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mpemnerue wazame e Hozy co S8PeMeHeM U zpamomHo

CMpoums ceou nnamLl Ha nlepcriekmusy sacmaansem ecex

Hac 3aansdpieame 6 6yOywiee. Bes nonumarus mozo, Ymo Hac
x0em e 6nuxaliwue 200bl, u Ons yezo eedemcs paboma,
paccdumeieams Ha ycriex, 6es pucka OKkasambcss 3a 6opmom
UueunusoearHoeo cydoxodcmea, He npuxodumces.

OcHosHas uenb no6ozo knaccuepukayuorHozo o6wecmea —
6e3onacHocmsb. OdHako, Kak rokasan Onbim, ypoeeHs GesonacHocmuy
cy 808, nocmpoeHHsIX no nipasunam paanuyHeIX KNaccubUKaUUOHHBIX
obwecme, pasnuuqer. Paspabomka nod szudoi MMO yenessix
cmaxdapmos Ha npoexmuposanue u Cmpoumesnbcmeo Hoebix cydos
npuseana obecrneyums npumeHenue KOHCcmpyKkuuu cydoe e
rnocmpolike e0uHbIX MeXOyHapOOHbIX mpeboearull, HaueneHHbIX Ha
OanbHeliwee ycuneHue besonacHocmu u oxpaHe! Ha MOope, 3awumss
OKpyXcaoweid cpedsl. lNpecnedyomecsa dsge uenu: nonysums
6esonacHbie u He Npudunsiowue oxpyxaroweli cpede epeda cyda,
Komopeie nezko uHcnekmuposamp y obcnyxusame, a makke
onpedenums obnacmes npumeHeHus npu npoekmupoeanuu,
cmpoumesnibscmee U 3Kcryamayuu makux cydos. B npoexkme
Uerieebix cmaxdapmos, npednoxeHHom Ha 78-0 ceccuu Komumema
no 6esonacHocmu Ha mope [peyuell, Bazamckumy ocmposamu uy
MAKO, nodyepkusanocs, 4Ymo uenb npouecca npoexmupoeaHus
GorkHa 6bims AicHOd, docmuxumoll u Usmepumol. B obwem,
Heobxodumo obecrieyums makoe rornoxenue, 4Ymobp! npasurisHo
3Kkennyamupyemoe u obecnyxusaemoe cy8Ho ocmasanocs
besonacHbiM € meverue ecezo CPOKa aKkcniyamayuu, u, Kpome moeo,
npedycmompems npuemnemsie Kpumepuu 6esonacHocmu Ha ocHoee
OUeHKU pucka. lpu smom yposeHs pucka OonxeH coomeemcmeosame
YPOBHAM pucka dpyeux ompacnei npoMbILLneHHoCMU.

B Hacmoswee epems nocmaenexHsle yenu yacmuyso
peanusoeansl e npasunax. Poccuiickuii Mopckol peaucmp
cydoxodcmea npuHumMan y+acmue € cosdaruu obwux npaeun MAKO
110 KOHCMPYKUYUU U NPOYHOCMU HaBaroyHbIX cydos. B 6ydywem camu
uerneseie cmandapmel u paspaGomarsle Ha Ux ocHose npasuna
6ydym cosepLueHcmeosamscs, U 8 amod cgbepe ecms wupokoe none
desamernsHocmu Anst Hawedi HayKu.

H.A. Pewemoe,
2eHeparibHbll dupekmop
Poccutickozo MOpcKoeo pezucmpa cydoxodcmea
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T.b. Ab6vinzcazun

MOPCKOW TPAHCNOPT KA3AXCTAHA —
NEPCNEKTUBbI XXI BEKA

Pervion Kacnuitckoro u YepHoro mopei npencrasnser cobon
cBoeobpasHblii NMEepeKkPecTok  PasfuyHbIX TPAHCKOHTUHEHTalNbHbLIX
TPaHCNOPTHBIX KOPMLOPOB, MPOXOAALMX U3 Asun B EBpoOny.
BoirogHoe reorpaduyeckoe MnosnokeHue OTKpbiBAeT 6onbliue
nepCnekTUBbLI ANA NpUneraoLmx cTpaH.

KasaxcTaH o6nafaet passuToil TpPaHCTIOPTHOW MHPACTPYKTYPON, B
nepBylo o4epenb, NPOTSHKEHHON CETbIO XEeresHbIX A0POr. B nocnepHvie
rogbl GbINKM NPEANPUHATH AanbHedilve wark no oGecrieveHuio
TPaH3UTHOW NpuBriekaTenbHocT KasaxcraHa Anst TPaHCMOpTHbIX W
IKCNEOUTOPCKMX KOMNaHWiA, OCYLLECTBNAIOWMX SKCNOPTHO-MMNOPTHLIE
¥ TpaH3WUTHbIe NMEepeBOo3Kn B PamKax TPAHCKOHTUHEHTANbHbLIX
TpaHcnopTHLIX Kopuaopos. Ocobasi ponk B AaHHOM npouecce
OTBOAMUTCS MOpCKOMY TpaHcropTy Pecnybnuku KasaxcraH.

Heo6xoaUMMO OTMETUTb, YTO B YyKasaHHOM HanpaBnexHuu
rocynapcTBEHHBIMKU OpraHamu W NPeanpuATUAMK, 3aHATLIMU B cchepe
MOPCKOFO TPaHCNOPTa, OCYLIECTBIEH LENbIi KOMMNeKe MepOTNpUATUNA.
MUHMCTEPCTBOM TPAHCIIOPTa N KOMMYHUKaLMIA Pecnytnukm Kasaxcrau
6 paspabotaH. 3akoH «O TOProBOM MOpennasaHuu», KOTOPbii
gcTynun B cuny 17 sinBapa 2002 r. MpaBoBbie HOPMbI, 3aMOXKEHHbIE B
3aKoHe, SIBMSIOTCH 0PUOUYECKOA OCHOBOW Anst NPOU3BOACTBEHHOM
[EAITENbHOCT CYObeKToB, OCYLIECTBNAWMX TPaHCNOPTUPOBKY,
nepesasnky, XpaHeHue [py3OoB C WCMOnL30BaHUEM MH@PAaCTPYKTYPbI
MOPCKOFO TPaHCNOpTa, @ Talke PEerynvpyloT A0TOBOpHbIE OTHOLIeHUA
Mexay cyGbekramv TOpProsoro mopennasaHus (B YacTHOCTH, MOPCKYIO
nepeBo3Ky [Fpy3oB, naccaxwupos, tpaxT CyAos, BYyKCUPOBKY,
areHTMpoBaHMe W SKCNEeaupoBaHve). 3aKoHOM paccmarpuBaloTcs Bce
acnekTbl npaB COBCTBEHHOCTI Ha CYAHO, €ro MAEHTUMKaLMK, conara n
HaLUMOHANBLHOCTH, @ TaKKe pPerucTpauuu cydaos U npas Ha HUX W
COOTBETCTBYIOLIEr0 TEXHUYECKOro HabniofeHus. OnpeferneHsl
KOHKPETHLIE NPOLEAYPLI OCYLUECTBNEHNS NEePeBO30K MOPCKMM MyTEM,
pernameHTvpoBaH BecCb TexXHOFOrMUYeckniA npouecc: OT NOArOTOBKU
cyAHa K rnpueMy fpysa u fepexoaa MOpeM [o cfaduy rpysa
nonyuatenio. OTZerbHbLIA pazden 3aKkoHa NOCBSILUEH AEATENbHOCTU
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MOPCKMX NOPTOB, X NPABOBOMY CTaTYCY W XO3AMCTBEHHLIM acriekTam.
HeobxogumocTe 3Toro pasgena Bbi3BaHa noTpebGHoCTbLIO B
PerynupoBaHum npasoBbiX OTHOLLIEHWIA U NPUHLMNOB pabotbl MopCKMx
nopToB.

Momumo obecnedenus HOPMaTUBHO-NPaBoBOY Ga3bl AeATeNbHOCTY
mopckoro ¢nora Pecny6nuku Kasaxcran NpojomKaeTca coanaHme
HeoGX0AUMOM NPOU3BOACTBEHHO MHMPaCTPYKTYpbl JaHHOM oTpachy
TpaHcnopTa. B 4acTHOCTH, nposeneHa PEKOHCTPYKUMs nopTta AkTay, B
pesynsrate KOTOpOW €O3daH OCHaleHHbI Nno nocrnegHemy criosy
TeXHWKW, caMblil cCOoBpeMeHHbIi Ha Kacnuiickom MOope nopTOBbLINM
Komnnekc. [Mopt Akrtay pacnonaraer 6onbiimmu OTKPbITbIMMK
niowansMn AnAa XpaHeHus, KpbITbIM CcKNagom Ans rpysos,
TpeOyloWnX XpaHeHUsi B 3aKpbITOM NOMeELLeHN, CyXOrpysHEIMU U
HeOTAHBIMM NpUYariaMy MOLLIHOCTBIO 1,5 MAH. T cyxux 1 [0 8 MAH. T
HEe(TEHANUBHBIX IPY30B COOTBETCTBEHHO, 3€ePHOBbLIM TEPMUHANOM.

3acnyxuBaeT 0TAENbHOrO BHUMAHMS BOCCTaAHOBEHHLI
KEME3HONOPOXHbLIA MapOMHBIA KOMNnekc. B paHHbIi MOMEHT
BEeNCTBYeT XenesHoaopOXHas ffapoMHan nuHus Akrtay-baky, B
pamkax KOTOpoOM ocyllecTBnseTcs 6ecnepesanouyHasn
TPAHCNOPTUPOBKA XENe3HOAOPOXHbLIX BaroHOB, nosesonsiowas
3afeNCcTBOBaTb XeneaHble Boporn KasaxcraHa, Asepbaiinxana,
Ipysuu ¢ BbixoaoM Ha fpysuHckue noptel Motn n Batymu u ganee
4epes noptel HepHoro mopsi B cTpaHsl EBponbi.

BaxHbiM wWwaroM no yeenuuenuio TPaHCNopTHOrO noTeHumnana
Kasaxctana cTano cosgaHue B 1998 r. AO «HMCK
“KasmoptpaHcriors, KOTOPOE B HaCTOAWMA MOMEHT HaxoauTCs B
Craauu ctaHosnexus. B BuiGopre noctpoex nepebii TaHKep, 3aN0XeHO
€ule ABa TaHkepa peapenToM 12 Thic., T AnA aKcnnyarauum B
Kacrnmiickom Mope, HameueHo CTpOMTENLCTBO (priota  cyxorpyaHbix
CyA0B, 6apx 1 cozaaHue BCNOMOraTenbHOM Manoro ¢nora.

C Uenbio opraHnsauum HOBbIX MyTeil TpaHCNopPTUPOBKY Hedtn C
KasaxcCraHckux MecTtopoxaeHun AQ «HMCK “KasMopTpaHchnor’»
BEAET aKTuBHyl paboty ¢ rpysocotnpaBuTensmu no obecnevyeHuio
rapaHTMpoBaHHbIX 06LEMOB rpy3a U3 nopTos YepHoro mops.

BeiGop TpaHcnopTHoil cuctembl Kasaxcrama NPy OCYLUECTBNEeHNN
fPy30NepeBo3oK Mo3BONsAET rpy300TNPABUTENIO MCNONb30BATH
TPaH3UTHYI0 TEPPUTOPUI0 OQHOIO rocynapcTea ¢ eOVHOIN npaBoBOM
6ason M TPaHCNOpTHOM CUCTEMOIA. Mpu sToM rpysooTnpasuters
u3beraetT MHOXECTBa NOrPaHUYHBLIX NepexonoB, uCnonbays eauHbI
NepeBo304HbLIN AOKYMEHT 1 nonyyas BLIFOAHYIO CKBO3HYIO CTaBKy.

5




Heobx0AMMO OTMETUTb, YTO B HACTOSAWMIA MOMEHT Hauata
peanu3auus MaciUTabHLIX MPOEKTOB MO OCBOEHWIO YINEBOAOPOAHbLIX
pecypcoB B KasaxcraHckoMm cektope Kacnwiickoro mops. Pa6oTet no
passeaKke, BobblMe M TpaHCNOpPTUPOBKE ChipbA noTpebyloT coanaHus
COOTBETCTBYIOWEN MHMPACTPYKTYPLi Ha Mope U B NPUOPExXHbIX
paiioHax, Lns 4Yero, B CBOW odvepenb, 6yner HeobGxoaumo
opraHu3oBaTb AOCTaBKY Pa3NMuHbLIX rPy30B (CTpoMMaTepuanos,
TEeXHUKM, crielpanbHoro o6opyaoBalus) B paroHbl OCYLUECTBIEHWA
npoekta. 910 0BecneunT AONONHUTENbBHLIA WMMYNLC AN PasBUTUSA
Mopckoro TpaHcrnopTta Kazaxcrada.




Bonpocki 6e3onacHocTH cypoB

VIIK 656.61.629.5.067

H.A. Pewemos, A.A. 3axapos

POPMAJIU3BOBAHHAA OLIEHKA BE3OIMNACHOCTU
(®05) U EE BINUAHUE HA CYOOXOAHYIO
MHAYCTPUIO

B 1993 r. MexxayHapoaHasi Mopckast opraHuaaLms (MMO) Ha 62-1
ceccin Komurera no GesonacHoctu Ha mope (KEM) Bnepebie Havana
paccmaTtpuBaTb BOMPOCH!, CBSI3aHHble C BHEOPEHMEM METOAOB
MPEBEHTUBHOTO HOPMMPOBaHUS (Tak 3TO Ha3bIBAfNOCh HA NEPBOM
3acepaHuu). Tpy 9TOM YUUTLIBANCs NOMOXUTENbHbBI ONBIT
MPUMEHEeRUs Takux MeToAOB B aTOMHON WMHAYCTpUM 60-X U
XWIMUYECKOW MNpombilunieHHoCcT 70-X . B 1996 r. coBmecTHas
paboyas rpynna Komuteta no 6e30nacHoCTV Ha Mope u Komutera no
sawure mopckoi cpenpsl (K3MC) noarotoeuna npoekT BpemeHHoro
pykoBoAcCTBa no opManusoBaHHOMN oLeHke BesonacHocT MMO.

B 1997 r. nocne popabortku u cornacoBaHus BpemeHHoe
PYKOBOACTBO Gbino ofio6peHo KomuteTtom o 6esonacHocTu Ha Mope
Ha 68-i ceccum 1 onyGnMKOBaHO B BU&E UMPKYNSIPHOrO nuckMa KBM
(MSC/Circ. 829) n uvpkynsipHoro nuceMa K3MC (MEPC/Circ. 335). B
3TOM ke rogy Gbifa cosaaHa cneumanuaupoBaHHas pabouas rpynna
MexgyHapoaHol accoumaummn KnaccupuKaLMOoHHbIX 0BLLecTB (MAKO)
no ¢popManu3oBaHHON oLeHKe BeaonacHoCTH.

Yto npeacrasnsier coboil dopmanusoBaHHas oueHKa
BesonacHOCTM? JTO paumoHarbHbLIl U CUCTEMATUHECKU nogxoa K
OLEHKE PUCKOB, CBA3aHHBLIX C CyaoxoacTBOM. [MpuuvHOA nosBreHUs
Takoro nogxopa sBUNOCH YBEMNMUEHWe 4ucna KpynHbiXx asapuil u
karacTpod Ha mope. Ocobylo 03a604EHHOCTL BLI3LIBANM KaTacTpodbi
NacCaXuUPCKNUX CYA0B, TAHKEPOB W HaBarOYHbLIX CyAOB.

7




llens chopmanuzosaHHoih OuEHKM 6€30NacHOCTM — OLEHUTL
pacxofbl M Bbirogbl NPU MPOBEAEHUMU Mep MO CHIDKEHWUI0 PUCKOB Y
pekomeHaoBaTh Haubonee npuemnembie Mepbl ANA NPUHATUSA
peLleHuii.

dopmManusosaHHas oleHka 6e3onacHOCTM co3naeT OCHOBY ANs
npuHaTUa pewennii MMO B cooTBeTCTBMM C paHee NPUHATBIMU
pesomoumsimu: A.500(12) «Llerm opranunsauym Ha 1980-e m» u A.777(18)
«Metogbl paboTbl v opraHusauus paboTel B KOMUTETax U KX
BCHOMOraTenbHbIX opraHax».

MpuMeHeHre GOpPManM3oBaHHON OUEHKU 0e30NacHOCTU MOXET
ObiTb 0cObeHHO uenecoobpasHbiM, korga pedb MOET O Mepax
ynpaeneHus, UMeIoILMX CepbeaHble MOCReACcTBUA AN MOPCKOK
MHOYCTPUA C TOYKM 3pEeHMs agMUHUCTPATUMBHbLIX, MNPaBOBbLIX,
TeXHUUYECKMX UAN IKOHOMMYECKUX npobnem.

Xenaemas Lenecoo6pas3HoCTb JOCTUFAETCH NyTEM NPeACTaBneHus
ACHbIX 06OCHOBaHWI npepnaraembiX ynpaBnsioWMx Mep u
BO3MOXHOCTW CpaBHUTb pasHble BapuaHTbl Takux mep. MHbiMu
cnosamu, nonobHas MeTomonorust NO3BONSET CO3[daTb MPO3paudHbIl
MexaHn3M NpuHATUA peleHuin. Kpome Toro, OB siensercs CpencTsom
oGecneueHns aKTUBHOFO NOAX0Ja, TaK KAk OHa AaeT BO3MOXHOCTb
paccmaTpuBaTth NOTEHUMArbHbIe ONacHOCTU 0 TOro, Kak NnpovsongyT
cepbesHble aBapuu. ITO KMIOYEBOW MOMEHT BCel MeToauKu
chopmannaoBaHHON OLGHKU Ge3onacHOCTK.

MpasutenbcTBaM rocygapcrtse — uneHos WMMO wu
HenpaBUTENbCTBEHHbIM OpraHusauuam 6GbINO NpeanoxXeHo
ocyulecTBnsATe NpPobHoe npumeHeHne POB. HakonsnexHblid onbiT
Heobxoammo npencraenats B MMO B COOTBETCTBMM CO CTaHAApTHOM
npouenypoi. BpeMeHHOe PYKOBOACTBO MPEANOXMAO OCHOBHYIO
TePMUHOINOINI0 MO (pOPManu3OBaHHON oueHke Ge30MnacHOCTU U
MeToponoruio dopmMmanusoBaHHol oueHku GesonacHocTu. OAns
BbinonHeHus npovecca ®OB HeobGxoaUMO NPOITK NATHL CTYMNEHe:

naeHTNUKaLUNA ONacHOCTER;

aHanusa pucka;

cnocobbi yrnpaeneHus pUcKoMm;

OLEHKA CTOMMOCTM WU SKOHOMMM MPWU NPUHATAM ONPEenEeneHHbIX
cnocobos ynpasneHus pucko;

pekoMeHAaLNY MO MPUHSTUAIO PELLEHWA.

TioGoit NpoekT, KOTOpLIA paccMaTpuBaeTCsi G TOMKM 3peHus
¢opmannsoBaHHOA OUEHKu Ge3onacHOCTH, JormkeH DObiTb npoBeneH
No NATW MNK, MO MEHbLUEN Mepe, YETHIPDEM CTYNEHAM.
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B pancHediwewm, B 1998 — 2001 rr, coBmecTHas paboyas rpynna
Komutera no GesonacHocTti Ha Mope ¥ KomuTteTa no saumre MOpCKoii
cpegbl npy akTuBHOM copevicteun MAKO nepepaGotana BpemeHHoe
pykoBOOCTBO No hopMarnunaoBaHHON OleHKe 6e30nacHOCTY U Ha
74-% ceccun KBM npencrtaBuna pabounit gokymeHnt Ne 19. 3toT
OOKYMEHT SABMAETCH OTYETOM COBMECTHOI paboueld rpynnbi KEM u
K3MC no Teme yenosedeckoro ¢akropa 1 (hopManm3oBaHHON OLIEHKU
HesonacHocTn. B otuer BKriioueHo nepepaboTtaHHoe PykoBoAcTBO no
¢popmarnmsoBaHHOM oueHke 6e30MacHOCTH, KOTOpoe GO BhIMYLLEHO
5 anpena 2002 r. B Buae upKynsipHoro nucbma KBM (MSC/Circ.1023) u
umpkynapHoro nucbma K8MC (MEPC/Circ. 392).

Bonpocel no ¢opmannsoBaHHOM oOueHke Ge3onacHOCTU Tenepb
perynsapHo BKMIOYAIOTCA B MOBECTKY AHA 3acefaHuit Komutera no
BeaonacHocTv Ha mope u Komuteta no sawmre Mopckoii cpefbl. Ha
CeCCHAX KOMUTETOB PacCMOTPEHBbI HECKOMbKO 3aKOHYEHHbLIX NPOEKTOB
no chopmanusoBaHHOI oueHke GesonacHocTu. Haubonee KpynHbIMM
ABNAIOTCA NpoeKkTbl ¢hopMannsoBaHHoW oueHkn 6GesonacHocTu
HaBanoYHbIX Cy4oB:

MeskayHapogHbif npoekT o OB AnA HaBarno4HLIX Cy/0B, BLINON-
HEeHHbIiA NMog, pykosofcTeoM BenmkoBputanum (MSC 75/5/1, 2002);

Mpoekt MAKO o LienocTHOCTU U BOGOHENPOHULIZEMOCT HOCOBOM
OKOHEYHOCTM HaBamnouHbix cyaoB(MSC 74/5/4, 2001);

Mpoekt no POB, BLINONHEHHLIN NO 3aJaHWUI0 MpaBUTENLCTBA
Anonum (MSC 75/5/2, 2002).

‘MAKO sBnsiercs Hanbonee KOMNETeHTHOM opraHuaauueii B
obriactv chopmarmsoBaHHoOl oueHky BesonacHocTv u paspabarbiBaeT
B HacTosllee BpeMs CaMoOCTOATENnbHble NpoekTsl no ®OB. B
pa3paboTke HECKONbKMX TaKMX NPOEKTOB MNpUHMUMAan ydactue
Poccuitckuii MOpCKo# perucTp cygoxoactsa (Peructp), Kotopbii
BblABMran CBOW NPEANOXeHUs, AaBan KOMMEHTapuuy, NPeanoxun paa
HOBbIX WAEH.

B 1997 r. Coetr MAKO npuHAn pelseHne o coagaHum
cneuranmsmpoeaHHo rpyniei MAKO no ¢OB. C 1998 r. B pabote
YKa3aHHOW rpynnbl npuHuMaer yyactve Pervctp.

Kpome cneunanusuposaHHOW rpynnbi Nno GopMann3oBaHHON
ouesxke GesonacHoctu, Gbina cosnawa crneumanbHas rpynna no
oueHke Ge30NnacHOCTU HaBanoqHbIX CyAoB. B pamkax aTux paboumx
rpynn BbINOMIHEHbI MPOEKTHl N0 GOpManu3oBaHHOW OLEHKe
GesonacHOCTN 3aMeHbl 6annacTHoit BoAbl M MO popMarIM3oBaHHOM
oueHke 6e30nacHOCTM HaBanoYHbIX Cyaos.
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. B 1999 — 2001 rr. cneunanusvpoBaHHas rpynna MAKO
paspabortana y4ebHuii kypc MAKO no ¢OB u MeTogmueckoe
nocobue no agMmuHUCTpUpoBaHuio ripouecca ®OB ANs NOArOTOBKU
crnywareneit no Teopun copmannsoBaHHol oueHkn 6GesonacHocTu. Ha
Gase aToro Kypca B I'nasHom ynpasneHuu Biopo Beputac B ceHtsabpe
2001 r. ©bumM opraHu3oBaHbl KypCkl ANA CNEUWanUCTOB M3 BCEX
KrnaccnmkaumoHHbIX o6LecTs.

Peructp oaHuM M3 nepBbiXx KnaccudpUKaUMOHHbLIX OBLecTs
BHeapun MeToamky ®OBb B CBOM HOPMAaTMBHbLIE [OKYMEHTbl. B
Mpasuna knaccngmkaumm v NOCTPOVkK rnnasyunx GypoBbIX YCTAHOBOK
M MOpCKMX CTaumoHapHuIx rnatgopm Obina BknovdeHa yvactb XV
«Ouetka GesonacHoctn MBY n MCI», B KOTOPOW NPOBOAUTCA OLIEHKA
PWCKOB, CBfi3aHHbIX C aKkcrinyaraumen OypoBbiXx YCTaHOBOK. Kpome
3TOro, PervcTp BLINOMHWN PAA HAYYHO-UCCNEAOBATENbCKMX paboT no
®Ob cyaoBbIX amMMMadHbIX YCTAaHOBOK, no mopenu OB
NPOTUBONOXaPHOI 3alumnTbl cyAHa, no moaenn ®OB cynoBoro Ausers.

