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«Pa3paboTka 1 oLleHKa MEPONIPUATHIA, HATIPABJICHHBIX Ha MOBBIICHUE YPPEKTHBHOCTH

MarucTpaJIbHOTO HEPTEIIPOBOIAY
VK 622.692.4.053-044.337
OO6yyarommuiics
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Bukroposna

KOHCYJBTAHTBI 110 PA3JEJIAM:

ITo pazneny «OUHAHCOBBI MEHEKMEHT, PeCYpcod(PhEKTHBHOCTH M PECYPCOCOEPEIKEHUE

JomxHocTs ®UO0 Vuenasi crenens, 3sanue Homnucs TNara
[Tpodeccop OHJI [Tap¢p Upuna J1.9.H. 17.05.2023
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Houent OO/ Ceunn AHnpeit K.T.H. 27.04.2023
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TomxHocTs oUO0 Vuenas crenen, ssanue Homnucs TNara
Houent OUS Atiknna TaTbsiHA K.(hrioor.H. 29.05.2023
IOpbeBHa
JOINYCTUTD K BAIIIMTE:
Pykosoutes OO ®UO0 Vuenas crenen, ssanue Honnucs Tara
OH/I UIIIP [Manpuaa AHacTacus JI.T.H., JTOLIEHT 16.06.2023

BukroposHa

Tomck — 2023 1.




IINIAHUPYEMBIE PE3YJIBTATBI OCBOEHHUA OOII

Kon
HanMeHoBanne KOMIeTeHIUH
KOMIIeTeHIINH

yHI/IBepcaJ'[LHbIe KOMIICTCHIUHA

YEY)-1 CnocobeH oCylIecTBIATh KPUTUUECKUI aHan3 MPOOJEMHBIX CUTYalluid Ha
OCHOBE CHCTEMHOT'O T10JIX0/1a, BBIPA0AThIBATh CTPATEIHIO JICHCTBUN

YK(VY)-2 Crnioco0eH ynpaBJiTh IPOEKTOM Ha BCEX 3Tallax ero »XU3HEHHOTO IHUKIIa

Crnoco0eH  OpraHu3oBbIBaTH M PYKOBOJUTH  pabOTOMl  KOMAaH[BI,
YK(Y)-3 BbIpa0aThiBass KOMAHJHYIO CTpPaTErui0 sl JOCTHIKEHHUS MOCTaBIICHHOM
Lenu

CriocobeH TpUMEHSITh COBPEMEHHBIE KOMMYHUKATHUBHBIE TEXHOJOTUHU, B
YK(Y)-4 TOM YHCJIE Ha HMHOCTpAaHHOM(BIX) s3bIKe(ax), IJIs aKaJIeMHYEeCKOro |
pohecCHOHATEHOTO B3aUMOICHCTBUS

VK(Y)5 CrocobeH aHamM3WpoBaTh M YYHUTHIBATH pa3HOOOpasue KyJabTyp B
MPOLIECCEe MEKKYIBTYPHOTO B3aHMO/ICHCTBUS

Croco0eH ompeneniatb M pealu30BbIBATh MPHOPUTETHI COOCTBEHHOM

YK(Y)-6
ACATCIIBHOCTU U CHOCO6LI €€ COBCPIICHCTBOBAHHA HA OCHOBC CAMOOILICHKHU

OobmenpodgeccuoHaNbHbIE KOMIIETEHIIHMT

ONK(Y)-1 Crnioco0OeH pemarhb MPOU3BOACTBEHHbBIC U (MJIH) HCCIICOBATEIbCKHAEC 3a]aun
Ha OCHOBE ()yHJIaMEHTAILHBIX 3HAHUH B HEPTETa30BOI 00JIaCTH

CriocobeH OCYIIECTBIATh MPOEKTUPOBAHUE OOBEKTOB He(TEra3oBOro
OIIK(Y)-2
MTPOU3BOJICTBA

CrocobeH  pa3pabaTbiBaTh  HAayYHO-TEXHUYECKYIO, IPOEKTHYID U
OIIK(Y)-3 CIIYyEOHYI0 JOKyMEHTaIuoo, O(GOpPMISTh HAYYHO-TEXHUYECKHUE OTYETHI,
0030pBl, MyOIUKAIIUH, PELIEH3UU

CrniocobeH HaxoquTh M mnepepaldaTbiBaTh HWH(pOpPMAIHIO, TpeOyeMyro s
OIIK(Y)-4 IIPUHATUA PEIICHUM B HAy4HbIX MCCIENOBAaHUAX M B IPAKTHUYECKOU
TEXHUYECKOH J1eTeTbHOCTH

Crioco0eH oOlEeHUBaTh pe3yNbTaThl HAYYHO-TEXHHYECKUX pPa3pabOToK,
OTIK(Y)-5 HAay4YHBIX HCCJEIOBAaHUH U  OOOCHOBBIBATH COOCTBEHHBIN  BBIOOD,
CUCTeMaTu3Hupyst U 00001as AOCTHKEHHS B He(TerasoBod oTpaciu M

CMEKHBIX 00JIaCTSIX

CrniocobeH yuyacTBOBaTh B pealM3alldil OCHOBHBIX M JIOTIOJHUTEIBHBIX
OIIK(Y)-6 npo¢eCcCHOHATBHBIX 00pa3oBaTeNbHBIX IIporpamm, UCIIOJb3YS
CrielMaNbHble HayYHbIe U TPOPECCHOHATBHBIC 3HAHUS

IpodeccnonanbHbIe KOMIIETEHIIUN

CrniocoGHOCTh pa3pabaTbiBaTh METOIMYECKOE OOecrieueHre JIIsl IEPBUYHOMN
MK(Y)-1 U TEePUOJMYECKONW TMOJArOTOBKM M aTTECTAIl[MM CHEIMAIMCTOB B 001acTH
TpyOOIPOBOTHOTI'O TPAHCIIOPTA YIIIEBOIOPOIOB




Kox
KOMIIeTeHIIMH

HaumeHoBaHNEe KOMIIETEHITUH

MK(Y)-2

CrnocoOHOCTh  aHaNMM3WpoOBaTh M 0000mAaTh JaHHBIE O  paboTte
TEXHOJIOTHYECKOT0 000pYI0BaHUs, OCYIIECTRBISTh KOHTPOJIb, TEXHUYCCKOE
CONPOBOXJACHHE W YIPABJICHUE TEXHOJOIMYECKUMHU IpOLeccaMu B
TPYOOIIPOBOJHOM TPAHCIIOPTE HEPTH U raza

MK(Y)-3

Crnioco6HOCTB OLIEHUBATh 9KOHOMHUYECKYIO 3¢ EKTUBHOCTH
WHHOBAIIMOHHBIX pPEUICHUH B 00JacTH TpPyOOIPOBOAHOTO TpPAaHCIOPTA
YTJIEBOJIOPOAOB

MK(Y)-4

CniocobHOCTh 0OecrieunBaTh 0€30nacHy0 U 3P(HEKTUBHYIO KCILTyaTaIHIO
1 paboTy TEXHOJOTHYECKOTo 000pyI0BaHUsI HEPTEra30BOM OTpaCiIn

MK(Y)-5

CriocoOHOCTh y4aCTBOBATb B YIIpaBJIICHUU TEXHOJIOTMYCCKUMHU
KOMIUJICKCAMHU, ITPUHUMATDL PCHICHUS B YCJIIOBUAX HCOIIPCACICHHOCTU

MK(Y)-6

CriocoOHOCTh MNPpUMCHATH IIOJYYCHHBIC 3HAHHUA JIA pa3pa60TKH n
paiu3alilii  IIPOCKTOB, Pa3JIMYHbBIX IIPOHCCCOB HpOHSBO,Z[CTBCHHOﬁ
ACATCIIBHOCTH Ha OCHOBC MCTOJUKHU IIPOCKTHUPOBAHUA B He(l)TeFaSOBOﬁ
OTpaciii, a TAK)KC HHCTPYKTUBHO-HOPMATHBHBIX JOKYMCHTOB

MK(Y)-7

CrocoOHOCTh TPUMEHSTH COBPEMEHHBIE MPOTPAMMHBIE KOMIUICKCHI IS
MPOEKTUPOBAHMSI TEXHUUYECKUX YCTPOMCTB, ammapaToB U MEXaHHU3MOB,
TEXHOJIOTUYECKHX IPOLIECCOB B COOTBETCTBMM C BBIOpaHHOW cepoii
npodeccroHaNbHOM 1eATEIbHOCTH
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UNIVERSITY YHUBEPCUTET

MWHUCTEPCTBO HayKU U1 BbicLLero ob6pasosaHua Poccuiickorn Gepepauyum
depepanbHoe rocyaapcTBeHHOE aBTOHOMHOE
obpa3zoBaTenbHOE yUPeXAeHue Bbiclero o6pasoBaHus

WNnxenepHas mkosia npupoiHeix pecypcon (UIITIP)

Hamnpasnenue noarotosku (cneruanbHocTh) 21.04.01 «Hedrerazosoe seno»

OOIT «HanexHocTh ¥ 6€301acHOCTh 00BEKTOB TPAHCIOPTA U XPAHEHUS YIIIEBOJIOPOJIOBY
Otnenenue HeTEra30BOrO Jieaa

YTBEPX/IAIO:
PykoBoautens OOIT OHJ] MIIITP
[Tagpuna A.B.
(IToamuce) ([ata) (®.1.0.)
3AJAHUE
Ha BBINOJHEHUE BbINYCKHON KBATU(PUKANMOHHONH PpadoThI
OO0yyarommiics:
I'pynna [0)% (0]
2bM12 TonaueB Kupwmin Cepreesuu

Tema paboThI:

«Pa3paboTka 1 o1ieHKa MEpONPUITHUIA, HAIPAaBIECHHBIX HA MOBBIICHHE () PEKTUBHOCTH
MarucTpaibHOTO He()TEPOBOIAA»

YTBepKaeHa MPUKa30M JUPEKTOpa (1aTa, HOMep) Ne 37-60/c ot 06.02.2023
Cpok caun 00y4arouIMMcs BBIMOJIHEHHONW paOOThI: 16.06.2023
TEXHUYECKOE 3AJIAHHUE:

Hcxoanblie 1aHHbIE K padoTe

(naumenosanue odbeKmMa UCC1e008aHuUs Ul
NPOEKMUPOBAHUSA; NPOU3EOOUMENLHOCHTb UL
HazpysKa; pexcum pabomol (Henpepuighblil,
nepuoouyecKull, YUKIUYeckuti u m. 0.); U0 Colpbs Uil
Mamepuan usoenust;, mpebo8aHus K nPoOOyKmy, uoeauro
unu npoyeccy; 0codvie mpebo8anus K 0COOEHHOCMAM
@yuKkyuonuposanus (SKcnayamayuu) 0ovekma um
u30enusi 6 niaxe 6e30NaAcHOCMU SKCRIyamayuu,
GNUAHUSA HA OKPYACATOULYIO CPeOy, IHEP203AMPAMAM,
IKOHOMUYECKUL AHANU3 U M. O.).

IHepedyensb momiexammx
HCC/IeI0BAHMIO, IPOEKTHPOBAHUIO
U pa3padoTKe BOIPOCOB

(aHarumuyeckuti 0630p NoO AUMeEPaAmypHbIM
UCTOYHUKAM C YebIO BbIACHEHUS 00 CIMUNCEHULL
MUPOBOU HAYKU MEXHUKU 8 PACCMAMPUBAEMOU
obracmu; NOCMAHOBKA 3A0a4U UCCIe008AHUS,
NPOEKMUPOBAHUS, KOHCIPYUPOBAHUSL, COOEPIHCAHUE
npoyedypuvl UCcie008ansl, NPOEKMUpPOBaAns.,
KOHCMPYUpo8anus; 06Cydicoenue pesyivmamos
BLINOIHEHHOU PABOMbL, HAUMECHOBAHUE
OONOTHUMENBHBIX PA30€108, NOONEHCAUUX
paspabomke; 3aKuouenue no pabome).




Ilepeyennb rpagpu4eckoro
MarepuaJia

(C MOYHbIM YKA3AHUEM 00s13amenbHbIX ltepme;uceﬁ)

KoHcyabTaHThI 10 pa3iesaM BbIIIYCKHOH KBATH(UKANMOHHON padoThl
(c ykasanuem pazoenos)

Paznen KoncyabTant

DuHaHCOBBIM MEHEIPKMEHT,

pecypcodhPeKTHBHOCTE U [Ipodeccop, a.3.1., Hlapd Upuna Baneprerna
pecypcocOepexenue
ConuanbHas OTBETCTBEHHOCTh JloueHT, K.T.H., CeunH AHapel AneKkcaHIpoBUY

Development and evaluation
of measures aimed at
improving the efficiency of the
main oil pipeline

Homent, k.¢umnoinor.H., Aiikuna Tarbsina FOpbeBHa

Ha3zpanus pa3aeiioB, KOTOPbI€ T0/I’KHBI ObITh HAIIMCAHBI HA HHOCTPAHHOM fI3bIKE!:

Development and evaluation of measures aimed at improving the efficiency of the main oil
pipeline

JlaTa BbI1a4M 32JaHHUA HA BBINOJHEHUE BBINTYCKHOM 06.02.2023
KBAJIH(HUKAIUOHHOHI padoThI 10 JIMHEHHOMY rpaduxy

3aganue BbIgAJ PYKOBOAUTEC/Ib:

JokHoCTH [5(0] Y4eHnas crenenb, 3BaHHe Iloanucn Jlata
[Tpodeccop OHJI [[Tanpuna Anacracus JI.T.H. 06.02.2023
Bukroposna

3anaHne NPUHSJ K MCTIOJHEHUI0 00yYaIOIINICS

I'pynna DdUO Moamuce Jara

2bM12 TonaueB Kupuin Cepreesuy 06.02.2023
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YpoBeHb 00pa3oBaHUs: MarucTparypa

Otnenenue HedrerazoBoro aena

[Tepuon BbITIOTHEHUS (ocenHnti / Becennuii cemectp 2022/2023 yueGHOTO roma)

KAJIEHJAPHBIV PEUTUHT -IIJIAH
BBINOJTHEHHS BBINYCKHON KBATH(UKAIHOHHOH padoThI

OO0yuarommiics:
I'pynna (0] (0]
2b6M12 TonaueB Kupuinn CepreeBuy
Tema paboThI:

«Pa3paboTka 1 o1leHKa MEPOTIPUSTHIA, HATIPABJIICHHBIX HA MOBBIIICHUE YPPEKTUBHOCTH
MarucTpajabHOro He(hTEnpoBOA»

Cpok cnaun 00y4aronumMcst BBIITOJIHEHHOH paboThI: ‘ 16.06.2023
Jara Ha3zBaHnue pa3nena (Mmoay.s) / MakcuMaJsibHbIi
KOHTPOJIs BH/1 pa0oThI (McCiIeI0BAHNSA) Oan1 pazaena (Moay.is)
10.02.2023 10
25.02.2023 10
11.03.2023 10
29.03.2023 10
28.04.2023 o5
07.05.2023 5
13.05.2023 5
19.05.2023 S
26.05.2023 10
31.05.2023 10
100
COCTABUNJI:
Pykosoaurens BKP
J0KHOCTH [%(0] Ydenas cTenensn, 3BaHne Moanucey JlaTa
[Tpodeccop OHJI [[Tanpuna Anacracus JI.T.H. 06.02.2023
BukroposHa
COI'VTACOBAHO:
PykoBoauteas QOII
Pykosogurens OOII DdUO Y4enasi cTenenn, 3BaHHue Hoamucen Jara
ITpodeccop OHJ [[Tanpuna Anacracus JI.T.H. 06.02.2023
Bukroposna
Oo0yuarwmuiics
I'pynna DdUO Hoamucr Jara
2bM12 TonaueB Kupmin Cepreesud 06.02.2023




Brimycknas kBanudukanuonnas padora coaepxut 115 c., 23 puc., 20 tad.,
74 ¥CTOYHUKOB, 2 MPUJI.

PEDEPAT

Pa3pa60TI<a " OIICHKAa MCPOHpHHTHﬁ, HaITpaBJICHHBIX Ha
IOBBIIICHHUEC BCP(I)CKTI/IBHOCTI/I MarucCTpajibHOTO HC(I)TerOBOI[a

U3m. | Jlucm Ne dokym. lNoodnucsk |dama

Paspab. ToHaues K.C. Jlum. Jluem Jlucmos
Pykoeod. LliadpuHa A.B. I | 7 115
KoHcynbm. Pedepar

Py OON| Wadpura A.B. Otnenenue HeTEra30BOTO JIeia

I'pynna 26M12




OITPEJAEJIEHUSA, OBO3HAYEHUSA, COKPALIIEHUA,
HOPMATUBHBIE CCBIJIKHN

HopMaTuBHBIE CCHIJIKM:

I'OCT P 57512-2017 MarucTtpaabHbIi TPYOOIIPOBOAHBIA TPAHCTIOPT HEDTH U
He(TEenPOAYKTOB. TepMUHBI U OTIPE/ICIICHUS.

I'OCT 17378-2001 Jeranu TpyOonpoBo0B OeCIIOBHBIE IPUBAPHBIE U3
yraepoaucron ctanu. Konerpykuus.

Tpynosoii konekc Poccuiickoit  Cucrema crannaptoB 6e3onacHoctu Tpyna (CCBT).
®enepanuu ot 30.12.2001 N
197-03

I'OCT 34182-2017 MaructpaibHblii TpyOOTIPOBOAHBIN TPAHCIOPT HEPTH U
HEPTENPOaYKTOB. DKCIUTyaTallus U TEXHUUECKOE
oOcny>xuBanue. OCHOBHBIE TIOJIOKEHHUS.

CIT136.13330.2012 MaructpanbHble TpyOONpOBOIbl. AKTyaIN3HpPOBAHHAS
penakuus CHull 2.05.06-85* (¢ Usmenenusamu N 1, 2, 3).

PJ1 153-39.4-113-01 HopMbI TeXHOJI0rH4eCKOro NpOEeKTUPOBAHUS
MarucTpaJbHbBIX HEPTEPOBOIOB.

P/1-25.160.00-KTH-037-14 CBapka Ip1 CTPOUTEILCTBE U PEMOHTE MarucTpaabHbIX
HedTenpoBoaoB (¢ M3menenusmu N 1, 2, 3).

BHTTII-3-90 HopMbI TeXHOJIOTHYECKOT0 MPOSKTHPOBAHUS
pa3BeTBIECHHBIX HEPTETPOTYKTOIIPOBOIOB.

I'OCT 12.4.011-89 Cucrema crannaptoB 6e3omacHoctu Tpyaa (CCBT).
CpenctBa 3amuTsl paboTarommx. Obuue TpeboBanus U
KJ1accuuKarms.

I'OCT 12.0.003-2015 OmnacHble ¥ BpeAHbIE TPON3BOICTBEHHBIE (PAKTOPEI.
Knaccudukanms.

I'OCT 12.1.003-2014 Cucrema crannaptoB 0e3omacaocTu Tpyna (CCBT).
Iym. OGmume TpeboBaHus 0€30MaCHOCTH.

PJ1 39-30-139-79 MeTtoauka TEIIoBOro ¥ ruIpaBIMdecKoOro pacuera
MarucTpajbHOr0 He(hTENPOBOA IPU CTALIMOHAPHBIX U
HECTAIMOHAPHBIX PeXXUMaX MEePeKayKu HbIOTOHOBCKUX U
HEHbIOTOHOBCKUX He(TEH B pa3IMYHBIX KIMMATHYECKUX
ycnoBusix (akryanusuposano 01.01.2021).

Pa3pa60TI<a " OIICHKAa MCPOHpHHTHﬁ, HaITpaBJICHHBIX Ha

MOBBIIIeHHE Y(PPEKTUBHOCTH MaruCTPaIbHOTO HEPTEPOBOIA

N3m.

Jlucm Ne dokym. lModnuck | dama

Paspab. ToHaues K.C. Jlum. Jluem Jlucmos

Pykoeod. LladpuHa A.B.

Onpenenenns, 0603HaYCHNS, | | 8 115

KoHcynbm.

Pyk-nb OOl LLladpuHa A.B.

COKpaH‘IeHHH’ HOpMaTHBHBIe OTI[CJ'IGHI/IG He(l)TeFaSOBOFO JAciia
CCBUIKU I'pynna 26M12




I'oCT 12.1.019-2017 Cucrema crannaptoB 6e3omacuoctu Tpyaa (CCBT).
OnexTpobe3onacHocTs. O6Imue TpeOboBaHUs U
HOMEHKJIaTypa BUJIOB 3aIl[UTHI.

I'SCH 81-02-01-2020 ["ocynapcTBeHHBIE CMETHBIE HOPMATHUBBI.
[ocynapcTBeHHBIC 3JIEMEHTHBIC CMETHBIC HOPMBI Ha
CTPOUTEIBHBIC U CHICIUAIBHBIC CTPOUTEIILHBIE PA0OTHI.
Yacts 1. 3emuisiHbie paObOTHI.

I'OCT P 1CO 6385-2016 Opronomuka. [IpuMeHeHne )proHOMUYECKUX PHUHIIAIIOB
IPU MPOSKTHPOBAHUU TIPOU3BOJICTBEHHBIX CUCTEM.

CII 52.13330.2016 EcrectBennoe u HMCKYCCTBEHHOE OCBEILICHHE.
AxrtyanusupoBanHas pegakius CHull 23-05-95*.

