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H.A. Pewsemoe

POJIb K.I'IACCMQDMKAI.IMOHHOI'O OBLECTBA HA
COBPEMEHHOM 3TAFME PA3BUTUS CYLOXOACTBA

B atom rogy Poccuiickomy Mopckomy Perucipy Cynoxogctea
ncnonusietca 85 ner. Lo

OcHoBavHoe B 1913 rogy, kak «Pycckuin Perncip», Hawe Knaccudu-
KatuonHoe 06U{ecTBO NPOWNO [OCTOMHbI nyTe. «Pyeckuit Peructp» 6bin
opraxusoBaH Poccuﬁcxumu"cmaxosblmu...oﬁmecmamu He Ha nycrom
mecTe. B Poccui Ha perynsipHoii ocHose u3gasasmcs Mpasuna NoCTpoiKu
CYAROB pasHbiX TMMOB, npu4Yem nepskbie MpaBuna : 6sim u3paHbl 8 1837
rogy. Cucrema knaccugpukauymu CYAoB Bnepsbie nosisunack 81898 rogy.

B 1923 rogy 6bin yupexaen Poccuitckuii Peructp. OH ctan egunbim
OpraHom TexHWYecKkoro Hagsopa U Knaccucukaymu n BnocnencTamm
(1924 r) 6bin nepeumeHosan B Peructp Coiosa CCP. B 1995 rogy
Peructp CCCP nonyuun Hassanue Pocenitickun Mopcekoit Peructp
Cynoxopctra. : S

C 1 Hosabps 1969 roga Peructp. — unen MexpayHapoaHoi
accoyraumu. KnaccugukaymonHelx obwecTs. 3a Bce 7o Bpems
SHa4YUTesibHbIE U3MEHEeHUS NPOou3oW M B CTpyKType nasHoro ynpas-
neHus Perucwma u B ero.nogpaspenexusix. B HacTosiujee BpemA B
Peructpe pa6oraioT cBbiwe 1200 cneynanmcros. Peructp — ogHa us
HEMHOIMX opraHu3ayud, KoTopoit yaanocs, HecMoTpsi Ha BHewHue
HebnaronpuatHeie SKOHOMUYECKNE (haKTOpLl, COXPaHMTL CBOIO CTPYK-
TYPY, Kaapel, HopMamBHYio 6a3y, npecTux Ha MeXxgyHapogHol apene,
Cnoxusiumeca oTHOWEHUA C CyfoBnagensLamm, CYROCTPOUTENIbHBIMU
W CyNOpeMOHTHbIMK 3aBodamu, ¢ Hay4Ho-uccnepnosatensckumm uH-
CMTYTaMun 1 NPOEKTHbIMM OpTaHU3aLM SIMU,

Peructp, kak u Bce KnaccudukaynoHHble oblyecTsa, BUIUT cBOEW
rnaBHOW yenvio 6GesonacHocTb cyaoxogctea M 6e30MacHOCTL
4enoBeYecKon XusHu Ha Mope. v

Peructp pa6oraer B TecHom COTPYAHUYECTBE C MeXAyHapoHbIMu
MOPCKUMMN OpraHusayusmy, sBasieTcs aCCOUMNPOBAHHEIM YfieHOM
banmiickoro u MexpgyHapogHoro mopckoro coseta, Mexgynapog-
HOt accoumauunm He3aBUCUMbIX Bnagensies vaHkepos n MexpgyHa-
poaHol accoynauuu Bnagensles Cyxorpystbix cynos. Perucrp nocro-
SHHO y4actsyeT B pab6ote MexgyHapogHoi MOpCKOW opraHusaymu
(MMO) B KauecTBe yneHa Aenerayuu Poccuiickon degepanyuu.
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MeygyHapogHas MOpCKas opraHusauusi B CBOell CcerogHsHe
nporpamme ypenseT 3HauMTeNbHOe BHUMaHue pelieHnio BONpocos
noBbllleHNA 6e30onacHocT cypoxofcTsa.. KOHKpPeTHLIM pe3ynLTaToM
peatencHocy MO B 3TOM Hanpasneduu crtany  MexayHaponHbif
KOJeKC no ynpasneHuio 6e3onacHon akcnryarauuei Cynos v rnpepoT-
BpatteHueM 3arpsisHedusi (MKVB) u nepecmotpeHHas KoHBeHuust o
NOArOTOBKE, AUNSIOMMPOBAHUY MOPSKOB 1 HeceHuy BaxThi (INHB-78/95).

Llene MKYB — noBbicUTe YpOBeHb TpeboBaHMit cTaHAapToB
6€30NacHOCTM W 3ayTbl OKpyXawilen cpeges. B Kogekce ykasbi-
BAeTCH, 4TO caMbiMU Ba>KHLIMW CpefcTBaMit npeaynpexxgeHns asapuii
Ha MOpe W 3arpssHEHUsi MOps C CY[OB SBNSIOTCA MPOEKTUPOBaHue,
nocTpoitka CyZioB M MX SKCMJlyarauus Hapnexawmm obpasom nogro-
TOBNEHHLIMU 3KUMAXamy B COOTBETCTBMM C MexayHapogHbiMu
KOHBEHUMSIMI U cTaHJapTamu. '

BrionHe ecTecTBeHHO, 4TO KnaccudukauyuoHHbie o6uwecTsa,
UMEIONE MHOTONETHWUH A OMBbIT TEXHUYECKOrO Haj3opa 3a cyaamu ¢
Uernblo KOHTPONS U NOAAep KaHus cTaHAapToB 6€30MacHOCTH, NpeaoT-
" BpaujeHna 3arpsasHeHus, nonyvuny nopydeHna Mopckux AgMmuxuctpa-
UMM rocy[apcTs Ha cepThMKaumMio CyJOXoAHbIX KOMMaHUi 1 cyaos B
cootseTcTBUM ¢ MKYB. Huxe 6y,qu npysefeHbl MTOMN BHeApeHus
Peructpom nepBoro atana MKVE B cyp,oxo,qulx KoMnaHusix u Ha
cygax.

Be30nacHoCTe  CyHOXOACTBA, KaK fIBMeHue, TLuaTeano ucene-
AyeTcst ¢ npuMeHeHuem Haqublx metogoB. HayuHble acnekTbl
6esonacHocTu cy,qoxoncnaa paspaboTka Haquo 00QCHOBAHHbIX
MexayHapogHbix KoHBeHUui ¥ Kogekcos MO, Mpasun knacenduxa-
MM M NOCTPONKU MOPCKUX CYZOB Knaccmpuxauuon-mux ofujects,
uneHoB MAKO, paspaboTka maTeMaTMyeckux METoA0B OLEHKN pucka
fipy SKCrnyatauuu cynos. ) ‘

Cyuiecmyet Tpa,qmuuoqum anropnTM aHarmaa pucka. Ha nepsom
3Tane ONpefensioTCA BCe OnacHbie CUTyauuu npu aKcnayatayum
cypHa. Ha BTOpoM 3Tane pacCcMaTpuBalOTCst KPUTEPUU LOMYCTUMOrO
pucka ans onpefeneHHbiX B NepBOM aTane onacHelX cuTyauuid. Ha
TpeTbeM 3Tane BbiMOMHSeTCs oueHKa AONYyCTMMOCTA PUCKa U ero
nocnepacTeuit. Mo pesynbTaTaM OLEHKM ONpeaensioTC! HOPMbl 6e3-
onacHOCTN, NyTW YMEeHbLUEHUSA pucka U (GUHaAHCOBbLIE 3aTpaThl,
CBSi3aHHble C MEpPONpUATUAMM NO yMeHbileHuio pucka. [na nowcka
ONTUMANBHOMO PELIEHNA MPUMEHSIOTCS 9KOHOMUKO-CTaTCTUYecKue
meTopdbl. [Nnd UCNonb30BaHuUs 3TUX METOAOB HEOOXOAMMO HaKoMMTbL

cTaTucTMyeckKne XapakTepuciuku asapuit cygos, CMCTeMaTM?MpOBaTbY
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ux, obpabotatb mMaTteMaTMYecKu C NPUMEHEHUeM annaparta Teopuu
HaZleXXHOCTU, NOoCcse Yero paccunmTaTe SKOHOMUYECKUE MOCNEeLCTBUA
asapuii. B pesynbTate MOXHO MNONYYNTL ONTUMANBbHOE COOTHOLIEHUE
MEXAY CTOUMOCTbIO TEXHUYECKMX pelleHud, HanpaBneHHbiX Ha
ynyuiueHve 6€30MacHOCTM CyfgHa W MOpEenmasaHWus B LenoMm, u
BeNMYUHOW pUcKa AMs XXU3HM Jenoseka. BeinonHeHue aToro anro-
puTMa npeacraenseT co6oi MeTog chopMarsibHoi oleHky 6esonacHoc-
™, peKoMmeHgosaHHbin MMO.

dopmarnbHyio oyeHKy 6€30MacHOCTM MOXHO HauaThb YXKe Ha CTaauu
NpOeK™MpOoBaHUst CyAHa U NpPoJOrKaTe [ CYZO0B, HAXOAAWMNXCA B
akcnnyatauynn. Bonpocst ¢opmancHol ouyeHku 6e3onacHocTH rnoc-
TOSIHHO HaxogsTcsa B 30He MOBLILWEHHOro BHUMaHua MO v MAKO. B
6OMbLIO CTeneHn 3T BOMPOCHI CBsI3aHbl ¢ TMGEnNbio 6ankepoB u
nacca>Kupcknx Cyfio, a Tak)xe — C pasnusamu HedTV Npu aBapusx
TaHkepos. Ha 66-# ceccun Komuteta no 6e3onacHocTM mopennasaHus
(KBM) UMO 6bino npuHATO pellleHUe O CO3faHuM cheyuanbHoM
KOppEeCcnoHAEeHTCKON rpynnbl No (opMansHoil oyeHke 6e3onacHocT
(FSA). B pabote 310 rpynmbl NPUHANK yyacTe BCE MOMHOMNpPABHbLIE
4neHst MAKO. Ha 68-om saceganun KBM 6bin npefcraereH npoexT
Pykosogctea no FSA. Llenvio PykoBogcTea ssnsercs paspaboTka u
npepacrasnexue metogonorum FSA. PykosogcTteo npeacrtasnseT npu-
MeHeHue MeToAuKM W MATb OCHOBHLIX CTyneHeil npoyecca FSA. B
noAaroToske u obmeHe MHeHMsIMM No NpoekTy Pykoeogctea no FSA
aKTMBHOE@ ydace npuHuman Poccuitckuii Peructp. B HacTtosiwyee
Bpemsi Pernctp B pamkax Pykosogctea no FSA pabotaer Hapg
npoekToM no chopmanbHoi ouyeHke 6esonacHocT 6yposbix nnathopm
B YCROBUAX BO34ENCTBUS NbLA U BOMHEHHUA,

B pamkax MAKO Tak)xe cospaHa pabouas rpynna, nayvawwas
Bonpockl FSA. ®akmuecky unensl paboyeit rpynnbl MAKO BxogsiT u B
cocTaB KoppecnoHaeHTckon rpynrsl UMO. B pa6ote koppecriod seHTc-
ko rpynnsl UMO npuHumaloT yuacme: Mopckue AaMuHuUcTpayuu
KaHnagn, BennkobputaHuu; ApreHtuHa, Asctpanus, Baramckue oct-
posa, Kunp, ®uxnaugus, peuus, fmbepus, Mavama, Cuxranyp,
Wseunsn, Banyaty, MexgynapogHas Manata cygoxogctsa, OCIMF.

KnaccudukayuornHole oblectsa OCYWECTBASIOT HenpepbBHbI
Hafsop 3a cobnojgeHuem CyAoOCTPOUTENAMMU W CyAoBnagenbuamu
crasfaptos MMO u MAKO u npuHumaloT camoe HenocpefacTBeHHoe
y4yactue B nojfep)XXaHuu u MNoBbILEHWW YPOBHA 6e30nacHoCTU
mopennasaHua. Kpome Toro, unedst MAKO npusumalot ysacie 8
pa6oTe rpynnel obuwen nonmmkn MAKO u B 23 cneuranusupoBaHHbIX
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pabounx rpyrnnax, y4acTeyloT B cO3faHun yHupuuMpoBaHHbix Tpeéo-
BaHui 1 PYKOBOLCTB, BHOCAT CBOU NMPEANOXEHU A O KOPPEKTUPOBKE U
paspaboTke gokymentos MMO. B pamkax MAKO BHepgpsioTcs
yHUUUMPOBaHHbLIE CTaHRAPTLI N0 06MeHY UHopMaumuen N JaHHbIMA.

Ynenbt MAKO akTMBHO COTPYAHUYAIOT C rocyapCTBeHHbIM NopTOo-
BbIM KOHTPONEM M MOCkiNAIT CBOUX WHCIIEKTOPOB Ha cyaa, umeowue
3aMeyaHMsa NopToBLIX BracTeil. 37a paboTa Havanace ¢ 1996 roga 8
paMkax cemu uHuymame MAKO no mopckoit 6esonacHocm. Takas
npaktvka, 6es3ycnoBHo, pact adekT B ferie MOBLIWEHUsS YpOBHS
6e30MaCcHOCTU CY[OB, BEIXogsWuX B Mope. Llens atoro cotpygHuyectsa
— UCKAIOUNTL NosiBfieHue B Mope cybcTaHpapTHbix cyfos. OfHako,
OQHOCTOpOHHVE [EeNCTBUS KOHTPONMUPYIOUIMX OPraHoB, TaKWX Kak
NOPTOBLIA KOHTPOSL W. UHCMEKLMM . KnaccumKaunoHHoro ofujectsa,
He npueBeayT K JOCTMXKEHWIO MakcumarnbHoro adypekTa, ecnm cygos-
nagenblbl U oneparopsl He NPUMYT aKTUBHOTO yYacTusl B ynpaBneHuu
6esonacHoi sKcnnayartaumen cygos B pamkax MKVYB.

B HacTosiee Bpems 3aBeplieH nepebii aTan sHefpeHus MKYb. B

Poccuitckon ®epepauun Pernctpy Heob6xogumo ObIN0 BBIMOMHUTL
cepmdukauyuio 70 cyaoxopHbix KomnaHun n 314 cygos. K MoMmenTy
3aBepwienns nepsoro atana (iuiona 1998 r) B Poccuu Grino
cepMduumposaHo 65 komnauvit u 295 cypos, 4To coctasusio 93%
Bcex KomnaHun 1 94% Bcex cygos, noagnexkawmx cepmdukayuu. Mo
Mnam cypos. 80 Oankepos, 182 taHkepa, 12 HecpTepy,qoaosoB 20
rnaccaXupckux cyfos, 1 TaHKep-xumoBo3,

B Peructp 6binv nogaHs 3asiekn U3 14 rocypapcte. Beero 6bino
cepmduuuposaHo 142 cy,qoxo,qule KoMnaHuu u 657 cynoa pasHbIX
TAMOB.

Bce komnanun, nopasiluve 3asiBkKu Ha cepmd)vmaqmo, nony4nnu
cepmdukarsl cootBercTBus MKYB. -

B HacTosiee Bpemsl MexayHapogHas mopckasa o6lecTBeHHOCTb
ofpama BHMMAHWE Ha 4Ype3MepHOe KONMYECTBO KOLEeKCOB, pPYKO-
BOACTB ¥ NpAaBuf, CBA3AHHLIX C-TEXHUYeCKMMK acnekTamu Besonac-
HOCTM W, B TO X Bpemsl, Ha HefloCTaTOuYHYio paboTy flo aHanuay u
yCTPaHeHUIO NMpUuYnH Yenosedyecknx owmnbok. B cessm ¢ atum UMO u
MAKO akTMBM3UpOBanM CBOK BenTenbHOCTL B 3Toi obnacm.

UMO B csoei Pesomouun A.680. (17) npeproxuna nepeveHb
MeponpuaATUi, HanpasfleHHbIX Ha NpefoTBpaljeHue YernoBeuecknx
owmnbok. PesynbTraTtom npumeHeHus atow Pesonouun Brnocneactsmu
ctanm Monpasku u pononHenusi 1995 roga Kk KoHeBeHyui 0 nogroTos-
Ke, AMNOMUPOBAHM MOPAKOB M HeceHun Baxtul. Pesomoyueit UMO
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A.681 (17) 6birM BBEAEHBI B [EHCTBUE WHCTPYKUMM 0N NOPTOBLIX
BIiacTed, KOTOPLIMK MpPenuchiBANioCh KOHTPONUPOBATL BuINONHEHNe
npaeun akcnnyatauuu cypos. [ns sbipaboTKM pekomenpauuii no
npegoTBpalleHnio 4Yernosedyeckux ownbok B pamkax VMO, UNO u
MAKO 6birm ofpasoBaHbl paboune rpynfbl, KOTOpbie CTamy Bbi-
MONHATL UccnefoBaHus NO Yenosevyeckomy dakTopy. B ganbHenwem
noseunace Pesonoyns UMO A742 (18), otmeHsowas Pesonouuio
A.681(17) u ycTaHasnmsaiowjan HoBble Npouedypsl KOHTPOnst aKcnnya-
Tayun cy[oe rocynapcteom nopTa. Cnegyiowmm 3tanom JOKYMeEH Tailb-
HbIX M 3aKOHOAATE bHbIX Laros Mo MoBbILEHWIO YPOBHS 6€30NacHoCTH
ABunock npuHaTMe Pesonouun A741 (18) — MKYB. PeaynbtatoMm
BHEApEeHUA 3aTMX [ROKYMEHTOB U MEpOonpusaTtuil, CBA3AHHLIX € HUMM,
CTano nocreneHdHoe cHwxeHue uucna asapui: B 1991 rogy — 174
aBapuinbix cniyyas, B 1994 rogy — 118. OgHako asapuu, CryynsLunecs
B 1997 rogy v nosnekwue 3a coboi ruéenb niogei, CHoBa NPUBNEK M
BHUMaHNE MOPCKON O6LIECTBEHHOCTU K PELIEHNIO BOMNpoca BO3MOXHO-
FO CHMXEHUst noTepb niogel, cygoB M rpysos. Peructp B pamkax
pabouent rpynnbt MAKO no uenoeeuweckomy dakTopy Takxe
NpuBneqeH K 9ToN Knio4eson npobrieme 6€30MaCHOCTU CYAOXOACTBA.

Kpatkasi xapaktepucmka nopHapsopHoro Peructpy dnora. Mo
coctoaHuio Ha 01.01.98 Hapgsop ocyuectBnsietca 3a 13729 cygamu
(MopcKHe 1 cMelwaHHOr 0 N1aBaHN ), BaroBoi BMECTUMOCTBIO OKOJIO 23
miH. CpefiHui BospacT ¢noTta coctasnseT 18 net. Boapact poccuitcknx
CyRos ewe Bollle — 19,1 roga. EctectBeHHO, 4TO npu crapeioujem
¢pnote yxygwaetcs 6esonacHocTe MopennaBaHus. lpu atom goba-
BOYHLIM (DAKTOPOM B yXyZweHuy 6e3onacHOCTM sIBAsieTCA pasyKpyn-
HeHue CyLOXOAHbIX KOMMaHWii, KOTOPHIX ce#vac B Poccum
HacuuTeiBaeTcs Ao 250 ¢ 15 — 20 cygaMu ¥ HECKONbKO COT KOMMaHui
€ uucrnom cypos meHee 5. CpepfHuit Bo3pacT cy/oB, NpuHagnexaiumx
YacTHbIM KomnaHusaMm, cocrasnsier 23 roga. KynbTypa TeXHUHeCKOoW
IKcennyaralMn cyqos n 6@30nacHocTM CYAOXOACTRA B 3TMX KOMMaHUaX
O4YeHb HM3Kan. Cypaa cryXaT TOSbKO UensiM HaXkusbl U paboTaioT Ha
M3HOC. IKCMyaTayms Takux CyZoB BefJeT K POCTY YACNA 3a7epiKaHuil
MX nopTOBbIMKU BRacTamMu B pamkax [apuxxckoro M Tokuiickoro
MeMopaHaymos.

PykoBofctBO Pernctpa B 3HaWMTENbHOM CTeneHn o06ecnoKoeHo
3ajepXXaHnsmMu rocyjapcisamu NOPTOB CYZAOB C HAWNM KMACCOM.
OcobenHo HebnarononyyHas CTATMCTMKA MO 3afepXXaHusM B8 noprax
CLWIA u BermkoBputanuu. B mione atoro roga pgenerauus Peructpa
nocemna wrab-«ksapmpy Beperosoit oxparsi CLUA B BawuHrtone. B
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xo[le BCTpeuu Bbinv pacCMOTPEHb! Mepbl, NpuHuMaembie PC k cyberan-
[apTHBIM cyaam. Bbina [OCTUrHYTa [OFOBOPEHHOCTb 06 y4actuu
npeacraesutens beperosoit oxpaHbl B Hosbpe 1998 roga B coBelyaHum B
Perucipe, Ha KOTOPOM BMeCTe: C cyjosnagensuyamu v Mopckumu
AQMUHUCTPAUMAMU 6yAyT O6CYXZAAThCA BOMNPOCHI MO 3afepXxaHusm
cypos. B pekabpe 1998 roga sannaHuposaHa BCTpeYa PYKOBOACTBA
Peructpa ¢ Mopckoit AgumuHucTpauyven Bermkobputarmn.

Mepbl, npegnpuHATHie PerucTpom, -npueend K TOMY, 4TO 4uCnO
3aflepXXaHvil Cy[0B C HalUMM KJ1aCCOM HAuYano CHUXaTtbCs. Kaxpblil
criyyait 3afepXxaHusi cygHa TuaTtenbHo aHanuaupyeTcs), Bbipabatbi-
BalOTCA TeXHNYEcKue, oprauwsaumonubie W aAMUHUCTPATUBHEIE Mepb.
B kauecTse rnpumepa: Beinyck Liupkynsapa, sanpelyaoujer o npuHumars
B Knacc Perucipa cyga crapwe 20 ner 6e3 ux peHosayuu. Mo
pesynbTatam asHanisa 3a,qep>KaHm1 paspaboradbl HOBblie (OPMB!
paboTel C cygoBnafenblLamu, Mopcxwmm AQMUHUCTPALMAMN U UH-
cnektopckum coctaBom PC. Tpn ananuse HeKOTOpLIX cny4aes
‘3afiep)KaHui CynoB oTMeuaeTcA HEO6LEeKTUBHOCTL MOPTOBLIX BRAC-
Tell, a UHorga U NpeaB3siToe OTHOWEHUe K dnary.

BaxHyl0 ponb B NMOBbILIEHWK 6e3onacHocy cy,qoxo,qcma € TOYKY
3PEHUS YMEHbLIEHUS] aBapUii, BbI3BAHHBIX YENOBEYECKMMM OwnbKamy,
umeeT KOHBEHUMA O MOArOTOBKE, AMNNOMMpOBAHUM MOPAKOB U
HECEeHWUM BaxTel C nonpaskamu 1995 rofa. nasHas uenb nepecmo-
TpeHHoit KoHBeHuun — yrpasneHne MEeXAYHapoaHLIMK CTaHaapTamu
'KOMMEeTeHUun Ans MOpAKoB, BOCCTaHOBneHVIe 'YBEPEHHOCTU B [eACT-
BYTENBHOCTH Mopcmx [MNMOMOB, HE3aBMCUMO OT TOT0, B KaKOil CTpaHe
3™ gunnombl BoijaloTeA. B HacToswee Bpema KoHBeHuus sBCTyNUna B
cuny. Ha ouepegn — BHegpeﬂme KOHBBHL[MM B CTpaHax-y4yacTHuUKax.
KoHBEHUMA AOMXKHA YFydluTb CUCTEMY MOpcKoro ofpasoBanus u
CTPYKTYPY NoAroToBUTESIbHbIX eHTpoB. KoHBeHLusi 06a3bIBAET opra-
HW30BaTb MOArOTOBKY MOpPSKOB Ha OOpTy CyaHa W TpeHaXepHyio
nogrotoeky. Tpeb6osaHus KoHBEHUMMW MOryT ObiTb BKIIOYEHbl B
CucTeMy yripaBieHns 6€30MacHOCTbIO CYJOXOAHOA KOMMaHuu.

B 3aksio4deHUe MOXHO chernaTth BbiBOf, UTO Ans obecnevenus
BLICOKMX CTaHgapros 6e30nacHoCTW MopennasaHMus U KauecTra
npefocTasnsieMslX ycnyr Pernctp ucnonbayer crefyioljye Metofnl:

1. Paspa6otka u BHeApeHue npaBus, rpoleayp, PYKOBOACTB M
MHCTPYKUWI, OCHOBaHHBIX Ha (hOpManbHOW OLeHKe pucka.

2. Wiccneposanne BONPOCOB yerioseqeckoro ¢akrtopa B pamkax
paboueit rpynns MAKO.



3. CompyaHuyectso ¢ opraHamu [ ocyfapCTBeHHOro nopTosoro
KOHTPONA pa3sHbiX CTpaH C Uernbio yMeHbLeHus Konuyectsa cy6cTaH-
AapTHbIX CyRoB.

4. MocreneHHoe UcknioyeHne u3 Knacca cTapbix cyqos.

5. NoCTOAHHBI® KOHTaKTH ¢ CyRoBnafenbyamu, HanpapneHHbie Ha
ynyuuenne TexXHUYecKoro cocToaHus noAHaA3opHoro ¢noTa.

6. NMopnep>xaHue BHyTPEHHEN CHCTEMBI Kayectsa.

7. OKoHvaTensHoe BHeppeHne MKYB u ceptudukayums Bcex
CYROXOAHLIX KOMNaHWit U CyA0B Ha cootBeTcTRME MKYE. .

8. Tekywmit Hag3op 3a BbINONHEHNEM TpeboBaHuit MKVYB.

MoHumanne knaccucmKaLyMoHHbIM obujecTsom cBOMX Lenen w
3ajja4, OTCYTCTBME NOTrOHU 3a NPUGLINbIO AaloT BO3MOXHOCTL B
3HAYUTENbHON CTeNeHW CHU3UTL aBapUItHOCTBL thnora, uckrounT
Chyuan 3arpssHeHus okpyxaiolei# cpegel. '




@.M.Kayman

HAYYHASA OEATENLHOCTh PEFUCTPA B 1998 roply

MuororpaHHasa gestenbHocts Poccuiickoro Mopckoro Peructpa
CygoxofcTea onupaeTtcst Ha Hayky.

3710, B NEpBYI0 ouepefdb, OTHOCUTCA K PEUEeHWo CIOXHBIX U
OTBETCTBEHHbIX Npobriem knaccudukayun cygos. PaspaboTka HOBbIX
W COBEpLISHCTBOBaHUE cyuecTsyiowux FlpaBuy MOXET OCYlUlecTs-
NATbCA TOMbKO Ha OCHOBE rny6oOKMX HayvHbIX WCCMNEAOBaHUA C
MPUBIIEUEHNEM BeyIUX B CTpaHe HayyHbIX KOSNEKTMBOB N YYEHLIX.
Ons uaniocTpaumn maciuTtaéos nposoguMbix B Perucipe HayuHbiX
pa6oT u cTenenn cepLesHocTV paspabaTbiBaeMoi TeMaTMKn npegcra~
BUM KpaTKMil 0630p BbINOSHAEMbLIX Hay4HbIX Tem B 1998 ropgy.

MNpuopuTeTHEIMW UCCNEJOBaHUAMK ¥ NpakTMYecKumu pabotamm B
obnact knaccudukaymy cynoB SIBRAIOTCA HanpasneHus Mpasun
Peructpa no 6esonacHocti cygHa B yenom. K TakuM HanpasneHusam
OTHOCSITCA NPO6NemMbl, O6YCNOBASHHbLIE MOPEXOAHRIMK KayecTBamu un
NMpovHOCTLIO CYAOB. -

Mo ammMm HanpaBReHMsIM NOCTAB/IEHLI U peanusyloTCA 3afaquu
co3jjaHusa NporpaMMHbIX Komnnekcos, obecnevusaiouwux Perucrp
COBPEMEHHbIMU MeTo4ami pacHeToB U MO3BONSIOWMX C HEO6X0AMMOM
ansi Tpe6osaHuil Pervcipa TOMHOCTLIC M MONHOTON pellaTth 3ajaun
paspabotku lMpaBun, KOHTPONA 3a UX BLINMONHEHWEM, OCYWECTBNATL
aKcnepmay rpoeKkToB, pewaTts TeKywue u nepeneKkmMBHLIe BOMPOCH
obecneveHnsi 6@30NacCHOCTH CYLOB MPUMEHNTENBHO K MX MOPEXOAHbIM
KayecTBaMm. '

B aToM HanpasneHun No temamke « Teopusi kopabris» B 1998 rony
pewanuch crnegylowue npobnemsi:

«Paspa6oTka nporpammHoro mogyna K nporpamme «PC-CTATUK A»
AN\ pacyeTa BepOoSsITHOCTHOTO MHAEKCA [EeneHust Ha OTCeKW rpy3oBbIX
cypos B coovBetcteuY ¢ Mpasvnamn PC u KoxseHumeid COJTAC-1974».

Tema siBfsAeTCA COCTABHOM 4acTbio 00l el npobnemsl Mo co3gaHunio
B8 F'YP cob6cTBEeHHOro Kominexkca nporpamm Ans BbiNONHEHNs pacyeTos
no Teopun Kopabns, afanTMpoBaHHbIX AN NPUMEHEHUA WX FpU
sKkcnepTMae MpoeKTOB U MpoBepkKe MPeAcTaBMsieMblX Ha PaccMoTpe-
HUE pacHeTOB OCTOWHMBOCTUA U aBAPUIHOW OCTORUMBOCTH.

[ee Tembl, aHanorMyHsie npegeigyiien, nNo cosgaHuio nporpamm-
HOFrO MpoAdyKTa ANsi pelWeHus 3afady no Teopuu Kopabna — 3To
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«PaspaboTka KoMnbioTepHO# (HOPMbI ANs PacyeTos OCTOAUMBOCTH,
aBsapuiHon ocTtoiiumBoc 1 Undopmaini 06 octoituusocm»,
Hamiune KoMMbioTEpHLIX (hOPM, BKMIOYAIOWMUX TUTOBLIE (DOPMbI U
. Komnnekc nporpaMm Mo WX 3an0NHEeHWIo, MO3BONMT NPOU3BOAUTL
* OhOPMIIEHHE Pe3yNnbTATOB PACHETOB, BLIMOIHEHHBIX C MCMOMb30BAHMEM
Komnniekca nporpamm PC-CTATUKA B BMfAe, cooTsertcTayouwem
npeabsensieMbiM TpeGosannsm. Hanpumep, copma WUndpopmaiuu o6
OCTOA4MBOCTH COOTBETCTBYeT TpebosaHusim Mpaeun PC, Kogekca UMO
Mo OCTORYMBOCTM CYAO0B BCEX ™NOB M UHTepripetayun MAKO LL45 u 1.4

Tpu Tembl, BLINOMHAEMble B OTAENe KOHCTPYKUMM Kopryca M
CYROBLIX YCTPOWCTB, NOCBsUleHbI paspa6oTke nporpaMm no cospa-
HUIO PAcCYeTHOro KoMnJiekca B 06nacmm Kayky 1 MOpPEXOoaHOoCTH.

B uactHoc, paspabatbiBaercs nporpamMma pacyeTa nepemew|eHuii,
CKOPOCTEA U YCKOpEHWiA NPOU3BOMLHOA TOUKM CyfHa, napameTpos
3anmMBaemMocTM CyfHa, Kauku nonyrorpyXxHbiX COOPY>KeHUM npu nrapa-
HUA Ha HeperynspHOM BOSHEHWW, NMporpaMma Mo pacyeTy KUHEMATUKH
NPOM3BONbHON YacT CyfHAa Ha HeperynsipHoM BOMHEHWM U Ap.

OpHUM U3 BaXKHEMWMX HaNpaBreHuil B Hay4HON AeATENbHOCTH
Peructpa sBnsetcsa ob6ecneuyexue rapmoHusauuu [llpasun PC ¢
HOPMAaTUBHLIMU AOKYMeEHTamu, usgasaembimn MMO.

OpHa ¥3 TaKNX TeM, BLINOMNHSEMbIX B OTAENE KOHCTPYKLMMA Kopnyca
U CYROBbIX YCTPOICTB ~—— «Pa3spabotka npeano)XXeHuin 1o ocToRUMBOCTH
k MNpasunam 1999 r. Ha OCHOBE CONOCTABUTENLHOrO aHanmmaa tpebo-
BaHui PC, UMO n Mopcknx AgMUHUCTPaLuit». ‘

CywHocTs 3ToR Tembl 3aKMnioYaeTcs B paspaboTke HOBOW pefaKkuuu
yacm lNpasun «OCTONYUBOCTE» C MaKCUManbHbIM Y4ETOM TpeGoBaH#U
UMO (Kopekc no ocToMunBoCcT CyA0B BCEX TUIMOB) NPY OfHOBPEMEH-
HOM cOXpaHeHWn OTeHeCTBEeHHbIX HOPM, anpoOGUPOBAHHBLIX MHOMONEeT-
Hell npakMKoi. 3Ta TeMa XOpOoLOo COf fTacyeTCs C APYroit, CBA3aHHOMN ¢
cornacoesaHnem MeTOAMKM pacyeTa amnmTyfd kaukm s [lpasBunax
Perncipa ¢ Kogekcom MMO no ocToituMsocT Cyaos BCeX TMNOB.

Upeassbl4aiiHO BaXKHbLIE 1 TITy60KUe UCCNeJOBaHUA NPOBOANIMCH B
1898 rogy no npoyHoc™M KopnycoB cyfos. K aTMM wuccnegoBaHusm
NMpUBReYeHsl, rnasHbiM o6pasom, ydeHole LIHWM um.ak.A.H.Kpbinosa.

B nnaxe HUP 1998 roga — 16 cepbe3Heilunx TeM Mo NMPoYHOCTH
KOpnycos cyfjoB. B pamkax aTMX TeM pelualoTcs 3agaqm, Uenb KoTophix
— AanbHeiee passuTMe HopMamaHoi 6a3bt Perucipa no kopnycy
cygHa.

Lk




CriegyeT oTMeTh NpUopuTeTHRIE ANs Pernctpa temel.

«PaspaboTka paspenos NporpaMMHoOro Komnnekca «Pycnaw» no
obecneyeHuld NpoYHOCTU KOpPnNycos cyfpos». PabBoTel no atomy
HanpasneHuio Befytcs B Pernctpe ¢ 1995 ropa.

Mporpamma npegHasHa4yeHa [is BbINOMHEHUS KOMANEKCHbIX
pac4yeroB NPOYHOCTU KOPHYCOB MOPCKWUX TPaHCMNOPTHLIX CYAOB.
PacueTs! BLINOMHAOTCH METOAOM KOHEYHbIX 3MIEMEHTOB B CTepiKHe-
BO/A M nnacmH4yartoh ugeasrmsauun. lporpamma pabotaeT Ha 6ase
MHTErpMpOBaHHO CUCTeMb! MPOYHOCTHOro aHanusa (MCIMA). Ona
OCHOBaHa Ha HOpPMATUBHOM gokymeHTe Peructpa — Hopmei
NPOYHOCTH MOPCKUX CYZOB.

Mporpamma no3sonsieT BLIMONHNTL NPOBEPKY MPOKOSbHOM
NPOYHOCTM KOPNyca CyfHa, MECTHON MPOYHOCTH OTAENbHBLIX KOHCTPYK-
UMiA_ 1 3NEeMeHTOB Kopryca € Y4yeTomM AWHaMU4ecKoro Xxapakrepa
NPUNOXEHUA Harpy3oK, MX MOBTOPSEMOCTH U 3KCTPEMAaSIbHbIX
BESIMUUH. nporpamma MOXXeT OblThb NPpUMEHeHAa NPYU NPOEKTUPOBaKNY,
OLEeHKe TeXHUUeCKOro COCTOSIHWS KOpyca, PeMoHTe, pexknaccuduka-
UK cygHa, oénoanemm Kopnyca.

MporpamMma obecneunBaeT 3HauUTENbHBIE NpeMMyLiecTBa. nrm
NPOEKTUPOBLUMKOB, CYAOBRAJerbLEeB 1 cneuuanmcTos-Perncipa.

Cyna, Y KOTOPHIX MPOYHOCTL KOPMYCOB. MPOBEPEHA ;.G : IOMOLUbIO
nporpammel «PycnaH», Moryr 6elTe KnaccuduymposaHs Perncrpom,
4YTO HaWgeT oTpaxeHue B CMMBOJIe knacca cypHa. K Hacrtosuyemy
BpeMeHyu paspaboTaHa BepCUA NPOorpaMmbl ANs HaBanodHeix cygos. K
KOHLy 1998 roga npegnonaraeTcs 3aBepwnThy BEpCUn MPOrpamMmel 4ris
CynoB OFpaHW4eHHbIX PAlOHOB MNaBaHusa 1 CMellaHHoro (pexka-mope)
NNaBaHns, a TakXXe OCHOBHLIX KOHCTPYKTUBHbLIX TMNOB HedTeHanms-
HelX cygoB. B 1999 rofly nnaHupyeTcsi co3fjaHne BepCUMn: NporpaMmmbl
sl KOHTEAHEPOBO30B.

Ba’KHbIM HOBLIM HanpasneHMeM B AeﬂTefleOCTM PerMCTpa
ABnsieTcs obecrnevexne Knaccuqu_auuouuom, HOpMAaTUBHOW W Hapg-
30pHOI. AEATENBHOCTU NPUMEHNTENbHO K 6ypoBbiM nnatdopmam. 370
HOBLIA TMN 06bEKTOB, paboTaloU|MX B CROXHLIX YCIIOBUSIX BO3AEACTBIS
BHEWHUX NPUPOJHLIX €M, O0COGEeHHO B paioHax ApPKTUYECKUX
wensgos.

B 1998 r. Bermch pa60'n>| no reme «Paspabotka npegnox<eHuni no
noaroroske Tpe_éoB,aHmu Mpasun K NpoOYHOCTM M KOHCTPYKUMAM
Ne AOCTOAKNX nnaTthopM ANA UX KNacchukaymu 1 nocTPORKu».

Npes cosganus lNpasun knaccugukauum u nocrponku MCI
(Mmopckue crtauuMoHapHble nnarTopmbl) cyujectsyet B Perncipe pas-
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Ho. Pa6oThi NO 3TOMY HanpasneHwio Havarmch B 1994 roay wu
npogonXawTcss B Hactosiee speMs. B 1998 r. 6uina cospada
pabouas rpynna, no pesynbtataMm paboThl KOTOpon Obino NpuHATO
peuweHne 06 obveguHeHun [Mpasun knaccudmKaymu, NOCTPOAKK y
" obopypnosanust MNBY u MCI. O1a pa6oTa 6yfet sasepiueHa B 2000 r.

MoMuMo TpaguLUOHHEIX TpebosaHMi K KOHCTPYKLMAM Kopnyca, B
MNpaesunax OygyT cofepXatca nonoXeHua no ¢opmanbHON oueHke
6e3onacHOCT! YCTaHOBOK, O YeM GyfleT ckasaHo Huxe. CneuuanbHbie
pasgensl amx [paBun nocesieHbl OUEHKE NPOYHOCT KOHCTPYKLUA,
NoABepraloumMXca Harpyskam OT BOSIHEHUS, TeueHus, BeTpa, rbAa, a
TaK)Xe CeliCMUHECKUM HarpysKam.

Mpu paspa6oike Mpasun Ans NeROCTONKNX NNatghopm yuTeHbl, no
BO3MOXHOCTH, AEACTBYIOWME OTeHeCTBERHbLIE U 3apybexHbie Hopma-
TUBHbIE [AOKYMEHTbl Ansi NogobHbix coopyxewnit: BCH (CHUMsI),
Mpaeuna 6Ge3onacHOCTM Npu passefke W paspaborke HedTaHbIX U
Fa3oBbiX MECTOPOXAEHUM HA KOHTMHeHTansHoMm werbde Focroprex-
Hapsopa, Kogekc MMO, rpasuna DNV, ABS un APl (American
Petrolium Institute). _

3asepiuaeTca pabota No NOAroToOBKE OKOHYATENbHOA penaKiymm
Bnepebie M3gaBaeMbix HopMamBHO-METOOUYECKUX yKasaHui Peruc-
Tpa No onpeneneHunio TeXHNUECKOro COCTOSHUA N PEMOHTY KopnycoB
nnaBy4ux MNONyNorpyxXHbix 6ypoBbix yCTaHOBOK. Bo3pacT ycTaHOBOK U
YCMOBUA, UX 3KCninyatauuu cCTaBAT BOMPOC OLEHKU MX TEeXHUYeCKOro
COCTOSIHWS B UACTIO aKTyarnbHbiX ¥ NPUOPUTETHLIX

CnegyeT oTMeT™Tb, 4To paboThl MO COBEPUIEHCTBOBAHUIO W
passutmio Mpasun Peructpa u4.ll «Kopnyc» sepytca 8 Perucipe
NMOCTOSIHHO.

B 1998 rogy 6yayr 3aseplwiedbt paboTel N0 Yyacw negoBbiX
yecuneHwit 6ykcnpos. Tpe6osanusi paspaboTaHbl C y4e€TOM HOBOW
pefakumn rnas paBun «YcUneHua cyfos Qs NAaBaHusa BO fbAax»,
«flefokonsl» U «flefjoBble ycnneHus 6yKkcnpoBs»,

Baseptuaetcs pa6ora no cosfaHuio Hosoro paspgena lpasun,
npeaHasHa4YeHHoOro Ansi OUYeHK#M YCTANOCTHOW [ONTOBEYHOCTM KOH-
CTpyKLMiA M y3n0B Kopnyca. AHarmM3 onwiTa Hajsopa 3a cygamu
noKasbIBaeT, uTO TPeluHbl MPojonXaloT BO3HUKATL B Kopnycax B
npoyecée akcnnyartalun CyAos.

OTtpensHble KnaccudukauuoHHsie obujectea, Bxogswme B8 MAKO,
yXe UMeloT CooTBETCTBYIoWME pasgensl B cBoux MNpasunax.

MonoxeHus atoro Hosoro pasgena llpasun 6yAyT oTpaxeHsl B
KOMTMbIOTEPHOW nporpamme «PycsiaH»,
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Mpoponxaiotest pabotel N0 nogrovoske 910 usgauma [lMpasun
Perncipa, B KOTopoe 3aKnafblBaloTcs pesyrbTaTkl HayuHbIX pa3paboTok
nocnegHnx net. B smx MNpasunax npegnonaraeTcs COBEPINTL nepexoq
Ha HOpPMUPOBAHUE MPOYHOCTU KOHCTPYKUUM NO UX NPeAErnbHOMY
COCTOSHUIO, HOPMUPOBaHWE Pa3MepoB CBA3EH NPOM3BOAMTL Ha KoHel
cpoKa cnyx6bl CyHa, W3MEHUTL YYeT USHOCOB 3NeMeHTOB Kopriyca.

Kak BugHo u3 uanoxeHHoro, B Perucipe ypensercs 60sibluoe
BHUMaHUE NOALEP)XKAHUIO M PAa3BUTUIO HOPMATUBHEIX AOKYMEHTOB f0
pernameHTauuy TEXHUYECKOro COCTOSHUS KOPMYCOB CYZOB Y MiaBy4mux
coopyxeHuih. C atol Henbio B 1998 rogy 3aBepweHa paspaborka,
1IpaKTMYeCcKy NONHOCTLIO OGHOBIIEHHOr 0, AoKyMeHTa Perncipa — «MH-
CTPYKLMM NO ONpeAeneHUI0 TEXHUYECKOTr0 COCTOsIHUS, OOGHOBIEHUIO U
PEMOHTY KOPMYCOB MOPCKUX CYA0B».

3asepuiaiotcst paboThl MO CO3aHUID KOMMbIGTEPHOIR nporpaMMbl
Pernctpa «DEFHULL» rno ouexke U NporHosnpoBaHniio TeXHUYECKOro
COCTOSIHUA KOPMYCOB CyA0B 1 [oKoB. [lporpaMma npoxoauT OnbiTHYIO
anpo6auuio 8 [JanbHEBOCTOYHOM PeruoHe u B nocregyolem moxer
6biTb PacnpocTpaHeHa mno ucheKLm;lM n npeACTaBMTeanTBaM
Peructpa. - :

MpuMeHuTensHO K HaA30PHOM AeﬂTeanOCTVI Perucma paspada-
TelBASTCH efuHan hopma OT4ETOB Mo gedekTaynn -KOpnycos CyAos,
cooTBeTCTBYIOWMX MHCTPYKUMKM. BHepgpenue copMm oT4eTOB B npak-
TMYECKYIO [AeATeN-HOCTe CY/0BRnajernbues, CyJOPEMOHTHbIX npea-
npusituii n Pernctpa cos3gacT AONONHUTENbHLIE NPeanoChiskKU no
copmmposannio eguHoro 6avka gaHHbiX no cygam. Ha ocHoBaHum
eamHEIX opm npegdrionaraeTca o6ecneynTs COBMECTMMOCTb 6aHkoB
AaHHbiX nporpamm «Pycnak» u «DEFHULL». B nocregyowem
npepgrionaraeTcs cosfjath 3neKTp0HHy|o thopmy oTHeTOB No ,qe(peKTa-
L{MM KOPNYyCoB.

