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anom eoly ucrionHsemca 90 nem HayyHO-mexHuYecKkoMmy
oweemy Pocculickoeo Mopckoe0 peeucmpa cydoxodcmea. B
2003 2. Peaucmp ommeyan 90 nem co OHA ocHosaHUsi Poc-
culickoe0o KnaccugukayuoHHoao obujecmea — «Pycckuli Peaucmp».
CosdaHue e cmpykmype «Pycckoeo Peeucmpa» TexHUYecKoeo coge-
ma 6b11108bi136aHO HEOBXOOUMOCMbIO HAYYHOU U UHXEeHEepHOL npopa-

6omKu 11€psbIX HopMamueHbIX OOKYMEHMOS.

lMepsie obujee cobpaHue 4YneHoe TexHUYecKo20 cosema obLye-
cmea «Pjycckull Peaucmp» cocmosnock 2 ¢hespans 1915 2. Omkpbin
cobpaHue rnpedcedamens npaenenus S.A. TuwkcmoHd. [Mpedceda-
menem TexHuyeckoz2o cosema bObin usbpaH KopabenbHbIll UHXeHep
K.I1. Boknresckuil, a mosapuwjem npedcedamensi — KopabenbHbill
uHxeHep PM. JlosseuH, komopsill aenancs upekmopom-pacrnopadu-
menem obujecmsa. o HanpaesneHusm desmensHocmu «Pycckozo Pe-
aucmpar,a makxe € y4emom uHmepecosg pocculickoeo cydoxodcmea
u cydocmpoerus bbinu 06pa3osaHbl LWecmb crneyuanbHbIX Cexyull:

no OepesaHHoMy cydocmpoeHuio — npedcedamernb Pogeccop
A.ll. ®ad-dep-Onum;

no peyHoMy cCmasnbHOMy CcydocmpoeHulo — npedcedamens
M.C. A6pamosuy;

no napoebiM mexaHu3Mam U Komsam — npedcedamerb UHXeHep
B.I1. Apwaynos;

no dsuzamenaM 6HympeHHe2o0 ceopaHus — npedcedamens npo-
¢beccop IH. Muo-Yneckui;

10 MopckoMy cmanbHoMy cydocmpoeHuro — npedcedamens
A.l1. LWepwoe;

no cybam cneyuanbHO20 Ha3HauYeHuUs («3emneyepnamensHuyamy,
wanaHdam, kpaHam u m. 8.) — npedcedamerns U.A. S6n0HCKuL].

B nepsom TexHuyeckom coseme bbinu npedcmasneHsl MPpakmuyec-
KU 8ce opeaHu3ayuu, cesizaHHble ¢ cydoxodcmeom, cy0ocmpoeHuem U
CMpaxosaHueM, 3aUHMepPeco8aHHbIe 8 passlmuu KOMMEPYECKO20 Cy-
doxodcmea. HomuHanbHas qucneHHocmes TEXHUYECKO20 cosema Co-
cmaerisina 84 yesioeeka, HO 8 PasiiuYHbIX cekyusx bblnu npedcmaerne-
Hbl 00HU U me xe nuya. Hapady ¢ npedcmasumensamu MUHUCMEpcMSs,
HeKomopbix obujecms U npakmu4yeckux pabomHUKO8 camMozo obLe-
cmea «Pycckull Peaucmpy» 8 TexHuweckuil cosem exodunu poccuii-
CKUe yueHble U UHXEHEpPb!, HernocpedcmeeHHO 3aHUMasLWuecs npo-
6nemamu kommepqeckozo cydocmpoeHus 8 Poccuu. Cpedu Hux 6binu
makue eudHbie desmenu, kak K.[1. Boknesckul, A.l1. ®aH-0ep-®num,
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[H. Muo-Ynbckud, A.M. lWepwos, B.M. Apwaynos, B.I[l. TamapuHos,
PM. JTossizut, K.A. TeHHucoH. YneH TexHuyeckoeo cosema B.b. Maase
'8 30-e 22. cman dupexmopom Pezucmpa CCCP. YneH TexHu4ecKko2o
coeema Pezucmpa CCCP [O.A. lllumaHckuil enocnedcmeuu cmai
akademukom Axademuu Hayk CCCP.

B nepebie 20061 Cosemckoll enacmu MeHsemcs xapakmep de-
amenbHocmu TexHuueckozo cogema. ViMeHHO moeda eospacmaem
ponb HayKu € paspabomke HOebiX npaeusn. B cocmae TexHu4eckoeo
cosema sownu eudHble yyeHble-cydocmpoumenu: B.J1. [1030t0HUH,
B.T. CmpyHHukos, M1.H. Bockpecerckuil, 1.®. lNonkosuy, ®.A. BpuKc,
B.M. Monowckud, A.J1. BabowuH. [MocmoAHHBIM KOHCYNbMaHmMoM CO-
sema 6bin akademuk A.H. Kpbinos. B 1923-24 2a. 6bino nposedeHo
oKkoro 40 3acedaHull.

AKkmusu3sayus desmenbHocmu Pezsucmpa u e20 TexHu4eckoa2o
cosema 6bina obycnoeneHa nompebHOCMAMU 8 80CCmaHoeeHuu
u oBHoeNeHuU mopaosozo ¢hrioma nocne epaxdaHckol eolHbl. Ha
3acedaHusX paccMampuéanuch e0rpoCkl, OMHOCAWUECs: K obmepy
cydos, ycmaHoeneHuro obLux ocHoeaHull Onsi OueHKu, peeucmpa-
yuu U Knaccughukayuu cydoe (8Kkiroyas 8blfycK Npagus epeMeHHol
mexHuyeckoll knaccugpukauyuu cydos), cosdaHul cmaHOapmos
MpoYHOCMU Cyd08, MPUMEHEeHUI0 Npaeun HasHadeHusi 6e30racHo20
Hadeo0HO20 Bopma, npasusl NPOMUsONOXapHo20 obopydoeaHus Cy-
doe, npasun oceudemenscmeosaHus cydoe u m. 0. B amom nepuod
TexHuyeckum cosemom bbinu 000bpeHsl [pasuna no ucnbimaHuio u
oceudemencmeo8aHUIo Komos U no anekmpoobopydoearuio cy0os.
K koHuy nepuoda eoccmaHosfieHusi xosslicmea paccmampueanuceb
makxe 80npOCHI MepPCreKMUsHO20 Xxapakmepa: 0 1ocmpolke nepebix
COBEMCKUX MOPa0abix Cydo8 (11ec080308), O MEXHUYECKUX YCI08UsSX
npuemMKu cydocmpoumesbHol cmanu, o pas3pabomke HOBbIX paesus
Knaccugpukayuu u nocmpodiku cydoe.

Mocne cmepmu e 1928 2. K.[1. Boknesckozo npedcedamenem
TexHuyeckozo cosema cman npogheccop M.H. Bockpecerckud. B [lo-
nioxeHuu o Peaucmpe Cotosa CCP, ymeepxdeHHoM [TocmaHoeneHuem
Coeema Tpyda u O60poHbI 6 dekabps 1929 2., ommeyaemcsi, 4mo Tex-
Huyeckuii cosem Peaucmpa Corw3sa CCP eedaem HayuHoll paspabom-
KUl 8CEX MEXHUYECKUX 80MPOCO8, OMHOCAWUXCA K KomnemeHyuu Pe-
aucmpa. Tam xe onpedensemcs cmpykmypa TexHu4ecKo2o cosema.

B 30-e za. TexHuyeckull cosem paccmompesn u odobpun Hopmbl
ocmoiiqueocmu mopckux cydos. O8HUM U3 UOe0/10208 Hay4HbIX pas-
pabomok & amoil o6nacmu 6bin npogheccop JIKN C.H. BnazoseuieHc-
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kuii. B 1948 e. Peaucmpom CCCP 6binu egedeHnl 8 delicmeaue «Bpe-
MeHHbIE HOpMbl 0OcmoLiyueoCmU Orlsi MOPE08bIX MOPCKUX U pelidoabix
CcyBoe». 3mo 6binu nepebie 8 UCMopuU CydoCMPOeHUS U cydoxodcmea
oguyuansHele nNpasunia, Y4emKo peanaMerRmupyroujiie ocmoiiyusocms
CyOHa 8 HerospPexxOeHHOM COCMOAHUL.

B 1931 a. npukazom HapodHozo komuccapuama BodHozo mpaHc-
nopma TexHuyeckuil cosem npeobpasyemcs & TexHuYeckoe cosewa-
Hue. PassepHysuueecs  3mom nepuod cmpoumenbCmeo HoabIxX cydos
SHaYUMENbHO Y8enu4UIo KOMU4YeCcmeo MPOeKmos, PacCMampueaembix
TexHu4yeckuM cosemom. Ha 3acedaHusx Kaxobitl npoexkm nodeepaarn-
CS 8CECIMOPOHHEMY 0BCYXOEHUID.

B Ycmase Mopckozo Pezucmpa Cowsa CCP ymeepxdeHHoM 8
1939 e., TexHu4Yeckoe coseujaHue CHOBA 3aMEHSEmMCs TexHuYeckum
CO8eMON, KOmMOphbIl Ae/1gemcs cmpykmypHoli eduruyed Pezucmpa.

Benuxas OmeyecmeeHHas eoliHa npepeana desmensHocmb Tex-
HUYECK020 cosema.

B nocnegoeHHble 200kl ocmpo scmana 3adada CO30aHUS HOBbIX
npasus, codelicmsyouwux. 6bICMPOMY 80CCMAaHOBIEHUIO MOpCcKo20 U
PeYHO20 brloma U MOMOMHEeHUI0 620 HOBbIMU Cydamu CO8PEMEHHOL
kKoHcmpyrkyuu. [loamomy compydHuyecmeo Mopckozo Pezucmpa
CCCP ¢ Hay4HbIMU Op2aHu3ayuamu nepexodum Ha N/1aHOBYI0 OCHOSY.
OO0HUM U3 nepebix HayYHbIX UEHMPOS, C KOMOPLIMU BbiNl 3aKIMOYEHb!
002080pb! Ha Hay4HO-UCCe008amenkLCKue pabomsi, 6bi LIHMMM®,

B 60-¢ 22. Havanock pe3koe yeenuyeHue cmpoumenscmea HoebIx
cydos, Komopble cmpounuch GONLWUMU CepusmMu (0o 20 eduHuy).
SHa4yumenbHas yacme — Ha 3apybexHbix 8epghsx. Hauanocs cmpou-
menbecmeo crneyuanbHbiX N00BOOHkIX annapamos U 2y6oK080OHbIX
KomnneKcoe. Ha eepax WupoKo eHeAPSANUCL HOBbIE MEXHONO2UU cy-
docmpoenust u cydopemonma. OOHako & amom nepuod Habmodancs
Hekomopeili pocm asapuliHocmu ghrioma. losmomy nompe6osancs
HO8bIl 100X00 K Knaccugbukayuu cydoe u k obecreyeHuro ux 6e3onac-
HOCMU 8 YCrIosUsIX Maccog8oe0 cmpoumernscmsa.

B 1964 2. HazeaHue « TexHuYeckuil coeem» 3ameHsemcs Ha Ha-
3saHue «Hayuno-mexHuyeckull cosemy, ymeepxdaemcs lMonoxeHue
0 HayuHo-mexHu4eckom coseme Peaucmpa Coiosa CCP

B ces3u ¢ 6ypHbiM pazeumuem Hogbix mexHomoauli 8 cydocmpoe-
HUU neped Peaucmpom ecmarna 3adaya peuweHusi OCHOBHbIX Hay4HbIX
npobnieM: meopemuyeckux U NPakmuyecKux eonpocos npovyHocmu
MOpPCKUX Cyd06, UX ocmoiiyueocmu U HeroMonIAeMoCmU, 8 makxe
nocnedylowee sHeOPeHUE Pe3ynbmamos Hay4YHbIX U MeXHOmoauYec-
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Kux pa3pabomok 8 HOpMamueHble dokymeHmbl. BaxHas posib 30eCh
omeodunace HaydyHo-mexHuyeckomy coeemy. B amo epems sHadu-
menibHO  pacliupuncs nepedeHb opaaHu3ayuil, compyOHU4aloWux
¢ Pesucmpom. B Peaucmpe 8800amcsa do/mKkHocmu 3amecmumens
dupexmopa o HaydHoli pabome U y4eHOoZo cexkpemapsi npesuduy-
ma HaydHO-mexHu4eckoao coeema. PeaynspHo ebixodsm CEOpHUK
HopMamueHo-memoOuYecKux Mamepuanoe u Hay4Ho-mexHuyecKul
c6opHuUK Peaucmpa.

Bcemynnerue Pezucmpa 6 1969 2. € MAKO, kyda exodunu eedy-
wue KnaccugbukayuoHHble obujecmea mupa, rompeboeasno Hoeoe2o
nodxoda Kk HopmamusHbiM GOKyMeHmam, mo ecimb yenybneHus Hay4-
Holl ocHoab! Ons ux paspabomku. B amom nepuod Hay4Has Oesimerib-
HOCmb 8 Peaucmpe pa3eusanach 0COG6HHO OUHaMUYHO.

Mocne pacnada CCCP e Hadane 90-x 22. MpowiIoe0 seka ons Pe-
aucmpa Hacmynusu Heneexkue epemeHa. OKoHomMuYecKue mpydHocmu
ripueenu K omcymecmeuto 20cy0apcmeeHHo20 ¢huHaHcuposaHus cydo-
CMPOEHUS U K MOJITHOMY omcymcemeuto 2ocyfapcmeeHHo20 3aKasa Ha
CMpOoUMenbCMeo HoebIX Cydos. HayuHas pa6oma e Peaucmpe bbina
cokpaleHa 60 MUHUMyMa: NpaKmuyecku npekpamuu pabomy Cek-
yuu Hay4Ho-mexHu4ecKkoeo coeema, nepecmar usdasambcs HaydHo-
mexHu4eckKul c6opHUK.

Takoe ronoxeHue coxpaHanocs 8o 1995 e., noka He CMeHUIoch
pykosodcmeo Peaucmpa. B KoHuye 1995 2. Ha ceoe nepsoe rocne
dnumenbHo20 nepepblea 3acedaHue cobparncs 06Ho8/eHHbIl cocmas
npesuduyma HayyHO-mexXHU4ecKo2o cosema, npedcedamenem Komo-
po20 cman eeHepasbHblil dupekmop Pocculickoeo MOPCKO20 peauc-
mpa cydoxodcmea H.A. Pewemos. 3amecmumenem npedcedamensi
HayuHo-mexHuyeckoeo coeema Iio Hay4Holi pabome Obi1 HasHayeH
npogpeccop ®.M. Kayman. Boso6Hosunu pabomy 12 cekyuli cosema
10 ecem HanpaeneHusm desmesnbHoCMU KnaccughbukayuoHHo20 obuje-
cmea. B 1996 2. abiwio o4epedHoe u3daHue Hay4HO-mexHU4ecKozo
cbopHuka Peesucmpa.

B 2004 2. cocmosinock 10-e 3acedaHue npesuduyma HayyHo-mex-
HUYeckoeo coeema Peaucmpa nocne 80306HO6/eHUS €20 desmerib-
Hocmu. K amomy epemeHu Komu4ecmeo cexyutl cosema 8bipociio do
cemHaduamu. Bbifiu Opa2aHu306aHbl HO8bIe CeKUUU. «O6wenpombii-
neHHoe o6opydosaHuey, «[pobnembl 4e€10864ECKO20 ghakmopa»,
«lllenbgh», «lepeso3ka OnacHbIX 2py306», « TexHosnozusa cydocmpo-
eHus u cydopemoHmay. Konuyecmeo mem, pabomsl 110 KOMOPbIM
gbIMONHSIOMCA Mo 3aKkasam Peaucmpa, docmuasio cemudecsmu. B Ha-
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cmosuee speMs 3amecmumernem npedcedamens Hay4Ho-mexHuyec-
Koeo cosema no HayyHol pabome sienaemcs 4/eH-KopPecroHAeHm
PAH, dokmop mexHu4eckux Hayk, npogheccop A.E. CaszoHos.

Bonbwoil exknad 8 passumue Hay4Hol 6a3bi HOPMamMUEHO-Mex-
Huyeckux OGokymeHmos PC 3a nocnedHue 20 nem 8HECNU YfieHbl
npesuduyma HTC: IB. boiiyos, B.B. Jlyeosckull, ®.M. Kauman,
A.B. Bunecos, H.E. }KadobuH, B.M. Bopobbes, B.A. Manbiwescku.

Celiuac neped Peaucmpom, Kak u neped Opyaumu YneHamu MAKO,
ecmana Hosas 3adaya — paspabomka nod szudoli MO yenesbix
cmaHOapmos Ha NpoeKmupoeaHue U Cmpoumenscmeo HO8bIX cydos
U gbopmuposaHue Ha UX ocHoee npasun. [aHHble npasuna OOmKHbI
obecriequms makoe MofloXeHue, Mpu KomopoM NpasubHO 3KCya-
mupyemoe u obcnyxusaemoe cyOHo 6ydem ocmasambcsi 6esonac-
HbIM 8 medeHue 8cez0 cpoka aKcrnnyamauuu. Kpome moeo, OomkHbi
6bimb npedycMompeHsl npuemneMsie Kpumepuu 6e30racHocmu Ha
OCHO8E OUEHKU pUCKa, npu 3momM yposeHb pucka GomKeH coomeemc-
meosamse yposHAM pucka Opyaux ompacneli npombliunieHHocmu. B
amoli cumyayuu noebiaemcsl posb KnaccughukayuoHHbIX obujecms,
MTOCKONbKY MOJIBKO OHU UMEom Onkim paspabomKu HOPMamueHbIX
OOKyMeHmMos, Komopbie GO/MKHbLIM 06pa3oM CMO2ym peanusoeams
yenesnie cmaHOapmel. [TpuMepom Moxem Cryxums paspabomka
obwux KknaccugpukayuoHHsix npasun MAKO dnsa Hoebix maHKkepos u
HaeasnouHbIx cydos. puHamue KnaccugbukayuoHHbIMU obuecmeamu
obwux npasun, paspabomarHblX Ha OCHOBe yeneebix cmaHdapmos,
Genaem MpospayHbIMU NPOEKMHbIE EMEHMbI, YMO 8 3Ha4YUmenbHol
cmeneHu nomoxem admuHucmpayusm cnaza. lpuHamue obwux
npaeusn UcKmoyum pasmepsl cesa3ell U MonWuUH Kak cpedcmea KOHKy-
peHyuu mexody KnaccugukayUuoHHbIMU obuuecmesamu, a makxe coena-
em 3HadumesibHo bonee 6e3onacHbIMU NPOUECCh! peKnaccupurkayuu
U cMeHbl ¢hriaza cydHa.

Qunocogus NpUMeHeHUs yenesbix cmaHoapmoes Aesemcs 3Ha-
YyumenbHbIM Wazom eneped 6 HarnpasneHuu 8bipasHUBaHUs ycnosull
u ycuneHus ponu cmaHOapmos 80 ecell cydocmpoumensHol UuHOyc-
mpuu. 3mo obnacme, 20e ecms WuUpoKoe nose deamenbHocmu Ons
Hawel Hayku. Ho ycnex dena mpebyem epemeHru, mujamensHoll pa-
6ombi u coBMeCmHbIX yCunull MHO2UX y4acmHUKO8 3Mmo20 Npoyecca.

Mbi He 3abbigaem mex, KmMO 8 meveHue ceoell XU3HU aKmusHO
nomoearsn Peaucmpy deuszamscs eneped eMecme ¢ HayyHO-mexHUYec-
Kum npoepeccom. B HaweM KraccughukayuoHHOM obuyecmese coscem
HedaeHO yuypexdoeHa medanb «Jflaypeam. 3a eknad e passumues,
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Komopoli 6ydym HazpaxdamsCs COMPYOHUKU Peaucmpa, y4eHsie,
epaxdaHe uHocmpaHHbIX 2ocydapcme, yel mpyd eHec 3HaYUMENbHbI
gkrad e passumue Hawel opaanusayuu. Ha nuueeoli cmopoHe u306-
paxeH penbechHbIl nopmpem nepeozo npedcedamens TexHu4yeckoz0
cosema Pezucmpa npogpeccopa K.I1. Boknesckozo. Mbl yeepeHsi, 4mo
y Hac MHo20 model, doCmoUHbIX HOCUMb 3MYy Hazgpady.

H.A. Pewemos,
2eHepanbHbIll dupekmop
Poccutickoeo mopckoe2o peaucmpa cydoxoocmea




Bonpocki 6e3onacHOCT CynoB

VIK 327.7:347.79:639.2.061
A.P. Tozynay,

PABOTA MEXXOYHAPOHOW MOPCKOU
OPIAHU3ALIUU (IMO) MO OBHOBIEHUIO
KOOEKCA BE30OMACHOCTU U OBEPOBOJILHOIO
PYKOBOJCTBA AONS PbIEONOBHbIX CYAOB

MuoroneTtHas pabota MexayHapoAHOW MOPCKOW opraHusauuu
(IMO) no nepecmoTpy Kogekca 6esonacHocTy pbiGakos v pbiGOnoBHbIX
cyaoe [1] (Kogekc) n [1o6poBoneHOro pyKoBOACTBa MO NPOEKTUPOBA-
HUIO, NOCTPOiKe N 0OOPYAOBaHNIO MarnkixX pbIGonoBHbIX cyaos [2] (Py-
KOBO/JICTBO) MpaKkTW4ecku 3aseptumnacb Ha 47 ceccum lNogkomutera
10 OCTOWYMBOCTU, HELBOAHOMY DOpPTY M 6e30NacHOCTH PbIOONOBHBLIX
cyaoB (SLF 47, 13—17 ceHtabps 2004 r.). KomuTteT no GesonacHocTy
Ha mMope 3Tu HOoXyMeHTbl onobpun Ha 79 ceccun (MSC 79, 1-10 ge-
kabpst 2004 r.) n Yepes cexpeTapuaT Hanpasun WX Ans ofo0peHus B
opraHvsauumn, KoTopble Obinn COUCRONHUTENAMK 3TUX AOKYMEHTOB!
MpoaoBONBCTBEHHYIO U CENbCKOXO3RWCTBEHHYIO opraHusauuio (FAO)
u MexxgyHapogHyo opranusauuio Tpyaa (ILO).

HeobGxoaumocTb nepecmotpa Kogekca n PykoBofcTBa CTana oye-
BWAHa nocne 3aseplueHus paboT no ToppemonuHocckomy lMpoTokony
1993 r. k ToppEMONUHOCCKOW MEXOYHapOAHON KOHBEHLUMM no Ge3onac-
HOCTM pbiBonoBHeIX cyaos 1977 r. (Mpotokon-1993) [3]. MpoTokon-1993
aBnaeTcA GazoBbiM AOKYMEHTOM KOHBEHLIMOHHOMO ypoBHA. OH pacnpo-
CTpaHsaeTcs Ha cyga anvHoi 24 m 1 Bonee, a No TakuMm paspenam, Kax
MEXaHUHECKWNE U SMEKTPUYECKNE YCTaHOBKM, NPOTUBONOXKapHas 3aluuTa,
cnacarernbHble CPEACTBa U YCTPOICTBA, PaanMocBa3b — Ha cyaa 45 M u
Gonee (puc. 1). Ha cyaax, nognagatowmx nog TpebosaHua MNpotokona-
1993, paboTaert Tonebko 20 % Bcex pbibakos [4]. Takum obpasom, Bnus-
Hue MpoTokona-1993 orpaHudeHo. Kogekc coctout us Yactv A # yac-
Tn B. ®opmatsl Kogexca (Yactb B) u PykoBoacTsa NpuHATEI COOTBETCTBY-
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[nasu npotoxona 1993

[T%7] Cyaonce nasnraywontice

0GopyROBENNIe ¥ YOTPOACTEE

] pamocomn
Tlopsysox geAcrand npi
‘amapHRY, yHBHLDL BEOPER U YHSHNAX

vit CraciTencHuie CPALLTaa
A ycTpoharea

\ 3auure AmNaK2

v MpoTunonokspHas Jauwrs,
OBHApYREHKA U TYIHHE ROXSPA

w P

M nepuonM:

e OCYORMMBOCTL M CHAAANKEID
© HEH MOPEXORHEI® K2wecTBa

» ofopynosanie

1 OBiue nonOXeHAN

24 5

JAnuna eygon, m

) Faasst Vi, 1K X pacnp 48 KOBBIC ¥ OY

Tnarel |-Vl PACAROCTPANAIOTCR HA HOBLI® SYRA

Puc. 1
O6nactb pacnpocTpaHeHus ras MpoTokona-1993 Ha puibonosHbie cyaa
B 33BUCMMOCTY OT UX ANuHbI (24 m 1 Gonee unu 45 m u Bornee)

toLmmu MpoTokony-1993. Mo 3ambicny paspaboTyuKoB efuHbIit dhopmaTt
obrierqaeT paboTy nonb3oBarenei ¢ 3TuMN JOKyMEHTamu 1, Kpome Toro,
obecneymsaeT eanHbIi noaxoq kK 6esonacHocTh peIGoNOBHbLIX CYAOB.

Konekc n PykoBoacTeo, B otninuue ot potokona-1993, sAensatorcs
pekoMeHaaTenbHbIMU AokymeHTamn. OcTaHoBuMCs Ha ofnacTsx pac-
npocTpaHerns Kopekca (4acTb b) n PykoBoacrea.

TpeGosanus Kogekca (YacTb b), pacnpocTpaHsaroTes Ha cyaa anv-
Hol 24 m 1 Bonee, T. e. ero 0bnacTb pacnpocTpaHeHUss COOTBETCTBYET
MpoTokony-1993 n pervoHanbHelM cTaHaapTam', paspaboTaHHeiM B

* PykoBoACTEO Mo 6Ge3onacHocTu pbiGonoBHLIX CyA0B AnuHo# 24 m u Gonee, Ho
MeHee 45 m, pabotatowmx B BoctouHom u [Oro-BocrouHom Asuatckom peruote (MSC
68/INF/10);

Nupektnea Coseta 97/70/EC, ycTaHaBNWBaloLLasn COrNacoBaHHbIN pexvm Gesonac-
HOCTU ANA PbIBONOBHLIX CYA0B ANUHON 24 MeTpa u Gonee (MSC 70/INF.24).
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cooTBeTcTBUK co cTatbeit 3 (5) Mpotokona-1993 [3]. PernoHanbHble
CTaHaapTbl ACNOMHRAIT TPeboBaHUAMU Te TeXHUYeckue pasaensbl
MpoTokona-1993, koTopbie pacnpocTpaHATCA Ha cyaa AnvHon 45 M
n Bonee (puc. 1), T. €. 3aNONHAIKT «nponyckn» Npotokona-1993 B ana-
nasoHe ANIMH CYAOB OT 24 M [0 45 m.

YuuTbiBas, YTo Yactb b Kogekca u MNpoTokon-1993 ¢ pernoHans-
HbIMW CTaHAapTamu fpefHasHayveHbl ANS CY[OB OQHOMO W TOro Xe
pwnanasoHa AnuH, 41 ceccua SLF (26-30 sinsaps 1998 r.) cneaytoLum
obpasom MHCTpykTUpoeana paspabotuukos Kopaekca: «te rnasbl Ko-
JleKkca, K KOTOpbIM COOTBETCTBYHOWME rnasbl lNpoTokona-1993 paspe-
LLAIOT NPUMEHEHRNE perMoHaribHbIX CTaHAapToB, AOMKHLI COAepXaTb
TeXHWYECKUEe NONOXKeHUs, npeacTaensiowue Tpebyembll ypoBeHb
He30nacHOCTH, U B TO Xe BpPEeMs cogepXaTb CCbINKU Ha cylwecTBy-
lole perMoHanbHble CTaHAapThl; 3TO NO3BOMUT AAMWHUCTpaLMY,
»enatote# ucnonbaoBatb Kogeke, NpUHATL ero, ucnonbsysa Hanbonee
npuemMnemMble CTaHJapThI, C YHETOM MeCTa akcnnyarauuy cyaos». Cta-
TbU perMoHanbHbIX cTaHgapTos ByayT npesanupoBaTb Hag CTaTbAMM
Kopekca (4actb b), B OTHOLLIEHWUMW CyAoB, nognaatoLnx nog aeicreve
peruoHanbHblX CTaHAAPTOB.

PyKOBOACTBO pacnpoCTPaHAETCA Ha pblOONoBHbIE CyAa ANVHON OT
12 m 1 6onee, HO MmeHee 24 M. Takum oBpasom, Koaekc n PykosoacTeo
CYWIECTBEHHO PACLUMPAIOT 0OnacTb oxBara pbiBONOBHLIX CYAOB COB-
pemeHHbIMK TPeBOBaHUAMM, CHUXAA HUXKHIOW rpaHuuy no AnuHe Ao
12 m. Ha Takunx cygax pabotaet okono 50 % Bcex pbibakos.

Kogekc (yactb B) n PykoBoACTBO afpecoBaHbl KOMMETEHTHbLIM
opranam Bnactu (competent authorities), cygoctpoutensim u cynosna-
aenbuam.

B oTHoweHun Kopekca (4acTb A), 6bIN0 peileHo, YTO OH, Kpome
KanuTaHoB U 3Kunaxel, Kak 310 OblNo peanu3oBaHO B COOTBETCTBUU
¢ pesontouvert ILO 1962 r. B pepakuun 1975 r. [5], Bynet Tenepb ap-
PEecoBaH Takke KOMMETEHTHbIM OpraHam BnacTy, oby4aloLum opraHu-
sayusam (training institutious), cynoenagensuam, npPeacTaBUTENBCKUM
opraHusauMsM pbIGakoB W HEMNpaBUTENbCTBEHHBIM OPTaHU3aLMsIM,
uMeowUM obLUenpusHaHHylo ponbk B obecnedeHun 6esonacHOCTH,
300pOBbs U 0ByYeHUU pbiGakos»'. '

Paccmorpum KOpOTKO XpoHonorute nepecmotpa Kogekca n Pyko-
Boacrea. C npocbboii k IMO nepecmoTpeTb B KayecTse NPUOPUTETHOMO

1 SLF 47/WP.1/Add.1.
1



Bonpoca 4acTb A 1 uacTb b Kogekca obpatunace KoHbepeHuus no Ge-
30MacHOCTMN pbiBonoBHbIX cyaos 1993 . (Pesoniouus 4, n. 3) [3]. Bnep-
Bble NyHKT nosecTkn aHs «Mepecmotp Kogekca GesonacHocTh poiGo-
noBHbIX cyA0B 1 [1oGpoBoNEHOrO pykoBoACTBa» nosBusics Ha SLF 40
(2-6 ceHTaOpa 1996 r.). C 3TOro MOMEHTa HajasnCa akTUBHbIW npouecc
NpeACTaBneHusi HOT, COAepXaluux npeanoxeHust no oGHOBMeHuo
aTux pokymentoB. Ha SLF 42 (8-12 dpespans 1999 r.) 6bino NpuHsTO
pelueHne 0 Co3faHun MeXCeCCMOHHOW KOPPECNOHAEHTCKON rpynnbl
(Intersessional Correspondence Group, ISCG). KoopauHatopom ISCG
cran npeacrasutens Wcnanaun A. MyamysaccoH (Ari Gudmundsson).
B aty nepsyto ISCG (SLF 42-SLF 43) sownu npeacrasuteny [aHuw,
Wcnanganu, Ucnanuw, Utanuu, Kanagel, Kutas, Maxamel, MNepy, MopTy-
ranum, Poccun, CLUA, LLseunn, AnoHuu, a Takke npeactasutenn FAO
1 MexayHapogHoM koHbepeHLun ceoBoaHbIX npodcotosos (ICFTU). B
JanbHeliweM k pabote ISCG akTMBHO NOAKNIUMNUCH NPeACTaBUTENN
ApreHTuHbl, Banrnagelu, Hopseruu, YkpauHbl u ILO. [ins pesynsrarue-
Ho paboTbl koopauHaTop ISCG npuHAN pelueHve o pacnpeaeneHuu

rras nepecmaTpuBaeMbix JOKYMEHTOB Mexay uneHamu ISCG, npeaga-

pUTENbLHO 03HAKOMMBLUUCH C XenaHuem nocnesHux (tadn. 1).

Ta6nuya 1
Pacnpeaenexue rnas Kopekca (YacTb B) u PykoBoacTBa
AMNA cOCTaBNeHNs! MPOSKTOB TEKCTOB Mexay CTpaHaMu M OpraHM3aumamMm

nasel CoaepxaHue " og';m::unm
1 2 3
Mpeaucnosue FAOQ
agall Ob6Lue nonoxeHua FAQ
nasa ll KoHCTpyKLUs, BOROHENPOHULAEMOCTb i 060- MopTyranus
pyaoBsaHue
[nasa lll OCTOIUMBOCTbL U CBA3AHHbLIE C Hell Mopexoa- Ucnanawns

Hble KavecTBa

naga IV MexaHuueckue n anekTpuyeckue ycTponcrsa Kurai
U nepuogudecku Heobcnyxmsaembie MaLUUH-
Hble OTAEeneHus

masa V lMpotuBonoxapHas 3awuTa, obHapyxexne u | He npedcraenena
TyLLEHMEe NOXapos

nasa Vi 3atwymuTa akunaxa FAO
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MpodomkerHue mabn. 1

1 2 3
naga Vil CnacarenbHble CpeACTBa 1 YCTPOUCTBa Poccus
Inaga VIl Mopsigox AeiicTBuA nNpu asapusx, ydyebHole Wenangus
c6ops! U yyeHus
Inaea IX Paawnocsasb CLA
naea X CypoBoe HaBurauuosHoe o6opygnoBaHne Ucnanpus
naea X! XKunsie nomeLwleruna He npeacraenena

Ha SLF 43 (11-15 cenTabpa 2000 r.) Ha paboyeit rpynne (WG) nog
npeacepatenscTBOM npeacrasutensa bawrnagew M. Axmega (Moin
Ahmed) nepsble pegakuuu rias 6biny paccMoTpeHbl, a paboTa 3atem
npoponxeHa soccTaHosneHHon ISCG nop npeaceparenscteoM A. Fya-
myHaccoHa. Ha SLF 44 (17-21 ceHTtabpa 2001 r.) ISCG npeacraeuna
OoTpeAaKkTUpOBaHHbIe BapuaHTb! FNaB AOKYMEHTOB TEMM Xe UCMONHU-
Tenamu (Tabn. 1). Masy «[poTuBonoxapHasa 3awyuta, obHapy»KeHue
U TyLieHu e Noxapoey nogrotosuna [laHus, a rasy «XKunbie nomelle-
HusA» — ILO. Kak u Ha npeabligyLueii ceccun padouyto rpynny Ha SLF 44
Boarnasun M. Axmea.

Ha SLF 44 sasepluvncs nepsbiii aTan paboTbl 110 NEPEeCMoTpy
Kogexca (4actb B) u Pykosoacrea. [lanee nocneposana pacchinka
NPOEKTOB 1aB U NPUNOXEHW B CneumannsmpoBaHHbIE NOAKOMUTETHI
IMO. PelueHune o pacchbinke 6bi1o npunsaTo IMO Ha 74 ceccun Komu-
TeTa no 6e3onacHocTu Ha mope (MSC 74, 30 mas — 8 nioHa 2001 r)
nocne cooteeTcTBYOLLEro obpawleHus SLF 43. Ha SLF 44 6bin okoH-
yaTenbHO pelleH BOMpoc ¢ paccbinkoil (SLF 44/18 annexes 3, 4),
tabn. 2, 3.

13




Tabnuuya 2

Pacnpeaenenne mae Kogekca (4acTk B) u PykoBoacTea
No crneuuanu3MpoBaHHLIM nogkomurteram IMO?

naea Kogekca/PykoBoacTea CopaepxaHue Hanpasutb
1 2 3
MNpegmncnosue/npeambyna Bo Bce soBneyeHHse
NOAKOMUTETI
maga /1 O6wume nonoxeHus Bo Bce BoBre4YeHHbIE
NoAKOMUTETb!
nasa /2 KoHCTpykums, BOAOHENpo- DE
Huyaemocte W oBopyao-
BaHue
Mnaga llI/3 OcroiiunBoCTb U CBA3AH- SLF
Hble C Helt MOpPEXoaHble
Kavecrsa
nasa IV/4 MexaHuueckne U anexT- DE
pudeckue | ycTpoiicTea 1
NeproAnYeCcKu Heobcny-
XUBaemble MaLMHHbIe
oTAeneHus/MexaHuveckne
" 3NEKTPUYECKNE YCTAHOBKN
aea V/5 FpoTusonoxapHas 3awuTa, FP
obHapyxeHne u TylleHue
noxapos
Maea VI/6 3awmTa axmnaxa DE
maea VII/7 CnacarenbHbie cpeacTsa DE, COMSAR
I'nasa VIII/8 TMopsaok  AencTeust  npu DE, STW
aBapusx, yuebHble cBopbl
W yueHus
Mnaea IX/9 Pagunocensb COMSAR/STW

1 CokpalyeHus IMO:

SLF — MoaKoMUTET NO OCTOHUMBOCTY, FPY30BOKA Mapke u 6esonacHocTi pbibonos-

HblX CyA0B;

DE — MoAKOMUTET NO NPOEKTUPOBAHMIO 1 060PYAOBAHUIO CYA0B;
COMSAR - MoaKkoMUTET NO PagNOCBA3N, NOUCKY U CNACAHUIO;

FP — MopKoMUTET RO NPOTUBONOXAPHON 3aLyuTe;
STW — [MoAKOMUTET MO NOATOTOBKE MOPAKOB U HECEHUIO BaXThl,
NAV - MogkomuteT no 6@30nacHOCTY MopennaBaHus.
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lMpodomkerue mabn. 2

1 2 3
Tnasa X/10 CyaoBoe HaBUraunoxHoe NAV
obopypaoBaHue
a.a XI/11 >Kunele nomeLleHus DE
Tabnnya 3

Pacnpenenenuve npunoxenuit Kogekca (4actb B) u PykoBogcTBa
no cneuuanuanposaHHbIM nogkomutetam IMO

MpunoxeHus cywecTayoWwmx
Kogekca/PykosoacTBa

CogepxaHye

Hanpaeute

1

2

Mpunoxexune I/Mpunoxexue

Wnnioctpauusa  TepMMHOB,
ncnonb3yeMbix B onpeae-
reHnsx

DE

Mpunoxenue il

MpakTuueckme pekxoMeHaa-
LMU MO AKOPHOMY W LuBap-
TOBHOMY 0BOPYAOBAHNIO

DE

Mpunoxenue lll

MamsaTHaa 3anucka AaMmu-
HUCTpaUuM u npubnmxex-
HOM OnpeaeneHnn ocToiun-
BOCTM CYAHA NO ONbITYy pac-
KauvBaHWa C W3Mepenuem
nepuoaa GOPTOBON Kauku
cyaHa (ans cyaoB ao 70 m
ANUHON)

SLF

Mpunoxerue IV

Mpakruyeckue pekomeHaa-
unn no cbemHuim nepebop-
KaM pbiGHbIX TPIOMOB

SLF

Mpunoxerune V

MpakTuueckue  peKOMeH-
AauMM MO0 aMMUaYHbIM
XONOAUNLHLIM YCTaHOBKaM,
paccunTaHHBIM Ha HeceHne
BaxTb!

DE

Mpunoxerne VI

PexomeHgyemeli  cocTas
CyA0BOW anTeuku Ans pui6o-
NOBHbIX CYROB

STW

Mpunoxenne VIl

Pexomengauvnu no npoeeae-
HUO UCNBITAHUIA cnacaTtenb-
HbIX XXKUNETOB

DE
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lMpodomkerue mabn. 3

1 2 3

Mpunoxerue VI PekomeHaaumnm no akcrny- NAV
aTauMoHHbIM  CTaHAapTam
ANA  HEKoTopbix GOPTOBbIX
3NEKTPOHHBIX NPUBOpPOB ANA
HaBurauuu, BKNOYas pa-
4apbl, pPagvoneneHraTopb,
3XONOThI, IMPOKOMNACH

Mpunoxetue IX PekomeHgarenbHble  CTaH- NAV
AapTbl  ANA  FOUMaHCKUX
WTOPMTpanos

HauBonee 3arpyeHHbIM 13 cneumanuanpoBaHHbIX NOAKOMUTETOB
IMO B oTHoLweHuUu niepecmotpa Koaekca (HacTte B) u PykoBoacTtsa oka-
sancs MNogkomuTeT no NpoeKTupoBaHuio u obopyaosanuto cyaos (DE).
B nogkomuteT DE cekpetapuarom IMO 6bino HanpaeneHo BoCeMb pas-
AEnoB u yeTbipe npunoxenus Koaekca (4acte b), 1 BoceMb pasaenos
1 ofHO npunoxeHue PykosoacTea (Tabn. 2, 3). B cBA3K C ykasaHHbIM
obcTosiTenbcTeoM umeHHo B DE Poccuiickas degepauums npoaonxuna
akTMBHYlo paboTy no oOHOBNsSIEMbIM AOKYMeHTaM. [ins paccMoTpeHus
npepocTaeneHHbix gokymeHTtos (DE 45/11) Ha DE 45 Gbina cospana
crieumanbHas rpynna aKkcnepToB, a Ha nepuoa Ao cosbiea DE 46 (10—
19 mapra 2003 r.) — ISCG noa npeaceaatenscTteom A. ['yaMmyHACCoHa.
Ha DE 46 no nyHkTy nosectku aHs «[lepecmotp Koaekca Gesonac-
HOCTW pbIGONOBHBIX CyAoB 1 PykosoacTBa» paboTana peaakuuoHHas
rpynna (DG) Tawke noa npeaceaatenscTeom A. [yAMYHACCOHA, KOTO-
pasi » 3aBepluuna oGHOBMNEHNe AOKYMEHTOB NO CBOEMY Kpyry BeAeHUA
(DE 46/WP.1).

MoakomuteT SLF Ha cBoelt 45-oif ceccumn (22-26 uronsa 2002 r.)
BOCNONb30Barnca nepegayeil JokymeHTos no Koaekcy «4actb b» u Py-
KOBOACTBY B CrieuManvauposaHHbie nogkomutetsl IMO v npuctynun k
obHoBsneHuto Yactu A Koaekca.

HedopmanbHas rpynna 3KCNEpToB Mof NpeAceaaresibCTeoM
M. Axmena nogrotosuna kpyr BeaeHus ans ISCG (SLF45-SLF46), a Tak-
KE NPULLINA K 3aKIKOUYEHNIO NO CTPYKTYpe 1 conepaHnuto yactn A Kopex-
ca. bbino peLleHo, 4To AOKYMeHT GyaeT COCTOATL U3 TPEX Pasaenos:

obLas vacTb;

Becnany6Hble cyaa u nanybhble cyaa ANWHOR MeHee 12 m;

nanyGHble cyaa anuHoi 12 m n Gonee.
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A ELT

B atn pasgensl Bownu rnasbl 06 06583aHHOCTAX U OTBETCTBEHHOC-
™, oBy4yeHUn 1 nNnaBaTenbHOW NPaKTUKe, 34OPOBbE U MEAULIMHCKON
nomolyn, GesonacHocTU cyfAHa, 6e30nacHOCTY NMPU NPOMBLICIOBLIX
onepauusx, NpoTBONOXapHoi GesonacHoCTy, cnacaTerbHbIX Cpeac-
TBax, 6esonacHOCTU mopennaBaHns U paguocesian. Kpome Toro, 6610
peweHo, 4Yto YacTtb A Kopekca ByaeT coaepxatb psa NPUNOXEHWH,
Takux, Kak:

oLieHka 6e30NacHOCTM U PyKOBOACTBA;

yCTanocThb;

nepsasi IOMOLLb 1 MefuLMHCKoe obcnyxusaHue’;

BbKUBaHWE NPY HEOXUAAHHOM MOTPYXEHUN B XONOAHYIO BOAY;

PYKOBOACTBO ANS KanWTaAHOB MO UCKMIOYEHUIO ONAcHbIX CUTyaLuin
Ha NonyTHOM BOMNMHEHUY;,

3BaKyauus BepTOnETOM.

Ha SLF 46 (8—12 ceHTa6ps 2003 r.) pabota Gbina npoaomkeHa Ha
WG. K aTromy BpemeHu B pacnopsxeHnn WG uMenuch He Tonbko MaTe-
puans! ISCG (SLF 45 — SLF 46) no yactu A Kogekca, Ho u marepuans!
3 psiaa cneumanusMpoBaHHbIX KoMuTeToBs no vactu b Koaekca u Py-
koBoacTsy. ISCG (SLF 46-SLF 47) nonyuuna Ha SLF 46 cnegyolee
3ajaHue:

npogomkuTb nepecmoTp vactn b Kogekca n Pykoeogacrsa, noaro-
TOBWUTb KOHCONWAMPOBAHHbLIE NPOEKTLI TEKCTOB, MPUHUMAas BO BHUMA-
Hue npeanoxeHus nogkomutetos STW, COMSAR 1 DE, a Takke FP u
NAV, ecnv 310 BO3MOXHO;

NpoAoMKUTL nepecMoTtp yactn A Kogekca, NpMHUMas BO BHUMa-
Hne nepecmoTpeHHblit TekeT WG Ha SLF 46, 1 nogrotosutb KoHCOMNU-
AUPOBaHHbLIA TEKCT AN nNpeactaBnenus Ha SLF 47;

npeacraBuTb goknag Ha SLF 47.

PaGota B ISCG (SLF 46-SLF 47) Benacb noa COBMECTHbLIM npeace-
Aatenscteom M. Axmepa n A. T'ygmyHaccoHa.

Ha SLF 47 (13-17 ceHTabpsa 2004 r.), KaK y»e 0TMEYEHO B Havane
crarby, pabota no o6HoeneHno Koaekca u PykosoacTea Gbina 3asep-
weHa. TpyAHO NepecuUeHNTb BKNad B 3Ty OBOLUMPHYHO U CKPYNYynesHyo
paboty A. TyamyHacoHa u M. Axmesa, opraHusaTopckne criocobHoOCTY u
npodeccnmoHarnbHble 3HaHWS KOTOPbLIX NO3BOMNUNN NpakTuyieckn 6e3 c6o-
eB B TeYEHMe HeCKONbKIX NIET peanus3oBaTh NoCcTaBneHHYKo 3aaady. He-

' B cootBeTCTBUM C MEXIYHAPOAHON KOHBEHLUEN O NOAFOTOBKE U AUNNOMUPOBAHUN
nepcoxana puiGonosHbIX CyA0B U HeceHun BaxThl, 1995 r. (STCW-F).

17




COMHEHEH f151 aBTOpa CTaTby, KOTOPbIN Bbin y4acTHUKOM 3Toi paboTbl,
1 BonbLuUol BKNaa B obLiee aeno npeactasutenein FAO: M.M. TepHepa
(Jeremy M.M. Turner) u [i. dutunarpuka (John Fitzpatrick). Nx a3HaHus 1
3aWHTEPEeCOBaHHOCTb B YCMELHOM 3aBepluerun paboTbl noMornu Hait-
TV B3aMMOMNPUEMIIEMbIE PELLEHNS N0 MHOTMM CMIOPHBIM BOMPOCaM.

Poccuitckas depepauns npyuHMMana aktmsHoe yyaciue B pabote
no nepecmotpy Kogekca u PykosogcTaa. B IMO Geinv npeacTasneHs
cneayioLne HOTbl (COBMECTHas paspaboTka HCTUTYTa MnpopeiGgonor
1 POCCUINCKOro MOPCKOro perucTpa cyfoxoacTsa):

SLF 40/7 — npeanoxeHve BKIo4NTL B rnasy «OCTOAYMBOCTbY
yacTu b Kogekca HoBbIit NyHKT «KpuTepuit cunbHoro BeTpa 1 GopTosoi
Kayku (KpUTEepUin NOroabi)»;

SLF 42/7 - npepnoxetue 06 06osHa4eHnn HasHa4eHHOro HaABOoA-
Horo 6opTa B Yactu b Kopekca;

SLF 42/7/1 — npeanoxeHve 06 06o3Ha4YeHnn HasHa4eHHoro Haa-
BogHoro 6opta B PykosoacTee.

