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KOHTPOJ1b AE®EKTIB B CTIHKAX TPYBOMNPOBO/AIB YNIbTPA3BYKOBUMU
CNPAMOBAHMMU KINTbLIEBUMW XBUNTAMU

1. 3. /Iromak

Isano-Dpanxiscokuil nayionanvnuil mexuiunuil ynigepcumem nagmu i 2azy, eyn. Kapnamcwvka,
15, m. leano-Dpanxiscox, 76019, men. (8-03422) 4-60-77

IIposederno nabopamopui 00CniodNcenHss Memooy KOHMpoo oedexmié 6 Cminkax mpyoonpoBooie 8eiuK02o
diamempy VIbMPA38VKOGUMU CHPAMOBAHUMU KiTbYesUMU XGUIAMU. Bcmanosneno pe3yviemamugHicno
BKA3AHO20 MeMOOY, U0 OOKA3AHO NPEOCMABICHUMU eKCHeDUMEHMAIbHUMU De3YIbMAMaMU aHALi3Y JIVHO-
cuenany 6iobumozo 6i0 Oedhexmig. [lns npogedents 00Cniodicensy NpedCmasieno po3paxo8ani OUcnepcii
napamempu VibmpaseyKo8UX CNPAMOGAHUX KiIbUEBUX XGUIb.

Kntouogi cnosa: mpybonpogio, yivmpazeyk, KOHMpOb, ded)ekm, CNPIMOBAHA Kilbyesd X6uls, XGUilboee
YuUC10, OUCHePCis, 1abOPAMOPHi excnepuMeHmanbHi O0CTIONCeHHs, ceemenm mpyou.

IIpogeodenvi nabopamopuvie UCCIEO08AHUL MemOOd KOHMPOA OedeKmos 6 cmeHKax mpybonpoeooos
bomvuio20  ouamempa  VieMpa3eyKOGUIMU — HANDAGNIEHHLIMU — KOAbUEGLIMU — BOIHAMU.  YCMAH0GIEHO
De3VIbMaAmuGHOCIb  VKA3AHHO20 Memooa,umo — OOKA3aHO NPEOCHAGIEeHHbIMU IKCNEDUMEHMATbHBIMU
Pe3yIbmamamu aHanu3a dX0-CUSHANa OmpadiceHHo2o om Oedexmos. [lna npoeeoeHus uccieo008aHull
npeocmasiensl, paccuumansvie OUCHepCHvie Napamempul Vibmpa38yKOGbIX HANPAGNICHHBIX KOAbUEGBIX BOJIH.
Kniouesvie cnosa: mpybonposoo, Vabmpaszeyk, KOHmMpOIb, Oedhekm, HanpasieHa KOIbyesas 60JHA,
B0IHOBOE YUCTIO, OUCNePCUsl, 1aDOPAMOPHBIE IKCHEPUMEHMATbHBIE UCCIeO08AHUS, Ce2MEHIN MPYObi.

It is fulfilled the laboratory research of control of defects in the walls of pipes of large diameter by
ultrasonic circumferential waves. Established effectiveness of a specific method that proved presented
experimental results of the analysis signal along with the echoes reflected from defects. For the research
presented calculated dispersion parameters of ultrasonic circumferential waves.

Keywords: pipeline, ultrasound, control, defect, directed circular wave, wave-number, dispersion,
laboratory experimental researches, segment of pipe.

Po3poOneHHss HOBHX MeETOMIB HEpPYWHIBHOTO
KOHTPOJTIO TPYyOOMNPOBO/IiB HA OCHOBI 3aCTOCYBAHHS
YNBTPa3BYKOBUX CHPAMOBAHUX KiNTBIEBUX XBHIIb
JTO3BOJISIE TIABUIUTH JOCTOBIPHICTE Pe3yNbTATIB Ta
WBUAKOAIK0  KOoHTpomo. Jlns  3actocyBaHHs
YNBTPa3BYKOBUX CHPAMOBAHUX KiNTBIEBUX XBHJIIb
HEOOXIZIHO  PO3POOUTH  MaTeMaTU4YHy  MOJEb
MOLITUPEHHS X XBWJIb Ta MPOBeCTH JabopaTopHi
JOCJII/PKEHHSI 3 METOI TMEPEBIPKH TEOPETUUYHUX
pe3ynbTaTiB.

