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PexoMeHTaIiH 10 TIPOEKTHPOBAHUIO, TIOCTPOMKe H SKCIDIYATAllMH MOPCKHX TIOABOAHBIX TPYOOTIpO-
BOMIOB POCCHICKOTO MOPCKOTO PETHUCTpa CY/IOXOJICTBA YTBEPKACHBI B COOTBETCTBHH C JICHCTBYIOIIAM
MOJTOKEHHEM U BCTYMaT B cuiry 1 sHBapa 2020 roxa.

Hacrosnme PexomMeHaamu pa3paboTaHbl ¢ YUETOM OIMBITA TEXHUYCCKOTO HAaOJIOACHHA 3a IIPOCKTHP-
OBAaHHEM, CTPOUTENHCTROM K BKCIUTYaTalMel MOPCKHX MOABOJHBIX TPYOOTIPOBOIOB.

PexoMeHAAIMH BKJIIOYAIOT B C¢e08 HEOOXOAWMBIE JUII TPOSKTAHTOB CBEJCHHY, B TOM YHCIC
CIIPaBOYHOTO XapaKTepa, He BOILE/IIHE, a TaK:Ke JOIOJHAOIHE monoxkeHus [IpasHn kinaccuduraipm u
HOCTPOHKH MOPCKHX IIOABOAHBIX TPyOOIIPOBOJOB M PyKOBOACTBa IO TEXHHYCCKOMY HADMIOACHHIO 3a
MOCTPOMKOM M 9KCIUIyaTalMEH MOPCKHX TIOIBOAHBIX TPYOOTIPOBOAOR H OXBATHIBAOIIHE CIEAYOIIHE
ACTIEKTHI B OTHOMIGHHH CTaJbHBIX MOPCKHX IOABOJHBIX TPYOOIIPOBOLOB!

0COOEHHOCTH TPOLEAYPHI MPOSKTHPOBAHHA MOPCKHX [MOJBOJHBIX TPYOOIIPOBOIOE;

OIpPE/IEIEHHE ONITHMAIBHOTO pa3Mepa TpyOoIpoBoaa;

HHKEHEPHBIE M3BICKAHHA JUII TIPOSKTHPOBAaHUS MOPCKHX TOJBOJHBIX TPYOONPOROOE;

OMPE/IEIEHHE PACUETHRIX Harpy3oK;

TIPOYHOCTh MOPCKUX TIOABOAHBIX TPYOOIPOBOIOR;

0a/UIaCTHPOBKA MOPCKHX ITOABOJHBIX TPyOOIIPOBO/IOB;

VKK MOPCKHX IOABOIHBIX TPY OOTIPOBOAOB;

AHTHKOPPO3HOHHAA 3aIlHTa ¢ MPUMEHEHHEM TTOKPBITHIA,

BMEKTPOXHMHYECKAs 3aIUTa OT KOPPO3UH;

TIepecedcHe MOPCKHX TOABOAHBIX TPYOOIPOBOIoB (Mexkay coboil H OcpeToBoil mHHMET);

AHAJIU3 PHUCKOB W HAJCHKHOCTD]

obcneToBaHHE U PEMOHT MOPCKHUX TIOJBOIHBIX TPYOOTIPOBOMOB.

B PexovMeHmaIMax MpeAcTaBISHb TIPHMEPHI HCTIONB30BAHUS PACUETHBIX METOMUK, PEKOMEHAYEMBIX K
MPHUMEHEHUIO B TIpollecce TIPOSKTHPOBAHUA MOPCKHX TIOJBOJHBIX TPYOOTMPOBOAOB. B KOHIE KaXKIOTO
paszzaena NpUBSACH CIHCOK HOPMAaTHBHOH U PEKOMEHIYEMOH Hay4HO-TEXHHYCCKOH JINTEPaTyphl.

PexoMmeHmaipiu npeAHa3HAYSHBI 414 HHCTIEKTOPCKOTO cocTaBa mojapaszacieHuii PC.

B cay4yae pacxoxaeHMI MeXAY TEKCTAMH HA PYCCKOM U aHTJIHEICKOM A3BIKaX TEKCT HAa PYCCKOM S3BIKE
HMeEET MPEUMYILECTBEHHYIO CHITY.

© PoccHiickuii MOpcKoH peTHCTp cyaoxoncTsa, 2020
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NPOEKTHPORAHHIO, CTPOHTENBCTBY H 3KCIUIYATALHH
MOPCKHX HOBBOAHDLX TPYGONPOBOALE

ITyHKT nepepaloTal B (Bi3K ¢ LEPEHOCOM TPEOOBUHHH
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INpagun knaccH@HKaOHH H TOCTPOHKH MOPCKHX
[O/IBOYHbIX TPYOONPOBOIOR

ITyHKT mepepaboTaH B CBA3H ¢ UEPEHOCOM TPEGOBUHHHA
B 1.5.3 uactn I «Mopckne NOABOAHEIE TPYGONPOBOLD)
IMpapHn kKnaccHPHKANHH H UHOCTPOHKH MOPCKUX
MO/IBOAHbIX TPYOONPOBOAOB

[TyHkT nepepaGoTaH B CBA3H C NEPEHOCOM TPEGOBAHHH
B 1.5.4 vacth I «MopckHe NoABOAHbIE TPYOONPOBOALD
[IpaBun KJAacCHPHKALUHH n nOCTPOHKH mMOpLKux
TOZIBOAHBIX TPYOONPOBO/OB
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01.09.2020

01.09.2020
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1 OBIIIHE ITOJIOKEHHUA

B HacTogmiee Bpems TpyOolnpoBoJHBIH TpaHcHopr HedTH, HEPTENPOAYKTOR U Ta3a ABIAETCH
OCHOBHEIM CIIOCODOM JOCTaBKH JIAHHBIX IPOAYKTOB OT MECT JOOBIUH, TICPepabOTKH MM MOJYYCHHI K
MECTaM TOTPEOTCHUS.

Mopckoii oapomHb TpyOonporog (MITT) KOHCTPYKTHRHO MpEACTABIAET c0DOH HacTh TPyOOTpo-
BOJIHOI TPAHCTIOPTHOW CHCTEMBI, PACTIONOXKECHHOH HIDKE YPOBHA BOABl M BKIIOYAIOMAS COOCTBEHHO
TpyOOIIPOBOA, BHEIIHEE H3OJMLHOHHOS AHTHKOPPO3IHOHHOE ITOKPHITHE, A TAKOKe 3aMIHTHOE OETOHHOE
MOKPHITHE, KOTOPOE TIPEOXPAHAST HIQMAIMOHHOE TIOKPHITHE OT MEXaHHUSCKHX TIOBPEKIACHHI, TIPHacT
TpyOOTIPOROAY VCTONUHUBOCTh HA MOPCKOM TPYHTE H MPEAOTBPAIAET €r0 BCILIBITHE.

MIIT yxnaapiBaroTCd HIDKE YPOBHS IIOBEPXHOCTH BOJBI B MOPCKHX aKBAaTOPHAX, A TAIGKE IIPH [IEPECCUCHUN
3HAYHTENBHBIX BOJTHBIX MPETpaJ — pPeK, BOJOXPAHIIIHII, 03€p H T.IL B TiepBoM ciyyae, 0COOEHHO ¢ YYETOM
pasBUTHS MHPPACTPYKTYPHI MOPCKHX TMIETb(OBRX VTICBOJOPONHLIX MecTopoxkacHuii, MIIT moryt OBITH
BHYTPHIIPOMBICTIOBBIMHU (T.€. COEAMHAIOMIIMI, HAIPHMEP, MOPCKHE CTALMOHAPHBIE IUIAT(OPMBI PazIHIHOTO
HazHaUCHUA Ha OJHOM MCECTOPOKACHHN) M MEKIIPOMBICIIOBRIMH ([UI TPAHCIIOpPTa MPOAYKTIa OT OOLEKTOB
00yCcTpolHCTBA OJHOTO MECTOPOXICHHA O JPYIOIO), a TAIGKE TPYOOIPOBOAAMH BHEILHETO TPAHCTIOPTA,
TPAHCIIOPTHPYIOMIMMH TIACTOBYIO HIIH IOATOTOBICHHYIO TIPOAYKLIHIO ¢ MOPCKOTO 00BEKTa 00yCTpoiicTBa Ha
OeperoBble COOPYKEHHUA WM MATUCTPATBHBIMU JJI1 TPAHCTIOPTA TIOATOTOBJICHHON TPOTYKI[HE.

Ocobsie ycmopus skcrmayarauud MIIT oOyclaoBleHBI TeM, YTO MOMHMO BO3JACHCTBHA pabodero
JaBIIeHHS TPAaHCIIOPTHPYEMOTO MPOAYKTA OHH I[TO/IBEPAKEHBI JCHCTBHIO BHEIIHETO THAPOCTATHUYECKOTO
JABJICHHA BOJBI, BO3ASHCTBHIO BOJIH, TCUSHHUIL, JIeIOBERIX 00pa3oBaHHil, peaKLHil IPYHTOBOTO OCHOBAHHA, a
TaKKE CAYYalHBIX HATPY30K TIPHPOTHOTO WIH TeXHOTEHHOTO Xapaktepa. Tpyosr g1 MIIT usrorasimm-
BAIOTCA, KaK TIPABHII0, M3 HHZKONETHPOBAHHBIX cTalelt pa3iIMUHBIX KaTETOPHIA MPOYHOCTH B 3aBHCHMOCTH
OT VPOBHA HKCIIYATALIMOHHOH HAJISKHOCTH H PACUESTHBIX HATPY30K. B CBOIO oYepeAb TOMIMHA CTEHKH
TpyOBI OIPEASIASTCA PACUCTAMH B 3aBHCHMOCTH OT BEJIMMHHBI BHYTPESHHETO AaBJICHUA, BHAA TPAHCIIOPTH-
PYEMOTO TIPOJIYKTA, PACUSTHRIX BHEIIHMX BO3ACHCTBHIA, YCHIIME TIPH VKIAJIKe TpyOOorposo a U T.A. JTOIBKHO
OBITH TaKKe YUTSHO BO3AeHCTBHE MOPCKOH BOABI UM JOHHOTO TPYHTAa KAK AKTHBHOH KOPPO3ZHOHHOMH
CPEbL.

1.1 OBJIACTH PACTIPOCTPAHEHHSA

1.1.1 HacToammpe PexoMeHIaIMM [0 MPOCKTHPOBAHHIO, TOCTPOHKE H HKCIUIYAaTAIHH MOPCKHX
MOABOHBIX TPYBOTPOBOAOB! PACTIPOCTPAHMOTCA Ha OGBEKTH TEXHHYECKOTO HAGMIONSHHA POCCHICKOTO
MOPCKOTO peTHCTpa cy,z[oxo,z[c'ma2 TIpH PACCMOTPEHHU [MPOCSKTHOH H paboyell TeXHIHYECKOH JOKYMEH-
TalUH, H3TOTOBJICHHH MAaTSPHAJOB H H3ASAHUH 11 MOPCKHX IOABOAHBIX TpYOONpPOBOAOB, a TalCKe IPH
OCYIIECTBICHHH TEXHHYECKOTO HAaONMIOACHHA 33 TIOABOAHBIMH TPYOONPOBOJHBIMH TPaHCIIOPTHBIMH
CHCTEMaMH, Haxoaammmucd B Knacce PC B sKerutyarargmi.

1.1.2 PacueTHbIe METOIUKH, IIPHUBEISHHbBIE B HACTOAIMX PeKOMeHIAI[HAX, HOCAT PEKOMEH/IATESIBHBIH
xapaktep. [lomoxeHnus PexoMeHmainmi yumThiBaoT TpebopaHus IIpaBrn KIaccHPHKAIMHM H MOCTPOHKH
MOPCKHX MOABOJHBIX TPYGOPOBOI0B® M PYKOBOACTBA TI0 TEXHHYECKOMY HAGTIONCHHIO 32 TIOCTPOHKOM H
SKCTITyaTalel MOPCKIX TIONBOJHBIX TPYGOMPOBO/IOR”.

1.1.3 B Hactosmnmix PeKoMeHTAIIMAX B KauecTBe MPHUMEPAa TIPESACTABJICHBI SICMEHTH PACUETHOTO
MPOESKTHPOBAHHS MOPCKOTO TasollpoBoga B CepepHod 4actu Kacrmtickoro mops (cm. 1.2). B xone
MPOSKTUPOBAHHA ¢ YUeTOM IPOoQIIL MOPCKOTO JHA TIONCYMTAHBI HATPY3KH OT TEUSHHUS M BOJIH, OTIPEACICHA
TOJIIMHA CTEHOK H IIPOBEPSHA IIPO4HOCTH TpyOorpopoja. Taike Mpou3BeJcH pacyeT OaUIACTHPOBKH H
PaccMOTpPEH TIpoliece YKNAAKU Tpyborporoaa. [TomobpaHs! mapaMeTpsl TIPOTEKTOPHOH 3AIIHTHL.

g JNanbHeimeM — PeKOMeHJallHH.
2 B pamsmefimmem — Permctp, PC.
3 B pamprefimenm — ITpasmma MIIT.
B mambHeiimem — PyxosozerBo MIIT.
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12 NCXOAHbLIE JAHHLIE A1 PACHETHBLIX NMPUMEPOB

B PekomeHAauusX NpuUBeeHbl pacueTHble MNpoueAypbl Ha OCHOBAaHUM MHXEHEPHLIX METOAMK
onpeAeNieHnss nNapameTpoB BbIGPaHHOrO B KauyecTBe MpuMepa MOABOAHOrO TPYGOMpPOBOAa W €ro Tpacchl
B poccuiickom cektope CeBepHoro Kacnus (cm. puc. 1.2).

Puc. 1.2 MnaH Tpaccbl NPOEKTUPYEMOro MOPCKOro NoABOAHOMO TpybonpoBoga

McxogHbIMM  XapaKTepucTMKaMy [aHHOro MOABOAHOro TpybonpoBofa AN WUCMOAb30BaHUA B
pacyeTHbIX MpoLeaypax ABIATCA:

ANvHa Tpy6onposoga — 145 Kw;

HapyXXHbIiA AnameTp cTasibHOro Tpy6onposoga — 350 MMm;

Hapy>XHOe aHTUKOPPO3MOHHOE MOKPbITUE — NOAN3TUNEHOBOE TPEXCOHOe, NAOTHOCTL — 950 Kr/M’,
MUHUMaNbHaa ToNWMHA — 2,2 MM;

6eTOHHOe 6annacTHoe MOKPbITME — MAOTHOCTL 2700 Kr/mM3 1 TonwmHa 80 MMm;

TpaHcnopTupyemas cpeja — ras;

TO/ILMHA CTeHKM Tpy6onposoja — 12 mwm;

cXeMa MPOKMafKu — He3arny6/eHHbIi TPybonpoBog;

pabouee faBneHne — 8 MMMa;

CKOpPOCTb NPUAOHHOTO TedeHns — 0,68 m/c;

XapaKTePUCTUKM BOMH 1 %-i 06ecneyYeHHOCT Npu cpeaHeit rny6uHe aksatopun 9,6 m:

BbICOTa BOSIHbI — 4,9 M;

ANVHA BOSIHbI — 85 M;

nepvog BonHel — 8,4 c;

MaKcMMasbHas TemnepaTypa TpaHcnopTupyemoi cpegbl — 50 °C;

CpefHAs TemnepaTypa OKpyxXatowlei cpeapl (Mopckoii Bogsl) — 11 °C .
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2 OCOBEHHOCTH INTPOEKTHUPOBAHUA
MOPCKHX ITOABOJHBIX TPYBOIIPOBOTOB

2.1 IIPABOBOI1 PEKIM ITPOEKTHUPOBAHIS, ITOCTPONKH 1 SKCILTYATAIIHH MIIT

2.1.1 IIpu OpoeKTHPOBAHMH, IOCTPOMKE H SKCILIYATaLlMH TPYOONMPOBOAHBIX TPAHCIIOPTHBIX Marwc-
Tpasiell B MOPCKUX aKBaTOPUAX HEOOXOTUMO PYKOBOJICTEOBATHCA COOTBETCTBYIOMIMMH MEKTYHAPOMHIBIMHI
H OTCUSCTBCHHEIMH HOPMATHBHO-TIPABOBBIMH JOKYMEHTAMH, YYMTHIBAIOIMMMU IIPABOBOM pekKHUM
Pa3MMYHBIX 30H MOPCKOM aKBaTOPHUH H BHY TPEHHHX BOJ.

K MopckuM akBaTOpHSAM, TOTEHIHAIBHO HCTIONB3YEMBIM JUIS MPOKJIAJKH M SKCIIIyaTal[HH MOPCKHX
TpyOOIIPOBOAHEIX TPAHCIIOPTHBIX MATHCTPAJICH, OTHOCATCS TEPPHTOPHANBHBIE BOJBL, HUCKIIOYHTETHHASL
SKOHOMHYECKAasA 30Ha, TIpHIEKAIasd 30HAa, MEXTYHApOAHBIH palioH MOPCKOTO JHA (OTKPEITOE MOpE),
KOHTUHEHTANBHEIH 1Ieabd) H BHYTPEHHHE MOpCKHE BOABI (cM. puc. 2.1-1).

Teppumopua 2ocyoapcmea ]

-
Teppumopuansnvie eodu
12 muns, 22 wkag) =

_ Cyuma ; Hcxmouamensnan SROHOMIRNECKAR 30HA
»
. (200 muns, 370 xm)
h 3
— —— —_— 44— - A —
I Paiion
- (Mexcoyrapoonsii pation
l MOPCKO20 OHA)

Brympennue
800b1

#

Touka MAKCUMATbHO20
omaneqa

Konmunernmansuotil uienseh
— GHYIMPERAAR ZPAHUYA — EHEWIHAR ZPARKYA MEPPUMOPUARLHOZ0 MODS,

— BHEWIHAR 2PARUYA — HA pace 200 mune om ucxoOHOH AuHUY,
O KOMOPOH OMMEPAEHICA MUPUAQ MEPDUMOPUALLACZ0 MOPA, HPU YCIOBUM,
WINO BHEWIHAA 2PARUYA NOOBOOHOH OKpauHa Mamepuxa He oaree 200 Mus;
uan He oaree 350 muae om mex xwce movex. Ho e oaree 100 mury
om usobamst 2500 »m

Puc. 2.1-1 TIpaRroBoe paioHMpOBAHNE MOPCKOH akBaTopHH | 4]

IIpaBoBO¥ peskKHM YKa3aHHBIX 30H MOPCKOH aKBaTOPHH OMpeAeIIeTcs HX OTHOMIEHHEM K TEPPUTOPHU
rocyjapcTea.

TeppuTopHabHBIC BOIBI MPSACTABIAIOT cOOOH MPHOpPEKHBIH MOPCKOH Mofgc MHpHHOH 12 MOpCKHX
MH/Ib, OTMEPSIEMBIX B COOTBETCTBUM ¢ HOPMaMH MEXKAYHAapOOHOTO TIpaka H 3aKOHOJAaTeTbcTBa PD
(cM. cT. 15 Boanoro kogekca PD).

HckmountenbHas SKOHOMUYECKAS 30HA — MOPCKOH paloH, Haxo[dIuuiicd 3a IpejelaMHi TeppUTOp-
HampHOTO Mopsa P® u mpuneraronmiii K HeMY, ¢ 0COOBIM PEXUMOM, YCTAHORJSHHBIM H PETYIHPYEMBIM
3akoHOoAaTembcTROM PD M HopMaMH MEKIYHAPOJHOTO TIpaBa. BHyTpeHHEH IpaHHIEH HCKIIOUUTEIBHOH
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SKOHOMHYECKOH 30HBI ABIMETCH BHEIIHAS TPAaHULA TCPPHTOPHATIBHOIO MOpS, a BHEIIHAA TpaHHLA
HaXOJUTCA Ha paccTosHMM 200 MUITBP OT HCXOAHBIX JIMHHIH, OT KOTOPBHIX OTMEpAETCA IIMPHHA
TEPPUTOPUATIBHOTO MOpPS, €CIH HWHOE HEe TIPEJyCMOTPEHO MEKIYHApOJHBIMU JoropopaMu Poccriickoi
Oeaepanu (cM. ¢T. 1 DepepansHoro 3akoHa oT 17 aekabpg 1998 r. Ne 191-03 «O6 HCKIIOYHTEABHOLH
IKOHOMHYECKOH 30He Poccuiickoit demeparminy).

KoHntnHeHTanbHBIH Tiembd PP BKMOUacT B ceOf MOPCKOE JHO U HEApa TOABOAHBIX PaFiOHOB,
HAXONAIIMXCA 3a TIpeicTiaMH TeppHTOpHATRHOTO Mopa Poccriickoii Pdepepaliii Ha BCeM TPOTLKECHUH
€CTECTBEHHOIO MPOJOILKCHUA €¢ CYXOIYTHOH TCPPHIOPHHM [0 BHCIIHCH TI'DAaHHLIBI ITOJBONHON OKpAHHBI
Marepuka. ITopoiHOI OKpaHHOIT MaTepHKa ABISeTCS MPOAOJDKCHHUE KOHTHHEHTAIBHOTO MaccHBa Poccuiickolt
Depepali, BKIOYAOINETO B ceDd MOBSPXHOCT U HEJPa KOHTHHCHTAJIBHOIO HIEb(}a, CKJIOHA U IOAbcMa
(cm. ct 1 depepanbHoro 3akona or 30 HosOps 1995 & Ne 187-D3 «O koHTHHEHTaIBEHOM Ieibhe Poccutickoii
Denepaipim»).

BHYTpeHHHMH BOJAMH, B CRBOKO OYEPEdb, SBIAIOTCA BCE BOJHBIC OOBEKTHI, PACIIONOKEHHBIE Ha
Teppuropur P®, 3a HcKoueHHEM TeppuTOpHaTbHOro Mops PP (cM. ct. 18 BogHoro kojekca Pd).

B oTymume OT OTKPBITOTO MOPS, TEPPHTOPHAILHOE MOPE U BHYTPEHHIHE MOPCKHE BOABI COCTABIAIOT
YacTh TOCYJAPCTBEHHOM TEPPUTOPHE, IAC OCHOBHEIM MPHMEHUMBIM TPAaBOM SABJIACTCA HALMOHAJILHOC
3aKOHOJIATE/IBCTBO COOTBETCTBYIONMICTO NPHOPEAKHOTO TOCYAapCTBA, PEAM3yeMOe B PaMKax cOOJIIO/IeHUS
MEXKAYHAPOMHOTO Mpaka (TIpexkAc Bcero, cobmofas cBOOOTHBIM MPOXOJ HHOCTPAHHOTO CYAHA Yepe3
TEPPUTOPUATIBHOE MOpE).

2.1.2 MexxayHAPOAHBIH palioH MOPCKOTO JTHA BKIFOYaeT B c€04 YacTh MOPCKOTO JHA, PACTIOIOKEHHYIO
3a TpeAciaMH TEPPHTOPHH TocyJapcTBa. PeryimmpopaHMe AE4TEJbHOCTH B MpejeiaX JaHHOH 30HEI
MOpckux akpatopuii permamentupyetcs Konpenrmeit OOH mo Mopckomy npasy 1982 roxa
(namee — KowpewHips), parudmpipopanHas PO B 1997 T U ABAM0Iasicd OCHOBHBIM MEKAYHAPOTHO-
MIPABOBBIM AKTOM, COACPKAMMM IOPHIAHICSCKHE OCHOBBI PETYIHPOBAHHA CYTOXOACTBA U TIPEAOCTABIICHHS
VCIYT TI0 MOPCKHM ITePeBO3KaM, BKIIOYAS HCITONH30BAHIE ITOJBOAHBIX TPYOOMPOBOAHBIX CHCTEM.

KoHBeHITHS cOASPKUT PAA CTATCH, MOCBAIICHHBIX BOTIPOCAM TPOKIAAKH H HKCIUIYaTAIMH MOPCKHX
MOABOAHBIX TpyOompoBofoB. B uacTHOCTH, cTaThd 79 «IlofBofHBIe Kabemu M TPyOONpPOBOABI Ha
KOHTHHEHTAJIBHOM IIeabde» KOHBSHIIMM MPEMHUCHBAET CIEAYIONIEE:

TOCYAAPCTBA HMEIOT TIPaBO TIPOKIABIBAT TIOABOAHBIE KaOCIH H TPY OOTIPOBOABI Ha KOHTHHEHTAaJIBHOM
menbde;

TIPHOPEIKHOE TOCYAPCTBO HE MOXKET MPEMATCTBOBATE MPOKJIAKE I TIOUIEPKAHHIO B HCTIPABHOCTH
Takux Kabenel wm TpyOonpoBoaoB;

OTIpeieNeHHe Tpacchl I TIPOKIAAKH TaKUX TpPyOOIPOBONOB Ha KOHTHHEHTANBHOM MIeab(e
OCYIIIECTRIMETCA ¢ COTIIACHS MPHOPEKHOTO TOCYAapCTBa;

MIPUOPEKHOE TOCYAAPCTBO HMEET MPaBO ONPEASIATh YCIOBHS TIPOKIAIKH KabeTel 1 TpyOonpoBo-
JIOB, [IPOXOAAIMX II0 €0 TePPUTOPHH WIH B TEPPHTOPHAIBHOM MOPE, €T0 IOPHCIHKIHIO B OTHOILCHHH
Kabeneil u TPyOOIPOBOMOB, MPOTOKEHHBIX HIH UCIIONB3YEMBIX B CBA3M ¢ Pa3BeaKoil ero KOHTHHEH-
TaJbHOTO Menbda, pa3paboTkoil €10 pecypcoB HIH SKCILTyaTalUeil yeTaHOBOK HJIH COOPYKEHHI [T0f €ro
FOPUCAUKIHEIH;

TIPU IPOKJIAJKE ITOJBOMHBIX Kabedeil u TPyOOIPOBOAOR TOCYAAPCTRA TOMLKHBIM 00pa3oM YUMTHIBAIOT
yKe TIPOJIOKEHHbIe Kalemu M TPyOOIPOBOABI, B YaCTHOCTH, HE JOJDKHBI YXYJIUATBCA BO3MOXKHOCTH
PEMOHTA CYIECTBYIONUX Kabenell U TpyOorpoBoI0B.

HHTeHCHBHOE pa3sBUTHe MOpCcKoit H0ObYM HedTH U raza Ha KacmuiickoM Mope, KOTOpoe SBISeTCS
3aKPHITHIM BHYTPHKOHTHHEHTAIBHBIM BOJOEMOM M HE HMEET €CTeCTBEHHOTO COEJUHEHMS ¢ MHpOBBIM
OKSaHOM, ABHJIOCH OJHOM W3 TMPHYMH MoarmcaHud KOHBEHIMM o MpaBoBoM cTaTyce Kacmmiickoro Mops
12 aprycra 2018 r. Ha IlaroM KacImmicKoM camMMuTe B I. AcTaHa (PecmyOmixa Kasaxcran). [JaHHag
KoHBeHIIM S TOTIOMHUTENFHO K YKa3aHHOMY BBITIE PalfOHHPOBAHMIO MOPCKOH aKBaTOPHH TIpe Ay CMaTPUBAET
[IOHATHE «CEKTOP» — YYacTOK AHAa M HEJp, pasTpaHMUeHHBIH MeXTy crTopoHaMH KoHBeHIM
(npHKacIIiicKUMH TocyaaperBaMu: AsepOaiixarom, MpanoM, KasaxcranoM, PoccHiickolt @eneparmeti
U TYypKMEHHCTaHOM) B IeNMX HeJPOII0JIb30BaHMA, OCBOSHHMA PECYPCOB JHA M JpYTOH X03AHCTBEHHO-
SKOHOMHYECKOH AedTesbHOCTH. [lonokeHus KOHBEHIMM IMpegycMaTpHBAIOT BO3MOKHOCTE TIPOKJIAJKU
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MOABOAHBIX TPYOOMpoRoAoE U Kabene mo AHy Kacriickoro mopd (cM. cT. 14). IIpu »roM Heobxoaumo
YYHTBHIBaTh CIEAYIONIEE:

MPOEKThl TOABOMHBIX TPYOOTIPOBOAOB JOJCKHBI COOTBETCTBOBATh HKOJNOTHYESCKUM TpeOOBAHHIM
Pamounoli KOHBEHIIMH II0 3aIUTe MOpCcKoii cpennl Kacimiickoro mops (IMoAIMcaHa BCeMH IIPHKACITHIiC-
KuMU rocyaapcrsamu 4 Hosops 2003 1., patudmpiposada PO 12 arrycta 2006 I.) H COOTBETCTBYIOIM
MPOTOKOJIaM K HEH,

TIPOSKTHPOBAHHE TMOABOAHOTO TPyOONMpoBOAa I Kadelld TIPOBOJUTCA IOCTE CODIACOBAHHA €TO
TPacCH O CTOPOHOM, YEPE3 CEKTOP JHA KOTOPOH JOJDKECH OBITH IIPOJIOKEH TPYOOIPOBO MM KAaOEIb;

PAFOHBI TIPOXOMKASHUS TPAce TMOABOJHEIX TPYOOIPOBOJOB H Kabenel ¢ reorpaduyecKUMH KoOpAH-
HATaMH JO/GKHBL OBITh COOOIICHBI BCEM CTOPOHAM, UEPE3 CEKTOPa JHA KOTOPHIX TIPOIOKEH TPYOOTIPOBOX
HJIH Ka0ellb, B 1[S/I9X HEJOMYIIICHHA B OXpAaHHBIX 30HAX II0OCTAHOBKH HA SKOPb, JOBJIH PHIOBI TIPHOHHBIMH
OPYIHAMH JIOBA, TIOABOTHBIX M JIHOYTIIYOHTEIBHBIX padoT.

MIIT pa3mMyHOTO HAa3HAYCHUA WMEIOT Ba)KHellllee 3HAYCHHE [IPH Pa3pabdOTKE U HKCIITyaTaLpH
MOJBOTHOTO MECTOPOKICHHS YIJIEBOAOPOIOB: OT BBIKHJIHBIX JIMHHI A0 TpyOOTIPOBOIOB BHEIIHETO
TPAHCTIOPTa, 0€3 KOTOPHIX SKCTUIVATANA MOPCKOTO MECTOPOAKICHHA M MOABOJHBIX VYACTKOB Marwc-
TpaJbHBIX TPYOOIIPOBOAOB HE MPEACTABIACTCS BOMOKHOM (cM. pHe. 2.1-2),

/ wpybroli ecmasku

SOIRUIRGE RURUY

Buixuonos zunies

BuxuGHbIE AUHUL

Prc. 2.1-2 TpyGompoBoubt B cocTaBe 00BEKTOB 00ycTpoiicTBa TIOABOIHOIO MECTOPOXKICHHA yITIeBOLOPOLoB |12]



Pexomendayuu no npoexmuposanuio, Rocmpoiike U IKCHAYAMAYUN MOPCKUX HOOBOOHBIX MPYOONPOEOAOE
9

2.2 TPEBOBAHYS1 OTEUECTBEHHLIX HOPMATHBHO-IIPABOBBIX JOKYMEHTOB

2.2.1 IlpockrupoBaHue, mNpokiajka H skciuryaramms MIIT Ha koHTHHEHTaJbHOM mIEdAbde u
CBA3AHHBIX C HHMMH coopyxkeHHH B P® perymupyercd cOOTBETCTBYIOIIUMH TOCY/apCTBEHHBIMH
HOPMATHBHO-TIPAROBBIMU JOKYMEHTaMH. B YacTHOCTH, B COOTBETCTBHHU CO cTaTheil 6 DeaepatbHOTO 3aK0Ha
ot 30 Hoa0pa 1995 & Ne 187-®3 «O xoHTHHeHTaNBHOM Hicibde Poccutickoii Demepaipnn» peryIpoBaHie
YCJIOBHI MPOKJIAZIKH U OIPEACJICHHE TPAccH IOJABOAHEIX TPYOOIIPOBOAOB M KAOENCH Ha KOHTHHCHTAJIBHOM
mrenbhe PO HaxomTCA B KOMIIETEHIMH (eepanbHBIX OPTaHOR TOCYNAPCTBEHHON BIACTH.

MIIT u xabeau Ha KOHTHHeHTaJIbHOM meibpe PP, KoTopbie HCMONB3IYIOTCH JJd HOOBIMH
MUHEPAJIBHBIX PECYPCOB, TPACCHPYIOTCA M NMPOKIA/BIBAIOTCY 10 COINIACOBaHUIO ¢ ¢eepaIbHBIM OPraHOM
HCTIOIHUTEIbHOM BlacTH. OJHAaKO B clyyae, €CIH B JHI[SH3HH Ha ITOJIb30BaHHE HEJIPaMH y €€ BIaJIc/Iblia
3aHKCHPOBAHO TIPaBO TPOKJIAABIBATh TMOABOAHBIE TPYOOIPOBOABI W KaOENH COINIACHO TIPOEKTHOM
JOKYMEHTALUH, IIPEXYyCMOTPEHHOH POCCHIMCKHM 3aKOHOAATEIBCTBOM (CM. 2.3), MOJyUYEHHE pa3pellicHHS
Ha MPOKJIAJKY TaKOTO Pofa MOJABOJHBIX TPYOOIMpPOBOAOB H KaGemei He TpeOyerca.

Jna MIIT u kaOenell, He YKa3aHHBIX B JIHICH3HH HA I10JIb30BaHHC HEAPAMU U HE CBA3AHHBIX C
pa3paGoTKOii MHHEPANBHBIX PECYpcOB KOHTHHCHTaJIBHOTO Iieidbdpa PP, HO KOTOpBIE BBIBOAATCH Ha
Teppuropuio PO, BeiAaya paspellicHHH Ha HX MPOKIAJKy ocymiecTiuseTca PeaepanbHoit ciaykO0i 1Mo
Haa3opy B cdepe mpupogononboBaHus (PocmpHpogHaa3op), UYTO YcTaHOBIEHO IlocTaHOBICHHEM
IIpasuteasctea P® Ne 417 ot 9 mionsa 2010 1. [1].

TpeboBaHMa K BKCIVIyAaTaLMH IOJBOJHBIX TPYOOIpPOBOAOB, CBA3aHHBIX C JOOBIYEH M TPAHCIIOPTHP-
OBKOH VIMEBOAOPOJOB Ha Menbde, BKIOUAtoT cieayomiee (cM. cT. 22, No 187-03 «O KOHTHHEHTAJIBHOM
menbbe Poccutickoit Genepaiii):

HATHYME TIaHA THKBHAALHH Pa3THBOB HePTH U HEPTEMPOAYKTOB, YTBEPKACHHOTO B YCTAHOBJICHHOM
[IOPAJKE;

YCTAHOBKY CHCTeM HaOOICHHS 3a COCTOSHHEM MOPCKOH cpeibl, B T.4. 00HAPY:KCHHA Pa3TUBOB Hed)TH
H He(TeTPOAYKTOB, U OTIOBEIEHHUS O Pa3IHBax,

obecrievyeHHe (DHHAHCHPOBAHUS MEPOTIPHATHIL TI0 TINAHY TIPEAYTIPEKICHHS H JIHKBHAALIMH Pa3JIHBOB,
BKIIIOYAS BO3MEIIEHHE B TIONHOM O0BeME BPEJa, TIPHUHHEHHOTO OKPYKATIONIEH cpere;

HatH4He cODCTBEHHBIX WU TpHBJISHeHHe Ha TOCTOAHHOH JOTOBOPHONH OCHOBE aBapHiiHO-
cTacareMbHBIX (JOPMUPOBAHUIT I TIPETYIIPEKASHUA U JTHKBHIALHH Pa3IHBOB.

2.2.2 Tlpasopoii Gasoif mma npoxiaagru MIITT 1 kabeneli Bo BHYTPSHHHX MOPCKHX BOAAX, TSPPHTOP-
HaJIBHOM Mope u Tpune:kamieii soHe PO apmiercs denepanbHeiii sakoH Ne 155-D3 ot 31 wrosa 1998
«O BHYTPEHHHX MOPCKHX BOJAX, TEPPHTOPHATBLHOM MOpe H Mpiiekamnei 3oHe Poccriickoit @eneparpmn [7],
B cTaThe 16 KOTOPOTO YeTaHaBIMBASTCA TIOPAAOK MPOKIATKH TIOJBOJHEIX TPYOOIIPOBOJOB H Kabereit, a Takcke
[pHBSACHBl TPEOORAHN K ODKCIUIyaTallMH ITOABOAHBIX TPYOOIMPOBOJOB B YacTH MNpPSAYNPESKISHUA H
JIMKBHAALIMK aBapHii, pa3mHeoR HedTH H HedTEIIPOLYKTIOR, AaHATIOTHYHBIC YKa3aHHBIM B 2.2.1.

Taxcke aHAJOTMYHBIH [MOPAJOK YCTAHOBISH JUII IOJYUYSHHUA paspelicHud Ha mnporiaagky MIIT u
Kabeneil BO BHYTPEHHUX MOPCKHX BOJAX H TePPUTOPHANBHOM MOPE — TPH 3aKPETUICHHH B JIMLIEH3HH
[IpaBa Ha MPOKJIAJKY Pa3pellicHHS 0T OPTaHOB TOCYAAaPCTBEHHOH HCIONHUTENBHOH BJIacTH He TpebyeTcd.
B mpoTHBHOM ciy4yae paspellieHHe BbljaeTcd PocrnpHponHagzopom Ha ocHoBaHMH [locTaHoBneHHS
IIpasuteabctea PD ot 26 aupapa 2000 Ne 68 [2]. B cOOTBETCTBHH ¢ JAHHBIM JOKYMEHTOM ITO/{BOJTHBIC
kabemt u MIIT moGoro HasHAYEHHS MOTYT TIPOKJIAJBIBATHCS BO BHYTPSHHHMX MOPCKHX BOMaX U B
TeppUropuansHom Mope PO nipu yciioruH, 4TO JaHHBIE ISHCTRUSA HE CO3/AIOT TIOMEXH U HE MPEMITCTEYIOT
0DECIIEYEHHMIO OXPAaHBl TOCYIAPCTBEHHOM TPaHUIBI, TIPOBEJESHHIO PETHOHAJIBHOTO T€OJIOTHYECKOTO
H3Y4SHHA, [IOHCKA, Pa3BEAKH U Pa3pabOTKH MHHEPAJIBHBIX PECYPCOB MM MPOMBICIY KHUBBLIX PECYPCOB,
SKCILIyaTali U PEeMOHTY paHee mpoiokeHHbIX MIIT u kabemeii. J[JI9 MOMYUYSHHS COOTBETCTBYIOIMIETO
paspelieHHs JOIBKHA OBITH MPEIOCTaBICHA CIIeYOIas HHpOpMALH;

LIeJIb UM HazHAUCHHE II0ABOHOTO TPYOOIpOBOAA WM Kabels;

TpacCHpOBKa TPYOOTIPOBO/a ¢ YKa3aHHEM KOOpPAHHAT Havyalia, KOHLIA H TOYCK [MOBOPOTA TPACCHI;

CPOKH IIPOBEACHHA PabOT U HCTIONb3YEMBIE CYAA A1 YKIAIKH;
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TIPOEKTHAA JOKYMEHTALHSA TI0 YKAAJAKE TIOJBOIHOTO TPy OOTpoBOAa I Kabens;

MEPOTIPUATHA TI0 TIPEAVIIPEKASHUIO MM CHIDKEHHIO YITlepda MOpcKol cpejie, TIPeJOTBPAIICHUI0 H
MUKBUIAITHH aBAPHIHBIX CHTYaIlHiL.

3agBKa Ha BBLAAYY paspellicHHMA paccMarpuBacTes PoclipupoiHa 3opoM H COINIACOBBIBASTCA ¢ JpPYTHMU
COOTBETCTRYIONMMHU (e/IepaTbHBIMH OpTaHAMH HCTIONHUTETRHOM BIACTH, TIEPEeUYeHb KOTOPBIX VKazaH B [2].
Ha ocHOBaHHH 3aKTFOUEHHS O BO3MOXKHOCTH MpoxXoxkacHUS Tpaccsl MITT npuHIMaeTcs pelieHie 0 BIaue
paspellieHHs Ha TIPOBSJCHHE 3afBICHHBIX padOT, /00 OTKAa3e B BHLAAYE TaKOTO paspelieHs. B ciyuae
[IOJIYUCHHS PA3PEILCHH 3a4BHTEIb JOJDKSH 00CCIIeUHTh BRITIONIHEHHE TPeOOBAHII IIPHMEHHMBIX HOPMAaTHBHO-
[IPaBOBHIX JOKYMEHTOB IIPH TIPOBEACHHUU PadOT II0 TIPOKTAAKe M dKcIUTyarams MITT.

2.2.3 Jia pealu3ali IPOLCAYPHl PACCMOTPEHHA M BBIJAYM paspelleHU Ha npoxiajgky MIIT u
[IOABOAHEIX KaOexel Bo BHYTPEHHHX MOPCKHX BOJAAX, TSPPHTOPHAIBHOM Mope Poccitickoii Oeneparpnl U
Ha KOHTHHEHTaJIbHOM Ieabde Poccmiickoit @enepaiii PocipupoaHaasopoM papadotan Permament [3],
KOTOPBIH YCTAaHABJIHBAST CPOKH, MEPEeUCHb M TMOCIEJOBAaTETBHOCTh ACHCTBHI co cTopoHbl Pocmpupos-
Haa30pa IpH MPpeJOCTaBICHHH [OCYAAPCTBEHHOI VCIYTH IO BblJAYe paspelleHMii Ha Ipokmanky MIIT
GHAMYSCKUM MW/HIM IOPUIMYECKUM JIHLAM, TUIAHHPYIOIHM OCYINecTRIeHHe Tpoknagku MIIT o
OTpeeICHHOMY MapmIpyTy BO BHYTPEHHHMX MOPCKHX BoOJaX, TeppHTOpHalbHoM Mope P® H Ha
KOHTHHEHTAIBHOM Iueabde. ITogokenns PermaMeHTa ompeaenaoT mepedcHb H TpeOOBAaHHA K JOKYMEH-
TallMH, HATpaBIgeMol Ha paccMOTPEHUe, cOCTaB ACHCTBUM M CPOKHM BHITTOMHSHUS aJMUHHCTPATHBHBIX
OPOLEAYP TIPH YCIOBHH COOTBETCTBHS (hOpMBI MoAaBaeMoil 3agBKH TpeboraHUIM PernamenTa. J{aHHBIH
JOKYMCHT TakoKe OTIPEACIAeT IIPOLEAYPY COTIACOBAHUA HAMPAaBIEHHBIX 3adBOK ¢ deaepaJbHBIMH
OpraHaMM HCIIOJHMTE/IBHOM BJIACTH M IOPAJ0K BbIHECCHHS PEIICHHA O BbIJA4e WM OTKA3¢ B BbLAAYEC
paspenieHHus Ha Tipoknaaky MIIT.

2.2.4 TIpu TIPOEKTHPOBAHHMH, CTPOUTENHCTBE U HKCIDIYATAIFIM MOPCKHX TIOBOJTHEIX TPyOONpOBOIOB
commacHo 1.1.10 yactu [ «Mopekue moasoaHbie Tpyborpopoasny IIpaBHn KiaccHPUKAIRI H MOCTPOIKU
MOPCKHX IOABOJHBIX TPYOOIIPOBOIOB JODKHBI YUHTBIBAThCA TpeboBarusa PDeAcpalbHBIX HOPM U IPaBUI B
06JacTH TPOMBINIIIeHHOH 6OesomacHocTH «IIpaBrina 0e30TaCHOCTH MOPCKHX OOBEKTOB HedTerazororo
KOMITIeKca» [20].

2.3 TEXHUYECKAsA JOKYMEHTAIIHA

2.3.1 O6mue TpeboBaHHA.

2.3.1.1 OcHOBaHHAMH JUIA Pa3paboTKH MPOSKTHOH JOKYMEHTALIMH MOPCKUX TPYOOTIPOBOIHBIX CHCTEM,
KaK TIPABHIIO, SBJIMIOTCA:

.1 MHBECTHIHMOHHbIC TPOTPAMMBI 3aKa34UHUKOB MO TIPOEKTaM OOYCTpoOHCTBAa YIJIEBOAOPONHBIX MECTO-
POKJICHHI Ha MOPCKOM TIETh(e WIH BHENIHEMY TPYOOIIPOROJHOMY TPAHCIIOPTY B MOPCKOH akBaTOpHH,

.2 JHICH3HOHHBIC 0043aTeNbCTBA 3aKa3UMKa Ha TIOHMCK, Pa3BeKy H A0OBIMY YITIEBOAOPOAOB (IIpH
UCIIOJIB30BAHHM TIOABOHBIX TPYOOIIPOBOAOB B cocTaBe OOBEKTOB 00YCTPOHCTBA MECTOPOMICHHA BO
BHYTPEHHHX MOPCKHX BOAAX, TeppHTOpHaNbHOM Mope PO H Ha KOHTHHEHTansHOM menbhe PD).
JmieH3Ms Ha TONL30BAaHHE HEJPAMH TIPEJOCTABIAET €€ BJAAJCAbLY TMPaBo Ha IMPOKIAAKY IOABOIAHBIX
TpyOOTIPOROOB B COOTBETCTBHH C IMPOCSKTHOM JOKYMEHTAIHEH, MpeayCMOTPEHHOH 3aKOHOJATEIhCTBOM
Poccuiickoii @epepaiu o HeApax [3], 3aKOHOAATENHCTBOM O TPAJOCTPOUTENBHOH AeATEBHOCTH [4].