C 2000 r. B MnasHom ynpasneHun Peructpa (IYP) npoBogsitca
ceMuHapbsl no ®OB. B ceHTsa6pe 2000 r. 6bin opraHusosaH
OAHOAHEBHbLI O3HakoMUTeNbHLIA cemuHap no OB ans
pykoeoautenei nogpasaeneHnii Peructpa. B koHue Hos6ps 2002 r. B
Peructpe npowen nepsblii NATUAHEBHbIN cemuHap no OB B
COOTBETCTBUN C Y4eBHbIM KypcoM MAKO ans cneumanuctoB IMNYP u
Bantuiickoit uncnexumn. Ceptudukartel nosiyumnu 19 yenoeek. B
HosiGpe 2003 r. cCOCTOANCA BTOPOM CEMWHEp, B KOTOPOM NpPWHSANM
yqactue 22 cotpyaHuka T'YP. OsHakomutensHble 3-uyacosble ceccvm
Gbinm npoeegeHs! 4515 COTPYAHNMKOB Mopckmx AgMMHUCTpaL i nopToB,
TAMOXEHHbIX U CTPaxoBbIX CMYXauwMx B paMKax CeMuHapa no
nepeBo3Ke OMNACHbLIX rpy3os. CemMuHapbl NpPOBOASATCSH
npenojasarensmu, umerwmmn ceprudukatel MAKO Ha npaeo
npenogasaHus yiebHoro kypca no ©OBb.

AHanoru4xblie ceMuHapbl NPOBOASITCA U B APYrux
KraccuukaumoHHbIX oGLiecTsax.

Peructp npegnonaraer npoBoauTte nopoGHbie CeMuHaps! Ha
NrnaHoBOW OCHOBE ANA npefcTaBUTENned CYAOXOQHLIX KOMMaHWM,
MOPCKMX W CYROCTPOUTESNIbHbLIX Y4eBHLIX 3aBefeHuir, MOpPCKUX
afAMUHKUCTPaLMA U NepcoHana NopToB, HAYYHO-UCCREeA0BaTeNbCKUX 1
NPOEKTHLIX OpraHu3aumii CyJOCTPOUTENILHOFO MPOoduUns.

MepkayHapoaHbii NPoeKT 1o 6e30nacHOCTM HaBanouHbIX CyioB,
BbINONHEHHbIW Npu KoopauHaumu CoeamnHeHHoro KoponescTsa Gbin
Bnepebie ucronb3oBad B UMO ana npuxstus pewennsi o Buibope
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crioco6a ynpassieHUs pUCKOM. B KayecTse OCHOBHOW Mepbl Gbirlo
npeanoxeHo B 06s3aTenbHOM MOPAAKE MPOEKTUPOBATb M CTPOMTH
ABYXKOPIyCHbIe HaBanovHble cyfa anuHon 6onee 150 M. 310 peLenve
6bi10 NPUHATO Ha 76-# ceccun KBEM u onobpero AccamBneein MMO.
MpuHsTuio paHHoro pewenna B UMO npeglecrsosana GypHasi
AWUCKYCCUsl, B pesynbrate KOTOPOW MHeHust pasgermnucb. OcoBeHHOo
CUNbHO NPOTMBOAENCTBOBANa STOMY pelueHuio Tpeumns, KOTopylo
noggepXan HeKoTopbie CTpaHbl, MMellue 3HauuTenbHoe
KONU4YECTBO OAHOKOPITYCHbBIX HABaNOYHbLIX CYA0B.

HAvickycena LWIMPOKO KOMMEHTMpoBanack B MOPCKOW npecce, Ho
NOCKOMbKY pelleHune Gbiflo NPUHATO, MHAYCTPUS Hayana roTOBUTLCS K
NOCTPOMKE ABYXKOPMYCHBLIX HaBarouHbIX CY0B.

K 784 ceccum KBEM B crpaterm VIMO npousownm CepbLesHble
usmeHeHus. Ha 77-# cecouu KBM penerauvs Baramckmx OCTpPOBOB M
lPeLmm NpencTaBuim A0KYMEHT, B COOTBETCTBIM C KOTOPbIM VMO fomkHa
paspaboTaTb ueneBbie craHAapTol NOCTPOWKM CYAOB, a
knaccugukauuoHHble obwecTea A0MXHBI AeTanuaupoBaTb 3TM
CTaHAapTbl B BUAE TEXHUYECKMX MpaBun. YKasaHHbI JOKYMEHT npuBer
K ovepedHbiM 6ypHoiM pebartaM, B pesynbrare koTopbix MAKO
cornacunack C HeobXoAMMOCTLIO paspaboTky LieneBbiX CTaHOapToB.
MpoekT UeneBbix cTaHaapToB 6bin npencraeneH Ha 78-i cecom KBM B
BAJE COBMECTHOro AokymeHTa Baramckux octposos, Mpeumm u MAKO.
Bbirio Bnepsbie onpeaeneHo, YTo Lenesble CTaHAapTbi AOMKHbI MpuBecTn
K CTPOUTENLCTBY AOCTATOMHO Ge30nacHbIX CYNOB B TEUEHWE PacHeTHOro
cpoka cnyxObi cyaHa, KOTopblii onpenensieTcs ycnosHo B 25 nert. INpu
STOM NPOM3BOAUTCS OLIEHKa YCTarnocT! mMatepuana Koprnyca npu pa6ote
CyAHa B TSDKENbIX BOMHOBbIX ycnoBusX (CesepHasi ATnaHTuka) B TeueHue
BCEro cpoka cnyxobl.

B kavectse 6a3bl Ana paspaboTku CTPYKTYPUPOBAHHLIX,
NPo3payHblX U 3(PPEKTUBHLIX HOPMATMBHLIX TPeGOBaHUM K
Ge3onacHOCTM Ha Mope AaHHbIN MOAXoa NPeAnaraeT MCnomnb30Banue
®OB npu paspaboTke npaBurt KnaccuuKkaLMOHHbIX 06LLecTB. B 3ToM
cny4ae npasuna nepectaloT OblTh TONMbKO NpeanucbiBaloWLMKu. B
npasuna knaccudukauum v nNOCTPOMKM MOPCKUX CYLOB
3aknagbiBaeTca obecriederHve Npuemnemoro yposHsi 6e3onacHoCTH
HafIeXHOCTH, NOAAEPKMBAEMOrO B TEHYEHWe BCEro Cpoka Cryxbbl
cyaHa. loppasymesaercsa, 4TO BCe WHAMBUAYANbHbLIE pUCKK
KOMaHgbl, NaccaXupoB LOIDKHbI HaxoAWTLCA Ha NPUEMMEMOM
YPOBHE. YuuTeiBaioTcs BCe 3¢hcheKTUBHbIE C TOYKM 3PEHUs PacXodos
Mepbl AN 3aLUTbI XKU3HK, COBGCTBEHHOCTI TPETBMX SIHLL M OKPYKAIOLLEN
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cpegbl. Mpu 3TOM pacxogskl AOMKHLE BKMOYaTh B cebs yuiep6,
NPUYUHEHHBIA YEeroBeKy, a TakKe npsMble W anbTepHaTUBHbIE
pacxogbl, CBA3@aHHble C NOBpeXAeHueM cobOCTBEHHOCTU U
OKpY>KalolLen cpenbl.

Mpouecc paspaboTky LieneBoro CTaHAApPTa COCTOUT U3 CReayloLmMX
3I1EMEHTOB:

paspaboTka Lenen, OTHOCAILUMXCH K KOHCTPYKUMM CYLHa;

CUCTEMHLIA aHanma.

CucTeMHbiit aHanma ocHoBaH Ha metoponorum ®OB. OH gomkeH
NpoBOANTLCA A0 Hauana pas3paboTku npaBun Afisi KOHKPETHOro Tuna
cygHa. Llenb Takoro aHanusa — BbisiBUTb BO3IMOXHEIE OMAcHOCTU U
BO3MOXHbIe NOCNEACTBUS (CLEeHapWK) ANs KOHCTPYKLMK, BO3HUKAOLLMEe
B pesyneTare BHELUHMX BO3JENCTBMIA, C TeM, 4Tobbl y4ecTb uX B
npaBunax u, Takum o6pasomM, MUHIMU3NPOBaTL BEPOATHLIA puck. Mpu
3TOM TaKKe MOXHO YCTAHOBWTbL, PEryrnvpyloTca Il HeKoTopble W3
puvckoB unu onacHocTel. CUCTEMHBIVA aHanus NPOBOAUTCA Ha OCHOBE
cTyneHeit 1 u 2 metogonorun ®OB. CreneHb aHanusa [orKHa
OTpaXaTb YASBMMOCTb KOHKPETHOrO TWNAa CyaHa W Npefbiayluuil onbIT
3Kcryarauumi AaHHOTO TURa CyOdoB.

B nepuon mexgy 77-i u 78—»'1 ceccnsimm KBM petueHve no
0653aTensHOCTY - NOCTPOVKN ABYXKOPNYCHBIX HaBamno4HbIX CYAOB
anvHoit Gonee 150 M nogeprafncchb CUMNbHOM KPUTUKE B npecce.
Oco6eHHO cepbe3HOW OHa 6bina €O CTOPOHbI TPEYECKHX
cynoenagensiues. B pesynbrare, MusucrepcTso TpaHcnopta peuun
¢uHaHcuposano npoekt no ®Ob, KOTOpbIA BCKPbIN CepbesHbie
HenocTaTkyu, CBsi3aHHbIe C JKcnnyarauven M peMOHTOM
OBYXKOPNYCHBIX CYLOB. JTOT NPOEKT B Buae HOTH peunn 6Gbin
npegcTaeneH Ha 78-it ceccum KBM. B HoTe npegnaranocb M3meHuUTb
pewweHne MMO 1 cTpouTb OBYXKOpNyCHble Cyda Ha [oOpoBONbHOWM
ocHoee. Nonemuka Ha 3acefaHusix KBM npusena Kk Tomy, 4T0 MHEHWUE
nenerauuidi Mamenunocob. Mo pesynsTatam ronocoBaHusi paHee
npuHsaToe pelweHne 06 0653aTENbLHOCTM CTPOUTENLCTBA
OBYXKOPMYCHBIX HaBanouvHbix cyfoB ©Obino ormeHeHo. WameHeHue
peweHunss UMO npuseno K kputuke B npecce metoponorum $OB. Mo
MHeHuio akcneptoB no POB, Ha 76- ceccum KBM Obinu caenaHsi
BbLIBOALI, KOTOPLIE He ABAANMCL JOTUYECKUM ClieACTBUEM
MexayHapogHOro npoekTa Mo HaBanoyHbIM cyAam. DT BbIBOALI W
NpVBenu K oLUIMBOYHOMY peLleHuUIO.

B wmetoponorvn ®OBb npuHATLI Cnegylowme KpuTepmun pucka ans
CyAoB, npepnoxeHHoie UcnonHuTenbHLIM OpraHom no
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3apasooxpaHeHuio n GesonacHocTn CoepuHeHHoro KopornescTea
(UK Health and Safety Executive): '

MaxcumarnsHsIi onNyCTUMBIR PUCK ANs unexos amaxa |1 mbens Ha 1000 HecyacTHbIX]
cry4aes B rog
MakcumanbHeIf A0NYCTUMBIA PUCK ANS TACCAXMPOB 1 mGenb #a 10 000
HECHACTHbIX CllyYaeB B rog
MakcumanbHbIl  goNycTUMBIA pUCK Ans miogeil Ha 1 mbens Ha 10 000
Gepery HEeCYaCTHbIX CllyyaeB B rof
MNpenebpexumMo Manbiii puck 1 rubenb Ha 1 000 000
HeCcYacTHbIX cryvaes B rog

MepeuncrieHHbie KPUTEPUM OTHOCATCS K pUckaM BooBLUe, a He
TOMBKO K PUCKaM, CBA3AHHbIM C PaspylieHMeM KOHCTPYKLMKM CydHa.
Pucky, Haxopsmecs Hke ypOBHS LOMYCTUMOIO PUCKA, HO Bbille
NpeHeGpexMMO Manoro ypoBHs, AOMKHbI MUHUMM3UPOBATLCS nytem
NPUHATUSA 3KOHOMUYECKN S(OGEKTUBHLIX MEP MO CHWKEHWIO puUCKa.
Kputepuem skoHommueckon adeKTMBHOCTU AMNsl OQHOM npeporepa-
LieHHOM rmbenu sIBMSIETCR CyMMa paBHasi Unn MeHee 3 MIH JIonnapos
Ha 0gHO CyAHO.

AHanua pabor no ®OB, npeacrasneHHsix 8 UMO, nossonser
caenarsb BbIBOJ O TOM, 4TO OCHOBHOE NPUMEHEHUE METOL0NOMMA — 3TO
pekoMeHOauun AnA NPUHATUA CTPaTerMyeckux pelleHui
MexayHaponHoi MOpPCKOI opraHusaumu.
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YnpasrieHue Ka4eCTBOM B MOPCKOM MHAYCTPpUU

VIK 658.502:346.543.2

C.C. Kowuii, E.H. Knumoe

nPUHUUMNBI OPTAHU3ALUWN NPOLECCOB
YMPABNEHUA KAYECTBOM YCNYI B MOPCKON
MHAYCTPUK

OpueHTaums Ha rnpPoLEecCchl, NpoTeKalowme B cuctemax ynpasneHus
Ka4yecTBOM NpOoAYyKUMK U YyCnyr, SIBNAETCA OAHMM M3 Haubonee
CylieCTBEeHHbIX W3MEHEeHWWA, BHECEeHHbIX B COAepXKaHue
MexayHapogHeix ctaHgaptos MCO cepuu 9000:2000 [1, 2, 3]
MpoueccHbil NoAxXod BKMIOYEH B YNCNO BOCbMM OCHOBHLIX MPUHLMMNOB
MeHeDKMEHTa KauecTBa W npegronaraert, YTo BCe BMIbl AEATENbHOCTH
B OpraHM3auuu paccMaTpuBaldTCs KaK fpouecchl, T. €. YCTOM4MBLIE,
LueneHanpasneHHbie W JIOTMYECKU YNopsiAOYeHHbIe COBOKYMHOCTH
B3aMMOCBSA3aHHbIX AeNCcTBUiA. [Mpouecchl B 3adaHHbIX YCIOBMSAX MO
onpegeneHHo TexXHooMM npeobpa3syioT Bxofbl B BbiXoAbt, T. €. B NPO-
OYKUMIO MM YCNYTW, NPeACTaBnsioLe LeHHOCTb Ans noTpedutens {4).

OCHOBHBIMW BXOZiaMi NPOLIECCOB NPOM3BOACTBA YCNyr B cthepe
MOPCKOW MHAYCTPUM SBNSIIOTCA:

uenu v 3agaqut NpoLeccoB Kak COBOKYNHOCTEN OeACTBUIA;

ucxoaHble TpeboBaHMA K KA4EeCTBY YCRyr; '

NpoW3BOACTBEHHaA cpena;

OFpaHWuEHMsl, HAaKNaablBaemble Ha nokKasatenut MNpoLeccoB Mo
coobpaxeHusam besonacHocTy U ap.;

HeoOxoauMble pecypchl;

ynpasnsiowue fencTeus.

Llen, onpepensier obuylo HanpabBneHHOCT M YpPOBEHb BCE
COBOKYNHOCTU pfAencTtBnin (paboT) Ha onpeperieHHON crTagum
XU3HEHHOro UMKNa Mopckoro o6bekTa, a nocrne 3aBeplueHuA
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fipouecca rnosBonsAeT OLEHWUTL ero PesynbTaTUBHOCTL. [lepeyeHb
3aja4d, pelweHue KOTOpbiX HeoBXxoAMMO Ans L[OCTUXEHUS
NMOCTAB/IEHHON LienK, B LIENOM, NPeACTaBIISIET CTPYKTYpY npouecca
HeobXoAUMbIX pecypcos.

UcxoaHbie TpeGoBaHua K Ka4yecTBy ycnyr 3afanTcs npu
3aKMO4YEHUN KOHTpaKTa. B fanbHelieM OHU YTOMHSIIOTCA C Y4ETOM
OLieHKM YAOBNETBOPEHHOCTH noTpebutens [5].

CeefleHuss 0 NpousBOACTBEHHON cdepe, B KoTOopoi Oyner
npoTekaTtk npolecc (Lex, cranenb, 0K, Chvn, Ha nnaey, BpeMs roaa
U T. N.), BHOCAT ONpeAeneHHOCTb B OPraHM3aLmIio NpOM3BOACTEa.

C uenbi obecneyeHuss NPOWIBOACTBEHHOMW W 9KONOFUMECKOMN
BesonacHOCTM Npu BLINONHEHUN KOMMNEKca paboT B KOHKPETHbIX
ycrnoBmsiX, BO3MOXHOGCTM OJHOBPEMEHHOTO NpoBeAeHus psafa
onepauur v ap. sabnaroBpeMeHHO OnpeaensioTcs orpaHuyeHust Ha
nokasarefiv nNpoLeccoB.

Pecypcel, HeobxoauMmble ans npoBeaeHus npotecca, MOXHO
CBECTU B CIi€AyIoMe OCHOBHbIE Ipynnbi:

MaTepuansHoO-BeLeCTBEHHbIE;

3HepreTnyeckue;

nHbopMaLMOHHBIE;

¢bvHaHcoBble;

nepcoHarn.

K MartepuanbHo-BelwEecTBEHHbIM pecypcaMm OTHOCATCS
TexHonornvyeckoe obopynoBaHue, oCHacTKa, MHCTPYMEHTHI,
KOHTPONbHO-U3MEPUTENbHOE U WCNbITaTenbHoe obopyaoBaHue,
CpeacTsa CBA3W W OpPITexXHWKa, OCHOBHBIE U BeNOMOraTerbHbie
marepuansi u ap.

B rpynne sHepretTmyeckux pecypcos HaxogsiTcs HeobxoauMble
Teénnosan ¥ anektpuyeckas 3HEprus, TBEpAoe W XuUAOKoe TONMWBEO,
NPUPOAHBIV ras, KUCAIOPOA, aLeTUNEH U Apyrve 3HEeProHOCUTENMN.

MHpopMaUnoHHbIe pecypchl BKMIOYAIOT KOHCTPYKTOPCKYHO,
TEXHOMOIMYECKYI0, OPraHv3aLMOoHHYI0, HOPMAaTUBHYIO, CMIPABOYHYIO U
Ap. AOKyMeHTauuio, nporpaMmHoe obecnedeHue, 6azbl M 6aHKu
OAHHBIX U T. N.

Ynpasnsiowme AEWCTBURA, oOKasbiBaeMble Ha npouecchbl npu
BbINONHEHWM PaGoT, B 3aBMCUMOCTM OT MX HasHaueHws W Xapakrepa
MOApa3nensioTea Ha npeaynpexaaiolme n KoppeKTUpYioLme.

Mpouecc npousBoAcTBa yCnymm SIBMNSETCS 0GbLEKTOM ynpasrneHus
Ka4ecTBOM U CxemaTUiHO MoxeT bbiTh NpencTaeneH B Buge puc. 1.
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Cxemarueckoe n3obpaxeHue NpoLecca Npou3BOACTEa YCITyru
L3 — uenb v 3agaum npoueccea;
UT — ncxopHbie TpeGoBaHUA K Ka4ecTBy YCNYTH;
NC — npoussogcTBEHHAs cpeaa;
Ol — orpaHnyeHus Ha riokasarenu npouecca;
MBP — marepuanbHo-BeleCTBEHHBIE PECYPCh;
OP — aHepreTuieckue pecypebi;
NP — uHbopMaLMOHHbIE Pecypehl;
OGP — chuHaHcoBble pecypch!;
It — niepconan; :
N4, K[ — npepynpesxgaiowme 1 KOPPEKTUPYIOWIME YNPABAsIoLLME REHCTEVS

OpraHusoBarb npouecc npoussBoacTsa ycnyr 6e3 ynpasnsiowmx
OEeNCTBUIA MPaKTU4eCKU HEBO3MOXKHO, MNOCKONBKY MOXET WUMeThbCs
HekoTopasi HecTabunbHOCTL B NapaMmeTpax nocTaBNAEMbIX
Marepuanos, KOMMOAEKTYIOWMX W3AenuiA W [Opyrux marepuanbHo-
BELLIECTBEHHbLIX pecypcoB, MoryT ObiTb nofBepeHbl KornebaHusm
napamMeTpbl TOCTYNaioWen 3HepruM M SHEProHOCUTenelr, MOXet
HabmoaaTscA HENOCTOAHCTBO B OTHOLUGHWM NepcoHarna K TPYLoBbiM
0653aHHOCTAM, TexHonoruyeckoe oGopyAOBaHWE M MHCTPYMEHTbI
noasepraloTcA M3HamMBaHuio U T. N. HectabunbHoW MOXeT B6bith
NpOM3BOACTBEHHAs cpefa, 3aBucAWlas OT NOrogHbIX W APYrux
ycnosui. MHade roesopsi, UMEIOTCA BHELLHWE W BHYTPEHHWE aKTopkl
NPON3BOACTBA, HEeCTabNNbHOCTL KOTOPLIX BO BPEMEHU MOXET NPUBECTH
K HECOOTBETCTBMIO KauyecTBa ycnyru npenbABnseMbiM TpeGoBaHusm,
NOCKONbLKY Mpoluecchl ObifiM CNPOEKTUPOBaHLI M OTMIAXKEHL! Ans
onpefeneHHbiX 3HauyeHuit (aKkTopoB. YnpasreHune npuaBaHo
NPOTUBOCTOSTL BIIUSIHUIO M3MEHeHNs1 (hakTopoB Ha KaYecTBO YCIyri.
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BosMoxHa opraHusaums ynpaeneHWs KauyectsoM yCnyr B chepe
MOPCKOM MHAYCTPUM, GasvpyIoLLasncs Ha OAHOM U3 CREMyIOLWMX TpexX
APUHLMMOB:

pobactHocTy;

npegynpexaalowmnx aencTBll;

KOPPEKTUPYIOWUX OEACTBHIA.

Kakablit 13 ykasaHHbLIX NPUHUMNOB XapakTepusyeTcsi CBOMMM
AOCTOMHCTBaMM WU HejoCTaTkamu, NOSTOMY LenecoobpasHbi WX
pasnuuxblie KombuHaumu.

NpuHunn pobacTtHocTu 3aknw4yaerTcs B obecnedeHuu
HE3aBUCMMOCTH, M3ONALMKW npouecca OT BAUSHUA HeCTaBUNbHbIX
BHELUHUX W BHYTPEHHMX (aKTOPOB NpousBoACTBa. M3onsiums ot
HECTabUrbHbLIX BHELLHUX (DAKTOPOB MOXET 6hbiTh oBecneyeHa nyTem
opratusaumm apeKTMBHOro BXOAHOFO KOHTPOMA Ha KaHanax nocTaBok
marepuarbHbX, JHEPreTUYECKMX WU MHCOPMALMOHHBIX PecypcoB, a
Takke npu rnpueMe B opraHusauuio HOBOrO nepcoHana. B nocnegHem
criyyae pyHKLUM BXOAHOTO KOHTPOMS BLIMNOMHSIET npocotbop nytem
TECTUPOBaHNA NPETEeHAEHTOB, BbLINONHEHUA nPOBHbLIX pabor,
HasHa4eH s NCnbITaTenbHOMO CPoKa, OpraHN3aLUn CTaXMPOBOK.

Hawubonee sartpyaHeHa peanusaums 3TOro NpuUHUMNa Ha KaHanax
NOCTYMNNEHUs TENNOBOW U 3MEeKTpMIeckon aHeprum. B crnyyae ocTpoi
HeoBX0ANMOCTH OpraHN3aLMsA BbIHYKAEHA CaMOCTOSITENbHO cosnaBsarb
CTabunuaaTopsl TeMnepaTypbl, AABNEHNS, HAMNPSHKEHNS, YaCTOTb! U Aap.
NapameTpos, a No pesynkTaram KOHTPOMSA NapameTpoB NOCTynaloLen
SHepruM NpeabaBIsATL NOCTABLUMKAM MPETEH3WMN.

Ans obecneueHns cTaBUNLHOCTH BHYTPEHHMX dakTopos
NPON3BOACTBA HEOBXOAUMEI KOHTPOMb COCTOSIHUS obopynoBanus,
OCHacCTKW, WHCTPYMEHTOB, NpuGOPOB, OTHOLWIEHWs nepcoHana K
TPyRosbiM 06513aHHOCTSM, Opranusaums 6GesgedekTHoro TpyDa wm
MoTMBaLUM [5].

AocTonHcTBOM nNpuHuMna poBacTHOCTM SBRSETCs cosfaHue
BnaronpusiTHLIX YCrOBMIA NS MPOWSBOACTBA KAYECTBEHHbIX ycnyr.
HepoctaTok npuHumMna coOCTOMT B KOHKPETHbIX NPaKTU4YeCKUX
YCHOBUAX — HEBOSMOXHOCTU KOHTPONS MHOFOMUCNEHHBIX, OCOBEHHO

-Menkux, daktopoB. [Ipu ucnonb3oBaHuu BbiBopoyHOro

CTATUCTMHECKOrO NPUEeMOYHOTO KOHTPONSA napTuil marepuarnos,
KOMMIEKTYIOWNX . M3nenuid UMEeTCs PUCK NONMy4YnTb HeKoTopoe
KONU4ECTBO HECOOTBETCTBYIOLUMX MaTepuanbHbIX Pecypcos.

