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EKCNEPUMEHTAJIbHE BUSHAYEHHSA MICLIb BUTOKY MNMOBITPA HA
TEXHOJION4YHOMY TPYBOMNPOBOAI

JI.M. 3amixoecovkuii, J1.0. Illmaep, B.A. Posincokuii

Isano-Dpankiecokuil HAYIOHATILHUL MeXHIYHUL YHIGepcumem Haghmu i 2azy,
eyn. Kapnamcwoka, 15, m Ieano-@panxiscovr, 76019, men. (03422)48000,
e-mail: ktsu.nung@gmail.com

Ilposedeno nonvosi 0ociodicenHss Mmemoody KOHMPOIIO GUMOKIE 8 CIIHKAX MeXHO02iuH020 mpPYyOOonposoody
AKYCIMUYHUMU  XGUTSAMU, 30V0dicCeHuMu 6 noeimpi, sAKe 3anosHioc mpyoonpogio. Bcmawnosneno
Pe3YTbMAMUBHICIb  8KA3AHO20 Memoody, W0 NIOMBEPOACEHO eKCNEPUMEHMATLHUMU  Pe3yIbmamamu
aHanisy 6i0oumux 6i0 He0OHOPIOHOCMEl CIMIHOK CUSHANIS.

Kuouoei  cnosa. mpybonposio, eumoxu 6 mpybonposooax,
EeKCNEePUMEHMATbHI 00CIONCEHHSL.

aKyCmuuHi  KOJIUBAHHA, HNOJbOGI

Ilposedenvl  nonesvle uUCCIe008anuss Memooa KOHMPOTs YMedeK 6 CIEHKAX MeXHOI02UNeCKO20
mpyobonpoeooa axKyCmuyecKuMu B0IHAMU, B030VIHCOEHHLIMU 8 8030yXe, 3ANOAHAIOWeEM MmMpPYOoOnposoo.
Yemanosneno pesynvmamusnocms ykasamnoeo memood, Ymo HOOMEEPHCOCHO IKCHEPUMEHMATbHBIMU
Pe3YTbmamamu AHaIU3A OMPANCEHHbIX 0N HEOOHOPOOHOCMU CIMEHOK CUCHAILOB.

Kniouesvie cnosa: mpybonpoeod, ymeuxku 6 mpyoonpoeodax, axycmuueckue KoieOauus, noiegule
9IKCHEPUMEHMATbHbLE UCCIe008AHUSL.

The field researches of technological wall’ s pipeline leak control method are conducted by acoustic waves
which generated in pipeline medium (air). Effectiveness of the indicated method is set, that is confirmed the
experimental results of signals reflected analysis from wall heterogeneity.

Keywords: pipeline, pipeline leaks, acoustic waves, field experimental researches.

Bupimenns npobieMu 3a0€3MNCUCHHS  CKCIULyaTaliiHi 30ypeHHs THCKY Bil 30ypeHb, siKi
Oe3aBapiitHOTO (YHKIIOHYBaHHS  BUKJIMKAaHI ITOSBOIO BUTOKY. AHAIII3 OIMyOIIKOBaHUX
ra30TPaHCIOPTHUX CUCTEM nependavae  JaHUX Ta pe3yNbTaTH BUKOHAHUX  aBTOPaMHU
i IBUILIICHHS HaTIHHOCTI TPyOOIIPOBOIB.  AOCTI[UKEHb  JTO3BONIMJIIM  PO3POOUTH  METOJ
HemoxmBicTh OIIePaTHBHOTO BUSBIICHHS ~ BISIBICHHS BUTOKYy 3 TpyGomposoxy [5], sxuii

HACKPI3HOTO OTBOPY B CTIHII pr60Hp0B0,I[y (B T.4.
HECAHKIIIOHOBAaHMX BPI30K) 1 HOro Jokamizarii
NPU3BOANTH O  3HAYHHMX  EKOJIOTIYHHX  Ta
CKOHOMIYHHX BTpaT.