2.3.1.2 HcxoaHbIMH JAHHBIMH JUIS Pa3padOTKH TIPOSKTHOH MOKYMEHTAI[HHU I MOPCKHX
TpyOOIIPOBOAHBIX CHCTEM, KaK IIPABHIIO, SBIAIOTCA:

.1 TexHHYECKOE 3aJaHHe Ha MPOESKTHPOBAHHE, YTBEPK/EHHOE 3aKa34HKOM;

.2 TEXHHYECCKHUH OTYET O PpE3YIbTaTaX KOMIUISKCHBIX HHDKCHEPHBIX H3BICKaHHMH II0 Tpaccam
TpyOOTIPOBOOB U BPEMEHHBIE JOKANBHBIE TEXHMYECKHE YCJIOBHA M0 THAPOMETEOPOIIOTHUCCKHM,
THIPOJIOTHYECKUM, JIGIOBBIM YCIIOBHAM M HCXOJHBIM PacYETHBIM JaHHEBIM;

.3 creuHaNbHBIC TEXHHYECKHE YCJIOBHS Ha IMPOCKTHPOBAHUC JHHEHHBIX OOBEKTOB CHCTEMBL
MOABOJAHBIX TPYOOIPOBOIOR, KOTOPHIE Pa3pabaTHIBAIOTCH M YTBEPHKAAIOTCS B YCTAHORICHHOM TOPS/KE
J0 Pa3pabOTKH MPOEKTHOH JIOKYMEHTALHH B CIyYae, €ClH JJI1 pa3padOoTKH TPOESKTHOH JTOKYMEHTALHH
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HeJOCTaTOUHO TpeOoBaHMII IT0 HaJeKHOCTH H 0€30MacHOCTH, YCTAHOBICHHBIX HOPMAaTHBHBIMH
TEXHHYECKUMH JOKYMEHTAMH, WIH TaKHe TPeOOBaHHA He YCTAHOBJICHE,

.4 XapaKTepHCTHKH OCHOBHEIX TOKa3aTenel pa3paboTKu 3amekeH MOPCKOTQ MECTOPOKIACHUL,

.5 pu3UKO-XUMHUYECKHE CBOHcTBA He(pTH H CTaOHIBHOTO ra30BOTO KOHACHCATA, KOMITOHEHTHBIH
COCTaB M CBOHCTBA rasa,

.6 TTIOTPeOHOCTD B Ta3MHMGTHOM Ta3e M JHHAMHKA 3aKauyKH BOJBI B ILJIACT;

.7 TEXHONOTHYECKHUE H KOHCTPYKTUBHBIC PEIICHHA MO CHCTEME ITOABOAHBIX TPYOOIIPOBOAOB.

2.3.1.3 ITocTpotika MIIT 1 M3roTOBJICHHE MATSPHAJIOB U H3/C/IMI 1S HHUX JO/GKHBIL OCYILECTBIATLCH B
COOTBETCTBUM C TEXHHUYECKOH JOKYMeHTaIHeH, o100peHHoH (cornacosaHHOM) Perrctpom.

PaccMoTpeHiie (sKcIlepTiza) MPOCSKTHON TEXHUYSCKON AOKYMEGHTALMH OCYIUECTBIMETCH C LCJIBIO
[IPOBEPKH COOTBETCTBHA O0OBEKTOB TEXHUUECKOTO HabimocHHd TpeOoBaHuaM npasri PC H Bo3MOKHOCTH
mpucsoeHua MIIT kmacca PC.

Jo Hadana CTPOHTENBCTBA TMOABOIHOTO TPYOOTIPOBOIA Ha PaccMOTpeHHe PervcTpy JomkHa OBITH
mpeAacTaBacHa palouad (KOHCTPYKTOPCKAS M TEXHOJOTHYECKAL) TEXHHUYECKAI JOKYMEHTAIHd, T03-
BOJAIOILAA YOOCTOBEPUTHCSA, UTO TpeOoBanma ofodOpeHHOTO PermicTpoMm mpoekra u mpasun PC mo
OTHOIICHUIO K JaHHOMY IOABOJHOMY TpPYOOIIPOBOY BBITIOMHAOTC.

2.3.1.4 B coorBeTcTBHH ¢ momoxKerrame 1.1.7 u 1.1.9 vactu I «MopcKee ITOgBOAHEIE TPYOOIIPOBOIED»
TIpapua MIIT Peructp MOXeT JaTh COTAAcHE Ha MPHMEHEHHE B TIPOSKTE TOABOIHOTO TPyOOTpoBOjIa
MaTepHaNOB, KOHCTPYKIIHMH, YCTPOMCTE H M3/IeTHH HHBIX, YyeM TpeaycMoTpeHsl lpasumavu MIIT, npu
YCIIOBHI, YTO OHH SBIAIOTCSA OAMHAKOBO 3(h()eKTHBHEIMU 0 OTHOIIICHIEO K OTIpeAcaIcHHBIM B IIparimax MITT.
B yKa3aHHBIX caydadx PerucTpy JOKHBI OBITH NpeACTaBICHBl JAaHHEIE, IO3BOJMIONIHE YCTAHOBUTH
COOTBETCTBHE HTHX MAaTCPHAJIOB, KOHCTPYKIWE, VCTPOHCTE H M3ASHHH VCIOBUAM, 0OecIIEUMBAIOIIAM
0€30IMacHOCTh TPAHCTIOPTUPOBKH CPEA TI0 MOABOHEIM TPYOOTIPOBOAAM.

TlogBogsbie TPYOOMPOBOIRI, IPOSKTHI KOTOPBIX MOJHOCTHIO HIH YaCTHYHO BHIMOTHEHHBIE TIO APYTHM
HOpMaM, MpaBHIAM WM CTaHAApTaM, MOTIYT OBITh o7l00peHB! PerucTpoM aabTepHAaTHBHO HJIM B
noronHeHHe K [Ipasumam MITT.

2.3.1.5 Bujsl TexXHHYECKOH JOKYMCHTALMH, Ioaexkaieii paccmorpenuo PC Ha cTafHsaX IMpoeKTH-
posanui H nocrpoiiku MIIT, ykasaner 8 1.5.3 Pykosoacrsa MIIT.

2.3.2 TIpoekTHad AOKYMeHTAI{HSL.

TIpoextrporanue MITT, Kak TIOKA3BIBAST CIOMKHBILAACA TIPAKTHKA TIPOSKTHHRIX paspabotok B PD, ocy-
IICCTBIMIETCA B LEJIOM I BCETO KOMITIEKCA 0OBSKIOB 00YCTPOICTRA MECTOPOKICHUS HA MOPCKOM IeIb(e ¢
BBIICJICHHEM pa3ziena MpoekTa «JIMHEHHBIE 0OBeKThI» 11 00BEKTOB MOABOIHLIX TPYyOOTIpoBoaoB [5].

IIpoeKTBI MOPCKHX TOJBOAHBIX TPyOOTIPOBOJOB B HCKIFOUMTENBHON SKOHOMHYeCKOH 30He PD, Ha
KOHTHHEHTAJBHOM Tienbde PD, Bo BHYTpeHHHX MOPCKHX BOJAX W/HIM B TepPpUTOpHAIbHOM Mope PO B
COOTBETCTEHH ¢ I'PajlocTPOHTENLHBIM KozeckcoM P@ [4] moane:kaT rocy/apcTBEHHOH 3KCIEpTH3E
[poeKTHO# JIokyMeHTaluu. KpoMe Toro, nogsoaHsie TpyOOTIPOROAHBIE CHCTEMBL PA3IHYHOTO HA3HAYEHH
IJI9 TpPaHCTIOpTa YINEBOAOPOAOB JAOJDKHBI COOTBETCTBOBATH TPeOOBAHMAM 3aKoHoAaTeNbcTBa PP o
[POMBILUICHHO 0€30TACHOCTH OIACHBIX TIPOH3BOACTBEHHEIX 00BEKTOB [6].

Tpeboranus K NpoeKTHOM AOKYMEHTAMU H3NokeHbl B 1.5.2 wactu 1 «MopckHe IOABOMHBIC
TpyOomporoAbD IIpaBin knaccHGHUKAIH U TIOCTPOHKH MOPCKHX MOABOJHBIX TPYOOIIPOBOAOB.

2.3.3 PaGouas TOKYMeHTALHSL.

B menax peamBaii B MPOIECCe CTPOMTENHCTBA TEXHHMYECKHMX M TEXHOJNOTHYECKHUX PEILICHHUH,
coiep:KalMXcad B TIPOSKTHOH JOKYMEHTALMH Ha OOBEKTHI MOPCKOH TPYOOIPOBOAHOM CHCTEMBI, JJIA HHX
paspabartbiBaeTcd pabodas JOKYMEHTALH4, cOCTOANIas W3 JIOKYMEHTOB B TEKCTOROIH (opMe, padourx
yeprexkeil, cneuudukanuii o0OpyAOBaHHA H H3JCIMI, TEXHONOTHYECKHX C©XeM U TpPOLEAYp,
KCIIOJIB3YEMBIX I NOCTPONKH KU uelmiTanuii MIIT.

Paboyass KOHCTPYKTOPCKAS H TEXHOJNOTHYECKAS JOKYMEHTALMA pa3padaThIBacTc Ha OCHOBAHHH
MpoeKTa MOPCKOMH TPYOOTIPOROAHOI CHCTEMEI, 0100peHH0T0 PC 1 COOTBETCTBYIONMMH KOMITETCHTHBIMH
HaJ30pHBIMH opraHamu. Ilpu sToM B pabodel AOKyMEHTalMH JOGKHBI OBITh YYTCHBl 3aME4aHHUS
Permctpa, KOTOpBie OBLIM YKA3aHHI B MHUChME-3aKIFOUeHHH PerHcTpa Kak MoJpIeKan[He K YCTPAHEHHIO Ha
CTagUH PabO4IETO MPOECKTHPOBAHHS.
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Pa0ovas KOHCTPYKTOPCKAS H TEXHOJNOTHYECKAs JOKYMEHTALIMSI MOMIEKHT oncbpeHmio PC mepen
moctpokikoi MITT u HayasoM TEXHHYECKOTO HAOMIONEHHS 34 €T0 MOCTPOHKOIL.

Tpebopanus Kk pabouel JOKyMEeHTamHH H3MokeHHI B 1.5.3 yactu I «Mopckue NOABOAHEBIC
Tpybonposoasy [Ipasun KiaccHPUKAIMH H MOCTPOHKH MOPCKUX [MOJBOJHBIX TPYOOMPOROIOB.

2.3.4 UcnoHMTEeTLHASl TOKYMEeHTAIH L.

IIpu oxazanri PerrcrpoM Ha ocHoBanuu 1.4.4.3 dactu I «MopckHe MOABOAHEIE TPYOOTIPOBOABI
IIpapunr MIIT ycayr mo kiaccHQHKAIMH MOPCKHX TOABOAHBIX TPYOOMPOBOAOR, TIOCTPOCHHBIX O3
TeXHUYCCKOT0 HaOmwoaeHua PC, moMHMO TIpoeKTHOH W padouci JOKYMCHTAIIMH Ha IOCTPOIKY
MOABOJAHOTO TPyOOmpoBoAa, PerHcTpoM JomkHa OHITH paccMOTPeH2 H oJ00peHAa HCTIONHUTEIBHAS
JOKYMEHTALHA.

HenoymmrembHag AOKYMESHTALMA IMOATOTABIMBACTCA IIPEIIPHATHEM-TIOAPSAYHKOM, OCYILECTBIIAIONIM
MOCTPOHKY TpyOOmpoBoja, Ha OCHOBaHHH Tipukaza @eacpanbHON CIYKOH MO HKOIOTHUYESCKOMY,
TEXHOJIOTHYECKOMY U aTOMHOMY Hamsopy (PoctexHamzop) Ne 1128 or 26 aekabps 2006 . [8].

TpeOoBaHMa K UCTIOMHUTENBHON JOKYMEHTAIUH H3NOxKeHB B 1.5.4 vacti I «Mopckue mogsoHbIe
TpyOompoBoab» IIpariil KiIaccHPHKALIMH U TIOCTPOHKH MOPCKHX MMOABOJHBIX TPYOOIPOBOAOS.
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2.4 OBIMAE ITPUHITAIIBLI ITPOEKTHPOBAHWA MOPCKHUX T1O/IBOJHBIX TPYBOITPOBOJOB

OnTHManbHOE PAcIIoNOKEHHE KOHCTPYKIEH TPYOOIIPOBOa 1o BOAOH B IIPOLECCE ITPOCKTHPOBAHKL
JOTKHO BRIOHpPATHCA ¢ YHETOM CIEIYIONMX KPUTSPHEB:

0€30MAacHOCTD FKCTUTYATALMH, HYKOJIOTHL, CTOHMOCTh KOHCTPYKIHH, TEXHOJMOTHYHOCTD H T.IL;

MaTepHalI Tpy 0, 3aIHTHOTO TIOKPEITHA M HMEKTPOXUMHYCCKON 3aIIHTH;

HPOJAOJIBHAL H [OIEPEYHAd YCTOHUYHBOCTD KOHCTPYKLMH C YYETOM BO3ACHCTBHA MOJBOJHBIX TCUCHHIA,
BOTHOBOTO JABIDKSHUS HACTHI[ BOJBL H CHI TUIABYYECTH;

00eCIIeUeHHE LEIOCTHOCTH TPYObl H HAJHYHA TIPOXOAHOTC CEUSHUS,

3AMIUTA OT KOPPO3UH H 3PO3HM;

CBApKa U HePaspyIIAIOIHH KOHTPOIh B Tpollecce TIPOU3BOJCTBA U MOHTAaXKa;

JUATHOCTHKA U MOHHTOPHHT

TEXHQIOTHYECKHE PEKUMBI TIEPEKAYKH YTTCROACPOIOB H JAPYTHX CPel TMPH BHICOKOM BHYTPEHHEM
JABJICHI,

MPOYHOCTD H YCTOMYMBOCTD LFVIMHAPHYECKHUX 000JI0YEK TPYOOIIPOBO/IOB, OTBOJOB H (GHTHHIOB;

JPYTHE TEXHOJIOTHYECKUE H PKOJNOTHYECKHE ACIICKTH (cM. pHc. 2.4).

HB

Pre. 2.4 OCIHe IPHHIMIEL IPOSKTHPOBAHKS OABOLHOIO TPYyOOMpoeoZa [13]:
1 — ycnoBHa MOpcKOH akparopHH; 2 — IPABHIIA M HOPMEL, 3 — HCXOOHEIE JaHHEIC IIPOSKTHPOBAHH,
4 — TEeXHHKO-3KOHOMMUECKHE [10Kas3aTellH TpPyDOIIpOBOaa; 5 — CTPOHTEIBCTBO W MOHTAX;, 6 — TEXHOIOTHYCCKHE PEXIMEL,
7 — TEXHONOTHYECKas CXeMa, S — IIPONONEHEIH npodmns, 9 — TpaccHpoBKa, 0 — KOHTPOILL 33 CTPOHTEIBCTBOM,
11 — ofcnyxupanne, /2 — NapaMeTpHl OKpyXaroliei cpedsl; /3 — OIacHOCTH,
14 — xo3qitcTBeHHAd NeATeNEHOCTE B aKBAaTOPHH, 15 — aHaM3 cTelleHH PHCKa, /6 — BepOSTHOCTH, /7 — PHCK,

185 — ymep6;, 19 — ymrept okpyXaioIleit cpene, 20 — yiuepd TeXHOTOTHYSCKHM ONepaIpi, 2] — KpHTEPHH PHOKa,
22 — KOPPeKTHpoBKa IpoekTa;, 23 — TpefoRaHIs K YKIauKe, 24 — BEIOOP 3aIIHTHOTO CJI0S TPYHTA Hal TPYOOIIPOBOIOM,
25 — HesanTyOIeHHEIT TPYOONPOBON, 26 — eCTECTBEHHOE 3arTyOieH e, 27 — BPeMEHHOe CKIAIMPOBAaHHE IPYHTa,

28 — yerpoticTBo TpaHIleH; 29 — pasMEIB, 30 — ecTecTBeHHEIH 3aMBIB; 37 — ofpaTHad 3achlIKa
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PaccMOTpeHHBIE BHIIE BOTIPOCH! JTOMKHBI OBITH OTPAXKEHHI B HOPMATHRHO-TEXHHYSCKHX JTOKYMEHTaxX
(pertaMeHTaxX, HOpMAaX, MPAaBHIAX, CTAHAAPTAX, PYKOBOMIIHX YKA3AHHAX, HHCTPYKLIMAX H T.A.). OHaKo,
KaK TIOKa3BIBAET TMPAKTHKA TIPOSKTHPOBAHHA, 3TO TPOHCXOAMT JAJIEKO HE BCeTAa H OOBACHAETCH
CHEAYIOMMMH [IPHIMHAMU!

.1 HOPMBI TIPOSKTHPOBAHHS OTPAKAIOT V:KE HAKOIUICHHBIH H TIPOAHAM3HPOBAHHBIN OIBIT MPOSKTHP-
OBAHIA, CTPOHTENBCTBA U BKCILIY ATAITHH TPYOOTIpoBOMOE. BHE/IpeHHe HOBHIX TEXHOJOTHI, pacIHpeHHe
JIHAIIa30Ha paboyuHX MapaMeTpPOB, CTPOHMTEITHCTRO B YHHKANHHBIX TIPHPOTHO-KIHMATHUSCKHX YCJIOBHUSX,
[IPUMCHEHIE HOBEIX MAaTEpHAJ0B H obopyacBanma TpeOYIOT IIOCTOAHHOTO BHEAPCHUA H3MEHEHHUH B
HOPMATHBHVI0 JOKYMEHTAIMIO, YTO Ha TIPAKTHKE H TIPOHCXOAHT, HO TOJNBKO [OCJC HAKOIUICHHA H
0000IMEeHHS COOTBETCTBYIONIETO OIHITA;

.2 HEKOTOPBIE BOIIPOCHI AOCTATOUHO CIOKHEI JUIA (hOPMYIHPOBKH IPOCTHIX HEBKEHEPHBIX METOIHK HIIH
OTCYTCTBYIOT KaK B OTEUESCTBEHHBIX HCTOYHHKAX, TaK H B 3apyOEKHEIX (HATIDHMED, pPacueT HATIPSKEHHO-
JehOPMHPOBAHHOTO COCTOSHHA 00O0TOUKH TPYOOIIPOROAA B TIPOTIECCE VEIAIKH HA OOJBIIME TIYOHHEI);

.3 MHOTHE TEXHUHYECKHE PENMICHUA HE HMSIOT CTPOTOTO HAYYHOTO OOOCHOBAHMSA H HYXAAIOTCI B
MPOBSJICHHH CIIELAIBHBIX, TEOPETHISCKUX U HKCTICPUMEHTANBHBIX UCCIICHOBAHMIA.

OpHako, gaxe XOPOIO H3YUSHHBIE BOTIPOCH (HATIPHMEp, PacdeT TOMIHHBI CTCHKH TPyOOIpoBOAa Ha
JelcTBHE BHYTPEHHEIO JABICHHA) HEIb34 CUWTATh PEIICHHBIMH. HOpMBI pa3HBIX CTpaH IIpeyCcMaTpH-
BAaIOT TIPHMEHEHHUE Pa3IHYHBIX 3HAYCHUI OJHHUX H TeX ke Ko3dduimeHToR (KordPHIHEHTOB HaACKHOCTH
H 0€30TIaCHOCTH) B AHAMIOTHYHBIX PACHETHBIX MOJCIAX, YTO CRA3AHO ¢ PA3MHYHBIMHU TIOJX0JaMU K OLICHKE
ONTHMATBHOTO YPOBHA OES30IacHOCTH, KAYECTROM TIPOMZBOJACTBA TPYO, CTPOMTENBHBIX paboT, 0COOeH-
HOCTAMH SKCILIYaTallii H CTOMMOCTHBIMH IIOKA3aTCIBIMH.

JaHmHag mpobreMa cCTAaHOBHTCA HAUOOJNEeE aKTyallbHa TIPH HeOOXOMMMOCTH MITH BO3MOMKHOCTE BBIOOpA TeX
HIM HHBIX HWHOCTPAHHBIX HOPM TIPOCKTHPOBAHHS TIO TIPUYMHE OTCYTCTBHS HAIHOHABHBIX HOPMATHBHBIX
JOKYMEHTOB (HallpuMep, IIpH MpOSKTHPOBAHMM MOPCKOTO Yy4acTKa rasorposojga Poccms — Typima mo
mpoekTy «0my6oit moTok» B 1998 — 2000 rr). TeXHHKO-IKOHOMIYECKOE 0O0CHOBAHKE CTPOHTEILCTBA 3TOT0
TazompoBoAa OBUIC BROIONHEHO Ha ocHoBe [IpaBHim AI9 MOpckHX TpyOompopogHbix cucTeM (Rules for
Submarine Pipeline Systems, DNV, 1981). B 1996 roxy Beimiia HOBas peJaKUMs AaHHBIX TPaBHIL KOTOpas
Jeryia B OCHOBY 0a30BOTO H JICTANIFHOTO MPOSKTHPOBAHHA MOPCKOTO Y4acTKa ra3olipoBoja.

B TO ke BpeMS OTCTYIIICHHS OT HOPMATHUBHBIX METOJOB TPOCKTHPOBAHUS HAKIAJBIBAET Ha
MPOCKTHPOBIIHKA JOTIOHHTE THHYI0 OTBETCTBEHHOCTD 32 MPABWIBHOCTh MIPHHATOTO PEIICHUS U BHISHIBACT
HeOOXOMUMOCTh B TIPOBEJCHHH CIICLHAJbHBIX HCCIIEIOBAHUH JIA OMNpPEJC/CHUS PEaJbHBIX YPOBHEH
HaJACKHOCTH, OS30TACHOCTH, JOJTOBEYHOCTH H JPYTHX MApPaMETPOB 3THX OTBETCTBEHHBIX HHMKECHEPHBIX
coopyxenui [13].

2.5 OCOBEHHOCTH ITPOEKTHPOBAHI S MHOI'O®A3ZHBIX ITIOABO/|HbLIX TPYEOIIPOBO/TOB

2.5.1 MIIT aBisioTcs HEOTHEMJSMOM YacThio OOBEKTOB OOYCTpPOMCTBa MOPCKHX HE()TEra3oBBIX
MECTOPOKACHHIH, TaK KaK HMEHHO ¢ TIOMOTI[BIO TPYOOTIPOBOTHOTO TPAHCIIOPTa OCYIIECTRISIETCA TOCTaRKa
MIACTOBOH TIPOAYKIHMH (HMIH Y3Ke MOATOTOBIEHHONH MPOAYKUHUM B 3aBHCHMOCTH OT TPHHATOH
TEXHOJOTHYECKOH cXeMbI) Ha OeperoBble OOBEKTHI HJM OTIPY30UHBIE TepMHHAiBI (cM. puc. 2.1-2).
HckmoveHHeM SBISETCS, HanpuMep, oOycrpoiicTeo HedTaHOro MecTopoxaeHUs «lIpupa3noMHoe» Ha
mienbde [lewopeckoro Mops, INie Bee TIporecchl — OypeHHe, Ao0k4a HedTH, ee XpaHeHUe, OTTPYy3Ka Ha
TaHKephl H 00paTHAS 3aKaYKa B HATHETATENBHBIE CKBAKHHBI OCYIIECTBISIIOTCS ¢ MOPCKOH Je0CTONKOL
crampoHapHol toiatropmer (MIICID) «Ipupa3znomHas», KoTopasd ycraHoBieHa B 80 kM oT Oepera, ¢
[POCKTHO NIPOU3BOJMTEIBHOCTBIO 5 MIH. T B I'0Jl OTTPY?KacMOH Ha TAHKepbl HedTH.

MHOTHE TIPOEKTH OOYCTPOMCTE MOPCKHX MECTOPOKACHHH COJEpP:KAT TPYOOTPOBOAbI TUIACTOBOH
MPOAYKITHH B BHI¢ MHOTO()A3HOH CPe/Ibl, KOTOPHIE I YTHX 00yCTPOHCTB ABJISETCA OCHOBHBIM O0BEKTOM
TPyOOIIPOBOJHOIO TPAHCIIOPTa, TAK KAK OCTaiNbHEIC (TpyOorpoBod razmudTHOro raza WM BOJOBOJ)
SBISIFOTCA BCIIOMOTATENHHRIMH. Kak TIPABHIIO, TakWe TpPYOOTPOBOJBHI HAYMHAIOT (YHKIHMOHHPOBATH
HE C TMEPBHIX JeT HKCIUTYATalHd MECTOPOK/CHHY, a TOCHe YCTAHOBICHHBIX B TIPOSKTE DPa3padOTKH
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MECTOPOMKACHHS CPOKOB TEPEX0/Ia Ha MEXaHH3HPOBAHHBIN cIiocod AOOBIYM ¢ IPUMEHEHHEM Ta3mudra u
HeoOXOAMMOCTH TIOBHIIICHHA [JIaCTOROTO JABIECHHA IMyTeM o0OpaTHOH 3akauku BoAbl. BwiOop Takoro
BapHaHTa TPAHCHOPTHPOBKH TLIACTOBOH TIPOAYKIHH OIpPeAeadeTCd TaKkKe SKOHOMHYECKOL
eaecoo0pPasHOCTEI0, TAK KAK YMEHBINACT CTOMMOCTH COOPYKSHMA MOPCKOH IDIATGOpPMEI B CBI3H C
[IepEeHOCOM OCHOBHEIX OIepalltii Mo MoAroToBKe HedTH WHIM ra3a Ha OeperoBble COOPYKEHHI.

IIpoekT pa3pabOTKH MECTOPOKACHIA, B COOTBETCTBUU ¢ KOTOPHIM OYAET OCYIIECTBIATHCA KOMILICKC
TEXHOJOTHYECKHX K TEXHHYECKHX MEPONPHATHIH [0 PallHOHATLHOMY IOTB30BAHMIO YVHACTKOB HEJApP A4
H3BJICUCHHS YTICBOJOPOAOB, paspadaTsiBacTcd ITOMHMO paccMOTPEeHHBIX B 2.3.1 pa3/jeiioB MpoeKTa
MUHEHHBIX M JAPYTHX OOBEKTOR 00ycTpolicTBa MOPCKOTO MECTOPOMKACHMSA, HaIpHMeEp, MOPCKHX
CTAaLIMOHAPHBIX ILIaTdopm. [IpoeKT pa3paboTKu MECTOPOKICHH YTBEPKAASTCA KOMUCCHEH, co3gaBagcMolt
deaepalbHBIM areHTCTBOM [0 HEJAPOIIOABI0BAHUIO, M PACCMOTPEHHI0 PeTHCTpOM HE IIOUICKHT.
OcHoBHBIE TpeboBaHMA K pa3padoTke npoekTa cofepxkarca B TOCT 32359-2013 [19]. Jlas onpeaeneHUs
padouMx PeKUMOB CHCTEMBI TIOABOAHBIX TPYOOIIPOBOAOB MOPCKOTO MECTOPOMKACHHA 0c000¢ BHHMAaHHE
JODKHO YASHATECA CHEAYIOMIEMY:

TIPOM3BOJACTBY OVPOBBIX padOT, METOAAM BCKPBITHSA IUIACTOB U OCBOCHUSA CKBA:KHH;

CHCTEME BHYTPHIIPOMEBICIOBOTO cOOPa H IIOATOTOBKH TIPOIYKIMH CKBAXKUH;

CHCTEME IMOJACPKAHIA IUIACTOBOTO JABICHHA.

Taxum obpazoM, B MPOIEcCE MPOSKTUPOBAHUS MHOTO(GA3HOTO TIOABOJHOTO TPYOOIPOROAA JOLKHEI
OBITh TIPOBEJCHBL TEIUTIOTHAPABIUYECKHE pacueThl 1A OIMpeAciAcHHS ONTHMANBHBIX TapaMeTpoB
TPaAHCTIOPTHPOBKHU TLTACTOBROH MPOAYVKIMH. B KauecTBe MCXOOHBIX AaHHBIX HA3HAYAIOTCH TEXHOIOTHUECKHE
[OKA3aTe M Pa3padOTKH MECTOPMKACHUA [0 MAaKCHMAIbHOM J00bIYe He(dTH WHIHM raza U (U3HKO-
XUMHUECKHE CBOiicTBa HedTH, Taza H BOABIL, KOTOPBIE NPHHATHI COTJIACHO MPOEKTY pa3pabOTKHU
MECTOPOMKTCHHA.

JIIL Ta30BEIX MECTOPOXKICHHI JOJDKHBI OBITh YCTAHOBJICHBI YCIOBHA oOecTicdeHHS OecriepeOoHHOCTH
MHOTO(a3HOTO TIOTOKA, C LENbl0 HCKIMOYECHH OO0pa3oBaHUSA KHIKOCTHHIX TIPOOOK, KOTOpbIE MOTYT
MPEMATCTBOBATH HOPMATBHOM SKCIUTYaTAI[HH TPYOOIIPOBOAa H OepeTOBBIX YCTAHOBOK MOATOTORKH HedTi/Taza
M KoHfeHcara. [Ipu 3ToM 0c0oboe BHHMAaHHE JOILKHO OBITh Y/AENEHO MEPEXOTHBIM PEKUMAM 3KCIULY aTalH
TPYGOIIPOBOA B YCIOBHAX H3MEHSIOLMXCS TEPMODAPHYCCKUX W PACXOIHBIX TTAPAMETPOB.

2.5.2 TugpaBmMuecKHe pacyeThl MHOTO(a3zHOTO TPYOONpPOBOAAa JOLKHBI BBITIONHATBCH C YYETOM
moKaszatesiei JoObIYM, (PH3MKO-XHMHYECKHX CBOHCTB HedTH, Taza W BOABL, a TakGKe PEONOTHYECKHX
CBOMCTB TPAHCTIOPTHPYEMOH TIPOAYKIMH 3ajie:KeH B 3UMHHHM M JICTHHIA 16 pHODI.

Temnoruapasmyeckue pacdeThl TPyOOIPOBOIOB BBHITIONHAIOTCA Ha 0a3e CICAYIOIHX HCXOMHBIX
JAHHBIX |

mokasateieit pa3paboTKH MeCTOPOKACHHS TI0 TOJAaM IKCIUTyaTalHu (ToAoBoil 00beM M00BIMU HedTH,
KOHJEHCATa, BOJAbL, Ta3a Mo pa3padaThIBACMBIM 3aJICKaM);

TEXHHYECKHX YCJIOBHIl Ha HOAKIIOYEHHE MHOTO(A3HOTO TPYOOTIPOBOJa K 00beKTaM 00YyCTpOHCTBa;

COCTaBa H CBOHCTB TPAHCIIOPTHPYEMBIX cpejl (KOMITOHSHTHBIH cOCTaB He(TH, KOH/IEHCaTa, BOMBI, Ia3a
[0 Pa3padaTEIBaECMbIM 3aJIC3kKaM; HX (PHZHKO-XHMHUCCKHE CBOMCTBA; Ta30Bbiii pakTop U 0OBOJHEHHOCTD
Mo CKBAXKHHAM; JSOHUTHI He(TH, KOHJIEHCATa, BOJBI, Ta3a MO CKBAXKHHAM),

3HAYEHHA YCTBEBBIX JABICHHIU MO CKBAKHHAM;

HaYaJIBHBIX TeMIIEPATYP MPONYKIHH TI0 CKBAKHHAM;

MHUHUMAJIBHOM H MAaKCHMAJBHOHM TEeMITepaTypbl JAOHHOTO TPYHTAa B 3HMHHH M JeTHHH IICPHOBI
COOTBETCTBEHHO;

MPOEKTHBIX MAPaMETPOB TPYOOTIPoBo/Ia (IHaMETP M TOMIHHA CTEHKH TPYO, TIPOTAKEHHOCTD, HAJIHYHE
H30JILMOHHBIX TIOKPHITHI, PACTIONOAKEHHE HA JJOHHOM TPYHTE).

2.5.3 Ilo pezyasratam pacuctoB Aua MHorodasHoro TpyOOIpOBOJAa C 3aJaHHBIMH IIPOCKIHBIMH
MapaMeTpaMiu, TPAHCTIOPTHPYIOMETO TUIACTORYIO TIPOJYKIMHIO CO BCEX JOOBIYHBIX CKBaXKWH, IO TOJaM
SKCILIYaTalHH{ JOJLKHO OBITh YCTAHOBJICHO CISAYIOIICE:

pacxonpl He(TH, KOHICHCATA, BOJEL, Ia3a;

0OROJTHEHHOCTD;

HadaNbHBIE JABJCHHE H TeMTIepaTypa (JIs1 3UMHETO M JIETHETO TI€PHOJIOB);
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KOHe4YHble AaBfieHWe 1 TemnepaTypa (415 3MMHEro u feTHero nNepuojos);

CKOPOCTb TPAHCMOPTUPOBKM NPOAYKLUK (4N 3UMHENO U NETHEro Nepuojos).

254 MHorogasHble Tpy60nNpoBOAblI TPAHCMNOPTUPYIOT CNOXHYHO, MOCTOAHHO U3MEHAILWYIOCA CMeCb
NNacToBbIX YreBOLOPOAHbLIX (DIOUL0B U APYTUX Fa3006pa3HbIX, XULKUX U TBEPAbIX COBMECTHO TEKYLLUX
BELLECTB C pa3NnyHbiMU febuTamu. OCHOBHbIM MOAXOLOM K MOAENUPOBaHWUIO TUAPOANHAMUNYECKUX
PEeXMMOB B MHOroghasHbiX Tpyb6onpoBojax SBNAETCA MOAeNb ABYX (hAOWMA0B, U3 KOTOPOW cnefyeT, 4To
MOTOK COCTOUT M3 ABYX (a3 — Kak NpaBnio, XWAKOCTM u rasa [14]. Ona Takol mogenn AByxdasHoro
rasoXmnAKOCTHOrO NOTOKa BO3MOXHbI YeTblpe OCHOBHbIX TMAPOAMHAMUYECKUX pexnma (cm. puc. 2.5.4-1).

Pe>knMbl pa3geneHHoro noToka

PaccnoeHHbIN peXxum

KonbLieBoi pe>xum

Pe>kumbl pacnpefieneHHoro noToka

My3bIpbKOBLIA AUCMNEPCHBI PEXK UM

CHapsiAHbIN pe>xnm

Puc. 2.5.4-1 OCHOBHble TMAPOANHAMUYECKUE PEXUMbI ABYX(PA3HOrO rasoXuaKoCTHOro noToka [14]

YNpOLeHHbIMW CTaHAAPTHLIMU PeLleHnAMY ANa ABYX(asHbIX ra30XMAKOCTHbIX NOTOKOB SBAAKOTCA TaK
Ha3blBaeMble KapThbl (guarpammbl) peXWMOB, B T.4. A0S FOPU3OHTA/bHLIX NOTOKOB, NOCTPOEHHbIE Pa3/IMUYHbIMU
nccnefoBaTensiMM Ha OCHOBaHMU peLUeHWid YpaBHEHWA MexXaHWKW CMAOLWHONW cpefbl, HanpuMep, Npeano-
XeHHaa Mandhane KapTa peXXumoB A5 FTOPM30HTaNbHOI0 AByXMasHoro notoka (cMm. puc. 2.5.4-2).

Puc. 2.5.4-2 Kapta pexumos Mandhane fns ropn3oHTanbHOro AByxMasHoro notoka [15J
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VkazaHHBIE HAa /JHAaTPAMME TIOBEPXHOCTHHIE CKOPOCTH SKHJIKOCTH WIM Ta3za OMNpeJeJHIOTCS Kak
OTHOIIIEHHE ODBEMHOTO pPAcXoAa JKHAKOCTH HIM Ta3a K oOmiel IUIONIafl TOMEPEYHOTo CEYCHHUS
TpyOoTIpoBOAa MO cleAyIonmM Gopmynam [15]:

Uu=0u/dy: @54
Use = Qg /4y, (2.54-2)
13e Uy — TIOBEPXHOCTHAS CKOPOCTH KHAKOCTH, M/C;

Usg — TOBEPXHOCTHAS CKOPOCTD Ta3a, M/C;
Q) 1 Q; — OOBEMHBII PACXOA XKUAKOCTH H Ta3a COOTBETCTBEHHO, M/c;
Ay — TIMOMAIb TIOTIEPEMHOTO CEMEHHS TI0TOKA TPYOOMpoBOlia, M.

TIpumeHsgeMble B HACTOAIECE BpPEMS MPOTPAMMHBIC KOMIDIEKCH! JUIS MOACIHMPOBAHHS JBIDKCHHS
MHOTOKOMIIOHEHTHBIX (NIOHJHBIX IIOTOKOE B TPyOOMpoBomax IIPEAOCTABIAIOT COOOH MOMNHBIN Habop
AMITMPHYECKUX M MEXAHHCTHYECCKHX METOAOB aHalH3a ABJICHHMH, BOHHKAIOWUX TIPH JBHKCHHU
MHorogasHoi kuaKocTH 1Mo Tpyodam. Tak, Hanpumep, PIPEPHASE [16] comep:XHUT pa3BUTYIO OHOIHOTEKY
[IapaMETPOB CPEA JUII MOJACIHPOBAHHA CTALMOHAPHBIX MHOTOGA3HBIX IIOTOKOB, OCYILECTBIACT PACUCTHI
SHEPTETHYECKOTO OallaHCa H TEPMOJAMHAMMUYCCKUX XapakTepHCTHK. BosmoxHoctu PIPEPHASE mos-
BOJITIOT MOJEIHPOBATH TIPOI[ECCH CHCTeM cOopa U TpaHcTiopra HedTH M rasa A1 MECTOPOXKJACHHSA B
LICTIOM.

TIporpammusrii komieke PIPESIM 2017.2 koMnanuu Schlumberger Takke npeajiaract coOBpeMcHHBIE
BO3MOKHOCTH MOAGTHPOBAHHMS YCTAHOBHBIIETOCS MHOTO(A3HOTO TOTOKA. J[aHHBITT KOMILIEKC TTO3BOJAET
PacCUMTHIBATh HaOOpP CIOMXKHBIX THAPOJAHHAMHUYCCKHX YCIOBHE, KOTOpBIE 3aTPYAHAIOT ONMTHMH3AIHIO
JOOBIMH: OT OTJIOKEHHA achaFTEHOR, ITapaUHOB U THAPATOB A0 YIIIEKHCIOTHON KOPPO3HH H BBI3BAHHOH
[IOTOKOM 5po3uu [14].

CpeaH TIPOTPAMMHEIX KOMITIEKCOB, MOACTUPYIOMMX MEPeXOAHBIE JHHAMHYECKHE PEXKHMEL
MHOTO(pa3HBIX IIOTOKOB, HauOolee H3BecTeH mporpaMMHubiii komruieke OLGA, paspaboTaHHEIH
Hopeexckol kommanueit SPT Group [14].
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3 TEOJIOTHYECKHUE N3BICKAHUA

3.1 METOIUKA A OITHCAHWUE ACCJIEIOBAHUI II0 TPACCE TPYBOITIPOBOJIA

CpeaHecTaTHcTHYECKAad YacToTa apapuii Ha MIIT coctasmger 0,3 — 0,4 apapuii/rog Ha 1000 kM.
OCHOBHBIMH IIPUMHHAMH aBaPHIi SBJMIOTCA KOppo3ua Merainia Tpy6 (50 %), MexaHUYE CKHE MOBPEKACHHA
B PE3YJIBTATE BO3ACHCTRHA AKOPEH, TPATOBBIX IOCOK, BCIOMOTATENBHBIX CYZIOB H CTPOUTEIIBHBIX Oapik (20 %),
a TaKcke MpHUpoAHbIe mporecchl (12 %) [18].

Cpenu apapHii, NPHYHHAMH KOTOPHIX ITOCIYKHIIM IIPHPOIHBIE MPOLIECCHI, HCOOXOAUMO BBLLAC/MTH
aBapuH, TIPOHM3OIIC/IINE B PE3YIBTATE TEOJOTHIESCKHX MPOIECcCOB (TSOIOTHUYSCKHE OTIACHOCTH), KOTOpPHIE
[IPEACTABJIAIOT YTPO3Y A HEIOCTHOCTH KOHCTPYKIHH TPYOOTIPOBOAA (3€MIIETPACCHUA, OTIONI3HHU, 00BAJIBL,
Ty pOHAHbIC TIOTOKH, dK3apanus). CTaTHCTHUYSCKHE JAHHBIC B OTHOIICHHH YacTOTHOCTH BOSHUKHOBEHHSA
OTIACHBIX WHHIHHPYIOMMX COOBITHIX TIPHBOAATCH B [4].

IloaBoaHbIe JOOBIYHEIC CHCTEMBI ABJIMIOTCA MPAKTHYSCKH O€30MACHBIMH ¢ TOYKH 3pEHHA BO3JCHCTBUA
Ha 0OCIIY;KHBAIOILMIT MIEPCOHA [0 CPABHCHHIO C TEXHOJOTHAMH JOOBIYM U IOATOTOBKH I[POJYKLMH Ha
HaJBOJHBIX COOPYKCHHAX (MOPCKHX TUIABYUHX HedTerazoqoOBIBalOIIX KOMIUIEKCAX, MOPCKHX IUIaT-
dopM) ¢ MOCTOSHHBIM TPHCYTCTBHEM MepcoHama. OfHAKO HMEIOTCS OTPAHHYECHHUA NPHMEHEHHS
MOABOAHBIX AOOBYHBIX KoMIDIeKcoB (IIJIK) Ha MeNKoBOJbEe 3aMep3alolUX MopeH H3-3a BO3MOXKHOTO
[IOBPEKACHHA ITOABOAHBIX CHCTEM KMJIAMH TOPOCOB H CHOKHOCTBIO OOCIYKUBAHUS H PEeMOHTa 0ObEKTa B
MepUOA TETOCTaBa.

Ha HauambHBIX CTaHAX HHKCHEPHO-TSONOTHUECKOTO H3YUCHHI MOPCKOH aKBaTOPHH OCYIIECTBIAETCH
BBIOOP TPACCHI MM IUIOIAJKH JII4 CTPOUTEIBCTBA MOPCKHX coopy:keHHH [5], [14].

B cooterctBrm ¢ ICO 13623:2017 [12] ana Beibopa Hanboxee Ge3omacHOH Tpacchl TpybonpoBoja
PEKOMEHTYETCA BBIABIATE H HCCIEMOBATH CIASAYIONIHE TEOJOTHYESCKHE OTACHOCTH:

3EMIIETPACSHHUS U WX BTOpUYHBIE 3 PekThl (pazKHKEHUE TPYHTA, OMOJBHU U T.A.);

VYAaCTKH CHITBHO PAaCcUIEeHEHHOTO penbeda;

OTTOT3HEOTACHBIE VYACTKH JTHA;

SpO3UL TPYHTA;

MUTPAIUI HAHOCOR;

ocaJKa TpyHTa;

cabble JOHHBIS 0CAJIKH,

ra30HACHIIIEHHOCTh TPYHTOB;

abpasud.

Cormacuo T'OCT P 54382-2011 [1] x TpeOyronmmM H3yYSHHS T€OJOTHYESCKHM OIIACHOCTAM OTHOCHTCA
3eMICTPACEHHS, PAa3KIDKEHUE TPYHTOB, HEYCTOHUYHMBOCTH MOPCKOTO JHA, MYThEBBIE IIOTOKH, JPO3HI,
[POCAJKH IPYHTa, SK3aPALs, POCT MOPCKUX OTJIOKCHHI, 11€CUAHBIE BOJHEBI, 00HAKCHUS CKAJIbHBIX IIOPOJL,
CKOIUIEHHE 0CaKOB, ITyOOKHE BIIAHHEI.

