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KOMIVIEKCHE OBCTEKEHHS IHNIBEMHUX HA®TOI'A3OIIPOBO/IIB

Ilposedeno ananiz HaA6HUX MEMOOI8 KOHMPOMIO CMAHY NiO3eMHUX HADMO2a30npo8odie ma NoKA3aHo
HeoOXIOHICcmb  pOo3pobiienHs HOB8UX Ni0X00i6 I MemoOuk. 3anponoHO8aHO KOMNJIEKCHUUl nioxio 00
obcmedicentst NI03eMHUX HADMO02a30npo8o0die, AKi POIMIWEH] 6 MICYAX i3 3HAYHUM CKYNUEHHAM CYMIJNCHUX
KoMyHikayii. Onucamo SUKOPUCMAHHA MACHIMHO20 Ma MIKPOQOHHO20 MemoOdi8 0/t KOHMPO0 OLIAHOK
nio3emMHux mpyoonpoeoodie He3HauHoi doexcunu. Hasedeno moocausicmos GUKOPUCIMAHHS 8 NOEOHAHHT 080X
ENeKMPOMASHIMHUX MeMO0i8 KOHMPOIO (AMNIimyoHo2o ma (azo80e0) O eusasienHs ma ioenmugikayii
HOUIKOOJICEHD 130MAYILUHO20 NOKPUMMS NIO3EMHUX HADMO2A30NPOBOJI6 8 YMOBAX CKIAOHUX THEXHOIOSIYHUX
00 exmis.

Knrouosi  cnosa: xouwmponv, niozeMHull  HA@mMO2a3onpoeio,  mexHivHul  cmaw,  Oegexm,
ENeKMPOMASHIMHULL MEMOO, MASHIMHUL MemOo0, MIKpOMOHHUU MemOoO.

ITocTanoBKa nMpo0/1eMH B 3araJIbHOMY BHUIJISIAI Ta il 3B'A30K i3 BaKIHNBMMHM HAYKOBMMH YU
NPAKTHYHUMH 3aBJaAHHSAMH

[TizemMHi HapTOra3ompoBOJM € OCHOBHHUMH €JIEMEHTaMH CUCTEMH TPaHCIOPTYBAaHHS
€HEeproHOCIiB TepUTOpicl0 YKpaiHu, 3arajibHa JOBKHUHA SIKUX CSTa€ AECATKIB THCSY KUIOMETPIB.
OctanHiM YacoM aBapiiiHiCTh HATOra3ompoBOMIB MIABUINMIACS BHACHIZOK TOTO, IO
eKCIUTyaTalifHui pecypc OUIBIIOCTI 3 HUX BHUYEPHABCS, KATOMHUU 3aXUCT i€ HE 3aBXKIU
e(eKTUBHO, a MOJCKYAU U MPOCTO BIACYTHINA. 3BaKArOUM HA BHINE3a3HAYCHE, MTUTAHHS KOHTPOJIIO
TEXHIYHOTO CTaHy MiI3eMHUX Ha(QTOTa30MPOBOIIB € J0BOJII AKTYaJIbHHUM.

AHaJI3 0CTaHHIX JOCTiIKeHDb i1 myOJrikaniii, BUIiJIeHHS HEPO3B’I3aHUX PaHillle YACTHH
3arajbHOI npoodjeMu

Ha cporogni BimomMo 0araTo MeETOIIB HEpYHHIBHOTO KOHTpoito [1, 2], mpu3HadeHuxX s
BCTAaHOBJICHHS  MiCLb  IOIIKO/DKEHb 32 BUMIPIOBaHHSAM THUX YH IHIIUX [apaMeTpiB
HadTorazonpoBoiB. OJHAK 3HAYHOIO TNPOOJIEMOIO 3ANUIIAETHCS MOXKIUBICTh MPOBEACHHS
JOCHTIPKEHb NUITHOK HAa(TOTa30MpOBOIB HEBEIMUKOI JOBXHHHU, PO3MIIIEHUX Y MICISIX 3HAYHOTO
CKYyMUEHHS  MiI3eMHUX  KOMYHIKaIid  (Hampukiag,  TEPUTOPiA  KOMIIPECOPHUX YU
HadTONepeKayyBaIbHUX CTaHIii, puc. 1). Oxpemoro mnpoOIeMOI0 € BUSBICHHS JE(EKTIB Y
Ha(TOra3zonpoBoax, NPOKIAACHUX Mil PI3HUMHU BUAAMHU TOKPUTTIB (ac(aibT, OETOH TOMIO).

i

Puc. 1. ®parmenTr maHiB po3MilIeHHsI KOMYHIiKalliii HA TEPUTOPii TEXHOJIOTIYHUX 00’ €KTIB HAPTOra30BOro KOMILIEKCY

LS A -2 T L) .

Tako BapTO 3a3HAYUTH HEOOXITHICTH imeHTHdiKaLil BUAY AedekTy uepe3 iXHil pi3HUH CTYMiHb
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3arpo3u Oe3meuHii ekcrutyararii mig3eMHuX HadrorazompoBoAiB. CydacHi METOAM Ta METOJIUKHU
JO3BOJISIIOTh TUIBKM BUSBISTH NPUOMU3HI Micls pO3MIIIEHHS TUX YW IHIMX jAedekTiB 6e3
MOJKJIMBOCTI iXHbOI imeHTH¢iKamii. OTxe, 1 npodiemMa € [IOCHTh aKTyaJlbHOIO B TpOIIECi
0OCTeXEeHHsI cTaHy MiA3eMHUX Ha(TOTa30MPOBOIIB.

ITocTaHoBKA 3aBAaHHA

JUnst TOCTDKEHHS! TEXHIYHOTO CTaHy HaTO- YU Ta30MpOBOIY 3allPONOHOBAHO 3/IMCHIOBATH
KOMIUIEKCHE OOCTEXEHHs, SKe TIOJIra€ B 3aCTOCYBaHHI KUIBKOX METOIIB KOHTPOJIIO, IO
IPYHTYIOTBCS Ha JIOCHDKEHHI MapaMerTpiB pi3HOT (i3UYHOT HpHUpOIu  (€IeKTPOMAarHiTHUX,
MAarHiTHUX, aKyCTUYHHUX).

BuksageHHs1 0CHOBHOIO MaTepiajly J0CHiIzKeHHS 3 O0IPYHTYBAHHSIM OTPHMAHUX HAYKOBHX
pe3yJbTaTiB

[lepen npoBeneHHSIM OOCTEXKEHHS MiI3EMHOTO HA(PTO- UM Ta30MPOBOIY Ha TEPUTOPIi, HACHUYEHIH
Mi3eMHUMH KOMYHIKAIliIMU, CIIOYATKy HEOOXIIHO pO30MTH MOTO Ha KOPOTKI AUITHKH KOHTPOJIIO
(HampuKJad, Ha JUITHKH, pO3MIIIEHI MDK KaMepaMu i3 3amipHOI0 apmaryporo). OOcCTexeHHS
KOHTPOJIbOBAHOI IUISHKM TpyOONpOBOOY MNOTPIOHO 3AiliCHIOBaTH B Kimbka eTamiB. CrouaTky
BHU3HAYaIOTh Tpacy TPyOONpoBOIYy Ta IIMOMHY HOTO 3ajsraHHs KJIACHYHUM €JIEKTPOMArHITHUM
MeTogoM. OJHAK Ha TEPUTOPIi 3 BETUKOIO KUTBKICTIO MiA3€MHUX KOMYHIKAIid TpyOONpoOBin Moxke
BUTHUHATHChH y TOPU3OHTANBHIN TUTONIHHI i 3HauyHuME Kyramu (90° i 6inbmre). Ile npu3BoauTh 10
BUHUKHEHHS TOXHOOK €JEeKTPOMArHiTHOr0 METOMAY, OCKUIBKH OJHOOOKE CKYMUYEHHS CHJIOBHX
MAarHITHHUX JIHIA Y MiCUSX 3rHHIB TPYOOIPOBOIY BKa3ye Ha 3MILIEHHS HOTO OCi. Y TaKOMY BHUIAJKY
JOLUIBHO 3aCTOCYBATH MarHiTOMETP, 3a JOMOMOTOI0 SIKOTO, BUMIPIOIOUM CIIOTBOPEHHSI MAarHiTHOTO
noJist 3eMJIi MeTaJIeBUM TPYOOIIPOBOJIOM, MOXKHA TOYHO BKa3aTH KOOPAWHATH HOTO PO3TAIIyBaHHS.