CanlluH 1.2.3685-21 ['uruennueckue  HOpMaTuBbl U TpeboBaHMS K
obecrieueHnro O6e3omacHOCTH U (Wu) OE3BPEAHOCTH IS

yenoBeKa (aKTOPOB Cpelbl OOUTAHHUS.

Onpenenenus:

MarucrpajbHblii  HegTenpoBoa (HeQTENPOAYKTONPOBOA): E€IHUHBIN
IPOU3BOJCTBEHHO-TEXHOJIOTMUECKUN KOMILIEKC, COCTOSIIINNA U3 TPyOOIIPOBOAOB U
CBA3aHHBIX C HUMHM [I€PEKAYMBAIONIMX CTAHIHUH, JIPYTUX TEXHOJOTHYECKUX
O0OBEKTOB, COOTBETCTBYIOUIMX TPEOOBAaHUSAM JCHCTBYIOLIEIO 3aKOHOAATEIbCTBA
Poccuiickoii ~ ®exepanii B 00JACTH  TEXHMYECKOTO  PETyJIMPOBaHUS,
o0ecIeuynBaoIINi TPAHCIIOPTUPOBKY, MPUEMKY, cAady HedTH (HedTermpoIyKTOB),
COOTBETCTBYIOIIUX TPEOOBAHUSIM HOPMATUBHBIX JOKYMEHTOB, OT IIYHKTOB IpHeMa
JI0 MIYHKTOB CJIa4 MOTPEOUTEIAM UM TIEPEBAIKY HA JIPYroil BUJ TPAHCIIOPTA.

JIuHenHast 4acTh MAruCTPaJIbHOIO HedTenpoBoaa
(HedTenpoaYKTONMPOBOAA): COCTaBHAs YacTh MAarvucTpaibHOrO HeTenpoBoa
(HedTenpoyKTONpOBOAa), COCTOsAIAas U3 TPyOONPOBOAOB (BKIIIOUAs 3allOPHYIO U
MHYI0 apMaTypy, IEpPeXobl UEPE3 €CTECTBEHHbIE M UCKYCCTBEHHBIE MPEMSATCTBHUA),
YCTAHOBOK JJIEKTPOXMMHUYECKOW 3aIIUTHI OT KOPPO3UH, BIOJIBTPACCOBBIX JMHUU
AJIEKTPOIEPENAY, COOPYKEHUNW TEXHOJOTMUYECKOU CBSI3M U HMHBIX YCTPOWCTB M
COOPYKEHUM, IpeTHA3HAYCHHAS JJIsl TPAHCTIOPTUPOBKU HEPTH (HEDTENPOIYKTOB).

IIponyckHasi cCHOCOOHOCTD: PACYETHOE KOJUYECTBO HEPTH, KOTOPOE MOKET
MPOIYCTUTH HE(PTENPOBO/I B €AMHHUILY BPEMEHU NIPU 3aJaHHBIX NTapameTpax HedTH,
C Y4YeTOM YCTaHOBJIEHHOTO OO0OpyIOBaHHSI M  HECylleil  CHOCOOHOCTH

TpyOOmnpoBOa.

Jlucm

Onpenenenus, 0003HaYeHUsI, COKpAILlEHUsI, HOPMATUBHbIE

N3m.

CCBIJIIKH

Jlucm Ne dokym. lNoodnucsk |dama




Jlynuur:  TpyOompoBOJ, HPOJOKEHHBIA  MapajljIeIbHO  OCHOBHOMY
TpyOONIPOBOJY U COEAMHEHHBIH C HUM JJs YBEIUYEHHS €ro MpOIMyCKHOU
CIIOCOOHOCTH.

IIporuBoTYpOy/IEeHTHASA NMPHCAJKA: PACTBOP JMOO CYCHEH3Hs MOJUMEpa,
UMEIOLIETO JJIMHHbIC HUTEBUIHBIE MOJIEKYJIbI C BBICOKOM MOJIEKYJISIPHOM MaccCoOH,
IpeIHAa3HAYeHHas JUIl YMEHBIIEHUS THAPABIMYECKOTO COINPOTHBICHHS MPHU
TE€YEHUH MTOTOKA KHUIKOCTH.

Crannus HedTenepekayuBaKOIIAA: O0BEKT MarucTpajibHOTO
He(TEenpoBO/a, BKIIOYAIONIMM B ce0sf KOMIUIEKC 3/JaHUN, COOPYKCHUU U
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O0o03Ha4YeHUs] U COKPALLICHUS |

JIY MH — nuneliHas 4aCTh MarucTpajabHOrO HEPTEIIPOBOIA;
MT — mMarucTpajibHbIiA TpyOOIPOBO/;

MH — maructpaibHblii HeTepOBOI;

HJI — HopmaTuBHast JOKyMEHTAIUS;

CO/l — cpencTBO OUYHUCTKU U IMArHOCTHKHY;

HIIC — nedrenepexkaunBaromas CTaHIIHS,

[ITII — npotuBOTYpOYJIEHTHASA IPUCAKA;

ACTIO — acdanbrocmononapaduHOBBIE OTIOKEHUS;

CU3 — cpencTBa MHAMBUIYAIBHOM 3aIHUTHI;

YC — ype3BbIuaiiHas CUTyalusl.
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BBenenue

[Ipu mnpoOeKTUpPOBaHMM U OSKCIUTyaTallud HEPTEIPOBOJOB HEOOXOAUMO

CTaBUTh 3aJadyy yBEJIWYEHUS MPOMYCKHOW CIIOCOOHOCTH MarucTpalibHbIX
TpyOOonpoBoAoB. /i1 TpyOONpPOBOIOB ONpENEICHHOW TOJIIUHBI U AUaMETpa, a
TaKkXKe JUIsl ONPEJEIIEHHOTO HACOCHOrO 00opyaoBaHHs TpeOyemasl MpOoITyCKHas
CIIOCOOHOCTH MOXET OBITh HIDKE TpeOyemoi. MHKeHephl TOKHBI YMETh PeliaTh
npoOJieMbl, CBS3aHHBIE C OIpPEACICHHEM U TMOBBIMICHHEM THIPABINYECKON
3¢ ¢dekTuBHOCTH. B KOHEUHOM cuere, TEKyllas CUTyallds C Y4€TOM OTKPBITUH
MECTOPOXKIACHHA W  HCTONICHHUA  y>K€  CYIIECTBYIOIIUX, CTPOUTEIbCTBA
HedTenepepadaThIBAIOIIETO 3aBOjia MMOCTaBMIIa Obl Iepesl coOoM 3aauy NOBBICUTh
IUAPABINYECKYI0 3 (PEKTUBHOCTH BCEeW TPYOOITPOBOIHOM CHCTEMBI.

Kpome Toro, B Hacrosiiiee Bpemsi CYHIECTBYeT HEOOXOIUMOCTh OBICTPOTO
NOBBILICHUS] TPOU3BOAUTEIBLHOCTU OTIEIbHBIX HEPTENPOBOJOB B CBS3U C
U3MEHEHHUSMU M Pa3HOOOpa3HeM TPYy30BbIX MOTOKOB, a TaKKe H3MEHEHHUSIMHU B
CTpaTEerMyecKOM HalpaBiIeHUHU Iepekauku. B To ke BpemMs HEoO0XOAMMOCTh
COKpalleHHs] W ONTHMHU3ALMU KalUTAJIbHBIX W JKCIUTyaTallMOHHBIX PacXoJ0B
UTpaeT KIIOYEBYI0 POJb B  BBHIMNOJHEHWHM 3a7aud 1O  OOECIEeYCHHIO
IPOU3BOAUTENILHOCTH TpyOOomnpoBogHOro TpaHcnopTa. OcHoBHas 3amaua MH —
NOJAJIEP)KUBATh COATAHCUPOBAHHOCTh 3aIUIAHMPOBAHHOIO KOJIMYECTBA, KOTOPOE

OyJIeT AOCTaBJICHO IO TPyOOMPOBOIY MOJyUaTeNIsIM BCceil HEOOXOAUMOMN CHIPbEBOM

IMPOAYKIIUH.
PazpaboTka 1 olleHKa MEpOIIPHUITUH, HAIIPABICHHBIX Ha

IIOBBIIIICHUEC 3(1)(I)CKTI/IBHOCTI/I MarucTpajJbHOI'O HC(bTCHpOBO,Z[a
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1 O6mme cBeieHNsi 0 TPAHCHIOPTE HeTH MO MATHCTPATIBLHOMY

TPpyOOnpoBoOaY

1.1 Unest noBbIIeHNsI MPOIYCKHOI CIOCOOHOCTH

[Ipu monroroBke 5Toil pabOTBl OBUIO HCHOJB30BAHO MHOKECTBO
HOPMATUBHBIX M TEXHMYECKUX JOKYMEHTOB M3 00JacTH JKCIUTyaTaluu
He(TETPOBOJIOB, a TAK)KE HAYYHO-TEXHUYECKas TUTeparypa. bobiioe KoimmaecTBo
paboOT HEKOTOphIX aBTOpPOB, Takux Kkak B.A. bynuyk, A.M. HeuBamb, A.A.
Kopmrak, P.A. AnueB MOCBSIIEHBl TEME IMOBBIIICHUS MPOIYCKHOW CIIOCOOHOCTH
TpyOonpoBogoB. OHU HCCIACAYIOT U aAHATU3UPYIOT TE€ METOJbI, KOTOPHIC
CYILIECTBYIOT Ha CETOJIHSIIHUMI JIEHb, a TAK)KE BCEBO3MOXKHBIE BAPUAHTHI PEIICHUS
TOM TpoOsiemMbl. He TOMBKO OTE€UEeCTBEHHBIE ABTOPHI HCIBITHIBAIM HHTEPEC K
JJAHHOW TeMe, U 3amajJHble aBTOPhI MOJHUMAIM BOMPOC O HEOOXOIUMOCTH OoJiee
MPUCTAJILHOTO U3YYEHUS 3TOM TEMBI U €€ aKTyaJIbHOCTH.

[ToueMy mnpomnyckHasi CHocOOHOCTh yMmeHblaercs?! ABTop cratbu [1]
3aaymManics Haa 3TuM. Ero mo3umMs O4YeHb SICHA, OTO BCE U3-3a
acanprocmosonapadguHoBeix oTokennt  (ACIIO). On  oTMeTwsi,  9TO
CYILIECTBYET pa3HUIAa B KOJWYECTBE OTJIOKEHUM, KOTOpas 3aBUCHUT OT CpOKa
CIy)KObl ~ TpyOOmpoBOJa M  XHMHUYECKUX M (HU3WYECKUX  CBOWCTB
TPAHCIIOPTUPYEMBIX MTPOTYKTOB.

B mpomecce oakcmiyaTtanu B TpyOONpOBOAE  OCTaeTcs  Ipsi3b,
oOpa3oBaBIIasiCsi TOCIE CBapKH, 3aTBEPACBIIMA METaJI, YTO CIHOCOOCTBYET
Pa3MHOXKEHUIO OaKTepUil 1 BOZHUKHOBEHHIO KOppo3uu. B pesynbTare oOpasyercs
CEpPOBOIOPO/, KOTOPBIA aKTUBHPYET TBEPHbIC YACTHIIBI, CIIyXalld€ OCHOBAHUEM
TJIyIIEHUs! TPYyObI U MOSBICHUEM MPOOOK.

B cratbe [2] yka3bIBamoch, 4TO B COCTaB OTJIOKCHUW BXOAAT pPa3IUYHBIC
TUMbl (ha3, TaKue Kak JKUJIKOCTH W TBEpJbIE BemecTBa. MOXKHO CKa3aTh, YTO 3TU

¢da3bl 00pa3yr0T MHOTOKOMIIOHEHTHYIO CUCTEMY CO CJIOKHBIMU CTPYKTYPaMHU.

Pa3paboTka 1 orieHKa MEpONpUSATHIL, HAIIPABJIEHHBIX Ha

IOBBIIICHHUEC BCP(I)CKTI/IBHOCTI/I MarucCTpajibHOTO HC(I)TerOBOI[a
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Kak 6opotbes ¢ napaguHOBbIMH OTI0KeHUAMU? OKa3bpIBaeTCsl, CyHIECTBYET
HEMaJioe KOJMYECTBO CIIOCOOOB U BUI0B OOPHOBI:

1) MexaHWYecKMii — O3HA4YaeT HCIOJb30BaHHE  OOOPYIOBaHHS IS
MEXaHUYECKON OYHMCTKH, TAKOTO KaK CKPEOKH, CEMapaTOPHBIE U YHCTSIIHE
nopmwHU. luamerp HedTenpoBoaa SBISETCS OAHUM U3 ONPEAEISIONIUX
(akTOpOB IpU BEIOOPE OUUCTHOI'O YCTPOICTBA;

2) TEIUIOBOM, TO €CTh MPOUCXOAMT MPOIECC MPOMBIBAHUS TOPSTUEH JKUIKOCTHIO,
Ha3bIBa€MOW JJEKTpUyYecKuM HarpeBatesneM. CyTb 3THUX TEPMHUUYECKUX
IOPOLEAYp 3aKIIOYACTCsl B CIEAYIOUIEM: MapapUHOBBIN BOCK IJIABUTCS MPU
temrneparype okoio 50 °C 1 HauMHaeT BBITEKATh C IOBEPXHOCTH HArpeBa;

3) XHMMHUYECKUIl — UCIIOIH30BAHUEC XUMUICCKUX PACTBOPUTEIICH U HHTHOUTOPOB
Y OYKCTKA C UX MOMOLIBIO, & TAK)KE MTPU MOMOIIH MOPIIHEH.
[IpeacTaBineHHbId HUXKE aBTOP AHAJIMU3UPYET METOAbl IOBBILICHUS

rusipaBiInyeckoil agdextuBHocTH. B crathe [3] mpoBOAMTCS CpaBHUTEIbHBIN
aHaJIN3 TEXHUYECKUX PEUICHUH COBPEMEHHOI'O MPOUCXOKIEHUS, KOTOPBIE, B CBOIO
oyepe.b, CIyXKaT JUIsl 00ecreyeHus] He0OX0IMMOTO UM BO3MOXKHOI'O HOBBIIIEHHUS
MIPOU3BOAUTENILHOCTH CYIIECTBYIOIIMX MAarucTpajbHbIX ydacTkoB. Ha ocHoBe
pE3yNbTATOB PACUETOB OINPEACIAIOTCS CleAyomue cutyauu. N3-3a ocobeHHocTH
KOKJ0M JeTanu MeXay cocequuMu HedrenepekaunBatommmMu cranusmu (HIIC)
MOTYT CYIIECTBOBaTh 3HAYMUTENIbHbIE pa3Inyusi B LeHe U 3(P(PEeKTUBHOCTH
pa3MyYHBIX TEXHUYECKHX pernieHuid. Takum oOpa3oMm, Ha OCHOBE pe3yJIbTaTOB
pacueToB TMpeasiaraercs LUK JUIsl ONpPENeNeHUs HaWwIydllero BbliOOpa is
oOecrieueHusl 3aJlaHHOM THJIPAaBIUYECKON 3(P(PEKTUBHOCTH HA OCHOBE KPUTEPHEB

HAaUMEHBIIEH PACYETHOM CTOMMOCTH MEPOIPHUITUNA IO BHEAPEHUIO C YYETOM

TCXHUYCCKUX OFpaHquHHﬁ.
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1.2 MeToabl CHUKEHUS THAPABJIMYECKHX HATPY30K

OO61ue cBeieHHs 0 TpaHCHIOPTe HEPTH O
MarucTpalbHOMY TPYOOIIPOBOTY




MeTO)II)I CHMKCHHUS THAPABIUYECKUX HATPY30K

VcTaHoBKa BCTaBOK
Hcnonb30BaHue TIPOTUBOTYPOYIEHTHBIX IPUCAT0K
OOJIBIIIETO AUaMETPa

YcTaHoBKka CoopykeHue
Ounctka CTpouTeabCTBO

HAaCOCHBIX JOTIOJTHUTEIIbHBIX
HedTenpoBoIOB JIYIIHHIOB

arperaTtoB HACOCHBIX CTaHIUI

PlflcyH()K 1- MeToabl CHUKEHHS THAPABJINYCCKUX HATPY30K

OO61ue cBeieHHs 0 TpaHCHIOPTe HEPTH O
MarucTpalbHOMY TPYOOIIPOBOTY




1.3 Ucnosib30BaHue JIYIHHIOB M BCTABOK 00JIb1LIEr0 AUaMeTpa

B mpomecce akcmryataluM  MarucTpaJibHOTO  TPyOONpOBOJA  4YacTo
BO3HHMKAET HEOOXOJMMOCTh B TMPOKIAIKE JIYNMUHTOB. JIymuHT — TpyOOMpoOBOI,
KOTOpPbIA  MPOKJIAABIBAETCS  MapajieTbHO OCHOBHOMY  TpyOONpOBOAY H
COCIIMHSETCS C HUM JIJIsl YBEJIMYEHUS €T0 MPOMYCKHOM CIIOCOOHOCTH.

[Ipu pacuere NMpUHUMAIOT BEJIUYUHY PacXojia KUJIKOCTH B TPyOOMNpPOBO/IE
(or Toukm A g0 Touku B, puc. 2) paBHOH cymme 3aTpar (pacxoJOB) B
TpyOonpoBoje @ W mapajyielbHONH BeTke TpyOompoBoaa (iaynuHre) @Q,, TO €CTh
Qo = Q1 + Q,, a moteps mamnenus (Harmopa) Ha y4dactke AB mo tpybompoBomy

paBHa notepe Haropa B tynuare hy; = h, [14].
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Pucynok 2 — MeToabl yBeJIn4eHsi MPONMYCKHOM ClIOCOOHOCTH HeTENPOBOIOB:

a) JynuHr; 0) BctaBpka TpyObl 00J1b1IEr0 JMaMeTpa

B cnaydyae mpu pasHeix guamerpax TpyoOompoBoga (d;) u aynunra (d,)

CIIPpaBCAJINBO PaBCHCTBO!

4.\ 6—m)/(2-m)
G (_) , (1)

QZ dZ

A€ m — II0Ka3aTelib pCXKUMa TCUCHUA B TpY6OHpOBOI[C.
CoOTBETCTBYIOUIUE PACXOAbI OMPEAEISAIOT IO POpMyJIaMm:
d\ S/ @=m)
Q1 =02 (d_> , (2)
2
Q:

O = G-mya=m ~ ¢ Qo (3)

@

IIc W — CKOPOCTh TeUeHUsI He)TU 110 TPyOOIIpOBOY.

[Tpu paBeHCTBE AMAaMETPOB Maructpaiu u jaynuara (d; = d,), T.e. mpu

Q. =Q, = % — TUAPABIMYECKHUN YKIIOH B Ka)KJI0M BETBU ydacTka AB cocTaBuT:

(4)

ing = w® ™ g,

rae iy — FTMIpaBIWYECKUi YKIOH TpyOOIpoBoa 10 U mociie yyactka AB.

ITIOBBIIIICHU A OTHOILICHHC

Koadpdumuent MPOM3BOIUTEIILHOCTH

IMPOU3BOAUTCIBHOCTH He(l)TGHpOBOJ]a IMOCJIC YCTAHOBKH JYIIMHTA K Ha4vaJIbHOM.
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3anaBasich BEJIMYMHON 3TOT0 KO3(ppuIMEHTa, ONpenestoT JJIUHY JTyIUHTa

o popMmyiie:
1 —
x=L —* (5)

rae L — anuHa TpyOOmpoBoOa;

X — K03(POUIIMEHT yBEJIMUEHHUS MPOMYCKHOM CIIOCOOHOCTH.

Boipazum ko3QduiiueHT yBennueHus NponycKHOM ClioCOOHOCTH:

1
Xﬂzl—(%-(l—w)ﬁ), (6)

HpI/I pacucTC BCTABKH C€C FI/II[paBJ'II/ILIeCKI/Iﬁ YKIIOH pPaCCUYHUTBIBACTCA II0

dbopmyie:
d (5-m)

. . 0
iy =io (= , (7)
P (d,)
riae iy — FTMIpaBINYECKUI YKIOH OCHOBHOTO TPYOOIIPOBO/A;
dy — ITMaMeTp OCHOBHOTO TPyOOIPOBO/IA;

d, — TMaMeTp BCTAaBKHU.

JInuHy BCTaBKM MO 33JaHHBIM 3HAYEHUSIM IMOTEPh HAmopa W pacxoia

OTPENICIIAIOT 110 (hopMyJIe:

io'L_h
[ =
NG ®)
o (1-)

riae L — ayrHa OCHOBHOTO TPYOOIpPOBO/A;

h — motepst Hanopa B TpyOOTPOBOIE CO BCTABKOM.
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Pucynok 3 — Cxema yyacTka Tpy0oOnpoBoia co BCTABKOM

1.4 YBenueHHue KOJINYECTBA HACOCHBIX CTAHIIMA

[Ipu mosTamHOM BBOJIE B KCILTyaTal[Mi0 HEPTENPOBOA, UCIIOIB3YEMOr0O Ha
JTane NPOEKTUPOBAHHUS, €T0 MPOU3BOIUTEIHLHOCTh MOXKET OBITh YBEITUYECHA 32 CUET
CTPOUTEJILCTBA MPOMEKYTOUHBIX HACOCHBIX CTAaHIUA M BKJIOYEHUEM B padboTy
HaCcOCOB Ha CYHIECTBYIOIINX HACOCHBIX CTAHIIMSIX.

