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[Ipogedeno cpasHenue Memooo8 NpsimMo2o u 0OpamHozo yoapa OJisi UCHbIMAHUSL 6HYMPEHHUX
AHMUKOPPOUOHHBIX NOKPHIMULL Hepme2a30npo8oOHbIX mpyd, 0enarmcsi 6bl600bL 0 NPUMEHU-
Mocmu Memoda obpamuo2o yoapa 07 OYeHKU Kavecmsea mpy6 ¢ 6HyMpeHHUMU AHMUKOPpo-
SUOHHBIMU NOKPBLIMUAMU.

Knrouesvie cnosa: memoo npsimozco yoapa, memoo o6pamnozo yoapa, aHmuKoppo3UOHHbIE NO-
Kpblmusl, YOApHAs NPOYHOCb, MUNOPA3MED, Hehmenposood, NPOUHOCMHOU paciem.

B nacTosimmee Bpems CyImecTBYIOT JBa MOAXOMA K OMPEIEIEHUI0 CTOMKOCTH BHYTPEH-
HHUX TIOKPBITHHA K YIapHBIM BO3ACHCTBHSAM — METOJBI MPSMOro u odpaTtHoro ymapa. Oba
METO/a OCHOBAaHKI Ha MeToauKax, n3noxkeHHbsIX B 'OCT 4765-73 u TOCT 51164-98 [1, 2].
Meron 0oOpaTHOrO yaapa 3aKiIrouacTcsl B BO3JEHCTBUH OOiKa Ha HAPYXKHYIO TOBEPXHOCTh
TpyO. [laHHBINA METOx aKTHBHO MPUMEHSETCS Ha MHOTHX 3aBOZAX, HAHOCSIIUX ITOKPBITHS
Ha BHYTPEHHIOIO MTOBEPXHOCTH TPYO, Takux Kak 3A0 «YIIoPT» (TY 1390-003-52534308-
2008), OO0 «HOKOPT» (TY 139000-012-01297958-01), OOO «IIpennpustue Tpybo-
mwract» (TY 1381-012-00154341-02) [3, 4, 5]. Meron MonmenupyeT pealbHOE yIapHOe
BO3JICHCTBHE, BO3MOXKHOE B MPOIIECCEe XpaHEeHUs, TparncmoptupoBku 1 CMP. OmgHako, kak
MOKa3bIBaeT IMpaKTHKa, OTOPAaKOBKM I10 JAHHOMY IIOKa3aTeli0 Kak TMpH MPHEMO-
CIAaTOYHBIX, TaK M MIPU NEPUOTUIECKUX UCTIBITAHUSIX HE TPOUCXOMIUT.

C npyroii CTOpOHBI, ONIPEIEIeHNE YIAPHOH MPOYHOCTH METOIOM MPSMOTO yAapa, MpH
KOTOPOM BO3/IeicTBHE 00iKa MasTHHKOBOIO KOMpa MPUXOJUTCI Ha BHYTPEHHIOIO TIOBEPX -
HOCTb, HEMOCPE/ICTBEHHO Ha TIOKPBITHE, AAET IKCIPECC-IAHHBIE O IIEJIOM PAIE Mapamer-
poB. B kauecTBe mpuMepa MOXXHO MPUBECTH JAHHBIE O HEIOCTATOYHOW MONMMEpPHU3alluu
3TMOKCHU-HOBOJIAYHOT'O MOKPHITHS npousBoacTBa OO0 «Temepco-nHxeHepuHr». B nexon-
HOM COCTOSTHMM TPOYHOCTBH MOKPBITHS MIPH MPSIMOM yraape coctaBisuia 3 J[K, mpu 3ToM
TEIUIOTa PeaKIuu nonuMepu3aiu cocrtapisuia 12,28 JIx/r. [Tocne HaCTPOWKH CYIIMIBHBIX
redvei TeroTa MoJuMepr3aluy yMeHbiunach 10 3,70-3,82 JIx/T, a CTOMKOCTh K IIPSIMO-
My yaapy Bo3pocna 10 12 J[x. I[TockombKy HE y BCeX POU3BOIUTENCH €CTh BOZMOXKHOCTh
WCIIOJIB30BaTh METOJIbl U GEepeHIIMANbHON CKaHUpYONIeH Kanopumerpuu uin Jaudde-
PEHIIMATFHOTO TEPMHUYECKOTO aHalln3a, ONpeeNieHNe CTOMKOCTH K MPSIMOMY yIapy Uit
HEKOTOPBIX THUIOB MOKPBITUH MOXXET KOCBEHHO XapaKTEePH30BAaTh CTENEHb OTBEPKICHUS
TTOKPBITHSL.

