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tpy6onporoza | N ;i BmsHECM  KOPPO3HOHHO-AKTHBHOI
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YTBepxKIeHa MPUKA30M JUpeKTopa (1ara, HoMep) ot 19.04.2017 r. Ne2696/c

Cpok ciauu cTyIEHTOM BBIITOJHEHHOH paboThI: 19.05.2017r.

TEXHUYECKOE 3AJIAHUE:

Hcxoanble naHHbIe K padoTe OOBeKT uccneoBaHus — MPOIECC BIUSHUS KOPPO3UH

Ha CTEHKy TpyOOmpoBo/a.
(naumenosanue o6vexma uccied08anus Ul NPOeKMUPOSAHUSL;
NPOU3600UMENLHOCTIb UL HAZPY3KA, PENCUM PabOmbl HpeﬂMeT UCCIIEIOBaHUs — CIOCOOBI MOHHUTOPHHTA

(Henpepbl8HbILl, NEPUOOUYECKULL, YUKIUYECKUU U M. 0.), 8UO KOPPO3HH, OIIpEICIICHHE OCTAaTOYHOT'O pecypca
CbIPbs UNU MAMEPUAT U30€NUsl;, MPebO8AHUS K NPOOYKMY,

u30enuro unu npoyeccy; ocobuie mpedo8aHusi K 0COOEHHOCMAM TPY6OHPOBOJI3 n  MOJICIMPOBAHHUC  HAIPSIKCHHO-
@dyHKyuoHUposanus (IKchayamayuu) 06vekma un u3oenus 8 )Ie(l)OpMI/IPOBaHHOFO COCTOSTHUS TPY6OHpOBO na.

naane 6e30nacHOCMuU IKCIYAMayuu, BIUAHUS HA
OKPYACAIOULYIO CPey, IHEP2O3AMPAMAM, IKOHOMUUECKUT
aHanuz u m. o.).




Hepeqenb nmoaJjiexkalmux ucCjaeaI0BaHHIo0,

— aHaJIu3 COCTOSIHUSA TPOMBICIIOBBIX TPYOOIIPOBOIOB;

NPOEKTHPOBAHUIO U pa3padoTke — aHaJlu3 CYIIECTBYIOIIMX METOAOB 3allUThl OT
BOIIPpOCOB KOoppo3uun
(aHarumuyeckuti 0630p NO IUMEPAMYPHBIM UCMOYHUKAM C — pacdacT  OCTaTOYHOro pecypca  IPOMEICIOBOTO
Yelbio BbIACHEHUs. OO CIMUICEHUL MUPOBOLL HAYKU MEXHUKU 6 pr601‘[p0]30 aa, a TaKKe MOJCIIMPOBAaHUEC
paccmampugaemotl 0b1acmu, NOCMAaHOBKA 3a0ayu
UCCe008AHUS, NPOESKMUPOBAHUSL, KOHCIPYUPOBAHUSL, HaHpH)KeHHO_He(bOpMHpOBaHHOFO COCTOSHHA
codepaicanue npoyedypul UCCIe008AHUS, NPOESKMUPOBAHUS, pr6or[po]30 31 ¢: I ¥ (0 ) BIIUSIHUEM  KOPPO3HMOHHO-
KOHCMPYUpOo8aHus; 00cysicoeHue pesyibmanos 8blnoIHeHHOU o

. AKTUBHOU CPCIbL
pabomvl; HAUMEHOBAHUE OONOIHUMETLHBIX PA30EN08,
noonesicawux paspabomxe, 3aKuioyeHue no pabome).
Hepeqenb rpaqueclcoro MmarTepuaja OnpeneneHI/Ie HUHACKCa Imogauunu I/IHFI/I6I/ITOpa;
(c moYHbIM YKa3aHUuem 00513amenbHbIX Yepmedicel) SKBUBAJICHTHBIC HAaMPsDKCHUSA 110 MI/I?,eCy; 06]]_[21;1

nedhopmarus TpyoonpoBoaa

KoncyabTanThl 10 pa3iesaM BbIIYCKHON KBAIN(GUKALMOHHON padoThl

(¢ yxazanuem pazoenos)
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_ 3AAHME JUISl PA3JIEJIA
«®UHAHCOBBIII MEHEJUKMEHT, PECYPCO®®EKTUBHOCTD U

PECYPCOCBEPEXEHUE)
Crygnenry:
I'pynna DPUO
2bMb5A Bbaknymmny Tumodero KOpreBuuy
HucruryT IIpupoansix pecypcos Kadenpa Tpancnopra u XxpaHeHust
He()TH M raza
YpoBeHb 00pa3oBaHMsl | MarucTp Hanpagsienne/cneunansnocts | 21.04.01 «Hedterazosoe
neno» mnpoduns «HaxexxHOCTh
ra3oHe(TenpoBOIOB u
XpaHWIHID)

pecypcocOepekeHue»:

Hcxonnbie 1anHble K pa3aenay « DHHAHCOBBIA MEHEIKMEHT, pecypcodPPeKTUBHOCTDH U

1. Cmoumocms pecypcos nayunozo ucciedosanus (H1):
MaAmMepuanbHO-MEXHUYECKUX, IHEPLEMULECKUX,
PUHAHCOBLIX, UHOPMAYUOHHBIX U YE0BEYUECKUX

OI_IeHKa 3aTpar Ha CHCTEMBI MOHHUTOPUHI'A
KOPPO3MH TPOMBICIOBOTO TPYOONpOBOAAa W €ro
obcmy)KuBaHue

2. Hopmul u Hopmamuesl pacxo008anus pecypcos

BHTII 3-85

3. chwzwye/waﬂ cucmema HaﬂOZOOﬁ/ZOJ!C‘eHMﬂ, cmaeku
HAJlo2oe, OI’)’U{MCJZQHMIJ, OMCKOHmupOG(JHuﬂ u erdumogayuﬂ

Hanoroserii konexc PO
®3-213 ot 24.07.2009 B penakuuu ot 09.03.2016r.
Ne 55-d3

IlepeyeHsb BONMPOCOB, MO/JIEIKANMX UCCTETOBAHUIO, TPOEKTHPOBAHMUIO U Pa3padoTke:

1. Oyenxa xommepuecko2o nomenyuana, nepcneKMUEHOCHU U
anvmepHamue npogederus HU ¢ nosuyuu
pecypcodaghgexmugHocmu u pecypcocoepeicenus

OOocHoBaHHE  HEOOXOIUMOCTH  NPHUMEHEHHS
CHCTEMBl  KOPPO3HOHHOTO  MOHHUTOpPHHTa B
TpyOOIPOBOAHOM TPAHCIOPTE C LENBI0 CHIKECHHS
U3HOCA TPyOOIPOBOIOB

2. Ilnanuposanue u popmuposarue 0100#cema HAYUHbIX
uccnedo8aHull

HHaHI/IPOBaHI/Ie 6IOI[)KeTa Ha MIPOBCIACHUC
MCPOIIPpUATHA II0 MOHTa)Xy W HCHOJb30BaHUIO
CHUCTCMblI MOHUTOPHHI'A KOPPO3HUHN

3. Onpedenenue pecypcroii (pecypcocbepezarouyeti),
Qunancosotl, 6100AHCeMHOU, COYUATLHOU U IKOHOMUYECKOU
aghpexmusHocmu uccied08aHus

OOocHOBaHHE  HEOOXOJAMMOCTH  TPHUMEHEHUS
CHCTEM MOHHUTOPDHHTA KOPPO3HH C  I[EJbIO
CHWKEHHSI M3HOCA TPYOOTIpoBOIa

Hepeqenb rpa(l)nlleucoro MaTEPHUAJIA (c mounvim yrazanuem 06a3amenvHbX yepmedicel) .

Pacuem sampam Ha npuo6pemeHue cucmemvbl MOHUMOpUHea Koppo3uu
Pacuem oonoanumenvhulx sampam, CEA3AHHbIX C MOHMAINCOM U NPUMEHEHUEM CUCMeMbl MOHUNMOPUHeA KOPppO3UU

| laTa BbIIauM 321aHusI VIS PA3/ieia 110 JIHHEHHOMY rpaduKy \ 16.03.2017

33}13HI/I€ BbI1AJ KOHCYJbTAHT:

J0/KHOCTH [%(0] ‘Y4enasi cTeneHs, Ioanucey JaTa
3BaHHe
noreHT kadenper DI1P [Mapp U.B. K.3.H., JOLIEHT 16.03.2017
3ananue NMPUHAJ K UCIIOJTHEHUIO CTYAECHT:
I'pynna DPUO Mogmuce Jara
2bMSA baknymmn Tumodeit FOppeBuu 16.03.2017




3AJJAHUE JIJISI PA3JIEJIA }
«COLUAJIBHASI OTBETCTBEHHOCTb» IPU YIIPABJIEHUM NEPEKAYKOWM
HE®THU O NPOMbBICJIOBOMY HE®TEIPOBOAY

CryneHnry:
I'pynna DPUO
2BMSA baknymuny Tumodero KOpbeBuuy
HucruryT Kagenpa
YposeHb 00pa3oBanusi | MarucTp Hanpagsienne/cneunanbiocts | 21.04.01 «Hedrerazosoe nemo»
poduIb «HapnexHocTs
ra3oHe(TenpoBOJI0B u
XPaHMJIULD

Hcxoanble faHHbIE K pa3geiny «COIII/Ia.TIbHaﬂ OTBETCTBEHHOCTb)» .

1. XapakTepucTrka 00heKTa UCCIIeIOBAaHUS (BEIIECCTRO,
Marepuai, npudop, anropuT™, METOIUKA, padodas 30Ha)

Pabouee MecTo — y4acTOK IPOMBICIIOBOTO
TpyOOIpoBOIa, HA KOTOPOM PACIIOJIOKEHBI
KaMepbl IyCcKa-TipreMa CpeICTB OUMUCTKU U
JUAarHOCTHUKH, IMHEWHBIE Y37IbI TOAKIIOYECHUS
TpyOOmpoBoaa AJsl OCYILECTBICHUS
nepeKavyku HeTU IO MPOMBICIIOBOMY
He(TEepoOBOIY.

[IpoMBICTTOBBIN HEPTETIPOBO PacTIONaraeTcs
Ha MCCTOPOXACHUU U ABJIACTCA OAHUM U3
OCHOBHBIX 3JIEMEHTOB 000pPY/I0BaHHUSI.

Hepeqeﬂb BOIIPOCOB, NOJJICKAIUX HCCIACTO0BAHUI0, IPOCKTHUPOBAHUIO H pa3pa60TRe:

1. IlpousBoacTBeHHAs1 6€30IACHOCTH

1.1. AHanu3 BBISIBICHHBIX BPEIHBIX (AaKTOPOB MPH
pa3paboTKe U 3KCILTyaTaluH IPOCKTUPYEMOIO PEIICHHS B
CIIEAYIOIIEH ITOCIeI0BATENbHOCTH:

1.2. AHanu3 BBISIBIICHHBIX OMACHBIX (PaKTOPOB MPH
pa3paboTKe U 3KCILTyaTaluH IPOEKTUPYEMOTO PELICHHS B
CJIEIYIOIIEH ITOCIeI0BATEIbHOCTH:

1. IloBbIlIeHHas 3ara30BaHHOCTH BO3yXa
paboueii cpensr;

2. IloHnkeHHas TeMIeparypa Bo3ayxa
paboyeii 30HbI;

3. BiusiHue BpeAHBIX BEIIECTB

1. IBmxKymiyecss MeXaHU3Mbl; TIOABHKHEIE
YacTH MPOU3BOJICTBEHHOTO 000PYI0BAHHUS;
2. DNeKTpUYECKUN TOK

3. OnacHbIi ypOBEHb AaBJICHUS B
TPYOOIIPOBOJIE;

4. TToxxapoB3pbIBOOE30IIACHOCTD.

2. DKoJIornyeckas 0e30ImMacHOCTh:

— aHaJu3 BO3JICHCTBHS 00beKTa Ha aTMOchepy
(BBIOpOCHI);

— aHaJIU3 BO3/ACHCTBUS 0O0BEKTA Ha
ruapochepy (cOpocsr);

— aHaJu3 BO3ACHCTBUS 00BbEKTa Ha TUTOChEpY
(oTxompr).

3. be3onacHOCTH B Ype3BbIYAIHBIX CHTYAlUSIX:

— nepedyenb Bo3MOkHBIX UC mpu pazpabotke
U SKCILUTyaTaluH IPOEKTHPYEMOT'O PEIICHHUS;

— BbIOOp Hanbonee TunnyHoK YC;

— pa3paboTKa NPEBEHTUBHBIX MEP T10
npenynpexaenuto YC;

— pa3paboTKa AeHCTBUIl B pe3ybTaTe
Bo3HHKIIeH UC 1 Mep 1Mo JIMKBUIAITNH €&




MHOCJIEICTBUM.

— cIienuasbHble (XapaKTepHbIe MPH
9KCIUTyaTalluy 00bEKTa HCCIIETOBAHNS,
MIPOEKTHUPYEeMOi paboueii 30HbI) TPABOBLIE
HOPMBI TPYZOBOTO 3aKOHOJATEILCTRA,

— OpraHu3alMOHHBIC MEPOIIPUSITHS TIPU
KOMIIOHOBKE pabodeii 30HbI.

4. IIpaBoBbIe M OPraHN3aANHOHHBIE BONPOCHI
o0ecreuyeHus 0e30IaCHOCTH:

‘ JlaTta BbIIaYM 3aJaHHA 1JIs1 pa3jiesia no JuHeiiHoMy rpaduky 16.03.2017

3ananue BbIIAJ KOHCYJIbTAHT:

J0KHOCTD (1% (0] YueHasi cTeneHs, Moanucey Jata
3BaHHe

UHXEHEP Mananosa H.B. K.T.H 16.03.2017

3ana1me NMPUHHAJ K HCIIOJTHEHUIO CTYACHT:

I'pynna DPUO Hoanuch Jara

2BMS5A Baknymma Tumodeit FOpbeBny 16.03.2017




PE®EPAT
Brimycknas kBanupukanuonnas padora 101 c., 25 puc., 18 Tabn., 49 ncTo4HUKOB

KiroueBbie crioBa: ceipast He(Th, TPAHCIOPT, IPOMBICIOBBIM HEPTEIPOBOI, MECTOPOXKICHHE,
KOppO3Msl, MOHHUTOPUHI, OCTAaTOYHBIA pecypc, cHcTeMa, HalpsHKeHHO-Ie(pOPMHUPOBAHHOE
COCTOSIHHE.

OOBEKTOM HCCIIEIOBAaHUS SIBISETCS IIPOLIECC BIUSHUS KOPPO3MOHHO-aKTUBHOM Cpeibl Ha
CTEHKY TpyOOIIpoBOa.

[lenb paGoTHI: pacyeT OCTAaTOYHOI'O pecypca TPyOOIpoBOJa MO JAHHBIM MOHMTOPHHIA
KOPpPO3MH OT TPeX pPAa3JIMYHbIX HCTOYHHUKOB; MOJEIMPOBAHUE HAINPSHKEHHO-Ae(OPMHUPOBAHHOTO
COCTOsTHUS TPYOOMpoBoia ¢ 1e(heKTOM.

bbut mpoBezieH aHaJIM3 COBPEMEHHOTO COCTOSIHUS MPOMBICIOBBIX HE(TEIPOBOJOB U aHAIN3
CI0CcO00B, NO3BOJIAIOIIMX CHHU3UTh CKOpPOCTh KOppo3uu TpybompoBoaa. K Ttakum crnocobam
OTHOCSITCSl HCIOJb30BAaHNE HMHTUOUTOPOB U BHYTPEHHHX 3alUTHBIX TMOKPBHITUN. PaccMoTpeHbl
CTPYKTYpa ¥ (YHKIMM MOHUTOPHHTa KOPPO3HM MPOMBICIOBOTO TpyOorpoBona. K oCHOBHBIM
TUNIaM  MOHHUTOPHHIa CKOPOCTH  KOPpPO3UH  IPOMBICIOBBIX  TpyOONpPOBOAOB  OTHOCATCS
rPaBUMETPUYECKUM METOJA, METOJl JJIEKTPUYECKOTO CONPOTUBIIEHUS, METOJ CONPOTHBICHUS
JUHEHHON MOJSpU3AIIIH.

BoinosnHeH pacueT OCTaTOYHOIO pecypca IMPOMBICIIOBOTO TpyOOIpoBOJa Ha OCHOBAaHUU
JTAHHBIX, TMOJYYEHHBIX OT TPEX Pa3IUYHBIX HMCTOYHUKOB, a TaKXKe IMPOBEICHO MOJEIMPOBAHUE
HaNpsHKEHHO-Ie(OPMHUPOBAHHOTO COCTOSIHHSI TpyOOnpoBoja ¢ AeeKToM THIA «yTOHEHUE
CTEHKW» JIs OmpefeNieHus paboTocrnocoOHOCTH TpyOOIpoBoaa.

Ha ocHoBaHuM nosryuyeHHBIX JaHHBIX OBLI paccuuTaH OCTATOYHBIN pecypc TpyOonpoBoja ¢
pa3IMYHBIMH CKOPOCTSMU Koppo3uu. /[l mpoBepku ycloBHIl 0e€30MacHON H3KCIUTyaTaluu
TpyOOmnpoBOJa, OBLIO NMPOBEICHO MOJECIMPOBAHHE HAIMPSHKEHHO-AS()OPMUPOBAHHOTO COCTOSIHHS
TpyOONpOBOJa C y4e€TOM BCEX Harpy3ok JIEHCTBYIOIIMX HAa HEro Mo JAaHHBIM C CaMoOil BBICOKOM
CKOPOCTBIO KOPPO31H, B PE3YyJIbTaTe Yero ObLIO BBISBICHO, YTO Ja)Ke MPU TEKYIIMX HAIPSDKEHUSIX B
30He jgedekra, Oe3omacHas OSKCIUTyaTallds BO3MOKHA B TEYEHHE CpOKa OIPENeIEHHOrO
OCTaTOYHOTO pecypca.

[TpuBeneHbl MEPONPUATHS TIO 3alUTE OT BPEAHBIX U ONACHBIX (PAKTOPOB MPOU3BOJCTBEHHON
Cpelpl, OXpaHE OKPYKAIOLIECH Cpelbl M 3aIIUTE B YpE3BbIYANMHBIX cuTyauusx. [IpoBeaen pacuer
3aTpaT Ha MOHT@X U OOCITYy)XMBaHUE TpeX pa3IMYHBIX CHUCTEM MOHHMTOPUHIA KOPPO3HH,
MCIOJIb3YIOIINXCS HA KOHKPETHOM MPOMBICIIOBOM TPYyOOIIPOBOJIE.

OcCHOBHBIE ~ KOHCTPYKTHBHBIE,  TEXHOJIOTMUECKHE U  TEXHUKO-IKCIUIyaTallHOHHbBIE
XapaKTEpUCTUKU: BIHUSIHUE KOPPO3HMOHHO-AKTUBHON Cpe/bl HA OCTATOUHBIN pecypc M HalpsHKEHHO-
e OpMHUPOBAHHOE COCTOSIHUE TPYOOIIPOBOIA.

Ob6nacTh npUMeHEeHUs: TPyOONPOBOAHBII TpaHCIOPT HEPTH.

OkoHOMHUYecKass A(P(PEKTUBHOCTH/3HAUUMOCTh  paboThl. CBOEBpEMEHHOE IPOBEJCHHE
MEPOIPUATHM, BXOIAIIMX B MOHUTOPUHI KOPPO3WHM II03BOJIAET OIEPAaTUBHO pearupoBaTh Ha
U3MECHEHUE arpecCUBHOCTH CpelIbl, M TEM CaMblM U3MEHATh CYILUECTBYIOIIUNM IOPSAIOK
AHTUKOPPO3MOHHBIX MeponpusTuil. JlaHHble AeWcTBUS, BIOCIEICTBUU, IO3BOJAT H30eXKaTh
HEMpeIBUICHHOTO pa3pylIeHHs Tena TpyObl, M TAKUM 00pa30M, CHU3UTh 3aTpaThl MPEINPUATHS Ha
MOHTaK HOBOT'O y4acTKa TpyObl, a Tak)Ke Ha YCTpaHEHHE MOCIeICTBUN aBapHilHOro pa3nuBa HedTH.