B cooteetcteru ¢ CTO Tasnpom 2-3.7-576-2011 [13] K Te€ONOTHYSCKHM OIMACHOCTAM OTHOCATCH
3eMIIETPACEHHUS, OIIOJI3HH, 0OBaJbl, CYCTIEHIHOHHBIE TIOTOKH, [IPOCEJaHHE MOPCKOTO JHA, MHOTOJIETHE-
Mep3JIble, Ta30HACKIIISHHBIC H Ta30TH/IPATOHACHINIEHHBIE TPYHTHI, 9K3apals, abpasHs, MHTPALiA AOHHBIX
HAHOCOB, BaJIYHBI, OOHAXKEHHUSI CKANBHBIX TIOPOJ.

ComtacHo [7] TpH MPOEKTHPOBAHHH MOPCKHX TPYOOMPOBOJHBIX CHUCTEM HEOOXOJHMMO YUHTHIBATh
TaKHe TEOJIOTHYECKHE OOBEKTHl H ABJICHUSA, KaK OYECHB Cla0BIC TPYHTDI, TOJBIHKHBIC IMECYAHBIE BOJHDI,
BAJIYHHBIC IM0JI1, SK3aPALHOHHBIE GOpozp! (IUIYTMapKH), KOPAJUIOBEIE CKalbl, IIOKMapKy (aHDI. pockmark —
KOHYCOBHIHBIE KpPATEpPbl HA TIOBSPXHOCTH MOPCKOTO JIHA, BBI3BAHHBIE SIH30AMYECKHM BBIXOJIOM Taza
yepes AOHHBIE OTIOKEHHA) U Ta30BbIE BOPOHKH.
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Puc. 3.1 MopggoaHbIi pobbiBatowwmii komnneke (MAK) n noasogHble Tpy6onposogbl (MMT): MaHUGONbA,
[06bIYHbIE CKBXMHbI C MOABOAHLIM PACMONOXKEHNEM YCTbsA C 3aLUNTHBIMW KOHCTPYKLMAMU W NOABOAHbIE Tpy6onpoBoab! [2]

32 OBLWWME TPEEOBAHUA K MHXEHEPHO-TEONOTIMYECKM NCCNEJOBAHNAM

VHXXeHepHO-reonornyeckme uccnefoBaHMs Mo TpaccaM MOABOAHLIX MOPCKMX Tpy6omnpoBoaoB
NPOBOAATCA B LeAAX W3YYeHUs T[e0fIOrMYEcKOro CTPOEHUS AOHHbIX TFPYHTOB C MOCTPOEHUEM
WHXXEHEPHO-Te010rM4yecknx KOMOHOK 1 pa3pe3os, NPOBeLeHNs CTaTUCTUYECKOV 06paboTku pesy/bTaToB
NabopaTopHbIX WUCCNef0BaHWA TPYHTOB, OMNpeAeneHUss HOPMATMBHbLIX W PacUETHbIX XapaKTepucTuK
FPYHTOB, MOCTPOEHME pacyeTHON MOAENN FPYHTOBOrO OCHOBaHWS.

MocnegoBaTenbHOCTb U METOAMKA BbIMOAHEHMS paboT:

1 VIHXeHepHble M3bICKaHUA:

.1 6ypeHvie 1 Npob600TOHOP JOHHBIX IPYHTOB;

.2 HaBMUraunMoHHOe 06eCreyeHue;

.3 nabopaTopHble UCCNefoBaHUA [OHHbLIX TPYHTOB;

4 MeToauKM onpeaeneHnst U3MYECKNX CBOMNCTB JOHHbLIX FPYHTOB;

2. CTpoeHue, COCTaB U CBOWMCTBA JOHHbLIX FPYHTOB:

.1 cTpoeHMe paspe3a rPYHTOBOr0 OCHOBaHWUS;

.2 COCTaB U (hU3NYECKMe CBOWCTBA FPYHTOB U MHXXEHEPHO-Te0N0rMYecKUX 3M1eMEHTOB;

.3 fedhopMaLMOHHO-NPOYHOCTHbIE CBOWCTBA FPYHTOB;

3. OthopmneHme oTyeTa NoO NPOBEAEHHLIM paboTam.

3.3 VHXEHEPHO-TEOJIOTMYECKWE NCCNTEAOBAHWA MO TPACCE TPY KOI IPOBOJA

331 B kauvecTBe mpumepa B HacTOAWMX PeKOMeHAaLuMAaX paccMaTpuBaEeTCsl Yy4YacTOK Tpacchbl MOPCKOro

NoABOAHOro TPy60npoBoAa OT MOPCKOM CTaluMoHapHOl nnatdopmbl Ha Kacnuu o 6eperoBoro nepexofa ¢
06Lueli AMHOIN MOPCKOi YacTy Tpacchbl 145 kM (cMm. puc. 1.2). MapameTpbl MIT yKasaHbl B 1. 1.2 HACTOALMX
PekomeHzauuin. TpeboBaHWA K WHXEHEPHbIM U3bICKAHUAM W MapameTpam [OHHbIX FPYHTOB [AO/MKHbI
COOTBETCTBOBATL NOMOXKEHMAM 8.2.2 YacTu | «Mopckme noaBogHble Tpy6onposogbl» Mpasun MIT.
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3.3.2 Mopckue HHKESHEPHbIE H3BICKaHHA TIPOROAATCS B cooTBeTCcTBHE ¢ CIT 11-114-2004 [6]. B nemsax
H3YUYSHHS TeOJIOTHYECKOTO CTPOSHHUA BEPXHEH YacTH TPYHTOBOTO pa3pe3a, YCIOBHE 3aJleTaHHUsA TPYHTOB H
ofpeicICHHA HX GU3HKO-MEXaHHYECKHX CBOMCTE 0TOOp Mpo® AOHHOTO TPYHTA TIPOH3BOJUTCA HA IYOHHY
oT 4 mo 4,8 M, Bcero mo Tpacce IpejaycMmarpupacrca 16 craHipmi otbopa mpob. OtOop mpobd Obin
OCYIIECTBIIIETCA BUOPOMOPIIHEBOI TPYHTOROIH TpyOKoii ¢ Manoro ruaporpaduyeckoro cyaHa I'C-194 B
YKa3aHHOH HIZKE MOCTSAOBATEIBHOCTH.

CymgHO BBIBOAMTCA B TPOSKTHYI0 TOYKY OTOOpa Mpo0 M 3aKpeIlIfercd Ha IKOPAX, TMOCIE Yero B
33JaHHOIH TOYKE Ha JHO OITyCKacTcd JOHHAad paMa TpyOKu. BrimoucHHe BHOPAIHOHHOTO MEXaHH3Ma,
00ecIIeUHBalOMIEeTO 3armyOieHHe TpYOKH B TPYHI, OCYIECTBISETCA C TOMOMIBIO MVIBTA YTIPARJICHHA,
PAacToJIO:KEHHOTO Ha 0OpTy cyaHa.

B Lenax coxpaHeHH €CTECTBEHHOH BJIa:KHOCTH IPOOHI HEHAPYILECHHOTO CJIOKEHUS (MOHOJIHTEL) cpa3zy
ke mapaduHipyroTca. OOpasipl TPYHTOR HAPYIIEHHOTO CIOKEHHS cpa3y TMOCie 0TOOpa 3almaHBalTcsd B
MOJIMITHIICHOBBIE MaKETHI.

BypeHnne Ha Tpacce TpyOompoBojna Ha 5 ckeaxkuHax (or 5,9 go 11,6 M) nporogutcd ¢ OypoBoro
noHToHa [ITC, mpeacTaBidIoOIEro coboil HECaMOXOAHYIO IUIABYYYI0O TEXHOJIOTHYECKYIO IUIAT(hopMy
KaTaMapaHHOTO THIIA, OCHAIIICHHYIO OypoBoil BBIMKOH, OypoBbIM cTaHKoM 3HU®-650A H AKOPHBIMU
nebeAKaMi I MO3HLOHHPOBaHHSA Ha Touke OypeHHS. IIpH 5TOM HCHOAB3YETCS YAAPHO-KAHATHBIN
cTrioco0 OypeHHS; CKBaXKHHBI 3aKJNAJBIBAIOTCH C YUYETOM PE3YJBTATOB HMHTEPIIPETALMHU CEHCMOAKYCTH-
YECKUX JAHHBIX.

HapHralioHHO-TCOAC3HUECKOE 00CCIIeUeHHE TIPEAYCMArPHBAET TIPEABAPHTEIBHOES TUIAHHPOBAHHE
PAacToIoKeHHA ToYeK 0TOOpa Mpod H OYpeHHS B COOTBETCTBHH ¢ TPeOOBaHUAMH TEXHHYECKOTO 33aHH4,
a TaKKe TOCHeAYIoNIee 00ecIeYeHHe BHBOAA CY/THA B 3aIUIAHUPOBAHHBIEC TOUKH.

O06paboTKa TIONEBEIX MaTEPHANOB BHITIONHASTCS Ha OOPTY 06 CTIEUHBAIOMIETO CY/IHA B COOTBETCTRHH
co CHulIl 11-02-96 [l16] u CII 11-114-2004 [6]. Bce omepammu 1o oTOOpY, KOHCEPBAaLHH,
TPAHCIIOPTHPOBAHHIO H XPaHEeHHIO 00paslioB (MOHOJHTOB) IS JAbOParopHBIX HCCICAOBAHHWI BbI-
MOMHAIOTCA B cooTBeTcTBHH ¢ [TOCT 12071-2000 [17].

3.3.3 JlaboparopHble HcClIeOBAHUS IPYHTOB TIPOBOJATCS B COOTBETCTBHHU ¢ TpeGoBaHHAMH
TEXHHYECKOTO 3aJaHHA C LGB0 OTIPeaeIcHHT KOMIUIEKCHOM XapaKTepHUCTHKU HX COCTaBa, (GHU3HMYECKHX
H MEXaHWYECKUX CBOHCTB.

3agayaMu JAHHBIX HCCHSTOBAHUM ABISSTCS CINETYIOIEE:

OTIpe e TEHHE TPAHYJIOMETPHUESCKOTO cOCTaBa M GH3HUECKHX CBOMCTB TPYHTOB 1o cTaHmapram I'OCT;

ollpe/ieIeHHE TPAHYJIOMETPHUYESCKOTO COCTaBa, IPEJeloB M HHJIEKCa IUIACTHYHOCTH TIPYHTOB IO
ctaHgapramMm ASTM;

OTIpe e IeHHE YASIBHOTO 3ISKTPHUECKOTO COTIPOTHBIASHUS 00pasiioB TPYHTOB;

oIpeieIEHHE COMeP:KaHM KapOOHATOB, OPTAHHYECKOTO BEIECTBA, 3aCONEHHOCTH 00Pa3LoB TPYHTOB;

AKCIIPECC-OMpE/IeIeHIe HeAPEHUPOBAHHOTO CIEIIGHHS TPYHTOB;

ofpeieaeHHe Koa(dHuLmeHTa QHIBTPALMH TPYHTOB;

OIIpeJIe/ICHHE IIPOYHOCTHBIX M Je(GOPMAIHOHHKIX CBOMCTB IPYHTOB IIPH HCIIBITAHUAX B YCJIOBHAX
TPEXOCHOTO C3KaTHA IOA AeHCTBHEM CTaTHUECKUX HATpPY30K;

OTIpeIeNIEHHE CTAaTHCTHYECKHMX XapaKTePHCTHK, HOPMATUBHBIX M PAacUeTHBIX 3Ha4YeHME CBOMHCTB
TPYHTOB.

PesynbTatel na0OpaToOpHBIX HCCASAOBAHUIT TPYHTOB IO CKBaKHHAM TIO OTPe/e/ISHHIO cocTaBa H
(PH3HYECKHUX CBOMCTBA TPYHTOB, a TAKIKE HHKESHEPHO-TEOIOTHYECKHX 3eMeHTOB (I 3) cormacHo TOCT u
ASTM mpupomgatcas B tadm. 3.3.3-1 u 3.3.3-2. B cooreercreuu ¢ I'OCT 25100-95 «I'pyHTHL.
Knaccudukarnis» o Tpacce HCCISI0BAHHOTO Ta30TIPOBOAA BBRIAC/IAIOTCA:

II knace NPUPOAHBIX JUCIISPCHBIX IPYHTOB:

TpyMMa — CBA3HBIC, MOATPYIMIa — OCAJOYHEIC TIOTUMHHEpATbHBIS, BHA — IJMHUCTHIE T'PVHTHI;
PA3HOBHAHOCTD — CYIJIHHOK, W, IJIHHA.
IpyINIa — HECBA3HBIC; IOATPYINIA — OCAJOYHBEIC [TOIHMHHEPAIbHEIS; BHI — II€CYAHbIC IPYHTHI,

Pa3HOBHAHOCTh — TIECOK TIBLIEBATHIH, MEITKHUIH, cpe/HHUM, KPYITHBIA U TpaBe MCTEIH.
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Ta6nuna 3.3.3-1
HI"3-2a — MecoK rpaBedHCTbIi, HEOMHOPDOAHBINA 0 IPaHyYJOMETPHYECKOMY COCTABY, HACHIIIEHHBIH BOJOMH, raJe4HHKOBbIN

XapaKTepHCTHKA [PYHTA En. n3mMepeHHs Yucno HopmatueHoe | Koaddunuent PacuerHoe
oUpeAENeHHi 3HAYEHHE BAPHALHH 3HUUEHHE
TIpH npH
=085 |a=095
BnaxHocTs NpHpoAHas, W % 26 30,0 0,14
CTENEHb BIAKHUCTH, S, n.c. — 1,01 —
TINOTHOCTE YaCTHL, [PYHTA, pg r/c 26 2,75 0,03
TInoTHOCTL 1PYHTa UPUPOTHOH BIAXKHUCTH, P ricm’ 19 1,97 0,02 1,96 1,96
TLIOTHOCTh CYXOrO FPYHTA, pg r/em’ - 1,52 —
KoapGHIHEHT NOPHCTOCTH, e a.e. 19 081 0,14
TI'panynoMeTpHUECKHH COCTAB INpH 1,0— 05 26 16,20
Ppa3Mepe JacTHL, MM 05 —0.25 26 10,68
0,25 — 0,1 26 9,69
<01 % 3,09
0,1 — 0,05 20 5,96
0,05 — 0,01 20 0,81
0,01 — 0,005 20 049
0,005 — 0,001 20 1,21
CreneHb HeogHuposnue, Cu 16,1
Ta6nuna 3.3.3-2
HI'3-56 — raMHHCTbIE FPYHTEL: CYIIECh NBLICBATad TeKyJas
XapaKTepHCTHKA [PYHTA En. H3mepeHHs Yrcio Hopmarnenoe | Koagdrunent PacuetHoe
ONpENCNCHAH | 3HAUCHHE BapHaLHH 3HAYCHHE
TIpH MnpH
a=085|a=095
BnaxHoCTh npHpofHad, W 7€ 93 28,8 0,11
BnaxkHocrs Ha IpaHuLE TeKydectn, g % 93 23,4 0,11
BnakHOCTE HA TPAHHIE pacKaTbIBaHus, Wp % 93 18,6 0,12
Yuceno wiacrninocty, Ip % 93 4.8 0,12
[Toxasatens TeKydecTH, Iy — — 2,11 —
CTENEHDL BIAKHOCTH, S, n.e. — 0,98 —
[INOTHOCTE YACTHL, TPYHTA, pg r/em’ 93 2,69 0,02
[In0THOCTH TPYHTA TIPHPOAHOH BI4XHOCTH, p riem’ 83 1,94 0,03 1,94 1,94
[InoTHOCTB CYXOI0 IPYHIY, Pg riem’ — 1,50 —
Koad puumenr nopHcToCTH, e — 82 0,79 0,09
IpunynomerpuueCKHl cocras  upu 1,0 — 0,5 42 0,62
pasMepe YacTHL, MM 0,5 — 0,25 45 1,32
0,25 — 0,1 45 27,26
<01 % —
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
CTeneHb HEQMHOPONHOCTH, Cuit 27.1

3.3.4 B cooteeTcTBHU ¢ TpeboBaHmamH 8.2.2 yactu I «Mopckre opoaHbie Tpyoorpopoasny [Tpapua MITT
rIyOHHA W3VYEHHS ¢ OMpeeacHHEM MapaMeTpoB TPYHTOBR, KakK MPaBHIIo, TOLKHA COCTaBIATh 6,0 — 8,0 M
¢ YYSTOM Ha3HAYEHHOTO 3araybaeHus Tpyodoripososa B Tpanmiee. [Ipu HaTMYMH WIOB WM ¢ 1a0BIX TPYHTOB
riyOHHa OYypeHHd YBEIWUMBAeTCd HA DIyOHHY MX clof. Ha cTajuu BBITIONHEHHS TIPOSKTa MOPCKOTO
[IOJBOJHOIO TPYOOIpoBoJa Mo coriacosaHul ¢ PC jolyckaercd MCIOAB30BAHHE YCPEAHSHHBIX
[apaMeTPOB TPYHTOB, [MOJYUSHHBIX HAa OCHOBAHUHU PaHee TIPOBESACHHBIX M3BICKaHHI WM CIIPaBOUYHBIX
JAHHBIX, [IPU YCIOBHH BBEITIOJIHEHHSA Ha CTaHH pabo4ero MpOeKTUPOBAHHS COOTBETCTBYIOIIHX PACYETOB C
HCIIOJIB30BAHUEM 11apaMETPOB IPYHTOB, [IOJYYEHHBIX B Pe3YJIbTATe HIDKCHEPHO-TEONOTHYECKUX H3BICKAHHIH.
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Ocoboe BHUMAaHHE CeAYeT VASNATh HCCIEMOBAHMAM CIa0bIX TPYHTOB, 00MAAAI0ONMX HEA0CTaTOTHOH
HeCyMIeH cTocoOHOCTHIO A Oe30TTacHOH YKIAAKH U AKCTUIyaTaliiH TpyOorposoaa. Kak npasmiio, Takum
TPYHTaM OTHOCSTCH HEJOYTUIOTHEHHBIE HIH HOPMAaThHO YIUIOTHEHHBIE, BOAOHACHIILICHHBIE Wb, PaKyIlia,
TOpGBI, CYIIMHKM H DIHHBI TEKy4YeH M TEKyYeIIACTHYHON KOHCHUCTCHLMH (HHOTAAa K HMM OTHOCHT
JUHAMHYECKH HEYCTOHYHBBIE BOTOHACHINCHHBIE, TBIICBATHIC TICCKH MAJOH H CPEeJTHEH TUIOTHOCTH).

3.3.5 TlocTpoeHue MPOAOTBHOTO TIPOGUIA TIOABOTHOTO TPYOOIPOBOJAA B LENOM JIOKHO COOTBETCT-
BoBath TpeOopanuaM ['OCT 21.610-85 «CuHcTeMa TIPOSKTHOU AOKYMEHTAIMH JII CTPOMTEINHCTRA.
I'azocHabxeHme. Hapy:xwsie razonposoast. Pabowie yepTe:xim», offHaKO JIOJKHA OBITH YYTCHA cIeM(IKa
KOHCTPYKITHH TPYOOTIPOBO/Ia KaK MOJBOJHOTO 00BEKTa 00YCTPOICTEA H OCOOCHHOCTH €TO TPACCHPOBKH,
B T.Y. CBA3aHHAA ¢ VKJIAJKOIl €T0 Ha/B JAOHHBIH TPYHT. OCHOBHBEIM IMapaMeTPOM, Ha OCHOBAHHH KOTOPOTO
JO/DKHBI OBITh IIPEACTABICHBI PE3YJIBTAaTHl HMIDKCHSPHBIX H3BICKAHHIL, SBIMIOTCS OTMETKH IyOHH OT
VPOBHS MODPA, BKIIOYAS PACTIPE/IEICHHE JOHHBIX TPYHTOR JI0 TIIYOHH 0TOOpa 1pob U OYpeHHS POSKTHBIX
ckpaxuH. Ha mpopoxsom npodmae MITT HaHOCAT H YKA3BIBAIOT:

BEJMUHHBI PACUSTHHIX Jic(opMalpii JTHa;

rpaHuIpl Mexk Iy VD mpocae:KuBacMBIMU M TIPEIIONATACMBIMI;

KOHTaKTBl MEKAY CeAUMEHTAIIHOHHBIMH KOMILICKCAMIL,

AMILIITYAHBIC aHOMAJIHIL;

30HBI BEPOATHOTO CKOTUICHHS Ta30B B JOHHBIX TPYHTAX (TIPH HAJEUHI);

PACCTOTHHA MY OTMETKAMI,

TIHKETAX;

IIyOHHA BOJABI IIPH pacueTHOM YpoBHe B Baarhiickoii cucTeMe BeicoT — 28,0 M;

a0comoTHas OTMETKa TIOBEPXHOCTHU JTHA MOPS;

BBIcOTa BOJH 1%-HOH 00€CcTIeYeHHOCTH;

CpeaHHIl TIEPHOH, BOIH;

CpeIHsS JJIMHA BOJIH;

VIO MEXKAY HOPMAJBIO K OCH TPYOOTIPOROJA H HAITPABJICHHEM TCUCHHS,

TIPHAOHHAS CKOPOCTh TeUSHUA NMPH BONHeHUH 1%-Holi 00eCIeueHHOCTH;

TIPOSKTHPYEMBIH TPYGOMPOBOJ ¢ OTMETKaMH HM3a TPYObI;

TOYKH OTIPOOOBaHUSA AOHHBIX TPYHTOB H MX HOMEpPa, ¢ YKA3aHHEM DIYOHHEI 3aneranus rpanun] AI'D
(OT TIOBEPXHOCTH JIHA) U JJIMHBI OTOOPAHHBIX KOJIOHOK TPYHTA;

VKJIOH TPYOOIpOBOAA/[IHHA YUYACTKA,

THITOPA3MEPhI HCIOJIB3YEMBIX TPYO (TeXHHYCCKAad XapaKTEpPHCTHKA YKIAIHBACMOTO TPyOOIpoBOaa);

YISl OCH TPAcCHI, TIPSIMBIE YUACTKH,

TMPOTAKEHHOCTD, KM;

crocod YKIaaKH TpyOonpoBoaa;

crocod pa3paboTKU TpaHILEH;

croco® o0paTHOM 3aCBITTKH.

3.3.6 OnpeaeneHye BeJIMYHH 0CAJ0K MOPCKOTo TPyOONpoBoJa B JOHHOM I'DYHTe.

OrnpeieNieHHe BEIMYHH OCaJOK MOPCKOTO TPYOONpPOBOAa B JIOHHOM TPYHTE SBJISETCA BaKHBIM
aeMeHTOM mpoekTHpoBanua MIIT, T.k. OT AaHHOTO TapaMeTpa 3aBHCAT BEIMYHHBI PacUETHBIX
pozcticTBuil Ha MIIT OT BOMHSHHS M TEUCHHIA, a B HEKOTOPHIX CIy4YasX (IPH HATHYHH cJIa0bIX TPYHTOB)
H TIpOYHOCTH TpybGomposoga. HcXoAHBIMHM JaHHBIMH SBISIOTCA MOAYTH HOPMAaTbHON VIIPYTOCTH H
kos¢duruenTh I[TyaccoHa (TorepedHoit e opMaIMi) clioes, a TAKXKe HX TOJIMHHHL. [yGHHa HUKHETO
MOICTHIAIONIETO cJiof He 3afaeTcd. [lomyyaembie XxapakTepucTHKH C; U C, SBIAIOTCA KOSPPHIMEHTaAMH
MOCTEJH (GKECTKOCTH) VIIPYTOI0 OCHOBAHUSA TIPH CKATHH U CJIBUTE COOTBETCTBEHHO.

Pe3ynbTaThl MpPOH3BEJECHHBIX pacyeToB Ah4 paccMmarpupaemoro MIIT (cm. puc. 1.2) ¢
XapaKTepUCTHKaMU TPYHTOB coriacHo Tabm 3.3.3-1 uw 3.3.3-2, mpexactaBieHsl Ha puc. 3.3.6 H
B Ta0JL. 3.3.6. CorlacHO pe3yJbraTaM pPacdeTOB, BBHINOJHCHHBIX HA OCHOBAHHM TIpHBeACHHOH B 3.3.7
METOJMKH, [OJIyYCHHBIEC BEJAMYMHBL OCAJOK HAXOAATCA B IIpeJeax JOIYCTHMBIX 3HAYCHUI, B KayccTBe
KOTOPBIX MOTYT OBITH TMIPHHATH AOIycTHMBIC TIporHOB MIIT Hexoas U3 o6ecrieYeHHS €TO MPOYHOCTH.
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Puc. 3.3.6 BemunHBI 0cafoK MOPCKOTO TPYOOIIPOBOAa

Ta6numa 3.3.6
BeJdH4HHbI 0casuK MOPCKDLO TPYDoLIpuBUAA

IIK, Ne Me yyacTka Cy. kHAP Cy, KH/M Benvunna ocagky, cM
0 0—1 3479 231 11,5
1 1—2 3479 231 10,5
2 2-3 3475 231 10,0
3 3—4 3469 231 8,0
4 4—5 3460 231 6,0
5 5—6 3440 231 4,5
6 6—7 3430 230 42
7 7—38 3418 230 3,5
8 8—9 3418 230 2,5
9 9—10 3400 230 1,5
10 10— 11 3350 229 1,0
11 1 —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 OneHka NpoYHOCTH IPYHTOBOrO OCHOBAHHS Mo Tpacce MPOKIaAKHA TpyGonposoaa.

B cooreercTBuu ¢ 8.2.2 Hactu I «Mopckue moaBoaHbIe TpyOoTIpoBoaer» IIparun MIIT npoBoauMble
HIZKECHEPHO-TEONOTHYECKHE H3BICKAHUA JOJDKHEI 00ECTIEUMBATh MOIYUSHHE HEOOXOHMBIX PacdeTHBIX
XaPAKTEPUCTUK TPYHTOB, BOCTIPUMHHMAOIIIX HATPY3KY OT TOJBOIHOTO TPYOOTIPOBOAA, /U 00eCTIeUeHHUS
pPAacUEeTOR:

0caoK H KOHCONHIALMI TPYHTOBOTO OCHOBaHMS,

MECTHBIX KOHTAKTHBIX HAMpMKEHHI (ec He0OX0AHMO);

JUISL MEPOTIPHSITHE TI0 YCTPOMCTBY TpaHIIeH WM YKpPETICHHS TPYHTOB;

JUHAMUYECKOH yCTOHUHBOCTH TPYHTOB MPH ceHCMIYECKHX, BOMHOBBIX M JTEJOBBIX HATPY3Kax.

Ilenpio pacdeTa ©OCHOBaHHII Mo JAedopMalUIM 4gBIAETCS OTPAaHHUYEHHE aOCOTIOTHBRIX HIH
OTHOCHTEJIBHBIX ITepeMEINCHHI TaKHUMH [IpeeIaMH, IIPH KOTOPBIX FapaHTHPYETCd HOPMaJIbHA4 BKCILIya-
Tauug MITT u He CHIDKAIOTCA €T0 FKCIUTY aTaLHOHHBIC MTapaMeTPhl BCIEACTBHE TTOABISHIUS HEJOITY CTUMBIX
OOIIHX U HEPAaBHOMEPHBIX OCAJOK, IIOJIBEMOB, KPSHOB, H3MEHEHHI NIPOSKTHBIX YPOBHEH H ITOIOMKEHHUI
KOHCTPYKIHH, HapyIIeHHH HX coeJHHeHHH H T.01. IIpH 3ToM mpouHocts MIIT mposepeHa pacdeToM,
YUMTBIBAIOIIUM Y CHIIHA, KOTOPEIE BO3HUKAIOT TIPH €T0 B3aHMOAEHCTBHU ¢ IPYHTOBBIM OCHOBAHIEM.

B cootpetctBuu ¢ 5.6.5 CII 22.13330.2011 [10] pacdeT ocHOBaHHI TI0 JeOpMALIM TIPOH3BOIAT
HCXO/ H3 CJISIYIOMETO YCIOBHS:

LE (3.3.7-1)

e § — OcaiKa OCHOBaHMA (yHIaMeHTa (cOBMecTHas JedopMAIHd OCHOBAHHS H COOPYREHHA),
§, — TIpeNeNbHOE 3HAYEHHE OCaIKH OCHOBAaHHS (yHIaMeHTa (COBMECTHOH AedopManFH OCHOBAHIA H COOPY-
KEHHA), YCTaHABIMBAEMOE B COOTBTCIBMM ¢ 5.6.46 — 5.6.50 |10].

PacucTHas cxeMa OCHOBAaHUA, HCIIONIB3yeMad /U OIPeAC/ICHUS COBMECTHOM JedhopMalli OCHOBAHHSA
H COOPYKEHHS, JOJDKHA BBIOHUPATHCH B COOTBETCTBHM ¢ 5.1.6 [10]. Pacuer nedopmaimii ocHoBaHHS
(dyHIaMEHTa NpH CpeHEM JAABJICHHH TOJ TOJOMBOH (yHIaMeHTa p, He NPEBBHIMIAIOINIEM pPacyeTHOS
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COMpOTHBJIEHHE I'pyHTa R (cM. 5.6.7 [10]), cneayeT BBIMONHATH, MPHMEHAI PAcUYECTHYIO CXEMY B BHJIE
THHEHHO Je(OopMHpYyeMOro monyrpocTpaHcTBa (M. 5.6.31 [10]) ¢ yCIOBHBIM OTPAaHHYCHHEM TIYOHHBI
cxkuMaeMoH Tomuu A, (cm. 5.6.41 [10]).

Jms nipeaBapUTEIBbHEIX pacucToB AcdopMaLii ocHoBanus ¢yHgaMeHTOB coopyskermii 11 u Il yposweit
OTBETCTBEHHOCTH TIPH CPe/THEM JABJICHHH TT0J MOAONIBOI (YHIAMEHTA p, He TIPESBHINIAOIIEM PacYETHOS
COTIPOTHBIEHUE TpyHTa K (cM. 5.6.7 [10]), molycKaeTcd MPUMEHATh PACUETHYIO CXEMY B BHJAE JIMHCHHO
JAedopmupyemoro ciod (cM. miprutoxkenrie I' [10]).

Ocajgxy ocHoBaHUS (YHJAMEHTa S, CM, C HCIIOJIB30OBAHHEM PAcUETHOH CXEMbl B BHJAE JIMHEIHO
JAedopMIpyeMoro MoaympocTpaHcTBa (cM. 5.6.6 [10]) onpeAeIMIOT METOAOM TIOCTOHHOTO CYMMHPOBAHHA

no gopmyne

5 =P 2 G=1)(0zp, M VE:, (3.3.7-2)
TIe B=0,8 — GespasMepHEIH K03 QHIHEHT,
Gyp,; — CPElIHEE 3HAUEHHe BEPTHKANBHOTO HOPMAIBHOIO HAMpPSLKEHHA (Jaleeé — BEPTHMKATBHOE HAIPSKEHHE) OT

BHeIHeH HATPY3KH B j-M CJIO€ TPYHTA 10 BEPTHKAIM, IIPOXOAAIIEH uepes LEHTP IIONOIIBH QYHIaMEHTA
{em 5.6.32 [10]), xIla;
h; — TONIUMHA §-1'0 CJIOS IPYHTa, CM, TpHHIMaeMad He Gonee 0,4 mmpHAHbl QyHAaMEHTa,
E; — Monyms gedopMati i-ro ¢I0S IPYHTa 110 BETBH IIEPBHYHOTO HATPYXKEHHS, Klla,
1 — UYHCIO CMOER, Ha KOTOPHIE pastHTa CEMMAcMas TOMNA OCHOBAHHA

CxeMa pacripe/le IeHUS BEPTHKANBHBIX HATIPMKESHHH B JMHCEHHO-1e() OpMHPYEMOM MOV TIPOCTPAHCTBE
IpejcTaBieHa Ha puc. 3.3.7.

Prc. 3.3.7 CxeMa paclipefellcHH BePTHKANBHBIX HAPAXeHHH B IHHEHHO-1eQopMUPYEMOM TTOMYIIPOCTPAHCTBE
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IIporepka MPOYHOCTH TPYHTOBOTO OCHOBAHHA (TPYHTOBOTO ocHOBaHHA moj MIIT, B T.4. B TpaHIIce)
BBIMTONHAETCA TAKKE ITyTEM OIIPe/IeICHUS PACUETHOTO COTPOTHBICHUS TPYHTA OCHOBaHHA. B cooTBeTcT-
Bul ¢ 5.6.7 [10] mpu pacueTe jedopMalii OCHOBAHHS (DYHIAAMEHTOB C HCIIOJNB30BAHHEM YKA3aHHBIX
BBIILIC PacdeTHBIX CXE€M CpeIHEE JABJICHHE IIOZ ITOAOMIBOH (yHJaMeHTa p HE MODKHO IIPEBBIIATH
PAacyYETHOTO COIIPOTHBJIEHHA TPYHIA OCHOBAHHS R, OMpeeaIeMoro no gopmye

K= vc}grczwybyu M dyyn tMocn ), (3.3.7-3)

rie Yo H Y.z — KoodrmmeHTE yemonmit paborsl (oM. Tabm. 5.4 [10]);

k — ko> dHIHeHT, TpHHMMaeMEI k=1, eci IPOYHOCTHBIE XAPaKTEPHCTHKH IPYHTa (@p H Cp) ONpPEAeiIeHb
HETIOCPECTBEHHBIMI HCIBITAFISIMIL, H &= 1,1, €CITH TPOYHOCTHEIE XaPaKTEPHCTHKH ITPHHATHL B COOTBETCTBHH
¢ npHnoxkenHeM b |10];

M, M, M, — Ko3((HITHENTH, MPHHHMaeMbIe B COOTBETCTBHH ¢ Tall. 5.5 [10];

b — nnipHHa momoImBE GVHOAMEHTa, M (B PAcCMATPHBACMOM CIIy4ac MOeT OBITh IIPHHSATA PABHOH BHEIHEMY

JHAMETPY TPYSOIIPOBOIA ¢ TIOKPHITHAMH),

dy — TyOHHa 3aloXeHHd QYHIaMeHTa, M (B PACCMATPHBAcMOM CIIy4ac IIPHHHMACTCA PABHOH BemuHiHe ocafki MITT
B JOHHEI TPYHT MJIH ITTyOHHE TPaHIICH ),

Yo — OCPEIHEHHOE B COOTBETCTBHH ¢ 5.6.10 [10] pacueTHOE 3HAYEHHE YAETTBHOTO BECa TPYHTOB, 3alleTafoIHX HHKE
nomotnBsl hyHZaMeHTa, KH/M;

Y — OCPEIHEHHOE B COOTBETCTBHH ¢ 5.6.10 [ 10| pacueTHOE 3HaAYeHHME YASTIBHOTO BEca I'PYHTOB, 3A/ICTA0IIMX BHIIIE
TomotmBEl hyHZaMeHTa, KH/M;

¢y — PacueTHOE B3HAYEHHE YIENBHOIO CLEIUICHHS IPYHTa, 3aJ€ralollero HEMOCPEACTBEHHO IOX ITONOMIBOH
dyrmamenra (cM. 5.6.10 [10]), xIla.

Taxke MPOYHOCTE OCHOBAHUS MOXKHO OTIPE/IENIHTH ¢ TTOMOIBI0 ko3¢ duipeHTa noctemu C, KOTOPBIH
BBIUMCIACTCA 110 OCPEJHCHHBIM 3HAYCHHAM Moayia JAedopMauuu E,,; U koddduimieHra Ilyaccona
(monepeyHoii AedopMali) rpyHTa v, onpeaenseMoro mo Tabm. 5.10 [10]:

_ Esoi:f
¢y _EU—TZ)' (3.3.7-4)
KoadpdmmpieHt moctemu C, onpeaenseTcsa no ciaeayomeii opmynre:
CLHA(1 =202
Ca =%. (3.3.7-5)

JloCTaTOYHO TOJIPOOHO PACCMOTPEH KOMILIEKC BOMPOCOB IO B3aUMOJCHCTBHIO TIOJBOJHOTO TPyOO-
MIPOBOJa C TPYHTOREIM OCHOBaHHEM B [19].
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4 PACUETHBIE HATPY3KH, JTEMCTBYIOIHE HA MOPCKOM TPYBOIIPOBO/]

4.1 OBIIIHUE TPEBOBAHITA K PACUETHBIM HAT'FY3KAM

PacuetHsle Harpy3ku (0¢3 yueTa cAVYaiHBIX H aBapHHHBIX HATPY3O0K, a TAKXKE BO3ACHCTBHH TPETBHX
L), JekicTByromme Ha MITL, NO/GKHEL BKIOYATh BHEIUHME HAIPY3KU B 3aBHCHMOCTH OT YCJIOBHH
AKCTUTYATAL[MM, HCTIHITATETBHBIC HATPY3KH U HAaTpPy3KH TNpH MoHTaxke Tpybomposoga. K pacueTHBIM
Harpy3kaM OTHOCATCH CJICTYIONIHE HATPY3KH:

BeC TPYOOIpoBcaa (B BOAE H Ha BO3AYXE);

BHYTPEHHEE JaBJICHUE TPAHCTIOPTHPYEMOM Cpepl;

HAPYKHOE JABJICHHE BOJbL ¢ YUSTOM KOIeOaHHIT ypOBHA BOABL 34 CUET MPHIMBHO-OTIMBHEIX ABICHII H
BOTHESHMUM,

celicMHYECKHE BO3ICHCTRHA;

BO3ACHCTBHA TCUSHUIL,

BO3JCHCTBHA BOJIH;

TEMIIEPaTyPHBIE BO3ACHCTBHA.

B cooteercteum ¢ 2.1.1 yactu [ «Mopekue nogsogasie Tpyboriposoab» Tpasun MITT pacyerHas
BETMYHHA KaKIOTQ U3 YKa3aHHBIX BHITIE BHJA HATPY30K JODKHA OBITH YMHOMKEHA Ha COOTBETCTBYIOMIHIA
KO3 PHITHEHT 3HAYMMOCTH KOMITOHEHTOB HATPY3KH ¥ > 1,0, YYHTHIBAIOIMI TOYHOCTD ONPEACICHHS TOH
HJIM HHOH pacueTHOH Harpy3KHM H ¢TaDUIBHOCTH ¢ JAcHcTRUA (cM. Tabm. 4.1.1).

Tadnuma 4.1.1
KoappuipeHr bl 3HAMMMOCTH KOMITIOHEHTOB HArPY3KH

Bup Harpyskd ¥

Bec TpyGonporofa H BCIIOMOTATENBHEIX KOHCTPYKIHH 1.1
BHYTpeHHEee JJABIIEHHE:

13 Ta300POB O OB 1,1

10t HeTempoBoN OB H HedTENPONYKTONPOBO/OB 1,15
HapyxHoe /jaBleHHe BOAbl C YUETOM KONCOAHHIH YPOBHA BOAbl 38 CHET NPHIHBHO-OTUHEHbIX ABIEHHHA n BONHEHHA 1,1
JlaBnenne rpyHTa o0BATOBKH/3ACHIIKH TPYOONPOBO/A B TPAHIIEE 1,4
ObueneHenne 1py0ONPOBOLA B CIIYYAE TPHHCUOPTHPUBKH CPEAbL © UTPHUATENBHOH TEMUEPATYPOH 1,4
Celic MHUECKHE BO37ICHCTBHA 1,1
BosmeicTBHE TeueHMs 1,1
BozpelicTeHe BONH 1,15
BozmeticTere BeTpa (A4 HA/IBOJHBIX YHACTKOB) 1,1
TemnepaTypHBIE BO3AEHCTEHA 1,0

4.2 PACYETHOE JTABJIEHUE

PacueTHO® maBieHHS B TpyOOIIpoBoae p,, Mlla, onpenengerca B cooTheTcTBHU ¢ 2.2 vacTu I «Mopckuie
moABOAHEIE TpyOompoBoab» Ilpasun MIIT (umMcieHHBEIE 3HAYSHHSA [MapaMeTPOB COOTBETCTBYIOT
pacyeTHOMY TIPHMEPY, VIIOMIHYTOMY BBIIIE):

Po=(P;—Pgmin) TAp=8,0 Mlla, (4.2-1)

tae p; = 8,0 MIIa — BHYTpeHHee padouse NapTeHHe B TPYGOIIPOBOAE;
Pgmin — MHHHMAIBHOS BHCIUHEE THAPOCTATHYCCKOS NaBIeHHe Ha TpyGomposos, MlTa;
Ap — mofapouHOe pacueTHOe maplerne, MIla, yuMTEBaroee JaBIeHHe CTPATHBAHI TPAHCIIOPTHPYEMO# cpensl B
TPYOOIMPOBOAE WM JaBlleHHe THAPaBIIHMYECKOTO yAapa b TPYDOIPOBOME, UTO XaPaKTepPHO Al TPyGoIpo-
BOIOB, TPAHCIIOPTHPYIONINX AHJKYI) WM AByxbasHyIo cpeny. [IpH TPaHCIIOPTHPOBKE Ta3000pasHEX cpex
pacueTHOS TaBIICHHE IIPHHMMACTCS PABHEIM MAKCHMATIBHOMY padoueMy TarleHrIo (Ap=0).
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MuHuMaTbHOE BHEIIHEEe TU/APOCTATHYECKOE JABNEHHE HAa TPYOOTNPORBOA 3aBHCHT OT TJyOHHEL
aKBATOPHH M XAPAKTEPHUCTHK BOTHEHHA (3/lech H Aalee YKA3aHBI YHCIEHHBIC 3HAUSHHSA TIApaMeTPOB A
paccMarpHBagMOTO PacYeTHOTO CIy4as) H OMpeJe/MeTcs Mo CIeAyIome gopmymne:

Pgmin=Pw& (in— 1,/ 2)1075=1010-9,8(9,6 —4,9/2)10~°- 0,071 Mila, (4.2-2)

Tae py=1010 KI/M> — IDIOTHOCTH MOPCKOFt BOZEL,
g — YCKOPEHHE CBOGOIHOTO TIafeHHs, M/c’,

dnin=9,6 M — MHHMMATbHEIH YPOBEHD THXOH Bozl,'bl2 II0 Tpacce TPYGOTIPOBOZAA, YHHTHBAOIIHE MPHITHBHO-OT/IHBHEIE SBIICHHIL
M HarOHHI ¢ o0ecmeueHHocThio 10~ 1/Tom,

h,=4,9 M — pacyeTHag BHICOTA BOTHEI Ha IPOSKTHPYEMOM YY4cTKe TPYSOIIpPOBONa ¢ obecmedsHHocTs0 10 ™2 1/Toy,

B ciayuae eciIH MUHUMAJBHOE BHEIIIHEE IHIPOCTATHUECKOE JaBICHHE Ha TPYOOIIpoBox (OT H3MEHEHN ]
YPOBHS BOJBI M BEICOTHI BOAH) He mpepbImaeT 0,1 Mlla (3 nanHoM mipumepe (0,071 MIIa), To oHO MOKET He
YUHUTHIBATBCSA B PACUSTHOM JABIICHUH.

4.3 OIIPE/IEJIEHHE HATPY30K OT BO3IEACTBHS TEYEHWS 11 BOTH

Harpy3ku oT BO3AcHCTBMA TeusHUM H BOJMHEHHA (MOCHSTHHME CJEAVET VUMTHRATD Ha IMyOHMHAX,
MPHMEPHO PABHBIX H MEeHee Be IHMUNHE AJIMH BOTH) I He3arayONeHHEIX B JOHHBIH TPYHT TPYOOIIPOROAOB
JODKHEL OTIPEeIAThCd HA OCHOBAHMM JAHHBIX WHKECHEPHLIX M3HICKAHHI, B PE3yILTaTe KOTOPHIX, B T.4.
JIOJCKHBI OBITH OIpPEJSIICHEl HAIIPaBISHHS ACICTBHA TCUCHWH M TaK HAa3bIBAGMBIC BOJIHOOIIACHELIS

HaTIPaBIECHHUA (HATIPaBIeHHI BOJHOBOTO (HPOHTA) AL Tpacchl TPYOOIPOROJAa UM €T0 OTACHBHBIX
yuyacTKoB (oM. puc. 4.3.1-1).