B nanHOi1 cTaTthe pon3BeneH MPOYHOCTHON pacueT Harpy30K IpH BO3AEHCTBUU OO¥i-
Ka Ha BHYTPEHHIOIO U HAPYKHYIO TIOBEPXHOCTH TPYOBI.

Iasen Eseenvesuy FOOun, acnupanm.
Anexcandp Anamonvesuy AKyIUHUH, 8€0VIULL UHIICEHED.
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Pacder Bo3zelicTBust 00paTHOTO yjJapa OCYIIECTBISUICS METOJOM KOHEYHBIX DIIEMEH -

TOB C ITOMOIIBIO TIporpaMmel Ansys [6, 7].

B kavecTBe NCXOMHBIX JAHHBIX OBLIM YCTAHOBJICHBI CIIEAYIOIINE TapaMeTphl:
— Macca Ooiika ¢ Harpy3kou — 3 Kr (cranmapTHas i korpa Tumna «Koncranra-KII» u

aHaJIOTOB);

— E =15 I (makcumanbHast sHeprus 1 konpa tuna «KoncranTta-KII» u ananoros);
— HavajbHas CKOPOCTh OOlKa paccyuTaHa 1o Gpopmysie

vy =3k ()
— matepual TpyOsI — crais 20;
— ¢u3nyeckue  CBoOMCTBA  MaTepuasia npu  r=20°C ; E=213. 101 1Ha ;

p=7859 2a/1°; u=03;

— MaTepHa 00iKa IPUHAT aOCOTFOTHO KECTKUM.
CBo¥iCTBa IJIACTHYHOCTH MaTepuasia TpyObl HE YYUTHIBAIHCE.
Pacuer npou3BOAWIICS [T TUIIOPa3MEPOB TPYO, YKa3aHHBIX B Ta0I. 1.

Tabnuya 1
TunopazmepsI TPYO, 115 KOTOPHIX NPOU3BOIMIMCH PACUeThl
Hapyxnsiit auametp D, Mm ToNmuHbl CTEHOK t, MM
73 5,5
89 6, 8,10, 12
114 6, 8,10, 12
159 6, 8,10, 12
219 6, 8,10, 12
325 6, 8,10, 12
426 6, 8,10, 12

OtcyTeTBHE
TIepeMeI eHIA
mo ocu Y

TInockocTH CUMMETPHH

PacuetHas Mojenb CTaIBHOTO nany6Ka
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B kauecTBe TpaHMYHOrO yCIOBHs OBLT 3alpeT MepeMeneHus] B HApaBJICHHA ocH Y
10 HHXKHEMY peOpy TpyObl. PaccTosiHue Mexay TpyOoi U monycdepoit B Ha4aabHBIA MO-
MeHT 3agaHo 10 mxm. Harpysku onpenemsuinch 1t y3i1a A. UerBepTh pacueTHOW MOJIETH
MIPEACTaBIIEHA HA PUCYHKE.

Pe3ynpraTel MUKOBBIX 3HAYEHWUN HANPSHKEHUN U TPyO pa3sHBIX HAPYKHBIX AWaMeT-
POB € Pa3IMYHON TONIIUHON CTCHKH MPEACTABICHBI B Ta0I. 2.

Tabnuya 2
IInkoBbIe 3HAYEHUS HANPSIZKEHU
Hapyx#nblii tuamerp, Mm TommmHa CTEHKH, MM Hanpsxenue, MIla
73 5,5 99,0
89 6 82,0
8 54,2
10 36,2
12 27,8
114 6 78,0
8 53,5
10 35,4
12 23,0
159 6 59,5
8 46,9
10 32,7
12 20,8
219 6 51,1
8 42,1
10 33,8
12 24,7
325 6 37,1
8 31,2
10 22,7
12 19,2
426 6 46,5
8 29,1
10 24,3
12 20,4

Pacuer nanpspkeHuit (G4), MPU BO3IACHCTBUU OOHKa HEMOCPEIACTBEHHO Ha MOKPBITHE
MPOU3BOAMJICS 110 hopmyie [4]

oy = O_SlEkdin’ )

rmue O — HaIPsDKEHIE, BOZHUKAIOIIEE MPU CTATHYECKOM TTPUIIOKEHUH MacChl 00iKa;

Kgin — AMHAMUYECKUH KOIDPUITUCHT.
k, =1+ (1 2H 3
din =" +5_ 3
St

B cBoto ouepenp,
b

rae H - BrIcoTa manienns rpy3a (B HameM ciy4dae st 15 Jx ona cocrasinser 0,5m);
Oy — TIEpEeMEIIeHHe PacYeTHOW TOYKM TPYOBI MPHU MPUIIOKEHUH CTaTUYECKOM
Harpy3ku; Uit TpyOsI [8]
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rae E — monyns ynpyroctu.
Pe3ynbpTarhl pacueroB TMHAMHYECKUX HAIPSDKEHUH, a TAKXKe COOTHOIICHUE HATIPsKe-
HUU MpH IPSIMOM U 00paTHOM yziape MpeicTaBIeHbl B Ta0I. 3.