B aTtom rogy aasepmaeTcs _no,quToa‘Ka OKOHuaTenbHON pepaKkiuu
u.ll «<Kopnyc» Mpasun Knaccuq)MKaqmn M NOCTPOKYU BbICOKOCKOPOCT-
HbIX CYAO0B. '

Bnepsble paspaboTaHbl TpeﬁOBaHMﬂ K CKOpPOCTHbIM KaTaMapaHam
1 rccupylowmMM cygam.

Bornbuon 06em Hay4yHbi X UCCnefoBaHui BLINONHASTCA B TeKyllem
rogy B oTenie MexaHU4eckoro o6opyhosaHus u cucTeM no paspa-
6o7ke u cosepwencTBoBaHuio Yacteii VIl <MexaHnyeckue yctaHoBkU»,
Vili «Cuctembl u TpyGonpoBogpl», IX «Mexauuamer» Mpasun Kknaceu-
(hrKaumn u NOCTPOAKM MOPCKMX CYAOB.
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Onsa coeepweHcTBOBaHusi Mpasun u yHuUUUPOBaHHLIX Tpebo-
BaHuin MAKO B 1998 rogy paspabatsiBaloTcs:

«lpepanoxenusn no cosepwieHcTsoBaHuio Mpaeun u Pykosoacts PC
B 4acTu pauMoHarbHOoR 3arpy3ky onop safionpoBOAOB C OQHOBPEMEH-
" HOW NOATOTOBKOW peKoMeHZauui Ans UMeHeHUs cooraeTc*raylomux
yHuuymposaHHbix TpebosaHuit MAKO».

«Tpebosanus K 3ybuaTelM 3ayenneHnsM CYAOBbIX pPeayKTOopoB
(NMpoeepoyHble pacHeTsl HA 3aefaHue W CTATHYECKYIO NPOYHOCT)».

Mo cypoebim kKoTnam, cucremam # -Banonposogam B 1998 rogy
NPOBOANATCA UCCNeAoBaHUA B YacTM KOPPEKTUPOBKK HOPM MPGHHOCTU
CYAOBLIX KOT/I0OB M cOCyAoB noj AasnexueM. PaspabateiBaioTcs
npoyeaypb!- TMIMOBLIX UCAILITAHUA MeXaHU4ecKux coefMHeHnn B Cyno-
BeIX Tpybonposogax. CoBepllleHCTBYIOTCA TpeboBaHUA K Cy[oBbIM
KOT/Iam ¥ CUCTEeMaM C OpraHNYecKuM TernsIoHOCUTeneM U T.4.

HecomHeHHLIN Hay4Hbil ¥ MpaKTMYeCcKUd UHTepec npescTasnseT
TEMa, HanpasfneHHas Ha pa3spaboTky pasgena wacmu VI Mpasun,
obocHoBbIBaWas TpeboBaHUA Mo UCTIONb30BaHMUIO 1py6 ¥ apmarypbt
M3 TUTAHOBLIX U AMOMUHUEBLIX CMABOB.

Peannsauus aToli Hay4Ho#l TeMbl GyAeT CTUMYnMpOBaTL NpUMeHe-
Hve TMTaHoBbiX TPY6 B Poccuu u 3a py6excom. Kpome Toro, sro moxer
Crnoco6CTBOBATL YBEMMUEHMNIO IKCNOPTA TMTAHOBLIX U3LENWHA, TaK Kak

. Pocena saensetca kpynHediuuMm npouseoguTeriem MTaHa.

B nepcnektupe ata Tema MOXXeT uMeTb NMpojonXKeHue pgns
N3YYEeHNA BO3MOXHOCTN NPUMEHEeHUs! TMTAHOBLIX CNN2BOB Ha cypax-
rasoBo3ax B CNeLManbHLEIX CUCTEMAX U IPY30BLIX EMKOCTHX.

CnepyeT yNoMsiHYTb BaXKHYIO 3KOSIOTUYECKYI0 TEeMY, HanpasneH-
HYI0 Ha BbINONHEHUe TpeboBaHwit TexHu4eckoro Kogekca no sui6po-
caM OKMCNoB asoTta OT CyfoBbix gusenei. 31ot Kogekc npuHAT B
okTabpe 1997r. Ha KoHdepeHuuy cTpaH-cTopoH MexayHapogHoi
koHBeHUun MAPIONN 73/78. Utor paboTl 1o 370l TeMe — NogroToB-
nenHoe K u3fjaHuio PYKOBOACTBO NO TeXHWYeCKOMY Haf3opy sa
BLIOPOCAMMN OKMCIIOB a30Ta CYAOBLIMUA AU3ENsAMU.

Ocobo crnepiyeT BuiflenUTs TEMY pa3spaboTku no 3a,qaumo MAKO
HOPMAaTMBOB MO NPOYHOCTM FPEOHEIX BUHTOB ANs NefOKONOB U CYA0B
aKTUBHOr O NTleJOBOro Nnasaxus. PesynbTatsl 9TMX UCCregoBaHui 6binv
onybnukoeansl B Hay4Ho-TexHuuecknx c6opHmnkax Peructpa NeNe 19 ¢
20. 3™ pesynbTaThl BbI3BASIM CEPbE3HYI0 MONEMUKY C (bUHHO-
KaHajACKoN CTOpOHON, NpoBOAAWEN aHanoruvHbie uccnegobaHns. B
HacTosuee BpeMs PerucTpoM HanpasiieH aHanuTU4ecKnin AoKnag.
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MNpepcTasneHHbit 0630p — 3TO TOMbKO YacTh paspabaTuiBaeMbliX B
Peructpe HayuHbiX TeM o ABYM BeAywMM otaenam. Npakmuyecku xe
BCE OTferlbl y4acTBYIOT B Hay4HO-uccnegosartenbckux paborax.

PykoBofcTBO Perucipa — He TONbLKO BbICTYNAeT UHMLMATOPOM
HOBbIX Hay4HbLIX HanpasBiieHWd KU TeM, HO ¥ aKTUBHO yyacTsyeT B UX
paspaboTKke U peanM3auuy BeINONHEHHLIX UCCIER0BaHWiA.

PaccmoTpuM TakXe HecKosibko obuwux, Haubonee BaXKHbIX
HayuHblX HarpaBneHwil, KoTopble paspabaTuiBarucs B Perucipe B
1998 r. 1 NpeACTaBAsIOT NHTEpec AnA 6ynyu4ero

[TpnMepoM HOBLIX Hay4HbIX HarpaBrieHui CcTanm mccneqoaauun
nposogumble PC B obnactM maHeBpeHHbIX Kadects cynob. Kak
nasecTtHo, B 1993 rogy UMO npuxsna Pesomoumio A.751(18). Coaep-
Xaimecs B Heil «[IpOMeXYTOUHbIe CTaHAapThl MaHeBPeHHLIX KayecTs
cyfos» ObinyM BBEAEHbl Kak BPeMeHHbe Ha 5 neT ¢ nocrefyiowmm
nepecMOTPOM MO pesynkTataM NpuMeHeHnA u nccneposanuin Mopcku-

MU AamuHMcTpaumsmu Beex dnaros, sxoasiyux 8 UMO. B
"~ Jeranbuuiii aWanus Pesomouun A.751(18), BeinonHeHHsi# PC,

fokasasn, 4To NpuU nNpueMneMoii, XOTH W He MONHOK CTPYKType

BKMIOYEHHBIX B HUX MaHEBPEHHbIX XapakTepucTuK, NPUHATHIE B HUX

KpUTEpU [Nsi OLEHKN 3TX XapaKTepucTK o6nagaioT CyujecTBeHHbIMuU

HeoCTaTKaMu, 3aTPYAHAIWMUMYU, a B OTAGNbHbLIX CAy4asx M
_AenaiowMmMn HeBO3MOXHbIM, UX NPUMEHeHwe.

‘Beinon#nsi Pesorioyun A.751(18), PC BbII'IyCTMJ'I LlupKynnp,
BBOZSIMA B felicTBMe K JeTallbHO PasbACHSIOLKIA ee MOoNoXKeHUs.

OpHoepemerHo PC ¢ npuBneveHneM yqeHbix 6bina Havata pabora no
cosepileHcTBoBaHuWIO «[TpomexyTouHbix cTaHgaptoB». B 1897 rogy 6bina
paspabotaHa KoHuenuus HopmmpoBaHuA ynpasnsiemocv 8 Ipasunax PC,
copiepkalijast OCHOBHbIE NPUHLMITEI MOCTPOEHUSI HOPM U KPUTEPUEB OL|eHKM
MaHeBpeHHbIX KauyecTd Mopckux cygos. B KoHuenuum copep>anach
KPUTMKA CepbeaHbix HefoCTATKOB «[pOMEeXYTOUHLIX CTaH/apTOBx.

B 1998 rogy, Ha ocHoBe fpuHsATON KOHLUenuun, BefeTcs Hay4Ho-
uccnegosatenbckas pabota no noarotoBke npeanoxeHudn PO k
nepecmoTpy Pesomouun A.751(18) n cospaHuio coBpemMedHbIxX «CTtaH-
[apTOB MaHEeBPEeHHbIX Ka4dects cypos». 3 npepnoxeHus 6ynyr, B
4acTHOCTH, 3AKJIOYaThCA BO BBEfIEHUN B YNCNO HOPMUPYEMbIX MaHe-
BPEHHbIX KAuyecTB YMNpaBfisieMOCTb CyfHa Npu BeTpe, a B UUCHIO
KpuTepnes — HOBbLIX, Hay4HO OOOCHOBAHHBIX, CBsi3aHHLIX ¢ 6e3onac-
HOCTLIO NfaBaHus, KPpUTepuUeB SKCMNyaTayuoHHONR YCTONYMBOCTU Ha
Kypce, Cnocob6HOCTM CyAHa K OfepiXvBaduio nosopota, agdgektms-
HOCTV 9KCTPEHHOI 0 TOPMOXKEHU A,
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ApyrviM HOBbLIM HanpasneHueMm, paspabaTtbiBaeMbiM BeAyLUMM
KnaccupukaymorHeimu obwectsamn n 8 Perucipe, sBnsietca «dop-
mManbHas oueHka 6esonacHocv». B 1998 rogy nogrotosnieH o6cTos-
- TENbHLIA aHanMM4ecKuh foknag Ha TeMy «dopManbHelit aHanus
6esonacHoCTM MPUOPUTETHLIX HanpasneHunt aesTersHoc MAKO u
MMO». OpHoBpemeHHo paspabarbiBaeTCs Tema, cofepXauas
HayyHyl0 HOBU3HY N0 OOBEKTY uccnefoBaHWit M NO UX CyllecTsy
«dopmanbHas olyeHka 6esonacHoc 6ypoBbIX NnaTopMm». JTa Tema
paccmatpusaeT NporHo3 6e30NacHOCTM 3TMX COOPYXKEHUIA NpUMEHN-
TeNbHO K CRejyloliuM rpynnam Harpysok: BeTpOBble Harpysku,
Harpysku OT TeUeHusi, BONHOBbLIE U NefoBble Harpysku. PaspaboTaHb
BEPOATHOCTHO-CTATUCTUHECKNE NOAXOAbl K OLeHKe pucka U ¢opmans-
Hoit 6e3onacHoc 6ypoBbLIX NNaThopM.

HoBbiM HayuHbIM HanpasneHuem sIBNSETCA KOMMEKC uccrenosa-
Huii, 06beMHEHHbIX o[ NOHATUEM «YeNOBEeYEeCKuin hakTop». MasecT-
Ho, uTo 80% amapui Ha cygax 06yCnoBIeHO UMEHHO ITUM cthakTOpPOM M
OH, ecTeCTBEHHO, He MOr ObiTb 060itleH NPUCTANBHBIM BHUMAaHRUEM Co
CTOpOHbl Perucma. ’

MexayHapogHbii oTfen paboTaeT o gByM NepCrneKkTHBHLIM TeMam
«Henoseuecknin aktop» u «dopmarnbHas oleHKa 6e30rnacHoC»,
feATenbHOCTL NO 3TMM TeMaMm ycureHa IMUYHLIM YYacTMeM PYKOBOACT-
Ba HTC B rmye ero npepcepatens — reHepanbHOro gupexkTopa, W
samecmuTens npepcenartena HTC no Hayke.

[Mepen BCcemu cekumamMn Hay4UHO-TEXHMYECKOrO COBETa U Crelua-
finsupoBaHHbiMY oTAeNnamu I'YP cTaBATCA 3afjaum KpUTUUECKOiA OLleHKM
Mpasun, ux COOTHOCMMOCTM C aHanoruuHbiMu lpaBunamu segywux
MHOCTPaHHbIX KnaccugpukaymoHHbix obuects, Hopmameamn MAKO u
NMO u coeeplieHcTBOBAHUS OTEYECTBEHHLIX MNpasun Ha ocHoBe 3TX
aHanmM3os.

Hayuno-ccnepgoBatenbckast pab6ota B Peructpe nposogutes
yepes Hay4dHo-TexHU4eckuit coset. BospoxpaeHHbid 3 roga Hasap
HTC nonHoctbio coctosncs. AKTMBHO paGoTaloT ero 15 cekywui.
FeHepanbHuii aupekTop PC, sBnsisck npegcegartenem CoserTa,
perynsipHo nposoAuT coBellaHns npegcefareneil CekuyuW, crasuT
nepej HUMU 3afa4um n nHGOPMUpYeT O NonoXeHuu fen B Perucipe.

B nactosuee spemn (JopMUpYyeTCs HOBLIW NNaH Hay4yHo-UCCseno-
BaTeNbckux paboT Ha 1999 rog He uameHss npuHUMNuansLHon
HanpassfieHHOCTU ¥ He CHnXan o6beMos paboT, cekyuu HTC v oTgens
CTaBAT 3a4a4n YKpYNHEeHnsi TeM Hay4Horo yrnybneHuns ux paspaboTok.

17




- Bonpocbl 6e3onacHOC™M CYA0B

VIIK 629.12:539.4:681.3.065

I'.B. Boiiyos, B.M. Wanownuxos, H.®, Konuaey, P./1. Peiinep

NMPOrPAMMHbBIA KOMNNEKC «PYCINAH» [ns
PACYETOB MPO4YHOCTU KOPNYCOB CYAO0B.

" CoBpeMeHHbIlt JTan pasBuTMs METOAONIONUN TMPOeKTMPOBaHUSA U
06ecreveHus IKCMIYaTayUoHHOA NPOYHOCTH KOHCTPYKLMIA KOPNYCoB
CYZOB U APYrMX MOPCKUX COOPYXEHWA NPOXOAUT MOof 3HAKOM
VMHTEHCUBHOTO BHEOPEHUS BbIYUCINTENbHON TeXHUKU. 3TO, B YaCTHOC-
™, nposiBuNOCL B paspabotke knaccuukaunoHHeiMn obwectsamu
U3BECTHBLIX CKCTEM paCYEeTHbIX METOLOB M KOMTINEKCOB KOMMbIOTEPHBIX
nporpaMm, npegHasHauyeHHbIX [N COBEPLIEHCTBOBAHUA NPOeKTMpo-
BaHUSl U TeXHUYECKOro o6GCNyXusaHus aKcnnyatayuu cypos (ABS —
.«SAFEHULL», BV — «VERISTAR», DNV — «NAUTICUS HULL» GL —
«PASEIDON», LR — «SHIPRIGHT» u gp.). OnpegenexHas npotm-
BOPEYMBOCTL NPoLiecca Pa3BNTUSA ¥ BHEIpeHNS NofoGHbIX CUCTEM NoKa
3aKI0YaeTCA B TOM, YTO KOMAbIOTEPU3AUUS pacuveTHbiX Npoueayp,
OpVEHTUPOBAHHbLIX, B MEPBYIO o4epellb, Ha YTOYHEHWE HAamNPsKEHHOro
- COCTOSHWMA KOHCTPYKLUMIA C MOMOLbIO MeToha KOHEUYHbIX 3NeMeHTOB
(MKD3), cama no cebe He rapaHTMpyeT NOBblileHNe [OCTOBEPHOCTH
OLeHKKU (haKTMUYeCKOl NPOYHOCT KOHCTPYKLMA.

Kak n3BecTHO, OQHOBPEMEHHO HEeOOX0aMMO afieKBaTHOe pa3suTne
W YTOuHEHUE BCEX KOMMOHEHTOB METOFOSIOrMM MPOBEPKM NPOYHOCTH,
BKMIOYAs pacyeTHbie Harpysku, a TakXe KpUTepum u NpuHYMMbI
HOPMHMPOBAHUSA NPOYHOCTUA.

OnpepeneHHblii nporpece B ato# obnacm HabnogaeTcs 8 CBA3U C
pa3paboTKoli M BHeOpeHWEeM B COCTaBe YKa3aHHbiX PacueTHbiX
KOMFISIEKCOB MM B CaMOCTOSITeNbHOM BUAe MNpakTMHeCcKux MeTohoB
pacueTa ycTanocTHO! AONroBEYHOCTU U NPOUHOCTU KOHCTPYKUMIA. Mpu
3TOM YYHTLIBAETCA 3aBUCMMOCTb BEPOATHOCTM YCTASIOCTHBLIX MOBPEX-
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ACHUA KOPNYCHLIX KOHCTPYKLMA OT BCEro CrnekTpa MepemMeHHbiX
3KcnnyaTaynoHHLIX HAMPSXKEHWA B KOHCTPYKTUBHLIX Y3flax U coemu-
HEHUSAX, a TaKXKe OT UX KOHKPEeTHOrO 0(hOpMnNeHns.

MeHee ycneweH nporpecc B ¢OpMynMpoBKe KpuUTepues, onpe-
AeNAIWKUX MPOYHOCTE KOHCTPYKLWA B YCNOBUAX BKCTPEMATbHbIX.
HarpyxeHuit. B 4actHoc, npoBejeHHas MexayHapoaHas yHudpuka-
LUus TpebosaHui k obljei NPOYHOCTM CYAOB Y3aKOHWNA He BNONHe
YAOBMETBOpUTEfibHLIR, C Halled TOYKM 3pEeHUs, Nofxod K pelueHwo
aToil npobriembl. BecbMa Npu6samxKeHHo, Hanpumep, peleHa 3agaya
onpepjeneHns pacyeTHOro BONMHOBOro usrubawujero MomeHta. Kpome
rNaBHbLIX pa3MepeHuit cyaHa y4UUTLIBAETCR BIMSHUE HA 3Ty HArpysky
TONbKO OAHOro napameipa — Koaduymenta obWeNn NOAHOTHI
Kopnyca. W3BecTHO, 4TO Ha BESMYUHBI BOMHOBbLIX W3rubaloLmx
MOMEHTOB OKas3biBalOT TakXe CyUlecTBeHHOe BIMsHUE pacnpegene-
HAE NO AnMHe N XxapakTep U3MEeHEeHWA CTaTU4ecKoil Harpysku cyfHa,
CKOpOCTb X043 Ha BOJIHEHMM, OTHOCUTENbHAR ocagKa U LWUpUHa cy.qHa
a TaKxe psg Apyrux akTopos.

TpeboBanusi K yCTOMYUBOCTM OCHOBHbLIX MPOAOMNbHLIX CBA3E
Kopriyca He obecneumsaioT coxpaHeHMe Hecyuleid criocobHOCTH
CKMMaeMbIX CBSI3EH [10 HANPSHKEHUNH, GrM3KUX K Npegeny Tekydect
Martepuana, Kak aTo TpaiMUMOHHO TPeboBarock B POCCUACKOI WKoOne
HOPMUPOBaHMUS NPOYHOCTH.

Tak)e BbI3bIBAET COMHEHMUS ONpaBAaHHOCTL O6LIYHOrO ropsigka
o6ecneyeHusn MecTHOW NMPOYHOCTY KOpMyca npu SKCTPEeMaibHbIX
pacyeTHbIX Harpy3kax, OCHOBAHHOFO Ha PAacCMOTPEHNM TONbLKO yrpy-
roi ctagun feopMupoBaHnsa KOHCTPYKLUNA NPY 06biYHO 3aHUXKEHHBIX
JKCTpeManbHbiX pacyeTHLIX Harpyskax. Mcnosb3oBaHue npu aTom
cxem pacyeta MKO ycyrybnsieT «HEYyCTOWYMBOCTbL» Pe3yNnbTaToB B
CBSA3M C MX 3HaAYUTEeNbHOW 3aBUCUMOCTLIO OT ClOcobOB KOHEYHOo-
9NeMeHTHON uAeanuaaunm Mojersieit KOHCTPYKLMA, OT OCOBEHHOoCTe!
3aKpenneHna n reoMetpun oOpMIIEeHUst OMOPHLIX KOHCTPYKTUBHLIX
Y3508 1 paja gpyrux ¢akTopos.

B TO Xe BpeMS O4EBUAHO, YTO pernameHTMpyeMoe HOpMaTUBHOW
NpaKkTMKo#A MOHATME MCUepraHne NPOYHOCTU KaK HapyweHne ¢opmsl
koncmpykymit {1; 2] He 0QHO3HAYHO CBSI3AHO € UX MAaKCUMAaNbHLIMU
HanpsxeHusmn. bonbile NoaxXoAaT Ans STOro MeTogsl pacuyeTa,
UHTErpanbHoO yyuThiBalOive pe3epsbl facmyeckoro gedopmupona-
HMA maTepuana KOMCTPYKUUIA NpU uX neperpyskax Ao HOCTMIKEeHWUS
OCTaTo4YHbIMW NporMbamMyu BENMUYUH, NMPU KOTOPLIX BOSHUKAET HEo6X0-
AVMOCTb UX PEMOHTHOr 0 BOCCTaHOBNeHUS. B yactHocTH, ANns 6anoutbix
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KOHCTPYKLMHA MOTYT UCMONL30BaTLCA AOCTATOMHO NPOCTHIE MHIKEeHep-
Hble 3aBUCUMOCTH, Chefylolme U3 Teopun npefenbHelX COCTOAHWNA,
KoTopble cnocobhbl 6onee 06beKTUBHO OL€HMBATL peanbHYio
HecylyI0 CNOCOGHOCTb KOHCTPYK TMBHbIX 3fieMeHToB. Cyast Mo AaHHbIM
[3], nogo6HbIt nogxon peamm3ayercs B pacyeTHoM Komnnekce DNV.

HHWUA um. akag A-H.Kpeinoea u Poccuiickuin Mopckoi Pernctp
CygoxoncTea paspaboTtanmm SNEKTPOHHYIO BEPCUIO CUCTEMbE PacyeTHOM
NPOoBEepKU NPOYHOCTH, YCTANOCTHOrC W OCTATOMHOrO pecypca, Nnpoe-
TUPYEMbiX W SKCIAyaTUPYIOLWMXCA CY[OB, OCHOBaHHY Ha
CYU|ECTBEHHOM nepecMoTpe W passnuTuh TpafULUOHHLIX MOAXOM0B,
pernameHmpyembix Hopmamu npouxoct [1; 2]. :

Oco6eHHOCTAMU fNpejycMaTpuBaeMoil HOBOW pefakiuum HopM
ABNSIeTCA YeTKoe pasfeneHne U3NYECcKoro cofep)xaHnsl Kputepues,
OTBETCTBEHHbLIX 3a obecneyeHne NPoOYHOCTU Npu geicTBUN NnepemeH-
HbIX SKCMNyaTayMOHHBLIX ¥ JKCTpeMasbHbIX Harpy3oK, a TakXe
pacnpocTpaHeHue aTtoh pepaxiuu HopM Ha craguyu NpoeKTMpoBaHus
W sKcnsyaTayuu CYfioB C y4eTOM BIMsiHMS KOppOSMOHHOI‘O n3Hoca
KOHCTPYKLWOHHBIX cBsiaeit. ‘

B riepeom crniyvae fpu AeiiCTBUM SKCMIyaTauUuOHHBIX Harpysok
anropuTMbI MIPOBEPKU NPOYHOCTA UMEIOT, KaK U paHee, BUf] pacueTa B
YpYroi cTaguu no JonyckaembiM HanpshkeHusm. MpuHUMnuanbHbiM
OTIMNYMEM, OJHAKO, 3[ieCb ABNACTCS UCNONb3oBaHue ANA 060CHOoBaHUA
COOTBETCTBYIOLIUX HOPMATUBOB MNpoYHOCTH TpeboBaHust obecnedeHns
HEOo6XOQUMbIX 3anacoB YCTanoCTHON NPOYHOCTA KOHCTPYKLWA.

Onsa peweHWs ykasaHHOW 3ajauv npuBneveH MpPsAMOR MeToq
aHanM3a- yCTanocTHOW MPOYHOCTUM KOHCTPYKuu# [4], Ha ocHoBe
KoToporo paspaboTtaHa npakmmuyecKas merogvka pacyeta. Ova MeTo-
pKa npegycmaTpusaeT orpaHuyeHue, riiasHbiMm o6pasom, nepemMeH-
HbiX (UMKNUMYECKUX) COCTaBASIOWMNX HaNPsIKEeHWH, Bbl3biBAEMbIX
CyMMapHbIM [AeACTBMEeM Ha KOpnyc CyfHa nepeMeHHbiX obumux u
MECTHbIX Harpysok. [lonyckaembiii YpOBEHb 3TUX HanpshKeHw# B
ABHOM BMAE 3aBUCAT OT NapameTpOB YCTaNOCTHON MPOMHOCTU KOH-
CprKTVIBHbIX Y3108, NPUMEHWTENbHO K KOTOPLIM OCYL|ecTBIisieTCs
npoeBepkKa ycrafioctHo# npoyHoctn. OGuivpwas 6asa AaHHbIX MO
yKazaHHblM napameTpaM coOCTaBfieHa Ha ocHoBe 0606weHusn
GONbLION Cepun SKCNEpUMEHTANbHBIX MCCRefoBaHNi  yCTanoCTHOI
NPOYHOCTN NONYHATYPHBIX U HATYPHbIX Y3NOB KOPMYCHbIX KOHCTPYK-
uuit, nposopgsyuxcst 8B LIHWUN wm. akap A.H.Kpbinoea ¢ KoHya 60-x
rogos [5; 6] (puc.1). YuTeHbl Takxke M3BECTHLIE faHHbie 0 3TOMY KPYry
BOMPOCOB, NPUBS/IEHHbIE B TeXHUYECKOH rmTepaTtype. Peaynbratsl
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: Puc. 1
PacueTtHeie 3HA4YEHWA Npeesios YCTANOCTH TUMOBLIX Y3NOB Nepece4eHus 6anok CyAoBoro
Ha6opa npy OTHYNEBOM YMKIMUECKOM NPOoAoAbHOM uarnbalouiem (a) u casuramouiem (b)
© HarpyxeHmsx.

o} — pacueTHniil mpesen YCTanocM HOMUHAMLHEIX HOPMasbHBIX HANpPSHKEHWi
(yOeoeHHas aMnmMTyAa pasmaxa) npu unche uuknos Harpyxenua N=2-10%

€ — aHANOrWYHLIA NapaMeTp CABUTAIWUX KACATESbHLIX HaMPSIKEHUN;

—> — HanpasneHne Gnnxcaiiuei onopt 6anku.
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npuMeHeHnsa paspaboTaHHOro annaparta pac4yeta YCTalloCTHOW
NPOYHOCTU KOHCTPYKLUIA C YHETOM pearbHoro othopMieHua ux ysnos
XOPOLLUO COrnNacyinTCA € U3BECTHBIMK JaHHLIMK NO IKCTINYaTAUUOHHBIM
NOBPEXAEHUAM HATYPHBIX KOHCTPYKLMA.

B cocTaBe ONMUCLIBAEMOW MeTOOUKWU, Hapsfy C OTMEYEHHbIM,
nprMHUMaeTcs TaKXe BO BHUMaHue BIMsHUEe Ha napameTpsi ycTanocT-
HOM MPOYHOCT® KOHCTPYKTMBHBLIX Y3708 CTATUHMECKMX HanpsDKeHW# oT
MOCTOSHHLIX COCTaBASHOWMNX Harpys3oK, a TaKXe XapaKTepucTuku
cTaTMuecKoil NpoYHocTM matepuana. PacueT HanpsiXeHHo-gedgopmn-
pOBaHHOTO COCTOSHMS KOHCTPYKUMIA, BXOAAWWX B COCTaB OTCEKOB
Cy/IOBOrO Kopryca npu AeCTBMM MEepeMeHHbIX U 'CTaTUYeCKuX Harpy-
30K, npoussoguTca  Ha 6ase MKO ¢ yyeTOoM nNpoOCTpaHCTBEHHOro
B3aUMOJENCcTBMA KOHCTPYKLuiA, obpasylolux oTtcek Kopnyca. CooT-
BETCTBYIOWUI 610K MPOrPaMMHOro KOMIINEKca paspabotaH ¢ yyeTom
0COBEHHOCTEe KOHCTPYKUUA M YCIOBWUM HarpyXeHusi HaBano4HbiX
cypos npu Hanboriee HebnaronpuATHOM clly4ae MX HarpyxxeHus ¢
yepefoBaHMEM MYCTBIX U 3arPYKEHHbIX TPIOMOB.

Mporpamma pacuyeta 06BLEMHOrO OTCeka paspabartniBaercs
MPpUMEHUTENBHO K APYrUM TMNam CyHOB..

PaspaboTaHHble anroputMbl NPOBEPKN MPOYHOCTU KOHCTP YKL
npv AencTBUK IKCTPEMasbHbiX Harpy3ok OCHOBbLIBAIOTCA Ha NpefcTas-
NeHNM O HanMun OnacHbIX NpefenbHbLIX COCTOSIHUY, NpU KOTOPBLIX
ocTaTouHble qecpopmaunu KOHCTPYKLWIA JOCTUTAIOT 3aMeTHbIX «ofiac-
HbiX» BEINMNYMH, NPUBOAALNX K Heob6xoauMocTn pemoHTa. [pu oueHke
obuelt NpoYHOCTU Kopnyca, B OCHOBHOM, NOK& COXPAHEHO NPUHATOe
paxee [1; 2] npegcTaBnedne o HaCTYMeHUN NpefesnbHOr0 COCTOAHUA
Koprnyca npu JOCTMXKEHUM B ero Hambonee HanpsHKEHHbIX XXeCTKUX
NpoRosibHLIX CBA3AX (6ankax Habopa) HanpsXeHud, paBHeIX npegeny
TeKyyecT¥ Marepuana unM noTepyu MMM YCTONUMBOCTU NPU CXKaTUU.
YunTbiBaeTcsi (haKkTop COBMECTHOrO AeiCTBUA Ha o6 yl0 NPOYHOCTL
Kopriyca, Hapsgy ¢ BepTMKanbHbIM n3rnbaioLiuM MOMEHTOM, FrOpPU30H-
TanbHOro narmbaiouwiero # CKpyyuBawllero MOMEHTOB, a Takxe
AUHaMU4ecKux U3rnbalolmx MOMEHTOB, OBYCMOBNEHHBIX CHIEMUHTOM
u BonHOBOW BuGpauuei. Mpu pacyeTe XxapakTepucTMK npepensHon
fPOYHOCTH KOopnyca Y4MTbIBAETCSA peAyLupoBaHue NnactMH HacTunos
nany6 fiocne noTepy WMN YCTONYUBOCTU. :

Wcnonb3oBaHne MeTohoB NPOBEPKK MECTHO! NPOYHOCTN KOHCTPYK-
LMit ¢ Y4ETOM pe3epBOB NNAcTMYecKoro gegopmupoBaHna marepuana
npeaycMatpuMBanach yxe B fieiicTByiowmx Hopmax [2] n 8 ganbHeiiwem
HaWnNO NpaKTUYeckoe NpUMeHexnne B 3ajauyax pernamexHTayuu
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APOYHOCTN KOHCTPYKLUHA, NMOABEPXEHHbIX BO3JEWCTBUIO NOKaNbHbIX
Harpysok — nefoBblX, OT KonecHoi TexHuku [11 — 13]. B pamkax
KOMMNeKca 3T Mogxodsi PacripoCTPaHeHbl Ha KOHCTpyKuuu, B

" cON3MepumMon creneHu yvacteywoujue B obecnedeHuun obien u
MECTHOW MPOYHOCT =— NPOHJONbHbIE 6anku OCHOBHOro Habopa u
AHULIeBbIe NepeKkphuITUst B cpegHeit YacTm CyfoBOro Kopnyca, a Takxe
ANS KOHCTPYKL{UiA, BOCMIPUHUMAIOLMX MECTHbIE€ Harpysku OT CleMuHra.
OtleHKa UX NPOYHOCTM OCYLIECTBNAETCA HA OCHOBE annaparta Teopuu
.npefensHoro paBHOBECHS, C YYETOM COBMECTHOrO fedcTeus B
rornepeyHbiXx ceveHusix KomOuHauuit uarmbalowmx, cpesbiBaoLymx,
NPOAONBHLIX U, B OTAENbHLIX Cflydasix, KpyTAWMX ycurmi (puc.2). B
_criydae CXMMaIoOWMX NPORONbHBIX YCUNUM AOMONHUTENbHO YYUTHI-
BAeTCs CHUXKEHUe NpodHocTM HarodHon cucrems! 3a cyet addekTa
notepu Hecyei cnoco6Hocm (yctoiuneocmu il popa) (puc.3).

M

Puc. 2
Buj NoBEPXHOCTU NpefernsHibiX COCTOAHIUA NOMnepeyHoro ceveHns 6anku npy COBMECTHOM
penctsuu uarnbaiowero (M), cpessiaiouwjero (N) u npogonskoro (T} yeunuin
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Puc.3
XapakTep BIMAHUS BEAMUMHL M SHAKa MPOJOMLHLIX YCUNHiA OT obujero uaruba Kopnyca Ha
: BENU4MHY NPOAONILHON HAarpysku 6anku.
Gy ~— HaNpsXeHns OT NPOAONLHOFO HArPYXEHUA,
0, — NPpefen YeKy4ecm c1an.

Mpu aHanoruuHeix ‘pacHeTax FUOKUX MAACTUHYATHIX 3NEMEHTOB
KOHCTPYKUM YHUTHIBAIOTCA (PAKTOPbI reOMETPUHECKON U (BU3NYEeCcKol
HenmHehHocT™ ux fedopMupoBaHus. Heobxogumble KoahuULMeH LI
3anaca rnpegenbHod NPOYHOCTU KOHCTPYKUUN YCTaHOBMEHbLI TaKUM
06pasom, 4Tobbl UX CTaHAAPTHLIE XapaKTePUCTMKK NPOYHOCTU COOTBETCT-
BOBaIM YPOBHIO AeicTByIOuUxX Tpebosanuii Perucipa [10]. Hocratounas
CTabMJIbHOCTL 3HAYEHUI BTUX KooddUUMEHTOB ana 6GOoMbUMHCTBA
Hecyuux. KOHCTPYKLUWIi kopriyca cBuAeTenbCTByeT O COOTBETCTEMU B
LUesioM pasBuMBAEMOro HOBOTO MNOAXOAAa HOPMUPOBAHUA MPOYHOCTA K
06061LeHHOMY ONbiTY NPOEKTMPOBAHNA 1 3KCTINyaTalyuh KOPIycoB Cy/0B.
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- Tpn cospanHun KoMnnekca nepecMoTpeH NOpAJOK OnpefeneHus
BCEX COCTaBNAOWMX OOGWMX ¥ MECTHBIX HArpy3oK, ASACTBYIOWMUX Ha
kopniyc cygHa. lMpu 3TOoM ucnonb3osaH addeKTMBHLIA annapart
BEPOATHOCTHOro aHanusa BHElHNX cun, onucaHHbIA, B YacTHOC™, B
[5; 6], npuBnekanck NporpaMmHele CpeAcTBa OonpegeneHns HarpysoK
N u3BecCTHble AaHHbie COOTBEeTCTBYIUWUX IKCNepuMeHTanbHeIX uccne-
poBaHuil. TpuHUMArca TakXe BO BHUMaHMEe MOPSAAOK pelleHus
paccmatpuBaeMbiX BOMPOCOB B ﬂpaBMnax KJ'IaCCM(bMKauVIOHHbIX
O6GECTR N U3BECTHbIE MPEANOXEeHVA N0 YHUMMKAUUU MeTOAMKHU
onpegenewus fasneHuni Ha HapyXHb!e KOPNYCcHbie KOHCTPYKLmny [7].

38a pacuyeTHble NepeMeHHbie Harpysku B KpUTEpuu YCTanocTHOM
NPOYHOCTM NMPUHAT pa3max COOTBETCTBYIOIMUX KOMIMOHEHTOB NepemMeH-
HblX 3KcnfyataymoHHbIX Harpysok ,qonrospemeHHoﬁ . BEepPOATHOCTU
P,=10"3 a B KPMTEPUN MPOYHOCTM KOHCTPYKLMIA Nnpw IKCTpEMAnk-
HbIX HarpyXeHunsx amniutygbl 3tTmx Harpy3ok ,qonroapemeHHoﬁ
BepoaTHocT P>=10"2. Anropummul pacuetHoro onpenenexus Harpy-
30K npegcTaBfieHbl B BUuge

Q=h;"q;,
rae  hj— pacu4eTHbIe BLICOTs SKBUBANEHTHLIX BOMH B KPUTEPUAX YCTANOCTHOM (i=1)
¥ 9KCTPemanbHol — nNpeAenbHoM (i=2) NPoOYHOCTU KOHCTPYKUWMIA (puc.4);

~— (PYHKUMOHaNbHEIE KODDUYMERTLI, 3aBUCHILNE OT BUAA PaccMaTpUBaemoN
Harpysku, fiapameTpos CyJHa U YCNOBUIA ©ro 3KCRNyaTauuu.

18

15

107

0 100 200 30 Lwm

Puc. 4
PacueTHble BICOTh! 9KBUBANEHTHLIX BOJH B KPUTEPUAX YCTANOCTHOM U npeAeanou
NMPOYHOCTH KOHCTPYKLMA.
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OnpefieneHsl TakXXe 0606UieHHble 3aBUCUMOCT OT napameTpos
Cy[oB M YCNOBMH MX 9KCRMyavayuu Ha BOMHEHUU 3KCTPEeManbHbIX
HefnHeWHbIX Harpy3oK, AeACTBYIOLWUX HA Pas3nuyHbie panoHbl KX
‘HOCOBb!X OKOHEYHOCTE!N B YCMOBUSIX CNeMuHra.

YcTaHoBNeH NOpSifoOK pacnpoctpaHeHust paspadoTaHHbiX asro-
pUTMOB OnpedeneHns pacHeTHbIX Harpysok Ha Cyfa OrpaHvWyeHHoro,
a TakXe cMellawHoro (peka-mope) panoHos nnasaHus [10]). Hexoto-
pble pesynbTatel NPUMEHEHUA 3TUX anropuTMOB, MNMIIOCTPUpYoUme, B
YaCTHOCTH, BIIMSIHWE OTAENbHEIX, O6LIYHO HEe y4uThiBaeMbIX (pakTopos
1 ocobeHHoCTel cyfioB; onucaHbl B cTatbax [8; 9]

Ha ocHoBe oxapakTepu3oBaHHOW Bbllle CUCTEMbI pacyeTHbiX
TpeboBannit K NPOYHOCTH KOPMYCHBIX CY/I0BbIX KOHCTPYKLMA paspabo-
TaHa Bepcust NPOrpaMMHOro KoMrsiekca asToMaTu3nMpoBaHHON Npo-
BEpPKW MPOYHOCTU, YCTANOCTHOIO W OCTATOMHOrO pecypcos KOprycos
CYZ0B, NPUHLUUNNUANbHAS CXeMa KOTOPOr o MIIOCTPMPYeTeA Ha puc.5. B
OCHOBY KOMMIieKca NOMOXEH Moy bHbIA IPUHLIMI, TIP&ANONaraiouni,
4TO NPOrpaMMHbIA NPOAYKT AOMKEH COCTOATL U3 pasnmyHbix GrOKoB,
peLiaowmx HesaBuCUMbIe 3agaun. OCHOBHLIMU KOMFIOHEHTamMu rnpo-
rPAaMMHOr0 KOMMIIeKca SBASIOTCA: ONOK onucaHusa KOHCTPYKUwu
KOpryca, CMCTeMbl NOArOTOBKW [AaHHbIX ANS pacyeTta Harpysok,
6Mb6nuoTeKn pacdeTHeIX nognporpamm, 6nok ynpaBneHus
BbIYMCIIEHNSAMY, 6NOK aHasmMaa pe3yrbTaToB U (hbopMUPOBaHUS OTYeTa.

LleHTpanbHbIM KOMMOHEHTOM KOMIMeKca siBfisieTcA Onok onvcanus
KOHCTPYKLUM KOpryca Ha OCHOBE MpuHsATOA B HopMax npo4HOCT
cucTeMamsailn pacyeTHbIX NeMEHTOB (KOHCTPYKUuM, 6ank, NAacvHbI
¥ y3Mbl), OPUEHTUPOBAHHLIM Ha CO3fjaHMe WHGOPMALUMOHHOR Mofenm
KoHCTPYKUvn kopnyca (MMKK), nossonsioueit copmupoBats yHuBep-
canbHyl0 CIPYKTYPY AaHHbIX. RS NPOBEAEHWS KaK pacveToB o aHanm-
TUYECKUM 3aBUCMMOCTAM, TaK U aHanu3 HanpskeHHo-AedopMUupoBaHHoro
cocTosHUs KoHCTpykumn no MKD. MpegnoxenHHas VMKK noseonser
NocTpoUT> HAZEXHYI0 CUCTEMY OKCMEpTHOA OUEHKM XapaKTepuctuk
NPOYHOCTY OTAENbHLIX SNEMEHTOB KOHCTPYKUMK, KOTopas rnpegocrasnser
BO3MOXXHOCTL KOPPEKTUPOBKM NapaMeTpoB KOPNYCHbIX KOHCTPYKUUA Ans
cornacosaHus c¢- TpeboBaHusmu Hopm. Hanuuve obuieit gns - Bcex
pacyetbix npoyeayp 6asbl gaHHbIX O napameTpax y3sioB U OneMeHToB
Kopnyca MO3BOfisieT 3HAYNTeNbHO COKPaTMTL BEPOATHOCTL OLWMGOK,
CBA3aHHLIX C MOArOTOBKOW AaHHLIX 33 CYET MUCKSIOYEHWst MOBTOPHOro
BBO/A M KOHTPOSIA 3a AOMYCTUMOCTBIO BEMMHMHLI BXOJHLIX NapameTpos.
~ Pewenne 3afaum B pamkax (DYHKLUOHANbHBIX BO3MOXHOCTEH
KOMrIieKCa OCYLeCTBRsAeTCA fnyreM obpaujeHus K MOAyNnsaM B TOM
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unu uHoil Kom6uHauyuu. BaaumopeicTeue Mexpgy OTHAeNbHLIMK
4acTsIMK NTPOrpaMmMbl MOXXET OCYLYECTBAATECS Ha PasfMUHBIX YPOBHSX

KaK ¢ NOMOWbK BblENeHHOro MOAYna YnpasneHusa, Tak M nyrem -

HernocpefiCTBeHHON nepegayn AaHHbIX MeXAY 6rnokamu.

B otnnyue oT aHanormMuHbiX CUCTEM 3apybeXxHeiX Knaccuduka-
LnOHHLIX OblecTd npegnaraeMbil KOMNMEKC NO3BOJisieT NMPOBECTH
aHanus BRUAHUA Pa3sfUYHbLIX BapUAHTOB KOHCTPYKTUBHbLIX PelieHuit
OTAEnbHO Kak Ha napameTtpbl YCTanoOCTHOW, Tak M HA napametpbl
npefenbHOl NPOYHOCTH KOPMYCHLIX KOHCTPYKUMiA W MpuHATL Gonee
hnsudeckn 060CHOBaHHBIE KOHCTPYKTUBHBLIE PElLeHUs.

PaspaboTtannas cxema peanu3aLuy cucteMbl pacyeToB MPOYHOCTH

KOPNYCHbIX KOHCTPYKUMA OPMEHTMpOBaHa Ha OCYL|ecTBEHUE nOBYX

vHOPMaLMOHHO-BLIYUCTIMTESbHbI X MIPOLECCoB:

NpOBEPOYHbIK PacYeT NPOYHOCTU NPOEKTUPYEMBIX KOHCprKLlVIVl

NpoBepKa NpoYHOCT KOpryca CYAHa, HaXoAslerocs B aKCrnya-
Tauuu, C YH4ETOM faHHbIX 06 M3HOCAX KOHCTPYKUMOHHBLIX CBA3eH,
nofnyyaembiX fipu ocmotpax Ans oueHKn TeXHUYECKOrO COCTOSHMS
KOPMYCOB CYHOB.

YcTaHOBKA KOMRNeKca npegnonaraerca Ha IBM-coemecmelx
KOMPIbioTepax, ocHalleHHblX onepauuoHHoil cuctemoli Windows 95.