Bce HOTbI B Xofe 06CyKaeHUsA Ha paBounx rpynnax Obinm NpuHATLI.
Kpome TOro, Ans passuTUA HaUMOHANbHbLIX 3aKOHOAATENbCTB PasBu-
BaOWMXCA CTpaH u ans obmeHa onbiTom Gbina npeacTaenexa nHpop-
MauuoHHast HoTa No ManomepHbiM cynam SLF 46/INF.2. (pazpaboTyuk
— wHeTuTyT «MMnpopbiBdnoT»). HoTta Gbina BcTpeueHa ¢ BosibLLUMM
WHTEPEeCOM, UYTO OOBACHAETCS KpaiHe OrpaHu4eHHbIM KOnu4ecTsom
HOPMaTUBHbIX MaTepuanos Ans MajoMepHbIX CYA0B (AnnHa sTux Cy-
[0B MeHee 12 m). '

B npouecce paboTb! MEKCECCUOHHbLIX KOPPECMOHAEHTCKUX rpynn
Poccuiickoit depepalimm (paspaboTumk — MHCTUTYT «FUNpopbIGhnoT»)
B IMO 6binn npegcTasneHsbl:

npoekT rnasbl «CnacarenbHele CPEACTBa U YCTPOACTBA» ANA HacTy B
Komekca, SLF 43/5/1 ANNEX p. 6473, SLF 44/5/1 ANNEX p. 106-117;

npoekT rmasbl «CnacarenbHble CPeACTBa U YCTPoicTBa» Ans Pyko-
soncTsa, SLF 43/5/2 ANNEX p. 46, SLF 44/5/2 ANNEX p.57-65;

NPOEKT NpUNoXeHUsi «PekoMeHAaLuK Mo NpoBepke cnacarenbHbIX
xuneTtos» ans yactu b Kogekca, DE 46/8, ANNEX 2, p. 21-33%,

NPOEKT NPUMOXEHUs «DBaKyaums BEPTONETOM» Af1A HacTu A Ko-
pekca, SLF 46/5/2, ANNEX, p. 85-922.

* MpunoxeHue ocHoBaHo Ha Pesoniouun MSC.81(70).
3 MpunoxeHue ocHosBaHo Ha PykosoacTse MAMPC (IAMSAR Manual), T. 3, MNoa-
BuKHbIE cpeacTea (IMO/ICAO London/Monreal, 1998).
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Kogexc u PykoBOoACTBO AOMKHbI NOCIYXWUTb OCHOBOW ANsi coBep-
LLIEHCTBOBAHNS HALWIOHanbHbIX 3akoHoaaTtenscTB. OBHOBNEHHbIE A0-
KyMeHTbI coaepar matepuan, nonesHbiii 1 Poccuiickon denepauumu.
B nepBeyto oyepenb 3TO OTHOCUTCR K Cyaam AnvHoMn 12 M u Gonee, HO
meHee 24 M.

NanbHeitwyo pa6oTy no ©6e3onacHOCTU pPbIGONOBHLIX CYAOB
IMO nnaHWpyeT COCPEAOTOUMTb Ha peanusauuu MONOXeHWR yxe
pa3paBoTaHHbIX AOKYMEHTOB, @ Takke Ha COCTaBNeHun npasui no
NPOEKTUPOBaHUIO, CTPOUTENLCTBY U OBOPYAOBAHMIO CYAOB ANUHON
meHee 12 M. B MupoBoM pbiBOnNOBCTBE, KaK OTMETUN Ha NNeHapHOM
sacegaHun SLF 47 lenepanbHblii cekpetapb IMO E.E. MuTponynoc
(E.E. Mitropoulos), npoucxogut Gonee 24000 cmepTenbHbIX Cryyaes
B rofl. BONbLIMHCTBO U3 HUX MPOUCXOANT Ha MarnblX U ManoMepHbIX Cy-
pax. Poccuiickaa degepaums, obnagas GonbLvM OnbITOM B obnactu
MOPCKOrO TEXHUYECKOTO NpaBa, MOXET BHECTV 3aMeTHbI! Bknaa B nna-
Hupyemyto paboty IMO no nosbilLeHno 6e30nacHOCTU ManoMepHbIX
pBIBOMOBHBIX CYZI0B, OCHOBbLIBASICH KaK Ha HOPMATUBHbLIX AOKYMEHTax
PocCCuMIACKOro MOPCKOTO perucTpa CyfAoXoAcTsa, Tak v Ha [llpasunax
KnaccubuKaLmm, NPOeKTUPOBaHUS, NOCTPOIKA 1 060pyAOBaHUS Mario-
MepHbIX CyA0B NMPOMbICNOBOro ¢riota [6].
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VIK: 629.563:331.45

B.HU. Egenko, A.A. 3axapos, O.E. ;Tumonoe

OLIEHKA AOOEKTUBHOCTU METOOA AEN®U
B KOMIMJIEKCHOU CUCTEME BE3OMNACHOCTM
NPU OCBOEHNN KOHTUHEHTAJIBHOIO LWWENb®A

O#HUM 13 OCHOBHbIX (haKTOPOB B METOAOMOTMW OLIEHKU pucka
ABMNAETCA Hann4ne UHCTUTYTa akcneptos. Mo GonbLueid YacTu, akcnep-
TU3a OCYLLIECTBISAETCA C [IOMOLLILIO CNeLuanbHbIX METOANK U YKa3aHWi.
TeM He meHee, 6e3 aKCNepTOB He MOXET ObITb NPoU3BeAeHa HU ogHa
oLeHka pucka. boriee Toro, CyLLeCTBYIOT CUTYaLmK, KOraa NpoBecTU ee
MOXHO TOMbKO Nonarasch Ha Ux KBanuuLumpoBaHHOe MHEHWE, U B Ha-
cToslLLelh cTaTbe pedb NOWAET Kak pa3 O TakmMxX CnyJasx.

B aT0i CBA3U MOXHO Ha3BaTh [jBa OCHOBHLIX METOAA, KOTOPLIMU Y-
KOBOACTBYHITCA 3KCMepTbl B CBOEN AeATENbHOCTU: METOA CyXAeHUN W
nHopmaLMoHHblil Metod. OCTaHOBUMCS KOPOTKO Ha KaX4oM 13 HUX.

MeTop cyxaeHuUst 3KCNepPTOB

Onst o6WHOCTN NONOXKM, YTO pedb uaeT ob aHanuse Hekoero na-
pameTtpa «t», NoA KOTOPbIM MOXHO, Hanpumep, NMoHUMaTb BOMHOBOW
n3rnbaroLLnii MOMEHT, NPEBLILLAIOLLMI pacYeTHbIe 3HaUYeHUS, UNn Mac-
CYy NpucoeanHEHHON BOAbI, CONYTCTBYIOLLYIO BPALUEHUIO BUHTA U T. .
C nomoLLbio Cy>AEHUS IKCIEPTOB UCCnefyeTca YNCNeHHas BenmuuHa
AaHHOro napamertpa.

3agaya aHanuTUKa CKOMOWHMPOBATb UCXOAHYHIO MHMOPMaLMIO B
pacnpeaenexHue BepoaTHocTel p(f/E) ogHUM 13 AByx cnoco6os. Mep-
Bblif CNOCo6: MHAMBUAYaribHas OLeHka napameTpa f paccmarpusaeTcs
KaK BXoAHoi napameTtp v npobnema 3aknyaeTcst B NONyYeHUn YacTo-
THOW OLIEHKM «3KCMepUMEHTanbHbIX» PE3ymLTaToB C LeNbo NofyYeHus
UCTUHHOW BenuuuHbl. Bropolt cnocob: genaetcs nonbiTka NonyuuTb
KaK MOXHO GOnbluee KONMUYEeCTBO HGOopMaLMmM OT KaXKAOMo aKCnepTa.

NHdopmaLMoHHbIA MeTOA 3KCNepPToB

an/I ucnonb3oBaHuk OaHHOMO MeToda NPWHUMAKT K cBeaeHulo
ONbIT IKCNEPTOB B OTHOLLEHUN BEMNUYUH NapameTpa «i». AHanUTuK Be-
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AET rpynry, KOMOMHUPYS Pa3NUuHbIe acneKTbl NoMy4eHHo! nHdopma-
LK, K OCO3HAHHOW BENWUUHE BEPOATHOCTU. JTOT NOAXOA NOATBEPX-
paeT akT, YTo GOMbLIMHCTBO 3KCNEPTOB OOLIYHO HE TPeHWPOBaHbI
1 He VIMEeKT AOCTaTO4HOro OMbiTa B UCMONb30BaHUK BEPOATHOCTHBIX
OLEHOK.

B uTore obpasyeTcs cneayloLias cuTyauus: cospaercs E; — mar-
puLa BEPOSITHOCTEI, AaBaeMasi i-biM 3KCNepToM; E, = {E} — obwas
KOHCEHCYCHas MaTpula BEpOSTHOCTEN, cornacoBaHHas BCEMW JKC-
nepTamMu. AHanuTUK 3atem BEAET rpynny JKCNEpPTOB K KOHCEHCYCHOM
BeposiTHOCTU p{t/E}, C KOTOPOIt BCe COrnacHbi.

Metog Oendu

Cpeav akTMBHO paspabaTbiBalowmxcs B HAcTOsALLIEE BPEMA METO-
[I0B CyLLECTBYeT METOA, U3BECTHbI NOA Ha3BaHeM «METOA Dendu»
(«Delphi technique»), KOTOPbIV ABNAETCA YACTHBIM Cy4aem uHcpopma-
LMoHHOro MeToaa. C ero NOMOLbIO AEnaeTcs NonbiTka adeKTMBHO
vcnonb3osath Tak HasbiBaeMoe «WMHMOPMUPOBAHHOE WHTYUTUBHOE
cyXxpeHuer.

JiyuLuee, 4TO MOXET GbiTb CAENAHO, KOrAa MPUXOAUTCSA nonararbCs
Ha Cy)XAeHus crneunanucros, — 370 Haubonee KOHCTPYKTUBHO W CUC-
TEMHO UCMONb30BaTh UX MHEHUA.

OueHb MHOrO 3aBUCUT OT KOMMETEHTHOCTU cnevuunanucTos. lpa-
BUNbHbIN X BLIBOP NpeacTaenaeT coboit cnoxHyo npodnemy. Tpya-
HOCTV BO3HWKAIOT NpV ONpeAeneHun kak cTeneHn keanudukauuu,
TaK ¥ OTHOCUTENbHOro BKNaja cneumanyucTos B TY UNu WHYyio obnactb
Hayku u npaktuku. MMopoil Aaneko He ACHO, YTO O3Ha4aeT — unu
[IOMKHO O3HAYaTb — MOHATUE «CNeunanucT» («akcnepT»). [daxe npu
HanuuMK pasyMHbIX KpUTepues onpeaeneHns NOHATUA «KOMMNETEeHT-
HOCTb» MOMyYeHWe COOTBETCTBYIOWMX AAHHBLIX ANS OLEHKKU ypOBHA
KOMMETEHTHOCTN CreumanucTa MoXeT OKa3aTbCs [aneko He Neroi
3apaven.

MonoxeHHble B OCHOBY MeToda [endv npuHumnbl nydiie BCero
MOXHO FIPOUMITIOCTPUPOBATL Ha M3BECTHOM KOHKPETHOM RpUMepe. OH
NOCBSILLEH BbISIBIIEHNIO KPUTUMYECKMX ONacHOCTe! npu 3ameHe Gannac-
THoW Bogp! B Mope y 6ankepos [1]. UTo6bl Obino noHATHee, o 4em naet
peub, HaNOMHWUM KOPOTKO NpoAenaHHyto npoueaypy.

1. B KauyecTBe TeXHONOFMYECKON OCHOBbL! WUCMOMNb30BaH MeToq
SWIFT («4To, ecnu...»). PaboTa nponssoaunace KOMaHaoN noa arv-
aoix MAKO.
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Llenblo sBNAnoch uaeHTUULMPOBaHWE ONACHOCTEN NpW 3ameHe
BannactHol BoAbl B Mope ¢ Lenbio passuTus Mpasun MAKO u UMO.

2. HavanbHoW cTtagueit 6blna naeHTudukaumua onacHocTel ¢ no-
MOLLbIO TaK Ha3biBaeMOro «Mo3rosoro LtypMa». MpoekTtHaa Gpuraga
(rpynina skcnepToB) Ha AaHHOW CTagun BbisBuna 86 onacHocTelh.

3. 3aTem BbisIBIIEHHbIE OMACHOCTU BbinNM 0GbeAUHEHBI C YYETOM
CXofHbIX NpusHakos B 33 rpynnbl. Kaxaan M3 yKpynHEeHHbIX onacHoc-
Tel nofABeprnach OUEHKE C NOMOLLbI0O BCNOMOTaTeNibHbIX Tabnuy vac-
TOTbl ONACHOCTEN U NX NOCNeCTBUNA.

B Tabn. 1 gns npumepa npefcTasneHsl nepeble ABe ONacHOCTH U3
33 oToBpaHnHbIX.

Tabnuya 1
Twn onacHoctn | HeagekBaTHLIH NPOEKT GannacTHOh cucTeMsl Ne | 1
MpoexkT yaoBneTBOpAET 06wum TpeGoBaHuAM,
HO He roguTtcs 4nst BWE Ha sonHeHun
1 2 3|4
Mpuumnb Hoeas noctpoiika FI
OTcyTCTBME ONbITA HA BEPtU
Tpaautus

OTcyTCTBME PYKOBOACTBA UNU NpaBust
HeyaoBneTsoputenbHbIf NPOEKT U KEAOCTATOMHasA Npo-
BEpPKa KavecTea

DUHAHCOBbLIE OrpaHNYernst

MpoekThbl CyLecTBYIOLMX CYA0B MOFYT OKa3aTbCs He-
NOAXOAAWMMU ANA BbINONHeHUs BWE Ha BonHeHun

Cnegcteus B0O3MOXHOCTI HACOCHOMN CUCTEMbI CAIMLLIKOM HU3KW Sl
Hecnoco6HocTtb sddhekTuBHOrO nposeaeHua BWE
Oco6ble Mepbl ANA NPOXOXKAEHUA NOTOKa
HeapeksaTHbIl MOHUTOPUHT

Tekywne mepbl | MuHuManbHbIe pasmepbl BEHTUNALMOHHOIO Npoema RI
npeaocTopoX- | (onpeaensieTca knaccom)
HOCTW MuHumanbHbll 06bem 6annacTHoii uuctepHe! (onpeae-

naetcs knaccom /IMO)

MpaBuna knacca onpeaensailoT MyuHUManbHble Tpebosa-
HUA, oueHUBaloLLMe NPUroA4HOCTL BannNacTHOW cucTembl
B LIENOM, HO HE BKNIO4aioT B ceBA npamble TpeboBaHns
K 6annacTHbIM CUcTEMam

Mpaeuna knaccndukaLnoHHbIX 0OLLECTB UMEIOT He-
6onbLune pasnuuna mexay coboit

PekomeHaauum Kputepun npoekruposanust 6annacrHbiX CUCTEM J,0MKHbI
: Yy4UTbIBaTh BOSMOXHOCTb NpoBeseHnss BWE Ha BonHeHnn
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lMpodomkerHue mabn. 1

1 2 3|4

Tun onacHoctn | HeapeksaTHbii nnaH nposeaeHnna BWE Ne | 2
Mnax/nocneposaTenbHOCTb NpoBeAeHnst BWE f0mkHbt
paspabaTbiBaTbCs B COOTBETCTBUN C KITACCOM KOHCYNb-
TaHTOM UM BeP(LI0 ANA BNajenbLUa Kak 4acTb pyko-
BOACTBA MO NOrpy3ke CyAHa

MpuynHel Yeroseyeckue owmbKu, Hanpumep, nroxas noarotoeka, | Fl
HeA0CTaToK 3HaKUi

Owmnbku B nepegaqe NHMopMauuy, To eCTb HeBEPHbIE
AaHHble, NoflyueHHbIe OT npoekTaHTa/Bnagensual
Bepchu /knacca

Owwmbka nporpamMmmHoro obecrneveHus

HesbiseneHHasn ownbka pacyeTa

HenposeaeHne CBOEBPEMEHHO! KOPPEKTUPOBKY
3agepLueHune nnana BWE B noCnesRion MuHyTY

MocneacTeus He6BnaronpuaTHoe pacnpeaenexnne Mace Si
MpuTonneHHas rpy3oBas BaTepAnHus
HepocTaToMHas 0CTONYUBOCTb

Tekywuue mepsl | OaoBpeHue knaccom nnata BWE RI
npepocTopox- | MpuMeHetne NOAX0AA, 8HANOTUYHOTO MOAXOAY, NpUME-
HOCTU HAEMOMY A M5 PYKOBOACTBA NOrpy3KOii

PekomeHaauun | Uccneposanve BnuaHus BWE Ha KOHCTPYKUMK w OCTONUYUBOCTb
CYAOB AOSHKHO NPOAOMKaThCA

Mpoueaypbl Nepeaaun B COOTBETCTBUN C NPaBUNamMm knacca
JAOMKHBI BKNIOYATE HE0BX0ANMbIE AaHHbIE NO obLuel NpoYHOCTH

4. BenwnunHa pucka onpeaensnach B JaHHOM Crydae Kak:

RI=Fl+ Sl

rae Fl — uHpekc 4acToTh! onacHocTeil,
S| — UHAEKC NOCASACTBMIA onacHoCTel.

5. Kaxgblit uneH KomaHgbl (MCKIovas BEAyLIero v perucrparopa)
NpoMsBen Takylo onepauuio W paHxmposaHune BCex 33 onacHocTeMn,
HaunHas ¢ Hamsbicero pucka RI.

6. BbINo BLIYUCNEHO cpeaHee 3HadeHne pucka RI kaxgoi onacHoc-
Th. NoCKOMbKY KOMaHAa 3KCMepTOB YyBCTBOBANA, YTO paHXuposaHue
OnacHOCTEl HOCUT JOCTaTOYHO HeonpeAeneHHblii xapaktep, Gbino
peLleHo NpeAcTaBuTb TOMbKO NocneaoBaTenbHOCTb onacHocTtein 6e3
yKasaHua nHAeKca BenuymnkHbl pucka onacHocTeil. Takum oBpasom, pe-
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3yneTar BbIrMaauT cneayowmm obpasom: 29, 9, 31, 5, 2, 12, 1, 7, 10,
1,..., 23, 6, rae undpbl 03HAYAOT HOMEpa ONacHOCTEN.

MNpnBefeHHbIN BbilLe NPUMEP UNNIOCTPUPYET OCHOBHBIE MPUHLIMLI
npumeHeHus metoga flendu. B kaxaoM KOHKPETHOM criyyae 3ToT Me-
TOA MOXeT GbiTb ycoBeplueHCTBOBaH. OgHUM 113 TakuX YCOBEpLUEHC-
TBOBaHWit metoaa [endu mMoxeT cnyxuTb BBegeHWE KoapduLmeHTa
KOHKOpAaUWW. JaHHbIN KO3PMULIMEHT (O HEM HUXKE) NO3BOMSAET CYAUTb
He TONbKO O CTeMNeHN KOMNETEHTHOCTI 3KCMEepTOB UMK TPYLAHOCTU CTO-
Aillieit nepea HAMKU 3agaqu, Ho ¥ 06 U3MEHEHUW CTeneHu cornacosaH-
HOCTMW X MHEHWIA Ha NepBOM U BTOPOM aTane obcyxaeHus.

KoadychuumeHT KoHKOpAaLMK 1 ero HopMupoBaHue

3HaHue naen FSA, ee ncxoaHoin 6asbl, BO3MOXHOCTE MX peani-
3ayuy, BRNONHe AOCTATOUYHO, YTOObI MOHATL OOBLEKTUBHYIO Heobxoau-
MOCTb MHCTUTYTa 3KCMepTOB B UHMPACTPYKTYpe BCEN cucTembl 6es0-
nacHocTu. OfHaKo MsHavanbHoO Hafo NOHUMATb, YTO HUKAKOW# UHCTUTYT
3KCNepToB He MOXET ObITb A0 KOHLIa OGLEKTUBHBLIM, MOCKOMbKY MHEHNE
KaXkoro akcnepTa cyObeKTUBHO, U BbICTPOUTbL B CBA3W C 3TUM OTHOLLIE-
HUE K MHCTUTYTY 3KCNEPTOB MO ONPEAENEHHLIM KPUTEPUSIM.

Mo Hawemy rny6okomy ybexaeHuto, crnegyer BBeCTW NOHSTUE
KOHKOpAaUMyU OLIEHKW rpyminbl 3KCNepToB, YTOObI BCE MOMMN NOHSITH,
HacKonbKO 3TO MHEHWE eAuHo, ANA Yero NpeanaraeTcsl MCnorb3oBaTh
KOHKPETHOE BOMIMOLLEHME CTENEHN COrnacusi, a UMEHHO KO3PULIMEHT
KoHKopaaumu W

i=n [ =m 1
12 Z[Zx,./.——m(n +1)?
W= Pl = 2 )
m(m® — n) '

rA€ M — YUCNO 3KCNEepToB,
n —ynucno o6bEKTOB.

KoadcbuumeHT W namensercs ot 0 go 1. W = 0 o3Hayaert, 4To He
CYLLieCTBYET CBS3U MEXQY paHXMpoBkamu akcnepros, W = 1 oaHayaerT,
4TO BCE 3KCMEepTbl OAUHAKOBO PaHXUPYIOT 0GbLEeKTbl N0 AaHHOMY Npu-
3HaKy.

OueHka 3HauMMOCTN KoathdULMEHTa KOHKOpAALMK ONpeaensaeTcs
C NoMoLLbio NapameTpa Z cnegyowm o6pasom:
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z=1 =W 2)

2 1-W

KOTOpbIN MEET pacnpeaeneHue duiiepa co cTeneHaMuU ceoboapl

,=n=1 —% nv,=(m-1)yv,.

[1ns BEANYMHLI N > 7 MOXHO MCMONb30BaTh KpUTEPUi X? MupcoHa.
BenuuuHa m(n — 1)W umeeT x> pacnpeaeneHue ¢ v =n—1 cTeneHamu
csoBogbl.

C Lienbio NPOSICHEHUS POIN 1 3HAYUMOCTY KOIPDULIMEHTA KOHKOP-
AaLmMn NpuBeaem KOHKPETHbIA NpUMEP ero Nenosnb3oBaHus.

Mpenctasum cebe, YTO y HAC UMEETCA TPK rpynnb! 3KCNepToB no
wecTb yenosek. Kaxaoil rpynne npepocTaeneHbl Tabnuubl OLEHOK
yacToThl U NocneAcTBuil onacHocTel. pynnel OTNUYAOTCA ApYyr OT
Apyra cTteneHbto npogheccroHanmsma:

1 rpynna — rpynna 3xcnepros, NnpeAcTasnaowas coboi npodpeccu-
OHanbHbIA KONNEKTUB,

2 rpynna — crneuvanucTbl B y3kux obnactsix; AecTsyioWne, B AaH-
HOM chnyuae, Gonblue 13 obmx CoOBpaXeHui, HeM U3 KOHKPETHbIX
3HaHUIA;

3 rpynna — cnyvanHsie fioau.

PesynkTaTh! paHXMpOBKY, NPOM3BEAEHHOM KaXKA0M rpynnoii, nome-
WweHbl B TabN. 2, 3, 4, T. €. B HUX NpuBeAeHa BCA UCXOA4Has uHpopma-
ums. YTtobbl NokasaTb ponb KoadhuLumueHTa KOHKopAaLuuu, dhuransHan
KOMGUHaLMS NO 3 X, BbICTPOEHA OAMHAKOBO MO MEpe BaXHOCTH onac-
HocTew 1+10 gna Bcex Tpex rpynn. o Tabn. 2, 3 U 4 nerko yBuaeTb,
kakum oBpasom hopMupoBanack Ta U vHas cTeneHb cornacusi.

Tabnwuua 2
N Onactoct | 4w | 2 | 3| 4| 5|6 |7 |8] 910
1 113 |a|2|5]|6|8|1w0]7]|¢9
2 23| 15|46 ]7 10
3 1123 ]| 4]|5]|6]|7 10
4 2| 1|43 |6|5]7 10 9
5 21 3] 1|4|5|s6|8|w0]e]7
6 112]4|3|5|7]6 10
SX, o | 14| 17| 21 |30 | 36 | 43 | 52 | 53 | 55

“HOMepa COOTBETCTBYIOT MCXOAHOMY CRVCKY OMacHOCTEN.
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W=0,909; x* = m(n - 1)W = 47,5; nosepuTenbHbiit ypoBeHb Bepo-
ATHOCTK a = 0,999.

Tabnunya 3
S Onackoctu | 4 | 5 | 3 | 4| 5|6 |7 |8 9]10
1 1{6({8|a]2]|3]|5]7]9]10
2 2|31 ({5 |6|a]7]8]10]o9
3 3la|1l2s5]8]9|l10]6]|7
4 4fs (6|1 |s]2]3]1w]7]9
5 43| 1]o]2]5]7]10]6]s
6 s {1 (74|38l 2]1]s
X, 19 [ 23 |24 | 25 [ 26 [ 31 | 39 [ 47 [ 48 | 49
W=0,413; x> = 25,4, a = 0,995.
Tabnuya 4
— Onacocw | 4y | 5 | 314 |5 6|78 9]0
1 s|lo|s|s|2|[1]7]n0 4
2 115]7(4]8|lo|l3]s]|27]10
3 6|28 |[3|ow0]a|1]s
4 1143 (2]7]|5]96|10]s
5 6|1 |35 ([2|s8]alo]7]10
6 317 s5|8sflafj2[10]6]9]1
5X, 22|28 |20(30[32|35]|37]38]30] a0

W=0,1017; ¥*=5,4; a = 0,20.

KoatbdpuumeHT koHkopaauum W noacunTteiBancs no gopmyne (1).
'AHarnus pesynsTaTos NoKasan, YTo OAWH W TOT e 3 deKT (paccTaHoB-
Ka no paHxupy) MOXeT GblTb JOCTUMHYT NPWU COBEPLUEHHO Pa3NYHOA
CTeneHu cornacus MHeHui akcneptos. B aaHHom cnyvae koadduum-
€HT KOHKopAauun W cocTasnseT COOTBETCTBEHHO BENUUUHY:

ansa 1 rpynnel — W= 0,909;
ans 2 rpynnel — W= 0,413;
Aana 3 rpynnsl — W= 0,1017.
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OTclofa BbIBOA: €CNY Ha cyA unTartens GyaeT NpeACTaBneH paHxu-
pOBaHHbIN CMIUCOK ONAcHOCTER, TO NPUHUMATL BaXHbIE PEeLIeHns no-
rMYyHee BCero npu BbICOKOW CTENEeHN Cornacusi 3kCnepToBs, YTO roBOPUT
0 npopaboTaHHOCTX BoMNpoca.

MoaTomy, ecnu BBOAMTL KO3PEUUMEHT KoHkOpAauun B obuxop,
CTOUT NoAymaThb O ero HOpMUPOBKe. TTOHATHO, YTO OMbIT ero UCMoMb3o-
BaHWs B paccmartpuBaeMoit cpepe oTcyTCTBYET. [10-BUAMMOMY, OH He
JomKeH 6bTb MeHee 0,5. Mog npremnemoit BenuunHoi W cnepyer no-
naratb W= 0,7, MMHUMansHO npuemnemsii gnanasod W= 0,5 +0,7.

PanroBas koppenauus

MocKONbKY MHEHWS 3KCMEPTOB MOMYT pacxopuTbes, TO Ans npa-
BUMBHOMC MX UCMIONb30BaHNs HEOBXOAUMO COOTBETCTBEHHBIM 06pasom
WX CUCTEMATM3NPOBATL U, HACKOIIBKO 3TO BO3MOXHO, 0BBEKTUBHO 06-
pabotatb.

[ns pewenus nopgobHoW, a Takke ApyrvwxX 3afjad, CBA3aHHbIX C
06paboTkol UHOPMaLIMK, UMEIOLLEN KaYEeCTBEHHbINA, CPaBHUTENbHbIN
XapakTtep, C yCrexom MoryT GbiTb NPpUMEHeHb! METOAbl PAHroBOM KOp-
pensumu. '

Ons cuctematysaumy Ka4eCTBEHHON MHGopMaumn npuMeHseTcs
Tak HasbiBaeMmoe paHxuposaHue. Noa paHXMpoBaHUEM MOHUMAaETCs
pacronoxexue n oGbLEKTOB (NPUCBOEHWE HOMEepa) B nopsfke BO3-
pacTaHus unn yBbiBaHus kakoro-nubo npuaHaka X, KONU4eCTBEHHO
Heuamepumoro. PaHr x; ykasbiBaeT TO MeCTO, KOTOPOe 3aHUMaer i-bliA
oBLEeKT cpean Apyrux N 0ObLEKTOB, PaHXUPOBAHHbLIX B COOTBETCTBUMN C
npusHakom X.

PaHXupoBaHWe NpuUMeHsieTcsi, koraa ofbekTel pacnonaraortes
COFMAacHO HeW3MEpUMOMY U HenoACYMTLIBAEMOMY KauyecTBy (Ha-
npumep, MHeHne 06 athPEKTMBHOCTM npeanaraeMbiX MEPONPUSTHiA,
CONOCTaBUTENbHbIN aHann3 BbiGpaHHbIX BAPUAHTOB U T. A4.) Uny pac-
CMaTpMBaIOTCH TOMbKO OTHOCUTENbHO B3AUMHOTO PacnonoXeHus Bo
BPEMEHM UMK NpocTpaHcTBe. PaHXnpoBaHue MOXET ABMATLCSA MeHee
TOYHBIM BbIP@XEHUEM YNOPAAOUEHHON CBA3N OOBEKTOB OTHOCUTENb-
HO KaKoro-nubo M3MepuMOoro Unn NoAcYUTHIBAEMOTO KavyecTsa, Kak
3aMeHa NepeMeHHOol nopaaKkoBbiM HOMEPOM B MNMPUKMAOYHLIX pac-
yeTax B UENsX 3KOHOMMU BpPEeMEHW N yMeHbLUEeHUS TPYAOEMKOCTU
BbIMUCIEHNA.

CTaTUCTUKOW CBA3W PaHXUPOBAHHbLIX 0GLEKTOB ABNAETCH KO3 Pu-
LUMEHT paHroBo# koppenauum.
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KoadhpuumeHT paHrosoi KOppensuun p OLEHNBAET CBA3b MeXay
Ka4eCTBEHHbIMU MPU3HaKaM1 OTAENbHbIX OGLEKTOB, HEMOARAKWMMU-
CS1 TOYHOIA KOMMYECTBEHHO OLEHKE.

%nz(n2—1)—nS(cF) 1 6S(c?) o
p= =1- :
L= 1) n(m - 1)

rae n —4ucno 00BLEKTOB;
S(d) =3 (¢~ ¥
X, ¥,— paccmaTpusaembie CBONCTBEA.

MapHbie CpaBHEeHuUA

Ha npakTuke BO3MOXHbI Criyyau, Koraa aKCnepTbl 3aTPyLHSIOTCA B
paHXupoBke dPaKTopOoB MO KAKOMY-TO NPU3HAKY UITK (haKTOPOB CIIALLIKOM
MHOrO, YTOGb!I MOXHO GbIfI0 06OCHOBAHHO X PacnonoXUTL B NOPSAKe
BO3pacTaHus unu ybeisaHus faHHOro npusHaka. B Takux cnydasix, ecnu
W yAaeTcs nomnyyutb paHXupoBKW, TO roBOpuUTb 06 UX QOCTOBEPHOCTH
TPYAHO, AaXe Ha B3rNsa4 caMux aKkcneptos. Torga CyMMapHY paHKu-
POBKY MOXHO MOMYYUTb UHLIM NYTEM — CNOCOOOM NapHbBIX CPaBHEHMIA.
Mpu NpuMeHeHWn 3TOro MeEToAA KaXAblii SKCNEpPT CpaBHUBAET ApPYr C
[pyrom Bce n akTopos no flaHHOMYy npuaHaky. B pesynsrare npoee,qe-
HWA C? Takux CpaBHEHMI 3KCNepT oTaaeT npep,nhoeHme KaKuM-TO —C2
d:)aKTOpaM MO CPaBHEHWIO C OCTanNbHbLIMU C2 dhakTopamn.

[ycTb aKcrnepT npoussen napHble cpaBHeva n hakTopos no npu-
3Haky A. B Tabn. 5 oH 3anuckIBaeT eanHNULY B SYeilky C HoOMepamm ij,
ecnu chakTop i npeanoyuTaeT hakTopy j No NpusHaky A.

MNyctb Tabn. 5 3anonHun Kaxaelil 3 m skcnepTos. [JaHHbie 3TUX M
TabnnL MOXHO cBeCTU B 0aHY obulyto Tabn. 6, B sueiike ¢ HoMepamu if
KOTOpOI BYAET 3anNNCaHO HMCNO Y, PaBHOE KONUYECTBY NPeanoqTeHWiA
i-ro pakTopa j-My, nony4eHHOMY OT BCEX m uccnegosarenei.

OueBunaHO, 47O NPy NOIHOM COrNacuu 3KCNEPTOB NPW NaPHLIX CpaB-
HeHusx C2 aveek OyaeT cofepxaTb YACMO ¥ = m, a ocTasbHble SuYeiiku
— 0. Mpy MUHUMANLHOM Xe Yucne cornacuin Kaxkpasa sveika Tabnuub
ByAeT coaepxKaTh YNCNO y = %m, eCnn M YeTHo., Ny = 12-(m +1), ecnu
m HeYeTHoe.

MycTb v, ecTb Yucno B suelike jf u

Q=3 c2. (4)
2. C,
=1
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Tabnuuya 5

Homepa
thakTopos

N

J

o= | =N
- | oOO|Ww
| ©O=2=2| b

HON -
o -0 |

Onpeaenum koaduUmMeHT cornacus V npy napHbiX CpaBHEHNAX
cnepyolwmm obpasom.

4y c2
Q a0
V=R T Tmm =ty =1y ©

max

CyMMnpoBaHve Yucen no cTpokam unu no cronbuam 8 Tabn. 6
[acT BO3MOXHOCTb paHXupoBaTb (PakTopbl N0 NpuaHaky A ¢ KO-
(OULIMEHTOM COrMacHs 3KCMEepToB OTHOCUTENbHO AAHHON PaHXUPOBKU
paBHbIM V.

PaccunTtaem koadpdpuumeHT cornacust m = 10 aKCNEpPTOB OTHOCK-
TENbHO PaHXMPOBKM N = 5 (haKTOpoB NO AaHHbIM Tabn. 6.

Tabnuuya 6
Homepa
thakTopos 1 2 3 4 5 Cymma

1 - 10 7 6 1 24

2 0 - 3 5 2 10

3 3 7 - 8 3 21

4 4 5 2 - 2 13

5 9 8 7 8 - 32
CymMmbl 16 30 19 27 8 100

PacyeT Benu4ynHbl
n

Q=Y C?
= Y
1
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MOXHO YAPOCTUTb, NPEACTaBMB:
Q=3y;-m3y,+ C, C, (6)

rae cymmupoBaHue npousBoauTCs TOMLKO MO TEM adelikam Tabnu-
Libl, KOTOPbIE NEXaT Bbille (NN HUXKE) FNaBHOW AuaroHanu.

UTobbl yCKOPUTL BbIMMCREHUS, MOXHO MpuBecTk Tabn. 6 k Buay
Tabn. 7, rae cakTopbl pacnonoXeHbl B nopsiake yobiBaHWA cyMmMm no
CTpOKe (UNnK BO3pacTaHwus Cymm rno ctonduy).

Tak Kak uyicna B siYerkax, nexawymx Huwxe rmaBHOW guaroHanu,
MEHbLUE, TO UMEET CMbICIT NPON3BOAUTL CYMMMUPOBAHUE NO HUKHEN
nonoBuHe Tabn. 6:

Q=81-1025+4510=281.

KoadhpnumeHT cornacua coctasuT:

_ 4Q _ 4-281 - 0.624.
mim-1)ynin-1)  90-20
Tabnuuya 7

; ] 5 1 3 4 2

5 - 9 7 8 8

1 1 - 7 6 10

3 3 3 - 8 7

4 2 4 2 - 5

2 2 0 3 5 -
3aknoueHue

B 3aknioyeHne nogyvepkHeM, 4TO CyLLECTBYIOT ABa OCHOBHLIX Me-
TOoAa, KOTOPLIMUA PYKOBOACTBYIOTCA IKCMEPThl B CBOEWA AEeATENbHOCTH:
METOA CYXAEHUA U nHopMauMoHHBIA MeToA. YacTHbiM cnyuyaem
UHOPMaLMOHHOrO MeToAa cnyxuT meton [endn. B HacTosilem aHa-
nu3e npepcTaBneHa UAeonorust JaHHOro NepcrnekTMBHOrO Meroda v
npeasioXkeHa KoNUYECTBEHHas OLeHKa COrnacoBaHHOCT MHEHWIA rpyn-
nbl akcnepTo.. MokasaHa napagokcanbHasi BO3MOXHOCTb NONyYeHUst
CXOXel KapTuHbl OKOHYaTenNbHbIX PesyrsTaToB NPy pasnuyHbIX Koag-
huumeHTax KOHKOpAALMK (Cornacus), B TOM Y1cne, U Npu ApakTuyec-
KO HeCornacoBaHHOCTY MHEHUIA akcnepToB. B aHanuse npegnaratotes
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KONUYECTBEHHbIE NoKasaTenu aKCnepTHbIX OLEHOK, Nossonstowme npo-
SICHUTb CROXHOCTb CUTyaumun (ko3ddUUMEHT KOHKOpAaLUWUK, paHroeas
Koppenauus, napHble cpaeHeHusl). Wicnonb3oBaHue AaHHOTO MeToaa
[OMKHO NPUBECTUN K CHKEHUIO CyOBEKTUBHOCTY fpU MCMONb30BaHUM
uaeil MHCTUTYTa 3KCMEepTOB B pamkax meTogonorun FSA.

Cnucok numepamypbl
1. BeHnTuens E. C. Teopus seposTHocTeil. — M.: duamarrus, 1962 .

2. Xanop A. Matematuyeckan CTaTUCTUKA C TEXHUHECKAMMU MPUNOXEHUAMM.
- M., 1956 .
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VIK 629.5.011:629.5.017

B.K. Illypnak, A.A. Cepzees

AHAINN3 ABAPMNHOCTHU
HA CYOAX C KITACCOM PEMMCTPA

OpHomn 13 BaxkHbIX OYHKLUI Pernctpa B COOTBETCTBUM C €O YCTa-
BOM SIBMISIETCA N3yyeHne ocobeHHOCTEl N HEAOCTaTKOB CYA,0B, UX KOHC-
TpyKUmiA, oBopyaoBaHUA N MEXaHM3MOB, HA OCHOBE YEero NPoUCXOAuT
pa3euTue 1 HayuHoe 060CHOBaHNe HOpMaTMBHOI Gasbl, paspabaTbiBa-
HOTCA TEXHUYECKUE NMPEASTOKEHNS MO NOBLILEHMKD HageXXHOCTH U 6e30-
nacHoCcTu cyfo.. B HacTosAwee Bpems y 60MbLLIOro KOnvYecTea Cyaos
HaxosLLerocs noj TexHudeckum HabnogeHmem Peructpa cnora cpok
aKkcnnyaraLmu npeBbiCUN pecype, HasHaveHHbIi npoekTaHToM. Bonpoc
0 AONyCTUMOCTU AanbHenLei akennyartaumm cyaos sa npegenamm Ha-
3HayeHHoro pecypca npuobperaeTt Bce GONbLLYIO aKTyanbHOCTb.

[nsa peleHns sToro BONpoca Bo3HUKNA HeobxoAMMOCTb 0606LLNUTL
onbIT TexHuyeckoro HabnoaeHus, cobpas 1 NpoaHanM3npoBaBs Mare-
puanbl No asapusiM, U NOCTapaTbCs OTBETUTbL HA BONPOC. KaK BNUsAeT
n3MeHeHue cpefHero Bo3pacta CyAoB Ha MHTEHCUBHOCTb MOSBMEHUs
aBapuit. [ins atoro Gbinu cobpaHbl, 06paboTaHbl U NpoaHanusuposa-
Hb! AaHHble aBapuiiHblX akTos, ooopmneHHbIX Peructpom Ha cygax sa
nocnegHue 25 net. Kpome aToro, yuTeHbl Marepuarnkl rogqoBbIX OTye-
ToB Peructpa 3a a1oT nepuog. Hackonbko o6bekTUBHBI 3TU AaHHbIEe?
PasymeeTcs, He npu BCAKOW aBapun OopMNsnCcs aBapuiiHbii aKT.
3ayacTylo, ecnu 3To BO3MOXHO, CyfoBnafenel crapaeTcsl CKpbiTb
(paxt asapuu oT uHcnekTtopa Peructpa. Takum obpas3om, MOXHO cka-
3aTb, YTO NPUBEAEHHBIE HIKE AaHHblE OOBEKTUBHO YUMTLIBAIOT TOMBKO
[OCTaTo4HO CepbesHble aBapuy, NPou3oLe[tuMe Ha cyaax ¢ Knaccom
Peructpa, Ana nukengauum nocneacTsuin KOTopbix TpeGoBanock npo-
BE/leHNs pemMoHTa U1 NPOBOAWIIOCH CneuuansHoe pacciiegosaHne.

[laHHble No N3MeHeHWo cpeaHero BO3pacTa CyLOB HAXOASLMXCH
noj, TexHuyeckum HabniogeHwem Perucrpa npueeneHbl Ha puc. 1 1 2.
[lo cepeanHbl BOCbMWUAECATLIX rO0B CPERHUIA BO3PacT CYA0B COCTaB-
nsan meHee 15 nert, gong cynoB Bospactom bonee 20 net 6bina meHee
20 %, 6onee 30 neT — MmeHee 3 %. CynoBnapenbubl cTapanuch usba-
BUTbCA OT cyAoB crapwue 20 neT 1 NoNonHUTL (PnoT 3a CYeT 3aKkasa
HOBbIX cyaoB. C Havyana [eBAHOCTbIX FOA0B CUTyauMs M3MeHunach.
CpegHuin BospacT Cy[oB UMEET YCTONYMBYIO TEHAEHUMIO K pocTy. K
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2005 r. AONS CyL,0B BO3PACcTOM MeHee 6 net cokparunack Ao 2 %, cyaa
crapuie 20 neT B 2004 r. coctasunn 59 %, u3 kotopbix 17 % npuxoau-
nocs Ha cyaa crapiie 30 neT.
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Puc. 1
WaMeHeHMe cpegHero Bo3pacTa CyAoB ¢ knaccom PC
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Puc. 2
ViameHeHue konnuyecTsa CyAos ¢ knaccom PC 8 pasnuuHbIX BO3pacTHbIX Fpynnax
(8 % ot 06LUero KonuyecTsa)
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lMockonbKky TEHAGHUMS K YBENUYEHUIO CPOKa 3KCnayaTaumn cyaos
ABMAETCA OOLEMUPOBON MHTEPECHO CPaBHUTbL W3MEHEHMUS NoKasaTe-
nen aBapuitHOCTYU cyAoB ¢ knaccom PC no cpasHeHuio ¢ 06LWeMUpPOBbI-
mu. OBbLemnpoBas TEHAEHUMA cneayioLwas: 3a ABajuarth net —c¢ 1979
no 1999 . — OTHOCUTENbHLIN NPOLEHT rMBeny CyaoB YMEHbLLNICS B Ye-
Thlpe pasa, B TO BPEMS Kak CPpeAHWUA BO3pacT CYA0B yBENUYWIICA 3a TOT
xe nepvog B 1,6 pasa [1]. Ecriv B 60-e rr. rubno nopspka 0,6 % cygos,
B 80-e rr. — 0,34 %, To B 90-€ IT. — okono 0,17 %. Ha puc. 3 npeacras-
NeHbl AaHHbIE NO «MNOfIHOCTbIO NOTEPSAHHBLIM CyAam» MUPOBOTo ¢rota
(eamHuy Ha Thicsvy cyaos) 3a nepuog 1978-1999 rr.
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Puc. 3

«[lelficTBUTENBbHO NOMHOCTLIO NOTEPAHHbIE CyAa» MUPOROIO ¢hnoTa
(eaunHuL Ha ThicAYy cyaoB) 3a 1978-1999 rr.

HecmoTpsa Ha yBenuyeHue cpegHero Bo3pacra CyAoB, 4YacTora Ko-
pabnekpylieHnil Ha cyaax ¢ knaccoM Perucrtpa 3a paccmarpusaembilii
nepvoj n3MeHunacb HesHaduTenbHO U B cpegHeM coctasnsaet 1,5 Ha
1000 cynos B rog (0,15 %), 4to BRnonHe cornacyetcs ¢ 06LeMupoBoi
TeHgeHunen.

Ha puc. 4 npuseaeHbl AaHHble NO YacToTe kopabnekpyLleHwii
cynoB ¢ knaccom Peructpa 3a nepuog 1979-2004 rr. Ecnu cpaBHUTL
3TW AaHHbIE N0 YacToTe NoTepb C faHHbIMKW N0 YacToTe NOTepb CyA0B
MupoBoro ¢riota (puc. 3 1 4), To O4eBWAHO, YTO YacToTa NoTepb CyA0B
C knaccom Perucrpa sHauuTeNbHO MeHbLUEe. AHanNW3 UMEBLUUX MECTO
aBapuii NOKasbIBaET, YTO OHU, KaK NPaBWUNo, XapakTepusyrTcs KoMOK-
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Puc. 4
YacToTa kopabnekpylueHuit cysos Peructpa (eannuy Ha 1000 cynos)

Hauueii oTkazos 06opyAOBaHNs 1 APYrUX CryyvaiiHbiX cobbiTUi (Hepac-
YeTHbIE BHELLHWE BO3AEHCTBUS, OLUMOKMN Yernoseka U nNpsMble HapyLle-
HUS NEPCOHANMOM MPaBUN TEXHUYECKOI JKCnnyaTauum), BOSHUKaKOLLNX
Ha pasnUYHbIX CTaAUsIX Pa3BUTNA asapui. [ns BbISBIEHUA NPUYUHHO-
CNeAcTBEHHbIX CBA3En Ha aTane pasbopa aBapuit OObIMHO NCMONb3y-
eTcA METOf aHanusa ¢ MOMOLUbI NOCTPOEHUs «fepesa cobbITuin».
MpaKTuyecku BCErAa OKasbiBAETCA, YTO K aBapuu NPUBOAUT TONbKO
nosierieHne kakoro-nubo oTkasa ¢ O4HOBPEMEHHbBIM HapyLleHuem of-
HOFO WMWN HECKONBKUX NYHKTOB NPaBuUil TEXHWYECKOW 3KCrnyarauuu.
Jlanexo He kaxablii OTKa3 NpUBOAUT K aBapui, Tak Kak npasunbHble,
BOBpEMSs! NPUHSATbIE AECTBMA NepcoHana MoryT no3sonuTe usbexarb
HaCTYN/IEHUA HexenaTenbHbIX NocneacTeuit. Kpome TOro BaXkKHbIMU
cbakTopamu BO3HUKHOBEHWUSI aBapuil ABMSKOTCA Takue CryvaitHble co-
BbITHS, KaK HeBnaronpusiTHas HaBurayuoHHas v negosasn obcTaHoBKa,
norogHbie ycrnosus. OgHaKo ¢ yBENUYEHEM MOToKa OTKasoB YacToTa
aBapuil yBENUUMBAETCS, CriefoBaTeNbHO MO YBENWYeHuio Yucna asa-
PUIAHBIX KTOB AN Pa3rM4HbIX BUAOB CYA0BOr0 060PYAOBaHUSA MOXHO
CyOUTb B KaKOW CTaanNM XU3HN HAXOAATCS USAENUA C pasnuyHbIM Cpo-
KOM CNyXObi.