Komu x TpyOOmpoBin MpOKIaAeHO MiJ 3a1i300€TOHHUM MOKPUTTAM, L0 3HAYHO CIIOTBOPIOE
MAarHiTHEe TOJI€ Ta PO3CIIOE ENEKTPOMArHiTHI CUTHAJH, MPOIOHYEMO 3aCTOCYBAaTH MIKpO(QOHHUI
METOJ JOCHKeHHs. BiH mossdrae y BUMIpIOBaHHI HMU3bKOYAaCTOTHOTO (3BYKOBOT'0) aKyCTHUHOTO
1oJisi TPYOOIIPOBOY, SIKE CTBOPIOETHCS B HHOMY MOTYXHHM MarHiTOCTPUKTOpoM. MikpopoHHUI
METOJl JO3BOJII€ HE TUIBKM BHUSBUTH BICh MII3€MHOT0 TpPYOONpOBOIY, a M BHU3HAYUTH Micle
3HaxXO/KeHHs Horo imMoBipHOro nedexty. Ilpu 1pboMy aKyCTHUYHHI CUT'HAll T€HEPYETHCS IUITXOM
MeXaHIyHOro 30y/KeHHs B TUIl TpyOONpOBOIY TMOTY)KHHX HHU3bKOYACTOTHUX aKyCTHYHHX
KOJIUBAHb.

3a BIICYTHOCTI MOIIKO/DKEHHS TPYyOONpOBOJy Ha TOBEPXHI IPYHTY HaJ HHUM PEECTPYIOTh
HOMIHAJIBHUN piBEHb aKyCTUYHOTO CHTHAIY B Jiarna3oHi 4yacToT 30ymkeHHs. Llei piBeHb 3a yMOBHU
cTabiTbHOCTI 30Yy/KYyBaJbHMX KOJMBAHb BU3HA4YaIOTh KOE(QIlliEHTaMH 3aracaHHsi 3BYKY Ta
MPOXO/DKEHHSI MEX TMOJUTY CEpelOBHIL: IOBEPXHS METaJeBOro TPyOONpOBOAY — I30JALIA —
I'PYHTOBA 3aCHUIKa — IPYHT — MOBITPs. SIKIIO HaJ TPyOOIPOBOJOM pO3TAIIOBaHI JOJATKOBI IIapH
nokputTs (06eToH, acanbT TOLIO), MOTPIOHO BpPaxOBYBAaTH iXHI aKyCTHYHI XapaKTEpUCTHKH. 3a
HasBHOCTI JAedekTy B TpyOONpOBOJI 3MIHIOETHCS AaKyCTMYHA TNPOHUKHICTP MDK IIapamH |,
BIJIMIOBITHO, CTYITIHB 3aracaHHs aKyCTUYHOT XBUJIL.

3acrocyBaHHs MIKpPO(OHHOTO METOJYy KOHTPOJIO Ha MPUKIAAlI JUITHKH TpyOOmIpoBOIY
noBxuHOIO L1, po3milieHoi Mk ABOMa KaMepaMH 13 3alipHOI0 apMaTypolo, HaBEJIEHO Ha puc. 2.
Hinstaky TpyOompoBoay 1 (moBxkunowo L1), po3mimeny B rpyHTi 2, 3a gomomMoroio (iasHuiB 3
NPUEAHYIOTH A0 3amipHOi apMaTypu 4 B KOXHIii 3 kamep mo obuasa Ooku TpydbompoBoay. Cam
TpyOONpOBil Mae 300 5, SKOIO MOKpUTa HOro MeraneBa moBepxHsS 6. 3 omHOro OOKY
TpyOONIpOBOIYy B MiCIli, OYMIEHOMY BiJ 130JIALil, MpHUCTPid 30Yy/MKEHHS aKyCTUYHHMX CHTHAJIIB
(MarHiToCTpUKTOp) 7, SKUH 3a TOTMOMOTOI CHUTHAILHOTO Kabenro 8 mpueaHaHO IO reHeparopa
HU3bKOi yactoTH 9. ['‘eHeparop HH3BKOI 4YacTOTH BHpOOJIA€ YACTOTH s 30yKEHHS
MAarHiTOCTPUKTOPA B Aiana3oHi Bix 2 1o 10 kI'.
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30ymKeHi MarHiTOCTPUKTOPOM 7 aKyCTHYHI XBHJII MOUIMPIOIOTHCS B3JOBX METaJIeBOI MOBEPXHI
TpyOompoBoay 1, sk IO JOBromy XBuUjaeBoy. HacTuHa eHeprii akyCTUYHOI XBUJIi MOIIHUPIOETHCS Bl
MeTaneBoro TpyoompoBoay | mo Bcii Horo MOBXHHI 10 TOBEPXHI IPYHTY, 3MIHIOIOUH CBOi
XapaKTePUCTUKHU 3aJI€KHO BiJl HAABHOCTI Ae(DeKTy.

/:Led)eKTy

—1|||.|||[ AN

Puc. 2. 3acrocyBanHS! MiKpO()OHHOTO METOAY AJIsl KOHTPOIIO JUISTHKH MiI3éMHOr0 TpyOOonpoBoay JoBXuHOMIO L1
1 — KOHTpOJIbOBaHA IUISIHKA ITiJ36MHOI0 TPYOOIPOBOAY, 2 — I'PYHTOBA 3acuIika, 3 — ¢uanmi, 4 — 3amipHa apmatypa, 5 —
30BHIIIHSA 130J1s11isT TPYOOIIPOBOY, 6 — MeTaJleBa MOBEPXHS TPYOONPOBOLY, 7 — MPUCTPii 30y/KEHHS aKyCTHYHNX
CUTHAJIIB, § — CHTHAIILHUIA Ka0elb, 9 — reHepaTop HU3bKOI yacToTh, 10 — peectpyrounii mpuctpiit, 11 — pesonancHa
KaMmepa 3 BUMipIOBAJIbHIM MiKpO(OHOM

Ha moBepxHi IpyHTY aKyCTHYHHH BIIOMTTSA Bix TpyOONpoBOIy (3BYKOBHMH THUCK) (DIKCYIOTh
BUMIPIOBAJIbHUM MIKpo(oHOM peecTpyBaimbHOro npuctporo 10. Jlns 30iIbIIEeHHS YyTJIMBOCTI 1
3MCHILIEHHS BITHOIIEHHS CUTHAN — 3aBaJia BUMIPIOBAIBHUI MIKPO(OH peecTpyBaIbHOTO IPUCTPOIO
10 po3mimieHo B pe3oHaHCHi kamepi 11.

I'enepaTop HU3BKOT YACTOTH 9 Mae JecATh pexUMiB poOoTH. BiciM i3 HUX BIINOBITAIOTH 32 3MIHY
9acTOTH y By3bkuX mianazoHax (2 — 3 k[, 3 —4 k[, 4 - S k[, S—6 k[, 6 — 7 xlm, 7— 8 k[, 8
— 9 xl'u, 9 — 10 xI'm), a ABa — 3a 3MiHy amIuliTyau. KepyBaHHsS pexumaMu poOOTH TeHeparopa
MO3Ke BiIOYBaTHCS BPYUHY 200 3 peeCTpyBaIbHOTO MpHCTporo 10 3a JOMTOMOTO0 pagioKaHaTy.

Sk mokazanu AOCTIHKEHHsI, ONTHMAILHUM JIJIsl IPOBEACHHS KOHTPOJIIO € Jiala3oH 4acToT Bix 4
1o 5 kI'n. Y npomy nianazoHi akyCTHYHI CUTHAIM BiJl TPYOOIIPOBOAY YITKO (DIKCYIOTh Ha MOBEPXHI
IPYHTY 3 TIMOMHU TIOHAT 2,5 M.

