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PexoMeHIauK M0 MPOSKTUPOBAHKIO, MOCTPOHKE M DKCILIyaTALMM MOPCKHX MOABOAHBIX TPYOOIpPO-
BOJOB POCCHIICKOTO MOPCKOIO PETHCTpPa CYAOXOACTBA YTBEPIKACHBI B COOTBETCTBUH € JACHCTBYIOMIMM
MOJIOKCHUEM U BCTYIAIOT B CHIIY C MOMCHTA OITyOJIMKOBAHMS.

Hacrosmue PexoMeHaanmu pa3paboTaHbl ¢ yICTOM OIBITA TCXHUYCCKOTO HAOMIOACHUS 32 MPOCKTHP-
OBaHHEM, CTPOUTEJIBCTBOM M DKCIUTYaTalHe MOPCKHX MOABOAHBIX TPYOOIPOBOIOB.

PexomeHzannp BKIIOYAIOT B ceOS HEOOXOTUMEBIC [ NPOCKTAHTOB CBEICHUSA, B TOM YHUCIE
CIPaBOYHOTO XapaKTepa, He BOIUCALINS, a TAKKE JOMOIHSIOMME nonokerus [IpaBun knaccuUKaiyn u
MOCTPOMKH MOPCKHX IOABOAHBIX TPYOOIPOBOAOB K PyKOBOACTBA MO TEXHHUYECKOMY HAOMIONECHHIO 3a
MOCTPOMKOM M SKCIUTyaTalyieii MOPCKHMX MOABOAHBIX TPYOONPOBOAOB M OXBATHIBAIOLIUE CIICAYIOLIHE
aCreKThl B OTHOIUCHHUH CTATBHBIX MOPCKHX MOABOAHBIX TPYOOIIPOBOAOB:

0COGEHHOCTH TMPOLIEAYPHI MPOCKTHPOBAHKS MOPCKUX MOABOAHBIX TPYOOIPOBOJOB;

OIPEACICHNE ONTHMAIBHOTO pa3Mepa TPyOOoIpoBoaa;

HHDKCHEPHBIE M3BICKAHMA A NMPOSKTHPOBAHMS MOPCKUX MOABOAHBIX TPYyOONPOBOJOB;

OTIPEENICHHUE PACUCTHBIX HArpy30K;

MPOYHOCTh MOPCKUX MOABOTHBIX TPYOOIPOBOIOB;

6anacTHPOBKAa MOPCKHX TTOABOJHBIX TPYOOIIPOBOIOBE;

VKJIAAKA MOPCKUX TIOJBOAHBIX TPYOOIIPOBOAOB,

AHTUKOPPO3MOHHAS 3AMINATA C MIPUMEHEHHEM ITOKPHITHIA,

SNEKTPOXUMHYICCKAS 3ALIUTa OT KOPPO3UH;

MEPECCUCHNUE MOPCKUX MOABOAHBIX TPYOOIPOBOAOB (MEXKAY co00it u GeperoBoil nunueil);

aHAJIN3 PUCKOB U HAZEKHOCTB;

00CICIOBAHHE M PEMOHT MOPCKUX TMOJBOAHEIX TPYOOMPOBOAOB.

B PeKOMeHI[aLII/IHX TIPEACTABJICHBI IIPUMEPBI UCIIOJb30BAHHS PACUCTHBIX METOAHUK, PEKOMECHAYCMBIX K
MPUMCHEHHIO B TMPOLECCE MPOSKTUPOBAHMA MOPCKHX MOABOAHBIX TPyOOmpoBoaos. B koHIE Kakmoro
pas3zmena NMpuBEAEH CIIUCOK HOPMATHBHOM M PEKOMEHAYEMOH Hay4YHO-TEXHHUECKOM JIUTEpaTyphl.

PexoMeHmammm npeqHa3HAuCHB A1 HHCIICKTOPCKOTO cocTasa noapasaeneHuii PC.

B ciyuae pacxoxaeHui MKy TEKCTaMH Ha PYCCKOM U QHTTIMMCKOM SI3BIKAX TEKCT HA PYCCKOM SI3BIKE
HMEET IPEUMYLICCTBEHHYIO CHILY.
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1 OBIIHUE NOJOXEHUA

B wHacrosmee Bpems TpybompoBOAHBIM TpaHcHnopT HedTH, HedTENPOAYKTOB M rasa SBIAETCH
OCHOBHEIM CIIOCOOOM JOCTaBKH AAaHHBIX MPOAYKTOB OT MECT AOOBIUH, MepepabOTKH WITH MOJTYy4YEHHS K
MecTaM HOTPEOICHIS.

Mopckoii moxsozansiii Tpyoomposoa (MIIT) koHCTPYKTHBHO mpeACTaBiasgeT co0Oif yacTe TpyOompo-
BOZHOM TPAHCIIOPTHOM CHCTEMBI, PACHOJOXCHHOM HIDKE YPOBHA BOIbl H BKIIOYANOIas COOCTBEHHO
TpyOOIPOBOA, BHEIUHEE H3OLHOHHOE AHTHKOPPO3HOHHOE TMOKPHITHE, a TAKKe 3alUTHOE GETOHHOE
MOKPEITHE, KOTOPOE MPEAOXPAHAECT M30/ILIHOHHOC HOKPBITHE OT MEXAHMYCCKMX MOBPCKACHHUH, NPUAACT
TpyOOIPOBOAY YCTONYMBOCT HA MOPCKOM IPYHTE M NPSIOTBPAILACT €r0 BCILUIBITHE.

MITT yxnaaplBarOTCS HIDKE YPOBHS IOBEPXHOCTH BOABI B MOPCKHX aKBATOPHSIX, & TAKKE MPH NEPESCCUCHHHI
3HAMUTEILHBIX BOJHBIX MPETPat — PEK, BOAOXPAHWIMIL, 03¢p U T.II. B mepBom ciydae, ocoGeHHO ¢ yueToM
pasBuTHs MH(PACTPYKTYPbl MOPCKHX LIeAb(OBBIX YIICBOAOPOAHBIX MecTopokacHui, MIIT moryt OwiTh
BHY TPUIPOMBICJIOBBIMHE (T.€. COSAUHSIOIMMU, HAMPHMEP, MOPCKHE CTALMOHAPHBIC MIAT(OPMBI PA3THIHOTO
HA3HAYCHMS HA OJHOM MECTOPOXKACHWH) U MEKIPOMBICIOBBIMHU (UIi TPAHCHIOPTA MPOAYKTA OT OOBEKTOB
00yCTpOMCTBA OJHOIO MECTOPOKACHHS OO APYIOI0), a TAKKE TPYOONPOBOJAMH BHCINHETO TPAHCIOPTA,
TPAHCTIOPTHUPYOLIUMH IIIACTOBYIO WM HOATOTOBICHHYIO MPOAYKIMIO C MOPCKOTO OOBEKTa 00YCTpOHCTEBA Ha
GeperoBeie COOPYKEHUSI WIM MarkCTPAIbHBIMHU TSl TPAHCTIOPTA MOTOTOBICHHOH MPOAYKIHH.

Ocobrie ycmoBust sxcruryaraipu MITT oOycnosiaeHsl TeM, 4TO NMOMHMO BO3NCHCTBHSI pabodero
JaBIICHUS TPAHCIOPTHUPYEMOIO MPOAYKTa OHH MOJABCPKCHBI ACHCTBHMIO BHCIMHETO THAPOCTATHYCCKOTO
JABJICHUS BOLHI, BO3ACHCTBHIO BOJIH, TCUCHUH, JICAOBBIX 0Opa30BaHMIA, PEaKI{Uii [PYHTOBOIO OCHOBAHM!, &
TAKKE CITyYalHBIX HArpy30K MPHUPOTHOTO HIIH TEXHOT¢HHOro xapakrtepa. TpyOst ams MIIT msrorasmm-
BaKTCs, KaK IIPaBUJIO, U3 HU3KOJICTUPOBAHHBIX cTajneH PA3IAIHBIX KaTeFOpI/Iﬁ MIPOYHOCTH B 3aBUCHMOCTH
OT YPOBHA 3KCILTyaTallMOHHOH HAaJE)KHOCTH H PAaCYECTHHIX HArpys3ok. B cBoro ouepenp TommmuHa CTCHKH
TpYyOBI OIPEAEIAETCS PacHeTaMy B 3aBHCUMOCTH OT BEJIMYHUHBI BHY TPCHHETO JAABICHHUS, BUJA TPAHCTIOPTH-
PYEMOTO MPOAYKTA, PACUCTHBIX BHEIUHUX BO3ACHCTBUMH, YCHIHH MPH YKIaake TpyOompososa u T.4. JlomkHO
OBITh TAKIKE YYTCHO BO3ACHCTBHE MOPCKOH BOABI MM JOHHOTO I'PYHTa KaK aKTHBHOH KOPPO3HOHHOH
cpepl.

1.1 OBJIACTh PACIPOCTPAHEHHS

1.1.1 Hacrosmme PexomeHmammuy IO TPOCKTHPOBAHHIO, MOCTPOHKE M 3KCIUTyaTalliH MOPCKHX
MOJABOIHBIX TPYOOIPOBOAOB' PACTIPOCTPAHSIOTCS HA OOBEKTH TEXHHYECKOro HabmomeHus Poccuiickoro
MOPCKOTO PETHCTPA CyIOXOACTBA” TIPH PACCMOTPCHHH MPOCKTHOH M Pabodeii TEXHHYECKOH JOKYMEH-
TaLWH, U3OTOBJICHUH MATCPHAIOB M M3JCIHH A1 MOPCKHX IHOJBOAHBIX TPYOOMPOBOAOB, a TAKXKE MPH
OCYLIECCTBICHHHY TEXHUYCCKOTO HAOMIOACHHS 32 MOABOAHBIMH TPYOONPOBOJHBIMH TPAHCIOPTHBIMHU
cucTeMamu, Haxomsmumucs B kiaacce PC B skcrutyaraumm.

1.1.2 PacueTHble METOOUKH, MPUBCACHHBIC B HACTOSAIMUX PekoMeHIaIMsIX, HOCAT PEKOMEHIATENbHBIN
xapakrep. [lonokenust Pexomennaumii yuanteisaror tpeGosanmst [Ipasun kinaccubuxampm 1 mocTpoiiku
MOPCKFX TIOBOTHBIX TPYOGOMPOBOAOB® i PYKOBOACTBA MO TEXHHUCCKOMY HAGTIOACHHIO 32 MOCTPOHKOMH H
SKCILTyaTaIHeii MOPCKUX TIOABOTHEIX TPYOOmpoBoaoB®.

1.1.3 B nacrosmux PexoMeHmammsaxX B Ka4eCTBE NPHUMEPA IPEICTABICHBI JJIEMEHTH PACcUETHOrO
MPOEKTHpOBaHusi Mopckoro razonposoga B CesepHoii uwactu Kacmmiickoro mops (cm. 1.2). B xozme
MPOSKTUPOBAHMS € YIETOM MPOQHUIISI MOPCKOTO JHA MOACYMTAHBI HATPY3KH OT TCUCHHS M BOJH, OLPCACIICHA
TOMIIMHA CTCHOK M IIPOBEPEHA MPOYHOCTH TPYyOOmpoBoja. Taioke NPOM3BEACH pacdeT OALIACTHPOBKH U
PaccMOTpEH Mporece YKIaaky Tpydonposoaa. IonoOpaHe! mapamMeTps! IPOTEKTOPHOH 3aIMUTHI.

'B nanbHeiineM — PexoMeHaanuu.
B nanbHeimemM — Perucrp, PC.

3’ nanbheiimemM — IpaBuna MITT.
‘B JanbHeimemM — Pykooacteo MITT.
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12 WCXOAHbIE JAHHBIE ANA PACUETHbLIX MPUMEPOB

B PekomeHfauuax nNpuBeLeHbl pacyeTHble MpoLUedypbl Ha OCHOBaHUM MWHXEHEPHbIX METOAWK
onpefeneHns napameTpoB BbIGPaHHOr0 B KayecTse npumepa NoABofHOro Tpy6onpoBofa v ero Tpacchbl
B poccuiickom cektope CeBepHoro Kacnus (cm. puc. 1.2).

Puc. 1.2 MnaH Tpaccbl NPOEKTUPYEMOro MOPCKOro MofBOAHOro Tpy6onposoaa

McxofHbIMM  XapaKTepucTKaMyW AaHHOrO MOABOAHOrO TpybonmpoBoja ANs WMCNOMb30BaHWA B
pacyeTHbIX MpoLeaypax fBNAOTCS:

ANvHa Tpy6onpoBoga — 145 kw;

Hapy>XHbIli AnameTp cTanbHOro Tpy6onposoga — 350 mm;

Hapy>XHOe aHTUKOPPO3MOHHOE NOKPbITE — MOMUITUNEHOBOE TPEXCOMHOE, NAOTHOCTL — 950 Kr/M3,
MUHUMaIbHAA TONWNHA — 2,2 MM;

6eTOHHOe 6annacTHoe MOKpbITUE — MAOTHOCTL 2700 Kr/M3 v TonwmHa 80 mwm;

TpaHcrnopTupyemas cpeja — ras;

TONLWMHA CTEHKM Tpybonposoga — 12 mM;

CXema NpoKnagkn — Hesar/y6/1eHHbIin Tpy60npoBoS;

pabouee pasneHne — 8 Mlg;

CKOPOCTb NPUAOHHOI0 TeveHns — 0,68 wm/c;

XapaKTepucTKN BoNH 1 %-i 06ecneyeHHOCTU Npu cpefHeli rnybuHe akeaTopum 9,6 m:

BbICOTa BOMHbI — 4,9 M;

ANnHa BOSIHbI — 85 M;

nepuog BoSiHbl — 8,4 ¢;

MaKCMManbHas TemnepaTypa TpaHCNopTMpyemoii cpedbl — 50 °C;

CpefHsis TemnepaTypa OKpYXatoLLein cpeapbl (Mopckoii Bogbl) — 11 °C .
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2 OCOBEHHOCTH INPOEKTHUPOBAHUA
MOPCKHUX IMOABOJIHBIX TPYBOIIPOBOI0OB

2.1 MPABOBO# PEKUM MPOEKTUPOBAHUS, TOCTPOMKHU U IKCILIYATALIMA MIIT

2.1.1 Tlpu TIPOSKTHPOBAHWH, TIOCTPOMKE U BKCILIyaTallud TPyOOIPOBOJHBIX TPAHCIOPTHBIX MAaruc-
Tpajell B MOPCKHX aKBAaTOPHSIX HEOOXOMMO PYKOBOACTBOBATLCH COOTBETCTBYIOIMMU MEXK 1Y HAPOAHBIMH
M OTEUECTBEHHbIMH HOPMATHBHO-NPABOBBIMM [JOKYMEHTaMM, YUMUTHIBAIOLIUMHU MPABOBON pEXKHUM
pPa3nUYHbIX 30H MOPCKOW aKBATOPHH M BHYTPEHHHX BOZ.

K mopckum axBaropusm, MOTEHIMATIBHO HCIIOIB3YEMbIM [UIS NMPOKIAAKU M 3KCILTyaTALUM MOPCKHMX
TpyOOIPOBOAHBIX TPAHCTIOPTHBIX MArucTpaiell, OTHOCATCS TEpPUTOPHANBHBIC BOJBL, HCKIIOUUTENIbHAS
SKOHOMHUECKasl 30Ha, MPWIeKalias 30Ha, MEXIYHApPOAHbIH palHoH Mopckoro aHa (OTKpBITOE MOpE),
KOHTHHEHTJIbHbIN 11ejb]) U BHYTpEeHHUE MOPCKME BOAbl (cM. puc. 2.1-1).

Teppumopus 2ocyoapcmed [

Teppumopuanvuvie sodbzl'
(12 mune, 22 xm)
Cywa -
— el ¢ Hcrnouumentrasn sKoHoMUNeCKas 301a
]
. (200 munw, 370 xm)
3
S E——— )

Paiion
(Mexcoynapoonutii pation
/ MOpCKo2O OHa)
Buympennue

600bL

Touka MakcCUMAanbLHO20
omausa

Konmunenmanonwiii urensg

— BHYMPEHHAA SPAHUYA — BHEWHAA ZPAHUNA MEPPUMOPUATBHO20 MOPA:

— gHewH A epanuya — Ha paccmoanuy 200 mune om ucx00HOU AUHUU,
O KOMOPOil OMMEPAEMCA WUPUHA MEPPUMOPUILHOZ0 MOPA, NPU YCAOGUM,
YO GHEWHSAA SPAHUYA NOOBOOHON OKpauna mamepuxa He oaree 200 muns;
wiu He danee 350 muno om mex e moyek. Ho ne oanee 100 mune
om uzobamei 2500 m

Puc. 2.1-1 IIpaBoBoe paiioHupoBaHue MopcKoii akaTopun [4]

ITpaBoBOI1 PE:KUM YKa3aHHBIX 30H MOPCKOH aKBaTOPUU ONPEACIIIETCA UX OTHOUIEHUEM K TEPPUTOPUM
rocynapcTBa.

TeppHUTOpHATIBbHBIC BOABI MPEACTABIAIOT OO0 NpHUOPEkKHBIM MOPCKOH Mmosic IUpHHON 12 MOpcKux
MUJIb, OTMEPAEMBIX B COOTBETCTBUM C HOPMaMM MEXAYHapOJHOro Mnpasa M 3akoHoaareibcrsa PO
(cMm. ct. 15 BoaHoro koznekca P®D).

HcknrounTesibHas 3KOHOMHUYECKas 30Ha — MOPCKOH paiioH, HaxXOAALMICA 3a NpeAcsaMu TEPPUTOP-
HansHoro Mopsa P® u mpuneraromuit K HeMy, ¢ 0COOBIM PEKUMOM, YCTaHOBIIEHHBIM M PETYIHPYEMBIM
3aKOHOAATeIbcTBOM PO M HOpMaMu MeXIyHapOOHOTO IpaBa. BHyTpeHHel rpaHUINeH WCKIFOUHUTEIBHON
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SKOHOMHMHYECKOH 30HBI SBSETCA BHCLIHSSI TPAHHIA TCPPUTOPHATBHOTO MOpPs, @ BHEINHSSA TIpaHHLa
Haxomutcs Ha pacctossHud 200 MM OT HMCXOAHBIX JHHHM, OT KOTOPBIX OTMEPSETCS LIMPHHA
TEPPUTOPHAIIBHOTO MOPSI, €CIIM MHOE HE MPESIYCMOTPEHO MEXAYHAPOAHBIMU JOroBopamu Poccuiickoit
Oeneparu (eMm. cr. 1 degepanpHoro 3axkoHa ot 17 nexabps 1998 r. Ne 191-03 «O06 uckmounTenpHOM
SKOHOMHUCCKOH 30He Poccuiickoit denepartim»).

KonruneHtamsueiii mensd PO BrmouacT B ceOf MOpCkoe AHO M HeApa IOABOJHBIX PaliOHOB,
HaxXo[sIIMXCSl 3a MpeAeaamMu TepputopuaibHoro Mmops Poccuiickoit ®exepaunny Ha BCEM IIPOTSDKCHHUH
€CTECTBECHHOTO MPOAO/DKCHHUS €€ CYXOIYTHOH TCPPHTOPHM OO BHEINHEH TPaHHIbl IIOABOAHOM OKPAMHEI
Marepuka. [10ABOAHOM OKPaNHON MaTePHKA SBISICTCS MPOJOIDKCHIE KOHTHHCHTATBHOTO MaccrBa Poccutickoit
Oexeparmy, BKIIOUAIOLIETO B Ce0s MOBEPXHOCTh M HEApa KOHTUHEHTATBHOTO mienb(a, CKIOHA U MOAbeMa
(oM. cr. 1 deaepanbHOro 3akoHa ot 30 HostOpst 1995 . Ne 187-33 «O xontuHcHTaNRHOM InEnbhe Poccuiickoti
Oceparmny).

BryTpeHHHMHE BOZamu, B CBOIO OYCPEAb, SBILIIOTCS BCE BOIHBIC OOBEKTHI, PACIONOXKCHHEIE Ha
teppuropruu PO, 3a uckimoueHuem teppuropuaibHoro Mops PO (cum. cr. 18 BoxHoro xozexca P®).

B oTanume OT OTKPHITOrO MOps, TePPHUTOPHATIPHOE MOPE M BHYTPCHHHE MOPCKHE BOABI COCTABILIIOT
4acTb I‘OCyZ[apCTBeHHOﬁ TCPPUTOPUHU, IIC OCHOBHBIM IIPUMCHUMBIM IIPABOM SABJIICTCA HaITMOHAJIbHOC
3aKOHOJATETIbCTBO COOTBETCTBYIOLIECIO MPUOPEIKHOTO TOCYAapCTBa, PEATU3yeMOe B paMKax COOTIOACHI
MCKIYHAPOAHOTO IpaBa (IPexae BCero, coOmomas CBOOOIHBIM IPOXOL HHOCTPAHHOTO CYZHA [epes
TEPPUTOPHAIBHOE MODE).

2.1.2 MexayHapOIHBIH paifioH MOPCKOTO JHA BKIKOYACT B CEOS 4acTh MOPCKOTO JHA, PACIIONIOKCHHYIO
3a mpelenaMH TEPPUTOPHH TOCyAapcTBa. PerymmpoBaHue ASSTEIBHOCTH B HpEJCIaX JAHHOW 30HBI
Mopckux axsaropuii permamentupyercs Komsermmeir OOH mo mopckomy mpasy 1982 roma
(nanee — Kousenuwst), parudunuposannas PO B 1997 1. u sBugromascss OCHOBHBIM MEXIYHApPOXHO-
MPaBOBBIM aKTOM, COACPIKAIIMM IOPUANYESCKHAE OCHOBBI PETYIMPOBAHMA CYJOXOACTBA M IPEAOCTABICHUL
YCIIYT TI0 MOPCKUM NIEPEBO3KaM, BKJIIOUas UCIIOIb30BAHHE ITOABOAHBIX TPYOOMPOBOAHBIX CHCTEM.

KoHBeHIWMS COACPKUT PAX CTATCH, MOCBSIICHHBIX BOMPOCAaM MPOKIAAKH M 3KCIUTyaTallHH MOPCKHX
MOABOAHBIX TpPyOompoBoxoB. B wactHoctH, crates 79 «lloxBomHbie kabenn u TpyGOmpoBOABI Ha
KOHTUHCHTAJIBHOM wLIebde» KOHBEHUMH MpeAnnchiBacT Cleayoimee:

rOCYAaPCTBA MMEIOT IPABO NPOKIABIBATH MTOABOIHEIC KAOCIH B TPYOOIPOBOABI HA KOHTHHEHTAIBHOM
menbde,

MPHOPEIKHOE TOCYAAPCTBO HE MOKET MPEILATCTBOBATh MPOKIAAKS MM MOAACPKAHHIO B HCHPABHOCTH
Takux kabenew Wix TPyOOIPOBOIOE;

ONPECACICHUE TPACCHl A MPOKIAAKA TakMX TPYyOONPOBOAOB HA KOHTHHEHTAIBHOM Mienbde
OCYILECTBILIETCS C COMNAcKs IMPUOPEKHOTO rocyapCTBa;

MPUOPEIKHOES TOCYAAPCTBO UMEET IPABO ONPEACIATh YCIOBUS HMPOKIAAKH Kabene unu tpyoonposo-
J0B, MPOXOAAINX MO €ro TCPPUTOPHUU HIH B TCPPUTOPHAIBHOM MOPE, €ro OPUCIUKUHIO B OTHOLUICHUH
kabeneil ¥ TpyOOMPOBOJOB, MPOJOKCHHBIX M HCIONB3YEMbIX B CBS3H C Pa3BeJKOil €ro KOHTHHEH-
TambHOTO HenbQa, paspaboTKON ero PeCypCoB MK SKCINTYATAUCH YCTAHOBOK HITH COOPYKEHHIH IO €T0
HOPUCIUKLMEH;

NPH POKIAIKE MOABOIHBIX Kadenel u TpyOOompoBOAOB rOCYAAPCTBA JOIKHBIM 00pa3oM YUHTHIBAIOT
yKe TPOJIOKEHHBIE Kabeau M TPYOOMPOBOABI, B YACTHOCTH, HE JOJDKHBI YXYAIIAThCS BO3MOXKHOCTH
PEMOHTA CYINECTBYIOMUX Kabenel U TpyOoIpoBOIOB.

HHTeHCHBHOE pa3BUTHE MOPCKOM n00bu HedTn M rasa Ha KacrumiickoM Mope, KOTOpOe SIBIISeTCsI
3aKPHITHIM BHYTPUKOHTHHCHTAIBPHBIM BOJOEMOM H HE MMECT SCTECTBCHHOTO COCAMHEHMSI ¢ MHUpOBBIM
OKEaHOM, SIBIIOCH OAHOHM w3 mprHuH noxmucanus KoneeHum o npasosoMm craryce Kacmuiickoro mMopst
12 aBrycra 2018 r. Ha [lartom xacmmiickom cammure B I. Actana (PecnyOmuka Kasaxcram). [lannas
KonBeHIMS JOMTOTHUTEIRHO K YKa3aHHOMY BBILIE PAHOHUPOBAHHMIO MOPCKOM aKBaTOPHUHU NPEAYCMATPUBACT
MOHATHE «CEKTOP» — YYacTOK AHA M HEAp, PasrpaHHuCHHBIA Mexay cropoHamu KoHseHiuu
(mpuxacruiickumu rocyaapcTsamu: AsepOaiimxanom, Wpanom, Kazaxcranom, Poccuiickoit @eneparmeit
u TypxkMeHHCTAHOM) B LEASX HEAPOIOIb30BAaHHA, OCBOCHHS PECYPCOB AHA U APYrOM XO3AHCTBEHHO-
SKOHOMMYECKOH AesaTenbHOCTH. [lonoxeHus KOHBEHIMH NMpeaycMaTpyBalOT BO3MOXKHOCTh IPOKIAIKH
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MOABOAHBIX TPYOOMpoBOAOB 1 Kabenei no qHy Kacrmiickoro mopst (cMm. cr. 14). Ilpu 3ToM HEoOx0AUMO
YYUTBIBATh CICAYIOLICE:

MPOEKTHl MOABOAHBIX TPYOOHNPOBOAOB MOJDKHBI COOTBETCTBOBATH SKOJOTHYECKHM TPEOOBAHHIM
PamouHOI KOHBEHLIMK IO 3amuTe MOPCKOil cpeapt Kacrmuiickoro Mops (HOAHcaHa BCEMH TPHKACTIAKC-
kM rocygapersamu 4 HosOps 2003 1., paruduumposana P® 12 asrycra 2006 1) 1 COOTBETCTBY OLHM
MPOTOKOJIAM K Hel;

MPOSKTUPOBAHKME TIOABOJHOTO TPYOOmpoBoAa wiaM Kabemasi MPOBOAMTCSA IIOCIE COIVIACOBAHHS C€roO
TPAcChl CO CTOPOHOI, UePe3 CEKTOP JHA KOTOPOH AODKECH OBITh IPONOXKEH TPYOOIPOBOA WM Kaleb,

PaMOHBI MIPOXOXKICHHUS TPACC MOABOLHBIX TPYOOIPOBOXOB M KalGenei ¢ reorpadMyecKUMHU KOOpPIH-
HaTaMU JOJIKHEL ObITh COOOIICHBI BCEM CTOPOHAM, Yepe3 CEKTOPa JHA KOTOPHIX IIPOJIOKEH TPYOOIPOBOI
wu kabenb, B LEIIX HEAOMYIICHHS B OXPAaHHbBIX 30HaX MMOCTAHOBKH Ha SIKOPb, JIOBIM PHIOBI IPUIOHHBIMH
OpYAUSIMH JIOBA, NMOABOAHEIX M AHOYITTyOHTCIBHBIX PaboOT.

MIIT pa3muuHOTO HA3HAUCHHS HMCIOT BAKHCHINEE 3HAUCHHE NIPHU pa3paboTKe M OSKCILTyaTallud
MOJBOAHOIO MECTOPOXKACHUS YINICBOAOPOMOB. OT BBIKMAHBIX JHHHIA A0 TPYOOIPOBOAOB BHEIIHETO
TpaHCHOpTa, 03 KOTOPBIX SKCILTyaralns MOPCKOTO MECTOPOKICHHSI W IOJBOTHBIX YYacTKOB Marmc-
TpaJIbHBIX TPYOOIPOBOAOB HE MPEACTABIISLCTCS BO3MOXKHOM (cM. puc. 2.1-2).
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2.2 TPEBOBAHHSI OTEUECTBEHHBIX HOPMATHBHO-IIPABOBLIX TOKYMEHTOB

2.2.1 TIlpoexrupoBanue, mpoxnagka u skcruryarauus MIIT Ha konTHHCHTaMPHOM mEmbde U
CBSI3aHHBIX C HHMH COOpyXeHHH B P® perymupyercs COOTBETCTBYIOIIMMH TIOCYAApCTBEHHBIMH
HOPMAaTHBHO-TIPABOBBIMH JOKyMEHTaMH. B wactHocTH, B cooTBeTCTBHH cO crarkeit 6 dexepamsHoro
3axona ot 30 HosaOps 1995 r. Ne 187-®3 «O xomtumeHtanmsHoM menbhe Poccuiickoit deaepamme»
PEryIMpOBAHUE YCIOBUI NMPOKIIAJKH M ONPEACIICHHE TPACChl MOABOIHBIX TPYOOIPOBOAOB U KaOeIcH Ha
KOHTHHEHTAIbHOM micnbde PP nHaxoaurcs B xommeTeHLHH (HeACPATBHBIX OPraHOB TIOCYAApPCTBEHHOH
BJIACTH.

MIIT u kabenmu Ha KOHTHHCHTAIbHOM wmeabdhe PP, koTOpeIc HCHONB3YIOTCA Uit JOOBIYH
MHHEPAIBHBIX PECYPCOB, TPACCHPYIOTCS M MPOKIIAABIBAIOTCA M0 COIIACOBAHMUIO C (eAcpaTbHBIM OPraHOM
HCTIOTHUTENBHOH Bactd. OHAKO B CIIydac, €CH B IMLECH3WH Ha MONB30BAHHC HEAPAMH Y €€ BIIAACIBIA
3aIKCHPOBAHO IPABO MPOKJIAABIBATE MOABOAHBIC TPYOOMPOBOABI M KAaOCIH COIVIACHO NPOCKTHOH
JOKYMCHTALNH, IPEIYCMOTPEHHOH POCCHICKUM 3aKOHOJATENABCTBOM (CM. 2.3), MONydEeHHE Pa3pCHICHHS
Ha MMPOKJAAKY TAaKOro PoJAa MOABOAHBIX TPYOOMPOBOAOB U Kabeneil He TpeOyeTcs.

Jua MIIT u xaGenei, He yKa3aHHBIX B JIMLEH3WH HA MOJb30BAHHC HEAPAMH W HE CBS3aHHBIX C
pa3paboTKOM MHHEPAIBHBIX PECYPCOB KOHTMHCHTAIbHOrO wenbha P®, HO KOTOpHIC BBHIBOASTCS HA
teppuropuro PO, Brinaua pasperneHuii Ha UX MPOKIANKY OCYIIECTBIICTCs PeacpanbHON CiryO00H Mo
Ham3opy B chepe mpupomomons3osanus (Pocmpupomsanszop), uro ycraHosBieHo I[locranosiacHHeM
IMpasurteascrBa PO Ne 417 ot 9 mrons 2010 1. [1].

TpeGoBanps K SKCILTyaTalMy IOABOAHBIX TPYOOIPOBOAOB, CBA3AHHBIX C HOOBIMCH M TPAHCIOPTHP-
OBKOHM YIVIEBOJOPOAOB Ha mmeibde, BKIoUaroT cneayromee (cM. cr. 22, Ne 187-03 «O xoHTHHCHTAIBHOM
wensde Poceniickoit Penepaunm»):

HQIMYHC IUIAHA JMKBUIALMY Pa3IuBOB He(TH M HE(DTEIPOAYKTOB, YTBEPKIACHHOTO B YCTAHOBICHHOM
TIOPSLAKE;

YCTaHOBKY CHCTEM HaOMIOACHHS 32 COCTOSIHUEM MOPCKOM CPEbl, B T.4. 0CHAPYKEHHUS pa3THBOB He(TH
¥ He(TCIIPORYKTOB, U OIIOBCIICHUS O PA3IUBAX;

obecrieucHIE (PUHAHCHPOBAHKS MEPONPUSITHIA M0 IUIAHY TPEAYIPEKACHIS U JTHKBUAALNKA Pa3IHBOB,
BKJIIOYAsl BO3MELICHUE B MOJHOM 0ObeME BpEJa, NPHIMHEHHOTO OKpYXKaromei cpeae;

HaIU4Ue COOCTBEHHBIX HIIM MPUBICUCHHC HA MOCTOSHHOM JOTOBOPHOH OCHOBE aBapuiiHO-
criacaTeIbHBIX (POPMHUPOBAHUET AMTS MPEAYIPEHKACHHS U THKBUAALIME PA3IHBOB.

2.2.2 Tlpasosoii Oazoit ama mpoxmagku MITT u kabencit BO BHYTPEHHHX MOPCKHX BOJAX, TCPPHTOP-
HATBHOM Mope W mpunexaneii 30He PO sensercs Dencpanpueiii 3axoH Ne 155-03 or 31 mroms 1998 .
«O BHYTPEHHHX MOPCKUX BOAAX, TEPPUTOPHATIBHOM MOPE U mprIeskareii souc Poccutickoit deaeparm [7],
B cTarbe 16 KOTOPOro YCTAHABIMBACTCS MOPSIOK MPOKIANKHI MOJBOIHBIX TPyOOMPOBOAOB U KAOEIeH, a Takke
MPUBCACHBI TPEOOBAHHS K OKCIUIyaTallK MNOABOAHBIX TPYOOIIPOBOAOB B YacTH NPEAYIPESIKICHUS U
JIMKBAJALAN ABAPHH, Pa3TuBOB HE(PTH M HEPTCIPOAYKIOB, AHAJIOTHHYHBIC YKa3aHHBIM B 2.2.1.

Taroke aHaIOTMYHBIH NMOPSAOK YCTAHOBICH AN MONYYCHMS paspeiucHus Ha mpokmaaky MIIT u
xalenell BO BHYTPCHHHX MOPCKHX BOAAX U TCPPUTOPHATBHOM MOPE — MNP 3AKPEIUICHHM B JTHULICH3UH
IpaBa Ha NMPOKJIAAKY Pa3peIleHuss OT OPraHOB rOCYIAPCTBEHHON HCIIONHUTEIPHOM BIAacTH HE TpeOyeTcs.
B mporusHOM ciydae paspemeHme BbigacTcs PocnpupoaHagzopoM Ha ocHoBaHMM IlocTaHOBICHHA
ITpaButenscra PO or 26 suBaps 2000 Ne 68 [2]. B COOTBETCTBHE C AAHHBIM JOKYMEHTOM IOABOIHEIC
kaberu u MIIT moGoro HasHAa4eHHWsT MOTYT MPOKIANBIBATECS BO BHYTPCHHHX MOPCKHX BOJAX W B
TeppuropuaibHoM Mope PD npu ycnosuu, uto maHHbIC ACHCTBUS HE CO3JAIOT IIOMEXH U HE MPEIBITCTBYIOT
00ECIEUSHHIO OXPaHBl TOCYJAPCTBCHHON TIPAHHULEI, MPOBSACHHIO PCTHOHAIBHOTO IEOIOTMYCCKOrO
M3Y4EHHA, TIOMCKA, Pa3BEAKU M Pa3paboTKh MHHEPAIBHBIX PECYPCOB MM HPOMBICTY JKHUBBIX PECYPCOB,
SKCIUIyaTallid U PeMOHTy paHee nposoxeHHbx MIIT u xabeneit. s mony4eHHS COOTBETCTBYIOLIETO
paspeIueHus J0JDKHA OBITh MPEJOCTABICHA CISAYIOMmAs HH(pOPMALS:

LeTh ¥ HA3HAYEHHE IOABOAHOIO TPyOOIpoBOAa MK Kabes,

TPAcCHPOBKA TPYOOIPOBOAA € YKA3aHHEM KOOPAHHAT Hadala, KOHLIA U TOUYEK IOBOPOTA TPACCHL;
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CpOKH IpOBeACHMS pabOT U UCHONB3YyEMBIC CyJa Ul YKIAAKH,

TIPOEKTHASL JOKYMEHTAIHA 1O YKIAAKe MOABOAHOrO TPyGOmpoBoa win kabeis;

MEPOIPHATHUS 110 TPEAYNPEKACHHIO HIH CHIDKCHHUIO yiIep6a MOPCKOI cpezae, MPEeAOTBPALICHHIO U
JIMKBAAAIMH ABAPHHHBIX CHTYALME.

3asBKa Ha BBLAAYY Ppa3pelICHHs PacCMaTpuBacTCs POCIPUPOAHAA30POM M COTIACOBHIBAETCA C
JPYTUMH COOTBETCTBYIOIMMH (heAepanbHEIMH OpPraHaMH HMCHOIHHTCIBHOM BIACTH, NEPEUCHb KOTOPHIX
ykaszaH B [2]. Ha ocHoBaHMM 3aKIIOYEHHA O BO3MOXKHOCTH mpoxokacHust Tpaccst MITT mpuHHMaeTcs
pCIICHHE O BBIJAYE PA3PCLICHHS Ha MPOBEJCHHE 3asABICHHBIX PaboT, JHOO OTKa3e B BBLAAYE TaKOrO
paspemcHus. B cygae mony4yeHus paspeiueHus 3asBHTENb JOJDKCH 00CCIICIHTS BHIIONHEHHE TpeGoBaHMi
NPHMCHHMBIX HOPMAaTHBHO-NIPABOBBIX JOKYMEHTOB IPHU HPOBEACHHHM PabOT MO MPOKIAAKe M JKCIITya-
Tara MITT.

2.2.3 Jlna peanusanyy NMpoLICAYPEl PACCMOTPEHHS M BhIAAYU paspemeHui Ha mpokiaaaky MIIT u
TIOABOAHBIX Kabeneh BO BHYTPEHHHX MOPCKHX BOJAX, TeppUTOpHansHoM Mope Poccuiickoii ®eaepanum u
Ha KOHTHHCHTaNbHOM weibde Poccuiickoit ®enepaimn Pocnpupoananzopom paspaboran Permamenr [3],
KOTOPBIM YCTaHABIMBACT CPOKH, NMEPEUCHb M MOCIEAOBATEIBHOCTh ACHCTBHI cO cTopoHH Pocmpupoxn-
HAI30pa MpPH MPEAOCTABICHHH TOCYJAPCTBEHHOH YCIYTH MO BbLAAYe paspelieHuH Ha nmpoxmagky MITT
($u3H4eCcKUM W/MNHM IOPHIMYECKHM JHMLAM, IUIAHHPYIOIHUM ocywecTiaeHne npoxmaaku MIIT mo
ONPCACICHHOMY MapHIpyTy BO BHYTPEHHHX MOPCKHX BOAAaX, TeppuTopHansHOM Mmope P m ma
KOHTHHEHTAIbHOM Imeb(de. [Tonokenus Pernmamenra onpeensioT nepeyeHb U TpeOOBaHU K JOKyMCH-
TallM{, HANPaBILICMOW HA PacCMOTPEHHE, COCTAB JCHCTBHH M CPOKH BBITIOJHEHHS aMHHUCTPATHBHBIX
MPOLCAYP MPHU YCIOBUH COOTBETCTBHS (hOPMBI HOJaBacMOil 3aiBKH TpeOoBaHmsaM Pernamenra. JlaHHbIN
JOKYMCHT TAaKKe OMNPEACNACT MPOLEAYPY COINIACOBAHMS HAMPABICHHBIX 3aiBOK € (hexepanpHBIMH
OopraHaMu HMCIIOJIHUTCILHOH BJIACTH H IOPAAOK BBIHCCCHHMSA PCHICHHA O BbIAAYC HIIM OTKA3C B BBLIAYC
paspemeHmst Ha npoxyaaky MITT.

2.3 TEXHUYECKAA JOKYMEHTAIIUA

2.3.1 OGue TpeGoBaHus.

2.3.1.1 OcHoBauusIMu A1t Pa3pabOTKU MPOSKTHOM JOKYMEHTALMH MOPCKHX TPYOOIIPOBOJHBIX CHCTEM,
Kak IPaBUIIO, SBISIOTCS:

.1 HMHBECTHLWIOHHBIC MPOrPAMMBI 3aKA3YMKOB IO IMPOCKTaM OOYCTPOMCTBA YINICBOAOPOMHBIX MECTO-
POXKACHHI HA MOPCKOM Iuc/b(e MIM BHEITHEMY TPYOOIIPOBOIHOMY TPAHCIOPTY B MOPCKOH aKBATOPHH,

.2 TMUCH3HOHHBIC O0A3aTE/IbCTBA 3aKa3dMKa Ha IOWCK, Pa3sBEIKY M JOOBIMY VIIEBOAOPOAOB (mpH
KCTIOJIb30BAHUM TOABOAHEIX TPYOOIPOBOAOB B COCTAaBC OOBEKTOB OOYCTPOHCTBA MECTOPOXKACHHS BO
BHYTPCHHHX MOPCKHX BOJaX, TeppuropuambHoM Mmope PO u Ha xoHrmHeHTampHOM mrenbde PO).
JluneH3us Ha MONB3OBAHUE HEAPAMH MPEAOCTABILICT €€ BIAJCIbLY MPABO HA MPOKIAAKY IOJBOTHBEIX
TpyOOIPOBOXOB B COOTBETCTBHH C MPOSKTHOH AOKYMCHTALMEH, MPEAYCMOTPCHHOH 3aKOHOAATEIBCTBOM
Poccuiickoit @exepaumu o Heapax [3], 3aKOHOAATEILCTBOM O TPAJOCTPOUTEIBHON AeATEIbHOCTH [4].

2.3.1.2 HcxoaHeIMU JAHHBIMM A Pa3paOOTKH MPOCKTHOH JOKYMEHTALMK AII MOPCKUX
TPYOOIIPOBOAHBIX CHCTEM, KaK IPABHIIO, ABISIOTCS:

.1 TexHMYECKOE 3aJaHKe HA MPOEKTUPOBAHUC, YTBECPXKICHHOE 3aKa3UHKOM;

.2 TEXHUYESCKUM OTYET O pE3yNbTaTaX KOMIUICKCHBIX HMH)XCHCPHBIX H3BICKAHWH IO Tpaccam
TpyOOIPOBOAOB ¥ BPECMCHHBIC JIOKATBHBIC TCXHUYECKHE YCIOBHS II0 THAPOMETEOPOIOTHYECKHM,
THAPOIOTHIECKUM, JICIOBBIM YCIOBHMAM M MCXOJHBIM PAaCYCTHBIM JAHHBIM,

.3 crenManbHEIE TEXHUYECKHE YCIOBHS Ha IIPOSKTHPOBAHME NTHHEHHBIX OOBEKTOB CHUCTEMBI
MOABOAHBIX TPYOOMPOBOJOB, KOTOPBIE Pa3pabaThiBAlOTCA U YTBEP)KAAIOTCA B YCTAHOBICHHOM HOPSIKS
JI0 paspaboTKU MPOEKTHOM JOKYMEHTAIMH B CIydae, €CIM A pa3pabOTKH NMPOSKTHOH AOKYMEHTALUH
HEAOCTATOYHO TpeOOBaHWU IO HAXEKHOCTH M OE30MACHOCTH, YCTAHOBJICHHBIX HOPMATHBHBIMH
TEXHUMECKUMH JOKYMCHTAMH, WM Takue TPSOOBAHUSA HE YCTAHOBIICHEI,

.4 XapaKTePUCTUKKU OCHOBHBIX TIOKa3areieil pa3paboTKu 3ane:kel MOPCKOTO MECTOPOXKICHH,
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.5 dusuko-xumuycckue cBOHCTBA HeTH M CTaODUIPHOIO Ta30BOTO KOHIGHCATA, KOMIIOHEHTHBIM
COCTaB U CBOMCTBA Ta3a,

.6 MOTPeOHOCTh B Ta3nMU(THOM raze U AMHAMHUKA 3aKAYKH BOJBI B ILIACT;

.7 TEXHOIOTUYECCKUE ¥ KOHCTPYKTHBHBIC PEIICHHUS 10 CHCTEME IMOJBOTHBIX TPYOOIIPOBOIOB.

2.3.1.3 TToctpoiika MITT 1 H3roTOBICHUE MAaTEPUATIOB ¥ MU3ACIVH TS HUX JOJKHBI OCYIICCTBIIATHCA B
COOTBETCTBHH ¢ TEXHUUCCKOU JOKYMEHTALHEH, 0000peHHO# (cormacoBanHOM) Perncrpom.

PaccmoTpenne (3xcmieprrsa) MPOSKTHOM TEXHHYECKOH AOKYMEHTALMH OCYINECTBIACTCS C LCIBIO
MPOBEPKH COOTBETCTBUS OOBEKTOB TEXHUUESCKOTO HabmoAeHus TpeGoBanusM npasui PC U BO3MOXKHOCTH
mpucsocuust MIIT xmacca PC.

Jo Hawana CTPOUTENbCTBA TOABOJHOTO TPYOONPOBOAA HA PaccMOTpeHne PerucTpy JomkHa ObITh
mpeacraeiacHa padouas (KOHCTPYKTOPCKAsS M TEXHOJIOTHHECKAs) TEXHHUYCCKAas JOKYMEHTALHUd, IO3-
BOJIFOIIAsT YAOCTOBEPUTBCS, 4TO TpeboBaHus oxoOpenHoro Permctpom mnpoekra u mpasun PC mo
OTHOLICHHIO K JAHHOMY MOABOAHOMY TPYOONIPOBOAY BBITIOIHSIIOTCH.

2.3.1.4 B cootsercteuu ¢ nonoxenusmu 1.1.7 u 1.1.9 gactu [ « Mopckue noaBogHsIC TPYOOIPOBOABD)
IMpasun MIIT Permctp MOXET JaTh COIIACHE HA NMPHUMEHECHHE B IPOSKTE IOJBOXHOTO TPYOOIPOBOAA
MaTepHasioB, KOHCTPYKIMM, YCTPOHCTE M M3ACIHM MHBIX, 4eM mpeaycmotpenst [pasmramu MIIT, mpu
YCIIOBHH, YTO OHH SIBJSIFOTCS OAMHAKOBO 3((EeKTHBHBIMY 110 OTHOLICHHIO K onpeaencHHbIM B [pasunax MITT.
B ykazaHHeIX Ciaydasx Peructpy OODKHBI OBITh HPEACTABICHBI JAHHBIC, MO3BOJSIOINC YCTAHOBHTH
COOTBETCTBHE 3THUX MAaTCPUAIOB, KOHCTPYKIMH, YCTPOMCTB M HM3ACIUH YCIOBHAM, OOCCHCUHBAOIIMM
6€30MMacHOCTh TPAHCIIOPTUPOBKH CPEA IO MOABOAHBEIM TPYOOIpOBOAaM.

HO,Z[BO,E[HLIG pr60l'Ip0BO}_'[LI, IMPOCKTHI KOTOPBIX MOJHOCTHIO WU YAaCTUYHO BBIMOJHCHHBIC MO APYI'HM
HOpMaM, MPABHIIAM WM CTaHAApTaM, MOTYT OBITh 0400pcHBI PerucrpoM ajnbTEPHATHBHO WIH B
npononuenue k [pasunam MITT.

2.3.1.5 Buasl TeXHHUCCKOW AOKYMEHTALMH, Mojuiexkamei paccmorperuio PC Ha cTagmax mpoektu-
posanust 1 nocrpoiiku MITT, ykazarst B 1.5.3 PykoBoacrsa MITT.

2.3.2 IIpoexTHAsE AOKYMEHTALHS.

2.3.2.1 Tpoexruposatue MITT, kak MOKA3BIBACT CIIOKUBLIAACA TPAKTHKA MPOSKTHBIX paspaborok B PO,
OCYINECTBISAETCA B LIEJIOM AJIS BCErO KOMIUIEKCA OOBEKTOB O0YCTPOMCTBA MECTOPOXACHHUA Ha MOPCKOM
wenbhe ¢ BBACICHHEM pasaena mpoekra «JIuHeiHbie 00BEKTE i 0OBEKTOB MOABOIHBIX TPYOOMpo-
BOZOB [5].

