TEXHHUYECKHUE HAYKH

V1K 621.43.032.8

ONTUMAJBbHBIA METO/, IS OUUCTKH
BHYTPEHHEWM IIOBEPXHOCTH TPYBOITPOBOJIA

C.B. Iopaues, /1.P. Xaxumosa

[MpoaHanuanpoBaHbl METOAbI OYMCTKN BHYTPEHHEN MOBEPXHOCTN TPyOONpoBoAa, BbISIBMEHbI MPENMYLLECTBA KaXaoro
MeToAa, PacKpbiBalOTCS MPUYMHBI MOSIBNEHUS KOPPO3UU, CPaBHUBAKOTCS XapakTepuUCTUKM METOLOB OYUCTKM BHYTPEH-
Hel nonoctn TpybonpoBogoB. Ha ocHOBe CpaBHEHWUM XapaKTepUCTUK KaXaoro crnocoba BbIAENSTCS METOAbl C Hau-
nyywmMu nokasartensmu. lNpegnaraercs HOBbIV Croco® 04UCTKM TPY6 C MOMOLLBIO MMMYTbCHOW BbICOKOYACTOTHOW YIlb-
Tpa3ByKOBOW 06paboTKM C MOLUHBIMU yAapHbLIMK BorHaMu. Pa3paboTtaHa KOHCTPYKTUBHAsi CXema UMMYTbCHOW BbICOKO-
YaCTOTHOW ynbTpa3BykoBoW 06paboTkM, NOAPOGHO onNMcbIBaeTCA NPUHLMN paboTbl yCTPOMCTBA.

Kntouesble crosa: BHYTPEHHSIS TOBEPXHOCTb TPYGONPOBOAa; MeTOAbl O4UCTKW; MMMYIbCHasi BbICOKOYACTOTHAs yrbTpa-
3ByKoBas obpaboTka; Koppo3us.

OTKOPMO TYTYKTYH YCTYHKY BETUH TA3AJIOO YYYH OIITUMAJIAYY BIKMA

C.B. Iopsaues, /I.P. Xakumosa

Byn makanaga eTkepme TYTYKTYH M4kv GETUH Ta3anooHyH blkManapb! Tanfgooro anblHraH, ap 6vp bIkMaHbIH apTblK4bl-
NblKTapbl, KOPPO3UsiHBIH Nanda Gonyy cebenTepu aHbIKTanraH, 6TKepMe TYTYKTYH UYKW KOHASWYH Tasaroo blkmara-
PbIHBIH MYHe34eMernepy canbiWTbipbinat. Ap 6Up bIKMaHbIH MYHO3A6MENepyH CanbIWTLIPYYHYH HEMM3NHAE 3H XaKLbl
kepceTky4Tepy 6ap bikmanap 6enruneHet. KyuTyy COKKy TONKyHAapbl MEHEH XOTOpKY XbILUTbIKTarbl UMNYmbCTYK yrbTpa
YHOY KOMAOHYY MEHEH TYTYKTepPAY Ta3ariooHYH XaHbl biIKMachl CyHywTanabl. XKoropky XblLWTbIKTarbl UMMybCTYK yrb-
TPa YH MEHeH Ta3anooHYH KOHCTPYKTUBAYY CXEMachkl ULLITENWN YblKkaH, annapaTTblH ULWTee NPUHLUMGH keHupu BasiH-
nanrat.

TyliyHOyy ce30ep: eTkepMe TYTYKTYH Muku 6eTu; Tasanoo bikManapbl; )XOropKy XbILWTbIKTarbl MMMYNbCTYK yrnbTpa YH
MEeHEH Ta3arnoo; Koppo3usi.

IDENTIFICATION OF THE OPTIMAL METHOD FOR CLEANING
THE INNER SURFACE OF THE PIPELINE

S.V. Goryachev, L.R. Khakimova

The methods of cleaning the inner surface of the pipeline are analyzed, the advantages of each method are revealed,
the causes of corrosion are studied, the characteristics of the methods of cleaning the inner cavity of pipelines are
compared. Based on the comparison of the characteristics of each method, the methods with the best indicators are
distinguished. A new method of cleaning pipes using pulsed high-frequency ultrasonic treatment with powerful shock
waves is proposed. A constructive scheme of pulsed high-frequency ultrasonic treatment has been developed, the
principle of operation of the device is described in detail.

Keywords: internal surface of the pipeline; cleaning methods; pulsed high-frequency ultrasonic treatment; corrosion.