[Tin yac mpoBeAeHHS KOHTPOJIO MIKPOQOHHUM METOJOM OIEpaTop 13 PeecTpyBabHUM
npuctpoeMm 10 y pykax pyxaeTbcsi B3JOBX IUITHKH TPYyOOIPOBOIY 32 MAaKCHMaJIbHUM 3HAUYEHHSIM
3BYKOBOT'O THCKY Ha YacTOTI 30yIUKEHHS MarHiTOCTPHKTOpPA, (DIKCYIOUM HOTO 3HAYEHHS 3 MEBHUM
KPOKOM. 3aJIe)KHICTh 3MIHM aKyCTMYHOT'O THCKY B3IOBX IUITHKH TPYOONpOBOAY Ha (hiKCOoBaHIi
qyacToTi 30y/KEeHHs HaBeJeHa Ha puc. 3. Y wmicui aedekry, ae, K MpaBuiIo, MOIIKOHKEHA 130114 1
3€OUTBIIIOT0 3BOJIOKEHUH TIPYHT, 3MIHIOIOTHCS KOE(IIIEHTH 3aracaHHs 3BYKOBOI XBWI, IIO
MPOSIBISIETHCS Y 3pOCTaHHI aMILUTITY I 3ByKOBOTO THCKY Ha IOBEPXHi IPYHTY (pHc. 3).

micue
30YKEHHS
aKyCTUYHOT

— xBuni

YactoTta curHany 4230 Iy

Mmicue gedekty

nosepxHi rpyHTy, P

3BYKOBUIA TUCK Ha

BigctaHb, m L1

— -

Puc. 3. 3anexHicTb 3MiHM aKyCTHYHOT'O THCKY Ha TIOBEPXHI I'PYHTY HaJl TPYOOIIPOBOIOM Bil JOBKHHU JTIISTHKA
KOHTPOJIO Ha yacToTi curHaiy 4230 T'a

3HalOYM XapaKTEPUCTUKH CEPEIOBUII, dYepe3 sSKI MPOXOIUTh AaKyCTHYHAa XBMJIS, MOKHA
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po3paxyBatu 3ByKOBUH TUCK P, y OyIb-sKiil TOULll HaJ TPyOOIIPOBOJOM 32 BUPA30OM:

J-c
P, = . z'pT'cT'TT/I'T[/m'

2-n2-pT2-l’T2-f

ne J — IHTEHCUBHICTb 30YIKEHOi aKyCTHYHOI XBWJII Ha MOBEpXHI TpyOompoBony, Br/m; ¢ —

TF?/H . e((lr"’T*‘ll"’l*ar?‘hrﬁ“n‘hn) , (1)

IIBMJIKICTH 3BYKY B MaTepialli TpyGOIpOBOAY, M/C; p; — yCTHHA MaTepiady TPyGOIpOBOAY, KI/M;
rp  — 3OBHIIHIA pajiyc MeTaleBOro TpyOONpoOBOAY, M; r; — 3OBHIIIHIA paaiyc i30Jsmii
TpyGOIPOBOY, M; f — 4acTOTAa CUIHATy 30Y/UKEHHs aKyCTHUHOI XBHII y TpyGompoBoi, ¢'; Ty,
T;r3> Tr3 g — KOeQIiEHTH MPOXOJHKEHHS aKyCTUYHOI XBHJII HA MeXaX cepeaoBUIl (TpyOOnpoBij
— 13OJIALA, 130JIALIsI — TPYHTOBA 3aCUIIKA, TPYHTOBA 3aCUIKA — MOBITPs); o7, O;, Grz, Oy —
KoeQillieHTH 3aracaHHsi aKyCTU4YHOI XBMJII B PI3HHUX CepeJoBHIIaX (TpyOONpoOBid, 130JIALlis,
I'PYHTOBA 3aCHIIKA, TOBITPS); h,, h, — NOBXHHA XOJy aKyCTHYHOI XBWJII B IPYHTOBIH 3a CHIILI Ta
HOBITPI, M.

[TopiBHIOIOUM peaJbHO OTpUMaHe 3HAYEHHS 3BYKOBOIO THCKY B II€BHHUX TOYKax i3
PO3paxoBaHUM, MOXHA BUSBUTHU Miclie Ae(heKTy TpyOOIIpOBOIY.

SIKIIO XapaKTepUCTUKH CePeIOBUILL, Yepe3 sIKi MPOXOIUTh aKyCTHUHA XBHJIS Bif TPYOOIIPOBOAY,
HeBioMi abo X HajJ TPyOONPOBOAOM pPO3TAIIOBAHI KUIbKA HIApIB PI3HOMAHITHUX HMOKPUTTIB YU
KOMYHiKallii, TO MIKPO()OHHUM METOJIOM PEECTPYIOTh IMPOCTO MaKCUMaJIbHE 3HAYEHHS 3BYKOBOTO
TUCKY Ha MOBEpXHi I'pyHTY. [Ipu nboMy MokHa Oyie BU3HAUUTH BiCh MPOJIATaHHS TPyOONpPOBOLY,
OJlHaK /1e(heKTH B HbOMY BUSBUTH HEMOXKIIUBO.

Jlns migBUILEHHS HMOBIPHOCTI BHSBIICHHS Je(EKTIB Ha KOPOTKUX AUITHKaxX TPyOOIpPOBOJIB
MIPOMOHYEMO BHUKOPHCTAaTH €JIEKTPOMArHiTHUM METOJ 3 eNeKTPUYHUM OOMEXKEHHSIM UITHKU
KOHTPOJIIO Ta MiABUIEHUMH YaCTOTAMU KOHTPOJIIO.

3acTocyBaHHSI €NEKTPOMArHITHOIO METOAY KOHTPOJIO HAa MPUKIAAl JTUITHKH TPyOONIpOBOIY
noBxuHOI L1, po3milieHoi Mk JABOMa KaMepaMH 13 3alipHOI0 apMaTypolo, HaBEIEHO Ha puc. 4.
Ha oummieni Bix i3omsmii yacTuHu TpyOompoBoay | Ha moyaTKy i B KiHII JAUISHKA KOHTPOJIIO
OJITal0Th METAJIEBI XOMYTH 7, 10 SIKUX Yepe3 MPHUEAHYBaAIbHI KIEMHU 8 MiAXOIITh CUTHANIBHI Ka0ei
9 Bin rereparopa currainis 10 ta enementa HaBantaxkeHHs 11. ['eneparop curnamnis 10 ta exemeHT
HaBaHTaxxeHHs 11 3a3emuieHi yepes 3a3eMitoBayi 12, mo eneKTpudHO 00MeXKYe NUITHKY KOHTPOIIIO.
Peectpaunito curHamy Bin TpyOOmpoBOAYy Ha MOBEpPXHI I'PYHTY 3IIHCHIOIOTH MPHCTpoeM 13 3a
J0TTOMOTOI0 BUMIPIOBAJIbHOT KOTYIIKH 14.

CoporieHa cxema 3aMillleHHS! eEKTPUYHO 0OMEKEHOT AUISTHKH KOHTPOJIIO HaBeAeHa Ha puc. 5.
Ha niif ninsgHui gie ctpym reseparopa /,, siKuil MOJUISEThCS HAa CTPYM, IO HAe uepe3 elNeMEeHT

HaBaHTa)Xe€HHA [; Ta cTpyM uepe3 aedekt TpydonpoBony /,. Hum Outbmumil po3mip aedekry, THM

3HaueHHA [, Oyxae OutbmuM. Tako’k Ha KOPOTKHMX AUISHKAX KOHTPOJIO 3 METOI0 MiJABHIIEHHS

iH(pOPMATUBHOCTI Ta BHACTIOK HE3HAYHOT'O 3aTyXaHHS JOLUIBHO BUKOPUCTATHU BHUCOKI YaCTOTH B
mianaszoni 20 — 33 kI 1.

[TutoMi JiHIHI omOpM AUIIHOK CXeMHM 3aMIlIeHHS pPO3paxoBYIOThb 3 YpaxyBaHHSIM
JTIarHOCTUYHUX O3HAK 3a BIJOMHUMHU METOIUKaMH [3, 4].