[MpoexTsl MOPCKUX MOABOAHBIX TPYOONPOBOXOB B HCKIIIOYHUTCIILHOM SKOHOMHUYECKOH 30He PD, Ha
KOHTHHEHTATbHOM Ienbde PO, Bo BHYTPEHHHX MOPCKHX BOJAAX W/HIM B TeppuTOopHaibHOM Mope PO B
coorBerctBud ¢ [pamocTpoutrenpHeiM koaekcoM P® [4] momnexar roCymapCTBCHHOM 3KCHEPTH3E
poeKTHOM mokyMeHTaruu. Kpome Toro, moapogHeie TpyOOIPOBOJHBIC CHCTEMBI PA3TMYHOTO HA3HAYSHHS
Il TPAHCIOPTA YIICBOJOPOAOB JOJDKHBI COOTBETCTBOBArh TPCOOBAHMAM 3aKOHOAATCIbCTBA PO
O TIPOMBINUICHHOH OC30MACHOCTH OMACHBIX MPOH3BOACTBCHHBIX OOBEKTOB [6].

2.3.2.2 Tlpoextnas moxymentauus MIIT, mommexamas paccmorpermio PC, nomkHa BKITIO9ATH
creayomee:

MOSICHUTEIbHASL 3AIUCKA;

TIPOCKT TOJIOCH OTBOAA (MPH HAMHYHK OEPETOBOTO y9acTKa TPACCHI);

TCXHOJIOTHICCKUAC U KOHCTPYKTHUBHBIC PCLICHUSA,

npoekT opranmsarmu cTpoutenscrea (I10C);

IUIAHBI TPAcC W MPOAONBHBbIE MPOdHIH TPYOOIpOBOAA;

TEXHUYCCKUE TPCOOBAHUI HA MAaTCpPHAbl M H3JCIIHL,

JeKJapanys IPOMBILUICHHOH Ge30MacHOCTH OMAacHbIX MPOU3BOACTBEHHBIX 00bexToB (OI10).

2.3.2.3 IlosicHUTENBbHAS 3AMKCKA AOJXKHA COAEPXKATh CBEACHHS B OTHOIICHHUH CJICAYIOMICTO!

KJIMMATHUCCKOH, reorpaduueckoil 1 HHKEHEPHO-TCONOTHYECKON XapaKTEPHCTUKH aKBaTOPHH/PalioHa,
rae npeanonaraetes crpouteasctso MIIT;

omucanus BapuantoB Tpaccel MIIT ¢ oGocHOBaHHEM BHIGPAHHOTO BapHAHTA,

ceegerust 0 MIIT ¢ ykasaHweM HaMMEHOBAHMS, HA3HAMCHUS U MCCTOPACHONIOKCHHS HAMAIBHOTO M
KOHCYHOTO €O MYHKTOB;
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TCXHHKO-?KOHOMMHYECKOH XapaKTEPHCTHKA MPOCKTHPYEMOTO THHEHHOTO O0OBEKTA (KArcropusi, MPOTSHKCH-
HOCTb, TIPOH3BOAUTEILHOCTD, OCHOBHBIC NApaMETPHI IPOJONBHOTO MPOGHII M MOJIOCH OTBOAA H TJ.);

OMHCaHUs MPUHIUIHAIBHLIX MMPOESKTHBIX PCIICHMUI, obecneunBaromux Haae:kHocTs MITT, nocneno-
BaTEJbHOCTD U 3TAIlbl €r0 CTPOHTENBCTBA, IUIAHMPYEMbIC CPOKH BBOAA B SKCILTYaTaLHIO.

2.3.24 B coctaB mpoekTa CHCTEMBI MOPCKHX HOABOAHEIX TPyOONpPOBOAOB JOJKHBI BXOAHUTbH
TEXHOJIOTHYECKHEC ¥ KOHCTPYKTHBHBIC PCLICHHS:

.1 NOSACHUTENBHBIC 3aIMCKH 110 00OCHOBAHMIO CICAYIOLIETO:

TEXHOJOTUYECKUX PEINEHHH NPOEKTHPYEMOIO IOABOJHOIO TPYOOHPOBOAA, BKIKOYAs PACUETHI
TEXHOJIOTHYECKHX MapaMeTpoB TpyGompoBoaa;

KOHCTPYKTHBHBIX PCIICHHH NPOSKTHPYEMOro MOABOAHOrO TPyOOMpOBOJA, BKIIOYAs PACUYCTHI
KOHCTPYKTHBHBIX NIAPaMETPOB TPYOOMpOBOAa,

BHIOOpA THIIA M MAPAMETPOB SNICKTPOXHMHUYCCKON 3alIMTHL TPYOOMPOBOAA OT KOPPO3MH MM €TI0
y4YacTKOB;

BHIOOpA THIOB W IAPAMETPOB AHTHKOPPOSHOHHBIX/TECILIOM3OJISIMOHHBIX/TIAAKOCTHBIX TTOKPBITHIA
TPYOOIPOBOAA, BKIIOYAS M3OJLLHIO CBAPHOTO CTHIKOBOTO COCIMHCHUS,

TEXHOJIOTHYECKHX PELICHUH CHCTEMBbl aBTOMATH3aLHM, OOHAPYKCHHS YTEYEK H/WIH KOHTPOJSA
KOPPO3HUH (IPH UCTIOIB30BAHHH);

.2 TUIaHBI PACIIONOKCHHUS Y3TIOB OTKITIOYAOIIEH apMaTyphl;

.3 y37Ibl KpeIUieHUsI OPACIETHBIX MPOTEKTOPOB;

4 cxeMa M30JBILMHU CTHIKOB TPy,

.5 y31Bl mOgKMIOUCHHS K CTOSKAM MOPCKHX CTalMOHApHEIX miardopM (TPyOHBIX BCTABOK) HIIH
MOABOAHBIM MaHU(OIbIAM;

.6 y37bl BBIXOZOB Ha OEPEroBOil yUacTOK H MEpPeceueHui ¢ paHee MOCTPOCHHBIMH TPYyOONPOBOJAMH,
MOpPCKAM KkaHanamu (¢apBarepaMu) ¥ HOJBOAHBIME KaOeIIMI,

.7 TpeboBanms Kk obecneucHUI0 Oe30MacHON IKCILTyaTaLMH;

.8 cnemmdukanyu 060pyAOBAHUS, U3ACIHIA U MATCPHAJIOB.

2.3.2.5 B cocTaB mpockra CHCTEMBI MOPCKHX MOABOAHBIX TPYOONPOBOAOB JOJDKCH BXOJHMTH MPOEKT
opraumsaimu crpourenscrea (ITOC):

TIOSICHUTEIbHAS 3aIUCKA MO 0OOCHOBAHHIO MPOEKTA OPTaHU3AIMH CTPOUTEIIBCTBA, BKIIIOYAs CIIOCOObI
VKJIQIKA U 3arTyOncHus B JOHHBIH MPYHT (MPH HATHYHH),

TIOSCHUTEIbHAY 3aIKCKa MO OOOCHOBAHHIO MPOEKTA MEPECEUCHHH TPAacC M BHIXOJOB Ha Geperosoit
Y4YaCTOK ([PH HAIMYHK),

TPaHCHOPTHAsI CXeMa JOCTAaBKH TPYO U MaTepHANIOB;

CXeMa IUIAHUPOBOYHOM OPraHH3aLMH y4acTKa,

IUTaHBI TPAacC M IUIaHbI IIEPECEUCHUH Tpace (NMPH HAIUYHH);

npoAosbHbIC npoduM Tpace M MPOAOJbHEIC MPoduM nepeceueHuid Tpace (MPH HAHMYHHM).

2.3.2.6 B cocraB mpockTa MOABOAHBIX TPYOONMPOBOAOB JOJDKHBI OBITh BKITFOYCHBI TCXHHYCCKHE
TpeGoBaHns Ha 00OpYAOBaHHE, H3ACTHA H MaTCPHANbI, BKIIOYAs CICAYIOMCE:

CTaNbHBIC TPYObI, OTBOABI H (PUTHHIH,

rubkue TpyOs! (Mpy HCIONb30BaHHUH)

AHTHKOPPO3UOHHOE/ TEILIOM30/ILIMOHHOE TOKPBITHE CTATBHBIX TPYO;

H30JIILHIO CTBIKOB TPYO;

MIAJKOCTHOE BHYTPCHHEE MOKPHITHE TPYO (MPH HCHOIb30BAaHHH);

GanIacTUPOBKyY TPYOOMPOBOAa (YTHKEASIOLHE MOKPHITHA H/UIH TPY3bl, MPH HCHOIb30BAHHUH)

HPOTCKTOPHI WM CTAHLHIO KATOAHOH 3aluThl (IPH MCTOIb30BAaHHH),

CHCTEMbI ABTOMATH3AIMH, OOHAPYKSHHUS YTEYCK M/ KOHTPOIS KOPpO3uH (TPH MCIONIb30BaHHH),

(raHUOEBBIC COCAMHCHUS HCTIONb3YEMBIX THIIOB;

MAarHATHBIC MAPKCPBI.

2.3.2.7 Oxcmyaranys MOABOIHBIX TPyOONPOBOAOB BO BHYTPEHHHX MOPCKHX BOJAX M B TEPPHUTO-
PpHAIBHOM MOpE COmIAcHO [7] AOMyCcKaroTCs TOJBKO IIPH HATHYUH MUIAHA NPEAYIPEKACHUI U IAKBHIAINH
pasnuBos (IMMUJIP) weptn u HedTempoaykroB (IUI1aHA JHMKBHAALMH AaBapHi), KOTOPBIM YTBEPXKACH
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B COOTBETCTBYIOIICM MOPSAAKE, U B COOTBETCTBHH C KOTOPBHIM IUIAHHPYIOTCS H OCYIIECTBILIOTCS
MEPOTIPUATHA MO IPCAYNPESKACHHIO M THKBHAALMH pa3nmuBoB. [lnan npexynpexacHus B JIMKBHAALNH
paznuBoB HedTH KU HeGTENPOAYKTOB MOXKET SIBIATHCS COCTABHOH YaCTBIO IMPOCKTHOH JOKYMCHTALIMH
noasoAHoro Tpybomposoga. Hamwmame u Bomonuenue INIJIP Biagemsmiem/omeparopoM sSBISIETCS
00s3aTeIbHBIM TPSOOBAHUEM MPU MPHHITHH TPYOONMpPOBOAAa B dKcrutyarauuu B kiacc PC.

2.3.2.8 JloxymeHTaIMs aHAIN3a PACKOB AOJDKHA OBITH HOATOTOBICHA HA OCHOBaHMM pas3x. 10 wactu |
«Mopckue noasoxasie TpyGonposoas IIpasun MITT. JlonyckacTcsi BRIIOIHCHHE aHAIHM3A PUCKOB AJISI
MOJBOJHOTO TPyOOIPOBOAA B COCTABE COOTBETCTBYIOIIETO Paszcia B MPOCKTE 0OyCTPOHCTBA MECTOPOXK-
JEHHUA Ha MOPCKOM Ieibde, B T.U. B paMKax pa3pabOTKH JCKIApaLMH IPOMBIILICHHOH 0C30MacHOCTH.

2.3.2.9 Tlo pesymsraram paccmorpenus npoekra MIIT Peructp odopmisier MHCEMO-3aKITIOUCHUE, B
KOTOPOM YKa3bIBacTCA CIEAYIOLIEE:

NepPEeYEeHb HOPMAaTHBHEBIX JOKYMEHTOB, HA COOTBETCTBHE KOTOpPBIM B JononHeHue k IIpasunam MIIT no
TpeOOBAHHIO 3aKa3YMKA PACCMATPHUBAIACH MPOCKTHAS JOKYMCHTALIYS,

sameuanmst PC mo pesynbrataM pacCMOTPEHHS MPOSKTHOH JAOKYMCHTALMM C YKa3aHHEM Crocoba
KOHTPOJIA 32 X YCTPAHCHHEM;

BO3MOXHOCTB npucBocHus Kinacca PC ¢ ero ykasanuem;

MIEPEUCHb PACCMOTPEHHOH TEXHHYECKOH NOKYMEHTALHMH C OTMETKAMHU O PE3yNbTaTrax pacCMOTPEHHS;

urpopmarmo 06 oxodpennn PC marepuanoB, KOHCTPYKIWMH, YCTPOHCTB M H3ACNHI HHBIX, Ye€M
npeaycMoTtpenssix Ipasunamu MITT, npu ycinoBHu, YTO OHH SBIIOTCS OAMHAKOBO S((DEKTHBHBIMH IO
OTHOIICHHIO K onpeaciacHABM B [Ipasmnax MITT.

2.3.3 PaGouast JoKyMeHTALHSL.

2.3.3.1 B nensx peanm3anyy B IPOLIECCE CTPOUTENBCTBA TCXHHYECKHX M TEXHONOIHYECKHUX PEILCHHH,
COACPKAIIMXCS B IPOCKTHOH JOKYMCHTALMH HA OOBEKTBI MOPCKOH TPYOOIIPOBOAHON CHCTEMBI, Ui HUX
paspabarbiBacTcsa pabodas TOKYMCHTAIWS, COCTOALIAs U3 JOKYMCHTOB B TCKCTOBOH (opme, paboumx
qepTexkKeH, crneuuduKanuii 000pyIOBaHHS H H3AENHH, TCXHOJIOTHYECKHX CXEM H MPOLEayp,
HCTIONB3YyEMBIX JIS MOCTPOMKY M ucnbiTanuit MITT.

2.3.3.2 Pabouast KOHCTPYKTOPCKAs M TEXHOIOIHYECKAs JOKYMEHTALUs pa3pabaTeiBacTCs HA OCHOBa-
HHH IIPOEKTa MOPCKOM TPyOONIpoBOAHOH cucTeMbl, 0100peHHOro PC H COOTBETCTBYIOIMMH KOMIIETCHT-
HBIMU Hag30pHBIMU opranamu. IIpu aTom B paboucii JOKyMCHTAUMH AOMKHBI OBITh YYITCHBI 3aMCUAHUA
Peructpa, xoTopsie OBLTM YKa3aHbI B MHChbME-3aKIOueHHN Perucrpa kak nojuiexalye K yCTPaHeHHIO Ha
cTaguu pabouero MpOSKTUPOBAHMSL.

2.3.3.3 Pabouas KOHCTPYKTOPCKAs M TEXHOIOTHYECKAsl NOKYMEHTAlHs MOAJMExuT oxobpenuio PC
niepea noctpoiixoit MIIT u HauamoM TeXHHYECKOro HaOMIOACHMS 32 €T0 IOCTPOHKOIL.

2.3.3.4 JloxyMeHTauus Ha CTAIbHbIC TPYOB U TPyOONPOBOL.

2.3.3.4.1 IlpeapspasgeMas TEXHUUECKAs TOKYMCHTALWMS JODKHA COACPXKATh CBEICHHSI O MAaTCpHaiax,
FCOMETPHUECKUX pa3Mepax, crocobax M TeXHOIOTHH H3TOTOBJICHHS, B T.4. CBapKH (sl CBAPHBIX TPYO),
cranpubix TpyO. Ha pacemotpenne PC npeapsasisercs cneayromee (coctas pabotdeii JOKYMEHTALMK JJI
M3rOTOBJICHUS MATepHaIoB M H3AeTHi, a Takke nocrpoiiku MIIT, mpuBeacH B COOTBETCTBYIOINMX
pazaenax Pyxosoactea MIIT):

.1 TeXHUYECKHE YCIOBHA M IPOLEAYPHI H3TOTOBICHHS CTAIBHBIX TPYO C YKa3aHHEM BHIOB U 0OBEMOB
HUCIIBITAHUI U HCPA3PYIIAKIICIO KOHTPOJISA, BKIKOYAA OCHOBHOHU MCTAJII U CBApHBIC COCIAUHCHUS,

.2 TEXHOIIOTHMH CBapKH, BKIIOYas PCMOHTHYIO CBapKy, IPH M3TOTOBICHHH CBAaPHBIX TPYO M CBApKU
CTBIKOBBIX KOJBLEBHIX IBOB C YKa3aHHEM CIIOCOOOB M 00BEMOB HEpa3pyLIAIOINETO KOHTPOJIS,

.3 YepTeKU MIAHOB U MPOAOIBHEIX MpoduaeH TpyOompoBoIOB;

.4 uepTeKU OTBOJAOB, TPOHHUKOB H NEPEXOJHUKOB,

.5 uepTeku TPYOHBIX BCTABOK ((KATYIIECK»);

.6 UEPTEKN MPEIBAPUTEILHO O0YCTPOCHHBIX TPAHIICH U KOTIOBAHOB;

.7 cUTYallMOHHBIN ILIAH,

.8 cxeMa yCTaHOBKHM MarHMTHBIX MapKepOB.

2.3.3.4.2 Buvecte ¢ uepTexamMu JODKHBI OBITh MPEIOCTABICHBI CICAYIOUINE MPOLCAYPHI U PACUCTHI;

.1 mpoueaypa yKIamgKu TMHEHHOH YacTu MOABOAHOTO TPYOOIPOBOAA;
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.2 mpoueaypa yKIagkHu B paiioHE BBIXOAA TPACCHl HA OCper M NEPeCeUCHuit ¢ Apyrumu TpyGonpo-
BOJAMH/TIOABOXHBIMHI KaDCIIAMH,

.3 mpoueaypa 3axyecra mwierel TpySonpoBoaa;

.4 HCOOXOAMMBIC CBEACHHS AU ONpPEEICHHS BHCINHUX HArpy30K (CHJI M MOMEHTOB) OT BETpa,
TEUEHHUH, BOJH, JEJOBHIX 0Opa3oBaHMM M APYIHX MApaMETPOB, YIMTHIBAEMBIX TPH AHAJIU3E MPOYHOCTH
TpyOOnpoBoAa, BKIIOYAs CIy4aiHbIC HArPY3KH (OT PHIOOIOBHEIX TPAJIOB, AKOPEH U T.A.),

.5 pacyeT HOMUHANBLHOHN TONMMHBI CTEHOK TPYO UISl COOTBETCTBYIOIMX COUETAHUI HArpy30K;

.6 pacueT NPOYHOCTH TPYOOIPOBOAA B MPOLIECCE YKIAIKH € YCTAHOBICHHEM OS30MACHEIX MAPaMETPOB
BOJIHCHU, TCUCHMS M BO3JCHCTBUS BETPA;

.7 pacdeThl, NOATBEPAKAAIOMHUE CEHCMOCTOHKOCTh HOJBOXHOTO TPYOOIPOBOIA,

.8 pacueThl BenuuMHBL 3arayOncHHUS TPYOOMpoBOJa B AOHHBIM TPYHT B palioHax ¢ JEAOBOH
3K3aparueii;

.9 pacdeTsI IPOYHOCTH TPYOHBIX BCTaBOK M (PIAHILEBBIX COCIHMHECHHIA;

.10 pacueTsl FOMyCKacMbIX CBOOOAHBIX MPONETOB TPYOOMPOBOAA HA CTA (UM MOCTPOUKH, MPOBEICHHS
THAPABIMYCCKUX HCIBITAHMI M SKCILTyaTaldH.

JoxymeHTarmst Ha OaJUTaCTHPOBKY TPYOOMPOBOAOB:

.1 pacdeT maBydecTH (BBITAIKHMBAIOIIEH CHIIBI) OABOAHOIO TPYyOOMPOBOAA, IPOBEPKA YCTOMUHBOCTH
Ha TPYHTC W/WIM YCTOWYHUBOCTH HA BCIUIBITHE,

.2 pabodue 4epTexKH GAMIACTHOTO MOKPHITHA W/HIH KOHCTPYKLMH GajIACTHBIX IPY30B;

.3 pacueT OaNIaCTHPOBKH MOABOAHOTO TPYOOMPOBOAA MPH MPUMCHEHUH 0GETOHUPOBAHHBIX TPYO.

JlokyMeHTaIMs Ha apMaTypy U €¢ IPHBOIbL

.1 cxema pa3MeIneHUs 3aMOPHOM U MPeAOXPAHUTEIIBHON apMarypsr;

.2 TOKyMEHTaUMs Ha apMarypy M TPOTOKONIBl MCIBITAHHI apMarypel, MOATBEPXKJAIOIIHE €€
COOTBETCTBHE TPAHCIIOPTHPYEMBIM CPEAAM U MPEATNONATACMBIM YCIIOBHSM SKCILIYaTALUH TPYOOIIPOBOJOB;

.3 ZOKyMEHTAILMs Ha ACTAIU Kpeneka (aaHLEeBbIX COSAUHEHHI U MPOKIAIKY,

.4 cxeMa JMCTAHITMOHHOTO YIPABICHHS TPYOOIIPOBOXHOM apMaTypoii.

2.3.3.7 JIoxymeHTauus Ha QUIaHIECBBIC COCIUHCHU.

[penocrasasemas Ha paccmotpenue PC noxymenTarus Ha QuaHipl JODKHA COAEPKATH ClICAYIOLIHE
CBCJICHHSI:

.1 xonmudecTBO (aHIEB KOHKPETHOTO THIA KaKAOTO pazMepa M KIacca MO JAABICHHIO B paMKax
TIPOEKTA,

.2 mpuUMEHIEMBIM CTAaHAAPT HA MPOEKTHPOBAHHE H MPOBEPOYHBIN pacyeT MPOYHOCTH HA BOCIPHUSITHE
TIPOCKTHBIX YCHIIHH;

.3 Mapka marepuaa, THII 3arOTOBOK;

.4 reomeTpust H3ACTHA (HANpUMEP, HOMHHAJBHBIH HTH BHYTPEHHHH JHAMETP, MUHUMAIbHAS TOJIIMHA
CTCHKH INCHKH, TOMIIMHA U AWaMeTp Tena ¢raHua, BHICTYIB M KAHABKH HA KOHTAKTHOM MOBEPXHOCTH,
00paboTKa KOHTAKTHBIX ITOBEPXHOCTEH, OTKJIOHEHHA OT KPYroBoii ¢opMsl cedeHHUs, BKIOUas TpeOyeMsble
JOIYCKH), pa3Mepbl IPUCOCAUHICMOM TPYOHI,

.5 ycaoBus TepMOOOPadOTKH MOCIC U3TOTOBJICHHUS,

.6 TpcOoBanMsa K 00BEMY M MCTOAAM HKCMBITAHHH THIOBOTO (OMBITHOrO) oOpasua U B MPOLECCC
MIPOM3BO/ICTBA,

.7 TpeboBaHKs K HEPa3pyLIAIOIIEMY KOHTPOIIIO U THAPOHCHBITAHUAM;

.8 cocrosiHME TOBEPXHOCTHU IIPH MOCTABKE, MOKPBITHE MIH OKpacka.

2.3.3.8 JloxymeHTanus Ha OTBOABI U (DUTHHTH.

Ipenocrasusiemas Ha paccmorpenue PC JoxyMeHTaLHs Ha OTBOAB! JOJDKHA COACPKATh CICAYIOIIHE
CBEICHU:

.1 KOIMYECTBO OTBOZOB KOHKPETHOIO THIA KAKAOTO pasMepa B PaMKax NPOCKTA M HPHUMECHACMBIH
CTaHAAPT HAa U3TOTOBJICHUE,

.2 Mapka MaTrepuaja, THI 3aroTOBOK;

.3 cneuudukanmy U cepruduKarsl HA MATepHaT 3ar0TOBOK C JAHHBIMH MO XHMHYECKOMY COCTaBY,
TEPMUUECKOH 0O6pabOTKe, MEXAaHUICCKMM CBOHCTBAM, PAa3MEPHOMY M HEPa3pyIIAIOLIEMY KOHTPOJIIO;
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.4 reomeTpHs OTBOAA (HAMpHUMEP, HOMUHAIIBHBIH WK BHYTPEHHHI AHAMETD, MUHMMAJIbHAS TOJIIMHA
CTeHKH, paJuyC HM3ru0a, yroi U3ruda, JIHHBI MPAMBIX YIACTKOB MO KPasM OTBOAA, 00paboTka TOpIoB,
OTKJIOHEHHS OT KPYroBoi opMbI CedCHHs, BKIIIOYas TPeOyeMbIe JOIMyCKH),

.S ycnosusa TepMooOpabOTKH TOCIEC H3TOTOBJICHUS, €CIIH IPAMEHHUMO,

.6 TpeGoBaHMs MO 0OBEMY M METOAAM HCHBITAHHH 00pa3LOB U3 METAJIA OTBOAOE,

.7 TpeboBaHHS MO HEPA3PYIIAIOMEMY KOHTPOJIIO H THAPABIHICCKHM HCIBITAHMSIM,

.8 CoCTOsIHHME MOBEPXHOCTH MPH MOCTABKE, MOKPHITHE WM OKPACKa.

JononHuTeNnbHO Asl (PUTHHIOB NPEAOCTABIIAIOTCSA CBEACHHS O CICAYIOLICM:

.1 Metogax u mapamerpax (opmooOpazoBaHus (KOBKA, IITAMIIOBKA, JUThE), CBAPKE, MEXAHIYECKOM
obpabortke;

.2 CBapOYHOH IponeAype U XHMHICCKOM COCTaBE METAJLIA IIBA, BKIIKOYAs PEMOHT CBAPKOl.

JloxyMeHTaIs 0 YKJIQAKE MOABOJHOIO TPYOONIpOBOaa:

.1 ciocoGbl ¥ TEXHONOTHYECKUE CXEMBI YKIAAKH € YKA3aHHEM OCHOBHBIX MApaMeTpOB;

.2 mpoueAypsl NOATOTOBKH TPAHIICH M KOTIOBaHOB, (OPMHpOBaHHs OOPATHOI 3aCHINIKH TPAHIIEH H
KOTJIOBAHOB;

.3 KOHCTPYKTHBHOE OOPMIICHHE MEPECCUEHHUIT C PaHEe YIIOKCHHBIMH MOABOAHBIMHU TPyOOTIPOBOaMH
u Kabenamu,

.4 pacueThl MPOYHOCTH TPYOOMpoBOZa mNpH 3ariyOJACHHH B JOHHBIM TPYHT M BHIOJHEHHS
KOHCTPYKTHBHOTO O(OPMIICHHSI NEPECEUSHHH C paHee YIOKCHHBIMH MOABOAHBIME TPyOONPOBOAAMH H
kabesamu.

2.3.3.10 JloxymeHTalss Ha aBTOMATH3HPOBAHHBIE CHCTEMBI YIPABICHUSA, ABAPHMHO-IIPCAYIPCIH-
TEIBHOH CHTHANM3AINM, MOHUTOPHHIA KOPPO3HH H OOHAPYKCHHS yTCUCK:

.1 cxeMBl aBTOMaTH3UPOBAHHBIX CHCTEM YIPABICHHS H TEXHHYCCKHE YCAOBHSI HA UX MPOCKTHPOBAHUEC
¥ M3TOTOBJICHHE, BKIIIOYAs MPOTPAMMBI HCTIBITAHUI,

.2 cOCTaB KOHTPOIHPYEMHBIX MapaMETPOB C YKA3aHHEM COOTBCTCTBYIOLIMX THIIOB JATYHKOB H
pruOOPOB, UX XAPAKTEPHUCTHK;

.3 cepruduKaTE Ha KOHTPOJIBHO-M3MCPHUTCIIBHEIC TIPUOOPHL M HA APYTHE JIEMEHTHI YKA3aHHBIX CHCTEM.

2.3.3.11 [loxyMeHTAIMI HA aHTUKOPPO3HOHHYIO 3ALIUTY U U3O/LIMIO, BKIIIOYAS TCIUIOH3OIIIHIO:

.1 TexXHUUIECKHE YCIOBHSA MO HAHCCCHHIO AHTUKOPPO3HOHHBIX MOKPHITHM M H30JILHM;

.2 cxeMa aHTUKOPPO3UOHHOTO MOKPHITHS U H30JIAIHY,

.3 cXeMbl 30K CBAPHBIX CTHIKOB TPYO;

.4 MHCTPYKLHUS IO PEMOHTY H30JHMPOBAHHOM IMOBEPXHOCTH TPYOOIPOBOAA.

JIOKyMEHTAIMSA T0 JIEKTPOXUMHUCCKOH 3aluTe TPYOOIpOBOAa;

.1 cxema KaTogHOM 3aIUTH! (Pa3MEIICHHE aHOAOB) WM IIPOTCKTOPHOM 3aLIUTHL;

.2 TCXHUYECKUE YCIOBUS HA CTAHLMIO KAaTOAHOW 3aIUTHI (IIPH MCIIONb30BAHMU),

.3 ompeaeIeHUe MacCHl aHOAOB HITH MPOTCKTOPOB;

4 TOKYMEHTAIMA Ha DICKTPOU3OTUPYIOIINE BCTABKU W/HIK (DIIAHLIEL.

2.3.3.13 PaccmoTpenme paboueii mokymeHTaumu Perucrpom HEOOXOAMMO A MPOBEACHHS
TEXHUYECKOTO HAOMIOAEHMSA 32 MOCTPOHKOH MOABOAHOTO TPYOOIPOBOAA, HU3TOTOBICHUS MATCPHUANIOB U
u3Aenuil 71 HEro, a Taike st mpuceocHus kiacca PC mo pesyabraraM OCBHIETEIbCTBOBAHUS
MOBOIHOTO TPYOOIPOBOJA B MOCTPOUKE.

2.3.4 UcnonHuTe/IbHASI AOKYMEHTAIHS.

2.3.4.1 Tlpu oxazanmu Perucrpom na ocHoBanmm 1.4.4.3 wactu I «Mopckue mHOABOIHBIC
tpybomposoae» Ilpasun MIIT ycayr no wiaccudukauu MOPCKMX IMOABOAHEIX TPYOONPOBOAOB,
MOCTPOCHHEIX 0e3 TexHuueckoro Habmoxenuss PC, HOMHMO NPOCKTHOH u pabouei JOKYMEHTAIMH Ha
MOCTPOUKY HOABOAHOTO TpydompoBoaa Permcrpom aomkHa OBITH PACCMOTPEHA M OZOOPEHA HCIIONHU-
TEIIbHAS JOKYMEHTALIUS.

2.3.4.2 HcnonanutenpHasd MOKYMEHTALHA MOATOTABIHBACTCH NPEIIPHATHEM-TIOIPITIAKOM,
OCYILIECTBIIIOIMM TOCTPOHKY TpyOOmpoBoAa, Ha OCHOBaHHM mpukaza DexepanpHOi ciyxObl MO 3KOIO-
THYECKOMY, TEXHONOTHYECKOMY U atoMHOMy Hamsopy (Pocrexnanzop) Ne 1128 or 26 mexabps 2006 r. [8].
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2.4 OBHIME MPUHIAIIBI MPOEKTUPOBAHHSA MOPCKHUX NNOABOJAHBLIX TPYBOITPOBOAOB

OnrumanbHOE PacMoNOXKEHHE KOHCTPYKLIMH TPYOOIIPOoBOAa MO BOAOM B MPOLECCE MPOSKTUPOBAHMS
JIOIDKHO BBIOHPATBCS ¢ YUETOM CIICAYIOUIMX KPHTCPUCB:

0€30MaCHOCTh IKCILTYaTALMH, KOJIOTHS, CTOUMOCTh KOHCTPYKIMH, TEXHOJIOTHYHOCTh U T.IL.;

marepuan TpyO, 3alIUTHOTO MOKPHITUSL U SJACKTPOXHUMMYCCKOM 3aLHUTHI;

MMpOoaOJIbHAA U TTOIICPCIHAA YCTOI‘/’I‘-II/IBOCTI: KOHCTPYKIHH C YUICTOM BOS,Z[CfICTBPIH IIOABOAHBIX Te‘-IeHI/II\/’I,
BOJIHOBOT'O ABVKCHHUA YaCTHI] BOABI U CHJI IIABYYCCTH,

obecreueHIe LEIOCTHOCTH TPYOB! M HAIMYHS TIPOXOAHOTO CCUCHUS,

3aIUTa OT KOPPO3HH M 3PO3HH;

CBapKa M HEPA3PYLIAIOIHIA KOHTPOJIb B MPOLECCE MPOM3BOJACTBA M MOHTAKA,

JUArHOCTHKA ¥ MOHHUTOPHHT,

TEXHOJIOTUYECKUE PEKUMBI MEPEKAUKH YINICBOAOPOAOB M APYIHMX CPEX MPH BBICOKOM BHYTPECHHEM
JaBICHUH,

MPOYHOCTh M YCTOHYUBOCTh LITMHAPUISCKUX 000I0UEK TPYOOIPOBOAOB, OTBOAOB U (DUTHHIOB,;

JApYTUE TEXHOJIOTHMYECKHE W DKOIOTHMECKHE aCTeKTHI (cM. puc. 2.4).

L1 20 3]
W .

HO

Puc. 2.4 Obmue NpUHLIKILI TPOSKTUPOBAHUS NMOABOAHOTO Tpybomposoaa [13]:
1 — ycnoBus MOpPCKOl aKBaTOpHM; 2 — IpaBHJIa U HOPMBI, 3 — HCXOJHBIC JAHHBIC MPOSKTHPOBAHUS,
4 — TEeXHMKO-9KOHOMHUUECKHE [TOKa3aTe/u TpyOolpoBosia; 5 — CTPOUTENHCTBO U MOHTAX, 6 — TEXHOJOTHYECKUE PECIKUMBI,
7 — TexHoJornyeckas cxema; 8§ — IpOoAobHEIN Mpoduns, 9 — TpaccupoBka, /) — KOHTPOIb 32 CTPOHTEILCTBOM,
11 — obcnyxuBanue;, 12 — napaMeTphbl OKpYXKatoIeh cpespl, 13 — OMacHOCTH;
14 — xo3slicTBEHHAs JESTENIbHOCTh B aKBaTOpUU;, /5 — aHalu3 CTEIICHU pucKa, /6 — BEpOATHOCTH, I7 — PUCK;

18 — ymep6; 19 — ymep06 okpyxaroweit cpene; 20 — yiepd TeXHOIOTHYSCKUM oTiepanuaM; 2/ — KPHTEPHH PHCKA,
22 — KOppEKTHpOBKa IpoekTa; 23 — TpeGoBaHHUs K yKiajke;, 24 — BbIOOp 3aIlUTHOIO CJIOS IPYHTa Hag TpyOOInpoBOIOM;
25 — HezanTyOneHHbIH TpyGonpoBoa, 26 — ecTecTBEHHOE 3ariyOneHne; 27 — BPEMEHHOe CKIIa[iipoBaHHe IPYyHTA;

28 — ycrpoiicTBO TpaHien; 29 — pasMbiB;, 30 — ecTecTBeHHbIH 3aMbIB, 3] — oGpaTHas 3achinka
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PaccMOTpeHHBIE BBIIIE BOMPOCH! JO/DKHEL ObITh OTPAXKEHBI B HOPMATHBHO-TEXHUYECKUX JOKYMECHTAX
(permaMeHTax, HOpMax, MpaBUIIax, CTAHIAPTaX, PYKOBOIIIMX YKa3aHHAX, MHCTPYKIMAX U T.4.). OxHako,
KaK TIIOKa3bIBACT IIPAKTUKA TIIPOCKTUPOBAHUA, 3TO IIPOUCXOIUT JAJICKO HC BCCraa u O6’bHCH$IeTC$I
CIEYIOLUIMMU IPUYHHAMM:

.1 HOPMBI IPOEKTUPOBAHKS OTPAKAIOT VK& HAKOIUICHHBIH YW TPOAHATN3UPOBAHHBIH OIBIT MPOCKTHP-
OBaHHUS, CTPOUTEIBCTBA U 3KCIUTYaTALMK TPYOOIpoBoA0oB. BHeAPCHE HOBBIX TEXHONOTUH, PACIIHPEHHE
JVAa3oHa Pabouux MapaMeTPOB, CTPOMTEIBCTBO B YHUKAJIBHBIX MPUPOIHO-KIUMATHISCKUX YCIOBHSIX,
MPUMEHEHHE HOBBIX MaTEpPHANOB H OOOPYAOBaHMSA TPeOYIOT HOCTOSHHOTO BHEAPEHUS HM3MEHCHHH B
HOPMAaTHUBHYIO JOKYMCHTALMIO, YTO HA NPAKTUKE M IMPOHUCXOAUT, HO TOIBKO IOCIE HAKOIUICHUS H
0000LUICHUS COOTBETCTBYIOIIECTO OIIBITA,

.2 HEKOTOPBIE BOMPOCH! AOCTATOYHO CIOKHEI A1s (DOPMYAUPOBKH NPOCTHIX HHXKEHEPHEIX METOIHK MM
OTCYTCTBYIOT KaK B OTCUCCTBCHHBIX HCTOYHHKAX, TaK U B 3apyOEKHBEIX (HAPHMED, PACcCT HAIPSKCHHO-
JIe(hOPMHUPOBAHHOTO COCTOSHHS 00ONOUKM TPYOOIMPOBOAA B MPOLIECCE YKIAAKH Ha OOJbIIKE IyOHHbI);

.3 MHOTHME TEXHHYCCKHME DPELICHHs HE HMEIOT CTPOTOro HAy4YHOTO OOOCHOBAHUS M HYXKIAIOTCS B
TIPOBEACHHUH CIICLHAIBHBIX, TCOPSTHUCCKUX K OKCIICPUMEHTAIBHBIX HCCICAOBAHMIL

OnHako, AaKe XOPOLIO U3YYCHHBIC BOIPOCH (HAIPUMEp, PACUCT TOILIMHEI CTCHKH TPyOOIpoBosa Ha
ICHCTBHIE BHYTPCHHCTO NABICHHS) HEMB3S CUUTATh pelueHHeIMU. HopMbl pasHbIX cTpaH mIpexycMmaTpu-
BAaIOT MPUMCHCHHE PA3IUYHBIX 3HAUCHHUN OJHUX U TeX K¢ KO3 PuipeHToB (K03 (hhHIHCHTOB HAACKHOCTH
U GE30MACHOCTH) B QHAJIOTHYHBIX PACYECTHBIX MOJESX, UTO CBSA3AHO C PA3IMYHBIMHU MOAXOAAMH K OLICHKES
ONTHUMAJIBHOTO YPOBHSI OC30MACHOCTH, KAa9E€CTBOM IPOM3BOACTBA TPYD, CTPOUTCIIBHBIX padoT, 0COOCH-
HOCTSAMU DKCIITyaTallul U CTOUMOCTHBIMU ITOKA3aTCJIIMU.

JasHas mpobiemMa CTaHOBHTCS HAaMOOICe aKTyalbHa IPY HEOOXOMMMOCTH HIH BO3MOXKHOCTb BRIOOpA TEX
WIX HUHBIX MHOCTPAHHBIX HOPM IPOEKTHPOBAHKA IO MPHYMHE OTCYTCTBHMs HALMOHAILHBIX HOPMATHBHBIX
JOKYMCHTOB (HampuMep, MpY MPOCKTHPOBAHMH MOPCKOTO ydacTka rasomposoza Poccms — Typrms mo
npoexty «lomy6oit morox» B 1998 — 2000 rr.). TeXHUKO-GKOHOMUHIECKOE 0OOCHOBAHHE CTPOMTEIIECTBA ITOT0
rasomnpoBoja ObUIO BBHIMOJHCHO HA OCHOBE [IpaBui ams mopckux TpyOompoBoaserx cucreM (Rules for
Submarine Pipeline Systems, DNV, 1981). B 1996 roay Beiimia HOBast peAAKLEs JAHHBIX MPABHI, KOTOpas
JIeTa B OCHOBY 0a30BOTO U ACTAIBHOIO MPOSKTHPOBAHMS MOPCKOTO YYacTKa ra3omnpoBOJA.

B TO e Bpems OTCTYIUICHHMS OT HOPMATHBHBIX METOAOB MPOCKTHPOBAHHMS HAKIAJbIBacT Ha
MPOEKTUPOBIIMKA JOTIOTHHUTEBHYIO OTBETCTBCHHOCTE 32 MPABHIBHOCTD MIPHHATOTO PELICHHS U BHI3bIBACT
HEOOXOAUMOCTh B TPOBCACHHM CHECLHUANBHBIX HCCICAOBAHHM ISl OMPEACNICHHS PEaNbHBIX YPOBHCH
HaJCKHOCTH, 6e3OHaCHOCTI/I, JOJITOBCYHOCTH M JPYIrUX NapaMCcTpPOB 3THX OTBCTCTBCHHBIX HHXKCHCPHBIX
coopyxeruii [13].

2.5 OCOBEHHOCTH MPOEKTHPOBAHUA MHOTO®A3HBIX MOABOAHBIX TPYBOIIPOBOAOB

2.5.1 MIIT sBAsIOTCS HEOTHEMJIEMON YacTbiO OOBCKTOB OOYCTPOMCTBA MOPCKHX HE(TEra3oBbIX
MECTOPOXKACHHMI, TaK Kak UMCHHO C ITOMOLIBIO TPyOOIIPOBOJHOTO TPAHCIIOPTA OCYIIECTBILIETCA JOCTaBKa
IIACTOBOM NPOAYKIHH (MK y)Xe MOJTOTOBICHHOH NPOAYKIHMH B 3aBHCHMOCTH OT NPHHATOM
TEXHOJIOTHYCCKOW CXeMbI) Ha OeperoBble OOBEKTHI HIIM OTIPY304HBIE TEPMHHANBI (CM. puc. 2.1-2).
HckroucHueM sBasieTest, Hanpumep, obyctpoiicteo HedraHoro mecropoxacHus «[IpupasnomHoe» Ha
wenbde Tledopckoro Mops, e Bee mporeccsl — OypeHue, A00bua He(TH, ee XpaHeHHEe, OTrpy3Ka Ha
TaHKEPbl M 0OpaTHas 3aKauka B HATHETATEJbHBIC CKBAXKHHBI OCYIICCTBIIAIOTCA ¢ MOPCKOH JI€AOCTOHKOM
craunonapuoi mwiardopmer (MJICIT) «[Ipupasnomuas», xoropas ycraHoBieHa B 80 kM ot Gepera, ¢
MPOEKTHOM MPOU3BOAUTCIBHOCTBIO 5 MIH. T B TOA OTTPY’KAeMOH HA TaHKephl He(TH.

MHorue MpoekTsl OOYCTPOMCTB MOPCKHX MECTOPOXKACHHH COZCpKaT TPyOOHpoOBOABI ILIACTOBO
MPOAYKLHH B BHAC MHOTO(a3HOH CPeas!, KOTOPBIH AN STHX 00yCTPOUCTB ABIIETCI OCHOBHBIM OOBEKTOM
TpyOONMPOBOAHOTO TPAHCHOPTA, TaK Kak OCTalbHBIC (TPyOOmpoBOA ra3muTHOrO ra3a WIH BOJOBOJ)
SBIAIOTCA BCroMorareibHeiMA. Kak mpaBmio, Takde TpyOOmpoBOAB HAYHHAIOT (yHKLHOHHPOBATH
HE C MEPBBIX JIET JKCIUTyaTalid MECTOPOXJCHHS, a IOCIC YCTAHOBICHHBIX B IPOCKTEC Pa3paboTKH
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MECTOPOXKACHHSI CPOKOB IIEPEX0Ja HA MEXaHH3HPOBAHHBIN CIOCOO AOOBIMH C MPUMEHEHHEM ra3mmdra u
HEOOXOAMMOCTH MOBBILICHUA IUIACTOBOIO AABICHHA IyTeM OOpaTHO# 3akauku Boasl. Bribop Takoro
BapHaHTa TPAHCIOPTHPOBKH MJIACTOBONH MNPOAYKIMH OMNPEACISCTCA TAaKXKE SKOHOMHYECKOH
LENecoO0OPa3HOCThIO, TAK KaK YMEHBINACT CTOUMOCTh COOPYXKCHHS MOPCKOH ImartdopMel B CBA3H C
MEPEHOCOM OCHOBHBIX OTICPAIMH MO MOATOTOBKE HE(TH W/vik rasza Ha GSPErOBBIC COOPYKEHH.

IIpoexT pa3paboTku MECTOPOKICHUS, B COOTBETCTBHH C KOTOPHIM OYACT OCYINECTBIATBCSA KOMILIEKC
TEXHOJIOTHYECKHX U TCXHUYCCKHX MEPOTPHATHI MO PALMOHATFHOMY MHOJB3OBAHHIO YYACTKOB HEAP A/
H3BJICUCHUS YIJICBOJAOPOJOB, pa3pabaThiBacTCS MOMHMO paccMOTpeHHbIX B 2.3.1 pa3jgenoB mpoekTta
JMHEHHBIX M Apyrux oObeKkTOB OOYCTPOHCTBA MOPCKOTO MECTOPOXKICHMS, HANpHUMEP, MOPCKHX
craipoHapHbix mwiargopm. IIpoekt pa3paboTKki MECTOPOIKACHHS YTBEPKAASTCI KOMUCCHEH, CO3aBaeMOit
®denepanpHBIM arcHTCTBOM [0 HEJAPOMNONB30BAHHIO, M PACCMOTPCHHIO PErucTpoM HE MNOATEKHT.
OcHoBHble TpeboBanumst K paspaborke npoekra coxeprkarcs B [OCT 32359-2013 [19]. st onpeaenexus
PpabounX PEeKUMOB CHCTCMBI MOABOAHBIX TPYOOMPOBOAOB MOPCKOTO MCCTOPOXKACHHS 0CO00C BHAMAHHE
JIOJDKHO YACIATHCS CIEAYIOEMY:

HPOU3BOACTBY OypOBBIX PabOT, METOAAM BCKPBITHS IUIACTOB H OCBOCHHS CKBAXKHH,

CHCTEME BHYTPHIIPOMBICIOBOrO COOpa M MOATOTOBKU MPOAYKIHMH CKBAKHH;

CHCTEME MOAACPIKAHHUS IUTACTOBOTO JABJICHHUSL.

Takum oOpa3om, B mponecce MPOCKTHPOBAHUS MHOTrO(A3HOrO MOABOAHOIO TPYOOMPOBOAA MOKHBL
OBITH NMPOBEACHBI TCIUIOTHAPABIMYCCKHAC PAaCYCThl I ONPCACICHHUS ONTHUMAJIbHBIX MapaMeTpOB
TPAaHCTIOPTHPOBKH IUIACTOBOH MPOAYKLMH. B KauecTBE HCXOAHBIX JAHHBIX HA3HAYAKOTCA TEXHOIOTHICCKHC
MOKA3aTeJl Pa3pabOTKH MECTOPOXKACHHS IO MAaKCHMalbHOM J00brde HedTH Wmin rasa u (PU3MKo-
XUMHYECKHEC CBOMCTBA HE()TH, raza W BOABL, KOTOPHIC HPHHATHI COIMIACHO MPOEKTY pas3paboTKH
MECTOPOKICHHSI.

JIns razoBBIX MECTOPOXACHHI AODKHBI OBITh YCTAHOBJICHBI YCIOBHA obecreueHus OecrnepeGoiHOCTH
MHOro()asHOrO MOTOKA, € IENBI0 HCKIIOYCHHS OOpa30BaHUS KUAKOCTHBIX MPOOOK, KOTOPHIE MOTYT
TIPEIITCTBOBATh HOPMATbHOH 3KCILTyaTalluy TPyOOHpoBOaa H GEperoBbIX YCTAHOBOK MOATOTOBKH He(TH/Taza
u xoHzaeHcara. [Ipu 3Tom 0co0oe BHUMAHHE JODKHO OBITH VAETCHO MEPESXOAHBIM PEKHUMAM SKCILTYATALIN
TPYOOIIPOBOAA B YCIOBHSIX M3MEHSIOLIUXCA TEPMOOAPHUECKHX H PACXOAHBIX MapaMETPOB.

2.5.2 TuzmpaBmideckre pacueThl MHOroasHOro TpyGOMpoBOAa AOKHBI BBHINONHATHCA € YUCTOM
nokaszareneif moObrdM, (GU3MKO-XMMHUECKMX CBOHCTB HE()TH, ra3a M BOZBI, a TAaKXKe PEOJOTHUECKHX
CBOMCTB TPaHCHOPTUPYEMOH NMPOAYKIMH 3aNeskeH B 3UMHHH M ICTHHH IEPHO/BI.