OCHOBH TEOPETUYHHUX AOCHIIKEHb MOUIUPEHHS
YABTPA3BYKOBUX CHPSIMOBAHMX KiJILIEBUX XBHJIb
3aknaneHi [.Bikroposum [1]. BiH BBiB TOHATTA
KYTOBOTO XBWUJILOBOTO UYHMCJIA, IO XapaKTEpU3ye

napaMeTpd  TOUIMPEeHHS  UMX  XBWIb B
KPUBOJTIHIHHOMY Cepe/IOBMILL. B IBano-
®paHKIBCPKOMY  HAIliOHATLHOMY  TeXHIYHOMY
yHiBepcuteTi HadTM i razy  MPOBOISAThCA
JOCJII/DKEHHS1  MapaMeTpiB  KiJIbLIEBUX  XBHIIb,

pO3pobIeHO METOAM HEpYHWHIBHOTO  KOHTPOITIO
JedeKTiB B CTIHKaX TpyOoonpoBoiB [2-4].

Meroio JaHOTO JOCTi GKSHHST €
eKCTIepUMEHTaIbHE MiATBEPIKEHHS PO3pPOOIEHOrO

MEeTOJly HepyWHIBHOTO KOHTpPONIO Ae(EeKTiB CTIHOK
Ha(TOra30npoBo/IiB YJIBTPa3BYKOBHUMH
CIPSIMOBaHUMH KilTbLIEBUMH XBUIISIMH.

Jns mpoBeneHHs 1a0OpaTOPHUX AOCIiIKEHb
BUOpaHO cerMeHT Tpyou aiamerpom 1020 mm Ta
TOBHIMHOKO 16 MM. MartemaTHdHa MoOJeNb, IO
OMKHCYE  AMCMEPCHI  BJACTHBOCTI  MOIIUPEHHS
YIIBTPa3BYKOBUX CIPSIMOBAHUX KiNbLIEBUX XBUIIb, €
TaKom [5, 6]:

O =TJ(kr)+T.Y(kr).

1
¥ =TJ(kr)+T.Y(kr), )
e I, I, — aMIUTITy TA MO3J0BXKHIX
yAbTPa3sByKOBUX XxBWIb;, I3, [y — ammiaityau

MOTIEpEeYHUX YJIBTPA3BYKOBUX XBWIb;, k; Ta k, —
BIATIOBiAHO XBWJIBOBI UMCIIAa IS TIO3MOBKHBOI Ta
MOMEPEeYHOi  yJIbTPA3BYKOBUX  XBWIb, 1  —
KOOpJAWHATA LIWTIHAPUUHOT CUCTEMH KOOpaUHAT; D,
YV — BiAMOBITHO aMITTITYAN KOJWBAaHb CUMETPUIHOT
Ta aHTHCUMETPUYHOI MOJI CTIPSIMOBAHHX KiTBIIEBUX
XBUIb; J, ¥ — dyHkiii beccens.