B Teopuu HaAEXHOCTW pasnuyaloT Tpu nepuoaa UCNoNb3oBaHWs
TexHuyeckoro obvekra (puc. 5):
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| — nepnog npupabotku (0 — 1,) C AOCTATOYHO BBICOKON WHTEHCHUB-
HOCTbIO OTKA30B, ANUTENbLHOCTLIO, pefko npesbilwamwen 3...5 % or
cpoka cnyxo6bl o6bekTa;

Il — nepuoa HOPManbHOW JKCnnNyaTaumMn obbexTa C MOCTOSHHOW
CpeaHell WHTEHCMBHOCTBIO OTKas3oB (T, — T,), ANUTENbHOCTLIO Gonee
80 % ot cpoka cnyxobl;

Il - nepvog NOCTOSIHHOrO BO3pacTaHUA WHTEHCUBHOCTU OTKas308
(1, - Tnpen)’ anvtensHocTblo 10...15 % oT cpoka cny»6bl. 3aeck oTme-
TUM, YTO Ha3Ha4eHHbIN pecypc R, (nnu cpok criyxObl) obbekTa gorxeH
Ha3Ha4aTbCs paBHbIM R, < 1,.

A

I ' ‘ I m
K . T Togen T

Puc. 5
Cxema n3MeHeHUs NHTeHCUBHOCTM OTKA30B BO BPEMEHMU:
I-nepuoa npupabotku;
|- nepuos HOpManbHOA akcnnyaTauuu;
Itl- nepnoa MHTEHCUBHOTO U3HOCA

Takum 06pasom, Ha BTOPOM yuyacTke 3kcrnnyarauuu obbekta c
MOCTOSIHHON CpeAHeA MHTEHCUBHOCTbIO OTKA30B, 3HAYUTENbHO MeHb-
wen, Yem B ABa ApYrux nepuoga. 3agavueil TeXHU4eckoro HabnoaeHus
ABMAETCA HeAoNylLLeHue aKcnnyatauun obbekta nocne nepexoaa B
TpeTHii nepnog —~ Nepuog MHTEHCUMBHOMO W3HOCA (Aerpagauuu).

OnbIT UCTILITAHUA W 3KCMNyaTaLUmMn CyA0B NOKa3bIBaIOT, YTO XapakK-
Tep W3MEHEHUA MHTEHCUMBHOCTU OTKa30B B MpoLecce 3KCnnyarauuu
CyiHa CYLUECTBEHHO 3aBUCUT OT CTENeHU HOBU3HbI TEXHUYECKUX pe-
LIEHUN, 3aMOXEHHbIX B MPOEKT. TaK, NPUMEHUTENbHO K CyAaM HOBbIX
TWMNOB, OTANYAIOLLMMCA GONbLLION CTeneHbIo HOBU3HbI, B GOMbLUMHCTBE
CryyYaesB WHTEHCUMBHOCTb OTKA30B W3MEHSIETCA BO BPEMEHW Tak, kak
NoKa3aHo Ha pUcC. 5, T. €. He MOHOTOHHO. [Ns HayanbHOro nepuoaa
aKkcnnyataumunm O6bIMHO XapaKTepHa OTHOCUTENbHO BbICOKAs WHTEH-
CUBHOCTb OTKa30B, CBA3aHHas, KaK NpaBuno, C MPOABMEHNEM Tex-
HOMOTMYECKUX AedeKTOB, HE BbISBMEHHbIX TEXHUYECKUM KOHTPOSieM
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M KOHCTPYKTUBHbIMK oOLiMBKamn. OTOT Neprof HasblBaloT cTagueit
«BbDKUraHUA AeeKTOB» 1 B TEYEHNE ero NPOUCXOAUT UX YCTpaHeHue.
3arem, Koraa o6bEeKT CTAHOBUTCA HafEXeH, HacTynaer AnuTenbHbIN
3Tan, Korja UHTEHCUBHOCTb OTKA30B CTAHOBWTCS OTHOCUTENLHO Mana
W HesHaunTenbHO U3MeHsieTca Bo BpeMeHu. [Nocne atoro, Bcneacrene
HaKOMMEHUs YCTANOCTHLIX NOBPEXAEHUIA, CTapeHWsl, KOppo3uu unu
Apyrvx aerpajaunoHHbIX NPOLECCoB, UHTEHCUBHOCTL OTKA30B BO3pac-
TaeT, 4oCTUrasi B KOHEYHOM UTOTe HEKOTOPOrO YPOBHS, NMOCHE KOTOPOro
AanbeHenLwan akennyataunsi HegonycTuMa.

MNpw ncnonb3oBaHUK NPOBEPEHHBIX U XOPOLLIO OTPaBOTaHHbIX KOHC-
TPYKUUIA U TEXHONOTNHYECKUX PELLEHNIA CTaaNS «BbKUTaHWs! 1eeKToR»
06bI4HO OTCYTCTBYET, @ MHTEHCMBHOCTb OTKA30B MEANEHHO MOHOTOHHO
YBENUUMBAETCH C TeYEHUEM BPEMEHN A0 JOCTUKEHMUS NEpUoaa NHTEH-
CUBHOTO M3HOCa (TPeTber CTaaum aKcnnyaTaumm).

Ha puc. 6 npuseneHbl AaHHbIE MO M3MEHEHMIO YacTOTbl aBapuii
Ha cyaax ¢ knaccom Perucrpa. MNpu 3ToM KpMBas M3MEHEHUS YacToThl
aBapuin UMeeT Tpu yyacTka: pe3koe yMeHblUeHWe Yncra aBapuii nocne
1988 r., o4eHb He3HaunTenbHoe n3meHeHue B nepuwog 1990 —1995 r.
pOCT YacToThbi aBapui nocne 1995 r.

Peskoe ymeHblueHne yacToTbl aBapuit nocrie 1988 r. npoaorxa-
nock Ao 1996 1. 310 Tem Gonee CTPaHHO, YTO 3TO YMeHbLUIEHUE NPUXO-
OWTCA Ha roAbl NepecTporkn M NocrnepecTpoeyHoe Bpems. OBbACHe-
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Puc. 6
ABapuitHocTb Ha cyaax ¢ knaccom PC
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HUe aTomy hakTy MOXHO HalTW, paccCMOTPEB pacrnpeaeneHve asapui
Mo npuuvHaM K BuZam, nokasaHHoe Ha puc. 7 u 8. B nepwog nocne
1988 . NPaKTUYECKU MONHOCTLIO UCHE3NN aBapuu, obyCroBreHHble
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Puc. 7
PacnpegeneHue asapuit No npuinHam
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Puc. 8
PacnpegeneHuve aBapuii no Buaam
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NlefoBLIMU MOBPEXAESHUAMK, YTO CBA3aHO, BUOAMMO, C W3MEHEeHUeM
panoHOB 3KcryaTaumn cyaos. Npuyem, ecnu paccMoTperb pacnpe-
AeneHve asapuii no Bugam u ux 4actory (puc. 9 — 11), 7o craHoBUTCH
O4EBUAHbIM, YTO YMEHbLLIEHUE NPOU3OLLIO B OCHOBHOM 3a CHET YMEHb-
LeHns aBapwi Kopnyca, YactoTa aBapui MMasHbIX ABUFATENEN yMeHb-
lMnacbk HesHa4duTeNnbHO, 4acToTa aBapuil, CBA3aHHbLIX C OTKasamu
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0%
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Puc. 9

Pacnpenenexve aBapuii no eugam B % oT obLIero yicna asapuii
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§ 8888888835 ¢§¢8G¢8

rIAaapMu A BHbLX M BCNOMO e MeX W Asapuy pynesuix yopoicTs DA sapun xopnyca—|

Puc. 10
Yncno aBapui pasnuyHbLIX BUAOE 06opyaoBaHUS NO rogam
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Puc. 11
ABapuu rmaBHbIX Y BCRIOMOraTenbHbLIX MexaHuamoB

DPYroro MexaHuyeckoro o6opyaosaHms, rpeGHbIX Banos, ABMKUTENEN,
CyROBbIX YCTPOWCTB NpakTN4eckn He usmeHunacs. Kpome toro, B a10T
Nepvop, 3HaYMTENbHO YMEHbLLUMIOCH YMCIIO MOCTPOEHHbIX HOBLIX CY/10B
1 TONOBHbIX CYAOB HOBbIX MPOEKTOB, CNEACTBMEM Yero CTano 3Hauu-
TENbHOE YMEHbLUEHUE OTKa30B, CBOMCTBEHHbIX CTaauu «BbDKUraHvsi
fedeKToBy. XapakTepHbiM NPUMEPOM MOXET CIYyXUTb puUC. 13 n 14,
rae npeacTasneHbl AaHHbIE MO aBapuAM NAapoBbiX KOTNOB. [uku YacTo-
Tbl BO3HWKHOBEHUS aBapmil NPUXOAATCA Ha roflbl cAauu v nepebix net
aKCNMyaTaummn MasHbIX KOTIIOB TaHkepoB TUna «Kpbim», B TO Bpems
KaK nocre BbIBoAa NX U3 SKCrnyaTauum 4acToTa aBapwii KOTIoB YMEHb-
Lunach B HECKONbKO pas.

YacToTa aBapwil rmaBHbiX U BCNOMOraTerbHbIX ABUraTernen 3a pac-
CMaTpuBaeMblil NEPUOS, UBMEHANACH HE3HAYNTENBHO. [iNs rMaBHbIX U
BCMOMOTaTENbHbLIX ABUraTenein XxapakrepeH MexaHu4eckuin n ycranoc-
THBIN N3HOC. MexaHu4YecKkniz N3HOC He SIBNAETCA ONpeaensiowmnm, Tak
KaK yCTpaHsIeTcA B 3KCnfyaTauuy 3ameHon AeTarnen, noaBepXeHHbIX
TpeHuio (BKrnafpblilen NOAWMMHMKOB, MOPLUHEBbIX KOSeW U T. a.). Ans
YCTanoCTHOrO W3HOCa KPUTUHECKUM siBnsieTcs HapaboTka npwu KoTo-
poVi [OCTUraeTcs npeaer ycranoctn (107 uMKknoB) Npyn VMeloLNXca
Harpyskax. Kak npaBuno, aTo QOCTUraeTcst B NepBbleé HECKOMbKO NeT
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skcnnyartauuu. locne 3Toro ycTanocTHoe paspylleHUe MOXeT npo-
U3OWTU TONBLKO BCNEACTBNE KaKuX-nnbo aKcTpemManbHbIX Harpy3oK Unu
NNOXOro TexHu4eckoro obcnyxusaHusa. U3 paccMOTPEHHOI cTaTuCTUKy
He cneayer, YTo Npy BbipaboTke HasHaueHHOro pecypca cneayeT orpa-
HUYUBATL CPOK SKCMyaTaLun rmaBHbIX ¥ BCNOMOraTenbHbIX MexaHus-
MOB.

'opasfgo valle BCcTpeyaloTcs aBapui, CBA3aHHbLIE C NONOMKaMU Me-
XaHW3MOB 1 cucTeM, oBCnyXUBaIOWNX [MaBHbIE U BCNOMOraTefbHLIe
mexaHuambl. OcoBeHHO onacHb! OTKa3bl CUCTEM OXNaXAeHUst 3abop-
THOW BOAON (M3-32 ONACHOCTYU 3ATOMNNEHUA MELUWHHLIX OTAEneHU! u
noTepu Xxoaa), @ Takke OTKasbl B TONNWBHOM cucTeme (M3-3a noTepw
X0fa U 0nacHOCTY BO3HUKHOBEHUA Noxapa). Mo AaHHbIM NPOBOAUMBIX
paHee uccnenoBaHWi, peanbHbIA Cpok cnyx6bl TpyS cUCTEM oxnax-
feHns 3a00pTHON BOAOW M3-38 KOPPO3WOHHOMC M3HOCA 3HAYUTEMBHO
MeHblUe cpoka akcnnyarauumn cygHa. O6ecneunts GesaBapuiiHyio aKc-
nnyataumio cyfHa 3a npegenamu HasHavyeHHOro pecypca BO3MOXHO
TONbLKO MPpU NpoBeaeHnn obasaTenbHbIX NEPUoANYECcKUX aedekTaumii
CUCTEM OXNaXAEHUS U 3amMeHbl N3HOLIEHHbIX Tpybonpoeoaos 3abopT-
HOW BOAbI.

ABapuy TOMMWBHOW CUCTEMb! Yallle BCEro NPOUCXOAST B PE3ynb-
Tare YpesMepHoi Bnubpauun B Tpybax, UCTOMHMKOM KOTOPOIA crnyxat
oBcnyxusaeMble CUCTEMON MeXaHW3Mbl. Takue OTKasbl MPOUCXOAAT U
YCTPaHATCA, B OCHOBHOM, B MEPUOA, «BbXUraHUs AedeKToB». Kpome
TOro, CO BPeMeHEM BO3HUKAaIOT CPaBHUTENbHO HeBONbLIME NPOTEYKU
Yyepe3 W3HOLUEHHbIE CanbHUKW U YNIIOTHEHWS apmaTypbl, KOTopbie
06bIYHO YCTPAHSAIOTCS OBbIYHLIM TEXHUYECKUM OGCIYXMBAHUEM.

Yacrora aBapwit BanonpoBOAOB, ABMKUTENE, PYNEBbIX YCTPONCTB
NPaKTUYeCKn He U3MEHSIETCA B 3aBMCUMOCTW OT CPEAHero Bo3pacTta
CyAoB W yBenuyeHus Aonv cynos cTapiue 20 net (cm. puc. 7, 9, 12).
M3 aToro MOXHO caenatb BbIBOA, YTO, HECMOTPSt Ha Bo3pacT, 6onb-
LLIKHCTBO U3 HUX HaXOASATCHA Ha BTOPOM Mepuoge XW3HEeHHOro Lukna u
3a4acTylo 3a Bpemsa aKCrnyarauun cyaHa Ux pecypc He pacxoayeTcs
A0 KoHUa. [ins yKkasaHHbIX BUAO0B Cyn0Boro o6opyfoBaHUs XxapakTepHo
Hanu4ue NOCTOSAHHOro YCTanocTHOro nsHoca. flpu sToM Yncno LUKos
OueHb Benuko — 107 UMKNOB (YTO COOTBETCTBYET Npefeny ycTanocTy)
jocruraetca nocne 1-2 net akcnnyarauuu. CrieqosaTenbHo, ecnv
nocrne 3TOro He NOABNAIOTCS Kakne-nG0 BHELLHKWE UMK KOPPO3UOHHbIE
NOBPEXAEHUS, 8 LIMKNOBLIE Harpy3kn He M3MEHSATCS, TO OrpaHNYMBaTh
pecypc He UMeeT CMbICna. 3TO NOATBEPKAAETCH NPaKTUKON: MOOMKM
cBsi3aHbl NGO C M3MEHEHWeM paiioHa NnaBaHUA CyAoB, BCNEACTBUE
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Puc. 12
YacToTa aBapuil pasnudHbIX BUAOB CyA0BOro obopyaosaHna

yero MoSIBNSMUCE AOMOSHUTENbHBIE Harpysku, NMOo C HekavyecTBeH-
HbIM PEMOHTOM. TpUMEPOM MOTYT CIyXUTb aBapuu rpebHbiX BanoB
cynos Tvna «OMcKuii»: nocre UX nepesoAa u3 pe4Horo knacca B cme-
LWAHHBIA «PeKa-Mope» yBernuuunacs amnnutyaa konebaxuit kopnyca
Ha BOMHEHMK, @ TaK KaK Ha Cyjax 3Toro NpoekTa NuHWA Bana umeert
[OCTaTo4qHO GOMbLUyIO ANMHY BO3HWUKIWU AONOMHUTENbHBIE Harpy3ku B
BanonpoBoAe, YTo NPUBENO K MONOMKE HECKOMbKUX rpebHLIX Banos.

O6Ljas CTaTUCTUKa aBapuitHbiX CiiydaeB C koTnamu npuseaeHa
Ha puc. 13 u 14, KOTOpblE NOKa3bIBAIOT, YTO YACHO aBapwuii C cyaoBbl-
MM KOTNIaM1 HEYKIOHHO CHkaeTcs. B HacTosLee Bpems ux 4actora
3HaUUTENbLHO MEHblUe, YeM YacToTa asapwii rmaBHbIX Asuratenei u
BanonpoBoAoB. YacTtoTa aBapuii KOTNOB UMEET TeHAEHLMIO K CHIDKE-
HUIO, HECMOTPSA Ha YBENWUYEHUE UX CPeAHero sospacta. JT0 MOXHO
0BBACHUTD CNEeAyWMMY NpUHHaMu:

B 9KCTNMyaTauun Ha cyaax NpakTUYecku He OCTanochb rMmaBHbIX
KOTIOB, OTKa3sbl KOTOPbIX NMPOUCXOAAT 3Ha4NTEnbHO Yaije BCnomo-
raTenbHbIX M3-3a Gonee Bbicokoro pabovero fasneHns v Gonbiueil
hopcnpoBku;
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Puc. 13
Yucno aBapwil KOTNOB Ha cygax ¢ knaccom PC
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Puc. 14
YacToTa aBapuil napoBbIX KOTNOB Ha Cyaax ¢ knaccom PC

OTKa3bl BCOMOraTesbHbIX BOAOTPYBHLIX KOTNOB (a ux 6onbLUMHC-
TBO) 3a4acCTyI0 HE SBMSIOTCA KPUTNYHLIMY 1, B GONLLUMHCTBE CNyYaes,
ycTpaHumMbl B npoLecce aKcnnyartauun (rnywedwe vactu TpyS, noj-
BanbLoOBKa U T. .);
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napaMeTpbl Napa CyA0BbIX KOTSIOB UMEIOT TEHASHLIMIO K CHIKEHUIO,
3a4acTylo BCrOMOraTenbHble KOTIibl SKCMyaTpYIoTCA Npy AaBneHu
HIDKEe pacyeTHoro;

BesonacHasi paboTa KOTENbHOW YCTAHOBKU BO MHOFOM Onpeaesns-
eTcs HaaexHoin paboToi npeaoxpaHuTenbHbIX KnanaHoB, KOTOpble
pesepBupyoTcs.

B OCHOBHOM BCE aBapuiiHble Cry4au C KoTfiamu CBf3aHbl C He-
Ka4eCTBEHHBIM PEMOHTOM WNKU MECTHBIM MeperpesoM B CneacTsne
yrnycka Bofbl, NNOXO/ BOAOMNOArOTOBKOMN 1 OTNIOKEHNUAMM Hakunu B BO-
[SIHOM NpocTpaHcTee. U3 NpnBoAMMON CTaTUCTUKN HE CeayeT, YTo Cy-
LecTBYeT Kakas-nn6o HeobXO0AMMOCTb OrpaHUyeHns WUCronb3oBaHus
KOTIIOB Ha OCHOBaHWW [OCTWKEHUS UMW mpefenbHoro BospacTa Ges
LOMOSNHUTENbHBLIX NPUYMH, NONYYEHHbIX MO pesynbraram TEXHUYECKOro
HabnoaeHnsA.

CTaTUCTIKa aBapwii COCyA0B NoA AaBneHnem OTCYTCTBYET, TaK KaK
aBapuu cryyarTcs kpaiiHe pegko. MNpy aTom ecnin paccmarpusarb yc-
TanocTHLIN N3HOC OT KonebaHusi BHYTPEHHEro AaBrneHns, TO B OCHOB-
HOM 107 LMKITOB (4TO COOTBETCTBYET Npeaeny ycTanocTtu) AoCTuraeTcs
nocrne HecKoRbKMX MeT skcnnyatauuu. Tak Kak apyrve Buabl U3Hoca
(koppo3usi) Ans COCYA0B NOA AABNEHUeM NpoTekaeT MEAneHHo, a na-
paMeTpbl BHELIHUX Harpy30K He U3MEHSIOTCS HET HUKaKuX OCHOBaHUIA
orpaHu4mBaTh 1x pecypc.

YacToTa NoxapoB W B3pbIBOB Ha CyAax mMano nameHsnach 3a noc-
negrve 30 net (puc. 15) ¥ B OCHOBHOM BCE aBapuy CBS3aHbI C Yeno-
BEYECKMM (haKTOPOM, @ He C NonoMKamm kakoro-nubo oGopyaoBaHNs.
Cyaa, Ha KOTOpbIX POU3OLLNN TaKue aBapuki OTHOCATCA K pa3HbiM BO3-
pacTHbLIM rpymnam, YTo No3BONSET CAeNnaTb BbiBOA O TOM, YTO BEPOAT-
HOCTb NoAOBHbLIX aBapwii He CBA3aHa C BO3pacToM CyAHa W, BEPOATHO,
B Gonbluel CTENEHN 3aBUCUT OT KBanupvkaumn 1 AnCuunaInHnpoBaH-
HOCTM YNEeHOoB aKunaxa.

HavuBonee onacHblM BUAOM aBapun SBNSIOTCA B3pbiBbl Ha HedTe-
HanMBHBLIX Cydax. XapakTepHOW OCOBEHHOCTbI0 MOAoGHBIX aBapuil
ABMNSIETCH OAHOBPEMEHHOE HapyLlleHue HECKONbKUX MYHKTOB npasun
TEXHUYECKON 3Kcnnyarauun, U3 KOTOPbIX Kaxaoe B OTAENbHOCTU He
npuseno Gbl K B3pbiBy. [lepsoe HapylueHue CBA3aHO C BO3HUKHOBE-
HUM B3pLIBOONACHOW CMecu (nnoxas Aerasauust TaHka, OTCyTcTeBUe
KOHTPONS KOHLEHTPaLuM NapoB YrNeBOAOPOAOB MMM OWnGo4HOe
npeanonoxeHne o 6e30nacHoCTn aTMoctepsb! B TaHKax), BTOpoe CBs-
33HO C UCTOMHNUKOM BOCNNaMeHeHus (NpoBeaeHne orHesbix paboT nnm
HapyLueHusi [NT3 npuseaLLne K BOSHUKHOBEHWIO paspaia CTaTu4eckoro
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YacToTa noxapoBs 1 B3pLIBOB Ha cyAax ¢ knaccom Peructpa
(konnyectso asapwuii Ha 1000 cysoB B rog,

anekTpuyectsa). B Lenom, MOXHO KOHCTaTupoBarb, YTO He npocrne-
XVBaETCA CBA3N MeXay BO3pacTOM CYAHa M 4acTOTOW BO3HUKHOBEHUSA
aBapuii, CBA3AHHbIX C NoXapamu v B3pbieamu (puc. 15) n nostomy HeT
HeobXoANMOCTHN OrpaHUYMBaTL CPOK SKCMnyaTauuu cyaoB us coobpa-
XeHUN noxapHo#i 6e30nacHOCTU NOCre NPEBLILLUEHUS HasHa4YeHHOro
rpoekTaHTaMmu cygHa pecypca.

BbiBOAb!

1. Npouecc ysenuueHWs cpoka cnyxObl cynos siBnAeTcs obtje-
MUPOBOW TEHAEHUWEN 1 onpeaenseTcs TeMu npoueccamm, KoTopbie
CBOMCTBEHHbI MUPOBOW 3KOHOMMUKE B LienomM. B cnoxwvslelics cutya-
Ly cyaoBnagenblibl BbIHYXAEHb! UCKaTb MyTU NPOANEHNS CPOKa CITyX-
Gbi cBOMX CyA0B. BBEeaeHue kaknx-nnbo hopmanbHbIX orpaHuvyeHunin co
CTOpOHb! Peructpa no orpaHu4eHuio cpoka aKcnnyatauuv Cyaos u
o6opyA0BaHUA, a Talke orpaHUYeHrs No NpMeMy CyaoB NPeKnoHHOro
BospacTta B knacc PC osHa4aloT NnpoTueoaeicTeme 06bEKTUBHO HENS-
BexxHomy npoueccy. Haubonee npaBunbHON TEXHUYECKOW NONUTUKOMN
CO CcTOpoHbl Peructpa 6bino Gkl He orpaHuyeHune, a yBasbiBaHWe Npo-
ANEHNs CpoKa aKCMyaTaLmu CyaHa ¢ BbINOMHEHWEM CyaoBNaaensbLem
pasnuyHoro poga npoueayp no obecrneyeHunto 6esonacHoli akcnnyara-
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UMK 1 COXpaHEeHUsi NPUEMIIEMOTO YPOBHA pucka. B HacTosillee Bpems
kpaiiHe Heobxoauma paspaboTka Takux npouesyp AnA pasnuyHbix
BWOB Cyf0BOro o60pyAoBaHus.

2. iameHeHWe YacToTh aBapuyin C pOCTOM CpeiHero Bo3pacta CyaoB
He SBRSIETCS OQHO3HaYHbIM U CUNBbHO PasnNUYaeTcs Ana pasnu4HbIX BU-
noB obopyaosaHus. OCHOBHOI NPUPOCT YacToTbl aBapuit NPUXOANTCS
Ha aBapuy KOPMyCOB CyAOB. 3HAYUTENLHO MeHblue HabnoaaeTcs oT-
HOCUTErbHOE YBENUUYEHWE KoNMYecTBa aBapuii rMasHbIX ABuraresnei.
V3ameHeHuit 4YacToTbl asapuil BCoMoraTenbHbiX ABUraTenei, KoTnos,
COCYA0B rof AABrEHWeM, BanonpoBOAOB, ABWXUTENEN, CyAOBbIX yC-
TPOWCTB, npakTudecku He Habniopaerca. MoxHO C SonbLlion ponen
yBEPEHHOCTW CKasaTb, YTO BCE BUALI MEXaHWYeCKOro oGopygosaHus
(3a nckrioueHnem cuctem 3abopTHOW BOALI) He BbipabarbiBaloT CBOi
pecypc 3a BpeMs aKChslyatauun CyfHa, T. €. pecypc cynHa B uenom
onpeaensercs M3HOCOM Kopryca.

3. Mocne npoBeAeHnst peHoBaLuu Kopnyca cyaHa y Peructpa Her
HeobXOoAMMOCTY OrpaHM4MBaTh CPOK JKChnyaTauuu TOro unu Apyroro
BMAa MexaHuyeckoro obopyaosaHua nocne AOCTWKEeHUS HasHaveH-
HOrO MPOEKTaHTOM Pecypca, €CI Ha TO HET APYruX NpuuvH (T. e. He
oBHapyXeHO Kakux-nmbo aedeKTos).

4. HecmoTps Ha 3HauuTenbHOEe yBenuyeHve Bo3pacrta CyAoB, Ha
cygax ¢ knaccom Peructpa He npoucxoauT CyLIECTBEHHOro pocTa
aBapuitHocT. OpHOW M3 npuynH 3Toro, GesycrioBHO, ABMNSETCH Bbl-
COKOE KayeCTBO TeXHWUYECKoro HabniogeHnss MHCNEKTOPCKOro CocTasa
Peructpa.
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TexHuueckoe HabnioaeHue 3a cyAaMu B IKcrnnyarauuu

VK 629.5.011:629.5.017

b.A. I'opeaux, B.U. Yepnenro, B.K. llypnax

TEXHOIIOIMMA TEXHUYECKOIO HABNIOOEHUA
N ®OPMATIU3OBAHHAA OLUEHKA BE3OMACHOCTU

B ycnoeusix pbIHOYHOW KOHKYpPEHUMM, B KOTOPbIX B HacTosiLiee
Bpems paboTaeT PoCCWiCKMA MOPCKOW perucTp CyAoXoAcTsa Kpaii-
He BaxHO chenaTtb Knacc Peructpa Gonee npuenekaTenbHbIM ANS
cyaosnafenbueB W NOBLICUTb €r0 KOHKYPEHTOCMOCOBGHOCTb cpeau
KnaccuukaumnoHHbIx obects. pu aToMm HeoBxoanMo, uTo Bbi wary,
npeanpuHUMaemblie PerucTpomM B 3TOM HanpasneHWn, He NPUBOAKNN K
NOHWXEHNIO NNaHKn 6e30MacHOCTM U Kak CNEACTBUE, YBENUYEHUIO aBa-
puiiHocTu. OaHum u3 Hanbonee acbdekTNBHLIX CNOco60B NOBLILLIEHNS
KOHKYPEHTOCNOCOGHOCTM 11060ro Npon3BoACTBa ABMNSAETCS aHanus ag-
(PeKTMBHOCTN TEXHONOMMYECKNX NPOLIECCOB, U3 KOTOPbIX OHO COCTOMT,
Ecnun B3rnsaHyTb Ha TexHUveckoe HabnoaeHue Kak Ha NPOU3BOACTBEH-
HbI NPOLIECC, TO OYEBUAHBLIM CTAHOBUTCS, YTO B HACTOsILLEE BpeMs
OTCYTCTBYET NOHATUE «TEXHONOrMA TexHudeckoro HabmioaeHus». 3a-
KOHOMEPHOM MOXHO CUWUTaTb MbICNb OMMCATb NPOLIECC TEXHUYECKOrO
HabnogeHns Kak NPOM3BOACTBEHHbIN TEXHONOMMYECKUIA NPoLEece ¢ ue-
NbO €r0 ONTUMMU3ALMK, YTO U COCTaBNAET NPeAMET HACTOosILLEeN cTaThby.
[MOMOXEHNs, W3MOXEHHbIE HWXKE, NPeAnaraloT YKPYMHEHHYK cxemy
npouecca TexHu4eckoro HabniofeHns 3a cygamu B aKChnyarauun u
€ro CBs3b C NoNoXeHusamMu hopMannsocBaHHoN oLeHKN Be30MacHoCTW.

HapexHocTb 1 GesonacHoCTb CyaoBoro ofopyAoBaHWs 3aBUCAT
OT KadecTBa TEeXHWYECKoro HabnioAeHWs 3a ero W3roTosreHuew,
PEMOHTOM U TEXHUYECKUM COCTOSIHUEM, OCYLUECTBNAEMOro Knaccu-
¢hukaumnoHHbIMU obLecTBaMu B npouecce aKkcnnyarauun. ABnssch
rMasHLIM CBOWCTBOM, OMpeaensioliUM KayecTBO CyAoBoro o6opyao-
BaHUsA, HageXHOCTb U 6e30MacHOCTb 3aKnafbiBaKTCA NPU MPOEKTU-
poBaHuu, obecneunBaloTcs NpuU U3rOTOBNIEHUW U PeanusyoTcs npu
akcnnyartaunn. Ha kaxpom n3 aTux cragmnili HEOOXOANMO peLlaTh CBou
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KOHKpeTHble 3agaun. [Io HeaaBHEro BpemMeHn npu peLieHum 3ana4 no
NOBbILLEHUIO HaAeXHOCTM W GesonacHoCTU cyaoBoro obopyaoBaHus
ocoboe BHMMaHWe yaensinocb obecrneveHnio HaaexXHoCTU Ha nepBebIx
ABYX CTagWsaX: Ha CTaAun NPOEKTUpOBaHUA — Tak Ha3blBa&MOW «KOHC-
TPYKTMBHOI» HAl@KHOCTN — 1 Ha CTaAMM NPOU3BOACTBA — TaK Hasbl-
BaeMoii «TexHomnoruyeckoit» HagexHoctn. OfHako, B HacTosulee Bpe-
MSI, yuuTHIBas TEHAEHUUW CTapeHus ¢nota, sce fonee akTyanbHbIM
CTaHOBUTCA obecneveHne HageXHOCTU Ha CTagun akcnnyarauuu, Tak
Ha3biBAaEMOM «3KCMnyaTaLUMoHHO» HaaexHocTU. Ha ctagumn akcnnya-
TaLUWUM CTPEMSITCH Peann3oBaTb AOCTUrHYThIA NPYU MOCTPOIKE yPOBEHD
TexHonornyeckomn HagexHoctn. OaHaKko, AOCTUrHYTb STOMO Ha MpaKTh-
ke, KaK NpaBuno, He yAaeTcs, U ypoBeHb HaaeXHOCTU noboro o6vekTa
HEeNpPepbLIBHO CHKAETCS B NPOLIECCE ero IKCnyaTaunii.

HapexHoCTb 1 BesonacHOCTb aKCnyaTupyloweroca obbekTa 3a-
BUCHT, NpexXae BCEro, OT BYX OCHOBHLIX (PaKTOPOB:

obecneveHne NpaBUNbHON 3KCRMyarauuy, YTo CBA3aHO, B NEPBYIO
ouepesb, C YENOBEYECKUM (PakTopoM,

ofecneyeHne CBOEBPEMEHHOIO ONpeaeneHus NpefenbHoro CocTo-
AHUsA obbekTa No peaynsratam HaA30pHON AEATENBHOCTY.

TonkoBbilh crioBapk pycckoro sisbika C. U. Oxerosa [1] AaeT cne-
Aytollee TOMKOBaHUE MOHATUA «TEXHOMOrNs» — COBOKYMHOCTb Onpe-
JEneHHbIX METOAOB W NPOLIECCOB B ONPEAEeneHHON oTpacnu npous-
BOACTBA, a TakkKe HayyHoe onucaHue cnocoboB NPOWU3BOACTBEA. Tak,
Hanpumep, HayyHas AWCLMIIIMHE «TEXHONOrns MalMHOCTPOEHUS»
W3yyaeT OCHOBbI ¥ METOAbI NPOU3BOACTBA MaLMH, ABNsoLnecs 006-
WMMK ANS pasnuyHbIX OTpacneid MalnMHOCTPOeHUA [2], «TexHonorus
pEeMOHTa» — y4eHne o AedekTax, O npusHakax JecekToB, 0 MeToAax
BLISIBNEHUs AedekToB N cnocobax ycTpaHeHusi AedeKToB B AeTansx,
yanax v 4acTsix CYAOBbIX MEXaHUYECKUX arperaros, YCTPOWCTB, cUCTEM
1 kopnyca cyaHa [3].

Takum 06pasoM, COBOKYMHOCTe METOZOB 1 NPUEMOB M3roTOBhE-
HWUA NPOAYKUMW, BblpaboTaHHbIX B TEYEHUe ANUTENbHOTO BPEMEHN 1
MCNoNb3yeMbixX B ONpeaeneHHoN obnacTi Npon3BoACTBa, CocTaBnsaer
TexHonoruio stoin obnactu. B cBa3u ¢ 3TUM BOSHUKIY NOHATUA: TEXHO-
MOrVst IUTBS, TEXHOMOMMS CBapKH, TexHonorus cOopku 1 T. A. Bee aTn
06rnacTu NpousBOACTBA OTHOCATCS K TEXHONOrUW MaLUMHOCTPOEHMS,
oxsaTbiBatoLleil Bce aTanbl npouecca WU3roTOBEHUs MalMHOCTPO-
uTenbHON npogykuuu. Llenblo TEXHONOMW, Kak Hayu4HOro onucaxus
NPOU3BOACTBEHHBIX MPOLECCOB  ABNAETCA obecrneyeHne BbICOKOM
NPON3BOAUTENBHOCTK U HEOOXoANMOro cTabunbHOrO Kadecrtesa npu
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HauMeHbLUNX MaTtepuanbsHbiX 3aTpatax. 3agadveill Takoro onucaHus
TEXHNYECKOro HabrnogeHus AomkHO BbiTb obecneveHne uenei Tex-
HUYeckoro HabrnioaeHNst MpU HaUMEeHbLLWX MaTepuanbHbIX 3aTpaTtax
Pernctpa u cygosnagenbLes.

B [4] naeTcs cnepyiollee onpegenexue; « TexHudeckoe Habnwae-
HUe» — nposepka CooTBETCTBUA 06beKToB HabnogeHna TpebosaHusaM
HOPMaTUBHbIX JOKYMEHTOB Mpy paccMoTpeHUn 1 oaobpeHnn (cornaco-
BaHWUW) TEXHUYECKON AOKYMEHTaLWUM, a TaKe OCBUAETENbCTBOBAHUE
o0bekToB HabnaeHUs Ha aTanax U3roToBNEeHUs, NOCTPOIiKY, 3KCrnya-
Tauuy, B TOM Yucne, nepeobopyAoBaHUsa, MOAEPHU3ALUN U PEMOHTA.

InaBHOW Lenblo TexHudeckoro HabniogeHus asnaeTcs obecneye-
Hue GesonacHon 3Kkcnnyarauun noTeHUWanbHO ONACHOro MPOWU3BOAC-
TBEHHOro o6bekTa. MNpu 3TOM KOHEYHBIM NPOAYKTOM Ha Kaxaoi cTaamm
TEXHUHYECcKoro HabniofeHus SBNSIETCA UHMOpPMaUUsi, Ha OCHOBaHUU
KOTOpOii NPou3BOANTCH MPOrHo3 M3ameHeHus BeaonacHocTu obbekTa
Ha onpegeneHHbIi NPOMEXYTOK BPEMEHH.

Takum o6pasom, MOXHO AaTb crieflylolyee onpeaeneHue:

TEXHONOrus TexHuyeckoro HabnwgaeHus (TTH)
npeacTasnaeT coboi COBOKYNHOCTL METOAOB M NPUEMOB BeEHUS Tex-
Huueckoro HabnogeHns, ncnonbayembix AN NOMyYeHUs OCTOBEPHON
NHOPMaLIN O HaAEXHOCTU U 6e30NacHOCTU 06bekTa HabnaeHNa
BO3MOXXHOCTM €ro AarnbHeiLwero Wcnonb3oBaHus.

Llenbto TeXHONornm TexHM4YecKkoro HabnoAeHNs Kak Hay4YHoro onu-
CaHus rnpoLiecca TexXHU4ecKoro HabnogeHna cnegyet cuntaTtb obecne-
YeHue Leneil TexHuyeckoro HabniogeHnsa (obecnevyeHnst HaaeXHOCTH K
6e30nacHOCTH) NPU HaUMEeHbLUNUX MaTepuanbHbix 3aTpatax Perucrpa u
CynoBnapenbLes.

B 1997 r. UMO opobpuna BpemeHHOe pyKoBOACTEO MO MpUMEHe-
HUIO chopMan13oBaHHoOM oLeHku GesonacHocTu (FSA — Formal Safety
Assessment), HanpasneHHOe Ha NoBbiLUeHUe 6e30NacHOCT MOPCKOro
cyaoxoacTea. dopmanusoBaHHas oleHka 6e30nacHOCTM nNpeacTasns-
eT coboi MHCTPYMEHT (npeanucanue) ans paspabortku Mpasun MO
Ha OCHOBE OLEHKWU pucKa, CBA3AHHOFO C cypoxoacTeoM. Kpome Toro,
¢popmanusosaHHasa oLeHka 6esonacHocT (POB) — 3TO CUCTEMHbINA
noaxoA K OUEHKe pucka, KOTOPbIA BO3HUKAET B MOPCKOW MpakTuke, a
TaKkKe K OLEHKe CBA3AHHbLIX 3aTpar K BbIrof OT anbTePHaTUBHLIX pe-
LUEHWiA, KOTOpble MOryT paccMaTpusaThesl, YTOObl MOHUSUTL YPOBEHb
pucka. CornacHo {5, 6, 9] OB npegnonaraeT cnegylowue aTanb!:

naeHTudrKaumns onacHocTen;

aHarnus pucka;
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cnocoGbl yNnpaBneHns puckom,

OLEHKa CTOMMOCTH 1 3KOHOMUM NpU NPUHATUYK criocoBos ynpaene-
HUS PUCKOM;

pekoMeHAaLmMuy No NPUHATMIO PeLeHUiA.

Mpumepom npumeterns GOB B NpakTUMECKON AesTensHOCTH Pe-
FUCTPA MOXET CIYXUTb OLieHKa 6e30nacHOCTM aMMUaYHbIX XOnoAunb-
HbIX YCTHOBOK, METOAMKA KOTopoii Obina paspaboTaHa B 1999-2001 rT.
[7]. No pesynsTatam npumeHeHnst POB kK aMMuadHbIM yCTaHOBKaM
6binu onpegeneHbl cunbHble 1 cnabble CTOPOHbI MeToAONOTK ®OBb.
OpHoii n3 cnabbix cTopoH ®Ob sBnAeTca npuesAska K KOHKPETHOMY
(HacTosLLeMy) MOMEHTY Npu ouerke GesonacHocTu. B mecte ¢ Tem,
onacHble OGbLeKTbl JKCMIyaTUpYyTCA OnpefeneHHbli NPOMEXYTOK
BpeMeHN C HensbBexHbIM NpoTekaHuem NpoLieccoB CTapeHus u pas-
MYHBIX BUAOB U3HOCA, YTO HE MOXET He CKasaTbCs OTPUUATENBHO Ha
HaEXHOCT TOrO UNW WHOTO 3ANEeMEeHTa YCTaHOBKM U, Kak CneacTsue,
6e30NacHOCTY MexaHuyeckoro o6opyaoBaHus v cyaHa B uenom. na
MOHUTOpPUHra 6e30MacHoCT OGLEKTOB HEOOXOAUMO Neproanvecku
oueHmBaTe ®OB, uto, GE3ycnosHO, HEBO3MOXHO B 3JKCNAyaTauuu.
Mo MHEeHUIO aBTopa, BO3MOXHO NPOM3BECTU CUHTE3 METOAMUKN $Ob u
MONOXeHNIi TEOpPUM AerpasaLMoHHbIX NPOLECCOB 1 UCNonb30BaTL 062
noAXxoAa npu npoBefeHnn TEXHUYEecKoro HabnoaeHus.

MOXHO BbIAENUTb CNEayoLme aTanbl TeXHUYeckoro Habnoaenns
3a 0GBLEKTOM B SKCMIyaTayuum, Kotopble n 6yayT, no cyTy CBOeH, yKpyn-
HEeHHO OMUCBLIBATL TEXHOMOrMIO TEXHUYEeCKoro HabrnoaeHus.

1. OueHKa onacHoCTU obbekTa.

Mpon3BoauTCA NyTEM aHanmsa asapuiiHbiX cnyvaes ¢ OAHOTUMHbI-
MU OBbEKTamu UNY aHanornyHbIMKM 06beKTaMn B CMEXHbIX obnacTax.
YUUTLIBAETCS B HOPMATUBHBIX JOKYMEHTaX 1 HOMEHKNaType oGbLekToB
TEXHUYECKOrO HabnwoaeHUs. '

2. Onpegenerue (MaeHTUUKaLNA) AerpasaLlMoHHbIX NPOLIECCOoB,
BEAYLUMX K peanusaumu onacHocTed.

MponssoauTca nNyTem aHanusa usnyeckux npoueccos, npote-
Kalowmx B oBbekTe MpU aKCnnyartalun, a Tak Xe aHanusa npuynH
HACTYNNEHNs aBapuilHbiX CMy4Yaes C OAHOTUMHLIMM oGbekTamu unu
aHaNOIMMUYHLIMM OObEKTaMi B CMEXHbIX obnacTax. YuuTbiBaercs B
HOPMaTMBHbIX AOKYMEHTaX U HOMEHKNarype oObEeKTOB TEXHUYECKOTO
HabnioaeHua. OaHOI N3 BaxHeMLLeN CoCTaBNAOWMX NaeHTUdMKaL K
AerpafaunoHHbIX MPOLECCOB SIBASETCA OnpefeneHne napameTpos,
BNUSIIOLLMX HA UHTEHCUBHOCTb NPOTEKaHWA AerpafaunoHHbIX npouec-
coB. Mpon3soanTCA NyTem aHanusa usnyecknx NpoLieccos, npoTeka-
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ownx B obbekTe Npu aKcrnyaTaumy, aHanusa U3nveckon CyLHOCTH
npoueccoB. B 3aBUCUMOCTY OT 3HaYeHUs yKasaHHLIX NapameTpoB Me-
pONpPUATUS NO KOHTPOMIO N NX YacToTa Ha3HaYaloTCs No-pPa3HOMY.

3. Onpeaenexne KPUTUYECKOrO 3HaYeHa napameTpa, xapaKkTepiu-
3ytoLero npeaaBapuitHoe COCTOAHME, T. €. ONPEAENeHNUE 1 OTpaKeHe
B HOPMaTUBHbIX AOKYMEHTaX 3HaYeHUs NapameTpoB, 4O AOCTUXEHUS
KOTOpbIX O6BEKT MOXET AerpaanposaTh B pamkax 4onycTuMoro ypoB-
Hs 6e30MacHOCTU.

[MpoussoanTCA NyTEM CONOCTaBNEHUS COOTHOLLUEHUS napamert-
poB XapaKTepuayloWwmx NPOYHOCTb W Harpy3ku. YUWTbIBAETCA B HOP-
MaTUBHBIX [OKYMeHTaX. MUWHWManbHO-4ONYyCTUMbIE COOTHOLLEHWS
NPOYHOCTL/HArpy3Kka XapaKkTepuayloTcst NOCTPOEUYHLIMU KoadduLneH-
Tamu 3anaca, HagbasKkamu Ha KOPPO3UIO U Tp.

4. OnpegernieHune rnyBuHel gerpagauuu obvekta (nytem gedexra-
LMK 1 MccnefoBaHus COCTOSTHWS 0ObeKTa B riepuog akcnnyaTtauum).

MNponssoauTtcs nyTem ocBUAEeTeNnbCTBOBaHWSA obbekTa, nposefe-
HWS 3aMepoB MapameTpoB W PasMEpoB, XapaKTepUaYWUX W3HOC.
TexHu4eckoe cocTosiHue obbekTa onpenenseTcsi COBOKYMHOCTLIO ero
CTPYKTYPHbIX NapameTpoB:

AeTanei v ysnos (AuameTpbl TPyO, TOMNLYMHLI CTEHOK, 3a30pbl K
T. N.);

pasmMepoB 3KCNyaTaLunoHHbIX nospexaeHni (ry6uHbl u nnotagn
KOPPO3NOHHBIX A3B, pasMepbl TPELLUNH, CBULLEN, NPoruboB, BbINYYMH U
T. N.);

MEXaHUHYECKUX XapaKTepuCTUK NPOYHOCTU U NNAcTUMHOCTU MaTe-
puanos vusgenuiz (Nnpegenb! TEKYYECTU U NPOMHOCTWN, OTHOCUTENLHbIE
yanuHeHue un cyxeHue obpasua, yaapHas BA3KOCTb, TBEPAOCTD).

5. OnpeaeneHve cKOpOCTW Aerpagauvm W MNpPOrHO3MpoBaHKe
BpeMeHU A0 AOCTWKEHUS KPUTUYECKOro (onpegeneHne ocTaTouHoro
pecypca).

MNpoussogutca nytem aHanusa n ob6paboTkM [aHHbLIX 3aMepos,
NpoBOAALUMXCA Ha npepblaylemM atane. [ns atoro gomkHa 6biTb
npuHATa aMnUpuyecKkasl MoOAENb CTapeHusi, T. €. Mogerb U3MepeHus
fapameTpoB, NOCTPOEHHAsA Ha OCHOBE Ka4YeCTBEHHOrO onucaHua du-
31KV NPOLIeCCOoB, NPUBOAALLUX K OTKasaM. Hanbonee npocToit hopMoii
annpokcumaumn gerpagaunoHHbIX MpoLUECCOB CTapeHns SBAAITCH MO-
Aenu nonuHoMuHanbHoro Tuna. NpumMepoM NpUMEHeHUs B fpaKkTuke
Peructpa nporHosumpoBaHna Ha OCHOBE anpoKCHMAaLMOHHOW Mogenu
(vcnonb3ayeTcsi NONUHOM NEPBOI CTENEHU) MOXET CNyXuTb VHCTpykK-
LS No OCBUAETENLCTBOBaHMIO Tpybonposoaos [8].
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Ha puc. 1 npeanaraercsi cxema COOTHOLUEHUS ¢hopmManu3oBaHHoiA
OLIEHKV 6e30MacHOCTH M TEXHOMOTMN TEXHUHECKOro HatntoaeHus.

Takvum 06pa3oM MOXHO KOHCTATMPOBATb, YTO B NpeanaraeMoi cxe-
Me TexHONorus TexHudeckoro Habnwoaenus (TTH) oxsaTbiBaeT nepebIi

—-———m—-———n—-ﬂ-m-—-—-—-—-—m‘

! HpenTuQHKALKA ONACHOCTEH
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Hpenruduranus Hpeutrdrranus gerpagal HOHHEX
onacHocTel | TpoNECCOB, BEAVINMX K pEaRUzANEN
onacKoeTel

!