TemoruapaBnudeckue pacueTs! TPYOONpPOBOJOB BBHIMONHAIOTCA Ha 0a3e CIEAYIOIHX HCXOMHBIX
JaHHBIX:

TIOKa3arenel pa3paboTKH MECTOPOXKICHHA MO rojaM 3KCIuTyatammu (rofoBoi o0beM A00b4u HedTH,
KOHJEHCaTa, BOABI, Tasa 1o pa3pabaThiBacMEIM 3ajcikaM);

TEXHUYECKUX YCIOBHI Ha MOAKIIOUEHHE MHOrodasHoOro tpybomnpoBoaa k oobekTaM 00y CTPOMCTBA,

COCTaBa U CBOMCTB TPAHCIIOPTHPYEMBIX CpeA (KOMIOHEHTHBIH cocTaB He(TH, KOHACHCATA, BOJbI, ra3a
0 pa3pabaTEIBAEMBIM 3aiIe)KaM;, MX (HH3HKO-XHMHYCCKHE CBOICTBA; ra2oBhIi (akTop H 0OBOAHCHHOCTH
IO CKBaKMHAaM; AeOuTH He(hTH, KOHACHCATa, BOABI, ra3a Mo CKBAKHHAM),

3HAYCHUS YCTBEBBIX JABJICHUI IO CKBAXKHHAM;

HauaJIbHBIX TEMIIEPATYP NPOAYKIMH IO CKBAKHUHAM,

MHUHUMAJIBHONH M MAaKCHMAJIbHOM TEMIEparypsl AOHHOTO IPyHTa B 3HMHHH H JICTHHH HCPHOBI
COOTBETCTBEHHO;

IIPOEKTHBIX MIAPaMeTPOB TPYOOIIPOBOAA (AMaMETP U TONIHMHA CTCHKHU TPYO, MPOTHKCHHOCTD, HAJIMIHC
M30TAIUOHHBIX TOKPHITHH, PACIIONOXEHHE HA JOHHOM TPYHTE).

2.5.3 Ilo pesymsraram pacdeToB i MHOrO()asHOro TPyOONMpOBOAA C 3aJAHHBIMH IMPOCKTHHIMH
rapamMeTpaMH, TPAHCIOPTHUPYIOIIETO IUIACTOBYIO MPOAYKLMIO CO BCEX JNOOBIUHBIX CKBAXHH, MO roAam
SKCIUIyaTaIlHH AODKHO OBITh YCTAHOBIICHO CICAYIOINCE:

pacxozas! HeTH, KOHACHCATA, BOJPDL, ra3a;

00OBOTHEHHOCT,

HaYalbHBIC JABJICHHC W TeMIeparypa (41 3UMHETO H JICTHETO NEPHOAOB),



PekoMeHaluum no NpoeKTUPOBaHUIO, MOCTPONKE U IKCRAyaTauuum MOPCKUX NOABOAHbIX TPYy6ONpoBOAOB
18

KOHeuHble fjaBfeHne U Temnepartypa (415 3MMHEro U neTHero rnepuofoB);

CKOPOCTb TPAHCMOPTMPOBKM NPOAYKUUW (AN 3UMHEro W NIeTHero nepuogos).

254 MHorogasHble Tpy60onpoBoAbl TPAHCMNOPTUPYIOT CNOXHYH, NMOCTOSHHO W3MEHSIOLLYIOCA CMeCh
NNacToBbIX YI1EBOAOPOAHBIX (hIOMAOB U APYTMX Fa3000pa3HbIX, XULKNX U TBEPAbIX COBMECTHO TEKYLLUX
BeLecTB C pa3nyHbiMK Aebutamu. OCHOBHbIM MOAXOLOM K MOZENVPOBAHUIO TUAPOAUHAMUYECKUX
PEXMMOB B MHOroasHbix TpybonpoBogax sBAseTcS MOAeNb ABYX (IOMAOB, M3 KOTOPOM ChegyeT, uTo
MOTOK COCTOWUT W3 ABYX (a3 — Kak NpaBu/o, XMAKOCTM 1 rasa [14]. [Ans Takoin mogenn AByXgasHoro
rasoXugKOCTHOr0 MOTOKA BO3MOXHbI YeTbIpe OCHOBHbIX FMAPOAMHAMNYECKMX pexuma (cMm. puc. 2.5.4-1).

Pe>KVMbl pasfeneHHoro noToka

PaccnoeHHbIi pe>kum

KonbLieBoii pexkum

Pe>kuMbl pacnpefeneHHoro noToka

Ty3bIPbKOBbIA AUCTIEPCHBIN PEXKUM

CHapsgHblii pexknm

Puc. 2.5.4-1 OCHOBHble TUAPOANHAMUYECKNE PEXUMbI ABYX(A3HOI0 rasoXMAKOCTHOro NoToka [14]

YNPOLLEHHbIMU CTaHAAPTHLIMU PELIEHUAMU 19 ABYX(a3HbIX ra30XKMAKOCTHLIX MOTOKOB ABNATCA Tak
Ha3blBaeMble KapThbl (fuarpammbl) PeXXUMOB, B T.4. AN TOPU3OHTa/IbHBLIX MOTOKOB, NOCTPOEHHbIE Pa3NNYHbIMU
NCCNefOBaTENIAMA HA OCHOBAHUW PELLUEHW YPaBHEHWI MeXaHWKM CM/IOWHOA Cpefpl, Hanpumep, Mpegso-
XeHHasa Mandhane KapTa peXXWMOB N5 FOPU30HTa/IbHOIO ABYX(asHOro noTtoka (cM. puc. 2.5.4-2).

Puc. 2.5.4-2 Kapta pexxumoB Mandhane gns ropusoHTanbHoOro asyxgasHoro notoka [15]
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VYkazaHHble Ha JUarpamMMe [OBEPXHOCTHBIE CKOPOCTH JKHAKOCTH WM ra3a ONPEACIBIIOTCS Kak
OTHOIICHHC OOBEMHOTO PACX0Aa >XUAKOCTH HWIH raza K OOmCH IUIOMAAM MOMEPEIHOTO CCUCHHS
Tpybonposoaa mo crexyromum dopmynam [15]:

Usi=01/47; (2.54-1)
Usg= Qg 4r. (2.54-2)
e Usl —_— HOBerHOCTHaﬂ CKOpOCTb JKHUJIKOCTH, M/C',

U,y — TOBEPXHOCTHAS CKOPOCTh Ia3a, M/,
O u Qp — 0OBEMHBII PacXojl KUJKOCTH M ra3a COOTBETCTBEHHO, m/c;
Ay— momanp NoNepeYHoro ceueH s MoToka TpyGonpoBoja, M.

[TpuvenseMele B HacTosINEEe BpPEMsI HPOrPAMMHBIC KOMIUICKCH [UISI MOCAMPOBAHHSA ABIKCHHA
MHOTOKOMITOHCHTHBIX (DIIOHAHBIX IIOTOKOB B TPYOONMpPOBOZAX MPEAOCTABIAIOT COOOH MHONHBIA HAGOp
OMIUPUUCCKUX M MEXAaHHCTHYCCKUX METOAOB AHAIHM3a SBJICHHMH, BO3HHKAIOINUX MpPH ABHKCHUH
MmHorodasHoit xuakoctu o pydam. Tak, Hanpumep, PIPEPHASE [16] comepxxur pa3sutyio GHOIHOTEKY
[apaMeTPOB CPEA ISl MOACITHPOBAHUSA CTALOHAPHBIX MHOTO(A3HBIX MOTOKOB, OCYLIECTBIIET PacyeThl
DHEPreTHUYCCKOro OalaHca W TCPMOAHHAMHYSCKHX Xapaktepuctuk. Bosmoxuocru PIPEPHASE mos-
BOJLIIOT MOJEIMPOBATh MPOLECCHI CHCTEM cOOpa M TpaHcmopra HedTH M rasa ;s MECTOPOXICHHA B
LICTIOM.

Iporpammasrnii komiuiexe PIPESIM 2017.2 xomnanuu Schlumberger Takoke npeuiaract COBpEMEHHbIE
BO3MOXKHOCTH MOJCITHPOBAHHSA YCTAHOBUBIIETOCS MHOrO(a3HOro moToka. JJaHHBIH KOMILICKC MO3BOJAET
paccunTbiBaTh HAOOP CIOXKHBIX THAPOAMHAMHYECKHX YCIOBHH, KOTOPBIE 3arpyAHSIOT ONTHMH3ALHIO
JOOBIMH: OT OTIOKEHHS ac(haabTeHOB, NapauHOB U TMAPATOB A0 YIMEKHUCIOTHOH KOPPO3KH U BbI3BaHHOI
MOTOKOM 3posuu [ 14].

Cpeau mHporpaMMHBIX KOMILTIEKCOB, MOACTHPYIOIIUX MEPEXOMHBIC AHHAMHYECKHE PEKHMBI
MHoOTO(a3HEIX IIOTOKOB, Hambonee wusBecTeH mnporpammusiii kommieke OLGA, paspaGoranHsrit
HOpBexkckoit kommanueit SPT Group [14].
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3 'EOJIOTHYECKUE U3BICKAHUA

3.1 METOAHUKA U ONTUCAHHUE HCCJIETOBAHHI MO TPACCE TPYEOIIPOBOJA

Cpenuecrarucrraeckas 9acrota asapuii Ha MIIT cocrasnser 0,3 — 0.4 apapwmii/ron Ha 1000 kM.
OCHOBHBIMH NPHYHHAMH aBAPUH SBIBIIOTCA Koppo3usd Metamia 1py6 (50 %), MexaHU4ECKHE MOBPEIKACHHS
B PE3YABTATE BO3ACHCTBHS SIKOPCH, TPATOBBIX JOCOK, BCTIOMOTATEIBHBIX CYIOB M CTPOHTEIBHBIX Oapx (20 %),
a raxxe nmpupognsie mpoueccsr (12 %) [18].

Cpeau aBapuii, MPUYMHAMH KOTOPHIX MOCIY)KHIH MPHPOJHBIC MPOLIECCHI, HEOOXOAMMO BbHIICIHTD
aBapyH, MPOU30IICIINC B PE3YIbTATE F€OJOTHUSCKHAX MPOLECCOB (TCOMOrHUECKHE ONMACHOCTH), KOTOPHIE
TIPEACTABMIAOT YIPO3y A LEIOCTHOCTH KOHCTPYKIMH TPYOONPOBOAA (3eMIETPICEHIA, OTIOJI3HHU, O0BAIBL,
Typ6I/I,E[HBIe TIOTOKH, 31<3apau1/151). CTaTl/ICTI/I‘-ICCKI/IC JAHHBIC B OTHOINICHHHU 4YaCTOTHOCTH BO3HHKHOBCHHA
OTIACHBIX MHUITMUPYIOINX COOBITHI MPUBOAATCA B [4].

TNoxBoaHbIC JOOBIMHBIC CHCTEMBI SIBISIOTCS NPAKTHYCCKH OC30MACHBIME C TOYKH 3PEHHUS BO3ACHCTBHSA
Ha OOCITy’KHBAIOIIHIA MEPCOHAT M0 CPABHEHHIO C TEXHOIOTHAMH JOOBIYH M MOATOTOBKH MPOAYKLMH HA
HAJBOJIHBIX COOPYXCHMAX (MOPCKHX IUIABYy4YHMX HE(TErazomoObIBAIOIMX KOMIUIEKCAX, MOPCKHX ILIar-
($opM) ¢ TMOCTOSHHBIM MPUCYTCTBHEM mepcoHama. OQHAKO HMMEIOTCS OTrPAaHUYCHHA MPUMECHCHUS
noaBoaHbIX 100kuHBIX KoMILIckcoB ([IJIK) Ha MenkoBOAbE 3amMep3aroImux MOPCH H3-3a BO3MOXKHOTO
TMOBPCKACHUS IMOABOAHBIX CUCTCM KHJBIMHA TOPOCOB U CJIIO?KHOCTBIO 06CJW)KI/IBaHI/Iﬂ U pCMOHTa OGBCKTa B
MEPHOA JICAOCTaBA.

Ha nauanpHBIX CTAAUSIX HHXCHEPHO-TCOJOTHYCCKOTO H3YYCHUSI MOPCKOM aKBATOPUH OCYIIECTBIACTCA
BBIOOP TPACCHI IIH IUIOINAIKU TSI CTPOUTEIIHCTBA MOPCKHX COOpykeHmi [5], [14].

B coorsercreun ¢ MCO 13623:2017 [12] ps Beibopa Haubonee Oe30macHoOM Tpaccsr TpydompoBosa
PEKOMEHAYETCS BBIABIATh U HUCCICAOBATh CIEAYIOLINE IE€ONOTHYECKUE OMACHOCTH!

3eMIICTPSICCHUS M X BTOpUUHbIC S(Q(PEKThl (padKIikeHHE TPYHTA, ONOJ3HH H T.1.);

VYaCTKU CHIBHO PACHIEHEHHOTO penbeda;

OIIOI3HEOIIACHBIC YUACTKH JHA;

Spo3us TPYHTA;

MHUrpaIys HaHOCOB,

ocajka IpyHTa;

cnabbie JOHHBIE OCAIKH;

Ta30HACHILIEHHOCTh TPYHTOB;

abpazusi.

Cornacio 'OCT P 54382-2011 [1] x TpeOyrommpm H3y4eHHS reOJOrHEICCKHM OTNIACHOCTAM OTHOCSTCS
3EMJICTPACCHUS, Pa3KIDKCHUE TPYHTOB, HEYCTOMYHBOCTD MOPCKOTO JHA, MYTBEBBHIE IMOTOKH, SPO3MSL
MPOCAJKK TPYHTA, FK3apasi, POCT MOPCKHUX OTIOKCHHM, TIECYaHBIC BOTHBI, OOHAXKCHHS CKATBHBIX OPO/,
CKOIUICHHE OCAJKOB, ITyOOKHE BIAJVHBI.

B coorBerctBun ¢ CTO TIasmpom 2-3.7-576-2011 [13] k reomoruueckuM OMACHOCTAM OTHOCSTCS
3EMJIETPSCCHUS, OMOJI3HH, OOBAJbI, CYCMIEH3UOHHBIE MOTOKH, HMPOCEJAHHE MOPCKOTO JHA, MHOTOJCTHE-
MEP3/IbIC, TA30HACHILICHHBIC U Ta30THAPATOHACHIIICHHBIC TPYHTHI, 9K3apaLys, adpa3us, MUTPaLns JOHHBIX
HAHOCOB, BAJIyHBI, OOHAXKCHHS CKAIBHBIX MOPOJ.

CormacHo [7] mpu MPOEKTHPOBAHHH MOPCKUX TPYOOIPOBOAHBIX CHCTEM HEOOXOAUMO YUYHTHIBATh
TaKHE TEONOTHYECKHUE OOBEKTHI M SBJICHHA, KAK OYCHBb ClIabble IPYHTHI, MOABIIKHBIC IECYAHBIC BOJIHBI,
BQIYHHBIC TIOJIsL, SK3APALMOHHbBIC OOpO3abl (IUTyrMapKu), KOPAJUIOBbIE CKalbl, MOKMapku (anri. pockmark —
KOHYCOBHJHBIC KParcpbl Ha MOBCPXHOCTH MOPCKOTO JHA, BBI3BAHHBIC SMH30AMYCCKHM BBIXOAOM ra3a
Yepe3 AOHHBIC OTIIOXKCHHS) M Ta30BbIC BOPOHKH.
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Puc. 3.1 MoaBoaHbIii po6bisatowmii komnneke (MAK) v nogsogHble Tpy6onposogbl (MIMT): mMaHugonba,
[06bIYHbIE CKBaXWVHbI C MOABOAHBIM PacrofoXKeHNeM YCTbs C 3alMTHLIMU KOHCTPYKLUMAMMW W NOABOAHbIE Tpy6onpoBoabl [2]

3.2 OBWWME TPEBOBAHWVA K MHXXEHEPHO-ITEO/10I MYECKUM NCCNEAOBAHVAM

VH)XeHepHO-reonorMyeckne UCCnefoBaHWa Mo Tpaccam MNOABOAHBLIX MOPCKMX Tpy6onpoBOAOB
NpoBOAATCA B LeNAX MW3YyYeHUs TeoN0rMyYeckoro CTPOEHUS [OHHbIX TPYHTOB C MOCTPOEHMEM
VHXXEHEPHO-reo/lorMyeckuX KONOHOK 1 pa3pe3oB, NPOBEAEHWS CTaTUCTUYECKOR 06paboTKM pesynbTaTos
NabopaTopHbIX WCCMefoBaHUA TPYHTOB, OMNpefeneHWs HOPMATMBHBIX W PacyeTHbIX XapaKTepucTUK
FPYHTOB, MOCTPOEHUE PacUeTHOW MOAENN FPYHTOBOrO OCHOBAHWS.

MocnenoBaTtenbHOCTb U METOAMKA BbIMOHEHUS paboT:

1. VIH)KeHepHble U3bICKaHWA:

.1 6ypeHue 1 NpobooT6OP LOHHBIX FPYHTOB;

.2 HaBUraumoHHoe obecreyeHue;

.3 nabopaTopHble MUccnesoBaHNUs AOHHbLIX FPYHTOB;

4 MeTOAMKW onpefeneHnst Pr3MYecKUX CBONCTB JOHHbIX TPYHTOB;

2. CTpoeHue, cocTaB 1 CBOMCTBA [OHHbIX MPYHTOB:

.1 cTpoeHve paspesa rpyHTOBOr0 OCHOBaHWS;

.2 COCTaB U (IM3NYECKME CBONCTBA FPYHTOB M MHXKEHEPHO-Te00rMYecKUX 31eMeHTOB;

.3 AethopMaLMOHHO-MPOYHOCTHbIE CBOWCTBA FPYHTOB;

3. OchopmsieHMe oT4YeTa NO NPOBEAEHHbIM paboTam.

3.3 VHXEHEPHO-IF'EOJ/IOT'MYECKWME NCCJ/IEQOBAHUNA MO TPACCE TPYBOINPOBOJA

331 B Kayectse npumepa B HacTOALMX PekoMeHAaLUmMAaX pacCMaTpyvBaeTCs y4acCTOK TPacChbl MOPCKOro

noABoAHOro TpybonpoBoaa OT MOPCKOW CTaumoHapHol niatgopMbl Ha Kacnum go 6eperosoro nepexoga ¢
06LLeR anmMHOM MopCKoit YacTyh Tpacehl 145 km (cm. puc. 1.2). MapameTpbl MMT yKasaHbl B 1. 1.2 HaCTOALWMX
PekomeHfaLmiA. TpeboBaHWA K WHXEHEPHbIM W3bICKAHWAM W NapameTpam [OHHbIX FPYHTOB [OMKHbI
COOTBETCTBOBATbL NMONOXEHMAM 8.2.2 YacTh | «Mopckue nogsofHble Tpy6onposoge» Mpasun MIT.
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3.3.2 Mopckue HHKSHEPHBIE U3BICKAHI PoBoAsTCs B coorBercTBud ¢ CIT 11-114-2004 [6]. B uenax
H3Y4EHHS F€OJOTHUECKOTO CTPOSHHS BEPXHEH TaCTH IPYHTOBOTO Pa3pe3a, YCIOBUH 3aICraHus TPYHTOB H
OIpEAENEHH UX (DU3HKO-MEXaHHUECKHUX CBOUCTB OTOOP P0G JOHHOIO TPYHTA MPOMU3BOAMTCS HA TTyOHHY
or 4 g0 4,8 M, Bcero mo Tpacce mpeaycMarpuBactcs 16 crammmii otoopa mpo6. OrGop mpoG Gbin
OCYINECTBIIETCS BHOPOIOPILIHEBOM TPYHTOBON TPYOKO# ¢ Manoro ruaporpaduueckoro cyana 'C-194 B
yKa3aHHOH HIDKE IOCIeA0BATEIbHOCTH.

CyZHO BBIBOAWTCSA B IPOCKTHYIO TOYKY OTOOpa MPO6 M 3aKPCIUBIETCA HA SKOPAX, MOCIHE 4YEr0 B
33JaHHOM TOYKE Ha JHO OITyCKAeTCs MOHHAs pama TpyOku. BriroucHHE BHOPALMOHHOrO MCXaHHM3MA,
00eCIEYHBAIOIIETO 3arTyOlIcHUE TPYOKH B IPYHT, OCYIICCTBIBICTCS C NOMOINBIO IYJIBTA YIIPABICHHS,
PacIOIOKEHHOTO Ha OOPTY CyAHA.

B nenmsax coxpaHeHHs €CTECTBCHHOH BIIAXKHOCTH NMPOGHI HCHAPYICHHOTO CIIOXKCHHSI (MOHOMIUTSI) Cpasy
ke napadurupyrorcs. OOpasipl IPYHTOB HAPYLICHHOTO CJIOXKCHHS Cpasy MOCiC 0TOOpa 3anauBaroTcs B
MOJTHSTUNCHOBBIC [TAKETHI.

Bypenne Ha Tpacce TpyOompoBoza Ha 5 ckBakuHax (or 5.9 mo 11,6 m) nposogurcs ¢ OGypoBoro
nonroHa IITC, mpeacrasmsmomero coGoif HECAMOXOAHYIO IUIABYYYIO TCXHOJIOTHYECKYIO IIArdopmy
KaTaMapaHHOTO THIIA, OCHAINCHHYIO OypoBO# BbILIKOM, OypoBbiM crankoM 3U®-650A u sxopHBIMH
nebenkaMu A7 IO3UIMOHHPOBAHMA Ha Touke Oypenums. [Ipu sToM mcmonb3yercst ymapHO-KaHATHBIN
cnoco® OypeHHs; CKBaKHHBI 3aKNaJBIBAIOTCA C YUSTOM PE3YAbTATOB HHTCPIPETALMH CCHCMOAKYCTH-
YECKHX AAHHBIX.

HapurannonHo-reogesnueckoe 00ECTIEYEHHE NPEAyCMaTpUBACT NPCIBAPUTCIPHOC ILUIAHHPOBAHHC
pacronoxeHus To4eK 0T60pa nMpod K OYpPEeHHs B COOTBETCTBHH C TPEOOBAHUSIMH TEXHHYCCKOTO 33 aHHSI,
a TaKKe MociIeayromee 00eCedeHUe BEIBOJA CyAHA B 3AILIAHHPOBAHHBIC TOUYKH.

OG6paboTka MONCBBIX MATEPHAIOB BBINOIHACTCS HA OOPTY 0OCCICYHBAIOIIECTO CyAHA B COOTBETCTBUH
co CHuIT 11-02-96 [16] um CII 11-114-2004 [6]. Bce omepauun mo oTOOpy, KOHCEPBALHH,
TPaHCIIOPTHUPOBAHMIO M XPAHCHHIO O0pasmoB (MOHONHTOB) i 1a0OPATOPHBIX WCCICAOBAHHH BEI-
nonusaiores B cootBeTeTBuu ¢ I'OCT 12071-2000 [17].

3.3.3 JlaGoparopHble HCCICAOBAHMUSA TIPYHTOB NPOBOLATCS B COOTBETCTBHH C TPeOOBAHHUAMH
TEXHUYIECKOTO 3aJaHMs C LEJIbI0 ONPEACICHUS KOMIUIEKCHOH XapaKTCPUCTUKU MX COCTaBa, (pH3HIECKHX
U MEXaHUYECKUX CBOMCTB.

3ajasamMy JaHHBIX HCCIEAOBAHMUIM SBIAETCS CIEAYIOIIEE:

OIIPEACTICHHE IPaHYIOMETPHYIECKOTO COCTaBa M QH3MUECKUX CBOMCTB rpyHTOB Io cTanaapram I'OCT;

OTpeJeIeHAe I'PaHYJIOMETPHIECKOIO COCTaBa, NPENENIOB M HMHIACKCA IUIACTHYHOCTH TPYHTOB IIO
craugapram ASTM;

OMPEJCICHNE YICIBHOTO DIICKTPHIECKOTO COMPOTUBIICHHS 00pa3LoB rPYHTOB,;

OIPEJICIICHNE COACPIKAHMS KapOOHATOB, OPraHUIECKOTO BEIIECTBA, 3aCOICHHOCTH 00pa3LoB IPYHTOB;

IKCIPECC-ONPEACTICHIE HEAPEHUPOBAHHOTO CLCILICHHS IPYHTOB,;

ompeaencHue kodddurpicHTa GUIBTpamuy rpyHTOB,;

OIPCACIICHAEC MPOYHOCTHEIX M AC(HOPMALMOHHBIX CBOMCTB TPYHTOB NPH HCIBITAHUIX B YCIOBHAX
TPEXOCHOTO CXKATHUSI TIOA ASHCTBUEM CTATHYCCKUX HArPY30K;

OIPEACIICHUEC CTATHCTHYCCKUX XAPAKTCPUCTHUK, HOPMATHBHBIX M PACUYCTHBIX 3HAUCHUIH CBOWCTB
TPYHTOB.

Pesynerarel 1a00paTOPHEIX HCCICAOBAHWI IPYHTOB 10 CKBKHHAM IO ONPEICICHHIO COCTaBa H
(hU3UUECKUX CBOMCTBA IPYHTOB, 4 TAKXKE HHXKECHEPHO-reonornaeckux snementos (UI'J) cormacro I'OCT u
ASTM mpusoastcs B Tabm 3.3.3-1 u 3.3.3-2. B coorBercteuun ¢ ['OCT 25100-95 «I'pyHTHL
Knaccuduxams» mo Tpacce UCCIEA0BAHHOTO ra3olpoOBOAA BELACISIOTCS:

II xace MPUPOAHEIX AUCIIEPCHBIX IPYHTOB:

rpynmna — CBSA3HBIC, NOATPYIIIA — OCALOYHBIC NOJIMMHUHCPAIBHBIC, BHA — IIMHHCTBIE TPYHTEHI,
Pa3sHOBHAHOCTh — CYIHHOK, HJI, IIHHA.

rpymnma — HECBS3HBIC, MOATPYINA — OCAZOYHBIC MOJHMHUHCPATIbHBIC, BHA — ICCYAHBIE I'PYHTHI;
Pa3HOBUAHOCTh — HECOK MBUICBATHIN, MEJIKUH, CpeAHUN, KPYIHBIM U IPABEIMCTBIH.
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Ta6bnuma 3.3.3-1

HI'J-2a — mecok rpaBeIMCThI, HEOTHOPOITHLIH 10 TPAHYJIOMETPHUECKOMY COCTABY, HACHIIEHHBIN BOIOH, AJICYHHKOBLIA

XapakTepHCTHKa TPyHTa En. usmepenus Yucno Hopmatuenoe | Kos¢ddpuunent Pacuetnoe
ompeleNicHHi |  3HAYCHHE BapHaLHH 3HaUCHHE
npH npu
a=085 |a=095
BnaxxHocTh npHpoaHas, W % 26 30,0 0,14
CTeneHb BIAXKHOCTH, S, a.e. — 1,01 —
II10THOCTH YacTUIl TPYHTA, Ps r/cm’ 26 2,75 0,03
IInoTHOCTH TpYHTa MPUPOAHOM BIAKHOCTH, P r/cm® 19 1,97 0,02 1,96 1,96
II10THOCTB CYXOTO TPYHTa, Py r/em® - 1,52 —
KosdduimenT mopuctocty, e I.e. 19 0,81 0,14
I'panynomeTpuueckuii cocTaB IpH 1,0 —0,5 26 16,20
pasMepe 4acTHIl, MM 0,5 — 0,25 26 10,68
0,25 —0,1 26 9,69
<0,1 % 3,09
0,1 — 0,05 20 5,96
0,05 — 0,01 20 0,81
0,01 — 0,005 20 0,49
0,005 — 0,001 20 1,21
Crenens HeogHOpoaHOCTH, CUl 16,1
TaGnuma 3.3.3-2
HI'3-56 — riMHUCTBIe TPYHTHI: CyIech NMBLIEBATAS TEKY4as
XapaKkTepHUCTHKA TPYHTA En. wsmepenus Uucno HopmatusHoe | Koaddunuent PacueTHoe
oTpesiesieHui | 3HaueHHe BapHalluK 3HauUeHHe
TpH npu
a=0,85]a=095
Bnasknocts npupogHast, W J.e. 93 28,8 0,11
BraxxHoCTh Ha IpaHHlle TeKydecTH, Iy, % 93 23,4 0,11
BraxxHocTh Ha I'paHHUIle pacKaTbIBaHUs, Wp % 93 18,6 0,12
YUucno miacTUYHOCTH, Ip % 93 48 0,12
Iloxazarenp TekydecTH, Iz, — — 2,11 —
CTeneHb BIAXKHOCTH, S, a.e. — 0,98 —
IInoTHOCTH YacTHIl TPYHTA, Pg r/cm® 93 2,69 0,02
IIn0THOCTH TPYHTA MPHPOAHON BIAKHOCTH, P r/cm® 83 1,94 0,03 1,94 1,94
[In0THOCTB CYyXOro rpyHTa, py riem® 1,50 —
KoadduumeHT nopuctocty, e — 82 0,79 0,09
I'panynomeTrpuueckuii cocrtaB mNpH 1,0 —0,5 42 0,62
pa3Mepe 4acTHL, MM 0,5 — 0,25 45 1,32
0,25 — 0,1 45 27,26
<0,1 % —
0,1 — 0,05 45 43,87
0,05 — 0,01 45 8,25
0,01 — 0,005 45 3,04
0,005 — 0,001 45 15,41
CreneHb HeoqHOpOoAHOCTH, Cu 27,1

3.3.4 B cootsercTBrM ¢ TpeOoBanmsiMu §.2.2 gactu | «Mopckue nogsoassiec Tpyoomposoas» [Tpasin MITT
rTyOHUHA U3YUSHHS C ONPEACICHHEM NMAPAMETPOB IPYHTOB, KaK MPABHIIO, AOJDKHA COCTAaBIATh 6,0 — 8,0 M
C YYETOM Ha3HAUYCHHOTO 3arityOneHus Tpyoonposoaa B Tpaniuee. [lpu vanvanm ninos wiv ciabeIX IPYHTOB
rmyOuHa OypeHHs yBeIM4YMBAacTCS Ha IIyOmHy ux cnmos. Ha cramuu BBIMOJTHEHHS HPOEKTAa MOPCKOTO
NOABOAHOTO TpyOompoBoza Mo coriacoBanuio ¢ PC momyckaeTcs HCHOIB30BaHHE YCPEAHEHHBIX
HapaMeTPOB TPYHTOB, MOIYYCHHBIX HA OCHOBAHUH PAHEE MPOBEACHHBIX M3BICKAHUN H/HIM CIPABOYHBIX
JAHHBIX, IIPH YCIOBUM BBITIOTHEHUS HA CTAAUN paboyuero mMpoeKTUPOBAHMS COOTBETCTBYIOIIMX PACUETOB C
HCTIONb30BAHUEM TIAPAMETPOB IPYHTOB, MOIYUCHHBIX B PE3YNBTATe MHXKCHEPHO-TCOIOTHUECKIX H3bICKAHM.
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Ocoboe BHUMaHHE CEAYeT YACTIITh HCCISAOBAHMIM ClIAa0bIX IPYHTOB, 00IaNAIOMIUX HEAOCTATOUHOM
HECYIIEH CIIOCOGHOCTHIO AT O€30MacHOM YKIaAKU | SKCILIyaTarmu tpyoonposoaa. Kak mpasusio, Takum
IPYHTaM OTHOCSITCSI HEAOYIUIOTHEHHbIE MITH HOPMAIIBHO YIUIOTHEHHBIC, BOJOHACHIIICHHEIC Wb, PAKYIIA,
TOpQBI, CYITHHKHA M TJIMHBI TEKYyYeH M TEKYYCIUTACTHYHON KOHCHUCTCHIMHK (MHOTIA K HHM OTHOCST
JMHAMHYECKH HEYCTOMYMBbIE BOJOHACHIIICHHBIE, ITBUICBATHIE IIECKH MAIOH M CPESAHEH IUIOTHOCTH).

3.3.5 IocTpoenne mpoxonpHOro mpodis MOABOIHOIO TPYOONPOBOAA B LIEJOM JO/DKHO COOTBETCT-
posarb TpeOoBanmsiMm [OCT 21.610-85 «CucremMa NPOSKTHOM MOKYMEHTALMH A CTPOMTEIbCTEA.
lazocHaGxxenue. Hapyskueie razompoBogsl. Paboure uepTeskiy, OMHAKO A0/UKHA OBITh YUTCHA CIICHU(HKA
KOHCTPYKIHH TPyOOIPOBOAa KaK MOABOAHOTO OOBEKTa 00YCTPOHCTBA W OCOOCHHOCTH €TI0 TPACCHPOBKH,
B T.4U. CBSI3aHHAS C YKJIAAKOH ero Ha/B JOHHBIM rpyHT. OCHOBHBEIM MapamMeTpOM, Ha OCHOBAHHH KOTOPOTO
JOKHBL OBITh HPCACTABICHBI PE3YIbTaThl HMHDKCHEPHBIX M3BICKAHUM, SIBISIOTCS OTMETKH TIyOHH OT
YPOBHSI MOPsI, BKITFOUAs! PACIPEASICHUE AOHHBIX IPYHTOB 0 NIyOHMH 0TOOpa Ipob 1 OyPeHUS MPOSKTHBIX
cksaxuH. Ha npononsroM npodune MITT HaHOCAT K yKa3BIBAIOT:

BEJIMYMHBI PACUCTHBIX AedopMarmii 1Ha;

rparuisl Mexay MI'D mpocie)xuBacMBIME U IPEANONAracMbIMHU;

KOHTaKThl MEXKIY CCIUMEHTAIIMOHHEIMU KOMILIEKCAMUY,

AMILTUTY/IHBIC AaHOMAJIHH,

30HBI BEPOSITHOTO CKOILICHMS Ia30B B JOHHBIX I'PYHTaX (MPH HATUYHHN);

PACCTOSIHHSI MEIKAY OTMETKAMUY,

MK TaK,

ryOHHA BOABI IIPH PacUSTHOM ypoBHE B bamruiickoit cucreme Boicor — 28,0 M;

aOCOITFOTHASL OTMETKA TIOBEPXHOCTH AHA MOPSL;

BbICOTA BOJH 1%-HO# 00€CTIeUeHHOCTH,

CPEAHUN NEPUOJ BOJIH,

CpenHsisL AJIMHA BOJIH,

VIOJI MEXKAY HOPMAIBIO K OCH TPYOOIPOBOJA U HANPABICHUEM TCUCHHS,

TIPUAOHHAS CKOPOCTE TEUCHHS IPH BOMHCHUH |%-HOH 00CCIEUCHHOCTH,

MIPOSKTHPYEMBIH TPYOOIPOBOA ¢ OTMETKAMU HH3A TPYOHI;

TOYKH OIMPOOOBaHMS AOHHBIX IPYHTOB M MX HOMCPA, ¢ yKa3aHHeM MIyOuHbI 3aneranus rpanun U9
(OT ITOBEPXHOCTH AHA) H JJHHBI OTOOPAHHBIX KOJOHOK IPYHTA,

VKJIOH TPpyOONpOBOAa/ANIMHA YIACTKA,

THIIOpPa3MePHl HCIONB3YEMBIX TPYO (TCXHHYECKAsK XapaKTEPUCTHKA YKIABIBAEMOro Tpybomposoaa);

YITIBI OCH TPAcCHI, MPSIMBIC YIACTKH,

HPOTSKEHHOCTD, KM,

CHoco0 yKJIaAKu TPyOOHmpoBOAa;

Crocod paspaboTKu TpaHLUICH;

€roco6 oOpaTHOI 3aChIMKH.

3.3.6 Omnpenesienne BeJIHYHH 0CAAOK MOPCKOro TPyGOonpoBoAa B JOHHOM IFPYHTE.

OmnpeneneHHe BENMHYHH OCAXOK MOPCKOrO TPyOOmpoBOZAa B AOHHOM TPYHTE SBISCTCH BAKHEIM
anemeHTOM npoektHpoBanud MIIT, Tk. OT JaHHOrO mapaMeTpa 3aBHCAT BEIHYHMHBI PACYCTHBIX
BosaeiicTeuii Ha MIIT oT BONHEHHS U TEUCHHM, a B HEKOTOPBIX CIy4asx (P HAIHYHMH CIAaOBIX TPYHTOB)
MU TNPOYHOCTh TPyOompoBoza. McxoaHbIMH AaHHBIMH SBISIOTCS MOAYIH HOPMANBHOM YNPYrOCTH H
ko3 dumments Iyaccona (monepeuHoii aedopmaniu) CIoeB, a TaKKe MX TOMUHLL. [TyOHHA HHKHETO
TOACTUIIAIOIIETO oA He 3agactcs. Ilomygaemeie xapakrepuctuku Cy u C, sBisiroTcs ko3dduimeHTaMu
MOCTENH (MKECTKOCTH) YNPYTOr0 OCHOBAHUS HPH CKATHH H CABHIE COOTBETCTBCHHO.

PesynbraTel Npou3BENCHHBIX pacdeToB Ansa paccmarpuBaemoro MIIT (ecm. puc. 1.2) ¢
XapaKTePUCTHKaMH TpyHTOB cormacuo T1abm. 3.3.3-1 w 3.3.3-2, npeacrasncHnl Ha puc. 3.3.6 u
B Tabn. 3.3.6. CormacHO pe3yibTaTraM pacucTOB, BBHIMOJIHCHHBIX HAa OCHOBaHMH MPHUBEACHHON B 3.3.7
METOAMKH, TMOMYYCHHBIE BEIHYHHBI OCAJOK HAXOMATCA B MPEAENAxX NONYCTUMBIX 3HAYCHUM, B KadCCTBC
KOTOPBIX MOT'YT ObITh MPHHATH gomyctumble mporudsr MITT wmcxoas u3 0OCCEUCHHI €r0 MPOYHOCTH.
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nKa nK1 nK2 NnK3 NK 4 nKs NK e nK? nKs nKs nK10 MnK 11 ne1z nK13 MNK 14 NK15

Puc. 3.3.6 Besmurnbl 0cajnok MOpckolo 1py0o1pososa

Ta6nuua 3.3.6
BeIHTHABI 0CA/J0K MOPCKOTO TPyGonpoBoaa

MK, Ne Ne yuacrka C,, kH/m? C,, kH/M BenuunHa ocajku, cMm
0 0—1 3479 231 1,5
1 1—2 3479 231 10,5
2 2—3 3475 231 10,0
3 3—14 3469 231 8.0
4 4—3 3460 231 6,0
5 5—6 3440 231 4,5
6 6—7 3430 230 42
7 7—38 3418 230 35
8 8—9 3418 230 2,5
9 9—10 3400 230 1,5
10 10— 11 3350 229 1,0
11 1m—12 3316 229 1,0
12 12— 13 3274 229 0,75
13 13— 14 3274 229 0,5
14 14 —15 3159 228 0,0
15 0,0

3.3.7 OueHka NPOYHOCTH I'PYHTOBOr0 OCHOBAHHS MO Tpacce MPOKIagKH TpyGonpoBoja.

B cooteetcTBuM ¢ 8.2.2 uactu I «Mopckue mogBogabe Tpyoonposoas» [paeun MITT npoBoguMsie
UHKCHEPHO-T€OJIOTMYEeCKe HM3BICKAHHUS JODKHBI O0€CIeuUBATh IONTyYeHUE HEOOXOOUMBIX PACUETHBIX
XapaKTePUCTUK TPYHTOB, BOCTIPUHUMAIOLIMX HATPY3Ky OT ITOABOZHOTO TPYOOIPOBOAA, AJs obecrnedeHHs
PacueToB:

0CaJ0K M KOHCOJIMAALIMU IPYHTOBOTO OCHOBAHHS;

MECTHBIX KOHTaKTHBIX HanpspKeHHH (eciu HeoOX0AMMO);

JUTsL MEpONPUATUH 10 yCTpOHCTBY TpaHINEN MM yKpEIJIeHUS TPYHTOB;

JUHAMUYECKOH YyCTOMUUBOCTU IPYHTOB MpPU CEICMUUYECKUX, BOJIHOBLIX U JIEJOBBIX HArpy3Kax.

Llenbto pacueta ocHoBaHuii mo AedopMauusM SBASETCHS oOrpaHUueHHe abCOMIOTHBLIX WM
OTHOCHUTEJIbHBIX NMEePeMELLEeHNI TAKUMU Npe/esaMy, NPH KOTOPbIX rapaHTUPYETCs HOpMasibHas dKCMTya-
tauysa MIIT ¥ He CHIDKAKOTCS €0 SKCIUTyaTAMOHHBIE MAPaMETPEL BCICACTBHE MOABIEHHA HEAOMYCTUMEIX
o0ImMX 1 HEPaBHOMEPHEIX OCaI0K, MOABEMOB, KPEHOB, N3MEHEHHI MPOEKTHHIX YPOBHEW U MOJIOXKEHHI
KOHCTPYKLMH, HapyIleHHd HX coeauHeHuil W T.N. Ilpu stom mpounocte MIIT mpoBepeHa pacdeToM,
YUUTHIBAIOIIUM YCHIIHS, KOTOPBIE BOZHUKAIOT MPHU €10 B3aUMOACHCTBHM ¢ TPYHTOBEIM OCHOBaHHUEM.

B coorsercteuu ¢ 5.6.5 CIT 22.13330.2011 [10] pacueT ocHoBanuii no aedopMaLusiM NPOH3BOAAT
MCXO/A U3 CIICYIOLLIErO yCAOBUSA:

S< S, (3.3.7-1)

e s — ocajgKka OCHOBaHHA (yHaameHTa (coBMecTHas aeopMauns OCHOBaHHs U COOPYKEHHS);
S, — TIPE/ICIbHOE 3HAYEHWE OCA/IKH OCHOBAaHWS (yH/AameHTa (COBMECTHOM AedopMallii OCHOBaHWA W COOpY-
JKEHHs1), YCTaHaBNWBaeMOe B COOTBETCTBHU ¢ 5.6.46  5.6.50 [10].

PacueTHas cxema OCHOBaHMs, MCTIONB3yeMast IS OTIpEAENIEHHIs COBMECTHOM ne(hopMallii OCHOBaHUS
M COOPYXEHHs, JIOJKHA BbIOMpaThes B cooTBeTcTBUU ¢ 5.1.6 [10]. Pacuer pedopmaumii ocHoBaHus
({yHAaMEeHTa Npu CpeAHEM AABACHMW NOA NOAOWBON (yHAAMEHTA p, HE NPCBHILLAIOLIEM PACUETHOE
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conporuBiieHue rpyHra R (cMm. 5.6.7 [10]), cneayer BbIMOAHATL, MPHUMEHSSI PACUETHYIO CXEMY B BUJE
JIHHEHHO AedopMupyeMoro MmoiynpocTpaHcTBa (cM. 5.6.31 [10]) ¢ yc/IOBHBIM OrpaHHYeHHEM IIyOHHBI
coxuMaeMoi Tommu H, (cM. 5.6.41 [10]).

Jna npensapurenbHbIX pacueToB AedopMaliii ocHoBaHus ¢yHaamenToB coopyskeHnii 1T u Tl yposheii
OTBETCTBEHHOCTH MPU CPEIHEM JaBIE€HUHU 0] MOAOLIBOM (pyHIaMEHTa p, HE MPEBbILIAIOLEM PacuETHOE
conpoTuBieHue rpynra R (cM. 5.6.7 [10]), nonyckaeTcs MPUMEHSTh pacyeTHYIO CXeMy B BWAE JIMHEHHO
nedopmupyemoro ciost (em. npriokerue I [10]).

Ocagxy ocHoBaHMS (yHOAMEHTa §, CM, C HCIIOJB30BAaHHEM PACUYCTHOM CXEMBI B BHAE JIMHCHHO
Jedopmupyemoro nosynpoctpaHeTsa (cm. 5.6.6 [10]) onpeaensor METOAOM MOCIOHHOrO CyMMUPOBaHHS
no ¢opmyine

s =BG 1Oz, MYE;, (3.3.7-2)
Tae =0,8 — 6e3pasmepHblit KO3 DULMECHT;
G, ; — CPEIHEE 3HAYECHUE BEPTHKATBHONO HOPMAIBHOTO HANPSKEHMs (Jalee — BEPTHKANBHOE HANPKCHHE) OT

BHELIHeH HArpy3Kd B {-M CJ0¢ [PyHTa [0 BePTUKAIH, MPOXOAsiUeld yepe3 UeHTP noaouBbl (yHjaameHTra
(cM. 5.6.32 [10]), xlla;

h; — TOmLIMHA [-r0 CIIOs TPYHTa, CM, npuHuMaeMas e Gonee 0,4 wupudbl GpyHaamMenTa;

E; — Mozyab aedopmaluu i-ro ¢ios rpyHra 0 BETBU [IEPBUYHOIO Harpykenus, klla;

1 — HUCNO CIIOEB, HA KOTOPhIE pasbura CKUMaemas TOMNL@ OCHOBAHUs.

Cxema pacnpeneneHus BEPTUKAbHbIX HAMPSIKEHUI B TMHEHHO-1e(pOpPMUPYEMOM MONYNPOCTPAHCTBE
TpeAcTaBiIeHa Ha puc. 3.3.7.

DL
_____ T Y1 ____
NL

IRTTFT 7 777 77 7T 7 7z (s

Puc. 3.3.7 Cxema pacTipeneieH!s BEPTHKATLHBIX HAMPSOKCHUH B JTHHCHHO-1e(OpMUPYEMOM NONYTPOCTPAHCTBE



Pexomenoayuu no npoexmupoeanio, NOCMpotike U IKCRIYAMAYUU MOPCKUX NOOBOOHbIX MpPYyBOnpoe0d0e
28

IIpoBepka MPOYHOCTH TPYHTOBOrO OCHOBaHuUs (IPyHTOBOrO ocHoBanus nox MIIT, B Tu. B TpaHinee)
BBITIOJIHACTCS TaKXKE MyTEM OMPEACNICHHS PACICTHOIO CONPOTHUBIICHHsI IPyHTA OCHOBaHHS. B cooTBeTCT-
BuH ¢ 5.6.7 [10] nmpu pacuere aedopmarmii ocHoBaHHs (YHIAMEHTOB C HCIIOJb30BAHHEM YKA3aHHBIX
BBIIIE PACUCTHBIX CXEM CPEAHEE AABICHHC MO/ MHOJAOIBOH (YHIAMCHTA p HE JOJDKHO MPCBHIATH
pacdyeTHOTrO COMPOTUBICHHS TPYHTA OCHOBaHms R, ompeaesieMoro mno Ghopmyiie

R=YY2I\ 1 by +M iy +Mcnl, (33.73)

e Yo U Yoo — kod¢dduiments! yeiaoruii paborst (cM. tabm. 5.4 [10]),
k —xo3dpunueHt, npuHAMaeMbiii k=1, eclii NPOYHOCTHBIE XAPAKTEPUCTHKH TPYHTa (Pr M ) ONpejeleHbl
HEMOCPCICTBCHHBIMHA UCITLITAHUIMHA, U k= 1,1, CCJIM IPOYHOCTHLIC XapaKTEPUCTUKH MPUHATHI B COOTBCTCTBUH
¢ npunoxenrem b [10];
M, M,, M, — x0o3bdUIMEH TSI, IPHHAMAEMBIE B COOTBETCTBHM ¢ Tabn. 5.5 [10];
b — mupuHa nopomesl pyHJAaMeHTa, M (B pacCMATPHBACMOM Cliydae MOXeET ObITh MPHHSTA PABHOM BHEINTHEMY
JMaMeTpy TpyOoIpoBojia ¢ IMOKPHITHIMM ),
d) — n1yOuHa 3aioKeHus pyHIAMEHTa, M (B pacCMaTPUBACMOM Cllyyae MpUHMMaeTcs paBHOM BeuunHe ocaakd MIIT
B JIOHHBI# TPYHT WIM DIIyOWHE TpaHILEeH),
Y11 — OCPETHEHHOE B cOOTBeTCTBHH ¢ 5.6.10 [10] pacueTHOE 3HaY€HHE YAEIBHOTO B€Ca IPYHTOB, 3aJIETAIOIMUX HUKE
nozomssl pyHaamenTa, KH/M>;
Y'm — OCpEAHEHHOE B cOOTBeTCTBHH € 5.6.10 [10] pacueTHOE 3HaU€HHE YAENLHOTO Beca IpYHTOB, 3aJI€raloNHX BHITIE
nofiomBs yHaamMenTa, KH/M>,
¢y — pacueTHOE 3HAUeHHE YAENbHOTO CLEIUIEHHS TpyHTa, 3ajleralomero HENoCpeACTBEHHO MOJ| TOOIMBOM
¢dynmamenta (eM. 5.6.10 [10]), kITa.