Meronu, sKi HaidacTilie 3acCTOCOBYIOTHCS B
CHCTEMax BHUSBIICHHS BUTOKIB, PO3risiHyTo B [1].
[lepcneKTHBHUMHM € METOAH, SIKI BUMAraroTh OIHI€l
TOYKH  JAOCTymly JI0  TpybompoBomy  uis
M AKTFOYEHHS JaBaviB 3 METOIO BUSBIICHHS BUTOKIB
[2-4]. 3BaranpHumME  TpoOieMamMH  CIOCOOIB
peaiizailii METOJIiB BUSBIICHHS BUTOKIB €. BHCOKHH
CTYITiHb 3aracaHHsl aKyCTUYHUX KOJHMBaHb B METali
CTiHOK Tpybomnposony, SIKUN HNOKPUTHH
TEIUIOI30JIAIHHOIO 000JI0HKO10, 110
XapaKTePU3YEThCS BUCOKUMH BiOPOIOTTHHAIOYHMU
BJIACTUBOCTSIMU; METOJM PEECTpalii aKyCTHYHHX
KOJIMBaHb MAlOThb HHU3bKY YYTJIHMBICTH 10 MaJjHX
BHTOKIB, sKa OOyMOBJIEHa THUM, IO THCK B
TpyOOIpoBOAax, SK MPaBWIO, HA KiIbKa HOPSIKIB
ObIIMIA 32  3HAYEHHA  AaMIUNTYJU  XBHJI
PO3pLIKEHHS 1  HEMOXJIMBICTIO  BiAPI3HUTH

0a3yeThcsi Ha CTBOPEHHI J0JATKOBUX (TECTOBHX)
aKyCTHYHHMX  KOJIMBaHb B pr6onpOBoz[1 Ta
00po0IteHHi BIZ[GI/ITI/IX Bl,Z[ HeoMHOpiaHOCTeH (pi3Ki
MMOBOPOTH,  MICIl1  BiBEJICHb,  BCTAHOBJICHHSI
KIalaHiB, BWTOKH Ta IHIIL) B CTiHKax I[bOTO
TpyOONpOBOAY CHTHaiB. MaTeMaTHYHi OCHOBH
po3pobeHoro METOY Ta pe3ysbTaTu
EKCIIEPUMEHTAIILHUX JOCIIIKEHb 3 BAKOPUCTAHHSIM

7abopaToOpHOrO CTeHIa mpencraBieHo B [6].
Hactymaum eTanom OyIo MIPOBECHHS
CKCIIEPUMEHTAJIbHUX ~ JOCHIIKEHb B  IOJILOBHX
YMOBax.

Mertoro JTAHOT O JOCIIPKEHHS €

EKCIICPUMEHTAIPHE BCTAHOBIICHHS BIAMOBITHOCTI
MDK MiclleM JioKai3amii HEOJHOPIAHOCTI o
TOBXHUHI TPyOOIIPOBOIY Ta aMILIITY 100 JJOKATHHIX
MaKCHMYMiB B32€MOKOP IS HHOT byHKIii
PEECTPOBAHOIO AKYCTHUHOTO CUTHAJY 1 TECTOBOTO B
MOJILOBUX yMoBax. JlJisi po3B’s3aHHS MOCTaBIEHOL
3amaui Oyma po3poOiicHa METOAWKa TPOBEICHHS
eKCIepUMEHTAIILHUX JIOCHIDKeHb Ta TPOBE/CHI
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BUMIpDIOBaHHs Ha TMOJIroHI Kadeapu BiHCHKOBOI
miaroroBku IGHTYHI 3 meroro anpoOariii MeTory

JIOKam3anii BUTOKIB 3 TEXHOJIOTTYHUX
TpyOOIIPOBOIB B MMOTHOBHUX YMOBAX.
OOnagHaHHA i1 TPOBEACHHS  IOJBOBUX

IOCIIIKEHb. MTOJbOBUN pr60npOBi,z[ A 150 mm
JIOBXHHOIO 172 WM, POSTOpHYTHii Ha IIOJIrOHi
Kaq)enpn BIiCHKOBOI MiATOTOBKHU (pHC. 1) MOJIyJIb
BHHpOMlHIOBa‘Ia KoNmBaHb (TeHepaTop iMITyJIbCiB,

