECKOH
Harpysku c¢ TMCII Bgomp KoopauHaTel X2
OTHOCHUTENBHO 3aKpeIuieHHOW B nepxkatene DAP
911

Hcnonp3yst BOBMOKHOCTH MTOBOPOTA JAEpKaTENs
MexaHn4yeckoro ycrpoiictsa 11 orHocuTensHo X3,
JOCTUTAIOT OPUEHTALMU COOTBETCTBYIOIINX T'paHei
MbE303JIEMEHTOB MapajuIeNbHO U MEePIEeHANKYIIPHO
HampaBJIeHHsIM oceil koopauHat X1 u X2.

KommyraTopom 2 mOAKIIOHAIOT K BBIXOLY
reHepaTopa BHJICOUMITYJILCOB | HEOOXOAWMBIH
kaHan (mpe3onnemenT) @AP Nel, mpeaBapurtenbHo

MIPOBEECHUS

YCTaHOBHB pEryJIMpoBKaMu aMILIATY oy "
4
3
" :
i
6
1 8
g\\ (] t,
2 U ) ] b
B (j W
} 9
d
L
No |

JUIUTEIbHOCTh MMITYJIbCa BO30YXKICHUSA. 3aTeM,
nepeMenias aKycTudeckyro Harpysky c¢ TMCII
BoJb X2, ycranaBnuBaroT TMCII Ha mOBEPXHOCTH
mbe3odsieMenTa Ne 1 B TOuUKy, TJ€ MPHUHSATHIHA
UMIYJbC OyJeT HMETh MaKCHMallbHOE 3HaUCHHE Ha
skpaHe ociuniorpada. Curaai, MONyYeHHBIH Ha
TMCII ¢ HICY, ocnabnsiercst aTTEHIOATOPOM JIJIsl
cormacoBanusi BeIxogHoro curnama UHICY co
CTaHIAPTHOM aMIUINTYyRoi. M3MepstoT 3HaueHue
MaKCHMaIbHOM aAMIUIMTYAbl MNPUHATOTO CHUTI'HAJIa
npu  BbIOpaHHOM ocnabnenuun. Ilepekimodaror
BBIXO/ TreHeparopa 1 Ha mbe3odieMeHT No2.
W3mepsroT  aMIUIMTYAy — CUTHAQJIA,  yMEHbLIas
ociablieHre aTTeHraTopa 10 3HAYCHHH, TPUHSITHIX
Ha onemente Nel. [Tlogkmiouas moo4YepenHO
clenyronpe mbhe3odieMeHTh @DPAP k  BwIXOIY
reaeparopa 1, usmepenust noBTopA0T. [lomydyenas
3aBUCUMOCTh [IOKa3aHMW arTeHroaropa B 1b
JJIEMEHTA SIBJSIETCS] 3aBUCHMMOCTBIO KO3 HIIMEHTa

B3aUMHON CBSI3U Cp €ro M3 COOTBETCTBYIOIIUM

MBE303JIEMEHTOM.

Hast MIPOBEICHHS IKCTIEPUMEHTATBHBIX
HCCIIeIOBaHMK OBUIM HCIOJIb30BaHBI JBa OOpasia
TUHEHHBIX yIbTpa3ByKOBbIX DAP TIOII: No 1 u Ne
2, B YCIIOBHSIX:

- OTCYTCTBHSI ~ aKyCTUYECKOH
N VR 011104 MOBEPXHOCTSAX
npeodpasopateneiit ®AP (cpena — Bo3nyx);

- IPUCYTCTBUSI AKyCTHYECKOW HArpy3KH Ha
W3TY4aloNIHX MOBEPXHOCTSAX MbE30-
npeobpasoBateneit DAP (cpena — crab).

Huxe mnpuBeneHbl KOHCTPYKIIMM BHYTPEHHHUX
Momyne (puc. 2) W BHEMIHUUA BHUJ TOTOBBIX
00pa3noB BHyTpeHHUX Moayned u ®AP TIOI1 Ne 1
u Ne 2 (puc. 3).