3Ha4yeHHs CTPYMIB Ta HaIpyr, fKi JIIOTb Yy CXeMi 3aMillleHHs AUIIHKH TpyOOIpOBOAY,
PO3pPaxoBYIOTh 32 METOJIOM €KBIBaJEHTHOTO reHepaTopa 3a TAKUMHU BUPA3AMU:

I = Exx : )

(Z3+23) Zrgn
Z Z Z
( rt+tir+ FEH)+ Zi3+ 75+ Zren

ne Eyy — Hampyra XoJIOCTOTO X0y reHepaTopa CUrHaliB, B; Z, — nutomuil niHiHUHI omip IpyHTY
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Ha JUIAHLI KOHTpoJo, OM/M; Z; — NUTOMUIA JIHIHHUHI omip AUISHKH TpyOompoBoxy, OM/M; Z gy
— BHYTpIIIHIN omip reHeparopa curHaiis, OM; Z;; — NUTOMMHU JIHIMHUAN OMip 130JIALIl HA TUISHIT
TpyOompoBony, OM/M; Z; — NUTOMHUH OHIp IPYHTY CTpyMaM CTiKaHHS Ha JUISHII KOHTPOJIIO,
Om/m.

E
I = ; 3)
213 + 23
ne E —e.p.c. reHepaTopa curHaiis, B.
1=, )
Zy
ne Z; — OIip eJIeMeHTa HaBaHTaxeHHs, OM.
EZII' (Z[3+ZS)'ZFEH (5)

Z[3+Z3 +ZFEH

Puc. 4. 3acrocyBaHHS €1€KTPOMAarHiTHOTO METOY JUIsl KOHTPOJIO JUISTHKH MiI3éMHOT0 TpyOOIpoBOgy JOBXHHOIO L1:
1 — KOHTpOJIbOBaHA IUISHKA ITiJ3eMHOI'0 TPYOOIPOBOAY, 2 — I'PYHTOBA 3acuIika, 3 — ¢uanmi, 4 — 3amipHa apmatypa, 5 —
30BHILIHSA 13071s11is1 TPYOOIPOBOY, 6 — METajieBa MOBEPXHS TPYOOIPOBOY, 7 — METaJIeBi XOMYTH, 8 — ITpHETHYBaJIbHI
KJeMu, 9 — curnaneHi kabeni, 10 — reHeparop curHaiis, 11 — pe3nCTUBHMIN €JIeMEHT HaBaHTaXEHHS, 12 —
3a3eMIiroBadi, 13 — peectpyBanbHUN IPUCTPiH, 14 — BUMipIOBaJIbHA KOTYIIKA

Z; I

e
Vs bl r |

|
| E }

|
[ ZS i i
I ! ! |
} [:| Z H i i ['eHepatop }
I | |
I | | I

I |
| EnemeHT | I !
! HaBaH- | 7 | Zrgy |
I TaKeHHs | 13 ! }
[ btk ! ‘
|
Z; N

Puc. 5. CnporreHa enekTpudHa cxema 3aMillieHHsI JUISTHKA T I36MHOTO TPYOOIIPOBOLY

[Tin yac mpoBeNeHHS KOHTPOJIIO E€JIEKTPOMATHITHUM METOJOM 3 ENEKTPUYHUM OOMEKEHHSIM
JUISSHKA KOHTPOJIIO OTEepaTop 3 peecTpyBalbHUM mpucTpoeM 13 y pykax (puc. 4) pyxaerbcs
B3/IOBXK MUISHKM JOCTIDKEHb 32 MAaKCHUMAalbHUM 3HAYCHHSIM E€JICKTPOMArHITHOTO CHUTHATY Bil
TpyOOTIPOBOLY, PEECTPYIOUN HOTO 3HAUSHHS 3 IEBHUM KPOKOM.

[HIIUM BaXNIMBUM 3aBAaHHSAM OOCTEKEHHsS MiA3eMHHMX HAa(TOTa30MpOBOIIB € MOKJIHMBICTH
YITKOTO BUSBIICHHS Ta inmeHTHdIKalii HasBHUX AedekTiB 3omsmiitHoro nokpurtsa. Cepen nedekTiB
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BosALil BUIUISIEMO HACKPI3HI MOLIKOJUKEHHs Ta BimmapyBaHHsS [1, 2]. OcoOnuBuil akneHT ciif
3poOUTH Ha OOCTEXEHHI IUITHOK HE3HauyHOi MOBXKMHH, SKI PO3MIIIEHI B YMOBax CKJIaJHUX
TEXHOJIOTTYHUX 00 €KTIB.

3 Meroro ineHTH]IKaLil BULY Ae(eKTy 130J1IHHOT0 MOKPUTTS 3alpOTIOHOBAHO 3aCTOCYBAaTH B
MO€THAHHI JIBA €JIEKTPOMATHITHI METOIM KOHTPOJIIO: aMILTITYIHUH 1 pa30BUH.

EnexkTpoMarHiTHUil aMIUTITYHUH METOJ| KOHTPOJIO IPYHTYETHCS Ha BHMIPIOBaHHI 3HAYEHHS
CTpyMy B CTIHKax KOHTPOJBOBAHOTO MiI3eMHOT0 HA(TOTa30MpOBOAY Ta 3MiHI M€l BEIUYUHU
(3aracaHHs) NpH BiIIAJCHHI Bil MiAKIIOYEHOTO T'€HEpaTropa BXITHOIO CUTHANY. BumiproBaHHS
NPOBOAATH y TOYKAaX 3 TMOMNEPeJHbO BHUOpAaHMM CTalIMM KpPOKOM MDK HHUMH. B OCHOBY
€JIEKTPOMArHiTHOTO ()a30BOTO METOJIy KOHTPOJIIO MOKJIAACHO T€, 0 TPYOOIPOBiI MpeICTaBICHUIH
JIOBIOI0 JIHIEI0, SIKA XapaKTEPH3YETbCS PO3MOJUICHOIO EJIEKTPUYHOI0 €EMHICTIO, 3yMOBJIEHOIO
HasBHICTIO 130JIALII, Ta PO3IMOAUICHOIO IHAYKTHBHICTIO, SiKa clabo 3aJle)KUTh BiJ MapaMeTpiB
TpyOompoBoxy. Ilpu BigmaneHHi Bil HiOKIIOUEHOTO 110 TPYOONMpPOBOAY TI'eHEepaTopa 3MIHHOTO
CTpyMY 30UIBIIYETHCS 3aTPUMKA PO3IOBCIOJDKEHHS! CUTHAIY Ta 3MIHIOEThCS 3¢yB (aszu. I1IBuaKicTh
3MiHM (pa3u 3ajeKUTh BiJ TOBIIMHHU 1 CTaHy I30JLIMHOTO TMOKPHUTTSA, L0 JO3BOJSIE POOUTH
BHUCHOBKH TPO HOTO cTaH. [[yst BU3HaUeHHs pi3HMLI (pa3 ciliji BUKOPUCTOBYBATH OTIOPHUN CHUTHAI,
OTpUMYBaHMW BiJ TreHepaTopa, ab0 TpaloBaTH Ha JEKUIBKOX YacToTax OJHOYAcHO,
BUKOPHUCTOBYIOUH OJIHY 3 HUX SIK OTIOpHY [5, 6].

Mertoauka  MpOBENEHHA  OOCTEXEHb  CTaHy  I3OJILIHHOTO  MOKPUTTA  MiI3EMHHUX
Ha(TOra3omMpoBOIIB HA TEPUTOPIi CKIATHUX TEXHOJOTTYHUX 00’ €KTIB i3 MOKJIMBICTIO BUSBICHHS Ta
ineHTu(ikamii HassBHUX Ae(EKTIB 130JIS111T CKIIAJAETCA 3 TAKUX KPOKIB:

- IPOBE/ICHHS BUMIPIOBaHb 13 BUKOPUCTAHHAM €JIEKTPOMArHiTHOTO ()a30BOT0 METOy KOHTPOJIIO
(BM3HAYEHHS MUTOMOTO 3CYBY (pa3u MK TOYKaAMH KOHTPOJIO);

- BHUMIPIOBaHHS 3HAY€Hb CTPYMY 3a JOMOMOIOI0 E€JIEKTPOMArHITHOTO aMILTITYJHOTO METOIY
KOHTPOJIIO 3 BUKOPUCTAHHAM CTAJOr0 KPOKY MK TOUKaMH BUMIPIOBaHb;

- 3MEHIICHHA KPOKYy MDK TOYKaMU BHUMIPIOBAaHb Yy MICISX 3HAYHOI NMUTOMOi 3MIHM 3HAueHb
CTPYMOBOTO CHT'HAJTy B CTIHKaX JAOCHIKyBaHOTO HadrorazonpoBody (y pasi motpedn);

- 3ICTaBJICHHA OTPUMAHUX PE3yIbTATIB KOHTPOJIIO JUIS aHANI3y 3MIHU OCHOBHUX 1H(POPMATHUBHHUX
napamMeTpiB 3 METOI0 OTPUMAaHHSA 1IEHTU(]IKAIIHHUX O3HAK TOTO YH HIIOTO Je(eKTy 130JiHOTO
MOKPUTTS;

- aHaJI3 OTPUMAHMX PE3yIbTATIB KOHTPOIIO Ta (POPMYBAaHHS BUCHOBKIB I[0/I0 CTAHY 130JIA1Iii.