B ciiydae ecnu npoekt He o0ecrieynBaeT MOBHIIICHUE MTPOU3BOAUTEIIHHOCTH,
HEO0OXOJIMMO BOCIOJIb30BaThCS BO3MOKHOCTBIO YBEJIIMUUTH KOJIMYECTBO HACOCHBIX

CTaHIU#, TO €CTh, HAIIPUMED, YABOUTH UX (pHC. 4).

3agswxkH
<
Oobuisalowan  TpakcHedTs e 20300 |
KOMNaHWA anycka
cxpebkos
Kosieunsii pacnpenenurenbHblin NpomexyTounan TNpomexyTounasn
NyHKT (Hedrebasa) HABCOCHAA CTaHLuA HACOCHAN CTRHUMA

1 " .
Hegrenepepabatbisalowmit Hanusa nowm:nm
3asof 8.~ /. UNCTEPHbI

PucyHnok 4 — Texnosoruueckas cxema HIIC
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OTOT BapuaHT IMpPEAIoJaraeT, 4YTo BCE CTaHUMM OyayT paboTaTth B
OTHOCHTENIFHO DPaBHBIX YCIOBHAX, a crynenn Mexay HIIC Oynyr nmpumepHo
paszzaeneHsl nomnojam [15].

[lenecooOpa3HOCTh HMCHOJB30BAHUS 3TOTO METOAA JJsl  TOBBIMICHUSA
MPOU3BOAUTENLHOCTH HE(PTEIPOBOOB OIEHUBACTCS KOAPDUITUECHTOM YBEIUUCHUS

HpOHYCKHOI\/’I CHOCO6HOCTH, KOTOpLIfI BBIPAKACTCA CJ'I@I[YI-OHICﬁ 3aBUCUMOCTBIO:

1
X = 22-m, 9)

Cnenaem HeOouibIioe 3akimodeHue u3 Gopmyisl (9), mpu rUaApaBIAYCCKH
rmaakux Tpydbax (m = 0,23) yaABOEHHE 4YKCIa HACOCHBIX CTaHIMA BEACT K

YBEIMYEHUIO TIPOITYCKHOM CITOCOOHOCTH TpyOonpoBoja B 1,48 pasa.

1.5 IlporuBOTYpOY/ICHTHBIC IPUCAAKH

[IpotuBotypOynentHoie npucanku (IITII) npencraBistoT co6oit pacTBOpPHI
WIM  CYCHEH3MHM BBICOKOMOJICKYJSIPHBIX  YIJIEBOJOPOJIHBIX  TOJHMMEPOB B
pPacTBOPHUTEISX.
OgHuMU U3  OCHOBHBIX TPOOJIEM, CBSI3aHHBIX C TPYOONPOBOJIHBIM
TpaHCTIOPTOM HEDTH U HEPTEIPOTYKTOB, SIBISIOTCS:
— HE0OXOAMMOCTh  DKOHOMHH  DHEPrOpeCypCcoB  TpH  IKCIUTyaTaruu
MarucTpalibHbIX TPYyOOIPOBOIOB;
— TIOBBIIICHHUE MPOMYCKHOM CIIOCOOHOCTH MarucCTpalibHbIX HEPTETPOBOIOB.
[IpuHn  ACWCTBUS TPOTHUBOTYPOYICHTHBIX TIPHCAJOK OCHOBaH Ha
neiicrBun 3¢ ¢dexra b.A. Tomca [17]. JlanHOoe neicTBHE MPOSBISAETCS, KOr/a B
TypOyJICHTHBI TOTOK J>KUJKOCTA BBOJHUTCS OYECHBH HEOOJBIIOE KOJUYECTBO

nonumepa (puc. 5).
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Pucynok 5 — llpunuun geiicreus ITII:
a) 0e3 NpUMEeHEeHHUs NPOTUBOTYPOYJIEHTHOI NMPUCAAKH; 0) ¢ TPUMEHEeHHeM

NPOTHBOTYPOY/JICHTHOM NPHCATKH

[IpomyckHast CcIOCOOHOCTh ~ MarucTpajJbHOTO  TpPyOOmpoBOJa HMHOIIA
3HAYUTEIBHO CHUKAETCS M3-3a TYpPOYJEHTHOCTH IOTOKA, YTO CIOCOOCTBYET
3HAYUTEIBHOMY YBEIIMUYECHHUIO THAPABIMYECKOTO COMPOTUBIICHUS M YBEIMYCHUIO
HHEPronoTpeOIeHHUS.

JUist  yMEHBIIEHUS TUAPABIUYECKOTO COMPOTUBJICHUS TYpOyJIEHTHOTO
MOTOKa UCTOJB3ytoTCs nBa tuna Gopm [ITII:

— Telieo0pa3HbIe;
—  JIACIIEPCUOHHBIE.
B mpucaakax mnepBoro Tuma BbICOKOMOJIEKYJISIPHBIA MOJIUMEpP PacTBOPEH B

yIJI€BOIOPOAHOM pactBopurene. [Ipumep Takux npucaaok NpuBEAEH Ha puc. 6.

I'eneoOpa3znbie
ITII
CDR-102 Buon
FLO (betikep [latinnaiia Neccad-547 (AO «Doptym
[Iponmakrc) Oiin sH1 ['93»)

Pucynok 6 — Buabl resieo0pasHbIX NPOTHBOTYPOYJICHTHBIX PHCAT0K
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B nucnepcuoHHbBIX NpUcagkax THAPABINYECKN aKTUBHAS YaCTh HAXOJIUTCS B
BUJE CYCHEH3MM Ha BOJHOM WM YIJIEBOJOPOAHOM oOcHOBe. I[lpumep

AUCIICPCUOHHBIX ITPHUCAA0OK IIPUBCACH HAa PUCYHKC 1.

JAucnepcuoHHbIe
IITII
FLO XL (betikep [laiimnaiin Liquid Power (KoHoko
IIponaxrc) Cremmanuty [Ipogakte MHK.)
Neccad-447 (AO «Doptym M-FLOWTREAT (OO0
Orin 311 [33%) «Muppuko CepBucy)

PucyHnok 7 — Buabl 1ucnepcuoHHBIX NPOTHUBOTYPOYJIEHTHBIX NPHUCATI0K

[IpousBoauTeNnb rapaHTUPYET BBICOKYIO 3()@PEKTUBHOCTh MPUCATOK B

00JlacTh, OTPAaHUYECHHOM JBYMSI KPUBBIMHU, YTO, B CBOIO OYE€pEIb, COOTBETCTBYET
caMOM BBICOKOM M caMOW HHU3KOW BA3KOCTH mpoaykrta. Ha pucyHke 8 mokazan
npuMep Tpaduyeckor 3aBUCUMOCTH A(DPEKTUBHOCTH MPOTHUBOTYPOYJIECHTHOM

IIPHUCAIKA Ha PacXo]] IepeKkadynBaeMoit xuakocta [18].
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Pucynok 8 — I'padpuk 3¢ dpexTHBHOCTH NPOTUBOTYPOYJICHTHOM MPUCATKHA

IITII xapakTepu3yIOT CIECAYIOMNE MapaMETPHI:
—  DKCIUIyaTalMOHHBIE XapaKTEPUCTUKHY;
—  XUMHUYEcKas npupojia (MOJEKYJIIpHbIC XapaKTEPUCTUKHU MOJIUMEPA).
I[Tomumo xapakrepuctux I[ITII, Ha BenMUMHY CHUXKEHUS THIPABINYECKOTO
CONPOTUBJICHUSI TYpOYJEHTHOIO TMOTOKAa M HA TEXHUKO-3KOHOMHYECKHE
noka3zarenu npuMeneHus [1TII rakxke BIusroT ciaeayromnme GakTopsl:
— KOHCTPYKTHBHBIE TMapaMeTpbl HedTenpoBoga (BHYTPEHHUN JTuUaMeTp,
IEPOXOBATOCTh TPYO, MECTHBIE COMPOTUBIICHHUS);

—  peoJIoTHYeCKHe apaMeTphl nepekaurnBaeMoit Hedru [19].

3KCHJ’lyaTaIIHOHHI)Ie
XAPaAKTCPUCTHKHA

TEXHOJIOTUIECKHE
TPaHCHOPTHO-CKIIaJICKHE
XapaKTEPUCTUKU
XapaKTEPUCTUKHI
CKOPOCTb PAaCTBOPEHUSI B JECTPYKIHS, 00yCIOBIEHHAS
HedTH, CKOPOCTh JUTUTENEHOCTBIO XpaHEHHUS
MEXaHUYECKOU 1 IITIT; remnepatypa
TEPMUYECKOM AECTPYKLIHU 3aCThIBAHUS

Pucynok 9 — Dkcniyarannonnslie xapakrepucruku IITIT
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2 XapakTepucTHKA 00beKTAa UCCIACTOBAHUS

2.1 XapakTepHCTHKA YYACTKA MATHCTPAJIBLHOI0 HepTENnpoBoaa

B agMUHUCTpaTHBHOM IpaB€ MAruCTpPaJbHbIA HEPTENPOBOJ W IUIOIIAJIKH
MIPOEKTUPYEMBIX COOPYKEHUW PACHOJIOKEHbI Ha Tepputopun KodmameBckoro
paiiona Tomckoii o6sacTu.

bixaimmii HaceneHHbIM NOYHKT — Tr. KosmameBo — pacmnoyiokeH B
HECKOJIbKAX KWJIOMETpax OT Havasia yyactka MH.

TexHoIOTHYECKN y9aCTOK M3BICKAHUN OOCITYy)KMBaeT paioHHOE He(PTsIHOE
yIpaBJI€HUE, PacOIOKEHHOE Ha TeppUTopun TOMCKOM 00J1aCTH.

[lo wundopmanuu, npenocraBieHHord Munnpupoasl Poccun [48], Ha
ydacTKax padoT MoJ PEKOHCTPYKLHMIO OOBEKTa MarucTpalbHOro HedTemnpoBoaa
ycioBHBIM guamerpoM 530X7 MM, Ha ydYacTke Ui pE3epBHOM HUTKH,
nepecekaromeid  p. OO0b, 0co00 OXpaHAEMbIX MNPUPOIHBIX TEPPUTOPUI

dbenepanbHOro 3HAYEHUS HET.

2.2 KnuMaTn4ieckasi XapaKTepuCcTHKA

Kimmmar  paccmarpuBaemMoll  TEpPUTOPUM  PE3KO  KOHTHHEHTAJIbHBIM,
XapaKTepU3yeTCs 3UMOM, KOTOPOU XapaKTEPEH BEChMA IIPOJOJDKUTENBHBIN IEPUOJ
BPEMEHM W NPAKTHYECKOE OTCYTCTBHE CHEra; a TaKXe BECHOM, KOTOPOM He
XapaKTEepHA BIIAXKHOCTh M MPOJOJKUTENBHOCTh. O IBYX IPYTHX CE30HAX MOKHO
CKa3aTh CIIEAyIolee: JIETO, KOTOPOMY IIpHUCYLIE KOpPOTKass M NpOXjaaHas
CE€30HHOCTbH; KOPOTKOM OCEHBIO C BO3BpATaMU TETJIa MOBBIIIEHHON YaCTOTOM.

Coriacuo CIT 131.13330.2018 [27], y4actok pabor otHocutcs kK [ (B)
KJIINMaTUYECKOMY palioHy JIJisi CTPOUTEILCTBA.

AtMocdepHas uupkyysius. B 3ToM paiioHe MOTOK BO3AYIIHBIX Macc
MIPOUCXOUT B HAMPABICHUM C IOTa HA CEBEpP, BpEMEHAMH HAOJIOAI0TCS BUXPU

OUKJIOHOB C BOCTOKA, 06}7CH0BHI/IBaIOH.II/IC HEPEAKO OOMJILHBIE OCaaKH.

Pa3pa60TI<a " OIICHKAa MCPOHpHHTHﬁ, HaITpaBJICHHBIX Ha

IOBBIIICHHUEC BCP(I)CKTI/IBHOCTI/I MaruCTpajibHOTO HC(I)TerOBOI[a

UNam. | Jlucm Ne dokym. lNoodnucsk |dama
Paspab. ToHauves K.C. Jlum. Jluem Jlucmoe
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AOGCONIOTHBII MUHUMYM TEMIIEpaTypbl BO3/yXa XapakTepeH i SHBaps
(muayc 48 °C), a aOcomoTHBIE MakcumMym — B wutone (mmoc 26 °C).
[IpoomKUTETFHOCTS XOJIOMHOTO M TEIUIOTO Mepuoja COCTaBIsIeT MO 7 U 5
MECSIIEB, COOTBETCTBEHHO.

Temneparypa mnouBsl. Temmeparypa BO3ayxa CBs3aHa C TEMIEPATYpOH
noyBsl. [IpuHuMas BO BHUMaHME AaHHBIA (aKT, CpeIHssl TO0Bas TeMIepaTypa
noBepxHocTu nouBkl paBHa 0 °C.

C rnyOuHOl TeMmmepaTypa TOYBBl B 3WMHHE MECSIbl yBEIHMYMBACTCS, B
JeTHUE, HANpOTHUB, TeMIleparypa IMOYBBl C TJIyOMHOW MEHbIIEe, TaK Kak He
OXJXIAeTCsI €€ TOBEPXHOCTh, YEro HE CKa3aThb MPO 3UMHUE MECSIBI, TIe
OXJIAKICHUE WIET CHayajla MOBEPXHOCTH, a 3aTeM M JPYIMX HWKHHMX 4YacTew.
TemmepaTypa cpemHsisi MecCsSYHAs TIOYBBI HMMEET TOJIBKO TMOJIOKUTEIHHBIE

3HAYEHUA, HaUYuHas ¢ TIyouHsl 1,5 M.

2.3 Xapaxkrepucruka TpyoonpoBojaa

Jlns  TpyOOyKIIaiouHbIX pabOT Ha MarucTpajlibHOM HedTenpoBoje
IPUBJIEKAIOTCS BeIyllMe MHpOBble KommaHuu. Ocob0oe BHUMaHUE YAENsAeTCs
BOIIpocaM  0O€30MacHOCTM M 3allUThl  OKpYy)KaroUmed cpeabl BO  BpeMs
CTpoUTeNbCcTBA. TpyObl JiauHON 12 M mpou3BoASIT Ha 3aBojax B ['epmaHuwu.
Hapyxubiit nuamerp Tpyost D, = 530 mwm. [nsg storo mnpoekra ObuUTH
UCIOJIb30BaHbl cTalibHble TpyObl 091'2C. BHyTpeHHSs MOBEPXHOCTh TPYO MMeEeT
AMOKCUIHOE AHTU(PPUKIMOHHOE TOKphITHE. [l 3amuTel OT KOPpPO3UU
IpeyCMOTPEHO BHEIIHee MOoKpeITHe. Kpome Toro, Ha kaxayro TpyOy HAaHOCHUTCS
yTsDKelsoniee 0ETOHHOE MOKPBITHE 1J1s 00eCTIeUeHNs YCTOMUUBOCTH.

Ha yuyactke MH t1pyObl cBapuBaioT B €QWHYIO IUIETh HEPTEMPOBOJA H
YKJIaJbIBAIOT B TpaHIIEe. CBapHbBIE CTHIKK MTPOXOIAT YIbTPa3ByKOBOM KOHTPOJIb U
Apyrue BHUABl KOHTPOJIEH, pE3yJbTaTbl KOTOPBIX OLIEHUBAIOT HE3aBUCHUMOE

cepTU(UKAITMOHHOE ar¢HTCTBO.
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2.4 XapakrepucTuka HepTH
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3 PacueTHas 4acTh

_ Pa3paboTka u orieHKa MEpOTPUSATHI, HATIPABICHHBIX Ha

noBbIeHNe 3 (HEeKTUBHOCTH MarucTpaIbHOro HedrenpoBoaa
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PazpaboTka 1 olleHKa MEpOIIPHUATUH, HalIPAaBJICHHBIX Ha
noBbIeHNe 3((HEeKTUBHOCTH MarkucTpajabHOro HedTenpoBoia
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5 OUHAHCOBBII MeHEIKMEHT, pecypco3pPeKTUBHOCTH H

pecypcocoOepexenune

B pamkax BbINIONHEHHSI HAcTOsIIe paOOThl Tpeaaraercs MPOBECTH
MPOKJIAJIKy CTAJIBHOTO MAarucTpajlbHOTO HeTenpoBoga B ToMCKOW oOmactw, AJis

qcro HGO6XOIII/IMO IMPOBCCTU paCUYCT CTOMMOCTHU IIPOBCACHUA OIICPALIUN.

5.1 Pacuer 00b€MOB U CTOUMOCTH I'PYHTA, HEOOXOAUMOIO0 ISl 3aCHINKHU

[Imomanes nonepevyHoro ce4eHus: IPaBUMHOMN MTOIOKKH:
JUInHa OCHOBAHUS TpalrelUuu NOJJI0KKHU (ONpenessieTcs] aHAIOTUYHO JJINHE

OCHOBAHMSI TpaIllellUy BCE TPaHIIEH):

I[JI?I pacducTa CPCAHCTO 3HAUCHUA TPYAOCMKOCTH BOCIIOJIBb3YCMCA (1)0pMYJIOI\/JI

A, =2-z,+B, (1)
CocTaBuM MPONOPLHIO:

200 1

Zp = 100 MM,

A, =2-100+ 625 = 825 MMm.

[L1omane mONEpPeyHOro CeYeHUs TPABUMHOM MOJIONKKH OMNPEACINM 10

bopmyie:

B+A,
Scequ.noAﬂ = T BT (2)
0,625 + 0,825 ,

Scequ.no,qJI = 2 -0,173 = 0,145 m“.

Pa3pa60TI<a " OIICHKAa MCPOHpHHTHﬁ, HaITpaBJICHHBIX Ha

MOBBIIIeHHE Y(PPEKTUBHOCTH MaruCTPaIbHOTO HEPTEPOBOIA
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rac

rac

Heo6xoaumplit 00beM rpaBus 715 TTOIOKKH:

Vrp = Scequ.no,an L, (3)

L — nmuHa ydacTtka TpyoornpoBoja, paBHas 166 kM.
V., = 0,145 - 16600 = 2900 m°.

OOBeM rpyHTa B MEIIHKE:

V3eMJm = Scequ L, (4)

Viewns = 1,34 - 16600 = 26800 M3.

dakTHIECKUN 00BEM 3eMJISTHBIX padOT Ha 0OBEKTE:

Vc])aKTHq.paGOT = Kp * Vaemns (5)

K

p — Koo duimenT paspbixiaeHus rpynra npuaumaeM K, = 1,3 cormacno

HCXOIHBIM TaHHBIM (Tabuna 9).
Vipaxrnapasor = 1,3 - 26800 = 34840 m* = 34,84 ThIC. M°.

CTOuMOCTD H€O6XOI[I/IMOFO ITPUBO3HOI'O I'paBuA JJIsI ITOJJIOKKH:

Ilena xybOuueckoro merpa rpaBust ¢pakuuu 5-20 MM I yCTpOWCTBa

MOJJIOKKH 101 TpyOonpoBoA 0e3 ydyeTa noctaBku coctasiiger 1200 pyOiiei.

Takum o6pazoM, ctoumocts 2900 M TpaBus ISl OTCHITIKH TOIOKKN 166

KM Tpy6orposoaa: 1200 - 2900 = 3 480 000 py6.

JUis 3aChINKU TpaHILIEH MOCJE YKIaJAKH TPyOOIIpoBOJa UCIIONIb3YETCSl paHee

pa3pabOTaHHBIN TPYHT U3 OTBAJIOB.

5.2 Pacuer He00X0AMMO# TEXHUKH U 3aTPAT HA TOIJIUBO

Jlns pacdeTa 3aTpaT Ha TOIUIMBO, a Takke OOBEMOB pabOT Ha OOBEKTE,

HGO6XOI[I/IMO pacCUuTaTh KOJINMYCCTBO CANHUI] TCXHUKH.
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Bpewms, 3aTpaueHHOE Ha KONAHUE TPAHIIEH, OMPEACIIUM HCXOHAsl U3 HOPM
BPEMEHH Ha 3eMJISTHbIE PaOOTHI.

Hopma Bpemenun Ha pa3pabotrky rpyHTa 100 M 3 KaTEeropuu IpHu
YCTPOMCTBE TpaHIIEH TUAPABIMYECKHUMHU OJHOKOBIIOBBIMH HKCKaBaTOPaAMH,
000pyZI0OBaHHBIMH OOpPATHOM JIONIATOW ¢ BMECTUMOCTHIO KoBimia 1,1 M® cocTaBsieT
2,2 Mami-4.

Heob6xoauMoe KOJIM4ecTBO 3KCKaBaTOPOB:

TexHuyeckass  NPOM3BOIAMTEIBHOCTH  OJHOKOBIIOBBIX  3KCKaBaTOPOB
omnpezensiercs mo popmysie:
_3600-q - K,
XE Tk (6)
n DN

3
A€ g — BMECTUMOCTH KOBIIa, M~ (Tabnuma 1);
K — kordduireHT HarnoIHeHUs KOBIIA /IS BIIAYKHOUM TJIMHBI MPUHUMAEM
1,5 (tabnuma 2);

t, — IPOJOJKUTEILHOCTD LIUKJIA, Y.

Tabmuua 1 — Texuuueckue xapakrepuctuku s3kckaBatopa KOMATSU PC300-7.