Onpegencnne DapaMeTpos, BABMIOMHUE Ha
HHTEHCUBHOCTD AErPANAHOHHEX NIPONECCOR

il ittt el

: Onenxa |puCcKa

Ounpenesnenns riy6uHL NETpanalun TyTeM Aedexrannn K
HCLTEOBARAR COCTOSHMA 06HEKTa

|

Onpegenenue CXOPOCTH RETPARAMT B OPOTHOVAPOBANHE
BPEMERY KO FOCTHKESHHS KPHTARECKUX BEIHIHE
(Onpegenerue oCTATGIHONS PECyPCa)

Texnogorufl TEXHHYECKOTO nabaroaeHAda

M

F.

Croco0bl yIpaBJI¢HUSE PHCKOM

}

OieRRa ¢CTOHMOCTH H IRONOMHH NPH
pa3jIHYHbIX cnocodax yOpaBJieHHs PHCKOM

|

PexoMeHAAHHE 110 HPHHATHIO PelIeHnif

Puc. 1
CooTHoleHne hopmann3osaHHoi oLeHku GesonacHocty (POB)
Ha 3Tane aKCrnyaTaLul ¥ TeXHooruy TexHuueckoro Habnogexns (TTH)
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W BTOPOI aTanbl hopMannsoBaHHom olleHkn 6esonacHocTu (POB). Mpw
3TOM OTNUYMTENBHON OcobeHHocThlo (TTH) sBnseTca He Henocpesc-
TBEHHAas OLIEHKa pUcKa, a pacyeT 0CTaroYHOro pecypca no Kakum-nuto
KOHKPETHbIM BblGpaHHbIM NapameTpam KpUTUYECKW onacHoro obbekTa
UMK OLEHKa pUCKa NyTeM CPaBHEHUS C APYTMMU SKCHNyaTUPYIOWUMM-
cA aHanoruyHbIMu obbexktamun. TpeTuid, YeTBepTbii U NATLIA aTanb
OB npoBoAsTCA COBMECTHO C CyAOBNagenbsLUem, Tak Kak MUMEHHO OH
BormkeH genarb BbIOOP Mexay AanbHeler skcnnyataumen cygHa u
BbINnonHeHnem TpeboBaHuin no obecneyeHunto 6€30NacHOCTM Ha OCHOBE
OLIEHKU 3KOHOMUYECKON LienecoobpasHoCTh AanbHeillei akcnnyara-
uuu cyaHa.

3anaun no onTumusauuu TpeboBaHUA NPU TEXHUYECKOM Habnio-
AEHUM 32 ONacHbIMU TeXHUYECKUMU OOBbEKTAaMN BO MHOTOM CXOAHbI C
3afa4amy, peluaembiMu B npouecce NnaHupoBaHWUs oGCIyXUBaHUA
TexHUYeckux obbLEeKToB NMo hakTMHeckoMy cocTosiHMo. aeHTuduka-
LMA haKTUYECKOro COCTOSIHUSA CIIOXHbIX TEXHUYECKUX CUCTEM, OBHapy-
XeHWe NpefoTKasHOro COCTORKUSA, NPOrHO3UPOBaHUE AUHAMUKN N3Me-
HEHUs COCTOAHMA B NpoLiecce aKcnyatauuun, onpeaeneHne ocTaToM-
HOro pecypca —~ BCe aTW 3a[a4n COCTaBnAIOT YacTu eanHoR npobnemsl
— obecneveHve Ge3aBapuiiHO aKChNyaTaLum MOPCKON TEXHWUKK.

BbiBoAb!

B HacToswee Bpems TpebGosaHua Peructpa no TexHUYECKOMy
HabnoaeHuo 3a cygamu B akcnnyatauuu [4, 8] npeacraensioT coboit
cOopHUK oTAEnbHbIX TPeGOBaHMIA, B KOTOPbLIX HE BCEraa NpocMaTpusa-
ETCH CUCTEMHOCTb. B HacTosILeR cTarbe npeanaraeTca onpeaeneHune
1 YKpYNHEHHAas CTPYKTYpa TEXHONOrMM TeXHUYECKoro HabnwoaeHns Kkak
Hay4HOro onucaHua npouecca TeXHU4eckoro HabnogeHs 3a cyaamu
B 3KCNNyaTaLumn ¢ LUerbio onTumusauum ero TpebosaHunit. Ans noebiwe-
HUs1 3 PEKTUBHOCTIN NpeanaraeTca paccmoTpeTb TpebosaHusa Peruc-
Tpa B CBETE Npeanaraemoin CXembl, YTO, BO3MOXHO, MO3BOMUT UCKIIO-
YnTb OTAEMNbHbIE TpeboBaHWA 6e3 CHUKeHUS YPOBHSA 6e30NacHoCTMW.
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MopexoaHble kayecTBa cyAoB

VIAK 629.5.017.2/3

P.B. bopucos, M.A. Kymeiinuxos, A.A. JIy3anun

KOPPEKTUPOBKA METOOWKU
HOPMWUPOBAHUA OCTOUYUBOCTU BYKCUPOB

1 AHanus cyuecTByroWMUX noaxoaos kK Hopmuposauuio oc-
TOMYUBOCTM GYKCUPOB NPU YCNOBHOM MOMNEPEYHOM phbiBKe
6yKkcupHoro Tpoca

Bykcupbl, npeaHasHaueHHble ans paborbl B NOPTY U Ha peii-
ae

MNpakTuka nokasbiBaeT, 4YTO aBapuu OyKCUPHLIX CyAOB BCReac-
TBUE NOTEPW OCTOWHUBOCTM NOYTU UCKIHOYUTENBHO MPOUCXOANT MoOA
defctBuem BbicTpo obTarusaemoro GykcuMpHoOro Tpoca. Bece siBnenue
OMPOKMAbIBAHNA NPOUCXOAUT HACTONLKO CTPEMUTENLHO, YTO, B 60nb-
LUMHCTBE CyYyaeB, OKa3blBAeTCA HEBO3MOXHbIM BOCMPENATCTBOBATL
onpokuabiBaHuio cyaHa. Mo3ToMy criyvan «peiBka» GyKCUPHOro Tpoca
noanexar 0co6eHHo TLaTenbHOMY paccMoTpeHuto [1].

PbiBoK GyKCMPHOro TpOCa MOXET NPOU3OUTH B ABYX CRyYasx: npu
ABUXEHUN BGYKCUPHOro CypHa, HaTarvBalowWero paHee ocnabneHHbii
TPOC Npu MOMOLWMN COBCTBEHHOTO ABWXUTENS, UMW MPU OBUKEHUM
Bykcupyemoro Bo3a (No MHepuuW, noa AeNCTBUEM TEYEHUs unu cobe-
TBEHHbIX ABWKUTENEN) OTHOCUTENBHO BYKCMPHOro, NpuyeM nocnegHee
MOXeET ObITb BHa4Yane HenoABMKHLIM.

MNepsbIii cny4ar BCTpeYaeTCcs, Hanpumep, Npu CHATUK C Menn Bo3a
noa Aeurcrsuem pasroHa Bykcupa. Bykcup HaGupaer ckopocTb Xopa
npu cBoGOAHOM, HEpPacTSHYTOM TpOce W 3aTem CBOeW WHepumeir u
TATOW ABWXWUTENen co3aaeT AMHaMUyecKoe HaTshXeHue Tpoca, aeiic-
TBWEM KOTOPOrO MHOTAA MOXHO CHSITb BO3 € Menu. MoxXeT okasaTtbes,
4TO BO Bpemsi o0TArMBaHUsi Tpoca ero HanpasneHue COCTaBuT ¢ aua-
MeTpanbHO# NNocKocTbio Bykcupa AocTaTodHO GonbLLIOiA yron Tak, uTo
fIPOeKUns AUHAMUYECKOrO HaTHKEeHUs Tpoca Ha MOCKOCTb MuAernb-
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LWNAHIOyTa MOXET CO3AAaTb ONAaCHbIN KPEHALUMA UMMYNbCUBHBIA MO-
MEHT. AHanorMyHoe NoroXKeHue MOXeT NonyynuTbea Npu CTpemneHun
ByKcupa Pesko U3MEHNTL KYPC BO3a CUNON HATHKEHUS Tpoca, Npy 3TOM
BO3MOXEH BbiX0/, GYKCUPHOro CyAHa Ha LMPKYNALKIO C HATAHYTHIM U,
4TO elLe onacHee, C NpeasapuTenbHO ocnabneHHbiM, @ 3aTem GbICTPO
HaTAAHYTbIM TPOCOM.

Bo BTOpoM crnyyae Gykcupyembiii 803 (CyAHO), ABUrascCh O UHep-
UMM noa AecTBUEM TeyeHnsi, COOCTBEHHOro ABWKUTENS WU noA
peicTeuem gpyrux GyKCUpHbIX CYA0B, HaTRrMBaeT paHee cBoOOoAHbIM
Tpoc, NepeAasasi Ha rak AOCTATOMHO Gonbluylo MMNYNbCUBHYIO cuny
pbiBka. B HEKOTOPbLIX CMy4asx: MOXET oKasaTbCsl, YTO Oykcup B 3TOT
MOMEHT HaxOQWTCH Nlarom K HarpabfieHnio pbiBKa, TOrAa BOSHUKAET
onacHbI KPEHALLWIA UMNYNbCUBHBIA MOMEHT.

W3 BHELIHMX (PaKTOpOB MO OTHOLLEHWo K GykcupHOMYy CyAHy BO
BCEX CMyvasix peluaroliee 3HaYeHe UMeeT CKOPOCTb ABWKEHUs Oyk-
CVMPHOrO CyAiHa OTHOCUTENBHO BYKCMPYEMOro BO3a 1 Yrofl, KOTOpbIi CO-
craenset 6yKCUPHbIF TPOC C ANaMETPanbHON NNOCKOCTbIO fykcupa. B
NepeoM cryuae HanGonbLUKi KpeH Nony4aeTcs, koraa GyKCUPHbIA TPOC
cocTaensiet ¢ [l yron Heckonbko MeHbwmii 90°. Bo BTOpoM criyyae
Hanbonee OnacHbIM SBMAETCH YUCTO NONEpeYHbii PLIBOK. JTOT Moc-
neaHuit ¥ NPUHAT 3@ OCHOBY NpW paspaboTke AONONHUTENbHBIX TPeGo-
BaHWit K OCTON4MBOCTU ByKCUPHLIX CyAoB B Hopmax ocToitumeocTu’ [2].
WccrnegoBaHue OMHAMUKN CyAHa Noa fAeicTsnemM pbiBka GyKCUpHOro
Tpoca 1 paspaboTKy NpoekTa HoBbIX HOpM OCTOYMBOCTY OyKCUPHbIX
CyA0B NPOBOANI CEKTOP MOPEXOAHbIX Ka4eCTB L{H1W mopckoro dnoTa
[3,4,5,6,7,8]. ’

MepBOHa4ankbHO MPEANONaranoch, YTO OCTORYNBOCTb GYKCMPHBIX
CYAOB AOMKHA HOPMUPOBATHCA NO ABYM CYLIECTBEHHO Pasiu4HbiM
HanpasfeHusM:

1. N0 KPUTEPUIO, BbITEKAIOLLEMY 13 aHanusa AMHam1Kn nonepeyHo-
ro pbiBka ByKCUpHOro Tpoca.

2. MO KpUTEPWIO, BbITEKAIOLEMY U3 aHanu3a KpeHALero MomeHTa
MpN KOCOM Kypce CyAHa € HaTAHyTbiM GyKCPHBIM TPOCOM MOA YFNOM,
OnuUsKUM K NPAMOMY.

Kak nokasbiBaeT aHanu3 cun, BO3HMKaOLWMX NPy ABWXEHUN C YTIOM
apeiidpa cyfHa C HaTsIHYTbIM OYKCUPHBIM TPOCOM, KpEHsillee HaTske-
HME ero 3a cYeT BO3HUKHOBEHUs cuiibl Apelida aaxe npu yCTaHoBMB-

1 Nanee — Hopmel.
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LIemMCSl ABUKEHUM MOXET B HECKOMbKO pa3 NpeB3oiTu Hambonbiuyto
TAry BUHTa. PaHee npeanonaranock, YTo 310 Haubonbluee KpeHsLlee
ycunue pasHO NOSOBUHE TAMM Ha rake Npy NpsMoM Kypce.

MonbiTka BHECTV B HOpMbI HENOCPEACTBEHHYO MPOBEPKY OCTOM-
YMBOCTM NPU yKa3aHHOM YCTaHOBUBLLEMCS peXWUME ABUWKEHUS cyaHa
okasanacb GesycnelHon u3-3a OTCYTCTBUS AOCTATOMHOrO 3KCnepu-
MeHTanbHOro Marepwana Ans pacdera Cunt U MOMEHTOB, BO3HWKAIO-
WKMX MpU TaKoM pexume. STU CUMbl U OCOBEHHO MOMEHTLI PE3KO K3-
MEHSIIOTCA C N3MEHeHUeM opmMbl 06BOZOB CyA0B. AHANU3 AUHAMUKM
KOCoro pbiska GyKCMPHOro Tpoca npu pasroHe cyaHa noj AeficTBuem
ABUDXUTENS roKasars, YTo NpakTUYEeCcKn BCe CyAa He MOryT NpoTUBOCTO-
ATb AMHAMUYECKOMY KpeHsILeMy NelCTBUIO pbiBKa Ha KOCOM Kypce ¢
Tpocom, Bnu3kUM K Tpasepay. [03TOMY TaKoi pexum He MOXeT ObITb
NOMoXeH B OCHOBY HOpPM OCTOAYMBOCTM; B MpakTWUke 3Kkchnyarauuu
GyKCUPHOrO CyAHa OH HU B KOEM criyyae He JorkeH GbiTb JOMyLyeH.
Ana nonHoro ofecneveHun 6e30NacHOCTV OT ONPOKUALIBAHUS CyaHa,
Cry4yaiHO NonaBLUEro B PEXUM KOCOro pbiBKa, Crieqyer pacrnpocrtpa-
HUTL MpUMEHeHe Ha BYKCUPHbIX CyJax cneyuansHbIX YCTPORCTB Ans
MrHOBEHHOWN OoTAadn Tpoca W3 pyneson pyGku B aBapuilHbIX Criyvasx
UN¥ YCTAHOBKU aBTOMATUYECKU OTAAILLUXCS FaKoB.

B ocHoBy HopmupoBsaHus 6bina nonoxeHa AMHaMuUKa NonepeyHoro
pbiBKa No cxeme puc. 1-1. [daxe npu Tako# NPOCTON cxeme AuHaMuKa
pbiBKa OKasbiBaeTCA elle BeCbMa CMoXHOR Ans HOPMUPOBaHWSA. 3To
obycnosnusaeTtcs Tem, YTO AMHaMUYECKU KpeH ByKCUpHOro cygwa,
MOKOALLIErocA A0 pbiBKA, 3aBUCUT OT CIEAYHOLMX BHELIHUX obcTos-
TENbLCTB.:

CKOpPOCTW v pbiBKa, T. €. CKOPOCTY ABUXEHUS BO3a MO OTHOLUEHMIO K
OyKCUpHOMY CyaHYy;

Puc. 1-1

57




COOTHOLLIEHMSI MacC Bo3a U BYKCMPHOIO CyaHa;

ANVHbI TPOCa, €ro Beca, ynpyrocti U HepLun.

BeefeHve B Hopmb! BUSHUS AMWHBI, Beca, ynpyroct u WHep-
LMK TpOCca YpesBbl4aiHO YCroXHUIOo Bbi 3anavy paspaboTku Hopm u
WX WUCMONb30BaHKUS, TaK KakK 3T hakTopbl B NpakTUKe akcnnyarauun
[AAHHOro CyAHa MEHSIOTCA B LUMPOKVX NpeAenax u ABNATCA B 3Ha-
yuTenbHON Mepe cnydvaiHbiMu. MosTomMy B camom Hadane npuinoce
WUCKIIOYNTD YYET BNNAHUA STUX (DaKTOPOB U3 PACCMOTPEHUA. 3agava o
KpeHe peluanack B NPeAnonoXeHu HEBECOMOCTU 1 HEPaCTSKMMOCTY
TpOCa, 4TO UAET B 3anac OCTOW4MBOCTH.

PaccmaTtpusanochk aswxeHue BykcupHoro cyaHa A (puc.1-1) mac-
Cbl M nog, ACTBMEM MONEPEYHOrO pbiBKa ByKCUPHOro Tpoca, NULLIEH-
HOro Beca, YNpyrocTy u uHepuuu. Mpeanonaranock, YTO B HAYarbHbIA
MOMEHT BPEMEHN CyAHO A Haxofunocb B NOKOe B HEHaKpeHeHHOM
COCTOSIHUM U TPOC / He Bbln HaTAHYT (B CAeNaHHbIX NPEANONOKEeHUAX
AnMHa Tpoca He uMeeT 3HaveHus). Bcneacteue fBwieHus Bosa B
mMaccoii M (C y4eToM NpUCOeAVHEHHbIX MacC BOAkl) B HaNpasneHuu,
nepneHAnKyNsPHOM AUaMeTpanbHOIA NNOCKOCTY cyAHa A ¢ HeKoTopoWn
CKOPOCTbKO v, KOTOpasi Ha3BaHa CKOPOCTbIO PbIBKA, TPOC HaTArMBaeT-
cA, U CYAHO A YBNEKaeTCs UM, HaKpPEHSASCh 1 pasBopadnBasnch OTHOCU-
TerbHO BEPTHKANbHON OCK.

Mpu chenaHHbIX Bbille NPEAnonoXEeHUsX O MPUHATAK Tpoca 3a
AINLLIEHHYIO MaCChl HEPaCTSXUMYIO MUBKYI0 HUTb, B MOMEHT HaTSHKEHUS
TpOCa B MEXaHUHECKOI CUCTEME «CyAHO A —BO3 B — OKpyXaioLas BoAa»
nponsoiAeT Heynpyruii yaap. B pesynsrare aToro yaapa nepsoHadant-
HO HenopBwkHast Touka O nopgseca raka nony4ynT MrHoseHHoe npupa-
LLIeHWe CKOPOCTU TaK Xe, KaK 1 LieHTpanbHas To4ka cyaHa. Kpome Toro,
MFHOBEHHO BO3HUKHYT YrioBble CKOPOCTU KpeHa u passopoTta cyaHa. B
STOT MOMEHT HaTs)KEHNe TPoca YBEeNUYUTCA CKaukoM A0 GECKOHEHYHOCTU
(TeopeTNyIeckm), OAHAKO UMRAYFLC CUMbI HATSXKEHNS BYAET KOHEUHbIM.

Mpepnonaraetcs Ans NPOCTOThI, YTO Macca M Bo3a BeCbMa Benuka
no cpasHeHuto ¢ maccon m GyKcupHoro cyaHa y = %-» 0. B paccmar-
puBaemMoM Cryvae Touka noaseca raka O cyAHa MPHOBEHHO Mony4uT
CKOPOCTb v = v, B HanpasneHuy, NepneHaAnKyNapHoOM ero Auamerparb-
HO NMOCKOCTU, 1 3Ta CKOPOCTb B CUMY HEPacTAXUMOCTK Tpoca ocTa-
eTCs NOCTOSIHHOM B Te4eHue BCero nocneyaapHoro nepuoga. fpy atom
NPVUHUMASOCH, YTO Yron OTKNOHEHUs Tpoca OT HopManu K AuaMeTpanb-
HOI MAOCKOCTY OCTAeTCs manbiM BO BCE BPEMS ABIKEHUSA.

B pesynsTaTe WCCReAoBaHWs NOMy4eHO NpuGnkeHHoe ypasHe-
Hue, CBA3bIBAlOLIEe CKOPOCTb pbiBKa v, M/C, ¢ HauGonbluMm yrrom
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kpeHa 6, paa, ByKCUMpHOro cyfiHa Yepes COOTBETCTBYIOLEE 3TOMY yriy
nneyo /, M, [UHAMUYECKOH OCTORUNBOCTH:

291, V(1+ )1+ + )

: (1-1)

<
I

T+u, b

tae g = 9,81 M/c? ~ yckopeHue cunbl TAXECTH;
M, =2 % — KO3(PDULMEHT NPUCOSAUHEHHBIX MACC BOAbI MPY MONEPEYHOM ABU-
XEHWUK CyLHa, paBHbIA OTHOLLIEHMIO NPUCOSAUHEHHON MaCcChl K Macce
CyAHa;

¢ = 4,55 X _ oTHocHTenbHas «anHamMnueckas» aBeumMcca TOUKM nogseca Gykeup-
HOrO raka;

b= (L“’-E%'—i’- — OTHOCUTENbHAs «AUHaMuJecKas» OpAvHaTa TOouku noaseca Bykcup-
HOrO raka;

X,;~ PACCTOAHNE MEXAY TOYKOI NOABECA raka v LEeHTPamNbHOM TOUKOI cya-
Ha, N3MEePEHHOE MO FOPUIOHTANU, M;
Z,,— BO3BbILLIEHUE TOUKW NOABECA raKa Haj OCHOBHOI NNIOCKOCTEIO, M;
a U e BLINNCASITCA No hopMynam:

2d \? z,
0,2+0,3 (—) +—
B B
a= ; (1-2)
d
1+2—
B
z, B
e=0,145+0,2 — + 0,06 —, (1-3)
B 2d

L, B, d — anvHa, wupnHa n ocagka cygHa, m.

Mop «LUeHTpanbHOW TOYKON» MOHUMAETCA LEHTP WHepuuu npu
nonepe4YHom ABWKEHUU BUPTyanbHON Macch! CyHa, T. €. MaccChl cyaHa
¥ NPUCOEaUHEHHON Macchl BOAbl.

3apasascb 4ONYCTUMbIM YIIIOM KpeHa 6, moxHo no copmyne (1-1)
paccuuTatb JONYCTUMYIO CKOPOCTb pbiBKa v, NpeABapuTeNbHO onpe-
AenvB No avarpamme AUHAMUYECKON OCTOMYMBOCTM BENUYMHY [, CO-
OTBETCTBYIOLLYIO AaHHOMY yriy KpeHa 6. HaoGopoT, 3agaBLUMCh cko-
POCTbIO PbIBKA, MOXHO NOACHUTATL COOTBETCTBYIOLLEE 3TOM CKOPOCTM
nneyo /, no chopmyne:
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V2 b2
=1 — , 1-4
o= (12 Hy) 2g (1+¢)(1+c+b? -4

KOTOpas norny4yaeTcs peweHuem ypasHeHus (1-1) oTHOCMTENbHO [,
3areM 06bIYHBIM MYTEM MOXHO OMNpefenuTe No Avarpamme AnHamu-
yecKoii OCTOM4MBOCTI COOTBETCTBYIOLLMI yron KpeHa 6.

WccreqoBaHne BIUSHUS Macch! BO3a Ha AMHaAMUYECKUI KpeH npu
pbiBKE AAET BO3MOXHOCTb PacCHUTaTb yMEeHbLLEHUE yina kpeHa us-3a
KOHEYHOCTU Macchl Bo3a. PacyeThl NoKasbiBaloT, YTo nonpaska Ha BAn-
AHME Macchl BO3a HE NPEBOCXoAUT npakTudeckn 5-10 %.

Takum obpasom, npeanonoxerne o 6eckoHeuHo Gonblioi Macce
BO3a MO CpaBHeHMIO ¢ Maccol Gykcupa gaer B Hopmax HekoTopsli
3anac oCTON4MBOCTH.

Kak BMOHO W3 CXEeMaTu3upoBaHHOroO PacCMOTPEHWUS ABNEHUS PblB-
Ka, BenuuuHa nonyyaemoro GyKCMpOM yrna KpeHa onpenensercs B
OCHOBHOM YeTbIpbMs BUAaMK (pakTopos:

3NeMeHTamu OCTONUMBOCTH ByKCUPHOro CyAHa, npeacTasnsembimMu
8 popmynax (1-1) unu (1-4) auarpammoit /, nned JAVHaMMn4yeckoin ocToi-
JYMBOCTYU CYAHA;

MOMOXEHMEM TOuKM noAaseca OByKCUPHOro raka, onpeaensiowmnm
BEMNUYUHBI b 1 C;

WHEepPLMOHHbBIMU CBOWCTBaMM CyAHA, Takke onpeaenstowmmm senv-
YnHbl b 1 ¢, a Takke U ;

CKOPOCTbIO pbiBKa v.

MepBble TpM rpynnbl PaKTOPOB XapakTepuayioT COBCTBEHHbIE Wiy
BHYTPEHHME CBOMCTBa BYKCMPHOrO CyAHa; YETBEpTHIA, BECbMa CyLiec-
TBEHHbIA haKkTop CBA3LIBAET CYAHO C YCNOBUAMM, 3a4aHHbIMU U3BHE,
W, TakuM oBpa3oM, OTHOCUTCS K BHELHUM pakTopam. [103ToMy TOMbKO
CKOPOCTb PbIBKA, KOTOpas MOXET ObiTb HasBaHa «KpeHsALen» CKopo-
CTbIO v, , WK APYras, HenocpeACTBEHHO CBsi3aHHasA C Hel Benu4uHa,
MOXET CRYXWTb XapaKTepuCTUKOA AEUCTBYIOLNX HA CYAHO BHELLHWX
CWM, T. €. B HEKOTOPOI CTENEHN XapakTepn3oBaTb aKCniyaraunoHHble
ycnosus paboTel GykcupHoro cyaHa. C Apyroi CTOpoHbI, NpeaenbHast
WK BbiAEPKMBAEMan CKOPOCTb PbiBKa, onpeaensemas Ans Kaxioro
CyAHa Mo ONacHoMy Yrny KpeHa v 3aBUcsilas OT pacnonoXeHns OyK-
CMPHOTO raka no BbICOTE U NO ANUHE, OT XapaKTepucTuk ocToRuMBOCTU
CYAHA M €ro MHEPLMOHHDBIX CBONCTB, MOXET CryXuTb Mepoli ero cno-
COBHOCTH NPOTUBOCTOSTH ONACHOMY KpeHsiLiemy AeiCTBUIO pbiBka. by-
Ay4M MUHUMANLHOW OMpOKUABIBAIOLLEA CKOPOCTLIO, OHA MOXET BbITb
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oGosHaueHa v, MO aHanorMt C MUHMMANbLHBIM ONPOKUALIBAIOLINM
MOMEHTOM.

ECTecTBEHHO NPUHSATBL B KAYECTBE KPUTEPUS OCTORUNBOCTM ByKCup-
HOrO CyfHa Npw AeNCTBUM pbiBKa BYKCUPHOrO TPOCA COOTHOLLEHUE:

v
K = ﬂ__ (1'5)

1
Veo

OnHako cocTaBneHHblh TakuM 06pasoM KpuTepuii OCTONYUBOCTU
He COAepXUT B ABHOM BU/ie XapaKTepUCTUK OCTONYMBOCTH, YTO MOXKET
SBUTLCHA UCTOYHMKOM HegopasymeHuit. MNoatomy B Hopmax aToT kpure-
pWit BbIpaXXeH Yepes nneyn AUHaMUYeCcKol OCTORYNBOCTH:

v /
d
K, = —8- = 22 2 1,00. (1-6)
Kp dxp
3aecb /donp onpepenseTca Kak nmnevyo guarpammbl GUHAMUYECKON

OCTOMYMBOCTM, COOTBETCTBYKOLLIEE ONAcHOMY yrmy KpeHa (puc. 1-2),
onpeaensieMoe Kak opavHata guarpammbl AUHAMWYECKON OCTONYU-

a
1) .
la onp — T 8200
8\’0’
o)
bdonp
Bonp “

Puc. 1-2
a) onacHbIii yron KpeHa ~— yron 3anneaHus;
©) onacHblit Yron KpeHa yron onpokuaLIBaHus
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BocT Gykcupa mpu Yrne Kpexa, paBHOM yrny 3anueanus wnu yry
onpokuabisaHua 8’ ., onpeaenaemMomy Be3 yueta HOpPTOBOM Kauku, B
3aBUCMMOCTM OT TOFO, KaKol U3 HAX MeHbLLe, M.

Benuuura |/, BblqmcnﬂeTc;l no q)opmyne (1-4), ecnun noaAcTaBUTL B
Hee BeNu4HbI v

( d) -
Lo=l|1+2 (1-7)
(1+0)(1+ G+ b))

rae /', — BBICOTa W PABIIMYECKOrO Yopa, onpeaensemas no Tabn. 1, B 3aBUCMMOCTM OT
mowyHocTM N, Ha Bany rnaskbix ABUratenei CyaAHa.

Tabnwuua 1
BbicOTa CKOPOCTHOro ruApaBnuyeckoro ynopa
Ns’ rv’ Na’ I’v’
kBT M KBT M
0-150 0,0862 900 0,147
300 0,0903 1050 0,180
450 0,096 1200 0,220
600 0,104 1350 0,268
750 0,122 1500 0,319

B KayecTBe OrnacHoro yrna KkpeHa npuHUMaeTcs yron Oonpokuabisa-
Husi, NGO Yron 3anuBaHns, onpeaensemblii B NpeanonoXeHnn, Yto Bce
ABEpY Ha BEpXHeii nanyGe ABNSIIOTCS OTKPbITLIMU. Tak, HanpuMep, ecnu
yron sanueanus 6, = 20°, a yron onpokuasisaHus O = 37" (puc. 1-3, a),
3a nnevo /. cne,qyeT NPUHUMATL OPANHATY p.marpaMMbl AVHaMUYECKON
OCTOMUMBOCTY Npu kpeHe 20°. Ecriv (puc. 1-3,6) 6, =42°,a 6, —37 TO
nneuo /,,  paBHO OpAMHATE Avarpammb p,vmammqecxom OCTORUMBOCTM
npu erHe O = 37" (B TOUKe KacaHus npamoii k auarpamme). K nocnea-
Hemy ycnosvuo NPUBOANT M3yYeHue onbiTa aBapuii GyKCUPHBIX CYAOB,
MPOMCLLEALINX OT HaTsKeHns ByKCupHOro Tpoca. Bo MHOTMX criyuasx
Takue aBapun NPOUCXOANMN B XOPOLLYIO U TUXYIO NOrody, Koraa ABepi B
MaLLUMHHBIE LIaXTbl U Apyrue nomellerns Guinm oTKPbITbI.

BernuumHa 3KCNNyaTauMOHHO! «KpeHsiLueli» CKOpOCTU pbiBKa Mo-
XeT 6biTb Ha3HauyeHa no pasnnyHbEIM COOBpaKeHnaM, Ncxoas, Hanpu-
Mep, 13 CKOpPOCTU GYKCUPOBKM BO3a Ha TUXON BOAE, CKOPOCTU TEYEHUS,
CKOpOCTM BETPOBOrO [Apeiidha, CKOPOCTU LMKMNYECKOTro ABUXKEHUS
CyAHa Ha BONHe rpy MNOMOXeHUY NIaroM K Hel, MOLLHOCTY MEXaHU3MOoB
ByKCUPHOTO CyAHa, NGO ero aHeproBoOOPYXKEHHOCTU U T. M.
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Puc. 1-3

Heobxoanmo Takxe, YTOOb! BenvunHa v, , Haxoaunack B cOOTBETC-
TBUU C BENWYWHOW NpedenbHolt CKopocTh v » PbiBka ans GonbLuoro
yucna 3IKChMyaTupyoLwmnxca u npoeKTmpyeMblx BykcupHbix cynos. B
Lienax ycTaHoBEHWUSI HOPMb! KPeHsiLLEei CKOPOCTU pbiska v,, OblT 06-
pabotaH marepuan no ocTouMBoCcTY GONbLLOroO KonnuecTsa ByKeup-
HBIX CYA0B NPU pasnuuHbIX Crydasx ux Harpyaku. [ins Kaxgoro cyaHa
NoACYUTLIBANACk NPEAeNbHas CKOPOCTL v, | PbiBKa, COOTBETCTBYIOUas
yrny sanueaHust unu onpokuabiBanus, no dopmyne (1-1).

bbirio caenaHo HEeCKObKO NOMLITOK HatTV Hanbonee xapakTepHyo
BEMUYNHY KaK apryMeHT, Onpesensiownii akcniyaTaumoHHyio V,p CKO-
pocTb pbiBKa. B pesynsrate TakuM apryMeHTOM siBUnach MOIJ.[HOCTb
BYKCUPHOro cygHa.

PaspaboTtaHHble Takum o6pasom [ononHUTenbHble TpeboBaHus
K OCTOMYMBOCTU BYKCUPHOrO CyfiHa NO CBOEW CyTU HE MOTYT CNyXUTb
ncyepnbiBaloLLed XapakTepUCTUKO#A ocToilunsocTu. BykcupHoe cyaHo
MoxeT 6bITb BoOGLLEe HeJOCTaTO4HO OCTOWUUBLIM, HO MNpY HaAexXaLLeM
BbliGOpe nonoxeHust ByKCUPHOro raka ero KpUTepuii OCTONYMBOCTY Mo
pbiBKY GYKCHPHOro Tpoca MOXET UMETb BIOMHE Y40BMNeTBOPUTENbHbIe
W faxe BbICOKUE 3HaueHuns. MoaTomy AononHUTENbHbIe TpeBGoBaHus K
OCTON4MBOCTM OYKCUPHbIX CYAOB HE ABMSAIOTCA NO CyLIeCcTBy TpeboBa-
HUSIMU K OCTONYMBOCTYW CYiHA, @ CKOPee OHU SBMSOTCHA TpeboBaHWAMM
k obazaTensHOMY COOTBETCTBUMIO MeX Ay BbIGOPOM TOYKM nogBeca raka,
WHEPUMNOHHbIMKU CBONCTBaMU CyAHa, MOLLHOCTBIO €ro MEXaHW3MoB U,
HaKOHeL|, OCTONYUBOCTbLIO CyaHa.

CobntoneHve gononHuTenbHbix TpeGoBaHuit oGecneunsaet Gyk-
CMPHOMY Cy[HY OnpefeneHHyIo cTeneHs 6e30nacHOCTI, 0HAKO OHY He
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MOryT rapaHTUpOBaTb eMy NorHyto 6e30MacHOCTb OT ONPOKUALIBAHNS.
Mpu owwnBouHol KCnnyaTauun BO3MOXHbI CTOMb CUIbHBIE PbIBKY,
KOTOpbie OKaXyTCsl CMOCOGHBbIMM NepesepHyTb ByKCMPHOE CYAHO npu
NOBLIX XapaKTepucTvkax ero octoiumsoctu. lloaTomy BBeaeHWe B
HopMb! AOMONHUTENbHBLIX TPEGOBaHUI He yCTpaHAET HeobXxoanMoCTH
paapaboTkn Takux YCTPOHCTB, KOTOPbiE C aGCOMIOTHON HAAGKHOCTbIO
rapaHTMposanu 6bl CBOEBPEMEHHYIO aBTOMAaTUHECKyto oTAadY Oykeup-
HOTO raka npw ornpeaeneHHbIX aBapuiHbIX YCHOBUAX.

OnucaHHbi cnoco6 HOPMUPOBaHWSi OCTOMYMBOCTM OTHOCUTCA K
Bykcnpam OBbi4HbIX pa3MepeHni U MOLHOCTH, B KOHCTPYKLUM 1 Npak-
TUKE SKCTNyaTauuy KOTOPbIX HET YETKOro pasfeneHust Ha noproBble
BYKCVPOBLUMKM, C OJHO CTOPOHbI, ¥ MOPeXoAHbIe cnacarefnbHbIe U nn-
HeiiHble ByKcupbl, ¢ Apyrol. [leficTBUTENbHO, NPUHATaA CXeMa pbiBka,
ABMSAACH OObIYHON NPU KAHTOBOYHbIX OnepauusaXx, MOXET BO3HUKATb U
npyn nnHenHon ByKcpoBke, B 0COGEHHOCTH npu HeQoCTaTOuHOW MOLL-
HocTu Bykcupa. BeiGop yria sanueaHus B ka4ectse NpeaenbHoro yrma
KpeHa Talke BronHe onpasfaH. Kak nokasbiBaeT npakTuka paccnepo-
BaHNS OBCTOATENLCTB aBapuii BykCUpoB Npu pbiBke, B GonblUMHCTBE
CriyyaeB MPOVCXOAMIO 3aNBaHMe BHYTPEHHUX MOMELLeHMA Yepes
OfHYy W3 ABEpeil Unn ropnoBuUH Ha BEpXHei nany6e; B pesynsrare Oyk-
cvp NGO NONMHOCTLIO TEPAN NNaByvecTb 1 LWen KO AHY, nubo KpeH ero
CUMbHO BO3pacTan U HacTynano onpokuAblBaxne.

[Ba 06CTOATENbLCTBA NPEnATCTBYIOT MCMONb30BaHNIO YKasaHHbIX
MonoxeHWit HopM npin oLEeHKE OCTOMUMBOCTN ByKCUPHBIX CYAOB Gonb-
LION MOLLIHOCTMW.

1. NpegnonoxeHne 0 TOM, YTO PbIBOK BO BCEX CMyYasX NPOUCXOANT
Ha Tuxoit Boae. B camom fene, no kpaiiHeit mepe 60-70 % MOLHbIX
ByKCMPOB MMPOBOTO (HoTa ABNAIOTCA LTATHLIMA MOPCKAMM U OKeaH-
CKUMM CriacaTensiMn, OCHOBHOWM pof AeATENbHOCTYU KOTOPbIX OCyLeCT-
BRsATb GyKCUMPOBKY aBapuiiHbIX CyAoB B Mope. MNpu 3Tom HaubonbLuas
BEPOSITHOCTb M OMACHOCTb PbiBKa BO3HUKAET BO BpeMs LWTopMa, koraa
ByKkcupyemoe CyAHO MO TeM UM UHLIM NPU4NHAM OKa3biBaeTCs Ha Tpa-
Bepae Gykcupa u, B cuny AelicTBUS BONHEHUs Unu HabpaHHoW paHee
CKOPOCTH, NPOM3BOANT PLIBOK TPOCA, 3aKPENNEHHOTO Ha rake Oykcupa
WY NPOMYLLEHHOrO Yepes kaHugac-Gnok B paitoHe raka Ansa AocTuxe-
HUA ny4Lwei ynpaBnsaeMocTu.

2. cnonb3oBakue yrna 3anvsaHusi B Ka4ecTee npeaenbHo aonyc-
TMMOTO yrna kpeHa. 3To orpaHu4eHne, o4eBMAHO, OPUEHTUPYET NpOeK-
TaHTa Ha BCEMEpHOe YBEnuueHue nneya auarpammbl AUHaMUYECKou
OCTONYMBOCTU, COOTBETCTBYOLLEro Yrny 3anueaHus —/ . . ¥ No3BonseT,

64



B 4aCTHOCTM, KOMMNEHCMPOBATL HU3KOE 3HaYeHWe caMoro yrna 3anuea-
HWs 6, BbICOKUM 3HadeHnem /- Takum o6pasoM, pesynsTaTom yka-
3aHHOrO OrpaHNMyeHUst KpeHa ABNAETCS CTPeMIIeHNe KOHCTPYKTOpa BCS-
YeCkn NOBLICUTL HavarnbHY oCTOWYMBOCTL Bykcupa. OaHaKo UMEHHO
3T0 OGCTOATENLCTBO, BECbMa YMECTHOE U XKeNaTenbHoe AN NopTOBOro
Bykcupa, SBNAETCA COBEPLUEHHO HENPUEMNEMbIM AN MOPEXOAHbIX
Bykcupos-cnacareneil, Tak Kak BbiCOKas HayanbHash OCTOMYUBOCTb
BEAET K YCUNEHHO, Pe3Koii Kauke (BO3HMKAIOLEW YXe npu AOCTaTou-
HO KOPOTKWUX BOITHaX), KOTOpas 3HAYUTENbHO 3aTPyAHSIET NPOBEAeHNe
cnacarenbHbIX onepauuii B LUTOPMOBGLIX YCIIoBMsAX (Hanpumep, y Gykcu-
pos-cnacarenert Tuna «lamup»). MNosToMy Ans Takux cynos Leneco-
obpasHo ofecneunBaTb Haanexalllyto OCTONYMBOCTb NPY yrMax KpeHa,
3HauUTeNbHO NpEeBbILLIAIOLMX YrOoN 3anuBaHus, Hanpumep, npu yrme
onpokuabiBaHus. U [eNCTBATENBHO, MOXHO C YBEPEHHOCTLIO CYUTATD,
4TO B XapakTepHbIx Ans Gykcupa-cnacarens ycrioBusix LUTOPMOBOIA By k-
CUPOBKM BCE OTBEPCTYUS Ha rMaBHO Nany6e B COOTBETCTBUY C MOPCKOW
npakTukow, GyAyT 3appaeHsl. Takum o6pas3om, B 3TOM Clyuae pasymHo
cYuTaTh OMacHLIM PEXUMOM HE 3anuBaHue, a ONpoKuabIBaHue.

Kpome Toro, He criegyeT cunTtaTh 3anvBaHne rbenbHbIM pexuMom
ANA MOLLHBIX cracaTenei Takke B CUNy CReaylowux NpakTUyecKux
COOBpaXKeHuin:

Kak npaeuno, cnacarenbHble GyKcupbl He NMPOU3BOASAT KaHTOBOM-
HbIX pabor;

Y MOLLHbIX cnacaTtenen, 8 oTnun4ne ot HebonbLIMX NOPTOBLIX W MU~
HeliHbIX Bykcupos, ofecneunBaeTca HenoToNnAeMoCTs U aBapuiiHas
OCTOWUMUBOCTb MPU 3aTONMEHUK HE MEHEE OHOrO OTCEeKa;

BoAouameLeHne aTuX cynos cocraenser 1000-3000 T, a 3anac
MX NNaBy4eCTN B HECKONbKO pa3 NpeBbILIAeT TaKoBOW Y OBbIYHLIX Byk-
cupoB. Pasmepbl e ABepeit U roprioBuH, Yepes KOTOpble BOZMOXHO
3anusaHWe BHYTPEHHWX MOMELLEHWA, COXPaHSAITCH MPUMEPHO Ofu-
HaKOBbIMUW Kak y ManblX, Tak u y Gonbwmx GykCcupoB. 3nemeHTapHbIit
pacyeT nokaselBaet, 4To 3anac nnaeydvecty u y Gonblmx Gykcupos
yTpauuBaercsi 3a Bpemsi, B HECKOMNbKO pas 66nbLuee YeM Y 0BbiMHbIX
Bykcupos. JT0 NO3BONSET KOMaHAe NMPUHATL ONpeaeneHHble Mepsbl No
obecneueHuto GesonacHoCT (Hanpumep, oTAaTb GYKCUPHBIA TPOC).

Takum 06pa3om okasbiBaeTCs, YTO K OCTONYMBOCTM MOLLHBIX ByKCK-
POB-KaHTOBLLWMKOB U MOLLHbIX BykcupoB-cnacarenei cnegyer npenb-
SIBUTb pasnuyHble TpebosaHnA: nepseble JOMKHBI BbIAEPXKUBATL PbIBOK
BykcupHoro Tpoca Ha Tuxoii Boge (6e3 3anuBaHus), BTOpbIE — APOTMBO-
CTOATb PbIBKY B YCNOBUAX LUTOpMa (6€3 onpokuabiBaHUS).
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Bykcupbl 60nblIO#H MOWHOCTYH, NpeAHasHaielHble AnA pab6o-
Tbl B NOPTY M Ha penae

Ycnoeust  aKkcrinyatauuy  GyKCUpOB-KaHTOBLLUKOB o6bIyHON U
GONBLLLION MOLHOCTY MPUHLMINAMNBHO HE OTNUYaloTCs Mexay coGo;
yunTHIBaA TaKKe CkasaHHOe Bbllle, NMPeACTaBNAeTcs BecbMa noruy-
HbIM COXpaHWTb AN NPOBEpPKM OCTOWYMBOCTU KaHTOBLLMKOB cnocob
pacueta, npuHsTbiil B Mpasunax PC [1]. B KkauyecTBe rpaHU4HOW NUHUN,
OTpakaloLLeid «BHELLHWe» YCIOoBUs, NPUHATa Npamas, napannentbHas
OCM MOLLHOCTM C opauHaToi, pasHoit 2,5 m/c (T. e. MaKCUMarnbHoi
OpANHATOI rpaHuuHoi Kpuson Hopm, COOTBETCTBYHOLWIEA MOLLHOCTU
1500 kBT) B Cury creaytoLLmx o6CTOATENBCTB.

1. B pesynbrate cneuuarnbHO MPOBEAEHHbIX MOAENbHbIX WUChbl-
TaHWil OCTONYMBOCTU Npy pbiBke BykcupHoro Tpoca Bbinn nomnyyeHb
CKOPOCTW pbiBKa, OTBEYaBLUWE Ha4any 3anvBaHuA W COCTaBnsBuWINe
2,6-2,6 mic.

2. Yeenuyerue npegernsHo AonyCTUMON CKOPOCTU phiBKa, COAep-
waleiics B aeiicteyowmx Hopmax, ofycnoerneHo Tem obcrosaTenk-
CTBOM, 4YTO C POCTOM MoLyHOCTU Bykcupa yBenmumsaetcsi CKopoCTb
ByKcupyemoro cyaHa, koTopasi n ABAAETCH noTeHUManLHoN CKOPOCTbIO
pbiBka. OnHaKo cKOPoCTb BYKCUPOBKU NPU KAHTOBOYHLIX onepauusx,
KaK NpaBuno, orpaHuyeHa He MOLHOCTbI0 Bykcnpa, @ MECTHbIMU yCno-
BUAIMM (CTECHEHHOCTb MOPTOBOM aKBaTOPUK, Y3KOCTL (papsaTtepa, ABK-
XeHue Apyrux CyAoB U T. M.) U NPaKTUYECKN HE NpEeBbILLEET 5-6 y3nos.
(3ameTUM, YTO BO3paCcTaHNe MOLYHOCTW KaHTOBLUMKOB, MO CYLUECTBY,
NPOVUCXOANT HE Pajyt YBenuUeHuUsi CKOpoCTh ABIKEHMS, a B LIENsX BO3-
MOMHOCTi OBCIYXMBAHNSi COBPEMEHHBIX KPYNHOTOHHAXHBIX CYA0B).

Takum 0Bpasom, K03MOULIMEHT 3anaca 0CTON4NBOCTH K MOLLHBIX
ByKCUPOB-KAHTOBLLMKOB ONPEAEnsiETCA No (popmyne:

]
K, = \’ —‘;—" 21,00, (1-8)
dkp

rae I,,, BLIMUCNAETCA COracHo (1-7), npu [, = 0,319 m ans mouHocTeii 6onee 1500 KBT.

PacueTHas popmMyna Ans HOPMUPOBaHUS OCTONYNBOCTN MOLUHBIX
NMHElHbIX 1 cnacaTtenbHblX Bykcupos Gbina nomnyyeHa ncxoas s cne-
OytoLeii nocTaHoBku 3agaun. bykemp, NCNbIThIBAIOLWMWA PE3OHAHCHYIO
GOPTOBYI0 Kauky, B MOMEHT MPOXOXAEHWA UM MPAMOrO NMONOXEHUsA
MO OTHOLUEHWIO K BonHe (T. €. MMes MakCUManbHYl KUHETUHECKYHo
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SHEepru BpalleHns), NOABepraeTcs NONepeyHOMy PbIBKY CO CTOPOHbI
Tpoca, NPOTUBOMOMOXHBIA KOHEeL KOTOporo BelibupaeTcs Bykcupyemsim
CyAHOM, 3apbICKHYBLUUM Ha Tpaseps Bykcupa. B pesynerate pelueHus
ypaBHEHWUA OBWXEHUS CyAHa W XWUAKOCTK Bbina onpenerneHa 3asucu-
MOCTb MeXZy CKOPOCTbIO PbIBKA, YrNOM KpeHa, puoBpeTeHHbIM Bykcu-
poM, 1 XapaKTEPUCTMKaMIU PE30HAHCHOIO PEXMMA Kauku — ee 4acToTon
1 amnnuTyLoN.