BHefpeHWe onvMcaHHOrO KoMMjiekca B NpakTuky. npoexmposaﬂun
U Ha6moJeHun 3a Kcnslyartayuein CcyioB nossommT

pesKo MOBbLICUTL MOMHOTY Yy4YeTa OCHOBHLIX (DaKTOpOB, oONpe-
Aensiouux HafexHOCTb SKCNiyaTaiyuu KOPMycoB CYROB, 4TO
obecneunsaeT cosgadue 6Gonee paynoHanbHbIX W [ONTOBEYHbIX
KOHCTPYKLWA NpY MUHUMU3ELUM MATEepUanbHLIX 3aTpar;

YCKOPUTb ¥ O TUMU3NPOBATL NPUHATE HEOGXOAUMEI X TEXHUYECKMUX

peLieHuit Npy NPOeKTUPOBAHMM HOBLIX CYAO0B, OnpefieNnelnn 06 LEMOB

peMoHTOB axcnnyampynoumxcn CY[0B U OLieHKe BO3MOXXHOCTe# ux
cokpatjeHus;

NOBBICUTL HAJEXHOCTL oOnpejeneHus JONYCTUMBIX YCHOBUMA
3Kcryaralyum CyfoB orpaHuyeHHbiX paioHoB NnaBaHusa C yYeToM UX
TEXHUYECKOr0 COCTOSHUA U 3arpy3Ku; '

cnoco6cTBOBaThk HAKOfIfIEHUIO, KOMNaKTHOMY XPaHEHUIo u
o6o6uleHnio uHpOopMayuM Mo oOnbiTy JKCANyaTauMm M pesynsTaTtam
- TeXHUYECKMX OCBUAETENbCTBOBAHMI KOPNYCOB CY/I0B.

Mposegenne paboT NO NPOEKTUPOBAHNIO W OLEHKE TeXHUYECKOro
COCTOSIHMA IKCNNYATUPYIOLUXCS CYAOB C UCNOfMb30BaHUEM ONUCAHHOFO
KOMTJieKca, cnocobeTeYiolee NOBLILEHWIO KayecTsa uX pe3ynLTAToB,
6ypeT oTpaxeHo B CUMBOSIe Kracca cyfiHa u 6ypeT gaBate onpege-
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fieHHble npeumyllecTsa cyfoBnafenbyaMm NO CpokKaM KM ob6bemam
nocfeaylowmux TeXHUYecKMX OCBMAETENbCTBOBAHMA Kopnyca U psigy
APYrnxX MOrioXKeHui, KOTopuie npegnonaraeTci KOHKpPeTM3MpoBaThL B
AanbHenweMm.
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A.A. Coaoeses

NPOBJIEMbI BE3OMACHOCTN PblB0OJIOBHbLIX CYLOB,
CBA3AHHbBIE C MAHEBPUPOBAHMUEM HA NPOMbICHE

B Hactoswee Bpems WMO obpawaet oco6oe BHMMaHWE Ha
npo6nemsl 6e30MacHOCTM CYAOXOACTBA, B KOTOPbIX OfHON M3 BaX-
HeNLUNX sBNsieTCA OLeHKa MaHEBPEHHBbIX KavecTs cyfoB. Pesoniouus
A.751(18) oT 04 Hosi6ps 1993 roga ycTaHoBuna lMpoMeXyTOuHbIE
cTaHgapThl MaHeBpeHHbIX KayecTs cyfos. Paspabotka u BHefpeHue
yKasaHHbiX CTaHJapToB ANA KPYNHOTOHH&XKHBIX CY/I0B, a TakXe Ans
CY[OB, NepeBo3AWuX ONacHble rpysbi, 6€3yCrioBHO, AOMKHbI NOBLICUTH
6e30nacHOCTL MOPENNaBaHUs U 3aLuTy OKpyXalolei cpegs.

~ Ha naw Barnsg, nogo6Hbie ctaHgapTsl AOMKHbI GbiTh YCTaHOBMEHD! W
Anst pbl60SIOBHLIX-CYA0B AMMHOA Meree 100 MeTpoB, KOSIMYeCcTBO KOTOPLIX
Becbma Bermko. Ha 22 uions 1998 r knacc PC umetoT 1777 pbibonoBHLIX
cypnoB, Nnasatowmx nog Poccuinckum driarom. Tonbko K nopTty MypmaHck

npunncaxo 620 puIGONoBHLIX CYA0B, BeAYLMX npombicen B bapeHuesom u
HopBeXXCKOM MOpSX, & TakXe B CEBEPHOW 4acm ATNIaHTMYeCKoro
okeaHa. BorbLIOe CKOnneHne poi6OMOBHLIX CYA0B B paitoHax npoMbichna
N OTCYTCTBME >XKECTKUX TpeboBaHWMii K MX MaHEBPEHHLIM KavyecTtBam
€034aI0T PearbHYIo oMacHocTb CYOOXOACTBY,

B IMpasunax knaccugmkauum n NoCTpONKN MOpckux cyzos 19951, B
rnase 2,10 vacwm lll «Ycipoitctea, obopypoBaHue U cHabxeHue»
rnpuBegeHbl HOpMbl 3PPEKTMBHOCTA pyreil n NOBOPOTHBIX HACA[OK
ANS MOpCKUX cyjaos, Bkmovas U pbi6onoBHble. Takum obpasowm,
AEpPBbIA WAr K HOPMUPOBAaHWIO. YNPABIIsIeMOCTH PbIGONOBHLIX CYA0B
yXe cpenaH, opHako, YCTaHOBNEHWE HOPM YNpaenaemocm v fanb-
Helwas BbipaboTka npakTMyeckux pekomenpauyuin no HesonacHoctm
MPOMBICIIOBOrO MaHeBpnpoBaHus TPe6YIOT KOMNNEKCHOTo Noaxofa B
UCCNe[oBaHMM MaHEBPEHHBIX KayecTB pbiGONOBHLIX CYAOB KakK C
opygusimu noea, Tak U 6e3 Hux. HeobxoauMocTs Takoro uccriegosa-
HUs O6GYCNOBIeHa TeM, YTO ynpasfeHue pbl6onoBHbLIM CyaHOM TpebyeT
OT cyfoBoanTENei BbillONHEHN S CNOXHbLIX MaHEBPOB B NIOTHOA rpynne
NpOMbBICNOBbLIX CYAOB, CBSA3aHHbIX C PACXOXAEHUEM # O6roHOM CyZoB,
yAepKaHveM MX Ha NPOMLICAOBLIX FAYO6UHAX U peIOHBIX CKOMNEHUSIX,
NOCTAHOBKONW 1 BLIGOPKOW Tpana u T.4.
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_ OgnHoit w3 Hanbonee axTyasbHbLIX NMPOAOIDKAST OCTABATLCS 3apava
pacxoxzeHus, Korga Ha -orpaHM4eHHON NPOMBICNOBON aKBaTOPUKM HAX0-
AnTcA 60Mblloe KONMUYECTBO CYAOB, BCMEACTBUE UEro orpaHuuMBaeTtcs

~cBob0ofja MaHEBPUPOBaHUST U CO3MAeTCA OMACHOCTL WX CTONKHOBEHWS W
‘cyenneHus TpanoB. Pewas amm 3agaun, CyJOBOAMTENb  HOMKEH
obecneunts 6e30MacHOCTL HE TOMbKO MMaBaHWUA . CyaHa, HO Takxe
ABnxeHust n ahdekmBHOCTL paboTel 6GykcMpyeMoro 1pana B npoiecce
MaHEeBPUPOBaHUSA. AKTyarnbHOCTL NPobneMbl NpeaynpeXxneHust CTONKHO-
BEHWSA CYLOB NPyU COBMECTHOM TPArioBOM NpoMbicrie TpebyeT NOCTOSHHONM
pa3paboTku feiCTBeHHbIX METOLOB ee pewueHus [1].

B Hacrosulee Bpems CyfoBOAMTENM-IPOMbLICIIOBUKYA pewlaioT
3afjaqy pacxoXx/eHus, pyKoBOLCTBYACL Tpe6OBaHUSMMU CyljecTBYylO-
wux Mpasun MMNMNCC-72 u MpaBun cOBMECTHOrO NNaBaHuA U BeJeHUA
npomeicna (MCNM), paspa6oTaHHbiMu TUIMPOPLIBONOT u ymBepX-
HAeHHbIMNU MuHUcTepCcTBOM phibHOro xossiicrea CCCP B 1972 ropgy.
NocnegHue, ¢ MOMEHTa WX u3fjaHusl, He nepecMaTpuBamTUcb U He
[ONOMHANMCL B COOTBETCTBUAM C NMpuHsATeIMKM MO B 1981, 1987, 1989,
1993 rr. Nonpaekamu Kk MIMNCC-72. B pesynbTaTte — OCHOBHbIE
nonoxeuns TMCIMNMN BcrynunM B NpomMBOpeYMe € MeXAyHapogaHoi
npakTMKoii obecnedyeHus 6e3onacHOCTM MoperinasaHns. TopMoXe-
HWe, HanpuMmep, paccMaTpuBaeTcR Kak OCHOBHOW BWA MaHeBpa, OT
KOTOpOro 3aBucuT 6e3o0nacHOCT: cyfHa npu pacxoxgeHun. B 1o xe
' BpeMs MaHeBp TOpMOXKeHUs o6nafaeT pAgoM KpynHbiX HeoCTaTKoB,
KOTOpPblE€ YaCcTO UCKMIOYAIOT BO3MOXHOCTL €ro UCTIOMNb30BaHNUS:

1) Mpu TOpMOXEHMN BO3HWKEET ONAcHOCTb MOCAAKW HA TPYHT
pasHornybMHHOro Tpana wm «3anvBaHue» TpanoBbiX [OCOK JOHHOro
TPana, H4To B NPOMLICHOBON NpaKTMKe KraccuduumpyeTcs Kak «3ages».
Cy[HO CTaHOBUTCS HEYNPaBSieMbIM, T.K. B 3TOM CIly4ae ero MaHeBpeHHEIe
XapakTepucTMKU HUYEM He OTNMYaloTCS OT CYAHAa, CTOsI|ero Ha sikope.

2) Mpn TOPMOIXKEHWUM C pPEBEPCOM BO3HWKAET ONAcHOCTL HaMOTKH
Baepos Ha rpe6HOK BUHT. v

3) TopMosHEIe xapakTepUCTMKu cyaHa ¢ GyKcupyembiM Tparnom,
KakK npaBuiio, CY[0BOSUTENIO HEU3BECTHBI.

W3BecTHO TakXKe. 4To oTmunTenbHolW 0CcobeHHOCTbIo 6yKeupa Kak
obbeKTa YynpasfieHMs $IBNSIETCR TO, 4TO CBOMCTBA YNpaBnsieMon
CUCTEMBI PE3KO MEHSIIOTCS NpU CMeLjeHnn TOYKN KpenneHus Gykcup-
Horo Tpoca no pAnuHe cypHa. flopgasnsioujee GOMbUIMHCTBO fOGki-
BalowMx cygos paboTaeTr C- 1panamu no KOPMoOBOR-Cxeme TpaneHus,
KoTopas sBRseTcA Hanbonee nepcnek™sHOW. lNpu 3TOM TouKa
KpenneHusi BaepoB pacnonaraeTcsi NpakTMHecKu Ha TpaHue cygHa.
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TeopeTMyeckuMn U IKCnepUMeHTansHbIMK UCCNeJOBaHNSIMU YCTaHOB-
NEHO, YTO NOBOPOTIIMBOCTL CYAHA NPU STOM 3HAUATENBHO YXYAWASTCA
“3-3a BOZHUKHOBEHUS MOMEHTA OT NONepevHon cocTasnsioueli Cusbl
HaTsXXeHus GyKcUpHoro Tpoca, npensTcisyolyero nosopoty [2], [3].
Ha puc.1 npefcTaBnensl gMarpammel yNpassieMoCT¥ pbiGOMOBHOMO

Tpaynepa 6e3 1pana (Kpuaag 1) u ¢ Tpanom (KkpuBas 2), u3 KOTOPbIX

BWAHO, YTO BO BTOPOM chyyae 6espasmepHas yrnoeas CKOPOCTb B
cpefHem Ha MOPAOOK MeHblle, 4eM y CBOGOgHOro cypHa. [lpu atom
AnameTp UMPKYnauun CyaHa 3aBUCHT OT [SMHbLI BbITPABNEHHbIX BAEPOB,
Hanpumep, AuameTtp uupkynauymm CPTMk np.502 (gnmea no KBJ1 —
52,4 M) npu prmHe saepos 300 meTpos coctasnsieT 1200 MeTpos, a npu
AnvHe Baepos 600 MmetpoB — yxe 3600 meTpos. [T03TOMY BLINOMHEHUE
MaHeBpa KypcoM, Kak Hau6onee NpenoYTMTENLHONO NPU PACXOXKASHUN
cynoB GyKCUpYIOLUMX Tpasibl, CBA3AHO €O 3HAYUTENbHLIMU TPYAHOCTAMMU.
Kpome Toro, 6esonacHoe pacxoXjeHnWe CY/OB elje He rapaHpyeT oT
cuerneHna 6ykcmpyembix UMy Tpanos.
) Dnarpamma ynpaensiemoct

Q
08

086 1
04

0,2

04 1

0,6 +

08 +
Puc.1

1 — puibonoaunii Tpaynep 6e3 Tpana
2 — pLIBONOBHEIN Tpayrep ¢ TpanoM
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U3 ckaszaHHOro Bbilie BUAHO, YTO MAHEBPEHHbLIE XapaKTepucTMKu
CUCTEMbI CYAHO-TPAsl 3HAYUTENbHO OTNUYAIOTCA OT MaHeBPEeHHLIX
XapakTepucTMK cypHa Ha cBoSOfHOM xojy M, cregoBaTenbHO, 3T0
AIOJTDKHO YuMTLIBATECA B NOAXOfAe K BbipaboTke TpeboBaHWil K
Ge30racHOCTV NPOMbICMIOBOrO MaHeBPUPOBaHWS M HOPMaM YNpaBnae-
MOCTU pLIGONOBHbLIX CyAoB. Ha Hawl B3rnag, B uensix HageXHoro
obecrieueHus 6e30NacHOCTU MoOpennaBaHusi, CUCTeMY CyAHO-Tpan
Heo6XoAUMO paccmaTtpuBaTh Kak OGBLEMHYIO (Urypy, onuchiBaemyio
TPEXMEPHOA 30HOW HaBWTaLMOHHON 6e30MacHOCTH, KOTopas HOMKHa
Y41TEIBATL MaHEBPEHHbIe XapakTepucTMku 3T0A CucTeMbl. OTa Heob-
XOAMMOCTL OGYCIOB/IMBAETCA NPEXAe BCEro TeM, YTO Npyu onpegene-
HUM napameTpoB [BMXKEHUS CygHA C TOYHOCTHIO, [OCTATOMHON AnA
obecneyenns 6e30MacHOCTM MOpennaBaHus, napameTpbl ABUXKXEHUS
opyaust nosa yacto Booblje HenssecTHb. [loaTomy cywectsyer
npo6nema co3fjaHnWs eOuHOro MONs TONHOCTHLIX NapameTpos Ans
CUCTEMbI CyRHO-Tpan, onpeensiouux Kak 6esonacHocTs Mopennasa-
HUS U BEAGHUA NpOMLICNA B PbIGOMOBHLIX panoHax, Tak u TaKTMKyY
nosa.

Cnucok numepamypsl

1. Kapanysos A.W. Be3sonacHocTs MaHeBPUPOBAHUA CY/IOB NPU COBMECTHOM
Tpasnosom npomeicne. M.: Jlerkas u nuuesas npomuiLneHHocTs. 1984. 128 c.

2. MacTtywkut 10.M. Ynpasnsemocm npOMbICJ'IOBbIX cygos.M.: flerkaa u
nuiesan npomsitifieHHocTL. 1981, 231 c.

3 Nepwuy P.SA. anaanﬂemocm 1 ynpaenenue cypHom.Jl.. Cygocipoenue.
1983. 272 c. .
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VK 621.869.88-656.614.3.073.22:621.88

B.E. Muxaiiaoe

O COBEPLUEHCTBOBAHUM NMPABWUJ1 PC B HACTU PACHETA
KPENJIEHUSI KOHTEMHEPOB HA MOPCKUX CYJIAX

PacueT yknagkn u Kpennetust KOHTeRHEpOoB Ha MOPCKUX cyaax no
fpasunaM MexXAyHapogHbIX KnaccuuKaLMOHHbIX ofilyecTts, B TOM
uncne u Poccuitckoro Mopekoro Pernctpa CyfoxoacTea, B OCHOBHOM,
CBOOMTCS] K OMpEefeneHunio JONYCTUMbIX HAarpysoK, [eAcTBYIoWUx Ha
KoHTeliHepbl. Bonpoc ssaumopeicTBus wiTabenen, CocraBnsAlWMX
610K KOHTEMHepoB, BBUAY €ro COXHOCTU, OCTaeTcsl HeonpepeneH-
HbiM. OYEBUZHO, YTO PELIeHUE NIEXUT B OGNACTU YUCIIEHHBIX METOA0B
MexaHWKM, TaK KakK MocTaBfieHHaA 3ajava, B KOHEeYHOM cueTe,
CBOAMTCA K COCTaBfIGHNIO U PEIeHUI0 CUCTEM ypaBHEHMi# BbiCOKOTO
nopsgka. '

PacueT 6ri0KOB, TO €CTb COeMHEeHHbIX LWiTadernen KOHTEAHepOB.,
OCYyUJEeCTBIIEH KOMMbIOTEPHO! peanusauvei MatpuyHOro anroputMa,
paspaboTaHHOro. aBTOPOM. OcHOBHoe ypaBHeHue 3afjaym umeer
crnegyiowuit BUA;

[5U]{Rj} ={4} : _ : e . ' ()]

rAe [6;] — rno6anbHas Matpuya Ko3bhUUMEHTOB cuCTEMb ypaBHeHuir. Ecrm B
METOfe KOHEUHEIX 3NeMEHTOB rNo6anbHYI0 MaTpULly HasbiBaloT MaTpuuei
JKECTKOCTW, TO B [IAHHOM YPAaBHEHWUW, OCHOBAHHOM Ha MeTofe cWn, oHa
MMeeT NPOTUBONOSOXHLIA CMLICN W MOXeT OblTb Ha3saHa Martpuyen

nozgarnMBoCTYH;

{R} —wmatpuua-cTonbety umm BeKTop Heusaecmbnx Y3NOBbIX 3HAuEHWI (peakuuil
ces3eit).

{4} —BeKTOp Y3fOBLIX CMelueHui oT ,qeuc'nauﬁ BHEWHMUX cun (HArpysok
KOHTefiHepos).

Marpuya nogaTnMeoc™ UMeeT crneayiowyio cﬁayxrypy.

pA=ID1—[Cl, | (2)

rae  [D]—6nouynas maipuya, nonyYeHHas cymmuposaxuem KosddulueHToB
cMeLleHni OT eAMHUYHBIX CUIT IO BCeM dneMeHTam (KoHTeiHepam);
[C] — 6f104Han MaTPMLA Ko3hULIMEH TOB NOAATIMBOCTH CBA3ENA. JTO MOryT 661Tb
HaiToBY, WTAbermpyiolyne KOHYCH, Pas/BuXKHeIie ynope! 4 .4,
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LieHTparkHbiM BONPOCOM sBNsieTCs (DOPMUPOBAHWE MATPULILI NOJATIU-
Bocm. Mo Teopeme o B3aMMHOCT™ paboT 1 npasuny Maxcsenna matmpuuya
nojammMBOCTM [OMXKHA UMETE CUMMETPUIO OTHOCUTESTbHO INaBHON auaro-
Ham. KOrm4ecTBO BbIMMCIIGHNA YMEHBLUMTCA U CBEAETCA K OnpepeneHuio
KO3hULIMEHTOB BEPXHEN MIM HUXKHE TPEYroneHOR MaTpyLbi.

KoahpuuymeHTsl cMelleHuid OT [eACTBUA ©AWHUYHBIX CUN
nony4eHbl U3 ypasHeHud pedopmanmm, yumteisaioujux uarub, casur v
c)XXame KOHTENHEpOB MNoJ »eACTBUeM YCUiMA, BO3HUKAIOWMUX NpU
MOpPCKUX nepeBo3Kax.

KriiouesbiM MOMEHTOM pacyeTa 65ioKa sBNSIETCA COCTABSIEHUE U pelle-
HWe cncteMbl anrebpavueckux ypasHeHvit. [TopsaoK CUCTeMbl ypasHEHHI
ofnpejernfeTCs KONM4YecTBOM KOHTEiHEPOB, COCTABISIOIUX BMOK, U YNCTIOM
cTeneHel c8ob0oab B TOUKaxX COAMHEHUS] KOHTERHEpOB U LiTabenei.

B peanbHbix 6r10kax KOHTENHEPOB, YCTAHOBIEHHbBIX B TPICMAaX U Ha
nany6ax cygHa, G0nbWYUHCTBO KOHTEHHEPOB COEANHSAIOTCA TOMLKO
fiocpegCcTBOM [ABOMHbIX WTAbenmpyownx KoHycoB. Heckonbko Hux-
HUX SIpycoB O6bIYHO MMEIOT AONOMHUTENbHOE KPenfieHne HaliToRamu.
WHorpga npumensercs cuctema «napasvienbHbix» HaliTOBOB NEPBOro
sipyca, TO €CTb KpenjieHue QBOAHbIX HAWTOBOB 3a BepXHUE (DUTUHIK
KOHTEHEPOB NEpPBOFO SPYCa W 38 CMEXHbIE HUKHNE hUuTHHI K
KOHTeliHepOB BTOPOro sipyca. TploMHbIe GFIOKM B rOprioBUHAX TBUHAE-
KOB NOAKPENNAINTCA Pa3ABVIKHLIMK YIIOpaMU UM [OMKpAaTamu.

Mpocreiiwmum cnocobom opmuposaHus 6roKka siBAsieTCA HaGop
OJHOTUMHbBIX KOHTERHEPOB, COeAMHEHHbIX TONbKO ABOWHLIMK uTabe-
nmpyioummn koHycamu (puc.1). EctecTseHHbiM 06pa3oM B Kaxgok
Y3/I0BOW TOYKE MMeEeTCsl TONMbKOo ogHa CcTeneHb cBobopbl; coBna-
daolas ¢ NAoCKOCTbIO MNAaCTUHE! WTAabenMpylouero KoHyca.

. Puc.1.
BroK KOHTEAHEPOB, COSRVHEHHLIX ABONHLIMU WITAGENUPYIOLIMMU KOHYCaMK
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B nepsom npubrm>xernun sHadeHns KoadphuuMeHTos NoJaTimBoCTK
KOHYCOB MOXHO TPUHATL HYNeBbiMyu (26COMOTHO XEeCcTKue CBA3M).
Martpuua xoadduumeHTor nogatimsocth ceszedt [C] B ypasHeHuu (2)
cTaHoBUTCA HyneBol.” Torga cnpasefnuBo 0XuhaTte ycpeaHeHue
ronepeyvHbliX YCUnnid ‘KoHTeAHepoB no spycam: OMoKY OBHOTUNHbLIX
" KOHTellHepoB 6yAeT SKBUBAMNEHTeH wWTaberb C NonepeyHbiMn Harpys-
Kamy, SBMSIOWMMUCS CPEAHNMMN - apudMEeTUHECKUMN 3HAYEeHUAMU B
COOTBETCTBYIOLMX Apycax. K aTomy BLIBOAY MOXHO NpuiTh, He peiias
cuctembl ypaBHeHuit. OfHako pacnpepeneHue 3HaueHuid peakumi
CBS3M NO BCeM KoHycam 65ioka yaaeTcs oripefenums TOMbKO CUCTeM-
HbIM noaxogoM. B Kakoii-To Mepe, 3Ty 3afady MOXHO paccmaTpusaTth
Kak Tect Ha paborocnocobHOCTL U AOCTOBepHOCTb anropvmvla u
KOMIbIO TEPHOW Nporpammubt. :

Bce koHTeilHepbl MOTYT UMETb MPOK3BOMbHbIE 3HAYEHUS Macceh
6pyTTO B Npefenax cBoei rpy3onofgbLeMHOCTU U C YYeTOM CUn uHepLun,
BO3HMKAIOLMX ApU Ka4yKe cygHa B Mope, co3flaBatb COOTBETCTBYiOLYMe
'BEMUYMHbBI MOMepeYHbix yeruuit. OBbIVHBEIM KpUTepuem npu cocTasne-
HUM LiTabenein SBNAETCA orpaHuveHue CyMMAapHOro YCUIMs CKatus,
[EACTBYIOLEro Ha KaXAylo YrIOBYiO CTOWKY KoHTeliHepa (680 kH), a
TaKk)Xe TOonepeYHoro ycuiusa HuXXHero B uwrtabene KoHTenHepa
penuunHon 150.kH gns Topuesbix creHoK. Ecrm npuHAate 150 kH 3a
eauHULy, TO pacnpefeneHue rornepedYHbIX CUi Mo KoHTeliHepam
npegctasut coboi npou3BonbHbi Habop uucen or 0 o 1 B
3aBUCUMOCTU OT -KONM4YeCcTBa APYCOB, HO BCerfa vak, 4Tobsl cymma
yucen B Kaxgom lwradene He npesbiwana 1.

PaccMoTpuM 6MoK OQHOTUNHEIX KOHTEAHEp OB, HarpuMep, pasmep-
HOCTbIO 5 X5, CoefMHEHHEIX TONMbKO [ABOWHLIMU wWTabenMpyloLuMu
KOHycamu C HyneBoii nojaTrmeocTbio (puc. 2). Ha atoMm pucyHke
noKasaHkl fPOU3BOMbHOE pacnpefeneHne OTHOCUTENbHBIX 3HAYEHWi
nonepeyHbliX younmii (BHYTpM KOHTEAHEPOB) U NOMNYYEHHbIE B PE3Yib-
TaTe pacyeTa HanpaBleHUn U 3HavYeHnsi peaxkLuh CBA3M.

Jlerko BuAeTb, 4TO CYMMUPOBaHUE CODCTBEHHOI Harpysku mo6oro
KOHTeHepa n [ABYX peakuuid CBA3W, TPUSIOXKEHHBIX K BEPXHUM
yrrnoeoiM cuTMHTaM (Ans kpaiiHux wrabenei — peakumn OAeNcCTBYOT
TONbKO C OLHOW CTOPOHL), faeT OAUHAKOBbLIE 3HayYeHun pesyrb-
TUPYIOWMX YCHIMI B KaX[om  sipyce o Bcem wtabenam. OTo
CoOTBETCTBYET HayalfbHbIM ycnoem;im paBHOBECUSs, nexawum B
OCHOBE anroput™a.

PaBeHCTBO pesyNbTUPYIOWUX YCUMin B sIpYCax No3BonseT BMecTo
6rnoka OfHOTANHbIX KOHTeHHepoB paccMartpuBaTb OKBUBANEH THbIN
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Puc. 2.

OTHoCUTENbHbIE 3HAYEHUS nonepe4YHbiX Harpy3oK KOHTeitHepoB U cun peakyuu
abConioTHO XECTKUX caAaei

wrabesb, B KOTOPOM -rionepeyHas Harpyska Kajoro KOHTetHepa
ABNAETCA anrebpanyeckor CYMMONR WCXOAHbIX YCuNnii u. peakyui
cBsi3n. OkBMBaneHTHbIN wWTabene ans 6noka KOHTEeAHepoB puc. 2
rokasad Ha puc. 3.

012

014

023

025

026

L7 Il

Puc.3.
Monepeutbie Harpysku wrabens, 9KBUBANIEHTHOrO 67I0KY OHOTUMHLIX KOHTelHepoB
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[Ins vcxogHoro 6,10Ka KOHTeRHepoB nogéop Macc KOHTenHepoB No
BO3PACTaHUIO CBEpXy BHK3 CTPOro He cobmogancs. fonoxurensHoe
BAUsHUE coeuHeHnn wrabenei KoHtTedHepos B O/1OK cKasbiBaeTcs B
TOM, YTO YCpefHEeHMEe Macc W YCUIMi NPUBOAUT K BbINOSHEHUIO
Haunbonee LenecoobpasHOro PacnofnoXeHus KOHTeHHepos B 9KBUBA-
NeHTHOM Tabene: THKENbIX — B HUXHUX Apycax, a ferkux — B
BEPXHUX.

Bo3MOXHOCTb NPUMEHEHUsT 3KBUBANEHTHOro wrabens BMecCTO
6noka OAHOTUMHLIX KOHTEMHEPOB 3HAUMTENbHO yMeHblwaeT obbem
npensapuTenbHLIX pacyeTos, HEOOXOAMMLIX ANA BbINOSHEHWs npasun
YKNafKu U KperneHus KOHTEeAHepOoB Ha MOPCKMX cypax.

[BoiiHblie wTabesmpytoL|ne KOHYCHl UMEIOT BriofiHe onpeaeneHHble
pasmepbl, W3BeCTHbIE Mapku Marepuana, MpUMEeHsIeMOro Ansa ux
W3roTOBMEHUSA, M ClNefoBaTenbHO — peanbHble 3HAYEHUSN
KoapPULIMEHTOB NOJATNMBOCTU. YuuTbiBas CrnocobHOCTb wrabe-
FMpYIOLMX KOHYCOB AetopMMpoBaThCs NOA AGNCTBUEM MPUIIOKEH-
HbiX HarpysoK, B MaTpuyy Koah(PUUUEHTOB CUCTEMbl YpaBHEHWN
Heo6XoAMMO BHECTW COOTBETCTBYIOUME K3MEeHeHuA. B ypaBHeHusx
paBHOBeCUs OMs1 Y3NOBbiX TOYeK 65oKa KOHTeiiHepoB y4yeT nogartnm-
BOoCTM WwTabenupylowux KOHYCOB OCylecTBNseTcsa MmaTpuiyen
KO3 uLMeHToB NOAATIMBOCTM KOHYCOB B ypaBHewun (2). BnouHas
matpuya [C], kak ¥ Bcst rnobanbHan martpuya KoapuuueHToB
cucTemsl ypasHeHuit [0;], o6nagaet cummeTpueil He TONbKO OTHOCK-
TenbHO rNABHOW OuarcHanu, HO U OTHOCUTESIbHO KoauaroHanen.
BoluvcnutensHaa nporpamma v rnpouecc cyera CYLWEeCTBEHHO
YNPOLAIOTCA. :

KoacdhduuymneHtsl nogaTiMBocTn ABOWHBIX WITAGEMPYIOWKUX KOHY-
COB onpegeneHbl UX reomeTpuyeckumu pasmepamu. basosas gnuHa
nedopMupyemoit 4act moxeT ObiTh MPUHATA KaK paccToaHne Mexagy
yeHTpaMu f[BYX MNPOTUBONONOXHLIX KoHycos. flpumeHsioTes cne-
pywuue cTaHgapTHele pasMepsl: '

203 u 258 MM — Ans rnoriepeyHbiX KOHYCOB;

280 MM — ansi NPOACIIbHBIX KOHYCOB.

_ Pasvepbl ceueHus Hecylei yacT (NNacHbl) KOHYCOB HE WUMEIOT
‘cTaHfapTHbix 06si3aTenbHbIX. sHadeHur. HabnopaloTcs He TofbKO
HEKOTOpLIE PaCXOXASHWUS 1onepeyYHblX pasMepos MNAcTMHLL, HO TakXe
camMu ceveHuR BLIBAIOT CTOLUHEIS ¥ C Bbipe3amu B cpefiHen um 60KoBoi
yacm gns ypobcrea B paboTe U SKOHOMWUM martepuana u Macchbl.

MaTtepuanom wrabermMpyioLMX KOHYCOB dallie BCero Cny>XuT Takon
Ke MmaTepuan, Kak v rnpuMeHsembiit Ans rNpyTKoBbiX HaiToBoB. [lo
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AaHHbIM MeXZyHapoHbIX KrnaccumKaumonHbix obwecTs 1 Poccuiickoro
Mopckoro Peructpa CynoxofcTea, MOLynb YNIpYrocTi aTmx Marepuanos
Heobxoaumo BbIGMpaTe B Npegenax ot 100 fo 200 IMa (KH/MMZ).

Takum o6pasom, UMeeTcsl [0BOSIbHO 3HAYUTERbHbINA pasbpoc
3HaueHuit Ko3a((ULIeHTOB MOAATIMBOCTU Ml KOHYCOB, NPOM3BEfEH-
HBIX Pa3MMYHBIMU PUPMamn. PacueTsl NOKasbiBAIOT, 4TO AMANA3OH
3HavYeHuN Koa(h(PMUMEHTOB NOJATIMBOCTY CRELYIOW| Wi

Cri=625x107%—125 x 10~° mm/kH

Hedopmaunsn wtabenmpyioumx KOHYCOB NPUBOANT K U3MEHEHMIo
BeSMYMHLI peakiuuu CBsI3M MO CPABHEHWIO C KOHWycami Hyneeo#
nojaTnMeocTM 1 BCnefcTBUE 3TOr0 — K MPONOPLUOHATILHOMY U3Me-
HEHWIO DPe3yNbTUPYIOWMX YCUNUHA. 3Ha4eHus peakuwh CBA3N npw
KoapdpuymueHte nOAATIMBOCTU Haubomnee pacrnpoOCTPaHEHHbIX M0-
nepeyHbix WTabenupylouMx KOHycoe 6e3 Bbipe3OB, pPaBHOM
625x10~° MM/KH, nokasaHbi Ha puc. 4. '
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Pacripegenenve ycunmit B A80iHbIX WTabenmpyloumx KoHycax npu sHaveHuu
koadchuymeHTa nogartnusocm 625x10 6 MM/kH

PesynbTupyouue ycunmsa KoHTelHepOB OAMHAKOBLIX SPYCcOB
CTAHOBATCA Pa3SHLIMU MO OTAENbHLIM WTabensm. CTeneHb pasmmMums
Pe3yrbTMPYIOWMUX YCUNUIA MOXHO NPOMJEMOHCTPUPOBATL Ha FUCTPO-
rpammax ¢ Tpemsi 3Ha4eHNsIMU: NPU HyreBoit NOZATIMBOCTU KOHYCOB
(Hynesas nofaTIMBOCTL), NMPU BOSMOXXHOM MUHUMASLHOM 3HAYEHMM
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koadpuymeHTa noAaTNMBOCTM (MUHUMYM) ¥ MpUM MakKcumasrbHOM
3HauYeHUn (Makcumym).

M'wcTorpamMmel cpaBHeHUs NpeAcTaBfieHbl Ha puc. 5. 34ecb y4TeHhb
BCe BO3MOXHbie 3HaueHus KoahuuMeHTOB nogaTnMBOCTM U noKa-
3aHbl NpefieNbHble OTKIOHEHUS.

0,3

0,25

02

0,15

0,1

OTHOoCUTErNbHAR BenuHMHAE
pesynbTupyiowen cunbl

0,05

K spyc . 2 spyc 3 apyc 4 spyc 5 spyc

Homep np‘y_c'a:. -

Muuumym -HyneBaﬂ jno;jé-rnusocn:
Puc. 5.
MpeAenbHble OTKIOHEHNS Pe3yNbTUPYIOLMX YCU A

AHanus rnony4eHHbIX pesynbTaToB MOKAas3kiBAEeT, YTO yYeT BAUSHUS
Aedopmalun WTabenupyiowunx KOHYCOB, UMEOWUX pearnbHbie
3HavyeHnst KoadhdUUMeHToB NojaT/MBOCTA BO BCEeM fuanasoHe BO3-
MOXKHBIX BEIM4YMH, HE MPUBOAUT K 3HAYMTENbHOMY Nepepacnpenene-
HUIO pesynbTupyilowmx ycurnui. C UHXKEeHepHOW NOorpewHocTbIo,
AOMYCTMMOI Anst NPaKTUYECKUX pac4eToB, BrMsiHUEM MOJATIMBOCTH
[ABOWHBIX WTAGENUMPYIOLNX KOHYCOB, NPUMEHseMbIX npu (popMuposa-
HUKW ONOKOB KOHTEHEPOB Ha MOPCKUX cyAax, MOXXHO NpeHebpeUb.

PacyeT 6n0KOB OAHOTUMHBIX KOHTEAHEPOB, He MNOAKPenneHHbIX
HaiiToBaMu, BO BCEX CIy4asix AOMYCTUMO OCYH|\ECTBAATL NO SKBUBANEHT-
HOMY LITA6ENI0 € YCPeOHEHHBIMY 3HAYSHNSIMU NOMNEPEeUHbIX YCUMIA.
B ypaBHeHusx ana wtabeneil KOHTEAHEPOB, KakK ¢ HanToBamu, Tak
n 6e3 HaWTOBOB, OYEHb BAXKHO YUMTLIBATL peanbHyw fedopmauyuio
KOHTeiiHepoB, B 0CO6eHHOCTM u3rub B cobCTBEHHON MOCKOCTH.
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A. Fopman, ®.M. Kayman

TPEHAXEPbI B MPOBJIEME NMOBbILWEHNSA
BE30OMNACHOCTU CYJOXOACTBA

TexHu4yeckui#t ypoBeHb COBPEMEHHBLIX CY[OB, WX HACLIL|EHHOCTbL
CNOXHeWWen HaBMrayMoHHOW annapaTypol, ¢ OAHON CTOPOHbI, W
HenpepLIBHO BO3pacTalolas NIoTHOCTL ABUXKEHUS CYAOB B HABWUra-
YMOHHO CNOXHbLIX paioHax -— C [pyroit CTOPOHbLI, fenaioT
yesioseyeckuit akTop OAHUM U3 OCHOBHLIX (HaKTOpOB, onpe-
Aensowux 6esonacHocTe nniasBaHusi cyAos. He cnyuaitHo UMO,
MAKO, Mopckue ApMUHUCTPaUKM NPUJAIOT Takoe 6orbluoe
3HaueHue onpegeneHnio npoeccuoHanbRoN NPUrogHocT cy,qoaogu-
Tene#, ypoBHIO MX NOArOTOBKHK, NPaKTMUECKOMY OfiblTy paboThl.

OpHum 13 Hanbonee Ba>kHbIX CPEfCTB O6YYeHUs], OL{EeHKN KOMrie-
TEHTHOCTM W cepTMMKauuu CyfoBoauTenei sIBNSIOTCS CYAOBOAM-
Tenbckue TpeHaxepsl (CT). [octatouHo ybegutensHo mopenmpyst
peanbHoe ynpaBneHWe CYAHOM W OKpYXalouylo 06CTaHOBKY, TpeHa-
XKepb! NO3BONAIOT 6€30MacHO BOCNPOU3BOANTL NIOGLIE, CKGNb YFOAHO
CIOXHLIE U OnacHbie CUTYauuu N MaHeBpbl, MHOTOKPAaTHO MOBTOPSATHL
WX, BapbUpoBaT ¥ BUAOMIMEHNATL CyaoBoguTenbckue 3agauu. Mepe-
' OUEHUTb poSib CYAOBOAUTENMbCKUX TPEHAXEPOB B COBpeMEeHHOMN
NoAroToBKe MOPSKOB HEBO3MOXHO.

Ctonb oTBeTCTBEHHAs ponb onpefensier u TpebosaHus,
npefbaABnsieMble K CYAOBOANTESNbCKUM TpeHaxepawm. [lepsbimu u
OCHOBHbLIMU 3 HUX ABNSHOTCA AOCTOBEPHOCTL peaKLUn MOSEnNMpyemo-
ro cygHa Ha JeidcTBuA CYyLOBOAUTENS M PEaNMCTUHHOCTL BOCNPON3BE-
AeHUsi KapTUHLI YpaBrieHns CYLHOM.

Haubonbwee pacnpoctpaHeHne B Hacromuee Bpems Mnony4unu
ABa OCHOBHbLIX TMNA CY[OBOANTENLCKUX TPEHaXEepOB: TPeHaXephl Ha
nnaBaioLMX Mogensix cyfos (TpeHax<epst peHoO6MLCKOro Tuna) u
TpeHaXepkl, OCHOBaHHbIE Ha MaremaTtMyeckux mogensax (CTMM),

STWC(95) orosapueaeT 06s3aTenbHOCTL 06y4eHns CyaoBoauTe-
neit oco6o 6oMbLIMX CYAOB W CYHOB, NepeBos3siumx ocobo onacHoie
rpysel TOJIbKO Ha CyAOBOAUTENbCKUX TpeHaxepax peHo6rbcKoro
™na. O6y4eHns Ha BU3YyarM3aLMOHHBIX TPeHaXepax, OCHOBAHHbIX Ha
mMaremaTMyeckux Mogensix paccMmaTpusaeTcs STWC(95) N1l Kak
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dakynbTa™mBHOe. ECnn yuecT oueBufHbie HEeoCTaTKu TpeHaxepos
IpeHO6MbCKOro TMNa (HeBO3MOXHOCTL TOSHOrO abeTparnposaHns
cygosoguTens or macwitaba Mofenm u, COOTBETCTBEHHO, HefocTosep-
HOCTb MMUTALMW MpOLiecca ynpasneHus CYOHOM) U KpaiiHiolo orpa-
HUYEHHOCTb WX YUCNA, TO MPUCBOEHUE STWC(95) tpeHaxepam ™na
CTMM cratyca @aKkynbTaTuBHEIX MOXeT OblTb OGBACHEHO TONLKO
OTCYTCTBMEM YBEPEHHOCTM B JOCTOBEPHOCTU WX AehCTBUA.
JeicTBuTernbHo, obyyeHue Ha TpeHaxkepe, HerpasuibHO UMU-
TMPYIOL|EM peakuuio cygHa Ha JefCTBUA CYAOBOAUTENSs, He TONLKO
BpeOHO, HO U OMAacHo; hpmso,quT‘K pasBuTvIio Yy cypoBoguTerns
HerpaBuIibHBIX HABLIKOB, BMEKYWWX 3a COGOM HenpasurbHble Wi
onacHble AeNCTens Ha MOCTMKE YNpaBfsiemoro um cygHa. Tem He
MeHee, uicno TpeHaxepos una CTMM Bo BCeM Mupe ucuucnseTcs
YK€ MHOrMMU COTHAMM, Ha HUX 0OY4aIOTCA JECATKU ThiCsH 'MOpSIKOB.
OuyeBMAHO, YTO B STUX YCFIOBMAX BOMNPOC AOCTOBEPHOCTV AEHCTBUA
TpeHaXepos Tvuna CTMM npuobpeTtaeT nepsocTeneHHoe 3HaueHue. B
TO Xe BPEMA HU STWC(95), Hu Kakue-nm6o uHbie _AOKYMEHTHl He
cofiep)Xat HU O6BEKTUBHLIX TpefoBaHUA Hu, TeM Gonee, 4NCNEHHbIX
KpuTepuem QOnsi OLEHKU ITOW AOCTOBepHOCTM B pesynbTaTte
cyuecTsyowme TpeboBaHUs K TpeHaxepam He oﬁecnetmaanoT pea-
MUCTUHYECKOTO MOZEeNMPoBaHUA MaHeBpupoBaHus cypgHa, B npak-
TUYECKMX CUTYaUUsX,. O YeM CBMAETEeNbCTBYIOT ONpPoOC OrnbiTHbIX
cyjoBoguTeneil u pAaHHbie aHarmm3a pacoTbl pAfa COBPEMEHHbLIX

TpeHar)KepoB.
B coomerceun ¢ STWC(95) (paspen B-1/12, n.n. 36 — 38)
TPEHaXep «...i0NIKEH peanmcTnHecku Mo,qenwpoaaTb AMHaMMKy

cygHa». KaK MSBECTHO, BCIO MOMHOTY OTBETCTBEHHOCTU 3a 3T0 HeceT
Mmaremammyeckas Mo,qenb (MM) TpeHa)Kepa I'loaTomy Tpe6osanmne
[IOCTOBEPHOCTU ASNCTBUSA TpeHaxepa ecTb He 4TO WHoe, Kak Tpe6oB-
aHue ageksaTtHoc ero MM.

OuesngHo, 4TO NpU M06OM MeTofle OLleHKU CooTBETCTBUA p,va(e-
HUS, MOMENUPYEMOrO TPEHAXEPOM, [ABVUXKEHUIO HaTypHOro CcyaHa
HeO6XOAMMBIM YCFIOBMEM SIBMSIETCS HanMuMe faHHbiX O [ABUXEeHuH
HaTypHOro cygHa, 6es KOTOpbiX cama MNOCTaHOBKa Bonpoca o
COOTBETCTBUM fMLLIEHA CMkICHa.

O6bIuHO OLEHKa ageksaTHOCT MM BLINONHASTCA NYTEM NPSAMOro
CONOCTABNEHUA KOHTPONbHbLIX MOGEMPYEMbIX U HATYPHbIX MaHEBPOB
— YCTAHOBMBLUMXCS LIUPKYIISAPLUMA, 3Ur3aros, TOPMOXKEeHWH, pasroHOB.
Ilpu 9TOM B KayecTsBe KOHTPOJILHbIX, KaK npasuIio, UCMonb3yloTCa Te
Xe CTaHjapTHbie MaHespbi, C NMOMOWbLIO KOTOPbIX NPOUIBOAUTCS
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otnagka MM, ecrm paspabotuuk MM obnagaeT Takvumu [AaHHLIMY.
EctectBenHo, 4T0 370 gaeT ANs Takux MAHEBPOE YOBNETBOPUTENbHLIE
pesynbrathl. YTO Xe KacaeTcs NpoW3BOMLHLIX M, MPEXpe BCero,
-NMPaKTU4YEeCKUX MaHEeBPOB, He BXOAAUWUX B 8Ty rpynny u
coBepulaembiX B Apyrux pguanasoHax napaMeTpoB [ABUXKEHUSR, TO
pesynLTathl MX MOAEMPOBAHUA MOryT ObiTh AaNEKMMU OT HATYPHBIX.