NencTBue npuHuuna npegynpexpawowux pevctTeuil
WNIIOCTPUPYETCA CXEMOW, NMOKa3aHHOW Ha puc. 2.
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Cxema ynpaBlieHusi KA4ECTBOM 10 NPYHLMAY NPeaynpexaalolmx AencTeui
@4, Oy ..., D, — KOHTPONMPYEMBIE HECTAOUNBHBIE (haKTOPbI;
®,x — HEKOHTPONMPYEMEIE HecTabunbHbLIe thakTophb!;

Kb — koHTpons ¢akropos;

H3 — HopManbHble 3HaveHust hakropos;

A®; — uaMeHeHns pakropos;

[P — aHanus u NPUHSATE YNPaBNeHYeCKNX peLLeHni;
MK — nonuTtika opraHusauum B oGnactv kayecrsa;
YP — ynpaBner4eckue peleHus;

WP — ucrnionHeHne peLueHmi;

M4 — npegynpexaaiolme AeHcTBUs

K HekoHTponupyemeiM dakTopam OTHOCATCA akTopbl, He
nopgAalolmecs KOHTPOMNIC UMEIOWNUMUCA CpencTsaMu, a Takke
MHOTOMUCTEHHbIE Menkue dhakTopbl.

K noctovHcTBy npyHLUMNa npegynpexaatownx 4encTBuil OTHOCUTCA
BC3MOXHOCTb ObICTPO# peakuuMn Ha u3MeHeHue CyLeCTBEHHbIX
BHELLHUX W BHYTPEHHUX (DaKTOpoB U MCKINOYEHNUS X OTPULIATENLHOTO
BNUAHUSE Ha kKadecTBOo ycnyru. [peaynpexpaolme OencTBuUs
Npu3BaHbl YCTPAHATL NPUYUHBI BOSMOXHOIO MOABNEHUS
HEeCOOTBETCTBUM, KOMNEHCMPOBAaTb, HeWTpanuaoBatb BUAHWE
MaMeHeHUsa (pakTOpoOB, NpeaynpesuTb noteHuuanbHbie
HEeCOOTBETCTBUA. HepocTaTtkoM NpUHUMNE SBNAETCS HEBO3MOXHOCTb
NPOTUBOCTOSATL AENCTBUIO HEKOHTPONMPYEMbIX (haKTopoB.

MpuHumn Koppelcr_iapylommx OENCTBUMIA 3aKMioNaeTca B TOM, 4TO
KOHTPONMPYIOTCA noKasartenu Kayecrtsa npoiecca U npoussBefeHHON
ycnyry, a TaKke OLeHUBaeTcsl YAOBMETBOPEHHOCTb norpeburens.
Cxema ynpasfieH1s B 9TOM Cilly4ae MMeeT BU, NoKasaHHLIN Ha puc. 3.
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Cxema ynpaBneHus Ka4ecTBOM no NPUHLUITY KOPPEKTUPYIOWMX BeACTBIM
H® — HecrabunbHble hakTopl Npon3soacTea;
MY — rokasatenu kayecTsa ycnym;
1 — nokasartenu KauecTsa npoLecea;
K'Y — koKTponb kayecTsa npouecca u ycnyrm;
TIY — TtpeboBaHus K kauecTsy npouecca v yenyrv;
AK — HecooTteeTCTBIE KaYeCTBa Nnpouecca u /mnn YCIyr TpeGoBaHUAM;
[MK — nonumuka oprakuzaiumu 8 obnactv kavecTsa;
MNP — aHanua v NPUHATHE YMPABNEHYECKUX POLLICHWH;
YP — ynpaBneHyeckue peuieHus;
WP — ucnontenue petueHuii;
WY — usbsatHe yenyry;
Y — notpeburens yenyru;
OY — oueHKka yroBIeTBopeHHOCTH NoTpebuTtens

Mpn ocywecTenewnn npukumna KOPPEeKTUPYIOWMNX nencTBuli
06pasyeTcsi ABOWHOA 3aMKHYTHI KOHTYP ynpaeneHnsa Onaropaps
AehCTBHIO ABYX obpaTHbIX cBA3ei: BHYTpeHHEeW — no
HECOOTBETCTBMIO KauecTBa npoilecca Wunu ycnyrn TpeboBaHUsM:;
BHELUHeN — 10 OLieHKe YAOBNETBOPEHHOCTH NoTpebuTens.

BHyTpeHHss oBpaTHas CBssb COeAMHSIET BbIXon npouecca ¢ ero
ynpaenaoluM BXOAOM 4epe3 npoueaypbl KOHTPONA KavecTsa
npouecca u ycnymv, aHanusa, NPUHATUS U WUCMOMHEHUS! peLLeHus.
YnpaeneHueckoe pelueHue (YP) npenycMarTpuBaeT KOPPEKLIMIO YCyry
ANs yCTpaHeHus O6HapyXeHHOrO HECOOTBETCTBUSl, a TaKxke
KOppeKkTupyioliee [eiCTBUME Ha NPOLECC C LEeNbio npenoTepalleHus
NOBTOPHOIO BO3HWKHOBEHUSI HECOOTBETCTBUS.

Ynpaenenueckoe peluexve (YP,) npuHMMaeTcs B cnydae AK =0, n
ycnyra npejocraensercs norpeburenio. OLeHKa yaoBneTBOPEHHOCTY
notpebutens (OY) yuuTbiBaetcs npu nocnegyioweM RPUHATUM
peweHna YPq. PeweHne YP3; osnauaer HeoBXxoauMOCTb U3BATUS
ycnyrm (UY), a B criyyae HeoBxoaumoctu — ee yTUnmsaumio.
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Jl0CTOMHCTBO NPUHLMNA KOPPEKTUPYIOWMUX AEWNCTBUA B TOM, 4TO
onepaTMBHO BLISBNAETCA Nto6oe HeCOOTBETCTBUE KadecTsa npouecca
w/unm ycnyrm TpeGoBaHMaM, HE3aBMCUMO OT BLISBABLLEN €ro NPUYUHBLI,
M NPpUHUMAKTCA Mepbl ANA MNONHOFO YCTPaHeHuAa 3TOro
HecooTBeTCTBUA. Hepoctarkom rnpuHuuna sBnsercsi To, YTO OH
NPUMeHsieTCa YyXe nocne BbisBNeHust HecooTeBeTcTeBus. [lpu
HEBO3MOXHOCTU YCTPAHEHUs HEeCOOTBETCTBUA KayecTBa
NpoK3BeAeHHOW ycnyru TpeGoBaHVAM U ee U3bLATMM OpraHu3auus
HEeCET COOTBETCTBYIOLUIA MaTepranbHbiii Y MopanbHbif yLiepb.

AHanus paccMOTPEHHbIX NPUHUMMOB OpraHu3aumMm npoueccoB
ynpasrexns Ka4ecTBOM YCiiyr B chepe MOPCKOM UHAOYCTPUU Mokasarn,
4To HanGonee 3deKTUBHON sABNSeTCA KOMOGMHaUusa BCex Tpex
npuHuunos. [pyu 3TOM MNPOUCXOOUT eCTEeCTBEeHHOe paspeneHwne
dyHkunit mexay Humu. Mo npuHumunam poBGacTHOCTU W
npeaynpexganolumx OeicTsui OCYLLUEeCTBMNAETCA OCHOBHas 4acTb
«paboTtbl» NO ynpaeneHuto kavectsom. lNpu aTom npegynpexpatolme
AeicTBUA NPOU3BOAATCA TOSIbKO AN KOMMEHCaLMM OCHOBHOW 4acTu
HecTabunManpoBaHHbLIX AchcTBMEM pobacTHOro npuHumna ¢akTopos.
Ha oo npuHLMna KOppeKkTUPYIOWNX OeiCTBUIA OCTAETCH JTIMKBUAALINSA
nocneacTBUiA M3MEHEHUs1 MHOTOUMCIIEHHbIX Menkux (akTopos,
OCTaBLINXCH HeCcTabunv3MpoBaHHLIMU M HEKOMNEHCUPOBaHHLIMU.
[pyrMu cnosamu, BHYTPEHHWI KOHTYP OOpaTHOM CBSA3W BLIMOMHAET
hyHKUMM TOHKOI QOBOAKKM KayecTBa YCryr A0 3apaHHbiX TpeboraHuid.
BHeWwHNA KOHTYp OGpPaTHON CBA3M, YUUTLIBAIOWMIA OLEHKY
yOOBRETBOPEHHOCTU noTpebutens, CTUMynupyeT nOCTOsiHHOE
ynyiieHne OesTeNbHOCTY OpraHu3auuy B 4acTy KauecTsa NpoLeccos
W YCHIyT.,
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C.C. Kowuii, E.H, Knumoe

OCHOBHBIE CTAAMWU XU3SHEHHOIO LMUKMNA
MOPCKUX OBBEKTOB Y HEOEXOAUMbIE YCIYIY

Mopckne 0GbekThbl SBNAIOTCA CHOKHBIMW NPOU3BOACTBEHHLIMU
cucrtemamnm OTBETCTBEHHOro HasHauyeHus. B npouecce
(YHKLMOHVUPOBAHMA OHW HAXOARTCA BO B3AUMOAENCTBUN ©
AVHAMMYHO U3MEHSIIOWEeNCs BHeWwHel cpenon, Apyr ¢ Opyrom u ¢
obbektamu Geperosoit u BoAHOIA WHdpacTpykTypbl. B cBsian ¢
GonblwmuMY 3aTpaTaMy npu MX co3naHuM u UCMONb30BaHUM, a Talke
MacLUTabHLIMK NOCNEACTBUSIMN BOZMOXKHBIX aBapMHLIX CUTyauui, K
HUM TPaaULMOHHO NPeabsBNSIOTCS BbICOKME TpeBoBaHMUS, BLINONHERVE
KOTOpbIX B COBPEMEHHLIX YCNOBMAX NpeanonaraeT ynpasneHue
npoueccamu ¢opmupoBanus, NMoAAepXaHUs M BOCCTAHOBAEHUS
HEeoBXOAUMBbIX CBOICTB.

MexayHapogHelM cTangapToM UCO 9000:2000 [1] k umcny
OCHOBHbIX NPUHLWMOB MEHEMKMEHTa Ka4ecTBa OTHECEH CUCTEMHbIN
MOAX0A K aHanuay B3anMOCBSA3aHHbIX CTaauWi U NPOLIECCOB XM3HEHHOMO
LMKna nagenui.

Ha puc. 1 cxemMaTyHO noKasaHkb! OCHOBHbIE CTaMM U STanbi
XWU3HEHHOIO LKra MOPCKUX 06LEKTOB.

Kaxnas ctagus umeer cBoto cTpyktypy. Cragus viccnenoBaHns
0bbIyHO BKIIOYAET ABa aTana:

Hay4HO-TEXHU4ECKMIA NOMCK U hOPMUPOBaHME 3aMeicna (N3y;

orpabortky sameicna (O3).

dopmupoBarue 1 oTpabotka 3ambicna MOTYT NpuHUMaTL hopmy
UCCrenoBareribCkoro NPOeKTUPOBaHUS.

Ans cragumn npoekTpoBaHus XxapakTepHsi criepyiouiue aranbi;

TexHu4yeckoe sapaHue (T3);

TexXHu4eckoe npegnoxenue (Tr);

9CKM3HbIN npoexT (3Mp);

TexHu4eckuit npoekt (Trp);

pabouas fokymeHTaums (PR).

JTanamu N3roToBNEeHUs SIBNSIOTCS:

U3rOTORNEHME OMLITHOTO (ronoeHoro) obbekra (MO);
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OCHOBHbIE CTaAUN U 3Tarbl XK3HEHHOIO LYUKITa MOPCKUX obbekTos
MA — MapKeTUHIOBbBIA aHanmM3 PbiHKa;
M — uccnegosanue;
Mp — npoekTnupoRaHiie;
W3 — uarotoBnexme (nocrTpoiika);
06 — obpaleHue;
3 — sKecnnyarauus;
Y — ytunmaauus

McnbiTaHue 1 JOBOAKA yKkasaHHoro usgenua (VO);

oTpaboTKa KOHCTPYKTOPCKOW, TEXHONMOTM4ecKkoi U opraHusa-
LiVioHHOM pokymeHtauum (OL);

M3roToBreHue cepuiitbix 06bexTos (UC);

MOHTaX W NycKORanago4Hele pabotel (M);

npuemo-caaTodHbie ucnbitanus (NC).

B 3aBucumocTu 0T 0coBeHHOCTEW Mopckoro obbLexTa
pPaccMOTPEeHHoe AeNeHMe Ha STanbl MOXET U3MEHATLCA 1 YTOMHSTLCS.
Hanpumep, npy nocTpolike cyaHa uenecoobpasHo BLIGENATb NoAaTaribl
CO3[aHus OTAEfbHbLIX CeKUWA, WX COeAWHEHMs Ha cTanenbHon
nnowjaake, crycka Ha Bogy W JOCTPONKM Ha nnasy.

Cragus obpalueHys Npy Hann1n KOHKPETHOTO 3aKaa4vka COCTOUT
13 ABYX 3TafoB:

TpaHcnopTupoBaHue/nocTaeka/neperod (T) K MeCTy WMCNONbL30-
BaHWsL;

XpaHeHne/oTcTon (X) B OKMAaHMA UCTOSIb30BaHUS.
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MNpu OTCYTCTBUM KOHKPETHOrO 3akasuuka nosBNseTcs sTan
pearmsauuu/npogaxm (P).

OBlmMM ANnA pacCMOTPEHHLIX CTaauit U 3TanoB SBMSIETCS TO, YTO
MOpCKoi 06bEeKT 3fech BLICTYnaeT B ponu npeameTa Tpyaa
MapKeTonoroe, uccnegoeatenei, NPOEKTUPOBLUKOB u
KOHCTPYKTOPOB, MalIMHOCTPOUTENER U cypocTpouTenen, paboTHUKOB
cpepel obpalienms. Mpu 3TOM Ha cTagun NPOEKTUPOBAHUS MOPCKOVA
oGbeKT Kak ripeameT Tpyaa nonyvaet hopMy naeanbHol (MbICREHHOI)
mogenu ynyulero o6bekTa, 3athUKCUPOBaHHOMN Ha S3LIKE TEXHUHECKOT
AokymeHTauun. Ha cranuu nsrotoBnenust o6bekT npuobpeTaer cbopmy
MarepuasnbHON Moaenm — OMbITHOTO (FONIOBHOMO) 06bekTa M CepuitHOro
u3ferus. Ha srane TpaHCNOPTMPOBaHUS U3feNue CTAHOBUTCS rpysom
Ui neperoxsieMbiM 0GLEKTOM, a Npy XpaHeHun (0TCToe) — OBBLEKTOM
XpaHenus. B npouecce peamnmsaumyu o6bext npuobperaer dopmy
TOBapa v npeameTa peKknambl.

Cragua axcnnyatauumm MOpcKoro obbekTa BkmoyaeT B cebs
cnenylouine OCHOBHbIE 3Tanbi:

UCIOfNb30BaHMe Mo HasHaueHwo (MH);

TexHudeckoe obenyxusanue (TO);

pemoHT (Pem).

Wcnonb3soBanme No HasHaYeHWio, B CBOIO ouepenb, MOXET ObiTb
pasgeneHo Ha nopaTansi:

ueneBoe ucrions3oeanvie (LIN);

TEXHOnornyeckoe obcnyxuBaHue npu ucnonb3osaHum (OU —
3anpaeka TOMIMBOM, NMPECHOW BOAOW, PasnNUuUHbie NEepeKoyueHUs,
PEerynupoBKu U T. n.).

B psine cnyvaes akoHOMMYECKM LienecooGpaaHbl MoZepHU3aLus
MOPCKUX 0GBEKTOB C Lienbio NPEAOTBPALLEHMS! MOPaAIIbHOTO cTapeHus u
nepeobopydosaHne ANA CO3LaHWS BO3MOXHOCTY WCMOMb3OBAHMS B
Apyrnx Lensx. COOTBETCTBEHHO NOABNSIETCS 3Tan peHoBaLuum (Pen).

Ha avare vcnonb3oBaHus N0 Ha3HaYeHMIo Mopckue OBLEeKTLI Kak
anemeHTbl Gonbllelt No pasmepaM cucTeMbl {(norucrnyeckoit,
TPaHCNOPTHOW U Ap.), NpeXae BCEero, SBNSIOTCA CPEOCTBOM TpYAa
SKCNNyaTauMOHHUKOB, HENOCPEACTBEHHO 3aHATbIX LefeBbiM
ucrionb3oBaHvem TexHukun. lNpegmeTr ux Tpyaa 3aBucuT oOT
HasHaueHWst mMopckoro obbekTa (Nepesoska IPy30B M NAcCaXMpoB,
GypeHue ckBaXuH Ha lWwenbge, yknagka rnofBoaHOro kabens, nogbem
CyAHa B AOK U T. n.). OQHOBPEMEHHO Ha 3TOM 3Tane MOpCKue OBbEKTHI
cnyxar npeameTom Tpyaa paboTHUMKOB, oGecneunBaloimux
TeXHUYECKYI0 BO3MOXHOCTb MX UENEBOr0 MUCMoNb3oBaHUA. OHU
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obecneumBaloT NOCTOSIHHYIO FOTOBHOCTL (hYHKLIMOHAMbHEIX KOMINEKCoB
K aKkcnnyatauyuoHHol paborte, GesonacHoe U 3ddeKTUBHOE
ocywecTeneHve (OyHKUMOHUPOBaHUA o0beKTa.

3apauv nopnepxaHust M BOCCTaHoBrneHus paboTocnocobHocTU
00bEKTOB peullalTcsl Ha COOTBETCTBYIOLUMX 3ITanax TexXHUHEeCcKoro
obcnyxvBaHus 1 pemoHTa. 34eCb OHWM TaKke ABMSIOTCA TNMPeAMETOM
TPyAa.

PaccMmoTpeHHble atanbl JKcnnyatauum MOPCKMX OBbEeKTOB
OCYLUEeCTBMMbI NPYU HanMuMu KBanuuUUPOBAHHOTO nepcoHana.
Mpoueccbl 06ydeHnst Ha cxemMe NoKasaHbl B BUAE CAMOCTOSITENBLHOMO
arana (Ol1) Toneko Arg atana UCMonNb30BaHUs MO HA3HAYEHWUIO.

3asepuialoLieil cTagueil XU3HEHHOTO LMKa OBLeKTOB SIBAsieTCs
yTUNM3auma Mo npuuvHe (OU3MHECcKOro UMM MopanbHOTO WU3HOGA,
XapakTepuayoLLascs CBOMMI 0COGEHHOCTSAMU.

Cragus obpalleHus 4acTo pas3bueaer aTarbl CTaany USFOTOBNEHMUS!
Ha fgse rpynnb: Y3, un Vs, 3tan npmeMo-cnoatouHblX MCNbiTaHwii
HaxoANTCA Kak B C CTaAUM U3rOTOBINEHUA, TakK M CTaguu akcnayaraumm,
MOCKOMNbKY WCNBbITAHUAMU 3aBEPLUAETCS TEXHOMOTUYECKMIA NPOLEcC
M3rOTOBMEHUS M HAYUHAETCS AKCMyaTaums. ,

Ona cragum skcnnyataumm MOpckux 00BLEKTOB XapakTepHbi Boree
CRIOXKHBLIE CBA3W MeXy 3TanaMun no cCpaBHEHWIO G OPYrMMW CTaausimu
XU3HEeHHOro umkna. B TeveHue cpoka cnyxbbl 06bLEKTOB 3ITan
UCMOSb30BaHUA MO Ha3HAYEeHUI0 HEOAHOKPaTHO YepegyeTcs ¢
asTanamm TEXHUYECKOro oBCMyXMBaHUA Y PEMOHTA.

Mpouecchl XKM3HEHHOro Uukna mobbiX TexXHU4ecKux waaenui
OCYIECTBMAIOTCA B COOTBETCTBYOLWMUX MNPOUSBOACTBEHHO-
3KOHOMWMYECKMX cucTtemax. B cuny GonblIoOi CROXHOCTM M CTOMMOCTU
MOPCKUX OBLEKTOB KaXKAas CTaaust X XKU3HEHHOTO LIMKNa NpoTeKaeT B
CaMOCTOATENbLHOM CreLnanu3upoBalHO opraHmsaumu (Mccrnegosa-
TENbCKOW, NPOEKTHOMR, CYLOCTPOUTENBHOMN, CYAOXOAHOM U T. 4.).

Mpn 3TOM OTAEnbHLIe 3Tankl, noasTans U Bugbl pabor Tpebyior
3MU30OQUYECKOro Y4YacTUsi Y3KONpogMNMpPOBaHHbLIX CNELUWanucToB B
nopsagke okasaHua ycnyr. BosHukaeT Heob6XoquMMOCTb CTPOrow
naeHTUdMKaLMM NPOSYKLMY U YCIyr B MOPCKON MHAYCTPUW.

B cooTtBetcTtBMM ¢ denepanbHbiM 3akoHoM Poccuiickoi
denepauyn «O TeXHUYECKOM PperynnupoBaHWWU», NPUHATLIM
15 pnexabpn 2002 r., npoAykuMsi — 3TO peaynbTar AesTenbHOCTH,
npeAcTaBneHHbil B MarepuanbHO-BEWECTBEHHON (opme #
npeagHasHaveHHbIR ANA JanbHedwero UCNonb3oBaHus B
XO3AMCTBEHHLIX W MHbIX Lensax. CornacHo aToMy ONpeaernieHuio, K
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npogykuuM, co3nasaemor B chepe MOPCKOW MHAOYCTPWW, OTHOCSTCS
BCe€ MOpCKkue TexHuvyeckune o6beKTbl U [OKyMeHTauus,
npegHasHaveHHas 4nsa ux CO3AaHMUA U aKcnnyarauuu, a Taike aApyrve
BelLECTBEHHbIE pe3ynkraThl AEATENLHOCTY.

Creuuanvctsl Mo WHMPaCTPYKTYPHOMY KOMMIIEKCY peruoHos
(cibepe ycnyr) noa ycnyramu noHMMAaloT OCOGLIA BUA pesynsTaroB
AEATENbHOCTH, KOTOPLIV NnoTpebriseTcs He B BuAe Bewy, a B hopme
AesteneHocTU [2]. Mo ceoeMy xapaktepy ycryru paspmensiorcss Ha
MmarepuarnbsHbie U HeMarepuarnbHbie.

OnHa YacTb MaTepuanbHbIX YCIyr MatepuanmsyeTcs B NpeaMeTax
CBOEro BO3AeNCTBUS (NOCTaBKM O0GOPYROBAHMSA, KOMMANEKTYIOWUX
uspenuid, martepuanoB, TeXHMYECKOe OBCNYXMBaHME W PEMOMT
u T.n.). [ipyraa 4acTe marepuarnbHbiX YCryr B MpeaMeTax CBOEro
BO3AENCTBUA He Matepuanuayercs (pesynbrarthi paboTel TpaHCnopTa,
CBA3M, oaaya TerrnoBom 1 ANeKTPUYECKON SHEPrM W T. N.).

K HemaTepuanbHbiM yCryraM OTHOCATCSl pesynkTaThl HayuHbIX
uccnepnosaHuil, obyyeHus nepcoHana, ynpaBfE@HYECKON W
KOHCaINTUHIOBOI AeATenbHOCTU 1 T. . [3].

AHarus NpoLIeccoB U pesyrnbTaTos AeSTENLHOCTY Ha PaccMOTPEHHbIX
J1anax *XM3HEHHOrO LMKna nokasar, uto B cepe MOPCKON MHAYCTPUM
MCrOnb3YI0TCH Creaylowmne OCHOBHbBIE IPYRNbl YCryr:

1. MatepuanbHble ycnyri:

a) ycnym, Marepvanuayembie B NpeamMeTax CBOEro BO3AeNCTBNS:

NOCTaBKM B MaTepuanbHo-BeLLIeCTBEHHOW (hopMe;

MOHTaXHble paboTbi;

nyckoHanagovHble paboTsi;

TexHororn4eckoe o6cnyxvsaHue npy NCNob3oBaHUK;

peanusaums;

TeXHMYecKoe obcnyxusaHue;

PEMOHT;

yTnnusauus nocne oKoHYaHVisi Cpoka Cryxobi;

6) ycnyrv, He maTepuanuayemble B NpeaMeTax CBOEro
BO3AENCTBUS:

KOHTPONLHO-U3MEpUTENEHbLIE;

AnarHocTmdeckue;

ucnbiTatenbHele;

no TeXHUYECKOMY HabriogeHuio;

TPaAHCTOPTHbIE (BKNICYan CTapToBble M (hUHULLIHBIE onepaumm);

SHepreTu4eckue;

CBSI3N.
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2. HemarepuaribHble ycnyru:

obpasoBarenbHbIE;

MccnegoBarenbckve;

HOPMaTUBHBLIE;

peknamHble;

KOHCaNTUHIOBbIE;

IKCNEPTHbIE;

ynpasneH4yeckue;

CcepTUPMKALINOHHbIE;

no oxpaHe CyfloB, NOPTOBLIX CPELCTB U APYrMX 00 BLEKTOB.