SAKUH po3poOneHuit Ha 0asi TOJIOBKH
3BYKOBIATBOPIOBAIBHOI  elekTpoauHamigaoi HD
240), 3MOHTOBaHMH B TATPYOKy JIOBKHHOIO

lg =1m i A 150 mm (puc. 2); monyns imirauii
BHUTOKY, 3MOHTOBaHUii B TpyOi JoBXHHOIO |, =6 M

i A£150 MM (Hacamku U KpaHa-iMiTaropa BUTOKY
miametpamu 1, 3 5 Ta 10 wMMm); wMoayms
TEeHepyBaHHA Ta peecTparii curHariz — EOM
(Celeron 1,5 TTm, 1024 M6 RAM, 24 6irosa
3BykoBa kapra ESI  Juli@ 3 wuacToToro
JUCKpeTn3anii BuMiproBaHoro curHairy 192 kI,
OC Windows XP); migcmmosau Radiotehnika V-
101 (womiHanbHa BHXiTHAa TMOTYXHICTb TpH
HaBautaxxeHni 4 Om — 20 Bt Ha xawnain,
BigTBoproBani dacrotu 20-20000 I'm, cnoxuBaHa
notyxHicte He Oinmbme 80 Brt, Hanpyra >KWBJICHHA
220B +-10%); mOBITPAHO-KOMITPECOpPHA TIEpECyBHA
cranmig 31®-55B 3 rBUHTOBHM KOMIIPECOPOM.

[opsimox TpoBeNeHUX EKCIIEPUMEHTIB
HACTYTIHHUM:

OyB

n.l mpoBenm  MOHTaXHI  poOOTH MO
NPHUEHAHHIO BUIIPOMIHIOIOYOI BcTaBku (puc. 2) 1o
TpyOonpoBoay B TOULi A; NMPHUEIHYBAIN 3arIyIKH
10 BUOPOMIHIOIOYOT BCTaBKH Ta JO KIHIIA
TpyOONIpOBOAY 3rifHO CXeMH, 300pakeHOi Ha pHC.
1, mpomenm repMmeTH3allil0 TPYyOOMPOBOIY 110
BCTaHOBJICHHSI THCKY B TpyOompoBoi Ha piBHi 0,16
Mlla, micias 4Yoro 3yNWHWIHM TOAady IMOBITPS B
TpyOONpoOBix 1, MiC/IA KOHTPOJIO BCTAaHOBJIEHOI'O
THCKY, 3IIACHIOBAIM  PEECTPAII0  CUTHAJIB,
TCHEPOBAaHUX  BHUIIPOMIHIOIOUOIO  BCTAaBKOIO B
TePMETH30BAaHOMY TpyOOTIPOBOII. Takwii
eKCIIEpUMEHT  HEOOXiAHWH A7  BU3HAYCHHS
IMITyJTBCHOT ~ XapakTEepPUCTHKH TPyOompoBOdAy 3a
BiJICYTHOCTI BUTOKIB,;

M2 micis po3repMerusaiii  TpyOompoBOay
NpPOBENN MOHTaXHI poOoTh 1Mo 3amiHi HimstHKE C
(puc. 1) Ha 6-THMETPOBY BCTaBKy 3 IMITATOPOM
BUTOKY (puc. 3, 6). BcraHoBmoBanu KpaH-iMiTaTtop
BUTOKY B PEKUM «3aKPUTO>; IPOBOAWIN POOOTH 110
.1, micns 9oro 3ifiCHIOBANIN PEECTPAIiI0 CUTHAIIIB,
TEHEPOBAaHUX  BUIIPOMIHIOIOUOIO  BCTAaBKOK B
TePMETH30BaHOMY TPYOONpPOBO/I 3 BCTAHOBICHHM
JIiaMeTpoM BHTOKY Ha KpaHi-iMmiTaTtopi po3mipom 1
MM. AHAJOTIYHO TPOBOJMIH CKCIIEPUMEHTH IS
nmiametpiB BUTOKy 3, 51 10 mm. [loTim mpoBommu
3aMiHy MICIISl BCTAHOBJICHHS 6-THMETPOBOT JUISTHKH
TpyOM 3 iMITaTOpOM BHTOKY B IHINIMX MICIAX
TpyOoTpoBOAY 3TifiHO HaBeAeHOi Ha puc. 1 cxemu i
MOBTOPIOBANIN €KCIIEPUMEHTH.

