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PE®EPAT
Brimycknas kBanudukanmonnas padora 131 c., 7 puc., 16 Tabmn., 44 ucrounuka, 1 mpui.

KimroueBbie cioBa: MI', skcmnyarammms MIT, HagexkHOCTHE padoTel MI', HOBBIIIEHHE
JKCIUIVATALIMOHHBIX CBOUCTB, BIUIHNE KauecTBa n3osuuu MI', ras.

OObeKkToM uccienoBaHus SBIseTCs (F0TCS) U30ASUMOHHbIE TOKPBITHSL.

HCHB pa6OTBI —  HCCICOHOBAHHC BJIIMAHUA Ka4dcCTBa HN30JIAIMMOHHBIX HOKDBITI/II\/’I
MAaruCTpaJbHBIX T'a30IIPOBOJ0OB HA HAACKHOCTH U ITOBBIINICHUC Bd)d)CKTI/IBHOCTI/I TpaHCIIOpPTA rasa
B 000 «I"a3mpoM Tpancras ToMCKy.

B nmpouecce MCCICHOBaHHA IMPOBOAWUINCH_PACYCThl TOJIHWHBI CTCHKHU TDV6OHDOBO)I3,

THAPABINYCCKUE PACUYCTRI, pACUEeT Ha MPOYHOCTh M YCTOMYMBOCTh. AHAIIN3 1 OIICHKA Pa3INIHEIX

HM30JIIIMOHHBIX MaTEePHAIOB M HOKPBLITHM JUIS  MAarucTPajdbHOTO Ta30IpoBOJia, pacudeT

IIapaMeTPOB MAarvucTPajlbHOI'O0 Ta30IIPOBOAA, PacdeT HM3OJSIIMOHHBIX CBOMCTB MaTEpHaIoB, a

Takke OBLJIO HIPOBEJCHO HSKOHOMMYECKOoe 000cHOBaHME 3(G(PEKTUBHOCTH IPOBOAMMOIO
MCPOIIPUATHA.

B pE3YyIbTATC MCCICI0OBAHUA ObLIN HU3YYCHbI W TIPOAHAJTIM3UPOBAHBI PA3JIHMYHBIC

HU30JAITUOHHBIC TIOKPBITHA W CIIOCOOBI WX HAaHECCHUs Ha TDV6OHDOBO)I, IIO3TAITHO OIIMCAaHBbI

METOAbl HAHCCEHMS MHOKPBITUM, PACCMOTPEHBI MNpaBWjIa XPaHSHHS, TPAHCIIOPTA M VKIAJAKH B
TPpAaHIICKD H30JIUMPOBAHHBIX TDV6, OpoaHaJIM3UPOBAHBI HDO6J'I€MBI, BO3HHKAKOMHKWE KaK IIpH

PEMOHTE, TaK M IpH JIKCIuryaTanuu MI', mpeaaoKeHbl OYyTH ITOBBIIICHHS SKCIIYaTaIlMOHHON

CIIOCOOHOCTH I'a30IIPOBOJIOB.

OcHOBHBIE KOHCTPYKTUBHEIC, TEXHOJIOTHYCCKUEC n TEXHUKO-OKCILTYyaTallUOHHBIC
XapaKTCPUCTHUKHU: TEXHOJIOTMYECKHE )48 TEXHUKO-3KCIIYAaTAITMOHHBIC XAapPaKTECPUCTUKH .

TEXHOJOTMA W OpraHu3allfs PEMOHTA [0 HaHECCHMIO m3oaimuu MI', mMeTronpl 0e30HacHOro

OPOBEACHUA PEMOHTA I'a30IIPOBOJIA.

Crenenn BHCAPCHUA: HAYIHO-UCCIICAOBATCIbCKAA pa3paloTKa.

OO0macth IMPUMCHCHUA HUCIOJb30BAHHUEC BBICOKOKAQYCCTBCHHBIX W  JOJII'OBCYHBIX

HU30JIATTUMOHHBIX HOKDBITI/II\/’I OPpEACTaBJICHHBIX B Da6OTC Op€aHa3sHA4YCHbI JUISA CTPOUTCIBCTBA H

PEMOHTA MarucTpajJdbHBIX I'a30IIPOBOJA0OB Pa3JHYHOI'O JUAMETPA.

OxoHomuueckass (G (PEKTUBHOCTH/3HAYUMOCTh PAOOTHI__ra30MpOBOJBI, BOMPEKH HaA

BHEIITHIOI0 CHCTEMHYVIO JIETKOCTh, 3HAUMTEIBHO PA3IMYAIOTCSI OT JIPYITHX CTPOCHUM CIOXKHOM

KOMIUIEKCHOM  CXeMOM BO3AECHCTBHSA CWIOBBIX  HATrPVY30K, pa3HooOpaswmeM  (haxkTopoB,
DA3MBITOCTBI) HAIPSHKEHHO-1eMDOPMUPOBAHHOIO COCTOSIHWS, M KOHEYHO MAacCIuTAOHOCTBIO.

biaromaps MCIIOJIB30BaHUIO Bd)d)CKTI/IBHBIX M30JISIIIMOHHBIX MOKPBITHHA, VMEHBIITAIOTCS 3aTPaThl

Ha CbIPbE, O6ODVHOBaHI/IC W TEXHHUKY, YMCHBINAIOTCA OHEpro3arparbl Ha NOPOBCACHHUEC
PEMOHTHBIX Da6OT. bei10 mocumTaHo, YTO IMEPEU3OJISINS ITOJMMEPHBIMU JCHTAMU yJacTKa

MAarucTpalbHOro razonposoaa JurmHor 8000 m cocraBur 8048573.7 pv0., BpeMsa OKYIIAEMOCTH

0.889 zer.



COKPAIIEHMA U OBO3HAYEHUA

JIIIYMI' — mMHENHO-IIPOU3BOACTBEHHOE YIIPABICHUE MarUCTPAIbHBIX
ra3onpoBOJIOB

JIDC — nuHeWHo-3KCIUTyaTallMOHHAs ClTyK0a

I'TTA — razonepekaunBarOIUi arperar

KII — xoMnpeccopHBbIi 1ex

I'PC — razopacnpenenuresibHas CTaHIUS

JIDII — nuHud >5ekTponepenay

MI" — marucTpanbHbIA ra30IPOBOL

KC — xommpeccopHasi cTaHIHS

HIIO — Hay4HO-TPOU3BOACTBEHHOE 00bETMHEHHE

CO — ckpeOOoK 0YUCTHOM

VIIII — ypanuts 1o miany

VYBII - ynanure BHeE 1U1aHa

IIK — nuker

[NIOOMI" u TIPC — [OpOM3BOJACTBEHHBIM OTAEN  OAKCIUTyaTaluu
MAarucTpaJbHbIX Ta30IIPOBOJOB U Ia30pacIpeeIUTENbHbBIX CTAHIUN
IJT — peMOHT 1LTM(OBKOM

3K — 3aMeHa KaTylku

[ICJI — npoeKTHO-CMETHasl JOKYMEHTALIHS

JIY MI' — nuHenHas 4acTh MarucTpajabHOr O ra3onpoBoaa

[IITP — nmpoekT mpou3BoaAcTBa padoT

BI'Y — BpeMeHHbIE T€pMETU3UPYIOLINE YCTPOHCTBA

WUTP — uHXeHEepHO TEXHUYECKUN pabOTHUK

PBP — peMOHTHO-BOCCTaHOBUTEIbHBIE PAOOTHI

CMP — cTpouTenbHO-MOHTaXHbIE paOOThI

BUK — BU3yanbHO-U3MEPUTENBHBIA KOHTPOJIb

HIIAC — ueHTpanbHasi NPOU3BOJICTBEHHO-IUCIIETYEPCKAs CIIyx’0a
CH3 — cpencrBa MHAMBUYATbHOMN 3aIIUTHI

[1b — mpoMbIuieHHas 0€30MacHOCTh

TV — TeXHUUECKOE YCTPOMUCTBO

OI1O — onacHbI TPOU3BOICTBEHHBIN OOBEKT
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BBenenue

TpancnopTupoBka raza 1o TpyOompoBojaMm  sIBIsieTCs  HaumboJjee
6e3onacHbiM U 3()PEKTUBHBIM CIOCOOOM €ro TPaHCIOpPTAa HA OYEHb OOJbIINE
paccTostHus. JJaHHBIM BUJIOM TPaHCIIOPTa ra3a OT pailoHa UxX 10O0BIYU K KOHEYHOMY
MOTpeOUTENI0 TMOIB3YIOTCS yxke Oosnee 110 mer. be3zaBapuilHOCTP U BBICOKas
JOJITOBEYHOCTh T'a30MPOBOAOB, KOTOPAsl HAINPSMYKO 3aBUCUT OT Kaue€CTBEHHON WU
3¢ (PEeKTUBHON MPOTUBOKOPPO3UOHHOM 3amuThl. UTOOBI YHCIO MOBpPEXKIECHUN
ra3onpoBojia CBECTU K MUHUMOMY OT KOPPO3HOHHBIX MOBPEXKACHUHN, Ta30MPOBOAbI
3alMIIAIOT  AHTUKOPPO3UOHHBIMU  TMOKPBITHUSIMU M IUTIOC  JOMOJHUTENIBHO
CPEACTBAMH DJJIEKTPOXUMHYECKOM 3amuThl. [Ipm 3TOM Bce U30ISLMOHHBIE
MOKPBITUSL 00ECIEYnBAIOT MAacCUBHYIO ('MEpBUUHYIO") 3alUTy Ta30MpPOBOJIOB OT
Koppo3uu, padotas kak "muddy3uoHHbI Oapbep", uepe3 KOTOPBIA CHIKAETCS
JOCTYyIl K METajuly TpyObl KOPPO3HMOHHOAKTHBHBIX JJIEMEHTOB (TakMX, KaK BOJa,
KHUCIIOpoA ¥ BO31lyX). [Ipyn BO3SHUKHOBEHUH B M30JSILUU OTKJIOHEHUH U Je(DEeKTHBIX
MECT YCTaHaBJIMBAaeTCAd '"aKTUBHAs" CHCTEMa 3allUThl - KAaTOJHAs 3aluTa
ra3oIrpoBOJIOB.

3a Bechb TMepuoja TNPUMEHEHHS AHTUKOPPO3HOHHBIX  H3OJSLHOHHBIX
MOKPBITUH, COCTaBIAIOIIMX SAAPO  “NMACCHMBHOM~  3alllUThl  Ta3oNpOBOJIOB,
M300pETeHO  JOCTATOYHOE  KOJIMYECTBO  MHOTIOOOpa3HBIX  M3OJSLUOHHBIX
MaTepualioB U CHOCOOOB MX HAHECEHUs Ha TIOBEPXHOCTh Ta30MpOBOJOB B
3aBOJICKHMX, @ TAaKK€ BJOJbTPACCOBBIX YCIOBHMSX. B CBSI3M ¢ 3TUM 3HAYUMOU
YacThlO CTAJM TAaKHE MOKAa3aTeIN KayeCTBa 3aIIUTHBIX M30JISIUOHHBIX TOKPHITUH,
KaK, aaresus, SKOHOMHUYHOCTb, JOJITOBEYHOCTb, CIUIOLIHOCTb,
BOJOHENIPOHUIIAEMOCTh ~ MEXaHUYECKass  MPOYHOCTH W Jp.  CBOWCTBA,

XAPAKTCPUIYIOHUC OIITUMAJIBHOCTb TOT'O WUJIKM HHOT'O BHU/I4d BaHlI/ITHOﬁ n30JIA0Hn.

HccrnenoBanue BIMSHUS Ka4eCTBA U30JISIIMOHHBIX MOKPBITHI MarucTpabHbIX ra30MPOBOIOB Ha
HAJIKHOCTh M MOBbIIIeHHE 3B (HEKTUBHOCTH TPAHCIIOPTA ra3a
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Kaxxnp1il ra30mpoBo/1 9KCIUTYaTUPYETCS B COBEPIICHHO Pa3HbIX YCIOBUSAX, B
CBS3M C OTHUM 3HAUYMUTENbHBIA BBHIOOP CYIIECTBYIOIIUX B JIAHHOE BpeMs
M30JISIMUOHHBIX TIOKPBITUH, KOTOpBbIE pas3lnyaloTcsa OAMH OT BTOPOTO Kak
CBOICTBaMHU, TaK U METOJIOM HaHECEHHs, /1aeT BO3MOKHOCTb B OOJIBIIMHCTBE
Clly4asiX OTJIMYHO paspemarh MpodjemMy OoppObl ¢ JaeexkraMu KOppO3HUH.
KauecTBO M3ONSIIMOHHBIX MOKPBITHI MPOBEPSETCS KaK Ha 3Tane CTPOUTENIHCTBA,
TaK M yXe mpu padoTe ra3zonpoBooB. DPHEKTUBHOCTH 3aIIUTHI OT KOPPO3HUH U €€
CTOUMOCTh B OOJIBIIMHCTBE CJIy4aeB 3aBUCAT OT IMPaBUIBLHOCTH OTOOpa BUIA
M30J5IUU, €€ CBOMCTB M KadecTBa HaHeceHHs. UYeM HHUKEe CBOWCTBA HMEET
030JISILIMOHHOE TOKPBITHE, TeM OOJIbLIE IMepepacxoJ0B Ha BJIEKTPOXHUM3AIIUTY,
coJiepKaHue U TeX00CTyKMBaHUE Ta30MPOBOA.

JIOCKOHANIbHBIN KOHTPOJIb 32 U30JISIIHEN B IepHo]] €€ HAHECEHHsI U TIPU BCEX
JaNbHEMIIUX oOmepaluusX ¢ IUIeTAMH TpyO OKa3bIBa€TCsi OYEHb CEPhE3HBIM
MOMEHTOM JUIsl 0OecrieueHus MOJIHOTO KayecTBa u3oisanuu. Ha kaxnol crynenu
3allMTHl M YKJIQJKU ra30IpoBOJa HEOOXOIUM KOHTPOJb 3alIMTHOIO MaTepuara,
YHUCTKA MIOCKOCTH ra30MpoBO/ia, TOJUIUHBI U CIUIOIIHOCTH HAHECEHHON U30ISIUN.
Kpome 3toro, Heo6X0AMMO ONpeAeNsTh TOYHbIE MECTa MOBPEKICHUN 3alIUTHBIX
M30JISIMUOHHBIX MOKPBITUI Ta3olpoBo/ia YXKe IMOCJe €ro YKIaJIKd B TPaHIICIO U
3achlliki. OOHapyKEHHbIE KPYMHbIE Ae(EKThl 3alUThl TPEOYETCS YCTPAHUTD.

Ilenvio naHHOW pabOTHI SBISETCS HCCIAEAOBaHHE BIMSHUS KadecTBa
M30JSIMUOHHBIX TOKPBITUA MAarucTpalbHBIX Ta30MpOBOJAOB Ha HAAECKHOCTh U
noBeilieHne 3ddektuBHOCTH TpaHcnopta raza B OOO «la3mpom TpaHcras
Tomck».

3adauu 1o JOCTUKEHUIO LIENIN AUCCEPTALIMU:

— aHalK3 JINTEPAaTypHbIX HMCTOYHUKOB B 00JIACTAX H3OJISLIUOHHBIX
MOKPBITUNA MarucTpaibHBIX ra30MPOBOJIOB U HAJEKHOCTU TPAHCIIOPTA
rasa;

— 0030p METOJI0B KOHTPOJIS KaYeCTBA N30 UOHHBIX TOKPBITUIA;

— TIPOBECTH PacCUEThl MAPAMETPOB MU3OJSIHUOHHBIX NOKPBITHM 1111 MI;

Jlucm

Beenenue
10

N3m.