Taxoke IPOYHOCTE OCHOBAHUS MOXKHO OIPEICIHTh ¢ MOMOIBI0 kod3ddunuenTta nocrenu C, KOTOPbIi
BBIYHC/ICTCS TI0 OCPEIHEHHBIM 3HA4YCHUAM Moayns aedopmaimm F,; u xoddduumenta Ilyaccona
(momepeuHoit gedopmanuu) rpyHTa v, onpenenssemoro no taba. 5.10 [10]:

— Esoil ~
C =5y (3.3.7-4)
Kosdpdumment nmocrenu C, ompeaeaseTcs no caeayomen dopmyne:
201 =212
¢, =G (1=2v%) (3.3.7-5)

6(1+v)

HocTarouHo moApoOHO PAacCMOTPEH KOMIUIEKC BOIPOCOB IO B3aHMOJCICTBHIO MOABOAHOTO TPyOO-
MPOBOJA C IPYHTOBHIM OCHOBaHHEM B [19].
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4 PACYUETHBIE HATPY3KH, IEMCTBYIOIUE HA MOPCKOM TPYBOIIPOBO/,

4.1 OBIIUE TPEBOBAHUA K PACYETHBIM HATPY3KAM

Pacuernsie Harpysku (6e3 ydeTa CIlydalHbIX H ABAPHHHBIX HATPY30K, A TAKXKE BO3ACHCTBHIA TPETBHX
mmn), Aeiicteyromue Ha MIIT, momkHBI BKITIOYATh BHCINHHC HArPY3KH B 3aBMCHMOCTH OT YCIIOBHIA
SKCIUTYaTallil, HCIBITATCIbHBIC HArPY3KH M HArpy3KH OpH MOHTaxke Tpybomposoza. K pacueTHeIM
HArpy3Kkam OTHOCATCS CICAYIOIMUC HATPY3KH:

BeC TpyOomnpoBoAa (B BOAC M HA BO3AYXC);

BHYTPCHHEC JABJICHUC TPAHCIIOPTHPYEMOI Cpeabl;

HAPY’KHOE JABJICHHUE BOJBI C YIETOM KOIECOAHHIH YPOBHS BOABI 32 CUCT MPHUIHBHO-OTIMBHBIX SBJICHHUI H
BOJIHCHMS,

CCUCMHYCCKUEC BO3JCUCTBHSL,

BO3/JICHCTBHS TCICHUIA,

BO3/ICUCTBHS BOJIH,

TEMIIEPATYPHBIE BO3ACHCTBHAL.

B coorBerctBum ¢ 2.1.1 gactu 1 «Mopckue noasoansic Tpyoonposoasi» [pasun MIIT pacuernas
BCJIMYMHA KAXKJOTO M3 YKA3aHHBIX BBIIC BHAA HArpy30K JOJDKHA ObITh YMHOKEHA HA COOTBCTCTBYHOLIHIA
k03((PUIMCHT 3HAYMMOCTH KOMIIOHCHTOB HArpy3kd y> 1,0, yIUTHIBAIOIMHE TOYHOCTH ONPEACIICHHUS TOH
WM MHOW PaCcYCTHOM HArpy3Kd W CTaOWIBHOCTD c¢ aeticTBus (cMm. Tadm. 4.1.1).

Tabnuna 4.1.1
Ko>¢pHumeHTEI 3HAYMMOCTH KOMITOHEHTOB HATPY3KH Y

Bup Harpysku Y

Bec TpybompoBoda ¥ BCIOMOTATe/IbHBIX KOHCTPYKIHH 1,1
BHyTpeHHee faBiIeHHE:

JUISL Ta30TIPOBOIOB 1,1

IV HeTenpoBoOB U HeTenpoyKTOPOBOIOB 1,15
HapysHoe aBieHHe BOABI € YueToM KojleOaHMIl yPOBHS BOIBI 33 CYET NPHIHBHO-OTIMBHBIX SBJICHHH U BOJIHEHHS 1,1
Japnenune rpyHTa 0OBAIOBKH/3aCHIIKA TPYOONIPOBOJa B TpaHIIee 1.4
O6ieeHeHre TPYGOTIPOBOAA B ClIydae TPAHCIIOPTHPOBKH CPEABI ¢ OTPULATEILHON TeMIIEpaTypoit 1,4
CelicMuueckie BO3IeHCTBHS 1,1
BoznelicTeue TeueHuUst 1,1
BosgeticTere BoJIH 1,15
Bo3geticTBre BeTpa (I HaJBOJHBIX yIaCTKOB) 1,1
TemmeparypHbie Bo3/IeHCTBHSA 1,0

4.2 PACUETHOE JABJEHHUE

PacuetHoe maBnenue B TpyGompoBoae po, Mlla, ompenensercs B coorsercTBrM ¢ 2.2 yactu | «Mopckue
noasoausic TpyOGomposoae»y IlpaBun MIIT (umcneHHBie 3HAYCHHS MAapaMETPOB COOTBETCTBYIOT
PacUCTHOMY MPHUMEPY, YIIOMSHYTOMY BBIIIE):

Po=Pi—Pgmin) TAp =8,0 MIla, (4.2-1)

e p; = 8,0 MIla — BuyTpentee pabouee AaBleHUE B TPyOOIpoBOZE;
Pgmin — MHMHUMAIIEHOE BHEIIHEE TMAPOCTATHIECKOE AaBieHue Ha TpyOonposon, Mlla;
Ap — nobaBouHoe pacueTHoe JaBieHue, Mlla, yuuThIBalolee AaBIcHUE CTpardBaHUs TPAHCIIOPTUPYEMOl cpebl B
TpyOoIpoBoOie W/WIU JaBleHHE T'MAPABINUECKOTO yAapa B TpyOOMpoBoLe, 4TO XapaKTepHO Iisd TpyOoTpo-
BOJIOB, TPAHCTIOPTHPYIOIUX JKUAKYIO WIM ABYXba3HYIO cpey. [Ipu TpaHCIIOPTUPOBKE ra3o00pasHbIX Cpej
pacueTHOE JaBJeHUe IPUHUMAETCsl paBHBIM MaKCHMalbHOMY paboueMy JAaBiaeHUIO (Ap=0).
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MuHnManpHOE BHCIDHEE THAPOCTATHYECKOE AABICHHE HA TPYOOmMpoOBOJ 3aBHCHT OT KITyOHHBI
aKBaTOPHH WM XapPaKTCPUCTHK BOJHEHHA (34ECh H Jajee YKa3aHbl YHCICHHBIC 3HAYCHUS MapaMeTPoOB A
paccMaTpuBacMoro pacucTHOTO Ciy4as) H OIpeJelsieTcs o Cleayroumel dopmyne:

Pemin = Prw & @min— Iy 12)10~° =1010-9.8(9,6 —4,9/2)10~5=0,071 MTTa, (4.2-2)

rae p, = 1010 kr/M® — mIOTHOCTL MOPCKOH BOIbI; )
g — ycKopenue cBoDOAHOro MajeHus, M/c™;

Anin=9,6 M — MHUHUMAJTbHBIA YPOBEHb THXOMN BOZIBL 110 Tpacce TpyGonpoBoza, YU THIBAIOIUI IPUTUBHO-OTIUBHEIE SBICHHS
M HaroHnl ¢ obecrmeueHHocThio 107~ 1/rox;

h, =49 M — pacueTHas BbICOTA BOJIHBI Ha IIPOCKTHPYEMOM ydacTKe TpyGomposoga ¢ obecmederHoctsio 10 ™2 1/rog.

B ciayuae ecan MUHHMATBHOE BHEIIHEE THAPOCTATHYECKOE AABICHUE HA TPYOOIPOBO (OT M3MEHEHHS

VPOBHS BOABI U BHICOTH BOMH) He npesrimacT 0,1 MIla (B nannom npumepe 0,071 MIa), To oHO MOXKET He
VUUTHIBATECS B PACUCTHOM JAABJICHHH.

4.3 ONIPEJEJIEHUE HATPY30K OT BO3JAEVCTBHS TEYEHAA U BOJIH

Harpysku or Bo3gciicTBHS TeueHHH W BOJMHCHHS (MOCICOHHMC CIEAVET YUYHTHIBATh HA TITyOHHAX,
IPUMEPHO PABHBIX M MEHEE BEIHYHHE JJTUH BOJH) 11 HE3arTyOJICHHBIX B JOHHBIH IPYHT TPyOOMpPOBOAOB
JIOJDKHBI OIPEEIATECS HA OCHOBAHHM JAHHBIX HH)KCHEPHBIX HM3BICKAHUN, B PE3YJBTATE KOTOPBIX, B T.4.
JOJDKHBl OBITH ONPEACNICHBl HANPABICHUS JACHCTBHS TCUCHHH W TaKk HA3bIBAEMBIC BOJHOOMACHEIE

HamnpaBlcHUs (HAlpaBICHHS BOJHOBOrO (HPOHTA) AN TPacchl TPyOONMPOBOAA MM €ro OTACIbHBIX
vuacTikoB (cM. puc. 4.3.1-1).

a) 6)

fichs

b /B//k
,‘myﬁonpoﬂo}( / / /

p =52
Q B =54
B =55
T
B s=65

T

acyeTHEIA YPOBBHE

Puc. 4.3.1-1 PacuetHas cxema K ONPEASICHUIO COCTABNSIONIIX CUIOBOTO BO3eHCTBUS Ha TpyOOIPOBO:
a — cxeMa JeMcTBUS TeUeHul;, 6 — cXeMa paclpoCTpaHeHUs GPOHTA BOIHEHUSL

JUtst onpeneneHus pacyeTHBIX HArpy30K OT BO3ACHCTBHS TEUCHHA M BOTH HEOOXOAMMO ONPEACIHUTH
HANpPAaBICHHE WX ACHCTBHA B 3aBHCHMOCTH OT ydYacTKa Tpaccel TpyOomposoxa. Ha puc. 4.3.1-2
TPEJCTABIICHO HAMPABJICHUE CKOPOCTEH TCYCHHA M BOJH OTHOCHTCIIBHO YYACTKOB MEXAY MHKETAMH

Tpacchl TPyOOMpOBOJA, a TAKKE YIOJN MEXKAY BEKTOPOM CKOPOCTH M HOpPMAIM K TpyOompoBoay Ha
BBIOPAHHOM YYacCTKe.
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Puc. 4.3.1-2 Hanpapienue ckopocTedl TeUSHHUs/BOIH OTHOCHTEIBHO YYACTKOB TPacChl MOPCKOro TpyGONpoBoia

B Tabn. 4.3.1-1 mpuBencHBl DaHHBIC 1O HANPABICHHIO CKOPOCTCH TEYEHHA/BOMH OTHOCHTEIHLHO
YYaCTKOB TPACCH MOPCKOrO TPYOOMpPOBOAA.

Tabaunpa 4.3.1-1

Hanpasnenne ciopocreii TedeHHs/BOJH OTHOCHTEILHO YYACTKOB TPACCHI MOP 0 TpyGomnp

TIK, Ne 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Vron, rpaj. 45 45 24 24 11 0 15 15 27 27 27 27 27 27 27 0

Benu4uHb TOTOHHBIX HATpPy30K: TOPH3OHTANBHON F, ;,, BepTHKambHOH [, U cymmapHoii F, or
teueHust, H/M, ompenensrorest mo ciaeayromum Gopmyam:

Fop=ce pWZ—chDa; 43.1-1)
2

Fou=c, 25D, 4.3.1-2)

F.=JF2, +F2,, 4.3.1-3)

e V.=0,68 M/c — mpoeKius pacueTHON CKOPOCTH TEYEHHs Ha HOpMalb K OCH TpyOompoBoja Ha DiyGHHE YCTAHOBKH

TpyGonpoBoia, oNpeeNeHHas Ul JaHHOTO reorpaduyeckoro paiiona ¢ obecneueHHocThio 107 ° 1/rom Ha
OCHOBAaHUM MH)XCHEPHBIX M3bICKaHHUI;
¢y, €; — KOD()OUIMEHTH! CONPOTURIICHNS TPYOOIPOBOA;
D, — HapyXHBI# JuameTp TpyGompoBoaa, M.

B cootserctBuu ¢ 2.5.2 wactu I «Mopckue nogsousie Tpy6onposoasn Ipasun MIIT, koaddurment
COTIPOTHUBICHUS TPYOOIIPOBOAA Cy, JCKAIICTO HA THE, ompeaenseTcs mo rpaduxy mHa puc. 4.3.1-3 B
3aBHCHUMOCTH OT yHcaa PeiitHombpaca Re v OTHOCHTEIBHOM IIEPOXOBATOCTH HAPYKHOH MOBEPXHOCTH TPYOBI
(aHTHKOPPO3HOHHOIO WM OaIACTHOTO MOKPBITHIL), KOTOPOE ONMPEACHseTCs mo (opmync (YHCICHHBIC
3HAYUCHUA TaPaMETPOB COOTBETCTBYIOT PACUCTHOMY IIPHUMEPY, YIIOMSHYTOMY BBIIIC):

Re=V,D,/lv =0,68-0,35/1,2-107% = 2.10°, (4.3.1-4)

e v=1,2-10"% M¥c — xuHeMaTHUecKas BSI3KOCTh BOJBL,
¢; — KOd(DOUIMEHT CONPOTUBRICHHS TgyGonpOBoua, JIeJKAIIero Ha JHe;,
Py — IUIOTHOCTb MOPCKOM BOIBI, KI/M
D, — HapyXHbI}t JuamMeTp TpyObl, M.

Kpome Toro, Beawumna KOIP(UIMECHTOB COMPOTHUBICHUSA TPYOONPOBOAA C, H C, 3ABHCHUT OT
TIOJIOXKEHUS TPYOOIPOBOAA OTHOCHUTEIBHO MOPCKOTO AHa (cM. 2.5.3 wactu I «Mopckue moaBOAHBIC
TpyGomposoas» [Ipasua MIIT).

PesynbraTsl pacueTa Harpy3ok, ACHCTBYOIMX Ha YYACTKH MEXKAY MHKCTAMH IO TPacCe HE3artyo-
JIEHHOTO MOPCKOTO MOJBOAHOTO TPYOOMPOBOAA OT TEUCHHS, peacTasicHs! B Tadm. 4.3.1-2.
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02

Puc. 4.3.1-3 I'paduk kosdpduipenTa ¢, oT yicna PeiiHoNbAca U OTHOCHTEBHOM IIEPOXOBATOCTH IIOBEPXHOCTH TPYOBI £:
1 —k=0,2—k=5010"%3—k=2010"%4—k=4010"%5 —k=5010"6—k=7010"7,
7—k=9010"28 —k=2010"2

Ta6naunma 4.3.1-2
Harpyski Ha MOPCKO#i IOABOJHBL TPYGONPOBO/ OT TedeHM

IIK, Ne o, rpai. cos oL Veos o, m/c Cy R F, p HM F,,, Hm F., Hm
0 45 0,707 0,481 0,4 0,8 16,341 32,682 36,539
1 45 0,707 0,481 0.4 0,8 16,341 32,682 36,539
2 24 0,914 0,622 0,4 0,8 27,310 54,621 61,068
3 24 0,914 0,622 0,4 0,8 27.310 54,621 61,068
4 11 0,999 0,679 0,4 0,8 32,626 65,253 72,955
5 0 1,000 0,680 0,4 0,8 32,692 65,383 73,101
6 15 0,966 0,657 0,4 0,8 30,506 61,013 68,214
7 15 0,966 0,657 0,4 0,8 30,506 61,013 68,214
8 27 0,891 0,606 0,4 0,8 25,953 51,907 58,033
9 27 0,891 0,606 0,4 0,8 25,953 51,907 58,033
10 27 0,891 0,606 0,4 0,8 25,953 51,907 58,033
11 27 0,891 0,606 0,4 0,8 25,953 51,907 58,033
12 27 0,891 0,606 0,4 0,8 25,953 51,907 58,033
13 27 0,891 0,606 0,4 0,8 25,953 51,907 58,033
14 27 0,891 0,606 0,4 0,8 25,953 51,907 58,033
15 0 1,000 0,680 0,4 0,8 32,692 65,383 73,101

[MoronHas ropu3OHTANIBPHAS BOJHOBAs HArpyska Ha Tpybomposox F,, ,. H/M, ompezemsercs mo
dopmyne

2 2
Fun=Fu:+ Fy (4.3.1-5)
e FWJ — IIOTOHHasA Harpyska oT BOSILeﬁCTBHﬂ CHJI COIIPOTUBJICHUS, I‘I/M',
V2
Fu:=cq PW—2 * Dy (4.3.1-6)
F,, ; — TIOTOHHas Harpy3ka OT BO3[€HCTBHS HHEPLUOHHBIX cul, H/M;
TP
O (4.3.1-7)

V,, — TpOeKIMs pacueTHOH CKOPOCTH BOJIHOBOTO IBMIKCHHS 4acTHI[ BOALI Ha HOopMalb K ocH TpyOolpoBoza Ha
r1yOUHE YCTaHOBKH TPYOOIpoBoa, M/c (CM. IPUIOKEHHE 1 K HACTOSIIEMY pasieny),
@y, — TIPOEKIUS YCKOPEHHs BOJHOBOTO JABMXKEHHS YacTHI] BOABI Ha HOpMalb K OCH TpyOoIrpoBoja Ha IIyOHHE
YCTaHOBKU TpyOONpoBOAa, m/c? (cM. TpusoxeHUe 1 K HaCTOSIIEMY pasfieny);
Py, D, — cormacHo dopmynam (4.3.1-1) — (4.3.1-4);
¢, ¢; — KOBPOHUIMESHTH COMPOTURICHHUS IPH BOJTHOBOM ABMIXEHMH YACTHIL BOJBI.
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Harpysku oT coBMECTHOro BO3ACHCTBHSA BOMH M TCUYCHHH B 3aBHCHMOCTH OT WX PaCUCTHBIX
XapaKTEPUCTHK, MApaMETPOB IOABOTHOTO TPYOOIPOBOJA M €r0 TPACCHl OMPEACNAIOTCA COTNacHo 2.6
gactu I «Mopckue noasoaHbie TPYOOIPOBOABL) U NPHUIIOKEHUA 2 K JAHHOMY paszeiy, TO¢ YIUTHIBACTCA
uncio Kronerana-Kapnentepa KC u 0THOCHTENIBHAS IICPOXOBATOCTH HAPYKHOM MOBEPXHOCTH TPYOHI.

UYucno Kronerana-Kapnenrepa KC onpenensercst mo dopmyne:

KC=V,1/D,, (4.3.1-8)
e 1= 84 ¢ — MnepHoA BOJIHEHHS JUIS paccMaTpHBaeMOll aKBaTOPUH.

I'paduxu ama onpenencrnst kK03GGHUIMCHTOB COMPOTHBICHHS TIPH BOJHOBOM JBHXKCHHH YaCTHLl BOABI
B 3aBucumocTH or uncna Kronerana-Kapnenrepa KC u OTHOCHTEIIBHOW IICPOXOBATOCTH MOBEPXHOCTH

Tpybonposoga B coorBercTBHH ¢ [9] mpuseacHs! Ha puc. 1-1 u 1-2 npunoxenuns 2.
BeprukaneHas noronnas BonHOBas Harpyska F,, ., H/M, onpeaemserca mo dopmyne

V2
Fuy=c, 2% D, 43.19)
e ¢y, — KO3(pGULHEHT CONPOTHRICHHS IPU BOJHOBOM JBH)KCHHHM YacTHL BOJbI, ONMPEHEIACMBIH MO ClEAYIOMmeH
dopmyne [9]:

¢, =505 mpu 0< KC <5335

KC—80

>

¢,=1,3-0,105 npu 5,335 < KC <80 (4.3.1-10)

¢, = —KC-0,001667 +1,4333 mpu KC>80

PesymbTaThr pacteToB BOJIHOBOTO BO3ACHCTBHS HA MOABOAHBINA TPYyGOMPOBOA, BRIOPAHHEI B Ka4eCTBE
mpuMepa, npuseaeHsl B Tabdn. 4.3.1-3.

Ta6auna 4.3.1-3
Harpysku Ha MOpPcKoii TPYGOITPOBOA 0T BOTHOBOT'O BO3AeliCTBUA

IIK, Ne | Iny6una, m | V,,, M/c ay, M/C? KC cd c; ¢y, HM | Fy, 5, HM | Fy, s, HM | Fy 0, HM | F,,,, H/M

0 11,0 1,93 1,34 46,32 0,65 1,80 1,82 427,95 | 23438 | 48793 | 119825
1 10,0 2,01 1,39 48,24 0,62 1,80 1,78 442,73 | 24313 | 505,00 | 127108
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IIPHJIO’KEHHE 1

ONPEJEJEHHE 3HAYEHHI CKOPOCTH U YCKOPEHHSA BOJTHOBOI'O JBHKEHUS

YACTHI] BOABI B IPUAOHHOM CJIOE

1. KOMIOHEHTEI CKOPOCTEH U yCKOPEHHMH BOTHOBOTO ABIKSHUS YACTHL BOABI B IPHAOHHOM CIIOE: Vs, 1,

|

, 2o Yw, x>

a,, ; ONpPEAENAIoTcs 1o Tabl. 1 — 4 B 3aBUCHMOCTH OT CJIEAYOIIETO:
h — rayOuHBEI MOPA B palfoHe PacCMaTpHBACMOTO YUACTKA TPYOONpPOBOAa, M;
H — BrICOTH BONH obccrieueHHOCTH 1 %-# B TeueHMe roga, M;

T — mepHoaa BodH obecneueHHOCTH 1 Y%-ii B TeucHME roaa, C.

IIpoMeKyTOUHBIE 3HAYCHHA KOMIIOHCHTOB CKOPOCTEH M YCKOPEHHWH OMpPEACTSIOTCS THHEHHOM

HHTEPIOJBIUCH.

2. 3Hagenns BenwavH H M T ONpEACIMIOTCA MO PE3yabTaTaM HHKEHEPHO-THAPOMETEOPOTIOTHUECKIX
usbickanuii no Tpacce MITT. Jlommyckaercs ucnonp3osanue CrpaBOYHEIX AaHHBIX Peructpa mo pesxumam
BETPAa M BOJHEHHMS AN HA3HAYEHHS BBICOTHI M TEPHONA BOTH obecmeueHsoctn 107 1/rox mas Tex
pafioHOB MOPCKHMX aKBaTOPHH (y<IacTKOB TPACCH TPYOOIPOBO/A), IJI€ STU 3HAYCHUS OTIPEIEIICHBL,

PacueTHbie 3HaUEHUS CKOPOCTEH V, M YCKOPSHHUH aw ONPEACISIOTCS 10 CICAYIOIIM (hopMyaam:

Vw :\/sz,x + sz,z;

— 2 2
Ay _\/aw,x+ Ay, 2

TopuzoHTasIbHAS KOMITOHEHTa cKopocTH V, 1, M/C

@-1

(2-2)

Tabmnuna 1

Tiy6una mMopst = 10 M
Tlepuon Bricora BosiHel H, M
BOJIHBI, T, C
1 2 3 4 5
5 0,24 0,48 0,72 0,96 1,11
7 0,37 0,74 1,10 1,45 1,75
9 0,43 0,88 1,32 1,74 2,11
11 0,47 0,98 1,48 1,95 2,35
13 0,51 1,06 1,60 2,10 2,52
15 0,53 1,13 1,70 2,22 2,65
Tiy6una Mops 7 = 20 M
Tepuon Bricota BosiHEI H, M
BOJIHBL, T, C
1 3 6 8 10
5 0,051 0,168 — — —
7 0,163 0,492 0,996 1,315 1,514
9 0,235 0,709 1,417 1,863 2,248
11 0,275 0,841 1,690 2,224 2,692
13 0,301 0,932 1,890 2,488 3,011
15 0,319 1,004 2,050 2,695 3,254
Try6una mMopst 4 = 30 M
TTepuon BricoTa BosHBL H, M
BOJIHBL, T, €
1 3 6 10 15
5 0,010 0,037 — — —
7 0,075 0,229 0,479 0,834 —
9 0,145 0,437 0,881 1,471 2,065
11 0,191 0,575 1,156 1,916 2,744
13 0,219 0,665 1,343 2,230 3,205
15 0,237 0,727 1,481 2,470 3,551
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IIpodonowcernue mabn. 1

Iy6una mopst 4 = 40 M

Tlepuon Bricora Boaubl H, M
BOJIHBI, T, C

1 5 10 15 20
5 0,002 0,018 — — —
7 0,034 0,182 0,418 — —
9 0,091 0,462 0,951 1,436 —
11 0,138 0,694 1,393 2,073 2,629
13 0,169 0,852 1,708 2,533 3,246
15 0,189 0,962 1,939 2,877 3,697

InyGuna mops 4 = 50 M

Tlepuon Bricota Bostel H, M
BOJIHBI, T, €

1 10 15 20 25
5 0,001 — — — —
7 0,015 0,205 — — —
9 0,057 0,609 0,953 — —
1 0,101 1,027 1,552 2,050 2,344
13 0,133 1,345 2,014 2,650 3,183
15 0,155 1,576 2,357 3,099 3,746

Iy6una mopst 4 = 70 M

Tlepuon Bricora Boubl H, M
BOJIHBI, T, C

5 10 20 25 30
7 0,017 0,049 — — —
9 0,111 0,243 — — —
1 0,272 0,557 1,177 1,476 —
13 0,427 0,860 1,744 2,177 2,565
15 0,546 1,096 2,196 2,730 3,226

Tny6una mopst # = 100 M

Ilepuon Bricora ponuel H, M
BOJIHBL, T, C

5 10 20 25 30
7 0,002 0,006 — — —
9 0,026 0,060 — — —
11 0,104 0,216 0,488 0,642 —
13 0,218 0,442 0,922 1,177 1,435
15 0,330 0,663 1,345 1,693 2,042

Tny6una mopst /1 = 125 M

Tlepuon Bricora BomHeI H, M
BOJIHBL, T, €

5 10 20 25 30
7 — 0,001 — — —
9 0,008 0,018 — — —
11 0,046 0,097 0,230 0,312 —
13 0,123 0,250 0,533 0,691 0,858
15 0,216 0,436 0,893 1,133 1,379

I'my6una mops /1 = 150 M

Tlepuon Bricora Boaubl H, M
BOJIHBI, T, C
5 10 20 25 30
9 0,002 0,006 — — —
11 0,020 0,043 0,108 0,151 0,193
13 0,068 0,140 0,305 0,402 0,507

15 0,141 0,285 0,589 0,752 0,923
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Tabnuma 2
BepruxainHasa KOMIIOHeHTa ckopoctH Vy, -, M/c
I'myGuna mopsi # = 10 M
[Iepuon Bricora Bosnbl H, M
BOJIHBL, T, C
1 2 3 4 5
5 0,04 0,08 0,11 0,14 0,16
7 0,04 0,07 0,11 0,14 0,16
9 0,03 0,06 0,09 0,12 0,15
11 0,03 0,06 0,09 0,12 0,14
13 0,02 0,05 0,08 0,11 0,14
15 0,02 0,05 0,08 0,11 0,13
I'myGuna mopst # = 20 M
[Iepuon Bricora Bosnbl H, M
BOJIHBL, T, C
1 3 6 8 10
5 0,008 0,026 — — —
7 0,014 0,042 0,081 0,101 0,111
9 0,014 0,041 0,079 0,100 0,117
11 0,012 0,037 0,072 0,093 0,110
13 0,011 0,033 0,066 0,087 0,105
15 0,010 0,030 0,062 0,083 0,101
I'my6una mops 7 = 30 m
Ilepuon Bricora Bosmpl H, M
BOJIHBL, T, C
1 3 6 10 15
5 0,002 0,006 — — —
7 0,006 0,019 0,038 0,060 —
9 0,008 0,023 0,046 0,073 0,094
11 0,008 0,023 0,044 0,071 0,095
13 0,007 0,021 0,041 0,066 0,091
15 0,006 0,019 0,038 0,061 0,087
I'my6una mops 7 = 40 m
Ilepuon Bricora Bosmpl H, M
BOJIHBI, T, C
1 5 10 15 20
5 — 0,003 — — —
7 0,003 0,014 0,030 — —
9 0,005 0,023 0,046 0,065 —
11 0,005 0,025 0,049 0,069 0,083
13 0,005 0,024 0,047 0,067 0,082
15 0,005 0,022 0,044 0,063 0,079
I'myGuna mopst 2 = 50 M
Ilepuon Bricora Bosmpl H, M
BOJIHBI, T, C
1 10 15 20 25
7 0,001 0,015 — — —
9 0,003 0,029 0,043 — —
11 0,004 0,035 0,051 0,064 0,069
13 0,004 0,035 0,051 0,065 0,075
15 0,003 0,034 0,049 0,062 0,073
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Ilpodonsicenue mabn. 2

I'myOuna mopst 2 = 70 M
[Iepuon Bricora Bosnbl H, M
BOJIHBL, T, C
5 10 20 25 30
7 0,001 0,003 — — —
9 0,005 0,011 — — —
11 0,009 0,018 0,036 0,043 —
13 0,011 0,021 0,041 0,050 0,056
15 0,011 0,022 0,042 0,050 0,058
I'myGuna mMopst 4 = 100 M
Ilepuon Bricora Bosmpl H, M
BOJIHBI, T, C
5 10 20 25 30
9 0,001 0,003 — — —
11 0,003 0,007 0,015 0,019 —
13 0,005 0,011 0,021 0,026 0,031
15 0,006 0,012 0,024 0,030 0,035
I'myGuna Mopst 4 = 125 M
Ilepuon Bricota Bosnbl A, M
BOJIHBI, T, C
5 10 20 25 30
9 — 0,001 — — —
11 0,002 0,003 0,007 0,009 —
13 0,003 0,006 0,012 0,015 0,018
15 0,004 0,008 0,016 0,020 0,024
I'myGuna Mopst 4 = 150 M
Ilepuon Bricora Bosmpl H, M
BOJIHBI, T, C
5 10 20 25 30
11 0,001 0,001 0,003 0,004 —
13 0,002 0,003 0,007 0,009 0,011
15 0,003 0,005 0,010 0,013 0,016
Tabnuma 3
T'opM3OHTA/IEHASL KOMITOHEHTA YCKOPEHHA &, , w/c?
I'myOuna mopst 2 = 10 M
[Iepuon Bricora Bosnbl H, M
BOJIHBL, T, C
1 2 3 4 5
5 0,30 0,60 0,90 1,17 1,33
7 0,32 0,64 0,94 1,22 1,45
9 0,29 0,58 0,86 1,13 1,37
11 0,26 0,52 0,80 1,07 1,32
13 0,23 0,49 0,77 1,04 1,29
15 0,21 0,47 0,75 1,02 1,27
I'myOuna mopst 2 = 20 M
Ilepuon Bricora Bosmpl H, M
BOJIHBI, T, C
1 3 6 8 10
5 0,064 0,211 — — —
7 0,146 0,439 0,881 1,149 1,300
9 0,163 0,485 0,950 1,230 1,460
11 0,155 0,463 0,905 1,178 1,416
13 0,142 0,427 0,851 1,119 1,364
15 0,129 0,395 0,808 1,078 1,326
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IIpodonowcernue mabn. 3

Iy6una mopst 4 = 30 M

Tlepuon Bricora Boaubl H, M
BOJIHBI, T, C

1 3 6 10 15
5 0,013 0,046 — — —
7 0,067 0,205 0,429 0,741 —
9 0,101 0,304 0,609 1,005 1,372
11 0,108 0,324 0,643 1,046 1,459
13 0,105 0,314 0,621 1,009 1,426
15 0,098 0,294 0,585 0,961 1,381

InyGuna mops 4 = 40 M

Tlepuon Bricota Bostel H, M
BOJIHBI, T, €

1 5 10 15 20
5 0,003 0,023 — — —
7 0,030 0,163 0,374 — —
9 0,064 0,322 0,660 0,985 —
1 0,079 0,393 0,782 1,145 1,421
13 0,081 0,404 0,797 1,159 1,456
15 0,079 0,391 0,770 1,123 1,426

Iy6una mMopst 4 = 50 M

Tlepuon Bricora Boubl H, M
BOJIHBI, T, C

1 10 15 20 25
5 0,001 — — — —
7 0,013 0,184 — — —
9 0,040 0,424 0,661 — —
11 0,058 0,582 0,874 1,141 1,282
13 0,064 0,639 0,945 1,226 1,447
15 0,065 0,640 0,942 1,220 1,453

TnyGuna mops 4 = 70 M

Tepuon Bricota BostHb H, M
BOJIHBL, T, €

5 10 20 25 30
7 0,015 0,044 — — —
9 0,078 0,170 — — —
11 0,155 0,318 0,668 0,833 —
13 0,206 0,414 0,832 1,031 1,203
15 0,228 0,454 0,898 1,105 1,292

I'my6una mMops /1 = 100 M

Tlepuon Bricora BosHbel H, M
BOJIHBL, T, C

5 10 20 25 30
7 0,001 0,005 — — —
9 0,018 0,042 — — —
11 0,059 0,123 0,279 0,365 —
13 0,105 0,213 0,444 0,566 0,688
15 0,138 0,277 0,560 0,703 0,845

TnyGuna mopst 7 = 125 M

Ilepuon Bricora poaubl H, M
BOJIHBI, T, C

5 10 20 25 30
7 — 0,001 — — —
9 0,005 0,013 — — —
11 0,026 0,055 0,131 0,178 —
13 0,059 0,121 0,257 0,334 0,413
15 0,091 0,183 0,373 0,473 0,575
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IIpooonoicenue maon. 3
I'nyOuna mopst 1= 150 M
Ilepuon Bricora Bosmbl H, M
BOJIHBL, T, C
5 10 20 25 30
9 0,002 0,004 — — —
11 0,011 0,025 0,062 0,086 —
13 0,033 0,068 0,148 0,194 0,244
15 0,059 0,119 0,246 0,315 0,386
Tabauma 4

Bepnma.rn,}laﬂ KOMITOHEHTAa YCKOPE€HUA d,,, ., M/C2

I'myGuna mopst # = 10 m

Ilepuon BricoTa Boanbl H, M
BOJIHBI, T, C
1 2 3 4 5
5 0,05 0,10 0,15 0,18 0,21
7 0,03 0,07 0,11 0,14 0,17
9 0,03 0,05 0,09 0,12 0,15
11 0,02 0,05 0,08 0,11 0,14
13 0,02 0,04 0,07 0,10 0,13
15 0,01 0,04 0,07 0,10 0,13

I'myGuna mopst # = 20 M

Ilepuon Bricora Bosmbl H, M
BOJIHBL, T, C

1 3 6 8 10
5 0,010 0,033 — — —
7 0,013 0,039 0,074 0,089 0,103
9 0,010 0,029 0,057 0,075 0,091
11 0,007 0,023 0,048 0,064 0,080
13 0,006 0,019 0,042 0,058 0,074
15 0,005 0,017 0,039 0,054 0,069

I'myGuna mopst 7 = 30 M

Ilepuon BricoTa Boanbl H, M
BOJIHBI, T, C

1 3 6 10 15
5 0,002 0,007 — — —
7 0,006 0,017 0,035 0,055 —
9 0,005 0,016 0,033 0,050 0,068
11 0,004 0,013 0,026 0,042 0,061
13 0,003 0,011 0,022 0,037 0,055
15 0,003 0,009 0,019 0,033 0,050

I'myGuna mopst # = 40 M

Ilepuon Bricora Bosmbl H, M
BOJIHBL, T, C

1 5 10 15 20
5 — 0,003 — — —
7 0,002 0,013 0,028 — —
9 0,003 0,017 0,033 0,046 —
11 0,003 0,015 0,028 0,040 0,050
13 0,002 0,012 0,024 0,035 0,045
15 0,002 0,010 0,020 0,031 0,041
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IIpodonoicernue mabn. 4

Iy6una mMopst 4 = 50 M

Tlepuon Bricora Boaubl H, M
BOJIHBI, T, C

1 10 15 20 25
7 0,001 0,013 — — —
9 0,002 0,021 0,031 — —
1 0,002 0,020 0,030 0,036 0,041
13 0,002 0,017 0,025 0,032 0,039
15 0,001 0,015 0,022 0,029 0,035

Tny6una mops 4 = 70 M

Ilepuon Bricora ponuel H, M
BOJIHBL, T, C

5 10 20 25 30
7 0,001 0,003 — — —
9 0,004 0,008 — — —
11 0,005 0,011 0,021 0,025 —
13 0,005 0,011 0,020 0,024 0,027
15 0,005 0,009 0,017 0,021 0,025

T'ny6una mopst /1 = 100 M

Tepuon Bricota BostHb H, M
BOJIHBL, T, €
5 10 20 25 30
9 0,001 0,002 — — —
11 0,002 0,004 0,009 0,011 —
13 0,003 0,005 0,011 0,013 0,015
15 0,003 0,005 0,010 0,013 0,015

I'my6una mops /1 = 125 M

Tlepuon Bricora Boaubl H, M
BOJIHBI, T, C
5 10 20 25 30
9 — 0,001 — — —
11 0,001 0,002 0,004 0,005 —
13 0,001 0,003 0,006 0,008 0,009
15 0,002 0,003 0,007 0,009 0,010

Tny6una mMopst 1 = 150 M

Ilepuon Bricora ponuel H, M
BOJIHBL, T, C
5 10 20 25 30
11 — 0,001 0,002 0,003 —
13 0,001 0,002 0,003 0,004 0,005
15 0,001 0,002 0,004 0,006 0,007
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ITPHJIO)XKEHHE 2

ONPEJEJEHUE KOO®®ULIMEHTOB /151 PACYETA BOJIHOBBIX HAI'PY30K!'

1. KooppuuueHTsl cOMPOTHBIACHUS C; U UHEPUMH ¢; NPU BOJHOBOM IBHXKEHHW 4HacTHL] BOAbI MO
HOpManu Kk ocu TpyOomnpoBoaa 3aBucaAT oT uucia Kronerana-Kapnenrepa KC, OTHOCHTENILHON

IIEPOXOBATOCTH k TOBEPXHOCTH TPYOOTIPOBOAA M PACCUUTHIBAIOTCS COIIACHO rpadyKaM, MpHBEICHHBIM
Ha puc. 1-1 u 1-2.

Cgq ¢

50
1100
2200

“
b= U500 mmmA
L~ w 21000 —me
waw 200w

K 1710000

paaa /5000 maw

1,0
I < 20000
40
0,5 KC
0 10 20 30 40
KC

Puc. 1-1 Ko3adduuueHt ¢y B 3d8BUCUMOCTH OT 4UCIA Puc. 1-2 Kosdduuuent ¢; B 3aBUCUMOCTH OT YMCiIa
Kronerana-Kapnenrepa KC 1 oTHOCHTETBHOM Kronerana-Kapnenrepa KC w OTHOCHTEILHOM
1IEPOXOBATOCTH k MOBEPXHOCTU TpyOonpoBosa LIEPOXOBATOCTH A MOBEPXHOCTH TPYyOOIPOBOAA

Uucno Kionerana-Kapnenrepa KC onpeaensercs no gpopmyne
KC = V,, /Dy, m

e V., — CKOPOCTb BOJHOBOIO JBMKCHHMS 4acTULl BOAbL, M/C (cM. 2.6.2 yactu | «Mopckue noasojubie TpyOOnpoBoOAbD
P Y
Mpasun MIIT);

T — TepHOX BOJIHEHUS, ¢ (CM. MpHitokeHne 1);
D, — cM. gopmyibi (2.5.1-1) — (2.5.1-3) yactu | «Mopckue noasoausie TpyGonposoasy [pasun MIIT, m.

2. B cioyyae OTCTOSHMS TpyOOmpoBOJa OT MOpPCKOTO JHA Ha paccTosHMe d, M, (cM. pHC. 2)
K03 MHUNEHTDI ¢, W ¢; paccunTbIBalOTCS NO GopMynam:

_ —2.5d/D,.
cAd/Dy) = cq + (cap—ca)e ; 2-1
_ —2,5d/D,,
c{d/Dy) = ¢; + (cip—ci)e > (2-2)
e = 18 + 0,136KC npu 0<KC<5; s
r { cap = 125 +2,1410~%(KC— 160)* nipn KC > 5 23
¢ = 3,3—0,0375KC npn 0<SKC<S; 24
{ e = 1,742KC— 0257 pu KC > 8. @4

3. BausHue 4acTHYHOTO 3armyOiieHus TpyOonpoBoAa Ha paccTosHHE A 0T MOPCKOTO JTHA (CM. pHC. 2)
Ha KOO(GPULUMEHTBI ¢y U ¢; onpeaenseTcs no puc. 3.

TMpunoxenne MOArOTOBNEHO Ha OCHOBARWH MPABHII IPH3HAHAOTO KIACCH(HMKAMOHAOTO OBIIECTBA W MMEET CTIPABOUHBIH
Xapaxrep.
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Puc. 2 Pacrionoxenue TpyOOTIpOBOIA OTHOCHTETBHO MOPCKOTO THA

cdN)ea; cdD)cip

43

10
%\
\\
0.8 \, "3\
: /
\““ — cdBea
c{A)cis “"""-.'h-. - ‘!\
04 .
]
02

0 0,05 010 015

020 025 030 035 040

A/D,

Puc. 3 KoapuumenTsr ¢; ¥ ¢; B 3aBUCHIMOCTH OT OTHOCHTENLHOTO 3armyOnenust Tpybonposona A/D,

4, JTns TpyOONPOBOAOB, PACMONOKEHHBIX B OTKPLITOI TpaHiuee (cM. puc. 4), BAUSHUE MTyOUHBI O, M,
M YKJIOHA S; TpaHuien Ha KO3(QQULHEHTHI ¢, U ¢; ONPEesIeTCs B COOTBETCTBHHU ¢ Tabu. 4.

1:5;

Prc. 4 Cxema TpybonpoBoza, paciiofioxKEHHOTO B OTKPBITOI TpaHIee

D(l

1.5, |0

Ta6anua 4
Bausiune OTKPLITOH TPAHILEH HA BEIHYHHY KOIPPHUHEHTOB C4 M C;
6/Dq 0,5 1,0 1,0
S 5 5 3

chdpS)Cap 038 0,7 0,6

cA8ss)lcis 0,9 0.8 0,75
5. KosgduimeHt c, onpeaensercs no Gpopmysam:
¢y, =505 npu 0<KC<5,335
e, =13— 0,105 KC=80) 5 335 < KC<80 (5)

KCO5

¢, = —KC-0,001667+1,4333 npu KC >80
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6. Bauanue otcTosiHua TpyGompoBoaa oT Mopckoro aHa d Ha koadduuueHT ¢, onpeaensercs no
thopmyne

cdd/Dg) = e 2P, ©)

7. BinsHue uyactuuHoro 3sarmiyOsieHus TpyOonpoBoaa Ha paccrosiHie A, M, OT MOPCKOIO JHAa Ha
KO3((HLIMEHT ¢, ONpEAEIeTCs 10 puC. 7.

cl(A)e, -
1,0
N
09 \\
I~
0,8 .
ot
T
0,7
0 005 010 015 020 025 030 035 040
AD,

Puc. 7 3aBucumocTs ¢,(A)/c, OT OTHOCHTEBHOTO 3arTybnenns Tpybonposoaa A/D,

8. Insa TpyOOMpOBOIOB, PACTIONOKEHHBIX B OTKPHITOM TpaHIIee, BIUAHNE IIyOHHBI O,, M, H YKJIOHA S,
TpaHuien Ha KOdPQGUUHEHT ¢, ONpe/IeNisieTcs B COOTBETCTBUM ¢ Tab. 8.

Tabnuua 8
Bansinne oTKpBITOl TpaHUIen HA BeJHUYHHY Ko3dduunenTa c,

8/D, 0,5 1,0 1,0
Sy 5 5 3
c(Bpsp)cy 0,85 0,7 0,65

9. Ilpu KOMOMHAIMM TIOTOHHBIX HATPY30K TEUCHHA W BOJH BEIMYMHBI KOX(POHLEHTOB cg, Cp, Cy
KOPPEKTHPYIOTCS B 3aBHCHMOCTH OT OTHOINEHHUS [} PAaCUeTHBIX CKOpOCTEi TEYeHHs W BOJIHOBOIO ABIKCHUS
yacruu Bozbl (CM. 2.5 1 2.6 yactn I «Mopckue noasoaHbie Tpybonposoapy [pasun MITT), pasxoro =V /V,,,
B COOTBETCTBUM C pHC. 9-1 — 9-3.

Cap
2.2'\
2.0

N KC =15
1.8 LN \ $
\ \K
’ \\ \\
14 b, [,
1,2 \"*-..\" A
’ XC 7()7‘"“‘! ¢ 50 \é‘:ﬁﬁ
— A

1,0

0 02 04 06 08 L0 12 14

B

Puc. 9-1 Koauument ¢ B 3aBUCUMOCTU OT kod(hduimenta B
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Cip
55
50 .,\
Y
45 \ \<\Kc:7o
4,0 7 :\
k¢ 30
,\\ .
== L\ KC 50
i '\\h-_ 1
KC 15
3,0 — \?_::
2,5 T

0 0,2 0.4 0,6 0,8 1,0 1,2 1,4 8

Puc. 9-2 Koadduuuenr ¢, B 3aBUCUMOCTH 0T kodddunuenra

¢y

3.0

AN
2,0 AN

AN
N

1,0

N/
/
/
|

k.—_
: 7/
KC 70 KC =30 KC'=30

.2 1,4 B

0,5

>
S
()
>
EN
g
SN
>
oo’
~
>
~

Puc. 9-3 Kos¢pdpuument ¢, B 3aBUCUMOCTH OT Ko3(ummenTa

Pesynsthpytomue BennuuHbl ¢ s(B) U c;(B) OyayT cnpaBeanuBbl Ans MOABOAHBIX TPYOONPOBOAOB,
OTCTOSIIX OT MOPCKOTO [HA Ha pacCTOsHWE d, M, I YaCTHYHO 3arIyOJIeHHBIX TPyGONPOBOIOB M

TpyOOIPOBOZIOB B TpaHILEE.
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5 IPOYHOCTDH NOABOJAHBIX TPYBOIIPOBOIOB

Pacuer mpoyHOCTH MOpPCKHX NMOABOAHBIX TPYOOHMPOBOAOB AO/DKEH OCHOBBIBATHCA HA KIACCHUECKHX
HITH TIOJySMIHUPHYECKUX METOAUKAX M/HIM YHCICHHOM MOJACITHPOBAHHH, KOTOPHIE YYUTHIBAIOT COBOKYII-
HOCThb JEHCTBYIOIIMX PACYCTHBIX HArpy30K, FPAHHYHBIC YCIOBHA H MApPaMETPBl COMPOTHBICHHA TPYO,
HAMCIOLIUX OTKJIOHEHHS OT MPABUIBHOM KPYToOBOi (hOPMBI.

5.1 ONPEAEJEHUE TOJIUAHBLI CTEHKH CTAJIBHOI'O TPYEOIIPOBOIA

BrIGOp TONIIHMHEI CTCHKH CTAalbHOTO MOABOAHOTO TPYOOMpPOBOAA, ABIAIOIIUHCS OJHHM W3
OMpPEACIAIOIINX 3TANOB NPOCKTHPOBAHMS, OCHOBBHIBACTCS HA HCOOXOAUMOCTH OOCCIICUCHMS MPOYHOCTH
(YCTOHYHBOCTH) H HEOOXOAUMOro ypoBHS 0E30MacHOCTH TPYOONpPOBOAA.

Pacuer BrImONHACTCA AN Hambonee HEONATOMPUATHOTO COMCTAHUS BO3MOXHBIX HArPy30K.

TommuuHa CTEHKH CTaNbHOrO TPyOONPOBOAA AOKHA ONPEIACTATHCS, HCXOAS H3 CICAYIOMMUX YCIOBHI:

MECTHOH MHPOYHOCTH TPyOONPOBOAA, XapaKTEPH3yeMOH MAKCHMAJBHBIMH 3HAYCHHUSAMH KOJBICBBIX
HaNpOKCHHH;

JOCTATOYHOI TOKANbHOH yCTOHYMBOCTH TPYyOOMpOBOAA.