B nacrosimee Bpemst 60mb1101 TIPOOIEMOil sIBIIsIeTCsl 00pa30BaHUE BO BHYTPCHHEH MMOBEPXHOCTH TPYyOO-
MPOBOJIOB HAKHUIHU U APYTUX OTIOKEHUH B MEPUOJ UX IKCILTyaTaluu. beuio 00HapyXeHO, 4TO Jaxe TIaTelb-
HO TIOCTPOCHHBIE TPYOOTIPOBOABI COAEPKaT MHOTO OTXOIOB, B OCHOBHOM, JKEJIC3HYIO PIKABIHMHY, TIECOK, TPSI3b
U CBapPOUHbIE CTEPXKHU. DTO SIBISIETCS OCHOBHOM MPUYMHOM 0TKa3a paboThl TPyOOIIPOBOAA H3-32 HAKOIJICHUS
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KOPPO3HHU BO BPEMsI €TO YCTAaHOBKU B TPYHTOBOH CpeJie, YTO MPUBOANUT K 3HAUUTEIBHBIX (PHHAHCOBBIM IOTE-
psiM. Pe3ynbpraThl MoIeBbIX THAPOCTATHYECKUX UCTIBITAHUM HA TPYOONIPOBOJE PU €r0 MOHTAXKE U MEpe] IKC-
IUTyaTanyei, BEIIBUIN HaJMUUE HECKOJIIBKUX yTeueK Ha TpyOax. [IpuanHoN 3THX yTeuek SBIsSETCS KOPpPOo3us,
o0pa3oBaHHas cTOsTYEH BOJOH BHYTpH TpyO, KOTOpas Imortajia B HUX BO BPEMs OCaJIKOB U COZIEpKalia BEICOKYIO
KOHLIEHTPALIUIO arpECCUBHBIX HOHOB, TAKUX KaK XJIOPUJ.

Hecmotpst Ha Oonblloe KONMYECTBO MCCIIENOBAHUM, 3a7aua YUCTKU TPYyOOIPOBOJIOB BCE €Ile HE MOJ-
JIAETCsl OTHO3HAUHOMY PELICHUI0. MeTObI OUNCTKH TPYO MOXKHO Pa3fAeinuTh Ha (PU3NYECKHUE U XUMHUICCKHE.
@dusndecKkue METO/bl JEIATCA HA: MEXAHUUECKUE, YIbTPA3ByKOBbIE, THIPABINYECKHE BEICOKOHATIOPHBIE, TH-
JPOKABUTAIMOHHBIC, TepMOaOpa3uBHBIC, THIPOMEXaHHMUYECCKHIE U AIEKTPOTHIPONMITYIIECHBIC BUIBIL.

XuMn4decKkas O4YHMCTKa ABISETCA OJHOW M3 Hambolsiee pacHpOCTpaHEHHBIX M 3(QEKTHBHBIX METOJOB
OYHCTKH MOJOCTEH TPyOOmpoBoaa. DTOT CIIOCOO MPUMEHSETCS HMPU HENpocTol KoHpuryparmu Tpyd. Xum-
OYHCTKA BBIMOIHACT Clieylomue (a3bl IPOMBIBKI: BBEACHHE B ITPOLIECC OYMIAIONIEH TEXHUKH; TIepeaBIKe-
HHUE PAcTBOPA BHYTPH TPYO; YHHUTOKCHHE OTIOKCHNH; KOHEUHOE OUMIIECHHUE BOJOH U OCTAHOBKY IPOMBIBOY-
Holt TexHuKU. [T1aBHOI 3a7a4eit aToro MeToa sBIseTcs BbIOOp peareHTa [1].

PaccMoTpuM Kaxk/Iplii METOJT OTAEIBHO.

MexaHnueckuil crioco0d MCHONb3yeTCs Ul OUUCTKH CHIIBHO 3arpsA3HEHHBIX TPYOOIPOBOJOB TBEPIbIMU
TEJIaMH WIH JUI YUCTKH TPyO OoipmInx auameTpoB — 10 300 MM. Berauienne mpon3BoauTCst HOCPEACTBOM
METAJUINYECKUX eplIei, KOTOPbIe IPOTSATUBAOTCS C HOMOIIBIO TArOBOM nedenku [1].