Yenyrn m3 pasHbix KnaccudyKauMOHHLIX Ipynn, BbIMOMHAEMbIE
ogHon Gpuvrafoi cneumanucToB, B uensx yao6cTea opraHusaumm v
nnaxdupoBaHus pabot o6bLEeAVHSIOTCS U NOMy4YaloT HOBOE Ha3sBaHMe.
Hanpumep, B cocTtaB MHXWHUPUHIOBLIX YCNyr OGLIMHO BXOAST
MOHTaXHbi€, NyCKOHanagouHblie, KOHTpOJ‘IbHO-M3MepMTeanble,
AnarHoctvyeckne, ucnbiTatenbHbie U apyrue ycnyru. [ockonibky
MHXMHUPUHTOBbLIE YCNYrK, B GCHOBHOM, 32BEpLUAIOT TEXHONOrMYeCKUiA
fipouecc Co3gaHuA CROXHbLIX TEXHUYECKMX CUCTEM YU OBecreuunBaloT
AOBOOKY noKasareneil kadectsa [0 TpebyembiX 3HaYeHWit, 3ToT
CNEUMMUUHEIN BUL AESTENLHOCTU B NOCAEAHUE FOfibl B PasfiMdHbIX
oTpacnsx npuobpeTaeT OTHOCUTENbHYIO OPraHU3aLUOHHYIO
CaMOCTOATENbHOCTL [4]. VIHXMHMPMHT KavecTBa B cdhepe MOPCKOW
MHAOYCTPUN NPEACTABNASTCH BECHMA NEPCNEeKTUBHbLIM.

Bce BelLUEUINOXEHHOE HArfsiAHO SEMOHCTPUPYET, Kakne UMEHHO
¢akTopbl OKasbIBAT CaMoe CYLIECTBEHHOE BIMAHWE Ha MOpCKUe
06bLeKTbI Ha BCEX dTanax MX XXU3HEHHOrO UMKNa U, TeM CaMblM, Ha
GesonacHOCTb MOpennaBaHus, Ha COXPaHHOCTb HENTOBEYECKOM XU3HN U
NepeBO3UMbIX rPY30B, SKONOrM4eckyld 6e3onacHoCTb Ha Mope.
MNokasax Take OAMH M3 31IEMEHTOB OGECNEUeHNsI XU3HEHHOTO LvKna
Mopckoro obbekta — BuAbI OKasbiBAEMbIX YCRAYr B MOPCKOM
wHOycTpun. ns Toro, 4To6bl Mopckve 06bekTbl MOmKu 3dheKTUBHO
BLITIONHATL CBOW hyHKUMK, BKMtoMasi obecriedeHne 6e30nacHOCTH U
COXPaHHOCTL 3KOJSI0rMK, (PYHKLUMOHMPOBaHUE BCEX SMEMEHTOB UX
obecrieveHUs OMKHO ObiTe KauyecTBeHHbIM. KauecTBeHHOro xe
GYHKUNOHMPOBAHNS MOXHO AOBUTLCA TOMBKO B TOM Cry4ae, €cnv
BCE B3aMMOAeViCTByiOlMe CTOPOHbI DydyT criefoBaTb CHUCTEMHOMY
nogxony k obecneyeHud KadecTBa CBOEl [EeATenbLHOCTU. Takom
CUCTEMHBIA NOAXOA MOXET 0BecrneyuTb TONbKO NPUMEHEHUe BCEeMM
OpraHM3aLMsiMi METOR0B ynpasnesus KayecTBOM, OCHOBaHHbLIM Ha
KpuTepusix MexxayHapoaHseix crasaapros MCO 9000:2000 [1]. 3o Tot
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NyTb, K KOTOPOMY AOMKHbI CTPEMUTBCS BCE YYaCTHVKM MpOLECCOoB
oGecredeHms! XXM3HEHHOTO LMKNa MOPCKuX 06bEKTOR — UCcrienoBaTent,
NPOEKTaHTLI, WITOTOBUTENW RPORYKLUWW, MOCTABIUMKM YCIyT,
BKCNIyaTaLMOHHWUKA, PEMOHTHUKM.

Cnucok numepamypnbi

1. TOCT P NCO 9000-2001. Cucremb: MeHeKMeHTa Kadyectsa. OCHOBHLIE
NONOXEHWs 1 cnosape. — M.: UaparensctBo craHpapros, 2001.

2. BaBunosa E.B. OxoHomudeckas reorpachus pemoHanuecTuka. — M.:
XpoHorpad, 1998.

3. PeweTtoB H.A., Kowun C.C., TpyHuH B.K. Besonacuoctb
MopennaBsaHust. NPUHUMMLY, MOAXOALI, HArNpaBREHUst U MEePCReKTUBLl FOBLILLEHUS
yposHs /| Mopckoii BecTHUK. — CIM6. — 2002. — Ne 4.

4. Bapxanetad A.[. u gp. CucTemsl ynpaBneHus. WMixunnpunr kauectsa,
— M.: Bysoeckas kkura, 2001,
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MopexogHbie kayecTBa CyfoB

YIK 629.12.001.11:532.59(6)

10.JI. Maxoe

HOMOIFrPAMMA [OnNA ONPEAENEHWUS
MWHEPUMNOHHOIO KOJ®DPULIMEHTA C LUENBIO
ONEPATUBHONW OLEHKM OCTOMYUBOCTHU
Nno NEPUOAY KONEBAHUM NPU NPOU3BONLHOW
HAIPY3KE CYOHA

BBepieHue

B npakTuke MopennasaHWA Hepeako Wcronbayercsi crnocob
ONepaTuBHOIO KOHTPONSi OCTOMMMBOCTU CyAHA MO METaLeHTPUYECKo
BhLICOTE, ONpefeneHHoN no nepuofny cobCcTBeHHbIX KonebaHmir.
CylleCTBEHHbIM HEAOCTaTKOM 3TOr0 crocoba SIBMSETCA OTCYTCTBUE
AOCTOBEPHbIX AaHHLIX N0 WMHEPUUOHHLIM KoadpuumeHTam npu
NPOV3BONLHON Harpyske cyaHa.

U3 Teopumn xauku mssectHa copmyna Ans onpefenexns nepuoga
. cOBCTBEHHBIX KonebaHui:

To=2ny e hes, | (1)

rae  fy— Momeng MHEPLUMW MACChl CyAHa OTHOCUTESNLHO aBHOM LeHTparbHON ock
Gx, T™M%;
A4s — NPUCOSAUHEHHBIA MOMENT UHEPLWM XUIKOCT, TMZ:
D — Becosoe BogonameleHue cyaxa, kH;
ho — HauyanbHas MerTaleHTpUYEecKas BbICOTa, M.

Mepuon cobeTBeHHLIX KoneGaHwii Ty BHIMUCAAETCA NpU 3TOM B
ceKyHaax.
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Monb3ysick NONOXeHUsMU TeopeTu4ecKoun MEeXaHUKU, MOXHO
3anucartb CyMMapHbiii MOMEHT MHepuun Maccel cyaHa u npucoegu-
HEHHbIA MOMEHT WHepuun Macchbl BOAbl, Kak npouseeaeHUe Macchl
CyAHa Ha KBaapar HeKOTOPOro NpUBeaeHHOro panuyca Hepuum py,:

‘ Ixx+}‘-44='gqp)2rx . A (2)

Torga cpopmyna (1) 6yner umetsb BUA:

- /DoZ . 2p p
Te-ZTC gD?;;—ﬁ'ﬁ-—

Paguyc uHepumm — nuHeliHas BenuumHa. Ero o6biuHo BbIPXaIOT B

B0MsX OT NONYLUMPUHLI CyaHa (MNK OT WWPUHBLI, Kak B ¢opmyne UMO):

Pxx=CE/2. (3)

Ecim yuyecTs Taioke, 4TO /g YMCNEHHO MpUMEpHO papeH m U
COKpaTUTL UX, TO MONYYUM U3BECTHYIO «KanMTaHcKylo» dopmyny:

To=cB/\fFo, @)

rae € — MHePLMOHHBIR KoIthhULIMEHT, saBncALMi oT Tuna CyAHa U ero Harpysku.
PasmepHocTs koaddbuumenta [cl=cek-m—°S,

B Hacrosilee BpeMs Npy NpoBeaeHnm onbiTa KpeHoBaHusA 06biYHO
MPOBOAMTCA W ONLIT packa4uBaHUs AN onpedeneHns nepuopa
cobCTBEHHbIX KoneBaHuitl. A Tak Kak Py NpoBeLEeHUK oOnbitTa
KDEHOBaHMA BecbMa TOMHO OnpepnensieTcs HayanbHas MeTaueHTpu-
HECKaA BbICOTA, TO MO MOSyYeHHbIM hy M Ty MOXHO NOACYMTATH
VHEPLMOHHBIA KO3hdUUMEHT: ¢

o=Toffo | (5)

KoadppuumenT ¢ Tem Gonbiue, Yem aanblue pacnonoxeHsl rpyssl ot
ocy KadaHuit. lNosToMy anst cyaHa nopoxHem oH 6yner Gonblue, uem
ANA CyOHa B rpysy. Tak KaK npyU HEKOTOPOM BOLOM3MELLEHUMN rpy3bl
MOrYT GbiTe pacrionokeHbl pasHsiM 06pasoM, TO u VHepUUOHHbIe
KoabuumeHTbl ByayT HECKONBKO OTNMYaTLCS.

Paccmotpum fBa metoaa pacuera WHepUMOHHOro KoachuLmreHTa.
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MeToa, OCHOBaHHbLIN Ha Bonee TOYHOM y4yeTe Becoaou Harpy3ku
(«TOuHbLIW» MeTOA)

Utobbi paccumntaTte K03hdhULMEHT ¢ NpYU NPOU3BOMLHOR Harpyske,
HeobBXoOauMOo 3HaTb MOMEHT MHEPLUK MacChl CyHa Npu aTOW Harpyske.
W3 copmyn (2) un (3) cneayer:

=_§_ \/’_mifMM; =§m JIoIM . (6)

HawGonbluylo TPyAHOCTe NpepcTaBnser pacyer COBCTBEHHOro
MOMEHTa MHEepLUM MaccChbl «xenesHoro» Kopnyca. [ToaToMy Ha
fipakTUKe 4acTo MpUMEHSAITCs npubnuxeHHbie GOpPpMYIbI,
OCHOBaHHbIE HA HEKOTOpbIX YrpoLaloWwMX npeanoncxeHusx o opme
KOpryca CygHa W pacnpepeneHuy ero Harpyskud. Hauwbonee dacto
ucnonbayetcs copmyna [yanepa:

b= (B2 +42P), @)

nonyyeHHas B NPenonoXeHuwn, YTo CyQHO npencraenser cobon
CIJIOLIHOR NPAMOYIONBHLIA Mapanfenenunes ¢ Maccoil cygHa M,
LuMpuHoOi B M BbicoTon 2Zg. TlpoBepoyHble pacHeTbl noKasanm, 4To
OHa p[aeT norpewHocTb npuMepHo +3 %. Heckonbko Gonbluyio
norpelwHoCTb AaeT hopmyna LumaHckoro.

B Hawwux pacuerax coBCTBEHHbLIN MOMEHT UHEpLWU MacChl cygHa
NOPOXHEM BMECTE ¢ MPUCOEAUHEHHBIM MOMEHTOM WHepuun
onpenensrcs no pesynsTartam onbiTa KpeHoBaHS ':

WHEPLIMOHHBIV KOIMULIMEHT: Co= T"*/h_ 17,97 0’5725—0,850i‘ 0.5,

fioB 0, 85 16
2

CYMMapHbIi i MOMEHT HEPLIMA: Im+M4=Mp§=4063‘6,812=1884000:'2.

npuBeAEeHHLIN pagnyc MHEpLUKN: po=—ps— =6,81;

MpucoeanHeHHbIA MOMEHT UHEPLMU B MOMEHT OrlbiTa KPEHOBaHUA
MoXeT ObITe onpepeneH OoHUM K3 OBLIENPU3HAHHBLIX METOLOB,

1 B panHoil cTatee npusepeH npumep pacuera anA cyaHa BATM «llynkosckwit
mepuavany. Mpy npoBedeHuM onbita KpeHosaHnA Gbino nanyqeHo: M=4063 T, hy=0,5725 m,
Zgo=7,203 M, Ty = 17,97 cexyHp,.
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HanprMep, no Homorpamme B.B. Jlyrosckoro [2]. B Hawwem cnyyae oH
oKasarncs paBHbIM A.=3150007. Toraa:

Iyxo=188400—31500 = 1569000/ .
KOS(beMLlMGHT NPUCOEANHEHHOTO MOMEHTa MHepLUMn kqy:

3
Ko=hazhoo= 75—16%%% =0,200.

Ecnv npegnonoxute, 4To KO3 MUNEHT NPUCOEAUHEHHOTO
MOMEHTa uHepuuu Kk, COXPaHUT CBOE 3HAYEeHUE U npn [pyrmx
Harpyskax, TO MOMEHT WHepuuu Macchl CyaHa npu NpOoU3BOSTLHON
Harpyske, ¢ y4eTom npucoeMHEHHOTO MOMEHTa UHEPLIMN, MOXKET BbiTh
BbluMCrieH no copmyne:

(1+ ko)l = {1+ ko)(luo + loig + lsp5+ lsge+ Isiz). (8)

Mpu Hawem pacyere «TOMHBIM® METOZOM MOMEHTLI MHepLun
OTAENbHBEIX CTaTeN HarpyskM paccynThiBanMCh MO CHELMANbHO
paspaboTaHHOi NporpaMMe HenoCPeACTBEHHO npu pasnuyHbiX
KONMHECTBaxX TPy3oB M 3anacoB B KaX/O/ LMCTEPHE M rpy3oBOM
nomeweHuun. lpyn 3TOM Y4YMTLIBANCH PEKOMEHAOBAHHbLIA B
Wrdbopmaumm 06 0cTORYMBOCTM NOpsok npuema u pacxofosaHus
rpysoB U 3anacos.

Mpu nopcyeTe MOMEHTOB WMHEPLMM XWOKMX 3aracos B KaXKO0M
LncrepHe oHa pasbusanach Ha 10 crioeB, KOTOpblE 3aMEHSNMCH
SKBUBANEHTHBIMI NPAMOYTOMNbLHLIMI Napanrenenunenamu (puc. 1).

X b

h=MI2(b2+c?)
L=M/12(a%+c?)
L=MM2(a+b?)

a) 6

Puc. 1
Cxema pasbuBKK LUCTEPHBI Ha SKBUBANEHTHbIE NpAMOYronbHbie fapannenenunensi
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pn nogcyeTe MOMEHTOB MHEpPLUK TPy3a B TPIOMax U TBUHAEKax
nomeuleHne pasbusanock Taioke Ha 10 Yacteit, kaxgas U3 KOTOpPbIX
3aMeHsNach 9KBMBANEHTHLIM NPAMOYIOMbHLIM Napannenenunesom
(puc. 2).

Puc. 2
CxeMa pa3GuBKY TPIOMa Ha SKBUBANEHTHBIE NPAMOYIONibHbLIE Napanneneninens!

Ocobo paccuHuThiBanUCb MOMEHTHI MHEPUUM OTOErbHbIX CraTel
Aefselita Npy pasnuyHbiX KONUYeCTBax rpysos U 3anacos. 3atem BCSH
Harpyska cobupanack B psfl YKPYNHEHHbIX cTaTeii:

OcHoBHble 3anackl (03). Cioga BKNwYanuwch 3anachl,
pasMelleHHble B caMblX KPYMHbIX LUCTEpHax. AT0 — [AusernbHoe U
KOTENbHOE TOMSIUBO.

OcHosHble rpysbt (OF). Cioga BXOOMT TPpy3 MOPOXEHOW pblbbi B
KapTOHHOW Tape, pacnonoXeHHOW B TPIOMax W TBUHAEKAaX.

3aBucumbie 3sanackl (33). Crofa BKNIOYEHBI CTaTtby Harpysku,
KOTOpble MOTYT B NEpBOM NPUBIUXEHNM paccMaTpuBaTbCsl Kak
3aBMCUMBble OT OCHOBHBIX 3anacos. Hanpumep, cMasouyHoe Macro.

3asucumbie rpysbl (37). Clopa BKItOUEHbl IPy3kbl, KOTOPLIE MOXHO
cunTath MNPAMO. MMM KOGBEHHC 3aBUCHALUMMM OT OCHOBHBLIX IPY30B.
MOXHO cuuTaTtb, YTO KOMMYECTBO PbLIGHON MykM Ha CygHe npsmMo
NPONOPLMOHANBHO KONMUYECTBY NepepaboTaHHOW phibbl, @ KOIM4ecTBo
Tapbi — 0BpaTHO nponopunoHanbHO. To Xe MOXHO cKasaTb o0
KOHCepBax ¥ pblbbeM xupe.

Moctosnuble rpysbl (M. Cioopa OTHOCATCS: CYAHO NOPOXHEM;
aKunak ¢ Garakom; npombicrioBoe 06OPYAOBaHME M BOOPYXKeHue,
sanyacTh; NpoBMsUS; Boda (ecrv Ha cydHe eCTb OMNpPEeCHUTErbHas
YCTaHOBKa), CyA0BbIE 3anacbl, PACMNONOXEHHbIE B ManbiX LWMCTEPHAX;
pbifa B TEXHOMOrMYECKOM MPOLIECCE M BCE Ipyabl, HE YYTEHHble B
nepebIX YETHIPEX CTaTbSX.
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Ans kaXxgow u3 aTux rpynn 6binin paccumTaHb! M NOCTPOEHb! KpuBbIE
M3MEeHEeHMs1 MOMEHTOB MHEepUMU B 3aBUCUMOCTM OT Macchl TeX Wnu
WHbIX FpY308 (puc. 3 1 puc. 4).

o TMZ iy TM?
OcHo8Hble 3anack! Sasucumeie zanace!
35000
» 800
30000 7 700 oot
25000 7 600 —
20000 4 500 —
7 406
15000 _
M 300
10000 7> %0 P
5000 ! s
o 100
0 0
0 200 400 600 806 1000 0 200 400 600 800 1000
Moa, T Meos; T
Puc. 3

MoMeHThl MHEPLUMU OCHOBHDIX Y1 3aBUCUMBLIX 3anacos

f TM? fro TM?
60000 OcHo8HBIE 2DYy3bi . Sasucumeie 2py3si
» 14000
50000 / 12000 oms
40000 10000
el 0 /
P 8000
30000 P g
/ 6000 ]
20000 Lo
B P 4000
10000 2000
0 bl
0 500 1000 1500
Mop T 0 500 My T 1000 1500

Puc. 4
MOMEHTE! MHEPLMM OCHOBHBIX U 3aBMCUMBIX rPY30B

MOMEHT MHEepPUUM NOCTOAHHBIX IPY30B — /,yy=8590 TMZ.

Anst naHHOTO NpUMepa NPY BLIMUCTIEHIUM HArpy3KK CyaHa OCHOBHbIE
3anacbi MeHsAnmcb ot 0 0o 900 T ¢ warom 25 T, @ OCHOBHbIE TPy3bl —
ot 0 go 1300 1 ¢ warom 50 1. Beero 6bino npofenaxdo 1000 npocyeTos.
MepBoHa4YanbHO MOMEHTHI MHEPLIMM PacCUNTLIBAIUCE OTHOCUTENBHO
OCHOBHOW IJIMHUM, @ OKOHYATENbHbIA PESYNLTAT Ha KaXAOM Luare
NEepecHnTLIBANCs OTHOCUTENbHO TeKyllelk LeHTpanbHOM npoaonbHOM
ocu.
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NHepUNOHHLIN KOIMPDULIMEHT, NOMYyYEeHHbBIN B pesyrbTaTe pacyeTos
no (6) ¢ ydetom (8), npencraeBneH Ha puc. 5 B pyHKUMM OT
BOJOU3MELLIEHNS, XOTR (PUSUHECKU WMHEPUMUOHHbIA KO3thMULMEHT OT
BOAOM3MELLEHUST HE 3aBUCHT.

c, cekm®®

A
0,85 + & TouH,

0,86

0,78
4000 4500 5000 5500 5000
M

Puc. 5
PesynesTarb pacieTa MHepLUOHHOTO KO3pMuLMEHTa MO KTOYHOMY» METOaY.
Touka A — MHepPLMOHHEIR KO3hDUUMEHT Npu KpeHOBaHWNA

Ha puc. 6 u puc. 7 npenctaeneHbl KpYBble BOLOWSMELLEHUS W
BO3BLILLEHUS LEHTPa TSHXKECTU CydHa B 3aBUCUMOCTM OT PasfinyHoro
KonuyecTsa rPysOoB v 3amacoB, a Ha puc. 8 — 3aBUCUMMOCTL
WHEepPLMOHHOro KoathduumeHTa.

— \@ N m{\

Galem T T[] o]

| 8. 1 wap ] W2

Puc. 6
3aBUCHMOCTb BOAOUSMELLIEHUA M, T, OT OCHOBHBIX IPY30B (phiGa)
"l OCHOBHBIX 3anacos (MasyT)
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[refse o[y [ aa [o ] war]

I o I ™ Immm ]m.zm I 0.1 wap | TR 2w I

Puc.7
3aBMCMMOCTb Zg, M, OT OCHOBHbIX rPY308 (pkifa) 1 OCHOBHLIX 3aNacos (masyT)

M3 puc. 8 Xxopowo BUAHO, KaK MEHSETCH WHEPUMOHHBbIM
KO3h(pULMEHT Npu pasnuuHow Harpyske. OpHaKo, 3TK pacyeThbt
BECbMa TPYAOEMKM ¥ ONA NPaKTUHYECKuUX Lenei mMamno npurogHsbl.

Mazyr. 1]

&

8
w1

¥

[7e]se B[+ [ s ] ww]

MW 40 SO BN T w0 X

= i .7 o | IECET N o 82 2uap

Puc. 8

WHepLnoHHbIi KoadduumeHT C B 3aBUCUMOCTI OT OCHOBHBIX rpysoB (puiba)
1 OCHOBHbIX 3anacos (MasyT)
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«MpubnukeHHbLIK» MeTon

Cytb 3T0r0 MeToja COCTOMT B crieayloweM. MomeHT WHepuumn
Maccel CygHa MNOpOXHEM oOnpefenseTcsl No pesynsraraM onbita
KpeHoBaHUsA, & MOMEHTbLl MHepuuM geaBedTa — G UCNONb30BaHueM
¢opmynbl [lyaitepa ans moGoit Harpysku ¢ ydetom KoadbuumreHTa
NpUcoeauHeHHOr0 MOMEHTa UHEpPLK:

bt hag=(1 + ko) 1"-5-’(3%4292). ©)

U3 cbopmyn (2), (3), (6) 1 (9) MOXHO NOMYyuMTL BLIpEKEHWE Ans
pacyeTa WHEepPLMOHHOTO KoahdmUmMeHTa rpy NPOM3BONBLHON Harpyske:

B*+4Zg_ [ 1+4{Zg/B)
¢\ BEFazZgE " \/ T+4(Zg /B (10)

B 370t hopMyne MOMEHT MHEPLMMN OKENe3HbIX» Macc, 0COBEeHHO
TPYAHO nNOAAaOWMIACS NPAMOMY pacyety (CyAHO NOpoxHeM),
yuuTbiBaeTcs Ko3(@PULUUEHTOM C,, NOSMYYEHHBIM W3 OnbLITa
KpeHOBaHUA, a MOMEHTb! WHepLuW gfeaseiTa NPuUBRUXEHHO
YUUTLIBAIOTCA M3MEHEHUEM annmnuKkaTbl LLeHTPa TSHKeCTH.

Pesynurars pacdera no ¢gopmyne (10) npencrasneHbl Ha puc. 9
BMECTE C «TOMHBIMU» pacyeTamu,

C, cex e

4000 4500 5000 5500 6000
My

Puc. 9
Pesyniratel pacuera MHEPUMOHHOTO KoShULMERTE
no «npraneHHomy» M «<TOYHOMY» MeTogy.
Touka A — MHEPUMOHHbIN KOS(DULIMEHT NPY KPEHOBAHM
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M3 puc. 9 BUOHO, YTO MHEPLMOHHBIN KO3DDULMEHT MEHSIETCS OT
0,85 pnsa cynHa nopoxHeM o npuMepHo 0,8 Ans cyaxa B rpysy u He
CMUWKOM CUTbHO OTAMYAETCS OT MHEPLMOHHOMO koadhduumMeHTa,
PacCHATAHHOIO «TOYHLIMY» METOA0M.

Beink npoBefeHbl cuCTEMaTUYECKME PacHeThl MHEPLMOHHBIX
koappUuMeHTOB elle no AyM dopmynam. OgHa U3 HUX npeanoxena
UMO u ucnonebayetcs B npasunax PervicTpa:
¢=0,746+0,0462 0,086 £ . (11)

’ T 100

Bropas copmyna npeznoxeHa rpynnoit aBTopoB, CTaThbs KOTOPbIX
nybnukyerca B 9ToM Xe c6opHuke®. Ecnu KO3t PULUNEHTbI BTOM
hopMynibl nepecunTats ¢ B/2 Ha B, To €CTb YABOUTb, TO nony4uTCs:
B L

Zg
7 +0.75+0,2C,+0,002; . (12)

Pesynitatsl pacueta npefcraenexsl Ha puc. 10.

