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PexomeHmanmu mo NpOEKTHPOBAHUIO, MOCTPOMKE M IKCIUTyaTallMd MOPCKUX IOJBOIHBIX TPYOOIpO-
BOZIOB POCCHICKOTO MOpPCKOTO pEerucTpa CyZOXOJICTBA YTBEPXICHBI B COOTBETCTBHH C JICHCTBYIOLIMM
MOJIOXKEHHEM M BCTYIAIOT B CHIIy C MOMEHTa OIYOJIMKOBAHUSI.

Hacrosime Pexomenpain pa3paOOTaHbl ¢ YUETOM OIbITa TEXHUUECKOTO HAOMIONEHHS 32 MIPOSKTHP-
OBaHHUEM, CTPOUTENBCTBOM M KCILUTyaTallell MOPCKUX MOABOAHBIX TPYyOOIPOBOAOB.

PexomMeHanmm BKJIIOYAIOT B ce0s HEOOXOIUMBIC JUIS TNPOSKTAHTOB CBEJCHUS, B TOM YHCIE
CIIPaBOYHOTO XapaKTepa, He BOILIE/IINe, a Takke JONOoNHsonme nojaokenus [Ipasun knaccudukanum u
MOCTPOMKK MOPCKHX TOABOIHBIX TPYOONPOBOJOB M PYKOBOICTBA MO TEXHUYECKOMY HAOIIOICHHIO 32
MOCTPOMKOM M SKCIUTyaTranyeld MOPCKHX ITOIBOJHBIX TPYOONPOBOJOB M OXBATHIBAIOLIME CIICAYIOIIUE
ACTIeKThl B OTHOILIEHUHU CTAIBHBIX MOPCKHUX MOABOAHBIX TPYOOMPOBOAOB:

0COOCHHOCTH TPOIEAYPHl MPOSKTUPOBAHHS MOPCKUX TTOJBOAHBIX TPYyOOIIPOBO/IOB;

OIIpeieNICHNe ONTHMAIIBHOTO pa3Mepa TpyOompoBoa;

WH)KCHEPHbIE U3BICKaHUS JIJIsl IPOCKTHPOBAHUST MOPCKUX TTOJIBOJJHBIX TPYOOIPOBOJIOB;

OIIPEe/IeJICHNE PACUCTHBIX HArpy30K;

HPOYHOCTH MOPCKHUX MOJABOIHBIX TPYOOIPOBOIOB;

OaIacTHPOBKa MOPCKHUX ITOABOTHBIX TPYOOIPOBOIOB;

YKJIaJIKa MOPCKHX TOABOIHBIX TPYOOIPOBOJIOB;

AHTUKOPPO3HOHHAS 3aIlNTa C MPUMEHEHHEM TTOKPBITHH;

JNEKTPOXMMUYECKas 3allUTa OT KOPPO3UH;

nepeceYeHrne MOPCKHX TOABOIHBIX TPYOOITPOBOMIOB (MEXy co00ii U OeperoBoii JuHUEH);

aHaJIN3 PUCKOB M HAJEKHOCTH;

o0clieIoBaHuEe U PEMOHT MOPCKUX TOABOIHBIX TPYOOIPOBOJIOB.

B PexoMeHpanusix npeacTaBlieHbl IPUMEPBI HCIIONBb30BaHUs PACUETHBIX METOAMK, PEKOMEHAYEMBIX K
NPUMEHEHHUIO B Ipoliecce MPOSKTHPOBaHMS MOPCKUX IMOJBOAHBIX TPyOONMpoBOAOB. B KoOHIE Kakaoro
pasjerna MpHUBEICH CIMCOK HOPMATUBHOM M PEKOMEH/TyeMOil HayYHO-TEeXHUUYECKOW JTUTEpaTyphbl.

PexoMeHnanuu npegHazHaveHbl Ul HHCIIEKTOPCKOTO cocTaBa nozapasnenenuii PC.

B ciydae pacxoJeHHI MeXIly TEKCTaMH Ha PYCCKOM U aHTJIMHACKOM SI3bIKaX TEKCT Ha PYCCKOM SI3bIKE
MUMEET MPEUMYIICCTBEHHYIO CHITY.
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1 OBIIME ITOJIOKEHUSA

B mactosmee BpeMs TpyOOmpOBOAHBIN TpaHCIOpT HedTH, HEYTEMpPOAYKTOB W Tra3a SBISETCS
OCHOBHBIM CIOCOOOM JOCTaBKM JaHHBIX MPOAYKTOB OT MECT MOOBIYHM, MEepepadOTKH WM MONY4EeHHUs K
MeCTaM MOTpeOIeHHS.

Mopckoii nonBonHbiid TpyOorpoBox (MIIT) KOHCTPYKTHBHO MpeAcTaBisieT co0OH 4acTh TpyOorpo-
BOJIHOW TPAHCIIOPTHOW CHCTEMBI, PACIIONOXKEHHOW HIDKE YPOBHS BOABI M BKIIOYAMOMIAS COOCTBEHHO
TpyOOIIPOBO/, BHEIIHEE H3OJIAIMOHHOE AHTUKOPPO3WOHHOE ITOKPBITHE, a TAKKE 3allUTHOE OeTOHHOE
MOKPBITHE, KOTOPOE MPEIOXPAHSIET U30JALUOHHOE MOKPBITHE OT MEXAHUYECKUX IOBPEXKACHUM, MPUAAET
TpyOONpPOBOAY YCTOHYMBOCTH HA MOPCKOM TPYHTE M MPEIOTBpAILACT €T0 BCILUIBITHE.

MIIT yknaasiBatoTCs HIKE YPOBHS MOBEPXHOCTH BOJBI B MOPCKHUX aKBAaTOPUSIX, a TAKXKE P MEPECEUCHUN
3HAYHUTENHHBIX BOIHBIX TIPErpaj — PeK, BOAOXPaHIJIHIL, 03ep U T.II. B mepBoM ciydae, 0COOSHHO ¢ ydeToM
pa3BuTHA HH(QPACTPYKTYPHl MOPCKHX IIENH(POBBIX YIIEBOMOPOMHBIX MecTopoxaenuir, MIIT moryt ObITh
BHYTPUIIPOMBICIIOBBIMH (T.€. COCAMHSIIOIINMH, HallpEMEP, MOPCKHE CTallHOHApPHBIE TUIaT(GOPMBI PA3IMYHOTO
Ha3HAUCHUS Ha OJJHOM MECTOPOXKICHHH) W MEKIPOMBICIOBBIME (IJIsI TPAHCIIOPTa TMPOAYKTAa OT OOBEKTOB
00yCTpOICTBa OJHOTO MECTOPOXIEHHUS IO IPYroro), a Takke TpyOOHmpoBOAaMH BHEIIHETO TPAHCIIOPTA,
TPaHCIIOPTUPYIOMIMMH TIIACTOBYIO WM MOATOTOBICHHYIO MPOXYKIMIO C MOPCKOTO 00BeKTa 00yCcTpoiicTBa Ha
OeperoBbie COOPYKEHHUS WM MaruCTPaJIbHBIMU JUIS TPAHCTIOPTa MOATOTOBICHHON MPOXYKIUH.

Oco0bie ycnoBust akciuryaraimmd MIIT oOycrnoBieHbl TeMm, 4TO TOMHMO BO3xeicTBUSI pabodero
JIaBJICHUS] TPAHCIOPTUPYEMOrO MPOAYKTa OHHU IOABEPKEHBI ACHCTBUIO BHEIIHETO T'HMAPOCTATUYECKOTO
JTABJICHUS BOJBI, BO3/ICHCTBHIO BOJIH, TEUCHHH, JIEAOBBIX 00pa30BaHUM, peaKI[iil TPYHTOBOTO OCHOBAHMUS, a
TaKKe CIydYalHBIX HArpy30K MPUPOAHOTO I TEXHOTEHHOTO Xapaktepa. Tpyosr mins MIIT msrorasmu-
BaOTCsl, KaK IPABUJIO, U3 HU3KOJETMPOBAHHBIX CTAJIEH PA3JIMUHBIX KaTETOPUIl MPOYHOCTH B 3aBUCUMOCTH
OT YpOBHS IKCIUTyaTallMOHHON HAaJEKHOCTH M PAacUETHBIX HArpy3ok. B cBoro odepenp TONIIMHA CTEHKU
TPYOBI OTIpeNeNsIeTcss pacdieTaMy B 3aBHCUMOCTH OT BEJTMYMHBI BHYTPEHHETO AaBIICHMSI, BU/a TPAHCIIOPTH-
pyeMoro MpoayKTa, PAaCYETHBIX BHEITHUX BO3JCHCTBHIA, YCHIIMH MPU YKIAAKe TpyOompoBoaa U T.1. JomkHO
OBITH TAaK)XE€ YYTCHO BO3JIEHCTBHE MOPCKOW BOJIBI WUIM JIOHHOTO TPYHTA KaK aKTHBHOW KOPPO3MOHHOU
cpenbl.

1.1 OBJIACTH PACITPOCTPAHEHUS

1.1.1 Hactosmme PexomeHIamuu 1Mo NPOEKTHPOBAHMIO, TOCTPOHKE M 3KCIIyaTallud MOPCKHUX
TOJBOJHBIX TPYOOIPOBOIOB' PaCIIPOCTPAHSIOTCS HA 0OBEKTH TEXHHUECKOro Habmonenus Poccuiickoro
MOPCKOTO PEricTpa CyIOXOACTBA” MPH PACCMOTPEHHH MPOEKTHON M pabodeil TeXHHUECKOH JOKyMeH-
TallMM, U3TOTOBJICHUN MAaTE€pPUAIOB U W3ICIHH Ul MOPCKUX IOIBOIHBIX TPYyOOIIPOBOZOB, a TAKXKE HPHU
OCYIIECTBICHHH TEXHHUYECKOTO HAOMIONEHHS 3a IOABOAHBIMH TPYOONPOBOAHBIMU TPAHCHOPTHBIMHU
CHUCTeMaMH, HaxonsamuMucs B kinacce PC B akcruryaranumu.

1.1.2 PacueTHble METOAMKH, PUBEJCHHBIE B HACTOAIMNX PekoMeHaanusax, HOCAT peKOMEHAaTeIbHBIN
xapakrep. [lonoxenust Pexomenganuii yuuteiBator TpeboBanus [IpaBun kinaccudukanum ¥ MOCTPOHKH
MOPCKHX MOJIBOJHBIX TPYOOIPOBOIOB® M PYKOBOJCTBA MO TEXHHYECKOMY HAGIIONEHHIO 33 MOCTPOHKOi 1
KCILTyaTallueil MOPCKHX MOJBOIHBIX TPyOOIpoBomoB”.

1.1.3 B Hacrosiumx PexoMmeHmanusx B KadyecTBE NpUMEpa IPEACTaBICHBl 3JIEMEHTBHI PacdeTHOIo
NPOEKTUPOBaHUSI Mopckoro rasompoBoza B CesepHodt uyactu Kacmmiickoro mops (cm. 1.2). B xome
HPOSKTUPOBAHMS C YUETOM MPO(UIIT MOPCKOTO JHA MOICYUTAHBI HArPy3KH OT TEYEHWS M BOJIH, ONPEAE/ICHa
TOJIIMHA CTEHOK M IPOBEPEHa IPOYHOCTH TpyOompoBona. Taioke HpOM3BEAEH pacueT OaulaCTUPOBKU U
PaccMOTpeH Ipolecce YKIaaku Tpyoornposoaa. 1lonoOpansl mapamMeTpbl IPOTEKTOPHON 3aIlUTHL

' B nanbueiimem — PexomeHpanmm.

2> B nanmsHeitmem — Peructp, PC.

’B nanbHeimeM — [Ipasuna MIIT.
‘B nanbHeimeM — PykoBoncto MIIT.
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1.2 HCXOAHBIE JAHHBIE JJI51 PACYHETHBIX TIPUMEPOB

B PexomeHpanusax NpUBEIEHBI pacdyeTHbIE MPOLEAYpPHl Ha OCHOBAaHHUHM WH)XEHEPHBIX METOIHMK
OTIpeleNICHNs] TTapaMeTPOB BHIOPAHHOTO B KadecTBE MpUMepa MOABOTHOTO TPyOONMpOBOAA U €ro TPacchl
B poccuiickoM cekrope Cesepnoro Kacmus (cm. puc. 1.2).

_~-Bonxobas
HO2py3ka
iy

Puc. 1.2 Ilnan Tpaccel IPOEKTUPYEMOT0 MOPCKOTO MOABOIHOTO TpyOOompoBoa

HcxogaeiMu  XapakTepUCTHKAMU JaHHOTO TOJBOJHOTO TPyOONpOBOAa /IS HCIOJIB30BaHUSA B
pacyeTHHIX MPOIEeypax SBISIOTCA:

JUIMHa TpyOompoBoga — 145 km;

HapyXHbI AUAMETp CTaJbHOTO TpyObomposoxa — 350 mMm;

HAPY’KHOE AHTHKOPPO3HOHHOE IIOKPEITHE — HOIMATHIEHOBOE TPEXCIOHHOE, IITOTHOCTh — 950 Kr/m,
MHUHUMaIbHas TOJMIIWHA — 2,2 MM;

GeTOHHOE GAIUIACTHOE MOKPHITHE — IIOTHOCTH 2700 Kr/M> 1 TommuHa 80 MM;

TpaHCTIOpTHpyeMas cpefia — ras;

TOJIIMHA CTEHKH TpyOompoBoga — 12 Mm;

cXeMa MPOKJIAaJIKu — He3arTyOJIeHHBIH TpyOOnpoBoL;

pabouee naBinenne — 8 Mlla;

CKOpOCTh NpuoHHOTO TeueHus — 0,68 M/c;

XapaKkTepUCTHKH BOJH | %-ii o0ecrieueHHOCTH NpH CpeaHell TyOuHe akBaTopu# 9,6 M:

BBICOTA BOJHBEI — 4,9 M;

JUTHHA BOJHBI — 85 M;

nepuoj BoaHE — 8,4 ¢;

MakCHUMallbHasl TeMIepaTypa TpaHcnopTupyemoit cpenst — 50 °C;

CpeaHss TeMIeparypa OKpyxkarouiel cpensl (Mopckoit Bogsl) — 11 °C .
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2 OCOBEHHOCTH INPOEKTUPOBAHUA
MOPCKHUX IIOABOAHBIX TPYBOIIPOBOAOB

2.1 IPABOBOM PEKUM ITPOEKTUPOBAHUSA, MOCTPOMKHN U SKCILIYATAIIUU MIIT

2.1.1 Ilpu mpoeKTHpOBaHWUH, TTIOCTPONKE M IKCIUTyaTaIl[il TPYOOIPOBOTHBIX TPAHCIIOPTHBIX MAarwc-
TpaJsieif B MOPCKHX aKBAaTOPHIX HEOOXOIMMO PYKOBOJCTBOBAThCS COOTBETCTBYIOUIMMH MEKIYHAPOIHBIMU
U OTE€YECTBEHHBIMM HOPMAaTHUBHO-IIPABOBBIMU JTOKYMEHTAMH, YUYHUTBIBAIOUIUMHU INPAaBOBOM pexuM
Pas3IMUHBIX 30H MOPCKOW aKBaTOPUU M BHYTPEHHHX BOI.

K MopckuM akBaTopusM, MOTCHIUAIBHO HCIOJIB3YEMBIM Ul MPOKIAIKH M 3KCIUTyaTallMd MOPCKHUX
TPyOOIIPOBOTHBIX TPAHCIIOPTHBIX MAarucTpalieil, OTHOCATCS TEePPUTOPHAIBHBIE BOJIbI, MCKIIOYATEITbHAS
9KOHOMHYECKas 30Ha, MpUJIeKallas 30Ha, MEXKIYHApOIHBIH pailoH MOPCKOTO JHa (OTKpPBITOE MOpeE),
KOHTHHEHTANbHBIN mIeNb(] W BHYTPEHHUE MOpPCKHE BOIbI (cM. puc. 2.1-1).

Teppumopus zocyoapcmea I

.
Teppumopuanshuie 600b1'
_(12 munv, 22 km)
Cywa * U
— e g Hcrnouumenshas sxonomueckan s0na
. (200 rmuns, 370 xn)
h |
— —— __'__
l Paiion
. (Meswcoynapoonulii pation
l MOPCKO20 OHa)
Brympennue
60001

Touka maxkcumanvbHoeo
omauea

Konmunenmanonvlii wienvgh

— GHYMPEHHss SPAHUYA — BHEUWIHSIS. 2PAHUYA MEPPUMOPUATLHOLO MOPS,

— GHewHss epanuya — Ha paccmosHuu 200 Muib 0m UcxoOHOU TUHUU,
om KOMopot OmMepsiemcst WUpuHa meppumopuaibho20 Mopsi, npu yCioguil,
Umo GHeWH A 2PAHUYA NOOBOOHOU OKpauHa mamepuka He oanee 200 munb,
unu He oanee 350 mune om mex dsce mouek. Ho He oanee 100 munb
om uszobamet 2500 m

Puc. 2.1-1 IIpaBoBoe paiioHHpOBaHKHE MOPCKOW akBaTtopuu [4]

IIpaBoBOI1 pexHM yKa3aHHBIX 30H MOPCKOW aKBaTOpUU ONpPEAEIAETCA UX OTHOLIEHUEM K TEPPUTOPUU
roCynapcTBa.

TeppuTopuasbHble BOABI MPEACTABISAIOT cO00M MPHUOPEKHBII MOPCKOH MOsic MHUPHHON 12 MOpcKHUX
MUJIb, OTMEPSEMBIX B COOTBETCTBHHM C HOpPMaMM MEXIYHapOAHOTO MpaBa M 3aKOHOAaTenbcTBa PO
(cM. ct. 15 Bognoro konekca P®).

HckmrounTenpHas S3KOHOMUYECKasi 30Ha — MOPCKOH palioH, HaXOASIIUIICS 3a MpeneinaMu TeppUTOp-
nanpHoro Mopsa P® u mpuieraromuii K HeMy, ¢ OCOOBIM PEXHMOM, YCTAaHOBJICHHBIM M PErYIHPYEMbIM
3aKOHOJATeNbCTBOM P® M HOpMaMM MEXIYyHapOAHOro IpaBa. BHyTpeHHEH rpaHMLed UCKIHOUUTEIbHON
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9KOHOMHUYECKON 30HBI SBISIETCS BHEWIHSS TIpaHHUIa TEPPUTOPHUAIBHOTO MOPs, a BHEUIHSS TpaHHLA
HaxoauTcsi Ha paccTossHuM 200 MUIIb OT HCXOAHBIX JHUHUK, OT KOTOPBIX OTMEpSAETCS IHpHHA
TEPPUTOPHATIHHOTO MOPSI, €CITM MHOE HEe MPEAyCMOTPEHO MEXKIYHAapOAHBIMH JoroBopaMu Poccuiickoi
®enepanuu (cm. cr. 1 deaepanbHoro 3akoHa ot 17 aekadps 1998 r. Ne 191-D3 «O06 UCKIIOYUTEIBHOMN
SKOHOMHYeCKOH 30He Poccuiickoit denepannn»).

Kontnnenraneupiii menbd PO Brmouaer B ce0S MOpCKOe THO W HeIpa IIOJBOAHBIX pPaHOHOB,
HaxO[IIMXCS 3a TpeAenaMH TeppHUTOpHaIbHOrO Mops Poccmiickoit denepanmy Ha BceM MNPOTSHKEHUU
€CTECTBEHHOIO TPOAO/DKEHUSI €€ CYXOIyTHON TEppUTOPUM [0 BHEUIHEH I'paHMIbl MOJBOJHOM OKpauHBI
Marepuka. [1o1BOHOI OKpanHON MaTepuKa SBISETCS MPOJOLKEHHE KOHTHHEHTAIBHOTO MaccuBa Poccniickoit
Oenepanyy, BKIIOYAIOMIETO B ceOS MOBEPXHOCTh M HEApa KOHTHHEHTAIBLHOTO Ienb(a, CKIOHA M IMoabeMa
(cm. ct. 1 Denepansoro 3akona ot 30 HosaOpsa 1995 . Ne 187-D3 «O koHTHHEHTaIBHOM IIenbde Poccuiickoit
Deneparym»).

BryTpeHHUMH BOIaMH, B CBOIO OUY€pelb, SBISIFOTCS BCE BOIHBIE OOBEKTHI, PACIONOKEHHBIE Ha
tepputopun PO, 3a uckmodenneM tepputopuansHoro Mopst PO (cm. cr. 18 Boanoro konekca PO).

B omnuume oT OTKpPBEITOrO MOpsi, TEPPUTOPHUAIEHOE MOPE U BHYTPEHHHE MOPCKHE BOJBI COCTABISIOT
4acTh TOCYIapCTBEHHOW TEPPHUTOPWH, TAE€ OCHOBHBIM IPHMEHHMBIM IPaBOM SBIAETCS HALMOHAIBHOE
3aKOHO/IaTENIbCTBO COOTBETCTBYIOLIETO MPHOPEKHOTO TOCYIapCTBA, peaIn3yeMoe B paMKax COOJIOIEHUS
MEXIyHapOJAHOTO TpaBa (TMpexae Bcero, coOmrofas CBOOOIHBIN MPOXOA HMHOCTPAHHOTO CylHA uepe3
TEPPUTOPHUATIBHOE MOPE).

2.1.2 MexayHapoIHBINA pailoH MOPCKOTO JTHA BKJIFOYAET B ce0sl 4aCTh MOPCKOTO JHA, PACIIONIOKECHHYIO
3a TpeleNaMd TEPPUTOPHHM TOCYAapCcTBa. PerynupoBaHHE AEATENBHOCTH B Ipelenax IaHHOW 30HBI
MOpCKUX akBaTopwii pernamenTtupyerca KomBenmmeir OOH mo mopckomy mpaBy 1982 rona
(manee — KouBennus), parudunuposannas PO B 1997 r. u aBnsomascs OCHOBHBIM MEXKIYHapPOTHO-
MIPABOBBIM aKTOM, COAEPKALIUM IOPUANYECKHUE OCHOBBI PETYIMPOBAHUS CYAOXOJCTBA U MPEAOCTaBIECHUSA
YCIYT MO0 MOPCKHM TE€PEeBO3KaM, BKJIIOUas MCIIOIb30BaHIE MOABOIHBIX TPYOOIPOBOIHBIX CHCTEM.

KoHBeHIMA cOmEpKUT psN CTaTeil, MOCBAMICHHBIX BOIPOCaM NMPOKIAAKH U JKCIUTyaTallud MOPCKHX
MMOBOMHBIX TpyOompoBomoB. B wactHocTH, craths 79 «llomBommple kabemu u TpyOONPOBOABI Ha
KOHTHHEHTaJbHOM Ienbde» KoHBeHIMM mpeAnuchBaeT cleayomiee:

roCylapcTBa UMEIOT MPaBO MPOKIIAAbIBATh MOJBOAHBIC Kabenn U TpyOOnpoBOAbl HA KOHTHHEHTAJIbHOM
mensge;

npuOpeKHOE TOCYIapCTBO HE MOXKET MPENATCTBOBATh MPOKIAJKE MM MOIIEPKAHUIO B UCIIPABHOCTH
Takux Kalenel MM TpyOOIpPOBOMIOB;

OTIpEJIeNICHNE Tpacchl A TPOKIAAKH TaKUX TpyOONpPOBOJOB HAa KOHTHHEHTAJIBHOM IIeib(e
OCYILECTBIISIETCSL C COMMIAcHs MPUOPEKHOTO TOCYIapCTBa;

npuOpeKHOE TOCyNapCTBO UMEET MPaBO ONMPENEITh YCIOBUS MPOKIAIKN Kabelaeld 1in TpyOompoBo-
JIOB, MPOXOAIIMX IO €r0 TEPPUTOPUU WIH B TEPPUTOPHAIBHOM MOpPE, €r0 IOPUCAUKIHIO B OTHOLIEHHH
Kabeneil 1 TpyOONPOBONOB, MPOJIOKEHHBIX WIIM HCIOJIB3YEMBIX B CBSI3M C Pa3BEIKOW €ro KOHTHHEH-
TaIsHOTO TIeNb(]a, pa3paboTKoil ero pecypcoB WIH KCILTyaTaliell YCTAaHOBOK UM COOPYXKEHUH IO €To
IOPUCIUKLINEH;

IpU MPOKJIaJKe MOABOAHBIX Kabenel u TpyOONmpOBOIOB roCyqapcTBa JOKHBIM 00pa3oM yUUTHIBAIOT
YK€ TPOJIOKCHHBIE Kabenu W TpyOONpOBOABI, B YAaCTHOCTH, HE JOJDKHBI YXYALIAThCS BO3MOXKHOCTH
PEMOHTA CYIIECTBYIONTNX Kabenel u TpyOOIpoBOIOB.

WuTeHncuBHOEe pa3BUTHE MOPCKOHW A00bIuM HedTH M ra3a Ha Kacmmiickom Mope, KOTopoe SBIseTCs
3aKpBITHIM BHYTPUKOHTUHEHTAIBHBIM BOJOEMOM M HE MMEET €CTECTBEHHOIO COEIMHEHMsS ¢ MUpOBBIM
OKEaHOM, SBHJIOCh ONHOM W3 NpUYMH noanucaHus KoHBeHIMM 0 mpaBoBOM cratyce Kacnmiickoro mops
12 aBrycra 2018 1. Ha Ilatom kacmuiickom cammute B T. Actrana (Pecmyommka Kazaxcran). JlanHas
KoHBeHIIUs TOMONMHUTENBHO K yKa3aHHOMY BBIIIE pallOHUPOBAaHUIO MOPCKON aKBAaTOPUH MPETyCMaTPUBAET
MOHATHE «CEKTOp» — YYacTOK JIHa M HEeAp, pa3rpaHUYEHHBIH MexJTy cropoHaMu KoHBeHIIMU
(mpukacnuiickuMu rocynapcTBamu: AzepOaiimpkanom, Upanom, Kazaxcranom, Poccuiickoit deneparnueit
n TypkMeHHCTaHOM) B LIETSIX HEZPOIOJIb30BaHUS, OCBOCHUS PECYPCOB THA M APYIOHW XO3iHCTBEHHO-
SKOHOMHYECKOH nesTenbHOCTH. llonokennss KoHBeHIMM mpeaycMaTpuBarOT BO3MOXHOCTH IPOKIIAIKH
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MOJIBOJTHBIX TPYOOIPOBOJIOB W Kabeneit mo nqHy Kacnuiickoro mopst (cm. ct. 14). [Ipu 3TomM HeoOxoaumo
YUHTBIBATH CIIEIYIOIIEE:

MPOEKTHl TOABOIHBIX TPYOOMPOBOMOB IOJKHBI COOTBETCTBOBATH OJKOJIOTUYECKHM TPEOOBAHUSAM
PamodHOl KOHBEHITMH TIO 3aIUTEe MOPCKOU cpenbl Kacmuiickoro Mops (moAmnrcaHa BCEMHU MPHUKACITHIAC-
KuMH rocygapctBamu 4 Hos0pst 2003 1., patudunuposana PO 12 asrycra 2006 I.) 1 COOTBETCTBYIOILIUM
MIPOTOKOJIaM K HeEW;

INPOEKTUPOBAHNE MOABOAHOTO TPyOONIpoBOAa MM Kabedass MPOBOMUTCA IIOCJIE COINIACOBAaHMS €ro
TPacChl CO CTOPOHOM, Yepe3 CEKTOP THA KOTOPOH MOJDKEH OBITH MPOJIOKEH TPYOOIIPOBOA MIIH KaOemh;

paiioHBI MPOXOXKIECHUSI Tpacc MOIBOJHBIX TPyOONPOBOJOB M Kabeiel ¢ reorpadMuecKuMH KOOpAH-
HaTaMH JOJDKHBI OBITH COOOLICHBI BCEM CTOPOHAM, Yepe3 CEKTOpa JHAa KOTOPBIX MPOJIOKEH TPyOOmIpoBog
WIn Kabenp, B IesIX HEJOMYIEHUS B OXPaHHBIX 30HAaX MIOCTAHOBKH Ha SIKOPb, JIOBIIH PHIOBI IPUIOHHBIMH
OpYIUSIMH JIOBA, IOABOAHBIX U AHOYIIyOUTENbHBIX PaOoT.

MIIT pa3nmuyHOTO HA3HAUYEHHUS WMEIOT BaKHEHIIee 3HaYeHWe NpH pa3paboTKe W IKCIUTyaTalun
MOJJBOJTHOTO MECTOPOXKIACHHS YIJIEBOAOPOAOB: OT BBIKUIAHBIX JWHHUM 10 TpPyOONpPOBONOB BHEIIHETO
TpaHCcHopTa, 0e3 KOTOPBIX AKCIUIyaTalds MOPCKOTO MECTOPOXXKICHUS M TMOABOAHBIX YYacTKOB Maruc-
TPaNbHBIX TPYOOIIPOBOIOB HE MPEACTABIIAETCS BO3MOXKHOM (cM. puc. 2.1-2).
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2.2 TPEBOBAHHUS OTEYECTBEHHBIX HOPMATHUBHO-ITPABOBBIX TJOKYMEHTOB

2.2.1 IIpoektupoBanue, mpokiaaka W Ikcrryatanus MIIT Ha KOHTHHEHTAaNbHOM wIeNbde M
CBSI3aHHBIX C HHUMH coopyxeHuil B P® perymupyercss COOTBETCTBYIOLIMMHU TOCYJapCTBEHHBIMU
HOpPMAaTHUBHO-IIPABOBBIMM JOKYMEHTaMU. B 9acTHOCTH, B COOTBETCTBMM CO cTaTbed 6 PenepanbHOro
3akoHa oT 30 HOsMOps 1995 r. Ne 187-d3 «O koHTHHEHTaNIBbHOM Imenbhe Poccuiickoir demepartumy
peTyarpoBaHNE YCIOBUN MPOKIAIKHA U ONPEAETICHHE TPACcChl MOIBOIHBIX TPYOOIIPOBOIOB M Kabenel Ha
KOHTHHEHTaJNbHOM Inenbde PP Haxomurcs B kommnereHHuu (eaepaibHBIX OPraHOB TOCYAApPCTBEHHOM
BJACTH.

MIIT u kabenmn Ha KOHTHHEHTAIbHOM Ienbde PD, koTOphie HCHONB3YIOTCS IS JTOOBIYH
MHUHEPAJIBHBIX PECYPCOB, TPACCUPYIOTCS U IMPOKJIAABIBAIOTCS TI0 COITIACOBAHUIO C (hellepalbHBIM OPraHOM
WCTIIOJTHUTENBHOH BiacTu. OHAKO B Ccydae, €ClM B JIMIICH3UHN Ha MOJH30BAHWE HEAPAaMH y ee BIIaJeNbla
3a()UKCPOBAaHO TPAaBO MPOKIAABIBATE MOJBOAHBIE TPYOONPOBOIBI M KaOeMd COMIACHO IPOEKTHOM
JOKYMEHTALluH, NMPEIyCMOTPEHHON POCCUICKMM 3aKOHOIATEILCTBOM (CM. 2.3), MOMy4YeHUE pa3pelieHus
Ha MPOKJIAAKY TAKOr'0 poja MOIBOIHBIX TPyOOIPOBOOOB M Kabeinel He TpeOyeTcs.

s MIIT m xabeneid, He yKa3aHHBIX B JIMIICH3WH Ha IIOJIH30BaHHE HEAPAaMHU U HE CBS3aHHBIX C
pa3paboTKOil MHHEpPANBHBIX PECypcoOB KOHTMHEHTaNbHOTro mienbda PD, HO KoTopwie BBIBOASTCS Ha
Tepputoputo P®, Brlmada paspelieHuil Ha WX NPOKIAAKY ocymecTBisiercss DenepanbHoil ciy)00i 1O
Haa30py B cdepe npuponomonszoBanus (Pocmpuponnanzop), uro ycrtanoBieHo IlocTaHoBneHuem
[IpaButennbctBa PO Ne 417 ot 9 uronsa 2010 . [1].

TpeboBaHMs K AKCIUTyaTallid MOJABOIHBIX TPyOOIPOBOMOB, CBA3AHHBIX C JOOBIYEH M TPAHCIOPTHP-
OBKOH YIJIEBOJIOPOJIOB Ha Hieib(e, BKIOUaT cienytoiiee (cM. cT. 22, Ne 187-®3 «O KOHTHHEHTATbHOM
menbge Poccuiickoit denepanuny):

HaJIM4Yue MJIaHa JUKBUAALKMN PAa3IMBOB HEPTHU U HEPTENPOLYKTOB, YTBEPKACHHOTO B YCTAHOBJICHHOM
MOPSTKE;

YCTaHOBKY CHCTEM HaOJIONEHU 32 COCTOSTHIEM MOPCKOH Cpeibl, B T.4. OOHAPYKEHUS Pa3TuBOB HE(YTH
1 He(pTermpoayKTOB, 1 OTIOBEIIECHUS O Pa3InBax;

obecrieueHre (UHAHCHPOBAHMS MEPOIPHUATHIA 1O MJIaHy MPeoyNpeKICHUS U JINKBUAALUHN Pa3IUBOB,
BKJIIOYasi BO3MELICHUE B TIOJIHOM 00beMe Bpesa, MPUIMHEHHOTO OKPY)KaloIIeH cpeae;

Hajqu4uue COOCTBEHHBIX WM IIPHUBJICUCHHE HA IOCTOSHHOW JOTOBOPHOH OCHOBE aBapHiHO-
criacarebHbBIX (POPMHUPOBAHUH U TIPEAYNPEKACHNS M JTUKBUAANNN Pa3IHBOB.

2.2.2 IlpaBoBoii 6azoit w1 mpoxnaaku MIIT u xabemeii BO BHYTPEHHMX MOPCKHX BONIAX, TEPPUTOp-
HaJbHOM Mope U npuiiexane 30He PO spisercs PenepanbHblil 3akoH Ne 155-D3 ot 31 mronsa 1998 r.
«O BHYTpPEHHHMX MOPCKHX BOZAX, TEPPUTOPUATIBHOM MOpE U Ipuiexaiiel 3oHe Poccuiickoit deneparmm» [7],
B CTarhe 16 KOTOPOro yCTaHABIIMBAETCS HOPSIOK MPOKIIAIKH TIOJBOJHBIX TPYyOOIPOBOIOB U KaOelei, a Takke
MIpYUBEAEHBl TPeOOBaHMS K OKCIUTyaTallidl TOABOMHBIX TPYOOHPOBOMOB B YaCTH NPEAYNPEKACHUS W
JIMKBUIAIMY aBapHii, pa3iiMBOB HEPTH U HE(PTENPOIYKTOB, aHAJIOTUYHBIE YKa3aHHBIM B 2.2.1.

Taxxke aHaJIOrMYHBIM NOPALNOK YCTAHOBJIEH Ui IIONy4YeHUs paspelieHus Ha npoknaaky MIIT u
kabenell BO BHYTPEHHUX MOPCKHX BOJAX M TEPPUTOPHAIBLHOM MOpE — IPH 3aKPEIJICHUH B JHLIECH3UH
IpaBa Ha MPOKJIAAKY pa3pelIeHHsI OT OpPraHOB T'OCYAAPCTBEHHOM MCIIOIHUTENBHON BIAcTH HE TpeOyercs.
B npotuBHOM cnydae paspelieHue BblgaeTca PocnpuponHan3zopoM Ha ocHoBaHUM IlocTaHOBIEHUA
[IpaButensctBa PO ot 26 suBaps 2000 Ne 68 [2]. B cooTBeTCTBUU C JaHHBIM JOKYMEHTOM IOIBOIHBIC
kabemn u MIIT moboro Ha3HaueHHMs MOTYT NPOKJIAABIBATHCS BO BHYTPEHHMX MOPCKHX BOAaX H B
TeppUTOpHATIbHOM Mope PD IpH ycI0BHH, YTO NaHHBIE IEHCTBHS HE CO3AI0T IOMEXH U HE MPENATCTBYIOT
obecrieyeHNI0 OXpaHbl TOCYHApCTBEHHOW TpaHUIIBl, MPOBEACHHUIO PETHOHAIHHOTO TEOJOTHYECKOTO
W3y4YeHUs, TIONCKA, Pa3BEAKH M Pa3paOdOTKH MUHEPAJIbHBIX PECYpCOB WJIM MPOMBICTY JKHUBBIX PECYPCOB,
9KCITyaTallid ¥ PEeMOHTY panee mponokeHHbIX MIIT u kaOeneid. [[ng momydeHHsT COOTBETCTBYIOLIETO
paspelueHus AoJbKHA OBITh MpeJoCTaBieHa clenyrouas HHpopmanus:

LeJb ¥ Ha3HAu€HHE IOIBOJHOTO TPyOOnpoBoAa Ui Kaderns;

TpaccHpoBKa TPyOONpOBO/a C yKa3aHHEM KOOpIMHAT Hawalla, KOHIIA ¥ TOYeK TOBOPOTa TPACCHI;
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CPOKH TIpOBelIeHUs paboT U HCIIONb3yeMbIe Cyla IS YKIAIKH,

MPOEKTHAs JOKYMEHTANWs 0 YKJIaJKe TIOABOAHOTO TPyOOTPOBOJa MIIH KaOes;

MEPOIPHUATHS 10 TMPEAYNPEKIASHUIO I CHIDKCHHIO yiepOa MOPCKOH cpene, MpenoTBpaIleHUI0 1
JIMKBUJIALIMA aBAPUIHBIX CUTYalUi.

3asBKa Ha BBIJA4y pa3pelICHUs paccMaTpuBaeTcs PocnpupoaHag30poM M COIIACOBHIBAETCA C
JIPYTMHU COOTBETCTBYIOIIMMH (DefiepalbHBIMH OpTaHaMU HCIIONIHUTENFHONW BJACTH, MEPEYEHb KOTOPBIX
yka3aH B [2]. Ha ocHOBaHMM 3aKiIlOYeHHUS O BO3MOXKHOCTU MpoxokieHus: Tpaccel MIIT npuHumaercs
peleHre O BBAAYE pa3pelIeHHs Ha MPOBEACHHE 3asBICHHBIX paldoT, MO0 OTKa3e B BBIJAYE TAKOTO
paspeieHus. B ciaydae monmydyeHus pa3pelieHus 3assBUTENb JOIDKEH 00€CIIeUUTh BBITOJTHEHUE TPEOOBaHUH
MPUMEHUMBIX HOPMATHUBHO-TIPABOBBIX JIOKYMEHTOB IPH IPOBEICHUH PAOOT MO MPOKJIAIKE U IKCILTya-
Tanuu MIIT.

2.2.3 JIns peanuzaiuu MpoUEaypbl PAaCCMOTPEHHUS M BblJauM paspenieHud Ha mpokiaaky MIIT u
MTOJBOHBIX Kabeneld BO BHYTPEHHUX MOPCKHX BOJIaX, TeppUTOpranbHOM Mope Poccwuiickoit ®enepanny n
Ha KOHTHHEHTAJILHOM Inenbde Poccuiickoit @eneparuu Pocipupogunaazopom paspadboran Permamenrt [3],
KOTOPBI yCTaHABIMBAET CPOKH, NEPEUCHb U MOCIEAOBATEIbHOCTh NEHCTBUN cO CTOpoHBI Pocmpupon-
HaJ[30pa MpHU MPEeIOCTABICHUH TOCYJIAPCTBEHHOM YCIyTH MO BblAaue paspenieHud Ha npoknaaky MIIT
¢u3nYeCKUM W/WIH IOPUIMYECKAM JWIAM, IUIAaHHPYIOMKUM ocyinecTieHue mpokmagka MIIT mo
OTIpEJIeICHHOMY MaplIpyTy BO BHYTPEHHMX MOPCKHX BOJax, TeppUTOopHaibHOM Mope PD u Ha
KOHTHHEHTaNbHOM mienbde. [lonokenus PeriamenTa onpenenstor nepeyeHb U TpeOOBaHUS K JOKYMEH-
Tallu{, HaIpaBisieMOl Ha PacCMOTPEHHUE, COCTaB ACHCTBUII M CPOKHU BBIMOJIHEHUS aIMUHUCTPATUBHBIX
MPOIeAyp TPH YCIOBUU COOTBETCTBHUS (DOPMBI IMOaBaeMoi 3asiBKM TpeOoBaHusM PermamenTa. JlaHHBIH
JMOKYMEHT TaK)Ke OIpeeNsieT MpOIeAypy COTNIACOBAaHHS HAMpaBICHHBIX 3asBOK C (emeparbHBIMU
OpraHaMy HCIIOJIHUTENIbHOW BIACTH M TOPSIOK BBIHECEHHUS PELIeHHd O BBIJade WM OTKa3e B BblJaue
paspewienns Ha npokiaanky MIIT.

2.3 TEXHUYECKASA JOKYMEHTAIIUA

2.3.1 O0mue TpedoBanms.

2.3.1.1 OcHoBaHuAMH 1J151 pa3paObOTKH NPOEKTHON TOKYMEHTAIlMH MOPCKUX TPYOOIIPOBOIHBIX CUCTEM,
KaK MPaBHJIIO, SBIISIOTCS:

.1 WHBECTHIIMOHHBIE MPOTPAMMEI 3aKa3YMKOB IO IPOEKTaM OOYCTPOHCTBA YITICBOMOPOIAHBIX MECTO-
POXKIICHUI Ha MOPCKOM IIieNb(e TN BHEIIHEMY TPYOOIPOBOTHOMY TPAHCIIOPTY B MOPCKOM aKBaTOPHU;

.2 JUIICH3MOHHBIC 0053aTeNIbCTBA 3aKa3urMKa Ha TOUCK, Pa3BEAKYy MU JIOOBIUY YIIIEBOJOPOIOB (IIPH
WCTOJIB30BAHUU TOJBOJHBIX TPYOONPOBOJOB B COCTaBe OOBEKTOB OOYCTPOHCTBA MECTOPOXKACHUS BO
BHYTPCHHHX MOPCKHX BOJaX, TEPpPUTOpHATLHOM Mope P® W Ha KOHTHHEHTAIbHOM mienbde PD).
Jlutien3nus Ha TONB30BaHME HEIPAMH TPEIOCTABIISAET €€ BIAICNBIy MpaBO Ha MPOKIIATKY ITOIBOIHBIX
TpyOOTIPOBOIOB B COOTBETCTBUH C IMPOEKTHON MTOKYMEHTAIMEH, TPEIyCMOTPEHHON 3aKOHOAATEIHCTBOM
Poccuiickoii @eneparuu o HeApax [3], 3aKOHOJATENIBCTBOM O TPaJOCTPOUTEILHON AeITenbHOCTH [4].

2.3.1.2 HcxomHBIMU JaHHBIMH JJIs Pa3pabOTKM MPOSKTHOW JOKyMEHTAlUH [Js MOPCKUX
TPYOOIIPOBOTHBIX CHUCTEM, KaK TPABHUIIO, SBISIOTCH:

.1 TexHMUYECKOE 3a7aHNE Ha TPOSKTHPOBAHKE, YTBEPKIACHHOS 3aKa3IHMKOM;

.2 TEXHHYECKUH OTYET O pe3yibTaTax KOMIUIEKCHBIX HMHXKEHEPHBIX M3BICKAaHUN [0 Tpaccam
TpyOONPOBOIOB M BpPEMEHHBIC JIOKAIbHBIE TEXHUYECKHE YCIOBUS MO THAPOMETEOPOJIOTHYECCKUM,
THAPOJIOTHIECKHUM, JICTOBBIM YCIIOBHSIM W UCXOIHBIM PACYCTHBIM ITaHHBIM;

.3 cuenuanbHbIe TEXHUYCCKHE YCIOBHS Ha TPOSKTUPOBAHWE JHMHEWHBIX OOBEKTOB CHCTEMBI
MOJIBOHBIX TPyOOIPOBOIOB, KOTOPHIE Pa3padaTHIBAIOTCS M YTBEPXKAAIOTCS B YCTAHOBICHHOM IOPSIIKE
JI0 Pa3pabOTKU MPOEKTHOW JOKYMEHTAI[MKM B CIydae, €CJIM JIIs pa3pabOTKH MPOCKTHON JOKYMEHTAIUU
HEJIOCTaTOYHO TpeOOBaHWI MO HAJASKHOCTH M OE30MaCHOCTH, YCTAaHOBJIEHHBIX HOPMATHBHBIMHU
TEXHUYECKUMH JOKYMEHTaMH, WU Takue TpeOOBaHUS HE YCTAaHOBJICHEHI;

.4 XapaKTepUCTHKH OCHOBHBIX ITOKa3areie pa3paboTKH 3ajieKell MOPCKOTO MECTOPOXKICHIS;
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.5 pu3uKo-XMMHUYECKHEe CBOWCTBA HE(PTH M CTA0MIBLHOTO Ta30BOr0 KOHJIECHCATa, KOMIIOHEHTHBIH
COCTaB W CBOMCTBA Ta3a;

.6 TOTpeOHOCTh B Ta3IU(THOM Ta3e M IWHAMUKA 3aKadKH BOABI B IUIACT;

.7 TEXHONOTUYECKHE U KOHCTPYKTHUBHBIE PEIICHHUS 110 CHCTEME MOJBOIHBIX TPYOOIIPOBOIOB.

2.3.1.3 Iloctpotika MIIT 1 U3roToBiIeHNE MaTEPUAIOB U U3ENUH ISl HUX AOJKHBI OCYIECTBIATHCS B
COOTBETCTBHHU C TEXHWYECKOH IOKyMeHTanueH, onoOpeHHoi (cornmacoBanHoi) Perucrpom.

PaccmoTrpenne (dKcmepTH3a) MPOEKTHOH TEXHWYECKOH IJOKYMEHTAllMH OCYIIECTBISETCS C IEJIhI0
MIPOBEPKH COOTBETCTBHUS OOBEKTOB TEXHUYECKOTO HaOmoaeHns TpeboBaansam npasmil PC 1 BO3MOXHOCTH
npucoenust MIIT knacca PC.

Jlo Hauana CTpOMTENBCTBAa MOABOAHOTO TPYOONpOBOJa Ha paccMOTpeHue Peructpy momkHa OBITH
mpencTaBieHa pabodas (KOHCTPYKTOPCKAas M TEXHOJIOTWYECKas) TeXHUYeCKas IOKYMEHTANUs, I103-
BOJISIIONIAS  YIOCTOBEPUTHCS, YTO TpeboBaHUS omoOpeHHOro Permctpom mpoekrta u mpaBun PC mo
OTHOIIEHUIO K TAaHHOMY MOJBOJHOMY TPYOOTPOBOIY BBIITOTHSIOTCS.

2.3.1.4 B cootBercTBuu ¢ nojoxeHussMu 1.1.7 u 1.1.9 wactu [ «Mopckue nogBoaHbIe TPYOOTIPOBOABDY
[Ipapun MIIT Peructp mMoxer AaTh corjiacie Ha MPHMEHEHHE B MPOEKTE IOABOAHOTO TPYOOIpoBOaa
MaTepuasoB, KOHCTPYKIIMM, YCTPOMCTB M U3JEIUN HHBIX, 4yeM mpeaycMoTpeHnsl [IpaBunamu MIIT, npu
YCTIOBHH, YTO OHH SIBIISTFOTCS. OMMHAKOBO 3(h()EKTUBHBIMH IT0 OTHOIIEHHUIO K onpeeneHHpM B [Ipasmmax MITT.
B ykazaHHBIX ciydasx Peructpy AODKHBI OBITH NPENCTABICHBI JaHHBIC, ITO3BOJIOIINE YCTaHOBUTH
COOTBETCTBHE 3THUX MarepualioB, KOHCTPYKLHUH, YCTPOMCTB M H3ICIHH yCIOBUSIM, 0OECIECUHBAIOIIUM
0e301MacHOCTh TPAHCIIOPTUPOBKU Cpel MO MOBOJHBIM TPYOOIIPOBOIAM.