ITapamerp 3HaueHnune
BMecTumocTs KoBIIIa, M 1,1
["aGapursr:
JyimHa, MM 6980
Mupuna, MM 3190
Bricora, Mmm 3400
Tun xon0BOro ycrponcrsa I'yCEHUYHBIN
CkopocTb nepeIBUKEHHs, KM/4 5,5
MomHOCTh ABUTATENS, J1.C. 245
VYnpasieHne MexaHHU3MaMu THIPAaBINYECKOE
I'myOuHa KomaHus, MM 6355
Macca skckaBaTopa, T 30,8
JlaBIIeHIe Ha TPYHT, KIc/cM” 0,63
[IponomKUTENBHOCTD UKIIA 15
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Tabnuna 2 — MakcumalibHble 3HaueHus ko3 duimenta HanogHenus K.

Koaddunment Hamonaenus Ky 11 0JHOKOBIIOBBIX
HanmeHoBaHHE TPYHTOB 9KCKaBaTOPOB

[Ipsimas u oOpaTHas Jionara Hparnaix
[Tecok u rpaBuii BiaxkHbie 1,15-1,23 1,10-1,20
CyrJIMHOK CyXoM 1,05-1,12 0,80-1,00
CyrJIMHOK BIaKHBIN 1,20-1,32 1,15-1,25
I'muna cpenusis 1,08 -1,18 0,98 - 1,06
I'muua Baaxxuast 1,50 1,18-1,28
I'muna Tsoxenas 1,00-1,10 0,95-1,00

YCTPOMCTBE TpaHILIEH

Takum O6p&30M, TCXHHUYCCKas IIPOU3BOJUTCIILPHOCTD 3KCKaBaTOpa.

. _3600-1,1-1,5_305M3
™= 15.13 g’

OKcIuTyaTallMOHHAs! IPOU3BOAUTEIBHOCTD ONIPEAEIAETCS 0 (GopMyJIe:

[y =Ty - Ky - Kg, (7)
rae Ky — koadduument, 3aBucsammii oT ypoBHs KBalu(UKaIMU MalIMHUCTA
3KCKaBaropa, npuHuMaem 0,98;
Kg — xoadduinenT ucrnonb30BaHus SKCKaBaTopa B cMeHy, mpuHumMaeM 0,75

(Ipu OTrpy3Ke B OTBA).

Takum 006pa3om, SKCIUTyaTaIlMOHHAS TIPOU3BOIUTEITHLHOCTH:

M3
[I3 =305-0,98-0,75 = 224:.

KonmuaecTBo yacoB paboTHI 9KCKaBaTOpA:

_ VCl)aKTI/I‘{.pa6OT

t ,
Iy

(8)

34840

>4 = 156 4.

Hcxons u3 HOpMBI BpeMeHH Ha pa3padbotky rpyHrta 100 M3 KaTeropuu Ipu

Ir'uapaBIMYCCKMMHU  OJHOKOBIIOBBIMH 3KCKaBaTOpaMH,
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o o 3
060py,ZLOBaHHbIMI/I O6paTHOI/I jJomnmatom C BMCECTHMOCTBIO KOBIIIAa 1,1 M

COCTABJISIFOIICH 2,2 Malll-4., KOJIMYECTBO YaCOB PabOThI SKCKaBaTopa:

|% - 2,2
[0) .pab ’
tHopM — aKTI/I‘llpSOOT : (9)
34840 - 2,2
tHOpM = T = 767 4.

Tax kak KOIMYECTBO 4acOB PabOTHI MIPH OJJHOM HCIIOIB3yEMOM JKCKaBaToOpe
KOMATSU PC300-7 yxe MeHbIIIE 4eM HOPMATHBHOE YHCJIO YacoB, TO IS
BBITIOJIHEHUS pa0O0T JOCTATOYHO OJHOTO 3KCKaBaTOpa.

PaccuntaeM HE0OX0IMMOE KOJIMUECTBO OYyJIbJI03EPOB:

Tabnuma 3 — TexHuueckue xapakTepucTuku Oynbao3epa Komatsu D375A-5

[Tapamerp 3HaueHue
MoriHocTh, KBT 391
Macca 6ynpao3epa, Kr 49800
O0BeM oTBaia, M 18,5
[upuna oTBana, MM 4695
BricoTa oTBana, MM 2265
I[TogpéM oTBana, MM 1660
VYron pezanus, rpaj 55,6

Haitnem o0beM npu3Mbl BOJIOYCHHS 10 (hopMyJIe:

_(H_h)Z'B'KHOT

) (10)
2-tgpq - Kp
rie Koo — Ko3hduiMeHT, yduTHIBAIOIIMM MOTEpH TpyHTa B IpoLecce
nepeMeleHHs PU3MBbI, OIpeiesseTcs o GopmyIe:
K,or =1—0,005-L,, (11)

L, = 25 M — paccTosiHME, HAa KOTOPOE MepeMeIIaeTCsl TPYHTOBAs MPU3Ma,
(Pp— YTOJI €CTECTBEHHOTO OTKOCA TPYHTA, JIJIs TJIMHBI IPAUMEM paBHBIM 50°;

B — mupuna otBana, m;
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h — cpeansiss Tommmua cTpyxku, onpenensercs: 0,1+ H, rme H — BricoTa

OoTBaJia.

K. =1—0,005-25 = 0,875,

V= (1,125 — 0,1125)? - 4,695 - 0,875

_ 3
2-119-13 = 1,36

Haiinem mnHy myTH pe3aHus TpyHTa 10 cienytouieit hopmyse:

_05-H7 (12)
P tang, -k’
0,5-1,1252

L = =473 m.
P~7119.0,1125 M

[IpoomxkuTeNbHOCT, padOThl MallMHBI 3a OJMH LUKI t cjiaraercs w3

CIICYIOIINX OTPE3KOB BPEMCHH:

rac

rne

t:Ztlztp+tn+t3.x+tnn+t0; (13)

t\n— Bpems epexitoueHus nepenad (6 - 8 ¢.), mpuMeM paBHbBIM 6 C.;
to — BpeMs onyckaHus oTBajia (2 —4 c.), IpuMeM paBHBIM 2 C.;

t,— BpeMs BBIIIOJIHEHH ITPOLIECCOB PE3AHUS;

t, — BpeMsl nepeMelleHUs TPYHTa,;

t,.— BpeMs oOpaTHOTO XO/a.

Paccunraem ocTaBIIMECS 3HAUCHUA:

_36-L, 361, _36(L+L)

t it it .
p vV n vV 3.X. Vv (14)

p n 0.x.

V,, = 2-6 KM/4 - CKOPOCTb IBUKEHHS IIPU PE3aHUU OyJIbI03€pa, IPUMEM
PaBHBIM 6 KM/4;
V, = 4-8 km/4 - CKOpPOCTh JABWXKEHHUS MPU MepeMelieHur Oylibao3epa,

OPUMEM PABHBIM § KM/U;
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V,x. = 5-10 KM/4 - CKOpPOCTH ABWKEHHS MpPH O0OpaTHOM Xojie OyJiblo3epa,

npuMeM paBHbIM 10 kM/4.

3HaYeHUSI CKOPOCTEH BBHIOPAHBI HAUOOJIBIIUMH M3 MPEAJIOKCHHBIX, TaK KakK

KBaJ'II/ICbI/IKaL[I/IH MallIMHHUCTA — BbBICOKAA.

3,6+9,52
t, =——"—=571¢
3,624
ty=—5—=108¢,
3,6 33,52
tox == = 1207¢,

t=504+108+11,66+6+ 2 = 36,58c.

[Ipou3BoAUTENBHOCT OYyJIbI03€pa PU PE3AHUU U NTEPEMELICHUH IPYHTA:

3600V - K, - K,

I, A (15)
rie K, — koadgdunmeHT ucnonpzoBanus 0yiabao3epa mo spemenu 0,85-0,9,
npumeM paBHbIM K, = 0,85;
Ky — ko3(QQuuMeHT, y4nTBHIBAIOIIMN BIMAHUE YKIOHA MECTHOCTU Ha

MIPOU3BOIUTEIILHOCTH OYJIbJ03€pa, paBeH 0,5.

_ 3600-5,52°0,85-0,5 178 M3
paL. 36,58 1,3 B g

[IpousBoguTenbHOCTh  Oynblo3epa TMpU  IJIAHUPOBOUYHBIX  paboTax
(pa3paBHUBAaHUU TPYHTA):

_ 3600 L-(B-sing — by) K,

a3 )
' n: (# + tios) (16)
p
rae L — anvHa nnaHupyeMoro ydactka, paBHa 166 kwm;
b, — BenuumHa nepekpwITHs Ipoxoja, coctapiset 0,5 M;
Jlucm
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N — YKCJI0 TPOXOJIOB MO OJHOMY MecTy (1-2), mpuMeM paBHBIM 1;
V|, — pabo4as CKOpPOCTb JIBU:KEHHU: Oyabo03epa npu pezanuu (1,67 m/c);

t.0s — BpeMsi moBopoTa OyJbo3epa (10 ).

~3600-20000-(4,695-1—-0,5)-0,85

Hpas (20000
(67

= 21420 M*/y
+10)

]_IJ'ISI OIIPCACIICHUA KOJIMYCCTBAa CAWMHHUI TCXHHUKH IIPWU BBIIOJIHCHHHN

IPOLIECCOB pPE3aHusl M NEPEMENICHHS] TPyHTa HEOOXOAUMO ONpPENETUTh 00bEM

pabor V,;u V,,:
Voes =L Ly-h-K,, (17)
Vin = L - By, (18)
rae B, — IApUHA CTPOUTETHHOU MOJIOCHI, TUTSE 3eMellb

HECEIbCKOXO3SIMCTBEHHOTO  HAa3HAYEHUs, OTBOAUMBIX  JJII  OJHOTO
Tpybomnposoaa st Dy = 530 Oyner paBHBIM 25 M;
L — mmuHA cTpouTenbHOM monockl, L = 166 kwm;

h — TomuHa cpe3aemoro cios rpynra (0,3...0,5 M), nmpumem paBHbIM 0,3 M.

Vpes = 20000 - 25 - 0,3 - 1,3 = 195000 M3,
V., = 20000 - 25 = 500000 m2.

HopMmbl Bpemenu mno paspabotke u mnepemenieHus 100 M rpyHTa
HCIIOJIB3YEeMBIM Oyib03epoM cocTaBisatoT 0,29 mar-d.

Hopwmbl Bpemenun mno pacuuctke 1000 M° IO HCTIOJIb3yEMBIM
Oynba03epoM cocTaBisitoT 1,3 Mari-u.

Heobxoammoe BpeMst 17151 BEITIOJTHEHUS pabOT COCTaBUT:

195000
tHeo6X.pe3 = W 0,29 = 565,5 4acCoB, (19)
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500000

tueobxnn = o000 1,3 = 650 yacos. (20)
HeobOxoaumast mpon3BOAUTEIBHOCTS:
o Voes 195000 45 M3 1)
pes tHeo6x.pe3 a 565'5 B g’
|74 500000 M2
HHJI - = = =769 — (22)
Lheo6x.mun 650 4
Heo6xonumoe kosmuecTBo Oyiba03€pOB:
oes _ 345 _ 10452 (23)
n = =—=1, - 4,
PE M, 178
M _ 799 _ 0451 24
= o -_ - .
T T, 21420 (24)

Takum 06pazom, 1S BRIMOJTHEHUST pabOT HE0OX0IMMO 2 OyJba03epa.

HeO6XOI[I/IMOG KOJIMYCCTBO TCXHUKHU M 3aTPAaThbl HA HEC:

Ta6nuna 4 — Heo6xoauMoe KOJTMYEeCTBO TEXHUKU U 3aTpaT Ha Heé

Bymenozep Komatsu D375A-5 | OkckaBarop Komatsu PC300-7
Bpewms pabotsl, u 565,5 156
KoanuecTBo Mammua 2 1
Pacxon TomuBa, j/4ac. 79,5 23,1
InATBT i
Ilena 11 T B Tomckoi 54,79
obmactu, pyo.
Heo6xomuMo TOILINBA, II. 899145 3603,6
3arpatsl Ha [T, pyo. 9926 415 1756 185
HUroro, pyo. 11 682 600

5.3 3aTpaTsl Ha omIaTy TPyAa

Texuuueckoe oOCTyXKMBaHHE TPYOONpPOBOJA BeAeTcs Ha ceBepe Tomckoi

obnactu. HanbaBku k 3apabOTHOIM IJ1aTE MPECTaBIEHBI B TAOIUIIE S:

U3sm.
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Ta6nuna 5 — HanbaBku k 3apaboTHOM 1iaTe pabOTHUKA

Han6aBka Koadduruent
Paiionnsiii ko3 dunment 1,7
CeBepHas Hai0aBKa 1,5

Paccuntaem konnuecTBO pPaOOTHHUKOB, HEOOXOAUMBIX JUIsl TEXHUYECKOTO
NEPEBOOPYKEHUS TPOMBICIOBOIO TpyOONpoBOJa U 3aTpaThl HAa UX 3apabOTHYIO
iary.

Pabora Benetcs B Tpu cMeHbl o 8 yacoB. CocTaB Opurapl KaxxJ10i U3 CMEH
CIeNyomuMi: 3 MOHTa)XHUKA, HKCKaBaTOPIIUK, 2 OyibA03epHucTa, 2 BOAUTEIS,
Macrep.

Taxum oOpa3zomMm, cocTaB Bcex pabOTHHMKOB, 33J€MCTBOBAHHBIX Ha OOBEKTE,
clenyromui: 9 MOHTaXHUKOB, 3 3KCKaBaTopiivka, 6 OyJapgo3epucTOB, 6
BOJUTEINIEH, 3 MacTepa.

Bpemst pabGotel kaxaol cMmeHsl cocrtaBisier 188,5 wacoB (52 g
AKCKaBaTOpIIUKOB). OOI1Iee BpeMsi padOThI e yKa3aHO B Tabiule 4.

Tabnuna 6 — Pacuer 3arpat Ha 311 paboTHUKOB

Tapud-| Bpems Ha it Cem m et 3apaboTHas
Komnuect| Has [IPOBEJICHUE Ij1aTa ¢
Tpodeccus BO CTaBKa, | MEPOTIPUSTHS Gbonn K030. €TOM
> | MEPOTIPIITIUL | a1 u6. | 5096+70% yH
py0./gac 9. Ha0aBoOK, PYoO.
Macrep 3 165 188,5 93307,5 111969 205277
MoOHTaXHHK 9 102 188,5 173043 207652 380694,6
DKCKaBaTOPUIUK 3 84 52 13104 15724.8 28828,8
Bynsnozepuct 6 84 188,5 95004 114005 209008,8
Bonurens 6 74 188,5 83694 100433 184126,8
Hroro 27 458152,5 549783 916 740

5.4 3aTpaTbl HAa CTPaxX0Bble B3HOCHI

3aTpaThl Ha CTPaXOBbI€ B3HOCHI B MEHCUOHHBIA (DOHI, (HOHJ COLMATBLHOTO

cTpaxoBaHus, (OH 00513aTEILHOI0 MEIUIIMHCKOTO CTPAXOBAHUS M 00s13aTEILHOTO
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COLIMAJBHOIO CTPAaxOBaHHWA OT HECYACTHBIX CIIy4aeB Ha IPOU3BOJCTBE
MpEeCTaBIICHBI B Ta0IUIIE 7.

PaccuuthiBass 3aTpaThl Ha CTpaxOBaHUE OT HECYACTHBIX CIy4yaeB Ha
IIPOM3BOJICTBE U MpodeccroHaNbHBIX 3a001eBaHmi, BeIOUpaeM kiacc | ¢ Tapudom
0,4% nnst TpaHCIOPTUPOBAHUSA MO TPyOOIpPoBOIaM HE(DTH M HEPTETIPOTYKTOB (KO

no OKB3/] - 60.30.1).

Tabnuma 7 — PacueT cTpaxOBBIX B3HOCOB B T'OCYAAapCTBEHHBbIC BHEOIOIKETHBIC

(hoHIBI
[Toka3zarenn Mactep | MonTtaxHuk | OkckaBaropuk | bynsnosepucr | Bogurens
KosmmuectBo 3 9 3 5 5
pabOTHUKOB
311, pyo. 205276,50 | 380694,60 28828,8 209008,80 184126,80
C
Tpaxo;g;)“mc“ 61582,95 | 114208,38 8648,64 62702,64 | 55238,04
CrpaxoBaHue ot
HECHACTHRIY 82111 | 1522,78 115,315 836,04 736,51
ciydaeB (Tapud
0,4%)
Beero cTpaxoBeix | 0010406 | 115731,16 8763,99 63538,68 | 55974,55
B3HOCOB, pYyO.
O6mmas cymma
CTPaxXOBbIX B3HOCOB, 306412,4
pyo.

5.5 3aTpaThl Ha aMOPTU3AIMOHHbIE OTYHMCJICHNS U IPOYHE PACXObI

3arpaThl ONpEnenstoTcsl HMCXOAs W3 0aJaHCOBOM CTOMMOCTH OCHOBHBIX
MIPOU3BOJICTBEHHBIX (POHIOB M HEMATEpUAJbHBIX AKTUBOB W YTBEPXICHHBIX B
YCTAaHOBJICHHOM  TOPSJAKE HOPM  aMOPTHU3ALMM, YYUTHIBas  YCKOPEHHYIO
aMOPTHU3ALMIO UX AKTUBHOW YaCTH.

DKCKaBaTOpPhl OAHOKOBILIOBBIE M OYJIbI03€Pbl OTHOCAT K YETBEPTOM rpyrie
amMopTH3aIK (MMYILECTBO CO CPOKOM IOJIE3HOTO MCIOJIb30BaHUS CBBILIE 5 JIET JI0
7 net BKIOUUTENbHO). Mcxons u3 3Toro, s HUX BbIOpaHa COOTBETCTBYIOIIAS
HOpMa aMOPTHU3aLUU.

Pacuet amopTHU3allMOHHBIX OTUMCIICHUM MPEICTaBJICH B Ta0IMIE 8.
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Ta6nuna 8 — Pacuer amMmopTU3aIlMOHHBIX OTUYHCIICHUM

Hopma g Lo Bpems CyMmmMma
O0wex | Croumoct P aMmopTu3anu | amoptuzauu | Ko- P M
aMmopTH3a paboThI, | aMOpTH3a-
T b (py0.) (%) U B IO U B 4ac BO qac e, 5
(py0.) (py0.) ' T
DKCKaB 40 000 15 232
4 2 2 228,54 1 1
atop 000 0 000 200 8,5 56 000
Bynbsno 120 000 41 207
4 4 7 2
sep 000 68 640 000 83,56 565,5 000
Hroro 56 440 000

HpO‘{I/Ie pacxoabl, B YHUCJIO KOTOPBIX BXOIAT CpPCACTBA HHHHBHHyaHLHOﬁ

3alllMThI, TUTAaHUE U NepeBo3Ka Opuraabl padouux, coctaBisioT 10% ot ¢onga

oratel Tpyna: 916 740 - 0,1 = 91 674 py®6.

5.6 Onenka 3KOHOMUYECKOi 3P (PeKTHBHOCTH TPOEKTA

OI.[GHKa AKOHOMHUYECKOMN 3(1)(1)GKTI/IBHOCTI/I ABJICTCA KIIIOYCBBIM 3TallOM B

pacuere,

BJ'IO)KGHPIﬁ, CPOK OKYIIaCMOCTH, YHUCTBIN I[I/ICKOHTI/IpOBaHHblf/'I JOXOM.

Tabnuna 10 — DkcruryaTanmoHHbIE MTOKa3aTeNn

IIpun KOTOPOM OIPCACIIIOTCA HHIACKC JOXOAHOCTH KallUTAJIbHBIX

E
Tokasarenn ATHIHA 2023 2024 2025 2026
HU3MEpEHHsI
Cpenreronosa MIIH. T 16,6 16,6 16,6 16,6
TPaHCIOPTUPOBKA HEPTHU
Haxomerras MUTH. T 16,6 33,2 49.8 66,4
TPaHCIOPTUPOBKA HEPTHU
35
KCTITYaTalHOHHbIC wim. py6. | 33695 | 33571 | 33447 | 33323
3aTparhl 6€3 HAJIOTOB
KaHI/ITaHBHBIe BJIOKCHUA B — py6 1410’996 B B B
HPOCKT
Tapud na pyo0./TBIC. T 778 778 778 778
TPAHCIOPTHPOBKY He(DTH KM
AMopTHu3anus MJTH. pYO. 56,4 56,4 56,4 56,4

Bripyuka oT mpumeHsieMod TexHosioruu 3a 3,5 roga coctaBuT 6 985 muiH.

pyO., pu 3TOM oTyuCIeHUs B (penepanbHbid OromkeT coctaBaT 1 281 muH. pyo, a

yucTas npuObLTh TOCTUTHET 4 782 MuH. pyo.
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Tabauna 11 — DKOHOMHYECKHE TTOKA3aTEN

Tokazates Emmna |- 2023 2024 2025 2026
U3MEPCHHUS

Bripyuka MIH. py0. | 6 985,44 0 2328,48 | 2328,48 | 2328,48
Texymue 3aTpatbl MiH. py6. | 1007,13 0 336,95 335,71 334,47
Banosas npu6bu1b MJH. py0. | 5 978,29 0 1991,52 | 1992,76 | 1994,01
Haxor ma mmymecrso | @ 6 | 85,68 0 2980 | 2856 | 27,32
OpraHH3aIuit
Haor Ha npuObLIb MiH. py6. | 1 195,65 0 398,30 398,55 398,8
CyMMa Hanoros MiH. py6. | 1281,33 0 428,10 427,11 426,12
Yucras npuObLTH MJH. py6. | 4 782,63 0 1593,22 | 1594,21 | 1595,20
JleHeXHBIH MOTOK MiH. pyo. | 3540,95 | -1410,996 | 1649,66 | 1650,65 | 1651,64
Haxonertbri wH. py6. | 4257,93 | -1410,996 | 238,66 | 1889,31 | 3540,96
JICHE)KHBIN TTOTOK
Hucrsriit
JTUCKOHTHPOBAHHBIN MJH. py0. | 2241,71 | -1410,996 23,49 1271,62 | 2357,60
noxon (Y1)
CyMMapHbII TUCKOHTUPOBAHHBIN JOX0[ MJIH. pyO. 6 475,14
BuyTpennss Hopma goxoaaoctu (BH/I) % 116,86
NHaeke 10X0AHOCTH JIOJIU €11. 4,59
Cpok okymnaemMocTa (TIpOCTOM) JeT 0,8
Cpok okymnaemMocTy (AMCKOHTUPOBAHHBIH) JeT 0,9
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21.04.01 «HedrerazoBoe
JIEJI0»
YpoBeHnsn npodmis «HagexxHocTs 1
Maructparypa | HanpagpJieHue/crieniuajbHOCTh
oOpa3zoBaHusi 0€301MacHOCTh 0OBEKTOB
TPAHCIIOPTA U XPAHEHHUS
YTJIE€BOIOPOAOB)
Hcxoanblie 1annbie K pazaeny «ConnajibHasi 0TBETCTBEHHOCTb)

Beenenue:

— XapakTepucruka 00BeKTa
UcclenoBaHus (BELIECTBO, MaTepHual,
puoop, AITOPUTM, METOAMKA,
pabouas 30Ha) u 00JacTH  €ro
MIPUMEHEHUS.