Jlucm Ne dokym. IToonucs | dama




— HCCIIeIOBaTh  BIMSIHUE  KayecTBAa  M3OJSIMOHHBIX  MOKPBITHH
MarucTpajbHBIX Ta30MpPOBOJIOB HA HAJEKHOCTb M 3(PPEKTUBHOCTDH
NepeKayky rasa;

— MPEeUIOKUTh ONTUMAJbHBIE HW3OISIUOHHBIE TOKPBITUS MO HMTOram
pacyeToB JJIsI MarucTpaibHbIX ra3zonpoBogoB B OO0 «l'azmpom

TpaHcra3 ToMck».
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I'naBa 1. J/IutepaTypHbiii 0030p
1.1 O0uiee noHsTHE 0 KOPPO3UHU

Marepuanbl U3 METAUIOB TOJ XUMHUYECKHUM WM 3JICKTPOXUMHUYECKUM
BO3JICUCTBUEM OKpYXalollled cpeapl TOJBEPraloTcs pa3pylIeHHI0, KOTOpOe

Ha3bIBaCTCA KOppOSHCﬁ. KOppOBI/IH MCTaJIJIOB BBI3bIBACTCA OKHUCIINTCIBHO-

BOCCTAHOBUTCJIILHBIMH PCAKNHUAMU, B PC3YJIbTATC KOTOPLIX MCTAJIJIBI ICPEXOOAT B

OKHUCJICHHYIO (DOpMYy U TepsArOoT CBOU CBOMCTBA, YTO MPUBOAUT B HErOJHOCTH
METAJUIMYECKUE MATEPUAIIBI.

B nopasiromeM KoJIMYECTBE IMPUMEPOB IOPAXKEHUsSI METAJLUIOB, KOPPO3Hs
IIPOUCXOAUT IPEPBIBUCTO MO MOBEPXHOCTH, CYLIECTBYIOT IUIOLIAJH, HA KOTOPBIX
NOSIBJISIOTCS JIOKaJdbHble HapylieHus. HeOompinas 4acTb NMPOAYKTOB KOPPO3UH,
00pa3yloT IJICHKHA Ha MOBEPXHOCTH, KOTOPHIE MEPENAIOT METAIITY KOPPO3IUOHHYIO
CTOMKOCTb.

IIpoecc camMONpPOM3BOJIBHOIO  pa3pyLICHUs METALIOB 110 IPUYMHE
XUMHYECKOTO MU (WJIHM) 3JIEKTPOXMMHUYECKOIO B3aMMOJEUCTBHSI C OKpY Karolen
arpeCcCUBHOM CpeloM HOCUT Ha3BaHUE KOPPO3UsS METAJIIOB.

Koppo3nonHoe TeueHne — HEOAHOPOAHBIN MPOLIECC, KOTOPBIA MPOSBIIAETCS
Ha TpaHMIE pa3[ena arpecCuBHas Cpela-MeTaul, OOJaJarolUi  CIOXKHBIM
MeXaHU3MOM. Bo BpeMsi JaHHOro mpouecca aTOMbl METAUIMYECKUX COOPYKEHUU
OKHUCJIIIOTCS, WA 10 JAPYrOMY TOBOps OCTaBJISAIOT BAJCHTHBIE YaCTHUILIbI
(37eKTpOHBI), M aTOMBl COBEPIIAIOT IMEpeXoj] uYepe3 TpaHully paszdena B
OKpYXKaLIyl0 Cpeay, IZle BCTyHAKT B 3aUMOJECHUCTBUE C €€ KOMIIOHEHTAMU HU
CO37al0T KOHEYHbIE MNPOAYKTHl Kopposuu. (HacTe numioma mnepeBeleHa Ha
aHrnuickuit s3pik [Ipunoxenue A).

Bpemss oT BpeMeHM MOrYT BO3HMKATh PBIXJbIE IPOAYKTHl KOPPO3UH,

MMEIONINE MJI0X0€ COeIMHEHUE ¢ MeTauioM. [Ipu pa3pymenun nogo6Horo tumna

I/Iccneuosanue BJIMSTHUA Ka4€CTBA U30JIALMOHHBIX l'lOKpblTl/lﬁ MarucCTpajbHBbIX Ira30npoOBOJOB Ha

HAJIKHOCTh M NOBbIIEHHE 3B (HEKTHBHOCTH TPAHCIIOPTA ra3a
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IJIEHOK MPOUCXOIUT MHTEHCUBHAS KOPPO3HUsI OTOJISIFOLEr0Cs METAJLIA.
Koppo3uss Meranmna NOHMKAET MEXAHUYECKYIO LIEJIOCTHOCTh M H3MEHSET
MHOTME CBOMCTBA NPUCYIIIHE METAILTY.
Tak e KOpPpO3HOHHBIE TPOLECCHl TPYNNUPYIOT IO  XapakTepam
KOPPO3UOHHBIX pa3pylIeHHH, cioco0y B3aUMOJEHCTBUS METallla C OKpY»Karolen
CpPeNOM, YCIOBUSAM MPOTEKAHUS KOPPO3HUH.

1.2 Knaccupukanus Koppo3uu

Koppo3us nenurcs Ha Tpu TUmHa: oOIasi, CIUIONMIHAsE U MecTHas. MecTHas
KOppO3Hs pa3pyllaeT U JIOKAJIU3YeTCsS Ha OTIENbHBIX ydacTkax. [Ipu crutomiHoi
KOPPO3HH CTPAJIAECT BCS MOBEPXHOCTh ra30MPOBOJIA, a HE OTAEIbHBIE €€ YYACTKHU.

B cBow ouepens

oOmmiasi KOppo3usi JAPOOUTCS Ha PaBHOMEPHYIO,

HepaBHOMEpHYI0 U u3buparenpuyto (Pucynok 1.1).

I

s R

.

I — paBHoMepHoe; 11 — HepaBHOMepHOE; I — u3zbuparenshoe; IV — nsatHa; V — s3Bb1; VI —

NN

.

il

ToukamMu win nutTuHramu; VII — ckBo3noe; VIII — uureBunnoe; IX — noBepxHoctHoe; X —

MeXKpucTamuTHoe; XI — HokeBoe; XII — pacTpeckuBaHue

PucyHnok 1.1 — Buabsl KOppO3MOHHBIX pa3pyLIECHUAN
Koppo3us koTtopass UMEHYETCS paBHOMEPHOM, PacIpOCTPaHSETCS C PaBHOU
CKOPOCTBIO II0 BCEH IUIOINAJM MeETalljla; HEpPaBHOMEpHAas — Ha pasIMYHbIX
y4acTKax IUIOCKOCTH MeETajjla C pa3HOM CKOpOCThIO. M30upaTenbHas KOppo3us

paspymacT OTACJIbHBIC KOMIIOHCHTBI CIIJIABOB.

Jns  xoppo3uu  NSATHAMHU pa3pyLIeHUM

AUaMCETpP KOPPO3HOHHBIX
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3HAYUTENILHOW T1yOuHbl. [Ipu sI3BEeHHON KOPPO3UMM MMEET MECTO 3HAYUTEIbHOE
yriayOjaeHue MOpa)X€HHOro ydacTka oOpasyrolleldl MOBEPXHOCTH OrpaHUYECHHOU
wiom@aau. Yaie Bcero, si3Ba COCPEOTOUYEHA HAJ CIOEM IMPOJIYKTOB KOPPO3UHU.
[Ipy MUTTUHTOBOM (TOYEUHON) KOPPO3UU MOXKHO YBHJICTh OJWHOYHBIC TOUCUHBIC
HMCKaXEHUsI TUIOCKOCTH MeETaljla, KOTOpPhle HOCSAT MAJICHBKUE TIOTIEPEUHbIC
rabaputsl mpu OoJbiioN TiyouHe. CKBO3Hasi — 3TO BHUJ MECTHOW KOpPPO3WHU,
KOTOpasi HAHOCUT Pa3pyIICHHUE >KEJIE3HOr0 M3/ENHsl HACKBO3b, B OOJIMKE CBHUIIEH.
HuteBuanass Koppo3us BBIpaKaeTcs IOJ HEMETAUIMYECKUMH TOKPBHITUSIMHU B
obnuke HUTEH. [loAmMOBEpXHOCTHAST KOPPO3US MOSIBISETCS C MOBEPXHOCTH, U B
OCHOBHOM TPOMCXOJUT HEMOCPEACTBEHHO II0J] IMOBEPXHOCTBIO METalia, TeM
CaMbIM BBI3BIBasl €0 BCITyYMBAHUE U BCIICJACTBUU PACCIOCHUE.

MexkpucTauinueckass KOppo3us HAHOCUT COCPEIOTOYCHHBINM ynap o
rpaHUllaM 3€peH MeTajljla WU K€ CIUlaBa. DTOT o0pa3 KOppO3UU OIACEH TEM,
COOCTBEHHO 4YTO CIJIy4aeTcsi yTpara MPOYHOCTH U IUIACTUYHOCTH MeETaa.
HoxeBast koppo3usi ©uMeeT BHUJ HaJpe3a HOXXOM BJIOJb CBApPHOTO COCIUHEHHUS B
0cO000 CHUJIBHBIX arpeccuBHbIX cpeAax. Koppo3HMoOHHOE pacTpecKuBaHHUE
OCYIIECTBJISIETCS. TPU OJHOBPEMEHHOM BO3JICUCTBUU arpecCUBHOM Cpelbl U
PACTATHUBAIONIMX MTPHIOKEHHBIX UM OCTATOUYHBIX MEXaHUYECKUX HANPSHKCHUSX.

MeTanIoKOHCTPYKIIUM B  HEKOTOPBIX YCJOBHUSX MOTYT TIOJBEPraThCs
KOPPO3UOHHO-YCTaJIOCTHOMY pa3pyIlIeHHUIo, MIPOUCXOAIEMY npu
OJTHOBPEMEHHOM BO3JICHCTBUM Ha METaJlJl arpeCUBHOM Cpelbl U TEePEMEHHBIX
MEXaHWUYECKUX HAIPsKEHUH.

[lo cocTosiHUIO MPOTEKaHUsI KOPPO3MOHHOTO MPOLIECCa T0BOJIBHO HEPEIKO
MMEIOT MECTO OBITh CIEAYIONIHE O0JIMKH KOPPO3UU:

— Ta3oBasg KOPPO3Ws, MPOPXOAUT TPH OOJBIIMX TEMIlepaTypax M IOJHOU
HEJIOCTYITHOCTH BOJIbI Ha TOBEPXHOCTH; MPOIYKTOM Ta30BOH KOPPO3UHU
SBJISIETCS OKaJlMHA, OHAa MOJXET MPU HEKOTOPBIX YCJIOBHUSX BBIMOJHATh
3aIUTHYIO (YHKITUIO;

— artMmocdepHasl KOppo3us, MPOTEKaeT B BO3JAyxXe; ObIBa€T TpeX BHUAOB: BO

YBHaX(HCHHOﬁ aTMOC(l)epe n Iipu OTHOCHUTEJIBbHON BJIA)KHOCTU BO3yXa
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oomnbiie 40 %; B BiaxHOUW aTMocdepe — IMPU OTHOCUTEIHLHON BIIAKHOCTH
Bo3nyxa, paBHoil 100 %; B cyxoii armocdepe — TpPU OTHOCUTEIBHOM
BIIYKHOCTHU Bo3ayxa meHee 40 %; atMocdepHass Koppo3usi — OJIMH U3 CaMbIX
4acTO BCTPEYAeMbIX BUJIOB KOPPO3HH HA OCHOBAHUHU TOTO, YTO TJIaBHAS JOJIS
METaJUIMYECKOro  O0OpYJOBaHUSl  JKCIUTyaTUPYeTCsl B aTMOC(EpHBIX
YCIIOBUSAX;

KUJKOCTHAsI KOPpO3Us — KOPpPO3Us METAJUIOB B BOASHUCTOM cpene;
pasneNsaioT KOPPO3UIO B AJIEKTPOIUTAX (KUCIOTHI, IEJI0YH, COIEBbIE CMECH,
MOpckass BoAa) U B HedJekTponutax (HedTh, HeTEeNnpoaYKTHI,
OpraHUYeCcKUe COCTMHEHHUS );

MOJ3e€MHAasi KOPpO3Hsl — KOPPO3Usi METAJUIOB, BbI3bIBa€Mass B OCHOBHOM
BO3JCHUCTBUEM CMECEU COJIeH, COJAEp)KAIUXCS B II0YBAX U TIPYHTAX;
KOPPO3UOHHAsl arpeCCUBHOCTH MOYBBI U TPYHTOB 00OCHOBAaHA CTPYKTYPOU U
BJIQXKHOCTBIO 3€MJIM, COJEPKaHHEM KHUCJIOpOoJa W APYIHMX XUMHUYECKUX
coelMHeHui, pH, 3eKTponpoBOAHOCTHIO, HATMYMEM MUKPOOPTAHU3MOB;
OMOKOPPO3HsST — KOPPO3HsI METAIIJIOB B UTOTE B3aUMOJAEIHCTBUS MUKPOOOB U
(M1I1) TPOJYKTOB UX KUZHENEATENbHOCTH, B OMOKOPPO3UHU NPUHUMAIOT POIh
a’poOHbIE W aHA’POOHBIE OAKTEPUM, KOTOpPHIC MPUBOMAIT K JIOKAIU3AIIUU
KOPPO3UOHHBIX MOPAKEHUI;

AIEKTPOKOPPO3HsI, CYLIECTBYET MOJI BO3IEMCTBHEM BHEIIHErO0 HCTOYHHKA
TOKa WJIM K€ OIY>KIAIOUUX TOKOB;

niesieBasi KOppo3us — KOppo3us MeTajljla B 3a30pax WM ILIENsAX, a TaK e B
3a30pax (UIaHIEBBIX U  PE3bOOBBIX COCAMHEHUSX METAUTUYECKOTO
000pyAOBaHMs, KCIUTYaTUPYIOIIETOCS B 3JEKTPOJIUTAX, B MPOCTPAHCTBAX
HEIUIOTHOTO KOHTaKTa METaJljla C U30JIALIMOHHBIM OKPBITHEM;

KOHTaKTHasi KOPPO3Us, MOSBIAETCS MPU KOHTAKTEe Pa3IMYHOrO0 CeMeicTBa
METaJIOB B 3JEKTPOJIUTE;

KOppO3us  TIOJl  HampsOKEHUEM, MPOTEKaeT NpU  OJHOBPEMEHOM

BSaHMOHCﬁCTBHH Ha MCTaJlll Oprmanmeﬁ anCCCI/IBHOﬁ cpeabl U
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MEXaHUYECKUX HanpsKeHUH — — HEU3MEHHBIX  PaCTATUBAIOMINX
(KOPpO3MOHHOE PACTPECKUBAHUE) U TIEPEMEHHBIX WJIU K€ MOBTOPSIONMIUXCS
(KOppO3MOHHAs yCTaJIOCTh);

KOPPO3MOHHAsA KaBUTAllUsd — pa3pyLIEHWE METajula B UTOrE B OJHO M TOXKE
BpeMsiI KOPpPO3MOHHOTO W YyAApHbIX BO3AeWCTBUU. [Ipum 3TOM 3amuTHBIC
IUICHKU Ha TUIOCKOCTH HapyIIaroTCs, COOCTBEHHO YTO B3PBIBAIOTCS Ta30Bble
My3bIPbKU Ha TIOBEPXHOCTH pa3jielia )KUAKOCTH C TBEPbIM TEIIOM;
KOPpPO3MOHHAss  3pO3Usl  —  pa3pyll€eHWe  MeTaula  BCIEICTBHE
OJTHOBPEMEHHOTO BO3JICHCTBUSl arpecCUBHOM CpeAbl U MEXAHHMYECKOIO
M3HOCA;

(PETTUHT-KOPPO3UsI — MECTHOE pa3pylIeHHEe METaUIOB TpH JCHCTBUU
arpecCUBHON Cpelbl B YCJIOBUHU KOJEOATENbHBIX MEPEMEIICHUN ABYX H
0oJee TPYIUXCS MOBEPXHOCTENH OTHOCUTEIBHO IPYT IPYra;

CTPYKTYpHasi KOppO3Hsl, OOBSCHAETCA CTPYKTYPHOW HEOJHOPOJHOCTHIO
MeTajia; B 3TOM cllydae MMEeT MEeCTO OBICTPbIN MPOLECC KOPPO3UOHHOTO
pa3pylieHuss M3 3a BBICOKOM AaKTHMBHOCTHM OJHOIO M3 COCTaBIISIFOLIMX
MeTaJla;

TEPMOKOHTAKTHAsi KOPPO3Us, HMMEET MECTO U3 3a TEMIIEPATypHOrO
rpaueHTa, KOTOPBIN MOSBISAETCS, KOT/Ia TOBEPXHOCTh METajljla HarpeBaeTcs

HCPaBHOMCPHO.