[TogBogHBIE TPYOOTIPOBOIBI, MPOEKTHl KOTOPBIX MOJHOCTHIO FITH YaCTUYHO BBITIOJTHEHHBIE 110 JPYTUM
HOpMamMm, MpaBWJIaM WM CTaHAApTaMm, MOTYT OBITh OM0OpeHsl PermcTpom anbTepHAaTUBHO WIH B
nononHenue K [IpaBunam MIIT.

2.3.1.5 Bunpl TexHHUECKON JOKyMEHTAaIluu, Mmoanexaileid paccmMorpenuto PC Ha cTaausx MpoOeKTH-
poBanus u noctporiku MIIT, ykazausl B 1.5.3 PykoBoacta MIIT.

2.3.2 TIpoexkTHasi JOKYMEHTAIHS.

2.3.2.1 Ilpoextuposanne MIIT, kak ToOKa3pIBaET CIIOKMBIIASICS TIPAKTHKA TIPOSKTHBIX pa3paboTok B PO,
OCYIIIECTBIISIETCS] B LIEJIOM JJII BCETO KOMILUIEKCAa OOBEKTOB 00yCTpPOWCTBA MECTOPOXKIEHHSI HA MOPCKOM
menbde ¢ BBIACTICHUEM pasfielia mpoekTa «JIuHeiiHble 0OBEKTHY Uil 0OBEKTOB MOABOIHBIX TPYOOIMpo-
BOJIOB [5].

[IpoekTsl MOPCKHX TOABOAHBIX TPYOOIPOBOJOB B MCKIIOYUTEIHHON AKOHOMHUYECKOH 30HEe PD, Ha
KOHTHHEHTaJIHHOM Ieibde PD, Bo BHyTpeHHHX MOPCKMX BOJIAX W/WJIH B TEppUTOpHATHHOM Mope PO B
cooTBeTCTBUU C ['pamocTpouTenbHbIM KomekcoM P@ [4] momnekar TOCYIapCTBEHHOH SKCIIEpTH3E
MIPOEKTHON JoKkyMeHTauu. Kpome Toro, moaBoaHble TpyOOIIPOBOIHBIE CUCTEMBI PAa3IMYHOTO Ha3HAUYEHUS
JUIS TPAHCIIOPTa YIIEBOAOPOJOB JIOJKHBI COOTBETCTBOBATH TPEOOBAaHUSAM 3aKOHOJATENbCTBA PD
0 TIPOMBIIUIEHHON 0€30MaCHOCTH OMAaCHBIX MPOU3BOJCTBEHHBIX OOBEKTOB [6].

2.3.2.2 IlpoextHas mokymentamus MIIT, momnmexamas paccmorpernio PC, momkHA BKIIOYATh
cienyrouiee:

MOSICHUTENbHAs 3alHCKa;

MPOEKT IOJIOCHI 0TBOJA (ITPH HAIMYNH OEPETOBOTO YYacTKa TPACCHI);

TEXHOJIOTUYECKUE U KOHCTPYKTUBHBIC PELICHUS;

mpoekT opranuzanuu ctpoutenbera (I10C);

TUIaHBI Tpacc W MPOJONbHBIE MPOQUIN TPYOOIPOBOIa;

TEXHUYECKUe TPeOOBaHUS HA MaTepUAIIbl U H3CIIs;

JieKJIapalysi TPOMBIIIEHHONH 0€30MacHOCTH OMACHBIX MPOU3BOACTBEHHBIX 00BhekTOB (OI10).

2.3.2.3 TlogcHuTenbHas 3aMUcKa JOJKHA COJIEPKATh CBEJIEHUS B OTHOIIEHUU CJEAYIONIETO:

KIIUMaTH4YECKOH, reorpa)uuecKoil 1 HHIKEHEPHO-T€OJIOTHICCKOM XapaKTepUCTUKK aKBaTOPUH/palioHa,
rae npeanoinaraercs crpoutensctso MIIT;

ommcanusi BapuantoB Tpacckl MIIT ¢ 060cHOBaHMEM BHIOPAHHOTO BapUAHTA;

ceenenust o MIIT ¢ ykazaHueM HaMMEHOBaHUS, HA3HAUEHUS U MECTOPACIOJIOKEHUSl HAayalbHOIO U
KOHEYHOTO €Tr0 ITyHKTOB;
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TEXHUKO-3KOHOMHYECKOH XapaKTEPUCTUKK MPOCKTHPYEMOr0o JIMHEHHOrO 00beKTa (KaTeropusl, MpoTsKeH-
HOCTb, IIPOM3BOANTENILHOCTh, OCHOBHBIE MAapaMeTphl IPOAOJIBHOTO IPOGUIISL U MOJOCH! OTBOAA M T.A.);

OTIMICaHMS TPUHIMITHATBEHBIX MPOCSKTHBIX PElIeHui, obecmeunBaronmx HaaexHocTs MIIT, mocmeno-
BaTEeIBbHOCTh M 3TAlbl €T0 CTPOUTEILCTBA, TNIAHUPYEMbIE CPOKH BBOJA B IKCILTYaTalHIoO.

2.3.2.4 B cocraB mpoeKkTa CHUCTEMBl MOPCKHX MOJABOJHBIX TPYOONPOBOAOB IOJDKHBI BXOAUTH
TEXHOJOTUYECKNE U KOHCTPYKTHBHBIEC PEIICHHS:

.1 mosicHUTENBbHBIE 3aIMCKU 110 0OOCHOBAHUIO CIIEAYIOLIETO:

TEXHOJIOTHYECKUX PEIMEeHNH MPOEKTHPYEeMOro MOABOAHOTO TPyOOIPOBOAA, BKIIOYAsl PACUETHI
TEXHOJOTUYECKHUX MapaMeTpoB TPyOONpoBo/a;

KOHCTPYKTHUBHBIX PEIICHUH NPOEKTUPYEMOTO IOABOJHOTO TPyOONpoBOxa, BKJIIOYas pacyeThl
KOHCTPYKTHUBHBIX IIapaMeTpoB TPyOOIpoBOAa;

BBIOOpa THIIA M IApaMETPOB 3JICKTPOXMMHUYECKOH 3alUThl TPyOONpOBOJa OT KOPPO3MU HIIH €ro
Y4aCTKOB;

BBIOOpa THUIIOB M TapaMeTPOB AaHTHUKOPPO3MOHHBIX/TEIIOU3OJIIIHOHHBIX/TIaAKOCTHBIX TOKPBITHH
TpyOOonpoBoaa, BKIIOYAs U30JIALUI0 CBAPHOTO CTHIKOBOTO COCIMHEHHUS;

TEXHOJIOTHYECKHUX PELICHUH CHUCTEeMbl aBTOMATH3alMM, OOHApY)KEHHUS yTE€YEeK H/WIM KOHTPOJIS
KOppo3uH (IIPU UCTIOIH30BAHUH ),

.2 TIaHBI PACIOIOKEHHUS Y3JI0B OTKIIIOYAIOIIEH apMaTyphl;

.3 y371B1 KpermyieHus1 OpacieTHBIX MPOTEKTOPOB;

.4 cxema H30JSILMU CTHIKOB TPYO;

.5 y3/bl MOOKIIOYEHUS K CTOSIKAM MOPCKUX CTallMOHApHBIX IuaT(opMm (TPYOHBIX BCTABOK) HIIU
MTOJBOHBIM MaHH(DOIBIAM;

.6 y37IBI BBIXOJZIOB Ha OEperoBoil y4acTOK W IepeceueHHi ¢ paHee OCTPOCHHBIMU TPYOOIIPOBOJAMH,
MOpPCKHM KaHajaMmu ((apBaTepaMu) U MOJBOAHBIMU KaOCISIMH;

.7 TpeGoBaHMs K oOecredeHnIo 0e30MacHOM HKCIITyaTalyu;

.8 crenmdukanuyu 060pynoBaHUs, U3NECTUNA 1 MaTepUaJIOB.

2.3.2.5 B cocTaB mpoekTa CHCTEMbI MOPCKHUX TOABOIHBIX TPYOOIPOBOOB JOHKEH BXOAUTH TPOCKT
opranuzanuu crpoutensersa (I10C):

MOSICHUTEIIbHASL 3alIMCKa 110 00OCHOBAaHHMIO MPOEKTa OPraHr3alli CTPOUTEILCTBA, BKIIIOYAs CIIOCOOBI
YKIAJKH ¥ 3arTyOJeHus B IOHHBIA TPYHT (P HAJHYHH);

HOSICHUTEJIbHASI 3allMCKa 10 0OOCHOBAaHMIO IIPOEKTa MEPECeYeHUi Tpacc M BBIXOAOB Ha OeperoBoit
y4acToK (TIpy HaJIMYHN);

TpaHCIIOPTHAs CXeMa JIOCTaBKU TPyO U MaTepHalos;

cxeMma IJIaHHPOBOYHOW OpraHM3allud y4acTKa;

IUIaHBI TPacC W IUIAHBI IIepeceueHuid Tpace (IIpyu HAJHYHH);

HPOJOJIbHBIE MPOMWIN TpacC U NPOAOJIbHBIE MPOGUIN IIepecedeHuii Tpace (IIpU HAIUMIUH).

2.3.2.6 B cocraB mpoekTa MOABOJHBIX TPyOONPOBOMOB MOJDKHBI OBITH BKIIOYEHBI TEXHHUYECKHE
TpeOoBaHMSA Ha 000pyIOBaHHUE, U3JEIUSI U MaTepHalibl, BKIOUas CIeayoIee:

CTaJIbHBIE TPYOBI, OTBOJBI 1 (PUTHHTH;

ruOkue TpyOBI (TP UCTIOIB30BAHIH)

AQHTUKOPPO3MOHHOE/TEIUION30JISIIMOHHOE MOKPBITHE CTAJIBHBIX TPYO;

H30JISIITNIO CTHIKOB TPYO;

[IaJKOCTHOE BHYTPEHHEE MOKPBITHE TPYO (MPH UCIOIB30BAHUH);

OamnacTupoBKy TpyOOompoBoaa (yTSKEISIOLNE HOKPBITHS W/WIH TPY3bl, IPH UCIIOJIE30BAHUH)

HPOTEKTOPHI WIN CTAHLIMIO KaTOAHOM 3aliuThl (IIPU MCHONb30BaHUN);

CHCTEMBI aBTOMAaTH3all{, OOHAPYKEHUS yTEUeK W/WIM KOHTPOJII KOPPO3UH (IIPH MCIIONB30BaHUM);

(raHIEeBbIe COSIMHEHUS HCIONB3yEMbIX THIIOB,

MarHuTHBIE MapKepBbI.

2.3.2.7 Dxcmmyaranus MOABOAHBIX TPYOONPOBONOB BO BHYTPEHHHX MOPCKHX BOAAX M B TEPPHUTO-
PHAJIBHOM MOpPE COIIIACHO [7] AOIMYyCKArOTCS TOJIBKO IPU HAJIWYHH IUIAHA NPEAYHIPEKICHUS U JTUKBUIALNN
pazmuBoB (IIITJIP) Hedptn m HedrempomykToB (TUTaHa JUKBUAANWN aBapwii), KOTOPBIA YTBEPXKICH
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B COOTBETCTBYIOIIEM TMOPSIAKE, U B COOTBETCTBUU C KOTOPHIM IUIAHUPYIOTCS M OCYIIECTBISIOTCS
MEPOIIPUATUS MO0 MPEAYNPEXKACHUIO U JIMKBUAALMM pa3iuBoB. [lnaH mpenynpexneHds W JMKBUAALUA
pa3nuBoB HEPTH M HEPTENPOTYKTOB MOXKET SIBISTHCS COCTABHOM YacThIO MPOEKTHON MOKYMEHTAIUU
noxBoAHoro TpyoOomnpooga. Hanmuuwe wu Bemmonaenue [IIIJIP Bmanmenbiiem/oneparopoM sIBISIETCS
o0s13aTenbHBIM TpeOOBaHMEM MPH MPUHATHU TPYOONpOBOJa B 3KcILTyaTtanuu B kiacc PC.

2.3.2.8 JlokymMeHTaIMs aHaIM3a PUCKOB JIOJDKHA OBITh OATOTOBIIEHa HAa OCHOBaHUM pasza. 10 wactu I
«Mopckue moaBoaHble TpyOompoBomel» [IpaBunm MIIT. JlomyckaeTcs BBITOJIHEHWE aHAIW3a PHUCKOB IS
MOJIBOJTHOTO TPYOOITPOBOJIa B COCTaBE COOTBETCTBYIOIIETO pa3zeiia B IMMPOEKTe OO0YCTPOICTBa MECTOPOXK-
JICHUs] Ha MOPCKOM IIenbde, B T.4. B paMKaxX pa3pabOTKH JeKJIapalii MPOMBIIIICHHOW 0€30II1acHOCTH.

2.3.2.9 Ilo pesyasraram paccmoTpenus mnpoekta MIIT Peructp odopmisier mucbMo-3akiItoueHue, B
KOTOPOM YKa3bIBaeTCs CIEAYIOIIEE:

MepeyeHb HOPMATUBHBIX TIOKYMEHTOB, HA COOTBETCTBHE KOTOPBIM B AomnonHeHue K IIpasmiam MIIT no
TpeOOBaHMIO 3aKa3durMKa pacCMaTPHBAJIACh MPOEKTHAS JTOKyMEHTAIHS,;

3amedanusi PC mo pesynbTaraM pacCMOTPEHHS MPOEKTHOM ITOKYMEHTAllMd C YKa3aHHEM cIiocoda
KOHTPOJIS 32 UX YCTPAHECHUEM;

BO3MOXKHOCTb NpucBoeHUs Kiacca PC ¢ ero ykazanuew;

MEPEeYeHb PACCMOTPEHHON TEXHUYECKOH JOKYMEHTALMH C OTMETKAaMH O PE3yibTaTax pacCMOTpPEHHS;

uHopmarmio 06 onodpernn PC marepuanoB, KOHCTPYKIWH, YCTPOWCTB M W3IETHH WHBIX, YeM
npeaycMoTpeHHbIX [IpaBunamu MIIT, mpu yciaoBUH, YTO OHM SBISAIOTCS OAWHAKOBO 3(PQEKTUBHBIMH IO
OTHOUIEHUIO K omnpeneneHusM B [TpaBumax MIIT.

2.3.3 PaGouas JOKyMeHTALUS.

2.3.3.1 B nemsx peayiMzanyiy B MPOIECCe CTPOUTENBCTBA TEXHUYIECKUX M TEXHOJIOTHUECKUX PEIICHUMH,
coJiepXKaliuxcs B MPOEKTHON JTOKyMEHTAIMH Ha OOBEKThI MOPCKOW TPyOOIPOBOJHOM CHCTEMBI, IS HUX
paspabatbiBacTcsi pabovasi TOKYMEHTAlMs, COCTOSIIAas M3 JOKYMEHTOB B TEKCTOBOH (opme, paboumx
yepTexken, cnenupuranuii oOOpyHOBaHUS M U3ACIHH, TEXHOJOTHYECKHX CXeM W TPOIEayp,
HCTIOIb3YEMBIX JIJIS1 TOCTPOUKHK W uctbiTanuid MIIT.

2.3.3.2 PabGovast KOHCTPYKTOPCKas W TEXHOJIOTHYECKasl TOKyMEHTaus pa3pabaThIBaeTCsi HA OCHOBa-
HUH TPOEKTa MOPCKON TpyOONIpOBOAHOH crucTeMsl, o1006peHHoro PC 1 cOOTBETCTBYIOIIMMU KOMITETEHT-
HBIMU HaJ30pHBIMH opraHamu. [Ipu 3Tom B pabouell JOKyMEHTAlUH IOJKHBI OBITH YYTEHbBI 3aMEUaHUsI
Perucrpa, xoTOphle OBUIH yKa3aHBI B MHChME-3aKIIOUeHUH Perncrpa kak mojajexaniue K yCTpaHeHHIO Ha
CTaauu pabovero MpOeKTHPOBAHUSI.

2.3.3.3 PaGouasi KOHCTPYKTOpPCKasi M TEXHOJOTHYCCKAs JOKYMEHTAITHS TOMICKHUT omoOpennto PC
nepen nmoctpoiikoit MIIT u HawamoM TeXHHYECKOTO HAOMIOACHHUS 3a ero MOCTPOUKOM.

2.3.3.4 JloxymeHTaIMsl Ha CTajdbHbIE TPYOBI U TPYOOIIPOBO/I.

2.3.3.4.1 [IpenpsaBnsieMas TeXHUYECKass JOKYMEHTAIUsl JOJDKHA COAEpPXKaTh CBEACHUS O MaTepuaiax,
TE€OMETPUYECKHUX pa3Mepax, croco0ax M TEXHOJOTHUHM H3TOTOBIICHUS, B T.4. CBapKHU (IUIsI CBapHBIX TPYO),
cranbHBIX TpyO. Ha paccmorpenne PC npempsaBnsieTcs ciemyromiee (coctaB padodeil TOKyMEHTAIMH /s
W3rOTOBJICHHUSI MAaTepUAIOB M M3Aenui, a Takxke noctpoilku MIIT, mpuBeaeH B COOTBETCTBYHOLIMX
paznenax PyxoBoactea MIIT):

.1 TeXHUYECKHe YCIOBUS U MPOIIEIyPhl H3TOTOBIIEHHS CTaTbHBIX TPYO C YKa3aHHEM BUJOB H 0OHEMOB
UCIBITAHUM U HEpa3pyLIAOIIero KOHTPOJISL, BKIIIOYasi OCHOBHOM METAaJJI U CBAPHBIE COCAUHEHMUS;

.2 TeXHOJOTHH CBapKH, BKIIOYas PEMOHTHYIO CBAapKy, MPH W3TOTOBJICHWH CBApHBIX TPYO M CBapKH
CTBIKOBBIX KOJBLIEBBIX IIBOB C YKa3aHUEM CIIOCOOOB M OOBEMOB HEPa3pyIIAIOIIEro KOHTPOJIS;

.3 depTexu IUIaHOB W MPOAOILHBIX Mpoduiei TpyOOIpOBOAOB;

4 yepTexu OTBOJOB, TPOMHHUKOB U MEPEXOJAHUKOB;

.5 depTexu TpyOHBIX BCTaBOK («KATYIIEK);

.6 "epTexu MpeIBapuTEeIbHO 00yCTPOESHHBIX TPAHIIEH U KOTJIOBAHOB;

.7 CUTyalMOHHBI IUIAH;

.8 cxeMa ycTaHOBKM MarHUTHBIX MapKepOB.

2.3.3.4.2 BMecre ¢ yepTexaMu JTOJDKHBI OBITH TIPEAOCTABICHBI CIEAYIONINE MPOIEAyPhl U PACUETHI:

.1 portenypa yKiIaaku JTUHEHHOW YacTH MOABOIHOTO TPYyOOIIPOBOAA;
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.2 mporeypa yKJIagKyd B pallOHE BBIXOAA TPacChl HA Oeper WU MepeceueHuil ¢ APyruMH TpyOoIpo-
BOJIAMU/TIOBOHBIMM KaOeJIsIMU;

.3 mporenypa 3axiiecta IwieTel TpyOoIpoBoa;

.4 HEoOXOMMMEIE CBENEHWS IS OINpPENeNCHUS BHEIIHWX HArpy30K (CHJI M MOMEHTOB) OT BETpa,
TEYCHUH, BOJH, JICIOBBIX OOpa30BaHM M APYTHUX MAPaMETPOB, YYUTHIBACMBIX TPU aHAIH3E MPOYHOCTH
TpyOOIIPOBO/Ia, BKIIIOUAs CIIy4aliHbIe Harpy3ku (OT phIOOJIOBHBIX TPAJIOB, SIKOpEH H T.1.);

.5 pacdyer HOMHUHATBFHON TOJNIIMHBI CTEHOK TPYO JJISi COOTBETCTBYIOIIMX COYETAHUN HArpy30K;

.6 pacuer mpogHOCTH TPYyOOIPOBOAA B MPOIECCE YKIIAAKH C YCTAHOBICHHEM 0e30MMacHBIX ITapaMeTpPOB
BOJIHCHHUSI, TEUCHUS U BO3ICHCTBUS BETPA;

.7 pacdeTsl, TOATBEPKIAIOIINE CEHCMOCTOMKOCTh TIOABOAHOTO TPYOOIPOBO/IA;

.8 pacueTsl BenwuWHBI 3anTyOJeHUS TPyOONpPOBOJA B JOHHBIM TPYHT B palioHaX C JIEIOBOM
JK3apalnuen;

.9 pacueTsl MPOYHOCTH TPYOHBIX BCTABOK M (MJIAHIIEBBIX COCITUHEHUH;

.10 pacdeTsl TOMyCcKaeMBbIX CBOOOIHBIX MPOJIETOB TPYOOIIPOBOA HA CTAJANH MOCTPONKH, TIPOBEICHUS
THJIPABINYECKUX HCITBITAHUN M HKCILTyaTallHH.

JoxymeHTanus Ha 0aTaCTUPOBKY TPYOOIIPOBOJIOB:

.1 pacuer mIaBy4ecTH (BBITAIKUBAIOIICH CHIIBI) TIOJBOIHOTO TPYOOIIPOBOIA, MPOBEPKA YCTOUIUBOCTH
Ha TPYHTE W/WIM YCTOWYMBOCTU HA BCIUIBITHE;

.2 paboure uepTexu 0aTACTHOTO TOKPBITUS W/HIIH KOHCTPYKIIMU OaJIaCTHBIX TPY30B;

.3 pacuer 0ayNIaCTHPOBKY IOJIBOIHOTO TPYOOIPOBO/IA TIPU MPUMEHEHUH 00ETOHHPOBAHHBIX TPYO.

JlokymeHTanus Ha apMaTypy U €€ MPUBOIBI:

.1 cxeMa pasMelleHHs 3al0pHON U IPEJOXPAHUTEIBLHON apMarypsl;

.2 TOKyMEHTallMsl Ha apMarypy M MPOTOKOJBI HCIBITAHUA apMarTyphl, MOATBEPKIAIOIINE €€
COOTBETCTBHE TPAHCIIOPTUPYEMBIM CPE/IaM U MPE/IIIOIaracMbIM YCIOBUSM 3KCIUTyaTaluu TPYyOOIPOBOIOB;

.3 MoKyMeHTaIlus Ha JIeTalld Kperexa (prIaHIeBbIX COSANHEHUN U MPOKIIAIIKH;

.4 cxema JMCTaHITMOHHOTO YIIPaBIeHHUS TPYOOIPOBOIHON apMaTypoOi.

2.3.3.7 JloxymeHTanus Ha (DIaHIICBBIC COCAMHCHHUS.

[IpenocraBnsiemas Ha paccmoTpenue PC nokymeHTanus Ha ¢IaHIbl JODKHA COAEPIKATh CIeAyIoIIne
CBEJICHHUSA:

.1 xonuyecTBO (UIaHIIEB KOHKPETHOTO THIIA KaXIOro pa3Mepa M Kjacca 10 JaBICHHUI0 B paMKax
MPOEKTa;

.2 IpUMEHIEMBIA CTaHIapT Ha MPOCKTHPOBAHUE M MPOBEPOUHBIA pacdeT MPOYHOCTH Ha BOCIIPHUATHE
MPOEKTHBIX YCUIIUH;

.3 Mapka marepuana, TUI 3arOTOBOK;

.4 TreoMeTpus U3eNUs (HapuMep, HOMUHAIIBHBIN WK BHYTPEHHUN HaMETp, MUHHMaJIbHAs TOJINHA
CTeHKH MICWKH, TOJIIMHA W JUaMeTp Tena (raHia, BRICTYIBl U KaHABKH Ha KOHTAKTHOW ITOBEPXHOCTH,
00paboTKa KOHTAaKTHBIX TTOBEPXHOCTEH, OTKIOHEHHS OT KPYrOBOH (POPMBI CEUEHHs, BKIIIOYast TpeOyemble
JTOTIYCKH ), Pa3Mephl IPUCOSAUHIEMON TPYOBI;

.5 ycnoBus TepMo0OpabOTKH MOCIIE H3TOTOBIICHUS;

.6 TpeGoBaHNA K 00bEMy M METOJaM HWCIIBITAHWH THUIIOBOTO (OMBITHOTO) oOpasla ¥ B Ipolecce
MIPOU3BOJICTBA;

.7 TpeboBaHUs K HEpa3pyMAIOIIEeMy KOHTPOIIO M THAPOUCIBITAHUIM;

.8 cocTosiHMEe TOBEPXHOCTH MPHU MOCTABKE, MOKPBHITUE WM OKPacKa.

2.3.3.8 JloxymeHTaIus Ha OTBOJBI U (PUTHHTH.

IIpenocraBnsemast Ha paccmorperne PC nokymeHTanus Ha OTBOJIBI JOJDKHA CONEPKATh CIEMYIOIINe
CBEIICHUSA:

.1 KOTMYECTBO OTBOMOB KOHKPETHOTO THIA KaXKIOTO pa3Mepa B paMKax MPOEKTa M MPUMEHSEMBII
CTaHJApT Ha U3TOTOBIICHUE;

.2 Mapka marepuaia, THI 3arOTOBOK;

3 cienndukanuu u ceprudUKaThl Ha MaTepuall 3aTOTOBOK C JaHHBIMH 10 XHMHYECKOMY COCTaBY,
TePMHUIECKON 00paboTKe, MEXaHUIECKUM CBOWMCTBAM, Pa3MEPHOMY W HEpa3pyIIaroIieMy KOHTPOITIO;
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.4 reoMeTpus 0TBOJA (HapuUMep, HOMUHAIBHBIN WX BHYTPEHHUH TUaMeTp, MUHUMAaJbHAs TOJIINHA
CTEHKH, paguyc W3ruda, yroia W3ruoda, JIHHBI MPSIMBIX YUACTKOB IO KpasM OTBOJAA, 00paboTKa TOPIIOB,
OTKJIOHEHHUS OT KPyroBOH (pOPMBI CedeHHA, BKI0Uasi TpeOyeMble JOITyCKH);

.5 ycnoBusi TepMo0OpabOTKH MOCIIE U3TOTOBIICHHS, €CITH TPUMEHUMO;

.6 TpeOoBaHMs O 00BEMY U METOAAM HMCIBITAHUN 0Opa3loB U3 MeTalia OTBOJOB;

.7 TpeGoBaHUs 10 HEPa3pYyIIAIOIIEMy KOHTPOIO M THAPABINYECKHUM HCIBITAHUIM;

.8 cocTosHME TOBEPXHOCTH TPH MOCTABKE, MOKPHITHE MIIM OKpPacKa.

JlomomHUTENBHO 1151 PUTHHTOB MPENOCTABIISIOTCS CBEJCHHUS O CIIEIYIOIIEM:

.1 mMeronax u mapametpax GopmooOpazoBaHus (KOBKa, IITAMIIOBKA, JINTHE), CBAPKE, MEXaHHMUECKOMH
00paboTke;

.2 CBapOYHOH Mpoleaype U XUMUIECKOM COCTaBe MeTallia IIBa, BKIOUas PEMOHT CBapKO.

JlokyMeHTanus 1o yKJaake TOABOAHOTO TPyOOIpoBOAa:

.1 crocoOBI M TEXHONOTHYECKHE CXEMBI YKIIAIKH C YKa3aHHEM OCHOBHBIX IapaMETpOB;

.2 TpoleAypHI MOATOTOBKY TPaHIIEH W KOTIOBaHOB, (hOPMHPOBaHHs OOPAaTHOM 3acHINKH TpaHIIEH U
KOTJIIOBaHOB;

.3 KOHCTPYKTHBHOE O0(hOPMIICHHE TIEPECEUCHNN C paHee YI0KEHHBIMH TTOIBOJIHBIMH TPYOOITPOBOIaMHU
1 KalOelsMu;

.4 pacdeTbl MPOYHOCTH TPYOONpOBOAA TpH 3ariyOJieHUH B JOHHBIH T'PYHT U BBIIIOJHEHHUS
KOHCTPYKTUBHOTO O(OPMIICHHUS TEPECEUCHU C paHee YIOKEHHBIMU HOABOTHBIMH TPyOONpOBOAaMU U
Ka0esMu.

2.3.3.10 JloxymeHTalusi Ha aBTOMAaTU3WPOBAHHBIE CHUCTEMBI YIIPaBIEHUSA, aBapUHHO-TIPEAyIpEau-
TETbHOM CHTHAJM3AINH, MOHUTOPHHTA KOPPO3HH M OOHAPYKEHUS yTEUeK:

.1 cxembl aBTOMaTH3UPOBAHHBIX CUCTEM YIIPAaBIEHHS M TEXHHUYECKHE YCIOBUS HA UX NMPOEKTHPOBAaHHUE
Y U3TOTOBJICHUE, BKIIOYAsl MPOTrPaMMBbl UCITBITAHUIA;

.2 coCTaB KOHTPOJIMPYEMBIX IapaMEeTPOB C YKa3aHHEM COOTBETCTBYIOIIUX THIOB JaTYHKOB H
MpUOOPOB, UX XaPaKTEPUCTHK;

.3 ceptr(uKaTel Ha KOHTPOJIBHO-U3MEPHUTENBHBIE IPHOOPHI M HA APYTHE AIIEMEHTHI YKA3aHHBIX CHCTEM.

2.3.3.11 JloxymeHTaIusl Ha aHTUKOPPO3UOHHYIO 3aIUTY M U30JIALNIO, BKIIOUAs TEIIOM3O0JIAIHUIO:

.1 TexHHUYECKHE YCJIOBUS 10 HAHECEHUIO0 aHTUKOPPO3UOHHBIX MOKPBITUI U U30JALUH;

.2 cxema aHTHKOPPO3HOHHOTO MOKPBITHS U U3OJISIIHH;

.3 cxembl H30JIAIMHA CBAPHBIX CTHIKOB TPYO;

.4 MHCTPYKIHUS IO PEMOHTY HW30JIMPOBAHHOW MOBEPXHOCTH TPyOOIpOBO/a.

JlokyMeHTanus Mo 3JeKTPOXUMHUECKON 3aluTe TpyOonpoBoja:

.1 cxema KaTofHOM 3amUTHI (pa3MelleHle aHOJ0B) WM MPOTEKTOPHON 3aIIUTHI;

.2 TEXHUYECKUE YCJIOBUS HA CTAHIIMIO KAaTOMHOU 3alUTHI (ITPH UCIIOIB30BAHUN);

.3 ompenenenne Macchl aHOIOB HITH TPOTEKTOPOB;

.4 MOKyMEHTAIHsI Ha JJIEKTPOU3O0IUPYIONINE BCTABKH W/WIH (DITaHIIBI.

2.3.3.13 PaccMmoTpeHue pabouell MAOKyMEHTalMH PerucTpoM HEOOXOIMMO IS IMPOBEICHHS
TEXHUUYECKOTO HAOIONCHHS 3a MOCTPOWKOH MOABOAHOTO TPyOOIPOBOAA, W3TOTOBICHHS MaTEpPHAlOB U
W3JIENUA A7l HEero, a Takxke JUIsi TpUCBOeHUs kiacca PC mo pesynasraTaM OCBHIETEIBCTBOBaHUS
MOJIBOJTHOTO TPYOOITPOBOJIa B MTOCTPOMKE.

2.3.4 UcnoJiHUTEJIbHAS TOKYMEHTAIUA.

2.3.4.1 Ilpu oxazanuu Perucrpom Ha ocHoBanuu 1.4.4.3 wactu I «Mopckue mnoOABOJHBIE
Tpy6omnpoBoas [Ipasun MIIT ycmyr mo kmaccudukamuu MOPCKUX MOABOIHBIX TPYOOIPOBOAOB,
MOCTPOCHHBIX 0e3 TexHudyeckoro Habmronenus PC, moMuMo mpoeKTHOW W pabodeil MOKyMEHTaluu Ha
MOCTPOWKY TOABOAHOTO TpyOompoBoma Pernctpom momxHa OBITH paccMOTpeHa W OJ0OpEHa WCIOIHH-
TelbHasg JOKYMEHTAIHUs.

2.3.4.2 HcnonuHutenpHas IOKYMEHTALMS MOATOTABIMUBACTCS MPEANPUITHEM-TIOAPITIUKOM,
OCYILECTBISIONINM TIOCTPOMKY TpPyOOIPOBO/A, Ha OCHOBaHWHU Iprka3a demepalbHON CIy>KOBI MO JKOJIO-
THYECKOMY, TEXHOJIOTHYECKOMY B aroMHoMy Hazopy (Poctexnamzop) Ne 1128 ot 26 nexabps 2006 r. [8].
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2.4 OBIIME NMPUHIUAIIBI IPOEKTUPOBAHUSI MOPCKHX IMOJABOJAHBIX TPYBOIIPOBOAOB

OnTUManbHOE PACMONOKESHUE KOHCTPYKIIUM TPYOOIPOBO/Ia MO/ BOJIOM B MPOIECCE MPOCKTUPOBAHUS
JTIOJDKHO BBIOMPATHCS C YUETOM CIIEAYIOIIUX KPUTCPUCH:

0€30MacHOCTh IKCILTyaTallH, YKOJIOTHS, CTOUMOCTh KOHCTPYKIIMHU, TEXHOJIOTHYHOCTh H T.IL.;

Marepuan TpyO, 3allUTHOTO MOKPBITUS U DIIEKTPOXUMHUYUECKON 3aIlUThL;

MIPOJIOJIbHAS U IONEPEeYHasi YCTOMYMBOCTh KOHCTPYKIIMU C YUYETOM BO3CHCTBHUS MMOIBOIHBIX TCUCHUH,
BOJIHOBOTO JIBUKCHUS YACTHIl BOJbI U CHJI IUIABYUYECCTH;

oOecrieueHNe 1EJIOCTHOCTH TPYObl M HAIMYHSI ITPOXOJHOTO CCUCHHS,

3al1MTa OT KOPPO3UU U IPO3HH;

CBapKa M Hepa3pylIaloliii KOHTPOJIb B MPOIEcce MPOU3BOJICTBA M MOHTAXA;

JIMarHOCTHKA U MOHHTOPHUHT;

TEXHOJIOTUYECKHE PEKHUMBI MEPEKAuKH YITICBOJAOPOIOB U APYTHX CPEI IMPU BBHICOKOM BHYTPEHHEM
JIABIICHUU;

MPOYHOCTh U YCTOMYMBOCTD IIITHHIPUICCKAX 000JI0YEK TPyOOIPOBOJIOB, OTBOJIOB U (DUTHHIOB;

JIPyTHE TEXHOJOTUICCKUE M IKOJIOTHUECKHE aCTEeKTHI (CM. puc. 2.4).

L] Cz] 031
? HIIL
==

o]
IT_FH'IJ'IJ'LI-nTl

HO

Puc. 2.4 O0umue npuHIMITEI TPOSKTUPOBAHUS TIOABOAHOTO Tpybomposoaa [13]:
1 — ycnoBHsa MOPCKOM akBaTOpuM; 2 — IpaBHJa U HOPMbI; 3 — HUCXOJHBIC JAHHBIC IIPOCKTUPOBAHUS;
4 — TEeXHHKO-DKOHOMUYECKHE MOKa3aTelIn TpyOOIpoBOsa; 5 — CTPOUTENBCTBO M MOHTaX; 6 — TEXHOJIOTHYECKHE PEKHMBI;
7 — TEXHOJIOTHYecKast CXeMa; 8§ — MPOROJIBbHBII Ipoduib; 9 — TpaccUpoBKa; /() — KOHTPOJIb 338 CTPOUTEIECTBOM;
11 — obcmyxuBanue; /2 — mapaMeTpbl OKpyXaromulel cpensl; /3 — OMacHOCTH;
14 — xo03s1iicTBeHHas! IEATEIFHOCTh B aKBAaTOPUH; /5 — aHAIU3 CTENEHHU PUCKA; /6 — BEpOATHOCTHU; /7 — PHUCK;

18 — ymiep0; 19 — ymepO okpyxaromeit cpene; 20 — yuiepd TEXHOJOTHUECKUM Omepanusim; 2/ — KPUTEPUU PUCKA;
22 — KOppEKTUPOBKa MpoekTa; 23 — TpeboBaHUA K yKJIajKe; 24 — BBIOOpP 3aIUTHOIO CJIOSA TPyHTa HajJ TPYOOIPOBOIOM;
25 — He3annyOJIeHHbIH TpyOOnpoBox; 26 — eCTeCTBEHHOe 3artyOieHue; 27 — BpeMEeHHOe CKJIaHpPOBaHKUE IPYHTA;

28 — ycTpoiicTBO TpaHieH; 29 — pa3mbiB; 30 — ecTeCTBEHHBIH 3aMbIB; 3/ — oOpaTHas 3achIlKa
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PaccMmoTpeHHBIE BBIIIE BONPOCH! JOIKHBI OBITH OTPAa’KEHBI B HOPMATUBHO-TEXHUYECKUX JAOKYMEHTaX
(permameHTax, HOpMax, NMPAaBUIIAX, CTAHAAPTAX, PYKOBOISIIIMX yKa3aHUAX, HHCTPYKUMIX U T.1.). OnHako,
Kak TIIOKa3bIBaeT IPAKTHKA IMPOCKTUPOBAHUS, 3TO INPOUCXOJAMT JalleKO HEe BCerna U OOBSICHSACTCS
CIIEAYIOIUMH PUYNHAMU:

.1 HOpMBI IPOEKTUPOBAHUS OTPAKAIOT yXKE HAKOIUICHHBIA M MPOaHAIM3UPOBAHHBINA OIBIT MPOEKTHP-
OBaHU, CTPOUTEJILCTBA U IKCILUTyaTalluu TPyOOnpoBoAoB. BHeApeHne HOBBIX TEXHOJIOTH, paclIpeHue
Juana3zoHa pado4YMX MapaMeTpPOB, CTPOUTENIBCTBO B YHUKAJIBHBIX MPUPOIHO-KIMMATHYECKUX YCIOBUSIX,
NPUMEHEHHE HOBBIX MaTepHajoB W 000pyHOBaHHS TPEOYIOT TOCTOSHHOTO BHEAPCHUS WU3MCHEHHWH B
HOPMAaTHBHYIO JTOKYMEHTAIMIO, YTO HAa MPAKTUKE W TPOUCXONUT, HO TONBKO IOCIE HAKOIUICHHS |
000011IeHHsT COOTBETCTBYIOIIETO OIbITA;

.2 HEKOTOpbIE BOIIPOCHI IOCTATOYHO CIOXKHBI AJIs1 YOPMYIUPOBKH HPOCTHIX HHKEHEPHBIX METOAUK HITH
OTCYTCTBYIOT KaK B OTEYECTBEHHBIX HCTOUHHKAX, TAK U B 3apyOeKHBIX (HampUMep, pacdeT HalpsKeHHO-
nehOpMIPOBAHHOTO COCTOSTHHSI 00O0JIOUKH TPYyOOIIPOBOAA B MpoIlecce YKIAJAKU Ha OOJNBIHE TITyOWHE),

.3 MHOTHE TEeXHHYECKHE pEIICHHS HE WMEIOT CTPOroro HaydyHOro OOOCHOBAaHUS U HYXIAIOTCS B
MPOBEJICHNUH CIICIIMATBHBIX, TEOPETHUECKUX U 3KCIIEPUMEHTAIBHBIX MCCICIOBAaHHUM.

OpHako, ga)xxe XOpOIIO M3y4eHHbIE BOIIPOCH! (HAallpUMeEp, pacuyeT TONILIMHBI CTEHKH TpyOOIpoBoAa Ha
JIeiCTBUEC BHYTPEHHETO JABIICHHUS) HENlb3s CUMTATh PElICHHBIMH. HOpMBI pa3HBIX CTpaH MperycMarpH-
BAIOT NIPUMEHEHHUE PA3JIMYHBIX 3HAUECHUH OJJHUX U TeX ke K03 dunpenToB (k03hGUIIEeHTOB HaIe)KHOCTH
1 0€30MacHOCTH) B aHAJIOTHYHBIX PaCYeTHBIX MOJENSX, UTO CBA3aHO C PA3IMYHBIMHU MOAXOAMH K OLICHKE
ONTUMAJBHOTO YPOBHSI 0€30MaCHOCTH, KaueCTBOM IPOM3BOJICTBA TPYO, CTPOUTEIBHBIX PaboT, 0cOOEH-
HOCTSIMH KCIUTyaTallud ¥ CTOMMOCTHBIMHU ITOKa3aTeIsIMHU.

Jannas mpoOremMa cTaHOBUTCS HanOoJiee aKTyalbHa MPH HEOOXOIMMOCTH MITH BO3MOXKHOCTH BBIOOpa TEX
WM WHBIX WHOCTPAHHBIX HOPM TPOEKTHPOBAHMS MO MPHYMHE OTCYTCTBUS HAIIMOHAJBHBIX HOPMATHBHBIX
JOKYMEHTOB (HampuMep, NpH MPOSKTHPOBAaHMM MOPCKOIO y4acTka rasompoBoga Poccust — Typuus mo
npoekty «lomy6oii motok» B 1998 — 2000 1T.). TeXHUKO-7KOHOMUYECKOe 000CHOBAHUE CTPOHUTENHCTBA ATOTO
ra3onpoBofa ObUIO BBINONHEHO Ha ocHoBe IlpaBunm mis mopckux TpyOompoBomHbix cucteM (Rules for
Submarine Pipeline Systems, DNV, 1981). B 1996 romy BpIIa HOBasl peNakIsl TaHHBIX MPABHII, KOTOpas
Jieria B OCHOBY 0a30BOTO U JIETAIBHOTO MPOEKTHPOBAHMS MOPCKOTO y4yacTKa Ta3oMpoBO/a.

B TO ke Bpems OTCTYIJICHHS OT HOPMAaTHBHBIX METOJOB INPOCKTUPOBAHMS HAKJIAABIBACT Ha
MPOEKTUPOBILMKA JTOTIOTHUTENBHYIO OTBETCTBEHHOCTD 32 MPaBUILHOCTD MPUHSTOTO PELICHUS U BBI3BIBAET
HEOOXOOMMOCTb B IPOBEACHHM CIIEUUAIbHBIX HCCICAOBAHUI Ul ONPEACICHUs peajbHBIX YpPOBHEH
HaJIe)KHOCTH, 0€30MacCHOCTH, JOITOBEYHOCTH M JIPYTUX MapaMeTPOB dTHX OTBETCTBEHHBIX MHKCHEPHBIX
coopyxenuit [13].

2.5 OCOBEHHOCTH NPOEKTUPOBAHHSA MHOI'O®A3HBIX ITIOJABOJHBIX TPYEOITPOBO/0OB

2.5.1 MIIT sBASIOTCS HEOTHEMIJIEMOW YAaCThI0 OOBEKTOB OOYCTPOHCTBA MOPCKUX HE(PTETa30BBIX
MECTOPOXJICHHH, TaK KaK HIMEHHO C TIOMOIIBIO TPYyOOIIPOBOAHOTO TPAHCIIOPTa OCYIIESCTBIISIETCS JOCTaBKa
IUTACTOBOH MPOAYKUMH (MM YK€ IMOATOTOBIEHHOM MNPOAYKIMH B 3aBUCUMOCTH OT TNPUHATOH
TEXHOJOTUYECKOH CXeMbl) Ha OeperoBble OOBEKTHl MM OTIPY304HBIE TepMUHaNbl (cM. puc. 2.1-2).
HckmtoueHneM sBIsIeTCs, HalpuMmep, oOyCTPOHCTBO HedTaHoro mecropoxieHus «llpupasnomnoe» Ha
menbde [lewopckoro Mopsi, rie Bce mpoueccsl — OypeHue, 1o0bya HeTH, ee XpaHeHHe, OTrpy3Ka Ha
TaHKepHl U OOpaTHas 3aKayka B HarHETaTeJIbHbIE CKBAXXHHBI OCYIIECTBIISIIOTCS C MOPCKOH JIeIOCTOWKON
crarmoHapHoit mardopmer (MJICIT) «IlpupasinomHas», kotopas yctaHoBieHa B 80 kM or Oepera, ¢
MPOEKTHON MPOU3BOJUTEIHHOCTHIO 5 MITH. T B TOJl OTTPY>KaeMoil Ha TaHKepHl He(PTH.

MHorue mnpoeKkTbl 00yCTPONWCTB MOPCKHX MECTOPOXKICHHUU COAep)kaT TpPyOONpOBOMbI IIIACTOBON
NPOAYKIMH B BUJIE MHOTO(a3HOW Cpeabl, KOTOPBIN AJsl 3TUX 00yCTPOMCTB SBIAETCSI OCHOBHBIM OOBEKTOM
TpyOONIPOBOJHOTO TPAaHCIOpPTa, TAK KaK OCTalbHBIE (TpyOONmpoBOJ ra3nu(THOrO rasa HIM BOAOBO)
ABJSIFOTCS  BCIIOMoOrarenbHbIMU. Kak mpaBmino, Takue TpyOONpoBOABl HAUYMHAIOT (DYHKLIHMOHUPOBAThH
HE C IEPBBIX JIET SKCIUIyaTallud MECTOPOXKICHMSA, a I0CJIE€ YCTAaHOBJIEHHBIX B IIPOEKTE Ppa3pabOTKH
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MECTOPOXKIIEHHUS CPOKOB Iepexojia Ha MeXaHHU3UPOBAHHEIN CIIOCO0 MOOBIYU C NMPUMEHEHUeM ra3nudra u
HEOOXOAMMOCTH TIOBBIIIEHHS TUIACTOBOTO aBIIEHHUS IyTeM OOpaTHOW 3akadyké BoAbl. BbeiOOp Takoro
BapWaHTa TPAHCHOPTHUPOBKHM ILIACTOBOW MPOAYKIHH OIPENCIIETCS TaKXKe JKOHOMHYECKOU
1[EJIeCO00Pa3HOCThIO, TaK KaK YMEHBIIACT CTOMMOCTH COOPYXKCHHS MOPCKOW Iaar(opMbl B CBSI3U C
MEPEHOCOM OCHOBHBIX OIEPAIUi MO MOATOTOBKE HE(TH W/WIIM Ta3a Ha OCPEroBbIC COOPYKEHUSI.

[IpoekT pa3pabOTKu MECTOPOXKACHUS, B COOTBETCTBUU C KOTOPHIM OYJET OCYIIECTBIISATHCS KOMILIEKC
TEXHOJIOTUIECKIX W TEXHUYECKUX MEPOIPHUSTHN IO PallMOHAIHHOMY IOJIb30BAaHUIO YUACTKOB HEAP IS
W3BJICUEHHS YIIIEBOIOPOIOB, pa3padaThiBaeTCs MOMHMO pPAacCMOTpeHHbIX B 2.3.1 pa3genoB mpoekra
JUHEHHBIX W JPYTUX OOBEKTOB OO0YCTPOWCTBA MOPCKOTO MECTOPOXKICHUS, HAMpUMep, MOPCKUX
cTarroHapHbIX TaTGopm. [IpoekT pa3paboTKu MECTOPOXKICHHUS YTBEPKAACTCS KOMUCCHEH, CO3/IaBaeMOM
®denepanbHBIM areHTCTBOM 110 HEIPOMOJB30BAHHUIO, W PACCMOTPEHUI0 PermcTpomM He IMOMIEKUT.
OcHoBHBIC TpeOOBaHUS K pa3padboTke mpoekra coaepxkarcs B 'OCT 32359-2013 [19]. Jns onpeneneHus
pabodmx PEKUMOB CHCTEMBI MOIBOMHBIX TPYyOOIIPOBOIOB MOPCKOTO MECTOPOXKIACHHS 0c000¢ BHUMAHWEC
JIOTDKHO YAETSTHCS CIEAYIONEMY:

MPOU3BOJICTBY OYypPOBBIX PabOT, METO/IaM BCKPBITHS IUIACTOB U OCBOCHHS CKBAXKHH;

CHCTEME BHYTPHUIIPOMBICIOBOTO cOOpa ¥ MOATOTOBKH MPOIYKIIMNA CKBAXKHH;

CHCTEMeE TOJIePKaHMs TIIaCTOBOTO JABICHUSI.

