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Houent Kpeu B.T'. K.T.H., IOLICHT 24.05.2019

KOHCYJBbTAHTBI:
ITo pazneny «OUHAHCOBBI MEHEIKMEHT, pecypcod(PhEeKTHBHOCTH M PECYPCOCOEPEIKEHUE
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KOHCYHBT&HT-JII/IHFBI/ICT
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JlomieHT 3abpoauna N.K. K.IL.H., JOLIEHT 04.06.2019
JOMYCTHUTH K 3ALIATE:
PykoBoauresns OOIT DdPUO YueHnas crenenb, 3BaHne Hoanucn Jlata
JIOLIEHT [Maagpuna A.B. J.T.H., TOLUEHT 04.06.2019
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TOMSK TOMCKHWH
POLYTECHNIC NONMNMTEXHNYECKUN
UNIVERSITY ININI yHVBEPCUTET

MuHHCTEpPCTBO HAYKHU M Bbicuiero oopasosanusi Poccuiickoit ®exepauuu
®deepanbHOE TOCYIAPCTBEHHOE aBTOHOMHOE 00pa30BaTEIbHOE YUPEKICHUE
BBICIIIET0 00pa3oBaHus
«HAIIUOHAJIbHBIN UCCJAEJIOBATEJIbCKUI
TOMCKHWHA NOJIUTEXHUYECKUI YHUBEPCUTET»

Nnxenepnas mkona [pupoansix pecypcos (ULIITIP)

Hamnpasnenue noarotosku (cnernuaibHocTh) 21.04.01 «Hedrerazonoe nemno»
[poduis «HamexkHOCTh Ta30HEPTEIPOBOAOB U XPAHUIHUIID)

Otnenenne Hedrerazosoro geia

YTBEPXAIO:
PykoBogutens OOII
[Magpuna A.B.
(IMommuce)  (Marta) (®.11.0.)
3AJJAHHUE
HA BbINOJIHEHNE BbINYCKHON KBAJIN(QUKAMOHHOMH PadoThI
B dopwme:
‘ MAarvcTepCKON AUCCepTalNU
Crygnenry:
I'pynna DPUO
2bM71 Pri6uny Anekcanapy CepreeBuuy
Tema paboThI:
«IToBbieHne HAAEKHOCTH aBAPUIMHO OTMIACHBIX YYaCTKOB HEPTECOOPHBIX TPYOOTIPOBOIOBY
YTBepk/ieHa MPUKA30M JUPEKTOpa (1aTa, HOMep) \ Ne 877/c ot 05.02.2019
\ CpoK c/1auul CTYJIEHTOM BBITIOJTHEHHON paOOThI: \ 05.06.2019 .
TEXHUYECKOE 3AJIAHUE:
HcxoaHbie JaHHBIE K paﬁOTe OOBEKTOM HCCIIEeIOBaHMs JAHHON JUIIIOMHON PaboThI SBISETCS

HepTecobuparomuit  komekrop (HCK), pacmonoxenHblii Ha
Tepputopuu B-rpymnmsl mectopoxxaenuid. Juamerp HCK 89-159
_ | MM, TommuHa cTeHKH 8-12 MM ¢ pabouum naBnenueM 4 Mlla,
Hazpyska; — pedicum  pabomvl  (HenpepvieHbill, mapku cram 20, 20A, 20C, 13X®A, 09T°C.

nepuoouHeckull, YuKkiudeckuii u m. 0.); 6uo coipbs | HccrenoBanue 3((GEKTUBHOCTH  COBPEMEHHBIX  METOJIOB
unu mamepuan uzoenus, mpeooganus K npodykmy, | TMOBBIIIAIOMINX HAAEKHOCTH HPOMBICIOBBIX HE(PTEIPOBOIOB.

usdenuro unu npoyeccy; ocobvie mpeboganus k | IKCIUyaTauus HePTENPOBOJOB HE JOJDKHA IPUBOIUTH K
3arpsI3HEHUIO OKPYIKaIoIel cpe/ibl.

(Haumenosanue 00veKMAa  UCCIEO0BAHUS  UNU
NPOEKMUpPOBAHUsl;,  NPOU3BOOUMENbHOCIb  UIU

0COOEHHOCmAM yHKryuoHuUposans
(arcnyamayuu) obvekma unu u3oenust 6 niaHe
bezonacHocmu  SKCHWIyaAmayuy, — GIUSHUL — HA
OKPYIHCAIOULYIO cpeoy, OHEP2O3AMPAMAM;
OKOHOMUYECKUU AHAU3 U M. O.).




IHepeyensb momiexammx
HCCJIeIOBAHNIO, TPOCKTHPOBAHUIO U

pa3padoTkKe BONPOCOB

(ananumuueckuii.  0030p N0 AUMEPAMYPHBIM
UCTOYHUKAM C YeNbl0 GbIACHEHUS OO0CHUNCEHULL
MUPOBOU HAYKU MEXHUKU 6 PACCMAMPUBAEMOTL
obnacmu; NOCMAHOBKA 3a0a4u  UCCIe008AHUS,
nPOEKMUPOSAHUS,
codepaicanue

KOHCMPYUPOBAHUSA,
npoyeoypul UCcre008aHus,
nPOEKMupO8aHus,
obcyscoenue
pabomul;

paszoenos, noonexcawux paspabomke, 3aKuodeHue

no pabome).

KOHCIPYUPOBAHUSL,
pe3yibmamos 6bINOJIHEHHOU

HAumeHoearHue OONONHUMETILHBIX

MPOBECTH aHAIM3 (PU3NKO-TeorpaduIecKuX, HWHXECHEPHO-
TEOJIOTHYECKUX, KINMATHYECKUX U CEHCMHUYECKHX YCIIOBHii
00BbEKTa UCCIIEIOBAHNS,

MIPOBECTH MopeIBaM  HEPTECOOPHBIX
MPOMBICIIOBBIX TPYOOIPOBOIOB C IEIbIO BBISIBUTH MPHYHHBI

aHaJIn3 JI(e]

X OTKa30B,
BU3YaJIU3UPOBATH TCPPUTOPHATIBHOC
aBapHﬁHLIX obOnacreit MECTOPOKACHUA

pAacIoyioKeHUE
TpeOyIoLMX

MOBBIIICHHOTO BHUMAaHUS,

paccMOTPETh  CIOCOOBI  MPEIYNPEKICHUS HHTCHCUBHOM

KOppO3UHM TPYObl Ha YYacTKax CKOIJICHUSI KUIAKOCTH H

BEIOpATh M3 HUX HauOOoJIee ONTHMAIbHEIH;

cmomenmupoBatk mpomecc B cpeme ANSYS ¢ memsio

OTNpE/ICTICHUsI BIMSIHHUSL BCTaBKH Ha CKOPOCTh IIOTOKA

JKUIKOCTH U HATPY3KH Ha HE(PTEPOBOI.

(DMHAHCOBBI  MEHEIKMEHT, pecypcodEKTUBHOCTh U

pecypcocOepexeHue;

COLMANIbHAS OTBETCTBEHHOCTb;

(hopMupoBaHKE BBIBOJIOB O MPOJICIAHHOM padoTe.

Ilepeyensb rpaguyeckoro marepuaja

(C TOYHBIM yKa3aHUEM O03aTEIbHBIX YePTEHKEH)

JUHAMHMKA OTKa3oB TpyOONpoBOmOB  «koMmaHud N>
(pucynok 1.1,1.2);

aBapuiiHbie yuacTku «N MecTopoxaenus» (pucyHok 4.5);
CTpYKTypa pacnpeneieHus IedeKToB Ha HedTernpoBome
(pucynok 5.1);

CTPYKTYpa paclpeelieHus] MPOCTPAHCTBEHHOW OpHEHTAIMH
nethexroB (pucyHok 5.2);
THCTOTpaMMa  pacrpeiesieHus
TpyOompoBoja, cpefHell IO JUIMHE M Yy4YacTKa B 30HE

TIyOMHBI  3aJIOKEHUS
ne(heKToB, OPHEHTHPOBAHHBIX Ha 6 4 (pUCYHOK 5.3);
WCCIIEOBAaHMS BIMSHHA BCTaBKM HA MOTOK XXHIKOCTH B
nporpamMmmuoM kKomiuiekce ANSYS (pucynok 7.1-7.12).

KOHchIbTaHTLI Mo pasaejgam Bbll'[yCKHOﬁ KBaJIl/I(l)I/IKaIH’IOHHOﬁ paﬁoTbI

(c yka3aHHeM pa3JenoB)

Paznen Koncyabranr
«@DUHAHCOBBIA MEHEKMEHT,
pecypcodhHEeKTHBHOCTH u Pomantok Bepa bopucoBHa
pecypcocOepexeHue
«CormmanpHas
Yepemuckuna Mapus CepreeBHa
OTBETCTBEHHOCTbHY

«Improving the reliability of
emergency dangerous areas of
oil pipeline»

3abponuna Mpuna KoHcTraHTMHOBHA

Ha3Banus pa3aeoB, KOTOPbIC TOJJKHbBI ObITh HANmMCAHBI HAa PYCCKOM W HMHOCTPaAaHHOM

A3bIKAX:

Pedepar

ESSAY

00630p AuTEpPaTYpHI

XapakTepHuCcTUKa OMAaCHOI0 MPOU3BOJCTBEHHOI0 00BEKTa

XapakTepHUCTUKA TPAHCIIOPTUPYEMOM POTYKIIUU

Busyanuzanus TeppuTOpHabHOTO PACIIONOKEHUS aBapUUHBINA 00J1aCTEl MECTOPOKACHUS

OO6111e cBeIeHUsl 0 KOPPO3UHU




[IpenynpexaeHre UHTEHCUBHON KOPPO3UHU

MonenupoBanue mporecca B cpene ANSYS

DUHAHCOBBII MEHEHKMEHT, pecypcodpdeKTUBHOCTh U pecypcocOeperxeHne

ConmanpHas OTBETCTBEHHOCTD

Improving the reliability of emergency dangerous areas of oil pipeline

JlaTta BbI1auM 32JaHUS HA BbINIOJIHEHUE BbINYCKHOM
KBAJIM(PUKANMOHHOMH PadOTHI 10 JIUHEHHOMY rpaduky

33[[3]-[1/[6 BbIJAJ PYKOBOAUTEC/Ib:

JloKHOCTH DdUO YuyeHasi cTeneHb, 3BaHNe IMognucek Jlara

JOIICHT Kpeu B.T'. K.T.H., JOLICHT 04.06.2019

3ana1me NPUHAJT K HCIOJHCHUI0 CTYAECHT:

I'pynna DPUO IMoanucek Jara

2bM71 Pri6un Anexcannp CepreeBud 04.06.2019




_ 3AIAHME JJISl PA3JIEJIA
«®UHAHCOBBIII MEHEJU)KMEHT, PECYPCOD®®EKTUBHOCTD U

PECYPCOCBEPEXEHUE)
CryzneHry:
I'pynna DPUO
2bM71 Pribnny Anekcanapy CepreeBuuy
Ikoma WIIITP Otaenenne OHJI
21.04.01 «HedyrerazoBoe nenox»
Yposenn Marucrparypa HanpagJenune/mpoduin Tpogrems «Hazenocrs
o0pa3oBaHus patyp P P ra30He()TENPOBOZIOB U
XPpaHUIINIID)

Hcxoanbie faHHbIe K pa3aeny «PMHAHCOBBIH MEHEIKMEHT, pecypcod(pPpeKTUBHOCTD M pecypcocOepeskeHne» :

1.

CrouMocTh pecypcoB Hay4yHoro wuccinegoBanus (HU):
MaTepuarbHO-TEXHUYECKUX, SHEpPreTUYECKHUX,
(hPMHAHCOBBIX, HH(POPMAIIMOHHBIX U YEJIOBEUECKIX

B nmannom pasaene BKP HeoOxomumo mpencTaBuTh:
rpaduK BBITIOIHEHUS paboT, B cooTBeTcTBUU ¢ BKP;
TPYIOEMKOCTh BBIITOJTHEHUS omepanuii;
HOPMATHUBHO-TIPABOBYIO 0a3y, HCIOJNB3YEMYIO s
pacd€roB; pe3ydbTaThl  pacué€ToB  3aTpaT Ha
BEITIOJTHSAEMBIE Pa0OTHI, OLEHHUTH 3()()EeKTUBHOCTH
HOBOBBEACHUM U Ap.

Pasgen BKP nomxeH BkItOYaTh: METOIMKY pacuéra
MOKa3aTesel; UCXOAHbIE JaHHble A pacdéra U HUX
WCTOYHUKH; PE3YJIbTaThl paCUETOB U UX aHAJIM3.

HopMB!I 1 HOpMaTHUBEI PacX00BaHUS PECYpCOB

Hopmbl pacxona MarepualioB, TapugHbIE CTaBKU
3apaboTHOM ILIaThI pabounx, HOPMBI
AMOPTU3ALMOHHBIX OT‘-II/ICJ'IeHI/II‘/II, HOpPMBI BpEMCHHU Ha
BBITIOJIHCHUC onepaunﬁ B Xoace BBITNTOJTHCHHS
Olepalyii COrJIaCHO CIPaBOYHHKAaM EJWMHBIX HOpM
Bpemenu (EHB) u np.

Ucrnone3yemass  cuCTeMa  HAIOTOOOJIOKEHHS,

HAJIOros, OTYHCIICHUH.

CTaBKH

CraBka Hanora Ha npuOsLTs 20 %);
CrpaxoBsle BHOCHI 30%;
Hauor Ha no6asmennyto ctoumocts 20%.

IlepeyeHs BONPOCOB, MOJIEKAUINX HCCIETOBAHHIO, MPOEKTHPOBAHMIO U pa3padoTKe:

1. OueHka KOMMEPUYECKOTO MOTEHNHala, NMepCIeKTUBHOCTH U | Pacuer 3arpar W (HUHAHCOBOTO  pe3yibTaTa
IBTEPHATHB MIPOBEJCHNUS HN c TIO3UINHN | peasu3alny IPOoeKTa
pecypcod3hHeKTHBHOCTH U PeCypcocOepesKeHIs

2. IlmammpoBanme u QopmupoBaHue OOpkeTa HAayYHBIX | ['paduk BEImONHEHHS padoT
HCCJIEJOBAHUN

3. Ompenenenue pecypcHoOi (pecypcocbeperaromieii), | Pacder sxoHOMHYeckoit 3(h(heKTHBHOCTH BHEIPEHUS

(hmHAHCOBOH, OIOKETHOW, COMUANFHON U SKOHOMHUYECKOU
3((HEeKTHBHOCTH HUCCIICTOBAHHS

HOBOM TEXHUKH WX TEXHOJIOTHHI

IlepedyeHnn rpauyeckoro MaTepuasia

1. JluHeHHBIN KaJlleHAAPHBIN rpaduK BBITOTHEHHS PadoOT;

2. JleHEeKHBIE TIOTOKH,

3. BHyTpeHHss HOpMa JTOXOHOCTH.

‘ Jara Bblaa4u 3aIaHus Ui pasjaesia 1no JMHeAHoMy rpadguky 06.04.2019
3aganue BbIIAJ KOHCYJIbTAHT:
JlokHOCTH DOUO Y4yeHasi cTeneHb, 3BaHNE Moanuck Jara

JloueHt Pomanrok B.b. K.9.H. 04.06.2019

3amaHue NPHHSI K NCMOJHEHUIO CTYAEHT:
I'pynna PUO Homnuce Jara
2BM71 Pri6un Anexcanap Cepreesuu 04.06.2019




3AJAHUE JIJISI PA3JIEJIA
«COIAAJIBLHAS OTBETCTBEHHOCTb»

CryneHry:
I'pynna L4 (0)
2bM71 Pri6un Anekcanap CepreeBuy
I xoa WIIITP OTtaenenne OHJI
21.04.01 «HedTerazoBoe nemo»
[podwms «HamexHOCTH
YpoBeHb 00pa3oBaHusi Marucrtparypa HanpasJienue/npopuin FA30HEQTETPOBOTOB 1

XpaHWINID)

Hcxoanbie fanHbIe K pa3geny «CouuaabHasi 0TBETCTBEHHOCTb»:

1. Onucanune pabouero Mecra (paboueii 30HbI,
TEXHOJIOTHUECKOTO MPOIIecca, MEXaHUIECKOro
000pyoBaHUs1) Ha MPEAMET BOSHUKHOBEHUS:

— BpEIOHBIX MPOSIBICHUH (aKTOPOB MPOU3BOJACTBEHHON
cpezbl
(MeTeoycnoBHs, BpeHbIEC BEIIECTBA, OCBEICHHE,
LIyMBbI, BUOPAINH, 3I€KTPOMArHUTHBIC TTOJIS,
HNOHHU3HUPYIOIINE N3ITyUCHHUS)

— OIIAaCHBIX NMPOSIBJICHNH (DAKTOPOB MPOM3BOACTBEHHOMN
cpenbl (MEXaHMYECKOI MPUPOJIBI, TEPMUYECKOTO
Xapakrepa, dJEKTPUUYECKOH, T0KapHOU U B3pHIBHON
TIPUPOIBI)

— HEraTHBHOTO BO3AEHCTBHS Ha OKPYKAIOIIYIO
IIPUPOIHYIO
cpeny (atmocepy, runpocdepy, urochepy)

qpes*%maﬁnwx Cumyauuﬁ (MGXHOZQHHOZO,
2K0JlI02UYeCK020 U COYUAIIbHO20 xapakmepa)

CMUXUUHO20,

1. Omnwucanue paboyero MecTa, TEXHOJIOTUIECKOTO

Iporecca 1 MEXaHUIECKOro 000pyJ0BaHMUSI:

— PaboTbI MPOBOASATCS HA y4acTKe
He(PTeCOOUPAIOIIETO KOJJICKTOPA, HAXOISIIETOCS
Ha TeppuTopuu Bacroranckoi rpymnisl
MECTOPOXKIEHUM.

— Tlpomecc paboTHI 3aKiII0YaeTCs B 3aMCHE
MOTEHIMAIBHO OMACHOTO yJacTKa TPyOOIpoBoaa,
Ha BCTABKY MEHBIIICTO IHaAMETpa.

— OCHOBHBIM MEXaHHYECKHM 00OPYIOBaHHEM,
UCIIOJIb3YEMBIM P MPOU3BOACTBE PadoT,
spisieTcs cnenrexHuka (Y IC, cBapouHbIi
amnmapar Ha 0ase Ypaia v moIbEMHBIC
COOPYKEHUS).

1.HepequL 3aKOHOAATCJIbHBIX U HOPMATUBHBIX
JOKYMEHTOB 110 TEME

I'OCT 12.1.005-88. O0mue caHUTapHO-TUTUCHIYCCKIE
TpeboBaHuUs K BO3aAyXy paboueii 3oub1. — Bzamen 'OCT
12.1.005-76; Been. 1989-01-01. — M.: M3garenbCcTBO
cTanzaapTos, 2002. — 49 c.

I'oCT 12.1.007-76 CCBT. Bpennsle BeliecTBa.
Krnaccudukaius u obiiue TpedoBaHus 0€30MaCHOCTH.
I'OCT 12.1.038-82 Cucrema craHAapTOB O€30MAaCHOCTH
tpyna (CCBT). D3nekrpobesomacHocTh. [IpemenbHO
JIOMyCTUMbIC 3HAYCHHS HAMPSHKCHUI MPUKOCHOBEHUS W
TokoB (¢ 3menenuem N 1)

I'OCT P 51337-99 Be3omacHoCTh MaIlH.
Temnepatypsl KacaeMbIX MOBEPXHOCTEH.
DProHOMHUYECKHE aHHbBIE TS YCTaHOBIIEHUS

TIPEAETbHBIX BEJIMUMH TOPSYNX OBEPXHOCTEH

I'OCT P 51858-2002. Hedrs. OOmme TexHHYECKHUE
ycnoBus. — Beea. 30.06.2002. — M.: CrargaptuadOpM,
2006.— 17 c.

HNOTB 13-17 WHcTpyknus nOo oOXpaHe TpyAa MpH
MIPOBEACHUH 3eMJIITHBIX Pa0OT.

NOTB 35-17 WucTpykums 10 OXpaHe Tpyda H
MIPOMBIIUICHHOW  0E30IaCHOCTH TPH  BBINOJHEHUH
MOTPY304HO-Pa3rpy304YHbIX  paboT,  NepeMelieHUH
TSOKECTEH, TPaHCIOPTHUPOBAHWU TPY30B U YOOpKe
METaJJI0IOMA.




HNOTB 40-17 Bepcus 3.00 MHcTpykums mo oxpaHe
TpyZla TPH MCHONB30BAHUN CPEACTB HHIWBHUAYAIbHOU
3aIUTHIL.

HOTII 29 16 Bepcus 2.0 UHCTpyKLus O OXpaHe TpyAa
JUIsL TpyOOTIPOBOAYMKA TMHEHHOTO.

M-16.04.01.03-94  wmHCTpykmMs mo OT  mpum
BEITIONTHEHUH pabot ¢ AJI/].

I11-01.05 TP-1135 HOJI-098 TexHomornuecKui
periaMeHT. Cucrema TIPOMBICIIOBBIX
(MEXIPOMBICIIOBBIX) TPYyOOIIPOBOIOB N
MECTOPOXKICHUSI.

[MIMJIJITTIA 1utaH MepoNpHATHH 110 JIOKAIW3alliH |
JUKBUJALUUU TIOCIEACTBUHA aBapuil Ha  ONACHOM

Mpou3BoACTBEHHOM 00bekTe N M/p.

IMpuka3 MunTtpyna u comamutel PO Ne 328H ot
24.07.2013r. «O0 yTBepXIOCHHH MPAaBWI II0 OXpaHE
TpyJia IPU IKCIUTyaTaluH JIEKTPOYCTAHOBOK.

OHull Ne485 ot 20.11.2017 «IIpaBuna Ge3omacHOTO
BEACHHS T'a300IaCHBIX, OTHEBBIX M PEMOHTHBIX PadboT».

Hepeqeﬂb BOIIPOCOB, MOMJICKAIUX UCCITETOBAHUIO, IIPOEK

THPOBAHUIO U pa3padoTke:

1

. AHaITN3 BBISBICHHBIX BPEIHBIX (DaKTOPOB

MPOEKTHPYEMOH ITPOU3BOACTBEHHOM CPEIbI B
CJIeYFOLIEH TTOCTIeJ0BATEIbHOCTH:

(hU3UKO-XUMUYECKast TPUPOJIa BPEIHOCTH, €€ CBSI3b C
pa3pabaTbIBaeMoii TeMO;

JelicTBue (akTopa Ha OPraHU3M YEJIOBEKa;
MIPUBEJICHNE JOMYCTHUMBIX HOPM C HE0O0XOIUMOMH
Pa3sMEpHOCTBIO (CO CCBUIKOM Ha COOTBETCTBYIOILUM
HOPMAaTHBHO-TEXHUUECKUI TOKYMEHT);

npeajgaracMbiC CpeACTBA 3AIUTHI.