O00o3Ha4yeHNs U COKPaALLICHUS
[TH — mpomBbICiIOBEI HEDTETTPOBOT
KIICO/I — xamepa mycka/mprema CpeicTB OUUCTKU U TUarHOCTUKU
ER — MeToa 3nekTpuyeckoro conpoTUBICHUS

LPR — meTox MuHEHOM nospy3aiu
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1. Corrosion of oil pipelines

1.1. Corrosion and it’s mechanism

1.1.1. Electrochemical corrosion

1.1.2. Galvanic (bimetallic) corrosion

1.2. Types of pipeline corrosion

1.3. Corrosion mitigation for oil pipes

1.3.1. Use of inhibitors

1.3.1.1. Types of inhibitors

1.3.1.2. Some modern corrosion inhibitors
1.3.1.3. Inhibitor choice and calculation

1.3.2. Use of protective coatings

1.3.2.1. Varnish-and-paint coatings

1.3.2.2. Powder polymer coatings

1.3.2.3. Pipe vitrification

2. Corrosion monitoring

2.1. The aim, definition and methods of corrosion monitoring
2.2. The structure of corrosion monitoring

2.3. Defining monitoring parameters

2.3.1. Direct monitoring parameters

2.3.2. Indirect monitoring parameters

2.4. Basic pipeline corrosion monitoring methods
2.4.1. Gravimetric method of corrosion rate estimation
2.4.2. The method of electrical resistance(ER)

2.4.3. The method of linear polarization resistance(LPR)
3. TexHonoruueckui pacyet

3.1. Xapakrepuctuka 00ObEKTa UCCIICTOBAHUS
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BBEJAEHUE

Kaxx11p1il ro 3HaunTENbHBIE (PUHAHCOBBIE CPENCTBA PA3IMYHBIN NPEITPUATHS
TPaATAT HA PEMOHT Pa3pyLIEHHbIX METALUIOKOHCTPYKINI BCIEACTBUE KOPPO3UOHHOTO
MOBPEXICHNA. DONBIIMHCTBO METAUNIMYECKUX MATEpUaAJOB, B MPAKTHYECKOM
NPUMEHEHHUH, TOJIBEP)KEHBI OJTHOBPEMEHHO BIUSHUIO aTMOC(HEPHI U BOAHON CpEJibI.
B Hacrosiee BpeMsi KOPpO3Usl METAJUIMUYECKUX KOHCTPYKIUHU SIBISETCS OTPOMHOM
npobiemoir. Oco0eHHO oOocTpo 23Ta mpodieMa  KacaeTcs  MPOMBICIOBBIX
TpyOOIIPOBOJIOB, BIUSET HA MPOLECC MEPEKAYKU YTIEBOJOPOJIOB M SKOJIOTHUECKUN
OaslaHC OKPY>KaIOIIEH Cpebl.

OcHoBHoi1 npoOsemoii [TH, He3aBuCHMO OT criocoba X MPOKIAAKH, SIBISETCS
MaJlblii CPOK SKCIUTyaTallud, KOTOpBIA OOYCIIOBJIEHHBIN arpecCUBHOCTHIO (hironpa.
OTa arpecCMBHOCTb 3aBUCUT OT PACTBOPEHHOI'O KOJMYECTBA W KA4eCTBA COJIEU B
IJJaCTOBOM  BOJE. A TakkKe  3aBUCUT OT  KOJMYECTBA  PACTBOPEHHBIX
HEYTJIEBOAOPOJHBIX Ta30B M JABICHHUS IPU KOTOPOM CpEAy TPAHCHOPTUPYIOT.
[To3TOMY, OCHOBHBIMH ITPOOJEMaMH, CBSI3aHHBIMU C 3KCIUTyaTallUed TaKUX CHUCTEM,
SBIISIIOTCA MPOOJIEMBl YpPE3BBIYAHOIO KOPPO3MOHHOI'O M3HOCA BHYTPEHHEW CTEHKU
TpyOomnpoBoga. Tak, 1o OLIEHKE COBPEMEHHBIX HCCienoBaTesiel, Ha OOJIbLIMHCTBE
MecTopoxaeHui [TH He BbIIEpKUBAIOT M S—JIETHErO CpPOKa JKCIUTyaTalld, 4YTO
TpeOyeT NONOJHUTENBHBIX 3aTPaT FKCILTYaTUPYIOLIETO MPEANPUATUS U IPUMEHEHHUS
HOBBIX COBPEMEHHBIX TEXHOJOTUHM, MO3BOJIAIOIIMX MPOJJIUTh 3KCIUTyaTallMOHHBIH
pecypc yKa3aHHBIX TEXHUYECKHX OObEKTOB.

JlanHast 3a7aya MOXKET OBITH pElIeHa TOJIbKO IMyTEM OIpeAeTeHUs] MPUYUH
KOPPO3HOHHOTO HM3HOCA, BBISIBIEHUEM (PAKTOPOB BJIMSHUS Ha CKOPOCTh KOPPO3UH,
BHIOODOM  HOBBIX TEXHOJIOTUH TPAHCIOPTHUPOBKM M NPUMEHEHHUEM HOBBIX

YCTOMYMBBIX K KOPPO3UOHHOMY BO3JIEUCTBUIO MAaTEPUATIOB.
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Obvexm uccneooganus. BnusHue KOPPO3MOHHO-aKTHUBHOW Cpeibl Ha
MIPOMBICJIOBBIN TPYOOTIPOBOI.

Ilpeomem uccneoosanus. MonutopuHr xoppo3uu IIH, ONIPEJICIICHUE
HaIpPsHKEHHO-IEe(OPMUPOBAHHOTO  COCTOSIHHS ~ TPyOOTNpoBOAa, UTO  SIBIISETCA
aKTyaJIbHbIM BOMPOCOM JIFOOOr0 JOOBIBAIOLIETO MPEANpUATHS sl oOecreueHus
1EJIOCTHOCTU O0BEKTA, TPAHCTIOPTUPYIOIIETO OOBOAHEHHYIO (arPECCUBHYIO) CPELLY.

Lenv pabomei. Onpenenutb (PaxTOphl, BIUAIONINE HA OCTATOYHBIM pecypc
[1H, cBsizZaHHBIE C BIUSHUEM KOPPO3MOHHO-AaKTHUBHOM CPENbl HA CPOK IKCIUTyaTalluU
[TH.

s peanuzayuu nocmasneHHou yeau HeOOXOOUMO GbINOIHUMb CAeOYIOUUe

3a0a4u:

1. Onpenenenue 3KBUBAJICHTHBIX HaNpsOHKEHUI MO pe3yibTaTaM JKCIUTyaTallluH
(pesynbraroB nedekrockonuu) [IH B ompeneneHHbll mepuon BpEMEHU NpU
TpaHcnopTe (Ironaa ¢ U3MEHSIOIIEHCs 00BOTHEHHOCTBIO.

2. OneHka OCTaTOYHOIO pecypca TpyOOmpoBOJa M pacyeT HampsKEHHO-
1e(OPMUPOBAHHOTO COCTOSIHUS C TIOMOMIBIO TMPOTPAMMHOTO KOMILIEKCa
ANSYS.

3. ®opMHpoBaHUE 3aKIIOYEHUS O PabOTOCIOCOOHOCTH HKCILTyaTHPYEMOTO
yuactka [TH Ha mocneayronuii BpeMEHHON EPUOLI.

Hosusna u npakmuueckas 3uauumocms. C TOMOULIbIO MPOTPAMMHOIO
komiuiekca «ANSYSy» Obl1 MpoW3BeIeH pacdyeT HapsHKEHHO-Ae()OpMUPOBAHHOTO
cocrostHust yuactka [IH mom BaMsiHMEM BCeX COMYTCTBYIOIIMX HArpy3okK U
BO3/ICICTBUIO KOPPO3MOHHO-aKTUBHOM cpenbl Ha MNpoTskeHuu 10 mecsieB, yTo
MO3BOJIUT OLEHWUTh JKU3HEHHBI pecypc TpyOOmpoBOoJa U  CIPOTHO3UPOBATH
PUOIM3UTENbHBIN Oe3aBapUHBINA UK pa0OTHl KOHKPETHOTO Y4acTKa TpyOHI , 4ToO ,
B CBOIO Ouepelb, MOMOXET H30eXaTh He3alulaHhpoBaHHOro paspywmenus IIH u

MIPOBECTH KAaNIUTAJIbHBIA PEMOHT B YCTAHOBJIEHHBIN CPOK.
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1. CORROSION OF OIL PIPELINES

1.1. Corrosion and it’s mechanism

Before starting to explain mechanism of corrosion and general facts
concerning pipeline corrosion, it is highly important to define corrosion in terms of
electrochemical processes. An electrochemical reaction is defined as a chemical
reaction involving the transfer of electrons through redox. Corrosion is a broad and
complex subject that can be examined in different categories; electrochemical

corrosion, galvanic(bimetallic) corrosion.
1.1.1. Electrochemical corrosion

Corrosion process occurs during the equalization of electrochemical potential
difference. Some processes accompanying the equalization take place in space
separated way which may be in order of nanometres and meters. The potential
difference in electrochemical corrosion means energy difference expressed in
voltage.

The electrochemical potential difference between the metal and its solution

containing own ions can be calculated by the Nernst equation [1].

RT
Eion/metal = Ei%n/metal + nF In Cion (1-1)

where: E ijowmetar - €lectrode potential E O wmets = Standard electrode
potential
R : universal gas constant T : temperature
F : Faraday constant ¢ : concentration of metal ion
n : charge number change accompanying the metal to metal ion

transformation
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The potential difference between two places can be expressed by the

following equation:

RT 1 1 RT
(Eizon/metal = Ei%zn/metal + Eln Cizon) - (E ion = Eoion + Eln Cilon) (1-2)

metal metal

Based on the equation, potential difference can be deduced, if:

- there are two different metals or there are the same metals but with different
crystal structure,

- there is a temperature difference between the same metal (the metal and the
ion concentration IS the same except the temperature)
- there is a concentration difference between the same metal. (parameters are the
same but there is a concentration difference in solution contacting the two metals)

The corrosion process caused by potential difference occurs only in certain
conditions existing simultaneously, so the necessary and sufficient conditions of
electrochemical corrosion can be formulated as follows.

1.  Existence of two places having different electrode potential connecting
in metallic contact.

2.  The two places having different electrode potential must be covered by
electrolyte.

3. The presence of depolarizer

The realization of the first condition may occur if two metals or alloys are in
metallic contact. Concentration difference or bending (distortion of metallic crystal
structure) also causes potential difference on metal surface.

The second condition requires the presence of aqueous solutions which
contain moving ions. Easily dissociating salts (NaCl, Na,SO,, etc).

The third point needs a bit more explanation. The corrosion is actually
dissolution of a metal e.g. the iron goes to solution [2].

The process involves loss of electrons, i.e. oxidation. The oxidation processes
in the electrochemistry are called anodic processes. However, oxidation alone cannot
be achieved; there must be a process that uses the generated electrons. This process is

an electron taking up, i.e. reduction. Name the electron taking up process is cathodic
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reduction. Any material which promotes corrosion of the anodic process by taking up
the electrons is called depolarizer. In mechanical engineering practice, the vast
majority of electrochemical corrosion can be due to the presence of three depolarizers
[3] (hydrogen ion, dissolved oxygen and dissolved elemental chlorine), These
materials ensure the reduction process for the anodic dissolution, i.e., corrosion. (Fig.
1.1)

copper and iron tube contact

COpper_.—e-

reduction processes of _ 3 —
depolarizers _ / \
oH" 2+
IH '+ 2e= H: P2 Fe tap water
0, + TH,0+ 4e = 4 OH-

CL+2e=2C1" 4|,\M\]—‘

Figure 1.1 Process of corrosion [3]

The above mentioned tree conditions are significant from the point of
corrosion prevention. In lack of any of the three conditions, there is no corrosion [4].
The next drawing (Fig 1.2) shows the standard electrode potentials of some

metals and depolarizer, which help to understand the processes of corrosion.
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Figure 1.2. Standard electrode potentials of some processes [4]
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1.1.2. Galvanic(bimetallic) corrosion

When a metal is immersed in a conducting liquid it takes up an electrode
potential (also known as the corrosion potential). This is determined by the
equilibrium between the anodic and cathodic reactions occurring on the surface and it
is usually measured with reference to a standard electrode such as the saturated
calomel electrode (SCE).

Bimetallic corrosion occurs when two metals, with different potentials, are in
electrical contact while immersed in an electrically conducting corrosive liquid,
Because the metals have different natural potentials in the liquid, a current will flow
from the anode (more electronegative) metal to the cathode (more electropositive),
which will increase the corrosion on the anode, see Figure 1.3.

Electrolyte

Current Flow

Figure 1.3. Method of bimetallic corrosion [5]

This additional corrosion is bimetallic corrosion. It is also referred to as a
galvanic corrosion, dissimilar metal corrosion or contact corrosion.

In general, the reactions which occur are similar to those that would occur on
single, uncoupled metal, but the rate of attack is increased, sometimes dramatically.
With some metal combinations the change in the electrode potential in the couple
potential can induce corrosion which would not have occured in the uncoupled state
(e.g. pitting). In some environments the change in potential of the cathode in the
couple can also introduce problems [5] (e.g. hydrogen embrittlement). The effect of
coupling the two metals together increases the corrosion rate of the anode and

reduces or even suppresses corrosion of the cathode. Hence, coupling a component to
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a sacrificial anode can prevent corrosion, and this is the principle of cathodic
protection, which is discussed in a separate publication in this series.

When a metal is corroding two processes occur. One is the dissolution of
metal at the anode (e.g. iron):

Fe —» Fe?* + 2e (1.3)

This must be balanced by a cathodic reaction. Most practical cases of
bimetallic corrosion occur in solutions containing dissolved oxygen and in most
neutral and alkaline liquids the primary cathodic reaction is the reduction of dissolved
oxygen:

0,+ 2H,0 +4e —» 40H (1.4)

In acid liquids the cathodic reaction is often the reduction of hydrogen ions to

hydrogen gas:
2H* 4+ 2e -» H, (1.5)

Other cathodic reactions can occur in deaerated environments and one
example is liquids containing hydrogen sulphide. There is a range of partially
oxidised sulphur species (e.g. thiosulphate, dithionate etc.) and reduction of one or
more of these species can be the principle cathodic reaction in corrosion e.g. in sour
process brines in the oil and gas industry. Under uncoupled corrosion the anodic and
cathodic reactions occur at small, local areas on the metal. In a bimetallic couple the
cathodic reaction is more, or totally, on the electropositive member of the couple and
the anodic reaction is mostly, or totally, on the electronegative component of the
couple.

The basic requirements necessary to cause bimetallic corrosion are:

1. An electrolyte bridging the two metals - which may not always be
aggressive to the individual metals when they are not coupled, and may be in the
form of a bulk volume of solution, a condensed film, or a damp solid such as soil, salt
deposits, or corrosion products.

2. Electrical connection between the metals. This usually involves direct
physical contact but it can also arise where electrical continuity is established

between two metals, for example, by an insulation-coated conductor, by structural
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metal work or electrical earthing. It is not necessary for the metal junction to be
immersed in the electrolyte.

3. A sufficient difference in potential between the two metals to provide a
significant galvanic current.

4. A sustained cathodic reaction on the more noble of the two metals by one
of the mechanisms described in the previous section; in most practical situations this
is the consumption of dissolved oxygen [6].

In some cases differences in corrosion potential can exist between coupled
metals or alloys of nominally the same composition. Subjection to cold working often
tends to make a metal/alloy more anodic. In some alloys heat treatment can produce
galvanic differences; for example aluminium copper alloy in the artificially aged
condition is anodic to the same alloy in the naturally aged condition. Such conditions
account for this risk of bimetallic corrosion on contact between aluminium alloys.

Local changes in composition can also arise at joints made by welding, both
in the weld bead and in the heat affected zone of the parent metal. Problems are
usually avoided by selecting the appropriate filler metals and welding techniques, or
in some cases, by painting the joints. Fig. 1.4 shows preferential corrosion of the
weld in a carbon steel pipe handling partially deaerated sea water (O,~0.1 mg/L). The
welding operation produced a weld bead which was ~50 mV electronegative to the
parent metal, and the large area of the cathode resulted in rapid corrosion of the weld
metal [7].

Figure 1.4. Preferential corrosion of a weld in a carbon steel pipe [7]

Jlucm

1.Corrosion of oil pipelines

N3m.

17

Jluecm Ne dokym. lNodnucsk |dama




1.2. Types of pipeline corrosion

The process of corrosion of underground steel construction begins from
surface, which is in contact with corrosive medium, and it characterized by rate of
corrosion. During this process, the construction changes, corrosion pits and stains
filled by products of corrosion occur. Based on the nature of corrosion damage, there

are the following types of corrosion:

e uniform — deterioration of steel construction equal on whole surface,
which is affected by corrosive medium

e |ocal — deterioration of steel construction on certain areas

Uniform corrosion in pipeline system happens seldom and generally isn’t so
dangerous because it makes the surface rougher than the basic one. The most
widespread type of corrosion is local corrosion which flows with different corrosion
rates on different areas on surface of steel construction (the corrosion of underground
pipelines). Local corrosion disruptions are the most dangerous. They can be divided

into several main types:
1. Pitting corrosion

Pitting corrosion is a localized form of corrosion by which cavities or "holes"
are produced in the material. Pitting is much more destructive and dangerous than the
damage from uniform corrosion because it is hard to detect, make any predictions and
design. Corrosion products often cover the pits. A narrow and small pit with very
little total metal loss can lead to the disruption of whole object of metal construction.
Pitting corrosion, which, for example, is almost a common denominator of all types
of localized corrosion attack, may assume different shapes [8].

Pitting corrosion can produce pits with their mouth open (uncovered) or
covered with a semi-permeable membrane of corrosion products. Pits can be either

hemispherical or cup-shaped (Fig 1.5).

Pitting is caused by:
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1. Localized mechanical or another type damage to oxide film; chemistry factor of
water which can lead to breaking of a passive film is acidity, low dissolved O2
concentrations (which tend to bring a protective oxide film less stable) and chloride.
2. Localized damage to lessen the efficiency a protective coating
3.The presence of non-uniformities in the metal structure of the component, e.g.

nonmetallic inclusions.

Narrow, Deep Eliptical Wide, Shallow
&\\\ \\\
Subsurface Undercutting

T IR
NS =SS

Horizontal Vertical

Figure 1.5 Shapes of pitting corrosion [8]

Theoretically, a local cell that leads to the initiation of a pit can be caused by
an abnormal anodic site surrounded by normal surface which acts as a cathode, or by
the presence of an abnormal cathodic site surrounded by a normal surface in which a
pit will have disappeared because of corrosion [9].

In the second case, post-examination should reveal the local cathode, since it

will remain impervious to the corrosion attack.
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2. Intergranular corrosion

The microstructure of metals and alloys is made up of grains, separated by
grain boundaries. Intergranular corrosion is localized attack along the grain
boundaries, or immediately adjacent to grain boundaries, while the bulk of the grains
remain largely unaffected. This form of corrosion is usually associated with chemical
segregation effects (impurities have a tendency to be enriched at grain boundaries) or
specific phases precipitated on the grain boundaries. Such precipitation can produce

zones of reduced corrosion resistance in the immediate vicinity (Fig.1.6).
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Figure 1.6. Intergranular corrosion of a failed steel component [10]

The attack is usually related to the segregation of specific elements or the
formation of a compound in the boundary. Corrosion then happens by preferential
attack on the grain-boundary phase, or in a zone adjacent to it that has lost an element
necessary for effective corrosion resistance - consequently making the grain
boundary zone anodic relative to the remainder of the surface. The attack usually
progresses along a narrow path along the grain boundary and, in a severe case of
grain-boundary corrosion, entire grains may be dislodged due to complete

deterioration of their boundaries [10].
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In any case the mechanical properties of the structure will be seriously
affected. A classic example is the weld decay. Chromium-rich grain boundary
precipitates lead to a local depletion of Cr immediately adjacent to these precipitates,
leaving these areas vulnerable to corrosive attack in certain electrolytes. Reheating a
welded component during multi-pass welding is a common cause of this problem. In
austenitic stainless steels, titanium or niobium can react with carbon to form carbides
in the heat affected zone (HAZ) causing a specific type of intergranular corrosion
known as knife-line attack. These carbides build up next to the weld bead where they
cannot diffuse due to rapid cooling of the weld metal. The problem of knife-line

attack can be corrected by reheating the welded metal to allow diffusion to occur.