st

aD(D-1)o g,

4tE

“

Tabnuya 3
PacueTHble JaHHbIE
Hedopmartus Hapyxnsrit Tommmna k din 64, Mna Odn/Odo
oOpasia JHaMETp obpasia (t), M
(0st) x 10, m obpasima (D), m
5,02 0,073 0,0055 447,16 670,8 6,78
6,90 0,089 0,006 381,603 5724 6,98
5,05 0,089 0,008 445,8748 668,8 12,34
3,94 0,089 0,01 504,6415 757,0 20,91
3,20 0,089 0,012 559,8306 839,7 30,21
1,15 0,114 0,006 295,8105 4437 5,69
8,46 0,114 0,008 344,6139 516,9 9,66
6,64 0,114 0,01 388,848 5833 16,48
5,43 0,114 0,012 430,0111 645,0 28,04
22,73 0,159 0,006 210,7324 316,1 5,31
16,82 0,159 0,008 2447759 367,2 7,83
13,28 0,159 0,01 275,3724 413,1 12,63
10,92 0,159 0,012 303,5972 4554 21,89
43,59 0,219 0,006 152,4616 228,7 4,48
32,38 0,219 0,008 176,7187 265,1 6,30
25,66 0,219 0,01 198,3966 297,6 8,80
21,18 0,219 0,012 218,2787 3274 13,26
96,88 0,325 0,006 102,5989 153,9 4,15
72,20 0,325 0,008 118,6843 178,0 5,71
57,40 0,325 0,01 132,9911 199,5 8,79
47,53 0,325 0,012 146,0495 219,1 11,41
167,20 0,426 0,006 78,34134 117,5 2,53
124,80 0,426 0,008 90,51758 135,8 4,67
99,36 0,426 0,01 101,3227 152,0 6,26
82,40 0,426 0,012 111,1622 166,7 8,17

[To pe3ynbraTam MPOBEACHHBIX PAaCYETOB BUJHO, YTO HANPSKEHUS NP 00paTHOM
yaape HIKe, 9eM IpH mpsaMoM, ot 2,5 a0 30 pas. [IpuyeM ¢ yBemTHdYeHHEM TOJIIIMHBI CTEH-

KM 1 yMEHBIIIEHNEM JMaMeTpa pa3HHIla BO3pacTaerT.

IMockonbKky Uit OONBIIMHCTBA BHYTPEHHUX MOKPBITHH CTOHKOCTH K MPSIMOMY ylapy
Boime 10 J[kx, MUHUMaJbHAS SHEPTHsI yapa ¢ Hapy)KHOU ITOBEPXHOCTH JIOJDKHA OBITh HE
meree 25 JIx. CoBpeMEHHOE HCIBITaTEIbHOE O0OpYIOBaHWE, TAKOE KaK MasTHUKOBBIHM
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konep «Koncranra-KII» u anamoru, MoxeT TpOU3BOJUTH YAApHbIE BO3IEHCTBHS C MaKCH-
ManpHOM 2HEprHeh 15 JIx.

Jist moaTBEpIKIEHUST PACUSTHONH MOJETH OBLIO MPOM3BENECHO OMPECIICHUE YAapHOM
MPOYHOCTH O0pa3OB PA3MUYHBIX THUMOPA3MEPOB TPU MHPSIMOM W OOpaTHOM yjaape
(Tabm. 4).

Tabnuya 4
JKcnepuMeHTAIbHbIE TaHHbIE YAAPHO# MPOYHOCTH 00pa3IoB
Mapka obOpasia Hapyxnsiit | CmtomHocTs o- | CIUIOIIHOCTH MOCTe dakTuueckas
JIAKOKPACOYHOT O JHaMETP cJie TIPSIMOTO y/ia- obpatHoro ynapa yIapHas mpoy-
TTOKPBITHUS obpasua (D), pa 1pu dHEPTUU IIpY DHEPTUU yaapa | HOCTb IPU Ipsi-
MM X TOJI- ynapa 15 JIx 15 I (ompenens- | Mom yaape, JIx
IMHA CTeH- | (OmpeaeNnsach u3 JIaCh M3 pacyera
KU, MM pacuera 5 kB/Mm) 5 kB/mm)
TPOIIII-TP 259 x 8 Hecmnommnoe CmutomHoe 9
TPOIIII-TP 114 x 8 CmutomHoe CmutomHoe 15
TPOIIII-TP 159 x 6 CutomHoe CutomHoe 15
TPOIIII-TP -90 259 x 8 Hecmnommnoe CmutomHoe 12
I1-DI1-585 325x6 CmtomHoe CmtomHoe 15
T1-DI1-585 426 x 8 CrutomHoe CutomHoe 15
I1-DI1-585 219 x 8 Hecmnommnoe CmtomHoe 12
Aprod 73 x 5,5 Hecmonmoe CrutoniHoe 3
Anmas 73 x 5,5 Hecmmommoe CruIomHoe 3
Major Pack 73 x 5,5 Hecmnommnoe CruromHoe 12
MPLAG 14
Major Pack 73 x 5,5 Hecmmommoe CruIomHoe 6
MPAG 58
Major Pack 73 x 5,5 Hecmnommnoe CruromHoe 9
MPAG 96
Poly-Plex-P 73 x 5,5 Hecmnommnoe CruromHoe 3