-

oo
/

Lo
1
(-8
[=1

B =26

> /b
rrpyﬁonponu}{ /

B =52
' B =54
Q B =55
=60

Puc. 4.3.1-1 PacueTHas cxeMa K ONMpeIelicHHIO COCTABJIFOITHX CHIIOBOTO BO3AEHCTBHA Ha TPyGOIPOBOX;
@ — cxeMa feficTBHS TeueHH i, & — cXeMa paclipocTpaHeHH: QpPOHTa BOMHEHHA

Jnd onpeqereHUS PacHeTHBIX HATPY30K OT BO3ACHCTBHA TEUEHHS U BOIH HECOOXOAHMMO OTPEJICIHTH
HalpaBJeHHe HX JACHCTBHA B 3aBHCHMOCTH OT Y4YacTKa Tpacchl TpyOorporoja. Ha puc. 4.3.1-2
[IPeJICTABNIEHO HAIIPAaBICHHE CKOPOCTEH TeYeHHMS M BOJH OTHOCHTENBHO YYACTKOB MEKAY IHKCTaMH

Tpaccel TPyOOTIpoBOfa, a TAIGKe YTOJI MEKTY BEKTOPOM CKOPOCTH H HOPMald K TPyOOMpOBOAY Ha
BBIOPAHHOM YYacTKe.
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Prc. 4.3.1-2 HampaBiieHHe CKOPOCTEH TeUEHHA/BOITH OTHOCHTENHHO YYACTKOB TPACCEL MOPCKOTO TPYOOIIPOBOIa

B Tabm 4.3.1-1 npuBeJcHH JaHHBIE [0 HAIIPaBICHUIO CKOPOCTeHM TEUEHHUA/BONIH OTHOCHTEIBHO
VYacTKOB TPACChl MOPCKOTO TPYGOIPOBOJA.

Taduuuwa 4.3.1-1
HanpaeaeHre cKopocTeil Te4eHH/BOJIH DTHOCHTEJIBHO YUACTKOB TPacchl MOPCKOTO TPYGONPOBOAa

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

Yroa, rpag. 45 45 24 24 11 0 15 15 27 27 27 27 27 27 27 0

BenMUMHBI TOTOHHBIX HATPY30K: TOPH3OHTAIBHOH F, ;, BePTHKAJBHOH F,., W cyMMapHoH F, oT
TedeHud, H/M, ompejenaroTed o clegylonmM GopMynam:

2
F,p=c, %@Da; (4.3.1-1)
2
Fop=c, 2220, (431-2)
Fo=Fi, +F2,, (4.3.1-3)

e V,=0,68 M/c — NPOCKIMI pPacdeTHOH CKOPOCTH TEUSHHA Ha HOPMaub K OCH TPyGOMpOBOZa Ha 1uyGHHE YCTAHOBKH
TPYOONPOBOAa, ONpEACIeHHasd 19 JAaHHOTO reorpadyeckoro paiioHa ¢ 06eCTIeueHHOCTHIO 102 1/ron Ha
OCHOBAHWY MHXCHCPHBIX H3BICKAHHI,
Cy, C; — KOR(OHIHEHTHL COLPUTHBIIEHHS TPYOOITPOBOYA,
D, — HapyxHBIH AuaMeTp TPyOOIpPOBOaa, M.

B cooTteeTcTRHE ¢ 2.5.2 YacTh I «Mopckue ogBoaHbie TpyOonposoasn: IIpasmn MITT, kosdduigieHT
COTIPOTHBJICHUA TPYOOIIPOBONA ¢,, JEHKAIUETo Ha JHE, ompeaciaserca o rpapuky Ha puc. 4.3.1-3 B
3aBUCHMOCTH OT YHciia PeiliHommbica Re H OTHOCHTEINIBHOI 1IEPOXOBATOCTH HAPYKHOM IOBEPXHOCTH TPYOBI
(aHTHUKOPPOZHOHHOTO MM OaJUIACTHOIO IOKPBITHIL), KOTOpoe ompefengeTca Mo Gopmyne (YUHCICHHbIE
3HAYCHHS [IAPAMETPOB COOTBETCTBYIOT PACUCTHOMY IIPUMEDPY, YIIOMIHYTOMY BHITIE):

Re=V,_D,/v =0,68-0,35/12-107° = 2.10%, (43.1-4)

r7e v=1,2-10"°% m*/c — KuHeMaTHUecKas BASKOCTb BOZEL,
¢, — K0oh(HIMEHT COMPOTHBIICHHS llJyGOHpOBozla, JIeKANIero Ha JHE,
P — TIIOTHOCTH MODCKOH BOubL, KI/M
D, — HapyXHBIH JHAMeTp TPYOBL M.

Kpome Toro, BemmumHa ko3¢ HUHEHTOB compoTHBIcHHS TpyOompoBoga ¢, H ¢, 3aBHCHT OT
MOJIOKECHHS TPYOOIPOBOJa OTHOCHTEJIBHO Mopckore jHa (cM. 2.5.3 yactu 1 «Mopckue 1oABOJHBIS
TpyOomnposoas» IIpasua MIIT).

Pesynprarsl pacueTa Harpy3sok, JecTBYIONMX Ha YVYACTKH MEXKIY MEKSTAMH IO Tpacce Hesarmyo-
JICHHOTC MOPCKOTO TMOABOAHOTO TPYOOIIPOBOAA OT TEUCHHA, IIPEACTaBICHE B Tadm 4.3.1-2.
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Pue. 4.3.1-3 I'paduk xordduimenTa ¢, oT urcna PefHOTBACE H OTHOCHTENBHOH IEPOXOBATOCTH IIOBEPXHOCTH TPYOHL &
1 —k=0,2—k=5010"*%3—£k=2010"%¢4—£k=4010"%5—k=5010"%6— k=7,010"3
7 —k=9010"%8—k=2,010"2

Tatnupa 43.1-2
Harpy2kH Ha MOPCKOH 104 BUJHBIH TPYOULPUBOL UT TeYEHUN

TIK, Ne o, Tpaf. cos o Veosa, M/c Cy c, F, . Hum 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

IloroHHas ropH3OHTadbHAasg BOJNHOBasg Harpyska Ha TpyOomposop F,, , H/m, ompencasercda mo
dhopmyne

Fyp=\Fa.+t+F2, (4.3.1-5)
rae F\, ; — TOTOHHAA Harpy3Ka OT BOSACHCTBHS CHII CONPOTHRICHHS, H/im,

V2
F.=cq®52Dy; 43.1-6)

F, ; — TOrOHHas HarpysKa OT BO3AeHCTBHS HHEPUMOHHBIX CHIL, H/M;
Fi=c; 2252D7; (43.1-7)

V,y — TIPOSKLMA PacyeTHOH CKOPOCTH BONHOBOTO ABMKCHHS YacTHI] BOAbl Ha HOpMaubs K OCH TPyOOIpOBOZa Ha
IIyOHHE YCTAaHOBKH TPYOOMpOBOAa, M/¢ (CM. IIpHIIOXKEeHHE | K HAacTOMIEMyY pasieiy);
a,, — TPOSKIHs YCKOPEHHS BOHOBOTO ABH)KEHHSA YAacTHI] BOAEL HA HOpMalb K OCH TpyGONMpOBOZa Ha ITTyGHHE
YCTAHOBKH TPYGOMpPOBOJA, M/c> (oM. MpHIOxeHHe | K HACTOSIIEMY pasiely);
Pw> Da — commacHo dopmynam (4.3.1-1) — (4.3.1-4);
Cg, ¢; — KO3(HITHEHTH COMPOTHBIIEHHS IIPH BOMHOBOM JBHKCHIH YacTHILL BOAbL.
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Harpy3ku 0T cOBMECTHOTO BOZJSHCTBHUA BOJMH H TEUEHHMH B 3aBHCHMOCTH OT HMX PacUeTHBIX
XAPAKTEPHCTHK, TIAPAMETPOR TOJIBOTHOTO TPYOOIPOBOa M €T0 Tpacchl OMPEJENMIOTeS corfacHo 2.6
qacTu [ «MopcKHe TIOABOJHBIE TPYOOIIPOBOABI H MPHIOKEHNI 2 K JJAHHOMY Pa3Jiey, IJe YUHTHIBASTCA
yucio Kronerana-KaprieHrepa KC 1 0THOCHTEIbHAI NICPOXOBATOCTH HAPYKHOH IMOBEPXHOCTH TPYOH.

Yucno Kronerana-Kaprientepa KC onpeaensercs mo dopMye:

KC=V,1D,, (4.3.1-8)
rae 1= 8,4 ¢ — IepHON BOTHEHMA 14 PacCMaTpHBacMOi aKBaTOPHH.

T'paduxu xai onpejeneHud Ko3(HHUIRIEHTOB COMPOTHBACHUS [IPH BOJHOBOM JBHIKESHHH YacTHII BOJBI
B 2apucuMocTd oT uncia KromeraHa-KaprieHrepa KC M OTHOCHUTEIBHOHM MIEPOXOBATOCTH ITOBEPXHOCTH

Tpybonporoa B cooTeeTcTBUU ¢ [9] mpupeaeHsl Ha puc. 1-1 u 1-2 nprroxeHus 2.
BepTHkaThHas IOTOHHAA BOMHOBas Harpyska F,, ., H/M, onpeaenserca mo gopmyne

Pl
Fuy=c, 252D, (4.3.1-9)
1ae ¢, — KOo>QGHIMEHT CONPOTHBICHNS IIPH BOTHOBOM [IBIPKEHHH HacTHIT BOAbL, OIPEACISCMBIH IO CHEmyIOIeH
dopmyme [9]:

¢, =5,05 mpu 0 KC <5,335

KC-30

Cv:173_0:105 m

npr 5,335 < KC <80 (4.3.1-10)
¢, = —KC-0,001667+1,4333 npu KC =80

Pesynbrarel pacueToB BOJHOBOTO BO3ACHCTBHA HAa MOABOAHBIN TPYyOOINpPOBO/, BHIODAHHBII B KAYeCTBE
[puMepa, MpUBeAcHB B Tabm. 4.3.1-3.

TaGuuua 43.1-3
Harpy3ku Ha MopcKoii TpyGONpoBoA 0T BOJHOBOID BO3AeHCTBHA

TIK, No |Tny6uua, m | ¥, Mic | . M/c? KC Ca ¢ ¢, WM | P BHM | F,  HM | F, ., HM | F, ., HM

0 11,0 1,93 1,34 46,32 0,65 1,80 1,82 427,95 234,38 487,93 119825
1 10,0 2,01 1,39 48,24 0,62 1,80 1,78 442,73 243,13 505,09 1271,08
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ITPHJIC)KEHHE 1

OTMPEJAEJEHUE 3HAYEHMI CKOPOCTU U YCKOPEHHSI BOJITHOBOI'O /IBHKEHHSA
YACTHI BO/bI B ITPUAOHHOM CJOE

1. KOMIIOHEHTBI CKOPOCTEH H YCKOPEHHI BOJIHOBOTO JABIDKSHUS YacTHI[ BOJBI B TIPUTOHHOM ciioe: V), .,
Vi, 2z @ xy Gy, - ONIPEAEIIAIOTCH 110 TaOL. 1 — 4 B 3aBHCHMOCTH OT CIEAYIOIIETO:

h — TIyOHHBI MOpS B pafioHe PaccMaTPHBAEMOTO YYAaCTKa TPYOOIIPOBOMA, M;

H — BBIcOTHI BOMIH obecricueHHOCTH 1 %-IH B TCUCHHE I0MA, M;

T — IepHoAa BOIH oOccriedecHHOCTH 1 %-if B TeUeHHE roja, c.

IIpoMexKyTOUHBIE 3HAYECHHA KOMITOHGHTOR CKOpPOCTeH U YCKOPSHHIT OTPeacndioTca TUHEHHOM
HHTEPIIOJIALIHEH.

2. 3HayeHUS BSTMYUH H H T OTIPEACIMIOTCA MO PE3VIIBTATaM HIDKSHEPHO-THAPOMETE OPOTOTHYECKHX
m3bickaHuil o Tpacce MIIT. JlomyckaeTcs Mcnonb3osanie CTIpaBOYHBIX JaHHBIX PerHcTpa Mo pekumam
BeTPa H BOJHCHMSA JJII HA3HAYSHHS BBICOTHI M MEPHOHA BOJH OOSCIIEUCHHOCTH 1072 1/Ton jpig Tex
patioHOB MOPCKHX aKBaTOPHH (YYacTKOB TPACCH TPYOOIIPOBOAA), TS HTH 3HAYUCHHS OIPSIACIICHEL.

PacueTHEBIE 3HaUCHHSA cKOpOCTEH V), H YCKOPEHHH aw OMpPEACISIOTCS 0 CIEAYIOMHM (hopMyaM:

Z z.
Vw=\//Vm1+Vw,z= (2'1)
aw=\/a3v,x+ai,z- (2'2)
Ta6nuna 1

TOpPH30HT ALHAA KUMIIOHEHTA CKOPOCTH V), ., M/C

TnyGuua mops A= 10 M

ITepuon BeicoTa BONHB H, M
BUJIHDL, T, €
1 2 3 4 5
5 0,24 0,48 0,72 0,96 111
7 0,37 0,74 110 1,45 175
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

TyGrna mops A= 20 M

Ilepuop BeicoTa BOJIHbI H, M
BUOJIHBL, 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 1,650 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

TyGana mops A= 30 m

Mepuon Beicora BOJIHBI H, M
BUJIHBL, T, C

1 3 6 10 15
5 0,010 0,037 — — —
7 0,075 0,229 0,479 0,834 —
9 0,145 0437 0,881 1,471 2,065
11 0,191 0,575 1,156 1916 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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{Ipo donsicerne mabn. 1

TnyGuHa mopst A = 40 m

ITepuon BreicoTa BosiHBl H, M
BOJIHbL, 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
Tny6una mops A = 50 m
ITeproy BricoTa soiHb H, M
BOJHbL, T, €
1 10 15 20 25
5 0,001 — — — —
7 0,015 0,205 — — —
9 0,057 0,609 0,953 — —
11 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
I'ny6una mops =70 m
ITepuoy BricoTa solHb H, M
BOJHbL, T, C
5 10 20 25 30
7 0,017 0,049 — — —
9 0,111 0,243 — — —
11 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
InyGuna mops A= 100 M
ITepuon BricoTa BonHR H, M
BUIHBL, 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
I'my6uHa mMopsa A= 125 M
ITepuoy BricoTa BoNHN H, M
BOJHLL, T, C
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 mMops A = 150 m
Teproy Beicota sonnb H, m
BOJHbBL, 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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TaGnuna 2
BepTHKaahHAs KOMIOHEHTA CKOPOCTH V,, ,, M/C
T'ny6uHa mMopa i = 10 M
ITepuoy BeicoTa BoJIHD H, m
BOJIHBL, T, €
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
Tny6una mopa i = 20 M
ITepuroy BricoTa BonHbL 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
TnyGuna mopd A =30 M
ITepuoy BricoTa BoNHbL 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
T'ny6uHa mops /1= 40 m
[Tepuon Beicora BoNHbl H, M
BOJHBL, T, €
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
Tny6una mopa i = 50 m
[Tepuog Beicota BOJHEI H, M
BUOJIHBL, T, €
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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{Ipo donsicerne maba. 2
TnyGuHa mopst A= 70 m
ITepuon BreicoTa BosiHBl 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 mMops /= 100 M
[Tepuop BeicoTa BoNHEL H, M
BUJHBL, 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
ImyGuna mops A= 125 m
ITepuon BricoTa BonHR H, M
BUJIHbL, 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'myGuHa mops A = 150 m
ITepuon BeicoTa BosiHbl H, M
BOJIHBL, 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
Tadnuua 3
TOpH3OHTAILHASA KOMIIOHEHTA YCKOPEHHA (L, 1, m/c”
T'ny6yna mopsa A = 10 M
ITepuon BricoTa BoNHB H, M
BUJHBL, 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
T'nyGrna mopd A =20 M
ITepuon BricoTa BonHR H, M
BUJIHbL, T, C
1 3 6 8 10
5 0,064 0,211 — — —
7 0,146 0439 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 0427 0,851 1,119 1,364
15 0,129 0,395 0,808 1,078 1,326
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{Ipo donsicerne maba. 3

TnyGuHa mops A = 30 m

ITepuon BreicoTa BosiHBl H, M
BOJIHbL, 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 0324 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
Tny6una mops A =40 m
ITeproy BricoTa soiHb H, M
BOJHbL, T, €
1 5 10 15 20
5 0,003 0,023 — — —
7 0,030 0,163 0,374 — —
9 0,064 0322 0,660 0,985 —
11 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
I'my6una mopsa i = 50 m
ITepuoy BricoTa solHb H, M
BOJHbL, T, C
1 10 15 20 25
5 0,001 — — — _
7 0,013 0,184 — — —
9 0,040 0424 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
I'ny6uHa mopa =70 m
Teproy Beicota sonnb H, m
BOJHbBL, T, C
5 10 20 25 30
7 0,015 0,044 — — _
9 0,078 0,170 — — —
11 0,155 0318 0,668 0,833 —
13 0,206 0414 0,832 1,031 1,203
15 0,228 0,454 0,898 1,105 1,292
CiyGuna mops 2= 100 m
ITepuon BricoTa BonHel H, M
BUIHbL, 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 0213 0,444 0,566 0,688
15 0,138 0277 0,560 0,703 0,845
[myGHHa Mops /= 125 M
ITepuroy Beicota BoJiHb 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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{Ipo donsicerne maba. 3
ImyGuHA Mops A= 150 m
ITepuon BreicoTa BosiHBl 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
TaGununug 4
BeprukaibHAA KOMIIOHEHTA YCKOPEHHS d,y, ., mict
T'ny6uHa mopst A= 10 m
TepHoy Bricota sonnm H, m
BOJHBL, 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
T'ny6uHa mMopsa i = 20 m
ITepuoy Beicota sonnn H, m
BOJHbL, 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'my6nHa mMops =30 m
ITepuoy BricoTa soiHb H, m
BOJHbL, T, €
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'ny6una mopa =40 m
ITepuroy BricoTa soiHb H, M
BOJHbL, 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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{Ipo donsicerne mabn. 4

TnyGuHa mopst A = 50 m

ITepuon BreicoTa BosiHBl H, M
BOJIHbL, T, C

1 10 15 20 25
7 0,001 0,013 — — —
9 0,002 0,021 0,031 — —
11 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

Tny6uHa mMopsa 1= 70 M

ITepuon Beicota BosiHBl H, M
BUIHBL, T,

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

I'my6uHa Mops /1 = 100 m

ITeproy Beicota ol H, m
BOJIHHI, T, C
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 mMopsa A= 125 M

ITepuroy BeicoTa BoJHD H, m
BOJIHBL, 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

Imy6una mMops o= 150 M

[Tepuon Beicora BoNHEL H, M
BOJLHDL, 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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HIPHJIO’KEHHE 2

OIIPEJIEJIEHUE KOS®PUTTUEHTOR /1151 PACUKTA BOJIHOBBIX HAI'PY30K!

1. KosppuimieHTBI COMPOTHBICHHUS ¢; H HHEPIMH c; MPH BOJHOBOM JBHCKSHHH YacTHI[ BOABI TIO
HOPMAaJH K OCH TpyOolipoBoAa 3aBHcAT oT uHcaa Kronerana-Kapnenrepa KC, OTHOCHTEIBHORH
[IEPOXOBATOCTH Kk TOBEPXHOCTH TPYOOIIPOBOJA H PACCUHTHIBAIOTCA COTIACHO TpadHKaM, MPUBEICHHBIM
Ha puc. 1-1 u 1-2.

Cq C;

2,04

k < 1710000

J/S000 © e e v o . e e . s s e s

ks anw V5000 mew

Lo k< i000 L5 0 e
0 10 20 30 40
05 KC
4] 10 20 30 40
KC

Prc. 1-1 KooddmmenT ¢, B 3aBHCHMOCTH OT YHCTIA Puc. 1-2 KoadduimeHT ¢; B 3aBHCHMOCTH 0T 4HCNIa
Kronerana-Kapnenrepa KC H OTHOCHTEIIBHOM Kionerana-Kaprenrepa XC H OTHOCHTEIILHOH
LIEPOXOBATOCTH & IIOBEPXHOCTH TPYOOIPOBOIa MIEPOXOBATOCTH & TIOBEPXHOCTH TPyGONMPOBOAa

Hucno KroneraHa-KaprieHtepa KC onpenienserca mo Gpopmyie
KC =V,xD, (1

rie V., — GKOPOCTh BONTHOBOI'O NBIZKCHUA YacTHI] BOAbL, M/C (cM. 2.6.2 yacT | «Mopckue IoasonHeie TpYGOIPOBOABD)
Ipasun MIIT);
T — IIEPHOL BOIHEHHS C (CM. NPHIIOXKEHHE 1);
D, — oM. dopmymer (2.5.1-1) — (2.5.1-3) wactu I «Mopcrae nogponHble TpyGonposonsn [Ipasrn MIIT, M.

2. B ciy4ae OTCTOSHHS TpyOONPOBOAA OT MOPCKOTO JHA Ha pacCTofsHHE d, M, (cM. pHC. 2)
KO3(HIIUEHTE ¢; H ¢; PACCUUTHIBAIOTCS TI0 (PopMysaM:

cdDy) = cq+ (cap—cade ™ 2P, (21

c{dDg) = ¢ + (Cib—cz)e_z’ﬁm", (2-2)
e = 1,8+ 0,136KC npi 0< KC<S;

TA® \ e = 1,25 + 2,14.10 (KC—160)* mpu KC > 5 (2-3)

§ 6 =33—0,0375KC npu 0< KO 8; ot

Y e = 1,742KC O npn KC > 8. 24

3. BiugHie 4acTHYHOTO 3ariyOicHI TpyOoIIpoBo/ia Ha pacCTOAHHE A OT MOPCKOTO JHA (CM. pHC. 2)
Ha KO3 PHIHEHTH ¢z H ¢; OTIpeAeIIeTed Mo pHc. 3.

! [IprmonkeHe IIOATOTOBTEHO Ha OCHOBAHHH MPABHI MPH3HAHHOTO KIACCH(HKAIHOHHOTO OGIIECTEA M MMEeT CTIPABOUHBIH
XapaKTep.
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Prc. 2 Pacomoaertie prﬁonpOBo;[a OTHOCHTEIIEHO MOPCKOTO AHa

Ca:(A)deb; C;(A)fcrb

=
's%‘ :.%“”q
058 TN Mo
R o [ M cd(A)Yap
0.6 -
(A e
ci(A)eip Mo, X M
0.4 iy
“‘ﬁ
02

o 005 010 015 020 025 0630 035 040

A/D,

Prc. 3 KoshdHiHeHTE ¢y B ¢; B 3aBUCHMOCTH OT OTHOCHTEITBHOTO 3arTyOeHid Tpydorposoaa A/D,

4. st 1pyOONpoBooB, PACIIONOAKSHHBIX B OTKPHITOH TpaHIee (CM. pHc. 4), BjusHue DIYOHHBI 5, M,
H VKJIOHA S; TPaHIIeH Ha KOY(PPUIMEHTH ¢, U ¢; OMPeeaIeTCS B COOTBETCTBHH ¢ Tabm. 4.

D,
Shissed
.”7;:\%'\ Q? //(I,‘;’ﬂ o

Pre. 4 Cxema TpyGoIpOBOAA, PaclIONOKEHHOTO B OTKPHITOH TpaHIlee

Ta6nuua 4
BausiHHe 0TKPLITOIl TpaHIleH Ha BeJHYHHY KO3p(HIMEHTOR ¢z K ¢;
8/ D, 0,5 Lo 1,0
S, 5 5 3

cA B, 50 Can 0,8 0,7 0,6

&8y s)lean 09 038 0,75
5. KoagpdmmieHT ¢, onpenendercd mo GpopMynam:
¢, = 5,05 mpu 0< KC<5,335
e, = 13— 0,105 =80 1 5335 < ko< 80 (5)

RC%
¢, = —KC-0,001667+1,4333 mpu KC >80
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6. BIHAHHE OTCTOSHHSA TPYOOTIPOBOJAa OT MOPCKOTO JHA Jd Ha Ko3(pHIMEHT ¢, onpeaensdeTcd IO
hopmyne

edD) = ce>52 ©®

7. BIMSHHE YaCTHYHOTO 3aTiIyOIeHHS TPYOOTpPOBOJA Ha paccTosHHEe A, M, OT MOPCKOTO JHA Ha
KO3 PHLEHT ¢, ONpeeiseTcs Mo pHc. 7.

e,(AXe,
1,0 —"‘\
<
09 \\
h-._\
08 [~
-‘\
07

0 o005 010 0I5 020 025 030 035 040
AID,

Prc. 7 3aBHCHMOCTE ¢,(A)/c, OT OTHOCHTEIIBHOTO 3arTyONeHHs Tpyoonposoma A/D,

8. /1 TpyOOMpOBONOBE, PACTIONOKEHHEIX B OTKPBITOM TpaHIIee, BIMAHHE ITyOHHBI 3, M, H YKJIOHA S,
TpaHIIieH Ha KO3 @HIHEHT ¢, onpeenseTcs B COOTBETCTBUM ¢ Tabm. 8.

TaGnuna 8
Bausinme oTKphITON TpaHIIeH Ha BeJHYHHY Ko3(QHIHeHTa &,
84Dz 0,5 1,0 1,0
S 5 5 3
(8, 8:)c, 0,85 0,7 0,65

9. Ilpy KOMOMHALIMM TIOTOHHBIX HATPY30K TEUSHHMS M BOJH BEIHYMHBI KO3(DGUIMEHTOB Cg, Gy Cy
KOPPCKTHPYIOTCA B 3aBHCHMOCTH OT OTHOIICHHS [ PACUCTHBIX CKOPOCTEH TeUeHHS M BOJHOBOTO JIBIDKCHUS

qacTuI[ Bopl (cM. 2.5 1 2.6 yactu I «Mopckuie iofBoHbIe Tpyoonporoasp [parun MIIT), pagtHoro = V7V,
B COOTBETCTBHH ¢ pHc. 9-1 — 9-3.

Caip>

2.2

2,0

L8

16

L4

12

10

02 04 06 08 1,0 L2 14

Puc. 9-1 Koadrmment ¢,y B 3aBHcHMOCTH 0T KoodhdHimeHTa B
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Cin
35
50 \

™,

+ Y\K
40 ~ (\\

K =30 _
. — \\& KEC=50
s — M

EC=15 “:-\\\\.___
~—_
2,5 T

Prc. 9-2 KoahduimenT c;; B 3aBHCHMOCTH oT KoahdHimenTa 3

C.
30

<

2,5

EC=i

\\
N
‘Q\ \M“
T

L5 \
N

Lo \ - —
m-_;
EC=70 e oo
0.5 L
0 02 04 06 08 Lo 12 14 g

Prc. 9-3 KoaddHieHT ¢, B 3aBHCHMOCTH 0T KodddrimenTa f

Pe3ynsTHPYIONHE BETHYHHBL ¢ g(B) U ¢;(p) OVAYT crpaBeUHBBI JJIA TOIBOIHEIX TPYOOIPOBOIOE,
OTCTOMIIMX OT MOPCKOIO JIHA HA PACCTOAHHE o, M, JUIL 4acTHUHO 3aDIyOJIeHHBIX TpyOOIpPOBOJIOB H
TpyOOTIPOROIOR B TPAHIIEE.
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5 IMTPOYHOCTD INOABOJHLIX TPYLOIIPOBO/JTOB

Pacuer mpouHOCTH MOPCKUX TOABOJHEIX TPYOOIIPOBOAOB JOMKEH OCHOBBIBATHCS Ha KJIACCHUSCKHX
HJH TTOIY3IMITHPHYCCKIX METOANKAX W/HIH YHCISHHOM MOJEIHPOBAHHH, KOTOPHIE YUMTEIBAIOT COBOKYII-
HOCTh JeiCTRYIOIIMX PACUESTHBIX HATPY3OK, TPAHHYHBIE VCIOBHS M TIAPAMETPHI COMPOTHBISHHUA TPYO,
HMEIOIIHX OTKIOHEHHS OT TIPABHIBHOM KPYTOBOH (hOPMHI.

5.1 OIIPEAEJTEHHUE TOJIIIHLI CTEHKH CTAJIBHOI'O TPYROIIPOBOJA

Brifop TOMIHHBI CTEHKH CTAJBHOTO IIOABOJHOTO TpPyOOIpoBOAa, ABAJIOMHICE OJHHM H3
OTPeACIIONIHX 3TAMOB TPOSKTHPOBAHHA, OCHOBBIBAETCS HAa HEOOXOHMOCTH 00ECTIEUeHHS TIPOYHOCTH
(VeTOHYMBOCTH) U HEODXOAUMOTO YPORHS De30MacHOCTH TPYOOpoRoaa.

Pacuer BBITTOMHASTCA T4 HAHOOJEE HEOMATOTIPHATHOTO COUSTAHUA BOIMOKHBIX HATPY30K.

TomIuHa ¢TeHKH cTaJIBHOTO TPYOOTIPOBOA JONKHA OTIPEIeIAThCd, HCX0Ad U3 CIeAYIONIMX YCIIOBHIL:

MECTHOH MPOYHOCTH TPYOONPOBOAA, XapaKTePH3YeMoH MAKCHMAJLHEIMH 3HAYCHHAMH KOJBICBLIX
HATTPSKEHHUIT;

JIOCTATOYHOM JTOKATHHOM YVCTOMHBOCTH TPyOOTIpoBOda.

Pacuer TONILMHBL CTEHKH CTalbHOTO TPYOOIIPOBOAA, MCXOAA M3 VCIOBHM MECTHOM MPOYHOCTH,
BBITIOJIHASTCA M0 ¢opMyie (YNCACHHBIC 3HAYCHHA TAPaMETPOB COOTBETCTBYIOT TIPUMEpPY pacyera,
VIIOMAHYTOMY BBIIIIE):

t, = (9po DI(26¢) + ¢, + c; = (8,0-350)/(2-209,51-0,9) + 1,0+ 0,75=9,17 mm, (5.1-1)

rae P — Ppacderdoe JaslleHue B TpyGonpopoae, Mlla;
D, — HapyxHEI1 JHaMeTp TPYOBL MM,
O — [IOIIYCTHMOS HallpskeHHe MarepHala TpyOsI, Mlla,
¢ = 1,1 — xo>bdHIMEeHT 3HAYMMOCTH KOMITOHEHTOB HArPY3KH OT BHYTPEHHETO JaBIIeHHS IS Ia3OIpOBOAOB B
COOTBETCTBHH ¢ Ta0n. 2.1.1 wacth I «Mopckue noasoaHele TpyGompoporl» [Ipasmn MIIT.

JolycTHMOe HallpKSHHE G JOLKHO MPHHUMATHCA [0 HAMMEHBITIEMY U3 HHCKEYKa3aHHBIX 3HAYCHHE
Q11 BRIOpaHHOTO MaTtepuana TpyO (ctaxs X52). IIpH >ToM HazHaudaeTcd Kiacc Tpyoomnposoga G3 — mig
CEHCMHMUECKHM OMNAcHBIX PalioHOB H JSMOCTOMKUX CTOSKOB, YTO OMpeAc/AcT IOBHIICHHBIH YpPOBEHD
KO3 UIIMEHTOB 3aIiaca I[IPOUHOCTH MO MPEACIAM TEKYYCCTH H MPOYHOCTH, KOTOPbIE HAZHAYAIOTCS B
COOTBETCTBHHU ¢ Taba. 3.2.5 yactu [ «Mopckue moapoaHbe TpyOomposoasn» [Ipasun MITT.

6 =min(R, / 1y, Rpdtyy) —min(358/1,22; 55/1,91) —min(209,51; 2 51,38)— 209,51 MITa, (5.1-2)

rie R, = 358 — mMyHMMATBHOS 3HAUYCHHE Ipeieia TEKYYSCTH MeTalma Tpyo, Mlla;
R, =455 — MMHMUMaTbHOE 3HAUYEHHe IIpeAena MPOMHOCTH MeTamma Tpy®, Mlla;
n, = 1,22 — xosdpHImmeHT 3amaca MPOHHOCTH IO TIPEAENY TEKYUECTH,
7, = 1,91 — xoathdHIMEHT 3amaca IIPOMHOCTH ITO MPEAESITY IPOYHOCTH,
¢ = 0,9 — xo3thhHIIHSHT IIPOYHOCTH, ONpeAeNdeMbIii B 3aBHCHMOCTH OT clocoGa M3TOroBIIeHHs TpyG cormmacHo 3.2.4
vacTH | «MopcekHe TomeogHEIe TpySonposoas» [Ipasan MIIT,
¢, = 1,0 — npuGaBKa Ha KOPPOSHIO, MM,
¢; = 0,75 — mpuGaBka, KOMIICHCHPYIOUTAs OTPHIATCIBHEI TEXHONOTHYCCKHI HOIYCK Ha HM3TOTOBICHHE CTAJIbHBIX
GeCIIOBHBIX TPYS ZAaHHOTO JHAMETPA, MM.

B COOTBETCTBHH ¢ TEXHMUYESCKHMH YCIOBHSIMH Ha TIOCTABKY TPYO WM COOTBETCTBYIOIIHM
OpHMEHHMHEM cTaHgapToM (Hanpumep, I'OCT 8732-78 «TpyOnl cTajlbHBie O¢CHIOBHEIE
ropadeaedopMUpoOBaHHEIe») MOJ0OHUPacTCd HOMHHAILHAS TOJIHHA CTCEHKH MOPCKOro TpyOompoBoda f,
paeHas 12,0 mm. IIpu Takol TomiHe cTeHKH Macca 1 M TpyOsl cocrapmger 100,32 kr.
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MakcumanbsHbIe CYMMAapHBIE HAMPA:KEHHS B TPYOONPOBOAE G .y, MIla, 00ycnoBneHHbIE JICHCTBHEM
BHYTPEHHETO H BHETITHETO JIaBJICHHA, MTPOOJIBHBIX YCHIMH (HaMPHMED, OT TEIUIOBOTO PacHMpEeHHs H/HIH
yIpyroro usrufa y4yacTKOB TpPyOOMpOROJa), a TaKKe BHEIIHMX HATPY30K HE JIOJDKHBI TIPEBBIIATH
JOIY CTUMBIX 3HAYCHHH HAIPAKCHHII:

Omax — /01 + O/ — 0,0, + 3T° <k, R, (5.1-3)
1ze Gpp — CYMMApHBIE KOIbLEBbIe Hanpsokennst, MIla;

Grp = (PoDip)/t, = (8 x 326)/12=217.3 Mlla, (5.1-9)
vae o — PacyeTHOE AaBlicHHE B TpyOoIposone, MIla, onpenensemoe no gopmyne (4.2-1);

D;,, =326 MM — BHYTPCHHHH JAHaMeTp TPYOBI,
t, =12,0 MM — HOMHHATbHA4 TONIHHA CTEHKH TPYOHL,
G, — CYMMAapHHIe NMPORONIBHEIE HanpsokeHud, MIla;

Gy = UG — @EAT=0,3-217,3 — 11,6-10~5.204570-50 = — 53,46 MI1a, (5.1-5)

(Vi p =0,3 — ko HIHeHT NonepeuHoit AedopmarmH cramu (ko3ddHiHeHT [TyaccoHa);
o =11,6-10"% — kosddprIEeHT MHHEHHOTO PacIIHpeHHa MeTalla TpyOhI, Ipad ™~ ';

E =204570 MIla — Momyib YIpyrocTH cTaii (Momynb KOHTa);

At =50 °C — pacueTHSBIH nepeltaj] TeMIIEPaTyp IIPH TPAHCIIOPTHPOBKE ra3a ¢ y4eTOM MHHHMAIILHON TeMIIeparyphl
OKpyXarottefi cpelibl (MOPCKOH BONBL Y IIOBCPXHOCTH IHA);

Gp — CYMMAapHEIE KOJIBLEBHIE HalpsokeHms, Mlla, onpesensiembie cormacHo dopmyie (5.1-4);

T — TaHTe€HIHaJIbHbIC (KacaTellbHbIC) HAIPsCKeHHA B TpyOonpoBode, MIla, BosHHKarompe oT AeHCTBHA

CIBHTAIOLIHMX YCHITHI OT TeHeHH4 W BOITHEHHA W ONpefielIeMble Mo cleytomeit dhopnymne:

T=M,IW,+QF, (5.1-6)

e M,=Q(D,/2+8,/6) — xpyrsmmii MomeHT, H-M, OT BHCI[EHTPEHHOIO BO3ZICHCTBHA TeYeHHI H BOJHEHHA Ha
TPYOOIIPOBOY, YTO BOSHHKAET B Pe3ylbTaTe ero YACTHYHOH OCAJKH B JOHHBIA I'PYyHT HA BEIHYHHY O,
8,=0,105 M — BemUHHa OCaAKH B JOHHLIH IpyHT Ha ITK1 (cM. Tabn. 3.3.6);
W, =0,5n(D,,—1,)2f, — MOMEHT COIPOTHBIIEHHA KPY4YEHHIO MOMEPEHOTO CEYEHHS TPYOHI, M,
(0 — PUCYETHBIE CYMMAPHDIE GUBUIMIOIUME YCHIMSL OT Tevennd v sonnenns, H, neficteytoume na yyacrke [1IK1 na
eJIMHHITY JUMHEL TpyGonposoga (cM. TaGm 4.2.1-2 u 4.2.1-3), pasHble yCHIHIO F,, HCMONb3yeMOMY IpH
MPOBEPKE YCTOHYHBOCTH TPYOOMpoBoAa Ha IpyHTe (cM. Tabm. 6.1);
Q0 =16,341+505,09=521,43 H;
F=a(D,—t,)t, — MIomaap MOMepeuHOro ceYCHHI TPYOHL, M

TaHreHumanbptble (KacaTc/IbHBIC) HAIPHKCHUA B TpyOompoBoje ¢ yderoM 3Hadyenwmid M, W, u F
parHHIL:

_QQ@D,+38,/3—1,) 11—6_521,43(2:0,35+0,105/3—0,012), ~ _6_ _
GOm0 GIA035—001p 001y 0 COSPTT M

ks =0,727 — xosddHIHeHT 3amaca IIPOYHOCTH 1O CYMMAapPHBIM HAIPSKEHHAM, ONPEACIIEMBI B COOTBETCTBHH
¢ Tan. 3.2.6 yactu | «Mopckue nomsogHbIe TpySomposoasy [IpasHn MIIT,
R, — MHHHMaTbHOE 3HAUCHHE Npefella TeKYIecTH MeTainia Tpyo, Mlla, ykaszanHoe B Gopmyne (5.1-2).

Takum o00pazoM, MaKCHMadbHBIC CYMMapHBIE HampsskeHHMS B TpybompoBoae, Mlla, cormacHo
dbopmyie (5.1-3) He TIPEBBIIIAIOT JIOTTYCTHMBIX HAMPAKESHHIA:

Grmax =~/ 33,462+ 217,37 =53 46217 3+ 3-0,0876°) < 0,727-358, (5.1-7)
Gemax — 196,11 <260,26.

Ha ocHoBarum opmymst (5.1-7) Ui paccMaTPHBAGMOTO PACUETHOTO TIPUMEPA MOKET OBITh CACNIaH
BBIBOA O TOM, 4YTO YCJIOBHE IIPOYHOCTH IIOABOAHOIO Ta3oMpOBOAa IO CYMMAapPHBIM HaNPIKCHHAM
BBITIONHACTCA.
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5.2 IIPUMEHEHHWE ITPOI' PAMMHBIX KOMILTEKCOB
AJ1s TTIPOBEPKH ITPOYHOCTH TPYBOITPOBOJA

PazpaboranHble B MociaeaHee BpeMS H YXKe MIHPOKO MPUMEHAECMBIE B TIPAKTHKE TMPOSKTHPOBAHHSL
[IPOTPaMMHBIE KOMIUIEKCH Ha OCHOBE YHCICHHOTO MOJIETHPOBAHMSA TPYOOIIPOROAA H BHEIHUX YCIOBHE
ero Tpaccuporku (Harpumep, SAGE Profile 3D, paspaborannsiii Fugro GeoConsulting, wm paspabo-
taHueiil Orcina Ltd. xommieke OrcaFlex) mosponsror Oolice TOYHO IO CPABHCHHIO ¢ HIDKCHCPHBIMH
METOAHMKAMH OTPEASIATh HAPKEHHO- e GOPMUPOBAHHOE COCTOSHHA MOPCKOTO TMOABOJHOTO TPYyOOIpo-
BOAA B 3KcIUIyaraipu. Kak mpasuiao, TakoH MpOTrpaMMHBIH KOMIUIEKC JOJGKEH OBITh MpEeAHA3HAYeH I
JBYX- H TPEXMEPHOIO MOJSIMPOBAHHA IIPOLIECCOB YIUIAJKH, HCIBITAHHH H JKCIUIyaTalMH MOPCKHX
MOABOAHBIX TPYOOIPOBOJAOR Ha OCHOBAHMH KOHEUHO-3IEMEHTHOM HEIMHEHHOH MoJeIHM TpyOONpOBOJOE
CO CTEP:KHEBBIMH TOHKOCTEHHBIMU TPYOUYaTHIMH KOHEUHBIMHU YIIEMEHTaMH.

BxonmpiMu mapaMeTpaMu JUI TaKHX IIPOTPAMMHBIX KOMIUIEKCOB JOJGKHEL SBJIATHCA:

JUIMHA PacyeTHOTO KOHEUHOTO WIEMEHTa TPyOOIIpOBOAa;

npodmts gHa B BuAe 3D cetku wm 2D mpodiing;

XapaKTSPUCTHKH TPYHTOB II0 TPAcce TPYOOIIPOBOAaA;

XapaKTepHCTHKH TPYyOOMpoBOJa: BHEIIHMH AHMAMETP, TONMMHA CTEHKH, KJACC TPOYHOCTH,
HAJMYHE/OTCYTCTBHE BHEIHHX AHTHKOPPO3HOHHBIX, HMIOJMLHOHHBIX M OaMNACTHBIX TMOKPBITHH U HX
XapaKTePUCTHKH (IDIOTHOCTD, TOJMHHA, BOTOHACHIIIICHHOCTD),

TEeMIICPaTyPHBIH peKUM TpYOOTIPOBOJa H TEMIIEPATYpa BHEMIHCH cpedbl (3aBHCHMOCTh H3MCHCHHA
TeMITepaTypbl MOKET OBITh KaK MMHEHHOH, Tak M HeJHMHEHHOI);

TIOTHOCTH TPAHCTIOPTHPYEMOTO TIPOAYKTAa, BHYTPEHHES JABICHHE B TPYOONMPOBOJE (3aBUCHMOCTH
H3MEHEHHUS JABICHHA MOMKET OBITh KaK JIMHEHHOM, TaKk H HEIHHCHHOM).

ANTOPHTM TAKHX PACHETHBIX IPOrpaMM J0/LKEH YUYMTHIBATH HEJIMHEHHBIN H3THO TpY6 U HEJMHCEHHYIO
PEaKIIHIO TPYHTA: HECYIIYIO CTIOCOOHOCTE, 0CEBOE H TOPU3OHTAIBHOE COMPOTHBICHHE TPEHHIO. BHEIIHNe
HATPY3KH Ha TPYOOTPOBOA MOLKHBI BKIFOUYATH COOCTBEHHBIM BeC, HATSKEHHE TIPH VKIAJKE, COCPelo-
TOUSHHBIE HATPY3KU (HAIPHMep, TPOTEKTOpPBI), pacTIpeAc/icHHbIE HATPY3KH (HApHMep, TEUCHHA H
BOJNHOBBIC BO3ACHCTBHA), 3aJaHHBIC CMEITICHHA (HATPHMEp, MPoUIL JHA), a TaKXKe BHYTPSHHHE H
BHEIIIHHE JaBICHUSA U paclpelelIcHHe TeMmeparyphl. Tomorpadus MOPCKOTO AHA JA0DKHA 331aBaThed TIO
pe3yIbTaTaM HHKEHepPHBIX M3BICKaHII IT0 Tpacce TpyOomposoaa B BuAe 3D ceTku wmm 2D mpodud.

BsaumogeticTBue TpySoIIpoBoga ¢ MOPCKHM TPYHTOM JOJDKHO MOACIHPOBATHCS UL CIIYIAeB YKIAIKH
Tpybomporoa 6e3 3armyOneHHS (IIPH 3TOM OmpeAeisieTcd Mpocaika TpyOONpoBojia B TPYHTE) U ©
3arnyOneHHeM B JOHHBIM TpyHT. IIpM Npokianke MOBepX JOHHOTO TPYHTA JOJDKHBI ONPeJeIAThCH
mapaMeTpsl CBOOOOHBIX IIPOTETOB TPYOOIPOBOAA HA 9TANAX YKIAAKH, THAPABIMYECKHX HCTIHITAHHH H
OKCILTYaTALHH.