VYrpTpa3ByKOBas OYMCTKA — TSDKEIBIH IPOIIECC, OCHOBAHHBIN Ha BO30YXICHHU B PAacTBOpE KOIeOaHUIt
YIBTPa3ByKOBOH HYacTOTHI, KOMOWHHPYIONIHE KABUTAIMIO C JIEHCTBHEM aKyCTHUECKHMX TedeHWH. Moromas
KHUJIKOCTh JOJDKHA UMETh KaK MOXKHO OOJIBIIYIO XUMHUCCKOI0 aKTHBHOCTH TI0 CPABHEHMIO K 3arpS3HCHHSM.
Bonbiryto 3¢)(heKTUBHOCTE UMEIOT BOJHBIC PACTBOPHI ILEJIOYEH, KUCIOT U colel ¢ J00aBIeHUEM MOBEpPX-
HOCTHO-aKTHUBHBIX BEILECTB.

B 0CHOBY ruzipaBIM4ecKOro BBICOKOHAIIOPHOIO METOJa MOJIOXKEH MPHUHIUI MPeoOpa3oBaHUsl SHEPTUU
BBICOKOTO JIaBJICHHS BOJIBI, ITOJABACMOIl B TPyOOIIPOBOA Uepe3 CIEIHAIBHOE COIUIO, B KWHETHUECKYIO HEp-
THIO OTOKA, ABUTAIOLIETOCS C BEICOKOM CKOPOCTBIO Ha BBIXOJIE U3 COILIA XKUJIKOCTH [2].

[TpuHIMI paboTH THAPOKABUTAIIMOHHOTO CIIOCO0a: KUIKOCTh BBICOKOTO AAaBJICHUS B (hOpMe KaBUTAIIU-
OHHBIX ITy3bIpei ¢ MOMOIIBIO CIIEIHAIBFHON HacaJKH NPOHHUKAeT B TpyOompoBox. 13-3a GosbIoii ckopocTH
MIPOMCXOAUT MHOKECTBO MHUKPOB3PBIBOB, OUMIIAIONINX OTIOKEHHS ¢ BHYTPEHHEH IMOJOCTH TPyOONpoBoAa.
[Ipouecc cxyonbiBaHUs y3bIPEd IPOUCXOTUT € OOJIBILION CKOPOCTBIO, U B PE3YIbTATE CO3AETCS MHOXKECTBO
MHUKPOB3PHIBOB, OUHIIAIONIHNX MOJIOCTH TPYOHI [2].

B ocHOBe TepM0aOpa3snBHOTO METO/A JISKUT BBHI3BIBAHHE B 0COOOM MEXaHW3Me ra30BO-TOIUIMBHOW Ha-
IPETOH CTPyH, MEepeIBUTAIOIIEH B TPyOOIIPOBOIE MOPOIIOK M3 IILTAKOBBIX 0TX00B [3]. B3anmoneiicTBue ro-
psiduero Bo3AyXa ¢ HarpeThIM aOpa3uBOM Ha OTJIOXKEHHs MPUBOIUT K OTPBIBY OTIOKEHHUN OT BHYTPEHHEH I0-
BEPXHOCTH TPYOBI.

ITpuHnun paboThl TUIPOMEXAaHMUECKOTO METO/1A 3aKIIFOUAETCS B CKAJIBIBAHUU OTJIOKEHU Bpalaromencs
POIMKOBOI KOPOHKOM 0C000T0 TPOGMIIA, C JATbHEHITNM YJAJICHUEM HX TIOTOKOM JBMIKYIIEHCS Boabl. Takoi
METO[ TO3BOJISAET IPOU3BOAUT OUMCTKY TPYOBI OT CIUIOLIHBIX OTAO0KEHUH JIF000H TONIIHUHBL

DNEeKTPOTUAPOUMITYIBCHBIN CIIOCOO TpenHa3HaueH Ui OYUCTKH CIHPAJICBUAHBIX TPYyOOIPOBOAOB.
[Ipuxnun ero paboThl OCHOBAaH Ha MPEBPALEHUU 3IEKTPUUECKOH SHEPrUM B MEXAHMUYECKYIO IPU BBICOKO-
BOJIETHOM paspsijie B Bojie [3]. MoliHas BojiHAa ¥ TUAPOJUHAMUYECKUE TIOTOKH, C(HOPMUPOBAHHBIC TPH JICK-
TPUYECKOM pa3psjie B BOAE, 3aMOIHSOLIEH TPyOOIPOBO/, Pa3laMbIBAIOT OTI0KEHUSI HA BHYTPEHHEN OBEPX-
HOCTH TpyOBI. B Tabnmie 1 npuBeaeHs! XapaKTePHUCTUKN METOIOB OYHUCTKH TPYyOOIIPOBOBOB.