W3 nomydeHHBIX pe3yJIbTaTOB BUIHO, YTO PACYETHBIE JAHHBIE XOPOUIO COTJIACYIOTCS C
IKCIIEPUMEHTOM. Y JeBSATH W3 TPUHAALATH TOKPHITHH TPH BO3JAECHCTBHHU OOika Korpa
HEMOCPEICTBEHHO Ha TIOKPBHITHE MPONCXOAMIIO €T0 pa3pylieHue, KoTopoe (pukcrpoBanoch
MpH  TIOMOIIM DJIEKTPOUCKPOBOTO JeEeKTOCKONa C WCIBITATENbHBIM HaIPsDKEHUEM
5 kB/MM 1o cranmapry ASTM G62. Onpenenuth (HaKTHIECKOE COOTHOIICHUE YIAPHON
MPOYHOCTH TIPH TPSIMOM U OOpaTHOM yJape He MPECTABISUIOCh BO3MOXKHBIM, ITOCKOIBKY
MaKCUMaJbHasi SHEpTUs Kompa coctaBisier 15 JIk, omHako s tumopasmepa 73 x 5,5 Mmm
oHa Oornee 15.

[TonBoas nror mpoaenanHol paboOThl, MOXKHO CIENATh CIEAYIONINE MPAKTHYECKH 3Ha-
YUMBIE BHIBOJIBI:

— JIJaHHBIE, NOJYYEHHbIE PACUETHBIM METOJIOM, COOTBETCTBYIOT PE3YyJbTaTaM, IOJIY-
YEHHBIM 3KCIIEPUMEHTAIbHBIM ITyTEM;

— 3HA4YEHHs HAIPSHKEHUH, MOITyYeHHBIE METOJOM KOMITBIOTEPHOI'O MOJICIHPOBAHHS
00paTHOTro yziapa, HIKe, YeM IpU MPSIMOM (B HEKOTOPBIX CIydasx Ha Mmopsiok). [Ipudem ¢
YBEIMYEHHUEM TOJIIIMHBI CTEHKH ¥ YMEHbIIIEHUEM JIHaMeTpa pa3HuIla Bo3pacraer. [laHHbIi
(aKT CBUAETENLCTBYET O OOjIbInel MH(GOPMATHBHOCTH METOA MPSMOro yaapa, 3HauYCHHUS
KOTOPOT'0 HE 3aBUCST OT TUaMeTpa U TOJIINHBI CTEHKH TPYOHI;
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— METOJI 00paTHOTO yJapa MOJEIUPYET pealbHOe yapHOE BO3JCHCTBHE, BOZMOKHOE

B TIpoliecce XpaHeHusi, TpancnoptupoBku 1 CMP, HO, Kak TIOKa3bIBaeT MpakTHKa, oTOpa-
KOBKH TI0 JAaHHOMY TIOKa3aTeli0 He MPOUCXOANT. B cBOIO odepenp, METoa mpsAMOro yaapa
KOCBEHHO XapaKTepHu3yeT IENbId psAl MapaMeTpOB MOKPHITHS (HAlIpUMep CTENEHb OTBEp-
KICHUS TTOTMMEPHON OCHOBBI, DIACTHYHOCTD MOKPHITHA, a[iT€3HI0  JIP.), YTO TO3BOJISIET B
XOfle TPUEMO-CIATOYHBIX HCIBITAHWNA Ha 3aBOJIE-M3TOTOBHUTENIE MPOBOIUTH IKCIPECC-
O0TOpPaKOBKY M3/IETUI IS TIOCJIEAYIONINX JETaTbHBIX UCCIEIOBAHMA.
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The paper compares the methods of direct and reverse impact testing of internal anti-
corrosion coatings of oil and gas pipes and makes a conclusion on the applicability of

the reverse-impact method for the quality evaluation of pipes with internal anti-
corrosion coatings.
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