Tak, B pa6ote [1] nokasaHo, uto MM, obecrieunsaioll|asn yoOBNETBOPKH-
TenbHoe MOJEermpoBaHNe KOHTPOSbHBIX LMPKYNAUUIA WU 3UraaroB, MOXKeT
Adasatb Cyu|eCTBEHHOE pasfmMuve MeXAy MOAerMpyembliM W HAaTYPHLIM
NpakM4eckum MaHespom BunbsiMcoHa («uenosek 3a 6opTom»).

Jlo6as KkoppeKkTHas ¢ TOYKM 3peHusi CTPYKTypbl MM asuxeuus
cyfHa npepgcrasnset coboi cuctemy audepeHynanbHbiX ypaBHeHUN
€ napameTtpamu, xapakTepus3ylyumMn AeiicTBue Ha CYAHO PASIHHLIX
cun n MmomeHToB. [ockonbKy NpoBepKa agekeaTHOCTM MOGeMMpPOBaHUA
BCEX MpaKTU4Yeckux MaHeBpoOB Cy[Ha HEBO3MOXHAE, TO AeNCTBUTENb-
Has oyeHka apgeksatHocT MM moxxeT 6bITb OCYlIECTBREHA TOILKO
nyTem oUeHKM afieKBaTHOCTW Kaxzoro us sxogswux B MM napame-
TPOB, UX COOTBETCTBUS HATYPHBIM CH1aM U MOMEHTaMm, AelCTBYIOUM
Ha CygHO BO BCEM BO3MOXXHOM [uanasoHe W3MEHEeHUs napameTpoB
ABUXXEHUS, , ,

duauueckue BO3AENCTBMA Ha CYAHO, npegcTaBneHHele B MM,
OnuCLIBAIOTCA BEKTOPOM napametpos MM. B coctas aTtoro sekrtopa
BXO[IAIT NapamMeTphbl BCEX TeX BO3AEACTBUN, Y4eT KOTOPbIX Heobxogum
AndA onucaxua paccmaTpuBaeMbix AanHoi MM Buos gBnXKeHUs cyaHa.
- K uncny Takux napameTpoB MOFyT OTHOCUTLCA FeomeTpuyeckue M
maccosble XapaKTepucTMK1 CyaHa, XapakKTepucTMkKu NpucoeuHeHHok
MHepLUN BOJbl, BENMMYMHBI BASKOCTHLIX CUN, AGHCTBYIOWNX Ha Kopnyc
cyaHa, napameTpel AeACTBUA ABUXUTENed M WX B3anMOLencTBUA C
KOpNycoM, BHeilHue BO3AEACTBUA (BeTep, BONHEHWEe, OorpaHuyeHus
tbapsaTepa # T.Nn.).

3apgayva oueHku agekeatHoc MM B yenowm, T.e. OLEHKM crnoco6-
Hocu MM K [l0CTOBEPHOMY MOAENMPOBAHMIO [BUXEHWUS CyaHa mpw
Npon3BofibHO 3ajaBaeMoM ynpasileHuu, MoxeT ObiTe cBefjeHa K
3ajaye COMOCTaBSIEHUA MapaMmeTpoB (M3UYeCKMX BO3LENCTBUIA,
BXOAsiX- B BEKTOp napametpos MM, ¢ ux HatypHbIMu BenMumHamm.

CnepyeT NOfYEPKHYTL MPY 3TOM, YTO B paccMaTtpueBaemyio 3afjaqy
HEe AOMKHO BXOAUTb He TOMbKO onpegenenue, HO Oa)<e conocraene-
Hue cammux BeNMYAH MOLENNPYEMbIX M HATYPHBIX CUMi U MOMEHTOB,
[EeACTBYIOLMX HA CygHO. [loCTaTOuHO 06ecreunTs ConocTaBsfeHne
pe3ynbTaToB UX BO3IGNCTBUS HA CYAHO.
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MogenMpoBaHue KaXxoro oTAenLHOro uanyeckoro Bo3aeAcTsus
MOXHO CHUMTaTb &AEeKBATHLIM NpM COBRAAEHUM MOJESMpyeMbIX U
HATYPHLIX NapameTpoB [ABWXKEHNS, Bbli3biBAEMOro HenocpejicTBeHHO
3TMM ¥ TOMbKO 3TMM Bo3felctsueM. CoBriafjieHne OgHWUX Moaempye-
MbIX NapamMeTpoB ABUXKEHUS C HATYPHBIMU U paccoriacosaHue Apyrux
faeT BO3MOXHOCTs BblAeMMTb afieKBaTHbie W HeajekBaTtHbie napa-
meTpbl, BXoasue B sektTop MM.

MM MOXeT CHMTATLCA afeKBaTHOM B LienioM, ecrm B Hell afeKkBaTHO
MOAEIMPYIOTCS BCE paccMmatpuBaeMeie B Heit (pmsnyeckue BO3AEHCTBUSL

PaccMOTpUM METOAMKY oueHku apjeksatHocm MM Ha npumepe
MOOeNUpOBaHUs HeYCTaHOBUBLIErocs NPSAMOJSIMHENHOrO ABUXEHNA
cyaHa Ha rnyboKoi TMXOW Bofe. '

Mpn aHanmse ageksamiocwm MM cnepgyouwme BenMuuHbl Gypem
culTaTh 3aaHHBIMU W aprior agexsaTHO MOAENMPYEMbIMMU:

reoMeTpUUYeCcKue XapakTepucTMku cygHa, ero rpebHbiX BUHTOB U
. pyneit; :

sogovsmewyeHue V (macca m) cyauHa;

HOMMHaMBHYIO MOWHOCTL ABuratensi(eit) Ps;

HOMMHAILHYIO YacToTy Bpaijexus rpe6Horo BuHTa(os) (MB) n.

MpucoeauHeHHYI0 Maccy Ay, COCTABNAIOWYIO Y BOAOU3IMELAIONUX
cynos He Gonee 0,05m, Gysem TakXe cCuMTaTh MOAENUPYemoi
agekeaTHO, Tak Kak owubka ee onpegeneHnsa faxe B 20% npusoguT
K ownbKe onpeaeneHus enmuntsl (m+ 1,1) He npessiwaiowei 1%.

MapoanHaMuyeckme XxapakTepucTKu Kopryca cyjHa (Bkriouyas
CONpOTMBNEHUE BOMbl ABMXKEHMIO), @ TakXe ynop rpeGHoro BUHTa,
MonesHylo TAry W MnofepeuHyio cuny, pasBusaeMble. OBNXKWTENbHO-
pYnesbiM.KOMMAeKCOoM CyAHa, OyleM cuuTaTth KBasucTauvoHapHbIMH,
T.e. HEe3aBUCALUMU -OT TPOU3BOAHLIX fapaMeTpoB [BUXKEeHUS no
Bpemendu. - : :

OuexKa aeKBaTHOCTU MOAENMPOBaHNs HeyCcTaHOoBUBLIErocs Asi-
MKEHUst CyAHa Ha NPSIMOM Kypce NPoU3BOaMTCH NyTem nocnejosarerb-
HOW MPOBEepKU aAeKBaTHOCTU MOAENMPOBaHUs (hU3UUECKUX BENMUMH,
onpegensiowux 3To ABNXeHue, T.e.

conpoTUBieHUs BoAbl R ABMXKEHWIO cyfHa Ha NPsAMOM KypCe;

NOMe3HON TArN ABVXNTENA CyHa BO BCeX peXyMax ero pabom Ha
nNpsAMOM Kypce OT LIBapTOBHOIO A0 peBepcs,;

NOCTOSHHBLIX BPEMEHH MepexoaHbiX pexxuMoB paboTsi gsurarensi(ei).

B KayecTBe OCHOBLI fANs aHanusa afieksaTHOCTM. MOZEIMpoBaHUA
HEYCTaHOBUBLLIEr OCS ABUXXEHUS CydHa Ha NPSMOM Kypce nputuMaeTcs
Mo depeHunansHoe ypaBHeHue:
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(m+ 241)dv/dt=— R(v) + xT,(v, n), (1)

rpe m — macca cygHa
R — conpomBnexue sogel,
V —CKOpPOCTb CyHa
A1y —npucoeguientan Macca
XTg ~—noneaHas Tara x ABUKuTEnei
n — vacroTa Bpaujequs I'B

Ans nocneposatenbHO OUEHKU afeKBATHOCTH MofenmposaHus
YKa3aHHbiX (DU3UYECKUX BO3JENCTBMA HAa HATYPHOM CYZHE Bbinofl-
HAIOTCA, a Ha MM MofenMpyioTes, criefylouue MaHeBphbl U PeXUMBI:

yCTaHOBUBIIEECA [OBNXEeHNWe CyAHa NPsMBIM KYPCOM Npu psife
YacToT BpaileHusi ['B oT MUHUMANbHO YCTORYMBOI 10 MaKCUMaTbHON C
3aruncbio CKOPOCTH CYAHA U NOCTPOEHMEeM 3aBUCUMOCTH V(n);

pasroH cypHa co «ctona» 0 NOSIHOW AOCTUXKMMOM CKOPOCTH fpu
NOCTOAHHON, Hau6onbWwen [ONYCTUMON B LIBAPTOBHOM peXxume
Yactote Bpawewns B, ¢ 3anucbi0 BO BpemMeHu Nym M cKOPOCTH
cyAHa u noctpoeHuem nponasogHon dv/dt;

NnaccuBHOE TOPMOXEHWe cyaHa C MOMHOro Xxofa nyTem npe-
kKpawjeHus nopgauynm Tonnusa u npefocrassieHuss cBo60JHOro
BpaweHns 'B ¢ 3anucbio BO BpeMeHW NyTM M cKopocTH cygHa u
4acToTul BpaujeHus ['B 1 noctpoesuem npoussogmoil dv/dr,

CHUXKeHUE CKOPOCTU CYAHA OT Vpyax O Viip NYTEM YMeEHbLUEHUs
4acToThl BpaujeHus ['B oT MakcuManbHol 4o MUHUMASIBHO YCTORYMBOI
C 3anucbio BO BPEMEHW NyTV U CKOPOCTH CyAHAa M 4acTOThl BpaL|eHus
rpeGHOro BUHTA ¥ MOCTPOEHUEM NpouasoaHoN dv/df;

peBepc ¢ «ofHOro Breped» Ha «NOSHBLIA Ha3af» C 3aMUCbI0 BO
BpeMeHn Ny u CKOpoCTM CyAHa 1 4acToTel Bpau{eHns rpe6HOro BUHTa
U noctpoervem npoussogHoir dv/dt. .

Bce maHeBpbl U peXxuMbl BEINOSHSIIOTCA NPV yaepKaHum cyfHa Ha
NpsIMOM Kypce C nomowbio AP nmm BpydHyio.

He ocrtaHasnuBasch Ha OYeBMAHOW NpoOBepKe COOTBETCTBUS
MOAENMPYEMBIX W HATYPHBIX MOCTOAHHbLIX BPEMEHU MEPEeXOHbIX
pexumoB paboTkl gBuratens, paccmoTpum Haubonee npocToin
cry4ait — OLeHKY afilekBaTHOCTH MOJENMpoBaHns yropa rpe6Horo
BUHTA B LBAPTOBHOM PEXWME, UCNOMb3Ys ANs 9TOA LUenu maHesp
pasroHa cyaHa co A0 MOMNHOW JOCTUIKMMONR CKOPOCTU NPU NOCTOSIHHOM
Hanborbiuei AoNYyCTMMON B WBAPTOBHOM peXMME 4acToTe BpaLjeHus
B (puc. 2).

45




MogenMpyemoe fBnXeHne HaTypHOe JBUXKEeHue

n

v

Puc.2.
ConocTaBneHne MOAESMMPYeMEIX # HATYPHEIX MaHEBPOB PasroHa cypHa.

B HauanbHbii MoMeHT fpuxenus t=0, v=0, R(v)=0 u (1)
ofpawaeTtcsa B : :

(M Ap)dvfdt=XTowe(v, ) (2)

! OYEeBMAHLIM YCHIOBMEM 2AeKBATHOCTM MOAEIMPOoBaHus NONne3sHoM
TarM v ynopa I'B B weapTosHOM pexnme Touelu = Tewslu 4 Tuelw = Twslu
okaswiBaeTcs ycnosue dv/dt|, = dv/dt], npn t=0.

Mpu peanbHOM COMNOCTABNIGHUM ITO TeopeTudeckoe ycnosue
MOXET GblTb YTOUHEHO C YYETOM MOCTOSIHHbIX BPEMEHW HaTYpHOro u
MOJEeNMPyemMoro fipoyeccoB passuTus BpalieHuns rB. '

AHANOrMYHbIM - COocoBoM, T.e. MYTEM COMOCTABfIEHUA HATYPHLIX U
MOZEIMpYeMbiX NapameTpoB BUXKEHNs V, N, B, @ 1 UX NPOU3BOAHBIX dy/
dt dn/dt, -dpfdr, dw/dr ocywectenseTcs flocrnefosaTenbHas oueHka
aflekBaTHOCTM MOAemMpoBaHnua BCeX. -(bMaNHeCcKux . BO3ASACTBUNA, onpe-
[ensIoWMX NpefcTassisieMble B AaHHOM.. TPEHAXepe BUAbl ABWKEHU:
CyZHa, B TOM “MUCIe COMPOTUBSIEHUSI BOZBI ABVXKEHMIO CyAHa, rosiesHom
T [BVXXUTENS, BSIKOCTHBIX MAPOANHAMUHECKNX CUM 1 CUIT MHepLuW,
AEVCTBYIOLMX Ha KOPMYC CYAHa, CUJl; PasBUBAeMBIX CPEACTBaMYU ynpasrie-
HUS. OTa OUEHKA, BbINONHAeMas ANA BCeX BO3MOXHBIX PEexumos
ABVXKEHVS, Cy[Ha, O3BONAET HE TOMbKO OLeHUTL aAeKBaTHOCTL MM B
LieNIOM ‘M. COOTBETCTBEHHO, [JOCTOBEPHOCTL ASWCTBUS TPEHAXepa, HO U
BLISBATL NapameTpsl MM, Hy)XXaaiolumecs B KOPPEKTMPOBKE.

Cnucok numepamypel:

1. Reynolds E.J., M.R.Renilson: «Determining Hydrodynamic Coeffi-
cients From Full-Scales Standard Trials» Int.Symposium on Manoeuvrability of Ships at .
Slow Speed, October 1995, llaws, Poland.
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MopexogHeie Kaventns Cyner
p eq ¥ Y

VK 629.12.001.11

B.BR. JTyzoeémle

CPABHUTENbHbLIA AHANW3 METCOWK PACHUETA
AMNIUTYL KAHKW B TPEGOBAHMSX K OCTORUYA-
BOCTK NPABUM PC U B KOHEKCE MMO N0 OCTOHL-
BOCT¥ CY[I0B BCEY TUNOHE.

TpebopaHua K oCTORMUBOCT CYROB B HRMCAPEXLSHHOM COCTOSMHYH,
KoToptie cogepxammce & [lpasinax KnaccuuKkaumm # [oCTPOfHKN
mopckux cypos Peructpa Colosa CCP [1], 2 satem Mopckoro Perucipa
CygoxopcTsa, A0 1895 . Guinm OfHO3HAYHE! M ONPEAeNnSHHbI: ANf BCeX
TUNOB CYACS Oiit NPSOLABASMMCL K HAYanbHOW MEeTALeHTPHUecKol
BLICOTE, K 3JNSMeHTaN AuarpamMibl CTATMUSCKON OCTORUMBOCTH ¥ NO
«KDUTEPWIG NOTOfL», Y- THISRICIL MY CNOCOGHOCTL CYHA NPOTUBOCTON T
CYMMapHOMY HEACTBIG HA HEre KPeHAWErc MOMEHTA OT IUKBASWCTOro
BETPA ¥ HEPETYISPHLIX BOMH, BHSLIBAIOUMX GOPTOBYIO Kauky. Kpome
TOFO, [ANA OTEENbHLIX V¥iOE CYA0B NPeMbLSBIAMCL [ONONMHUTENbHbe
TPeboBarus, OTpaKaWe CSUMMDHKY X SKonJiyaTalum, B 4acTHOCTH,
KPEeH HA LUMDKYNslUM # OT CKONINEHUA NaccaXXupoB ANA NAacCaXupokux
CYACB, HamoOKaHue U NPOHUIAeMOCTs KapaeaHa reca Ha nanybe y
NecoBO308, BOSMOXHOCT: BLIBANKK TPYHTA C ofHOro 6opia y cygoa
TEXHWUECKOro DNoTa, #HSIANULIR OOPBIB rPy3a Y NNaBYUMX KpaHOB,
NnorspesHbif pLiBoK SYKCUpIHOTo Tpoca y GyKCupHbiX cypos. Llenecoo-
6pasHocTy BCex Imx Tsefosalni XOpOoLIo NOATEEPKAANACh MHOFONET- .
Hel TMpakTMKON NpoeKTMpoBaHMs, CTPOMTENLCTBA M IKcnnyartaumi
OTEHeCTBEHHBIX MOPCKUX CyHoB nog Hagsopom Mopcekoro Peructpa.

Monoxexue CyuleCTBEHHO M3MEHUIIOCH C HOBLIM uzfaHvem Mpaeun
8 1995 1. [2] B yacTs IV «OCTOANMBOCTL» GbIMM BKNIOYEHB! anbTepHa-
TUBHLIS TPSOOBAKHNUS K OCTORYUROCTU CYA0B HEOTPAHUUEHHOTS paicHa

47




‘ninaeaHunsa, basupyowmecs Ha Kputepusax «Kogekca no oCTonymBocT™
CY[loB BCEX TMMOB», mpuHaToro B 1993 r. UMO [3] Ow kputepun
3HAYNTENbHO OTNUYAKTCA OT COOTBETCTBYIOUIUX KpUTepues
0TEeYECTBEHHbIX HOPM OCTOMUMBOCTU MpaKTUYeCcKu Mo BCEeM HOopMup-
YyeMblM XapaKTepuctkaM OCTOMUYVBOCTU. METalLeHTPUYECKOR BbicoTe,
anemMeHTaM auarpaMMm OCTOWYMBOCTM W KpUTEpUio noropel,
YyunThiBRIOWEMY COBMECTHOE [leiCTBUEe Ha CyAHO BeTpa u BOSH. Tak,
obujee TpeboBaHnme K METaUEHTPMYECKO#N BbICOTE YXXECTOUMAIOCh:
emecto h>0 posnxHo 6bitb h=0,15 ™M, Heckonbko CHM3UNOCH
Tpe6oBaHUE K MAaKCUMaNbHOMY Nneyy auarpammbl CTaTHyeckoin
OCTOMYMBOCTH, 3aTO NOABMNNCH TPebOBaHUA K nNnevyaMm AuHaMuyeckomn
oCTONYMBOCTU Mpu yrnax-kpeHa 30° u 40°, koTopbie, Kak nokasan
yucneHHbllt aHanus [4], ans HeKoTopLIX TMNOB CYAOB, NEpPeBossnX
nanybHeiVi rpys, MOryT 66iTb JOCTATO4HO XecTkumu. OfHako Hanbonee
CYWECTBEHHLIE Pa3MMuUNsi MeXJy OCHOBHLIMM W anbTepHaTUBHLIMU
Tpe6oBaHMAMU TNPOSIBAAIOTCA B KPUTEPUM MNOrofbl: KakK KpeHsWMn
MOMEHT OT BETPOBOMW Harpyski, Tak n amnnuTyaa 60pTOBON Kauku OT
[ecTBUSA BOJSIH ONPeAensioTCA pasHbiMU (PM3NYECKMMU cXxemamu
IWITOPMOBAHUST CYyAHA W BbIYNCNAIOTCH MO PA3SMUHBIM PACYETHLIM
topmynam u Tabnmiam. o :

B HacToswen paboTe OCHOBHOE BHUMaHWe YAENSeTCA aHammsy
pasnuuuit B MeToaukax pacieTta aMnnmMTyf Kauku, NOCKONbKY UMEHHO
OHW BbI3bIBAIOT Haubonbluve, Ha Haw B3TNSAL, TPYAHOCTU npu
COTNacoBaHuMKU anbTepHaTMBHLIX TpeOoBaHWiA HOPM OCTOWUMBOCTN C
OCHOBHBIMY: (PU3NKO-MaTeMaTHYeCKne OCHOBLI pacueta 6oprosomn
Kaykn CyfoB Ha BOMHEHWM TOPA3[o COXHEE WCMOoNb3YEMLIX NpK

HOpMUpOBaHUU OC'_I'_OWHMBOC'M CXemM pacyeTa BeTpOBOro Kpexswjero -

MOMEHTa, aHarmM3y KOTOpbIX YXKe YAeNeHo AoCTaTouHO BHumanus [5).
Pasymeercs, npy M3MEHEHUAX METOAMKW pacyHeTa amryMTYA Kauku B
- HOpMax OCTOWYMBOCTN HEOOXOAMMO OUEHUBATb KOMU4YeCTBeHHOoe
BMUSHWE BTUX U3MEHEHUI HE TONMbKO Ha CaMu amnimMTyfbl, HO U Ha
‘BEMMuYuHbI KPUTEpPUEB Morofbl, Kak pesynbTupylowmx nokasarenen
3araca gMHaMu4ecKoin ocToiunBOCTH CYAHA.



1. Pusnueckne cxembl IITOPMOBAHUNA CyaHA nop felicrsuem Betpa u -
BOJH

dusnyeckas cxema KpuTepus forogsl AEACTBYIOLWUX HopM oc-
ToA4uBocm Peructpa [1], [2] 6uina paspa6otaHa B 60-e roge npu
nogrotoske LHHUUM® cornacosanHsix Mpasun Knaccudgukayuy un
NOCTPOAKN MOPCKUX CYA0B CTpaH — uneHoB C3B, YTBEPXKLAEHHbLIX B
1970 r. B cBOIO o4Yepefib, OHA B 3HAYUTENLHOI Mepe 6asuposanach Ha
paspa6oTtaHHoii paHee C.H.BnaroseujeHckum cxeme nocTpoeHus
OCHOBHOr0 KpUTEpUs OCTONYMBOCTU B HopMax OCTOM4MBOCT MOPCKUX
U peifoBbiX CygoB usgaHms 1959 r. [6]. B genctayloumx Hopmax
npegnonaraeTcs, YTO CyJHO HaxoguTCs B BeCbMAa TSXOSbiX B
OTHOWEHUN AMHaMUYECKOA OCTOMYMBOCTH YCIIOBUSIX. OHO HE UMeeT
CKOpOCTH XOfa ¥ pacnofioXeHO MaroM K AByMEpHLIM HeperynsipHbiM
'BOMHAM; B MOMEHT HaKfIOHEeHUs! CyAHa Ha HaseTpeHHbI 60pT Ha yron,
pasHbIi MakcumarnkHol 3a 50 Kone6aHuil aMnanTysle Kaduku, Ha ‘Hero
AGNCTBYET WKBAf, CKOPOCTE KOTOPOrO COOTBETCTBYET [aBnexuio
BETPa, NPUHATOMY B pacueTe KPeHSILero MoMeHTa B 3aBMCUMOCTY OT
pafioHa nnasaHus cygHa. o cyujecsy, faHHasi cxema paccmatpusaer
aBapuitHeil criyyai LuTOpMOBaHI/Iﬂ CyAHa, NUWEHHOro BO3MOXHOCTH
usbexxarm nyrem paynoHansHoro MaHeBPUPOBaKU S TONOXEHUS flarom
K KpYNHbIM BONHaMm. AHanus asapuii CysoB pasHbiX TMMOB NOKa3blBaerT,
4TO MHOrMe M3 HUX OMPOKUHYNMUCh, GYAlyYM Pa3BepHYTHIMW flaroM K
KPYNHLIM HEPerynsapHLIM BONHaM, U Takylo CUTyauuio Lienecoo6pasHo
paccmaTpusath Npu oLeHKe QUHAMUYECKO OCTOMYNBOCTH.

duanyeckas cxema Kputepusi norogsl 8 Kogekce MMO [3] Toxe
paccmatpusaeT [MHaMUYECKYIO OCTOHYMBOCTL CYAHA, PaciONOKEHHO-
ro naroMm K BETPY M HeperynsipHbIM BOMHAM, Bbl3biBaIOLIUM 6opToByl0
kauky. OfHaKo BeTep CUMTaeTCA He LWKBANUCTLIM, & YCTOWUNBLIM
NOPLIBUCTLIM [5], CKOPOCTL KOTOPOro COAEPKUT CTALUOHAPHYIO, ManO
MEHSIOLLYI0Cs CO BpEMEeHeM COCTaBJIAIWYIO, ONpeflensiemMyio HeKoTop-
OA cpepHeNn BENUYMHOR, U [OCTATOYHO CUMbHLIE dniokTyayuu,
xapakTepusyembie cpefjHUM KO3 (PULMEHTOM NOPLIBUCTOCTN, paBHbLIM
1,23. TloA pefcTBUEM NOCTOSHHONO KPEHSWEro MOMeHTa oT nasneHus
BETpa, onpefensemoro cpefHed CKOPOCTLI, CyAHO MofyyaeT cra-
TUYECKU KPEH B NOJBETPEHHYIO CTOPOHY U Ka4aeTcs Nnoj [eicTenem
BOMH BOKPYr HaKAOHHOrO MoNoXeHus. B MomMeHT Hambonbuwero
HaKMOHEeHUA Ha HaBeTpPeHHbIn 6OPT Ha Yron, pasHLI MaKCUMAa IbH Ol
3a 50 koneGaHWit aMnNUTY[e HEperynsipHoii Kauku, Ha CYAHO
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HEeNCTBYET OyHaMUYEcKU NPUNOXKEHHLIN KPEeHSILLUA MOMEHT OT Aasre-
HUS NOPLIBUCTOrO BETPa, BEMMYKHA KOTOPOro B nonropa pasa 6onbuie
cTaTMyeckoro. Jta cxema OCHOBaHa Ha (PU3MYECKOon kapTtuHe
WTOPMOBAHMA, NPUHATON B HOPMAX OCTONUMBOCTU ANA NACCAKUPCKUX
cynos Sinonuu, ytBepxpaeHHetX B 1958 rogy u Gasupywouwmxcs Ha
pac4yeTax u onblTe IKCHyaTaLyn, B OCHOBHOM, TOJIbKO ACCAXUPCKOro
u rpysonaccaxupckoro riora [7]

Kak BungHo, o6wummn B (DM3UYECKUX CXEMaX LITOPMOBAHUA cyaHa
npy oUEeHKe ero AMHaMU4ecKon oCTOAYMBOCTU MO Hopmam Peructpa u
Kopexca UMO sBnisioTes:

1) nono)xxeHme cygHa flarom K BeTpy U BOJSiHaMm,

2) HeperynspHblit XapakTep MOPCKOro BONHEHUS;

.8) peficTBME Ha CYAHO [MHEMUYECKN MPUIIOXEHHOro KpeHsaiiero
MOMEHTA OT AaBNeHus BeTpa B MOMEHT HaKITIOHEHUA Ha HaBeTpeHHbIM
60pT Ha Yron, paBHbLIA amMrIMTYAe HeperynapHon Kauku.

PasmMune B cXemax CBf3aHO C PA3HOW CTPYKTYPOIR . BETPOBOFO
KpeHsuero MoMeHTa, 6narogaps yemy 6opToBas Kauka B Hopmax
Mopckoro Perucipa cuMTaeTCs TMPOUCXOAAUIEA BOKPYr NpsAMOro
' nonoXeHusi cygHa, B To Bpema kak B Kogekce MMO — Bokpyr
HaKFOHHOrO NOMIOXKEHUS, OTBeYaloulero cTraTM4eckoMy yriy KpeHa or
cTabunbHOM cocTaBasouled BeTpoBoil Harpysku. locneguss cutya-
LMS, KOHEYHO, 60sIee BEPOATHA B YCAIOBUSIX CTALMOHAPHOrO BETPOBOr0
BOSHEHUS, XapaKTepUCTMKU KOTOPOro 3aBUCAT OT CpefHeil CKOpocT

BeTpa, NOSTOMY OHa U Obina MpuHATa 32 6a30BYIO KaK B ANOHCKMX -

HopMax ocToiuuBoCTH, Tak u B Kogekce UMO. OgHako oHa umeert u
[Ba OYEBMAHLIX HEJOCTATK&: BO-NEPBbIX, NPU 3JHAYUTENLHOM CTa-
Tuyeckom KpeHe (10° n 6onee) [OMKEH CYL|eCTBEHHO YCIOXHUTLCS,
B8 COOTBETCTBUM C COBPEMEHHOIN MMAPOAUHAMMYECKOR TEOPUEN Kauqku,
pac4eT amnnmMTyq GOPTOBON KauyKi GYAHA, UMEIOLLero HayasnbHbii KpeH
[8]; BO-BTOPBIX, €r0 HANMYME MOXET 3aMETHO CHU3UTL BIAMSHUE KauKu
Ha 3anac AWHaMUUECKO# OCTONYMBOCTM, CBEAA ITO BAMSHUE NpW
He6OoMbIWNX MEeTALeHTPMYECKUX BBICOTAX, Korpa cratMyeckuit yron
KpeHa COM3MepuM C aMmniMTy[io Kadku, K Mukiumymy. B utore
OMHAMUYECKMA KPUTEpHid HOPM, NO CYWeCcTBY He Gyaet oTnmuathes
OT KpuTepues, yqufblealomux neficTBue Ha CYAHO TOSIbKO AUHamuyecku
fIpUII0XKEHHOrO0 BETPOBOTO KPEeHAIero MoMeHTa, nofjo6HO ocHOBHOMY
KpUTEpUIO OCTOWUMBOCTM BpemenHbix HOpM 1948 r.
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2. PacueTHble CXeMbi QNA aMINIMTYS Kayku B Hopmax-ocronynsocm
Peructpa u B Kogekce UMO

O6iyme opMynst Ans amrmMTyabl Kayku B «Hopmax»:[1], [2]):
1:=X1X2Y , “)
u B Kogekce [3], paBHo Kak U B anbTepHamBHeIX «Tpe6oBaHUAX» [2):
01,=109X:X,,/1S , (2)

rae X1=Xs(B/d), Xo=Xx(Cp), Y=Y(\/hy/B) ,
r=rzy—ad)/d, S=S(T), T= ZCB/Jh

B — wupuna,
d — ocagka cygHa.

Cg — xo3puyueHT obiyeil nonHoTHI,

h v hy — ucnpasnenHas na BIMsAHKE. CBOGOLHbLIX OBEPXHOCTEN U HENCTIPABAEHHAR
HavanbHan MeTayeHTpUYeckue BHICOTHI,

T — nepuopg 60pToBON Kauky,

Zg —— BO3IBLILIGHNE LeHTPa TAXKECTH Haf OCHOBHOM,
C — amnupuyeckuit koathpuLmenT,

MO CTPYKTYpe OYeHb MOXOXHW. OAHEKO MEXAY HUMU CYWecTByioT
rny6okne KauyeCTBeHHble Ppa3NUuus, KOoTophle B psge cnysaes
NpUBOAAT M K 3aMeTHOW KOJ’IM"IeCTBeHHOM pasnuue NPy YUCTIEHHEIX
OLleHKaX aMNImMTy  Kauky.

OcTaHoBuUMCS cnepaa Ha Ka4eCTBEHHBLIX paanuqu qupM yn (1) n (2).
B ocHoBe nonyuenns cropmynsl (1) nexar cneKTpaneHbii Metog pacyera
Kaikun CYAOB Ha HeperynsipHoM BOSHeHWW, NUHeRHEN ruapoavHa-
MUYeCKasn TeOPUsA Kadku U CEPUIHLIE UCTILITAHUS B ONLITOBOM GacCeiiHe
JIKWU moperied TPaHCNOPTHLIX, MPOMBLICTIOBLIX U GYKCHMPHBIX cyfos. B
COOTBETCTBUM CO CMEKTPasibHbIM METOAOM BaXKHeliLas XapakTepucTika
Ka4yku — cnekTpanbHas nroTHOCTL e Yrsios:

Se(0)=*1gXOnfa0)S(o), 3)

rge ¢ — Kpyroeas 4actoTta Haberalowux Ha CyaHO BOIH,
g — YCKOpeHue cunbt TAXecTH,
Om— ammmTyga 60pTOBON Kauku B aBCOMIOTHLIX KoopauHaTax,
0lp — amnnuTYAR yrna BONHOBOTO CKSIOHA,
S¢(0) — cnexTpansHas NNOTHOCTL BOMHOBLIX OPAMHAT.

Onsi onpegenenus koaduUyMeHTa AMHAMUYHOCTM KauKu O nfoy
“cnonb3osaHo AuddpepeHyuancHoe ypasHeHWe GOPTOBONR Kauky,
COMpOBOXAAIOWEACH NONepe4HO-rOPU3OHTANbHON, HTO XapaKTepHo
ANsA ITOPMOBaHNA CyaHA NaroM K perynsipHOMY BOJSTHEHUIO:
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(A+ 14)® + 1440+ D(r— 8)0 + pizan g+ Aoatlg=
(Mq— Mo)sinaqt+ Mscos a4,

(4)

rge A —MOMEHT MHEPLMM MAcChl CYAHA OTHOCHTENbHO LIeHTPaNbHONA NPOACILHONA
och,
U4s ~— NPUCOSOKHEHHDIA MOMEHT UHBPLH,
© —Yron KpeHa CypHa Mo OTHOLIeHHUIO K TOPU3CHTY,
Ay — Koacp(puuuem AemndupoBaHnsa 60pTOBOA Kauku,
r — nonepeyHbin MeTaUeHTPUIECKUA paguyc,
a — BO3BbLILIEHUE LYEHTPa TAXKECTH CyaHa Haf LeHTPOM BeNtUHbl,
fig #g — CKOPOCTa ¥ YCKOPEHUE FOMepedHo-TopU3oHTaNbHEIX KonebaHni yeHTpa
TSPKECTH, .
Jios — NPUCOENHEHHBIR CTATUMECKUA MOMEHT,
A24 — KOD(POULKEHT geMngupoBaHns nonepeyHo-TOPU3OHTaNbHON KauKH,
01 — KAXKYLAACA KPYroeas 4acrora BOJH,
M, — amnsuTyga rnaBoil (KpkiIOBCKOHA) 4acTv BO3MYILAIOLIET0 MOMEHT],
Ms v M; — aMnnuTyasl MHEpUMOHHOA U AeMndupyioleli CoCTABNIoIUX rMApoavHa-
: mMuveckoin {(andpakyMoHHON) YaCTU BOSMYLLAIOLEr0 MOMEHTa,

Amnnmy,qnble 3HAYEHUR COCTABNIOWNX BO3MYLIAIOLIEro MOMEHTa
ofipefiensinMCcb Mo TEOPeTMUECKUM (hopMynam, Mosy4eHHbIM Ha 0CHOBe
vetogos A.H.KpbinoBa u M.[. XackuHga, a ruapoguHamuyeckne
XapakTepucTUK1U Kaukn — K03 dUUNEHTHI npncoenuHeHHux Macc u
Aemnq:upoaaﬂmn — M0 pesynbTaTaM CepuitHbIX MoZefibHbIX UChbITa-
HUA. ‘CooTBeTCTBYIOLME pacueTHsie (hopmynbl, rpapuku n HOMOrpam-
Mbl pUBEAEHEI B TEX e 0603HauYeHNsX B CTaTbsX [91, [10].

~ Pewenne audbdepeHymnansHoro ypasHeHus (4) Haxogunoch C.
yueToM oco6eHHOCTeR ruapoanHamuku HeperynapHoi Kadku, oTpa-
XaBUWMXCA B cneuucduueckux sakoHomepHoctax [5] BrmsHua no-
nepevHo-ropU3OHTAMbHOA. Kaukn Ha MHTEHCUBHOCTL 6opToBoii. B
pesynbtate opmyna nnn KoathulmeHTa pguHammuHocTn Gbina
rionyyeHa B BMAe: '

2 Y .
=/ o= (Geko—a XL + G VB, )
(ESSREYs |
rae Ko — PEAYKLUMOHHBIA KOBMULUMEHT K FNaBHOA HaCTM BOMYLAIOWEro MOMEHTA,
k'e — K ero nHepuuoHHOK YacTH,

M — 6espa3mepHan xapaK'repuc'rMKa aemndmpyiowei Yac BOsMYyWalowero
MOMEHTa, TaK 410 M3 = Jastto

Go = pasl(A+ pas), Gy= t2a/(K(A+ p1aa)), X—enln p= 1144/"(/\+ﬂ44)

Kk — vacToTa (hopMbt BOAHbI,

n — 4acToTa GOPTOBOI KauKy Ha THXoi Boge 6e3 conpomBIeHun (coécmeunan
4acToTa). ‘

BrmsiHne HENMHEeAHOCTM 3aKoHa ConpoTUBReHus 6opTosoi Kauke,
KOTOPbIN, COrMACcHo pesynbTataMm MOAenbHbIX UCTIbITauid, npu AocTa-
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TOYHO GONbWKX aMNIMTYAAX GNM30K K KBAJPaTMHHOMY, YUYUTHIBANOCh,
BBUAY HEperynsipHOC Kauku, no ¢opmyne . A.dupcosa [12]:

TR W1/n‘\/3Tér

roe W, —GespasmepHblit KOSIPMUMEHT KBAAPATUMHOrO COMPOTUBMGHNSA, Onpepe-
NReMbIfl 10 HOMOTPAMMaM CePUIRHLIX UCTBITaHUA,
Dg —pucriepcun yrnoBok CKOPOCTH KaukM, MOAYMHSIOWEHCS HOPManbHOMY
3aKOHY pacnpefeneHus,

B cramsx [9), [10] u 8 knure [11] npuseneHtl npoctsie hopmynbi
ANA BeluucneHnsa BermunH kg, K'g, Ma, 1 pips, B KOTOPBIX MCMONb3OBaHA
napa6onuueckas annpokcUMaiuMs CyJoBkix 06BOJOB.

Ans pacyeTa cnekTpanbHO# NAIOTHOCTM BOSHOBLIX OPAMHAT Gbifia
UCMNosNb3oBaHa NonyvyeHHast NYTEM TEOopEeTUYeCKUX nocrpoeHuu ¢op-
Myna r A.dupcoBa:

T a
Selo)=7D: 6714{’%;% |
ot + 6282 — a2

05+ 04283 — 3w?) + 0%(a} + 3w?) — w3b?

B KOTOPOW MOCTOAHHBLIE &g U (1 ONPeAEensmMch NO HATYPHbLIM SKCre-
pUMeHTanbHbiM daHHblM H.H.Paxmanuna: 8,=0,21wy, 0, =5,157, ,
D; — pucnepcus BonHoOBLIX OpanHar,
s — CPegHNil Nepuos BOMH,
=aj—w?, b*=a%+ws.

 (6)

M3 foBonbHO 60MbWOro wnucna GopMyn AMsl SHepreTM4ecKoro
CreKTa BOMHEeHUA 3aBUCUMOCTL (6) 6blna BbiGpaHa MOTOMY, YTO
pacnpepeneHue 3HepPrun HepPerynsapHbiX BOJIH NO CreKTpasibHbIM
4yactoTam B cooTBeTCcTBMM C (6) okasanock Hanbosiee NOAXOOALYMM
ANA BeNMYMH pacyeTHON aMninTyflel Kayku B HOpMax OCTORYNBOCTH,
0CO6EHHO B 30HE HU3KNX CNEKTPalbHLIX YacToT, BaXHOM [Nns Cy[0B C
JocTaToyHo Gonbwumu co6CTBEHHLIMU Nepuogamu GOPTOBOI KayKu
(15 — 18 c). MockonbKy AMCNEPCHIO BONHOBLIX OPAUHAT, WCNOMb3YS
3aKOH pacnpegeneHns Panes, nerko seipasuts Yepes CTATUCTUHECKYIO
BbICOTY BOSiH (CPEJHIOI MM 3afaHHOoi obecnevyeHHOCTW), Ans
HUCNEHHON OLeHKN CrieKTpanbHON MNNOTHOCTU BOMHEHUS (6) HYXHO
3ajaTbCcs cpegHuMU 3HaYeHUSIMU BbICOTHI h, U niepuoda T, BONH. OHu
6binn BbIGPaHLI KaK YHKUMM cpeaHen CKOpoCcTM BeTpa, oTBevalotyei
pacueTHOMYy pAaBneHwio, npuHatomy B Hopmax octoiumsoct [1]; B
KavyecTBe XapakTepHoW cpegHeit CKOpoCTM BeTpa Ans Cy[oB Heorpa-
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HWUYEHHOro paitona NNaBaHns GbINO NMPUHATO 3HaueHne U=25 mfc, a
[ANs OrpaHnyeHHbIX paioHoB nnasaHus U= 18 m/c (cooTBeTCTBEHHO 10
u 8 6annos no uwkane EocpopTa) AnAa HaxoXxpaeHus hy M T, Gbina
ucrniono3osaHa guarpamma W.H.[laBugana, noctpoeHHan no pesynbya-
Tam 06paboTKn GOMbILIOTO 4YUCHiA HATYPHBIX SKCNepUMeEeHTaslbHbIX
JaHHbIX. PacyeTHbie 3HaYeHUsN P 1 T, ObiM B3siThl KaK Hanobonbwue
BO3MOXHbIE 3HAYEHWUs CPeJHeN BbiCOTH! U CpejHero nepuopaa npu
BbiGpaHHbIX CKOPOCTAX BeTpa: hs=5,0 m; 7,=11,7 ¢ Ans Heorpa-
HWYEHHOrO palioHa mnnaBaHus, hs=2,75 m; %,=9,1c pna orpa-
HUYEHHBIX PAiOHOB MNABAHMS, YTO obecneunBano npu onpefeneHun
AMMANUTY] Kauyku BO3MOXHYIO OWMOKY B Ges3onacHyio CTOPOHY U
MO3BOMANO CpaBHUBaTL OUHAMUYECKYI0 OCTORYMBOCTL Pa3fMyHbIX
CY[OB B BECbMa XECTKUX, HO OAVNHAKOBLIX BHEWHUX YCnoBusX. 910
BMOMNHE COOTBETCTBOBAMNO CPaBHUTENbHOMY XapakTepy Hopm — obujen
TEHAEHUMM MOCTPOEHUS HOPM OCTORYMBOCTU MOPCKHX CY/I0B B DA3HbIX
ctpaHax [5]. Mpadukn yHkumin Se(g), paccuuTaHHBIX C UCMOSb3oBa-
HMEM YKa3aHHbIX CPEeAHMX 3HaqYeHuh h m %, no cdopmyne (6),
fipusefeHbl B CTaThe [9] Ucnonb3ya ux, a Takxe copmysbl (3) u (5),
HeTPYAHO paccunTaTh CreKTParbHYIo AOTHOCTL YINoB Kauky, a no Heil
¥ BaXKHERIWYI0. CTATACTUHECKYIO XapakTepucTMKy Kayk, Kak crayvo-
HapHOro CRy4aiHoOro npolecca — AUCMEPCHIO Y OB Kauku:

Do= ISG(a)da, o (7

Monaras pacnpegeneHue amnmmTys HeperynspHoi 6opToBoit
Kauku MOAYMHAIOWMMCA 3aKOoHy Panes n sHas De , MOXHO
MoACHUTaTL MMO6YI0 CTATUCTUHECKYIO amiifmTyay Kauku, BeiGpaHHylo B
HopMax 3a pacyeTHyio. ITOT BbIGOp MPEACTaBNAN onpejereHHsie
TPYAHOCTM M 6bIfl CAENaH Ha OCHOBaHWW GOMbiUOF0 YWCna pacyeTos
KauyKu 0Te4eCTBEHHbIX MOPCKMX CYA0B BCEX TUMNOB (59 — TpaHcnopT-
HbiX, 47 — npPOMLICNOBLIX, 22 — O6YKCUPHbIX M 10 — cypoB
AHOYr ny6utensHoro ¢rnota) [13], a Takxe MexayHapoaHOro orbiTa
HOPMMPOBaHMA OCTOA4MBOCTU. OKa3anoch, YTO B Ka4ecTee pacueTHol
yenecoo6pasHo NPUHATL aMNIMTYAY, MaKCUManbHyio 3a 50 konebanni
cyAHa. Takoe 3HadyeHWe amnimTyfbl Kaduku, C OJHOW CTOPOHHI,
OoTBEYano AOCTATOMHO TsDKENbIM YCMOBUAM LITOPDMOBaHUS CyAHa
(o6ecneueHHOCTL €e He Gonee 2%), a ¢ Apyrol — B NMPaKTUHECKUX
pacyeTax He NPUBOAMNO K YPE3MEepHbIM, HepeanbHbIM Befn4uHam,
PE3KO CHMXAIOLMM 3HAYEHUsI KpUTEpUA NOrofbt.
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MocnepoBartensHblf pacyeT CTaTHCTUYECKUX amniamTya no cop-
mynam (3) — (7) npu npoBepkKe OCTONYUBOCTH CYACB IO HOPMaMm,
YYMTLIBAS BO3MOXKHbLIE B 9KCNfyatayuu BapuaHThl Harpysku, npe-
OCTaBnANCA BeCbMa TPYAOEMKUM, NO3ToMy Obin nposefeH npegsap-
MTENbHbIK O6CYET Kaukum CYAOB C XapaKTePHbIMW COOTHOWEHUSMU
rfnaBHbIX pasmepeHuit, KoaddpuuueHTamu nosiHOTH U nepuogamu
COGCTBEHHbLIX KonlebaHuit, NpoaHanMaMpoBaHo BRUsiHWE Ha aMmnMTyay
OTAeNbHBIX (DaKTOPOB M OCPegHeHbl pesynbTaTbl pacyeToB. JTa
npouegypa nogpo6Ho onucaHa B cratbax [9], [10]. Okasanock, uto
Ha BONMHEHWM C YKa3aHHLIMM Bbllle CPeHUMU Napametpamu h, v %,
pacuyeTHbie amnsmMTyAbl Kauku CyWeCcTBEHHO 3aBUCAT OT nepuopa
(4acToTl) COGCTBEHHLIX KOne6aHuii, OTHOWEHUS IWUPUHBLI K ocagKe
KoathduymeHta obuyeit NONHOTH;, 9TO M OTPAXKAETCH CTPYKTYpOi
dopmynst (1) Hopm [1], [2]. Ee mHoxuTens Y(WB) yuuTHIBaET,
rnasHbiM 06pasom, BrMsHUE COGCTBEHHOTrO Mepuofla Kauku, TONbKO
nocnegxuii 3ameHeH YacToTHbIM rnapameTpom Jﬁ;/B B OCHOBHOM, ANA
coxpaHeHun Tpapguyuii: B Hopmax ocroiiumsoctd u3gaHuin 1959 u
1963 rr. npu onpeaesieHUn amrymMTygbl Kadku urypuposan MMeHHo
3TOT napameTp, K KOTOpOMY CypocipouTenu — pacHeTuMku yxe
npusbikin: C ymeMbweHuem ./Ng/B T.e. ¢ pOCTOM COBCTBEHHOTO
nepuofa Kauku, MHoXuTerb Y yMeHbaeTcs, HO A0 ONpeeneHHbIX
npefienos, YTO CBA3AHO C YHETOM BIMAHWSA HENMHEAHOCT AuarpamMbi
OCTOAYMBOCTU HA NEPUOJ KauKu, KOTOPOE NPy MarbixX 3Ha4YeHnsX ho, a
sHaunT u \/ho/B, CTAHOBUTCS CYIECTBEHHBIM.