— Ormucanne paboueit 30HBI (pabouero

MecTa) TIpH pa3padoTke
PEIICHUS/TIPH SKCILTyaTall|H.

IIPOCKTHOI'O

Ilepeuenb BOpoCOB, NOJUIEKAITNX UCCIETOBAHHIO, TIPOSKTUPOBAHUIO U pa3paboTKe:

1. IIpaBoBbIe ) OpraHM3alUOHHbIEC
BONIPOCHI O0ecneyeHUus1 0e30MacCHOCTH npH
pa3padoTKe NPOCKTHOIO PEeIICHUS .

— chenuanbHble  (XapakTepHble  IpH
HKCIUTyaTallH 0o0BeKTa
UCCIIEI0BaHMS, MIPOEKTUPYEMOI

paGoueil 30HBI) NPaBOBBIE HOPMBI
TPYAOBOT'O 3aKOHOJIaTENbCTBA;

— OpraHM3allOHHbIE MEPOIPHITUS TIPH
KOMITIOHOBKE paboueil 30HBI.

— Tpynosoii KOJIEKC Poccuiickoi
Oenepanun ot 30.12.2001 N 197-®3 (pen.
ot 27.12.2018);

— @epepanpubiii 3ak0H Ne  116-®3  «O
IPOMBIIUICHHOH  0€30MacHOCTH  OMAaCHBIX
MIPOU3BOICTBEHHBIX 00BEKTOBY OT
21.07.1997,

— T'OCT 12.2.049-80 CCBT. ObopynoBanue
pou3BoicTBeHHOE. O0IIHe SPrOHOMUYECKHE
TpeGoBaHuS;

I'OCT 12.2.033-78 CCBT. Pabouee wmecto

IpU  BBHIMOJHEHUH paboT cros. OOmue

HProHOMHUYECKHE TPEOOBaHUS.
2. IlpousBoacTBenHass 0€30NMAaCHOCTHL NpH | — Bpeduvie gakmopwi: OTKJIOHEHHE
pa3padoTKe NPOEKTHOIO PelIeH s : rokaszareseil MUKpOKJIMMara pabodeil 30HBI,
— AHanM3 TOTCHIMAIBHBIX BPEIHBIX W | TIOBBIICHHAs  KOHIIGHTPAIUS  BPEIHBIX
OIacHbIX (PaKTOpoB BEIIECTB B paloueil 30HE; MpeBBIIICHUE




— Pacder ypoBHSI OmacHOro WiuW BpeAHOTO | YPOBHS IIyMa;

IPOU3BOJICTBEHHOIO (haKTopa — Onacnule Gaxmopwi: JBUKYITHECS

MAIIHHBI 51 MEXaHU3MBbI, HaJIN4ne
00opynoBaHus, pabOTAIOMIETO MO BBICOKUM
HaNPsDKCHUEM,; B3pPBIBOOIIACHOCTH u
M0’KapOOTacHOCTbh;
— Tpebyemvie cpedcmea KOMNEKMUBHOU U
UHOUBUOYATILHOU 3AWUMbL O BbLAGNEHHLIX
Gaxmopos: 3aIUTHBIE OTpaXkJICHHSI,
CIelUallbHas OJie/1a M OOYBb, PYKAaBHUIIHI,
MepYaTKH, Kacka, MIPOTHBOIIIYMHBIC
HAYITHUKH, 3allUTHBIE OYKH, PECIUPaTOpBHI,
MIPOTHBOTA3HI,

— Pacuem snexmpobesonacnocmu.

3. DKoyornyeckas 06e30MacHOCTD IpU Bosoeticmeue na cenumebuyo 30my: CHATHE
Da3D360TKe NMPOEKTHOI'0 PeIIeHus IJIOAOPOAHOTIO IMTOYBEHHOI'O CJIOA ITPpU pa3pa6OTKe
TpaHIIen MPOKJIAABIBAEMOT0 TPyOONpOBOAa, IpH
COOPYKCHHH TUIOIIATHBIX 00 BEKTOR;
Boszoelicmsue na numocghepy:  HapylieHUe
CIUIOLIHOCTH I'PYHTA, aBapUiHbIC pa3iIuBbl HEYTH
1 He(DTETIPOYKTOB;

Boszoelicmseue wna ecudpocghepy: paszpyiieHue
OeperoB W pycia, 3arpsA3HeHHe BOJHBIX 0OBEKTOB
OTXOJIaMHU IPOU3BOJICTBA;

Boszoeticmeue na ammocgepy: BHIOPOCBI OT
paboThl MBUTATENEH TEXHWKH, HCTapeHus HedTu
u  BHIOpoC  HE(TENpOAYKTOB  BCIIEACTBUE
pasrepMeTH3alru TpyOOIpOBOIOB.

4. be3onacHOCTDH B Ype3BbIYaiHBIX Bosmoorcnvie  YC: moxap, HaBOJHEHUE,
CUTYANMAX OPH IKCIUTYATAIHH BBIOpOC HEPTENPOIYKTOB BCJIE/ICTBHE
pasrepMeTu3anum TpyoonpoBoa;

Haubonee munuunaa YC:  aBapuiiHble
pa3iauBbl He(TU U HEPTETIPOTYKTOB.
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6 COIII/Ia.]'II)Haﬂ OTBETCTBCHHOCTD

B marucrtepckoil nuccepTauy pacCMaTpUBAOTCS BOIPOCHI, CBSI3AHHBIE C
MPUMEHEHUEM TEXHOJIOTHM, OOECIeYMBAIOIMNUX TMOBHIMICHHE 3(P(HEKTUBHOCTH
TpaHCIIOpPTa U HAJIKHOCTH 000pYyJ0BaHUs JMHENWHON yacTu HedrenpoBona. [lpu
BHEJIPEHUM TE€XHOJOTUN BO3MOKHO MPUMEHEHHUE CHEIUATU3UPOBAHHON TEXHUKH,
TaKoi Kak OyJbA03ephl U AKCKABATOPHI. Takxke MOTYT MPOU3BOIUTHCS PA3ITUUYHBIC
paboThl MO CIYCKY M TMOJABEMY HEOOXOJUMOTO OOOpYAOBAHMS W MaTepUalioB C
MTOMOIIIBIO aBTOKPAHOB M APYyroro obopyaoBanus. [Ipu mpon3BoaCTBE PEMOHTHBIX
pabot Ha HedTenpoBOAaxX BaKHEHINEH 3a7avyeil sSBIsETCA COONIOJECHUE MPABUI U
TpeOOBaHMI MIPOU3BOJICTBEHHOM u AKOJIOTHYECKOMN 0€30IMaCHOCTH.
COOTBETCTBEHHO, 1IEJIbI0 JAHHOTO pa3jiesia SBISETCS aHAJIU3 BPEIHBIX U OMACHBIX
MPOU3BOJICTBEHHBIX  (DaKTOPOB, KOTOpPHIE BO3HUKAIOT TMPU  OSKCILUTyaTalluu

He(dTenpoBoa.

6.1 HpaBOBbIe H OPTraHU3allMOHHBIC BOIIPOCHI o0ecneueHus

0€30MaCHOCTH NPH IKCITyaTANNH

IIpasosvie Hopmbl MPY00BO2O 3AKOHOOAMENLCNEA

[Ipr BBITIOMHEHWHM KOMIUIEKCa pPabOT 1O MpOKIaaKke HedTenpoBoa
HEOOXOJMMO HCIOJIb30BaTh COBPEMEHHBIE CPEJICTBA TEXHWKH O€30MacHOCTH M
coOsoaTh TpaBwia oOxpaHbl Tpyna. Paborarmommx HE0OX0auMO 00ecneyuThb
CaHUTAPHO-TUTUCHUYECKUMH U 0E€30MacHbIMU YCIOBUSIMH TpyJa C IEJbIO
YCTpaHEHHsS  TMPOM3BOJCTBEHHOTO  TpaBMaTU3Ma W MPOo(ECCHOHATBHBIX
3a00JIeBaHUM.

B cooTBercTBHM C 3aKOHOMATEIHCTBOM, Ha pabOTax C BPEIHBIMH WM
OITACHBIMU YCJIOBUSIMH TpyZa, @ TakKe Ha paboTax, CBA3aHHBIX C 3arps3HCHUEM,
paboromarens 00si3aH OecriaTHO OOECHEYUTh BBIAYY CEePTUDUIIUMPOBAHHBIX

CPEACTB HMHAMBUAYAJIBHOM  3alUTHl  COIVIACHO  JICMCTBYIOIIMM  THUIIOBBIM

Pa3pa60TI<a " OIICHKa MCpOHpHHTHﬁ, HaITpaBJICHHBIX Ha

MOBBIIIeHHE Y(PPEKTUBHOCTH MaruCTPAIbHOTO HEPTEIPOBOIA
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OTpaciieBbIM HOpMaM OEeCIUIaTHOM BbIJauM paOOTHUKAM CHELOJEXK]IbI, CIIEHOOYyBU
U JPYTUX CPEJICTB WHIAUBUAYATbHOW 3alllUThl B TOPSAKE, MPETyCMOTPEHHOM
«[IpaBunamu oOecriedeHus paOOTHUKOB CIIEHUATBHON OJEXKI0HM, CHENUaIbHOMI
OOyBBIO W JAPYTUMHU CPEICTBAMU WHAMBHIYAJIbHON 3aIMTHD», WIH BBIIIE STUX
HOPM B COOTBETCTBUU C 3aKIFOYEHHBIM KOJUIEKTUBHBIM JJOTOBOPOM.

JUis BBINOJIHEHMs] pabOT NOMYyCKAaeTCs TOJBKO aTTECTOBAHHBIA IEpCOHAI,
UMEIOLINI  YJIOCTOBEPEHUs aTTeCTallMd W JOMYyCK K JaHHBIM BHIaM paloT.
OOyueHue mepcoHajda NPOU3BOAMTCA B COOTBETCTBUM C LIEHTPAIN30BAHHBIM
rpavKoOM MOBBIIIEHUS KBATU(UKALUU U MPO(EeCCHOHATBHON MepenoaroToBKOM
PYKOBOJUTEIEH U CIIELIUAIMCTOB.

Pabouee mpocTpaHCTBO M paboyee MECTO JOJKHbI MPOEKTUPOBATHCS B
cootBeTcTBUH ¢ ['OCT P HUCO 6385-2016. [dns 3¢¢eKTHBHOTO BBIOTHEHUS
pabouux 00s3aHHOCTEH HEOOXOJAMMO HWMETh JOCTATOYHOE MPOCTPAHCTBO,
o0ecrnieunBaroliee ynoOHble pabo4yue T1O03bl, BO3MOXHOCTh HUX Bapualuuil U
nepeaBmxkeHnil. O0oOpyJoBaHUE MOKHO OBbITh JIETKOJOCTYIMHO M 0€30macHOo.
Pabouee mpocTpaHCTBO AOKHO OBITH CHPOEKTHPOBAHO TAaKUM 00pa3oM, 4TOObI
TPYIAIIMHCA HE YTOMIIUICA BCJIEACTBUE MPOJOKUTEIBHOTO MYCKYJIbHOTO
HaNPSDKEHUSI.

PaboTbl Ha HedTerazonpombiciaax OTHOCATCS K YMCIY BPEIHBIX M OMACHBIX
JUTSL 3I0POBbS TPYIAILIMXCS, TO3TOMY JJIsl HUX IPEYyCMOTPEHBI Pa3IMYHbIE JIbIOThI
U KOMIIGHCAIlMM 3a MpUYMHEHHBbIH ymiep6. IlpuBeny HekoTopble U3 HUX:
yBEJIIMYEHUE OIUIaThl TPYJa, JIbIOTHbIE II€HCUOHHBIE OTYMCIEHUS, a TaKke
JOTIOJIHUTENBHBIN OIJIAYMBAEMBIN OTITYCK, IPEIOCTABISIEMbIN KaKIbIM TOI.

Pabouee mecto m ero obopymoBaHue, MPHUMEHSIEMOE B COOTBETCTBHUU C
XapakTepoM paboThl, JOJKHBI 00€cleunBaTh 0€30MaCHOCTh, OXPaHy 370POBbI U
paboTocnocoOHOCTh mMepcoHana. B3anMHOe pacnojokeHue U KOMIIOHOBKA
pabouux MeCT JOJDKHBI oO0ecrednBaTh O0€30MaCHBIN JIOCTYN Ha pabodee MECTO U
BO3MOYKHOCTh OBICTPOM ABaKyallud B aBApUUHON CUTYaIIUH.

Opranuzanusi U COCTOSIHUE PabOUMX MECT, a TaKXKE PACCTOSHUS MEXIY

pabounMu MecTaMHu JOJDKHBI o0ecrednBaTh 0O€30macHOe  TMepe/BUKECHUE
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pabOTHUKOB M TPAHCIOPTHBIX CPEICTB, YAOOHBIE W O€30MACHBIE JCUCTBUSA C
MaTepuajiaMM, a  TakKKe  TEXHHYECKoe  OOCIy)XKMBaHWE€ ©  PEMOHT
IPOM3BOJICTBEHHOTO 000PYAOBAHUS.

Ha paGounx mectax 0e€30MacHOCTh, 0OOPYIOBAaHUS WM IMPOU3BOJICTBEHHBIX
MPOIIECCOB  JOHKHA 00OecrmeunBaThCs B COOTBETCTBUHM C  TPEOOBAHHSIMHU
OKCIUTYaTaI[MOHHO-TEXHUYECKONH JIOKYMEHTAIlMM, a YCJIOBUA TpPyAa JOJDKHBI

COOTBETCTBOBATH I'OCYJaPCTBEHHBIM HOPMAaTUBHBIM TPEOOBAHUSM OXPAHBI TPYAA.

6.2 KomnonoBka padoyeii 30HbI

Pa3menienne Ha TPOM3BOACTBEHHOM TEPPUTOPUU CAHUTAPHO-OBITOBBIX U
IIPOU3BOJICTBEHHBIX MOMEIICHH, MECT OT/AbIXa, MPOXOAOB IJIsl JIOAEH, pabounx
MECT JOJDKHO pacroyiaraTbCs 3a IpelnejaMu omacHbIX 30H. Ha rpaHumax 30H,
MOCTOSIHHO NENCTBYIOLIUX OIMACHBIX MPOU3BOICTBEHHBIX (bakTopoB,
YCTaHABIMBAIOTCS 3allMTHBIE OrPaXICHUsS, a 30H IOTEHUMAJIbHO ONACHBIX
IIPOU3BOJICTBEHHBIX (PAKTOPOB — CUTHAJIbHBIE OTPAXKICHUS U 3HAKU O€30M1aCHOCTH.

Haxomsice  Ha ~ TeppuTOpMM  TPOU3BOJACTBEHHOM  IUIOLIAJKH, B
MIPOU3BOJICTBEHHBIX M OBITOBBIX TMOMENICHMSIX, Ha y4acTKax paboT W padbouux
MecTax, paOOTHUKH, a TaKXe MPEACTaBUTENM JAPYTUX OpraHu3alnuil 00s13aHbI
BBINIOJIHATH MPAaBHUJIa BHYTPEHHETO TPYIAOBOrO PACMOPSAKA, IPHUHATHIE B JTAHHON
opranuzanuu. TeppuTopralibHO 000CO0IEHHBIE TOMEILEHUS, MIOIAAKH, YIaCTKH
paboT, pabourie MmecTa obecriedeHbl TeNePOHHOM CBIA3bIO WK PaIUOCBSI3bIO.

B canuTapHO-OBITOBBIX TIOMEIICHUSIX HEOOXOJUMO HAJIMYMUE AaNTeuKH,
HOCWIOK, (DUKCHUPYIOIIMX IIMH M JPYTUX CPEICTB OKa3aHUs MOCTPaJaBIINM
MEpBOM MEAWIMUHCKOW TOMOIIA. B COOTBETCTBHMM C 3aKOHOJATEILCTBOM,
paboTonaTenb 00s3aH OPraHMU30BaTh IPOBEICHUE PACCIEAOBAHUS HECYACTHBIX
cllydyaeB Ha TMPOM3BOJCTBE B TOpAIKe, YycTaHOBIeHHOM llonoxeHuem,
YTBEPXKIAEHHBIM nocTtaHoBieHueM [IpaButenscTBa Poccuiickoit @enepanun ot 11
mapta 1999 1. Ne 279. Ilo pesymbraram paccieloBaHus pa3pabOTaHbl U
BBINIOJIHEHBI ~ MPOQUIAKTUYECKUE  MEPONPUATHS MO  NPEAYNPEKICHHUIO

MPOU3BOJICTBEHHOTO TpaBMaTu3mMa © Tpod3adoneBanmii. [lpu oOHapyxkeHUU
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HapyILIEHUH HOPM U MPaBUJI OXpaHbl TpyJa paOOTHUKU 00A3aHbI MPUHATH MEPHI K

HX YCTPAHCHUIO COOCTBEHHBIMH cnjiilamMM, a B ClIyda€C HCBO3MOXHOCTH O3TOI'O

peKpaTUTh paboThl U UHOOPMUPOBATH TOJKHOCTHOE JIUIIO.

B ciyyae BO3HMKHOBEHHMs yIpo3bl O€30MACHOCTH U 3J0POBBIO PAOOTHUKOB

OTBCTCTBCHHBIC JIHMIIA 00s13aHBI IMPCKPATUTDb pa6OTBI U IIPUHATH MCPBI 110

YCTPAHCHUIO OIIACHOCTH, a IIPH HCO6XOI[I/IMOCTI/I 00eCIeYnTh 9BAKYyalluIo JHOI[E?ﬁ B

0e3onacHoe MecTo. JIWila, BUHOBHbIE B HAapyLICHUU HACTOSALIMX IMpaBUI, HECYT

OTBETCTBEHHOCTH (AUCIUIUIMHAPHYIO, aIMUHUCTPATUBHYIO WJIM UHYIO) B TIOPSJIKE,

YCTAaHOBJICHHOM ,ZIGI‘/’ICTBYI-OHII/IM 3aKOHOAATCIbBCTBOM.

6.3 [Ipou3BoACTBeHHASI 0€30MACHOCTH

Hepequb OIIaCHBIX M BPCIHBIX IIPOHU3BOJACTBCHHBIX d)&KTOpOB, KOTOPBIC

MOT'YT BO3HUKHYTH IIPH OKCIUIyaTalMyd JIMHEMHOM YacTH MAarucTpajibHOIO

HedTenpoBoa, MpecTaBieHbl B Tabauiie 1.

Tabnuna 1 — Bo3moskHbIe omacHbIe U BpeaHbIe (haKTOPBI

DakTOopsI

(T'OCT 12.0.003-2015)

Oransl paboT

[Torpysouno-

pasrpy30uHbIe

paboThI

CBapouHo-
MOHTaKHBIC
paboThI

=
Q
=3
=
s 3 E
g E F
S 9
~ E

Q

=

HopmaTtusHbIe

JIOKYMEHTBI

OmnacHble TPOM3BOJICTBEHHbIE (DAKTOPHI

I'OCT 12.1.004-91;

B3prIBo- M0’kapoonacHoCTh - + -
I'OCT 12.1.010-76
JIBrKyIuecs MaliHbl 1
MEXaHU3MBI I'OCT 12.4.125-83;
TIPOM3BOJICTBEHHOTO * * - I'OCT 12.2.062-81
o0opymoBaHUs

BpCZ[HBIC MMPONU3BOJACTBCHHBI

e gaxTopbl

IIpeBblieHre YpOBHS IIyMa

paboueit 30HbI

I'OCT 12.1.003-2014;
I'OCT 12.1.029-80
CCBhT

U3sm.
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ITpeBbllieHNE YPOBHS I'OCT 12.1.012-04
BUOpanuu * * - CCBhT
HenocraTounas
OCBEIIIEHHOCTh paboueit + + + CII 52.13330.2016
30HBI
OTkII0HEHUE nToKa3arenen
MUKPOKJIMMATa Ha OTKPBITOM + + + CanlluH 2.2.4.548-96
BO31yXe

IIpesvluenue ypoeHs utyma

Pasnuunas texHuka (OyJibll03€pbl, 3KCKAaBaTOPhl, TArayu) MpPHU CBOEM
NEePEIBIKEHUH U paboTe u3aaeT O0JIbIIOE KOJUYECTBO 1IIyMa, KOTOPOE HEraTUBHO
BIUSET Ha padoTammuii nepcoHan. Takke HM3AaeT 3HAUYUTEIBHOE KOJUYECTBA
nrymMa OCTajlbHOE OOOpYyIOBaHHUE: pexyllee O000pyJoBaHHE, CBApOUYHbIE WU
HACOCHBIE aIlllapaThl, IEPEABUKHBIE TEHEPATOPHBIE YCTAHOBKH.