3. Transgranular corrosion

Transgranular corrosion occurs through or across a crystal or grain. In
transgranular corrosion, the fracture travels through the grain of the material. The
fracture changes direction from grain to grain due to the different lattice orientation
of atoms in each grain. Corrosion chooses the path of least resistance. Since the
corrosion proceeds preferentially within the grain, the grain boundary material is
retained.

In this type of corrosion, a small volume of metal is removed in preferential
paths that proceeds across or through the grains. It sometimes quickened by breaking
tension. In peak cases, these cracks lead through the entire metal, causing rupture or
perforation. Chloride is the leading cause of transgranular cracking.

Transgranular attack has a very characteristic branching habit which is easily
recognizable in scanning electron microscopy (SEM) fractographic and
metallographic section examination. Transgranular stress corrosion cracking occurs

mainly in chloride cracking of austenitic steels [10].

4. Interfacial corrosion
Interfacial corrosion is characterized by the formation of isolated particles of

the products of corrosion beneath the corroding metal surface. This is due to the
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reaction of some constituents of the alloy with inward diffusion of sulfur, nitrogen
and more so, oxygen.

In the tubing medium, corrosion of any given metal must be controlled. The
control helps to withstand the aqueous phase of hydrocarbons and dissolved acid
gases, which include CO, and H,S, and other salts like the chloride ions.

There are several factors that cause subsurface corrosion. These include the
presence of acid gases as well as bacteria, acid treatment of the wells, erosion
problems, under-deposit attack and galvanic corrosion cells that result from the
selection of a mismatched metallurgy.

It is easier to safeguard a system because all that is needed is to capture and
manage the system parameters. These parameters include the temperature, pressure,
compatibility and the composition of the fluid. The mitigation options that can be
used include the carbon steel and chemical treatment selection and implementation of
coatings and linings [10].

The corrosion of the external surface of a well casing happens due to the
electrochemical cell occurrences along the casing length. Such cells arise from the
differences in the oxygen levels and variations of the temperature, as well as different
soil strata. The control of subsurface corrosion is vital to avoid the risk of metal loss.
Down-hole materials have to meet the resistance to corrosion and the criteria for
mechanical resistance. Certain steps have to be followed for the selection of the
material, incorporation of the environmental analysis, calculation of the rate of

corrosion and the selection of material based on the limits that have been established.
1.3. Corrosion mitigation for oil pipes

Fluid characteristics change over time, resulting in systems becoming less
responsive to established corrosion mitigation programs. Within the sphere of
corrosion control and prevention in the oil and gas industry, there are technical
options such as cathodic and anodic protection, material selection, chemical dosing,
and the application of internal and external coatings. It is widely recognized within

the oil and gas industry that effective management of corrosion will contribute
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towards the maintenance of asset integrity and achieve optimization of mitigation,
monitoring, and inspection costs. There are several methods how we can mitigate
corrosion.

1.3.1. Use of inhibitors

Among the various methods to combat corrosion in oil and gas industry, the
use of corrosion inhibitor is one of the best and economical methods. There are many
types of corrosion inhibitors, and they are broadly classified into anodic, cathodic or
mixed corrosion inhibitor. There are also classifications based on their chemical
nature, i.e., organic or inorganic inhibitors. However, the general inhibition
mechanism is chemical adsorption (chemisorption) of the inhibitor on the surface of
the metal and forms a protective thin film which protects the underlying metal from
corrosion [11]. The inhibitor may also increase the potential of the metal surface such
that the metal enters the passivation region where a natural protective oxide film
forms and/or the inhibitor may react with the corrosive component and remove it
from the media.

Many of the commercial corrosion inhibitors used in the oil and gas industry
are unique mixtures that may contain surfactants, film enhancers, demulsifies, or
oxygen scavengers, in addition to the inhibitor moiety. The majority of the corrosion
inhibitors used currently has nitrogen containing molecules. They can be classified
into many groups:

e amides/imidazolines
e salts of nitrogenous molecules with carboxylic acids
e nitrogen quaternaries
¢ polyoxyalkylated amines
e amides
e imidazolines
e nitrogen heterocyclics.
Indeed, there are other non-nitrogenous inhibitors that contain phosphorous,

sulphur, or oxygen atoms, but they are less frequently used.
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Figure 1.7 The world consumption of corrosion inhibitors for 2016 [12]

In order to use corrosion inhibitors effectively in the oil and gas industry, the
inhibitor must be compatible with the expected environment, economical, and not
only provide great protection to the metal but also should not cause any significant
undesirable side effects which might affect the operation/process. The properties of
the “neat” inhibitor formulation, i.e., as received from the formulators, are important
mainly from the standpoint of handling the material, the reaction of the inhibitor with
other chemical like demulsifies, bactericides, scale inhibitors [11] and dispersants.
The thermal stability of the inhibitor is also a critical property. Further, the effect of
mixing the corrosion inhibitor with environment, i.e. its solubility, water tolerance,
emulsion/foam formation, and the physical properties like drying, viscosity, pour
point and density should be taken into consideration. For example, low viscosity of
the inhibitor is essential to provide adequate pumping rates or flow rates. Often, the
inhibitor is diluted prior to injection to improve its mobility, mainly during cold
weather. In the oil and gas industry, it is critical to extend the life of equipment,
prevent accidents and shutdown resulting from catastrophic mechanical failures,
avoid product contamination and prevent loss of heat transfer. Potential savings for
each of these goals must be evaluated to determine if a program of corrosion

combating using inhibitors will be economical. There are several costs associated
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with the use of inhibitors. In fact, in addition to the inhibitor cost, the cost of
installation of injection equipment, maintenance of injection equipment, purchase of
inhibitor chemical(s), monitoring inhibitor concentration(s), system changes to
accommodate the inhibitor, system cleaning, waste disposal and personnel safety
equipment, must be factored into any economic evaluation of the use of corrosion
inhibitors [12]. Some costs are often difficult to estimate in the oil and gas industry,
however the best way is to obtain data on maintenance, replacements etc. from the

past and make judicious selections.
1.3.1.1. Types of inhibitors

Both anodic and cathodic inhibitors slow appropriate electrode reactions,
mixed inhibitors change rate of both reactions. Adsorption and forming protective
layers on the metal are determined by particle charges of inhibitor and possibility of
forming chemical bonds with surface. Inhibitor influence on corrosion can be
estimated by comparison of corrosion rates with and without inhibitor [13].

Non-organic inhibitors are capable to reduce metal corrosion in high
aggressive medium. Inhibiting effect of these substances is dependent on presence in
its structure of cations and anions. This type of inhibitors limits the corrosion rate of
metals by increasing overpressure of cathodic process and lessening the area of
cathodic parts.

Plugging cathodic inhibitors — substances, which form on microcathods
nonsolvable compounds depositing as isolating protective layer. For ferrum in water
such substances can be zink sulfate or choride.

Anodic non-organic inhibitors form thin films (0,01um) on metal surface,
which slowdown the transfer of metal in solution. For anodic slowdown group, we
grade chemical substances — film-forming and oxides, usually known as passivators.

Film-forming inhibitors protect metal by creating on its surface phase or
adsorption films, including sodium hydroxide, sodium carbonate and phosphates.
Phosphates which are widely used for protection of ferrum and steel used in all types

of pipelines have the biggest expansion. In the presence of phosphates on ferrum
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surface a protective film occurs. It consists of ferrum hydroxide pressed by ferrum
phosphate. For better protective effect, phosphates are often used in mix with
polyphosphates.

Organic inhibitors are mostly used to protect the internal pipe surface. A
great number of organic inhibitors are supposed to lessen the corrosion rate. Organic
compounds — inhibitors of mixed-type effect, affected on rate either cathodic or
anodic reactions.

At the present time several thousands of individual chemical compounds and
their mixes, applied as corrosion inhibitors were created and patented across the
world. While choosing inhibitor in each case, it is important to consider climate
conditions of certain area and availability of enough amount of dissolver. It is
possible to apply waterhydrocarbon-soluble and combined inhibitors.

Inhibitors must be:

e soluble in hydrocarbons
e ability to form resistant emulsion or suspension in water medium

e provide protection of inner walls of pipes from aggressive influence of

hydrogen sulfide and hydrogen chloride at high temperatures

1.3.1.2. Some modern corrosion inhibitors

Corrosive activity of oil significantly ranges because of diverse mass content
of corrosive active inclusions and hydrocarbon chloride. In crude oil, there are non-
emulsion water and water in the form of stable emulsion. Salt content in water
reaches 10% peak. Corrosion hazard of pipes and equipment exist at all stages of
production — during extraction, transporting, storage and refinery. For this reason, the
same type of inhibitors is used as well as at extraction and transporting stages.
Inhibitors, which are added to oil, adsorb on metal surface by polar group in such
way, that hydrocarbon chain locates at outer side of formed film, causing surface

hydrofobisation. Oil and other hydrocarbons join to surface to form double film on
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surface and lessen the corrosion rate. The compounds which contain oxygen and long
hydrocarbon chain with more than 10 atoms of carbon have good protection
properties. Apart from native inhibitor “Olasol-T2P”, import products, such as
“Corecsite-6350, ISA-148 are also applied.

At high temperatures, most of high effective corrosion inhibitors (KO,ANPO,
etc.) keep and in some cases increase a protective effect. Inhibitors mostly provide
protective layer due to strong coupling of its polar molecules with metal surface,
made by chemisorptive force [14, 15]. A great part of inhibitors, used nowadays for
equipment protection in oil and gas industry, is presented by carbon-nitrogen bond
with long hydrocarbon chains. This term is suitable for derivates of aliphatic fatty
acids, imidazoamine and its derivates, quaternary compounds, etc.

A big part of inhibitors is refinery waste of oil refinery industry. It is high-
molecular organic substances, with difficult structure and capable to form on metal
surface a mechanical structure barrier, filming metal from corrosive medium.

The choice of inhibitors for oil pipelines depends on water cut of formation
fluid. At water cut under 30%, it is recommended to use inhibitors, dissolved in water
phase. The more water in the fluid, the more effective film-forming inhibitors.

In multiphase flow conditions it becomes too hard to choose corrosion
inhibitor. Inhibiting can also be troubled if fluid circulation is weak. It is reasonable
to begin inhibiting before forming corrosive layer of pipe walls. In places, where
corrosion occurs more often (bottom generating line of a pipe), because of abrasive
film removal, a desirable protective effect may not be reached [15].

Corrosion inhibitors of “Sekhan” series were developed in associate with
Russian and French institutes and private corporations. They are based on fatty
amins. These substances are polar molecules, adsorpting on metal surface. Fatty

lipophile chain holds layer, which prevents water contact with metal.
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1.3.1.3. Inhibitor choice and calculation

For a preliminary assessment of the possibility of using inhibitors, the data in

Table 1.1 can be used. More accurately, the possibility of inhibition can be estimated

from the results of laboratory testing and pilot tests.

Table 1.1 Preliminary assessment of the possibility of inhibitor use

Factor Range of values Possibility of using | Remarks

inhibitors
+

D_|ssglved carbon Partial pressure Limits are not mentioned

dioxide CO;,

Dissolved hydrogen | Pressure more 18 +/- Sulfide stress cracking is possible. To

sulfide atm.; determine the possibility of inhibition, it is

Molar concentration necessary to evaluate the inhibition efficiency

of hydrogen sulfide for loaded metal samples.

in gas more than

0,02 %.

Partial pressure of +/- Perhaps hydrogen embrittlement. To

hydrogen sulfide in determine the possibility of inhibition, it is

gas more than 0,5 necessary to evaluate the hydrogenation of
atm. metallic samples in the presence of corrosion
inhibitors.

Dissolved oxygen <20 ppb (mcg/l) +

ot 20 ppb xo 1,5 +/- Inhibition is possible under the condition of

ppm selecting an inhibitor that is not sensitive to
the presence of oxygen in these
concentrations. Simultaneous removal of
oxygen and inhibition is more expedient.

> 1,5 ppm (g/l) - Inhibition is possible only if oxygen is
removed.

Water ratio, % 0-5 +/- If the pipeline is not very responsible, and the
corrosion aggressiveness of the transported
products is low, then it is sufficient to
periodically remove water accumulations.

>5 +

Flow speed, m/sec Less 5 +

5-20 +- It is necessary to select corrosion inhibitors in
conditions of increased shear stresses.

More 20 - High probability of hydroabrasive damage to
the integrity of the protective ""film". Very
high dosages of the inhibitor are required,
which is not always economically viable.

Temperature, °C 10 - 90 +

> 90 +/- Additional laboratory tests are required in
conditions of high temperatures.

Biocorrosion hazard +/- A joint use of corrosion inhibitors and

bactericides is necessary.
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According to the definition of inhibition given below, one of the conditions
for effectively reducing the rate of corrosion is the maintenance of a protective "film"
of the inhibitor on the surface of pipeline metal.

In practice, during inhibition, there may be periods when maintenance of the
protective "film" is not ensured. For the continuous dosing technology, these are the
periods of time when the inhibitor dosage was below the required dosage. With the
technology of batching, this is the time when there were deviations from the
frequency of the treatments. At the mentioned time intervals, the inhibition efficiency
may be insufficient.

One of the characteristics determining the constancy of the protective "film"
of the inhibitor is the Inhibitor Feed Index [16].

Along with the Feed Index, the term "Accessibility of inhibition" is used to
characterize compliance with technology, or simply "Accessibility". In this case, the
percentage expressed in percentages is used, i.e. The FI equal to 0.5 corresponds to
the 50% level of Accessibility.

Maintaining FI equal to 1, is technically difficult, and sometimes impossible.
With the growth of the FI level, the costs of inhibition and its control are
proportionally increasing. Therefore, for each pipeline, taking into account the degree
of its technological importance and operational risks, an acceptable level of FlI, or the
required FI, is set. (Fig 1.8)

Periodic dosing in the pipeline

When calculating the required amount of inhibitor, it is assumed that the
inhibitor must form a protective "film" of a certain thickness on the entire surface of
the metal of the protected pipeline. Then the amount of inhibitor is defined as the
product of the thickness of the "film" on the total area of the protected metal (formula
2.1). It is usually assumed that the thickness of the "film" is 0.06 - 0.4 mm.
Obviously, the required thickness of the "film" is individual for each system and
depends on both the physicochemical properties of the inhibitor and the properties of
the media and their transport modes. The approach to calculation using the film

thickness is quite conventional [16].
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Figure 1.8 Determination of the Feed Index for permanent and periodic
dosing of the inhibitor [16]
Recommended calculation formula:
Ving = 3,67*1073«D* L 6,1 (1.6)
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where:

D - internal diameter of the pipeline, mm;

L - length of the protected area, m;

o - the thickness of the "film" of the inhibitor, mm.

While periodic dosing, as a rule, solutions of the inhibitor in oil, or other
inexpensive solvent are used. The volume of the solution must be such that during the
operation, the plug of the inhibitor is contacted with the metal surface for at least 15
to 30 seconds. The recommended concentration of the inhibitor is 10-15%. The
minimum required volume of the inhibitor solution for a single injection is calculated
by the formula:

Veotution = 0,78 * 1073« D2 x v x ¢, ] (1.7)

Where

v - flow velocity, m / sec;

t - the contact time of the "stopper" of the inhibitor with the surface of the

metal, sec.

1.3.2. Use of protective coatings

One of the most efficient and advanced methods of internal pipeline body
protection from corrosion is using of protective coatings. Quality coatings not only
shield metal walls of pipes from corrosive influence of medium, but also prevent
from salt and paraffin deposits. It results in clearance of transported medium, lessen
abrasive wear, hydraulic losses, energy costs and metal consumption by means of
thin-wall pipes and pipe capacity increases. Using of internal protective coating in
pipelines, which transport gas and liquid medium, provides it cost from economic
point of view. Payback period is approximately from 3 to 5 years [17]. The main
prescription of that internal coating is to lessen friction head loss and decrease the
corrosion rate.

As a rule, internal coating allows us to enhance the capacity of pipeline up to

5-10%, but there were cases when use of internal coatings of small diameters leads to
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enhancing capacity up to 25%. Another advantage of internal coating is significant
decrease in paraffin deposit intensity on pipe walls. Operation experience of a great
number of pipelines in different countries speaks for that, due to internal protection
costs for internal cleaning is reduced by 75-90%, according to [17].

The most widespread coatings, which are applying nowadays, can be divided
into several groups: mineral, polymeric, metallizated and combined. From mineral
materials, glass, glasslined and concrete coatings are usually used. Depending on the
physical state in course of application, polymeric coatings are divided into varnish-
and-paint, presented in polymer solutions; powder materials, applied in liquid form

and film form.
1.3.2.1. Varnish-and-paint coatings

Anticorrosion coating from varnish-and-paint materials in most cases is
multilayer systems, which consist of primer and mantled layers.

For inner protection of oil pipes, epoxy primers and varnish-and-paint
coatings based on low molecular epoxy and other resins are used both in Russua and
abroad [18].

Epoxy and varnish-and paint materials, modified by polysulfids, have better
viscosity, more elastic and resistant in acidic media [19].

Protective materials can be coated either in a factory or pipeline construction
site - certain parts of underwater, underground and above ground pipes, connecting
details, shut-off valve, etc.

The coating usually involves the following stages:

e cleaning, drying and heating(if need) the pipe surface before coating

e preparing protective materials, technological and support equipment

e applying protective coatings

e drying and heating(if need) certain areas of applied layers or whole
coating

e quality control of protective coating
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Table 1.2 Types of internal protective coatings applied in factory and base

conditions
Total Corrosive
Number of
Protective coatings thickness of power extent of
layers
coating, um | transported media
Varnish-and-paint coatings,
based on two-component epoxy,
2-5 125-300 1,2,4
modified epoxy and phenolic
components, containing resolver
Varnish-and-paint coatings,
based on two-component epoxy,
modified epoxy components: 300-500 1,2,3
-with high (>70%) dry residue 1-2
-without resolver 1
Powder coatings, based on
polymer epoxy and modified epoxy 1(primer)
300-500 1,2,3,4
components, applied on liquid 1(powder)
adhesion primer
Glasslined
- direct-on 1 300 1,2,3
- mantled 2 400 1,2,3,4

Based on RD 39-0147103-86 [15], corrosivity of transported medium is

divided into 4 groups: 1- non-aggressive; 2 — slightly aggressive; 3 — moderately

aggressive; 4 — highly aggressive

The process of cleaning and preparation of the pipe surface for applying

varnish-and paint coatings includes the following steps:

e cleaning from mud, loose rust, ice and snow is made by workers via

brushes and scraping devices
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e deoiling is proceeded using GOST 9.402-80 [20]. On clean towel after
swabbing the metal surface must not oil and other types of contamination.

« cleaning from rust, slag and other types of contamination until the extent
of 2(based on [20]) preferably should be done via sand-blast machines.
Roughness of pipe surface advisable to make until 40-90 um.

Surface, prepared for coating by protective materials, must be dry and has
grey colour. Timing difference before surface preparation and coating the protective
material must be not more than 6 hours on open air without water condensation on
surface and contamination of dust, salts, water. In enclosed areas at temperature of
more than 20 °C and relative humidity not more than 65% the timing difference is
allowed up to 24 hours.

Preparation of isolation materials depends on primary properties and number
of components. Usually one- and two-component protective coatings are delivered.
During preparation of material, it is highly important to be guided by technical
conditions, instructions or passport characteristics. Practically, for all kinds and
brends of protective coatings requirements of components percentage, heating
temperature, mixing time, allowed time from beginning of mixing up to process of
coating and etc. are varied.

Coating application at inner surface of pipes is made by two main methods:

e airless spraying
e hydraulic spraying by compressed air

Airless spraying provides an opportunity to get varnish-and-paint coating of
high quality, has high productivity, also possible to apply it in less accessible area.

In airless spraying systems, paint materials through suction tube from storage
tank go to pump and then on dispenser under high pressure. In this method, it is
common to use piston or membrane pump.

Modern machinery of airless spraying is made up of heaters, pumps, batching
system, mixers, manometers, etc.

Hydraulic spraying by compressed air is not worse than previous method in

terms of technological parameters, but liquid material while applying on surface is
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fed up by air, which can lead to boost of void structure. Moreover, discharge rate of
material in process of using that way to apply material, is higher because of greater
losses on fogging. For particular materials, the best quality of coating is reached by
hydraulic spraying. More close-packed structure builds up during applying material
via spraying methods in electrostatic field.