OTaeiibHO JOJDKEH OBITH PaccMOTPEeH BOMPoc oOeclleYeHHS MPOYHOCTH TIOABOAHOTO TPYOOMpoBOAa
[pH €ro 3arayOiicHUH B JOHHBIM IPYHT C [IPHMEHSHHEM TpYOO03ariyOHTENBHBIX YCTPOMCTB Pa3HUIHBIX
THTIOB (TIepeMellleHHe TPYOOIPOBOAa C TOBEPXHOCTH JOHHOTO TPYHTA B TPAHIISIO OMpeaeIeHHON
IPOSKTOM TIyOHHBI ¢ TIPe/TOTBPAIEHUEM MOABISHHSI YPE3IMEPHBIX H3THOHBIX HAMPSKEHHU).

IIpuMeHseMble B TIpPOI(Ecce MPOESKTHPOBAHHS TIOA TEXHUYECKHM HabmoxeHHeM PC MopcKHX
MOABOAHBIX TPYOOIIPOROJOE TIPOTPAMMHEIE KOMIUISKCH JOJDKHBL OBITH 0f00peHB PermictpoM ¢
oopmieHHeM CRBHISTENBCTRA O THIIOBOM OZI0OPEHHH MPOTPaMMHOTO obecrieveHus (popma 6.8.5).
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6 BAJUTACTHPOBKA NNOJABOJAILIX TPYBOIIPOBOJAOB

6.1 BAJUTACTHPOBKA HE3ATUIYBJIEHHBIX B JIOHHBII TPYHT TPYBOIIPOBOJOB

BannacTHpOBKY MOABOJHOTO TPYOONPOBOJAa HEOOXOMHMO OCYINECTBIATH JJIA KOMIIEHCAIWH TIO-
JOKUTCIBHON TUIABYYSCTH, 0DecIeYeHH YCTOHYHBOCTH HA JIOHHOM IPYHTC IyTeM CO3JaHUA IIPOTHBO-
JEHCTBHS TOPH3OHTANIBHBIM H BEPTHKAIBHBIM YCHIIMAM, CO3/JaBacMBIM TEUCHHIMH H BOJIHCHHEM, A TAKKeE
JUISL 3aIIUTHL OT YAAPHBIX BO3JCHCTBHIT TIPH TPAHCTIOPTHPOBKE, MOHTAXKE M SKCIUIYaTaLMH.

VTOKeMIOIME IOKPHITHA I OaJUIACTHPOBKH TPYOOIIPOBOAOE H 3aLMTBL OT MCXaHHYECKHX
MOBPEKACHUET TOTBKHEI OBITH OMOOPEeHEI PerHCTPOM H yIOBIETBOPATH CIHESAYIONMM TPeOOBAHUIM:

UMETh JOCTATOYHYI0 IUIOTHOCTh M TONIHHY A 00ecIedeHHS HEeoOXOJHMOH OTPHIATEILHOM
[UIABYYECTH TPYOOMPOBOAa;

HMETh JOCTATOUHYI0 MEXAHMUYECKYI0 IIPOYHOCTh, YTOOBI IIPOTHBOCTOATH MOBPEKACHHUAM IIPH
TPaHCTIOPTHPOBKS TPYO, MOHTAKE H SKCILITY aTal(|H;

HMCTh HEOOXOJUMYIO JIOJITOBEYHOCTh, XHMHYECKYIO H MEXaHHYECKYIO CTOMKOCTDb IO OTHOLICHHIO K
MOPCKOH BOJE.

Pacuer TpeOyeMoro KolMuecTBa OalUlacTa M/HIH PAacCTOSHHMS MEXKAY OMMHOYHBIMH OallIacTHBIMH
TPy3aMU IS He3ariMyONIeHHBIX (HEe3achIaHHBIX) B JOHHBIH TPYHT TPYOOIPOBOJOB HOIDKEH OBITH
[IPOU3BE/ICH, HCXOAd M3 YCIOBHH CO3JAHHA OTPHLIATE/ILHOM IUIABYYECTH M TPYOONMpoBOAd, IIPOTHBO-
CABHMTOBOTO COIPOTHBICHHUI BOTHEHUIO H TEYECHHIO, a TAKXKE C YYSTOM B3BCIIMBAIONIHMX YCHIHI, KOTOPBIE
BO3HHKAIOT B YIIPYTOHCKPHBICHHBIX Y4acTKax TPyOoIposoaa.

TpeGyeMmslii Bec Oayumacta B Bojae (Jp, KH/M, ompeaensgeTcd mo QopMmyle (UHUCICHHBIC 3HAUYCHHS
[IapaMETPOB COOTBETCTBYIOT PACUCTHOMY IIPHMEPY, YIIOMAHYTOMY BBIILIE):

F
Qb> J_jr?gkst+(Fv+qu+qz)kz_Qpr (61'1)

rae f3=0,25 — xosdduument 1penns (oM. Gopmyuy (6.1.7) uacrn I «Mopexue TpySonposausty Tpasmn MITT),
k,=1,25 —xoadduiHeHT 3amaca yeTOHUHBOCTH TPYOOIIPOBOLa Ha BOIUILITHE (oM. dopmyry (6.1.7) yactu I « Mopekue
TpyBormposomel» [Tpapui MIIT),
ke = 1,3 —xosdduimeHT 3amaca VCTOMUMBOCTH TPyOOIIpOBOma Ha cABHT (cM. dopmymy (6.1.7) dactn 1 «Mopekue
TpyGorporoasly ITpapnn MIIT),
¢, = 0 — B3BELIMBAIOLIEE YCHIIME, BUSHUIAIOLIEE IPK YIIPYLOM H3THOE TpySOMPOBOsd B BEPIMKATBHORM 1uiockoetn, KHAM,
qs = 0 — B3BEIHBAIONES VCHIIHE, BOSHUKAIONEE MPH HATHYHH [TPOIONEHOM PacTATHBAIOIEH CHIIBI B YIIPYTOHCKPHB-
JIEHHOM TPYGOIpoBoze, KH/M,
F, — cyMMapHas TOPH30HT4IbHAA COCTABIEOMAA CHIOBOTO BO3AEHCTBHA BONMH H TEUEHHA, OMpefelieMas B
COOTBETCTBHH ¢ Pasil. 4 HACTOSINHX PexomMeHmarmif, KH/M;

FgZFG,h+FW,h', (61-2)

F, — cyMMapHasd BepTHKalbHAd COCTABJLAOINASA CHIOBOTO BO3ZECHCTBHA BOTH H TEUSHHS, OIpeleinsgcMad
B COOTBETCTBHHU ¢ pPasl. 4 HacTOaumx PexoMeHmarmmi, kKH/u;

Fy=F, s+ Fu (6.1-3)

(0, —BeC SIHHHIEI MlMHbl TPYOOIPOBOJA B BOME ¢ YY4ETOM Beca aHTHKOPPOHOHHOM 3allMTR W H3ousumn (Ges
yieTa Beca TPAHCTIOPTHPYeMOoit cpeast), KH/

Qp =P—F,—m-g—p,yg-V—100,32:9,8—1010-9,8.0,0962 - 0,31 ll/nm, (6.1-4)

e P — Bec 1 M TpyGompoBoma B BO3TYXE TIPH TOMIMHHE CTEHKH 12 MM,
F, — cuma Apxumena, nedcTByromas Ha | M TpyGoIpoBoa.
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PeaynpTatel pacyeTa OaJIACTHPOBKH MOPCKOTO TPYOOTpOBOAa NIPEeACTaBNeHE B Tab. 6.1.

Ta6nuna 6.1
Pacuer 6aaaacTHpoBKky He3arayOJeHHOTo MOJBOJHOTO ra30IpoBoja

IIK, Ne | Fp KH/M F, 5 KH/M F,, xH/m F, . xH/m F,, ., ¥xH/m F,, kH/m Op KH/M Oy, KH/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

BenumHe! B3BEIIMBAIOIIMX YCUIHH ¢, H ¢, OIIPe/IeIII0TCA 110 cOITlacoBaHHOH ¢ PeTHeTpoM MeToauke,
HCXOJS W3 IapamMeTpoB MPoHIL TpaccH IOABOAHOTO TPyOONpoBoja (AMHHEI W CTPEIKH YIIPYTHX
mporubos TpyOoIpoBoaa TIPH HAMYHH Ha Tpacce TpyOOoIpoBoAa cBODOIHLIX TIPOJIETOR).

JIs ompeeTeHUA BEJIMUMH B2ABEIIHBAIOIMX YCHIMH g, M g5 (cM. dopmyny (6.1.7), yacts I «Mopckue
moAeoAHbEIe TpyOomposoasl» IIpasmn MIIT), KoTopbie MPHBOAAT K YMCEHBIICHHIO PaBHOZCHCTBYIOMICH
BEPTHKAJBHBIX yermii Ha MIIT H, ciief0BaTe/IbHO, K YMEHBIICHHIO CHJIBI TPEHHA, IIPEILATCTBYIOIICH
cumerieHiio MITT oT BO3JIGMCTBHS BOJNH M TeUCHHI PEKOMEHAYETCS PYKOBOJCTBOBATHCA COOTBETCT-
BYIOIIMMH peKOMEHAAITHAMH TIo pacuetam [1 — 3].

TIpu onpeieTeHHH YKa3aHHBIX MAPAMETPOB cleyeT HMETh B BUAY CJICAYIOIIEE:

B3RCTIMBAONIHME YCHIHSA BOZHHKAIOT TIpH ykiaake MITT Ha y4acTKaX TpacCH, HMCEIOIIX BOTHYTOCTh
(cemoBarocTs), MapaMeTpbl KOTOpoi (JUmHa [ u cTpenka mporuba /) ONpefeIeHH B X0[A¢ HHKCHEPHBIX
H3BICKAHHIT,

MapaMeTp BOTHYTOCTH Y4ACTKa TPAacChl — PaJHyc R, ONpeAcICHHBIH MO JHHE / H cTPEJIKE MPOrHoa f,
He JIOJKEH TPERBIMATh BEMYHHEL, YKa3aHHOH B 8.2.1.6 wacTu I «MopcKkue NMoABOHEIE TPYOOTIPOBOIB»
TIpasun MIIT;

BEIMYHHA PAcTATHBAIOIIETO YCHIHA B TIOABOAHOM TpPyOOIMpoBOJiE, CHOCOOCTBYIONMIETO IMOABIICHHIO
B3BSIIHMBAONIUX YCWIMiA, ¢ OMHOKOH B OE30IIaCHYI0 CTOPOHY MOXET OBITh NPHHATA PaBHOM
PACTATHBAIOMIEMY YCHITHIO TIPH YKJIAJIKE ¢ TPy OOyKIIaMHKa;

IPH YKIAJKE ¢ TPYOOYKIIAJ[UHKA ¢ MCIIONB30BAHMEM PACTATHBAIOIMX YCHIMH Ha Y4acTKE TPAcCHl ©
«BOTHYTOCTBIO» BEJHYHHEI B3BEINHBAIONMX YCHIMI ONpeACIMIOTCS KaK CYMMa g,+ g, TIPH YCIOBHH
paccMOTPEHHS MOAROAHOTO TPYOOTIPORO/A KaK 3aIeMIICHHOH 10 KOHIIAM OaJKH.

B paccMarpuBaeMoM IIpHMepe IPH OTCYTCTBHH B3BEHIHBAIONIMX YCHJIMH [0 pe3yabraram
MPHBE/ICHHBIX PacyeTOR MOXHO c/IeNlaTh BBIBOJ O TOM, YTO Bec TPYOONPOROAA B BOJAC HEAOCTATOUCH,
T.K. OH TIO/IBEP:KEH JISHCTRHIO M30BITOUHBIX CHI MOICPKAHHS B MOPCKOH BoJIe (HAMHMHE TTOJIOKUTE THHOH
[JIABYYECTH).

TpeOyeMbIii BHETTHME paJHyc OETOHHOTO TIOKPHITHS TPYOOIIPOROAA OTPEENIeTCS U3 CICAYIONMETO
YPaBHCHHA:

y-Qex100g Xpl 00 _mr2,,—RZL. (6.1-5)
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B TakoM ciydae RHETHHH pajiiyc OSTOHHOTO TIOKPBITHA OTIPEJIENMETC MO CIEAYIONIEH popmyre:

 0s X 1007 pem + g2/ (255 x 100/9,.8)/2700 .
Rogn =) Q2108 0con 1 g2,/ 40,1757 0,248 M. (6.1-6)

TIpu 5ToM TOMIMHA OETOHHOTO MOKPEITHA PaBHA:

1=Ropn—Hy=0248—-0,175-0,073-73~8 cm.

Takum 00pazoM, TOMIHHA GANTACTHOTO TIOKPHITHA MPHHHMAaeTca paBHOMH 8,0 cM. IIo KOHCTPYKTHB-
HBIM cOOOpaKCHHAM Ha MOpCKoil TpvOOomnpoBod AOLKHO OBITh HAHSCEHO OaUIACTHOS TOKPHITHE
TOJIIMHOI 8 ¢M U3 JKeae300eToHa IoTHOCTRI0 2700 Kr/M> Mo Beeil ero JIMHE.

Yedorue OammacTHPOBKU B COOTBETCTBHH ¢ dopmynoit (6.1-1) OyAeT BEOTOIHEHO, €CIH Bec
0anmacTHOTO TIOKPHITHA 14 1 TMOT. M MOPCKOTO TPYOOIIpoBOda cocTapiseT 2,55 kH/m.

6.2 BAJLTACTHPOBKA 3ATTTYBJEHHBIX B JJOHHbIV IT'PYHT TPYBOIIPOBOJIOB

B mporiecce 3acHITIKH TPYHTOM HaXOAMIIeTocd B TpaHINee TOABOTHOTO TpyOOIpoBOoda HIIM
3anyOIeHHs paHee VIOXEHHOTO HA TOHHBIH TPYHT TPYOOTIPOBOAA MIPOHCXOAUT TEepeMeIHBAHHE TPYHTA
3aCHITIKH ¢ BOAOH © BO3MOMHOCTHIO TIEPEeX0Ja TPVHTA B KHJKO-TEKyUe€ COCTOSHHE ¢ TUIOTHOCTBIO
3HAYHTE/IBHO [IPEBOCXOAMINEH IUIOTHOCTE MOpcKoH Bogpl (o 1600 KI/M>), YTO MOXET MpHUBECTH K
BCIUIHITHIO TPyOOmpokoga. IIpH 3TOM COTIPOTHBIICHHE PAKHMKEHHOTO TPYHTAa CHBHTY MPAKTHYECKH
OTCYTCTBYET, C JIPYTOIH CTOPOHBI, Ha TPYOOTIPOBOA, HAXOAMIIHIICA B TPAHIIICE, He MOABEPKEH BO3SHCTBHIO
TEUSHHI W BOJIHEHHA. B 3TOM cilyuyae yolIOBHe YCTOMUHBOCTH TIOABOTHOTO TPYOOTPOBOAA B TPaHIlIee Ha
BCILJILITHE OIIPEJC/I4eTCs CAeAyIOmeH 3aBHCHMOCTHIO [4]:

M Opine T Qine + Op)

i (1413 > 2
e L) > 62D
rae Qp,pe — BEC EAMHMLbL JJIMHBL TPYOOIMPOBOYA HY BOSLYXE, KI/M;

Qins — BCC CAHHHIBL UTHHEL H3OJIALHMH Ha BOSIYXE, KI/M;
Qp —BEC eJMHMLIBL JiMHbL GATITACTHOTO TIOKPEITHS Ha BO3AYXE, KI/M;
D,y — HApYXKHEIH JHaMeTP TPYOONPOBOAa ¢ YICTOM M3OMAIHH H 6aIITacTHOTO MOKPBITHS, M,
P, —INIOTHOCTh PasKHAKCHHOIO IpyHTa (OTHOIICHHE MAcCChl TBepABIX YacTHI[ TPyHTa, BKIIOYas Maccy
COTEPKATIEHCT B HEM BOABL, K MX OFBEMY), KT/M®, OlpeACIseMas 110 CleyKmel dopMye:

_Ps.skPul(1 + W) 6.2-2
Ps Ps. skW +1 - ( ' )
rag Ps.sp — MIOTHOCTH CKelleTa I'pyrra (OTHOLIEHHE MACCH TBEPIOBIX YACTHIL IPYHIA K HX 0ObeMy), KM,

Py — TITIOTHOCTE BOJEL, KT/M,
¥ — BIaXHOCTh I'PyHTa (OTHOLUCHHE MACCHI BOAbl, 3aKTFOUCHHON B IOpaxX IPyHra, K MACCe TBEPAbIX YACTHIL

TPyHTa), /T.€.
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7 YKNTALKA MOPCKOI'O TPYBOMNMPOBOAA

7.1 OBLME MOJIOXXEHNA

OCHOBHbIM METOAOM MOCTPOAKM MNOABOAHLIX TPy6OMPOBOLOB B MOPCKMX aKBaTOPWSAX SABNAETCS
yKNafika C MOMOLLbIO CMeLnanm3MpoBaHHbIX TPy6oyKnagouHbix cynos/6apx (TYC), KoTopble N0O3BONAKOT
coopy>aTb Tpy60oMnpoBOAbl, OTBevyawlime TpebyembiM paboyuMm napameTpaM TpaHCNOPTUPOBAHUA
NPOAYKLUMMN Ha 3HAYUTENbHbIX Fy6MHAX NpY BONHEHWUM W C LOCTaTOYHOW MPOWN3BOAUTENLHOCTLIO.

MpumepHo Ha 70 % TYC npumeHsieTcs €nocob HapalivBaHWs Tpy6OMpPOBOAa Ha FOPU3OHTANbHOW
MOHT&XXHOW IMHUM C NOCNeAYIOLLMUM CMYCKOM €ro Ha MOPCKOe [IHO MO CTUHrepy MoA HaTshkeHneM. Mpu sTom
y4acTOK TpybonpoBoja OT CTWMHrepa A0 TOYKM KacaHUs Ha JOHHOM FpyHTe MpUMHUMAaeT (opmy 5-06pasHoii
KpuBO. [JaHHbI cnocob yknagku TpybonpoBoaa HOCUT Has3BaHMe 5-meToda yknagku [1J — cm. puc. 7.1-1.
B HekOoTOpbIX C/y4asix NpY HeJOCTaTOYHOW AAMHE CTUHrepa (MM HEBO3MOXHOCTU MPUMEHUTL CTMHrep
[OCTAaTOYHOW ANMHbI HA ME/IKOBOABE), WCMOMb3YHT MNOAAEPXKMBAOLLME YKaAblBaeMblii TPy60OMpoBOsg
3NEMEHTbI NNaByyecTu.

Puc. 7.1-1 Cxema X-MeTofa yKnafKn MOPCKOro NofBOAHOro TpybonpoBoza:
1 — TpyboyknafoyHoe cyaHo/6apxa; 2 — cTuHrep; 3 — Tpy6onpoBosg; 4 — 31eMeHT naByyecTu

B0O3MOXHOCTM yKNafKu C NPUMEHeHeM 5-MeToda UMetoT OrpaHnyeHns no rnybuHe mMops, KoTopble
3aBUCAT OT fuamMeTpa W TONWMHbLI CTEHKWM MOABOAHLIX TPybonpoBoAos. Kak mpaswuno, AaHHbIi MeTof
MCnonb3yeTcs Npu Npoknagke TPybonpoBoLOB AMamMeTpom g0 1220 mm Ha raybuHax go 300 — 350 m
n anameTpom o 800 MM Ha raybuHax go 700 M CO CKOpPOCTbO yKnagakm 3 — 5 km/cyT. [1J.

Ons yknagku TpybonpoBoAoB Ha rybuHax, NpPeBbIAOWMX BbllleyKasaHHble, NPUMEHSeTCa Tak
Ha3blBaeMblli 5-MeTof yKnagku ¢ m3rmbom TpybonpoBofa OT TPy6OyKnagumMka O TOUKM KacaHWa Ha
[JOHHOM rpyHTe no 5-06pasHoii KpBoi — cM. puc. 7.1-2. HapalymBaHue Tpy6onpoBoga Npon3BoanTCS Ha
BEPTMKaNbHOW (MM BAU3KOA K BEPTMKaNbHOMY MOMOXEHUWIO) pamne, Ha KOTOPYH NojaloTcs npenBapu-
TeNIbHO CBapeHHble MOMapHO TPYOHbIE CEKLUN.

OcHOBHOe oT/IMyMe 5-meTofa yknafkv OT 5-meTofa 3aKno4yaeTcd B OTCYTCTBUWM CTWMHrepa U B
BEPTUKaNIbHOM PACMOIOKEHNN BEPXHErO0 KOHLUA TpybonpoBofa B MpOLECCe YKNAAKM Ha Gonbluvie
rNy6yHbl, 4TO 00YyCnaBnMBaeT OTCYTCTBME HanpsHKEHMIA OT M3rnba Ha BepXHEM KOHLUe Tpy6onposoja
(cm. puc. 7.1-3, a). Takum o06pa3om, Mpu crnocobe yKnagku 5-MeTo4OM [AeiCTBYHOT 3HauUTeNbHble
N3rnbaroLine MOMeHTbI ABYX 3HAKOB: MPKU CX0f4e CO CTUHIrepa TPy6OonpoBOA npeTeprnesaeT BbIrnb, a 651mxe
K TOYKE KacaHus fjHa — Mmporm6, npu aToM MMEeTCH TOUKa, IAe KpMBW3HA YKNafblBaeMoro Tpyb6onposoja
MEHSIET 3HaK W U3rnbaroLL il MOMEHT paBeH Hyn (cMm. puc. 7.1-3, 6).
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Puc. 7.1-2 Cxema J-MeTofla YKIaJKH MOPCKOTO IIOABOTHOTO TpyGomposoaa [1]

H - 2npouna sopa

M,
R 4

Iy

=1,

Pre. 7.1-3 31mropel HATHOAKOIHX MOMEHTOB TIPH VKIae PasIHUHBEIMH cIIoco0aMH |1]:
a — J-METO/ YKIaJKH, 6 — S-MeTOM VEITaIKH
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B coOTBETCTBHH ¢ MPOBEACHHBIM aHAHM30M XapaKTEPUCTHK JCHCTBYIONMX B HacTosmiee BpeMs TYC [1]
JUI1 VKIAJKH S-METONOM Ha OTHOCHTENBHO HEOONBNMX TIYOHHAX, XapaKTepPHBIX I POCCHIUCKHUX
MOpPCKHX He(TerasoBpIX MECTOPOXKACHHUH, JOCTATOYHO 3(PPCKTHBHBIMU HBISIOTCS HECAMOXOAHBIE
TVYC (bapxi), KoTOpbIE NMOHLIMOHHUPYIOTCA M MEPEMEMAIOTC TIPH YKJIAAKS TPYOOIIporoda ¢ IPHMEHE-
HHUEM CHCTEMBI AKOPHOTO MO3MIIMOHMPOBAHHA H ¢ TIepeKIaKoi aKopeii (cM. puc. 7.1-4).

28" Brawnud zoonpabog

Puc. 7.1-4 Ilepemerienne TpyGoyKIagouHON Gapau MO Tpacce TPYOONPOBOAa Ha AKOPHOH CHCTEME ITOSHITHOHHPOBAHHS

JpyrHe crnocoObl YKIAJAKU TOABOJHBIX TPYyOOMporoaos mepeumciaeHsl B 8.5 wactH [ «Mopekue
noaBogHbie TpyOonpoBoapl» I[Ipasun MIIT M MOTYT NPHMEHATBCS B 3aBHCHMOCTH OT KOHKPETHBIX
0COOCHHOCTEH aKBAaTOPHH, TPAcChl, MPOU3BOJCTBEHHOH 0a3bl MOJPATUMKA H T.J.
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7.2 PACUET CTATUUYECKOT ITPOUYHOCTH YKJIAJIBIBAEMOTO TPYBEOITPOBOJIA

B HacTodmicii IaBe MpHBEICH MPHMEP CTATHYECKOTO PACYSTa MOPCKOIO TPYOOIIPOBOAA IIPH YKIIAIKE
¢ TVC SULEYMAN VEZIROV (Per. HoMep 743746, ¢nar/cobcTheHHUK A3epbalimkaH), BHITIQIHEHHBIH
Ha OCHOBaHUM pacyeTHOW MeToMukH [2]. B kauccThe mpuMepa TPHBOIUTCA OOCTOHHPOBAHHBIA
TpyOOIIPOBOA, MapaMeTphl KOTOPOTO OBLIH OTPENEICHBI B PACUETHBHIX MPHUMEpPAX COOTBETCTBYIOMMX
pasgeaos HacToanmx Pexomenpanmii: 350 x 12 MM, crans X52, TomipiHa 6€TOHHOIO NOKphITUS 80 MM.

SULEYMAN VEZIROV muMeer rnasHbie pasMepeHHs: LXBXxDx d=107x24x7,0x3,48 ™.
Pasmepsl ctuHrepa: jymHa /;=35,0 M, pajHyc KPUBH3HHL IS MOKET peTyJIHpoBaThcd oT 283 g0 396 M.

Jad yKIaJgKH MOpPCKOTO TPYyOOIIPpOBOAa HCIIONB3YeTCcd S-METOJ, HEKOTOPhIE TIeOMETPHYECKHE
[apaMeTPhl KOTOPOTO YKa3aHHl Ha puc. 7.2-1.

jx /

bSapxa

rs

Rt e o 4 ‘
h TV T TPy

Awe P!

Puc. 7.2-1 T'eoMeTpHYe CKHE TTApAMETPHI NPOLIECca YKIIAJKH S-MeTONOM:
1 — TIOBEPXHOCTH BOARI, 2 — TOYKA KacaHHA TPYOOIIPOBOJA ¢ AHOM; 3 — DONHKOBEIE OIIOPHL,
4 — crurrep; 0=14° = 0,244 pajg. — YTol HaKIOHa KOPMOBOTO YUacTKa MOHTaXXHOH JIMHHH (HagalbHBIA YTOT HAKIIOHA
CTHHTePa); f — YToml cxofma TPyOOIIpOBOAa cO CTHHIECPA; ¢ — YION HAKIIOHA AIHA; #; — PaJHyc CTHHIepa

Ha yyacTke TIpUITeTaHHsI K CTHHIEPY TPYOOTIPOBOJ, M3THOAETCS TI0 KPHBOEH, OIMHMCHIBAEMO paycoM
KPUBHZHEI CTHHTEpPA 7, TIPH 5TOM CTHHTEpP NPHHHMASTCS KECTKOH KOHCTPYKIMEH, CHaOKeHHOE
POJHKOBBIMH  OIlOpaMH. MaTeMaTH4YecKad Mozeldb Il OIDICAaHHS YIpyroro H3ruba tpybomposona
MPHHUMAETCS B BHJIE HepaspesHoil Salke Tpy0uaroro cedeHHs. 3aKperiieHHs OalKH 3aJaloTcd B TOUKE
KAcaHH4 ¢ JHOM B BHJIE IIAPHHUPHO-HEIIOJBILKHON OIOPLI, POJUKOBBIE OIIOPHI CTHHIEPa — ITOJBIDKHBIMH
MIApHUPAMH.

Ha cTHHTepe JUTHHOI I, Ha TPYOOTIPOBO ASHCTBYIOT ClSAYIOIIHNE HATPY3KH:

cOOCTBEHHEIH Bec TpyOOTpoBoaa (3agaeTcs paBHOMEPHO paclipe/ieIeHHAad HATPY3KA i ¢ YUSTOM Beca
OETOHHOTO TTIOKPHITHA);

JIABJICHHE BOJBI HAa CTEHKH TPYOOIIpoBOaa (CHIa TUIaBYYECTH);

HaTsxeHHe TpyOsl N, cozmapaemoe HaTsxuTensmu TYC.

Jla TIPOREPKH MPOYHOCTH PacCMaTPUBAETCA TOJIBKO MeTalUTHYecKas TpyOa, OETOHHO® YTHKEIMIOISe
[IOKPBITHE YUMTBIBASTCA TOJBKO KaK JOIOJIHUTE/IbHASL BecoBad HArpys3ka. TeM He MeHee, caMo OETOHHOE
MOKPHITHE JODKHO OBITh TIPOBEPEHO Ha MaKCHMallbHble IedopMalldH pPacTOKEHHMA H3 YCIOBUA
OTPAaHUYEHUS IIMHPHHBI TIOTISPEYHBIX TPEeIHH B PACTAHYTOH 30He OSTOHHOTO TIOKPBITHS Ha OCHOBAHEH,
Harpumep, [4] u [5]. KpoMe Toro, Hamiire OeTOHHOIO IOKPBITHA HE 110 Beel JmHE TPYOHI, @ TONIBKO B
cpenHeit yacTH 3a uekmodeHueM 400 — 500 MM Ha KaxIOM KOHIIE TPYObI TIPHBOAMT K KOHI[CHTPAIHH
H3THOHBIX HATIPSKEHUH B 30HE CBAPHBIX CTHIKOB. [N yeTpaHeHHMS JaHHEIX BO3ACHCTBUEH B p4/Ie clayyae
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[IPH 3HAYMUTEIBHOH TONIHMHE U Bece OETOHHOTO TIOKPHITHS PSKOMEHIYETCS HAHECEHHE Ha HEM KOTBLIEBBIX
npope3set [6].

CoryacHO YCJIOBHAM MAaKCHMAaIIBHO JIOIyCTHMOTO VIIPYroro H3ru0a TpyGomnpoBoja ¢ YYETOM €ro
HATAKCHHA JOJLKCH OBITH IIPOBEPEH PaJMyC KPUBH3HBI CTHHIEPA 7, KOTOPHIH HE JOJDKCH IIPEBBILATH
MHHHMAJBHOE 3HAUCHHE Fp,;,,, OTIPSACTASMOE TIO CIeAYIOmSH dopMye:

EJ
f’.c?W—"mim (72-1)
e J —MOMEHT HHEPIHMH MeTAITHYECKOH TpyOBI, MY,
E = 204570 MIla — mouyus yIpyrocTs ctani (Moayins IOHra);
W — MOMEHT COITPOTHBIIEHHS METAIITHIECKOF TPYGBL, M,
|6] =260 MIla — pmomyckaeMoe HanpskeHHe (CM. pasf. 5 HacTOSIIHMX PekoMeHAaLmit);
N=451=0,441 MH — ycwme HaTsDKeHHA TPYOOTpoBofia Ha TYC;
F — miolagp MONepevyHoro ¢eYeHH MeTallIMYecKoR TPYOBL, M .
J :% WA—Dt)= % (0,35* —0,326%) —0,000181 m*, (7.2-2)
TAe D, =035 mHu D;,,; = 0,326 M — HapyXHBIH H BHYTPEHHHH JHAMETPB METAIUIMYECKOH TPYObl COOTBETCTBEHHO,
F=Z—T‘ (D2—D2) - 77:(0,352—0,3262) ~0,0127 m, (7.2-3)
_ = 4y T 4 — 3 -
W =3, Pa—Dim) = 337535035 0,326 =0,00104 . (7.2-4)
B coorsercrean ¢ popmynoii (7.2-1) paaryc KPHBH3HBI CTHHIECPA 7 PABEH:
> {204570-0,000181) —158 m. (7.2-5)

=2 0,00104(260— (0,441/0,0127))

TaxeM 00pazoM paguyc CTHHIEpA 7, MOKET OBITH IIPHHAT PaBHBIM €10 MUHUMAIBHOH BEIIMYUHE LI
nanHoro TYC — 283 M.

OMNopHEIE PeaKIMH HA CTHHTEPE OMPEASIMIOTCS W3 YCJOBHA, YTO W3THOAONMIT MOMEHT B MOOOM
CeUeHHU TpyOompoBoga Ha cTuHrepe M, KHM, ompejeisercd €ro pagHycoM M KECTKOCTBIO

TpyOOoIpoBOaA:
M, =EJ/r, =(204570:0,000181)/283 - 0,131 MHwm— 131xHm. (7.2-6)

HauGomnsiiag peakiiusd Ha IIapHHPHOH OIMOpe cTHHTEpa (Ha TEpBOH POJMKOBOM OIOpe MOCIe
KOPMOBOTO Y4acTKa MOHTaxkHo nuHuH) R, KH, onpegengercd no cneayromeH popmyne [2]:

Ro= silm{M’/r’ + N(1—cos g) + mr[sin 6, + (cos 6; —cos a) ] —% (sin 6,-¢ — sin arsin )}, (7.2-7)
e B= o+l /¥57,3°=14+35/283-57,3°=21,1°=0,368 pas. — yrou HaKIOHa B TOYKE CXOJa TPYyGOIpPOBOHA €O
CTHHTEpA;

£=8/r.=2/283=0,007 pam.=0,41° (§=2 M — pacCTOSHHE MEXIY POIMHMKOBBIMHM OMODAMH CTHHIEpa) —
TIPHpAIEHHe YIIIa HAKIIOHa TPYGOMPOBOAa MEXAY POTHKOBEIMH OTTOPaMH,
B;=a+e=14°+0,41°=14,41°=0,251 pag. — H3MCHCHHE YIJIA HAKIIOHA TPYGOIPOBO/A IIOCIIE [IEPBOH POIMKOBOH
OITIOPEL,
m = 3890 H/M — TIOTOHHBIH BeC TPyOOIIPOBOAA ¢ IIOKPHITHAMH Ha BO3MYXE,
g =2015 H/M — crmma mopaepKaHHsI TPYOOIIPOBOJA ¢ IIOKPHITHAMH B BOJIE.

B TakoM ciydae peakigii Ha IISpBOil pONHKOBOH OMope CTHHTrepa Ry, KH, MpHHIUMaeTCS paBHOIL:

1
" sin0,007

2,015-283
B 2

R, £131/283 +441(1 — cos 0,007) + 3,890-283[sin (0,251-0,007) + (c0s 0,251 — cos 0,244)] —

[5in (0,251-0,007)— sin 0,244-sin 0,007]} = 3659 H. (7.2-8)
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OctambHbie cunoBbie mapaMerpbl ykiaaaku ¢ TYC SULEYMAN VEZIROV U reoMeTpHUYECKHE
nmapaMeTpsl S-00pazHOH KPHBOM pacCMaTpHBA€MOTO TIONBOJHOTO TPYyOOMpoBOJAA TIPH CTaTHUYECKOM
pacdeTe €10 TIPOYHOCTH MOTYT OBITH OTIPEJICIeHBI Ha OCHOBaHHH [2] u [3].

Pamuyc m3ruda yiIaaplBacMoro TpyOOIMpoBOAa OT TOYKH CXOAa ¢ CTHHIepa (OT TOYKH H3MCHEHHS
3HAKa KPHBH3HBI) JI0 TOUKH KacaHUS JHA JOJLKEH ObITh HE MEHee ompejememMoro mo popmyne (7.2-1).
IIpu 3TOM OCHOBHBIMH TIapaMETPaMHU I OMPEENICHUS PaJiHyca M3rHOa TpyoOompoBoaa (M JUIHHBI €T0
MIPOBHCAIOMICH YaCTH COOTBETCTBGHHO) SBIAIOTCA [IyOHHA aKBaTOPHM B MECTE YKIAJKH U ICOMETPHUA
CTHHIEpA: €r0 pajHyc, MJIHMHA H HAYIBHBINH yroia Hanpumep, Ji1 HEOONBIMX INIYOMH H JJIMHHBIX
CTHHTEPOB, ¥ KOTOPHIX TOYKA CXO/la TPYOOTIPOBOJia ¢ CTHHTEPA COBIMANACT C TOUKOI H3MEHEHHA 3HAKa
KPHBH3HEL, JUIHHA [IPOBUCAIONICH YacTH TpyOompoBoga / onpeAensaeTcs Mo cieAyione gopmyine:

! :% sin B, (1.2-9)

rIe H — 11yOHHA aKBaTOPHH B MECTE YKIIAIKH,
h.=r{(1—cos (I/r;) — oTcTOAHVE KOHIIEBOH ONMOPHI CTHHTepa OT BaTepimiHik TYC,
B — yrou cxoma TpyOOMPOBOA GO CTHHTEPA.

7.3 PACHET IIPOYHOCTH TPYBOIIPOBOJA B YCJIOBHSIX KAYKH TYC

TIpu mpoBepke MPOYHOCTH B TIpPOIecce YKIAAKH MOABOSHBIX TpyOomposogos ¢ TYC HeoOxoguMo
YUHUTBIBaTE Bo3AchHcTBue Ha TYC BOJMHEHHMS M TEUYCHHH, KOTOpbie OO0YCJIaBIMBAIOT IOABJICHHE
JUHAMHYeCKHX HATPY30K Kak Ha Kkopryc TVC, Tak M HETIOCPEACTBECHHO Ha HAXOAMAIIMIICA HAa CTHHTEpE
MOABOHEIH TPyDOMIPOBOA. DTH HATPY3KH CIeIyeT YUUTHIBATD /U TPOBECHHS CIEMYIOIETO:

aHaIM3a MPOYHOCTH SKOPHBIX JHHHH ITPH MO3HITHOHHPOBAHHH U mMepeMenieHuH TYC Baosib Tpacchl
TpybBonposoza;

TIPOBEPKH MPOYHOCTH YKIAABIBAEMOTO TPYOOTIPOBOa TIPH THHAMHYECKHX TIEPEMETTCHHUAX CTHHTEPa B
mpoliecce Kauku TYC;

TIPOBEPKH TIPOUHOCTH YKIaJBIBAEMOTO TPYOOIIpoBOAa TIPH HETOCPE/ICTBEHHOM BO3JCHCTBHH Ha HETO
BOJH U TSUSHUS.

Ha ocHoarmm meTomuku [2] ammmryasl kauku TYC SULEYMAN VEZIROV mpH HepeTyIIpHOM
BOTHEHHH MOTYT OBITH OIpPeIeAeHBl COTIacHO pHc. 7.3-1.

BereoTa sonHm 3%-ii ohacnsveHHOET, M

fF

’ A i i
J 4 §

AmMnnuTyna koneGaHnwi, M i

Puc. 7.3-1 AMIUTMTY)\b1 KauKH Ha HEPEI'VIIAPHOM BOTMHEHHMH 3-% obecneueHHocTH TYC SULEYMAN VEZIROV |2):
1, 2 — xunepag (y) n Gopropas (0) xauxa; 3, 4 — TOPH3OHTATBHAA (4.) H BEPTHKANbHAL (,) Kauka
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MagcHMaTbHBEIE aMITIHTYAEI Kauki JaHHoro TYC TIpH OrpaHHYeHHH BBICOT BOJMH 3-% 00€CTIeUeHHOCTH
He Oomee 2,5 M cormacHO puc. 7.3-1 paBHHL:

dg = 0,55 m;

a, — 0,61 M

y=0,65° (0,011 pan.);

0-2.4° (0,042 pax.).

TIpu 3TOM aMIDIHMTYJa BEPTHKAJBHEIX KOJICOAHMI KOHLIEBOM POMIKOBOH OTOPH cTHHTEPa G,y C YUETOM
MECTa PACIIOJIOAKCHHA CTHHIEpA U €I'0 JJIHHEI /; OIpeAeieTcd 1o cleayoomeH Gopmyne:

G,y = (L2 + [)u+a, + k0 - (107/2+35)0,011+ 0,61 +10-0,042 - 2,0 m, (7.3-1)

rae k=10 M — OTCTOSHHE CTHHTEpa OT AHMaMeTpalmbHOH IIocKocTH TYC,
L =107 m — mmHa TYC,
I, =35 m — JIHHA CTHHIEPA.

AMIDTHTY/Ia TOPH3OHTANIBHBIX KOJICOAHMIT KOHLIEBOH OMOPhI CTHHTEPa OTpe/iendeTcs 1o GopMyie
G,g=ug+h0—-0,55+2,83-0,042- 0,67 m, (7.3-2)

roe he =2,83 M — OTCTOSHIE KOHIIEBOF OIOpEL CTHHrepa oT BaTepmuHuE TYC (cm. dopmyny (7.2-9)).

Taxum o06pazoM, MIETh TPYOONPOROJA MEKIY KOHIIEBOIH POMUKOBOI OMOpOM CTHHTEpa U TOYKOH
KacaHus JHa MPH YKIaJKe HAXOJUTCH B PEKHUME BBIHYK/CHHBIX KOJNcOaHHII ¢ aMILTHTYJaMH,
onpeaecacHHAIME 10 GopMynam (7.3-1) 1 (7.3-2), H ¢ YacTOTOM MOPCKOTO BOJHCHHS.

IIpoBepka TIPOYHOCTH TPYOOIIPOROAAa B ycioBHAX Kaukd TYC u JielicTBUA Ha YKJIaJbIBacMBIH
TPyOOTIPOBOA TEUSHHUS paccMaTpHBaeTcd B [2] M COCTOHMT U3 CAEAYIONHX ITAIOB:

COCTARJICHHS YPAaBHEHHMS BRIHYMJICHHBIX KOJIeOaHMIl TpyOonpoBosa;

OIpe/icIEHHE YACTOTH CODCTBEHHBIX KojcOaHMI TpyOOMpPOBOAa W IPOBEPKA OTCYTCTBHA ABJICHME
pe3oHaHca;

oTipeieIeHHE M3THOAIOTIETO MOMEHTA TPYOOIIPORO/Ia B BEPTUKAIBHOM TVIOCKOCTH U TIepepe3bIBaIOIIcii
cHibl oT Kauku TYC;

ofpeieIeHHe H3THOAIONIeT0 MOMEHTa TPYyOOIpOBO/ia B TOPU3OHTANBHOH TUIOCKOCTH OT ACHCTBUSA
TEUESHMUI.

Hampa:xeHHOE COCTOSHUE YKIAABIBAacMOM TUIETH TIOABOAHOTO TpyOOoMpoBoJa OMpeAengeTcs JeHCT-
BHEM H3THOAIONMHX MOMEHTOB, BECOBOH HATPY3KM H CHIIBI HATAXKCHHUA:

B BEPTHKAIBHOI TDIOCKOCTH OT ASHCTEHA COOCTBEHHOI BECOBOM HaTPY3KH C VUETOM CHII TTO/IEPKAHHA
B BOJE M JUHAMHYECKOTO MOMEHTA, BOSHHKAIOILETO B pe3yasrare Kauku TYC;

B TOPU3OHTAIBHOM TUIOCKOCTH OT JICHCTBHA TEUEHHA W JHHAMHYECKOTO MOMEHTA, BOSHHUKAIOIIEIO B
peayibrare Kauku TYC;

KOJNBLEBbIE HATIPZKEHUSA OT THAPOCTATHYECKOTO JABJICHHS BOZIDL.

Ilo yka3aHHBIM BBIIIEC HArpy3kaM, JCHCTBYIONIMM Ha IOABOJHBIA TpyOOINpPOBOA IMpH YKIAJKE,
IpPOBEpAETCS TIPOUHOCTH TPYOOIIPOBO,IA TI0 CYMMApHBIM HaTIpiKeHUS corlacHo 8.5.6.6 yactu [ « Mopckue
MOABOIHBIE TPYOOTIpoBOIbD» [Iparrm MITT.

7.4 OCOBEHHOCTH PACUETA HAIIPSDKEHHO-JE®@OPMHPOBAHHOI'O COCTOSIHISA
TPYBOIIPOBOJIA 11PU S-METOAE YKJIIATKH

IIpu pacuere HanpsKeHHO-Ae(hOPMUPOBAHHOTO COCTOSHMA TPYOONPOBOAA MPH €ro YKIAAKE Ha
MOPCKOS JHO B OTEUESCTBEHHOH U 3apyOe:KHOH JHTeparype, KaK MPaBHIIO, HUCTIONb3YETC MPHOMHKEHHOE
JudpdepeHIMAIPHOS YPABHEHHE IIporuba OalIkH, KOTOPOE CIIPAaBEUIMBO TOJBKO TPH aHAMM3E YKIAKH
S-MeTonoM 1pH HeOONBINMX IIyOMHAX BOZBI, YTO CBY3aHO C JOIMYIICHHEM O MajOH BEJMYUHE YIJIOB
HAKJIOHA TIOTIEPEUHBIX ceueHHI TpyOompoeoaa. Korja yribl HAaKiIoHa U TIPOTHOBI CTAHOBATCA OOMBIIHMH,
HEe0OXOAMMO HCTIONB30BATH TOUHOE (e peHIMaNTbHOE YPaBHEHHUE JTHHHH TIPOTHOOB.
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B o6mmem ciyuae TouHoe qudrdepeHIHaTbHOE YPaBHeHHe TIPOTHOA 0alKK UMEET CJIeTYIOIMM BUA:

. dy2/di? )
M(x)=El [T+ (@)’ (7.4-1)
rie M{x) — msruGarormit MOMEHT B TIPOM3BONBHON TOUKe x Gallk;

E — mouyib YIIDYTOCTH MaTepHaTa,
I — MOMEHT MHEpIIH IONEPEYHOrO CEUeHHI,
y — TIpOTHO.