1.3 U301511ilMOHHBIE MOKPBITHA MATHCTPAJIbHBIX I'2301IPOBOI0B

B COBPCMCHHOM MUPC IJIS 3aIUTBI MAaIruUCTPAJIbHBIX T'a30IIPOBOJIOB 0obIIe

BCCTO INPUMCHAKOTCA CIICAYIOINUC BUIbBI 3dBOACKUX 3AIMUTHBIX HOKpBITHﬁ:

a) OKPBITHE ITOKCUIHOE 3aBOJICKOE;

0) MOKPBITHE MTOTUITUICHOBOE 3aBOJICKOE;

B) MTOKPBITUE TTOJIUITPOIMIICHOBOE 3aBOJICKOE;

T') MOKPHITHUE KOMOMHUPOBAHHOE JICHTOYHO-TIOJIUATUIICHOBOE 3aBOJICKOE.

Bce >tun BHAbI TICPCUYUCIICHHBIX BBIIIC HOKpBITI/Iﬁ OTBCYAIOT AaKTYyaJIbHbIM

TCXHHUYCCKUM TpC6OBaHI/I$IM n MOIryT obecrieunBaTh B TEUYECHHH JIIUTCIIBHOT O
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BpEMEHHU JEUCTBEHHYIO U 3(()EKTUBHYIO 3aIlUTy Ta30MPOBOAOB OT Pa3IUYHOTO
BUJIa KOPPO3HH.

Bo MHorux crtpanHax MHpa MNpeArnoYTeHUE OTHAETCS Pa3IUYHbIM BHJIAM
MOKPBITUNA, HAHECEHHBIX B 3aBOJCKUX ycJOBUAX. CoeIMHEHHbIE ITAThl AMEPUKH,
Kanana u apyrue 4acto npUMEHSIOT STIOKCUIHBIE 3allIUTHBIE MOKPBITUS TPYO, a B
Snonun, EBpone, u Poccun nmpenmyiiecTBo NOCBEIIAETCS 3aBOICKUM TOKPBITUSM
Ha OCHOBE DJKCTPYAHMPOBAHHOIO IOJMATWIEHA. /[l 3amuThl Tra3onpoBOIOB
MPOJIOKEHHBIX Ha MopckoMm aHe u "ropsuux" (or 70 mo 100 °C) ywacTkoB
ra3onpoBOJIOB HUCIOJIB3YIOTCS TMOJUIPONUICHOBBIE H30JSIUOHHBIE TOKPBITHUS.
KoMOuHupOBaHHBIE JEHTOYHO-TIOJIUATUIICHOBbIE TOKPBITUS TMPUMEHSIOTCS B
OornbpIIe YacTH Kak 3amuTa TpyO0 MallbIX W CPEIHUX JIMAMETPOB C

HE3HAYUTEILHBIM HarpeBoM razorponoja (1o mitoc 40 °C).

1.3.1 IToxpbITHE MOJIUITHICHOBOE

Ha TCKYH_II/Iﬁ ACHb IIpU COOPYKCHHH pOCCHﬁCKHX IMPOMBICIIOBBIX H
MAarucCTpajJbHbIX T'a30IIPOBOAOB B KAa4YCCTBC HAPYKHBIX HN30JIIITUOHHBIX HOKpBITI/Iﬁ
CTalJln qacCTo HCITIOJIB30BaThCA 3aBOACKHC IMOKPBITHUA TPY6 Ha base
OKCTPYAUPOBAHHOT'O ITOJIUITHIICHA.

KauecTBO 3aBOJACKHUX IIOJIMOTHUIICHOBBIX HOKpBITI/Iﬁ TPY6 BO MHOI'OM
HaXOIATCA B 3aBUCHUMOCTH OT HX KOHCTPYKIUHU HU3OJIALUOHHBIX HOKpBITI/Iﬁ u

3AIUTHBIX MATCPHAJIOB, KOTOPBLIC UCITIOJB3YIOTCA IIPHU UX HAHCCCHUMU.
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KoHCTpyKIIM 3aBOACKMX MOJMATWICHOBBIX MOKPBITHM JensAtca Ha 4
BApHAHTA:

— IlonuaTHneHOBOE MOKPHITHE, HAHOCHUMOE MO0 OUTYMHO-MacTUYHOMY
nozcioro (koHCTpyKius NokpbITUs Ne 6 o TOCT P 51164).

—  IlonmaTuneHoBoEe MOKPBHITHE, HAHOCUMOE MO H30JALMOHHOMY IMOCIOI0
Ha 0a3e JUNKON MOAMMEPHOM JIeHTHl (KOHCTpYKIUs nmokpbiTuss Ne 7 mo I'OCT P
51164).

[TonuaTHIIEHOBOE JBYXCIOMHOE 3aIIMTHOE IOKPBITUE, NPOU3BEICHO W3
aJre3MOHHOI0 MOJCIO0d Ha 0a3e TEpPMOIUIAaBKOW MOJUMEPHOM KOMIO3ULIUUA U
BHEIIHEro MOJUATUIEHOBOTO ciiosi (cuctema nokpbitusg Ne 2 mo 'OCT P 51164,
cuctema nokpbITust Ne 4 mo 'OCT P 52568).

[lonuaTHIIEHOBOE ~ TPEXCIOMHOE  MOKPBITHE, COCTOSIEE U3 CJIOS
AMOKCHUJIHOTO TIpaiiMepa, AaAre3MOHHOTO MOJMMEPHOIO IOACIOA W BHEIIHETO
nosudTUiIeHoBoro ciost (cucreMa mnokpbiTuss Nel mo I'OCT P 51164, cucrtema
nokpbiTUs NeNe 1-3 mo 'OCT P 52568).

[lepBbie ABa THIAa MOJUATHICHOBBIX 3AIIUTHBIX TOKPBHITUH TPyO HMEIOT
CYILIECTBEHHO OTPAaHUYEHHBIM JMANa3oH MCIOJb30BAHUSA. OTH BUIbBl 3aIUATHI
ClielyeT MPUMEHATh TOJBKO JJI BHEIIHEW M30JALUU TPYO MaJe€HbKUX U CPEIHHUX
muametpoB (oT 57 ngo 530 MM BKIIOYHUTEIBHO) TPHU DKCILTyaTallMOHHOMU
TeMIeparype Tra3onpoBojgoB He Bbimie 1moc 45 °C. bonbmas yacth
WCIIOJb30BaHUSl TAaKUX IMOKPBITUNA — COOPYKEHUE ITPOMBICIOBBIX T'a30MpPOBOJIOB,
MEKIIOCEIIKOBBIX Ia30IIPOBOJAOB HEBBICOKOTO JIABIECHUS.

Hanecenne Ha TpyObl KOMOWHHPOBaHHBIX MaCTHYHO-IOJMATUICHOBBIX H
JIEHTOYHO-TIOJIUATUIIEHOBBIX TOKPBITUI MOXET MPOUCXOIUTh B CTAI[MOHAPHBIX
0azax mo TpyOouzonsauuu. M30MA1HMOHHBIE TOKPBITUS HAHOCATCS MO HEMHOTO
YIOPOILIEHHONW cXeMme (OYMCTKa IIEeTKOM, NpaiMupoBaHue oOpasymwolieil Tpyo,
HAaHECEHUE MACTHUYHOIO WJIM K€ JIEHTOYHOTO IOJCIOSl, HAHECEHUE BHEIIHETO
AKCTPYJIUPOBAHHOTO MOJUATUICHOBOTO ciosi). [Ipou3BOAUTH TEXHONIOTMYECKUI
HarpeB TpyO U aOpa3MBHYIO IJIi OYMCTKHU MPH 3TOM HE HY)KHO, YTO 3HAYUTEIbHO

YMEHBIIIaeT CTOMMOCTh Ha TIOJITOTOBKY TJIOCKOCTH U U30JISIUIO TPYO.
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JUisi HaHeceHUsT MAaCTHUYHOIO TMOJCHOS O00si3aHbl MPUMEHSATHCA 0COObIE
M3MEHEHHbIe MOAU(ULIUPOBAHHBIE OUTYMHbIE MAcCTHKH, KOTOPbIE BBIIECP>KUBAIOT
CWJIbHBIE MOPO3bI U 00J1a/1al0T BBICOKOM aare3ueil k monudTuieny. s HaneceHus
JIEHTOYHOTO MOJCO0s CIEAYeT HCHIOJIb30BaTh NyOJMPOBAHHBIE MOJIUITUICHOBBIC
JeHThl ¢ OyTmikayuykoBbiM moacioem (tuma «HK TI3JI», «Ilomunen», u np.)
tonmuHON He MeHee 0,5 MM. BHemHsisi cocTaBismomas U3 3KCTPYAUPOBAHHOIO
MOJIUATUJIEHA TOJNIIUHOM 10 2,6 MM HYXHa I YCHJICHUS MEXaHUYECKOU
MPOYHOCTH 3alIMThI, YCUJICHUSI €€ CTOMKOCTH K MPOAABIMBAHUIO U yAapaM, 4TO
rapaHTUPYeT JOJIF0€ XpaHeHHe Ha CKJIajle U TPAaHCHIOPT MPOU30JUPOBAHHBIX TPYO.

[Ipy HaHeceHUM HaA TPYOBI JBYXCIOMHOIO TMOJIUAITHIEHOBOTO MOKPBHITHS
MPUMEHSETCSl Yallle BCEro KOMITO3ULMU CHBUJIEHA U KOMIIO3MIIMM MOJIMATUIICHA
MaJIoi TUIOTHOCTH KaOelabHBIX MapoK. M3 poccuiickux MatepuanoB AJis 3aBOJCKON
JIBYXCIOMHOM  3allUTBl  TPpyO  HCHOJB3YIOTCS  aJl€3MOHHbIE  KOMIIO3UIUU
paspadotkn 3A0 HIIK «llonumep-Kommayna», r. ToMCk M KOMIO3UIIUH
nommdtuiaeHa noctaBku OO0 «/uta-Ilmacty, r. Cemstuno, OO0 «Bomkckuit
3aBoj monumepoBy», . Hwwxuuit Hosropoa, 3A0 «llomumep-Kommaynay. U3
MPUBE3CHHBIX U3 IPYTUX CTPaH MaTepHalioB Ooyiee OOIIMPHOE UCIIONB30BAHUE JIJIS
JIBYXCIOMHON H30JISIIMU TPYO MOJyunsIa KOMMO3MUIMS ajare3uBa Mapku «Trisolen
200» noctaBku «Leuna Eurokommerz» (I'epmanus).

Henas ynop Ha CTO «l'azmpom» 2-2.3-130-2007 npu coopyX eHHH U
CTPOUTENBCTBE MAruCTPajbHbIX Ia30IPOBOJIOB, TPEOYEeTCs] KaK MOXKHO OOJBIINI
JOMYCTUMBIN TuaMeTp TpyO C JABYXCIOWHBIM MOJUATHUICHOBBIM TOKPBHITUEM HE
Moker mpeBbimath 530 Mm.  Tak ke  MakCUMaJIbHO paspenieHHas
HKCIUTyaTallMOHHAA TeMIEpaTypa MaruCTpajlbHBIX ra30MPOBOJIOB C JIBYXCIOWHBIM
MOJIMATUIICHOBBIM MOKPBITHEM HE 00s3aHa MpeBOcXoIuTh toc 60 °C.

JlaHHble CTUCHEHUS B OTHOLICHUU JIBYXCJIOWHBIX MOJUAITUICHOBBIX
3alUTHBIX MOKPBITUI BHOJHE Joka3zaHbl. [Ipum TemmepaType Oosiee 4eM IUTIOC
60 °C aare3noOHHBIM MOJCION MOKPBITHS HAYMHAET CMATYAThCS, YTO NPUBOAUT K
CWJIBHOMY COKpAILEHUIO aire3uH MOKPHITHS K Metamty (mo 25 H/cm). Bmecte c

TEM, IPU BBICOKHX OJKCINITYATAIMOHHBIX TCMIICpATYypaAX BCTPCUYACTCA CHIIBHOC
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MOHI)KEHUE CTOMKOCTM TOKPBITUS K KAaTOJHOMY OTCIauMBaHUIO M K
JOJITOBPEMEHHOMY BIIMSTHUIO BJIAry.

Cucrema TpexXCIOMHOTO TOKPBITUS  BBIAENAECTCS OT  JIBYXCIOHHOTO
CYILIECTBOBAHHEM BCIOMOTaTEIbHOIO CJOS — D3HOKCUAHOIrO mnpaitmepa. [ns
HAaHECEHHUs TMpalMUPYIOIIET0 CJIOS MMEIOT BCE IMAHChI TMPUMEHATHCS Kak
MOPOIIKOBBIE 3MOKCHUJIHbIE Kpacku (HOpMa TOJIIMHBI 3MOKCUIHOTO CJOSI B 3TOM
ciydae nomkHa ObITh 200 MKM M, IO MeHbIIed mepe, Ha 100 MKM PeBOCXOAUTH
HIEPOXOBATOCTh OYUIIEHHOW MOBEPXHOCTU TPYO), TaK U BOJSHUCTHIE STOKCUIHbBIE
Kpacku (TOJILIMHA CYXOW IUJIEHKH MpaiiMepa JOJDKHA COCTaBisATh oT 50 1o
65 MKM). DNOKCUAHBIA MpaiMep TapaHTUPYET BBICOKYIO aAre3HI0 MOKPBITHUS K
METAJUIy WM CIUIaBy, CTOMKOCTb K KAaTOJHOMY OTCIQUBaHUI U K
JOJTOBPEMEHHOMY BO3JICMCTBUIO BJaru. B JOMONMHEHWE, SNOKCUIHBIA CJIOH
OKa3bIBAETCS MPOHMIIAEMBIM JUIsl TOKOB KAaTOJHOH OOOpPOHBI, COOCTBEHHO YTO
FOTOBUT 3aMEUaTeJIbHYI0 COIMNOCTaBUMOCTb TPEXCIOMHOIO MOJUITUIEHOBOIO
MOKPBITUA C  BJEKTPOXMMHUYECKOM 3alIUTOW Ta30MpOBOAOB. AAT€3MOHHBIN
MOJINMEPHBIN  MOJCION SABJISETCS TMOCPEJACTBEHHBIM CIIOEM B KOHCTPYKIUU
TpeXcIOMHOro MOKpeITHS. Ero Ha3HaueHuWe COCTOUT B OOECNEYEHUH CKICHUBAHUS
(mpununaHusi) MEXIYy BHEIIHUM TOJUATUICHOBBIM CIOEM M BHYTPEHHHM
AMOKCUAHBIM cioeM. KoMrieke Bcex Tpex cloeB OOOpOHBI JENAaeT TPEXCIOMHOe
MOJIUATUIICHOBOE MOKPBITUE OJIHUM M3 0ojiee JNeWCTBEHHBIX BHEIIHUX 3alIUTHBIX
IIOKPBITUM Ta30IPOBOJIOB.

3alUTHOE MOJUATUICHOBOE TOKPHITUE TOKA3bIBA€T OOJBIION IMOKa3aTeNb
aare3un k meramty (He menee 30 H/cm), Hemoxue OUANEKTpUYECKHE CBOMCTBA
(Oonee 6 kB) U ycTOWYMBOCTD K HAPY>KHBIM MEXaHUYECKUM HapymeHusam [11].
JlaHHOE 3aIUTHOE TTOKPHITHE HAHOCUTCS CIIOCOOOM OOKOBOM («IUIOCKOIIIEIICBOINY)
skcTpy3uu. g obecneurBaHUs OOJBIIMX aJr€3UOHHBIX CBOWCTB 3alllMTHOU
M30JISIMUU  UCHOJb3yeTCsd  TOJIbKO  KadyecTBeHHas JApoOecTpyiiHasi 4YHMCTKa
oOpasytoleil TpyO, HaHECEHHWE MPOMEXYTOYHOrO KIIEAIIEro cios (aAre3moHHO-
aKTUBHOM Kommo3uiuu mupuHoi oT 350 go 400 MxM), BIOCIEACTBHUM TOTO

HaHCCCHHNC BHCIIHCTO 3allTMTHOI'O CJIOA Ha base TCpMOCBCTOCTa6I/IJIPI31/IpOBaHHOﬁ
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KOMITO3ULIUM MOJU3THIIEHA. ["a30nmpoBobl 00paboTaHHbIE U3 IKCTPYIUPOBAHHOTO
MOJIMATHIIEHA, OTINYAOTCS LUEIBIM PSIIOM 3HAYUTENBHBIX ILTFOCOB:

— 0e30MacHoe HKOJIOTMYECKH YUCTOE TOKPBITHE;

— 3HAQUMUTENbHO  yBEJIWYMBAeT  Mepuoa  paboTel  TpyOONpPOBOMOB,
MEKPEMOHTHBIN UHTEPBAI U KYJIbTYPY CTPOUTEIICTBA;

— MMEET BBICOKYIO MEXAaHUYECKYIO IPOYHOCTB;

— KayeCTBEHHBIE XapaKTEPUCTHKHA MOKPBITUS HE 3aBUCUT OT OKpYKAaroUIen

Cpelbl U T.JI.