¢=0,242+0,05

C, cexm®®

0,8
0,78
4000 4500 5000 5500 6000
M.T
Puc. 10

CpasreHme pesyneTartos pacueTa:
1 — dopmyna (10); 2 — chopmyna (11); 3 — dopmyna (12)

dopmynbt (10) u (12) panu Grmskve peaynbTaTtsl Ans CyhHa B
rnonHom rpy3y. [ns cygHa nopoxHem ¢opmyna (12) gana NOrpeLHocTb
+10 %, a dopmyna (11) aana norpewHocTs —2,5 %.

? Bopucos PB., Kyteiinukos M.A., MNyssnun A.A. Metoauka pacyeTHON oueHKu
coBCTBEHHOO nepuoga BOPTOBOIA Kaukit MOPCKUX CYAOB paznuutbix Tunos // Hayu.-
TexH. ¢6. Poccuiickoro Mopckoro peructpa cypoxopcrsa. — 2004, — Bbin, 27. —
C. 51 —65.
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Takum o6pasom, chopmyna (10) moxeT ObiTb pekoMeHaoBaHa ans
pacdeta MHEpUMOHHOrO KoathuUMEHTa cyaHa npyu NpOV3BOMNLHOMN
Harpyske.

Homorpamma gns pacueTta uHepuuoHHoro koadgpduumeHrta

Mo d¢dopmyne (10) aBTOp NocTpoun HoMorpammy (nBa
paBHO3HauYHLIX BapuaHTa — A #u b), noasonswwyo nerko
onpenensaTb WHEPUMOHHbIN kKoadduumneHT nwboro cygHa npu
NpOU3BONbHON Harpyske (puc. 11).

Zg ™ C, cex W™® 2gi8 cex u
80w 0.7 050 & 0,70
54 J

I 0,75
70 045 | ZgJB
&
654 T ™
< o e
.
60 i 9 ‘...\ 1
A e, j 0,30
55 040 i
A \\
50 S
.
45 1 ! .
085
4p 035 T G
ag ] H
2pl -
0,350 0,90
A b
Puc. 11

Homorpamma ans onpegeneHns MHepLMoHHOro koadduLueHTa ¢

MNo pesynbTatam onbiTa KpeHoBaHus 6Gepytcs Zgo U ¢y (B
npuseneHHoM npumepe Zgo=7,2 M, a ¢o=0,85). O™ aBe TOuKM
NOMEYaloTCA Ha LuKanax HOMOTpaMMbl A M COEaUHAINTCA RpsMOoiA. B
niepeceyeHnn C NpaMoil, COOTBETCTBYIOLLEN WKMpHHE AaHHOIO CyAHa (B
npumepe B=16 M), nomeqaerca Touka A. OTa Touka B fanbHeituem
ucnonb3yeTcs AnA AaHHOro cyfaHa. lpwu HeKoTopo# Harpyske
NOACUNTLIBAETCA Zg M noMevaercs Ha wkane. Yepes nome4eHHylo
TOUKY U TOUKy A NpOBOOUTCS MPsSIMas W .Ha LUKane «c» CHUTHIBAeTCs
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3Ha4eHWe MHepLMoHHOro KoadipurumeHTa npu aTol Harpyake (B Hawem
npumepe Zg=6,4 M, a ¢=0,81). AHanormyHble NocTpoeHuUs npoBoasATCs
Ha Homorpamme bB. Touka A nomedaercs Ha twkane 1 — 1.
Morb3oBaTbCa CrieayeT Toi HOMOrpaMMolt, KoTopast npeacTaegnaercs
Bornee ynoGHoiA.

MoxeT crnoxuTbcs BrevatneHue, 4To ecnu ans onepaTuBHOI
OLEHKN OCTOMYMBOCTU CydHa B MOpEe MO Nepuopy COBCTBEHHbIX
konebGaHui Ons onpeperneHns MHepPLUUOHHOM KoatbthuumenTa Hano
Byner sHaTb BO3BLILLEHME LEHTPA TSKECTW, TO MeTaLeHTPUYECKYIO
BLICOTY MO Zg MOXHO OyAeT HaliTh He MCnonb3ys «c». Ho, Tak kak
MOMEHT MHEpUUM MacChl CyfiHa 3aBUCUT Kak OT CaMoii Macchbi, TaK 1 oT
€e pacnpefeneHna no LUMPUHE U BLICOTE CyAHa (B NPUBTIKEHHOV
cpopmyne [lyavtepa Iy = f(M, Zg, B)), T0 4T0o6bl Haitt Ixx Hago 3HaTh aTH
BENUYMHBL. VIHEPUNOHHBIN KO3(PULMEHT OT Macehbl BOOOLLEe He
3aBucut, a, B Hallem criyyae, SBnseTcs gyHkumen Tonbko Zg n B —
c=fZg, B). MOXHO yMEeHbLINTL YKUCO NepeMeHHbIX 0 OOHOro, ecnu
B3fTb COOTHOLIEHWe Zg/B, HO COBCEM WUCKIIONUTL Zg HEeMb3s.

MoaToMy Ans NpPaKkTUYECKOro MCMonb3oBaHWs Ha CyaHe MOXHO
PEKoMeHAOoBaTb Crieayiowii Nopsfok AEACTBUIA ANA KOHKPETHOro
cyaHa: Ansi TUNOBLIX Ccriyyaes Harpy3ku us Uudbopmauwm o6
OCTOMYMBOCTU, WUCMOMb3YS WHEPLUOHHbIN KO3 duUneHT npu
KPEHOBaHUM Cp, MO HOMOrpaMMe HalTu pag 3HaueHUN «C». 3aTeM
MOXHO NOCTPOUTL Anst cebsl npubrkeHHbIR rpaduk 3aBUCUMOCTM
MHEPUMOHHOro Ko3ththnuMeHTa TONMbKO OT BOJOMIMELIeHUS U B
AaneHenileM nonb3oBaThcs UM.

Cnucok numepamypel

1. Makoe 10.11. Meroguka onpeneneHus VHEPLMOHHOro KoadduumeHTa ans
OLIEHKM OCTOIRMMBOCTY CyAHa B PEIACE N0 nepuopy coBCTBEHHbIX KoneGaHui // Uasectun
KanvHuHrpagckoro rocyaapcTBeHHOM TEXHUIECKOTO yHusepcureta. — Net, — 2002, —
C.107 — 114.

2. Cramvka cygos. Kauka cynos // CripasodHmk o Teopuu kopabna / Mog, pea. A.W.
BoittkyHekoro. — J1.: Cynoctpoemue, 1985, — Tom 2. — 440 c., ui.
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PB. Bopucos, M.A. Kymeiinuros, B.FO. Cemenoea, A.A. Jlyinrun

O NPOBNEME HOPMUPOBAHUA YCKOPEHWH
NMPU KAYKE

B HacTtoslliee Bpems CyLIECTBYIOT HEKOTOpbie TuMbl CydoB, AN

KOTOpPBIX BBOOATCA OrpaHWdeHus No YCKOPeHUsIM npyu Kadke Ha

B3BONHOBaHHOM MOpE, CBA3aHHble SO0 C BUOOM MEPEeBO3UMOro
rpysa, nubo ¢ HasHauyeHueM, nMBo ¢ HeoBXOAUMOCTLIO BbINOMHEHUS!
TEX MNU UKbIX YCNOBWIA 5e30nacHoi aKCrnyaTaymi.

B OCHOBHOM YYUTbLIBAIOTCA BepTUKanbHble YCKOPeHUsT OT BOpTOBROM
Kauky, OOHEKO WHOTAA HOPMMPYIOTCH CYMMapHbieé BepTuKaribHble
YCKOPEHUSsi B pa3fnyHbIX KOMOMHAUMAX BUAOB Kauku: GopToBasi+Bep-
TUKanbHas (Ha BepxXHuX nany6ax, Ha MOCTUKe), KuneBas+BepTU-
KanbHasa (Ha HocoBoMm nepneHaukynspe) [1]. B nocnepnue roabl
NOSIBUNUCb OaHHble O CYLIECTBEHHOM BMUAHWM Ha CaMO4YyBCTBUE
nmoagen yrrioBbiX YCKOpeHWit ot GOpPTOBOW Kaukm U FOPUBOHTAnNbHbIX
YCKOPEHMUA 0T NONepedHo-rOpU3oHTANbLHOMW Kavky, Npu4eM, Kak
oKasanock, NocnegHyue UrpaioT 3HauYUTerbHYI0 POrb B BOSHUKHOBEHUM
owmBoK sKuNaXka BO Bpemsl SKCHnyaTauum CyaHa («venoBevecku
chakTop» B ynpaBneHuM CyAHOM U NPOBEASHUM pasnuvHbiX pabor) [2].

Otmetum Gonee noppoOHO OCHOBHLIE (AKTOpbl, KOTOpbie
3acTaBnsioT npuberate K HOPMUPOBAHUIO YCKOPEHUIA,

1. Buonoruyeckue. Kauka Bbi3blBA©T Y NepcoHana n naccaxmpos
«MOpcKy OoneaHb». OCHOBHAR MpUYMHA YKauMBaHUA —
chmanonorMyeckoe BNVsSHUE Ha UENOBEYECKWit OPraHU3M YTHOBbIX W
NUHEMHBIX YCKOPEeHWNW, BO3HUKaOWMX Npu kauyke cyaHa. lopor
UYYBCTBUTENBLHOCTN NIOAeN K YIMOBbIM YCKOPEHUAM HaxopwuTcsi B
npemenax 2 — 3 rpap./c?, a k BepTukanbHbiM 0,4 — 0,12 m/c?.
OcoBeHHO MHTeHCVMBHO Mopckas OGonesHb pa3BUBaEeTCA, Korga
BepTUKanbHble YCKOPeHWsi JocTuraioT npumepHo 0,1ga1m/c?.
BepTukanbHbie YCKOpEeHUsi B KOHKPETHOM Touke cyaHa siBnATCs
CNeACTBMEM HE TOMbKO JMHEHbLIX, HO U YrNoBbiX KosrieGaHui.
MoaToMy Haubonbiuiue BepTUKaNbHbIE YCKOpeHua ObisaloT B
OKOHEYHOCTSX CyaHa.

2. 3KcnnyaTtaunoHHbie. K HWM OTHOCATCH cMelleHUe
KOHTEWHEPOB, CbINYYMX W JIECHbIX rpy30B, pacKkaduBaHue
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NOABEGLLEHHOrO rpy3a Ha rake nraByvero kpaHa, yxyaleHue, a uHoraa
1 HEBOBMOXHOCTL PaBoTkl rMaBHBLIX U BCNOMOraTENbHBIX MEXAHU3MOB.

3. MpouHocTHble. ObLWas npPoYHOCTDL Kopriyca U npodHOCTh
OTAENbHbIX KOHCTPYKUMA (HOCOBBIX U KOPMOBBIX OKOHeyYHocTel!,
KOHCTPYKUWIA KDAaHOB 11 rPy30BbLIX CTPEn U T. a.).

OKCrnyaTauuoHHbIe M MPOYHOCTHbIE aKTopbl AN TPAHCNOPTHLIX
CYAOB, B OCHOBHOM, Y4YMTLIBAlOTCA B COOTBETCTBYIOLUMX pasfenax
HaLMoHanbHbIX U MexayHapoaHbix npasun [3, 4] ans obecneveHys
BesonacHoit TeXHOMoruM nepeBo3oK W MOpCKuX onepauuin. dtn
HOPMATUBLI MO KOHTPOIO OCTOMYMBOCTM CYAOB MpU nepeBoske
3EpHOBbLIX M ApYrMX HaBano4HbIX rpysoB MpenycMaTpuBaioT OLISHKY
ycnosuit 6e3onacHoii NepeBoaku Chinyumx rPy308 ¢ KOCBEHHbIM Yy4eToM
MHEPLIMOHHbIX CUIN NpU Kauke,

O6bl4HO, HOpMaTWBLI, YUUTHIBAKLLME 3KcnyarayuoHHele M
MPOYHOCTHbIe (haKTOPLI, XKECcT4e, YeM HOopMaTUBbI, yumuTbiBaoLLMe
Burornorndeckue akTopbl.

B MNpasunax knaccudukaumm u nocTpoiiku MOpCKUX cyndos
Poccuiickoro Mopckoro perucrpa cynoxoacTsa (Mpasuna PC) [3]
BBEAGHbI OTPaHNYEHUS N0 NMUHEVHLIM YCKOPEHMSIM AN CYXOrpy3HbIX
CYA0B C COOTHOLUEHUSIMM:

JH/B>0,08 urm B/d>2,5,

tae h — HavanbHas norepedHas MeTaLeHTpuYecKas BbLICOTa;
B — wupuHa cyaHa;
d — ocapka.

PaspaboTuuku orpaHu4eHUit Ans cyAoB CMELLaHHOTO NNaBaHus [5]
yunu «... nepecbinaHue CbiNy4yero rpysa, NepenBMKKM MMOXO
3aKpenneHHoro rpysa, ocoGeHHO nanyGHOro, yXyalleHWe ycroBuit
paboTbl MEeXaHM3MOB, ykauMBaHWe Cy[oBOro 3KuNaka, ...onacHbie
HanpAXeHus B CBA3AX CyAOBOro koprycay». Takum oBpa3om, oMM Kak
Bbi Co3nanu yH1BepcasibHoe CpeacTeo, yuuTbiBaloLee BCe TPU rpynnbi
(paKTOpOB, O KOTOPbIX Mbl FOBOPUNY BhILLE.

B Hopmax Peructpa CCCP ocHoBHbie NpepnoxeHuss B Buae
KpUTepusi yCKOpeHus ANsi CyAOB CMELaHHOro NnaBaHus Bbinu
paspabortatb! ele B 1971 . 311 ugen ¢ HeBONbLIUMU U3MEHEHUsIMU B
METOQVKE pacyeta AOKUIM A0 HalmxX AHen. CMbICH UX B CriemyloLLem.

OCTOIM4YMBOCTL NO KPUTEPMIO YCKOPEHUSI CuMTaeTCs npuemsiemon,
€Cnn B paccmaTp1BaemMoM COCTORHUW Harpysku PacHETHOE YCKOpEHUe
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(B moNsAX g) He npesbILIAET [ONYCTUMOTO 3HaYEHUs!, T. €. BbINOMHAETCA
ycnosme:

K*=0,3/apacy>1, B

IAE 8pacy — PACHETHOE YCKOpEHWe B AONAX ¢, onpefensemoe no ¢opmyne,
NONYHaEeMON C NOMOLULIO NPABUN MEXAHUKMN:

1,82 6
apacq—gk§2(0957'3y @

g — cobBerBeHHAn YacToTa GoproBbiX KoneGanuit cypHs;
6, — amnnuTyga 6opTOBOI KauKK CyIHE;
ke =1,2 — xo3phMUKEeHT, YHUTRIBAIOWNA BEPTUKANEHYIO Kauky.

B nocnegyiowmx pegakumsx Mpasun PC, ¢ ydyetom ocoBeHHocTeln
Kayku cynos cMellaHHOro nnaesadHus, dopmyna (2) 6wina
npeobpasosaHa U B HACTOSALLEe BPeMA UCNOMNb3YeTCs:

8pacy=1,1"10"2Bm?0, , (3)

ne m=molﬁ — HOpMUpYEMas vacToTa cobeTBeHHbIX KoneGaruii cyaHa;

" h B
Mo — KoathULMEHT, Onpeaensemblii B 3aBUCUMOCTY OT —~———;

L
Zy — annaukara LeHTpa TsDKECTU CYAHa; '
V — BOaousMelieHne cyaHa.

OrpaknueHusi NO YCKOPEHUsIM BBEA4EHbI TOMNbKO LNS Cy4oB
CMeLWaHHOro MnaBaHKsA W NS HEeKOTOPLIX MOPCKMX TPaHCMOPTHEIX
CyooB, B TO BpeMsl Kak, BEpOATHO, HeoBxoavMo BBOAUTL WX ANA
NaccadKMPCKUX CYA0B, MapOMOB, KPAHOBLIX CYAOB, CAMONOLbLEMHbIX
nnasy4yux GypoBbIX YCTAHOBOK M T. A. [AnA yuera «4enOBEYECcKOro
cbakTOopa» Takke HeoOxoAWMO npoaHanusmposatb MNOMNEpPeyHo-
FOPU3OHTalNbHbLIE YCKOPEHUS.

B Hacrofuleri paGote npegnoXxed MeTof pacyetra amnnmtyn
YCKOpEeHMuil ans BcexX BMAOB Kauyku, Kpome MpofosibHO-
TOPUSOHTANBLHOW U PbICKaHbS, KaK B NMMHENHOW, TaK U B HENUHEHOW
NOCTAHOBKE Ha pEerynsipHOM BOMHEHWM U JaHbl pekoMeHpauuu no
HOPMMPOBAHUIO YCKOPEHWIA NPy Kauke CYACB PasfivyHbIX TUNOB.

Cuctema aundddepeHymnanbHbiX YpaBHeHUH MONEpPeEYHO-
ropu3oHTanbHO, BEpPTUKAmNbHOW, GOPTOBON W KUNEBOW Kauku cygHa
pewanacb € y4etoM B NpaBOW 4acTU HerMHeWmHbIX
MMAPOAMHAMUECKUX CMMT M MOMEHTOB BTOporo nopsaaka FiP, FP,
MP, M@, kotopule, B CBOIO Ouepefb, ONPenensnmMch Ha OCHOBaHWM
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rMnNoTesbl NIOCKUX CevYeHun nocpeacrBom WHTerpuposaHus
rmgpoanHaMuyeckoro passieHus cHavyana no CMOYeHHOW’
MOBEPXHOCTU Kax[oro KOHTypa, 3ateM no g[nuHe CyOHa.
rM,ClpOAVIHaMMLISCKOe AasnexHue, ,u,eﬁcmylow,ee CO CTOPOHbI XUOKOCTH
Ha KOHTYp € TOMHOCTbLIO [0 BTOPOro nopsigka mManocTn nMeer Bua:

3 d
p=p"+p@= ”p((“a?‘ U_aT()(q,m)M,(z))Jr

Ly U %o o’
+ (0 = xU M o D 6;*9(1)3’) S+ (P —6) +

ofoy
2p(1) 1) (1)
), 070" 1 100"y, oDy,
V2 e T3 [(“a‘y )+ (%)), @)
rae @, @@ — notenumansl ckopocT pBWKEHUS *UOKOCTW MEPBOro U BTOPOro
NOPSIIKOB;

Qx — KOKyLWAnACcst YacToTa.

MoTeHunan BTOPOro nopsiaka ONPEAEnsinics Ha OCHOBaHNM
peweHus HenMHeMHON 3ajauM O NONepevyHoN Kauke KOHTypa Ha
PErYIAPHOM BOMHEHUA € YYETOM HErMHeHbIX rPaHnyHbIX YCHOBMI Ha
CMOYEHHOM MOBEPXHOCTW KOHTYpa M cBOBGOgHOM NMOBEPXHOCTH
KMOKOCTU. ANFOPUTM  pelleHus OaHHOW 3ajaun paspaboTtaH
CemeHoBo# B.JO. Ha ocHose MmeTogos TEOPUN YHKUNA
KOMINEKCHOro nepemMeHHOro ¥ Marioro napameTpa U noapoBHO
vanoxeH B pabotax [6], [7].

YunutbiBass GurapMoHUYECKYio dopMy pelleHus cuctemsbi
YPaBHEHUA Kauku u AnddepeHumpys ero asaxabl, Hafgem
BbIP&XEHUsT ANA YCKOPEHUIA, 0BYCrOBNEHHBIX KabIM BUAOM KauKu:

flg =1 + 1§ = — ofn{sin(oxt+ 5) — e 402 nPsin(ext + 5@

§=81+8@ = — 00 Vsin(oxt + 8§”) — 4 402 6@sin(2axt + 52);

~ (5)
Co=C+EP = — R Psin(wt + 8¢") — g3 40k tPsin(2wxt + 82);
Y=+ @ = — ofyMsin(oxt + ) — s 402 Y Dsin(2eot + 5%);
rhe er=aw/b; eI, e3=(ib; e4=01rad; es=yVrad: — mansie napameTpsi,

HeoOXoouMbIe AMNs peleHUs NoCTasneHHoM 3afjaqu, onpegensiemble B
pesynerare pelleHus NMHeNHON 3afaum Kaqku.
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YckopeHusi (pUKCUMpOBaHHOW TOYKM m cyaHa, ofycrnosneHHbie
B3aUMOJENCTBMEM OTAENbHbLIX BWAOB KaukW, ONpeaensioTcs o

thopmynam:

i = D+ 7 = 0 — 260+ e — 2P — ey (B0 + 6V

Em=EPD+E@=ED 4y — x4 657D + £4y8@ — ey — 6)
__842(6(1)9(1)+é(1)9(1))_852({';(1)¢(1)+‘I',(1)W(1)).

Mpeacraensasa (6) B Gurapmonudeckom, aHanormdHom (5) supe,
rocrie HeCNMKHLIX NpeoBpasoBaHWii NErko MNOMYy4YUTb BbIPEDKEHUS Ans
onpeneneHns aMmnMTYAHbIX 3HaYeHU BEPTUKANbHLIX U FTOPHU3OHTaNb-
HBIX YCKOPEHWUI ¢ TOYHOCTBLIO [0 BTOPOFO Nopsinka manoctu [7].

Ha ocHoBaHuyu pa3paboTaHHOrO anroputMa BbiNMK NpoBeneHs!
pacqeTbl aMNMUTYAHBLIX 3HAYeHUA YCKOPEHWA ONst pasnudHbIX TUNOB
CynoB, BO3HMKAIOWMX NPU MONEpPevHOM Kauyke naroM 6es xopa u
NpoAoNbHOW Kauyke Ha BCTPEMHOM perynsipHoOM BofHeHuu. B
npoLiecce pacyeToB BBeAEHb! crefylolme oGosHaveHns:

' @g1, @g2 — COCTABNAIOLLME YCKOPEHMWS NnpK BOPTOBOI KadKe:

ag1=(B/2)blg; at¥=(BI2)6V1g; a@=(BI2)6@)g;
agz=(H— TYblg; aid=(H—NB8"Mg; a@=(H~ T)®Jg;

@y, a — YCKOpeHUs:, BO3HUKaloLLMe MPY NONEPEYHO-TOPUSOHTaNb-
HOM W BEPTUKanNLHOM Kauke:

an=ng/g; al'=n$""/g; a®=1%/g;

—_ . 1)1} /g 2} {22 /g
ag=tg/g; at"=Cy"/g; a?={¥/q;
8rp — BEPTUKaNbHas COCTaBNSIOLAs YCKOPEHWA NP COBMECTHOM

BGOPTOBOM M BEPTUKamnbHON Kavke B TOUKE, COOTBETCTBYIOLLEN yrny
nany6u 1 6opra:

a=tn/g; aly=t\g; aB=t2/g,

npu atom B chopmyne (6) cocTaensiolume, 3aBucsALLME OT KUNEBON
KauvKu, NONaralTcs paBHBIMU HYIHO;
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ane — FOPU3OHTAalbHasA COCTaBﬂﬂIOLLlaFI yCKOpeHMﬂ B TON e TovKe:
—_ . k) I & D 2} (2) /e
ne=Tn/g; aig=M/g; a@=n%/g;

ay — YCKOpPEeHVA, BO3HVKaoWMe Npy KUNeBOM Kavke Ha HOCOBOM
nepneHavKynape:

ay=LI2Yilg; a{P=L/2yVig; a@=(Li2){@g;

agy — BepTvKanbHas COCTaBAOLLAn YCKOPEHNA NPY COBMECTHOM
KWUNeBOW 1 BEPTUKAIbHOM Kauke Ha HOCOBOM nepneHauKynsipe:

ay=Cn/g; A= /g, af)=C2g,

npu 3T0M B popmyne (6) cocTasnsioLume, 3aBucsiLume oT GoPTOBON
Kayki, nonararoTcs paBHLIMU HYIIO;

HaunGonee xapakTepHble pesyrsTaThi NpeacTasneHs Ha puc. 1 — 4
AN CyaHa cMelllaHHoro Tvna nnasadus «Bonro-BanT» u tennoxona
«JloBosb Opnoeay.

M3 npencTaBneHHeIX pe3ynbTaTOB BUAHO, 4YTO yyeT
HENUHeNHOCTelW, CBA3aHHLIX C HanM4nMem KOMMNOHEHTOB BTOPOTO
nopsifika B NoTeHUmMane CKopoCTH LBKEHWUS XUAKOCTU U B UHTerpane
Tlarparxa-Kowm Ans AaBneHns BHOCUT QOCTATOYHO CEPLE3HbIS
KOPPEeKTUBL! 0COBEHHO B 06MacTi HMsKk1X YacToT m<0,8. HanBonbluee
BNMAHNE HenWHenHbIX (PakToOpoB NPOSABNSETCS NpU pacueTe
BEPTUKaNbHbIX YCKOPEHWUH a;, arg ¥ TOPU3OHTamNbHbIX 8y, ane
(puc. 1, 6, B; 2, 6, B). Tak, B 30He CyneprapMOHUUECKOro pesoHaHca
BEPTMKaNbHOW Kaykn amninTyabl YCKOPEHWiA a;, arp, BLIUMCHEHHBLIX MO
HENMHEeVHON Teopuu, MOryT GbiThb Bhie Ha 40 — 70 % (puc. 1, 6, B)
COOTBETCTBYIOLUMX aMNuTyA, PaCCHUTaHHBIX MO NIMHENHON Teopui.