Bykcupbl, npeaHa3HayeHHble Ans NPoBeAeHUS] MOPCKUX ByK-
CUPOBOK

Bbile 6bino nokasaHo, 4TO ANs MOPEXOAHbIX GyKCUpOB-cnacaTe-
neil HopMKpOBaHUE OCTOMYMBOCTU TipU prBKe LenecoobpasHo ocy-
LLIECTBUTb MO YIIy ONPOKMALIBAHUS.

OnHako, yunTbIBasi, YTO Yrofn OnpoKUABIBAHWUS COOTBETCTBYET HUC-
XOASLLEeN BETBU AUarpammbl CTaTUHECKO? OCTORYNBOCTHU (T. €. IBNAETCS
MOSIOXKEHNEM HEYCTONYMBOIO paBHOBECUSA) U, NPUHUMAES BO BHUMaHWE
MopanbHoe COCTOAHME aKunaxa, pasyMHO, UMES Aerio C BOMHeHneM,
orpaHnynTb KpeH ByKkcnmpa HEKOTOPbLIM MEHbLLUMM YoM,

HauBonee nogxoasLivm Ans aToi LENU 1 B TO XXe BPEMS SICHBIM U1
He JonycKatoWwmM ABYX TONKOBAHUIA NOHATUEM ABISIETCA YION MaKcw-
MyMa anarpammbl CTaTUYECcKol OcTouMBOCTM O, . Yron 6y Tunny-
HbIx ByKCUpoB-cnacaTeneil UMEEeT 4OCTaTOYHO BbICOKE 3HaveHus, co-
crasnss 40 — 50 ° v Gonee. Yron 6, v BBeAEH B pacyeTHyi0 dopmyny
B Ka4ecTBe npefenbHO J4oNYCTUMOro yrna KpeHa.

Torpa copmyna Ans ckopocTy pbiBka v, NpuoBperaer sug;

L max 1+b?+c2 z| |r-a
v = - - 8,. (1-9)
Pl d b? b B d “
—{1+2— et 1142—
29 (1+b%+¢2) (1+¢?) B

B nepsom uneHe copmynebl (1-9) nerko ysHaTb CKOpOCTb, paccyu-
TeiBaemyto no (1-1), rae emecto [, ctout [, . Bo BTOPOIA uneH, nomu-
MO N3BECTHbLIX BENUYMH &, b, ¢, e, fd/B onp.m

h = r— a — meTaueHTpu4eckas BbIcoTa;

Z — BO3BblWEHWE raka Haj LeHTPOM TsxecTn Bykeupa;

6,, — amnnuTyna pesoHaHCHOoW kadku Gykcupa.

Bropoti uneH 3Toii hopMynbl yUUTHIBAET ABMXKEHME L0 pbiBka (6op-
TOBYIO Kauky).
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[Ins OCYLECTBNEHUA HOPMUPOBAHNA HEOOXOANMO CKOPOCTb PbIBKA,
NONyYEHHYIO NO NPUBEAEHHO BbILLE PAC4ETHON opmyne (1-9), cpaBHUTL
C HEKOTOpO HOPMaTUBHON, NPeRenbHO JOnyCTYMON CKOPOCTbI0, OTBEYa-
jowiell BHELLHUM YCTOBUsIM. YCTaHOBMEHMe ee MOXeT ObiTb npoBeaeHo
pasnuuHbiMu crocobamu. BosMOXHO, Hanpumep, yCTaHOBUTL BEPXHIOKD
rpaHuLly CKOPOCTU PbIBKA, T. €. CUUTaTb OCTOUMBLIMMU Bykeupel, Ans on-
pOKVAbIBaHUS KOTOPbIX TPEByeTcs GOnbLLas CKOPOCTb, HeM obycnoeneH-
Has 3Tol rpaHuLeit. Mpun Takom noaxoae HopMaTeHas rpaHnyHas NMHNS
JOMKHa COOTBETCTBOBaTL HaUGONbLUMM CKOPOCTAM PbiBKE, BO3MOXHBIM
B SKCMAyaTaLun AaHHoro popa GykcvpoB. Ha 3Tom npuHuune ocHoBakbI
peiictayiolne Hopmbl OCTONYMBOCTY, BCNEACTBUE HEro LienecoobpasHo
COXPaHWUTb €ro 1 B NPUMEHEHNM K MOLHBIM Gykcupam.

MpencTaBNsETCs NOTMYHBIM AN MOPEXOAHbIX Bykcupos-cnacare-
neit yctaHoBuTb Haubonblume 3KCnnyaTaumoHHbie CKOPOCTU pbiBKa,
MCXOARA U3 CKOpOCTeN OpBuTanbHOro ABMKEHUS BOALI NPY PEryNsipHOM
BOMTHEHWM, NPUYEM CBA3aTb 3TU CKOPOCTU C PEXMMOM pesoHaHca no
GOPTOBOI KauKe Yepes ANUHY BOMHbI.

B Takom cny4ae 3aBMCUMOCTb CKOPOCTU PbiBKa v = f(Apea) OT ANKHbI
PE30HAHCHOW BOIHbI n306pasuTcs BeCbMa Nnosioroii u He 3aBuCsALLel OT
moLLHocTH Bykcupa kpuBol. MoaTtomy Ana yno6cTBa BOSMOXHO 3ame-
HWUTb ee (KPUBYIO) MPSIMOIA, COOTBETCTBY oL HanbonbLueh opanHaTe
kpuBoii — 2,0 M/c. DTa BENUUMHA ¥ NpUHSTa 38 HOPMATUBHYIO CKOPOCTb
pblBKa. :

B Takom crniyuae, BBEAA No aHanornu ¢ AenCTBy oMM Hopmamu
OCTOWYMBOCTYN BEMNUYUHY [, = %2— 2g (rge v = 2,0 m/c), nony4um ycno-
BUE, yaoBneTBOpAtoee Hopmam:

v, max 1+¢2 1 z, ﬁo

K,=—= ~0,036,, -—la-— 21,00  (1-10)

0 IdKp b e B N d

142——

B

/
wnu K, = %""—-AKZ 1,00, (1-11)
dkp
1+ 1 z,

rae AK = 0’0392r —b———e(a——B—) (1-12)
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YToGb! n3besxarb BBeAEHUA HOBOWN BENMUMHBI Z, (CM. BbiLe) B Ghop-
mynax (1-10, 1-12) yuTeHO paBeHCTBO:

1+p2+c2  z 1+c2 1 z
- = , (1-13)

c Be b e

TAE yXe BCe BeNIMUUHbLI U3BECTHbI U3 pacveTa no (1-1).

B cdopmynax (1-10 —1-12):
|y max— OPANHATA AMArPAMMBI AUHAMUYECKON OCTORYUBOCTU NPU YINE KPEeHa, PABHOM

d max

yrny Makcumyma guarpaMmmbl CTaTUMECKON OCTONYMBOCTY Unn yrny sanusaHus, B 3aBu-
CHMOCTI OT TOrO, KaKOW 3 HUX MeHbLUe, M;

lm— AMHaMu4eckoe kpeHsee niedo, M, BbluMCAsAeMoe cornacHo (1-7), npn sTom

ApuHUMaeTcs pasHbim 0,20 M;
6, — amnnuTyaa kauku, paccunTeizaeTcs cornacHo Mpasunam PC, rpag.

Takum obpasom, TpeGoBaHUS K OCTORYNBOCTY MOPCKUX BYKCUPHBIX
CyRoB ©0MbLUOA MOLLHOCTU SIBMSAKTCA NOTMYECKUM MPOAOIMKEHUEM
TpeBoBaHuit k Bykcupam MoLLHOCTbio [0 1500 KBT, rae coxpaHeH kak
OCHOBHO NPUHLMN HOPMMUPOBaHMS (MO CKOPOCTU pbiBKa), Tak W, B 3Ha-
4UTENbHOW Mepe, NPUHATbIE BENUYUHBI U pacyeTHbie hopmynbl. B To
ke Bpemsi TpeGoBaHys yunTLIBAIOT cneumudryeckne YepThbl aKcnnyaTa-
Liin MOpCKux BYKCUPHBIX CYAOB W HanpasneHbl Ha TO, YToObl obecne-
YUTb KagoMy TuUMy 3TUX CyAOB Hanbonee oTBEYalOLLKUE YCNOBUAM €r0
3KCnNyartauuMn xapakTepucTuku OCTOMYMBOCTU, @, CNEOoBaTenbHO, U
MOpEXOAHbIE KaduecTBa.

2 KoppeKTpoBKa MeTOAUKM HOPMUPOBAHUS OCTOMYUBOCTM
OykcupoB

Bykcupbl, npeaHasHayeHHble ANs pa6oTbl B NOPTY U Ha
peige

CornacHo TpeGosaHusam lMpasun PC, yron AuHaMuyeckoro kpeHa
BykcupoB, NpeaHasHadveHHbIX AN paboThl B NOPTY U Ha peilge, He Aon-
KEH MpesblilaTh yrna 3anusaHua WK yrna onpokuAabIBaHUsA, cMOTps
no TOMY, Kakol U3 HWUX MeHbLle. [inA 3Toro HeoGXOAUMO BbINMOMHUTL
TpeboBaHue:

K1 = u Idonp/ldxp 2 1’ (2'1)
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— NAEY0 ANHAMMYECKON OCTOMUMBOCTM, ONPEAENAEMOe Kak OpauHaTa narpam-
Mbl AMHaAMUUECKOW ocToilumBocTM Oykcupa npwu yrne KpeHa, paBHoM yriy
3anuBaHus unu yrny onpokuabisanmns @' . , onpeaensemomy 6es yuera 6op-
TOBOW Kauku, B 3aBUCMMOCTU OT TOTO, KAKOW N3 HUX MeHbLUe, M; .

» — AUHAMUYECKOE KpeHsLuee nrevo, xapaxkrepuayiouee AeiCTBue YCnOBHOrO

pbiBka GykCUPHOTO TPOCa, M.

rae

donp

I

d

[IMHaMU4EecKoe KpeHsiLLee nneyo /, ., M, ONpeenseTcs no gopmyne:

d b?
Lo=tv(1+2— , (2-2)
B! (1+c)(1+c*+b?)

rae I’V — BbICOTA CKOPOCTHOrO rApPaBAMYECcKoro Hanopa, M, onpejenseTca no Tabn. 2B
3aBUCUMOCTH OT MOLYHOCTY Ne Ha Bany rnaeHbIX ABuratenen cyaHa,

c=4,55x/L; (2-3)
ZH
—-a
B
b=—; (2-4)
e

aun e BbluMCAsOTCA No opmynam:

2d?  z,
0,2+0,3 (—) +—
B B .
a= ] (2-5)
d
1+2—
B
z, B
e=0,145+0,2—+ 0,06 —. (2-6)
B 2d
. Tabnuua 2
BLicoTa CKOPOCTHOTO rMapaenuyeckoro ynopa I’,
Ne, kBT r,m Ne, kBT Fom
0-150 0,0862 900 0,147
300 0,0903 1050 0,18
450 0,096 1200 0,22
600 . 0,104 1350 0,268
750 0,122 1500 0,319

B HacTosiLLee Bpems kputepuit noroabl B Mpasunax PC u kopekce
VMO onpenensieTcs kak OTHOLUEeHME MioLlanei anarpammbl cTatniec-
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Ko octonuusocty (JCO), a agnarpamma OMHaMUYECKON OCTOMYUBOCTU
npakTu4eckn He ncnonbayetca. MoaToMy npedcraeBnsieTcs Lenecoob-
PasHbIM 1 Ans onpefenenus ycnoeus K21 6yKCMPOB UCTIONb3oBaTh
anarpaMmmy ctaTmieckon OCTOMYMBOCTH.

Ha puc. 2-1 npuBeaeHa cxema onpegeneHus Kputepus K, no gna-
rpaMMe cTaTM4ecKor OCTONHMBOCTMN ANst ByKCcUPOB, NpeaHasHauYeHHbIX
Ans paboTtbl B NOPTY U Ha peige.

0,4 - /
, M
A
0,3
0,2 a
D
C
0.1 b le
4
B J 6, pan
0 T . y 4 ; \ —
0,2 0,4 0,6 0,8 1 1,2 1,4
6 3an

Puc. 2-1
Cxema onpeaenenuns K, ans 6ykcupos,
npegHasHaueHHbLIX Ans paBoTsbl B NOPTY 1 Ha pelige

y S a+c
OrHoweHye nrowapen ACO 945 _ = R

OTHOLLIEHMIO /""" , Torga: cos

kp1

fa+c
K, = =1, 2-7)
b+c
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OgHako yron kpeHa Bykcupa npu peiBke BykcupHoro Tpoca Gyaer
MeHbLLIe yrna 3anvMBaHvsa U Npy yCrioBuu —Eé— 2 1. Mo3TOMY MOXHO MpK-
HSTb B Ka4eCcTBe KpUTepus:

K

1

-.a_ ]
221, (2-8)

Mpw onpeaeneHny nned AMHaMUYecKoin octoumsocTy I, unm [
W I MpyHUMArCA yron kpewa paBHbLIN yriy 3anMsaHua unu onpoxvu:lu-
Bava (puc. 2-2), NO3TOMY Ars COXPaHEHWA YMCNEHHOro paBeHCTBa
npu BbluMCTieHUn K, HeobxoanMo OTKOPPEKTUPOBATL BENNUMHY o ANISE
3TOro HeobxoaAUMO:

57,3 57,3
wawml =1, —. (2-9)
0

IKp1 - IKp Kp

3an onp

0,3 -
ld,M

0,25
0,2 -
0,15 +

law’ll

0,1 -

0,05 -

1

6, pan 1,2

IV S VR ppp WP

Puc. 2-2
K onpenernenuio [y IKp

ByKcupbl, NpeaHa3HaYeHHbIe ANA NPoBeAeHNA MOPCKUX Oyk-
CUPOBOK

Yron KkpeHa ByKCMPOB NP pbiBKE B YCIIOBUAX Kaukui He [LOMKeH
NpeBbILLaTh yIra MakcMMyma AuarpaMMbl CTaTUHECKON OCTORYNBOCTH
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Wnu yrma 3anveaHusi, B 3aBUCUMOCTH, OT TOrO, Kako U3 HUX MeHbLUe.
Ansa aToro Heo6xoaAMMO BbINONHUTL TpeboBaHwe:

K=l Il —AK=1,0, (2-10)

2 dmax’ dkp

TA€ /0 — OPAMHETA AMATrPaMMEl IMHAMUYECKO OCTOMYMBOCTM NPU YrNe KpeHa, paBHOM
yrny Makcumyma auarpamMbl CTAaTUYECKOA OCTOMYMBOCTM WNK YFMY 3anuea-
HUS1, B 3aBUCUMOCTU OT TOrO, KaKoi U3 HAX MEHbLLIE, M;
Iy  — BUHEMMYECKOE KDEHSILLIEE NMEYO, M, BHIMUCIAEMOE COMMacHo (2-2). Mpun aTom
I ,npnHuMaetcs pasHoi 0,20 M;
AK ~ cocraensiowan K,, yuutbiBatowas snusHue 6opToBOI Kaukv Ha pe3ynbTupyto-
LKA yron KkpeHa v onpeaensiemMast no gopmyne:

1+¢2 1( zg)] h,
—-—la-— . (2-11)

B d
125

AK=0,036,

8,, — amnnnTyna 6opToBoi kauku Bykcupa, rpaa.

fpennaraemas cxema onpeneneHusi Kputepus K, (puc. 2-3): yron
KpeHa ByKkcvpa npy poiBKE B YCIOBUAX KaYku He JOIKEH MpeBbiluaTh
yrna makcumyma fuarpammbi CTaTM4ecKkon OCTOMYUBOCTY MM yrha 3a-
nnBaHWA, B 3aBUCUMOCTH, OT TOTO, KAKON N3 HUX MeHbLue. PbIBOK Tpoca
NPOVUCXOANT B NPOTMBOMNONOXXHOM HanpPaBleHn KpeHa, KOTOPbIA paBeH
amnnuTyae kaukn 6,

Torga kputepuii K, MOXHO NpescTaBuTs B BUAE:

S a+c
K2 = \j 0AB _ _ \Jl >1,00 (2_12)
SOCDFB b +c
unu
a
K, = ; 21,00. (2-13)

npaBOMO‘-IHOCTb Takoro noaxoga K HOPMUPOBAHMIO OCTONYMBOCTU
6yKCI/lpOB noaTBEpPXKAaeTCA NPOBEPOYHbIMU pacyeTamu.
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0,6 -

[ M
0.4 - A
a
02
D E F
c Lo \ 6, pan
: b —0 . B ® ‘
05 0l0 05 O max 1,0 15
C 0,2 4
/ 921
0,4
Puc. 2-3

MNpepnaraemasi cxema onpeaenexHns K, nna 6ykcupos,
npefHasHavYeHHbIX ANs NPOBEeAEHUA MOPCKNX 6yKCUPOBOK

3 Pe3ynkTaThl NPOBEPOYHbLIX PacyeToB

IMpoBepoUHbIE PacHeThbl BbINONHEHb! Ans 9 GYKCUPHLIX CYA0B pas-
MWYHBLIX TMMOB MPYU Pa3HbiX BapuaHTax 3arpyskv (Bcero 34 BapuaHTa)
1 COCTOSIT W3 pacyeToB koaddununeHToB 6e30nacHOCTU OT phbiBKa
GykcypHoro Tpoca no metoauke PC v npeanaraemon mMeToauke, co-
[MacoBaHHON C METOAMKO pacvera Kputepus norofbl. Pesynsratb
pacyeToB, NpvBeAeHHbIe Ha puc. 3-1, rae conocTasneHbl NosyHeHHbIe
pasHbIMK MeTofamu koadhuumreHTsl 6e30NacHoCT NO PhIBKY Gykeup-
Horo Tpoca Ans ByKcupoB, NpeAHasHaueHHbIX Ans paboTel B NOPTY
Ha pelife, NOKa3bIBaIOT, YTO NpeaniaraemMas MeToAnKa NonHoCTbio CoB-
napaet ¢ metogukon PC.

[laHHble pacHeToB KoadduumenTa K, (puc. 3-2) nokasbiBaioT, 4To
npeanaraemasi METoAVKa AaeT MeHbLUMe Mo BEeNVYMHE 3Ha4eHus, of-
Hako ecnu K,, paccuutaHHbii o fMpaeunam PC, paseH 1,0, To u K, no
npegnaraemMon MeToanke Onmn3oK K eAnHILE.

Takum 06pasoM, NPOBEPOYHbIE PacHeTbl NOATBEPANU NPABOMOY-
HOCTb MPEANOKEHHOI METOANKU. Ha ux 0cHOBE MOXHO CpopMynmnpo-
BaTb HOBYIO peaakumio Tekcta Mpasun PC.
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12
K, Ilp

10

Puc. 3-1

10 12

K, PC

ConocTaBneHue koachduumueHTa K, NonyyeHHOro pasHbiMi METOAZMU

—
38

K, Ilp

—
—

.
o

o

&

D

&O

K, PC

O~ N W A v

0

1

234567 8 9101112

Puc. 3-2

ConocrasneHue koadhduumenTa K, nony4eHHoro pasHuiMiu MeTogamu
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4 MNpepgnaraemble U3MEHEHUs1 TEKCTa TpeGoBaHun 3.7 lpa-
sun PC

3.7.2 VanoxuTb B crieayoLwwen pejakumu:

«3.7.2 ByKcupbl, NpeaHa3Ha4YeHHble Ans paboTkl B NOPTY U Ha
penae.

3.7.2.1 Yron avHamu4eckoro kpeHa OyKCUpOB He AOIKEeH Npesbl-
warb yrna sanveaHus 6, Wnu yrna onpokuapiealng 8, CMOTPA MO
TOMY, KaKoi U3 HNX MeHblLLIe.

[lns aToro HeOBXOANMO BINONHUTL TPeGoBaHNE:

f+
K, = d

1

21,00, (3.7.2.1)
s+(q

rae f — NNOWaAb, OrPaHNYEHHas KPUBOW BOCCTaHABNUBAIOLWMX Niev Auarpammsl CTa-
TUYECKOI OCTOMUMBOCTH, NPAMON, COOTBETCTBYIOWEH nnevy /W YoM Kpena
6,,, nbo yrnoMm kpeHa 6, B 3aBUCMMOCTU OT TOFO, KaKoW M3 HUX MeHbLue,
puc. 3.7.2.1;
Q — NNoWaab, OrpaHuYeHHas KPUBOH BOCCTAHABNMBAIOWMX MNEd AUarpammel cra-
THYECKOI OCTOMYMBOCTW, NPAMOIA, COOTBETCTBYIOWEN nnevy / , YrnoMm kpena 0.,
nn6o yriom KpeHa Bunp, B 33BUCUMOCTY OT TOTO, KaKol U3 HMX MEHbLLe, 1 ocbio 06,
$ — NNOLWazb, OrpaHNuEHHas KPUBOI BOCCTAHABMMBAIOLUMX NAEY AnarpamMmel crari-
YecKol OCTORUMBOCTY, NPAMOIA, COOTBETCTBYIOLLEH nnevy IKp n ocbio 0/,
I, — KPeHslLee nnevo, xapakTepuaylowee AeicTene yCNoBHOMO phiBKa BykcupHoro
TpOCa, M.

np?

3.7.2.2 Kpensiwee nnedo / . M, onpegensercs no dopmyne:

Op d b?
=lv (1 +2 —) , (3.7.2.211)
57,3 Bl (1+c3)(1+c2+b?

rae 6,, — yron kpera pasHbiii 6,,, GO yron kpewa 6, , B 3aBUCMMOCTY OT TOFO, Kakoi us
HUX MEHbLLE, ...»,

panee To Tekcty 3.7.2.2 - 3.7.2.5.

3.7.3 VanoxuThb B cneaytolen peaakumu:

«3.7.3 Bykcupbi, npeaHa3HaueHHble ANs MOPCKUX Byxcupo-
BOK.

3.7.3.1 Yron kpeHa GykcMpoB Nput pbiBke B YCIIOBUAX Ka4ku HE Aor-
EH NpeBblilaTh Yrna MakcuMyma avarpammbi cTaTUJeckoi ocroiyn-
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6, rpan

8 ore

Puc. 3.7.2.1

BOCTW 8, WNW yrna sanusaHus 6, B 3aBYCUMOCTU OT TOFO, KaKoil U3
HUX MeHbLue. (TpeGoBaHus 3.7.2.3 He pacnpoCTPaHAOTCS Ha ByKkcupsi,
npefHasHayYeHHble AN MOPCKUX BYKCMPOBOK).

[nsa aToro HeoGxoANMO BINMONHUTL Tpe6OBaHMeI

f+
2 q 21,00, (3.7.3.1-1)
s+q

PN
1}

rae f - Nnowaab, orpaHnyeHHas KpUBOM BOCCTAHABNMBAIOWMX NNeY Anarpammel cra-
TUYECKO# OCTOMYMBOCTY, NPAMON, COOTBETCTBYIOLLEH nneuy [, v yrnom kpeHa
6, 6O YrNoM KpeHa 6, , B 3aBUCKMOCTU OT TOFO, KaKoii ua HUX MEHbLuUe,
puc. 3.7.3.1;
G — nNoW@aAb, OrpaHNUEHHas KPUBOA BOCCTaHABNMUBAOLUX MfeY ANarpammbl CTa-
TW4ECKOW OCTONYMBOCTM, MPAMOIA, COOTBETCTBYIOLWEH nNneuy L YTNOM KpeHa
6,x MO0 yrnom kpeHa 6, , B 3aBUCUMOCTM OT TOrO, KaKoi U3 HUX MeHbLIe, U
ocmo 0g6;
$ — nnowaab, orpaHUYEHHan KPUBOH BOCCTaHaBANBAIOLLUX MNeY AUarpaMmbl CTaTu-
UECKON OCTORUMBOCTH, NPAMON, COOTBETCTBYIOWEN nnevy Ip W yrnom kpeHa 6,;
p — KpeHALlee nnevo, xapakTepusyowee AeACTBUE YCMOBHOMO phiBKa BykCMPHOrO
Tpoca, M, BbluMcnaemoe cornacHo 3.7.2.2. Mpw 3ToM /', npuRMMaeTCst paBHoi
0,20 m;
8,, — amnnuTyaa 6opToBoi Kauku Bykcupa Ha BOMHEHWM, BLIYUCTAETCS B COOTBETC-
TBUM € 2.1.3.»
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Omax
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Puc. 3.7.3.1

[anee no Tekcty MNpasun.
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VIK 621.12.001

H.D. Jasvioos, I B. Ezopos, M.A. Kymeiinuxos

OMPEAENEHUE I'IPE,U,EﬂbHOVI BAJIJNIbHOCTU BETPA
No KPUTEPUAM OCTONYUBOCTU NPU PA3OBbIX
NMEPEXOOAX CyAOB

BBeneHue

Haxopgawmecs non TexHudeckuMm HabnogeHwem Poccuiickoro
Mopckoro peructpa cygoxoactsa (PC) cyma coeplialoT nepexombl
BHE pa3pelleHHbIX paiioHOB NaBaHus, ¢ Lerbio Nepeancnokaummn nnm
pemoHTa (no CeBepHOMY MOPCKOMY MyTH, o KOXHOMY MOpPCKOMY nyTw,
BoOKpyr EBponbl 1 T. n.).

MpuHUMNanbHO BaXHbIM AN OBOCHOBaHWA TaKoro nepexona
SBIAETCA OLEHKa [ONYCTUMOCTM BHELUHNUX BO3AEACTBUWIA MO KpUTepm-
SIM NPOYHOCTU W OCTOMYMBOCTU ANs1 OGBLEKTOB, MHOTUE U3 KOTOPbIX
He YOOBNETBOPAIOT COOTBETCTBYIOWMM CTaHAAPTaM Mpu NOCTOSIHHOI
aKkcnnyarauun B paitoHax nepexoaa, HO AOMKHbBI TAKOM Nepexopn co-
BEPLLUTD.

MpoGrembl OLEHKN NPOYHOCTM BO BPEMS Pa3oOBOrO NeperoHa pac-
CMOTpeHsbi B pabote [1].

Llenbto AaHHOM cTaTbu ABNAETCH 060CHOBAHUE METOAMKN pacyeTa
npeaenbHol GannbHOCTK BETPa NO YCMOBMAM OCTOWYMBOCTU CyAHa,
koTopas 6bina 6l rapMoHU3upoBaHa ¢ nogxogamu yactu IV «Ocroiun-
BOCTb» AeNCTByoWMX [paBnn Knaccugukaumm u nocTpoikn MOpcKux
cynose PC 2005 r. [2] (8 aanbHeliwem Mpasuna PC-05).

AHanus cyuecTeyowux TpedboBaHuni

TpeboBaHust K OCTOWUMBOCTU CyAHA, COBEPLLAIOLWIEro Pa3oBblii
Nnepexoa, B HacToslllee BpeMsi MOTyT pernameHTUpoBaTbCs B pam-
Kax AeAcTeylouwlnx (C y4eTom roga saknagku kuns) Mpasun knaccu-
ukaumMm n NOCTpoiikn Mopckux cyaos [2], nubo MpunoxeHunem 6
PykoBOACTBY No TexHU4YecKoMy HaGNoAeHuIo 3a cyjamm B aKcnnya-
Tauyuwu [3].

B cyluecTBytoLLEeN UHXEHEPHON NpakTUke NPOBEPKN OCTORYUBOCTM
CyAHa B YCIIOBUSIX NEperoHa, MeToAWKa, u3noxeHHas B [3], ncnonbay-
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eTCS TOMbKO B TOM CNyyae, ecriv HEBO3MOXHO UMk HelenecoobpasHo
ynoeneteopsiTb TpeGosarua Mpasun PC-05. MNpu aTOM BRonte o6oc-
HOBAHHO NONAraeTcs, YTo, NPUHUMAA BO BHUMAaHWE PasoBbIi Xapakrep
neperoHa u BBEAEHUE OrpaHNYEHNi, yYUTbIBAIOWNX KOHKPETHbIE ero
YCIOBUSI, PACYETHbIE HOPMATUBbI MOFYT ObiTb CHYXEHbI.

[eiictaylowme TpeboBaHus K OCTOM4MBOCTU CyAHa B YCNOBUAX
neperoHa pernameHTUpYIoT npeaenbHyto 6annbHOCTb BETPa, UCXOAS
VCKTHOMUTENBHO M3 0BecnevyeHuns Kputepus norogbl:

K=MJIM,=1, (1)

rae M, — OnpoKMAbIBAIOLUNA MOMEHT,
M, — KpeHALLMii MOMEHT OT AaBNeHUA BeTpa.

TpeboBaHusi K UHLIM XapaKTepuUCTUKaM OCTONHYMBOCTM (meTaleH-
TpUYeckas BbICOTa, Anarpamma CTaTu4eckoi OCTONYNBOCTH) OTCYTC-
TBYIOT.

Heo6Xx0oaUMo 3aMeTUTb, YTO GONBLUMHCTBO (HU3NYECKUX MONOXKe-
HUM, nexawmx B ocHoBe TpeGosaHwii [3] 1 kacalowmuxcs xapakrepa
LECTBMA pacyeTHbIX HarpysoK, AMHaMuKW CyaHa, NOMHOCTbIo COOT-
BETCTBYIOT aHanornvHbiM NONOXeHUAM MNpasun PC-05, peicTBoBaB-
LNX 4O rapMOHU3ALMN C MEXAYHAPOAHbLIMMU TPeGoBaHNSAMM [4].

B kavyecTBe OTnu4ui, CneayeT OTMETUTD!

B Mpasunax PC-05 BeTPOBOWN KPeHsiLLMiA MOMEHT nosaraercs noc-
TOSIHHBIM, @ B [3] OH NPUHUMAETCA U3MEHSIOLMMCS MO Mepe HaknoHe-
HWUSA CyaHa No 3aKOHY:

M, =M, (1-0,3160), 2)

rae M,=0,001p A z — pacueTHbIN BETPOBON kpeHsLwiA MoMeHT, KH-M;
p, — PacueTHoe AaBneHue BeTpa, Na;

A, ~ nnowage napycHoCTu, [VES

z,— nneyo NapycHocTy, M;

B MNpasunax PC-05 paccmatpusaercs CyaHO 6e3 xopa, a B [3]
— CyOHO, umeioLLiee Xog,

B [3] HE pernameHTUpyeTCs pacyeTHOe 3HaveHne amnnnTyabl 6op-
TOBOW Kaukw.

[leTanbHoe COMocTaBneHne METOAMK pacyeTa napameTpos BETPa,
ncnonb3osarHbIX B Mpaeunax PC-05 [5], nokasano, 4to ans Hambo-
flee 4acTo BCTPEYAIOLNXCS COOTHOLUEHUI annnvkaT TSHKECTU cyaHa
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W UeHTpa NapyCHOCTYW MIoLWaAu, OTHECEHHbIX k ocaake, z,/d n z, /d
C YYETOM KadKku ¥ npuBeeHnem K sbicoTe 6 M HaJ YPOBHEM MOpS, UX
3HaUYEeHUs1 NPakTUYECKU COBMNaAaloT. JTOT BbLIBOA NO3BOMNSAET BbINON-
HUTb AanbHENLWNA aHanns, OCHOBLIBAsACh Ha NpeaenbHbIX 3HaYeHUAX
p,, C nocneaylowmMmM nepexogom K npeaernibHon CKopocTU BETpa, Bbl-
AepXusaemoin cyaqHoOM.

Takum ofpasom, cyulecTsylowas MeToauka AOMKHa ObiTb OTKOp-
pekTupoBaHa C yyeToM feicTeyouux TpeboBaHuii K OCTOMYMBOCTY
Mpasun PC-05.

OueHka npenenbHOM BETPOBOW Harpy3ku

nqa pspa npeacraBuTeNbHbIX 06LEKTOB ObiNM Npon3BeaeHsbl co-
NoCTaBUTENbHbIE pacyeTh! NpefenbHoi BETPOBOi Harpysku no Mpa-
BUNaM Kraccuuxaumm n nocTpoikn MOpCKUX cyaos, usg. 1995 r. (s
AanbHeiwem PC-95), 1 no rapMOHU3VPOBAHHBIM C MEXAYHAPOAHLIMU
TpeGosaHusamu MNMpasunam PC-05.

Cpeau Hux 6biny cyaa pasnUYHOro TMNa U HasHavyeHust oBLWuM Ko-
nMYecTBOM —~ 18 efiMHUL, N3 HUX NACCAXKMUPCKUX CYROB — 8; rpy30BbIX —
9; ByKCUpoB ~ 1, U3 HUX CYA0B OrpaHUYEHHBIX PalloHOB NnaeaHusa — 11.

HeoOxoaumas wHgopmauus 3aumcTeoBanace W3 AeiCTBYOLNX
3KCMnyaTauuoHHbIX JOKYMEHTOB ~ uHdopMauuin o6 octoiunsocTy,
pac4yeToB OCTOMUMBOCTH, UHCTPYKLMIA No 3arpy3ke u np. BoiGop npea-
CTaBUTENbHbIX OOBLEKTOB OCYLLECTBMANCA Ha OCHOBE TLUATeNbHOro
aHanusa XapakTepucTuK WX OCTOWYMBOCTM, FMaBHbiM OGpasoM, no
KpuTepuio noroabl. B kavyecTee pacyeTHbIX NPUHWMANUCh COCTOSHUS
3arpysku ¢ HaUMEHbLLINM 3HaYEHUEM KPUTEPUS NOTOAbI.

3HaveHne NpeaenbHoi BETPOBOW Harpysku p',, Ma, no Mpasunam
PC-95 onpenenanoch BEAWYNHOW ONPOKUABIBAIOLLErO Nneya:

1000Ag],
lep',= ——=, )
AV ZV

rae A — BoAON3MeLLEeHWe CyaHa.

3HaueHve p’, no lMpasunam PC-05 paccuutsiBanocs meTogom
nocriefoBaTtenbHbIX NPUONKEHUA U COOTBETCTBOBAMNO 3HaYeHUI0 Npu
MOCTOAHHO AeiicTeylolem BeTpe, 6e3 yyeTa nopbIBoB.

MpenencHble Harpysku no [lpasunam PC-95 B noaasnsiowem
BonbiunMHCTBE Cryyaes Boitle, Yem no Mpasunam PC-05. 3ToT dakT oT-
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paxaeT To, uTo no Mpasunam PC-95 pernameHTMpytoTCs NpeaenbHbIe
Harpy3Kku, onpeAensioLMecs nopbIBOM BETPa, Npu KOTOPOM CKOPOCTHL
MFHOBEHHO BO3PAaCTaET C HyNA 0 CBOEro MakcMmanbHOro 3Ha4eHus, a
cornacHo lMpasunam PC-05 pernameHTUpyeTca NOCTOAHHO AelcTByto-
Was Harpyska, BospacraloLas npu nopbise B 1,5 pasa.

MpeaenbHble AaBnNeHWs fpu nopelse, onpeaeneHHbie no MNpasu-
nam PC-95 v PC-05, srionHe yA0BNETBOPUTENBHO COrMacyloTes Apyr ¢
APYroM 1 CBWAETENbCTBYIOT, B LIENOM, 00 aAeKBaTHOCTU PesynsTaros,
MCMONL3YIOLUMX PasnuyHble Pu3nYeckme noaxoabl K HOPMUPOBAHUIO
OCTONYMBOCTMU.

Cnoco6HOCTb CyAHA NMPOTMBOCTOSTH AUHAMMYECKOMY AENCTBUIO
BETpa W BOMH MOMNHOCTHIO ONpEefenseTcs nnowaapio u annnukaroin
LieHTpa NapycHOCTH, AarpamMmMoin CTaTU4ECKO# OCTOAYMBOCTYU W pac-
yeTHoW amnnuTyaoi GopToBoi Kauku. Hanbosbllylo CROXHOCTL Mpu
onpeneneHny NpeaenbHbIX Harpysok, Ha Hall B3rnsA, npeacTaBnser
yUeT XapakTepucTuK Anarpammbl OCTONYMBOCTY U amMnNUTyAb! 6opTo-
BOW Kauku Npu pasnuyuHbIX NOAXOAaX K HOPMPOBaHUIO.

KoppeKTHOCTb COMOCTABUTENbHBIX OLEHOK Afs OOBLEKTOB pasnuy-
HbIX (POPM U pasMepeHmii CyLIECTBEHHO MOBLILLIAETCA NPU UCNonb3oBa-
HUM Ge3pasMepHbIX XapakTepUCTUK OCTOMYMBOCTH. B Halem cnyyae, B
KaJecTee nocnegHux, NPUHATLI

OTHOLLEeHWE NneyYa npefenbHoV BETPOBOWA Harpy3ku K Makcumanb-
HOMY Nnedvy AuarpamMmbl CTaTUHECKON OCTONYMBOCTH I L Ty
ans MNpaeun PC-95 n PC-05 COOTBETCTBEHHO,

OTHOLLIEHMe yrna MakcuMyma fuarpammbl K yrny sakara &, /0,

OTHOLLEHME amMnnuTyaLl BOPTOBOM Kaukm K yrny sakata @,/ 6,

PaznnuHas NPOTSHKEHHOCTb PACYETHOrO yuyacTka guarpammbl no
Mpaeunam PC-95 n PC-05 yuuTbiBanacb BBEAEHWEM OTHOLLEHUA
npeaenbHOro PacyeTHOro yrna KpeHa, UCNONb3ywerocs B pacuere
KpuTepus noropel, K yriy 3akara gnarpammvbl e'le,

MonyyeHHbIe PesynbTaTbl CBUAETENLCTBYIOT O BbICOKOW KOppens-
Luu (3HaveHun koadduumMeHTa Koppensauvn npesbillaioT 0,9) pac-
YeTHbIX 3Ha4YEeHWI nrney npegenbHbIX BETPOBbIX KPEHALNX MOMEHTOB,
onpeaenerHblx no MNpasunam PC-95 1 no PC-05.

HavBonbluee BAWSHUE Ha OTHOCWUTENbHbIE Nneun npeaenbHbIX
BETPOBLIX KPEHALUMX MOMEHTOB OKasbisaeT GopToBas Kadka. Mpuuyem
BNUsiHVE BOPTOBOM KaYKW Ha MIEYO NPEAEnbHOro BETPOBOrO MOMEHTa,
onpegenexHoro no lNpasunam PC-95 3HauutenbHO cunbHee, 4Yem no
Mpasunam PC-05. Pesynstatel Ans Mpasun PC-95 XOPOLLO anmpokcu-
MUPYIOTCA NPAMOiA NUHNEN: ,—"‘3— = 0,6493 - 0,8255 —g'VgL, YTO NPUBOAUT

max
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K YUETY BNMsSHUA BOPTOBOI Kaukn B BUAE MHOXUTENA (1 -1,271 —e’i).
CylecTBeHHO MeHblUee BnusiHue GOPTOBOW Kauku Ha OTHOCUTEnbible
MIie4un BETPOBbLIX KPEHSALLMX MOMEHTOB, ONpeAeneHHbIX cornacHo MNpasu-
nam PC-05, HeCOMHeHHO, 00YCNOBNEHO BNUSIHUEM CTaTUYECKOTO KpeHa.

WccneposaHve BNUsSHNA XapakTepucTuk AuarpaMmMbl CTaTUYECKOM
OCTOMYMBOCTM Ha BENUYUHY NeHa rpeaenbHOro BETPOBOIO KPEHALLEro
MOMeHTa LienecooBpasHo, Mo HaleMy MHEHWI, NPou3BoanTb B Hes-
pasmepHbIX rnapamerTpax.

[na aroi uyenn ucnonb3yetcs GespasmepHas guarpamma cTaTu-
HECKOW OCTOMYMBOCTW, Y KOTOPOW No ocu abcuuce OTNOXKEH GTHOCHU-
TenbHbIA yron kpeHa @70, a No 0cu OpAUHaT OTHOCUTENbLHOE N0
cTatnyeckomn octonumsoctu /i . B aTOM cnyyae mMepoii npefenbHoi
BETPOBOI HarpysKku SBSETC] OTHOLLEHWE;

L.

K=1""max’

rae IK=1 — NAEYO BETPOBOrO KPEHALLEro MOMEHTA, COOTBETCTBYIOLLEE KPUTEPUIO NOrogb!
K=1.

Pacuetbl [ _ /I NpOU3BOAMIUCH C NOMOLLIIO YNPOLLEHHON MoAeny,
cchopmuposarHoii B CAD T-FLEX n nossonsioweit HauGonee npocto
peanu3oBarb reOMETPUYECKNE COOTHOLLIEHWUS, NMONOXEHHbIE B OCHOBY
pacuyeToB kputepues noroabl no Mpasunam PC-95 n PC-05. Beapas-
MepHasi AuarpamMma CTaTU4ecKol OCTOWYMBOCTU MOAEenuposanach
yvactkom NURBS-cnnaitHa ¢ perynupyembiMy napamerpamu, duk-
CUPOBaHHbLIM 3HAYEHUEM MaKCUMyMa, paBHbIM €AVHULE, U UKCHpo-
BaHHbIM PacCTOsHUEM MEXIY TOMKaMK nepeceyeHus ¢ ockbio abeumce,
Takke paBHbIM eauHuLe, Kak npeactaeneHo Ha puc. 1. K perynupye-
MbIM flapaMeTpam OTHOCUMUCL Pa3Mepbl, OTMEUYEHHBIE CUMBOTIOM «*»
(3Be3noyka) Ha puc. 1. [NonoxeHne makcuMyma pearbHoii guarpammbl
MOAenMpoBsanock 3agaHneM OTHOWeHUs © /@, amnnuTyasl GopToBOiA
Ka4ykm — 3ajaHueM OTHoleHus @70, cTeneHb S-o6pasHoCTM Aua-
rpammbl — 3aaHNeM 3Ha4YEeHWUS TaHreHca yria HaknoHa KacaTenbHoM
k 6espasmepHoil guarpamMme B Ha4ane KoopAMHaT (aHanor HayanbHoM
MeTaLeHTpUYecKomn BbICoTbI). Kpome Toro, umenachk BOZMOXHOCTb KOH-
Tpons cTeneHu NoNorocTH Auarpamm B paikoHe OCHOBHOTO MakcUMyMa.
BropuuHbie MakcMMyMbl AuarpaMmbl CTATUYECKONR OCTOWYMBOCTU He
moZenuposanucb. ONTMMM3aLNOHHas Npouesypa, BCTPOEHHaN B CUC-
Temy CAD T-FLEX, asTromatuuecku nogbupana ronoxeHue oTHOCH-
TenbHoro nneya [/l ., COOTBETCTBYIOLIEE paBeHCTBY nroljagen «a»
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u «b». 3HayeHune oTHocuTenbHoro nneva / /I NpYHUManoch paBHbIM

< -,% fnocne yero, B pes3ynsrate COOTBETCTBYIOLLUX FEOMETPUYECKUX
flOCTPOEHMIA, HAXOANNCS COOTBETCTBYIOLLNA OTHOCUTENBHbLIN (B JOMAX
®,) yron craTu4eckoro kpexa.

PesynbTatsl MOAENMPOBaHWUS NpuBeAeHb! B Tabn. 1 n ceuperensc-
TBYIOT O AOCTaTOMHO XOPOLLEM COOTBETCTBUU NpennoXeHHoON mMoaenu
TOUHbBIM pacyeTam kak no Mpasunam PC-95, Tak 1 no lNpasunam PC-05.

Heo6x0aMMOo OTMETUTb, YTO, B LISNIOM, 3Ha4YeHUs nrneY npeaenbHbIX
MOMEHTOB MO pesynsrataM MOAENUPOBaHUA HECKOMbKO HWKE TOUHbIX
pacyeTHbIX BEMUYKH.

Tabnuya 1
ConocTaeneHne pesynkLTatoB MOAENMPOBaHUS MO PaznnyHbEIM METOAUKaM
JacThb IV lMpasun Mpunoxetve 6
Xapakrepuctuku
¢popmbl Anarpammei PC-03 PC-95 _ -
K=bla=t | K=mim,=1 | K=MIM=1
©./0,=05,06/6,=020 0,43 0,49 0,52
©,/0,=05,0/0,=0,15 0,45 0,51 0,51
©_/6,=06,06/0,=020 0,44 0,52 0,53

C nomouysio CAD T-FLEX 6binio nposefieHO moAennpoBaHve He
Tonbko no NMpasunam PC-05, Ho u no [3]. XapakTepHbie 3Ha4eHus
6e3pasMepHbIX Nney npeaenbHoro BETPOBOMO KPEHALEro MOMEHTa,
JaloLne nonHoe NpeacTaBeHne 0 COOTHOLEHUN BENUYWUH, npuseae-
Hbl B Ta6nN. 1. '

Pesynkrartsl CONocTaBneHns CBUAETENBCTBYIOT O TOM, YTO pesynb-
TaTbl pacyeTos no Mpasunam PC-95 1 no [3] pasnuyaiotcs HesHauu-
TenbHO, B Mpeaenax UHXeHepHo TouHocTU. Takum oGpasom, nomnHo-
CTblO NOATBEPXAAKTCA BbIBOAI, yOMsAHYThIe Bhilue [5]. MNpeaenbHas
BETpOBas Harpy3ka (Nne4o npeaenbHOro BETPOBOTO KPEHALLIEro MOMeH-
Ta), BblgepxMBaemas cyaHom, no Mpasunam PC-05, coctasnser npu-
mepHo 90 % ot TpeGoanuii Mpasun PC-95. MNpeaenbHan xe ckopocTb
BeTpa, cooTBeTcTBYyloWas K = b/ a =1, n3MeHseTCs NponopLMoHanLHo
\IIW1 I1,,p 11 COCTaBNAET, B CPEAHEM, 95 % OT COOTBETCTBYIOLLEro 3Hade-
HUsl, OTPEOeneHHoro B cooTBeTcTBUM G Mpasunamu PC-95 unu [3).
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01", 0a1*
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n': 01280
03*
= 0.1289
| 07*
/ \
0,88 x
085"
027
B 1
Puc. 1

CooTHoLueH1e MeXay PacHeTHLIMU 3HaueHUAIMM OTHOLIeHUA [, /],
v pesynsratamu mogenupoeaHus 8 CAD T-FLEX

Takum oBpasoM, nepexos Ha HOPMUPOBaHWE NPefenbHON NocTo-
SIHHO/ BETPOBOW Harpysku, BblAepXuBaemoii cyaHom, no cxeme lNpa-
sun PC-05 npuBoauT npakTUYeckn K TeM e pesynbTaram, uTo U no
cxemam [Npasun PC-95 un [3].

MNepexoa oT NpeaenbHOro AaBneHns K NpeaenbHoM CKOpoCTY BET-
pa MoxeT 6biTb BLINONHEH MO hopMyne:

V=1,158 k,Vp',, (4)
crnepyioLieit 13 W3BECTHOro COOTHoweHua p, = C p§V2 npu
C = 1,22 v CTaHAapTHOM 3HaYEHWUN NNOTHOCTU BO3AYXa P,
MNpakTuyeckue pacuyetbl npeaenbHOW BETPOBOH Harpysku npous-
BOASTCA C NOMOLLbIO AporpaMm knacca «lpoekT 1» MeTogom nocre-
[AoBaTeNbHLIX NpUbnuxeHun 6e3 kakux-nubo 3aTpyaHeHuii. Heobxo-
anmoe uucno npubnuxeHui, B cpeaHeM, cocraensaer 5—6. Ons uc-
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cneayembix 0GLEKTOB, NPERCTABMNEHHBIX BbILLE MAKCUManbHOe YNCHo
npuGnvkeHuid coctasmno 6.