1. IIpoananu3upoBath BpeaHbIe (aKkTOpPHI:

—  (usuko-xumHuyeckas npupoa BpeAHOCTH
(bakTopoB (Upe3MepHOE 3arpsi3HCHNE BO3AYILIHOM
Cpelbl B 30HE ABIXaHHS; BPEIHBIC
MPOU3BOACTBEHHBIC (DAKTOPHI, CBSI3aHHBIC C
AQHOMAJIbHBIMH MHUKPOKIIMMATHYECKUMU
napaMeTpaMHy BO3IYLIHOM CpeJibl; MoNalaHue
NPOJYKTOB XUMHHU HA KOXHBIN TIOKPOB;
HEJIOCTaTOYHAs! OCBELIEHHOCTh paboueil 30HBbI;
BBICOKasi TEMIIEPATypa CBAPEHHBIX
HOBEPXHOCTEW; YIbTPapHOIETOBOE H3TyUCHHE. );

—  JneiicTBue akTopa Ha OPraHU3M YEIOBEKa;

—  [pHBEJEHHE JIOMYCTHUMBIX HOPM C HEOOXOUMON
Pa3MepHOCTBIO (CO CCHUIKOM Ha
COOTBETCTBYIOIMI HOPMATHBHO-TEXHUYECKHUI
JIOKYMEHT);

npeJiaraeMble Cpe/ICTBa 3alUThI,

. AHaNM3 BBISBJICHHBIX OMACHBIX (haKTOPOB

MPOEKTUPYEMOU MPOU3BEAEHHON Cpe/ibl B ClieIytoLei
MIOCTIETOBATENEHOCTH

—  MeXaHHYECKHE OIMACHOCTH (MCTOYHUKH, CPEICTBA
3aIlHTHL

TEPMHUYECKHE OMAaCHOCTH (MCTOYHHKH, CPEICTBA
3aIUTHI);

3JeKTPOOE30MacHOCTD (B T.4. CTATHYECKOE
ANEKTPUYECTBO, MOJTHUE3AINTA — HICTOYHUKH,
CpeICTBa 3aIIUTHI);

MOXKAPOB3PBIBOOEC30MACHOCTD (IIPUYUHBL,
MPOPUIAKTUICCKUE MEPOTIPUATHSI, ICPBUYHBIC
CpeICTBa MOXKAPOTYIICHHS)

2. IlpoaHain3upoBaTh BBISIBICHHBIE ONACHBIE (aKTOPBI
Opy  pa3paboTKe W IKCIUIyaTaluH IPOSKTUPYEMOIO
peLIeHH s B CIEeAYIOMEH MOCIIeI0BaTEeNbHOCTH:
—  BOCIUIaMECHEHHWE Ta30BO3YIIHOM Cpelbl, B3PHIB,
HoXap;
—  JeifcTBHE CHJIA TSXKECTH B TEX CIydYasx, KOrja
OHO MOXKCET BBI3BATH MAACHUC TBEP/bIX,
CBIMTy4YHX, 00OBEKTOB Ha PAOOTAOIIHIT TEPCOHAT,
- MPUMEHEHUE OTKPBITOI'O OI'HSA;
—  BBICOKOE HAIlpsDKEHHE, JJIEKTPOTPaBMa, CMEpPTh;
- JABMKYHINECA MAIIMHBI 1 MEXaHU3MBI
MIPOM3BO/ICTBEHHOTO 000PYI0BaHUS;
— mazeHue rpysa. TpaBMuUpOBaHUE IAIal0NINM
Ipy30M, CMEPTb;
— o0opynoBanue U TpyOOIpOBOIBI, paboTarommue
T10]] JABJICHUEM.




—  3aumra ceJIMTeOHOM 30HBI -
—  aHaJm3 BO3IEHCTBHSA 00OBEKTa Ha aTMOochepy
(BBIOpOCH); -
—  aHaJM3 BO3ICHCTBHA 0OBEKTa Ha rHIpochepy
(cbpocsr); -
—  aHaJM3 BO3ICHCTBUA 00BEKTa Ha IuToCchepy
(oTx0181); -
—  paspaboTaTh pemeHus Mo 00eCIIeYCHAI0

9KOJIOTMUECKOM Oe30macHocTH co cchlikamu Ha HT /[
M0 OXpaHE OKPY’KaIoLEH CPe/Ibl.

3. Oxpana oKpysKaromeii CpeIbl: 3. Oxpana OKpy’Kalomen Cpembl:

NPOAHAIN3NPOBAThH BO3IEUCTBUE OOBEKTa Ha
aTMocdepy;

NPOAHAIN3NPOBATH BO3IEHCTBUE O0BEKTa Ha
rugpocoepy;

MIPOAaHATU3MPOBATh BO3/ICHCTBIE 00OBEKTa Ha
aurocdepy;

pa3paboTaTh peuIeHus Mo 00eCIeIeHUIO

9KOJIOTUYECKON O€30MMaCHOCTH CO CChIIKAMH Ha
HT/I no oxpane okpy»aroleu cpeabl.

— mepedeHb BO3MOXXHBIX UC Ha 00BeKTe; -

—  BBIOOp Hambonee TunuaHoi YC;

—  pa3paboTKa NPEeBEHTHBHBIX MeEp I10
npeaynpexaeruto UC; -

—  pas3paboTKa Mep IO MOBBINICHUIO YCTOHYUBOCTH -
o0bekTa K manHoi UC;

— paspaboTka OEHUCTBHIA B pe3ynbraTe Bo3HUKIIEH UC -
Y Mep 1O JUKBUIANNH €€ MOCIEACTBUH

4, 3aIlII/ITa B qpe3qua1‘/’1me CUTyalusiXx: 4. 3aHII/[Ta B ‘Ipe3BLI‘IaﬁHLIX CUTyalluAgX:

IIPOAHAIU3NPOBATh NepeUeHb BO3MOKHBIX UC
TIpU pa3paboTKe U HKCIITyaTaIin
MIPOEKTHPYEMOTO PELICHHUS;

BEIOpaTh HanOosee Tunuunsle YC;

pa3paboTaTh MPEBEHTUBHBIC MEPHI IO
npeaynpexaenuo YC;

pa3paboTaTh AEHCTBUS B PE3YJIbTaTe BO3HUKIICH
YC u Mepsl 110 IMKBUAALUH €€ MTOCIEICTBUM.

—  crenuanbHbIe (XapaKTepHbIe TPH 3KCIUTyaTalum -
00BEKTa UCCIIENOBAHMS, IPOEKTHPYEMOit paboueit
30HBI) IPABOBbIE HOPMBI TPYIOBOTO
3aKOHO/IATEIbCTBA;

- OpraHru3aliMOHHBIC MEPONPUATUA ITPU KOMIIOHOBKE
paboucii 30HBI.

5. TlpaBoBbie M OpraHM3alMOHHBIE BOIPOCHl obecrieueHusi | 5.  IlpaBoBbie M OpraHH3alMOHHBIC  BOIPOCHI
0€30IaCHOCTH: obecrieueHusT 6€30IaCHOCTH:

CIelMalbHbIe (XapaKTepHbIE IPU 3KCILTyaTalluu
00beKTa UCCIIeJOBAHHMS, TPOCKTUPYEMOM
paboueit 30HBI) IPaBOBBIE HOPMBI TPYIOBOTO
3aKOHOJATEIbCTBA;

OpraHu3allMOHHbIE MEPONIPUATHS IPU
KOMITOHOBKE pabouei 30HBI.

Ilepeuens epaghuueckux mamepuanos:

1. Cumyayuonnwiii nian agapuu Ha onacHoMm npouzeoocmeernHom oovexkme (llpunoscenue B);

2. Cxema paccmaHosKu cneymexnuku u 000py0o8anus. 6pueadvl npu npogedeHuu pabdom no
nuksuoayuu asapuu na mpyoonposooe (Ilpunosxcenue I');

3. Cxema paccmaHO8KU CpeOCm8 NepeutHo20 NOMCAPOMYUEHUs U Mecm omobopa npod 8030yxa
(nposedenue 3amepos) npu Konmpoae konyenmpayui napos (Ilpunosicenue /]);

4. Cxema paccmanosku mexHuku u 060pyoosanusi npu npoussoocmee pavom (Ilpunosicenue E).

‘ Jara Bb11a4u 3aaHus AJs1 pa3aelia 1o JuHeHHoMYy rpadpuxky ‘ 04.04.2019
3agaHue BbIIAT KOHCYJIbTAHT:
JomxHocTh ®UO YdyeHasi cTeneHb, Iloanucek Jara
3BaHHe
Accucrent Yepemuckuna M. C. — 04.06.2019
3aaHne NPUHSII K HCIIOJIHEHUIO CTYIeHT:
I'pynna L2400 Hoanuce Hara
2BM71 Puioun Asnekcanap CepreeBud 04.06.2019
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Pedepar
BeimyckHast kpanudukanuonHas padora 144 c., 37 puc., 30 tabm., 84 nuctovHuka.

KroueBrlie CJIoBa: 3CMJIIHBIC Da6OTI>I, IIPOMBICJIOBBIN Hed)TCHDOBOI[, I[Cd)eKT., pacuér,
MOACIUPOBAHUE, KOPPO3UsI, PEMOHT, HAJIE)KHOCTb.

OOBEKTOM HCCIENOBAHMS SBISIETCS IPOMBICIOBBIN HE(TEMPOBOA, HAXOSIINICI Ha TEppUTOpHUA B-
IPYIIILL MECTOPOXKACHHIA.

Ilenms paGoTel — olleHKa 3(QGhEKTHBHOCTH NPUMEHEHHS METOIOB M CPEJICTB JUIS IOBBIMICHUS
HaAEKHOCTH PadOThl BHYTPHUIIPOMBICIOBBIX HEDTENPOBOAOB KoMITaHnu-N.

B mpomecce wucciemoBaHWS ~— TPOBOAWIICS  aHAJIMW3  METOJOB  TOBBIMICHUS  HAEKHOCTH
BHYTPHUIIPOMBICJIOBBIX HEQTEMPOBOAOB, d TAKIKE CPABHUTEIBHBIN aHAIN3 TEXHUUYECKNX, TEXHOIOIHYECKUX U
CIEIHUAIBHEIX KOMIIIEKCOB MEPOIPUITHN IO 3alIuTe He(TEOPOBOAOB OT KOpPpO3WHU. PaccMOTpeHbI
0COOEHHOCTH OIMACHOI'0 IPOU3BOACTBEHHOIO 00BEKTA U XaPAKTEPUCTUKU TPAHCIOPTUPYEMON MPOAYKIIUH 110
uccaeayeMoMmy Hedrenposoay. Ha ocHOBaHMM CTATUCTHKM IO KOJIMYECTBY M BHJY OTKA30B HePTeCOOPHBIX
TpyOOIIPOBOMIOB, MPEMIOKEH KOMINIEKC MEPONPHUATHI 10 HOBBINIEHHIO HanéxHoctd pabdorsl  HCK.
[IponsBeaeHO MOAEIMPOBAHME YYACTKA KOJUIEKTOPA, C LIEJIbI0 HCCIEAOBAHMS BIMSHMS NPEIOKEHHOIO
croco0a Ha MOBBIIIEHHE HAAEKHOCTH padoThl HedTenpoBoaa. IIpHBeaeHBI TEXHHKO-DKOHOMHYECKHE
pacyeThl Ha 3aTpaThl MAaTEpHAILHBIX CPEACTB IPHU PEMOHTE HEPTENPOMBICIOBLIX HE(PTENPOBOIOB C
MOCHEAYIOIMM cpaBHeHHEM 3aTpar Ha mnoBblmienre Hanéxuaoctu HCK. OnpeneneHbl MEPONPHUITHS MO
OoxXpaHe Tpyda, o o0ecneyeHnro 0e30IacHOCTH MPOM3BOJICTBA 3eMJIIHBIX PAa0O0T, a TAKIKE OKPYKAIOLIEH
CpelBbl.

B pesynbprare nccnenoBanns ObUT MPOBEIEH CPABHUTEIBHBIA aHATN3 TEXHUIECKHIX, TEXHOIOTHIECKIX
A _CIENUAJbHBIX KOMIUIEKCOB MEPONPHUATHH 10 3ammTe HedTenpoBoaoB OoT Koppos3uu. Ha ocHoBaHuu
MMOJIYYEHHBIX PE3YJILTATOB OBLIO BBISBJICHO, YTO MNPHUMEHEHHE METOJA BCTABKM MEHBIIET0 AHaMETpa
«IAHHBIM METOJ IIO3BOJHT O0ECHEYHUTh HEOOXOAMMYIO CKOPOCTh JUISL BBIHOCA CKOIUIEHHMM JKHAKOCTH M3
HIDKHEH oOpasyrole HehTenpoBoda M KaK CIEJCTBHUE, CHU3WTL PAa3pYIINTEIbHOE BIMIHHE KOPPO3HMHU, HA
BHYTPEHHIOK MOBEPXHOCTH TPYOOIIPOBOIA» HMEET psif MPEUMYIIECTB, OJHUM M3 KOTODLIX SBISETCS
YBEJIMYECHHUE CPOKA DKCIIyaTallMi He(TENpoBoaa, 0e3 OOBIINX KamUTAIbHEIX 3aTpaT. Jug yaactkos HCK,
e METOJ BCTABKU HE NPHMEHMM, MpEIaraeTcs crocod moBOpoTa TPyOOIpoBOja HAa HEKOTOPBIA VIO,
KOTOPBIHM MMO3BOJHUT 00€CEYUT, PABHOMEPHBIA M3HOC BHYTPEHHEN CTEHKH HE(PTENPOBOIa M KaK CIEICTBHE,
YBEJIMYUT CPOK €ro DKCILTyaTalliH.

OcHOBHbBIE KOHCTPYKTHUBHBIC, TCXHOJOTHUYCCKHUEC N TCXHUKO-OKCIUTYATAlIMOHHBIC XapaKTCPHUCTUKU:
TCXHOJIOTHUA W OpraHu3anus BbBINTOJTHCHUA Da6OT, IOATOTOBUTCIBHBIC DaGOTBI., 3EMJISIHBIC Da6OTBI, MOHTaX
PEMOHTHBIX KOHCTPYKIIUNA, CBAPOYHO-MOHTAKHBIC Da6OTBI; METOJI pacueTa SKOHOMHYECKOM Sd)d)eKTI/IBHOCTI/I
OpOCKTaA.

CrerneHb BHEJPEHUS: IMPESIOKEHBI PEKOMEHJAIMK 10 NPUMEHEHHWIO HaubOosee 3P PEeKTUBHBIX
METOOB IOBBIIIEHNS HAIEKHOCTH PA0OTEI BHYTPUIPOMBICIOBBIX HeTempoBoa0B KOMITaHUU N.

O0J1acTh MPUMEHEHUS: He(hTECOOMPAIOIIHI KOJISKTOP

OkoHOMHYECKass APPEKTUBHOCTH/3HAYUMOCTh Pa0OThl  Pe3yJbTaTaMH JAHHOTO WCCIEOBAHUS
SIBIIIETCA TO, YTO BHEJPEHUE TEXHOJOIMU BCTABKH MEHBIIEr0 AUAMETPa YBEIMYMBAETCS CPOK 0€30IacHOM
SKCINIYaTallM¥ BHYTPHIIPOMBICI0BOro Hedrenpooaa. CTOMMOCTh peajiM3aluy poeKTa cocTansieT 833 373
py6. 0e3 yuéra HJIC, cpok ciykObl 10 yier. YHCTBIM AMCKOHTUPOBAHHBINA JOXOJ MPOEKTa cocTaBisieT 918
841 pyO., a BHYTpeHHss1 HOpMa goxoaHoct 104%., npu craBke auckoHTHpoBaHus 20% B nepuox ¢ 2019 mo
2029 roa. TakuM 00pa3oM, pean3aiys IPEeAIaraéMoro MpoeKTa Ha JaHHOM y49acTKe OyAeT 1eaecooopasHa.

B 6y}1yLueM MJIAHUPYCTCA MPUMCHATH Hanboee B(bd)eKTI/IBHBIG MaT€pHajibl BHYTPHUIIPOMBICIOBBIX
HedJTeHDOBOJIOB, HaXOOSIIMXCS Ha TEPPUTOPUU B-rpyIImbl MECTOPOKIACHHH.




ESSAY

Graduation qualification work 144 p., 37 fig., 30 tab., 84 sources.

Keywords: earthworks, field pipeline, defect, calculation, modeling, corrosion, repair, reliability.

The object of the study is_field pipeline located on the territory of the V-group of fields.

The purpose of the work — evaluation of the effectiveness of the use of methods and means to improve
the reliability of the operation of intra-field oil pipelines.

In the process of work, a comparative analysis of technical, technological and special complexes of
measures to protect oil pipelines from corrosion was carried out. On the basis of the obtained results, it was
revealed that the use of the method of insertion of a smaller diameter has a number of advantages, one of
which is an increase in the life of the pipeline, without large capital expenditures. For sections of the NSC,
where the insertion method is not applicable, a method is proposed for rotating the pipeline through a certain
angle, which will ensure uniform wear of the inner wall of the pipeline and, as a result, will increase its
service life.

As a result of the work, a comparative analysis of technical, technological and special complexes of
measures to protect oil pipelines from corrosion was carried out. On the basis of the obtained results, it was
revealed that the use of the method of insertion of a smaller diameter has a number of advantages, one of
which is an increase in the life of the pipeline, without large capital expenditures. For sections of the NSC,
where the insertion method is not applicable, a method is proposed for rotating the pipeline through a certain
angle, which will ensure uniform wear of the inner wall of the pipeline and, as a result, will increase its
service life.

The main design, technological and technical and operational characteristics: technology and
organization of work, preparatory work, earthworks, installation of repair structures, welding and assembly
work; method of calculating the economic efficiency of the project.

Degree of implementation: recommendations on the use of the most effective methods for increasing
the reliability of operation of intra-field oil pipelines are proposed.

Application area: oil collector

Cost-effectiveness / value of work the results of this study is that the introduction of a smaller

diameter insertion technology increases the safe operation of the infield oil pipeline. The cost of the project

is 833 373 rubles. excluding VAT, service life of 10 years. The net present value of the project is 918,841
rubles, and the internal rate of return is 104%, at a discount rate of 20% from 2019 to 2029. Thus, the

implementation of the proposed project in this area would be appropriate.

In the future it is planned apply the most efficient materials of the in-field oil pipelines located on the

territory of the VV-group of fields.




OmnpenesieHus, 0003HAYEHUS, COKPALleHUs], HOPMATHBHBIE CCHLIIKH

B  npanHoit  paboTe TMpUMEHEHBI CJIEAYIOIIME TEPMUHBI C  COOTBETCTBYIOIIMMHU
OIpeEICHUSIMU:

aBapusi — pa3pylieHUE COOPYKEHHUM U (MJIM) TEXHUYECKUX YCTPOMUCTB, MPUMEHSIEMbIX Ha
OMACHOM TMPOM3BOJACTBEHHOM OOBEKTE, HEKOHTPOJHpPYEMble B3pbhIB U (WJIHM) BBIOPOC OIMACHBIX
BemectB [Denepanpubiii 3akoH oT 21.07.1997 Ne 116-®3 «O mpoMBIIUICHHOW 0€30MacHOCTH
OTAaCHBIX MTPOU3BOACTBEHHBIX 0OBEKTOBY];

BCTaBKAa — TApaJUICNIbHO COCIUHEHHBIM TPYOONPOBOJ MEHBIIETO WIH OOJBIIETO
TUaMeTpa;

NPOMBICJIOBBIi TPYOONIPOBO — COOPYXKEHHE, COCTOSIIEe U3 CHCTEMbI TPYOOIpPOBOIOB,
MPOKJIAABIBAEMBIX ~ MEXIY IUIOMIAAKAMU  OTACJIBHBIX  IPOMBICIOBBIX  COOPYXEHUH, JIA
TPAHCIIOPTHPOBAHMSI CBHIPOM ¥ TOJATOTOBJICHHOW He(TH, KOHACHcaTa, Tra3a Ha HE(TIHBIX,
He(TEra3oBbIX, Ta30KOHJIEHCATHBIX M Ta30BbIX MECTOPOXKICHHUSIX IOJ JIEHCTBHEM YCTHEBOTO
JABJICHUSI WJIM HACOCOB, OT 3aJBMKKU YCThEBOW apMaTyphl JO MecTa BXOJa B MaruCTpaibHBIN
TPyOOIIPOBOJ, TPAHCTIOPTHPYIOIIMA TOBAPHYK NPOAYKIHIO. B  coCTaB  MPOMBICIOBBIX
TPYOOIIPOBOIOB TAK)KE BXOJSAT BOJOBOJIBI BBICOKOTO M HU3KOTO JIaBJICHUS;

HHTHOMTOPHAS 3alUTA — METOJ 3aIlIUThl OT KOPPO3UU MOBEPXHOCTU OOOPYIOBAHUS U
TpyOOIIPOBOJOB, KOHTAKTHUPYIOIIECH C pabodeil cpeqoil, 3akIIOYaroNIMiics BO BBEIEHHUU B Hee
CHEIHAIbHBIX PEareHTOB — HHTUOUTOPOB KOPPO3MHM MeTaila, OO0JalaloluX CHOCOOHOCTHIO
CHWKATh CKOPOCTh KOPPO3UHU METajlIa MPH aJCOPOITMU Ha €r0 TOBEPXHOCTH;

HedTecOopHbI TPyOOnpoBoa (HedTerazocoOOpHbIii TPYOONPOBOA) — TPYyOOTIPOBOT /IS
TPAHCTIOPTUPOBAHMSI POTYKIIUU HEPTIHBIX CKBAXXHH OT 3aMEPHBIX YCTAHOBOK JI0 ITYHKTOB cOopa u
MEPBUYHON TOATOTOBKHU (JI0)KMMHAsi HACOCHAsl CTAHIIMS, YCTaHOBKA MpeABapUTENhHOTO cOpoca
BOJIbI U T.I1.);

OYNCTHOE YCTPOMCTBO — BHYTPUTPYOHBIM CHapsl, NpeIHa3HAYEHHBIH [JIS1 OYMCTKU
BHYTPEHHEH TMOJOCTH M CTEHOK TPyOOMpoBOJa OT OTIOKEHUH, 3arpsA3HEHUsT U TMOCTOPOHHUX
MPEAMETOB;

PEMOHT — KOMIUIEKC TE€XHOJOTHMYECKHUX OINEpAlMid W OPraHU3ALMOHHBIX JEUCTBUW IO
BOCCTAHOBJIEHHIO PabOTOCIIOCOOHOCTH, MCIIPABHOCTU M pecypca OObEeKTa W/WIM €ro COCTaBHBIX
yacteil [['OCT 18322-2016, cratbs 2].

I'’KC — ra3oxxuakocTHOR cMecH;

HJC — Hamor Ha 106aBJIEHHYIO CTOUMOCTH;

Y1 — ynucThlii JUCKOHTUPOBAHHBIN JI0XOT;

NI — uaeKc J0XOAHOCTH;



BH/I — BHyTpeHHSI HOpMa TI0XOAHOCTH;

OC — OCHOBHBIE CPEJICTBA;

JIPuHK — naGopaTtopusi pa3pymaroniero 1 Hepa3pyaroniero KOHTPOJIs;
DPP — Cpok okynaeMocTH TUCKOHTHPOBAHHSI;

NPV — YucTeiii JUCKOHTUPOBAHHBIA JTOXO/T;

IRR — BayTpenHss HopMa JOXOIHOCTH;

PP — Cpok okymaemMocTu npocToii;

Pl — Maaexc 1oX0OHOCTH;

IIY — nopTaTUBHOE ABIXaTEIbHOE YCTPOMCTBO;

OIIO — onacHBIii TPOU3BOJICTBEHHBIH O0BEKT;

OB - onacHble BelecTBa;

K — IIpenenbHo 1onMyCcTUMbIE KOHLIEHTPALUU;

CU3 — cpeacTBa MHAMBUIYAIBHOMN 3aILUTHI;

YC — ype3BbIyaitHasi CUTYaIIHS;

ITY — noxapHas 4acTs;

¥YIT — ynpapneHue sKcrtyataliud TpyoonpoBoa;

HAC® — HemratHOe aBapuiiHO-cIiacaTeibHOE (OPMUPOBAHUE;

JIAII — nukBUAanuu aBapuiHbIX IOCIEACTBUN;

HOTOPTuJIIA — 11ex TeXHHUECKOTo 00CITy)KUBaHUS M JTMKBUIAIIUH ITOCIICICTBUI aBapHu;

YIICB — y4acTok npeaBapuTelbHOTO cOpoca BOABI.