Using electrostatic field and different types of sprays is possible to coat
different structures apart from its size and difficulty group; also practically each types
of powder materials can be applied. The only requirement for structures, which are
going to be painted is volume or surface electrical conductivity. [21]

Advantages of electrostatic method:

e the economy of material up to 20-30%

¢ reducing the time of applying painting material due to better painting of
less accessible area and high index of paint material mass-transfer

e Detter quality of coating

e homogeneous layer of material with permanent thickness

e improvement of sanitation conditions of workers

¢ significant fogging reducing

e ecological compatibility

e emission reductions in atmosphere

e expenses decrease for operation services

A great number of intensive solutions are suggested by native researchers
[22]. For example, a new line for pipe inner surface isolation was designed. It looks
like a complex of equipment and attachments for isolation of pipe inner surface,
including diameters from 100 to 600 mm and in length of 12 m in stationary
conditions. The applying method is based on launching through the pipe, due to air
pressure difference, two toruses and protective mixture, filled between them along the
pipe cross section. Toruses provide hermetic state along the pipe cross section, rolling
over at pipe inner surface without friction-gliding. Trace, which is made of protective

mixture, lays down on inner surface after toruses rolling over and creates barrier film.
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New technologies, considering isolation of pipe internal surface, were
developed using such dividers, which are launched under high pressure with dried
nitrogen and providing extrusion of isolation material on pipe wall. When using
multidisc dividers within one launching on pipe walls barrier film is applied in length
of 0,025 to 0,075 mm (in dry state). To insulate the pipe up to required thickness, it is
necessary to make from 3 to 5 launches. In case of using spherical dividers for one
launching film is applied in length of 0,1- 0,14 mm and required thickness is reached
by 1 or 2 launches[23].

1.3.2.2. Powder polymer coatings

The powder polymer coatings used to protect the pipe internal surface have
recently become rather widely applied in native industry and abroad [24]. It may be
explained by their following advantages in comparison with the traditional varnish-

and-paint materials:

e wide choice of powder polymer materials with outstanding physical,
chemical and mechanical properties

e no need to use dissolvent, what means better work conditions and let to
get one-layer coatings with proper thickness

e powders are technological, so we have high quality coatings

e it is possible to fully automate and mechanize the process of applying
coatings

e while spraying the coating, metal loss lessens

For protection of internal surface, powder polyethylene, epoxy powder
materials and pentaplast are commonly used. Pentaplast has high durability, chemical
and erosion resistant [18]. (Fig 1.9)
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Figure 1.9 Pentaplast coating [18]

All powder materials are applied on preliminary cleaned and heated up to 300
°C surface. Epoxy powder coatings are taking the leader position in the world
between other types of powder materials: in the USA 35%, in the UK-22%, in
Russia-25%.

In the USA [18] for inner and outer protection of pipes, coatings which
consist of epoxy powder material are widely used. They are spread by electrostatic
technique on warmed surface, where a protective film in length of 0,25 mm forms. In
addition to this way, a plastic insulation is also applied, proceeded in thin-walled film
form, consists of fluorine plastic or analogous plastics, which are pulled through pipe
with the aid of adapter flang. Indeed, it is highly recommended to work in practice
with method of producing pipes with inner concrete-plastic insulation for pipelines

with highly aggressive medium.
1.3.2.3. Pipe vitrification

Positive properties of glass coatings — high clearance of surface, anticorrosion
resistance, durability, heat resisting and micro-hardness. So, in our country and
abroad vitrificated pipes are applied in oil and gas industry for transporting
aggressive medium. In Russia, one-layer technology of vitrification using glass
cylinder balloons — balloons vitrification is widely spread method in case of feed
pipelines of [25].

Industrial pipe vitrification includes:
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e preparation of pipe surface by annealing with following pneumatic blow-
down and launching mechanical pig
e producing glass balloons from glass pipes via welding their edges and

vitrification of pipes using ballon by heating

Vitrification process is held in furnace. Prepared pipes are layed in rolling
surface of furnaces, where in pipes setup glass balloons. In zone of furnace heating,
under pressure of warmed air in hermetical welded balloon, softened glass surface is
snuggled to inner surface of steel pipe, fettling it. Heating is made by sequential
extrusion of pipe with glass balloon through heating zone with temperature of 650-
720 °C.

In several cases during preparation of glass balloon liquid or solid gaseous
material put in it to create extra plus pressure in process of heating while vetrificating
and making better snuggling. On several machines additionally into glass balloon pull
down the air from outer source with the same purpose.

In the USA the method of vitrification was developed for feed pipes of crude
oil. Pipes are vetrificated from within with capacity of glass powder using auger-type
device. After that, pipe goes to heating furnace, where temperature is approximately
90 °C and it rotates at rotating rolls. Auger-type device, which is inside the pipe, and
pipe rotation on rolls provide equal apportionment of molten glass powder along the
inner surface of pipe 0,23-0,3 mm in thickness. Later, pipe is moved to furnace zone
with lower temperature, where applied glass mass is cools, after that second layer of
coating is applied in the same way. Total thickness of glass coating is under 0,5 mm.
Pipe cools during its unstoppable rotation. Finished part of pipe is tested on dielectric
integrity of coating under 1000 V voltage. Coating is resistant to water, crude oil and
acids (except fluohydric acid) under 110 °C temperature. On surface of coating in the

future wax depositions will not be found.
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3. TEXHOJIOTUYECKHAM PACUET

Jns  BeIOOpa HamboJee palMOHAIBHOTO pPEXKMMa WHTHOUPOBAHUS |

TCXHOJIOTUH 3alllUTBl OT KOPPO3UH, BBIIMOJIHACTCA pacdCT OCTATOYHOI'O peCypca C

y4e€TOM OOIIEro KOPPO3MOHHO—3PO3MOHHOIO H3HOCA CTEHKU TpPYOBI;

TAKXKC

BBITIIOJIHACTCA MOACINPOBAHUC HaHp}I)KeHHO—IIG(bOpMI/IpOBaHHOFO COCTOAHUA B

nporpaMmMHoM kKoMiuiekce ANSY'S.

3.1 XapakrepucTika 00beKTa HCCJIeI0BAHUS

B tabnurue 3.1 npeacTaBieH OCHOBHBIE XapaKTEPUCTUKH MPOMBICIIOBOTO

TpyOONpOBOIa MO/ BIUSHUEM KOPPO3UOHHO-aKTUBHOU CPEJIbI.

Tabnuna 3.1 XapakrepucTuka MpoMBICIIOBOTO TPyOOTpoBoOaa

Haszeanue negpmenposooa

Tun mpybonposoonoii cemu

BHyTpunpoMbICIoBbIN TPyOOTIPOBOA

Hasnauenue mpybonposooa

Hedrerazoc6opnsie TpyOONPOBOLI OT 3a00PHBIX

ycTaHOBOK(3Y) 0 T0’KUMHBIX HACOCHBIX

cranuuii(JTHC).

Obowasn NPOMSAHCEHHOCMb

mpybonpoeooa, m

Pabouue napamempuoi

naBieHue, at™M: 40

temneparypa, C: 30

Kamezopus mpybonposooa

Mamepuan I
I nybuna yknaoku, m 1,2
Cnocob npoknaoku MOJI3EMHBIN

Uam. | Jlucm Ne dokym. lMoonuck I.,ﬂama

UccnedosaHue UsMeHEHUsI HanpsikeHHO-0ehopMUPO8aHHO20

COCMOSIHUSI MPOMbIC/108020 Mpyborposoda

o0 enusiHUEM KOPPO3UOHHO-aKmueHoU cpeodbi

Pa3spab. BaknywuH T.HO

Pykoso0. Yyxapesa H.B

KoHcynbm.

3as. Kagp. | Bypkoe I1.B
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OxoHuanue Tadauus! 3.1

T'00 6600a 6 sxcnyamayuio e

Konuuecmeso omkazoe 2

Cpeonee paccmosinue mexncoy 1108

ajemernmamu, m

JlanpHEHUINI pacyeT Ha OCTATOUHBINA pecypc OyAeT MPOU3BOAUTHCS COTJIACHO
OCT 153-39.4-010-2002 «Meroauka OIpEACICHUSI OCTAaTOYHOTO pecypca
HE(TEra3onpoOMBICIOBEIX ~ TPyOONPOBOAOB M TPyOONPOBOAOB  TOJIOBHBIX

coopyxenuin» [32].

3.2 Mertoauka pacyera OCTATOYHOIO pecypca IO CTATHCTHKE OTKAa30B
TPYOONPOBOIOB

[Ipy TOpPOrHO3MPOBAHUM OCTATOYHOIO pecypca TpyOOoNmpoBoJa BO3MOXKHA
CUTYyalusi, KOI/1a JaHHbIE 00 M3HOCE €ro AJIEMEHTOB UMEIOTCA HE B MOJHOM OOBbEME.
Ho umeroTcst ganHble Mo OTKa3aM WM MH(OpMalMs O BEJIUYHMHE OOIIETO (CPEeIHEero)
U3HOCA HAa MOMEHT JMarHoCTHUpoBaHUs. BenmnumHa o0mero wu3HOca paBHa
MIPOU3BEJCHUIO CPEIHEW CKOPOCTH HM3HOCA HAa BEIMYMHY HapaOOTKU K MOMEHTY

):[I/IaFHOCTI/IpOBaHI/IH:
Acp = chTd’ (31)
rae V,, — CpeaHss CKOPOCTh U3HOCA CTEHKH; 7, — HapabOTKa Ha MOMEHT

MMOCJICAHCTO JHAIrHOCTUPOBAHMUA.

B nanHOM paszzgeine OyzaeT paccMaTpuBaThHCs TOJIBKO JIMHENHAS MOJEIb U3HOCA,

o m
KOTOPOii B (hOpMyIie H3HOCA CTEHKH TpyOsl O =aT
r€ @ — CIy4alHbli napamerp,
M — AEeTEepMUHUPOBAHHBIN [MApaMETP), COOTBETCTBYET MOKa3aresib m = 1. B

0003HAaYEHHUAX OTHOCUTEIHLHOIO N3HOCA:

A, =8,t,uV,=a,t (32

C
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J,, — CPEAHMI OTHOCUTEIbHBIA H3HOC B MOMEHT BPEMEHU 7 ;
a,, — CpPeJHee 3HAUCHHE NTapaMeTPa U3HOCA CTCHKH,

tn — HOMHMHAJIbHAsA TOJIIWHA CTCHKH,

Acp — CpeJlHEee YTOHEHHE CTEHKH 3a BpeMS 7 ;

Cnenyer OTMETUTh, UTO B He(TEXMMHUYECKON U HedTenepepadaThiBaroei
MPOMBIIIUICHHOCTH CYIIECTBYET OaHK JaHHBIX IO CKOPOCTH OOIIeH KOppO3HH,
KOTOPBIA HCIOJIB3YeTCsS MPU MPOEKTUPOBAHUU TPYOONPOBOJOB I HAa3HAUYCHUS
npuOaBKU Ha KOPPO3UIO. ODTHUMHM JaHHBIMA MOXHO BOCHOJIB30BAaThCS U TIPU

AUArHoCTUpOBaHWM, IMPHUHUMASA B IPCACIaAX p336p003 OIIBITHBIX JTaHHBIX BCPXHCC

3Ha4YCHUC ch , YUUTBIBAA IIPHU 3TOM O4YCBHUAHOC OI'PAHUYCHUC!

0,85t —t
< P SE——

1Y R (3.3)

cp
d

t; — pacuerHas TOJIIMHA CTCHKU
Kpome 3Toro, obmuii (cpeHuii) M3HOC TOCTATOYHO HAJCKHO OMPEesIeTCs
Ha TPSAMBIX ydYacTKax TpyOormpoBoga W He TpeOyeT OOJBIIOro 4YHciaa TOYEK
m3Mepenns. OIHAKO I yIOBJICTBOPHUTEIHLHON OIICHKM Bapualldd H3HOCA
HEOOXOJMMO TIPOBECTH H3MEPEHUE TOJIIMHBI CTEHKH BO BCEX ITOTCHIIMAIBLHO

OIMTaCHBIX y4YaCTKax.

[Ipeamnonoxxum, YTO YCIOBHE TMPOYHOCTH TPYOONpPOBOJA MMEET BUJ

t o o v
[8] =1-=*-§,, [5 ] M O — JOMYCTHMBIN U TEKYIIUI OTHOCHUTEBHbINA H3HOC CTCHKH,
t

n

0, — HadYaJIbHOE W3MEHEHUE TOJIIUHBI CTEHKH, HO paccerBaHUEM [O] MOXKHO
npeHebpeyb, Toraa Gopmyiia i ornpeaeaeHus 0]
'R
[6]=1-= (3.4)
th
MoOXHO J0Ka3aTh, 4YTO TaKOE JONMYIICHWE TMPUBOAUT K HEKOTOPOMY

3aHWKCHUIO 3HAYCHM pACYCTHOI'O OCTATOYHOI'O pECypCa U UACT B 3allac.

I[OHYCTI/IM, 4dTO JO0Jd OTKa3aBIIHX 3JICMCHTOB HA MOMCHT JHAIrHOCTUPOBAHUSA

r+
T, COCTaBISIET O =
v/

rac ' — 4ucjo OTKa3aBLIUX DJIEMCHTOB; Z — IOJIHOC YUCIIO
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AJIEMEHTOB B TpyOompoBoae ((hacoHHBIX neTaneil W oThaenbHBIX TpyO). Ilpm 3TOM

TOUYEYHAas OIICHKA BEPOSITHOCTH 0€30TKa3HOM paboThl HA MOMEHT AMAarHOCTUPOBAHUS
no PJ1 50-690-89 [7]:
P(tr,)=1-a (3.5)
B nanHoM ciydae mosjaraercsi, YTO Ha MOMEHT JUAarHOCTUPOBAHUSI BO3MOKHO
JOTIOJTHUTENBHOE, HE 3apUKCUPOBAHHOE B ITacnopTe, pa3pyuieHue. Takum oOpa3om, B
KAaueCTBE PacYETHOrO YKCJIa pa3pylICHU NPUHUMAETCS JAEHCTBUTENIBHOE 3HAUCHHUE,

YBCIIMYCHHOC HAa CAVMHUILY. O‘IGBI/II[HO, 4TO TAaKOC NOIIYIICHHUC UACT B 3allacC.

Uwuciio 371eMeHTOB Z, BKIIIOYas OTPE3KH TpyO U (DacoHHBIE AeTaind, MOXKHO

OIIPpCACINTL IIO IIACIIOPTY TPY6OHpOBOIIa WM I OPUCHTHPOBOYHBIX OILICHOK IIO

bopmyie
L
z=— (3.6
7 (3.6)

rne L — mnuHa TpyOompoBoja B MeTpax; A — CpellHee PaCcCTOSIHHUE MEXKIY

anemeHTamu. lIlpu nerepmuHUpoBaHHOM mapametrpe [O0] dopmyna Oe30TKa3HOU

pa6OTI>I Ha MOMCHT JHAarHOCTUPOBAHUA Td HUMCCT BU:

[6]-a
cp d
P(t ))=® ————— | (3.7)
d T
a d
S, — CpEIHEKBaIpaTUUECKOE OTKJIOHEHUE NTapaMeTpa a
C napyroil CTOpPOHBI, BEpPOSTHOCTH O€30TKa3HOW pabOThl HA MOMEHT

TUarHocTupoBaHusi ompeneneHa mo dopmyne (3.5). IlpupaBHuBas mpaBble YacTH

BbIpakenuit (3.5) u (3.7), moJly4rM COOTHOIIICHUE

8]

d =
SaUl—a + acp

— KBAHTHWJIb HOPMAJIbHOI'O paCHpCaAcIICHUS, COOTBCTCTBy}OH_II/Iﬁ BCPOATHOCTU

(3.8)

Ul—a
l-«.

Jlma  moacyera OCTaTOYHOrO pecypca NPy JUMHEMHOM MOJIEIM HW3HOCA

noyryqaem (popMyIty, B KOTOpoi ramma mporieHTHas BepostHocTh [=0,01y(1-a):
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oct [8] _Td (3'9)
S.U e T2,

HcknounB W3 MOCHEOHUX JBYX YPaBHEHUM S,, IOJIYyYHM CIEAYIOLIEe

BBIPOKEHUE JUISl pacueTa OCTaTOYHOTO pecypca:

[6] - 8cp
ocr d l(SJ
U./U

B nannom Beipaskenuu [d] Beruucisiercs no Gpopmysie (3.4), a

(3.10)

1+6Cp

Y-

cp cp

Vv
§_ =a Td:t—“prd (3.11)

n

3amaBas Benuuuny V,, 1o Gopmynam (3.11) u (3.10) MOXHO onpenenuTh
OCTaTOYHBIM pecypc. OTMmeTHM, 4YTO B pacuere IO JaHHOW METOJUKE He
HCIIOJB3YETCSl TOHATHE JIOBEPUTEIIBHOM BEPOSTHOCTH, T.K. 3aJIa€TCS alpHOPHOE
3HAYCHUE CKOPOCTH M3HOCA.

H€O6XO,Z[I/IM351 I paCcdCTOB IIPOBCPOYHAA TOJIIIKMHA CTCHKHU TPY6OHpOBOI[a

BBICUUTHIBaETCS M0 popmyre (3.12):

R 2(R +0,6y¢P)

(3.12)

rae Yy — KodQQUIMEHT HaJeKHOCTH TII0 HarpysKke; JUIi IPOMBICTOBBIX
TpybonpoBoaoB auameTpom ot 300 1o 500 mm yr = 1,15;
k — xoadduieHT Hecymeil crmocoOHOCTH TpyO M COCIMHHUTENBHBIX JCTaleH,

3HaueHHEe KoToporo mpuHuMaercs coriacHo CIT 34-116-97 [33] (a1 Tpyo,

3ariyImieK 1 mepexoaos — 1;

P — pabouee naBieHue TpyodornpoBoaa, [1a;

D, — BHYTpEHHUI TuaMeTp TpyOOIIpoBOIa;

R — compotuBinenune matepuana TpyObi(cormacao CIT 36.13330.2012 [34] wu
onpenensiercs no popmyne (3.13):

Ry xys

n

R

(3.13)
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rne Yp,— KO3p(OUIMEHT HAASKHOCTH MO Ha3HAYEHHUIO TPYyOONpPOBOAOB; IS

MPOMBICJIOBBIX TPYOOIIPOBOJIOB ¥, = 1;

Ys— Kod(duiueHt ycloBHil paboThl TPYyOONPOBOJOB, TPAHCIOPTHUPYIOITUX
CepOBOJIOPOICOACPKAIINE MPOIYKTHI; ISl TPyOONMpPOBOAOB 3—€il KaTeropuu Y, =
0,65;

R% — HOpMAaTHBHOE COIPOTHBIICHHE, PABHOC HAWMEHBIIEMY 3HAUEHUIO Tpenesa
TEKYy4eCTH MPHU PACTSDKCHUH, CKATHHM U M3rMOe MaTepuaina TpyO, IpUHUMAaeMoe o

['OCTy unu TY Ha cooTBeTcTBY!IOIIUE TPYOHI, [1a;

OngHuM M3 BaXXHBIX 3TAllOB pacyeTa OCTATOYHOTO pecypca SIBISETCS BbIOOD
perIaMeHTHUpPOBAaHHOM BepoATHocTH Y. [l paccMaTpuBaeMbBIX B METOJUKE
TpyOOIIPOBOJOB MPUHUMAIOT 3HAUYEHUE PErIaMEHTHUPOBAHHOW BepOATHOCTH 95%.
3nauenue 0,95 pekomeHayeTCs] IPUHUMATh B KAUECTBE JI0BEPUTENILHON BEPOSATHOCTU
q.

HeoOxomumbie asi pacdyera OCTATOYHOTO pecypca 3HAYCHHS KBAHTUJICH
HOpMaJbHOro pacnpenenenus Ug , COOTBETCTBYIOIIUE BEPOSTHOCTHU 3, IPUBEACHBI B
tabmuie 6.1. Ecium B pacyerax HeoOXoauMo ompeneiauTs kBaHTwib UQ, To
3aMeHsieTcsl Ha (, a ecnu HyxHO 3HaueHue Uy, To BMecto 3 moactasisiercs 0,01y u
T,

Tabnuna 3.1 3HaueHHs KBaHTUIICH HOPMAIILHOTO pactpeneieHus [32]

B 0,75 (0,76 |0,77 (0,78 |0,79 |0,80 0,81 0,82 0,83 |0,84

Us |067 (0,71(0,74 |0,77 |081 |0,84 0,88 0,92 0,95 10,99

B 0,85 (0,86 0,87 (0,88 |0,89 |0,90 091 0,92 0,93 |0,94

U |104 (108 1,13 1,18 |1,23 |1,28 1,34 1,41 1,48 1,56

B 0,9 (096097 [098 |0,99 |0,993 |0,995 |0,997 |0,998 |0,999

U 165 [1,75(188 [2,05 |2,33 |246 2,58 | 2,75 2,88 3,09

Jlucm

3. TexHornoeu4yeckul pacyem

N3m.