Harpy3kd Ha
Ib€30-

g R
A b

7

No 2

1 — nvezoanemenmvl, 2 — MOKoOnposoosuuil Oemngep (sob@pam-peroniacm), 3 — nbe30Kepamuka (YupKoHam-
mumanam-ceunya),; 4, 5 — memannuveckue 31eKkmpoosbl; 6 — uzonamop (oxcuo amomunus); 7, 8, 9 — memaniu-
yeckue naerku; 10— npoeooHuKY Ot UHOUBUOYATBHBIX Nbe303IeMEHmMO8 1, 071 NONAPHO20 INEKMPULECKO20
0b6vedunenust nbe3091emenmos (1A, 1B) u 0ns 6030yoicoeHus/npuema akycmuieckux/AeKmpuieckux Koneoanutl,
11 — Hanpaenenue sexmopa NOIAPU3AYUY NbE3091eMeHmos; 12 — nasvl Mexcoy INeMeHmamu peuemxu

Pucynok 2 — Koncrpyknus BHyTpeHHMX MoayJieid Ne 1 u Ne 2 TnHeHHBIX YJIbTPa3BYKOBBIX
AHTEHHBIX PeLleTOK Nbe303JIeKTPHYeCKUX IpeodpasoBareei
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Pucynok 3 — BHemrHuii BUJ rOTOBBIX 00pa3ioB
BHYTPEHHUX MoayJeii (a) 1 JIMHeHbIX
YJAbLTPa3BYKOBBIX (pa3MPOBAHHBIX AHTEHHBIX
peleTok (0) mbe303J1eKTPUIECKHX
npeodpa3oBareseid Ne 1 u Ne 2

Tab6anua 1 — OcHOBHBIE KOHCTPYKTHBHBIE
napamMeTpbl BHyTPEHHHX MOJyJIel JUHEeHHbIX
yabTpa3ByKOBBIX MAP ITII1 Ne 1 u Ne 2

[TopsiikoBbiit Homep PAP TIDT1 Nel]| Ne2
Iupuna pemerku [, MM 10,0 + 0,01
Jnuna perierku /, MM 15,4 £ 0,015
OO0111ee YUCIIO MHE302JIEMEHTOB 71 12 24
HUucnno npe303JIEMEHTOB, JIEKTpUYEC-| — 2
KM 00bEIMHEHHBIX B TPYIIY 71

Hucno rpynn nbe303J1eMEHTOB 12
(4ncno KaHaJIoB)

ar pemerku d’= b + W, Mmm 0,65 £ 0,0055
[Inpuna maza MexXIy 0,20 + 0,005
MbE€309JIEMEHTaMH b, MM

[Inpuna nmbe3odnemMenta W, Mmm 0,45 + 0,0055
BricoTa amemenTa ¢, MM, HE XyKe 0,72 £ 0,001
Jonyck Ha HETOYHOCTh TPOCTPAHC-

TBEHHOI'O PACIONIOKECHHUS JIEMEHTOR

B IJIOCKOCTH aIlepTyphl PEIISTKH

B OCEBOM HaIIpaBJIICHUU AZ , MM, HE

XyxKe 0,005

B YIJIOBOM HaIpaBieHUU Ay, °, HE

XyKe 0,1
I'myOuna nasa B qeMndupyromemMm 1,0
cioe h, MM

BricoTa M30IAMOHHOIO CJIOA fr, MM 0,2
TomnmyHa 3aIMTHOTO CJIOA f3, MM 0,2

B pe3yibTare 3KCIIEPUMEHTAJIbHBIX
WCCNIeIOBaHUH OB MOJYYEHBl 3aBUCHMOCTH
AKyCTHYECKOW B3aMMHOM CBSI3H COOTBETCTBYIOIIETO
anemenTa AP (paccTodaHua MEXIy U3MEPIEMbIMU
nbezodniemMenTaMu PAP (puc.4) mis IByX BUAOB
®AP, Moynu KOTOpPBIX MPEACTABICHBI HA pUC. 2.

OcHOBHbIE ~ KOHCTPYKTHUBHBIE  ITapaMeTphl
TuHEHHBIX ynbTpa3ByKoBbIX D AP TIDI1 No 1 1 Ne 2
MPHUBEACHBI B TaOIMI. 1.