Takum 00pa3oM, B MPOIECCe MPOCKTUPOBAHUS MHOTO()A3HOr0 MOJBOIHOTO TPYOONPOBOAA JTOJIMKHBI
OBITH TIPOBENCHBI TEILIOTHUIPABIMYCCKUE PACUCThl IS OINPEICICHHUS ONTUMAIbHBIX IMapaMeTpOB
TPAHCIIOPTUPOBKH ILIACTOBOM MPOMYKINH. B KauecTBE NCXOIHBIX JAHHBIX HA3HAYAIOTCS TEXHOJIOTUIECKHE
MoKa3areian pa3paboTKH MECTOPOXKIEHHsSI N0 MaKCHMAaIbHOW J00brde HepTH w/miam Taza u (U3UKO-
XAMHYECKHE CBOHCTBa He(TH, Ta3a W BOIbBI, KOTOPHIC IPHUHATHI COTIACHO TIPOEKTY pa3paboTKH
MECTOPOXKICHUSL.

Jlist Ta30BBIX MECTOPOXIICHUI JIOJDKHBI OBITh YCTaHOBJICHBI YCJIOBUs oOecriedeHust OecriepeOOMHOCTH
MHOTO(a3HOTO TIOTOKa, C UENbI0 HCKIIOUSHHsS OOpa30BaHUS KHIKOCTHBIX IPOOOK, KOTOPBIE MOTYT
MIPENATCTBOBAaTh HOPMAITFHOM JKCIDTyaTalliy TpyOOoIpoBoaa 1 OeperoBbIX yCTAHOBOK TOITOTOBKH He(TH/Taza
n koHmeHcara. [lpu 3ToM 0coboe BHUMaHHE JODKHO OBITH YIIEICHO TEPEXOAHBIM PEKUMaM dKCILTyaTalliu
TpyOOIPOBOA B YCIIOBHUAX M3MEHSIOIIUXCSI TEPMOOAPHUECKIX M PACXOIHBIX IapaMETPOB.

2.5.2 TunpaBnuueckue pacueTbl MHOTO(A3HOTO TPYOONPOBOAA JOJDKHBI BBIMIOJIHITHCS C YYETOM
mokaszaresieil oObuu, (U3UKO-XUMHUYECKHUX CBOWCTB He(TH, Ta3a M BOJABI, a TaKKe PEONOTUYECKHX
CBOMCTB TPaHCHOPTUPYEMOU MPOIYKIIMH 3ajiekKel B 3UMHUN U JIETHUH TEPUOIbI.

TemmoruapaBIudeckue pacdyeTsl TPyOOIPOBOMOB BBITIONHSAIOTCS Ha 0aze CIEAYIOMNUX HCXOTHBIX
JTAaHHBIX:

nokasareseil pa3padoTKu MECTOPOXKACHUS 110 roJlaM dKCIuTyaTanuu (TooBoi o0beM 100buu HedTH,
KOHJIEHCATa, BOJBI, Ta3a M0 pa3padaTbIBaeMbIM 3aliekaM);

TEXHUYECKUX YCIOBUI Ha MOAKIIOYEHNE MHOTO(a3HOrO TpyOoIpoBona K 00beKTaM 00yCTpOHCTBa;

COCTaBa M CBOWCTB TPAHCTIOPTHPYEMBIX cpell (KOMITOHEHTHBIN coCTaB HeTH, KOHACHCATa, BOABI, Ta3a
1o paspadaThIBacMbIM 3aJIeKaM; UX (PU3MKO-XUMHUECKUE CBOMCTBA; ra3oBblii (JakTOp U 0OBOIHEHHOCTH
M0 CKBaKWHAM; JIcOUTHI HE(PTH, KOHJCHCATA, BOJIBI, T'a3a M0 CKBAXKUHAM);

3HAYCHUSI YCTHEBBIX JIABICHUH 10 CKBAKUHAM;

HaYaJIbHBIX TEMIEPaTyp MPOAYKIIUH 10 CKBAXKHUHAM;

MHUHUMaJIbHOM M MaKCUMaJIbHOW TeMmeparypbl JOHHOTO TpyHTa B 3UMHUN W JIETHUN TEPUOJbI
COOTBETCTBEHHO;

MPOEKTHBIX IMapaMeTPoB TPYOOIPOBOA (IHMaMETpP U TOJIIHWHA CTEHKH TPYO, MPOTSHKEHHOCTh, HATTMYNE
M3OIIIIMOHHBIX TIOKPBITHH, PACIIONOKEHNE Ha JOHHOM TPYHTE).

2.5.3 Ilo pesympraTaMm pacdyeToB i MHOTO(A3HOTO TPyOOIpoBOJa C 3aJaHHBIMH IPOEKTHBIMHU
nmapamMeTpaMu, TPAHCIOPTUPYIOMIETO IIACTOBYIO MPOIYKITUIO CO BCEX MOOBIYHBIX CKBAKHH, MO TOAAM
IKCIUTyaTallM¥ JIOJDKHO OBITh YCTAaHOBJICHO CIEIyFOINEe:

pacxonbl He)TH, KOHJIEHCATa, BOJbI, Tra3a;

00BOTHEHHOCTH;

HavaJgbHBIC JaBJICHUE W TeMmIlepaTypa (IUIs 3UMHETO W JICTHETO IEePUOJIOB);
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KOHEUYHbIC JaBJICHUE U TeMIeparypa ([UIg 3MMHErO U JIETHETO MEpUOIOB);

CKOPOCTh TPAHCIIOPTUPOBKHU MPOMYKIIMHU (JIs1 3MMHETO M JIETHErO MEePHOJIOB).

2.5.4 MHuorodasHbie TpyOOIIPOBOIbI TPAHCIIOPTUPYIOT CIOKHYIO, TOCTOSHHO M3MEHSIOILYIOCS CMECh
IJIACTOBLBIX YITICBOOAOPOAHBIX (1)J'IIOI/I)IOB " Apyrux Fa3006pa3HBIX, KUIKUX U TBEPJAbIX COBMECTHO TECKYIIUX
BEIIECTB C pa3NUuHBIMH jAeOutamu. OCHOBHBIM MOAXOAOM K MOAETHPOBAHHIO THUAPOAWHAMHUYECKHX
PEKUMOB B MHOTO(a3HbIX TPyOONPOBOJax SBIACTCS MOAETb IBYX (IIOMIOB, U3 KOTOPOH CIEIyeT, YTo
MOTOK COCTOWT W3 JIBYX (ha3 — KakK MPaBWIIO, XUAKOCTH U Ta3za [14]. Jlnsg Takoi Momenu nByX(a3zHOTO
Ta30’KHIKOCTHOTO ITOTOKA BO3MOXKHBI YETHIPE OCHOBHBIX THAPOAMHAMHYECKUX pexkuma (cM. puc. 2.5.4-1).

Peorcumor pas()e/zeHHoeo nomoka

Konvyesoti pescum

Peoicumot pacnpe@eﬂeynoeo nomoka

TIy361pbKOBbLIL OUCREPCHDLIL PENCUM

CHapsionvlil pexicum

Puc. 2.5.4-1 OcHOBHBIE THAPOJUHAMUYCCKHAE PEKUMBI ABYX(PAa3HOTO Ta30KUAKOCTHOTO MOTOKa [14]

VIIpOIIeHHBIMY CTaHAAPTHBIME PEIICHUSMH JUIS IBYyX(a3HBIX Ia30’KHIKOCTHBIX MOTOKOB SIBIITIOTCS Tak
Ha3bIBaeMbIC KapThl (IHarpaMMbl) peKMMOB, B T.U. I TOPU30HTAIBHBIX TIOTOKOB, TIOCTPOCHHBIE PA3INIHBIMU
WCCIIeIOBATEISIMA Ha OCHOBAHMM DEIICHUH ypaBHEHHH MEXaHWKH CIUIOIIHOW Cpelpl, HamphMep, Mpeyio-
»keHHast Mandhane kapra peXUMOB 15l TOPH30HTAIEHOIO ABYX(a3HOro MoToka (M. puc. 2.5.4-2).

10,

Jucnepcuwiti nomox

Tly3vipvKosulil unu
NOPUIHEBOTL PedicuM

CHapsioHwlll pexcum

Konvyesou
unu
oucnepcHo-
KONbYesoll
pedtcum

S
~

Paccnoennviii pescum
0.01

Tlosepxnocmuas ckopocmu HCUOKOCHU, M/C

0,01 0,1 1 10 100

Puc. 2.5.4-2 Kapra pexxumoB Mandhane mi1s ropusoHTansHoro asyx¢assoro mortoxa [15]



Pexomenoayuu no npoexmuposanuio, nocmpotike u dKCHIAYAmayuu MOPCKUX N0OB0OHLIX MpybONnpo8ooos

19

VKkasaHHbIC Ha JAuUarpaMMe MOBEPXHOCTHBIC CKOPOCTH JKHIKOCTH WM ra3a ONpPEACSIFOTCS Kak
OTHOIIICHHE OOBEMHOTO pacxoja MKHUJIKOCTH WM rasza K oOmied IUIOmAaau MMOTepeyHOro CEUCHUs
TpyOompoBoma no ciemyromuMm dopmynam [15]:

Uslel/Af; (254-1)
Usg = Qg /4y, (2.5.4-2)
rae U_v[ — INOBEPXHOCTHAA CKOPOCTH KUJAKOCTH, M/C;

Uy — TOBEpPXHOCTHAs CKOPOCTH rasa, M/c;
O u O, — 0ObEMHBIH PacXO/l KMIKOCTH U Ta3a COOTBETCTBEHHO, M3/C;
Ay — mIomane NONEpeYHoOro CEYeHus I0ToKa TpyOOonpoBoa, M2,

IIpumenseMble B HacTOAIIEe BpeMsl NMPOTPaMMHBIE KOMIUIEKCHI JJISI MOJAETHPOBAHMS JBM)KEHUS
MHOTOKOMITOHEHTHBIX (DIIOMIHBIX TOTOKOB B TPYOONpPOBOAAX MPEIOCTABISIOT COOOH TONHBIA HaOOp
SMIIUPUYECKUX W MEXaHHCTUYECKHX METOJOB aHaju3a SBICHUH, BO3HHUKAIOMUX MPH JBKEHUU
MHOTO(a3HOH kuakocTy 1o Tpydam. Tak, mHanpumep, PIPEPHASE [16] comepskut pa3BuTyto OHOIHOTEKY
MapaMeTpoB Cpell JUIA MOJAEIHPOBAHNS CTAI[MOHAPHBIX MHOTO(A3HBIX MOTOKOB, OCYIIECTBISET PacueThl
JHEPreTUYecKoro OajaHca W TepMOIMHAMUYECKUX XapakTepucTHk. Bosmoxunoctn PIPEPHASE mos-
BOJISIFOT MOJETUPOBaTh MPOLECcCHl cUCTeM cOopa M TpaHcHopTa He(TH M rasa sl MECTOPOXKACHUS B
EJIOM.

[Iporpammusrii komruieke PIPESIM 2017.2 xommaaun Schlumberger Taxke mpeaiaraeT COBpeMEHHBIE
BO3MOXXHOCTH MOJAETHPOBAHMS YCTAaHOBHUBIETOCS MHOTO(A3HOTO MOTOKA. [[aHHBIN KOMILIEKC TO3BOISAET
paccuuThIBaTh HA0Op CIOXKHBIX THIPOJUHAMHUYECKUX YCIOBHH, KOTOpPBIC 3aTPYIHAIOT ONTUMH3ALUIO
JOOBIYU: OT OTIIOKEHUsI ac(hanbTeHOB, NapaMHOB U THIPATOB 10 YIVIEKHUCIOTHON KOPPO3UH U BBI3BAHHON
MIOTOKOM 3po3ud [14].

Cpenu mporpaMMHBIX KOMILIEKCOB, MOAESIUPYIONIUX TEPEXOAHbIE NHHAMHYECKHE DPEXUMBI
MHOTO(a3HBIX IOTOKOB, Hamboiee u3BecTeH mporpamMMHbIi Komruiekc OLGA, paspaOoTaHHBII
HOpBexkckoi kommanueit SPT Group [14].
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3 TEOJIOI'MYECKHUE U3bICKAHUA

3.1 METOJIUKA U ONMIUCAHME UCCJEJJOBAHUI IO TPACCE TPYEOIIPOBOJA

Cpennecraructuueckas dactora aBapuii Ha MIIT cocraBnser 0,3 — 0,4 aapwmii/roq Ha 1000 KM.
OCHOBHBIME TTPHYUHAMH aBapHi ABIAIOTCA Koppo3us Metaimuia TpyO (50 %), MexaHndecKue MoBpeXAeHUS
B pe3yJibTare BO3JICHCTBHS SKOPEH, TPATIOBBIX JOCOK, BCIIOMOTATE/IbHBIX CY/IOB M CTPOUTENbHBIX Oapx (20 %),
a Takxe npupoansie npoieccel (12 %) [18].

Cpenu aBapuii, MpUYMHAMH KOTOPBIX IMOCIYKWJIH TPUPOAHEIE MPOIECCHl, HEOOXOIUMO BBIJIEINUTH
aBapuy, MPOU3OMIEAIINE B PE3YIBTATe TEOJOTHUECKHUX MPOIECCOB (TEOJOTHYECKHEe OMACHOCTH), KOTOPHIE
MPECTABIISAIOT YIPO3Y AJIS IIEIOCTHOCTH KOHCTPYKIIMK TPyOOIpoBoia (3eMIIETPACEHNS, ONIOJI3HHU, 00BaJIHI,
TypOUIHBIE TOTOKH, dK3apanusi). CTaTUCTUYECKUE JaHHbIE B OTHOIIEHWH YAaCTOTHOCTH BO3HHMKHOBEHHS
OITACHBIX MHUIMUPYIOIINUX COOBITUH MPUBOAATCS B [4].

ITogBoMHBIE TOOBIYHBIE CHCTEMBI SIBIISIOTCS MPAKTHIECKH OE30IMaCHBIMU C TOYKH 3PEHUS BO3ACHCTBUS
Ha 00CTYXMBAIOIIUII IEPCOHAT MO0 CPABHEHHUIO C TEXHOJOTHSAMHU JOOBIYM W MOATOTOBKM NMPOAYKIMH Ha
HaJIBOJHBIX COOPYKEHHSAX (MOPCKHX TUIABYYHX HE(PTEra3omoObIBalONINX KOMIUIEKCaX, MOPCKHX ILIar-
¢opM) C MOCTOSHHBIM TNPHUCYTCTBUEM IMepcoHana. OOHAKO HMMEIOTCS OrPaHWYCHHS NPUMEHEHHUS
MoBOMHBIX A00bIYHBIX KomruiekcoB (IIJIK) Ha menmkoBombe 3amep3aromux MOpel H3-3a BO3MOXHOTO
MOBPEXKIEHHUS TOJBOIHBIX CHCTEM KHJISIMH TOPOCOB M CIIOKHOCTBHIO OOCTY)KUBAHUS M PEMOHTa 00BEKTa B
MIEPUO]T JIEOCTABA.

Ha HauanbHBIX CTanUsAX HHKEHEPHO-TE€OJOTHYECKOTO U3YUEeHUSI MOPCKON aKBAaTOPHH OCYIIECTBIISIETCS
BBIOODP TPAcChl WIM IUIOLIAIKU Ul CTPOUTEIbCTBA MOPCKUX coopyxeHuit [5], [14].

B cootBerctBun ¢ UCO 13623:2017 [12] nnsa BeiOopa Hanbonee Ge30macHON Tpacchl TPyOONpoBoaa
PEKOMEHIYETCS BBISABIISATH M UCCIIENIOBATH CIEAYIONINE T€0JIOTHIECKIE OTTACHOCTH:

3eMJIETPSACEHHUS U UX BTOpHYHBIE 2(PPEKTH (paKmKeHHEe TPYHTA, OTOI3HA U T.1.);

Y4acCTKU CHJIBHO PacdJIEHEHHOTO pelbeda;

OIIOJI3HEONACHbIE YYaCTKH JHa;

3pO3Us TPYHTA,;

MUTpaIys HaHOCOB;

ocasika TPyHTa;

cl1a0ble JOHHBIE OCAJKU;

ra30HACHIEHHOCTh TPYHTOB;

abpasusl.

Cormmacao 'OCT P 54382-2011 [1] k TpeOyromuM U3yYeHHS T€0JIOTUIECKIM OMACHOCTSM OTHOCSTCS
3eMJIETPSICEHHS], Pa3KIKEHHE TPYHTOB, HEYCTOMYMBOCTH MOPCKOTO IHA, MYTHEBBIE ITOTOKH, 3PO3HS,
MIPOCAIKHU TPYHTA, IK3apaLus, pOCT MOPCKUX OTIIOKEHH, IIECYaHbIe BOIHbI, 00HAKEHHUS CKAJIbHBIX MOPO/,
CKOIUICHHE OCaJKOB, ITyOOKHE BIIaJHHEL.

B cootBerctBun ¢ CTO Tazmpom 2-3.7-576-2011 [13] k reosornyeckuM OMACHOCTAM OTHOCSTCS
3eMJIETPSICEHHS], OTIOJI3HH, 00Bajbl, CYCIEH3MOHHBIE TIOTOKH, MPOCEIaHNe MOPCKOTO J[HA, MHOTOJIETHE-
Mep3IIble, Ta30HACHIIIIEHHBIE ¥ Ta30THAPATOHACKHIIIIEHHBIE TPYHTHI, dK3apalus, abpasusi, MUTPAIis JOHHBIX
HAHOCOB, BaJyHbl, OOHaKEHHSI CKAJIbHBIX MOPO/.

CornacHo [7] mpu NMPOEKTHPOBAHUM MOPCKHX TPYOOIPOBOAHBIX CHCTEM HEOOXOAMMO YYHUTHIBATH
TaKkHle TeOJIOTHYECKHe OOBEKTHI U SBIIEHHS, KaK OueHb ciadble TPYHTHI, IMOJBIKHBIE TECYAHbIE BOJIHBI,
BaJTyHHBIE TIOJISI, DK3apallMOHHBIE OOpO3b! (TUTYyTMapKH), KOPAJUIOBbIe CKajbl, MOKMapku (aHrt. pockmark —
KOHYCOBHJHBIE KpaTephl Ha MOBEPXHOCTH MOPCKOTO JHA, BBI3BAHHBIE SMU30UYECKHM BBIXOJOM rasa
Yyepe3 JOHHBIE OTIIOKEHHS) U Ta30Bble BOPOHKHU.
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Puc. 3.1 Ioxoxusiii no6sBatonmii komuieke (ITJK) u noxsoxnsie Tpyoonposoast (MIIT): manudoinsn,
JOOBIYHBIC CKBaKHHBI C ITOABOJHBIM PACIIOIOKEHHEM YCThsl C 3alIUTHBIMU KOHCTPYKIUSMH H IIOJBOJHEIE TPyOOIpOBOAE [2]

3.2 OBIIME TPEBOBAHUSA K HH)KEHEPHO-ITEOJIOTHTYECKHUM UCCJIEJOBAHUAM

WHXEeHepHO-Te0JIOTUYECKHE MCCIeN0BaHUs II0 TpaccaM IIOABOAHBIX MOPCKHUX TpPyOOIpPOBOIOB
MMpOBOAATCA B LEJIAX HU3YUCHUSA TCOJIOTUYCCKOTO CTPOCHHUSA OOHHBIX TPYHTOB C IIOCTPOCHUEM
WH)XCHEPHO-TCOJIOTMYECKIX KOJIOHOK M Pa3pe30B, MPOBEICHUS CTaTHCTHUECKON 00paboTKU pe3yabTaToB
7na00paTOpPHBIX MCCIECAOBAaHUN TPYHTOB, OINpPENCIICHHS HOPMATUBHBIX M PACUETHBIX XapaKTEPHCTHK
TPYHTOB, IOCTPOEHHUE PACUETHOM MOAEIHN IT'PYHTOBOIO OCHOBAHUSI.

[TocnenoBaTeabHOCTE M METOIMKA BBINOJHEHUS PadoT:

1. NnxeHepHbIe U3BICKAHUS:

.1 6ypenue u mpoboOTOOp NOHHBIX TPYHTOB;

.2 HaBUTALMOHHOE obOecreyeHue;

.3 naboparopHble HCCIeI0BaHUs JOHHBIX TPYHTOB;

4 MeToaMKH onpezaeneHus] PU3NYECKUX CBOMCTB JIOHHBIX I'PYHTOB;

2. CtpoeHne, coCTaB U CBOMCTBA JOHHBIX TPYHTOB:

.1 cTpoeHne paspes3a TPyHTOBOTO OCHOBAHUS;

.2 cocTaB u Qu3NUYECKHE CBOMCTBA 'PYHTOB U MH)KEHEPHO-TEOJIOTHIECKUX 3JICMEHTOB;

.3 negopManmOHHO-TIPOYHOCTHBIE CBOWCTBA TPYHTOB;

3. OdopmieHre oTUETA TIO TTPOBEICHHBIM padbOTaM.

3.3 THXKEHEPHO-TEOJIOTMYECKHE UCCJIEJOBAHUSA 11O TPACCE TPYBOIIPOBOJA

3.3.1 B xauecTBe mpuMepa B HACTOSIIMX PeKOMEHIAIMAX paccMaTpUBAeTCs YYacTOK TPAacChl MOPCKOTO
TIOJIBOTHOTO TPYOONPOBOa OT MOPCKOM CTalMoHapHOH Iuiardgopmbl Ha Kacrum 1o GeperoBoro mepexoza c
o0mieit ImHOI Mopckoit yacTu Tpacchl 145 kM (cM. puc. 1.2). [lapamerpst MIIT yka3ans! B 1. 1.2 HacTosAImmx
Pexomenpanmii. TpeOoBaHWSI K HMH)XEHEPHBIM H3BICKAHMAM M IapaMeTpaM JOHHBIX TI'PYHTOB JOJDKHBI
COOTBETCTBOBATH MOJIOKEHMSIM 8.2.2 gactr I «Mopckue moaBomabie TpyoonpoBomsy [IpaBmn MITT.
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3.3.2 Mopckue uHXeHepHbIe U3bIcKanus npoBoasaTcs B coorsercTBuu ¢ CII 11-114-2004 [6]. B nemsx
W3y4YEHUS Te0JIOTMYECKOr0 CTPOCHUS BEPXHEH YacTH I'PYHTOBOIO pa3pesa, yCIOBUH 3aleraHusi TPYHTOB U
onpeneneHns nx (PU3NKO-MEXaHWIECKIX CBOWCTB OTOOP MPOO TOHHOTO TPyHTA MIPOU3BOIUTCS HA TIyOHHY
ot 4 no 4,8 M, Bcero mo Tpacce mpemycMmarpuBaeTcs 16 crammuit orbopa mpob. Ot6op mpobd ObLT
OCYILECTBIISIETCS. BUOPONIOPIIHEBOM IPYHTOBOW TPyOKO# ¢ Mayioro ruaporpaduueckoro cynna 'C-194 B
YKa3aHHOW HMXKE MOCIIEA0BaTEIbHOCTH.

CynHO BBIBOOWTCS B IPOEKTHYIO TOUKY OTOOpa Hmpo0 M 3aKpeIursieTcsl Ha SKOpSX, HOCJIe 4Yero B
3aIaHHOM TOYKEe Ha ITHO OIYCKAaeTCsl MOHHAs pama TPyOKd. BxiroueHne BHOPAMOHHOTO MEXaHH3MA,
obecrieunBaromero 3armyOieHne TPYyOKH B TPYHT, OCYIIECTBIISIETCS C MOMOIIBIO MYJIbTa YIPaBIICHHUS,
pacIojIoKeHHOTo Ha OOpTY CyaHa.

B nensix coxpaHeHHs €CTECTBEHHON BIAYKHOCTH MPOOBI HEHAPYLIEHHOTO CIOKEHHS (MOHOJIUTBI) Cpasy
e napaduHupyroTcs. O0pasipl IPYHTOB HAPYLIEHHOTO CIIOXKEHHs cpasy Hocjie oTOOpa 3alauBaioTCsl B
MOJTMATUIICHOBBIE TTAKETHI.

Bypenne Ha Tpacce TpyOompoBona Ha 5 ckBaxuHax (oT 5,9 mo 11,6 M) mpoBoauTcs ¢ GypoBoro
nontoHa IITC, mpexacrapnstomero co0ol HECaMOXOAHYIO IUIaBY4YYI0 TEXHOJOTMYECKYIO IIaTtdopMy
KaraMapaHHOTO THIIA, OCHAINCHHYI0 OypOBOH BEIMIKOH, OypoBBEIM cTaHkoM 3U®D-650A u SKOpHBIMH
nebeakamMu JUIsl TIO3MIMOHMPOBAHUS Ha Touke Oypenus. Ilpm sToM wncmomb3yercss ymapHO-KaHATHBIA
croco6 OypeHHs; CKBAKHHBI 3aKJIaJbIBalOTCA C YYETOM pE3ylIbTaTOB HHTEPIpETali CEeHCMOaKyCTH-
YECKUX JAHHBIX.

HaBuranuonno-reoznesndeckoe oOecreueHUe MPeayCcMaTpyUBaeT MpelBapUTebHOS IUIAHUPOBAHHE
pacIojokeHus ToueK oToopa Mmpod 1 OypeHHs B COOTBETCTBUU C TPEOOBAHUSIMH TEXHUYECKOTO 3allaHMs,
a TaKke Mmocneyromee odecreueHne BRIBOJA CyAHA B 3aIlNIAHUPOBAHHbBIE TOUYKH.

OO6paboTKa MoNIeBbIX MaTepHUajIoB BBIMOIHAETCS Ha OOPTYy 00eceurBaroiero CyaHa B COOTBETCTBUHU
co CHull 11-02-96 [16] m CII 11-114-2004 [6]. Bce omepauuum mo oT6Opy, KOHCEpBaLUH,
TPAaHCHOPTUPOBAHUIO M XPAaHEHHIO 00pas3loB (MOHOJMTOB) AJs J1a0OPAaTOPHBIX HMCCICAOBAaHUN BBI-
nondstores B coorBercTBuu ¢ [OCT 12071-2000 [17].

3.3.3 JlaGopaTropHBIC HCCIEIOBAHWS TPYHTOB TIPOBOIATCS B COOTBETCTBHH C TpPEeOOBAHHSIMU
TEXHUYECKOTO 3aJaHUs C LEIbI0 ONpeeNeHUs] KOMIJIEKCHON XapaKTepUCTUKH UX COCTaBa, (PM3UUYECKHUX
U MEXaHUYECKHX CBOUCTB.

3agadaMu TAaHHBIX MCCIIEIOBAHUM SBIAETCS CIEAYyIOLIee:

OIpeJesieHr e TPaHyIOMETPUIECKOro cocTaBa U (PU3NUYECKUX CBOWCTB rpyHTOB 10 cranxapram ['OCT;

oTIpesieNieHe TPAHYJIOMETPHUECKOTO COCTaBa, IMPENETIOB M HMHJIEKCAa IUIACTHYHOCTH TPYHTOB II0
craagapraM ASTM;

oTpeesieHre yATbHOTO 3JIEKTPHUYECKOTO COMPOTHBICHUSI 00pa3LoB IPYHTOB;

ofpeeNieHre coAep kaHusl KapOOHATOB, OPraHMYECKOTO BELIECTBA, 3aCOJICHHOCTH 00pa3loB IPYHTOB;

JKCIIPECC-ONPEACICHUE HEIPEHUPOBAHHOIO CLEIJICHUSI IPYHTOB;

ompenenenne KodpuienTa GUIbTPalui TPYHTOB;

ofpeesieHne MPOYHOCTHBIX U Je(QOPMAIMOHHBIX CBONCTB TPYHTOB IIPH HCIBITAHUSX B YCIOBHSIX
TPEXOCHOTO CXATus MOA ASHCTBUEM CTaTHUECKHUX Harpysok;

OIpeleNieHHe CTAaTUCTHYECKHX XapaKTEPUCTHK, HOPMATHBHBIX W PACUYETHBIX 3HAUYEHHWH CBOWMCTB
TPYHTOB.

Pesynbrarel 71a00paTOPHBIX HMCCIEAOBAaHWN TPYHTOB IO CKB@KHMHAM IO ONpPECNICHHIO COCTaBa U
(U3MUECKUX CBOMCTBA IPYHTOB, a TAK)Ke HHKeHepHO-Teonornueckux snemeHToB (UI'3) cornmacHo [OCT u
ASTM mnpuBogsarca B Tabn. 3.3.3-1 u 3.3.3-2. B coorBerctBun ¢ ['OCT 25100-95 «I'pyHTHL
Knaccuduxauus» no tpacce UCCISI0BAHHOIO I'a30IPOBOJA BBLIEIAIOTCS:

IT kitacc TpUPOIHBIX AUCIEPCHBIX TPYHTOB:

rpymma — CBA3HBIC, NOArpyIlia — O0CAaJOYHBIC IMOJIMMUHEPAIbHBIC, BUJA — INIMHUCTBIC T'PYHTBI;
Pa3HOBUIHOCTb — CYIJIMHOK, WJI, IJIMHA.
Tpynia — HECBA3HBIC, NOArpyNIa — OCAaAOYHBbIC MOJHMMHUHCPAJILHBIC, BUA —— MNCECUAHBIC T'PYHTHI;

Pa3HOBUJIHOCTb — IIE€COK IbUIEBATHIM, MEIKUN, CPEAHUHI, KPyIHBIA U IPaBEIUCTHIH.
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Ta6nuua 3.3.3-1

HUI'3-2a — necok rpaBeJUCTbIN, HEOHOPOAHBIH 10 TPAHYJIOMETPUYECKOMY COCTABY, HACBILIEHHBII BO/10i, rajeYHUKOBBIH

XapaKkTepuCTUKA TPyHTa En. usmepenus Yucno Hopwmarusaoe | Koaddurment PacuetHoe
OIpefeNeHuil | 3HaueHHe BapHaLun 3HAYCHHE
npu npu
a=0.85|a=0,95
Brnaxnocts npuponnas, W % 26 30,0 0,14
CTenenp BAAKHOCTH, S, I.e. — 1,01 —
TInoTHOCTB YacTHIl TPYHTA, P r/em® 26 2,75 0,03
IInoTHOCTE rpyHTa NPUPOJHON BIAXKHOCTH, P r/em’ 19 1,97 0,02 1,96 1,96
IInoTHOCTB cyXoro rpyHra, py r/em’ - 1,52 —
Kosddunument nmopucrocty, e n.e. 19 0,81 0,14
I'panynomeTpuueckuii CocTaB mpH 1,0 — 0,5 26 16,20
pa3mepe 4acTul, MM 0,5 — 0,25 26 10,68
0,25 — 0,1 26 9,69
<0,1 % 3,09
0,1 — 0,05 20 5,96
0,05 — 0,01 20 0,81
0,01 — 0,005 20 0,49
0,005 — 0,001 20 1,21
Crenenp HeonHOpoaHoCTH, Cu 16,1
Tabnuuma 3.3.3-2
HI'D-56 — riauMHUCTBIC TPYHTHI: CyNech NblIeBaTasi TeKy4as
XapaKkTepUCTUKA TPyHTA En. uzmepenus Yucno Hopwmarusaoe | Koaddurment PacuetHoe
onpeseieHuil |  3HaueHHe BapHaLuu 3HAUYEHHUE
pu pu
a=0,85|a=0,95
Bnaxnocts npuponnas, W I.e. 93 28,8 0,11
BrnaxHocTh Ha rpaHule TeKyyecTH, W % 93 23,4 0,11
Brnaxxnocts Ha rpanuiie packarsiBanus, Wp % 93 18,6 0,12
Uwucno mnactuaHoCTH, [p % 93 48 0,12
Tokazarens TekyuectH, I, — — 2,11 —
CTeneHp BAAKHOCTH, S, I.e. — 0,98 —
TInoTHOCTB YacTHLl TPYHTA, P r/em’ 93 2,69 0,02
ITnoTHOCTE IpyHTa MPUPOTHON BIAKHOCTH, P r/em’ 83 1,94 0,03 1,94 1,94
IInoTHOCTB cyXoro rpyHra, py r/em’® — 1,50 —
Koa¢umnuent nopucroctu, e — 82 0,79 0,09
I'panynomMeTpuUecKuil COCTaB MpHU 1,0 —0,5 42 0,62
pasmepe 4acTull, MM 0,5 — 0,25 45 1,32
0,25 — 0,1 45 27,26
<0,1 % —
0,1 — 0,05 45 43,87
0,05 — 0,01 45 8,25
0,01 — 0,005 45 3,04
0,005 — 0,001 45 15,41
Crenenp HeoHOpoaHOCTH, CU 27,1

3.3.4 B cootBerctBum ¢ TpeOoBanmsamu 8.2.2 dactr | «Mopckue monomHbie TpyoonpoBoasn Ipasmt MIIT
TIyOMHA U3y4EHUs C OIpeesieHEeM TapaMeTpOB I'PYHTOB, KaK MPaBUIIO, JOJKHA COCTaBIATh 6,0 — 8,0 M
C Y4€TOM Ha3Ha4eHHOT O 3ar1y0nenus TpyOornpoBoaa B TpaHiee. [Ipyu Hanu4Iuu UiIoB MK CNa0bIX TPYHTOB
1yOuHa OypeHusi yBeIMYMBAaeTCsl Ha DIyOuMHY MX ciosd. Ha cranuu BBITOJHEHUS MPOEKTa MOPCKOIO
MOJIBOAHOTO TpyOompoBona mo cormacoBaHuio ¢ PC gomyckaercs HMCHOIB30BaHWE YCPETHEHHBIX
napamMeTpoB TPYHTOB, IOJNyYEHHBIX Ha OCHOBAaHUHW PaHee MPOBEACHHBIX W3bICKAHMH W/WIIM CIPABOYHBIX
JAHHBIX, [IPU YCIOBUH BBHIMOJIHEHUS Ha CTaaAuU pabodyero NpOeKTUPOBAHUS COOTBETCTBYIOIINX PACYETOB C
UCTIONb30BAHUEM NTapaMETPOB TPYHTOB, MOJYUYEHHBIX B PE3yNbTaTe MHKEHEPHO-TEOIIOTHYECKUX U3bICKAHUI.
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Oco0oe BHUMaHHE CIEAYET YACATh UCCIEAOBAHUSIM CIa0BbIX TPYHTOB, OOJIAJAFOIINX HEIOCTATOYHOMN
HECYIIEeH CIoCcOOHOCTHIO IS 0€30TMaCHON YKIIAJAKK M dKCIDTyaTalny TpyoomnpoBoaa. Kak mpaBuio, Takum
TPyHTaM OTHOCATCS HEJOYTJIOTHEHHbIE WJIM HOPMAJIFHO YIUIOTHEHHBIC, BOAOHACHIIIEHHBIC MBI, PaKyIla,
TOPQBI, CYINIMHKK M TJIMHBI TEKy4ed W TEKYYeIUIACTHMYHON KOHCHUCTCHIMHM (MHOTAa K HHM OTHOCSAT
JUHAMMYECKH HEYyCTOMUMBBIE BOJIOHACHILLICHHBIE, MBIJIEBATHIE ECKU MaJIOW M cpelHell MIOTHOCTH).

3.3.5 IlocTpoenne MpoAOIBHOTO MPOQIIIS MOJBOJHOTO TPYOOIPOBOAA B IIEJIOM JIOJDKHO COOTBETCT-
BoBath TpeboBanmsM I'OCT 21.610-85 «CucremMa NpPOEKTHON ITOKYMEHTAIIMH MJII CTPOHTEIBCTBA.
I'azocnabxenne. HapyxHasie ra3onpoBossl. Paboune geprexn», OqHAKO TOIDKHA OBITh yuTeHa criennupuka
KOHCTPYKIIMU TPYOONpPOBOJia KaK MOJBOAHOTO 00beKTa 00yCTpOicTBA H OCOOEHHOCTH €T0 TPACCHPOBKH,
B T.4. CBSI3aHHAs C YKJIaJKOH ero Ha/B JOHHBIN IpyHT. OCHOBHBIM MapaMeTPOM, HA OCHOBaHHUU KOTOPOTO
JIOJDKHBI OBITh TIPEACTaBICHBI PE3yNbTaThl MHKEHEPHBIX W3BICKAHUH, SBISIOTCS OTMETKH TIyOWH OT
YPOBHS MOpsI, BKITIOYasl pacrpeie]ieHne JOHHBIX TPYHTOB JI0 TIIyOWH 0TOOpa po0 u OypeHHs MPOEKTHBIX
ckBaknH. Ha mpomonsaoM mpodmne MIIT HaHOCAT M yKa3bIBAIOT:

BEJIMYUHBI PacUeTHBIX AedopMalui JAHa;

rpaHunpl Mexay UI'D mpociexxuBaeMbIME U TIPEAIIONAraeMbIMU;

KOHTaKThl MEX]Ty CEAUMEHTAIIHOHHBIMU KOMILIEKCAMH;

aMIUTATYIHBIE AHOMAJIHH;

30HBI BEPOSITHOTO CKOIUIEHUS Ta30B B JOHHBIX IPYHTaxX (IIpHU HAJIWYHN);

paccTOsIHUA MEXIy OTMETKaMH;

MTUKETaK;

mTyOWHA BOXBI MPH pacyeTHOM ypoBHE B bantmiickoii cucreme BeicoT — 28,0 M;

abcomoTHas OTMETKA TIOBEPXHOCTH JHA MOPS;

BbICOTa BOIH 1%-HOM 00€CIICUEHHOCTH;

CpEeAHUI NEPUOJ BOJIH;

CpeIHsisl [UIMHA BOJIH,

YTOIl MEXAY HOPMaJbi0 K OCH TPyOOIPOBOAA M HAIIPABICHUEM TEUCHWS,

MIPUIOHHASI CKOPOCTH TeUEHHsI IpH BOMHEHHH |%-HO¥ o0ecneueHHOCTH;

MIPOEKTUPYEMBIl TpyOOIPOBOJ ¢ OTMETKAMH HHU3a TPYOHI;

TOYKH ONPOOOBaHMS AOHHBIX TPYHTOB U MX HOMEpa, C yKa3aHWEM IIIyOWHBI 3aneranus rpanun U
(OT MOBEPXHOCTH JTHA) U IUTMHBI OTOOPAHHBIX KOJOHOK TPYHTA;

YKJIOH TpyOOIIpOBO/a/INIMHA yYaCTKa,

TUTIOpa3Mepbl NCIOIB3YEMBIX TPYO (TEXHHUYECKass XapaKTepPHCTHKA YKIaIbIBaEMOT0 TPyOOmmpoBoa);

YIJIBI OCH TPacchl, MPSIMbIE YYaCTKU;

MPOTSKEHHOCTD, KM;

croco0 YKIaAKH TPyOOIpoBO/a;

croco0 pa3pabOTKH TpaHIIEH;

crmoco0 oOpaTHOM 3aCHINKH.

3.3.6 Onpenesienne BeJUYHH 0CAT0K MOPCKOro TPy0ONpoBOAa B JOHHOM TpyHTe.

OmnpezneneHne BETUYUH OCAJOK MOPCKOTO TpPyOONpoBOJa B JOHHOM TIpYHTE SBISIETCA Ba)KHBIM
aneMeHTOM mpoektupoBanuss MIIT, T.k. OT DaHHOrO mNapaMeTpa 3aBUCAT BEIHMYMHBI PACUETHBIX
BozzeiictBuit Ha MIIT ot BoiHEeHUs 1 TeUeHWH, a B HEKOTOPHIX CIIydasx (TIPY HATHYHH CIIA0BIX TPYHTOB)
W TPOYHOCTH TpyOompoBoma. VCXOAHBIMH NaHHBIMH SIBISIOTCA MOIYJIH HOPMANbHOM YHPYTOCTH W
k03 dunmenTs [lyaccona (monepeunoli aeopmanuu) ciIoeB, a TAKKE UX TOJIIUHBL [TyOMHA HUKHETO
MOJICTHIIAIONIETO cllosi He 3amaercs. [lomyuaembie xapakrepuctuku C; u C, SBIAIOTCSA KOd(GUITUESHTAMU
nocteny (’KeCTKOCTH) YIPYroro OCHOBAHMS MIPU CXKATHH W CIIBUTE€ COOTBETCTBEHHO.

PesynbraTel mpom3BENEeHHBIX pacueToB I paccmarpuBaemoro MIIT (cm. puc. 1.2) ¢
XapaKTepUCTHUKaMU TpyHTOB corinacHo Tab6n. 3.3.3-1 wu 3.3.3-2, mpeacraBnensl Ha puc. 3.3.6 u
B Tabn. 3.3.6. CornacHo pe3yabTaraM pacyeToB, BBHIIOJHEHHBIX Ha OCHOBAHWHU INpHBEAEHHOH B 3.3.7
METOJIMKH, TOJYYEHHBIC BEIMYHHBI OCAJIOK HAXOMATCS B Mpejenax IOMyCTHMBIX 3HaYCHH, B KaueCTBE
KOTOPBIX MOTYT OBITH MPUHATHI nomycTumMble mporuOsl MIIT ucxons nz odecriedyeHust ero MPOYHOCTH.
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Puc. 3.3.6 BenuunHbl ocagok MOpCKOro TpyOompoBosaa

Tabnuma 3.3.6
BelMYnHBI 0CaI0K MOPCKOro TpydonpoBoaa

TIK, Ne Ne yyactka C,, xH® C,, kH/m Benmnuunna ocaaku, cMm
0 0—1 3479 231 11,5
1 1—2 3479 231 10,5
2 2—3 3475 231 10,0
3 3—14 3469 231 8,0
4 4—35 3460 231 6,0
5 5—6 3440 231 4,5
6 6—7 3430 230 4,2
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 11— 12 3316 229 1,0
12 12— 13 3274 229 0,75
13 13— 14 3274 229 0,5
14 14— 15 3159 228 0,0
15 0,0

3.3.7 OueHka NpoOYHOCTH I'PYHTOBOI0 OCHOBAHMS IO TPpacce NPOKJIAAKH TPyOOnpoBoaa.

B cootBetctBum ¢ 8.2.2 wactu I «Mopckue moasoaasie TpyoorpoBoas» [Ipasun MIIT mpoBognmsie
WH)KEHEPHO-TCOJIOTHYECKIE W3bICKaHUs JIOJDKHBI 00ECIeYHBaTh MOJTYYECHHE HEOOXOOMMBIX PaCcUETHBIX
XapaKTEPUCTHK TPYHTOB, BOCIPHHUMAIOIINX HArpy3Ky OT MOABOIHOTO TpyOompoBoja, Ajst oOecredeHus
pacueToB:

0CaJIOK ¥ KOHCOJIMAALNU TPYHTOBOTO OCHOBAaHMS;

MECTHBIX KOHTAKTHBIX HAMPSKEHUH (€CITH HEOOXOIMMO);

JUIsl MEPOIIPHUATHN IO YCTPOMCTBY TpaHIUEH WIN YKPEIUIEHUS TPYHTOB;

JUHAMWYECKON YCTOWYMBOCTH TPYHTOB IPU CEHCMUYECKHX, BOJHOBBIX U JIEJIOBBIX Harpy3Kax.

Lenpto pacuetra OCHOBaHMHM Mo nedopMaunusiM sBIsSETCS OrpaHUYCHHUE aOCONIOTHBIX HIIH
OTHOCHUTEJBHBIX MEPEMEIICHNI TaKUMH IpeJeaMH, IPH KOTOPBIX FapaHTUPYETCsl HOpMalbHas JKCILTya-
tauusg MIIT 1 He CHMIKAIOTCSI €T0 AKCITyaTallMOHHbIE TApaMETPhl BCJICACTBUE MOSBICHUS HENOMYCTUMBIX
00X ¥ HEPaBHOMEPHBIX OCAIOK, IMOIBEMOB, KPEHOB, U3MEHEHUH NMPOEKTHBIX YPOBHEW M MOJOXKEHUN
KOHCTPYKLUI, HApyIIEHUU HUX coeavHeHuid U T.I. IIpu stom mpounocts MIIT nposepena pacuerowm,
YUUTBIBAIOIIUM YCHIIUS, KOTOPbIE BO3HUKAIOT NIPHU €r0 B3aUMOAECHCTBUHU C TPYHTOBBIM OCHOBAaHHUEM.

B cootBerctBHm ¢ 5.6.5 CII 22.13330.2011 [10] pacder ocHOBaHUWH MO JAehOpMAIHSIM MTPOU3BOIAT
UCXOJS U3 CIEXYIOLIETO YCIOBHS:

S < Sy, (3.3.7-1)

rae s — ocazaka ocHoBaHUS (pyHIaMeHTa (CoBMecTHas AedopManusi OCHOBAHUS U COOPYKEHUS);
§, — Tpe/ielbHOEe 3HAYCHHME OCaJKW OCHOBaHMS (yHAAaMEHTa (COBMECTHOIl AedopManii OCHOBAaHUS M COOpPY-
JKCHUS), YCTaHABIMBAaEMOE B COOTBETCTBHH C 5.6.46 — 5.6.50 [10].

Pacuernas cxemMa OCHOBaHUSsI, UCTIONB3yeMas IJIsl OTIPEACICHUS COBMECTHOHM JeopManui OCHOBaHUS
U COOpYXEHHS, JOIDKHAa BbIOMparhcsi B coorBercTBUHM ¢ 5.1.6 [10]. Pacuer medopmaruii ocHoBaHUS
¢yHIaMEHTa TPH CpemHEM JABICHWHU IO NOAOMIBON (yHAAMEHTa p, HE MPEBBIMIAIONIEM pPAaCUETHOE
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conporuBienue rpyata R (cMm. 5.6.7 [10]), cnemyer BBHINONHATH, IPUMEHSSI PACUETHYIO CXEMYy B BHJIE
nuHEeHHO aedopmMupyemMoro momymnpoctpadcTBa (cM. 5.6.31 [10]) ¢ yCIOBHBIM OTrpaHUYCHHEM TITyOWHBI
cxumaemont Tommu H,. (em. 5.6.41 [10]).

st mpenBapuTeNbHBIX pacueToB nedopMatiii ocHoBaHus GyHmamenToB coopyxkenuid 11 u 11 ypoBaei
OTBETCTBEHHOCTH TIPH CPEAHEM AaBJICHUU MOA MOAOIIBON (QyHIAMEHTa p, HE MPEBBIMIAIONIEM PACUETHOE
comporuBienue rpyHTa R (cm. 5.6.7 [10]), nomyckaercs MpUMEHSTh PACUETHYIO CXEMY B BHJIE JIMHEHHO
nedhopmupyemoro cios (cMm. mpmitokerne I' [10]).

Ocanxky ocHoBaHHs (yHZaMEHTa §, CM, C HCIOJNB30BAaHHEM pAcdYeTHOW CXEeMbl B BHUIE JIMHEHHO
nedhopMupyeMoro morynpocrpancTsa (cM. 5.6.6 [10]) onpeaenstoT MeToI0M TTOCIOIHOTO CYMMHUPOBAHHUS
no ¢gopmyie

s = B X i=1)(0zp, MVE:, (3.3.7-2)
rae =0,8 — Ge3pa3mepHblii KO3(DDHUIIHEHT;
G.p,; — CpeJHee 3HaYeHHMe BEPTHKAIbHOTO HOPMANbHOTO HANPSKEHHs (Jajee — BEPTUKAIbHOE HANpSHKEHHE) OT

BHEIIHEH Harpy3Kkd B i-M CJIO€ TPYHTa MO BEPTUKAIH, NMPOXOSILICH yepe3 LEHTP MOMOIIBBI (yHIaMeHTa
(cMm. 5.6.32 [10]), kIla;

h; — TONIIKHA i-TO CIIOS TPYHTA, CM, MpHHUMaeMast He Ooisiee 0,4 mmpuHbl QyHIaMEHTa;

E; — monynp nedopManuu i-ro ciosi pyHTa MO BETBH IIEPBUYHOTO Harpyxenus, klla;

7 — YHCIIO CJIOEB, HA KOTOpBIC pa3OuTa C)KMMaeMasi TOJIIA OCHOBAHUSL.