1.3.2 TlokpbiTHE MOJUNIPONUICHOBOE

3aBoAckue TOKpBITHS B  EBporme Ha 0aze  IKCTPYAUPOBAHHOTO
MOJIUIIPONMIIEHa 3aHUMaloT Jumb 15 % oT o0beMa U3roToBIEHUS TPyO C
3aBOJICKUM  MOJUATWICHOBBIM MOKpBITUEM. [loNMIpONUIEHOBOE TOKPHITHE
BJIaJICET BBICOYAMILIEH TEIJIOCTOMKOCTBIO, BBICOKOW MEXaHMYECKOW, YIapHOU
KpEIMOCThI0, CTOMKOCTBIO K MPOIaBIMBAHUIO U a0pa3uBHOMY U3HOCY.

I'mrantckas Jo0Jisi HWCMHOJIB30BAHUSA TOJMUIPONUIICHOBBIX MOKPBITUA —
aHTUKOppo3uoHHast 3amuta '"ropsuux" (mo 150 °C) ydacTKOB Tra3onpoBOIOB,
«000pOHa» OT KOPPO3UH MOPCKHUX, IIEeNb(OBBIX Ta30MPOBOJIOB, MOJBOAHBIX
MEepPEeX0JI0B, Y4YaCTKOB Ta30MpPOBOJIOB, CTPOSAIIMXCS ClocodbamMu '"3aMKHYTOMU"
OpoKJIagku  (MPOKOJBI  MOJ ~ JOpOramMu, MpoKJIagka TpyOd  crmocoOom
HAaKJIOHHOHAMPABJICHHOTO OypeHuss u T.1.). i HaHEeCeHHS TOKPBITUS
WCTOJIB3YIOTCS TIOPOIIKOBBIE JIMOKCUIHBIC KpPAacKW MOCTaBKM KommaHui "3M"
(CIIIA), "BASF Coatings" (I'epmanus), OAO "UensOuHckuil TpyOOTPOKATHBIN
3aBoa" u OAO "Bomxckuii TpyOHBIH 3aBOJ", KOMIO3WLIMM ajAre3uBa U
nonumnponuieHa rmnocrtaBku komnanuii  "Borealis", "Basell Polyolefins".,
TEPMOIUIaBKUE TOJUMEpPHbIE KOMIIO3UIIMU U TEPMOCBETOCTAOMIM3NPOBAHHBIC
KOMITO3UIIMUA TIOJUIpONUeHa. Tak Kak OHHM 00JIalal0T HaWBBICIICH yaapHOU
MPOYHOCTHIO TOJIMITPONUIICHOBOTO MOKPBITUS €0 TOJIIMHA UMEET BO3MOMKHOCTD

ObITh Ha 30 % MeHbIIe TOJIIUHBI MOJU-3TUICHOBOTO MOKPHITUS TpyO (oT 1,9 Mmm
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10 2,8 mM). [lonunponuneHoBble MOKPHITHS UMEIOT, Yallle BCero, OeI0BaThIi 1[BET,
ATO BBI3BAHHO NMPUMEHEHUEM B MpPUMEpE IJIaBHOTO CBETOCTabMiIM3aTopa J00aBKU
JIBYOKHCH TUTaHa [29].

K MuHycaM NOJUIIPONMUIIEHOBBIX MOKPBITHH CIEAyeT OTHECTH HUX MAalylo
MOPO30YCTOMYUBOCTh. OOBIYHOE MOJIUIPONMICHOBOE MOKPHITUE PEKOMEHYETCS
UCIIOJIB30BaTh IIPU TEMIIEpATypax CTPOUTENbCTBA Ta30IPOBOIOB 10 MUHYC 15 °C,
a Kap HaXOIAIIEWCs BOKPYT Cpelbl MPHU CKIAJWPOBAHUE YXKE H30JMPOBAHHBIX
TpyO He noimkHa ObITh HUke MuHyc 25 °C. CymecTByeT 0co60 paspaboTaHHOE
MOPO30yCTOWYMBOE  MOJUIIPONWIEHOBOE  MOKPBITHE,  KOTOPOE  MOYKHO
MCIIOJIb30BaTh MPU TEMIIEPATypax COOPYKEHUS razonpoBoJoB 10 MuHyc 35 °C u
TeMIlepaTypax CKIaJUpOBaHUS U30JUPOBAHHBIX TpYyO 10 Munyc 40 °C.

['naBHbIE TUTIOCHI TMOJUIPONUICHOBBIX MMOKPBITHH OOBEIEHEHBl C HX
BBICOKOM  TEMJIOCTOMKOCTBbIO (MOTYT HCIIOJIB30BaThCA MpPH  TEMIlepaTypax
TpaHcnopTupyeMbix ToBapoB 10 150 °C), TOBBIIEHHON  MeXaHUYECKOU
KPEMOCThI0, CTOMKOCTBIO K IPOJABIMBAHUIO, IPOPE3aHUIO0 U a0pa3UBHOMY HM3HOCY.
OnucaHHBI BUJA TMOKPHITUS HEOOXOIMMO HCIOJNb30BaTh MPHU COOPYNKEHUU
JIOKEPOB, HA YYaCTKaX «3aKpbITOW» MPOKIaAKU (IIPOKOJIBI O] aBTO U >KEJIE3HBIMU
JOpOoraMH, TMpOKIaaKa TpyO CHOCOOOM «MUKPOTOHHEIUPOBAHUS», HAKIOHHO-
HampaBJIeHHOrO0  OypeHHs), TpU  CTPOUTEIBCTBE  MOPCKHX, IIEIb(POBBIX
ra3oIlpoBOJIOB, @ OISITh K€ B KAYECTBE 3aLIUTHOIO MOKPBITUS «TOPSIYUX» YYaCTKOB
ra3onpoBosioB. B Poccun TpyObl ¢ 3aBOACKUM MOJUIPONUICHOBBIM MOKPHITUEM
MPUMEHSUITUCh MPU COOPYKEHHH TMOABOJIHBIX IEPEX0J0B, MPU CTPOUTEIHCTBE U
npokiagke mo aHy YepHoro Mopst MaructpanbHoro raszomposoja «[omyOoi
MTOTOK.

I[Io OCHOBaHMIO OrpOMHOW  yAApHOM  KPENOCTH IMPOMBIIUIEHHOTO
MOJIUIIPONTHIIEHOBOTO MOKphITH (10 115 JIxk mpu 15 °C), ero cymmapHasi ToJuHa
UMeeT BO3MOXKHOCTh ObITb Ha 30 % MeHbIlIEe TONIHUHBI OJIUITUICEHOBOTO
MOKPBITHS, COOCTBEHHO YTO CTaBUT 3TOT BHJ 3aIUTHOTO MOKPBITUS MO IEHE
COMOCTAaBUMBIM C 3aBOJACKHMM TMOJUAITHICHOBBIM MOKpeITHEM TpyO. CrocoObl

HAaHCCCHHS HaA TPY6HBIC IUICTH IIOJIUIIPOIMIICHOBOI'O  ITOKPBITHA HOJIO6HBI
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croco0aM HaHECEHUs! 3aBOJCKHUX MOJTUATHICHOBBIX MOKPBITHH. DTO COAEHCTBYET
BOIUIOTUTh B JKU3Hb 3aBOJCKYIO IOJIMIIPONMICHOBYIO H30JLSIIMI0 TpyO 0e3
IIPOBEACHUS JEl 10 IEPEOCHAICHUIO U YCOBEPIICHCTBOBAHUIO UMEIOIIUX MECTO
ObITh TeXHOJOTHUECKUX psAaoB. Crnoco® HaHeceHuss Ha TPyObl TPEXCIOMHOro
MOJIUIIPONTMIICHOBOTO TOKPBITUS K JaHHOMY BpPEMEHH OTpabOoTaHa U XOpOILIO
peanmzoBaHa Ha  CTOIMYHOM  TpyOO3aroTOBUTENBHOM  KOMOMHATe, Ha
BrikcynckoM, Bomkckom u UYensOunckom TpyOHbIX 3aBojax. s HaHeceHUs
IIOKPBITHSL UCIIOJB3YIOTCSA ITOPOLIKOBBIE JIOKCUAHBIE KpPACKHU, TEPMOIUJIABKUE
MOJINMEPHBIE KOMITO3UIIMM M TEPMO-CBETOCTAOMIM3UPOBAHHBIE KOMIIO3ULIUU

IIOJITIPONTWIICHA.
1.3.3 ITokpbiTHE KOMOMHMPOBAHHOE JIEHTOYHO-IIOJINI THICHOBOE

JIns mpeoTBpallleHUsl pa3BUTHSI KOPPO3UU ra30MpOBOJOB MAJIBIX U CPETHUX
auameTpoB (10 530 MM) B KpailHHME rojbl C pa3MaxoM U yCIIEXOM MHpPHUMEHSIETCS
KOMOMHUPOBAHHOE JIEHTOYHO-TIOJUATUIEHOBOE TMOKphITHE. KOMOMHMpOBaHHOE
JICHTOYHO-TIOUATUIICHOBOE TMOKPHITUE HAHOCUTCA Ha TPYyObl B MPOMBIILJIEHHBIX
WU TPacCOBBIX KpUTEpHUSAX. KOHCTPYKTMBHO NOKPBITHE IPOU3BEAECHO W3 CJIOSA
aJIre3MOHHOI IPYHTOBKH (pacxoj PyHTOBKH — 115 /M%), c10s Ay6IMpOBaHHOIN
MOJIMATHIICHOBOM JIeHTHI (Tosmunaa ot 0,5 1o 0,65 MM) 1 Hapy>KHOTO CJI0sl Ha 6a3e
AKCTPYAUPOBAHHOTO TMOJMATHICHA (ToimuHa oT 1,7 MM g0 2,7 mm). CymmapHas
TOJIIMHA KOMOMHUPOBAHHOTO JICHTOYHO-TTOIUATUIICHOBOTO MOKPBITUSI COCTaBISET
710 3,3 MM.

KOHCTpYKTUBHO MOJMMEpPHOE JICHTOYHOE MOKPBITUE BIOJIBTPACCOBOTO
HAHECEHUS Pa3leIAeTCs Ha CJIOW aAre3MOHHON TPYHTOBKH, | ClIOS MOIMMEpHOMN
JUNKON JeHThl ToamuHOW 0,7 MM U 1 ci0d 3alIUTHOW MOJUMEPHOU OOEpTKHU
tonmuHon 0,8 Mm. CymMmapHasi TOJIIIMHA MOKPBITUSI B 3TOM ciiydyae 00pa30BbIBAET
He HaumeHee 1,5 mM. Ecnu npu uzonsauuu TpyO B 3aBOJACKHUX (0a30BbIX) YCIOBUAX
C LENbI0 YBEJIMYEHUS YJAPHOW KPEMOCTU MOKPBITHS, TpeOyeMoil NIl TpaHCHopTa
M30JMPOBAHHBIX TPYO OT 3aBOJIa K MECTY COOPY>KEHHUS Tra3olpOBOJIOB, HAHOCSITCS

CIICHHUAJIBHBIC CJIOHU HOJII/IMCpHOﬁ JICHTBI H O6CpTKI/I. ECJII/I, B 3aBHCHUMOCTH OT

Jlucm

I'nasa 1. JIutepaTypHbiii 0030p

N3m.

Jluecm Ne dokym. lodnucek | ama




IUAMETPOB H30JIMPYEMBIX TPyO, cCyMMapHas TOJIIMHA JICHTOYHOTO MOKPBITUSA B
coorBeTcTBUM ¢ TpeboBanusasmu ['OCT P 51164 HeoOxoauma COCTaBIsATh HE
HauMeHee 2,5 MM. YBEIWYEHHBIM pPacxol 3allUTHBIX MaTEPHAlOB CEPBE3HO
MMOAHUMAET CTOUMOCTbD MOKPBITHS.

3aMelIEHHE B CHUCTEME JIEHTOYHOTO MOKPBITHS 2-yX, 3-X CJOEB JIEHTHI U
3alIUTHOM  00EpTKM Ha CJIOM  AKCTPYAMPOBAHHOIO MOJUATHIEHA JAlOT
BO3MOKHOCTh [IPU CYMMapHOM IOBBIIIEHUH TOJIILMHBI 1 MEXAHUYECKON KPEMOCTU
TOKPBITHS CHU3HTH LieHy | M ITOKPBITHSI.

Cucrema  JIGHTOYHO-TIOJMATUIIEHOBOIO  TOKPBITHS ~ COAEPXKUT  TpHU
MOOYEPETHO HAHOCHUMBIX CJIOsl: TMpaiMHPYIOIIUA CJIOW Ha OCHOBE OMTYMHO-
MOJINMEPHON TPyHTOBKHM (pacxon mpaiimepa — 110 r/M2); U30JIALMOHHBIN CIOU
(monAMATUIIEHOBAsA JIEHTa ¢ OYTMJIKay4yKOBBIM MOJCHOeM ToimuHod ot 0,46 1o
0,65 MM); BHEIIHMM 3alUTHBIA CJIOH M3 HKCTPYAUPOBAHHOTO MOJMATUIICHA
ToamuHoM ot 1,65 MM 110 2,6 mm[31].

CymmapHas TOJIIMHA KOMOMHUPOBAHHOIO JIEHTOYHO-TIOIUAITHIEHOBOTO
MOKPBITUA B 3aBUCUMOCTH OT JUAMETPOB TPYO M BHUAA TOKPHITUS (yCUIICHHBIMH,
COBEPIIEHHO YCUJIEHHBIN) cocTaBiseT 3,5 MM.

B cucteme KOMOMHUPOBAHHOTO MOKPBITUS MOJTUAITUIICHOBAS M30JIALIMOHHAS
JIEHTA, HAHECEHHAs MO aAre3WOHHOM TPYHTOBKE, TapAHTUPYET KPEMKYIO AIT€3UI0
MOKPBITUS K METAJLTY, YCTOMYUBOCTH MOKPBITHSA K KATOAHOMY OTCIIAaMBAaHUIO, B TOT
MOMEHT KOTJa HAapyKHbII IMOJIUATUIEHOBBIA CIIOH OTBEYAET 3a MEXAaHMYECKHE
CBOMCTBA MOKPBITHS, NPU 3TOM OOECHeuHrBas MOKPBITHIO BBICOKYIO YAapHYIO
IIPOYHOCTh, YCTOMYMBOCTh K MPOJABIMBAHUIO M CTApPEHHUIO HA  CBETY.
KoMOuHHpOBaHHOE JIGHTOYHO-TOJIUATUIIEHOBOE TIOKPHITHE OTBEYAET AKTYaJbHbIM
texuuueckum  npursazanusm  (OCT P 51164, T'OCT 9.602),  npussTO
I'ocroprexnamzopom P® ©w  MOXET  HUCHONB30BaTBCA B KAadyeCcTBE
MPOTUBOKOPPO3UOHHOTO TOKPBITUS TPyO, NPUMEHSEMBIX TPU COOPYKEHUU
MarvcTpajibHbIX, MPOMBICIOBBIX Ia30MPOBOJOB U OTBOJOB OT HHUX, IIPU YKIaJKe
MEKIIOCEJIKOBBIX ~ Ta30MpOBOAOB MaJIOrO  JIaBJIEHUS, TOPOACKHX Ta30BBIX,

ra3onpoBOAOB KOMMYHAJIbHOI'O HA3HAYCHU .

Jlucm

I'nasa 1. JIutepaTypHbiii 0030p

N3m.