HaHHOE ypaBHEHHME IIpPEIACTaBIIeT c000¥ HemmHeiHoe MudQdepeHIMaIbHOE YPAaBHEHHE BTOPOTO
MOPAAKA, HHTETPHPOBAHHE KOTOPOTO, MPEACTABIAET ONpeeIcHHbIe TPYAHOCTH. TouHas ¢opMa ympyToii
KPHBOH, [OTyYarolasics MPH pellleHHH JAHHOTO YPAaBHCHHS, HAZbIBACTCA HIACTHKOH, OJHAKO MPH 3TOM
BO3HHKAIOT OIPEAC/ICHHBIC CIOKHOCTH ¢ HA3HAYCHHEM PACUCTHHIX H3THOAIONIMX MOMCHTOB OT BCEX
BHEIITHHX HATPY30K.

B kauecTBe aMBTEPHATHBHOTO IMOAXOAA K OMPE/C/ICHI) HATIPMKEHHO-AShOPMHPOBAHHOTO COCTOSHIS
MOABOAHOTO TPYOONpOBOJA TPH VKIAJKE MOXKET TIPUMEHATRCS METOJ pPacyeTa, OCHOBAHHEIN Ha
COBPEMEHHEIX KOMITHIOTEPHBIX TEXHOJOTHAX H METOHAX PEICHHA COOTBETCTBYIOMIMX KPaeBBIX 3aJay
MEXAHHKH TBEepAOTo Ac(OpMUPYEMOIQ Teja, B HYacTHOCTH KOMIIBIOTEPHOM cpedbl i CHMBOJBHBIX
BBIYHCICHUI B cpele Mathematica [7].

7.5 IIPUIMEHEHWE ITPOTPAMMHBIX KOMILIEKCOB /UIA ITPOBEPKH ITPOYHOCTH
MOPCKOT'O ITOABOJHOI'O TPYEOITPOBOJA ITPH YKIIAJKE

IIporpaMMHBIE KOMIUIEKCH JAIS TIPOBEPKU TIPOYHOCTH MOABOHOTO TpyOOIIpoBOja MpH YKIagKe
(armpumep, nporpamma OFFPIPE, paspaboranHag R.C. Malahy, Jr. u Jip.) AOGKHBI OCHOBBIBATBCA Ha
KOHEYHO-3JIEMEHTHOM HEJHHEHHOM MOJESIHPOBAHUN YKJIAJBIBACMOIO TPYyOOIIPOBOJa M BBIIONHATE
CTaTHYECKHE M JHHAMHYECKHE aHAM3H YKIaJKH TPyOOlpPOROAOE B 3aBUCUMOCTH OT INTyOHHBI aKBaTOPHH
H BEJHYHHBI PACTATHBAIONIHX YCHJMI TPH Pa3THYHBIX KOHQHTYpalMax TOJNEPKUBAIONMX OIOp
MoHTakHOH mmmu TYC H CTHHTEpa ¢ YUeTOM cMoco00B €T0 KPEIUICHHA U MOAASPKAHHUA TUIaByYECTH,
BKIOYAs S- U J-MeTOAbl YKIAAKU.

TIpuMeHAEeMBIMH TPOTPAMMHBIMH CPEJCTBAMH JIOJDKHBI BBRITIOMHATBCS CTaTHUECKHE M JHHAMHUYCCKHE
aHaM3Bl HHUIHAIMH, TPEPBIBAHUA/TIPOIOILKSHUS VETATKUA TPY OOTIPOBOAOB, IMObeMa/OIyCcKaHuI TPy 6o-
[IPOBOJIA HA JHO ¢ HCIIOJIB30OBAHHEM TPOCA H 3JIEMCHTOB ILIaBYUYCCTH. IIPH 3TOM JO/DKHEI YYMTHIBAThCA
JIUHAMITYecKUe Bo3ieHcTerg Ha TYC BeTpa, TeUeHHS U BOTHEHUS, B T.U. PETYIIPHOTO H HEPETYIPHOTO
PA3MHUHBIX HampapjieHHil. MoryT OBITh YUTeHBI TapameTpbl Kaukd TYC (OopToBo#, KuIeBOM H
pHICKaHIA), a Takke cMmemeHud TYC oT Tpacchl TPYOOIIpoBOAA.

Mopckoe JHO JODKHO MOZS/IHPOBATBCH KAK HEINPEPBIBHOE YIPYTO-IUIACTHYHOEC OCHOBAHHE C
3aJIJaHHBIM TPEXMEPHBIM IMPOdIIeM TOBEPXHOCTH, ONpPEJe/ieHHBIM Ha OCHOBAHHH HHXXEHEPHBIX
u3bicKaHuil. Ko HIHEHTH TPEHUS TPYHTa MOTYT OBITh OIpele/eHbl Kak JUI4 OOKOBBIX, TAK W JUI4
[IPOJIONBHEIX CABHTOB TPYOBL.

IToMHMO oTIpeAeTeHHs HalPKeHHO-Te(POPMUPOBAHHOTO COCTOSHMA TPYOOTIPOBOa OMpEeNeaoTCs
[IPONET H TEOMETPHA TPOBHCANOMIEH HacTH YKJIAJBIEASMOTO TPYOOIIPOBOAA MPH TIONBEME/OIY CKAHHH
TpyboNpoRoa, peakils TPYHTOBOTO OCHOBAHHA B TOUKEe KacaHHA TPYOOIPOROJa JHA M TIapaMeTphl
cBOOOAHBIX TIPOTETOR YIOKEHHBIX TPYOOTIPOBOAOB Ha JTamax VKIaJAKH, THAPaBIHYECKHX HCTIBITAHUH K
SKCILTyaTal[HH.

HcxoanpiMu JaHHBIMH I [POTPAMMHBIX KOMITIEKCOR TI0 YHCISHHOMY MO/ISIHPOBAHUIO TIpoIecca
YKIaAKU TI0/BOJHBIX TPYOOIIPOBOAOB KaK MHHHMYM JOJLKHBI ABJLITHCA:

JUIMHA PacyeTHOTO KOHEYHOTO MeMEHTa TPYOOoIpoRoaa;

XapPaKTepHCTHKH CTaJIBHOTO TPYyOONpoBOAa (AHaMeTp, TOMIMHA CTEHKH, TOIHHA H IUIOTHOCTE
H30MLMH 1 OeTOHHOTO (Da/IacTHOTO) IMOKPBITHA, BEC TPYObL Ha BO3JYXE H B IIOIPYKEHHOM COCTOSHHM);

TIpeAenT TEKYUYSCTH H MOYTb YIIPYTOCTH ¢TalH TpyOoIporo/a;
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xXapakrepucTHKd TYC (MONOKEHHE M XapaKTePHCTHKH TOJACPKUBAIOIIUX OIOP pPOJbraHra M
HATSKHUTEJICH, XapaKTePHCTHKH CTHHTEPA);

npoduib H XaPAKTEPHCTHKH TPYHTA MOPCKOTO JHA (KO3(QHLMEHT TPEHHA, BEPTUKANBHOS H
[IOIICPEYHOE COIIPOTHBIICHHE );

IyOHHA MOp4, MIPHHATEIE TTapaMeTpbl BETPOBOTO BOIACHCTBHA, TCUCHHH H BOJHEHHS.

7.6 CPEJICTBA JIUISL 3ATJIYBJIEHUS TIO/IBO/IHBIX TPYBOITPOBO/IOB B JIOHHBII I'PYHT

Heo0xoauMocTh 3ariay0aeHHuS MOPCKUX ITOJBOAHBIX TPYOOIPOBOAOR B AOHHEBINH TPYHT 00YCIOBJICHA
P4A0M NPHYMH, OCHOBHOH U3 KOTOPHIX ABJISCTCS HAJIHYHE HA JHE SK3apallMOHHBIX O0po3j B pe3yibrare
MPOTAXHBaHHA JIOHHOTO TPYHTAa KHJSIMH JISAOBBIX 0OpazopaHuii. TpeDopaHUs K BEIMUYMHE 3ariyOneHHUS
TPYOOMPOBOAOE (MK TIYOUHE TpaHIICH I YKIAKH) JOLKHB COOTBETCTBOBATH TpebobarueM 8.3 wacTh I
«Mopckue moaBoaHEIe TPYOomposoas» [Iparun MIIT. Jlng peaqsaipii Takoro crocofa cTPOHTENLCTRA
MOJBOJHOIO TPYOOIIPOBOJAA PEKOMEHAYSTCS MPHUMEHATH TPYy0O03armyOHTEIBHBIC YCTPOMCTRA, KOTOpHIC
[MO3BOJIIOT OCYIIECTBIATh TEXHOJNOTHYCCKYI0 OMEPalMI0 IO 3ariyOJICHHI0O H OOpaTHOH 3acHINKE
TpybonpoBoga Oe3 MpUBIcYCHHS BOAOJa30B («diverless») HemocpeAcTBEHHO ITOcie (a IO CYTH
OMHOBPEMEHHO, ¢ HEOONBIIMM OTCTARAHHEM BO BPEMEHH) ONCPAlMM YKIAJAKH JaHHOTO Y4YacTKa
TpyOomnporoja (cM. puc. 7.6-1).

MUHRLMANLHOE npuﬁfmmeﬂbﬂae paccmognue

Mmecdy bapocanis 1 rae

mpyGosazaybumens
¢ ofpamuoil sacetnko

yrovcenH mpybonpoaod

= U -

Pric. 7.6-1 CoBmerneHHe OIepaliii 110 YKIAZKe W 3aITyONeHIIO ¢ 0OpaTHOM 3achIIKOH IOABOAHOrO TPYOOIIPOBOAa
{rpyOoykranourele Gapxn «CASTORO-12» n « CASTORO-16» xommaHnH Saipem S.p.A., Hramma)

Ha pue. 7.6-2 mpeacTapleH IIPUMep MEXaHH3HPOBAHHOTO YeTpolicTBa i 3armyOmeHus MITT,
pazpadboransoro KommaHueH Saipem S.p.A. mig veraHoekd Ha TYC «CASTORO-16» (cm. puc. 7.6-1).
VeTpoiicTBO COCTORT MEHHMYM H3 JBYyX arperaroB. [lepsrrii arperar (1o XoJy JBIDKEHHA) [IPEIHABHAYEH LA
pazpalboTK TPAHIIIEN TO TPYOOIIPOBOAOM C HCIIONB30BAHMEM JBYX CIMPANCBHHBIX (pe3, NOTIONHECHHBIX
JByMs TIpHeMHBIMH TaTpyOkamu DN 400 or rpyHTOHACOCHOH YCTaHOBKH, ycTaHoBIeHHOH Ha TVYC, ¢
THAPABIHYSCKUM TIPHBOIOM MOITHOCTHIO 1 MB H BO3MOKHOCTBIO paszpabOTKH TpaHIeH DIyOuHO fo 3,7 M.
Taxkoii arperar TpebyeT NpHMeHeHHE JOMOMHUTEIRHOTO TAHYILETO YCTPOHCTRA, KaK MPaBHIIO, I'yCEHHYHOTO.
Bropoii arperar npuMeHseTcs i KOPPEKTHPOBKH NMPOQIUI TPAHILEH H MMEET TYCCHHYHBIN JBIDKHTEID ©
THAPABIHYSCKHM TIpEHBogoM 350 KBT, matpyOoK IPYHTOHACOCHOH YCTAHOBKH U CpPe/ICTBA KOHTPOJS TIpodus
TPaHIlIEH W TIONOKEHHA TPyOOIPOBOAa, BKIIOYAs HAMPABIMIOINIHE POJMKH, MepeMEIaoIuecs BIOIb IO
Tpy6Gonpooay. OBIAS MPOU3BOIHTEIBHOCTh YCTPOHCTRa cocTapIseT 3600 M>/u.

BenmeykazaHHoe yeTpoiicTBO MOXKeT OBITh CHAaOXKEHO o0OpyIoBaHHEM 11 OOpaTHOM 3achHITIKU
TPyOOIIpoBOIa, YIOKEHHOTO B TPAHIUCK), ¢ HCIIONB30BAHHEM OTOOPAaHHOIO MPH Pa3padoTKe TPAHILCH
TPYHTa (cHCTeMa XpaHeHHS M T0J[aul Ha 0OpaTHYIO 3achINIKY MyJbIH 00opyayeTes Ha TYC, kK koTopoMy
KOHCTPYKTHBHO TIPHBA3aHO JAHHOE YCTPOHCTBO).



PekomeHfauuy no NpoeKTUPOBaHNIO, MOCTPOKE M 3KCMIyaTauun MOPCKUX MOABOAHBIX TPY6ONpPOBOAOB
62

Puc. 7.6-2 YcTpoiicTBo 3arny6neHns NofBoAHOro Tpy6onposoga KomnaHum Saipem S.p.A.

Ha puc. 7.6-3 B KOMMMeKTe C NPUBOAHBIM 6IOKOM C TFYCEHUYHbIM [BUXWTENEM MpecTaBNeHo
YCTPOCTBO KOoMMaHuy Saipem S.p.A., OCHALLEHHOE CKOMb3SLMMU MOAYSMU MAaBYYECTU ANS PasrpysKu
Tpy6onpoBofa OT YPe3MepPHbIX U3FMGHbLIX HamMpPsXKEHWI Npu ero NepemeLLeH B NPonb TPaHLLEN.

Puc. 7.6-3 KomnnekcHoe yCTPONCTBO AHA 3arnybneHns 1 06paTHoON 3acbinku NOABOAHOrO Tpy6onposoaa
KOMMaHun Saipem S.p.A.

CnefyeT yuuTbiBaTb, 4TO MpeAcTaBNeHHOE KOMMJEKCHOe YCTPOMCTBO MO3BOASET He TO/bKO
(hopMMpoBaTb TPaHLIE C 3afaHHbIMW napaMeTpamu M MepeMewiaTb B Hee 6e30nacHbIM Cnoco6om
npeaBapuTeNbHO YOXEHHbI MOABOAHLIA TPyOONPOBOA, HO U NMPOM3BOAWUTL 06PATHYHO 3aCbiNKy paHee
M3BMleYEHHbIM TPYHTOM. [pK 3TOM MOTEpM rpyHTa 06paTHON 3acbiNkW MpU ero oToope u fOCTaBke U3/B
TpaHLe cocTaBnaoT okono 20 %.

Ons ycTpoiicTBa NOABOAHbIX TpaHLUE, B KOTOPble MOXET MPOU3BOAWUTCA YKNafka MOABOLHbLIX
TPyb0onpoBOAOB, MOTYT MPUMEHSATLCA TEXHOMOMMK, PAaCCMOTPEHHbIE B pasj. 10.
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8 JIEKTPOXUMHUECKAS 3AIUTA INOABOJAHOI'O TPYBOIIPOBOJIA

8.1 ICXOTHBIE JIAHHBIE JIJISI PACYETA YIEKTPOXUMHAYECKOI 3AIIATHI TPYBOIIPOBOJOB

DNEKTPOXUMHYECKHE CMOCO0bI 3alUTRI OT KOPPO3MH IMOABOJHBIX YAaCTEH CTaNbHBIX KOHCTPYKLEI
MOPCKHX T'H[POTEXHHYECKHX COOPYKECHHI OCHOBAHBI HA KATOMHOH MOSAPHU3AIMH 3AILUINACMOTC METAJIA
BHETITHHM AJCKTPUYECKUM TOKOM (KaToJHas 3all[UTa) WIH TOKOM TalbBaHHYECKHX aHOMOB-IIPOTEKTOPOB
(ipoTeKTOpHAA 3aIHTAa).

OCHOBHBIMH [1ApAMETPAMH DJICKIPOXHMHYCCKON 3allUTHl ABIAIOTCA DJCKTPOJHBIH IIOTCHIHAI
COOPYKEHUA U TUIOTHOCTH TOKA Ha 3alHITaeMoH TTOBePXHOCTH.

B T1abn. 8.1 mpeacTaBieHH JaHHBIC, HEOOXOAMMBIC JUIL pacdeTa SJICKTPOXHMHYECKOH 3aliuThl
TpyOOTIPOBO/AA, H YHCISHHBIE 3HAYEHHS THX TapaMeTPoR JUIA TIPHMEPA PacueTa.

Tatnunnpa 8.1
JlaHHBIE 1A pacyera 3JeKTPOXHMHYECKOH (TIPOTeKTOPHOMH) 3aluThl TPy 00onpoBoja

HapyxHbli quametp 1py0onpoBoygd, Mm 350
Tonmuna cTeHKH TPYO, mm 12
[TpoTsXeHHOCTh TPYOOMPOBOAA, KM 145
I'myGnHa Mops, m 11,2
Tonmuna OETOHHOTO YTHREIAIOIIETO MOKPEITHA, MM 80
MakcumaiibHas TeMUEPaTypd UpusyKrd B TpyGonpoBoye, “C 50
Tun npotextopa BpacneTH#
TIpOTEKIOPHBIH ClUIME HY OCHUBE WIIKOMHHHA AlI4H
PacuerHas Temmeparypa npoTekropa, °C (An1 He3anTy6IeHHOTO TPYGONpOB0Aa NPHHUMAETCA PaBHOH cpefHel Temmeparype 11
MOpPCKOH BOJBI)

Koa¢puupenr nonesHOro HeNolnb30BaHHA NPOTEKTOPA # 0,8
Anuna py0ul Lig, M 12
Cpenuuil 03QPHIMERT pecrpykunn (PAPYIICHH) 34BUACKOIU HAPYAHOLY dHTHKUPPUSHUHHOIO HOKPLITHS f 0, 0,01625
Koad buLHEHT ZeCTPYKLIHH 33BOJICKOI0 HAPYHKHOTO aHTHKOPPO3HOHHOIO NOKPHITHA B KOHIE CPOKA CNYKOBI foy 0,0245
CpenHsas TUILHMHYE 34BOACKUIU HAPYXKHOIV AHTHKOPPU3HUHHOIU nokpertua 3LPE 1, Mm 4.0
SaMUTHEIA NOTEHUHAN CTWIH (10 OTHOIIEHHIO K XJopcepeOpaHoMy anekpony) E., B —-0,8
TToTenUHAN upuieKIvpa 10 saMKHYTOMY KoHrypy B, B —1,05
TINOTHOCTE TOKA i,y A/ME 0,046
TInoTHOCTs Matepuana ATIAH npoTexropa po, KI/M 2800
ONeKTPOXAMHYECKAS EMKOCTh TIPH YKA34HHOH INIOTHOCTH TOKA M CPE/IHETO/IOBOH TemIeparype Mopckor Boyw 11 “C, &, As/kr 1300
PacueTHBI CpoK IKCIUTYaTALMH NO/IBOHOTO TPYGONPOBOAA £y, JIET 33
YACHBHUE 3NEKIPHYECKUE COLPUTHEICHHE MOPCKOH BOABI LIPH CPEAHEIO0BOH 1eMmucparype 11 “C, p, OM.m 0,5

8.2 OIIPEJIEJIEHUE OBIIEIl MACCHI ITPOTEKTOPOB

SampmniaeMas TIPOTEKTOPaMH TUIOTIAh TIOBEPXHOCTH TPYOOMpoBOAa paBHA:
A, =nD,L,,,=3,14-0,35-145000— 159355 M, (8.2-1)
TAe Loy =145000 M mvHa 3a1muimaeMoro y4acTka TpyOONpoBoIa;
D, —HapyXHEBIH AHAMETD CTAIBHOM TPYGHI, M.
TpeOyemad cwia Toka juid TpyOonpoBoJa Ha CpoK CIyXKOBI NMPOTEKTOPOB OIpEJCIACTCA II0
creayromeit gpopmyne:
Lo 101 =Acicor fom =159355-0,046-0,01625 = 119,1 A, (8.2-2)

rae i, =0,046 AAE — pacueTHAs TNIOTHOCTD TOKA NIPH CPSIHErOA0B0H TeMmeparype Boabt 11 °C (cu. Tadn. 8.4-2);
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Fone =0,01625 — cpemit Koo QHIFEHT ASCTPYKIFH (Pa3PyIICHI) H30IIIIMOHHOTO MOKPEITHSL, ONpeelIeHHBIH 110
dopmyme (8.4-1) u Tabn. 8.4-4 mia Tpydonpopoma ¢ OETOHHBIM YTSDKEIISEOLMM IOKPHITHEM, aHTHKOPPO-
SHOHHBIM TTOKpEITHeM 3LPE, Tepmoycaxuparompmica MamkeTaMH (HSS) Ha cThIkax Tpy® n OTCYTCTBHEM
3ATIOHCHHA MOHTa)KHOTO COCIFHCHHSL

OO0Imas Macca MPOTEKTOPOR OTPECIIETCS Mo cleayromei dopMyrne:

lem 10: 48760 119,1-33-8760
us 0,8-1300
rae t;— CPOK CIIyXO0BI TPYGOMPOBOAa, JIET,
& — DIIeKTpOXHMMHYECcKasl eMKOCThb (cM. Tadi. 8.1);
u =0,8 — Koo PHIMEHT MONE3HOro HCIIONB30BAaHASA IIPOTCKTOPA.

M= -33110 x1; (8.2-3)

8.3 PACUET KOJIMUYECTBA 1 IIPEABAPUTEJLHON TEOMETPUA ITPOTEKTOPOB

Ha ocHOBaHHH COOTBETCTBYIOMISH METOMUKH [6] MOXKeT OBITH MPOM3BEAEH pacyeT KOIMYECTBA H
[IPEABAPUTEIBHON reOMETPUU TIPOTEKTOPOB.
Hucio NpOTEKTOPOB PacCUUTHIBASTCA JUIA [IPEABAPHTEIBHO 3aJaHHOTO ILIara:

N =CEI(L,,/L) = CEIL(145000/12- 15) = 805 ., (8.3-1)
rue CELl. — dynkumy OKpyTIeHHs 5 OONBINYEY CTOPOHY LEIOro uKella O MOYYEHHOIO B PesyilbTale pacueTa SHaYcHHT,

L — nponsBeficHHe MIHHEL OMHOH TpyOe (L=12.0 M) Ha 3aMaHHBIH Imar (mar IPOTEKTOPOB IIPHHHMAETCS
PaBHBIM 5-+25, B JaHHOM ¢Tydae — 15).

Macca ogHoro mpoTtektopa Mtot onpeaensercs mo ciaeayoomei Gopmyne:

M, =M/N =33110/805=41,1 1, (8.3-2)

rae M — o0nrag mMacca MPOTCKTOPOB, KT,
N — YHCIIo IMIPOTEKIOPOB.

HavansHei 00beM TIpoTeKTOpa V; onpeAeigeTcd Mo CIAeAyIomei popMyne:
V,=M,pdpo=41,1/2800=0,015 »°, (8.3-3)
1ae M,,; — Macca IIPOTEKTOpa, KT,

po — IUIOTHOCTh MarepHarna MpoTeKTopa, KI/M’.

Tpebyemas jiuHa npotekropa L, onpenengercd no Gopmyie:

V;
L= L .3-
TA(Doa + 207 Dol —2inzap” (8.3-4)
e 1, — TONIIMHA NPOTEKIopa, PapHAS TOMIHHES GETOHHOTO MOKPBITHA 8 CM;
gap=10 cM — NPHHATOE PacCTOAHHE MEXIY TONOBHHAMH OpaclleTHOrO MPOTEeKTopa (Kak NMpaBmio, 510 cmM);
D,,; — BHYTpeHHHI IHaMeTp IPOTEKTOpa, M;
Dy =Dg+ 20z =0,35+2-0,004=0,358 M, (8.3-5)
THe D, — HapyXHBIH IHAMETP CTAIBHBIX TPYD, M,
feoge= 0,004 M — cpeansisn TOMIHHA AaHTHKOPPOZHOHHOTO H TEMITOM3OILILHOHHOTO ITOKPBITHA (B CIIy4ac IIPHMEHEHHS
TIOCTIEAHETO).
B TakoMm ciydae TpeOyemas JIHHA MPOTeKTOpa L, ompeaemierca mo GpopMmyie
0,015
La - =0,15m (8.3-6)

" 7/A[(0,358 + 2-0,08° — 0,358%]— 20,08 0,06
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KoneuHas TomiMHa CTCHKH TIPOTEKTOPA f,r OTIPEACIAETCA TIO CHEAyIoNEeH popMye:

tr=(1—wi, =(1—0,8)0,08— 0,016 m. (8.3-7)

Tpebyemas cuima ToOKa AJdd TPYOOTIpOBOJa B KOHIIE CPOKH CJYKOBI TPOTEKTOPA COTJAcHO
dbopmyne (8.2-2) papHa:

Loion = Ao icorfoa=159355-0,046:0,0245-179,5 A,

] Joq — KODGHIMEHT OeCcTPYKUMH (pa3pyIIeHH) H30/LIMOHHOTO IIOKPEITHA B KOHIIE CPOKA CIIYXKOBI, OIpeelIeHHBIH
mo dopmyne (8.4-2) m Tabnm. 8.4-4 MCXOMA W3 CXEMBI AHTHKOPPOZHOHHOW 3aIlHTHI, YKa3aHHOM Iy
dopmynnt (8.2-2).

IInomia s TOBEPXHOCTH TIPOTEKTOPAa B KOHIIE CPOKA SKCIUIVATAIHH OMPEACIACTCS TIO CIIEAYIOMEH
dbopmyne:
Ay = | 7Dy + 22, — 2gap|L,, = | 70,358 +2:0,016)—2:0,10]0,15—0,153 m* (8.3-8)

DAEKTPOIMTHIECKOE COTIPOTHBICHHE TMPOTEKTOPA B KOHIE CPOKa cIykObI oTpenienseTcd mo Gopmyre
Rap=0,315p/\ /A =0,315:0,5//0,153 Om, (8.3-9)

e p — VAEMBHOS SMEKTPHYECKOE COMPOTHBIEHHE MOPCKOH BOABL, OM-M (cM. Tadm. 8.1).

Cua ToKa MPOTEKTOPa B KOHIIE CPOKa CIykObl I,y onpeienserc mo GpopMyie
Iy =AER =(—1,05+0,8)/0,402-0,62 A, 8.3-10)

rie AE — pasHHLA MeKIY ITOTEHIHAIOM IIPOTEKTOPa II0 3aMKHYTOMY KOHTYPY H 3alUHTHBIM NMOTEHLMATIOM CTaJIH.

Koneunoe umclI0 MpoTeKTOpoB Ny ¢ yUeTOM CHIBI TOKa IPOTEKTOpPa B KOHIIE CPOKA CIY:KOBI
onpeaeageTcd Mo cieAyiomieH GopMyne U cocTaBIgeT:

Ny =T 40 1o =178,5/0,62 - 288 mT. (8.3-11)

Pacuer gBAseTCA BEPHBIM B TOM CITy4ae, €CIH KOJIHYECTBO MPOTEKTOPOB ¢ YUETOM CHIBI TOKA B KOHIIE
cpoka cIIy:KOBI, ompeengeMoii o dopmyre (8.3-11), MeHble, YeM omnpedeicHHoe Mo popmyne (8.3-1)
JUI1 BHIOpaHHOTO IIara YCTAHOBKH IIPOTEKTOPOB, T.6. Ny = 288 mr. <N = 8035 mi.

B ciyuae, eci KOIHYECTBO IIPOTEKTOPOB, OIPEIACICHHOE HA OCHOBAHHMH BE/IMUMHEI CHJBI TOKAa B
KOHILIE CPOKa CITy OBl GOJIbIIE, HEOOXO MO YMEHBIIHTG ITIAT WJIH YBEJIHYUTh JIHHY IIPOTEKTOpa U CHOBA
OCYIIECTBHTh pacueT mo dopmynam (8.3-1) — (8.3-11) no Tex mop, nmoka TpedyeMoe KOJMYGCTBO
IPOTEKTOPOB B COOTBETCTBMU ¢ ¢opmynoit (8.3-11) MakcHMaNbHO He NPHUOMM3UTCA K KOJNHYECTBY
IPOTEKTOPOB Mo (Gopmyne (8.3-1), HO He TIPEBBICUT 3TY BEJIHUUHY.

8.4 PEKOMEHJAITHH ITO ITPOEKTHPOBAHUIO ITPOTEKTOPHOM 3AIHTHI

CxeMa pa3MeINEHHA IIPOTEKTOpa Ha TOABOJHOM TpPyOompoBoje ¢ OETOHHBIM YTLKEIMIOIIUM
(OanmmacTHBIM) ITOKPHITHEM IIpejacTaBieHa Ha puc. 8.4-1. CaexyeT OTMETHUTB, YTO BHEIIHWI JHAMSTP
IPOTEKTOPa TI0 KOHCTPYKTHBHBIM COOOPAMKEHHAM JOKESH BHIOMPATHCS PaBHBIM JHAMETPY OETOHHOTO
VTKEIMIONICT0 TIOKPBITHS TPyOONPOBOAa. YCTAHOBKA OPacIeTHOTO IIPOTEKTOPa OCYIECTBIETCS Ha
AHTHKOPPO3HOHHOE MJM TEILIOH3OIILHOHHOE IIOKPBHITHE HA CTaJHHM 3aBOJCKOTO H3IOTOBICHHA TPYyO
(Kak MpaRHIo, HA CTAJAUH HaHEeCEeHHS OETOHHOTO O0a/UIACTHOTO TIOKPBITHA). J[IS TapaHTHPOBaHHOH
BO3MOKHOCTH VCTAHOBKH TIPOTEKTOpa CASAYeT VUMTBIBATH JIOMYCKH HA TOMIMHY AHTHKOPPOHOHHOTO W/HIH
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TeNnJ0M30NALNOHHOIO0 MOKPLITUA, ANA 4Yero Npu WM3roTOBAEHUU MPOTEKTOpPA Ha BHYTPEHHWI auameTp
JOMKeH 6biTb Ha3HA4YeH MOMOXKMTENbHbIA AOMYCK He MeHee 0/+4 MM, a MPM HOMUHAIBLHOM pasMepe
6onee 610 mm — 0/11 % OT HOMMWHANLHOrO BHYTPeHHero AuameTpa. B ocTtanbHoOM TpeboBaHMSA K
NMPOTeKTOpPaM B OTHOLIEHUW FeOMeTPUYECKUX NapamMeTpoB U KayecTBa M3roTOBNEHUSA [AO/MKHbI COOTBETCT-
BOBaTb TpeboBaHusm MCO 15589-2 [1].

B oTeuecTBeHHOW MpakTUKe AN 3aWMTbl MOPCKUX MOABOAHbLIX TPyOOMNpPOBOAOB Haubonee LUMPOKO
NPUMEHAITCA NPOTEKTOPbLI U3 ChjaBa Ha ocHose antoMuHusa ATM4H no TY 5.394-11785-2001.

Heobxogumo obecneyunBartb 415 NPOTEKTOPA HAAEXHbIA 3EKTPUYECKU KOHTAKT C TeNOM Tpy6bl, 4TO
obecneynBaeTcs yCTaHOBKOI COelMHUTENbHbIX Kabenei (Kak NpaBuio, ABYX C KaXOW CTOPOHbI, Npuyem
B MecTax NofAcoeAnHeHNs Kabeneil aHTUKOPPO3MOHHOE NMOKPbITAE AO/MKHO ObiTb BOCCTAHOB/MIEHO), @ TakXXe
[0CTaTOYHYIO MPOYHOCTb KPensieHWs MPOTEKTOpa Ha cABur, T.K. TPy6bl C NPOTEKTOPamMy NPOXOAAT Mpwu
yKnafke yepes pabounii opraH HatsxuTens Tpyboyknaguuka. MocnegHee fjocturaeTcs, B T.4. 3a1MBKOW B
006pa3oBaBLUMECS 3330Pbl MEXAY MPOTEKTOPOM M OGETOHHbIM MOKPbITUEM 3an0fIHUTEeNA: OGUTYMHON
NOMMEPHO MacTUKW, NOIMYPETAHOBOrO0 KOMNayHaa v T.4.

Mpn ucnonb3oBawrn ans Tpybonposoja Heo6eTOHMPOBaHHbIX TPy6O yCcTaHOBKA NPOTEKTOPOB, Kak
npaBuso, OCYLLECTBAAETCA Ha TPYBOyKNafguMmKe Ha MO3ULUAX TEXHONOTMYECKUX NUHWIA, PACMNOOXKEHHbIX
Mocne HaTsHKMTEeNbHOro yCTpolicTBa. B KavecTBe mpumepa Ha puc. 8.4-2 npuBefeHa CXeMa yCTaHOBKM
6pacneTHOro npoTekTopa Ha He06eTOHWPOBaHHbLIA TPy6OMNpPOBOL C WMCMOAb30BAHWMEM MPUBAPHbLIX
NPUCOEANHUTENbHBIX NAACTUH C 0653aTefibHbIM BOCCTAHOB/IEHWEM AHTUKOPPO3MOHHOIO MOKPbITUA B
MecTaxX MX YCTaHOBKMW.

Puc. 8.4-1 Cxema ycTaHOBKM NpOTEKTOpa Ha 06ETOHWPOBaHHbIN TPy6ONpoBOA

Prrc. 8.4-2 Cxema yCTaHOBKM NMPOTEKTOPa Ha HEOGETOHMPOBAHHbI Tpy6onpoBos
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Heo0xo MBI YPOBEHD 3aIIIUTH MOPCKHX MMOJTBOJJHBIX TPYOOIIPOBOIOB PETIAMEHTHPYETCS BEJIHUHHOM

3AIl[HTHOTO ITIOTCHIHAJIA, KOTOpLIﬁ JAOJLKCH COCTABJMATH

—0,8 B, a makcumansHbii — 1,1 B mo

XJIopcepeOpaHOMY MeKTpoay. Pasmiuns BeMUMH 3a0[THOTO TMOTCHIMANA JJI4 3arIyOJCHHBIX B JOHHBIH
TPYHT H HE3aDIyOJICHHBIX MOPCKHX TPYOOTIPOBONOB H3 YIJICPOAMCTHIX cTascH MpuBe/cHbl B Tabl. 8.4-1 [1].

BeaHIHHEI 3aLUTHOTO MOTEHIHAJA MOPCKHE TPYOOTIPOBOJOR M3 YrAEPOAHCTRIX CTajel

Ta6nuna 84-1

Pacronoxenne TpySonpoBoaa

MHHHMaNBHBIH OTPHUATENLHLIH MOoTCHIHAL, B

MakcHMalbHBIA OTPHUATENBHBIA NOTEHLHAN, B

3arTyONeHHBIH B JOHHBIH 1pyHT
HezarmyOneHHbIH

— 0,90
— 0,80

—-1,10
-1,10

JIPYTHM BasKHBIM KPUTEPHUEM 3aIlHTHI ABJIIETCS THIOTHOCTH 3aMHTHOTO Toka. HazHaueHIe TUIOTHOCTH
3AMMTHOIO TOKA OCYILCCTBIIETCA B COOTBETCTBHU ¢ HOPMATHBHBIMHU JIOKyMeHTaMH (Haripumep, [8], [10]).
BemMuHHBl TIOTHOCTH 3AIMMTHOTO TOKA I Pa3HYHEIX BHENIHUX YCIOBUH HKCIUTYaTalHH TPY OOTpOBO-

JOB VKa3aHHI B Tadm. 8.4-2.

TLIOTHOCTH 3alMTHOTO TOKA AJH Pa3HYHbIX BHEIIHUX YCIOBHIA 3KCILIY AT ALHH MOPCKHX TpYOOIpoBoaos

TaGnuua 84-2

CpenHaAa NIOTHOCTh
FALMTHOLO TUKY, MA/M?

Yenopns

I'myOHHa Mopst, M

Temneparypa
mopckoH sopsl, ‘C

30 — 140 6e3 TeueHHI 7o 20 5 — 30
%0 YMEPEHHOE TeUEHHE (A0 2 M/C) Ao 500 10— 18
180 YMEPEHHOE TeueHne (Ao 2 M/c) av 1500 5—10
380 CHNTBHOE TeueHHe (BhImeE 2 M/C) BCE IIYGHHBI 2
300 YMEPEHHOE TedeHue (J0 2 M/c) Ao 1500 —-1—4

Taxum 06pazoM, pacueTHHIE [IOTHOCTH TOKA 3ABHCAT OT TEMIIEPATYPBl MOPCKOI BOJBI, COMEPKAHHUS
KHCJIOPOJa U CKOpPOCTH TeueHHd. [[na OompImMHCTBa ciay4yacB Ha TiyOuHe MeHee 500 M, pacueTHHIE
[IOTHOCTH TOKA 3aBHCAT TONLKO OT TEMIIEPATYPHI MOPCKOM BOABI, a TUIOTHOCTH TOKa JJIA He3ary-

OneHHOTO TPYOOIIPOBOAA TOMKHEL COOTBETCTBOBATH YKa3aHHBIM Ha pHc. 8.4-3 [1].
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Puc. 8.4-3 3apHcHMOCTD cpefHeH IUIOTHOCTH TOKa OT TEMIIEpaTyPhl BOIBI
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HipkHIO KpHBYIO TUIOTHOCTH TOKa CASAYET HCTIONB30BAarbh TPH HE3HAUMTEIBHBIX HM3MEHEHHIX B
ColeP:KaHHH KHCIOPOoAa M0 TIVOHHE MOPS M YMEPEHHBIX CKOPOCTEH TEUeHHS ¥ MOPCKOTO JHa (7o 1 m/c).
BepxHag KpHBag MMIOTHOCTH TOKA TIPHMEHAETCH MPH YUETe COASPKAHUS KUCIOPOAAa M 3HAYHMTENBHBIX
CKOPOCTEH JOHHBIX TEUEHHI.

JIAg MoMHOCTRIO 3aray0deHHBIX MOPCKHMX TPYOOIPOROAOR HEQOXOIUMO HCITQNB30BaTh PAcUCTHYIO
[IOTHOCTh TOKA (CPSAHION M KOHEUHYIO), PaBHYI0 20 MA/M” He3aBHCHMO OT COACPKAHHUS KHcIOposa,
TEMIIEPATYPBl MOPCKOM BOJIBI MM IJIYOHHEI,

TpyOompoBoabl, BKCILIyaTHPYIOIIHSCS IIPH TeMICpaTypax, HpeBemuapommx 25 °C Ha HapyXHOH
[TOBEPXHOCTH TPYOHI, TPEOVIOT PETyIHPOBKH PACUSTHO TUTOTHOCTH TOKA. [IPH yBeIMUICHIH TeMIIEPaTYPhI
MeTalIa/OKpy Karommei cpeasl Ha Kaxaeld rpagyc Lenscua ot 25 °C mo 100 °C pacyeTHBIE IDIOTHOCTH
TOKa JOJDKHBI OBITH YBEIHMYeHHl Ha 1 MA/M°. [IpH 5TOM /UM He3anIyGICHHBIX TPYGOIPOBOIOB
TeMIIepaTypa IOBEPXHOCTH MPOTEKTOpa TMPUHHMASTCAd PAaBHOM TeMTIEpaType OKpYyXKarolied cpelpl
Tpybonporoga. Jag 3aniyOacHHBIX TPYOOIIPOBOAOB TEMTISPATYPY MOBEPXHOCTH TIPOTEKTOPOB CIEAYET
Ha3Ha4aTh 110 TEMIIEPaTYPe TPAHCIIOPTHPYEMOIH cpe kL.

JIng TpyGOmpoBOAOE ¢ TIOKPEITHEM ITOTPEOHOCTH B 3AIMTHOM TOKE BO3PACTAET CO BPEMEHEM [0 Mepe
paspylieHHd TOKPHTHI. HeoOXomumMo oO0ecIeHHTh [JOCTATOUHYI0 MOM[HOCTH AIEKTPOXHMHYECKOH
3aIUTHL, YTOOB 00CCIICUHMBATE AACKBATHYIO 3AI[UTY [0 MEPE PA3PYIICHHS ITOKPBITHA.

CpenHuii Ko3GGHIMEeHT paspyYIIeHHS MOKPBITUA [, OTIpe/ieiieTcs no hopmyne

Jom =i+ (0.5Af 1. (8.4-1)

KoHeuHbIH KO3(QHUIMHEHT Pa3pyIIEeHHI TIOKPBITHS /7 OTIpeAengeTcsa o GopMyme

Jea=Fi T (AF L, (8.4-2)

rIe Jf — HauanbHeH ko3GhHIMEHT pazpyIueHd NOKPHTHS NPH BBOLE TPYOOIPOBONA B SKCIDIYaTaLHIO;
Af — cpelHee eXerogHOe yBeIHUeHHe Koo (HIMEeHTa paspyIleHns TIOKPEITHS,
!y — pacUETHEIH CPOK SKCILTyaTallHH IOKPHITHA (TPyGOIpoBoa), JIeT.

Ko3ddinieHTs! paspymIeHH OKPHITHA UL NMOABOAHBIX TPYOOMpPOBOOB 063 6€ TOHHOTO TIOKPHITHS H
¢ OETOHHBIM TIOKPHITHEM TIPHBEACHBI B Tabn. 8.4-3 u 8.4-4 cooreetcTBeHHO [1].

Tat6nuna 84-3
KospdHupenrbl paspy ieHnys aHT MKOPPUSHOHHOIY HUKPbITHA AN HOABOAHBLIX TPYOU1poBOAUE 0€3 GETUHHUID LUKPLITHA

Tuu 3aBOJICKOTO TIOKPHITHI TPYG Tuu MOKPBITHA MOHTAKHOIO CThIKA £ Af
FBE (HamnaBJseMoe 310KCHAHUE TIOKPBITHE) Tepmoy caxusatowpees manxera (HSS) 0,080 0,0035
FBE 0,060 0,0030
3LPE (TpeXcloHHOe NONHITHIEHOBOE NOKPHITHE) HSS 0,009 0,0006
FBE 0,008 0,0050
3LPE 0,007 0,0005
3LPP (TpexclOHHOE MONHNPONHAEHOBOE OKPEITHE) HSS 0,007 0,0003
FBE 0,006 0,0002
3LPP 0,005 0,0002
Tenno30nAHOHHEIE MHOTOC/IOHHBIE NOKPHITHA, BKIlualomue | TONCTOCTEHHbIE MHOrOCJHOHHbIE NOKPHITHS, 0,002 0,0001
PE, PP unu PU simoualoniie PE, PP, PU, HSS HAH MX KOMOHHAIIHIO
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Tatnuua 84-4
Koa¢ ¢ miieHThl pazpyiieHds aHTHKOPPOZHOHHOIO MOKPBITHA A3 MOABOAHbIX TPYGOIIPOBOAOE C DETOHHBLIM MOKPBITHEM

THn 2aBofcKOre NOKPHITHA TPYG | 3anmoiHEHHE MOHTAXHOTO coefHHeHHA | THI NOKPHITHA MOHTAXKHOTO CThIKA 5 Af
FBE (HamnapnsieMoe 3MNOKCHIHOE HET HSS 0,045 0,0025
TIOKPHITHE) FBE 0,035 0,0020

Aa HSS 0,040 0,0020

FBE 0,030 0,0015

3LPE (TpexcnoHHOE NOJNHITHIE- HET HSS win FBE 0,008 0,0005
HOBUC TIOKPBITHE) 3LPE 0,007 0,0003
na HSS unn FBE 0,004 0,0002

3LPE 0,004 0,0002

3LPP (HONHIPOMHICHOBOE MOKPhI- HET HSS win FBE 0,008 0,0005
THE) 1pexclioiiHoe 3LPP 0,007 0,0003
nd HSS win FBE 0,004 0,0002

3LPP 0,004 0,0002

Jng 00€TOHHPOBAHHBIX TPYOOIIPOROJIOR C TETUIOH3ONATIHEH KO3PPUIHEHTH pa3pyIICHHS MOKPBITHS
JOJDKHBI Ha3HAYaThcAd MO TaO. 8.4-3 g ciydyas TEIUIO30JMIHOHHBIX MHOTOCTIOHHBIX TTOKPBITHI.
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9 PE3VJIBTATBI IIPUMEPOB PACUETOB

OOmpie pe3yiIbTaThl IIPOBCACHHBIX PACUETOB IO OIPEJCCHHIO TIPOSKTHHIX MAPaMETPOB MOPCKOIO
MOJBOHOTO TPYOOTIPOBOAA H €10 TPAcchl, BHIOPAHHBIX B KaYecTBE MIPHMEPA, MpeACTaBIcHH B Ta0L 9.1.