61

Jluecm Ne dokym. lNodnucsk |dama




3.3 Pacuer ocratounoro pecypca nerecGoproro Tpysonposona |G
a2 |
Tak kak MPOM3BOAUTCS pacdeT MPOMBICIOBOTO TPyOONpoBOJa, TO pacueT
OCTaTOYHOTO pecypca OyAeT NPOU3BOIUTHCS C BEPOATHOCTHIO MPOTHO3a B 95%.
Heo0xoauMbIM 1 BaXKHBIM KPUTEPHUEM SBIISICTCSI 3HAHHE CKOPOCTH KOPPO3HH.
Taxue nanHble OBUIM MOTYYEHBI B PE3y/IbTaTe MOHUTOPHHTA KOppo3uHu 3a nepuos 10
MECSAIIEB HECKOJIBKUMU CITOCOOaMHU, YKa3aHHBIMU B TaOmuIlE 3.2

Tabnuua 3.2 Pe3ynbTaThl MOHUTOPUHTA KOPPO3UH

CpenHssi CKOPOCTh KOPPO3UH, MM/TOJT
JlaTta KOHTpOIA

I'paBumeTprueckuit

Asrycrt 2015

Centsi6pn 2015

OxkTs16pb 2015

Hos6ps 2015

Jexabpb 2015

SAuBape 2016

®eppanb 2016

Maprt 2016
Anpenb 2016

Maii 2016

Cpennee
3HAYEHHE

JllaRaRg II'
JllaRarg Ili

=
]
—
o
=

[IpumeM cpenHero10Boe 3Ha4€HUE CKOPOCTH KOPPO3UHU PABHOE:
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o - MM/TOA — JJI1 METOJAa 3JIEKTPUYECKOI'O CONPOTHUBIEHUS C

ncnonssosare [N I

L - MM/FOI[ — I TPAaBUMCTPHUUCCKOIO MCTOJAa C HCIIOJb30BAHUCM

00pa3IoB cBUICTENICH

o - MM/TOJ — JI1 METOAa DIEKTPUYECKOTO COINPOTUBIIECHUS C

ncnonssosaren [N I

B nmanpHenmmx pacyerax NPUHAMAEM, YTO BBILICYNIOMSHYTHIC 3HAYCHHS
CKOPOCTH KOPpPO3MHM OBbUIM aKTyallbHbl KaXKIbIA TOJl Ha MPOTSKEHUM Bcex 15 ner

9KCILIyaTalluu.

PaccuntaeMm compoTuBieHHE MaTepualia TPYObl U MPOBEPOUYHYIO TOJIIUHY

CTCHKU, HCO6XOIII/IMI>IG I pacdeTa OCTATOYHOI'O PeCypcCa 110 BCECM TPpEM MCTOdaM:

3.3.1 Pacuer 0CTAaTOYHOr0 pecypca m0 [JaHHBIM TPABUMETPHUYECKOIO

MeToaa

Cpennuii 10MyCTUMBINA OTHOCUTEIBHBINA U3HOC

BerHee HHTCPBAJIBHOC 3HAUYCHNUEC OTHOCUTCIBHOI'O U3HOCA

Toueynass oleHKa BEPOATHOCTH O€30TKa3HOW pPabOTBI Ha MOMEHT

AUAIrHOCTHPOBAHUA
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paBHa 0.95, T.e. BenmuunHa _

Torna

rpaBEMETPHYECKOMY METOLYy, rpH BepositHocTH poruosa 95% paser [ rona.

OcratouHsbIil pecypc

BerHee HHTCPBAJIBHOC 3HAUYCHNUEC OTHOCUTCIBHOI'O U3HOCA

KBantumu HOPMAJIBHOT'O PpacCHpCACIICHHA, COOTBCTCTBYIOIIMC BCPOATHOCTIAM

- 51 - 3 Tadomusl 3.1

OcTaTo4HbBIM pecypc TPY6OHp0BO,Z[a, 10 JdaHHBIM MOHHUTOPHHI'da KOPPO3HUH II0

3.3.2 Pacyer 0CTAaTOYHOIO pecypca Mo AAHHBIM METOJa IEKTPHYECKOI0

conporusaenns ¢ nenossosanuen | N

Cpennuii 10MyCTUMBINA OTHOCUTEIBHBINA U3HOC

Toueynass oOIeHKAa BEPOSTHOCTH O€30TKa3HOW PabOTHI MOMEHT
JTIMarHOCTUPOBAHUS
Jlucm
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YcaoBHas BepoOATHOCTh Oe30TKa3HOU paboTel paBHa (.95, T.e. BenmunHa

Torma

KBanTuimm HOPMAJIBHOT'O PACHPCACIICHUA, COOTBCTCTBYIOIIHNC BCPOATHOCTAM

- u - n3 Tadmues! 3.1
I

OcTaTouHbIl pecypc

roaga

OcTaTo4HbIM pecypc TPY6OHpOBOI[a, I10 AdHHBIM MOHHUTOPHUHI'a KOPPO3HUHU C

VCIIOJIb30BaHUEM - _, IIPY BEPOSATHOCTHU MPOTHO3a 95% pasen -

rojza.

3.3.3 Pacyer oCcTAaTO4YHOrO pecypca mo JaHHbIM METOJa IEKTPHYECKOI0

conporupaenns ¢ nenoassosanuen [T N

Cpennuii 1OMMyCTUMBINA OTHOCUTEIBHBINA U3HOC

BerHee HHTCPBAJIBHOC 3HAUYCHUC OTHOCUTCIIbHOT'O U3HOCA

ToueyHass olleHKa BEPOATHOCTH O€30TKa3HOW pabOThl Ha MOMEHT

VYcnoBHasi BeposITHOCTh Oe30TkazHOM paboThl paBHa (.95, T.e. BenuuuHa

AUArHoCTUPOBaHUSA
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Torna

KBantumu HOPMAJIBHOI'O pacClpcCACICHHA, COOTBCTCTBYIOIIUC BCPOATHOCTIAM

51 - 3 Tadouusl 3.1

OcraTouHblll pecypc

roaa

OcTaTo4HbBIM pecypc Tp}I6OHpOBOI[a, I10 JdaHHBIM MOHHUTOPHUHI'a KOPPO3HUHU C

ncrons3osarreM ||| . op:: sepostroctn nporuosa 95% pasen ||

roaa.

3.4 MOHeﬂHpOBaHI/Ie Hal'lpSl)KeHHO-)]e(l)OpMI/IpOBaHHOI'O COCTOAHMSA

NPOMBICJIOBOI0 TPYOONPOBOAa B porpaMMHoM Komiiekce ANSYS

Jlns Toro, 4ToObl MOCMOTpPETh, Kak u3MmeHsetrcs HJIC TtpyGompoBonma moj

BIIMSIHUEM KOPPO3MOHHO-AaKTUBHOM CpeJbl, CMOJETUPYEM OOBEKT HCCIEIOBAaHUS B

HCCKOJIBKNX MOJICIIAX:

e 1 monens - IIH Ge3 ydera BAMSHUS KOPpPO3WM Ha CTEHKY TpPyObl (3a

UCXOJIHBIN MPUHUMAaeM TPyOOTIPOBO/] BBEICHHBIN B AKCILTyaTaIlHIO);

e 2 wmomenb - IIH wyepe3 15 mer skcmuiyarauuu TpuU  TPAHCIIOPTE

arpeccuBHOM  cpeabl  (HepTh, colepKalias IUIACTOBYIO  BOAY

n

pPacCTBOPEHHBI Ta3) MO JAaHHBIM MOHUTOPHUHIAa KOPPO3UU IO METOIY

snexrpuueckoro conporunenns ¢ ucnonssosanueM ||| K TGcG_G

3a ocHOBY OblJia BBIOpaHa MOJIENIh C CAMOU BBICOKOM CKOPOCTBIO KOPPO3UU U

CTCIICHBIO OTHOCHUTCIIBHOI'O HM3HOCA, IIOCKOJIBKY B JaHHOM CJIyda€ BO3HHKACT
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HauOOJIbINIAs ~ OMACHOCTh  BO3HUKHOBEHHSI ~ HEJOMYCTUMBIX  IUIACTHYECKHUX
nedopmariii ¥ caMas BBICOKAas BEPOSTHOCTHh Ppa3pylIeHUs TPyOOmpoBoja u3-3a
YTOHEHUS CTCHKH TPyOOmpoBOIa.

Jlnist  MopenmupoBanuss B mporpaMMmHoM  Komiuiekce ANSYS  rtakke
HEOOXOJMMO YYHUTHIBATh HECKOJBKO OIMOJHUTENBHBIX HArpy30K, BIUSIONUX Ha
TpyOOIPOBOJI, @ IMEHHO CaM BEC TPYOBI (|y,, BKIIOUYAIOLIUI B ce0s pacHpeieleHHYO
HArpy3Ky OT Beca TpyObl (n M MEpeKaunBaeMoro mpoaykra g, 6€3 KOppo3ruOHHOTO
u3Hoca [IH (BemuumHBI, BXOMSIIME B COCTaB Beca TPyHTa H COMPOTHBICHUS

BEPTUKAJIbHBIM NIEPEMEILICHUSIM):

. (3.14)

rae N, = [ - xosdpdumment nagexunoctn mo Harpysxam npu pacuere Ha
IIPOJIOJIBHYIO YCTOMYHMBOCTD U YCTOMYUBOCTD TIOJIOKECHMUS;
Y,— YAEIbHBIA BEC MeTalljIa, U3 KOTOPOTO U3rOTOBJIEHBI TPYOBI, /Ui
cramn v, = [ N
D, — Hapy>XHbII AUaMETpP TPYyOBI;
D,, — BHyTpeHHUI TUaMeTp TPYOHI.
I (3.15)
rie p — IVIOTHOCTh HE(TH;

g = 9,81 — yckopenue cBOOOTHOTO TaCHHSI.

Monynv |

Taxxe cTout IMPHUHATHL BO BHUMAHUC BCC I'PYHTA, KOTOPBIC BBIYUCIIACTCA 110

bopmyie:

(3.16)

rae Ny, = . — K02 (DUIMEHT HAZIEKHOCTH 110 HATPY3Ke OT Beca IPYHTA;
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Vo = | - yrenvumiii sec rpynta (tabmuma 3.3);

ho = [l - Beicora cirost 3ackmkn ot BepxHeit 06pasyrouteit TpyGomposoaa 10
MOBEPXHOCTHU TPYHTA WX TITyOWHA 3aJI0)KEHUST TPyOOTIpOBOIA;

Orp = . — yroji BHYTPEHHEro TpeHus rpyHTa (Tadmnuia 3.3).

Tabmuna 3.2 — PacueTHble XapaKTEPUCTUKH YIUIOTHCHHBIX BJIAXKHBIX IPyHTOB [35]

['pyHT @rp, TPARYCHI fp=19 ¢ | crp, KIIa | Yrp, ciie
['paBenuCThIi MECOK 36+40 0,7+0,8 02 25,5
[Tecok cpenHel KPYIMHOCTH 33+38 0,65+0,75 1+3 23,0
Menkuii mecox 3036 0,6+-0,7 2+5 21,2
IIe1TeBATHIN ECOK 28+34 0,55+0,65 2+7 20,5
Cymnecu 21+25 0,35+0,45 4+12 19,7
CyrimHKH 1722 0,3+0,4 620 19,0
I'unab! 15+18 0,25+0,35 12+40 16,8
Topd 16+30 0,3+0,5 0,5+4 7,0
N mnocnegnsis Harpyska, KOTOPYHO CTOUT YYHUTBIBaTh 3TO Osepr

CONPOTHUBJIEHUE BEPTUKAIBHBIM MEPEMEIICHUSIM OTpe3Ka TpyOOnpoBOJa €AUHUYHON

JJINHBI, O6YCJ'IOBJ'I€HHO€ BCCOM FPYHTOBOﬁ 3aCBIIKK M COOCTBEHHBIM BECOM

TpyOOIpPOBOa, OTHECEHHOE K €IMHUIIC JIIMHBI, H/M:

CornacHo pacueTaM, IOJy4YUM BEINYHUHBI Py U Opepr PABHBIE _ 17}
_ COOTBETCTBEHHO. Bece Harpy3ku 0butn mocuntansl cornacHo CHull

2.01.07-85 [35].

ITomumo 3TOrO HCOGXO}II/IMO ONpCACIINTL YTOHCHUC CTCHKHU B HW)KHEH JacTu

Ha ocHoBe mpencraBieHHBIX JaHHBIX, B TporpaMmMHoM Komruiekce ANSY'S
Workbench Oputr ganee mocTpoeHsl aBe Bhleykazanubie mogenu ITH (mogens 1 u
MOJIEJb 2) B COOTBETCTBUM C METOAMKOM [1] ¥ pacCYMTaHHBIM BBIIIIE HATPY3KaMHU.

Mopaenu TpyOGonpoBoaa npeacTaBiaeHbl Ha pucyHkax 3.1 u 3.2.

3afaHusi Harpy30K JJIsl MOJEJel npeIcTaBieHbl Ha pucyHkax 3.3 u 3.4

Pe3ynbTaThl pacueToB NpeacTaBiIeHbl HA pUCyHKax 3.5, 3.6.
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Pucynok 3.1 Mogens TpyOonpoBojia 6e3 nedekra

Pucynok 3.2 Mogens TpyOonpoBojia ¢ 1eexrom
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Pucynok 3.3 3aganue Harpy3ok Ha TpyOorpoBoj 6e3 aedexra

Pucynok 3.4 3aganue Harpy3o0k Ha TpyOOIpoBO/JI C 1ePEKTOM
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paccmatpusaemsrii epuox coctasiio [ MM, a MakcumansrEle sxBUBaNCHTHEIC

(Mozenb 1) MakcMManbHbIE SKBUBAJICHTHBIEC HAMIPSKEHUSI HAXOJATCS B MpeEJieNax, He
MPEBBIIAIOIINX - MIIa, 4yTO HaXOIUTCS B AOIYCTUMOM HMHTEpBAJIE, HE BIMSIOIIEM

Ha peXuM HdKcrutyatanuu. s monmenu 2 (¢ gedekToM) yTOHEHHWE CTEHKH 3a

HalpsDKEHUST B 30HE KOHUEHTpaluuu JedeKkTa H3MEHWINCh Ha . MIlIa, wuto
COOTBETCTBYET KOHEUHOMY 3HAYEHUIO B - MIIa. ITosy4eHHBIE NaHHBIE, COTIACHO

I'OCT 1050-88 [36], Taxke HE MPEBBIIIAIOT MPe/eiia MPOYHOCTH U TEKYUECTH CTaIH

Pucynok 3.5 DxBuBanentHeie HanpsxkeHue B [TH 6e3 nedexra

Pucynok 3.6 DxBuBanenTHole Hanpsbkenue B [TH ¢ nedextom

N3 pucynkoB 3.7 u 3.8 cienyet, uto npu moaenupoBanuu [TH 6e3 nedexra

N3m.
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lNodnuckb

[ama
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c yuerom Kod(ddummeHTa 3amaca MPOYHOCTH. IDTO YKa3blBa€T HA TO, YTO TMPHU

nanpHenmen okcruryataunu  [IH mpm  ckopoctn  kopposuu

COOTBCTCTBYIOICM YPOBHC I/IHFI/I6I/IpOBaHI/IH HC HpOHSOﬁI{GT €ro0 HCIOOIIYCTHMOI'O

yronerna (enocnexcrsun paspymerns) | 1oc;
I .

JUTS OTIPENICIICHUS] BO3MOKHOCTH JajbHENIen skcruryarauuu [TH.

npu

N3m.
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[ama
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4. ®UHAHCOBBI MEHEJI)KMEHT, PECYPCOCBEPEKEHUE U
PECYPCOO®®EKTUBHOCTbD

B cB3u ¢ TeM, YTO CpPOK OKCIUTyaTallud HEKOTOPBIX MMPOMBICIOBBIX
mpy6onposozos || GGG cocrosvier Gonee | ner,
BO3HHMKAET HEOOXOAMMOCTbh MPOBEICHUS MOHHUTOPUHTA KOPPO3UU M TEXHHUYECKOU
JUAarHOCTUKH, KOTOpPhIE B CBOIO OYEpE/lb COMPOBOXIACTCS 3HAYUTEIbHBIMU
SKOHOMHUYECKMMHU 3aTpaTaMy Il SKCIUTYaTUPYIOIIETO NPEIITPHUITHS.

HecMoTpst Ha onpezesieHHbIH MPOTPecc, JOCTUTHYTHIA B MOCJIEIHUE TOJbI B
CTPOHUTENBCTBE TPYOOMPOBOAOB, HEPTEHPOBOJBI, B ILEJIOM, OCTAIOTCS OMACHBIMHU
IIPOU3BOJACTBEHHBIMH  00BbeKkTaMu. (Cepbe3HOCTh aBapuil BO BCEX Clydasx
OLICHMBAETCA OT CTENEHM MPUUYMHAEMOro Yyiiepda, KOTOpBIM 3aBUCUT OT BHJA
IPOSIBJIICHHSI ABAPUU: B BUJIE MEXAHUYECKHX WJIM KOPPO3UOHHBIX pa3pyLICHUN WM
JOKaJIbHBIX OTKa30B TpyOompoBoaoB. COIVIaCHO CTaTHCTUKE, OTKa3bl U aBapuu
IPOMBICIIOBBIX TPYOONPOBOJIOB CONPOBOXKJAIOTCA 3HAYUTEIBHBIM HSKOJIOIMYECKUM
yiiepOoM - pa3nuBOM HE(TENPOIYKTOB, OTpPaBICHUEM MeCTHOU (iopbl U (ayHBI,
Ja’kKe BO3MOXKHOM THOeNbIo JtoJiel. B 0coOBIX cllydasiX HaHEeCEHHBIN MaTepuaIbHBIN
yiepOd MOKET MpeBbIIaTh 3aTpaThl Ha COOPYKEHHE TPyOOINpPOBOAOB 0o0Jjiee 4eM B
100 pas.

IIpoBeneHrE MOHMTOPUHIA KOPPO3UM M TEXHUYECKOTO JUATHOCTUPOBAHMS
ABJIIETCSI HEOTHEMJIEMOM YacCThIO HSKCIEPTU3bl MPOMBIIUIEHHONW O€30MacHOCTH,
KOTOpasi MO3BOJISIET ONPENCIUTh TEXHUYECKOE COCTOSHUE TPyOONpoBOJa, a Tak ke
OLICHUTh BO3MOXHOCTH, YCJIOBHS U CPOKH sl TPOJOJKEHUS €ro SKCIuTyarauu. Tak
KaK CTPOUTEIBCTBO HOBBIX IMPOMBICIOBBIX TPYOOIPOBOJIOB SIBJIAETCS IIUTEIbHBIM U
(uHAHCOBO 3aTpaTHBIM IMPOLIECCOM, TO BO3MOXHOCTb MpPOJJIEHHS  CpOKa
AKCILTyaTaluy TpyOONpoBOa SBJIAETCS albTEPHATUBHBIM U €IMHCTBEHHO BEPHBIM, C

TOYKH 3PEHUS 3aTpaT, pelieHuEM JaHHOU MPOOIEMBI.

UccnedosaHue UsMeHEHUsI HanpsikeHHO-0ehopMUPO8aHHO20

COCMOSIHUSI MPOMbIC/108020 Mpyborposoda

o0 enusiHUEM KOPPO3UOHHO-aKmueHoU cpeodbi
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L[eJIBIO 9KOHOMHYCCKOI'0 pacdcra ABJICTCS OIPCACICHUC OITHUMAJIbHBIX
OKOHOMHNYCCKHX 3arpar Ha ITPOBCACHHUC MOHHTOPHHTA Hu TCXHHUYCCKOI'O
AUArHOCTUPOBAHUA, IIPOBCACHUC aHAJIM3a BCCX BHIOB pa60T C YUYCTOM HOPM
BpPpCMCHH U ce0EeCTOMMOCTH Ha HX BBIIIOJIHCHHUC, a TaK KC IMPOU3BCACHUC PACUCT

CTOMMOCTH BCCTO KOMIIJICKCA pa60T.