Cxema pacrpe/ielieHUs] BEpTHKAILHBIX HANPSHKCHUN B TMHEHHO-Ie(hOPMUPYEMOM TOIYIIPOCTPAHCTBE
npejcTapieHa Ha puc. 3.3.7.
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Puc. 3.3.7 Cxema pacrpeze/ieHUs] BEpTUKAIBHBIX HANPSDKEHUH B JIMHEHHO-Ie(hOPMUPYEMOM MOITYNIPOCTPAHCTBE
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[IpoBepka MPOYHOCTH I'PYHTOBOTO OCHOBaHUs (TpyHTOBOro ocHoBauus mog MIIT, B T.4. B TpaHiiee)
BBITIOJTHSIETCS TAKKe MyTEM ONpeeIeHNs] PacyeTHOTO CONMPOTHBIICHUS TPyHTA OCHOBaHHA. B cooTBercT-
Buu ¢ 5.6.7 [10] mpu pacuere nedopmaruii ocHOBaHHSA (DyHIaMEHTOB C HCIIONB30BAaHHUEM YKa3aHHBIX
BBIIIIC PAaCYCTHBIX CXEM CpCAHEC HaBJICHUC I10J HOZIOHIBOfI q)YHI[aMCHTa p HE JOJDKHO NPEBLIIIATH
pacyeTHOro CONMPOTHUBICHUS TPYHTA OCHOBaHMS R, ompenenseMoro mo gpopmyse

R ="M by +M,dyviy +Meen], (33.7-3)
TA€ Y1 U Yoo — KOG QUIMEHTH! ycIoBUl paboThl (cM. Tabur. 5.4 [10]);
k —xod(duiment, npuHUMaeMblii k=1, eclli NMPOYHOCTHBIE XapaKTEPUCTHKU TPyHTa (@ ¥ Cpj) OUPEIEIICHBI
HETIOCPEACTBECHHBIMU UCIBITAHUAMU, U k= 1,1, €CJIM MTPOYHOCTHBIC XapPaKTCPUCTHUKU IPUHATHI B COOTBETCTBUU
¢ npunoxenuem b [10];
M,, M,, M, — ko3 pUIHEHTBI, NPUHUMAEMBIE B COOTBETCTBUHU ¢ Tabn. 5.5 [10];
b — mmpuHa HomOmBH (PyHAaMEHTa, M (B pacCMaTpUBaeMOM CIy4ae MOXKET OBbITh MPUHATA PaBHOW BHEIIHEMY
IHaMEeTPy TPYOONPOBOJA C MOKPBHITHIMH);

d), — TnyOuHa 3anoxeHus QpyHIaMeHTa, M (B pacCMaTpUBaeMOM CIydae IPHHUMACTCS paBHOH BemmunHe ocaakd MITT
B JIOHHBIH TPYHT WM DIIYOWHE TPaHILICH);

Y11 — OCpPEOHEHHOE B COOTBCTCTBI/II/ISC 5.6.10 [10] pacueTHO€E 3HaUEHHE YACIBLHOTO BECa IPYHTOB, 3AJIETAIOIIUX HIDKE
NooNIBEI (pyHIaMeHTa, KH/m™;

Y11 — OCpPEIHEHHOE B COOTBeTCTBI/II/I3C 5.6.10 [10] pacueTHOE 3HaUEHHE YNEIBHOTO Beca IPYHTOB, 3AJICTalOIIUX BhIIIE
nonomBsl pynnamenra, kH/M™;

Cj] — pacueTHOE 3HAYCHHE YNENbHOTO CLEIUICHHS TpPYHTA, 3aJIE€raloLlero HENOCPEACTBEHHO MOJ IOAOLIBOH

¢ynnamenta (cM. 5.6.10 [10]), xI1a.

Taxke MPOYHOCTh OCHOBAHMSI MOYKHO OTIPEICIIHTH C TIOMOIIbI0 K03 dunmenTa nocrenu C;, KOTOPBIH
BBIYHMCISIETCSl [0 OCPEJHEHHBIM 3HAYeHUsIM Moayns nedopmanmu E,,; U koddpdunuenta I[lyaccona
(morrepeunoit nedopmanmm) rpyHTa Vv, onpeaernseMoro mo tabdn. 5.10 [10]:

Emil

C] =m. (337—4)
KOS(I)(bI/IHI/IeHT MMOoCTCIIN Cz OMpCACISACTCA 10 CHCHYIOHIGﬁ cbopMyne:
201 — 202
o, = E1flc(1—2v%) (3.3.7-5)

6(1+v)

JoctaTtouHo MOAPOOHO PAcCMOTPEH KOMILIEKC BOIMPOCOB IO B3aUMOCHWCTBHUIO TMOJBOJHOTO TPYyOO-
MPOBOJA C TPYHTOBBIM OCHOBaHUEM B [19].
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4 PACYETHBIE HATPY3KH, JEVMCTBYIOIIUE HA MOPCKOM TPYBOITPOBO/]

4.1 OBIIUE TPEBOBAHUSA K PACYHETHBIM HATPY3KAM

PacuetHble Harpy3ku (0e3 yuera ciydalHBIX ¥ aBapUIHBIX HArpy3o0K, a TaKKe BO3AECHCTBUN TPETHUX
nur), aewictBytomue Ha MIIT, HOMKHBI BKITIOUATh BHEITHHWE HArPy3KHM B 3aBUCHMOCTH OT YCJIOBHIMA
9KCIUTyaTall¥, HCIbITaTeNbHbIE HArpy3KH W Harpy3kd TNpH MOHTaxe TpyOompoBoma. K pacueTHbIM
Harpy3kaMm OTHOCSATCS CIEAYIOIUE HArpy3KU:

BecC TpyOompoBoJa (B BOAE W Ha BO3LyXe);

BHYTpPEHHEE JaBICHUE TPAHCIOPTHPYEMOU CpEmbl;

Hapy’>KHOE JaBJICHHUE BOJBI C yUETOM KOJIeOaHNH YPOBHS BOJBI 32 CUET MPHUIIMBHO-OTIMBHBIX SIBJICHUN U
BOJIHEHUS,

ceiilcMUYEeCKUe BO3ACHCTBUS;

BO3JICHCTBUS TCUCHUH;

BO3JICHICTBHS BOJIH;

TEMIIEpaTypHbIE BO3ACUCTBUSL.

B cootrBerctBum ¢ 2.1.1 wactu I «Mopckue moasoansie Tpybomposoas» [IpaBun MIIT pacuernas
BEJIMYMHA KaXIOTO M3 YKa3aHHBIX BBIIIC BHJA Harpy30K JAOJKHA OBITh YMHOXKCHA HA COOTBETCTBYIOILUIA
K03((GHUINEHT 3HAYMMOCTH KOMIIOHEHTOB HAarpy3ku > 1,0, ydUTBIBaIOIINN TOYHOCTh OINpPEAETICHUs TON
WJIM WHOW pacdyeTHOW HAarpy3KH W CTaOMIIBHOCTH ee neiicTBus (cM. Tabm. 4.1.1).

Tabnuna 4.1.1
KoapuuuenTs! 3HAUMMOCTH KOMIIOHEHTOB HATPY3KH Y

Bun narpysku Y

Bec TpybomnpoBoaa U BCIIOMOTATENbHBIX KOHCTPYKIIHIL 1,1
BHyTpeHHee naBieHHe:

UL Ta30IIPOBOIOB L1

Ui He)TenpoBOLOB M HE(PTEPOLYKTONPOBOIOB 1,15
HapyxHoe naBieHue BOIpbI C y4eTOM KoseOaHUil ypOBHS BOIBI 3@ CUET MPUJIMBHO-OTIMBHBIX SIBICHUH U BOJHEHUS 1,1
JlaBneHue rpyHTa 0OBaJOBKHU/3aChIKH TPyOONPOBOAA B TPAHIIEE 1,4
Obnenenenne TpyOOIpoBoaa B CiIydae TPAHCIOPTUPOBKH CPEbI C OTPHIIATENILHON TeMIlepaTypoi 1.4
CeiicMuueckre BO3ICHCTBUS 1,1
Bo3peiicTBrue TeueHus 1,1
Bo3geticTBre BOJIH 1,15
BosneiictBue BeTpa (JUisi HaJBOAHBIX YYacCTKOB) 1,1
TemmneparypHble BO3EHCTBUSA 1,0

4.2 PACYETHOE JABJIEHUE

Pacuernoe maBnenne B TpyOorpoBone py, Mlla, onpenensercs B coorBercTBuM ¢ 2.2 yactu [ «Mopckue
nmoABoaHBIE TpyOompoBoabl» IlpaBmm MIIT (uncneHHBIE 3HAYEHUSI MMApaMETPOB COOTBETCTBYIOT
pacdyeTHOMY MPHUMEPY, YIIOMSHYTOMY BBIIIIE):

Po = (Pi—Pgmin) TAp=8,0 Mlla, (4.2-1)

rae p; = 8,0 MIla — BHyTpeHHee pabouee IaBiIeHHE B TPyOOIIPOBOJE;
Pgmin — MHHUMQJIbHOE BHELIHEE MMAPOCTATMYECKOE JaBjeHne Ha TpyOonposoa, Mlla;
Ap — nobaBouyHoe pacueTHoe AaBieHue, MIla, yunTeiBaromee 1aBICHUE CTPArUBaHUS TPAHCIIOPTUPYEMOU Cpebl B
TpyOONpOBOAE /WM JABICHHE THIPABIMYECKOTO yaapa B TpyOONpOBOAE, YTO XapaKTepHO M TpyOompo-
BOJIOB, TPAaHCHOPTHPYIOMINX KHIKYIO WIH IByX(azHyio cpexy. IIpu TpaHCIOPTHPOBKE ra3000pa3HBIX Cpen
pacdeTHOE IaBJIeHHEe NPHHUMAETCSI PaBHBIM MaKCHMaIbHOMY pabodemy naBieHHIo (Ap =0).
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MuHumanpHOE BHENIHEE THAPOCTATUYECKOE MaBleHHe Ha TPyOONMpOBOX 3aBUCHUT OT TITyOHHBI
aKBAaTOPHH W XapaKTEPUCTHK BOJIHEHHS (3[1eCh W Jlaiee YKa3aHbl YHMCICHHBIE 3HAYCHUS MapaMeTpOB IS

paccMaTprBacMOrO PacueTHOTO Cilydasi) M OMpeaessieTcs o cieayromen Gopmysie:

Pemin = Pw& (din—h/2)107°=1010-9,8(9,6 —4,9/2)10 °=0,071 MITa, (4.2-2)

rae p,,=1010 Kr/M> — IUIOTHOCTB MOPCKOH BOJBI;
g — YCKOpeHHe CBOOOTHOTO MajieHus, M/c’;

dmin=9,6 M — MHUHHMAaIbHBIH YPOBEHb TUXOH BOJBI IO Tpacce TPYOOIPOBOA, YUHTHIBAIOIINI TPUITHBHO-OTIMBHBIC SBICHUS
U HArOHBI C 00ECIEYeHHOCTHI0 10 2 1/rom;

-2
h,,=4,9 M — pacdeTHast BEICOTa BOJIHBI Ha IPOEKTHPYEMOM yJacTke TpyOompoBona ¢ obecredeHHOCTRIO 10~ 1/Ton.

B Cj1ydac €CJIM MUHUMAJIbHOC BHCIIHEC TUAPOCTATUYCCKOC AABJICHUC Ha pr6OHp0BO,Zl (OT HN3MCHCHUA

YPOBHS BOABI M BRICOTHI BOJIH) He nipeBbimiaeT 0,1 Mlla (B marroM npumepe 0,071 MIIa), To 0HO MOXKET HE
VUIUTHIBATLCSI B PacUCTHOM JABIICHUMU.

4.3 OMPEJEJEHHUE HATPY30K OT BO3JIEMCTBHA TEYEHUS U BOJH

Harpysku oT Bo3feiicTBHS TeueHUl W BOJHEHHUs (TOCTeNHUE CIEAyeT YUYMThIBaTh Ha DIIyOWHAaX,
MPUMEPHO PAaBHBIX U MEHEe BEJIMYMHE JJIMH BOJH) IS HE3arTyOJIeHHBIX B TOHHBIN TPYHT TPYyOOIPOBOIOB
JIOJDKHBI OIPEJENATHCS HA OCHOBAaHMM JaHHBIX MH)KEHEPHBIX M3BICKAHUH, B PE3YNbTaTe KOTOPBIX, B T.U.
JOJDKHBL OBITH OIpENeNIeHbl HaNpaBICHUs ACHCTBUS TEUEHHMH M TaKk Ha3blBaeMble BOJHOOMACHBIE

HalpaBJicHUs (HAMpaBICHUS BOJHOBOTO (POHTA) IS TPAcChl TPyOOIpPOBOAA WM €r0 OTAEIHHBIX
ygacTtkoB (cMm. puc. 4.3.1-1).

5/ 5 /5
i /
|

0)

B =86

) trpyﬁon.pueoﬂ
Q

Tpybonposog

[epHisie

50
_40)
30

20
-15
-10

y 5 5 4 5 6 7 Homep

f43CTHA

Puc. 4.3.1-1 PacuerHas cxema K OIpEIEIICHHIO COCTABIISIIONINX CHJIOBOTO BO3AEHCTBUS Ha TPYOOIPOBO:
a — cxeMa JICHCTBUS TEUCHHH; 6 — cXeMa pachpocTpaHeHus! (PpOHTa BOIHEHHS

s ompeneneHus pacdeTHBIX HAarpy30K OT BO3ACHCTBHS TEUEHMS M BOJIH HEOOXOIUMO ONpPENeUTh
HamnpaBJeHWe WX JEHCTBUS B 3aBUCHMOCTH OT ydYacTKa Tpacchl TpybompoBoma. Ha pmc. 4.3.1-2
MMpEeACTaBJICHO HaIpPaBJICHUC CKOpOCTeﬁ TCUCHHA M BOJIH OTHOCUTCJIBHO YYAaCTKOB MECXKAY IMUKETaMU

Tpaccsl TpyOOIpOBOAa, a TakXKe yrol MeEXIy BEKTOPOM CKOPOCTH M HOpPMajd K TPyOOmpoBOAy Ha
BBIOPaHHOM y4acTKe.
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Puc. 4.3.1-2 HampaBneHue CKOPOCTEH TEUSHHS/BOIH OTHOCHTEBHO YYaCTKOB TPACChl MOPCKOTO TPYOOIpoBOaa

B Tabn. 4.3.1-1 mpuBeneHbl NaHHBIE 1O HANPABICHHUIO CKOPOCTEH TEUEHUs/BOTH OTHOCHTEIHHO
YYacTKOB TPacchl MOPCKOTO TPyOOIpoBoza.

Tabnumna 4.3.1-1
HamnpagiieHne cKopocTeil Te4eHHs/BOJH OTHOCHTEJIbHO Y4aCTKOB TPacchl MOPCKOro TpyGonposoaa

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

VYromn, rpan. 45 45 24 24 11 0 15 15 27 27 27 27 27 27 27 0

BenvunHbl NMOTOHHBIX HArpy30K: T'OPU3OHTANbHON [, ;, BEPTUKAIBHOU [, W CyMMapHOH F, oT
TeueHus, H/M, onpenensiorcs no cienyrommmM GpopMmyaam:

2
Fc,h =Cx p‘EVc Da; (431-1)
2
F.,=c.? “QV“ Dy; (43.1-2)
F.=JF2;, +F2,, (4.3.1-3)
rae V.=0,68 M/c — mpoekiys pacyeTHOH CKOPOCTH TeYeHHs Ha HOpMalb K OCH TpyOOmpoBoja Ha IIIyOWHE YCTAHOBKH

TpyOonpoBosa, ONpeeNneHHas i JaHHOTO reorpaduyeckoro paiona ¢ obecreueHHocTsro 10~ ° 1/rox Ha
OCHOBAaHHH HWHXXCHCPHBIX HSLICKaHHﬁ;
Cy, C; — KOIPUIMEHTHI CONPOTHUBIICHUS TPYOOIIPOBO/A;
D, — HapyXHBIl TaMeTp TpyOOIpoBoAa, M.

B cootBerctBuu ¢ 2.5.2 yactu | «Mopckue nmoasoansie Tpyoonposoab» [Ipasun MITT, kosddunneHt
COIPOTHUBIICHUS] TPYOONPOBOJA C,, JIGKAIIETO Ha JHE, ompenensercs mo rpaduky Ha puc. 4.3.1-3 B
3aBUCHMOCTH OT 4yrcia PeliHombca Re U OTHOCHUTEIILHOM IEPOXOBATOCTH HAPYKHOU TTOBEPXHOCTH TPYOBI
(aHTHKOPPO3WOHHOTO WM OaTACTHOTO TMOKPBITHI), KOTOPOE OIpeaelsieTcss mo ¢opmyne (ducicHHBIC
3HAUCHHS TAPAMETPOB COOTBETCTBYIOT PACUETHOMY IIPUMEPY, YIOMSHYTOMY BBIIIIE):

Re=V.D,/v =0,68-0,35/1,2-10 % =~ 2-10°, (4.3.1-4)

rae v= 1,2-1076 M%/c — KUHeMaTH4ecKas BI3KOCTb BOJIBI;
¢, — KO3 HULUCHT CONPOTHUBICHHUS T?y60np030na, JISKAIIEro Ha JTHE;
P, — TIOTHOCTH MOPCKOI BOJBI, KI/M;
D, — HapyxHbBIIl 1HaMeTp TPyOBI, M.

Kpome Toro, BenmnumHa k03()PULIMEHTOB CONPOTHBIEHUS TpyOOmpoBona ¢, M ¢, 3aBHCUT OT
MOJIOXKEHNST TPYOOIpPOBOa OTHOCHTEIBHO MOpcKoro mHa (cMm. 2.5.3 wactu | «Mopckue moaBogHbIe
Tpy6omnpoBoas» [Ipasun MIIT).

Pesynbrarel pacuera Harpy3ok, ACHCTBYIOIIMX Ha YYacTKH MEXIy IMHKETaMH MO Tpacce He3armyo-
JICHHOTO MOPCKOTO HOABOIHOTO TPyOOIPOBOAA OT TEUSHHMs, MPEACTABICHBI B Tabm. 4.3.1-2.



Pexomenoayuu no npoexmuposanuio, nocmpotike u dKCHIAYAmayuu MOPCKUX N0OB0OHLIX MpybONnpo8ooos

33

Puc. 4.3.1-3 I'paduk xoaddummenta c, ot uncna PeifHONBICA U OTHOCUTENHHON MIEPOXOBATOCTH MOBEPXHOCTH TPYOHI k:
1—k=0,2—k=5010"%3—k=2010"%4—£k=4010"%5—k=5010""6—k=7010""%;
7—k=9010""8—k=2010""

Tabnuna 4.3.1-2
Harpy3kun Ha Mopckoii MOABOAHBINH TPYOONPOBO OT TeYEHHs

TIK, Ne o, Tpan. cos o Veos o, M/c Cy c. F. HM F.,, Hm F,., HM™m
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 0,391 0,606 0,4 0,8 25,953 51,907 58,033
9 27 0,391 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

[Toronnass ropu3oHTallbHas BOJHOBAas Harpyska Ha Tpybomposox F,, , H/m, onpenemsercs mo
dopmyre

2 2
Fun=Fu:+F5s (4.3.1-5)
rue F,, . — NOTOHHas Harpy3ka OT BO3JEHCTBUS CUII conpoTHBieHus, H/m;
Pl
Fu-=cq ™5 Dy (4.3.1-6)
F,, ; — TIOrOHHas Harpyska OT BO3JEHCTBUS MHEPLHOHHBIX cuil, H/M;
P,a
Fyi=ci "P5 D} (43.1-7)

V,, — TPOEKIHUs pacyeTHON CKOPOCTH BOJHOBOTO JBM)KCHHS YaCTHI] BOIBI Ha HOPMallb K OCH TPyOOIpOBOJa Ha
[IyOWHE YCTaHOBKH TPYOOIPOBOIA, M/C (CM. MPUIIOKEHHE | K HACTOSIIEMY pa3ieny);
a,, — TIPOCKIMS YCKOPCHHUS BOJHOBOIO JIBHIKCHHUS YacTHUIl BOJIBI HA HOpMallb K OCH TPyOONpOBOAa Ha TIIyOHWHE
YCTaHOBKH TPYGOIIPOBOA, M/c> (CM. IpHIOKeHHe | K HACTOSIIEMY pasiely);
Py, D, — cormacuo ¢opmymnam (4.3.1-1) — (4.3.1-4);
C4, ¢; — KOI(DDHULUCHTHI CONMPOTUBIICHUS TIPH BOJHOBOM JBIKCHHH YaCTHI] BOABL.
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Harpy3ku OT COBMECTHOrO BO3ACHCTBHS BOJH M TEUCHHH B 3aBUCUMOCTH OT HMX PAaCUYETHBIX
XapaKTEpPUCTHK, MapaMeTpoB IIOJBOJHOTO TPyOONPOBOAAa M €ro TPacchl OMPEAEIIIOTCS COINIacHoO 2.6
yactu | «Mopckue moaBoAHbIE TPYOOIIPOBOARDY U HMPUIOKEHUS 2 K JaHHOMY pa3feiy, T YIUThIBaeTCs
yncino Kronerana-Kapnenrepa KC 1 OTHOCHTENbHAS IIEPOXOBATOCTH HAPYKHOM MOBEPXHOCTH TPYOBI.

Yucno Kronerana-Kapnentepa KC onpeaensercs mo ¢popmyse:

KC=V,1D,, (4.3.1-8)
rae T= 8,4 C — [Oepuoa BOJHEHUSA I paCCManI/IBaeMOﬁ aKBaToOpuu.

I7 pa(bI/IKI/I JJI OIIPEACIICHUA KOZ-)(I)(I)I/IL[I/ICHTOB CONIPOTUBJICHUS IIPU BOJITHOBOM JIBMIKCHUU YaCTHUIL] BOJbL
B 3aBUCHUMOCTHU OT 4YHuCJia KloneraHa—KapneHTepa KC u oTHOCUTEIILHOU MEepOXOBATOCTU MOBCPXHOCTHU

TpyOOTIpOBOZIa B COOTBETCTBUU C [9] mpuBeaeHs! Ha puc. 1-1 u 1-2 npumoxeHus 2.
Beprukanenas nmoroHHas BoqHOBas Harpyska I, ,, H/M, onpeznensercsa mo gpopmyne

Pl
— w w
Fuv=c, P20, (4.3.1-9)
rue ¢, — KO(Q(UIMEHT COMPOTHBICHHS NPHU BOJHOBOM JABH)KCHHH HYaCTHIl BOJBI, ONMpPEACIAEMBIN MO CIeayIoLeit

¢dopmyne [9]:
¢, =5,05 mpu 0<< KC<5,335

B KC—80
¢,=13-0,105 "

>

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

PesynbraThl pacdeToB BOJHOBOTO BO3ACHCTBHS Ha MOABOIHBIN TPyOOIPOBOM, BRIOpaHHBIN B KaueCTBE
puMepa, IpuBeneHbl B Ta0. 4.3.1-3.

Tabnuna 4.3.1-3
Harpy3ku Ha Mopckoii TpyGonpoBoJ OT BOJHOBOIO BO3/1elCTBHA

IK, Ne | I'my6una, m | V,,, M/c a,, m/c? KC caq ¢ ¢, Hm | Fy 5, HM | F,, ;, HM | F,, p, HM | F,,, 0, HM

0 11,0 1,93 1,34 46,32 0,65 1,80 1,82 427,95 234,38 487,93 1198,25
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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IIPUJIO’KEHHUE 1

OINPEJIEJIEHUE 3HAUEHU CKOPOCTHU U YCKOPEHUS BOJTHOBOI'O IBUKEHUS

YACTHUIL BOAbI B ITPUJOHHOM CJIOE

1. KommnoneHTHI CKOpOCTCﬁ nu YCKOPCHI/Iﬁ BOJIHOBOI'O JIBMKCHHS YaCTHI] BOABI B IIPUIOHHOM CJIO€!: Vw,x,

Vi.zs Gy xs Gy, - OTIPENETAIOTCA 1O TA0NM. 1 — 4 B 3aBUCHMOCTH OT CIIETYIOILETO:
h — TnyOuHBI MOps B paiioHe paccMaTpUBaeMOro ydacTka TpyOonpoBona, M;
H — BrICOTHI BoaH obecrneueHHOCTH 1 %-ii B TedeHHe rofa, M;
T — mepuona BoJH obecnieueHHOCTH 1 %-ii B Te4eHHe roja, C.

[IpoMexyTouHble 3HAYEHUS KOMIIOHEHTOB CKOPOCTEH W YCKOPEHHH OIPEACNSIOTCS JIHHEHHON

HWHTEPIIOJISIITUEH.

2. 3HayeHHsd BETUUYMH H U T ONpPENeNsioTCs MO pe3yinbTaTaM MHXEHEPHO-TUAPOMETEOPOIOTHUECKUX
u3blckanuid o Tpacce MIIT. lomyckaercst ucnonbs3zoBanue CrpaBovHBIX JaHHBIX Perucrtpa mo pexxumam
BeTpa M BOIHEHHS JUI HA3HAYEHHs BHICOTHI M IEPHMONA BOJH obecmeuenHoctH 102 1/rom mms Tex
paliOHOB MOPCKHX aKBAaTOPHUH (YIaCTKOB TpacChl TPyOOIPOBOMAA), TIE STH 3HAUCHHUS OTPEICIICHBI.

PacuerHblie 3HaUEHUSI CKOPOCTEH V,, U YCKOPEHUN aw OMPEASIISIFOTCS MO CIASIYIOIINUM (opMyiam:

_ 2
wa\/Vw,x (2'1)
@, = /dn ta (2-2)
Ta6numa 1
TlopuzonTaibHAs KOMIIOHEHTa cKopocTu V), ., M/c
I'my6una mops A = 10 m
Ilepuon Bricorta BonHbl H, M
BOJIHBL, T, C
1 2 3 4 5
5 0,24 0,48 0,72 0,96 1,11
7 0,37 0,74 1,10 1,45 1,75
9 0,43 0,88 1,32 1,74 2,11
11 0,47 0,98 1,48 1,95 2,35
13 0,51 1,06 1,60 2,10 2,52
15 0,53 1,13 1,70 2,22 2,65
I'my6una mops 4 = 20 m
Iepuon Bericora BonHbl H, M
BOJIHBI, T, C
1 3 6 8 10
5 0,051 0,168 — — —
7 0,163 0,492 0,996 1,315 1,514
9 0,235 0,709 1,417 1,863 2,248
11 0,275 0,841 1,690 2,224 2,692
13 0,301 0,932 1,890 2,488 3,011
15 0,319 1,004 2,050 2,695 3,254
T'my6una mopst A = 30 m
Ilepuon Beicora BonHbl H, M
BOJIHBI, T, C
1 3 6 10 15
5 0,010 0,037 — — —
7 0,075 0,229 0,479 0,834 —
9 0,145 0,437 0,881 1,471 2,065
11 0,191 0,575 1,156 1,916 2,744
13 0,219 0,665 1,343 2,230 3,205
15 0,237 0,727 1,481 2,470 3,551
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Ipooonscenue maén. 1

I'my6una mopsa & = 40 m
Tepuon Bricora BosiHbl H, M
BOJIHBI, T, C
1 5 10 15 20
5 0,002 0,018 — — —
7 0,034 0,182 0,418 — —
9 0,091 0,462 0,951 1,436 —
11 0,138 0,694 1,393 2,073 2,629
13 0,169 0,852 1,708 2,533 3,246
15 0,189 0,962 1,939 2,877 3,697
I'my6una mops h = 50 m
Ilepuon Bricora BonHbl H, M
BOJIHBL, T, C
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'myOuna mopst £ = 70 m
IMepuon Beicora BonHbl H, M
BOJIHBI, 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
Tity6una mopst £ = 100 m
Iepuon Beicora Bonnbl H, M
BOJIHBI, 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
Tiry6una mopst h = 125 M
IMepuon Beicora Bonnbl H, M
BOJIHBI, 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
Ty6una mopst £ = 150 m
IMepuon Beicora BonHbl H, M
BOJIHBI, T, C
5 10 20 25 30
9 0,002 0,006 — — —
11 0,020 0,043 0,108 0,151 0,193
13 0,068 0,140 0,305 0,402 0,507
15 0,141 0,285 0,589 0,752 0,923
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Tabnuua 2
BepTukajbHasi KOMIIOHEHTa cKopocTH V,, ., M/c
I'my6una mops A = 10 m
Ilepuon Beicora BonHbl H, M
BOJIHBI, T, C
1 2 3 4 5
5 0,04 0,08 0,11 0,14 0,16
7 0,04 0,07 0,11 0,14 0,16
9 0,03 0,06 0,09 0,12 0,15
11 0,03 0,06 0,09 0,12 0,14
13 0,02 0,05 0,08 0,11 0,14
15 0,02 0,05 0,08 0,11 0,13
I'my6una mops & = 20 M
IMepuon Bricora BonHb 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
T'my6una mopst & = 30 m
Ilepuon Beicora BonHbl H, M
BOJIHBI, T, C
1 3 6 10 15
5 0,002 0,006 — — —
7 0,006 0,019 0,038 0,060 —
9 0,008 0,023 0,046 0,073 0,094
11 0,008 0,023 0,044 0,071 0,095
13 0,007 0,021 0,041 0,066 0,091
15 0,006 0,019 0,038 0,061 0,087
I'my6una mops i = 40 m
Iepuon Bericora BonHel H, M
BOJIHBL, T, C
1 5 10 15 20
5 — 0,003 — — —
7 0,003 0,014 0,030 — —
9 0,005 0,023 0,046 0,065 —
11 0,005 0,025 0,049 0,069 0,083
13 0,005 0,024 0,047 0,067 0,082
15 0,005 0,022 0,044 0,063 0,079
I'my6una mopsa & = 50 m
Tepuon Bricora BosiHbl H, M
BOJIHBI, T, C
1 10 15 20 25
7 0,001 0,015 — — —
9 0,003 0,029 0,043 — —
11 0,004 0,035 0,051 0,064 0,069
13 0,004 0,035 0,051 0,065 0,075
15 0,003 0,034 0,049 0,062 0,073
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Ipooonsxcenue maébn. 2
I'my6una mopsa & = 70 m
Tepuon Bricora BosiHbl H, M
BOJIHBI, 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
T'ity6una mopst £ = 100 m
Tepuon Bricora BosiHbl H, M
BOJIHBI, T, C
5 10 20 25 30
9 0,001 0,003 — — —
11 0,003 0,007 0,015 0,019 —
13 0,005 0,011 0,021 0,026 0,031
15 0,006 0,012 0,024 0,030 0,035
I'my6una mMopst i = 125 M
IMepuon Bricora BonHbl H, M
BOJIHBL, 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'my6una mops h = 150 m
Ilepuon Bricora BonHbl 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
Tabnuna 3
T'opu30HTAILHASI KOMIOHEHTA YCKOPEHHUS @, v, m/c?
T'my6una mopst A = 10 m
Tepuon Bricora BosiHbl H, M
BOJIHBI, T, C
1 2 3 4 5
5 0,30 0,60 0,90 1,17 1,33
7 0,32 0,64 0,94 1,22 1,45
9 0,29 0,58 0,86 1,13 1,37
11 0,26 0,52 0,80 1,07 1,32
13 0,23 0,49 0,77 1,04 1,29
15 0,21 0,47 0,75 1,02 1,27
I'my6una mops h = 20 m
Ilepuon Bricora BonHbl H, M
BOJIHBL, T, C
1 3 6 8 10
5 0,064 0,211 — — —
7 0,146 0,439 0,881 1,149 1,300
9 0,163 0,485 0,950 1,230 1,460
11 0,155 0,463 0,905 1,178 1,416
13 0,142 0,427 0,851 1,119 1,364
15 0,129 0,395 0,808 1,078 1,326
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Ipooonscenue maobn. 3

I'my6una mopst h = 30 m

Tepuon Bricora BosiHbl H, M
BOJIHBI, T, C

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

I'my6una mops i = 40 m

Ilepuon Bricora BonHbl H, M
BOJIHBL, T, C

1 5 10 15 20
5 0,003 0,023 — — —
7 0,030 0,163 0,374 — —
9 0,064 0,322 0,660 0,985 —
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'myOuna mopst £ = 50 m

IMepuon Bricora BosHbl H, M
BOJIHBI, T, C

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

T'my6una mopst A = 70 M

Tlepuon Bricorta BonHbl H, M
BOJIHBL, T, C

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

Ty6una mopst £ = 100 M

Ilepuon Bericora BonHbl H, M
BOJIHBIL, T, C

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

Tny6una mopst h = 125 M

Ilepuon Bricorta Bonubl H, M
BOJIHBL, 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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Ipooonscenue maobn. 3
T'iy6una mopst h = 150 m
Tepuon Bricora BosiHbl H, M
BOJIHBI, 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

Tabnuuma 4
BeprukanbHasi KOMIIOHEHTa YCKOPEHHS d,,, ., m/c?

I'myOuna mopst £ = 10 m

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

Tny6una mopst A = 20 M

Ilepuon Bricorta Bonubl H, M
BOJIHBL, T, C

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

T'my6una mopst h = 30 m

Iepuon Bricora BonHB H, M
BOJIHBI, T, C

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

T'my6una mopst h = 40 m

Ilepuon Bricorta BonHbl H, M
BOJIHBI, 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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Ipooonscenue maobn. 4
I'my6una mopst h = 50 m
Tepuon Bricora BosiHbl H, M
BOJIHBI, 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
T'my6una mopst h = 70 m
Tepuon Bricora BosiHbl H, M
BOJIHBI, T, C
5 10 20 25 30
7 0,001 0,003 — — —
9 0,004 0,008 — — —
11 0,005 0,011 0,021 0,025 —
13 0,005 0,011 0,020 0,024 0,027
15 0,005 0,009 0,017 0,021 0,025
T'ity6una mopst £ = 100 m
Tepuon Bricora BosiHbl H, M
BOJIHBI, 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 mMopst i = 125 M
Iepuon Bricora BonHbl 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
I'my6una mops h = 150 m
Ilepuon Bricora BonHbl H, M
BOJIHBL, T, C
5 10 20 25 30
11 0,001 0,002 0,003 —
13 0,001 0,002 0,003 0,004 0,005
15 0,001 0,002 0,004 0,006 0,007
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IIPHJIO’KEHHUE 2

ONPEJEJEHUE KOY®PUIIMEHTOB JIJIs PACYETA BOJTHOBBIX HAT'PY30K'

1. KoaduumeHnTsl conpoTUBICHUs ¢, U WHEPIUHN C; MPU BOJHOBOM JBH)KEHHUH YacCTHUI] BOIBI IO
HOpMaJdud K OCH TpyOompoBoma 3aBHCAT OoT 4yuciaa Kromerana-Kapmenatepa KC, OTHOCHTEIBHOM
MIEPOXOBATOCTH k TIOBEPXHOCTH TPYyOOIPOBOAA M PACCUUTHIBAIOTCS COTIIACHO TpaduKaM, MPHUBEICHHBIM
Ha puc. 1-1 n 1-2.

Cq ¢
1/20
Ly —=
- 100 -——
wam (200 mma
r—- 1500 mmmb e k < 1/10000
- 1000 -
ama 12000 wwwh o *
mmm /5000 mmm
1,0
k< 110000
0 10 20 30 40
0,5 KC
0 10 20 30 40
KC
Puc. 1-1 Koaddumnuenr c; B 3aBHCEMOCTH OT YHCIA Puc. 1-2 Kos¢durmenr ¢; B 3aBUCUMOCTH OT YHCIIA
Kronerana-Kapnenrepa KC u 0THOCHTEIBHON Kronerana-Kapnentepa KC u 0THOCHTEIBHOM
LIEPOXOBAaTOCTH k MOBEPXHOCTH TpyOOompoBoza LIEPOXOBATOCTH k MOBEPXHOCTH TPyOOIpoOBOIa

Uucno Kronerana-Kapnenrepa KC ompezensercs mo Gpopmyie

KC = V,1/D,, (1)

rae V., — CKOpPOCTb BOJHOBOTO IABMKEHHUS YacTUI] BOAbI, M/C (cM. 2.6.2 yactu | «Mopckue noaBogHble TpyOOIpOBOIBD
[pasun MIIT);
T — MEpUOA BOJHEHHS, ¢ (CM. ImpHIIokeHue 1);
D, — cm. popmymsr (2.5.1-1) — (2.5.1-3) wactu I «Mopckue nonsoansie TpyoonpoBoas IIpasun MIIT, m.

2. B cmnyyae otcTosiHMsS TpyOONpOBOAa OT MOPCKOTO JHAa Ha paccTosiHue d, M, (cM. puc. 2)
K03(pPHUIIUEHTHI ¢,y U ¢; PACCUUTHIBAIOTCS 1O (POPMYIIaM:

_ —2.,5d/D,.

cad/Dg) = cq + (cap—cae ; (2-1)
— —2,5d/D,

cld/Dy) = ¢; + (cp—cy)e , (2-2)

cap = 1,8 + 0,136KC npu 0<KC<S; 23

R { cap = 1,25+ 2,14-10" Y(KC—160)* npu KC > 5 (2-3)

e = 3,3—0,0375KC pu 0<KC<S; »

{ e = 1,742KC~ 2% npu KC > 8. (2-4)

3. BaustHre yacTUYHOTO 3aryOiieHus] TpyOOIPOBOAa Ha PacCTossHUE A OT MOPCKOTro JaHa (CM. puc. 2)
Ha KO3(QQPHUIMEHTHI C; U ¢; ONPEASISICTCS 0 PUC. 3.

'TTpusoxeHue NOATOTORNEHO HA OCHOBAHUH NPABHII PH3HAHHOTO KIIACCH(HKAIMOHHOTO OGLIECTBA H HMEET CIPABOUHBIIA
XapakTep.
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o

Puc. 2 Pacnonoxerne TpyOOmpoBOAa OTHOCHTENFHO MOPCKOTO THA

cadA)eap; c{D)/ci,

1,0
i"h
0,8 s,
\ cd(A)/Cdb

l-..-“ \ | —
0.6 —

c{Ae [

i ib e
0,4 h — \
Iﬁ“-

0,2

0 005 010 015 020 025 030 035 040
A/D,

Puc. 3 KoaddurmeHTs ¢, 1 ¢; B 3aBUCHMOCTH OT OTHOCUTEJIBHOTO 3arnyOieHus Tpybonposoxa A/D,

4. JIns TpyOOMPOBOIOB, PACHIONIOKEHHBIX B OTKPHITON TpaHiiee (cM. puc. 4), BIUSHUE TIYyOUHBI O; M,
U YKJIOHA S, TpaHIIeH Ha KO3()(UIMEHTHI ¢, U ¢; ONPENeNIIeTCS B COOTBETCTBUM C Tabm. 4.

>

Puc. 4 Cxema TpyOonpoBoa, pacrojioXeHHOTO B OTKPBITOH TpaHIIee

Tabnuuna 4
Biansinue OoTKPBITOH TPaHIIeH HA BeJHYMHY K0I(PPHIMEHTOB ¢, U ¢;
8/D, 0,5 1,0 1,0
S, 5 5 3

ca(Oys)cap 0,8 0,7 0,6

clBusi)cin 0,9 0.8 0,75
5. Koaddumuenr ¢, onpexaensiercst mo Gopmynam:
c, = 5,05 mpu 0 <KC<5,335

KC—380

¢, = 13— 0,105 KC=8D npu 5335 < kO <80 )

—KC-0,001667+1,4333 npu KC >80
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6. BnusiHue OTCTOSIHUSI TPYOOMPOBOIA OT MOPCKOTO MHA d Ha KOI((UIMEHT ¢, OmpeAessieTcs: Mo
dhopmyme

ce(d/Dg) = cye” 3P, (6)

7. BrnusiHue YacTHUYHOrO 3ariyOlieHHs TpPyOOmpoBojga Ha paccrosiHHe A, M, OT MOPCKOTO JHA Ha
KOS PHITHEHT ¢, ONPENEIIeTCS 10 pHC. 7.

c(A)e, -
1,0
™~
0,9 \\
\\
0,8 ™.
--..__\

0,7

0 005 010 015 020 025 030 035 040
A/D,

Puc. 7 3aBucumocts ¢,(A)/c, OT OTHOCUTENBHOTO 3aryOienus Tpybornposoxa A/D,

8. [lnst TpyOOIIPOBOIOB, PACIIONIOKEHHBIX B OTKPBITOH TpaHIlee, BIUsSHIE TTYOHHBI O;, M, H YKIOHA S;
TpaHuIen Ha Ko3(QUIHMEHT ¢, onpenenseTcs B COOTBETCTBUH C Tadi. 8.

Tabnnma 8
Bausinue OTKPLITON TpaHIleH HA BeJMYHHY Kod(pduumenta c,
8,/D, 0,5 1,0 1,0
S, 5 5 3
c(8,50)/c, 0,85 0,7 0,65

9. Ilpy KoMOMHAIMM TOTOHHBIX HArpy30K TEUYCHHS W BOJH BEIWYMHBI KOX(DPUIMEHTOB Cgp, Cip Cy
KOPPEKTUPYIOTCS B 3aBHCHMOCTH OT OTHOIICHHS [3 PACUETHBIX CKOPOCTEH TEUCHWSI W BOJHOBOTO JIBHKCHUSI
vactuI] Bozbl (cM. 2.5 u 2.6 yactu | «Mopckue noasoaHblie TpyoornpoBons» [pasin MIIT), pasuoro = V.V,
B COOTBETCTBHH C puc. 9-1 — 9-3.

2,2 '\
2,0
N KC=15
1845 \ /
\ \‘K
b \ \‘\
1’41\ “\\\., : S
12 Moty iy
I(C‘:j?\ o k=3
1,0 !
0 02 04 06 08 10 12 14

Puc. 9-1 Koaddurmenr ¢, B 3aBucHMOCTH OT K03 duipeHTa 3
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55 ¢
5,0
“\\
"

4,5
K
KC =30 \\& ’EO
~3

4,0

35 o S

= -
3,0 " —
2,5

|I“.‘.‘.."'-'--__

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

B

Puc. 9-2 Kosbdummenr c;;, B 3aBiucuMoctr 0T ko3 dunuenta B

¢,

3,0

2,5 I

2,0

KC =15

1,5

AN
N

1,0

AN

N
\\\\ [
"\:\ .

KC=50 KC=30

05
0 02 04 06 08 L0 12 14 g

Puc. 9-3 Koaddunuenr ¢, B 3aBucumoctu ot kodddunnenta
Pesynprupytomue BenmauHbI Cgp(B) U ¢;p(B) OyayT chipaBeanuBhHI Uil MOMBOJHBIX TPYOONPOBOIOB,

OTCTOSIIIUX OT MOPCKOTO JTHA HAa pacCTOsHWE d, M, JJsl YaCTHYHO 3anTyOJICHHBIX TPYyOONpPOBOJOB M
TpyOONPOBOJOB B TpaHILEE.
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5 IPOYHOCTH INTOJABOJIHBIX TPYBOIIPOBOAOB

Pacger mpodHOCTH MOPCKUX MOABOAHBIX TPYOONPOBOMOB MOHKEH OCHOBBIBATHCS HA KIIACCHYECKHX
WIN TIONySMIIUPHYECKIX METOANKAX W/MIIM YHCICHHOM MOJICIIUPOBAHUM, KOTOPhIE YYUTHIBAIOT COBOKYII-
HOCTh JCHCTBYIOIIMX PAaCUYETHBIX HArpy30K, IPaHUYHBIE YCIOBHS W HapameTpbl CONPOTHUBICHHS TpPYO,
MMCIOLINX OTKJIOHEHHUS! OT MPABUIILHON KPYTOBOH (POPMBIL.

5.1 OIIPEJEJEHHWE TOJIIWHBI CTEHKH CTAJIBHOI'O TPYBOIIPOBOJA

BriOop TONIIMHBI CTEHKHW CTallbHOTO MOABOJHOTO TPyOONpOBOAA, SBISIOIIMICA OIHHM H3
OTIPE/ICTISFOIINX JTAloOB MPOEKTHPOBAHMS, OCHOBHIBACTCS HAa HEOOXOAWMOCTH OOecIedeHUs] MPOYHOCTH
(YCTOMYMBOCTH) B HEOOXOAMMOTO YPOBHS 0€30IaCHOCTH TPYOOIpOBOIA.

Pacuet BuImosIHSAETCS JISL Haubosee He6ﬂaFOHpI/I$ITHOI‘O COYCTaHUA BO3MOXHBIX HAarpy3ok.

TomnmuyHa CTEHKU CTAILHOTO TPYOOIIPOBOIA TOJKHA ONPEIEIATHCS, UCXOAS U3 CICIYIOIINX YCIOBUH:

MECTHOH MTPOYHOCTH TPYyOONPOBOIA, XapaKTEepHU3yeMOl MaKCHMalIbHBIMH 3HAYEHHSIMH KOJBIEBBIX
HaIpsHKCHUH;

JIOCTAaTOYHOM JIOKATHHOU yCTONYMBOCTH TPYOONPOBOA.

Pacyer TONIIMHBI CTEHKH CTAJBHOTO TPYOONPOBOJA, WCXOAS W3 YCIOBHUH MECTHOW IMPOYHOCTH,
BEITIONHSACTCA 1O (opMyse (YUCICHHBIE 3HAYEHHUS MapaMeTPOB COOTBETCTBYIOT IPHUMEPY pacyera,
YHOMSIHYTOMY BBIIIIE):

t.= (3po D)/(269) + 1 + ¢2 = (8,0-350)/(2:209,51:0,9) + 1,0+0,75=9,17 mwm, (5.1-1)

rae Po — pacueTHOe AaBieHHe B TpyOomposone, MIla;
D, — HapyXHBIH JUaMeTp TPyObl, MM;
G — JIOIyCTUMOE HampsbKeHHe Marepuana TpyOsl, Mlla,
¢ = 1,1 — xodpduIMeHT 3HAYNMOCTH KOMIIOHEHTOB HArpy3Kd OT BHYTPEHHETO [aBICHUsS JUIsi Ta30lNpOBOIOB B
coorBercTBUH ¢ Tabiu. 2.1.1 gactu I «Mopckue nogsoxHsie TpybonpoBoas» Ipasmn MIIT.

JonyctuMoe HarpspKeHne G JOJDKHO MPUHUMATHCSA 10 HAUMEHBIIEMY M3 HU)KEYKa3aHHBIX 3HaYCHHUH
Ul BBIOpaHHOTO Martepuaia Tpyo (ctanp X52). Ilpu sToM HaszHawaeTcs kiacc Tpydomposona G3 — anst
CECMUYECKH OIACHBIX PAHOHOB M JICOCTOMKHX CTOSKOB, YTO OIPEAENISCT IOBBILICHHBIN YPOBEHB
k02(GUIIMEHTOB 3amaca MPOYHOCTH MO MpejesiaM TEKyYeCTH M TPOYHOCTH, KOTOpble Ha3HAYaroTCs B
cooTBeTCcTBUHU ¢ Tabm. 3.2.5 wactu | «Mopckue moasoausie Tpyoonposoasn Ilpasun MIIT.

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

rie R, = 358 — MUHUMaJIbHOE 3HaYCHHUE IpeJelia TeKyyecTn Meramia Tpyo, Mlla;
R,, = 455 — MHHUManbHOE 3HAUCHHE IMpelera MPOYHOCTH MeTaa TpyO, Mlla;
n, = 1,22 — xo3¢pPuULMeHT 3amaca TPOYHOCTH 0 NPEALITy TEKY4eCTH;
1, = 1,91 — ko3 dunmeHT 3anaca MpoOYHOCTH MO MPeIeTy MPOYHOCTH;
¢ = 0,9 — x03hPUIKEHT POYHOCTH, ONPENENIIEMBI B 3aBUCHMOCTH OT crtocoba W3roTOBIEHUS TpyO cormmacHo 3.2.4
gacti | «Mopckue moasoansie TpydornpoBoab» [Ipasun MIIT;
¢y = 1,0 — npubaBka Ha KOPpO3HUIO, MM;
¢, = 0,75 — npubaBka, KOMIEHCHPYIOIAsl OTPHULATENBHBIM TEXHOJOTMYECKUH JOIMYCK Ha H3TOTOBJICHHE CTalbHBIX
0ECIIOBHBIX TPYO JaHHOTO JaMeTpa, MM.

