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PE3YJbTATBI OBYUEHUA

[To OcHoBHOI 00pa3oBaTENbHON MTPOrpaMMe MOJATOTOBKU MarucTpoB

ITo nanpasnenuto 21.04.01 «Hedrerasonoe aes10»
[Tpodune noaroroBku: Haodesxcnocms 2azonedhmenposooos u xparnuiuuy

Koo
pesyib-
mama

Pesynemam o6yuenus
(8bINYCKHUK 00/19iCEH ObIMb 20MO8)

Tpebosanus @I'OC, kpumepues
U/UnU 3QUHMEPeCcO8AHHBIX CMOPOH

B coomeemcmeuu C YHU6epcaibHbiMuU, oﬁmenpod)eccuouaﬂbnbmu u HPOdIECCMOHa]leblM”

KomnemeHuuiamu

O0mme no HanpasJieHn10 noArorosku 21.04.01 «Hedrerasosoe nesno»

HpI/IMeHﬂTB €CTCCTBCHHOHAYYHBIC, MaTeMaThu4e-
CKHUC, TYMAHUTAPHBIC, S5KOHOMHWYCCKUC, WUHKCHCP-

OK-1; OK-2; OK-3, OIIK-1; OIIK-2;
OIIK-4; OIIK-5; OIIK-6; OIIK-7,

HEIE, TEXHUYECKHE n rnyookue | OINK-8, I1K-1; I1K-2; I1K-3; I1K-4,

nipoheccCHOHATIbHBIC 3HAHUSA B obonactu | IIK-6; IIK-7; I1K-9; IIK-10; I1IK-11;
P1 coBpeMeHHbIX HedrerazoBeix TexHomoruii i | [1K-14; T1K-16; T1K-17; T1K-19; TIK-

pemeHust  npuxiaduvix  mescoucyuniunaprvix | 20; IIK-21; [IK-23

3a0au W UHJICEHEPHLIX  npobnem,  CO-

OTBETCTBYIOIIHMX MPOMIIIO MOATOTOBKU (B HedTe-

Ta30BOM CEKTOPE SKOHOMHKH )

[ImanupoBats 1 npoBoauTh aHamutuueckue u 3kc- | OK-1; OK-2; OIIK-2; OIIK-4; OIIK-

MIEPUMEHTAIIBHBIE Uccledosanus ¢ uctonb3oBanu- | 6; TIK-1; I1K-2; T1K-3; T1K-4; TIK-5;

€M HOBEHIMX JocTibkeHMd Hayku W Texauky, | [1K-6; TIK-7; TIK-8; TIK-9; I1K-10;
P2 YMETb KPUTHYECKH OLeHMBaTh pe3ynbrarsl U jae- | [IK-11; [1IK-14; [1K-15; I1K-17; T1K-

JIaTh BBIBOJIBL, TIOTYYCHHBIE B c1odicHbix u Heonpe- | 18; T1IK-19; I1K-20; [TK-22; TIK-23

OeNéHHbIX  YCIOBUAX; WCTIONB30BAaTh  MPUHYUNDBL

u300pemamenbcmea, npasosble OCHOBLI-8 0OIACHIU

UHMELIeKMYAIbHOL COOCMBEHHOCU

6 obracmu npou3800CMBEEHHO-MEXHON02UYECKOU 0esimelbHOCIU

IIposBisaTh npogeccronanshyto | OK-1; OK-2; OIIK-1; OIIK-2; OIIK-

oceedomnenHocms 0 nepedosvix  3uanusax  u | 3; OIIK-6; OIIK-7, OIIK-8, TIK-1,

omkpvimusx B odnactu HeTerazobbix TexHonormi | [1K-2; TIK-3; TIK-4; TIK-5; TIK-6

C y4eToM nepedosoco omeuwecmeennoco u | I1K-7; TIK-8; T1K-9; TIK-11; T1K-13;

3apyoecHo2o OIIBITA; ucrone3oBars | I1K-14; TIK-15; T1K-18; ITK-20;I1K-
P3 UHHOBAYUOHHBIIL NOOX00 TIpH paspabotke HOBBIX | 21; [TK-22; TTK-23

unel W METOHOB Mpoekmuposanusi OOBEKTOB

HE(TEra3oBOro KOMIUIEKCA [UIA peudleHus UH-

JHCEHEPHbIX 3a0ay pa3zeumus He(TEera3oBbIX TEXHO-

JIOTUH, MOOepHU3ayuu U YCOBEPUICHCMBOBAHUS

He(TerasoBoro Npor3BO/ICTBA.

Breopsimo, sxcnnyamuposamv u  oocnyscusams | OK-2;  OIK-1; OIIK-2; OIIK-7,

cospemeHHble Mauiunbl u mexanuzmol i peanmmza- | OIIK-8, TIK-1; TIK-3; I1K-6; TIK-9;

UM TeXHOoJorndeckux mporeccoB Hedrerazopon | [IK-10; ITK-11; T1K-14; TIK-16; TIK-
P4 obnacty, obecrieunBath UX 6blcokyio dghgpexmus- | 17; TIK-18; TIK-19; [1K-21; [1K-22

HOCMb, COOIIONATh TIPaBUJIA OXPAHbl 300P06bsl U

bezonacHocmu mpyoa, BHIIONHATH TPEOOBAHUS TIO

3auume OKpysicaroujell cpeobl.

8 0O1acmu IKCNePUMEHMATbHO-UCCe008aMeNbCKOU 0esIMmenlbHOCU

Brictpo opuenTrpoBathes u BeiOUpaTh onmumans- | OK-2; OK-3; OIIK-1; OIIK-2; TTK-4;

P5 Hble peuteHus 6 mHoeopaxmopuwix cumyayusx, | [1IK-5; TIK-6; TIK-7; TIK-8; TIK-9;

BJIaCTb MCTOJAMHU W CPECACTBAMU Mmamemamude-

ITK-10; TIK-11; ITK-17; TIK-20




Koo

Pezynomam obyuenus

Tpebosanus @I'OC, kpumepues

P nizyiz (6bIMYCKHUK 0ONdICEH OblMb 20M08) U/UNU 3aUHMEPECOBAHHBIX CTMOPOH
CK020 MOOenUpo8anus TEXHOJIOTUYECKHUX IPOLIec-
COB M OOBEKTOB
6 obaacmu nPoeKmHoOU OesimelbHOCIU
Db dexTuBHO ucnonb30BaTh 000k umetommiics | OK-2; OIIK-1; OIIK-2; OIIK-4,
apceHal TEXHMUYECKHX cpeacTB s MakcumanbHo- | OINK-7, OIIK-8, I1K-1; I1K-3; TTK-4;
ro mpuOMmKeHHs K TmocTaBieHHbIM mpomsBon- | [1K-5; TIK-6; TIK-8; TIK-9; I1K-10;
P6 CTBEHHBIM LISJISIM TIpH paspabomke u peanusayuu | [TK-11; T1K-13; T1IK-14; T1K-15; TIK-
npoeKkmos, TIPOBOAUTH dKoHoMuyeckuti ananus 3a- | 16; TIK-17; TIK-18; TIK-19; T1K-20;
mpam, mapkemunzoswle uccieoosanus, paccuumol- | IIK-21; TIK-22; TIK-23; (ABET-
8aMb HIKOHOMUHECKYIO dPPHEeKMUBHOCTE 3c), (EAC-4.2-e)
8 oblacmu Op2anu3ayUOHHO-YNPABIeH4eCcKOU OesimelbHOCmU
DddexTuBHO padboTaTh MHAUBUAYAILHO, B Kaue- | OK-1; OK-2; OK-3; OIIK-1; OIIK-2;
CTBE ujeHa U pykoBoguTens komanibl, ymenue | OIIK-4; OIIK-5; OIIK-6; I1K-6; I1K-
P7 dbopmupoBarh 3amanust U omnepatuBHble mianbl | 11; TIK-12; TIK-13; TIK-14; T1K-15;
BCEX BHJOB JEATEILHOCTH, pacmpenensts obs- | IIK-23; (ABET-3c), (EAC-4.2-e)
3aHHOCTH YICHOB KOMAaHJbl, TOTOBHOCTh HECTH
OTBETCTBEHHOCTb 32 PE3yNbTaThl paOOTHI
CaMocTosATepbHO Y4IuThCsl U HempepbiBHO 1o- | OK-1; OK-2; OK-3; OIIK-1; OIIK-2;
BBIIIATh KBanuukaiuio B TeueHue Bcero nepu- | OIIK-4; OIIK-5; OIIK-6; I1K-6; T1K-
oza po(hecCHOHATTLHOM nesarensHocTy; | 11; TIK-12; T1K-13; IIK-14; I1IK-15;
P8 aKTUBHO BIIQJIETh MHOCTPaHHBIM s3bikoM Ha | [IK-23; (ABET-3c), (EAC-4.2-¢e)
YpOBHE, MO3BOJISIOIEM paboTaTh B
WHTEpHALMOHAILHOW  cpele, pa3pabaTbiBaTh
JOKYMEHTAIlMI0 W  3allUIIaTh  Pe3yJbTaThl
WHKCHEPHOU e TEIIbHOCTH
Ipopuiab «HageskHOCTH ra3oHepTENPOBOAOB M XPAHUIHIID)
Opranu3anus TeXHOJIOTMYECKOTO Tpebosanuss ®I'OC BO, CYOC
CONPOBOXKACHUS INIAHUPOBAHUS U TNy (OIIK-6, OIIK-7, IIK-4, IIK-
ONTHUMM3AIIUH IIOTOKOB 7, [IK-13), mpebosanus npogheccu-
P9 YIII€BOIOPOAHOTO CHIPBS U oHanvHozo cmanoapma  19.008
PEKUMOB PabOTHI Cneyuanucm no oOucnemuepcko-
TEXHOJIOTHYECKHX 00BHEKTOB MEXHONO0SUYECKOMY  YNPABIEeHUIO
Heghme2a30601 ompaciu
Opranuzanusa TOuP, J10 vedre- u Tpebosanuss ®I'OC BO, CYOC
ra30TPaHCIOPTHOTO 0OOPYIOBAHHUS TI1Y (OIIK-5, OIIK-6, IIK-9, IIK-
11), mpebosanus npogheccuonanb-
P10 Hozo cmanoapma 19.013 " Cneyu-
anucm no  9KChnayamayuu - 2a-
30mpancnopmuozo obopyodogarus”
IToBEIIEHNE HAIEKHOCTH, Tpebosanuss @IOC BO, CYOC
JONTOBEYHOCTH, YPPEKTUBHOCTH TNy (OIIK-4, OIIK-5, IIK-9IIK-
ra3oTpaHCIOPTHOTO 000PYAOBAHUS 14), mpebosanusi npogeccuonanv-
P11 Hoeo cmanoapma 19.013 " Cneyu-

amucm no  IKCnayamayuu - 2a-
30mpancnopmuozo obopyodogarus”
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MunucTepcTBO 00pa3oBanus U HayKu Poccuiickoit @enepanun
denepanbHOE TOCYIAPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEKICHHE
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«HAITMOHAJIBHBINA UCCJEJOBATEJbCKUM
TOMCKHWHA NOJIUTEXHUYECKUHA YHUBEPCUTET»

WNnxenepHas mikosia npupoiaeix pecypcon (MUILTIP)

Hamnpasnenue noarotosku (cnenuanbHocTh) 21.04.01 «Hedrerazosoe sieno»
[Tpoduns_«HanesxkHOCTh ra30HEDTENPOBOIOB U XPAHIIIUIID)

Otnenenue HedTerazoBoro jena

YTBEPXIAIO:
PykoBogurens OOIT OH /I UILITIP
bypkos I1.B.
(ITonnuce) ([ara) (®.1.0.)
3AJJAHHUE
HA BBINOJIHEHHE BBINYCKHOM KBAJIM(PUKANMOHHON padoThl
B dopwme:
MarucTepCcKou nuccepranuu
Crygnenry:
I'pynna (017 (0
2BM6A CupensHukoBy Anekcanpy Bnagumuposuuay

Tema paGoThI:

«AHanmu3 3¢ (HEeKTUBHOCTU TEXHOJIOTUN TPAHCIIOPTA CKUKEHHOTO YTIIEBOIOPOAHOIO ra3a

VYTBepxkeHa NPUKa30M JUpPEKTopa (aara, HOMep)

Cpok ciauu CTYZIEHTOM BBITIOJTHEHHON paOOThI: 28.05.2018r.
TEXHUYECKOE 3AJIAHUE:
HcxonHble NaHHbIE K padoTe OOBexT WCCIIETIOBaHUS — MOPCKOH

TPAaHCHOPTHBIM KOPHUIOP, O KOTOPOMY HEOOXOIMMO

(HauMeHOBaHUe 00beKmMa UCCAeO08AHUS UIU .
JOCTAaBUTH OHpeI[eJ'IeHHLII/I O6I>CM HpHpOI[HOFO rasa.
NPOEKMUPOBANUSL, NPOU3BOOUMETIbHOCTb UTU

Hazpyska, pedicum pabomuvl (HenpepvieHbill, [Mpenmer wuccnenoBanuss — XapaKTEPUCTUKU

nepuoOUYecKUl, YUKIU4ecKutl u m. 0.); uo MHPACTPYKTYPHI o TaHKepHOIt MepeBo3ke
CHIPLA UNU MAMEPUAT U30eNUs, MpeDdo8anus K

CXKVDKEHHOIO  IIPUPOJHOrO rasa M MOPCKOIO
NPOOYKMY, U30eiuio Uil npoyeccy, ocodvle
ra3onpoBoja MO MCCIEAYEMOMY TPAHCIIOPTHOMY

KOpHUAODY.

mpebosanusi K 0COOEHHOCMAM HYHKYUOHU-
posanus (AKcnayamayuu) 00vekma uiu usoe-




s 6 niamne 0e30nACHOCMU IKCHIYAMAYUU,
BIUAHUA HA OKpYJHCaowyio cpedy, 3Hepeo3a-
mpamam,; IKOHOMUHECKUli aHAIU3 U m. 0.).

IlepeyeHb MOAJIEKAIIMX HCCJIEI0BA-
HHIO, MPOEKTHPOBAHUIO H pa3padoTKe
BOIIPOCOB

(ananumuyeckuii 0030p NO AUMEPAMYPHBIM
UCTHOYHUKAM C YENbl0 BbIACHEeHUs 0oCcmudice-
HUL MUPOBOU HAYKU MEXHUKU 8 PACCMAmpu-
saemotl obnacmu; NOCMAHOBKA 3a0ayU Uccie-
008aHUs, NPOEKMUPOBAHUS, KOHCHMPYUPOBa-
HUs, codepaicanie npoyeodypvl UCCIeO08AHU,
NPOEKMUPOBAHUs,  KOHCMPYUPOBAHUs, — 00-
CyolcOeHue pe3yibmamos GblNOJIHEeHHOU pa-
bompl, HAUMEHOBAHUE OONOJIHUMENbHbIX Pa3-
denos, noonedxcawux paspabomke; 3aKi0-
yeHue no pabome).

MIPOBEICHUE aHATTUTHYECKOT0 0030pa HAaydHO-
TEXHUYECKON HH(OpPMALUU MO TEXHOJOTUSM
okmxkenus u  perazuduxanum  CIIT ¢
UCCJIEJIOBAaHUEM Pa3BUTHUS PbIHKA COBITA;
IIPOBE/ICHUE pacuera ONTUMAJIBHOTO
KOJIM4YECTBA TaHKEPOB-Ta30BO30B I E
tpancnoptupoBkn  CIII' 10  KoHE4YHOTO
noTpeOuTenss Ha OCHOBE JIOTUCTHYECKOU
TEOPUHU MACCOBOTO OOCITY )KHBaHHUS;
IPOBEJCHUE pacueTa MOPCKOro TpyoornpoBoaa
JUIsl TPAHCIIOPTA MIPUPOIHOTO I'a3a;
CPaBHUTEJIBHBIA  DKOHOMHUYECKUU  aHauu3
METO/IOB JIOCTAaBKH Ta3a /10 MOTpeOuTes.

Ilepeyensb rpaguyeckoro marepuaja
(C MOYHbIM yKasavuem 0bs3amenbHbIX
yepmengiceli)

KoHcyabTaHTHI 10 pa3iesiaM BbIIIYCKHOM KBAJTH(PUKANUOHHON PadoThI

(c ykazanuem pazoenos)

Pazgen

KoncyabTant

«DuHaHCOBBIM MeHeIKMEHT, | MakamieBa FOmus CepreeBHa, aCCUCTEHT

pecypcodhHeKTUBHOCTh U pe-
cypcocOepekeHrne»

«CormmansHas
OTBCTCTBCHHOCTDB))

HemiioBa Onbra AnexcanipoBHa, aCCUCTEHT

«HOCTpaHHBIN SI3BIK»

Koporuenko TaTesiHa BanepseBHa, TOLIEHT

Ha3zpanus pa3aeioB, KOTOPbLIE€ T0JIKHBI ObITh HANMCAHLI HAa PYCCKOM W HHOCTPAaHHOM

A3bIKAX:

«Literature review

«CKMKEHHBIN TPUPOIHBII Ta3y

«The construction of a mass production system Plant-Fleet»

«MopcKoH ra3onpoBoI»

JlaTa BbIIauM 33/IaHUS HA BHITIOJTHEHHE BbINTYCKHOI 12.09.2018
KBATH(PHUKAIMOHHO# PaGoThI 10 JUHEHOMY rpaduKy e
3aanne BbIIAJ PYKOBOAUTEJIb:
Yuenas
Jo/ukHOCTH DdPUO CTeNneHb, IMoanucen Jara
3BaHMe
Honent OHJI
Uyxapesa H.B. K.X.H., JOI[CHT 16.03.2018
HILLITTP yxap da




33)13HI/I€ NPUHAJ K HCIIOJHCHHUIO CTYACHT:

I'pynna

DOUO

IMognucek

Jara

2BM6A

CupnenbHUKOB AJlekcanip BrnagumupoBud

16.03.2018




_ 3AJIAHME ISl PA3JIEJIA
«®PUHAHCOBBII MEHE/KMEHT, PECYPCOD®®EKTUBHOCTH 1

PECYPCOCBEPEKXKEHUE»
CrygneHry:
I'pynna OUO
2bM6b brikoBy Pomany CepreeBuuy
Mxoua ITpuponHbIX pecypcoB Kadeapa TpaHcnopTa 1 XpaHeHHUs
He(TH U ra3a
YpoBens MAarucTpaTypa Hanpasienue/cnenuanabuocts | 21.04.01. Hedrerasosoe neno
o0pa3oBaHus [Mpodmns «HanéxaocTh
ra30He(TEIPOBO/IOB U
XPAHIIIHIID)

pecypcocoepe:keHne:

Hcxonnbie nannble K pasneny «PHHAHCOBBIH MeHEIKMEHT, pecypcod(pPeKTHBHOCTb 1

1. Cmoumocmes pecypcos Hay4Hoz0 uccnedosaHus (HN):
MamepuanbHO-MexHU4eCcKUx, SHepeemuYecKux,
(PUHAHCOBbIX, UHPOPMAYUOHHBIX U Yes108e4eCcKUX

TexHUKO-3KOHOMUYecKoe obocHosaHue

npoekma

2. Hopmbl u HOpMamuebl pacxo008anus pecypcos

Hopmbl amopmuszayuonnvix omuucienul,
HOPMbL paAcxo0a dAeKMpPOIHep2UlL, MAMePUAIOs.

3. Ucnonvzyemas cucmema Han02006104€HUSA, CMABKU
Haso208, omyucneHuli, OUCKOHMUPOBAHUSA U
KpedumosaHus

Hanoeu npunsamul 6 coomgememauu ¢ Han0208bIM
Kooexcom P® na yposne:

— 20 % nanoe na npudbuliv,;

— 2,2 Hanoe Ha UMyWecmeo.

Hopma ouckonma npunsma na yposme 14 %.

Hepeqeﬂb BOIIPOCOB, NOJIC/KAIIMUX HCCIACT0BAHUI0, IPOCKTUPOBAHUIO H pa3pa60TKe:

u anemepHamus nposedeHus HU ¢ nosuyuu
pecypcoaghghekmusHoCcmMU U pecypcocbepereHus

1 OuyeHKa Kommep4ecKo20 NomeHyuana, nepcriekmusHocmu

AHQU3 KOHKYPEeHMHbIX peuweHull
lposedeHue SWOT-aHanu3sa

2. ITanuposanue u gpopmuposarue 6100xcema pabom

Pacuem 3ampam cmpoumesnscmeaa
mpy6onpoeoda u 3asoda CI1I, 8Ka4aA MaAHKepsi
2030803bl.

3. OnpedeneHue pecypcHoli (pecypcocbepezaroujeli),

aghcpekmusHocmu uccaedo8aHUA

¢uHaHcosol, 6r0dxemHol, coyuanbHoU U 3KOHOMuUYecKol

Ilepeyenb rpaguyeckoro marepuajia

1. Oyenxa comognocmu npoexma Kk KOMMEPYUATU3AYUU
2. Mampuya SWOT

3. I'pagux nposedenus HTU

4.

Pacuem sxcnnyamayuonnwix sampam 0 Hegpmenepekauusaiowux azpeamos, 0bopyoosanmvix YPI1

| laTa BbIIaum 3a1aHust IS pasieia 1o JMHeiHoMy rpaduKy

| 16.03.2018

33}13HI/IQ BbIJ1AJI KOHCYJbTAHT:

JomKkHOCTD [%(0]

YueHasi CTeNeHb, Moanuch

3BaHHUC

JaTa

Accucrent OCTH

LIEHL Makarresa 10.C.

16.03.2018

33}13HI/IC NPUHAJT K HCIOJTHCHUI0 CTYAECHT:

I'pynna DO

Hoanuch JlaTta

2BM6A

CunenpHukoB Asnexkcanap Biaagumuposuy

16.03.2018




3AJAHUE JIJISI PA3JIEJIA
«COIAAJILHASI OTBETCTBEHHOCTb»

Crygnenry:
I'pynna DdUO
2BM6A CupenbHukoB Anekcanap Brnaaumuposuu
HueruryT IIpupoaHbIX pecypcoB Kadenpa
YpoBenn Marucrparypa Hanpasaenune/cnenuaiabuocts | 21.04.01 «Hedrerazosoe meno»
oOpa3oBaHus npodms «HanexxHOCT Ta30He-
(TEenpOBOIOB U XPaHHIIHIID)

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

1. XapakrtepucTuka OObEKTa HCCIEAOBAHHS (BEIIECTBO,
MaTepuai, npudop, anropuT™, METOUKA, padodas 30Ha)

3aBoJ MO MPOU3BOACTBY CXKHKEHHOTO
NPUPOJHOrO ra3a C 3aJaHHOM MOILHOCTb
COKIDKEHUS l T/TOI.

Mopckoil MarucrapibHbId Ta30MpOBOJ,
NPOKJIAABIBACMBIN MO0 JHY MOPS ¢ TIyOHHOM

M.

IlepeyeHsb BONPOCOB, MOJIEKANMX HCCTETOBAHUIO, TPOEKTHPOBAHMUIO M Pa3padoTKe:

1. IIpoun3BoacTBeHHas 0€301aCHOCTD

1.1. Anamu3 BBISIBIEHHBIX BpEAHBIX (PAKTOPOB MpHU
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BBEJAEHHUE

AKTyaJlbHOCTh. B Hacrosiee BpeMsi aKTHUBHO pPa3BUBAETCS PBIHOK CObITa
CKMPKEHHOI'O TPHUPOJHOIO Ta3a, HAPALIUMBAIOTCA MOIIHOCTH IO CHXKWXKEHUIO H
perazuukanuy, yBeIWduBaeTcsi TaHKepHbIH ¢uoTr. OmHoBpemenHo, B Poccun
IUIAHUPYETCS PEAIM30BATh HECKOJBKO KPYIHBIX IIPOEKTOB IO CTPOUTENBCTBY
MOPCKUX MarucTpajbHBIX Ta30MpoBOJOB [1]. DTH cmOCOOBI HOCTaBKH MPHUPOIHOTO
raza MOTPEOUTENSIM KOHKYPUPYIOT MEXAY COOOW, MO3TOMY BOINPOCHI OIEHKH U

CpaBHCHUA UX TEXHUKO-?KOHOMHYECKOU 3¢)¢)€KTI/IBHOCTI/I ABJIIOTCA aKTyaJIbHBIMHU.

Hear  padorbl.  CpaBHUTENBHBIA  aHAIU3  TEXHUKO-3KOHOMHYECKOMU
3 PEKTUBHOCTH TAHKEPHOH U TPYOONPOBOAHOM JOCTAaBKM raza IO MOPCKOMY
TPAHCIIOPTHOMY KOPHUAOPY.

JUist  TOCTHKEHMSI TOCTABJIEHHOW 1€MW HEOOXOJMMO PEeUIUTh CIETYIOIINe

3aa4H;

— IIPOBEJICHNE aHAIMTUYECKOTO 0030pa HAyYHO-TEXHUYECKOW MHGOPMAIIUU 10
TEXHOJOTUAM CxKukeHus u perazudukanuu CIII' ¢ ucciaegoBanueM pa3BUTHUS pbIHKA
COFBITA;

— MNPOBEJCHUE pacueTa ONTUMAJBbHOTO KOJIWYECTBA TAaHKEPOB-TA30BO30B JIJIA
TpancnoptupoBku CIII' 70 KOHEYHOro MHOTPEeOUTENsI Ha OCHOBE JIOTMCTHYECKOU
TEOPHUH MACCOBOT'O 00CITY>KMBaHUS;

— MPOBEJICHUE pacueTa MOPCKOTO TPYOOIPORBOIa ISl TPAHCIIOPTa MPUPOTHOTO
rasa;

— CpABHUTEJIBHBIA SKOHOMHUYECKHM aHallu3 METOJOB JOCTAaBKH Tras3a [0
noTpeOuTENS.

O0bekT ucciaenoBanus. Mopckoll TpPaHCIOPTHBIM KOPUIOP, MO KOTOPOMY

HEO0OXO0IMMO JOCTABUTh OINpPEICIEHHBIH 00bEM MIPUPOIHOTO raza.

AHanu3 3¢ (eKTUBHOCTH TPAHCTIOPTA CKUKEHHOTO

YrJI€BOAOPOAHOTO rasa
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IIpeamer wmccaenoBanusi. XapakTEpUCTUKH MOPCKOIO Tra3onpoBoJa U
UHPPACTPYKTYpHl 1O TAaHKEPHOW MEPEBO3KE CHKMKEHHOTO MPUPOIHOrO rasza Io

UCCJIENYEMOMY TPAHCIIOPTHOMY KOPHJIOPY.

Hayunass wiu npakTuyeckasi HoBu3Ha. B pabGore mpuMeHEHBI METOIUKH,
paHee HE HCIIOJIb30BAHHBIE B OTEUYECTBEHHOM IPAKTUKE IPOEKTUPOBKH CHUCTEM
MOPCKOW JIOTUCTHKH TpaHCIOpTa NpupomaHoro Traza [2]. [usa onpeneneHus
HEOOXOJUMOro  KOJIMYEeCTBAa  TAHKEPOB-Ta30BO30B C  IL€JIbI0  o0ecnedeHus
Oecriepe0oitHON paboOTHI 3aBOJIa MO CHKIDKEHHE MPUPOTHOTO ra3za Obula MpUMEHEHa
TEOpHUsI MacCOBOro OOCIyKUBaHUA. PacueT MarucTpaJlbHOro MOPCKOTO ra3onpoBOAa
OCYLIECTBJISUICSI 10 METOJMKAM IIPEACTABJICHHBIX KaK B POCCUHCKHMX, TaK U B

Bap}I6e)KHI>IX HOPMATHUBHLIX JOKYMCHTAX.

IIpakTH4Yeckass 3HAYUMOCTBh Pe3yJIbTaTOB HccjaegoBaHusi. C y4deToM Bcex
TpeOOBAaHMI, OINpPEAEICHHbIX MO pe3yibTaTaM TEXHUYECKUX pacyeToB, ObUIM
OIpeIeNICHbI 3aTpaThl HAa COOPYKEHHE MOPCKOI0 Ta30MpoBoa U UHPPACTPYKTYPHI 11O
COKMKCHUIO, XPAHEHUIO W TaHKEPHOM JOCTaBKE CXKIDKEHHOTO MpHpoHOoro rasza [3].
OTO MO3BOJIAJIIO ONPENETUTh 3KOHOMHYECKYIO 3(PPEKTUBHOCTh TPaHCHOPTUPOBKU

CIII" o cpaBHEHUIO ¢ TPYOONPOBOIHBIM CITOCOOOM JIOCTABKHU.