Jluecm Ne dokym. lodnucek | ama




Onupasice Ha rjaBHblE MoKa3zaTeau (U3MKO-MEXaHMYECKHUX, 3alIUTHBIX U
HKCIUTyaTallMOHHBIX ~ KauyecTB, KOMOWHHPOBAHHOE JEHTOYHO-TIOJUITHUICHOBOE
MOKPBITHE B OOJBIIOW Mepe MPEBBIIIAET CTaHAAPTHbIE OUTYMHO-MACTHYHBIE WU
JICHTOYHbIE TOKPBITUA Ta30mpoBoAOB. OmNHUCaHHOE 3alUTHOE MOKPBITHE
MpelHa3HAaYeHO, B TNEPBYIO oOuepedb, s HapyXKHOM H30JsUUH  TPYO
ra3onpoMbICIIOBOTO copTamMeHTa auamerpamu oT 109 mm no 426 MM, TeM He
MeHee, KOMOMHUPOBAHHOE MOKPBITHE C YCIIEXOM MPUMEHSAETCS U JIJIS 3alUThI TPYO
auamerpamu oT 426 mm g0 820 mMMm. TpyObl ¢ BHEIIHUM KOMOMHHMPOBAaHHBIM
JICHTOYHO-TIOTUATUIICHOBBIM TOKPBITUEM UMEIOT BCE IIAHChI CKIIAUPOBATHCS MPU
TeMIeparypax HaxoAdlleics BOKpyr cpeapl oT muHyc 55 °C mo mmoc 55 °C, u
IpU 3TOM BpeMs CKJIAJUPOBAHUS U30JUPOBAHHBIX TPYO Ha HE 3aKPHITOM MeECTe
HeOoM coctasisieT 6onee 1 roaa.

Jlnana3zoH TemIiiepaTyp SKCIUTyaTallid ra3olpoBOJIOB ¢ KOMOMHUPOBAHHBIM
nokpsiTieM — ot MuHyc 15 °C go mitoc 45 °C, a nporHo3upyemoe Bpemsi paboThl
— 45 ner.

Crnoco® HaHeceHUsT KOMOMHUPOBAHHOTO  JIEHTOYHO-TIOJIUAITHIEHOBOTO
MOKPBITUS B  CTAallMOHApPHBIX (0a30BBIX, 3aBOJICKUX) YCJIOBHUSX COACPKUT
CJIeIyIOIIME TO0YEePETHO MPOBOANUMBIE ONEpAIUU:

— CYyIIKa U IpeaBapUTeNbHbII HarpeB Tpyo;

— OYHMCTKa OT PXKAaBYMHBI U OKAJIMHBI HAPYKHOU MOBEPXHOCTHU TPYO;
— HaHECEeHHEe aIre3MOHHON TPYHTOBKH, a TaK e €€ MPOCYILIKY;

— HaHeceHHe NyOJIMPYIOIIel MOIUITHUICHOBOMN JICHTHI;

— HaHECEHHE SKCTPYAUPOBAHHOTO MOJIUITUICHOBOTO CJIOS;

— OCTBhIBaHUE U3OISIUOHHOTO MOKPBITHS;

— KOHTPOJIb Ka9CCTBA 3alMUTHBIX TPY6

[lo wuepram CBOHCTB KOMOWMHHUPOBAaHHOE JICHTOYHO-IOJIHUATUIIEHOBOE
MOKPBITUE  CHAET IMO3HUIUU  3aBOJCKMM  JIBYXCIOMHBIM M  TPEXCIOWHBIM
MOJIUATUIICHOBBIM 3aIIUTHBIM MOKPBITUSM TPYO, HO MpHU ATOM B OOJbIIEH YacTu
NpeBbIIAET OUTYMHO-MACTHYHbIE M  MOJHUMEpPHbIE JIEHTOYHBIE TOKPBITHS

ra3zornpoBonoB. [lokpeiTre BHeceHO B poccuiickuid cranaapt ['OCT P 51164.

Jlucm

I'nasa 1. JIutepaTypHbiii 0030p

N3m.

Jluecm Ne dokym. lodnucek | ama




1.3.4 ITokpbITHS FTIOKCHIHbIE

ONOKCUJHBIE TOKPBITUS TPyO HAHECEHHbIE B 3aBOJCKHX YCIOBHSX
tomuuHOW OT 360 MkM 10 510 MKM HCHONB3YIOTCS B KAyeCTBE HAPYKHBIX
3alIUTHBIX TIOKPBHITUN Ta30MpOBOAOB Oojiee 55 jeT. DTU MOKPHITUS 00JaAaroT
BBICOKOM TEIJIOCTOMKOCTBIO, IIOBBIIEHHOM aAre3uer K MeTauly, XOpOoLleu
CTOMKOCTBHIO K KATOJHOMY OTCJIIAMBAaHMIO, YCTOMYMBOCTHIO K IPOPE3aHUIO, OTAHPY,
abpa3uBHOMY u3HOCY. TpyObl C BBEJEHHBIM MOKPBITHEM, B paziiMyue OT TPYO C
3aBOJCKAM  MOJUATUJICHOBBIM  IOKPBITHEM, JUINTEIIBHOE  BpEMS  MOTYT
CKJIaIUPOBATHCSI TOJ HE3AKPBITBIM OT OCAJKOB MECTE. OIMOKCUIHBIE MOKPBITHUS
MIPOHUIIAEMBI U1 TOKOB KaTOJHOW 3amuThl. 1101 SMOKCUAHBIMU MOKPBITUAMHU HE
YCTAHOBJIEHO CJYy4YaeB CTPECC-KOPPO3UOHHOIO pA3pYyLIEHUS Tra30MpOBOJOB.
Pacxonpl Ha HaHECEHHE STOKCUHBIX MOKPBITUI CYIIIECTBEHHO MEHBIIE PACXOJI0B
Ha 3aBOJICKME TIOJIUATUJICHOBBIE M TIOJUIIPONMUICHOBBIE TOKPBITUA TpPyO (U3
COCTaBa TEXHOJIOTMYECKUX PAOOB HCKIIOYAIOTCS DSHEPrOEMKHE 3SKCTPYIEpPHI,
CUCTEMBI 3arpy3Kd U CYIIKH TPAHYJIUPOBAHHBIX MOIHOJES(HUHOBBIX KOMIIO3UIUH,
CHW)KAeTCsl pacTpaTa 3allUTHBIX MAaTEPUAIOB U T.J.).

['1aBHBIMM MUHYCaMH SIOKCUJHBIX TOKPBITUM SBISAIOTCA WX HU3Kas
ANACTUYHOCTh W Majas MPOYHOCTh MpPU yJape, B YACTHOCTH B 00JacTu
OTPULIATENBHBIX TEMIEPaTyp, 4YTO B OOJbIIEH Mepe YCIOXKHSIET TPaHCHOPT
M30JMPOBAHHBIX TPYO M MPOU3BOJCTBO CTPOUTEIbHO-MOHTAXKHBIX pPabOT B
TPaccoBbIX ycloBUsAX. B wactHoCcTH MO 3TOMY (pakropy cornacHo 'OCT P 51164 u
I'OCT P 52568 BBeneHbl Takue OrpaHUYEHHs] HA MPUMEHEHHE TPYO C 3aBOJICKUM
SMOKCHU/IHBIM TOKPBITHEM IIPU COOPYXEHHHM MAaruCTPaJIbHBIX Ta30MpOBOJOB
(MakcMManbHO paspenieHHbld auameTp TpyOd 10 820 MM  BKIIIOYUTENBHO).
Ilogxonsias mHUPOTa HCIOIB30BAHUSA OJHOCIOMHBIX SMOKCUIAHBIX MOKPBITHH -
AHTUKOPPO3WOHHAs 3alllUTa ra3olMpoBOJOB HEOONBIIUX M CPEAHUX TUAMETPOB C
SKCILIyaTalMOHHON TeMIieparypoii a0 miroc 85 °C.

[Ipu HaHeceHHs Ha TpPyObl DSIOKCUIHBIX TOKPBITUA MPUMEHSIOTCA

IMOPOUMIKOBBIC KPACKH, B COCTABC KOTOPBLIX COACPKATHCA ISIOKCUAHBIC CMOIJIBI,
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OTBEpPAUTEIIb, AKTUBATOP, MUTMEHTbI, MHEPTHHIC HAIOJIHUTEIM W  PA3JIUYHBIC
npyrue no00aBku. XOJ HAHECEHHUS OHIOKCHIHOTO TOKPBITUS HOCHT B ceoe:
aOpa3uBHYIO YUCTKY, HarpeB TpyO 1m0 240 °C, HamblIeHHE MOPOIIKOBON KpPacKu C
WCIMOJIb30BAHUEM CIICIIMATIbHBIX MUCTOJIETOB, C MOMOIIBIO KOTOPBIX PAaCHBUISIOT,

MponecC OTBCPIKACHUA HAHCCCHHOTO aHTUKOPPO3UOHHOI'O ITOKPBITHA.

1.3.5 IlokphITHS CTEKJI03IMAJIEBbIE

Crexiionmanb — HEOpraHuyeckass Macca, IOJIy4eHHasl IUIaBJICHUEM,
cocrosias Mo OOJbIIeH YacTH U3 OKUCIOB M HAaHECEHHAs Ha CTajb 3a pa3 WM XKe
HEKOTOpPOE KOJIMYECTBO CJIOEB.

BBon B coctaB SManM  MHOTHMX  OKHUCIOB  TIO3BOJIIET  HM3MEHATH
XapaKTePUCTUKHN 3MAJI€BbIX MOKPBHITUNA B MacCOBOM MacliTabe B COOTBETCTBUU C
YCIOBUSMHM HCIOJB30BaHMs. [ JaBHBIM 00pa3oM NPHUMEHSIOTCS JIETKOIIABKUE
IPYHTOBOYHBbIE W TIOKPOBHBIE dMaJld JJII MHAYKIMOHHOI'O AMaJIUpPOBaHUSA TPYO,
YTO CIOCOOCTBYET YMEHBIIUTHh TpPaTy »dJIEKTpUYECTBA Ha HWHAYKIIMOHHOE
OIIaBJICHUE MOKPHITHS (YMEHBIICHHE TeMIepaTypsl miasieHus Ha 50 °C cHuxaer
TpaTy 2JIeKTpudecTBa B cpeaHeM Ha 60 %). B Mepy MCHONB3yIOTCS TOKPBITUS U3
SMaIM 3TUHONb. ba3oil nns maHHOW sManu paboTaer jak 3TUHOJb — T'OTOBBIM K
NOTPEOJICHUIO MPOAYKT, OOJANAIOIUK CIEIYIOIIUMU CBOMCTBAMU: KOJIMYECBTO
CyXoro BemiecTBa (JIakoBoil OCHOBBI) — 44 %; BSI3KOCTH 1O BUCKO3UMeTpy B3-4 —
He MeHee 12 ¢; BpeMEHHBIM MEPHOJ BBICBIXaHWS IUIEHKU Jlaka npu 15 °C — He
Menee 10 4. B ponu HamomHUTENS UCHOJB3YIOT acOECT XPU30THIOBBIM CEABMOTO
BUJIA, KOJIMYECTBO CBOOOJHOM BIIA)KHOCTH B KOTOPOM HE JOJDKHO OBITH OOJIbIIE
3 %. B Tom cnydae xorja BiIaXHOCTh acOecta 6oisiee 3 %, TO ero MpoCylIUBaIOT
(nmpu temmnepatype He 6onee 120 °C). Omanb 3THHONL (63 % — JaK 3TUHONbL U
37% — acbecT) TrOTOBAT CMEIIMBAHUEM KOMIIOHEHT B JAHUCIEpraTtope IpHu
temrneparype He 6oiee 45 °C.

TexHonoruss HaHeCEeHUs] AMalli Ha METAJUTMYEeCKUEe TPYObl ¢ MPUMEHEHUEM

HHAYKOUOHHOI'O IIOAOIrp€Ba COCTOUT M3 IIOATOTOBKH INIOCKOCTH CTAJIU JIA
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HAHECCHMS DMalld, HAHECCHMS INUIMKEpa C AMAIbI0 Ha OXPAaHAEMYIO ILIOCKOCTH,
MPOCYIIKK NIIMKEpa ¢ MPUMCHCHHEM WHIYKIIMOHHOW CYIIWJIKH W  OILIABICHUS
HMAaJICBOr0 MOKPHITHSI.

OTHUHOJEBYIO  5Majllb  HAHOCAT  ONATh K€ Ha  00paboTaHHYIO
ApoOeTecKOCTPYHHONW MAIIMHKOW O MaTOBO-CEPOT0 IBeTa IUIOCKOCTH MeTajuia ¢
WCIIOJIb30BAaHUEM  TTUCTOJICTOB-PACIIBUIHTENCH. TpyObl, €MKOCTH U Jpyrue
MPEAMETHl C HAHECEHHBIM 3aIIUTHBIM MOKPHITHEM M3 dMaJIM 3THHOJb CYIIATCS HE
MeHee 4 cyr. CymmapHblii miepuoj cOepexeHus He 00si3aH COCTaBIATH OOJIbIIE
JIBYX MECSIICB.

[ToxpeITHE Ha OCHOBE AMAJIM UMEET 3HAYUTEIBbHYIO CIUIONIHOCTD, OTIIMYHYO
CKJICUBAEMOCTh CO CTaJIbI0 M TMOBBIIICHHBIM 3JEKTPOCONPOTHUBIICHUEM, HO OHO B
JOCTaTOYHOW CTEIICHHU JIOPOTO, B CBSI3U C 3TUM €TI0 PEKOMEHAYETCS MCITOJIh30BaTh
TOJIBKO B 0CO00 OTBETCTBCHHBIX CJIydasX, B YaCTHOCTH TPU TPAHCIIOPTE
arpecCUBHBIX CPEJ MU YKIIQJIKE Ta30IIPOBOJIOB B TAKUX Cpefax.

[TokpeITHST H3 CTCKJIO3MAJId 3aBOJICKOTO HAHECEHHUS WCIOJB3YIOT IS
3aIUTHI Ta30MIPOBOJIOB OT aTMOC(HEPHOM U MOA3EMHOM KOPPO3HUH.

[ToxpeITHS M3 CTEKIIO3MANIN TPYO TONIUHOHN HE MeHee 350 MKM OTHOCSITCS K

BCCbMa YCHIICHHOMY BHAY 34aIIUTHOIO TIIOKPBITUA MW JOJIKHBI O6JIaIIaTB

IIEPEXOIHBIM JIEKTPOCONPOTHBIEHUEM He MeHee 500 Om M *.

1.4 HajgexxHOCTH TPAHCIIOPTA ra3a

["a30mpoBOABI OTHOCAT K BaXXHBIM M OTBETCTBCHHBIM BO3BEICHUSM, K
MIPOYHOCTH M HAJICKHOCTH KOTOPBIX MPEIBSABISIOT B BBICIICH CTCIICHH TPEOOBaHUS
C TOYKH 3pPEHUS DKOHOMHUYCCKHX 3aTpaTr, MPOMBIIIJICHHON M DKOJOTHYCCKOMN
0e30MacHOCTH.

C y4eToM BBICOKHX JKCILTyaTallMOHHBIX TapaMeTpoB — pabouee JaBlICHUE,
pacxoi, TPOTSHKEHHOCTh W T. JA., U YBEJIMYCHHEM BO3pacTa TPYOOIPOBOIHBIX
CUCTEM, TIOSIBWICS KOMIUICKC HAayYHO-TEXHHYECKHUX TIPOOJIEM, CBS3aHHBIX C

HaJIe)KHOCTHIO, YCTOMYMBOU paboTOM, 0€301aCHOCTHIO, OLIEHKOHN pecypca U pucKa.
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[Ipu pemenun npoOIeM HAAESKHOCTH Ta30MPOBOAHBIX KOHCTPYKIHM
CHEeIUaINCTaM HEOOXOJIMMO YYHMTHIBATh OCOOEHHOCTH, OTJIMYAIOIMIME HX OT
TEIUIODHEPIreTUYECKUX, MAIIUHOCTPOUTEIbHBIX, AaBHUALMOHHBIX, U  JPYIUX
CTPOUTENBHBIX COOpyxKeHUH. OJTHON U3 OCHOBHBIX OCOOCHHOCTEN Ia30MpPOBOAHBIX
CUCTEM SIBIIACTCS MX OOJbLIAsk MPOTSHKEHHOCTh, YeM OOYCIIOBIEHBI BO3MOXHOCTh
[IPOXOXKJICHUS 4Yepe3 pasIM4Hble KIMMATUYECKUE U TE€OJIOTUYECKHUE 30HBI,
3HAYUTEIbHAsA METAUIOEMKOCTh U IIMPOKUN CIIEKTP BO3JECUCTBYIOLIMX HArpy30K.
B ngamHoM ciydae HEOOXOAMMO  YYHMTHIBATH HArpy3kKd OT  JaBJICHUS
[IEpeKayMBacMoro  rasa, CTaTM4EeCKUE  Harpy3Kd  HACBIIHOIO  TPYHTA,
BUOpAIIMOHHbIE BO3JEHUCTBUA Ha Ta30NpoOBOJbI  OT KOMIIPECCOPHBIX CTaHIUH,
ClIydyallHble  HAarpy3ku OT BeTpa Ha HAA3EMHBIC Ta30lpOBOAbI  WIIU
TUAPOJAUHAMUYECKUE BIIUSHUA Ha ITOJBOHBIC IIEPEXOBI U T. [.