4.1 Pacuer 3aTpar Ha 000pyJA0BaHHe U MaTepPHAJIbI IPU BHINOJHEHUH PadoOT 1O

TEXHHYECKOMY JTMATHOCTHPOBAHMIO TPYOOINPOBO/I0B

IIpu pacdeTe 3aTpar Ha yCTAHOBKY ITOACUCTEMBI MOHUTOPUHIA YUYNUTHIBACTCA,
4TO paboThl OyAyT MPOMCXOAUTH Ha JEHUCTBYIOIIEM IPOMBICIIOBOM TPyOONpOBOJIE.
Jlnst mpaBUIbHO (PYHKIMOHUPOBAHMSI CUCTEMBI MOHMUTOPUHIA HEOOXOJUMO HAJIUYHE
OCHOBHOTO 000OpYAOBaHHUSA, TAKOTO KAK CHCTEMa MOHUTOPUHIA CKOPOCTH KOPPO3UU
TEXHOJIOTHYECKOro Tpyborposoga B peamsioM Bpemcrr [ crcTema
monnuropunra ckopoctu kopposud [l cvourtuposanusie y3me1 xontpons

xopposuu, nepenocnas ucnsitatensaas nabopatopus [N I Pacuer

MOTPEOHOCTH HEOOXOIUMBIX MAaTEPHUATIOB U 000PYJOBaHUS MPEJCTABICH B TaOJIUIIC

4.1u4.2.

Tabnuua 4.1 — Pacyer 3aTpar Ha MaTepuabl

HanmenoBanue 3arpartsl, pyo.

OO6pa3upI-cBUACTETN -
30H/1bI PETUCTPUPYIOIINE -

HucTpymenT -
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Oxkonuanue Tadoimel 4.1

Cpencrtpa

WHIUBHTyTBHOU -
3aIUTEI

Crenoaexnaa -
Hroro: -

Tabnuna 4.2 — PacueTr pacxo/10B Ha 000pyJ0BaHUE

CrouMocTh 3a Croumocts
Pecypcer KomnnuectBo
el., pyo. KOMIUIEKTa, PyO.
i I ]
| I ]
| I I
i I N
Hroro: - . _

ITo utoram pacuera 3aTpaT Ha 00OPY/IOBaHUE M MaTEpHasbl, Mbl BUJIUM, YTO

pacxolibl Ha Bce HEOOXOIMMbIE MaTepualbl( BKIIOYAS CIELOACKIY M PACXOJHBIC

MaTepualibl) COCTABJISIIOT . THIC.pyOJIel, a BEJIMUMHA PAcXOJ0B Ha MpUOOpeTeHne

Pa3JIMYHBIX CHCTEM MOHHUTOPHHIA [OJIs1 Yy4dacCTKa HH(BKHIO‘I&SI HUCIBITATCIIbBHYIO

N3m.
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naGopatopuio st cHaTus nokasanmii cucteM Mouurtopurra) cocrasisier [N

pyOJei.

4.2 Pacyer HOpM BpeMeHH

HCO6XO,ZIHMO I[IPpUHATE BO BHHUMAHHUC,

Paccuutaem BpEMA IIPOBCACHUSA TCXHOJIOTHYICCKUX onepaunﬁ.

Taxxe

qTo pa6OTBI II0 YCTAHOBKH CHCTCMBbI

MOHHUTOPHUHTA MPOBOJATCS Ha ACHCTBYIOIIEM ITPOMBICIIOBOM TPYyOONPOBO/IE.

Enunbie HOpMBI BpeMeHu Opanuch co cOopHuKka «EMHbIE HOPMBI BpEMEHH U

pPacUEHKH Ha TEXHUYECKOE [HAarHOCTUPOBAHHE OOOPYIOBAHUsS, COOPYXKEHUH H

TpybonpoBoaoB» [37].

PesynbraThl pacueTa npeacraBieHsl B Tadauie 4.3

Ta6nuna 4.3 — Pacuer BpeMeHU IPOBEACHUS TEXHOJIOTUUECKUX ONepaliuii

Hopwma Bpemenn, yac
Ne
I
I
Buzgonepamt | I NNEEEEEEE — I
I I
I
I I
N
T, | llpoepka
KOMIUIEKTHOCTH Y3JIOB I I I
T, | IIpoBepka BHELTHETO
COCTOSIHMSI M KaueCcTBa
MOHTAaXa JIEMEHTOB I I I
CHCTEMBI
T; | IlpoBepka cepBUCHBIX
byHKIMI cucTemMbl B B B B
MOHUTOPHUHIA
T, | Coop oOpabotka u
BU3yalIU3alMs TEKYLIUX - - - I
JIaHHBIX
4.®uHaHco8bIl MeHedxMeHm, pecypcocbepexxeHue u  |/lucm
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Oxonuanue Tadunsr 4.3

Ts

XpaHeHue u
BU3yalIU3aLus

APXUBHBIX JAHHBIX

[IpoBenenune naHHBIX

MOHHMTOPUHIa KOPPO3UH

Cymma BpeMeHu
IPOBEACHUS
TEXHOJIOTHYECKUX

onepanuin

Cormnacuao paCcCUUTAaHHBIM HOPMaM BPCMCHH, 3aTPAaTbl BPCMCHH JIA K&)K,I[Oﬁ

CANHUIIBI O60py,ZIOBaHI/I}I IMOJIYUYHJINCH PA3JINIHBIC!

® I CUCTEMBI MOHUTOPHHIA - — -
® I CUCTEMBI MOHUTOPHHIA - — -

¢ 1 TPaBHUMCTPHYCCKOIO MCTOA C HMCIIOJIb30BAHUC

xopposui — [

® IS CHATHS MOKAa3aHUW C UCIOJIb30BAaHUEM NEPEHOCHOM J1abOpaTOpuH —

4.3 3aTpaTbl HAa aMOPTU3ALMOHHBbIE OTYHNCJICHUS

Y3JI0B KOHTPOJIA

3aTparThl ONpENEsIOTCS, UCXOAs M3 0alaHCOBOW CTOMMOCTH OCHOBHBIX

IMPONU3BOACTBCHHBIX (I)OHI[OB N HCMATCPHUAJIBHBIX AKTHBOB H YTBCPIKICHHBIX B

YCTAHOBJICHHOM IMOPAAKE HOPM aMOPTHU3allMH, YIUTBEIBASA YCKOPCHHYIO aMOPTU3alHIO

UX aKTUBHOM YacTH. HOpMI::I aMOpTU3alnu BBI6I/IpaeM COrslIaCHO CAWMHBIM HOpMaM

aMOPTHU3aAIOHHBIX OTUYMCJICHMM Ha IOJHOE BOCCTAHOBJICHHUE OCHOBHBIX CpOHI[OB

HapoaHoro xo3siictea [38]. Hopmy amopTuzanum mjisi pacCUMTAEM IO JIMHEHHOMY

MCTOAY HAYUCIICHUA aMOpPTHU3alluU.

Pacuer AMOPTHU3aAIMOHHBIX OTUYHMCIICHUM InIpun IHIPOBCACHHUHN MOHHTOPHHIA

KOPpPO3HH MpecTaBieH B Tabauue 4.4

N3m.

Jluem Ne dokym. lModnuck

[lama
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Tabnuna 4.4 PacueT aMOpTU3aLIMOHHBIX OTYUCIICHUIN

Hopma Hopma

Hopwma Bpemsa| Cymma
Croumoc amopru3ar | amoptu3zarl (Ko
OOBexT aMopTH3aIL paboT |amopTHU3aIu
Tb pYyO. o WU BTOJ, | WU B4Yac, |-BO
uu % bl, 4yac.| W, pyo.

pyo. pyo.

N -

Hroro -

Takum 00pa3om, pacueT aMOPTU3ALMOHHBIX OTYUCICHUH MTOKa3aj, 4YTO CyMMa

aMOpTHU3alMu U1 JBYX CHUCTEM  MOHMTOPHMHIA, Y3JIOB  KOPpPO3UH U

4.4 Pacuer 3aTpar Ha OILIaTy TPyAa

K pacxonaM Ha omiaty Tpyaa OTHOCSITCS:

»  CyMMBI, HAUMCJICHHBIE 110 TapU(PHBIM CTaBKaM, JOHKHOCTHBIM OKJIaJaMm,
CHEJIbHBIM paclUEHKaM WM B NPOLEHTaX OT BBIPYYKH OT peaM3alid IMPOLyKLIHN
(paboTt, yciyr) B COOTBETCTBMM C MPUHITHIMU Ha MPEANpUATAU (OpraHU3aluf)

dbopmamu U cucTeMaMU OIJIaThl TPYIa;

4.PuHaHco8bIl MeHeAXMEHM, pecypcocbepexeHue u

pecypcocaghghekmusHocmb
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>

kpaitnero Cesepa u ap.

HaJA0aBKM MO palloHHBIM Ko3(pduimeHram, 3a paboTy B palloHax

Pacuer omnartel Tpyda 3a MOHTaXX CUCTCM MOHHUTOPHHI'A KOPPO3HUU U CHATHC

MOKa3aHUil MOHUTOPUHIA CBOJUTHCS B TaOnuIy 4.5.

Ta6nuna 4.5 Omnara Tpyaa

Tapig- Bpewms Ha 3apaboTHast
KonnuectBo| Has nposeacie | Tapueueii Ces. u paii. maTa ¢
HomxHocts  |Paspsin CTaBKa, MCPOIpPHATHA, bonn K03(.
. 50%+70% y4eroM
py0./4ac 311, pyd
Haa0aBoK, pyo.
I | i I | I I I
ey ||| 1 H| | | B mm
I
a1 1 H| B W E
I
eem 1 1 H| B W EE
I
— i i I | I I I
- 11 Hm B = mm| =
s | i I | I I I
I I

Hcxons u3 pacueroB 3apaOOTHOW IJIAThl C YYETOM pa3JIMYHBIX HAJ0aBOK

(palloHHBIA U CeBEpHBIN KOA(DPUIIMEHTHI), TOJYYECHO 3HAUCHHUE 3apILIaThl IJI BCETO

nepconana pasroe [ pyo.

N3m.
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4.5 3aTpaThl Ha cTPpaxoBble B3HOCHI

3arpaThl Ha CTpaxoBbl€ B3HOCHI B MEHCHOHHBIM (GOHI, (HOHA COLMATHLHOTO

CTpaxoOBaHU:I, (l)OHI[ 00s13aTeIHLHOTO MCIAUIWHCKOI'O CTpaxXOBaHUA H 00513aTeILHOTO

COLIMAJIPHOTO CTPAaXxOBaHWs OT HECYACTHBIX CIIydaeB Ha He(dTempomeiciie Npu

IMPOBCACHUU TEXHUYECKOM ANAarHOCTHUKHU pr6onp0Boz[a MnpcacCTaBJICHbBI B Ta6HI/IHe

4.6.

PaccuntniBas 3aTparbl Ha CTPAaxOBaHHUC OT HCECYACTHBLIX CJIy4YacB Ha

MIPOU3BOJICTBE M IpodeccroHanbHbIX 3a0oeBanuii, Beioupaem kiace Il ¢ Tapudom

0,4 nnst mpenoCTaBlIEHUs MPOYUX YCIYT, CBSI3aHHBIX C AOOBIYEH HEPTH U Ta3a (KOof

OKBDJI - 11.20.4)

Ta6nuna 4.6 — Pacuer cTpaxoBbIX B3HOCOB

11 1in-4

sknlinaiull |

3aTpaThl Ha CTPAaxOBbIe B3HOCHI B MEHCHOHHBIN (POoHMA, (HOHJI COLMAIBHOTO

cTpaxoBaHus, (POHJ 005A3aTEIHLHOTO MEIHMIIMHCKOTO CTpPaXxOBaHUS M 00S3aTEIHLHOIO

COIHMAIBHOTO cTpaxoBanus oT HecuacTHbIX ciydaes coctaniny || pyo.

N3m.
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4.6 3aTpaThl Ha IPOBeleHHEe MEPONPUSITUS

Ha ocHoBanun BBIIICIICPCUYHUCIICHHBIX PACYCTOB 3aTpPAaT OIIPCHCIIACTCA 061118,5{

CyMMa 3aTpaT Ha MPOBEAECHUE TEXHOIOrnYeckoro mepomnpusitus (Tadnuna 4.7).

Tabmuua 4.7 — 3arpaThl HA YCTAaHOBKY CHUCTEMbl MOHHMTOPHHIA KOPPO3UU

npomticnosoro TpyGonpozoa G

Cocras 3aTpar

Cymma 3aTpar, pyo.

3arpaTsl Ha 000pyI0BaHUE

3arpaThl HA MaTepUAIIbI

AMOpTI/I3aIlI/IOHHI)I€ OTYUCICHUA

Omnara Tpyaa

CtpaxoBbi€ B3HOCHI

Haxnannsie pacxoast (20%)

Bcero 3aTpar:

BBIBOI[I 3aTpaTbl HA YCTAHOBKY H HCIIOJIb30BAHHUC CHUCTCMblI MOHHUTOPHHIA

xopposun  mpomsiciosoro Tpy6onporona |G

N3m.
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5. COHMAJIBHAA OTBETCTBEHHOCTD

OOBEeKTOM HCCIeIOBaHUS BHICTYNAET NEUCTBYIOMINNA YYaCTOK TPOMBICIIOBOTO

negrenposoza | N I

H&XOHHMHﬁCH 110 BJIMAHUCM KOppOSHOHHO-aKTHBHOfI CpCIHhI. XapaKTepI/ICTI/IKI/I

00BEKTa MpeCTaBICHbI B Tabuie 5.1

Tabnuna 5.1 XapaktepucTuka MpoMbICIOBOTO TPyOOIpoBOIa

Hazeanue negpmenposooa

Tun mpybonposoonou cemu

BHYTpUIIpOMBICIOBBIN TPYOOIIPOBOJ

Hasnauenue mpyoonposooa

Hedrerazoc6opHbie TpyOOIIPOBOIBI OT 3a00PHBIX

ycTaHOBOK(3Y) 10 TOKUMHBIX HACOCHBIX

cranuit(JJHC).

Obwas

mpybonposooa, m

NPOMAINCEHHOCNTb

1330

Pabouue napamempoi

naBieHue, at™M: 40

temneparypa, C: 30

Kamezopus mpybonposooa 3
I nybuna yknaoxku, m 1,2
Cnocob npoknaoku MOA3EMHBIN
Ilepexoowi aBTOJOPOTH
UccnedosaHue UsMeHEHUsI HanpsikeHHO-0ehopMUPO8aHHO20
COCMOSIHUSI MPOMbIC/108020 Mpyborposoda
v Ne dory. Modnucs | fama o0 enusiHUEM KOPPO3UOHHO-aKmueHoU cpeodbi
Paspab. Baknywux T.HO Jlum. Jlucm Jlucmoe
Pyk0800. Yyxapesa H.B [ | 82 101
KoHcynbm. 5.CouuarnbHas
3ae. Kagp. | Bypkoe 1.8 0meemcmeeHHoCMb HU TI1Y ep. 2BM5A




B mpouecce skcmmyaTtanuu HEPTSHBIX MECTOPOXKACHUN KIIOUYEBYIO POJb
UTPAIOT MPOMBICIOBBIE TPYOOIPOBOIbI, KOTOPHIE OCYIIECTBIIIET HOCTaBKY HeTH A0
IYHKTOB IMOATOTOBKM HE(PTH, a BIOCIEACTBUM U JO MOMEHTA MEpeAayud TOBAPHOU
He(TH B MarucTpaipHbIi HedTenpoBoAa. Ha camMom mpombiciioBoM HeDTEHpOBOIE
CYLIECTBYET OMNACHOCTh OTKa3a W aBapUMHON CHUTyallud, 4YTO BJEUYET 3a COOOH
HEraTUBHOE BO3/ACUCTBHE HA OKPYKAIOIIYIO Cpeny, M Ja)Ke, BOZMOXKHYIO THOEIb
JIOAEN.

Llenbto BBINOJHEHUS JAHHOTO pasjieia BbIIYCKHOM KBaIM(PUKAIIMOHHOM
paboThl MarucTpa SIBISETCS BBISIBJICHHE W aHAIW3 OMACHBIX MPOU3BOJICTBEHHBIX
(GakTOpOB Ha MPOMBICIIOBOM TPYOONPOBOJE, a TaKkKe MEPONPHUATHI IO 3alluTe
OKpY’KaloIllee CPebl.

5.1 AHaJuu3 BpeAHBIX U ONACHBIX IPOU3BOJACTBEHHBIX (PAKTOPOB HA
NMPOMBICJIOBOM He(TenpoBo/e

Bunpl pabot, a Takke BpeIHbIE M OMNAacHbIE MPOU3BOJCTBEHHBIE (PAKTOPBHI,
COIOCTaBUMBIE C 3TUMHU pabOTaMH, HOPMATUBHBIE JOKYMEHTBI, PETIaMEHTUPYIOLUE

npoiiecc mpousBojictBa, [IJIK u T.1. mpeacTaBiaeHbl B TadauIe 5.2

Tabnuma 5.2 OcCHOBHBIE 3JIEMEHTHI MPOU3BOJICTBEHHOIO Ipoliecca, (hopmMupyromume
omacHble M BpeaHble (aKTopbl MpU TEpeKadyke IUIacToBoro ¢uouaa 1o

MIPOMBICIIOBOMY HE(PTEIIPOBOY

HanmenoBanune @axkrtopsl B coorBeTcTBHM ¢ ['OCT HopmatuBHBbIE
BUJIOB paboT 12.0.003-74 [39] JTOKYMEHTBI
Bpennbie OmnacHbie
1. OtkpsiTHE / 1. IToBwimennas | 1. JBmwxymuecs I'OCT 12.1.005-88 [40]
3aKpBITHE 3ara30BaHHOCTh | MEXaHU3MBI, FOCT 12.1.019-2009
CTallMOHAPHBIX BO3/yXa NOJIBMYKHBIC YacTH
3aJIBIKEK paboueii cpenbl; | MPOU3BOJACTBECHHOT [41]

0 000py10BaHUS, ]
2. O6cnyxuBanue, | 2. [lormkeHHas PJ134.21.122-87 [42]

PEMOHT Yy3JI0B TeMmneparypa 2. Onexrpuueckuii | TOCT 12.1.007-76 [43]

PO IORERE | PO ot TOCT 12.1.010-76 [44]
HedTenpoBoIa paboueii 30HbI,
[T 03-585-03 [45]
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3. KonTpoub 3.Bnusnue 3. OnacHbIit

TEXHOJOTHUECKHUX | BPEIHBIX YPOBEHbB JIaBIICHUS
napaMeTpoB BEIIICCTB B IIPOMBICIIOBOM
nporecca TPyOOIIPOBO/IE;
TIepeKavKH

MJIACTOBOTO 4 .TTo>xapoB3pBIBOO
bmonna HedTH €30IaCHOCTh

4. KoHTponib
IpoITycKa
OYHCTHOTO
YCTPOWCTBA

5.1.1 AHanu3 BpeAHBIX NPOU3BOJICTBEHHBIX (JAKTOPOB 00bEKTA UCCJIEI0BAHUSA

1. [ToBbllIEeHHAS 3ara30BAHHOCTDL BO3yXa padoyeil cpeabl, BJUsIHUE
BpeIHbIX BelleCTB

Kamepn! mycka-npuema cpeacts ounctku u auarioctuku (KIICO/), a Takxe
Y376l TIOJKJIIOYEHHM TpyOONpoBOJa SIBIAIOTCS HauOoOJiee OMACHBIMU OOBEKTAMHU
TPAHCIIOPTUPOBKH HEPTU HA MPOMBICIE, MTOCKOJbKY B KamMepax CKOHIIEHTPUPOBAHO
0OJIbIIIOE KOJUYECTBO TOKCHUYHBIX Ta30B, K KOTOPBIM OTHOCSTCS Mapbl HedTH,
CEpOBOJIOPO/IA, METAHA, JIETKUX YIJIEBOJAOPOJOB; HA y3JIaX IMOAKIIOYEHHUS, B Clly4yae
pasrepMeTu3alm, TaKKE MOXKET BOZHUKHYTh OMACHOCTh OTPABJICHHUSI TOKCUYHBIMU

BCIIICCTBAMM.

OCHOBHBIE HCTOYHUKH BBIJCTICHHUS:

1. Kamepa nycka-npuema. B ciyyae OTKpBITHS BO3AYLIHOTO KJalaHa, B
KOPOTKHUM MPOMEKYTOK BPEMEHH B BO3AYyX OYyJI€T BHIOPOILIEHO OOJIBIIOE KOJTHUYECTBO
ra30BOM COCTAaBJISIFOIICH IJIACTOBOTO (QITFOM/IA.