Peanu3anuss u anpodanusi padorTbl. Pe3ynbTaTbl HCCIEIOBAHUN IO TEME
BBIITYCKHOM ~ KBIU(PHUKAIMOHHOW paboThl OBUTM TPEACTABICHBl aBTOPOM Ha

MEXKIYHAPOIHBIX HAYUYHBIX CUMIIO3UyMaXx:

— Jloxnmang Ha Temy «CoBpeMeHHbIE cyAa-TpyOoykimamuukm» Ha XIX
MexyHapoJTHOM Hay4YHOM CHMIIO3MyME UMEHHU akanemMuka M. A. YcoBa CTyJIeHTOB
U MOJIOABIX YYEHBIX, TOCBsANIeHHOTO 70-netHemy robusneto [loGeasl coBeTCKOro
Hapojga Haja (Qammcrckoil ['epmanueit, mo npodunto «lIpobrembl reosorun u
OCBOCHHSI HEZIPY.

— JHoknan Ha Temy «byayiiee CXKHXKEHHOro npupoaHoro rasa» Ha XXII

MC)K)IyHapOJIHOM HAay4YHOM CHMIIO3UYMEC€ CTYACHTOB KW MOJIOABIX YYCHBIX HMMCHH
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akagemuka M.A. YcoBa, no npoduato «[IpoGieMbl reosornu u OCBOCHHS HEIPY,

KOTOpbIA ObLT oTMeueH aumiomoM 111 crenenu.
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1 LITERATURE REVIEW

1.1 Executive summary

The technology of cooling natural gas to minus 260 degrees Fahrenheit in order
to convert it from a gas to a liquid, and reducing its volume by about 600 times,
created a new industry. Now so-called stranded natural gas resources could be
monetized by shipping gas in special-purpose vessels to new markets which were
hungry for new sources of energy to fuel growth and diversify supply. The trade
began in the early 1960s, with resource-rich countries like Algeria shipping LNG to
the UK, and Abu Dhabi shipping to Japan. As the viability, both technical and
economic, was demonstrated, LNG trade proliferated with major supply sources like
Indonesia and Malaysia jumping in to ship gas to east Asian markets in Japan, South
Korea and Taiwan. The European market also opened up with France, Belgium, Italy
and Spain soon joining the UK as destination markets, and even in the US several

LNG regasification terminals were built and operated in the 1970s [4].

Growth in LNG markets got a further major boost in the 2000s with the
development for export of Qatar’s massive North Field, potentially the single largest,
nonassociated gas field in the world. Nigeria and Russia also joined the LNG export
club. Due to geographic location, LNG from Qatar could serve markets in Europe and
Asia and it was even envisaged that trade to the US would take off in a big way,
though of course before the emergence of economic US shale gas in quantities that
would soon transform the country into a potential export source [5]. At the same
time, new markets began to be developed with regasification terminals constructed
and commissioned in a number of Latin American nations, new locations in Western

Europe, China and South and Southeast Asia.
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More recently, the current decade has seen a combination of fast growing
demand, large natural gas resources and a period of high oil prices. Over a number of
years, this translated by contractual linkage, into very high LNG prices in both the
Asian and European markets which has brought forth a phase of very large-scale
project development in Australia, with a number of these being world-scale projects,
and the arrival of the US as an exporting nation, with several facilities under
development. Furthermore, as demand is projected to grow steadily, new sources of

LNG from a number of countries will need to be developed.
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Figure 1 — Growth in LNG Demand

Despite the dynamism of the LNG business in both anticipating and delivering
growth, certain features of the global market have remained relatively constant and
dominant, at least thus far. For example, market structures have always been
dominated by long-term, highvolume, point-to-point commercial agreements between
large suppliers and large, mainly utility buyers, in developed economies [6]. These
arrangements have been the key enabling factor in securing financing for the huge,
front-end loaded capital expenditures required to construct the specialized
liquefaction, shipping and regasification facilities needed to operate the trade.
Twenty-plus year contracts with prices linked to oil have been the norm for the entire
history of the industry. However, unlike oil markets, which tend to be globally
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fungible with convergent prices, LNG markets and prices have remained for the most
part regional in nature. East Asia has usually been the highest priced market with the
strongest link to oil prices; Europe has been in the middle, with oil price indexation
tempered by the effect of competition with Norwegian and Russian pipeline gas
supplies; and North America has been the lowest priced market, with intense gas-on-
gas competition usually driving gas prices down at liquid and transparent trading
points, such as the Henry Hub. The recent decline in oil prices has led to compression
in price differences between the ranges, but it is too early to say whether this is a

precursor in itself of longer term price convergence.

From an end-use perspective, the overwhelming majority of LNG has been
absorbed into the systems of large utility buyers, for use as a power generation fuel or
as part of the supply portfolio into industrial and heating markets. After the
regasification process, the natural gas’s composition is adjusted for heat content, and
other local market requirements, and is either consumed shortly thereafter, stored or

sold into the broader piped gas market if accessible.

History sets a context for future development, and many of these features will
remain in place. However, we also see the future diverging from the past in several
ways, presenting both challenges and opportunities for players in this market. The
Deloitte LNG series has sought to identify these emerging trends and assess their

significance [7].

1.1.1 Rapid growth amplifies business fundamentals

To highlight the range of feasible outcomes for the LNG business over the next
10 years, we have laid out a strength, weakness, opportunities, and threat (SWOT)
analysis. With over 50 years of shipments, the LNG industry’s characteristics are
well understood, but will not necessarily remain the same. Key changes in the
business landscape will alter the equation, with the potential to further expand the
market and shift the underlying foundation. And while a SWOT analysis is most
often used to discuss the company level position, it is equally applicable to industry
segments like LNG relative to others, as we do here [8].
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1.1.2 Strengths

LNG delivers value by commercializing “stranded” gas assets, typically far
from existing infrastructure or in areas with limited indigenous demand—in the case
of the US, the large amount of surplus gas unlocked by new technologies. That
resource potential has increased as new gas fields are discovered and more countries
build-out regasification infrastructure. For example, gas reserves well in excess of
100 tcf have been discovered in offshore Mozambique and Tanzania, but there is
limited existing domestic consumption.10 Operators face similar challenges in other
frontier and emerging basins like the South American Atlantic Margin as well as in

the Levant, off the coast of Israel and Cyprus.

Additionally, countries with existing gas production and domestic markets may
opt for LNG if individual projects will exceed infrastructure capacity. For example,
ENI’s Zohr discovery off the cost of Egypt has the potential to double the country’s
gas reserves and additional discoveries could lead to Egypt restarting LNG exports.
An abrupt turn of face after multiple years of rapid domestic growth exceeded the
declining production in 2015. The Russian firm Gazprom produces large quantities of
gas, exported both via pipelines and in isolated areas like Sakhalin, via LNG. As
companies explore farther from population centers, LNG will become essential to
commercializing any gas discoveries. For example, Novatek is planning to export gas
from the SouthTambeyskoye field via the Yamal peninsula LNG megaproject

adjacent to the Kara Sea in the Russian Arctic.
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Figure 2 — LNG trade volumes and trading countries by year

Due to the high upfront costs and long production life, 70 to 80 percent of
offtake capacity is typically pre-sold. This lowers the risk of investment, which opens
access to more risk averse sources of capital. For companies managing a broad
spectrum of oil and gas assets, LNG provides more predictable cash flows and
diversification from the traditional exploration and production business. Not only
does this limit the liquefier’s risk, it also diversifies end users’ gas supply and reduces
shortage risks. This is particularly important for countries in Eastern Europe, like

Lithuania, which face political impediments to stable imports from Russia [9].

1.1.3 Weaknesses

Cost overruns and delays have negatively impacted LNG projects globally. For
example, the Oil & Gas Journal reported in September that Inpex’s Ichthys LNG
project in Australia has been delayed three-quarters of a year, and projected costs will
likely increase by up to US$3.4 billion, roughly 10%.11 Projects like Gorgon LNG in
Australia faced more significant headwinds. This is not just a regional phenomenon.
Oxford Institute for Energy Studies indicated global per unit development costs over
the last decade have risen three-fold, from US$300 per tpa to US$1,200 per tpa,

driven by more complex and remote projects, compounding industry-wide challenges
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with cost inflation. Beyond pure cost escalation, operators are targeting increasingly
isolated or smaller fields, which may drive cost per unit of capacity further upward.
Admittedly, the impact is unclear, as the International Gas Union has noted in their
2015 report several other factors outside remoteness will also impact on cost, limiting
the correlation. Cost overruns can have a large, negative impact on returns since the
delivered price is independent on the cost of supply, with oil linkages providing price

transparency by exposing producers to a highly volatile commodity.

25

/
") LM

2007 2008 2009 2010 20M 2012 2013 2014 2015 2016

Natural gas price ($/mmBtu)

Japan —— Europe United States

Figure 3 — Regional natural gas price differentials have compressed, but not converged

1.1.4 Opportunities

Growth potential stems from two factors—the large amount of low cost gas
discovered in the last decade and technology improvements that unlock value from
increasingly smaller fields and markets. For example, the US Energy Information
Administration (EIA) estimated the United States had 354 trillion cubic feet of
proven natural gas reserves at year-end 2013, roughly double the nadir in the 1990s,
despite rising production. Other regions, including East Africa and Pacific Canada,
have seen dramatic increases in gas potential. There is sufficient supply to meet
future increases in demand from multiple avenues, including not only the typical
power generation, but also for alternative uses like small scale re-gas for isolated

markets or transport fuel for heavyduty trucks, railroads and shipping, where
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displacement of diesel can be an economic proposition with additional environmental
benefits [10]. And affordable prices will spur demand from all sources, large and
small. Firms that can take advantage of LNG’s optionality to flexibly source gas, as
well as navigate the contracting and supply chain challenges, have a large potential
market to tap into. Not only that, but the potential market continues to grow as the

number of countries with import and regasification capacity increases.

1.2 Threats

Historically, LNG prices have been linked to oil. With Brent prices roughly
halving over the first half of 2015, the high delivered price necessary to offset
operational issues (e.g., gas sourcing, delays, costs) have been eliminated.
Furthermore, Deloitte MarketPoint reference case forecasts crude prices remaining
below US$80 per barrel in 2015 real terms over the next ten years. With Australian
LNG projects delayed and a wave of US projects reaching completion this year, near-
term supply growth will outstrip demand growth just as both contracted and spot
prices have dropped dramatically. Low prices and higher volatility will prevent
smaller players from entering the market and limit optionality for portfolio players to
effectively dispatch cargoes while maximizing the benefits of vertical integration—
all potentially contributing to a supply crunch in the early to mid-2020s, as well as

deferring the development of a more robust market.

Facing tighter supplies, importers may overcome geopolitical hurdles to
expand existing pipeline networks, and construct new ones connected to large
reserves in the Middle East and Russia. Moreover, importers like China have
abundant undeveloped shale resources, which may prove economic if LNG supply is
constrained and domestic prices rise. This could lead to a secular drop in demand

over the longer term.
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1.3 Putting it all together

Generally speaking, recent trends in the industry have moved towards
accelerating change. For example, more liquefaction capacity will be added in the
next two years than in the last five. Moreover, Japan has restarted two nuclear powers
plants since the Fukushima disaster led to shutting down nuclear plants. This caused a
12% year-on-year increase in LNG imports16 and the startups could lead to a similar
contraction in imports over the near-term. Rapid changes require projects to be agile,
which is not an LNG mega-project’s forte. Moreover, pricing linked to the price of
oil, be it Brent or Japanese Customs Cleared (JCC), decouples the cost of production
from realized prices. And while moving towards a cost of supply based pricing could
limit the net-revenue risk, as the price of oil has dropped, interest in moving the price
basis has waned. The existing take or pay contracts do provide producers with some
surety of capacity, but with the excess spot cargoes on the market and low oi-linked

prices, the profitability of these facilities is threatened [11].

Fortunately for LNG investors, the longevity of liquefaction facilities
minimizes the total revenue exposure at any given point in time. While today’s low
prices do threaten investment, there is potential for a medium-term supply crunch if
new capacity is underbuilt, which would improve the pricing outlook for spot
cargoes. Beyond that, today’s low oil prices will result in lower supply growth,
contributing to higher prices later—Iifting contract LNG prices as well. Unlike the
US onshore shale game, price volatility can be problematic for LNG exporters, but
not necessarily value-destructive over the project lifecycle. A liquefaction plant has
opportunities to make up lost margins today with increased contract and spot

transactions when demand increases and prices rise.

JIuct

Literature review

23

Wswm. | JIuct Ne nokym. IToamucs | JaTa




1,000

900

Liquefaction capacity and LNG demand (mtpa)

2010 2015 2020 2025 2030 2035 2040

W Africa South America Cananda M Asia ¥ Russia
M Australia [l Europe USA Middle East W NG Demand

Figure 4 — Both LNG supply and demand is expected to grow steadily despite headwinds

1.4. Signposting the key levers in a rapidly shifting industry
1.4.1 SWOT

A SWOT analysis cannot capture all the risks of any given project as the
landscape is susceptible to sudden shifts. It is just as necessary to consider the
ongoing vectors of change and anticipate how market movements impact projects
over the investment cycle. In broad terms, the major upheaval stems from unexpected
changes in demand and supply driven by technical enhancements, political shifts, and
market sentiment. Below are seven key factors that may alter the direction and speed
of the LNG market’s maturity. Ultimately these factors are not binary, but occur
across a broad spectrum and are heavily intertwined. The following section describes
these factors in greater detail. The future of the LNG industry will play out as a

function of how strongly each factor develops and the interplay between them.

1.4.2 Slowing global economic growth
The continued malaise in Europe combined with a slowdown in Southeast
Asia will likely weigh against energy demand, particularly LNG consumption. For

example, an October 2015 The Economist column noted regional growth (excluding
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Japan) is expected to be 5.8% for the year, a couple percentage points lower than the

decadal average. More importantly, the columnist highlighted the several currencies,

including the Japanese Yen, have dropped against the dollar.18 In local terms, this
will make LNG cargoes dearer, even as prices have dropped globally, partially
offsetting the benefit of lower energy costs. Moreover, the Southeast Asian
economies that consume the bulk of LNG shipments are closely interrelated. A
reduction in growth in China will reduce demand for goods and services from
adjacent countries, reducing manufacturing activity and energy usage in the rest of
the region [12].

Moving past the next couple of years, the medium-term outlook will also be
subdued relative to the previous decade. The IMF’s recent World Economic Outlook
cites the economic slowdown over the last five years has led not only to a lower level
of economic output versus prior trends, but also a lower overall trend in growth. The
Fund estimates for medium-term (i.e., five years ahead) growth have been reduced
every year since 2011, with an outsized impact from underperformance in the
emerging markets. Annual growth through 2020 is expected to remain moderate,
roughly 1.6% in the developed world and 5.2% in emerging economies, though the
report notes China’s growth could be weaker than anticipated due to a “rebalancing

of growth away from investment and toward consumption.

The Economist Intelligence Unit sees a similar trend, with five-year growth
running near 3% globally, averaging 2% and 5% for OECD and non-OECD countries
respectively.20 While energy intensity varies from country to country, and over time,
lower growth in GDP will strongly correlate with lower growth in LNG consumption.
OECD countries are not key to driving future commodity demand—the emerging
markets are. Signs of persistent low growth in major importers like Japan, combined
with a Chinese slowdown and underperformance of the historical “Asian Tigers”
(Hong Kong, Singapore, South Korea, and Taiwan) would indicate the potential for
undermining LNG growth in its entirety, leading to capacity utilization dropping as

new liquefaction facilities come onstream.
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1.4.3 Increased energy efficiency

Not only is there a risk of lower economic growth, the relationship between
growth and energy usage has weakened. For example, the International Energy
Agency (IEA) estimates China has reduced its energy intensity from just shy of 600
tonnes of oil equivalent per thousand dollars to just north of 200 in 2012, in 2005
dollars.21 Moreover, the cost per cubic foot of natural gas for LNG importing
countries like Japan is much higher than exporters like the US. This provides a higher
incentive for efficiency gains and fuel switching. According to an April Reuters
article, “Japan is now one of the world's four largest markets for solar panels and a
large number of power plants are coming onstream” and “residential solar power
production costs have more than halved since 2010 [13]. A combination of lower
energy requirements combined with low cost renewables could over time reduce the

appetite for higher cost natural gas imports.

Furthermore, generators do not have to switch fuels to improve efficiencies.
Gas turbines have become increasingly more efficient, providing the same power
with less input. Older models could have efficiencies less than 30%, with more recent
combined-cycle systems reaching 60%. Even if countries defer expanding their
renewable portfolios and retire coal and nuclear plants, they could stem growing
natural gas consumption by replacing older gas generation plants. Higher LNG prices
will be needed to justify sanctioning much of higher-cost liquefaction. This provides
ample incentive to improve efficiencies. Due to the cost and duration of constructing
new power plants, demand will only be affected marginally in the near term. With
this said, continued growth of natural gas consumption in the power and utilities
sector should not be taken as a given—particularly as LNG prices increase and

generation technology costs decrease.

1.4.4 Surfeit of pre-FID capacity
Large amounts of potential liquefaction capacity remain unsanctioned as
economics are evaluated, buyers are sought, and designs are developed. The

International Gas Union’s 2015 report counts roughly 100 mtpa capacity of under
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construction, and another 250 mtpa unsanctioned liquefaction capacity in North
America and Australia is expected to start up in the early 2020s,23 which is the
equivalent of BP’s total forecasted LNG demand growth through 2035.24 Moreover,
the IGU’s count excludes potential commercialization of East African gas. Absent a
surge in demand, most of these greenfield projects will not move forward within the
next five to ten years, if at all. Companies can still take advantage of excess capacity

from underutilization or lower cost brownfield expansions of existing facilities.

These projects are not just unsanctioned, but also high cost. A liquefaction
project requiring US$12-15 per mmbtu to breakeven after adjusting for the cost of
capital is clearly out of the money in the current environment. But as contract and
spot prices begin to rise, there will be a glut of new potential capacity, intensifying
the “lumpiness” of the periodic swings of over and under supplied markets. And in all
likelihood, this new capacity is not needed to meet demand. Overall volumes traded
have remained close to flat for five years despite new facilities coming onstream.
Beyond that, new United States and Australian facilities should have excess capacity
that could generate spot cargoes if market slack tightens. In all likelihood, high cost
projects in regions with limited existing infrastructure will not be sanctioned.
Bloomberg, citing IHS, noted only one in twenty planned projects would be needed
by 2025. Alternatively, developing larger projects as multiple smaller phases or
expanding FLNG could provide new volumes while limiting outsized risk of low
marginal demand growth. In practice, the long-term contracting common to the
industry should prevent too many new players entering the market since they would
simply not be able to generate sufficient interest to reach final investment decision
(FID).

1.5 A small business gains scale

In the vast global natural gas industry, much of the conversation revolves
around major trends such as oversupply, the growth of liquefied natural gas (LNG)
spot trades, and the prospects of mega-LNG projects like the US$54 billion Gorgon
project in Australia. Amid this forest, the comparatively diminutive tree of small-
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scale LNG (ssLNG) doesn’t get much attention. Aside from a handful of market
players, this segment is not yet on the radar of many industry participants. It should
be.

1,000

900

Liquefaction capacity and LNG demand (mtpa)

2010 2015 2020 2025 2030 2035 2040

W Africa South America Cananda M Asia M Russia

M Australia Il Europe USA Middle East Il LNG Demand

Figure 4 — Both LNG supply and demand is expected to grow steadily despite headwinds

The term ssLNG refers to the direct use of liquefied natural gas in its liquid
form, as opposed to the traditional model of regasification and subsequent
introduction into the gas transmission grid. Small-scale liquefaction plants are usually
developed to serve specific markets and have a production capacity of less than
500,000 tons per year (by contrast, a large industrial-scale LNG plant like the Gorgon
facility has an export capacity of approximately 16 million tons per year). These
plants provide supply to end-users in places where traditional infrastructure does not

reach, or to consumers requiring liquid fuel [14].

There are three major end uses for ssSLNG: marine fuel (bunkering), fuel for
heavy road transport, and power generation in off-grid locations. The market is
relatively immature. However, several major energy companies are already involved
in sSLNG, including Shell, Engie, ENI, Gasum, and Gazprom. The size of the market
IS expected to grow to approximately 100 million tons per year by 2030. Shell is

developing bunkering services in the Amsterdam-Rotterdam-Antwerp region and in
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northern Germany. In August 2016, Shell and the government of Gibraltar signed an
agreement for the supply of LNG for use in power generation there. Engie, the
French natural gas production and distribution company, has pledged to invest €100
million (US$112 million) in ssSLNG and compressed natural gas (CNG) trucking
infrastructure across Europe by 2020, and it has just started ship-to-ship LNG
bunkering service in the port of Zeebrugge, Belgium. For several years, Italian oil
and gas company ENI has been leveraging its presence at Zeebrugge to get involved
in SSLNG. The Finnish company Gasum is focusing on expansion in the Nordic
region, investing heavily in reloading and storage facilities in Sweden and Strategy&
5 Finland. In late 2016, Gazprom approved a development program for 2017-19 that
includes construction of natural gas filling stations and the production and use of
small-scale LNG in Europe and China [15]. In Southeast Asia, players such as the

Indonesian national oil company Pertamina are investing in sSLNG facilities.

Given the dynamics in the global natural gas markets — lower commodity
prices, oversupplied gas markets, and industry focus on cost reduction — it may seem
that any subsector would have difficulty attracting interest. But a number of powerful
factors favor the growth of ssSLNG. First, ssSLNG initiatives, in contrast to large-scale
LNG projects, offer investors more immediate and potentially attractive returns in the
medium term. The proven technology allows ssLNG projects to offer a “plug and
play” service with lower investment requirements and accelerated commissioning
schedules. And that leads to reduced uncertainty on the project execution timing.
Second, ssLNG is scalable, meaning operators can easily add capacity to serve
increased demand while gaining supply chain synergies. That makes ssSLNG an ideal
way to meet short-term fluctuations in demand. And finally, precisely because of this
flexibility, sSLNG can stimulate demand in areas of the market that were previously
unsuited to LNG as a fuel source, such as off-grid power generation on islands and in

remote areas.
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1.6.1 Trends favoring growth

As these markets evolve, a number of trends are converging to propel the
potential of SSLNG. LNG itself is increasingly becoming a commodity, supported by
the increased liquidity of regional markets and the wider availability of LNG due to
new projects and modifications of existing terminals. This commoditization has
accelerated the scale and scope of redistribution of LNG. At the same time, the
environmental and economic benefits of ssSLNG are key drivers for business
development in the U.S., Europe, and China, where new environmental emissions
policies and arbitrage in oil and gas prices allow the full exploitation of LNG
potential. Looking ahead, we see different trends supporting the growth of ssSLNG in

the three main sectors.

Bunkering The regulatory environment surrounding the use of shipping fuel is
likely to become more stringent as climate change initiatives build momentum. In
2015, pursuant to new regulations imposed by the International Maritime
Organization, sulfur limits were reduced from 1 percent to 0.1 percent in emission
control areas (ECASs), including the Baltic Sea, the North Sea, and most of the
Canadian and North American coast. Those stringent limits will be extended to the
Mediterranean Sea in 2020. In January 2020, a new global emissions cap will reduce
permissible emissions of sulfur in regions that are not ECAs from 3.5 percent to 0.5
percent. These limits are pushing the maritime industry to study and implement
abatement measures, including the greater use of LNG, which has a far lower sulfur
content than diesel as a bunker fuel. At the same time, LNG is becoming more widely
available at key ports. Regulation is a prerequisite for LNG development in the
bunkering sector. When new emission caps are imposed (e.g., in the Mediterranean in
2020), LNG will emerge as an effective alternative that can compete economically
with other solutions such as scrubbers and clean diesel. The main target segments for
LNG for bunkering are vessels that are fuel intensive and follow regular and
repetitive transportation routes, such as point-to-point cargo and passenger ships,

ferries, and container ships.
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1.6.2 Off-grid power

The decision to switch to LNG from diesel, fuel oil, liquefied petroleum gas,

and petroleum is highly correlated with the economics of alternative fuels. The

investment required to switch to LNG power is relatively lower than for the other

applications (trucking and bunkering), and no major infrastructure is required to

sustain the business. In many instances, as with trucking, users switching to LNG will

be motivated by the environmental and sustainability benefits. The key enabler for

this market segment is the development of an efficient and sustainable logistics

network, as most of the end-users are in remote locations [16].

1.6.3 Capabilities-driven strategy

An attractive market across a number of dimensions;

1. LNG is on average a profitable business with relatively lower capex
requirements than the traditional LNG sector.

2. Bunkering demand focuses on several key ports and a few key clients. The
capex requirements for bunkering are high compared with those for other end
applications — e.g., €30 million to €60 million for a port storage facility with a
capacity of 6,000 to 15,000 cubic meters, and €30 million to €40 million for a
bunkering barge with a capacity of 3,000 to 10,000 cubic meters. That means
there is a natural barrier to entry in this subsector protecting first movers that
have secured contracts with ship owners.

3. Investments for road transportation are scalable and relatively low (e.g.,
€600,000 for an LNG refueling station).

4. Investments for off-grid applications (as much as €200,000 for an average
installation) are usually secured by a long-term agreement with end-users,
although they require a strong local market presence.

5. For companies that already have a substantial gas portfolio, LNG provides a
scalable business with the flexibility to meet demand from a number of
emerging core segments.
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Simply put, in LNG, size still matters. The winning players will need to be
active across all segments of the industry, from the supply of gas, to transportation
and distribution, right down to the point of direct commercial relationships with end-
users (where sizable). Underpinning this approach are some key points. Players
should focus on the core activities, while outsourcing the low-value-added activities
that require specific local presence and knowledge of national regulations, such as
bunkering, “last-mile” transportation, and scouting of smaller off-grid potential users.
Equally, companies should leverage their key competencies in commodity hedging to

reduce the price risk for endusers in the initial market development phase.

The other key element to future success is a company’s competency to broker
partnerships. Building collaborative partnership models will be essential to mitigate
commercial risks, align business interests, and move supply and demand projects
forward in parallel. The development of these partnership models is precisely what
companies like Shell and Engie have delivered. Shell’s strategy is focused on
integration across the value chain, leveraging its subsidiary Gasnor’s positioning in
the Nordics while capturing long-term contracts with major clients like Sovcomflot
and Carnival. Shell has signed an agreement with Sovcomflot (SCF Group) to fuel
the first four Aframax crude oil tankers in the world to be powered by LNG; the ships
will operate in the Baltic Sea and northern Europe beginning in late 2018. Shell has
also signed a supply agreement with Carnival to fuel the world’s first LNG-powered
cruise ships, which will begin sailing in northwest Europe and the Mediterranean in
2019 [17].

Engie has targeted agreements with OEMs such as Wartsild, the Finnish
company that manufactures and services power sources and other equipment in the
marine and energy markets; auto manufacturer Fiat Chrysler Automobiles; and lveco,
the Italy-based industrial vehicle manufacturer. Engie also participates in joint
ventures promoting European LNG; an example is Gas4Sea, a partnership with
Mitsubishi Corporation, NYK Line, and Connect2LNG that is targeting the trucking
industry.
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1.7 Sakhalin 2

Sakhalin-2 is one of the most challenging engineering feats ever achieved. It
operates in some of the world’s harshest conditions in Russia’s far east, an area prone
to earthquakes. In the North of the Island the winter season lasts up to 240 days and
there is ice for most of the year. Facilities are designed to withstand the impact of a
major earthquake.

The project on Sakhalin Island exports liquefied natural gas (LNG) and oil to
the fast-growing energy markets in the Asia-Pacific region. Its major customers are
located in Japan, South Korea, Taiwan, China, Malaysia, the Philippines and
Singapore. The first Sakhalin-2 LNG cargo arrived in Japan’s Tokyo Bay in April
2009.

The LNG plant has reached full capacity and now exceeds its annual design
output, producing 10.93 million tonnes of LNG in 2016.

The platforms that produce Russia’s first offshore oil and gas, 15 kilometres
off Sakhalin Island, stand in water up to 50 metres deep in the stormy Sea of
Okhotsk. They are the Piltun-Astokhskoye-A platform (also known as ‘Molikpaq’),
Piltun-Astokhskoye-B and Lunskoye-A platforms [18].

In this region, temperatures can drop to -45 degrees Celsius (-49° Fahrenheit)
in winter. Arctic winds combine with high humidity for a wind-chill factor of -70°C
(-94°F). At such temperatures, people can work outside only in short shifts - despite
steel cladding on the outer sides of the platforms that breaks the wind, offering some
protection.

Ice poses serious technical challenges too. From December to May, a thick
layer of ice surrounds the platforms in the Sea of Okhotsk, preventing tankers from
reaching them to load oil and gas. Instead, a 300-kilometre network of underwater
pipelines takes the hydrocarbons ashore year-round.

Two major earthquakes of 6.4 and 7.6 on the Richter scale have struck the
Sakhalin region in the past 15 years. The platforms are designed therefore to resist the
kind of enormous earthquake that occurs perhaps once in 3,000 years. The topsides,

or upper parts, of two of the platforms are connected to their concrete legs by sliding
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joints. If an earthquake strikes, they can move independently from the legs in a
pendulum motion, preventing damage.