[TosTomy /U1 aHanmM3a CTOJb CJIOXKHBIX 3a/1a4 HEOOXOAMMO HCIOJIb30BAaHUE
CIIOCO0OB MEXaHHUKHU Je(hOpPMHUPYEMOTO TBEPIOro Tejla, TEOPUU BEPOSITHOCTEN U
CJIy4alHBbIX IPOLIECCOB, OLICHKU HAJIEKHOCTHU Ia30IPOBOJIOB KAK MEXaHUYECKUX
cucteM. Bmecte ¢ TeM HEOOXOAMMO MPOCIEKUBATH CBSA3b MEXKAY AKCILTyaTaliuei
ra3onpoBoja, €ro MPOEKTUPOBAHHUEM M  COOpyX eHHeM. EcrecTBeHHbIE
HCCIIEIOBAHUSI HArpy30K B PAa3BUTHUU DKCIUIyaTallUM IPUHOCAT CPEACTBO HAYYHO
J0Ka3aTb Ha TNEPUOJE NPOESKTUPOBAHUS BBHIOOP TOJIIUHBI CTEHOK TPYOBI,
MaTepualioB TpyO0 W KOHCTPYKTHBHBIX 3aK/IIOUEHHMH, K TpPUMEpPYy MeEToJa
npokiaaku. Pemenue ke 3TUX mpoOieM crnocoOCTBYET 3alaBaTh HaWIydIlne
TEXHOJIOTUYECKUE PEKUMBI KCILTYaTALUU.

Ha panneii MoMeHT coOpaH OonblIol (QakTUYecKuil marepuan Io
ra3onpoBOJHBIM KOHCTPYKLMSAM, HMX OCTAaHOBAM, IIPAKTHUKE OKCILIyaTallud B
pPa3HbIX KIIMMAaTUYECKUX 30HaX. Ha OCHOBE 3THX JNaHHBIX MTOSABUIIACH BO3MOXKHOCTh
pa3paboTaTh CUCTEMY KOHCTPYKTUBHOW HAJEKHOCTH Ia30MpOBOJIOB, OCHOBHBIE €€
YCIIOBUS U UHKEHEPHBIE MAHEBPHI K OLICHKE HAJICKHOCTH.

I'a3ompoBOABI  SABIISIIOTCS  PEMOHTUPYEMBIMU CUCTEMaMH  JJIMTEIBHOIO
[OJIb30BaHMs.  JlnuTenbHBIE CPOKM DKCIUIyaTallMM Ta30NpPOBOAHBIX CHUCTEM

BO3MOJKHBI JIMIIb TOJIBKO IIOTOMY, 4YTO COOCTBEHHO HMX COCTOSIHHUE Ipu pa60Te
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MOJJIEP)KUBACTCS 32 CYET BBINOJHEHUS MNPOPUIAKTUYECKUX MEPONPUITHI U
KalUTaJbHBIX PEMOHTOB, a TakKe pabOT MO PEMOHTY M BOCCTAHOBIICHUIO MpHU
JUKBUJIALIUK YPE3BbIYATHBIX TPOUCIIECTBUA.

Hu nns xoro He CEKpeT, YTO CYIIHOCTh HAJI€KHOCTH JHO0OM TEXHUYECKOU
CUCTEMBI 3aKIIOYACTCs B HAJCKHOCTU KaXKIOr0 €€ OTACIBHOIO COCTAaBISAIOIIETO
AJIEMEHTa U YeM MEHbIIIe KOJUYECTBO UX. B To e Bpems, Jaxke eciu, MOCTPOUTh
CUCTEMY HCIOJb3ysl CaMble COBEpPUICHHBbIE 3aM4yacTH, 3TO HE JUKBUAUPYET
BO3MOXHOCTb €€ ITOJIOMKH.

OgauM U3 cnocoOOB TOBBIMICHUS HAACKHOCTH CHUCTEMBI  SIBISIETCS
pPE3EPBUPOBAHUE BXOASIIMX B HEE JJIEMEHTOB, 32 CUET KOTOPOIO MOYKHO CO31aTh
BBICOKOHAJIE’)KHYIO CUCTEMY AK€ U3 MAJIOHAJEKHBIX 3JIEMEHTOB.

VYBenuueHneM pe3epBUpPOBaHUS B TPYOONPOBOAHOM TpPAHCIOPTE IS
MOBBIILIEHUSI XapaKTEPUCTUK HAJAEKHOCTU MOJIb3YIOTCS OYEHb JaBHO M IIMPOKO.
Hanmpumep, MOHTaxX Ha Tpynny NepeKayMBaIOIIUX arperatoB pe3epBHBIX €IUHUIL
MOIIIHOCTH, MOHTaX JBYX M 00Jie€ HUTOK PeAYLHUPOBAHUS U MPEIOXPAaHUTEIbHBIX
KJIAMlaHOB, TMpOKJIaaKa OaWmacHbIX WJIM OOBOAHBIX JIMHUM, CTPOUTEIHCTBO
JYNUHTOB OCHOBHBIX HHUTOK Ta30MpoBOJOB. Bce 3T0, MOMUMO BBINOJHEHUS
TEXHOJIOTUYECKUX 3a/lady, UMEET JOMOIHUTENbHYI0 (PYHKIMOHAIBHYIO HArpy3Ky
pE3epBUPOBAHUSl CHUCTEMBI TPYOOINPOBOJOB M BXOJSIIMX B HEE DJIEMEHTOB U, B
KOHEYHOM CUETE, MOBBILIECHUS HAJIEAKHOCTU PAOOTHI CUCTEMBI.

HanexHocth — aeecnocoOHOCTh TEXHHMYECKOrOo 00beKkTa cOeperatb BO
BpEMEHM B  YCTAHOBJEHHBIX TpaHHUIAX CMbICJIAa BCEX  XapaKTEPHUCTHUK,
XapaKTepU3yIOIINX J1€eCIOCOOHOCTh CO3/1aBaTh TpeOyeMble (DYHKIMU B JaHHBIX
peXHMax M KpUTEPUSX HCIOIb30BaHUSA, TEXHUYECKOTO CEpBHUCA, COEpEeKeHHs U
TPaHCHIOPTUPOBAHMS.

B mnoHsATHE HaNEKHOCTH 3aXOAMUT pAJl KadecTB OOBbEKTa: OE30TKa3HOCTb,
KUBYYECTb, PEMOHTOIPUTOJHOCTb, COXPAHSIEMOCTb.

be3oTka3HOocT —  CBOHCTBO  00BEKTa  OecrnpepblBHO  cOeperaTh
paboTOCIIOCOOHOE IMOJIOXKEHUE B HAINpaBICHHE KOE€ KAaKOro BPEMEHM WIIM JKE

BBIPAOOTKH.
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JIOJTOBEUHOCTh — Ka4eCTBO OOBEKTa, XpaHsALIEecs B €ro BO3MOKHOCTU He
JOCTUraTh MAaKCUMAJIBHOIO COCTOSIHMSI B JBH)KCHUU KOE-KaKOI'0 BPEMEHU IIpU
IIOCTaBJIEHHOU CUCTEME TEXHUYECKOIO0 CEPBUCA U PEMOHTA.

CoxpaHsieMOCTh — CBOWCTBO OOBEKTa MPENOXPAaHUTh B JaHHBIX TpaHHUIAX
3HAYEHHUS XapaKTEPUCTHUK, XapaKTEPU3YIOIINX BO3MOKHOCTU OOBEKTOB UCTIOIHSATh
TpeOyeMble (YHKIUHU B MOCIEICTBUH COEPEKEHUS WIH K€ TPAHCTIOPTUPOBAHMS.

PeMOHTONPUTOTHOCT, — CBOMCTBO 00BEKTa B MPUCIOCOOJEHHOCTH K
HNOJJIEPKAHUID U BO300OHOBJIEHHIO PAOOTOCHOCOOHOIO COCTOSIHUS METOJIOM
TEXHUYECKOI'0 CEpBUCA U IIOUYUHKH.

TexHUYeCcKuil pecypc — pasMep, XapaKTEpU3YyIOLIUM IPUIIAC BEPOATHOU
CyMMapHOM BBIpaOOTKH OOBEKTa OT HMCTOKAa €ro HKCIUIyaTallud WU Ke ee
BO300OHOBJICHHUSI BMOCIEACTBMM TMOYMHKM [0 TMepexoja B MaKCHUMAaJIbHOE
IIOJIOYKEHHUE.

Cpok ciayxObl — KalleHAapHas IJIUTEIbHOCTh PaOOThl MpEeAMETa A0 €ro
nepexoja B HauOoJiblliee MOJ0KEHHE, KOTOPYI0 MOXHO CUUTaTh B BPEMEHHBIX
EAMHUIIAX.

PaznuyaioT HOpPMaTHBHBIM pecypc M HOPMATUBHBIA CPOK CIYXKOBI,
onpenensieMple Ha pyOexe pa3pabOTKH IPOEKTHOIO IOPYYEHUS C Y4ETOM
[IEpEI0BOr0 TEXHUYECKOIO COCTOSHMSA, KPYIHOI'O 3HAYECHUS U TEMIIOB HAy4HO-
TEXHUYECKOI0 IIPOrpecca B pacCMaTpUBAEMOMN BETBHU.

Ha ctaguu paboTbl 00beKTa ONEPUPYIOT MHEHUSIMU OCTaTOYHOI'O pecypca
WIM K€ OCTaTOYHOIO CpOKa CIYKObI, KOTOpbIE CYHTAIOTCA MEPCOHATbHBIMU
yepTaMy TEXHUYECKUX 00BEKTOB.

be3omacHOCTh 0XapakTepHU30BBIBAET HAZEKHOCTh OOBEKTA 110 OTHOIICHUIO K
KU3HU U CaMOYYBCTBUIO JIFOJEH, HAXOMALIEHUCS BOKPYT CPElbl; a TaK XKe IPHU dTOM
3alUIIECHHOCTD BBIIEIIACT JUMUTUPOBAHUE HA 3HAUCHUE pecypca.

Puck HampsiMyto CBsSi3aH C 3alIMIIEHHOCTBIO, U (PYHKIUSI pPUCKA CUMUTAETCA
JOMOTHEHUEM (QYHKIUHU 3aIUIIEHHOCTH 10 €UHUIIBL.

N3  npuBeneHHBIX  IOHATUW  ONPENCISIIOIIMM  SBJISICTCS  IIOHATHE

TCXHHUYCCKOI'O COCTOAHUA O6’BCKTa, 4 UMCHHO, €TI0 MpCACIbHOC 3HAYCHUC.
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[Ipy oleHKE HAAEKHOCTH AHAIMZUPYIOT CIEAYIONIME BO3MOXHbBIC
COCTOSIHMS OOBEKTa: ucHpaBHOe, paboTocmocobHoe, mnpenenbHoe. CorjaacHo
I'OCT 27.002 ycraHaBnuBarOTCs CIEAYIOIINE TOHSATHUS.

HcnpaBHoe mosiokeHHE (MCIPABHOCTb) — TIOJOKEHHE OOBEKTa, IpHU
KOTOPOM OH COOTBETCTBYET BCEM NPUTSA3AHUIM HOPMATHUBHO-TEXHUICCKOW U (WIIH)
KOHCTPYKTOPCKOM (IIPOEKTHOM) JOKYMEHTAIIUH.

Heucnpanoe nosioxxeHue (HEUCIPaBHOCTH) — MOJIOKEHNE 00BEKTA, IPU
KOTOPOM, OH HE COOTBETCTBYET XOTS Obl OJTHOMY M3 TpeOOBaHHI HOPMATHBHO-
TEXHUYECKOUN U (MJIM) KOHCTPYKTOPCKOM (MIPOEKTHOM) TOKYMEHTAIUH.

PaborocnocoOHoe mosokeHne  (paboTOCTIOCOOHOCTH) —  MMOJOKEHUE
OCHAILIEHUS, TPU KOTOPOM 3HAYEHHUS BCEX XapaKTEPUCTHUK, XapaKTEePU3YIOLIHUX

J€ECIIOCOOHOCTh ~ WUCMOJHATh JaHHble (DYHKIHMH, OTBEYAlOT TPEOOBAHUAIM

HOPMaTUBHO-TEXHUYECKOU u (nn) KOHCTPYKTOPCKOM (mpoekTHOM)
JTOKYMEHTAIIHH.
HepaboTtocnoco6Hoe mosioxkeHue (HepabOTOCTIOCOOHOCTh) — TMOJOKEHUE

o0opyaoBaHUs, MpPU KOTOPOM 3HA4Y€HHE XOTA Obl OJHOrO MapaMmeTpa,
XapaKTepU3YIOIIEero  JIeeCloCOOHOCTh  WCIOJHATH  JIaHHbIE  (YHKUWH, HE
COOTBETCTBYET TpeOOBaHUSIM HOPMaTHUBHO-TEXHUYECKOM u (unn)
KOHCTPYKTOPCKOM (IIPOEKTHOM) JOKYMEHTAIIUH.

JlJisi 0O0BEKTOB, KOTOPBIE CUMTAIOTCS CIIOKHBIMU, BIIOJHE BEPOSATEH JEJEK
uX HepaboTocnocoOHbIX cocTosiHuU. [lpu 3TOM U3 OOJIBIIOrO KOJUYECTBa
HEpabOTOCIIOCOOHBIX COCTOSIHUM  BBIACNAIOT OTYAaCTH  HEpabOTOCIOCOOHBIE
COCTOSIHUS, TPU KOTOPHIX OOBEKT CHOCOOEH YacTUYHO BBIOJHATH TpeOyemble
byHKUIUU.

OTtkaz — MepomnpusTHEe, KOTOpO€  3aKJIIo4aeTci B  OTKJIOHEHUU
PaboTOCIIOCOOHOTO COCTOSTHUS 00BEKTA.

OTKa3bl CUCTEMATU3UPYIOT:

— 110 HpaBy MPOSIBJICHUS — HEOKUJAHHBIE U MTOCTETICHHBIE;
— 10 CTaAUSAM DKCIUTyaTallui 00beKTa — MPUPaOOTOUHbIE U IeTPaallMOHHBIE;

— 110 OCHOBAHUWAM ITOABJICHUA — KOHCTPYKTUBHBIC, IIPONU3BOACTBCHHBIC
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— M 9KCIUTyaTallMOHHBIE;
— 10 pe3yJibTaTaM — KpUTHYECKHE U HEKPUTUUYECKUE (CYILIECTBEHHbBIE U
— HECYIIECTBEHHBIE).

B xauecTBe npeenbHOTO MOJI0KEHUS TPUHUMAIOT COCTOSIHUE O0BEKTa, IIPU
KOTOPOM  €ro  Iocjeayiouias  JKCIUTyaTalUsi  HepaspeuleHa  WIH ke
HElles1eco00pa3Ha, WM BOCCTAHOBUTH €ro pabOoTOCIOCOOHOE COCTOSIHHE HENb3s
WIN %€ 0€CCMBICIIEHHO.

3a acneKT MaKCUMAaJIbHOTO COCTOSIHUSI IPUHUMAIOT TIOKA3aTelb UIN CUCTEMY
nokasarejied MakCMMaJbHOTO COCTOSIHUSI OOBEKTa, MOCTaBJICHHBIX HOPMATHUBHO-
TEXHUYECKOM M (WIM) KOHCTPYKTOPCKOM (MpOEKTHOM) JokymeHTanueil. B
3aBUCUMOCTH OT KPUTEPHEB HKCIUTyaTallMM MJisi MEPBOTO M BTOPOro OOBEKTa
MMEIOT BCE IIAHCHI OBITh MOCTABJICHBI JIBA M OOJIbILIE ACMEKTa MaKCUMaJbHOTO
COCTOSIHUSL.