MHoxutens Xy(Cg) B copmyne (1) xapakTepusyeT, rnaBHbiM
obpa3zoMm, BnUAHMe fAeMnPUPOBaHWA Ha amMnNIUTYdy Kauku: C
ymeHblieHneM KoadduuymeHta oblwedt NOsHOTEI (MpU MOCTOSIHCTBE
\/h_o/B u B/d) koachpuueHT gemndupoBaHns, cornacHo pesynbrartam
MozenbHbiX ucnbitTaHuin [11], HauuHaa ¢ Cg=0,7, sameTHO yBe-
mmumsaeTcs, Tak 4To X, ymeHbwaetcs; npu Cg>0,7 cHuxenue
AeMndupoBaHus, B OCHOBHOM, KOMNEHCMPYETCA CHUXXEHWeM npu
yMmeHbuwetun Cg amnnutyfbl T1aBHON YacTM BO3MYL|AIOLIEro MOMEeH-
Ta, NOITOMYy X, MpakTMuecku He usMeHsieTcs. [opasgo cnoxHee
ob6bsicHAETCA nosegeHue MHoxuTens Xy(B/d). C ysermuenuem B/d ot
MUHUMANBHO BO3MOXHBIX B YCIOBUAX 9KCNIyaTaunm sHaveHni (2,2 —
2,4) KoapULMEHT AeMNDUPOBAHNSA, COrNTACHO 3aBUCUMOCTSM MAPO-
[MHAMUYECKON TeopuM Kaukum v MogenkHbix ucnuitamuin [5], [11],
HEMNpepbIBHO YBEenuuyusaeTcs, BMMOTL [0 MAakKCUMaNbHO BO3MOXHLIX
OTHOILEHUI WNPUHBI K ocagke (4 — 5 Anst TpaHCNopTHLIX, NPOMBICHNO-
BbIX U OyKCUPHBIX cypos, 8 — 10 — ans cyhoB TeXHU4ecKoro ¢oTa).
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[MoaToMy C NO3UUWA Teopun perynapHof Kaykn cyfjioB MHOXWUTenNb
X1(B/d) Toxe [ONXeH HENnpepbiBHO YMEeHblIAThCs, CTAHOBACH NPU
6onbwnx B/d fOCTaTOMHO Manoi BENMuUMHON, ropasfio MeHblued
npegensHoro ssayexns 0,8, cmrypupyiowero B tabnuyax Hopm [1],
[2]. Oapxako B chopmyne (5) Ans kosadduuneHra FuHaMU4HOCTH
GOPTOBOI Kauku €CTb YNeH, NPOMOPUMOHANbHBIA gy W OTpaXKalowmi
cneunduKy rMgpoAMHAMMUKK HeperynsapHoi Kaukv [6], cornacHo
KoTopoit npu Gonbwux B/d vHepuuoHHas 4YacTe BO3MYyLjalOLero
MOMEHTa, CBA3aHHAs C MONEpEe4HO-TOPU3OHTANBHON Kaukoil cyaHa,
yBerMunBaeT CYMMapHbiii BO3MYWAIOWMA MOMEHT, 4TO B 3Ha4u-
TeNbHOW Mepe KoMneHcupyert yBermuenue KoadouueHTa gemndpu-
posanus. B utore npn B/d> (3,5 — 4,0) koahpMUNEHT AHAMUHHOCTU
(5) n3aMeHRAETCS He3HAYNTENbHO N COOTBETCTBEHHO pacueTHas amnnu-
Tyda HeperynspHoi Kauyku Toxe usmexsietcs mano. Mocne ocpepHe-
HUA pesynbTaToB pacyeToB MO TAMOBLIM MOPCKMM CYAam a1, [10]
oKasanocb, uTo MHoXuTens Xy npun B/d>3,5 MOXHO npUHSATL
MOCTOSIHHLIM ¥ paBHbiM 0,8 B OOWed cxeme pacyeTos amnimTyq
Kauku, Ansi CYIOB AHOYrnybnuTensHoro dnoTa, y kotopbix B/d Mmoxet
6biTh 3HauMTENbHO Gonblue 3,5, 0Kasanoch HeOoOXOAUMBIM [1] Ronon-
HUTENBLHO NPOPeayYLMPOoBaTL 3TOT MHOXMUTeNb. OTMETUM elle pas, 4To
TaKoe nosepeHue MHoXUTens Xi(B/d) TecHO CBS3aHO C OCOGEHHOCTA-
“|_vm rMapOAMHaMUKYA HeperynsapHon 60pTOBOA Kauku. '

B ocHose topmyrnbl (2) nepeoHavarkbHO nexana pacyHetHas cxema
HopMm OCTOWYMBOCTM SISl naccaXupckux cyaos fAnovum [7] nuwe
nosgHee, B npolecce ee cornacosaHus B [logkomutete no oc-
TOMUMBOCTY M fenieHnio Ha oTceku MMO,B Hee BoWIM MHOXUTEIM X 1
X 3 Hopm Pernctpa CCCP — Te e, 4To v B ¢hopmyrie (1), nonpasku Ha
Qm_omeﬂm mhpymbl, K ‘oc_'am('e_u KoadguumeHT obuieii MOosHOTHI,
PaccMOTPEHHbIE Bbllie. Jlerko BUAETs, YTO OCHOBHOE pasnmune Mexpy
(1) v (2) o6ycroenexo otrmunem muoxutenei Y(\/hy/B) u 109,/rS , Ha
KOTOPOM M CriefyeT ocTaHoBuTbCs nogpobHee. flpoyedypa BbiBOAA
OpMYnbl  [ifis PACcYETHOM aMMuMTYAbl Kaukv SMOHCKUX HOPM Gbina
CYL|ECTBEHHO VHOM, YeM OTEYEeCTBEHHbIX HOPM, [ieTanbHOo NpoaHasnusnp-
OBaHHAas BLILIE, XOTA U B TOM, U B PYrOM cnydae npegnonaranoch, 4Yro
CYAHO PAaCrONOXKEHO JTaroM K KPYNHbiM HeperynsipHbiM BONHaMm, .a
CKOpPOCTb XOAa PaBHa HYMO WfM O4YeHb Mana. CHcTeMaTMueckix
pac4eToR Ka4Ku Ha HeperyrnsipHOM BOSHEHUM B CTPOrOM COOTBETCTBUU
CO CReKTparbHEIM METOZOM XapaKTepHbX CYHOB C CO6CTBEHHLIMMU
nepuogamy, B/d n Cp, uameHsiownumucsa B JOCTATOUHO LUMPOKHX
npegenax, # C rMAPOAMHAMUYECKUMU KOIbpuLueHTamu KauKH,
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MONYYEHHLIMU B PE3yrbTaTe CEpUiiHBIX MOAENbHBLIX UCTbITAHMA, aBsTop-~
amu SNOHCKUX HOPM, KaK SBCTBYET U3 [7], He nposopunocs. BMecro atoro
6bina B3sTa M3BecTHas GopMyna HenMHEeRHOW Teopuum Kaukw,
nonyvenHan euje bBepteHoMm pAns pe3oHaHCHOW ammMTYObl 4YUCTO
60pTOBOH Kaukn CygHa, pacnonoXXeHHOro laroM K perynspHbLIM BOMHAM:

Om=/BnfB)(koad/W) , (9)

rae (s o6osHaveHusx «CrnpasouHuka» [4]):
ko —pefyKLIMOHHLIN KO3 EUUNEHT K rnaBHOM {KpwinoBcKoii) YacTM BO3-
MYyLjaollero MoMeHTa,
0lg — aMAAMTy[a Yrna BONMHOBOTO CK/0HA,
W — 6espaamepHbiii Koad)q;mquem CONPOTMBNEHNA KauKe NpU KBaapaTUUHOM
3aKoHe,

u 3T1a ¢>opmyna 6binia OTKOPPEKTMpPOBaHA C YHETOM HeperyrspHoCT
BOMHEHUA U KauqKu, C OOHOW CTOPOHLI, U OCPEOHEHUS PEeAyKLIMOHHOrO
Ko3thhuuueHTa rMo peaynbTatam pacveToB ANsi psha TMROBLIX nacca-
XKUPCKNX CYAoB FinoHuM — C Apyroi.. 3amemm, 4To dopmyna (9) 6bina
ucronbaosaHa C.H.BnarosetyeHckuM . euje npu paspabotke Hopm
OCTOYMBOCTU MOPCKUX M peiifoBbix CyaoB nsganma 1959 r [15].

Y4yeT HeperynsipHoCTM BOMHEHUR OCYIeCTBNsAnCs asTopamu [7]
COOTBETCTBYIOLUM BEIGOPOM PACYETHOr O yrfia BONHOBOro CKNoHa. [Ans
3TOro fipu onpegeneHun aMnaMTyast BONHOBOrO CKNOHA UCNONb30Ba-
nacb He u3BecTHast popmyna MMHeNHoi TeopuKU NPOrpPeCcCUBHbLIX BOMH,
KaK, Hanpumep, B [15], a smMnupuueckas saBuCUMOCTb, NonyyeHHas
CeepgpynoM u MYHKOM, COrflacHO KOTOPOW KPYTM3HA BOMH &= Hh[A
3aBUCUT OT CKOPOCTU Bbi3Ballero UX BeTpa M BPeMeHu HapacTaHus
BOSIH, KOTOpOE OTOXAECTBSIAETCH C UX XapaKTepHLIM MepuoaoM.
MpuHuMas sHavyeHue repuofa paBHLIM MEepUOlly COGCTBEHHbLIX KOone-
6aHui cygHa n IMHeapu3npys Kpussie MyHKa, aBTOPbI SIMOHCKUX HOPM
NPULLAK K NPOCTLIM rpactnMyecKum 3aBUCUMOCTSIM PACHETHOM KPYTU3HKI
BOfIH OT COGCTBEHHOr 0 Neprnoa Kavkn Npu 3aZjaHHO# CKOPOCT BeTpa
[7]1 B kayecTBe TakoBOW MPUHSTA CPEOHAS CKOPOCTb YCTOMYUBOFO
BeTpa, paBHas 26 M/c Ans Cy[0B OKeaHCKOro MnasaHus U xapakTepHast
AnsA 1aindgyHos, pasHana 19 m/c ans cyfos npubpexkHoro nnasavua |
obLero HasHa4YeHy A U XxapakTepHas Ans UUKIIOHOB, u 15 m/c gns cynos
npubpexxHoro nnasaxns |l Bo BHyTpeHHUX Bogoemax nnu ¢ yganeHuem
oT Gepera meHee 4eMm Ha 2 vaca xoga. [lepeoe n3 aTMX 3HaYEHW#
ckopocm ucnonbsosaHo B Kogexkce UMO [3] v B anbTepHamsHbIX
TpeboBanuax. Mpasun [2] B ¢popme Tabnuuybi Ans onpepenexus
BenmuuHbl S(T) — ppyroe o603Ha4eHue KPYTU3HbI BOSH.
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[na yyeTta HeperynsapHOCTM Ka4yku CYAOB CONOCTaBNAnNMCb
pacyeTHbie MaKCUMalbHble amriMTyAbi PE3OHaHCHOW Kauku Ha
perynsipHoM BONHEHUM U HEPEerynsipHo#A Kauky Ha BeTPOBLIX BOJHAX,
cTaTUCTMYECKNE aMiMTyLbl KOTOPO# NOAYMHEHbl 3akoHy Panes.
PesoHaHCHLIE AMAMMTYAbl KA4YKU paccunuThiBanucbe Mo ¢opmyne,
ananorudHoi (9), Ho B o6GozHauveHusix [7], npuuem KoaduumedT
3aTyxaHuna BepreHa O6bin MPUHAT NOCTOSHHLIM ANs BCOX CYAOB U
paBHbiM - 0,02, a pefyKUMOHHLIA KOI(DPUUMEHT, Ha3BaHHLIA B 7
achheKkMBHLEIM KO3(PHULUNEHTOM BOSIHOBOrO CKNOHA, BLIYUCASANICS NO
¢opmyne Batana6s [16]. Pacuetsl npoBogunmcs Ans fABYX SINOHCKUX
CY/IOB, MO KOTOPbIM UMENUCh AaHHbIE HATYPHLIX UCTILITAHWA KauKu Kak
Ha BETPOBLIX BOMHAX, TaK ¥ Ha BOMHaXx 3oibn, — «‘XOK'yTy Mapy» u
«Hucceu Mapy» — npu ckopocTsx Betpa Ao 25 — 28 m/c. Okasarioco,
YTO B NO/ABNSAIOLEM BONBLMHCTBE Cry4aes PE30OHAHCHEIE pacyeTHbie
aMnanTyAR! 3HAUUTEeNbHO NP EeBbILA T HAaTYPHLIe YT Tkl Kauky (MHorja B
nontopa-gsa: pasa), XoTs MocnefHue 3avyacTylo BKRoYarnu. ewe u
OgMHaMuueckue Yrisl KpeHa oT ieficTBUA NopLIBoB BeTpa. Ans pacyera
CTATUCTUUYECKUX aMNIMTYL HeperynsapHoi Kadku:6bina mcrnonb3oBada
XOpOLIO V3BecTHast B Teopuu Kauku meTtoguka Cex-[eHu u mpcoHa
[17], ® KOTOpO/ SHEPreTMUECKWA CMEKTP BONHEHWUst NpUHUMAnNCs no
Heiimany. Kak cnegyet u3 [7], Takve pacueTsl GbinM NpoBefeHsl Ans
HEe6onbIIOro YuCha CYHOB,  OAHAKO C BbiYUCIIEHUEM - Pa3SiInUHbIX
CTATUCTMK Kauku: CPe/IHUX aMNiMTy[, 3HAuYMTESbHBIX ammnTys,
MakcumarnbHbiX amianmTyg 3a 20, 50, 100, 200 u 500 konebaHun,
COOTBETCTBYIOLMX Pa3HbEIM 06ECNEeYEeHHOCTAM 3TMX BesmunH, Okasa-
nocb, YTO BCE CTATUCTMUECKME amNnauTyAbl HeperynsipHo#d Kaudku
MeHblle pe30HAHCHOW aMMymTygbl; Hambonee noaxofsiied U3 HUX,
Mo MHeHvio aBTopos [7], fABRAETCA aMnaMTyaa, MakcumarbHas 3a
uuncno konebaxuii cygHa ot 20 fo 50, B 3aBUCUMOCTU OT OTHOLIEHUSA
KPYroBO#i 4acCTOThl BOAHEHUSI K 4acToTe COGCTBEHHbIX konebanui
cyaHa. B cpepHeM, Takasi aMnnuTyga cocraenseT 0,7 pesoHaHCHOM
AMAIUTYALl perynsapHoil Kauku; B 0603HadeHusx Hopm [7]:

0 =0,70,=0,7./180775/2N, - | (@)

_QTKY,Aa.
| @o=TBEIN (pan) | (10)

fpe KpymMaHa BONH § onpejenanacb pacCMOTPEHHOW Bhille
aaBucumoctelo §(7) AnA 3apgaHHO# ckopocTv BeTpa, KoadhuuUeHT
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3atyxaHun Beprewa N npuuumancs pasHbiM 0,02 gns Bcex Tunos
CYROB, CHabXEeHHbIX CKYNOBHIMU Kunamu, a asdpekTusHbIH
" KO3 PULNEHT BONMHOBOro cknoHa ? (aHanor pepykumonHoro
koathbuymenTa Ko) BuiuMcrancs no thopmyne:

y=0,73+0,600G/d ,

Te OG — BoaBbiieHne LeHTpa TaXEecTH CyAHa Hajf NAOCKOCTEIO paBHOBEGHON
BATOPIMHIY, NOMOKUTRITHOE BLille BaTEp MHWK.

9ta ¢hopmyna 6bina nonyyewa nyTeM ocpefHeHust pefyKLMOHHBIX
KO3 PUUMEHTOB, pPaccUUTaHHBIX NO MeToguke Baranabs [16] gns 60
XapakTepHeix cyfos [7] nogpobHee ata 3aBUCHMOCTS Gyanet obcyxneqa
nosgHee. CosepLiueHHo scHo, 4TO MPUHUMAaTHL KOathpUYUeHT saTyxaHus
Kauku OfHaKOBbLIMY [iJ1si BCEX CYAOB, faxke B Npefieriax 0gHoro Knacca —
faccaXxupckux, — odeHb rpy6oe gonyujeHue, NOCKONLKY cornacHo .
MHOMOUUCTIEHHBIM MOMESbHLIM U HATYPHBIM  MCTTbI TAHUSM {Bkrioyas u
OfibITbi EepTeHa), 9™ Ko3PULMEHTLI, B 3aBUCUMOCTU OT thopmet o6so0B
Y OTHOLIEHNA LWIMPUHBI K 0CAZKe, MOTYT U3MEHSITLCS BECHMA CYI|ECTBEHHO:;
B Apa u Gorniee pasa. Ha ato OGCTOATENLCTBO Mpw 0GCYXXACHUA KpUTEpUS
NOrofibl, NPeAnoXXeHHOro AMOHCKOM Aenerayue# B UMO, comerckue
-cneyuanncTil cpasy obpamurm BHUMaHKe, n He COrnacuTLCs € HUMM 6biNo
TpyaHo. TlosTomy Gbino peuleHo OTKOppekTMpoBat chopmyny (10) Tak,
4T06bl yuMThIBaNach paskuya B KoahbuLmeHTax femndmposanus ana
CYRoB C pasmmuHbiMu B/d n koadpmymerTamMn nonHoTsI, Ana atoro
peumnm noA™ no HauGornee npoctomy ym: BBeC B opmyny ans
Pac4eTHO! aMNIMTyfbl Kauku KOSBUUMEHTHE X+(B/d) u X1(Cg), koTopbie
YHHTBIBAIOT STy PasHULY U Gblsii USBECTHBI CrieLMarncTam MNopkomuteta no
OCTOAYMBOCTU W [EreHNI0 Ha OTCeKM eule c. koHuya 60-x ropos, Korga
cosetckas fenerauyus B MO npegnoxuna mcnonb3osats s Kavectse
KpUTEpUsI norofsi COOTBETCTBYIOLUMI KpMTEpMil «Hopm» Perucipa CCCP [1]
(oM Torga He 6bin NpuHsT). B WTOre, ¢ yuetom «6asoBoro» koaduumeHTa
satyxaHust N=0,02 u HeKOTOpLIX YCHIBHHBIX nonpasok (popmyna (10) s
o6o3naqeHusx «Kogekca» [3] 6bina npeoGpa3oBaHa K Bupy:

@2,=k@1,-= 109’(X1X2\/E y A . (12)

rpe k — koadhpuyment, yuuThBaOWMA BIMSHUE Ha aMNIMTYRY Kauku CKYROBbIX
KUl U 3aBUCSILYMA OT UX OTHOCUTENLHOM nnowamm A,/LB.
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O70T KOahPULMEHT ToXe Obln BIAT U3 pacueTHol cxemui Hopm
Peructpa [1], [2] n namensetcs ot 1,00 npu A/LB=0 po 0,70 npu
A/LB=4%. MocMOTpUM, HACKOMNBKO KOpPEeKTHO BBEfeHbl nonpa-
BOYHble MHOXMUTEM Xq, X2 ¥ Kk B pacueTHyio dopmyny (10) ANOHCKKUX
HopM npu nepexoge K dopmyne (12) Kogekca UMO [3] u cooTsetcT-
BEHHO anbTepHaTMBHLIX Tpeboeanuih Hopm [2] 8 xayecTBEHHOM
oTHowenuu. [ina seegeHns 8 (10) xoaduLuenTa K, dmrypupyoujero
B (12), 6bin CHUXEH KOIMMPULNSHT 3aTyXaHUA N co anauenusn 0,02 fo
cpepHero 3Hauenuns 0,012 cooTseTcByloLiero, cornacHo [7], oTcyTcT-
BMIO Ha CyAX CKYNOBbiX Kuie. KOHeUHO, TaKkoe CHUXEHNe ABNsETCH
BECbMa MPUOIKEHHBIM, HE YHNTLIBRIOWUM BeSMUMHY OTHOCUTENBHON
nnowapu CKynoBbiX KUnewh (Ha KpYnHbIX TPaHCMOPTHbIX cypax oHa
06bluHO He npesblwaet 1,0 — 1,5%, B TO BpeMAa KaK Ha He60oMbLKX
NP OMbICMOBEIX pocmraet 3,0 — 3,5 %). OfHaKo, yuTsiBas eile 6onee
NpMEIMKeHHbIA BbIGOp «6a30BOT0» koathpuumenta N=0,02 8. (10),
paccMOTpeHHbI# NPUBNMIKEHHbIA NpPUEeM He [OJDKEeH NpUBoAUTL K
KAuecTBEeHHbIM TOTPEeLHOCTAM B pacyeTHOW aMnNiMTYAe Kauku (12)
cyfoB €O 'CKYROBbIMU KUNAMMU. Muoxutens Xs(Cg), Kak yxe
oTMeyarnocs paHee, yYuThHIBaeT yBenmueHue [eMnupoBaHnsa Kauku
Npw yMeHblieHum KoathduuueHTa obuien NosnHOTL, Ha4YMHaA ¢ Cg=0,7
M crnefoBatenbHO, CHUXEeHne pacuHeTHOM amnimTygbl Kauku, ecnm
ocTanbHuie napameTpel (B/d, T, Zg) ocTaioTCst HeNMeHHbIMN. Beepe-
Hue ero B chopMyny (12) B npouyecce npeo6pasosaHus ee us (10) B
KauyecTBEHHOM OTHOLIEHWU TakXKe NPaBOMOUYHO; HYTO Xe Kacaetcs
KOJMUYECTBEHHOr0 COOTBETCTBUS KOI(PUUMEHTOB pemndunposaHus,
TO OHO 3aBUCHT OT TOro, HacKONbLKO «6a30Bhili» KOIMPPULNEHT
N=0,02 noaxoput Ana CYROB, umetouwmx Cs>0,7, korga Xx=1. Ha
3TOM Mbl OCTAHOBUMCSi MpU O6GCYXAEHUM pe3ynbTatoB 4UCMEHHOro
aHanMaa CyfoB pasnMyHBiX TUMOB.

Hau6onee nNpobremMaTMuHon ABMSETCA KOPPEKTHOCTD ucnonb3ona-
uns B (12) mHoxutens Xy(B/d). Npu anamse pacueTHOW cxemil Hopm
[1] 66110 yKa3aHo, YTO CHUXKEHUE X1 NPU yBenUeHn B/d, Bcnepctene
yBenueHua KoathmumeHTa aemnupoBaHns, ToNbKO [0 3HayeHua
X41=0,8, cootBETCTBYIOLIEIO B/d=3,5, 06ycnoBneHo y4eTtoMm OCOGeH-
HocTell TrnapoguHaMuKu HeperynspHo# Kauku B dopmyne Ansa.
‘koadouumMeHTa . JMHaMW1HOCTU (5) — B ocHoBHOM, 6mnaropaps
yBEnMUYeHMIo G, KOTOpOoe OTpaxaeT BiusiHne rorepeyHo-ropn3oHTarnb-
HOl KauKy Ha BO3MYUjAIOLMA MOMEHT 60pTOBOM U TECHO CBA3aHO CO
CTPYKTYPO# UCXOZHOTO v depeHLuansHOro ypaBHeHus (4). Ho B
pesynbTare aHanusa AnOHCKUX Hopm [7] 8bisicheHo, 4To hopmyna (10)
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AnA pacyeTHOW amnnuTyfbl Kadyku oTnuuaetcs ot opmynbl gns
PE30HaHCHON amnimMTyabl Ha peryisipHoM BOJIHEHWM TONLKO cTaTne-
THueckuM Koadpuyuentom 0,7, T.e. OCOBEHHOCTU TUAPOOUHAMUKU
HEPerynapHoil Kauku B Hell BOBCe He y4nTeIBaIOTCS. CrnefjoBatentbHo,
B MpUHLUne MHoXuTenb Xy AoNXeH oTpaxatb B cpopmynax (10) — (12)
TONbKO BrmMaHNe KoadduumerTa gemncupoBaHmns, KOTOPLIA C POCTOM
B/d nenpepbiBHO yBenuuuBaetcs u npn B/d>3,5 ne komneHcupyetcs
yBenmyeHnem Bsoamyujaioutero momeHTta (Popmyna (9) HenuuehHoN
TEOPUU KAUKK NONYYaeTCs U3 «YKOPOUEHHOTO» auddepeHLmnansHoro
ypasHeHusi 60pTOBOA Kayku Ha perynspHOM BONHEHWW NpU KBagpa-
TMYHOM 3aKOHe conpoTtusniedns [14]). OmmeueHHaa KadecTBeHHas
HEKOpPpeKTHOCTb BBefeHust MHoxutens X, B opmyny (12) Ha Bcem
AnanasoHe OTHOWMEHWA WNUPKHBI K ocajike pasfMyHbiX TUNOB Cy[OB
MOXeT 6blTb OnpasfaHa TONbKO B CNy4Yae COOTBETCTBUSI YNCHEHHbIX
3HAUYEHUN PAacCYETHbIX aMIUMTYL Kayku 6ONbLUMHCTBA XapaKTepHblX
MOPCKMX CY[OB OfbITHLIM AaHHbIM W pesyfLTaram NpPOBepKu Oc-
TOWUMBOCTA NO «KPUTEPUIO rorofei». Takue pacyeTsi Obifiv Nnpose-
AeHbl Ana 33-X XapakTepHb!X MOPCKMX CyAOB IECTH TIrNos —
. naccaxupckux (5), rpysosbix (6), necososoB (5), npombicnoBbix (5),
6YKCHPHBIX (6) u KpaHoBbIX (6), a pesynb'raTbl pacueToB TWaTesbHO
npoaHanusnpOBaHbl

3aknoueHue

MpoBefeHHbIA B paboTe KaYeCTBEHHbIA 1 KONMYECTBEHHLIA aHanus
pasnuuuit B CXEMax ONpefeneHns pPacyeTHbiX aMmrimTyh Kauku fo
Hopmam octoitumsoc Peructpa u no tpebosanusm Kogekca o
octoityusoct cyfaos Bcex tunos (MMO) nossonser cgenam cre-
ayiowme BuiBoabl.

1. Guanyeckne cxembl WTOPMOBAHUS CyaHa Noj AeicTBueM setpa
W BOJIH B 4YaCTW pacyeTta amiyMTy[ Kauku pasfmu4ailoTes Tem, UTo B
Hopmax 6opTtoBas Kadka cuutaeTcs Npoucxofsiien BOKPYr NpsMoro
nofioXxeHus cypHa, a B Kopekce — BOKPYr HaKJ/OHHOr o, onpegense-
MOr0 CTATUYECKUM [e!CTBUEM CTALUOHAPHON COCTaBRsIOu|ei CKOpOoc-
M BETPOBOW Harpysku.

2. PacuyeTHble cXxeMbl onpefesieHUs aMnnuTyj Kadku B
Ka4yeCcTBEHHOM OTHOLWIEHUU pa3nNMuyalTcs TeM, 4uTO opmynbl ”
Tabmmupyt Hopm 6asupyioTcs Ha nocnegoBatencHOM MNPUMeEeHeHun
CneKTpanbHOro metofa pacyeta 60pPTOBOW Kadku Ha HeperynspHoM
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BOMIHEHWH € y4YeToM OcO6GeHHOCTen rvMapoauHaMukn HeperyrspHomn
Kayky U pe3ynbTaToB CUCTEMATAHECKUX CEPUNHBLIX MOASNbHLIX UCTbI-
TaHui B ONbITOBOM 6acceiiHe, B TO BpeMsi Kak dopMynbt U Tadnmubi
Kogekca nony4yeHsl nNyreM CTatMCTUYECKOW peaykuun U3BecTHOM
hopMYnbl ANSA PE3OHAHCHOW aminnMTYALl 60pPTOBON Kauku Ha perynsp-
HOM BOIHEHMM U BBEAEHUA B HEe KOPPEeKTMPYIOWUX MHOXUTEren,
B3ATHIX npsmo n3 HopMm Peruvictpa. Mpu atom ofpaujaer Ha cebsn
BHUMAHUE HEKOPPEeKTHOCTb WCMosib3oBaHna MHoxuTens X, (B/d),
KOTOpbIA- B 3TMX HopMax nofy4yeH ¢ y4eToM BIMSHUS MHEpPUUOHHOR
4acT¥ BOSIHOBOrO BO3MYLLAIOWEr0 MOMEHTa, BOBCE He y4uTbiBaeMoi
«6asosoit» popmynoit Kopekca, Basatoi U3 Hopm ocroiumsocTM Ans
naccaxupckux cygos fnoHun. .

3. YucneHHblA aHanM3 pacyeTHbIX aMNnTyL Kaduky, NpoBeAeHHbl it
ANA WECT TWIIOB rpaXKJaHCKUX MOpCKUX cyfos (33 cyaHa) nokasan
CYW}eCTBeHHOe pasfnnuyue B 3HAYeHUSX aMnnanTy[l, onpefieneHHbIX no
cxemam Hopm. Peructpa u Kopgekca MMO. [inst nacca>XMpcCKux,
CYXOrpy3HbiX, HedTeHanMBHbLIX CYA0OB U NECOBO30B HeorpasuyeHHoro
paiioHa nnaBaHus aMNIMTYAL Kayku, paccumTanHsie no Hopmam, Kak

npasuno, 3ametHo Gonbuwe (go 8 ~—9°), uwem o Kogekcy. [nsa
He6OoNbWNX APOMLICSIOBLIX U OYKCUPHBLIX CYAOB 23Ta pasHuya
CYWEeCTBEHHO cHuxaetcs (Ao 2 — 3°). [inAa kpaHoBbIX cyAos

pacueTHble amnnuTyabl Kaukm B YCRoOBUAX nepexopa (neperoHa) no
HeorpaHM4yeHHOMY paioHy NnaBaHus, paccuuTaHHble Mo Kopekcy,
oKasbiBaloTcsi 6onbmnmu, yem no Hopmam (go 3 — 7°), 6naropaps
BbICOKOMY PacrofnoXeHuio LieHTpa TAXKeCTM 3TMX CyfaoB.

4. BoisicHeHNe «BHYTPEHHUX»> MPUUMH OTMEYEHHBIX KOMMHECTBEHHbIX
pa3fuumii B pacyeTHbiX amnamTygax Kauku CyfoB pasHbiX TMNOB M BbIGOp
nyTeit cornacoBaHus pacyeTHeix cxem Hopm Perucipa u Kogekca MMO
TpebyioT 6ornee AeTANLHOrO KaueCTBEHHOro aHanmaa WCNofb3osaHHbLIX B
amx cxemax KoadpuuueHToB OEeMnUPOBaHUA Kadku U pedyKLMOHHbIX
KO9(h(UUMEHTOB K rNABHOA M WHEPLWOHHOW 4acTsM BO3Myujaloujero
MOMEHTa, a Takxe 6oree OGLIMPHOro CTAMCTUHECKOro Mmartepuana no
XapaKkTepUCTUKAM OCTOMYMBOCTU W Kauyku CYAOB He TONbKo Heorpa-
HUYEHHOrO, HO ¥ OrPpaHUYeHHbIX PANOHOB NilaBaHus.
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MpoyHoCTL KOPNYCOB CYAOB U NiaBy4nx COOpYXeHuiA

VIK 539.3

C.B. Bepbuyxuii, P.JI. Peiinep, O.E. /lumonos

OUEHKA TEXHUYECKOIO COCTOSIHUS KOPMYCHbIX
KOHCTPYKUUA MOAYMNOrPYXHbIX MAABYUYUX
'BYPOBbIX YCTAHOBOK "

Baenerme

I'Inaayque NONYAOTPYXHbIE 6yposb|e YCTaHOBK# (NNBY) sensioTCs
NepeneKTMBHLIM CPeCTBOM OCBOEHUS U pasBefku HedTeras’osbix
mecTopoxgeHuit. OnbiT 2KCnyaTayuu ¥ NPOEKTMPOoBaHUS [AaHHBIX
COOpYXXEHMI HeBemnmK B CpaBHEHUMU. G- TPaHCNOPTHLIM CYJOCTPOSHHUEM.
Tak, nepsas ycTaHoBKa OTe4eCTBEHHOM nocTpoiiku (MNBY «llenbh-1»)
caaHa B akcrtyataymio B 1980r. Mo mepe «CTapeHus» paccmarpusae-
MbiX MnathopMm cTaHoBsTCS. Bce Gonee aKTya.anblMM BOMPOCHI,
CBSI3aHHBLIE C OLEHKOi . TEXHNYECKOr0 COCTOSHUS KOPMyCcoB, BKItoYas
BOMPOCH PaspaboTKu METoAMKH obcnefosanns, pernaMeHTa ocanpe-
TernbCTBOBaHMUS, CO3[jaHNa HopmamMeHOM 6asbl B OTHOLMEHWM ponyc-
KaemblX M3HOCOB W OCTATOMHbIX gedopmaliuii, KoTopas B HacTosijee
BpeMs (haKTMYecKu OTCYTCTByeT. [laHHas KOMnuekcHas sajada no
CO3JaHnio HOPMaTMBHON 6a3bl B OTHOWEHUM OLEHKM TEeXHW4EecKoro
cocTosHuAa KoHcTtpykuun TMNBY He moxer ObiTe pelleHa nyrtem
NPsSMOro nepeHoca MOAXOA0B U3 TPaHCNOPTHOTrO CYHJOCTPOEHUS,
IOCKOfbKY MONYNOrpyXXHbie NnatdopMbl NPpeAcTasnAoT co60it CHOX-
Hbl€ MHOTOKOMMOHEHTHbIE UH)KeHEepHbie COOPYXEHUS, NPUHUMNUanLHo
oTmnMyaloluecs oT TPaANLMOHHBIX MOPCKUX CYA0B.

OTAUUMA UMEIOT MEeCTO B apXUTEeKTYPHO-KOHCTPYKTUBHOM
OTHOWEHNM (MHOTOKOMNOHEHTHOCTL COOPYXXEHUs; B COCTas Kopnyca
MBY BXOAAT: MOHTOHBI, PacKocCHl, crabunuaupyouine KOMOHHbBI,
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BEPXHUA KOPMYC), B XapaxkTepe HanpsiKeHHo-gehopMupoBaHHoOro
coctosHus (Ans OypoOBLIX YCTAHOBOK HeajeKBATEH TaKOW TEpMMUH,
Kak obuuin M3rnbé kopnyca B LielloOM, CKOpPee MOXHO FOBOpPUTb 06
obwmnx gedopmMaLmnax Npu NPUHATON CUCTEME UHTEMPabHbIX Har py3ok;
nanybbl BepXHero Kopnyca B paioHe nepecevyeHus MnpofosSibHbIX U
nonepeyHbix nepebopoK KCNbITLIBAIOT SPKO BhipaXXEHHOE MN0CKoe
HanpsXeHHOe COCTOAHUE; MOHTOHLI, UMelLMe BHEWHee CXOACTBO C
Koprnycamu CyAOB, UCMbITHIBAIOT, FNAaBHLIM 06pa3oM; MecTHble Harpys-
KW, ANA HUX HealeKBaTHO NoHsATUE — u3rnbatouit MOMEHT Ha Mugene
NOHTOHA ¥ T.4.), B YCNOBUAX sKcnnyataumm (paccmatpusaemsie MNMBY
— 9T0 HecamoXofgHble COOpYXEHUs, KOTopbie OOonbliylw 4acth
BPEMEHN TPOBOLST HA OLHOM. «TOYKE» U HE UMEIoT BO3MOXXHOCTU
«CKPbITbCA» OT TAXKErblX BETPOBOJHOBLIX BO3AEACTBMUA) U. T.A.

Ons cozgaHnsa HOPMaTUBHO-METOAMYECKNX [JOKYMEHTOB [0 OLeHKe
TEXHUYECKOrO COCTOSHUS KOPMYCHLIX KOHCTPYKLMi MIMNBY Heobxoaumo
BbINOJIHUTL KOMTMNEKC UCCliefoBaHui, BKHOYaIOLWMA: :

o6obujeHne U aHanus SKCnyataynoHHbIX nospexgeumu Kopnyc-
HbIX KOHCTPYKUuia TINBY;

pacuyeTHble Mccne,qoeaHMﬂ c uenblo onpe,qeneHwn cTeneHu oT-
BETCTBEHHOCTY SMEMEHTOB KOPFyca B 4aCTH NPOMHOCTH U HAAEXHOCTU
COOpYXeRus;

KOHCTPYKTUBHbLIA aHanu3 u CoBepLieHCTBOBaHMEe NOAXOA0B, UC-
Nonb3yeMbiX B TPaAHCMAOPTHOM CYAOCTPOEHWUM npu pedexrtayun
3MEMEHTOB KOPMyca, ‘BKJIO4aa BEpPOSTHOCTHO-3KOHOMUYECKoe pace-
mMoTpeHue npobnemsi, npegnoxexroe B padore [1]; '

pa3paboTKy pacueTHbIX MOZENeil, BLINOMHEHNe pacyeTos Hanps-
XEHHOr0 COCTOSIHUSt M OOOCHOBaHUE HOPMATUBHLIX BESMYKUH Jonyc-
KaeMblX noBpex geHuit {(ocTaTouHbIx gedopMauyni u TONKH).

[aHHbiii KoMmnnekc ucenegosadnit 6bin BuIMONHEH c_neuhanmcramu
UHWN um. akag. A.H.Kpbinosa [3], o yem noger peyb ganee B 3ToM
cratbe. . S
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AHanua sKcnnyaTauuoHHbIX NOBPeXAEHUA

B COOTBETCTBUM C NPUHATOR TepMUHONOrueii [2] kK noepexgeHunsm s
ofujeM criyyae OTHOCATCA W3HOCHI, OCTatouHble paedopmauum,
TpewuHbl U paspbisbl. B HacTosWem pasfene aHanMsupyloTcs Bce Te
fIOBPEXAEHNA KOPMYCHLIX KOHCTpYKuui [1BY, gaHHele 0 KOTOPLIX
co6paHbl cneynammctamu LIHUU um.axag A.H.Kpeinoea B pesynbrate

~ obcnieposanus MNMNBY na «U.Ienbcp» Ha Kacnuiickom u EapqueBom
" MOp AiX. :
Ha npeameT OLEHKM YPOBHSA KOPPO3UQGHHOrO u3Hoca Obinu
ob6cneioBaHbl KOHCTPYKTMBHBIE 3NEMEHTHl (MMCTel OOWIMBKKN, HacTU-
noB, paMmHbie 6anku, pebpa XXeCcTKOCTM) BCEX KOPIMYCHbIX KOHCTP yKLWii
AMNBY: packocos, KOfOHH, MOHTOHOB, BepXHero Kkopnyca. Pesynbrats
obcnegosannsa n3Hoca B BUAE CpeHUX CKOpoOCTel Kopposum, orpege-
NEHHbIX OTHOCUTENbHO CPEAHWUX 3HAYEHWIl M3HOCOB, AMNA Pa3NMUYHbLIX
6ypOoBbiX YCTAHOBOK U KOPMYCHbIX KOHCTPYKLMWA npusepeHsl B Tabn.i.

Ta6nuya 1
dakMyecKue IHaYEeHUS CpeHUX CKOpocTel Koppo3un

Haume-. | ' Cbé,quﬂn CKOpPOCTL Koppoauy (Mmfrog)

HOBaHue |~ -
ycTaHoBkwu | PacKockl NOHTOHbI KONOHHb! BEPXHUA Kopnyc
lenws-1 0,14 —0,15 ° " 0,07 0,10 — 0,13 0,09 — 0,13
Wemwd-2 | 0,11 —0,12 0,06 0,07 — 0,09 0,06 — 0,09
Wenbd-3 {..- 0,10 — 0,11 0,06 — 0,07 0,08 0,06 — 0,08
Hensd-4 0,10 — 0,13 007 —009 |. 0,07—010 0,07 — 0,09

B pesyneTate o6cnefosanus pacKoCoB, B [ononHeHne K ckasaH-
' HOMY, YCTaHOBINEHO, YTO CpefHMEe 3HAYEHUSI U3HOCOB B MNOABOAHOM
30H€e 1 30HE NepeMeHHo BaTepMHuM NpubnmManTensHoO oauHaKkosbl. B
'"KOJSIOHHaX TaK)Xe Hapsfy C 30HOA nepemMeHHoW BaTepnMHuu npubnu-
3UTeNbHO B PaBHOW CTeneHu NnogBep XKeHbl KOPPO3UOHHLIM NpoLeccam.
parioHbl coefiMHeHust C MOHTOHaMM U packocamH, KOTopbie Nnpu.
paboyeit ocafke SBNMIOTCA NOFPYXeHHbiMu. B cBA3AX BepxHero
‘Kopriyca - Haubonblnié U3HOC 3adUKCUPOBaH B HAcTUNe BEpXHEW
- nanybsl M B JUCTOBBIX 3NEMEHTax rnasHon nanybst B mecrax
. COeIMHEeHUs1 C HapY>XHbIMU NepexoaHbIMU MOCTKaMu. M3HOC KOHCTPYK-
TUBHBIX 3IEMEHTOB NOHTOHOB MOXHO CUMTATh [OCTATOMHO paBHOMEp-
HbiM. McKnioyeHue COCTaBNSAIOT JIOKarllbHble paioHbl CoeauHeHWUs
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nany6bli MOHTOHA C OGLUMBKOW KOMOHHLI (okonowostibie 30HbI), rge
Obif O6HapyXeHbl NPU3HAKM MECTHOrO N3HOCA B BUAe S3BUH,
UMEIoLINX TeHAEHLMIO K 06pa3oBaHuio KaHaBKu.

Mo cywectBy BLINOMAHEHHOro aHanM3a B OTHOLIEHUM N3HOCOB

. MOXHO KOHCTATMPOBaThL cnepywoujee:

1. Haubonee nopsepeHsi o6wieil KOPPO3uMM KOHCTPYKTUBHbIE
S/IEMEHTLI PacKocoB, HauMeHee — MOHTOHOB (3[ECb Cre/yeT uMeTh
B BUMAY, 4YTO NOHTOHBI .060OpyAOBaHL KaTOAHOW K NPOTEKTOPH Oit
sawmramu). CBA3M KOMOHH M BepxXHero kopnyca npubnuanTensHo B
PaBHON CTeneny nopsepxeHsl obijemy U3HOCY, 3HAaYEHUS] KOTOpOro
HAXOAATCS MeXAY COOTBETCTBYIOWMMN ANl NOHTOHOB U Packocos.

2. B kauecTBe MecT Haubonee NPeApacnonoXXeHHbIX K MecTHOMY
U3HOCY MOXHO OTMETUTL OKOJIOWOBHYI0 30HY MO nany6e MOHTOHA B
paiioHe coeguHeHns ¢ OBLWUBKON KOMOHHbL.

Hacrosume sakoHoMepHOCTM MOryT 6bITb BOMONHEHL! U YTOUYHEeHb
No Mepe HakoneHnsi maTtepuarna B atoit o6nacTy.