B nacrosmieit paboTe MCHOIB30BaHbl CCHUIKM Ha CIEAYIOLIUE CTaHAapThl U (OHIOBBIE
MaTtepuaibl KoMrmanuu-N:

I'OCT 12.0.003-2015 CCBT. OmacHble u BpeaHblE MPOU3BOACTBEHHBIE (AKTOPBHI.
Knaccuduxkarus,

I'OCT 12.1.005-88. OOmue caHUTapHO-TUTMEHWYECKUE TPeOOBaHUsI K BO3AYXY paboueit
3oubI. — B3amen 'OCT 12.1.005-76; Been. 1989-01-01. — M.: U3naTenbecTBo crangapTos, 2002, —
49c.;

I'OCT 12.1.007-76 CCBT. Bpennsie BemiectBa. Knaccugukanus u obuue TpeOGoBaHUS
0€30I1aCHOCTH. |

I'OCT 12.1.038-82  Cucrema  crangaptoB  Oesomacuoctu  1pyma (CCBT).
OnexTpobe3onacHocTh. [IpenenbHo 10oMmycTUMbIe 3HaYeHUs HANpsKEHUH MPUKOCHOBEHUS U TOKOB
(c Usmenenuem N 1);

T'OCT P 22.0.01-2016. be3omacaocts B UC. OCHOBHBIE ITOJI0KEHU. |



I'OCT P 51337-99 be3onacHocTh MamuH. TemmepaTypbl KacaeMbIX IMOBEPXHOCTEM.
DProHOMHUYECKHUE TaHHbIE AJI1 YCTAHOBJICHUS MIPEACIbHBIX BEJIMUMUH FOPSYUX MOBEPXHOCTEH;

I'OCT P 51858-2002. Hepte. OOmme texunueckue yciosus. — Been. 30.06.2002. — M.:
Cranmaptundopm, 2006. — 17 c.;

HNOTB 13-17 UHcTpyKIKs 110 OXpaHe TpyAa MpU MPOBEACHUH 3eMJISTHBIX padoT;

HNOTB 35-17 WHcTpyKuusi MO OXpaHe TPyAa W NPOMBIIJICHHOW O€30MacHOCTH MpH
BBINOJIHEHUH TIOTPY304YHO-PA3rPy304YHBIX pabOT, MEPEeMENICHUU TSKECTeH, TPaHCIOPTUPOBAHUU
Ipy30B U YOOPKE METAIII0JI0OMA;

HNOTB 40-17 Bepcust 3.00 MHCTpyKIUS 1O OXpaHe TpyJa MPU MCIOJb30BAHUU CPEACTB
WHUBUTyaJIbHOU 3aIlIUTHI,

HNOTIT 29 16 Bepcus 2.0 HucTpykuus 1o oxpaHe Tpylda Ui TpyOOImpOBOIUMKA
JIMHEWHOTIO;

M-16.04.01.03-94 unctpyxkuus no OT npu BemmonHenuu padot ¢ AJLJ;

I11-01.05 M-0133 TIlpaBuna 1O OKCIUTyaTalldd, PEBU3UH, PEMOHTY U OTOpPaKOBKE
MIPOMBICIIOBBIX TPyOOTIpoBo10B Ha 00bekTax [TAO «HK «PocHedTh»;

I11-01.05 TP-1135 HOJI-098 Texnonornueckuil permameHT. Cucrema MNPOMBICIOBBIX
(MEXIPOMBICIIOBBIX ) TPYOOIPOBOJIOB OJIEHBETO MECTOPOIKICHUS;

[IMJUIITA nan meponpusTUi HO JIOKAIMW3alMKM U JIMKBUJIALUMU NOCIEACTBUM aBapuil Ha
OTIaCHOM IPOM3BOJICTBEHHOM 00BekTe N-M/p.;

[Tpuka3z Muntpyna u couzamutsl PO Ne 328n ot 24.07.2013r. «O06 yTBEpkKACHUU MPABUIT
10 OXpaHe TPy/1a MPHU IKCILTyaTalluu 3JIEKTPOYCTAHOBOK. ;

OHull Ne485 ot 20.11.2017 «IIpaBuna Oe30macHOro BEAEHHS ra300MAaCHBIX, OTHEBBIX U

PEMOHTHBIX PaboT».
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Beenenue

AKTyaJIbHOCTb ~ TE€Mbl  UCCIIEOBaHMs: IPOMBICIOBbIE  He(pTEeCOOpHbIE
TpyOONPOBOBI 3KCIUTYaTUPYIOTCS B OCJIOKHEHHBIX YCIIOBHUSAX I10J BO3JIEHCTBHEM
IIEPEKauYMBAEMbIX Cpel C BBICOKOH OOBOJHEHHOCTBIO, KHUCIOTHOCThIO PH n
COJIEP’)KAaHUEM XMMUYECKU aKTUBHBIX KOMIIOHEHTOB. J/laHHBIE HETaTUBHBIE (DAKTOPBI,
NPUBOAAT K YCKOPEHHOW KOPpO3MHM MeTaia TpyObl, HpH 3TOM, IOBBILICHUE
paboTOCIIOCOOHOCTH HEPTENPOMBICIOBBIX CHUCTEM SIBJIAETCA AKTyaJlbHOM 3anayeit
[24].

Ha pucynke 8.1 mpeacraBieHa JAWHAMHKA OTKAa30B IPOMBICIOBBIX

TpyOOIPOBOIOB HAXOASIINXCA Ha TEPPUTOPUH B-Tpyniibl MECTOPOKICHUN:

Pucynok 8.1 — Jlunamuxa omxazoe mpy6onpoeooos kamnaruu-N

TTOBHIIERAE HALEXHOCTH ABAPWIHO OITACHBIX YYACTKOB HE® TECHOPHAIX

TPYBONIPOBOLIOB
Wam) /lucm N° Gokuym. [lodnuce | fama .
Paspac Poidur AL /lum. /lucm /lucmob
[loobepun Kpey Bl | ] 77 144

Korc. Bbederue

TTTY, MUUTIP. ORLL zpynna
1 Kavmp 26M71

Ymbepd Wadousa A.B




N3 pucynka 8.2 oueBHIHO, 4YTO TPeOOIAMAONICH MNPUUYUHON OTKA30B

IIPOMBICJIOBBIX TPYOOIIPOBOJIOB SIBJIIETCS BHYTPEHHS KOPPO3HUSL:

Pucynok 8.2 — Jlunamuxa omxazoe mpy6onpogooos kamnanuu-N

Tperb TPOMBICIOBEIX TPYOOIIPOBOJOB MPEBBICKIA TPHUANATAICTHUN CPOK
skcruryatanuu, 6osee 40% npubimKaeTcs K 3TOMy CpoKy. B ycrmoBusX craperoniux
TpyOompoBosioB, korga a0 90% o0OTKa30B CBSI3aHO C KOppo3uen, mpodiema
MPOTUBOKOPPO3MOHHOW 3aIlMTHl CTajla TMPEAMETOM TPHUCTAILHOTO BHUMAHUS HE
TOJILKO HCCJICIOBATEICH, HO M JKCIUTyaTalioHHUKOB [58]. 3arpathl, CBS3aHHBIC C
YCTpPaHEHUEM TMOCIEJCTBUI KOPPO3UOHHBIX Pa3pyLICHUN TPyOONPOBOIOB HEPEIKO
MIPEBBIIIAIOT CTOUMOCTD HOBBIX.

Crano OYEBHIHBIM, YTO JAJIBHEUIINNA MPOTrpecc B 00JIACTH TMOBBIIICHUS
HaJEKHOCTH U DKOJIOTHYECKOW O€30MacCHOCTH TMPU IKCIUTyaTallMd OOBEKTOB

TpyOOTIPOBOHOTO TPAHCTIOPTa HE(DTU U Ta3a HEMBICIUM 0€3 OCHOBATEIIbHBIX 3HAHUM

/lucm
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9KCILTyaTallMUOHHBIM

IPOTUBOKOPPO3UOHHOM 3aIUTHI 3KCIIITyaTUPYyEMOro 000pyA0OBaHHUS.

Cpoxk

TpaHcHopTa

CITY>KObI

BO

U HaASKHOCTh PabOTHI

MEPCOHAJIOM  HOBEWIIHNX  JOCTHKCHUH

B o0actu

00BEKTOB  TPYOOIPOBOJTHOTO

MHOI'OM ONpPCACIIAOTCS HaI[é)KHOCTI)IO HUMCHHO

MPOTUBOKOPPO3UOHHOM 3aIIUTHI.

OO0BEKT

HCCJICIOBAHUAA. 00BEKTOM HCCICO0OBAHU

ABJCTCA CCThH

He(TEeCOOUPAIOIINX KOJUIEKTOPOB, KOTOPBIE PACHIONI0KEHBI HAa TEPPUTOPHH B-rpymis

MECTOPOKICHUN.

He(TecOOPHBIX

HoBusna temnl HMCCJICIOBAHUA. COITIaCHO CTaTUCTHYCCKOMY aHAJIN3y OTKa30B

KOJIJICKTOPOB,

HaxOJSIIMXCS HAa  TEPpUTOpUHA  B-rpymnmsl

MGCTOpO)KI[CHHﬁ, OBLIO OIIPpCACIICHHO, YTO BBICOKOM 4aCTOTOM OTKa30B, B PC3YyJIbTATC

KOppO3ruKr, IOABCPKCHBI OTACIIBHBIC Y4YaCTKHM KOJUICKTOPA. HpI/I‘IHHOﬁ JaHHBIX

pa3py111€HI/Iﬁ, IIPCAITIOJIOKUTCIBHO ABJISICTCA 3aCTOMHOE CKOIIJICHUE KHUIKOCTHU B

HIDKHEH o0pa3yroiei TpyoonpoBo/ia.

npeajraracrcs

Criocobom

COOpYKCHHE

BCTaBOK MCHBLIICTO OHaAMCTpa,

ITOBBIIICHU HaJICKHOCTHU aBapHﬁHO-OHaCHBIX Y4aCTKOB,

yeM OCHOBHOU

TpyOOnpoBOA i OOecnedeHus: JOCTATOYHOW CKOPOCTHM BBIHOCA CKOIUICHHM

KUIKOCTHU U3 «TIIOTCHIIMAJIBHO OMACHBIX» YYaCTKOB TPYyOOIIPOBOIA.

He(dTecOOpHBIX

lens paGoTHI:

KOJUIEKTOPOB

aHaJIn3

N-MeCTOpOXKAEHUSI €  LEJbIO

OIITUMAJIBHOI'O MCTOJA ITOBBIIICHUSA UX Ha,[[é)KHOCTI/I.

OCHOBHBIC 3aJJaUH HCCJIICA0OBAaHUA:

— TMPOBECTU aHaNu3 (PU3UKO-reorpauyecKux,

OPUYUH OTKa3a Ha MPOOJIEMHBIX ydacTKax

oTpeaeICHUs

HHXXCHCPHO-TCOJIOTNYCCKHX,

KIIMMAaTHICCKUX U CEMCMUYCCKHUX YCIOBUN 00BEKTA UCCIICIOBAHUS;

— TMpPOBECTU

aHaJIu3

no  MmopbiBaM  HedTecOOpHBIX

TpyOONIPOBOOB C LIENbIO BHISBUTH IPUUMUHBI X OTKA30B,;

IMPOMBICJIIOBBIX

— BU3YQJIM3UPOBATh TEPPUTOPHAIBHOE PACIOJIOKCHHE aBapUHBIX 00JacTei

MCCTOPOKACHUA Tpe6y}01unx IMOBBILICHHOT'O BHUMAHU,

— PacCMOTPETh CHOCOOBI MPEayNPEXKACHUS UHTEHCUBHOM KOPpPO3UM TPYObI HA

YUYaCTKax CKOIUICHUA )KUAKOCTHU U BBI6paTB W3 HUX Hauboiiee OHTHMaHBHBIﬁ;

Ham

/lucim

N° Gokuym.

[lodnuce

fama

Bbederue
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— cMmogenupoBath mpoiecc B cpene ANSYS ¢ uenbio onpeneneHust BIUSHUS
BCTaBKH Ha CKOPOCTh MOTOKA >KUKOCTH U HArpy3KH Ha HEPTEPOBO/;
— ONPEIETUTh SKOHOMUYECKYIO 3(PPEKTUBHOCTH MPEAIaraeMoro crocooa.
MeToauka: oOIpeneicHusl OIMACHOTO CEYCHHs TpyOONmpoBOJa H  pacueT
HEOOXOJMMOro JMaMeTpa TpyOOIpoBOAa, MJs YBEIMYEHHS CKOPOCTH TOTOKa
KUJIKOCTH B3ATHI W3 CTaThM Y (PHUMCKOTO TOCYIapCTBEHHOIO YHHBEPCHUTETA,
nybirKoBaHHOTO B xKypHaie «Hedrerasosoe aeno» 2017 r [24] u yueOHOro mocodus
[NammsmoB ALK, OOecnieueHne HauEXKHOCTH  (PYHKIIMOHUPOBAHUS  CHUCTEMBI
HEPTENPOBOIOB HA OCHOBE TEXHHUYECKOW AMArHOCTHKH [34].
[IpakTHdeckass 3HAYUMOCTh TEMBI HCCIEIOBAaHUSA: TeMa TMpPUMEHHUMA K
He(pTeCOOPHOMY KOJIJIEKTOPY, KOTOPBI HAaXOAUTCS Ha TEPPUTOPUU B-rpynimsl
MecTopokaeHni. CTaTUCTUUECKUE aHHbIE IO 0TKa3aM Ha TPyOOIpOBOAaxX cCOOpaHBbI

C MECTOPOKJICHUM 3TOU IPYIIIIBI.
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8 ®uHaHCOBBIi MEHEe’KMEHT, pecypcod(pPeKTUBHOCTH U

pecypcocdepe:xeHue

8.1 OueHka KOMMePYECKOr0 MOTEHIHAJIA MPOEKTA

[IpomMbiciioBbIe  HepTECOOpHBIE  TPYOONPOBOIBI  IKCIUTYaTHPYIOTCS B
OCJIOKHEHHBIX YCJIOBHUSAX TIOJ BO3ACHCTBHEM IIEPEKAYMBACMBIX CPEI C BBICOKOH
00OBOJHEHHOCTBIO, KHCIOTHOCThIO PH © comepkaHMEM XUMHUYECKH aKTHBHBIX
KOMIIOHEHTOB. J[aHHBIC HeraTWBHBIE (AKTOPHI, MPUBOIAT K YCKOPEHHOW KOPPO3HUU
MeTauia TpyObl, IPH 3TOM, IOBBINICHHE PaOOTOCIIOCOOHOCTH HE(TEPOMBICIOBBIX
CHUCTEM SIBJISIETCS] AaKTYAJIbHOM 3a1a4eil.

DKOHOMUYECKUM pacyeT SBJISICTCS MOJATBEPKICHUEM TOTO, YTO OYEHb BAXKHO
COBEPIIICHCTBOBAHWE KOHIICTITYAIbHBIX TOIXOM0B K BOMPOCY MPETYPEKICHUSI
aBapUUHBIX CHUTyallud Ha TPOMBICIIOBOM HedTenpoBoje. Jlokanuzauus u
JUKBUIALMS aBapUMHBIX PpA3JIMBOB HEPTH MNPEANPUATHIO OOXOAUTCS HAMHOIO
JOPOKE, YeM TTOCTOSTHHBII MOHUTOPHHT TEXHUYECKOTO COCTOSIHHS TPYyOOIIPOBOIA.

OnTuMuzanyst 3atpaT Ha NPEAYNpexAcHUE yTedeK HePTH U JUKBUIALMIO
MOCJIEACTBUNA TpeOyeT BBIPAOOTKM KOMIIPOMHUCCA MEXKIY UEISIMU JTOCTUKEHUS
KOMITAHUSIMH MaKpO- U MHUKPOIKOHOMUYECKUX TOKa3aTeNel JesTeIbHOCTH, a TaKKe
BBITIOJIHEHUS ~ TpeOOBaHWMU  pPEryJUpOBaHUS O  CHIDKEHHUIO  OMACHOCTEH
BO3HMKHOBEHUS aBapUil C TSHKEIIBIMU TTOCIICICTBUSMH.

OgauM  ®3  cnocoOOB  TPEAYNPEXKACHUS aBapud Ha  MPOMBICIIOBOM
TpyOOTIPOBOJIE, SBISICTCS BBISBICHHE WX IMOTEHIMAILHO OIMACHBIX yYacTKOB
(Hamboee MOaBEPKECHHBIX BHYTPEHHEH KOPPO3WN) M ONTHUMH3AIUS WX TPOITYCKHON
CIIOCOOHOCTH C TIebI0 OOECIeUeHHUs BBIHOCA CKOIUICHUS >KHJIKOCTH W3 HIDKHEH
oOpasyromieii TpyoOompoBoma. B (tabmume 8.1) mnpencraBnen SWOT-ananus

pacCMaTpuBacMOro IpocKTa.

[IOBBILIERVE HALEXHOCTH ABAPWIHO ONTACHBIX YYACTKOB
Tl oen T e aman 1 g X Zoma HEPTECHOPHEIX TPYBUOIIPOBOLIOR
Paspac Poidur AL /lum. /lucm /lucmob
[lpobepun | Kpey BT PUHAHCOBBIL MEHETXMBHIT, || 73 14
Kowc DECYDCOIPYEKMUBHOCTIL U WITITY MUITP O 2y
H_Kowmp. [PECYpCoCoepexeHe EM7T
Ymbepd Wadousa A.B




Tabmuma 8.1 — SWOT ananu3 npoekta

S — JlocTonHCTBA

W — Henocrarku

Obecneuenue O0e3aBapuitHON
paboThl TPyOONIPOBOAA,;
OTHOCHTEILHO HEBBICOKAsI
CTOMMOCTb PEaIU3AINH MTPOCKTA;
MIPOCTOTA MIPOBEACHUE MOHTAKHBIX
pabor;

OBICTpast OKyIMaeMOCTh MPOCKTA.

He TpeOyeT MpUBJICUEHUS

JOTIOJTHATEIBHOIO 000PYAOBAHUS.

C10KHOCTbD BBISIBJICHUS
INOTCHIHMAJIbHO OITACHBIX YYAaCTKOB,
TCXHOJIOTYA HC IIPpUMCHUMA HA
yY4acCcTKax ¢ MCXaHNYCCKHUM
CII0CO0OM OYHCTKH,

U3MEHSET TEXHOJOTHUECKUI

pEeXUM pabOThl CKBAKHH.

O — Bo3MoxHOCTH

T — Vrpoza

Pacmmpenue naaHoro meroaa
IPEAYNPEKICHUN aBapuu Ha BCIO
TPYIILY MECTOPOKIECHUN;
IIPUMEHEHUE JOTIOJIHUTEIBHON

BHYTpeHHeI}JI 3alllUTBI OT KOPPO3HH.

He mu1st Bcex y4acTKOB METOA
IPUMEHUM;
€CTh BEPOSITHOCTh 00pa30BaHUs

KOPPO3HH.

Ucxons uz SWOT-ananuza naHHbIi TPOEKT, 0€3YCIOBHO, UMEET HEKOTOPHIS

PUCKHU. YTpPO3bl, KOTOPbIE MOTYT IPOHM30HTH B PE3yJbTaT€ BHEAPEHHS MPOEKTA,

MOXHO H30€XaTh, HUCIHOJb3YysS JTOMOJHUTEIBHYI0O BHYTPEHHEIO 3aIllUTY, KOTOpas

OyzneT o0ecreuynBaTh MOJHOIEHHYIO 3alIUTY OT BHYTPEHHEH KOPPO3HUHU.

8.2 IlnaHupoBaHue U (¢opMmupoBanue 010/1:K€TA HAYYHBIX

HCCJIe10BaHuM

8.2.1CtpykTypa padoT B paMKax HAy4YHOIr0 UCCJIe10BAHUS

B pamkax mnnaHupoOBaHHMS HAy4YHOTO TIPOEKTa HEOOXOIMMO TOCTPOHTH

KaJICHIAPHBIN U ceTeBbIe TpaduKu nmpoekTta (Tadmuna 8.2).