[ToBpexneHne — MeEpONpHUATHE, 3aKIIOYaAoLIeecss B  HECOOJIOEHUU
UCIPABHOTO COCTOSIHUSI OOBEKTAa, MPU ITOM €ro paboTOCHOCOOHOE MOJ0KEHUE

MMEET BO3MOXHOCTh cOeperaThCs.
1.4.1 Iloxa3zaTean HAZEKHOCTH

[Ipu3HakaMu HaJIEKHOCTH OTMEYAlOT HEKOTOpPhle B  COOTBETCTBUU
TpeOOBAaHUAM CTATUCTUUECKON TEOPUM HAACKHOCTH KOJIMYECTBEHHBIE CBOMCTBA
OJIHOTO WJIM HEOOJIBIIIOr0 KOJIUYECTBA XapaKTEPUCTUK, 0Opa3yIOIIUX HAJIEKHOCTh
00BbeKTA.

CyIiecTBYIOT TakKue IOKa3aTeld Kak: Oe30TKa3HOCTh, JOJITOBEYHOCTD,
COXPaHSAEMOCTh U PEMOHTOIPUTOHOCTh, @ BIOOABOK COBOKYITHBIC MTOKA3aTEIIH.

Bo3moxxHoCTh paboThl 6€3 OTka3za — BO3MOXHOCTb  P(f) TOro, 4rto
COOCTBEHHO Ha 33/ITaHHOM y4acTKe BBHIPAOOTKHU (BPEMEHH) OTKa3 HE MOSBIISIETCS.

JInst T1106anbHBIX OOBEKTOB CTAaTUCTHUYECKAs OIEHKA BEPOSITHOCTU PadOThHI

0€e3 0TKa3a OPUEHTUPYETCS U3 IPONOPLUH:

P() =1—x~¥N_ n(t—ty). (1.1)
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rae N —yucio o0beKTOB; fx — MPOJAOHKUTEIbHOCTh BPEMEHU J0 0TKa3a Ka)J10ro
13 00BEKTOB; # — €AMHUYHAA QPYHKIMS XeBHcaiia.
JUist BbIUMCIIEHUSI  BEPOATHOCTU O€30TKa3HOM paboThl HAa HEKOTOPOM

otpeske Bpemenu [0, ¢] ynobna ¢opmyna:
P& =[N =n(0)] * 1 (1.2)
rae n(f) — KoIM4ecTBO 0OOBEKTOB, OTKA3aBUIMX K MOMEHTY BpEMEHHU t.

1.4.2 Tloka3aTe/in HaJIe;KHOCTH M MaTeMaTHYEeCKHE MOJEJN TEOPUH
HA/ICKHOCTH
Jononuenue pyHkuuu P(f) 10 € TUHUTIBI

Q) = 1-P(), (1.3)
CTaHEeT cyuTaThCs (YHKUMEH paBHOW BEPOATHOCTH TAaKOTO, COOCTBEHHO 4YTO
O0OBEKT OTKaXXeT XOoTs Obl pa3 oauH Ha otpe3ke Bpemenu [0, f], Oyayuu
paboTOCTIOCOOHBIM B MCXOJHBIA MEpUOJA BpeMEHU. B KOHKpPETHBIX cilydasx 3Ty
(GYHKIHIO BO3MOXKHO IMEHOBATh (DYHKIIMEH prcKa U OTMETUTD Kak H(?).

OyHKIMS paccpeOTauYuBaHMs CIyYallHOW BEJIMYMHBI — BPEMEHH pabOThI
00BEKTa 10 MepBOro oTkaza 1 — paBHA JONOJHEHUIO A0 €IMHUIIBI BEPOSTHOCTH
pabotel 0e3 oTkaza npu t = T

F(t) =1-P(). (1.4)

Cuwuras, yto napametp 1 pacnpeieseH MOCTOSIHHO, INIOTHOCTh BEPOSITHOCTU
JAHHOT'O NapaMeTpa ¢ TOYHOCTBIO JO CUMBOJIa YCTAHOBUM CKBO3b IPOM3BOIHYIO
OT (PyHKIIMH HAJIEKHOCTH:

(D) =—P(O)lr. (1.5)

B cinydae Takoro, cOOCTBEHHO 4TO OOBEKT HEBOCCTAHABIMBAEMBIM WM K€
HpaB OTKa3a TaKOW, COOCTBEHHO YTO MOYMHKA WMJIM KE YTO PEMOHT OOBEKTa He
1esnecoo0pasHel, TO MEPUOJ BPEMEHU A0 MEPBOrO OTKa3a MMEET CMBICH IEpUoja
paboTel 00BEKTa WJIHM €ro pecypca. Maremarndeckoe OXKUAAHUE BpeMeHU T

CBsA3aHO C INIOTHOCTBIO BEPOATHOCTH COOTHOIICHUCM

E[T)= [ pr(T)- T -dT, (1.6)

rae E[T]— oneparop MaTeMaTUYECKOTO OXKUIAHUS.
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[loncraBuB (5) B (6) U MPOMHTETPUPOBAB MPUOOPETEHHOE BBIPAKEHUE IO

4acTsIM C y4eToM (4), Monyyum:

E[T]= [ P(t)dt. (1.7)
Pa36poc mapameTtpa T TpakTyeTcs Aucnepcuei
D[T] = E[T"] - (E[T]), (1.8)

rae E [T2 | — BTOpOI1 HAYAJIBHBI MOMEHT pacIpeAcICHUS:
oo
— 2
E[T’]=J, pr (T)-T*dT. (1.9)
HacplleHHOCTh OTKIIOHEHUN CXOAUTHCS ¢ HEKOM INIOTHOCTBIO BO3MOKHOCTHU

BO3HUKHOBECHHS OTKJIOHCHUM WIIU OCTAHOBOB, OIIPCACJIICHHBIX IIPpU ITIOJIOKCHUH,

qTO 40 Ha6JIIOIIaCMOI‘O nepnoaa BpEMCHU OCTAHOB HC BOSHHUKHCT:

Mt)=—- P () / P(0). (1.10)
CTaTHUCTUYECKYIO OLICHKY JJISi HHTEHCUBHOCTH OTKA30B BO3MOKHO NMPHUHATH
B 00JIHKE:
At At
_ Tl(t+7)— n(t— 7)
ME) = N (O] 4t (1.11)
[TapameTp MOTOKa OTKa30B - MoKa3aTellb 0e30TKa3HOCTH
BOCCTaHAaBJIMBa€MBbIX OOBEKTOB:
. E[v(t+At)— v(t)]
(@) = limyg g : (1.12)

At
Tac V(f) — KOJIMYCCTBO OTKA30B, HACTYIIMBIINX OT HCXOJHOT'O 3Talla BPCMCHU O

3aciIyTy BHIPAOOTKH .

B npakTuke 4acTo HCMOJB3YIOT YCPEAHEHHBIN TapaMeTp NOTOKA OTKa30B

E[v(t,)— v(t,)]
Wt = [”tft (1.13)

CraTucThueckass OIICHKAa XapaKTePUCTHK BBHITIOIHICTCS HAa OCHOBaHHUH
bopMyIbIL:

v(t,)— v(ty)
wt) = # (1.14)

CpCJIHHH Hapa60TI<a Ha OTKa3 — 3HAYCHHC, IMPOTHUBOIIOJIIOKHOC IIApaMETPy
IMOTOKa OTKa30B. A Kak pa3, CTAaTUCTUYCCKAs OILCHKA CpCIIHCﬁ BBIpa6OTKI/I Ha

OTKaas:
1

)
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3akiouyenue

B nmanHoli Mmaructepckod paboTe NpPOBEACHBI M3YyYEHHUS TOJUMEPHO-
OUTYMHOTO, MOJIMMEPHO-JICHTOYHOT'O ¥ MOJIUATUICHOBOTO TOKPBITUSI HAHECEHHOTO
B 3aBOJICKMX YCJIOBHSX, Ha 0Oa3e KOUX BBIABICHO, YTO 0OoJjiee HaWIydllleM Ha
HBIHEIIIHEEe BpeMs SIBIISIETCA BHEApPEHHE TPyO € 3aBOACKUM MOJUITHICHOBBIM
IIOKPBITUEM, C IIOCIEAYIOIIEH TPacCOBOW H30JIALMEH 30H CBAPHBIX COCIMHEHUU
tepmoycanounbiMu MydTamu (Tuna TEPMA-CT), Tak Kak uX KpUTEPUHU SIBISIOTCA
HanOoJiee MePCIEeKTUBHBIMU B CPABHEHUHU C IPYTUMU OKPBITUSMH.

I[JISI OIIPCACICHUS U IMOBBIMICHUA KAa4CCTBA HCIIOJIB3YIOTCA PA3HBIC MCTOIBI.
Ho INPpUMCHATDH HOOHCpaHHOHHBIﬁ KOHTPOJIb IIPpU IIPOBCPKEC KAa4YCCTBA, 3HAYUTCIILHO
IIOBBIIIACT 3(1)(1)CKTI/IBHOCTB pa6OTBI 3aIUTHOI'O IMOKPBITUA. HpI/I IMOOIICPATMOHHOM
KOHTpPOJIC Ha KaX(HOﬁ CTYIICHHU HAHCCCHUA  IIOKPBITUA  KOHTPOJIHUPYCTCA
COOTBCTCTBHC KAUCCTBY.

B wutore mpoBeneHuss puHAHCOBOTO OOOCHOBAaHMS M pacyeTa 3aTpar Io
NEePeu30JISIIUK  ydacTKa  MarucTpajbHOrO  Tra3olpoBOJla  COBPEMEHHBIM
n301sMoHHBIM OKpbITHEM ([Tonunen 40-Ob-63) npotsxennocTsio 8000 M G110
YCTaHOBJIEHO, YTO BBIMOJHEHUE ITUX paboT Oy/eT UMETh MO0 MPUUYUHE KOPOTKOTO
cpoka okynaemoctu npoekta (0,889 mer).

B paMKax pa60T51 ObLIN pacCUuTAHbl WU TIPOAHAJIMU3UPOBAHBI TICPHUOIbI
CJIY)K6BI MHOI'MX 3alllMTHBIX HOKpBITHﬁ, Ha OCHOBAaHHHU YCTO MOXHO CIOCJIATh
3dKJIIOUCHUC, YTO HU3OJIAIUMOHHBIC MATCPUAJIBI, HCIIOJIB3YCMBIC B IIPOIIIIOM IIPpHU
3aIUTC MAIruCTPAJIbHBIX TIa30IPOBOJOB, YK€ HC B COCTOAHHUHU COIICPHHYATHL C
HOBBIMU H3O0JINHUOHHBIMU TTOKPBITUAMMH, ABJIAOINIUMUCA Oonee 3(1)(1)CKTI/IBHBIMI/I u
JOJIT'OBCYHBIMMU.

Hcxonst m3 TOro, 4rto KOHCTPYKLMH 3aIIUTHBIX HW30JALMN HENPEPBIBHO
YCOBEPIICHCTBYIOTCS, TOYHO TaK € KaK M YCOBEPIICHCTBYIOTCS METOABl HX
HAaHECEHHUs, He TmepecTaBas  yBenuuyuBaercsd 3P(EKTUBHOCTh ‘“TIACCHUBHBIX
CIOCOOOB 3alIUThl OT KOPPO3UHM MATUCTPAIbHBIX Ta30MPOBOJIOB, IMOBBIIIAETCS
JOJITOBEYHOCTh TOKPBITHS, W, TaKXKe, MEepUOJ SKCIUTyaTallud Ta30IpOBOJIOB,
W30JIMPOBAHHBIX ATUMHM MaTepuajlaM{, 4YTO MPUBOAUT K CYIIECTBEHHOMY
MOHIKEHUIO CTOMMOCTH Ha MX OJKCIUTyaTanuio. YToObl BbIOpATh ONTUMAJILHOE
M30JISIIUOHHOE MOKPBITHE HEOOXOAMMO PYKOBOICTBOBATHCS YCIOBUSIMU 3aJIeraHUs
TpyOOmnpoBOAa MW CTENEHH arpecCUBHOCTH OKpYyKarolmux TpyHTOB. [loatomy c
TOYKHU 3pPEHUSI ONTUMAIBHOCTU U 3()PEKTUBHOCTH, CTOUT MCIOIH30BATh UMEHHO
MOJIMATHIIEHOBOE M30JISIHIUOHHOE OKPBITUE HAHECEHHOE B 3aBOJICKUX YCIOBUSX.
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IIpunoxenue A
(obs13aTenbHOE)

YacTh MAruCTepCKOM AUCCEPTANUU HA AHTJIIMHCKOM SI3bIKE
Anticorrosion protection of the pipelines

Corrosion means the breaking down of essential properties in a material due
to chemical reactions with its surroundings. In the most common use of the word,
this means a loss of electrons of metals reacting with water and oxygen.
Weakening of iron due to oxidation of the iron atoms is a well-known example of
electrochemical corrosion. This is commonly known as rust. This type of damage
usually affects metallic materials, and typically produces oxide(s) and/or salt(s) of
the original metal. Corrosion also includes the dissolution of ceramic materials and
can refer to discoloration and weakening of polymers by the sun's ultraviolet light.

Most structural alloys corrode merely from exposure to moisture in the air,
but the process can be strongly affected by exposure to certain substances (see
below). Corrosion can be concentrated locally to form a pit or crack, or it can
extend across a wide area to produce general deterioration. While some efforts to
reduce corrosion merely redirect the damage into less visible, less predictable
forms, controlled corrosion treatments such as passivation and chromate-
conversion will increase a material's corrosion resistance.

1. Background

Corrosion and cracking on the external or internal surfaces of in-service
pipes, tanks, or other industrial assets reduces the integrity of the material and
potentially reduces the service life of the equipment. Defects may have various
forms and may be initiated by one or more mechanisms potentially resulting in
corrosion and/or cracking. These factors affect a wide range of materials and
bridge many industries including: industrial, aerospace, pipeline, power generation,
and marine.



Corrosion 1s one of the major problems of oil and gas pipeline
transportation. Owing to corrosion reliability and durability of pipelines are
reduced, that result in the increase pipeline life operation.

Corrosion is a natural electrochemical process. Pipelines are usually coated
to protect the external surfaces of steel pipe against corrosion.

There are essentially two methods: 1) impressed current method;
2) sacrificial anode method.

For onshore pipelines it is common to use an impressed current method. In this
system, a DC current is supplied to the pipeline and is made to flow between the
pipe and an anode ground bed via the soil. The current is adjusted to generate
higher driving potentials in the pipe than those existing naturally in the corrosion
cell. This neutralizes or reverses the effects of corrosion. This system requires
transformer stations and is usually monitored by output voltage readings. A
sacrificial anode system, on the other hand, relies upon the installation of anodes
on or near the pipeline. The pipeline becomes the cathode of the system and the
anodes, which corrode, are sacrificed to arrest corrosion of the pipeline. When
water is present in the transported fluid, corrosion of the internal pipe surfaces can
also occur. Water may be present, either alone, or in combination with CO,, H,S,
O, or other salts. The severity of corrosion depends upon the operating
temperature, pressure, conductivity, soil condition, pH, and fluid velocity and
composition. Corrosion control measures include water removal and drying,
chemical injection and corrosion allowance on wall thickness.

Marine pipelines are constructed of high-strength carbon steels in several
grades, depending on size, internal operating pressure, bending and longitudinal
stresses expected during construction, and anticipated environmental conditions.

Corrosion may occur either internally or externally to a pipeline. It tends to
occur at predictable locations. Internal corrosion in likely at low spots in pipelines
and at riser elbows, where brine, bacteria, and other corrosive agents collect.
External corrosion is most likely in the “splash zone” at the sea surface, where
wave action may degrade cratings. Corrosion engineers take preventive measures
that give priority to such high-risk locations.

Corrosion defects in pipelines develop gradually, and generally manifest
themselves as small pinhole leaks, through which small amounts of product escape.
A corrosion-induced failure is not a spectacular event. Escaping product is noticed
on the surface as either large bubbles from gas lines (a small high-pressure bubble



at pipe depth is seen as a large bubbling or “gas boil,” at the surface) or a light oil
sheen from liquid lines. Small leaks of this kind are easily detectable by routine
helicopter overflight.