Ridges of compressed ice can carve deep gashes in the seabed and could
damage pipelines. A thick concrete coating protects them, however, and they are
buried five metres beneath the seabed wherever the sea is less than 30 metres deep.
As an extra safeguard, electronic leak-detection systems including valves halt the
flow of oil and gas if the pressure drops.

Western gray whales, a species brought to near extinction by commercial
whaling early in the 20th century, feed in the waters off Sakhalin Island. Sakhalin
Energy rerouted the offshore pipelines 20 kilometres to the south to avoid the feeding
grounds, following advice from an independent panel of scientists set up under the
International Union for Conservation of Nature (IUCN). In recognition of its western
gray whale protection programme, Sakhalin Energy won the 2008 Environmental
Project of the Year award from Russia’s Ministry of Environment and Natural
Resources.

To protect the whales, sound levels in the area are constantly monitored.
During construction, work such as drilling and pipelaying was suspended when the
noise exceeded levels recommended by scientists. Buoys with acoustic monitors
positioned along the edge of the feeding grounds track sound levels. Sakhalin Energy
and ExxonMobil, the operator of the Sakhalin-1 project, jointly finance the large-
scale research programme. During the 2016 field season, 14 new calves and one adult
whale, which had not been previously recorded, were identified in the waters around
Sakhalin. Updates have been made to the Sakhalin photo catalogue, where the total
number of registered individual whales has now increased to 274.

Once the hydrocarbons are pumped ashore, a processing plant treats gas and
condensate, a natural gas liquid, from the Lunskoye-A platform, along with oil and
some gas produced by the Molikpaq and Piltun Astokhskoye-B platforms. From
there, the gas is sent through two parallel 800-kilometre pipelines to the Prigorodnoye
production complex at Aniva Bay in the south of the island, which includes an LNG

plant, an oil export terminal and a port which is virtually ice-free during winter.

JIuct

Literature review

34

Wswm. | JIuct Ne nokym. IToamucs | JaTa




As long as the distance from Paris to Berlin, the pipelines cross seismic
faultlines at 19 places and more than 1,000 of Sakhalin Island’s 60,000 rivers and
streams. The 8,000 construction workers who built them could only start work after
unexploded munitions from World War Il had been cleared.

Engineers planned the onshore pipeline route to avoid most of the active faults,
where even low levels of seismic activity could cause ruptures. If no alternative route
existed, they used pipeline segments made of steel that can bend up to four metres
without breaking.

Sakhalin Energy planned the route to create the least disturbance to vulnerable
species, such as the Steller’s sea eagle and Siberian spruce grouse, and to the island’s
rich vegetation. Laying the pipelines beneath streams where salmon spawn — a highly
sensitive operation — mainly took place in winter when the water was frozen [19].

The gas arrives at Prigorodnoye production complex after a day-long journey
from the platforms. There Sakhalin Energy has built Russia’s first LNG plant,
designed to produce 9.6 million tonnes of LNG a year. That is enough to generate
electricity for around 24 million European homes. Almost all the production capacity
Is committed in long-term contracts to supply customers in the Asia-Pacific region.

Shell developed an energy-saving process for subarctic conditions that takes
advantage of the low ambient temperatures to cool the gas and turn it into a liquid.

The new oil export terminal next to the LNG plant has the capacity to store 1.2
million barrels of oil — six days of pipeline supply. Heating elements fitted inside the
floating roofs of the storage tanks ensure that snow in winter does not build up into a
heavy load. Instead, it melts and slides off. A pipeline on the seabed transports the
crude oil to tankers waiting to be loaded at Tanker Loading Unit located 4.8

kilometres from the Prigorodnoye coastline.
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2 C)KWKEHHBINA TPUPOTHBIN T'A3
2.1 DBoJironug rasa

2.1.1 PBIHKH C:KUZKEHHOTO MPUPOTHOTO ra3a

B pamMkax HMHCTUTYIMOHAJBbHOIO MOJXOJA PACCMOTPEHBI  OCHOBHBIE
OCOOCHHOCTH Ta30BBIX PBIHKOB, TIJaBHAasg M3 KOTOPBIX — 3HAYUTENIBHO OoJiee
BBICOKHE TPAHCAKIIMOHHBIC U3JEPKKU (T. €. U3ICP>KKHU, CBSI3AHHBIE C KOOPJUHAIINEH

¥ B3aUMOJICHCTBUEM SKOHOMUYECKHX CYOBEKTOB), YeM Ha HeTssHOM phiHKe [20].

[Ipexme Bcero 5TO CBSA3aHO C BBICOKOW CTEMEHBIO CIEIM(PUIHOCTA aKTHBOB
OTpaciid  BBHJY KpailHE  CHEIUAIM3UPOBAHHOM W HETHOKOM  TIPHUPO/IBI
TPyOOTIPOBOAHOTO TpaHCTOpTa Ta3a. [Ipu BBICOKOW CIEM(PUIHOCTH aKTUBOB PE3KO
BO3PACTaCT BEPOSITHOCTh TaK HA3BIBAEMOTO OMNMOPTYHHCTUUECKOTO TIOBEJCHUS
KOHTPareHTOB, KOTOPOE€ MMEET IIEIbI0 «BBIMOTAaTEIbLCTBO» — IMPUCBOCHUE BBITOJIBI
OT OCYIICCTBJICHHBIX KOHTPAareHTOM cCHeruduYecknx WHBECTUIMH (T. €.
HCIIOJIb30BaHNE WX 0€3 COOTBETCTBYMONICH oruiatel). Hampumep, mociie Toro, kak
OCYIICCTBJICHBI BIIO)KCHHS B TIOCTPOMKY Ta30MpoOBOAa, IOTPEOUTENh MOXKET
noTpeboBaTh OT MOCTABIIMKA CHUKEHHS IIEH Ha IOCTaBlsgeMblid ra3. IlocTaBmimk
BBIHYXKJCH OYyJIeT COTIJIacCUThCS, TOCKOJBKY y HEro HET HHUKAKUX BapHaHTOB
aJbTEPHATUBHOTO MCIIOIB30BAHUS TOCTPOCHHOTO TPYyOONPOBOA, & €My HEOOXO0IUMO
obecrieunTh BO3BpAT HMHBECTHIMH. I13-3a BBICOKOW KaImUTaJIOEMKOCTH Ta30BOM
MIPOMBITIUICHHOCTH 3TOT PUCK OMITOPTYHUCTUYECKOTO TIOBEICHUS SIBIIIETCS OCOOCHHO
CYIIIECTBEHHBIM, @ COOTBETCTBCHHO, BHICOKH W 3aTpPaThl KOHTPAreHTOB Ha TO, YTOOBI
OpraHM30BaTh TPAHCAKIMIO TaKUM o00pa3oM, 4YTOObI OOECICUYUTh MHHHUMH3AIUIO

sToro pucka [21].

Ananu3s 3¢ (HeKTUBHOCTH TEXHOJIOTUH TPaHCIIOPTa CXKIKEHHOTO

YrJICBOAOPOAHOTO Ira3a
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IToMumO 3TOrO, OTpaCib OTIMYAECTCSA NOBBIILIEHHOM B3aMMO3aBUCUMOCTBHIO
KOHTpareHToB. OHAa COCTOUT U3 HECKOJBKHUX OTAEIBHBIX CETMEHTOB (3TO 100bIYa
raza, npousBonactso CIII, TpaHCIIOPTHpPOBKA CETEBOrO M CHXKMXKEHHOIO rasza u
pacnpeniesieHue), KOTOPhIE TEXHOJIOTMYECKHM OYEHb TECHO CBsA3aHbl. B cuily 3THX
TEXHOJIOTMUECKUX OCOOCHHOCTEN TPAHCAKIIMU B Fa30BOM OM3HECE HOCSAT B OCHOBHOM
HEIIPEPBIBHBIN  JIOITOCPOYHBIM  XapakTep, 4YTO OIATH XK€ BEAET K POCTY
TPAHCAKLMOHHBIX U3JIEPKEK: PA3PbIB OTHOIIEHUIM ¢ KOHTPAr€HTOM MEPEKIIOUYECHNUE Ha
JPYTroro NOCTaBUIMKA/IOTPEOUTENS B OOJIBIIMHCTBE CIIy4aeB 3aTPYyIHEHBI CBSA3AaHbI C
JONIOJIHUTENBHBIMU 3aTpaTaMu. /[l ra3oBOM OTpaciM XapakTepHa TAaKXKE O4YECHb
BBICOKAs CTENIEHb HEONPENEIICHHOCTH. IIEPBYIO OYEPEb ITO CBA3AHO C MOBBIIIEHHOU
UHEPLUHUOHHOCTBIO  oTpaciad. [IpogoJDKHATENBHOCTh — OCYIIECTBICHUS  I'a30BBIX
IIPOEKTOB, BKJIOYAIOIIUX OOBIYHO OCBOEHHE MECTOPOXKIECHUS H CTPOUTEIHCTBO

ra30TPaHCIIOPTHON MarucTpaiu OT HETO K MOTPEOUTENSIM, OUCHb BEJIHKA.

JInmuTenbHbIN IIEPUOLT MOCHEAYIOIIEN JKCIUTyaTalluu
Y3KOCTICIIMAIU3UPOBAHHBIX ~ aKTUBOB YCHJIMBAET HEOMPENEICHHOCTh OymaylIux
YCJIOBUH, KOTOpasi IOMUMO OTpacieBOM crieliM(UKU CBSI3aHA C HEONPEICTIEHHOCThIO
BHEIIIHEDKOHOMUYECKOW cpeanpl  (koTtopass (GopMUpYyeTCss TOJA  BO3JACHCTBUEM
MHOTOYHMCJICHHBIX BHEIIHUX (PAKTOPOB HAUYMHAS C T€OMOJUTHYECKOW OOCTaHOBKH U
JTUHAMUKA MHUPOBBIX SHEPreTUYECKUX PBHIHKOB W 3aKaHYMBasl JUHAMUKOW IIEH U
cupoca Ha »Hepropecypcel) [22]. Kpome Toro, HopMmaibHBIC TOBApHBIE I[HKJIBI
HaMHOTO 0oJiee TTyOOKH Ha ra30BbIX PhIHKAaX, MOCKOJIBKY U3-3a MPOIOTKUTEILHOCTH
WHBECTUIIMOHHOTO [HMKJIAa HEU30€KHA CYIIECTBEHHAs 3a/iep’KKa peakluu Ha
JMHAMUKY CIIPOCa CO CTOPOHBI MTPOU3BOJCTBA U TPAHCTIOPTUPOBKHU. Takum 00pazom,
HEOMpPEACICHHOCTh OTHOCUTENBHO OyAyIIUX IIeH W O00BEMOB MpOAaX MNpH
3aKJIIOUCHUM KOHTPAKTOB B Ta30BOM OTPAacCiM OYEHb BEJIMKA, YTO TAK)KE IMOBBIIIAET

PUCKH KOHTPArcHTOB N UX TPAHCAKIIMOHHBIC U3JCPIKKH.

Kpome Toro, crparermueckasi, couuaibHas U WHQPACTPYKTypHash BaKHOCTh

ra3oBOil MPOMBIIUICHHOCTH M €€ poju B (OPMUPOBAHUM TOCYAAPCTBEHHOIO

6IO,Z[)K€T3 MOTI/IBI/IpyCT AKTHUBHOC BMCIIATCIILCTBO rocynapCTBa B
Jluct
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WHCTUTYLIMOHAJIBHYIO ~ CTPYKTYpy OTpacid. OTO HHOI/AA JeNaeTcs  4epes
«pEBOJIIOIIMOHHBIE»  Tpeo0pa3oBaHUs  —  W3MEHEHHSA  3aKOHOJATENbCTBE,
PETYJIUPYIOLIEM AEATEIBHOCTh B OTPAciu. A B Clly4a€ MEXKIYHAapOJHBIX CHIEJIOK Ha
ra3oBbId OM3HEC 3a4aCTYIO BIUSIOT T€OMOJUTHYECKHE OTHOIICHUSI MEXKIY CTpaHaMHU.
VXyaueHue NOJMUTUYECKUX OTHOLIEHUM MEXIAy KIOYEBBIMU JKCIOPTEpAMU U
MMIIOPTEPAMHU TI'a3a, a TAKXKE MX IEOIOJUTUYECKUE NMPOTUBOPEUHUs] C TPAH3UTHBIMU
CTpaHAMM TaKKe KpailHe HeOJIaronpusaTHO BIMSAIOT Ha CTaOWIBHOCTh U
MpeACcKa3yeMOCTh pBIHKa, YTO B CBOIO Oyepenb BiedeT 3a Cco00i pocT
TPAHCAKLIMOHHBIX M3IEPKEK — CTPYKTYpPY CHEIOK IPUXOAUTCA ITOCTOSHHO
MOAU(PUIUPOBATH C YUYETOM M3MEHSIOIIMXCS BHEIIHUX YCIOBHUI, HOBBIX TpeOOBaHUMI

pPETyJIMPOBAHNS U U3MEHEHUI BO BHEIITHEMIOJIUTUYECKON CTPATETUU.

Takum 00pa3oMm, YJaCTHHKM PbIHKA B I'a30BOM OM3HECE BBIHYXJCHBI UMETh
JIEJI0 CO CHIEJIKaMU C BBICOKOM CTENEHbIO CHEHU(PUYHOCTH, HEONPEIEICHHOCTH,
OOJBIIMMHU  pPUCKAMHU  OMNIOPTYHUCTUYECKOTO TOBEACHUS M TPYAHOCTAMU C
YpPEryJaupoBaHUEM JOJITOCPOYHBIX OTHOUIEHMH. AHanu3 (aKTUYECKOro Xoja
Pa3BUTHS PETMOHAIBHBIX T'a30BBIX PHIHKOB ITOKA3BIBAET, YTO CTENEHb ITUX PUCKOB,
YIPO3 M HEONPEIEIECHHOCTEH TOJBKO YBEIWYUBAECTCA II0 MEPE pA3BUTUS U
MHTETpaly PbIHKOB, IO MEpe pocTa MaciTabOB, IPOAOIKUTEIBHOCTH CIOXKHOCTH
ra3oBbIX ITPOEKTOB, a4 TAKKE€ B 3aBUCHUMOCTH OT YMCJIA BOBJIECYEHHBIX B HUX CTPaH C

pa3siIMdYHbBIMHA MHCTUTYIITHOHAJIbHBIMH pPaMKaMU.

Bo3zaeiictBue 3THX (HaKTOpOB XOpOIIO BHUIHO HAa BCEX 3Tanax 3BOJIIOLHUU
ra3oBbIX PBIHKOB, KOTOpPas COCTOUT H3 IIOCTENEHHBIX W3MEHEHUM II0 Mepe
HAKOIUJIEHUS! TepUPEepUilHbIX MOAM(PUKALUNA B CTPYKTYpE OTpPACIEBBIX AaKTHBOB
(pa3BuTHE M MHTErpalus HHPPACTPYKTYpPbl, UCTOLLEHUE Ta30BbIX MECTOPOXKICHUN U

T. JI.) 1 MOAM(HUKAIIMY KOHTPAKTHBIX PUHIUIIOB [23].

[Ipou3BoaCTBEHHBIE, CBSI3aHHBIE C OCOOEHHOCTAMU AaKTUBOB oTpacinu. Ha
HAa4aJIbHOM  3Tale  d3BOJIOUMHA  OCYIIECTBIBSUIOCH  MApHOE  B3aMMOJECHCTBHE
NpPOU3BOAMTENE M TOTpeOuTenss (0ObeMbl pBIHKA — HECKOJBKO MUJUIMAPIOB.

KyOOMETpOB Ta3a), 3aTeM CcTaiud (HOPMHUPOBATHCS CHUCTEMBI Ta30MPOBOJIOB Ha

JIuct
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pPErMOHAILHOM ~ ypOBHE, JOCTUTIIME CBOEr0 paciBeTa npu  0O0pa3oBaHUU
HAllMOHAJIBHBIX CUCTEM I'a30CHA0KEHHUS (EMKOCTBIO B IECATKH — COTHU MUJUIAAPIOB
KyOOMETpOB), CJE€IOM MOSBWINCH NAapHBIE MEXIOCYJapCTBEHHBIE TI'a30MPOBO/IbI
OONBIIOM  NPOTSHKEHHOCTH M OOJIBIIOTO  JHAaMeTpa OOBEAWHUBIIUE PBIHKA
o0beMaMH HECKOJIBKO COTEH MUJUIMAPAOB KyOOMETpOB, M, HAKOHEI], Hadajlach
UHTETpalysi MEXIroCyJapCTBEHHBIX Ta30NpOBOJOB B  TPaHCKOHTUHEHTAJIbHBIE

CUCTEMBI C CYMMapHOM €MKOCTBIO PHIHKOB 00Jiee TPUILIMOHA KyOOMETPOB.

NHCcTUTYnIMOHANBHBIE, XAPAKTEPU3YIOIIUE HW3MEHEHUE WHCTUTYIIMOHAIBHON
CTPYKTYphl ~ oTpaciu  (BKIro4as (GOpMbBI M METOABl  TOCYJAapPCTBEHHOIO
peryaupoBaHMs) Ha KaXJOM J3Tame: JIOKAIbHBIE MOHOIOJIWHA  CMEHWINCH
HAallMOHAJIBHBIMM, 3aTE€M CTAJIM PA3BUBATHCS XO3SMCTBEHHBIE OTHOLICHHS MEXKIY
HAallUOHAJIBHBIMM MOHOIIOJIMSIMU OTIEJIBHBIX CTpaH, IIOTOM HA4ajlach HHTETpaLs

KPYITHBIX TPAHCHAMOHAJIBHBIX KOMITAHHM.

KoHTpakTHbIE MNpUHIUIOBL M METOJAbl LEHOOOpPa30BaHHUA, CBSI3aHHBIE C
MOSIBJICHUEM HOBBIX KOHTPAKTHBIX (JOPM M CIIOCOOOB DPA3JECICHUS PUCKOB MEKIY
YYAaCTHUKAMU CIIETIKU: YPE3BBIUANHO JOJITOCPOYHBIE KECTKHE KOHTPAKTHI (hpaHIIU3bI
Y KOHTPAKThI «HA UCTOLLEHUE)» CMEHUIIUCh MEHEE ITPOJLOKUTEIIbHBIMUA KOHTPAKTAMHU
TUINA «OepH WIM IJIATW» C Pa3IMYHBIMM BUJAMU LIEHOOOpA30BaHMS, U 3aT€M OHU

HadaJIn JOIIOJIHATHCA KPAaTKOCPOYHBIMHA CIIOTOBBIMU KOHTPAKTaAMMU.

Tabnuua 1 1eMOHCTPUPYET OCHOBHBIE XapAKTEPUCTUKU T'a30BBIX PBHIHKOB Ha
KOKIOW CTaguud MX Pa3BUTUA, a TAKXKE IIOKAa3bIBACT, KAaKHE MEXaHU3MBI

HCIIOJIB3YIOTCA, YTOOBI YMCHBIINTD TPAHCAKIIMOHHBIC U3ACPIKKH.

JIuct
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Tabmuia 1 — DBOIOIHS PHIHKOB MMPUPOTHOTO Ta3a

JlokanbHble MexcTpaHoBble TpaHCKOHTHHEHTAJb
XapaKkTepucTuKu HannonajabHble
PBIHKH PBIHKH Hbl€ PBIHKH
OcHOBHOI1 Tpy6ompoBoansiii | TpyGompoBoan TpyOompoBoAHBIIH TpybonpoBoaHBI Ta3,
MPOIYKT ras bl ra3 rasz, CIII" CIIr
CrpoutenbecTBo
MOIITHBIX TTocrasku CIIT u
Enunuuneie
MEKTOCYAApCTBEHHbI CETEBOro rasza u3
razonpoBOJbI Hannonanbnas
X ra30IpOBOJIOB HECKOJIbKUX CTpaH,
Hndpactpykrypa MEXKIY cucreMa o
OOJBITION hopmupoBaHme
MPOU3BOAMTEICM | Ta30CHA0XKEHUS
MPOTSKEHHOCTH, MEKCTPAHOBBIX
U IOTpedutenemM
JIBYCTOpOHHHE CHCTEM ra30MpoBOJIOB
noctaBku CIIT
Heckonpko M €CSATKH — Heckonbko coteH
O0beM peIHKa 3 P A 3 3 Bonee tpimu m*
M COTHHU MIIpJ M MJIpA M
HanrocynapcrBeHnHbie
«EeIUHBIC PHIHKH
Haunonanshsie razay.
JlokanbHbie JBycTOpOHHUE MmuorocTtopoHHHE
JloxanbHble BEPTUKAILHO MEKTOCYAapCTBEHHBI KOHTPaKThI MEXK
WNHcTuTyuroHamb p yAap p Y
Has CTDVETYDA BEPTUKAIIBHO WHTErPUPOBAHH € COrJalleHHUs], MHOTHUMH
rasoBorpg L?Ifxa WHTETPUPOBAHHBI | bI€ MOHOIIOJIHH, B3aUMOJIeiicTBIE KOMITAHUSIMHU.
p € MOHOTIOIHH HE3aBUCUMBIC JIBYX HallUOHAIBHBIX | TpaHCHalNMOHATHHBIC
ra30,100bIBarOII MOHOIOIHUI BEPTUKAIBHO
Y€ KOMIIaHUU WHTETPUPOBAHHBIC
SHEPreTUYECKUE
KOMITAaHUH
[Ipu Konkypenuus mexny
onpeneneHHblx | KoHKypeHUuUs Mexay coOcTBEeHHOI
YCIIOBHSIX cOOCTBEHHOMU JOObIUeH U
Konkypenuus OtcyTcTBYyET N
BO3MOKHA noObIueH u MHOT'OYHUCJICHHBIMU
KOHKYpPEHLIUSA B UMIIOPTOM HMCTOYHHUKAMU
Jno0bIve MMIIoOpTa
Hamwmonansnas
MOHOTMOJIUS
Hamwmonansnas
IIpsmoe BeprtukanbHo
MOHOTIO roCy/lapCTBEHHOE WHTETpUPOBAHHBIC
[Ipsmoe yAap PHb
pEryJIupoBaHue TpaHCHALlMOHAJIbHbBIE
rOCyJapCTBEHH
e OTpaciu u KOMITAaHUH
CTpaTEernyecKoe MHoOrocTopoHHue
pEryJIupoBaHUe
JlokanpHas J IJIAHUPOBAHUE €€ MEXKyHapOTHEBIE
HNHcTpyMeHThI MOHOMOJIHS, P pa3BUTUSL COTJIAIICHUS
CTpaTernyecKoe
CHUKEHUS CBEPXJIONTOCPOUH |~ e LlenooOpazoBanue LlenooOpazoBanue
TPAHCAKIIMOOHHBIX | bl KOHTPAKTHI U ce aEBPITPIH «HETO3K» B IIPUBS3KE | «HETOIK» B MPHUBS3KE
U3IEPKEK JIOTOBOPBI p K KOp3HHE K KOp3UHE
IlenoobOpa3zoBan
(paHIIU3EI He(TEIPOITYKTOB aJIbTEPHATUBHBIX
He «U3ICPKKU
TOCY Honrocponsie BUJIOB TOIUIMBA U
KOHTPAaKTHI «OepHn CIIOTOBOE
Jonrocponsie
V/WJTH TIIATH IIEHOOOpa3oBaHUE
KOHTPAKTHI
Honrocpounsie OOMeHBI aKTHBAMHU
«bepu n/mm JIBYCTOPOHHHUE Koncoprumymsl
ILJIaTH yeTop pry
MEXKIPaBUTEIbCTBEHH
bI€ COIIAIIECHUS
Jluct
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2.2 JIByCTOPOHHHME MEKCTPAHOBBIE PHIHKH

Ha Tperbem »dTame coO  CTPOUTETHCTBOM  Ta30MpPOBOAOB  OOJBIION
INPOTSKEHHOCTH U OOJBIIOTO THAMETPA MEKY OTAEIbHBIMU CTPAaHAMU U Pa3BUTHEM
nBycroponHei Toproiau CIII' HaumHaeTcs pa3BUTHE ABYCTOPOHHHX MEKCTPAHOBBIX
PBIHKOB, OOBEIWHSAIOIIMX PBIHKA OOBEMAaMHU B HECKOJBKO COTEH MUWJUIMAPIOB
kyoomeTrpoB. CIIIA navamu 3KCHOPTHPOBATH HEOOJBIINE OOBEMBI CETEBOTO raza B
Mekcuky u Kanany B 1949 r. B crpanax EBpombl poct 1ien Ha HedTh B 1970-x 1T.
IpUBEl K 3aMETHOMY YBEJIWYEHHUIO JOJM MNPUPOJHOrO raza B OajaHce 3a CYET
noctaBok u3 Hunepmannos, Hopsernn, CCCP u Aikupa. OIHMM U3 THOHEPOB
sToro odrama crtaja rasoBasg ortpaciab CCCP, co3gaBmias MOIIHYK) CHCTEMY
DKCHOPTHBIX Ta30npoBonOB. B A3marcko-THXOOKEaHCKOM pEruoHe, B CHILY
OCOOCHHOCTEM €ro pasMelleHUs, pPa3BUTHE Ta30TPAHCHOPTHBIX CETed ObLIO
3aTPyJHEHO, MOATOMY HaubOoJbiiee pazputue noiayursn umnopt CIIT. Havama stoT

nporecc Anonus B 1969 r., 3atem k Hel npucoeaununack Oxuas Kopes u TaliBanb

[24]

Ha nmaHHOM »3Tame BHEpBbIE B JIOIOJHEHHE K JPYTMM PHCKaM BO3HUKAIOT
npoOyieMbl, CBOASIIMECS B  LEJIOM K  HEOOXOAMMOCTH  YpEryJupOBaHHUSA
B3aMMOOTHOIIEHU B paMKax JABYX pa3JIMYHBIX HMHCTUTYLUHUOHAJIbHBIX CHUCTEM —
CTPaHBI-IIPOU3BOJUTENSL U CTpaHbl-oTpeOuTens. [lockoibky Ha HaIMOHAJIBLHOM
ypOBHE OO0€CMEUUTh pEIIeHne JITUX MpoOJIeM HEBO3MOXKHO, HEOO0XOAUMbIMU
CTAaHOBSITCS MEXJAYHApOJHbIE TrapaHTUU. OTO O0OecHeunBaeTCsl MPEkKIE BCETO
MEXIIPaBUTEIBCTBEHHBIMU J0JITOCPOUYHBIMHU COTJIAIICHUSIMU, KOTOPBIE FapaHTUPYIOT
HE0OXoauMble OOBEMBI TMOCTAaBKM Ta3a [Jsi CTpaHbl NOTPEOJIEHHS U BO3BpAT

I/IHB€CTI/ILII/I1>'I AJIs1 CTpaHbl IIPOMU3BOACTBA.

ITo mMepe pacmmpeHusi pblHKa ILIEHOBBIE PHUCKH YMEHBINAIOTCS YK€ 3a CUET
WCIIOJIb30BAHUSI WHOW CHUCTEMBI II€HOOOpAa30BaHUs, WMEIOIICH B CBOEH OCHOBE
OTHOIIICHHE IIEHBI Ta3a K I[eHEe Ha KOHKYPUPYIOIIUE TOIJIMBA, — CUCTEMbI «HETOIKY.
PbiHOYHAsT CTOMMOCTH Ta3a OMNpeaeNseTcsl Kak MaKcHuMaibHas I€Ha, M0 KOTOpOM

IIOCTaBIIUK MOXCT [IpoaaThb ra3 IMOKYIIaTcClIto, 6y,[[y‘—II/I IIpu 9TOM

JIuct
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KOHKYPEHTOCIOCOOHBIM C JIpYrMMH BUAaMH ToruiBa. [Ipu nmocTmxkeHuu meHOU
YPOBHSI «HETO3K» IOKYIAaTeIb PYKOBOACTBYETCS HE LIEHOBBIMU IPEUMYIIECTBAMMU
rasa, a €ro HOTpeOUTENbCKUMHU cBoMcTBaMU. [Ipu 3TOM mpoW3BOAUTENHL HECET
ONPENEIICHHBIA PHUCK, IIOCKOJBKY TIPSIMOM CBSI3M MEXIAYy YPOBHEM LEHBI H
IPOM3BOJCTBEHHBIMU 3aTpaTamMu HeT. [loCKkonbKy Ha JaHHOM 3Tamne npeolianaroT
JOJITCOCPOYHBIE OTHOIIECHMSI MEXAYy INpOJaBLAMH M IOKyNaTeIsIMU rasa, s
YIOPOILIECHUS €KETOAHOTO BBIYMCIICHHS LIEHBI IO OTAECIBHOMY KOHTPAKTY BBOJSTCS
(GopMynbl LI€HBI, T. €. (QOpPMyJbl, NPUBSI3BIBAIOLIME IIEHbBI HA ra3 K LEHaM

AJIbTCPHATUBHBIX BUJ0B TOILIMBA, B IICPBYIO OUCPCIAb HC(i)TGHpOI[YKTOB.