B coOTBEeTCTBMM ¢ TEXHHYECKMMH YCIOBHSAMU Ha IOCTaBKY TpyO HIJIM COOTBETCTBYIOIIMM
npuMeHUMBIM cTaHnaptoM (Hampumep, ['OCT 8732-78 «TpyObl cTanbHBIe OECHIOBHBIE
ropsiaeneOopMHUPOBaHHBIE)») MONOMpPAETCs] HOMHUHAIBHAS TOJNIIMHA CTEHKH MOPCKOTO TPYyOOIpoBoa f,
pasras 12,0 mwm. Ilpu Tako#t TonmuHae cTeHKH Macca 1 M TpyOsl cocraBmsier 100,32 kr.
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MaxkcuMalibHble CyMMapHbIE HANpsDKEHHUS B TPYOOIIPOBOAE Gax, MIla, 0OycioBieHHble aeiicTBHEM
BHYTPEHHETO U BHEIIHETO JaBJICHUs, IPOJOJIBHBIX YCUIMH (HampuMep, OT TeIJIOBOIO PacLIMPEHUs W/UiIu
yopyroro m3ruba y4acTKOB TpPyOONpOBOMa), a TaKKe BHEIIHWX HArpy30K He OJDKHBI IIPEBBIIIATH
JIOILyCTUMBIX 3HAYCHUU HAIpPSKEHHUN:

Gmax:\/cf-i-cfp—cxchp + 312<kGRe, (5.1-3)
rae Gj,p — CYMMapHbI€ KoJblLEBbIE Hanpsokenus, MIla;

Gip = (PoDin)/tn = (8 x 326)/12=217,3 MIla, (5.1-4)
rae Po — pacueTHoe JaBieHue B Tpyoonposone, MIla, onpenensemoe o dopmyne (4.2-1);

D, =326 MM — BHYTpEHHHH JuameTp TPyObI;
t, =12,0 MM — HOMHHaJIbHAsI TOJIII[HA CTEHKH TPYyOBI;
G, — CyMMapHble NpojioybHbIe HanpshkeHus, MIla;

Gy = U0y, — aEAL =0,3-217,3 — 11,6-106204570-50 = — 53,46 MI1a, (5.1-5)

e p =0,3 — xoadpdunueHT monepeuHoi nepopmarmu cranu (kodadduiment [lyaccona);

0 =11,6-10"% — koo(pUIMEHT THHEHHOrO pacIIMpPeHHs MeTauia TpyObl, rpax”

E =204570 MIla — moznynb ynpyroctd ctaiau (Moxgyns FOHra);

At =50 °C — pacyeTHbI nepenaj TeMneparyp Ipy TPaHCIOPTUPOBKE raza ¢ y4eTOM MUHUMAIIbHOH TeMIepaTypbl
OKpyXarouiel cpeasl (MOPCKOH BOIBI Y TIOBEPXHOCTH IHA);

Gjp — CyMMapHble KolbleBble Hanpsukenus, MIla, onpenensemsle coracHo dopmyne (5.1-4);

T — TaHICHIMaJIbHBIC (KacaTelbHbIC) HampsHkeHHs B TpyOompoBoxe, MIla, Bo3HHKarolue OT AciicTBHA

CIIBHTAIOLINX YCHJIMH OT TEYCHHUs M BOJHEHHS U OMpeJeNsieMble Mo cieayomuieii Gpopmyie:

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

e M,=0(D,/2+8,/6) — kpyTaumii MOMEHT, H-M, OT BHELEHTPEHHOTO BO3ACHCTBHS TEUYEHHS W BOJHEHHS Ha
TpyOONpPOBO, YTO BO3HUKAET B PE3YIBTATE €T0 YACTUUHONW OCAJKH B HOHHBIM TPYHT Ha BEIHYUHY O
6,=0,105 M — BenmmumHa ocanku B HoHHBIN rpyHT Ha [1K1 (cMm. Tabm. 3.3.6);
W,=0,5n(D,—t,)2t, — MOMEHT CONPOTHBIEHHS KPYIEHHIO MOMEPETHOTO CEYEHHUs TPYOBI, M
O — pacyeTHble CyMMapHbI€ C/IBUTAIOIIME YCUIMS OT TeueHHs U BosiHeHus, H, neiicrByromue Ha yyactke 1K1 Ha
€[IMHHIY IJIMHBI TpyOomposoma (cm. Tabm. 4.2.1-2 u 4.2.1-3), paBHble yCHIMIO F,, MCIOIL3yEMOMY HpU
IIPOBEpKe YCTOWYUBOCTH TPyOOIpoBoa Ha rpyHTe (CM. Tabu. 6.1);
0 =16,341+505,09=521,43 H;
F = n(D,—t,)t, — T0Imaab MOMePEIHOr0 CCYCHUS TPYOBI, M2,

TanrenumanbHbple (KacaTenbHBIE) HANPSKEHHA B TPyOONpoBOAE ¢ y4eToMm 3Hadenumd M, W, n F
PaBHBIL:

_0@D,+8,3—1,) —6_521.43(2:0,35+0,1053—0,012), _¢_ ,
T mDa—t)n) O (3.14(0,35—0,0122-0,012) 10— 0.087577 Mlla;

ks =0,727 — xoadduIMeHT 3amaca NPOYHOCTH MO CyMMAapHBIM HAIPSDKEHMSM, ONpPEEIICMblii B COOTBETCTBUU
¢ 1abn. 3.2.6 yactu I «Mopckue noxBoausie Tpyoonposoas Ilpasun MIIT;
R, — MUHHMMaNFHOE 3HaUEHHE Ipeesia TeKydecTn metaia Tpyo, Mlla, ykaszannoe B opmyne (5.1-2).

Takum o00pa3oM, MaKcHMalbHBIE CyMMapHbIC HampspDkeHus B TpyOompoBome, Mlla, cormacHo
¢dopmyre (5.1-3) He MPEBHIMIAIOT JOMYCTUMBIX HAIPSIKEHHIA:

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

Ha ocnoBanuu dopmyisr (5.1-7) s paccMarprBaeMoro pacdeTHOrO IpUMepa MOXET OBITh CreaH
BbIBOJ O TOM, 4YTO YCJIOBUC IPOYHOCTHU TOABOAHOIO Ta3olpoBOAa MO CYMMAPHBIM HAaNPsSXKCHUAM
BBITTOJTHSAETCSL.
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5.2 TIPUMEHEHHUE ITPOT'PAMMHBIX KOMIIVIEKCOB
JJIs1 MTPOBEPKHU IMMTPOYHOCTHU TPYBOIIPOBOJA

PazpaboranHble B mocieqHee BpeMs M YK IIMPOKO MPUMEHSEMbIC B MPAKTUKE MPOCKTHPOBAHUS
MPOrpaMMHBIE KOMIUIEKCHI Ha OCHOBE YHCICHHOTO MOJICIMPOBAHUS TPYOONPOBOJA M BHEUTHHX YCIOBUH
ero tpaccupoBku (Hampumep, SAGE Profile 3D, paspabortannsiii Fugro GeoConsulting, wim paspabo-
taHHeId Orcina Ltd. xommmexc OrcaFlex) mozBossitor Goiiee TOYHO MO CPaBHEHUIO C WH)KEHEPHBIMHU
METOIUKAMHU OIPEACTATh HANpPsHKEHHO-Ie(QOpMUPOBaHHOE COCTOSHHSI MOPCKOTO TIOIBOTHOTO TPyOOIpo-
BOJa B 3KcInlyaranuu. Kak mpaBuio, Takodl mporpamMMHBIN KOMIUIEKC JTOJDKEH OBITH MpeIHA3HAuYCH s
JIByX- M TPEXMEPHOTO MOJEIHPOBAHUS TPOLECCOB YKIAJKH, HCIBITAHUNA M JKCILTyaTallud MOPCKHX
MOJIBOJTHBIX TPYOOIIPOBOIOB HA OCHOBAaHWHM KOHEYHO-3JIEMEHTHON HENMHEHHOW MonenH TpyOOIpOBOIOB
CO CTEP)KHEBBIMU TOHKOCTEHHBIMH TPYOUYaThIMU KOHEUYHBIMH DJIEMEHTAMHU.

BxoaHbIMM MapaMeTpaMu JJIs TAKMX MPOTPAMMHBIX KOMILIEKCOB JOJIKHBI SIBJIATHCS:

JUTMHA PaCcYeTHOTO KOHEYHOIO 3JIEMEHTa TPyOOoIpoBO/Ia;

npodme aHa B Bume 3D cerku win 2D mpoduis;

XapaKTEPHUCTHKHU TPYHTOB 10 Tpacce TpyOOmpoBOAa;

XapakTEePUCTUKH TPyOONpoOBOAa: BHEIIHHH AMAMETpP, TOJIIMHA CTCHKH, KJIAcC IPOYHOCTH,
HAJIMYNE/OTCYTCTBUE BHEIIHUX AHTUKOPPO3UOHHBIX, M3OJISAIMOHHBIX M OaJUIaCTHBIX TOKPBITUH WM WX
XapaKTePUCTHKH (TUIOTHOCTH, TOJNIIUHA, BOJIOHACKHIIIIEHHOCTH);

TEMIEpPaTyPHBIH peXUM TPYyOONpPOBOAA W TeMIIeparypa BHEIIHEH Cpeabl (3aBUCHMOCTh M3MEHEHUS
TEeMITepaTypsl MOXKET OBITh KaK JIMHCWHOH, TaK M HEJIMHEHHOMN);

TUIOTHOCTh TPAHCIIOPTHPYEMOTO MPOAYKTa, BHYTpEHHeE HaBlieHHE B TpPyOOmpoBojae (3aBUCHMOCTH
W3MCHECHMSI JIABJICHUSI MOXKET OBbITh KaK JIMHEHHOMW, TaK U HETUHEWHO).

ANTOPUTM TaKMX PACUETHBIX IPOTPaMM JOJDKEH YUUTHIBaTh HEIMHEHHBIA N3rHO TPyO M HEMTMHEHHYIO
PEaKIuio TPyHTA: HECYIIYIO CIIOCOOHOCTh, 0CEBOE U TOPU3OHTAIFHOE CONPOTHUBIICHHE TPeHUI0. BHemHne
Harpy3Kd Ha TPyOOIpPOBOJ JOJDKHBI BKIIIOYATh COOCTBEHHBIN BEC, HATSDKEHHE TPH YKIIAIKE, COCPEo-
TOYEHHBIE HArpy3KH (HampHMep, MPOTEKTOPHI), paclpe/ieieHHble Harpy3KH (HampuMep, TEUeHHS W
BOJIHOBBIE BO3JICHCTBUS), 3aJaHHBIC CMEIIEHUs (Hampumep, npoduib 1HA), a TAaK)KEe BHYTPCHHUE W
BHEIIHWE JIaBJICHUS U paclpeelieHne TeMreparypsl. Tormorpadus MOPCKOTO THA JTOJDKHA 337aBaThCs 110
pe3ynpTaraM WHKEHEPHBIX M3BICKaHUH 1Mo Tpacce TpybompoBoaa B Buae 3D cetku wiu 2D mpodus.

BsaumopneiictBue TpyOOIIpoBoIa ¢ MOPCKUM TPYHTOM JIOJDKHO MOZEITUPOBATHCS JUIS CITy4aeB YKIAIKH
TpyOompoBoa 0e3 3armityOneHus (IpU 3TOM OMpPEICIIAETCS IMpocajka TPyOOmpoBoaa B TPyHTE) U C
3arnyOsieHueM B JOHHBIA TpyHT. [Ipu mNpokiajke MOBEpX JOHHOTO TPYHTA JIOJKHBI OIMPEICNIATHCS
nmapaMeTpbl CBOOOJTHBIX MPOJIETOB TPYOONPOBOAA HA dTamax YKIAAKH, TUAPABIMYECKUX HCIIBITAHUH U
SKCILTyaTaIiH.

OTaenbHO OMKEH OBITh PACCMOTPEH BOIMPOC O0ECIEUEHHUs MPOYHOCTH TOJIBOIHOTO TPyOOIpoBOIa
NpU €ro 3arTyOJeHuH B JOHHBIM TPYHT C NMPUMEHEHUEM TPy003arTyOUTEIbHBIX YCTPOMCTB Pa3IMYHBIX
TUNOB (TIepeMelleHne TPyOONmpoBOAa C IOBEPXHOCTH JOHHOTO TPYHTa B TpaHILEIO ONpeAe’IeHHON
MPOEKTOM TIIYOWHBI C MPEIOTBPAIICHUEM IOSBICHUS YPE3MEPHBIX U3TUOHBIX HAINPsHKEHUH ).

[Ipumensiembie B Tpollecce NPOEKTUPOBAHHS IO TeXHW4YeckuM HaOmogeHunemM PC Mopckux
MOBOJHBIX TPYOOMPOBOJOB MPOTPaMMHBIE KOMILIEKCHl JOJDKHBI OBITH omoOpeHsl Permctpom c
odopmiienreM CBUIETENHCTBA O TUIIOBOM 0100peHUH nporpamMmmHoro obecredeHus (popma 6.8.5).
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6 BAJIVTACTUPOBKA IIOJIBOJHBIX TPYBOIIPOBOJOB

6.1 BAJUIACTUPOBKA HE3AIUIYBJIEHHBIX B JOHHBIA IT'PYHT TPYEOIIPOBO/IOB

bamnacTupoBky mOJBOAHOTO TPyOOHPOBOAA HEOOXOAMMO OCYIIECTBIATH JUIS KOMIIEHCAIMH IO-
JIOKUATEIFHOM TUIaBY4eCTH, 00ECIeUeHNs] YCTOMYMBOCTH HA JIOHHOM I'PYHTE IYTEM CO3JaHUsl MPOTHUBO-
JEWCTBUS TOPH30HTAIBHBIM H BEPTUKAIBHBIM YCHIIMSIM, CO3[1aBAEMbIM TCUEHUSIMU U BOJTHECHUEM, a TaKKe
JUTSL 3aIIUThI OT yAApHBIX BO3ACHCTBUI IPH TPAHCIIOPTHPOBKE, MOHTAXE M DKCIUTyaTallHH.

VTsoKensonme NOKPBITHA Ui 0aulaCTUPOBKM TPYOONPOBOJOB M 3alIUTHl OT MEXaHWYECKUX
HOBPEXICHUH TOJDKHBEI OBITH 0J00peHB! PerncTpoM ¥ ynoBiIeTBOPATH CIEIYIOIINM TPEOOBAHUSIM:

UMETh JIOCTATOYHYI0 IUIOTHOCTh W TOJNIIUHY JUIsl OOecredeHus] HeoOXOMUMON OTpHIaTebHON
IJIaBY4YECTH TPyOOIPOBOIa;

UMETh JIOCTaTOYHYI0 MEXaHHYECKYI HpPOYHOCTb, YTOOBI IPOTUBOCTOATH HOBPEKACHUSIM IIPH
TPAHCIIOPTUPOBKE TPYO, MOHTaKE M IKCILTyaTaIUH;

UMETh HEOOXOIUMYIO JIOJNTOBEYHOCTh, XMMHUYECKYI0 M MEXaHUYECKYI0) CTOMKOCTH [0 OTHOIICHHUIO K
MOPCKOH BOJE.

Pacuer Tpebyemoro konmuuecTBa Oanjacta W/WINM PacCTOSHHUS MEXKAY OAMHOYHBIMU OalacTHBIMH
rpy3amMH Juisi He3arTyOJeHHbIX (He3aChlIaHHBIX) B JIOHHBIH TPYHT TpPyOONPOBOJIOB IOJDKEH OBITh
NPOU3BENICH, MCXOMS M3 YCIOBUH CO3IaHHs OTPHIATENBHOHN IUIABYYeCTH Ul TPyOOIpoBOIa, MPOTHBO-
C/IBUTOBOTO COIPOTHBIICHUS BOJHEHHUIO M TEUCHHIO, & TAK)KE C yUETOM B3BEIIUBAIONINX YCHIIUIA, KOTOPBIE
BO3HHKAIOT B YIIPYTOMCKPUBIICHHBIX YUacTKax TPyOOIpoBoa.

TpeOyemsblii Bec Oannmacta B Boae (), kKH/M, ompezmensiercss mo Qopmyne (YUCICHHBIE 3HAYCHUS
HapaMeTpoOB COOTBETCTBYIOT PacYeTHOMY HPUMEpY, YIIOMSHYTOMY BBIIIE):
0> %k +(F+ 4+ g ke 0, (6.1-1)

rne  f;=0,25 — xosdpuument Tpenus (cm. popmymny (6.1.7) yactu I «Mopckue Tpy6onposoas» [Tpasun MIIT);
k.=1,25 —xo3¢durmenT 3amaca ycToHauBoCTH TpyOOonpoBoaa Ha BemisitHe (cM. dopmyny (6.1.7) gactu I «Mopckue
Tpy6onposoxs IIpasun MIIT);
kg = 1,3 —xoapduIMeHT 3amaca yCTOWYMBOCTH TpyOompoBoga Ha caBur (cM. dopmyny (6.1.7) wactu I «Mopckue
TpyOomnpoBons» [Ipasuin MIIT);
¢, = 0 — B3BeIIMBAaIOIIee YCUIIHE, BO3HUKAIOLIES NP YIIPYroM H3rube TpyOornpoBoga B BEPTUKAIBHON MIOCKOCTH, KH/M;
qs = 0 — B3BeIINBAIOIIEE YCUINE, BOHUKAIONIEE NP HATWYUH MPOAOIBHON PACTATHBAIOMIEH CHIIBI B YHPYTOUCKPHB-
JIEeHHOM TpybompoBoze, kKH/Mm;
Fy — cymMMapHas TOPM30HTajlbHas COCTABIAIONIAS CHMJIOBOTO BO3IEHCTBHMA BOJNH U TEUEHHs, OHpenelseMas B
COOTBETCTBUU C pa3i. 4 Hactoammx Pexomennarmmii, kH/m;

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

F, — cymmapHas BepTHKalbHAas COCTAaBJISIOMIAs CHJIOBOTO BO3JCHCTBUS BOJH M TEUCHHS, OIpeaessemMas
B COOTBETCTBHH C pa3l. 4 HacTosmux Pexomennanuii, kH/wm;

Fy=F,+F,,; (6.1-3)

O, —BeC eIMHMIBI JIJIMHBI TPYOONPOBOJA B BOJAE C YyYETOM BECA aHTMKOPPO3HOHHOM 3aIUTHl W M3onsAuuu (6e3
ydeTa Beca TpaHCIOpPTUpYyeMol cpensl), KH/M;

Q,=P—F,;=m-g—p,-gV=100,32:9.8—1010-9,8:0,0962=0,31 xH/m, (6.1-4)

rae P — Bec 1 M TpyOompoBoaa B BO3yXe IPH TONIIMHE CTEHKH 12 MM;
F,; — cuna Apxumena, aeictByromas Ha 1 M TpyOompoBozaa.



Pexomenoayuu no npoexmuposanuio, nocmpotike u dKCHIAYAmayuu MOPCKUX N0OB0OHLIX MpybONnpo8ooos

52

Pesynbrare! pacuera 0a1IacTUPOBKM MOPCKOTo TpyOOmpoBona mpeacrasieHsl B Ta0. 6.1.

Tabnuma 6.1
Pacuer 6aa1aCcTHPOBKH He3arJayGJIeHHOro MOIBOIHOT0 ra3ompoBoaa

MK, Ne | F,,, xH/M F,, n, xH/™M F,, xH/™m F. ,, xH/™M F,,,, xH/M F,, xH/m 0, kH/m 0y, 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

BennunHbl B3BEMMBAIOIINX YCHIUH ¢, U ¢ OTIPEIEIISIOTCS MO COITIacOBaHHOH ¢ Peructpom metonuke,
UCXOHs M3 MapaMeTpoB Npowis Tpacchl IOABOIHOIO TpPyOOIpoBOAa (UIMHBI M CTPEIKH YIPYIHX
MpOruO0OB TPYOOIIPOBOA TIPH HAIWINH HA Tpacce TPyOOIpoBoaa CBOOOMIHBIX MPOJICTOB).

st onipenienieHnst BEIMYWH B3BEIIMBAIOIIUX YCHIUH ¢, U ¢, (cM. dpopmyay (6.1.7), gacts I «Mopckue
noaBoaHble TpyOonposoabl» [lpaBun MIIT), koTopble MPUBOAAT K YMEHBIICHUIO PaBHOIACHCTBYIOIICH
BepTUKaNbHBIX ycunuii Ha MIIT u, cienoBarenbHO, K YMEHBIIECHHIO CUIIBI TPEHHMS, NPEMATCTBYIOIIEH
cmemennio MIIT or Bo3meicTBUSL BOJH M TEUEHHH PEKOMEHIYETCS PYKOBOIACTBOBATHCS COOTBETCT-
BYIOIIMME PEKOMEHIAITUAMU 110 pacueram [1 — 3].

IIpu ompeneneHny yka3aHHBIX IApaMETPOB CIENyeT UMETh B BUAY CIELyIOIIee:

B3BEILIMBAIOIINE YCWINs Bo3HUKarOT npu ykiaake MIIT Ha yuacTkax Tpacchl, UMEIOIIUX BOIHYTOCTh
(cemIoBaTrocTh), MapaMeTphl KOTOpOH (IymHa [ U cTpeska nmporuda f) onpeseneHbl B X0[Ae HHKESHEPHBIX
HM3BICKaHUH;

rapaMeTp BOTHYTOCTH y9acTKa Tpacchl — panuyc R, onpeeneHHbli 1Mo JUTMHE [ ¥ CTpeke mporuoa f,
HE JI0JDKEH TMPEBBIIAaTh BEIMYUHBI, YKa3aHHOH B 8.2.1.6 wactu | «Mopckue MogBoAHbIE TPYOOTIPOBOIBD)
[TpaBun MIIT;

BEJIMYMHA PACTATUBAIOIIETO YCHIMS B IOABOTHOM TPyOONpOBOJE, CIIOCOOCTBYIOIIETO IOSBICHUIO
B3BCLIMBAIOLINX YCHUIUH, ¢ OMMUOKOW B O€30MacCHYI0 CTOPOHY MOXKET OBITh NPHUHATA pPaBHOI
pacTATHBAIOIIEMY YCHIIHIO TP YKJIaIKe C TPyOOyKIaaduKa;

MU YKJIaJKe ¢ TpyOOyKiIaaduKa C MCIOIb30BAHWEM PACTATHBAIONINX YCHIIUI Ha y4acTKe Tpacchl C
«BOTHYTOCTBIO» BEJIMYMHBI B3BELIMBAIOIINX YCHIMH OMNpEAENSAIOTCS Kak cymMMma ¢, +¢g NpH YCIOBUHU
paccMOTpeHHsI OABOAHOTO TPyOONPOBOJa KaK 3alleMJICHHON 110 KOHLAM Oalku.

B paccmarpuBaeMoM IpuUMepe IIPH OTCYTCTBHHM B3BELIMBAIOIIUX YCWJIHH IO pe3yiabTaTaM
NPUBEICHHBIX PAcyeTOB MOXKHO CIeJaTh BBIBOA O TOM, YTO BeC TpPyOOIpOBOAA B BOIE HEIOCTATOYEH,
T.K. OH TIOIBEP>KEH JCHCTBHUIO M30BITOUHBIX CHII IOAEP KaHMUsI B MOPCKOH BoJie (HAIMYKE TTOJIOKHUTEIEHON
TUTaBYyYECTH).

TpeOyemblii BHEIIHUN paanyc OETOHHOTO IOKPBITHA TPYOONpPOBOAA ONPEAENIAETCS U3 CIIEeLYIOLIEro
ypaBHEHHUS:

p=Cpx 1008 e R

6.1-5
Pcon ( )
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B Takom ciyuae BHEIIHMI paanyc OETOHHOTO MOKPBITHS ONpenessieTcs 1o cienyomeld Gopmyne:

\/ (05 x 100/g)/pco,1 VR \/ (2,55 x 10(:5/?(,%)/2700 +0,175720.248 . 6.1-6)

HpI/I O9TOM TOJIIIHHA OETOHHOTO IMOKPBITHA paBHA:

t=R.on—Rr=0,248—0,175=0,073=7,3=8 cm.

Taxum 06pa3om, ToNIIMHA OAITIACTHOTO MOKPHITHS HMpuHUMaeTca paBHOU 8,0 cMm. Ilo KOHCTPYKTHB-
HBIM COOOpaKeHUSIM Ha MOPCKOH TpyOOmpoBOx MOJHKHO OBITH HaHECEHO OallacTHOE IOKPBITHE
TOMIIAHONA & cM U3 ¥kexe300eToHa mIoTHOCTRI 2700 KI/M° 110 BCeil ero JUTAHE.

VYciaoBue 0amTacTHPOBKH B COOTBETCTBHH C (opMynoit (6.1-1) OymeT BBIIIOJHEHO, €CITH BeC
OayuTacTHOTO MOKPHITHS U1 1 TTOT. M MOpCKOTO TpyOoIpoBoaa coctasmsaeT 2,55 kH/m.

6.2 BAJUIACTUPOBKA 3ATJIYBJIEHHBIX B JIOHHBIN I'PYHT TPYBOITPOBO/IOB

B mporiecce 3achiliki TPYHTOM HAaxXOMASIIEroCs B TpaHIIEe IOABOJHOTO TPyOONpoBOAa WU
3armyOJieHUs] paHee YJI0KEHHOTO Ha JIOHHBIM TPYHT TPYOOIPOBOJA MPOUCXOIUT MEPEMEITUBAHUE TPYHTA
3aCHINIKM C BOJIOM C BO3MOXKHOCTBIO IEpeXo/la TPYHTa B JKUAKO-TEKy4ee COCTOSHHE C IUIOTHOCTBIO
3HAYUTEIFHO MPEBOCXOMSIICH IUIOTHOCT MOPCKOM Bombl (20 1600 Kr/M’), 9TO MOXKET IPHBECTH K
BCIUTBITHIO TpyOompoBona. Ilpwm 3TOM CONMPOTHBICHHE Pa3KMKCHHOTO TPYHTA CIBHTY INPAKTHICCKH
OTCYTCTBYET, C IPYTOX CTOPOHBI, HA TPYOOIIPOBOJI, HAXOSIIIUNACS B TPAHIIIEE, HE TTOJIBEPKEH BO3ICHCTBUIO
TEYCHUN M BOJIHEHHs. B 3TOM ciydae yciaoBue YCTOHYMBOCTH IOJIBOJHOTO TPYOOIPOBOa B TpPaHIEEe Ha
BCIUIBITHE ONPEIENAETCS ClAeAyIoueil 3aBUCUMOCTRIO [4]:

4 Opipe + Qins + Op)
bioe * Qe L O0) > e p, (6.2-1)
rie Opipe — BEC €IMHHULBI JUTMHBI TPYOONPOBOJA Ha BO3MYXE, KI/M;

Qs — BEC SIMUHHIIBI JUTMHBI 30NN HA BO3IyXE, KI/M;
0, —BeC eIMHULBI JIUHBI 0alIacTHOTO MOKPBLITHS Ha BO3MYXE, KI/M;
D,,, — HapyXHbIIl TUAMETP TPYOOMPOBOAA C YUETOM HM3OJISAIMU U OANIACTHOTO TOKPBITHSA, M;
Ps — IIIOTHOCTb Pa3KMKCHHOI'O TIPYHTa (OTHOLL[eHI/Ie MacChbl TBEPABIX YaCTHUIl TI'PYHTa, BKJIKOYasd MaccCy
coJieprkalleiics B HeM BOZbIL, K UX 00beMYy), Kr/M>, onpezensiemast 1o crenyomei popmyine:

p — ps.skpw(l + W) (6 2-2)
s psuka+ 1 ’ '
rae Ps.sk — IUIOTHOCTb CKENeTa 'PyHTa (OTHOIICHHE MACCHI TBEPABIX YACTHI FPYHTA K HX 00BeMY), KI/M;

P,y — IUIOTHOCTh BOJIBI, KI/M";
W — BIaXHOCTh IpyHTa (OTHOLIEHHE MAacChl BOJbI, 3aKIIOUYCHHON B MOpax IPyHTA, K Macce TBEPIbIX YaCTHI[
IpyHTa), 1.€.
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7 YKIIAJJKA MOPCKOI'O TPYBOIIPOBOJA

7.1 OBIIUE MMOJIOKEHUA

OCHOBHBIM METOJIOM IIOCTPOWKH IIOABOJHBIX TPYOOIPOBOIOB B MOPCKUX AaKBaTOPHSX SBILSIETCS
yKJIaJlKa ¢ TIOMOIIBIO CIIENHAIN3UPOBAHHBIX TPyOOyKiIamouHslx cyaos/0apx (TYC), KoTopsie MO3BOIISIOT
COOpYKaTh TPYOONPOBOJIbI, OTBEUAIONIUe TPeOyeMbIM pPabOYMM NapaMeTpaM TPaHCIOPTHPOBAHUS
NPOAYKIMHU HA 3HAYUTENBHBIX ITyOMHAX MPH BOJHEHUH U C JOCTATOYHOW MPOU3BOIUTEIBHOCTHIO.

ITpumepro Ha 70 % TYC mpumensiercs crnoco0 HapauMBaHHsS TpPyOOINpOBOAAa Ha TOPHU3OHTAIBLHON
MOHTaKHOW JIMHUH € TOCIIEAYIOLIMM CIIyCKOM €r0 Ha MOPCKO€ JAHO II0 CTHHIepY IoJ HaTsbkeHueM. 11pu stom
YYacTOK TpyOOIIpOBO/Ia OT CTHHTEpa J0 TOYKH KacaHWs Ha JOHHOM TPyHTE MpHHUMAET GopMmy S-00pa3HOi
KpuBOH. JlaHHBI croco0 ykiIaaku TpyOOImpoBoAa HOCUT Ha3zBaHUE S-mMeTona ykinaaku [1] — cm. puc. 7.1-1.
B HEKOTOpBIX Ciydasx HpH HEZOCTATOYHOW JUIMHE CTHHIepa (WM HEBOSMOKHOCTH NPHMEHHUTH CTHHIED
JOCTaTOYHOM [UIMHBI Ha MEJIKOBOJIbE), HCIOJB3YIOT IOAJECPIKUBAIOIINE YKJIAJBIBAEMBIH TPYOOIPOBOX
SNIEMEHTHI TUTaByYECTH.

Puc. 7.1-1 Cxema S-mMeTo/a YKIaJIKH MOPCKOTO TOJIBOJIHOTO TPYOOIPOBOIA:
1 — TtpyOoykinagouHoe cyaHo/0apxa; 2 — crtuHrep; 3 — TpyOONpOBO; 4 — DIIEMEHT IUIaBY4eCTH

Bo3MoxkHOCTH YKIIaJIKU ¢ IPUMEHEHUEM S-MeToJla UMEIOT OrpaHUUYSHUS 10 NTyOuHE MOPS, KOTOPbIE
3aBUCST OT AMAMETPa W TONIIUHBI CTEHKH IOJIBOIHBIX TPyOOIpoBomoB. Kak mpaBwiio, MTaHHBIA METOI
WCTOJIB3YETCs TPHU MPOKIIAAKe TPyOOorpoBonoB nuameTpoM 0 1220 MM Ha mimyduHax 1o 300 — 350 m
u auametrpom 1o 800 MM Ha mrydbmHax 1o 700 M co CKOpOCThIO YKIaakud 3 — 5 km/cyT. [1].

Jna ykmagkn TpyOOmpoBOAOB Ha IITyOMHAX, MPEBBIIIAIOMINX BBIIIEyKa3aHHbIE, MPUMEHAETCS Tak
Ha3bIBaGMbIM J-METOJ] YKIaJKu ¢ M3rHOOM TpyOOIpoBoja OT TpyOOyKJIaguuKa 0 TOYKH KacaHHs Ha
JOHHOM TPYyHTE 110 J-00pa3Hoii KpuBoi — cM. puc. 7.1-2. HapamuBanue TpybonpoBoga MpoOU3BOANUTCS Ha
BEPTHUKAIHHON (WK OJM3KOW K BEPTHKAILHOMY TOJOKEHHIO) paMIle, Ha KOTOPYIO TOAAIOTCS IIpe/IBapH-
TETBHO CBapeHHBIE IMONApHO TPYyOHBIE CEKIINU.

OcHOBHOE OTIMUYME J-METoJa YKIAAKH OT S-MEeTola 3aKiroyaeTcd B OTCYTCTBHM CTHHIEpa U B
BEPTHKAIILHOM PAaCIOJIOKEHUH BEPXHET0 KOHIa TpyOOmpoBOoAa B MpOIECCe YKIAAKH Ha OOJbIINE
[TyOHWHBI, 9TO OOYCIIaBJIMBAaeT OTCYTCTBHE HANpPsKEHHWI OT M3rnba Ha BEpXHEM KOHIIE TPyOOIpoBoaa
(em. puc. 7.1-3, a). Takum oOpa3om, Tpu CHoco0e YKIAmKH S-METOIOM ACHCTBYIOT 3HAUYHUTEIHHBIC
W3rHOAaroIie MOMEHTHI IByX 3HAKOB: TIPH CXOZI€ CO CTHHTEpa TPYOOIPOBO/I MPETEPIIEBACT BHITHO, a OJIIKe
K TOYKE KacaHWs JHA — MPOTHO, IPH 3TOM UMEETCS TOYKa, I7Ie KPUBU3HA YKJIaIbIBAEMOT0 TPYOOIpoBOIa
MEHSET 3HaK W M3ru0aroImuii MOMEHT paBeH Hymo (cM. puc. 7.1-3, 0).
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Puc. 7.1-2 Cxema J-mMeTona yKJIaJIKi MOPCKOTO MOABOIHOTO TpyOonposoaa [1]

a
)
g
;
x| & "
<+
N, b

Puc. 7.1-3 Dmropbl u3rubarompx MOMEHTOB NPH YKJIaJe pa3iudHbIMU criocobamu [1]:
a — J-MeTof1 YKIaaKku; 6 — S-METOJ YKIaIKH
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B cootBeTcTBUM ¢ POBENEHHBIM aHATM30M XapaKTEPUCTHK ACHCTBYIOIMX B HacTosmiee Bpems TYC [1]
UId YKJIAAKA S-METOOOM Ha OTHOCUTENIBHO HEOONbIIMX IIIyOMHAX, XapaKTepHBIX Ui POCCHHCKHX
MOpPCKHX He(PTEra3oBBIX MECTOPOXACHHHA, JOCTaTOYHO I(P(PEKTHBHBIMU SBISIIOTCS HECAMOXOIHBIE
TYC (6apxu), KOTOpbIE MO3UIIMOHUPYIOTCS M TIEPEMEIAIOTCS MPH YKIIAJAKe TPyOONpoBoia ¢ MpUMEHE-
HUEM CHUCTEMBI SIKOPHOTO MO3UIIMOHUPOBAHUA U ¢ MepeKIaakoi skopeil (cMm. puc. 7.1-4).
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Puc. 7.1-4 Tlepememenne TpyOOyKIagodHON Oap>ku IO Tpacce TPyOOIpoOBOa HA SKOPHOI CHCTEME IO3HIOHUPOBAHUS

Hpyrue crmocoObl yKITagKky IOABOTHBIX TPyOOIpoBOomoB mepedncieHsl B 8.5 wactm | «Mopckue
noaBoxHble TpyOorpoBoab» [IpaBun MIIT u MOryT NMpUMEHATHCS B 3aBUCHMOCTH OT KOHKPETHBIX
0COOEHHOCTE! aKBaTOPHH, TPACCHI, TPOU3BOACTBEHHON 0a3bl MOAPSAYMKA U T.JI.
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7.2 PACYUET CTATUYECKOW IMPOYHOCTH YKJIAJIBIBAEMOI'O TPYBOITPOBO/JIA

B Hacrosmeit rmaBe mpuBesieH MpUMeEp CTaTUYECKOTO pacyeTa MOPCKOTO TpyOOmnpoBoOAa MpH YKIa ke
¢ TYC SULEYMAN VEZIROV (Per. Homep 743746, ¢nar/coOcTBeHHUK A3epOaiiikaH), BBIOTHEHHBIH
Ha OCHOBaHWU pacyeTHOW MeToAwku [2]. B kadecTBe mnpumepa NPHBOIUTCS OOETOHUPOBAHHBIN
TpyOONpoBOa, MapaMeTphl KOTOPOTo OBUIM ONIpENeNeHbl B PACUETHBIX HPUMEpPaxX COOTBETCTBYIOLIMX
paszeinoB Hactosnmx Pexomenmaruit: (J350 x 12 mm, craias X52, TosirHa OETOHHOTO MOKPHITHs 80 MM.

SULEYMAN VEZIROV wumeer rnaBHble pasMmepeHus: LXB XD xd=107x24x7,0x3,48 w.
Pa3meps! ctuarepa: nnmuHa /,=35,0 M, paguyc KpUBH3HBI IS MOXKET peryaupoBatbes oT 283 10 396 wm.

g ykiagkm MOpPCKOTOo TpyOoOmpoBoga HCHONB3yeTcs S-METOA, HEKOTOpBIE TE€OMETPHUYECKHE
rapaMeTpbl KOTOPOro ykasaHsl Ha puc. 7.2-1.

|« !

Lapxa

Ts

S Eaaas o

Jwo 7 %ﬁ

Puc. 7.2-1 I'eomeTpuueckue napaMeTpsl Npolecca yKIaaKd S-METOLOM:
1 — TIOBEPXHOCTB BOJBI; 2 — TOYKA KacaHUs TPyOOIPOBOIA C JHOM; 3 — POIIMKOBBIE OIIOPEI;
4 — crunarep; a=14° = 0,244 pan. — yroa HakJIOHa KOPMOBOTO y4acTKa MOHTa)KHOH JIMHUH (HAYaJbHBIA yroll HAaKIOHA
CTHHTrepa); B — yrois cxona TpyOOHNpoBOJa CO CTHHIEPa; () — Yrojl HaKJIOHA JHA; Iy — PajUuyC CTHHrepa

Ha ywacTke mpuieranust K CTUHrepy TpyOOIpOBOA M3rHOaeTcsl Mo KpUBOH, OMHCHIBAEMON pagnycoM
KpUBHU3HBI CTHHTEpA F,, TPU 3TOM CTUHTEpP MPUHUMACTCS XKECTKOW KOHCTPYKIHMEH, CHaOXEHHOH
POJMKOBEIMH OIlOpaMu. MaremaTndeckass MOJAeNb Ui ONMUCAHHWS YIPYroro u3ruda TpyOorpoBona
MPUHAMAETCS] B BHJE Hepa3pe3HoW Oanku TpyOdaToro cedeHus. 3aKperuieHus: Oallky 3a/aloTCs B TOUKE
KacaHUs ¢ THOM B BUJI€ IIAPHUPHO-HETIOIBMKHOHN OIOPHI, POJIMKOBBIE OTOPHI CTHHTEpa — IOJABHKHBIMHU
IIapHUPAMHU.

Ha crunrepe anunoit /; Ha TpyOOIIPOBOI NEHCTBYIOT CEAyIOIINE HATPY3KHU:

COOCTBEHHBII Bec TpyOOIpoBoIa (3a/1a€TCsl paBHOMEPHO paclpeelieHHas Harpy3Ka 71 ¢ yIeTOM Beca
OCTOHHOTO TTOKPBITHSA);

JaBJICHWE BOJABI HA CTEHKU TPyOONpOBOJa (CHiia TUIABYYECTH);

HaTsbKeHHe TpyOb! IV, coznaBaemoe HarTsmxuTemamMu TYC.

1 mpoBepKH MPOYHOCTH paccMaTpUBAETCs TOJIBKO MeTaJIHUecKas TpyOa, OETOHHOE yTsDKesroIiee
MOKPBITHE YYUTHIBACTCS TONBKO KaK JOTIONHUTENbHAs BeCOBas Harpy3ka. Tem He MeHee, caMO OeTOHHOE
MOKPBITHE JOJDKHO OBITh TNPOBEpPEHO HA MaKCHUMalbHbIe AeQOopMallid pacTSKEHUS U3 YCIOBHUSA
OTpaHMYCHHS IIHPUHBI MOMEPEUHBIX TPEUIMH B PACTSHYTOW 30HE OETOHHOTO MOKPHITHS Ha OCHOBAHMH,
HarpuMmep, [4] u [5]. Kpome Toro, Hammuue OETOHHOTO MOKPBITHS HE MO BCeH [IMHE TPYOBI, a TOJIBKO B
cpenHeil yactu 3a uckimoderneM 400 — 500 MM Ha KaXIOM KOHIIE TPYObI MPUBOIUT K KOHIIEHTPALIUU
M3TUOHBIX HANPsDKEHUH B 30HE CBapHBIX CTHIKOB. JIJIT yCTpaHEHUs JaHHBIX BO3ACHCTBHMA B psIe Cirydac
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MIPH 3HAYUTEIHHOHN TONIIMHE U Bece OETOHHOTO TIOKPBITHS PEKOMEHIyeTCsl HAHECEHHE Ha HEM KOJIBLIEBBIX
npopesen [6].

CornacHO yCJOBUSIM MaKCHMAJIBHO JOIMYCTHMOTO YIPYroro u3ruba TpyOONpoOBOAa C Y4ETOM €ro
HaTsDKEHHsI JIOJDKCH OBITh TPOBEPEH PajMyC KPUBH3HBI CTHHIEpA 7y, KOTOPBIA HE JOJDKEH MpPEBBIIIATDH
MUHUMAJIEHOE 3HAYEHUE Fynin, OTIPEIesieMoe Mo CleAyromei popmyie:
tie W([G]E—JN/F) ~imins 72D
4

rae J —MOMEHT MHEepIUH MEeTaJUIMIeCKOil TpyObI, M™;
E = 204570 MIla — moaynb ynpyroctd ctaiu (Moxyns IOHra);
W — MOMEHT COIpPOTHUBIJICHUS METaJUINYEeCKON TPYOBl, M ;
[o] =260 MIla — nomyckaeMoe HampspkeHHe (CM. pasz. S Hactosux Pexomenpanuii);
N =451 = 0,441 MH — ycunue HatspkeHus Tpyoonposoxa Ha TYC;
F — mnomanp monepeyHoro CeYeHusl METaUTYECKOi TpyOsI, M”.

—14 (DX—D%) = g—4 (0,35 —0,326%)=0,000181 m*, (7.2-2)
e D, =0,35wmu D;,, = 0,326 M — Hapy>XHbIIl 1 BHYTPEHHUH ITUaMETPbl METAUINYECKOH TPYObl COOTBETCTBEHHO;
F:% (D2—D32,) = %(0,352—0,3262)20,0127 e (7.2-3)

4 4 4 4
W= 32D (D;—Dipy) = 3. O 35 775 ~72(0,357—0,326")=0,00104 M’ (7.2-4)

B cootBercTBHM ¢ hopmymoit (7.2-1) pamnyc KpUBU3HBI CTHHTEpA 7y PaBEH:

. (204570-0,000181)
"520,00104(260 — (0,441/0,0127))

=158 m. (7.2-5)

Takum 00pa3oM paguyc CTHHTEpa 7'y MOXKET OBITh MPUHSAT PABHBIM €r0 MUHUMAJILHOW BEIWYMHE JJIS
ngagaoro TYC — 283 m.

OrmopHbIE peakiid Ha CTUHTEPE OMPEIEIIAIOTCS W3 YCIOBHS, YTO W3THOAIONINK MOMEHT B JIIOOOM
ceueHUH TpyOompoBoma Ha cTuHrepe M, kHwm, ompenemsercs e€ro paauycoM H >KECTKOCTBIO
TpybompoBoza:

M =EJ/r; =(204570-0,000181)/283=0,131 MHm=131xHm. (7.2-6)

Hawubompimas peaknuss Ha MIAPHUPHON OMOpe CTUHTEpa (HA IMEPBON POJUKOBOWM OIMOpE IIOCIEe
KOPMOBOTO y4YacTKa MOHTa)XHOW mHUK) Ry, KH, onpenensercs no cinenyromei dpopmyse [2]:

1

Rofisms{M /rs + N(1 —cos g) + mrsinB;-¢+ (cos B; —cos a)] — 4 (sin 0,-e—sina-sin )}, (7.2-7)

rne B= a+1/ry57,3°=14+35/283-57,3°=21,1°=0,368 paj. — yron HakioHa B TOYKE CXOfia TPYOOIpPOBOIA CO
CTHHIEpa;

£=8/r;=2/283=0,007 pan.=0,41° (S=2 M — pacCTOSHHE MEXIy POJUKOBHIMH OIOpPaMH CTHUHIEpa) —

MpUpalieHne yIia HaKJIOHa TPyOONmpOBOAa MEXKAY POIMKOBBIMU ONOPAMH;
0,=a+e=14°+0,41°=14,41°=0,251 pax. — n3MeHeHHE yriia HAKJIOHA TPyOOIIPOBO/A MOCIIE EPBOM POIUKOBOIL
OTIOPEI;
m = 3890 H/M — moroHHEI Bec TpyOONpoBOAa ¢ MOKPHITHIMH Ha BO3IYXE;
q =2015 H/M — cuna nognep:kaHusi TpyOOIPOBOIA € MIOKPHITHSIMA B BOJE.

B Takom ciyuae peakuus Ha IEpBOM POTUKOBOW omope cTuHrepa R,, kH, npuHuMaeTcs paBHOMH:
1
Ry=
%"sin 0,007

~2,015:283
2

7 {131/283+441(1—cos 0,007) +3,890-283(sin (0,251-0,007) + (cos 0,251 —cos 0,244)] —

[sin (0,251-0,007) —sin 0,244-sin 0,007]} = 3659 kH. (7.2-8)
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Ocranenele cunosble napameTpbl ykiaaku ¢ TYC SULEYMAN VEZIROV wu reomerpuueckue
napaMeTpsl S-00pa3HON KpWBOHM paccMaTprBaeMOro TOABOAHOTO TPYOOINpPOBOJA MPH CTATHYECKOM
pacdeTe ero MpOYHOCTH MOTYT OBITH ONpeseNieHsl Ha ocHoBaHUM [2] u [3].

Paguyc usruba ykiaaabiBagMoOro TpyOONpOBOJA OT TOYKU CXOJa C CTUHTepa (OT TOYKH M3MECHEHUS
3HaKa KPUBHU3HBI) JI0 TOYKU KacaHUs JHA JIOJDKEH OBITh HE MeHee ompezenseMoro mo ¢gopmyne (7.2-1).
[Ipu 3TOM OCHOBHBIMH TapaMeTpaMu JJIs OmpeieNieHus paauyca u3ruba TpyOompoBona (M JUIMHEI €ro
MIPOBUCAIOIIEH YacTH COOTBETCTBEHHO) SIBIISIOTCS TIIyOWHA aKBAaTOPUM B MECTE YKJIAAKH U TEOMETPHS
CTHHTEpa: €ro paanyc, IJIMHA W HadalbHbIA yron. Hampumep, mis HeOOmpmMX TIyOWH M JUITMHHBIX
CTHHTEPOB, ¥ KOTOPBIX TOYKa CXOAa TpyOONpoBOAa C CTHHIepa COBMAJaeT C TOYKOW M3MEHEHHs 3HakKa
KPHBH3HBL, IJIMHA MIPOBUCAIOLICH YacTu TpyOomnpoBoa / onpeaensercs mo cienyromei Gopmye:

— H_hs

“T—cosp 1P (7.2-9)

rae H — riry0uHa akBaropud B MECTE YKIIAJIKU;
hg=ry(1—cos (l/r;) — OTCTOSIHUE KOHIICBOIl OMOPHI CTHHIEepa OT BaTepiaunuu TYC;
[} — yron cxoxa TpyOONpPOBOa CO CTHUHIEpa.