3anpornoHOBaHa ~ CXeéMa  KOHTPOJIO  CTaHy  BOJIIMHOTO  TOKPUTTA  MiI3eMHHUX
Ha(TOra3ompoBOIiB, SIKi PO3TAIIOBAHI HA TEPUTOPIi CKIAIHUX TEXHOJIOTTYHUX OO0’ €KTIB, HaBEICHA
Ha puc. 6.
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Puc. 6. Cxema KOHTPOJIIO CTaHy 130JSI1I{HOTO TIOKPHUTTSI MiA3eMHIX HA(TOra30MpoBOIiB
| — mepeHOCHMIT BUMipIOBaJIBHUI MPUCTPIH, 2 — ABOKaHAIBHUN ocumuiorpad; 3 — 1ociipKyBaHuil Tpyoonposin; 4 —
HaCKpi3Hi 1edeKTH 130Is1ii; 5 — BiAmapyBaHHs 130JIAII{HOrO TOKPUTTS; 6 — 3a3eMJIoBay; 7 — MyJIbTHYaCTOTHUH
rereparop; KBK — koHTponpHO-BUMIiprOBasibHA KonoHKa; L1, L2, L3,..., Ln — TOYku BUMipIOBaHb

CyTp Takoro KOHTPOJIO B TakoMy. MylbTUYacCTOTHUN TeHeparop 7 uepe3 KOHTPOJIBHO-
BuMiproBanbHy KooHKY (KBK) migkmrodaroTs 10 HOCTIIKYBAaHOTO MiI3eMHOTO TpyOorpoBoay 3 i

Hayxosi nmpani BHTY, 2015, Ne 1 6
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70 3a3emiioBauya 6. ['eHepaTop 3MIHHOTO CTPyMy 7 CTBOPIOE€ KOHTPOJBHMH CHTHAN, SKUH
3MIHIOETBCS TiJ] 4ac MPOTIKAHHS B3J0BXK TpyOompoBoxy. Taki 3MiHM MPOSBISIOTHCS y BHUIJISL
3aTPUMKH PO3MOBCIO/DKEHHS CUTHAITY, SIKi 3aJIe)KaTh BiJ €JIEKTPHUUHUX ITapaMeTpiB PO3MIIIEHOTO B
IPYHTI miI3eMHOro HadTora3omnpoBoay. BuMipioBanHsi curHaiy BinOyBaerbcsi B Toukax L1, L2,
L3,..., Ln 31 cTranuM KpOKOM 3a JONOMOT0I0 MEPEHOCHOTO BUMIPIOBAJIBHOI'O MPUCTPOIo 1 mix yac
pyXy ormepaTopa B3J0BXK OCi JOCIIKyBaHOi KOMyHiKailii. [1i1 yac mpoxoKeHHs MICITb HACKPI3HUX
nedekTiB 3ossmidHOrO MOKpUTTA 4 abo Micup BimmapyBaHb 3oJALil 5 BigOyBaeTbes pi3Kuit
cTpuOOK 3cyBY (a3u. PeecTpariis oTpuMaHOro NEpeHOCHUM BUMIPIOBAIbHUM MPUCTPOEM | CUTHATY
BiIOyBa€ThCS BI3yallbHO 3a JOMOMOTOK JBOKAaHAIBHOTO HH(PpPOBOro ocimiorpada 2, Ha OauH 3
BXOJIIB  SKOTO  TMOJAEThCS  ONPAbOBAHMNA  CHUTHAI 3  JOCHIKYBAHOTO  MiA3EMHOTO
HadTorazonposoxy. Ha iHmmii BXix ocumiorpaga 2 moJaeTbesi OMOPHUM CUTHANI 3 reHeparopa 7 3
METOIO OIIHKHM 3CyBY (pa3d OTPHUMYBAHOTO CHUTHATy BIIHOCHO OIOPHOTO. Y MICHSX 3HAYHOTO
MUTOMOTO 3CYBY (pa3u HailiMOBIpHiIlIe BUSBICHHS A€(PEKTIB 130JAIHHOTO TOKPUTTSL.

OTxe, BUKOPUCTAaHHS €IMHOTO ()a30BOTO METOJy KOHTPOJIO J03BOJISIE BUSBUTH HAsIBHICTH K
BiIIIapyBaHb 130JISIIii, TAK 1 HACKPI3HUX MOIIKO/KEHB, OJTHAK MPOBECTH YITKY 1IEHTU(IKAIIIO TAKUX
nedekTiB HeMOXXJHBO. /IS IBOTO BHKOPHCTOBYEMO AMIUTITYJHUN €JIEKTPOMArHITHUH MeETO[
KOHTPOJIIO, 332 JIOTIOMOTOI0 SIKOTO MOYHA BHUSBUTH CaM€ HACKPI3HI MOINKOKEHHS 130JSIIIHOTO
TIOKPHUTTSI.

3aracaHHsi CTPyMOBOTO CHTHAJly B pa3li BHUKOPUCTAHHS €JIEKTPOMArHITHOTO aMIUTITYIHOTO
METOTY KOHTPOJIO MOXXHa 3agikcyBaTH 3a HAsABHOCTI BHTIKaHHS CTpyMy B TIPYHT, IO
CIIOCTEPIraeTbcs B MICHAX KOHTAKTy METaly TPYOM 3 IPYHTOM Y HACKPI3HHX HOILIKOKEHHIX
BOJIALIMHOTO MOKPHUTTA. Y BUMAJAKY BIIIIAPYBAHHS i30JSAIIMHOTO MOKPHUTTS OTBOPU B 130JIALi,
yepe3 Kl eNEeKTPOIIT MOTpaIuIsL€e 0 Tila TpyOH, 4acTo € HE3HAUHUMHU, IO He J03BOJIsI€ (PiKCyBaTH
3Ha4Hi 3MIHU 3HaY€Hb CTPYMY 32 HAasABHOCTI Takux aedexTiB [7]. HeoOXinHoO 3a3HaUnTH, 1110 3HAYHI
3aTyXxaHHS CHUTHAJy MOXJIMBI W 3a HasBHOCTI BiIBOMIB, TPIMHUKIB, 3HAYHUX 3MIiH Yy TIUOUHI
3aJsiTaHHs  JOCII/PKYBAaHOTO Ha(dTOra3ompoBOAy, TOAI sSK 3CyB (ha3d B TaKUX CHTYaIlisIX
3aIIUIIAE€THCS TPAKTHYHO HE3MIHHUM [7].

OnTrManbHOIO YaCTOTOIO JUIS MPOBEACHHS 00CTEKEHb JUISHOK MiA3eMHUX HAa(TOra3omnpoBoOIiB
HEe3HA4yHO1 JOBXMHH oOpano 33 kI'm, Ha sKiii BHeBHEHO (IKCYIOTh 3MiHM 1H()OPMATHBHUX
napameTpiB (3Ha4eHb CTPYMY, 3CyBY (a3H), a TaKOX 3a SIKOT MEHII BIAYYTHMH BIUIUB CTOPOHHIX
3aBaj. Bubip 4acTOTH NpPOBOAMIM HAa OCHOBI pE3ylbTaTiB EKCIEPHUMEHTAIBbHUX TOCIIKEHB,
OTPUMAaHUX Ha CIEUiaIbHOMY HaBYaJIbHO-HAYKOBOMY IOJIITOHI Ta Ha 00’€KTax Ha(TOrazoBOro
KoMmIuiekcy [7, 8].