27 m |

25 m

Komnpecop

3HP-55B

|
X
¢=

ECTABRS-BIOEJIICE 39

6-TH MeTpOEBa QUTAHKA

36 M

=t

| 22 m |

32 m |
|

A, B — mouxu nioxniouenHs 6cmasxku 015 cenepysanus ma peecmpayii imnynvcie; M —manomemp; C, D ma
E — Oinanxu, saxi nionsearoms 3amMini Ha OLIAHKY 3 BMOHMOBAHUM IMIMAMOPOM BUIOKY

Pucynok 1 — CxemaTuune 300pa:kenHsi Tpyoonposoay /£ 150 MM, po3ropHyToro Ha noJiroHi
kadenpu BII IOHTYHI'
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1 — mouka nioxmouenHs Ounamixa ma MiKpogoHua;
2 — mikpoghon; 3 — ounamix

Pucynok 2 — BeraBka /15l reHepyBaHHH i
peectpauii curnanais B Tpyoonposoai /£ 150 mm

@) — cucmema 2enHepy8aHHs ma peccmpayii
cueHanis, 6) — Mooyib IMimayii 6UMoKy

Pucynok 3 — AnapatHe 3a0e3ne4eHHsA
NPOBeJeHHSI eKCllepUMeHTAJIbHUX 10CTiIKeHb
HA TeXHOJIOTIYHOMY TPYOONpPOBOAi

[Tigxmouyene po3po0ieHe amaparHe
3a0e3MeyYeHHs] 10 IOJbOBOTO TPyOOIpoBOmYy IS
NPOBEIEHHS  EKCIEPUMEHTAJIbHUX  JOCHIKEHb

npeacTapieHo Ha puc. 3. OTpUMaHHSA BigOMTHX
CHUTHAJIIB B HEOTHOPiIHOCTEH TPyOONpOBOILY

OPOBOAMWIOCHE OMHMM 1 JBOMAa IEPBUHHUMH
MepETBOPIOBAYAMH, B SIKOCTI SIKUX
BUKOPUCTOBYBAIHCh MiKpOhOHH MKD-3.
IMonepeaniMu eKCTIepUMEHTAMU Oyno

BCTAHOBIIEHO, II[0 IS OIIBII TOYHOI JIOKam3aril
HEOJHOPIJHOCTEH MO JOBXHHI TPYOONpPOBOIY
HEOOXITHO BHKOPHCTATH NIBa AaBadi. 30UTbIICHHS
TOYHOCTI BCTAHOBJIEHHS BIJICTaHl o
HEOTHOPIAHOCTI MMPOBOJAUTHCS MIITXOM BU3HAYCHHS
HIBUJKOCTI TOLIMPEHHS 3BYKY B TMOBITpi, SKe

3aII0BHIOE TPYOOIIpOBi, Ha OCHOBI
B3a€EMOKOPETILIIHHOT GyHKIIT CUTHAJIB,
3apeecTpoBaHUX JBOMa MikpodoHamu, Ta Bimomoi
BijcTaHi Mk MikpodoHamu. ToMy Ipu MPOBEACHHI
eKCIepUMEHTAIILHUX  JTOCH/DKEHb  JOJATKOBHM
MikpooH  OyJI0  3MOHTOBaHO y  BCTaBII
rerepyBanHs Ha Biacrani 0,442 m Bin Mikpogony 2
(puc. 2).

[Ipouenypa BU3HAUEHHS KOOPIMHATH BUTOKY
MIPOBOJIUTHCS 32 HACTYITHUM aJITOPUTMOM.

1. Bu3HauaroTh YTOUYHEHY BEIMYMHY IIBUAKOCTI

MOIIMPEHHsT aKyCTHYHHUX KOJHBaHb (3BYKOBHI
JianasoH) B CepeIOBHIIT MOBITPA, 110
TPaHCIOPTY€EThCS, JJIsl BHU3HAYEHHUX YMOB 3a
bopmyoro [7]:

_ dT)
Cn(T)=—=, 1)

DB

1+ ——

dE

ne Cy(T) - mBHAKICTH NOIIMPEHHS KOJUBAaHb B
MOBITPi, SIKE TPAHCHOPTYETHCSI TPYyOOIPOBOIOM SIK
¢ynkmis temmeparypu T; C(T) - mBuakicTs
NOMIMPEHHS  KOJMBAaHb B HEOOMEKCHOMY
cepenoBuii moBitps; D - 3oBHimmii aiamerp
tpyGonposoay; C=C, (T); B=cr; r - rycruna
cepenouma;, E - wMomyms mpyxrOCTI MaTepiamy
Tpy6ou; d - TOBImIMHA CTiHKYU TPYOH.