Jlanuble TaOmunb! 1 MOKa3bIBAIOT, YTO BCE METOBI OYMCTKH CHIIBHO OTIIMYAIOTCS JPYT OT JIpyTa M IOoKa-
3aTe y BCeX pasHble. Hammydmumuy mokasaTesiMyu 001a atoT SJIEKTPOTHAPONMITYTECHBIN 1 THIPOMEXaHH-
yecknii MeToasl. Hauxyammmuy rnokasarensamu o0iajjaeT BHICOKOHATIOPHBIHA IHpaBIMYecKnil criocod o4ncT-
KH TpyOOmpoBomoB. Bce MeToAb MMEIOT HU3KYIO CTOMMOCTh OYMCTKH. XHMHUCCKHH METOJ NMPHMEHSICTCS
JUISL OYUCTKH TPYAHOAOCTYITHBIX TIOBEPXHOCTEH TpyO, HO y HEro mMeeTcst OONBIION HEIOCTATOK: TPeOyIoTCs
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Tabnuna 1 — CpaBHUTENIEHBIC XapaKTEPUCTUKH METOJ0B OYMCTKH BHYTPEHHUX TIOJIOCTEN TPYyOOIPOBOIOB

OrtcyTcTBHE
He3na-
. ITonn- MEXaHHU- Henocrarou-
Xopomee | Jlroboi Us- quTenb- | BBI-
JKEHHOE TI0- YeCKHUX Has KBaJu-
MeTtoxa ouucTKH Ka4ecTBO | BHJ OT- JIepIK- HBIE CTpoTa
. | Tpebnenue TTOBPEIK/IC- (ukanus
00paboOTKH | JTOXKESHHIA K1 " rabapu- | OYMCTKH
SHEPIrUu HU# pu T padounx
OYHCTKE

BricokonanopHslit n
TUAPABIMYECKAN
I'mapokaBuTanuon-

pr = + + - - + - + -
HBII
Tepmoabpa3uBHBII + + - - - - + -
T'unpomexanunye-

P + + + + - + + +
CKHI
DIEeKTPOruIpO-

porHap + - + + + + + +

MMITYJIbCHBII
VYipTpa3BykoBoOi + - + + + + - -

nmary0HO BIMSIOMINE HA JKU3HB U 37J0POBBE JIFONEH XUMHKATHI, KOTOPBIE B AIBHEHIIIEM HEOOXOIMMO YTHITH-
3upoBaTh. [Ipu oUnCTKe CTaNbHBIX TPYO M OpeOpPEHHBIX TOBEPXHOCTEH AP PEeKTUBHEE TIPUMEHSTH SIEKTPOTH-
JIPOUMITYJIbCHBIN METOJl. YCTaHOBKH, IPUMEHSAEMBIE [T TUIPOMEXaHUUECKOIO U IEKTPOTUAPOUMITYILCHOTO
METO/IOB, UMEIOT Malible TadapuThl U HEBBICOKYIO CTOMMOCTBH 00CITyKuBaHus. OHaKO BCE PAaCCMOTPEHHBIE
CTIIO0COOBI OYUCTKH BHYTPEHHEH ITOBEPXHOCTH TPYyOOIPOBOIOB HE OTBEYAIOT ITOJTHOCTHIO HOPMaM, TIPEIBSIBIIS-
€MBIM K 000pYIOBaHHUIO, TPEOYIOIIEMY OUYUCTKH.

[Ipenmaraercst HOBBIM cIOCOO OYHUCTKH TPYOOIIPOBOMOB C MOMOIIBI0 UMITYJIBCHON BBICOKOYACTOTHON
yasTpa3BykoBoit 00pabotku (MBUYY) ¢ MOIIHBIMU yIapHBIMH BOJHaMU (pUCyHOK 1). OGopynoBaHue OTHO-
CHUTCS K DKCIUTyaTallny TPyOOTIPOBOAHBIX CHCTEM, B YACTHOCTH, K OYHMCTKE BHYTPEHHEN TTOBEPXHOCTH TPYyOO-
MIPOBOIOB.