Pacuer TOMIIMHBI CTEHKH CTAIBHOTO TPYOONPOBOAA, HCXOAS M3 YCIOBHH MECTHOH MPOYHOCTH,
BBIMOJIHACTCA MO (OpMyne (YHCICHHBIC 3HAYCHHS MAPaMETPOB COOTBETCTBYIOT MPHUMEPY pPacuera,
YIOMSHYTOMY BBILIE):

t.= (o D)(260) + ¢ + c2 = (8,0-350)/(2-209,51-0,9) + 1,0 +0,75=9,17 mm, (5.1-1)

e Po — pacueTHOe JaBjeHHe B TpybomnpoBone, Mlla;
D, — HapyxHbIlt 1uaMeTp TpyOBI, MM,
G — JOIyCTUMOC HallpsikeHHe Matepuaia TpyOsr, Mlla,
¢ = 1,1 — xo>bdUIMEHT 3HAYMMOCTH KOMIIOHCHTOB HArpy3KH OT BHYTPCHHETO MaBICHHS /s Ta30MpoOBOLOB B
cootBeTcTBHU ¢ Tabm. 2.1.1 gactu I « Mopckue nogsoubie TpyGonpoBoasi» Ipasun MIIT.

HormycTiMoe HapspKEHHE O JOJDKHO IPUHUMATHCS [0 HAUMCHBLICMY M3 HIDKCYKA3aHHBIX 3HAYCHHH
[t BeiOpanHoro Matepuana Tpyd (crane X52). Tpu sToMm HasHawacTes kiace Tpydomposoga G3 — A
CEHCMHYECKH OIACHBIX PAHOHOB M JIEHOCTOHKHX CTOSIKOB, YTO ONPEACTSCT MOBBILCHHBIA YPOBEHB
k03¢ PUIMEHTOB 3amaca MPOYHOCTH IO NIPEACIaM TCKYYSCTH U IPOYHOCTH, KOTOPBIC HA3HAYAKOTCS B
cootserctBuu ¢ Tabm. 3.2.5 wactu I «Mopckue noxsoansie Tpyoonposoas» [Ipasun MITT.

6 = min(R,/n.; Ry/n,,) =min(358/1,22; 55/1,91) =min(209,51; 2 51,38)=209,51 MITa, (5.1-2)

e R, = 358 — MuHHUMaNbHOE 3HaUYeHHE Npefelia TeKydyecTd MeTamta TpyO, Mlla;
R,, = 455 — muHuManpHOe 3HaUeHUe Ipejerta mpouHoct MeTtawia Tpyo, Mlla;
n, = 1,22 — xoaduipeHT 3amnaca mpodHOCTH MO MPEIey TEKydeCTH,
n, = 1,91 — kosdPunuent 3anaca IPOYHOCTH MO MpeAeTy MPOUHOCTH,
¢ = 0,9 — xonpUIHUECHT NPOYHOCTH, ONpPeAEIIeMbIili B 3aBUCHMOCTH OT cloco0a M3roToBNeHUs TpyO cornacho 3.2.4
yacti I «Mopckue nogogHsie TpydonpoBoas» [Iparun MIIT;
¢1 = 1,0 — npubaBka Ha KOpPpPO3HIO, MM,
¢y = 0,75 — npubaBka, KOMIEHCHUPYIOIAs OTPUIATETbHLIA TEXHOJIOTUUECKUM IOMYyCK Ha H3TOTOBICHUE CTAILHBIX
GecIOBHBIX TPy JaHHOTO AMAMETPA, MM.

B coorBeTcTBHH € TEXHHYECKHMH YCIOBHSMH Ha IIOCTABKY TPYO HIIM COOTBETCTBYIOLIHM
npuMmeHAMBIM cTaHaapTom (Hampumep, ['OCT 8732-78 «TpyOo cranpHBIE OECHIOBHBIC
ropsiueepopMHUPOBAHHBIE») MOAOUPACTCS HOMUHAJbHAS TOJLIMHA CTCHKH MOPCKOro TpyOOmpoBoxa f,
pasHas 12,0 mm. Ilpu Tako#t Tommune crenku macca 1 M TpyOsr cocrasmser 100,32 kr.
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MaxcumanbHBIE CyMMapHBIE HaNPsDKEHHA B TPYOONPOBOAC Opmax, MIla, 00ycnoBneHHBIC ACHCTBHEM
BHYTPEHHETO M BHELIHETO JABJICHHA, MPOAOIBHBIX YCHIIMH (HAIPUMEp, OT TEIUIOBOTO PACIIHPCHHUS W/HITH
yIpyroro u3ruba y4yacTKOB TPyOOMPOBOJA), a TAKXKC BHCIIHHX HATPY30K HC JOJDKHBI IMPCBHIATH
JOMYCTUMBIX 3HAYCHUH HATPSKCHUH:

Omax =+/Ox * Gip— GxGpp + 3T < kR, (5.1-3)
e G, — CYMMapHBIE KoJIbLIEBble HampsbkeHus, MIla;

Snp = (PoDine)/t, = (8 X 326)/12=217,3 MIla, (5.1-4)
rae Po — pacueTHoe JaBieHHe B TpyOonposone, Mlla, onpesensemoe no dopmysne (4.2-1);

D;,,, =326 MM — BHYTpeHHHIi AHaMeTp TpyObl;
t, =12,0 MM — HOMHHaJbHAs TONLIHHA CTEHKH TpPyOBI,
G, — CyMMapHble NMpoAoibHble HanpsikeHus, Mlla;

O = N4, — aEA = 0,3-217,3— 11,6-10~5-204570-50 = — 53,46 MITa, (5.1-5)

rie p =0,3 — xoa3ppuuneHt nonepeunoii aepopmauuu cramu (koadpdunuent Ilyaccona),

o =11,6:10 7% — kodpULHEHT NTHHEHHOTO paciIMpeHns MeTaia Tpy6sl, rpag '

E =204570 MITa — monynb ynpyroctu ctanu (Moayns IOHTa),

At = 50 °C — pacueTHBIii nepenay, TeMnepaTyp MpH TPAHCIIOPTHPOBKE r'a3a ¢ y4€TOM MHHMMAJIbHOM TeMIepaTypbl
OKpY)Kalollel cpeibl (MOpCKOH BOJbI Y MOBEPXHOCTH JIHA),

Gpp — CyMMapHbie KOJbIIeBbe HanpsikeHus, Mlla, onpeznensemslie cornacuo gopmyne (5.1-4);

T — TaHTeHUHaJbHbIE (KacaTeJbHble) HamnpskeHHs B Tpybompomoge, Mlla, BosHHKalolHe OT JAeiCTBHA

CABHUTaOLIMX YCHJIMH OT TEUEHHSI U BOJIHEHHS U OIpefieliicMble Mo cieaytolieii popmyne:

T=M,/W,+QIF, (5.1-6)

rae M, =0Q(D,/2+8,/6) — xpyTtamuit MOMeHT, H-M, OT BHEICHTPCHHOTO BO3JACHCTBUA TEYEHHs W BOJIHEHMS Ha
TpyGOIPOBOJ, YTO BO3HHKAET B PE3Y/IbTATE €r0 YaCTHYHOW OCA/IKH B JIOHHBIA TPYHT Ha BEIHUMHY O
35=0,105 M — BenuuuHa ocanxu B JoHHBIM rpyHT Ha [TK1 (cM. Tabm. 3.3.6),
W,=0,5n(D,—1,)2t, — MOMEHT CONPOTUBIICHHUS KPYUEHHIO IONEPEUHOIO CEICHHS TPYOHI, M
O — pacueTHbIE CyMMapHbIE CABHUIAIOIIIE YCUIUS OT TeueHUs U Bonuenus, H, neiictyiomue na yyactke ITK1 Ha
eMHMIly JJIHHBI TpyOomposoga (cm. Tabm. 4.2.1-2 u 4.2.1-3), paBHble ycwiuio [, MCIONB3yeMOMY HpH
IpoBepKe YCTORUMBOCTU TpyOompoBosia Ha TpyHTe (cM. Tabi. 6.1);
Q =16,341+505,09=521,43 H;
F=nD,—t,)t, — niomans NONEpPeuUHOTO cCeUeHUs TPYObL, M2,

TanrennuaneHeie (KacaTeqbHBIE) HANpsUKEHMS B TPyOONpoBoAe ¢ ydeToM 3HaueHuit M, W, u F
PaBHBI:

_QQDs+8s/3~1y) | —6_521,43(20,35+0.105/3-0.012)
T @Da—1) 1) (3,14(0,35—0,012)2-0,012)

107%=0,087577 MIla;

ks = 0,727 — xo3dduIMeHT 3amaca MPOYHOCTH IO CYMMapHBIM HAIPSDKCHHSAM, ONPEAe/IAeMbI B COOTBETCTBHH
¢ 1a6n. 3.2.6 yactu I «Mopckue noasoaHbie TpyOompoBoab» IIpasua MIIT,
R, — MuHuManbHOE 3HaUYeHHE Ipejesia TeKydecTd MeTania Tpyo, Mlla, ykazannoe B popmyne (5.1-2).

Takum oOpa3oM, MakCHUMalIbHBIE CYMMapHBIC HampspkeHus B TpyoOomposoze, MIla, cormacHo
dopmyne (5.1-3) He TIPEBBIIAIOT AOIYCTHUMBIX HAIPSDKEHHM:

Omax =~/ 33,467 +217.3°— 53,46:217,3 +3:0,0876°) <0,727-358, (5.1-7)
Omax = 196,11 <260,26.

Ha ocHoBanuu dopmyisr (5.1-7) ams paccMaTpHBaEMOrO pacucTHOTO MPUMEPA MOXKET OBITh CACTAH
BBIBOZA O TOM, YTO YCIOBHE IPOYHOCTH IOABOJHOTO Ta30MpOBOAA IO CYMMApHBIM HAIPSHKCHUAM
BBITTOJIHACTCSI.
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5.2 NIPUMEHEHHE ITPOI'PAMMHBIX KOMILIEKCOB
JJIs TIPOBEPKH MPOYHOCTH TPYBOIIPOBOJA

PaszpaGoTansbic B mociexHee BpeMs M YK IIHPOKO MPUMCHSAEMbIE B MPAKTHKE MPOCKTHPOBAHMS
MPOrpaMMHBIE KOMIUICKCH HA OCHOBE YHCIICHHOTO MOCIHPOBAHUA TPyOOMpPOBOJA M BHCINHUX YCIOBHI
ero TpaccupoBku (sanpumep, SAGE Profile 3D, paspaGorannnii Fugro GeoConsulting, wm paspa6o-
taHHbiii Orcina Ltd. xommuekc OrcaFlex) mossomsiror Goiee TOYHO HO CPAaBHEHHMIO C HHKCHCPHBIMH
METOIUKAMH OIPEJCIIATh HAPSDKCHHO-ACGOPMUPOBAHHOE COCTOSIHHS MOPCKOTO MOABOAHOrO TPyOOmpo-
BOZa B 3KcIuTyaramuu. Kak npaBuio, Takod MporpaMMHBIN KOMIUIEKC AO/DKEH ObITh MpPEHA3HAYCH IS
JByX- H TPEXMECPHOIO MOJCIHMPOBAHUA MPOIECCOB YKIAAKH, HCIBITAHHA H JKCILIyaralid MOPCKHX
MOJBOJHBIX TPYOOIPOBOAOB HA OCHOBAHMU KOHEYHO-3JIEMEHTHOH HENHHEHHOH Moxenu TpybonmpoBoxoB
€O CTEPXKHEBHIMH TOHKOCTCHHBIMH TPYOYaThIMH KOHCYHBIMH DJICMCHTAMH.

BXO,Z[HL[MI/I mapaMeTpaMu Al TAKHUX MPOrpaMMHBIX KOMITTICKCOB JOJIXKHBI ABJIATBCS:

JUTHHA PaCYCTHOTO KOHEYHOTO 3IEMEHTA TPyOOIPOBOaa;

npodune aua B Buae 3D cetku wim 2D npoduns;

XapaKTePUCTHKU IPYHTOB MO TPACCe TPyOOIPOBOAA;

XApaKTCPUCTHKH TPYOONPOBOAA: BHEHIHMH AMAMETP, TOJMIIHHA CTEHKH, KJIACC NPOYHOCTH,
HaJ'II/I"II/IC/OTcyTCTBI/IG BHCIIHUX AHTUKOPPO3HOHHBIX, H3O0/MIUHOHHBIX H 6aJ'IJ'IaCTHbIX l'IOKpI:ITI/Iﬁ H HX
XapaKTEPUCTHKU (IUIOTHOCTH, TOJINHMHA, BOJXOHACHIIICHHOCTS),

TEMICPATyPHBIH PEKUM TPyOONpOBOAA M TEMICPATypa BHELIHEH CpeAabl (3aBHCHMOCTh H3MCHCHHS
TEMIICPATYPhI MOXKET OBITh KAaK JIMHCHHOM, TaKk M HEIIMHCHHOIH),

IUIOTHOCTh TPAHCIIOPTHPYEMOTrO HPOAYKTA, BHYTPCHHEE JABJICHHE B TPYOOMpOBOAC (3aBHCHMOCTD
M3MCHCHHS JABJCHHUS MOKCT OBITh KaK JIMHCHHOM, TaK W HEJTHHEHHOI).

AJIrOpUTM TaKHMX PACUCTHBIX MPOrPaMM JOJDKCH YIHTHIBATh HEMHHEHHBIN H3rHO TPYO U HENUHEHHYIO
PEaKLUIO IPYHTA: HECYILYIO CIIOCOOHOCTh, OCEBOE M TOPH3OHTAIBPHOE CONPOTUBIICHHUE TPEHUIO. BHEIHIE
Harpy3Kd Ha TPyOOIPOBOJ JO/DKHBEI BKIIFOYATh COOCTBEHHBIH BEC, HATSHKCHHE MPH YKIAAKE, COCPENO-
TOYCHHBIE HATPY3KH (HAImpHUMep, INPOTEKTOPHI), PACIPEACICHHBIC HATPY3KH (HANpUMEP, TEUCHHS H
BOJIHOBBIC BO3ACHCTBHSA), 3aJaHHBIC CMEIICHUA (Hampumep, mpoduie AHA), a TAKKEC BHYTPECHHHE H
BHCLIHKC JABJICHUS U PACIPEACICHHC TeMIepaTypsl. Tomorpadust MOPCKOTro JHA JODKHA 3a0aBaThCs II0
Pe3yabTaTaM MHXKCHEPHBIX M3BICKaHWMIA 1Mo Tpacce Tpydomposoaa B Buae 3D cetku wmu 2D npoduns.

BraumogeticTBre TpyOOIPoOBoa ¢ MOPCKHM IPYHTOM AOKHO MOJCTHPOBATHCS TSI CIIyUaeB YKIIAIKH
TpyOompoBoga Oe3 3armyOieHHs (IpH 3TOM ONpPEACTIETCS IPOCaAKa TPYyOONpoBOAa B TPYHTE) U C
3armyOneHneM B JOHHBIA TpyHT [lpu mpokmagke NmOBEpX AOHHOTO TPYHTA JOJDKHBL OMPEAEIATHCS
mapaMeTpE CBOOOIHEIX IPOJCTOB TPYOOIPOBOAA HA STalax YKIAAKH, THAPABIHYCCKAX HCIBITAHHUM U
SKCILTYATALH.

OtnenbHO ZODKEH OBITH PacCMOTPEH BOIPOC OOECIEUCHHS MPOYHOCTH IOABOJHOTO TPYOOIpPOBOIA
IpY €10 3arTyOaCHUH B JOHHEIH TPYHT C MPUMEHEHHUEM TPyDO3arIyOUTCIBHBIX YCTPOUCTB Pa3IHUHBIX
THIIOB (IepeMelneHre TPyOONpoBOAa C INOBEPXHOCTH JOHHOTO TIPYHTA B TPAHINCIO OMPEACICHHOM
MPOSKTOM INIyOUHEI ¢ MPEIOTBPAILECHHEM HOSIBICHHUS YPE3MEPHBIX U3THOHBIX HAMPSKCHUIA).

IIpuvenseMble B IpolECCe NPOCKTHPOBAHMS IOJ TeXHWYECKHMM HaOmogeHueM PC mopckux
MOABOAHBIX TPYOONPOBOAOB MPOTPaMMHBEIE KOMILTEKCH JO/DKHBEI ObITh 0x00peHEl Peructpom c
odopmaerrnem CBUACTEILCTBA O TUIMOBOM OXOOPSHUH IporpaMmMHOro obecncuchus (popma 6.8.5).
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6 BAJLTACTHPOBKA IIOBOJHBLIX TPYEOITPOBOIOB

6.1 BAJUTACTAPOBKA HE3AIIYRJIEHHBIX B IOHHEII I'PYHT TPYEOIIPOBOIOB

BPannacTiHpoBKy IOABOJHOrO TPYOOIPOBONAa HEOOXOAMMO OCYINSCTBIATh A KOMICHCALHH IO-
JIOXKUTEIPHOM IIIABYYESCTH, OOCCIECUEHN YCTOMIMBOCTH Ha JOHHOM TPYHTC IIYTEM CO3JAHHS MPOTHEBO-
JEHCTBHS TOPU3OHTATIBHBIM U BEPTUKAIBHEIM YCHITHAM, CO3JaBACMbIM TCUCHHUSAMHY U BOJHCHHEM, A TAKKE
JUIS 3ALOUTHL OT YAAPHBIX BO3ACHCTBUI IPH TPAHCIIOPTHPOBKE, MOHTAKE M SKCILTYATALMH.

VToKenqomue HNOKPHITHS A OalIacTHPOBKH TPyOOIMPOBOAOB M 3ALUMTEI OT MEXAHHYECKHX
MOBPEKACHUH JOMKHEL OBITE 0400PEHBI PerucTpoM u yIOBICTBOPSTE CICAYIOIUM TPEOOBAHUAM:

HMETh JOCTATOYHYIO ILIOTHOCTh M TOJLIMHY IS OOCCIICUCHHS HECOOXOAMMONH OTPHLATEIBHOM
IUIABYYECTH TPYOOIIPOBOAA,

HMETh AOCTATOYHYIO MEXaHMYECKYIO NPOYHOCTb, YTOOB IPOTHBOCTOATH MOBPEKICHHAM TPH
TPaHCIOPTHUPOBKE TPYO, MOHTAXKE M DKCIUTyaTaI[UH,

HMMETh HEOOXOAMMYIO JONTOBEUHOCTh, XHMHYCCKYI) W MEXAQHHUESCKYIO CTOMKOCTh MO OTHOLUEHHIO K
MOPCKOI1 BOZE.

Pacuer Tpebyemoro kommuecTBa GamiacTa W/HIH PACCTOSHMS MEXAY OAMHOYHBIMH OasTaCTHBIMH
Tpy3aMH ANS He3armyOncHHBIX (HC3aCHIMAHHBIX) B JOHHBIH TPYHT TPyGOMpPOBOAOB JOMXKEH OHITH
MPOM3BEACH, UCXOA M3 YCIOBHE CO3ZAHMS OTPHUATCIHHOM IUIABYYECTH Ui TPyGOMpoOBOAa, MPOTHEBO-
CIBHUTOBOTO COIPOTHBIICHHS BOITHCHUIO U TCUCHUIO, & TAKXKE C YICTOM B3BCIIHBAIOLIUX YCHIHHM, KOTOPHIE
BOBHHKAIOT B VIIPYTOHCKPUBICHHBIX YIACTKaX TPYOOMpPOBOAA.

Tpebyemerii Bec Gammacra B Boae (,, kH/M, ompezensercs mo dopmyne (UHCICHHBIE 3HAYCHHA
[apaMeTPOB COOTBETCTBYIOT PACUICTHOMY MPUMEDY, YIIOMSHYTOMY BBILLE):

F,
Qb?ﬁfkst+(Fv+qu+qz)ke_Qp> (6-1'1)

e f4=0,25 — xosdpdunuent Tperus (eM. dopmyiy (6.1.7) wactu I «Mopekue tpyGonposonpy IIpasun MIIT);
k.=1,25 —xoadduiment 3anaca ycroiunoctr tpybonpoBoza Ha BemibitHe (eM. dopmyny (6.1.7) sacta I «Mopekue
Tpy6onpoBoasly IIpasun MIIT),
ky, = 1,3 —xoaddumueHT 3anaca ycroiuupoctd TpyGornposona Ha casur (cM. dopmyny (6.1.7) wactu I «Mopckue
Tpy6onpoBogsl» IIpasun MIIT),
q, = 0 — B3BEIHMBAIOIIEE YCUIINE, BOHUKAFOIIEE TIPH YIIPYToM W3rHOe TpyOOrpoBojia B BEPTHKATILHOH TIOCKoCTH, KH/M;
qs = 0 — B3BelNUBalOLIEe YCUINE, BO3HHUKAIOIEE TIPH HATMYUH IIPOJOILHON pacTATHBAIOMCH CHIIBI B YIIPYTOHMCKPHB-
7eHHOM TpyGonposozne, KH/M;
Fy — cymMmMapHasi TOPH30OHTajlbHAs COCTAaBJIIOMAs CHIOBOIO BO3/CHCTBHMS BONH M TEYCHHA, ONpejeieMas B
COOTBETCTBHUHM ¢ pasi. 4 HacTosmux Pexomennanuii, kH/m;

Fg:FC,h+Fw,h; (61-2)

F, — cymmapHasi BepTHKalIbHas COCTABISIONMAS CHIIOBOTO BO3JACHCTBHS BOJIH M TCYCHHS, OmpelesiseMas
B COOTBETCTBUU ¢ pa3l. 4 mactosmmx Pexomenparmii, kH/M;

Fv:Fc,v+Fw,v; 6.1-3)

(), —BeC eIMHHMIBI JTHHEI TPyOONIpPOBOAa B BOZE C YYETOM Beca aHTHKOPPO3HOHHOM 3amuTsl M M301uMH (6e3
ydeTa Beca TPaHCIIOPTHPYeMO# cpenpl), KH/M;

Qp=P—Fy =m-g—p, gV =100,32-9,8—1010-9,8-0,0962 =0,31 kH/wm, (6.1-4)

rae P — Bec 1 M TpyOonpoBoza B BO3AyXe IPH TOMIIMHE CTCHKH 12 MM,
Fy — cuna Apxumena, aelictyiomas Ha 1 M TpyOonpoBoza.
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PesynbraTel pacaera 6amnacTHPOBKH MOPCKOrO TpyOOMpoBoAa MpeACTaBiaCHb B Tabm. 6.1.

Tabauna 6.1
Pacuer 6aLIacTHPOBKM He3ar Iy GieHHOro 0 razonp
MK, Ne | F_ n xH/m Fy p, kHM Fg, xH/m F. ., xHm Fy y, xH/M F,, kH/m Op, xH/M Op, xH/M

0 0,0163 0,488 0,504 0,0327 1,198 1,231 0,31 2,421
1 0,0163 0,505 0,521 0,0327 1,271 1,304 0,31 2,552

2 0,0273 0,027 0,0546 0,055 0,31 —0,177
3 0,0273 0,027 0,0546 0,055 0,31 —0,177
4 0,0326 0,033 0,0653 0,065 0,31 —0,151
5 0,0327 0,033 0,0654 0,065 0,31 —0,151
6 0,0305 0,031 0,0610 0,061 0,31 —0,162
7 0,0305 0,031 0,0610 0,061 0,31 —0,162
8 0,0260 0,026 0,0519 0,052 0,31 —0,184
9 0,0260 0,026 0,0519 0,052 0,31 —0,184
10 0,0260 0,026 0,0519 0,052 0,31 —0,184
11 0,0260 0,026 0,0519 0,052 0,31 —0,184
12 0,0260 0,026 0,0519 0,052 0,31 —0,184
13 0,0260 0,026 0,0519 0,052 0,31 —0,184
14 0,0260 0,026 0,0519 0,052 0,31 —0,184
15 0,0327 0,033 0,0654 0,065 0,31 —0,151

BennuuHbl B3BCIIHBAIOMINX YCHIMH ¢, U ¢ ONPEIACSIOTCS MO COMIACOBAHHOM ¢ Peructpom MeToauke,
HCXOJs W3 MapaMeTpoB Npoduisl TPacchl MOABOZHOTO TPyOONpPOBOAA (AJIHMHBI M CTPEIKH YIPYTHX
nporudoB TPyOONMpOBOAA MPH HAMYHMHK HA Tpacce TPyGOMpPoBOaa CBOOOJHBIX MPOJICTOB).

Jna onpeaencHust BETMYHH B3BSIIHBAIOINUX YCHIUH ¢, U g, (cM. dopmyiy (6.1.7), uacts I «Mopckue
noxsoaHbie Tpybonposoae» [Ipasmn MIIT), koTopele MpHBOAIT K YMCHBIICHHUIO PaBHOACHCTBYIOLIEH
BepTHKaTbHEIX ycmmuii Ha MIIT u, cnenoBaTtenpHO, K YMEHBIICHHUIO CHIIBI TPCHHS, MPEILITCTBYIOMICH
cvmemenno MIIT oT BO3ACHCTBHS BOMH M TEUCHHI PEKOMEHAYETCS PYKOBOACTBOBATbCS COOTBETCT-
BYIOIIMMH PEKOMEHAAIMSIMHU 10 pacderam [1 — 3].

IIpu onpeneneHNn yKa3aHHBIX MApaMETPOB CICAYET HMETh B BUAY CIICAYIOIIEE:

B3BCLIMBAIOIINE YCHINA BO3HUKAIOT npH ykmaake MIIT Ha ydacTkax Tpacchl, MMEIOIUX BOTHYTOCTD
(cemmoBarocTs), mapamMeTpsl KOTOpOil (AnmiHA / 1 cTpenka nporuda f) ompeaeseHbl B XOAE HHKCHEPHBIX
U3BICKAHUH,

IIapaMeTP BOTHYTOCTH y4acTKa TPACChl — Paguyc R, ONpeaeaeHHbIH no jmuHe / U cTpeke nporuoa f,
HE JOJDKEH IIPEBBILIATh BEIUUIMHbL, yKkazaHHOH B 8.2.1.6 yactu I «Mopckue moaBoaHbie TPyOOIPOBOABD»
ITpasua MIIT;

BEIMYMHA PACTATHBAIONICTO YCHIHMSA B IOABOXHOM TPYOONIPOBOAE, CNOCOOCTBYIOIIECTO HOSBICHHUIO
B3BEIIMBAOIMMUX YCHIUH, ¢ OmHOKOH B OC30MACHYIO CTOPOHY MOXET OBITh MPHUHSITA PaBHOH
PAacTATHBAIOLIEMY YCHJIMIO IPH YKIAAKE C TPYOOYKIaIIHKa,

TIPU YKIAAKE ¢ TPYOOVKIAMIMKA C MCHOIb30BAHUCM PACTATMBAIOLIMX YCHIIMM HA YYACTKE TPACCHI C
«BOTHYTOCTBIOY» BEIMYMHBI B3BCIIHBAIOMNX YCHIHMH ONPEACIAIOTCS Kak CyMMa ¢, +¢, TpH YCIOBHH
PacCMOTPEHMS IOABOJHOTO TPYOOIIPOBOJA KaK 3aIEMICHHOH II0 KOHIAM OalKu.

B paccmatpuBacMOM mpHMEpEe HpPH OTCYTCTBHHM B3BELIMBAIOMMX YCHIHI IO pe3yIbTaTaMm
MIPUBEICHHBIX PACcuCTOB MOMKHO CAENaTh BBIBOA O TOM, YTO BeC TPyOOmpoBOZa B BOAC HEAOCTATOHCH,
TK. OH IOABCPKEH JCHCTBUIO M30OBITOMHBIX CHJI MOAACPIKAHNS B MOPCKOH BOAC (HATHYHE [OTOXKUTETBHON
IIABYYECTH).

Tpebyemblii BHEIIHHH paguyc OCTOHHOrO MOKPHITHs TPYOOIPOBOAA OMPEACIICTCS M3 CIEXYIOLIETO
ypaBHEHHUSI:

y=Qx 1002 p2 _ r2r 6.1-5)

con
Peon
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B TakoM cimydae BHELIHHE paanyc OSTOHHOTO MOKPHITHS ONPEACISICTCS TO cieayroueii Gopmyie:

Ropy = \/ (D x 100/2)/peon lo?t/L Wpeon 4 g2 — [ (235X 10?t/ i’ﬁ)/ 2700 1 0.175%=0.248 . (6.1-6)

ITpu 3TOM TONIIHHA OETOHHOTO MOKPHITHS PABHA!

t=Roon—Ryr —0,248—0,175=0,073=7,3~8 cm.

Takum oOpazom, ToNLHHA OANTACTHOTO MOKPBITHA mpuakMacTcs pasHoii 8,0 cm. Ilo xoHCTPYKTHE-
HBIM COOOpaXKCHHUAM Ha MOPCKOH TpyOOmpoBOA MNOMKHO OBITh HAHCCEHO OAMTaCTHOC TOKPHITHE
TONMIEHOM § CM U3 Kelne306eToHa WIoTHOCTHI0 2700 Kr/M° HO BCeH €10 JUTHHE.

VYcnosue GannaCcTHpPOBKH B COOTBETCTBHH € (popmynoii (6.1-1) Oyaer BBIMOIHCHO, €CIH BEC
GanmnacTHOro NokpuiTHsA Mg |1 mor. M Mopckoro TpybonpoBoaa cocrasnseT 2,55 kH/M.

6.2 BAJUIACTHPOBKA 3ATJIYBJIEHHBIX B JOHHBIN I'PYHT TPYBOIIPOBOAOB

B npomecce 3achIkM TPYHTOM HAXOAAIICTOCS B TPaHIIEe MOABOAHOTO TPYOOMPOBOAA HIH
3armyONcHUs paHee YIOKEHHOTO HAa JOHHBIM TPYHT TPyOOMpOBOJA MPOUCXOIUT MEPEMELTHBAHHE MPYHTA
3aCBIIIKK C BOAOH C BO3MOKHOCTBIO MEPEXOAA IPYHTA B JKHAKO-TEKYYEE€ COCTOSIHHE C IUIOTHOCTBIO
3HAYMTCIBHO TPCBOCXOAALIEH IUIOTHOCTh MOPCKOM BOoZbl (10 1600 Kr/M’), 9TO MOXET MPHUBECTH K
BCIUTBITHIO TpyOompoBoaa. [lpu 3TOM CONMPOTHBICHHE PaPKIKEHHOTO TPYHTA CABUTY MPAKTHYCCKU
OTCYTCTBYET, C APYTOi CTOPOHEI, HA TPYOONPOBOJ, HAXOAALIHIACS B TPAHIICE, HC HOABCPKCH BO3ACHCTBHIO
TEUCHUN ¥ BOMHCHHS. B 3TOM cliyyac yCIoBHE YCTOMYMBOCTH TIOABOJHOTO TPYOOIPOBOAA B TPAHIIEE HA
BCILIBITHE OIPEIEIIACTCS CISAYIOMEH 3aBUCHMOCTBIO [4]:

4@pipe + Qins + Op)
e St S > e ©62-1)
e QOpipe — BEC SIMHHUIIBI JTTMHBI TpyOONIpoBOAa Ha BO3AyXe, KI/M;

Qins — BEC CAMHHUIILI JJTMHEI MW30MAIMKA Ha BO3AYXE, KI/M;
0, —BeC CAMHHUIb! JUTMHBI GATACTHOTO OKPBITHS HA BO3LYXC, KI/M;
D,,, — Hapy)HbIH guaMeTp TPYOOIPOBOa ¢ YUETOM H30JAIMH U OAIACTHOTO HOKPBITHS, M;
Ps —IUIOTHOCTL PA3KUXKECHHOTO TpyHTa (OTHOINEHHWE Macchl TBEPABIX YaCTHIL T'PYHTA, BKIIOYas Maccy
cofepIKalrieiicss B HEM BOJHI, K MX 06BeMY), KI/M>, onpezernseMas o cieAyiomet GpopMyre:

p, =Ps skPw(1 + W) (6.2-2)
4 Ps. skW+ 1> ’
e Ps. sk — IJIOTHOCTL CKeJIeTa FngTa (oTHOIIEHME Macchl TBEP/bIX YACTHI] [PYHTa K UX 00beMy), KF/M3;

Py — IJIOTHOCTh BOJBI, KIYM”)
W — BnaxuocTh pyHTa (OTHOIEHHE MAacChl BOIBI, 3aK/IIOUEHHON B MOpaxX IPyHTa, K Macce TBEPABIX YacTHIL

TpYHTa), J.€.
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7 YKIAAKA MOPCKOTI'O TPYBOITIPOBOJA

7.1 OBIIUE NMOJOKEHHA

OCHOBHEIM METOZOM MOCTPOHKH IOABOAHBIX TPYOOMPOBOAOB B MOPCKHX AKBATOPHSAX SIBISIETCS
YKI3JKa ¢ IOMOIIBIO CIICHHATH3HPOBAHHEIX TPYyOOoyKknanouHsix cynos/6ap:xk (TYC), koTopsic HO3BOISIIOT
coopykatk TpyOompoBOAbI, OTBEHarOIHE TpeOyeMbiM paboOYMM HapaMeTpaM TPAHCHOPTHPOBAHUA
MPOAYKIIMK HA 3HAYMTEIBHBIX ITyOMHAX NMPH BOJTHEHHH U C JOCTATOYHON MPOU3BOJUTEILHOCTBIO.

IMprvepro Ha 70 % TYC mpumensierca cnoco® HapalueaHus TPyOONPOBOAA HA TOPH3OHTAIBHOM
MOHTKHOH JIMHHH C HOCIECAYIOIMM CITyCKOM €r0 Ha MOPCKOE AHO IO CTHUHIrepy nojx HarsokeHueM. [Ipu atom
y9acTOK TPyOOIPOBOJA OT CTHHICPA JO TOYKH KacaHWs HAa JOHHOM IPyHTC mpuHUMACT dopmy S-0OpasHoii
kpuBoi. JlaHHBIH criocod yknaaku TpyOONpPoOBOAa HOCUT HasBanue S-metoxa yxinaaxd [1] — cm. puc. 7.1-1.
B HEKOTOPBIX CIy4asx HpH HEJOCTATOYHOW JIMHE CTHHTEpa (WM HCBOMOXXHOCTH NPHMCHHTH CTHHIEP
JOCTaTOYHOM ANMHBI HA MEIIKOBOJBC), HCHOMB3YIOT MOAACPIKUBAIOINMC YKIAABIBACMBIN TPYOONpPOBOA
SIIEMEHTHI IUIABYUCCTH.

Puc. 7.1-1 Cxema S-MeToza yKIaIKH MOPCKOTO MOABOAHOrO TpyGonpoBosa:
1 — tpyGoyiafouHoe cyaHo/Gapxka; 2 — cTHHTep; 3 — TPyOONpOBOA; 4 — DIEMEHT IUIaBYUeCTH

Bo3moxxHOCTH YKIaIKH C MPUMEHEHHEM S-METOAa HMCIOT OrPAHHYCHUS 10 TIyOHHE MOpsI, KOTOPHIC
3aBUCAT OT JUAMETPa U TOMIIHHBI CTCHKH MOABOAHEIX TpyOomposomos. Kakx mpasmio, qaHHBI MeTOnR
HCIIONB3YETCs MPH NPOKIaAKe TPyOoonpoBoxos auamerpoM a0 1220 mm Ha rrybmnax mxo 300 — 350 m
u auametpom 10 800 MM Ha rmybunax mo 700 M co cxopocThIO yKiIanku 3 — 5 km/cyT. [1].

Jna ykmagku TpyOONpPOBOAOB HA INIyOWHAX, MPEBHINAIONIAX BHIIICYKA3AHHBIC, NMPHUMEHSCTCS Tak
HA3bIBAGMBIM J-METOZ YKIAAKH ¢ M3rHOOM TPyOONpPOBOAA OT TPYOOYKIAmUMKa JO TOUKHM KACaHHI Ha
JOHHOM I'PyHTE 10 J-00pasHoii kpuBoil — oM. puc. 7.1-2. Hapamusasue TpyGompoBosa MpOM3BOAUTCA HA
BEPTHKATIbHON (MIH OIHM3KOH K BEPTHKAIPHOMY IOJIOKCHUIO) PAMIIC, HA KOTOPYIO MOJAIOTCS HpeABapuU-
TETBbHO CBApPEHHBIC NONAPHO TPYOHBIC CCKLIMH.

OcHoBHOE OTIMuHE J-METONA YKIAAKH OT S-METOAA 3aKIOYACTCS B OTCYTCTBHM CTHHIEpa W B
BEPTUKATIPHOM DACIONOKEHHM BEPXHETO KOHIIA TPYyOOIpoBOJa B IpOIEcCce YKIAIKH Ha OoibInue
rIyOuHbl, 4TO OOYCIaBIMBAET OTCYTCTBHE HANPSDKCHHM OT mM3ruba Ha BEPXHEM KOHIE TPYOOmpoBOga
(eMm. puc. 7.1-3, a). Takum o6pazom, npH Crocode YKIAAKH S-METOAOM ACHCTBYIOT 3HAYHTEIbHBIC
M3ruOAroIie MOMEHTEHI JBYX 3HAKOB: IIPH CXOAE CO CTUHIepa TPYOOIPOBOX MPETEPIICBAET BEITHO, a Ominke
K TOUKE KacaHWs JHA — IPOTHO, MPH 3TOM MMEETCs TOUKa, [AC KPHUBU3HA YKIAIBIBACMOTO TPYOOIIpoBOIa
MEHSET 3HaK U M3rubaromuii MOMCHT paBeH Hy/ro (cM. puc. 7.1-3, 6).
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Puc. 7.1-2 Cxema /J-MeTOmA YKIAAKH MOPCKOTO MOABOTHOrO TpyOomposona [1]
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Puc. 7.1-3 Dniopsl u3rubaroniux MOMEHTOB IIPH YKJIAJAE Pa3auuHbIMU cnocodamu [1]:
a — J-MEeTOA YKNaAKK;, & — S-METO/ YKAaAKu
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B cooTBeTCTBHM ¢ MPOBEACHHBIM AHATH30M XaPAKTEPHUCTHK AeHCTByrompmx B Hacrosmee Bpems TYC [1]
AT YKTAAKH S-METOZOM HA OTHOCHTENBHO HEOONBIIMX TIyOMHAX, XapaKTEePHBIX IS POCCHHMCKHX
MOPCKHX He(TErasoBEIX MECTOPOXKACHHH, AOCTATOuHO 3>()MEKTUBHBIMHU ABIAIOTCA HECAMOXOTHEIE
TYC (6apxmu), KOTOpBIE MO3UIMOHUPYIOTCA M HMEPEMEIIAIOTCS MPH YKIAAKE TPyGONMpoBoAa ¢ MpHUMEHE-
HHEM CHCTEMEI SKOPHOTO MO3HLHOHMPOBAHKA U € MEPEKIaAKoM sikopeit (em. puc. 7.1-4).

o P
P i

75" B, possapotiag

4987800

Puc. 7.1-4 Ilepememenne Tpy6Goykiafounoii Gap)ku Mo Tpacce TpyOGonpoBoaa Ha SKOPHON CHCTEME MO3MIIHOHMPOBAHHMS

Hpyrue cmocoObl YKIAAKH TMOABOAHBIX TPyOompoBomos mepeuncicHel B 8.5 wactu [ «Mopckue
noaBoguele Tpydomposoxen [Ipasun MIIT M MOryT mpUMEHATBCS B 3aBUCHMOCTH OT KOHKPETHBIX
0COOCHHOCTE! aKBaTOPHH, TPACCHI, IPOU3BOACTBEHHON Oa3sl MOAPSIYMKA U T.1.
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7.2 PACUET CTATAUYECKOM IMMPOYHOCTH YKJAJIBIBAEMOI'O TPYBOIIPOBOJA

B HacTosweii maBe npHuBeieH NPHUMEP CTaTHYECKOro paciyeTa MOPCKOro TpyOoorpoBoia npy ykiajke
¢ TYC SULEYMAN VEZIROV (Per. Homep 743746, ¢nar/cobcTBeHHUK A3epbaiiipkaH), BHINOJIHEHHBIH
Ha OCHOBaHWM pacueTHoOi MeToaukn [2]. B kauecTBe npumepa npuBojauTcs 0OETOHHPOBAHHBIH
TpyOOIIPOBOZ, HapaMeTpbl KOTOpOro OBUTM OMpelesieHbl B PACUETHBIX NPHUMEpPaX COOTBETCTBYKOUIMX
pazmenoB HacTosAmmx PekomeHmaumit: 3350 x 12 MM, ctanp X52, ToaHUHA OCTOHHOTO MOKPHITHA 80 MM.

SULEYMAN VEZIROV wumeer rmmaBublie pa3mepeHus: LxXBxDxd=107x24x7,0x3,48 m.
Pazmeps! cTuHrepa: juinna /;=35,0 M, paguyc KpUBU3HbI IS MOXET peryauposarbes ot 283 1o 396 M.

Jns yknaaky Mopckoro TpybonpoBoAa MCMoJib3yeTcs S-METOJ, HEKOTOpbIE IeOMETpUYecKHe
rapaMeTpsl KOTOPOTO yKa3aHb!l Ha puc. 7.2-1.

j* H

bapxa

Vs

’ T T Ty - - E
. 91

Prc. 7.2-1 TeomeTprueckne mapaMeTpsl Tiporiecca yKIAAKHA S-METoIoM:
] — TIOBEpPXHOCTH BOABI, 2 — TOYKA KacaHWs TPyOOIPOBOAA C AHOM; 3 — POJIMKOBEIEC OTIOPHI;
4 — crunrep; o= 14° = 0,244 pax. — yrona HakJIOHa KOPMOBOTO Y9aCTKa MOHTAXHOM TWHWH (HAYABHBINA YTOJl HAKJIOHA
cTuHrepa); B — yroa cxoaa TpyGONpOBOA CO CTUHICPA; ¢ — YIOJl HAKJIOHA AHA; Fy — PAaJUyC CTHHIEpa

Ha yuacTke mpuseraHus K CTUHrepy TpyOonpoBoja u3rubaeTcs no KpUBOM, ONMUCHIBAEMO PauyCcoM
KPUBU3HBI CTUHIEpa Py, NPU OTOM CTUHrEp NPUHUMACTCSA JKECTKOH KOHCTPYKUMEH, CHabKeHHOM
POJIMKOBBIMH OIOpaMH. MareMarndeckass MOJAENb JUIA OMUCAHHA YIpyroro msruba TpyOGompoBoaa
MIPUHHAMAETCS B BHUIE HepaspesHoit Oanku TpyOuaroro cedeHus. 3aKkpervieHHs Oallku 3aJaloTcsA B TOUKE
KacaHust ¢ THOM B BHJI® LIAPHUPHO-HENO/IBMXKHOM ONOPbI, POJIMKOBbIE ONOPbI CTUHIEPAa — MOABHKHBIMH
LIApHUpaMH.

Ha cTtuHrepe ayiuHoii [y Ha TpyGonpoBoj ISHCTBYIOT ClE/yIOLLNE HArPY3KH:

coOCTBeHHBIN Bec TPyOOMpoBoOAa (3amaeTcsi pABHOMEPHO paclipe/ie/ieHHas Harpy3ka m1 ¢ y4eToM Beca
GeTOHHOTO TTOKPBITHSA);

JlaBJieHHe BOAbI Ha CTeHKH TpyGonposoja (cuiia miaBy4ecTH);

HaTspkeHue TpyObl N, coznaBaemoe Harsokurensamu TYC.

Jnst mpoBepKU MPOYHOCTH paccMaTpUBaeTcs TOJbKO MeTaJuinueckas TpyOa, 6eToHHOe yTsKeNstoee
TIOKPBITHE YUUTHIBACTCS TOMBKO KaK JOMOJMHHTEIbHASA BecoBasd Harpyska. TeM He MeHee, caMo GeTOHHOE
NOKPbITHE JIOJDKHO ObITb NPOBEPEHO HAa MaKCUMalbHbie AePOpMaLUM PACTKEHUS U3 YCJIOBUS
OrpaHUuYeHUsl LIHPUHBL NONEPEUHbIX TPEUIMH B PacTAHYTOU 30HE€ GETOHHOIMO NOKPLITHS Ha OCHOBAHUM,
Hanpumep, [4] u [5]. Kpome Toro, Hanuuue 6ETOHHOrO NOKPbITHUS HE MO BCEH AfMHE TpyObl, a TONbKO B
cpenHeit yacTy 3a uckimodeHHeM 400 — 500 MM Ha KaIoM KOHLIE TpyObl MPHUBOAMUT K KOHLICHTPALMH
W3rHOHBIX HANpPsDKEHUM B 30HE CBapHBIX CTHIKOB. [l ycTpaHeHHs OAHHBIX BO3ICHCTBHUIL B psme ciyyac
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[P 3HAYUTENIBHOH TOMIIMHE U Bece OSTOHHOTO MOKPHITHS PEKOMEHAYETCS HAHCCCHUE HA HEM KOJBIEBBIX
popeseit [6].

CormacHO yCIOBHAM MakCHMAIbHO JOIYCTHMOIO YIPYroro usruda TpyOOompoBOZA € YYETOM €TO
HATsOKCHUS JO/DKEH ObITh NMPOBEPEH PaaWyC KPHBU3HBI CTHHIEpA 7y, KOTOPHI HC MO/DKEH INPEBHIIIATH
MHHUMAIBHOE 3HAUCHHUC /iy, ONPEACIIEMOE IO Ceayroiuei hopmyre:

EJ
P P —— - -
Is= W([G] —N/F) Vmin, (72 1)
e J —MOMEHT HHEpIHH MeTaIHuecKol TpyGhI, M*;
E = 204570 Mlla — mMozaynb ynpyroeTd ctainu (Monyias HOHra),
W — MOMEHT COIPOTHBICHHS METAIIHUECKOH TPYOhI, M,
[6] =260 MIla — nomyckaeMoe HampsKeHHE (CM. pasz. 5 HacTosmmMx PeKoMeHmaiuii),
N =451=0441 MH — ycunue HatsbkeHus tpybomnporoga na TYC,
F — TIoma/p NOHePedHOro CeUeHHs METaUIHUeckol TpyGhI, M.
J:g—4 (Di—D}p = 2—4 (0,35*—0,326%=0,000181 m*, (7.2-2)
e D,=035muD,, = 0326 M — HapyKHbli ¥ BHYTPEHHHUN AHAMETPbl METAIIIHYCCKOM TPyObl COOTBETCTBEHHO,
F:Z{ (D2—D2)= %(0,352—0,3262)=0,0127 M (7.2-3)
__T 4 Ay T 4 4y _ 3 -
w 32D, D;—Diys 32'0,35(0,35 0,326M)=0,00104 »". (7.2-4)
B cootserctBun ¢ dopmynoii (7.2-1) paguyc KpUBU3HBI CTHHICPA F, PABCH:
(204570-0,000181) _
> = -
s> 0,00104Q260 — (0.441/0,0127)) 128 M (7.2-5)

Taxum o6pa3om paauyc CTHHTEpA 7 MOXKET OBITh NPUHSAT PABHBIM €r0 MHHHMAJIbHOM BCIHYHHC IS
gansoro TYC — 283 m.

OmnopHble peakuMH HA CTHHIEPE ONMPEACISIOTCS W3 YCAOBHA, YTO H3rdOAroIuii MOMEHT B JTIO0OM
ceueHHH TpyOompoBoza Ha cruHrepe M, xHwm, ompemcnserca ero paguycoM H KECTKOCTHIO
TpybompoBoaa;

M =EJlr; =(204570-0,000181)/283 =0,131 MHM=131xkHm. (7.2-6)

HamGonpmas peakums Ha MApHUPHOH oOmope CTHHrepa (HA NECPBOM POJMKOBOH OMOpPE MOCHC
KOPMOBOTO y4acTKa MOHTaKHOH nmuHHH) Ry, kH, onpeaensiercs mo crexyrommeit popmyne [2]:

1 . . . .
Ro=g=AMJr; +N(1—cose) + mr;[sin ;e +(cos ; —cos )] - % (sinf;-e —sinorsin )}, (7.2-7)
rne B=a+1/ry57,3°=14+35/283-57,3°=21,1°=0,368 pax. — yroia HakioHa B TOUKe cXofa TPyOOHpoBona co
CTUHTEpA;

e=S8/r;=2/283=0,007 pan.=041° (S=2 M — paccTosire MEXAY POTMKOBBIME OMOpaMH CTHUHTEpa) —
IpHUpallieHre yIvia HaKIoHa TpyOOIpOROAa MEXKILy POTUKOBBHIMH OMOPaMHU,
61=u+e=14°+0,41°=14,41°=0,251 pax. — u3MeHeHHe yIIia HAKIIOHA TPy OOIPOBOAA [TOC/IE IEPBOH POIHKOBOMH
OTIOPBI,
m = 3890 H/M — moroHHBI# Bec TPyOOIpOBOAa ¢ MOKPHITHIME HA BO3LYXC,
q =2015 H/M — cuna nojiepxanns TpyOonpoBojia ¢ MOKPLITHSIMH B BOJIE.