Ham

/lucm

N gokym N [lodnuce | Hama
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Ta6mmma 8.2 — KanengapHslii m1aH mpoeKTa

Mara (05.07.2019) | Jdara (05.07.2019) | CocraB y4acTHHKOB,
JmATEeTbHOCTD,
Kon HasBanne wach! BpeMsI Havaia BpEMS OKOHYAHHSA OTBETCTBEHHBIX
pabot pabot HCTIONTHATEIEH.
IIpoBectu nHCTpYKTa)K HavansHux
1 no Th npu npousBojcTBe 05 8:00 8:30 LTOPT = JIIA.
paGor. Mactep — 2 yen.
Odopmuts
pa3pernTeNbHy 0 HauanbHuk
5 JIOKyMEHTALHIO 1 0,5 8:30 9:00 LITOPT u JITIA.
HapsAApI-I0IyCKH Ha Macrep — 2 gen
KOKIBIA BUT (9TaI) P .
pabor.
Omnpenenuts Ha
MECTHOCTH OCh U H%E%H;}JI'}/IIFIA
3 FHY6I/I61:)}I’_I32J;2”<:H;’I’I 0,5 9:00 9:30 Macrep — 1 gen.
TpyoompoBoa, Tpy6onpoBoxdHK
BBICTABJICHUEM JIUHEHHBIN — 2 uen
AHIIUIAroB. .
HavanbHuk
[MoaroToBUTH paboUyIO LITOPT u JITIA
TUTOLIAJIKY /ISt - .
4 pasMeEIleHHsT TEXHUKH 1 9:30 10:30 M?\S[Z?I)HH;;%'
Ha MecTe NMPOM3BOACTBA Oynbnosepa — 1
paboT. YEJIOBEK
HavaneHuk
LTOPT u JIITA.
3aBe3TH Ha MECTO
Macrep — 1 gen.
IIPOM3BO/ICTBA PaboT MaIuHuCT Tpy30B0it
5 HEOGXOIUMBIE 1 10:30 11:30 TexHUKH — | uen
MaTtepuajbl U MAIIUHUCT k
00opyIoBaHUE. IPY30TI0ABEMHOM
TEeXHUKHU — | ger.
HavanbHuk
ITpoussecTn 3eMIsHBIE LTOPT x JIIA.
6 paboThI 1O BCKPBITHIO 1 11:30 12:30 Macrep — 1 gemn.
TpybornpoBoza. MammHucr
9KCcKaBaropa — | gen.
HavansHuk
[Ipoussectu LITOPT u JIIIA.
7 OIOPOXKHEHHE 1 12:30 13:30 Macrep — | gen.
PEMOHTHPYEMOTO TpyGonpoBoaank
y4acTka. JIMHENHBIN — 2 Yer.
ITpoussecTr 1EMOHTaX opr e
8 [MOTEHIMAJIBLHO OIIACHOTO 1 13:30 14:30 propTw A,
o ¢ Macrep — 1 gemn.
’ Crnecapp — 2 yer.
HavansHuk
ITpoussecTn cBapo4HO- LTOPT u JITTA.
9| ™ eranonme e ! 14:30 . oerapocspn
Y I'asoanextpocBapmuk
MEHBIIIET0 JHaMeTpa. —1 ven.
Havanenuk
IIpounsBecTr 3achINK Nor T A
10 p - y 0,5 15:30 16:00 Macrep — 1 @emn.
p . Mammunauct
JKcKaBaTopa — | 4ei.
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[Tponomxkenne Tabauis! 8.2

Hauanpuuk
WcneiTanue LTOPT u JITTA.
1 GompoBoa 0,5 16:00 16:30 Mactep — 1 uemn.
TPYOOTPORORE TpyOonpoBoaunK
JIMHCHHBINA — 2 Jell.
HauansHuk
LTOPT u JITTA
3aKIIOYHTENbHBIE .Macrep — 1 uen.
12 1 16:30 17:30 Tpy6ONpPOBOTHK -2
paboThI.
Yell.
MamuHuCT Tpy30BOH
TEXHUKHU — | Yell.
Uroro: 9,5 (yacoB)

]_IJ'ISI HWIUTIOCTPpAIIUN KAJICHAAPHOT'O IlNIaHa IIPOCKTA IIPHUBCACHA OUArpaMMa

["anTa, HAa KOTOPOI PabOTHI MO TEME MPEACTABISIIOTCA MPOTSKEHHBIMH BO BPEMEHU

OTPC3KaMH, XAaPAKTCPU3YIOIIUMHUCA HdaTaMH Hadalla KW OKOHYAHHA BBIIIOJHCHUSA

naHHbIX padoT (tadbmuna 8.3). B (IIpmnoxkenun ') mpencrabieH rpaduk pearn3anum

IIPOEKTA.

Tabnuma 8.3 — JInHeHbIl KaJleHIapHbIi rpaduk MpoBeaeHUs paboT Ha 00bEKTEe

HaumenoBanue
onepanui

Yackl

[TpoIOKUTENEHOCTD TIPOBEAEHHS PAdOT

05.07.2019

8:00

9:00

10:00 | 11:00 | 12:00

13:00

14:00

15:00

16:00 17:00

IIposectu
HHCTPYKTaX IO

Tb npu 0,5

MIPOU3BOJICTBE
pabor.

Odopmurs
Pa3pelInTeNbHYIO
JOKYMEHTAIHIO U
HapSIbI-IOMYCKH.

0,5

Onpenenuts Ha
MECTHOCTH OChb 1
rITyOuHy

3aJI0KEHUS 0,5
TpyOOIpOBOIa, C
BBICTaBJIEHHEM
aHIIIaroB.

IToaroroButs
pabouyto
TUTOMIAIKY JJIst
pa3MemeHus
TEXHUKH Ha
MecTe
MIPOU3BOJICTBA
paboT.

Ham
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[Tponomxkenue Tabauis! 8.3

3aBe3TH HAa MECTO
TIPOU3BOJICTBA
pabot
HEOOXOIUMBIE
MaTepHalbl 1
o0opynoBaHue.

[Ipoussectu
3eMIISTHBIE
paboThl 110
BCKPBITHIO

TpyOompoBoa.

IIpoussectn
OIIOPOXKHEHUE
PEMOHTHUPYEMOTO
Y4acTKa.

[Ipoussectu
JEMOHTaX
MOTEHIIATIBHO
OTIACHOTO
CCUCHHUSL.

[Ipoussectu
CBapOYHO-
MOHTa)KHbIE
paboTel Mo
YCTaHOBKE
BCTaBKHU
MEHBIIETO
JaMeTpa.

IIpoussectu
3aCBIIKY
TpaHILEH.

0,5

HUcnpiranue
TpyOOIpoBoOAa.

0,5

3aKIII0YnTENBHbIC
paboTEI.

8.2.1Bb10a:KeT HAYyYHO-TEXHUYECKOT0 MCC/IeI0BAHUSA

Pacuer 3atpar Ha mpoBeneHue padOT MO 3aMeHE MOTCHUIHAIBHO OMACHOTO

ydacTka TpyOOIpoOBO/ia Ha BCTABKY MEHBIIIETO AHaMETpA.

Cocrasn 3aTpaT B COOTBCTCTBHMHM C HX O3KOHOMHYCCKHM COICPKAHHCM

dbopmHpyeTCs IO CAEAYIOIINUM dJIEMEHTAM:

- 3aTpaThl Ha CIIEII000PYI0BAHHE;

- MaTCPUAJIBHBIC 3aTPAThI;

—  3aTpaThl Ha OIUIATy TPY/a;

- CTPaxOBbI€ B3HOCHI B TOCY/IAPCTBEHHBIN BHEOIOKETHBINA (DOHST;

- AMOPTHU3aIMOHHBIC OTYHUCIICHUA

Ham

suem | N dokym

[lodnuce

fama
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- HaKJIaIHbIC PACXOAbI.

B tabmuue 8.4 mpencraBieHa oOmas cMeTa 3aTpaT Ha BBINOJHEHHE

MPOEKTHO-U3bICKaTeNbcko padoTel. Ha pucynke B (Ilpunoxkenun b) mzoOpakena

CTPYKTYpa BCEX 3aTPAT MO CTATHSIM.

Tabmuna 8.4 — Cmera 3arparT Ha BBINOJHEHUE TPOSKTHO-U3BICKATEIBCKUX padoT

Cymma OTanbl BEIIONHEHUS paboT
Ne n/n Cratbu 3aTpar
3atpar, pyo. 1 2 3 4 5

Ormtara pa6or,

1 BBIMOMHAEMBIX 50 796,50 5 079,65 5079,65 | 20318,60 | 5079,65 | 15238,95
COUCITIOJIHUTCIISIMU
3aTpaTsl Ha
HpI/IBHe‘IeHI/Ie

2 CTIENTEXHUKH 680 600,00 68 060,00 | 68060,00 | 272240,00 | 68060,00 | 204 180,00
MOAPSAHBIX
Oopranuszanui

3 Matepuansi 1 70 053,00 7 005,30 700530 | 28021,20 | 700530 | 2101590
KOMHJ’IeKTyIOH.[I/IG

4 Omata Tpyaa 1 674,60 167,46 167,46 669,84 167,46 502,38
CtpaxoBbie B3HOCHI

5 B FOCY/IapCTBCHHbIC 502,00 50,20 50,20 200,80 50,20 150,60
BHEOIOKETHBIE
(dboHIBI

6 | Amoprusawna 164.90 16,49 16,49 65,96 16,49 49,47
OCHOBHBIX CpeJlCTB

- /lucm
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[Tponomxenne Tadauis! 8.4

Haknanasie

pPACXOIBI 80 379,10 8 037,91 8 037,91 32 151,64 8 037,91 24 113,73

Hroro
8 COOCTBEHHEIX 833 373,60 83 337,36 83 337,36 | 333349,44 | 83337,36 | 250 012,08
3aTpar

YpoBeHb
9 PEHTa0eNbHOCTH 10 83 337,36 8 333,74 8 333,74 33 334,94 8 333,74 25001,21

10%

HOFOBOpHaﬂ OcHa

10 (cymma ctpok 1-9)

967 507,46 96 750,75 | 96 750,75 | 38700298 | 96 750,75 | 290 252,24

Hamor na

Ao6aIeHHYI0 17415134 | 1741514 | 1741514 | 69660,54 | 1741514 | 52 245,40
croumocts (H/IC)

20%

11

1 | Beerocrommocts |y 44 65880 | 114 165,89 | 114 165,89 | 456 663,52 | 114 165,89 | 342 497,64
A0TO0BOpa

8.3 DxoHomuyeckasi 3 PeKTUBHOCTH NPOEKTHO-U3BICKATEIbHBIX PadoT
8.3.1MeTtoauka pacuéra IKoOHOMUYecKOi IPPpekTUBHOCTH
Uro OBl OLEHUTh 3KOHOMHUYECKYIO A()PEKTUBHOCTh HHBECTHIIMOHHBIX
MPOEKTOB OOBIYHO MCHOJB3YIOT HUXKETIEPEUHCICHHBIE KPUTEPUH:
— YJ/[ — yuCThIl TUCKOHTUPOBAHHBIN JOXO;
— WMJ1 — uHAEKC TOXOAHOCTH;

— BH/I — BHyTpeHHsAs HOpMa JOXOIHOCTH;
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— CpOK OKyIaeMoCTH IpH yueTe (paKkTopa BpeMEHH Ul IUCKOHTHPOBAHUSI.

UucThli TUCKOHTUPOBAHHBIA JTOXOJ OMPEIEISAIOT MO cieayromieid (hopmyse

(8.1):
T
(P —3¢)
yail= y ——= 8.1
M=) G5 1)
t=0
rie P; — croumMocTHas OIEHKAa pe3yJbTaTOB, IMOJYYEHHBIX IpHU

OCYILIECTBJICHUH MPOEKTA UM BHEAPEHUN HOBOM TEXHUKHU 32 IPOMEKYTOK BPEMEHH t,
BKJIIOYAsi aMOPTU3ALMOHHBIE OTYUCIICHHUS HA PEHOBAIIHIO;

3; — CTOMMOCTHAsl OLIEHKAa IOJHBIX 3aTpaT, MPUBJICYEHHBIX I MPOEKTA 3a
nepuoj BpeMeHU t BKJIro4asi Bce HaJIOTOBBIE BBITIATHL

E — HopMma nipuBeieHus (CTaBKa TMCKOHTA B 3apyOexHOH npakTuke - RD);

T — nepuon ¢y Obl IPOEKTA;

(Pt — 3¢) — OTOK pealbHBIX JCHEKHBIX CPEJCTB Ul MPOCKTA B IEIIOM WM
OTJEJIBHOIO ero ydacTHuka. CTOUT YHNOMSIHYTh, YTO IPOMEXYTOK BpeMeHHu t
IPUHUMAIOT PaBHBIM OJIHOMY KaJICHAAPHOMY TOAY.

PacuetHblil meproj; pa3dMBAIOT Ha IIArd, B MpeeiaaxX KOTOPHIX MPOU3BOMIST
arperupoBaHHe JAaHHBIX, YTOObI OLIEHUTH (puHAHCOBbIE mokaszarenu. lllarum pacuera
onpenenstorcs Homepamu (0,1,...). B pacuerHoM mepuojzie Bpems, Kak MpaBUIo,
U3MepsieTCsl B rojiax, pexe B JOJSIX T0Aa U OTCUUTHIBACTCS OT (PUKCHPOBAHHOIO
MOMEHTa, KOTOPBIM MPUHUMAIOT 32 0a30BbIi (MOMEHT Haydaja WM KOHLA HYJIEBOTO
mara). Hopma auckoHTa O0TOOpa)kaeT BEpPOSATHYIO CTOMMOCTh KamnuTania,
COOTBETCTBYIOIYIO BEPOSTHOM MPUObUIM MHBECTOPAa, KOTOPYIO OH MOJy4duia Obl Ha
TaKyIo )K€ CyMMY KaruTasa, €ciii Obl BIOXKHI €r0 B APYrOM MeCTe, IPU YCIOBUH, UYTO
JUIS KaXJ0TO W3 BAapHAHTOB HMHBECTHPOBAHUS (DPUHAHCOBBIE PHUCKH OJWHAKOBHI.
WupiMU cOBaMH, HOpMa JIUCKOHTa — 3TO MHHHMMAaJIbHAsi HOpMa MNPUOBUIM, HIDKE
KOTOPO MHBECTUITUH ObLTH OBl HE BBITOHBI JUTSI IPEATIPUHIMATEIIS.

B kayecTBe HOpMBI JAMCKOHTA [JIsi MHBECTUIMOHHOTO IPOEKTa HEPEIKO
UCIOJIB3YIOT CTaBKY IPOILIEHTA IO JOJITOCPOYHBIM CCyJlaM Ha PhIHKE KamuTajia WId

CTaBKY IIPOLCHTA, KOTOpPas yIJIa4YuBaCTCs IMOJIYyUaTCIICM CCYIbI.
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Ecnu w3 cocraBa 3arpaT 3; UCKIIOYUTh KalUTAIbHBIE BIIOXKEHUS

(maBecTHnn) K, To popmyna (8.2) Oyaer UMeThb CIICIYIOIIHIA BU/T:

T
Y = Z(P 3,) K (8.2)
AA - t t (1 i E)t ) :
t=0
Ine 3:— 3aTpathl Ha t-M rojty 06e3 yueTa KalnuTaJlbHbIX BIOKECHHM.
K - JUCKOHTUPOBAHHBIC KaIlMTAJBHBIC BJIOKCHUA, OIIPCACIIICMBIC 110
dopmyie (8.3):
T
K = z K ! (8.3)
B -~ "A+E) '

Ecnu pasHuna MeXJy CTOMMOCTHBIMM OLICHKAMH pe3yJbTaTOB M 3aTpar
TIOCTOSIHHA B TEUEHHME BCETO CPOKa JKHM3HU IMpoeKkTa, To Gopmyina (8.4) MoxeT ObITh

npeodpa3oBaHa B CJICIYIOMIUA BU/I:

1
qﬂﬂ=%—30-<1—ﬁ)_K.(l_@), (8.4)

Ecnu paccuMtaHHBId 4HMCTBIA JUCKOHTHpOBaHHBIN moxon (YIAJ) >0, To

NPUOBUIBHOCTh WHBECTULIMM OYyJEeT BBIIIE HOPMBI JUCKOHTA M TPOEKT CJEAyeT
onooputk. Ecnmu YJIJ] <0, To npuOBUIBHOCTh paBHSETCS HOPME JUCKOHTA U 3TOT
IIPOEKT JIy4llle HE TPUHUMATh.

B cnmywyae cpaBHEHUs ABYX allbTEpPHATHMBHBIX MPOEKTOB MPEANOUYTEHUE, KAK
MpaBUJIO, OTIAETCA TOMY MPOEKTY, Y KoToporo 3Hauenue YJ1/] 6ombie.

Nunexc noxomnoctu (M) cinexyer ompenensTh, Kak OTHOIICHUE CYMMBbI
JTMCKOHTUPOBAHHBIX 3((PEKTOB K CymMMe JAUCKOHTUPOBAHHBIX KAMUTAJIbHBIX
BJIOYKECHUM:

Buytpenneit Hopmoii noxonHoctd (BH/I) Ha3piBatoT Takoe MOJIOKHUTEIbHOE
yucio E,,, 4TO TpU HOpPME NUCKOHTA E=FE,, YUCTBIA NUCKOHTHUPOBAHHBIA JTOXO
npoekTa obparmraercs B 0, mpu Bcex OONBINMUX 3HAYCHUSX E — OTPUIATENbHBIN, TIPH
BCEX MEHBIIUX 3HAYEHUSIX E — MOJOXUTENbHBINM. Ecaum XoTs Obl OJHO W3 ATUX

YCJIOBHUM HE BBINOJIHEHO, TO cunTaercs, yto BH/I He cymecTByer.
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DOKOHOMMYECKHH cMbIcaT mokazatens BHJ[ 3akmiodaeTrcs B TOM, YTO OH
JIEMOHCTPUPYET MAKCUMAJIbHYIO CTABKY ILIATHI 32 MHBECTHUIMU, IIPU KOTOPOU ATH
WHBECTHUIIUU OCTarOTCs 0e3yOnITouHbIMU. HBIMU ciioBamu, BHJI MoxHO moHUMATH
KaK HWKHHUM TrapaHTUPOBAHHBIM YPOBEHb MPUOBIIILHOCTH WHBECTUIIMOHHBIX 3aTparT.

BH/I moseT ObITh onpe/ieieHa u3 ypaBaenus (8.5):

T

p,—3
z _t7 %t ) _, (8.5)
(1 + EBH)t

t=0
Jlns  ompeneneHUusT CpoKa OKYMAeMOCTH C Y4YE€TOM JUCKOHTHPOBAHUS

UCIOJB3yeTCs cheayromas hopmyina (8.6):
T

z L&t =0, (8.6)
£ (1+7T)

Yrob6sl oueHuTh 3()HEKTUBHOCTh MHBECTULIMOHHOTO MPOEKTa, HEOOXOAUMO
3HaueHue BHJ[ comocTtaBiATe ¢ HOpMOM AUCKOHTA £. VHBECTMLIMOHHBIE ITPOEKTHI,
umerotue BH/[> E, 6ynyt umets nonoxutenbubiii YJ1/[ u, cienoBarenbHo, OyayT
HauOosee >pdekTuBHBL. Te ke mpoekThl, y KoTopbhix BenmunHa BHJI <FE, Oymyt
uMeTh oTpunarenbubiil Y[ u mosatoMy onn OynyT He 3PEKTUBHBI.

C y4eToM ITUCKOHTHPOBAHHS CPOKOM okymnaemocTu (Tok.) Ha3bIBatOT NEPUOA
BPEMEHU OT Ha4yaJlbHOIO MOMEHTAa J0 MOMEHTa OKymnaeMocTu. Ilox momeHTOM
OKYMaeMOCTH, TMPU y4deTe JUCKOHTHUPOBAHUS, MOHUMAIOT TOT Hauboyiee paHHUU
MOMEHT BPEMEHHU B PACUETHOM IMEPHUOAE, MO 3aBEPLIICHUH KOTOpOoro texymmn YJ1/]
CTaHET M B JaJbHEHIIEM OCTAaeTCS HEOTPULATENIbHBIM (pe3yJbTaThl peaanu3aluu
IIPOEKTa MPEBBICUIIN U MTOKPBUIN NIEPBOHAYAIIBHBIE KAIIUTAJIBHBIE BIOKEHUS U APYTHE
3aTparhl).

CnepoBaTenbHO, y4yuThIBas  (aKTOp BpPEMEHH, CPOK  OKYINaeMOCTH

WHBECTHUIIUI MOXKET OBITh OTIPEIEIICH 1o cieaytomieit popmye (8.7):

T T
D K= A ()
t=0 t=0

rae /J[i — 4ucThle JOXOAbl OT peallu3alru IPOEKTa B t-M BPEMEHHOM

HHTCPBAJIC, BKIIIOYad aMOPTU3AIMHOHHBIC OTYHCIICHUA HAa PCHOBAIIUIO.
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Pacuet cpoka okynaeMocTu MOKHO MPOBOJUTH rpauueCcKH.
8.3.2PacueT h3x0oHOMHYecKOH I(PPEeKTUBHOCTH NPOEKTA
Pacuetnpiii mepwony 7 cocTaBisieT BpeMs BHEAPEHUS TIPOCKTa B
IPOM3BOJICTBO, KOTOPOE MPUHUMAIOT PaBHBIM OJHOMY T'OJIy M BPEMsl SKCILTyaTalluu
00BeKTa, KoTopoe cocTout u3 10 et. Pacder COCTOUT U3 CIEAYIONTNX ATAIOB:

— ONpEJEICHNE BBITOJI TPOCKTA;

— ONpeJeNieHre KallMTaIbHBIX BIOKEHUH;

— OmpeeNeHne HKCIUTyaTallHOHHBIX 3aTpar;

— ompeJeneHne 00X 3aTpar;

— OmpeJereHue J0X0/1a;

— onpeneneHue KodppuuueHTa JMCKOHTUPOBAHMS;

— OmpeeneHrne JUCKOHTUPOBAHHOTO I0X0/1a;

— ONpeeNeHne HAaKOTUIEHHOTO JI0X0/1a;

— ONpeIeIeHNEe YUCTOTO AUCKOHTUPOBAHHOTO TOXO0/IA;

— OIpeJeseHne UHAEKCa TOXOAHOCTH;

— OIpeJeNICHUE BHYTPCHHEH HOPMBI IOXOJHOCTH (PUCYHOK 8.2);

— ONpeJeNICHHe CPOKa OKYImaeMOCTH (PUCYHOK 8.3).

3aMeHa TOTEHIIMAIBHO OMacHOr0 Yy4yacTKa TpyOOmpoBOoAa Ha BCTAaBKY

MEHBIIIEro TuaMeTpa, obecreuut 6e3aBapuiinyto paboty HCK na mpomexyTtok g0 10

aeT. MakporapaMeTpsl POEKTa IMpeIcTaBlIeHbl B Tabmuie 8.5

Tabmuna 8.5 — MakponapameTpsl

Nnn ITokaszarenn En. nu3mep. JlaHHbIE
1 ITepBblii rog NpoeKTa T'on 2019
2 Cpoxk mpoekTa Jler 10
3 I'oyoBas ctaBka AMCKOHTUPOBAHUS % 20
4 CpOK UCTIOIh30BaHMS OCHOBHBIX Ter 10
cpenacts (OC)
5 I"on Havama TUCKOHTUPOBAHUS Ton 2019

Jlist  ompenenieHuss SKOHOMUYECKOTO A @dexra oT mpoekra, HEe0OX0IAUMO
MOJICUMTATh 3aTPaThl HA JIUKBUAAIIMIO aBapud. VICXOAHBIC MaHHBIC TIPEICTABIICHBI B

(Tabmurie 8.6).
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Ta6mmma 8.6 — MicxonHbple TaHHBIC TSI pacyeTa

Enun.

Nnn IToka3arenn H3mep. Hcrounuk napopmanuu. JlanHbIe
1 MAN — TGA 41/480 | py6 3a 1 moTo-uac. 1943,8
5 KAMA3-43118 AKH- 571.7

10 py6 3a 1 MoTO-4ac.
OkckaBatop Hitachi
3 ZX130-5G py0 3a 1 MoTO-4ac. 933,3
4 VA3- 39099 py6 3a 1 MoTO-1ac. 308
5 4320 AT 30IIKD1 py6 3a 1 MoTo-uac. 1789,9
6 YPAJI-4320 py6 3a 1 MoTo-uac. 595,0
7 TOYOTA HILUX py6 3a 1 MoTO-4ac. 516,9
8 PesepByap cekuoHHbIN py6/mT 354133
PC-4
lMazocurnanuszarop
9 | I'CM-03-01-4/2/A-1-1- pyo/mur 69226,5
3
Pacnipimurens copoenTa
10 PAC pyo/mur 28485,0
11 Cop0Oent «Hprocop6» pyo./T 83380,0
12 | Abcop6enrt "Spill-Sorb™ py0./kr 329,0
ITopratuBHOE
13 NIBIXaTEIbHOE pyO6/mut 3579,18
ycrpoiicto [T1Y-3
Coop
HedTecoaepxamei
14 SKUJIKOCTH C pyo 18951,9
PEKYIBTHBHPYEMOTO
yJacTka
15 VY6opka cyxocTost pyo -
16 Baecenwne uzBecTtn pyo 22660,4
Bruecenne Mukpo60oB-
17 JIECTPYKTOPOB U MUH. pyo 111111,5
ynoOpeHuit
18 HcnomHuTtenbHast py6 3451 8
ChEMKa yJacTKa
19 ®pesepoBanue pyo 29513,6
20 3aropdoBka pyo -
21 [Toces TpaB pyo 28521,7
29 XUMHYECKUH aHaIN3 py6 3202.8
MIOYB
- /lucm
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CornacHo 3aKJIIOYEHUIO JTA00OPATOPHUU PAa3pPYyMIAIONIET0 W HEpa3pyIIAroIIero

koHTpoJis (JIPHHK), moTeHumanbHO OmacHble y4acTKH NOJIBEPKEHBI KOPPO3UOHHOMY

Pe3synbpTaThl pacuéra npeacTaBieHbl B

(v

pa3pylIeHH ¢ YaCTOTOM OJIUH pa3 B TPH Troja.