2. Buznauarothb KPUTUYHE 3HAYC€HHA YacCTOTHU
TCHEpYBaHHA TECTOBHUX XBWJIb, SKC € BCPXHBLOIO

mexkero mianmazony wactor O...f , npum sxux y

Kkp !

MOBITPi, sIKE 3alOBHIOE TPYOONPOBIL MOXKYTh
PO3MOBCIO/KYBATUCH  TINBKU OJHOPIAHI  TUTOCKI
xBui [8]:

pr =0,61c/r, 2

ne pr — KPUTHYHE 3HAYEHHS 4acTOTH, I — pamiyc
TpyOOIIPOBOY.
3. Busnauarote BenmuumHy Koedimienra D
3aracaHHs 3ByKOBUX KOJIMBaHb [8]:
1/2

_bw 1éhwi

b - —_~
2cr  a&c

3)

4 . .
ne b=—h+Xx, h — tunamiuna (3cyBHa) B’ A3KicTh

noBitps, Ilax; X — xkinemarnuHa (06’ emHa)

B'SI3KiCTh TOBITps; W=2pf — mnukiivHa 4acrora,

-1, o .
¢ 7, a — xapaktepHuid po3mip Tpyou (mis

KPYTIJI0ro Tepepisy TpyOu JopiBHIOE 1i pamiycy ).
OO0uncIeHHs MaKCUMaTbHOI JalbHOCTI CKaHyBaHHS
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TpyOOTIpOBOIY Ha OCHOBI BHU3HAYEHOT'O
KoedilieHTa 3racaHHs KOJUBaHb 3a (3).

5. T'eHepyBaHHS TECTOBOTO CHUTHAITY MPOBOJSTH
Ha OCHOBI aIrOPUTMY 3aBaJOCTIHKOTO KOJXyBaHHS
(bapkep, JIUM, M-nocninoBHicts). TpuBanicts
c(OpPMOBAHOTO TECTOBOTO CHTHAIY OOMEKYETHCSI
HEOOXIJJHOI0 MiHIMalIbHOIO AanbHicTIO Iif Dy,

TOOTO MIHIMAJIBLHOIO BIACTAHHIO, IOYNHAIOYH 3 AKOI
MOXJIMBE CIIOCTEPEKECHHS BIIOUTOTO IMITYJIbCY.
TpuBanictb cOPMOBAHOTO CHUTHAITY BH3HAYAETHCS
TakK:
t=2D,,/cC-t,, 4

min

Je t, - yac BITHOBJICHHS YyTJIMBOCTI NpHUiiMaya.

6. IlpoBoisiTh  IeHEpYBaHHS  KONMBAaHb B
CCPE/OBHILI TPAHCIOPTYBAHHS TPYOONIPOBOAY Ta
peecTpyBaHHs BiZOUTHX CHTHAIIB BiJ
HEOJHOPITHOCTEH TEXHIYHWMH 3ac00aMH CHCTEMU
JoKasti3anii BUTOKIB (puc. 2). Y BUNAAKY 3HAYHOTO
pIBHA 3alIyMJICHHS NPHUHWHATOTO CHUTHANY 3a
JIOTIOMOT'OI0 TIPOTPaMHO PEaTi30BaHOTO aITOPHTMY
amantuBHOro (himbTpyBanus meromamu LMS (Least
Mean Square, meron HalimeHIux kBajparis MHK)
i RLS (Recursive Least Sguare, pekypcHBHHiA
Meroj HaiimeHmmx kBanpatie PHK) 3milicHIOOTH
BUJIJICHHS  KOPUCHUX  CHTHaJiB. 3a  yMOB
BUKOPHUCTaHHsI JABOX JaBadiB MPOBOJSATH TMOBTOPHE
BU3HAYEHHS MIBUIKOCTI ITOIIMPEHHS aKyCTHYHHX
KOJINBaHb Ha OCHOBI MaKCHMyMy
B3a€MOKOpeJsmiiHOI  (YHKII  CHUTHaNIB,  SKi
PCECTPYIOThCS  1BOMA MiKpoOHAMH, 1 Bigomoi
BiJICTaHi X pO3MIIIIEHHS Yy BCTaBII TCHEPYBAHH.