Mpu obcnepoBaHM NMoONyNorpyXHbIX nnatopm 6Gbim o6Hapy-
JKEeHbl MeXaHnvyeckune noBpexXAeHus B BUAE OCTATOUHBIX Aedopmaynis
¥ PasprlBOB BO BCEX KOPMYCHBLIX KOHCTPYKUNUAX ycTaHoBOK. O6pasosa-
HWEe OCTaTouHbLIX fedopmaunit U fApyrux fgecdeKToB B HacTUnax
BepxHe#, rnasHoOl M cnangepHon nany6 BepxHero Kopnyca cssizado,
KaK fipaBuno, ¢ BO3/leCTBUEM Pa3NUYHLIX MECTHbIX aKcnnyarayuoH-
HbIX Harpysok, fnpesbllliaiouux HOPMaTUBHLIE 3Ha4YeHUs, BCriehcisue
HeyAauHoW Norpysku, Nafielus rpysa, yaapos or 6yposoro o6opypo-
BaHus u T.n. OcTaTouHble gecdopmauuu B 06IUIMBKE M Habope KOMOoHH,
NPORONbHBIX HAKFIOHHBIX PACKOCOB M MOHTOHOB 06Pa3yiOTCs, Kak
Npasurno, BerefcTene Hasasnos WBaPTyIOWMXCst cygos. O6pasosaHne
OCTaTOYHLIX flehopmauuit B CBA3SX FOPU3OHTAMLHBLIX M nonepeYHbix
HEKI/IOHHEIX PAcKOCOB BO3SMOXHO nUillb B Cflydae CepbesHbiX
HapylieHu# YCroBuin aKcrnnyatayum, npu Hew raTHei X cuTyaymsx.

HapyuieHns yenoctHoc B Buge paspuiBos 6binm O6HapyXXeHbl Ha
Asyx MNBY mna «lWenbd» Ha cnaigepHoi nany6e Heganeko ot
BbIPE3a AN BefeHUs pas3BeJoYHOro bypetus. MabapuTtHiie pasMepsbl
Haunbonblero passiBa cocTasnsioT 560 x 350 MM.

AHarm3 3aduKcUpoBaHHBIX OCTATOYHBIX Aehbopmaumin nokaseiBaer,
YTO [NIS KOSIOHH NPOAOILHLIX HEKNOHHBLIX PACKOCOB Haubosee BEPOSiTHL
MOBPEXASHNS N0 YPOBHIO BATEPSMHWM Paboyero cocTosHus (14,2 M) co
CTOPOHBI OWBAPTOBKU CYAOB, Tak Kak pabouee cocTosHne gns [MMBY
fBNsAeTCA Hauboree NPOAOIHKUTENBHEIM MO BPEeMeHM. MoBpexpgeHuam
fofiBepXXeHbl B Nnepsylo ovepefb CpefgHue KOMOHHLI NPaBOro W fIEBOrO
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6opToB. OcTaTouHble fedhopmatiuv Ha NOHToHaxX o6pasyioTca Npu ocagke,
coOTBETCTBYIOWIE! pexumy TpaHcnopmposku (55 m). 3aech nospexpe-
HUAM roBEPKeHL! NMpasbiit 60pPT NPaBOro NOHTOHA U rneBbiit 6opT nesoro
NOHTOHA, KaK NMpaBuiio, B PafioHe WMPCTPEYHOro nosica. MoXHO Takxe
KOHCTATMPOBATL, 4YTO TOHTOHbI [MNBY MeHee NpepApacnonoXeHol K
CepbesHbiM OCTATOMHBIM fAehopMaynsM B CDABHEHWW C KOSMIOHHamMu #
NPORONbHBLIMK HAKIOHHLIMUA PacKkocamu.

BbiNoMHEeHHbLIA aHafm3 B OTHOLUEHUM MEXaHUYECKNX NoBpe XX AeHWI
No3BOMIAET KOHCTATUPOBATL ChegyoLee:

1. K TUNUYHBIM MeXaHW4eCKUM TIOBPeX[EHUSM KOPNYCHbIX KOH-
ctpykuumin IMMBY mMoxHo otHec™:

ocraTouHble gedopmaunn B KONIOHHAX, packocax u NMoHToHax;

HapyllieHUsi enoCTHOCTM B BuJe PaspLiBOB B CBA3AX BEPXHEro
Kopryca co CTOPOHbI criaiepHoit nany6el.

2. Hau6onee BepoATHO ob6pa3oBaHWe OCTATOUHbIX Aedopmayuin B
KOHCTPYKTUBHbLIX 9SNeMeHTax KOMIOHH U NPOAOAbHbLIX HAaKMOHHBLIX
packocoB. [MOHTOHB! MeHee npegpacronoXeHbl K CepbesHbIM ocTa-
TouHbiM fecdopmaumam. Ob6pasoBaHue yKasaHHbLIX MOBpPeXAeHnid B
CBSI3AX FOPU3OHTAMbHbLIX W MOMNEPEYHLIX HAKfOHHbIX PackocoB BO3-
MOJKHO NWLUL MPY HEWTATHBIX CUTYALUSX.

BuinonHeHHoe o6obuieHue B OTHOWEHUN 3KCNyaTaynoHHEIX NoB-
peXgeHnin KopnycHbX KoHcTpykumi TBY nossonmno yctaHoBUTHL
TUMOBLIE MOBPEXAEHUS U COOTBETCTBYIOUIUE UM XapaKTepHble paioHbl
KOHCTPYKLjUM, YTO CMOCOGCTBOBANO -CO3JAHMIO HOPMAaTUBHO-METO-
AMYecKuX YKasaHuii no OoueHKe TeXHUYEeCKOro COCTOSHWA, B TOM
yKcne B 4acTm pa3paboTku NofIoKEeHUn MeToauku obcnefoBaHus.

XapakrepucTunka Hanpnxeuuo-necbopmuposauuoro COCTOAHUS
KOPNYCHbIX KOHCTPYKLIUIA ’

AHann3a HanpsbkeHHoro coctosiHusi kopnyea lNrbY saxeH Kak ans
paspaboTku nofioxekuid no obcneposadnio Kopryca, Tak M ans
pa3paboTKu HOPM [ONYyCKaeMblX nospexXaeHuit (octaTouHbix Aedop-
MaLmit ¥ M3HOCOB). 3HaHWe xapakTepa pacnpefeneHust HanpsKeHWi
(NOCTOAHHBIX ¥ NepeMeHHbIX) MO3BONUT co3AaTh afeKBaTHYi0 cucTeMy
HOpMUPOBAHWUA AonyckaeMbix nospexpaeHunii. Mockonbky MMNBY npe-
AcTasnseTt co60i0 MHOMOKOMIMOHEH THOE COOpYXeHUe, XapakTepncmmka
‘HANPSXEHHOro COCTOSIHUS MPUBOAUTCA OTAENbHO ANA Kax[oh Kop-
NYCHOW KOHCTPYKLUN. ‘
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PacueTHsie uccnegoBaHusa NOKaskiBaIOT, YTO Hanps>KeHHo-gedop-
MUPOBaHHOE COCTOSIHWE BCeX CTabuImM3NpYIoLnX KOMOHH (BbI3BaHHOE
CTATMYECKUMU HArpyskamm Ha TMXOi BOAE U BONMHOBLIMM) npubnuaun-
TeNbHO OfuHaKoBoe. MOXHO KOHCTATMPOBAaTh, Y4TO KOHCTPYKTUBHLIE
"3MIEMEHThI KONOHH MoABEp >XKeHbl CxXamio. B yactHoc, Ha Tuxon BOje
HanpsKeHUs CKaTUS B PA3/MUHbIX CEYSHUSIX NO BLICOTE COCTABNSIOT
50 — 80 MINa; npn peitcTann BKCTPEManbHbIX BHELHUX CUJ1 HanpsxXe-
Hus MoryT gocwrHyTe 100 Mla, nmm okono 30% npegena Tekyyecm
matepuana (o;=320 MMa, matepuam: crans 09M2). HecMoTps Ha To,
4TO HaNPsHKEHWS B KONOHHAX HEBENMKM, ClielyeT UMeThb BBUAY, YTO 3TU
KOpMyCHble KOHCTPYKUMKU SIBNSIOTCS OCHOBHLIM CBSI3YIOWMM 3BEHOM
MeX[Ay NOHTOHaMU U BEPXHUM KOPNYCOM, 4 30HLI COBAMHEHN Torga —
Hanbonee OTBETCTBEHHbIE NPU Nepeaaye Harpyaox.

ns aWanusa peakuuit pacKkocoB Ha BHelHee Boa,qeucmue
AatHHble CBAM LenecoobpasHo NoApasaenvTs Ha 4 FPyRnkl: ropU3oH-
TanbHbie MonepeYHble, roprU3oHTaNbHLIE AMAroHAanbHLIC, HAKMNOHHbLIE
nonepeyHbie n HaKMOHHEIE NPOJONbHbIE packockl. Packockl repsoil
rpynnel (KOPMOBOW, HOCOBOM W CPefHMIA) ABNMIOTCA CaMblMU Y5i38UMbl-
MK C NO3UYMA NpefenibHO# M yCTanoCTHOM MPOYHOCTH. 3aech
npeo6rnajalnT pacTArMBaloWUe HaNPsSXKEHUs, KoTophle ¢ y4eTOM
M3ruGHOI KOMMOHEHTHI pacnpefeneHbl no nonepevyHoMy CeuveHuio
HepaBHOMEepHO. HanpsikeHus Ha Tuxod Bofie cocTtaBnsioT 70 —
90 MIMa. JkcTpemankHOe BOMHOBOE BO3feiicTBME npusBoAuT K
CYW{eCTBEHHOMY YBENMYEHWNIO pacTarmBalouiux Hanpsxenun go 200 —
260 Mra (6,=400 MMNa, matepuan: ctanb 10XCH[). B cnyuae, ecnu
SKCTpemarnbHoe BOfIHeHMe BbLI3bIBAET, B OCHOBHOM, CXaTue paccma-
TPUBaeMbIX PackocoB, TO MaKCUManbHbie CYMMapHbie HanpsKeHus
6yayT nopsigka 90 — 110 Mra. Takum o6pa3som, O4YeBNAHO, 4TO C
y4eTOM MECTHLIX rMAPOCTaTUHECKUX U MMAPOAMHAMUYECKUX HArpY30K
HanpAXeHKs B FOPM3OHTaNbHBIX NoMepeyHbiX packocax 6yayT 6nmMaku
K AoryckaeMmbiM (Npu pacdyeTe npefenbHON MpoYHOCTU O pon =0,80,).
Yanbl COeAUHeHNA 3TMX PACKOCOB C KOMOHHAMW BOCIPUHUMAIOT
cepbesHble nepeMeHHble Harpyskn u NnoToMy sIBASIOTCA NOTeHUManb-
HO HanGoree NOABEPXEHHbLIMKU YCTANOCTHBIM MOBPEXAESHUAM, 4TO
nogTBep KAaeTca Takxxe 3apy6eXxxHbIMU BaHHLIMU. 3T0 06CTOATENLCT-
BO HeoOXxomMo yyecTb nNpu paspaboTtke HOPMaTUBHO-METOAUYECKNX
YKa3aHui Mo OLeHKe TEXHUYECKOro COCTOSHMS,

"opu3oHTanbHLIe AUaroHanbHLie Packocst 3arpyXeHbl MeHee, yem
TOJIbKO 4TO PAcCMOTPEHHble. 3HAYeHUS HaNPSHKeHUA B HUX npw
JKCTpemMarnbHbiX Harpyskax cocrasnsiot +120 — 150 Mila, umm 30 —
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40% npepgena TexyuyecT. HaknoHusbie norepeyHble packockl npe-
AcTasnsioT cobGoio caMyld MHOMOMMCNEHHYID rpynny, K KOTOpoM
OTHOCATCS TpaHueBble (KOPMOBbIE U HOCOBbIE), CPefHUe W NPOMEexy-
TOYHbIE PAaCKOChl. JKCTpeManbHOe BOnHEeHWe MPUBOOUT K Hamnpsxe-
Husim cxams 200 — 240 Mla B cpegHUX Y TPaHLeBblX KOHCTPYKUNAX U
150 — 180 MlMa B NpoMexyTouHblX. C y4eToM MeCTHbIX Harpysok
CyMMapHBIe HaNPsKEHUs CKaTMs B JaHHbIX CBA3AX OYRYT conocrasu-
Mbl ¢ gonyckaemboimiu. FlockonbKy npeobnagaiowyio posib 3gech urpaer
cXaTMe, paccMaTpuBaeMbie KOHCTPYKLM MeHee NpepacnonoxeHsl K
yCTanoCTHbIM MOBPEXAEHNSM B CPaBHEHWU C FOPU3OHTANbHbLIMU
nonepeyHbiMU packocami. HanpsXkeHus B NPOZOSbHBIX HAKNOHHBIX
packocax OT 06LMX Harpy3oK He BbICOKW, OHM COCTABNAIOT okono 20%
npegena TEKy4ecT, NodTOMYy CKOpee Ba)XXHO obecneunTs HenpoHn-
LJaeMOCTb NocregHux.

BepxHuit kopnyc MNBY npepfcTaBnsier co6oi0 KopobyaTtylo KOH-
CTPYKUMIO, OrpaHudeHHyio 6opTamu, TpaHuamW, rnasHoi U BepxHein
nanyb6amv 1 pasgeneHHyio nepeéopkamu v nnatopmoi. MoHATHO, 4To
HanpsiKeHHoe COCTosiHUE ero He oiHopoAHo. Kak 6onee yganeHHas or
HeWTpanbHOi ocu BepxHss nanyba wcnbiThisaeT Gonbline Hopman-
bHbie HanpspkeHus. Hanbonee 3arpyXeHHLIMM SIBRAIOTCS PaiOHbI
riepecedyeHns NonepeyHbiXx U NpofonibHLIX nepebopok u ceveHus
nonepeyHsix CBsseil B auameTpasnbHoi nnockoctn MMNBY. Tlpu
aKCTpeMarnsHOM BO3JSCTBMM HanpsKeHuss B BepxHen ¢ubpe no-
nepeyHbix cesizeli coctasnsioT 150 — 250 MMa. KoHCTpyKTMBHO
ocnabneHHOR 30HOM - SIBNSETCA KOPMOBOM TpaHel, rge HanpsiKeHus
cocTasnaoT 250 — 300 MMNa. B HuxHen ¢mbpe nonepevbix cBsaei
HanNpsOKEeHNA TakKXKe AOCTATOMHO BbiCOkM — 120 — 190 MMa, no
YPOBHIO TNaBHOA nanybbl HECKONbKO MeHble. C y4eToM ffocKoro
HanpsHKEHHOr o COCTOSIHUA HANPSXKEHNUA B psifie 30H BepXHero Kopnyca
6nmM3kn K fgonyckaembiM. Takume KOHCTPyKUuM Kak nnargopma,
HafCTPOMKN W BepToneTHasl Mowanka MOXHO paccMatpuBaTh Kak
HeyuyacTsyloume B o6ecneyeHny obuwjen npoHHocm.

Bknag o6wmnx aKcTpemarnbHblX Harpysok B HanpsXeHHOe COCTOS-
HUE NOHTOHOB BECbMA HECYLIECTBEHHbLIA. DTN KOPMYCHbIE KOHCTPYKLUU
UCTBITHIBAIOT, FNaBHLIM 06pasoM, MECTHbIe Harpysku, KoTopbie npe-
,qC'raBnmof coboio .rugpocraMyecKoe fasneHne MOpCKoW BOAb u
Hanop, cosgaBaeMbiii B 6annacTHbiXx oTcekax. Takum obpasom, fnsi
MIOHTOHOB BaXXHO 06ecne4nTs HenpPoHULIAeMOoCTL OOLInBKA.
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BbinonHeHHbIi B HacTosem pasfene aHanu3 HanpsiKeHHoro
COCTOSIHWUA MO3BONSIET: .

NOATBePUTL paHee CHOPMyNUpoOBaHHOE NOMOXEHue o TOM, 4TO
XapakTep HanpsXXeHHOro cocTosHua Kopnyca MMBY-s uenom npuHym-
AWanbHO OTMYaeTCs oT COOTBETCTBYIOWEro ANA MOPCKUX CY/OB;

MOCTPOUTL NOAPOGHYIO KNAaCCHMKALUMI0 KOHCTPYKTUBHBLIX SMEeMeH-
ToB IMMNBY no crenexu ux OTBETCTBEHHOCTM B 4actu NPOYHOCTU W
Ha[@XHOCT COOpPYXXEH!N, B COOTBETCTBUM C KOTOPOIA 6yayT BbI6up-
aTbCA HOPMATUBHBIE NapaMeTpbl U HA3HAYATLCS ‘AonycKaemeie xap-
aKTepUCTUKYU U3HOCA U OCTATOUHBIX AehopMaLuil. :

HopmupoBanue uanocos

B cBasu ¢ Tem, uto NMBY rpepcrasnsaeTr co60l0 CHOXHbie
MHOTOKOMMOHEH THbIE UH)KEHEPHBIE COOPYXeHHs, 3ajava o gonyckae-
MbIX U3HOCAX KOPIYCHbIX KOHCTPYKLWI pewanacb ¢ y4etoMm Bhile
BLIMONHEHHOr0 aHanuaa aKcRiyaTaUuuOHHbIX NOBPEXASHNA U aHanm3a
HanpsHKeHHOro COCTONHUS Ha OCHOBAHUM UCMONMBb30BAHWUA KOMMMEKC-
HOrO nojxofa, BKIIOHAIOWEro pacyeTsl NPOYHOCTM COOPYKEHMUS npu
Pa3NMU4HbIX 3HAYEHNAX UHOCOB (NPU 3TOM BAPLUPOBAHUIO nognexarnm
XECTKOCTHbIE XapaKTepucCTUKu CBsi3ei), BEPOATHOCTHO-3KOHO-
MUYECKMIA aHanM3, aHajm3 OnbiTa HOPMMPOBAHWS M3HOLIGHHBIX KOH-
CTPYKUNIA TP2HCIOPTHOIO CYAOCTPOEHUS.

OueHka NPOYHOCTM KOPMYCHBLIX KOHCTPYKLMA NpU pasfuyHbIX
3HAYEHUAX OCTATOUHLIX TOMWMH BLINOMHANACK, ONUPasich Ha pesynb-
' Tam™i o6cnegosarua MMNBY mna «llensd», nonyyeHHsie creuuanuc-
Tamu UHUU um.akapn. A.H.Kpbinoea, Pacqemﬁi’_g obra_rqql-lbl_e TOSIYMHBI,
OTHECEHHbIe K 10-NeTHEMY CPOKY CriyXG6ei, COOTBETCTBOBAMM hak-
TUHECKUM U3HOCAM KOHCTPYKTUBHLIX 3NEMEHTOB. OCTATOYHbIE
TONUMHL!, OTHECEHHbIe K 15 1 20-m ropam akcnnayartayum, onpegens-
nck no ¢opmyne: '

Sood T)) = Socr{T10) — t( Ti—T10) | M

rae Secr (T} — pacuetHan ocratounan TONMHA Ha nepuoy aKkennyartayuv 7; ner,
Soc{ T10) —pacueman ocratounas TonuguHa Ha nepuog akcnsyatauuu 10 ne;
Iy — pacueTHasi cKopoCTb KOPPO3Wy, ANS PASIUUHBLIX KOHCTPYKTUBHBLIX 3f16-
MEHTOB fipuHUmanacs B fuanasone t=0,1 — 0,2 mm/frop;
T; — cpox skcnnyaraumu MNBY, fpY OLeHKe NPOYHOCTH NPUHAMANCH PaBHLIM 15
n20rr.; ) :
Ty0 — cpok axkcnnyatayuu NISY, paBHbi%i 10 .
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B pacueTax NpoOYHOCTU KOHCTPYKUUU yuuTbiBANOCH Hanuuue
noruéu NUCTOB HACTUNIOB AnA nany6 sepxHero kopnyca. flonaranocs,
yTo rnormbb B HauanbHbif Mepuop SKcnryaTayuu Wo ans Kaxxgown
nnacTMHbl Hacna 6nusKa K CpepHuMm 3HaveHusIM  guanasoHa:
O—[Wo], roe [Wo] — pAonyckaemoe 3Ha4eHue 6yxTuHOBaTOCTH,
pernamenTupyemoe OCT 59079-80. Mornbb Ha KoHel cpoka CryxObl
W, ana KaXgol nnacTuHbl Hactina onpefenanack Kak CpepHss na
mnanasona: O—[W,]. fonyckaembie 3Ha4YeHus [W,] BbluMCnAMKCS,
onupascb Ha ONbLIT HOPMWUPOBAHUA 6YXTUH TPAHCMOPTHEIX CYAOB,
SKCTINYaTUPYIOLMXCSA AnMTenNbHoe BpeMs [2].

Hanpskenus B Haubonee OTBETCTBEHHbIX CBA3AX kopnyca MNBY
npv peiicTBuUM SKCTPemMaribHbiX BONHOBbIX HarpysokK, COOTBETCTBYIOLNX
BapeHLleBy MOpIo, NpusefeHbl B Tabn. 2. '

Ta6nuya 2
PacyeTHule HanpAXKeHUs
HavimexoBsanue Pacyemibie Hanpshkenus (MIMa) G goms
KOHCTPYKTUBHOI'O 3NEMEHTa (MnNa)
T;=20 ner | T;=15 net T,=10 ner

KopMOBO# FOpW3OHTasbHbI 372 347 325 320
nonepeyYHLid packoc Yy :
coepMHEHUs € KONOHHONA
Hocoa»oﬁ ropuaomanknmﬁ 349 . 328 307 ' 320
nonepedYHbl# packoc y
COGAMHEHUSA C KOMOHHONA
Nepeceuenue rnonepeuHoi 354 314 278 336
nepebopku 78 wn. BepxHero :
Kopiyca C NpOpOrnbHOR nepe-
6Gopkon 14 p.x. npasoro 6opta
Kopmosoi TpaHey aerHero 378 340 316 336
kopnyca y 14 p.x. nesoro . ;
6opra :
NoriepeuHas nepebopka 78 296 271 246 - 269
wn. BepxXHero Kopnyca y : '
LAaMeTpanbHod NsI0CcKoCTH
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Oueaugno, 410 npu T;=10 ner HanpsxeHust B XapakTepHbIX
CEYEHUSX KOPNYCHBIX KOHCTPYKLMM NPaKTMHYECKN He NpeBbilanT
ponyckaembix BemmumH. TMpu T;=20 rogam Hanps)KeHns npeBbIWAOT
fAonyckaemblie, HO He JOCTUraloT rpefena Tekyyect o, (6;=400 MMNa
NPpU Opon =320 — 336 Mia n o= 320 Mila npu 64, =269 Mila).
MNpuyem npesbilieHMEe AONYCKABMLIX HANPSXEHUA UMEET MecCTo B
OrpPaHNYEHHOM KONMYECTBE 30H KOHCTPYKLMM:

B Ttabmuue 3 npuBefeHbl ROCTPOEYUHBIE M PACYETHLIE OCTATOMHLIE
TONWUHBI, OTHECEHHBIE K Pa3fMyHbIM Cpokam akcnnyatauun MNMBY.
HatHble BeMuYnHbl ABRSIOTCSt OCHOBOW ANISt HASHAYEHUA [IONYCKaeMbIX
OCTaTOYHLIX TOMUUH. DakTuyecku, ANA Hanbornee HarpyXeHHbIX
KOHCTPYKTUBHBIX QMIEMEHTOB (Hanpumep, ropu3oHAaTNbHbLIX MO-
nepeyHbIX PackocoB) AOMYyCKaeMbie OCTATOYHbIE TOMUWHLI, MO BCed
BEPOSITHOCTH, MOFKHbLI O6biTh 6MU3KKM K paCUYETHBIM OCTATOYHBIM
TOMYUHEM, COREPXXaWUMCS B Tabsl. 3 C yyeToM peliéHus Bonpoca o
BO3MOXXHOCTY 1IPEBbILeHNA [ONYCKAEMbIX HANP AXEHUA.

Ta6nuya 3
3HAYEHUSR NMOCTPOEHHBLIX M PACYETHLIX OCTATOMHBLIX TOMYMH JIMCTOBLIX 3/IEMEHTOR
Na HaumeHoBaHue MocT- | PacuetHas ocratounas Mpouent YMEeHbLWEeHUs
nfn| xoHcmykmBHOrO poey- | tonwyuna Ha nepios | pacueTHoit ocTaTouHoi
aneMeHTa Has TN akennyatauun T) neT  [TonumHe! K NocTpoeyHoi
wuHa

(mm) | =10 | T,=15] T;,=20 | T,=10 | ;=15 T;=20

1 |[FopusonTanbhbie| 20,0 18,4 17,4 16,4 8,0 13,0 18,0
noriepeyHsle packochl :

2 |HaknoHtbie pacKochbl 14,0 | 126 11,6 10,6 10,0 17,1 24,3

3 {KonoHuw, yposeHb| 16,0 147 13,7 12,7 8,1 14,4 20,6
saTepmHun

4 |TToHTOHb! 14,0 12,9 12,0 11,1 7,9 14,3 20,7

5 {OnopHbie Ganku| 12,0 11,0 10,0 90 83 16,7 25,0
BEpXHero Kopnyca

6 |MNepebopkn sepxHero| 8,0 7,3 6,85 6,4 88 14,4 20,0
Kopnyca

7 {FnasHasa nany6a| 8,0 6,9 6,3 57 13,8 21,3 | 288
BepXxHero Kopnyca - .
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[ns KOHCTPYKTUBHLIX 3NIEMEHTOB, HE CWJIbHO HanpsXKeHHbIX Nnpu
feficTBuM OOLMX HArPY3OK U UCTbITHIBAIOLUX B OCHOBHOM MECTHbie
Harpyskn (9NeMeHTsl NOHTOHOB, KOMOHH, MPOAOTbHbLIX HAKMOHHBIX
packocoB # T.N.), BOSMOXHO 060CHOBaHHOE HasHaJdeHue fJonyckae-
MBbIX OCTATOUYHLIX TOMWMH MEHbLLEMX, YEM pacyeTHble 3HauyeHus,
npusefeHHele B Tabn. 3. [ina psija 30H BepxHero Koprnyca M3HOChHI,
oTHeceHHble K 15 u 20 rogam aKcrtyaraywu SABNSIOTCA SBHO
ypesmepHoiMi. BbickasaHHble NONOXeHWUst Obifv yyTeHbl npy Has-
Ha4YeHUU J[ONyCKaeMbiX OCTATOYHbLIX XapakTepUCTUK RPOYHOCTH
M3HOLL EHHbIX KOPMYCHbBIX KOHCTpYKUui TTNBY.

" Hapsigy ¢ BblUeonucaHHbIM, AaHHaA 3ajada paccmarpusanacs ¢
BEPOSITHOCTHO-3KOHOMUYECKMX NO3WLMA, Ha OCHOBAHMUM nhojxopa,
cogepxaujerocs B pa6ote [1]. [laHHbI NMOAXOA YYMTHIBAET 3aKOH
M3MEHEHUs XapaKTEPUCTUKU. NPOYHOCTM C TEYEeHWEeM BpemeHu, n
KOHCTPYKUWUYN, OCOGEHHOCTU Harpy>eHusl, CTOMMOCTb PEeMOHTHOrO
BOCCTAHOBNIEHUSI KOHCTPYKLMM U T.N. B COOTBETCTBUM C HUM Ans
KoHcTpyKumit MNTMBY, obecrieunsalownx o6UyI0 NPO4YHOCTb, OTHOCU-
. TenbHas ponycKkaemas Be/MUMHA OCTATOYHOR XapakTepucTuKu
npouHocm coctasuT 0,84. — 0,9, a ANA KOHCTPYKUMA, BOCNPUHK-
MaioLWuX, FNaBHBIM 06pPa3oM, MECTHbie Harpysku — 0,63 — 0,8. _

PaccmaTtpusBas noouYepefHo KaXfyio KOPMYCHYI0 KOHCTpyKLUuio,
MOXHO MOMYYUTL ANSi Hee KOHKPEeTHble 3aBUCMMOCTH, pernameH-
MpYyloure JonyckaeMble W3HOCk. B yactHocT, Bhllie OTMEeYanoch, YTo
rOPU3OHTANbLHBIE MOMEPEYHbIe W HaK/IOHHbIe MonepeyHbie PacKoChl
obecrieumBaioT obiylo npouHocts Kopnyca [IMNBY, kpome Toro, yanol -
coegUHEHNs NepBbIX U3 HUX C KONOHHamu Haubosiee nNoTeHUMArbHO
nofsep XeHsbl YCTArNOCTHHIM MoBpexAeHnsM. MockonbKy packocsl pabo-
TAloT, rAaBHEIM 06pasoM, Ha pacTXXKEeRUe-cxatme, B KayecTse OCHOBHOIO
HOPMMPYEMOro napameTpa ANsi HUX MOXET BbICTYNaTh nnowage

norepeyHoro ceveHus — F, W Torpa fonyckaemas OCTaTouHas
sermunHa [F] 6ygeT pernameHmMpoBaTLCH 3aBUCMMOCTLIO!
[Fl=arFo , (2)

rare R —nnou;am: NONEepPEeYHOro CeueHust packoca, Tpefyemas fedcTByiolumMA
’ HOPMATMBHLIMU JOKYMEHTAMM OISl HOBO! KOHCTPYKUMK;

= KoachuyrenT, paBHLIR ar=a{Al5)%5,
3pecs uF— 0,85 ans cnyyas, Korpa ToMYMHA CTEHKM packoca Sp< 15 Mm;
ak=(0,95—1,5/Sy) ans cnydas, Koraa TosluHAa CTeHKW packoca Sp> 15 mm;
Sy — Tonyuua, Tpebyemas AefiCTBYIOLMMY HOPMaTUBHLIMM ZOKymeHTamu Ans
HOBOW KOHCTPYKUMK, MM;
At — NpOMeXyTOK BpeMeHu, rofkl, A0 Gmxaiiuiero 04epefHOro 0CBUARTENLCT-
BOBaHMs KOHCTPYKTUBHOTO aneMeHTa, 2 < AI<5.
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Mockonbky ocHOBHEIE CBSI3W BepxHero Kopnyca, obecneunsaioume
0o6uyio NPOYHOCTL, MCHILITHIBAIOT, IMABHLIM 06pa3oM, M3rMbHLIe Aedop-
Mayuu pernameHTMpoBaTtb Criefyer MOMEHT CONpPOTUBJIEHUS KpaitHux
m6p W. SaBucumocTts Anst onpegeneHysi 4onyckasmon BenMumHb We
MprHYUNMan-HOM CMbicrie aHanorudHa 3asvcnMoctu (2), '

MNpu paccmoTpeHun cBA3eit, UCNbITLHIBAIOIMUX B OCHOBHOM MECTHbIE
Harpysku, BO MHOIOM MCMOSb30BAMCA ONbIT TPAHCIOPTHOrO CyAoc-
'TPOGHMSA. . B 4acTHOCTH, ANA SIMCTOBLIX SNEMEHTOB KOHCTPYKLMI'
NpUMeHANUCL criefylolme HopmatMeHbie napametpel: [Sq] — gonyc-
Kaemasi cpegHAst OCTAaTOYHAA TOMUIMHA OTAENbHOrO FIMCTA OGIWUBKM
(Hacuna), [S;] — monyckaemas cpegHsisi ocraTodHas TonmwuHa
OTAeNbLHOro yHacTka unu sueikv mucta. B xavectse npumepa, gns
O6WUBKN CTAGUIMBNPYIOLYUX KOSIOHH UMEeM:

[81] =0oq SO s
ay =a%(4t5)>" ,

@)

rae af= 0,7 Ans NMCTOBLIX 3NEemMeHToB npu Sp< 10 MM,
af = (0,8—1/Sp) ans nmcroBsIx-anemeHToR npu Sg=>10 MM.

-34eCb YYTEHO, YTO KOMOHHbI SIBASIOTCA OCHOBHLIM CBA3YIOWMM
3BEHOM MeXJy BepXHUM KOPMYCOM W NOHTOHaMu. [Nsi NpofofibHbIX
HaKMOHHLIX pacKocoBs, HanpuMmep, KO3MUUUEHT off HEeCKOoNbKO
MeHblle BbilleykasaHHbIX U cocTaBniser 0,65 npu Sg<15 mm, uTO
COOTBETCTBYET UX (DYHKLYMOHANBHOMY Ha3HAYEHMIO.

Mpu paccmMoTpeHUM u3HOCa NMATHAMM UMM KAHABOYHOFO W3HOCa
NMCTOBbLIX 3MIEMEHTOB AOMYCKAaeMas OCTATOYHAA TOMUMHA HECKOMbKO
yMeHbLIaeTesi No oTHoweHuio K [Sq], n Torga pernamenmpyeTtcs [S3],
YTO TaKX€ COOTBETCTBYET OGLeNpPUHATEIM B CYAOCTPOEHUM NOJIoXe-
HUAM. OXapaKTepu3oBaHHblii Bhiie NOAX04 NO HOPMUPOBAHMIO
W3HOLIEHHBIX KOHCTPYKUMII PacnpocTpaHAeTcsi C y4eToM Heo6xoau-
MbIX 0CO6EHHOCTEN Ha BCe KOHCTPYKTUBHbIE anieMeHThl [TNBY.
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HopmupoBaHue ocTaTouHbiX gediopmaymii pacxocoa(*

Packocbl Ha 6onbluelt 4acTv cBoel AnuHbl ABRsioTeA 6e3HabopHbl-
MU KOHCTPYKUuUsMK. 1o OTHOWEHMIO K OCTATOMHbIM gedopmannsim
packocos 6ygeM WCMOMb30BaTb TEPMMH «BMSATUHE» B COOTBETCT-
BylolleM KOHTeKcTe., HarnomHuM, 4To paccMatpuBaemMblie KOprycHbie
KOHCTPYKLMK npegcrasnsioT coboio LUnnuHapryeckue Kpyroseie obo-
fIOYKM M B 3TOM WX MNpUHUMNWANbHOE OTIMuMe OT TPaAULUNOHHbIX
CYAOBBIX KOHCTPYKUMA. YkasaHHoe npegofnpegenser 0COGEHHOCTH
nedopmupoBaHns NMONepeYHoro ceuyexns packoca.

PacueTHbli# aHanM3 MNoBeAEeHUsi packoca Npu 9KCrnyaTayuoHHOM
Harpy)>xeHuu no3BOMMA YCTAHOBUTb, 4TO Ha [Ae(OpPMUPOBAHHOM
y4yacTtke packoca: :

rMnoTesa rnrockux ceyeHnit He Bcerga OKassiBaeTcs NPpUEMnemMol; aTo
BeAeT K HEeO6XOIMMOCTM WUCIOML3CRAHWA [ANA PACHETOB HanpsKeHHOo-
[[ehOpMUPOBaHHOIO COCTOSHUS 60r1ee CROXHBIX U TPYHA0EMKUX NOAXOHOB;

ANst NPUGNUIXKEHHBIX OUEHOK HanpsKeHHOro COCTOAHWA u YC-
TOMYMBOCTM B LENsiX COXpaHeHns obulel CTPYKTYpbl pacyeros w
nogxo[os K HOPMUPOBAHWIO CreflyeT UCMOoNk30BaTh PeAyLuMpoBaHHble
apeKkT™MBHbIe OLEHKN reoOMeTprYEeCKMX XapakTepucTMK MeHbline no
BenMUUHE COOTBETCTBYIOLUX HOMUHATBbHBIX 3HAUEHWH;

Kpasi BMATMH MOTYT CMeljarthCsl 1 [ONONHUTESIbHO W3MEHsTb
XapaKTepMCTNKM NONEepeyHoro CeveHus;

BO3SHUKAET [ONONHUTENbHbIW #3arubalowmnin MOMEHT 3a cyeT
CMELEHNst HeMTPankHOR OCK OT CBOEro NepBoHavanbHOr o NOJIOXKEHUS;

BLICOKME NOKasbHbie W3TMOHbIe HaNpsXKEeHUs, BO3HUKaowme npu
[OCTATOUHOM BENMuMHE CTpesikn nporuba f, cospaioT 6naronpusmbie
ycnosus 4na o6pasoBaHus yCTanoCTHLIX TPELrH 1 paspLIBOB.

ViccnegoBaHus HanpsiXXeHHo-AeopMUpPOBaHHOro COCTOSIHUS
yyacTka packoca C BMATMHOM NoKasam, 4TO BO3SMOXHOCTb NpuMeHe-
HWS FMNOTES3bl NAIOCKNX CEYEHNA 3aBUCHT OT CTPESIKU NPOrnba BMATUHE
f u usmeHeHHOR FreoMeTpuK cevyeHun packoca. '

Tak, npu fs\/l_?T-l (rge Ru H — cooTteeTcTBEHHO paguyc 1 TonuHa
CTEHKM packoca), BMSTUHbI MOFYT CHMTATLCA MarbiMu W runoTesa
NNOCKUX CEYEHWIA BLIMOSIHASTCS, HaNpsHKeHHOEe COCTOsHWe paspgen-
| feTcs Ha OCHOBHOe (Cc)Kamie, pacTsbkeHue, W3rnb) u BosmyljeHHoe.
BosmylwleHHOe HanpsKeHHOe COCTOSHUE HOCUT NOKanbHbIA XxapakTep y
n3MeHeHus (opMbl HEe 0XBaTLIBAIOT BCEro ceveHnn packoca. B crniyuae

¢ Paspgen nogrotosneH 10.N.Kynakossim, H.I.Monosbim.
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cpenHnX BMSITUH \/W—k f< 3\/ﬁ7' HanpsxeHHoe cocTosiHUe B8 obuiem
crniyvae He pasgensieTcs, BO3MylieHne v opmonsmeHerune nNo mepe
pocTa BenmunHbl f oxBaTeiBaeT BCe NOBPEXKACHHOE CeYeHUe packoca.
OpaHako, (hOpPMON3MEHEHUA CeYeHUS euje MNO3BOSAIT NONY4YUTb
3 hekmBHLIE OLEHKM PaboThl OTAEMbHbIX YYACTKOB PACcKOCOB NpU
BOCNPUATAM 3SKCMNyaTaMOHHBIX Harpy3oK. PacueTtHbiMM uccregoBsa-
HUSIMU NOKA3aHO, YTO BO3MOXHOCTD ronydyenns ahdexk TMBHbLIX OLEeHOoK
paboTtocrioco6HoC™M packoca TepsieTcst NPU 3HaveHusix > 3\/‘RTI.

B pesynbTaTe BLIMONHEHHOro aHanMsa C y4yeToM JuariasoHa
uameHeHns f Ana Manbix BMATMH U OTBETCTBEHHOCTH CBSI3eH NPU3HaHO
LenecoobpasHblM NpuaepXusaTbCA OCHOBHOM TEHAEHUNM N3MEHEHUs
F n J (cooTBeTCTBEHHO Nnowagn NOnepevHoro CeYeHUs U MOMEHTa
uHepuuy) M UcnonbL3osaTh B KadyectBe pacyeTHbiX 6onee rpocrsie
3aBUCUMOCTU AnA HaxoxpeHus 3 eKTMBHbIX XapakTepucTuk
CeYeHns: ' S

J'fdo=1—2,5(D,
F/Fo=1—25£D, (1)

rge D — nuameTp packoca.

‘Benmunta J' ABNAETCA NPOMEXYTOUHON OLEHKOH MOMEHTa WH-
epuyum, KoTopasa AOMmKHa 6blTb BTOPUYHO OTPEAyUMpOBaHA C YUETOM
HapYXXHOro AaBreHus, CMbIKaHNs Kpaes BMATUHLI U 06LeH KPUBN3HBI
aedopMupoBaHHOro packoca

J= k1J', ‘ : (5)
rge ki <1 — xoadmumeHT pegyuuposanua.

MecTHBIR n3rnbaioLimit MOMeHT, 06pasyIoLKICs B paiioHe BMATUHBI
3a cHeT M3MEHEHUS NONOXEeHUA HenTpasrbHoN ocn aethoOpMUPOBAHHOr O
cevyeHunsi packoca OTHOCHUTEeNbHO ee NONoXXeHUA B HeaedopMUpoOBaH-
HOM ceueHuu, NPUBOAUT K TOMY, YTO NOBPEXXAEHHLIW PaCKoC B cocTaBe
KoHcTpykuun [MBY cnegyer paccMatpuBath M paccunTbiBath Kak
CXXaTo~-N30rHYyThIl CTepXKeHb C COOTBETCTBYIOWIEN XKEeCTKOCTbIO.

MosiBnNeHue ycranocTHOr o paspylwieHusi B 30He BMSTMHbL 3aBUCKT OT
KoadduuveHTa KOHLEHTpauuu Hanps>KeHui, KOTOphii B CBOIO
ouepefib 3aBUCUT OT BEMMUMHLI f U OCTPOTHI BMSTMHBL. OnacHbie
3HayeHun f u KOIMMPUUMEHTOB KOHLUEHTpauuu OonpepensioTcs ¢
no3nuuu ycTanoCTHOR NPOYHOCTM COFNACHO TUOTe3bl NUMHERHOro
CYMMMUPOBAHWSA NOBPEX AEHMUIA:
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£ n/Ni<08—T, | (6)

rae nyN; — oTHocMTENbHAas ACNTOBEYHOCTL HA YPOBHE HArPYXeHUs o,
{ — HapaboTKa KOHCTPYKLMKM HA MOMEHT NOJTYYEHU S BMSITUHbI,
T —pacueTHblil cpoK akcnnyatayuy MMNBY.

BenuunHa 0,8 B3ATa M3 coobpakeHuid, y4MTHIBAIOWNX OABEHNEe
JononHuTensHbIX gedeKTos npu agedopMalui wWwsa.

Ha ocHOBaHWK BLINOSHEHHbIX PAacyeToB NPOYHOCTH W yCTOW-IMBOCTM
paspaboTaHbl MPeAroXeHnsl Mo HOPMUPOBAHMIO U CYMMWUPOBEHWIO NOB-
pexaeHuin B BUe BMATMH B packocax MNBY mna «lWensd». B yacTHoc,
B KQYeCTBe OCHOBHbIX MOMOXEHUH MOXHO chopmynuposath criegyioume:
‘ 1. Ecnu ctpenka nporuba fs\/RH, TO 9TO He NpensTcIByeT
nogmeepxaeHuio knacca MNMNBY, HO aToMy y4yacTky packoca npu odepep-
HbIX ocsnneTenbgr_B_OBavax HOMKHO YAENATLCS NOBbLILIEHHOE BHUMAaHWE.

2. Ecnm JRH<f<2,/RH, 10 30Ha BMATMHB OCMaTpuBaeTcs
€)XErofjHo C WCMOoMb30BAHWEM TEXHUYECKMX CPEfCTB, 5TO He npe-
naATCTBYET noareepxaeHunio knacca NMNBY, cpok peMoHTa COrnacosbI-
.Baetcsi ¢ Peructpom.

'3 Ecrm B f060M packoce, KpoMe NpoAonbHbIX HaKNOHHbIX, f> 2\/_§FI
skcnnyatayus MNMNbBY sanpeuwjaetcs o pemoHTa pacxﬁa.' B npoaonbHbiX
HaKIOHHbIX PacKocax TpeGyeTCsi PEMOHT, ecrm, > 3\/ RH.

HopmupoBaHue OCTaTouHbIx ged)opMauuii CBA3eH KONOHH, NOHTOHOB
*
# BepxHero kopnyca'

Kak nokasan BbLINOJIHEHHbI aHanua, Ans yKasaHHbIX 3/1eMEHTOB
MNbY cuctema Habopa, KOHCTPYKTMBHOE O opMAieHUEe U Xapaktep
MOBPEXAEHUA NPAKTIMECKN WAEHTUYHLI C TUITMYHBIMW ANA KOPNycoB
TPaHCMOPTHLIX CyhoB. [losTomMy Npu pernaMeHTayun uxX [OMYCTAMBIX
OCTATOYHLIX NPOrn6GoB UCMONL3YETCA XOPOWO anpobupoBaHHbLI NpuU-
MEHUTENIbHO K CYAOBLIM KOHCTPYKLUMAM MOLAXO0[, CBSi3aHHLIA C orpa-
HAYEHUEM MUHMMANLHOrO 3anaca NnacTMYHOCTH.

3anac NnacTMHMHOCTM KOPIYCHBIX KOHCTPYKUMI oBecneunBaeT rpu
BO3HUKHOBEHMN 3KCMfyaTalWOHHbIX NEePerpysoK BO3MOXHOCTL M3Me-
HeHus NX nepeoHavan-Hoi opMsl NyTeM nnactuyeckoro pedopmup-
oBaHus martepuana 6e3 HapyuieHus LenoctHoctM. B npouecce
nnacmueckoro pedopMupoBaHMAa Yy NOBPeXAEHHOR KOHCTPYKUUK
_POUCXOANT YMEeHblileHue 3anaca NNacTMYHOCTH. .

(* Pasgen nogrovoened E.M.AnnonoroBbiM, A.B.HecTtepoBbim.
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Takum obpasoM, 3agaya HOPMUPOBaHKUA OCTATOUHLIX fedopmatLiuii
MOXeT 6biTb CBefieHa K 3ajjaye HOpMUPOBAHUA OCTATOYHOrO 3anaca
NNAcTM4YHOCTH, ecn CYAET yCTaHOBNEHA CBSi3b MEXAY U3MEPSeMbIMU
Npu fedeKTalmu napaMeTpamMmu NOBPEXAEHN i 1 0CTATOUHBIM 3anacom
NnacTM4HOCTU. B kavecTBe Meph! 3anaca NAacTMYHOCTU Bbl6paHa
BENMYNHA UHTEHCMBHOCTH NNACTUYECKUX Aedopmaumin.