Ta6nnua 9.1
PezyanTarsl pacderos 1o onpeAeieHHI0 MPOEKTHLIX MapaMeTPOE MOPCKOro TPyGOIpoBoa

IIapamMeTp TPYGOIPOEOAA 3naucHHe
Han6onbimas ocagka TpyOONpPOROAA B JIOHHOM [PYHTE 11,5 cm
PacueTHoe pasnenne B 1py0onpoBosc 8,0 MIla
HanGonpmee BO3ACHCTRHE OT TEUCHHA 73,1 H/m
HanGonbmee Bo3/€HCTBHA OT BOJIH:

IOPH30HTANbHasA HArpy3ka 505,09 Him
BEPTHKANbHAS HACPY3Ka 1271,08 H/m

Tunwnna crenkn 1pyGoNPOBONA 12 mm
Bec 6annacTHOrO NOKPEITHA JUA 1 nor. M B Bofie 2,55 xHim
IMnoTHOC L GETUHHOIO (ATUIACTHOTY LIOKPBLITHA 2700 xr/iv®
PexoMeHAYEMBIT THII NPOTEKTOPA M €10 MATEPHAN Epacnernsiii uz cinaga AI4H
KonnuecTB0 NPOTEKTOPOR HEOGXOAHMOE JUI 3aMHTH TPYSONPoOBO/Ia 805 mT.
Cpok cy>x0s1 TpyGonporoaa (npoTekTopa) 33 rona
Iar npoTexTopos 180 M
Tounnna npureKropa 80 mMm
HapyxHpii AHaMeTp NPOTEKTOpPa 510 MM
Macca uporekropa 41 xr
JlnHHa npoTeKTOpa 150 MM
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10 METO/[bI TEPECEYEHHISI BEPEI'OBOIT JIMHUH
MOPCKHMIH MOJBOTHBIMH TPYBEOITPOBOTAMH

10.1 OBIIME TPEBOBAHITS K BbIXOJAM MIIT HA BEPED

IlpH NPOCKTHPOBAHWUHM MODCKHX TPYOOTIPOBOIHBIX CHCTEM OOBEKT CTPOHTEIbCTBA pPazieiIeTcs B
COOTBETCTBUH ¢ METOJAMH OpPTaHM3alFM MPOH3BOJCTBA padoT U 0DOpYJOBAHMEM Ha CIEAYIONME YUACTKU
CTPOMTEJIBCTRA: OCHOBHOH, ITPHOPEAKHbIE YIACTKY M YUACTKH TIepPeceUeHIS OepeToBoi jmHuu (cM. puc. 10.1-1).

Ha ocHOBHOM yyacTKe IIPOM3BOJCTBA paboT MOTYT NpPUMEHAThCA TpyOoykaanounsie cyma (TYC)
II u IV mokoneHHii ¢ BOZMOXKHOCTBIO VKIAAKH Tpybomporojga Ha TayOmHe or 20 M u Oonee, Ha
MPHOPESKHEIX YUAcTKAX MOTYT IpuMeHAThes TYC Il mokodeHHS ¢ BOZMOKHOCTEIO YKIaJKU TIPHMEPHO OT
5 M M300aTH, a Ha YYacTKax IepeceucHHs ¢ OeperoBoif MHHHEH, KaK TPAaBHIO, YKIAKA TIPOU3BOAUTCA
MIPOTACKHBAHIEM TPYOOIPOBOAA TEM MM UHBIM CIIOCO00M.

IIpubpescrsiil [ Ipubpescrstil

yuacmox 1 Thyboroeoonwil yeacmox 1 yeacmox 2

Vaacmox nepecevenus
Oepezoeoii purun 1
Vyacmox nepecevenun

Gepezoeoti munun 2

Prc. 10.1-1 Y4acTKH Tpaccbt MOpeKoro TpyGonposoza |3

OmHHM U3 HanOOJIEE OTBETCTBEHHBIX H TPYIOSMKHX YYACTKOB PaGoT MPH CTPOUTENHCTBE MOPCKHX
TpyOOTIPOBOAOB 4BJSETCH Y4YACTOK MepeceuyeHus Oeperopoil JuHHU. CTPOHUTENBHHIE PadOTHI
XAPAKTEPUIYIOTCH BOBICUCHHEM PA3TUYHBIX BHAOB CTPOHTEIBHON TEXHHKH H TIPHMEHEHHEM Pa3IMUHBIX
METO/IOB TIPOH3BOACTBA padoT.

B HacTosiee BpeMs B PO He cymiecTByeT HOPMATHRHOF JJOKYMEHTALMH HJIH METOIHYECKHX YKa3aHHH
110 IIPOH3BOACTBY PabOT Ha yyacTKe IiepeceycHHa Oeperosoii mHuy MITT, uTo NpUBOAMT K TOMY, 4TO IIPH
peaTH3alH MPOeKTa MPUHHMaeMas MEeTOAUKA MPOH3BOJCTBA MiepeceyeHUs OeperoBoii JIHHUM 3a4acTyIo
SABISCTCA YHHKAIBHOM JUI KaKI0T0 MpoekTa. TpeboBaHus K IepeceYeHUIM TPacc MOPCKHX IIOJBOJHBIX
TpyOOTIPOBOJIOB ¢ OCpEroBHIMH JTHHHAMH TipHBeJeHHI B 8.2.4 yactu 1 «Mopckue MOABOAHBIE
Tpybonporoasny [Tpasua MITT.

Ha y4acTike TiepecedeHHS OepeTOBOH JIMHHU BO3MOKHBI CIEAYIONHME XapaKTepHble OCOOSHHOCTH,
KOTOPbIe HEOOXOMHMO YUHTHIBATh TIPH BHIGOPE MeTo/a TepeceyueHus OeperoBoil THHHH:

WHTEHCHBHOE BOJIHOBOS BO3/EHCTBUE Ha y4acTKe;

PasMbIB TPYHTA Ha YYaCTKE CTPOHTENbCTRA (TIPHIIMBHI, TEUSHHS);

BOZMOXKHOE BO3AeHCTBHE KUl Tea0BbIX 00pa3oBaHHIl TIPH YK3aPALMI JHA;

XO3MICTBCHHAA JSATS/IBHOCTE (BO3AeiicTBHE 000pYIOBaHUS PHIOOIOBHOTO IIPOMBICIIA, SKOpEH H T.1.);

He0OXOTHMOCTD TIPHMEHESHHS JOTIOMHUTE ThHBIX Mep A1 o0ecTeyeHUI YCTOHYHBOCTH TPyOOoIIpoBoIa.

Bce 9TH 0COOEHHOCTH TPUBOJAT, KaK TIPABHIIO, K HeOOXOJHMOCTH 3arayOieHHd TPYOOlIpoBOAa Ha
9TOM VYACTKE TPACCHI.
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Mpun paccMOTpPeHMM 0COOEHHOCTEN BbIX0AoB MIT Ha 6eper HeOBX0AUMO YAENSATb BHUMaHWE FpaHuLe
MeXay MOPCKUM U 6eperoBbiM yyacTKamu. Kak npaBuno, B Ka4yecTBe Takol rpaHuLbl BblbnpaeTcs:

thnaHueBoe (MM CBApHOE) COeAMHEHME MEPBOIA 3anopHOIi apMaTypbl Mocne BbiXxoda TPy60onpoBoja Ha
Geper;

thnaHueBoe (MM CBapHOE) COeAMHEHWE 3MIEKTPOM30AMPYIOLLE/ BCTaBKM, 371EKTPUYECKM pasbe-
JNHAIOLWWEN 6eperoBoii 1 MOPCKOW yYacTKW;

(hnaHueBoe (MM CBapHOE) COeAMHEHWE Kamepbl NpuemMa/3anycka CpefcTB OUUCTKMU U AUarHOCTUKMN.

102 METO/Abl MEPECEYEHWNSA EEPEFOBOW TUHUN
MNP YKNAOKE MOPCKUMX TPYBOIMNPOBOAOB

B pesynbTaTe aHanm3a MepexofoB 6GeperoBOV NMHWMM BbIAENSIOTCA CNefytoliMe OCHOBHbIE MEeTOoapbI
nepeceyeHnsi 6eperoBoii NMHUK Npu cTpouTenscTee MIMT:

yKnafka Tpy6onpoBoga B npeABapuTesibHO MOArOTOBNEHHYIO TpaHLIel B MPUOPEXHONM 30He M Ha
yyacTKe nepecevyeHns 6eperoBoin NUHUK;

MCMNoMb30BaHME METOAa HaK/OHHO-HanpaBneHHoro 6ypexus (HHB);

MCNOoMb30BaHWE METOAa TYHHENMPOBaHWS.

Yknagka Tpy6onpoBoja B TpaHLUE MPOM3BOAUTCA OAHWM W3 Chefyolnx crnocoboB MpoTacku-
BaHWA (PUC. 10 .2 -1 )

Tpy6onpoBog MOHTUpyeTca Ha TYC M npoTackmBaeTcsa Ha Geper ¢ momouibio nebegkn TYC u
obpaTHOro 6/10ka, pacnosioXXeHHOro Ha b6epery;

TpybonpoBog MOHTUpYeTcA Ha TYC B MOpe ¥ 3aTeM MpOTacKuBaeTca Ha 6eper npy nomoLLm nebefok
Ha Gepery;

Tpy60npoBO4 MOHTMpYeTc Ha 6epery n npoTackuBaeTca B Mope C nomowbio TYC (unu
CMeLnann3npoBaHHOro NIaBCcpesCcTBa: TEXHOIOMMYECKOl NNaTthopmMbl, MOHTOHA U T.M.), 060PYA0BaHHOIO
nebeakamm.

Puc. 10.2-1 MeToabl yknafku Tpy6onpoBoga npoTackmBaHWeM Npu NocTpoiike Geperosoro nepexoga [3J

Pa6oTbl N0 MOArOTOBKE TpaHLIeW W YKMajka C NpOTackMBaHWeM C Oepera Ha 3aTanjvBaeMoM
6eperosom y4yactke MIMT anuHoin 6onee « kM B CeBepHOIl YacTy Kacnuitickoro mopsi NnpeAcTaB/eHbl Ha
puc. 10.2-2. dopmupoBaHMe nJeTU Tpybonposoda ocyulecTsnsnocb Ha TYC, obpaTHas 3acbifka
npousBogmnach rpefdepHbIM 3eMCHapsAoM.
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Puc. 10.2-2 peiidpepHblit 3eMcHapsa «TUTaH» npu paspa6oTke TpaHwen (a)
1 npoTackueaHue Ha nnaey Tpy6onposoga ¢ 6epera (6)

Bbi6op TeXHONOrMM MOAFOTOBKN TPaHLUEN 3aBUCUT OT CBOWCTB JOHHbIX FPyHTOB (CcMm. puc. 10.2-3).

HecBA3HbIA TPYHT — necok

MnoTHOCTb HW3KOIl NNOTHOCTM cpefjHell NNOTHOCTM NAOTHbIN 0YeHb NNOTHbIN
Bbibop
o6opypoBaHus
NS NOABOAHOM
TpaHLwen
4pesBblyaiiHo 0YeHb Hu3Kas cpeaHss BbiCOKas 0YeHb upesBblyaiiHo
MpoyHoCcTb
HU3Kas Hu3Kas BbiCOKas BblCOKas

CBSA3HbIN TPYHT — rnnHa

Puc. 10.2-3 Bbibop TexHONOrMM NOATOTOBKM NMOABOAHON TpaHLwen [1J

B psge cnyyaeB B TpaHwee ansa yknagku Mill' B paiioHe 6eperoBoii yepTbl 06opygyeTca Koddepgam —
KOHCTPYKLUMSA, KakK npasufio, B BWAE LUMYHTOBOW CTEHKW, obecneumBarollas LeNOCTHOCTb TPaHLLUEN,
3allMLLaKoLWan CTposLLMecs TpybonpoBoAbl OT BO/HOBbLIX BO3AENCTBMIA U 3ambliBa TpaHwewn (cm. puc. 10.2-4).
Mocne npou3BofcTBa paboT No nmpoknagke un 3acbinke MIMT BCA KOHCTPYKUMA Kodhdephama NognexnT
LeMOHTaxy.

Bbibop Tpacchl, MecTa npeceyeHns ¢ 6eperoBoOil IMHMEN N BeAUYUHBI 3arny6nieHns MIT B fOHHbI
FPYHT [LO/KHbI COKPaTWTb BAWAHWE NAUTOAMHAMWYECKUX MPOLEccOB Ha paboTocnoco6HOCTb W
HaJeXHoCTb Tpybonposoaa.

Cpefn OMHAMWUYECKUX SBNEHWIA, UMEKLWKNX MecTO B MOPCKOM JieAsiHOM MOKpOBe, 0C060e MecTo
3aHMMaeT Apeid KpynHbIX NefoBbiXx 06pa3oBaHUii, KOTOPbIe NPU B3aMMOLENCTBMM C MOPCKUM LHOM MOTYT
NPMBECTW K ero 3k3apauum 0CobeHHO B paiioHe 6GeperoBoro Bbixoga MIT. B akBaToOpuax C CE30HHbLIM
nefsHbIM NOKPOBOM (3amepsatowime mops Kacnwmiickoe, bantuiickoe, OX0Tckoe M T.4.) U Ha MOPCKOM
apkTnyeckom wwenbde (bapeHueso, Meuyopckoe, Kapckoe mops, baigapaukas ry6a v T.4.) Npu Hanuuuu
NPU3HAKOB NefOBOW 3K3apauuu, BbISIBEHHbIX B MEPUOL W3bICKAHWIA WHCTPYMEHTa/IbHbIMU MeTOoAaMu
(noaBoAHaA TeneBM3NOHHAA CbEMKA, COHapHas CbeMka, BoAonasHoe obcnefosaHue), 3arnybneHne MMT
no Tpacce, B T.4. B paiiloHe nepeceyeHns ¢ 6eperoBoii NMHWER, LO/MKHO COOTBETCTBOBATL TpeboBaHMAM 8.3
yactu | «Mopckne noasogHble Tpy6onposoabl» MNpasun MMT.
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Puc. 10.2-4 Kothdpepgam s npoTackuaHus Tpy6onposoga Ha 6eper Ha KMpUHCKOM MecTopoXaeHun 0. CaxanuH

B HekoTOpbIX cAy4Yasx MpUMeHeHMe MeTofJa OTKPbLITOM TpaHLWleM Ha ydvacTke LenecoobpasHeit
3aMeHUTb nepeceyeHnem bGeperosoit nnHum metogom HHB. MeTtog HHB npumeHsieTcs B ciy4asx, Korja
reosiorMyeckne YCroBus He MO3BONSKOT 3(PQeKTUBHOE NpoBefeHWe 3eMsfHbIX paboT. ITOT MeToA
Mo3BONSAET NepecekaTb OTBECHbIA Oeper, a Takxe 06beKTbl Ha 6epery. MNepeceueHne 6eperoBoi NMHWUM C
npumeHeHneM HHB XxapakTepusyeTcs HaMMeHbLUMM YLLep60M OKpyXaloLlei cpefie N0 CPaBHEHWIO C
MeTOLOM OTKPbITON TpaHlen. YKasaHHble Bbille MeTOAbl MPOTACKMBAHUS MPUMEHAKTCS W Mpu
npoTackMBaHuM Tpy60NpoBoAa B CKBaXUHY, NMOArOTOB/EHHYO MeTogoM HHB, uan B TyHHeNb.

CTpouTenscTBO MPUOPEXHbIX yyacTkoB MIMT metogom HHBE npegnoyuTuTensHO Npu 06pbIBUCTLIX
beperax, CUMIbHbIX TEYEHNAX W 3HAYUTENbHBLIX BOTHOBLIX BO34ECTBUAX, KOTrAa YCTPOCTBO TpaHLUuein ans
3arnybneHus TpybonpoBoja npefcTaBnseT 6onblwne cAoXHOCTM (cMm. puc. 10.2-5). Kpome ToOro,
CTpOUTeNbCTBO TpybonpoBoga MeTofoM HHB Ha yyacTke nepeceveHUs 6eperoBbiX SMHUIA MOXET 6biTh
00YyCMOB/MIEHO Ha/IMYMEM KOPEHHbLIX MOPOA C rpagaMyu Ha NPUBPEeXHbIX ydacTKaxX, TpebyloLmx
3arny6neHus Tpy6onpoeofa, W Heo6XOAMMOCTbIO MPOKNafKW TPybOoMpoBofa Yepes 3HAYMTENbHOE
KONNYECTBO KOMMYHUKaLWA.

Kak npaswno, npu ncnonb3oBaHun Metoga HHBE yknagka Tpy60onpoBoja BbINOMAHAETCS B 3aLLUTHOM
KoXyxe. [1ns aTol Lenn MoXeT 6blTb MCNOMb30BaHa CTanbHas obcafHas Tpyba, ycTaHaBnMBaeMas Ha BCO
ONMHY ckBaXXMHbl HHB. 3awuTHbIA KOXYX o6ecneuvnBaeT OTCYTCTBME MOBPEXAEHUA UAU 6NOKMPOBOK
Tpy60npoBoaa Npv NpPoKaaKe, TakxKe OTCYTCTBYET PUCK BO3MOXHOCTY 06Bania CTEHOK CTBO/MA CKBaXKMHBI.

Mpwn ncnons3osaHmn Metoga HHBE He06X0AMMO yUnTbIBaTL CregytoLlee:

YLep>XXUBaHWe U yaaneHne 6ypoBoro pacTeopa;

CEKLMOHNPOBaHNe aHTUKOPPO3MOHHOWM CUCTEMbI MOKPLITUSA TPYOOMpPOBOAa C BbICOKON CTOMKOCTHIO K
UCTUPaHUIO Y HWU3KOMY MOBEPXHOCTHOMY TPEHUIO;

obecneyeHne ycToliunBoCT TpybONpoBoaa nepes NpoTacKMBaHWEM B NPOOYPEHHYIO CKBXUHY.
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Puc. 10.2-5 Metoabl HHB npu nepeceueHuy 6eperosoii nmHum [3]
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4. CIT 36.13330.2012 MarucTpaapHble TPYOOIpOBOAbl. AKTYaIH3IHPOBAaHHAd peJaKLUg
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5. CIT 86.13330.2014 Maructpainshble TPYOOIPOBOIEL. AKTYamsupoBaHHad pepakips CHull [11-42-80%.
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11 METO/IbI ITIEPECEYEHH! ITO/IBO/IHBIX TPYBOIIPOBO/T0OB

11.1 TPEBOBAHITYI HOPMATHUBHbBIX JOKYMEHTOB K ITEPECEYEHINM
MOPCKHX ITOABOAHBIX TPYBOIIPOBOJOB

B HacTogimeMm pasjiene MpHBEASHBI TpeOOBaHMA OTEYSCTBEHHBIX M 3apYOCKHBIX HOPMATHBHBIX
JOKYMECHTOB B YACTH IIEPECEUCHHIT TPYOOIIPOBOAOB, B TOM YHC/E [MOABOJHBIX, C JAPYTHMH TpPyOOIpoBO-
Jdamu u kabemamu: CIT 36.13330.2012 [4], CII 86.13330.2014 [5], CIT 18.13330.2011 [10],
I'OCT P 54382-2011 [6], IOCT P UCO 13623:2009 [7], DNVGL-ST-F101 [12], ABS [15], LR [16],
ASME B31.4 [13], BS 8010:3 [14] (cm. Tabm. 11.1-1 u 11.1-2).

TpeGosaHuA K NepeceveHHI0 MOABOAHBIX TPYGOIpPOBO/IOB

Ta6numa 11.1-1

OteyecTBeHHbIE

CII 36.13330.2012

CII 86.13330.2014

I'OCT P 54382-2011

CII 18.13330.2011

TI'OCT P HCO 13623:2009

Yron mepeceycHHsl MHHH-
mym 607,

PaccrogHue Mexay pydo-
LUPUBUAAMH B CBETY
HE MeHee 0,35 M.

YriIaaka CcTPOSIHXCSH
TPYOONPOBOIOR MPOTAC-
KHBAaHHEM TI0J| JCHCT-
BYKOUWHMH KUOMMYHHKdA-
LHAMH

PaccrosHue Mexay TpyGo-
NPpOBOJAMH B CBETYy
He meHee 0,3 M.
YCT4HOBKY OUNOPHBIX
KOHCTPYKLUHH HIH Ipa-
BHAHOH Loy LLKH

PaccrosHue Mexay Tpy6o-
NPOBONAMH B CBETY
0,2 — 04 m.

PaccTosnnne B creery
MEXKY TpYOOIpPOROJaAMH
n Kabcimu He mence 0,5

Yron nepeceueHus 90°.
YcTaHoBKa MATOB n J1pYy-
THX CPEZICTE TOCTOAHHOTO
paspencuns {(OpH HeoOxo-
JIHMO CTH)

3apyGexHbie

DNVGL-ST-F101

ABS

LR |16]

ASME B31.4-2016

[TepeceueHns mexay Tpy6o-
LHPOBOLAdAMH HILH prﬁUll}JO-
BOZIAMH K KAGeIAMH J10JIKHbL
OBITh pa3fieNeHkl N0 BEPTHKANH
munumym Ha 0,3 m. Tpelyerca
OllEHKA BO3MOXKHEBIX 3JICKTPH-
UCCKHA LIUMEX, 4 T4KXKE HX
[IOCTENCTBHA.

PazpaboTia cneuupHKALHH Y34
nepeceyeHus.

B cOOTBETCTBHH ¢ TPEOORAHHIMH
ASME B31 4 ucpeceuennn Moy
HOBBIMH M CYILECTBYOMHMH
TpyGonpoBoiaMH AONXKHbL OHITH
pasjieleHbl [0 BEPTHKAIH Kak
MHHHMYM Ha 1,0 ¢yt (0,3 Mm).
Ipodmne ucpeceucunn Tpyoo-
NpoBo/ia AOIBKEH ObiTh NPOBEPEH
H4 BO3IJCHCTBHE JIOK4IbHbIX
JKCIUIYaTAIIHOHHBIX H BHEMHHX
Harpy3oK.

VYcTOHUHBOCTD ONOP NPOBEPAETCA
Ha CKONLXEHHE H OIPOKHABI-
BalOmHH mumenr. B upoekre
NepeceueHHH TAKXKe YUHTHI-
BAKOTCH HECYWas cnoco0HOCTD
TPYHTZ n TpPEeOOBAaHHA K J010N-
HHTCIbHbIM OLLUPEM JJIH YMCHb-
IWEHH unu NPEAOTBPAMEHHA
BO3HHKHOBEHH O€30[0PHOTO
npunETd.

Kak npaemno, cieayer uierarn
nepeceyeHns TpYOONIPOROAUE H
kafenei. B MecTax, 1ie nepece-
YeHHe HEOOXOAHMO, onepartop
Tpy6onpoeoaa wnian Kabens,
KOTOpBIA OyAeT MNepeccucH,
HOJKECH HUNYYHTD COUTBET-
CTBYIOIHE PEKOMEHAANHH, a
METUM, MECTO H BPEMI LIEPELEYE-
HHMA JOJUKHBI OBITH COTJIACOBAHBI
OGOHMH OMMEPaTOpPaMH.
Heo6xonumo yuecTh BOIMOKHOE
B3aHMOJCHCTBHE CHCTEMBI KATOM -
HOH sawmibl v ABYX 1py0onpo-
BOJIOB.

Ilpn upoexrupusannn nepece-
YEHHA HEOOXOHMO O0CCIIEYHTh
PHU3HUECKUE PASACICHHE ABYX
1pYGONpPOBOAIOE, KOTOpoe OyAeT
NOCTOAHHO COXPaHATHCH.

IIpH OpPOEKTHPORAHHH IOJBON-
HbIX lEpeceyeHH TpyGonpo-
BO/I0B MHHHMAIbHOE PAcCTOSHHE
MEXAY BYMS KOMMYHHKAUHAMH
JOKHO COCTaBJATL 12 AwofimMoB
(300 MM).

PazneneHue upyx 1pyGonpoBoyus
no JH3NEKTPHUECKHM CBOFHCTBAM
AOJKHO OBITD PALCMUIPEHU B
X07l¢ MPOECKTHPOBAHus TNepece-
YCHHH TPYGONpOBOAA.

Ocaika TPYHTa, 3p03HA H UNIIM-
HYECKHE HArpy3KkH JONXKHbI ObITh
YUTCHBl LPH UPUCKTHPOBUHHN
nepeceueHni Tpy6onpoeona Ans
00€CIEULHHA CUXPAHEHHA JdH-
HOTO PAacCTOnHHN B TEUYEHHE
PACHCTHOIL CPUKA IKCIULYATAUNH
000HX TpYGONPOBO/IOB.

Ta6nuua 11.1-2

TpeboBanuA 3apyDeKHBIX HOPMATHUBHLIX JOKYMEHTOB DTHOCHTeIbHO nepeceqeHdid MIIT ¢ ApyriMu KOMMYHHKA LUAAMH

YroJ nepecedeHAs MEXY KOMMYHHKAIHAMH

He MeHee 307 H N0 BO3MOXKHOCTH GJIH3KHM K 90°

PaccTosHHE B CRETY MEXAY KOMMYHHKAIHAMH

He MeHee 0,3 m

PaspaGoTia TPyHTa B PaioHe NEPECEHEHHs ii NPEAOTEPAIICHHS NOBPEXACHHA PEKOMEHYETCA OCYIMECTRIATL THAPOMOHHTOPAMH.

VKNalka NPOEKTHPYEMbIX TPYGOMPOBOJIOR MPEAYCMATPHRAETCA MOy ACHCTRYIONHMH TPYCONPOBOAAMH IOCPEACTBOM HX TNPOTACKHRAHHA

B NOAIUTOBJICHHYK TPAHIICK.
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TpeboBaHMA K MepecevyeHnto Hesarnyo6eHHbIX 1 3arny6neHHbIX B fOHHbIA FPYHT Tpy6onpoBOAOB U
Kabenen, paspaboTaHHble Ha OCHOBaHUM CPABHUTEMbHOIO aHann3a MPUBEAEHHbIX Bbille JOKYMEHTOB U
onbiTa paccmMoTpeHns PC npoekTHON pokymeHTauum MIT, ykasaHbl B 8.2.3 uyacth | «Mopckue
noABofHble Tpy6onposogbl» Mpasun ML

112 MPWUMEPbBI KOHCTPYKTVBHOIFO O®OPM/EHUS MEPECEYEHW
NoJBOAHbLIX TPYEOMPOBO/OB

B pervoHax, rge BefieTcs akTMBHas pa3paboTka NnojBOAHLIX MECTOPOXAEHW, BKIKOYas 06yCTPOINCTBO
cucTeMbl MOABOLHbIX TPy6ONPOBOAOB Pa3fUMYHOr0 HasHaueHus (Hanpumep, CeBepHoe Mope, Mekcu-
KaHCKWIA 3a/MB U T.A4.), HEM36eXHbl nepecevyeHnss TpacCc MOPCKMX TPy6onpoBofoB. B mporpamMmax no
BbIBOAY W3 3KChayaTauum MOPCKMX MECTOPOXAEHWA B 3TMX PernoHax npusefeHbl KOHCTPYKTUBHbIE
peweHns no O0O6YCTPOCTBY MECTOPOXKAEHWIA W pPacCMOTPeHbl HEKOTOpble METOAbl MepeceyvyeHui
noABoAHbIX KOMMYHuKauuii [ ], [ 1.

MpuMepbl KOHCTPYKTUBHOIO O(DOPMIEHWNS NepeceyeHuii, B 3aBUCUMOCTU OT 3arnybneHus Tpy6onpo-
BOAa NpuBefeHbl Ha puc. 11.2-1 n 11.2-2. PacCMOTPEHbI pasninyHble BapuaHTbl M3MEHEHUS KOH(pUrypawmm
Tpy60npoBOA0B, MPUYEM OTAENLHO YUYMUTHIBAETCA BO3MOXHOCTb AEMOHTaXa KaXKAOr0 M3 MepecekaloLlnxcs
Tpy60npoBoAoB, Hanpumep, Ans yTuamnsaumm (Tak HasblBaeMble y4acTKu Tpy60onpoBoaoB 3-i kaTeropum —
TPy60npoBoAbI, NaHUpyeMble 4N1s BbiBeLeHUs U3 akcnayataummn cornacHo DNVGL-RP-F107).

6)

B)

Puc. 11.2-1 Mpumepsl MepeceyeHunii NogBoAHbLIX TpybonpoBogos [1J:
a — Hesarnyb6neHHbIVi TpyboNpoBog nepecekaeT He3arny6neHHbIV TpybonpoBog, 3-i kaTeropuv — geMoHTax (3arnybneHve)
He MpeACTaBNAETCA BO3MOXHbLIM; 6 — He3arnyb/eHHbIn Tpy6onpoBos
nepecekaeT Tpy6onpoBog 3-1 KaTeropum — C AEMOHTXKEM 00beKTOB 3-i KaTeropuu;
B — MepeceyeHre TPy6onpoBoaoM 3-i KaTeropum 3arny6aeHHOro Tpy6onpoBoaa;
I nepeceyeHvie Tpy60NpoBOAOM 3-i KaTeropum paboTatoLLero Hesarny6/1eHHOro Tpy6onpoBosa.
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Metwok ¢ LINC
€O CTEKNONNaCTUKOBbLIM KOXKYXOM

20" asonposog,

TkaHeBbli Mm ¢ LIMNC oKW 6ETOHHBIA MaT

Puc. 11.2-2 11pumepbl KOHCTPYKTUBHbIX PELUEHUI MO NepeceyeHmsaM nogBoaHbIX Tpy6onpoBoAos [2]

MepeceyeHnsl, KaK NPaBuo, BbIMOMHATCA C UCMONb30BAHUEM TMOKMX GETOHHBLIX MaTOB, MELIKOB C
LleMeHTHO-MecyaHol cmecbio (LMNC) nam cneumanbHbIX KOHCTPYKUUIA M3 AUTOro 6eToHa. Mexay AByMs
TpybonpoBogamu Mpu NepeceveHnn AomKeH cobaaaTbCss MUHUMaNbHbIA 3a30p 300 MM; GETOHHbIV MaT
o6ecneynBaeT Tpebyemblii 3a30p U 3aLUTY Mexay ABYyMs Tpy6amu. Bbibop mMaTepuana Ans cTpOUTENbCTBa
nepeceyeHns 3aBUCUT OT TpebyeMoil BbICOTbI NepeceyeHns Tpybonposoda. Ans nepeceveHns Tpy6onpo-
BOZ0B 6ONbLUOIO fMaMeTpa M3roTaBMBalTCsA CneuunanbHble 6eTOHHbIE KOHCTPYKLUK.

MepeceyeHne TpybONPOBOAOB Ha BPEMEHHO 3aTaniMBaeMblX (0OBOLHEHHbLIX) TeppuUTOPUAX WK
60N0TUCTOW MECTHOCTU [ONYCKAETCA B COOTBETCTBUU C MONOXKEHWUAMU COOTBETCTBYHIOLLMX HOPMATUBHbIX
LOKyMeHTOB [11]. Ma puc. 11.2-3 n306paxkeH TUNOBOW BapuaHT MepecevyeHWs B HACbILWEHHbIX BOAHO-
OONOTHLIX YroAbsAX C cerperauueli BEpXHEro cfiof MoyBbl (UTO MOXET OblTb XapaKTEPHO [/ Y4YacTKOB
BbIX0Za MOPCKOro noAgofHoro Tpy6onposoga Ha 6Geper). CTpouTensHoe 060pyAOBaHWe, UCNONb3yemMoe
npu yknagke Ha BOAHO-O0NOTHbIX YroAbsiX, OrpaHUYMBaETCA CPOKamu WCMOMb30BAHWS, TEXHOMOMU-
YyecKMMM rabapmTamun, He06XOANMbIMU AN PbITbS TPaHLLEW, U3rOTOBEHUA W YKNaaKn Tpy6onpoBoaoB 1
06paTHOM 3acbINKK TpaHLlen. Takke OrpaHNYMBalOTCA CPOKU BOCCTAHOBNEHUS BEPXHErO C/0s MOYBbI.

M paiioHax, rpe Ana foctyna K Tpy6onpoBody, MalMHbl (MexaHM3Mbl) nepemeLiatoTcs Mo
BOZOHACHILLEHHOI 1K 600TUCTON MECTHOCTW, MOBEPXHOCTHbIA CMONM FPYHTA JOMKEH ObITb AOCTATOYHO
MPOYHBLIM ANS COOPYXKEHWUS BPEMEHHbIX TPAHCMOPTHO-MOHTaXHbIX NyTel. Cxema Npoknagaku Tpybonpo-
BOJa B MOJOOHLIX YCNOBMAX NpeAcTaBneHa Ha puc. 11.2-4 [4].

MosepxhocTs sops

W __MepecekatoLuuii
YKene3o6e TOHHbIE MaTbI A Tpy6onpoBog,

FFFH >—o|,71
c —4 4

[neiicTByHOWMIA TPy6ONPOBOA
D =0,914 M B 66 TOHHOI4 060/10UKe

3arnybnexve 1,5m

Puc. 11.2-3 lMepeceyeHune Tpy60NpoBOLOB B 06BOLHEHHOM FPYHTE UM GONOTUCTOW MECTHOCTM
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7,5(45) m

65 (35 m

Pue. 11.2-4 Cxema MpOKITaJIKH TPYOOIMPOBOAA TIO TTOBEPXHOCTH 0CBOJHEHHOTO TPYHTA HIH GOJIOTHCTOH MECTHOCTH:
1 — tpyGompoBon; 2 — ropdsHas niy XBOPOCTAHAS TTOMOTOBKA;, 3 — 0OBaJIOBaHHE IECYAHOTO TPYyHTa WiH Topda;
4 — nexHeBax OPOTa; 5 — NPOTHBOIIOXAPHasd KaHapa
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12 PEMOHT MOABOAHBLIX TPYBOIMNPOBOAOB

Mo mMepe BO3pacTaHUs CPOKa IKCMayaTaLmm CyLWecTBYHOLWMUX NOABOLHbBIX TPY6ONPOBOAHbLIX CUCTEM Ha
Tepputopun P® Bonpoc pemoHTa MMT npro6peTaeT Bce 60/bLIYI0 aKTyalbHOCTb Kak B OTHOLUEHUU
COBEpLIEHCTBOBAHUS HOPMAaTUBHO-TEXHUYECKOW 6as3bl, TaKk U pPas3BUTUA TEXHUKU U TEXHONOTUNA
NpoBefeHNA PEeMOHTHbIX paboT Ha Takux ob6bekTax. [pu 3TOM HOpmaTuBHaA 6asa [0/KHA
COBEPLUEHCTBOBATLCA NO BYM HanpaBleHNsAM:

1 TeXHuYeckme TpebOBaHMA K OCYLLECTB/IEHUIO BCEro CMeKTpa BO3MOXHbIX PEMOHTHbIX paboT Ans
NoABOAHbIX TPY6ONPOBOAOB;

. HOPMWUPOBaHWE TEXHUYECKOro COCTOSIHUA MOABOAHOrO Tpy6omnpoBoda ANs CnefyroWmnX Lenei:

paHXuWpoBaHWA YPOBHEN TEeXHUYEeCKOro COCTOSAHUS Tpyb6onpoBoja B 3aBUCMMOCTW OT YPOBHSA
AetheKTHOCTU U MPOTHO3MPOBAHUS CPOKa 3KCNayaTalmm Tpy6onpoBoja ¢ etheKTOM TOro UM MHOTO BUAE;

Bbl6Opa TMMOBbLIX PEMOHTHbLIX PaboT, COOTBETCTBYHLLUX BbISIBAEHHOMY TEXHWYECKOMY COCTOSHUIO
Tpy6onpoBoAa v TUNOBbLIM fAeheKTaM;

NNaHWpPOoBaHWA NPOBeAEHNA PEMOHTHbLIX U AMArHOCTUYECKUX paboT B 3aBUCMMOCTM OT YCTaHOB/EH-
HOrO YpPOBHSA TEXHMYECKOro COCTOSAHUA Ans npuobpeTeHus 060pyAoOBaHMS 1 MaTepuanos, Bbibopa
noapsgUYNKOB U T.4.

Takum 06pa3om, NpobreMa PeMOHTa U TEXHWUYECKOTO 06CMY>XMBaHWS MOPCKUX MOABOAHbLIX Tpy6onpo-
BOJOB C YYETOM BbILIEN3IOXKEHHbIX MOMOXEHWUIA ABAAETCA KAOYEBON Ana obecneyeHus GecrnepeboHOro
(hYHKLUMOHMPOBaHMSA TPy6OMPOBOAHOW CUCTEMbI C TpebyeMbiMU pabouMMM NapamMeTpamu Ha MPOTSKEHUU
BCEro MPOEKTHOr0 CpoKa 3KCniyaTauuu. YKa3aHHbIi KOMMAEKCHbIA noaxop (ynpaBneHue LenoCTHOCTbIO
Tpybonposoga) cornacHo ISO 19345-2 [14] npeacTaBneH Ha puc. 12.1.

YnpasrneHue LEenocTHOCTLI0

JTanbl XN3HEHHOrO umkna SnemMeHTbl ynpaBneHus
Tpy6onpoBoga
Llenecoo6pastocs Monutnka un Oﬁﬂ3aTe}'IbCTBa)
MpoextvipoBaHie O6beM U cogepxaHe
iipui pammb! ynpasneHus
LIeNOCTHOCTbHO
3akyrnka
CTpykTypa opraHusaum, — J1
M3roToBneHve poav 1 0653aHHOCTH J
TpaHcnopTMpoBKa
1 XpaHeHve
CTpoutenscTBo BepneHue 3anvicelt
nynpasneHvie
MogrotoBka Ko BBOAY [OKYMEHTO060pOTOM

B 9KCM/yaTalyio 1 BBOS

OO

_Ekennyataumio__
MpyemMo-caaTouHble Cesizb
onepaym
SKennyaraums y
1 TexoBCnyKuBaHe ( NpaBnexHne N3MeHeHNMM
Moguuiaupa AHa/M3 CO CTOPOHbI
pykoBoACTBa W
ayput
lMproctaHoBKa 5
akcnnyaraun/nonHbIi YUEHME i MoBbILLEHVE
0TKa3 0T SKCTIyaTaLyi KBanMtmKaLmm

Puc. 12.1 Mporpamma ynpasieHns LeN0CTHOCTbI0 MOPCKOro NogBogHOro Tpybonposoga cornacHo MCO 19345-2
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ITogoOHbIit emile GoNlee KOMIUIEKCHBIH M IITy OOKHIT TTOAX0/] BOTUIONISH B TIPAKTHUYSCKOM AeATeNEHOCTUH H
HopMaTHBHOH Oaze DNV GL (Hampumep, DNV-RP-F116 [16] u DNVGL-RP-F113 [13]), a Taxke B
MHOTOYHC/ICHHBIX PeaTH30BAHHBIX TEXHOMOTHAX M YCTPOHCTBAaX JUIS TIPOBENEHHMS PEMOHTHBIX pador,
B T.4. Oe3 MpHBIcYCHHT BoA0 208 («diverless») g mIyGOKOBOMHBIX MMOJBOAHBIX 0OBEKTOB (oM. 12.2 u 12.3).

12.1 BOCCTAHOBJIEHHE ITPOEKTHOI'O (WIH BE3OITACHOI'O) ITOJIOKEHWS TPYBOIIPOBOJA
HA/B JOHHOM I'PYHTE, BKTIOUYASI CBOBOJHBIE ITPOJIETHI HEJOITY CTUMOU J1/TUHBI

BoccTaHOBJICHHE MPOCSKTHOTO (WM 0€30IacHOr0) IMONOKCHUS TPYyOOIpoBoja Ha/B JOHHOM TPYHTE,
BKJIIOYAs CBOOOJHBIC MPOJICTHI HEJOMYCTHMOM JUIMHBI, a TAKKE YCTPOHCTBO IIPEABAPHTEIILHO BBIPBITHIX
TpaHIIeif U 3anTy0NieHHe TOJBOAHOTO TPYOONPOBOJA, TIOAPA3YMEBAET TPHMEHEHHE PAa3HYHOTO BHJIA
CTICIHATH3HPOBAHHBIX TUIABCPEACTB U OGOPYJOBAHHMA U1 MOABOJHBLIX 3EMISHBIX paboT (HampHMeD,
KOMIUIEKCHOE YCTPOHCTBO KOMITAHMH Saipem S.p.A. uid 3ariyOJeHHA U 0OpaTHOM 3achITIKH TOABOJHOTO
TpybompoBoga — cM. 7.6). OnHaKo, KaKk TMOKA3BIBaeT OIBIT PEMOHTHO-BOCCTAHOBHTEIBHEIX paboT Ha
[OABOJHBIX TPYOOIPOBOJHBIX CHCTeMax B PP (Kak Ha MOJABOJHBIX TIEPEX0[ax Yepes BOJHbIC NPETPaB],
TaKk M Ha MOPCKUX IMOABOAHBIX TpyOOIpOBOJax), JAHHBIE pPabOTHl BBIIONHAIOTCA B OCHOBHOM C
[IPHBJICUCHHEM BOJ0J1a30B H CPEACTB MEXaHH3ALIMH J/IA MOABO/HO-TEXHHYECKHX padoT. OTo 0ObACHAETCA
MPEKIE BCETO TEM, UTO JAHHBIC Ac()EKTH BOSHHUKAIOT B OCHOBHOM B PE3YJIBTaTe BO3ACHCTBUA BOJHEHUS H
TeUeHUIT B MOPCKOH NpHOpeXHOI 30He WM peKaX, I[¢ BBHAY HEOOJBIUMX IIYyOHH HCITONb3OBaHHE
BOJI0JIA3HOTO OCHAILICHHWA IIPE/CTABIACTCS BO3MOMKHBIM.

VerpaHeHHe MpoBUCaHMIT TPYOOMPOROAA OCYILECTBIMECTCA IyTEM 3aTlOJIHEHUS Pa3MBIBOB (ITyCTOT) TIOJ
TpyOOTIPOBOAAMH KaMHEM, IMIcOHEM W/HIH VKJIAJKOH TaOHOHOB, THOKMX OCTOHHBIX MAaTOB, MEIIKOB C
neckoM o IIIC, a Takske IyTeM HaMBIBa JIOHHOTO I'PYHTa. JlocTaBKa KaMHA, II¢OHS HIIH ra0HOHOB/MaTOB K
MecTy IT0OHMBKH BBIIOIHAeTCA B Oapikax, IIPH 3TOM B [IPAKTHKE POCCHIICKUX MOAPATIHKOB, KAK TIPABIIIO,
HCIIOIB3YIOTCS BOAOAA3BI K IUIABYUHE KpaHBI g paOoTH ¢ rabuHoHamu, MaraMi H MemkaMu ¢ ITTIC.

Turoeas cxeMa yCTpaHeHUS TPOBUCAHHH H/HUIH Pa3MBIBOB (OTONCHHI) TIOABOJHBIX TPYOOTIPOBOIOR
[IPH HCTIONb30BaHUM Memkos ¢ LIIIC mpexactakineHa Ha puc. 12.1-1 u ¢ TpUMeHEHHEM raGHOHOB HIIM
THOKHX OETOHHEIX MaToB — Ha puc. 12.1-2 [12].
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Prc. 12.1-1 Cxema peMOHTa OTONEHHBIX M IMPOBHCIIHX yuacTkoB MIIT ¢ mpHMeHeHHEM MELIKOB
¢ TIECUaHO-IIEMEHTHOIT CMEChHIO!
1 — TpyGomnpoBo;, 2 — MEIIKH ¢ TeckoM; 3 — Memmku ¢ L[TIC

VIIIOH IiepeAHEH (10 HApaBJICHHIO TEUSHHS WM BO3JSHCTBUA BOJH) IOBEPXHOCTH KIAJKH H3
Mmerkop ¢ [TIIC momkeH coctapaars 1:1, YKIOH 3aaHeH moBepxHOCTH — 1:2.
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Puc. 12.1-2 Cxema pemMOHTa pa3mbiBa C 1CMO/b30BaHWEM TMOKNX GETOHHBIX MaTOB:
1 — anemeHT rnbkoro 6eTOHHOro Mata; 2 — MeLku ¢ neckom uan LINC; 3 — markuii rpyHT (necok);
4 — HacbIMHO FpyHT; 5 — wwebeHb; 6 — necok

Ons rny6oKoBoAHbIX TPYGOMPOBOAHLIX CUCTEM, A€ WCMO/Mb30BaHWEe BOAOMA30B A/ MOABOAHBIX
3eMNISHbIX PaGoT He NPeACTaBNSETCS BO3MOXHbLIM, NOA0GHbIE AedieKTbl TPY6ONpPOBOAOB NMKBUAMPYIOTCS
NpUMeHeHUEM CMeLuan3upoBaHHOro o6opyaoBaHus (cm. puc. 12.1-3).