2. V37l noAKIIOYEHUs TpyOomnpoBoaa. B ciyyae HapylieHUs repMETHIHOCTH
o0opyoBaHusi u3-3a JA€PEKTOB MATEPUATIOB; HAPYILICHHUS HOPM IPHU CTPOUTEIHHO-
MOHTQ)XHBIX pPab0Tax; BIUSHUA KOPPO3MOHHO-aKTUBHOM CpPENbl; HECOOIOACHHE
MpaBWJI JKCIUTyaTallMd, OKOHYAaHWE HOPMATUBHOTO CpOKa CIYKObl YIUIOTHEHUI

3all0PHOM apMaTyphl.
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Jlanee OymeT mpeAcTaBieH COHCOK BemecTB, a Takke ux I[IJIK B BO3myxe
paboueit 30HbI; cornacHo [40], maHHBIE BemIecTBA OTHOCATCS KO BCEM YETHIPEM

KJ1acCcaM OIIaCHOCTH I1O0 CTCIICHH BO3,H€I>’ICTBHSI Ha OpraHu3M 4CJIOBCKaA.

Tabmuma 5.3 — IlpenenbHO JOMYyCTUMBIE KOHIIEHTpAIlMd BPEIHBIX BEIIECTB B

paboueii 30He TPOMBICIOBOTO HEPTENpPOBOAA

Haumenosanue 1K Knacc Haumenosanue 1K Knacce
sewyecms M/’ onachocmu sewecms me/m® | onacrnocmu
Hedtr(dpp.20-200) 300 4 OxwucIbl a30Ta 5 2
Meran 300 4 MeTtunmepkanTtan 0,8 2
[Tponan 300 4 Pryts 0,01 1
Bbyran 300 4 CepHnas kucinora 1 2
Benzon 5 2 TeTpasTuiicBHHEI] 0,005 1
MeTtaHon 5 3 Tomyon 50 3
OTUIIOBBIN CIIUPT 1000 4 Oxwucs yraepona 20 4
Aueron 200 4 Juxnopatan 10 2
Kepocun 300 4 CepoBoiopon 10 2

Bce W3 mepednciaeHHBIX KOMIIOHEHTOB OTHOCATCS K sIaM M OKa3bIBarOT
OTpaBJISIIOIIEE BO3IECHCTBUE HA OPraHN3M 4esoBeka. CnupT ,yrieBoJOPOIHBIE Ta3bl U
CEpPOBOJOPOJ OKa3bIBAOT HAPKOTHYECKOE IEHCTBHE, MPHU 3TOM YIJIEBOAOPOAHBIE
rasel 1 CEpOBOJIOPOJ OKA3bIBAIOT BIOOABOK pa3ipa)karoliee AEHCTBHE HAa OPraHu3M
YyeJoBeKa. YTJEBOJOPOIAHBIE Ta3bl BO3JACHCTBYIOT HaA JIETOYHYIO TKaHb, a
CEpPOBOJOPOJ HA BEPXHHUE AbIXaTesbHbIC MyTH. [Ipn nonaganuy Ha KOKy OHH CyIIaT
U 00€3KUPUBAIOT €€, YTO MOXKET MPUBECTH K TAKHUM KOXHBIM 3a00JI€BaHUAM, Kak
nepMaTUT Wi 3k3eMa. CMecu M3 MEeTaHa U YIJIEBOJOPOJAOB SIBISIOTCS HEPBHBIMU
AlaMd, BO3JECHCTBYIOIIMMU Ha IEHTPAJbHYI0 HEpPBHYIO cuctemy. llepBeiMu
NpU3HAKaMU  OTPABISIOIIETO JCMCTBUS HA OpPraHuW3M 4elOBeKa  SIBISIOTCS:
rOJIOBOKPYXEHHUE, TOIIHOTA, HEIOMOTaHUE, TIOBBILLIEHHAs TEMIIEpaTypa.

Meponpusatuss TO CHIKEHHMIO 3ara3oBaHHOCTH M 3alllUThl OpraHu3Ma

yenoBeka [40]:
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1. HcknroyeHue VCTOYHHKOB ra3o00pa30BaHus (cobmoienue  mpaBuMI
DKCIUTyaTalluM, IPOTUBOKOPPO3MOHHAS  3allMTa, CBOCBPEMEHHAs  3aMeEHa
YVIUIOTHEHUH 3alIOPHON apMaTyphl).

2. YMeHbIIICHNE KOHIICHTPAIIMA TOKCUYHBIX Ta30B MyTEeM MPOBETPUBAHUS PadOUIETO
MeCTa Ha KaMepax IyCKa-MpuemMa CPeACTB OUMCTKHA U TUATHOCTUKHU.

3. IlpumeHeHue cpeACTB UHAMBUIYATbHON 3alIUTHI (MPOTUBOTA3bl, PECIUPATOPHI,
CHELOAeKAa, U30IUPYIOIINE KOCTIOMBI, pYKaBHUIIbI, IEPUYATKH, OUKH, MACKH).

4. OO0s3aTenpbHOC HAJTUIHNE ra3oaHajin3aTopa IIPpHu BBIIIOJHCHUHN I'a300I1aCHBIX pa60T.

2. IloHmKeHHAs TeMIIEPATypPa BO3AyXa padoye 30HbI

Bce TpeboBaHus, CBA3aHHBIE C BO3AYXOM paOoueii 30Hbl, PErIaMeHTHPYIOTCS
'OCT 12.1.005-88 [40].

[Ipexxne Bcero, CTOMT OTMETHTb, YTO pabOTa B TEUYEHHE JIMTEIHHOTO
BPEMEHH Ha XOJOJHOM BO3JyX€ CHOCOOCTBYET BOSHUKHOBEHHIO Pa3JIMYHBIX OCTPBIX
U XPOHMYECKUMX MPOCTYAHBIX 3a0osieBanuii. [lpuBnedeHne COTPYIHUKOB K
BBINIOJTHEHHUIO TPYIOBBIX 00S3aHHOCTEH B 3MMHUI NEPUO UM MHOE XOJIOJHOE BPEMSI
Ha OTKPBITOM BO3AYyX€ WJIM B HEOTAIUIMBAEMBIX NOMENIEHUAX JOJDKHO
COIPOBOXAATHCS MPEIOCTABICHUEM CIIEIUANbHBIX NEPEPHIBOB Al 000TpeBaHUs U
OTJIbIXa, & B OTJEJBHBIX CIy4asX U JOIMOJHUTEIBHOMN OILIaTON Tpyaa.

B kaxn0oM KOHKPETHOW OpPraHU3alvu NpaBujia MPENOCTAaBJIEHUS IEPEPHIBOB
npu paboTe B XOJOJHOE BpeMsl rofa Ha OTKPHITOM BO3AyXe A O0OrpeBaHMs,
JOTIOJIHUTENBHOM OIUIAThl TPyAa W APYTHE BONPOCHI, CBSI3aHHBIE C ITPOU3BOJCTBOM
paboT B TaKMX OCJOXHEHHBIX YCJIOBHSX, JOJDKHBI PEryJIUPOBATHCS IMOJOKEHUSIMU
KOJUIEKTUBHOTO JIOrOBOpA, MPABUJI BHYTPEHHErO TPYAOBOI0 PacHopsKa WM WHBIX
JIOKaJAbHBIX HOPMATHUBHBIX AaKTOB, MPUHUMAEMbIX Ha YpPOBHE OpraHU3alMHU IO
COTJIACOBAHUIO C MPEACTABUTEIbHBIMU OpraHaMi paOOTHUKOB.

Ha pabotogarens aeiicTByrolee 3aKOHOIaTEIBCTBO BO3JIaraeT 00s3aTeabCcTBa
[0 HaJUIeKallell OpraHu3alliyd TPYJOBOTrO Ipolecca, U 00eCHeYeHUI0 pabOTHUKOB
COOTBETCTBYIOIIMMHU CPEACTBAMM 3aIIUTHI, BKIIOYas B HEOOXOJUMBIX CIydasx

obecrnieueHue cpeactBamu st odorpeBanusi. CpenactBa ajiss 000rpeBaHUS JIOHKHBI
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OBITh TPEIOCTABICHHl HAa MECTAaX BBIMOJTHEHUS pabOT WM B HEMOCPEICTBEHHOUN
omm3oct or Mecta paboTel. Ilpm KpaTKOBpeMEHHBIX paboTax HOHKHO OBITH

o0ecIeyeHo JIMIIb YCTPOMCTBO KOCTPOB ISl 00OTPEBAHUS.

Meponpustds 1O OpraHu3aluud padoT C TOHWKEHHON TeMIepaTrypou
BO3JlyXa:
1. ITpenocraBnenre COTpyAHUKAM TEIJION CIIEOIEK b
2. IlpenocraBienue crielMaIbHBIX IEPEPHIBOB JIJIs1 000TPEBAHMS U OTAbIXA

3. IlpenocraBiienue cpeacTB AJjisl 000TpeBaHUS

5.1.2 AHa1u3 onacHbIX MPOU3BOACTBEHHBIX (AKTOPOB 00bEKTA UCCIEI0BAHUSA

1. JIBusKymimecsi MeXaHU3Mbl, MOJABHKHbIE YACTH MPOU3BO/ICTBEHHOT0
o0opyaoBaHusI

Ha y3max mnoaxmoueHus HepTenpoBoAa, K  MHOABMXKHBIM — YacTsIM
000pyAOBaHUSI OTHOCST 3allOPHYIO apMaTypy( 3aBUKKH), KOTOPbIE MOTYT IIPUBECTU
K MEXaHUYECKOMY BO3/E€HCTBHIO HAa OpraHu3M paboTHHKA. Ha HEKOTOpBIX yyacTkax,
UMEIOTCSL  3aJBMKKA C  DJIEKTPONPHUBOJOM, B COCTaB KOTOPOIO  BXOJHMT
JIEKTPOJBUTATEND, MMOATOMY BCE JBIKYIIMECS M BpalAIOIMEcs 4acTH MPUBOAA
JOJIKHBI OBITh OTPaXKJI€HbI CHEIUAIbHBIMUA ChEMHBIMU KOKYXaMH, YTOOBI UCKJIIOYHTh
NOMNaJaHKe B JBIXKYIIMECS U BpalaloIUecs 4acTu. PEMOHT U OCMOTp OrpakJI€HHbIX
4acTe MEXAHU3MOB U CHATHE OrPAXIACHHUMU JOIYCKAeTCs TOJBKO IOCIE ITOJHOM
OCTaHOBKM MexaHusma. JlaHHbli BuA paboT ciexyeT MNPOBOAWTH C 0CO00i

OCTOPOKHOCTBIO.

2. DyIeKTPpUYECKUH TOK

[lockonbKky Ha OO0BEKTaX MPOMBICIOBOrO HE(PTENpOBOJa €CTh Y3JIbI
JO3UPOBKU UHTUOUTOPOB U AI'3Y, KOTOpBIE MOTPEOISIOT 3HAYUTEIbHOE KOJIMYECTBO
DHEPIUM, TO MOYKHO C YBEPEHHOCTBIO CKa3aTh, YTO HEKOTOPBIE Y3JIbl  SIBIISKOTCA
HYHEProOeMKHUMH OOBEKTaMH, TO BO3HUKAET OMACHOCTb IMOPAXKEHUS JJIEKTPUUYECKUM

TOKOM, HAIIPAKCHHUC KOTOPOro AOoCTUract HCECKOJBKHX COTCH BOJIBT, d TaAKKC
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OMAaCHOCTh BO3HUKHOBEHHS IMOKapa W/WiIM B3pbiBa. [Ipom3oiiTH 3TO MOXET MO

clIleyromuM npuauHam [41]:

CIIy4ailHO€ MPUKOCHOBEHNE K TOKOBEIYIIIUM DJIEMEHTAM;
omurOOYHBIE ICUCTBUS IEPCOHAIIA;

HapyIlIeHUE U30JSHUHA POBOJIOB;

aBapus.

HOpa}KaIOHII/IMH (baKTOpaMI/I QJICKTPUYICCKOI'O TOKaA ABJIAIOTCA: 3JICKTPOOKOT,

ANEKTPOYAAP U AIEKTPOCYAOpOra. DNEKTPOCYAOPOTH XapaKTEPHBI I HAMPSKEHUS

1o 1000 B, snexrpoynapsl — cBbiiie 1000 B, snexrpooxoru — no u ceeime 1000 B.

[Topor omytumoctu Toka pasBeH 0,5-1,5 MA. Ilpu BO3A€HCTBHM Ha 4YeIOBEKa TOKa

cuioif B 10-15 MA HaumHarotcs Gone3HeHHBIE cynoporu. Tok cumoit B 20-25 MA

OKa3bIBAET 3aTpyaHeHus AbixaHusa. Tok cuiior B 100 MA SBISIETCA CMEPTEIIBHBIM IS

yesoBeKa Mmpu Bo3zelcTBuu Ooee 2 ¢ [41].

Meps! 3a1IATHL:
[IpuMEHAOTCS  3alUTHOE 3aHYJICHWE, 3allUTHOE 3a3€MJICHHE, 3allUTHOE
OTKJIIOYCHHE.
OOecnieunBaOT M30JALMIO, OTPAXACHUE W HEIOCTYIMHOCTh JJIEKTPUYECKHX
LEIEH.
Hcnonb3oBaHue npeaynpeauTeNbHbIX MJIaKaTOB U 3HAKOB O€30MaCHOCTH.
[IpuMEHSAIOT cpeacTBa MHIAUBUAYAIBHON 3aIUThL: TUDJICKTPUYECKUE IIEPUYATKU U
OOTBI, AUDIEKTPUUECKUE PE3NHOBBIE KOBPUKH, HHCTPYMEHTHI C N30JIMPOBAHHBIMU

pydKamu.

OTAenbHO CTOMT YHOMSHYTH PO aTMOC(EpPHOE AIIEKTPUUECTBO., KOTOPOE

SBJISIETCS OMACHBIM ()aKTOPOM BBHJIY TOTO, UTO MOJHUS uMeeT Temnepatypy 10000

°C, nanpsbxenue 220 MB u cuaimy Toka 1o 1200 KA.

OnacHbIMU BO3JICHCTBUAMH aTMOC(HEPHOTO AIICKTPUUECTBA SIBIISIOTCS:
ylapHas BOJIHA, c(OpMUpOBaHHAas MPHU AJIEKTPUUYECKOM paspsiie, CrocoOHa
BBI3BATh MEXAHUYECKUE MTOBPEIKICHHUS;
npsIMOE TIOMAJIaHUe MOJHUU CIIOCOOHO BBI3BaTh MOPAKEHUE DJIECKTPUUCCKUM

TOKOM OOCITY>KHUBAIOIIET0 NIEPCOHANA, a TAK)KE MPUBECTU K MOXKAPY;
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® JJIEKTPOCTATUYECKAsl U IJICKTPOMArHUTHAS UHAYKIUS, SIBISIOIIMECS BTOPUYHBIM
MPOSIBJICHHEM aTMOC(EPHOTO 3JIEKTPUYECTBA, CIIOCOOHBI BBI3BATh HCKPEHUE B
MECTaX C IJIOXUM KOHTAKTOM, CIE€JCTBHEM YErO0 MOXKET CIYKUTh B3PBIB B CIIy4ae
MMEIOLIUXCS B3PBIBOOIIACHBIX BEILIECTB.

Jns 3ammThl OT MPSIMBIX YJApOB MOJIHUHM IPUMEHSIOTCS MOJIHUEOTBO/IBI,
KOTOpblE TPUHUMAIOT yJap MOJHHUM Ha cebs W OTBOIAT ero B 3emito. Jlus
MOJTHHE3AIINTHI TIONIAI0K KaMep U Y3J10B MOAKIIOYEHHUS MPUMEHSIOT CTEPKHEBBIC
MOJTHUEOTBO/IBI, IIPH 3TOM COTJIACHO [42] TOKOOTBO/| BHIMOIHSIOT U3 JIUCTOBOM CTaJIN

n COCAUHAIOT C MOJTHUCOTBOJOM CBapKOﬁ.

3. OnacHblil ypOBeHb JaBJCHUS B TPYOONIpoBoOae

[Tockonbky pabouee pamieHue HedTenpoBona cocrasisier oT 20 mo 40
atMocep, TO TpyOONpOBOJA CUHMTAETCA KpailHE OMACHBIM TEXHOJOTMYECKUM
COOPY)KEHHEM, TaK KaK aBapud M OTKa3bl COMNPOBOXKAAIOTCA 3HAYUTEIBHBIM
HKOJIOTUYECKUM yIIEepOOM - pa3iuBOM HE(TENpOAYKTOB, OTPABICHHMEM MECTHOM
bnopsl 1 QayHbl, Jaxke BO3MOXKHOM THOenbio JroAed. KpaliHe BBICOKMI YpPOBEHb
JaBJIEHUS CIOCOOCTBYET pa3pblBy TpyO0 B MecTax Hauuuus Je(EeKTOB,
KOPPO3MOHHOT'0 U3HOCA, Opaka feTane u T.1.

B nepuon oskcmiyaranuu - TpyOONpPOBOAOB — CIENYET  OCYUIECTBISTH
MOCTOSTHHBIA KOHTPOJIb 332 COCTOSIHUEM TPYOOIIPOBOAOB M HX 3JEMEHTOB (CBapHBIX
IIBOB, (DJIAHUEBBIX COEIMHEHMM, apMarypbl), AHTUKOPPO3HMOHHOW 3allUThl U
U30JISIUUH, IPEHAKHBIX YCTPOUCTB, KOMIIEHCATOPOB, OMOPHBIX KOHCTPYKLMMA U T.1. C
3aMMCSIMU PE3YNBTATOB B IKCIUTYaTallMOHHOM >KYPHAJI€ U 3aHECEHUEM PE3YJIbTAaTOB B
0a3y TaHHBIX BEAYIIMX WHKEHEPOB SKCIUTYaTUPYIOIIETO 1IeXa.

Meponpusitus 1o npeAoTBPAIICHUI0 aBapuu Ha TPYOOIpOBO/IE:

1. BusyanbHblii 1 TprOOPHBIA KOHTPOJIb COCTOSHUS TPYOOIIPOBOIOB
2. IlpoBeneHue CBOEBPEMEHHOM pEBU3UU COTIIACHO rpaduKy
3.IIpoBeneHne TEXHUYECKUX OCMOTPOB U TEKYIIMX PEMOHTOB IO PE3YJIbTATAM

JAUarHOCTHUKHU
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4. OOGecnedyeHre AOHKHOTO KOHTPOJISI NMPU MOHTaXe CHCTEM MOHUTOPHHIA
KOPpO3HH

4. I1o:xapoB3pbHIB00E30NIACHOCTD

Kameps! mycka-nipuema cpeactB ouncTku U quarHoctuku (KIICO/), a Takxke
y37bl JO3UPOBAaHUS WHIMOUTOPOB SBISIOTCS OJAHMMM M3  HamOOJee OINacHbIMU
[I0’KapPOB3PHIBOONIACHBIMU OOBEKTAMU TPAHCIIOPTUPOBKM HEPTH HAa IPOMBICIE,
MOCKOJIBKY B KaMepaxX CKOHIIEHTPUPOBAHO OOJIBIIOE KOJIUYECTBO TOKCUYHBIX Ta30B, K
KOTOPBIM OTHOCSITCS Tapbl HE(PTH, CEPOBOIOPOA, METAHA, JIETKUX YIJIEBOJOPOIOB.

OCHOBHBIE HICTOYHUKHU BBIJCICHHUS:

1. Kamepa mycka-npuema. B ciydae OTKpBITHS BO3QYIIHOTO KialaHa, B
KOPOTKUH MPOMEKYTOK BPEMEHH B BO3IyX Oy/aeT BBIOPOLIEHO OO0JbIIOE KOJTUYECTBO
ra30BOM COCTABJISAIONICH MIIACTOBOTO (hiIroua.

2. Y31l 103UpOBaHUsT UHTMOUTOPOB. B cimyuyae HapylieHHs TepMETHUYHOCTU
o0opyioBaHusl U3-3a J1€(PEKTOB MaTEepHalOB;, HApyILICHUs HOPM IIPU CTPOUTEIILHO-
MOHT@)XHBIX pPabOTax; BIUSHUA KOPPO3MOHHO-AaKTUBHOM Cpelbl; HECOONIOACHHE
OpaBWJ DSKCIUIyaTallud; OKOHYAHHME HOPMATUBHOIO CpPOKa CIIYKObl YIUIOTHEHUN
3alIOpPHOM apMaTypBhl.