(ITpunoxenun A). JlenexHble TOTOKU MPECTaBICHBI Ha pUcyHKe 8.1.

500 000 P

400 000 P

300 000 P

200 000 P

100 000 P

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029

JIEeHEXHBIN ITOTOK

0 JIMCKOHTUPOBAHHBIN IEHEKHBIN IIOTOK

Ak
S
S
S
=
]
—
1

-200 000 P

- ﬂeHleCHble nomoku

Pucynox 8.1

BHJI u Cpokxa Oxymaemoctu TrpadUyecKuM TyTEM.

Onpenenenue

BHyTpeHHIOI0 HOpMY JOXOAHOCTU OIpPEAEIUM MO PUCYHKY 8.2, KoTopasi paBHAETCS

koddpurmenTy quckontupoBanus, npu YJ1/] paBHOMY HyJIeBOMY 3HaYEHUIO.
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1 000 000
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-500 000

0%

50%

100% 1509% 200%, 250%

CraBka quckoHTa, %

Pucynox 8.2 — Onpeoenenue snympenmeii Hopmvli 00X00HOCMU

Kpurepuem abcomoTHON 5>(PQGEKTUBHOCTH HMHBECTUIUMH B COOPY>KEHUU

MPOCKTUPYEMOTO0 00BEKTa CIYXKUT YyciaoBue mnpesbiieHuss BHJI Hag 3HadeHunem

CTaBKM JUCKOHTUpoBaHus Ey, > E. V3 nanHoro rpaduka mbl BuguM 3Hauenne BH/|

=104%, uTO B CBOIO O4epean OoJblle cTaBKU qucKkoHTUpoBanus E=20%.

Ha pucynke 8.3 mpencraBiieH CpOK OKYIIaeMOCTH MPOEKTa MPOCTOM M CPOK

OKYMaeMOCTH JUCKOHTUpoBaHHbIN ¢ 2019 mo 2029 rr.

Ham
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JleHexkHbII

MOTOK, PYO.
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p 2022 2023 2024 2025 2026 2027 2028 2029
-300 000

T'on

Haxorutennsiit nenexHpiil notok W HakorieHHbIA AMCKOHTUPOBAHHBIN JTEHEKHBIN ITOTOK

Pucynok 8.3 — Cpok okynaemocmu npoexma

Ilepron OKymaemMoCTH Ui MHBECTULMOHHOTO IMPOEKTAa pPaBEH YHUCIY JIET,
TpeOyeMbIX AJii TOTO, YTOObI COBOKYIIHBIE OXKHAAEMbIE MOCTYIUICHUS JEHEXHbBIX
CPEJIICTB CTalli PaBHBI MEPBOHAYAIBHOW CyMME MHBECTULIMU. 71545 Ha Haw rpaduk
MbI BUguM, uTto PP cocrtaBisger 2 roma, a DPP cocraBnser 3 roga. M sto sBsercs
€lle OJIHUM TMOJOXKUTEIbHBIM TOKa3aTelleM 3KOHOMHYECKOW 3(PQPEeKTUBHOCTH OT
BHEJIPEHMSI JTAHHOTO IIPOEKTA.

OcHOBHbIE  MOKa3aTead  HAKOHOMUYECKOM  A(P(EKTUBHOCTH  MPOEKTa

npesctasiensl B (Taouuie 8.7).
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Tabmuia 8.7 — OcHOBHBIE MOKA3aTeIN MPOCKTa

O0o3HaueHue Enx. usm. TMokaszaTenn Hoy4eHHbIH
pe3ysbTat
YucTelid
NPV Pyo0. JTUCKOHTHPOBAHHBIN 918 841
JI0XO0]I
BuayTpendsas HopMma
IRR % yIp p 104%
JIOXOTHOCTH
Cpok oKymaeMoCTH
PP JIeT p Y o 2
MPOCTOM
CpoK OKyIIaeMoCTH
DPP et POK OKY 3
JTUCKOHTHPOBAHUS
Pl % Nunexc 1oXO0qHOCTH 4.6
Buwisoowl pazoena

Haml ucm | N° dokuym

[lodnuce

fama

PUHAHCOBBIL MEHEOXMEHIT, DECLPCOIPPEKMUBHOCTL U
[ECYPCOCOEDEXeHLe
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9 CO]_[I/Ia.]ILHaH OTBETCTBCHHOCTDH

9.1 IlpousBojacTBeHHAasi 0€30MACHOCTH

PaCCMOTpI/IM OCHOBHBIC DJICMCHTbBI IMPOU3BOACTBECHHOI'O Imponecca,

dbopmupylolMe omnacHble U BpeAHble (DAKTOPBI MPU YCTAHOBKE BCTABKHM MEHBIIETO

JMaMeTpa B MOTEHIIMAIBHO OMACHbBIN ydyacTok HedTecOopHOTO KosuiekTopa (Tabnuia

9.1).

Tabmuma 9.1 — OcHOBHBIE IEMEHTHI IPOU3BOICTBEHHOTO Mpoiiecca, GOPMUPYIOLIUE OMTACHbIE U

BpeIHbIC (PaKTOPHI.

HOPMAaTHBHBIC
Ortanel paboT JIOKYMEHTBI
9 <
= £ | | &
2252|238 al 2 = EEl g
daxTopsI % = " E|g % el 8 é B ¥ £
(I'OCT 12.0003- |ZEZ&|s =8 & | & |5 E| ¢
2015) [1]. SEECSgE 8 2 5 | 28| &
X L Sla T B 2 = [<IS
Lo g3 =IK) T M & o)
=g JAle s B o | = =| B
SE28|5EH 3| 5 |gE| &
SOoSElxE o™ ©lz2g| z
S g g 5 | =
= = =
YpesmepHoe 'OCT 12.1.005-88 [2];
3arpsi3HEHUE + + i + i + HNOTB 40-17 Bepcus
BO3JIyLITHOH Cpe/bl B 3.00 [10];
30HE JIbIXaHHUs I'OCT 12.1.007-76 [3].
Bpennsie
IPOM3BOJICTBEHHBIE FIOTB 40-17 sepens
(bakTopsbl, CBSI3aHHBIE 3.00 [10];
€ AHOMATILHAIMH ¥ LT LT LT LT | HOTIT29 16 Bepens 2.0
MHKPOKIIUMATHYECKH [11]
MH [TapaMeTpamMu '
BO3JIYIIIHOW Cpebl
Bocnnamenenue I11-01.05 TP-1135 YOJI-
ra30BO31yLIHOM ) + ) + ) L | 098]14];
cpensl, B3phIB, NOTB 40-17 Bepcus
MoJap 3.00 [10];
JTOBHILIEHVIE HALEXHOCTH ABAPWIHD OITACHEIX Y4ACTKOB
Tl e X 7z e | Zome HEDTELBOPHBIX TPYROIIPOBOIOB
Paspac Poidur AL /lum. /lucm /lucmob
[loobepun Kpey B | ] 89 144
KoHe.
Ha/;(c LoyuansHasa ombemcmbeHHocme WITITY MUITP O 2y
A 26M71
Ymbepd Wadousa A.B




[Tponomxkenne Tabmuie 9.1

[Tonananue
MPOJYKTOB XUMUU
Ha KO>KHBII OKPOB

HNOTB 40-17 Bepcus
3.00 [10].

HenocraTouHas MOTB 13-17 [8];
OCBEILEHHOCTh + + + + | MOTB 35-17 [9];
paboueii 30HbI M-16.04.01.03-94 [12].
JIEUCTBUE CcCUJIa
CHyHasx, koraa OHO MOTB 40-17 Bep’cm
MOJKET BBI3BaTh i + ) ~ | 3.00 [10]:
naJicHue TBEPbIX, ¢;HHH N; 485 ot
00BEKTOB Ha o '
paboTaronero
Bricoxas OHull Ne485 ot
TeAIePATYDA 20.11.2017 [17];
patyp - + - - | MOTB 40-17 Bepcus
CBAPCHHBIX 5 300 [10]
TOBCPXHOCTCH T'OCT P 51337-99 [6].
NOTB 40-17 Bepcus
VibTpaduoneToBoe 3.00 [10];
n3irydenue. Oxoru - + - - | M-16.04.01.03-94 [12];
ri1a3, KOt ®Hwull Ne485 ot
20.11.2017 [17].
NOTB 40-17 Bepcus
[Ipumenenue 3.00 [10];
OTKPBITOTO OTHSI. - + - - CD.HI/IH N:) 485 ot
Oxoru 20.11.2017 [17].
I'OCT 12.1.038-82 [4];
Bricokoe NOTB 40-17 Bepcus
HaINpsDKEHHE. ) N ) | 3.00 [10];
DeKTpOTpaBMa, [puka3z Muntpyna u
CMEpTH corzamutel PO Ne 328H
ot 24.07.2013r [16].
Apwkymaecs NOTB 40-17 Bepcus
MalllnHbI U 300 [10]
MEXAHHM3MBI + - + - | I11-01.05 TP-1135 10JI-
MIPOU3BOJICTBEHHOTO 098 [14];
oGopyaosanus (B T. NOTB 3’5_17 [9]
4. IPY30H0XBEMHBIE) '
[Tagenue rpysa. I11-01.05 M-0133 [13];
TpaBmupoBanue i i + _ | MOTB 40-17 Bepcus
TIa/TAIOIINM TPY30M, 3.00 [14];
CMepTh MOTB 35-17 [9].
06 e I I11-01.05 M-0133 [13];
OPYA0 © NOTB 40-17 Bepcus
TpyOOIIPOBO/IHI, i + ) + | 3.00[10];
EZSEZE‘;;‘;A”C rion I11-01.05 TP-1135 I0JI-
098 [14].
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Jlanee OymyT pacCMOTpPEHBI BpEIHBIE M OMACHBIE TMPOU3BOJICTBEHHBIE

dakTopsl, ykazanaple B TaOmuie 9.1. a IMEHHO MCTOYHUK WX BO3HUKHOBEHHS, €rO

NpeaAciabHO AOIIYCTUMBIC HOPMBI, IPCAIaracMbIC CpCACTBaA HH,ZII/IBH,Z[yaHBHOﬁ 141

KOJUIEKTUBHOM 3aIUTEL.

NPOU3BEAEHHOM Cpebl

9111

9.1.1 Ananus

BbIABJICHHBIX

BpeAHbIX (AKTOPOB NPOEKTHPYEMOM

‘Ipe3MepH0e 3arpsi3HCHHE BO3I[yHIHOﬁ Cpeabl B 30HEC NbIXaHUSA

HMcTOoYyHUK BO3HUKHOBCHHUS: pa6OTBI 10 OIIOPOKHCHUIO pa6oqel71 IIOJIOCTH

HeTecoOUparoIero KoJJIeKTopa, a Takke padoThl BOJIM3U aBapuiHOIO pa3iuBa

He(TH, ONacHbl BBICOKOW KOHIIEHTpalUMEWd B BO3JyXe paboueld 30HbI ONACHBIX U

TOKCHUYHBIX BCHICCTB.

OITaCHOI'O

Bo3snelictBue haktopa Ha OpraHu3M 4eJloBeKa: OOBEKT OTHECEH K KaTeropuu

IMPOU3BOACTBCHHOI'O

00BEKTA

(OIIO0) mno mnpuszHaky oOpamieHus

cienytonux omnacHbix BemectB (OB): Hedts, Hedrsnoi ras. Ceemenuss 06 OB

IIpeICTaBIICHBI B Tabmuiie 9.2.

Tab6muma 9.2 — Cenenust 00 oOpaIarouXCcs OMACHBIX BEIIECTBAX

No

/1

HanmenoBanue

OITIACHOT'O BCUICCTBA

Crenenp OIMaCHOCTH U XapaKTep BO3/ICHCTBUS BEIIECTBA HA OpTraHu3M

YCJIOBCKA

3

Hedts

1o ToxcrnueckuM cBoiicTBaM He(Th OTHOCUTCH K BemmecTBaMm I11
kiacca onacHoctH [3]. Ha denoBeka HeTh OKa3biBaeT
HapKOTUYECKOE JIEUCTBUE C U3MEHEHHEM COCTaBa KPOBU H
HapyleHneM (yHKIIMOHUPOBAHUS KPOBETBOPHBIX OpraHoB. [Ipu
MIOCTOSIHHOM BO3J€MCTBUU YIIIEBOJOPOJOB HAOIIOAAETCS
MOBBIIIIEHHAs! 3a00J1€Ba€MOCTh OPraHOB JIbIXaHUsl, (YHKIIMOHAJIbHBIE
W3MEHEHUS B IEHTPAIbHOW HEPBHOW CUCTEME, HU3KOE KPOBSHOE
JABJICHUE, IIPU3HAKY [TIOPAKEHMS TIOYEK U JIp.

Hedrsanoit raz

Ilo crenenu BO3AEMCTBUS Ha OpraHu3M 49€JI0BCKa OTHOCHUTCH K 4

[IpoayKThl cropaHus ra3a npeacTaBIsAi0T COO0H MOTEHIIMATbHYIO
yrpo3y HOpMAJIbHOMY (DYHKIIMOHUPOBAHUIO YEIOBEUECKOTO
opranusma Ha (pU3M0JOTHYECKOM YPOBHE

Kiaccy omacuoctu [3].

HOHYCTI/IMBIC HOPMBI: TPCACIIBHO JAOIMYCTHUMBIC KOHIICHTPAIHWU PA3JIMYIHBIX

BpEIHBIX BEUIECTB, MpeicTaBiIeHbl B Tabmune 9.3.

Ham
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Tabmuma 9.3 — IpenensHo gonyctumbie koHIeHTpanuu (I1JIK) BpemHbIX BEMIECTB B BO3IyXe

paboueii 30HbI [2]

HanmeHoBaHue BeliecTBa MK, mr/m Knacc onacHocTu
benzon 15 1

Cepa 6 \

Cepbl THOKCH]T SO?° 10 1l
CepoBogopon HpS 10 ]
CepoBOJIOPOJT B CMECH C 3 i
YIIEBOIOPOAAMH

Toinyon 50 11
Yriepomopoasr C; — Cip 300 v

Oxkcup yriepona CO 20 \Y

[Ipenyaraemple cpeacTBa 3alIMTHI: K CPEICTBAM KOJUIEKTUBHOW 3aIlUATHI
WCMOJIb30BaTh CIEUAIBHO OTBEACHHBIE TMOMEIICHUS W CUCTEMbl BEHTWISLIHM.
OCHOBHBIM  CPEACTBOM HMHAWBUIYAJIbHOM 3alIUTHl  SIBJISIETCA  (IIOPTATUBHOE
npIxaTelibHoe yeTpoiicTBo) IT1Y-3 u nutanroBeiii npotrBoras [10].

MeponpusaTuss 10 CHWXKEHHUIO BO3JCHCTBUS UYPE3MEPHOIO 3arps3HCHMUS
BO3IYILIHOM Ccpe/ibl Ha PaOOTHUKOB: 3a0J1arOBPEMEHHOE OMOPOKHEHHUE U OTKITIOUCHHE
BCEX BO3MOXHBIX HICTOUHUKOB BHIOpOCA BPEAHBIX BEIIECTB B 30HY MPOBEACHUS padboT
(coop u TpaHCHIOPTUPOBKA 3arps3HEHHBIX HEPTHIO YYACTKOB HaA TEPPUTOPUU
npoBeJieHUsT padoT; YCTaHOBKa 3arjlylllek W TMepeMblYeK Ha PEMOHTUPYEMBIN
YYaCTOK; MIOCTOSIHHBIA KOHTPOJIb TA30BO3AYIITHOMN CpeIbl).

9.1.1.2 Bpeanbie mnpou3BOACTBeHHbIe (AKTOPbI, CBS3aHHbIE C
AHOMAJIbHBIMH MUKPOKJIMMATHYECKUMHU NMapaMeTPaMHu BO3AYUIHOM CpeAbl

Hcrounrk BOZHUKHOBEHUS: HU3Kasl TEMIlepaTypa BO3ayxa pabodeil 30HbI, e
pe3Kre KojeOaHus, MOBBIIICHHAS BJIAXXHOCTh, BRICOKAsk CKOPOCTh JIBUKEHHUS BO3/1yXa
MpU OTPULIATEIILHON TeMIlepaType SIBISIOTCS VISl 3J0POBbS BPEAHBIM (PU3MUYECKUM
dbakTopom.

Bo3snelictBue (akTtopa Ha OpraHu3M ueJOBEKa: MPU BO3ACHCTBUM HU3ZKUX
TEMITepaTyp BO3MOXKHO MEPEOXJIAKICHUE Tella YeIOBeKa U 0OMOPOKEHUE OTACIIbHBIX
€ro y4acTKoB, KOHeUHOCTel. Takke y paOOTHMKOB MOXET HaOJII01aThCsl TTOSIBIICHUE
COHJIMBOCTH W TIOTEps KOOPJMUHAIUS JBUKEHUM, 4TO BIEYET 3a COOOM CHUKEHUE

paboTOCTIOCOOHOCTH U MTOBBIIICHUH OMTACHOCTH MPOU3BOJICTBA PAOOT.
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JlomycTuMble HOPMBI: B LIETSX OOECHeueHUs: OXpaHbl Tpyna pabOTHHUKOB,
IpeaynpexaeHuss OOMOpPOKEHHs, HECYACTHBIX CIy4aeB M aBapuid, CBSA3aHHBIX C
paboToOl TpM HHUBKUX TeMIeparypax Ha OTKPBITOM BO3AYyXE, YCTaHOBJICHA
IpefenbHas TeMIIEpaTypa, HUKE KOTOPOM HE MOTYyT IPOU3BOAUTHCA HUKAKHE

IIPOM3BOCTBECHHBIC Pa0OTHI HA OTKPHITOM Bo3ayxe (Tabmuia 9.4) [11]:

Tabnuna 9.4
bes Betpa -38
ITpu Betpe ot 5 1o 10 m/c -34
ITpu Betpe ot 11 10 15 m/c -30
ITpu Betpe ot 15 mo 20 m/c -26

[Ipennaraemblie cpencTBa 3alUTHI: CPEACTBOM KOJIJIEKTUBHOM 3allUTHI OyayT
ABJISITECS OTACNbHBIE TEIIIbIE momelnieHus. [Ipu mpoBeneHun paboOT B YCIOBHUAX
HU3KOM Temmeparypbl, paOOTHUKU OOs3aHbl HAJACTh CHEIOJEKIY, CICIHAIBHYIO
o0yBb W JApyrue cpenacrtBa uHAuMBHAyaidbHOM 3ammThl (CU3), 3amuinaronige ot
HU3KKX Temnepatyp [10].

Meponpusatus MO CHIKEHHMIO BO3JIEUCTBHSI HEraTHMBHOTO (hakTopa: Ipu
paboTe Ha OTKPHITOM BO3JyX€ B XOJOJAHOE BpeMs roja pabOTHUK BO H30€KaHHE
nepeoxIaKIeHus 00s3aH TMOJb30BaTh JOMOJIHHUTEIBHBIE TIEPEPHIBHI i 000TrpeBa, B
COYETAHUU C TIepephIBAMU HA BOCCTAaHOBJIEHUE (PYHKIIMOHAILHOTO COCTOSIHUS TIOCIIE
BBITIOJTHEHUS (PUBUYECKON PabOTHI.

9.1.1.3 IHonaganue NpPOAYKTOB XMMHHU HA KOKHBII MOKPOB

NcTouHrK BO3HUKHOBEHUS: MPU MPOU3BOJACTBE PA0OT MO OYUCTKE MOJIOCTH
TpyOOTIPOBOIa MOKET BO3HUKHYThH OMACHOCTH MONAaJaHus MIPOyKTOB TPAHCIIOPTA HA
KOKaHbIN ITOKPOB.

Bo3snaelictBue ¢dakTopa Ha OpraHu3M 4YEJIOBEKA: KOHTAKT YEJIOBEUECKON KOXKHU
c HedTeconepkaied SMyIbCUEH OMAaceH XUMHYECKHUM O0KOTOM W HHTOKCHKAIUEH
opraHu3mMa.

[Ipennaraemble CcpeAcTBa 3alIUThI: CPEACTBAMHM KOJUIEKTUBHOM 3allMThI

OyIoyT SIBASTHCSA 3alIUTHBIC JKpaHbl. sl mpemynpexIeHus KOXXKHBIX MOpaKeHUN
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HEOOXOJMMO TPUMEHSATh MPEAOXPAHUTENbHbIE Ma3d M HCIOJIb30BaTh CIELOJEHKTY
[10].

Meponpusatus 1Mo CHIKEHHIO BO3JCHCTBUS HEraTUBHOTO (akTopa: pabOTHHUK
00si3aH  BBINOJNHATH  pabOTy  COTJACHO  TEXHOJOTUYECKOMY  pErjlaMeHTy,
YTBEPKJIEHHOMY B 0OIlECTBE, 3HATHh YCTPOWCTBA M HA3HAYEHUE CHUCTEMBbI OUMCTKH
MOJIOCTH TPYyOOIIPOBO/IA, MOPSIIOK MEPEKPHITUS PEMOHTUPYEMOIO Y4acTKa.

9114 HenocraToyHnasi ocBelIeHHOCTH pado4eil 30HbI

HcTrouHrK BO3HUKHOBEHMs: pabOThl B IMO3[HEE BpEeMs CYTOK WU B
NAaCMYpPHYIO MOTOJy, CONPOBOXKIAIOTCS HEJOCTATOYHOM OCBEIEHHOCTHIO paboueit
30HBI.

BoznelictBue (¢daktopa Ha oOpraHu3sM 4YellOBEKa: IMpPU HEJOCTaTOUYHOM
OCBEIICHUM 3aTPyIHSETCS MPOU3BOACTBEHHBIM TMpouecc, paOOTHUKH TEPSIOT
JOCTaTOYHYIO0 BUJIMMOCTh IPOBOJMMBIX pabOT, YTO MOXKET NPUBECTH K aBapuu U
IOJIYYCHUIO TpPaBM. YBEIMYMBACTCS YTOMISIEMOCTh W HArpy3ka Ha 3pEHHE Y
PaOOTHUKOB.

JlormycTuMble HOPMBI: PabOThl 1O OOYCTPOMCTBY TpaHIIEH U KOTJIOBAaHOB
JTOJIKHBI BBIMIOJHATHCS P PABHOMEPHOM OCBELIEHUU U OCBEIIEHHOCTHIO HE MEHee 2
1k [8]. I'py3onoabEMHBIE Oniepaliiy BHIMOIHSTH IPU OCBEIIEHHOCTU HE MEeHee S JIK, a
npu paboTe Py4YHBIM W MEXaHU3UPOBAHHBIM crmocobom He MeHee 10 mx [9].
OcBenIEHHOCTh pad0YMX 30H B MECTAaX CBapKH JI0JKHA ObITh He MeHee 30 ik [12].