B takoM cirydae peaknus Ha IEpBOH POIMKOBOM omope cruHrepa Ry, kKH, npuHuMaeTcs: paBHOM:
:—1
sin0,007

_ 2,015:283
2

Ro £131/283 +441(1 — cos 0,007) + 3,890-283[sin (0,251-0,007) + (cos 0.251 — cos 0,244)] —

[sin(0,251:0,007) — sin 0,244-sin 0,007]} = 3659 xH. (7.2-8)
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OcraneHble cuitoBele napamerpbl vkiaanka ¢ TYC SULEYMAN VEZIROV u reoMeTpuueckue
napamerpbl S-00pa3HOM KpUBOM paccMarpuBagMoro MOABOAHOrO TpyOONpOBOAA MpU CTATUYECKOM
pacuere ero mpOYHOCTH MOTYVT OBITH ONpejeeHsl Ha OCHOBaHuH [2] u [3].

Pamnyc waruba ykiaasiBaemMoro TpyOonpoBOZa OT TOUKH CXOAa ¢ CTHHTEpa (OT TOUKH H3MEHEHHS
3HaKa KPUBU3HBI) A0 TOUKM KaCaHWs JHA JOUKEH OBITh HE MeHee ompeaensemoro 1o ¢opmyie (7.2-1).
Ilpu 5TOM OCHOBHEIME MapaMeTPaMu ISl ONPEIEIEHUS paauyca u3ruba Tpyoonposoja (M IIHMHEI €ro
MPOBUCAOIIEH JacTH COOTBETCTBEHHO) SIBISIFOTCS ITyOHHA aKBAaTOPMK B MECTE VKIAIKHA M T€OMETPHS
CTHHTEpa: €ro pamuyc, AAMHA W HadambHbId yroa. Hampumep, mns HeGoNbMX TIyOHH U JJIMHHBIX
CTHHTEPOB, ¥ KOTOPBIX TOUKA CXOJa TPYOONPOBOZA C CTHHIepa COBMANAET C TOUKOM M3MEHEHWs 3HAKA
KPUBH3HBI, JUTHHA TIPOBUCAIOILIEH yacTu TpyOOmpoBoza / ompeaesieTcs mo cieayomeil hopmyiie:

*713 cohsSB sin B, (7.2-9)

e H — ni1yOMHa aKBaTOpHU B MECTE YKIAIKH,
hy=rd1 —cos(l/r,) — OTCTOSHHE KOHIIEBOM OIOPH CTHHTepa oT Barepiuuu 1YC;
B — yrox cxoza Tpy6OIPOBOLA CO CTUHTEpA.

7.3 PACHET TPOYHOCTH TPYBOIIPOBO/JA B YCJIIOBUAX KAYKH TYC

INpn mpoBepke MPOYHOCTH B IpOLECCe VKIAIKM MOABOAHBIX TPyGomporoxoB ¢ TYC Heobxoammo
yuuThIBaTh BoO3AelicTBue Ha TYC BOJHEHUS U TEUEHUH, KOTOpbIe OOYCIaBIMBAIOT MOSBJICHHE
IJHHAMHYCCKHX Harpys3ok kak Ha xopmyc TYC, Tak M HemoCpeACTBEHHO Ha HAXOISIIMICS HAa CTHHIrEpe
MOMBOTHBIN TPYOOMPOBOA. DTH HArpy3KW CIEAYET YUUTHIBATH JUTSI IPOBEIEHHS CIIEyIONIErO:

aHaIu3a MPOYHOCTH SAKOPHBIX JMHUM IMPU NMOZULUOHUPOBAHNK U nepemerieHnd TYC BAOIB TPacchl
TpybonpoBoaa,

IIPOBEPKH IIPOYHOCTH YKJIAABIBAEMOrO TPy OOIIPOBOAA IPU JTMHAMHYECKHUX TTEpeMELIEHHsIX CTHHTEPA B
npouecce kauku TYC;

IIPOBEPKH MPOYHOCTH YKIAABIBAEMOr0 TPYOOIPOBOAA MPH HETIOCPEICTBEHHOM BO3JEHCTBHH HA HETO
BOJIH U TEUCHHS.

Ha ocnosanun meronuxu [2] ammmutyasl kauku TYC SULEYMAN VEZIROV npu HeperyisipHOM
BOJIHEHMH MOTYT OBITH ONPEAETEHBI COrTacHo puc. 7.3-1.

Bricora BonHul 3%-i ofacnedueHHOCT, M

f v

:J 4 §

AMnnuTyaa konebaHui, M i

Puc. 7.3-1 AMIUTUTY/IBI KauKK Ha HEPETrYIIAPHOM BOIHeHMM 3-% obecneuennoctd TYC SULEYMAN VEZIROV [2]:
1, 2 — xwnesas (y) u Goprosad (0) kauka, 3, 4 — ropusonranbHas (dg) U BEPTHKAIBHAL (a,) Kauka
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MakcumanbHele aMIUUTYAbl Kauky JaHHoro TYC npu orpaHiadeHud BHICOT BOMH 3-% 00€CIeueHHOCTH
He Oomee 2,5 M cornacHo puc. 7.3-1 paBHbI

ag, = 0,55 m;

a, = 0,61 m;

y=0,65° (0,011 pan.);

0=2,4° (0,042 pax.).

ITpwm 3TOM ammInTyAa BEPTUKAIBHEIX KOICOAHMI KOHIECBOM POJMKOBOM OTOps! cTUHrepa Gy, € y4eTOM
MECTa PACIONOKCHHUS CTUHICPA U €T0 JUTHHBL [ OIPEAEISIeT s Mo Cleayromei Ghopmyne:

Gey=L12+ 1)y +a,+k0=(107/2+35)0,011+0,61+10-0,042=2,0 ™, (7.3-1)

e k =10 M — oTcTosiHME CTHHIepa OT AUaMeTpajibHON Iockoctd TYC;
L =107 m — pymuna TYC,
Iy =35 M — AnMHA CTHHTepa.

AMnuTyna ropusoHTaNBHEIX KONEGaHMH KOHIEBOM OMOPBI CTUHIEPa OompeaesieTes no Gopmyre
Geg=ag+hH=0,55+2,83-0,042=0,67 M, (7.3-2)

rie hy =2.83 M — OTCTOsHHE KOHI[EBOH OIOpPHI CTHHrepa oT Batepnuunu TYC (cm. dpopmyny (7.2-9)).

Takum oOpaszom, IITeTh TPyOONPOBOAA MEKIY KOHLIEBOM POJHMKOBOM OMOPOIl CTHHrepa M TOYKOM
KacaHHsd JHA TIPH YKIQAKE HAXOAUTCS B PEXKHME BBIHYKACHHBIX KOJCOAHWH € aMIUIUTYIAMH,
onpeaeaeHHbIME 10 opmynam (7.3-1) u (7.3-2), u ¢ HACTOTOH MOPCKOTO BOJIHEHUS.

IIposepka mpounoctu TpyOompoBoga B yciaoBuax Kauku TYC u AEHCTBHS HA YKIAABIBACMBIH
TpyOOIIPOBOX TEUCHHS PACCMATPUBAETCA B [2] M COCTOMT M3 CIEAYIOIHX ITAMOB:

COCTABJICHHC YPaBHEHMS BBIHYKICHHBIX KOJeOaHHIT TPyOOmpoBoaa;

OIPEJCICHUE YacTOThl COOCTBEHHBEIX KoJeOaHHiT TpyOOmpoBOAa M IpOBEpKa OTCYTCTBHS SIBICHHI
pe3oHaHca;

OIIPEACICHHE MArMOAOIIETO MOMECHTA TPYOOIPOBOAA B BEPTHKAIBHOM IIOCKOCTH U MEPEPE3BIBAOLICH
cuitbl OT Kauku TYC;

OIIPEACICHUE M3ruOAINET0 MOMCHTA TPYOOIPOBOZA B TOPH3OHTAIBHOM IUIOCKOCTH OT ACHCTBHS
TEUCHUS.

HampspkeHHOE COCTOSIHME YKIIaABIBAGMOH IUIETH MOJBOAHOTO TPYOOMpoBOAA ompeaensiercs AeHCT-
BHEM M3TrHOAOIINX MOMCHTOB, BECOBOM HATPY3KH U CHJIBI HATSKEHUS:

B BEPTHUKAIBHO IFIOCKOCTH OT ACHCTBHS COOCTBCHHO BECOBOM HATPY3KH C YUCTOM CHIT MOAACPKAHHSA
B BOJE ¥ JUHAMHYECKOTO MOMEHTA, BO3HUKAIOIIETO B peayisrare kKauku TYC;

B TOPU3OHTANBHOU IIOCKOCTH OT ACHCTBHA TCUCHHUS M AMHAMHYECKOTO MOMCHTA, BOSHHUKAIOLIETO B
pesynbrare kauku TYC;

KOJIBIIEBBIE HATPKCHHUA OT THAPOCTATHICCKOTO JABJICHHUS BOJBI.

ITo yxazaHHEIM BBILC HArpy3kaM, ACHCTBYIOIMM HA MOABOAHBIM TPyOOMPOBOA MpU YKIAAKE,
MIPOBEPAETCS IMPOYHOCTD TPYOOIIPOBOAA IO CYMMAPHBIM HAMPsKEHUA cornacHo 8.5.6.6 wactu I «Mopckue
noaBoHbe TpyOomposoas» [pasmwn MITT.

7.4 OCOBEHHOCTH PACYETA HATIPSI)KEHHO-IE®OPMHAPOBAHHOTO COCTOSHHA
TPYBOIIPOBOJIA ITIPH S-METOJE VKJIAIKH

ITpu pacdere HaNPsHKEHHO-ACGOPMHUPOBAHHOTO COCTOSHHS TPYOONPOBOAA MPU €ro YKIAJAKE HA
MOPCKOE€ JHO B OTCUCCTBEHHOM M 3apyOeKHOHM JHUTEPaType, Kak MPaBHIIO, HCTOIb3YETCS MPHOIMKEHHOE
aubdepeHIpanpHoe ypaBHEH e Mporuda Oaaku, KOTOPOS CHPABEAIMBO TOJBKO MPU AHAIU3E YKJIAIKH
S-mMeTozoM mpu HeGOMBIIMX TIyOHHAX BOABL, YTO CBA3AHO C JOMYIIEHHEM O MAJOH BEJIWYHHE YIVIOB
HAKJIOHA TIONIEPEUHbIX CeUCHHUH Tpybonposoaa. Koraa yribl HakIOHa U MPOruGH CTAHOBATCS OOJBIINMHY,
HEOOXOAMMO HCIIONb30BaTh TOUHOS AN(B(EPCHIMATBPHOC YPABHCHUE IMHUK MPOTHOOB.
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B ofmeMm ciyuae tounoe mubdepeHIHaIbHOS YpaBHEHHE MPOoruba Galku MMEET CIEAYIOMME BU:

2 2
M) =Bl s, (7.4-1)

e M(x) — u3rubaromuif MOMEHT B NPOU3BOILHOMN TOUKE x Gajku;
E — wMonyns ynpyroctd MaTepHana;
I — MOMEHT HHEPIUY NOMEPEIHOTO CEUCHHUS,
y — mporu6.

JlaHHOE ypaBHEHME MpEACTAaBIICT COOOH HelnuHeHHOe Au((PEPEHIMATBHOS YPAaBHEHHE BTOPOTO
MOPSIAKA, HHTETPUPOBAHKE KOTOPOTO, MPEJACTABIACT OMPEASICHHbIE TPYAHOCTH. TouHas dopma ynpyroi
KPHBOH, MOIy4Yaromascs IPH PEIICHHH AAHHOTO YPABHCHHUS, HA3BIBACTCS DJIACTUKOM, OJHAKO MPH 3TOM
BO3HHUKAIOT OINPEJCICHHBIE CIOXKHOCTH C HA3HAYCHHMEM PACUSTHBIX H3THOAOIIX MOMCHTOB OT BCEX
BHCIIIHHUX HArpy30K.

B kadecTBe aIBTCPHATHBHOIO MOAXOAA K ONPEACICHHIO HAMPSDKEHHO-AE(POPMUPOBAHHOTO COCTOSHUS
MOABOJAHOTO TPYOONpPOBOAA MPH YKIAAKE MOXET NPUMCHSTBCS METOJ pacueTd, OCHOBAHHBIM Ha
COBPEMCHHBIX KOMITBIOTEPHBIX TEXHOIOTHSAX M METOJAX PEIICHHUS COOTBETCTBYIOLIMX KPAcBBIX 3a1ad
MCXaHHUKH TBCPAOTO ,E[ed)OpMI/IpyCMOFO TCJIa, B YaCTHOCTH KOMHI:I(YI‘@pHOfI Ccpeapl A1 CUMBOJIBHBIX
BBIUUCIICHUI B cpeae Mathematica 7).

7.5 TIPUMEHEHHE MPOI'PAMMHLIX KOMILTEKCOB JJIs1 MPOBEPKH ITPOYHOCTH
MOPCKOI'O IIOABOJHOI'O TPYBOIIPOBOJA IIPH YKJIAAKE

IIporpaMMHBIE KOMITTIEKCH AT TPOBEPKH IPOYHOCTH MOABOAHOIO TPYOOHMpOBOAA MpH YKIAAKE
(manpumep, nporpamma OFFPIPE, paszpaborannas R.C. Malahy, Jr. u ap.) JO/mKHBI OCHOBBIBATHCSA HA
KOHCYHO-3JIEMCHTHOM HEJIUHCHHOM MOACTHPOBAHHH YKJIQABIBACMOIO pr60r1p0130;1a H BBINOJIHATDH
CTAaTHYECKHE U AUHAMUYECKUE aHATH3bI YKIAAKHA TPyOOIPOBOJOB B 3aBHCHMOCTH OT TITyOHMHBI AKBATOPHH
W BEIWUYMHBl PACTATHBAIOIINX YCHIMH MpPH Pa3IHYHBIX KOHQHUrypauuiax MNOAACPKUBAIOMIEX ONOP
MoHTakHOH uHHMKM TYC M cTHHrepa ¢ yueToM cHoco0OB €ro KpEIUICHHS U MOMACPXKAHHS ILIABYYICCTH,
BKJIFOYAA S- ¥ J-METOAB YKIAIKH.

[TpuMeHseMBIMH TPOTPaAMMHBIMU CPEACTBAMH JOJDKHBI BBIMOIHSTHCS CTATHYECCKHE M JMHAMHYCCKHC
aHaNU3bl HHULHALMH, TIPEPHIBAHHSA/TIPOJOJDKEHHS YIKIIAAKH TPYOOIPOBOAOB, MOABEMa/OnyCKaHus TPyOo-
NPOBOJA HA JHO C HCIOb30BAaHHEM TPOCA U SIEMEHTOB IUIABYYeCTH. [IpH 3TOM JOIDKHBI yYMTHIBATHCS
JuHamuueckue Bozaekcteud Ha TYC Berpa, TeUEHHS W BOJHCHHS, B T.4. PETYIPHOTO M HEPCTYISPHOTO
pa3nuuHBIX HampaBneHHH. MoryT ObiTh yureHsl mapameTpsl kadkd TYC (GoproBOii, KuIeBOil u
prickanus), a Take cMemeHus TYC or Tpaccsr TpyOonposoza.

Mopckoe AHO HOKHO MOECTHPOBATHCA KAaK HENPEPHIBHOC YIPYro-INIACTHYHOE OCHOBAaHHE C
3aJaHHBIM TPEXMEPHBIM NpPOQHUIEM HOBEPXHOCTH, ONPEACICHHBIM HAa OCHOBAHHH WHXXCHEPHBIX
usbickanuil. Koo duiueHTsl TpeHHS rpyHTa MOTYT OBITH OMPEACICHBI Kak Ajis OOKOBBIX, TaK H I
MPOAOJBHBIX CABHIOB TPYOBI.

ITomumo ompeaencHus HANPSXKEHHO-AS(POPMHPOBAHHOTO COCTOAHHA TPYOOMPOBOAA OMPEAEISIOTCA
MpOJET M TeOMETPHS MPOBHCAIOLICH YacTH YKIaAbBaeMOro TpyOONpoBoja MpH MOABEME/OIMYCKAHUU
TpyOONpOBOAa, peakuHs IPYHTOBOTO OCHOBAHHA B TOYKE KacaHMA TPyOOmpoBoza AHA M HapaMeTphI
CBODOJHBIX MPOJIETOB YIOXKEHHBIX TPyOOIPOBOJOB Ha 3Tanax yKIaAKH, 'MAPABIHYECKUX HCTBITAHHI U
SKCILTYaTaLHH.

HcxoaupiMu JaHHBIMH JJI TIPOTPaMMHBIX KOMIUIEKCOB MO YHCIEHHOMY MOACIHPOBAHHIO MpOLECCa
YKIaJKH TOABOAHBIX TPyOONPOBOJOB KAk MMHUMYM JOJDKHBI SIBJIATBCS:

JUIMHA PACUYETHOTO KOHEYHOTO 3EMEHTA TPyOOIpoBoaa;

XapaKTEPUCTHKH CTaJbHOTO TPyOOmpoBOAa (OMAMETpP, TONMIIMHA CTEHKH, TOJLIMHA H IUIOTHOCTh
H30JIMHA ¥ OETOHHOTO (6AIacTHOTO) MOKPHITHA, BEC TPYObl HA BO3AYXE U B MOTPYKEHHOM COCTOSTHUM),

MPEJEN TEKYUYECTH U MOAYIb YIPYrOCTH CTATH TPYOOMpPOBOAA,
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xapakrepucTukd TYC (nonoxeHue M XapaKTEPUCTHUKH TMOJ/ICPXKHUBAIOIUX OMNOP poJibraHra M
HaTsDKUTENEH, XapaKTepUCTHKU CTHHTEPA);

npoduIb U XapaKTepUCTUKH TPyHTA MOPCKOro JHa (Ko3GhGHUIMEHT TPEeHUs, BEpTHKAIbHOE H
NOMNEePEUHOEe COMPOTUBJIEHHUE);,

ryOuHa MOpS, MPUHSTHIC MAPaMETPhl BETPOBOrO BO3JCHCTBUS, TEUEHUH M BOJSHEHHUS.

7.6 CPEACTBA AJIA 3AMTYBJEHHWSI TOABOAHbIX TPYEONMPOBOAOB B IOHHbIA MPYHT

HeobxoaumocTh 3ariybsieHuss MOPCKUX MOABOAHBIX TPyOONPOBOAOB B JIOHHBIH rpyHT 00ycnoBieHa
PSAOM NPUUMH, OCHOBHOM M3 KOTOPBIX fAB/SETCS HalWMuMe Ha JIHE K3apallMOHHBIX 60po3a B pe3yJbTare
NIPOTIAXUBAHUSI TOHHOTO TPYHTa KWISAMU JIEHOBBIX 0OpasoBaHuil. TpeOOBaHMS K BENMYHHE 3aniTyOiaeHUs
TpyOOnpoBoIOB (WM DIyOMHE TpaHIIed IS YKIAAKHM) JOJDKHBI COOTBETCTBOBATh TpeOoBaHMeM 8.3 yacth 1
«Mopckue noaoaHsle Tpybonposoas» ITpasun MITT. Jlng peanuzanum takoro ¢nocoda cTpoUTENbCTBA
MOJBOHOIO TPYOOMPOBOAA PEKOMEHYETCS NMPUMEHATb TPyOo3ariyOuTe/bHbBIE YCTPOHCTBA, KOTOpbIE
MO3BOJIAIOT OCYIIECTBIATh TEXHOIOTUUECKYIO ONEPALMIO IO 3armyONeHHI0 W OOpaTHOil 3achINKe
TpyOompoBoga 0e3 MpumiedcHHS BOZ0Ja30B («diverless») HeMoCpenCTBEHHO Ioclie (a MO CyTH
OAHOBPEMEHHO, C HeOOJbIIMM OTCTABAHWEM BO BPEMEHM) OMNepaLuu YKIAAKH AAHHOTO Y4acTka
Tpybonporoaa (cM. puc. 7.6-1).

MUHUMAUIBIIOE NPUOIUSUMETBII0C PACCIOSIUEC
ateancoy oaporcavu | it

mpy6osaznybumens mpydoyknaouux

¢ o6pamHoii 3aceinkoti '

YROJICCHHBLT MPYDONPOBOO

A AN NN NSNS
0 PRRIIIIILL,

..............

Puc. 7.6-1 Cosmeluenue onepaiuil o ykjiaake U 3ariyO1eHUui0 ¢ 00paTHoi 3achliKoi NOABOAHOIO TpyOomposoja
(tpy6oyknanounsie Gapxku «CASTORO-12» u «CASTORO-16» komnauuu Saipem S.p.A., Utanus)

Ha puc. 7.6-2 npeacraBneH mnpuMmep MeEXaHU3WPOBAHHOrO YycTpoiicTea Jjuis 3amty6nenus MIIT,
pazpaboranHoro komnanueii Saipem S.p.A. ana ycraHoBkn Ha TYC «CASTORO-16» (cm. puc. 7.6-1).
YeTpolicTBO COCTOMT MUHHMYM U3 ABYX arperaroB. IlepBeiii arperar (1o Xoay ABWKEHHUS) MpeHA3HAYEH T
pa3palboTKy TpaHIIEeH oI TPYOOIPOBOJOM C MCTOJB30BAHHEM JIByX CIMPAICBUIHBIX (pe3, MOTONTHEHHBIX
aByMsi npueMHbiMU marpyOkamu DN 400 OT rpyHTOHAcOCHOI ycTaHOBKH, ycTaHomieHHoik Ha TYC, ¢
T'HAPABIMYECKUM MPHUBOAOM MOLIHOCTBHIO 1 MB M BO3MOXHOCTBIO pa3paboTKH TpaHiueu rryouHoi a0 3,7 m.
Takoii arperar TpedyeT NpUMEHEHHe AOMOJIHUTENILHOTO TAHYILIEro YCTPOMCTBA, KaK MPAaBWJIO, I'yCEHUUYHOTO.
Bropoit arperar npaMeHseTcs AIs KOPPEKTUPOBKHU MPo(IUId TpaHIIEH W MMeeT TYCCHUYHBIN JBIKUTEND C
THUAPABIMYECKIM TPUBOAOM 350 KBT, marpy0ok rpyHTOHACOCHOM YCTAHOBKH W CPEICTBA KOHTPOJS Mpoduis
TpaHWen M NOJOKEHUST TpyOONpoBOaa, BKIKOHAA HANpaBAsIOLIME PONMKM, MEpeMellaloyecs Baoab No
Tpy6onposoay. O6Liasi Npou3BOAMTENBHOCTL YCTpoiicTa coctasnser 3600 M /u,

Bhllieyka3aHHOE YCTpONCTBO MOKET OBITH CHaOKeHO 00OpymHOBaHMEM I OOpaTHOM 3achITKH
TpyOonpoBona, YIOXKEHHOTO B TPaHILCIO, ¢ HCMOJIb30BaHHEM OTOOpaHHOroO Mpu pa3paboTke TpaHIIEH
rpyHTa (CHCTeMa XpaHEeHHUs M NojAa4YH Ha oOpaTHYIO 3ackinky nyJbibl 06opyayerca Ha TYC, k koTopomy
KOHCTPYKTUBHO NMPUBSI3aHO JIaHHOE YCTPOMCTBO).
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Puc. 7.6-2 YcTpoiicTBO 3arny6neHns nofBoAHOro Tpy6onpoBoga KomnaHum Saipem S.p.A.

Ha puc. 7.6-3 B KOMMMEKTe C MPUBOAHLIM GNIOKOM C TYCEHWYHbIM [ABWXUTENEM MpefCcTaBeHo
YCTpOCTBO KOMMNaHuM Saipem S.p.A., OCHALLEHHOE CKOMb3SILLMMU MOYNAMI MNABYYECTU A5 Pasrpy3Ku
Tpy6ONpoBoAa OT UPE3MEPHBIX M3TMGHBLIX HAMPSKEHWUIA NPY ero nepemelleHn B NPOgub TpaHLLEN.

Puc. 7.6-3 KomnnekcHoe ycTpoincTBO AnA 3arny6neHns n obpaTHON 3acbiNkW NOABOAHOIO Tpy6onposoga
KomnaHun Saipem S.p.A.

CnepyeT yuuTbiBaTb, 4TO MpefCTaBNeHHOe KOMMeKCHOe YCTPOWCTBO MO3BONSET He TOMbKO
(hopMUpOoBaTb TPaHLUE C 33faHHbIMW MapaMeTpamMn W nepemellaTb B Hee 6e30MacHbIM Crnoco6om
npegBapuTenbHO YNOXKEHHbIV MOABOAHLIA Tpy6OMpoBOA, HO M MPOWM3BOAUTL 06PaTHYIO 3acbIMKy paHee
M3BMEYEHHbIM FPYHTOM. [Mpy 3TOM MOTepW rpyHTa 06paTHOl 3acbiMKW Mpu ero oTbope W AocTaBke M3/B
TpaHLlel cocTaBnaloT okoso 20 %.

Ona ycTpoiicTBa NOABOAHBLIX TpaHLUE, B KOTOPble MOXET MNPOU3BOAWUTCA YKNagka MOABOAHbLIX
Tpyb0onpoBoAOB, MOTYT NMPUMEHATLCA TEXHOOTUU, PAacCMOTPEHHbIe B pa3g. 10.
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8 JJIEKTPOXUMHUUYECKASA JAINUTA NOABOJAHOTI'O TPYEOIIPOBOJIA

8.1 HCXOHBIE JAHHBIE JUISI PACYETA JIEKTPOXHMHYECKOW 3AIUTHI TPYBOIPOBONOB

ONEKTPOXUMHICCKHE CHOCOOBI 3AIUUTHI OT KOPPO3UH TMOABOAHBIX YACTEH CTAIBHBIX KOHCTPYKIMH
MOPCKHX THAPOTEXHHYECKUX COOPY>KEHHI OCHOBAHBI HA KATOAHON MOJPU3ALMH 3ALIMIIAEMOTO METALIA
BHCITHUM JJICKTPHYCCKUM TOKOM (KaTO,E[Haﬂ 3alllI/ITa) HIIH TOKOM TajibBAHHYCCKHX aHOAOB-TIPOTCKTOPOB
(IpoTeKTOpHAs 3aIMUTa).

OCHOBHBIMH TIAPAMETPAMHU JJICKTPOXHUMHUUESCKOH 3aIlUTHI SABIAIOTCS SJICKTPOAHBIH MOTCHLHAI
COOPY>KECHHUA U IUIOTHOCTh TOKA HA 3ALIUIIAEMON MOBEPXHOCTH.

B Ttabn. 8.1 mpeacraBneHbl JaHHBIE, HEOOXOAMMBIE AJSL PAcYeTa SICKTPOXUMHYCCKOH 3alUTHI
TpyOONPOBOAA, U YHCIICHHBIC 3HAYCHHS STHX MApaMETPOB AU MPHMEPA pacdeTa.

Tab6aunma 8.1
JlaHHbIe /I pacyeTa IeKTPOXHMHYeCKOoH (NMPOTeKTOPHOIT) 3AIHTHI TPYOOIpoBoIa
Hapyxubiit uamerp tpyGonposoma, MM 350
Tommuza cTeHKH TPYO, MM 12
IIpoTspKeHHOCTH TPYOOHpPOBOIA, KM 145
T'imy6una Mopsi, M 11,2
TommuHa 6eTOHHOTO YTSKEIIIOMEro MOKPBITHS, MM 80
MaxcumansHas TeMneparypa IpoaykTa B Tpybompoeosne, °C 50
Tun nporekropa BpacneTnbriii
IIpoTexropHbIil CIJTaB HA OCHOBE AFOMHHHS All4H
Pacuernas Temneparypa nporekropa, °C (st HesarayOIeHHOTO TPYOOIIPOBOa IPHHHMAETCS paBHON CpelHel TeMmepaType 11
MOPCKOH BOJBI)
KosddunueHT mosIe3HOTO HCTIONB30BAHHS IPOTEKTOpA U 0,8
Jmna TpyOB! Lo, M 12
Cpennuit ko3hdHUIMEHT AecTpyKImH (pa3pyIeH ) 3aBOJCKOTO HAPYKHOTO aHTHKOPPO3HOHHOTO HOKPBITHS oy 0,01625
KosddurmeHT fecTpyKIMH 3aBOACKOTO HAPYKHOTO aHTHKOPPO3HOHHOTO MOKPHITHS B KOHLE CPOKa CIIYXKOBI f, 4 0,0245
CpenHsisi TONMKHA 3aBOJICKOTO HAPYIKHOTO AaHTHKOPPO3HOHHOTO nokpbiTha 3LPE ..., MM 4,0
3amuTHBIN NOTeHIMA CTATH (TI0 OTHOHMICHHIO K XjopcepeOpsaHOMY snektpoay) Es, B —0,8
IloTennuman npoTekTOopa MO 3aMKHYyTOMY KOHTYpY E., B —1,05
ILTOTHOCTE TOKA icops AM? 0,046
IInoTHOCTE MaTepHama AII4H mpotekTopa po, Kr/M> 2800
ONeKTpOXUMHIECKAs! eMKOCTh IIPH YKa3aHHOM IUIOTHOCTH TOKA H CPE/THETO/IOBOM TeMmepatype Mopckoil Boml 11 °C, g, A.w/kr 1300
PacueTHbIf CpOK 3KCILTyaTallMH HO/BOJIHOTO TPYGOIPOBO/a 7, JET 33
VYaoenpHOe IEKTPHUSCKOS CONPOTHBICHAS MOPCKOH BOJBI IPH CpeaHerofoBoi temnepatype 11 °C, p, OM-M 0,5
8.2 OIIPEAEJEHUE OBIEU MACCBHI TIPOTEKTOPOB
amumacmas OPOTCKTOpAaMH IUTOIAAb MOBCPXHOCTH pr60np0130;[a paBHa:
Ay =TD, Ly = 3,14-0,35-145000 = 159355 M>, 8.2-1)

e L, =145000 M jymHa 3aIMyInaeMoro yyactka TpyGonpoBoja;
D, —HapyxHblii fuaMeTp CTaIbHOH TpyObl, M.

TpeGyemast cunma Toka [ TPyOOmpoBOAa Ha CPOK CAyXOBI MPOTEKTOPOB OMPEIAENACTCS IO
cneayouei dopmyne:

Lo 1ot =Acioorfom = 159355-0,046-0,01625=119,1 A, (8.2-2)

roe icor = 0,046 AME — pacyeTHas IUIOTHOCTh TOKa IPH CpPeAHErofoBoil temmepatype Boabl 11 °C (cM. Tabn. 8.4-2),



Peromenoayuu no npoexmuposaHiio, NOCMpoiiKe 1 IKCNAYAmayuy MOPCKUX NOOBOOHbIX mpydonposoooe
67

JSem =0,01625 — cpenuuit koapPULUCHT AeCTPYKIMH (paspyIIeHUS) U30IALUOHHOTO NOKPBITHSL, ONIPEASICHHBI 0
¢dopmyne (8.4-1) u tabn. 8.4-4 nns TpybonpoBoga ¢ OGSTOHHBIM YTSKEISIOMAM MOKPBITHEM, aHTHKOPPO-
3UOHHBIM HOKpbITHEM 3LPE, TepMmoycaxuBatomumMucs Marxeramu (HSS) Ha cThikax Tpy® M OTCYTCTBUEM
3aIOTHEHUST MOHTAXKHOTO COCTUHEHHS.

OOmmas Macca MPOTEKTOPOB OMPEAC/ICTCS M0 CACAYIOEH hopmyiie:

lom 10118760 _119,1-33-8760
Ue 0,8-1300
e t; — cpok clykO0bl TpyGonpoBosa, JeT;
€ — DIIEKTPOXUMHYECKas eMKOCTh (CM. Tabm. 8.1);
1 =0,8 — k03 PHUIUCHT TONE3HOTO MCMOMb30BAHNS TPOTEKTOPA.

M=

=33110 & (8.2-3)

8.3 PACYET KOJIMUECTBA UM IPEJABAPUTEJILHOI T'TEOMETPHH IPOTEKTOPOB

Ha ocHoBaHHH COOTBETCTBYIOIICH METOAMKH [6] MOXKET OBITH MPOM3BCACH PAacdCT KOJHYECTBA H
MPEABAPUTEIBHOU T€OMETPHUH MPOTECKTOPOB.
Yucno mpoTeKTOPOB PACCUMTHIBACTCS AT MPSABAPHUTEIBHO 33JaHHOTO IIara;

N =CEIL(Ly,/L) = CEIL(145000/12-15)=805 m., 8.3-1)
e CEIL — OyHKIHS OKpYIIEHHS B OOJLHIYIO CTOPOHY IIENIOT0 YHCIa OT MOJMYYEHHOTO B pe3y/bTaTe pacyeTa 3HAUCHUS,

L — npousBenenne JUIMHBI ofHOM TpyOnl (L. =12,0 M) Ha 3ajaHHbIi wWar (mWar NpOTEKTOPOB NPUHUMACTCS
paBHBIM 525, B laHHOM ciydae — 15).

Macca oanoro mpotekropa Mtot onpeacmsiercs no cneayroweii hopmyae:

My, = MIN =33110/805=41,1 kg, (8.3-2)

rae M — ofmas Macca MpOTEKTOPOB, KT
N — 4HCIIO IPOTEKTOPOB.

HavanmsHeiit 06seM npotekTopa V; onpeaensercs mo cieayroomei gopmyrne:
Vi =M,plpo=41,1/2800=0,015 m°, (8.3-3)

rae M, — Macca poTeKTopa, KT,
po — IUIOTHOCTh MaTepHasia MPOTEKTOpa, Kr/M°.

Tpebyemas qmunHa nporekropa L, onpeaensercs no Gopmyrne:

V.
L,= L R (8.3-4)
¢ n/4 [(Dint + 2ta)2 _Dzzm‘ - 2tagap

rie t, — TOJIIKHA MPOTEKTOpa, paBHas TOJLHHE GETOHHOTO MOKPBITHA 8 CM;

gap=10 cM — npHHATOEC PACCTOSAHHE MEXAY MONOBHHAMH OpacieTHOro mpoTekTopa (kak npasuio, 510 cm);

D,y — BHYTPEHHUH AMaMeTp NPOTEKTOpa, M;

Dy =D, + 2804 =0,35+2-0,004=0,358 M, (8.3-5)
rie D, — HapyXHBIH [#aMeTp CTANBHBIX TPy, M;

teoae= 0,004 M — cpezHsist TONMMUHA aHTHKOPPO3HOHHOTO U TEIUION3OIAIMOHHOTO MOKPLITHSA (B C/TyYae NPUMCHCHHS

MIOCJIETHETO).

B Taxom ciyudae TpeOyeMas JMHA IpOTeKTopa L, onpeaensercs no Gopmyie

0,015
" 7/4[(0,358+2-0,08)>—0,358%] —2-0,08:0,06

L, =0,15 m. (8.3-6)
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Koneunas Tommuua CTEHKH MPOTEKTOPA Z.r ONPEJCIIETCA O ceayromei dopmyie:

tor= (1= )1, = (1—0,8)0.08=0.016 m. (8.3-7)

TpeOyemass cuma Toka Aiast TPyOONpPOBOAA B KOHIE CPOKHM CIyXOBI MPOTEKTOPa COLTIACHO
dopmyne (8.2-2) pasHa:

Iefior = Acicor foa = 1393550,046:0,0245=179.5 A,

rae Joa — kodddUIMEHT necTpyKImK (pa3pyIIeHUs) H30MALMOHHOTO TIOKPHITHS B KOHIIE CpoKa ¢y kObl, ONpe/ieIeHHBbIN
no d¢opmyne (8.4-2) u Ttabn. 8.4-4 ucxons M3 CXEMbl AHTUKOPPO3HMOHHOH 3allMTbl, YKa3aHHOH s
bopmyis (8.2-2).

IInomane MOBEPXHOCTH MPOTEKTOpPA B KOHIE CPOKAa SKCILIyaTallMM ONPEACIICTCA IO CIeXyromeit
dopmyne:

Ay = [R(Dys + 2 ) —2gap] L, = [1(0,358 +2:0,016)— 2-0,10]0,15=0,153 > (8.3-8)

DNEKTPOJIUTUUECKOE COMPOTHUBIICHHE MPOTEKTOPA B KOHLIE CPOKA CITy kOBl onpeaeseTes mo Gopmyie
Rur=0.315p/\ /A4 =0,315:0,5/,/0,153 Om, (8.3-9)

rie P — YAEeIbHOE HICKTPHUCCKOE CONPOTUBICHNE MOpeKoit Bogsl, OM'M (cM. Tabm. 8.1).

Cuna Toka MPOTEKTOPa B KOHIIE CPOKA CITyKOBI I, ompenendercs no Gopmyie
Iy = AER, =(—1,05+0,8)/0,402=0,62 A, (8.3-10)

e AE — pasHuna Mexay MOTEHUHAIOM MPOTEKTOpPa MO 3aMKHYTOMY KOHTYPY H 3alUMTHBIM MOTCHLMAIOM CTAJH.

Koneunoe gmcino mporekTopoB Ny ¢ y4eTOM CHIIBI TOKA HPOTEKTOPA B KOHILIE CPOKA CIIyKObI
OMPEACISICTCA N0 CIEAYIOmEH GOpMye U COCTABISET:

Ny = Lot /s =178,5/0,62 =288 . (8.3-11)

Pacuer siBISICTCS BEPHBIM B TOM CITy4ag, €CIIH KOJIMYECTBO MPOTEKTOPOB € YUETOM CHIIbI TOKA B KOHIIC
cpoka ciyx0bl, onpeaemsieMoii o dopmyne (8.3-11), MeHbiie, yem onpeneneHHoe no gopmyne (8.3-1)
JU1s BEIOPAHHOTO IIara yCTAaHOBKH IPOTEKTOPOB, T.¢. Ny = 288 mr. < N = 805 mT.

B ciydac, €CiM KOJM4YCCTBO INMPOTCKTOPOB, ONPCACICHHOC HA OCHOBAHHH BC/IHYHHBI CHIIBI TOKAa B
KOHLIE CPOKa Cy»OBI GOMbIIC, HEOOXOAUMO YMEHBLIKTD 1IAT WK YBEIUIUTh AMUHY IPOTEKTOPA U CHOBA
ocywmecTBuTh pacyer mo (opmyaam (8.3-1) — (8.3-11) mo Tex mop, moka TpeOyeMoe KOIHUYCCTBO
MPOTEKTOPOB B COOTBETCTBHH ¢ (hopMynoi (8.3-11) MaxkcMMambHO HE NPUOTH3UTCA K KOIHYECTBY
npoTeKTOPoB 1o Gopmyiae (8.3-1), HO He IMPEBHICUT 3TY BEIHUUHHY.

8.4 PEKOMEHJIAIIAY IO TPOEKTUPOBAHHMIO MPOTEKTOPHOM 3AILMTHI

CxeMa pasMeIcHHs MPOTCKTOpPAa Ha IOABOAHOM TPYOOmpoBOAE C OETOHHBIM YTSKEISIOLIHM
(GammacTHbIM) MOKPHITHEM mpeacTaBicHa Ha puc. 8.4-1. Cioeayer OTMETHTB, YTO BHELIHHI JUAMETP
MPOTEKTOPA M0 KOHCTPYKTHBHBIM COOOPaXKCHHSIM MOJDKCH BBIOMPAThCSA PABHBIM IHAMETPY OCTOHHOTO
VTSDKEISIIOINCTO TIOKPBITHS TPYOOHPOBOZa. YCTaHOBKA OpacieTHOrO MPOTEKTOPa OCYLIECTBIETCA Ha
AHTHKOPPO3MOHHOE WM TCILIOM3OJALHMOHHOC MOKPHITHE HAa CTAJHHM 3aBOACKOTO H3TOTOBICHUS TPYO
(Kak mpaBWIO, HA CTaJUH HAHECEHHsS OCTOHHOTO OAMIacTHOrO MOKpPHITHS). Jnd rapaHTHPOBAHHOM
BO3MOKHOCTH YCTAHOBKH MPOTCKTOPA CEAYET YUHTHIBATH JOMYCKH HA TONIMHY AHTHKOPPO3HOHHOTO H/HIIH



Pexomenoayuy no npoexmuposaniio, NOCMpoiiKe i IKCHAYAMAYUY MOPCKUX NOOBOOHBIX MpPYOONposooos

69

TeIIOU3OJALHMOHHOTO TOKPBITHH, AJNA YEro NPH HM3TOTOBICHHH MPOTCKTOPA HA BHYTPSHHMH AHAMETP
JOIDKCH OBITh HA3HAYCH TOJNOKHTCABHBIA AOMyCK He MEHee O/+4 MM, a MpPH HOMHHATBHOM DPa3Mepe
Oomee 610 MM — 0/+1 % OT HOMUHANGHOTO BHYTPCHHETO amameTpa. B ocramsHoM TpeOOBAaHHUA K
HPOTEKTOPAM B OTHOIICHHY FCOMETPUMECKUX NMAPAMETPOB B KAYCCTBA H3TOTOBJICHUS TODKHBI COOTBETCT-
BOBarh TpeboBanusam UCO 15589-2 [1].

B oreuecTBeHHOH NMpaxkTHKE Ui 3aIIUTHI MOPCKUX MOABOIHBIX TPyOONPOBOAOB HambOJCe MHPOKO
MPUMEHAIOTCA MPOTCKTOPHI M3 CIIAaBA HA OcHOBE amoMuHuA AIT4H mo TY 5.394-11785-2001.

Heo6xomumo obccrncunBars A TPOTCKTOPA HAACIKHBIA 3NCKTPIMECKHHA KOHTAKT C TEJIOM TPYOBL, UTO
00ECTICHHBACTCA YCTAHOBKOH COCOMHUTCIBHBIX KabeneH (Kak MpaBuUio, ABYX C KAXKIOH CTOPOHBL, MPHYCM
B MCCTaX MOACOCAUHCHUSA KAaOCICH aHTHKO PPO3ZHOHHOC TOKPBITHC JO/DKHO OBITH BOCCTAHOBIICHO), 4 TAKXKE
JOCTATOYHYK0 MPOYHOCTH KPEIUICHHA MPOTEKTOpA HA CABUI, T.K. TPYOBI C IMPOTEKTOPAMH MPOXOMAT MPH
YKIagKe uepe3 padounii OpraH HaTsoKUTEIs TPy OOy kiaa unka. [TocnenHee JOCTHraeTcd, B T.U. 3aiMBKOH B
00pa3oBaBIIHECS 3a30pbl MEKIY IPOTEKTOPOM H OCTOHHBIM TOKPBITHEM 3aNOJIHHTEIN: OHTYMHOH
MOJIAMEPHOH MACTHKH, IOJIHYPETAHOBOTO KOMIAYHAA H T.J.

Ilpn wmcnonszoBanmu s TPYOOMPOBOXA HEOOSTOHMPOBAHHBIX TPYO YCTAHOBKA HPOTEKTOPOB, KaK
MPAaBUIIO, OCYIICCTBIBICTCA Ha pr6oymamml<e HA NO3HIMUAX TCXHOJIOTHUYCCKHX JII/[HI/Ii/i, PACHOIOKCHHBIX
HMOCJIC HATSLKUTCIBHOrO yCTpolcTBa. B kadecTBe mpHMepa Ha puC. 8.4-2 mpHBEAcHA CXEMa YCTAHOBKH
OpacieTHOTO MPOTEKTOPa HA HEOOCTOHHMPOBAHHBIH TPYOONPOBOA C HCHO/b30BAHHEM NPHBAPHBIX
HOPHCOCIUHATENBHBIX IUIACTHH C OO0A33TE€NbHBIM BOCCTAHOBJICHHEM AHTHKOPPO3HOHHOTO MNMOKPHITHA B
MECTAX UX YCTAHOBKH.

l-f- A-A i
Hpomexmop Gemonnoe Bepxnee nOIVKOILHO RPOMEXMOpa

Nnoxpoimue

Hipicnee nonykomwyo npomexmopa

AHIMUKOPPOSUOHHOE COEOUHUMETLHBIT
NOKpbIMUe |- BNEXTPORALENL
A

Puc. 8.4-1 Cxema ycTaHOBKH TIPOTEKTOpa Ha 0GETOHUPOBAHHLIH TPy6OIIpOBOA

ITpomexmop

Apmamypa (moxoomeod) 4 Huamemp enympenuuii

npomexmopa

[uamemp

COE()HHHmeHble
bonmut ¢ 2atixamy

Bepxnee nonyxonvijo

Huoiciee nonyronoyjo

npomexmopa
I pucoeounumensnan npacmuna

Puc. 8.4-2 Cxema ycTaHOBKH MPOTEKTOPa Ha HeoOeTOHUPOBAHHEIN TpyGOIpoBOA
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HeoOxoanMeli ypOBEHB 3aIUTHI MOPCKHX MOABOAHBIX TPYOONPOBOAOB PETNAMCHTHPYETCS BEIIHIHHOIM
3aIUTHOrO TOTCHIMANA, KOTOphd momkeH cocraBimare —(0,8 B, a makcumaneHeiii —1,1 B mo
XJI0pcepeOpssHOMY 3NeKTpoay. Pasnmuyus BEMYUH 3alMTHOrO MOTEHIMANA AJIA 3arTyOIeHHBIX B JOHHBIH
TPYHT U HE3arTyONCHHBIX MOPCKHX TPYOOIPOBOJOB U3 YIIEPOAMCTHIX CTaneH nmpuBeacHs B Tadm. 8.4-1 [1].

Tabaxuma 8.4-1

Be/nrHb1 3aIMTHOTO TMOTEHIMAJIA MOPCKHX TPYOOIIPOBOIOB M3 YIJIEPOIUCTBIX CTAJIelH

Pacmonoxxenue Tpybonposoa

MuHHMaJTHHBIN OTpHIIATENbHBINH MoTeHIHAT, B

MakcHMaNbHBIH OTpHLATENbHBIH TToTeHIHA, B

HeszarmyGnennsri

3armyONeHHbIH B JIOHHBIH TPYHT

—0,90
—0,80

—~1,10
—~1,10

JpyruM BOXKHBIM KPHUTEPHEM 3AIMUTHI SABJISICTCA TUIOTHOCTD 3AIUTHOTO Toka. HasHaueHue miorHoCcTH
3aLUTHOTO TOKA OCYIIECTBISETCS B COOTBETCTBHM C HOPMAaTUBHBIMU JOKyMEeHTaMH (Hampumep, [8], [10]).
BenuuuHbI MIOTHOCTH 3AIIUTHOTO TOKA IS PA3HYHBIX BHCIIHHUX YCIIOBHI IKCILTyaTaLHH TPYOOIPOBO-
JOB YKa3aHbl B TaOm. 8.4-2.

Tabnunma 8.4-2

I110THOCTH 3aIMTHOTO TOKA VIS PA3IMYHBIX BHEIUHMX YCJIOBHI JKCIUIyaTAIIMM MOPCKHMX TPYGOTNpoBoioB

CpelHss IIOTHOCTH
3aITHTHOTO TOKAa, MA/M?