PopMHUpOBaHUE TPAHCKOHTUHEHTAJIBHBIX pPBIHKOB. Ha yerBepToM Jrare
OBICTPOE Pa3BUTHE JABYCTOPOHHEW MEXAYHAPOJHOW I'a30BOM TOPTOBIM MPUBOIMUT K
UHTETpalyy, OOBEAUHSIIONIEH MEXCTPaHOBBIE TPYOONpPOBOALl B 00Jiee CIIOXKHbBIC
MEKIyHApPOIHbIC CUCTEMBI, BKITFOUaroIe MHOTO cTpaH [25]. Ha Hanbosee pa3BUTHIX
pBIHKaX J0ObIYA Ta3a BXOAUT B CTAJMIO MAJAOIIEH, YTO MIPU COXPAHSIOLIEMCS] pOCTE
cpoca 00YCJIOBIMBaeT HEOOXOAMMOCTh YBEJIWYEHUs HUMIOpTa. B  pesynbrarte
WHTETpanuu ra30TpPaHCIIOPTHBIX CUCTEM yxKe chopmupoBancs
TPAHCKOHTUHEHTAJIbHBIA PBIHOK rasa Ha CeBepo-AMepUKaHCKOM KOHTHHEHTe, EC
paGotaer Han co3naHueM «EIMHOTO BHYTpEHHEro phIHKa HPHUPOJHOTO Tra3ay,
JUAEPOM HMHTErPAlMOHHBIX MPOLECCOB OCTAETCS CUCTEMa Ta30CHA0XKEHUs CTpaH
osiBiero CCCP. OmnoBpemenHo OwicTpo pactyT moctaBku CIII, B Tom umcie

MCXKKOHTHHCHTAJILHBIC.

ObecrieueHne JOCTaTOYHBIX MHBECTHLMHA B YCJIOBHUSX BcCe 0oJiee KECTKOM
KOHKYPEHIMU PA3JIMYHbIX MCTOYHUKOB TIOCTaBOK Ta3za (M pacTylmx JUis
MIPOU3BOAMTENIEH PHUCKOB OIMIOPTYHUCTUYECKOTO TMOBEACHUSI TOTpeOuTeneit) —
CIIOKHEHIIas 3ajJada Ha [JaHHOM JTale, s €€ PEIICHHs YYaCTHUKAMM pbhIHKa
pa3BUBaeTCAd UENbIA Psii YHUKAJIBbHBIX WHCTPYMEHTOB, KOTOpBIE LIENecO00pa3Ho
paccMaTpuBaTh KaK MEXaHM3Mbl ajantanud. JloirocpodHsle JBYCTOPOHHHE
KOHTpPakThl Ha YpOBHE KOMIIAHMM — mpuMepsl Haubosiee 3P HEKTUBHBIX

HHCTPYMCHTOB JIsdI TOTO, YTOOBI rapanTupoBaTb CBOCBPCMCHHBIC HWHBCCTHIIUU.
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BeptukanbHas wHTErpamuss B MEXIyHapoAHOM MacmTabe, ¢ (opMHUpOBaHHEM
TPaHCHAMOHAJIBHBIX KOMITAaHHWW, paldoTaromMX BO BCEX CETMEHTax pbIHKA B
rno0asbHOM reorpauueckoM oOXBaTe€, — BTOPOE BaXKHEWIlee HampaBlIEHUE IS
CHIDKEHHUSI PUCKOB Ha Ta30BBIX phIHKaX. Emie omHoit Gopmoii amantanuu pblHKA K
BBICOKMM TPAHCAKLIMOHHBIM 3aTpaTaM SBJIETCS  pPa3BUTUE MHOTOCTOPOHHHUX
KOHCOPILIMYMOB, BOBJIEKAIOUINX YYaCTHUKOB OT Pa3JIUYHbIX CTpaH. DTO 00ecneunBacT
OIIpEJIJIEHHYIO CTENeHb OajaHca UHTEPEeCOB U B3aUMHBIX rapaHTuil. bonee cunbHOe
JIOBEpUE KOHTPAr€HTOB MOXKET ObITh O0ECIIEYEHO TaKK€ 3a CUYET COBMECTHOTO
BJIOJKCHMSI KaluTajga [0 BCEW LEMOoYKe Tra30BbIX IIOCTAaBOK (BKJIOYas OOMEH
aKThBaMH). OTOT NpoOLEcC YK€ fApKO BUJeH Ha mnpumepe Ousneca CIII, rne
KOHCOPIMYMBI M3 5—7 KOMIIaHMH W3 pa3IM4YHBIX CTpaH OOecrneuyMBarOT TapaHTUU
0€30MacCHOCTH CIpOoca M MPEMIOKEHUSA. DTO TaKkKe Bce 0ojiee OYEBUAHO B pAle
KPYNHBIX TPyOONPOBOAHBIX NPOEKTOB, Takux Kak «lHTepkoHHekTop», «Hopn
Crpum». HileHBl KOHCOPLIMYMa MOTYT y4acTBOBATh B HECKOJIBKUX JIPYTHUX IPOEKTax
pa3NUYHBIMH KOHPUTYpALUSAMH, JaK€ B KOHKYPUPYIOIIHUX. JTa MOJUTHKA TOMOTAET
pactipenenutb pucku [26]. Byayiiee pa3BuTre ra3oBbIX pPHIHKOB, BEPOSTHO, CACTIACT
3Ty TEHACHIUI0 OO0Jee MUPOKO pPacCHpOCTPAHEHHOW, NPHUBOJAA K B3aUMHOMY
IIPOHMKHOBEHUIO PA3JIMYHbIX HAIMOHAJIBHBIX KOMIIAHMN M HHTEPECOB M K BCE

OoJIbIIIel KOHKYPEHIIMU MEX]Ty TPOCKTaMU, a HE CTPAaHAMU-TIOCTABIIIUKAMH.

Ha »ToMm sTame pe3ko yBeIWYMBaETCS B3aMMO3aBHUCHUMOCTh BCEX yUaCTHUKOB
peiHKa. «VHTErpamus co3laeT HOBYIO YSI3BUMOCTh B 00Jie€ IIMPOKOM CMBICIIE,
MOTOMY 4YTO mepeboi rae-HuOyAb B CUCTEME — SBISETCS JIM OH (DUHAHCOBBIM,
(GU3MYECKUM WM KOMMYHHUKAIIMOHHBIM — U COOM JJakKe OJTHOTO JIEMEHTa CO3AI0T
OTPOMHBIC yTPO3bl BCEM YYaCTHUKAM CHCTEMBI TIOCTaBOK». B mpommiom
JOJITOCPOYHBIE  KOHTPAKTHI  OT  OTHAEIBHBIX  IOCTaBIIUKOB  OMNPEICICHHBIM
MOTPEOUTENSIM TIO CYIIECTBY M30JHPOBAIU MPOOJIEMbI Mepe0oeB B MOCTABKaX HIIN

LIEHOBBIX KOJICOAHUH.

B kadecTBe npuMepoB MOXKHO IIPUBECTH OTHOLLIECHUSA YKpauHbl U benopyccun

Poccueii, npoGieMbl TpaH3WTa MEXIY LIEHTPaIbHOA3MATCKHUMH TOCYIapCTBAMHU, B

JIuct
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CeBepnoit  Adpuxe, B JlatmHCKOW AMepuke, TpoOJEMBbl, CBSI3aHHBIE C
TpyOomnpoBogom Mpan — Uunus u 1. a. s CHUKEHHs] TaHHOUM yrpo3bl BCe yallle
npuberaoT K JuBepcUUKAIMM MapUIPyTOB TPAHCIOPTUPOBKH, HEB3Upas Ha
JIOPOTOBU3HY TaHHOTO MeToja. OHAKO B CUTYaIlMH YBETUYUBAIOIIUXCS TPAH3UTHBIX
PUCKOB (KOTOpBIE TMOAPa3yMEBAIOT OrPOMHBIE OINEpAlMOHHBIE 3aTpaTbl IS
noTpeduTenel W mpousBoaUTeENeH) OOXOJHbIE MapUIPYThl TPAHCIOPTUPOBKU
CTAaHOBATCA BO MHOTHX Cilydasx Oojiee MpUBIEKAaTEIbHBIMU C IKOHOMUYHON TOYKU
3peHus, TaKk KaK TMO3BOJSIIOT CHHU3UTh CyMMYy TpaHC(GOPMAIIMOHHBIX U
TPAHCAKIIMOHHBIX M3IEPKEK, & HE MPOCTO ONMTUMUZHPOBATH U3AECPKKU HA JTOOBITY U
TpaHCIIOPTUPOBKY [27]. XoTs 00X0aHBICE MapIIPyThl OOBIYHO OOJIEe JTOPOTH, CCIH
YUUTBHIBaTh  TOJBKO  TPAHCHOPTHBIE  H3JEPKKH, OHU  CTAaHOBATCA  OoJjee
KOHKYPEHTOCTIOCOOHBIMH, €CIIM TPUHUMAaTh B pacueT BO3MOXHBIC TOTEPU U

U3JIEPKKU HA YPEryJIupOBaHUE KOH(PIMKTOB B CIIy4ae HapyLICHUSI TPAH3UTA.

2.3 JloObIya raza

B ra3oBoil oTpacnu Kpu3uCHBIN cnaj 100b64u coctaBuil 12% ot yposHs 2008
roja H3-3a CHIKEHUS BHYTPEHHErO0 U BHEIIHEro CcIpoca U ObUl OTATOIIEH
MEJUICHHBIM BOCCTAHOBJICHHMEM LIEH Ha BHEIIHUX PBIHKAX M TOPMOYKEHHUEM pPOCTa
BHYTPEHHHMX II€H Ta3za. OJTO yCyryojseTcs NpoJoJDKaroIehcss peann3anuei
Ype3MEpHO  JOPOrMX  HMHBECTHLIIMOHHBIX  INPOEKTOB  C  MpoOJeMaTUYHOU

AKOHOMHUYECKOM OKYIIaCMOCTBIO.

Crpykrypa 3anacoB raza B Poccun B 1esnom OiaronpusitHa, HO IpoOJIeMbl X
OCBOEHHSI 00YCJIOBJIEHBI COKPALIEHUEM HAXOMSIINUXCS B MTPOMBIIUICHHON pa3paboTKe
BBICOKOITPOJYKTUBHBIX M HEMIyOOKO 3aJIerarolluX 3aracoB, CIOXKHBIMU MPUPOIHO-
KJIMMaTHYECKUMH YCJIOBUSIMU M YNaJC€HHOCTHIO HOBBIX pPallOHOB JOOBIYM raza oOT
LHEHTPOB  MNOTpeOsieHus. 3amackl ra3a pa3pa0aThIBa€MbIX  MECTOPOKACHUN
TroMeHCcKo# 00JaCTH — OCHOBHOI'O Ta30100BIBAIOIIETO PErMOHA CTPAHbI, TAKUX Kak
Mensexbe u SAMOyprckoe, BblpaOoTaHbl Ha 76-79% u OHM mepenuId B CTaIUIO

najarniel 7o0bYn. YHHUKaIbHOE YPEHTOWCKOE MECTOPOXKICHHE BbhIpAa0OTaHO Ha

54%. Bo3naukaer HEOOXOINMOCTh OCBOEHUS 3HAYUTEIbHBIX 3aI1acoB
JIuct
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HU3KOHAIIOPHOTO Ta3a, YBEIMYMBAIOTCA B COCTAaBE pPa3BEJAHHBIX 3aIacoB JOJIH
KUPHBIX, KOHACHCATO W TEIMUCOACPKANIUX Ta30B, TpeOymmux st 3PGEeKTHBHOMI

pa3pabOTKH CO3/IaHMs ra30mepepadaThIBAOINIEH MPOMBIIIICHHOCTH.

B mpunmune, coctosHWE pecypcHOW ©Oa3bl Ta30BOM OTpacid TO3BOJISIET
CYLIECTBEHHO HApacTUTh JI00bIYYy, HO TOTpeOyeT BOBJIEUEHHUS 3alacoB C
NOBBIIICHHBIMU HM3AepkKKaMu 100b1un. B mepcrnektuBe no0 2040 roma moObiua
MPUPOJIHOTO W MOMYTHOTO raza yBeauuutces ¢ 649 mupa ky6. m B 2010 roxy mo 870-
970 mapn xy6. M k 2040 romy (Ha 33-49%) [29] B 3aBHCHMOCTH OT CIlCHapus
(Pucynox 5). Ilpu 3TOM B OCHOBHOM 3Ta 100bIYa obecrieueHa 3anacaM U TOJIBKO B
BBICOKOM clieHapuu «Jlpyras A3sus» mnoTpeOyroTCs JTONMOJHUTEIbHBIE HOBBIC

OTKPBITHA.

MApa Ky6. M
1000 -
900 -

800 -

700 - M3 npupocTa

600 3anacoB”

500 -

400 .:gs::)eo eHud

300 - POXA

200 W [leicTByowme

100 - MeCTOpPOXAEHUS
0 |

2010 2015 2020 2025 2030 2035 2040

Pucynox 5 — Ctpykrypa 100bI4HM Ta3a o MECTOPOKICHUSIM

JoObua raza Oyner pa3BUBAThbCA KaK B TPAJULIMOHHBIX Tra30700bIBAIOIINX
palioHax, OCHOBHBIM M3 KOTOPBIX siBisieTcs 3ananHas Cubupb, Tak U Ha eBpOIEiCKOM
ceBepe Poccum, B HOBbIX He(TerazoBbix NpoBUHIMSIX Boctounoit Cubupu u
HansHero Boctoka, a takxe B Ilpukacnmiickom pervone (Pucynok 6). Ha ¢one
cnaga noosrau B Hageim-ITyp-Tazosckom paiione (¢ 531 mapa ky6. m B 2010 roxy mo
313-315 mupa ky0. M k 2040 roay) O6yner pactu go0brda B O6¢cko-TazoBckoil ryde u

bonsmexerckoii Bnaaune (B 1,7- 1,8 pasza 3a nepuoa 2010-2040 roxos). bynet pactu

JIuct
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no6brvya Ha SAmane (mo 180-235 mupna ky6. m k 2040 roay), B Boctounoit Cubupu (95

MIpa Ky6. M) u Ha JlaneHeMm Bocrtoke (okoso 80-90 mupa. ky0. m).

MApAa Ky6. M
1000 + - B OcTanbHbIe p-Hbl
900 - |
800 - [ | - Esponeiickuit Cesep u

| . aksatopuu CeBepHbIX MOpel
700 -
fiman

600 -

500 -+ Hosas TooMeHb
400 -
300 - W Hagbim-Tlyp. p-H
200 - W [lanbHuid BocTok
100 -

L | B BocTtouHaa Cubupb

2010 2015 2020 2025 2030 2035 2040

Pucynok 6 — Jluramuka 100b149a MIPUPOJTHOTO U MOMYTHOTO Ta3a 1Mo HeTera30BbIM
npoBUHIMAM Poccuu

I[Ipu  ocBoeHuu  ra3oBbIX  MecTopoxiaeHud  Bocrounoit  Cubupw,
XapaKTepU3yIOIIUXCs BBICOKUM cojiepxkanueMm renust (ot 0,15 no 1 mporueHnta),
noTpedyeTcsi pa3BUTHE TEIUEBON MPOMBIIUICHHOCTH, B TOM YHCIJI€ CTPOUTEIHCTBO
pAla KpPYNHBIX Tra3onepepadaThiBalONIMX 3aBOJIOB M  MOJ3EMHBIX XPaHUJIUIILL
rejaueBoro KoHueHtpara. Ilmanupyercs ¢dopmupoBanne Wpkyrckoro (Ha 0aze
KOBBIKTHHCKOTO MECTOPOXKIECHUS C MepcrneKTuBoil ocBoeHus FOxxHO-KOBBIKTHHCKOM
JULEH3MOHHON TUIOAAM W MECTOpOoXAeHuM ceBepa HMpkyTckoid oOmnactv)
KpacHosipckoro 1ieHTpoB razono0biun  (Ha 0aze Cobuncko-Ilaiirmackoro wu
FOpyGueHo-ToxoMCKOro MECTOPOKACHUN C MEPCIEKTUBOW 0cBOeHUSI OMOPHHCKOTO,
KyromOuHckoro, AraieeBckoro u Apyrux MecTtopoxzaeHuil). Pe3ko Bo3pacrtaer
3HaueHHne SIKyTCKOTO IeHTpa ra3oA00buu (Ha 6aze YasHAMHCKOTO MECTOPOKICHUS,
C MEPCHEKTUBOW OCBOEHMSI COCEIHHMX MeCcTOpoxJeHuid — CpeaHedoTyoOHHCKOro,
Taac-FOpsixckoro, BepxHeBUIIOYaHCKOTO U JIPYTUX) MPU CTa0MIM3AIUU JOOBIYM HA
Caxanune (peanu3oBaHHble MpoekThl  «Caxamud-1» u  «CaxanuH-2» H
nepcriekTuBHble «CaxanuH-3» — «CaxannH-6») Ha ypoBHE okoJio 40 Mipa Ky0. M U

Hadasie ocBoeHus 3amaqHo-Kamyarckoro cekropa Tuxoro okeana [31].

YBenmuuurtcs noobrya Ha CeBepo-3amane Poccuu (10 60-85 mupa ky6. m xk 2040

roay). OcBoenue IlITokMaHOBCKOr0 MeCTOpOXkAeHUsl IaHupyercsi He panee 2030-
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2035 ronoB u OyAeT 3aBUCETh OT KOHBIOHKTYPHI MHUPOBOT'O HE(TETa30BOTO PHIHKA.
OcBoenne wmenkoBogHoro tenspa Kapckoro Mmops HauHETCs C  pa3paboTKu
MecTopoxkaeHuil akBatopuu O6ckoit u TazoBckoi ry6. O0bekramMmu pa3pabOTKU B
pEeruoHe CTaHyT YK€ OTKpbIThie MecTopoxaeHus: (KamenHombicckoe mope, CeBepo-
KameHnHombIcCcKOE, Ob6ckoe, YyropbsxuHckoe), OCBOEHHUE KOTOPBIX
NpeayCMaTPUBACTCSI COBMECTHO C OOYCTPOHMCTBOM CYXOITYTHBIX MECTOPOXKICHHIA
(ITapycoBoe, CeMakOBCKOE H JIp.).
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Pucynok 7 — CoctaB 100bIBa€MbIX I'a30B

B nepcnextuse 1o 2040 roga CymecTBEHHO MEHSETCS KOMIIOHEHTHBIA COCTaB
ra3a (PucyHok 7): mojst cl10)KHOKOMITOHEHTHOTO Ta3a, TPEOYIOIIETO JOTOJIHUTEIIHHOM
nepepaboTku, yBenuuutces ¢ 66% B 2010 roxy no 94-95% x 2040 rogy. B nepByto
ouepesib 3TO 00YCIOBJIEHO POCTOM JIOJIA «KUPHOr0» raza, 0COOEHHO B THOMEHCKOH
obnactu. OTaeabHy0 MpoOIeMy MPEICTABISET TeU, COJEpKaHe KOTOPOTO OUYEHb
BBICOKO B BOCTOYHOCHMOMPCKHUX MECTOPOXKACHHUSX, @ €r0 BBIJCICHUE U XPaHCHHE
TPeOYIOT CO3/IaHUS JOPOTOCTOSIICH MTOMOJHUTEILHON MHPPACTPYKTYphl. B mro6om
clly4ae, TaKhe CIBUTM B KauyeCTBEHHBIX ITOKa3aTENSIX CHIPhEBOM Oasbl JIeNaroT
HEM30€KHBIM 3HAYUTENbHBIA MPUPOCT 00BEMOB Tra3zomnepepadoTKu U razoxumuu. K

2040 roxy Ha rimyOokyto mepepabotky mounaér 30-35 mupa ky6. M. IIporpammbl
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paBBI/ITI/Iﬂ ra30XUMHUHnu nu CTpOI/ITCHBCTBa 3aBOJ10B CHF CTaHYT T'JIaBHBIMHA
CTpaTCru4CCKUMHU HHHOBAIIUAMHU B ra3oBou oTpaciiu [32]
Jluct
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3 THE CONSTRUCTION OF A MASS PRODUCTION SYSTEM
“PLANT-FLEET”

This unit determines the required number of gas tankers to ensure smooth
operation of natural gas liquefaction plants. By creating a mathematical model, we
link the produced amount of liquefied gas with the timely supply of gas tankers for its
export from the terminal, i.e. provide an established regular mode of operation of the
whole complex [34].

For the normal operation of the plant, it is necessary to avoid the following:

— downtime of gas carriers in anticipation of loading (due to the lack of finished
goods);
— long-term storage of LNG in tanks, due to its daily evaporation from them.

To solve this problem, we can apply the theory of Queuing system. Let's
consider how this system can be applied theoretically and practically.

The system proposed for consideration is a single-channel QS with no
restrictions on the queue. Its properties are primarily determined by the properties of
the request flow and the service flow. The flow of applications is the flow of plant
products, liquefied natural gas. The service flow — the flow of export of LNG. Since
there is no real data on the work of gas processing and gas transportation complexes
in the Russian Federation, data obtained from foreign sources and theoretical
constructions can be used to determine the properties of flows [35].

According to the data published in the reports of Statoil, it can be concluded
that the flow of LNG production at the LNG liquefaction plant in stationary

conditions is described by the law of uniform density:

AHanu3 3¢ (HeKTUBHOCTH TEXHOJOTUH TPAHCIIOPTA CKUKEHHOTO
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1
f(X)—ﬁ, (1)

where B, a — the range of fluctuations in plant performance.

If we take m for average performance, then the probability density limits will
be:
a=m(1-A) (2)
=m(1+A),
B =m(L+A) -

where 4 — the maximum relative deviation from the mean in the positive or
negative direction.

Coefficient of variation for the law of uniform density:

__B-a

"Bt p) “

or in the above notations:
2nA  2A

= 5
Jan /3¢ ©

Thus, for example, with a maximum relative deviation of 4 = 0,05 (or 5%), the
coefficient of variation will be [l

When working in practical conditions, especially in the Far North of Russia,

V =

LNG production will deviate from the ideal, so that the law of probability distribution
will change. The probability density function f(x) will take the form of a unimodal
planar distribution with left asymmetry.

We can assume that the asymmetry will be determined by the right-shift
fashion by the amount 4/2. A Value in the Arctic conditions will be definitely higher.
Consequently, the coefficient of variation will also increase.

The flow of service (i.e. export of products) is induced by production,

therefore, the law of probability distribution in it will be the same as the law in the
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flow of applications. But when choosing ships in the Arctic, the number of accidental
impacts on the flow will increase significantly maintenance, so with a large degree of
approximation it can be considered normal [37].

The gas carriers that will be used to export LNG to the North American market
are of the same type.

The flow of LNG into storage tanks is performed with a given intensity
A(t/day). The ship arrival rate p is the desired value that ensures continuous LNG
shipment.

The intensity p is measured in the same units as lambda, i.e. in t/day. In the
future, based on the vessel's load capacity Dh we pass to the exclusion of the

vessel/day. By dividing by Dh.

.y
w=p (6)
A
Jr=L
D, @)

where A* — parameters of the flow requirements entering the vessel (ship/day);
u* —parameters of ship arrival flow (ship / day).

In our case A is calculated by the formula:

P
A== 8
’ 360’ ©)

where Pg — annual LNG capacity of the plant, and 360-the number of days taken
into account in the year.

The required number of vessels (N) to ensure the smooth export of LNG is

determined by the formula:
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N=u*t (9)
where t — the average flight time (day).

It is necessary to take into account the factor of maximum possible storage of

LNG in the tank to ensure the percentage of allowable losses due to its evaporation —

tw coolant. In our case, the arrival of cargo and the arrival of ships is quite regular

flows, so as the coefficients of variation of both flows can take intermediate values in

the interval between 1 (which corresponds to the simplest flow) and 0 (which

indicates the regularity of the flow). Then the formula of Feinberg and L.ittle:
PV

Y 2A*(1l-p) (9

where - " :
Vﬁ* — the coefficient of variation of arrival of vessels;

V/; — the coefficient of variation of receipt of the goods.

Since the LNG temperature is always lower than the ambient temperature,
continuous heat supply is carried out to the storage tank. As a result, the liquid is
heated, followed by the evaporation of the LNG [38]. Given this feature, the main
task in the storage of liquefied natural gas is reduced to the maximum reduction of
evaporation losses.

This can be achieved in two ways:

1. Reduced heat flow from the environment:

— by choosing a rational design and shape of the tank;

— application of the most effective thermal insulation.

2. Reduction of LNG storage time in the tank.

However, in the most modern tank there will be some heat supply, acting on
the LNG stored in it.
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Currently, the average daily loss of LNG during storage in specialized tanks

ranges from 0.5 to 4% per day, depending on the volume, shape of the tank and the

ambient temperature

3.1 Practical application of the developed models

Table 2 — Characteristics for LNG transport

Name of the indicator

Indicator value

Capacity of the tankers planned for
use, tons

Gas storage capacity, m?

Methane density, t/m?

Capacity of the plant, million tons/year

Length of the sea corridor, km

Gas carrier speed, knots

Loading speed of the gas carrier,
m3/hour

Voyage time, day

In our case t, will be limited to the time of filling of storage tanks — liquefied

natural gas. Knowing the volume of storage tanks, the density of methane and the

amount of LNG produced per day, we find the time of filling the storage gas, it will

be the maximum time of storage of LNG in the tank. Calculations show that with the

increase in the capacity of the plant, it will be necessary to increase both the volume

of gas storage and the capacity of tankers [39].

For calculations and simulations selected the best location for the liquefaction

of natural gas, and transportation —the sea corridor, [ km.

Hszm.
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As mentioned above, the arrival of goods and the arrival of ships is fairly
regular flows in our case, because the coefficients of variation of both flows can be
taken as intermediate values between 1 (which corresponds to the simplest flow) and
0 (which indicates the regularity of the flow).

Having considered the statistics on the operation the range for the coefficient
of variation of the arrival of ships (V/;) was determined (reports of the «Department

of Maritime and river transport» of the LUKOIL company). It should be noted that it
is different for the summer and winter time.

For the calculations, we assume that the coefficient of variation of the cargo

arrival (Vi*) will be in the range from - and the coefficient of variation of
the ships arrival will be in the range from 0.05 to 0.15 in the summer and from [}

pma in the winter.

The distance between the ports — - km. Time of flight (¢;) in the summer
will amount to ] days (including unloading - 1 day), the flight Time (t;) in winter
will be i} days (including unloading-1 day).

In the resulting set of vessels, there is some reserve R, which is calculated by

formula:

R=(u*-1%)-t, (11)

In Now, for the stable operation of the system, it is necessary to calculate the

stability S (%) separately for each time period by the formula:

S = (1—%) -100% (12)
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As a results of our solution of this model are given in Table 3.

Table 3 — Results of the calculation of LNG tanker transport

Indicator name

Indicator value

Storage factor of LNG in a tank, days

Parameters of ship arrival flow, (ship /
day).

Parameters of the flow requirements
entering the vessel (ship/day);

The flow of LNG into storage tanks,
tons/day

The flow of LNG into gas carrier,
tons/day

Reserve, ship

The stability, %
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4 MOPCKOM I'A30ITPOBO/T

4.1 TpeGoBanus K BIOOPY TPAacChl MOPCKUX TPYOONIPOBOIOB

Bri6op Tpaccel U pasmMenieHHe 00OBEKTOB MOPCKOTO TpyOOmpoBOAa CleayeT
IIPOBOJAUTH HA OCHOBE QAHAIM3bl INPUPOAHO-KIMMATHYECKUX, TE€OJOTHYECKUX U
penbedHBIX OCOOCHHOCTEH OeperoBoro ydactka M MOPCKOTO JHA, YCJIOBUH
CYJOXOJICTBA, HajdW4yusi OJM3KO pPACIOJOXKEHHBIX HACEJIIEHHBIX IYyHKTOB U
MPOU3BOJICTBEHHBIX OOBEKTOB, TPAHCHOPTHBIX MyTeW, KOMMYHUKALUNA C y4ETOM HX
HETaTHBHOI'O BIMSHMS Ha 0€30MacHOCTh TpyOomnpoBoaa [41].

Br160op Tpaccel MOpCKOro TpyOOnpoBOJa TOMKEH MPOU3BOAUTHCS HAa OCHOBE
BapUMAHTHOM OLIGHKM 5SKOHOMHYECKOW LIEJIECOOOpPa3HOCTH M 3KOJOTHYECKOU
JOIIyCTUMOCTH CTPOUTEINIBCTBA.

B kauyecTBe KpHUTEpUEB ONTUMAJIBHOCTH CJIEAYET NPUHUMATh CTOMMOCTHBIE
NOKa3aTelu NpPHU COOPYXKEHHUH MOPCKOrOo TpyOONIpoOBOAd, €ro TEXHHUYECKOTO
0OCTy’KMBaHUSI PEMOHTA IPH SKCILTyaTalliy, BKItOUYasl 3aTPaThl HA MEPONPHUSITHS 110
00ECIIEUYEHNI0 COXPAaHHOCTH OKpY’Kaloleld Cpelapl, a TakKKe METalNIOEMKOCTb,
KOHCTPYKTHUBHBIE  CXE€Mbl  MPOKJIAJAKH,  O€30MacCHOCTh,  3aJaHHOE  BpeMs
CTPOUTEINIBCTBA, HAJTUIUE JOPOT.