[TpuHIMT paboTsel 000PYIOBAHMS: THTAHHUE MTOCTYTIACT B IIHUT, B KOTOPOM YCTAHOBJICHBI BBIKITIOUATEIH,
M3MEpUTENIbHBIE MPUOOPHI M YCTPONUCTBA 3aIUUTHI AIEeKTpoABHUraress. Jlanee nutaHue mogaeTcs Ha dIEKTPO-
JIBUTaTellb, IPUBOASILLIUI B ABMKEHUE PELYKTOP, KOTOPBIHA B CBOIO OYEPE/Ib BpaIlaeT KPUBOIIUI. DTOT KPUBO-
LIMIT TOCPEACTBOM Habopa TAT MepeaeT yCuiue Ha OalaHCHp, KadaroIUics Ha MOALIMITHUKOBOM Y3JI€, pac-
TIOJIO’KEHHOM B CAMOM BEpXy YCTaHOBKH. Ha 3ToM e OanmaHCcHpe 3aKperieHa ToIoBKa OaaHcupa, K KOTOPOH
KPEMUTCA TPOC MOTPYKHOTO (IITAHIOBOTO) HAacoca. DTOT HACOC KayaeT He(Th U3-110]] 3eMJIM NP ABHIKECHUH
TOJIOBKH OaJlaHCHpa HaBepX, M MEepecTaeT KauaTh MPH e¢ IBIDKCHWH BHHU3. M3-3a 3TOTO IpHW 3aKadyke He(TH
B 3TOM Hacoce 00pa3yroTcs TUApaTHbIe MPOOKH, KOTOpbIe MEMIaloT ero padboTe. [ ycTpaHeHus 3TuX mpodoK
B IIIAXTy HAcoca 4Yepes CrernunaibHbIi Gruanen BBoguTcs 3001 MBUY, nmo3somnstonuii pacuuiarsk 3Td IpoOKH.

[Ipunuun padorst UBUY: HHAYKIMOHHBINA HarpeB COBEPIIAETCS BMECTE ¢ BUOPOMEXaHUYECKHUMH KOJie-
Oanusvu. Hacrnoenus mon pnusiHueM MBUY cTaHOBATCS TEKydMMH U BBIBOAATCS M3 TPyOONpPOBOJA B BH-
Jie JKeTie, a JUIsl yIaJIeHUsl THAPATHBIX TPOOOK MPUMEHSIOTCS MOIIHBIE yIapHbIE BOJHBI HATPETOM KUIKOCTH.
C noMOLIbIO 3TOr0 METO/Ia MOYKHO OYMILATh BCE THUIbI OTIOKEHUH. OH MOXKET IPUMEHSTHCS HE TOJBKO IS
OYHUCTKH OTJIIOKEHHUH B TpyOOTIPOBO/E, HO M JUII OYUCTKH HE(DTIHBIX CKBAXKHUH.

[IpenmymecrBamu UBUY sBnsrores:

1) ropazno 6onbiiast 3¢pGEeKTUBHOCTD, YeM MPH 00paboTKe IperomuM Kadbesem;

2) KOHCTPYKIHS KaOelst He 3aBHCUT OT TITyOMHBI WIIN JUTHHBI BO3ICHCTBHS, a TAK)KE MOIITHOCTH;

3) He TpeOyeTcs momorpesa Bceil TpyOHOH cpelibl 10 TeMIepaTyphbl IUIABICHUS OTIIOKEHUH;

4) 3¢ deKTUBHOCTH paOOTHI HE 3aBHCUT OT MPOU3BOJAUTEIILHOCTH TPYOOIIPOBOJIOB.
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[lozuuyua Haurenobare
7 Uum numarus
7 OcHobarie
7 ekmponpuBod ¢ pedyxmapor
Y Cmarura 3nekmponpuboia ©
DEAUKIMOpoH
5] Apubouin
6 [g2a
7 basarrup 6 coope ¢ zanobkou
8 [leedecman naduuntukaboza (s
oajarcupa ‘
g Onopel ocHoBarug B(1-50/
0 Ipoc wmarozobozo Hacoca
77 Mecmo B6oda sorda WBYY
4 Jeqo wmanzobozo Hacooa
5) JoHd HBYY
74 [udpamHasg npooka
) Lemka Hacoca

Pucynok 1 — Koncrpykius obopynosanust UBUY

BobiBoabl. Takum 00pazoM, pacCMOTPEHBI CYLIECTBYIOIIME METO/IbI OYMCTKH TPYOOIIPOBOIOB OT OTIIOXKE-
HUHM U HaKUIY, IPOAHAIU3UPOBAHBI IPEUMYIIECTBA U HEAOCTATKHU Ka)K0ro U3 HUX. IIpennoxeH HOBBIN UM-
MyJIbCHBIM BBICOKOUACTOTHBIHN YJIBTPa3BYKOBOM CIIOCOO OUMCTKH JUIsl pElICHUs IPOOIeMbl 3arpsi3HEHUI BHY-
TpEeHHEH TTOBEPXHOCTH TPyOOIIPOBOAOB. YCTAaHOBKA MO3BOJISCT YBEIUIHUTh KAYECTBO OUUCTKH M HE JOIYCKAeT
3aKyMOpKy TPyOOIpOBOAa CKAINIMBAIOIIMMUCS OTJIOKESHUSIMHU.
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