Mpu atom HeobxopmuM Takxe fiepecMOTp HOpMaTUBHON 6asbl ¢
YHETOM OTMEUEHHBIX BbiLE OTNYMIA Hanp s>KeHHo-e(POpMUPOBAHHOr O
COCTOsHUSI KOHCTPYKUui NMNBY oT cygosbix.

BblJ1 BBIMOSHEH ceuMantHbIA LMK NCCReAoBaHMi, NO3BOMMBLINA:

KOPPEKTHO yuecTs BiMSHUE Ha YMeHblIeHne 3anaca NaacTuyHOCTH
B 6ankax KaK W3rnbHbIX, TaK M L{enHbIX Aetopmaunii;

YHEeCTo B/MAHUE KOHEYHOCTH : COOTHOWIEHU A CTOPOH OrnopHoro
KOHTYpa nnacmH umu pasmepoB Ae)OPMUPOBAHHON 30HBLI OGILMBKM;

BCECTOPOHHE NpoaHanuaupoBarth fehopMUPOBAHHOE COCTOSHUE.
3EMEHTOB KOHCTPYKLWUN B BbiNyuYuHe; ' -

NepecMoTpeTs (B CTOPOHY YBENMYEHUSI) NPUHSTHI Ans CyfoBs Hopma-
veb! [2] MUHUManEHOrO 3anaca NNAacTMUYHOCTH. 38 CYeT yJeta crieyupuku
MMBY u BBegeHus Gonee CoOBEPLUIEHHLIX pacdet™bIX Mogenei.

B pesynbTate BLINONHEHHLIX UcCnefoBaHui paspabotana cxema
HOPMUPOBaHUSA OCTaTOMHBIX Aeopmaumii CBs3el KONOHH, MOHTOHOB U
BepXHero kopnyca. B uyacmocm, B cootBeTcTBMM C Heii ponyckaemoe
OTHOCATENbHOE 3HaYeHue OCTaTouHOl ciperku nporuba [fy] obuwmeku
(nacvna), gpyroi rmcToBoi KOHCTpYKUMM B 6yxmvHe, rodpupoeke,
BMSTTUHS, BMATUHE-BbINYYUHE OMpeaensieTcsi Ha OCHOBAHUMN COOTHOLLEHMS:

[Fol = lfol/bomin = (BZ+ AE—B)/A , o

rge A= ga, B=8p/bin, 9=1,15/1+ 102+ 16" ;

35-b—npu b<1,5 -
2,0 npu 5>,1Ft5 i Bmin=bmin/t; b=bmax/bmiri

E — uncnentsin koadhUyMeHT cornacko Ta6n.4;
Dax — Gonbiuas u3 Bermuu J, ap (bmax=max{l, a,});
bmin — MeHbluas na senuynH |/, ap (bmin=min{l, a,});
| — MakcumanbHas NpoTAKEHHOCTL AedopMnpoBanHON 30HLI 06WMBKK {Hac-
TMNA), U3MEpPEHHARA BAOIL Oceil 6anoK (ans 6yxTu, rocpupoekm, BMSTUH)
UnM BRONb MMHUN COeMHEHUA OGWIMBKY (HACTMNA) C NMCTOBON KOHCTPYK~-
yuei (Ans BMATUH-BLINYUMH); :
8p — MakCUManbHas NpOTAXKEHHOCTL AeOpPMUPOBAHHON 30HL!I OGLIMBKY (Hac-
TAna), UIMEPEHHAS B HaNPABNEHUN, NEPNEHAUKYNAPHOM 0CSM BANOK {(Ana
GyxTH, ropupOBKU, BMSITUH) UMM IMHUA CoefiMHeHnss O6LIMBKY (HacTusa)
C JMCTOBO! KOHCTPYKYMen (gns BMATUH-BbLINYUUH);
t — akmueckan Torumna nucra.

o=
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3navenun xosopuymenra £

Tabnuya 4

Bug ocratouHoi BbicoKOHanNpPsKeHHbie Ocrankhbie paioHbl BEPXHET O MoHTOHbI
pechopmaumuu | yuacTku BepxHero kopnyca |<OP1YCa chg;xg:::aMpyloume

byxmuHa 0,031 0,084 0,078

Fodpuposka 0,031 0,07 0,065

BmsmHa 0,031 ‘ 0,07 0,065

BmsuHa- 0,019 0,042 0,039

BLIY4YMHA

Jonyckaemoe OTKnoHeHue 6anok HaGopa OT CBOeW NepBoHa-
4anbHOM NNOCKOCTH BO BMsATUHE [d] pernameHTMpyeTCs 3aBUCUMOCTbIO:

[d]=0,14 h ,

rge h — BblcOTaA MONEpPeYHoOro ceveHua 6anku.

PaspaboTaHHasi cxeMa HOPMUPOBaHUA npejycmaTpusaeT Takxe
. OrpaHu4eHne MPOTSHKEHHOCTU BCEX TUMOB OCTATOMHbIX Aedpopmauuit
110 NONEPeYHOMY CEYEHUI0 KOPMYCHOM KOHCTPYKLUN.

3aknoveHune

BhifionHeHHbIe WCCReaoBaHunsl nossormnu paspaborats HopmameHo-
METOfMHECKME YKAsaHusi MO ONPEfEreHnio TeXHWYECKOro COCTOSHUA
KOPMYCHBIX KOHCTPYKLMIA NIaBy4uX Nofyrnorpy>xHeiX 6ypoBbiX YCTaHOBOK.
JlaHHble yKasaHust opueHTMpoBaHbl Ha oTevecTseHdblie [MBY mwna
«lerbg». B AOKYMeHTe cofepXarcs pekoMmeHzauuu no obcriefosaHuio
KONMMYECTBEHHLIX XapaKTepucMmK [eteKToB, HOpMaTMBb n3HOCa M ocTa-
TouHbIX pecdopMaumMit Ans BCeX KOPMYCHBIX KOHCTPYKUMA, a Takxe
NONOXKEHWA MO orpefeneHUIo TEXHNYECKOro COCToRHNSA Kopnyca.

Cnucok numepamypbsi

1. BoAyos I.B. BepoATHOCTHO-3KOHOMUYECKHUH aHanu3 HOPMUPOBAHUSA
npouHOCT™M K. gedeKTauun U3HAWNBAeMbIX KOHCTPYKUMA Cy[oBOro Kopnyca. .,
Cypoctpoenue, Ne 8-96 1992,

2. KomnnekcHas cucTeMa TeXHUUECKOro OOGCNyXvBaHWs W PEMOHTa CYAoB.
MeToguka pedexTtayuu Koprycos MOPCKUX TPAaHCHIOPTHbLIX CYAOB. Pli 31.28.30-88.,M.:
B/O «MopTexuHdopmpexnamar, 1988. .

3. Bep6uuxkuit C.B., Annonoxos E.M., Kynakos 0.1, HecTe-
poe A.B., Monoe H.I. OyexKa TEXHUYECKOrO COCTOAHUA KOPNYCa NONynorpyx-
Hulx nnaThopm. C6. Tpygos HTK «BybHoackue uteHuns, 1997 rofp. C.-Mevep6ypr, LUHUN
um. akag A.H.Kpstnosa, 1998
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VK 629.12.011.7

H.®. Konuaey, A.B. uoxoscxuii, .M. Beaenvxuii, C.B. Tananvixun

OCHOBHbIE USMEHEHUSI TPEEOBAHUIA NPABUI PC K
KOHCTPYKLUAM KOPMYCA, OTPAXEHHBIE B
BIOJINETEHE U3MEHEHMIA 1 AONOJIHEHUI Ne 2

Mepexoh Ha pacyeTHLI MPUHLMA perniaMeHTayuu pasmepos
KOHCTpykyuit Kopnyca 8 lNpaeunax Knaccudukauum u nocTpoiku
MOpCKUX CYAOB NMpexpe BCero osHavaer, 4To JoCTUraeTtcs cosnapge-
HUe HasHayaeMblX pasMepoB CBA3eil U Pa3MepoB, MOMYYEHHbIX
NPSAMbIM MPOYHOCTHLIM PACYETOM NpU OGEecreyeHnm MASHTUHHOCTU
MCXOOHBLIX AAHHLIX U METOLO0B pacuera. g

Takoli nepexos BO3MOXEH MpW BLINONHEHUM pa,qa ycnoavm
Tpasuna AOMXHLI ONUpaTbesl Ha cpw3uqecxu 0060CHOBaHHYIO CUCTEMY
BHELHNX paCYETHBIX Harpysok, PacYeTHLIX CXeM -KOHCTPYKLUA U
3anacos NPOYHOCTW. LOMOAHUTENbHO . 06bIYHO UCNONL3YIOTCH MUHK-
MaribHble OrpaHUyeHNs pasMepoB KOHCTPYKLMI U 3anackl HA UX M3HOC.

Mpaktuueckn Bo Bcex [paBunax, peanuayloux pacyeTHbii
‘MPUHLMN pernaMeHTaymu, MCnonb3ayeTcsl OfHa W Ta e HOMeHKNaTypa
pacuyeTHbiX Harpysok: '

Harpysku or BosfjeicTBus Mopsl (ru,qpocramqecxue B NOABOAOHO!
4ac™, BONHOBLIE B no,qao,quu ¥ HapBOJHOW 4aCTsX, YHUMULMPOBAH-
Hble ruApoguHamuyeckne Ansi KOHUEBLIX Nepe6opok HafCTPOoeK M
py6okK, ru,qpoquuamuqecxue yAapHble Ang gHuwa u 6opTa B HOCOBOW
oxoueqnocm) '

Harpysku or BosfeicTBus nepesosumoro rpysa (CTamqecxue n
MHEPUMOHHBIE, CYLECTBEHHO 3aBMCAWMNe OT BWAa rpyaa, Hanpumep,
TMAPOANHAMUYECKUE HArpysKh OT JXKMAKOrO rpysa, CBSi3aHHble C
Hanuumem CBOGOAHOW NMOBEPXHOCTU WIM C NepemeleHneM 60MbLINX
MacC XUAKOCTM B KPYNHBIX TaHKaXx);

ucnoiTarenbHole U aBapuilHbie Harpysku, o6bIYHO BXogswWme B
COCTaB pacHeTHLIX Ans BOAOHENPOHULAEMbIX KOHCTDYKLMA;

cneyuduyeckme MeCTHLIe Harpysku (BosgeicTeune nbha, Hasanbl
npu wBsapToBKax). S

Ha ocHoBe ananmsa u CONOCTaBNEHNN Tpe6oBaHKA PasfIMYHbBIX
MNpaBun K pacyeTHbIM Harpyskam (paccmaTpuBanuch Kak Komm-
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YecTBeHHbIe, TaK U (DYHKLWOHANbHLIE COOTHOLWEHKS) NpU NOArOTOBKEe
Bionnetenst Ne 2 kKoppekTUpoBkKe Obinv NOABEPrHYThl BCe
nepevyncrnieHHble Bbille BUbl Harpysox, Kpome creuuduyieckux
MECTHbIX, KOTOpbie Noka He paccMaTpMBamnCh.

UTorom paboTel cTano noseneHue npueMneEMbIX pa3mepos CBA3eN
KOHCTPYKL{MIA, COFNacyloWmMXCA € UMEIOWNMCST OTEUYECTBEHHbLIM W
MUPOBbLIM OMbITOM NpoekmposaHus. OgHaKo, K COXXaneHuio, ganeko
He BCEe MPEeANoXXeHHble W3MEeHeHUS (DOpPM U BENWYUH BHELHWX
Harpys3oK MO>XHO OTHeCTH K m3nyeckn ob60cHOBaHHBIM. 3Ta o6nacTs
fABNAETCA NpeaMeToM fanbHefwero coseplueHcTsoBaHus lpasun, u
Takve paboTel BEOYTCA B HACTOSIEE BPEMA.

TpebGoBaHue MpuUMeHAT> [NS NOCTPOEHUs! CUCTEMbl HOPMAaTUBOB
TOMbKO (hnanyeckn o6ocHOBaHHLIE PacYeTHbIE CXeMbl C YYeTOM TOro,
yTo B lMpaBunax npuemnembl OTHOCUTENLHO NPOCTLIE (DOPMYTIbl UiM He
CIMLUKOM rpomMoskue. Tabnmusl, NPUBOAMT K BOSMOXXHOCTY UCOMb30-
BaThb TONMbKO MPOCTEAliNe pacieTHbIe CXeMbl: LUIMHAPUYECKHA narué’
nnacTHel nog [eicTBUeM MonepevyHon Harpysku (C npumeHeHuem
NnorpaBoyHOro KoauuneHTa, yunTeIBaIOLIEr0 COOTHOLLEHNE CTOPOH
OMOPHOro KOHTYpa MNacTMHLI) WK U3rnd ofgHONPONETHOM Ganku.

CxeMa K305MpOBaHHOK 6anku, Kak npasBuro, npuMeHuMa ans
ocHoBHOTO Habopa, a TaKkxe Anst pamHOro Haéopa B criydae, ecim B
npegenax rnepexkpbiTMA Takoii Habop ycTaHaBNUBAETCH TOMbKO B
oHOM HanpasneHnn. PearibHele YCrOBUS 3aKpertieHUs KOHUOB 6anku
MOTYT 6bITb YUTEHbl U3MEHEHUEM 3HA4YEHWUS YUCHOBOTr0 KoachhuymeHTta
B BhIp@XeHUM MakKCUMAanbHOro narnbaolyero MoMeHTa 6arnku.

B cnydae, ‘ecim B npegenax NepekpbiTMsl yCTaHaBMBAETCR pamMHblii
Habop B ABYX B3aMMHO NepPreHMKYISpHbIX HarnpaBreHusX, NPocTenLei
pacyeTHOW CXEeMON SIBNSETCA CUCTEMA NepeKpecTHbIX cesseir. [pu aToM
FoNnyyYeHMe peLlleHnit Ans BCero Auana3oHa COOTHOLWEHWUS XecTKoCTen
CBA3EN, X 4YMCIa W B3aumopacrornoXeHus 8 pamkax Mpaeun HepearksHo.
MpubnmxeHHole opMynsl uiM Tabmmubl, KaKk NpaBumo, NpUBOAAT K
OueHb 6OfbLLUMM OTCTYNINEHUSM OT PE3YNbTATOB MPAMBIX MPOYHOCTHBIX
pacyeTos. [ToaToMy, BUAMMO, crielyeT 0TKasaTtbCsi OT HernocpeACTBEHHON
pernaMeHTauuu pasmepoB CBsidell B NOLOGHLIX Criyuasix, ykasas, uTo
pasmepsl ZOKHBI Onpeaenstbea 13 NpsIMOro NPOYHOCTHOro pacvyeTa. K
TAKOMY pewieHnIo rMpuLLnm npakmuecku sce MNMpaBuna, NOCTpoeHHbIe Ha
pacueTHOM MpuHUune. 3T0T noAxol peanM3osaH U B bionneteHe Ne 2,
npuyeM opHOBPEMEHHO pa3spaboTaHa U Y)ke Bbitina B CBET B COCTase
cefibMolt KHUrK COOpHUKA HOPMATMBHO-METOQUUECKMX MATepuanos
Perucipa «MeTtoauka pacveta RPOYHOCTM TUMOBLIX NEPEKPLITHA B
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CoCTaBe Kopityca MOpCKUX CyAo0B», NO3BONSIOWAN ONPeAeniaTL pasMephi
6anok ynomsHyTHIX Bbille nepexpuiTvit. Ha 6ase «MeTtoamku...» paspa-
6oTana nporpamma ansa 3BM, BbINOMHSAIOWIAN Ty Xe 3aaaqy.

- MNpakmyeckn Bce lpaBuna, B TOM uucre u MNpasuna Perucipa,
pernameH™pyioT yposeHb MakCMMarnbHbLIX HanpsXxeHuid npu pabote
KOHCTPYKLUY B YNPYroi CTaguu — MCNONb3YIOT CUCTEMY [ONYCKAEMbIX
HanpsokeHun. 3T1a cucrema coxpaHena B BionneteHe Ne 2 g dopme
3HaYEHUA KOA(PPUUMEHTOB AoNnycKaemblX HOPManbHLIX HanpsKeHun
k, — oTHouwleHMsi ponycKaeMmbix HanpsXeHui# K HopMmaTUBHOMY
npegeny tekydecth. KoadhduuneHT pgonyckaembiXx KacaTeNbHbiX
HanpsOKeHUA K, NpuHAT paBHbIM K,; B cnydae, ecru Kk, 3asucuT oT
COOTHOLIEHNS (PaKTUHECKOro U TPeGYeMOoro MOMEHTa CONpOTUBHICHUS
Kopnyca (gnsA csssedl, yyacTBylowmx B o6ecnedeHuu npoaonbLHON
npoyHocm), K, npuHar PaBHbIM HanGonblemy sHavennio Kk, fns
nnacTMHel HaNPsXKeHUs PernaMmeH TMPYIOTCS B ee LeHTpe.

- B blonnetexe Ne 2 coxpaHeHa npuxsATas B aeiicsyowux MNpasunax
Perucipa cucrema efuHbix BonyckaembiX HanpsXxeHWit Ha Bce Bugbl
pacHeTHbIX HarpysoK, BO3fEHCTBYIOWMX Ha KOHCTPYKLMIO0. B cnyuasix,
KOrpa .pacyeTHbie HArpysku MMeEIOT CYLWECTBEHHO pasHYyio
0o6ecneveHHoCTs (KakK, HanpuMep BOMHOBLIE Harpyskin un ucnbitarens-
HbI@ Harpysku), OHW YCNIOBHO. NPUBOZATCS K OAHOM oGecneueHHocm
BBEileHUeM pefyKUMOoHHOro koadguLmeHTa.

OamH 13 NPUHUMNUANBHLIX BOMPOCOB 8 nocnegosartenbHoik peanu-
3aluK pacyeTHOro npuHUMNa pernameHTaumn KOHCTPYKUMM CBSI3aH ¢
npucytcteuem Bo Bcex [lpasunax, Hapsigy ¢ pacueTHLIMU COOT-
HOLUEHUAMH, SMIMPUYECKMX orpaHuueHuin. Haubonee nokazaTenbHbl
npu paccMOTpeHWW aToro Bonpoca TpeGOBava K MUHUMaATNbHOR
TOnWMHE Spip. :

BbINOMHEHHLIA aHanM3 MosBOMMA BhbISIBUTb OCHOBHbIE  (haKTOpbI,
onpegensioume S;,. TEXHOMNOrMYHOCTS, BOZAOHENPOHULIAEMOCTL ¢
NPOYHOCTL. TpeboBaHWe TeXHOMOrMYHOCTH, BO3MOXHOCTH npUMeHenns
ANA U3IroTOBMEHNS KOHCTPYKLUA CYQOCTPOMTENBHLIX TEXHOMOTWii orpa-
HU4UBaeT TONMHY BEeMMUMHOR nopsigka 4 mm. TpeGosaHue BogoOHenpo-
HULjaeMOoCM B Tex cnydaslx, Korga 370 CyWeCTBEHHO, OrpaHuuMBaeT
TONWMUHY O6bI4HBIM 3aNacoM Ha M3HOC € HaabaBKoN, yurThiBalOLieit ero
HEepaBHOMEPHOCTL, ONacHOCTb NOSIBMEHUSt KOPPONOHHBIX ceuiein. Tpe-
60oBaHusA NPOYHOCTH CBA3AHLI C 6830NACHLIM BOCTIPUSITUEM TaK Ha3blBae-
MbIX «HEeperfaMmeHTMpyeMbix» BHELWHNUX Harpysok.

Kak M3BECTHO, GOMbLWIMHCTBO NOBPEXAEHUA Ha aKkcnnya-
TUPYIOLUXCA CYAax He CBSI3aHO C AEACTBMEM NPUBEHEHHbLIX Bhbile
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pacueTtHbiX Harpysok. flio6oe cyqHo WBAPTYeTCsl, MOXET CTONKHYTLCH
¢ HeGOMbLWMM NNABaIOWUM NPEaMETOM, KOCHYTLCA FPYHTa; Ha nanyby
¥ HagnanybHbie KOHCTPYKUMM He MCKNIOUeHbl CHNoBbie BO3AEHCTBUA
NPy NOrpy304HO-Pa3rpy3oyHbiX onepayusix, HesakpennerHblix npegve-
TOB B IITOPMOBYIO norofy u T.n. O4eBUAHO, YTO KOHCTPYKLUM Kopnyca
[0fDKHbl 6@30NacHO BOCHPUHNMATL NMOAOGHbIe BO3JEACTBUA cnabow
WHTEHCUMBHOCTV W HE UMEeTb KATacTpohMuecKnMx noBpex/eHuni npu
[eNCcTBUM 6OMBbLINX HArpy3oK, BOSHMKAIOWMUX B aBapuiiHbiX cuTyaumsx.
OTo NpNBOAKUT K HEOBXOAMMOCTH BEOAUTL MUHKMMATTbHBIE OrpaHuieHus
HapsAy € pacueTHIMU COOTHOLIEHMAMY, OTPAXKAIOWMMKN BO3fieliCTBUe
pernaMeHTMpyeMbiX (pacueTHbIX) Harpy3oK.

OpHaKo Spin pelwaeT npobnemy TONbKO 4f1st MMCTOBbIX IMIEMEHTOB
KoHCTpyKumu. lMpo6Gnema Xe BOCNPUATUS HepernameHTupyemsbiX
Harpy3oKk B paBHOil Mepe cyuiectByeT u pgns Habopa. AHanus
noKasan, 4To pelieHuem aToil npobneMbl MOXeT cTaTh hopmupoBa-
HUE BTOPOi CUCTEMbBI MUHUMATIBHLIX OFPAHUYEHUA — MUHUMANbLHBIX
Harpy3oK Dmin- [1PU 2TOM 0Ka3asoCb, YTO Pmin MOXET HOCUTL Kak
ofujuit XapakTep W [OSKHO pacnpocTpaHATbCsl Ha BCe QIeMeHTh
KOHCTPYKLMKM, TaK M WHAMBMAYalbHLIR XapakTep, T.e. [OJDKHO GbiTh
OTHECEeHO K onpegeneHHomy BuAy Habopa. 3TO He NPOTMBOPEYUT
npeacTaBneHUsM O BO3[EACTBUM HepernaMmeHTUPYEMbIX Harpysok.
Boriee TOro oKasafioch, YTO MPaKTMYecKy Bcerga TonyuHa obLumneky,
OTBEHAIOWAA Pmin, MEHbWE Spn, @ HAFPY3ku, COOTBETCTBYIOWMUE Spmin,
3aBeoMO 136bITOUHbI Ansa Habopa.

B Bionnetede Ne 2 3anackl Ha u3Hoc peicteylouux [pasun
Peructpa He nepecMmaTpuBanMcb, 3TOT BoOnpoc TpebyeT fetancHou
npopaboTKy Npu NOATOTOBKE crneaylowmx uagaqui Mpasun.

B 3aKkfioyeHue crnegyer OTMeTTb, YTO XOTSl OCHOBHOM ofbem
poinonHsABWeNcs paboTsl no nogrotoBke bBionnetens Ne 2 Hocun
TeXHUYECKU XapaKTep, Nossunace Uenas cepust HOBbIX UHTEPECHBIX
pesynbTatoB, Obinl caenaH psif 0606uWeHUt NPUHLMNMANLHOro Xa-
paktepa, a Takxe cdopmuposanuch 3afauu, Tpebywolue csoero
peleHnst Ans NPOLAOIKEHNs coBepueHcTBoBaHNs [pasur.
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M3HOC N KOPPO3UA NPU HOPMMPOBAHMM nPoy-
HOCTU CYROBbIX KOHCTPYKLIU/ B NPABUNIAX PC

B npakmke HopMuposaHus npouxocm CYAOBELIX KOPNycoB npu-
MEHSI0TCA TpU MeToza yueTa U3HOCA U KOPPO3UM.

Memoyg 1. PasHonpouHocTb Kopnycos B MOMGHT NocTponku.
MNpepycmatpuBaer yuet 3anaca Ha uakoc HesBHO 4yepes Hasz-
Ha4YeHHbI KoabuyMeHT 3anaca npouHoc™. JToT MeTod B YacTHOC- -
™ TnpumeHanca B Hopmax npovHoc™ usgaHus 1958 r. u 1962 r.,
Mpasunax Peructpa usgauus Ao 1989 r u B page gpyrux padee
W3AaHHEIX HOpMaTMBHBIX AoKyMmeHTax Perucipa. C HeKoTopbIMU
orosopkamu K 9TOMY MeToAy MOTYT 6biTb OTHECEeHb! TakXke Tpebosa-
HUA paga MNpaBun UMHOCTpaHHbLIX Knaccu@pukaymonHsx obujecTs,
Hanpumep, Hopsexckoro Bepurtac (OHB).

Memoy 2. PasnonpouHocTs kopriycor K koHyy cpoka CRyX6bl.
lMpepycmatpuBaert yuet sanaca Ha usHoc B B1Ae abconoTHON JO6aBKM
K pasmepam CcBsi3eil, onpejenenHbIM 6e3 ydyeTa usHoca, Kak 6bl K
KOHUY cpoka cnyx6ul Kopriyca. TakosbiMu Gbisim, Hanpumep, HopMel
npovHoCc, npegnoxerHsie UHUMAM® B 1956 r., 0gHako oduymansHo
He uspaxtsle Peructpom. K atomy METOAY HOPMUPOBAHUSI MOFYT 6bITh
OTHeceHb! Tpasuna psaga KnaccupukaumorHsix obujecTs, Hanpumep,
epmanckoro Jfinoiiga (), AmepukaHckoro Biopo Cypgoxopctea
(ABC). o : '
Memog 3. PaBHonpOtlHocn; KOpIycoB NpumepHo Kk cepeguHe cpoka
cnyxo6el. NpegycmaTtpuBaeT cMeLwanHbIi MOAXOAR K y4eTy usHoca B SBHOM
1 HeSIBHOM BUJE: NPAMYIo abcorioTHyio 4obaBKy K TONMHaM Ha repayio
MONOBUHY CPOKA CNYXObl U HESBHLIK Y4eT M3HOCA Ha BTOPYIO [OI0BUHY
cpoka cnyx6bl yepes safaHHbIi koadhgpuumeHT 3anaca npoyHocTv. Takoi
MeTo[y HOPMUPOBaHUA ucnonb3osaH B8 lMpasunax u Hopmax npoynocm
Perucipa usganus 1995r. o B

PaccmoTpum nocnefctens npumerenns Ha npakmke Bcex Tpex
MEeTOAOB yueTa W3Hoca fip¥ HOpMUpOBaHUM NMPOYHOCTU CBS3el
Kopnyca, pa6oTaiowux B yCroBUsx pacTskeHua-cXxams w usrnba.

Ana Harnagnoc™v npocnegum nameneHue NPOYHOCTU nNMCTOB
pasHoi TonwuHbt (guanasoH 5 — 30 MM) BO BpEMEHM Npu usHoce 3a
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CPOK CryXObi ¥ MPU NPUMEHEHNN OMUCaHHLIX BbIlE TPEeX MEeTOofoB.
Benuuunb 4 6ygem BapbupoBate B peanbHoM guanasoHe 0,5 — 3 mm,
a Mepoi paBHONPOYHOCTY ByAem cuuTaTb OAWHAKOBLIA YPOBEHb
pacyeTHbIX HanpsKeHw#i B CBASAX KOpryca pasHbiX pasmepoB npu
(bnanyecky ornpasBgaHHbIX PaCHeTHBIX HAarpyskax W OfMHaKOBbIX
meTofax pacyera.

B 91X YCIIOBUSIX M3MEHEHUE OTHOCUTeSIbHBIX Hanp sHKeHui G/Go (G
— pearbHble HanpsiXXeHns B cBaAsn, Gop — HOPMaTUBHOE HaNpsKeHus,
NPUHATOE 3a Mepy PABHOMPOYHOCTN) B 3aBUCMMOCTU OT MeToAa y4eTa
M3HOCA MOXHO NPEeACTABUTL rpaduKkamu.

Ha puc.1 npeacraBneHa OTHOCUTENbHAA HAMNPSHIKEHHOCTb 3MEeMEHTOB
Kopryca B CRy4ae PacTshkeHns-cxxams, T.e. B YCSIOBUSX, Korfa Hanpsixe-
HWSt MOTYT CUMTATLCS NPONOPUMOHArLHEIMI TOMLMHAM TIMCTOB.

[-]
®
t2)
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. g 1
é . K xomuy cpoxa ciyxCH
1 W A ,
s |3 \ =
o : S-A. ,
] o !
PaBHOIDOYHOCTE
1,0 e——— - ég
T ;
06 FE )</ o
B MOMEET noc'rliomm i
5 I0 15 20 25 30 35

PycveTHNE TOMMEN, S , MM

Puc. 1
OTHOCUTENEHAA HANPSKEHHOCTL IMCTOB PasHol TOSIYMHD! NPU PA3IMYHBIX MeTogax
ydeTa paBHOMEPHOro usHoca A MM (pacTsikeHue — cxame)
Gg — HOPMATUBHbIE PACYETHBIS HaNPSKEHUs;
0 — pearnbHble PACYSTHLIe HanpsXeHUs;
A — U3HOC 3a CPOK CRYXKObl; ® — HA4ANO0 OTCUHETa BPEMEHU 3KCnnyaTaumm
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BepxHsia yac rpadumka npu G/Gy> 1 OTpaxKaeT OTHOCU TEfbH YIo
HanpsKEHHOCTb CBA3EH pasHelx pasmepoB fpu HopMuposaHuu
NPOYHOCTH C y4eTom u3toca no Metogy 1 (paBHOMNPOYHOCTL HOBBIX
KOprycoB). Jlerko sufietb, YTO B 3TOM Chyuyae CBS3M ManbixX TOFMLMH
BECb CPOK CNyXObi GYAYT UCNbLITHIBATL OTHOCHTENBLHO 60ONEe BLICOKUE
HanpsKeHus, 4em cBs3M GOSMbWMX TOMWMH, T.K. paBHas norteps B
pasmepax NONepeyvHoro cevYeHnss NPUMBOAUT K OTHOCUTENBLHO
MEHbLIeMY OCMabfieHuI0 NPOYHOCTYH nocnegHnx. PasHuuya 8 Hanps-
’KEHHOCTN BO3pacTaeT C YBeNMYeHMEeM BeNMUMHBLI H3HOCA.,

Huxxuna vacte rpaduka (G/Gy<1) XapaKkTepusyeTr yCroBus
pabothi cBs3eil npu yyete uaHoca no MeTogy 2 (paBHOnpoYHOCTL K
KOHUy cpoka cnyx6ut). lipu atoM MeToge y4yeTa M3HOCA B OTHOCH-
TeNbHO O6GnaronpUATHLIX YCHOBUAX MO HanNps)XXeHHOCTM Becb CpokK
Criy>6bl OKa3biBAIOTCR CBSAM MafblX pasmepos, T.K. paBHas Hanps-
JKEHHOCThL CBA3GH BCeX pasMepOoB HACTYNaeT TOMbKO B KOHUe- cpoka
cnyxo6bl (nocne ucyepnaHus 3afaHHOrO UMM npeaycMOTPEHHOr o
3anaca Ha u3HOC), a ompasHas (cTpouTensHas) HanpsKeHHOCTL
BO3pacTaer C yBesmMyeHneM pasmepos CBA3eH. .

Ha puc.2 npefcTaBneHLl Te Xxe 3aKOHOMEpHOCTW, YTO U Ha puc.1, .
TONbKO AnA cryyast narnba, Korga HanpspKeHus B AMcTax nponopuyuno-
HanbHbl KBafpaty UX TonuuH. KavectseHwo KapTMHa aHarnoruuyva
onucaHHoi Ans puc.1. KonuyecmseHHo ykasaHHbIe Bbille 3aKoHomep-
HOCTM NposBAsIOTCs Gonee pesko. »

Mpwn Hopmuposavuu no Metogy 3 (pasHonpoyHoCTs NpUMepHO B
cepefHe cpoka cnyxG6hbi) OTHOCHTENbHANA HANPAXEHHOCTL CBA3eil 3a
BE€Cb CPOK CnyXObl BLIDABHVBAETCS: B Nepsylo MonoBuMHY cpoka
cnyx6el pabotaer cxema Metoga 1, BO BTOpYylo — cxema Metopa 2.
3a Becb Cpok cnyx6bl NpoucxoauT KomneHcauus ycnosun paboTsl 1
BCE CBA3N 0KA3LIBAIOTCA rpY60 B paBHbi X ycioBusix. Mpaduku puc.1mn2
MOryT UJIIOCTPUPOBATL U3MEHEHMEe HAaNPsSXXEHHOCTH CBA3eH BO
BpPeMeHu npu yuete usHoca no Metogy 3, ecrm NpUHATL 06y YI0
noTepio TOMUMHLL 3a CPOK cnyx6nt, pasHol 24. Bonee TouHoe
PacHeTHoe CocTosHWe PaBHOMPOYHOCTU MOXKHO OLEHWTL C MOMOLYbIO
BEPOSATHOCTHLIX METOAO0B, KOTOPbIE NOKA3bLIBAIOT, YTO NPU YMEPEHHbIX
usHocax 4/S<0,15 (S — CTpouTesibHas ToMmuHa) cxema HOpMyUpoBa-
HUSL K cepefHe cpoka cnyX6bl eiye npumeHumMa. Mpu 60ribWKX
oTHoweHusx A4S pacyetHoe cocrosiHne paBHOMpPOYHOCTU CHABUFraeTcs
OT «Cepeutbl CpoKa CiyXG6bl» B CTOPOHY «KOHLA CPOKa CAYX6bi» U
TeM 6onblie, Yem Gonblie A/S. '

ATy 3aKOHOMEPHOCTb KaYeCTBEHHO MOXHO npocneguts U Ha puc.1 u 2.
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Puc. 2
OTHOCUTENbHAS HANPSHKEHHOCTL NUCTOB Pa3sHON TOMWMHB! NPY PasnnyHbIX MeTopax
yyeTa pasromepHoro usdoca A mm (nsrub)
0o — HOPMATUBHLIE PacHeTHLIE HaNPAXEHUS;
¢ — pearbHbie PacyeTHEIe HanpsXeHus;
4 — N3HOGC 32 CPOK CNYXKO6b!;
& — Hayarso cTcHeTa BPEMEHU IKCrnyaTauuu

Tak, KpMBble, OTBEUAOLME CXEMaM yyeTa U3Hoca fo MepBOMY U
BTOPOMY MeToAaM, CTaHOBATCS BCe 605iee CUMMETPUYHLIMU OTHOCH-
tenbHo mHun G/Go — 1 ¢ ymeHbluenvem A4/S.
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B MAKO* B HacTosiyjee BpemMsi BECbMa WMHTEHCUBHO obcyxpaetca
BONpoC o MeTofax y4eta usHoca B [pasunax. BomWMHCTBO NpeacTaBuTE-
Feft KnaccudmkaLmoHHLIX 06LYECTB accoyMaLmi Ha CooTBETCTBYIOWL €t pabo-
4eW rpynne noAaep>Karni MHEHNE O XenaTenbHOCTH SIBHOTO y4eTa u3Hoca u
KOppO3uy rip¥ HOPMMPOBaHUK TIPOYHOCTY CBA3EN CYA0BOrO KOpNyca.

Cnepyer O[HaKo chenatb ofujee 3aMevaHwe o HefocTaTouHON
nocneposartensHocm akcnepros MAKO 8 atom Bonpoce. 3Ta npo-
6nema paccmartpuBaetcs B MAKO ysko, MPUMEHUTESIBHO TOMbKO K
NPOYHOCTM CBA3EH, 06ecneunBaloLinX MECTHYIO NPOYHOCTD.

HeusbexHoe ocnabneHne obujeint NpoUHOCTH kopriyca npu usHoce
B peKkomexHpgauusix MAKO orpaHnuMBaercsi ToibKo BENMUMHON OCTa-
TO4YHOT O MOMEHTa CONPOTUBIIGHNA, KOTOPast He AOSKHA GbiTh MEeHbLile
0,9 MUHMMArbHOW PacyeTHON Arist HOBOFO CYAHA.

‘O6GbekmBHO, NP PaBHOM M3HOCE (Ero BermMuMHa thnsuveckn He
3aBMCUT OT pasmepoB CypHa) pearnbHoe ocnabrieHue Kopnyca [OMmKHO
661Tb pasHbiM ans CyAOB pasHbIX pasMepoB. 3Ty peanbHOCTb HEOBXOMUMO
YYMTbIBATH MPU HOPMUPOBAHWUM NMPOYHOCTH, 3agaBas Gonbiive H[OMycku
YMEHbLIEHNs! MOMEHTa CONPOTUBIIEHNS NS CY[0B ManbiX AnvH.

MNocriegorarensHas pearmaayus MASONOTMU SBHOMO yyeTta UaHoca noka
Hawna otpaxedne Tonbko B lpasumax Perucipa. B mHOCIpaHHbIX
MNpaBunax HanGonee MoMHble pexomeHpauun no atomy sonpocy copep-
KameA B I'Ipaaunax [HB, B KOTOpLIX Yy4eT u3Hoca npefycMoTpeH: npu
pernamemaquu MECTHO# TNPO4HOCTU KOpnyca BBEAEHWUEM . MOCTOSHHOM
HafioaBkn K pacqeTHbiM TomuyuHam. B lMpasunax JHB npunyck #a kop-
PO3MIO f1AETCS TOMLKO ANS CBsI3el, paGoTalowuxX B arpeccHsHOl Koppo-
3UOHHO#H cpefie, npu 3ToM AenaeTcs pasrmune Ana KOHCTPYKYuiA, pacno-
FIOXKEHHBIX.B BEPXHEI YaCTV MOMELLEHWIi C arpecCcUBHON cpefioii M B Opyrux
UX YacTax Takxe ANs rOpUSOHTArbHBIX W BEPTUKATbHBLIX nosepxHocven.

YucneHHble 3HaYeHUs NPUNYCKOB Ha KOPPO3UIO B psge cnyyaes
6rmskn K HopmamBaM lMpaBun Perncipa, ecnu nposec cooTeeTcT-
Byloujee COr1acoBaHUe KOHLienLuii. ‘

PaccMOTPUM HECKONLKO npuMepos.

B MNpasunax Perncipa Ansa sepxHux nany6 CYXOTPY3HBIX M HANMBHBIX
CyAoB paloTes ckopocT usHawmeauus Ui,=01 u U,=0,25 mmfrog
CoOTBETCTBEHHO. [peBbitieHne U, Hag U, coctasnser 0,15 MMfron 3a
12 net akcnnyartaymn ato gaer 0,15-12=1,8 mm. B Mpasunax OHB ana
BEpXHUX YacTei NOMeLeHW, npemasuaqenuux AN nepesosku Hedm,
3a/jaeTCst NPUNYCK pasHbii 2 MM.

* MexayHapogHas accoymatus KNacenpuKaLMoHHbIX 06LecTs.
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Ons muctoB Mexzgy 6annactHeiMu W rpy3oBbiMU TaHkamu B
Mpasunax JHB HaxoauM npunyck Ha Kopposnio.

B BepXxHeh yacm — 2,5 Mum;

B npounx mectax — 1,5 Mm.

B flpaeunax Peructpa Ans BOAOHENpoOHUWLAEMbiX nepebopok
CYXOrpy3HbIX CYZOB YKasaHbl CKOPOCTM W3HOCA B 3aBUCMMOCTM OT
pacnonoXeHus SMCTOB MO BLICOTE:

BepxHuit — 0,10 mm/[rog;

cpepHuin — 0,12 mmfrog;

HuxXHUI — 0,13 MM/[rog.

[ns nepeGopoK MeXQy rpy3oBbiMy U 6annacn-|b|MM TaHKamu
HanMBHbLIX CYAOB CKOPOCTM U3HOCA WHbIE!

Bepxuuit — 0,30 mmjrog;

cpepanuit — 0,25 mm/[rog;

HuxHWA — 0,20 mmfrog,

PasHuya B npunyckax 3a 12 neTt gns sMCToB PacnonoXeHHbIX B
pasHLIX MECTaX MO BbICOTe NepeGopKu:

sepxHero — (0,30 — 0,10)-12 — 2,4 mm,

cpepHero — (0,25 — 0,12)-12 — 1,56 mm, -

‘HuxXHero — (0,20 — 0,13)-12 — 0,84 mm.

Takoit aHanMa MOXXHO NPOJOIXUTL. W3 npuBefAEHHLIX NPUMEPOB
AOCTaTO‘-IHO ybeauTensHo criegyet, YTO HOpMbl NPUMyCKOB Ha KOppo-
3110 B 30HAX arpeccusHoOn cpepbl no MNpasunam AHB Becbma 6nu3Kn K
aHanornuHLiM pobaskam, pernamenipyembim lMpasunamu Peructpa
3a MPUMEPHO NOJIOBMHY CPOKAa CIyXObL.

JocTaTouHo noApo6HLIe peKoMeH[aLun no y4eTy usHoca umetores
v B MNpasunax [Jl, B. KOTOPbIX NOMNPaBKW Ha KOpPPO3Wi0 BBOAATCSH
HE3aBMCUMO OT YCNOBUA paboThl cBA3eN B BUAE a6COMOTHLIX BENUUMH
A B MM. BenmunHa fo6asku 3afaeTca B (DYHKUWM OT NOCTpoeyHoi
TOMWWHLI CBA3W — Yem 6onblue NOCTPOeYHAsA TONLUUHAE, Tem 6onbile
fo6aska Ha M3HOC. Takoil MoAXof, KOTOpbIt BOOGWE NPOTUBOPEUNT
npeactasnexHnio 06 M3HOCe, KaK daktope He 3asucswem oT
HayanbHOM TOMWMHBLI CBS3M, MOXET OfHaKo HaWTh OObscHeHue ¢
nosuyuit paBHONPOYHOCTM JMCTOB KOpnyca B MOMEHT nocTponku u
PaBHOFO MOBLILLIEHNSA YPOBH A U3TMOHbIX HANPsKEHUI B HUX NPpn u3Hoce
(cM. pue.2). '
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Henctautensho, ecrm & u t, — CTPONTeNbHLIE TOMLMHLI NUCTOB, a
Go — HOpMaTUBHBIE U3rM6HbIE HanpaXeHus B HUX B MOMEHT
NOCTPOAKH, TO MOXXHO 3anucaThb:

Go=kp+(Sy/ty )2,
Go = kp2(Sa/tr)?,

rae k — uncneHnblii KO3thuyuenT,
P11 p> — pacyeTHsie Harpysxu.

Ecru notpebosats, Ytobh 4epes N ner aKennyaTayum Hanp sXKeHu s
ME@CTHOr 0 U3ru6a nMcToB BO3POCHM B 3TMX ABYX Cry4asix B n pas, To npu
MPOYMX DPABHBLIX YCNOBUAX TONWUHBI NMCTOB b vt BonXHe
YMEHbWNTLCA B '\/71 pas, T.e. UaMeHeHne TonuuH npy UsHoCe [OMKHO
6bITb NPONOPUUOHANLHO UX nocTpoeUHOMY pasmepy u tem 6onblue,
YeM bGonblue HavanbHas TONWMUHA.

Takoe o6bscHeHue B ONnpefieneHHON CTeneHn MOXeT NPOSICHUTL
NMOAX0A K y4yeTy usHoca, NpuHATLIA B Mpasunax rn.

To, uto cocrasuteny lNpasun MM npugepxusanmce UMEHHO TakKoii
KOHUenuuu nogreepxpaetca U MeTo[OM HasHayeHus Aonyckaembix
HanNpsXXeHui npn pernamexTayuu s ammx lNpasunax pasmepos cesizei,
obecrieunBaoumnx MECTHYI0 npoyHocTL. Tak, ans psfa cessei
Aonyckaemsie Hanpsenus sagaioTcs B OYHKUMM  [AsuHbI CyfHa.
Takue yHKLMOHaNbHbIE 3aBUCUMOCTU 06bEeKTMBHO OTpaXkaioT rpy-
Obii yueT 3aKoHOMepHoCTe# BbiTEKAOLINX N3 BNMAHUSA PABHOT O N3HOCA
Ha HanpsXeHHOCTL cBA3elh pas3HoW TOMYUUHLL. MOXHO O6HapyXuUTb
Ka4yecTseHHoe, a B8 onpefeneHHON CTeneHu w KonuyecTBeHHO®,
CooTBETCTBME NPUHATLIX B Mpasunax [ J1 pernameHxTaluit paccMoTpeH-
HOMY MeTofly HesBHOro yuyeta M3HOca 8nsa obecneveHns pagHo-
MIPOYHOCTU K KOHLY CPOKa Cny>6bi (MeTog 2).