IIpu onuci mommpeHHs yIbTPa3ByKOBUX XBUITh
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(1) B criHumi TpyOW, BpaxoByHOUM MBI TpaHUIl
pPO3ily CEepeaoBMILA 330BHI TAa BCEpPEeaMHI TPyOH,
oTpuMaeMo cucteMy i3 4-x piBHIHB. KoxxHe
PiBHSHHSI OMUCYE TOIIUPEHHS 00'eMHOI XBMII Yy
CTiHII TpyOHW YTBOpeHOI BiAOWUTTSIM BiJ TpaHUIb
pO3AUTy HYOTHPHOX XBWIIB: JBOX TMO3IOBXKHIX Ta
JBoX rnonepeyHux. Po3B'a30xk Takoi cucremu
PiBHSIHB oyne OTIHCYBaTH MO PEHHS
YABTPA3BYKOBOT CMIPSIMOBAHOT KijIbLIEBOT XBUIi. J1j1s1
OOYHCIIEHHST ~ OTPUMAaHOI  CHUCTeMH  PIiBHSIHB
PO3rJITHEMO BMIAIOK MOUIMPEHHS YJIbTPa3ByKOBHX
CTIPSIMOBAaHUX KiNBIIEBUX XBUWJbL B MeTali CTiHKH
TpyOH, sika € oTodeHa MOBITpsM. lle mo3BonUTH
3HEXTYBaTH  SIBUILIEM  TOIIUPEHHS  YacTUHH
XBUJIBOBOT €HEPTii B HAMIBIPOCTOPH, 110 OTOUYIOTH
CTIHKM TpyOHW, OCKIJIbKH TYCTHHA TOBITpS €
HabaraTo MeHIION, Hi’K CTaJll:

AII AIZ AI? AH 1—‘I
AZ[ AZZ AZ} AZ} X rz =0, (2)
A3l A?E Am Au 1—‘3
A4| A42 Au A44 r4
A, =F(o,r.k.k,).
ae A; — uleHM XapaKTepUCTUYHOT MaTpHLi, w10

OMKCYE TMOIIUPEHHS O0'€MHUX TMO3J0BXKHIX Ta
MONepeyHUX XBUITb; ( — YacTOTA.

Cucrema (2) mae npeacTaBjieHHs NPO CHOCIO
B3a€EMOJIiT 00'€eMHUX YNbTPa3BYKOBUX XBHWIIb Y
BUMAJKY YTBOPEHHS CTPSIMOBAHOI KiJTbIIEBOT XBUITi.
Unenn XapaKTepUCTUUHOT MaTpHuilj, Ki
BiJIMOBiIalOTh 3a 3MiHY XBWJIHOBHX TapameTpiB B
MPOCTOPi MPHU MOUIMPEHHI XBHJIi 3MIiHIOIOTLCS MPU
OJIHAKOBili YacTOTi B 3aJIeKHOCTI, BiJ B3aeMOil
BiIOMTHX XBW/Ib BiJl rpaHuls po3giny. [Ipo 1e
CBiTUMUTH 1X 3aJIEXKHICTH Bil XBUJIBOBOTO YHKCIA Ta
koopauHaty r. [IpoTe ammiiTyau 06'€MHHX XBHJIb
[, He BXOAATP B YACTHHY XapaKTepHUCTHUHOT
MaTpHlli i He 3a/ieXxaTh BiJl TEOMETPUIHUX (HOpPM
cepenoBHINa TTOIUPEHHS, 110 MOBHICTIO
Y3TOIUKYETBCS 13 TEOPI€IO YIIBTPa3BYKY.

Posg's30k  (2) peasizoBaHO 3a JIOMOMOTOIO
po3podneHoi mporpamu B cepefoBuili Matlab y
BUTJISI/II 3aJIEXKHOCTI KYTOBOTO XBHWJILOBOTO YHCIIA
Bix gactotu (puc. 1). Ilpu mpoBeneHHI po3paxyHKiB
KPOK KYTOBOTO XBHJIHOBOTO YHCJa JIOPiBHIOBaB 2,
110 JIO3BOJISIE TOYHO OTpUMATH (HOPMY JTUCTIEPCHUX
KPHBUX.

ANTOpUTM TIOIIYKY KOpeHiB (2) peanizoBaHO
METOJIOM TMoAiTy Bimpiska. Ile 3 omHoro Ooky
301JIbIIYE YaC OTPUMAHHS PO3B’S3KY Y MOPIBHSIHHI 3

OinMpIl  epeKTUBHIMIAMU  aJTOPUTMAMH, TIPOTe
3a0e3neuye CTabIUILHICTh. 3abe3neueHHs
CTalNBHOCTI  PO3B’SI3KY €  Oifblll  BAXKJIMBUM

3aB/IaHHSM, OCKUTBKM TIpU TIPOBEICHHI omepariii

nimeHas 'y (2) s BeNMKUX  AiaMeTpiB
TpyOONIPOBO/IIB  OKpPeMi  KOMIOHEHTH  MaTpHili
MOXYTb JOCSTaTH 3HAYeHB, 110 nepesutye 10'%.