OTxe, Ha OCHOBI 3iCTaBJICHHS PE3yJbTATIB JBOX METO/IB KOHTPOJIIO MOKHAa POOMTH BHCHOBOK
PO BUJ HAasBHUX JIE(EKTIB 30JALIHHOTO MOKPUTTA: Y pa3i HasIBHUX OJHOYACHHX 3HAYHHMX 3MIH
aMIUTITYId CHTHAJIy Ta 3CyBY (a3u Ha Till e IUISHII TOBOPUMO TNPO HASIBHICTH HACKPI3HUX
MOIIKO/PKEHb 130JIAL11, Y BUMAJIKY K HAasBHOCTI TUIbKM 3HAYHUX 3MiH 3CYBY (a3 MOXHA TOBOPUTH
PO HasBHICTH BiAIIApYBaHb 130JSMIKHOTO MOKPUTTA (puUc. 7).
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Puc. 7. 3icTaBneHHs pe3yabTaTiB BUMIPIOBaHHS JBOX iH(OPMATHBHUX MapaMeTPiB HA AIJISHIL ITiJ36MHOTO
Ha(TOra3onpoBOIY (3aracaHHs CUTHAITY Ta 3MiHa 3CyBY (as3u)
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3ACTOCYBAHHA PE3VJIbTATIB JOCJIII’KEHb

VY pa3i HEOOXITHOCTI HUISHKAa KOHTPOJIO MOXKE OYTH TaKoX eJNeKTpUYHO OOMexeHa 3
BUKOPHCTAHHSIM JIOJJATKOBOTO 3a3€MJIOBAaYa Ta €IEMEHTA HABAHTAKECHHSI.

BucHOBKHM 3 IBOT0 JOCTIIZKEHHS TA MEePCHEeKTHBH MOAAJBIINX POOiT y 3a3HAYEHOMY
HANPAMKY

3acToCyBaHHS KOMIUIEKCHOTO OOCTEKEHHS IMiI3eMHUX HA(TOTa30MpOBOMAIB  T03BOJIUTH
MBUIUTH BIPOTIIHICTh KOHTPOJIIO KOPOTKUX HEMPSIMOIIHIMHUX AUITHOK TPYOOIPOBOIIB Y MICIISIX
31 3HAYHUM CKYITYEHHSM MiI3eMHUX KOMYHIKALIH.

VY mepcnekTHBi HEOOXITHO pO3pOOMTH HOPMATHBHHMM JIOKYMEHT Ha MpPOBEICHHS TaKOTO
KOHTPOJIIO, Y SIKOMY HEOOXiTHO HaBECTH BUAU Je(PEKTIB MiA3eMHUX HA(TOTa30MPOBO/IIB, METOIUKY
iX BUSBJCHHS Ta IAEHTH(QIKALIl, a TaKoXX BKa3aTH OpakyBajbHI KPUTEPIi, IO JO3BOJIUTH YITKO
periaMeHTyBaTH TPOBENEHHS OOCTEXEHb 1 TPaBWIBHO (OPMYITIOBATH BHUCHOBKH  IIIOJO
MPHUIATHOCTI A0 TMOMAABIIOI eKCIuTyaralii abo HEeOOXIMHOCTI MPOBEIEHHS PEMOHTHUX pPOOIT Ha
JUISTHKAX MA3eMHUX Ha(TOTa30MpOBOIIB.
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RESEARCH RESULTS APPLICATION
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COMPLEX INSPECTON OF UNDERGROUND OIL-GAS PIPE-LINES

Analysis of existingcontrol methods of underground oil- gas pipe-lines state has been carried out, the
necessity of new approaches and techniques development has been shown. Complex approach to the
inspection of underground oil- gas pipe-lines, located in places with considerable concentration of
contiguous communications has been suggested. Usage of magnetic and microphone methods for control of
the sections of underground oil-gas pipe-lines of small length is described. The possibility of application the
combination of two electromagnetic methods of control (amplitude and phase) for revealing and
identification of insulation damage of underground oil pipe-lines in conditions of complex technological
objects is suggested.

Key words: control, underground oil- gas pipe-line, technical state, defect, electromagnetic method,
magnetic method, microphone method.

Problem set-up in general form and its connection with important scientific or practical tasks

Underground oil-gas pipe-lines are main elements of the system of energy resources
transportation on the territory of Ukraine, total length of these pipe lines is tens of thousands
kilometers. Recently, accident rate of oil- gas pipe-lines increased, because the operation resource of
the greater part of pipe-lines has been exhausted, cathode protection does not operate efficiently
and in some places it is absent. In this connection, the problem of technical state control of
underground oil- gas pipe-lines is very urgent.

Analysis of the latest research and publications, allocation of unsolved parts of general
problem

Nowadays numerous methods of non-distructive control are known [1, 2], these methods are
applied for determination of the site of damage, measuring certain parameters of oil- gas pipe-lines.
However, the important problem remains the possibility of carrying out the study of oil-gas pipe-
lines sections of small length, located in the places of considerable concentration of underground
communications (for instance, the area of compressor or oil-pumping stations, Fig. 1). The separate
problem is faults detection in oil- gas pipelines, located under various forms of coating (asphalt,
concrete, etc.).

e B ’m:1 - 1 TE & \ i\ i Eb\‘\ . ® /2 / I

Fig. 1.Plans fragments of communications concentration on the territory of the oil-gas comple); installation

It should also be noted the necessity of fault type identification because of different level of
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danger for safe operation of underground oil- gas-pipelines. The existing methods and techniques
allow only to determine approximate places of these faults location, without the possibility of their
identification. Thus, the given problem is very urgent for the process of underground oil- gas-
pipelines state inspection.

Problem set-up

For investigation of technical state of such installations it is suggested to carry out complex
inspections, the essence of it is the application of several methods of control based on the study of
parameters of various physical origin (electromagnetic, magnetic, acoustic).

Presentation of main material of the research with substantiation of the obtained scientific
results

Prior the inspection of underground oil or gas- pipeline on the territory with high concentration
of underground communications, firstly, it is necessary to divide it into short sections for control
(for instance, into sections, located between the compartments with stop valves). The inspection of
the controlled section of the pipeline must be realized in several stages.

First, pipeline routing and the depth of its location is determined, applying conventional
electromagnetic method. However, on the territory with high concentration of underground
communications, the pipeline may be bending in horizontal plane under large angles (90 ° and
more). This results in occurring of the errors of electromagnetic methods, as single-sided
concentration of magnetic lines of force in the places of pipeline bendings indicates the shift of its
axis. In such case, it is expedient to apply magnetometer, by means of which, measuring the
distortion of earth magnetic field, by metal pipeline, may exactly indicate the coordinates of its
location.

If the pipeline is laid under reinforced concrete covering, that substantially distorts magnetic field
and scatters electromagnetic signals, we suggest to apply microphone method of investigation. It
consists in measuring low-frequency (sound) acoustic field of the pipeline, that is created in it by
powerful magnetostrictive drill. Microphone method enables not only to reveal the axis of
underground pipeline but also determine the location of the possible fault. In this case, acoustic
signal is generated by means of mechanic excitation in the body of the pipeline powerful law
frequency acoustic vibrations. If there is no damaged pipeline, on the surface of the soil over it
nominal level of acoustic signal in the range of excitation frequencies is registrated.

This level on condition of excitation vibrations stability is determined by the coefficients of
sound attenuation and environment boundaries passage: the surface of metal pipeline — insulation —
soil — air. If over the pipeline there are additional layers of covering (concrete, asphalt, etc.) their
acoustic characteristics should be taken into account. If there is a fault in the pipeline, acoustic
permeability between layers and correspondingly attention degree of acoustic wave changes.

Application of microphone method of control on the example of pipeline section of L1 length,
located between two compartments with stop valves, is shown in Fig. 2. Pipeline section 1 (length
L1), located in the soil 2, by means of flanges 3 is connected to stop valves 4 in each of the
compartments on both sides of the pipeline. The pipeline itself has the insulation 5, covering its
metal surface 6. On one side of the pipeline, in the place, where insulation is removed, the device
for excitation of acoustic signals (magnetostrictive drill) 7 is located. By means of signal cable 8 it
is connected to low frequency generator 9. Low frequency generator produces frequencies for
excitation of magnetostricitve drill in the range from 2 up to 10 kHz.