Mepomnpuatuss 1O CHUXKEHUIO BO3JCHCTBUA HEraTuBHOroO  (hakTopa:
Hcnonb3oBaHue MPOKEKTOPOB U IOMOJIHUTEIBHOTO OCBEIICHUS OT CIIELTEXHUKH.

9.11.5 Bricokasi Temneparypa cBapeHHbIX IOBEPXHOCTEH

HcTOYHUK BO3HMKHOBEHMSI: IPU NMPOBEAECHUU CBAPHBIX POOOT, CYIIECTBYET
PUCK OKOra KOXaHOTO IMOKpPOBA MPU KOHTAKTE C HArpEeTOM MOBEPXHOCTHIO IMOCIHE
CBapKH.

BozneiictBue ¢akropa Ha OpraHu3M 4YellOBEKa: MOBPEXKACHHE OPraHOB WM

TKaHEW MOoJ BO3JAECUCTBUEM BBICOKOW TEMIIEPATYPHI TOPAUETO MPEAMETA.
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I[OHYCTI/IMBIC HOPMBI: OICHKA pPHUCKA OXO0I'a BO3MOXHa ITYTCM HN3MCPCHUA

TEMIICPATYPhbI CBapHBaeMOfI IMOBCPXHOCTHU N CpaBHCHUA €C C JaHHBIMH, YKa3aHHbIMU

Ha pucynke 1.1 [6].

Pucynok 9.1 — Obnacms 021c0206020 nopoza npu KOHMAKme KOX*CU ¢ 21A0KOLL 2opsadel

T, °C

75

60

50

Het oxora

T
1 2

T
3

T
4

T
5

Nno6EepPXHOCMblo memaiila be3 NnoKpovimus

T T T 1
6 7 8 g 10 ¢ ¢

[Ipennaraemelie cpeacTBa 3alUThl: TEPMOYCTONYUBBIC MIEPUYATKH, CIICIIOCHKIA

U crienuaibHas o0ysb [10].

Meponpusatus 0 CHUKEHHUIO BO3JCHCTBUS HETAaTUBHOTO (haKTOpa: 3allUuTON

OT JIaHHOTO HETaTUBHOTO (akTopa sBISIETCS COOJIOJCHUE OXpaHbl Tpylda U

MMPOBCACHUC LCICBOIO0O HWHCTPYKTAKa IICPCId IIPOHU3BOJACTBOM pa60T II0 TCXHHUKC

0€30I1aCHOCTH.

9.1.1.6

YabTpaduosieroBoe usirydenue. Qoru Koku u rjas

HMcTOYHUK BO3HMKHOBEHMS U BO3I[€I>1CTBH€ Ha OpraHu3M 4YCJIOBCKA: IIPH

QJICKTPOra3soCBapOYHbIX pa60Tax CymECTBYCT PUCK IMTOJIYUCHHA OKOr'a I'jla3 U KOXKHU

13-3a SIPKOr0 CBETA U YIbTPA(PUOJIETOBOTO U3ITyUEHHUS.

Ham
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[Ipenyiaraemple CpeacTBa 3alllMTHI: 3AIATOM OT JI@HHOI'O HEraTUBHOTO
dakTopa sBusiercs npumeHenue CHU3, a uMEHHO IIUTKA C aABTOMATHYECKU
3aTEMHSIOIIMMCS CBETODMILTPOM, PyKaBHIIbI, crierioaexay [10].

MeponpusiTus 1Mo CHUXEHHUIO BO3ACUCTBUSA HETaTUBHOTO (pakTopa: pabOTHUK
JIOJDKEH HCIOJIb30BaTh TOJBKO CEPTUPHUIIMPOBAHHOE OOOpYAOBAHHE, 3aIUTHBIC
TéMHbIE  CTEKJIAa  (CBETOPWIBTPHI) TO  CTENEHW  MPO3PAYHOCTH  JOJKHBI
COOTBETCTBOBATh  CWJIE  TOKa  (SIPKOCTH  AYTH),  HOPUMEHSEMOIo  MpuU
AIIEKTPOra3ocBapouHbIX padotax. [logcoOHbie paboune /Uit 3alIUThI I71a3 MPU CBapKe
JOJKHBI IPUMEHSTD IIIUTKY WM OYKW CO cBeTodmibTpamu tuma B-1, B-2, B-3 [12].

9.1.2AHaau3 BbIABJIEHHBIX ONACHBIX (AKTOPOB NPOEKTHPYeEMOii
NMPOU3BEIEHHON Cpeabl

9121 BocniiameHeHnne ra3oBo3ayIIHOM Cpe/ibl, B3pPbIB, MIOKap

NcToYyHNK BO3ZHMKHOBEHUS: IPUUYMHON BOZHUKHOBEHUS IOXkKapa Ha MPAKTUKE
CUMTAIOT HEMNOCPEACTBEHHOE BO3HUKHOBEHHME OTHS, T.€. MCTOYHUKA 3aKUTaHUS.
JlefcTBUTENBHO, B MTPOU3BOACTBEHHBIX YCIOBHIX FOprOYee BEUIECTBO B BHUJE Ia3oB,
HEe(TAHBIX MAPOB W OKHUCIUTENd - KHCIOpOJa BO3AyXa €CTh Bcerjga, HO
TEXHOJIOTHYECKHE TPOLECCHI IPOTEKAIOT HOPMAIIbHO, 0€3 moxkapa. [loxkap Bo3HUKaeT
IIPU MOSIBJICHUHY UCTOYHHKA 3aKUTaHUSI.

Bo3zaeiictBue pakTopa Ha OpraHu3M 4YeJIOBEKa: OKOTH, TPABMbI B pe3yJIbTaTe
B3pbIBA, CMEPTh.

HNonyctumble Hopmbl: B (IIpunmokenun B) mnpuBeneHsl MoOKa3zaTelu
B3PBIBOMO’KAPOOMACHOCTH BEIIECTB, OOpalllaéMbIX Ha IJIOMIAJKE pPa3BEIOYHBIX
CKBa)KHH, TPAHCIIOPTUPYEMBIX B IPOMBICIIOBOM TpyOomnpoBoje [14].

[Ipennaraemble  cpeACcTBa  3alUTHI:  CPEACTB  WHIAMBUAYAIBHOM U
KOJUICKTUBHOM 3aIMThI (KaCKH, MepUaTk OuKH, razoanamusaropsl CI'T) [10].

MeponpusiTus 0 CHH)KEHUIO BO3JEHCTBUS HETaTUBHOTO (haKTopa: BO BpeMs
MPOBEICHUSI PEMOHTHBIX M aBapUHHO-BOCCTAHOBHUTEIBHBIX pPabOT MO Tpacce
He(dTecOOpHOTro TPyOONpPOBOAA TOJKHBI ObITh MPUHATHI MEPHI IO MPEAOTBPALIEHUIO
3arpsA3HEHUs] TEPPUTOPUU TOPIOYECMA30UYHBIMU MPOJYKTAMHU, OUYUCTKE OT TOPHOYMX

MaTepualoB B pajuyce 5 M OT MECT YCTaHOBKHM OajUIOHOB C Tra3aMd M Troprouei
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XKUJKOCTBIO; HAJIWYUIO CPEACTB IMOXKAPOTyWIEeHUs (LUCTEPHA C  PacTBOPOM
neHooOpaszoBaTensi, MOTONOMIIA, acOECTOBOE MOJIOTHO M JIp.); MPUMEHEHHUIO0 TpHU
CBapKe METAJUTMYCCKHX TOIOHOB [17].

Bce mexanusmsl ¢ JIBC obecrieunTs HcpaBHBIMUA MCKporacutessiMu. Cxema
pPacCTaHOBKH CPEACTB MEPBUYHOIO MOXKAPOTYIIEHUS U MecT oTOopa mpod Bo3ayxa
(mpoBeneHUE 3aMepoB) MPU KOHTPOJIE KOHIEHTpaluii mnapoB HeP)TH B 30HE
Ipon3BOJICTBa Yka3aHa B ([Ipmroxennn J1).

9.1.2.2 JlelicTBHE CHJIA TSKECTH B TeX CJydyasix, KOrja OHO MOKeT
BbI3BATH NaJleHHEe TBEPABIX, CHIYYHX, 00bEKTOB HA Pa00OTAIONIUIA NEPCOHAJ

W cTouHMK BOBHUKHOBEHUS: MPU MIPOU3BOICTBE 3€MJISTHBIX PadOT, CYIIECTBYET
PHUCK OOpYIIEHUS] CTEHOK TPYHTa Ha paboyuX.

Bo3snelictBue ¢aktopa Ha OpraHuM3M YEJIOBEKAa: TpaBMa TOJIOBBI, YIIHUOBHI,
IIEPEJIOMBI, CMEPTb.

JlommycTuMble HOPMBI: PaOOThI, BKIIIOUYAIOIINE POU3BOJCTBO SIM, TpaHIIEH,
KOTJIOBAaHOB IMyTEM BBIEMKH TPYHTA, TOJDKHBI TPOBOAUTHCS MPH COOJIIOICHUU YTIIOB

OTKOCa CTEHOK I'PyHTa, yKa3aHHbIX B (Tabmwuie 9.5) [8].

Tabmuna 9.5 — KpyTusHa 0TKOCOB B 3aBUCHMOCTH OT BUA TPYHTA MPH pa3padOTKe TpaHIIEH 1

KOTJIOBAHOB
No KpyTtusHa oTkoca (OTHOIIIEHHE €ro BBICOTHI K
0 /;1 Bunsl rpyHTOB 3aJI0KEHUI0) TIPH TITyOMHE BBIEMKH, M (HE OoJiee)
15 3,0 5,0

1 Hacrimmieie He ciiekaBIInecs 1:.0,67 1:1 1:1,25

2 Ilecuansie 1:0,5 1:1 1:1

3 Cymnecn 1:0,25 1:0,67 1:0,85

4 CyrnuHok 1:0 1:0,5 1:0,75

5 I'nmuna 1:0 1:0,25 1:0,5

6 JleccoBsble 1:0 1:0,5 1:0,5

IIpenynaraembie cpecTBa 3alllUThl: CPEACTBAMHU KOJIJIEKTHBHOM 3alllUTHI

OyIyT SIBISATHCS CTPAXOBOYHBIE CUCTEMHI (TIosica, cTpombl). [Ipemnaraemeie cpencTaa

WHIMBHUIYAJIBHO 3aIMTHI SBJISIOTCS Kacka, IepyaTku, 09k, 00yBb [8,10].
MeponpusTus 10 CHHKEHUIO BO3JCHCTBHUSA HETaTUBHOTO (DaKTOpa: 3EMJISTHBIE

paboThl HEOOXOIUMO BBHITIONMHATH B COOTBETCTBUM ¢ TpeboBanusmu CII 34-116-97,
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CHull 11I-42-80*, BCH 005-88, PI1 39-132-94, pa3zmepbl u npoduian TpaHIIen — ¢
tpeboBanmsamu CHull 3.02.01-87, CHull 12-04-2002 [17].

OTBETCTBEHHBIN 3a MPOBEJCHUE Pa0OT, MOJDKEH MPOBEPHUTH, BBIIOJHEHBI JIHA
KpEIUICHHUs, OTKOCHl BEPTUKAJIBHBIX CTEHOK M JOCTATOYHO JIM OOECHEe4YeH KOHTPOJIb
uxX ycTro4yuBocThIO (Tabmmma 9.5). OOecrieuyeH BU3YaJbHBIM KOHTPOJIb HAaJ
HETIOJIBIKHOCTBIO ~ TPYHTa, HM30JUPOBaHbIl BCE TMOA3EMHBIE KOMMYHHUKAIIUU
(TpyOompoBOIbI, AMEeKTpoKkadenu u.T.M.). KOTioBaHBI M TpaHIIEH OJKHBI OBITh
OTpaKIACHBI U 0003HAYEHBI CUTHAIBHBIMH JICHTAMH, B HOYHOE BpPEeMsl JOJDKHO OBITh
o0ecrieueHo CHTHAIBHOE OcBeneHue [8].

PacctaHOoBKy ~ TexXHHKH,  OOOpYyIOBaHMS  OCYIIECTBISTH  COTJIACHO
(ITpunosxenuto J1).

9.12.3 IIpumeHenune OTKPHITOro orusi. QOxoru

VIcTOYHUK BO3HUKHOBEHHS: 3JIEKTPOra3ocBapoOuHble padOThl  SIBISIOTCS
UCTOYHUKOM OTKPBITOTO OTHS.

BoszneiictBue ¢akropa Ha OpraHM3M YEIOBEKa: aBapHH, COMPOBOXKIAEMBIC
no)kapamu, O4eHb 4acTO MPUBOAAT K TpaBMaM U rMOeI NepcoHalla, OKa3aBLIErocs B
SMUIICHTPE WU OMACHOM OJIM30CTH OT OYara BO3TOPaHUS.

[Ipennaraemble CpeACcTBa 3alUTHI: MEPBUYHBIE CPEACTBA MOKAPOTYLICHHUS
(orHerymurTenad, Jomnara, KoliMa) W NpPeJBapUTEIbHOE OrpakJeHHE MecTa
poOBeJCHUST paboT, SBISIOTCA CPEICTBAMU KOJUIEKTUBHOW 3amuThl. PaboThl ¢
IPUMEHEHHUEM D3JIEKTPOra30CBapKH U OTKPBITOIO OTHS JIOJDKHBI MPOBOAUTHCSA MU
HAJIMYUHU CPEICTB MHANBHUIYATbHON 3alIUTHl (OTHEYNOPHBIC TIEPYATKH, CIIELIOACKIA,
o0yBb) [10].

MeponpusiTis 1O CHIKEHUIO BO3IEHCTBHSI HEraTHBHOTO (PakTopa: MECTO
npoBefeHUsT paboT MOATOTOBICHO K WX 0€30MacHOMY MPOBEACHHIO, B TOM YHUCIIE
o0ecreueHo HeOOXOIMMBIMH MEPBUYHBIMHU CPEACTBAMU MOKapoTyueHus. KonTpoib
3ara30BaHHOCTH Ha MeCTe MpOBEACHMs paboT MpeaycMaTpUBAETCA MEPUOAMYECKU

nepeHocHbIMu  razoaHanu3aTopamu tuna CIT-20H cormacHo yTBepKOeHHOMY

rpaduxy.
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be3onmacHOCTh CBapouHBIX palbOT JOMKHA O0OECIEeUMBATHCS  CTPOTUM
coomonenueM «IIpaBui 6e30macHOr0 BEACHUS ra300MaCHBIX, OTHEBBIX M PEMOHTHBIX
pabor» [17]. CapouHoe 00OpyIOBaHUE CIEIyeT pa3MelllaTb BHE 3ara3oBaHHBIX
Y9aCTKOB Ta300MacHbIX MecT. HeoO0XoauMo HCKIIOYUTh BO3MOXKHOCTH TOTIATaHMSI
He(TU Ha CBapOYHbIE alnapaThl, TeHEPATOPbI, IIJIAHTH,

Bce pabotbl, cBS3aHHBIE C NPUMEHEHHEM OTKPBITOTO OTHS, B Mpejeiax
B3pPBIBOOMACHBIX 30H 3aMPEIIA0TCS.

ObecnieueHa BO3MOKHOCTD MEpEMEIIEHUs JTI0JIeH U MOKApPHONW TEXHUKU MPHU
BO3HMKHOBEHUH TOkapa. CXxema pacCTaHOBKH CPEJICTB MEPBUYHOTO MOKAPOTYIICHUS
1 MecT otOopa mpob Bo3ayxa (MPOBEICHUE 3aMEPOB) MPHU KOHTPOJIE KOHIEHTPAIIUMA
napoB He()TH B 30HE MPOM3BO/ICTBA yKa3zaHa B ([Tpunoxenun J1).

9.1.24  Bbicokoe HanpsizkeHUe. DJIEKTPOTPaBMAa, CMEPTh

W cTouHNK BO3HMKHOBEHUS: 3JIEKTPOTa30CBapOYHbIE PAaOOTHI MPOBOISTCS C
MPUMEHEHUEM CBapOYHOr0 amnmapaTa yCTaHOBJIEHHOro Ha Oa3ze VYpana. JlanHoe
obopynoBaHue paboTaeT IMOJ HaMpsHKEHWEM, YTO HeceT B cebe OMacHOCTh
nopakeHue paboyero nepcoHasna MMEKTPUIECKUM TOKOM.

BozneiictBue ¢aktopa Ha OpraHHM3M HYEIOBEKa: MOPAKEHHE AIEKTPUUCCKUM
TOKOM OTHOCHUTCSI K TpaBMaM C BBICOKUM TPOIIEHTOM CMEPTEIbHBIX UCX0I0B (Ooee
30 %). CMepTh MOXKET HACTYNUTh Kak B MOMEHT CaMON TpaBMbI, TaK U CIIyCTS
HECKOJIBKO YacOB U JIaXKe JHEH mocie Hee.

JlommycTuMbIE HOPMBI: HAIpPSKEHUSI MTPUKOCHOBEHUS U TOKHU, MPOTEKAIOIINE
gyepe3 TeJI0 YeJIOBeKa MPU HOPMaIbHOM (HEaBapUHOM) pEXUME DIICKTPOYCTAHOBKH,

HE JIOJDKHBI TTPEBBINIATh 3HAYCHUH, YKa3aHHBIX B Ta0wmie 9.6 [4].

Tab6muna 9.6
Pon Toka u.B ‘ |, MA
& He 6omnee
Ilepemennsii, 50 I' 2,0 0,3
ITepemennsniit, 400 ' 3,0 0,4
ITocTosHHBIN 8,0 1,0
/licm
(LoyuansHas ombemcmberHocms 99
Haml Slucm v N dokym: | Tlodnuce | Hama




[Ipennaraemble  cpeAcTBa  3alIUThL:  (AMDJIEKTPUYECKUE  MEPUYATKH);
crenuanbHas —AUAJIEKTpUdeckass oOOyBb (AMDJIEKTpUUYECKHEe OONTHI, TaJIOIIH);
U30JUPYIOLIME  TIOKPBITUS M YCTpOWCTBa  (AMDIEKTPUYECKHE  KOBPHUKH,
TURJIEKTpUYIecKue moactaBku) [10].

Meponpusatus 0 CHUKEHHUIO BO3JCHCTBUS HETaTUBHOTO (haKTOpa: 3alUTOU
OT JJAaHHOTO HEraTUBHOTO (haKTopa SBJISETCS COOI0IeHnE TPEOOBAHUI OXpaHbl TPyIa
U TPUMEHEHHE CPEJICTB WHAMBUIYATbHOM 3alUThl. VICTOUHHMKU 3IEKTPOIHEPTUH
JOJDKHBI ~ OBITh ~ M30JMPOBAHBI, OTPAXIEHBI W  OOECredYeHbl  3a3eMIJICHHEM.
D71eKTpo00OpYyI0BaHUE JOJDKHO OBITH HCITpaBHO [16].

9.1.25  JIBmKymuecsi MAIIMHLI W MeXaHU3MbI TMPOM3BOACTBEHHOIO
00opyaoBaHMsI

HcTOUHMK BO3HUKHOBEHHUSA: MpPU MPOBEACHUU PabOT, MO 3aMEHE CEKIUU
ydyacTka He(pTecoOUparolero KOJUIEKTOpa, Ha TEPPUTOPUHM MPOBEACHUS padoT
CKOHIICHTPUPOBAHO BBICOKOE KOJUYECTBO CIEUTEXHUKHA U MEXaHU3MOB. MICTOYHUKOM
BO3HUKHOBEHHUS  JaHHOrO  (akTopa, SBIAIOTCS  JBIDKYIIUMECS  MEXAHU3MBbI
CHENTEXHUKHU U TPAHCTIOPTUPOBKA TEXHUKH JI0 MECTa IIPOBEJICHUS PadoT.

Bo3zaeiictBue (akropa Ha OpraHuM3M Y€JIOBEKa: HETaTUBHBIM IMOCIEACTBUEM
JTAHHOTO (haKkTOpa, SBISIOTCS TPaBMbl BBICOKOW CTEMEHU, BIUIOTH 10 JIETAIHHOTO
UCXOJa.

[Ipensiaraemple CpeacTBa 3alllUTHI: CPEACTBAMHU KOJUIEKTUBHOM 3alUThI
SBJIIIOTCSL ~ OTPaXJIEGHHWE  TEPPUTOpPHHM  MpoBeAeHUss  pabor.  CpencrtBamu
WHJMBUAYAJIbHOW 3allUTHI SIBJISIFOTCS Kacka, MepyaTKu, OYKU U CreluaibHas oOyBb
[10].

MeponpusaTus 1Mo CHUKEHUIO BO3JICUCTBUS HEraTUBHOTO (hakTopa: paboThI ¢
MPUMEHEHUEM CIHEUTeXHUKH U CHero0opynoBaHusl JOJKHBI TMPOBOJUTHCS B
MPUCYTCTBUHM OTBETCTBEHHOTO 3a Oe3omacHoe TmpoBeneHue pador. PaboTHuKH
JOJDKHBI  COOJIIOIaTh OXpaHy TpyJla W TEXHUKY Oe30macHOCTH TpH padoTe Cco
cnenoOopyIoBaHUEM M pAIOM cO crneurexHukod. OOopynoBaHuE AOKHO OBITH

UCTIPABHO U MPHUTOIHO ISt O€30MacHOr0 MPOKM3BOACTBa padoT [14].
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CreurexHuka JOJDKHA YNPABIATHCS JHMLIAMUA, OOYYEHHBIMH M HMEIOIIUMU
COOTBETCTBYIOIEE KBATU(UKALMOHHOE YJOCTOBEPEHHUE.

PaccraHoBKy ~ TeXHUKH,  OOOpYJOBaHUSI  OCYIIECTBIATH  COTJIACHO
(ITpunoxenwnio E).

9.1.2.6 Ilanenue rpy3a. TpaBMupoBaHue NaAal0NIUM I'PYy30M, CMEPTH

HcTouHMK BO3HUKHOBEHMS: MpPHU MepeMElIeHUU Je(EKTHBIX CEeKIUH U
BCTABOK MEHBILETO JMAMETpa MOABEMHBIMH COOPYKEHHSIMH, €CTh PUCK OOpbIBa
CTPOIl WJIM BBICKAJIb3bIBAHUE I'py3a C MOCIEAYIOIMIUM €ro OoOpylieHueM Ha pabodmx
WIH CTICHTEXHUKY.

Bo3zaeiictBue ¢akropa Ha OpraHuM3M Y€JIOBEKa: HETaTUBHBIM IMOCIEACTBUEM
JTaHHOTO (pakTOpa, SABISAIOTCS TPaBMbl BBICOKOM CTENEHU, BIUIOTH /O JIETAIbHOIO
UCXOJa.

JlomycTuMble HOPMBI: TPaHUIIbl OMACHBIX 30H B MECTax, HajJ KOTOPBIMU

IPOMCXOIUT MEPEMEIIICHUE TPY30B, YKa3aHbl B Tabauie 9.7 [13].