BospnelicTBue nmyma Ha 4ENOBEYECKHM OpPraHW3M ONPENEIISIETCS BIMSHUEM
Ha CJIyXOBOM arrapaT ¥ MHOTHE APYTHE OPTraHbl, BKJIFOUas HEPBHYIO CUCTEMY.

[Ipu ¢usnueckoil padbore, CBA3aHHOW C TOYHOCTHIO, COCPEIOTOUEHHOCTHIO
WM TEPUOAUYECKUMHU CIYXOBBIMM KOHTpOJISIMH, TpoMKOCTh Hmxke 80 nb He
BJIMSET HA OpraHsl CilyXa. B COOTBETCTBMM C HOPMATHBHBIMH JOKYMEHTAMH IIPU
JUTUTEILHOM BO3JieHicTBUE IIymMa Oojbiie 85 b TpOMCXOOUT MOCTOSIHHOE
MOBBILIEHHE [TOPOra CIIyXa U KPOBSIHOTO JTABJICHUS.

IIpegvluenue yposHs subpayuu

HcrounrkaMyu BUOpalMil SIBJIAIOTCS MAIMHBI W amnmaparbl, B KOTOPBIX
JBHKYTCSl HEYPaBHOBEIIEHHbIE MacChl. OHM XapaKTEpHBI JUIS MAIIWH POTOPHOTO
Tumna (TypOHUHBI, JIEKTPOABUTATENM, PYYHOH MEXaHU3UPOBAHHBIA WHCTPYMEHT),
JUIT MEXaHHW3MOB C BO3BPATHO-TIOCTYNATEIbHBIM JIBKEHUEM (BUOPOMOJIOTHI).
BuOpauus BO3HMKaeT HpH COyJapeHHM JeTajedl B 3yOuaThIX 3alleTICHUSX,
MNOJIIMITHUKOBBIX y3JIaX, COEIMHUTENbHbIX My(Tax. McTouHukom BuOpanuu

ABJISACTCS U JIBUXKYIIUICS TPAHCIIOPT.
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JleticTBue BUOpaIlii Ha YeI0BeKa OMPEENsIeTCsl YTHETCHUEM IIEHTpallbHOM
HEPBHOU CHCTEMBI, BbI3bIBasi YyBCTBO TPEBOTH U cTpaxa. [Ipoucxonar usmeHeHus
KaKk (U3HOJOTUYECKOTO, TaK M (PYHKIMOHAIBHOTO COCTOSIHMSI OpraHu3Ma
YEJIOBEKa. JTO MPOSIBISIETCS B MOBBILIEHUU YTOMIISIEMOCTH, YBEIUYEHUH BPEMEHU
JIBUTATEIbHOW M 3PUTENBHON pPEaKIMHM, HApYyLIEHUH BECTUOYIIAPHBIX PEAKUUN U
KOOpJIMHauuu aBMxeHnil. Hanbomnee onacHoit a1 yenoBeka sBISETCS BUOpaLUs C
gacToTou 6-9 I'11.

KonnektuBHas BuOpo3ammra BKIIOYAaeT B €e0sl MPOCThIE M COCTABHBIC
cCpelcTBa BHUOPOM3OJALIMM W  BUOpOTallleHHUs: YCTAaHOBKY BHOPHUPYIOIIETO
0o0OpyZOBaHUS Ha MACCHBHBIM (YyHIAMEHT, NPUMEHEHHE AeMI(UPYIOIIETO
HOKpbITUST U BuUOpoumzonsTopoB. CU3 cuuTarorcs crneuuagbHble IUIAT(HOPMBI,
CUACHMS, IEpPYATKH, PYKOSITKM M HEKOTOpbIE BHJBI OOYBH, MO3BOJISIIOLIUE
MUHHUMH3UPOBATH BO3ACHCTBUE BUOPALIIH.

Heoocmamounas oceewennocms paboueti 30Hvl

JUIss  CTpOMUTENBHBIX IUIOIAJOK H  Y4YacTKOB pabOT  HEOO0XOaUMO
npeaycMaTpuBaTh oOlee paBHOMEpHOe ocBemieHue. [Ipu 3TOM OCBELIEHHOCTh
oOecrieynBaeTcs HE MeHee 2 JIK HE3aBUCUMO OT MIPUMEHSEMbIX HCTOYHUKOB CBETA.
[Ipn nmoabemMe WM NMEpEeMENIeHUH TPY30B 00ECHEYMBAETCS OCBEIIEHHOCTh MECTa
paboThl HE MeHee 5 JK mpu pabore BpyuHyio W He MeHee 10 ik mpu paboTe ¢
MOMOILBIO MAIlIMH U MEXaHU3MOB.

OmkKnonenue noxazameneu MUKPOKIUMAMA HA OMPLIMOM 8030yXe

B HacTosiiee BpeMst [ OLICHKH JIOIYCTUMOCTH MPOBEAEHHUS paboT M HUX
HOPMHUPOBAHHUS Ha OTKPBITOM BO3AYyXE€ B YCJIOBHUSX KpailHEro cesepa (a Takke
palioHax, KOTOpbIE TPHUPABHEHBI K paiioHaM KpalHEro CeBepa) HCIOJIb3YEeTCs
MOHSATHE TPENENIbHOM KECTKOCTH TOroAbl (SKBUBAJEHTHAs TeMIlepaTypa,
YUCJICHHO paBHasg CyMME€ OTpHULATEIbHOM TeMIepaTrypbl BO3AyxXa B rpaaycax
[lenbcust U yABOGHHON CKOPOCTH BETpa B M/C), yCTaHaBIMBaeMmas IJsl KaxXAO0ro
paiioHa peleHueM MECTHBIX PErMOHAJIBHBIX OPraHOB YIPABICHUS.

IIpenenbHast )KE€CTKOCTh MOTOAbI, HUKE KOTOPOW HE MOTYT BBINOJHATHCA

paboThI Ha OTKPHITOM BO3AYyX€, KoyieOneTcs B mpenenax ot -40 mo -45 °C.
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PaboTatonue Ha OTKPBITOM BO3[yX€ JOJKHBI ObITh 0OECIIEUYEeHbl B 3MMHEE
BpeMs CIIELOACKIAONW M CIelnoOyBbIO C TMOBBIIIEHHBIM CYMMAapHBIM TEILJIOBBIM
COMPOTHUBJICHUEM, a TAKKE 3aTUTHBIMA MaCKaMU IS JTULA.

K CHU3 otHOcsTCS: cnenuanbHas Ofexjaa, o0yBb, CPEICTBA 3alllUTHl PYK,
CpEeACTBa 3alluThl TOJOBBI, CpeacTBa 3amuThl Juna u riaa3. CU3  momkHb
noadupaThCs ¢ yuyeToM npodeccuu, yCiaoBUil Tpyaa B cooTBeTcTBUM ¢ [IpaBunamu
oOecrieueHnss pabOTHUKOB CIEUUATIBHONW OJEXKIIOM, CHEelHaTbHOM OOYBBIO H
JPYTUMU CPeICTBaMHU UHIUBUAYaJIbHOMN 3aIUTHI.

PaGoTHUKK AOKHBI OBITH OOyYEHBI MepaM 3allluThl OT OOMOPOXXEHUS W
OKa3aHUI0 JoBpaueOHON momouu. [Ipu pabore B X0yI0gHOE BpeMs Tojia IpHu
OTpE/IENICHHBIX IMOKA3aTEsIX TEMIEpaTypbl BO3AyXa M CKOPOCTU BETpa pabOTHI
JTOJKHBI OBITH TPUOCTAHOBJIEHBI COTJIACHO Ta0uIe 2.

Tabmuua 2 — PaboTel Ha OTKPBITOM BO3JyXE€, KOTOpBIE MPUOCTAHABIUBAIOTCS

pa6OTO,Z[aTeJI}IMI/I IIpH OIIPCACIICHHBIX ITOTOIHBIX YCIOBHUAX

Ckopoctb BeTpa, M/c Temneparypa Bo3ayxa, °C
[Tpu 6e3BeTpenHoit moroe -40
He 6omnee 5,0 -35
5,1-10,0 -25
10,1-15 -15
15,1-20,0 -5
Bonee 20,0 0

6.4 O00ocHOBaHHME MEPONPUSATHII N0 3aIUTE MEPCOHAJIA NPeANPUATHS

OT ACHCTBHS ONMACHBIX U BPeIHbIX (PAaKTOPOB

Memeoycnosus

[IpodunakTuka meperpeBaHus U MEPEOXJIAKICHUS JODKHA OCYIIECTBIATHCS
OpraHu3alyen OTAbIXa M PalMOHATIBLHOIO peKMMa TpyJla COKpalleHueM padodero
BPEMEHHU ISl IEPEPHIBOB C OTJBIXOM B 30HE C HOPMaJIbHBIM MUKPOKIUMATOM. [[7s1

NpEeAOTBPAICHUsI BO3JEHCTBUS METEOPOJIOTHYECKUX YCIOBUM i1  paboumx
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npeaycMaTpuBaeTca CrHenuaibHas OJeXkJa, TOJOBHbIE YOOphl U CpEeICcTBa
WHIMBUAYaJIbHOW 3aIlIUThI.
Buicokuii yposensv wiyma
K ocHOBHBEIM MeTO/1aM OOPBOBI C IITyMOM OTHOCST:
— CHIDKEHUE YPOBHS IIIyMa B UCTOYHUKE €TI0 BOSHUKHOBEHUS;
— CHIDKEHHUE IITyMa Ha IyTH paclpoCTPaHEHUS 3BYKa;
— pa3yMHO€ pa3MelleHre 000py10BaHNUS;
—  HCIIOJIb30BAaHUE CPE/ICTB UHIUBUIYATIbHOM 3aIlUTHI;
— coOoIeHne pekruMa Tpyaa | OTAbIXA.
Heoocmamounas oceewjennocms paboueii 30Hbl
[Toaxoapl U poOE3/bl K CTPOUTETHHOM IUIONIA/IKE, paboune MecTa, Y4acTKU
MPOBEJCHUS Pa0OT B TEMHOE BpPEMS CYTOK JOJDKHBI OBITh JOCTATOYHO OCBEILICHBI.
OcCBeIIEHHOCTh JIOJDKHA OBITh PAaBHOMEPHOM, 0€3 OCIHEIUISIONIEero JeHCTBUS
OCBETHUTEJIbHBIX MPUOOPOB Ha padounx. [Ipu mpoBeneHUN CBaApOYHO-MOHTAXKHBIX
paboT Ha paboyux MecTax B TEMHOE BpEMs CYTOK HEOOXOJMMO MIPHUMEHSTh
CTallMOHAPHbBIE CBETWIbHUKHA HampsokeHueM 220 B BO  B3pbIBO3aLIUMIIEHHOM
WCMOJIHCHUH, TIOJABEIIEHHbIE Ha BbICOTE HE MeHee 2,5 M. Hamnpsbkenue

MEPEHOCHBIX CBETHJILHUKOB HE JIOJKHO TpeBbIaTh 12 B.

6.5 Pacuer 2j1eKTp06€30MaCHOCTH

CornacHo TpeboBanusM IIpaBuir ycrporicTBa 3ekTpoyctaHoBok (I1YD),
CONPOTHBIIEHUE 3alIUTHOIO 3a3eMJICHHs B JI000€ BpeMsl Troja He JOJKHO
IPEBBILIATD:

— B ycTaHOBKax HanpspkeHueM 1o 1000 B, ecau MOIIHOCTH MCTOYHMKA TOKA

(renepatopa uiu Tpanchopmartopa) 6oi1ee 100 kB-A — 4 Owm;

— B ycraHoBkax HanpspkeHuem 1o 1000 B, ecim MOIIHOCTH MCTOYHHMKA TOKa

100 kB-A u menee — 10 Owm;

— B ycraHoBkax HampspbkeHueM Bbime 1000 B ¢ addexTrBHO 3a3eMIIeHHOM

HEUTpalbio (C MaJbIMU TOKaMU 3aMbIkanus Ha 3emitto [, < 500 A) — 0,5 Owm;
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— B ycTaHoBKax HanpspkeHueM Bbilie 1000 B ¢ u3onupoBaHHON HEUTpAIbIO —
250/1,, Ho He Oomee 10 Owm;

— B ycraHoBkax Bbime 1000 B ¢ W30JIMpOBAaHHOW HEWUTPAIBIO, €CIIH
3a3eMJISIOIIEE YCTPOMCTBO OJTHOBPEMEHHO HCIIOJB3YIOT TUISt
AJIEKTPOYyCTaHOBOK HampspkeHueM 10 1000 B, — 125/1,, Ho He 6onee 10 Om
(mnu 4 Owm, eciiu 310 TpedyeTes g ycranoBok a0 1000 B).

B momenieHusix ¢ MOBBIIIEHHOW OMAcHOCTHbIO, OCO0O OINACHBIX U B
HapY’KHbIX YCTAHOBKAX 3alllUTHOE 3a3€MJICHUE SBJSETCS O0O0s3aTEIbHBIM MpU
HOMUHAJIBHOM HaIlpsSHKEHHUH 3JIEKTPOYCTAHOBKH BbllIe 42 B rnepeMeHHOro U BbIIIE
110 B nmocrostnHOro TOKa. B momerneHusix 6€3 MOBBIIIEHHONW OMacHOCTU — IPHU
Hanpsbkennu 380 B u Beime nepemennoro u 440 B u BblIe MocTosSsHHOTO TOKa. Bo
B3PBIBOOIIACHBIX IMOMEIICHUSAX 3a3€MJICHHE BBIMOJHSIETCA HE3aBUCUMO OT
3HAYCHUS HAMPSKCHUS! YCTAaHOBKH.

PaccmoTpum cxeMy JEHCTBHSA 3allMTHOTO 3a3€MJICHUS Ha MpUMEpe
Tpex(azHoil CETH ¢ U30JIUPOBAHHOM HEUTPAJIBIO.

1) IIpukoCHOBEHHE YeNIOBEKa K KOPITyCY HE3a3eMJICHHOTO 000pyIOBaHHUS

PaBHOCWJIHHO MPUKOCHOBEHUIO K (haze:

U
_ ¢
ly = —¢— @)

R+ 73

rne Uy — dasHoe Hanpsikenue, B;
R, — conmpoTuBieHne Tena yenoBeka, Om;
R,; — conpoTtusiienne nzonsuuu, Om.
380
b= 4500

1000 + 3

=0,15A = 150 MA.

Takou TOK JIJIA 4EJI0BEKAa CMEPTEIBHO OIACEH.
2) Ecnum uyenmoBeKk MPHKOCHETCS K 3a3e€MIICHHOM 3JIEKTPOYCTaHOBKE,
HAXOMAIIUNCA MOJ HampsHKEHUEM, TO TOK, MPOTCKAIOIINN 4Yepe3 4YeJIOBEKa,

onpenenseTcs mo popmyJe:
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L= R (Rq T R3) (2)

[Tpu manom 3unavenuu R, (R, = 4 Om B ycranoBkax U < 1000 B) popmyia
TSl pacyeTa [, BBITISAUT Tak:

3U,

[, =—R
! Ry Ry °

Torma mpu Tex ke UCXOAHBIX apaMeTpax:
3-380

L=—— "  .4=0001A=1MA
“ = 7000- 4500 M

Takoii Tok Oe30maceH I YeI0BeKa.

6.6 DKoJ0ornyecKas 0€30MacCHOCTL

TexHoIOrM4eckne  MIPOLECChl  CTPOUTENBCTBA M OKCIUIyaTaluuu
MPOCKTUPYEMOTO MATrUCTPAIBHOTO HE(TEMPOBO/Ia BBHIMOJIHSIIOTCS B COOTBETCTBUU
C TpeOOBaHUAMH PYKOBOJSIIMX JOKYMEHTOB M 3aKOHOB B YacCTU OXpaHbI
OKpYXarolen cpeapl € COXPaHEHHEM €€ YCTOMYMBOIO 3KOJIOIMYECKOrO
pPaBHOBECHSI.

Bo3zoeiicmeue na ammocgepy

3arpsi3HsIOIME aTMOC(EpPHBIM BO3yX BEILIECTBA MOTYT 0OOpa30BBIBATHCS
IIPU MPOBEICHUN HUKENIEPEUNCIEHHBIX Pa00OT Ha HEPTEMPOBOIE:

— TP MOHTXE WJIM PEMOHTE MAaruCTPAIBHOTO HEPTEIpPOBOAA, CBI3AHHOTO C
3JIEKTPOAYTOBOM  CBAapKOM, OUYMCTKOM METAJUIMYECKOM IOBEPXHOCTHU
He(dTernpoBo/ia Mol HAHECEHHE 3aIMTHOIO AaHTUKOPPO3UOHHOTO MOKPBITHS;

— IIpU OKpacKe MOBEPXHOCTH MAJIEBBIMU KpAaCKaMu;

— TIpuW paboTe IBHUTaTesIei TPaHCIIOPTHON, CTPOUTEIHLHO-MOHTAXXHOW TEXHUKH,

— TIpW UCTIAPEHUH OCTAaTKOB HE(DTETPOTYKTOB.
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Haubonwiiee Bo3zaeiicTBue Ha artMocdepy MNPeACTaBISIIOT Pa3IMYHbIC
MAaIlTUHBI, UCIOJIb3yeMbIe TIPH CTPOUTEIICTBE MAaruCTPaIbHOTO He(TEmpoBOA.
BTopocTernenHoe BO3elCTBHE OKAa3bIBAIOT CBApOYHBIE PabOTHI, pabOTHI MO pe3Ke
MeTaJljia, MOKPBITUSI OT KOPPO3HUH, UCHApEeHUs OCTaTKOB HedTenponykros. [lpu
paboTe pa3IMYHbIX YaCTEH MAlllMH U MEXAHU3MOB BBIJICISIOTCS OKCUIBI YTIIEPO/Ia,
OKCHJIbI a30Ta, JMOKCHUILI CEphl, KEPOCHH, yriepoia. IIpu cBapodyHbIX paboTax
BBIJICIISIETCA CBAPOYHBIM a3p030Jib, B COCTAB KOTOPOTO BXOJAT: OKCHJ KEJE3a,
Maprasell ¥ ero CoOeIMHeHus, bUTh Heopranuueckas: 70-20 % AByoKucH KpeMHUS,
dbTopucTeie razoo0pazHbie coeuHeHMs, okcul azoTa (IV), okcun yriepona.

Bo3zoeiicmesue na rumocgpepy

[Ipy BBITIOJIHEHUH CTPOUTEIBHBIX Pa0OT BO3MOXKHO IOTNAJaHHE Ha IOYBY
3arpsA3HSAIONIMX BEHIECTB € padoTtarolieid TeXHUKH M oOopynoBanus. Ha Bcex
JTanax CTPOUTENHCTBA MATUCTPAIbHOrO HE(TENPOBOJa HEOOXOIUMO BBIIOIHSATH
MEPONPHUATHS, KOTOPBIE MPEAOTBPAIIAIOT CJICAYIOIIUE MPOLECCHI:

— TMOSBJICHUE HEOIArONMPUITHBIX SPO3UOHHBIX MPOIIECCOB;
—  3arpA3HEHUE TEPPUTOPUHU PA3TUYHBIMHA OTXOIAMM;
— 3aropaHue TOPMSIHUKOB M €CTECTBEHHOMN PaCTUTEIHLHOCTH.

B Ta6mune 3 npencrasnens! [1JIK HEKOTOPHIX BelIeCTB, BXOJSAIINX B COCTaB
HeTM ee TMapoB M BENIECTB, YYaCTBYIOUIMX B TEXHOJOTUUYECKUX TMpOIleccax
XPaHEHHUS U TPAHCIIOPTUPOBKH YTIIEBOIOPOOB B ITOYBE.

Tabnuna 3 — [IpeaenbHO-A0MyCTUMAsE KOHIIEHTPAITUS B TIOYBE

HaumenoBanue BeumecTBa IAK, mr/kr
Bensun 01
Benson 0,3
PryTh 2,1
Cepnas kuciora 160,0
Tomyon 0,3
CepoBonopoa 0,4

Bo3zoeiicmesue na cuopocgepy

[Ipu cTpouTensCTBE W IKCILIyaTallMd TPYOOIPOBOJIOB 1O €CTECTBEHHBIM

BOOJOCTOKaM B BOJIHBIC 0O0BEKTHI MOI'yT 1OHIAaCTb 3arpsA3HAI0IMrE BCHICCTBA C
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paborarouieil TexHuku. HeoOXoauMo HCKIIOUNTH CIUMB OTPaOOTaHHOIO Macia,
Pa3JINB rOprOYe-CMa30YHbIX MAaTEpUAIOB, MOMKY MEXaHU3MOB U aBTOTPAHCIIOPTA B
HEYCTAHOBJICHHBIX JUJIS1 3TOI'O0 MECTAX.