7.3 PACHET TPOYHOCTHU TPYBOITPOBO/IA B YCJIOBUAX KAYKHU TYC

ITpu npoBepke MPOYHOCTH B MpPOLECCE YKIAAKH MOABOAHBIX TpyOompoBogoB ¢ TYC HeoOxomumo
y4uThIBaTh BO3zAeiicTBue Ha TYC BONHEHHS W TEYEHWU, KOTOpbIe OOYCIaBIWBAIOT IMOSBIEHUE
TUHAMHYECKHX Harpy3ok kKak Ha kopmyc TYC, Tak M HEIOCPEICTBEHHO Ha HAXOSIIWIICS Ha CTHHTEpE
MOJIBOJHBIN TPYOOIIPOBOA. DTH HArpy3KH CIEAyeT YUUTHIBATH JJIsl IPOBEJCHUS CIIEAYIOIIETO:

aHaJln3a MPOYHOCTH SIKOPHBIX JMHUN MpPU MO3ULIUOHUPOBAaHUM U nepemenieHnn TYC Bnoib Tpacchl
TpyOOIIpOBO/Ia;

HPOBEPKHU MPOYHOCTH YKJIAABIBAEMOI0 TPyOONIpOBOJa IIPHU JUHAMHUYECKUX IEPEeMEIICHUsIX CTUHIepa B
nponecce kauku TYC;

MIPOBEPKH MPOYHOCTH YKJIaIbIBAEMOT0 TPYOOIPOBOAA MPU HEMOCPEICTBEHHOM BO3JEHCTBUM Ha HETO
BOJIH U TEUEHHUS.

Ha ocnoBanun meronuku [2] ammutynael kauku TYC SULEYMAN VEZIROV npu HeperynsapHOM
BOJIHEHUHM MOTYT OBITh ONpEeNieHbl COrIacHO puc. 7.3-1.

Belcota BonHbl 3%-it obecneyeHHOCTH, M

FF

l i 1 i
! J 4 J rpag.

AMnnutyaa koneGaHuim, m

Puc. 7.3-1 AMniunTyabl Kauku Ha HeperynsapHoM BonHeHuH 3-% obecneuennoctu TYC SULEYMAN VEZIROV [2]:
1, 2 — xunesas (y) u 6opropas (0) xauka; 3, 4 — TOPU3OHTANIbHASA (ag) U BEPTUKANbHAS (@) KauKa
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MakcumanbHble aMIUTUTYIBI Kadke JaHHOTo TYC mpu orpaHiyYeHHH BBICOT BONH 3-% 00ecredeHHOCTH
He Oonee 2,5 M cormacHo puc. 7.3-1 paBHEI:

ag = 0,55 m;

a, = 0,61 m;

v=0,65° (0,011 pan.);

0=2,4° (0,042 pan.).

[Ipu 3TOM aMIUIHTYAa BEPTUKATLHBIX KOJICOAHH KOHIIEBOI POJIMKOBOM OMOpHI cTHHTEpa G, C YICTOM
MeCTa PacToIOKEHHsI CTHHTEpa U €T0 JUIMHBI [, OTIPEAEIIIeTCS 0 CleAyromei dhopMyre:

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

rae k =10 M — OTCTOSIHME CTHHIEpa OT AuaMeTpabHON mockoctd TYC;
L =107 M — mmna TYC;
Iy =35 M — nmmHA cTHHTEpA.

AMIUIMTY/Ia TOPU3OHTAIBHBIX KOJICOAHUH KOHIICBOW OIMOPBI CTHHIEpa OMPEASNIICTCs M0 Gopmyie
Geg=ag,+h0=0,55+2,83-0,042=0,67 m, (7.3-2)

rae hs =2,83 M — OTCTOsIHHE KOHIIEBOU omopbl cTuHIrepa oT Barepiauuun TYC (cMm. popmyny (7.2-9)).

Takum o0Opa3om, TIETh TPyOONpPOBOJa MEKAY KOHIIEBOH POJMKOBOW OMOPOM CTHHTEpa M TOYKOH
KacaHWsd JHa TNpPU YKIAAKE HAXOIUTCA B PEXKHMME BBIHY)KICHHBIX KOJICOAHMH C aMIIUTyIaMHu,
onpeneneHHpIMA 110 dhopmyiaM (7.3-1) u (7.3-2), 1 ¢ 4aCTOTON MOPCKOTO BOJIHECHHUS.

IIpoBepka mpodHOCTH TpyOOIpoBOoAa B ycHoBUAX Kaduku TYC W JeHCTBUS Ha YKIIAIbIBACMBIHA
TpyOOIIPOBO/ TEUEHHUSI paccMaTpuBaeTcsa B [2] U COCTOUT U3 CIEAYIOMINX ITAIOB:

COCTaBJICHHE YPaBHEHHUS BBIHY)KJCHHBIX KoJeOaHUi TpyOompoBoa;

OIpeJeNieHne 4acTOThl COOCTBEHHBIX KoJieOaHWH TpyOompoBoda M MpPOBEpKa OTCYTCTBHS SIBICHUIN
pE30HaHCA;

oTpesiesieHre N3ru0aroero MOMeHTa TpyOOIIpOBOAa B BEPTUKAIHHOM TNTIOCKOCTH H MEpepe3bIBaAoNIei
cuiibl oT Kauku TYC;

ompeeneHre HM3rUOaIoNIero MOMEHTa TPyOONpoBOJa B TOPU3OHTAIBHOM IJIOCKOCTH OT JIEHCTBHUS
TEYEHUsI.

HamnpspbkeHHOE COCTOsIHME YKJIaAbIBa€MOH IJIETH HOABOIHOIO TPYOONPOBOIA ONpEAEISIeTCs AEHCT-
BHEM H3TH0ArOINX MOMEHTOB, BECOBOW HATPYy3KH M CHJIBI HATSHKCHUS:

B BEPTUKAIBHOH MJIOCKOCTH OT IEHCTBHSI COOCTBEHHOM BECOBOIl HArPY3KH C YUETOM CHII MO ICP KaHUS
B BOJIE U JMHAMHUYECKOTO MOMEHTA, BO3HUKAIOUIETO B pe3yabrare kauku TYC;

B FOPU3OHTAIBHOMN IUIOCKOCTU OT ACHCTBHS TEUCHHs] M AMHAMHUYECKOTO MOMEHTA, BO3HHKAIOLIETO B
pesynprare kauku TYC;

KOJIBIIEBBIE HAIPSDKEHHS OT THIIPOCTATHYECKOTO JABIECHUS BOMBI.

Ilo yka3aHHBIM BBIIIE HArpy3Kam, ACUCTBYIOUIMM Ha TOABOAHBIN TPyOOMpPOBOA MpPH YKIAJAKE,
MPOBEPSIETCsl IPOYHOCTH TPYOOIIPOBO/IA IO CyMMapHBIM HaIpsKEHUs coracHo 8.5.6.6 wactu | «Mopckue
noaBoxHbIe TpyOonpoBoasDy [Ipasun MIIT.

7.4 OCOBEHHOCTHU PACYHETA HANIPAKEHHO-JE®OPMHUPOBAHHOI'O COCTOAHUA
TPYBOIIPOBOJA ITPU S-METOJE YKJIAJIKHA

IMpu pacuere HanpsHKEHHO-AE(POPMUPOBAHHOTO COCTOSIHHS TpPyOONpPOBOAa TPU €ro yKJIajgke Ha
MOPCKOE JTHO B OTEUECTBEHHOH U 3apyOexHON JuTepaTrype, KaKk MpaBHIIO, UCTIOIb3YETCsl NPUOIIKECHHO
muddepeHIranbHOe ypaBHEHHE Mporuda Oallky, KOTOpOE CIpPaBeAIMBO TOJBKO NPH aHANW3E YKIaIKh
S-MeTomoM mmpH HeOONBbIIMX I[IyOWHAX BOIBI, YTO CBSA3aHO C JOMYLICHHEM O Mallod BEIWYHHE YIJIOB
HaKJIOHA MONIEPEUHBIX cedeHui TpyOompoBoaa. Korna yrbl HaK/IOHA U IPOrHOBI CTAHOBSTCS OOJBIINMH,
HEOOXOAMMO HCIIONB30BaTh ToOUHOE A depeHnranbHoe ypaBHEHNE JTHHUNA TPOTHOOB.
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B o6mem ciydae Tounoe auddepeHIManbHOe ypaBHEHHE TPoruda 0aakud UMeeT CIACTyIOIUHA BUIL:

dy?/dx?
M(x)=EI A4-1
(x) [1 + (dy/dx)2]3 2> (7 )
rIe M(x) — nzrubaroniuii MOMEHT B TIPOU3BOJBHON TOYKE X OalKH;

E — Monynp ynpyroctu Marepuana;

I — MOMEHT MHEpUUH IIONEPEYHOrO CCUCHUS;

y — 1nporu0.

JlanHoe ypaBHeHHE TIpelnCcTaBiIsieT co0oi HenuHeWHoe nuddepeHnrnanbHoe ypaBHEHHE BTOPOTO
TOPSIZIKa, HHTETPUPOBAHUE KOTOPOTO, MPEACTABIISET ONpeJielieHHbIe TPyAHOCTH. TouHast ¢opMa ynpyroit
KPHBOH, MONyyaromasics NpH pelieHHH JaHHOTO ypaBHEHUS, Ha3bIBACTCS DIIACTUKOHM, OJHAKO MPU STOM
BO3HHUKAIOT OINpE/CICHHbIC CIOKHOCTH C HAa3HAYCHMEM DPACUCTHBIX HM3THOAIONIMX MOMEHTOB OT BCEX
BHEIIHUX HArpy3oK.

B kauectBe AJIBTCPHATUBHOI'O IMOAXO0Ja K OIPEACICHUTIO HaprI)KeHHO-JIeq)OpMI/IpOBaHHOI‘O COCTOSTHUA
MOJIBOJHOTO TPYOONPOBOJA MpPH YKJIAJAKE MOXKET NPUMEHSITHCS METOJI pacyeTa, OCHOBAHHBIM Ha
COBPEMEHHBIX KOMIBIOTEPHBIX TEXHOJOTUSX M METOaX PEIICHUS COOTBETCTBYIOLIMX KPAaeBBIX 3alady
MEXaHHKH TBEpPAOTO ae(OPMHUPYEMOro Teda, B YAaCTHOCTH KOMIBIOTEPHOH Cpembl JUIS CHMBOJBHBIX
BBEIYHCIICHUH B cpene Mathematica [7].

7.5 IPUMEHEHHUE MPOI'PAMMHBIX KOMIVIEKCOB IJIA TIPOBEPKH ITPOYHOCTH
MOPCKOTI'O MIOABOAHOTI'O TPYBOIIPOBOJA ITPU YKJIIAJIKE

IIporpaMMHBIE KOMIUIEKCHI A TPOBEPKH MPOYHOCTH MOABOAHOTO TPyOONpoBOJa IpH YKIAIKe
(manpumep, nporpamma OFFPIPE, paspaborannas R.C. Malahy, Jr. u ap.) IOMKHBI OCHOBBIBaTbCA Ha
KOHEYHO-JIEMEHTHOM HEJIMHEHHOM MOJENMPOBAaHUH YKIAAbIBAEMOTO TPyOONpoBOJa M BHINOIHSATH
CTaTUYECKUE U JUHAMHYECKUE aHANN3bI YKIAJKH TPYOOIIPOBOIOB B 3aBUCUMOCTH OT INIyOMHBI aKBaTOPUH
M BEIMYMHBI PACTATHBAOIINX YCWINH TpPH Pa3IWYHBIX KOHQHUTYpaUWAXx MOIIEPKUBAIONIINX OIOpP
MoHTaxHOU ymHUK TYC U cTHHTEpa ¢ y4eToM Ccoco0OB €ro KpeIUIeHUS M MOIICpKaHHS IJIaBydecCTH,
BKJItO4as S- ¥ J-METOMbl YKIaIKU.

IIpuMeHsieMBIMU TIPOTPAaMMHBIMH CPEJCTBAMHU JOJIKHBI BBIITOJIHATHCS CTATUUECKHUE M JUHAMHUYECKUE
aHaJIM3bl MHULMALMH, IPEPHIBAHUA/IPOIOIDKCHUS YKIIaAKU TpyOONPOBOIOB, I0IbeMa/OyCKaHUs TPYOo-
MIPOBOZA HAa JHO C UCIOJB30BAHHEM TPOCA U 3JIEMEHTOB IUIaBydyecTd. [Ipu 3TOM IOJIKHBI YUUTHIBATHCA
nuHamu4yeckue BosneiicTeus Ha TYC BeTpa, TeUeHHS U BOJHEHMSA, B T.4. PETYSIPHOTO U HEPETYISPHOTO
pasNUYHBIX HampaBieHHd. MoryT OBITH yduTeHbl mnapamerpbl kauku TYC (O0OpTOBOM, KHIIEBOH M
pbIcKaHus), a Taroke cMemeHust TYC ot Tpaccel TpyOonpoBoza.

Mopckoe [HO AOMKHO MOIENIMPOBATHCS KaK HEMPEPBIBHOE YIPYTO-INIACTHYHOE OCHOBAHHE C
3aIaHHBIM TPEXMEPHBIM TpodHIeM MOBEPXHOCTH, ONpPEIEIeHHBIM Ha OCHOBAaHWH HWHXEHEPHBIX
n3bickaaui. KoaduumeHnTs! TpeHHus TpyHTa MOTYT OBITH OIpeneNieHbl Kak Jyisd OOKOBBIX, TaK M JJISA
MIPO/IOJIBHBIX CIBUTOB TPYOBI.

[TomMumo ompeneneHus HanpsHKEHHO-AEPOPMUPOBAHHOTO COCTOSHHUS TPYOONpOBOAA ONpPEneNsIoTCs
IPOJIET W TEOMETPHs MPOBHUCAIOLIEH YacTH YKJIQABIBAEMOIO TPyOOmpoBoa IpHU HOABEME/OIyCKaHUU
TpyOOnpoBOaa, peakiys IPyHTOBOTO OCHOBAaHMs B TOUKE KacaHHs TPyOOIpoOBOAa AHA M IapaMeTphl
CBOOOAHBIX MPOJIETOB YJAOKEHHBIX TPYOOIPOBOAOB Ha 3Tamax YKJIaAKd, THAPABIUYECKUX HCIBITAHUH U
9KCIUTyaTaIuH.

HcxonHsIMU JaHHBIMH AJIS1 IPOrPaMMHBIX KOMIUIEKCOB IO YHCJIEHHOMY MOJEIMPOBAHHUIO IpoLecca
YKJIaIKA TIOABOIAHBIX TPyOOIPOBOIOB KaK MHHUMYM JOJKHBI SIBIISITHCA:

JUIMHA PacueTHOT0 KOHEYHOI'O 3JIEMEHTa TpyOonpoBoa;

XapaKTePUCTHKH CTaJIbHOTO TPyOOmpoBoja (AMameTp, TOJIIMHA CTEHKH, TOJNIIMHA W IUIOTHOCTB
M30JSIIMU U OETOHHOTO (0aJTacTHOTO) MOKPBITHSL, BeC TPyObl Ha BO3AyXE M B MOTPYKEHHOM COCTOSHHH);

npeaen TeKy4eCTH U MOIYJb YIPYTOCTH CTall TpyOOIpoBoOAa;
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xapaktepuctTukn TYC (mojokeHHME M XapaKTePUCTHUKH MOAJNCPKUBAIOIIMX OIOP PpOJbIraHra Hu
HaTSDKUTEINeH, XapaKTepUCTUKU CTHHIEPa);

npoduias W XapaKTepUCTHKH TPyHTa MOPCKOTO AHAa (KO3(POHUIUEHT TPEeHHS, BEPTUKAIbHOE M
MOTIEPEYHOE COTPOTHUBIICHHUE);

[TyOrHa MOpsi, IPUHSTHIE TTapaMeTphl BETPOBOTO BO3JCHCTBUS, TEUCHUI U BOJHEHHS.

7.6 CPEJICTBA JIJIsI 3ATJTYBJIEHUSA MOJBOJHBIX TPYBOIIPOBOJIOB B IOHHBI T'PYHT

Heo0xomumocTs 3armyOiieHHss MOPCKUX TMOABOTHBIX TPYOONPOBOJOB B JAOHHBIA TPYHT 00yCIOBIICHA
PSIOM NPUYMH, OCHOBHOH M3 KOTOPBIX SIBISETCS HAIMYKE HA JHE 3K3apallMOHHBIX OOPO37 B pe3yjbTare
NPOMAaxUBaHKs TOHHOTO TPYHTa KWISIMH JICIOBBIX 00pa3oBaHuil. TpeOoBaHUS K BEIMYMHE 3aryTyOleHUs
TpyOOIPOBOIOB (MM TIIyOWHE TpaHIIeH ISl YKIAAKN) TOJDKHBI COOTBETCTBOBATH TpeboBanueM 8.3 gacth |
«Mopckue nonBoansie Tpyoonposoas» Ilpasuin MIIT. [lns peanuzanun Takoro crnocoba CTpoOUTENbCTBA
MIOABOIHOTO TPYOOIPOBOAA PEKOMEHAYETCS MPUMEHSTh TpyOO3arayOuTeNnbHbIE YCTPOWCTBA, KOTOpPBIE
MO3BOJISIIOT OCYIIECTBISITh TEXHOJOTMYECKYIO OINEpalMi0 IO 3anlyOlneHHi0 W OOpaTHOM 3achlIKe
TpyOonpoBoga 0Oe3 mpuBieueHHs BoM0ia30B («diverlessy) HemocpeACTBEHHO Tmocie (a MO CYTH
OTHOBPEMEHHO, C HEOONBINNM OTCTABAHHEM BO BPEMEHH) OMEpaIlMd YKIAIKH JTaHHOTO YdYacTKa
TpyOompoBoaa (cM. puc. 7.6-1).

MUHUMATbHOE NPUOTUUMENLHOE PACCIOSAHUE
medicdy bapocamu 1 km ) ' mpy6oyKkiaouux

mpybozaznyoumens

l\
¢ 06pamuoll 3acbinkoll 'Y ‘ o .

VII0dHCeH bl MPYOOnPO600

ypogenb 600bl

~40 m

Puc. 7.6-1 CoBMmemnenune onepanuii o yKJIaAKe U 3arTyOJIeHHIO ¢ 00paTHOM 3acBITKOI MOABOIHOTO TPyOOmpoBoIa
(Tpy6oykmnanounsie 6apxun «CASTORO-12» u «CASTORO-16» xommanunu Saipem S.p.A., Wrtamus)

Ha puc. 7.6-2 mpencraBieH mNpuMep MEXaHH3MPOBAHHOTO ycTpoiictBa mist 3armyOnenuss MIIT,
pazpaboranHoro kommanued Saipem S.p.A. mna ycranoBkd Ha TYC «CASTORO-16» (cm. puc. 7.6-1).
VYCTpoiCTBO COCTOMT MMHMMYM M3 [BYX arperaroB. IlepBblii arperar (1o Xomy ABMKEHMS) NIPEIHA3HAYCH IS
pa3paboTKH TpaHIIEeH Tof TPyOOIPOBOAOM C HCIIONB30BAHHEM JIBYX CITMPAJIEBUAHBIX (pe3, JOTIOTHEHHBIX
nByms mpueMHbIMH Tarpyokamu DN 400 or rpyHTOHacOCHOM yCTaHOBKHM, ycTaHoBieHHOM Ha TYC, ¢
TUJPABIMYCCKUM TIPUBOJIOM MOIMHOCTBI0 | MB U BO3MOXXHOCTBIO pa3pabOTKK TpaHIIEeH TIyOuHOH 10 3,7 M.
Taxkoii arperar TpeOyeT NpHUMEHEHUE IOMOIHUTEIBHOIO TAHYILETO YCTPOIMCTBA, KaK MPaBHIIO, TYCEHHIHOTO.
Bropoii arperar mpuMeHseTcs Ui KOPPEeKTHPOBKH MPOGUIIS TPAHIIEH W UMEET I'yCEHWYHBIM JBIKUTEIb C
runpaBImdecknM npuBoaoM 350 kBT, maTtpy0ok TpyHTOHACOCHOW YCTaHOBKH M CPEACTBA KOHTPOIIS TPOQHIIs
TpaHIIEH W TOJOXKEHHS TPyOONpoBOAa, BKJIIOYAsl HAMPABISIOIINE POJNWKH, TEpeMelIaoiecs: BAOIb IO
Tpy6ompoBoy. OBILas IPOU3BOIUTENBHOCTh YCTPOICTBA COCTABISET 3600 M/d.

BeimeykaszaHHOe yCTpPOHCTBO MOMKET OBITh CHAaOXXEHO OOOpyHOBaHHMEM sl OOpaTHOH 3acChIIKU
TpyOOIIpOBOJa, YIOKEHHOTO B TPAHIIEIO, C HCIOJIB30BAHWEM OTOOPAHHOTO MpH pa3paboTKe TpaHIIeH
rpyHTa (CHCTeMa XpaHEHHUS U MOJa4y Ha OOpaTHYIO 3aChIIKy MynbIibl obopynyercs Ha TYC, k koTopomy
KOHCTPYKTHUBHO IPUBSI3aHO JAHHOE YCTPOMCTBO).
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Hanpasnenue osuoicenus

Puc. 7.6-2 YerpoticTBo 3armyOneHus] MOABOIHOTO TpyOOmpoBona koMnanuu Saipem S.p.A.

Ha puc. 7.6-3 B KOMIUIEKTE C TPUBOAHBIM OJIOKOM C TYCEHHYHBIM JBH)KUTEJIEM IPEICTaBICHO
YCTPOMCTBO KOMIaHUM Saipem S.p.A., OCHAIIEHHOE CKOJNB3SIIMMU MOAYJISIMU IUIABY4ECTH VIS Pasrpy3Ku
TpyOOIpoBOaa OT YpPEe3MEPHBIX W3TMOHBIX HANPSKEHUI MIPU €ro MEepeMEIleHUH B IPOGHIb TPAHILIEH.

T ———
0 |, i

Puc. 7.6-3 KomiuiekcHOe yCTpOHWCTBO [UIsl 3arTyOJIeHNs] U 0OpaTHOM 3aCBHIIKH MOABOTHOTO TPyOOIpoBoIa
KoMmmaHu Saipem S.p.A.

CrnenyeT y4YUTHIBaTh, 4TO IMPEJCTABICHHOE KOMIUIEKCHOE YCTPOWCTBO IO3BOJIIET HE TOJNBKO
(opMUpOBATh TPAHIICKD C 3a/JIaHHBIMU [MapaMeTpaMH M TepeMeliaTh B Hee Oe30MacHBIM CHOCOO0M
MIPEIBAPUTENLHO YIIOKEHHBIN MMOIBOMHBIA TPyOOIPOBOA, HO M MPOU3BOIUTH OOPATHYIO 3aCHIIKY paHee
W3BJICYCHHBIM TpyHTOM. [IpH 3TOM MOTepu rpyHTa 0OpaTHOW 3aCHINKH MPHU €ro 0TOOpe M JIOCTAaBKE H3/B
TPaHIIEIO COCTABISIOT OKoyo 20 %.

Jnst ycrpoiicTBa NMOABOAHBIX TPAHINEH, B KOTOPBIE MOXKET MPOU3BOIUTCS YKJIAAKa IOJBOIHBIX
TPYOOIIPOBOIOB, MOTYT TPUMEHSTHCS TEXHOJOTHH, PACCMOTPEHHBIE B pasza. 10.
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8 JJIEKTPOXUMHNYECKASA 3AIIUTA ITOABOJHOI'O TPYBOIIPOBOJA

8.1 HCXO/JIHBIE JAHHBIE /151 PACUETA SJEKTPOXUMHUYECKOM 3AIIIATHI TPYBOITPOBOJI0OB

DIEKTPOXUMHUIECKHE CIOCOOBI 3aIUTHl OT KOPPO3WH TOABOTHBIX YaCTEH CTAIBHBIX KOHCTPYKITHH
MOPCKHUX THIPOTEXHUUECKUX COOPYKEHUU OCHOBAHBI HA KAaTOMHOM IMOJIIPU3AINA 3aIUIaeMOT0 MeTaslia
BHEIITHUM D3JICKTPUYECKUM TOKOM (KaTOIHAs 3aIlMTa) WU TOKOM TaJbBaHUYECKUX aHOJOB-TIPOTEKTOPOB
(poTexTOpHasl 3aIuUTa).

OCHOBHBIMHM TapaMeTpPaMu DJICKTPOXUMUUYECKOM 3aIIUThl SIBIAIOTCA AIEKTPOAHBIA MOTEHIUAT
COOPYXKEHUS ¥ INIOTHOCTH TOKA Ha 3allHIAaeMOM ITOBEPXHOCTH.

B Tabnm. 8.1 mpencraBieHBl MaHHBIC, HEOOXOMWUMBIC IS pacueTa dJICKTPOXUMHUYECKOW 3alTuThI
TpyOOTIPOBOIA, ¥ YUCIICHHBIE 3HAYCHUS JTUX MapaMeTpOB I IpUMeEpa pacdeTa.

Tab6nnma 8.1
JlanHble 1151 pacyeTa 3JIeKTPOXHMHYECKoi (MPOTEKTOPHOIi) 3aMThI TPYGONpoBoaa
HapyxHblii TuamMeTp TpyOomnpoBoia, MM 350
TommyHa cTeHKH TPYO, MM 12
ITpoTshkeHHOCTH TPYOOIPOBOIA, KM 145
I'my6una mopsi, M 11,2
TonuHa OETOHHOTO YTSIKEINSIOUIETO MOKPHITHS, MM 80
MakcuMalipHasi TeMIieparypa npoaykra B Tpydonposozue, “C 50
Tun nporekropa Bpacnernsiit
IIpoTeKkTOpHBIil CIIIaB HA OCHOBE ATFOMUHUS AIl4H
Pacuernast Temneparypa nporekropa, “C (Ui He3arTyOIeHHOTO TpyOOIIpoBoia IPUHIMAETCsl PaBHOM CpelHel TeMIeparype 11
MOPCKOH BOJIbI)
KoaddunmeHTt none3Horo UCmonb30BaHus MPOTEKTOpA U 0,8
Jnuna tpyOsl Ly, M 12
Cpenuuit K03QUIUEHT IeCTPyKUHU (pa3pyLICHHUsI) 3aBOJCKOTO HAPYKHOTO aHTHKOPPO3HOHHOTO MOKPBITHA fryy 0,01625
Koa¢puuumeHT fecTpyKImy 3aBOACKOr0 Hapy)XHOTO aHTHKOPPO3HOHHOTO HOKPHITUS B KOHIIE CPOKa CIIY>KOBI f.4 0,0245
CpeHsist TONIIMHA 3aBOJCKOTO HAPYKHOTO aHTUKOPPO3HMOHHOrO MOKpbITHS 3LPE 7.5, MM 4,0
3aIUTHEI NOTEHIMAN CTalnd (II0 OTHOIICHUIO K XJIopcepedpsHoMy anektpony) E, B —0,8
ToTteHnman npoTexTopa 1Mo 3aMKHYTOMY KOHTYpY E., B —1,05
TIJ10THOCTD TOKA i () AM? 0,046
Inotsocts Matepuana AII4H mporekropa po, Kr/m’ 2800
DNeKTpOXUMHUYECKast eMKOCTh NMPH YKa3aHHOH IUIOTHOCTH TOKA M CPEAHErof0Bol TeMreparype Mopekoit Bogsl 11 °C, g, A-u/kr 1300
PacueTHbIif cpok dKcTUTyaTaluu MOBOAHOTO TPyOONpoBoa #r, €T 33
VnensHOE JNEKTPHIECKOe CONPOTUBIEHHE MOPCKOH BOIBI IIPH CpeHEeronoBoi temmeparype 11 °C, p, Om-M 0,5
8.2 OITPEJEJIEHUE OBIIENU MACCBHI ITPOTEKTOPOB
3ammiaemasl IPOTEKTOPaMH ILIOIMIAAb OBEPXHOCTH TPYOOIPOBOA paBHA:
A.=7D, L, =3,14-0,35-145000 = 159355 m?, (8.2-1)

e L =145000 M anvHa 3amUInaeMoro yJactka TpyOonpoBoaa;
D, —HapyXHBIIl fuaMeTp CTAIBHOH TPYOBI, M.

TpebOyemass cmia TokKa IJIsi TPyOONPOBOAA HA CPOK CIYXKOBI MPOTEKTOPOB OMPEACTAETCS 10
cnenyroiieit Gopmysie:
Lom tor=Acicorfem =159355-0,046-0,01625=119,1 A, (8.2-2)

rae icor = 0,046 A/M> — pacueTHas IUIOTHOCTH TOKA MPH CPEIHETONOBOI Temmeparype Boasl 11 °C (cm. Tabi. 8.4-2);
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JSem =0,01625 — cpenunit ko3 UIUEHT fecTpyKUnH (pa3pyIIeHNsT) N30ISAIIHOHHOTO TOKPHITUS, OIPEIEeICHHBIH 1O
¢dopmyne (8.4-1) u tabn. 8.4-4 mis TpyOompoBoma ¢ OCTOHHBIM YTSDKEINSIONIMM MOKPHITHEM, aHTHKOPPO-
3u0HHBIM NoKpbITHEM 3LPE, TepmoycaxuBaronumucs mamxeramu (HSS) Ha cThikax TpyO UM oTCyTCTBHEM
3a0JTHEHHSI MOHTa)XHOTO COCIHHECHUSL.

OOmas Macca IPOTEKTOPOB ONPEACISAETCS MO Clieaytomieii hopmye:

L. 18760 _119,1-33-8760
M =Ltem tot tf — > — 11 2-
ue 081300 o110 (8.2-3)
rae ty— CpOK CiTyxO0bl TpyOOIPOBO/A, JIET;
€ — OJIEKTPOXHMHYECKasi eMKOCTh (cM. Tabu. 8.1);
u =0,8 — k03 HULMEHT MOJIE3HOTO UCTIOIB30BaHMS IPOTEKTOPA.

8.3 PACUET KOJIMYECTBA M IPEJABAPUTEJbHOM TEOMETPUUA IPOTEKTOPOB

Ha ocHoBaHHMH COOTBETCTBYIOIIEH METOAWKH [6] MOXET OBITh NMPOW3BEIEH pacyeT KOIMYEeCTBa W
MIPEIBAPUTEIEHON TEOMETPUH MTPOTEKTOPOB.
Huciio mpoTEeKTOPOB PACCUUTHIBACTCS IS TIPEIBAPUTEILHO 3aJaHHOTO IIIara:

N=CEIL(L,,/L) = CEIL(145000/12-15)= 805 r., (8.3-1)
rae CEIL — ¢yHKIHSA OKpYyIIeHHS B OONBIIYI0 CTOPOHY LENIOTO YHCIA OT MOTyYSHHOTO B Pe3yIbTaTe pacueTa 3Ha4eHHS;

L — npousBenenne UMHBI OonHOM TpyObl (L=12,0 M) Ha 3amaHHBIA Iar (mIar MPOTEKTOPOB NPHHUMAETCS
paBHbIM 525, B 1aHHOM citydae — 15).

Macca opHoro npotekropa Mtot onpezaensieTcs mo cieaytomeil Gopmyre:

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

e M — obmas macca POTEKTOPOB, KT
N — 4YHCII0 TPOTEKTOPOB.

HauaneHblit 00beM npoTekTopa V; omnpenensiercs mo ciegyioueid Gpopmyne:
Vi =M,y/po=41,1/2800=0,015 v°, (8.3-3)

e M,,, — Macca MpoTeKTopa, Kr;
Po — IUIOTHOCTh MaTepHasa IPOTEKTOpa, KI/M".

Tpebyemast nnuHa ipoTtekTopa L, onpeznenseTcs mo Gopmyse:

v
L,= ! . 8.3-4
“ TC/4[(Dint + Zta)z _Diznt - Zta gap ( )

rae t, — TOJIIMHA MPOTEKTOpPa, PaBHAS TONIIMHE OETOHHOTO MOKPBITHSI 8 CM;

gap=10 cM — TPUHAITOE PACCTOSHIE MEXIy HOJOBHHAMH OpacieTHOTo MpOTeKTopa (Kak mpaBmio, 510 cm);

D;,, — BHYTpEHHHI JUAMETpP IPOTEKTOpa, M;

D;,,=D,+2t.p0=0,35+2-0,004=0,358 ™, (8.3-5)
rae D, — HapyXHBII TaMeTp CTAJIBHBIX TPYO, M;

teoar= 0,004 M — cpemHss TONIIUHA AaHTUKOPPOZUOHHOTO M TETLION30JSIIUOHHOTO MOKPBITHSA (B CITydae MPUMECHEHHS

MOCTICTHETO).
B takom clydac TpeGyeMasI JJIMHA IPOTEKTOpa La OIpeaACIACTCA 110 Q)OPMYHC
0,015

L, 2 =0,15 m. (8.3-6)

~ W/A[(0,358 +2-0,08)2— 0,358%] — 2-0,08-0,06
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KoneuHast TONMHA CTEHKH IIPOTEKTOPA for ONPENEIAETCA 0 CHeAyIomed popmyne:

tor=(1—u)t, = (1—0,8)0,08=0,016 . (8.3-7)

TpeOyemass cuina Toka nansi TpyOOHmpoBOAa B KOHLE CPOKH CIIyXOBbl MPOTEKTOpa COTIACHO
¢dopmyre (8.2-2) paBHa:

Lofior = Acvicorfea=159355-0,046-0,0245=179,5 A,

rIe fea — K03 GUIHEHT AecTPYKINH (pa3pyIICHHs) H30JISIIMOHHOTO TIOKPBITHS B KOHIIE CPOKA CITYKOBI, OTIPeIeTICHHBII
mo ¢opmyne (8.4-2) m Tabm. 8.4-4 wcXons W3 CXEMbl AHTHKOPPO3MOHHOW 3alllUTHI, YKAa3aHHOW s
dopmyms! (8.2-2).

ITomaap MOBEPXHOCTH MPOTEKTOpa B KOHIIE CPOKa IKCIUTyaTaIlMd OIPEACNISACTCS IO CIIeMYIOIIeH
dopmyre:
Agp =MDy + 21) —2gap)L, = [1(0,358 +2:0,016) —2-0,10]0,15=0,153 m>. (8.3-8)

DNEKTPOIUTHUECKOE COMPOTHBIICHUE TIPOTEKTOPA B KOHIIE CPOKa CIIYKObI OMpeesiseTcs mo Gpopmyiie
R,=0,315p/ /A, =0,315-0,5/,/0,153 Om, (8.3-9)

rae p — YHAEIbHOE JIICKTPHUYECKOE CONMPOTHUBIEHUE MOPCKOH Boxbl, OM M (cM. Tabu. 8.1).

Cuna ToKa IPOTEKTOpa B KOHIE CPOKa CIIYKObI /,, onpesiensercs no Gopmyrne
I, =AE/R, =(—1,05+0,8)/0,402=0,62 A, (8.3-10)

rae AE — pa3HULa MEX1y MOTCHIHAIOM IPOTEKTOPa MO 3aMKHYTOMY KOHTYDY M 3aLUTHBIM MOTEHLHAIOM CTaJIH.

Koneunoe wuucino npoTekTopoB Ny ¢ y4€TOM CHIIBI TOKa IPOTEKTOPa B KOHLE CPOKA CIIyKObI
oIpezensieTcs Mo cluenyrleil popMmyne u cocTaBiserT:

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

Pacuer siBnsieTcst BEpHBIM B TOM CIydae, €CIH KOIUYECTBO MPOTEKTOPOB C YUETOM CHJIBI TOKa B KOHIIE
Cpoka ciyxO0bl, onpeaenseMoit o ¢opmyne (8.3-11), mensle, yem ompeaenenHoe mo gopmyne (8.3-1)
A7 BEIOPAHHOTO IIara yCTaHOBKH IIPOTEKTOPOB, T.e. Ny = 288 mrt. < N = 805 mr.

B ciyuae, ecnu KOJIMYECTBO NMPOTEKTOPOB, OINPEAEICHHOE HAa OCHOBAaHMH BEJIMYMHBI CHJIBI TOKA B
KOHIIE CPOKa CITy>KObI O0IbIIe, HE0OXOIUMO YMEHBIIUTD AT WM YBEITHYUTh JJIMHY MPOTEKTOpa M CHOBA
ocyliecTBuTh pacueT o Qopmynam (8.3-1) — (8.3-11) no Tex mop, moka TpedyemMoe KOJIMYEeCTBO
MPOTEKTOPOB B COOTBETCTBHU ¢ (opmynod (8.3-11) MakcUMadbHO HE MPHOMU3UTCA K KOIUYECTBY
NpOTEeKTOpoB 1o opmyne (8.3-1), HO He MPEBBICUT 3Ty BEIUUHHY.

8.4 PEKOMEHJIAIIMM 110 TPOEKTUPOBAHMIO ITPOTEKTOPHOM 3AIIUTHI

CxemMa pasMelICHHs MPOTEKTOpa Ha MOJBOJHOM TPYOONpPOBOJE C OCTOHHBIM YTSDKEISIOIIAM
(bamTacTHBEIM) TIOKPBITHEM TIpencTaBieHa Ha puc. 8.4-1. Ciemyer OTMETHTH, YTO BHEIIHHHA AWAMETP
MPOTEKTOPA MO KOHCTPYKTUBHBIM COOOPaKEHUSIM JOJDKSH BbIOMPATHCS PaBHBIM JUHAMETPY OCTOHHOTO
YTSDKENSIONIETO TOKPBITUS TPYOOIpOBOJa. YCTaHOBKA OpAciIETHOIO IMPOTEKTOPA OCYINECTBISACTCS Ha
AHTUKOPPO3MOHHOE WJIU TEIUIOM3OJSIIMOHHOE TMOKPBHITUE HA CTaJHH 3aBOJCKOTO H3TOTOBICHHS TPYyO
(KaK MpaBWJIO, HA CTAJUM HAHECCHHs OCTOHHOIO OAaIaCTHOTO MOKPBITHs). s TapaHTHPOBaHHOM
BO3MOKHOCTH YCTaHOBKH HPOTEKTOpA CIieJlyeT YYHMTHIBATh JIOIyCKH HA TOJNIIWHY aHTHKOPPO3MOHHOTO W/WITH



Pexomenoayuu no npoexmuposanuio, nocmpotike u dKCHIAYAmayuu MOPCKUX N0OB0OHLIX MpybONnpo8ooos
69

TETUION3OJISIIIIOHHOTO TOKPBITHH, JJIS Yero MpHU HM3TOTOBICHUHM IMPOTEKTOpPa Ha BHYTPEHHHN JUAMETP
JIOJDKEH OBITh Ha3HAueH MOJOXKHUTEIbHBIN Aomyck He meHee 0/+4 MM, a Mpu HOMHUHAIFHOM pasMepe
6onee 610 Mm — 0/+1 % OT HOMHHATBFHOTO BHYTPEHHETO AWaMeTpa. B ocrampbHOM TpeOOBaHUS K
MPOTEKTOPaM B OTHOLICHUH T€OMETPHUECKUX MapaMEeTPOB U KaueCTBa W3TOTOBIICHHUS JJOJKHBI COOTBETCT-
BoBarh TpeboBanusm MCO 15589-2 [1].

B oTedyecTBeHHOW MpakTHWKe ISl 3aIUTBI MOPCKUX TMOJBOIHBIX TPYOONPOBOAOB Hamboliee HIMPOKO
MIPUMEHSIIOTCS IPOTEKTOPHI M3 ciiaBa Ha ocHoBe anmoMuHust ATT4H o TY 5.394-11785-2001.

Heo0xomumo obecrieunBars sl MPOTEKTOPA HAJSKHBIN 3JIEKTPHYCCKUH KOHTAKT C TEJIOM TPYOBI, 4TO
obecrieunBaeTcsl yCTAaHOBKOH COCIMHUTEIBHBIX Kabenel (Kak MpaBuiIo, ABYX C KaXKI0W CTOPOHBI, IPHUEM
B MecTax MOACOEeIUHEHH Kabenel aHTHKOPPO3UOHHOE TMOKPHITHE JOIKHO OBITH BOCCTAHOBJICHO), a TAKKE
JIOCTaTOYHYIO MIPOYHOCTH KPEIUICHHsI IPOTEKTOpa HAa CIBUI, T.K. TPYOBI C MPOTEKTOPAMHU IMPOXOIAT MpPH
yKJIazKe yepe3 pabouunii opraH HaTsDKUATENS TpyOoykimaguuka. [locnennee gocturaeTcs, B T.4. 3aJJMBKOM B
oOpa3oBaBIIUecs 3a30pbl MEXJY MPOTEKTOPOM UM OCTOHHBIM ITOKPBITHEM 3aIOJHUTENS: OUTYMHOM
MOJIMMEPHON MACTHKH, TTOJUYPETAHOBOTO KOMIIAyH/A U T.J.

[Ipu wucmonb3oBaHuM Uit TPyOONpPOBOIa HEOOCTOHMPOBAHHBIX TPYO YCTaHOBKA MPOTEKTOPOB, Kak
MIPaBHUIIO, OCYIIECTBIIETCS Ha TPYOOYKIAAUMKE Ha IMO3UIUAX TEXHOJIOTHIECKUX JINHUH, PACIOIOKEHHBIX
nocje HaTsDKUTEIBbHOTO yCTpoicTBa. B kauecTBe mprMepa Ha puc. 8.4-2 mpHBeleHa cXeMa YCTaHOBKH
OpacieTHOr0 TPOTEKTOpa Ha HEOOETOHHPOBAaHHBIM TPYOONPOBOA C WCIIONB30BAHUEM MPHBAPHBIX
MPUCOCANHUTEIBHBIX TUIACTHH C OO0S3aTeIbHBIM BOCCTAHOBJIICHUEM AHTHKOPPO3HMOHHOTO IOKPHITHS B
MeCTaX UX YCTaHOBKH.

A-A
| Bepxiee noykonbyo npomexmopa
npomexmop b6emonnoe PXHEE NOTYKOTLYO NP P

HOKpblmue

Huoicnee NOIYKOIbYO npomexkmopa

AHMUKOPPO3UOHHOE COCOUHUMENbHBILL
noxpeimue | anexmpoxadens
A

Puc. 8.4-1 Cxema ycTaHOBKHM IPOTEKTOpa Ha 0OETOHUPOBAHHBIN TPyOOIIPOBOR

ITIpomexmop

Apmamypa (mokoomeoo)
npomexmopa

Juamemp enympennuil

Juamemp

Coedunumenvhvle
bonmul ¢ eatikamu

Bepxuee nonykonvyo
npomekmopa

%

4

Huoicnee nonykonsyo
npomexmopa

IIpucoedunumenvras niacmuna

Puc. 8.4-2 Cxema ycTaHOBKH IIPOTEKTOpa Ha HEOOETOHHPOBAHHBIN TPYOOIPOBOL
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Heo06xonumpblil ypoBeHb 3alIMTHI MOPCKUX HOABOIHBIX TPYOOIIPOBOIOB PEIIAMEHTUPYETCS BETHYMHON
3alUTHOTO TOTEHIMAIa, KOTOpbIA JoibkeH coctaBiath —0,8 B, a makcumansubeii —1,1 B mo
XJIopcepeOpsTHOMY dJIEKTPOIy. Pa3nmuums BeIHUnH 3alIMTHOTO MOTEHIIMAaNa I 3arTyOJIeHHBIX B JOHHBIN
TPYHT M He3anTyOJIeHHBIX MOPCKHX TPYOOIPOBOIOB U3 YITIEPOIUCTHIX cTajel npuBeneHsl B Tadm. 8.4-1 [1].

Beu4nHbI 32a1IUTHOTO MOTEHINAIA MOPCKHX prﬁonposonon U3 YIJIePOAUCTBIX crajei

Tabnumna 8.4-1

Pacnonoxkenune TpybompoBoga

MuHNManbHBIA OTpUIATENBHBIN MOTEHIHAN, B

MaxkcuManbHbI OTpUIIATENBHBIN TOoTeHIHaI, B

HesarnyOnennsrit

3arnyOneHHbIi B JOHHBIH IPYHT —0,90

—0,80

—1,10
—1,10

JpyruM BaXKHBIM KPUTEPHEM 3aIUTHI ABISETCS IUIOTHOCTh 3aIIUTHOTO ToKa. HasHaueHHe mioTHOCTH
3aIIUTHOTO TOKA OCYIIECTBIISIETCS B COOTBETCTBHH C HOPMAaTUBHBIMH JIOKyMeHTaMu (Hanpumep, [8], [10]).

BenuuuHbl MIOTHOCTH 3aIMUTHOTO TOKA JJIS PA3JHYHBIX BHEIIHUX YCJIOBUN IKCILTyaTallud TPyOOIPOBO-
JIOB yKa3aHbl B Ta0m. 8.4-2.

Tl10THOCTH 3AIIATHOTO TOKA IS Pa3JIHYHBIX BHEIITHUX yCJIOBl/[ﬁ IKCILTyaTallud MOPCKHX prﬁOl’[pOBOHOB

Tabnuuna 84-2

CpenHsist IUIOTHOCTh
3ALUUTHOTO TOKa, MA/M>

VenoBust

I'my6una mMops, M

Temnepatypa
Mopckoit Boael, °C

30 — 140 0e3 TeueHus 1o 20 5—30
90 yMepeHHoe Teuenue (10 2 m/c) 110 500 10 — 18
180 yMepeHHoe TeueHue (10 2 m/c) 1o 1500 5—10
380 CHIbHOE TeyeHHe (Bblie 2 M/c) BCE NIIyOMHBI 2
300 yMepeHHOe TeueHue (1o 2 m/c) o 1500 —1—4

Takum 00pa3om, pacyeTHbIE INIOTHOCTH TOKA 3aBUCAT OT TEMIIEPATypbl MOPCKON BOJIBI, COACPKAHMS
KHCJIOpoAa M ckopocTH TeueHws. s OonmpmmHCTBA ciaydaeB Ha rimyOmHe meHee 500 M, pacueTHbIe
IIJIOTHOCTU TOKa 3aBUCAT TOJIBKO OT TEMIICPATYPhI MOpCKOﬁ BOJbI, a INIOTHOCTHU TOKa Jid HE3ariy-

OneHHoro TpyoompoBoJa JOJKHBI COOTBETCTBOBAaTh YKa3aHHBIM Ha puc. 8.4-3 [1].
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Puc. 8.4-3 3aBucuMocCTb CpefHel INIOTHOCTH TOKa OT TEMIIEPATypPhl BOIbBI
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HwxHIOIO KpHBYIO IUIOTHOCTH TOKa CIIEAYET HCIOIb30BaTh NPU HE3HAUYUTEIbHBIX HM3MCHEHHSIX B
conepyKaHUH KUCIOpoa Mo TITyOHMHE MOPS M YMEPEHHBIX CKOPOCTEH TeUeHHs y Mopckoro mHa (mo 1 m/c).
BepxHss kpuBas IUIOTHOCTH TOKa MPHMEHSETCS NMPHU y4eTe COMAEpKaHMs KHCIIOPOJa M 3HAYNTEIIbHBIX
CKOPOCTEMN JIOHHBIX TEYEHUU.

Jns monmHOCThIO 3arTyOJeHHBIX MOPCKHX TPYyOONPOBOJOB HEOOXOAMMO HCIIOJIB30BATH PAacUETHYIO
TIIOTHOCTH TOKA (CPEIHIO M KOHEUHYIO), paBHyi0 20 MA/M’, HE3aBHCHMO OT CONEPAHMS KHUCIOPOJIA,
TEMIIEPaTyPbl MOPCKOM BOZIBI WM TIIyOHHBI.