Hopwmbl 3K010rMYecKO AONMYCTUMOCTH BO3JAECUCTBUM IIPU CTPOUTENBCTBE U
AKCILTyaTalliM MOPCKOro TpyOOmpoBoJa AOJKHBI CIIOCOOCTBOBATh COXPaHEHUIO
MOPCKOH 3KOCHUCTEMBI M OCHOBBIBATHCSA HA DKOJIOTMYECKMX OIPAaHUYCHHUSX paloHa
CTPOMUTENBCTBA 10 HCIOJIb30BAaHUIO BOJHBIX PECYpPCOB, PBHIOHBIX 3alacoB, JIECHBIX

0orarcTB, Pa3BUTHIO XO3SMCTBEHHOM JIeATEIBHOCTH [42].
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NmxenepHas orieHKa pailoHa CTPOUTENIHCTBA MOPCKOTO TPYyOOTIPOBOIa JOHKHA
OCYILECTBIATHCS MO OOIIEH Tpacce MarucTpajibHOro TpPyOOmpoBOAa Ha OCHOBE
aHaIM3a WMEIOIIMXCS JIMTEPATypHBIX JIAHHBIX U (POHIOBBIX KapTOrpaduyecKux
MaTepuayioB, TOmorpaUyYecKux  IUIAHOB,  a’pO(OTOCHUMKOB,  HHKEHEPHO-
re0JIOTUYECKUX, HABUTAITMOHHBIX KapT U IPYTUX JIaHHBIX.

OkoHYaTeNbHBIA  BBIOOP CTBOpa  MOPCKOTO  TpyOOmpoBoja  JIOJDKEH
OCYILECTBIISITHCA MOCTIE MPOBEJCHUS BCETO KOMIUIEKCA MHXKEHEPHBIX W3BICKAHUM.

WNuxxeHepHble U3BICKAHHUS TPU CTPOUTENIBCTBE MOPCKUX TPyOOMPOBOIOB
CJIETyeT BBITIOJIHATH B COOTBeTCTBUM ¢ TpeboBanmsimu CII1 47.13330, CII 11-114, CII
11-102, CII 11-103, CIT 11-104, CII 11-105 u ppyrumu JeHCTBYIOLIMMU
HOPMATHUBHBIMHU JOKyMeHTaMu [43].

B coctaB wu3bickaHUN BXOJIAT HWHXEHEPHO-TEOJEC3UUYECKUE, HHKEHEPHO-
re0JIOTHYECKHUE, NHKEHEPHO-THAPOMETEOPOJIOTHYECKHUE, NHKEHEPHO-IKOJIOTUYECKUE
M3BICKAHUS U JINTOJUHAMUYECKHUE UCCIIEIOBAHUSI.

Marepuaiibl MHXXEHEPHBIX H3bICKAHWUW JOJKHBI 00€CleunBaTh KOMILIEKCHOE
W3YUYEHHE MPUPOJHBIX U SKOJOTHYECKUX YCIOBUN Yy4acTKa CTPOUTENBCTBA, SIBIATHCS
OCHOBOM /JI1 BBIOOpa TpacChl MOPCKOTO TpyOONpoBoAa U pa3pabOTKU TEXHUYECKU
000CHOBaHHBIX MPOCKTHBIX U TEXHOJIOTHUYECKUX PEIICHUM JJI €r0 CTPOUTENIbCTBA.

JIJisi IPOEKTUPOBAHMSI U CTPOUTEIHCTBA MOPCKHX TPYOOIPOBOJIOB CIIEIYET
UCIONB30BaTh TuiaHel MacmTaboB 1:1000, 1:2000, 1:5000 u xapThl macmiTaba
1:10000+1:25000.

BricoTa ceuenus penbeda ropu3oHTaIIMU U M300aTaMK Ha TIIyOMHaX MOps 110
40 M nomkHa ObITH OT 0,5 M — mpu yKJIOHax 10 2 rpaa. u 1,0 M npu ykinonax 6osee 2
rpaj. ans Mactabos 10 1:5000.

NuxeHepHble M3BICKAHUS JOJDKHBI BBITIOJHATH H3BICKATENbCKUE (ITPOEKTHO-
M3BICKATENIbCKUE) OpraHU3allii, UMEIOIINE JTUIEH3UNA HA BBHIMOJHEHUE MHKEHEPHBIX
W3BICKAaHUN Ha TeppUTOPUU PD, OMBIT U3BICKATEIBCKUX PAOOT MPU CTPOUTEITHCTBE

00BEKTOB Ha MOpCKOM mienbghe [44].
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[Tpu BBIOOpE Tpacchl MOPCKOTO TPYOOIIPOBOAA CIAENYET YUUTHIBATh:
— CYJOXOJICTBO B pailOHE MPOXOKACHUS TPyOOIPOBOIA;
— HWHXEHEPHO-TEOJIOTHIECKUE YCIOBHUS,
— Tomnorpaduio Mopckoro Oepera u JIHa;
— PpBIOOJOBHYIO IESITEILHOCTD;
— HaJIMYUe TUJIPOTEXHUYECKUX COOPY>KEHUU.

[Ipu BbIOOpPE CTBOpa MOPCKOro TPyOONpOBOAA CIEAYET PYKOBOICTBOBATHCS
CJIIEIYIOUIMMHA OCHOBHBIMU TpEOOBAaHUSIMHU: MEHbIIAsT KATETOPHUS  CII0KHOCTU
WHKXCHEPHO-TCOJOTUYECKUX YCJIOBUH, HAWMEHbBINNAS MPOTHKEHHOCTh MOPCKOTO
TpyOONpOBOIa, HATUYKUE TOAXOMAMAIICH TEPPUTOPUU JIJISL PA3MEIICHUS] CTPOUTEITHHO-
MOHT@)XHBIX  TUIOMAAOK. JIOJDKHBI — TakKe  YYUTHIBAThCS:  XO3SHUCTBEHHAS
nHPpACTPYKTypa, YIOOHBIC TPOE3dAbl B paldOHE CTPOUTEIBCTBA, BO3MOXHOCTH
JIOCTaBKU U CKJIAIUPOBAHUS MaTEpPUAJIOB U 000PYIOBaHUS JJI MPOU3BOACTBA PAOOT.

IIpu BBIOOpE CTBOpPa MOPCKOTO TpyOOIpOBOJa HEOOXOIMMO MNepeceKaTh
OeperoByr0 30HY TMTOJ TPSIMBIM YyIJIOM, WM IO YIJIOM, OOCCICYHBAIONAM
OJIaronpuUATHBIE HWHXEHEPHO-TCOJIOTUYECKHE YCIOBUS U  COKpAIlEHUE JJIMHBI
TpyOOIpoBOJA.

CTBOp MOpPCKOro TpyOONpPOBOJIA CIEAYEeT BHIOMpPAThH TaK, YTOOBI MPOJIOJIbHAS
oChb TpyOBbI COBIajana C IHEPreTUYECKON PaBHOJCHCTBYIONIEH BOJIHEHHUS, T.€. C
peo0IaaroIM HaPaBJICHUEM JIBH)KCHHUS BOJTH.

CTBOp MOPCKOTO TPYyOOINPOBO/Ia ClIeyeT BRHIOMPATh Ha yU4aCTKE ¢ YCTOMYHBBIM
JTHOM M Oeperom, HanMeHee TI0IBEPIKEHHBIMHU BO3/ICHCTBHUIO BOJIH, MTPEATIOYTHTEIHHO
Ha TPSIMOJIMHENWHBIX y4acTKaX, i€ OTCYTCTBYIOT OCTPOBA U MPOTOKH.

[Tpu BBIOOpE CTBOpA ciienyeT n30eraTh CI0KHBIX YYACTKOB:

— CIJI0)KCHHBIX CKaJIbHBIMU TPYHTaMU;
— HMHTEHCHBHOTO Pa3pyIIeHUs OEPEroB B pe3yJbTaTe dPO3UOHHON aKTUBHOCTH;
— 3a00JIOYEHHOTO WJIM OYEHb KPYTOro OOPBIBUCTOTO Oepera, MpearnouTUTEIBHO

BBIOMpATh y4YacTOK Oepera, MMEIONMUKA B TUIAHE IUIABHOE OdYepTaHue, 0e3

pe3Kkux KoJieOaHuM U ryOOKHX BIAJMH JHA B CTBOPE COOPYKEHHUS;
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— Ppa3BUTHS OMOJI3HEBBIX SIBJICHUN U aKTUBHOT'O KapcTOOOpa30BaHMUS;
— MHTEHCUBHOTO BO3JICHCTBUS BOJIH, a TAKXKE B 30HAX JACHCTBUS pa30UTON BOJIHBI

Y BOJIHBI, OTPaXEHHON OT OrpaguTENbHBIX COOPYKEHUH, pacroiaraéMbix

ommwke 200 M ot TpyOOIIpOBOAA;

— 00pa3oBaHus 3aTOPOB U 3KOPOB JIbJIA;
— TMEepeKaToB C JUMUTUPYIOIIUMH TTTyOUHAMH.

[Ipu HEOOXOAMMOCTH MPOXOKACHHUS TPACcChl MOPCKOTO TpyOOmpoBOja depes
OTOJI3HEBBIC YYACTKHU MPOKIAJIKY TpyOONpOBOAA CIEAyeT MpeaycMaTpuBaTh HUKE
3epKaJla CKOJIbKEHHUS.

[Ipu mpoXOXKIAEHUH TpacChl BIOJb BOJAOEMOB, BOAOTOKOB, OBParoB W T.N. Ha
OTMETKaX BBIIIE UX IO PeIbedy, pACCTOSIHUE OT OCH TPyOOIIPOBOIa 10 YPOBHS ype3a
BOJIbI MJIHM Kpasi OBpara JIOJDKHO ObITh He MeHee 150 m [46].

[Tpu HEOOXOAMMOCTH MPOXOKIECHUS TPACCH HA OTMETKAaX 3€MJIM BbIIIE 3AaHUN
U COOPYXEHHH, UCXOM1 U3 MECTHBIX YCIOBHM M HOPM NPOEKTUPOBAHUS, JOJKHBI
OBITh MPEAYCMOTPEHBI JOMOJHUTEIbHBIE NPOEKTHBIE PEIICHUS MO 00ECIEeUEHUIO
0e301acHOCTH OOBEKTOB.

Br160op cTBOpa MOpckoro TpyOOnpoBOJa Ha CIOKHBIX y4acTKaX JAOJKEH ObITh
00OCHOBaH B NMPOEKTHOM (paboueil) TOKyMEHTALUU C yKa3aHHWEM JIOMOJHUTENbHBIX
IIPOEKTHBIX PEIICHU MO 00eCeYeHN 0 0e30acHOM 3KCIUTyaTalluy TpyOOnpoBoa.

Br160op cTBOpa MOpPCKOTo TpyOONpoBOJa MOJIKEH MpelycMaTpUBaTh HAaJTUYME
MECT BPEMEHHOTO CKJIaJIMpPOBaHUs pa3padaThIBA€MOro IrpyHTa ¢ 0OpMIICHHEM aKTa
OTBO/JIa 3€MJIM B YCTAHOBJICHHOM MOPSI/IKE.

Boei6op Tpaccel Mopckoro TpyOOmpoBOAa JOJIKEH YYUTHIBATH TEXHUUECKHE
BO3MOXXHOCTH 3€MJICPOMHONM M TPYOOYKIaAOUYHOW TEXHUKU [JII CTPOUTEIbCTBA
TpyOOnpoBOA.

Tpacca mopckoro TpyOOIpoBOAa OKHA YUYUTHIBATh MPOTHO3 H3MEHEHUU
IPUPOAHBIX YCIOBUHM B MPOIIECCE €TI0 CTPOUTENILCTBA U IKCILTyaTallUu.

[Ipu BBIOOpE Tpaccsl MOPCKOTo TPyOONpOBOAA JIOMYCKAETCS IEpEceUeHue ¢

CYmCCTBYIOIINMU Tp}I6OHpOBOI[aMI/I U MHKCHCPHBIMH KOMMYHUKAIIUAMU TIOJ YI'JIOM
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omuzkum Kk 90 rpaxa., Ho He MeHee 60 rpan. OOGOCHOBaHHE TMEPECEUEHUs U MEphI
0€30MacHOCTH JOJKHBI OIPEAEIIATHCS B IPOEKTHOM (paboueii) JOKYMEHTALIMH.

IIpu BBIOOpE Tpacchl MOPCKOTO TpyOONpoBOAa CIEAyeT YUYUTHIBATH
NEPCIEKTUBHOE  pPAa3BUTHE  HACEJIEHHBIX  IIYHKTOB,  IPOMBINUICHHBIX U
CEJIbCKOXO3SIIICTBEHHBIX MPEANPUATHI, aBTOMOOMIIBHBIX I0POT U APYTUX OOBEKTOB, a
TaK)K€ YCJIOBHUS CTPOMTENBCTBA W OOCITYKHBAaHUS TpPyOOIpOBOJAa B MEPHUOJ €ro
sKcIuTyaTaruu [47].

Ha Tpacce wmopckoro TpyOorpoBojga JAODKHBI OBITh  YCTaHOBJIEHBI
ONO3HABATENbHBIE 3HAKU BBICOTOM 1,5-2,0 M OT MOBEPXHOCTH 3€MJIA C UHTEPBAJIOM,
NPETYyCMOTPEHHBIM B NPOEKTHOW (pabouei) AOKYMEHTALlMHM, COBMEIIECHHBIE C
KOHTPOJIbHO-U3MEPUTENBHBIMUA ITYHKTAMM, C YKa3aHUEM HOMEpA IHKETAa, pPa3MEPOB

OXpaHHOH 30HBI, aapeca, HoMepa Tene(oHa IKCIUTYaTHPYIOMISH OpraHu3aiuy 1 T. 1.

4.2 TpeOoBaHMsl K KOHCTPYKIUHM MOPCKHUX TPyOONPOBOI0B

JuameTp MOpCKOro TpyOOmpoBOAa M BEJIMYMHA BHYTPEHHETO padoyvero
NaBJICHUS  JOJDKHBI  ONpEAeNAThCsA,  UCXoAd U3 Tpedyemoro  oObema
TPAHCIIOPTUPYEMOTO TMPOAYKTA, B COOTBETCTBUM C HOPMAMH TEXHOJIOTHYECKOTO
IIPOEKTUPOBAHHS.

TonmuHa CTEHKM MOPCKOTO TpyOONpoBoJa JODKHA TNPUHUMATBCA Ha
OCHOBAaHHWH pacyeTa Ha NPOYHOCTh M YCTOMYMBOCTH OT HArpy30K M BO3ICHCTBHM,

JEUCTBYIONTUX HA TPYOOIIPOBO/] B IEPHO] CTPOUTEIHCTBA M DKCIUTYaTallUH.

4.2.1 Pacyer TpyOONpoOBO/1a HA MPOYHOCTH

Pacuersl TpyOompoBoja Ha MNPOYHOCTH MPOU3BOJAATCS B COOTBETCTBUU C
P 412-81 «PexoMeHmanuu 1O NPOEKTHUPOBAHMID M CTPOUTEIBCTBY MOPCKHUX
MOJBOTIHBIX HedTerazonpoBo10B» [48].

JIns pacuera MOPCKOro ra3olpoBOJa NPUHUMAEM 3HAYEHUS, YKa3aHHbIE B

tabnuie 4.
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Tabnuna 4 — XapakTepUCTUKU JI pacueTa MOPCKOro ra3onpoBo/ia

HaunMmeHnoBaHue nmoka3areys 3HavyeHHe MOKa3aTes

[Tpou3BOUTENFHOCTH FA30POBO/IA,
Mapa. M3/rox

HuameTtp TpyObI, MM

I

H
Mapxa cTam |

I

JlnrHa Mopckoro TpyoonpoBoaa, KM

PaGouee nasinenue, Mlla .

[Tn0THOCTB ra3a, Kr/M> -

PacueTrHbie conpoTuBieHus pacTsbkeHuto (cxxkatuio) Ry n Ry onpegensiercs o
cieayomum Gopmyiam:

H . 13
R, — R, m’ (13)
k, - K
H
R, = 2 M (14)
k, - ki
rie M — kodduiueHt ycioBuil paboThl TPyOONpPOBOJA, MPUHUMAEMBIM

paBHBIM -;

ki, k2 — K03 pUIIHEHTBI HAZICKHOCTH 110 MaTEPHATY, IPUHUMACMBbIC

PaBHBIMH COOTBETCTBEHHO _;

K, — K03 pHIIMEHT HAZAECIKHOCTH 110 OTBETCTBEHHOCTH TPYOOIPOBO/Ia,
npuanmaemsiii pasasiM [

TosmuHy CTEHKH TpyOOMpPOBOJa MO BHEUIHEMY JaBJICHUIO OMPEICISIOT IO

bopmyie:

5:34.n.r3.H.pB (15)
E )
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rie N — kod()PUIMEHT TNeperpy3Kd PpacyeTHOTO MAaBIICHUS, MPUHUMAEMBIN
paBHBIM 1;

I — HapyKHBIA paguyc TpyObl, CM;

H — rimy6una mops, cM;

Pp — INIOTHOCTh MOPCKOU BOJIBI, Kr/cm®:

E — MOZyJIb yIIpyrocTH Matepuaia TpyoonpoBoa, Kr/cM?,

TommuHy cTeHKH TpyOONIPOBO/Ia IO BHYTPEHHEMY JABJICHHUIO OMPEACTISIOT
o ¢popmyie:

_ n,pD, (16)
2-(R,+n, - p)’

rme N — Ko3(pGUIMEHT Teperpy3Kd pacueTHOrO MaBJICHUS, NPUHUMACMBbIN
paBHbM 1,1;

Du — Hapy»KHBII 1HaMeTp, CM;
P — pacueTHOE JaBIeHHE B TPYOONPOBOJE, KI/CM?;

R; — pacuetHoe conpoTuBieHue matepuana, Mlla.

PacuetHoe naBnenue B TpyOonpoBoje P, yjI0keHHOro Ha JHO MOPSI IpU

riyoune H, onpenensiercs o opmyie:

-p,. . — 17
P=P,—P,, (17)
rne  P,. — pacdeTHOE BHYTPEHHEE DKCILUIYyaTallMOHHOE JaBJICHUE, KIc/cM2

npunnmaemoe coracto mpoexta ||

Pp — naBnenue cTonba BOAbI HAJ pacCMaTPpUBAEMON TOUKON
TpyOOIpOBOAA, KIe/cM?.
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4.2.2 PacueTt ycTOMYMBOCTH TPYOOIIPOBOJAA HA IHE MOPH

Pacuetsl ycroiumBoCcTH TpyOOmpoBOga Ha JHE MOPS TPOU3BOMATCS B
cootBercTBUM ¢ P T'azmpom 2-3.7-069-2006 (RP E305) «PacueT yctounBOCTH Ha
JIHE MOABOIHBIX TPYyOOIpoBoa0B» [50]

Bec 1 M TpyOompoBoaa 6€3 U30aAIHMOHHOTO TOKPHITHS, H:

z-(D2 —D?) (18)
A ,

GTP:pT'g'

rae D, — BHYTPEHHUU TUAMETD, M;
3.
p; — IUIOTHOCTD CTaJII/I(- Kr/M°);

0 — YCKOpEeHHe CBOOOHOTO NajieHus, paaoe 9,81 m/c?

Bec 1 M TpyGonpoBo/1a ¢ HU30JISAIIMOHHBIM MOKPBITHEM, H:

z-(D2,-D?) (19)
A ,

Gm = GTP + P39
rae  D,; — HapyxHuil quamerp TpyOONmpoBOJa C U30JALMOHHBIM MOKPBITHEM,
M;
L3 — INIOTHOCTh U30JISILUOHHOTO TTOKPBITHS (- Kr/m°).

Bec 1 M TpyOonpoBoa ¢ M30IMOHHBIM MMOKPBITHEM U (pyTepoBKOM, H:

7T (Dcin ' D;3) (20)
4 ]

G@YT = GI/[3 + Poyr-9-

rue D,,, — HAPY>KHUU THUaMeTp TpyOONpoBOJa C U30JALUOHHBIM MOKPHITUEM

U (GyTEpOBKOM, M;

Papyr — IIOTHOCTH (YTEPOBKH, -

HopmaTuBHBIN BeC TpaHCTIOPTHPYEMOTO Ta3a B 1 M TpyOOIIPOBOJA qras,

H, cnenyet onpenensts mo hopmyre:

P, - D2 (21)
O3 =0,215-p,45-9- S ,
z-T
- JIuct
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rae  p..— mnoraocts rasa, kr/v® |G

Z — KOB(l)(I)I/IHI/IeHT CXKMMAaCMOCTH Trasa, HpI/IHI/IMaeMHﬁ COTJIaCHO

paBHbIM 0,9112;
T — abcomotHas Temmneparypa, K

BreitankuBaromias cuia BoAbl s, H/M, npuxoasmascs Ha eIUHUAILY JJTHHBI
MOJHOCTBIO TOTPY>KEHHOTO B BOJY TPyOOMNpOBOJia MpH OTCYTCTBUU TEUCHUS

BOJIBI, OTIpeiessieTcs o Gpopmyie:

/4 (22)
U ZZ'D;VT'IOEQ,

rae g — IIOTHOCTB BOJBI C YYETOM PACTBOPEHHBIX B HEW COJIEH, KI/M°,

CreneHb  yCTOMYMBOCTH  MOJBOAHOrO  TpPyOOINpOBOJa Ha  BCIUIBITHE

omnpenensiercs koadduirenTom 3amnaca Kp:

K = GchT + 03
B
Ug (23)

PesynbraThl pacyeTa mpoyHOCTH TPYOOIPOBOJAa U YCTOWYHUBOCTH HA JTHE MOPS

npuBeAeHbl B Tabnuie 5

Tabnuna 5 — Pe3ynbrarhl pacuera NpOYHOCTH U YCTOWYUBOCTH TPYOOIIPOBOIA

HaunMmeHoBaHHe nmoka3aTejs 3HauyeHHe MOKa3aTes

ConpoTuBIIEHHUE PACTIKEHUIO
(cxatuio) Ry MIla

(cxaturo) Ry MIla

Tonmmua cTeHku TpyOOMpoOBoOIa TIO
BHEITHEMY JaBJICHUIO, MM

Bec 1 M TpyOompoBoza 6e3

N

ConpoTuBIIEHHUE PACTIKEHUIO -
I
I

HU30JEIIUOHHOTIO ITIOKPBITHA, H

JIuct

Mopckoit ra30npoBoj

Hszm.

64

JInct Ne nokym. IToamucs | JaTa




Oxonuaunue Ta0omuner 5

Bec 1 M TpybonpoBosa ¢
M30JISIIIMOHHBIM MOKpBITHEM, H

Bec 1 M TpybonpoBosa ¢
U30JISIIIMOHHBIM MTOKPBITUEM H
¢dyrepoBkoi, H

HopmartusHbIi1 Bec

TPaHCIOPTUPYEMOIO raza B 1 m

TpyOomposoaa, H

BrrrankuBaromias cuia Boanl, H

4.2.3 Pacuyer pe:kuMa CBapKu

Capka TpyO AoKHA BBIIOTMHATHCS ¢ ydeTtoM TpebOoanuii DNV-RP-E305

«On-bottom Stability Design of Submarine Pipeline» [52]&

N3 nanubix, npencrabieHHbiX B Tabnuile 6, HaXOIUTCS MIOMIAAL TONEPEYHOTO

CCUCHUA CBAPHOI'O IIBa, MMZ, COIrJIaCHO MCTOAUYICCKHM YKa3aHUAM pacdCTa pCKNMOB

JIyTOBOM CBapKH.

Tabnuua 6 — Pazmepbl KOHCTPYKTUBHBIX 3JIEMEHTOB MOJATOTOBIEHHBIX KPOMOK, MM

Cnoco0 | S=§; b c e g a, rpaf,
CBapKH +2°
Howm. | Ilpen. | Hom. | IIpen. | Hom. | IIpen. | Hom. | Ipen.
OTKIL. OTKIL OTKIL OTKIL
VII 280 20 |+1,0| 20 | +10 | 28 | +£40]| 2 | +1,0 20
- -2,0 -2,0 -2,0
30,0
F,=(S-c)*-tga+b-S+0,75-e-g (24)

BriOupaetcs cuia cBapoOUYHOro TOKa, 00ECIICUUBAIOIIETO 33/ IaHHYIO TIIYOUHY

IIPOIIaBJICHUA:
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1000 H (25)

riue Knh — K03 puLIHEeHT MPONOPIIMOHATILHOCTH, 3aBUCSIIUHI OT YCIOBHIA
MPOBEICHUI CBapKHU U MPUHUMAEMbIH PaBHBIM

BreiOupaeTcs iuaMeTp 3JIEKTPOJIHON MPOBOJIOKH. OPHEHTHPOBOYHO, OH
MOKET OBITh OTIPEACIICH 10 (hOopMYyIIE:

(26)

rIe |cs — cuma cBapodHOro TOKa, A;

j — mnoTHOCTH TOKa, A/MM?;

ILJI)I IPHUHATOrO AvMaMeTpa 3JICKTPOJda W CHUJIbI CBAPOYHOI'O TOKa OIPCACIIAIOT

OIITUMAJIbHOC HAIIPSKCHUC IYTU, B:

50-10° (27)

I
\/E CB

U, =20+

IIpu pacuere mapamMeTpoB pPEKHUMa CBAPKH CIEAYET y4€CTh PEKOMEHIALUU 110
KOJIMYECTBY HAIUIABJIEHHOIO MeETajlla 3a OJMH Npoxoxa. Tak mpu cBapke B cpene
3alUTHBIX  Ta30B  DJJIEKTPOAHOW  IPOBOJIOKOW  IHaMETPOM _ B
BEPTUKAJIBHOM IIOJIOKEHUU IUIOIIAAb IIONEPEYHOr0 CEYEHHsI IIEPBOrO IIPOXO0Ja
cocrasisiet [l nromans sroporo npoxona |, nocrenyomux | R
[Ipeanonaraemple IUIOIIAAM IIONEPEYHBIX CEYEHUN IPOXOAOB IIPEICTABIICHBI B

Tab6aune 7.
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Tabmuma 7 — [1nomaau nonepeyHoro CeYeHus! MpoXoI0B

Ne mpoxona | Ilmomans nonepeyHoOro ceueHus, MM
1 |
2 |
3 |
4 |
5 |
6 |
7 |
8 ||

Bennuuna KOB(i)(bI/II_II/IGHTa PacCIlLIaBJICHUA PACCUUTBIBACTCA 110 (bOpMYJIG:

28
¢, =9,05+31.10°- JT_ .~ (28)

2
2

CkopocTh MoJ1auu MPOBOJIOKH, CM/C, OIIpeesieTcs no Gopmyiie:

(29)

aP'ICB

V. =
o 3600-F,, -y

rae F 57 — IJI0LIa b IONEPEYHOrO CEUEHUs dIEKTPOIA, CM2;

Y — IIIOTHOCTH SIEKTPOAHOIO METAJIa, IpMHUMAaeMas paBHol 7,8 T/cM®,

4.2.4 PacuyeT HEOOX0AUMOTI0 KOJIUYECTBA MATEPHUAIOB
[Tpu nuametpe mpoBooku 1,2 MM HE0OX0UMasl ITTMHA JIEKTPOAA, M,

AJIs1 CBAPKH OAHOI'O CThIKA COCTABHUT:

_ F,-7-Dy (30)
0,785-d?-1000

L.
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O6uras mpotsokerrocts noasoaroi yactu rasomposoaa coctasiser [N
M. Tak kak jgnuuHa TpyO cornacHo HJI paBHa 12 M, ompenensieTcssi KOJIUYECTBO

capubix ctbikos. Yucno creikos N pasxo [

JInuHa TPOBOJIOKH, M, JJISI CBAPKH BCEX CBAPHBIX COCJAMHEHUN MOJBOIHOMN
4acTH TpyOOIpOBOJIa HAXOUTCS U3 POPMYIIBI:

L, =L.-N (31)

[Ipou3BoAUTENN 3IEKTPOJHON IPOBOJIOKH IOCTABISAIOT CBOK MPOAYKIHIO
KacceTaMH WM B MacCOBOM DKBHBAJICHTE, TO3ITOMY HEOOXOJUMO OIMPENEIUTh MacCy
IIPOBOJIOKH, KT

My=Fy-Ly-y (32)

Tpe6yeMoe KOJINYCCTBO JICHTBI, M, HAXOAHUTC 110 (bOpMYJIC:

L, =xz-D,-N (33)

Heo6xo1uMoe KoandecTBO GyTepOBKHU, M2, onpesienseTcs o GopMyJie:

Spvr =7-D,,-L (34)

rae L — nmuHa razonpoBoja, M.