B tabmuue 4 mpencraBiensl [IJIK u Kkimaccel OmacHOCTH HEKOTOPBIX
BEIIECTB, BXOJMIIMX B COCTaB HE(TH €€ MapoB M BEIIECTB, YYACTBYIOIIUX B
TEXHOJIOTHYECKHUX IIPOILlecCCaX XPAHEHHWS U TPAHCIIOPTHUPOBKHU YIJIEBOJOPOJIOB B
BOJE.

Ta6nuna 4 — [IpenensHO-A0MyCcTUMAasE KOHIICHTPAITUS B BOJIE U KJIACChI OMTACHOCTH

HaumenoBaHue BeuecTBa HAK, mr/kr Kunacc omacHoctu
Hedtn 0,3 4
bensun 0,1 3
Kepocun okuciaeHHBIH 0,01 4
MertaHon 3 2
Auero” 2,2 3
MeTunmMepkantaHn 0,0002 4
Pryts 0,0005 1
TerpasTuncBuHer — 1

6.7 O6ocHOBaHUE MEPONPUSITHI 10 3aIMTE OKPY:KaIOLIel cpeabl

Bo3zoeiicmsue na ammocgepy

JIiss  CHW)KGHHS YpPOBHS 3arpsA3HEHHsS HEOOXOIMMO: HCIOJb30BaHUC
DKOJIOTHYECKH O€30MacHBIX HUCTOYHUKOB JHEPTUH; HCIOJIb30BaHUE OE30TXOMHOMN
TEXHOJIOTUM TIPOM3BOJICTBA; OOphOa C BBIXJOMHBIMU Ta3aMH aBTOMOOWUIIEH;
OCYIIIECTBJICHUE OTBOJIa TTapOB HEPTETIPOAYKTOB B CTICIIHATBHBIC EMKOCTH.

Boszoeticmsue na numocgepy

Ha mepuwon mpoBemeHuss pabOT 10 CTPOUTEIBCTBY WM  PEMOHTY
MarucTpaJibHoro  HedrempoBoja  mpoe3q K JeDeKTHBIM  ydacTKaM
NPEeIyCMAaTPUBACTCS IO BPEMEHHBIM TOIBE3AHBIM JIOPOTaM C yCTPOMCTBOM

nepee3IoB B MeCTax MnepeceyeHus AeMCTBYIOUUX MOJ3EMHbBIX HEPTEITPOBOIOB.
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[logbe3aHbie MyTH U BPEMEHHbIE ABTOMOOWJIBHBIE JOPOTU HEOOXOAMMO
yCTpauBaTh C y4€TOM TPEOOBaHUMN JIJIsl MPEIOTBPALICHUS TOBPEXKACHUN TPEBECHO-
KyCTapHUKOBOM PaCTUTEIBLHOCTH U CEIbCKOXO3SIMCTBEHHBIX YTOIMM.

[To oxoHyanmm Bcex pabOT HEOOXOAUMO TOJHOCTHIO  BBIBE3TH
MPOU3BOJICTBEHHBIE OTXOJbl (METAIONOM, M30JAIIMOHHBIE MAaTepUalbl U T. 1.) U
BOCCTAaHOBUTH HAPYUIECHHBIN penbed MECTHOCTH.

[TpupoaOBOCCTAHOBUTEIBLHBIE MEPONPUSITHSI CUUTAIOTCS 3aBEPIICHHBIMU,
€CJIM OTCYTCTBYIOT MECTa, 3arpsi3HEHHbIE TOpPIOYE-CMa30YHBIMHU, OBITOBBHIMH U
CTPOUTEIBHBIMA OTXOJIaMH, a Ha BCEX YYAaCTKaX BOCCTAHOBJIEH pPACTUTEIbHBIH
cioil. PexkynbTUBallMM MOJJIEXKAT HAPYILICHHBIE 3€MJIM, IE€pelaBaeMblie BO
BPEMEHHOE T0JIb30BaHUE Ha MEPHO/]T IPOU3BOCTBA PabOT MO PEMOHTY AehEKTHBIX
y4acTKOB HeTENpPOBOIa.

Bo3zoeiicmesue na cuopocgepy

JIJisi BOCCTaHOBJICHMs CYIIIECTBOBABIIEH 1O Hayalla BBIMOJHEHUS padoT
CUCTEMBl MECTHOTO BOJOCTOKAa CIIEAYyeT OOECIEeYUTh PACUHUCTKY JIOKOHWH
BPEMEHHOTO CTOKa, Pycell BOJIOTOKOB OT TPYHTa, MOIMAJIaBIIEr0 B HUX BO BPEMs
MPOBEICHUSI 3EMJISTHBIX Pa0oT. 3ampeniaeTcs CTaJIKUBaTh TPYHT B PYCJIO PEKU MpU
MJIAHUPOBKE OEperoBbIXx OTKOCOB. [Ipu o0OpynoOBaHMM BPEMEHHOTO TOpOJKa U
OCHAIIIEHUU Y4YacCTKOB paboT clieqyeT MpeayCMaTpuBaTh CHEIUATbHBIC 30HBI JUIS
3ampaBKU, TEXHUYECKOTO 0OCITY>KUBAHUs, PEMOHTA MAIIIMH U MEXaHU3MOB, a TaK¥Ke
OCHAIllaTh WX EMKOCTAMH [JJisi cOopa OTpaOOTaHHBIX TOPIOYE-CMA30YHBIX
MaTepUaJOB M WHBEHTAPHBIMU KOHTEMHEpAMHU IJisi CTPOUTENBHBIX U OBITOBBIX

OTXOOO0B. HCO6XOI[I/IMO HCKIIIOYHUTSD IIOoIIagaHu € HCOUYHUIIICHHBIX CTOKOB B BOAOCMBI.

6.8 be30nacHOCTH B Ype3BbIYAHHBIX CUTYalMSAX

Ananuz seposimuvix 4C
[Ipu »skcmlyaTaluu MarucTpajibHOIO HEPTENpoBOJa MOTYT MPOU30UTH
pa3IuYHbIC YPE3BbIYANHBIE CUTYALUH:
— B3pbIB WJIM BO3ropaHue MapoB HEPTU U HEPTEIPOYKTOB;

— paspyuieHue HedTenpoBoja.
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Paccmorpum UC, BO3HMKIINYIO BCIEACTBUME aBapUMHOIO pasznuBa HehTU U
HEe(TENPOAYKTOB, TaK KaK ATO OJMH M3 HauOoJiee yalle BCTPEUAIOIIUXCS BHUIOB
UC. OcHOBHBIMM TpPUYMHAMH aBAPUHHOTO pasziuBa HEeOTU MOTYT CIY>KUTb
pa3pblBBl M TMPOKOJBl  TpyOompoBojaa,  0Opa3oBaBIIMECS  BCJEACTBHE
HECAHKIIMOHUPOBAHHBIX BPE30K, MPEBBIIICHUS JaBleHUs HePTU B TPyOOHpOBOIE
HaJl JONMYCTHUMBIM, a TakKXKe pa3pylleHus MeTaula TpyObl NoJ JAciCTBHEM
Koppo3uu. s npenorBpaieHus Bo3HUKHOBEHHSI YC HE0OX0AMMO OCYIIECTBIISTh
NEPUOJIMYECKUNA KOHTPOJIb HAJ[ COCTOSHHEM He(TenpoBoAa IyTEM IPOBEACHHUS
TEXHUYECKOTO  OOCTY>KMBaHHS, a TaKXkKe MPOBOAWTH JIUArHOCTHPOBAHUE
KOPPO3HOHHOTO COCTOSIHUS TPYO M CBapHBIX CTHIKOB M IMPOBEPKY LEIOCTHOCTH
U30JISIUOHHOTO ITOKPBITHS.

B cnyuae oOHapyxeHusi paznuBa HepTu paOOTHHUK 00s13aH COOOUIUTH
aucnerdyepy pailoHHoro HedrenpoBoaHoro ynpasinenus (PHY) tounoe mecto
aBapuy; 0OCTAaHOBKY Ha MECTHOCTH; XapakTep pas3iuBa He(TH; HaJn4due BOIU3U
HACEJIEHHBIX ITYHKTOB, BOJOEMOB, IIOCCEHHBIX JIOPOr; COCTOSIHUE MOABE3IHBIX
JOPOT U MTPOE310B K MECTY aBapHHM; IIOIOIHBIE YCIOBUSI.

Jlo mpuesna Opuraiabl JUHEHMHO-IKCIUTyaTaluoHHON ciyx0bl  (JIDC)
HEO0OXOAMMO: OTPaJUTh NPEeAyIPEeIUTEIbHBIMU 3HAKAMH MECTO BBIXOJIa M pa3iuBa
He(TH, NPEAYIPENUTh AOCTYI MOCTOPOHHUX JIUL U TPAHCIIOPTHBIX CPEJICTB B 30HY
aBapuu, NPHUHATH MEPbl MO MPEAOTBPALICHUIO WM COKPAIICHUIO PACTEKAHMS
HEe(TU MyTeM CO3JAaHMs 3E€MJITHBIX BAJMKOB C HCIOJB30BaHUEM KaKUX-JIHOO
NOJIPYYHBIX CPEICTB.

ABapuell Ha MarucTpajibHOM HE(PTENpPOBOAE CUUTACTCS BHE3AMHBIA BHUINB
WIM UCTeuYeHne HepTH (yTeuka) B pe3yibTare IOJHOIO pa3pyUIeHUs WM
MOBpEXJeHUs HEPTENpPOBOJa, €ro SJIEMEHTOB, pe3epByapoB, OOOPYIOBaHHUS U
YCTPOMCTB, COMPOBOXKAAEMbIE OJTHUM HJIM HECKOJBKUMHU U3 CIEIYIOLUIUX COOBITHIA:

— CMEpTENbHBIM TPAaBMAaTHU3MOM JIFOJIEN;
— BOCIUJIaMEHEHUEM He(TU WU B3PHIBOM €€ MapoB;
— 3arpsi3HEHHEM  pPEeK, BOJOEMOB U  BOJIOTOKOB CBEpX  MpEJEsoB,

YCTAaHOBJICHHBIX CTAaHAAPTOM Ha Ka4C€CTBO BOJKI;
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— yreukamu HedTH 06BeMoM 10 M° 1 Goree.

Kareropum upe3BblUAlHBIX CHUTYyallMid 3aBHCAT OT oObeMa U IUIOLIAAU
pasnuBa HEPTENPOAYKTOB:

— JIOKaNbHOro 3HayeHus (pazmuBbl gocThraroT 500 T OT HMXKHEro YpOBHS
pazinBa);

— peruoHajIbHOTO 3Ha4YeHUs (pa3nuBbl, KOTOphie HaxoaaTcs oT 500 1o 5000 T1);

— (denepanpHOro 3HaueHus (coimie 5000 T).

JUiss  mpenynpexaeHuss BO3HMKHOBEHWS aBAapuUil HA  MAarucTpaJbHBIX
HEe(TEMPOBOAAX M CHIKEHUS WX TMOCHEACTBUU NPEINPUATUSAIM HEOOXOIUMO
IIPOBEJICHUE CIEAYIOIIMNX MEPOIPUATHIA:

— CTpOTO CJIEAUTH 3a BBIMOJHEHHUEM MNpuka3a Poctexnamzopa ot 25.01.2016 Ne
19 «O pa3srpaHnYeHMHM IMOJTHOMOYMM IO OpPraHU3alUMU U OCYIIECTBICHHIO
HAJ30pHON JIEATEIBHOCTH B OTHOLICHWM OpPraHU3alMN, OCYIIECTBIITFOLINX
CTPOUTEIBCTBO, PEKOHCTPYKIMIO, SKCIUIyaTallMi0, KalUTaJIbHBIA PEMOHT,
TEXHUYECKOE MEPEBOOPYKEHHE, KOHCEPBALMIO U JIMKBHJALUIO OOBEKTOB
MarucTpajibHOTO TPYOOIIPOBOJHOIO TPAHCHOPTa M MOJ3EMHBIX XPaHHWJINII
razay;

—  yIeNATh 0c000€ BHUMAHHE KaueCTBY IMMOCTPOCHHBIX O0BEKTOB;

— CBOEBPEMEHHO MPOBOJIUTH MNPO(UIAKTUYECKHE M IUIAHOBBIE pPabOTHI IO
BBISIBJICHUIO PA3JIMYHBIX BUAOB JE(PEKTOB 0OOPYIOBAaHUS, UX PEMOHT WU
3aMEHY;

— CBOEBPEMEHHO BBINIOJIHATh ABAPUNWHO-PEMOHTHBIE W BOCCTAHOBUTEJBHBIE
padoTHI;

— coOmonath TpeOoBaHUS TEXHUKH O€30MACHOCTH U OXpaHbl Tpyla U
MIPOBOANTH Ha PETYJISIPHON OCHOBE OOyuY€HUE, TECTUPOBAHUE U TPEHUPOBKH
NepcoHa MO CHeUUadbHOM mporpaMMe OOy4yeHus JEHUCTBHUSM IO
JOKaJIW3allMd W JMKBUJALMKU aBapui, a Takke crocodam 3auuThl OT
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PazpaboTka 1 olleHKa MEpOIIPHUATUH, HalIPAaBJICHHBIX Ha
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Introduction

1 Overview of crude oil

Crude oil and its derivatives are essential to humans. It serves as a fuel
source and also a raw material in the manufacture of important industrial and
domestic petrochemicals.

The paper written by Anisuzzaman S.M. et al. [1] reports that crude oil
occupies an important place in our daily lives as it is currently the world’s major
source of energy. Many modern industries, such as the agro-allied, refining,
plastics, textile, agro, food, petrochemical industries, utilize and depend on crude
oil and its bye-products for their daily production activities.

Popoola C.A. et al. [2] consider that there is a steady increase in the global
demand for crude oil as a result of its role as the number one energy source and

raw material for the manufacture of a wide variety of products for daily living. It
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accounts for 37% of the world energy supply. Crude oil and its derivatives are
among the most traded commodities on earth. Amongst the derivatives from crude
oil are gasoline (Premium Motor Spirit), Automated Gas Oil (AGO), Aviation fuel,
Dual Purpose kerosene (DPK), Bitumen and a host of other products that are
beneficial to man. Fuels from crude oil greatly influence changes in the industrial
and transportation sectors thereby increasing its consumption.

Crude oil is obtained from the earth’s crust and transported to refineries. Oil
and gas exploration fields are often a far off from production sites and are
becoming less accessible. According to the author of the article [3], this is mostly
due to the depletion of conventional oil reserves and so oil production has to be
done in deep-water zones which have low temperatures. In such cases, there is
need to transport the crude oil from the exploration site to the refining facility. The
various means of transporting crude oil and petroleum products include: the use of
oil liners, rail transport and pipeline transport.

The use of pipelines has proven to be better off than other modes of
transportation. The advantages of transporting crude oil through pipelines include
increased transport capacity, small amount of transport traffic, reduced energy
consumption, low wear and tear and less vulnerability to climatic conditions [4]. It
is also best suited for long distances and for inland transportation as it ensures
supply even to remote places.

Johnson [5] states that the use of pipelines is the most reliable and safest
mode of crude oil transportation as more than 95% of the fluid is transported
effectively to their final destination. Aside these, the land where pipelines are
buried can be used for further purposes. In the United States of America, crude oil
and petroleum products are transferred majorly by pipelines as pipelines account
for 58% of the transport mode while rail transport accounts for 31% [6].

The transportation of crude oil through pipelines is often faced by a familiar
challenge — the formation and deposition of waxes. This arises due to the complex
nature and constituents of crude oil, which range from simple gases to large

molecules of paraffins and asphaltenes which have large molecular weight, the
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operating conditions of the production field, climatic and environmental conditions
amongst others. These waxes cause lots of financial and technical damages and
increase the costs of production. It remains a critical operational challenge for the
petroleum industry.

In light of the challenges above, this work therefore looks at the nature of
crude oil, the causes, mechanisms and effects of wax formation and deposition on
pipelines during transportation, and the remediating steps for this problem. The
aim is to explore current and evolving trends made by researchers in this field
while taking a look at what the future holds with regards to the mitigation of this

problem.

1.1 Nature and rheology of crude oil as a fluid

1.1.1 Nature of crude oil

Crude oil is a viscous liquid obtained from the Earth’s crust as a result of
exploration. It is a naturally-occurring fluid that consists of thousands of
hydrocarbons that are grouped into the four major classes of saturates (aliphatics
e.g. paraffins), resins, asphaltenes and aromatics, and fractions of other organics.
Aside hydrocarbons, crude oil also contains sulfur, nitrogen, and traces of metals.

Crude oil, extracted by exploration and drilling, comes out as a viscous fluid
with mud and other unwanted purities. It may be gotten onshore or offshore. But
most productions today are done offshore. It comes out with natural gas (lighter
than crude oil and sits above) and saline water (which is denser and sinks below).
Between 50% — 97% of the composition is hydrocarbons, 6% — 10% of it is
oxygen, nitrogen and sulfur, while metals like nickel, vanadium, iron and copper

accounts for less than 1%.
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Fig. 1 — Gradual shift in crude oil production from onshore to offshore in the late
20th century [7]

1.1.2 Classification of crude oil

Crude oil is often characterized by the hydrocarbons in it. Paraffins account
for a greater percentage of hydrocarbons in crude oil. Because of the different
hydrocarbon contents in them, crudes from different parts of the world often have
varying colors and viscosities. Crude oil has been classified by the American
Petroleum Institute (API) into heavy, medium and light oils based on their API
gravity, a dimensionless constant [1]. Very heavy crudes have API gravities less
than 100, heavy crudes have API gravities between 100 — 300, medium crudes
have gravities between 300 — 400, while light crudes have gravity above 400 [8].

1.1.3 Rheology of crude oil

The flow of crude oil (especially through pipelines) experiences different
flow regimes which may be laminar, turbulent or even transitional. But whichever
flow regimes takes place, optimum throughput is always desired [2]. The three
regimes are differentiated by the Reynold’s number (Re), a dimensionless constant.

Laminar flows have Re lesser than 2,000. Here, flow is orderly and there is
little or no lateral mixing. It takes place in low velocity profiles. However, it is not
desirable in the transportation of crude oil and petroleum products because it

would yield lesser throughput. Turbulent flows have Re above 4,000 and are
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characterized by high velocity profiles. There is a high rate of lateral mixing and
haphazard motion in this regime which often results in eddies, vortices, and drags.
This is the kind of flow pattern used by pipeline operators as it guarantees good
throughput. Transitional flow often occurs when Re is between 2,000 — 4,000.
Fluid flow in this regime may show properties of laminar or turbulent flows.

' (a) TURBULENT FLOW (b) LAMINAR FLOW ’

» » - -
—e ——»

» » v » -
- -

Fig. 2 — Orientation of fluid molecules during (a) Turbulent flow and (b) Laminar
flow [14]

1.2 Wax formation problem in crude oil transportation through pipelines

Wax formation and deposition remains one of the greatest problems faced in
the petroleum and hydrocarbon industry. Among all flow assurance issues, the
formation of waxes during the production and transportation of crude oil remains
the greatest issue. It affects numerous oil companies across the world and can even
cause production sites to shut down. According to the author of the article [9] at
shutdown, the estimated cost of replacement and downtime is pegged at
$30,000,000.00 (thirty million dollars).

The problem of wax solution is amplified by the fact that most oil
production sites are moving deeper and deeper offshore. This trend is sure to
continue into the foreseeable future as the ocean seabeds have lots of deposits yet
untapped. Since petroleum waxes pose numerous threats, they continue to receive

attention from researchers who seek to find a lasting solution.
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Fig. 3 — Areas where wax deposition has been reported to occur [7]

1.2.1 Nature of crude oil waxes

Wax formation process follows the two main steps: nucleation and crystal
growth [1]. The first stage involves its precipitation from crude oil when
environmental factors favor it. The first precipitate, often called wax nuclei,
prepares the ground for crystallization and growth. Nucleation is further divided
into primary and secondary nucleation. At the primary nucleation stage,
homogeneous particles are formed spontaneously near the pipe walls in a three-
dimensional (3-D) crystal lattice containing some oil. Secondary nucleation
involves the coming together of units of precipitates formed in the primary
nucleation stage [7]. On reaching a certain stage, the formed wax crystals begin
interacting with each other and growing as time progresses until they become large
enough to clog the pipe. Anisuzzaman etal. [1] list various methods of
ascertaining the physical parameters of waxy crude oil as are given in the table
below.