TpyOonpoBoJIbl, IKCILTyaTUpPYOMIMecs MpH TeMIeparypax, npesblmaommx 25 °C Ha HapyKHOH
MOBEPXHOCTH TPYOBI, TPEOYIOT peryIMpOBKH PACUETHOH IUIOTHOCTH ToKa. [Ipu yBenn4eHUu: TeMIepaTypbl
MeTajuia/oKpyskaromei cpensl Ha Kaxkaplid rpagyc Lenscus ot 25 °C mo 100 °C pacyeTHbIe INIOTHOCTH
TOKA JOMKHEI OBITH yBenumueHbl Ha | MA/M’. IIpm 5ToM mis He3arTyGNEHHBIX TPYGOIPOBOIOB
TeMmIeparypa IOBEPXHOCTH IPOTEKTOpa NPUHUMAETCS PAaBHON TeMIeparype OKpY’Karolled Cpensl
TpyOompoBoaa. s 3armyOneHHBIX TPYOOIIPOBOIOB TEMITEPATYPy MOBEPXHOCTH IMPOTEKTOPOB CIETyeT
Ha3HayaTh M0 TeMIlepaType TPaHCIIOPTUPYEMOM CpeJlbl.

st TpyGONIPOBOAOB C MOKPHITHEM MOTPEOHOCTH B 3aIIUTHOM TOKE BO3PACTAET CO BPEMEHEM I10 Mepe
paspymeHuss nokpbiTus. Heobxogumo oOecrednTs OOCTAaTOYHYIO MOIIMHOCTH 3IEKTPOXMMHUYECKON
3alIUTHI, YTOOBI 00eCIIeurBaTh aJeKBAaTHYIO 3aIIUTY 10 Mepe pa3pyIICHUs TOKPBITHUS.

Cpenuuii kK03pPUIMEHT pa3pylIeHns OKPHITUS f,.,, OTIpeeNseTcs o GopmMyiie

Jem =Ji + (0,541 (8.4-1)

Koneunsrit KoaQdUIMEHT pa3pyIIeHns NOKPHITUS f., OpeaenseTrcs mo Gopmye

Jea=1i* (Af 1), (8:4-2)
Tae /i — HadanbHBIN KO3(QGUIMEHT pa3pymIeHus MOKPHITUS IPH BBOJE TPYOOIIPOBOAA B HKCILTyaTalluIo;

Af — cpenHee exeroHoe yBeanueHHe KodQGUIMEHTa pa3pyIICHHs TOKPBITHS;

ty — PACUETHBIA CPOK IKCILTyaTalluK HOKPHITUS (TpyOOIpoBoaa), JIeT.

KoaddunmenTs! pa3pylneHus NOKPBITUS IS TOJBOIHBIX TPYOOIPOBOIOB 0€3 OETOHHOTO MOKPBITUS U
¢ OETOHHBIM TIOKPHITHEM NPUBEACHBI B Ta0I. 8.4-3 u 8.4-4 cooTBeTcTBEeHHO [1].

Tabnuna 8.4-3
Ko puumeHTsl paspyiienusi AaHTUKOPPO3HOHHOTO MOKPBITUS VISl NOABOIHBIX TPYOONPOBOIOB €3 GETOHHOI0 MOKPLITHS

Turm 3aBOACKOrO MOKPHITHS TPYO Tun MOKPHITHS MOHTaXKHOTO CTHIKA fi Af
FBE (mamaBisieMoe SIOKCHIHOE HMOKPBITUE) TepmoycaxuBatonuecs Mamkera (HSS) 0,080 0,0035
FBE 0,060 0,0030
3LPE (TpexcioifHoe NOIMITHIEHOBOE MOKPHITHE) HSS 0,009 0,0006
FBE 0,008 0,0050
3LPE 0,007 0,0005
3LPP (TpexciioiiHoe MOJUNPONUIEHOBOE MOKPHITHE) HSS 0,007 0,0003
FBE 0,006 0,0002
3LPP 0,005 0,0002
Ter1030s1IMOHHBIE MHOTOCIIOWHbBIE MOKPBITUS, BKiIIoYaronye | ToacToCTeHHble MHOTOCHOWHBIE NOKPBITHUSA, 0,002 0,0001
PE, PP win PU primovaronue PE, PP, PU, HSS win nx xomOnHanuio
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Tabnuna 8.4-4
Kod¢puunenTsl pa3pyuieHusi aHTHKOPPO3HOHHOI'O TMOKPBITHS 151 MOABOXHBIX TPYGONPOBOIOB ¢ GETOHHBIM NMOKPBLITHEM

Turm 3aBOACKOTO TOKPHITHS TPyO | 3ammosnHeHre MOHTaXHOTO coemuHenus | THIT MOKPBITHSI MOHTa)KHOTO CTBHIKA fi Af
FBE (namiaBnsemMoe SHOKCHIHOE HET HSS 0,045 0,0025
MOKPBITHE) FBE 0,035 0,0020

na HSS 0,040 0,0020

FBE 0,030 0,0015

3LPE (TpexcioiiHoe IOIu3THIIe- HET HSS wmun FBE 0,008 0,0005
HOBOE TTOKPBITHE) 3LPE 0,007 0,0003
na HSS unu FBE 0,004 0,0002

3LPE 0,004 0,0002

3LPP (mONUIponHIEHOBOE ITOKPHI- HET HSS wmm FBE 0,008 0,0005
THE) TPEXCIIOHHOE 3LPP 0,007 0,0003
Ja HSS wu FBE 0,004 0,0002

3LPP 0,004 0,0002

st 00eTOHNPOBAHHBIX TPYOONPOBOJOB € TEIIOM3OJSINEH KOAPPHUIMEHTHI pa3pylICHUs] TOKPBITHS
JOJDKHBI Ha3HayaThesl 1o Tadi. 8.4-3 st ciaydast TeIUI030JSIIMOHHBIX MHOTOCTIOWHBIX TOKPBITHH.
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9 PE3YJIBTATBI IPUMEPOB PACYHETOB

OO6mue pe3ynbTaThl MPOBEAECHHBIX PAcYeTOB IO ONPEAETICHUIO MPOEKTHBIX MapaMeTpOB MOPCKOTO
MOABOIHOTO TPyOOIIPOBOJA U €r0 TPACChl, BRIOPAaHHBIX B KauecTBE NMpuUMepa, IpeAcTaBieHbl B Tadm. 9.1.

Tab6numa 9.1
Pe3y1bTaThl pacueToB Mo onpeeieHHI0 NPOEKTHBIX ApaMeTPOB MOPCKOro Tpy6onposoia
IMTapamerp TpyOompoBona 3HaueHue

HawuGounbiast ocazika TpyOonpoBoga B JOHHOM I'PYHTE 11,5 em
PacueTHoe naBineHue B TpyOOmpoBoOae 8,0 MIla
HauGompliee BO3IEHCTBHE OT TEUCHHUS 73,1 H/m
HaubGonbliee BO3A€HCTBHUS OT BOJIH:

TOPH30HTAIBHAS HAarpy3ka 505,09 H/m

BEPTHKaJIbHAs Harpys3Ka 1271,08 H/m
TommuHa cTeHKH TpyOompoBozaa 12 Mm
Bec GayuracTHOTO MOKpHITUS 1u1s | TIOT. M B BoIe 2,55 kH/m
[InoTHOCTH GETOHHOTO OaIACTHOTO MOKPHITUS 2700 xr/m’
PexomMenyemslit TUII TPOTEKTOPA M €r0 Marepual Bpacnernsrit u3 crutaBa AIT4H
KonnuecTBo mpoTeKTOpoB HEOOXOAMMOE VIS 3aIUUThI TPYOOIpoBoIa 805 mr.
Cpok cityx0bI TpyOompoBozia (IPOTEKTOPa) 33 rona
Iar nporekropos 180 m
TonmmuHa IPOTEKTOPa 80 MM
Hapysxublit tnamMeTp nporexTopa 510 Mmm
Macca npoTekTopa 41 xr
JlnuHa nporekropa 150 Mmm
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10 METO/bI IEPECEYEHHUS BEPETOBOH JIMHUU
MOPCKUMMU NIOABOAHBIMU TPYBOITPOBOJAMMU

10.1 OBIIUE TPEBOBAHUSA K BBIXOJAM MIIT HA BEPET

IIpr TpoeKTHpOBaHMM MOPCKUX TPYOOIIPOBOAHBIX CHCTEM OOBEKT CTPOMTENHCTBA pa3feiieTCs B
COOTBETCTBUMHM C METOlaMH OpTaHM3allii MPOM3BOJCTBA paboT M OOOPYHAOBAaHMEM HA CIIEAYIONIME YYaCTKU
CTPOUTENBCTBA: OCHOBHOM, MPHOPEXHBIE YIaCTKU M YUacTKH mepecedeHus OeperoBoit mmHum (cM. puc. 10.1-1).

Ha ocHoBHOM yuacTke mpou3BOACTBa pabOT MOTYT NPHUMEHATbCA TpyOoykmagounsle cyaa (TYC)
III u IV mokojdeHWA C BO3MOXKHOCTBIO YKJIAIKH TpyOompoBoma Ha TiyomHe ot 20 M m Oonee, Ha
MpUOPEXHBIX yaacTkax MoryT mpuMeHAThes TYC I mokoneHus: ¢ BO3MOXXHOCTBIO YKIIAJKH IIPUMEPHO OT
5 M u300aThl, @ Ha y4acTKax IepeceueHus: ¢ OeperoBoi JUHMEH, KaK MPaBUIIO, YKIIAJKa MPOU3BOIUTCS
MPOTACKMBaHUEM TPYOOIpPOBOJA TEM HMJIM MHBIM CHOCOOOM.

Tpubpesrcuviii IIpubpeosicnviil
yuacmox 1 Iybokosoomwiti yuacmox 1 yuacmox 2

Vuacmox nepece4enusi

Oepe2osoul unuu_|
Yuacmox nepeceuenus

bepeo6otl auHuY 2

Puc. 10.1-1 Yyactku Tpaccsl MOpcKoro Tpydomnposona [3]

OpHuM u3 Hambosiee OTBETCTBEHHBIX M TPYIOEMKUX YYAaCTKOB pPalOT IIPU CTPOUTEIHCTBE MOPCKHUX
TpyOOIIPOBONOB SBISIETCS yYacTOK TNepecedeHuss OeperoBoil nwmHuHM. CTpouTenbHBIE PabOTHI
XapaKTepU3yIOTCA BOBICUEHHEM Pa3INYHBIX BHIOB CTPOUTENHHON TEXHWKH M MPUMEHEHHEM pPa3IUYHbIX
METOJ0B IPOU3BOJICTBA PaboT.

B nacrosmiee Bpems B PO He cymiecTByeT HOpMaTUBHON TOKYMEHTALMU MM METOANYECKUX YKa3aHUH
10 IPOM3BOACTBY paboT Ha ydacTke nepecedeHus 6eperosoit iuauy MIIT, 4T0 pUBOIUT K TOMY, YTO IIPH
peanuzaniy MpoeKTa MpUHUMaeMas METOJMKa TPOU3BOJICTBA MepeceueHnss OeperoBoi JIMHUHM 3a4acTyio
SBIISIETCS] YHUKAIBHOM JUIA KaXXIOTo MpoekTa. TpeGoBaHus K MepecedeHusiM TpacC MOPCKUX ITOABOIHBIX
TpyOONpoBOIOB ¢ OeperoBbIMH JIHHHUAMH mpuBeAcHbl B 8.2.4 wactm | «Mopckue MOIBOAHBIE
TpybonpoBoas Ilpasun MIIT.

Ha yuactke nepeceueHuss OeperoBod JIMHMM BO3MOXHBI CJIEIYIOIINE XapakTepHblE OCOOEHHOCTH,
KOTOpble HEOOXOJMMO YUHUTHIBAaTh IPU BBIOOpE METOnA IepecedeHus OeperoBoil JIMHUU:

WHTEHCHBHOE BOJIHOBOE BO3/ICHCTBHE Ha yUYacTKE;

Pa3MbIB IPyHTa Ha y4acTKE CTPOHUTENbCTBA (MPHIIMBEI, TEUCHU);

BO3MOKHOE BO3JICHCTBHE KWJIEH JeJOBBIX 00pa30BaHUI NIPU K3apaluy JHA;

XO3SHCTBEHHAS NEATEIHHOCTH (BO3ACHCTBIE 000PYIOBaHMS PHIOOIOBHOTO ITPOMEICIIA, SIKOPEH | T.1.);

HEOOXOMMOCTb MMPHUMEHEHUS JOTIOIHUTEIBHBIX Mep JJIsl 00eCIICUeHHsT yCTOWIHBOCTH TPYOOIIpOBO/Ia.

Bce 3TH 0cOOCHHOCTH TPHUBOAAT, KaK MPaBHJIO, K HEOOXOAWMOCTH 3ariyOJeHus TpyOOIpoBoIa Ha
3TOM y4acTKe TPAacChl.
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[Tpu paccmotpennu ocobeHnocteit BerxonoB MIIT Ha Oeper HEOOXOMUMO yIeIsITh BHUMaHUE TPAHULIE
MeXIIy MOPCKHM H OeperoBbIM ydacTkamu. Kak mpaBmito, B KauecTBe TaKOW T'paHHUIIBI BHIOMPAETCS:

(ranneBoe (MJIM CBAPHOE) COCMMHEHUE MTEPBOM 3aIIOPHOM apMaTyphI MOCIIE BEIXO/Ia TPyOOITpoBoAa Ha
Geper;

¢naHmeBoe (MM CBAapHOE) COCAWHEHHE OJIIEKTPOM30JMPYIOIIECH BCTaBKH, 3JICKTPHUUECKU pas3be-
TUHSIONIeH OeperoBoil 1 MOPCKON y4acTKU;

¢anTieBOe (WM CBapHOE) COeNWHEHHE KaMephl MPHeMa/3aITycKa CPEJICTB OYUCTKH U JHATHOCTHKH.

10.2 METO/Ibl NEPECEYEHMS BEPETOBOM JIMHAW
IMPU YKJIIAJKE MOPCKHUX TPYBOITPOBOJOB

B pesynmbraTe aHanm3a mepexo/oB OeperoBOW JIMHUM BBLICISIOTCS CIEIYIONIME OCHOBHBIC METOJBI
nepecedeHus: OeperoBoit 1uHUKM nipu crpoutenbeTBe MIIT:

yKJIaaKa TpyOOIpoBOAa B MPEABAPUTENFHO MOATOTOBJICHHYIO TPAHLICID B MPUOPEKHOW 30HE M Ha
y4acTKe IepecedeHusi OeperoBoil JIMHUM;

MCTIOJIh30BaHNE METOJa HaKJIOHHO-HampasieHHoro Oypenus (HHB);

UCIIONIb30BaHUE METOJIa TYHHETHUPOBAHHS.

VYknagka TpyOompoBoga B TPaHIICIO MPOM3BOAWTCS ONHHM U3 CIEAYIOIIMX CIIOCOOOB MPOTACKH-
BaHus (puc. 10.2-1):

TpyOompoBox MoHTHpyeTcss Ha TYC m mpoTtackuBaeTrcs Ha Oeper ¢ momormisio jiebeakn TYC wu
oOparHoro 0J0Ka, pacroIOKEHHOTO Ha Oepery;

TpybornpoBoa MoHTHpYyeTcss Ha TYC B MOpe W 3aTeM NpOTacKUBaeTcs Ha Oeper pu MOMOIIN J1e0e 10K
Ha Oepery;

TpyOOIIpOBOA MOHTHpYyeTCcs Ha Oepery W IpoTacKkuBaeTcs B Mope ¢ momouipio TYC (unm
CHELNATU3UPOBAHHOIO IUIABCPEICTBA: TEXHOJIOTHYECKON IIaT(opMbl, HIOHTOHA U T.I.), 000PYIOBaHHOIO
nebeaKaMu.

Obpammuutii 610k

Modzomoexa nnemu Ha TYC u npomackuearue ¢ TYC

Jlebeoxa

MNMpomackuearue ¢ 6epeza

ITloocomoska niemu {

lNpomackueanue ¢ cyoHa, obopydoeaHHozo nebedrkamu

Puc. 10.2-1 Metoas! yknanku TpyOONpoBoia MPOTACKUBAHKUEM TPHU MOCTPOiike OeperoBoro nepexona [3]

PaboTbl MO0 TMOATOTOBKE TpaHIIEM M YKIaJKa C NpOTAaCKUBaHWEM C Oepera Ha 3aTaluInBaeMOM
OeperoBom yuactke MIIT mnunoli 6onee 8 kM B CeBepHoii wacTu Kacruiickoro Mops npeacTaBieHbl Ha
puc. 10.2-2. ®opmmpoBanue I1ieTH TpyOorpoBoma ocymiecTBisiock Ha TYC, obOparHas 3achlnka
MPOU3BOIMIIACH TPeHPEepHBIM 3eMCHAPSIAOM.
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a) 6)

Puc. 10.2-2 I'peiidepHsiii 3emcHapsin « Tutan» npu paspabotke TpaHiueu (a)
1 NIpOTacKMBaHKE HA IUIaBy TpyOompoBoaa ¢ Oepera (6)

Br10op TexHOIOTHN TTOJTOTOBKU TPAHIIIEH 3aBUCHUT OT CBOMCTB JOHHBIX IpyHTOB (cM. puc. 10.2-3).

Heceés3nbiii 2pyHm — necox

IInomnocms HU3BKOU NAOMHOCIU CpeoHell nIOMHOCHU niomHwll OYeHb NAOMHBII

Bwibop g A2 ird / 2
060pydosanus ‘ ‘
07151 nOOBOOHOTL w
mpanueu ’ 4
L/

ltpe&‘@bl‘tdLZHO OUY€eHb HUu3Kas Cpe@Hﬂ}l 8blCOKas OUY€eHb '{pesebmaﬁno

IIpounocme
HU3Kas HU3KAas 8bLCOKAS 8blCOKAs

Cesaznblii epyHm — 2auHa

Puc. 10.2-3 Bei0op TeXHOIOTHH MOATOTOBKH MOIBOAHON TpaHmien [1]

B psne cinyuaeB B Tpanmee ns yknaaku MIIT B paiione GeperoBoii deptsl obopyayercs: Kopdepram —
KOHCTPYKLMSI, Kak IIPAaBWJIO, B BHIE IIIYHTOBOW CTEHKH, OOeCHedMBaroOlas LEJOCTHOCTh TPAHIIEH,
3AIUITIAIONIAST CTPOSIITECST TPYOOIIPOBOIBI OT BOJTHOBBIX BO3ICHCTBUI M 3ambIBa TpaHimien (cM. puc. 10.2-4).
[Mocne npowusBoncTBa padot mo mpoknanke u 3aceinke MIIT Bes KoHCTpYKIMS Kopdepaama MoIIeKuT
JIEMOHTAaXYy.

Bri6op Tpaccel, Mecta npecedeHus ¢ OeperoBoid nHUeH 1 BennuuHbl 3armyoneHust MIIT B noHHBIH
TPYHT JOJDKHBI COKpPAaTUTh BIUSHUE JIUTOOAUHAMHUYECKHUX IIPOLECCOB Ha paboTOCIOCOOHOCTH M
HaJe)KHOCTh TPyOOTIIpoOBOIA.

Cpenu IMHAMHYECKHX SIBICHUH, WMEIOIIMX MECTO B MOPCKOM JIEJSHOM MOKpPOBE, 0C000E MECTO
3aHUMAeT Apeiid KPYHMHbIX JIeI0BbIX 00pa30BaHUN, KOTOPbIE IPH B3aUMOACUCTBHN C MOPCKUM THOM MOTYT
MIPUBECTH K €ro dK3apanuu ocoOeHHO B paiioHe OeperoBoro Beixoga MIIT. B akBatopusx ¢ ce30HHBIM
JeASTHBIM TTOKpoBOM (3amep3aromue Mopsi Kacmmiickoe, bantuiickoe, OX0oTcKoe W T.J1.) U HA MOPCKOM
apkruueckoM Ienbde (bapenueso, [Tedopckoe, Kapckoe mops, Baiinapanikas ryba u T.1.) Npu HaJIUYUAN
MIPU3HAKOB JIEIOBOW SK3apalli, BBIIBICHHBIX B MEPHOJ H3BICKAaHUH WHCTPYMEHTAJIbHBIMH METOAaMU
(monBonHAas TeNeBU3MOHHAS ChEMKa, COHApHas CheMKa, BoAoJIa3HOe oOcnenoBaHue), 3armyonenne MIIT
0 Tpacce, B T.4. B pallOHE TiepecedeHus ¢ OeperoBoii JMHNUEH, TOJHKHO COOTBETCTBOBATH TpeOoBaHUAM 8.3
gactu | «Mopckue moaBoaabie TpyOonpoBoasl» Ilpasmr MIIT.



Pexomenoayuu no npoexmuposanuio, nocmpotike u dKCHIAYAmayuu MOPCKUX N0OB0OHLIX MpybONnpo8ooos

78

ARt 14
AR

W | R

Puc. 10.2-4 Koddepnam ms nporackuBanus TpydonpoBoaa Ha oeper Ha Kupunckom mectopoxaeHnu o. CaxayimH

B HekoTophIX ciy4asx NpHMEHEHHE METOJa OTKPBITOW TpaHIIEW Ha y4YacTKe Iesiecoo0pazHei
3aMEHHUTH TepecedeHneM OeperoBoii mann MetogoM HHB. Meron HHB mpumensieTcs B cimydasx, koraa
TeOJIOTHYECKHE YCJIOBUS HE IMO3BOMSIOT 3((EeKTHBHOE TPOBEICHUE 3eMIITHBIX paboT. DTOT MeTon
TIO3BOJISIET TIepeceKaTh OTBECHBIN Oeper, a Takke 0OBeKTHl Ha Oepery. [lepeceuenue OeperoBoil JIMHUHU C
npumenenneM HHB xapakTtepusyercss HauMeHBIIMM yHIepOOM OKpY)Kalolled cpefe IO CPaBHEHHIO C
METOAOM OTKPBITOM TpaHIIEH. YKa3aHHbIC BBIIIE METOAbl MPOTACKUBAHUSA MNPUMEHSIOTCA W NpH
MPOTAaCKUBAHUU TPyOOIPOBO/Ia B CKBAXHUHY, OATOTOBIEHHYIO0 MetonoM HHB, wnu B TyHHEN®.

CrpoutenscTBo npudpexusix yaactkoB MIIT meromom HHB mpeamoututensHo mpu 0OpBIBECTHIX
Oeperax, CHJIbHBIX TE€UEHHUAX W 3HAYUTEIHHBIX BOJHOBBIX BO3JEHCTBUAX, KOTJa YCTPOICTBO TpaHIIeH A
3arayOieHus TpyOompoBona mpeacTaBiseT Oonpline ciloxHocTH (cM. puc. 10.2-5). Kpome Toro,
CTPOUTENLCTBO TpyOomnpoBoaa meronmom HHB Ha ydacTke mepecedeHus OGeperoBbIX JIMHUI MOXKET OBITh
00yCIIOBIEHO HaJlMYUEM KOPEHHBIX MOpPOJA C TpsIaMu Ha NPUOPEKHBIX YYacTKax, TPeOYyHOIIHX
3arTyOiieHrsl TpyOOIpoBOsia, W HEOOXOTUMOCTHIO TPOKIAIKH TPYyOOmIpoBOAa HYepe3 3HAYUTEIHHOE
KOJINYECTBO KOMMYHUKALU.

Kak mpaBuno, npu ucnons3oBannu mMeroga HHB yknanka TpybonpoBoaa BBITONHSETCS B 3aIIUTHOM
KoKyxe. [lyist 3Toii Lenn MoxkeT OBITh MCIIOb30BaHa CTallbHast oOcaaHas TpyOa, ycTaHaBIMBaeMas Ha BCIO
mmHy ckBaknHbl HHB. 3ammrHbIi KoXXyX oOecliednBaeT OTCYTCTBHE IMOBPEXKICHUH HIN OJIOKHPOBOK
TpyOOIIPOBO/A MIPH MPOKIIAIKE, TAK)KE OTCYTCTBYET PHCK BO3MOXXHOCTH 00Bajla CTEHOK CTBOJIA CKBKHUHBI.

IIpu ucnosns3opanuu meroga HHB HeoOXoauMo yunTHIBaTh CIEIYIOIIEE:

yAEpKUBaHUE U yaalleHHe OypoBOrO pacTBOpa;

CEKIJHOHMPOBAHUE aHTUKOPPO3UOHHON CHCTEMBI HOKPBITHA TPYOONpPOBOAA C BRICOKOM CTOMKOCTBIO K
HCTUPAHUIO U HU3KOMY MOBEPXHOCTHOMY TPEHHUIO;

obecrneueHne yCTOMYMBOCTH TPyOONPOBOIa Mepes MPOTACKUBAHWEM B MPOOYPEHHYIO CKBAKUHY.
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@

1. HHE co cmoponbl nasdica ¢ paspabomxoii mpanuieu 8 nNpubpeicHoll 30ne

2. HHB ¢ 6yposoii ycmanosKu, YCmaHoe1eHHOU Ha MOPCKOU 6yposotl niamgopme

A—B

€]

3. HHE ¢ cywu ¢ 8b1x000M 6 Mope

Puc. 10.2-5 Metonst HHB npu nepeceuennn OeperoBoit munnu [3]
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11 METOAbI HEPECEYEHMUSA ITIOABOAHbBIX TPYBOIIPOBOAOB

11.1 TPEBOBAHUA HOPMATUBHBIX JOKYMEHTOB K IEPECEYUEHUAM
MOPCKHX HOJABOJHBIX TPYBOIIPOBOJAOB

B HaCTOALIEM pPasacii€ IPUBCIACHBI TpC6OBaHI/IH OTCUYCCTBCHHBIX H Sap}I6e)KHLIX HOPMATUBHBIX
JIOKYMEHTOB B YacTH IMEPecedeHnid TPyOOIPOBOJOB, B TOM UYHWCIE IMOIBOIHBIX, C APYTHMH TPYOOIPOBO-
namu u kabemsmu: CIT 36.13330.2012 [4], CII 86.13330.2014 [5], CIT 18.13330.2011 [10],
TOCT P 54382-2011 [6], TOCT P MCO 13623:2009 [7], DNVGL-ST-F101 [12], ABS [15], LR [16],
ASME B31.4 [13], BS 8010:3 [14] (cm. ta6u. 11.1-1 u 11.1-2).

TpebGoBaHusl K Nepece4eHHIO NMOIBOIHBIX TPYGOIPOBOIOB

Tabnuma 11.1-1

OTevecTBEHHbIE

CII 36.13330.2012

CII 86.13330.2014

T'OCT P 54382-2011

CII 18.13330.2011

I'OCT P UCO 13623:2009

VYroa nepecedyeHuss MUHH-
MyM 60°.

PaccrosiHue Mexy Tpyoo-
NIpoBOJAaMH B CBETY
He meHee 0,35 m.

VYknaaka crposumuxcs
TpyOONpPOBOAOB IpoTaC-
KHBaHMEM NOJA JeHcT-
BYIOIIMMH KOMMYHHKa-
LUSMH

Paccrosinue Mexy Tpyoo-
NpoBOJaMHU B CBETY
He menee 0,3 m.
YcTaHOBKAa OMOPHBIX
KOHCTPYKIUH WU rpa-
BUIHOHN MOTYIIKH

Paccrosnue mexiy Tpy0o-
nNpoBOJaMH B CBETY
0,2 — 04 M.

PaccTosiHue B CBeETy
MEKIy TpyOOmpoBOIaMU
u kabenmsmu He menee 0,5

VYron nepecederus 90°.
YcraHoBKa MaToB U JIpy-
IUX CPEJICTB MOCTOSIHHOTO
paszernenus (mpu HeoOXo-
JTIUMOCTH)

3apybexHble

DNVGL-ST-F101

ABS

LR [16]

ASME B31.4-2016

Ilepeceuenus mexay Tpybo-
NpoBOAaMHU HWIH TpyOompo-
BOJIAMH U Ka0eJsIMU JOJDKHBI
OBITH pa3JeNeHbl [0 BEPTHUKAIH
munumyM Ha 0,3 m. TpeGyercs
OLIEHKA BO3MOXHBIX JJICKTPH-
YECKHX MOMEX, a TaKkKe HX
HOCIIE/ICTBUSI.

Paspabotka crienubpukaiuu ysia
HepeceyeHus.

B cootBeTcTBUH ¢ TpeOOBaHUSIMU
ASME B31.4 nepeceuenust Mexy
HOBBIMH H CYLIECTBYIOIIHMH
TpyOOIPOBOAAMH TOJDKHBI OBITH
pasleNeHbl M0 BEPTUKAIH Kak
muauMyM Ha 1,0 ¢yt (0,3 m).
IIpodune mnepecedenuss Tpyodo-
MPOBOZia [OJDKEH OBITH NPOBEpEeH
Ha BO3JEHCTBHE JIOKAJIbHBIX
9KCIUTYaTal[MOHHBIX W BHENIHHX
Harpy3oK.

YcToMUNBOCTH OMOp MpOBEpseTCs
Ha CKONBXEHUE H OMPOKHIBI-
BalomUi MOMEHT. B mpoekrte
NepeceYeHuil TakKe YUYHUTHI-
BalOTCsl Hecyllas CIIOCOOHOCTH
IpyHTa M TpeOOBaHUS K IOMNOJN-
HHUTEIBHBIM OHOpaM Ul YMEHb-
OICHHS MU TPeAOTBPalIeHHS
BO3HMKHOBEHHS O€30MOPHOrO
mpornera.

Kak npaBuino, cnenyer uzberarb
nepeceyeHus: TPyOOIPOBONOB U
kabeneit. B mecrax, rae mepece-
YeHHUE HE0O0XOIUMO, OIlepaTop
TpybonpoBona uinu Kabeins,
KOTOpBIH OyaeT mnepeceyeH,
JOJIKEH TOJYy4YHTh COOTBET-
CTBYIOLIME DPEKOMEHIAINH, a
METOJI, MECTO U BpeMs Iepecede-
HUS JIOJDKHBI OBITH COIIACOBAHBI
000HMH OIlepaTOpPaMH.
HeoOxomuMo y4ecTh BO3MOXHOE
B3aUMO/ICHCTBHE CHCTEMbI KaTo/-
HOW 3alUTBI M JBYX TpyOOompo-
BOJIOB.

IIpn mpoekTHpoBaHHM Hepece-
YeHUS] HEOOXOAMMO O00ECIEeYHUTh
¢dusuyeckoe pasjelcHHEe ABYX
TpyOOIIPOBOIOB, KOTOpOE OyneT
HOCTOSIHHO COXPAHSATBCSL.

Ilpn npoeKTUpOBaHMU TOABO-
HBIX IepecedeHuil Tpybompo-
BOZIOB MHHHMAJIFHOE PACCTOSHHE
MEXIy JIByMs KOMMYHHKAIIUSIMH
JIOJDKHO COCTaBJIATh 12 JI0MMOB
(300 mm).

Pa3nenenne aByx TpyOOIpoBOgOB
10 JHMAJIEKTPUYECKUM CBOHCTBAM
JIOJDKHO OBITH PAacCMOTPEHO B
X0lle INPOECKTUPOBAHMS Iepece-
4eHuil TpybonpoBoza.

Ocazika TpyHTa, 5pO3Usl ¥ HUKIH-
JeCKHe Harpy3KH IOJDKHBI OBITh
y4TeHBl HpPU HPOEKTHPOBAHUU
nepecedeHnii TpyoonpoBoxa st
obecrieyeHsl COXPAaHEHUs JaH-
HOTO pACCTOSHUSI B TEUYCHHE
PacueTHOro CPOKa JKCILTyaTaIlHuu
000ux TpyOOIpPOBOIOB.

TaGnuwma 11.1-2

Tpe6GoBaHusl 3apy0e:KHBIX HOPMATHBHBIX JIOKYMEHTOB OTHOCHTEIbHO nepecedennii MIIT ¢ ApyruMu KOMMYHUKAIMSMH

Yron TIepeceUCHUs MEKAY KOMMYHHUKAITUAMN

He menee 30° ¥ 10 BO3MOXKHOCTH OJH3KUM K 90°

PaccrosiHue B CBeTy MexXy KOMMYHUKAIHAMU

e mernee 0,3 M

Pa3p360TI<a TpyHTa B paﬁOHe nepeceucHus i NMpEAOTBPALICHUS MMOBPEKACHUS PEKOMEHAYETCA OCYIIECTBIIATE TUAPOMOHUTOPAMHU.

ViIagka MpOeKTHPYEeMBIX TPyOOIPOBOIOB IPedyCcMaTpUBACTCS IO ACHCTBYIOIIUMHU TPYOOIPOBOJAMH IIOCPEACTBOM HX IPOTACKUBAHUS

B IIOATOTOBJICHHYIO TPAHIICHO.
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TpeOoBaHUs K MEpPECEUCHUIO He3arTyOJeHHBIX M 3arTyOJCHHBIX B IOHHBIH TPYHT TpyOONPOBOOOB U
Kabenel, pa3paboTaHHbIE HA OCHOBAaHMM CPaBHMUTEIILHOTO aHAJIM3a IPUBEICHHBIX BbIIIE HOKYMEHTOB U
ombiTa paccmorpenusi PC mpoexrtHoit mokymenrtammu MIIT, yxasamer B 8.2.3 wactm | «Mopckue
noaBoaHbIe TpyOonpoBoasDy [Ipasun MIIT.

11.2 IPUMEPBI KOHCTPYKTUBHOI'O O®OPMJIEHUSA MEPECEYEHUI
MHOJABOJHBIX TPYBOITPOBOJOB

B pernonax, rue Begercsi akTUBHAs pa3pa0dO0TKa MOABOAHBIX MECTOPOXKACHUH, BKII0OYast 00yCTPOMCTBO
CHCTEMBI IOJBOAHBIX TPYOONPOBOJOB PazIMYHOro Ha3HaudeHus (Hampumep, CeBepHoe Mope, Mekcu-
KaHCKHH 3aJMB U T.J.), HEH30EKHBI IEPECeUeHUs] Tpacc MOPCKHUX TpyOompoBonoB. B mporpammax mo
BBIBOZy M3 JKCIUTyaTalliM MOPCKHX MECTOPOXIEHHI B 3THUX PETHOHAX IPHBEIEHBI KOHCTPYKTHBHBIE
pelIeHus. M0 OOYCTPOWCTBY MECTOPOXKICHUH M PACCMOTPEHBI HEKOTOPBIE METOABI IepeCeuCHUU
MOJIBOAHBIX KOMMyHMKauit [1], [2].

ITpumeps! KOHCTPYKTHUBHOTO O(opMIIEHHS NEepeceyeHnii, B 3aBUCHMOCTHU OT 3ariIyOJeHus: Tpyoonpo-
Boza mpuBeaeHs! Ha puc. 11.2-1 u 11.2-2. PaccMoTpeHb! pa3nnyHble BapUaHTH H3MEHEHNST KOH(UTYpaLuu
TpyOOIPOBOJIOB, MPHYEM OTIEIBHO YUUTHIBAETCS BO3MOKHOCTH JIEMOHTaXa KaKIOTO M3 IMEepeceKaroIuxcs
TpyOOIPOBOAOB, HATIPUMED, ISl YTUIM3aLHUU (TaK Ha3bIBaeMblE YYaCTKH TPyOONpOBOJOB 3-i KaTeropum —
TpyOOIIPOBOIBI, MIAHUPYEMBIC IS BBIBEACHUS U3 dKcIuTyatamu cortacHo DNVGL-RP-F107).

a)

0)

Puc. 11.2-1 TIpumepsl nepecedeHuit MoABOAHBIX TpyOorpoBoaos [1]:
a — He3anTyOJIeHHBIN TPYOONpOBOJ IepeceKaeT He3arTyOIeHHbIH TpyOonpoBos 3-i KaTeropuu — JAeMOHTax (3artyOlieHue)
He TIPeJCTaBIsIeTCs BO3MOXKHBIM; O — He3arIyOJICHHBII TpyOOIpoBo
repeceKaeT TpyoonpoBos 3-if KaTeropun — ¢ IEMOHTaXeM 00bEKTOB 3-i KaTeropuu;
6 — TepecedeHne TpyoonpoBoaoM 3-if KaTeropuu 3artyOlIeHHOTO TpyOOIpoBOAa;
2 — mepecedeHue TpyodonpoBonoM 3-ii KaTeropun paboTaroIIero HezartyOneHHoro TpyOompoBoza.
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Puc. 11.2-2 Ilpumepsl KOHCTPYKTUBHBIX PELICHUI MO MEepeceYeHIsIM IOIBOAHBIX TPYyOOnpoBoIoB 2]

[lepeceyenus, kak MPaBUIIO, BBHITIOIHSIOTCS C HCIOIB30BAaHHEM T'MOKHX OSTOHHBIX MAaTOB, MEIIKOB C
neMeHTHo-Trecyanoi cMechio (IIIIC) mmm cneruanbHBIX KOHCTPYKIUH U3 JTUTOTO O0eToHa. MexXmy AByMs
TpyOOIIPOBOIAMHE TIPH TIEpECEUeHUH JOIDKEH COOMoaaTbcss MUHUMAIBHEIN 3a30p 300 MM; OeTOHHBINH MaT
obecrieunBaeT TpeOyeMbli 3a30p U 3aIIUTY MEXIY AByMs TpyOamu. Bribop maTepuana 1iisi CTpOUTEIbCTBA
NepeceyeHus 3aBUCUT OT TpeOyeMoil BBICOTHI IepeceueHus TpyoonpoBona. st nepecedenus: Tpyoomnpo-
BOJIOB OOJIBIIIOTO JHaMETpa U3rOTABIUBAIOTCS CIEIHAbHbIe OCTOHHBIE KOHCTPYKITHH.

Ilepeceuenne TpyOOMPOBOAOB Ha BPEMEHHO 3aTAIIMBA€MbIX (OOBOJHEHHBIX) TEPPHUTOPHUSIX HIIH
0O0JIOTHCTON MECTHOCTH JOIMYCKAETCS B COOTBETCTBUH C MOJIOKEHUSIMH COOTBETCTBYIOIIMNX HOPMATHBHBIX
nokymeHToB [11]. Ha puc. 11.2-3 u300pakeH THIIOBOW BapHaHT IEPECEUCHUS B HACHIIICHHBIX BOJHO-
OOJIOTHBIX YTrOIbsIX C Cerperaunueil BEpXHEro CJosl MOYBHI (YTO MOXKET OBITh XapaKTepHO ISl YYacTKOB
BBIXOJ[a MOPCKOTO TOJBOJHOTO TpyOompoBoaa Ha Oeper). CTpoutenbHOe 000pyIOBaHUE, HCIIOIB3YeMOe
MpH yKJIAaJKe Ha BOJHO-OOJIOTHBIX YTONIbBSX, OTPAHUYMBAETCS CpPOKAMH HCIIOJIh30BAHUSA, TEXHOJOTH-
YeCKUMH rabapuTaMu, HEOOXOIUMBIMHA JUTS PBIThSI TPAHIIIEH, U3TOTOBJICHUS U YKIIAJAKH TPYOOIIPOBOIOB U
0o0paTHOM 3aChINKH TpaHiIen. Takke OrpaHUYUBAIOTCS CPOKM BOCCTAHOBJICHUS BEPXHETO CIJIOS TTOYBBI.

B paiionax, rme ans gocTyna K TpyOompoBoAy, MamMHBI (MEXaHH3MBl) MEpeMelIaroTcs IO
BOJIOHACKINIEHHON MM OOJIOTUCTONW MECTHOCTH, MOBEPXHOCTHBIN CIION IPyHTa JIOKEH OBITH IOCTATOYHO
MIPOYHBIM JUIS COOPYKEHHSI BPEMEHHBIX TPAHCIOPTHO-MOHTAXKHBIX myTeid. CxeMa MpOoKIagKu TpyOorpo-
BO/a B TTOMOOHBIX YCIOBUAX MpecTaBlicHa Ha puc. 11.2-4 [4].

Tlogepxnocms 60061

Jno

/|

S

JKenezobemonnvle mamoi

Iepecexaroiyuii

/_ mpyoonpogoo

3aenybnenue 1,5 m

.‘\»',‘1

2
S
N

=045

deticmayrowuil mpyoonposoo
D =0,914 m 6 bemonnoii obonouxe

Puc. 11.2-3 Tlepeceuenne TpyOOIpOBOJOB B OOBOJHEHHOM I'PYHTE HJIHM OOJOTHCTOH MECTHOCTH
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Puc. 11.2-4 Cxema npokiagky TpyOOIIpoBOAa 10 HOBEPXHOCTU OOBOJHEHHOTO I'PYHTA MM OONOTUCTOW MECTHOCTH:
1 — tpy6onpoBox; 2 — TopdsiHas WM XBOPOCTSIHAS MOAr0TOBKa; 3 — 00BaloBaHHE MECYaHOTO TPYHTa WiN Topda;
4 — nexxHeBast 10pora; 5 — MPOTUBOIIOXKAPHAs KaHaBa
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12 PEMOHT IHOABOAHbLIX TPYBOIIPOBOAOB

ITo Mepe Bo3pacTaHus CPOKa IKCILIyaTallMU CYIICCTBYIOIIUX MOJIBOIHBIX TPYOOIPOBOIHBIX CUCTEM Ha
tepputopun P® Bompoc pemonta MIIT mpuoOperaer Bce OONBLIYIO aKTyadbHOCTb KaK B OTHOIICHHU
COBEPLICHCTBOBAHNUA HOPMAaTHBHO-TEXHUYECKOH O0a3pl, TaK M Pa3BUTUS TEXHUKU U TEXHOJOTHI
MPOBENCHUSI PEMOHTHBIX pPaboT Ha Takux oObekTax. llpm sToM HOpMarmBHas ©0a3a MODKHA
COBEpILIECHCTBOBATHCS 110 JBYM HallpaBICHUSIM:

.1 TexHunuyeckue Tpe6OBaHI/I$I K OCYHICCTBJICHHUIO BCETO CICKTPa BO3MOXHBIX PEMOHTHBIX pa60T JJIs
MOABOIHBIX TPYOONPOBOIOB;

.2 HOpMHUPOBaHHE TEXHUYECKOTO COCTOSHMS IOABOJHOIO TPYOOIPOBOAA ISl CICAYIOIUX LIETICH:

PaH)KUPOBAHUS YPOBHEH TEXHMYECKOTO COCTOSHHUS TpyOONpoBOAa B 3aBUCHMOCTH OT YPOBHSA
Je(heKTHOCTH U IPOTHO3UPOBAHMUS CPOKA IKCILTyaTaI[y TpyOOoIpoBo/a ¢ 1e(eKToM TOTO MM MHOTO BHAA;

BBIGOpa TUIIOBBIX PEMOHTHBIX pa60T, COOTBETCTBYIOIIMX BBIABICHHOMY TCXHHYCCKOMY COCTOAHUIO
TpyOONpOBOJa U TUIOBBIM Je(EeKTaM;

IUTAHUPOBAHUS POBEACHHSI PEMOHTHBIX M JUArHOCTHYECKUX paboT B 3aBUCHMMOCTH OT yCTaHOBJICH-
HOTO YPOBHS TEXHHYECKOTO COCTOSHMS JUIA HPHOOpETeHUs OO0OpyHOBaHHMS M MaTepHaloB, BbIOOpa
MOJAPSIAYUKOB U T.1.

TakuM oOpasom, mpoOieMa peMOHTa W TEXHHYECKOTO OOCTY>KMBaHWSI MOPCKHX TOABOIHBIX TPyOOIpo-
BOJIOB C YYETOM BBIILEHU3IOKEHHBIX IOJIOKEHUH SIBIACTCS KIIOUEBOH IUisl obecriedeHus: OecriepeOOHHOro
(hYHKIIMOHUPOBAHUS TPYOOTIPOBOAHON CHCTEMBI C TpeOyeMbIMH PabOYMMHU IapaMeTpaMy Ha TPOTSHKEHHU
BCET0 IPOEKTHOTO CPOKa DKCIUTyaTalliy. YKa3aHHBIA KOMIUICKCHBIA TIOAXOM (YTIPaBJICHHUE IIETIOCTHOCTHIO
TpyOomnpoBoza) cormacao ISO 19345-2 [14] npexacrasnen Ha puc. 12.1.

YNpaBfieHue 11e/10CTHOCTbH0

3Tanbl XXM3HEHHOTO LKA
prﬁonpogoua LK DIIeMeHThI YIpaBiIeHUS

LlenecoobpasHocTs

[TpoekTupoBanue

3akynka

3roToBnexne

TpaHcnopTUpoBKa
11 XpaHEHME

Puc. 12.1 IporpaMma ympaBlieHHs IETOCTHOCTBIO MOPCKOTO MOABOAHOTO Tpybomposoaa cormacao MCO 19345-2
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[TonoOHeIi ente Ooee KOMIUIEKCHBIH U IITyOOKHUiT IOIXO0/ BOIUIOLIEH B IPAKTUYECKOM JACSTEIBHOCTH H
HopMmatuBHO#M 0aze DNV GL (mampumep, DNV-RP-F116 [16] mw DNVGL-RP-F113 [15]), a Taxxke B
MHOTOYHCIICHHBIX PEaJH30BAaHHBIX TEXHOJOTHSX W YCTPOWCTBAX JUIs TPOBEICHUS PEMOHTHBIX pador,
B T.4. Oe3 mpuBiiedeHus Bogonaszos («diverless») st TITyOOKOBOIHBIX ITOABOJHBIX 00BEKTOB (cM. 12.2 u 12.3).

12.1 BOCCTAHOBJIEHHUE ITPOEKTHOI'O (MJIXM BE3OITACHOTI'O) TIOJTIOKEHUS TPYBOITPOBOJA
HA/B TOHHOM TI'PYHTE, BKJIIOYASI CBOBOJHBIE MMPOJIETHI HEJIOITY CTUMOM JJIUHBI

BoccranoBneHne MpoeKTHOro (Wi 0e30macHOro) MOJIOKEHUST TpyOompoBoaa Ha/B JOHHOM TPYHTE,
BKJIIOYasi CBOOOJHBIC MPOJIETHl HEAOIYCTUMON IJIMHBI, a TAaK)Ke YCTPOMCTBO MPEABAPUTENBHO BBIPHITHIX
TpaHmed M 3antyOlieHHe MOABOTHOIO TPyOOIIPOBOAA, MOApa3yMeBaeT NPUMEHEHHE Pa3IMYHOIO BHUAA
CIEMATN3UPOBAHHBIX IUIABCPEACTB M 000OpyAOBaHUS Ui TOABOMHBIX 3EMIISTHBIX pPaboOT (Hampumep,
KOMITJICKCHOE YCTPOUCTBO KOMITaHUM Saipem S.p.A. i 3ariyOieHus U 00paTHOM 3aChINKH MOJBOTHOTO
TpybompoBoga — cM. 7.6). OgHako, Kak ITOKa3bIBaeT OINBIT PEMOHTHO-BOCCTAHOBHUTENIBHBIX paboT Ha
MOABOIHBIX TPYOOIPOBOAHBIX cucteMax B PD (kak Ha MOABOAHBIX MEpexXofax yepe3 BOAHBIE Iperpasisl,
TaKk ¥ Ha MOPCKHX IIOJIBOIHBIX TPyOOINpOBOJAax), MaHHBIE pPaOOTHI BHIONHSIOTCS B OCHOBHOM C
MPUBJICYEHIEM BOJIOIA30B U CPEIICTB MEXaHU3ALWH JJIsI TIOIBOJJHO-TEXHUUECKUX PA0OT. DTO OOBSICHACTCS
MpeXJe BCETO TeM, UTO AaHHBIE 1eEeKThl BOSHUKAIOT B OCHOBHOM B PE3yNIbTaTe BO3JCHCTBHS BOITHEHUS U
TEUCHUH B MOPCKOW MpPUOPEKHOW 30HE WIM pPeKax, A€ BBHUAY HEeOOJBIIMX DIyOMH HCHOJIb30BaHHE
BOJOJIA3HOTO OCHALIECHUS MPENCTABISIETCS BO3ZMOXKHBIM.