Jlucniepciss KyTOBOTO 4Mcia yJIbTPa3ByKOBHX
CTIpSIMOBAaHUX KiNblIeBUX XBWIb (puc. 1) Hamae
HeoOXinHy iHpopmaliiro s 30yKEeHHS OKpeMUX
MOJlT UMX XBWJb YJIbTPa3BYKOBUMH MNEPBUHHUMH
nepeTBoptoBadaMu. Halibinbin edexkTHBHO Moaa
YJIBTPa3BYKOBOI CMIPSIMOBAHOT XBHJIi B CTiHII TPYOH
30yKYETBCS B TOMY BWMAAKy, KOJHU XBHJIbOBE
4yuciIo 00’€MHOT YIIbTPa3ByKOBOI XBHII, KA Majiae
Ha MEXY pO3Iily cepeldoBHIl KOHTAKTHHH miap —
MeTall  CTiHKH TpyOu Oydae  JOpiBHIOBATH
XBUJILOBOMY YUCITY CIPSIMOBAHOT XBUJTI,
npeacTaBieHoMy Ha puc. 1. Lle gocsiraetbcs KyTom
HaXWITy YJIBTPa3ByKOBOTO MEePBUHHOTO
MepeTBopioBaya TaKMM YWHOM, I00 XBHJILOBE
YHCJIO MAJIalovoT XBUIII HA MOBEPXHIO CTIHKU TPYOH
JIOPIBHIOBAJIO XBWJIBOBOMY YHCIY CHPSIMOBaHOI
kinbueBoi  xBuimi.  OOYMCIMTH  KyT  Haxuily
MEPBUHHOTO TIEPETBOPIOBaYa MOXKHA Ha OCHOBI
3akoHy CHeriyca:

k.sin(6,)=k,,sin(8,,). (3)

ne k. — XBWJIbOBE YHUCIO CIPSIMOBAHOT KiJIbLIEBOT
XBUM, k, — XBWIbOBE YHCJIO Mamaro4vol 00'eMHOT
XBUIII, 0, — KyT HaXWiy MOIIUPEHHS CHPSIMOBaHOT
KibLieBOT XBWJT, 0, — KyT TOIIUpeHHS 00'eMHOI
XBUJTI.

0,
nagjamoda &y,
ob'eMHEa XBHI9

CHIPAMOBAHA XBHIA ¥
micti 11 yTRopeH

Pucynok 1 — Cnioci6 yrBopeHHsl yIbTPa3BYKOBOT
CIpPSIMOBAHOI KiIbIIeBOI XBHJIi B CTiHII TPYOH
BiJ majgaruoi 00'eMHOI XBHJII

Kyt MOLIUPEHHS 0, YABTPa3BYKOBOT
CIIpSIMOBAaHOT  KiJBIIEBOI ~ XBWJII  YTBOpPEHH
XBWUJILOBUM YHCJIIOM Yy TOYLli ii YTBOPEHHs
nopieatoBatiMe 90° (puc. 1). Lle Bu3HauaeTbes ii
XBWJIBOBUMH  BJIACTMBOCTSIMM  TIOLIMPIOBATHCH
napajnenbHO 0 AOTUYHOI 0 cTiHkU TpyOu. I3 (3)
KyT HaxXWwly TNEepBUHHOIO TMepeTBOproBavYa Ul
TeHepyBaHHsl CMPSAMOBAHOI KilblIeBOI XBWJII OyJe
TaKUM:

0,, = arcsin(k, /k,). C)
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®dopma pe3ybTaTiB OOUHCICHHS IUCTIEPCHUX
napaMeTpiB  CNPSIMOBAHMX  KiJIbLIEBUX  XBHWJIb
(puc. 2) He no3Bojsie mModaynTH 3MiHY (Pa3oBOi Ta
rpynoBOi IIBUAKOCTEH X mowupeHHs. g uboro
HEeOOXi/THO TIPOBECTH IOAATKOBI OOUHCIeHHS [S]:

Cd, :[O/kg, C(,p :da)/dkg , (5)

ne cp C,, — BignoBimHO ¢aszoBa Ta rpymnosa
HIBUJIKOCTI YJIbTPa3BYKOBOI CIIPSIMOBAHOT KiJlbLIEBOT
XBUIli; ky — XBUIIbOBE KYTOBE UHMCIIO.

KyToBa YactoTa, 1ic

I i 1
500 1000 1500
KyToBE XBMNE0BE YWCNo

Pucynok 2 — JIncnepcia KyToBoro 4ncja yJbTpa
3BYKOBHX CHPSIMOBAHUX KiJTbIE€BAX XBWJIb A
Tpyou & 1020 MM TOBIHHOIO cTiHKH 16 MM

Pesynbratn po3s’sizky (3) mpencraBieHi Ha
puc. 3 Ta puc. 4.

Ha puc.2 wmomu, mo 300paxeHi crpaBa, He
npe/icTaBjieHi Ha Bcili uacTtoTHil oci. Lle nos'sizaHo
i3 HecTabINBHICTIO YHCIOBOTO pO3B'SI3KY, TIPH
IKOMY BiIOyBaJioCh MepernoBHEHHS MAKCUMAaTILHOTO
Yyclia B TMakeTi MaTeMaTHMYHUX mporpam Matlab.
Jlis noOymoBu aucnepciii Moz Ha BCil 4acTOTHIN
oci 1X arpoOKCUMYBAJTH KBaJAPAaTUIHUM PiBHSIHHSM.
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Pucynok 3 — {ncnepcis pazoBux mBHAKOCTET
VAbTPa3BYKOBHX CHPSIMOBAHHUX KiJIbIE€BHX
XBHJIB JUIs1 TPYOu & 1020 MM TOBLIHHOIO CTiHKH
16 mm
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Pucynok 4 — JIncnepcia rpynoBux mBHAKOCTeH
YJABTPa3BYKOBHUX CNIPAMOBAHNX KiJIbIEBHX
XBHJIB A5 Tpyon & 1020 MM TOBIIHHOKO CTIHKH
16 mm

Sk MoxHa MoOauuTH i3 puc. 3, B po3paxoBaHii
MHOYHHI MOJI € MOJIH, IO 3’ ABJISIOTHECS TUTBLKH Bif
MEeBHOTO 3HA4YeHHS 4YacToTd. llpu  MeHIIMX
3HAYEHHSX YacTOTH iX (pa3oBa LIBHIKICTH MPSIMYe
JI0 HECKiIHYEHHOCTi, a XBUJIbOBA €HEpris J0 HyJIs.
MiHimManbHa YacToTa OKpeMO B3ATOI  MOAM
YABTPA3ByKOBOI CHPSIMOBAHOT XBWJI, Ha sIKiM
BeITMYMHA 11 XBUIIHOBOI €HEpTil € JOCTATHBOI IS
TeHepyBaHHs Ta peecTpallii CUCTEMOI KOHTPOIIO,
Ha3BEMO MOYATKOBOIO HaCTOTOK MOJH.

Sk MoxHa ToGauuTH i3 puc. 3, BUKOPUCTAHHS
MOJl yNbTPa3ByKOBUX CIPSIMOBaHUX KiJbLIEBUX
XBWJIb Ha BiApi3Kky ¢aszoBux mBuakocteit [7000 —
8000] pan/c mpu uactori 2,5 MI'y € HeAOLIIbHUM,
OCKIIBKM TaM € 3HauHa HeNiHIWHICTh Aucrepcii
MIBUIKOCTI.