PesynbraTbl MPOBEAEHHOTO MOAENUPOBaHUS MO3BONAIOT 3aKIi0-
YUTb, YTO MNEYC NPeferbHOro BETPOBOTO KPEHSLLEro MOMEHTa Co-
rnacHo Mpasunam PC-05 moxeT ObiTb onpeaeneHo HenocpeACTBEHHO
B 3aBMCHMMOCTM OT XapaKTepUCTVK Anarpammel OCTON4MBOCTHA U KOHC-
TPyKTUBHBLIX OcoBeHHocTel cyaHa. Heobxoaumbie NpnBRMKEHHbIE
cbopmyrbl, MO-BUAUMOMY, MOTYT GbITb NoNy4eHbl METOAOM perpeccu-
OHHOrO aHanM3a pesynLTaToB, NoNy4YeHHbIX B AaHHOM paboTe, ¢ nocne-
AyloLeii npoBepko NX aaeKBaTHOCTU Ha ApyrnxX obbekTax. '

Heo6xoa1MMo OTMETUTD, YTO BCE pesynbraThl, NpUBeAeHHbIe Bhille,
nonyyeHbl Ans amnnuTys GopToBOi Kauky, onpeaeneHHbiX cornacHo
TpeboBaHMsIM COOTBETCTBYOLWMX pasaenos Mpasnn PC-05. YuutbiBas
3Ha4YUTENbHOe BnusiHWe GOPTOBOW Kadukvu Ha BEnvuMHYy npeaenbHoM
BETPOBOIA Harpy3ku, BbIAEPXKMBAEMOI CYAHOM, Aanee paccMOoTpeHbl
HEKOTOpble BONPOCHI OLEHKN €& amnnuTydel B YCMOBUAX PEarbHOro
MOPCKOrO BOMHEHUS B 4acT, KOTOpasA He perniameHTUpyeTcs Jeicrey-
JOLLIUMI HOPMAaTUBHBLIMUW AOKYMEHTAMM.

OueHKa aMnnUTYAbl GOPTOBOIA Kauku B yCNOBUAX peasibHOro Mop-
CKOro BOJSIHEHMUA

CornacHo lMpasunam PC-05, Nnpu neperoHe oCTOAYUBOCTL (B TOM
yncre 1 pacyeTHas amnnuTtyaa 6opToBoN Kadkuv) CyAHa AOMKHA YAOB-
neTBOpATb TpeGoBaHUsM, NpPeAbsBNSeMbiM K CyAam, nnasawwmm B
BacceliHe, yepes KoTopbli MPeanonaraeTcs CoOBEPLUUTL NEPETOH. Ecnn
OCTOMUMBOCTb HE MOXET BbiTb AoBeaeHa Ao Tpebyemoii, orpaHnveHns
Mo noroge (BeTep ¥ BOSHEHWE) AOMKHbI COOTBETCTBOBATL hakTuyec-
KO OCTONYMBOCTHU.

Cnenys ykasaHusm [3] pacuetHyio amnauTyay GOpTOBO# Kauku
cneayeT NpuHUMaTh Mo AaHHLIM MOAEMNbHBIX U HATYPHbIX UCMbITAHWA,
nmbo Ha ocHoBaHuu pacdera. lNpu oTcyTCTBUM APYrMX AAHHBLIX €€
MOXHO BbIUNCAUTL NO bopMynam, npuBeaeHHbIM B yacTu IV «OcToii-
yusocTb» Mpasun PC-05.

[eictayiowme Mpasuna PC-05 pernameHTUpyoT pacyeTHble amn-
nuTyapl GOPTOBOI Kauku ANs CYAOB HEOTPaHNYEHHOTO U OrpaHn4eHHbIX
paitoHoB nnasahus | v Il, B oTnndme ot Koaekca UMO, pacnpocTpaHsiio-
LLEroCs, UCKITIOUYMTENBHO, Ha Cy/ia HeOrpaHUYEHHOTO paiioHa nnasaHus.

Takum 06pa3om, Npu neperoHe B ycrioeusix Gonee HU3KUX KNaccos
HeoBXOoAMMble PEeKOMeHAaLWW, Mo CyLLecTBy, OTCYTCTBYylT. HesicHo
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TaKke, Kakoe COOTBETCTBUE AOMKHO ObiTb MeXAy YCTaHOBRAEHHBLIM,
Hanpumep, No YCrnoBUAM MPOYHOCTY OrpaHUYEHUEM BbICOTbI BOMHbLI U
amnnuTyaon 6opToBOIA Kaduku, NPUHUMAEMON B pacyeTax OCTONYMBOC-
TU Npu onpejeneHny NnpeaesribHol BETPOBO HarpysKu.

Hwxe npuBeaeHbl HeKOTopble pesynbTaTbl TEOPETUHECKUX UCCe-
AOBaHUi BAUSIHNA YCIIOBUI NEPEeroHa Ha XxapakTepucTukn 6opToBoii
kauku. WccnepoBaHua orpaHnyeHbl paMKkamu RUHERHOW ruapoau-
HaMW4yecko TEOpUM C UCMONb30BAHMEM MaTemMaTUdeckol mogenu
YANWHEHHOro CyAHa U CNeKTpanbHOro noaxoAa K oueHKe cTaTUCTM-
YECKUX XapaKTepUCTUK Ha HeperynsipHoM BonHeHuu. OTMeTUM oco-
GEHHOCTU NPUMEHEHHOTO NoAXoAa NO CPaBHEHUIO C UCMONb30BaHHbI-
mu npu paspabotke Hopm ocToitunsocTn Peructpa CCCP n Mpasun
PC-95 [6, 71:

ruapoanHamuyeckne xapaktepuctukn (FOX) kaukm — koadbduum-
€HTbl MPUCOEAMHEHHBIX Macc W JeMndupoBaHus, — onpeaensnuch
no merogy ®paHka, No3sonsIOLEMY aAEKBATHO YUYECTb 0COBEHHOCTU
PopMbi KOpNyca ¥ COOTHOLIEHUS rMaBHbIX pasMepeHuil;

amnnuTyaHO-4acToTHble XapakTepuctukn (AYX) BopToBOit Kauku
onpesensanucb NyTeM COBMECTHOIO PeLLeHUst CUCTEMbI AndidepeHLn-
anbHbIX YpaBHEHUI, ONUCHLIBAIOLLNX MOMEPEYHyYo Kauky cyaHa (none-
PeYHO-ropu3oHTanbHy, GOPTOBYIO U pbiCKaHue);

ANs NOBbIWEHNUA TOYHOCTU PACYETOB BLINONHEH HENOCPEeACTBEH-
HbIil YYET HEMUHENHbIX BA3KOCTHLIX KOMMOHEHTOB AeMndupoBaHus
npu OGoprosbix konebaHusx, OOGYyCROBNEHHbIX BMUSHWEM TPEHMS
OOLWNBKN, HanMunem CKynoBbIX KWNEA U OTPbIBHBIX COCTaBMAIOLMUX
conpotueneHusi. Mpu atom pacdetsl AYX npousBoannucb METOAOM
nocrnefoBarenbHbiX NPUBAMKEHNA NpU 3a8aHHON KpYyTU3HE BOSHEHUS
(h/A) BNA Kaxaoro 3HayeHMs 4acTOTHOro NapameTtpa. MakcumanbHoe
YUCNO UTepaLuii He NPEBLILIANO ASTH, YTO, K&K NPaBuo, No3BONAN0
AOCTUYb CXOBUMOCTM Mpoluecca B npefenax TOYHOCTU UHMKEHEPHbLIX
OLIEHOK,;

pacyeTb! CTAaTUCTUHECKNX XapaKTEPUCTUK Ha HEPErynsipHOM AByX-
MEPHOM U TPEXMEPHOM BONMHEHUWU NPOU3BOAUNUCE METOLOM CTaTuc-
TUYeCKoi NMHeapusaunn, npeanoxeHHbim A.B. MepacnmMoBbIM ¥ mogu-
thuumposanHsim U.K. Bopoaaem [8, 9].

Wcnonb3osakue pekomeHpauuit [8, 9] npeanonaraer BBegeHue
B pacyeTbl AHX GOpTOBO/ Ka4kn NMHEapU3oBaHHOMO KOaddUUUEHTa
AeMndupoBaHua. C npakTUueckon Toukn 3peHust Gonee yaobHbIM,
MpW BbINOMTHEHUN 3KCMEPUMEHTaNbHbIX UCCNEeAoBaHUN U pacyeToB ¢
MOMOLLIbIO NPOrpamm, ABIIAETCS UCMONb30BAHNE NMOHATUS SKBUBANEHT-
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HOM KPyTU3HbI BOMHEHWS, KaK 3TO NPeANo)eHO B [9]. JKBUBANEHTHOCTb
30€Cb CreayeT NOHNMATb B TOM CMbICTIe, YTO NepeAaTouHbie (yHKUNM
BOPTOBOMN Kauku, pacCuMTaHHbIE Npu 3TOM 3HAYEHNN KPYTU3HbI, yAOB-
NETBOPSIIOT YCMOBMIO CTaTUCTUYECKOW nuHeapusauuvu, U Aucnepcus
PasHOCTY HEMUHENHOTO U NMHEaPU30BAHHOTO AEMMNPUPYIOLLMX MOMEH-
TOB MUHUMarnbHa.

Mpw 3TOM KaXKAOMY COCTOSIHUIO MOPS, T. €. CO4ETaHMIO BbICOTHI BOM-
Hbl U €€ CpefHero neproaa, COOTBETCTBYET CBOS AYX.

[aHHble [10] No3BONSAIOT NPUMEHNTD CrEAYIOLLNiA cnoco6 pacyeta
BOpPTOBOIA Kauky METOAOM CTaTMCTUYECKOI NHeapusauny.

nocrenfoBaTenbHO AN HECKOMbKNUX 3HAYEHUN KpyTU3Hbl npu 3a-
[aHHOM pexume ABUKEHUs (CKOPOCTM 1 KypPCOBOM Yrne) B N3BECTHOM
AvanasoHe 4acToT PerynsipHoro BOMHEHWS NPOU3BOAUTCA pacyeTr
nepeaaToyHoit yHKLMK GOPTOBOY Kadku C y4eTOM HenuHenHoro ge-
MNUPoBaHNS,;

LS K&XKA0ro sHa4yeHms 4acToThbl W U3 3ajaHHOro AnanasoHa onpe-
AENSIOTCS aMnNUTyAbl CKOPOCTU perynapHoi GOPTOBO KauKu:

0,=w,0, 6)

rae w, — KaXyLancs 4actota, a amnnuntyaa @0 oKasblBaeTcs paanNHoﬁ npu pasHbiX
3HavYeHNAX KPYTU3HbI

BENnuuMHaM @', NpuaaeTcs CMbICN amniuTya oBecneyeHHOCTLI0
17 % BbIUNCMSIOTCS 3HAYEHU COOTBETCTBYIOLLUX ANCNEPCHiA:

D', = (0,526 ©,)% ' (6)

ANA KaXOOro 3HaYeHWs 4acToTbl CTPOMUTCS 3aBWCUMOCTb MOAYNS
nepeaaTtouHoii yHkumMm | ® . (w) | oT gucnepcnu Dy ;

NpoW3BOANTCS ONpeeneHue 3HaueHus ancnepcuu D, yaosneT-
BOPSIIOLLEN YCIOBMIO CTATUCTUYECKOH NMHEapnsaLnu 1 ABNsIoLencs
KOPHEM TPaHCLIEHAEHTHOTO ypaBHeHUs:

i w2, | ®,. (D, W2 S, (w) dw — D', =0, )

0"

rae S, (W) — M3BECTHbBIA CNEKTP MOPCKOrO BOMHEHUS;

M3BECTHbIM CrieKTpanbHbIM CNOCOGOM BLINOMHAETCA pacyeT Auc-
nepcin GOPTOBOW Kaukv, Mpu 3TOM MOAYSb NepefaToqHo hyHKLMK
NPUHMMAETCSl COOTBETCTBY oMM BenuuuHe D= D'
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D, =] 16,(D,. w) IS, (w) dw; ®)

Mo AaHHLIM PACYETOB CTPOMTCA 3aBUCUMOCTb gucnepcum GopToson
Ka4Kku OT KPYTU3HbI;

3HauYeHWe 3KBMBANEHTHOMN KpYTU3HLI ONpefenseTcs UHTepPnonsum-
e/l Ans Norny4YeHHoro aHadeHus D,

HaitnpeHHas Takum oBpasom gucnepcus BbIMMCREHA C MOMOLUbIO
nepesaroyYHoi yHKUMKN C NMMHeapu3oBaHHLIM AeMndupoBaHnem.

Bce pacuetbl, npeacTaBneHHble fanee, NponsseaeHbl ¢ NOMOLLbIO
Komrnekca nporpamm « KAMKA».

C TouKM 3peHus Lenei HacToswet paboTbl, HanGonbLUNA NPpaKTH-
YeCKNil MHTepec NpeacTaBnseT UCNONbL30BaHNe METofa CTaTUCTMYeC-
KOW NuHeapusauun n y4eT TPEXMEPHOCTU BOMHEHUS. MIMEHHO C 3TUX
no3nyui 1 crieqyer paccmaTpusaTh NPeACTaBNEHHbIE PE3YNLTaThI.

B kauecTBe ocHOBHOrO 0BbekTa uccneaoBaquii Guin BuiGpaH Gyk-
CUP-KaHTOBLUMK « TpyA». PacueTbl Kaukv NponsBOANNUCH ANS CyaHa 6e3
XOfia Npu PasnnyHbIX KYPCOBBIX YrNax No OTHOLWWEHMIO Kk HaberatoLemy
BonMHeHuto: 30°, 45°, 60°, 90°, 120°, 135° n 150°. PacyeTHble BbICOTbI
BOJTH TPEXNPOLEHTHOI oBecneveHHOCT NpUHUManuch pasHsiMu 2,0,
3,5, 6,0 1 8,5 M, 4TO COOTBETCTBYET BEpXHEl rPaHULE WHTEHCMBHOCTY
BonHeHus 4, 5, 6 n 7 6annos no wkane NYFMC. [ins KaXaoi BbICOTbI
BOJIHbI B pacyeT NpuHUManuch Tpu 3Ha4eHns cpeaHero nepuoga (cm.
npuMep 3aBUCUMOCTU Moayns AYX GOpTOBOW Kayku OT OTHOLUEHUS
ANWHbBI BOMHbI K ANWHE cyAHa ML npn pasnuyHbIX 3Ha4EHUSIX KYPCOBOTO
yrna u KpyTusHel BonHeHus h/A: 1/15, 1/30, 1/45, 1/60, 1/90 n 1/120 Ha
puc. 2). Tam xe nokasaHb! pacHeTHbIE 3HaHEHWUS NEPEAATOUHbIX byHK-
LiniA, COOTBETCTBYHOLLMX Pa3NUYHbIM COCTOSTHUSAM MOPS.

lNpeAcTaBneHHble pesynbTarbl XOPOLIO UMIOCTPUPYIOT TOT akT,
4TO Aaxe NpK NOCTOSIHHOM BbICOTE BOMHbI, UIBMEHEHUE CPEAHEro nepu-
OAa HeperynspHoOro BOSTHEHUS 3aMETHO BNUSIET Ha BENUYMHY PE30HaH-
cHoro nuka AYX u, cnegoBsarernbHO, pacyeTHyo aMnnuTyay 6opToBoit
Kauku. 310 0BCTOATENLCTBO OTPAXKAET OTMEYEHHYIO cneunduky pac-
YeTa OOPTOBOV KaukyM Ha HEPErynApHOM BOMHEHUMW, OBYCNOBMEHHYIO
HenuHeHoCTbIo Mo AemMnduposanuio. [lanee Ha puc. 3 npeacTaBneHb
pacyeTHble amnnuTyabl GOPTOBOM Kaukn Ha ABYXMEPHOM U Tpexmep-
HOM HeperynsipHOM BONHEHUW. XXUPHbIe NIMHUM COOTBETCTBYIOT Tpex
MEpPHOMY BOTHEHUIO, OObIYHOW TONLLUMHBI — ABYXMEPHOMY; «MENKWii»
NYHKTUP — MUHUMaNbHOMY pacyeTHOMY nepuoay BOMHEHUS, CroLWHas
NUHUS — CpeaHEMY pacHeTHOMY nepuoay, «ANUHHBIA» NYHKTUP — Mak-
cumansHOMY pacdeTHomy nepuody. o pacyeTHONn aMnnuTygoi no-
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—o== 1/120 * 56ami08, 4.5¢ & 5Gawos, 58¢c + S56amiop,7c

Puc. 2
AYX 60PTORO Ka4KM Ha BOMHEHNN MHTEHCUBHOCTBIO 5 Gannos J = 90°

HUMaETCsl amnnuTyaa obecneveHHoCTsl0 2 %, Kak Obino NPUHATO Mpu
HOPMMPOBaHUM OCTORYUBOCTY [7].

PesynbTaTbl pacueTos CBUAETENLCTBYKOT O TOM, HTO Haubonee
WHTEHCVBHbIE PEXMMbl GOPTOBOW KauKu COOTBETCTBYIOT BONMHEHWIO Na-
FOM, UTO NMOATBEPKAAET 0GOCHOBAHHOCTL PACYETHON CXEMbI, NPUHATON
B HOPMaTMBHbIX JOKyMeHTax Peructpa.

Mony4eHHble pesynsTarbi NO3BONAIOT CASNATb HEKOTOPbIe BbIBOAI
obLero xapakrepa OTHOCUTENIbHO METOAOB ONPEAENEeHNs aMninTyA
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BoproBsoi kauku Ans nocneayoLux pacyeToB OCTORYMBOCTA B YCIO-
BUSIX NeperoHa:

IX kadky cneayeT onpeaenaTbL METOAaMU a[1eKBaTHO YYUTLIBAIO-
Wumu ocobeHHOCTU HOPMbI KOPNYca U COOTHOLLIEHUS IMaBHbIX pasme-
peHnis;

B OUeHKax amnnuTyd Ha HeperyispHOM BONMHEHUW HeoBxoaumo
yyuTbIBaTL yBENUYEeHue AeMnUpPoBaHNs, NPOUCXOAsiLLEe C poCTOM
WHTEHCUBHOCTU BOMHEHUS;

B KayecTBe pacyeTHOA amnnuTyabl GOpTOBON Kauku tienecoob-
pasHO NpUHUMAaTL amnIuTyay o6ecneyeHHoCTbIo 2 % Ha TPEXMEPHOM
HEpPerynsapHoOM BOTHEHUU.
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AMNRNTYALI BOPTOBOI Kaukn HA BONHEHUKU KHTEHCMBHOCTbIO 5 6annos
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BbiBOAbI

Cyna, coBepLiaiolne pasoBble Nepexoabl, A0SKHbI UMETh OCTOM-
YNBOCTb, YOBNETBOPSIOLLYIO CreaytoLmm TpeGoBaHnaM:

WcripaBneHHas MEeTaLeHTpuU4Yeckasl BbiCOTa AN Harpysku B yC-
NOBMAX MEPEroHa C HauMEHbLUel OCTOMYMBOCTBIO AOMKHA ObiTh He
meHee 0,15 m;

MaKCUManbHOe NNeYo AarpamMmmel CTaTUHECKoi OCTORYNBOCTH [
AOMKHO BbiTb He MeHee 0,2 M npu yrne kpeHa ©, 2 20°;

npegenbHas GannbHOCTL BETPa ONpefenseTcs B COOTBETCTBUM
¢ Tabnuueit no npeaenbHon ckopocTy setpa. lMpeaenbHas CKOPOCTb
BeTpa onpeaensieTca U3 yCrnosusi YAOBMNETBOPEHUA KPUTEPUS NOTOAb!
K=b/la=1.

PacveT npenenbHol CKOpOCTU BeTpa AOMKeH GbiTb npousseneH
AMSt Harpy3Kku B YCAOBHUSIX NEPEroHa C HaMMeHbLLeA OCTOMYMBOCTLIO.

PacyeT NpoM3BOAUTCA B COOTBETCTBMM TpeGosakuem 2.1.5 vac-
v IV «OcToiunBocTby Mpasun Knaccudmkaum M NOCTPONKA MOPCKMX
Cy£oB B crieflytoLLiem nopsake.

- 1. Onpefensem 3Ha4YeHWe PacHETHOrO AasneHus BeTpa p', npu
KOTOPOM BLINOMHSAETCS ycrnosue K= b/ a =1.

B pacuetax p’, Cnepyer ucnonb3osaTh 3Haj4eHne pacueTtHoin amn-
nuTyAbl BOPTOBOI Kaykn ©, onpeaeneHHoe no AaHHbIM MOAENbHBIX U
HaTYPHbIX UCTbITaHWA Nnbo Ha ocHoBaHUKM pacyeTa.

Mpn onpedeneHun p', cTaTuy4eckuit yronb kpena @, ot AencTeng
MOCTOSIHHOIO BETpa He AOMKeH NpesbiaTtb yrna, pastHoro 0,9 yrna
BXOLA B BOAY KPOMKW OTKPbITOMN nasnyGbl.

2. OnpegenseM MpeaensHoO AOMYCTUMYO NMOCTOSHHYIO CKOPOCTb
BETpa, COOTBETCTBYIOLLYIO PACHETHOMY AABMEHMIO p’,, NO hopmyne:

V=1,158 k, \p',, (9)

rae k, = 1,11 -0,02 (Z, - d);

ZA — BO3BbILUEHNE LeHTpa napyCHOCTU Haa OCHOBHOIA NIOCKOCTLIO, M;

d — ocaaka CyAHa Npw Pac4eTHOoi Harpyske, M.

3. OnpenensiemM npeaenbHo 4OMYCTUMYHO CKOPOCTb NopbiBa BETpa
V¥ =1,225V.

PaspaboTaHHas MeToanKa Nno3BonseT AOCTOBEPHO OUeHWTb npe-
penbHyto GannbHocTb BonHeHua ans COPI, coepliaromx neperoHbl
BHE YCTaHOBNEHHbIX PalOHOB NnasaHus, No ycnosuam JOCTaTOMHOWM
OCTONYUBOCTY.
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VIK 629.51/58:629.5.015.4

I.B. Boiiyos, M.A. Kymeiinukos, O.A. Tumoghees

o PE3EPBAXUCOBEPLI.|EHCTBOBAHVIFI
TPEBEOBAHMW K NPOYHOCTMX CYA0B
OrPAHUYEHHOIO PAMOHA MNIABAHUA

Cyaa orpaHuvieHHoro paitoHa nnasanus (COIM) oTHocATEA K uncny
OfHOTO U3 Haubonee CNOXHBIX MO YCMOBUAM MOPCKOW akcnnyarauuu
TPaHCNOPTHbIX CPeAcTs, TpeboBaHus k obecnedyeHnto ©ezonacHocTy
KOTOPbIX €LUe HaxoAATCs B CTaAun passuTUA 1, Kak NOKasbiBaeT npak-
TMKa W pacueTHbIi aHanus, elle Aarneku OT coseplueHcTsa. MoxHo
BbIAENUTL CreAyIoLNe MyTH COBEPLLIEHCTBOBaHNA TPeGoBaHUi K npo-
yHocTu COI: :

- 1. YTOUHEHUE BEPOATHOCTHOMO OMUCAHNA BOMHOBbIX YCIIOBUA 3KC-
nnyarauun COIl;

. 2. PasBuUTWe METOAOB NPOrHO3UPOBAHNSA BHELUHUX CUIl, AeHCTBY!10-
wux Ha COT1 co CTOPOHb! MOPS; '

3. Pa3BuTVie pacueTHbIX METOAOB OLIEHKU HanpsixeHHo-Aedop-
MUPOBaHHOrO cocTosiHMA kopnyca COIM noa [eNCTBUEM BONHOBbLIX
Harpysox.

OpaHOl 13 OCHOBHLIX 3aav paspaboTok B yKazaHHOM Hanpasne-
HUM SIBNSIETCA YCTAHOBMNEHUE 3aBUCUMOCTM PACHETHBIX BbICOT BOMH f
1 onpeaensieMblX UM BOMHOBBIX HArpy3oK B YHKLMU OT U3MEHEHUS
HOPMATMBHbIX BLICOT BONH h, . OrpaH4MBaloLMX AONYCTUMbIE yCNo-
Bus akcnnyaraumn COM Ha BonHeHun. ObLee pellexne 3TOI 3apa4n
HauBonee y4oGHO nonyvaeTcst ¢ UCNONb3oBaHMeM AOSroBpeMeHHbIX
pacnpefeneHuii BeposiTHOCTN BONHOBbIX PEXUMOB P(h,, ) Ha MOPCKIX
mapLupyTax akcnnyarauuu COll, annpokCMMmMpoBaHHbLIX 3aKOHOM Ben-
Bynna B hopmyne:

P(P,,) =exp[-A- Py} (1)

— hy,
rae h3% = _iﬁ_,
(M),

(), — PEeXvMHas XapaKTepucTUuKa BOMHEHUA C oBecnevenHocTsio P(h,) = 0,1 unm
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Mepsbii BapwaHT yaobHee pns obobleHus cTaTucTUdeckom
WHOPMaLWUU NO BOMHOBLIM PEXUMaM W3 CNpPaBOYHOW NUTEPATYpSI,
BTOpOI# — Npu Ucnonb3osaHuu napametpa (h;, ), B kayecTse onpene-
nsoLero ypoBeHb aKCTpemarbHbIX Harpy>xeHu cyaHa Ha mapLupyTe,
Xapakrepuayemom senuuunHoi (b, ). Mexay aTummn AByMs BapuaHTamu
npegcraeneHus napametpa (h;, ), o4eBnaHa CBA3L:

(h =2 (hy,),- (2)

3%)2
MapameTp n cornacHo peaynsratam aHannsa NPUMEHUTENbLHO K Xa-
pakTepHbiM MapLupyTam COFMl B MOPAX C UCMOMb30BEHUEM N3BECTHbIX
CTaTUCTUMECKUX AAHHBIX MO BONHEHWUIO [1; 2] N3MEHRETCA OpUeHTHUpo-
BOYHO B guanasoHe n=1,0+1,3.
bnunskne pesynetatbl N0 aTOMy NapamMeTpy NokKasanu ero oLeHKW
NPUMEHUTENbHO K aKBaTOPUAM C OrpaHNYEHHbIMY BO3MOXHOCTAMU pas-
roHa BonH (PuHckuiA 3anue, NMagoxckoe o3epo) [3], cm. puc. 1, 2. Cne-
LOYeT Takke OTMETUTbL, YTO M3BECTHOE OTnkYMe pacnpegeneHus (1) ot
Bonee ynorpeGumoro B noaoBHbIX 3aaadyax NOrHopMansHOro pacnpe-
AeneHns Ans Haubonee BaxHoW obnactu sHadeHuit h,, >(h;, ), (puc. 3)
Maro v He AOMKHO, C HaLLek TOYKW 3peHUs], NPEeNATCTBOBATb UCMOMbL30-
BaHuio 4nsi 06CcyXaaemMoro Kpyra 3afay pacnpeaenedus Tuna (1),

Puc. 1
Bantuiickoe mope (paitoHbl)
B — BecHa; 11 — neto; O — oceHb
= =~ — — annpokcumaywus sakoHom Beibynna (n=1,2)
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Puc. 2
3nauenusn P(h,,):

no GUHCKOMY 3anuBy (Hasurauus),
— o« — [lapoxckomy osepy (Hasurauus), paiioH o. Cyxoit Mask;
— — « annpokcumauus 3akoHom BeitBynna (n=1,2)

0 05 10 13 15 20 25 30 | el

Puc. 3
CpasHeHne pacnpepeneHus P(X) criyyaitHol BenuYnHE! X, HOPMUPOBaHHOWN Ha ee
MeANaHHOoe 3HaueHUe X, ¢
no NOrHOpManbHOMY pacnpejeneHunio (———) ¥ pacnpeaeneHuio Beitbynna
(= ———) npu n=1; s — napamerp «Popmbl» NOTHOPMANLHOTO pacnpeAeneHns
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JT0 pacnpeferneHne B COYETAHUM C YCTaAHOBMNEHHbIM B [Npasu-
nax [4] TpeboBaHVeM k HOPMAaTMBHbLIM BbICOTAM BOMH MPUMEHUTENLHO
K OCHOBHOMY cuMBonny knacca gnst COlM

P(ht,) < 0,05 (3)

3%

AaeT cnepytowme 3aBmucumocTy (npu A,=4,6 8 (1)):

hH

4% < (0,651)" (hy,), v (H,,), < (1,535)"" - ht, .

a2 M (M)

OpyrMM cylecTBeHHbIM (hakTopoM B paccMaTpuBaeMol 3afave
SIBNAETCA BNMSAHWE NOrPEeLLIHOCTEeN METeoNpPorHo30B BONHEHUS Ha dhak-
TUYeCKoe pacnpefeneHne PexMMOB BOINHEHUSI B YCNOBUSIX 9KCMNya-
Tauun COI. B HacTosiliee BpeMsl W3BECTHO ABa BapuaHta pesyrib-
TaTOB CTATUCTMKM 3TUX NOrpeLluHocTen, nonydeHHblx HO.J1. Bensgkom
B 70-e . (kpuBbie 1 1 3 puc. 4), a Taike nonyyYeHHbIX B pabortax [5;
6] n ['b. Kpbnkesuyem B 90-e rr. (kpuBasi 2 puc. 4). Cneayet rnpu aTom
OrOBOPUTb, YTO MPUHATME BO BTOPOM CIlyYyae HOPManbHOro 3akoHa
pacnpeaenexnus (B oTnYMK OT 3aKoHa Penes B 1-om cnyvae) He 6biro
cTporo 060CHOBaHO, a ABWUITOCk CreACTBUEM MONYYEHHOW CpaBHUTENb-
HO Marnow CTaTuCTUYECKOA N3MEHUYNBOCTW Pe3ynbTaToB (KO3ULIMEHT
cTaTucTuyeckon nameHumsoctun 8=0,15+0,20), Npy KOTOpbIX hakTuyec-
KM BWA pacnpefeneHns norpeliHoCTel NMPaKTUYECcKU He OoKa3sbIBar
3aMeTHOrO BMUSHUA Ha UCKOMbIE Pe3yrbTaThl.

P Ii(";u )q)
v ("zv. j,,

15 3 \ — ]
1 fo™
L \
~

~

-

0 05 1 15 ).

Puc. 4
MRoTHOCTL BEPOATHOCTEN COOTHOWERUIA (h,, )¢/(h3% Do
cornacHo AaHHbiM K0.J1. Bensika (1) 1 ucnonb3oBaHHbLIX B 06CYyxaaEMoil paboTe (2);
(3) — vHTerpansHoe pacnpepenexue (1)
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Bonbilioe pacxoxaeHue YNOMAHYTLIX OBYX PesyribTaToB OLEHKU
[JOCTOBEPHOCTY METEOMNPOrHo30B MOXET OblTb 0OBLACHEHO MOBbILLE-
HVWEM [0CTOBEpHOCTM 3a npoweglwne 20 net, pasgensowmnx Bpems
nony4YeHUss CpaBHUBaEMbIX PE3ynbTaToB. 3TO NOATBEPXAAET Lieneco-
06pa3sHOCTb JanbHewnLlero nsy4eHus npobnemo.

Mcnonb3oBaHne OnMCaHHOW (hOpMbl MpeacTaBneHus Lornrospe-
MEHHbIX BEPOATHOCTHLIX pacrpefesnieHuii napametpa UHTEHCUBHOCTY
BOMHOBLIX PEXUMOB '/7_3% B COYETaHUM € npegnaraemsiM pacrnpe-
JeneHneM norpeLiHoCTel MEeTeOonpOrHO30B BOMHEHWs  (COrnacHo
KpuBoW 2 puc. 4) nokasano, YTo orpaHvyeHue BO3MOXHOCTM BbiXoAa
B8 mope COIll ¢ ncnonb3oBaHvem 3TMX NPOrHO30B NPUBOAWT K TpaHC-
chopmaLmm PexkMMOB BOMHOBOW 3KCryaraLmy CyaoB B COOTBETCTBUM C
floKa3aHHbIM Ha pvC. 5.

X 12

Xo=1,0

08

09

0,6

08

0,7

06

0.5

04

03 3

| LaP(x)|

Puc. 5 _
TpaHccopmauus pacnpeaenenna P( h,, ) = P(x)
13-33 OFPaHUYEHMIA SKCTINyaTaLum CyAoR Ha BofHeHum (npu n=1,2);
h

X=— X =

H
3% . _ha%_

A ; blo — 6es orpaHn4eHui
e .

3% 3%
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[N 06LEKTUBHOCTUA YCTAHOBNEHUS PEXUMOB 3KCMNyaTaUUOHHOTO
BOfTHEHUS 0CcOBYI0 POrb UrpaeT [oCTaTouHO AOCTOBEPHAES OLeHKa Bnu-
AHUA BO3MOXKHOCTU UCNOMb30BAHWS MECT YKPbITUIA CYyAO0B OT BOMHEHUS
(MY).

B pelwenun sToi 3a3paun HEOOXOAUMBIMK UCXOAHBIMW AaHHBIMU
SIBNAOTCA CTaTUCTUKA AMUTENBHOCTU CBEPXHOPMATUBHBIX PEXMMOB
BonHeHus, Tpedyowmx Hanpasnenus COM B MY, 3akoHOMepHOCTU
pasBUTUSA 1 3aTyXaHUA 3TUX PEXXMMOB BO BPEMEHMU, a TaKXKe BO3MOXHas
ckopocTb gsuxeHus COTI B yCnoBUSIX CBEPXHOPMATUBHOIO BOMHEHUS,

3agaya pewanacb C WCMOMb30BaAHNEM AAHHBLIX O ONUTENBHOCTY
LUTOPMOB, NpuUBEAEeHHbIX B CNpaBovHOM maTtepuane [2]. N3meHeHue
BO BPEMEHN CBEPXHOPMATUBHBIX LUTOPMOB, UMEIOLIEE [OCTaTOUYHO
criyyaiinyto cdopmy [7], ocpeaHEHHO NPUHMMaNoch B COOTBETCTBUK C
nokasaHHbIM Ha puc. 6. XogkocTb COIT Ha MOPCKOM BOMHEHUMW OUEHU-
Banach B COOTBETCTBUM C CUCTEMOIR paCYETHbLIX AaHHbIX, 0O0BLLEHHBLIX
B pabote [8].

o (f)

Puc. 6
Mpesnonaraemas dopma @ (T) ~ U3MEHEHUA BO BPEMEHYN BLICOT ho.
B NPOLIECCE LUTOPMA; f— OTHOCUTENLHOE BPeMs LITOPMA;
= = = — BO3MOXHbIE «CKOLLEHHOCTU» ¢hopmsl @, (T)

Cratuctuyeckas mMoaenb 3afjayv OCHOBbIBaNack Ha npeanoroxe-
HUKW, 4To MecTo Haxoxgenusi COlN Ha Tpacce AuxeHuUs mexay MY B
MOMEHT Nepexo/ia BONHOBOro NpoLiecca 3a CBepXHOPMATUBHbIN ypOBEHb
PaBHOBEPOSITHO HA BCEM MPOTSHKEHUN yyacTka STol Tpacckl, [smxeHne
COIl B 3TOT MOMEHT NPOUCXOAUT B HanpasneHun Grivkaiero MY,
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O6Lwee BnusiHe MY Ha ypoBeHb BO3LEWCTBUSA Ha CyAHO CBepX-
HOPMaTMBHOrO BOMTHEHNS! OLIEHNBAETCH OCPEAHEHHBIM PEAYKLMOHHbIM
k03aPPULIMEHTOM, ONPEENABLUNMCS Ha OCHOBE CMEeAyIoLIero pacyer-
HOTO BbIpaXXEeHUs:

T 058, :
K,= | [ p(T,) p(X) S, T, dX. (4)
Tmin 0

rae p(T,) — NNOTHOCTb BEPOATHOCTN NPOAOMKUTENBHOCTH CBEPXHOPMATUBHBIX PeXu-
MOB BOrHeHus (npu hy, = h%.);
P(X) — INOTHOCTb BEPOATHOCTYN OTCTOAHNIA CyAHa X or MY B MOMEHTHI NpEBbLILLE-
HUR hy, > hY,;
S, — pacyeTHOE paccTosHNe MeXAy My,
T T"‘In — MaKCUManbHOE U MUHUMANbLHOE 3HAYEHNS ANNTENLHOCTER CBEpPXHOPMA-
TUBHOTO BONHEHUS, BO3MOXHBIE NPN PACCMATPUBAEMOM NPEBbILEHUN f,

BENUUUHBI MY,

PacnpegfeneHne BepoOATHOCTY ANUTENBHOCTU LUTOPMOB nonaraer-
CSl COOTBETCTBYIOLMM 3aKOHY Penesi, BpeMeHHo# maclutab koToporo
NpUHUMancs B COOTBETCTBUW C A&HHbIMU [2].

HekoTopble pesynbTaThl aHanusa, BbIMOMTHEHHOMO NPU yKasaHHbIX
NPEANONOXeEHMsAX, NpUBeAeHbl Ha puc. 7 B BUAE 3HaUeHun Kkoadp-
duumneHta K, NOkasbiBaloLiero OCpeAHEHHylo CTeneHb PeayKuud

w115 v=l
. A=1.15 V7T
§T¢=o,2
3!
iy
P05
!
3 T,=1,0
;]
X Munx
50 100 150 200 250 o

Puc. 7
3nauenua K, (v=1)
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CBEPXHOPMAaTUBHOTO BOMTHEHUS B 3aBMCUMMOCTU OT pacCTOSHUSA Mexay
MY, ckopoctu asmieHust COIN npyu cBEPXHOPMaTUBHOM BOMHEHUU Vv
B MUNAX/CYTKN U OT CpegHel NpogomKUTENbHOCTY BONMHEHWS AaHHOA
WHTEHCWBHOCTY B CyTKaXx.

YYuTbIBAETCA TAKKE CTENEHb MHTEHCUBHOCTU CBEPXHOPMATUBHOTO
BOfHEHUA (napameTp h) 1 CTeneHb NafeHWUs CKOPOCTY ABUNKEHUS! cya-
Ha K MY ¢ pasBuTUeM UHTEHCUBHOCTM BOMTHEHUS (NapameTp V).

OnpeaneneHne pac4eTHLIX BbICOT BOMH h, npounssoannock B cooT-
BETCTBUM C M3BECTHLIMM METOAaMU nepexoja OT NapaMeTpoB Hepery-
NAPHOTO BONHEHWS K COOTBETCTBYIOLMM WM MapaMeTpam BOMHOBbIX
Harpysok (BONHOBbIX M3riubaloLLmnX MOMEHTOB) U «3KBUBANEHTHbBIX» Bbl-
COT BONH [9], OCHOBaHHbLIMU Ha NPUMEHEHUN «NOMTHOBEPOATHOCTHOMOY
UHTerpuposaHus. [pu 3ToM, Hapsay CO CTaTUYECKOR U3MEHYMBOCTbIO
BbICOT BOSTH B COOTBETCTBUU C BbipaxeHuem (1), npuHuManack BO BHU-
MaHue cTaTucTUyecKkas U3MEHYMBOCTb CPESHUX NEPUOAOB BOMHEHUSA 1
KYPCOBBIX YrNOB CyAHA K €r0 HanpasneHuio.

YuTeHO TaiKe B COOTBETCTBUM C U3MNOXKEHHBIM Bbille BAUSHUE
NOrpeLHOCTEN METEONPOrHO30B BOMHEHUS,, & TaKKe BO3MOXHOCTb
ncnonb3osaHusa MY.

Ha puc. 8 npuseaeHbl OCHOBHbIE pesynbTaTbl ONUCAHHbLIX pacye-
TOB, MONyYeHHble B NPEANONOXEHUN PaBHOBEPOSTHOCTU KYPCOBbIX

WP =h? I},

075 I =535 %
e
0,70 % 3,
e
4 N
0,65 A
& s
/ N
0,60 h /
055 1f
05
L
25 40 60 80 100 120 140 L]
Puc. 8

Peayneratb! pacyeTHOro onpeaeneHns sHadenuin he/hy,
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YIrI0B K BONTHE KaK B CpefiHeM, Hanbornee TUNUYHOM CryJae.
MMeioTcst pekoMeHAaLmMm yueTa BRMsHAS n3MeHeHns napamerpa n.
MameHeHue paccTosiHuii mexay MY no cpaBHEHWIO C MPUHSTLIM
npu pacyeTax ero CPeaHUM 3Ha4eHnem S,=100 mMunb B COOTBETCTBUM
C pesynsTaTamMu BblNOMIHEHHOro aHanusa MoXert BblTb NPUBANNKEHHO
YUTEHO M3MEHEHNEM PacHETHbIX BbICOT BOMH NMPONOPLIMOHANLHO koadh-

duuneHTy:

1.3

K,,=1+0,1 [(%0—)-1. @.1)

M

Mpu oLieHke ypoBHs BepositHocTh P(hR), ipursToro npy onpesene-
HUW PaCcUETHLIX BENUUMH h?, npeanaraembix NS HaXOKAEHNS pacyeT-
HbIX BOMHOBbIX M3r1baioLLmx MOMEHTOB, NCMOMb30BAIOCk YCOBUE:

P(R2) = 10, (4.2)

rae m BapbUpOBaNoCh B AUanasoHe:
m=6,5-0,5(Mr>-05)286,0, 4.3)
M 2 0,5 — COOTHOLLIEHE MAKCUMabHbIX PACHETHbIX BENUUNH uarubatoLLero MoMeHTa
Ha TUXOi BOAE U BONHOBOMO U3rMBaloLLero MoMeHTa.

3aBMCMMOCTb NOMyYeHa Ha OCHOBE aHanusa CTaTtucTU4eckoro cym-
MUPOBaHWS BOMHOBbIX U3rnbatoLLMX MOMEHTOB U narnbatoLmx MoMeH-
TOB Ha TUXOil Boae B COOTBETCTBUM Co cxemoit puc. 9 [10; 11].

Ha puc. 10 B kayecTse npumepa NpousBeAeHO CONOCTaBneHne
pacyeTHbIX BbICOT BOMH i =h, cornacHo nomny4eHHbIM pesynsraram u
3HAYEHMSIM aHaNOMMYHOTO NO CMbICAY NapameTpa COrnacHo AencTBy-
towum MNpasunam PPP [4]. Tam xe npuBeAeHbl AaHHbIE NO aHanorny-
Homy napameTpy Mpasun PMPC [12] ans COnN xnaccos, GNU3KMX K
paccmatpueaembimM Npasunamu PPP (B oTnvuue oT npuHsaTOro B lpa-
sunax PMPC) senuuunta h , Hapagy ¢ LONYCTUMOW BLICOTO BONHbI Ky,
haKTUUECKN 3aBMCUT OT CTPYKTYpbi PACHETHOTO BbiPAXEHUA (2.1.4-1)
Qs BONHOBOrO N3rnbaloilero MomeHTa [4, T. 4], B koTOPOM KO3 duLm-
eHT k (L), no cywlecTsy, onpeaenser cpakTnyeckuii Big, 3aBMCMMOCTU
hp(L). B npvsoanMom Ha puc. 10 conoctaBneHun B ka4ecTse AnuHb!
cyfHa, NPy KOTOPOi OCYLLECTBNAETCH PaBEHCTBO h, (L)) = hy,,, NpuHsaTa
anvHa L,=120 m, npu KOTOpOI#i cornacHo pesynsraram NpuBeAeHHOro
aHanusa obecneuynBaeTca OnU3ocTb BENUYUH pacyeTHbIX BONHOBLIX
uarnBaloLLmMx MOMeHTOB cornacHo [lpaBunam PPP u PMPC npwu
OAVHAKOBbIX 3HAYEHUAX PACYETHLIX BLICOT BOJH. Ons obecneveHus
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¥ MOMEHTa Ha Tuxoil Boae M,
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Puc. 10
CpaeHeHKe pacyeTHbIX BbICOT BONH Ans COM pasnu4HbIX KNACCOB COMMacHo:
—— 0 —— [paBunam PPP, knacc «M-ClM»;
——— [Ipasunam PMPC, knacc «ilI-Cl»;
peaynbTraTam BbINOMHEHHOrO PacHETHOIO aHanusa
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yKasaHHOro YCNOBUS HYXHO npeHebperath Takke B YIOMSAHYTOM Bbl-
paxeHun Mpasun PPP BnnsiHnem koddduLmerTa kz(—lf-), CYLLIECTBEHHO
3aBbILLAIOLLEM BEMUYMHY PacYETHOro BOTHOBOrO MOMEHTa No CpaBHe-
tuio ¢ NMpasunamu PMPC [12] u gpyrum U3BECTHLIM pekomeHAaLnaM
no onpegeneHuto 3Toi BONHOBOW Harpysku.

PeaynsTaTbl pacyeToB, NpuBeaeHHbIX Ha puc. 10, No3BONAtT cAe-
natb cneayloLive BbIBOAbIL.

PacuyeTHbIE BbICOTbI BOMH, XapakTepusyiolwue ypoBeHb pacieTHbIX
BOMHOBbLIX HArpy3oK ¥ OOLUMX BORMHOBbLIX M3rMGaloOLNX MOMEHTOB, B
4aCTHOCTM, OCTaBasch GNU3KUMK MO BenuumHe cornacHo Mpasvnam
PMPC n PPP ansi cyA0B CPaBHUTENBHO GONbLUMX pasmMepeHuid, npu
L<80 M Ha4YMHAIOT Pesko pasnuyarbcs. Flpu aToM 3Ha4eHUs 3Toro pac-
4eTHOro NapameTpa, NonyYyaemble COrnacHo paspaboTaHHoO! METoAO-
NOrvUY, 3aHMMAIOT NMPOMEXYTOYHOE MOMOXKEHUE MEXAY BblTeKaoWumu
n3 TpeboBaHuii ykaszaHHbIX [paBun, B OTHOCUTENbHO Gonbliei Mepe
npubnuxasck K cneaytowmm ns TpeGosanuii MNpasun PMPC.

B MpaBunax 06OMX YNOMSHYTbIX KnacCuukaLnoHHbIX obLecrs
OTCYTCTBYIOT yKa3aHusi O B3aNMOCBSI3M PaCcHETHbIX Harpy3oK ¢ paccro-
AHuAMKU mexay MY.

Bropoe (pa3eut#e METOAOB RPOTHO3MPOBAHMA BHELLUHUX cuny v
TpeTbe (pasBuUTME METOAOB pacyeTa HanpsxeHHo-AedopmupoBaH-
HOFO COCTOSIHWSA) HanpaBrieHne COBEPLUEHCTBOBaHWe TpeGoBaHWi K
npourocty COM TecHo cBasaHbl. PasBuTne HOpMaTuBOB AN NPOek-
TupoBaHus cesizeit obecneumnsarowux obLLyto NPOAONbHY0 NPOYHOCTL
Takxke H6asuposanach Ha GanouHon naeanusauum kopnyca B Lenom u,
KaK cnepacTeve, npegbsenexne TpebosaHuii K Benn4nHam seprukarb-
HbIX N3rmbatoLLmMx MOMEHTOB.

AHan®u3 NOKanbHOrO OTKMMKA KOPMYCHbIX KOHCTPYKUMIA Ha rugpo-
AVMHaMUYECKoe AaBrneHne BEAETCA C MOMOLLbI0 Mofenei CnemuHra,
KOTOpbIE OCHOBBLIBAIOTCA Ha pelleHnn 3afay GbICTPOro NOFpyXeH!s B
JUBKOCTb NGO BeCKOHEUHOro KnuHa, nubo nnockoro Tena GeckoHeu-
HOM ANMHbL. TaKoi NOAXOA AENaeT 3arpPyAHUTENbHbBIM YHET NPOAONBHO-
O ABVKEHUS XXNAKOCTU.

Beaywme knaccudukaumoHHbie oblectsa B focneaHue Aecs-
TUNETUA C HapacTaloLeill UHTEHCUBHOCTBIO MCMOMNb3YIOT YUCHEHHbIE
MeTodbl KaK [N ONpEeAerneHUs pacyeTHbIX 3Ha4eHUn Harpy3ok, Tak 1
ANS aHanmsa HanpskeHHO-AeOopPMUPOBAHHOTO COCTOAHUSA KOPNYCHbIX
KOHCTPYKUMUA.