-Ans npumepa paccmotpum opmynel N1 gns onpeneneHuns
TOMUUHBI HapyxHO# o6WuBKM cynos. B atu ¢dopmynet BxopaT
Aonyckaembie Hanpsxenus. [ns cygos Aol Goniee 90 M npu
O6bIYHON YrNepoaNCTON CTanu OHu MPUHUMAIOTCA NOCTOSHHLIMU U
pasHbiMu 230 MMa. [ns cypos AnnHoi MeHee 90 M gonyckaemble
HanNpsXeHNs NPUHUMAIOTCA 3aBUCSLUMY OT AMMHbI cygHa:

Gpon =(0,8+ L/450) 230 MNa,

WMeHHO B aToM fuanasone om™ocuTenbHO ManbiX AMMH cyaos u
CnefoBatensHo MankeiX TONMH NUCTOB BRUsSHME W3HOCA npossnseTcs
Hanbonee uHTEHCUBHO (cm.puc.1 u 2),
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~ PesynbTathl pacuera no aToi opmyrne npuBejeHbl B Tabnuue 1,
rpaca 2. o :

OTHOCUTENbHOE U3MEHEHME JONYCKaeMsiX HanpsiXeHui npe/actas-
neHo B rpacde 3 Toi Xe Tabmuubl, B KOTopoW npusepeHbl Ana
COMOCTARMNEHUA NPUMEpPHbie TOMNWWHb Hapy>XHOA OO6WNBKHY,
oTBeEYawlyme AnuHam cCyaos no rpage 1, a TaKXe 3HaqeHuns
napametpa G/Go no puc.2 npu A=1 1 OTHOCUTENbHLIE BESIMYUHbLI
aTOro napameTpa, ecnm cuMTate G/Gp npu L=90 m paBHuIM eguHuLe.

flerko o6HapyXuTe O6nu3koe cosnageHue OTHOCUTENMbHBIX
3HaueHun BermuuH B rpadax 3 u 6.

Ta6nuya 1
CornocTapnesne U3MeHeHNs OTHOCUTENLHEIX gonyckaembix HanpsokeHwii no Fpasunam
TN (1apyxrasn o6nBKa) ¢ 32KOHOMEPHOCTRMM yueta ustoca no Meropy 2

o Mpasunam M o Metopy 2
[rmHa cygHa, Gons Omocu- Tonﬁmua G/Go Omiocu-
Lim Mrla TenbHLIe MM npu 4=1mm | TEnLHoe
Gnon G/ GO
1 2 3 4 5 6
20 194 0,84 5 0,70 0,82
40 204 0,89 6,5 0,74 0,87
60 214 0,93 8,0 0,78 0,92
80 - 224 0,97 10 0,83 0,97 -
90 230 1,00 12 0,85. 1,0

lMpusegeHHasn TPaKToOBKa, XOTA U NO3BONALT HalTM TeopeTMieckoe
o6bsicHeHre NpuUHATHIM [J1 pernameHTauusm, BCTynaer, OfHaKo, B
npoTMBOpEYME C MPAaKTUKOA 3IKCrayatauum CYDOBbIX KOPMYCOB,
COrnacHo KOTOPO# pearbHbie WIHOC W KOpposus He 3aBucAT OoT
MOCTPOGUHBIX TOMUUH, & ABNAIOTCS yHKUMAMY BPEMEHUW aKkcnsyarta-
UuKn, CPEfCTs 3auunThl, OKpyXKaioweit cpeflbl, OpraHMusauun o6Cmyxu-
BaHWs M YXOZa 3a KOPNyCcoMm, T.e. (hakTopos € HavarbHOW TOSIYNHON He
CBA3AHHBIX. : : '

VuuTbiBasi M3NIOXKEHHOE, MOXHO cgopmynuposaTh crnegyioume
Tpe6oBaHusa K Cxeme yueta usHoca npu HOPMUPOBAHUU fIPOYHOCTU
CBS3€I KOpIyCOB. '

JlobaBku Ha M3HOC U KOPPO3UIO AONXKHbI 3aBuceTb OT:

ycnosui pa6oThl cBsA3ei (xoppo3uoHHas cpefa, CPeAcTsa 3aliiTsl,
o6CcnyXuBaHue, yxog), BpemeHu paboTsl B pacyeTHbIX YCNOBUAX
(MpoeKTHBIA CPOK cnyxo6bi).
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He ponxHer 3asucet:
OT HayanLHoW (CTponTensLHOM) TONUIMHEI CBA3EM.
B-cumBonax moxHo HanucaTs

(L) =P(L)/oc+ A(UT), - (1)

roe ag(l) — noctpoeunas X3paKTepUCTUKa CBA3N, 3aBUCSIYAn OT ee reomMeTpun un
YYNTLIBAIOWYAst 38NAaC Ha U3HOC, ]
P(L) — chaxTop pacuetion Harpyskm, saeucsimi or reomeTpum cessu,
G — cbakTop 3anaca NPOYHOCTH,
4(UT) — a6conomasn gobaska X2paKTepuCTUKe CBA3M HA UIHOC C YUETOM YCNIoBMi
W MpoeKTHOro BpeMenn aKcnnyaTaLuu.

B sbipaxkeHuu 1;
XapaKTepucmka csssu o603HayaeT ee HOPMaTUBHLIA CTpouTesb-
HbIil pasMep: TONWMHY NUCTa, MOMEHT COMNPOTMBNIEHUS U T.M.;
FeoMeTpUsi CBA3N BKAIOYAET B ce65 NoHsMS 0 ee ¢hopme, pasmepax u
NnonoXKeHuu B cocrase Kopnyca cyfHa Toro wnm usoro pasmepa u
HasHa4eHus. Bce 3M 0co6eHHOCT 0603HaYEHb) cumeonom (L);
hakTop - pacuyeTHOI Harpysku obobuwaeTt pacuemibie 3HavyeHusn
BaBneHun, mnarnbawowmx MOMEHTOB, CpesblBaIOWNX CUN K T.N.,
sasucsilyue oT pasMepoB ¥ MNa CyaHa, uTo 0603HaYeHO CUMBOSIOM L;
ycrioBus aKcnnyartaumu otpaxkaioT ocob6eHHOCTH OKpyXKatougei
cpeas!, CpeACTB 3awuThl, 06CNYyXUBAHMA W yxopna, T.e. ckopocmm
“3Hawusanus cansu. MpuLar cumson ( U);
npoeKmoe BpeMs oKCnnyaTauun CreynanbHbIX MOACH eHUi He
TpebyeT U 0603HAYALTCA CHMBOISIOM T. S _
Takum .0o6pasom, cornacho (1) xenartensho COXPaHUTL  3aBUCKH-
MOCTb OT reoMeTpun TOMbKO B KOHEUHOM pasmepe cBAsu U pacyeTHON
Harpyske, oL : : RS
flo6asky Ha waHoc u aKkTop 3anaca npoyHoc XenarenbHo
BbIAGPXXATL NOCTOAHHLIMU He 3aBUCALUMMU OT FeoMeTpuu cesan.
YuuTeiBas aHanus MeTogos y4eTa u3Hoca 1 Koppo3uM, BLINOAHEH-
Hbli paHee, MOXHO KOHCTaTMpOB&aTh, YTO B NONHOM Mepe
NepeyuCneHHbIM Bhlle TpeboBaHUsM YAROBNETBOPAET TONbKO cxema
MeTtoga 3. B .atom cnyyae npu G, ycTraHOBREHHOM npumepHo k
cepeguHe CpOKa cAyXO6bl KOHCTPYKUMK, Ans nepBoi NonosuHL 3TorO
Cpoka 3anac Ha M3HOC yuNTbIBAETCA SIBHO, a ANst BTOPO# — HesBHO B
camoii BenuunHe G,, KOTopas npuHUMaeTcs NOCTOSHHOW M.
obecreunsaer npumepHo PaBHble ycrioBust N0 yposHio Hanps>xeHuin
3a B&Cb CPOK CIyX6b!. ' :
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MNpoBegeHHbI aHana nossonseT NoAcTV K cneayioium BblBOAaM.

YyeT naHoca U Kopposuu B [pasunax nocTpoiku cyfos Hauboree
Lenecoo6pasHo BbINONHUTL MO CXeme MeTopa 3, T.e. KOMOMHUPOBAH-
HO, KOTfja YacTb 3arnaca Ha U3HOC 3ajjaeTcs sIiBHO, a 4acTb B HESABHOM
BUJe, Yepes NPUHATLIA Ko dUUMEHT 3anaca Npo4YHOCT. FlBHAA 4acTb
3anaca Ha U3HOC AOSKHA NPUMEPHO oTBeYaTh BenvymHe pagHoii 12U,
roe U — cpeaHerofoBoe yMeHblueHue TonuH.

Taxoil nogxof YAOBneTteopsieT chopMyrMpoBaHHbEIM Bhille Tpebos-~
aHWsM, T.K. NO3BONSET BblAEPKaTh KOAMHULIMEHTH! 3ariaca NocTosHHb-
MU, He 3aBuCAWMMM OT pasmepa CBA3N. CoxpaHseTcs Takxe
npegcTasneHue o (hMsnIecKoit paBHONPO4HOCTH cBsi3eil pasHbLiX pasmep-
OB B BUZE PABHON BEPOATHOCTM MPEBLILIEHUA ONacHoro (pacuemoro)
YPOBHA HanpshKeHul 3a BeCb CPOK criyx6bl. BygyT TakXxe coxpaHeHbl
pacyeTHble Harpysky, OTBevalowye COBPEeMEHHLIM npefcTasneHusm, a
BbIXOAHbIE NapameTpbl (pasmepb cBsi3eil) oTBEYallUMMKU YPOBHIO
Tpe6oBaHmnit BEAYILNX KNAcCupuKaLMOHHBIX obuiecrs.

B peitcTByoumx Mpaeunax Tabnuua ans yueta [o6aBoOK Ha U3HOC U
KOppO3WI0 OCTPOEHA B (PYHKUMM OT napameTpos: ™n cyaHa
(cyxorpysHoe, HanMBHOE), HauMmeHoBaHWe CBSA3M (nany6a, 6o0prT,
pHue, nepebopka, BTOpoe JHO K T.M.), KOHUrypayms ceasm (AMcTol,
npodunu). Takas Knaccupukayms NpuBoanMT K BecCbma 6onbuion
HOMEHKiaType HOPMaTUBHbIX NO3ULMii, TPYAHOCTAM ydeTa ocobeHHoCc-
Tei ycnoeuit paboTbl KOHKPETHbIX cBsi3el, a B pAfe cnyyaes K
HEOAHO3HAYHOCTU NPUHUMAEMBIX peleHuit npu Bbibope gob6aBku Ha
usHoc. TaK, Harnp1uMep, UHOrja BO3HMKaloT BOMPOCHKI O TOM, K KaKkomy
TUNY CRefyeT OTHECTU KOHKPETHOe CYAHO, KaKoii HOpMAaTUB NPUMEHUTL
K CBSi3W B HECTaHAapTHbIX KOHCTPYKUMAX 1 T.A

Mo ykasaHHbIM rpuuMHam ¢opma HOPMUPOBAHUA pobaBoK Ha
usHoc B MNpaeunax HyX/aeTca B KOPPEKTMPOBKeE.

Ons atot yemm Lyenecoobpa3Ho BBECTM MOHATUE 06 ycnosusax
paboTs! CBSi3EN B 6a30Bbix cpegax. MOXHO OFpaHn“NTLCHA HeTblpbMs
kateropusmu B, H, P, A,

Kameropus B — mopckas Boja.

B kaTeropwio B BKOYaI0TCS NOMeLeHnsl, NpejHasHaverHble ana
pa3sMelLeHns TONbKO MOPCKOTo Gannacra unv nonepemMeHHo 6annacra
u HedbT, & TaK)Ke NOBEPXHOCTU NOCTOAHHO Haxo,qsu.mecn‘a KOHTaKTe ¢
mopeM, Hanpumep, 6opTa u ghHuile.

Kameropusi H — Hegmb.

B karteropwio H BKIoyaloTca nomellieHus, npepHasHadeHHbie AnA
pasMmelleHns TorbKO Hed T, MasyTa, Tonsmea nm OPYroro rpysa HamMBoM.

94



Kameropuﬂ P — pyga.

B kareropuio P BKMIOHAIOTCA NOMELEHU S, npejHasHavYeHHbie nm
nepeBo3ku pyAbl, Yras, APYrux CbinyuMX rpysoB HaBanom.

Kameropus A — ammocgepa.

B karteropuio A BKJIOHAIOTCSA BCE MOBEPXHOCTM M NOMELEHUS,
noABep>KeHHbIe BO3AeCTBUIO MOPCKOA atMocgephi, coripukacalolmecs
C reHepanbHLIM TPY30M, Takue, HanpuMep, kak nanybbl, BTOpoe fHO U
BOZOHENpPOHULaeMble NepebopKyu CyXOrpy3sHbIX CyAoB U T.M.

BBeepfeHHble NOHATUS NMPU3BaHbl XapakTepu3oBate OTHOCUTENLHYIO
MHTEHCUBHOCTb KOPPO3WOHHOIO BO3ASACTBUA Cpefiel HA CBA3b Kopny-
ca: OOQHOCTODOHHEro, ecnu CBA3b orpaHuunBaeT cpegy (CTeHkn,
KphIlLa, AHO NOMELLEeHNs), ¥ 06BLEMHOro, €CriM oHa paboTaeT BHYTPU
cpegpbl (Habop BHYTPU OTCEKa).

CpegHne CKOpPOCTM W3HAWMWBAHWA W OTBEYaOWUE UM I'IOTepVI
TONuMH 3a 10 — 12 neT B MM NpuM OAHOCTOPOHHEM BO3LEACTBUM
6a30BbLIX Cpef ¥ B NPeAnofNoXeHWn HanMuus NpoTMBOKOPPO3NOHHOM
3JawuTel, ygosnetsopsiowen tpebosaHusm lMpasun, npeacTasrieHbl 8
Tabrmue 2.

Tabnuya 2
Ba3onbie CKOPOCTH M3HAWMBAHUS U NOTEpU TONMUMH 3a 10 ~— 12 ner, MM npu
OfHOCTOpPOHHEM aoangﬁcmuu cpegbl

Kateropus |Kpbtiua u BepxHuit nosic HmKHnﬁ NOSC U .qHume Mpoune noscobs
efibl

oneRe U, 4, U, 4, U, 4,

mm/fron MM MM/roa MM mmfrog MM

B 0,15 1,6 0,10 1,0 0,08 0,8

H 0,10 1,0 " 0,10 1,0 0,06 0,6

p 0,075 0,75 0,12 1,2 0,04 0,4

A 0,05 0,5 0,02 0,2 0,02 0,2

Hanuuue paHHbix Tabn.2 nossonsieT paspaborats 0606LjeHHbIe
pekomeHAauuu No yyety M3HoOca ANS PasimMuHbIX CBR3eW Kopryca B
3aBUCUMOCTN OT yCrnoBuit ux pabotsl.

" Tak, Ans cny4yaes: cTeHKa Mexxay 6annactHbiMu oTcekamu u Habop
BHYTpPM OannactHoro oTceka, WCNonb3ys cpefasl Kateropui B-B,
nony4um:

-Bepx ' Hus Mpoune

1,5+1,5=3 mm 1,0+1,0=2 mm 0,8+0,8=1,6 mm
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Ina cnyvas cteHKku, pasgensiouen otcek ans Hed ™ u H6annacra,
ucnonbays cpegst B-H Hanpem:
Bepx Huz Mpouue
1,56+1,0=25mum 1,0+1,0=2,0 mm - 0,8+0,6=14 mm

MNocTtynas aHanoru4HbiM 06pa3oM Asst BCEX BO3MOXHbLIX KoMbuHa-
ynin Oas3oBbiX cpell nNerko. cocrasuTe Tabnuyy, KoTopas. nocne
OKpYrNeHusi BENMYMH MOXKET uMeTb Bif, NpefcTaBreHHbiit B 1abn.3.

o Ta6nuya 3
BenuuuHbl a6COMOTHLIX J06aBOK HE8 U3HOC
CBs3u pacnonoxeHbi Ha ) lqoﬁaaka Ha usHoc 4, Mm
rpaHuie nomeleHuit co i _
cpenamu, otBevalowuMy | Kpblwa u BepxHuit | HuxHul nosc Mpoune mecta
KaTteropusm Nosc

B—B 3,0 2,0 1,6

B —H . 25 20 1,4

B—P v 2,2 25 1,2

B—A 20 1,5 1,0

H—H : 20 20 1,2

H-—P 1,8 2,3 1,0

H—A 1,5 2,0 0,8

p—p 1,5 25 0,8

P—A 1,2 1,5 0,6

A—A " 0,5 0,5 0,2

OnucaHHbiit rMogxog Mo3BOMISIET CUCTEMATH3UPOBATL HOPMAaTUBLI
u3Hoca, abCcTparmpoBaTtbCsA OT TMNA CyAHA U 0COBEHHOCTEH KOHKpeT-
HbiX CBA3&# NpU KNaccmukauuu HopMm U3Hoca, YNpPoCcTMTb U COKpa™Th
HOMEHKaTypy No3uLuit HOPM, caenatb HopMbl 6oree KOMNAaKTHLIMU 1
yao6HbIMM ANs Nocneytolieit KOpPeKTUPOBKYU U YTOHHEHUS.

KomMMmeHTUpys pesyrbTaTtel, NpegcTaBfeHHbie 8 Tabn.3, Heobxoou-
MO OrOBOpPUTL HUXXecnegylouee.

Bce Benmundbl Ao6aBOK Ha U3HOC, YKa3aHHsie B Tabnuie, cnepyer |

OTHOCUTL K NIMCTOBLIM CBA3SIM U rOPU3OHTaneHbIM aniemeHTam Habopa.
Ons snemenToB Habopa, PACMONOXEHHLIX HE FOPU3OHTANLHO, A06ABKY
Ha W3HOC, yKasaHHble B Tabnuuye, MOryT 6blTh yMeHblueHbl. [pu atom
Hap6aBkn Ha W3Hoc Ans 6anok Habopa AOMXHbI ONpeAesiaThCA No
KaTreropuv NOMeWeHnsa, B KOTOPOM OHU ~PacrornoXeHbl, T.e. Mo
karteropusm B —B; H — H; P — P nru A — A COOTBETCTBEHHO.
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lMpuBepeHHvie B Tabn.3 fobaBky HA M3HOC pACCUYMTaHbl UCXOAA U3
cpoka cnyx6bl npumepHo 24 ropa. Ecnu cpok cnyx6bi kopnyca T
npeflycMatpusaeTcs oTnnuaioiumcs ot 24 net, 70 go6aBKu Ha U3HOC,
yKasaHHbie B Tabnuue, crnefjyetr ymMHOXaTtb Ha KO3(hduUuueHrT,
3HAYEHUN KOTOPOro MOXHO OLeHMTL MO NpubnnxxeHHoN dopmyne.

(T12—-1)=0

Takoe OTCTYNfeHue OT CTaHAapPTHOrO CpoKa CRyXGbl, pasBHOro 24
ropam, tienecoobpasHo ykasbiBath B 0603HaYeHnH Kriacca cyaHa,

CrieflyeT TakiKe OroBOpiTh, YTO NPUBEeHHbIe B Tabmuje 3HaYeHus
A06aBOK Ha WM3HOC OTHOCATCA K OOLIYHOW YrNiepoAuCcTON CTam u
cflyqalo  MPUMEHEHUst 3aluTel OT KOPPO3uW, NpefycMOTPeHHON B
I‘lpaaunax Mpu Henonb3osaHuu ApYrx craneil TabimyHble sHaveHns
A06aBokK . Ha U3HOC MOryT 6bl Tb yMHO)KeHbI Ha Koacpq)uquembl
YYATLIBAIOWME OTHOCUTENbHYIO" NPOTUBOKOPPO3UOHHYIO CTONKOCTL
crtanen, a npu NPUMEHeHWM cneuunanbHblX CPefCTB 3aluThl OT
KOPPO3#N YMEHbILEeHb! NO cornacoBaHmnio ¢ Peructpom. ‘

CneyuanbHblie TpebosaHus K fob6aBKam Ha M3HOC, KaK Hanpvmep B
cny4ae nepoBoro BO3AEACTBUSA, MOTYT 6biTb yKasaHbl. JONONMHATENLHO
B COOTBETCTBYIOWMX pasfenax lNpasun. BoaMoxHO Takxe BBe,quue
JofionHeHuii B nepeyeHs 6a30BbiX cpeg.

Cnucok numepamypsl

1. Makcumagxu A.U.. MNPo4HOCTL MOPCKUX TPAHCMOPTHHIX .cygos. Jl.:
Cypoctpoennue, 1976,

2. Mopckoit Peructp Cypgoxoactea. fpasuna Knaccucbuxauuu ] nochom(u
MOpCKUX cynos, 1995,

3. Npasuna et Hopcke BepuTac, 1995.

4. Npasuna Mepmanckoro Jlnoiga, 1992,
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Martepuans! n cBapka

VK 62-419.4:622.242:629.12

F0.J. dezocmaee, B.A. Mamwuuescxuii, I'.[j. Momoeusuna, T.I'. Cemunesa

BbiCOKOMNPO4YHASA NIIAKUPOBAHHASA CTAJNIb ANA
PABOTbI B SKCTPEMAIJIbHbIX YCNOBUAX.
OCOBEHHOCTW CTPOEHUSA NEPEXOQHON 30HbI

BBEJEHME

B cBs3U C OCBOSHUEM apKTUYECKOro wwenbga n Heob6xoguMocCTbio
obecreyeHuns KpyrnoroguyHoro nnasaHuA-CyaoB BO3HuKaet npobrema
npegynpexpneHusi Koppo3uoHHO-3PO3NOHHOIO0 M3HOCa Marepuana
KOHCTPYKLUM 1PU BO3LENCTBUU MOPCKOM BOAb! U NefoBbLIX MONEH.

O6cneposaHne CyAoB NefOBOrO NNasaHUs U aTOMHbLIX JIE[J0KONoB
noaTBepau M U3BecTHbI (PaKT, YTO HU3KONErMpPOBaHHEIE CYJOKOopnyC-
Hble CTanu He3aBUCUMO OT HEKOTOPbIX pa3nUyui B XUMUYECKOM
cocTaBe MO CBOE KOPPO3SMOHHON CTONKOCTM B MODPCKOW BoOge
NpaKkTMyecKn He OTNMYalTCA Apyr OT fpyra, 4To onpepensiercs
MexaHM3MOM npoTeKaiolen Kopposuu.

CKOpOCTbL KOPPO3UW- HU3IKOMErMpoBaHHbIX TEPMOYIYYWEHHbLIX Ma-
poK CTasm B MOPCKOii Bofie cocTasnsaeT npumepHo 0,1 MMfrog, umeeT B
OCHOBHOM PaBHOMEpHbIVi XapakTep M npoTekaeT npw - noveHuManax
0,38...0,42 B (no Hopmaanomyi_Bo_AoponHomy anekTpoay).

Moatomy BLIGOP CTann B OCHOBHOM OrnpefenseTcs He KOpPO3UOH-
HOW CTOMKOCTBIO, a8 TAKUMU CNY)KeOHbIMU CBOMCTBAMU KaK: NPOYHOCTb,
NMacTMYHOCTb, BASKOCTL NMPY HU3KUX Temnepartypax, csapusaeMocTb,
TEeXHONIOFUYHOCTb U Ap.

B TO Xe BpemMs W3BECTHO, YTO Hannume B MOPCKOW Boge
JocTaTouHO Gonbloro Konuyectea xnopugos (~19 nfr Cl) npusogur
K HepaBHOMEpPHOCTU KOPpPO3uK, Bhi3biBas obpasoBaHne A3B.
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Eule Gonee HepaBHOMEpHbLI# KOPPO3UOHHLIA M3HOC MeTanna

Bbl3biBaeT B3aMMOAENCTBNE CTanen ¢ ABMXYL{UMCS B MOPCKONA Boge
fibj0M.
- CnegyeT oTMeT™MTb, 4TO (hpUsMYeCKMe CBONCTBA MOPCKOro nbaa
JocTaTouHo HeopHopogHbl. Hanbornee HebnaronpUATHEIMK MO KOPpoO-
3MOHHOMY BO3[eACTBUIO HA CTaSibHbIe KOHCTPYKUMU ABNSHOTCA MONO-
Able opHoneTHWe nbAabl. OgHONETHUE 3UMHUE fbAbl UMET
MakcumanbHyio coneHocte (oT 10 go 18%), koTopaa cHuxkaeTcs y
ABYXNETHUX M MHOroneTHUX nbgoe noym Jo Hynsa. Onpegenedue
MHOTONIeTHUX NbAOB U UX MEHbIlass KOPPO3UOHHAA aKTUBHOCTL
CBsiaaHa C BbiTeKaHWem paccosna u3 fibfa npu Temnepartypax Bbilie
aBTeKTUYecKon ( —24°C), T.e. B NeTHUE Mecaubl.

MNpu B3auMoAeicTBMM nNep-meTasnn NpoMCcXoauT BbiTECHEHWE noj
fAaBfieHnemMm paccona u3 nbfa, UTO CO3[aeT YCNoBusi, MPU KOTOPbIX
cTanbHasi KOHCTPYKHUA HaxXoguTCs Kak O6bl B XKAOKOCTU C COMEHOCTLIO
ropasfjo Bblille paBHOBECHOW. JTO NMPUBOANT K A3BEHHOW KOPPO3uUU M
CMeEeUleHUIo noTeHuuana cTanm B oTpuLaTtesibHyl0 CTOPOHY.

Kpome Toro, Mopckoii nea obnagaeTt [OBONMBbHO BLICOKOH TBEp-
[OCTLIO, KOTOpas ysenuuuBaeTcs C -nOH.H)KeHMeM Temneparypbl (oT
30% npu —15°C fo 40% npu —30°C oT TBEpgOCT™M anMasa).

Mo3TOMy HelNb3s UCKIIOYUTL YUCTO MEXAHUYECKOrO BO3AENCTBUS
nbAa Ha meTann, KoTopoe NpUBOANT K ero 3a4yvcTke OT NPOLYKTOB
KOppo3uK, CMeuleHUi0 noTeHuuMana B OTPUUATENbHYIO CTOPOHY OT
CTayucHapHoOro U, crnefoBaTenbHoO, yBEMMUYMBaET CKOPOCTb KOPPO3uK.
Mpuyem, yunToiBasi HEPABHOMEPHOCTL U XaOTUYHOCTL MPOUCXOLSLYMUX
CTONKKHOBEHWUN, YCUIMBAETCA 1 HepaBHOMEPHOCTL KOPPO3uu.

O6pa3syioljeecs npu pasnoMe nbja MOLWHOE 3NleKTPHUUYECKoe none
Bbi3biBAET Uenblii Psag CONyTCTBYIOWUX (BU3UYECKUX npouyeccos,
CYLU|ECTBEHHO aKTUBU3NPYIOWMX KOPPO3NOHHbIe npouecckl y Meranna
B KOHTGKTHOM 30HE.

Takum o6pa3om, BCe nepeuncrieHHsbie ABNeHuns, BO3HUKalowue npu
B3aMMOAEACTBNM HU3KOMErMpoBaHHbIX cTanei co nbAoM, 6yayr
NpuMBOAUTL K WHTEHCUBHOW SI3BEHHOW KOpPPO3WM MOCHejHUX, yee-
nMyYuMBan WepoxoBaToCTbh M TeM cambim euwe Gonee ycunueas
BO3flelictene npaa Ha metann. Mpu ogHoBpeMeHHOM BO3ZRENCTBUM Ha
cTanbHyio O6WMBKY CYOB MOPCKOW BOABI M [BUXKYILerocsi nbha
NPoOUCXOOUT Pe3Koe yBesiMueHue CKOpocTM Kopposum Gonee, 4HeM B
10 pa3, U n3MeHseTCA ee xapaKkTep C paBHOMEPHOIO Ha SA3BEHHbLIN C
OCTPLIMU KPOMKaMK, YTO Bbi3biBAET YBESMUYEHUE MOKASbHbLIX Hanps-
)KeHuﬁ-npu B3aMMOJENCTBMM ABUXKYUIEroca Nbha ¢ KOHCTPYKUMEN.
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Buicokas WepoXoBaToCT, MOBEPXHOCTU CYLECTBEHHO CHUXAEeT
UMKNUYECKYIO TPOYHOCTb KOHCTPYKLUA noa pectsMeMm nefoBbix
Harpy3okK.

Haunbonee ocipule u riybokue s3sbl (2 — 4 mm) Habmo faloTes Ha
BCEX TUNAax NefOoKOJIos, Kak NpasBuno, B paioHe negosoro nosca. Ipw
9TOM Ha aTOMHHLIX nefokonax, pabortawuwux B 6onee XecTkux
YyCroBUSIX B 3UMHUA nepuop rnpu 60ree HU3KUX Temreparypax,
yKa3aHHbIf XapakTep KOPPO3UOHHEIX MOBPeXAeHui HabriogaeTcs
yxe uyepes 1 — 2 Hasurauyumn (uepes 6 mMec. paboThi BO Nbgax y afn
«Cubupb»,uyepes 25 wec. pabotsl Y a/n «ApKTHKa»).

Mpu pansHenten sKennyartayuu nefoKonoB Habmnogaemoe yToHe-
HUE NMCTOB OOWMBKM [OCTUFaeT B cpegHem 2 MM/[rod, npuyem
fA3BEHHbLIA XxapakTep KOppOSMOHHbIX noBpexnaeHuwit (B BUAE TepKw)
coxpaHsieTcs, 4Y4TO MPUBOSUT K Hanunanmm nb,qa Ha Kopnyc m
BO3pacTaHuio NeJoBOro COMpOTMBNEHNUA.

M3BecTHO, YTO HepiKaBsewlue cTamm, cofiepxaime Gornee 12%
xpoma, 6narogaps -obpaaywlyeincs Ha" nosepxn-locm naccuBHoOw
ffieHKe, He CKMOHHBI K O6Lyel "Koppo3un B MOPCKON BOJe, HO Mof
BO3feiiCTBUEM XJIOPUJOB NOABEPraloTCA NUTTUHIOBOW KOppO3uu,
[03TOMY MOTYT MUCMNOMb30BaTbCA B MOPCKOH BOAE B COYETaHMMA C
ANEKTPOXUMNYECKON 3aluTon. YBenuueHvne CKOPOCTU ABUIKEHWUS
"MOpPCKOM BOAblI YCuMBaeT NAacCUBHOCTb HepXaselwled cranm u
fipak TMYyecku ycipaHsaeT obpasoBaHue NUTTUHFOBOW KOpPO3uu,

Wexopns ns aux nonoxenuit, UJHUW KM «lMpomeTeit» ans negosoro
nosica aTOMHbIX NeJOKONOB U MOPCKUX TEXHUYHECKUX COOPYXEeHW#,
6uina npejrioeHa creuuanbHo cosfjaMHasi XnajocTonkas nraku-
poBaHHas cranb Mapok F-500 u F-620. Onsi ocHoBHOro crnost aByx- u
TPEXCROAHBIX NNIAKNPOBAHHBIX SMCTOB UCMONb3YETCR HU3KOYT NIepoanc-
Tas XpOMOHuKernbmormbpeHosana crtanb tMna AB ¢ MUHUMANLHLIM
npefenoMm tekydect 500 u 620 Mlla, a B KayecTBe nrakupywouiero
cnosi Boi6paHa KOPPO3WOHHOCTOMKas crtans 08X19H10M26 [1-5/.
MnakupoBaHue OCHOBHOIO CNOs XNaJOCTONKON BEICOKONPOUHOR cTamm
Hep)kaBeiowei cTanbio NPoU3BOANTCS MO CreyuansHon TeXHONoruu.

IMMCTLI N3 HOBOI NNAKMPOBAHHOW CTanmm Obiny BBapeHbl B 1984 1. B
nefioBbIe MOsICA ATOMHBIX NeAoKonos «Cubupb», «Apkmka». OcmMoTp
KOPPO3MOHHOr O COCTOSHWSA, NpoBesieHHbI B 1987-89 rr., nokasan, 4To
3a BpeMsi aKcnayaTayuu NefOKOIoB B BbICOKONPOYHLIX fbJax U UX
noxofos kK CeBepHOMY MofIOCY, KOPPO3UOHHO-3PO3NOHHBIE noapex-
OEeHUSI NONHOCTLIO OTCYTCTBYIOT {pnc.1).
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Bpems skcnnyatauyuu, roga
1" 2 '3 0 1 2 3

CKOPOGTL KOpPPO3UM, MUKPOH

MrnakuposaHHasn FomoreHHas
cTanb ) crans

Puc. 1
CpaBHUTENbHBLIA KOPPO3UOHHKIR U3HOC

MATEPUAN U METOQUKA UCCIIEQOBAHUSA

Mpu co3gaHun xnanoCcTOWKON NNakuposaHHOR CTasiv MoBbILEeHHON
npo4HOCM ocoboe BHUMaHUe YAENEeHO CTIPYKTYPHBLIM UCCRE[OBaHUAM
NnakMpylowero cfnosl, OCHOBHOIO MeTanfa, 30Hbl UX ChasrieHus u
CBapHOro coefuHeHWs NMakKUpoBaHHOW cTanu. Mccnegosanns nposo-
v Ha Ol‘lbl'l‘i-lO-I'lpOMblulﬂeHHbIX napTMsax JMCTOB C TonmuHom
nnakvpywiyero cnos 3,0 — 6,0 mm.

MeTogamu onTUyecKoin MeTannorpadauu C NOMOLbLIO PACTPOBOro
3neKTPoHHOro Myukpockona «Stereoscan-150» vccneposamu usmexe-
HUe CTPYKTYpbl, nepepacrpejerieHue ferupyiownx 3feMeHToB Nnpu
rnepexoge uepes 30HY CMAaBfieHWA MeTanna wBa G NNAAKUPYIOLUM
cnoem, NNakMpyioLero crnos ¢ OCHOBHLIM METalnoOM U Mertanna wBea ¢
OCHOBHbIM MeTannoMm. MayueHue TOHKON CTPYKTYpbl Mpu Nepexope
Yyepes 30Hbl CaBMeHns U B pasHbliX 06RaCTsX CBAPHOrO COeNHEHUS
npoussogun meTogom ¢onbr C MOMOWbI0 NpOcBeYusaulero
3NEKTPOHHOTO MUKpOCKoNa

«JEM-200CX». donbru ana uccrnefoBaHus Bbipes3anu fl0CAoWHO,
HauKkHaa C MeTanna wsa 4epes NNakupyiouwuin croil U 3akaHunsas
OCHOBHLIM MeTanmoM Takum o6pa3som, 4YTobbl uccnesoBaTh M3MEHeHne
CTPYKTYpbl BO BCEX 30HaX OCHOBHOI O MeTarna, NNakupyloulero crnosi 1
B CBAPHOM COeUHEHUN.
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Ucnons3osanue Li-Si nonynposogHuKoBoro getektopa B KayecTtse
NpUCTaBKM K PACTPOBOMY 3SIEKTPOHHOMY MUKPOCKOMY M03BONMMO
onpefemMTo pacnpejeneHue ferupylowmx sfemMeHTos npu no6om

_ yBenuueHuu Ha cnaboTpasrieHom Mukpoutsmge.

PacnpefieneHue Kaxjoro KOHKPeTHOr O afeMeHTa (UKCUPOBaroch
BLONMb YCTAHOBMIEHHOW CeKylyen Henocpe,qcraeHHo Ha Heobxogumoit
o6nacmwm wrnuda.

Ceapka NnakuMposaHHON cranu ocymecrannnac&: ayCTEHUTHBIMM
3NeKTPoAaMu Mo TMIOBOMY PEXUMY.

WcnbiTannst Ha pacTskenue nposogumm Ha oGpasyax na |
(FOCT 1497), BbipesaHHbIX W3 OCHOBHOFO CNOSi fMcTa nonepek
HanpaBneHus npokata.

PaboTty ygapa onpefensnv Ha rnonepevHbix obpasuyax tuna I
(TOCT 9454). ”

FMpoyvHocTs cUenneHns OCHOBHOrO ¥ MNIAKMPYIOWEro CI0eB OLieHNBa-
N NO pesynbTaTam UCTIbITAHWUA HA CPEe3 N «XOnofHelit 3arnb» obpastios
no FOCT 10885, AMHaMN4ECKOro NOAPbIBA CBAPHLIX LMTOB, UCTbITAHUIA Ha

' OTPLIB NMAKUPYIOLLEro CA0si NPY PACTSIKEHUM CBapHLIX 06pasuos.

PE3YJSIbTATbl UCCNEAOBAHMNS |

Mo paHHbIM onTM4ecKoi MeTannorpaduu MNaknupyioumin  Crioi
npepcTasnseT co6oii ayCTEHUT BISIOTL A0 30HLI CrinasneHns (puc.2a),
CTPYKTYpa KOTOPOro He BblSIBAINETCS METOAiaM1 ONTUYECKON MeTario-

' Puc. 2
CTpykTypa, %400 (a) n uameHeHne neruposanus, X400 (6) B sone coeguHeHns
OCHOBHOrO MeTanna ¢ NNakupylownm crnoem CoefMHeHun NNaknposaHHon cTaru;
A — OCHOBHOW MeTanmn; 5 — rnakupylouui cnoi
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rpacmu. 3oHa cnnasneHns 0CHOBHOIO y NNakupyowero crnoes sugHa
KaK TemMHast nonoca C He4YeTKUMM KpasiMiu, CTpoeHue KOTOpOit He
BbIABUTL W3-3a NOBBILLIEHHON TPaBUMOCTU. HenocpeicTBEHHO 3a 30HOM
CrnasneHns MeTann OCHOBHOIO COsl UMEET NepexoHyio deppuHo-
6efiunTHYI0O CTPYKTYPY. lMpenmyijecTsenHo theppuT, obpasosasiumiics
32 30HOW CrINaBfeHNs, NOCTENEHHO NepexoauT B GeHNT, a no Mepe
YAAneHua ot Hee, Ha pacctoaHuu 400 MKM M pjanee — B 6eMHUTHO-
MapTeHCUTHYIO CTPYKTYPRY.

M3amMepeHna MUKPOTBEPAOCTM B NPUrPaHULHON C 30HOV cnnasneHus
o6nacT rnokasano, 4To No Mepe NPUBIMXKEHUA K 30HEe Bo3pacTtaer
MUKPOTBEPAOCTL ayCTeHWTa U Ha MMHUM CNRaBfeHWs [OocTUraeT
3HavyeHun 3200 H/MM2, TorAa Kak npu nepexofe 4Yepes MMHMIO
CrnilaBneHna B OCHOBHOM MeTasnne HabriofjaeTcs ckaukoobpasHoe
fafeHue MUKPOTBEPROCTU C NOCREefyoLWUM YyBEeNMYeHUem ao
3HaveHuit 2240 H/mm? na pacctosmuu 1000 MKM 1 6onee oT 30HkI
cnnaenexus (puc.3).

Crans F620
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PaccTtosHue OT 30Hb! cnnasneﬁ"ﬁﬁ, MKM

Puc. 3 : -
W3MeHeHNA MUKPOTBEPAOCTH 30HbI CINABNEHUS NAaKUPOBaHHOM CTaNM

Boree petanbHoe mccnefoBanue 6bIN0 BLINOAHEHO © nomouwsio
PacTpOBOi U NPOCBEUYMBAIOLIEH BNEKTPOHHO! MUKDPOCKOMMH.

MeTann ocHoBHOro cnos umeet 6eiHnTo-MapTeHcuTHyio CTPYKTYPY
(puc.4 ). NMpu NpMGAMXKEHNM K 30HE cnnasfeHus CTPYKTYpa nepexogut
B B6eMHUTHO-DEeppUTHYIO, a NoToM B MESIKOAUCNEePCHbIA heppuT ¢
pasmepoMm 3epHa He 6onee 1,2 — 2 MKM u peaKkumu Kapbugamu no
rpasuyam sepeH (puc.5).
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Puc. 4 Puc. 5
Cr1pyKTypa MeTanna OCHOBHOTO CROA B - JlMcnepcHeiil (eppuT HEeNOCPEeRCTBEHHO
- UeHTpe nmMcTa no TosguHe x 20000 3a 30HOW cnsiasneHns x 20000

HenocpeACTBEHHO B 30HE CABNEHWUA CTPYKTYpa npefcrasreHa

KaK (heppuTOM, TaK U ayCTEHUTOM. o — (hasa He pparMeHTUpoBaHa,
6e3 BUOMMbLIX BbILEMEHWA, HO. HACbIUeHA CKONMeHusMu OedeKTos,
NnpenmylecTBEHHO, gucnokauwii (puc.6a). AyCTeHuT B 30H€ Crinaene-
HUA TaKXXe He (hparMeHTUPOBaH, XapakTepusyevca BbICOKOA nNOT-
HOCTLIDO OUCNOKAUWh U CoOepXuT pacnpepferieHHbie pedexkTsl
yraKkosku. BHyTpu aycTeHuTa ¢ nnotHoctsio 5-10'* 1/em® pacnpegene-
Ha Kapéu,qHaﬂ thasa. Kapbupapl —ipeumMyijecTBeHHO o:(pyrnou cdhop-
1, amameTpom 0,03 — 0,2 mxm (puc.66).

) VlMeHHO B 30He crnnaBfieHnsl NponcXoauT uaMeHeHe KOHUeHTpa-.

UMY Nerupyouux aneMeHTon (pmc.26).

Puc. 6
ToHKas CTPYKTYypa CTAfM B 30HE CMNaBneHus OCHOBHOMO U NMNaKupyoujero cnoes:
a) pepput x 60000; 6) aycTennt x 40000
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Mo mepe ypaneHus OT 30HbI CNNABMNEHUS B MMAKUPYIOWWA CRO
NNOTHOCTL gucriokaywi nagaert. Mpyu aToM parmeHTaLna aycTennTa, a
TaKXe MnJoTHOCTL fe(dEeKTOB ynakoBKM W KapOupHoW ¢asbi yse-
NMYUBAIOTCA.

Makcumanbhasn parmeHTauus (pasmepsl pparmentos ~0,8 MKM)
¥ NNOTHOCTL KapbupHoi caser — 105 1/CM3 (pnc. 7) otmevaioTcsi Ha
paccrosHumn 0,25 — 0,5 MM OT 30Hb!I CNNaBneHns.

Puc. 7 )
CTpyKTypa [Nakvpyiowero cros B6man 30HbL!I CINasBneHus ¢ MaKCUManbHoR NOTHOCTLIO
KapbugHoi hassl x 20000

Mo mepe yganeHns OT 30HbLI CMNaBneHnsi NOTHOCTL Kap6ugos
CHUXXaeTcs, U Ha paccTtosHuu 6onee 0,75 MM OT 30HBI ChiNaBneHus B
KPYNHO3EPHNCTOM aycTeHuTe ¢ gecheKkTaMmu ynakoBkU oHa cocTashnsieT
2+-310"% 1/cm®

MNpu cBapke NNaKWpoBaHHOM CTaNM CO CTOPOHBI OCHOBHOTO
meTanna 30Ha TEPMUYECKOrO BIMAHUA, BbIABNAEMAA C MOMOLLBIO
onTUYeCKon Metannorpadpuu, coctasnsieT He MeHee 300 MKM ( puc.8),
npu 9TOM 30HA U3MEHEeHWUs nerupoBaxusi pocmraer 10 — 12 MKMm
(pnc.9). lMpu cBapke €O GTOPOHBLI NNakupywowero crosi CTpykTypa
OCHOBHOr 0 MeTasifia NpakTM4eckn He u3MmeHsieTcs.

Wccrniefyemas cTpyKTypa NnakMpoBaHHOW CTanm rapaHmpyeT BbICO-
KWA ypOBEHb MEXaHWYECKUX CBOMCTB OCHOBHOTO METAMNA M BbICOKYIO
NMPOYHOCTb CLENSIeHUA OCHOBHOrO M MNakupylowero crnos mnpu
oGecrne4eHnn BbICOKOro CONPOMBIIEHNS KOPPO3NOHHLIM MOBPEXAEHUSIM.

Kak rokasanm pesynbTathl NflakupoBaHHas cTans kareropuu F620
obecneynBaeT cnegyoLuin ypoBeHb MexaHu4eckux CBOWCTB:

osP =730 H/MM>, 6§ =654 H/mMMZ, 6P =22,3%, P =T76,5%.
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Puc. 8
CBapHoe coefyHeHue OCHOBHOro Metanna:
A — wos; B — ocHoBHOA MeTann, x 400

—Cr
— Ni
— Mn

Puc. 9
NameHeHue nerupoBaHisi B 30HE KOHTAaKTa MEeTanna wWea u OCHOBHOro Metanna
NAaKupoBaHHO! cTarM, x 2000;
A — 11108; 6 — OCHOBHOW MeTarnn

Pa6oTa ypapa COXpaHfeT [OoCTATOYHO BbICOKME 3HAYeHUA [0
Temnepatypsl —60°C. KV5*°C=112,8 [Ix.

Ons cranm KaTeropvm F500 mexaHu4ecKue CBofcTBa criegyloljue:

P =677 H/mum? of%=590 H/MM2 8P =23,2%, YP=74,6%,
KV; 6"°c 145 Ox.
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BenwunHa conpoTmsrieHusa Cpedy nNnakupywoulero Cios He MeHee
30 H/mm? (puc.10).

YacTotHas rucrorpamma

24
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° 360 4/80 520/ 560 600

Conpotsnexue cpeay, Hjmm?2

Puc. 10
YacTotHas ructorpaMma 3Ha4eHu1ii ConpoBNEHNs cpe3a Anis NPOMLILIMEHHbIX JMCTOB
NNaknpoBaHHOR cTanu

PesynbTaTthl MCMblTaHWA Ha XONopHuiA u3arnb obpasuos (puc. 11),
AVHaMuUYecKne UCMLITAHUA cBapHbiX WUTOB (puc.12), ucnbitaHna Ha
pacTsXeHue cBapHblx o6pasloB CBUAETENbCTBYIOT O BbICOKOIA
NPOYHOCTH CUErNEHWsT OCHOBHOIO W NNaKUpYoUlero Croes.

Puc. 11
Tpobsl nocne ucnbiTalut Ha XONOZHbIA U3rub
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