Table 1 — Crude oil properties and evaluation methods [1]

Property Methods

Wax Appearance Temperature
(WAT) (also known as Cloud
Point)

ASTM Method, Differential scanning
calorimeter (DSC) method
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Wax Deposition Cold spot, cold disk and cold finger tests

Wax Formation X-ray diffraction
Pour Point ASTM Method
Flow Ability Viscometry, yield stress, flow loop test

Wax Morohol Cross-polarized microscopy (CPM), Scanning
ax Morpholo
ProTogy Electron Microscope (SEM)

1.2.2 Mechanism of wax deposition

Molecular diffusion

Almost every researcher that has studied the mechanisms of wax deposition
supports the claim that molecular diffusion is the most dominant of all [9]. This
mechanism involves the transfer of molecules of the wax from a region of higher
concentration to a region of lower concentration as a result of temperature, crude
oil viscosity, and the size of the molecules [1]. Lonje and Liu [10] posit that the
radial temperature gradient between the center and the walls of the pipes is the
main causative factor for this mechanism. The principal driving force here is the
concentration gradient formed at the pipe center and its walls due to this radial
temperature gradient [9]. During crude oil transportation (especially in offshore
regions), the temperature of the pipe wall is usually lower than that of the center
due to contact with the seabed. A radial gradient of temperature is formed which
leads to precipitation of wax molecules in the colder region further causing a radial
concentration gradient. The molecules of the wax would subsequently migrate to
the pipe walls with the aid of molecular diffusion since solubility decreases with
temperature. Lonje and Liu [10] state that the rate of mass transfer to the pipe wall

can be estimated by Fick’s law as:

My, _ . dC :
2 = PwDwAw (1)

where M,, — mass of deposited wax on pipe wall, in kg; t — time, in seconds;

% — rate of wax deposition on pipe wall, in kg/s;
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p,, — density of the solid wax, in kg/m*;
D,, — diffusivity of liquid wax, in m%/s;
A,, — surface area for wax deposition, in m?;

z—: — concentration gradient of wax over the radial symmetry of the pipe, in

m?,

Gravity settling

According to Theyab [11], the precipitated wax molecules are denser than
the surrounding crude oil liquid phase. When these molecules are not interacting,
they would settle down at the bottom of the pipe under the influence of gravity
causing deposition. However, this mechanism has been described by past
researchers as insignificant to wax deposition especially in subsea conditions [3].

Brownian diffusion

The Brownian diffusion mechanism involves the haphazard movement of
wax molecules as a result of their collision with thermally agitated molecules of
the crude oil [3]. It occurs in regions where the crude oil flows below the cloud
point [10]. There is a concentration gradient created by this which aids the net
migration of wax molecules to the region of lower concentration — the pipe wall.
Olajire [3] states that Fick’s law can also be used to model transportation of the

molecules towards the region of lower concentration thus:

d:ZB = p,, DA, Z—f, (2)
where Mg — mass of deposited wax on pipe wall as a result of Brownian
diffusion, in kg;
%

— —rate of wax deposition on pipe wall as a result of Brownian
diffusion, in kg/s;

Dy Brownian diffusion coefficient, in m?/s.
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1.2.3 Wax detection and estimation techniques

To be able to curb the effects of wax deposition in crude oil transportation
through pipelines, there is need to estimate its buildup in pipelines. This is
necessary to forestall sudden and/or total shutdown as a result of partial or total
blockage of the pipeline flow area with wax. Methods for wax detection and
estimation include the pressure drop method, the heat transfer method, and the
pressure wave propagation technique. Theyab [12] also suggested the pigging
technique, while Aiyejina et al. [13] suggested the use of a special caliper
alongside a video camera on remotely-controlled submersible equipment for
measuring the external diameter of the pipeline after it is pressurized.

The pressure drop method

The pressure drop method is based on the concept of increasing pressure
drop along the pipeline resulting from a decrease in the hydraulic diameter caused
by wax deposition. It can be used to estimate wax thickness without restart or
depressurization the pipeline [12]. This method is the most commonly used wax
buildup estimation technique not just in pipelines but also in wells.

The heat transfer technique

This method compares the coefficient of heat transfer in deposit layers
before and after the wax appearance. A convective heat transfer takes place
between the layer of the deposited wax and the crude oil fluid. This ultimately
leads to the transfer of heat to the pipe wall. The total heat transfer includes the
summation the resistance of the thermal resistance due to conduction through the
wax layer and the heat transfer resistance from the crude oil to the surroundings
through the pipe wall [12].

The pressure wave propagation technique

This technique utilizes pressure waves to detect blockages, and also predict
the sizes, across the pipe cross-section. It involves the propagation of pressure
waves through the pipeline and determination of the results using reflected
wavelets.

The pigging (direct) technique
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Although not used widely in most subsea conditions, it is still used widely in
single phase flow and low pressure conditions [12]. This technique involves
passing a sphere through the pipe cross-section and measuring the volume of the

wax removed. Metal spheres are mostly used in this technique.

Overall, wax formation leads to wastage of valuable resources that would

have been used for other important ventures.
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Fig. 4 — Cross-section of a pipe with deposited wax [7, 10]

2 Material and methods

2.1 Remediation of wax deposition in pipelines

There exist various methods for preventing and removing wax formation in
crude oil transportation through pipelines. These are known as wax remediation
methods. A variety of wax deposition control and remediation methods have been
practiced by most oil production companies [1]. The frequently used methods are

the thermal, mechanical (pigging), biological, and chemical methods.

2.1.1 Thermal methods

This method involves using heat to keep the temperature of the bulk fluid in
the pipeline above the wax appearance temperature (WAT) [7]. The heating can be
done at different stations along the pipeline route. The concept behind this method
IS to maintain temperature in the crude oil system for reducing wax buildup. The
temperature should however be watched in other not to coke the crude oil [3]. The
various thermal methods include: hot oiling, hot water treatment and direct
heating.

Hot oiling

Hot oiling involves the heating the oil to higher temperatures during which
the waxes melts and then pumping down the hot oil into the well tubing for it to
further melt the waxes in its way [3]. This process may be followed by the addition
of a wax dispersant to ensure the melted waxes are well dispersed with the crude

oil [7]. Despite it being one of the most popular wax removal methods, it isn’t
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generally used in subsea conditions due to its expensive nature and the high risk of
causing permeability damage if melted waxes enter the formation [14]. It is best
suited for short distance transportation of crude oil.

Hot water treatment

The use of hot water or steam for melting waxes has been reported in many
studies. Hot water has lots of advantages compared to the use of hot oil. Water is
readily available thus the process is cost effective. Due to its higher heat capacity
when compared to oil, the solvent arrives at the deposition site with a higher
temperature [14]. Water also has little or no contaminants that may exist in the oil.
However, there is need to add surfactants to the water to boost wax dispersion due
to solvency effects. There is also the risk of corrosion and emulsion problems [3].

Direct heating

This method involves the passage of huge quantity of current along the walls
of the pipe to generate heat thereby causing the wax in the bulk fluid to melt [3].
This method is the most suitable method for subsea conditions as it constantly
keeps the temperature of the fluid above the WAT [7]. It can solve flow assurance
problems because of the possibility of controlling the temperature of the formation
zone. It however not cost effective due to the exorbitant cost of heating and high
consumption of electricity.

Pipeline insulation

Ahmed et al. [15] also propose the use of good thermal insulators in
pipelines to avoid heat loss and keep the temperature below cloud point. The
insulating material is installed in direct contact with the oil in the pipeline. There
are lots of insulating materials that can be used for this process. However, not
many of them possess the required chemical resistance, mechanical strength and
cost effectiveness. Alnaimat et al. [16] suggest the use of plastics as insulators to
shield temperature drop in the bulk fluid. Although not quite popular, but its use
has been reported and recommended by researchers [11]. Some of the commonly
used plastics are isocyanurate, polyurethane and ethylene tetrafloroethylene
(ETFE) amongst others.

Jlucm

Development and evaluation of measures aimed at

U3sm.

improving the efficiency of the main oil pipeline

Jluecm Ne dokym. lModnuck | dama




2.1.2 Mechanical (pigging) method

The mechanical or pigging method refers to the use pipe inspection gauges
(commonly known as pigs) to scrape off the precipitated wax on the pipe wall.
Pigs are used extensively in the petroleum industry in the cleaning of crude oil
pipelines. It remains by far the most used wax removal technique. The pig, with a
diameter smaller than the internal diameter of the pipeline, is launched from a
device known as the pig launcher [11]. When launched, it is driven the oil pressure
and knocks of wax buildup along the pipe wall. However, this method has some
disadvantages. A huge wax deposit from scraped wax may accumulate and plug
the pipe downstream [9]. There may also be a process breakdown when the wax
becomes excessively thick or when there is a reduction in the needed pressure to
push the pig. This can make it difficult to remove the pig thus leading to shutdown
of the entire pipeline system. To help address these issues, bypass pigs were
invented. Aiyejina et al. [13] state that the wax breaking force of these bypass pigs

increases as the oil content decreases. While it increases with an increase in the

. _

Wax Deposit

wax thickness layer.

Fig. 5 — The pigging process [15]

2.1.3 Biological method

The removal of petroleum wax by biological method has been studied
extensively by researchers in recent years. The goal is to discover and/or develop a
strain of micro-organism (especially bacteria) that can utilize the wax as their
carbon and energy source [3]. If this is successful, a large amount of the wax
would be degraded thus reducing wax deposition in pipeline systems.

Rana et al. [17] showed the existence of bacterium capable of degrading
crude oil wax and in developed systems with ample nutrients and carbon source,

could serve as a better remediation method than pigging.
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Etoumi et al [18], in their work on the use of Pseudomonas bacteria for the
mitigation of wax deposition in pipelines, discovered that the bacteria could serve
as an emulsifier in the crude oil system. Their research also showed the bacteria
worked well in reducing the concentration of long-chain hydrocarbons (especially
those with carbon atoms above 22) and performed faster in the first 7 days. This
was noticed because of the reduction in viscosity and the WAT.

Although the biological method is evolving, it however has its bottlenecks

such as oxidation, souring and the occurrence of bio-corrosion.

2.1.4 Chemical method

This involves the use of chemical additives to remedy the situation of wax
formation in pipeline systems. The concept is to add a material in definite quantity
to help reduce the WAT or disperse the formed wax [15]. It does not require shut
down of production facilities. The chemicals used are solvents, wax crystal
modifiers, dispersants and surfactants. They are grouped into three namely pour-
point depressants (PPDs), wax inhibitors (wax crystal modifiers) and wax
dispersants. These materials have the same goal but operate in different ways.

Solvents

Solvents have the ability to dissolve the deposited wax at the pipe walls till it
becomes saturated and loses its capacity to dissolve further [1]. The efficiency of
solvents depends on the operating temperature, pressure and the molecular weight
of the wax. Solvents come in handy when a combination of surfactants and water
can’t be applied [14]. Amongst the commonly used solvents are carbon disulphide
(CS,), carbon tetrachloride (CCly), benzene, toluene, perchloroethylene, white or
unleaded gasoline and other chlorinated hydrocarbons.

However, the call for environmental protection has led to the use of Terpene,
a biodegradable and less toxic chemical, with great ability to dissolve organics [3].
It can be used on its own or in combination with other solvents. The use of
solvents has one disadvantage which is the occurrence of solvents with low

specific gravity. Specific gravity is needed so that the solvents can penetrate to the
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bottom of the flow section and dissolve the precipitated waxes [11]. Chlorinated
hydrocarbons can help in this case and are relatively inexpensive but they can
poison the downstream flow section.

Wax crystal modifiers

According to Anisuzzaman et al. [1], wax crystal modifiers are polymeric
compounds having wax-like hydrocarbon chains (similar in structure to crude oil
waxes) and also has a polar portion. The hydrocarbon chains form the non-polar
portion of wax crystal modifiers. They function by bonding with the wax’s
hydrocarbon molecules to form an assemblage on the crystal lattice. Some portions
of the crystal lattice are filled with molecules of the chemical alongside those of
the wax by co-precipitation and co-crystallization. With this, they can effectively
reduce the yield value, pour point and viscosity of the crude [11]. The alteration of
the wax crystal structure would hinder its growth ultimately reducing the crude’s
cloud point. The success rate of wax crystal modifiers depends on the nature of the
crude, the production process and conditions, and the chemical’s chemistry. It has
been discovered by researchers that wax crystal modifiers can reduce wax
thickness to the tune of 60 — 90% depending on the concentration added [19].

Pour point depressants (PPDs)

Pour point depressants, also known as flow improvers or drag reducing
agents, are polymeric chemicals that interact with the crude molecules and halts the
potentiality of wax crystal formation. They act to stop waxes from forming the 3-D
lattices while ensuring the flow ability of the crude. Their tail ends have n-alkyl
chains which enable them to reduce the viscosity, yield stress and pour point [3].
The molecular weights of these chemicals exceed 5 million parts per million (ppm)
in terms of concentration [2]. With the right amount of PPD, agglomeration down
the pipe tube will be inhibited [12]. However, they do not totally stop wax
formation but only delay its precipitation and hardening thereby allowing them to
be swept in the pipeline flow.

Dispersants
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Wax dispersants are generally taken as a sub-class of surfactants, a class of
chemicals used to clean pipelines where wax deposition occurs. Wax dispersants
are agents that disperse wax crystals along the body of the fluid. They do this by
forming a layer on the pipe wall where the waxes stick and can easily be sheared
off by the flowing fluid. Their ability to break up waxes also helps reduce oil
viscosity and reduce the emulsification ability of the wax [7]. Dispersants are often
used in low concentrations and can be applied in batches or continuously [14].
They are better suited for cold climates that most other wax inhibitors as a result of
their low pour point [3]. They are also relatively cheap (since they are used in

small quantities) and easy to manufacture [11].

Conclusion

The transportation of crude oil from production sites to refineries is faced by
the recurrent problem of wax precipitation and deposition. Wax precipitation is
caused by a drop in temperature, the nature (composition and viscosity) of the
crude, the flow rate, pipe roughness and production conditions.

The precipitated waxes crystallize and are deposited on the pipe wall leading
to great changes in the properties of the crude thus converting it to a non-
Newtonian fluid. This leads to reduced flow ability, increased stress on process
equipment, increased energy consumption, low output, increased cost of
production and low profits, and in extreme cases, the shutdown of production
facilities.

This review has evaluated the nature of the two major types of crude oil
waxes and the wax deposition mechanisms of which the molecular diffusion
mechanism is generally accepted by researchers. It also looks at the various
methods of wax remediation including the thermal, mechanical, biological, and

chemical techniques.

Jlucm

Development and evaluation of measures aimed at

U3sm.

improving the efficiency of the main oil pipeline

Jluecm Ne dokym. lModnuck | dama




References

Anisuzzaman S.M., Fong, Y.W., and Madsah, M. A review on various
techniques and recent Advances in polymeric additives to mitigate wax
problems in crude oil. Journal of Advanced Research in Fluid Mechanics
and Thermal Sciences. 2018, 48(1): 53 — 64. ISSN: 2289-7879.

Popoola C.A, Ogundola, J., and Kolaru, S.A. Effect of flow improver blends
on crude oil rheology. FUW Trends in Science and Technology Journal.
2017, 2(1): 114-117. e-ISSN: 24085162; p-1SSN: 20485170.

Olajire A.A. Review of wax deposition in subsea oil pipeline systems and
mitigation technologies in the petroleum industry. Chemical Engineering
Journal Advances. 2021, 6(100104): 1 — 23. ISSN: 2666-8211. Doi:
10.1016/j.ceja.2021.100104.

Hunan Standard Steel Co. Ltd (Hunanpipe). Advantages and disadvantages
of pipeline transportation [internet]. Hunan, China; 2016. Available from:
https://www.hunanpipe.com/es/events/Advantages-and-Disadvantages-of-
Pipeline-Transportation.html

Johnson C. Pipeline safety — a global responsibility. Journal of Pipeline
science and Technology. 2017, 1(2). ISSN: 2514-541X.

Nimana B., Verma A., Di Lullo G., Rahman, M., Canter C.E, Olateju, B.,
Zhang H., and Kumar, A. Life Cycle Analysis of Bitumen Transportation to
Refineries by Rail and Pipeline. Environmental Science and Technology
Journal. ACS publications. 2016, 51: 680 - 691.
Do0i:10.1021/acs.est.6b02889.

Elarbe B., Elganidi I., Ridzuan N., Abdullah N., and Yusoh K. Paraffin wax
deposition and its remediation methods on crude oil pipelines: A systematic
review. Maejo International Journal of Energy and Environmental
Communication. 2021, 3(3): 6-34.

Al-Dahhan W.H. and Mahmood S.M.A. Classification of Crude Oils and its
Fractions on the Basis of Paraffinic, Naphthenic and Aromatics. Al-Nahrain
Journal of Science. 2019, 22(3): 35 — 42. Doi: 10.22401/ANJS.22.3.05.

Jlucm

Development and evaluation of measures aimed at

U3sm.

Jlucm

Ne dorymr. | HToonucs \dama improving the efficiency of the main oil pipeline



https://www.hunanpipe.com/es/events/Advantages-and-Disadvantages-of-Pipeline-Transportation.html
https://www.hunanpipe.com/es/events/Advantages-and-Disadvantages-of-Pipeline-Transportation.html

10.

11.

12.

13.

14.

15.

16.

17,

Huang Z., Hyun S.L., Senra M., and Fogler, H.S. A Fundamental Model of
Wax Deposition in Subsea Oil Pipelines. AIChE Journal. 2011, 57(11): 2955
—2964. Doi: 10.1002/aic.12517.

Lonje B.M. and Liu G. Review of wax sedimentations prediction models for
crude-oil transportation pipelines. Petroleum Research. 2021, 7: 220 — 235.
Doi: 10.1016/j.ptlrs.2021.09.005.

Theyab M.A. Wax deposition process: mechanisms, affecting factors and
mitigation methods. Open Access Journal of Science. 2018; 2(2): 109 — 115.
Doi: 10.15406/0ajs.2018.02.00054.

Theyab M.A. Experimental Methodology Followed to Evaluate Wax
Deposition Process. Journal of Petroleum & Environmental Biotechnology.
2018, 9(1). ISSN: 2157-7463. Doi: 10.4172/2157-7463.1000357.

Aiyejina A., Chakrabarti D.P., Pilgrim A., and Sastry M.K.S. Wax formation
in oil pipelines: A critical review. International Journal of Multiphase Flow.
2011, 37: 671-694. Doi: 10.1016/j.ijmultiphaseflow.2011.02.007.

Thota S. T. and Onyeanuna C. C. Mitigation of wax in oil pipelines.
International journal of engineering research and reviews. 2016, 4(4): 39 —
47. Issn: 2348-697x.

Ahmed M.A.M., Ahmed O.M.G.K., and Ibrahim R.H.H. Study of the Effect
of Flow Improvers on the operation of Heglig-Port Sudan Pipeline [Bachelor
Thesis]. Khartoum: Sudan University of Science and Technology; 2014.
Alnaimat F., Ziauddin M., and Mathew B. Wax Deposition in Crude Oil
Transport Lines and Wax Estimation Methods. Intelligent System and
Computing. 2019, 1 — 17. Doi: 10.5772/intechopen.89459.

Rana D.P., Bateja S., Biswas S.K., Kumar A., Misra T.R., and Lal, B. Novel
microbial process for mitigating wax deposition in down hole tubular and
surface flow lines. In: SPE Oil and Gas India Conference. Mumbai, 2010.

Society of Petroleum Engineers.

Jlucm

Development and evaluation of measures aimed at

U3sm.

Jlucm

Ne dorymr. | HToonucs \dama improving the efficiency of the main oil pipeline




18. Etoumi A., El Musrati 1., EI Gammoudi B., and EIl Behlil M. The reduction
of wax precipitation in waxy crude oils by Pseudomonas species. Journal of
Industrial Microbiology and Biotechnology. 2008, 35(11): 1241-1245.

19. Wei B. Recent advances on mitigating wax problem using polymeric wax
crystal modifier. Journal of Petroleum Exploration and Production
Technology. 2014, 5: 391 — 401. Doi: 10.1007/s13202-014-0146-6.

Jlucm

Development and evaluation of measures aimed at

improving the efficiency of the main oil pipeline 99

UNam. | Jlucm Ne dokym. lModnuck | dama




IMPUJIOKEHUE b

Pacnipenenenue skcryaTalimoHHbIX 3atpat B 2023 — 2026 rr.

IMoka3arennb Fon
2023 2024 2025 2026

OOBEM TPaHCIIOPTUPOBKH, MITH. T 0 16,6 16,6 16,6
DKCIUTyaTallMOHHBIE PACXO/Ibl, MJIH. PyO
MartepuanbHble 3aTpaThbl, MIH. py0, B TOM YHCIIE: 0 149,1180 149,1180 149,1180
— DJIGKTPOIHEPTHS 0 124,6543 124,6543 124,6543
— TOILJINBO 0 11,6826 11,6826 11,6826
— IpOYre MaTepPHAIbHBIC 3aTPAThl, B TOM YHUCIIC: 0 12,7811 12,7811 12,7811

— 3atpartbl Ha BBOJ [1TTI 0 0 0 0

— marepuansl POH (6,78 %) 0 10,0529 10,0529 10,0529

— npyrue npoune marepuainsi (1,84 %) 0 2,7282 2,7282 2,7282
®oHj oniaTsl Tpyaa 0 9,1674 9,1674 9,1674
Otuucnenus ot ¢onna omnats! Tpyaa (30,2 %) 0 2,7686 2,7686 2,7686
AMOpPTHU3ALIMOHHBIE OTYUCIEHUS 0 56,4398 56,4398 56,4398
[Tpoune paboTs u 3atpatsl (60,47 %), U3 HUX: 0 119,4608 118,2192 116,9775
— HAJIOT Ha UMYIIECTBO OPTaHU3AI[IN 0 29,8002 28,5585 27,3169
— 3aTpaThl Ha KalTUTATLHBIH PEMOHT 0 0 0 0
Utoro 0 336,9546 335,7130 334,4713