VYTICKUCITBINA Ta3 PacXOyeTcsl ¢ OPUCHTUPOBOYHOW CKOPOCTHIO OKOJIO OJHOTO
Oamtona B dYac. Tak Kak W3BeCTHA CKOPOCTh TIOJAa4d TIPOBOJIOKA M 0OIIas
HEoOXoauMasi ITMHA AJIEKTPOJIa, OMPEACISeTCS KOJTMYECTBO OANIOHOB YTIICKHCIIOTO

rasa:
(35)
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Pesynbratel pacuera mpencraiensl B Tabnuie 8:

Tabnuna 8 — Pe3ynbrarsl pacyera pekruMa CBapKu

HaumMmeHnoBaHnue nokasartejs

3HadyeHue moKa3aresas

[1;moma b NONEPEYHOTO CEUEHUS

CBApHOro 1iBa, MM2

Cuna cBapoyHOro ToKa, A

JlnameTp 3HEKTPOJHOW MPOBOJIOKH,
MM

OnTtuMmanbHOE HanpsbKeHue ayru, B

KoaddunmenT pacrraBieHus

CKopocTh 110J1a4M MPOBOJIOKH, CM/C

JlnuHa smextpona, M

JInvHa npOBOJIOKH, KM

Macca npoBoJIOKH, T

KomngecTBo JICHTBI, KM

KonuuecTBo QyrepoBKH, M?

KonnuectBo 0amioHOB YIJIEKUCIIOTO
rasa, eJl
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5 PUHAHCOBBIY MEHE I’ KMEHT, PECYPCO3®®EKTUBHOCTH U
PECYPCOCBEPEXKXEHUE
5.1. SWOT-anaau3

SWOT-ananu3 mnpeacraBisieT co0Od  KOMIUIGKCHBIM — aHali3  Hay4dHO-
UCCIIEIOBATENLCKOTO MPOEKTA, 3aKII0YAIOIINNCS B BRISIBICHUN (DAKTOPOB BHEIIHEH U
BHYTPEHHEH Cpe/pl, OKA3bIBAIONINX BIUSHUE HA peanu3alfio Npoekra. DakTopsl
TeATCS Ha 4eThipe KaTeropuu: Strengths (cubHbIe cTOpoHBI), Weaknesses (citaObie
ctopossl), Opportunities (Bo3MokHOCTH) B Threats (yrpo3si).

CuibHBIE CTOPOHBI — 3TO (PAKTOPBI, XapaKTEPU3YIOLIME KOHKYPEHTOCIIOCOOHYIO
CTOPOHY HAYYHO-HCCIIEIOBATENBCKOTO MpoekTa. Crabble CTOPOHBI — 3TO HEJIOCTATKH,
VIYIICHUSI WM OTPAaHWYEHUS HAYYHO-HCCIIEAOBATEIBCKOTO TPOEKTa, KOTOPHIC
IPENATCTBYIOT JOCTH)KEHUIO €ro neseil. Bo3mokHOCTH BKIIOYAOT B ce0s J1r00yI0
IPEIMOYTUTENBHYIO CUTYAIlMI0, BO3HUKAIOIIYIO B YCIOBHUSX OKPYXKAIOIIEH Cpesbl
MIPOEKTa, KOTOpas MOJJEPKUBACT CIPOC HAa Pe3yJbTaThl MPOEKTa. YTPO3bl — 3TO
HE)KeNaTeNIbHbIC CUTYallH, TCHACHIIMM WM MU3MEHEHHE B YCIOBHUAX OKpY)KAIOIIEH
CpeIsl  TIPOCKTa, KOTOpPhIE HMMEIOT  YIPOKAIOIMIMK  XapakTep Uil €ro
KOHKYPEHTOCTIOCOOHOCTH B HACTOSIIIEM W Oy IyIIEM.

[Ipu co3maHuM WHTEPAKTUBHBIX MAaTPHI] PEKOMEHAYETCS HCIOJb30BaTh

cneayroIme 0003HAUCHUS

° C — cubHbBIE CTOPOHBI MPOEKTA;
° Cn — cnabble CTOPOHBI MMPOESKTA;
° B — Bo3MOXHOCTH;

o Y — yrpo3sr;
o « *+ » — CWJIBHOE COOTBETCTBHUE;

L « —» — cnaboe COOTBETCTBHUE.

AHanu3 3¢ (eKTUBHOCTH TPAHCTIOPTA CKUKEHHOTO

YrJII€BOAOPOAHOTO Ira3a

W3wm. | Jluct Ne mokym. Tlogmuce | Jlata
Pa3pab. CuaeIpHUKOB JInr. JInuct JInctoB
PykoBoz. Yyxapesa H.B. duHaHCOBLIA MEHEPKMEHT, | | 70 111
Koncynsr. | Maxkamesa 10.C.

pecypco3deKTHBHOCTE 1 Otnenennie HeTETa30BOTO JIEIIa
Pyk-ms OOII] Bypxos I1.B. pecypcoc6epe)KeHHe Tpynna YBM6A




[IpuBenennplii B Tabmumax 9 wu 10 aHanu3 MHTEPAKTHBHBIX MaTpULl
MOKAa3bIBAET, YTO CIAOBIX CTOPOH y MPOEKTa 3HAYMUTEIBLHO MEHBIIE, YEM CHIIbHBIX.

KpOMC TOro, MOXHO T'OBOPHUTH O BBICOKOM HaJIC)KHOCTU IIPOCKTA, TAK KaK YI'PO3bI

HMCIOT HU3KHC BEPOATHOCTHU.

Tabnuna 9 — UHTepakTHBHAs MaTpUIla BO3MOXKHOCTEH

CuJjibHbIE€ CTOPOHBI IPOEKTA
Cl C2 C3 4
B1 + + + +
B2 + — — +
B3 — — + —
Bo3moxkHocTH B4 + — — —
Caalble CTOPOHBI IPOEKTA
Cal Cn2 Cn3 Cn4
B1 — — — —
B2 + + - -
B3 — — — —
B4 — — — —
Ta6nuna 10 — MHTepakTUBHAs MaTpulla yrpo3
CuiibHbBIE CTOPOHBI IPOEKTA
Cl C2 C3 4
V1 + — _ +
y2 + — — +
Yrpossl LE — — — —
Caa0ble CTOPOHBI IPOEKTA
Cnl Cin2 Cn3 Cn4
V1 — — — —
y2 — — — —
v3 — — — —

Pesynbratet SWOT-ananuza uccienoBanus, MpoBEACHHOTO B paMKax JaHHOU

BBITTYCKHOM KBaJM(DUKAITMOHHON pabOThI, MpecTaBIeHbI B Ta0uIe 11.

JIuct

Hszm.

71

JInct Ne nokym. IToamucs | JaTa




Tabmuma 11 — Matpuira SWOT

CujibHbIE CTOPOHBI IIPOEKTA:
Cl1. [IpumensieMble METOAUKHU
COOTBETCTBYIOT TpeOOBaHUSAM
HOPMATUBHBIX JOKYMEHTOB
C2. JlonroBpemeHHbIE
0€30TKa3HbIE CPOKH
JKCILTyaTaluu 000py10BaHUS
C3. CHmxeHus
HeOmaronpusaTHOTO 3¢ dekra oT
MIPOU3BO/ICTBA HA OKPYKAIOIIYIO
cpeny

C4. Meroauka Xopollla U3BeCTHA

1 onpoOoBaHa
C5. Bo3MOXXHOCTb IPUMEHEHHUS
Ha JICHCTBYIOMNX He(DTEra3oBbIX
MECTOPOKICHHUIX

Ci1a0ble CTOPOHBI NIPOEKTA:
Cnl. Bonbioit
NepBOHAYAIILHBIN B3HOC
peanu3aly IpoeKTa
Cn2. TpancnopTupoBKa
o0opynoBaHus Tpedyer
OOJIBIINX KaTUTAIOBIOKEHHH
Cn3. Cno)xHOCTb IPUMEHEHHUSI
COBPEMEHHBIX TEXHOJIOTUI
Cn4. IIpoGiema
UMIIOPTO3aMEIlIECHUs
obopymoBaHus

Bo3moxkHocTH:

B1. Ucnons3oBanue
UHHOBALMOHHOU
crpykrypsl TIIY

B2. CoTpynHuuecTBo C
3aMHTEPECOBAHHBIMU
KOMIIaHUSIMH
B3. IloBbllienue ypoBHs
BOBJICYCHHOCTH CO
CTOPOHBI TOCYIapCTBA
B5. Bo3aM0OXHOCTh
MIPUMEHEHUE TEXHOJIOTHH
Ha OOJIbIIIEM KOJIMYECTBE
00BEKTOB

1. Ucnonp3oBaHue HAYy4IHOU 0a3bl
TITY ¢ uenbro MOBBILICHUS
pecypcorhHEeKTUBHOCTH MPOEKTa
Y YBEITUYCHUS YKOHOMHYECKOM
BBITO/IbI
2. Yuer noxenaHui 3aKa3uuKoB
IIpHU COOJIIOICHUN TPEOOBaHMIA
HOPMATUBHBIX JOKYMEHTOB
3. Pacmmpenue kaapoBoro
cocTaBa

1. [Ipumenenue onbita paboThI
KOMITaHUH-TTApTHEPOB
2. IloBbilIeHUE YPOBHSI
COTPYJIHUYECTBA C
KOMIIQaHUSIMU JAPYTOro
npoduIst
3. Otbop
BBICOKOKBAJIU(DUIIUPOBAHHBIX
CHEIHAIUCTOB
4. CoTpyAHHYECTBO C
MHOCTPAaHHBIMU KOMIIAHUSIMHU

Yrpo3ssr:

V1. Bo3MOXKHOCTB OTKa3a
3aKa3uMKa OT MPOEKTa U3-
3a BEICOKOM CTOMMOCTH
V2. UcronieHue 3amacoB
MECTOPOKICHUN
V3. U3meHeHHe
HOPMaTHUBHO-TIPABOBOU
0a3bl
V4. IlossBnenue HOBBIX
TEXHOJIOTHH
V5. Bo3amoxHBI TpOOIIEMBI

MIPU TPAHCTIOPTUPOBKE

000pyTOBaHUS

1. IToBeIlIEHHE CTEIIEHU
3aBOJCKOM TOTOBHOCTH
MPETPHUITHS
2. 3HaunTENbHOE YMEHBIICHUS
BO3JICHCTBUS HA OKPYKAIOIIYIO
cpeny
3. ITocTostHHOE OTCIEKMBAHHUE
W3MEHCHHI B 3aKOHOIaTCILCTBE
4. IToBBIIIEHHAS HAJEKHOCTD
UCIIOJIb3YEMOT0 000pYI0BaHUS
5. IlocTossHHOE OTCIIEKUBAHUE
TTOSIBJICHUSI HOBBIX HAyIHBIX
pa3paboToK 1Mo Teme
HCCIEIOBaHUS

1. Coznanue yHuBepCcaaIbHOTO
ajropuT™Ma nogbopa
TEXHOJIOTUIECKOTO

o0opynoBaHus
2. [lepexBanudukanus
COTPY/AHUKOB MPEANPHUATHS

3. Pa3zButue uccnenoBaHus st

BO3MOKHOCTH ITPUMEHEHHS

HOBBIX TEXHUYECKUX PEIICHHH

PesynbTarsl

aHalM3a YYMUTHIBAIOTCS TNpHU pa3pabOTKe CTPYKTYphl padoT,

BBIIIOJIHACMBIX B PaMKaX HAYYHO-HUCCJICOBATCIILCKOTO ITPOCKTA.

JIuct

72

Wswm. | JIuct Ne nokym. IToamucs | JaTa




5.1.1 OueHka rorTOBHOCTH MPOEKTA K KOMMeEPUHUATU3ALNU

Ha kakoii Obl

CTagun JKH3HCHHOI'O IHKJIA HC HAXOAWJIACh HAy4YHAaAs

pa3pa60TI<a IMOJIC3HO OHNCHUTH CTCIICHb €C TOTOBHOCTH K KOMMCPLHUAIM3AIHNU H

BBISICHUTH YPOBEHb COOCTBEHHBIX 3HAHUW NJIsi €€ MPOBEICHUS (WM 3aBEPIICHHUS).

Jj1s 5TOr0 HeoOXO0UMO 3aNOTHUTH CHEIHATBHYIO (POPMY, COJIEPKALYIO MTOKA3aTEeIH

O CTENeHUu TMPOpadOTAHHOCTH TIPOEKTa C TO3UIMH KOMMEPIHAIU3ANNN U

KOMIICTCHIINAM p8.3pa60T‘II/IKa Hay49YHOI'O IIPOCKTA. PGSYJ'ILT&TLI daHaJIn3a CTCIICHU

TOTOBHOCTH IIPHUBEACHBI B TaOymIe 12.

Tabmuma 12— OrmeHka CTeNeHW TOTOBHOCTHM  HAYYHOTO  IPOEKTa K
KOMMepIaIn3alun
Ne Crenenpb YpoBeHnsb
w/n HaumenoBaHue NMpopaGoTAaHHOCTH HMEIOIIMXCSl 3HAHUI
HAYYHOTI'0 POEKTAa y pa3padoTumnka
1 Ornpenernen HMefomvHI?Ics[ HAy4HO- 3 5
TEXHUYECKUI 3a]1e
Omnpenenensl NepCreKTUBHbBIE
2 HaIpaBJICHUs KOMMEPIHATU3AIII 4 3
HAYYHO-TEXHHYECKOT0 3aj1em1a
OmnpeneneHsl OTpacau U TEXHOJIOTUU
3 (TOBapkl, YCIYTH) JUIS IPEATIOKEHUS 5 4
Ha PbIHKE
Omnpenenena TopapHas popma
4 Hay4YHO-TEXHUYECKOTO0 3ajena s 2 3
MIPEJICTABJICHNS HA PHIHOK
5 OmnpeneneHsl aBTOPbI U 3 4
OCYIIIECTBIIEHA OXpaHa UX MpaB
6 [IpoBenena oleHKa CTOUMOCTH 1 1
WHTEJJIEKTYyaTbHOM COOCTBEHHOCTH
7 [TpoBeieHBI MAPKETUHTOBEIC 5 4
MCCJICTOBAHMSI PHIHKOB COBITA
Pa3paboran 6usHec-maH
8 KOMMEPLHAIN3aLUU HAYYHON 3 4
pa3paboTKu
9 OmnpeneneHsl MyTH TPOABHKEHUS 9 4
Hay4YHOM pa3pabOTKH Ha PHIHOK
10 Pazpabotana crparerus (¢popma) 3 4
pean3aluy HayqyHoH pa3paboTKu
Jluct
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[TpopaboTaHbl BOIPOCH
11 | MeXIyHApOIHOTO COTPYAHUYECTBA U 4 3
BBIXOJIa Ha 3apyOEKHBIN PHIHOK

[TpopaboTaHbl BOIIPOCHI
WCTIOJIB30BAHUS YCIIYT
UHPPACTPYKTYPHI MOIICPIKKH,
MOJTyYCHHS JIBIOT
[TpopaboTaHbl BOIIPOCHI
(buHAHCHPOBAHHUS
KOMMEPIIHATU3aIMH HAyYHOH
pa3paboTKu
Wmeercs komaHa uist
14 KOMMEpPLHAIN3aluu HayYHOI 4 5
pa3paboTKu
[TpopaboTan MexaHU3M peanu3aiuu
HAYYHOT'O MPOEKTa

HNTOI'O BAJIJIOB 43 54

12

13

15

3Haue€HHEe CYMMapHOro Oajijja MO3BOJIIET TOBOPUTH O MEpPE TOTOBHOCTH
HAy4YHOHU pa3paboTKu U ee pa3padoTuuka K KOMMepIMaan3alud. 3HAaYeHUE CTETICHH
npopabOTaHHOCTH HAYYHOT'O TMPOEKTa COCTaBWIO 43, 4YTO TOBOPUT O CpeaHel
MEPCIIEKTUBHOCTH, a 3HaHUS pa3paboTyuMKa JOCTATOYHBI [IJIsi YCIICIIHOW €€
KOMMepIIMaanu3alui. 3HAa4yeHUE YpPOBHA MMEIONIMXCS 3HAaHUW Yy pa3paboTyuka

COCTAaBWIO 54 — MEPCIIEKTUBHOCTH BBIIIIE CPETHETO.

5.2 IlnanupoBaHne HAYYHO-UCCJIEI0BATEIbCKHUX PadoT

B pamMkax mnimaHUpOBaHMS HAy4YHOTO TIPOCKTa HEOOXOAMMO MOCTPOUTH
KaJIGHTApHbIA TpaduK TPOBEACHUS HAyYHO-HCCIIENOBATEIbCKUX pabot. Jlus
MOCTpoeHUsT rpaduka HEOoOXOAUMO COCTABUTh IUIAH BBITIOJTHEHUS TMPOEKTa C
yKazaHueM Buja paboTra, IUTETBHOCTH WX HWCIOJIHEHUS W yYaCTHHUKOB,

OTBCTCTBCHHBIX 3a UCIIOJIHCHUC KAXKAOTO ITYHKTA IlJIaHa.
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[Tnan mnpousBoacTBa paboOT NO pealn3alud Hay4dHO-HCCIIEI0BaTEIbCKOTO

IIPOEKTa NpecTaBieH B Tadimie 13

Ta6nuna 13 — KanenpapHplii 11aH MpoeKTa

Ne JloJIsKHOCTD
OcHOBHBIE TAlbI Conep:xanue pador
pao. HCTIOJTHUTEJISA
PazpaboTka TeXHUYECKOTO 1 CocraBneHue u yTBepkJieHue Texuude- | PykoBoaurens,
3aaHus CKOT'0 3a/IaHHsI Maructpanrt
[onbop u u3ydeHne MaTepuaioB M0 TEME Maructpant
Br100op HamnpaBieHus nccaea0BaHUI Maructpant
4 Kanenngapuoe nmnanupoBanue pabor no | PykoBomgutens,
TeMe Maructpant
[IpoBeneHNE TEOPETUUECKUX PACUETOB U
) POBEA p uxp Maructpant
000CHOBaHUM
Pacuér He0OX0AMMOro KOJIMYEeCTBA
6 MaructpaHt
TaHKEPOB-TA30BO30B
[IpoBeneHue nuTEPaTypHOTrO 0030pa
7 OB PaTYP P Maructpant
HAYyYHO-TEXHUYECKOW MHPOpMaIuu
8 Pacuer Mopckoro razonposoja Maructpasnt
N3yuenne conuanbHOU
9 ya 1 Marwuctpant
OTBETCTBEHHOCTH ITPOEKTA
10 CoroctaBneHue pe3yabTaToB ¢ Teope- | PykoBoaurerns,
TUYECKUMH HCCIIEJOBAHUSIMHU Maructpasnt
Ornpenenenre 3KOHOMUYECKOHN LEIECO-
11 peal N MaructpanT
00pa3HOCTH UCCIEA0BATEIIBCKON paboThI
CocraBiieHUE MOSICHUTEILHOM 3alIUCKU
12 (3KCIUTyaTallMOHHO-TEXHUYECKOH J10KY- Marucrtpast
MEHTAIIHH )

Haunbonee YI[O6HBIM W HarJiIAHBIM IIPCACTABJICHUC IlJIaHA IIPOCKTA ABJISACTCA

MOCTPOEHUE JICHTOYHOTO TpaduKka MpoBEJACHUS HAYIHBIX PabOT B popMe ruarpamMmbl

[Nanta. Jlmarpamma ['aHTa — TOPU3OHTAIBHBIM JICHTOYHBIM TpaduK, HA KOTOPOM

pa6OTBI o TEMC IMPCACTABIAIOTCA TMPOTAKECHHBIMU BO BPCMCHH OTPC3KAMU,

XApPAKTCPUIYIOIMUMUCA JaTaMKU Ha4dalla 1 OKOHYAHHUA BBIIIOJHCHHUA OAaHHBIX pa60T.

st ynoGcTBa 0TOOpaXKeHUsT KaXKAbIid MECSI] pa3/iesieH Ha JIeKabl.

Jnarpamma ['aHTa W1 mpoekTa MCCIENIOBaHUS B PAMKax JaHHOW BBIITYCKHOU

KBaJIU(DUKAIIMOHHOW pa0dOTHI MpeJIcTaBlIeHa B Tabwmie 14.
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Tabnuna 14 — Jluarpamma ["anTa

IIpoao/LKUTEIbHOCTH
JInMTeIbHOCTD, BbINIOJIHEHH S PadoT
Bu pador Henoanurenm JHU ®eppanb | Maprt | Anpens | Mait
112 |3/1/2/3]12|3/1/2|3
Br160op Tembl Hyxapesa H.B. ]
CunenpHUKOB 5
HCCIIeIOBAHUS AB I
Yyxapesa H.B.
BBenenue CHUIeIEHUKOB 10 Q
A.B.
JlurepatypHbliit CuieTbHUKOB 20 |
0030p A.B.
ITocTanoBka 3agauu
U 1enen
HCCIICIOBAHNS, CHHXHEIHKOB 7 E]
aKTyaJbHOCTb, o
Hay4Hasi HOBU3HA
Teopernueckas Hyxapesa H.B.
HACTE CuielIbHUKOB 31
A.B.
Yyxapesa H.B.
Pacuernas yactp CHIeNnbHUKOB 35 \ﬁ
A.B.
Odopmnenue
pacyeTHo- CuienbHUKOB
MMOSICHUTEILHOM A.B. 13 [:l
3aITUCKU
D— bakanasp

. — PykoBonutens

5.3 Pacuer pecypcHoii 1 (pMHAHCOBOM COCTABJISIOIIUX NMPOEKTA

[Ipy nnaHupoBaHWM OOJKETa HAYYHOTO HCCIEIOBAHUS JOJDKHO OBITh
00€ecreyeHo TMOJIHOE W JOCTOBEPHOE OTPAKEHHME BCEX BHUJOB IUIAHHUPYEMBIX
pacxo/ioB, HEOOXOMUMBIX JJISI €ro BBIMOJHEHUS. MHOTHE W3 MaTepualioB YiKe
HaxOJWINCh B JIAOOPATOPHH, TIOATOMY B CTaThsIX OTpPa)kK€HbI Majible pacxobl. Pacuet
CTOMMOCTH MaT€pHUaIbHBIX 3aTpaT MPOU3BOAUTCS MO ACHCTBYIOIIUM MpeCKypaHTaM

WJIU JIOTOBOPHBIM IIeHaM. Pe3ynbTaThl pacuera npuBeAeHbl B Tadwmie 15.
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Ta6nuna 15 — MatepuanbHbie 3aTpaThl

No Haumenosanmue Emnununa | KomuuectBo | lleHa 3a Cymma,
/ U3MEPECHUM CIVHHULLY,
- pyo.
1 TpyGet ¢ . B N
AHTUKOPPO3HOHHBIM
IIOKPBITUEM
2 IIpoBonoka T - -
AIEKTPOHAS
3 VYrnekucnuslii ras 0aJI0H - -
4 | TepMoymakxuBaro- | IIOTOHHBIC - -
11asCsl JICHTA METPBI
5 DyTepoBKa M? ] |

Bcero 3a maTepuansl

TpancropTHO-3aroToBUTEIbHBIC OTUMCITCHUS (3-5%)

Hroro o cratee C,,

Bce pacdcTbl CTOMMOCTH apPCHIAbI CYOIOB, HCIIOJIb3YCMbLIX IJIA CTPOUTCIILCTBA

CBeJZleHbI B Ta0uIe 16.

Tabnuna 17 — 3atpatsl Ha apeHAY CYA0B

CroumocTts
[Ipennomnaraemoe
No HanmMenosanune apeHsl 3a
BpEMSI apeH/Ibl CyMmma, pyo
n/m | o0opynoBaHus CAVHUILY,
CyIHa, CyT
pyo/cyT.
TYC «Castoro
1 Dicoiy - I I
2 | TVC «Solitaire» B e I
TpancnioptHOE
3 cyano «Ocean [ e I
Spirity
Hroro: I
PaGota  Bk/IIOYaeT  OCHOBHYIO  3apa0OTHYX  IuUlaTy  pabOTHHKOB,

HEIMOCPEJICTBEHHO 3aHAThIX BbinosHeHueM HTU, (Bkirowass mpemuu, AOIMJAThI) U

JOTIOJTHUTENBHYIO 3apabOoTHYIO TUIATY:

Hszm.
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3, =3,,1+3 (36)

J0IT 1

OcHoBHas 3apaboTHasI IJIaTa PACCYUTHIBACTCS TI0 CIIEAYIOMIeH hopmyIe:

3OCH - 3I1H .Tp ) (37)

B cocTaB 0CHOBHOM 3apaOOTHOM IJIaThl BKJIKOYAETCS MPEMHUS, BbIIIaunBaeMast
exxeMecayHo u3 (ponaa 3apaboTHOI maTsl B pazmepe 10 % ot tapuda unm oxknana.
PacueT ocHOBHO# 3apaOOTHOM TIaTHl CBOAUTCS B Tabmuia 18.

Tabnuua 18 — PacyeT 0CHOBHOM 3apaOOTHOM IIAThI

OO0uue
Oxa MecsiuHast | 3aTpathl IO
Hcniomaurenu | KonuuecTtBo py6 > | 3apruiara, | 3apaOOTHOM

pyO./Mec. | mate, pyo.
(96 nHein)

I ' naBHEII
HDReHED I I B e
Croeuuaauct

vroro | NN

OTtuncneHus Ha COLMMAJIBHBIC HYKJIbI BKJIIOYAalOT B ce0s OTYHCIICHHUS BO

BHEOIOKETHBIC (DOH/IBI.

3 (38)

6Heb ocH 1

CHe6 :k

8

rae Kenes — KOIDQPHUIMEHT OTYMCIICHUH HA YILIATy BO BHEOIOIKETHBIC

dbonapl (meHcuoHHbI (GoHa, GoHI 005M3aTETLHOTO MEIUIIUHCKOTO

crpaxopanus u 1ip. ), ||
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Tabmuua 19 — I'pynnupoBka 3aTpar 1o cTaTbsiM

OrtynucneHus
OcHoBHas Hroro
Marepuansable | 3aTpaTsl Ha 3apaboTHAs Ha IUTAHOBAS
3aTpaThl apenay CynoB wiaTa COLMATIBbHBIC ce0eCcTONMMOCTbD
(py©) (py6) (py6) YA (py6)
- — S

O6umit 06bem Beex 3atpat coctasn |l py6neii, nantonee

CYIICCTBCHHBIC PACXOJbl — HA MATCPHUAJIbBI U apCHAY CYIOB.

JIuct

~N

9

Hszm.

JIuct Ne nokym. IToamucs | JaTa




Hszm.

JIuct

Ne nokym.

IMoamnuce

Jlata

JIuct




6 COUUAJIBHAA OTBETCTBEHHOCTD ITPU CTPOUTEJIbCTBE
TPYBOIIPOBOJA HA THE MOPS

6.1 Onucanue pa6oyero Mmecra
Pailon cTpouTenbCcTBa MOPCKOTO ra3olnpoBOAa pacroiokeH B CpeauzeMHOM
mope B 120 kM oT O6eperoBoii 6a3el ropona Anekcanapus (Erumer). [Tpu npoBenennn
paboT mo cBapke TpyO Ha TPYOOYKIIaJJOYHOM CYyJIHE MPUCYTCTBYIOT OMAacHbIE U
BpE/IHbIC MPOU3BOJICTBEHHBIE (DAKTOPHI, KOTOPhIE MOTYT MPHUBECTH K YXYAIICHUIO
COCTOSIHHSI 3/TOPOBBSI WJIM CMEPTU pabovmXx, MO3TOMY HEOOXOAUMO MPElyCMaTPUBATh
MEPONPUATHS JIS1 3aIUTHI OT HUX.
Bpenubie pakTopsl IpOU3BOACTBEHHON CPEIbI:
— IIyM,
— METEOYCIIOBHS;
— BUOpauus;
— HEJ0CTAaTOYHAasl OCBEILIEHHOCTh Ha paboyeM MecTe.
Takke BO3MOXHO IMOSIBIECHUE ONACHBIX (haKTOPOB:
— MEXaHWYECKOU MPUPOBI;
— TEPMHUYECKOTO XapaKTepa;
— JJIEKTPUYECKOU IPUPOJIBIL;
— TI0apHOU MPUPOLBI.
HeraTtnBHOE BO31EHCTBUE HA OKPYKAIOIIYIO MPUPOJHYIO CPEIY:
— armocdepy;
— ruapocdepy.
Upes3BblualiHble CUTYallHd MOTYT HOCUTB CIEAYIOIIUN XapaKTep:
— TEXHOT'CHHBIN;

— COLMAJIBHBIN XapakKTep.