KpuBble 3aBUCMMOCTEN YCKOPEHMIA, OBYCMOBNEHHBIX BEPTUKAMBHOM 1
BopToBOit Kaukom are=f(m), NPaKTUYECKM AMs BCEX TUMOB CYA0B UMEKT Mo
ABa MaKkCcumyma, NpoMCXOAsWMX Ha 4acToTaX, paBHbIX COBCTBEHHLIM
4acToTam BepTMKankHoM 1 GOPTOBON Kaukn w=w; 1 w=wg (pUc. 1). Bknag
0GOMX BUAOB Ka4K1 B BEIM4MHBI YCKOPEHIMN 8c MEHAETCS B 3aBUCMOCTY
OT COOTHOLEHNS ax, U . Hallle BCEro [0mns, BHOCUMAsi BEPTUKaNLHOM
KaukoM Gonblue, Yyem [oOns YCKOPEHWN OT BOPTOBOM M TOMbKO B TeX
cny4asx, Korja OCHOBHblE Pe30HaHCh! BOPTOBOM U BEPTUKANBHON Kauky
@rm3ke, BKNad, BHOCUMBI OGEMMM BUOAMM Kauku, NPUMEPHO PaBEH.
lMosToMy yxe cerdac MOXHO ckasaTb, YTO BBeAeHHbI B Mpasuna PC
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k03hhULMEHT, YUNTLIBAIOIMIA [OMI0 BEPTUKANBHLIX yCKopeHun (k:=1,2),
He umeeT nop cobolt 4OCTATOMHOrO 06OCHOBaHUSA.

B 30He vacror ©<0,5 BnusHWe HeSNMHeNHLIX (PaKTopoB BTOPOFO
nopsigka Ha BENWYUHBI YCKODEHWA NpU NoMnepedHO-TOPU3OHTaNbHbLIX
konebaHuAx moxet pocturate 20 — 50 % (puc. 2, 6). Pesynbrarhi
BbINOMHEHHbLIX MO HEeNIMHENHOM -TEOPUUA PaCYETOB YCKOpPEeHUN,
0OyCNOBNEHHbIX COBMECTHOW NONepeyHO-TOPU3OHTAITLHOW U GopTOBOiA
KauKOW &ne, B TOMKE, COOTBETCTBYIOLIEN yrny nanybbl u Gopra, Takke
CYLLECTBEHHO OTNNYAIOTCA OT aHaNOMYHLIX PE3YNETATOB, NOSTYYEHHbIX NO
nuHeliHol Teopuu. Tak, BKNap HenuHeWHbIX dhaktopos B oBnactu
OCHOBHOIO pesoHaHca BopToBon Kauky Moxer pocrurate 35 — 40 %, a
B oBnactu cyneprapMoHudeckoro peaoHaHca 50 — 60 % (puc. 2, B).

Bknag 6GoptoBoit kadukn B OOWMIA GanaHC ropu3oHTanbHbIX
YCKOpEeHUI ans oBbivHbIX criydaes Harpysku (h 0o 2 M) cocrasnser
15 — 20 %, npuuem camn yckopeHua cocraensior 0,15 — 0,20g, Ho
npy GONbLIMX METALEHTPUYECKUX BLICOTaX OH MOXeT gocturatb 60 %,
¥ CyMMapHble YCKOPEHUs 3HauYMTEnLHO NpPEeBOCXOAsT Aonyckaemble
LSt FOPUSOHTarbHbBIX YCKOPEHUA ag,=0,29. ,

BrinsiHne HenuHelHbiX hakToOpoB Ha YCKOpeHus npu GoptoBoi
Kayke B pasnMuHbLIX TOYKax CyAHa &g 3aBUCUT Npexge BCero or
3Ha4YeHUs1 MeTaleHTPUYecKon BbICOTHl h. [nst cymoB ¢ hA<1 M
aMnAuTyLbl YCKOPeHWiA GOPTOBOW. Kauku, BbiYUCAEHHBIE NO
HenUHeMHoOM TeopuU, MOTYT nNpeBblllaTh COOTBETCTBYIOLNE
aMnnuTyabl, paccuuTaHHble M0 NWHeRHo Teopun B obnacTu
OCHOBHOTO peaoHaHca Ha 50 — 60 % (puc. 1, a; 2, a). ina cygoe co
3Ha4YEeHWEM METaLISHTPUYECKON BbICOTLI h>2 M BRUSHWUE HESNTMHERHLIX
chakTopoB B 06MacT OCHOBHOMO PE3OHAHCHOMO pexumMa GopToBoM
Kaukl MpakTUYECKU OTCYTCTBYET W [MPOSBNAETCA NUWbL B 30HE
cyneprapMoHu4Yeckoro pesoHaHca.

AHannU3 pesynkTaTtoB Pac4eTos YCKOPEeHWA Npyu NPOAONLHOR Kavke
nokasars, 4YTo BAUsiHUE HeNMWHeWHLIX MMOPOaUHAMUNYECKMX CUN BTOPOIo
nopsigka Ha UX amnauTyOHble 3HAYEHUs, B 3HAYUTENMBLHOW CTeneHw,
NPOSBAAIOTCA NPU pacuyete a; U agy,. bespasmepHsie amnnMTyaHbIe
3HaJyeHUs CYMMApHbIX YCKOpeHuit, obycnoBneHHble TOMNbKO
BEPTUKANbHON KauKOM &, ornpeaeneHHbe No HenMHEeNHon Teopun B
30HE CyneprapMOHUYEecKOro pe3oHaHca BEpPTUKANbHON Kauku MOryT
OuiTb Ha 30 — 40 % Oonblue COOTBETCTBYIOLUMX aMInuTya, paccyu-
TaHHbIX NO NMHENHON Teopum (pyc. 3, a; 4, a), a aMnNUTYZbl YCKOPEHUi
Ha HOCOBOM NeprieHaVKynsipe &y Ha 20 — 35 % Gonbue & (puc. 3, 4, B).
Pacuyetbl BepTuKamnbHbIX YCKOPEHWI Mpu NpPORONBHOA Kadyke cygHa
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TaKKe Nokasanu, YTo Ha HOCOBOM MeEPreHANKYISPe OHM HanbonbLuue,
T. €. HOpMMpPOBaTh HAL0 YCKOPEHUSA UMEHHO B 3TON TOYKe.

Mpn 3TOM OCHOBHOW BKNaf B BEpTUKamNbHbe YCKOPEHWs Ha
HOCOBOM NepneHAnKynspe BHOCUT kunesas kadka (0o 80 %), a Bknag
BEPTMKaNbHON Kauku ropasao MeHslue (3o 20 %).

IMpy pacyeTe cyMMapHbIX YCKOpeHwi ay, 0BycrioBnieHHbIX KUneson
KauKoM, BrMSIHNE HENUHENHBIX MOPOAUHAMUYECKUX CUM Ha AaHHbIe
BEMUYMHBI B 30HE CYNeprapMOHMYECKOro pesOHaHca Afisi CynoB C
HEe3HauuUTeNbHLIM PasBanoM U HeBONMbLLOK acMMeTpuUelt Kopnyca He
npesbiwaeT 10 % 1, B NpUHLMNE, B NpaKTUYECKNX PacyeTax, UM MOXHO
npeHebpeub. B cnyyae cynos, obnagamowmx 3Ha4yuTenbHOMN
HenpsiMOCTEHHOCTLIO Kopryca, aMnnuTyAbl BTOPbLIX rapMOHUK af,,z)
MOryT cocTaensTs 1/4 ot al’, a BnusHME HenMHelHbIX takTopoB B
30He CcyneprapMoHUHecKoro pesoHaHca AocTuratb 20 — 25 9% .

Heobxoaumo otMeTnTh 3HauMTensHOe BrMAHME Ha YycKopeHwus
CkopocT xogja cyaHa. Ee yBenuuyeHne npuBOOUT K pe3KOMY
YBENUYEHWUIO aMNNUTYZ, BEPTUKANLHBIX YCKOPEHWUNA @ 1 YCKOPEHWI &y,
B 0obBnactu Kak OCHOBHOMO PE30HAHCHOIO pexuMa Tak M
CyneprapMoHu4eckoro. Tak, 3HaueHusl yckopeHwil a; ary npu
Fr=0,306 Ha 75 % v 40 % 6onblue COOTBETCTBYIOLLIMX 3HAYEHUIn NpU
Fr=0,2 (puic. 3, 4 a, B). B 06nacT cyneprapMoHUYecKnX pPe3oHaHCHbBIX
PEXMMOB yBEANYEHNE YKa3aHHbIX BENUYMH NPOMCXOaNT Ha 33 — 35 %.

TakM 0BpasoM, Ha OCHOBaHUM BLILIEU3TIOKEHHOTO, SICHO, YTO
NOAXOA K HOPMWUPOBAHUKD YCKOPEHWI ANSA CYOOB CMELaHHOro
nnasaHWs HYXaeTca B CyllecTBeHHON nepepaloTke, MOCKOMbLKY
npefentHbLIMM MOryT BbiTb (M3 COOBpakeHUi 0BUTaeMocTy 1 T. 4.) He
TONbKO BEepTUKanbHble YCKOpeHUss Ha GopTy cyaHa, HO u
ropusoHTanbHele Ha GopTy unu B kakom-nubo Apyroil Touke
(kannTaHCKMiA MOCTHK, Xunble nany6bbi U T. A4.) npu nonepeyHon kauke,
a TaKke BepTUKanbHble YCKOPEHUS Ha HOCOBOM MEPMeHaMKYnape npu
NpoAoNbHON Kauke. Ha Bpems paspaBoTku HOBOO nogxona MOXHO
NPOACIKATL MOMNb30BATLCH UMEIOLUMMMCA OTPaHUYEHUSIMM, NOCKOMBKY
HeT csefeHuit 06 oTpuLaTenbHbIX NOCNEACTBUSAX, CBA3AHHLIX C UX
UCTIONb30BaHUEM.
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VIIK 629.12.001.11

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

METOLOUKA PAC‘-IETHQI7I OLIEHKM COBCTBEHHOI'O
MEPNOOA BOPTOBOW KAYKUM MOPCKUX CynoB
PA3NWYHbLIX TUINOB

B lpasunax knaccudukaumy n nocrpoikv MOPCKUX CcyaoB
(Mpasuna PC) coBcTBeHHbIN nepuog BGOPTOBOM Kauku cyaHa
ONpeenseTcs B COOTBETCTBUM C pekomeHaauuamm UMO [1, 2):

T=2cB/,/h, (1)

KO3(hDULIMEHT € BLIYUCTISETCS B 3aBUCUMOCTH OT OTHOLEHUS B/d U
ANMWHbBI cyaHa:

¢=0,373+0,023B/d—0,043L/100, (2)

ae L — anvHa cygHa;
B — umpuHa cyaHa;
d — ocagka cygHa;
h — vcnpaenerHas MeTaueHTpUHecKast BLICOTA (c nonpaBkon Ha cBoBogHble
NOBEPXHOCTYU XUOKUX rPY30B).

[ns cynos cmelwaHHoOro nnaeaxus pacueT CoBCTBEHHOTO nepuoaa
kauku (4acToTbi) cornacHo fpasunam PC [1] npoussoguTcs ABaxgel 0o
pasHbiM MeToauKaM: BHavane npy pacHeTe Kputepust norogsl — K no
(1), a satem npu pacuyere KPUTEPUSI yCKOpeHuss — K*. Mpu pacuyere
KpUTEPMA YCKOPEHUWA 4acToTa Kauku onpefensaercs 3aBUCUMOCTBIO:

m1=mo/,/ho, 3)

rae  ho — HauaneHas MeTaueHTpYecKkas BbICOTa;
My — BEMMYNHA, 3HAYEHUE KOTOPOH MPUHUMAETCA B COOTBETCTBAM G LAHHBLIMU
Tabn. 1, 8 3aBUCUMOCTY OT Napamerpa

_h B .
n1—§/~—‘7 ;g—, (4)

rne V—obbemHoe BogousmelyeHue cygHa npy cpegHew ocagke d no
[ERCTBYIOLLYIO BATEPITUHNIO;

Zg — BOSBblLUEHUE LEHTPA TSKECTW CYAHA Haj OCHOBHOM FUIOCKOCTBIO  FpW
[aHHOM COCTOSIHUM Harpysaku,
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3HaueHue BeNUYUHL! M,

Ta6nuua 1

4

0,156 | 0,25

0,50

0,75

1,00 | 1,50

2,00

2,50

=3,00

mg

042 | 0,64

1,13

1,68

1,86 | 245

2,69

2,86

294

CobcTaeHHble neprogbl Kauku, BbIHMCNEHHDIE MO 3TYM METOAMKAM,
MOTYT CYLIECTBEHHO pasfuMuyaTthbCs, 4YTO noaTBepwAaeT rpaduk Ha
pvc. 1, rae Ans cygHa cMellaHHoro nnasaHua «Bonro-bant» npu
pasHbiX BapuaHTax Harpysku (otHoLleHue B/d uaMeHsinock ot 3,58 go
7,43; zg/B ot 0,15 po 0,45) conocraBneHb BermumHbl KoadduumeHTa
C, BbluncriedHbie no (2) c(K) u no (4) c(K*). Koadcuument c(K*)
BblYMCrieH NO opmMyre:

c=Bmy,/ho/x.

(X
0,7 -

0.6

0,5

04

0,3

0.2

02 03

04 0,3

Puc.1

06 07

Conocrasnexve BenuinH koadbuumeHTa ¢

s npuseneHHoro rpacduka BWOHO, YTO AaHHble YAOBETBOPW-
TeNbHO COBMagaloT npu HaumeHblWyxX 3Havewusax B/d w zg/B, ¢
POCTOM Xe 3TUX BENUHMH, pacxoxaeHue ysenumuusaetcs c(K)<c(K*),
4YTO APU pacyeTe KpPUTEepUa YCKOPehWa NPUBOAWUT K poOCTy nepuoaa
KauKky i1, COOTBETCTBEHHO, K CHIDKEHWIO PacYueTHOro yckopeHust. Kpome
9TOro, NP ManbiX 3HaueHusIX METALEHTPUYECKOW BbICOTbI METORWKA
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pacyera 4actoTbl Kadku nepectaer paborarb, Hanpumep, Touka
¢(K)=0,42; c(K*) =0,29.

Mpu BbluMCNEHNM aMNNUTYA Kauku no MeToguke MIMO [2]
ncnoneb3yetcst popmyria (2), nonyyeHHas ANs CynoB HeorpaHuieH-
HOro paiioHa NrnaBaHusi, y KOTOPLIX OTHOLIEHME LUMPMHBI K OCaZKe
obbiuHo  B/d<3,5, a oTHocwuTenbHas MeTaLeHTpuyeckas BblCOTa
\/E/B<0,08. MpyMeHeHne aToi 3aBUCMMOCTM Ans CyQ0B CMELIaHHOro
NNaeaHung, Ans KOTOpbIX XapakTepHbl bomnbluve oTHowenus B/d u
MeTaleHTPUYECKUE BbICOTbI, NPUBOAWT K CYLUECTBEHHOM NOrPeLLHOCTH.

Ans cynos pasnnuHoi AnvHbLL, HO ¢ OAMHAKOBbLIMU B/, dopmyna (2)
A3eT CyLIECTBEHHO OTIIUYAIOLMECS 3Ha4eHWs KoaguLmMeHTa C w,
COOTBETCTBEHHO, Nepuoaa kadvku. Tak ans cygHa gnmHom [=100 m,
B/d=2,5, \/E/B=0,06 nonyumm: ¢=0,399, T=12,9 ¢, a ans cyaHa AnuHOM
=200 m, npu Tex xe B/d=2,5, \/h/B=0,06: ¢=0,345, T=11,5 c. Pasnuua
cocraenset nopsgka 10 %, oueBMAHO, YTO C POCTOM AMNMHLI cygHa
NOrPeLLHOCTL BLIMUCIEHWA ByaeT yBenuumeaTLes.

CobeTBerHbili neprog GOPTOBOM Kauku onpeaenseTcs v3BecTHON
3aBUCUMOCTBIO!

T=2n./(lc+ Las)/(Dh), ©)

TBe  Ixx — MOMEHT MHEPLMM MacCh! CYAHa OTHOCHTENLHO LUEHTPanNbLHOR NpogoneLHONR
ocu;
A4q — MPUCOGAVHEHHDIA MOMEHT UHEPLIW;
D — Becoroe BogousmetueHve cyaHa.

W3 paseHctBa (1) U (5) KO3(PDULUMEHT ¢ MOXHO onpegenyTb
BbIDAXEHNEM:

6=5 v/ Aa)/D. ®)

,ﬂnﬂ ero onpegeneHus HeOﬁXOJJ,MMO 3HaTb MOMEHT MHepPUWnN Macchbl
CyAHa OTHOCWTENbHO LEHTpanbHOW NpoJorbHOM Ocu U npucoeam-
HEHHbIA MOMEHT MHepLMK.

Hanbonee TouHO onpegenute MOMeEHT UHEpPUMN MacCh! cyaHa ly,
OTHOCWTESNTLHO MAaBHOR LEeHTpanbHoi ock OX MOXHO nyTem nogcuera
MOMEHTOB WHEpLUUWU COCTaBNALWMX Harpysku Macc (HapyxHas
oblumeka, Habop, nany6bi, HaaCTpoKa, Fpy3bl, TONSMBO, 3anackl U
T. A4.). Ans aToro ucnonbayetcs usBectHas hopmyna Teopetuueckoit
MEeXaHUKu:
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boc=Zmiy? +(zi— 2g) 1+ 2K )

raeé  m;— macca i-i CTaTby Harpysku,
¥; — opouHaTa ee LeHTpa TSKecTU oTtHocutensko Arl;
Z; — annnuKara ee LeHTpa TSHXKECTU OTHOCHTENIbHO OCHOBHON MITOCKOCTY;
IS — CcOBCTBEHHbI MOMEHT UHEPLUM i~ CTaTbU Harpy3Kku.

Pacuet no copmyne (7) BOBONbHO 06beMeH, NO3ITOMY Ha NpakTuKe
4acTo NPUMEHSIIOTCA NpUONKeHHbe (DOPMYRbl, OCHOBAHHLIE Ha
HEeKOTOpbIX YIPOLAIOLWMX RPEAnornoXeHusX o (hopme Kopnyca cyaHa
W pacnpegdeneHuMn ero Harpysku. Hanbornee ygaqHbiMy, N0 MHEHWIO
MHOFMX U3BECTHbIX aBTOPOB, ABNsioTca dopmyna [yaiiepa, [3]:

D
lxx=1_2—g (BZ+4ZS): (8)
a Takke cbopmyna' t0.A. Wumakckoro, [3]:

0(321140 +H?), ©)

rae H —sbicoTta 60pTa cyaHa;
Cw — Ko3thpULMEHT NONHOTH! BATEPIMHUM;
Cp — KO3(hprLMEHT obLIe# NONHOTLI.

dopmynia [lyaiepa, Ha Halw B3rMAQ, NpeanodTUTenbHee, Tak Kak
OHa [jaeT pesynbTarbl pacyetos 6nuskue ¢ JaHHbIMK pacveToB no (7) n
ONUCHLIBAET 3aBUCUMOCTb OT BO3BLILLEHUS LIGHTPpa TSKeCTU CyaHa.

Ipu nposegeHu pacveToB NPUCOSAUHEHHBIX MOMEHTOB UHEpLIK
pacyeTHble MeToAbl, HanpumMep, MeToA NNOCKUX Ce4EHWIA, Kak NpaBuno,
He NPUMEHSIOTCS, T. K- He 4aloT HeoBXoaUMOA TOYHOCTU. DTO CBA3aHO C
HEeOOXOAMMOCTBIO YyYeTa NpOoAONbHOr0 PacTeKaHust XUAKOCTA npu
Kauke CyaHa, a Takke C BHECEHWEM MOMNPaBOK Ha MONOKEHWe LeHTpa
TSOKECTU CyfiHa, KOTOpbie MOryT 6bITh CYLLIECTBEHHLIMU A1 HEKOTOPbIX
TUNOB cyaoB (Cyda C BbLICOKO pacnonoXeHHuiM LT: necoBosbi,
KOHTEMHEePOBO3bl, HEKOTOPbLIE MacCaXMPCKMe W KpaHoBble cyaa).
Moatomy npu nposegeHun pacyeToB GOPTOBOM Kauku AnNA
onpegencHusi MOMEHTOB MHEpUMy OOBIMHO MCNONb3YIOT pesynbTaThbi
BKCnepuMeHTanbHbLIX uccnenoBaHuin. O6bACHAETCS 3TO ELEe 1 TeMm, YTO
BenvUuHy Asq NETKO HaWTM W3 Onblta €O ¢BoBOgHO 3aTyxaiowiei
60pTOBON KAYKOA MOenu.

Pesynbtathl 9KCnepuMeHTanbHbIX WCCRERoBaHWA MNPUCOenUHeH-
HbIX MOMEHTOB WHEpLMM CYLOB BECbMa MHOMOUMMCIIEHHH, HO He
BCeraa XopoLwo CornacylTcs Mexgy coboit. MpuumHa pacxoxiaeHus B
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{ns cynoB cMellaHHoro nnasaHus B.H. Axdumos [10] npusoaut
3aBUCMMOCTbL ANsi COOCTBEHHON 4acToThl GOPTOBOM Kauky (ata
MeToauka npumensietcs B Mpaeunax PeyHoro Peructpa):

Go= mo1/\/h_q» (12)

BENnu4MHa mo¢ onpepensieTcs no rpacuky B byHKUMM OT Ny
(cm. (4)), pue. 3.

myy
4,0

30 —=
L *

20

-T2
U4
i
v

1,0 44 ’

] 05 1,0 15 20 25 ™

Pue. 3
3aBuCUMOCTD BENUUMHLI Mgy
1 —mevog B.H. AHdumosa, 2 — Mpasuna PC

Metopuka onpenenelus cobBCTBEHHOM YaCTOTh! Kayuku cyaHa 3pechb
COBMaAaeT ¢ MeToaukon Peructpa npu pacverte YCKOPEHWil, OOHaKoO
BeninHa koathguumeHTa moq y B.H. AHdmmoBa 3HaunTerIbHO Gorblue
mo Mpasun PC, (cMm. puc. 3).

B.K. Tpywus pns onpepenenns nepuogos kauku CYAOB
CMEeWaHHOro nnasaHuAa NPeAnoXun TNPUHUMATh BENUYUHY
NPUCOEAVHEHHOIO MOMEHTa WHEepUMW B BUAE NOCTOSHHOM YacTh
MOMEHTa WHepumn cynHa 144=0,25/,,. 3atem, ucnonbsys (6) n
¢popmyny [lyaiiepa (8), monyuun npocTyio 3aBUCMMOCTL ans c:

¢=0,647,/(z,/B)*+0,25 . (13)

Takum oGpasom, Ans onpegeneHusi coGCTBEHHOTO nepuoaa
BOpTOBOI Ka4KM CyAHa HEOGXOAMMO 3HaTb MOMEHT MHEpLMM MacChi
CyAHa N NPUCOEOVHEHHbINt MOMEHT WHepuuu, WX BhIYUCIEHWUE
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npennovTMTENLHEE BLINOSHUTL RO NPUONKEHHBLIM amnupuqecmm
MEeToAMKaM.

MpucoeanHEHHBII MOMEHT MHEePLUUU A4q, KGK BUOHO U3 NpUBELEH-
HOro adasnusa, B OCHOBHOM 3aBWUCUT OT OTHoweHua B/D wu
koacduumneHTa NOSHOTLI nnowaau BatepnuHuu Cy, a Takke
MOMEHTa MHepuuMM Macckl cygHa Iy, Haubonee nonHo Takum
3aBMCUMOCTAM NSt LUMPOKOrO Krnacca rpaxgaHckuxX CyaoB M CydoB
BHYTpeHHero nnasaHus otsevaoT ¢opmyna K. AsgeeBa (12) u
Homorpammsil B.B Nyrosckoro u C.M. MNMaxeHko.