CornacHo [44] omacHble ra3pl MMEKOT XapaKTCPUCTUKHU, MPHUBEJCHHBIC B

tabmnure 5.4.

Tabnuma 5.4 — XapakTeprcThKa B3phIBOOIIACHBIX Ta30B

Ipenea
Temmnepatypa, °C 3
HaumenoBanue B3pbIBAEMOCTH, MI/M
BCIIBIIIKKA | CAMOBOCIUIAMEHEHHS | HIDKHUHU BEPXHUM
YraeBo10poas 3...+45 260-375 1,1 6,4
CepoBo10po - 246 4.3 10
["a3 Hed oM — 405-580 6 13,5

MeTobl CHUXKEHHUS TIOXKapoB3pbIBooniacHOCTH [44]:

1. HWckmroueHue  HMCTOYHMKOB  Ta3000pa3oBaHUsA (cobmronenne  TpaBUI
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9KCILTyaTaluu, IIPOTUBOKOPPO3NOHHAA 3amuTra, CBOCBPCMCHHAsA 3aMCHa

YIUIOTHEHU HACOCOB U 3aIIOPHOM apMaTyphl).

2. Hckimouenue IMPUYIMH BOSHUKHOBCHH: I10KAaPOB U B3PLIBOB.

3. KOHTpOJ'IB 34ra30BaHHOCTH I'a30aHaJIn3aTOPaMHu.

4. IlpuMeHeHHUE 3IEKTPOOOOPYIOBAHUS BO B3PHIBOOE30MIACHOM HCIIOJHEHHUHU.

B cootBeTcTBHU ¢ [44] epBUYHBIMU CPEICTBAMU TOXKAPOTYIICHHS SIBJISIOTCS

IMOPOMKOBBLIC OTHCTYHIUTCIINU, IICCOK, KOIIMaA.

5.2. IKOJOrnYecKas 0e30MacHOCTb

3anH3H5II-OHII/IC BCIICCTBA, TAKHUC KAaK He(bTb, HC(bTerOIIYKTLI, niaM O4uCTKHU

TpyOONPOBOAOB OT HEPTU MOCTYHAIOT B THAPOCHEPY M MOUYBY B COCTABE CTOUYHBIX

BOA OT MHOI'HX 00BEKTOB He(bTGHpOMBICHa, rac HpI/I‘{I/IHOﬁ 9TOIr0 MOI'YyT OBITH

PCMOHTHEIC pa60TI>I, HGCO6JIIOI[€HI/I€ IIpaBHJI SKCILIyaTallun 060py,Z[OBaHH}I, HU3HOC

YIUIOTHEHU HaCOCOB, aBapyH.

Tabmuma 6.5 — Bpenubie Bo3aelcTBHAS HAa OKPYKAIOIIYIO CPEy U MPUPOTIOOXPAaHHBIC

MEpPOTIPUATUS TPU YIIPABICHUHU NIEPEKAYKOHN MIACTOBOTO (hIIFOKIA TIO MPOMBICIIOBOMY

HedTenpoBoIy

[Ipuponnsie
pecypehl U
KOMIIOHEHTBI

OoC

Bpennbie Bo3nencTBus

[IprponooxpaHHble MEPOTIPUATHUS

Bri6pocht 3arpsA3HAIONINX
BeIleCTB B aTtMochepy U3
JTOKUMHOM  HACOCHOM IO
NpUYMHE  HE  IJIOTHOCTH
ATMocdepa | TEXHOJOTHICCKOTO
o0opynoBaHUs

1. IlpoBepka oOopymoBaHHUS Ha
MPOYHOCTH U TEPMETHYHOCTD;

2. CobOmoienue MpaBUI
AKCILTyaTallNH;

3. CBoeBpeMeHHast 3aMeHa
YILUIOTHEHU U HAaCcOCOB u
3all0PHOM apMaryphl;

4. OcHarrenue CUCTEMOU

KOHTPOJIA 3ara30BaHHOCTHU
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OxoHuanue Tadauue! 6.5

[Tonaganme B rtHApochepy | 1. CBoeBpeMEHHBIN OCMOTp
3arpsA3HSIONINX BEIIIECTB, 000py/IOBaHUsI U YCTpaHEHUE
TaKuX KaK He(Tb, | HECOOTBETCTBHIM MACHOPTHBIM
He(TENPOIYKTOB MO MPUYUHE | TpPeOOBAHUSIM;
aBAPUIHBIX pasnuBoB, | 2. CBOEBpEeMEHHas yOopka
HEecoOJI0IeHUs MPaBWI | OTXOJIOB B CIIEIHAIBHO
AKCIUTyaTallii 00OpYJIOBaHUSA, | OTBEICHHbIE MecTa c
KOPPO3UOHHOTO W3HOCA | JTaJIbHEUIIeH
BoJa i BOHBIE MIPOMBICIIOBOTO TPAHCIIOPTUPOBKOM 7O MeECT
pecypebl HedrenpoBoa, nepepadoTKy;
HECBOEBPEMEHHOTO TO | 3. Jlokanuzammusl, JIMKBUJALUSA
3aIIOPHOM apMaTypbl ABapUMHBIX PA3JIMBOB TOJIBKO B
COOTBETCTBUU c
HOPMaTUBHBIMH TPEeOOBaHUSIMU
PJ1 153-39.4-114-01 [46]
Yreuku Hedtu, | [IpoBenenue CBOEBPEMEHHOI0
HEe(TENPOAYKTOB U JIPYTHX | OCMOTpa o00opya0oBaHUS u
3arpsA3HAIONIMX  BEHIECTB B | YCTPAHEHUE HECOOTBETCTBUI
pe3yibTaTe PEMOHTHBIX paldoT, | MACIOPTHBIM TPEOOBAHUIM
HEeCcOOII0IeHUS TIpaBUJI
oM 1 AKCIUTyaTaluu O6OPYI[OBaHH$£,
M3HOCA YIUIOTHEHUM 3aropHOM
SCMCIIBHBIC apMaTypsl, aBapun
pecypcel
3arpsi3HEHUE TOYBBI B | CknagupoBaHue  OTXOJOB B
pe3yJibTare HEMPaBWIHHOM | ClIeIUAJIbHbIC METaJTUYECKUE
YTUIU3AIUU  OTPaOOTaHHBIX | KOHTEUHEPHl C  TOCJIEAYIOIIUM
OOHOB, Tapbl U3-TI0]T | BBIBO30M Ha MTOJIUTOHBI
JTAKOKPACOYHBIX MAaTEpHUajoB, | IPOMBIILIEHHBIX OTXOJ0B
MIPOMACJICHHOW BETOIIHN
5.3. be3onacHOCTb B Ype3BbIYAWHBIX CUTyal[UAX

[lepeyenb BO3MOKHBIX upe3BbIuaiinbix cutyaruii (HC):

® CTUXUWHOIO XapakTepa (JIECHbIE MOkKapbl, HABOJHEHUS, yparaHHbIE€ BETPHI);

® COLMAIIBHOIO XapakTepa (TeppOPUCTUUECKUMN aKT);

® TEXHOIEHHOro Xapakrepa (MpOU3BOJCTBEHHAs aBapus).

Haunbonee tunuyHoit u omacHoil siBisieTrcs YC TEXHOrEHHOIo Xapakrepa.

[lockonpKy TpuW aBapuu Ha TMPOMBICIOBOM HEPTENPOBOJAE MO MPHUYUHE

KOPPO3HOHHOTO M3HOCa Tena TpyObl, HecBoeBpeMeHHoro TO, a Takke OIMOOYHBIX
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JEHCTBUSX TMEpPCOHANa MOSBISIETCS BO3MOXXHOCTh pa3iiiBa HE(TH C TMOCIETYIOINUM
BO3TOPAaHUEM U B3PBIBOM €€ MapOB.
Jlns cHwkenust pucka BosHukHOBeHHss YC cormacHo [45] mpoBogstces
CIIEAYIOIINE MEPOIPUATHUSA:
® OpraHu3yeTrcsi TEXHMYECKas JUarHoCcTHKa OO0OpyJIOBaHMs, a TaKXe €ro
TEXHUUYECKOE 00CITy’)KUBAHUE U PEMOHT;
® OCYLIECTBISIETCS MPHOOPETEHHUE COBPEMEHHBIX NPUOOPOB  KOHTPOJIS U
CUTHAJIM3AI[MHN HA 3aMEeHY (PU3NYECKU U MOPAJIbHO YCTapeBILUX;
® [POBOJATCS MEPUOJUUYECKUE U BHEOUEPEHBIE MHCTPYKTAXKU C OOCTYKUBAIOIIUM
IIEPCOHAJIOM.
HeiicrBuss B pesyabrare YUC npu mnoBpexkaeHuu HedTenpoBoaa ¢
BbIX010M HeTH Hapy:xKy [46]:
OcranoButs arperatsl Ha JJHC.
Jlokanu3oBaTh HCTOYHUK PA3JIMBA.
[TepexpbITh MOAOCTH TPYOOIPOBOIA 33 IBUAKKAMU U THEBMOIIPOOKaMU
OnopoXKHUTH NOBPEKACHHBIN Y4aCTOK
BbICTaBUTH OCTHI OTPAKIACHUS pa3IUTON HEPTH.

CoOpatb paznuBirytrocs He(PTh.

N o g bk WD Ee

YcrpaHuTh NOBpeXIeHU HePTenpoBoaa.

5.4. TlpaBoBble U OPraHU3aALMOHHbIE BONIPOCHI o0ecneyeHnsi 0€30MACHOCTH

B coOTBETCTBUMM C 3aKOHOAATENLCTBOM Ha paboTax C BPEIHBIMU U WU
OMAaCHbIMM YCIIOBUSIMU TpyJa, a Takke Ha padoTax, CBA3AHHBIX C 3arpsA3HEHUEM,
paboroaarenb 00513aH OeCIIIaTHO 0OECIEUUTh BbIIaYy CEPTUPUIIMPOBAHHBIX CPEJICTB
VHIUBUYAIBHOM 3allUTHl COTJIACHO JACWCTBYIOIIMM THIIOBBIM OTPACiIEBBIM HOpMaMm
OecruiaTHOM BbIAAYM pPaOOTHUKAM CIELOACKIbI, CHel. O0yBH M JAPYTHX CPEACTB
WHIMBUyaJIbHOM 3alllUTHI B OpPsiAKe, TpeaycMoTpeHHoM «lIpaBunamu obecnieueHus
pabOTHHUKOB CIEHUAIbHON OJIEXKA0H, CleUaIbHOW 00YBBIO U JPYTHUMHU CPEICTBAMU
WHIUBUIYAIbHOM 3amuTh» [47], Wid BbIIE€ 3THUX HOPM B COOTBETCTBHM C

3aKJIIIOYCHHBIM KOJUICKTHUBHBIM AOTI'OBOPOM HJIN TapI/I(l)HBIM cornameHueM. Bee Jquna,
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HaXOJsAIIMeECs HA MPOU3BOJCTBEHHON IUIONIAAKE, 00s3aHbl HOCUTh 3aIlUTHBIE KACKH.
PaGoTHukM 03 3alUTHBIX KACOK U JIPYTHX HEOOXOIUMBIX CPEJICTB WHIANBUAYATbHON
3alUTHl K BBIIOJIHEHUIO pabOT HE NOMyCKaroTcs. B pelieHusx mno opraHusanuu
Tpyda wu3znaramTcs: ¢GopMa oOpraHu3aluu TpyAa (BaXTOBBIA, SKCIEIUIMOHHO-
BaxTOBBII, OpUTaHBINA U T.1.); TpapUKU padbOThL; pEXUMBI TPYJa U OTJIbIXA; COCTaBBI
Opuran. [lpu onmcanuu pexuma TpyAa YKa3blBarOTCS: MPOJOJKUTEIBHOCTh BaXThl;
IPOJOJKATEIBHOCTh CMEHBI; KOJIMYECTBO CMEH; Yachl Hayajga U OKOHYAHUS CMEHBL;
BHYTPHCMEHHBIE INIEPEPBIBBI HA OTIBIX; MEpepbiBbl IIa npueM numu. llpu
IKCIUTyaTallil HEe(PTENpoBOAa B OKCTPEMAIBHBIX KIMMATHUYECKUX YCIOBHUSX (C
HU3KMMU WM BBICOKUMH aTMOC(EpPHBIMU TEeMIEpaTypamMHu) JTOMOJHUTEIBHO
YKa3bIBAKOTCS CPEACTBA 3aLUTHI JIFOJEH OT JKapbl WM X0JI0J1a, IPOJOJIKUTEIbHOCTb
NEepPEPHIBOB Ha 000OIrpeB, CIOCOOBI OpPraHU3AlMKM PAlUOHATBHOTO TMHTAHUS WA
YTOJIEHUS KaX/bl, B 3aBUCUMOCTH OT )KECTKOCTH MOTOJIBI.

[ToaroroBka K 3KCIUTyaTallud CaHUTAPHO-OBITOBBIX MOMEIICHUN U YCTPOICTB
JOJDKHA OBITh 3aKOHUEHA 10 Hayana Ipou3BojacTBa paloT. IIpu pexoHCTpyKumu
JNEHCTBYIOIIUX MPEANPUATUN CAHUTAPHO-OBITOBBIE MOMEIICHUS CIEAYyEeT YCTpauBaTh
C YYETOM CaHUTApPHBIX TPEOOBAHUM, COOJIIOACHUE KOTOPHIX OO0A3aTEIBLHO MpPU
OCYILIECTBJICHUN IPOU3BOJICTBEHHBIX TMPOLIECCOB PEKOHCTPYHPYEMOro OOBEKTa
(cormacao CHuII 2.09.04-87[48]). IIpon3BoACTBEHHBIC TEPPUTOPHH, YIACTKH padOT
u pabouyre MecTa JODKHBI OBITh OOECHedYeHbl HEOOXOAUMBIMH CpPEICTBAMU
KOJUIEKTUBHOM WM UWHAMBUAYAJIbHOM 3alUThl  pabOTaOLIUX, [EPBUYHBIMU
CpelICTBAMH MOKAPOTYIICHUS, @ TAKXKE CPEICTBAMH CBSI3HM, CUTHAJIU3ALMUH U IPYTUMU
TEXHUYECKUMHU CpeAcTBaMu oOecrieueHuss 0e30MacHbIX YCIOBUM TpyAa B
COOTBETCTBUM C TpPEOOBAaHUSMHU JIEHCTBYIOIMIMX HOPMATUBHBIX JOKYMEHTOB U
YCIOBUSIMM corylamieHud. [Ipu pazMmemeHnn Ha NPOU3BOACTBEHHOW TEPPUTOPUHU
CaHUTAPHO-OBITOBBIX U MPOU3BOACTBEHHBIX MOMEIIEHUH, MECT OTHbIXa, MPOXOI0B
JUIS JTI0fIeH, pabouux MECT JTOJDKHBI pacrioyiaraThCsl 3a MpejaeaMu onacHbIX 30H. Ha
IPaHULIAX 30H, MOCTOSHHO JIEUCTBYIOIIMX OMACHBIX MPOW3BOJCTBEHHBIX (PAKTOPOB
JIOJKHBI OBITh YCTAHOBJICHBI 3aIIUTHBIE OTPAXKIACHUS, a 30H MOTEHIIMAIBHO OMAaCHBIX

MPOU3BOICTBEHHBIX (DaKTOPOB — CUTHAJIbHBIE OIPAXKIEHUS U 3HaKH 0€30MACHOCTH.

Jlucm

5.CouyuarbHasi 0meemcmeeHHOCMb

N3m.

94

Jluecm Ne dokym. lNodnucsk |dama




[Ipoe3nbl, MPOX0/ibl Ha MPOU3BOACTBEHHBIX TEPPUTOPUSX, & TAKXKE MPOXOJIbI
K pabounM MecTaM M Ha pabdouMX MeCTax JAOJKHBI COJEPKAaThCid B YUCTOTE H
MOPSIAKE, OUUIIATHCA OT MyCOpa, HE 3arPOMOIKIAThCS CKIIAIUPYEMBIMU MATEPUAIAMHU
Y KOHCTPYKITUSIMH.

Haxonsice  Ha ~ TeppuTOpUM  NPOU3ZBOACTBEHHOW  IUIOMIAJKWA, B
MPOU3BOJICTBEHHBIX M OBITOBBIX IOMEIICHUSX, Ha Y4YacTKax paboT U paboumx
MecTaxX, paOOTHUKH, a TakKKe IMPEICTaBUTEIN APYTUX OpraHu3aluid 00s3aHbI
BBITIOJIHATh IIPaBHJIa BHYTPEHHETO TPYAOBOTO pPACHOPSNKA, NPHUHATHIE B JTaHHOU
opraHu3anud. TeppuTOpHaTbHO 000COOJICHHBIC MOMEIICHHUS, IUIOMAIKHA, YJaCTKU
pabot, paboume MecTa JODKHBI ObITh oOOecredeHbl TeaeOHHON CBS3BIO WU
panuocBs3bio [48].

B caHUTapHO-OBITOBBIX  MOMEIICHMUSIX JIOMKHA OBITh  anTeyka C
MEMKAMEHTaMH, HOCWIKH, (UKCHUPYIOIIME IMWHBI U JAPYTHE CPEACTBAa OKa3aHUs
MOCTPaJaBIIMM  MEPBOM  MEIUIMHCKOW  MOMOWIM. B COOTBETCTBUH  C
3aKOHOAATEIBCTBOM  paboTojaTelb o0si3aH OpraHu30BaTh MIPOBEJICHUE
pacciieIoBaHHsI HECUACTHBIX CIy4aeB HA MPOU3BOJICTBE B MOPSIKE, YCTAHOBICHHOM
[TonoxeHnneM, yTBEpKICHHbIM IocTaHoBiIeHHEM [IpaButenbctBa Poccuiickoit
Oenepanu ot 11 mapra 1999 r. Ne 279 [49]. Ilo pesynbTaTaMm pacciaeaoBaHUs
JOJDKHBI OBITh pa3paOOTaHbl W BBITIOJHEHBI MPOMUIAKTUYECKHE MEPONPHUITHS TIO0

NpeaynpexICHUIO MPOU3BOJICTBEHHOIO TpaBMaTu3Ma U npod3adboaeBaHu.
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3AKJTIOYEHHUE

Ha ocHOBEe MNOJy4YEHHBIX 3KCHEPUMEHTAIBHBIX JaHHBIX I10 OIPEIECICHHIO
ckopoctu Kopposuu [1H:

1. VYcraHoBneHo, 4YTO CpegHSE CKOPOCTh KOPpPO3UU B TOA OOBEKTa
MCCJICIOBAHUS IO TpaBUMETpuueckoMy Metoay cocrtasiser 0,0138 mm, mo meTony
JJIEKTPUYECKOTO COMPOTUBJICHUS C HCIOJIb30BaHMeM mpubopoB Microcorr wu
Ultracorr 0,0066 mm 1 0,0301 MM COOTBETCTBEHHO.

2. Ha ocHOBE MOJy4E€HHOTO MAaKCUMAaJIbHOTO 3HAYEHUSI CKOPOCTH KOPPO3UU
OTpe/eNeHbl HArPy3KHU, BIUSIOUINE Ha TPYOOIPOBO, KOTOPHIE MOJOKEHBI B OCHOBY
MO/ICJIMPOBAHUS.

3.Pe3ynbpTaThl MOAEIMPOBAHUS MMOKA3aJId, YTO YPOBEHb HAMNPSHKECHUN B 30HE
nedexra He mpeBbIIaeT mnpenaena Tekydectu craiu 20B u pazpemaer qaabHEUIyIo
Oe3aBapUiiHyI0 SKCIUTyaTallio TpyOOIpoBOJa Ha MOCIEIYIOIINE TPU C MOJIOBUHOU
roja.

4.00mue 3aTpaThl Ha HWCIONB3YIOUIMECS BHUABl CHUCTEM MOHUTOPHHIA

COCTaBIISIIOT 0K0JI0 5433610 pyOuieii ¢ yueToM BcexX JOMOJHUTENbHBIX PACXO/I0B.

UccnedosaHue UsMeHEHUsI HanpsikeHHO-0ehopMUPO8aHHO20

COCMOSIHUSI MPOMbIC/108020 Mpyborposoda

o0 enusiHUEM KOPPO3UOHHO-aKmueHoU cpeodbi
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