Tabmuma 9.7
Bricora MuHuManbHOE PACCTOSIHUE OTJIETa, M
BO3MO>KHOTO OT pOEKIHU TIePEMENIAEMOT0
[IpenmeToB B cnydae ux najaeHus
naJeHus Tpy3a KpaHOM Ipy3a B cllydae ero
CO 37aHUSs1, COOPYKEHUS
(mpenmera), M MaJICHUS
10 10 4 3,5
10 20 7 5
1o 70 10 7
mo 120 15 10
10 200 20 15
1o 300 25 20
10 450 30 25

IIpennaraempie CpeacTBa 3alUThL: CPEACTBAMM KOJUIEKTHMBHOM 3allUTHI
ABJISIIOTCS  00O3HAueHWe pabodeil 30HBI CUTHAJIBHOW JIGHTOM M 3HAKaMu
oe3omacHocTu. CpeacTBaMU WHAMBUAYAIbHOM 3alllUThl SIBISIIOTCS  CIIELOACKAA,
crieraibHas 00yBb, IEPUYATKH, OYKH, Kacka, CUTHAIBHBIHN xuiet [10].

Meponpusatuss MO CHUKEHUIO BO3JEHCTBUA HeratuBHOro Qakropa: s

npeaoTBpamiCcHuA  HCCUYACTHBIX CJIy4dacB HGO6XOI[I/IMO CO6JHOI[3TI> TCXHUKY
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0€30macHOCTH U OXpaHy TpyJa NpHu padoTe ¢ MOABEMHBIMA MEXaHU3MaMH, a TaKKe
CBOEBpPEMEHHAs MTPOBEPKA UCIIPABHOCTH IPY303aXBaTHBIX MIPUCTIOCOOICHUIA,

[Ipu oOHapyXeHHMM Yy Tpy303aXBAaTHBIX MPUCHOCOOJICHUIA WJIM Tapbl
MTOBEPXHOCTHOTO M3HOCA MTPOBOJIOK, 000PBAHHBIX MPSACH WM APYTUX MTOBPEKICHUMN,
IIPOU3BECTH UX OTOPAKOBKY M JIOJIOKUTh KPAaHOBIIUKY (MamuHUCTY) [9].

9.1.2.7 Ob6opynoBanne wu  TpyOOmpoBoabl, padoTamlHe MOJ
JAaBJIeHHEeM

HcTrouHrK BO3HUKHOBEHHUS: OCHOBHAsl OIACHOCTb TMPHU OSKCIUTyaTalluu
TpyOOIIpOBOJa H JIPYroro OOOpYIOBaHMS 3aKIIOYaeTCs B BO3MOXHOCTHU UX
paspylieHus noJ AeHCTBUEM AaBieHus paboueit cpepbl (pu3nuecKkuil B3pbiB).

Bo3zaeiictBue ¢akTopa Ha OpraHuM3M 4YeJOBEKa: TPaBMbl BBICOKOW CTEIICHH,
BBI3BAHHBIC YAAPHOU BOJHON M OCKOJIKAMU Pa3pylIEHHOTO TPYOOIpoBoa.

[Ipemyaraembie  cpeAcTBa 3allUTHL: CHEIOJEXkKIA, CIeluaibHas OOyBb,
nepyaTku, ouku, kacka [10].

Meponpusatuss 1O CHWKEHUIO BO3JEHCTBUA HEraTMBHOro  (pakropa:
DKCIUTyaTallMi0 W HUCIBITAHUE TPOMBICIOBBIX TPYOOIPOBOJOB HYKHO IPOBOJIUTH
COTJIACHO TEXHOJIOTHYECKOMY peryiaMeHTy N-MecTOpOKIeHUSI.

TpyOonpoBoAbl JOKHBI OBITH OOCIYKEHBI M TIOJIBEPIKEHBI E€XKETOHOMY
KOHTPOJILHOMY OCMOTPY, PEBH3UM W JKCIEPTU3E MPOMBIIUICHHONW 0e30macHOCTH
[14].

9.2 Jxkosornyeckas 60e30MaACHOCTH

HedrecOopHble KOIEKTOPHI SIBISIOTCS OMACHBIMH IMPOW3BOICTBEHHBIMHU
00BEKTaMH — 10 HAM TPAHCHOPTUPYIOTCS TOPIOYHE BEmIecTBa: HE()Th W MOMYTHBINA
He(TSAHOM Ta3.

Jlns  okpykaromie mpupoaHOM cpeabl HePTh (C MOATOBAPHON BOJION),
MOMYTHBIN HEDTAHOM Ta3 MPEICTABISIOT MOTEHITUATBHYIO YTPO3Y.

B Tabmume 9.8. mpencrtaBieHbl  OCHOBHBIE  (DaKTOpBI, HETATHUBHO

BO3JICHCTBYIOIIME HA OKPY>KAIOIIYIO CPEAY.
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Ta6muma 9.8 — BpeaHoe Bo3AeCTBHE HA OKPYXKAIOIIYIO CPEAY U MIPUPOIOOXPAHHBIC MEPOTIPUSITHS

IIpU aBapuu Ha He(PTEPOBOIE

[IpuponHble pecypcsl 1 Bpenusie Bo3aeincTeus [IpuponooxpaHHsie
KOMIIOHEHTBI MEPOIPUSTHS
ITouBa 3acopeHue MoYBbl HEPTHIO IIpukazom no npeanpusITUIO
IJIK: HazHadaeTcs JINIO,
— <1000 MTI/KT - | OTBETCTBEHHOE 3a COOp U
JIOMYCTUMBI  yPOBEHB | YTUJIM3ALHUIO 3arPA3HEHHOIO
3arpsi3HEHUS; HE(THIO TPYHTA.
— 1000-2000 MT/KT - HpI/IHI/IMaIOTCSI MEPBI 110
HU3KHI YPOBEHb | MUHMUMHU3AIUHK yiepOa
3arpsi3HEHUS; OKpY’KaroUIeh cpese.
— 2000-3000  wmr/kr -
CpeIHMI YPOBEHb
3arpsi3HEHUS;

— 3000-5000 mr/kr -
BBICOKMH YPOBEHb
sarpsi3Henus [14].

Bona 1 BogHbIE pecypchl 3arpsizHeHue HePThIO — CcO3/aHHE OOBAJIOBKH;
IJIK (e Gomee 0,05 mr/mm’) —  yCTaHOBKa OOHOBBIX
[7] 3arpax/JIcHuN;
— TpUMEHEHUE
COpOEHTOB.
Boznyminerii 6acceitn Hcnapenue HedTH COop HedTH C TOBEPXHOCTH

IIJIK (ue Gonee 10 mr/m®) [7] TIOYBBI U BOJJOEMOB

OxpaHa OKpyXaroUlel Cpeapl JOCTUraeTCsl KOMIUIEKCOM MEPONPUATHH,
HaIpaBJIEHHBIX Ha MpPEIOTBpalleHUe yTeueKk HePTH, HEPTIHOro ra3a, COKpalleHUe
IIOTEPb OT UCTIAPEHUM.

be3onacHas sKkcryaranusi IpOMBICIOBBIX TPYyOOINPOBOJOB B 3HAYMTEIILHOM
Mepe 00ecreunBaeTcss NEPUOJUYECKUM OCMOTPOM TPACC, MOCTOSIHHBIM KOHTPOJIEM
JaBJICHUS, KOHTPOJIEM TEXHUYECKOTO COCTOSIHUS TPYOOIIPOBOIOB.

JUist 3auThl BOJAOEMOB OT aBapUUHBIX PA3IMBOB HE(DTU MNpPeaycMOTPEH
MOCTOSIHHBIA KOHTPOJIb 32 COCTOSTHUEM JIMHUM TPyOOIPOBOIOB U BOJOTOKOB, IMOTHBIN
KOMIUIEKC ~ MEpOIpPHUATHH 1O TMPEJOTBPAIICHUIO MOPHIBOB  TPYOOIPOBOJOB,
NEepeCceKaonX BOJOTOKH, OCHALIEHUE aBapUHHBIX OpUTraJl BCeMH HEOOXOIUMbBIMU
cpencTBamu it coopa pasnuBiieics HeGTu. s TMKBUIAIIMN pa3IuBOB HEDTU TpU
aBapusiXx B BOJAHbIE OOBEKTHI HCMOJIB3YIOTCS OOHBI 3arpaguTeibHble U OOHBI,

copOupYyIOIIHe Pa3TUIHbIX MoAu(uKarmii [15].
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9.3 be3onacHoCTh B Upe3BbIYANHBIX CUTyalIUSAX

[To cdepe Bo3HMKHOBeHUs upesBbldaiiHas cutyanust (UC) moapasmenstorcs
Ha [5]:
TEXHOT€HHBIE,;
MPUPOIHBIE;
AKOJIOTHYECKHUE (3arpsi3HEHUS OKPYKAIOIIEH Cpeibl).
Haubonee xapaktepubiMu upe3BblyaiiHbiMu cutTyanusmu (YC) sBisroTcs
HKOJIOTHYECKOE 3arps3HEHUE OKPYKAKOUIEH cpelpl M TEXHOI€HHOE Bo3ropanue. B
tabmuie 9.9 ykasaHbl BHIBI BO3MOKHBIX aBapHii, a TakKe COCTaB U JICUCTBUE

OTICpaTUBHON OpHUTaJIbI.

Tabmuua 9.9 — Buasl BO3MOXHBIX aBapuid, a TAaKXKe COCTaB M JICHCTBUE ONEPATUBHON OpHUTraabl

VYci10Busa onacHbIe

Bun aBapun IUIA TIOIEN U o
. HevictBus nepconana ([Tpunoxenue I')
(HapyiieHus) OKpYKaro 1en
cpenbl
PazpriB u OnepaTtuBHas Opurazga HaXOAUTCS B PACIIOPSHKECHUN
TPEIIHHBI 110 OTBETCTBCHHOTO PYKOBOJUTEIIS, BHIIIOJIHSIET BCE €T0 3aaHuUs
OCHOBHOMY

MeTaly Tpyo,
10 TTPOAOJTEHBIM

Po3znuB HedTh,
napsl HeTH,

OtceuyeHne NOBPEKACHHOIO y4acTKa, COrJIACHO
MEpONPUATHIM

W KOJIbIIEBbIM | 34T'a30BaHHOCTB [ToMoIIs B YCTAHOBKE 3ariyIleK I OTCEUSHUS yUacTKa,
CBapHBIM ILBaM 3aTeM TOCTYIIAeT B PACIOPSHKEHHE Ia303JICKTPOCBAPIIHKA.
(ITpunosxenue b) [IpoBoauT cBapouHbie pabOTHI
Haxoaurcst B pacriopskKeHHH OTBETCTBEHHOTO PYKOBOIUTEIS,
BBINOJIHSET BCE €T0 3a/IaHUS
Bricokas OrceueHne MOBPEKICHHOTO YUaCTKa, COrIaCHO
TeMmrieparypa
Bosropanue patypa, MCPONPUATHAM
IPOJLYKTBI
ropenHs [IpUCTYNarOT K JIMKBUIAIMU 09ara BO3rOPaHUs 10 TPUOBITUS

Kapayia noxapHoit yactu (ITH)

JIukBUIMpYET OYar BO3ropaHus

Bo ucnonnenue tpedoBanuii denepanpHoro 3akoHa ot 21.12.1994 Ne68-D3

«O 3ammMTe HACEJIEHWS U TEPPUTOPUN OT YPE3BBIUAWHBIX CUTyallMid MPUPOIHOIO U

TEXHOT€HHOTO Xapakrtepa», denepanbHoro 3akoHa oT 21.07.1997r. Nell6-®3 «O

IIPOMBINJICHHOW  O€30MMacHOCTH  OINACHBIX  NPOU3BOJCTBEHHBIX  OOBEKTOBY,
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nocta”oBiyieHus [IpaBurensctBa Poccuiickoii @eaepannn ot 30.12.2003r.Ne 794 «O
€MHOM rOCyIapCTBEHHON CUCTEME MPEAYNPEKICHUS U JTUKBUAAIUN YPE3BbIYATHBIX
cuTyauui» W T1noctaHoBiieHusa IlpaBurensctBa Poccuiickorn @Penepauuu 0T
10.11.1996r. Nel340 «O mopsake co3JaHUS U HCHOJb30BAHUS PE3ECPBOB
MaTE€pUAIIbHBIX PECYPCOB IS JIMKBUIALMKN YPE3BbIYANHBIX CUTYyalluid PUPOJHOTO U
TEXHOTEHHOTO Xapakrepa» KoMmaHuu-N co3gaHbl (UHAHCOBBIE PE3EPBBI, PE3CPBBI
MaTepUANIbHBIX PECYPCOB ISl IKCTPEHHOTO MPUBJICUCHHUSI HEOOXOAUMBIX CPEJICTB HA
JMKBUIAIMIO YPE3BhIUAMHBIX CUTYaAllMi HA 00BEKTaX OOIIECTRA.

JleHe)kHBIE CpeACTBA MOTYT OBITh  BBIJICICHBI Ha (MHAHCHUPOBAHUE
CJIEAYIOIIUX MEPONPUATUH 1O JIMKBUAauu YC:

— TPOBEACHUE IOUCKOBBIX, ABAPUHHO-CIACATEIbHBIX U JIPYTUX HEOTIOKHBIX
paboT, noctpagapimux B pesyiprare UC;

— JIOCTaBKa MaTE€pPUAIBHBIX PECYPCOB M3 PE3EPBA MATECPUATBHO-TEXHUUYECKUX
cpenct k mecty UC,;

— pa3BepTHIBAHUE, COJEPKAHUE BPEMEHHBIX MYHKTOB MPOKUBAHUS W MUTAHUS
s noctpaaasmux npu YC;

— TPOBEACHUE SKCTPEHHBIX MEPONPUATUN MO JIOKAIM3AUUK W JIMKBUJIALHUH
YpEe3BbIYANHOW CUTYAIWH;

— TPUBJIEYEHHWE CUJ W CPEACTB TEPPUTOPHAIBHOM mojacucremsl EnuHon
roCyJIapCTBEHHON CUCTEMBI MPEAYNPEKICHUS U JTUKBUIAIUNA YPE3BhIUAMHBIX
cutyaimii (PCUC), a Takke Jpyrux OpraHu3aluvii i MPOBEACHUS
AKCTPEHHBIX MEPOMPUATUM MO JIOKATU3AIUU W JUKBUIAIMUA YPE3BhIUANHBIX
CUTYalUH.
besonacHas skcmtyaTaius HeTecoOMparoiero KoIeKTopa o0ecrneuynBaeTcs

MIpU COOJIFOACHUU CIEAYIONTUX YCIOBUIA:

— TIIATETBHBIM  KOHTPOJIb HAJ  COCTOSHUEM  YIUIOTHEHHH  (DIIaHIIEBBIX
COCJIMHCHHUM;

— TIEPUOJMYECKUM KOHTPOJIb 3ara30BaHHOCTH TEPPUTOPUM TPOBEACHUS PabOT

NEepEHOCHBIMU razoananu3aTopamu tuna CIT;
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— CTpOroe CcoOJIIOJIEHUE TEXHOJIOTMYECKOTO perjaMeHTa IO HKCIUTyaTaliuH
TEXHOJOTUYECKUX COOPYKEHUM, MPAaBUJI W HUHCTPYKIUMU IO SKCILTyaTaluu
o6opy1oBaHUs

— BHEAPEHUs BBICOKOA((PEKTUBHBIX METOJIOB 3aITUTHI OT KOPPO3UHU.

9.4 IlpaBoBble M  OpPraHM3allMOHHbIE  BONPOCHI  o0ecreYeHUs
0e30macHOCTH

K pabote pomyckaroTcs paboune He Mosoxe 18 jer, ¢ mpodeccuoHaTbHBIM
oOpa3oBaHHEM, MPOIIEIINE MEAULIUHCKOE OCBUACTEIHCTBOBAHHE U TOJIHBIC IO
COCTOSIHUIO 37I0POBbsI, OOYYEHHBIE MOXKAPHO-TEXHUYECKOMY MHHUMYMY U OXpaHe
Tpyna. Buasl paboT, KOTOpbIe MOTYT BBITIOJIHATHCS PAOOTHUKAMU, YCTAaHABIMBAIOTCS
nepeyHeM pabot. Pexum paboThl pabouux omnpeaesieTcs: mpukazom mo OOIIeCTBY U
COCTABJISCT:

C 8:30 mo 18:00 gacoB ¢ mepepsIBOM Ha 00€1 MPOIOKATEILHOCTRIO 1 wac 30
MUH J1sl pa0OTAaIONIMX IO MATH THEBHOU pabouelt Hezene.

C 8:00 o 20:00 yacos B nHeBHY10 cMeHy 1 ¢ 20:00 10 08:00 yacoB B HOUHYIO
CMEHY C MIEPEPHIBOM Ha 00e]] MPOAOIKUTEILHOCTRIO 1 yac 30 MuH aJia paboTarommx
BAXTOBBIM METOJIOM.

Jlns mepeesnia K MecTy pabOThl U 00paTHO, a TaKXKe I MEePEeMEIICHUs 10
TEPPUTOPUH  MECTOPOXKIEHUS, PpaOOTHUK JODKEH  HCIOJb30BaTh  TOJBKO
aBTOTPAHCIIOPT MPEIHA3HAYEHHBIA JUISi TIEPEBO3KM  MACCAKHUPOB, KOTOPBIM
MPEJCTABIIACT NPEANPUSITHE.

Paboruukn, 3a cuér OOmecTtBa, O00€ECIEYMBAIOTCA  CIIELOAEIKIOM,
CIEUAIBHOW OOYBBIO M APYTMMHU CPEICTBAMHU WHIWBHUAYaJbHOW 3aIlUThl, B TOM
yuciae s paboThl B aBapUWHBIX CUTyalMsX, a TakXKe€ CMBIBAIOIIUMUCS U
00e33apaXHBAIOIIMMUA  CPEJCTBAMU B COOTBETCTBHUM C THUIOBBIMH HOPMaMHU,
ycTaHoBJeHHbIMU [IpaBurenscTBoM PO.

OOciy)XMBaHUEM  TIPOMBICIOBBIX  TpyOompoBogoB  HedTsHOro  N-
MECTOPOXKICHUS 3aHUMAETCSl MEPCOHAN IIeXa TEKYIero oOCTy>KWBaHHS, PEMOHTA
TpyOOonpoBoJ0oB M JukBuaauuu nocienctsuid aBapuit LITOPTuJIIIA ynpasnenus

sKcIuTyatanuu TpyoornpoBooB (YIT) komnanuu-N.
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[lepconan, oOcCIyXKHBAIOIINI MPOMBICIOBBIE TPYyOONPOBOABI, Oa3zupyeTrcs B
BaXxTOBOM I10CEJIKE, PACTIOJI0KEHHOM B 11oC.-11.

JlukBumanue apapuud 3aHMMAETCs MEPCOHAJ HEIITaTHOIO aBapUiHO-
cnacatenpHOro (hopmupoBanus (HACD), co3zganHoro Ha 6a3e Opuram oTpsaa 1o
JUKBUIALMKA aBapUMHBIX Pa3MBOB HEPTH, MO OOBEeKTaM BacioraHckod TpymIibl
MECTOPOXKJICHUN — Opurajga JUKBUAAIMM aBapuiHbIX mociuenctBuit (JIAII) mexa
TEXHHYECKOTO OOCTyXKMBaHUSA M JWKkBUaanuu nocieacteui aBapuu (LITOPTuJIITA)
(6asupyercs Ha TeppuTtopun 1oc.-I1).

Ha wmecTropoxieHun mNpUMEHSIETCS BaXTOBBIM METOA  OOCIyKUBaHUS
00bekTOB. [IpOogOKUTENIPHOCTS OMHOM CMEHBI (AHEBHOW) cocTaBisieT 12 4acos.
[IpoOMIKUTENBHOCTh BaXThl COCTAaBIsAET 15 KaneHAapHbIX AHEH. B HOUYHYIO CMEHy
paboTaeT JexKypHBIA EPCOHAN ydacTKa npeaBapuTearHoro copoca Boasl (YIICB), a
TaKXKe JIeKYypHBbI nepconan opuraas JIAIL

O6xo1 U 00CITy’)KMBaHUE MPOMBICIOBBIX TPYOOIPOBOIOB MPOU3BOIUTCS IO
yCTaHOBJICHHBbIM TrpadukaM. JlocTaBka Ha TpacCy OCYIIECTBISETCS CIYyXEOHBIM
aBTOTpancnopToM. OO6X0/a Tpacc B HOPMAJILHOM PEXUME IKCIUTyaTalluy MPOU3BOIUT
Opuraaa JTMHENHHBIX TPYOOIPOBOJYHKOB B COCTABE JIBYX YEJIOBEK.

B cootBercTtBuu ¢ ®@enepanbHbiM 3ak0oHOM OT 27.07.2010 No 225-d3 «O6
00s3aTEIbHOM CTPaXxOBaHUM TPAKTAHCKOW OTBETCTBEHHOCTH BIIAJIEJblla OIACHOTO
00bEKTa 3a MPUUUHEHHUE BpeJia B Pe3yJIbTaTe aBapuu Ha OMacHOM OOBEKTE», MEXKIY
AO «COTI'A3» wu xomnanuei-N 3amouern jgoroBop «OO0  opraHuzamuu
00s13aTE€JIbHOTO CTPaxOBaHUsl TPAXKIAHCKOW OTBETCTBEHHOCTH BJIAJI€NIblla OMACHOIO

00BEKTa 3a IPUYMHEHHUE BPENIA B PE3YJIBTATE aBAPUU HA ONTACHOM OOBEKTE».
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Cnmcok my0MKanmi cTy1eHTa
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Abstract. In the oil fields, pipeline networks are used to transport liquid from
well clusters to collection points. Oil-gathering pipelines are operated in complicated
conditions characterized by high acidity and water-cut oil. A transported liquid
containing a large number of reactive components causes intense corrosion of the
pipelines leading to emergency rushes, and there is considerable economic damage
and environmental damage to the environment.

Long distance pipelines are considered as the vein of the oil and gas industry
on land and offshore. A well often produces water along with crude oil. The presence
of water as well as dissolved gases such as CO, and H,S introduces a serious menace
of internal corrosion. It is well known that the distribution of water and oil inside the
pipeline has a great influence on the corrosion rate. As a matter of fact, internal
corrosion occurs when a free layer of water comes in contact with the pipe. Hence,
predicting the distribution of water inside the pipe and identifying the continuous
phase that directly wet the wall is of foremost importance when dealing with internal
corrosion of oil pipelines. The accurate prediction of the distribution of water
significantly increases the accuracy of corrosion prediction as well as the confidence
regarding the integrity of the pipelines. In spite of all the great efforts toward
studying different influential factors associated with the internal corrosion of steel
pipelines, a large gap of knowledge is observed in predicting the water wetting.
Furthermore, the effect of different parameters such as pipe diameter, oil density, oil
viscosity and interfacial tension on the transition from water wetting to oil wetting is
studied.