Moacraensasa (11) B BuipaxeHue ana xoadduluenta ¢ (cm. (6)),
MOMAY4MM cheayowyio hopMyny:

(1+423/B% (14)
18 [1+42/B)7 -
120[0.28+ g T Y e ] -

C=T

[ns ynpolieruns BbIMMCIEHWA €€ MOXHO, C [OCTaToqHO! ans
NPaKTViKKU CTENEHbI0 TOYHOCTU, pUc. 4, NPUBECTH K BUAY:

¢=0,114+0,012 §+o,26 Tzsg+°'195CW_' (15)
c@22) 0,6 -
0,5 .
04
03
0.2 .
0,2 0,3 0,4 0,5 0,6 °¢7
Puc. 4

ConocragneHue pesynsTatos pacyeros no dopmynam (15) u (14)



KoahpuumeHT ¢ MOXHO onpegenuTb U C WUCMOMb3OBAHUEM
Homorpamm B.B. Jlyrosckoro m C.M. MaHeHko (MOMEHT MHepuuu
macce! cyaHa onpepeneH no copmyne [yaitepa):

c=o,289\/(1+4z§32)(1+9%‘1 ), (16)

3ecb OTHOWEHWE Agq/ly, ONpepensieTcs NO HOMorpaMmaMm B
3aBUCMMOCTW OT XxapakTepucTuk cyaHa B/d, L/B, Cy, Cg. Ha
OCHOBaHUM 06paGoTkM pesynLTaToB 3TUX PACYETOB NONy4YeHa
npnbrvkeHHas 3aBNCUMOCTb:

B 4 L
¢c=0,121+0,025 (—1+0,35 —Bﬂ+ 0,10Cy+0,0015 , 17
pacyeTbi Mo KOTOPOWM AAl0T pesynbTaTthl, Gruskue K [AaHHbIM,
nony4yeHHbIM HENOCPeACTBEHHO MO HOMorpammam. [ns Bcex
aHaveHn B/d, L/B, Cy, Cg NOrpeliHoCTs He npessiluaeT 5 — 7 %, sa
uckriodeHuem Cy = 0,9 Ans cynoB TexHuueckoro ¢sota, e copmyna
[aeT 3aHKeHHble Pe3ynsTarThl, NOFPEWHOCTE focTraer 15 %.

Ha puc. 5 npusepeHbl peaynstarhl pacueToB ko3dhduUUEHTOB ¢
Ans onpeneneHnst Co6CTBEHHLIX NEPUOZOB Kadku MO pasHbIM
MeToaMKaMm:

1. Metoauka Peructpa ans cynos cMeluaHHoro nnasaxus, (3).

2. Metoguka MO, (2).

3. Metoaunka B.K. TpynuHa (13).

4. Metoauka B.H. AudmimoBa (Peunoro Peructpa), puc. 3.

5. Mo copmyre (15).

6. Mo dopmyne (17).

PacueTbl BbINONHeHbl AN CyAHa CMEWaHHOro NnasaHus «Bonro-
Bant» npu pasHbix BapuaHTax ero aarpysku. [Mpu 3ToM OTHOLLEHME B/d
nameHsnoce ot 3,58 po 7,43; otHowenue zy/B ot 0,19 po 0,38;
KO3 (PULMEHT NOMHOTHI NNOLWAAU BaTEepPNUHUN U3MEHSNCSH
HesHauuTensHo (Cy~0,900).

AHanus np1BEJIEHHBIX 3aBMCMMOCTEI NOKa3bIBAET, YTO XapakTep
u3MeHenusi koacbcuumenta ot /h/B y psiga MeToauK npakTUYeckm
OAMHaKOB: C pocToM ./h/B BenWuMHa KOIPULMEHTE ¢ MOHOTOHHO
ymeHbuiaeTcs. VicknioueHnem sensietcs metoamka 2 (MMO), cornacHo
KOTOPOW KO3(OhULIMEHT C HE 3aBUCUT OT ﬁ/B, a Taioke MeToaukM 1 u 4,
koTopble Npu GonbwKX oTHOWeHUsX B/d ¢ pocTom ﬁ/B Jaior pocr
3HauYeHus KkoadpuuMeHTa ¢, 4TO MOXET MpPMBECTN K POCTY
COGCTBEHHOTO NeproAa Kadku C POCTOM METALEHTPUIECKOH BbICOT,
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@ 3T0 NpOTUBOPEYUT ONbITHBIM AaHHBLIM. [NpakTUyeckn Ans Bcex
BapUaHTOB 3arpysku CyAHa 3aBbllLEHHBIE 3HAYEHUS KO3gULMEeHTa
Aaer metoauka Peructpa Ans cynoB CMELIaHHOTO MiaBaHUs — 1, a
3aHwkeHHbie — MeTtoauka B.K. TpyHuHa (3). Metoanka 1 paer
pesynkbTartbl, Gnuskue Kk pesynbratam meroguku UMO Tonbko npum
Gonbwmx 3Hauenusx /A/B M He CAMWKOM BONbIIUX B/, a
MeToauka 3 npu manbix JF/B n BA. Tak kaK BrWSHUE OTHOLLEHUS
WMPWHLI K ocajke 3aecb He yuuTbiBaeTcsi, To ¢ poctom B/d
pacxoxgeHwe ysennumBaetcs.

Ha puc. 6 conocrasneHsi 3asucumocTy koathduumenTa c,
Bbl4KCrieHHoro no cdopmyne MO u no npegnaraemot metoguke (17)
Mpu M3MEHeHWn napameTpoB B/, z/B, Cy, B WMPOKKX npeaenax,
NEpeKpLIBaloWKUX NPaKTUY4eCKn BECh [UAaNasoH U3MEHEHUS 3Tux
NapameTpoB AnA peanbHbIX CyAOB, KakK HEOTPaHWYEHHOro, Tak W
OrpaHM4EHHbIX paloHOB  nnaBaMusi: B/d=2--8: Z4/B=0,2+-0.6;
Cw=0,70+-0,90. M3 npusegeHHbIX 3aBUCUMOCTE BMAHO, 4TO
npeanaraemas metovka onpegenenus kosdbduumedta c
npakTuiecku cornacyercs ¢ metoaukoit MO npu B/d>4, Ho umeer
Psin NPEMMYLLECTB, T. K. YYUTHIBAET BAMSHUE aNNMUKATbI LleHTpa
TAXECTU cyaHa Ha CoBCTBEHHLIN nepuon GopToBOI Kauku cyAHa u
Gonee NOSHO y4YMTLIBAET OTHOLWEHMe B/d.

lMpoBepoyHble pacueTsl BLINOMHEHDI Ans 79 cynoB pasnuuHbIx
TUNOB NPU pasHbIX BapuaHTax 3arpyaku (scero 289 BapuaHToB) K
COCTOAIT U3 pacyeroB ko3h(pMUMEHTOB €, COBCTBEHHBLIX nepuogos,
aMNIATYAL U YCKOPEeHW GOpTOBOI Kkaukn cyaoB TPEMSI pPasHbIMM
BapuaHTamum:

1. Mo ™etoauke MMO, kotopas ApUMeHsieTcst npu pacyete
aMniMTyA Kadku cyaHa (Kputepus rioroapl).

2. Mo metoguke lNpasun PC, npuMeHseMoii ANsA pacyera 4acToThbl
Kadku (KpuTepus yckopexus).

3. MNo npepnaraemoii meTopuke.

Pesynbratsl pacyetoB nokasbiBaloT, 41O npegnaraeman Meroguka
onpefeneHns CcoGCTBEHHONO Mepuofda Kaykv ansl BCEX TWMOB cynos
YAOBINETBOPUTENLHO cornacyetcss ¢ metopukoit VIMO. MeTtoauka,
NpUMEHseMas! Ansi onpeaerieHns YacToTbl Kaqukv Npu pacdeTe Kputepus
YCKOpeHusi, Nnpu Manbix 3HaueHuax napamerpa n1=(hol3\/'\7)(B/zg)<O,10
fAeT 3Ha4YeHs NepuoaoB CYLLIECTBEHHO (B [BECSTKU pas) oTnuyaloLLmecst
OT ApYMWX METOAMK, YTO CTaBUT MOpJ COMHEeHue NpaBoOMEPHOCTL ee
NPUMEHEHUST AN CYROB C Marnoil OCTOMMMBOCTBLIO (MeTaueHTpUYeckne
BbICOTHI MeHee 0,5 M).
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PasHuua B cOBCTBEHHLIX nepuosax Kauku no npegnaraemMomn
metoauke u  Metopuke UMO (puc. 7) He Benuka v He npeBsbiaeT
11 %, npwyem npu zy/B~0,33--0,35 oHu paior NpaKTU4ecKu
OAWHaKoBbie pesynbTathl, Npu z,/B<0,33 nepuos kayku no
npeanaraemoii MeToanke MeHblue, a Npu z4/B>0,35 6onbLue nepuosa
kauku no meroamke MMO.
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Puc. 7

TMepuons! kauk1 CynoB HEOrPaHUIEHHOTO palioHa:
T3 — VMO, T; — npepnaraemas Meraguka

Bausnue meToavku pacueTa COGCTBEHHLIX NEPUOJOB Ha
amnnuTyabl 6OPTOBOA Kaukm ANS BCEX PAGCMOTPEHHbIX BapuaHToB
3arpys3ku cynoB NpakT4eckn OTCYTCTBYET (pasHuua B Npeaenax OfqHOro
rpapyca), puc. 8, 9. O4eBMEHO, YTO M KpuTepuit noroge npu pacuete
nepvoga no npeanaraemoit MeTovKe NPakTUMecKU He N3MEHUTCS.

PacueTHble yckopeHns BbluucrieHst no dopmyne Peructpa
8pacy=0,0011 Bm?6,, yacTotbl Kaykm onpegenexs! COrnacHo U3BECTHON
saBucumoctu m=2rn/T. B uenom, ecrm He NPMHUMATL BO BHUMauue
fIBHbIE OLUMGKM NpK ONpPeAEerieHN YacToTbl Mo METOAMKE OnpesereHs
4acToTbl ANA CYAOB CMELUAHHOTO palioHa nnasaHus (Manbie
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METaleHTpUYeCKne BbICOThI), NOrPELHOCTL AfA YCKOPEHWA He
npesbitlaeT 20 — 30 %.

®opmyna ¢=0,121+0,025B8/d+ 0,35z,/B+0,10Cy +0,001L/B
npefnoxeHa Ana BknoveHuss B [Mpaeuna PC, n. 2.1.8 «Pacver
aMnnuTyast kadkuy, a Taioke B Kogekc no ocroitumeocty VIMO.
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VIK 629.12:532

B.I. 3unvxoscxuii-I'opbamenxo, /L5, Bnazosudos

AMIMTNUTYAblI KAYKU TNNABKPAHOB U KPAHOBbIX
CyAOoB B HOBbIX TPEBOBAHUAX PEFNCTPA
K OCTOMYUBOCTHU

BronnereHem usmeHeHuit u pononHenuid Ne 2 k Tpasunam
KnaccuimKaumm ¥ NoCTPOKM MOPCKMX CyaoB Poccuiickorc Mopckoro
peructpa cyfnoxoactsa usa. 1999 r. (Mpasuna PC) BeeneHbl B
OencTeue Hosble TPeOOBaHMUS K OCTOMYMBOCTY NMaBy4ux KpaHOB
kpaHoBbiX cynos (MK n KC) [1]. VismeHeH pacyer aMnnuTyab! Kauku.
O6nacTtb npumeHeHKs TpeGoBaHnii B OTHOLLEHUM pacyeTa aMnnmTy bl
Kauky pacnpoctpaHeHa Ha KC B pabouem coctosHum.

INMpeagycmoTpeHo, 4TO0 aMifnMTYAa Kadku onpeaensercs
MOZENbHLIMW MCTILITAHUSIMKU WITM PACHETOM.

OCHOBHbLE TONOXEeHWs], MPUHATBHIE MPYU paspaboTke pacyeTHOro
MeTofa onpeaeneHns aMmnnuTyabl Kaquku, U3NoXeHbl HuXKe.

O680opk! KC 6nm3ku k 06Bogam 06biMHbLIX cygoBs, Ho KC otnvyatotes
OT OBbIYHBIX CYA0B GOMLLUIMM OTHOLIEHWEM LMPUHBI K OCA/IKE U BbICOKO
pacronoXeHHbiM UeHTpoM TaxecTn. boprosas kauka MK u KC
coBepluaeTcs noj 3HaAYMTENbHBLIM BAUSHUEM NONEpeyHo-
TOPU3OHTaNbHOW Kavku. JTO 06CTOATENbCTBO, He yuYuThiBaemoe 8
00bI4HbIX criocoGax OUEHKM pacHeTHOW aMmnuTydbl Kauku, CRyXuT
OOHMM U3 OCHOBaHWIA, 3aCTaBNSAICLMX MPUMEHATb CleunanbHyo
npouenypy OLEHKN pacHeTHoW amnnmTyabl kavukm MK u KC.

Tpebosanua Mpaeun PC k 06blYHbIM CyRaMm OTHOCATCS TOMbKO K
ycnosuam nepexopa, toraa kak ans K m KC Tpebyerca ouexka
OCTOMYMBOCTM B LUIMPOKOM AMana3oHe BHELLHMX YCHOBUIA U COCTOSHMIA
MK un KC:

B pabovem COCTOsIHMM, HAa OTHOCUTENbHO cnaboM BORIHEHWM;

npu nepexofe/neperoHe — Ha CUITbHOM BOFTHEHUM.

HoBasi pegakuusa TpeGoeaHuit paspaboTaHa ¢ y4eTOM OTMEYEHHBIX
obcrosaTenscrB. Ha pacyet amnnutyae kadku KC Ha nepexoge Peructp
pacnpocrpanun Tpebosanna Kopekca MMO.

Amnnutyna kauku TIK v KC BbiMUCnsieTcs ¢ Ucnonb3oBaxuem
pelieHnin rmapoanHaMmUYecKon TEOpUM Kaykn U PeayrnbratoB
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thnuandeckoro MogenupoBaHusi, a TaKke annapara crneKTpanbHOM
Teopuu criydanHbIX npoueccos. [peanonaraercs, yTo amnnuTygbi
GopTosoit kauku pacnpeneneHbl no 3akoHy Penes. B kavecTee
PacyeTHbIX 3HaUSHU aMNMUTYA Kadku, kak v B Mpaeunax PC 1999 r.,
ncnonb3yloTes aMmIuTyAbl 1,1-npoueHTHol ofecneveHHocTn (1. e.
pacueTHas amnnuTyga Kaukv NpUHUMaeTca PaBHOM TPeM CTaHaapTam
npouecca kauku). BomnHeHve sapjaeTcs ABymMs napaMerpamu —
BbICOTOW BONMH 3-NPOUEHTHOW oBecneyeHHOCTH hzy, 1 Yactoton
MaKCUMyMa CneKTparnbHOW NAOTHOCTU ®py,, YTO MO3BOSMSET YYUTHIBATD
MECTHble 0co0BeHHOCTU BONHOO6pa3oBaHus.

AMNNUTYQHO-4acTOTHas XapakTepucTuka O () BopTOBON Kaukm
CyAHa nNpuHATa COOTBETCTBYIOWAA M3BECTHOW CUCTEMEe YypaBHEHWi
nonepeyHon Kadku:

(A+ doo) TG+ tooN e — jazb— e = r F.cos of + roFssin of;
(Ixa+ Aaa) +Aggb+ GARO —~ pogTic — AoaTi o = ruM.COS 0t + rM,sin o,

McnonbsoBaHne 3TOit CUCTEMbI YpaBHEHWA BMECTO OBbIYHO
NPUMEHAEMOrO NpU HOPMUPOBAHUN OCTOMYMBOCTU «YKOPOYEHHOIO»
ypaeHeHuss GoptoBon kauku [2, 3] noseonseT y4yecTb BnusHMe
KOahhULMEHTOB CBABN |y, Ay, i%] Ha pacUeTHyIo aMANUTYAY Kauku.

MeToabl rMapoAuHaMMIECKon Teopun kauku [4, 5, 6] nossonsiot
NONYy4UTb OUSHKM IMOPOAVHAMUYECKUX KO3(DUUMEHTOB ypaBHEHMW
Kadku, ‘HO 6e3 ydyeTa BrMsIHMSA BSISKOCTU BOAL! U TPEXMEPHOCTY
obTekaHus. YueT BnusiHMs nocnegHmx chakTopos Ha koachhuumeHTsI
ypaBHeHWil, Haubornee CUNbLHO BAMAIOILME HA PEe3yNbTaThi pacuera,
BLIMOHAETCA C UCMONb30BaHWEM SKCNEPUMEHTANbHBIX AaHHbIX.

Mounckosbie pacueTsl nokasanu, 4To NpUeMnemMyto TOYHOCTL B
onpeaeneHuy KoadULMEHTOB rMAPOAUHAMUYECKUX CUN MOXHO
nonyuuts Ans MK u KC, euiuuchss ux ana Kopnyca B LIENIOM — Kak
AN NOHTOHA, JKBMBANEHTHOI0O NO HavyanbHOW OCTOWYMBOCTMU
pearkHOMY KOpnycy CyfiHa Npu TeX e 3HaYeHUsIX BOAOU3MELLeHUS 1
OIWMHbL.

Ans onpenerieHns BA3KOCTHLIX KOMINOHEHTOB Wi Ajj vcnorns3oeaHbl
pesynsratbl MOAENbHbLIX UCNbiTaHuA [7], OTKOPPEKTUPOBaHHbIe Mo
pesynbTaram UCTbITAHWM KpyNHOMAacLUTaGHLIX Moferneit MOHTOHOB
(Bw=1,5 W, [8]),  mopenu kpaHoBoro cyaHa (B,=0,88 M, [9]), a Take
pesynbTarbl UCTibiTaHui MOAesen nnasy4nx KpaHoB U KPaHOBbIX Cy/10B
B UHWW vm. akan. A.H. Kpbinosa (B,,=0,75 m, [10]) v NopbkoBckom
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MonutrexundeckoM WMHcTtuTyTe. Beinu wcnonb3oBaHbl U Apyrue
JOCTyrHbIe MaTepuaribl.

MpeaeapuTenbHLI aHanua pesynbTaTtoB MUCMLITAaHUA KPYMHBIX
mopenei metoaom cBoGOAHbIX 3aTyxalowmx KoriebaHun nokasart, uro
pesynbTaThl Pas3nuyHbIX 3KCNEePUMEHTOB TMIOXO COrMacyloTcst Apyr ¢
Apyrom. MoaTomMy AOCTOBEPHOCTb OLIEHOK BSI3KOCTHBIX KOMIOHEHTOB 5,
Aj KOHTpONVpOBanach NOCTPOEHVEM KOPPENALMOHHLIX Nonew, T. e.
nyTem CpaBHEHUsA PacHeTHbIX 3HaueHUi K03 PUUMEHTOB 3aTyxaHus co
3HaYeHMSAMU, NOMYYEHHBIMU HENOCPELCTBEHHO U3 WCMbITaHWA
mogeneil.

KOppensiumMs VaskenSVopacys NOKa3ana, uto pacyeTHble 3Ha4yeHus
K03 (PULIMEHTOB 3aTyxXaHms, COOTBETCTBYIOLUME NPUHATLIM B pacyeTax
Hj» Aj HESHauuTenbHO (B cpenHem Ha 15 %) 3aBbILIAOT 3HAYEHUS Vv,
NOMyYeHHBIE U3 UCNbITaHWUH KpynHoMaciuTabrbix mogenen (B,=1,5m);

Ha ocHoBaHMM pe3ynbTaToB MaTemMaTU4eckoro M uandeckoro
MOZENUPOBaHUSA MNPUHATO, YTO aMmiMTY[a Kauykh Ha BOJTHEHWUN
rnoHToHa 6e3 CKynoBbiX Kunel B npeaenax MWHEHHOCTW Auarpammbi
OCTOMYMBOCTH W AeMNUPOBaHUA NPEACTaBNeHa KakK:

2
90=‘f(B'! Z'G_d ’ ae, h3°/n! h3°/6mm ’

T. €. KaK (OyHKUMA NSTN NepeMeHHbIX.

Mocnenuss 3aBUCUMOCTL M NOMOXEeHa B OCHOBY crnocoba pacyeTta
amnnuTya kavku MK n KC.

AIIropUTM pacyeTta 6, peanusoBaH KOMMbIOTEPHON MPOrpamMMoi.
MosnyyeHHbie aMnAUTYAbl MOryT ObiTb HENOCPEeACTBEHHOo
MUCTIONB30BaHLl B LENIAX HOPMUPOBAHWA OCTOMUYMBOCTU TNasByuunx
KpPaHOB U KpaHOBbIX CYAOB B paboyemM COCTOSHUM.

Mpu TpaguuuoHHom ans MNpasun PC pacyete «BpyuHyio», pacyer
aMnnUTYABLl Kauykn Kak (yHKUMM NATH nepeMeHHbiX Tpebyer
MCNoOnb30BaHus Tabnuy ¢ NaTeio Bxoaamu. O6bem TakmMx Tabnuy, ans
obecrie4eHns AOCTAaTOMHOW TOYHOCTH, nonyuuncs Gbi HepJonycTMMO
Gonblumm Ansa nometuenus ux B MNpasuna PC. B ceasu ¢ aTum Obinm
BbIMOMNHEHB! OGLLUMPHLIE pacyeTbi C Lienbio paspaboTku 6onee npocToro
criocoba pacuera. B KOHEUYHOM cueTe, CoKpallleHue obbema Tabnuy u
YApOLLEHe UX CTPYKTypbl Gblnv AOCTUTHYTHI B pesynsrare yuyera
KOppensiuMM napaMeTpoB camoro cyaHa ans peanbHbix MK u KC, n
yy€eTa HeKOTOPbIX 0COBEHHOCTEN CTPYKTYPbl 8HANMTUUECKOro ONMCaHus
criektpa BonHeHusi. Kpome TOro, vcnonb3osana annpokcuMalmsi
HEeKOTOpbLIX 3aBUCUMOCTEN aHanUTMHECKUMU BbIP2KEHUAMMN.
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PacueTbl nokasanu, 4To npuemnemblil 0Gbem pacueToB «BpYUHYIO»
MOXHO ofecne4nTb, ecriv [onyCTUTHL AOTPELLHOCTL annpOoKCUMALMK
KOMMbIOTEPHBIX Pe3yribTatos (B GE30nacHylo CTOPOHY) Ha BENMUMHY:
npy Manbix amnnuTyaax Kadku — nopsigka 0,1°, u okono 2° — Ha
GornbluKMX amnnuTyax.

Mpu kauke B ycrosusx nepexofa/neperona aMnnTyga Kauku
MOXeT oKasaTbCst 6nu3Kkoil K yrny Makcumyma auarpamme
OCTOM4MBOCTU, U AOMXKHA ObiTe OTKOppEKTMpOBaHa Aans yyera
BSIMSIHWS HEMTMHENHOCTE! BOCCTaHABNMBAIOWMX W BO3MYLLAIOWMX CHTT,
a TaKKe HenuHerHoro aemnupoBaHns Kauku.

MNpuHATEIA cnoco6 pacuyeta Gonbwux amMnnuTyn Kauku
npepycMaTpuBaeT KOPPEKTUPOBKY aMIIUTYL Kauku:

1 — Ans KOCBEHHOro y4yeta BRUSIHUS OTHMYUUA B dhopme
LINAaHroyToB CyAHa B OKOHEYHOCTAX OT UX (hopMbl B CpefHei 4yacTu
Ha Ko3ddUUMeHTbl ruagpoanHamuyeckux cun. B kayecTee
0GOBLEHHOr0 napameTpa, ONUCLIBAIOWEr0 yKasaHHbIe pPasnuyus,
NPUHATO OTHOLUEHWE KO3(pUUMEeHTa MONHOTHI BatepriuHum Cuy K
K03(P(OULIMEHTY NMONTHOTHI NOTPYXEHHON YacTu auameTpany Cyy/Cor;

2 — [and ydeTa BNvsiHWS BXOAa KPOMKM nany6bl B BOAY U BbiXxoaa
CKyIbi M3 BOAbL. 3Ta KOPPEKTUPOBKa BBOAUTCS, €CIIM aMINIMTYAA KauKu
npesbillaeT ymbl Bxoga nanybbl B8 Bogy M BbiXxoga CKyfibl M3 BOAB!.
Mpoueaypa KOPPeKTMPOBKM OCTaBlieHa Toil e, 4TO U B Hopmax
octonumsocTu MK 1999 r;

3 — AnA ydeta BNUSHUS CKyNoBbIX kuneit. Mpu 3ToM B KauecTse
napameTpa, onpenensioLLero norpasky, BMECTO OBbIMHO MPUMEHSeMOM
OTHOCHUTESTEHOM FNOLAAN CKYNoBLIX KWmei MCMonbaoBaH napameTp,
MMEeIoLLMA cMbicn GespasMepHOT0 MOMEHTa NoLLaam CKYNOBBIX KWMEn.
OTO NO3BOMSET YYECTb, YTO KPAHOBLIE MNABYUMe COOPYKEHMS, MMEIoLLE
Gorblume 3HadeHusi BEMIWH (Zg—d)/d n BI(Cgd), copepuiaioT Kauky ¢
«30HON MOKOs1» (Ockio konebanuit), pacnonaraloleiicss Mo BLICOTe
NPUMEPHO Ha Cepeauke MexXay BateprnHuen U UEHTPOM Macchl.

CpaBHeHue aMnnuTya Kauku, NOMyueHHbIX KaK OMMCaHO Bbilue, ¢
aMnnuTyaamu, paccunTaHHbiMU Mo MeToauke, npuHsATon B LIHUN
uM. ak. A.H. Kpbinoea v vcnonbayiowlert pesynstatel UCNbITAHWN Ha
TVXO/ BOAE U Ha pErynspHOM BOMHEHWUN Mopenei KOHKPETHbIX
00beKToB, AaHo Ha puc. 1.