The phenomenon of internal corrosion is well understood by the pipeline
industry, but requires increasing attention as pipelines and oil and gas producing
fields age. In both gas and liquid lines, corrosive mixtures of foreign materials such
as brine, drilling fluids, and bacteria from production reservoirs, not removed by
production equipment, travel in the product stream. Metal loss from internal
corrosion is generally concentrated at the bottoms of the pipe and at low spots,
especially in gas lines because the corrosive substances tend to be heavier than oil
or gas. In some cases, a combination of erosion and corrosion can occur. As more
pipelines transport mixtures of produced fluids (oil, gas, and water), corrosion
problems have become more complex, but they remain manageable.

The internal corrosion problem has grown more challenging in natural gas
lines during the past 10 to 15 years, owing to changes in operating and economic
conditions. At one time, gas accepted for purchase or transportation by many
systems, was required to be dry (free of entrained liquid or liquid vapors of any
type, including water, hydrocarbons, distillates, or condensates produced with the
natural gas). Today pipelines are more likely to carry such liquids to shore, because
of the value of the recovered liquids and the operational efficiencies of separation
ashore, as well as the limited water disposal options offshore. Cooler temperatures
around the pipeline on the ocean floor cause condensation of entrained liquid
vapors, including water, resulting in formation of corrosive liquids. Shifts of
production to deeper waters will tend to increase condensation of many of these
corrosive fluids, because pipelines will carry more mixed fluids longer distances
from producing fields to treatment and separation facilities, and in cooler waters.

Internal corrosion is more difficult than external corrosion to locate and
quantify, owing mainly to the relative inaccessibility of intermediate sampling
points on offshore pipelines. Onshore monitoring can be performed at valve sites,
stations, instrument locations, and other points, to isolate and locate active internal
corrosion. Offshore there is typically no opportunity to establish monitoring points
except at the originating platform. This location is of limited use in establishing the
existence of corrosion downstream. It is far more desirable to have monitoring
points at both intermediate and end points of a pipeline. Even under the best of
circumstances, onshore or offshore, it may be difficult to determine where fluid
velocities and pipeline profiles combine to allow water to drop out of the fluid, or



to cause erosion of the pipeline; the chemistry of the fluid and the nature of
entrained substances all affect internal corrosion activity.

Operators use various indirect means of monitoring internal corrosion.
Fluids are often monitored continuously for corrosion products at both termini of
pipelines. Small sacrificial pieces known as coupons, immersed in the flowing gas
or liquid, can be removed to test for the extent of internal corrosion. The resulting
analytical information is used as the basis for corrosion inhibitor injection
programs and for scheduling cleaning runs by “pigs” carrying internal scrapers and
brushes. Gas pipelines most commonly use corrosion inhibitors. Liquid pipelines
can rely on the flow of the liquid to keep entrained water in suspension, thus
limiting accumulation of corrosive substances on the walls of the pipe. Sometimes
it is possible to obtain a general indication of the rate of corrosion activity in a
pipeline system by monitoring the content of iron in water emitted from the
pipeline system. A high iron content would indicate need for a detailed survey and
remedial action. As production declines in some offshore fields, and liquid velocity
drops to the point at which water settles out, internal corrosion control in liquid
pipelines will be more important.

Cleaning pigs — hard rubber or inflatable plastic spheres or cylindrical
devices that travel with the product flow—are often used to move foreign
substances to a downstream location where they are removed from the system. The
recovered material is analyzed to determine the adequacy of the internal corrosion
control measures, including any chemical inhibitor programs in use. In many
pipeline systems (mainly those with subsea connections with other pipelines), the
use of pigs is difficult or impossible. Where feasible, it is an important means of
increasing the effectiveness of internal corrosion control, used by most pipeline
operators. It not only removes corrosive materials and gives operators information
on corrosion activity in the pipe, but also brings corrosion inhibiting chemicals in
better contact with the pipe surface.

Newer technologies have been developed to provide more precise
identification and location of problem areas. In-line inspection (ILI) devices (also
known as smart pigs) are suitable for some pipelines, but are limited generally by
the physical characteristics of existing pipeline systems, such as tight bends,
restrictions in subsea junctions, and the lack of room on platforms for pig
launching and receiving equipment. Retrofitting may be difficult and expensive.
Research is underway by the pipeline industry to reduce the length and weight and
improve the accuracy of such devices.



Internal corrosion tends to occur fairly consistently in several distinct
locations of offshore pipelines: in the bends at the bases of risers (pipes that
connect seabed pipelines to platforms), where corrosive liquids tend to accumulate
(especially in gas lines); and in small-diameter flowlines (pipelines connected
directly to producing wells), where corrosive liquids and sand are contained in the
unprocessed fluids. Knowledge of these patterns allows the targeted use of specific
inspection measures and remediation techniques.

To determine the structural condition of a pipeline, operators use either
pressure-testing, to reveal incipient leaks, or instrumented in-line inspection
devices (generally known as smart pigs) passed through the line to record data that
indicates metal loss or certain other pipe characteristics. These measures
complement the corrosion control and monitoring methods, and are generally used
together, to meet the circumstances of a particular pipeline and its operating
conditions.

Corrosion, while the most commonly reported cause of pipeline failures,
presents relatively small risks to the environment or human safety. Corrosion leaks
offshore tend to be small, and they tend to occur in predictable locations in the
pipes. Operators use a variety of complementary monitoring and control techniques
to limit corrosion.

Smart pigs have great promise, but most offshore pipelines are not
physically or operationally suited to their use. The accuracy of smart pigs in
locating defects is also rather poor, and the penalties for inaccurate defect location
are much higher offshore than onshore, because of the much greater cost of access
to the pipeline.

A combination of complementary leak detection systems, suited to the
individual pipeline system, is the most effective approach.

The discoverer of a leak at the water surface often has no way of identifying
and notifying the responsible pipeline operators in a timely way. Better notification
systems are needed.

2. Factors

Degradation of pipelines is the result of the persistent attack by the
environment on pipeline materials (coatings, welds, pipe, etc.). Buried pipelines
are located within ever changing environmental conditions that may lead to a
corrosive environment. Factors that may prevent or contribute to the initiation and
attack on buried pipelines include the following.



Buried pipe is coated to offer protection from the surrounding environment.
A breakdown in the coating will result in pipeline metal being exposed. The
material used for coating pipes varied over the years as technology evolved. For
example; in the 1940’s and 50°s coal tar, wax, and vinyl tape were used; in the
1960’s asphalts were used; and in the 1970’s to present day fusion bond epoxy was
and is being used. Polyethylene tape and extruded polyethylene jacket material was
also used from the early 1950’s to the present day

The temperature of the soil as well as the temperature of the pipe may create
favorable conditions for attack on pipeline materials. Liquid and gas lines have
slightly different operating temperature characteristics but both are still
susceptible. For example, with gas pipelines both the pipe and surrounding ground
can vary from a high of 40°C upon leaving the compressor station down to 5°C at
distances from the station.

Corrosion, in particular cracking, is related to the pressures exerted on the
pipe. As the pressures within the pipe are increased, the growth rates for cracks
also increase. The circumferential stress (hoop stress) generated by the pipeline
operating pressure is usually the highest stress component that exists.

Conditions where the pipe is under cyclic loads may result in increased
crack growth rates. Operating pressures for large diameter pipe can measure up to
8700kPa (1250 psi). The pipeline pressure continually fluctuates due to loading
and unloading of product and is influenced by pump activity. This applies to both
gas and liquid lines but has greater influence in liquid systems.

3. Types of corrosion

Corrosion is the breakdown of the parent material due primarily to
electrochemical methods where there is an exchange of electrons between two
materials. Corrosion has the potential to reduce a product’s design life by
premature degradation. The rates of attack and severity of corrosion will vary
depending on the influencing factors mentioned above. The type of corrosion that
is experienced may vary as well (Mattson, 1996). Typical corrosion types found on
pipelines include:

Uniform or general corrosion
proceeds at approximately the same rate over the whole surface being corroded and
the extent can be measured as mass loss per unit area.



Pitting
results in pits in the metal surface due to localized corrosion.

Crevice corrosion
occurs in or immediately around a break in the material.

Intergranular corrosion
results in corrosion at or near the grain boundaries of the metal.

Erosion Corrosion
involves conjoint erosion and corrosion that typically occurs in fast flowing liquids
that have a high level of turbulence.

Environment-induced cracking
results from the joint action of mechanical stresses and corrosion. Stress Corrosion
Cracking (SCC) falls within this group.

4. Corrosion patterns

The various corrosion types produce distinct corrosion patterns. However,
whether the corrosion is a result of low level and pitting corrosion that effects large
areas or it is a more aggressive galvanic or microbiologically influenced corrosion
(MIC), the result is metal loss that could compromise the integrity of the pipe. The
corrosion patterns produced include uniform defects, pitted surfaces, striations, and
channel defects.

Calibration blocks for sizing corrosion are typically quite simple and have
one primary requirement, to assist an operator with calibrating the ultrasonic
equipment to allow accurate assessment of the material being inspected.
Depending on the inspection format, manual or automated, the blocks used for
calibration may vary.

5. Coating specifications

The primary use of internal coatings is to protect the inside or outside
surface against corrosion and also protect the stored contents from contaminition.

Coating specification should be a clearly defined list of requirements or
instructions. Just as a drawing must give exact dimensions, so must a coating
specification state the exact system to be used. In the preparation of such a



specification, consideration must be given to such factors as types of coating
available, types of surfaces to be coated, compatibility of coatings, and number of
coats required on the various types of surfaces for maximum protection.

Many types of internal coatings are available for numerous protection
requirements. Because of the unlimited types and applications, only a few are
described here:1) coal tar;

2) epoxy resin;
3) rubber lining;
4) galvanized;

5) external.

Coal tar

Among the oldest and most reliable coatings, coal tar has extremely low
permeability, protects the surface by the mechanical exclusion of moisture and air,
is extremely water resistant, and resists weak mineral acids, alkalis, salts, brine
solutions, and other aggressive chemicals well.

Epoxy resin

Epoxy resin gives excellent adhesion, toughness, abrasion resistance,
flexibility, high gloss and durability, and good chemical and moisture resistance.
Typical applications include linings for sour-crude tanks, floating roof tanks,
solvent storage tanks, drilling mud tanks, and pipelines.

Rubber lining

Rubber lining is used as internal lining for storage tanks that are subjected to
severe service, such as elevated temperatures, or for protection from extremely



corrosive contents such as concentrated chlorides, and various acids, such as
chromic, sulfuric, hydrochloric, and phosphoric.

Galvanized

Galvanizing (zink coating) is highly resistant to most types of corrosion.
Bolted steel tanks are ideally suited for galvanizing since all component parts are
galvanized by the hot-dip process after fabrication before erection. Galvanized
bolted tanks are recommended where sulfur oil is produced and associated with
hydrogen sulfide gas. Galvanizing is also very effective against corrosion in

seacoast areas where atmospheric conditions present difficulties in maintaining
tank life.

External

The basic needs for external coatings are protection against weathering
exposure and appearance. Many types of external coatings are available, ranging
from basic one-coat primers with one or more top coats. Environmental conditions
usually dictate the extent of coating applied. Offshore and coastal installations
require more extensive coatings compared with inland locations.

The marine environment is generally uniform and stable with respect to its
corrosivity. Pipelines are protected against corrosion by bonded coatings. On larger
diameter pipelines, which would otherwise float when empty or be subject to
excessive displacement by waves and currents, a concrete weight coating is added
to provide stability, and incidentally some mechanical protection from objects such
as the anchors of small vessels. Specifications for corrosion-preventive coatings
and their application and testing are available from several associations
representing the pipeline industry and coating firms.

To prevent the electrochemical process of external corrosion, marine
pipelines use cathodic protection systems, which apply a small voltage to the pipe,
either from an external power source or through the electrochemical reaction of
two dissimilar metals using seawater as an electrolyte. The earliest type of cathodic
corrosion prevention system (known as impressed current protection) used single-
location, or “point-groundbed,” anodes, powered by electrical rectifiers to provide



protective current to the pipeline. The original system anodes are generally
depleted after 10 to 15 years of service and replaced with new ones. A drawback of
this system is occasional interruption of electric power, supplied by generators on
platforms; although occasional brief interruptions are not harmful, the relative
inaccessibility of the rectifiers can make outages more frequent and longer than
desirable. The adequacy of corrosion protection—and in particular protection from
external corrosion—at intermediate points, between anodes, is difficult to verify.
For these reasons, impressed current systems are not often used today.

External inspections of marine pipeline facilities are performed only as
conditions warrant, for reasons of cost, safety, and environmental impact. Any
diver-assisted operation carries risks of injury. The disturbance of sediments and
the potential for damage to the pipe raises environmental issues. Cost issues arise
when the anticipated benefits are not adequate in comparison to the costs incurred.
Direct access to submerged pipelines is in any case limited, because the pipe is
buried and/or covered by a corrosion-protective coating and sometimes a concrete
coating (used to add weight to the pipe). External inspection is therefore limited
primarily to situations where significant damage is suspected (as, for example,
when a ship's anchor has been accidentally dragged near the pipeline) or when it is
necessary to confirm the pipeline's location or burial status.

The inspection technique used depends on the results desired. Even for
equipment that is buried, it may be possible to uncover the piece of equipment or
section of pipe (albeit at great cost) and achieve the same direct access or, in rare
cases and in shallow water, even raise it to the surface for repair without
disconnecting it.

Alternative methods of externally inspecting subsea pipelines use specially
designed sonar or magnetic devices that are towed along or across a pipeline to
give an electronic, rather than visual, indication of the pipeline's location and burial
status. These indications are, of course, indirect; that is, the data must be
interpreted and translated into useful information. Accompanying this indirect
method of inspection are certain inaccuracies inherent with these techniques;
however, these methods do have very definite and widespread applications
offshore.

6. Mechanism of cathodic polarization



Cathodic polarization can be applied to control corrosion that is
electrochemical in nature, whereby circulating current is forced to flow onto the
entire surface area of the steel structure making it cathodic and thus in a
noncorroding state (Fig. 1).
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Fig. 1 — Scheme of the leaking of circulating current at underground pipeline

Self-contained sacrificial anodes are recommended for protecting the interior
of tanks and pipelines. An impressed-current system is recommended for pipe
storage, pipelines, casing in producing wells, etc. In this system, the current is
furnished by an AC power system, then rectified to DC current and fed to the
structure by the use of a semipermanent anode.

Today, so-called sacrificial cathodic protection is more common. It involves
the use of anodes of a sacrificial material such as aluminum or zinc, electrically
bonded and attached to the pipeline as clamp-on bracelets. These anodes are sized
and spaced along the pipeline to provide uniform cathodic protection for at least 25
to 30 years, taking into account the anticipated extent of coating damage, the anode
depletion rate, and other factors. One drawback of sacrificial systems is that
depleted anodes cannot be as readily replaced as the single point anodes of the
impressed current system. In addition, the anodes on smaller pipes, without weight
coatings, may be damaged during pipeline installation, rendering them
nonfunctional and reducing the safety factor built into the system. (On larger
lines—the most common—the outer diameter of the anode is the same as that of
the weight coating, making such damage unlikely).



Conventional cathodic protection monitoring of offshore pipelines is
generally conducted by measuring the pipe-to-electrolyte potential of the pipeline
at easily accessible points, generally the platform riser and/or a point onshore. This
technique produces data for only one or two points, so there is some difficulty in
judging the protective status of the rest of the pipeline, which depends on such
things as the condition of protective coatings and the integrity of anode-to-pipe
connections.

7. Surface preparation

The importance of surface preparation would seem so fundamental that it
would not deserve mention in specifications: however, poor surface preparation is
a major contributing factor of many coating failures. Detailed instructions should
be given all along the line and steps taken to see that they are carried out properly.
Basically, no coating can be better than the surface over which it is applied. If that
surface is dirt, grease, moisture, mill scale, rust, concrete dust, or any other foreign
or interference material, failure can be expected. These substances, forming a film
between the surface and the coating, soon break down and fall away, taking the
coating with them. Such failures cannot be called coating failures. The type of
surface preparation required on various surfaces is determined by the nature of the
surface itself, the operating conditions to which such surfaces will be subjected,
and the type of coating to be applied to the surfaces. As a general rule, metal
surfaces that are to be submerged require more thorough surface preparation than
those areas that will be nonsubmerged (Fig. 2).



Fig. 2 — Surface preparation by refinement facility

The more severe the corrosive atmospheric elements will be the more
thoroughly surface preparation must be carried out.