Hucrnepciss rpynoBUX IIBHUAKOCTEH yIbTpa-
3BYKOBUX CMPSIMOBAHUX KiJIbLIEBUX XBWJb (puc. 4)
JO3BOJIIE OTPUMATH YHCIIOBI 3HAYEHHS LIBUIKOCTI
MOIIMPEHHS XBWJIBOBHUX TAaKeTiB MOJ, MO Ja€
MOKJIMBICTh BU3HAUUTH BiJJaJICHICTh Ae(PEKTY Bia
MEPBUHHOTO MEPeTBOPIOBaYa IIISIXOM aHaJlizy dacy
NPUXOJKEHHST  JIyHO-iMMysbcy.  BeprTukaibHa
KpHBa, 110 HAJIEKHUTb MOJi CIIPIMOBAHOI KiIbLEBOI
XBWJII  BUIIOTO  TOPSAKY, TOKa3zye  JUISHKY
JUCTIepCHOI KPWBOI, B sKiii HarpsM (a3oBoi Ta
rpynoBOi  IIBWAKOCTI He cChiBnajaaroTh. Taka
0co0JIMBICTh HECTIIBMaJaHHS HAMPSIMKY TPYNoOBOT Ta
($a30BOi IIBUAKOCTEH HE HAICKHUTh BHUKIIOYHO
npeacTapieHiii Mo, I3 30i/1bIIEHHIM MOPAAKOBOTO
yhciaa MOJ  CIPSIMOBAHHX — KiIbLIEBUX  XBWJIb
KUIBKICTB BEPTHUKAJILHAX CKJIQIOBUAX oyne
301TBITYBATHCH.

[lpu mnpoBeneHHI 7TabOpPaTOPHHUX JIOCHIKEHb
TeHEepPYBaHHsS  YJIbTPAa3BYKOBHX  CHPSIMOBaHUX
KibIIEBUX XBUJIb Ta iX B3aeMoii 3 medektom B
cerMeHTi TpyOu (puc.5) 3abe3neuyBajiuch TaKi
BUMOTH:
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1) TemnepaTypa MeTaly Ha TMOBEepXHiI 00’€KTYy
KOHTPOJIO 1 HaBKOJIMUIHBOTO  CEpeJOBHIIA
3HaXO0WIach B aiamnas3oHi Big -10°C go + 40°C;

2) cerMeHTH TPyOU B 30HI KOHTPOJIO Oyiu
ouuiieHi Bigx Opyany Ta mponutidhboBaHi  Bif
HepiBHOCTel Mo BCiil MOBXKWHI AUTTHKA KOHTPOITIO;

3) wacroTa YIBTPa3ByKOBUX TIePBUHHNX
nepeTBoptoBayiB Oyna piHoto 2,5 MI';

4) B IKOCTi KOHTaKTHOT PEYOBHHH BUKOPUCTAHO
MallliHHE MacJIo.

I'eHepyBaHHS yJIbTPa3ByKOBUX CIPSIMOBAHUX
KiTBLIEBUX XBWJIb 3JIIHCHIOBATUCS PO3POOIIEHOO
cuctemoto koHTpomto Tpyd KTV-1. Jlns kpirueHHs
MEPBUHHOIO MEPETBOPIOBaYa OyJI0 PO3pO0IIeHO
npucTpii (puc. 6), 0cOONMBICTIO SIKOTO € Te, L0
BOHO J103BOJIsiE (pikCyBaTH KyT Haxuiy Aasava. Lle

JI03BOJISIE TOYHO MPOBOJIUTH TIOBTOPHI
BHUMIpIOBaHHS.

3reHepoBaHi  yNBTPa3ByKOBi  CHIPSAMOBaHi
KUTBIEBI XBHJII JIOCUTH YITKO CMOCTEpirajiuch Mpu
MpOBEIeHHI nabopaTopHUX JIOCITIUKEHb.

l'enepyBanHs Ta peecTpaliss KiJbLEBUX XBUIb

31i1ICHIOBATUCH JIBOMa MEPBUHHUMH
MepeTBOPIOBaYaMH.