7. OGYHCITIOIOTE B3a€EMOKOPCIISIIHY (yHKILiIO

TECTOBOI'O  CHUTHay 1 BiaQinbTpoBaHoro —
(bopMyBaHHs IMITyJIbCHOT XapaKTePUCTUKU
TpyOOIIPOBOY.

8. BuzHauaroTe, BiICTaHb MDK JIOKAJIbHUMH
MaKCUMyMaMHU OJEP)KaHOi B3a€EMOKOPEIALIHOT
¢ynkuii 3a wacom DT, mo BcraHOBIOETBCS 3
B3a€MOKOPEIALINHOT QYHKIIIT TECTOBOTO CHrHANY 1
CUTHAJY-BIATYKY:

L =cDT/2. ()

besnocepeHb0 BUSBIICHHS BHTOKIB IPOBOISTH
JIBOMa IUIIXaMH: B 3JIEKHOCTI Bijl BiioMOCTel mpo
KOMITOHOBKY TPYOOTpOBOIY; HAasSBHICTH €TaJIOHHOI
IMITyTTBCHOT ~ XapaKTEepUCTUKK TpybompoBoxy. B
MEPIIOMY  BHIIAJAKy 3 PO3MJISAY  JIOKAJIbHUX
MaKCHUMYMiB OJIepIKaHOi IMITyJIbCHOT
XapaKTePHCTHKH YCYBAIOTh Ti, fAKI 3HAXOATBCS Ha
BlJICTaHSIX, 110 BIJIIOBIAAIOTH MICIIIM
BCTAHOBJICHHSI KpPaHIB, PI3KUX BifBEICHB, 3amipHOL
apMaTypu i T.4. (MICIIeBI HEOJHOPIAHOCTI JIITHKH
TpyOOTIpOBOIY). Koopaunatu JIOKAJIbHUX
MaKCUMYMiB IMITYJIbCHOI ~XapaKTepUCTHKH, IO

3aJIAIININACE, BIAIOBIAAIOTH MICIIIM IIOSIBU BUTOKIB.
3a yMOBH HAsBHOCTI iMITyJIbCHOI XapaKTEpPHCTHKH
TpyOonpoBoay Uil BHUINAAKY BiJCYTHOCTI BUTOKIB
(eTas0oHHOT) POBOAUTHCS TOTEPEAHE HOPMYBaHHS
Ta BIIHIMaHHS €TaJIOHHOT IMITYJTBCHOT
XapaKkTepUCTUKH  BiJ  peecTpoBaHoi.  Micud
JIOKaJbHUX MAaKCUMYMIB PIi3HULIEBOI IMIIyJIbCHOT
XapaKTePUCTHUKH  iCHTU(IKYIOTh 3MIHY CTaHy
TpyOONpOBOAY — MOSIBY BUTOKIB.

Ha puc. 4 mpencraBineHi B3a€MOKOpEIAIIHHI
¢GyHKLIT peecTpOBaHMX CHTHANIB IJI1 BHIAJKIB
3aKpUTOTO  KpaHy-iMiTaTopa BHUTOKYy Ta JUIA
BUMAJIKy BCTAHOBJICHHS HAacaJlku JUIsI iMiTamii
BUTOKY @ 5 1a 10 MM.

2000 T ; ; ;
BInBUTTA Bini3aKPUTOMD KpaHyY |

1&00

1000

500

BzacmokopenadifHa b yHEWIA

] 50 100 160 200 280 300 350 400
BincTade, m

a)

200 T T T T T T T

BzaemokopenauidHa § yHELIA

|
0 50 100 150 200 260 300 350 400
BigcTane, m

0)

2000 ,

1500

1000

a00

I I I I I I
0 a0 100 150 200 250 300 350 400
BincTaHe, M

6)

1 — micye posmingenns 6CMasKu-61061108a4A; 2 —
Micye poamiwents 810800y OISl HASHIMAHHS MUCKY
6 mpybonpogio

BzacmokopenAuidHa ¢ yHELA

Pucynok 4 — B3zaemoxopensiniiini pyHkumii
PeECTPOBAHUX CUTHAJIIB IBOMa MikpogoHamMu
ISl BUNA/IKIB. KpaH 3akpuTHii (a), Bigkpuruii
KpaH 3 HACA/IKOI0 /ISt BUTOKY @ 5 MM (6) Ta O