Corrosion protection methods. Corrosion induced leakage of oil pipeline in
the oil field can affect the normal production, cause enormous economic loss, and
even result in huge security risk [61-63]. Using new composite materials, improving
corrosion media, adding coating on metal surface, electrochemical protection, and
adding corrosion inhibitor are commonly used for corrosion protection [64-66].
Corrosion inhibitors with high efficiency, low-cost, and no changes in media are

widely applied in the oil transmission pipeline [67, 68]. On the other hand, corrosion



inhibitors have strong selectivity, a series of experiments is essential for evaluating
their efficacy [69, 70]. In order to prevent the corrosion of oil pipeline, the first
priority is to find the factors induced corrosion. The pipe corrosion is generally
divided into outer wall corrosion and inner wall corrosion, which occur in different
media. The sulfate reducing bacteria, dissolved oxygen, carbon dioxide, hydrogen
sulfide, salinity, pH value and chloride ion in the produced water all can cause the
corrosion failure of pipe [64, 71-73], while the factors induced corrosion may be
varied when the pipe exists in different environment. In the previous work, the effect
of different factors on the corrosion of the outer wall of pipe had been fully discussed
[74—76]. However, corrosion environment of the inner wall was more complex in real
situation, and only certain factors had been discussed separately [77, 78]. Therefore,
it is necessary to carry on a systematic study of effective factors on the corrosion of
the inner wall of pipe in the oil field. In this work, the effective factors of produced
water on the corrosion of pipe steel of Tuha oil field were analyzed, and the corrosion
reasons of every factor were also discussed. The obtained results could facilitate the

formulation of measures for corrosion control of pipeline in the oil field.

Types of corrosion. The oil and gas industry is the leading source of energy
that is facing corrosion since its beginning. According to the National Association for
Corrosion Engineering (NACE), the energy industry is taking the most part of the
total expenditure of corrosion-related problems in the United States — an annual cost
of $1.372 billion. From the total amount, the industry is spending $589 million in
surface pipelines and plant cost, $463 million annually in down hole tubing, and $320
million in everything else related to corrosion. This is an economic problem that is
affecting the stability of the industry and putting at risk the life of fellow employees.
From the total amount, the oil and gas industry is taking more than half that is related
to the petrochemical processes and refining. Refineries and power plants are the most
predominant settings for corrosion in the industry besides platforms in the offshore

side of the industry.



In a foreign article [79] presents the types of corrosion that are most often

found in the oil and gas industry, as well as their causes.

Pitting corrosion

Pitting corrosion is a localized attack where the corrosion dissolute the metal,
forming pits or holes. This type of corrosion is dangerous because it is difficult to
detect due to the corrosion products that may cover the pits, difficult to design against
the formation of pits, as well as to predict when this type of corrosion may occur. The
electrochemical oxidation—reduction process of pitting corrosion on surfaces of met-
als in an aqueous media is shown in Fig. 1.

The mechanism of pits formation in an iron part in presence of water and air
can be explained by the oxidation of iron due to the water and becomes Fe.., which is
released. This is where pitting starts to form. Due to the release of the iron, two
electrons are released as well and go through the iron to the cathodic area where they
combine with the depolarized oxygen (O.) and form hydroxyl ions (OH.). The Fe..
reacts with the hydroxyl ions to form hydrous iron oxide (Fe(OH):) otherwise known
as rust [64].

Oz

Figure 1. Pitting corrosion mechanism in iron

There are some factors that initiate pitting corrosion. For example, if the part
receives any mechanical damage, such as a scratch or dent, to the protective oxide



film pitting may occur. Water can be one aspect that breaks down the passive films,
which are acidic. Dissolved oxygen concentration also tends to reduce the stability of
the protective film. In high-chloride concentration media, such as in seawater, the
passive film is reduced, causing corrosion. If the part has a protective coating,
localized damage or improper application of the coating can cause pitting corrosion
to occur. Lastly, if the part is manufactured with no uniformities or nonmetallic
inclusion, this could initiate pitting corrosion.

There are several types of pits, such as uniform, wide, shallow, narrow, or
deep, but they all perforate the wall thickness in the metal. Fig. 2 illustrates the types
of pitting corrosion shown by NACE.

Localized attacks cause the specific component to fail and cause shutdowns in
the oil and gas industry as well as oil spills. Some of the failures are caused by pits,
because these induce fatigue and stress corrosion cracking (SCC). Fatigue is the
weakening of a material when repetitive loads are applied. SCC presents as a crack
that grows in length because of the combination of stress and a corrosive environ-

ment. These usually form due to the high stresses in the pits.
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Figure 2. Types of pitting corrosion



Erosion corrosion

Erosion corrosion is a synergetic effect that accelerates the corrosion attack in
the surface of the metal due to the motion of the corrosive fluid. There is an
interaction between the solid particles, corrosive fluid, and the material for this
corrosion to occur. To better understand this concept, Fig. 3 explains how erosion
corrosion happens. Fig. 3 shows a solder drip left inside the pipeline after the
soldering was completed. The fluid flow in a pipe is moving in an x direction;
meanwhile the flow is in contact with the drip. When this happens, the soldering drip
causes turbulence inside the pipe and because the fluid has some abrasive particles,
they start to wear out the surface of the pipe, leaving the material exposed to
corrosion drivers. The corrosive fluid within the pipe starts to corrode the material
and degrade it.

A material with incredible hardness is not always the solution. It is not
guaranteed that the material won’t fail due to erosion corrosion. It is desirable to
reduce the velocity of the fluid to become more laminar. Pipe diameter increases are
also preferred in order to expand the lifetime of the part when it is under corrosion
attack. Another recommendation is to manufacture a part free of rough surfaces, to
eliminate the impingement angle of solid particles that accelerate the erosion of the

surface.

Pipe joint

\ / Solder drip
\_):‘) )\ Erosion/corrosion

b
Water flow

Turbulence

Figure 3 — Mechanism of erosion corrosion inside a pipe



Cavitation corrosion

Cavitation corrosion is formed when the operational pressure is dropped
below the vapor pressure of the fluid, causing the formation of gas bubbles that
collapse at an increased velocity on the surface of the material, inducing initial
cavitation. When this phenomenon happens, the pressure decreases as the velocity
increases, called «vena contracta». The fluid in the system is a corrosive driver, so
where the cavity is formed, the part starts to corrode due to its environment. This

cavity could then turn into pits, initiating cracking (Fig. 4).

o2

Figure 4 — Cavitation corrosion bubbly vapor impact

Galvanic corrosion

Galvanic corrosion is an electrochemical process between two dissimilar
metals in an electrolyte solution where one is less corrosion resistant than the other.
The anode is the less corrosion resistant metal, and the cathode is the metal that is
more corrosion resistant. When the two metals are in contact with an electrolyte
solution, they form a closed circuit, where the electrons flow between them. Fig. 5



represents an example of galvanic corrosion where the aluminum and the copper are
in contact with each other in saltwater. In this case the aluminum is the anode, the
copper is the cathode, and the saltwater is the electrolyte solution. Therefore, the

aluminum starts to corrode.
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Figure 5 — Galvanic corrosion

The rate of the galvanic corrosion depends on the relative surface areas and
the corrosion potentials of the anode and cathode [69]. This means that if the anode
has a smaller surface area than the cathode, there is going to be a higher corrosion
rate. Therefore, when designing a part with two dissimilar metals, it is more suitable
for the anode to be larger in surface area than the cathode. Also, it is recommended to
choose metals that have a smaller difference in potentials to minimize the chance for
galvanic corrosion. It is very essential to use the galvanic series (Fig. 6) to choose
metals with minimum potential difference to prevent galvanic corrosion.

The galvanic series table ranks the common metals from the less noble or

anodic to the more noble or cathodic. If it is necessary to have two dissimilar metals,



the transition of that metal should be a metal closer in the galvanic series. For
example, if the parts use nickel and it is necessary to be coupled with another metal,

the more suitable metals should be brass or tin.

Corroded end
(Anodic or less noble)
Magnesium
Zinc
Aluminum
Steel
Lead
Tin
Nickel
Brass
Bronzes
Copper
Stainless steel (passive)
Silver
Gold
Platinum
(Cathodic or more noble)

Protected end

Figure 6 — Galvanic series

Stress corrosion cracking

Stress corrosion cracking (SCC) occurs when there is an applied or residual
stress and a corrosive environment. The residual stresses usually form when the metal
is being formed, welded, heat treated, machined, or ground. The applied stresses can
come from a mechanical force. SCC also results from the localized attacks, such as
pitting corrosion. The stresses due to pitting or crevice corrosion can propagate the
cracking. Corrosion cracking usually goes through three stages. First, formation of

primers on the metal’s surface. Second, that primer becomes a crack, which continues



to propagate slowly. Third and final stage, the crack is a tear big enough that it
becomes critical in the function of the system.

There are two types of cracking that can occur: intergranular and
transgranular cracking. Intergranular cracking is when the crack goes around the
grain boundary. Transgranular cracking is when the crack propagates through the

grain boundary, as seen in Fig. 7.

Figure 7 — SCC steel micrograph; intergranular cracking

The main corrosion drivers that usually deteriorate the metal and cause SCC
are chloride ions and dissolved oxygen, and when mixed with temperature, these
create cracking in pipelines in the oil and gas industry. This phenomenon forms a
chromium carbide product on the boundaries, which increases the corrosion [75].
SCC usually takes place in the areas of dry cracking or when the material passes over
the fatigue threshold. This is usually the main reason for the material to fail.

To prevent SCC, it is recommended to use low carbon steels because they are
less susceptible in waters containing high-chloride ions. Reduce the stresses when



manufacturing the part. Remove any critical ions, such as hydroxides, chlorides, or
oxygen, to prevent corrosion to propagate the cracking. Finally, avoid stagnant areas

where ions can become highly concentrated to promote corrosion.

Sulfide stress corrosion cracking

Sulfide stress corrosion occurs when a metal undergoes tensile stress in the
presence of water and hydrogen sulfide. Sulfide stress corrosion cracking (SSCC)
occurs in high-strength steel in a media with high-concentrations of wet hydrogen
sulfide and has a deterioration effect mainly in welds. The reaction between hydrogen
sulfide and iron creates iron sulfides and hydrogen. The atomic hydrogen product dif-
fuses into the steel and causes embrittlement of the very narrow hard zones in the
heat-affected zones adjacent to the welds [76]. The hydrogen can also diffuse into
dislocation promoting SSC (Fig. 8). In areas with high stresses, cracking will initiate,
growing in the direction perpendicular to the stress either through granular or

transgranular cracking.
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Figure 8 — SSCC mechanism



To prevent SSCC, it is recommended to control the tensile stresses in the
metal. It is also suggested to use low-strength steel of a hardness of 21 or less on a
Rockwell C scale. Applying post welding heat treatment to improve the properties of
the weldment, reducing the redistribution of residual stresses. Last, avoid hydrogen
environments.

Material protection. The article [80] presented modern materials for corrosion

protection.

Metal isolation (coatings and linings)

A common way to protect a metal from corrosion is to isolate it from the
environment. This can be accomplished with the use of coatings and liners. Coatings,
such as paints, epoxies, and other forms of protection, can be applied outside the
metallic structure. This helps keep the metal from any corrosion drivers that can
degrade the metal.

In the oil and gas industry, there are two types of coatings used: organic and
inorganic coatings. Organic coatings are used to protect the standard equipment.
Some of the coatings used are asphalt enamel and coal tar enamel. Thermosetting
phenolic and epoxies, thin film coatings, are used to protect pipes. Inorganic coatings
include sacrificial and non-sacrificial coatings. Sacrificial coatings are used as a
cathodic protection by either galvanizing or coating the metal with anodic metals,
such as zinc. Non-sacrificial coatings include metal plating with either nickel or
nonmetallic coatings (i.e., ceramics).

Other forms of protection are liners, which are used for internal protection of
pipes and tubing. This type of protection is very effective because it is fused into one

continuous close-fitting liner through the entire pipe [80].
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Figure 9 — CRAs metals selection according to their corrosion resistant and strength

Corrosion-resistant alloys

Material selection in the oil and gas industry has propagated to excel and
improve in order to ensure smooth operations and safe production of oil and gas.
Corrosion-resistant alloys (CRAS) are an advanced technology that is better suited to
the requirements needed in the areas of exploration and production [81]. CRAs are
special alloys with excellent properties of corrosion resistance and strength to
withstand working conditions of high temperature and pressure. Fig. 9 shows how
certain classifications of metals can be used for certain corrosive environments and
working conditions. The pitting resistance equivalent number (PREN) is a way to
compare the pitting corrosion resistance for the types of metals. If it is taken into
consideration to place a pipe where there are high concentrations of hydrogen
sulfides, it is suitable to choose a nickel base alloy for the piping because this metal
can withstand severe corrosion environments. It should be noticed that CRAs require
a higher capital investment in the begging, but if the calculated life cycle needed is

relative to the cost, then it would be a more suitable selection.



Corrosion inhibitors

Corrosion inhibitors are another way to protect the metallic structures (such as
pipelines) from corrosion. Inhibitors neutralize and reduce the hydrogen ion from the
environment by using chemicals, such as amines, ammonia, and morphine. These
types of neutralizers are used for weak acid environments. More suitable inhibitors
are the ones that use imidazole compounds and quaternary amines, which form salts
on the surface of the metal, creating a film barrier. Usually, imidazole compounds
have a free pair of nitrogen atoms, which develop a hydrophobic film on the surface.
Hydrophobic surface reduces the adhesion strength on the surface by reducing the
attachment of particles at the surface, including bacteria. In addition, inhibitors help
to eliminate the conditioning film at the surface, reducing possibilities of bacteria

attachment at the surface eliminating the chances of SRB.

Cathodic protection

Corrosion is an unavoidable electrochemical process in the oil and gas
industry. The main objective is to reduce its rate in order to minimize the cost of
repairing and maintenance. A well-known technique for corrosion protection is
cathodic protection that consists of the introduction of electrical current to the metal
(anode), converting it into a cathode. In any environment, the material with the least
electronegativity will become the anode and the environment is the cathode. Metal
surfaces become the anode due to their oxidation activity. Naturally, electric current
constantly releasing from the surface of the materials tends to go back to its natural
state of the matter. As the process occurs in all steel pipelines, corrosion starts taking
place from there. As more energy is released from the steel, the corrosion rate

increases, developing a direct dynamic activity.

Discussion: Since the oil and gas industry is the leading energy sector in

future development to address corrosion problems, increasingly, the interval of time



for maintenance and the cost of repairs decreasing operations must be considered.
Most of the corrosion-related problems are on the petrochemical refining side where
many processes are involved as part of a whole set of equipment in each process. As
a future vision and development, the usage of corrosion inhibitors to reduce or
eliminate the corrosion rate is still needed because galvanic corrosion is predominant
in the industry. One method to approach this type of corrosion is by the application of
a magnetic field around both materials. The electrochemical process of corrosion will
start by the anode releasing its electrons. As the electron travels out of the surface,
once it reaches the magnetic field in the perpendicular direction the electron will start
to spin and stay in the magnetic field spinning, reducing the corrosion rate [82].
When the electron reaches the magnetic field in the perpendicular direction it will
spin as it is traveling in the opposite direction of the field. The electron will not reach
the environment, reducing the rate of the oxidation—reduction reaction.

Improving the quality of coatings in aggressive environments is another
common challenge. Using smart self-healing coatings can be an advantageous way to
address this problem [83]. The releasing of functional species to repair the damage of
the coating is a great advantage for the oil and gas industry without having the
necessity of maintenance and repairs at small time intervals [84]. Indeed, material
and coatings selection for future processes, environments, and working conditions is
a critical approach for the structural stability in any industry.

The most interesting methods of ensuring trouble-free operation of the
pipeline seemed to be the solutions given in the article.

In order to ensure the operative localization of the gust site, it is proposed to
reserve sections of pipelines with a high probability of formation of fluid
accumulations. To restore the efficiency of emergency pipelines, an effective method
IS to repair the existing damaged pipes using the "pipe-in-pipe” method. When
sanitizing the old pipeline is not dismantled, at the same time, its service life
increases several times. Polyethylene pipes have low frictional losses, therefore, a

reduction in the capacity of the pipeline, as a rule, does not occur.



Statistical analysis of environmental consequences of hazardous liquid pipeline

accidents

Although pipelines are the safest method to transport fuels, they are
associated with risks due to failures, leading to significant negative consequences.
This paper investigates pipeline accident data provided by PHMSA (Pipeline and
Hazardous Material Safety Administration) between 2010 and 2017, with a focus on
environmental consequences of hazardous liquid pipeline accidents. The average
amount of released product, the average time elapsed between the accident, the
emergency response from the oil company, and the average costs of environmental
remediation are estimated. The impact on soil, water, and wildlife is investigated for
frequency and magnitude, where possible. It was found that, on average, 85% of
product released after an accident remained unrecovered, 53% of accidents led to soil
contamination, 41% of accidents impacted environmentally sensitive areas, and 92%
of water crossing pipelines involved in accidents were uncased. From an annual
average total cost of USD 326 million, annual average environmental damage and
remediation costs were USD 140 million. This analysis assists in the diagnosis of
challenges that might be addressed with improved maintenance and inspection
programs, especially for pipelines at higher risk of negative environmental
consequences. Finally, the performance of safety management systems should be
improved to efficiently respond to emergencies. [81].

The hazardous liquid pipeline network has grown from 292,879 km in 2010 to
342,204 km in 2016, as shown in Fig. 10, which is an increase of about 14% (49,325
km) over the 7 years. The rate of accidents reported in Fig. 11 exhibits a local peak in
2014 of 1.41 _ 10.sfollowed by decreases in 2015 and 2016. Table 1 summarizes the
annual mileage, the annual number of accidents, and the annual failure rates. Fig. 11
indicates that there was no discernable trend in either the annual ratio or the total
amount of unintentional, intentional, and recovered product releases. The highest
annual average volume released between 2010 and 2017 was 1,394 barrels in 2013.

The peak observed in 2013 was due to 4 large hazardous liquid releases: 20,600



barrels of crude oil were released in North Dakota, 18,400 barrels of ethane/propane
mix were released in Illinois, 11,405 barrels of liquefied petroleum gas in West
Virginia, and 23,702 barrels of the same product in Louisiana. On average, 85.2%
(30%) of released product remained unrecovered after an accident. Although the data
about accidents for 2017 extends only to October and does not encompass the full
year, it is possible to note that the values of unintentional plus intentional and
recovered release are higher for 2017 than 2011, 2012, 2014, and 2016 [81].
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Figure 10 — Annual hazardous liquid pipeline mileage and failure rate for hazardous liquid
pipelines
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Figure 11 — Annual average unintentional, intentional, recovered, and unrecovered product

released in hazardous liquid pipeline accidents.



Table 1. Annual mileage, number of accidents, and failure rates for hazardous liquid pipeline

accidents.
Year Mileage Number of Failure rate
accidents
2010 292,878 350 1.20E-03
2011 295,443 345 1.17E-03
2012 299,694 366 1.22E-03
2013 309,657 401 1.29E-03
2014 321,535 454 1.41E-03
2015 335,894 461 1.37E-03
2016 342,203 419 1.22E-03
2017 342,203 309 9.03E-04
Average 317,438 388.12 1.22E-03
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CuTyaniMOHHBIN TUIaH aBapHH HA OMACHOM NPOU3BOICTBEHHOM 00BEKTE
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IMpuaoxenne [{
Cxema pacCTaHOBKH CPEACTB MEPBUYHOTO MOKAPOTYIIIEHUS U MecT 0TOOpa mpoOd Bo3ayxa (IpOBEACHIE 3aMEPOB) MIPU KOHTPOJIE KOHIICHTPAITUI TapoB

HE(TH B 30HE TPOU3BOJICTBA

Ormervimrems OV-80 — 2 mr
Bofinok (kommaa) 2x2 —2mrt

Fadouml OpHIMoE

AL40 s

® - mecTa othopa npob Boagyxa

IIpumeganme:
1. Orgervomrerm OV-80 — 2 mr. xommia — 2 0T HAaX0J9TCH HENOCPEOCTEEHHO HA MECTe IIPOH3-

EOACTEA paboT (Ha DpoBKe KaEgoro pabodero npuaMEea). KoHTpoas BosOvIIHOR cpemsl Opo-
BOJHTCA IIOCHE Ka#I0T0 NepephlBEa H B CIViae HeoOX0 HMOCTH HO He pee 9eM gepes (0,5 =a-
£a IpH NPOBSIeHHH OTHeBsx pabot. MecTta To9ek KOHTpOIA BOSAVINHON CpemEl B TPaHIIes:
* He epme 0,5 M. OT JHA KaK MOMHO O/MH:KE K BO3MOKHEIM HCTOYHHEAM EBBIJEICHHA IIAPOE H
Ha VPOBHE OHA

3 YPOEHE OpraHoe

Ta30E. OblXdaHHA

® Ha VPOBHE OPraHOE JRIXAHHA pPabOTArOIIHX.
OTbop npobLI Bo3IVXA OCVINECTEIASTCA Ta20aHATHIATOPAMH.
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DOkoHOMUYecKast 3PPEKTUBHOCTH MPOEKTA

IMpuaoxenne 7K

Nm IMoxa3zarenn En. HUror 2019 ron .. TOX 2029 rox

n U3M.
3aTparthl /10 BHEAPEHHS] MEPONPHATHS
1 3arpatsl Ha CrIeOOOPYJOBAHUE pyo 2 810 2 810 2 810
2 3aTpaThl HA MaTEPHUAIIbI M KOMIUICKTYIOIITHE pyo 85 328 85 328 85 328
3 3aTpaThl HA NPUBJIECYEHUE TEXHUKH MOAPSATHBIX OpraHu3alui pyo 261 337 261 337 261 337
4 3aTpathl Ha LIEXOBbIE PACXObI pyo 34 947 34 947 34 947
5 BoccranoButenbHBIX pabOT 3eMENbHOTO yUacTKa pyo 217 414 217 414 217 414
6 HWToro 3aTpaTsl 10 BHEIPEHUS pyo 601 835 601 835 601 835
3aTpaThbl Ha BHEJAPEeHHE
7 BcraBka MeHbIIETO THaMeTpa T 121 015 0 0
8 Wroro 3arpatel Ha BHEAPEHHE pyo 121 015 0 0
3aTparsl nocJie BHeAPeHUs] MEPONPUSTHSA

12 3arpaThsl Ha CrIelOO0PYJOBaHKE pyo 0 0 0

13 3arpaTrbl Ha MaTepUaIIbl U KOMIUIEKTYIOIINE pyo 0 0 0

14 3arparhl Ha MPUBJICYCHUE TEXHUKH MOAPSTHBIX OpraHU3aIi pyo 0 0 0

15 3aTpaTsl Ha LIEXOBBIE PACXOJIbI pyo 0 0 0

16 BoccranoBHUTENBHBIX pa0dOT 36METBHOTO y4acTKa pyo 0 0 0

17 HToro 3aTpaTsl ocie BHEAPEHUS pyo 0 0 0

18 CoBokynHoe mmenegne:s A0X01aX H Q'acxozlax "c py6 3379 475 480 820 601 835 601 835

npoekTom" u '"0e3 npoexkTa




Ipuioxenne 3

CrtpyKTypa Bcex 3aTpar 10 CTaThsM Ha pealn3aliio IpoeKTa

= Omutara paboT, BBIMOTHIEMBIX
COUCTIOTHUTEIISIMU

' = 3arpaThl Ha CIEII000PYIOBaHNE
‘ l = MarepuaJibl 1 KOMILIEKTYOIIINE
= Omnara Tpyna

= CTpaxoBbie B3HOCHI B
rOCylapCTBEHHbIE
BHEOIOKETHBIC (DOH/TBI

- AMOpTI/I?»aI_II/IH OCHOBHBIX CPEACTB

» HaknagHeie pacxomubl
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Bexa 1. Cosganuve ctpoku PIM3
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