3acTOCYBaHHS KiJIbLIEBUX XBUJIb J1J151 BUSBJICHHS
nedekTiB oymo 3IIUCHEHO IUTSE  TITYYHO

BUTOTOBJIGHUX OTBOPIB Y JOCHIJJHOMY CETrMEHTI
TpyOu Aiamerpom 6 MM (puc. 7). OTpUMaHHS JIyHO-
CUTHAJIB BiJ nedeKTiB 3IilCHIOBAJIOCH OIHUM i
JIBOMa TMEPBUHHMMU MeEpPeTBOpIOBauamu. byno
BCTAHOBJIEHO, 110 OLJBII YUCTHI CUTHAT 13 MaJIUMHU
3aBaziaMu OyJlI0 OTPUMAHO MPH 3aCTOCYBAHHI JBOX
JIaBaviB.

A

240

Pucynok 5 — Cerment Tpyou < 1020 mm
TOBIIHHOIO 16 MM

Kpinnenns
TIEPBUHHOTO

IlepBuHHMI
NIEPETBOPHOBAY

Pucynok 6 — IIpoBenenns jabopaTopHux
JOCJIIKEeHb

Sk MOkHA TO0AUUTH 13 PHUC. 7, JIyHO-CUTHAI
CIIPSIMOBAHOT ~ KiJIbIIeBOI XBWIi, BiIOWUTHI Bif
JnedeKTy, Mae BeNMKY aMIUITyay i € J0CHTh
BHOKpeMJIeHMM  Bin  3aBax. lLle  mo3Bomse
CTBEP/PKYBaTH NPO MEPCMEKTUBHICTh 3aCTOCYBAHHS
KOHTpOMO Me(eKTiB CIPSIMOBAHUMH KITbIIEBUMH
XBHJISIMH.

Pucynok 7 — JIyHO-cHUTHAJI yJIbTPa3ByKOBOL
CIPSMOBAHOT KUTbIEBOT XBHJII Bi nedeKkTy

J6x16
Jlis  mepeBipkuM  MOXKIIMBOCTI  KOHTPOJIIO
MianoBepXHeBUX  JedekTiB  Oyno  TpOBEIEHO

JIOCHIDKEHHST TPhOX OTBOpIB (pHc. 5). PesynbraTu
KOHTPOJTIO TIpUBeieHi B Ta0m. 1.

Ta6auus 1 — PesyabTaTn KOHTpOJIO0 AedeKTiB
YJABTPA3BYKOBHMH CHIPSIMOBAHHMH KiJIbIIEBUMHA

XBHJISIMH
Tiamerp Bixncraus MaK‘CI/IMa.J'[ bHA
MEePBUHHOTO aMILTiITY1a TyHO-
Aecexcry, nepeTBoproBaya CUTHAJTy BiJ|
MM
Jo nedeKTy, MM nedekry, 1b
6 30 71,9
6 100 65,7
6 170 52,8
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BUCHOBKHA

Pesyabrat  naboparopHux — BUNPOOYBaHb
JIO3BONISAIOTE ~ CTBEP/UKYBATH TMPO  MOBTOPHICTH
MOKA3iB KOHTPOJIIO Ae(PEKTIB €KCIIEPUMEHTAILHOTO
3pa3ka cerMeHTy TpyOu, IO TMiATBEPIKYE
TEOPETUIHI JOCITiKEHHS edeKTUBHOCTI
3aCTOCYBaHHS YJIBTPa3ByKOBUX KIJIBLIEBUX

CTIpSIMOBAHUX XBUJTb B HEPYHHIBHOMY KOHTPOJTI.
[Nopanbiii KOCTiIKEHHST HEOOXIAHO MPOBOIUTH
B HAMPSIMKY 301TBIIEHHS TOYHOCTI KOHTPOJTIO.
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