Acoustic waves, excited by magnetostricive drill 7, propagate along metal surface of the pipeline
1 as in long waveguide. Part of the energy of acoustic wave propagates from metal pipeline 1 along
its length to the surface of the soil, changing its characteristics depending on the availability of the
fault.
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Fig. 2. Application of microphone method for the control of underground pipe line section, L1 of the length
1 — controlled section of underground pipeline, 2 — soil covering, 3 —flanges, 4 — stop-valves, 5 — external insulation of
the pipeline, 6 — metal surface of the pipeline, 7 — device for excitation of acoustic signals , 8 — signal cable, 9 — low
frequency generator, 10 — recording device, 11 —resonance chamber with measuring microphone

On soil surface acoustic response from the pipeline (sound pressure) is registered by measuring
microphone of recording device 10. To increase the sensitivity and decrease signal-noise ratio
measuring microphone of recording device 10 is located in resonance chamber 11.

Low frequency generator 9 has 10 operation modes.

Eight of them are responsible for frequency change in narrow range (2 — 3 kHz, 3 —4 kHz, 4 -5
kHz, 5 — 6 kHz, 6 — 7 kHz, 7 — 8 kHz, 8 — 9 kHz, 9 — 10 kHz), and two modes are responsible for
amplitude change. Control of generator operation modes can be performed manually or from
recording device 10 by means of radio channel.

As the research showed, frequency range from 4 to 5 kHz is the optimal range to perform the
control. In this range acoustic signals from the pipeline are registered on the surface of the soil from
the depth of more than 2.5 m.

Performing the control, using microphone method, the operator with recording device 10 moves
along the section of the pipeline by maximum value of sound pressure at the frequency of
magnetostricitive drill excitation, registrating its values with certain step. Depending of acoustic
pressure change along the section of the pipeline and fixed frequency of excitation is shown in Fig.
3. In the place of fault, where, as a rule, insulation is damaged and the soil is wet, attention
coefficients of sound wave change, that is manifested by the growth of sound pressure amplitude on
the surface of the soil (Fig. 3).
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Fig. 3. Dependence of sound pressure change on the surface of the soil over the pipelines on the length of control section
at 4230 Hz
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Knowing the characteristics of the media, acoustic wave passes through, sound pressure P, at
any point over the pipeline can be calculated by the expression:

J-c .

— T . . . . . . (ap-rp+aprp+ap-hp+og-hy)

P,= 2 5 PrCr Ty Ty Trsypoe ) (1)
2.1 pp

where J —intensity of excited acoustic wave on the surface of the pipeline, V/m; ¢, — sound

velocity in the material of the pipeline, m/s; p, — density of the pipeline material, kg/m’; r, =

external radius of the metal pipeline, m; », — external radius of pipeline insulation, m; f — signal
frequency of the excited acoustic wave in the pipeline, ¢'; T.,,, T, Ty, — coefficients of
acoustic wave passage on the boundaries of media (pipeline — insulation — insulation — soil covering

— air); «,, «,, a4, a, — attenuation coefficients of acoustic wave in various media (pipeline,

insulation, soil covering, air); 4., h, —length of acoustic wave route in soil covering and air, m.

Comparing real obtained value of sound pressure in certain points with calculated value, we can
detect the fault of the pipeline.

If the characteristics of the media, where acoustic wave passes from the pipeline, are not known
or above the pipeline there are several layers of various covering or communications, then by means
of microphone method maximum value of sound pressure on the surface of the soil is registered.
The axis of the pipeline can be determined, but it is impossible to reveal the faults in the pipeline.

To increase the probability of faults detection on short sections of pipelines it is suggested to use
electromagnetic method with electric limitation of control section and increased control frequencies
— application of electromagnetic method of control on the example of pipeline section of L1 length,
located between two compartments with stop valves is shown in Fig. 4.

Metal clamps 7 are installed on the parts of the pipeline 1, liberated from the insulation, at the
beginning and at the end of control section. Signal cables 9 from signals generator 10 and loading
element 11 pass to these clamps across connecting terminals 8. Signals generators 10 and loading
element 11 are grounded across ground electrodes 12, that electrically limit the area of control.
Registration of the signal from the pipeline on the surface of the soil is realized by means of the
device 13, using search coil 14.

Simplified equivalent circuit of electrically area of control is given in Fig. 5. At this area
generator current /; acts, that is divided into the current, that passes across the loading element /,

and the current across the fault of the pipeline 7/,.The greater the area of the fault, the greater the
value of 7, will be. At short control sections in order to increase the information content and as a

result of minor attenuation it is expedient to use high frequencies in the range of 20-30 kHz.
Specific linear resistances of equivalent circuit sections are calculated, taking into account
diagnostic features according to known techniques [3, 4].
Values of currents and voltages, acting in equivalent circuit of pipeline section, are calculated
according to the method of equivalent generator by the following:

Eyy

(Z+Z.)Z "
Zi+Z, + 7 )+ Al
( A T Az‘f[) Z;C+ZC+ZA~A>['

- @)

where Eyy —no-load voltage of signals generator, V; Z¢ — specific linear resistance of the soil on
control section, Ohm/m; Z, — specific linear resistance of pipeline section, Ohm/m; Z ., -

internal resistance of signals generator, Ohm; Z,,, — specific linear resistance of the insulation on
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pipeline section, Ohm/m; Z; — specific resistance of the soil to drain currents on control section,
Ohm/m.

E
=07, 3)
ZINS + ZS
where £ — e.m.f. of signals generator, V.
E
I, =—, 4
s=7 “4)

where Z, —resistance of load element, Ohm.

E=1I, .|:(ZINS +ZS)'ZGEN } (5)

ZINS +ZS +ZGEN

Fig. 4. Application of electromagnetic method for the control of underground pipeline section, L1 of length:
1 — controlled section of underground pipeline, 2 — soil covering, 3 — flanges, 4 — stop valves, 5 — external insulation of
the pipeline, 6 — metal surface of the pipeline, 7 — metal clamps, 8 — connecting terminals, 9 — signals cables, 10 —
signals generator, 11 — resistive element of loading, 12 — ground electrodes, 13 — registration device, 14 — search coil

Zr |1
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! 1
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! i
! Loading i
| e Zio
Ly
| |
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Fig. 5. Simplified electric equivalent circuit of underground pipeline section

When the control is performed, using electromagnetic method with electric limitations of
controlled section, the operator with registration device 13 (Fig. 4) moves along the section to be
inspected by maximal value of electromagnetic signal from the pipeline, registration its values with
certain step.

Another important task of underground oil- gas-pipelines inspection is the possibility of
distinct detection and identification of available faults of insulation covering. Among insulation
faults we should distinguish continuous damages and ply separation.

Special attention should be paid to the inspection of minor length sections located in conditions of
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complex technological installations.

In order to identify the type of the fault of insulation coating we suggest to apply the
combination of two electromagnetic methods of control: amplitude and phase. Electromagnetic
amplitude method of control is based on the measurement of current value in the walls of the
controlled underground oil- gas pipeline and the change of this value (attenuation) when it moves
away from connected generator of input signal. Measurements are performed in points with prior
selected stable step between them.

Electromagnetic phase method of control is base on the fact that the pipeline is presented by
long line, characterized by distributive capacitance stipulates by the insulation and distributed
inductance, that does not greatly depend on the parameters of the pipeline. The delay of signal
propagation and phase shift change increases when the distance from AC generator, connected to
the pipe- line increases.

Rate of phase change depends on the thinkness and state of insulation coating, that allows to
make conclusions regarding its state. For determination of phases difference, reference signal,
obtained from the generator should be used or operate at several frequencies simultaneously, using
one of them as the reference one [5, 6].

Technique of inspections of insulation coating state of underground oil- gas pipelines on the
territory of complex technological installations aimed at revealing and identification of available
insulation faults comprises the following steps:

- carrying out measurements, using electromagnetic phase method of control (determination of
specific phase shift between the control points);

- measurements of current values by means of electromagnetic amplitude method of control,
using stable step between measurement points;

- reduction of the step between the points of measurements in the places of considerable
specific change of current signal values in the walls of the studied oil, gas- pipelines (if
necessary);

- comparison of the obtained results of control for analysis of the change of basic information
parameters in order to obtain identification signs of this or that fault of insulation coating;

- analysis of the obtained results of control and formation of conclusions regarding the state
insulation.