MpumeHeHre acbdeKTUBHBLIX YNCTIEHHBIX NPOLeAYp NO3BONAET OT-
Ka3aTbCst OT psifia NPEeANONOXEHNA N AONYLUEHWA, 3aN0XEHHbIX B Tpa-
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AVLUMOHHbIE PaCcYETHbIE CXeMbl, MOBLICUTb TOYHOCTb NPOrHO3NPOBaHMS
BHELLHUX CUM WU BbINONHATL Boree TOYHO aHaNM3 PUCKOB, BO3HUKAIO-
LWKMX Npy 3Kcnnyarauuy Kopnyca B YCROBUSIX BOMHeHus. MpeacTasns-
eTcst Hanbonee 3pPpeKTUBHBLIM COBMELLIEHNE 3aa4 NPOrHO3upoBaHmns
BHELLUHUX CUN METOAaMU YUCNEHHOW TMOpOMexaHuku U aHanusa Ha-
NPsHKEHHO-[eOPMUPOBAHHOIO COCTOSIHUS KOPMYCHBIX KOHCTPYKLMI ©
MOMOLLbIO NUHEAHOTO U HENUHEWHOr0 MeToAa KOHEYHbIX 3feMEHTOB.
Lienamu Takoro KoMBGUHUPOBAHHOIO aHanuaa MoryT 6biTb:

coBeplUeHcTBOBaHUe NpaBun npoekTMPOBaHUS KOPMYCHLIX KOHC-
TPYKUWA;

pa3paboTka GopTOBOI CUCTEMBI FeHepaL PeKOMeHAAaLIA MO Kyp-
CY U CKOPOCTY ABUXEHUSA CyAHA Ha BOMHEHUN.

B nepBoii 3agave HeobXxoAUMO MCXOAUTb U3 obecneyeHus Kak
npefenbHoOW, Tak U yCTanoCTHOW MPOYHOCTH CYAOBbLIX KOHCTPYKLMIA.
lNpn peanusaunu BTOPOro HanpasneHusi LienecootpasHo yunTsiBaTh B
Takon cyucTemMe npefenbHY0 NPOYHOCTL KOpnyca Hapsiay C orpaHvye-
HUSIMK MO OCTOWYMBOCTY CYAHA Ha BOMHEHUM.

Pewarb 3agady npeaenbHoi NpoYHOCTU HEOGXO4MMO, onmpasch
Ha pearnbHoe TEXHNYECKOE COCTOSIHUE KOPMYCHbIX KOHCTPYKLMA.

lMocTpoeHue TpexmMepHbIX KOHEYHO-3MEMEHTHBIX MOAEenel Kopny-
Ca B LEMOM C TaKoi CTENEeHbI0 AeTanusauun, Npyu KOTOPO BO3MOXEH
OTKa3 OT NPUHATON Mepapxumn aHanusa «kopnyc 8 Lenom (obwjas npo-
YHOCTb) — MECTHAsi MPOYHOCTb {NEPEKPbLITUE) — MPOYHOCTb OTAENbHOMO
3MEeMEHTa UMK y3na» no TEXHUYECKUM NpUYMHam (TPyAOEMKOCTb pas-
paboTkn M BOBMOXHOCTM BBIYMCIIUTENBHON TEXHWKY, COOTBETCTBYIO-
Wre geTtanusauumn) B HacTosLLEe BpeMs HepeansbHo. MpuHumMnuansHo
BO3MOXHa paspaboTka mofenei kopnyca B uenom 6e3 getanvsayum
Y3108 M1 HOPMUPOBaHWE, B 3TOM Crny4ae, HOMWHaNbHbIX HaMPSHKEHW,
KOTOpble BO3HUKAKOT B KOPMYyCe NpU COBMECTHOM BEPTUKANLHOM, ropu-
30HTaNbHOM U3rnbe n KpyYeHun.

AHanu3 yctanocTHOW NPOYHOCTM ANSA Y3NOB BO3MOXHO NPOBOAUTH
yepes KO3hPUUMEHTb! KOHUEHTPaLMM HanpsikeHuwii B yanax. Otnvune
COCTOUT B TOM, UTO NpUMeEHsieMble KOathMULMEHTbI KOHUEHTpaLmu
LOMKHbI YYUTLIBATL CIIOXHOE HarpyxeHue ysna. Hanpumep, ans na-
NyGHBIX UMW AHULLEBLIX Y30B KOA(MPULIMEHT KOHLEHTPaLMN OOMKeH
nonyyatbCs B pesynsrare aHannsa AByXnapameTpuvecKoro Harpyxe-
HUS, 8 UMEHHO NPOAOIBHLIMY YCUSTMAMU U YCUNUAMU, HaNpaBneHHbIMU
fionepex cyaHa.

B Lenom, BbINONHEHHbIE UCCEeA0BaHUS BCKPLIBAIOT 3HAYUTESIbHbIE
pesepBbl coBepleHcTBOBaHUA TpebosaHnuii kK 6esonacHocT COIM.
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Bonpockl NPOYHOCTU CYAOB U NNaBy4YUX COOPYKEHMA

VK 629.542.6: 629.5.065

FO.M. Boiinaposckuii, E.b. Kapnosuu, O.E. Kapnosuu

O PACYETE NPOYHOCTU CTEH3ENEWN
NMPU NEPEBO3KE NMAKETUPOBAHHbIX
MANOMATEPUAIIOB HA BEPXHEWU NANYBE CYAOB

Poccus siBnseTcs ogHMM U3 KpYNHelMX B MUpe npoussoguTeneii
1 notpebuteneit pasnnyHbIX BUAOB NECHbIX MPy30B. B cBA3U ¢ pacluu-
PeHneM HOMEHKNATypbl TOBapOB, NPOM3BOAUMBIX U3 PA3NUYHBLIX BUAOB
ApeBeCyHbI, HabniogaeTcs ysenuyeHne yaenbHOro Beca NECHbIX rpy-
308 B 06Luem o6beme ToBapoB MEXAYHapOAHON TOProBMnM.

HepocratouHas u3y4yeHHOCTb TPaHCMOPTHBIX XapakTEPUCTUK U
CBOWCTB fECHbIX TPy30B, NPeAbsBNSEeMbiX K MOPCKOA nepeBoske,
NPUBOAUT K aBapUAaM CYi0B, 3a4acTyl0, C TKENbIMU NOCASACTBUSIMMU.
ABapuitHble cuUTyauuu B pesynbraTe CMeLLeHUs PasfUYHbIX NECHbIX
rpys3oB (nunomarepuarios B nakeTax, Kpyrnoro neca (GpeseH) u ap.)
CONpOBOXAAIOTCA NOTEpeii YacTn NepeBo3uUMOro rpysa, Horga Npueo-
AAT K rubenu cygHa.

Ananus MPaKTUKN NMepeBO3OK U AeﬁCTBleluMX HOpMaTUBOB

O6cTosiTensCcTBa CMELWEHNA rpysa nunoMatepuaroB Ha cyaHe
Tna «lnoHep Mockeel» [1] npeaocTaBuny Gonbluok Matepuan Ans
uccnegoBaHus. 3TO CyAHO, cneunanbHO npeaHasHaveHHoe Ansa ne-
PeBO3ki NaKeTMPOBaHHbLIX MUNOMaTepuanos, NPOUSBOAWIO MOrpy3Ky
B nopty uetcaapu B aekabpe 2001 r. npu TemnepaTtype Boaayxa oT
—10°C po~20 °C. I'pys npencraensn coboit nunomartepuarnsi B nakeTax
C nonepevHbiM cedeHrem 1,0 = 1,15 M 1 anuHon 3,6 — 6,0 m. MakeTs!
ObInn HaKPbITLI HAKMAKAMW U3 Pa3NUYHBIX CUHTETUHECKUX NNEHOK UK
kpadpT-Gymaroi ¢ NnacTuKoBbiM NOKPbITUEM. Hakuaku sawmwany rpy3s
CO BCEX CTOPOH KPOME HUXHEN. akeTbl 6binn HaCTUYHO MOKPLITH! CHe-

107




rom 1 Nnbaom. ManyGHblit rpy3 COCTOSAN U3 NAKETOB nuiioMarepuanos
pasHbiX NEeConUIbHbIX 3aBOA0B, HAKPLITLIX PasNUYHBIMU BAAAMU Nre-
Hok. B mpouecce norpysku CroXunucb pasnu4Hole KomMOuHauuun nap
TpeHus. Yepes cyTku Nocne BbIXoAa U3 nopTa norpyski CYAHO BLILLNO
13 3aMep3Luero BoTHMYEecKoro 3anuea Ha OTKPbITYIo BOAY BbanTuiickoro
Mops. Bbiro nonyyeHo LUTOpmoBoe npeaynpexasHue 06 ycunerHun
BETpPa ¥ BO3MOXHOM obneaeHeHnu. MbiTasch BbIBECTU CYAHO U3 peso-
HAHCHOM 30HbI, KANUTaH pPeLuns U3MeHUTb Kypc Bnpaso. Npu nosopoTe
CyZIHO KauHyno Ha 15° Ha nesblit 6opT U Ha 30° Ha npaeblit GopT, nocne
yero nany6Heiii rpy3 cmectunca Ha 1,0 — 1,5 m Bnpaso 1 CyaHo ocTa-
floch ¢ KpeHom 27° Ha npasblil 6opT. Bee cTolikn npaesoro 6opra Gbinu
cpesaHbl, HO HaToBbl yAepXusanu rpys Ha Bopty. Kanutan rnipuHan
peLLeHune 3ailTy B Grivkaiilunit nopt B TYpKy. Ha sikopHoii cToaHKe Ang
yMeHbLUEHUA KpeHa Ao 16° Gbinu cHpolueHsl Ha soay 320 nakeros. B
TaKoM COCTOSIHIAM CyAHO BOLUMO B NOpT, rae Obina npousseaeHa aonon-
HUTEMNbHas OTrpy3ka U OTPEMOHTUPOBaHbI BCE NOBPEXAECHVSA.

B poccuitickux Hopmarusax 70—~80-X IT. NPOLLROro Beka N B COB-
PEMEHHBIX WHOCTPaHHBIX MyGnukaLmsx, NOCBALEHHbIX Nepesoskam
OOHOTUMHBIX FPy30BbIX MecT [2, 3, 4,5, 6,7, 8, 9], ocHoBHbIM TpeboBsa-
HUeM SBNSETCs co3naHne «KOMMaKTHOro ¥ NNOTHOro kapasaHa C BO3-
MOXHO POBHOW MOBEPXHOCTLIO», T. €. KMOHOMUTHOrO» KapasaHa. ana
aTOW LENu CRyXar CTEH3eN, He3aBUCUMble OXBaTblBatoline HalToBbI
1Ny, Tak HasblBaemble, Cepbru.

Mepexon Ha NPeViMyLLECTBEHHO NAKETHYIO NEePeBo3Ky nunomare-
pvanos Bbi3Ban nosienexue crnocoba NPOACNBHO-NONEPEYHON yKnagku
nakeToB B CMEXHbIX spycax [10]. Mpu atom paspabotunku nonaranu,
4TO TaKas yKnajKka no3BonseT OTkas3aTbCaA OT cTeHsenei. OgHako npak-
TVKa NepeBO30K NOKa3blBaET, YTO W NPOAONbHO-NoNEpeYHasn yknaaka
He UCKMIOYaEeT NoTepb W CMELLeHNs kapasaHoB. [10-BuaNMOMYy, NPUHS-
Toe JoryiUeHUe 0 MOHOMMUTHOCTU KapasaHa NecHoro nanybHoro rpysa
ABMANOCH OLMBOYHbIM.

Mpy U3y4eHun MexaHn4ecknx moaenei wrabeneii, coopmupoBaH-
HbIX U3 KPYFIOro fieca Unmn 13 NakeTos NUNoMaTepuarnos, NPUHATBLIX 3a
OCHOBY HOPMUPOBaHUS B NPEXAE U HblHE AEWCTBYIOLNX OTpacneBbiX
cTanaaptax [2, 4, 5, 8], 6bIno BbISIBNEHO, YTO paccMarpusanocs TONbLKO
NpoAoNbHOE PAaCcMoNOXeHue KpYrmoro neca u nunomarepuanos poc-
CbINbIO U B MaKeTax Ha oTkpbiTol nany6e. Mpu onpeaeneHun ycunui,
BOCMPVHUMAEMbIX CTEH3ENAMW MNpW NepeBo3Kax MecHbiX rpy3os Ha
nany6e, npuMeHsanace MoAesib, XapaKkTepHas Ans HaBano4Horo rpysa,
T €. C UCMONb30BaHVEM YyrNa eCTECTBEHHOro 0TKOCa, pekOMEeHA0BaH-
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Hble 3HaYeHUn KOTOPOro MPUHUMAaNUCh BN KPYrnoro neca — 35°, nake-
TUPOBAHHbLIX NUNIOMaTepUanos — 75° 1 OTAENbHO NPUBOAUIIUCE PEKO-
MEeHZ0BaHHbIe 3Ha4YeHUs! PACUETHbIX KOIHPULIMEHTOB TPEHUS rPY30B B
wrabene: 6peseH — 0,5, nakeTMpoBaHHbIX NUomarepuanos — 0,55.

B kayecTBe pacyeTHOro pacnpegeneHus cyMmapHoi 60KoBoil Ha-
rpy3ku no BeicoTe LWTabens GbiNo NPUHATO pacrpeaeneHue no 3akoHy
Tpaneuwu (puc. 1).

nanyba

Puc. 1
Cxema pacnpegeneHus cymmapHoit GOKOBOI Harpysku No BblCoTe WwTabens

MpuHATo, uTo GOKOBbLIE HArpy3kW, BOCNPUHUMAaEMbIE CTEH3ENaMU
Npu nepesoske 1ecHoro nanybHoro rpyaa, 06yCnoBneHb! CTaTUYECKUM
AaBneHnem rpysa u cunamm nHepuumn npn 60pToBOIA kauke cyaHa.

B uTOre MHTEHCUBHOCTL CyMMapHOi 6okoBOM Harpyaku Py, NO Bbl-
CoTe CTeH3ens onpeaensanack no hopmyne:

pcyM=pcr+pAwH+pcns=yOLH(Kcr+KnuH+KcAa)' (1)

rae y, — obbemHas macca necHoro nanyGHoro rpysa, T/m®,
L — paccTosHue mexay CTeHaensamm, M;
H — BbicoTa kapasaHa necHoro nany6Horo rpysa, m;
K, — K03(hMLMEHT CTaTUYECKOA Harpy3Kki1, 3aBUCSLUMI OT Yrna eCTECTBEHHOr OTKO-
ca rpysa;
Km — KO hUUMEHT ANHAMUYECKO HArpy3Ku, KOTOPbIA paccMaTpuBaeT wrabens nec-
HOrO rpy3a Kak «MOHOMWT» N 3aBUCKT OT NEpMOAa Kauku CyaHa;
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K = KOIPDUUNEHT CABUratoLLIEH Harpy3sKku, KOTOPLIM YUUTHIBAET CMELLEHUE KMOHO-
AUTHOO» LITAGENs NECHOro rPy3a No NIOKOBLIM KPLILUKAM 1 38BUCUT OT KO-
duLmMeHTa TpeHus B kapasaHe nanyGHoro neca.

B wtore, 4115 ONpeAeneHusi NPO4HbIX pasMepoB CTeH3eNnen npume-
HSINach pacHeTHas CXema Harpy>xeHus, npuseaeHHas Ha puc. 2,rtaeh
— BbicoTa thanbLbopTa.

R
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Puc. 2

Cxema pacnpefenetus Harpyski nNo BbICOTE CTEeH3eNns

3aech HeoBX0AUMO OTMETUTb, YTO MPUHATLIE K YYETy 3HaueHus
YrfoB eCTECTBEHHOro OTKkoca rpysa u k03hthbULIMEHTOB TPEHUA TPy30B
B WTaberne He Bbinv NOATBEPKAEHbI HUYEM, METOAMKA Win Crocob nx
3amepa He ykasaHbl 1 cama NPaBoMEPHOCTb UX NPUMEHEHUA He oboc-
HOBaHa.

Takoit Noaxoa, K pacueTy creHseneit Ans kpenneHus necHbIX rpy3os
COXPaHWUNCS 1 Aariee C OAHOI Nl OroBOPKOM, MOSIBUBLLEACA MHOMO
NO3XKe, UTO OH PacnpOCTPaHAETCA Ha CTeH3enn AnsA KpenneHus kpyr-
foro AfIMHHOMEPHOro fieca, pacronoXeHHOro BAoNb CyAHa, T. €. He
PacnpoCTPaHsieTCs Ha CTEH3eNW AN KpenneHus nunomarepuancs.

TeM He MeHee, B NPakTUHYEeCcKnX pac4eTax npu onpeaeneHun ycu-
nWii B HaNTOBax ANSA KPEeNnneHUs NakeTupoBaHHbLIX nunomarepuanos
NPOEKTNPOBLYMKaM NPUXOANNOCH UCMONB30BATL TE XKE NOAXOALI.

KapasaH necHoro nasyGHoro rpysa, paccmarpuBaembiii kak eau-
HbIl BGNOK-KMOHONUT», YASPKUBAETCA B paBHOBECUW CUNAMUN TPEHNA F,
koTopble 0BYCOBeHbl CMNOI BECA Ipy3a i curnamm Aaenexna HaliTo-
BOB Ha NOBEPXHOCTL KapasaHa (puc. 3).
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Puc. 3
Cxema Harpy3ok, AEACTBYIOLUMX Ha KMOHONUTHBIAY kapasaH NecHOro NanyGHoro rpysa

Ycnosue paBHOBECWS KapaBaHa necHoro nanyGHoro rpysa npu
BopTOBO Ka4ke CyaHa onpeaenseTcs BblpaXxeHnem:

F=(QcosB+2N)fzQsing + PMH, (2)

OTKYAla yCUnue HaTsHKeHUs HailToBa N AOMXKHO BbITb HE MeHee on-
penensiemoro no dopmyrne:

= 31? (QsinB—- Qfcosp) + P, (3)

rae Q — macca vacty wirabens riecHoro nanyGHoro rpysa 3akpennsemoi HaliToeoM, T;
B — pacuqeTHblii yron KpeHa CyaHa;
f— xoachpuumeHT TpeHUs B kapaBaHe 1eCHOro NanyGHoro rpysa;
P,,— cuna nHepuumn vacTy Wrabens mexay HanToBamu.
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MpuBegeHHas cxema pacyeTa yCunuiA, BOSHMKaloLLMX B kapasaHe
necHoro nany6GHOro rpysa nakeTMpoBaHHbLIX nunomarepuanos, OCHO-
BaHa Ha AOMNYLUEHMsX O TOM, YTO LWTabernb nakeTuposaHHbIX nunoma-
Tepuanos SBMASIETCA «MOHOMIUTOM» U YTO CMeLleHUe Takoro wrabens
MPOVUCXOAMT MO KPbILLKam rpy30BbIX NIOKOB.

Mpu paspaboTKe xe CXeMbl YCUIii, BOSHUKAIOLVX B wraGene npo-
[ONbHO YROXeHHbIX GpeBeH, Gbiiv NPUHSTH! OMYLLEHMS O TOM, 4TO CMe-
LLIEHWIO NMOABEPXEHb! TOMBKO BepXHue criou GpeseH, a ycrnosiem pasHo-
Becus LTaBenei, Kak NakeTMpoBaHHbIX NUNOMaTepnarnos, Tak u GpeseH,
ABASIETCA HaNune JOCTATOYHOrO YCUIUst HATSHXKEHUs HAaUTOBOB.

Takum 06pa3om, Npu pacyeTe NPOYHOCTU HaltTOBOB Obin NpUMeHeH
0BLLMit NOAX0A, UCTIONb3yeMblil NPY KPenneHnn «KMOHOMUTHBIX» FPY30B,
a MMEHHO: PacyeT XEeCTKUX (CTeH3enm) v rnbkux (HaliTOBbI) 3NEMEHTOB
CUCTEMBI KpEenneHus BbINOMHAETCS Ha NOIHYI0 BENUYNHY Harpysok Ges
yuera ux B3aiMHOrO BNUSIHUS, TaK KaK CYNTaeTCs, YTo HalTOBK! TOMbKO
MPVKUMAIOT BEPXHIOK NOBEPXHOCTb wrabens, a yevnua oT GoKoBOro
[aBMEHNs rpysa NofHOCTLI0 BOCMIPUHUMAIOTCS CTEH3ENAMU.

B COOTBETCTBUM C BMONMHE Noruyeckyn obocHoBaHHbIMK TpeGosa-
Husmm Mpasun Peructpa [11] NpoYHOCTb CTeH3ens He AoMmXHa npe-
BbILLATL NPOYHOCTM yuacTka panblubopra, Ha KOTOpbI OH ONUPaETCA.
Tem He MeHee, Ha MpaKTUKe OTMEYEeHbl chyvau, Korga cmelleHne
wrabeneit NakeTupoBaHHbIX Nuromarepnanos uinn GpeseH npusoau-
10 He TONbKO K cpesy GpeBeHYaThbiX CTEH3enew, Ho 1 NOBPEXAEHWIo
thanbLuGopTa € NOABNEHUEM TPELLUH B nany6e u 6oprosoi obLumBKe.
OTMeueH Takke Cryyail, Koraa cMellermne Wwrabens nakeTuposaHHbIX
nWNoMaTepuanos NPUBENO TOMbBKO K UMby cTanbHbIX CTeH3enei, Ho
HE MPUYMHIANO HUKAKMX NOBPEXAEHNI danbLIBopTy 1 KopryCy CyAHa.

CobniopeHe MMeHHO 3Toro TpeboBaHWs ABMNAETCH OCHOBHOW
3a60TOI paspaboTUMKOB PaCCMOTPEHHBIX AOKYMEHTOB, B TOM YuhcCne
1 CaMblx MOCMEAHMX MO BPEMEHM, B KOTOPbIX CMelyeHue nanyGHoro
MIeCHOFO rpy3a no NpexHeMy pacCMaTpyBaeTCs Kak CMEeLLeHNE «MOHO-
AIUTa» NO MIOKOBLIM KPbILLIKaM CyAHa, @ pacyeTbl CTeH3enei 1 HaiToBoB
nponseoasTcs 6e3 yueta ux B3anMHOMO BANSHUS.

B HacTosiLiee BpeMsi NpeAbsBseMbliii K MOPCKOW NEPeBo3ke rpy3
NMAOMAaTEepUasnos B NaKeTax (xapakTepnayemblil HanUHMem Ha nakeTax
Pa3U4HBIX CUHTETMHECKNX HaKUOOK KaHaToB) CYLLECTBEHHO OTMW-
YaEeTCs OT NPEXHWX TPAHCMOPTHBIX XapaKTepucTuK U CBOWMCTB rpysa,
NO3BOMNSIBLUMX YAOBETBOPUTLCA MOAENbBIO «MOHOMUTaY, KOTOPas npu-
HUManach K yyeTy npu paspaboTke BCEX HblHE AENCTBYIOLMX Hauuo-
HanbHBIX U MEXAYHAPOAHbBIX HOPMATUBHbIX [OKYMEHTOB.
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UccnepoBaHue TPaHCNOPTHLIX XapaKkTepUCTUK U CBOMCTB NakeTH-
POBaHHbIX NUNOMaTepUanos

MNpeameTom panbHEMWEro paccMOTPEHUS SABMSKOTCA Kak oTae-
JIbHOE rpy3oBoe MECTO, TaK 1 afieMeHTapHbli WTabenb — cTona U3 na-
KEeTOB, YCTaHOBMEHHbIX APYr Ha Apyra B HECKOMNBKO APYCOB Kak BAOMb,
TaK 1 nonepex cygHa.

MakeT nunomarepuanos npeacTaenser coboii YKPyNHEHHY 0 rpy3o-
BYl0 efMHULYY, CPOPMUPOBAHHYIO U3 MEXaHUYECKU YIOXKEHHbIX AOCOK
B naker ceyeHuem okono 1,1x1,1 m. Maker obTArMBaloT ABymMs unu
Tpemst yBA3KamMu — NosicamMm U3 CTanbHOM NeHTbl. Flocne Toro kak Ha-
KnapabIBalOT YBA3KY, MAKET YacTo YKPbIBAIOT HaKUWAKaMu C NSATM CTOPOH
(rpaHeit), Kpome HuwxHen (puc. 4).

Hocku, npolealune npegsapuTenbHYH CyLLKY A0 TaK Ha3biBaeMon
«TpaHCMopTHOM» (OKono 25 %) BNaxHOCTH, 06bIMHO (hOPMUPYIOT B Na-
KETbI C ABYMS—TPEMS!, B 32BUCMMOCTMN OT CEYEHUSI [LOCOK, MPOMEXKYTOU-
HbIMW MO BbICOTE NaKeTa NpoKnagkamu U3 AepeBAHHLIX NNaHOK ceye-
Huem 5x20-30 MM, NPUAAILLIMMIN NaKkeTy NONEPEYHYI0 YCTONYUBOCTb.

Hocku, ynoxeHHsble B naket, o6pasyloT CTPYKTYPY, BHYTPU KOTOPOI
CyLLECTBYIOT NOBEPXHOCTU CKOMNbXEHUA mexay aockamu. Koagpduum-
€HT TPEHKUA MeXy NOBEPXHOCTAMU CKONLXEHUS BHYTPY NakeTa MOXHO
NPUHATL Kak Ans cyxoro Aepesa pasHbiM 0,6 (tg 31°). ITo sHaueHue
KoadhpuumeHTa TpeHUsa ABASIETCA camblM BOMbLUMM U CambiM CTa-
GUMbHLIM, T. €. NPaKTUYECKN HE NSMEHSIIOMMCS B NPOLECCE MOPCKOi
TPAHCMOPTUPOBKY, U3 BCEX CYLLECTBYIOLMX B CTPYKTYpe Wrtabens na-
KETMPOBaHHLIX MUOMaTEPNanos Ha BepxHeli nanyte.

Kak nokasaHo Ha puc. 4, B wraGene MOryT NpucyTCTBOBaTL Napsbl
TPEHUS MEeXay CTponamu, napbl TPEHUA MeXy BHYTPEHHei nosepx-
HOCTbIO MNEHKN 1 APEBECWHOM, @ Takke napbl TPEHUA MeXay Hapyx-
HO NOBEPXHOCTbIO NMEHKWU U APEBECUHOIA.

PesyntkraTbl BbINOMHEHHBIX B paMKax HacTosiLei paboThl HaTypHbIX
nccnegoBaHuii YCTORUMBOCTM CTPYKTYpbl NaKeTa nunomarepuanos, a
TaKkKe anemeHTapHoro wrabens — CTonbl U3 NaKeTOB, YCTaHOBIIEHHbIX
APYr Ha Apyra B HECKOMbKO APYCOB, Kak BAONb CyAHa, Tak W nonepek
CyZAHa nokaszanu, YTo paspylwieHue CTpykTypbl Wwtabens — cTonbl, co-
CTaBnNeHHOW U3 HECKOMbKNX NaKeToB, BCeraa NPoCXoanuno B Buae on-
pOKMAbIBaHNA CTONbI C NOCAEAYIOWMM COCKanb3biBaHUEM NPOKMafoK
Unn CTPOMOB NOA BEPXHUM NAKETOM NO OCHOBaHUIo (puc. 5).

34ecb HeoBXoAUMO MOJYEPKHYTh, YTO WCCNENOBAHWUS BbINOSHS-
NUCb Kak ¢ nakeTamu, He o6epHyTLIMYU HaKUAKaMU, HO C AEePEBSHHLIMU
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Puc. 4
Cxema CTPYKTYpbI NakeTa NuIoMaTepnancs C HakWAKoON 1 CTPONomM:

1 — nunomatepunan; 2 — LePEBRHHbIE NNAHKN MEXAY CTONKamu nunomarepuanos
(cTKehl); 3 — cMHTETUYECKan HakuaKa Ha NATYU rPaHAX nakera, 4 — nogbemHbiii cTpon
(cTanbHO UNK CUHTETUUECKNIA); & — NOBEPXHOCTE TPEHUA BepXHel BETBMN cTpOna
C HWKHEll BETBbIO CTPONa WNK C HWKHER NOBEPXHOCTBIO NUOMaTepuanos nakera
CcReayIowLero Apyca; 6 — oBEPXHOCTb TPEHUs BEPXHEN BETBU CTpONa ¢ BepxHeii
NOBEPXHOCTbIO CUHTETUMECKON HAKWAKM NaKeTa; 7 — NOBEPXHOCTb TPEHUA HWKHEN
NOBEPXHOCTY CUHTETUYECKOI HAKMAKM C BePXHEN NOBEPXHOCTbLIO NnNoMatepuanos
naketa; 8 — NOBEPXHOCTY TPEHUS NMMIOMATEPVANOB BHYTPU NakeTa MEexAY coboil u no
npoxnaaxam; 9 — NOBEPXHOCTb TPEHUA NUAOMATEPUasios no HUXHel BETBN cTpona

Puc. 5
OnpokuabiBaHue CTomsl (8) ¢ NOCNEAYIOLNM COCKanb3biBaHnem BepXHero nakera 6)
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npoknagkamu Mexay sipycamu, UCKMIoYaoLwmmm n3 pabotbl U yBasbl-
BawlWe NAKeTb! CTanbHbIE NEHTDI, U NOABEMHbBIE CTPOMNbI U3 CTaNbHBbIX
UM CUHTETUMECKUX KaHaToB, Tak 1 6e3 fepeBsAHHbIX NPOKNafokK, HO C
naketamu, o6epHyTbIMWU HaKUAKEMUN U CHAGKEHHBIMUN CUHTETUHMECKUMM
cTponamu.

Cneaylowum sTanom uccnenosaHus Gbino onpegenexue npege-
NoB n3MeHeHUst KO3hDULMEHTOB TPEHUA nap, CYLLECTBYOLUX B OTME-
YeHHOI Bblle CTPyKType twrabens u BNusaowmx Ha BbIGOP pacyeTHbIX
Harpy3oK Ha CTEH3enu 1 BClo CUCTEMY KpensieHus nanyBbHoro rpyaa.

Ana npoussoactea nabopaTopHbIX 3KCAEPWMEHTOB NO onpeae-
nexuto yrnos (koadduuueHToB) TpeHus Gbina cosfaHa cneuunansHas
yCTaHoBKa, nokasaHHas Ha puc. 6, 1 noAroToBneHb 06pasubl peasnbHO
MPUCYTCTBYIOLLMX Ha CyAax MeHoK U NOABLEMHBIX CTPOMOB.

Puc. 6
Na6opatopHasn ycTaHoska Ans onpeseneHus ko3 puLmneHTa TpeHus:
1 — WTatis; 2 — NOABLEMHLIA MEXaHU3M; 3 — NOABEMHBIN TPOC,

4 — BepxHuii WKUB; 5 - nogbeMHas nnaropma; 6 — UMPOBOIR naMepuTens yrna
HaknoHa nnatopmel; 7 — HUKCATOPLI AN KPENSTEHNA UCTIBITYEMbIX 06pasLOoB
MaTepuanos OCHOBAHUA, 8 — UCNbITYeMbIih 0Bpasey MaTepuana OCHOBaHUS;

9 — yTSXEenuTenb ¢ KonbUOM 13 obpasLia nnexky;

10 ~ koneca ANA NNaBHOro NEPEABUKEHUA NOABEMHOMN NNaThOPMbl

Bbinu BbINONHEHBI MCCNEnoBaHNA KOIDMDULMEHTOB TpeHus 17-Tu
NOArOTOBNEHHbIX 0Opa3sLOoB NONIMMEpPHbIX NNEHOK 1 2-X BUAOB CTPONOB
BO BCEX BO3MOXHbIX COYETAHUSAX Nap TPEHUS.
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AHanua pesynbTaToB MO3BOMWUN ONpejenuTb YeTbipe 13 cemHag-
LATU UCCTIEAOBaHHbIX NONMMEPHbIX NAEHOK Kak obrnajaoLux onacHo
HU3KUM YoM (KO3 PULIMEHTOM) TPEHUS, YTO MO0 Obl CNYXUTb OCHO-
BaHueM Ans TpeBosaHuii 06 orpaHnyeHun nX NPUMEHEHUs B MOPCKOWA
Toprosne, ecnu Gbl He BbIABNEHHOE YpesBbl4aitHO onacHoe BnuaHne
3aMeHbl CTarnbHbIX CTPOMOB HAa CUHTETUHECKUE, CPEAHNI Yron TpeHus
KOTOPLIX MO MeTanny coctasun 18°, a no apesecuHe aaxe 16°.

B wrabene npeobnapatoLlei no nnowaan Bceraa ABnaeTca napa
TPEHWS: KaHaTbl NOABEMHbLIX CTPOMOB — [APEBECUHa HUKHErO, He 3a-
KpbITOro Hakuakamu, crnos AOCOK B NakeTe nunomarepuanos (nos. 9 Ha
puc. 4), oKa3aBLIAsCH CaMbiM CKOMb3KMM MECTOM, NOSTOMY B Ka4ecTee
pacyeTHON BEMMYMHbBI YITa TPEHNS MeXAY OTAeNbHLIMU Apycamu nake-
TOB ANSA pacyeTa NPO4HOCTM KpenneHus nanyGHoro rpysa npuHnmaem
3Ha4yeHue yrna Tpexus 16°.

OTpenbHOro paccMoTpeHus TpebyeT cutyauus ¢ aBleHnem TpeHus
Ha MOBEPXHOCTU MIOKOBBIX KPbILEK B 3UMHEE Bpemsi, NOCKOMNbKY BCe
pacCMOTPEHHbIE Clydan CMeLLeHUsl NakeToB nunomarepuanos Ha cy-
Aax UMenv MecTo B 3TO Bpems roga.

Ecnu norpyska NpOV3BOAWUTCA NpU TEMNEpaTypax HapyXHOro
Bosayxa —10 °C 1 HUXe, a peic, Kak npasuno, NPOMCXOAUT B HOXHOM
HanpaBneHun, To Nocne BbIxoa CyAHa B Gonee Tennble BoAbl, 00bI4HO
fpY BbIXOAE U3 NeAsHbIX NONENR Ha YUCTYI0 BOAY, MPOMCXOAUT BeCcbMa
BbiCTPOE HarpeBaHue MorpyXeHHO B BOAY YacTu kopnyca cyfHa, a
BCried 3a Hell 1 NIOKOBbIX Kpbilek, A0 TemnepaTyp Boiwe 0 °C. Ta-
KOe HarpesaHue CONPOBOXAAETCS TasgHUEM HIDKHEro, NPUMEP3LLENO K
KpbIlKam, cnos nbaa. B pesynbrate mexay nbAoM W NOBEPXHOCTLIO
MIOKOBBIX KpbllLeK o6pasyeTcst TOHUalwmiA Crio BOAbl, B KOTOPOM
K09PPULIMEHT TPEHNSI CKONMBXKEHNS naaaet fo Hyns. MIMeHHo B 3Toi
cuTyauun npu Hanuumn paxke HeGOoMbLUIOW Kauku cyaHa MPONCXOAUT
cMelLeHue Bcero maccuea nanyGHoro wrabens kak eguHoro 6noka no
OTTaSBLLXM JOKOBbIM KPbILLKaM.

C Uenblo N3yHeHUs KaueCTBEeHHbIX XapakTepUCTUK 3TOrO SBAEHUS 1
oTpaboTKM NpMemMmnemMbiX Ha NpaKTuKke CrnocoboB ero NpeaoTepaLLeHus
6bin NOCTaBnNeH crieunanbHblit SKCNePUMEHT.

Kak nokasanu pesynbraTbl 3KCMepuMeHTa, MOKPbITUe TOHKUM
CrioeM necka NOBEPXHOCTW JIOKOBbIX KPbIWEK nepej Havanom nor-
PY3KM B 3UMHUWX YCIOBWSIX BrOHE MCKITIOYaET ONacHOCTb CMeleH!s
nany6Horo wrabens npu nepexoae cyaHa B Tennble BoAkl. [osTomy,
TpeBoBaHWio NEPEA HaYanom norpyakkh B 3MMHUX YCMOBUSAX NPOU3BO-
AWUTb MOKPbLITUE NOBEPXHOCTY MIOKOBBIX KPbILIEK TOHKMM Crloem necka
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MO pe3ynbTaram HacTOSALEero MCCrefoBaHWs Brnepsbie Gbin NpuaaH
HOPMaTUBHbIA XapakTep.

Pa3spaboTka MeToAMKM pacyeTa 3NeMeHTOB CUCTEMbI ernneuvm
necHoro nanyGHoOro rpysa

Wwves B BuAY, YTO B COOTBETCTBYIOLLMX YCIIOBUSIX JTIOKOBbIE KPbILLKM
OyayT nocbinaHbl NECKOM, CUTYaLUUIO CMELLIEHUS rPy3a eAuHbIM GrIoKoM
MO NOKOBbIM KpbILLIKaM UCKNOYaeM 13 AanbHERLIero paccMoTpeHus,
a B Ka4yecTBe pacyeTHON NPUHMMAaEM CXeMy CaMOCTOATENbHOIo cMe-
LUEHUs KaXOOoro sipyca NakeToB NUIIoMaTepuanos No HWXe nexallei
nosepxHocTY, NGO npeablayLWero spyca NnakeTos NUIoOMaTepuarnos,
nUBO NIOKOBbLIX KPbILLEK.

B kayecTBe pacueTHOro yrna TpeH!s Ars BCexX SpyCOB NakeTos nu-
nomarepuanoB npUHUMaem HaumeHbllee cpeaHee apugmeTuyeckoe
13 BCEX N3MepeHHbIX B HacToswem nccnegosanuu. OHo onpegensier-
Cs YINIOM TPEHUA [OCOK MO CMHTETUYECKUM CTponam, a UMeHHo 16°,
4TO COOTBETCTBYET KO3PPULIMEHTY Tperus f= tg 16° = 0,287 = 0,29.

MNpeanaraemas HWke MeToauka paspaboTaHa C Yy4eToM BCeX npu-
MEHUMBIX TpeGoBaHNA HOPMATUBHLIX AOKYMEHTOB O TOM, YTO NPOYHOCTb
CTEH3eNeln He [0MKHa NPeBbILaTh NPOYHOCTHM danblwbopTa u, cneno-
BaTenbHO, Npu AUHAMMYECKOM Yrne KpeHa cygHa, BnuskoM K npepens-
HOMY pacueTHOMY, Unu Mpu NOCTOSHHOM aBapuitHOM KpeHe, [OMmKeH
NPOMCXOANTL MOMHBIA UK YaCTUYHBIA cOpoc wWTabens 3a cyeT paspy-
WeHns (paspbiBa) OTAENbHbLIX 3NIEMEHTOB CUCTEMbI KPENAEHUsA NECHOro
nany6Horo rpysa.

PacyetHas cxema yknagku v KpenneHus pacyeTHoro 6roka nake-
TOB NUIOMarepuanos Ha BepxHe# nanybe cyaHa B NonepeyHom ceve-
HUK NpuBEAEHa Ha puc. 7. 34ecCh W fanee Bce pasmepbl U pacyeTHble
LUMdpoBbIe BENUYNHBI NPUBEAEHbI Ha NPUMEPE CYAOB-IECOBO30B THNa
«Uropb UnbuHcKknit», HO cama MeToauka B NoNHOM ofbeme NpUMeHUMa
K cyaam noboro Tuna npu yyeTe nx KOHCTPYKTUBHBIX OCOBEHHOCTEN.

Kak nokasanu npeasapuTenbHble pacyeTbl, COOTHOLUEHUE pacyeT-
HbIX Harpy3oK » NpoYHOCTU cTeH3enel ogHoro GopTa He obecrneunsaer
BesonacHbIX ycrioBuit nepesosky, NO3TOMY NpeasiaraeMasi pacyeTHast
Cxema, No3BOMISieT Y4YECTb N NPOMHOCTb CTEH3eneit Apyroro GopTa 3a
CYeT co3aHNsi BTOPOro 3aMKHYTOrO KOHTYpa Kpennenus (nonepeyHo-
OMOPHOrO).

Onpegenexnns u 0603HaYeHUs, NPUHATLIE B fanbHelieM uccne-
JOBaHWW.
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SApyc — OAWH CIIOi NakeToB MUIIOMaTEPUanos, Pa3MELLEHHbIX B
ORHOI rOPU3OHTaNbHON NNOCKOCTH.

Pap (NpoAONbHLIA nnu nonepeyHblit) —nNakeTel NUo-
Marepuanos, HaxoAsLUMEcs B ipyce B npeaenax WypuHbl Unn Anvkbl
nakera.

Ctona - maccus, COpPMUPOBaHHbIA U3 €AUHWUYHBLIX NAKEToB
nunoMaTepuarnos, yCTaHOBNEeHHbIX BEPTUKanbHO APYr Ha Apyra B npe-
Jernax WWpKrHbl NakeTa.

WTabenb —maccus, cOOPMUPOBaHHLIA U3 PAAOB NAKETOB NUIO-
MaTepuaros, yNOKEeHHbIX APYr Ha Apyra B HECKONbKO APYCOB.

PacyeTHbl#h 6nok (Aanee «Bnok») — vacTb wrabens
anvHoii 3,0 M 1 wupuHoii ot Gopra Ao fopTa cyaHa.

CTeH3enb — BEpTUKaNbHas CTOMKa, yaepXusatoLiasi KpaitHue K
GopTy nakeTbl B pacyeTHoM Bnoke OT NOMepeyHoro CMeLLeHus {onpo-
KibIBaHUS WUNU COCKarb3blBaHus).

HaiTOB — CbEeMHOe CPEeaCTBO KpEenneHus rpysos (CTanbHoi
KaHarT, Lenb), BOCNPUHMMalOLLEe TOMbKO PacTArMBatoLLyto Harpysky 1
yMeloLLee B CBOEM COCTaBe YCTPONCTBO ANs HATSXEHUs nyTtem pery-
NVpoBaHns AMWHbI (Tanpen n T. n.).

l,, by, h, — AnNVHA, WNpUHA 1 BbICOTA 6noka naketos nunomarepu-
anos, M.

U — yAenbHbIi NOrpy304HbIil 06bem (YINO) rpysa, M.

i — HOMep sipyca, HaumHasi OT ocHosaHus wrabens Ha NIOKOBON
KpbILLKE. '

n — uncno ApycoB B Grioke NakeTos nunomarepuanos.

m — uncno nakeTos B Brioke no LwupuHe cyaHa.

P, —wmacca fnoka nakeTos, TC.

@ — pacyeTHbIi Yron TPeHUs Apyca NakeTos AUnomMarepuancs no
OMOPHON NNOCKOCTW, rpaa.

F,,— nonepeyHas caevraiowas cuna, fAeiicteyowas Ha it spyc
nakeToB napannenbHo ocHosaHuio wrabens, Tc.

E,,— cymmapHas nonepeqras cuna Ha sipyce NakeToB, yuuTbIBalo-
L|an yaepuBaloLLe Cunbl TPeHUs, TC.

T, — ycunue BePTUKanbHOrO HaTsXKeHs B rionepe4yHoOM OxBaTbiBa-
loLLlem Briok HaliToBe, Heobxoaumoe Ana yAepXaHus Onoka npu pac-
YETHOM AMHAMWYECKOM HaKMoHEeHuK CyaHa, TC.

T, — ycunue B NoNepeyHoM ropu3oHTan-HoM HaliToBe (CTeH3enb-
HO# CTsHKKE), CTArMBaloLLEM NOMapHO BEPXHUE KOHLIbI cTeHsene, Bbl-
crynatowme no Gopram Haa wTabenem NakeTos, TC.

L — AnNwvHa cyaHa, M.
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B — WwupuHa cygHa no pacyeTHO BaTeprinHum, M.

d — ocagka cygHa, M.

A — BogousMelleHne cyaHa, T.

C, — koadbpuumeHT obLUeil NOMHOThL kopnyca cyAHa.

A, — nnotwagb CKynoBbIX Kunewn, m2.

h, — HauyanbHaa MeTaueHTpuYeckas BbiCoTa, M.

h — ucnpaeneHHas MeTaleHTp1YecKas BbICOTa, M.

T — nepwog 6OpTOBOIA Kauku, C.

r,v h, - nonyBsbicOTa 1 BbICOTa BOSHbI, M.

—  or 2n ¥ r, 2h, . .
g 0 = —- - BeapasmepHblil UHEPLUOHHBbIA

koadbhmumneHT.

®,, — HopmaTuBHasA amnnuTyaa GOpPTOBOI Kaykv CyAHa, rpag,.

©,,, — YTON ANHaMU4ECKOro HaKkIOHeHUs CyaHa Npu AENCTBUM Kad-
KW 1 WKBana, rpag.

A, — nnowagb napycHOCTW 3arpyXeHHoro cyaHa, M2,

Z — BO3BblLUEHME LieHTpa NapyCHOCTU CyHa Haj OCHOBHOW Nnoc-
kocTbto (OI1), M.

Z, - BO3BbILIEHUE LeHTpa TshxecTu (LIT) 3arpyseHHoro cyana Hag
orn, m. :

Z,— BO3BbILUEHWE LEHTPa TAXECTH /-ro Apyca naketos Hag UT cya-
Ha, M.

p, — HOpMaTUBHOE BETPOBOE AABNEHWE Ha nnowaasb A , T/m2.

|, — nne4o BETPOBOro KPEHALLEro MOMEHTa, M.

J — pacyeTHbIt MOMEHT MHEPLIMM NMOMEPEYHOro CEYEHNs CTEH3ENS,
cm4,

W — MOMEHT COonpoTUBMEHNS CTEH3enNs, M3,

M — narnbaioLmit MOMEHT B PaCYETHOM CEMEHUWN CTEH3ENS, KIC:-CM.

0, — Npeaen TekyuyecTn Matepuana CTeH3ens, Krc/cm?.

| — pacueTHas anuHa CTeH3ens OT MNaHWMUps A0 YPOBHA TOYKM
KpenneHusi CTeH3ENbHOM CTSKKN, M.

L, — AnNvHa NonepeyYHol CTAXKN MEXAY CTEH3ENAMU, M.

MepBblit KOHTYP Kpenneuus 6noka (puc. 7) oBpasoBaH nonepey-
HbIMI OXBaTbIBaIOLLMMN HERTOBaAMW, YCTAHOBNEHHBIMU C LWarom 1,5 m
(T. e. ABa HaiiToBa Ha pacyeTHbIA 610K), CO3[alLLMMK BepTUKaNbHOe
HatsbkeHue T,. MNpenBapuTenbHOE yCunue HaTsKeHWs CO3AaeTcs no
OKOHYaHUM NOrpy3ku U NOAAEPXUBAETCH B peiice cneyunarnbHoi nepe-
HOCHoIt nebepkoit u/mnu Tanpenom.

Bropoit kKoHTYyp kpenneHus oBpasoBaH napoii CTEH3enen, npuMbl-
kawowux k oGeum cTopoHam Grioka u umeroLmx 3aaenky K answeéop-
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TaM Ha yPOBHE NNaHLLMPS 1 B CTEH3ENbHOM rHe3/ie Ha BepXHed nany-
6e. BepxHue KOHLbI CTEH3efel CoeanHeHbI HaliToBOM (CTEH3enbHoOW
CTSDKKOI), NpoxoAsilumm nosepx Onoka u BKNIOYAIOWMM Tanpen Ans
co3naHnst HeoBxoaAMMOro HaTsXKeHVS.

Bce sipychl paccMarpvuBaeMoro pacyeTHoro Gnoka npuHUMaloTes
O[HOPOAHBIMW B TIONEPEYHOM HaNpaBneHun, Npyu 3TOM TOYKkU NPUAo-
)XEHNA paBHOAENCTBYIOLLNX CUN B KAXOOM SipyCe pacnonoxeHs! 8 Ana-
metpanbHoi nnockoctu ([il1) Ha nonosWHE BLICOTH! NaKeTa KaxXjaoro
apyca.

Kaxpplii apyc 6noka nogsepxeH Harpyske no HoOpManu K ocHoBa-
HUIO WTaBens OT COBCTBEHHON MacCOBO-UHEPLIMOHHON cunbi £, 1 axa-
FOMMYHbIX CUI1 OT BCEX OCTaNbHbLIX APYCOB, PacnofoXeHHbIX BbilLe.

MpuUHATO, YTO BEPTUKAMNbHOE yeunue T BO BCEX YETbIPEX 6opToBbIX
BETBSAX [BYX OXBaTblBatoLLMX GMOK NonepeqHbix HakTOBOB OAVHAKOBO
N nepeaaeTcs OAHOBPEMEHHO TONbKO Ha KpaitHue GOpToBbIE CTOMbI
Gnoka, cosaasBas AOMOMHUTENbHYI YAEePXVBAIoWYo Ccuny TpeHus
(puc. 7).