AHanu3 3¢ (eKTUBHOCTH TPAHCIIOPTa CKUKEHHOTO

YrJII€BOAOPOAHOTO Ira3a

W3wm. | Jluct Ne mokym. Tlogmuce | Jlata

Paspab. CHIeIbHUKOB Jlurt. Jluct JluctoB
PykoBoz. Yyxapepa H.B. | I 81 111
Koncyner. | Hemuosa O.A. CommanabHas OTBETCTBEHHOCTD

Pyk-ms OOII| Bypkos I1.B.
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6.2 AHaJIN3 BpeHbIX NPOU3BOJACTBEHHBIX (PAKTOPOB U 000CHOBAHHE
MepONpPHUATHI 10 UX YCTPAHEHHIO

BpenubiMu  pou3BOACTBEHHBIMU  (pakTOpamMu  Ha3bIBAIOTCS  (PAKTOPHI,
OTPHUIIATENIFHO  BIMSIONIME HAa  pabOTOCHOCOOHOCTH  WJIM  BBI3BIBAIOIINE

HpO(beCCI/IOHaJILHble 3a00JIeBaHMS H Apyruc HG6H&FOHpI/I$[THBIG IHOCJICACTBHAI.

6.2.1 lllym pa6oTsI

HcTtouyHukamMy 1IymMa SBJSIOTCS 3BYKHM, IIPOM3BOJUMBIE PaOOTAIOIIMMU
MEXaHU3MaMH U arperaTaMu.

JleicTBUE IIyMa Ha YeJIOBEKa ONPEIEISIETCS BIMSHUEM Ha CIyXOBOW ammapar
Y MHOTHE JPYTHe OpraHbl, B TOM YHCIIE U HA HEPBHYIO CHCTEMY.

I'pomkocts Huxe 80 1b 0OBIYHO HE BIUSET Ha OpraHbl CIyXa.

JumrenpHOE neicTBHE IIymMa > 85 nb B COOTBETCTBUM C HOPMAaTHUBHBIMU
nokymentamun CH 2.2.4/2.1.8.562-96 u T'OCT 12.1.003-83, mnpuBoautr K
IIOCTOSIHHOMY TOBBILLIEHUIO II0POTa CIIyXa, K MOBBIIIEHUIO KPOBSHOTO JTABJICHUS.

OcHOBHBIE METO/IbI OOPHOBI C IIIYMOM:

— CHI)KEHHE LIIyMa B UCTOYHUKE (IPUMEHEHHUE 3BYKOU3O0JUPYIOLIUX CPENICTB);

— CHIDKEHHE IIyMa Ha IyTH paclpOCTPAHEHHUS 3BYKA;

— cpeacTBa MHAMBUAYaNbHOH 3amuThl (CU3): HaymHUKY;

— coOJ0IeHNe pexXrMa Tpya U OTAbIXa;

— HCIIOJB30BAHUE CPEJICTB ABTOMATUKHM JUIA YIPABIEHUS TEXHOJIOTMYECKUMU

IPOIIECCAMHU.

6.2.2 MeTeoyc10BuUsi

Knmumar mnpencraBnser KOMIUIEKC (U3MUECKHX TapaMeTpoB  BO3/yXa,
BIUSIONINX Ha TEIUIOBOE COCTOSHWE opraHm3ma. K HUM OTHOCAT TeMIieparypy,
BJIQXXKHOCTh, CKOPOCTh JBIDKCHHS BO31yXa, HWHTEHCHBHOCTh PaIUAIMOHHOTO
W3ITyYCHHUsI COJTHITA, BEIMUYUHY aTMOC(EPHOTO JaBICHUS.

[Ipu BeIMOSHEHMM PaObOT MO CBapke TPyO Ha TPYOOYKIAJOUHOM CYJIHE

00CITY>KHBAOIIEMy MEPCOHATY MPUXOIUTCS padOTaTh MO BO3IEHCTBHEM COJTHEYHBIX

JIuct
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Jy4ded, CHIIBHOM BETpe, MPU aTMOC(EepHBIX Ocaakax W OpbI3rax BOJbI, BOJHCHHUH
Mops, B ycioBusax temmeparyp ot 15°C no 42°C.

[TpodummakTuka neperpeBaHus OCYIIECTBIISIETCA OpraHHu3aluen
PaIMOHAIBHOTO PEXMMa TPyAa U OTAbIXA IIyTeM COKpaIeHus: paboduero BpeMeHu! ISt
BBEJCHUS MEPEPBHIBOB ISl OTIbIXa B 30HAX C HOPMAJIBHBIM MHUKpPOKIUMATOM. OT
IeperpeBa TOJIOBHOTO MO3ra NpeIyCMaTpUBAIOT TOJIOBHBIE YOOpBI, CpEICTBA
WHJVMBUAYaJIbHOW 3aIlUThI.

JInsg  3amuThl  OT M3JMIIHEHM BIIard  NOPUMEHSAIOTCA  BOAO3ALIUTHBIE
KOMOWHE30HbI. Pa0oTaromnye Ha OTKPBITOM TEPPUTOPUM B 3UMHHA TEPHOJ TO/aa

JOJIXKHBI OBITE 0OeCIICUEeHBI CHGI.[OI[G)KI[Oﬁ C TCINIO3aIlIUTHBIMH CBOMCTBaMHM.

6.2.3 BuOpauus

Bubpanyss BO3HHMKaeT TpPH MCIOIb30BAHUM PA3IMYHOTO TEXHOJIOTHYECKOTO
obopynoBaHusi (Hacochl, Jiebeaka, BUOpPOCUTA, IBUraTeiid, POTOP, KOMIIPECCOP).
BuOparus BbI3bIBa€T B OpraHU3ME YEJI0BEKA PEAKIIMU, KOTOPHIC SABJISIFOTCS IPUYHUHON
(GYHKIIMOHATBHBIX PACCTPOMCTB Pa3IMYHBIX OPTraHOB. BpemaHsie AeiicTBUs BHOpaIuu
BBEIPKAIOTCS B BUJIE TIOBBIIIEHHOTO YTOMJICHHS, TOJIOBHOK 00H, 00JIM B CycTaBax,
MOBBIIMICHHON  Pa3ApaXUTEIBHOCTH, HEKOTOPOrO  HAPYUIEHUS  KOOPJIHHAIUH
nBWKeHWs. HawmOonee BpemHOe BIMSHUE HA OPraHW3M YEJIOBEKAa OKa3bIBACT
BHOpalus, 4acToTa KOTOPOM COBIIaJaeT C YacCTOTOM COOCTBEHHBIX KOJICOAaHMIA
OTIICTLHBIX OPTaHOB, MPUMEPHBIC 3HAUYCHUS KOTOPHIX ciexayromue (['m): Kemymok —
2...3; mouku — 6...8; cepane — 4...6; kumeyHuk — 2...4; BECTUOYJIAPHBIN anmapar —
0,5. Mepormpusitusi 1Mo 06e30macHO paboTe C HMHCTPYMEHTAMU BBI3BIBAIOITUMU
BuOparuu, ciuenyer npoBoauTh cormacio ['OCT  12.1.012-2004 CCBT
«BubpainmonHas 6€301macHOCTbY.

[IpenensHas HOpMa BUOPOYCKOPEHHUsS B Te€UeHHE AHS cocraBuseT 1,15 m/c2.
Ecnu Bubpoyckopenue ¢ Bubpauueii npessimaer 0,5 M/c?, ciaemyeT MPUHATH MephI

10 COKPAIICHUIO BJIWAHUA BI/I6paI_[I/II/I.
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[IpenenvHast HOpMa BHOPOYCKOpEHHsI pabOTHUKAa C MECTHOM BHOpanuen
TeueHue aHs cocraBnseT 5,0 M/c?. Ecau BUOpOyCKOpeHHe ¢ BUOpAIME MPEBhIIAeT
2,5 M/C?, clieyeT IIPUHATH MEPHI 110 COKPAILEHHIO BIUSHHS BUOPALHH.

Meponpusitus 1Mo yCTpaHEeHUIO0 BUOpALIUU:

— MPUMEHEHHE KOJUICKTUBHBIX CpEACTB 3allUThl: OallaHCHPOBKAa, YCTAaHOBKA
aMOpTHU3aTOPOB,  MPOBEJACHHE  IUIAHOBO-TIPEAYNPEAUTEIBHBIX  PEMOHTOB,
YBEJIIMYECHUE MacChl OCHOBAHHMS  BUOPUPYIOIIUX  YCTPOWCTB, KpEIUICHHE
BUOPAIIIOHHBIX CUCTEM;

— NPUMEHEHHE CPEJCTB MHIMBUAYAIbHON 3amuThl (BUOPOOOYBB, BUOPOPYKABHIIBI,

BUOporacsiue KOBpUKH).

6.2.4 HenocTaTouHasi 0CBelIEHHOCTh HA pado4eM MecTe

Henocraroynass OCBEHIEHHOCTh - BBI3BIBAET NPEXKICBPEMEHHOE 3PUTEIBHOE
YTOMIICHHE.

B 3aBucuMOCTH OT BHJa HCTOYHHMKA CBETa IMPOU3BOJICTBEHHOE OCBEIICHUE
MOAPA3AEIAETCA:

— HAa  €CTECTBEHHOE, KOTOpOE€  CO3[aeTCsl  M3IMYyYEHUEM,  MOCTYHAIOIIUM
HETMOCPEJCTBEHHO OT COJIHIIA, 0€3 M3MEHEHUsI HaNpaBJICHUSI paCpOCTpaHEHUsI, U
muhPy3HBIM (OTPaXKEHHBIM U PACCETHHBIM aTMOC(HEPOii) COTHEUHBIM CBETOM;

— HCKYCCTBEHHOE, 00eCTIeunBaeMOe dJIEKTPUIECKUMU CBETHIILHUKAMHU.

EcrecTBeHHbIN (COMHEYHBIN) CBET MO CHEKTPAIHHOMY COCTaBY 3HAYUTEIBHO
OTJINYAETCS OT U3ITYUYEHHUS DJIEKTPUUECKUX UCTOYHUKOB.

B comHeuHoM crmekTpe ropas3no  OoJblie  HEOOXOIUMBIX — YEJIOBEKY
ybTpadUuOIETOBbIX JIydel. JIJis €CTeCTBEHHOTO OCBEILECHHS XapaKTepHa BBICOKas
CTETICHb PACCESIHUS CBETA, OJaronpusTHAS JUIsl 3PUTEIIBHON PabOTHI.

B cOOpouHO-CBapOYHBIX I€Xax HEOoOXOAMMO MNPUMEHSTh oOllee uiu
KOMOMHUpOBaHHOE (00IIiee B COYETAaHUU C MECTHBIM) OcBeleHue. B oboux ciydasix
OCBEIICHHOCTh B pPabodeil IUIOCKOCTH, CO3/aBaeMasi CBETHJIBHHKAMU OOIIEero

OCBCIICHUA, HA YHAaCTKaX CBAPKH JOJDKHA COCTABJIATHL HC MCHCEC 500K — IIpyn J1aMIiax
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HakanuBaHus U 1505IK — Mpu JTIOMUHECHEHTHBIX JIaMIaX, a Ha y4acTKaX pa3MeTKU —
He meHee 150 u 40051k COOTBETCTBEHHO.

OcBenieHue BHYTPUM 3aMKHYTOTO TMPOCTPAHCTBA (pe3epByaphl, KOTIIHI,
IUCTEPHBI, OTCEKU CYJOB WU T.A.) MPH MPOU3BOJICTBE CBAPOUYHBIX PAOOT HOJAKHO
OCYIIECTBISITECA C MOMOIIBIO HAPYXKHBIX CBETWJIBHUKOB WJIM PYYHBIX MEPEHOCHBIX
JIAMII.

B mepeHOCHBIX CBETWJIBHHKaX HEOOXOJUMO OOECIEUUTh OTrpaHUYCHUE

OCJICIIIIICMOCTH U 3JI€KTpO6€30HaCHOCTI>.

6.3 AHaJIN3 ONAaCHBIX MPOU3BOICTBEHHBIX (JAKTOPOB 1 000CHOBAHHE
MepONpPHUATHI 10 UX YCTPAHEHUIO

OnacHbIMM  NPOU3BOJCTBEHHBIMU  (PaKTOpaMH  Ha3bIBAIOTCS  (PaKTOpHI,
CIIOCOOHBIE TIPU ONPEJEIEHHBIX YCIOBHIX BBI3bIBATH OCTPOE HAPYUIEHUE 370POBBS U

ru0eIy YeJoBeKa.

6.3.1 Onacuble pakTOPbI MeXaHUYECKOH NPHPOIBI

[Ipu cBapke TpyO BO3MOXXHOCTH IOJIYYEHUS MEXaHUYECKHX TpaBM OYCHBb
BbICOKA. [ToBpekIeHHSI MOTYT OBITh Pa3HOM TSKECTH BILIOTH JO JICTAILHOTO MCXO/a,
TakK Kak paboTa BeJeTcsi ¢ 00beKTaMu OOJIBIIOTO Beca, a TAKKE C TPY30MOIHEMHBIMU
MexaHu3Mamu. J[ns mpemoTBpamieHds TMOBPSKICHWM HEOOXOAMMO COOI0IaTh
TEXHUKY 0€30MacHOCTH.

Mepomnpusatus 1o 00eCIICUCHHIO OXPaHbl TPyAa, TEXHUKA 0€30MacHOCTU TPH
MPOBEICHUHA TIOJITOTOBUTEIBHBIX W OCHOBHBIX pa0OT — OpraHU3aIllMOHHBIC W
TEXHUYECKHE MEphl MO0 O00ECeueHuI0 OEe30MacCHOCTH, OCYIIECTBIISIEMbIE TIPH
MOTOTOBKE 00BEKTa K MPOBEACHHUIO PabOT, MPUMEHSIEMbIC CPEICTBA KOJIJICKTUBHON
Y MHIUBHUIYaJbHOM 3aIlUTHI, PEKUM MPOBEACHUS paboT, paboThl MO 000PYIOBaAHUIO
MECT OTJIbIXa, IPUEMa TUIIN ¥ CAHUTAPHO-TUTUEHUIECKUX HOPM.

Ha Bech mepmon paboT HEOOXOIUMO TIPOBEPUTH HAJTUYHE CIICIIOCHKIbI,
cneroOyBn u CH3 y wucnomHuTeneid mo BuaaMm paboT (KOCTIOM X/0, KOCTIOM

CBaplIyKa, MPOTUBOTa3 IIJIAHTOBBIH, 3aIIUTHAS KacKa U T.1.).
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6.3.2 OnacHble (pakTOPHI TEPMUUYECKOT0 XapaKTepa

JUiss mpou3BOJACTBa NPOLIECCa CBApKU CYIIECTBYET HECKOJIBKO OMACHBIX
(GbakTOpoB BO3JCUCTBUI Ha CBaplUIMKa: MOPAXXEHUE DIIEKTPUUYECKUM TOKOM MpHU
MPUKOCHOBEHUU YEJIOBEKAa K TOKOMPOBOISAIIMM YacCTSIM DJIEKTPUYECKOM IEMu;
MOpaXeHHE Ty4yaMHu DJIEKTPHUYECKONW AYTH a3 M OTKPBITOM MOBEPXHOCTH KOXKU;
OKOTM OT Karellb OpbI3r MeTajyla M IJlJaka MpH CBapKe; B3pbiBa B pe3yJibTare
IIPOBEICHUSI CBApKHU BOJIM3H JIETKOBOCIUIAMEHSIOIIUXCS U B3PHIBOONIACHBIX BELECTB;
TpaBMbl ~ Pa3jM4YHOIO pOJAA MEXAHMYECKOr0 XapakTepa TMpu  IOATOTOBKE
TpyOONPOBOIa K CBAPKE U B MPOIIECCE CBAPKHU.

JUist mpenoxpaHeHuss OT OpbI3T PACIUIABIIEHHOTO METala W W3JIyYECHHS
CBApOYHOM JIyTH, CBApUIMK JOJDKEH HOCUTh IIOJIOKEHHYIO — CHELOJIEXKAY U
ceno0yBb, a IJla3a W JIMLO 3aKpbIBaTh CIELUATbHOM MAacKOW WM IIUTKOM CO
CBETODUIIBTPOM.

DJNEeKTPOCBapILUKY cleAyeT paboTaTh Ha PE3MHOBOM KOBPHUKE, MOJb30BaThCS
TUDIIEKTPUYECKIMHU TePUYaTKAMH.

PabGoune Mecta JOMKHBI OBITH CHAOXKEHBI WHIUBUAYATbHBIMU aNTEYKaMU U
VH/IMBHU1yaJIbHBIMU CPEICTBAMHU MOKAPOTYILICHUSI.

JIns  TymieHuss  BJAEKTPOOOOpYAOBAaHUS  JOMKHBI  OBITh  MPUMEHEHBI

YIJICKHCJIOTHBIC OTHCTYIIUTCIIH.

6.3.3 OnacHbie paKTOPbI 3JIEKTPUIECKOU IPUPOJbI
OmnacHOCTh TOPaXEHUS DJIEKTPUUECKUM TOKOM CYILECTBYET NMPU CBAPOUYHBIX
paboTax.
[TopaxxeHue uyenmoBEKa JIEKTPUUYECKMM TOKOM WIIM DIIEKTPUYECKOU Jyroun
MOKET NPOU30MTH B CIACIYIOMINX CIy4dasiX:
— IpU  CONMPUKOCHOBEHHM  YEJIOBEKA, HEM3O0JUPOBAHHOTO  OT  3€MJH, C
HETOKOBEAYIIUM METAJUIMYECKUM YaCTSAM JJIEKTPOYCTAHOBOK, OKA3aBIIMMCS MO

HaIpsHKCHUEM M3-3d 3aMbIKAHUS Ha KOPITYCC,
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— mpu  oxHO(a3HOM (OJHOIOIFOCHOM) CONPUKOCHOBEHWH HEU30JIMPOBAHHOTO OT
3eMJIM YeJIOBEKAa C HEM3OJMPOBAHHBIM TOKOBEAYIIUM YaCTSIM AJIEKTPOYCTaHOBOK,
HAXOJISIIUXCS MO HAIPSKCHUEM.

Bce mpuMeHsieMoe 3IeKTpooOOpYyIOBaHUE W DJIEKTPOMHCTPYMEHTHI JTOJKHBI
UMETh 3a3€MJICHHE U TOJJIeKAT 3aHYJICHUIO OTICIBHOMN KON Kalemsl ¢ CeYeHHeM
KWJIBI HE MEHEe CeUeHHS pabouMx KWJI WM 3a3eMIISIONIMA TPOBOJ AUaMeTpoM 16
CM.

Kopmyca, a Takke Bce OTKPBIThIC MPOBOJIIME YaCTH MPUMEHSIEMOTO
MEPEABIKHOTO JJIEKTPOOOOPYIOBAHUS TOJDKHBI OBITH 3aIUIIEHBI OT KOCBEHHOTO
MPUKOCHOBEHUS U T.J. B COOTBETCTBUM C TpeOoBaHusiMu [1YD myrem 3azemiieHus ¢
MTOMOIIIBIO TIEPEHOCHBIX 3a3EMIIUTEIIECH.

J1J1s1 3aIUTHI TIEPCOHAJIA OT MOPAKECHHS JIEKTPUIECKUM TOKOM MPH KOCBEHHOM
MPUKOCHOBEHUUM B  COOTBETCTBHUM ¢ TpeboBanusimu [1YD  mepenBmxHOe
ANEKTPOOOOPYIOBAaHUE JOJDKHO OBITh OOOPYJIOBAHO YCTPONCTBOM 3aIllIUTHOTO

otkarodeHus (Y30).

6.3.4 Onacublie GaKTOPHI NOKAPHOI NMPUPOABI

[IpuunHoi moxkapa, Kak MpaBUI0, CTAHOBUTCS HECOOJIOIEHHNE MEP MOKAPHOU
0e30MacHOCTH Ha MeCTe MpOBeJeHUs paldoT (KypeHHe B 30HE MPOBEACHUS padoT,
OTCYTCTBHE YCTPOMCTB 3alIUTHOTO OTKJIIOYEHHS Ha MEPEHOCHBIX AJIEKTPONpUOOpax,
KOPOTKOE 3aMblKaHue M. T. A.). [loMuMO 3TOro, mpuuMHON mMo’kapa MOXET CTaTh
NPUPOIHBINA (pakTOp, HATIpUMeEp, yaap MOJHHUU.

K nmpodunaktuueckum MeponpusiTUSIM MO MPEJOTBPAIICHUIO BOZHUKHOBEHUS
no>kapa MOTYT ObITh:
— BCS TIEpeABUKHAS TEXHUKA B 30HE MPOBEJCHUSI padOT JOJDKHA OBITH OOecriedeHa

UCKPOTaCUTEISIMU 3aBOJICKOTO U3TOTOBIICHUS;

— MPHUKa30M JOJDKEH OBITh YCTAaHOBJEH COOTBETCTBYIOIIMN MPOTHBOIMOKAPHBIM

pexumM;
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— MAaIIuHBI, CBAapOYHBIC  almaparbl, KOMIIPECCOPHI,  3aJCHCTBOBAaHHLIE B
MIPOU3BOJICTBE TOJTOTOBUTEIBLHBIX W OTHEBBIX PabOT, JAOHKHBI OCHAIIATHCS HE
MeHee ueM aByMs orHeTymutensymu OY —10, OIT -10;

— Ha pabouyrx MecTax JIOJHKHBI OBITh BRIBEIICHBI IPEAYNpPEAUTENbHbIC Haamucu: “He
KypuTh”’, “OrneonacHo’, “B3ppiBoonacHo’;

— TOpIOYHE OTXOJbl, MyCOpP H T. JI. CIEIyET COOMpaTh Ha CIEIUATLHO BBIJEICHHBIX
IJIOIIA/IKaX B KOHTEUHEPHI WU SIIIUKH, a 3aTEM BBIBO3UTb.

K  mepBuuHbIM  CpeACTBaM  TOXKAPOTYIIECHUS,  KOTOPbIE  JOJKHBI

MIPUCYTCTBOBATh HA MECTE MPOBEICHUS PabOT, OTHOCSTCS:

— ac0ecToBOE MOJOTHO Pa3MEpPoB 2X2 M — 2 MIT.;

— oruerymuTeau nopomrkosie OIT —10 — 10 mT., WiIn yriIeKucaIoTHBIE,

— OV -10 - 10 wtyk wnm onun orHeTymuTens OIT —100 (OIT -50 2 mt.).

6.4 Bo3eiicTBHe HA OKPYKAIOIIYIO CPeay

[Ipu opranuzanuu pEeMOHTHBIX pabOT Ha Tra3omnpoBoAax HEO0OXOIUMO
coONI0IaTh TpeOOBaHUSI IO 3alllUTE€ OKpYXalolled Ccpeapl, HE HapylaTh ee
YCTOHYHMBOE JKOJOTHYECKOE PAaBHOBECHE, COONIONATH YCIOBUS 3E€MJICTIOIH30BAHMUS,
coOt01aTh TpeOOBaHUS 3aKOHOAATENILCTBA B 00JIACTU OXPAaHBI OKPYKAIOUIEH CPEIbI,
ycranoBienasle CHwull 12-01-2009, CII 36.13330.2012 wu gpyrumu  HTU.
OpraHuzaiysi, BBITIOJHSIONIAS PEMOHT, HECET OTBETCTBEHHOCTh 3a COOJIOJIEHHE
roCyapCTBEHHOTO 3aKOHO/IATENLCTBA 10 OXPAaHE MPUPOIBI.

3arpsi3zHeHEE aTMOc(epbl B MEPHOJ MPOU3BOACTBA PAaOOT HOCHUT BPEMEHHBIM

oOpaTUMBII XapaKTep.

6.4.1 Anaiu3 Bo3jaeiicTBUsI HA aTMOC(hepy
Bo3zaeiictBue Ha atMocepHBIil BO3yX TPOUCXOIUT:
— MpU  TPOBEJCHUU CBAPOYHBIX paboOT, aTMOC(EpHBIH BO3AYX 3arpsA3HAETCS
CBapOYHBIM a3p030sieM ((PTOpPUCThIC, OKCUIBI YTIIEPOIa U a30Ta, O30H U JIp.).
— TpU HAHECEHHMH JIAaKOKPACOUYHBIX MaTeprajoB, aTMOCHEPHBIN BO3AYX 3arps3HICTCS

JETYYHMMH BCIICCTBAMMA, BXOJAIIMMHA C B COCTaB KPACKH.
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K ancity MeponpusaTiii, CHUKarOIMX YPOBEHb HETATUBHOIO BO3ACHCTBUS Ha
OKPY>KaIOILYI0 Cpely BBIOPOCOB BpEHBIX BEIIECTB B aTMOC(hepy, CIeTyeT OTHECTU
clenyroniee:

— INIPUBEJICHUE U MOJAJEpKaHUE TEXHMYECKOIO0 COCTOSHUS MAalluH MEXaHU3MOB U
aBTOTPAHCIOPTHBIX CPEJICTB B COOTBETCTBUE C HOPMATUBHBIMU TPEOOBAHUSIMU 10
BbIOpOCAaM BpPEIHBIX BEILIECTB;

— oOecrieyeHre ONTUMAJIbHBIX PEXKHUMOB PAOOTHI, KOTOPbIE MO3BOJIAIOT IOHU3UTH
pacxox torumBa Ha 10 —15 %, 3TO COOTBETCTBEHHO YMEHBIIUT BIOPOC BPEAHBIX
BELIECTB B aTMOCdepy;

— NPUMEHEHHUE MAJIOCEPHUCTOr0 U HEATWIMPOBAHHOTO BUJIOB TOILINBA;

— 3arpaBKa MaIlVH, MEXaHU3MOB pu 00s3aTENbHOM OCHAIIICHUU
TOILJIMBO3AIPABIIMKOB CIIELHUAIBHBIMUA Pa31aTOYHBIMU ITUCTOJIETAMY;

— OCYLUECTBJICHME DKOJIOTMYECKOI0 KOHTPOJA IO BBIIOJHEHUIO IEPEUYUCICHHBIX
ITYHKTOB.

Peanuzanus yka3aHHBIX MEpONPUATUN CBOAUT JO MHHMMyMa ymepO

aTMOC(EpHOMY BO3YXY.

6.4.2 AHau3 Bo3jeiicTBUsI HA ruapochepy
Meponpusitusi o oxpaHe Tuapocepbl BXOJAAT B COCTAB MEPOINPHUSTHI IO
CHUKEHHUIO HETaTUBHOTO BO3JICUCTBUSA OT PEMOHTHO-MOHTa)KHOM IEATEIBHOCTH H
HaIpaBJICHbl Ha TPEAYNPEKJICHUE 3arps3HEHUS BOAHBIX OOBEKTOB W HApPYIICHUS
BOJITHOTO PEXKUMA Ha TEPPUTOPUM MPOBEACHUS PEMOHTHBIX padoT.
JIns npeaynpexaeHus U JIMKBUAAIMY MTOCIEACTBUN HEraTUBHOTO BO3/ICHCTBHUS
MpU MPOBEJACHUU PEMOHTHO-MOHTAXKHBIX paOOT Ha IMOJ3EMHBIE U MOBEPXHOCTHBIC
BOJIbI JTOJKEH OBITH MPEAYCMOTPEH KOMIUIEKC MPUPOT00XPAHHBIX MEPOTIPUSTHIA:
— OPUMEHSEMbIE CTPOUTEIBHBIE W PEMOHTHBIE MaTepuaibl XHUMHYECKU HE
arpecCUBHBl M  PEKOMEHJOBaHbl K HCMOJIb30BAHUID COOTBETCTBYIOIIUMHU
HOPMATUBHBIMU JTIOKYMEHTAMH;

— HUCHOJIB3YIOTCS TPYOBI C M30JISIIUOHHBIM MTOKPBITHEM;
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— BCE€ MOHTAXXHBIE CBAPHBIE COCIMHEHUSA IIOABEPralOTCA IIOJHOMY KOHTPOJIIO
bu3MYECKUMU METOJaMH: PaaorpaUIECKuM U YIbTPa3BYKOBBIM;

— Ha BOJOTOKE MPEyCMOTPEHa OaJIaCTUPOBKA T'a30IIPOBOIA;

IMPOBOAUTCA THAPABINYCCKOC UCIIBITAHHUC TPY6OHpOBOI[OB;

pa60‘{I/I€ MCCTa Ha INIOMAAKC CTPOUTCIIBCTBA OCHAIIAOTCA HWHBCHTAPHBIMU

KOHTeﬁHepaMH JJIA OBITOBEIX U CTPOUTCIIBHBIX OTXO0B.

6.5 be3onacHOCTH B Ype3BbIYANHBIX CUTYAIUSIX

[Ipu npoBeleHNH CBAPOYHO-MOHTAXKHBIX pabOT HA TPYyOOYKIaJAOYHOM CYIHE
MOTYT MPOU30UTH CIEAYIOIINE YPE3BbIUAMHBIC CUTYAIIMU: TEXHOTCHHOTO (Mokap Ha
paboueM MecTe, MOBpPEXKACHHE CyJHAa U €ro JApeid B OTKPHITOM MOpE) H
COIIMAJIBHOTO (TUPATCTBO, 3a0aCTOBKH ) XapaKTepa.