10 mm (6)
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Heonnopignoctsamu U1 JAHOTO
TEXHOJIOT1YHOTO TpyOOIIpoBOY € Micre
BCTAHOBJICHHS KpaHa-imitaTropa BHTOKY (i Horo
CTaH — BiAKpUTHIA (BU3HAYAEThCS JIAMETPOM
Hacaaku) abo 3aKpUTHil), Miclle BCTaHOBJICHHS
BCTaBKH-BJIOBIIOBaYa (mo3. 1 Ha puc. 4), wicre
BCTAHOBJICHHS BIZIBOAY JUIA HArHITaHHS THCKY
komrpecopoM (mo3. 2 Ha puc. 4) Ta Micus 3rUHy
TpyOonpoBoay 3rimHo #oro koHdirypawmii. Ilicis
NPOBENEHHS  TPOLEAYpM  HOPMYBaHHS  Ta
BiHIMaHHS IMITYJIbCHUX XapaKTePUCTHK
TPyOOIPOBOAY ISl IBOX CTaHiB — 3aKPUTHH KpaH-
IMITaTOp  BHTOKY Ta BIAKPHTHH 3 BIJOMHM
miameTrpom  oTBOpy — Hacamkum (@ 3mm)
BIJOKPEMITIOIOTh aMILIITYly CUTHaly, BiIOWUTOTO
Bil BUTOKY, BiJ IHIIMX CHTHAaJIB-BIAT'YKIB, SKi
11eHTH(]IKYIOTH MicCIs pO3MilLeHHS
HEOJHOPIAHOCTEH CTIHOK TPyOOIIPOBOIY.

1000 | |

* 1334 T T T T
26221 d d

ano

-500

PIZHUMLEE 3 IMMy ML CHE X 3paKT epuc THEa
=

1m0 i i i i i | i
0 50 100 140 200 240 300 350 400
Bigc TaHe Mpos 04#EHHA ¥ BHAl, M

Pucynok 5 — PisHuneBa xapakrepucruka
TPyOONpoBOY, O/1ep:KaHA 1/ BUNATKY
HasIBHOCTi B TPYOOnpoBoi BUTOKY O 3 MM

BUCHOBKH
ExcniepyMeHTalbHO ~ BCTAHOBJIGHA  JIOCTaTHS
YyTIUBICTE METOMy JJIA peaii3amii 3BOPOTHOI

3a/avi: 3a 3HAYEHHSIM AaMIUNTYIW JIOKAJIBHUX
MaKCHMYMiB B32€MOKOP IS HHOT ¢byHKIIT
TECTOBOT'O Ta PEECTPOBAHOTO aKYCTHUHUX CHUTHAIIB
KUIBKICHO OLIIHUTH Miclie pO3MIIIEeHHS
HEOJTHOPIAHOCTEH.

BusuaueHHs MiCIId HasIBHOCTI BHTOKY
PCKOMCH/IYETBCSL  NIPOBOMMTH 33 PI3HHUIICBOIO
IMITYJIECHOIO XapaKTepPHCTHKOIO pr60np0B0ny,
SIKY OJIEPKYIOTh NUISXOM BIJHIMAHHS IMITYyJIbCHOT
XapaKTePUCTHKH pr60np0Boz[y BiJl €eTaJIOHHO],
BUMIpPSIHOT 32 BIILCYTHOCTI BHUTOKIB B pr6onposom

binbmry TOYHICTb JIOKamizaii BUTOKY

38,6631'[6'-Iy€ BBCACHHA [0 CKJIagy CHCTCMHU Ha

BiOMIf  BiACTaHI BiJ TOYKH T'EHEPYBaHHSI
JIOJaTKOBOrO  MikpooHy, SKHUH HO3BOISIE 32
MaKCUMYMOM B32€MOKOPEIAMIHHOT ¢$yHKiT

PEECTPOBAaHUX CUTHANIB JIBOMA IEPETBOPIOBaYaMHU
AKyCTUYHUX KOJINBaHb BU3HAYUTH YTOYHCHY
MIBUJIKICTh TIOIIMPEHHS aKyCTHYHUX KOJMBaHb B
CEepEeIOBHII TPAHCTIOPTYBaHHS.
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