Puc. 12.1-3 Mop6mBka TpybonpoBoaa Ha rny60KOBOAHOM y4acTke

122 PEMOHTHBIE CUCTEMbI KOMIMAHUIA NORD STREAM AG U SAIPEM SP.A.

12.2.1 PemoHTHasa cuctema komnaHuu Nord Stream AG.

MoaBoaHblii rasonposof Nord Stream ABnsieTCA yHUKanbHOW Ansa P® noasogHO TpaHCMOPTHONA
CUCTEMOI Kak MO napameTpam TpaHCMopTa NPUPOAHOr0 rasa, Tak U MO OpraHu3auum TeXHWYecKoi
aKcnnyarauum.

B xoge MOCTpoOiKM Tpy60onpoBOAHON cucTembl komnaHueit Nord Stream AG 6biiv NPOBeAeHbI

JeTaNbHble OLEHKM PUCKOB A5 3Tana MpoeKTUPOBaHWUS, CTPOMTENLCTBA M 3KCMyaTauuu, NpUHUMAs BO
BHUMaHWe criegytowine (hakTopbl:

TOYHbII MapLIpPyT TPy6ONpPOBOAa;

XapaKTePUCTUKM OCHOBHLIX MaTepPUaioB A/isi CTPOUTENLCTBA TPYBONPOBOA];
MOP(ONOrs MOPCKOTo AHa;
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KOMMYEeCTBO M pasmepbl CyAo0B, NepecekatoLiMx TpybonpoBog;

pasmMep U TUM AKOpSsl, UCMO/b3YEMOro KOMMIEKCOM CY/AO0B, MPOXOAALMX yepe3 banTuiickoe Mope;

macwTabbl U TWUMbl MCNOMb3YEMOro pbi60IOBHOr0 060pYA0BaHNS, KOTOPble MOFYT COMpUKAacaThes C
Tpy60NpoBOLOM;

BbIBOJbl M PEKOMEHAAL MW UCCNef0BaHWA, NPOBEAEHHbIX B OTHOLUEHUWU APYrUX MOPCKUX Tpy6ornpo-
BOZOB, 3KCMayaTupytowmxcs B CeBepHOM MOpe.

Takum 06pa3om 6binn onpefeneHbl CLEHapUU MPOMCLLECTBUIA, AN KOTOPbIX Oblna paspaboTaHa Tak
HasblBaeMasi «CTpaTerusi peMoHTa Tpybonposoga Nord Stream» B 3aBUCUMMOCTU OT Pa3BUTUSA TOFO UM MHOTO
npouncwecTana n/mnn asapumn (Nord Stream Offshore Pipeline Repair Strategy) (cm. Tabn. 12.2.1).

Tabnuuya 1221
YPOBHU PEMOHTHbIX paboT (TEXHMYECKOro 06CnyXmBaHWs) noasoAHoro rasonposoga Nord Stream
TYPE OF SERVICE REFERENCE DESCRIPTION

FIRST REACTION + DAMAGE ASSESSMENT
External Inspection

TYPE 1

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

LOCAL Damage Repair

TYPE 3 ] ; .
Externally fitted 48" dia. Repair Clamp
TYPE 4 . SHORT Damage R?pal.r.
Section replacement up to 2 pipe joints ~24m
TYPE 5 LONG Damage Repair

Section replacement - hundreds of metres to several kilometres

YPOBHM TEXHMYECKOTO 06CAY>XMBaHWA NOABOAHOrO razonposoga Nord Stream BO MHOTOM UAEHTUYHbI
MOHATUIO «TEXHUYECKOe COCTOsHME». CTpaTerns pemoHTa Tpybonposoga Nord Stream npegycmaTtpusaeTt
cnefyoLme Buabl pEMOHTOB (MOMMMO Pa3IMYHOrNO poja AMarHOCTUYEeCKNX paboT):

TeXHU4Yeckoe 06cnyKMBaHMe/TeKyLWwnii (N1aHoBO-NpeaynpeanTeNbHbIA) PEMOHT;

MECTHbIVi PEMOHT (C NPUMEHEHUEM PEMOHTHbLIX MyHT);

KPaTKOCPOUHbI BOCCTAHOBUTE/bHBIA PEMOHT (3aMeHa Ao 2-X Tpyo);

NPOAOMKUTENbHBIA BOCCTAHOBUTENbHBIA PEMOHT (3amMeHa nneTu Tpybonposoga 6onee 100 m).

[aHHble BWAbl PEMOHTOB [O/MKHbI 06ecneynBaTbCs COOTBETCTBYHLLMM HaObOPOM TEXHUYECKMX
CPeACTB A1 OCYLLECTBMIEHNA PEMOHTOB PasfIMYHONO YPOBHSA, YETKO perfiaMeHTMPOBaHHbLIMW OpraHu-
3aLMOHHO-TEXHONOMNYECKMMI NpoLeaypaMmn 1 Nog60poM NoapsAYMKa ANS BbIMOHEHMS PaboT.

KomnaHmeint Nord Stream AG B kauecTBe reHepasbHOro noapsagyvka Ha Bce BUAblI PEMOHTHbLIX paboT
Ha OCHOBE OTKpbLITOr0 TeHAepa Bbi6paHa komnaHusa Saipem S.p.A., KOTOPOi 6yfeT OcyLliecTBAATbCA
HabnojeHne 3a PeMOHTHbIMM paboTamn B C/yvyae BO3HWKHOBEHWA MPOUCLUECTBUA, TpebyloLlero
paccnefoBaHus M MOTEHUMaNbHOro peMoHTa. Kpome Toro, KomnaHumei Saipem S.p.A. paspaboTaHsbl
HeobXxo4MMble OpraHM3aLMOHHbIe/TEXHONOTMYECKNE NpPOLEeAypbl M OnpefeneHo 060pyfoBaHue,
HeoOXoMMOe AN BO3BpaTa, Npu Heo6Xo4MMOCTM PEMOHTA, NMOABOAHOIO ra3onpoBoja K nepsoHayanbHbIM
MPOEKTHLIM MapameTpam.

Takxe eLle OfHMM BaXKHbIM 3nemeHTOM CTtpaTerum pemoHTa Tpy6onposoga Nord Stream sBnsetcs
yneHcTBOo komnaHuu Nord Stream AG B nMyne koMnaHwiA, Bo3rnasnsemom Statoil's Pipeline Repair and
Subsea Intervention (PRSI) Pool, Nord Stream AG umeeT JOCTYN K pagy CneunainsnpoBaHHbIX YCayr u
0060pyJ0BaHNI0, TeXHUYeCKM Hambonee MNOAXOSALWMX A8 BbIMOJSIHEHUA NOABOAHbLIX paboT Ha Tpybax
60MblWOro Avametpa. OCHOBHOW TEXHO/IOTMYECKOW CUCTEMOIM B KOMIMEKCE CEPBUCHOM NOAAEPXKKM
Nord Stream ssnsetca Hyperbaric Welding System, KoTopas ye MCno/ib30Basiacb Ha 3Tane CTPOUTE/bCTBA
[aHHOro Mopckoro Tpy6onpoBoja A/1 BbIMO/IHEHMA TEXHONOMMYeCKoro 3axsiecta (cm. puc. 12.2.1).
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Puc. 12.2.1 PemoHTHas cuctema Tpybonposoga Nord Stream
C 1CNo/b30BaHMEM runepbapuyeckoit ceapku Hyperbaric Welding System

B KauecTBe CcybrnofpsauMKoOB B yKasaHHbIX paboTax 3annaHMpoBaHO y4acTue kKomnaHwuii Technip
n Deep Ocean.

12.2.2 PeMOHTHas cuctemMa KomnaHum Saipem S.p.A.

[MCTaHUMOHHO ynpaBnsemasi cucteMa peMoHTa TpybonposogoB SiRCoS (Tan. Sistema Riparazione
Condotte Sotto marine) paspaboTaHa komnaHuein Saipem S.p.A. AN UTaNbAHCKOW He(TerasoBoi
KoMnaHuu Eni. [daHHas pemMOHTHas cucTema No3BonseT obecneuuBaTb MpoBedeHMe paboT Ha
cBepxbonblUMX FNy6MHaX, a Takxe npeAHasHayeHa A1 MNPUMEHEHWS B MNpoLecce MPOKNagku u
aKcnnyaTtaumm (TeXHM4Yeckoro obenyxxmsaHus) Tpybonposoga [11].

SIRCO0S fBnseTCs KOMMAEKCHOW CUCTEMON PEMOHTA NPONOXEHHbBIX HA CPefHUX U 60MbLUMX F1yBuHaxX
Tpy60npoBoAO0B, He NpeAycMaTpMBAIOLLYIO y4acTue BO0Ma30B B NpoBeseHun paboT (“"diverless™). laHHas
cucTemMa No3BOMSET OCYLLECTBAATb MOHTaX MY(Tbl (XOMYTa) Ha NOKaIbHOM MOBPEXAEHWUM, a Takxke
3aMeHy yyacTKa Tpy6onpoBoja B Clyyae 3HauMTeNIbHbIX MOBPEXAEHUIA.

SiRC0S umeeT crefytolime OCHOBHbIE TEXHUYECKME XapaKTePUCTUKMN:

MaKcuMMasbHaa rny6uHa npoBefeHNs PEMOHTHbIX paboT — 2200 M;

MaKCMMasbHbIN Yron HaknoHa gHa 10° B nonepe4yHoM HanpasieHuu, 15° B MPOAOLHOM HanpaBieHun
(30° pNA peMOHTHOTO XOMYTa/PEMOHTHOI MYMTbI);

AnameTp Tpy6onposoja AN CUCTeMbl coefuHeruns 0,46 — 1,22 wm;

AManasoH TONWWUH CTeHKK Tpy6bl 17,4 — 41,0 Mwm;

matepuan Tpyb6bl: cTaib Mapok X60 — X70;

yfaneHne aHTUKOPPO3MOHHOIO M GETOHHOrO NOKPLITUA TPYObl TOAWMHOK Ao 100 mm.

B Habop KOMMOHEHTOB, HEOOXOAMMbIX [/ BOCCTAHOBMEHWUS PaboTocnocob6HOCTM TPy6onpoBoaa,
BXOAAT:

PEMOHTHas MydTa (XOMYT) ANS YCTPaHEHWUS He3HAUUTeNbHbIX NOKaNbHbIX MOBPEXAEHUA (YTeuek 1
fedopmaLuin);

KaTyllKa, ucrnosb3yemas 18 3aMeHbl y4acTKOB TPybonpoBoaa;

KOHL|EBbIE COEAUHUTENN.

OfHa KaTyllka ¥ [jBa KOHLEBbIX COEAMHUTENS — MWHUMa/bHbIA KOMMMEKT, yCTaHaBNMBaeMbIA Ha
TpybonpoBoA B C/yyae 3HaYMTENbHOTrO MNOBPEXAeHWA, Tpebylowero BbIpe3kn Tpybonposoga,
C NPMMeHeHneM TefieynpasnseMoro nogsogHoro annapara (ROV) ¢ HaBeCHbIM TMAPOCUNOBLIM BIOKOM.
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Puc. 12.2.2 MoaTanHas nocfiefoBaTeNbHOCTb 3aMeHbl y4acTKa MOPCKOro MOABOAHOr0 Tpy60onpoBoaa CUCTEMO PeMOHTA
Tpy6onposogos SiRCoS:
a — noAbeM y4yacTKoB Tpy60onpoBoja C MOMOLLbIO YeTbipex H-06pa3HbiX onop;
6 — obpeska 1 yaaneHve NOBPeXAEHHOro yyacTka Tpy6onpoBoda; B — yAaneHne 6eTOHHOr0 YTAKeNAIoLWero nokpbiTus;
I — MOHTaX KOHHEKTOPOB (KOHLEBbIX COefUHUTENER): [, — MO3ULNOHNPOBAHNE N MOHTaX TPYOHO BCTaBKM C MOMOLLbIO
MOHTaXHOr0 MOLYNA; € — Y3e/l CoefiHeHNs

CoefjMHEHNE MeXAY KOHUEBbIM COEAWHWUTENEM U KOHUOM Tpy6bl o6ecneuynBaeTcs 3a CueT
3anpeccoBku, MpU 3TOM 3aMpecCOBOYHOE YCTPOMCTBO C MCMONb30BaHWEM MOPCKOM BOAbl B KauyecTse
paboueil cpedbl co3faeT AOCTAaTOYHOE [AaBfeHMe BHYTPM NOSOCTM Tpy6OMpoBofa AN ero o6Xxuma B
KOHLieBOM coeauHuTene. Takum 06pa3om CTeHKa TPy6Gbl mnacTUYecku AedopMUPYETCs Ha BHYTpPEHHel
MOBEPXHOCTW KOHLIEBOTO COEAMNHUTENS, KOTOPbIA NoABEpraeTcs ynpyromy paclumpeduto (cMm. puc. 12.2.2, e),
co3/aBas Mpu 3TOM HAfEeXHOe repMeTUUYHOE COefUHEHNE.

123 MIPUMEHAEMbIE METOAbl N TEXHONOI MW A4 PEMOHTA OTAEJ/IbHbIX JEDPEKTOB,
rPYNN AE®PEKTOB, AEPEKTHBLIX CEKLUUUW (YHYACTKOB) CTA/NTbHbLIX NOABOAHbIX
TPY KOHPOBoO A0

12.31 Ha puc. 12.3-1 npuBefeHbl U CUCTeMaTU3NPOBaHbI B HACTOALLEe BPeMSA MPUMeEHAeMble Ha
MpakTUKe Ha WenbMOBbIX MECTOPOXAeHMAX P® wMeTOoAbl W TeXHONOrMW PeEMOHTa MOABOAHBIX
Tpy60NpOBOAHbLIX CUCTEM, KOTOPbIE MOTYT NPUMEHATLCA OTEYECTBEHHbIMU NOAPALAHBIMU OPraHM3aLnuamMu.

Mo cpaBHEHUID C NpUMepaMy PeMOHTHbIX CUCTEM WAW CReunanbHbIMW YCTPOACTBAMU ANS
ocyuiecTBneHns pemoHta MMT (cMm. 12.2), B T.4. rNy6OKOBOAHbIX, METOAbl U TEXHONOTUW, YKasaHHble
Ha pwuc. 12.3-1, COOTBETCTBYKT MNapaMeTpaM OCBOEHHbIX B HacTosiL,ee BPEMA POCCUICKMX
YyrneBofOPOAHbIX MECTOPOXAEHUI HA MOPCKOM Liefbe M TEXHUYECKUM BO3MOXHOCTSM OTEYECTBEHHbIX
NOAPSALHbIX OpraHu3aLuii.
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Puc. 12.3-1 MeTofbl 1 TEXHONOrMN PEMOHTA NOABOAHbLIX TPY60MNPOBOAOB Ha LWENb(POBbIX MECTOPOXAEHNAX YINEeBOAOPOAOB Ha Tepputopun PO
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Ha puc. 12.3-2 npuBefeHbl HEKOTOpble YCTPOICTBa A5 OCYLLECTB/EHWA PEMOHTHbIX PaboT Ha
MOPCKMX NOABOAHBLIX Tpy6omnpoBogax, 0406peHHble PC. Bce ykasaHHble YCTPOWCTBa MPUMEHEHbl Ha
npakTMKe B MpoLecce peMOHTa MOABOAHbIX TPY6OMPOBOAHbIX cucTeM. Cpefu TakuMx YCTPOMCTB
BbIAENAOTCA CnegytoLue:

ycunuBaroLine KOMno3uTHole MydTbl Tpybonposogos SMART LOCK (YKMT) (cm. puc. 12.3-2, a);

ycunmearowas MypTa-npoTekTop ¢ 6eTOHHbIM 6aHgaxupoBaHmem (YBMT) (cm. puc. 12.3-2, 6)\

YCTPOWCTBO [151 PEMOHTa CTalbHbIX TPyb6OMPOBOAOB pa3NMyHOro HasHavyeHus (YPCT-M)
(cm. puc. 12.3-2, B);

YCTPOMCTBO [f15 PEMOHTA KPUBOMAMHEAHbLIX Y4YaCTKOB CTalbHbIX Tpy6OMpOBOLOB Pa3NUYHOro
HasHauveHus YPCT-K (cm. puc. 12.3-2, 1);

N30NUPYIOLLME KOMNO3UUMOHHbLIE MY(hTbl (NpoTekTopbl) TpybonposogoB SMART WRAP (MKMT)
(cm. puc. 12.3-2, p).

Puc. 12.3-2 YcTpoiicTBa ANs peMOHTa NOABOAHbLIX TPY6ONpoBoaoB, 0f06peHHble PC

YKasaHHble Bbllle YCTPOWCTBA A8 OCYLLECTBNEHWS PEMOHTHbIX PaboT Ha MOPCKMX MNOABOAHBIX
TpybonpoBogax WMEKT MOMOXUTENbHbIE 3aKNOYEHUA 3KCMEPTU3 MPOMbILLIEHHON 6e30nacHOCT 1
CsupgetenbcTea o0 TUNoBoM 0fo06peHun (CTO), BbigaHHbIe PC.

B 0TeueCTBEHHOI NPakKTUKe MPOBELEHWNS PEMOHTHbIX PaboT Ha NOABOAHBIX Nepexofax MarucTpaibHbIX
rasonpoBoOfOB M MOPCKMX MNOLBOLHbIX TpybonposBofgos ¢ 2008 I MCNONb3yeTcHd MOCTPOEHHOE Ha
npegnpusTun AO «3aBog, Hwkeropogckuii Tennoxod» cneuvanu3vpoBaHHoe nnaBydee cpeactso (CMPC-K)
npoekta 91030, nMetolLlee cnefytoLime OCHOBHbIE XapaKTepUCTUKU:

IMHA, M 42,0
LIMpUHA, M 16,7
BbicOTa 60pTa, M 4,3
ocafka, M 2,6

aBTOHOMHOCTb, CYT 15
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BofousmelleHne co 100 % sanacamu, T 1426
MOLLLHOCTb 3HEPreTMYEeCcKOl YCTaHOBKK, KBT 3 x 150
IKUMAK, Yen 11

Cy[HO OCHalleHO OMOPHO-MOABEMHbIM YCTPONCTBOM, MpeAHa3HaYeHHbIM ANS ero nogbemMa Haf
MOBEPXHOCTLIO BOAb! HA YETHIPEX OMOpax C Lefbio NCKTHYeHNS BO3AENCTBUSA TeUeHMS BOAbl, BETPA U BO/H
Ha Kopnyc BO BPeM$ BbIMOJIHEHWS PEMOHTHbIX paboT (aHaforM4yHo camonoAbeMHbIM MnaBy4ymm 6ypoBbIM
ycTaHoBKam) (cMm. puc. 12.3-3). Bobicota nogvema CIPC-K Haf noBepXHOCTbIO BOAbI MOXET AOCTUraTb
[0 2,0 M. CBapo4HO-MOHTaXKHas Kamepa (CMK) npegHasHayeHa gna nposefdeHnsi paboT Mo BOCCTaHOB-
NEeHNI0 MOBPEXAEHHbIX YHaCTKOB NOABOAHLIX Tpy6onpoBogoB gnameTpom 500 — 1420 mm Ha rny6uHax
Ao 24 m no npuHumny «Cofferdam Welding». CMK ocHaleHa cneynanbHbIMW CUCTEMaMM,
obecneymBatoWMMN ee repMeTU3auLuMio Ha Tpybonposoge W ocylleHune. B paboyem nonoxeHun CMK
c0o006LaeTcs ¢ CygHOM NpW NMOMOLLN COOPHOW MHOTOCEKLMOHHOW NepexoHo LaxTbl.

Puc. 12.3-3 Cnieunann3npoBaHHOe Nnasyyee peMoHTHoe cpeacTBo CMPC-K (npoekt 91030)

Pa6ota CMK o6ecneumBaeTcs crnefyoLlMmn ycTpocTBamu:

CMYCKOMOAbEMHOE;

rPYHrOOMOpPHOE;

opueHTaumum CMK npu nocagke Ha Tpy60onpoBog;

thukcauum Ha TpybonpoBoze;

KPenaeHns un ynaoTHEHNS HMXKHeR yactn CMK;

CUCTeMa OCYLLUEHMA/3amnoNHeHuns;

YCTPOWCTBO (hrKcaumm Tpyb6onpoBoja B Kamepe.

MMpn BbINOMHEHNM PEeMOHTHbIX pa6oT CMK ocHalaeTcs BbICOKOMPOU3BOAMTENbHBIM ra3opesa-
TE/IbHbIM W 3/IEKTPOCBAPOYHbIM CMeUnanu3npoBaHHbIM 060pyfoBaHueM. [11f YCTAHOBKM OTAE/bHbIX
CeKUMin npu cHopKe NepexofHON LaxTbl, MOHTaXa OMOpP OMOPHO-MOABEMHOIO YCTPOWCTBA M MPOYUX
onepaymin Ha nanybe CIMPC-K ycTaHOBMEH KpaH FPy30M04beMHOCTbI0 A0 16 T, C BbIIETOM CTpesbl 22 M.
[nsa TOYHON opueHTaummn Hag Tpy6onpoBOAOM CyAHO MMeeT MOAPYNMBAIOLLME YCTPONCTBA U OCHALLEHO
CNYTHWKOBOW cucTeMoli HaBefeHus. Ha cygHe npefycMOTpPeH MNOMHbIA KOMMAEKT BOLONA3HOr0
060pyf0BaHMA, CUCTEM U OCHACTKW.

12.3.2 O6cnyxunBaHMe CUCTEM MOPCKMX MNOABOAHLIX TpybonpoBofoB 3a npegenamy P®

OCYLLECTBNAETCA CNeAyOLWMMN OCHOBHLIMM pa3paboTynkaMu 1 NocTaBLLMKaMK CMeLnanm3upoBaHHOro
0060opyfoBaHUA 15 PEMOHTa MOPCKMX MOABOAHbLIX Tpy6onposogos: T.D. Williamson, Inc. (CLUA),
Acer Solution ASA (Hopserusa), Cameron International Corporation (CLLUA), Oil States HydroTech, Inc.,
Subsea 7 S.A., Hydratight, Ltd. (BenukobputaHus), Oceaneereng International, Inc., Furmanite
Corporation (CLLUA) v 1.4
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N3 cocTtaBa nocTaBnsemMoro ykasaHHbIMW KOMNaHWAMKU 060pyfoBaHUA cnegyeT OTMETUTHb
HVKecneaytoLlee.

B HacToswee Bpems komnaHus T.D. Williamson, Inc. aBnsetcs MUpOBbIM NINLEPOM B NPON3BOACTBE
6ecnpuBA3HbLIX [UCTAHUMOHHO YMpaBaseMblX 3aTBOPOB Tuna SmartPlug, nepeMelyaembiX BHYTpU
Tpy6onpoBosoB. [1of06HbIe YCTpOACTBA MpeAHa3HayeHbl AN OTCEYeHWs Y4acTKOB TPyOOMpOBOLOB,
noAnexawnx peMoHTY WM TEXHWYECKOMY 06CNYXWBaHWIO, B T.4Y. KPUBONMHEWHbLIX C pagMycom u3rmba
Ao 15 gnameTpoB Tpy6onpoBoAa, M Npu COXpPaHEHUW B TPyOONPOBOAHOIN cUCTeme paboyero JaBneHus
TpaHcropTupyemoin cpegbl (4o 21 MIMa), B KayeCcTBe KOTOpPO/ MOryT ObiTb Cblpas He(Tb, ras,
ra3oKOHAEHCAT, FUKO/b, He(hTeNnpoayKTel U T.4. (cM. puc. 12.3-4).

Puc. 12.3-4 O6wuit BUA 1 KOMMNOHOBKA 3aTBOpa 2 X 24" Tna SmartPlug:
1 — mopynb ynpaBneHus; 2 —LapHUPHOE coefiHeHMe C (hnaHLem; 3 - Moaynb 3aTBopa C Nakepom; 4 —iuapHUpHOe
coeAnHeHue; 5 - Mofynb ynpaBneHus; 6 — o06paTHbIA KnanaH; 7 — pbiM-60nT; 8 — raiika pbiM-60nTa

YnpaBnsemblil 3aTBOp AuameTpom 24 proiima (610 mm) 2x24" Tuna SmartPlug ucnonssyetcs ans
06CcnyXnBaHUa M peMOHTa NMOABOAHOMO rasonpoBoja «Iony6oi notok» («Blue Stream») uepe3 YepHoe
mope 13 P® B Typuunto: 3aMeHbl 3aMOpHbIX 38JBWKEK Ha ra30KOMMPECCOpPHON cTaHuun «beperosas» Ha
POCCMHIACKON TeppuTopumn 6e3 0CTaHOBKM MpoLecca TpaHcnopTa rasa npw gasneHun 7,0 MIMa. KomnnekT
NoCTaBNSeMbIX YCTPONCTB, KakK NpaBuno, COCTOUT U3:

[BYX ynpaBnsieMblX 3aTBOPOB Tuna SmartPlug, KaXAablii U3 KOTOPbIX NpPeACTaBaseT U3 cebs CLEMNKy,
COCTOALLYIO 13 ABYX 3aTBOPOB (SmartPlug) n ayx ynpasnstoLwmx mogyneii (Pigging — Control Module);

o6opynoBaHua Ans ynpaeneHns paboToii Ha 6a3e NepcoOHanbHOro KOMMbOTepa, NpreMo-nepesatoLLmx
aHTEHH ANs AWCTaHLUMOHHOIO ynpaBneHns paboToii 3aTBOpa, KOTOPOe NMO3BOASAET yNpaBasaTb 3aTBOPOM Ha
paccTosHuu ao 240 KM npw 3arny6neHnn Tpybonposoga B FPYHT MOPCKOro AgHa 4o 9,0 m.

B oTfenbHbIX Cay4vasx, HampuMmep, B Ciy4vae HEBO3MOXHOCTM OCTaHOBKW Mepekavyky Npogykrta fo
TpybonpoBogy, B 00X0f4 PEMOHTMPYEMOro y4yacTka Tpyb6onpoBoja AO/MKHa ObiTb MpefBapuTeNbHO
yCTaHOBNeHa 6ainacHas /MHWS, TEXHONOTMS MOHTaXa KOTOPOA Takke paspaboTaHa KomMaHuei
T.D. Williamson, Inc., npuyem ycTaHOBKa YCTPOICTB MOXeT ObITb ocyliecTBneHa ROV 6e3 yyactus
BOA0/1a30B (CM. puc. 12.3-5).

OfHVM M3 OCHOBHbIM CPEACTB PEMOHTA MOABOAHbLIX TPY6ONPOBOAOB ABASKTCA CTanbHble 00XKUMHbIE
MY(Tbl, KOTOpble YCTaHaBIMBAKOTCA Ha Tpybonposod 6e3 MpuMMeHeHUs cBapku (cm. Tabn. 12.2.1).
PeMOHTHble My(Tbl NpeACcTaBnAlOT COO0M CTanbHY KOHCTPYKUMIO B (JOpMe MOM0ro LMAMHAPA,
pa3feneHHoro BAOMb Ha [Be OAMHAKOBble MOMOBUHbLI C ABOWHLIMU YNAOTHWUTENbHLIMU 3NEMEHTaMu,
KOMM/IEKTOM MOMEPEYHbIX W MPOAONbHBIX KPEMeXHbIX 3/1eMEHTOB, [Ee0Ba/U3HPYIOLWMMMN KOMbLaMu 1
YCTPOICTBOM MNpefOTBPaLLeHNs 0CeBOro cmeleHus (cm. puc. 12.3-6) [5J. [BoiiHoe 3nacTomepHoe
YNJIOTHEHWE NO3BOAET BbINOMHATL UCMbITAHUA HA NPOYHOCTb U FrePMETUYHOCTb NOC/IE MOHTaXa MyTdbl B
MeXYNNOTHUTENbHON NONOCTYN caMoil My(Tbl 6e3 NOBbILLEHWS AaBMeHNA B OCHOBHOM TpybonpoBoje, YTo
CYLLLECTBEHHO COKpALLaeT, YNpoLaeT n yaeLesnseT npoueaypy peMoHTa.
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Puc. 12.3-5 Coopy»eHune 6aiinacHoii TMHWU C UCMOb30BaHMEM 3anOpHbIX ycTpoiicTB SmartPlug (a),
TexHonorum Bpeskn Hot Tapping ¢ npumeHeHnem yctpoiicte Single STOPPLE Train (6) u Double STOPPLE Train (B)

Puc. 12.3-6 PeMOHTHas HecBapHas mMygrTa:
1 — pe3bb0Bas WNUAbKA 0CEBOIO KPEMeXHOro aneMeHTa; 2 — YCTPOWCTBO MpefoTBPaLLeHNs 0CeBOr0 CMELLEHUS;
3 — noAbeMHas npoyLwmnHa; 4 — aHof NPOTEKTOPHON 3alnTbl; 5 — ruapasnMyeckunii JoMKkpat; 6 — Kopnyc xomyTa

My Tbl N3roTaBANBaOTCA Pa3IMYHON AANHBI AN TPY60NPOBOAOB AMameTpoM OT 51 mm fo 1420 mm.
Y My(T NpoCcTOi KOHCTPYKLMM repMeTu3aLMs NoOBPeXAeHHOT0 yyacTka Tpy6onpoBoja obecneyrBaeTcs 3a
CYeT 06XaTua YNJAOTHEHWIA HEMOCPEACTBEHHO KOPMYycOM My(Tbl MpW ee MOHTaXe. Takxe MOryT ObiTb
npeLycMOTPeHbl JOMOMHUTE/bHbIE KOHCTPYKLMMW ANs ob6ecnevyeHns HeobXoanMoro 06xaTus ynaoTHEHU
npu repmeTusauumM noOBpeXAeHHOro ydyactka MIT. [nd pemMoHTa THYTbIX OTBOLOB B COCTaBe
Tpy60npoBoJa BbINYCKatOTCA PA3HOBUAHOCTU KPWUBOMUHEWHBIX MY(T.

Mpu nposefeHnn pemoHTa MIMT Ha 6onbwnx rnybéuHax (bonee 120 M) Ans yCTaHOBKM My(QT
ncnonb3ytTca Tonbko ROV paboyero knacca, Npy 3TOM 3/IEMEHTbI Kpenexa My(T paccunTaHbl Ha paboTy
mMaHunynaTopos ROV.
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12.4 TEXHIYECKOE JTAT'HOCTHPOBAHHWE TPYBOIIPOBO/J10B

12.4.1 BuytpurpydHas apuarHoctHka (BT]/T) gBmgerca Haubonee HHGPOPMATHBHBIM METOA0M
BBIABJICHHA H H3MepeHHA Ae(deKIroB Kak IO 00beMy, TaK M MO KauecTBY IIOJIYyYaeMbIX JIaHHBIX.
B Hexotopsix cayyansx BT]I apngeTcd e UHCTBEHHBIM CIIOCOOOM BBIABICHHA Ac(EKTOB.

Meroa BT]] mo3sonsger ciaemylomiees:

TIPOBOAUTE 0OCTIE0BaHII T€OMETPHH TPYOOIIPOBOJa, UTO IO3BOJMET BBHIABJIATh BMATHHBI, H3JIOMEL,
rodpsl, OBaTBHOCTH, a TAKKE Pa3IHMUHBIE TSOMETPHUSCKUE aHOMAIMU H Ac(GopMaIfi, BEI3BIBAIOIIHE
HalIPSLKEHHS, B T.4. Ha 3arIyOJICHHBIX YUacTKaxX TpyOoIpoBoa;

TIPOBOAUTE OOCIHEOBAHUA IIPOCTPAHCTBEHHOTO ITOJNIOKEHHA TPYOOIPOBOJA, YTO IIO3BOJACT ILYTEM
CpaBHEHHA MPOCTPAHCTBEHHBIX JaHHBIX HECKOIBKUX ITOBTOPHBIX JHATHOCTHYECKUX MPOITYCKOR BHISBIATH
CMellleHHA TpyOomporoda u AcdopMaruy u3ruba (BO3HHMKAIONME IIPH CMEINEHHH TpyOOMpoBoja
OTHOCHTENIBHO CBOETO MCXOJHOTO TONOKEHUL).

B GonpmMHCTBE JHATHOCTHUECKHMX BHYTPUTPYOHBIX CHapsfiax pealH30BAH MATHHUTHBIN MM
VIBTPa3BYKOBOM MeTOJ HepaspyIIaroIero KOHTPOIL.

12.4.2 Texnonorusa BT/ ¢ peructpauueil pacceiBanusi MarHuTHOro notoka (MFL — Magnetic
Flux Leakage).

JaHHag TeXHOJOTHSA IIO3BOJNSAET TMPOBOAUTH KOHTPOIb IpH JHOOOH TpaHCOPTHpYeMOIH cpele co
ckopocThio oT 0,5 M/c 10 5 M/c 1 Go7ee. a TakoKe TIPey CMaTpUBAET CICAYIONIHE BIBL:

.1 ¢ HaMarHUuYHMBaHHEM CTEHKH TPYOHI B IpofossHoM HampasicHH (CDP — Corrosion Detection Pig).
JlaHHasg TEXHOTOTHMA TO3BOMAET OOHAPYKMBATE M M3MEPATh BHYTPECHHME M BHCEIHHE AaHOMAaJMH TOTEPH
MeTaJlIa, TAKHE KaK KOPPO3HS, aHOMATHMH KOJBIEBOTO IIBa M 3aBOACKUE aHOMATHH.

TIpu nprMeHeHHM JAHHOH TEXHOMOTHH CHIDKEHA BO3ZMOXHOCTD BBRISBICHHSA aHOMAJHI B TIPOAOIBLHBIX
CBApHBIX IIBAX, [IPOAOJBHO OPHEHTHPOBAHHEIX AHOMAMHH (TPEIMHEL OT KOPPO3HH IO HAlIPAKEHHEM),
KOCBEHHOTO M3MEPEHHS (paKTHIECKOH TOMIHHBI CTEHKH TPYOHI;

.2 ¢ HAMATHHYHBAHMEM CTeHKH TpYOBI B momepeuHoM Hampaeienmmi (AFD/TFI — Axial Flow
Detection/Transverse Field Inspection). J[aHHag TeXHOTOTHS TIO3BOIIET OOHAPYKHBATh H H3MEPATD Y3KHE
IPOONTBHO OPHEHTHPOBAHHBIC AHOMATHH, TAKHE KaK HEONHOPOTHOCTH CTEHKH TPYOBI (3aJHPBI, PUCKH,
TPEIIHMHOIIOA00OHBIE AHOMAIIMH, PYyUeHKOBasS KOPPO3IHA).

TIpu npHMeHeHHH AaHHOH TeXHOTOTHH CHIDKEHA BOZMOMKHOCTD BRIABJICHHS AHOMAJIHIA B TIOTIEPEUHBIX
CBApHBIX IIBaX, IOMEPEYHO OPHESHTHPOBAHHBIX AHOMANHI, KOCBCHHOTO H3MepeHHA (akTHYecKoH
TOJIIHHBI CTEHKH TPy OBI.

12.4.3 ¥neTpaszBykosble TexHomorud BT/ (UT — Ultrasonic Test).

Visrpazeykosas TexHonorus UT-WM (Wall Measurement) mo3BonseT oOHApY:KHBAaTh H H3IMEPATh
BHYTPEHHIOIO H BHEINHIOW IMOTEPH METAJIA, PACCIOCHHA, BKIIOUYCHHS, APATHHEL, HAJAPE3HL, 33 HUPhl H
BMATHHEL, & TaKKe HX KOMOWHAI[MH, BHITIOJHATH TIPAMBIC TOYHBIC H3MEPEHHS OCTATOYHOM TOJIIIHHBI
CTEHKU TPyOBI.

Texnonoruas UT-CD (crack detection) mpuMeHsieTcs ¢ TEJNBI0 OOHAPYKEHHS TPOJONBHBIX H
[IOMEPEYHBIX TPEIHH CTEHOK TPYOONpOoBOaa, B T.4U. B MPOJAOTLHBIX U MONSPEYHBIX CBAPHBIX MIBaX.

CKOpOCTE TIPOITYCKA BHYTPHTPYOHBIX JHATHOCTHUYECKUX CHAPAJIOR TIPH MPHMEHEHHH TeXHOMNoTHH WM/CD
cocrasmger 0,5 m/c — 3,0 m/c.

TIpu npHMeHeHHH JJAHHOH TEXHOJIOTHH BO3MOKHO 0OCTE/IOBaHHE TPYOOIPOBOAOE TONBKO B KHIAKOH
cpere.

12.4.4 DnexTpoMarHuTHo-aKycTHYecKasi TexHovlorusa EMAT (Electromagnetic Acoustic Transducer).

IIpumimn paGoThl TEXHOJNOTHH OCHOBAH HAa OCCKOHTAKTHOH TIEHEpPAalMH C HCIIOIb30BAHHEM
BIIEKTPOMATHHTHOTO TIOJNSI M TIPHEMa 3BYKOBBIX BONH M TIO3BONAET BBIABJATH 3O0HHI OTCIIOECHHA,
[TOBPEKACHHA H3OJMIHOHHOIO TIOKPBITHS H HX Pa3sMEPBI, BRIABIATE H ONPEJEIHTE ¢ BBICOKOH TOYHOCTHIO
pasMepsl TPEIIMH, TaKHX KaK TPEIMHBI OT KOPPO3HH I107] HAIPSKECHHUEM, IPOJOIBHBIE YCTAJIOCTHHIC
TPETIHHBI, KPIOYKOOOpa3Hble TPEIMHBI, TPEIIMHBI Ha BHENIHEH TPaHHUIE CBApHOTO TIBA, B OCHOBHOM
MeTalie TpyOBI, B 30HE CBapHOTO IlIBa IPU X000 TPaHCTIOPTHPYEMOIi cpeje.
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JaHHag TexHONOTHA He 4BnmgeTcH >PdeKkTHBHOI Ha TpyOax ¢ TOMIHHON cTeHKH Ooiee 20 MM.
BHyTpUTpYOHBIE JHATHOCTHUYCCKHE CHAPAABI CYIECTRYIOT UM TPYO ¢ quamerpoM 508 mm (20") u bonee.
TIpyMeHEHHE TEXHONOTHH COMPOBOKAACTCA HCOOXOAUMOCTBIO O0ECIICUSHHS JIOPOTOCTOSIMM 000pyI0-
BaHHMEM, YTO JCJIACT TEXHOJIOTHIO JOCTYITHOH OIPAHHYCHHOMY KOJIMYECTBY IPEIIPUITHIA.

12.4.5 Buxpetoxoras Texnosorua BT] IEC — Inspection Eddy Current).

JlaHHagd TEeXHONOTHA TO3BONAET ¢ BBICOKOH TOYHOCTBIO BBIABIATE U H3MEPATH KOPPO3HOHHBIE
MOBPEKICHUA B ITOBEPXHOCTHOM CJIOE BHYTPEHHEH MOBEPXHOCTH 00CHCAyeMOi TPyOBl, HE3aBUCHMO OT
TOJILMHBI €€ CTCHKH M HCIIOJIB3YCTCH B OCHOBHOM JUIS BBISBJICHHS ACPEKTOB BHYTPCHHEIO IIOKPHITUA
TpyOOonporoyoB. TexHONOTHS TPHMEHASTCA M4 MPOBEACHHUS OOCICTOBaHMIT TPYOOTPOBOAOB O€3
HEOOXOAHMOCTH CO3JaHHA KHJKOCTHBIX MpoOOK. biaromaps »JIeKTpOMArHUTHOH MpUpoAc JAHHOL
TEXHOJIOTHH, Ha TOYHOCTh HHCIIEKLIHOHHBIX PE3YJbTaTOB HE BJIHMACT HAMYHE IAJKOCTHOIO ITOKPBITHA,
YMEPEHHOH OKaJdWHEI WM 3arpA3HEHUI.

JlaHHasi TeXHONOTHA He SBISeTCS 3PPEKTHBHOH MPU BHIABICHHH JcheKTOB BHYTPH CTEHKH TPYOBI,
HapyKHBIX AcheKTOR, Ae(PeKTOR CBAPHBIX CTHIKOBBIX COEAHHEHHI.

AHanmuz s¢pdexTHBHOCTH TeXHONOTHI BT]I 104 BBISBICHHA W H3IMEPSHHS PA3IIHYHEIX THIIOB e EKTOR
npeacrapicH B rabn. 12.4. Ilpu 5ToM CcAEAyeT YUHTHIBATh, YTO COBPEMEHHBIE BHYTPHTPYOHBIC
JUATHOCTHYCCKHE CHApaAbl OOCCIICUMBAIOT COOTBETCTBYIOINEC KadECTBO KOHTPOJE IIPH CKOPOCTAX
ot 0,1 o 10 m/c. TIpu HeoOXOAMMOCTH BHYTPUTPYOHBIC AMATHOCTHYCCKHC CHApAABI JOTIOTHUTEIBHO
OCHAIIAETCS YCTPOUCTROM (PETYIATOPOM) COOCTBEHHOH CKOPOCTH OTHOCHTENBHO CKOPOCTH IIOTOKA,
KOTOPOE B OCHOBHOM HCTIONB3YETCA TIPH BEICOKUX CKOPOCTAX TOTOKA HA Ta3olpOBOAAX.

B cooteercTiim ¢ PegepatbHeiM 3akoHOM P® ot 26 mons 2008 © Ne 102-D3 «O6 obecrnieueHun
eAMHCTRA W3MEpeHHiD> U TipHKazoM Munmpomtopra P® ot 25 mions 2013 . Ne 971 «O6 yTBep:KASHUU
AJMHHHCTPATHBHOTO pPeTflaMEHTa Mo TIpeocTaBiieHHI0 DeiepalbHBIM areéHTCTBOM M0 TEXHHYECKOMY
PETYTHPOBAHHIO H METPONOTHH TOCYAAPCTBEHHOW YCIYTH TI0O OTHECEHHIO TEXHHYECKMX CPEJCTB K
Cpe/CTBAM H3MEPSHIET» BHY TPUTPYOHbIC AHATHOCTHYESCKUE CHAPAIBI ABJIAIOTCA CPEJCTBAMH H3IMCPCHHH H
MOIEXKAT METPOIOTHYSCKUM UCTIHITAHHAM B COOTBETCTBUH ¢ TpeboraHmAMH DeiepalbHOTO aTeHTCTBA 110
TeXHHYECKOMY pelYJIHPOBaHMIO U MeTponoruu (PoccTaHaapTa).



PekomeHpgauum no NPOEKT MPOBaAHNIO, I'IOCTpOI7IK€ n akcnayaTaynm MOPCKUX NoaBoAHbIX pr6OI'IpOBO,D,OB
97

Tabnunya 124
AHann3 sheKTUBHOCTU TexHONOrnii BT Ans BbISBAEHWUA U M3MEPEHUS Pa3INUYHbIX TUNOB Ae(heKTOB

TexHonorun BT/A,

AetbexTb! noTepu MeTanna MFL c npogonibHeiM  MFL ¢ nonepeyHbiM

HaMarHuy uBaH uem HamarH1M4MBaHMem nT IEC EMAT
O6LwmMpHas Kopposus A **% (BHyTPeHHsIs) susesa
$13BeHHaA Kopposus L2 stesie sesia
MpofonbHasa KaHaBKa sare o w %
MonepeyHas kaHaBKa W she 555 sasla
Y3Kasi NPofI0NbHasA KOpPpo3us * 4% " "
AHOMaINA KonbLEBOro LLUBa — — **(CD) —
LedekT NpofoNbHO LBa * sistsis £
BMATUHBI € noTepelt meTanna HitH(C 4= st A<
MeTannnyeckne 06beKTbl B6U3N HP — —
PaccnoeHue un gpyrue gedektbl B Tene Tpyo6bl w w” stesessts w

AHanus
PacnosHaBaHMe aetekToB == e s sem
OnpegeneHvie ANUHbI HolHe Wehesa s sasuss
OnpegeneHune rny6uHbl s stssts T3 sests
Pabouas cpega
[a3 S(eS(4 5254 S(a5(45(4 _ a5 Sas(esa
47HA5(5]c ECTETE HASAS( opo(4d4

YXKnAKOCTb AN MHOrogasHblil NOTOK sreusE

CKOpOCTb Mponycka BHYTPUTPYGHbIX AMAarHOCTUUYECKUX CHApsaoB

s(eeos ** ssia A

MoBbIlWeHHas ckopocTb (6onee 5 mic)

LLL— He npuMeHseTcs

* - He3a(heKTUBHO;

** — HU3KasA IPPEKTUBHOCTS;
*** _— 3(h(heKTUBHO;

*%%F* _ Hauyudllee pelleHue.
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