Hanee Oynem paccMaTpuBaTh MOXKAp HA CBAPOUYHO-MOHTAKHOM JIMHHH.

Jlommyck paOOTHUKOB K MPOBEICHUIO PabOT MOKEH OCYIIECTBISATHCSA MOCTE
MIPOXOXKIEHUS UMU MTPOTUBOIIOKAPHOTO NHCTPYKTaXa. ECIIM IPOUCXOIUT U3MEHEHHE
crenuduku padboT, TO HEOOXOIUMO MPOBECTH BHEOUEPEAHOM HHCTPYKTAK.

Bces mepenBmwkHas TeXHMKAa B 30HE TNPOBENEHUS pabOT JOKHA OBITh
oOecrieyeHa UCKPOTACUTEISIMU 3aBOICKOTO U3TOTOBJICHUS.

MaivHbl, CBapouyHbIE anmapaTrbl, KOMIIPECCOPHI, 3aJCHCTBOBAaHHBIE B
MPOU3BOJICTBE MOJITOTOBUTENIBHBIX M OTHEBBIX pabOT, JOHKHBI OCHAIIATHCS HE MEHEE
yem aByms orHerymmressimu OY-10, OIT-10.

[Iprka3zoM yCTaHABIMBAETCS COOTBETCTBYIOIINU MPOTUBOIIOKAPHBIA PEXKUM, B
KOTOPOM JOJIKHO OBITh YCTaHOBJIEHO:

— MHOPANIOK YTUJIM3alMM TOPIOYMX OTXOJIOB, MECTa XPaHEHUS MPOMACICHHOU
CIICLIOACHKIBI;

— TOPSAOK OTKJIFOUECHHSI OT TUTAHUS DJIEKTPOOOOPYIOBAHUS B ClIydae Mmoxkapa;

— TOCJIEI0BATEILHOCTh MPOBEACHHS OTHEBBIX U MOYKAPOOMACHBIX padoT, NEUCTBUS U

00s13aHHOCTH PAOOTHUKOB MPU BOSHUKHOBEHUHU TMOXKapa;
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— MOPSIOK W CPOKM  TPOXOXKACHUS  BHEOUYEPEIHOTO  IMPOTHBOIOXKAPHOTO
MHCTPYKTaXka, BpeMs IPOBEJICHUS 3aHATUN 110 MOATOTOBKE K OOpHOE ¢ MmoKapom, a
TaKKe Ha3HAYEeHbI OTBETCTBEHHBIC 32 UX MPOBEICHHUE.

PykoBonuTenb paboT JOIKEH COBMECTHO ¢ paOOTHUKAMU TMOKapHOW OXpaHbI
OIPENEIUTh MECTa YCTaHOBKU IPOTUBOIIOKAPHOTO OOOpYIOBaHUS U OOECIECUUTH
HEOOXOIMMBIM POTUBOIIOKAPHBIM HHBEHTAPEM.

['oproune oTX0AbI, Mycop W T. J. CIEAyeT coOMpaTh Ha CIEUHUAIHHO
BBIJICJICHHBIX IJIOUIA/IKaX B KOHTCHHEPHI HITH SIIIUKH, a 3aT€M BBIBO3UTH.

[IpumeneHne B TMpoleccax MPOU3BOJACTBA MAaTEPUATIOB M BEIIECTB C
HEYCTAaHOBJICHHBIMH MOKA3aTEISIMU UX TOXKapO-B3phIBOONACHOCTH MM HE UMEIOLIUX
cepTu(UKATOB, a TaKXK€ HX XpPaHEHHE COBMECTHO C JAPYTUMHU MaTepuajaMu |
BEIIIECTBAMH HE JOITyCKAECTCs.

Crenonexnaa nui, pabOTalOMX C MacilaMy, JakaMd, KpacKaMH JIOJDKHA
XpaHUTBCS B TOABEIICHHOM BHJEC B METAIMYECKHX MIKadax, YCTAaHOBJICHHBIX B
CTHEIMATFHO OTBEACHHBIX IS STOU IEJIM MECTax.

[Tpu paboTe KaTeropuyeCcKu 3aIperiaeTcsi KypuTh Ha pabodeM MecTe.

Ha pabounx MecTax JDOKHBI OBITh BBHIBEIICHBI MPEAYIPEIUTENbHBIC HAAMNUCH:
“He kyputb”, “OrneonacHo”, “B3pbsiBoonacHo”.

B ciydae BO3HMKHOBEHHs IOKapa HCIIOJIb30BATh IEHHBIE, MOPOLIKOBBIE,
YTICKUCIOTHBIC OTHETYIITUTENN WIH IPUCTIOCOOTICHHMS JIJTsl PACTIBIIICHHS BOIBI.

[lepeHOCHOW 3JEKTPOMHCTPYMEHT, CBETWJIBHUKH, PYUYHbIE 3JEKTPUUYECKHE
MAIIMHBl JTOJDKHBI OBITh TOAKIIOYEHBI TOJBKO 4Yepe3 YCTPOMCTBO 3allUTHOTO
otkiroueHus (Y30).

3amnperiaercs MpOBEJECHUE CBAPOYHBIX paOdOT BO BpPEMs CHEra WM JOXKIsA 0e3
MPUMEHEHHUs HaBeca HaJl MECTOM MPOU3BOACTBA padOT U BETpa CO CKOPOCTHIO CBHIIIIE
10 m/c.

3ampemiaeTcss ~ MPOBEACHHWE  CBAPOYHO-MOHTAXHBIX W IMOTPY304YHO-

pasrpy304HbIX padboT B Ipo3y.
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[Ipu TpaHCHOPTUPOBAHWM Ta30BbIX OAUIOHOB HAa HHUX JIODKHBI OBITH
HABEPHYTHI KOJIAKH; KpOME TOro, Ha OajuloHaX C TOPIOYMMHU ra3amMu Ha OOKOBOM
MITYIIEpPE AOHKHBI OBITh YCTAHOBJICHBI 3aTTyIITKH.

CoBMecTHas TPaHCIOPTUPOBKA KHCIOPOJHBIX OaNIOHOB W OalIOHOB C
TrOPIOYMMH Ta3aMU HE JOMyCKaeTcsl. B MCKIIOUMTENBHBIX CiIy4asx JOIMyCKaeTcs
OJTHOBPEMEHHAs TpaHCHOpPTUpoBKa He Oonee 10 OaMIOHOB € KHUCIOPOAOM U
TOPIOYMMHU Ta3aMH (CYMMapHO).

3anpemaeTcss  HaxoXAEHUE  JIIOJed B Ky30B€  aBTOMAIlMHBI  TPHU
TPaHCTIOPTUPOBAHUH OAJIIIOHOB.

banioHbl MOMKHBI MOJBEPraThCcsi TEXHUYECKOMY OCBHUJETENbCTBOBaHUIO. Ha
TOpJIOBUHE OAJIJIOHA JOJKHA ObITh BRIOWTA JaTa CIEAYIOMIEr0 OCBUACTEILCTBOBAHMUS.
Hcnonp3oBanne OaIOHOB C HCTEKIIMM CPOKOM  OCBHJICTCILCTBOBAHMS HE
nomyckaeTcsi. Takke 3ampeniaeTcsi MPOU3BOJIUTH TMOJOTPEB OAJIOHOB C IIEJBIO
MOBBINICHAS B HUX JaBJICHUS.

Paccrosinue oT 6aJIJIOHOB /10 HCTOYHUKOB OTKPBITOTO OTHS JIOJDKHO COCTAaBJISATh
HE MEHee 5 M.

bannonpl MOMKHBI OBITH 3aIUINCHBI OT BO3ACHCTBUS TPSIMBIX COJTHEYHBIX
Jy4en.

PemykToppl, WCHOMB3yeMblE IS CHWXKCHUS JAaBJICHUS, JIOJDKHBI OBITh
OKpAIlIeHbI B TOT € IIBET, uTO M OayioH. [lonb30BaThCsl penykropamMu, UMEIOITUMU

HCUCIIPABHLIC WJIN C UCTCKIIHMM CPOKOM ITOBEPKU MAHOMCTPLI — 3aIIpCIiacTCA.

6.6 Pacuer 00beMOB ra3za, pacxoJyemMoro Ha onopoKHeHue U NPOoaAyBKY
TPyOOmpoBoaa.

Pacuer 00BemMOB pacxomyemoro raza npexactasieH B CTO IMaszmpom 11-2005
"MeToauYecKkiue yKa3aHHWs [0 pacdyeTy BaJIOBBIX BBIOPOCOB  YIJIEBOIOPOIOB
(cymmapho) B atmocepy B OAO "T"azmpom".

OObeM Ta3a, BBIACIUBIICTOCS B arMocdepy NpU OMOPOKHCHHH YydyacTKa

Tpy6onpoBoaa Von, M3, BBIYMCIAIOT 110 (HOPMYJIE:
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2eom PH.Cp PKCp
V. =0995.V .| e _ x| (40)
ZH ZK ’
rje Veeor — reomMeTpUIeCKUl 00bEM OMOPOKHAEMOTO y4acTKa TPyOOmpoBoa,

M,
Py, Picp — COOTBETCTBEHHO CpeiHEe aOCONIIOTHOE JIaBJEHUE Ta3a mepes
HA4aJIoM pabOTHI U MOCJIE OTNIOPOKHEHHUS ydacTKa, KI/cM?;

Z,, Zy — COOTBETCTBEHHO KO(POHUIIMEHT CKHUMAEMOCTH Ta3a Iepes

HayvajoM paboThI U mociie onopokHeHus yuactka (0,9112 cornacHo);

0,995 - sMnupHryeckuii Ko3pPUIUEHT, CM%/KT.

25,49-2

V. =0,995-56273 =1,443-10° »° (41)

O06beM raza, pacxoayeMOro Ha NPOJYBKY TpyOOmpoBojaa IJis YJaJeHUs

3

ocTaBIIEHCS )KUIKOCTH Vip , M, BBIYUCIISIIOT 110 hopMyJIe:

Vnp :VKp +V00Kp; (42)

rIe V,» — 00BEeM raza, pacxoJyeMoro npu pexumMe KpUTHYECKOro NCTEUECHHUS,
M,

Voop — 00BEM Tra3za, pacxoAyeMOro IMpU pPEXKUME JOKPUTHUYECKOTO

UCTeueHus, M°,

[Ipouecc nucreueHuns raza yepes3 cBevy JEIUTCS Ha JIBa peKuMa:

— KPUTHYECKUH (CKOPOCTh Ta30BOTO TOTOKA SKBUBAJIEHTHA CKOPOCTH 3BYKa,
napameTpbl MacCOBOI'O pacxoja M CKOPOCTH IOTOKAa TIa3a HE 3aBUCAT OT

napamMeTpa JaBJICHHUs ),
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- I[OKpI/ITI/I‘IGCKI/Iﬁ (CKOpOCTB ra3oBoro InOoTokKa Ha4YWMHACT YMCHLIIATLCA BIIJIOTH
A0 HYyJIM, HIapaMCeTpbl MACCOBOIo pacxoJa MW CKOPOCTH IIOTOKa HMMCHOT

3aBUCUMOCTb OT NTapaMeTpa JaBJICHUA).

[TapameTp naBieHus ff HAXOIUTCS CIEITYIOUUM 00pa3oM:

P
B = —FfTM | (43)
BH
IDIS Py — aTMocdepHoe napnenue, papHoe 1,033 kre/cm?;

P — naBneHue B ra3onpoBo/Ie.

Kputnueckuii mapameTp 1aBlICHUS:

k

k-1
B. = i (44)
k+1)
rae rie K — mokasarens aguadatsl (s mpupoaHoro rasa k=1,31).
1,31
2 1,31-1
B,=| | =0544
131+1

P
PB[-[ — _ATM

By

1,033
510,544

Cormacao CHulI 2.05.06-85* nuameTp nmpoayBOYHOM CBEYH CIEAYET

=1,899%2c | cm®

ONPENIENATh U3 YCIOBUSI OMOPOKHEHHS y4acTKa ra30MpoBoia MEXAY 3alIOPHOM

apMaTypou B T€YEHHUeE 2 4.
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V,, =296-P, -F-t (45)

H.cCp KD

F — nnomaas nonepedyHoro ceyeHus: cBeuyu, npuHuMaemasi pasuou 0,031

rac
M,
t,py — IPOJOIKUTEIBHOCTD IIPOAYBKH IIPU KPUTUYECKOM MCTEYEHHUH Tasa,
MpUHUMAaeMas Ipu UHTeprnoasiuuu pasHou 6700 c.
VKp = 296-25,493-0,031-6700=1,567-10° »/°
V()OKp — 110 ) PBH ) F ) tdoKp ) (46)
rae ooy — MPOJODKUTEIBHOCTE MPOLYBKH IPH JOKPUTUYECKOM HCTCUECHUU
rasa, mpyuHUMaeMasl pu UHTEPNOJALKNHU paBHO# 500 c.
V., =110-1,899-0,031-500 = 32378/’
V,, =1567-10° +32378=1,599-10° »°
JIuct
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3AK/IIOYEHHUE

B Mmarucrepckoil muccepranuu ObLUT MPOBEACH aHATUTUYSCKUN 0030p HAyIHO-
TEXHHYECKON M HOPMATUBHOM MH(OpMAIHS 1O TPAHCIIOPTHPOBKHU T'a3a IO MOPCKUM
MarucCTpajJbHBIM Ta30MpPOBOAAM. bbUTO BBISIBICHO, YTO POCCHMCKUX METOIUK
HEJIOCTAaTOYHO [UUII TPOEKTUPOBAHUS TAaKOTO pOJa COOPYKEHUH, TOITOMY
HE0OX0MMO TIPUOETaTh K 3apyOe’KHBIM HOPMAaTUBHBIM TOKyMeHTaM. [lo meTomuke,
OMMCAaHHONW B HOpPBEXKCKOW HopmaTuBHOM pokymeHTanuun DNV-OS-F101-2000
Submarine pipeline systems ObUT TPOM3BEIEH pacueT MarucCTPAIBHOTO MOPCKOTO
ra3onpoBojia Ha MPOYHOCTh M YCTOMYHMBOCTh. [lo pesympraram pacueToB OBLIO
OTpPE/IENICHHO, YTO MHUHHMAJIbHAs TOJIIMHA CTEHKH, TPU KOTOPOH MOXKET OBITh
obecrieueHa 0€30MacHOCTh IKCILTyaTaluu TpyoonpoBoaa -MM

Jlns  pacdera HEOOXOAMMOIO KOJMYECTBA TaHKEPOB-Ta30BO30B  ObLIA
IpeyIoKeHa TEOPUS MacCcoOBOrO OOCTY)XMBaHUS, paHee HE MpHUMEHsIeMas s
TaHKEPHOTO TpaHCHOpTa Tasza. /[ TpaHCIOPTHPOBKH paccMaTpuBaeMoro oobema
raza u oOecreueHus OecriepeOoitHoit paboTel 3aBoga CIIIT HeoOxogmMoro l
TaHKepa-ra3oBo3a kiacca Q-max.

OCHOBBIBasICh Ha pe3yJbTaTaXx TEXHUYECKUX pPACUETOB OBLUIM OIpPEACIICHBI
3aTpaThl Ha MPOKJIAJAKY MOPCKOTO Ta30IlpOBOAA M CO3JAHUI0 WHMPACTPYKTYPHI 1O
CKIDKCHHE WM JIOCTAaBKE CXKMKCHHOTO TPHUPOJHOTO Traza MO MOPCKOMY KOPHIOPY.
AHanu3 SKOHOMHYECKON A((PEKTHBHOCTH IMOKa3all, YTO peau3alusi MPOeKTa II0
JIOCTABKE CKMKEHHOTO MpupoHoro rasa npu nomory tankepos Ha oo nemesne,

4yeM IepeKavka IMPUPOTHOTO ra3a Toro ke o0beMa o MOPCKOMY TPyOOIIpOBOTY.

AHanu3 3¢ (eKTUBHOCTH TPAHCTIOPTA CKUKEHHOTO

YTJIEBOIOPOHOTO ra3a
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Signposting the key levers in a rapidly shifting industry

A SWOT analysis cannot capture all the risks of any given project as the
landscape is susceptible to sudden shifts. It is just as necessary to consider the
ongoing vectors of change and anticipate how market movements impact projects
over the investment cycle. In broad terms, the major upheaval stems from unexpected
changes in demand and supply driven by technical enhancements, political shifts, and
market sentiment. Below are seven key factors that may alter the direction and speed
of the LNG market’s maturity. Ultimately these factors are not binary, but occur
across a broad spectrum and are heavily intertwined. The following section describes
these factors in greater detail. The future of the LNG industry will play out as a

function of how strongly each factor develops and the interplay between them.

Slowing global economic growth

The continued malaise in Europe combined with a slowdown in Southeast
Asia will likely weigh against energy demand, particularly LNG consumption. For
example, an October 2015 The Economist column noted regional growth (excluding
Japan) is expected to be 5.8% for the year, a couple percentage points lower than the

decadal average. More importantly, the columnist highlighted the several currencies,

including the Japanese Yen, have dropped against the dollar.18 In local terms, this
will make LNG cargoes dearer, even as prices have dropped globally, partially
offsetting the benefit of lower energy costs. Moreover, the Southeast Asian
economies that consume the bulk of LNG shipments are closely interrelated. A
reduction in growth in China will reduce demand for goods and services from
adjacent countries, reducing manufacturing activity and energy usage in the rest of
the region.

Moving past the next couple of years, the medium-term outlook will also be
subdued relative to the previous decade. The IMF’s recent World Economic Outlook
cites the economic slowdown over the last five years has led not only to a lower level

of economic output versus prior trends, but also a lower overall trend in growth. The
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Fund estimates for medium-term (i.e., five years ahead) growth have been reduced
every year since 2011, with an outsized impact from underperformance in the
emerging markets. Annual growth through 2020 is expected to remain moderate,
roughly 1.6% in the developed world and 5.2% in emerging economies, though the
report notes China’s growth could be weaker than anticipated due to a “rebalancing

of growth away from investment and toward consumption.”19

The Economist Intelligence Unit sees a similar trend, with five-year growth
running near 3% globally, averaging 2% and 5% for OECD and non-OECD countries
respectively.20 While energy intensity varies from country to country, and over time,
lower growth in GDP will strongly correlate with lower growth in LNG consumption.
OECD countries are not key to driving future commodity demand—the emerging
markets are. Signs of persistent low growth in major importers like Japan, combined
with a Chinese slowdown and underperformance of the historical “Asian Tigers”
(Hong Kong, Singapore, South Korea, and Taiwan) would indicate the potential for
undermining LNG growth in its entirety, leading to capacity utilization dropping as

new liquefaction facilities come onstream.

Increased energy efficiency

Not only is there a risk of lower economic growth, the relationship between
growth and energy usage has weakened. For example, the International Energy
Agency (IEA) estimates China has reduced its energy intensity from just shy of 600
tonnes of oil equivalent per thousand dollars to just north of 200 in 2012, in 2005
dollars.21 Moreover, the cost per cubic foot of natural gas for LNG importing
countries like Japan is much higher than exporters like the US. This provides a higher
incentive for efficiency gains and fuel switching. According to an April Reuters
article, “Japan is now one of the world's four largest markets for solar panels and a
large number of power plants are coming onstream” and “residential solar power
production costs have more than halved since 2010.”22 A combination of lower
energy requirements combined with low cost renewables could over time reduce the

appetite for higher cost natural gas imports.
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Furthermore, generators do not have to switch fuels to improve efficiencies.
Gas turbines have become increasingly more efficient, providing the same power
with less input. Older models could have efficiencies less than 30%, with more recent
combined-cycle systems reaching 60%. Even if countries defer expanding their
renewable portfolios and retire coal and nuclear plants, they could stem growing
natural gas consumption by replacing older gas generation plants. Higher LNG prices
will be needed to justify sanctioning much of higher-cost liquefaction. This provides
ample incentive to improve efficiencies. Due to the cost and duration of constructing
new power plants, demand will only be affected marginally in the near term. With
this said, continued growth of natural gas consumption in the power and utilities
sector should not be taken as a given—particularly as LNG prices increase and

generation technology costs decrease.

Surfeit of pre-FID capacity

Large amounts of potential liquefaction capacity remain unsanctioned as
economics are evaluated, buyers are sought, and designs are developed. The
International Gas Union’s 2015 report counts roughly 100 mtpa capacity of under
construction, and another 250 mtpa unsanctioned liquefaction capacity in North
America and Australia is expected to start up in the early 2020s,23 which is the
equivalent of BP’s total forecasted LNG demand growth through 2035.24 Moreover,
the IGU’s count excludes potential commercialization of East African gas. Absent a
surge in demand, most of these greenfield projects will not move forward within the
next five to ten years, if at all. Companies can still take advantage of excess capacity

from underutilization or lower cost brownfield expansions of existing facilities.

These projects are not just unsanctioned, but also high cost. A liquefaction
project requiring US$12-15 per mmbtu to breakeven after adjusting for the cost of
capital is clearly out of the money in the current environment. But as contract and
spot prices begin to rise, there will be a glut of new potential capacity, intensifying
the “lumpiness” of the periodic swings of over and under supplied markets. And in all

likelihood, this new capacity is not needed to meet demand. Overall volumes traded
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have remained close to flat for five years despite new facilities coming onstream.
Beyond that, new United States and Australian facilities should have excess capacity
that could generate spot cargoes if market slack tightens. In all likelihood, high cost
projects in regions with limited existing infrastructure will not be sanctioned.
Bloomberg, citing IHS, noted only one in twenty planned projects would be needed
by 2025.25 Alternatively, developing larger projects as multiple smaller phases or
expanding FLNG could provide new volumes while limiting outsized risk of low
marginal demand growth. In practice, the long-term contracting common to the
industry should prevent too many new players entering the market since they would
simply not be able to generate sufficient interest to reach final investment decision
(FID).

A small business gains scale

In the vast global natural gas industry, much of the conversation revolves
around major trends such as oversupply, the growth of liquefied natural gas (LNG)
spot trades, and the prospects of mega-LNG projects like the US$54 billion Gorgon
project in Australia. Amid this forest, the comparatively diminutive tree of small-
scale LNG (ssLNG) doesn’t get much attention. Aside from a handful of market
players, this segment is not yet on the radar of many industry participants. It should
be.

The term ssLNG refers to the direct use of liquefied natural gas in its liquid
form, as opposed to the traditional model of regasification and subsequent
introduction into the gas transmission grid. Small-scale liquefaction plants are usually
developed to serve specific markets and have a production capacity of less than
500,000 tons per year (by contrast, a large industrial-scale LNG plant like the Gorgon
facility has an export capacity of approximately 16 million tons per year). These
plants provide supply to end-users in places where traditional infrastructure does not

reach, or to consumers requiring liquid fuel.

There are three major end uses for ssSLNG: marine fuel (bunkering), fuel for

heavy road transport, and power generation in off-grid locations. The market is
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relatively immature. However, several major energy companies are already involved
in sSSLNG, including Shell, Engie, ENI, Gasum, and Gazprom. The size of the market
IS expected to grow to approximately 100 million tons per year by 2030. Shell is
developing bunkering services in the Amsterdam-Rotterdam-Antwerp region and in
northern Germany. In August 2016, Shell and the government of Gibraltar signed an
agreement for the supply of LNG for use in power generation there. Engie, the
French natural gas production and distribution company, has pledged to invest €100
million (US$112 million) in ssSLNG and compressed natural gas (CNG) trucking
infrastructure across Europe by 2020, and it has just started ship-to-ship LNG
bunkering service in the port of Zeebrugge, Belgium. For several years, Italian oil
and gas company ENI has been leveraging its presence at Zeebrugge to get involved
in SSLNG. The Finnish company Gasum is focusing on expansion in the Nordic
region, investing heavily in reloading and storage facilities in Sweden and Strategy&
5 Finland. In late 2016, Gazprom approved a development program for 2017-19 that
includes construction of natural gas filling stations and the production and use of
small-scale LNG in Europe and China. In Southeast Asia, players such as the

Indonesian national oil company Pertamina are investing in sSLNG facilities.

Given the dynamics in the global natural gas markets — lower commodity
prices, oversupplied gas markets, and industry focus on cost reduction — it may seem
that any subsector would have difficulty attracting interest. But a number of powerful
factors favor the growth of ssSLNG. First, ssSLNG initiatives, in contrast to large-scale
LNG projects, offer investors more immediate and potentially attractive returns in the
medium term. The proven technology allows ssLNG projects to offer a “plug and
play” service with lower investment requirements and accelerated commissioning
schedules. And that leads to reduced uncertainty on the project execution timing.
Second, ssLNG is scalable, meaning operators can easily add capacity to serve
increased demand while gaining supply chain synergies. That makes ssSLNG an ideal
way to meet short-term fluctuations in demand. And finally, precisely because of this

flexibility, sSLNG can stimulate demand in areas of the market that were previously
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unsuited to LNG as a fuel source, such as off-grid power generation on islands and in

remote areas.

Off-grid power

The decision to switch to LNG from diesel, fuel oil, liquefied petroleum gas,
and petroleum is highly correlated with the economics of alternative fuels. The
investment required to switch to LNG power is relatively lower than for the other
applications (trucking and bunkering), and no major infrastructure is required to
sustain the business. In many instances, as with trucking, users switching to LNG will
be motivated by the environmental and sustainability benefits. The key enabler for
this market segment is the development of an efficient and sustainable logistics

network, as most of the end-users are in remote locations.

The other key element to future success is a company’s competency to broker
partnerships. Building collaborative partnership models will be essential to mitigate
commercial risks, align business interests, and move supply and demand projects
forward in parallel. The development of these partnership models is precisely what
companies like Shell and Engie have delivered. Shell’s strategy is focused on
integration across the value chain, leveraging its subsidiary Gasnor’s positioning in
the Nordics while capturing long-term contracts with major clients like Sovcomflot
and Carnival. Shell has signed an agreement with Sovcomflot (SCF Group) to fuel
the first four Aframax crude oil tankers in the world to be powered by LNG; the ships
will operate in the Baltic Sea and northern Europe beginning in late 2018. Shell has
also signed a supply agreement with Carnival to fuel the world’s first LNG-powered
cruise ships, which will begin sailing in northwest Europe and the Mediterranean in
20109.

Engie has targeted agreements with OEMs such as Wirtsild, the Finnish
company that manufactures and services power sources and other equipment in the
marine and energy markets; auto manufacturer Fiat Chrysler Automobiles; and Iveco,
the Italy-based industrial vehicle manufacturer. Engie also participates in joint

ventures promoting European LNG; an example is Gas4Sea, a partnership with
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Mitsubishi Corporation, NYK Line, and Connect2LNG that is targeting the trucking
industry.

Sakhalin 2

Sakhalin-2 is one of the most challenging engineering feats ever achieved. It
operates in some of the world’s harshest conditions in Russia’s far east, an area prone
to earthquakes. In the North of the Island the winter season lasts up to 240 days and
there is ice for most of the year. Facilities are designed to withstand the impact of a
major earthquake.

The project on Sakhalin Island exports liquefied natural gas (LNG) and oil to
the fast-growing energy markets in the Asia-Pacific region. Its major customers are
located in Japan, South Korea, Taiwan, China, Malaysia, the Philippines and
Singapore. The first Sakhalin-2 LNG cargo arrived in Japan’s Tokyo Bay in April
2009.

The LNG plant has reached full capacity and now exceeds its annual design
output, producing 10.93 million tonnes of LNG in 2016.

To protect the whales, sound levels in the area are constantly monitored.
During construction, work such as drilling and pipelaying was suspended when the
noise exceeded levels recommended by scientists. Buoys with acoustic monitors
positioned along the edge of the feeding grounds track sound levels. Sakhalin Energy
and ExxonMobil, the operator of the Sakhalin-1 project, jointly finance the large-
scale research programme. During the 2016 field season, 14 new calves and one adult
whale, which had not been previously recorded, were identified in the waters around
Sakhalin. Updates have been made to the Sakhalin photo catalogue, where the total
number of registered individual whales has now increased to 274.

Once the hydrocarbons are pumped ashore, a processing plant treats gas and
condensate, a natural gas liquid, from the Lunskoye-A platform, along with oil and
some gas produced by the Molikpaq and Piltun Astokhskoye-B platforms. From
there, the gas is sent through two parallel 800-kilometre pipelines to the Prigorodnoye
production complex at Aniva Bay in the south of the island, which includes an LNG

plant, an oil export terminal and a port which is virtually ice-free during winter.
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As long as the distance from Paris to Berlin, the pipelines cross seismic
faultlines at 19 places and more than 1,000 of Sakhalin Island’s 60,000 rivers and
streams. The 8,000 construction workers who built them could only start work after
unexploded munitions from World War 11 had been cleared.

Engineers planned the onshore pipeline route to avoid most of the active faults,
where even low levels of seismic activity could cause ruptures. If no alternative route
existed, they used pipeline segments made of steel that can bend up to four metres

without breaking.
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