Yenosus

I'myOuna Mopst, M

Temneparypa
Mopckoii Boael, °C

30 — 140
90
180
380
300

6e3 TeueHHs

yMepeHHOe TeueHHne (o 2 M/c)
yMepeHHOe TeueHue (o 2 M/c)
CHJIbHOE TeueHHUe (BhIMIe 2 M/C)
YMEpeHHOe TeueHue (Jio 2 M/c)

1o 20
o 500
o 1500
BCE TITyOHHDI
o 1500

5—30
10 — 18
5—10
2
—1—4

Taxkum 00pazoM, pacHeTHEIE INIOTHOCTH TOKA 3aBHCAT OT TEMIICPATYPbl MOPCKOM BOMBI, COACPIKAHMUS
KHUCJIOpoAa U CKopocTu TeueHms. Mg OonpInmMHCTBA Ciy4aeB Ha riyOoune mcHee 500 M, pacderHbic
IUIOTHOCTH TOKA 3aBUCAT TOJIBKO OT TEMIEPATYphl MOPCKOM BOABI, & IUIOTHOCTH TOKA ISl HE3ariy-

OreHHOrO TPYOOIPOBOAA JOKHBI COOTBETCTBOBATh YKa3aHHBIM Ha puc. 8.4-3 [1].

|

niomHoCMs moka, MA/M?

150

140

130

-

-

120

o1

=T
4

110

160

90

i

BO

70

60

50

40

30

20

01 2 3 & 5 6 7 8 % 10 112131615 161718 19 20 21 22 23 24 25 26 27 2B 29 30

memnepamypa mopckoi 600w, °C

Puc. 8.4-3 3aBucumocTh cpeiHell MIIOTHOCTH TOKA OT TeMIIEpaTyphl BOIBI
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HwxHroro KPHBYIO IUIOTHOCTH TOKa CICAYCT HCIIOJB30BATh NPH HC3HAYUTCIIBHBIX H3MCHCHHUAX B
CoZiepkaHHH KHCIIOPOo/a Mo TIyOHHE MOPS M YMEPCHHBIX CKOPOCTEH TeueHHst y MOpckoro aHa (mo 1 m/c).
BepxHsas kpHBasd IUIOTHOCTH TOKA MPHUMCHSCTCH NMPH y4YETe COACPIKAHWS KUCIOPOJA H 3HAYMUTETbHBIX
CKOPOCTEH AOHHBIX TCUCHHU.

Jns momHOCTRIO 3arayONCHHBIX MOPCKHX TPYOONPOBOAOB HEOOXOAMMO HCIIOJIB30BATh PACUCTHYIO
ILIOTHOCTb TOKA (CPEHIO M KOHEUHYIO), paBHYI0 20 MA/M’, HE3aBHCHMO OT COACPKAHHS KHCIOPOAA,
TEMIIEPATYPbl MOPCKOHM BOABI I TIIYOWHBI.

TpyGonpoBoabl, 3KCILTyaTHpYIOLIMECS HPH TeMieparypax, npessimaromux 25 °C Ha HapyXHO#M
MOBEPXHOCTH TPYOBL, TPEOYIOT PETYIHPOBKY pacueTHOH INOTHOCTH ToKa. [IpH yBEeIMdIeHHH TeMIIepaTypsl
MeTajta/okpyskaromeii cpeasl Ha kaxaei rpaayc Lleascust or 25 °C ao 100 °C pacueTHBIe IOTHOCTH
TOKa JOKHBI OBITh yBemmueHs! Ha 1 MA/M®. IIpu 3TOM s HE3armyGICHHBIX TPYyGOMPOBOLOB
TeMIeparypa IIOBEPXHOCTH IPOTEKTOpa INPHUHUMAETCS pPABHOM TEMIEpaType OKpYXaloLEeH Ccpepl
TpybonpoBoaa. [ns 3armyOaeHHBIX TPYOOIPOBOJOB TCMIICPATYPY MOBCPXHOCTH MPOTCKTOPOB CICAYCT
Ha3Ha4aTh [0 TEMIIEPATYPe TPAHCIIOPTUPYEMOM CPEIBL.

J1s TpyOOIPOBOIOB C MOKPHITHEM HOTPEOHOCTD B 3aIHTHOM TOKE BO3PACTACT CO BPEMEHEM [0 Mepe
paspymeHust moKpeiTHs. HeoOxoauMo o0eCneyuTs AOCTATOYHYIO MOIMHOCTD SICKTPOXUMHYECKON
3aIMUTEH, YTOObl 00ECIIeUNBaTh aJCKBATHYIO 3aIUTY [0 MEPE Pa3pyIUCHHS MOKPBITHS.

Cpeanuit koadhuIHEHT paspyIICHHs TOKPHITHS [, ONPEACIIeTCs 1Mo dhopmyre

Jom =1i+ 0.5Af1)). (84-1)

Koneunstit koa¢duimenT pa3pymeHns MOKPHITUS f,; ONPEACTICTCA 1O GopMyiIe

Jea=Ji T (A1, (84-2)

e Jf; — HauaTbHBINH KOd(PULIHEHT paspyIleHus DOKPLITHS [IPH BBOAE TPYOOIPOBOAA B SKCILTyaTaIlHIO,
Af — cpeJHee exXerofiHoe yBennueHue kodpdUIMeHTa pa3pyIIeHUs TOKPHITUS,
t; — pacyeTHBIH CPOK BKCITyaTalluM MOKpPBITHS (TpyOONpoBOza), JIET.

KoahduimeHTsl pa3pymeHus MOKPHITHSA A TOABOJHBIX TPYOONMPOBOAOB 63 GETOHHOTO MOKPHITHS H
¢ OCTOHHBIM MOKPBITHEM MpUBCACHHL B Tadn. 8.4-3 u 8.4-4 coorserctBenHO [1].

Ta6bnauna 8.4-3

Ko dimeHTEI pazpylicHHs aHTHKOPPO3HOHHOTO MOKPBITHA A IX TpyGomp 0e3 Oe 0 TIOKPBITHA
Tun 3aBOACKOTO IOKPHITHS TPYO THI HOKPBITHS MOHTAKHOTO CTHIKA fi Af
FBE (HamnaBisieMoe SMOKCHIHOS MOKPBITHE) TepmoycaxxuBaromuecs: Mamketa (HSS) 0,080 0,0035
FBE 0,060 0,0030
3LPE (TpexcnoliHoe MOMHATHICHOBOS MOKPBITHE) HSS 0,009 0,0006
FBE 0,008 0,0050
3LPE 0,007 0,0005
3LPP (TpexcioiiHoe MOJHNPONHJIEHOBOE MOKPLITHE) HSS 0,007 0,0003
FBE 0,006 0,0002
3LPP 0,005 0,0002
Teno30/sIHOHHBIC MHOTOCIIONHBIE MOKPbITHA, BKModatomue | ToJcTOCTeHHbIe MHOTOCIOHHBIC NOKPBITHS, 0,002 0,0001
PE, PP wm PU pnodaromue PE, PP, PU, HSS wimH ux kKoMOHHAIHIO
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Tabnuma 8.4-4
Kos¢puimeHTs1 paspylieHHs aHTHKOPPO3HOHHOTO TIOKPBHITHA /151 MOXBOMHEIX TPYGOIPOBOAOB ¢ GETOHHLIM MOKPHITHEM

Ten 3aBoACKOTO MOKPLITHA TpyO | 3amosHeHHe MOHTaXKHOTO coeAMHEeHHs | THI MOKPHITHS MOHTAXHOTO CTHIKA fi A
FBE (HammaBisieMoe SIOKCHAHOE HET HSS 0,045 0,0025
MOKPBITHE) FBE 0,035 0,0020

na HSS 0,040 0,0020

FBE 0,030 0,0015

3LPE (TpexciloiiHOe IIOIH3TUIIE- HET HSS unu FBE 0,008 0,0005
HOBOE IIOKPBITHE) 3LPE 0,007 0,0003
Ja HSS wunu FBE 0,004 0,0002

3LPE 0,004 0,0002

3LPP (monaunponu/ieHOBoe MOKphI- HET HSS unu FBE 0,008 0,0005
THe) TpeXcioliHoe 3LPP 0,007 0,0003
Ja HSS wunu FBE 0,004 0,0002

3LPP 0,004 0,0002

Jl1sa 00CTOHMPOBAHHBIX TPYOOIPOBOAOB C TCILIOHU30IALUECH KO(PPULMEHTHI pa3pyILICHUsT MTOKPHITHS
JO/DKHBI Ha3HAYAThCA 1Mo Tadl. 8.4-3 myis caydas TEIIO30IMIHOHHBIX MHOTOCTIOMHBIX MOKPBITHH.
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9 PE3YJIBTATHI IPUMEPOB PACUETOB

OOmue pesynsrarhl MPOBEACHHBIX PACcUETOB MO ONPCACICHHIO MPOCKTHBIX MapaMETPOB MOPCKOTO
NOABOJHOTO TPyOOIPOBOAA U €r0 TPACCHI, BHIOPAHHBIX B KAYECTBE MPHUMEPA, MPEACTABICHH B Tabn. 9.1.

Tab6nuupa 9.1
PezynbTaThI pacyeToB no ornpeae/ieHHIO IPOEKTHLIX NMAPAMETPOR MOPCKOro TPyOoImpoBosa
IapameTtp TpyGompoBoaa 3HadcHHE

HaunGospmast ocaaka TpyGonpoBoia B JOHHOM IPYHTe 11,5 cm
PacuetHOE jjaBNeHHe B TpyOompoBoe 8,0 Mlla
HawuGonpmee Bo3AeHCTBHE OT TEYSHHS 73,1 H/m
Haubonvee Bo3aeHcTBHS OT BOJH:

TOPH3OHTAJIbHAS HATpy3Ka 505,09 H/m

BePTHKAJIbHAS HATPy3Ka 1271,08 H/m
TonmuHa cTeHKH TpyGOnpoBOaAa 12 mm
Bec GamacTHoro mokpeiTas Juia 1 Tor. M B BoJe 2,55 xH/m
IInotHOCTH GeTOHHOTO GALTACTHOTO TOKPBITHS 2700 krim®
PexoMeHyeMBI THII IPOTEKTOPA H €T0 MaTepHall Bpacnernsrii u3 craa AII4H
KonugecTBo MpOTEeKTOPOB HEOOXOAMMOE IS 3alllUTHI TPYGOMpoBoaa 805 wt
Cpok ciry>x0bl TpyOonporoza (TIpoTeKTOpa) 33 ronma
IITar mpoTekTOpoB 180 M
TonmuHa nporexkropa 80 MM
HapyxHblii 1uaMeTp NpoTeKTOpa 510 MM
Macca npotekropa 41 xr
JlmiHa npoTekTopa 150 MM
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10 METO/bI IEPECEYEHVSI BEPETOBOM JIUHUHA
MOPCKHMMMU IIOABOAHBIMH TPYBOIIPOBOJAMMU

10.1 OBLLUME TPEBOBAHNS K BBIXOJAM MIIT HA BEPET

[lpy TNpoeKTHPOBaHWM MOPCKHX TPYOOIPOBOAHBIX CHCTEM OOBEKT CTPOUTENHCTBA PpAa3dCisicTCS B
COOTBETCTBUM C METOAAaMW OpraHM3aLlM NPOM3BOACTBA paboT W OOOPYAOBAaHUEM Ha ClEAYIOLME YYaCTKH
CTPOUTEILCTBA: OCHOBHOM, MPUOPEKHDBIC YHACTKU U YUYACTKU MepeceueHus OeperoBoii auHum (cM. puc. 10.1-1).

Ha ocHOBHOM yuacTke Mpou3BOJACTBA palOT MOryT MpUMEHsTbes TpyOoywnaaouHble cyga (TYC)
I w IV mokoneHHWit ¢ BO3MOXHOCTBIO YKIAIKM TPyOOIpoBoda Ha ImyomHe or 20 M H Oonee, Ha
NpUOpPEKHBIX yyacTKax MoryT npuMersaTbes TYC 1l mokoneHus ¢ BOZMOXKHOCTBIO YKJIAAKH MPUMEPHO OT
5 M u300arhl, a Ha y4acTKax nepeceueHust ¢ OeperoBoii JUHUEH, KaK MPaBUio, YKJIaAKa MPOU3BOAHTCS
NpoTacKWBaHWeM TPYOOMPOBO/A TEM WJIM WHBIM CIOCOOOM,

2

[Ipubpesicroiil [Ipubpexcuviii
yuacmok [ Iy6okosoonerit yuacmox 1 yuacmox 2

Yuacmox nepeceyeHus

bepez0soil aunuu |
Yuacmox nepeceuenus

0epe206ou NuHUU

Puc. 10.1-1 Yyactku Tpaccel Mopckoro Tpybonposona [3]

OpmanM W3 HamOoJice OTBETCTBCHHBIX M TPYAOEMKHX YUacTKOB pabOT TMpPH CTPOHTEIBCTBE MOPCKUX
TpyOOIIPOBOIOB SBISETCS YYacTOK NepecedeHHs OeperoBoii mmaMH. CTpOoWTENbHBIE PaGoOTHI
XapaKTEPU3YIOTCS BOBJICYEHUEM PA3JIMUHBIX BUAOB CTPOUTEILHOM TEXHUKH M NPUMEHEHHEM Pa3iIMYHbIX
METO/IOB MPOM3BOJICTBA PadoT.

B nacrosiuee Bpems B PO He cyluecTByeT HOPMAaTHBHOH JOKYMEHTaLMU UJIN METOJIMYECKUX Y Ka3aH Ui
IO IPOU3BOACTBY paboOT Ha ydacTke niepecederus 6eperoBoit maanu MITT, 4To npuBOIUT K TOMY, YTO NpH
peanu3aly IpoeKTa MpHHAMAaeMas METOAMKA TIPOU3BOACTBA TiepecedeHIs OSperoBoii IHHUN 3a4acTyio
ABNAETCA YHUKAIBLHOH JUIS Kaka0ro npoekra. TpeGoBaHUA K nNepeceueHusM Tpacc MOPCKUX MOJABOAHBIX
TpyGonpoBoaoB ¢ OeperoBbiMM JUHUAMH npuBeAeHbl B 8.2.4 uactd I «Mopckue noaBo/iHbIE
Tpy6onposob» IMpasun MITT.

Ha yvactke mepeceueHmsi OeperoBoi JIMHWM BO3MOXKHBI CIICAYIOMIME XapaKTepHblE 0COOSHHOCTH,
KOTOpble HeOOXOMMO YUUTHIBATh NIPH BHIOOpE METOa NepecedeHus OeperoBoii JIMHUN:

MHTEHCHBHOE BOJIHOBOE BO3/ICHCTBUE HA YYaCTKE;

Pa3MbIB rPyHTa Ha Y4acCTKe CTPOMTENILCTBA (MPHINBLI, TEHEHHS);

BO3MO)KHOE BO3ZICHCTBHE KUIICH JIeOBBIX 00pa3oBaHUIl IIPH K3apalluM THA;

XO3HCTBEHHAs ACATEILHOCTD (Bo3JeHcTBUHE 000pYA0OBaHUA PHIOOTIOBHOTO MPOMBICIIA, SKOpel U T.A.);

HE0OX0AMMOCTb MPUMEHEHHS! IONOJHUTEILHbIX MEP A1 obecneyeHusi yCTOHYHBOCTH TPyOONnpoBoa.

Bce 3TH 0COOEHHOCTH MPHBOMAT, KaK NpaBWio, kK HeobxoauMocTH 3arnyOneHus Tpybonpososa Ha
3TOM Y4YacCTKe TPaccChl.
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Mpw paccmoTpeHnn ocobeHHocTel BbIxogoB MIT Ha 6eper HEO6X0AMMO YAENsATb BHUMaHWe rpaHuLe
MeXay MOPCKMM ¥ GeperoBbIM yyacTkamu. Kak npasunio, B Ka4eCTBE TaKOW rpaHuLbl BbIGMpaeTcs:

(hnaHueBoe (1M CBapHOE) COeAVHEHME MEPBOIA 3anOpHOI apMaTypbl NMocne Bbixoda TPY60nNpoBoga Ha
beper;

(hnaHUeBoe (MM CBApHOE) COEAMHEHWE 3MEKTPOM30NMPYIOLLEA BCTaBKM, 3MEKTPUYECKU pasbe-
OVHSOLLEl BeperoBoii 1 MOPCKOI y4acTKu;

(hnaHueBoe (MM CBapHOE) COeAMHEHME KaMepbl nprema/3anycka CpeicTB OUUCTKU U AUNArHOCTUKN.

102 METOAbI MEPECEYEHUA BEPEFOBOW IMHUN
MNP YKNAOKE MOPCKUX TPYBOMPOBO40B

B pesynbTate aHam3a nepexofoB GeperoBOi NIMHWW BbILENAIOTCS CMedytolne OCHOBHbIE MeToAbl
nepeceyeHns 6eperoBoin MMHUKM Npu cTpouTenscTee MIT:

yKnagka TpybonpoBoja B NpeABapuTenbHO MOAMOTOBMEHHYHO TPaHLUEK B MPUOPEXHONR 30He U Ha
yyacTke nepeceyveHUs 6eperoBoi MHUK;

1CNosb30BaHWe MeToAa HaK/IOHHO-HanpasieHHoro 6ypeHus (HHE);

MCMOo/b30BaHNe MeTOAa TYHHEIMPOBaHNS.

Yknagka Tpybonposofa B TpaHLUE MPOM3BOAMTCH OLHWMM W3 CAefyroLmMX Croco60B MpoTacku-
BaHuA (puc. 10.2-1):

Tpy6onpoBog MOHTMpyeTcd Ha TYC 1 npoTackuBaeTcsi Ha Geper ¢ momouwibto nebegkn TYC u
06paTHOro 6/10Ka, pacnonoXXeHHOro Ha Gepery;

Tpy6onpoBog MOHTMpYeTCs Ha TYC B MOpe 1 3aTeM NpOTacKmnBaeTca Ha beper npu nomMoLLm nebeok
Ha Gepery;

TpybonpoBog MOHTUMPYeTcs Ha Oepery ¥ MpoTackmMBaeTcs B Mope C nomowbio TYC (unu
CMeLuann3npoBaHHOro MaaBCcpeAcTBa: TEXHONOMMYECKOW NNaT(opmMbl, MOHTOHA W T.N.), 060pPYA0BaHHOrO
nebeakamu.

Puc. 10.2-1 MeToabl Yknagku Tpy6onpoBoga npoTackuBaHMeM npu NOCTpoiike 6eperoBoro nepexoga [3]

PaboTbl MO MOArOTOBKE TPaHLUeW W YKnagka C MpoTackuBaHMeM C Gepera Ha 3aTanivBaeMoM
6eperosoM yuyactke MIMT gnmHoii 6onee 8 kM B CeBepHOI YacTu Kacnmiickoro Mops npeAcTaB/eHbl Ha
puc. 10.2-2. dopMupoBaHue nNneTu Tpybomnposofa OCYyLLecTBAAnoCb Ha TYC, obpaTHas 3acbinka
Npoun3BoAMNach rpeidepHbIM 3eMCHapPA0M.



PekoMeHfaLuMu N0 NPOEKTUPOBAHNIO, MOCTPOMKE M 3KCNAyaTauum MOPCKUX NOABOAHBIX TPy6ONpPOBOAOB
11

Puc. 10.2-2 peiidepHblii 3eMcHapag «TuTaH» Npu paspaboTke TpaHLlen (a)
1 npoTackuBaHWe Ha nnasy Tpy6onposoga ¢ Gepera (6)

BbI60p TEXHONOrMM MOAFOTOBKM TPaHLLEN 3aBUCUT OT CBOICTB [JOHHbIX FPYHTOB (CcM. puc. 10.2-3).

HecBAsHbIi FPyHT — Necok

MnoTHoOCTH HU3KON NNOTHOCTU cpefHeil NIOTHOCTM NNOTHbIN 0YeHb NNOTHbIN
Bbi6op
06opyfoBaHus
[Ns NOABOAHON
TpaHwwen
upesBblyaiHo 0Y4eHb HU3Kas cpeaHas BbICOKaA 0Y4eHb upesBblyaiiHo
MpoyHoCcTb P Pea p
HU3Kas HU3Kas BbICOKaA BbICOKaA

CBA3HbIA PYHT — rAuHa

Puc. 10.2-3 Bbl60op TeXHONOrMM NOArOTOBKM MOABOAHON TpaHwen [1]

B psage cnydaeB B TpaHwee 415 yknagkn M ill B palioHe 6eperoBoii YepTbl 060pyayeTcsa Koddepgam —
KOHCTPYKUMS, KakK MpaBuio, B BUAe LUMNYHTOBOW CTEHKW, 06ecneymBaiollas LEeMoCTHOCTb TpaHLUew,
3alUmMLLAIOLLAn CTPosLLMeCs TPY60MpoBOAbl OT BO/IHOBbLIX BO3AEMCTBUIA M 3ambiBa TpaHwwen (cm. puc. 10.2-4).
Mocne npousBoacTBa paboT Mo npoknagke u 3acbinke MIT BCA KOHCTPYKUMS Kodepaama nognexuT
LEMOHTAXY.

BbI60p Tpacchl, MecTa NpeceyeHnss ¢ 6eperoBo SIMHUER 1 BeMUUHBI 3arny6neHmns M ill B fOHHBbIN
rPYHT [O/DKHbl COKPaTWUTb BAWSHWE JINTOAUHAMMYECKMX MPOLEccoB Ha paboTocnocobHOCTb U
HaZeXHOCTb TPy60onpoBoaa.

Cpean LMHaMUYeCKUX ABMEHWM, UMEIOLMX MeCTO B MOPCKOM JiefsiHOM MOKpOBe, 0C060e MecTo
3aHMMaeT apeiid KPYNHbIX NefoBbix 06pa3oBaHuii, KOTOpble NpU B3aMMOLENCTBAM C MOPCKUM JHOM MOTYT
NPUBECTM K €ro 3Ksapaumm ocobeHHO B paiioHe 6eperoBoro Bbixoga MIMT. B akBaTopusix C CE30HHbIM
NefsHbIM MOKPoBOM (3amep3atowime Mops Kacnwuiickoe, Bantuiickoe, OX0TCKOe U T.4.) M Ha MOPCKOM
apkTnyeckom wesnbge (BapeHueBo, Meyopckoe, Kapckoe mops, Baligapaukas ry6a u T.4.) Npy Haamumm
NPU3HAKOB /1eflOBOM 3K3apauuu, BbISB/EHHbIX B NEPuof M3bICKaHWM WMHCTPYMEHTa/IbHbIMWU MeTofamu
(nogBogHas TeneBM3MOHHAA CbeMKA, COHapHas CbemKa, BogosiazHoe ob6cnefoBaHue), 3arnyboneHne MMT
no Tpacce, B T.4. B paiioHe nepeceyeHns ¢ 6eperoBo NMMHUEN, JO/HKHO COOTBETCTBOBAaTb TpeboBaHnsAM 8.3
yactu | «Mopckue nogsoaHble Tpy6onposogbl» Mpasun Mill.
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Puc 10.2-4 Koththepgam ans npotackmaHus Tpybonposoga Ha 6eper Ha KnpuMHCKOM MecTopoxaeHun o CaxanuH

B HekoTOpbIX cnyyasx NPUMMEHeHWe MeToAa OTKPbLITOM TpaHLleW Ha Yy4yacTKe LenecoobpasHei
3aMeHWTb nepecedyeHnem 6eperoBoit nMHUKM metogom HHB. Metog HHB npumeHseTcs B cnydvasx, Korga
reosornyeckne YCroBus He MNO3BONAT 3((EKTUBHOE MPOBeAeHME 3eMASAHbIX paboT. ITOT MeToj,
MO3BONAET MepecekaTb OTBECHbIV Geper, a TakXe 00beKTbl Ha bepery. [NepeceyeHne 6eperoBoi MHUM C
npumeHeHnem HHB xapakTepusyeTcsi HaMMeHbLUVM YLIepOOM OKpYXalolleil cpede Mo CPaBHEHMUIO C
MeTOLOM OTKpPbITOM TpaHLIen. YKaszaHHble Bbille METOAbl MPOTACKMBAHWA MNPUMEHAKOTCH W NpU
npoTackMBaHuM Tpy60onNpoBoaa B CKBXXWHY, NOArOTOBAEHHYO MeTofoM HHB, nau B TyHHENb.

CTpouTenbCTBO NpUbpexHbIX yyactkos MIMT metogom HHB npeanoyuTuTeNbHO Npy 06pbIBUCTBIX
beperax, CUMbHbIX TEYEHUAX W 3HAUUTENbHbIX BOIHOBbIX BO34ENCTBUAX, KOr4a yCTPOWCTBO TpaHLUei ans
3arnybneHus Tpybonposoda npeAcTasBnifeT Oonblive CnoxHoctTn (cMm. puc. 10.2-5). Kpome Toro,
CTpOUTENbCTBO TpybonpoBoga meTogom HHB Ha yyacTke nepeceveHUs 6eperoBbIX IMHUIA MOXET ObiTb
00YyCMOBMIEHO HaNM4YMeM KOPEHHbIX MOPO4 C rpsgamMy Ha MPUOPEeXHbIX Y4acTKax, TpebyoLmx
3arnybneHus Tpy6onposofa, M HeoOXOAMMOCTbIO MpoKnagku TpybonposBoja uepe3 3HAYMTENbHOe
KONMYeCTBO KOMMYHWUKaLWIA.

Kak npasuno, npu ncnonb3osaHun Metoga HHB yknagka Tpy6onpoBoja BbINOAHAETCS B 3aUMTHOM
KoXyxe. [Ins aTol Lenn MOXeT OblTb MCMONb30BaHa CTaslbHas obcafHasa Tpy6a, ycTaHaBNMBaemas Ha BCHO
ONVMHY CKBaXKMHbI HHB. 3aliWTHBIA KOXYX 06ecrneymBaeT OTCYTCTBME MOBPEXAEHWUA MAWM 6NOKMPOBOK
Tpy60onpoBoga npu Npoknagke, TakxKe 0TCYTCTBYET PUCK BO3MOXHOCTY 06Basia CTEHOK CTBO/A CKBAXKMHBI.

Mpu ncnonb3oBaHny metoga HHB Heo6XxoaMMO yunThIBaTb CleaytoLLee:

yhep>XuBaHue 1 yfaneHme 6ypoBoro pacteopa;

CEKLMOHMPOBaHNe aHTUKOPPO3MOHHOI CUCTEMbI MOKPbITUS TPy60NpOBOAa C BbICOKOW CTOMKOCTBLIO K
UCTUPAHNIO N HU3KOMY MOBEPXHOCTHOMY TPEHWIo;

obecreyeHne ycToinumMBOCT Tpyb6ONpoBoAa nepes nNpoTackMBaHWeM B NPOOYPEHHYIO CKBaXKMHY.
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A—B

Puc. 10.2-5 Metogbl HHE npu nepeceveHnn 6eperosoit nnHum [3]
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11 METOJIbI HEPECEYEHHUA MOJABOAHBIX TPYBOIIPOBOAOB

11.1 TPEBOBAHHUA HOPMATUBHBIX JOKYMEHTOB K IIEPECEYEHUAM
MOPCKHX ITIOABOJHBLIX TPYBOIIPOBOAOB

B Hacrosmem pasaene mpuBEACHBI TPEeOOBAaHMSI OTCUYCCTBEHHBIX M 3aPYOEKHBIX HOPMATHUBHBIX
JOKYMEHTOB B 4aCTH MEPECEYCHUI TPyOOMpPOBOIOB, B TOM YHCIE MOABOAHBIX, ¢ APYTHMH TPyOOIpOBO-
aamu u kabemamu: CIT 36.13330.2012 [4], CIT 86.13330.2014 [5], CIT 18.13330.2011 [10],
I'OCT P 54382-2011 [6], TOCT P UCO 13623:2009 [7], DNVGL-ST-F101 [12], ABS [15], LR [16],

ASME B31.4 [13], BS 8010:3 [14] (cm. Ta6a. 11.1-1 u 11.1-2).

TpeGoBanns K NepeceyeHHIO TIOMBOHBIX TPYOOIMPOBOIOR

Ta6auna 11.1-1

OTevyecTBEHHBIC

CII 36.13330.2012

CII 86.13330.2014

I'OCT P 54382-2011

CII 18.13330.2011

I'OCT P UCO 13623:2009

Yron nepeceueHHs MUHH-
MyM 60°.

PaccTrosHue Mexay Tpybo-
NpOBOJIAMH B CBETY
He MeHee 0,35 M.

Yxnagka CTpoOsAMHXCS
TpyOOTPOBOJOB mMpoOTac-
KHBaHHEM MOJ JeHcT-
BYIOMAMH KOMMYHHKa-
IHSIMH

Paccrosinue Mexay Tpydo-
NpoBOJaMH B CBETY
He MeHee 0,3 M.
YcTaHOBKAa OMOPHBIX
KOHCTPYKUHH HIH rpa-
BHITHOH nmoaymku

Paccrostame MexIy TpyOoO-
MpOBOJAaMH B CBETY
02— 04m

Paccrossnue B CBeTy
MeXay TpybompoBogaMu
H kaGesiMu He MeHee 0,5

Yron nepeceuenna 90°.
YcraHOBKa MaToB H Jpy-
THX CPE/ICTE MOCTOSHHOTO
paznencHus (pu HeoGXo-
JIAMOCTH)

3apy6exHbie

DNVGL-ST-F101

ABS

LR [16]

ASME B31.4-2016

Ilepeceuenns Mexay Tpy6o-
npoBogaMu uiaH TpyGompo-
BOAaMH U KaOeJIIMH JOJIKHBI
OBITH pa3sfesieHbl IO BEPTHKAIH
muaumyM Ha 0,3 M. Tpebyercs
OIICHKA BO3MOXKHBIX 3JICKTpH-
YeCKHX IIOMEX, a TaKXKe HX
TIOCJICCTBHSL

PaspaGotka cremudukaimu ysia
HIepe CeUCHHSL

B cooTtBeTcTBUM ¢ TpeGOBaHHAMH
ASME B31.4 nepeceueHHs MeXTY
HOBBIMH W CYMECTBYIOIHMH
TpyOONpoOBOIaMH JIOJDKHBI OBITH
pasfesieHbl 1O BEPTHKAIH Kak
muanmyM Ha 1,0 ¢yt (0,3 ™).
IIpoduns nepeceuenus Tpydo-
IpOBOJia OJDKeH ObITh INPOBEepeH
Ha BO3JeHCTBHE JOKAJbHBIX
SKCIUTyaTallUOHHBIX M BHEIIHHUX
Harpy3oK.

YeTOWYHBOCTE OTOp MpOBepsieTCs
Ha CKOJIB)KGHHE M OIPOKHUIbI-
paromui MoMeHT. B mpoekre
mepeceyeHUH TaKKe YUYHTHI-
BAIOTCSl HECyIasi CHOCOOHOCTH
TPYHTa U TpeGOBaHUS K JOTOJI-
HUTCSJIBHBIM OIOpaM ISl YMCHb-
MEeHUS WIH TPEAOTBpAICHUS
BO3HHUKHOBEHHUS O€30MOPHOTO
npoJeTa.

Kak npaeumo, crmemyer uzberarn
NepeceuyeHns TpyOoONpOBOAOB H
kabeneit. B Mectax, rae mepece-
geHHE HEOOXOJHMO, OIepaTop
TpybompoBona uinm kabeis,
KOTOpHIH OyJeT mepecedcH,
JOJIKEH TOJYYUTh COOTBET-
CTBYION[HE pEKOMEHAAIHH, a
METOJ, MECTO U BpeMsl Tepecete-
HHS JOJDKHBI OBITH COTJIACOBAHBI
000UMH OTIepaTOPaMH.
HeoOxoqumo y4ecTh BO3MOKHOE
B3aHMOJICHCTBHE CHCTEMBI KaTO/-
HOM 3allUThl U JBYX TpyOoIpo-
BOJIOB.

IIpy mpOeKTHUpOBAHHMH TMepece-
yeHHd HeoOXomauMo oO0eCleunTh
(duznueckoe paslelieHHe JBYX
TpyOOTIIPOBOAOB, KOTOpoe OymeT
MOCTOSIHHO COXPAHATHCS.

Ilpn npoeKkTHpOBaHHH MTOABOJ-
HBIX mepecedeHHil TpyGompo-
BOJIOB MHHHMAJILHOE PACCTOSIHHE
MEXKy ABYMSI KOMMYHHKALHSAMH
JIOJDKHO COCTaBJEITL 12 mroiiMoB
(300 mMm).

Paznencuue nByx TpyGonpoBoaos
IO JHSJICKTPHICCKAM CBOMCTBaM
JOJDKHO OBITH PaccMOTPEHO B
X0ZI¢ TIPOSKTHPOBaHHS Iepece-
YeHHH TpyGolpoBoaa.

Ocaska IpyHTa, SpO3Ksl H IUKJIH-
YecKHe HArpy3KH JOJDKHBI OBITH
VUTeHBl IIPH IpPOSKTHPOBAHHH
nepeceueHui TpybompoBoaa s
obecrieucHus COXpaHCHHs JaH-
HOTO pACCTOSIHHS B TEUCHHE
PacueTHOro CpoKa SKCIUTyaTAIlHiH
06oux TpyOOoIpOBOIOB.

TaGnuma 11.1-2

TpeGoBaHus 3apydeKHBIX HOPMATHUBHBIX JOKYMEHTOB OTHOCHTeIbHO TepeceueHyii MIIT ¢ apyruvu koMMyHMKaIUsIMU

Yron NepeCCUCHUS MCKAY KOMMYHHKAITUAIMHA

He MeHee 30° M IO BO3MOXHOCTH OJH3KMM K 90°

Paccrosinue B CBETY MEKIY KOMMYHHKAIIUAMHA

He MeHee 0,3 M

PaspaboTka rpyHTa B palioHe NepecedeHHs I peTOTBPAIeHAS TTIOBPEIKISHHS PeKOMEHIYETCSI OCYIIECTBIIATh THIPOMOHHUTOPAMH.

B MOATOTOBJICHHYIO TPaHIIEIO.

Vmamca IIPOCKTUPYECMBIX pr601'[p0BOZ[0B MpeayCMaTpuBacTC 110 HeﬁCTBylomHMH T‘I)Y60HPOBOJIaMI/I MOCPEACTBOM HX IPOTACKHBaHUA
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TpeboBaHUsA K NepeceveHunto He3arny6neHHbIX 1 3ary6neHHbIX B [JOHHbIA rPYHT Tpy60onpoBoJos u
Kabeneii, pa3paboTaHHble Ha OCHOBAHWW CPaBHUTENbHOIO aHan3a NPUBELEHHBIX BbILE [OKYMEHTOB M
onblTa paccmoTpeHuss PC MpOekTHOW [oKymeHTauum MIT, ykasaHbl B 8.2.3 uactu | «Mopckue
nofsofHble Tpy6onposogsl» Mpasun Mill

112 MPUMEPbI KOHCTPYKTVBHOIO O®OPM/EHWSA MEPECEUYEHUI
MOABOAHBIX TPYBEOMPOBOAOB

B pervoHax, rae BefieTcs akTUBHas pa3paboTka NoABOAHbIX MECTOPOXAEHUIA, BKHOYas 06yCTPOACTBO
CUCTEMbI MOABOAHBLIX TPYOOMPOBOLOB Pa3/IMYHOIO HasHaydeHWs (Hanpumep, CesepHoe mope, Mekcu-
KaHCKWIA 3anMB W T.[4.), Hem3beXHbl nepeceyeHUs Tpacc MOPCKUX TPy6ompoBofoB. B nporpammax no
BbIBOAY M3 3KCMyaTauynm MOPCKMX MECTOPOXAEHWIA B 3TUX permoHax NpuBefeHbl KOHCTPYKTWBHbIE
pelleHns no 06YyCTPOWCTBY MECTOPOXAEHUIA U pacCMOTPEHbl HEKOTOpble MeTOAbl MepeceveHuni
NoABOAHLIX KOMMYHMKauumin LU, [2].

MprMepbl KOHCTPYKTUBHOMO O(hOPMAEHWS NepeceveHmnin, B 3aBUCMMOCTM OT 3aray6neHus Tpybonpo-
BOAa NpuBedeHbl Ha puc. 11.2-1 n 11.2-2. PacCMOTpPEHbI Pa3ninyHble BapuaHTbl U3MEHEHMSI KOH(UTYpaLum
TPyBOMNpPOBOAOB, NPUYEM OTAENBHO YUYMTHIBAETCA BO3MOXHOCTb [EMOHTaXKa KaXX4Oro W3 fepeceKatoLmxcs
TpybONpOBOAOB, Hanpumep, Ana yTuamnsaumm (Tak HasblBaeMble YUacTKu Tpy6onpoBogoB 3-i1 KaTeropum
Tpy60npoBoAbI, NiaHpyemble 48 BbiBeAeHWS M3 aKcnnyatauuy cornacHo DNVGL-RP-F107).

B)

Puc. 11.2-1 MNpumepsbl nNepeceveHnii NOABOAHbIX Tpybonposogos [1]:
a — He3arny6neHHbIn Tpy6oNpoBOA NepecekaeT Hesarny6eHHbI Tpy6onpoBog 3-i KaTeropum — AeMOHTaX (3arny6ieHue)
He MpefCcTaBNsfeTCcH BO3MOXHbIM; 6 — He3arnybneHHbIli Tpy60npoBog
nepecekaeT Tpy6onposog 3-i KaTeropum — C AeMOHTaXKeM 06beKToB 3-ii KaTeropuu;
B — nepeceyeHue Tpy6onpoBoAoM 3-ii KaTeropuu 3arny6neHHOro Tpy6onposoaa;
r — repeceyeHne TpybonpoBogom 3-i1 kaTeropum paboTaroLiero Hesarny61eHHOro Tpy6onpoBoga.
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Mewwox ¢ LTIC
CO CMEKIONAACIUKOBbIM KOICYXOM
20" I'asonposod

Traneewiti mam ¢ HIIC Tubruit 6emonnvlii mam

Mewxcu ¢ L[IIC Mewwxu ¢ IIC Tkanegvwiii mam ¢ L[IIC

,

[no mopa

Puc. 11.2-2 Ipumeps! KOHCTPYKTUBHBIX peLIEHUH N0 nepeceYeHusM NOJABOAHBIX TpyGonposogos [2]

TNepeceuenns, kaK NMParUIO, BHITIONHAKOTCS C UCTIONb30BaHUEM THOKMX OETOHHBIX MaroB, MEUIKOB C
uemenTHo-necyanoii cmecho (LITIC) unu cneuyaibHbIX KOHCTPYKUMI H3 Jutoro 6eroHa. Mexy aByms
TpyOOTIPOBOAaMH TIPH TEPECEUCHUH JO/KEH COOMIOAATEC MUHUMATBHEIH 3a30p 300 MM; GeTOHHBINA Mar
obecriedrBaeT TpeOyeMBIit 3a30p M 3alUMTY MeX Iy AByMs TpyOamu. BEIOop MaTepraia Uil CTPOHTENBCTRA
riepecedeHus 3aBUCHT OT TpedyeMoii BLICOTHI NepecedeHus Tpybonposoaa. Jlnd nepeceyenus Tpyoonpo-
BOJIOB OOJIBILIOTO AMAMETpa M3TrOTaBJIMBAIOTCS CEeHAIBHBIE OCTOHHBIE KOHCTPYKIH.

[Mepeceuenue TpyGONMpPOBONOB HAa BPEMEHHO 3aTaluIMBacMbiX (OOBOJHEHHBIX) TEPPUTOPHUAX WM
60JIOTHCTO} MECTHOCTH JIOTTYCKAeTCsl B COOTBETCTBHH € TIONIOKEHHAMH COOTBETCTBYIOINX HOPMATHBHBIX
JoxymenToB [11]. Ha puc. 11.2-3 u3o0OpakeH THNOBOH BapHaHT MEpeceYeHHs B HACHILIEHHLIX BOJHO-
GOJIOTHBIX YrofibfiX C cerperaiuueii BEpXHEro cJ0si MO4Bbi (UTO MOXeET ObiTh XapaKkTepHO UL Y4YacTKOB
BHIX0J]a MOPCKOTO TIOBOAHOrO TpyObompoBoaa Ha Oeper). CTpouTenbHoe 000pyAOBaHHe, HCIIONB3yEMOe
NpY yKJIaJKe Ha BOJHO-OOJOTHBIX Yro[psiX, OrPaHUYMBAETCH CPOKaMHM MWCMONb30BaHUS, TEXHOJOTH-
YeCKUMHU rabapuTaMy, HEOOXOAUMBIMHU IS PbIThS TPAHLIEH, U3TOTOBIEHHS U YKJIaAKH TPyOONMPOBOIOB H
o6parHOlt 3achllTKi TpaHIIen. Taxxke OrpaHUYMBalOTCS CPOKH BOCCTAHOBJICHUS BEPXHETO CJIOS MOYBHL.

B paifonax, rae ang nocryna k TpyOOmnpoBOLy, MalIMHBI (MEXaHW3MBI) NepeMelaloTes Mo
BOJIOHACKIIIEHHOM UK 6OI0TUCTOI MECTHOCTH, MOBEPXHOCTHBIH CIIOM I'PyHTa J10/DKEH OBITH JOCTATOUHO
TIPOYHBIM [UISl COOPYXKEHMS BPEMEHHBIX TPAHCIIOPTHO-MOHTAXKHBIX IyTel. Cxema NpoKIaaKy Tpydomnpo-
BOJa B MOAOOHBIX YCJIOBUAX MpeacTaBieHa Ha puc. 11.2-4 [4].

Tloeepxnocmy 600w

Jno

=5 T
Hlepeceraroiyuts

3aznybnenue 1,5 m mpy6onposod

FE 2043

Oeticmeyiowuti mpybonpoeod
D =0,914 m 6 Gemonnoti obonouxe

Puc. 11.2-3 IMepeceuenne TpybonporosoB B OOBOAHEHHOM I'PyHTE WM OOIOTHCTOH MECTHOCTH
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3.5 M B 7.5 (4,5) m LS |

|

6,5 (3,5) m

Puc. 11.2-4 Cxema nopoknajku TpyGonpoBoia no noBepxXHOCTH 0OBOAHEHHOTO IPYHTA WIH GONOTHCTON MECTHOCTH!
I — Tpybonpooxa; 2 — TopdsHas WM XBOPOCTSIHAS MOANOTOBKa; 3 — 00OBaJlOBaHME MECYaHOTO IPyHTa WITH Topda;
4 — nexHERas opora; S — TMPOTHBOTIOKApHaA KaHaBa
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12 PEMOHT MOABOAHBLIX TPYBOMPOBOAOB

Mo mepe BO3pacTaHUs CPOKa 3KCryaTaumm CyLLeCTBYHOLWNX MNOABOAHbIX TPY60NPOBOAHbBIX CUCTEM Ha
TeppuTopum PP Bonpoc pemoHTa MIT npuobpeTaeT Bce 6GOMbLUYIO aKTy a/lbHOCTb KakK B OTHOLUEHWU
COBEpLLEHCTBOBaHUA HOPMATMBHO-TEXHUYECKOW 6asbl, Tak W PasBUTUSA TEXHUKU W TeXHONOruii
NpoBefeHNs PEMOHTHbIX paboT Ha Takux ob6bekTax. [pu 3TOM HOpmaTuMBHasa 6asa [O/KHA
COBEPLLIEHCTBOBATLCA MO ABYM HarpasB/ieHUsIM:

.1 TexHMueckue TpeboBaHMA K OCYLLECTB/IEHNIO BCEr0 CMEeKTpa BO3MOXHbIX PEMOHTHbIX paboT ans
NoABOAHbIX TPY60NPOBOAOB;

.2 HOPMMPOBaHME TEXHUYECKOr0 COCTOSAHUSA MOABOAHOr0 Tpy6omnpoBoda A CAefytoLWmnX Lenei:

paH>XMpOoBaHWS YPOBHE TEXHUYECKOro COCTOSAHUSA TpybomnpoBoja B 3aBMCMMOCTU OT YPOBHS
JeeKTHOCTU 1 NPOrHO3MPOBaHMSA CPOKa aKcnyaTaumy Tpybonposoga ¢ AeeKToM TOro UaM MHOTo BUAQ;

BbI60pa TUMOBbLIX PEMOHTHbIX PaboT, COOTBETCTBYHOLLMX BbISAB/IEHHOMY TEXHUYECKOMY COCTOSIHUIO
Tpybonposoga 1 TUMOBbIM AetheKTaMm;

NAaHMPoOBaHUS MPOBELEHNSA PEMOHTHbIX M AMArHOCTUYECKMX paboT B 3aBMCUMOCTU OT YCTaHOBJIEH-
HOr0 YpPOBHSA TEXHWYECKOro COCTOAHUSA ANna npuobpeTeHMss obopygoBaHWsA M maTepuasoB, Bbl6opa
NOAPAAYNKOB U T.[,

Taknum 06pa3oM, NpobriemMa PeMOHTa U TEXHUYECKOro 06C/yXMBaHWA MOPCKMX MOABOAHbLIX Tpy6omnpo-
BOJOB C YYETOM BbILLUEN3NIOXKEHHBLIX MOMOXEHNA SBMSETCA K/IHOYEBOM N5 obecrniedeHUss 6ecnepeboinHOro
(PYHKUMOHMpPOBaHMSA TPy60ONPOBOLHOM CUCTEMBbI C TpebyembiMU pabounMy napaMeTpamn Ha MpPOTSHKEHMU
BCEro MPOEKTHOr0 CpoKa 3Kcryataumy. YKasaHHbI KOMMIEKCHbI noaxos (ynpasreHue LeoCTHOCTbIO
Tpy6onposoga) cornacHo 1SO 19345-2 [14] npefcTaBneH Ha puc. 12.1.

YnpaB/eHie HeMOCTHOCTLI0

Jrarb| XU3HEHHOTO LKA
Tpy6onpoBoAa u 3NeMeHTbI ynpaBeHus

Bepenve 3anuceit
W yipaBrenme
[0KyMEHTO0B0pOTOM
Casizb

YnpaB/ieHvie U3MEHeHNAMM

AHa/u3 Co CTOPOHb!
PYKOBOZCTBA 1

aymy

OGyueHie 1 NoBbILLIEHIE
KBa/mMcMKaLLm

Puc. 12.1 Mporpamma ynpaeneHunsi LLeNOCTHOCTbO MOPCKOro NoABoAHoro Tpybonposoga cornacHo MCO 19345-2
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TlomoOHbIii eie 60/1ee KOMIUICKCHBIH U ITyOOKHIl [OAX0A BOIUIOLICH B MPAKTHUESCKON JEATSIbBHOCTH U
HopmarusHO# Oaze DNV GL (manpumep, DNV-RP-F116 [16] 1 DNVGL-RP-F113 [15]), a Takxke B
MHOTOYHCIICHHBIX PEalH30BaHHBIX TCXHONOTHSX M YCTPOHCTBaX Ui MPOBEACHHSA PEMOHTHBIX pabor,
B T.4. 6¢3 mpHBIcUcHNA BoA0a308B («diverless») mmst nryGOKOBOAHBIX MOABONHBIX 0OBEKTOB (cM. 12.2 1 12.3).

12.1 BOCCTAHOBJIEHHE ITPOEKTHOI'O (MJIH BE3OITACHOTO) ITOJIOKEHHA TPYBOIIPOBOJA
HA/B JOHHOM I'PYHTE, BKJIIOYAS! CBOGOJHBIE ITPOJIETHI HEAONIYCTHMOM JTHHBI

BoccranoBnenue npoekTHoro (mim 0¢30macHOr0) MOJIOXKEHHUA TPYOONMpoBOAa Ha/B JOHHOM TIpYHTE,
BKJIFOYAst CBOOOAHBIC MPOJIETHI HEJOIYCTHMOH JUIHHBI, & TAKKE YCTPOMCTBO MPEABAPHTEIBHO BBHIPHITHIX
TpaHWICH M 3ariyOneHHe MOABOJHOrO TPYOOMPOBOAA, MOAPA3yMEBACT MPUMEHCHHE PA3IMYHOrO BHAA
CHCLHATN3HPOBAHHBIX IUIABCPEACTB M OOOPYAOBaHMSA A MOABOAHBIX 3EMIHBIX PaboT (Hampumep,
KOMIIIEKCHOE YCTPOHCTBO KoMIaHuu Saipem S.p.A. ais 3antyOneHus v oOpaTHOM 3achINKH MOJBOJHOTO
TpybonpoBoaa — cM. 7.6). OaHako, Kak NMOKA3BIBACT OMBIT PEMOHTHO-BOCCTAHOBHTEIBHBIX PaboT Ha
MOABOHBEIX TPYOOIPOBOAHBIX cucTeMax B PP (kak HA MOABOAHBIX MEPEX0OJaX 4epe3 BOAHBIC MPETPAIbL,
TaK M Ha MOPCKHX IIOJBOAHBIX TPYOONPOBOAAX), AaHHBIC PaGOTHI BBINOJHSAIOTCA B OCHOBHOM C
MPUBJICUYCHIEM BOJOIA30B U CPEACTB MEXAHH3ALMH JUIS IOABOAHO-TEXHHUYECKHX PaboT. ITO 0OBIACHAESTCA
MPEXKAC BCETO TEM, JITO AAHHBEIC Je(EKTH BO3HHKAIOT B OCHOBHOM B PE3YJILTATE BO3ACIICTBHA BOJIHCHUS U
TCUCHUH B MOpPCKOM HPUOPEXKHOIH 30HE WIH PeKax, rAe BBHAY HEGOMBIIMX MIyOHH HCHOIb30BAaHHE
BOZOJIa3HOTO OCHAILIEHMS IPEACTABIICTCS BO3MOKHBIM.