The suggested scheme of insulation state control of underground oil- gas pipelines, located

on the territory of complex technological installations, is given in Fig. 6.

| |
7 m ] 2
KBK
/ i N u 277 13 Ln
RN
| = v
- / 41/ \ |
\é i/ ﬂ/ \ /5
N

Fig. 6. Scheme of insulation coating state control of underground oil- gas pipelines
1 — portable measuring device, 2 — two-channel oscillograph ; 3 — investigated pipeline; 4 — continuous faults of the
insulation ; 5 — scaling of insulation coating; 6 — grounding electrode; 7 — multifrequncy generator; CMC — control
measuring calumn; L1, L2, L3,..., Ln — points of measurement

The essence of such control is the following. Multifrequency generator 7 via control-measuring
column (CMC) is connected to the investigated pipeline 3 and to ground electrode 6. AC generator
7 creates the control signal that changes during its passage along the pipeline. Such changes are
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manifested in the form of signal propagation delay, that depends on electric parameters of
underground oil, gas-pipeline, located in the soil. Signal measuring takes place in points L1, L2,
L3,..., Ln with stable step by means of portable measuring device 1, when the operator moves long
the axis of the investigated communication. When passing the places of continuous faults of
insulation coating 4 or places of insulation ply separation 5 sharp jump of phase shift occurs.
Registration of the signal, obtained by means of portable measuring device 1, takes place visually
using two-channel digital oscillograph 2, at one of its inputs the processed signal from the
investigated underground oil, gas-pipeline is sent. At the other input of the oscillograph 2 the
reference signal from generator 7 is sent in order to evaluate the phase shift of the obtained signal
relatively reference signal. In places of considerable specific phase shift the detection of insulation
coating faults is most probable. Thus, usage of the single phase method of control enables to reveal
both insulation scaling any continuous faults but it is impossible to perform exact identification of
such faults. For this purpose we use amplitude electromagnetic of control, by means of which the
continuous damages of insulation coating can be determined. Attenuation of current signal in case
of usage of electromagnetic amplitude method of control may be registered if current leakage in the
ground occurs, that is observed in places of the control of metal of the pipe with the ground in
continuous damages of insulation coating. In case of scaling of insulation coating holes in the
insulation, across which electrolyte filters in the body of the pipe are often small, that does not allow
to register considerable changes of current values if such faults are available [7]. It should be noted,
that considerable attenuation of the signal is possible even if tee of pipelines, T-joints, great changes
in the depth of investigated pipeline bedding are available, whereas phase shift in such situations
remains practically unchangeable [7].

Optimal frequency for realization of inspections of underground oil-gas pipelines sections of
small length 33 kHz frequency has been selected, at this frequency changes of information
parameters (values of current, phase shift) are readily recorded, also at this frequency the impact of
strange hindrances in less sensitive. The selection of the frequency is carried out on the base of
experimental results, obtained at special scientific practical testing ground and at operational
installation of oil-gas complex [7, 8].

Hence, on the base of comparison of the results of two methods of control the conclusion can be
drawn, regarding the form of available faults in insulation coating: in case of available
simultaneous considerable changes of signal amplitude and phase shift at the same section we will
speak about the presence of continuous damages of insulation, in case of the presence of only phase
shift changes, the connection can be drawn regarding the ply separation of insulation coating (Fig.
7).

20

difdL dgsdl
dBim | degrim
15

10

10.5 X125 \145 165 185

Lm

Section with ply separation of Section with continuous fault
insulation coating of insulation

Fig. 7. Comparison of measurements results of two information parameters on the section of underground oil- gas
pipeline (signal attenuation and phase shift change)
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In case of necessity the section of control must be electrically limited, using additional ground
electrode and loading element.

Conclusions, made from the given research and prospects of further studies in the given
direction

Application of complex inspection of underground oil- gas pipeline will provide the possibility
to increase the probability of the control of short non-direct sections of pipelines in places with high
concentration of underground communications.

For further studies it is necessary to develop regulatory document, regarding the execution of
such control. The document must contain types of faults of underground oil- gas pipelines, the
technique of their detection and identification, as well as it should contain defective criteria, that
will enable to regulate strictly the process of inspections and formulate correctly conclusions
regarding the suitability for further operation or necessity to carry out the repair on the sections of
underground oil- gas pipelines.

REFERENCES

1. ux B. C. [Ipobiemu GE3KOHTAKTHOTO BHSBICHHS Ta iCHTH]IKAIl JedeKTiB mia3eMHUX Ha(TOra30mpoOBOIIB 3
noBepxHi 3emi / B. C. Lux, A. B. SIBopcekuii, C. I1. Bammmiak // Haykosuii Bicauk IDHTYHI. — 2011. — Ne3 (29). —
C.104-111.

2. Hux B. C. OcobmuBocti peamizamii METOAWKM KOHTPONIO MiI3eMHUX Ha(TONPOBOAIB Ha TepUTOPIi
HadronepekauyBanbHux craniiii / B. C. lux, A. B. SIBopcekuii, C. I1. Bammmiak // Hadorasosa enepreruka. — 2011,
—Ne 3. - C.30-40.

3. CunopoB b. B. O pacuete anekrpuyeckux mapamerpos Tpybomposoaos / b. B. Cumopos, JI. ®. Illepbakora //
Wzonsiumst tpyoonposonos. Tp. BHUMCTa. — 1982. — C. 92 — 109.

4. Juxmaposa, JI. Il. DkBuBaJieHTHbIE OJJIEKTPUUECKHE CXEMBl 3aMELICHHsS IOJ3EMHBIX TPYyOONpoBOAOB /
JI. I1. duxmaposa // Pangioenexrponika i TenekomyHikauii / Bicauk 1Y «JIbBiBcbka mostiTexHikay, 1998. — Ne 352, —
C. 26 -30.

5. Patent 5066917 United States, IPC G 01 V 13/00, G 01 V 3/30. Long Feature Vertical or Horizontal Electrical
Conductor Detection Methodology Using Phase Coherent Electromagnetic Instrumentation / Larry G. Stolarczyk;
claimer and patent holder Stolar, Inc. — Ne US 07/466,494 ; claim. 17.01.90 ; publ. 19.11.91.

6. Patent 5471143 United States, IPC G 01 V 3/10. Apparatus for Locating Buried Conductors Using Phase-Shifted
Signals / Ziyad H. Doany; claimer and patent holder Minnesota Mining And Manufacturing Co. — Ne US 08/011,383 ;
claim. 29.01.93 ; publ. 28.11.95.

7. Hux B. C. Po3po0seHHs MeToay Ta 3ac00y KOHTPOJIIO Ae(EKTiB 1301l mi3eMHUX TPYOOIIPOBOIIB : TUC. KaHI.
Tex. Hayk : 05.11.13 / Lux Biraniit CepriiioBnu. — IBaHO-®PpankiBebk, 2014. — 155 c.

8. LHux B. C. Meromuka uaeHTH(UKAIUH CKBO3HBIX JAC(EKTOB HM30JSMU IOA3EMHBIX HE()TEerasonpoBOIOB B
YCIIOBHSX CIIOKHBIX TexHosormdeckux oowvekroB / B. C. Lux, A. B. SIBopckuii, Tahar Aifa / Scientific Proceedings. —
2014. — Nel (150). — C. 61 — 65.

Vashchyshak Iryna Romanivna — Cand. Sc. (Eng.), Assistant Professor with the Chair of Technical
Diagnostics and monitoring.
Ivano-Frankivsk National Technical University of Oil and Gas .

Vashchyshak Sergiy — Cand. Sc. (Eng.), Assistant Professor, Engineer.
State enterprise “Ukrainian state centre of Radifrequencies”

Tsykh Vitaliy— Cand. Sc. (Eng.), Assistant with the Chair of Technical Diagnostics and monitoring.
Ivano-Frankivsk National Technical University of Oil and Gas .

Yavorskiy Andriy — Cand. Sc. (Eng.), Assistant Professor with the Chair of Technical Diagnostics and
Monitoring.
Ivano-Frankivsk National Technical University of Oil and Gas .

Hayxogi npaui BHTVY, 2015, Ne 1 8



	6
	6