Meegnay cotite
.

o Llonepevkedii naimos. wapenN annzﬁnmu SRR N
g e Cmeroes stz 3,000 2 T v T . s
=
17 z i 7
2 : : : i ’/{
7 i i
. s L | s
g 77 ||
K s Lo d | A" |
4 o o (>
._J o N7 ! | i ! A
7 ! | i g
7 g S 7
f: 7 Hpbra 0wt B ///r g
R & | Fuagran naxyba 1 &7 i
/
g : 08”1 pasenbipm
=== ‘ , an =
] ,
SHEUUHRA CIORG RAHIE © RpUZpIaN0 il 0 Ty anympeRsui BI0X naxos Ge3 npispyane om Ty

Puc. 7
PacueTHas cxema YKIagKkv U KpenneHus nakeTos nunomarepnanos Ha BepxHel nanybe

Mpw AVHAMUYECKOM HaKMOHEHUM CyAHa Ha KaxXablit SIPyC paccmar-
prBaemoro 6ioka NakeTos AelCTByeT CyMMapHas MacCoBO-UHEPLIMOH-
Hasi cuna F v cuna GoKoBOro AasneHus BeTpa npu wkearne. Mpoekuun
3TUX CUIN ONPEAENsIOTCS BbIPBKEHNAMU:
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F, =P, Fo+lhp,

) —.  0079,,
wwmF =P lsin@, (1- a)+ T “z|+1:hp, 4

F,=P cos@,, (1-"a) ()

npu aTom FW=F_; nE,-= F,’,’ — nonepeyHas u seprukanbHas Gespas-
MepHbIe (B JOMSIX OT CUMbI TSHKECTN) NPOeKLUn cunbl F.

Ons nany6Horo rpysa npuHuMaem ycrnosue, YTO paccMmarpusae-
Mble CuUMbl AOCTUralOT CBOUX MaKCUManbHbIX PacHeTHbIX 3Ha4YeHWii B
MOMEHT, KorAa CyAHO pacnonoXeHo Ha BEPLUMHE PE30HAHCHOW BOMHBI.
MpousseaeHue cunibl F, Ha KO3MOULIMEHT TPeHNsI, paBHbIi tgp, aaeT
BENUUNHY CUNbl TPEHUSA, NPENSATCTBYIOWER CMELLIEHNIO, BbI3bIBREMOMY
cnnamm Fw' [MpuHATO, YTO KOIDPULNEHTLI TPEHUS CKOMBXEHUS NO JTH0-
KOBbIM Kpbitkam (JTK) n mexxay apycamm nakeToB 0AWHAKOBbI.

Pesynsrupytollas nonepeyHas cuna E,, Ha xaxpom sipyce (puc. 8)

onpegensieTcs no opmyne:

P o= bF
E,=—F —|(1+n-)—"F,+2T,| tgo. (6)
yi n vi zZi

P
n

BenuunHoi nepeHocHoro MoMeHTa npy GonbLIOM YUCHE NaKeToB B
AApyce MOXHO nNpeHebpevyb.

MpuHMMaeM, YTO pesynsTUPYIOLIMe Harpysk OT KaXZoro spyca
nepeaalnTcsa Ha NOABETPEHHBIA CTeHsenb 2 (puc. 8) B BMaAe cocpeaoTo-
YEHHbIX Harpysok E_, NpunoXeHHbIX Ha NONOBKHE BbICOThI NakeTa.

M3 cpasHeHus copmyn (4), (5) u (8) BuaHo, 4TO Npu Q=const aHa-
YeHue E ; U3MeHsIeTCS NIUHEeHO no BbicoTe Broka NakeTos, B pesynbTa-
Te YEero CMeLLeHne rpysa HaunHaeTCs Co CKOMbXEHNS BEPXHEro spyca
K NogBETpeHHOMY BopTY.

Npumeuanune: OnpegeneHne UMEHHO 3TOR 3aBUCUMOCTU ABASETCS OCHOBHBLIM
Pe3ynLTaTOM HaCTOALLEro UCCEA0BaHMA, Ha OCHOBE KOTOPOro MOrYT BbiTh MOCTPOEHb!
pasnuuHble CUCTEMB! KpenneHus, nossonsiolme Gonee NONHO yueCTb TPAHCNOPTHbIE
XapakTepuCTUKK rPy30B U OCOGEHHOCTM CYAOBbLIX KOHCTPYKLMIA.

B paHHol paBote oguH “3 BO3MOXHbLIX BapUaHTOB Takoi CUCTEMBI
KpenneHMus paccMoTpeH Ha npumepe cypos Tuna «rops MnbuHcKnit»,
oBopyaoBaHHbIX CbEMHbLIMWU CTalNbHBIMW CTEH3ENSMU CO CTEH3ENbHbI-
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MW CTSDKKGMW Ha ypoBHE MoBepxHoCT Litabens necHoro nanyGHoro
rpysa (puc. 7 n 8).

Mocne Havana cMelleHUs BePXHEro spyca fnakeToB K NoABeTpeH-
HOMy 6OpTy MPOUCXOAWT HadarbHbIi 3G BEpXHero KoHua cTeHse-
NS 2, @ BO3HWKAIOWAA NPy 3TOM CUMNa Yepes COEAUHAIOWMIA HailToB
nepenaeTca Ha cTeHsenb 7.

MonepeurHas gedopmaums y, CTeH3ens 2 BKnio4aeT n3rub y, cren-
sens 1 v yanuHexne AL, coeauHsioLLero HalToBa OT AENCTBUA CUNbI
T.Te:

Y, =y, *AL, (N

C y4yeTOM MONIOXEHMA Teopun CONPOTUBSIEHUS Marepuanos,
yunThIBaOWMX peanbHble cnocobbl 3aAenkn OCHOBaHUsA CTEH3ens B
rHesfe Ha BepxHel nanybe N KOHCTPYKLMIO KpenneHus CTeHsens Ha
chanbLUBOpTY, a TakKe pacTsKeHke CTanbHOro Tpoca, Obiny nonyyeHbl
3aBMCMMOCTM, NO3BONAIOLME onpeaenuTb Heobxogumoe npeasapu-
TenbHOE HaTSAXEHNE CTEeH3eNbHbIX CTHKEK T 1 NOCTPOUTL 3NIopbl ne-
pepesbiBaloLMX CUr, N3rnGaroLLnX MOMEHTOB 1 hOpMY SIMHUN nsrnba
CTeH3eneil, a Takke paccyMTaTh NonepeyHble OTKMOHeHUs ux cBoGoa-
HbIX KOHLOB (puc. 8).

. Pacvemnan cxema
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Puc. 8

Cxema AeifCTBYIOLMX Harpy3oK 1 AethopMaLmil Ha CTEH3enNAX,
COEMHEHHbIX YNPYroM CTSKOM:
1 — cTeH3enb HaBeTpeHHoro BopTa; 2 — CTEeH3eNsL NojBETPEeHHOro BopTa

BbipaxeHue anst T, yuuTbIBaOLLEE KOHCTPYKTUBHBIE OCOGEHHOCTH
CUCTEMbI KpEnsieHUst necHoro nanyGHOoro rpysa:
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_ P(EgC+E,C)

4p+q

(8)

3
mep=
6EJ

, (cMm/krc),

4L,
q = ————, (cm/krc),-
nd? Emp

d — puameTp Tpoca, cMm,

Emp ~ 900000 Krc/cm? — MOAYNbL PaCTAXEHNA CTalbHOFO TPOCE,
3
C,=3- __ci - i mC,=2+ 2 3 2 He3pasmepHblie KoathpULneHTEI.
[E & /3 /
MpeoGpasys fanee (6) oTHocuTenbHO T, nomyyYaem:
l-b -h p-u
b Y Yo | v -
u Fy4 + b - Fz4' tg(p - Ey400n.
b
T,z : 9)
2tge

PesynbraTtbl pacyeToB NO U3NOXEHHOW METOOUKE CpefcTBamMu
Microsoft Excel Ha npumepe cygos tuna «WUropb MnbUHCKWA» noka-
3anu, YTO pacdeTHbIe 3HaYEHNA YCUNNA HaTSXEHUS B MPUKMMAaIOLLNX
HaiToBaX HaxoAaTCA B npeaenax, BnosiHe AOCTWKUMBIX NyTEM UCNOMb-
30BaHMWsA CPEACTE Masio MexaHW3aLmMmn — NEepPeHOCHbIX PYYHbIX Tanei,
a ycunust B CTEH3ENbHbIX CTSXKKAX AOMYCKaloT NpUMEHeHWe TpocoB C
YMEHbLUEHHOW BABOE paspbiBHOW Harpyskow. Torga B cnyvae aBsapwii-
HOrO KpeHa cyaHa cHavana 6yaeT pBaTbCs CTeH3enbHas CTsKKa, 3aTeM
CTeH3eNb MOABETPEHHOro GopTa M3OrHETCA Ha YpPOBHE NNanLmMps,
CTOMKU KOTOPOTO B TO K€ BPEMS HE NOABEPrHYTCA paspyLUEHUIO, Nocne
uero OyAyT pBaTbCs NPUXMMALOLLME MONepeyHbie HaToBbI, U rpy3 By-
AET yxoauTb 3a BopT.

lMpuMeHeHWe WU3NOXEHHON METOAMKM B Crnyyae, eCrii MPoYHOCTb
CTeH3ene# He yuuTbIBAETCs B COCTaBe KpenneHus, T. e. Ans crydyas
KpenneHus Bnoka TonbKO MonepeyYHbiMK HalToBamu, nossonsieT 6o-
nee TOYHO paccuuTatb UX HEOGXOAUMYIO U AOCTATOYHYIO Pa3pbIBHYO
MPOYHOCTb Ha AaHHOM TUMe CYAOB, M HACKOMbKO paccuMTaHHas npo-
YHOCTb HAWTOBOB OTNUYAETCH OT PaspbIBHON Harpysku B 133,4 kH, xec-
TKO Tpebyemoit AeiCTBYIOLLMMIN HOPMATUBHBIMM AOKYMeHTamu [3, 6, 7].
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VIAK 629.123

E.M. Annononos, A.A. I'onoexun, A.B. Tudxoeckuii,
M.A Kymeiinukos, A.b. Hecmepoe

METOAONOIrnA OUEHKU 3KBUBAJNIEHTHOCTH
CYUWECTBYIOLWUX NEAOBLIX KITACCOB

BBepeHue

MNpn pelweHun BonmpocoB 3axofja CyAoB NEAOBOrO NNaBaHWs B
MHOCTpaHHble 3amepsaaloLne NopThl U NPoXoAa Mo apKTUYECKUM Tpac-
cam, B TOM yucne no CesepHOMY MOPCKOMY NyTW, @ Takxe Npu pek-
naccudukalmm cyaos NCNonbayoTCA COOTHOLLEHWUA SKBUBANEHTHOCTH
NepoBbIX KNaccos, yctaHaenmeaemMblx TpebosaHusimy TMNpaeun knaccu-
(PUKALMOHHBIX OOLLIECTB UMM HaLUMOHaNbHbLIX MOPCKUX OpraHvsauuii.
UsmeHeHns TpeBGoBaHui k neaoBbIM ycurieHusim cygos B Mpasunax
KnaccunkaumoHHbIX o6LLeCTB, perynsapHoO Npoucxoasiuue B npouec-
Ce WX COBEPLUEHCTBOBaHUSA, a TakXe NosiBfEeHNe HOBLIX HOPMaTUBHbIX
AOKYMEHTOB NPUBOAAT K HEOOXOAMMOCTU PEerynspHoro YyTOYHEHWs
COOTHOLLEHUIA SKBUBANEHTHOCTU. B HacToswuit MOMeHT aTa 3agaua
NpeacTaBnsieTcs OCOoOEHHO aKTyanbHO#, MOCKONbKYy B nocnefHvie
rofbl KapauHanbHon nepepaboTke noaBeprnuck TpeboBaHus K nepo-
BbIM ycUneHusm cyoe B paBunax POCCMICKOTO MOPCKOro peructpa
cypoxoactea ([Mpasuna PC) u Nepoeble Mpasuna KaHagbl, BHECEHSI
CyllecTBeHHble KoppekTusbl B ®uHcko-Lliseackue Jleaosble Mpasuna
(dLLUM), a Tarke paspaboTaH NpoekT YHmpwumpOBaHHux TpebosaHuii
MAKO ans nonspHbix cyaos (YT MAKO).

Hapsay ¢ aTum Henb3a He OTMETUTL ellle oAuH acnekT. Ha doxe
BO3POCLUEro MHTEpeca K CTPOWTENbLCTBY CyAOB NEAOBOro nnasaHus
Ana obecnedeHns fobblun U BbIBO3a HeddTENPOAYKTOB C poccuiic-
KOro apKTU4eckoro lenbga, cpean 3auHTepeCoBaHHOW pPOCCUCKON
06LUeCTBEHHOCTU CNOXWNCH LMPOKUIA CNEKTP MHEHUIA OTHOCUTENBHO
NPenMyLLecTB U HeJOCTaTKOB POCCUNACKUX U MHOCTPAHHbLIX NefoBbIX
knaccoB. [1pn 3TOM OCHOBHbLIM KPUTEPUEM MOMOXUTESIbHbLIX Ka4ecTs
knacca c4uTaeTcs OTHOCUTENbHO HU3KWIA ypoBeHb TpeboBaHuit K npo-
YHOCTK KOpryca n MmoLHocTH I 3Y. ABTOPEI B paMKax gaHHOl CTaTby He
CTaBAT 3a4a4yu akKTUBHOMO y4acTus B 3TON NOMNEMUKE, O4HAKO CUUTAIOT
uenecoobpasHbiM NPeACTaBUTb CyAOBMNaAENLYECKAM W CYAOXOAHbBIM
KOMNEHWUAM, a TakKe NPOEKTHbIM N CYA0CTPOUTENbHBLIM OpraHn3aumnam
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MPEACTABUTENbHYI0 KOMUUECTBEHHYIO UHopMaLMio, obecnevusato-
LLYt0 BO3MOXKHOCTb OOBEKTMBHOMO CONOCTaBNEHUS IEA0BBIX KIaccos.
Conoctaenenue TpebosaHuit [Mpasusn K NEAOBLIM YCUNEHUAM Cy-
[OB SIBNSIETCS MHOronapameTpuyeckon sagayeil. [ins ceeneqvs ee k
ofHONapamMeTpUYeckoi, T. e. nossonsioLei Aarb OAHO3HauHbIA OTBET
0 3KBUBANEHTHOCTU 2-X Knaccos paanuyHbix Mpasun, HanbGonee Yacto
UCMONb3YI0TCA ABa cnocoba CpaBHEHUS: MO KPUTEPUIO Haucnabenwero
anemMeHTa 1 Mo KpUTEPUIO OCPEAHEHHOTO COOTBETCTBUSA.
~ CpaBHeHue no Havcrnabeiluemy anemMeHTy, NonysspHoe y HeKoTo-
pbix Mopckux AQMUHUCTPaUNiA, PeAKO AAET BOSMOXKHOCTL KOPPEKTHOrO
CONOCTaBNEHUs NefOoBbIX KNAacCoB, NOCKOMNbKY B GONbLMHCTBE Cryvaes
BbIHYAEHHO MPUBOAUT K TOMY, YTO NIEJ0BbIe YCUNEHUs, CNpOekTHpo-
BaHHbIE NO «4yXUM» Mpasunam, COOTBETCTBYIOT AOCTATOMHO HU3KOMY
«CBOEMY» Kraccy u3-3a pacxoXaeHus B CTPYKType TpeGoBaHui.
KpuTepuii OCpeAHEHHOro COOTBETCTBUS NO3BOMAET NONy4uTb 60-
nee o6LEKTMBHbIN PE3YNLTaT, HO eMy NPUCYLL OpraHnyHbIA HEAOCTaTOK,
CBSi3aHHbIN C CyGbEKTUBM3MOM BbINONHEHWS NPOUEAYPblI OCPEAHEHUS.
[N NpeofoneHns AaHHOro HeaocTaTka aBTopaMu HacTosLew
CTaTby MpW NOAFOTOBKE HOBLIX TpeGoBaHWiA K NeAoBbIM yCUNEHUAM
cynos Mpasun PC 6bin npeanoxeH [1] Hay4YHO-000CHOBaHHbIA noA-
X0A K YCTAaHOBNEHWIO 3KBUBANEHTHOCTW NEAOBbLIX KMaccoB B 4acT
TpeBoBaHMii K NEA0BOI NPOYHOCTM KOpMyca Ha OCHOBE CpaBHEHMs Tak
Ha3bIBAEMbIX CUCTEM BGa30BbIX ONACHBIX PEXVUMOB [ABWKEHUS. PeXnM
OBWXEHUS — 3aBUCUMOCTb OMAacHOW MO KpUTEpWIio NOBPeXAaemMocTh
Kopnyca CKOPOCTU [BWXKEHWA CyAHa OT TONWMHbLI NbAa — paccmar-
pUBaNCA KaKk WHTerpanbHas xapakrepuctuka 6esonacHocTu B pamkax
neposoro knacca. Criedyer, 0AHaKo, NpU3HaTh, YTO AaHHbI NOAXOA He
MOT NOMYYUTb MEXAYHAPOAHOMO pacnpocTpaHeHus 8 cuny crnegytowiei
OGBEKTUBHOMN MpPUYMHBL. Ha HacTOALMA MOMEHT OTCYTCTBYET €AuHas
obLuenpusHaHHas metogonorns obecneveHuns fienoBon NPOYHOCTU
cynos. WcnonbaosaBluMecs B aHannse moaenu B3aUMOZENCTBUA KOp-
nyca cyaHa co NbJioM, METOAb! onpeaeneHns nesosbixX Harpysok, crno-
coBbi 3aaHNA PACHETHbIX NapaMeTPOB NEJOBbLIX YCHOBUiA, KpUTEPUN U
METOAbLI OLIEHKN NMPOYHOCTU KOHCTPYKLMA COOTBETCTBOBANMU NPUHATHIM
B POCCUIACKOW MpaKTUKe U NONOXeHHbIM B OCHOBY TpeboBaHuii K ne-
[oBbIM ycunenusm cyaos MNpasun PC, HO oTnnyanucb OT NpUMeHsB-
WKUXCS B APYrUX CTpaHax u (Unu) KnaccuduKaLMOHHbIX obulecraax,
CBSA3aHHbIX C NEQOBLIM CYA0XOACTBOM.
MosTomy Ha ctapuu paspaGotku npoekta YT MAKO [2] ananus
SKBUBANIEHTHOCTY, BbIMOMHSABLUMACA aBTOPaMn COBMECTHO C Fpynnoii
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KaHaACKMX CMeuuanncToB, OPUEHTUPOBANCA Ha HENOCPeACcTBEeHHOe
cpaBHeHue TpeGoBaHuit K pasMepam TUNOBbIX KOHCTPYKUMiA no pas-
NnYHbIM TpaBunam, XoTsi B HEM UCMOMb30BaNUCh ANEMEHTL! POCCUIAC-
koro noaxofa: NOCTPOEHNE CTaHAapTHOW CETKK CYAO0B, BbIGOP TUNOBbIX
KOHCTPYKUMIA Ans TecTupoBaHna u Ap. OLEHKM 3KBUBANEHTHOCTW ANS
BonblUMHCTBa HOBbIX NOMAPHLIX krnaccoB (o npoekty YT MAKO) u
CYLLECTBYIOLUX @PKTUHYECKMX KNacCoB BbIMNOMHASIMCE MO KPUTEPUIO
OCpeAHeHUs1, XOTs npoueaypa ocpefHEeHUst YeTKO He OroBapuBanach.
WckriioveHne 6bino caenaHo TONbKO B OTHOLUEHWU ONPEAEneHus ak-
BUBAINEHTHOCTU 2-X HWXHUX nonspHbiX knaccos (PC6, PC7) u 2-x Bbl-
cumx knacco GLUM (1A Super, 1A). 3aech 9KBUBaNEHTHOCTb NOMSPHbIX
Knaccoe ycraHaBnusanack No Kputepuio Haucnabeiillero anemMeHTa.
Tem cambiM nonsipHbie Knacckl CTaBUNUCL B 3aBEAOMO HEBbIFOAHbIe
YCNoBWUSA Mo CpaBHEHMNIO ¢ BanTuinckumu.

B HacTosLLel cTaTbe Ha OCHOBaHWUM KpUTUYECKOTO 060BLLEHUS Ha-
KONMNEeHHOro onbiTa npeAnaraeTcs METOAONOIMSA OLIEHKU 3KBUBANEHT-
HOCTU NIeA0BbIX KNACcCoB, CoaepXaLlasi KOMNIEKCHYIO KONIMUYECTBEHHY 10
npouenypy nocneaoBaTeNlbHOro ocpeaHeHus TpeGosanuii Mpasun.

1 Basa ans conocTtaBUTENbHLIX PacyeToOB U NepevYeHb aHanuau-
pyeMmbIX KnaccoBs

B npouecce peleHns 3agaum CONOCTaBNEHUS PasnUYHbIX Tpe-
GoBaHnii BOSHUKAET paj OBBLEKTUBHBIX TPYAHOCTEN, 0ByCnoBNEHHbIX
pasnuyHbIM NOAXOAOM K pernameHTauuy B CyLLECTBYOLIMX HOPMATUB-
HbiX AOKyMeHTax. [ins npeofoneHus aTux TpyaHocTel 6bin BbipaboTaH
(cm., Hanpumep, [1, 3]) psA NpakTU4ecKUX NPUEMOB M OONYLIEHWN,
NO3BONAOLUMX CHOPMUPOBATL NpeacTaBuTeNbHy0 6asy AaHHbIX ANs
BbIMOMHEHNSA COMOCTABUTENMbHbLIX PAacCHETOB W OrpaHu4UTbL 06beM pac-
YEeTOB Pa3yMHbIM MUHUMYMOM.

[lns conocrasneHns UCNonb3yeTcs AByxnapameTpuyeckas ceTka
cynos [3], B KOTOPOW OTAENbHbIE NapaMETpbl 3aBUCAT OT pasMepeHuin
CyAHa 1 neposoro knacca. [inanasoH U3MEHEHVS ANWHbI apKTUYECKUX
cynos npuHumaetcs or 100 M 4o 250 M, 4TO COOTBETCTBYET peansHOMY
AnanasoHy. [Ins HeapKTUYeCKnx CyaoB paccmaTpuBaeTcs Gonee Lnpo-
kuit guanasoH anuHel: ot 50 m go 300 m. Cetka npoluna anpo6aLuio
npu paspaboTke HOBbLIX TPeBOBaHWA K NEAOBLIM YCUNEHUSM CyA0B
Mpasun PC v npoekta YT MAKO.

AHanua pacnpocTpaHseTcs Ha nefoBble Knacckl Poccuitckoro
Mopckoro peructpa cygoxoactsa (PC) [4], AMepukaHckoro Biopo Cy-

127




noxopcTea (ABC) [5], Fepmanckoro Jinoiiaa (M) [6], Peructpa Jinonga
(PN) [7], Bet Hopcke Beputac (HB) [8], a Takke duHcko-UBeacknx
Mpaeun (SLUM) [9], Mpasun KaHagk (MK) [10], npoekTa YHudpmumpo-
BaHHbIX Tpebosaruit MAKO Ans nonsipHbix cyAoB (YT MAKO) [2].

ns yno6cTBa CONOCTaBNEHVS NEA0BbIE KracChl pasbusaloTes Ha
yeTblpe FPynnbl: BbICLLIKE apKTUMECKUE; CPeHNE apKTUieckne; Huslune
apKTuJeckue; HeapKTidyeckue (cm. Taon. 1-1). Mpu 3TOM HEKOTOpbIE
knacckl (Hanpumep, J1¥4, Y5, Y7 Mpasun PC) BX0AAT B ABE COCeA-
HWe rpynnbl KAXAbIA, 4TO AOMKHO 06ECnevnTh BOSMOXHOCTb COOTHECe-
HUA ypoBHe# TpeGoBaHui mMexay rpynnamu.

Ta6nuua 1-1
PasgeneHune NeaosbIX KNAccoB Ha BbiclLne, cpeaHue,
HU3LKUe apKTUYECKUe U HeapKTuyeckue

Fpynna YT
s | PC | P | HB ABC | oLln MK | vAKo
nys | AC3 | Arca | POLAR-30 | A5 cact | Pci
B nys { AC2 | Arc3 | POLAR-20 | A4 CAC2 | PC2
bicUWMe | nyz7 | AC1,5 POLAR-10 | A3 cAc3 | PC3
ICE-15
ny7 | AC1 | Arc2 | ICE-10 | A3 cac3 | pc3
Cpegtue | JIY6 Arct ICE-05 A2 CAC4 | PC4
nys A1 PC5
nys A1l IA Super PC5
Huawue | NY4 A0 1A PC6
BO PC7
heapra | V4 1A
acp‘“ “| ny3 B
vyeckue ny2 ic

[ins conocTaBuUTenbHBIX pacyeTos TpebyeMbix pasMepos NefoBbIX
ycuneHwit BbIGMpaeTca MOHOTOHHas nonepedHas cuctema Habopa (c
NPOMEXYTO4HBIMM NarnyBamu, porb KOTOPbIX MOTYT BbINOMHATL nnar-
chopMbI Ui guadparmbl ABOAHOMO GopTa), nokasaHHas Ha puc. 1. Mpwn
paccTosHuM Mexay nanybamy Gonee 2 M B NporeTe LUNaHroyTa ycra-
HaBIIMBAETCS WHTEPKOCTENbHBIA Pa3HOCALLMIA CTPUVHIEp, UMEIOLNA Te
e pa3mepbl NONepeyHoOro CE4YEHNs, 4TO U LUNAHIOYT. MpuHuMaembie
ANS COMOCTaBUTENbHBIX PacYeTOB 3HaYeHWsi KOHCTPYKTUBHBIX napa-
METpOoB yKasaHbl B Tabn. 1-2.

PaiioHUpoBaHue NeA0BbLIX YCUIEHNI B CONOCTaBNAEMbIX TpebosaHu-
X MOXET pa3nnuaTbcs o4eHb CUMbHO, OAHAKO BO BCEX Cry4asnx yaaercs
BbIAENWUTL TPV paiioHa NeAoBoro Nosica: HOCOBOIA, CpeaHuiA ¥ KOPMOBOHA.
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Puc. 1
Cxema KOHCTPYKTUBHOTO OhOPMMEHUS LUNAHFOYTOB NEA0BLIX YCUACHU,
NPUHATaN ANA BLINOMHEHUA CONOCTaBUTENbHbLIX PacyeTos
(HaxnoH 6opTa YCNOBHO HE NOKa3aH)
/- nponet mexay nanybamu; h,,, — BEICOTa KHULbY;, 7 — Pa3HOCALLMiA CTPUHIEp
(MoxeT oTCyTCTBOBaTH NpY / £ 2 M); A — pacieTHas ANoLWaab CTEHKN

MouwHocTb 3Y cyaos nefoBoro NnaBaHUs NMPUHUMAETCS paBHOMN
MUHUManbHoi, Tpebyemoit paccmarpuBaeMbiMu [paeunamm mow-
HocTu. Ecnu xe MNpasuna He cogepxar B SBHOM BUae TpeboBaHuii K
MOLLUHOCTU, OHa nNpuHumaeTcs no tpebosaHuam Mpasun PC gns Toit
nefoBOW KaTeropum, C KOTOPOI BbINONHAETCH CONOCTaBMNEHME.

Tabnuya 1-2
3Ha4YeHUsA KOHCTPYKTUBHLIX NapaMeTpos,
NpUHUMaeMbie ANA CONOCTaBUTENbLHLIX PacYeTOB

Mpeaen Paccrosxune
nl;p y;;:X TekyJectu LWnauusa mexay B::;ma al;l:g ":":
Kargro Wit marepuana a,m nanybamm h :: pm_ m:n:,u ar°
P R, MMa I PUHrep
Beicwme 500 04 2 0,4 HEeT
apkTnyeckue
CpegHue 390 04 2,5 0,35 ecTb
apKTudeckue
Huswwe 315 04 3 0,3 ecTb
apkTuyeckue
HeapkTtuueckue 235 0,5 4 0,25 ecrb
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PaccMaTp1BaeTCa TP OCHOBHbBIX MapameTpa, XapakrepusyloLnx
NPOYHOCTb NEAOBLIX YCUNEHWIA:

t — TpeByemasi TONLLUMHA HapyXHOWM OBLIMBKY, MM, C pobaskoi Ha
W3HOC, COOTBETCTBYIOLLE OTCYTCTBUIO BbICOKOIMMEKTUBHBIX MOKPbI-
THiA;

A — Tpebyeman nnoLlaab CTEHKU LUNaHroyTa, BKr4alolas y4ac-
TKY CBOBOAHOIO 1 NPUCOBANHEHHOrO Nosickos o6LMBKM (puc. 1), ¢ Ao-
GaBkoii Ha W3HOC, CM?;

W — Tpebyemblil NpeaenbHbIi MOMEHT CONPOTMBIEHUS LUnaHroyTa
C y4eToM A0BaBKiA Ha UBHOC, CM?.

2 KomnnekcHoe conocTaBfieHWe MeTOAOM BecOBbIX koadduuu-
eHTOoB

Knaccuyeckum METoAOM CBeAeHuA 3a4ay mHoronapameTpuyecko-
O COMOCTaBMEHUS K OAHONAPaMETPUYECKUM ABNSETCA METOA BECOBbIX
K03(POULUEHTOB, COCTOALLMA B TOM, 4TO Kaxgoh cucreme conocras-
nAeMbIX NapameTpoB {x} CTaBUTCA B COOTBETCTBUE KOMMNEKCHbIA no-
kasarenb K, onpeaensemblii no gopmyne:

sk (%)

7 X0 :
Ks — . _ 2)
Tk

i

rae x2 — Hekve GasoBble 3HaYEHUA NapameTpos BekTopa {x}; BBOAWMbIE C LEnbto npu-
BeaeHNA UX K BespasMepHOMy BUAY, Tak KaK pasnuuHbie conocTasnseMele na-
pameTpbl X, W X;, OYEBUAHO, MOTYT UMETb pasnuuHyIo pasMepHOCTL (Hanpumep,
napameTp KOHCTPYKLMM 1 MOHOCTb TIY);
k.~ na6op BecoBbIX K03h(PULIMEHTOB, ONPEAENAIOLLMX BAXHOCTb KaXAO0ro U3 conoc-
TaBAAEMbIX NapamMeTpos.

Haubornee ys3BUMBIM MECTOM MOAOOHOrO anroputma ABnAeTcs
0BOCHOBaHHOE HasHaueHue BEecoBbIX KoadduumeHToB k. B cBAsmu ¢
3TUM HeoBXOAUMO OTMETUTb, YTO BBOAVMBIE HVKE BECOBbIE KOADU-
LUMEHTBl OTPaXaloT B MEpBY0 ovYepeab MHEHue aBTOpOoB HacTosLLen
CcTaTby 06 OTHOCUTENbHON BaXKHOCTU TEX WKW WHbIX NApaMeTpoB W
noaToMy He BrorHe cBoGOAHbI OT ONPeAeneHHoro cybvekTususma.
Bripouem, 3TO HEAOCTaToK, OpraHuyecku npucyLwnii Metogy ocpea-
HeHUs C BecoBbiMU KoadduumeHTamu. 1o Mepe HakonneHus onbita
MpaKTUYECKOro MpUMeHeHNs npeanaraeMon MEeToaonorui MOTyT Bbi-
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NONHATLCA pacueTHbie UCCReAoBaHUs C LUENbl YTOYHEHWUS BECOBbIX
KO3PULINEHTOB C NOMOLLLIO CUCTEMATUYECKUX SKCMEPTHBIX OLIEHOK,
a TakxXe NMpoBepKu YCTONYNBOCTU PEe3yNbTaTOB K UBMEHEHUIO BECOBbLIX
KO3(hPUUMEHTOB NyTeM BapbUPOBAHMA MOCMEAHWUX B 3aAaHHbLIX npe-
Aenax.

OcobeHHoCTY (hOpMUPOBAHNST CONOCTaBUTENBHOrO YCNOBUS BUAA
(2) Ans nepoBbIX KNAcCoB PaCCMOTPEHbLI HUXE.

3 ConoctaBneHue TpeGoBaHMIA K KOHCTPYKUUSIM JIeAOBLIX yCUne-
HUNK

3.1 OcpenHeHue TpeboBaHui k 0GlIMBKe M HaBopy Ha OCHOBa-
HUU €OMHOro NapameTpa NPOYHOCTU U METaNNI0eMKOCTH

Ecnu cnegosath thopmarnbHoii npoleype METOAa BECOBbIX KO3dh-
huumeHTOB, TO HEOBXOAMMO COCTaBUTL YCrOBUE BUAA:

ks k4

t_to A7; w VV.,).

K, = . (3.1)
kt+kA+kw

OnHako Takoii nyTb TpebyeT 3ajaHvs napameTpos k, k, k, t,
A%, A? npuyem cnocobbl UX OrpeaeneHnst COBEPLUEHHO HEOUYEBUAHDI.
MoaTomMy npennaraeTca OTKas3aTbCA OT UCMONb3OBaHMA YCMOBUS BUAA
(3.1) B Nonb3y MmeroLero OYeBUAHBLIA (PUSUYECKUIA CMbICRT €AUHOTO
napameTpa F — nnowaau nonepeyHoro CeveHus LUNaHroyTa ¢ npuco-
€AVHEHHBLIM NOSICKOM OGLUMBKM LUMPUHOIA B OAHY LLNALWI0, UMEHYEMOTO
B AanbHenlWeM 3KBUBaNeHTHO! nnowaabko. Mpaktuyeckuin anroputm
BbIYMCNEHNA 3TOro napamerpa npeacTaeneH B Buae Onok-cxembl Ha
puc. 3.1.

OKBUBaNeHTHan nnoLwagb F B ONpefieneHHoi Mepe xapakTepusyer
NPOYHOCTE U METANMOEMKOCTb NefoBbIX YCUNEHUA U, MO3TOMY, pac-
CMaTpUBaETCH KaK OCPEAHEHHbIA NapaMeTp NPOYHOCTU K1 MEeTannoem-
KOCTW NEAOBbLIX YCUIIEHNWIA B paccMaTpuBaeMoM paitoHe kopnyca.

3.2 OcpeatHeHne 3KBMBANEHTHOW NNOLWAAN NO CYAHY B LeNOoM

PailoHMpoBaHWe NeaoBbIX YCUNEHUA B PasnnyHbIX NpaBunax mo-
KET BECbMa CYLLECTBEHHO pasnuyaThCsl, OfHAKO NpaKkTUYecku sesae’
MoryT ObITb BblAereHbl TpeboBaHNs K HOCOBOMY, CPefHEMY N KOPMO-
BOMy paiioHam nefoeoro nosica. Npu 3ToM HEOGXOAUMO YYecTb, YTo
Hanbonbluee KONMYeCTBO YAapOB O Nef XapakTepHO AMS HOCOBOMO
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paiioHa NefoBoro nosica, NO3TOMY OH Haubonee BaxeH Ans onpeaene-
HUSI SKBUBANEHTHOCTN. Ha OCHOBaHWK U3NOXEHHOTo NpeanaraeTca on-
penensTb SKBUBATNEHTHYIO NAOLWaAb, OCPEAHEHHYI0 NO CyAHY B LIENOM,
no crieayioLLieit hopmyne, BbiTekatoLei u3 obileit 3aBucnmocTu (2):

kHOc F, HoC + kcp F, cp + kKOpM FKOpM
F = , (3.2)
kHoc + kcp + kKOpM
T8 Froo Fop From Kioo = 2.0, Koy = Kigpy, = 1,0 — aKBUBANEHTHbIE MNOLAAN 1 BECOBLIE KO-

achbuLmMeHTLl B HOCOBOM, CpeAHEM 1 KOPMOBOM paitonax nejoBoro nosca.

3.3 OcpeaHeHue TpebGoBaHUi ANA knacca B LefoM

KaKk BbiN0 yKa3aHo Bbillle, COMMAacHO CIOKUBLUENCA NpakTuKe co-
NoCTaBneHne BbINOMHSETCA ANA CETKU cyAoB. KOHKPETHbIE 3HAYeHUA
pacueTHOI ANUHbLI Cy0B B NPUHSITO! CETKE COCTaBNAIOT:

Ans apkTudeckux cypos: 100, 120, 150, 170, 200, 250 m;

ans HeapkTuueckux cyaos: 50, 70, 100, 120, 150, 170, 200, 250,
300 m.

HeTpyaHO 3ameTuTb, 4YTO ANS apKTUYeckux CYAOB Liar AnuHbI
cocTaenseT 20+30 m B AnanasoHe 100+200 M v Bo3pacTaeT BABOE B
avanasoHe 200+250 m. 3To oTpaxaeT ToT (pakT, YTo Nnojaensiollee
GOMbLMHCTBO CYLLUECTBYIOLMX apKTUYECKUX CYAOB UMEIOT AnuHYy OT
100 ao 200 m, a Gonee KpynHble CyAa NULLb NPOEKTUPYIOTCA. YkazaH-
Hasl NepeMEHHOCTb LuUara CETKN BbiNONHSET thyHKLMIO BECOBbIX Koadh-
umMeHToB. MO3TOMY AN apKTUYECKMX KNaCCOB MOXHO onpeaenatb
aKBUBANEHTHYIO NAOLWaAbL ANS Kracca B Lenom nyTem npsmoro ocpen-
HEeHUs1 (TO eCTb NPK BECOBbIX KO3 duULMeHTax k,=1,0) aKkBMBaAnNEHTHbIX
nroLape# no cyaam CeTku:

Fo +F, +F*Fo+ Fpo* F
F = 100 120 150 170 200 250 , (33_1)

Li

o 5

™Mo

F =

AK

7

1
6
rae F,.— nokaszarens Ans Cyana AnuHoi L, BbrucneHHblit no chopmyne (3.2).

Li 7

[ins HeapKTUYECKUX CyAoB, umeromx Gonee LUMPOKWIA AnanasoH
ANVHBI, NPEACTaBNSAETCA LienecoobpasHbiM cunTaTh fonee BaXXHbLIMU
LS5 COMOCTaBNEHNA nokasaTeny cyaoBs B AnanasoHe AnuHbl 100+200 m,
MPUCBOMB 1M BECOBOI KO3 ULIEHT k =1.0, a cynam ceTku BHE 3TOr0
AManasoHa NpUCBOMTbL BECOBOI koadduumeHT K, =0,5. JT10 npuBOAUT
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777
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6] 1 =AKhH,,)

o =4}

:mi 02 Werin 7

Ity 0 + (b2
an. = (W,-Wo)/h,
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- AT
LHO

12 fa=(-t )Mo
1= Gt A (W Wolh,

HE
4&» W =264 a8 28

Aa
{15] F=foraw,to—talh |

E7 F= AT ot 8y~ bihe

Puc. 3.1
Briok-cxema anroputma BbIYMCNEHNS e4UHOTO NapameTpa NPOYHOCTy
U METaNN0EMKOCTN — 9KBUBANEHTHON nnowann F
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K crieaytolLeit doopmyre Ansi BbIHUCTEHNS SKBUBANEHTHBIX Nnowaaed
ANS HeapKTUYECKUX NE[OBbIX KaTeropun:

F100 + F120 + F150 + F17O + FZOO + 0’5(F50 + F70 + F250 + F300)
Frc= — - . (3.3-2)

BervunHbl 9KBUBAMNEHTHBIX nnowaaen F, n F,, ocpeaHeHHbie
Nno Knaccy B LIeNoM, yXe MOryT CRyXWUTb ANs 0AHOMapameTpuieckoro
COMOCTaBNEeHNUs NeAoBbIX KNACCOB MO YCNOoBUIO NPOYHOCTU W MeTanno-
€MKOCT# KOHCTPYKLWIA NeaoBbiX yCUNeHni, NpuMepbl CONOCTaBieHNs B
Buge CTonb4aTblX AMarpaMmm npuseaeHsi Ha puc. 3.3.

3.4 NocTpoeHune hu3nyeckon HOMOrpamMMbl IKBUBANIEHTHOCTH
KMaccoB MO YCNOBUIO NMPOYHOCTH W METaNNOeMKOCTH KOHCTPYK-
LMiA NlefOBbIX YCHAEHHIA

Ha ocHoBaHuu npeasoxeHHon B n.n. 3.1 — 3.3 npoueaypbl ocpea-
HEHMS BLINOMHEHb! PacyeThb! SKBUBANEHTHbIX MoLajaei no Bcem npu-
HSTBIM K PACCMOTPEHMIo npasunam (cMm. Tabn. 1-1). Pesynbrark onpe-
JerneHns aKBMBaneHTHbIX Nnowagei npescTaBneHbl B Tabn. 3.4.

Kak BugHO 13 Tabn. 3.4, paanu4ns B KOHCTPYKTUBHOM ocpopmmieHuu
¥ UCNONb30BaHHON CTanu, BBeAEHHble ANA pasnuyHbIX Fpynn NeAoBbIX
KMaccoB C UENbIo YYETa peanbHon NpakTUku NpoeKTMpoBaHua Cyaos
nepoBoro nnasaHua (cM. Tabn. 1-2), NpuBenn K COOTBETCTBYIOLUEMY
PasNNuMIo B 3HAYEHUSIX SKBUBANEHTHbIX Nolwajen, YTo Nerko npo-
creavTh No BeNMUMHam F Anst O4MHAKOBbIX KMaccoB B pasHbIX rpynnax.
MoaTomy nesfoBble KracChl MOryT COMOCTaBMATLCS TONbKO B Npeaenax
OfQHOW Fpynnbi.

C TeM, 4ToBbl UCKIMIOUUTL 3TO pasnuyue 1 Nomny4nTb BOSMOXHOCTb
MOCTPOEHUA COMOCTaBUTENbHON HOMOTPaMMbi NO BCE COBOKYMHOCTY
NEefoBbIX KNaccos, BBOAWTCS NPUBEAEHHAs aKBUBaneHTHaA niowaib
F _, onpegensiemas no ¢gopmyne:

np!

Fo=k,F (3.4)
rae k- k03thPULNEHT NPUBEAEHNS, ONPeAensiemMblil Ha OCHOBaHUN CNEAYIOLNX COOT-
HOLUEHUIA:
Fcp apk F Cp 2pK F HVIKH apK
kcp apK = 1 . kalclll apK = _J'I)ﬂ_ kHVI)KH apK = _ny?__ kHeapK = kwaH apx fiva
np ! np ' np ! np np *
k=
v oo Fia

3Ha4eHuns knp TaKke npueeaeHsbl B Tabn. 3.4.
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lpy BLINOMHEHWN pacyeToB Ha OCHOBaHWM (3.4) 3HayeHus F Y%
knaccos Npasun PC, pacnonoxeHHbIX Ha rpaHuLax rpyrn (rpaHVNHbIX
KITACCOB), COBMAMYT (FFjs 29 = F 206, oot o= Foo o s Fopape, = F st a),
a Yy rpaHn4HbIX KIacCoB MHOCTPaHHLIX Flpaavm B BenuunHax £ Gynyt
MMeTb MeCTO Hebonblume OTMMYUS, KOTOPLIE MOXHO paCCManI/IBaTb
KaK MorpewiHocTb npoueaypsl NnpuBeaeHns. [na UCKNioYeHns gasHon
NOrpelHOCTU B KavyecTBe 3KBMBANEHTHOW MNPUBEOEHHOW nrowagu
npuHUMaeTcs cpeaHee apudmMeTmyeckoe (Monycymma) sHadyeHuit, no-
JIy4eHHbIX AnA COCeqHUX rpymnm.

Mony4eHHble Takum 06pa3oM sHaqeHna F , TPYBOASTCSA B Tabn. 3.5,
a TaKke Ha rpadpmke puc. 3.4, KOTopbii Ana y,Cl,OGCTBa WCMoMb30BaHNsA
MoCTPOeH B norapudmmnyeckom macitabe.

HaHHbIi rpachvk MOXHO paccMaTpmBaTh Kak M3NUECKYH0 HOMOT-
paMMy 3KBUBaSIEHTHOCTU KNAaccoB MO YCMOBUSIM MPOYHOCTU W MeTar-
NOEMKOCTN KOHCTPYKUUIA NefdoBbIX ycureHwin. [pu aTom TepmuHoM
«puanyecKas» OTMEYaeTcsl, YTO OTHocUTeNbHas yactoTta (6nmM3ocTs)
Pasnu4HbIX NefOBbIX KATErOPUiA (KNaccoB) HAa HOMOTPamMMe XapakTepi-
3yeT peanbHOe COOTHOLLEHNE MX MPOYHOCTK U METanNoeMKOCTH, a He
HEKWUI OTHOCUTESbHbIN YPOBEHE MO CPaBHEHMIO C MefoBbIMU KNaccaMu
Mpasun PC.

Criegyet, ogHaKo, y4WTblBaTb, YTO OTMEYEHHOE MPEUMYLLIECTBO
hU3N4ECKON HOMOrpamMsl onpefensieT U ee HeaocTaToK. CrMLKOM
6onbLUION AnanasoH U3MeHeHUst BEMUYMHBLI NPUBEAEHHON SKBUBAMEH-
THOM MIoWaan OT HeapKTUHECKUX OO0 BbICLUMX apKTU4ECKMX KNaccoB,
obycnaenumearoLinii UCNonb3oBaHNe NorapuMUYECKOi LWKanNbI, YXya-
LUAEeT HarnagHOCTb HOMOrPaMMbl U AenaeT ee He BrionHe yaobHon ans
npakTMYeckoro ucnonb3osaHus. lNoatomy Huxke GymeT npefcraeneH
crocob NMoCTPOEHUA OTHOCUTENbLHOW HOMOTPamMMbl SKBMBASIEHTHOCTM,
obnaparoLlert bonbLuel cTeneHbo HarnsaHOCTK.

4 ConocTtaBrneHue TpeboBaHNi K MOLHOCTH

4.1 OcpenHeHue TpeGoBaHUIA ANA Knacca B LIENOM

MockonbKy ocpeaHeHne TpebosaHUi K MOLLHOCTU HeobXxoaMMo
NPOU3BECTU TOMBbKO MO CydaM pasnuyHON ASnHbI, TO 30ECb MOXHO NOon-
HOCTbIO 3aMMCTBOBAaTL U3MNOXEHHLIN B N. 3.3 noaxon K 0CPEeAHEHUIO K-
BMBaNeHTHOMN niowaam no knaccy B Lenom. Toraa 4ns onpeaeneHus
OCpEegHEeHHOM M0 KNaccy B LENOM MOLLHOCTU MOrYT UCMOMNb30BaTLCH
crnegywwme pacyeTHble 3aBUCUMOCTN.
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Puc. 3.3
MpyUMepsl COMOCTaBNEHWUS MO SKBUBASIEHTHOM NMOLUAAMU POCCUACKUX 1 3apyBeHBIX
TpeBoBaHMWiA K HA3LUM U CPEAHWUM apKTUHEeCKUM NENoBbLIM Knaccam:
a) conocTaenenve TpeGoBaHWii K HA3LLMM apKTUYECKUM NEAOBLIM KriaccaM
rio Mpaeunam PC (J1¥4, NY5), YT MAKO (PC8, PC7) n ®LLIN (1A, 1ASuper)
6) conocTaeneHye TpeboBaHuii K CpeaHUM apKTUMECKMM NeIOBLIM Knaccam
no Mpasunam PC (Y5, Y86, NY7), PN (AC1), M (Arc1, Arc2),
HB (ICE-05, ICE-10) n ABC (A1, A2, A3)
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Puc. 3.4

duranyeckas HOMOrpaMMa 3KBMBATIEHTHOCTM NEOBLIX KNACCOB

Mo YCroBuio NPOYHOCTY U METaNMoeMKoCTH

an — NpuUBefeHHas niolWaab NonMepeYyHoro CeYeHNUst HapyXXHOIM O6LLIMBKU
1 WNaHroyTa Ha W1puHe oaHOR wnaumm (cm. puc. 3.1).
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