VYerpaseHue npoBUCaHUH TPYOOIIPOBOAA OCYIUECTBICTCS MYyTEM 3AIIOJHEHHS Pa3MBIBOB (IyCTOT) MOA
TpyOONpoOBOAaMH KaMHEM, LICOHEM W/WIH YKIAAKOH raOHOHOB, rHOKHMX OSTOHHBIX MATOB, MELIKOB C
neckoMm u LITIC, a taxoke myTeM HaMbIBa JOHHOTO rpyHTa. JlocTaBka kamMHa, meOHs 1in raGHOHOB/MaToB K
MECTY MOAOWBKH BBITIOIHACTCS B Oapikax, MPH 3TOM B MMPAKTHKE POCCHHCKHX MOAPSAAYHKOB, KaK MPAaBUIIO,
KCTIONB3YIOTCS BOAOIA3bl U IUIABYUHC KPaHbl [Isi paboTs! ¢ rabuoHamu, Maramu 1 memkamu ¢ L[1C.

Tunosas cxema yCTPaHCHUSI IPOBHCAHMH W/WIHM Pa3MBIBOB (OrOJICHHI) HOJBOAHBIX TPYOOIIPOBOAOB
npu wcnons3oBanuu Memkos ¢ LIIC npeacrasnena ma puc. 12.1-1 u ¢ npuMeHeHHEM TaOHOHOB HIIH
ruOKUX GETOHHEIX MatoB — Ha puc. 12.1-2 [12].

3IMm

Teuenue

> Y o A
B 7 677//..
g’//f/f

3 2 1 II-3 ouepedv pemonma I-1 ouepedv pemonma

Puc. 12.1-1 CxeMa peMOHTa OTOJICHHBIX M IPOBHCIIHX YdacTkoB MIIT ¢ nmpuMeHeHHEM MEMKOB
¢ [ECUaHO-EMCHTHOH CMEChIO:
1 — tpy6Gonpopox; 2 — Memku ¢ neckoM; 3 — memku ¢ LIIC

Vknon mepezHeil (O HANPABICHHIO TCYCHUS WM BO3ACHCTBHA BOJH) IOBCPXHOCTH KIQAKH U3
memxoB ¢ LITIC momken cocrasmre 1:1, ykinoH 3axxei nosepxaoctu — 1:2.
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Puc. 12.1-2 Cxema peMOHTa pa3MbiBa C UCMONb30BaHNEM TMOKMX BETOHHLIX MaTOB:
1 — 3nemeHT rMbKoro 6eTOHHOro MaTa: 2 — MeLLKu ¢ meckom uam LUIMC; 3 — MArkwii rpyHT (mecok);
4 — HacbINHOW rPyHT; 5 — LWebeHb; 6 — necok

Lna rny6okoBOAHLIX TPY6ONPOBOAHLIX CUCTEM, FAe WCNOAb30BaHWe BOA0MA30B A8 MOABOAHBLIX
3eMNsHbIX paboT He NPeACTaBNSAETCS BO3MOXHbIM, NOA06HbIE AedeKThbl TPYOONPOBOAOB MKBUANPYHOTCS
NPUMEHEHWEM CMeLman3nMpoBaHHOro obopyaosaHusa (cM. puc. 12.1-3).

Puc. 12.1-3 Mopgb6veka TpybonposBoga Ha rny60KOBOLHOM y4acTke

122 PEMOHTHBbIE CUCTEMbl KOMMAHUIN NORD STREAM AG W SAIPEIYL SP.A.

12.2.1 PemoHTHasa cucTema KomnaHuu Nord Stream AG.

MogsoaHblii razonposog Nord Stream fBAseTCs YHUKanbHOW Ans P® nofBOAHON TpaHCMOPTHOM
CUCTEMOI Kak MO MapameTpaM TpaHCMopTa NPMPOAHOrO rasa, Tak M MO OpPraHu3auuu TeXHUYECKON
aKcnayarauw i

B xoge mocTpoiiku Tpy60onpoBOAHOW cucTembl KomnaHuein Nord Stream AG 6blin NpoBeAEHbI
JeTa/lbHble OLLEHKM PUCKOB [/18 3Tana NpoeKTUPOBaHUA, CTPOUTE/NLCTBA U JKCMyaTaumm, NpUH1Mas BO
BHUMaHVe cregyrowue (hakTopbl:

TOYHbI/i MapLIpyT TpybonpoBoza;

XapaKTepuCTKN OCHOBHbIX MaTepuasioB A/ CTPOUTeNbCTBa TPYOONpoBoAa;

MOp®0/I0rns MOPCKOro AHa;
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KOMIMYEeCTBO W pasmepbl CyAoB, Nepecekarolimx TpybonpoBos;

pasMep 1 TWN AKOPS, NCMOMb3YEMOr0 KOMIM/IEKCOM CyAO0B, NPOXOAALLMX Yepe3 Bantuiickoe mope;

macliTabbl ¥ TUMbl UCMONL3YEMOrO PbIGOMOBHOIO 060pPYA0BaHMS, KOTOPble MOTYT COMpUKacaTbCs €
Tpy60npoBoAoOM;

BbIBOZblI N PEKOMEHAALUN UCCNEf0BaHWUMA, MPOBEAEHHbIX B OTHOLIEHWU APYTrUX MOPCKUX Tpy6omnpo-
BOZOB, KcnyaTupytoLmxcs B CeBepHOM Mope.

Takum 06pa3oM 6biM ONpedenieHbl CLEeHapuy NPOUCLLECTBUIA, 415 KOTOPbIX Oblia paspaboTaHa Tak
Ha3biBaeMasi «CTpaTterus peMmoHTa Tpy6onposoga Nord Stream» B 3aBUCMMOCTY OT Pa3BUTWS TOrO UM MHOTO
npouctuecteus uwvnm asapumn (Nord Stream Offshore Pipeline Repair Strategy) (cm. Tabn. 12.2.1).

Tabnuuya 1221
YPOBHM PEMOHTHbIX paboT (TEXHMYECKOro 06CnyxXnBaHusa) NoABoAHOro rasonposoga Nord Stream
TYPE OF SERVICE REFERENCE DESCRIPTION

FIRST REACTION + DAMAGE ASSESSMENT
External Inspection

MAINTENANCE / REMEDIAL WORKS
TYPE 2 e.g. rock placement for stabilisation; free span correction; pipeline
protection; anode replacement...other

LOCAL Damage Repair

TYPE 1

TYPE 3 Externally fitted 48" dia. Repair Clamp
TYPE 4 SHORT Damage Repair

Section replacement up to 2 pipe joints ~24m
TYPE 5 LONG Damage Repair

Section replacement - hundreds of metres to several kilometres

YPOBHM TEXHWUYECKOro 06CNyXM1BaHUA NOABOAHOrO rasonposoga Nord Stream BO MHOFOM MAEHTUYHBI
MOHATUIO «TEXHWYECKOe COCTOsAHMe». CTpaTerus peMoHTa Tpy6onposoga Nord Stream npefycmatpusaeT
cnegytowme Buasl PEMOHTOB (MOMUMO PasfIMYHOro pofa AuarHocTMyeckux pabor):

TEXHWUYECKOE 00CNYXXMBaHWE/TEKYLMIA (NNaHOBO-NPeaynpeanTenbHbIil) PEMOHT;

MECTHbIA PeMOHT (C MPYMEHEHMEM PEMOHTHBIX MY(T);

KPaTKOCPOYHbIA BOCCTAHOBUTENbHBIA PEMOHT (3aMeHa 4o 2-X Tpy0);

MPOAOMKNTENbHBIA BOCCTAHOBUTESNbHbLIA PEMOHT (3aMeHa nneTn Tpybonposoga 6onee 100 wm).

[JaHHble BMAbl PEMOHTOB JO0/MKHbI 06eCNeumBaThCsi COOTBETCTBYHOLLMM HABOPOM TEXHWUYECKMX
CpeacTB AN OCYLLECTBNEHMS PEMOHTOB PasfIMYHOrO YPOBHS, YETKO pernaMeHTUpPOBaHHbIMW OpraHui-
3aLMOHHO-TEXHOMOMMYECKMMI MPOLeAypaMu U NOAG0POM NOAPSAYMKA ANS BbIMOMHEHUs paboT.

KomnaHueii Nord Stream AG B KayeCTBe reHepasibHOro nogpsaumnka Ha Bce BUAbl PEMOHTHbLIX paboT
Ha OCHOBE OTKpPbITOro TeHAepa BblbpaHa KoMmnaHus Saipem S.p.A., KOTOpOW 6yAeT OCyLLecTBASATbCA
HabnMoJeHre 3a PeMOHTHbIMW paboTamy B Cllyyae BO3HWKHOBEHMS MPOWCLLECTBUS, TpebytoLero
paccnefoBaHns U MOTEHUMaNbHOro pemoHTa. Kpome Toro, komnaHueldi Saipem S.p.A. pa3paboTaHbl
Heob6X0AUMble OpraHu3aLMOHHbIe/TEXHONOTMYECKe Mpoueaypbl WM OnpefeneHo 060pyfoBaHue,
Heo6xoayMoe Ans BO3BpaTa, Npy He06X0AMMOCTUN PEMOHTa, NOABOAHOIO ra3onpoBoja K NepBoHaYasibHbIM
MPOEKTHLIM MapameTpam.

Takke elle OfHUM BaKHbIM 3fieMeHTOM CTpaTtervn pemoHTa Tpy6onposoga Nord Stream sBnseTcs
yneHcTBo KommnaHum Nord Stream AG B nyne komnaHwiA, Bosrnaesnsemom Statoil's Pipeline Repair and
Subsea Intervention (PRSI) Pool, Nord Stream AG nmeeT fOCTYN K psgy CreunainsnpoBaHHbIX YCnyr v
060pY0BaHMI0, TEXHUYECKU Hambosee MNOAXOAAWMX A1 BbIMNOAHEHWS MOABOAHLIX PaboT Ha Tpybax
6onbworo anameTpa. OCHOBHON TEXHONOMMYECKOW CWUCTEMOI B KOMMEKCE CEPBMCHOM MOAAEPIKKM
Nord Stream asnsetcs Hyperbaric Welding System, KoTopasi y>ke MCMo/b30Banach Ha 3Tarne CTPOUTENbCTBa
[laHHOTO MOPCKOro TpybonpoBoja A1 BbINOIHEHMS TEXHONOMMYECKOro 3ax/iecta (cMm. puc. 12.2.1).
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Puc. 12.2.1 PemoHTHas cuctema Tpybonposoga Nord Stream
C Mcnosnb3oBaHneM runepbapuyeckoin capku Hyperbaric Welding System

B KauecTBe cy6brnoapsguMKoB B YKas3aHHbIX paboTax 3annaHuMpoBaHO yyacTue KomnaHuit Technip
n Deep Ocean.

12.2.2 PeMOHTHas cucteMa KoMnaHun Saipem S.p.A.

[ncTaHLMOHHO ynpasnsemas cuctema pemMoHTa Tpybonposogos SiRCoS (MTtan. Sistema Riparazione
Condotte Sotto marine) pa3paboTaHa KommaHuein Saipem S.p.A. ANA WUTaNbSIHCKOW HedTerasoBoi
KomnaHun Eni. [laHHas pemMOHTHas cucTeMa MNO3BONSET obecneymBaTb MNpoBeAeHWe paboT Ha
cBepxbonblUMX yOuHax, a Takke npefHasHayeHa ANS MPUMEHEHUS B Npouecce MNpoKNagkv u
aKcnnyataumm (TeXHUYeckoro obeny>kmsaHms) Tpy6onposoga [11].

SIRCoS sBnseTcs KOMMAEKCHON CUCTEMO PEMOHTA MPOMOXEHHBIX Ha CPeAHUX U 60NbLINX Fy6uHaxX
TpybonpoBOAOB, He NMPeayCMaTPMBAIOLLYHO y4acTme BOA0Na30B B npoBegeHun paboT (“"diverless™). OaHHas
CUCTeMa MO03BOJIAET OCYLLECTBMIATL MOHTaX MyqTbl (XOMyTa) Ha /IOKaIbHOM MOBPEXAEHUM, a Takxke
3aMeHy y4yacTKa Tpy6onpoBoja B criyyae 3HaUYUTENbHbIX MOBPEXAEHNIA.

SIRCOS vMeeT cnegytoLime OCHOBHbIE TEXHUYECKNE XapaKTePUCTUKN:

MaKcUMa/ibHas rny6uHa NpoBefeHMst PEMOHTHBLIX paboT — 2200 M;

MaKCUMa/IbHbIA Yron HaknoHa AHa 10° B monepeyHOM HarpaBneHun, 15° B NPOA0ALHOM HanpaBieHun
(30° onA PEMOHTHOrO XOMYTa/PEMOHTHON My(TbI);

AmnameTp Tpy6onposoga A4n1s cucTeMbl coegmHeHmns 0,46 — 1,22 w;

AvanasoH TOAWWMH CTeHKU Tpy6bl 17,4 — 41,0 mm;

matepuan Tpy6bl: cTaslb Mapok X60 — X70;

yAaneHne aHTUKOPPO3NOHHOIO U BETOHHOrO MOKPbITUA TPYObI TONLWMHOK 40 100 MM.

B Habop KOMMOHEHTOB, HeOOXOAWMBIX /19 BOCCTAHOBMEHWUS PaboTOCMOCO6HOCTM TPy6onpoBosa,
BXOJAT:

peMOHTHast MydTa (XOMYT) NS YCTPaHeHUS He3HAYMTENbHbLIX JIOKANbHbIX NOBPEXAeHWA (YyTeyek n
JehopmMaLmin);

KaTyLuKa, UCronb3yemas 415 3aMeHbl y4acTKOB TpybonpoBosa;

KOHLEBbIE COEAUHUTENN.

OfHa KaTyllKa WU ABa KOHLEBbIX COEAVHUTENS — MWUHUMa/IbHBIA KOMM/IEKT, YCTaHaBNMBaeMblli Ha
Tpy6onpoBo4 B C/yvae 3HAUYMTENbHOrO MOBPEXAeHMs, Tpebylollero Bbipe3ku TpybonpoBoaa,
C MPVYIMEHEHWEM TeneynpasnifeMoro nofsogHoro annapara (ROV) ¢ HaBeCHbIM TMAPOCUIOBLIM 6/I0KOM.
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Puc. 12.2.2 Mo3aTtanHas nocnejoBaTeNbHOCTb 3aMeHbl yyacTKa MOPCKOr0O NOABOAHOr0 Tpy60npoBoja CUCTEMO peMOHTa
Tpy6onposogos SiRCoS:
a — rojbeM y4acTKoB TPy6OMpoBofa C MOMOLLbIO YeTbipex 77-06pasHbix onop;
6 — obpe3ka ¥ yAaneHne NOBPEXAEHHOr0 y4acTka Tpy60npoBoda; B — yAaneHne 6eTOHHOTO YTSHKEeNAIOWero NokpbITus;
I — MOHT@X KOHHEKTOPOB (KOHLEBbIX COeANHUTENEN); A — MO3NLMOHMPOBaHWNE N MOHTaX TPYOHOW BCTaBKM C MOMOLLbIO
MOHTaXHOI0 MOAYNS; € — Y3eN COeAUHEHUS

CoefinHeHNe MeXAY KOHLEBbIM COeAMHUTENEM W KOHLOM TpyGbl o6GecrneynBaeTcs 3a CueT
3aMpeccoBKM, MpW 3TOM 3amnpeccoBOYHOE YCTPOCTBO C MCMOMb30BaHWEM MOPCKOW BOAbl B KauyecTse
paboueil cpefbl CO3AaeT AOCTATOYHOE [AaBfieHWe BHYTPU MOMOCTM TPyGOMpOoBOAa AN ero o6Xuma B
KOHLEBOM coeauHuTene. TakuM 06pa3om cTeHKa TPyObl niacTuyecku AeopMUPYeTcs Ha BHYTPEHHEN
MOBEPXHOCTM KOHLIEBOTO COEAMHUTENS, KOTOPbIA NOfBepraeTcs ynpyromy paclumpenuto (cm. puc. 12.2.2, e),
€03/aBas NPU 3TOM HaAEXHOe FrepMeTUUYHOE COeAMHEHME.

123 NMPUMEHAEMbIE METO/bl I TEXHONOI MW AN PEMOHTA OTAE/IbHbIX JEPEKTOB,
rPYMMN AEPEKTOB, JEPEKTHbLIX CEKLUW (YYHACTKOB) CTAJIbHbIX MOABOAHBLIX
TPYBOIMNPOBOA0B

12.3.1 Ha puc. 12.3-1 npusefeHbl U CUCTEMATU3NPOBAHbI B HACTOSLLEE BPeMs NPUMEHSEMbIE Ha
npakTUKe Ha LWefbOBbIX MECTOPOXAEHUAX P® MeToAbl UM TEXHOMOrMM pPeMOHTa MNOABOAHbLIX
TPYy6OMNPOBOAHBIX CUCTEM, KOTOPbIE MOTYT NPUMEHATLCA OTEYECTBEHHbLIMU NOAPAAHLIMW OpraHu3aLaMm.

[0 CcpaBHEHWIO C MpMMepaMy PEMOHTHbLIX CUCTEM WAM CheuuanbHbIMKM  YCTpOlCcTBaMU ANs
ocylwecteneHns pemoHta MMT (cM. 12.2), B T.4. rNy6OKOBOAHbIX, METOAbI U TEXHOMOTUW, YKa3aHHble
Ha puc. 12.3-1, cOOTBETCTBYKT nNapameTpamM OCBOEHHbIX B HacTosl,ee BpeMs POCCUNCKUX
YrNeBOLOPOAHBIX MECTOPOXAEHMIA HA MOPCKOM LUENbMe M TEXHUYECKUM BO3MOXHOCTAM OTEYECTBEHHbIX
NOAPAAHbIX OpraHu3aLuii.
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Puc. 12.3-1 MeToabl U TEXHONOMMN PEMOHTA NOABOAHbIX TPYOONPOBOAOB Ha LLENb(OBbLIX MECTOPOXAEHUSIX YI/IEBOAOPOA0B Ha TeppuTopun PP
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Ha puc. 12.3-2 npvBedeHbl HEKOTOpble YCTPOWCTBA ANS OCYLUECTBMEHUA PEMOHTHbIX paboT Ha
MOPCKMX MOABOAHBLIX Tpybonposogax, 0fo6peHHble PC. Bce ykas3aHHble YCTPOMCTBA MPUMEHEHbI Ha
npakTWKe B MpoLecCe PeMOHTa MOABOAHbLIX TPy60OMPOBOAHbIX cucTeM. Cpean TakuX YCTPOWCTB
BbIAENIAOTCA CriefytoLue:

ycunmsaroLLyie KOMNo3uTHble My(Tbl Tpy6onposogos SMART LOCK (YKMT) (cm. puc. 12.3-2, a);

ycunmBaroLas Mygta-npoTeKTop ¢ 6eTOHHbIM 6aHAaxupoBaHHeM (YBMT) (cm. puc. 12.3-2, 6);

YCTPOWCTBO [N PEMOHTa CTafibHbiIX TPYO6OMPOBOAOB pa3NMyHOro HasHaydeHus (YPCT-M)
(cm. puc. 12.3-2, B);

YCTPOIMCTBO A1 PEMOHTa KPWUBOMMHEWHbIX YYacTKOB CTafibHbIX TPy6ONpOBOAOB Pa3MyHOro
HasHayeHus YPCT-K (cm. puc. 12.3-2, r);

N301MpytoLLMe KOMNO3MUMOHHbIE My(Thl (NMpoTekTopsl) Tpy6onposogoB SMART WRAP (MKMT)
(cm. puc. 12.3-2, p).

Puc. 12.3-2 YcTpoiicTBa 418 peMOHTa NOABOAHbLIX TPy60npoBoAoB, 0406peHHble PC

YKa3zaHHble BbIlle YCTPONCTBA [ OCYLLECTB/EHWUS PEMOHTHbLIX PaboT Ha MOPCKMX MOABOAHbIX
TPpy60npoBogax WMEKT MOMOXKMTENbHbIE 3aKIOUYEHNUsS 3KCMNEePTWM3 NPOMbILLAEHHON 6e30macHOCTU U
Ceupetenscrea 0 TMnosom ogobpeHun (CTO), BblgaHHble PC.

B 0TeyecTBEHHOI NpakTUKe MPOBeAEHWS PEMOHTHbLIX PaboT Ha NOABOAHLIX Mepexofax MarucTpaibHbIX
rasonpoBOAOB M MOPCKMX NOABOAHLIX TpybonposogoB ¢ 2008 . MCMOMb3yeTca MOCTPOEHHOe Ha
npegnpustun AO «3aBof Hukeropofckuii Tennoxog» CrieumanvaupoBaHHoe niasydee cpeactso (CrMPC-K)
npoekta 91030, nmetoLLee Cnefytolne OCHOBHbIe XapaKTepUCTUKK:

AnnHa, M 42,0
LUMpYHA, M 16,7
BblcoTa 60opTa, M 43
ocajka, m 2,6

aBTOHOMHOCTb, CyT 15
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BogousmelleHne co 100 % 3amacamu, T 1426
MOLLHOCTb 3HEPreTUYeCKOol YCTaHOBKM, KBT 3x 150
aKMnax, yen n

Cy[HO OCHALLEHO OMOPHO-NOAbBEMHbLIM YCTPOWCTBOM, MpefHa3HauyeHHbIM A8 ero nojbeMa Haj
MOBEPXHOCTLIO BOABI Ha YeThbIPEX OMOpax C LieNbio UCK/OYEHNS BO3AENCTBUS TeHeH NS BOAbI, BETPA U BOMH
Ha KOpryc BO BPEMS BbIMO/IHEHWS PEMOHTHbIX PaboT (aHafIorMyHO CamMoMO4bEMHbLIM N1aByyum 6ypoBbIM
ycTaHoBkam) (cm. puc. 12.3-3). Bobicota nogbema CIPC-K Hafz nMoBepXHOCTbIO BOAbI MOXET AOCTUraTb
Jo 2,0 M. CBapo4Ho-MOHTaxHas kamepa (CMK) npefHasHaveHa 4ns nposedeHWs paboT no BOCCTAHOB-
NEHNIO MOBPEXJEHHbIX Y4aCTKOB MOABOAHbLIX TPy60npoBoLoB AnameTpom 500 — 1420 MM Ha rny6uHax
Jo 24 m no npuHumny «Cofferdam Welding». CMK ocHalweHa cneunanbHbIMU CUCTEMaMU,
obecrneymBaroLMMM ee repMeTM3aLmi0 Ha Tpybonposoge U ocylweHue. B paboyem nonoxeHun CMK
CO06OLIAEeTCA C CYHOM NPU NOMOLLM COOPHOM MHOFOCEKLMOHHON NEPexXOfHON LIaxThl.

Puc. 12.3-3 CneunannsnpoBaHHoe nnaByyee peMoHTHoe cpeacTBo CIMPC-K (npoekT 91030)

Pabota CMK o06ecneynBaeTcs CneayrowyMm yCTpoicTBamm:

CMYCKOMOLbeMHOE;

TPYHTOOMOPHOE;

opueHTaumn CMK npu nocagke Ha Tpy60onpoBOA;

(hmkcauum Ha Tpy6onpoBoaE;

KpenaeHns 1 ynnoTHeHUS HWKHen Yactn CMK;

CUCTEMA OCYLLIEHUA/3an0NHEHNS;

YCTPOIACTBO (hmKcaumm Tpy6onpoBoga B Kamepe.

Mpy BbINONAHEHUN pPeMOHTHbIX paboT CMK ocHallaeTcs BbICOKOMPOU3BOAUTENbHLIM Fa30pesa-
TeNlbHbIM W 3M1EKTPOCBAPOYHbLIM CreLmann3vipoBaHHbIiM 060pyaoBaHveM. [ns yCTaHOBKWM OTAe/bHbIX
CeKLMA npn cOopke NepexofHol LiaxTbl, MOHTaXa Ofop OMOPHO-NOABLEMHOIO YCTPONCTBA U MPOYUX
onepauuii Ha nanybe CMPC-K ycTaHOBNEH KpaH Fpy30n0AbeMHOCTbIO A0 16 T, C BbINETOM CTpesbl 22 M.
[na TOYHON opmeHTaumn Hag TPybOMNpoBOLOM CYAHO MMeeT MOAPYAMBAtOLLME YCTPOCTBA U OCHALLEHO
CMYTHMKOBOW CWUCTEMON HaBefeHWsi. Ha cygHe npefyCMOTpPeH MOMHbIA KOMMAEKT BOLOMA3HOro
060pyA0BaHMSA, CUCTEM U OCHACTKW.

12.3.2 O6cnyxnBaHWe CcUCTEM MOPCKUX MOABOAHLIX TPy6OMpoBOAOB 3a npegenamu Po

OCYLLEeCTBNAETCS CMEeAYHOLWMMU OCHOBHbIMW pa3paboTyuvkaMu M NOCTaBLLMKaMK CheLnanM3MpoBaHHOro
060pyZoBaHMA AN pemMOoHTa MOPCKUX NOABOAHbIX Tpy6omposogos: T.D. Williamson, Inc. (CLUA),
Acer Solution ASA (Hopserus), Cameron International Corporation (CLUA), Oil States HydroTech, Inc.,
Subsea 7 S.A., Hydratight, Ltd. (BenukobputaHus), Oceaneereng International, Inc., Furmanite
Corporation (CLUA) n 1.4,
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N3 cocraBa mocTaBifeMOro yKa3aHHBIMH KOMIIAHUAMH OOOpPYIOBAHHA CACAYCT OTMCTHTD
HIDKECIICAYIOMIEE .

B nacrosiee Bpemst kommnanus T.D. Williamson, Inc. sBiseTcs MHPOBBIM THAECPOM B IMPOU3BOICTBE
GecHpUBA3HBIX JUCTAHIMOHHO YIMPABISICMbIX 3aTBOpoB THma SmartPlug, mepememaemsix BHyTpH
TpyGonpoBoaos. IlonoGHeie ycTpoiicTBa mpeAHA3HAYCHBI AT OTCEUCHHS YJacTKOB TPyOOIPOBOXOB,
MOJUIEXKAIUX PEMOHTY MM TEXHHYECKOMY OOCIY>KHBAHHIO, B T.4. KPHBOJMHCHHBIX C PaaUyCcoOM H3ruda
Jo 1,5 auametpoB TpyOonpoBoAa, U MPH COXPaHCHHH B TPyOOMPOBOAHOM cHCTEME pabouero JaBiICHUS
TpaucnoprupyeMoii cpeant (g0 21 Mlla), B xauectBe KOTOpPOii MOryT OBITB Chipas He(Tb, ras,
ra30KOHACHCAT, NIHKOJIb, HedrenpoaykTsr u T.4. (cM. puc. 12.3-4).
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Puc. 12.3-4 O6imuii BUJ| 1 KOMIIOHOBKa 3aTBopa 2 X 24" thna SmartPlug:
1 — Mofny7b yIpaBleHUs, 2 — MapHUPHOE coeNHHeHHe ¢ ¢aHIeM;, 3 — MOy 3aTBopa ¢ MaKepoM; 4 — MapHUPHOE
COeJIMHEHNE; 5 — MONY/Ib YIpaBicHHs, 6 — oOparTHblil KWianaH;, 7 — peIM-00nT; 8 — raiika peiM-Gonrta

Vipassiemslii 3aTBop auavetpoM 24 moiiMa (610 mm) 2 x 24" tuna SmartPlug ucnoneayercs s
0OCITYKMBAaHUS ¥ PEMOHTA TOABOAHOTO razomposoza «l[omyboii motok» («Blue Stream») uepes Yeproe
Mope u3 P® B Typrmro: 3amMeHsI 3alOpHBIX 33JBIDKEK Ha ra30KoMIpeccopHoii craniuu «beperosast» Ha
POCCHICKOM TCPPUTOPHH GE3 OCTAHOBKM MPOLICCCA TPAHCMOPTa rasza npu gasneHun 7,0 MITa. Kommiekt
HOCTaBIISIEMBIX YCTPOHCTB, KaK MPABHIIO, COCTOUT H3:

JBYX YIIPaBIIEMBIX 3aTBOPOB THrna SmartPlug, kKaaeli U3 KOTOPBIX MPEACTABIAET U3 CCOS CLETIKY,
COCTOSIIYIO U3 ABYX 3aTBopoB (SmartPlug) u xByx ynpasnstomux moxynei (Pigging — Control Module),

o0opyaoBaHMS 414 YIIPaBICHUs paboToi Ha 6a3e MEPCOHAIBHOTO KOMIIBIOTEPA, PHEMO-TICPEIAIOIIHX
AHTEHH IS JUCTAHIHMOHHOTO YIPABJICHHS PaboTOl 3aTBOPA, KOTOPOE HO3BOILICT YIIPABITH 3ATBOPOM HA
paccrosHM 10 240 kM mpu 3anTyOneHUH TPyOOIpOBOAA B TPYHT MOPCKOro aHa A0 9,0 m.

B oTmenbHBIX Ciydasx, Hampumep, B CIy4ac HEBO3MOMKHOCTH OCTAHOBKH NCPCKAYKH MPOAYKTA IO
TpyOonpoBoAy, B 00XOZ DPEMOHTHPYEMOro ydacTka TpyOOmpoBoja JOJDKHA OBITh IPEABAPUTEIBHO
ycTaHOBIeHa OajimacHas IMHWS, TCXHOJNOTHA MOHTaka KOTOPOHM Takke paspaboraHa KOMIaHHEH
T.D. Williamson, Inc., mputdem ycraHOBKa yCTPOMCTB MOKET ObiTh ocymecrsicHa ROV 6e3 ygacTus
BOJONA30B (cM. puc. 12.3-5).

OfHHM K3 OCHOBHBIM CPEJICTB PEMOHTA HOBOJHBIX TPYOOIPOBOAOB SIBISIFOTCSI CTAIBHBIC OO)KUMHbBIC
My(}TEI, KOTOpPHIE YCTaHABIMBAIOTCA Ha TPyOOmpoBox Oc3 mpuMmcHeHws cBapkd (cMm. tabm. 12.2.1).
PeMoHTHBIC My(TBI NPEACTABIAIOT COOOM CTAIbHYIO KOHCTPYKLIHMIO B (JOPMC MOJIOrO IHIHHAPA,
Pa3AeNCHHOTO BAOIb HA ABE OJMHAKOBBIC IIOJOBHHBI C JBOHHBIMH VILIOTHUTCIHHBIMH JICMCHTaMH,
KOMIUIEKTOM MOMEPEYHBIX H NPOAOJBHBIX KPCICKHBIX JJICMCHTOB, ACOBAJM3HUPYIOIMMH KOJBLAMH H
VCTPOHCTBOM NpPEAOTBpalICHHs OceBoro cmemeHus (cM. puc. 12.3-6) [5]. JlBoitHoe 31macToMepHOE
VILIOTHEHHE TIO3BOJISET BHIMONHATS HCHBITAHUS HA POYHOCTh U FTEPMETHUHOCTD MOCIIC MOHTAXKA MYT(HI B
MEXKYTIIIOTHHTEIPHOH TNOJIOCTH caMoi My(ThI O¢3 MOBHIIICHHS AABICHHS B OCHOBHOM TPyOOIPOBOAE, UYTO
CYIIECTBEHHO COKPALIACT, YIPOINACT U YACUICBISICT HPOLICAYPY PESMOHTA.
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Double STOPPLE® | Ae(heKTHaﬂ cekyma 1 Double STOPPLE"

Prc. 12.35 CoopyweHvre GalinacHoii IMHUM C CTIQNb30BaHVEM 3ariopHbIX YCTpoiicTB SrartPlug @,
TEXHQONM Bpeski Hot Tapping ¢ npuveHeHviem yeTpoiicTB Single STOPPLE Train 6) v Double STOPPLE Train ®

Prc. 12.3-6 PemoHTHas HeceapHas Wygima:
/— pe3s00oBast WNWbKa 0CEBOMD KPEMEXHOIo eVeHTa; 2—  YCTPOACTBO MpefoTBpalieH st 00EBOIMD CVELEHVST;
3— nogsevHas NpoylmHa; 4—  aHQA MPOTEKTOPHOM 3allWThl; 5—  MOpaBIHECKA NOVKOET; O— KOpryC XovyTa

MyhTbl W3roTaBMBAOTCA Pa3NUYHONM ANIMHBI 4N TPY60NPOBOAOB AMaMeTpoM OT 51 MM go 1420 Mm.
Y My®T NPOCTON KOHCTPYKLMM repMeTusaL s noBpeXxxaeHHoro yuyactka Tpy6onpososa obecneunsaeTcs 3a
CUeT 00XaTWs YNNOTHEHWUI HEMOCPeACTBEHHO KOPMYCOM MY(Tbl MpU ee MOHTaxe. TakXe MOryT 6biTb
npeaycMOTpeHb! LONONHUTENbHbIE KOHCTPYKLUMU Ans obecneyeHns Heo6XoaMMOro o6atus ynaoTHEeHWI
npu repMeTusauny nospexaeHHoro ydyactka MMT. [Ond peMoHTa THYTbIX OTBOJOB B COCTaBe
Tpy60onpoBoja BbINMyCKaOTCA Pa3HOBUAHOCTU KPUBOMMHENHBIX MYQT.

Mpn nposefeHun pemoHTa MMT Ha 6onbwux rnybuHax (6onee 120 M) ANA YCTaHOBKWA My(T
Mcnonb3ytoTea Toibko ROV pabouero knacca, Npy 3TOM 3/IEMeHTBI Kpernexa My@T paccumTaHbl Ha paboTy
MaHunynatopos ROV.
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12.4 TEXHHYECKOE JUMATHOCTHPOBAHME TPYEOIIPOBOAOB

12.4.1 Bmyrpurpybnas aumarsocruka (BTI) sasmsercs Hambonee wHOOPMATHBHBIM METOLOM
BBIABJICHHUA W H3MCPCHHA ,Z[eq)eKTOB KaK IIo 061:6My, TaAK U MO KAYCCTBY IOJyJaCMBbIX OJAHHBIX.
B Hexotoprix cnyyasx BT]l gaensercs e JMHCTBEHHBIM CrOCOOOM BBIIBICHHS AC(EKTOB.

Merton BT]I mo3BonseT cneayroiuee:

MPOBOAUTH OOCTEAOBAHHUS €OMETPHH TPyOOIPOBOJA, YTO MO3BOISICT BBISABISATH BMSATHHBI, H3JIOMBI,
ro)pel, OBANBHOCTH, a TaKKE PA3NHYHBIC T€OMETPHUYCCKHC AHOMATHMH W Ac(OpMaImH, BHI3bIBAIOLIMES
HANPSDKCHMS, B T.4. Ha 3arIyONeHHBIX y4acTKaxX TpyOompoBoaa,

TIPOBOAUTE OOCIEAOBAHHS NPOCTPAHCTBEHHOTO MOJNOKCHHUS TPYOONPOBOAA, YTO MO3BOISIET MyTEM
CpaBHCHH: NMPOCTPAHCTBCHHBIX JAHHBIX HCCKOJIBKHX MOBTOPHBIX JUATHOCTHYCCKHUX MPOITYCKOB BBHIAB/IATH
cMmemeHnst TpyOompoBoaa u gedopmanu M3ruba (BOZHHMKAMIOIME NPH CMCIICHUHM TPyOOmpoBoza
OTHOCHTEJIBHO CBOETO HCXOJHOTO MOJIOKEHHS).

B OonpmIMHCTBE JUArHOCTHYECKHX BHYTPUTPYOHBIX CHApsjax pEalu3OBaH MarHUTHBIN WM
yABTPa3BYKOBOH METOA HEPA3PYLIAIOLIErO KOHTPOIIS.

12.4.2 Texnonorus BT]] ¢ perucrpanneii paccenBanusi MarautHoro noroxka (MFL — Magnetic
Flux Leakage).

JlaHHas TEXHOJIOTHs IO3BOJSIET MPOBOAMTH KOHTPOJb MpPH 00O TPAHCIIOPTHPYEMOH Cpexe Co
cxopoctrio oT 0,5 M/c 10 5 M/c u Gonee. a TaKKE MPEAYCMATPHBACT CJICAYIOLIHC BUJBL

.1 ¢ HaMarHWYMBaHUEM CTCHKH TPYOB! B mpogonsHoM HarmpasieHun (CDP — Corrosion Detection Pig).
JlaHHas TEXHONOTHS MO3BOLIET OOHAPYKUBATh W H3MEPATh BHYTPCHHHC W BHCIIHHWC AHOMAIUH IOTCPH
MeTalIa, TaKUE KaK KOPPO3WSL, AHOMAIMH KOJIBLICBOTO [IBA ¥ 3aBOACKHE AHOMAJIHH.

Ipu nprMeHEHNH JAHHOM TEXHOIOTUH CHHUYKEHA BO3MOXKHOCTE BBISIBJICHHS QHOMAIHH B MPOXOIBHBIX
CBAapHBIX INBAX, MPOJOIBFHO OPUCHTUPOBAHHBIX AHOMAJMH (TPEIMHEI OT KOPPO3HH MOJ HANPSDKCHHEM),
KOCBEHHOTO M3MEpeHMS (DaKTHIECKOH TONIUMHBI CTCHKH TPYOBI;

.2 ¢ HaMarHWYMBaHHEM CTCHKHM TpyOel B momepeunoMm Hampasinehun (AFD/TFI — Axial Flow
Detection/Transverse Field Inspection). JlaHHas TEXHOTOTHS MO3BOJISIET OOHAPYXKUBATh U U3MEPSATH Y3KHE
MPOZOJBHO OPHUEHTUPOBAHHBIE AHOMAIUH, TAKHE KaK HEOIHOPOAHOCTH CTCHKH TPYOBI (3aJHpPBI, PHUCKH,
TPELIMHOIOAO0HEIE aHOMAIIMH, PYUSHKOBas KOPPO3ws).

ITpn nprMeHEeHNN JAHHOM TEXHOIOTHH CHIDKCHA BO3MOXKHOCTD BBISBICHHS aHOMATHI B TTOMEPEUHBIX
CBApHBIX IIBaX, IONEPEYHO OPHEHTHPOBAHHBIX AHOMANHWH, KOCBCHHOrO H3MepeHHs (axTuueckoit
TOJIIMHEI CTEHKH TPYOHI.

12.4.3 YasrpasykoBbie Texnonorua BT/] (UT — Ultrasonic Test).

VarrpassykoBas texsonaornst UT-WM (Wall Measurement) mo3BomsgeT oOHApY:KUBaTb U U3MEPATDH
BHYTPEHHIOIO M BHEIIHIOKO MOTEPHU METALIA, PACCIOCHU, BKIKOUYCHUA, L@PAINUHbI, HAAPE3bl, 3aIUPHl U
BMATHHBI, & TAlOKE MX KOMOHMHALM, BBITOJHATH NPSIMBIC TOYHBIC H3MEPEHUS OCTATOYHOMN TOIILIMHEI
CTCHKH TPYOBI.

Texnomorus UT-CD (crack detection) mpuMEHSETCS C LEJIbi0 OOHAPY)KCHHS INPOJONBHBIX H
TIOTICPCYHEIX TPELIMH CTCHOK TPyOOIPOBOAA, B T.4. B IMPOAOIBHEIX M MOICPCYHBIX CBAPHBIX IIBAX.

CropocTh MPOIYCKA BHYTPHTPYOHBIX JUArHOCTHYECKUX CHAPSIOB IIPH NPUMEHEHUH TexHonormit WM/CD
cocrasystet 0,5 m/c — 3,0 m/c.

Ipu npuMeHEeHUH XAaHHON TEXHOJIOIMU BO3MOXKHO 00CIeAOBaHMEe TPYOONPOBOJOB TOIBKO B XKHUAKOH
cpexe.

12.4.4 DnexrpomarautHo-akycTudeckas Texuosiorust EMAT (Electromagnetic Acoustic Transducer).

INpuHmMn paGoTeHl TEXHOIOTMH OCHOBAaH Ha OECKOHTAKTHOH TICHEpALMH C HCIOJNb30BAaHHEM
QJICKTPOMAarHuTHOTO IOl W IMPHUEMA 3BYKOBBIX BOJIH M MO3BOJIACT BBIABIATH 30HBI OTCJIIOCHHA,
MOBPEKACHHUS H30/IIUOHHOTO MOKPBITHA M MX PAa3MEpHI, BBIABIATh U OIPEACIITE C BHICOKOH TOUHOCTBIO
pa3Mepsl TPELIMH, TaKWX KaK TPEIMMHEI OT KOPPO3MH IMOJ HAMPSKCHHEM, MPOAONBHBIC YCTANOCTHBIC
TPELIMHBI, KPIOUYKOOOPA3HBIC TPEIIMHEI, TPEIIMHB HA BHELUHEH IPaHMIC CBAPHOTO MHIBA, B OCHOBHOM
MeTtajuie TpyObl, B 30HC CBAPHOTO MIBA MPH JE000# TPAaHCTIOPTHPYEMOii cpeae.
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Jannas texHomorus He sBiusgercs >¢dexTuBHON Ha TpyOax ¢ ToMmMHON cTeHKH Oomee 20 mm.
BayTpuTpyOHBIC AMArHOCTHMCCKUE CHAPSIIHI CYIUCCTBYIOT A1 TpyO ¢ xuamerpom 508 mm (20") u Gonee.
IpuMEeHEHHE TEXHOJOTHH COMPOBOXKIACTCS HEOOXOAMMOCTBIO ODECIICUEHHS AOPOrOCTOSINUM 000pyI0-
BaHUEM, YTO JEJIACT TEXHOJOTHIO AOCTYIIHON OrPaHUYCHHOMY KOJMHUYECTBY IIPEANPUSTH.

12.4.5 BuxperoxoBas texnosoruss BT/ (IEC — Inspection Eddy Current).

JlaHHAsT TEXHOIOTHA IO3BOJIET C BBICOKOM TOYHOCTBIO BBISBISITE M H3MEPATE KOPPO3HOHHBIC
MOBPEIKACHHUS B IIOBEPXHOCTHOM CIIO€ BHYTPEHHEH IOBEPXHOCTH 0OCieayeMoil TpyObl, HE3aBUCHUMO OT
TOJIIUHBI €¢ CTEHKH M HCIIONB3YETCS B OCHOBHOM NI BBIABICHHUS AC(EKTOB BHYTPCHHETO IOKPBITHS
TpyOompoBoaoB. TeXHOIOrHMsS NPUMEHSCTCS AIS MPOBEACHHA OOCICHIOBaHMM TPYOOHPOBOLOB OcC3
HEOOXOAMMOCTH CO3AaHUS JKHAKOCTHBIX INPOOOK. bBrarozaps >IeKTpOMAarHMTHOHM Ipupoae JaHHOH
TEXHOJIOTUY, HA TOYHOCTh MHCIICKLIHOHHBIX PE3YJIbTATOB HE BAMAET HAIMYHE [TIAAKOCTHOTO MOKPBITHA,
YMEPEHHON OKAJIMHBI WM 3arpsi3HCHUM.

JanHas TeXHOJOTUS HE ABISIETCA 3(P(HEKTHBHOM MPU BBIABICHUH AC(EKTOB BHYTPHU CTCHKU TPYOBI,
HapY>XHBIX Je(eKToB, AeeKTOB CBAPHBIX CTHIKOBBIX COCIUHEHHUM.

Anamus sddexrusaoctr rexuonoruid BTJ st BbIABICHUS U U3MEPEHUS PA3TUIHBIX THIIOB I¢(HEKTOB
npeacraBied B Tabn. 12.4. Ilpu 3ToM ClHeayeT y4uTHIBATH, YTO COBPEMEHHBIC BHYTPUTPYOHbIE
JUArHOCTUYCCKUE CHApsAbl OOCCHCUMBAIOT COOTBETCTBYIOLIEE KA4ECTBO KOHTPOIS IPH CKOPOCTAX
ot 0,1 no 10 wm/c. Ilpu HEOOXOAUMOCTH BHYTPUTPYOHBIC AMATHOCTHYECKUE CHAPSIBI JOMOTHUTEIBHO
OCHAINACTCA YCTPOHCTBOM (PETYIATOPOM) COOCTBEHHOM CKOPOCTH OTHOCHTENBHO CKOPOCTH IIOTOKA,
KOTOPOE B OCHOBHOM HCIIONB3YCTCS MPH BBICOKMX CKOPOCTSX IMOTOKA HA Ta30mpOBOAAX.

B cooreetcTBun ¢ ®encpanbueiM 3akoHOM P® or 26 urons 2008 r. Ne 102-03 «06 obecrieueHnu
€IMHCTBA M3MEPCHHMID U mpukasoM Munmnpomropra PO ot 25 mroms 2013 1. Ne 971 «O6 yTeepxacHuH
AZMVHHCTPAaTUBHOTO peraMeHTa 1o npenocTasieHu0 PeaepaabHBEIM areHTCTBOM IO TEXHHUYECKOMY
PETYAMPOBAHMIO M METPONOTHHM TOCYJAPCTBCHHOW YCIYTH IO OTHECCHHIO TCXHHYECKHX CPEACTB K
CpeCTBaM H3MEPECHUI» BHYTPUTPYOHBIC AUATHOCTHYCCKUE CHAPSABI SBISTIOTCA CPEACTBAMH H3MEPEHHMH B
MOJIEKAT METPOITOTHUCCKUM HCITBITAHUSM B COOTBETCTBUH C TpeOosarmsiMu DeaepanbHOrO arcHTCTBA 110
TEXHUYECKOMY peryaupoBanuio u Merposoruu (Poccrangapra).
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Tabnunya 124
AHanunz 3athpeKTUBHOCTY TexHonornin BT ans BbISBAEHUS U U3MEPEHMWA Pa3/INYHbIX TUMOB Ae(eKTOB
TexHonorun BTA

AetexTbl NOTEPM MeTaNNA MFL c npogonbHbiM  MFL ¢ nonepeyHbim

HaMarHu4mBaHuem HaMarH1M4mMBaHuem uT IEC EMAT
*kk

O6LWMpHas Kopposust K (BHYTPEHHSSA)

*kk *k *k *x *k
f13BeHHas Koppo3us

*x *x *
MpogonbHasa KaHaBka W% %

Jkh * *kk *x *k
MonepeyHas kKaHaBKa

* *kk *x * *
Y3Kaa npofonibHas Koppo3us

*kk
AHOManusa KonbLEeBoro LWBa — — —

* *kk X
[JeheKT NpoLonbHOro Lwea — —

o ok ook *k ok *k

BMATWHBI ¢ noTepeli MeTanna

*kk *k
MeTannuyeckue 06beKTbl BO6IM3N — — —

*kx *k *
PaccnoeHne un gpyrve fedekTsl B Tene Tpyo6bl —

AHanus
*kk *kk *kk ** *k

PacnosHaBaHuWe gedeKkToB

i
f
:

OnpegenexHune AnWHbI
OnpegeneHune rayouHsbl

Pabouas cpega

*kk
a3 — g
~ *kk *kk
YKNAKOCTb MM MHOTOMasHbIA NOTOK
CKOpOCTb MPOMycKa BHYTPUTPYOHbLIX AWArHOCTUYECKMX CHapsA40B
*kk *kk *k *Xx *

MoBbIWweHHas ckopocTb (6onee 5 m/c)

— He npumeHsaeTca

*  Hea((heKTUBHO;

** __ Huskas aheKTUBHOCTD;
K 3(hheKTUBHO;

*kkk

— Haunydllee pelueHne.
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