YcTpanenue MpoBUCaHU TPyOOIPOBOIA OCYIIECTRIICTCS ITyTEM 3aIlOJTHEHUS Pa3MBIBOB (ITyCTOT) IO
TpyOonpoBOoJaMiU KaMHeM, LICOHEM W/WIIHM YKIaJKOH TraOMOHOB, TMOKMX OETOHHBIX MAaTOB, MEUIKOB C
neckoM u LIIC, a Takxke myTeM HambIBa JOHHOTO TpyHTa. JlocTaBKa KaMHsl, IeOHSA WM TaOMOHOB/MaTOB K
MECTY MOIOMBKH BBHIMOJHSIETCS B OapXax, IPH 3TOM B IIPAKTUKE POCCHUICKUX MOAPSIUYMKOB, KaK MPaBHIIO,
UCIIONB3YIOTCS BOJIOJIa3bl U IUIaBy4Me KpaHbl IJ1s1 paboThl ¢ rabnoHaMu, Maramu 1 Memkamu ¢ LIIC.

TumoBas cxema ycTpaHEHHUS MPOBHUCAHWH W/MIM Pa3MBIBOB (OTOJEHHUN) MOJBOTHBIX TPYOOIIPOBOIOB
npu ucnoisp3zoBanuu memkoB ¢ LIIIC npencraenena Ha puc. 12.1-1 u ¢ npuMeHeHHeM TaOMOHOB WU
TUOKMX OCTOHHBIX MaroB — Ha puc. 12.1-2 [12].
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Puc. 12.1-1 Cxema peMoOHTa OrosieHHbIX U npoBucmux ydactkoB MIIT ¢ mpuMeHeHUEeM MENKoB
C MEeCYaHO-IIEMEHTHOH CMeChIO:
1 — Tpy6onpoBon; 2 — memku ¢ neckom; 3 — meniku ¢ LIIC

VYkioH mepenHeil (IO HAmMpaBJIeHHWIO TEUCHHUS VUM BO3ACWCTBUS BOJH) IMOBEPXHOCTH KIAJKH W3
merkoB ¢ LIIC momxen cocrapnath 1:1, ykioH 3agHel moBepxHocTH — 1:2.
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Puc. 12.1-2 Cxema peMOHTa pa3MbIBa C HCIOJIb30BAHUEM T'MOKMX OETOHHBIX MAaTOB:
1 — »nemeHT TubKoro O6eToHHOro Mara; 2 — Memku ¢ neckoM mwin LIIC; 3 — markuii rpyHT (IEcok);
4 — HachIMHOI TPyHT; 5 — 1Ie0eHb; 6 — MECOoK

Jlns m1yOOKOBOJHBIX TPYOOIPOBOAHBIX CHCTEM, IJIE HWCIOJNB30BAHUE BOJOJIA30B JJISI TIOABOIHBIX
3eMIITHBIX PabOT HE MPECTABISIETCS] BO3MOXKHBIM, TIOA00HBIC IEPEKTHI TPYOOIIPOBOOB JTUKBHINPYIOTCS
MPUMEHEHUEM CIICIIHATU3UPOBAHHOTO 000pynoBanus (cMm. puc. 12.1-3).

s

Puc. 12.1-3 TlonbuBka Tpy6onpoBoga Ha ITyOOKOBOZHOM y4acTKe

12.2 PEMOHTHBIE CUCTEMbI KOMITAHU NORD STREAM AG M SAIPEM S.P.A.

12.2.1 PemonTHas cucrema komnanuu Nord Stream AG.

IMonBomuseiii TazonpoBoy Nord Stream sBisieTcst yHHKanbHOW st P momBoaHO# TpaHCIIOPTHOM
CHUCTEMOM Kak IO MHapaMeTpaM TpPAaHCIOPTa MPUPOAHOIO ra3a, TaK W IO OPraHU3alUN TEXHUYECKOU
OKCILTyaTaIiH.

B xome moctpoiiku TpybompoBomHO# cucTteMbl kommanumel Nord Stream AG ObUTH TIPOBEICHBI
JIeTaIbHBIC OICHKM PUCKOB IJIS dTama MPOEKTHPOBAHMSI, CTPOUTEIHCTBA U AKCIUTyaTallud, IPUHUMAS BO
BHUMAaHHE Cleayromue GpakTophl:

TOYHBIH MapHIPyT TPyOOIPOBO/IA;

XapaKTEPUCTUKU OCHOBHBIX MAaTE€pPHAaJIOB JIsi CTPOHUTENHCTBA TPYOOIIPOBO/IA;

MOP(OIIOTHS MOPCKOTO THA;
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KOJIMYECTBO U pa3Mephl CyAOB, EepeCceKarolx TpyOornpoBoz;

pasMep U THI SKOpsI, UCTIONB3YEeMOT0 KOMILIEKCOM CYIIOB, MPOXOJSIIKX Yepe3 banruiickoe Mope;

MacmTadbl U THIIBI HUCIIOIb3YEMOTO PHIOOJIOBHOTO O0OOPYIOBAHUS, KOTOPhIE MOTYT COIPHKACATHCS C
TPYOOIIPOBOIOM;

BBIBOJIBI Y PEKOMEHJAIMH HCCIEIOBaHUM, MPOBEICHHBIX B OTHOIICHHH IPYTHX MOPCKHX TPYOONpO-
BOJIOB, 3KCIUTyaTupytomuxcs B CeBepHOM Mope.

Takum 00pa3oM OBUTM OIpEAETeHbl CIEHApHH MPOUCIIECTBHH, JIsI KOTOPBHIX ObUTa pa3paboTaHa Tak
Ha3eBaeMast «Ctparerust peMonTa TpyoonpoBona Nord Streamy» B 3aBUCUMOCTH OT Pa3BUTHS TOTO WIIH UHOTO
npouctiectsust w/wiu aBapun (Nord Stream Offshore Pipeline Repair Strategy) (cm. Tadn. 12.2.1).

Taonuna 12.2.1
YpPOBHH PEMOHTHBIX Pa0dOT (TeXHHYECKOro 00c/Ty:KMBaHMs1) MOABOAHOIO rasonposoaa 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
Externally fitted 48" dia. Repair Clamp

SHORT Damage Repair
Section replacement up to 2 pipe joints ~24m

TYPE 3

TYPE 4

LONG Damage Repair

HERE Section replacement - hundreds of metres to several kilometres

YpOoBHHU TEXHUYECKOTO 00CITY)KUBaHUS TIOABOAHOTO ra3onpopojaa Nord Stream BO MHOIOM UICHTUYHBI
MIOHSITHIO «TeXHUYEeCcKoe cocTostuue». Ctparerus peMonTta Tpyoonposoaa Nord Stream npemycMarpuBaeT
CIIEAYIOIIUE BUABI PEMOHTOB (MIOMHUMO PA3IMYHOTO POJa JUArHOCTHYECKHX PadoT):

TEXHUYECKOE 00CITy)KMBaHHE/TeKyIINi (TUIaHOBO-MIPEAYIIPEIUTEIbHBINA) PEMOHT;

MECTHBII peMOHT (C IPUMEHEHUEM PEMOHTHBIX My(]T);

KPaTKOCPOUYHBIA BOCCTAHOBHUTEIBHBIH PEMOHT (3aMeHa 10 2-X TpyoO);

MPOIOJKUTEIBHBIN BOCCTAHOBUTENIBHBIM PEMOHT (3aMeHa TuieTd TpyOorposona 6onee 100 m).

JlaHHpIE BHIBI PEMOHTOB JOJDKHBI OOECIEYMBATHCS COOTBETCTBYIOIIMM HAaOOpPOM TEXHHUYECKUX
CPEACTB Ul OCYILIECTBJICHUS PEMOHTOB PAa3JIUYHOIO YPOBHS, YETKO DPEIVIAMEHTHPOBAHHBIMU OpPraHU-
3aI[MOHHO-TE€XHOJIOTNYECKUMH IIPOLEyPaMH U MOJ00POM IOAPSIUMKA JUIS BBIOJIHEHUS PadoT.

Kommanneit Nord Stream AG B kauecTBe reHEpaIbHOTO MOJPSAYNKA Ha BCE BHIBI PEMOHTHBIX padoT
Ha OCHOBE OTKPBITOTO TeHAepa BbIOpaHa KommaHus Saipem S.p.A., KOTOpod OygeT OCYHIeCTBIATHCS
HaONIoeHNe 3a PEMOHTHBIMH paboTaMu B cCiyyae BO3HHUKHOBEHHUS MPOHUCIIECTBHS, TPEOYyIOIIEro
paccienoBaHus W IOTEHIMAIBHOTO peMoHTa. Kpome Toro, xommanmed Saipem S.p.A. pa3paboTaHbl
HEOOXOJUMBbIE OPIraHM3aLMOHHBIE/TEXHOJIOINYECKHE MPOLEAYPhl U OINpelereHo 00opysoBaHHUE,
HEo0X0aMMOe JJIsl BO3Bpara, Mpu He0OXOANMOCTH PEMOHTA, MTOJBOAHOTO Ta30MPOBO/a K IEpBOHAYAIEHBIM
MPOEKTHBIM ITapaMeTpam.

Taxoke eme ogHUM BaKHBIM 31eMeHTOM Crtparernm pemoHTa TpybompoBoaa Nord Stream siBisercs
ginercTBo komranud Nord Stream AG B myse kommanwid, Bo3riaBimsieMoM Statoil's Pipeline Repair and
Subsea Intervention (PRSI) Pool, Nord Stream AG umeeT AOCTyH K psiiy CIIENUaTH3UPOBAHHBIX YCIYT H
000pYyIOBaHHIO, TEXHUYECKH HambOoJiee MOAXONSAMIMX IJISl BBIIOJHEHMS MOIBOJHBIX paboT Ha TpyOax
Oospmoro nuamerpa. OCHOBHOW TEXHOJOTMYECKOM CHCTEMOH B KOMIUIEKCE CEPBUCHOM IMOINEPKKHU
Nord Stream siBnsiercs Hyperbaric Welding System, koTopast y»e HCIIONIb30Baiach Ha 3Tare CTPOUTENHCTBA
JTAHHOTO MOPCKOTO TPYOOIIPOBOAA IS BBITIONHEHUST TEXHOJIOTHYECKOTO 3axiecta (cMm. puc. 12.2.1).
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Puc. 12.2.1 PemontHas cucrema tpy6onposoga Nord Stream
¢ HCTONb30BaHUeM runepbapudeckoii cBapku Hyperbaric Welding System

B kauecTBe CyOmMOOpSOUMKOB B yKa3aHHBIX PadOTax 3alulaHMPOBAaHO ydacThe kommaHuid Technip
u Deep Ocean.

12.2.2 PemoHTHas cucTeMa KoMnaHuu Saipem S.p.A.

JlucTaHIIMOHHO yIIpaBiisieMas cuctemMa peMoHTa TpyoborpoBoaoB SiRCoS (uran. Sistema Riparazione
Condotte Sotto marine) pa3paborana kommanueir Saipem S.p.A. ansi UTaNbSHCKOW HedTerazoBoi
komnanuu Eni. JlaHHass peMOHTHas cucTeMa MO03BoisieT oOecrnednBaTh MpoOBeneHHE paboT Ha
CBepXOONBbIIMX TIyOWHAX, a TaKkXKe MpelHa3HaYeHa /Uil NPUMEHEHUS B TPOIECcce MPOKIAAKH U
SKCIUTyaTaliu (TEXHIHYECKOTO 00CITyKuBaHus) TpybompoBomaa [11].

SiRCoS saBnsieTcs KOMIUIEKCHONW CHCTEMOI peMOHTa MPOJIOKEHHBIX Ha CPETHUX M OONBIINX TTyOMHAX
TPYOOIIPOBO/IOB, HE MPEyCMaTPUBAIOIIYIO Y4acTHE BOJI0Ia30B B npoBencHuu pador ("diverless"). lannas
cHCTEMa ITO3BOJISIET OCYLIECTBIISITh MOHTaX MYy(THI (XOMyTa) Ha JIOKAIBHOM IOBPEKICHUH, & TaKKe
3aMEHy y4acTka TpyOOIpoBoJa B Cydae 3HAYUTENBHBIX TOBPEKICHUN.

SiRCoS umeer cremyromniyie OCHOBHBIE TEXHUYECKHE XapaKTePUCTUKH:

MaKCHUMaJlbHas TITyOMHA TPOBEACHUS PEMOHTHBIX pabor — 2200 m;

MaKCHMaJIbHBIN YToJl HakjIoHa qHa 10° B monepevyHOM HampaBiieHHH, 15° B IPOIOIHHOM HAIPaBICHUN
(30° anst peMOHTHOTO XOMYTa/PEMOHTHON MYy(THI);

JuaMeTp TpyOompoBona i cucteMsl coeauHenus 0,46 — 1,22 w;

JTUaIa3oH TOJIIMH CTeHKH TpyOsl 17,4 — 41,0 mm;

MarepHuan TpyOsl: cTaimb Mapok X60 — X70;

yAaJeHue aHTHKOPPO3MOHHOTO U OSTOHHOTO MOKPHITUS TPpyObl TOMIMHON 10 100 MM.

B Habop KOMIIOHEHTOB, HEOOXOAMMBIX JJii BOCCTAHOBJICHHS PAaOOTOCIOCOOHOCTH TpPYyOOIPOBOAA,
BXOJISIT:

peMoHTHast My(dTa (XOMyT) JJIsl YCTpAaHEHHS HE3HAYMTENbHBIX JIOKATBHBIX MOBPEeXKIACHUN (yTEUeK W
nedopmanmii);

KaTyILIKa, UCTIONIb3yeMast AJIs1 3aMEHBl Y4acTKOB TPyOOIIpoBOAa;

KOHIIEBBIE COCIUHUTEIIH.

OpHa KaTylka W JBa KOHIIEBBIX COCNMHHTENS] — MWHUMAIBHBIA KOMIUICKT, yCTaHABINBAaEMBIA Ha
TpyOOmpoBOJ B cllydae 3HAYUTENHHOTO IMOBPEKACHUS, TPeOyIONero BBIpE3KH TPYyOONpPOBOJA,
¢ MIPUMEHEHUEM TelleynpaBisieMoro noasonHoro anmnapara (ROV) ¢ HaBeCHBIM THAPOCUIIOBBIM OJIOKOM.
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Puc. 12.2.2 [TosTanmHas mocC/IeA0BaTeIbHOCTD 3aMEHBI Y4aCTKa MOPCKOTO MOABOJHOIO TPYOONpOBOAa CHCTEMOI peMOHTa
Tpy6onposonoB SiRCoS:
a — TOIIbEM YYacCTKOB TPYOOIpPOBOZA C MOMOILBIO YeThIpeX /H-00pa3HbIX Omop;
6 — oOpe3Ka U yJaleHue IMOBPEXISHHOIO y4acTKa TpyOONpoBosa; 6 — ylaleHHe OETOHHOTO YTSKEISIOIIErO IOKPBITHS;
2 — MOHTaX KOHHEKTOPOB (KOHIIEBBIX COSUHHTENEH); 0 — MO3UIIMOHNPOBAHNE H MOHTaX TPYOHOH BCTaBKH C IIOMOIIBIO
MOHTa)XHOTO MOJYJIS; € — Y3el COCANHCHUS

CoeanHeHHEe MEXIy KOHIICBBIM COCIUHHUTENIEM M KOHLOM TpyOBl oOecmednmBaeTcss 3a CUeT
3allPEeCCOBKH, MPH 3TOM 3allpecCOBOYHOE YCTPOHCTBO C MCIOJIB30BAaHMEM MOPCKOW BOABI B KadeCcTBE
paboueil cpenmbl cO3MaeT AOCTATOYHOE AaBIICHHE BHYTPH IIOJIOCTH TPYOOINpOBOma IJIsl €ro o0XuMma B
KOHIIEBOM COeIMHMTENE. TakuM 00pa3oM CTEHKa TPyOBbl IUIacTHYECKH JeopMHpyeTCcsl Ha BHYTPEHHEH
MOBEPXHOCTH KOHLIEBOTO COEIMHUTEINSI, KOTOPHII MOABEPraeTcsl ynpyromy pacmupenuio (cMm. puc. 12.2.2, e),
co3/1aBast IIPH ITOM HAJIEKHOE F€PMETUYHOE COEUHECHUE.

12.3 IPUMEHAEMBIE METO/IbI 1 TEXHOJIOTYHN JJIA PEMOHTA OTAEJIBHBIX JE®EKTOB,
I'PYIII JE®EKTOB, JE®EKTHBIX CEKIIUI (YUACTKOB) CTAJIBHBIX ITOJABOIHBIX
TPYBOIIPOBOJOB

12.3.1 Ha puc. 12.3-1 npuBeneHbl U CHCTEMaTU3UPOBAHBI B HACTOAIIEE BpeMs NPUMEHSEMbIE Ha
IpaKTUKE Ha MIeAb(OBBIX MECTOPOKIACHUSAX P®D MeTonbl M TEXHOJOTMH PEMOHTA IIOABOIHBIX
TpyOONIPOBOJHBIX CHCTEM, KOTOPhIE MOT'YT MPUMEHSTHCSI OTEUECTBEHHBIMH MOAPSAHBIMUA OPTaHU3ALUSIMH.

Ilo cpaBHEeHHIO C HpuUMepaMu PEMOHTHBIX CHCTEM WM CIHENHMAIBHBIMH YCTPOWCTBaAMHU s
ocymecteinerus pemoHta MIIT (cm. 12.2), B T.4. mTyOOKOBOAHBIX, METOJBI U TEXHOJIOTHH, YKa3aHHbBIE
Ha puc. 12.3-1, COOTBETCTBYIOT IlapaMeTpaM OCBOCHHBIX B HACTOAIIEE BPEMS POCCHHCKHX
YITIEBOAOPOAHBIX MeCTOpO)KI[eHI/Iﬁ Ha MOpPCKOM HICJII)(l)e N TEXHUYECCKUM BO3MOXKHOCTAM OTCUHCCTBCHHBIX
MOJPATHBIX OpraHU3alUi.
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Puc. 12.3-1 MeTtoapl 1 TEXHOJIOTUH PEMOHTA MOABOIHBIX TPYyOOIIPOBOIOB Ha MIENb(OBBIX MECTOPOXKACHHUAX YIIEBOJOPOIOB Ha TeppuTtopru Pd
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Ha puc. 12.3-2 mpuBeneHbl HEKOTOpbIE YCTPOWCTBA Ul OCYIIECTBICHHS PEMOHTHBIX paboOT Ha
MOPCKHX IOJABOAHBIX TpyOompoBoaax, onoOpennsle PC. Bcee ykasaHHBIE yCTpONHCTBa NPUMEHEHBI Ha
IPAaKTUKE B IIPOLIECCE PEMOHTAa IOABOAHBIX TPYyOONpOBOAHBIX cucTeM. Cpeau Takux YCTPOICTB
BBIICIIAIOTCS CIEAYIOIIUE:

ycuimBaromuye kommno3utHsle MydTsr TpyoonpoBonos SMART LOCK (YKMT) (cm. puc. 12.3-2, a);

ycuiMBaiomas MyQra-npoTekTop ¢ 6etoHHbIM OangaxkuposanueM (YBMT) (cm. puc. 12.3-2, 0);

YCTPOHCTBO I PEMOHTa CTaJbHBIX TPyOONMpOoBOAOB pa3nuuHoro HasHadeHus (YPCT-M)
(cm. puc. 12.3-2, 6);

YCTPOMCTBO IS PEMOHTa KPHBOJHMHEHHBIX YYacTKOB CTAJIBHBIX TPYOOIPOBOIOB pPa3IMYHOTO
HazHaueHuss YPCT-K (cm. puc. 12.3-2, 2);

M30JIMPYIOLINE KOMIIO3UIMOHHBIE MY(THI (poTekTopbl) TpybonpoBogoB SMART WRAP (UKMT)
(cm. puc. 12.3-2, 0).

Puc. 12.3-2 VYerpoiicTa sl peMOHTa HOABOIHEIX TPyOONpoBoaoB, og00peHHbie PC

VYKazaHHbIC BBIIE YCTPOWCTBA Ul OCYLIECTBICHHS PEMOHTHBIX pabOT HAa MOPCKHX HOABOIHBIX
TPyOOIIPOBO/IaX HMMEIOT TOJIOKUTENBHBIE 3aKITIOUEHHs] JKCIIEPTH3 MPOMBIIIICHHONH 0€30MacHOCTH U
CeugerensctBa o TunoBoM omodpenuu (CTO), Beimannsie PC.

B oteyecTBeHHOI MpakTHKe NMpPOBEEHHUS PEMOHTHBIX PabOT Ha TOJBOAHBIX MEPEXOAAX MaruCTPaIbHBIX
ra3onpoBOAOB M MOPCKHMX HOABOIHBIX TpyOompoBogoB ¢ 2008 T. ucHomb3yercsi HMOCTPOCHHOE Ha
npemmpusatin AO «3aBon Huwkeroponckuii Termmoxom» crienmanmsuposanHoe uiaBydee cpenctso (CITPC-K)
mpoekta 91030, umeromee CIeayIONe OCHOBHBIC XapaKTEPUCTHKU:

JUIMHA, M 42,0
HUIMpUHA, M 16,7
BbICOTa OOpTa, M 4,3
ocajgka, M 2,6

aBTOHOMHOCTb, CyT 15
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ponousmemenue co 100 % 3amacamu, T 1426
MOITHOCTh SHEPreTHYECKON YCTaHOBKHU, KBT 3x150
SKHMAX, Yel 11

Cy[lHO OCHAIIEHO OMOPHO-TIOILEMHBIM YCTPOWCTBOM, TMpPEAHA3HAYCHHBIM I €r0 MOoAbeMa Haj
MMOBEPXHOCTHIO BOJBI HAa YSTHIPEX OMOPaXx C LEIbI0 UCKITIOUCHUS BO3/ICHCTBHS TCUCHHS BOJIBI, BETPA ¥ BOJIH
Ha KOPIYC BO BpPeMsl BBIIIOJHEHHSI PEMOHTHBIX PaboT (aHAJIOTUYHO CaMOIIOILEMHBIM TUIABYYUM OypOBBIM
ycranoBkaM) (cM. puc. 12.3-3). Bricota nmogpema CITPC-K Hang moBepXHOCTHIO BOABI MOXKET JOCTHUTATh
1o 2,0 m. Ceapouno-monTaxkHas kamepa (CMK) npennasnadena uist mpoBeAcHHsI paboT M0 BOCCTAHOB-
JICHUIO TTOBPEXKJCHHBIX YYaCTKOB MOJBOAHKIX TpyOorpoBogoB auamerpoM 500 — 1420 MM Ha rmyOnHax
no 24 m no npuniuny «Cofferdam Welding». CMK ocHameHa cnenuanbHBIMH CHCTEMaMHU,
00ecrneunBaloMMI € TepMETH3aIMI0 Ha TpyOorpoBone M ocymenue. B padouem monokennn CMK
COO0O0IIAETCA ¢ CYTHOM TIPU TTOMOIIH COOPHOH MHOTOCEKITMOHHOW MEePEeXOTHON IIaXTHhI.

Puc. 12.3-3 CnennanusupoBanHoe miaBydee pemoHTHoe cpenctBo CIIPC-K (mpoekt 91030)

Pabora CMK obecrnieunBaercs ClIeqyOMUMI YCTPOMCTBAMHU:

CITyCKOTIOBEMHOE;

TPYHTOOIIOPHOE;

opuentaimu CMK npu mocanke Ha TpyOompoBos;

¢ukcauuu Ha TpyOOIpOBOAE;

KpEIUICHUs U YIUIOTHeHUs HwxkHel yactu CMK;

CHCTEMA OCYIIICHWsI/3aMOTHEHHUS;

YCTPOMCTBO (puKcaluu TpyOOIpoOBOa B KaMepe.

IIpu BeIMONHEHUM peMoHTHBIX pabor CMK ocHamaeTcss BBICOKONPOM3BOJAUTEIBHBIM Ta3ope3a-
TENBHBIM U 3JICKTPOCBAPOYHBIM CIICIUATM3UPOBAHHBIM 00OpyIoBaHUEM. [l yCTaHOBKU OT/ENBHBIX
ceknuil mpu cOOpKe MEepexXOAHOM WIaXThl, MOHTaXKa OIOpP OIOPHO-TIOJBEMHOTO YCTPOWCTBA M TPOUYHX
onepanuii Ha maryoe CITPC-K ycTaHOBIIEH KpaH TPy30TOABEMHOCTHIO 10 16 T, ¢ BBUIETOM CTPEIHI 22 M.
Jliis TOuHOUW OpWeHTalMK Haj TPyOOIPOBOAOM CYIHO MMEET HOAPYIHMBAIOIINE YCTPOMCTBA U OCHAIECHO
CITyTHUKOBOM cHCcTeMOW HaBeleHWs. Ha cymHe NIpeaycCMOTPEH TMOJHBIH KOMIUIEKT BOJOJIa3HOTO
00opynoBaHMsI, CUCTEM M OCHACTKH.

12.3.2 OOcnyXnBaHHE CHCTEM MOPCKHX MOABOIHBIX TpyOompoBomoB 3a mpenemramu PD
OCYIIECTBIISICTCS CICAYIONMMH OCHOBHBIMH Pa3pa00TUYMKaMU M MOCTABIIMKAMH CIICIIHATU3UPOBAHHOTO
o0opynoBaHus JUII PEMOHTa MOPCKHX TOABOAHBIX TpyOompoBomos: T.D. Williamson, Inc. (CIILA),
Acer Solution ASA (Hopserus), Cameron International Corporation (CLLIA), Oil States HydroTech, Inc.,
Subsea 7 S.A., Hydratight, Ltd. (BemukoOpuranus), Oceaneereng International, Inc., Furmanite
Corporation (CIIA) u .1
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N3 cocraBa mOCTaBIsSEMOro YKa3aHHBIMH KOMIIaHMSIMH OOOpYZOBaHHUS CleAYeT OTMETHTh
HIDKECIIeyIolIee.

B nacrosmee Bpemst kommanus T.D. Williamson, Inc. sBisercs MUPOBBIM JIHAEPOM B MTPOU3BOICTBE
OeCTpUBS3HBIX JUCTAHIIMOHHO YIpaBIseMBIX 3aTBOpOB THma SmartPlug, mepememaeMblx BHYTpH
TpybonpoBoaoB. [lomoOHble ycTpoiicTBa MpeAHA3HAYEHBI U OTCEYCHHUS! YYAacCTKOB TPyOONpPOBOIOB,
MOAJISKAIMX PEMOHTY WIM TEXHHYECKOMY OOCITY)KUBAaHMIO, B T.4. KPUBOJHMHEHHBIX C paAnycoOM H3ruba
1o 1,5 nuamerpoB TpyOONpoOBOIA, M IPU COXPAHEHHH B TPYOONPOBOTHOHM cHcTeMe pabouyero NaBieHUS
TpaHcopTupyemoir cpeasl (mo 21 MIla), B kauecTBe KOTOpPOH MOTYT OBITH ChIpas He(]Th, ras,
ra30KOHJICHCAT, TIIMKOJIb, HeQTENPOMXYKThI U T.A. (cM. puc. 12.3-4).

(5 PLUG TRAIN LENGTH = 4435

SMART PLUG
LENGTH= 447

HARD OD= @515

BETWEEN PACKERS=797 | |

= ANTENNA= 3938

Puc. 12.3-4 O6umii Bux 1 KOMIOHOBKa 3aTBopa 2 X 24" tuna SmartPlug:
1 — Momynb yrpaBieHus; 2 — IMApHUPHOE coequHeHue ¢ (uiaHieM; 3 — MOIYJb 3aTBOpa C MakepoM; 4 — MIapHUPHOE
COeIMHEHHEe; 5 — MOJYJb YIpaBieHHs; 6 — oOpaTHBIN KiamaH; 7 — peIM-00nT; § — raiika peIM-6onTa

VYmpasnsemslit 3aTBop auameTpom 24 mroiima (610 mm) 2 x 24" tuna SmartPlug ucnonssyercsa ans
00CITy’)KMBaHUSI 1 PEMOHTa MOABOIHOTO raszomnpoBoa «lomy6oit motok» («Blue Stream») uepes Uepnoe
Mope u3 P® B Typuuio: 3aMeHBI 3alIOPHBIX 3aJBIKEK Ha Ta30KOMIIPECCOPHOH craHuuu «beperosas» Ha
POCCHICKON TEppUTOPUH O€3 OCTAHOBKH IIpollecca TpaHcIopra ra3a mnpu masiaeHuu 7,0 MIla. Kommmiekr
MOCTaBIISIEMBIX YCTPONCTB, KaK MPaBHUIIO, COCTOUT H3:

JIBYX YIPaBJsIeMbIX 3aTBOPOB TUMa SmartPlug, kakaplii U3 KOTOPBIX MPEICTaBIIeT U3 ceOs CIeIKy,
COCTOSIIYIO U3 IBYX 3aTBOpoB (SmartPlug) u aByx ynpasistomux monyneit (Pigging — Control Module);

00opynoBaHus IS yIIpaBiieHus paboToli Ha 6a3e MepPCOHANBHOTO KOMIBIOTEPA, TPUEMO-TIEPEAIOIIUX
AQHTEHH /7151 AUCTAHIMOHHOTO yIpaBieHUsl paboTOH 3aTBOPa, KOTOPOE IO3BOJISIET YIPABIATh 3aTBOPOM Ha
paccrostHun A0 240 KM TIpu 3arTyOneHur TPyOOImpoBoIa B TPYHT MOPCKOTO JHA 110 9,0 M.

B oTnmenbHBIX ciyuyasix, HampuMep, B Cllydyae HEBO3MOXKHOCTH OCTAHOBKH IEepeKauykH IMPOAYKTa I10
TpybompoBoy, B 00XOI PEMOHTHUPYEMOTO yd4acTka TpyOOIpoBoAa IOJDKHA OBITH MpeaBapUTEIbHO
yCTaHOBIIEHA OaifmacHas JHMHUS, TEXHOJOTHS MOHTa)ka KOTOPOH Takke pa3paboTaHa KOMIaHHUEH
T.D. Williamson, Inc., npudem ycTaHOBKa yCTpOHCTB MOXeT OBITH ocymiectBieHa ROV 6e3 ywactus
Bomoa3oB (cM. puc. 12.3-5).

OpHUM M3 OCHOBHBIM CPEJICTB PEMOHTA MOIBOJAHBIX TPYOOIPOBOAOB SIBISIIOTCS CTaJbHBIE 00KHMHBIC
My(QTBI, KOTOpBIE YCTaHABIMBAIOTCSA Ha TpyOompoBox Oe3 NpuUMeHeHHs cBapku (cM. Tabm. 12.2.1).
PemoHTHBIE MY(TBHl NPEACTABISAIOT COOOH CTAJIBHYIO KOHCTPYKLIMIO B (OpME IOJIOTO LMIMHIPA,
pa3feNeHHoOTo BAOJNb HAa JBE OJUHAKOBBIC ITOJIOBHHBI C JBOWHBIMU YIUIOTHUTENBHBIMH JJIEMEHTAMH,
KOMITJIEKTOM TIOTIEPEYHBIX M TMPOAONBHBIX KPEMEXHBIX 3JIEMEHTOB, JCOBAIU3UPYIOIIMMU KOJBIIAMUA M
YCTPOUCTBOM MpEIOTBpAIICHUsT OceBoro cmerieHus (cM. puc. 12.3-6) [5]. JIBoifHOe 3macToMepHOE
YIUIOTHEHHUE MO3BOJISIET BHIMOIHATE UCIIBITAHUS Ha IPOYHOCTD ¥ TEPMETHYHOCTD MOCIIE MOHTaKa MyT(HI B
MEXXYMJIOTHUTEIIBLHOM MOI0CTH caMoil My(hThl 0€3 MOBBIIEHHS JaBJICHHUS B OCHOBHOM TPYOOIIPOBOJE, YTO
CYIIECTBEHHO COKpPAIIAET, YIPOIIAET U YEIIEBIeT MPOoIeypy PEMOHTA.
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Double STOPPLE® Medpexmnan cexyusn Double STOPPLE®

Puc. 12.3-5 Coopyxenne 6aiiiacHO# JTHHUK C HCIOJIB30BAHUEM 3allOpHBIX ycTpoiicTB SmartPlug (a),
TexHonoruu Bpe3ku Hot Tapping ¢ npumenenuem ycrpoiictB Single STOPPLE Train (6) u Double STOPPLE Train (6)

Puc. 12.3-6 PemoHTHast HecBapHas MyQTa:
1 — pe3bboBas MIMUIIbKa 0CEBOTO KPEHEKHOTO JJIEMEHTa; 2 — YCTPOWCTBO MPEIOTBPAILECHHUS OCEBOTO CMEICHHS;
3 — noabeMHas MPOYyIINHA; 4 — aHO/A NPOTEKTOPHOM 3aIUThI; 5 — TUAPABIMUYECKUIN TOMKpAT; 6 — KOPILyC XOMyTa

My}TbI H3roTaBINBAIOTCS PA3TMYHON ATHHBL I TPYOONIPOBOJOB AUaMETpoM OT 51 MM 10 1420 mMm.
Y My(dT npocToit KOHCTPYKIMHU FrepMETH3alMs TOBPEXKICHHOTO yJacTKa TpyOonpoBoa obecreunBaeTcs 3a
cueT oOKaTusl YIJIOTHEHHH HEMOCPEeICTBEHHO KOPIYcOM MYy(ThI mpHu ee MOHTaxe. Takke MOTyT OBITh
MPEyCMOTPEHBI JOTIOTHUTENbHBIE KOHCTPYKIIAN ISl 00ecTiedeHHsI He0OXOIMMOTO 00XKaTHs YIUIOTHEHUH
IIpU TepMeTu3aluu noBpexaeHHoro ydacrka MIIT. J[isi peMOHTa THYTBIX OTBOJOB B COCTaBe
TpyOONpPOBOJa BHITYCKAIOTCS PA3HOBUIHOCTH KPHUBOJIUHEHHBIX MY(T.

IIpu mpoenennn pemonta MIIT Ha Oonpmmx rmyOuHax (Oonee 120 M) AN yCTaHOBKH My(QT
UCTIONB3YI0TCs Tonbko ROV pabouero kiacca, Ipy 3TOM 3J€MEHTHI Kpernexka My (T pacCuuTaHbl Ha paboTy
MaHUITYIITOpoB ROV,
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12.4 TEXHUYECKOE JUATHOCTUPOBAHHUE TPYBOIIPOBOJOB

12.4.1 Buytputpybnas nuarHoctuka (BT/]) sBmsercs nHamboree HHPOPMATUBHBIM METOIOM
BBISIBIICHUST W H3MEpeHHUs Ae(eKTOB Kak MO 00beMy, TaKk M IO KauecTBy IONYy4aeMbIX JaHHBIX.
B nexotopsix cimydasx BT]l siBnseTcst eAMHCTBEHHBIM CHOCOOOM BBISBICHHS AC(EKTOB.

Merton BTJI no3BossieT cienytoiiee:

MPOBOIUTH OOCIIEIOBAaHUSI TEOMETPUN TPYOOIIPOBO/IA, UTO IMO3BOJSET BBISBIATH BMSTHHBI, M3JIOMBI,
roQpel, OBAIBHOCTH, a TAaKXKe pa3IMYHbIE T€OMETPUYECKHE aHOMAIMH W Je(OpMAaIM{, BBI3BIBAIOIIUE
HanpspKeHHs, B T.4. Ha 3arTyONeHHBIX y4acTKax TpyOompoBoaa;

NPOBOAUTH OOCIIEAOBAHUSI MPOCTPAHCTBEHHOIO MOJOXKEHHA TPYyOONpPOBOAA, YTO IMO3BOJSET MyTEM
CPaBHEHHUS IPOCTPAHCTBEHHBIX AAHHBIX HECKOJIBKUX IMOBTOPHBIX JHATHOCTUYECKHUX IPOITYCKOB BBISBIIATH
cMemieHns TpybompoBoma u AedopMmanuu n3rnba (BO3HUKAIONIIME MPH CMEIICHHH TpyOompoBoa
OTHOCHUTEIIHFHO CBOETO MUCXOAHOTO IOJIOXKEHHUS).

B 0oibIIMHCTBE IMArHOCTUYECKUX BHYTPUTPYOHBIX CHapsiax pealu30BaH MAarHUTHBIM WM
YABTPa3ByKOBOM METOJ HEpa3pyLIAIOLIEro KOHTPOJIS.

12.4.2 Texunosoruss BT/l ¢ perncrpauueii pacceuBanusi MarHuTHoro noroka (MFL — Magnetic
Flux Leakage).

JlaHHas TEXHONOTHA IMO3BOJIACT MPOBOIUTH KOHTPOJIb MpU JIO0OW TPaHCIOPTHPYEMOH cpenme co
ckopocTbio ot 0,5 M/c 10 5 M/c u Gojee. a TakKe NpeAyCMAaTPUBAET CIEAYIOLINE BHIIBL:

.1 ¢ HaMarHMYMBaHNEM CTEHKH TPYOBI B mpomoipHoM HampasiieHnn (CDP — Corrosion Detection Pig).
JlaHHas TEXHOJOTHS TO3BOJNISIET OOHAPYKWBATh M W3MEPATh BHYTPEHHHWE W BHEIIHWE AHOMAINH MOTEPH
MeTallla, Takue Kak KOppOo3Hs, aHOMaJINU KOJIBLIEBOTO IIIBa M 3aBOJCKUE aHOMAIHH.

[Ipu npuMeHEeHnN AaHHOW TEXHOJIOTHH CHHM)KEHA BO3MOKHOCTH BBISIBJICHHUSI aHOMAJIHMK B IPOAOJIBHBIX
CBapHBIX IIBaX, NPOJOJBHO OPUEHTUPOBAHHBIX aHOMANUH (TPEIIMHBI OT KOPPO3HHU IOJ HAIPSKEHUEM),
KOCBEHHOT'O M3MEpEeHHs (PaKTUUECKOH TOJIIMHBI CTCHKH TPYOBI;

.2 ¢ HaMarHWYMBaHWEM CTEeHKH TpyOsl B momepeuHoM Hampasinenmn (AFD/TFI — Axial Flow
Detection/Transverse Field Inspection). JlaHHast TeXHOIOTHSI TO3BOJISIET OOHAPYKUBATh U U3MEPSTDH y3KUE
MPOJOJIBHO OPHEHTHPOBAHHBIE aHOMAIMHU, TaKHe KaK HEOJHOPOAHOCTH CTEHKH TPYOBI (3aIUpHI, PHCKH,
TPELIMHONIOAO0OHbIE aHOMAJINH, PYyYEHKOBask KOPPO3usi).

ITpu mprMEHEHUH NaHHOM TEXHOJIOTHM CHM)KEHA BO3MOXKHOCTH BBISIBICHHS aHOMAJIHMH B IOIEPEUHBIX
CBapHBIX IIBaX, MOMEPEYHO OPHEHTHPOBAHHBIX AaHOMAIHHA, KOCBEHHOTO H3MEpeHHs (aKTHIEeCKON
TOJIIIIMHBI CTEHKH TPYOBI.

12.4.3 Yabsrpa3ssykosbie Texnoaorun BT/l (UT — Ultrasonic Test).

VnbsrpasBykoBas texHonorus UT-WM (Wall Measurement) mo3BosisieT oOHapyKHBaTh U H3MEPATh
BHYTPEHHIOIO U BHEIIHIOI IIOTEPU METaJUIA, PACCIIOCHUS, BKIIOUCHUS, LapanuHbl, HaIpe3bl, 3aupbl U
BMSITHHBI, a TaKKe WX KOMOWHAIIWH, BBIMOJHATH MPSMBIC TOYHBIE HM3MEPEHHS OCTATOYHON TOJIIMHEI
CTCHKHU TPYOBI.

Texnonoruss UT-CD (crack detection) mpumeHsercs ¢ meiblo OOHApyKEHUS MPOAOJIBHBIX M
MIOTIEPEYHBIX TPEIIMH CTEHOK TPyOOIpoBOAa, B T.4. B IPOJONBHBIX U MOMEPEYHBIX CBApHBIX IIBaX.

CkopocTb MpoITycKa BHYTPUTPYOHBIX TMArHOCTUUECKHUX CHApsIOB IPH MpUMeHEeHHH TexHostoruii WM/CD
cocrasigeT 0,5 m/c — 3,0 m/c.

[Ipu npuMeHEHUH JaHHOW TEXHOJIOTMH BO3MOXHO 00CJeIOBaHHE TPYyOOIPOBOAOB TOJIBKO B JKHUAKOM
cpezne.

12.4.4 JaexrpomarautHo-akyctuueckas texnojorusst EMAT (Electromagnetic Acoustic Transducer).

IIpuHOHT paboOTHl TEXHOJOTHHM OCHOBAaH Ha OECKOHTAaKTHOW TEeHEpaIluu C HWCIOIb30BaHHEM
JMIEKTPOMArHUTHOTO TOJsI M TpHEMa 3BYKOBBIX BOJIH M TO3BOJIIET BBISBIATH 30HBI OTCIIOCHUS,
MOBPEKACHUS M30IALMOHHOTO TIOKPBITHS M UX Pa3MEpBl, BBISIBIATD M ONPEIEIATh C BEICOKOH TOUHOCTHIO
pasMepbl TPELIMH, TaKMX KaK TPEIIMHBI OT KOPPO3UH MO HANpsDKeHHWEM, MPOAOJIBHBIE YCTaIOCTHBIC
TPELIMHBI, KPIOUYKOOOpa3HbIe TPELIMHBI, TPELIMHBl HAa BHEIIHEH IpPaHUIE CBApPHOIO IIBAa, B OCHOBHOM
MeTajuie TpyOBl, B 30HE CBApHOTO IIIBa TIPH JIIO00M TPaHCTIOPTHPYEMOU Cpelie.
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JlanHas TexHomorusi He sBisieTCs YPQPEKTUBHOW Ha TpyOax C TONIIMHON cTeHku Oonee 20 M.
BHyTpuTpyOHBIE AMATHOCTHYECKUE CHAPSIBI CYIIECTBYIOT I TpyO ¢ auametrpoM 508 MM (20") u Goree.
[IpumMeHeHNE TEXHOJIOTHN COTPOBOXKIACTCS HEOOXOTUMOCTBIO 00ECIIEUeHHS JTOPOTOCTOSIIAM 000pyIo-
BaHUEM, YTO JIeNIaeT TEXHOJOTHIO JOCTYIHON OrpaHUYeHHOMY KOJIWYECTBY MPEANPUATHH.

12.4.5 BuxperoxoBasi Texnojorusi BT/{ (IEC — Inspection Eddy Current).

JlaHHas TEXHONOTHS IO3BOJISIET C BBICOKOM TOYHOCTBIO BBISBISTH M H3MEPATH KOPPO3HOHHBIE
MOBPEKAEHUS B MOBEPXHOCTHOM CJIO€ BHYTPEHHEH MOBEPXHOCTH 00CIIenyeMOW TPyObl, HE3aBUCHMO OT
TOJIIIMHBI €€ CTEHKH W WCIOIB3YeTCs] B OCHOBHOM JUISl BBISIBJICHHS AE(PEKTOB BHYTPEHHETO MOKPBITHS
TpyOonpoBoioB. TexHONOrus TNpUMEHSETCAs AN TNPOBEIeHHs o0ciefoBaHHi TpyOOIpoBOJOB 0e3
HEOOXOIMMOCTH CO3JaHHsI JKUAKOCTHBIX MpoOOK. bnaromaps snekTpoMarHUTHOW TpHpoOAE NAaHHOMH
TEXHOJIOTUH, Ha TOYHOCTh MHCIEKIMOHHBIX PE3YJbTaTOB HE BIMACT HAIMYME ITIaJKOCTHOTO TOKPBITHS,
YMEPEHHON OKaJIMHBI WM 3arps3HEHUIL.

Jannas TexHojorus He sABIsAeTcA dPQEKTHBHON MPH BBISBICHUH AS(PEKTOB BHYTPH CTEHKH TpPYOBI,
HapYyXHBIX JIe(PEKTOB, A1e()EKTOB CBAPHBIX CTHIKOBBIX COCTMHEHHH.

Amnanu3 3¢ dexkruBHoctr TexHonoruit BT/] ni1st BoLsiBIIeHUS M M3MEPEHUS Pa3IMYHbBIX TUIIOB Ae()EKTOB
npeacTaBieH B Tabn. 12.4. Ilpm 3TOM ciemyeT YYHUTHIBaTh, YTO COBPEMEHHBIE BHYTPHUTPYOHBIC
MUATHOCTHYECKHE CHapAObl OOECTeYMBAIOT COOTBETCTBYIONIEE KadeCTBO KOHTPOIS TPH CKOPOCTSIX
ot 0,1 o 10 m/c. Ilpn HEOOXOMUMOCTH BHYTPUTPYOHBIC NHATHOCTHYECKHE CHAPSABI JAOTOIHUTEIHHO
OCHAIIAaeTCid YCTPOMCTBOM (PETYIATOPOM) COOCTBEHHOW CKOPOCTH OTHOCHTENBHO CKOPOCTH MOTOKA,
KOTOpPOE B OCHOBHOM HCIIONIB3YETCS IPH BBICOKMX CKOPOCTSX IMOTOKA Ha Ta30IpOBOAX.

B cootBerctBHE ¢ DenepanbHbiM 3akoHOM P® ot 26 mronrs 2008 . Ne 102-D3 «O6 obecrneueHUH
€MHCTBA M3MepeHui» u npukazoM Munmnpomtopra P® ot 25 mionsa 2013 . Ne 971 «O6 yTBep)aeHnn
AJIMUHHCTPAaTUBHOTO pEIIaMeHTa Mo IpenocTasieHuio PepepaqbHBIM areHTCTBOM I10 TEXHHYECKOMY
PETYIMPOBAHUIO U METPOJIOTUH TOCYIApCTBEHHOW YCIyTH MO OTHECEHHI0 TEXHHYECKHX CPEICTB K
CpeACTBaM M3MEPEHUI» BHYTPUTPYOHBIC TUATHOCTHYECKHE CHAPSABI SBISAIOTCS CPEACTBAMH HU3MEPEHUN U
MOAJIEKAT METPOJIOTHYECKUM UCIBITAHUSAM B COOTBETCTBUH € TpeboBaHUAMH DenepabHOroO areHTCTBA 110
TEXHUYECKOMY perynrpoBaHuio u MeTponoruu (Poccranmapra).
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Ta6nuua 124
Ananu3 3¢ dexkTuBHOcTH TexHoJoruii BT/l 111 BbIsIBJIEHUS] U M3MePEeHUs Pa3IMYHBIX THIIOB JAedeKToB

Texnomoruu BT/]

JedexTs! noTepu MeTania

MFL ¢ npogonsueiM | MFL ¢ nonepeynsiM
HaMarHHYMBaHHEM HaMarHHYMBaHHEM

uT IEC EMAT

O6mmpHas KOppo3us

V3kast pomoIbHAs KOPPO3Hs “

AHOManus KOJbLEBOTO IIBa **(CD)

JlehekT mpOAONBHOTO IIBa

BMmsTuHbI ¢ norepeit Meraia

Mertammndeckne 00bEKThI BOTH3H

Paccnoenue u apyrue 1eekTsl B TeNe TPyObI

Ananu3

PacnoznaBanue Z[e(beKTOB

Onpenenenue JUIMHbL

Onpenenenue rryOuHbI

PaGouas cpena

Ta3

JKuakocTs Wi MHOTO(a3HBIH MTOTOK

CKopocTh HPONycKa BHYTPUTPYOHBIX JTHATHOCTHYECKHX CHAPSIIO0B

_ - -

ToBeieHHas ckopocTh (bomnee 5 m/c)

B uc npuvensercs

.— Hed(PYEKTUBHO;

** — Hu3Kast 20 (QeKTUBHOCTS;

-— 3¢ deKTHBHO;
-— HaujIyullee pelieHue.
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