-10 ‘ T T T

—S— Harpyska - BO34YX
i | =% Harpyzka - cTane

Amnnutyaa, ob

- i i R S N T
2 3 4 5 B 78 9 10 111213
Homep anementa

Ne ]l coeW/t=15

DAPN2
304 ‘ ‘ T -

i | —&— warpyzea - Bosgyx
—— Harpyska - cTank

Amnnutyaa, ob

P i N T R R
2 al 4 & B 7 8 8 10111213
Homep anementa

Ne 2 coe W/t=0,6

Pucynox 4 — U3mepeHHble 3aBUCHMOCTHU
aKyCTH4eCKOI B3aMMHOI CBS3U
cooTBeTcTBYIOIIEro 3jieMenTa @AP IIJII npu
Harpy3Ke Ha CTAJIb U HA BO3AYX
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NPUMEHEHME TEPMOPA®UYECKOIO METOAA KOHTPOJIA ANA
OMNPEAENEHNA COOEPXAHUA XKWOKOU ®A3bI B TA30MNMPOBOAAX

B.A. Cmoposcenko, A.B. Mazkuii, C.A. Canpvikun, C.H. Meuixoe

XapvroscKutl HAaYUOHAIbHBLL YHUSepcumem paouodiekmponuxu, np. Jlenuna, 14, . Xapvkos,
61166, men (8 —057) 70 — 21 — 345, e — mail: fizika@kture.kharkov.ua

Pozensnymo mooicnusicmos 3acmocysanus mepmozpagiunoco memody O GUHAYEHHS PIGHs I eMicmy
piokoi azu 6 3ab6pyoHenni y macicmpanvhux 2azonposodax. Ilobyoosana mennogizuuna  mooennb
2a30nposody i3 08ogazHumM HanosHiogavem (2az - piouna). Hasedeno excnepumenmanvhi i po3apaxynkosi
O0aHi, wo niomeepoICyiomsb NPUHYUNOBY MOJICIUBICHIL 3ACTHOCYBAHHSA MEPMOSPAPIuH020 Memoody O
KOHMPOJIO PiBHs KOHOEHCATY 8 2A30NPOGOJI.

Kurouosi cnosa: eazonposio, eas, piouna, mepmocpaQiuHuii mMemoo KOHmMpON0, KOHOCHCO8AHA 6004,
eMYIbCis, 3a0pYOHen s, 2a308Ull KOHOEHCAM, PieHb, MeMnepamypa.

Paccmompena 6o3modicHocmy  npumenenus mepmozpaguueckozo memooa Oisi OnpeoeieHusi YposHs U
cooeporcanusi  JHCUOKOU  (pazvl 6 3ACPABHEHUSX 6 MA2UCMPAaibHblx — 2azonpogodax. Ilocmpoena
MenI0GuU3ULecKas MOOelb 2a30NPo8o0ad C 08YXPA3HLIM COOePAHCUMBIM (2a3 - dHcuokocmy). [Ipusedernvl
IKCNEPUMEHMATIbHBIE U PACUENHble OAHHble, NOOMEEPHCOAIOWYIO NPUHYUNUATLHYIO 803MONICHOCHIb
NPUMEHEHUSL  MEePMOZPAPUUECKo20 Memooa Olsl KOHMPOJs YPOGH KOHOEHCAMAd 6 2a30nposooe.
IIpoananusuposano enusHue memnepamypbl OKpyscaioweti cpedbl Ha Yy8CMEUMeIbHOCHb MeNood.
Kniouesvie cnosa: eazonpogoo, 2as, HcudKocmv, mepmocpaguueckutl Memoo KOHMpPOJsl, KOHOEHCUpyemas
6004, IMYIbCUSL, 3A2PAHEHUE, 2A308blIL KOHOEHCAM, YPOSeHb, MeMnepamypd.

The possibility of thermographic method application to the estimation of gas-main pipeline liquid phase
contamination content level is considered. The gas pipeline with two-phase innage (gas and liquid)
thermalphysical model is built. The experimental and calculation data that confirm the principal possibility
of thermographic method application to pipeline condensate level control are given.

Keywords: gas pipeline, gas, liquid, thermografhic method of control, condensed water, emulsion,
contamination, gas runback, level, temperature.