CpaBHeHue pesynsTatos pacyeToB Nno npeanaraeMomy crocoby ¢
3KCNEepUMEeHTanbHbIMY  pesynbTaTaMmn [Anst HeCKONbKUX Mopernei
npvBeaeHo Ha puc. 2. BuAHO, YTO pacueTHble OUEHKM aMnnuTyg,
OTKIOHSIIOTCA OT SKCMEePUMEHTANbHbBIX B 6230nacHylo CTOPOHY.
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Kpasnosoe cydso ¢ kparnos zpysonodvemsiocmyio 600 m (KC 600),
i 63 xoda, KY=90°

( 1%, Tpag

w
o
1
T

Tlo npermaraevioMy paCIETHOMY METORY
[ d
=]
N

“’::hz%
g
hggg [+

f 1,25 03405

2 4,25 01279

3 3.5 0,3798

4 35 0,1755

10 5 60 03702
6 60 01768

’ 7 11,0 03642
8 11,0 0,1735

20 b, rgan

10110 merony IIEHM

Puc. 1
Koppensiumst pacyeTHbIX aMnnuTys Kaqki ¢ amanuryaamm Ans cygHa KC600
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Tlpoexr 18071 18071
U, rpen ox
Pacuer
30+
18071
%
Tlpoexr KCEO0
Mpoerr 15210 ¥ X
207 150310 KC600
@p
* - hBv=5,83m
Tipcext 15202 ® - h3'/o=8,5 M
e x - b3%=10,61m
104 {smg KFO00
} } ——
0 10 20 Ur.t%, 2pog
SKTMERUMEHM
Puc. 2

Koppenisiuua pac4eTHbIX U 3KCrepUMEHTAIBHbIX amnnuTyg Kavku ans MK u KC

Mpennaraemblii cnoco6 Gonee AeTansHO YYWTHIBAET BAMSHYE Ha
ka4Ky aGComoTHbIX pasMepoB, hopMbl W Harpy3aku N1aBy4nxX KpaHoB ¢
KPaHOBbIX CyAoB, Y4eM [pyrue U3BeCTHble crnocobbl. DTO WMCT-
PUpPYET pUC. 3, Ha KOTOPOM NPeICTaBEHb! OLEHKN aMITUTYL Kauky 1o
Kopekcy UMO [11] B cpaBHeHun c pacueTom o npegnaraeMomy
crocoby Anst pafia KpaHoBbIX CyAoB.
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Tlo npennaraemo My coco 6y

40+

307

20T

hs=10,61M

Mpoexx 1810, A =2575 ¢

Tpoexs 1807, A =999 1

¥Orocuasxuit npoexr, A =3546 T

Nomexsitnposer, A = 1662,8 1

e
Tpoesr 1600, A =518 1 /f/@ &

Prmexuii mpoexs, A = 28894 7 /
"AzepGatmman A = 16057 ¢

>y
Tpoext 16680 céb = 21226 T
(OBHOKOPIIY CHbIH BapiarT) /@)

*Asepbafigxan”, A = 203171 / '

10

¥ } t } } - f—
20 30 Lk rpaz
Tlo anbTepESMEABIM TPeOoBaHIM TIpanwi 1999 1.

Puc. 3

Koppensuus pacueTHLIX aMifIUTyR Kavku no HoBbIM TpeBosanuam u Kogekcy MO

BrnvsiHne Ha Kauky aBConioTHOrO pasmepa KpaHOBbIX CydoB (npw
(hMKCUPOBAHHON BLICOTE BOMHbLI) NoKasaHo Ha puc. 4. OTyernuBeo
BUAEH 3peKT BRMSHUS BOOOMSMELLEHUsI CyOHa Ha aMnnuTydy ero
KauKu.
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h»=10,61M

304-

204 T 09T CHETiE TP OeRT

" Aseplaitypxan” Bapranr 2

"Azeplaiipran" Bapranr 9

10

. -
10 20 30 A, rac. 1

Puc. 4
BnusiHue BOAOUIMELLEHUS Ha AMIIIMTYAL! KAYKK NpU h3%=10,61 m

3aknoyeHue

PaccMoTpeHHbIii crocol OLeHKU pacyeTHOM aMNAMTYabl Kayku,
ucronb3yembli B HOBOW peaakuMn TpeboBaHWii K OCTOMUMBOCTU
nriaBKpaHOB M KPaHOBBIX CyA0B Gornee AeTanbHO YYUTLIBAET BIMSIHUE
Ha KauKy abcontoTHbIX pasmepos, hOPMbI 1 HarPy3Ku STUX CynoB, TeM
cambiM obecnieuvBasi OQMHAKOBYIO CTENeHb MX BEe30NacHoCTH nporus
ONPOKWUALIBAHWUS U NONYYEHUst HEAOMYCTUMBIX KPEHOB.
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Mo Mepe nosiBNeHNs HOBLIX TUMIOB NNABYYUX OCHOBAHWMA 1 OnbiTa
npumeHeHns TpebosaHuid, GyayT BHOCHMTBCA COOTBETCTBYlOLINE
OOMOSTHEHUS! U U3MEHEHUS.
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MpoYHOCTb KOPNYCOB CYAOB W MNABY4MX COOPYKEHUIA

VIK 621.12.001

I’B. Ezopos, B.B. Kosnsaxos, M.A. Kymeiinuxos, A.B. Huodxoscxuii

ONPEAENEHUE NPEQENbHOWU BAJINILHOCTMU
BOJIHEHMA NO KPUTEPUAM TNMPOYHOCTM
A5151 KOPMyCoOB CyoB

BBeneHve

OrtedecTBeHHbIE Cyaa OrpaHUYEHHOTO paiioHa nnaBaHus (COPI)
[1] RoctarouHO uacTo coBeplialoT nepexombl BHe paspelleHHbIX
paifoHOB NnasaHna C uenbio nepepucriokaumn (¢ BanTuiickoro Ha
HepHoe mope 1 0GpaTHo, nepexoabl Ha JansHuit Boctok 1 06parHo u
T. 1l.) UNK 1151 PEMOHTA Ha BLIGPAHHOM CYLIOPEMOHTHOM NPEANPUSTAN.

B crarbe npusoauTes 06ocHoBaHME METOAUKN OLIEHKM NMPesenbHOM
WHTEHCMBHOCTM BOMHehust ana COPIl B MOpPCKMX YCHOBUSIX noO
KpuTepusaMm oblien U MecTHOIl NPOYHOCTM Kopnyca C Lenblo
nocnegyiouiero onpejeneHusi paioHOB W Ce30HOB NfaBaHus,
BesonacHbLIX ANs WX nepexonos.

OCHOBHbLIM PE3ynLTaToM NPUMEHEHUS AaHHON METOAMKMA SIBNSIETCS
onpejeneHne [onycKkaemon Mpy NeperoHe BLICOTbLI BOJHbI ©
3-NPOLEHTHON 0BECNEYEHHOCTLIO fizy, MO MPOYHOCTHBLIM KPUTEPUSIM,
NpY ycrosun HapgexHoro ofecrieyeHwst NporHo3a BeTPOBONHOBOIA
06CTaHOBKM Ha Tpacce.

Cyilecteyowan meroauka [2] He B nonHoit Mepe y4uTbiBaeT
BbILLEYNOMSAHYTbIE KPUTEPUN, COAEPKUT ONEYaTKy U HETOYHOCTHU.
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O6ocHOBaHMEe KOHLENLUMU

Cypa orpaHuW4eHHOro paloHa mnrasaHusi MOryT coBepliaTb
pasoBble MeperoHbl npofomkuTenvHoctblo T,=10...150 cyTok (ot
1000 munb go 18000 munb Npy cpefHein NyTesoi ckopoctn 5 yanos),
4To COOTBETCTBYET, B cpeaHem, ot 7,810% mo 1,17-10° uuknos
BOIMHOBLIX HArpy3oK Npu cpeaHem nepuoae Te,~9 cek.

[octatoyHasa ANMTENLHOCTL MEPeroHoB TpebyeT KOHTpons He
TONbLKO NpeaenbHoi NacTUHECKOW NPOYHOCTU CYAOB, HO U
YCTanoCTHOrO pecypca KOpryCHbIX KOHCTPYKLWA.

HecMmoTpsa Wa Gonbllyld TOMHOCTL U MpUBREKaTeNbHOCTh
KOHLIENUWN OLeHKN NPefenbHON 1 YCTanoCcTHOM NPOYHOCTM Ha OCHOBE
[ONrOBPEMEHHbIX pacnpegeneHuii BOMHOBLIX Harpy3oK, 4acTu4HO
peanusosarHyio B Mpasunax PC 1990 — 2002 rr. NPUMEHUTENBHO K
OKEaHCKuM BYKCUPOBKaM nnaByumx AokoBs [3], Heo6x0ouMO OTMETUTD,
yTto oHa TpebyeT Gofiee TOMHOrO yyera OrpaHvyYEeHus BbICOT BOMH B
npepenax Kaxgoro mopckoro 6acceliHa no Tpacce W AeTanbHoro yueTta
rmapoavHammudeckux ocobeHHoctein cynos. [ns o6ocHoBaHus
NeperoHoB Cy4OB MO CryvaHbiM Maplipytam B CXATble CPOKW
nopobHbLIM Noaxoa NPecTaBrseTca U3NULLIHE rPOMOSKUM.

Ecnn yuyectb obszarenbHoe Hanwuue Ha COPI1 npuemHukos
cnyx6sl HABTEKC, a Tarke ¢hakcoB AfA Nony4eHus coobLueHuii o
COCTOSIHMM NOrofibl, KOTOpbLIE CYWEeCTBEHHO MOoBLIWAIOT
MHOPMUPOBAHHOCTL CyAHa B OTHOLWIEHWW MPOrHO30B M (haKTUHECKOW
BETPOBONHOBOW OGCTAHOBKA M BO3MOXHOCTU [/MTENBLHOIO OTCTOA B
mMecTax-ybexuiiax, To LenecoobpasHo 19 pellueHns MocTasNeHHo’
3afa4v UCNONb30BaThL KOHUENUMio Hanbonee TSHKENIONo pexuma
nnasaHusi B NpenenkHbIX CTauMOHapHbIX pexmmax BOonHeHws!, Koraa
obwme M MecTHble BOMHOBbIE HAIPY3KW pacnpeneneHbl Mo 3akcHy
Penes [4].

OtHocUTENBHOE BpeMs NPEeBLIBaHNA Ha NPeaen-HOM BONHEHWN Ty,
(LuTOpMOBaHME) Ha OCHOBE ONbITa OKEaHCKUX MEepPeroHoB MOXHO
cuutaTth pasHbiM 20 % ana kopotkux Tpace (~ 1000 munb) u 10 %
Ans caMbiX ANMMHHBIX Tpacce (o 18000 mwunb). Mpu apyroit anvHe
Tpaccel, Ty onpegensetca NyTeM JIMHEWHON WHTEpnonAuMM no

topmyne:

_ T,—10
T,=Tu(0.2— 7550
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Kputepuit o6uei npesenLHON NNAcTUYECKON NPOYHOCTYM KopRyca

B cooteerctBMM C pekomerpaumamu [5], ycnosue obecneqenus
npeaenbHOn NnacTUYecko NPOuHOCTM B Hawbonee ocnaGneHHoM
CeueHUn cpefHen YacTv CyaHa MOXeT BbiTb NPeacTaBneHo B hopme:

rae Ks=1,2 ... 1,3 — koachthuumerT 3anaca Ans cyaHa Ha NOAOWLES Ui BepLIMHE BOSTHbI
COOTBETCTBEHHO;
Mgy — BuHaMuyecknii M3ruGaloumin MOMEHT.

YunTbiBasi BOSMOXHOCTE M3MEHEHUst CKOPOCTM WM 0Cafku npu
neperoHax, MOXHO NPUHATb, YTO My He npesblwaer 10 % or Mg,
YCIoBME MOXHO NPencTaBsuTh B BUge:

1,1Ms < Mnp/Kz— Mg, M

YuuTbiBas KpaTKOBPEMEHHOCTh U MEHbLIMI PUCK Npu Pa3oBOM
neperoHe, KO3(phuLMEHT 3anaca MOXHO NPUHSATL pasHbiM Kz=1,15, a
MaKcUMarbHOe 3HayeHue BONHOBOMO uarubalollero MomMeHTa —
paBHbIM 4,5 cTaHjapTaMm BOMHOBOTO WU3rMGAIOWEro MOMEHTa o) Ha
CTaLOHapHOM 3-MEPHOM BOMHEHUN C BLICOTOM BOSHbI A3y, M CPEaHUM
nepnoaom Tep(L).

CornacHo [6] cTaHaapT MOXHO NpencTaBUTL Kak:

om=hayKeBL?U(e = TE™/Tcp),

rae Kz — MaKcuManbHOe 3HaueHvie AaMMUTYOHO-4aCTOTHOM XapaxTepucTvku gnsi
BOMHOBOTO M3rMBaloLLero MoMeHTa;
U(e)~0,13 ana 3-MepHoro sanHeHUst Npu KosMduUMEHTe HacTPoikM s~ 1 ... 1,35,

B cootBerctBUM C [5] Kg=2K{Kr@1@203Kqv®. Moatomy
MaKcumanbHoe 3HaueHue Mg C Y4eToM y4apHOro MOMEHTAa MOXET
ObiTb NpeacTaBNeHo Kak:

1,1Mg ~4,5h30,KsBL?0,13-1,120,65h50,KsBLZ .
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C yyetom cKasaHHoro, ycnoswe (1) npuBoauT K HOMycKaemomy
3HayeHwio hzo NpU neperoHe U3 ycnosuit obliein npeaenbHON
MAAcTMHECKON NPOYHOCTY:

_0,87Mnp — Mg
hsv%==0,65KaBL? * @)
(Cal)'®
1+(CBI<>L)"E
K= ;H—(a:-la—)fg — npw npormBe cyaHa Ha nogoluse BonMbl (Cgla>0,7);

Ke=(1—5Mg)[1+1,4(FF°— AFP] , npu Fr® = AFr,

1=0225"ICE; 02=(75)" ™" npu L/B<10;

rae K= — nipyn neperube cyaHa Ha BeptuuHe BonHbl (Calo > 0,7);

@3=(L/I17d)*2**M= npn d>0,035L;
o — KO3(HPMUMEHT NONHOTEI BATEPAIMHAN BO BPeMst NeperoHa;
A — BoaouaMellieHve cyaHa BO BpeMsi neperowa, T,
Vp — CKOPOCTL CyfHa Ha TMXOW BoAe, Y3nbl;

9=9,81 m/c? — ycropeHue csobapHOr0 NaneHns;

AFr=0,05+1,5Msw; Mre= q"g—f[ npu [Mrs| <0,02;
FrP=0,25F°[1+(LI100)*°]>0,3F";

Fr°=0,514VngT — uuernio Ppyaa npyv SGBYWKEHVM Ha TUXOiA BOAE;
Kp=4/0,5(1+D/h3s,) npn hay>D nipn nepervide cyama;
Kp=./0,5(1+Do/has) npu hay>Do npy nporube cypHa;

Kp=1 BO Bcex ocTasibHbiX Cnyyasx;
D — Bbicota GopTa cyaHa Ha mugene, M,
D, — ocpeaHeHHast BbicoTa GopTa cygHa B OKOHEYHOCTSX, onpefensemas kak
-cpenHeapyMETUHECKan BEAVMMHA STUX BLICOT MO HOCOBOMY W KOPMOBOMY
nepneHavKynspam, M;
v=1/1+Ay — nonpaska Ha rmbkocTe CYAHa,

) L L
Av=0.045(0t~—0,25)2 m 700 ¢

1 — KO3(AULMERT UCTIONHL3OBAHNA MEXAHUHECKUX CBOMWCTB CTanu,
¢ — PEAYKLUMOHHKIA KOIGULUMEHT ANA CYAOB OrpaHudeHHoro pafiona
nnagaxng;
D4=D+ hy, hx — BbICOTa KOMUHICA, M;
©=0,95(1+p,f-10~2) — nonpaska Ha BONHOBYIO BUOpaumio;
p,,=ot2(0,5+2,5 sin Bo)>a — py 0BbIMHBLIX 0OEOAAX HOCOBOH OKOHEHOCTHN
(6e3 Gynuba);
pr=o2(1+6%) =1 — npu Gynb6080# HOPME HOCOBOH OKOHEYHOCTH;
Bo — yron mexay KacaTensHOM K LWNaHIoYTY 1 BEPTUKAbIO HA ypoBHE Tpy3oBoi
BATEPNUHUA B CEMEHUM, PACTIONOXEHHOM Ha PaccTosHUK 04(1—-Cg)L<0,1L
OT HOCOBOTO NEPTIEHAMKYNADA;
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LVp

F{zz [1 w0022 ]} “wroop.

Ba>|<Ho OTMETUTb, UYTO, B OT/IMUME OT OOBLIYHLIX YCNOBUM
sKcnnyatauumM, BenuunHa Mqg npu neperoHe 6Gonee cTporo
KOHTpONUpyeTcsi M nyTeM onTuMmanbHoi 6GannacTupoBku (Mnu
3arpysku) Ha neperoH MoxeT ObiTb JoBeAeHa [0 MUHUMASbHO
BO3MOXHOIO 3HA4EHWS!, MEHBLUIETO €ro rPaHNYHON BeNUuMHbl Mg npw
NPOEKTUPOBaHUM:

M‘PB = 0,065Wmin:

rae Wnin — MUHMManbHbLIE MOMEHT CONPOTMBAEHUN Kopnyca, TpeByembli
Aencreyiowmmu Mpasunamu PC.

OntumansHas GannactmpoBka (3arpyska) sIBMSIETCA CyWeCTBeH-
HbIM ZOMONHMTENBLHLIM pe3epBoM obLLeit NpeaenbHoi NPOYHOCTH Npu
neperoHax.

KpuTepuit obLueil ycTanocTHOM NPOYHOCTH KOopnyca

Honyckaemasn Bbicota BonHbl hzy, M3 ycrniosus obecneveHus
yCTanocTHOW npoyHocTu npu obuwem uarnbe moxer 6GoiThb
onpepeneHa Ha ocHoBe pekomeHaaumi MAKO [7] u cratbu [8],
KOTOpble BMOSIHE COOTBETCTBYIOT MO (PU3MYECKUM NPEANOCHUIKaM
pekomeHAaumam [5] u3 oueBMOHOrO YCNOBUS, YTO YCTaNOCTHLIN
pecypc KOHCTPYKuun T, BO BpeMms neperoHa He [OMKeH ObiTh
meHbiue 7,>(0,1 ... 0,2)Tn.

MpumenuTensHO k npeanonaraeMomy Bpemenm npeboiBaHus T, Ha
CTauMoHapHOM TpexXMepHOM BOMHEHWU BO BPEMS MeperoHa ¢
NPOAOIKNTENbHOCTLIO Trp (CYTKM) C BbICOTOM BOMHbI hzy,, MOXHO
3anucartb:

Th—10
1400

B cootsercteumM ¢ pekomengauusamu MAKO [7] v pesynbratamu
cTatbn [9] ycTanoCTHbiii pecypc TWUMOBOIO Y3na KOHGTPYKLMM
onpenenserca no gopmyrne:

T,=T8(02- 1022, 10< 78,<150 (cymxu).

Ty=TcpNo@1(X1, m4, mz, K),
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rae Top4lgL — cpepHuii nepnon BONHOBBIX HArpPy3oK, C;
No=10’, my=3, m,=5 — napametps! yHupunumposaHHoit MAKO GunnHeiiHoit ycTanocTHou
KPWBOW ONS CBapHbIX Y3NOB pa3nivHbix KhaccoB U3 Katanora HSE [7];
Xy=04lag — napameTp HaNpRXEHHOCTU TUMOBOTO CBAPHOIO y3na;
&g, K — paamepHblli napameTp W napametp (popMbl [ONrOBPEMEHHOro
pacnpeaeneHus CyMMapHOM HanpsbkeHHocTy (3akoH BeitGynna);

1
ca=0om~%41,1 (——gg—gﬁ °S7) — pasmax npeaena YyCTanocT¥ ysna G Y4eTom

xapanepucmx marepuarna m HanpsbkeHuii Ha TUXoit Boae;
OTe= MTB 10 /W Ml’la
° — YCNOBHbIE PasMaXy NPeaesnos YCTanoctu CeapHbIX Y3rios ua karanora HSE.

CoorteetcTByIOILME BefWYMHbl npu N= No=107, ornpeneneHsi B
Tabn. 1, [9].

Tab6nuuya 1
XapaKTepuCTMKY CBapHbIX Y3508 PasfMyYHbIX Kinaccos U3 karanora HSE
Knacc B C D E F F2 G w
yana
o5, MMa| 83,36 | 70,20 | 53,36 | 46,81 | 39,80 | 35,10 | 29,19 | 21,00
oy 1,00 1,18 1,56 1,78 2,09 2,37 2,86 3,97

Yaen mna «B» — 310 obpasew), 3 iuCTa ¢ NPOKATHO NOBEPXHOCTLIO
¢ Xopoluo 06paboTaHHbIMK KpoMkamy (6e3 rasoBoi pesku).

Yaen «C» — Tako# xe obpa3sel, HO C KpOMKaMMu, 05p860TaHHbIMM
rasoBOM PE3KONA.

Yaen «D» — cBapHoi obpaszel cO CTLIKOBLIM LWBOM 6e3 CHATUSA
YCUNEHWA LUBA.

Yanei «F, Fp, G, W» — 910 cBapHble y3rbi nepeceyeHusi 6anok
pasnnuyHoOro Ka4ecrsa.

MpyHATE! criegyolme QONYLEeHUs:

1. Xapaktepuctvku y3na «F» npuHUMaIOTCA B KadecTere 6a3oBoro
npy pacyete Cy[oB, NMOCTPOEHHbLIX No FpaBunam v nop TEXHUYECKUM
nabniopexnnem PC.

2. Xapaktepuctukit yarnoB 6Gonee Huskoro kadectsa “Fi, G»
NpUHATB 6230BLIMKU ANS KOPNYCOB CYAO0B, NOCTPOEHHBIX 110 Npasunam
KnaccnrKaLMoHHbIX 06LlecTB, He asnsaowmxcs YneHamu MAKO.

3. XapakrepucTukn y3na «W» MpUHATHI ONisl Y3M0B BPEMEHHbIX
NOAKPENSIEHUIA, YCTAHOBNEHHBIX C LIENbIO NOBLILLIEHUS NPOMHOCTH NpU
neperoHax.

B nocnenHeit ctpoke (Tabn. 1) npuseaeHo sHaueHne sHEKTUBHBLIX
KO3(h(HULMEHTOB KOHUEHTPAUWN Gy, NO CPaBHEHMIO C Ga30BLIM Y3Nom
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«B», B COOTBETCTBUM C KOHUENUMER «HanpsKEeHWH B Hagpese» Mo
knaccuukaumm MAKO [7].

MpuHumas 3a obpasel ysen Tuna «B» ¢ 69=83,36 Mrla, nony4um,
4TO AN CBapHbLIX Y3110B, NOMHOCTLIO COOTBETCTRYIOWMX Mpasunam PC
(ysen «F»), apheKTUBHLINA KOSMULMEHT KOHLIEHTPAUMN HaNPSKEHNIA
paBeH o, x2,0.

Lns cBapHbIX Y3ri0B KOPNYCOB CYA0B, NOCTPOEHHLIX No IpaBunam
Apyrux knaccnukauMoHHbIX OBWECTB C MeHee XeCTKUMM
TpeboBaHUSIMU K MX YCTasIOCTHOM NPOYHOCTHU, B KA4YECTBE TUMOBbIX
MOXHO MPpUHATE y3nbl «Fz, G» ¢ adekTUBHBIM KOapULIEHTOM
KOHLeHTpauun o, ~ 2,65.

Ans ceapHbIX y3noB BpeMEeHHbIX MOAKPenneHwn nanybbl unu
OHWLLIa Ha neperoH o,~4,0.

DyHKuMA ©4(Xy, my, my, K) nonydeHa B [9], umeer opMmbl
npeacTaeneHHble Ha pyuc. 1 — 3 1 cnegyiowwia Bug;

X1 )
P, 2YPIZXE n ]+ X T (n,J2)[T—PE2XE:, n)’

n=2(1+my/K); n=2(1+m K);, x*=2X{, X=c4lcs, — napamerp
HanpsHKeHHOCTH y3na.

lNpu OTHOCKTESNBLHO Mano NPOJOIHKMTENBHOCTU (MO CPABHEHMIO CO
CPOKOM Cry>0bl CY10B) NEPEroHOB 85>G, M NapameTp HanpsKEHHOCTH
X1<1, cneposatensHo yHkums Mupcora PR2XE, ny]~ PRXE, nyj~1.
Ipu aTOM BTOPOW Y4aCTOK YCTANOCTHON KPUBOM NpY M,=5 NpakTuyeckm

m,

1
rM+m/K)

B cootseTcTBUM € KOHUENUMel Hanbonee TsHKeNoro CTauuoHapHOro
pexuma BONHEHMA K=2, T. K. Harpyskv U HanpskeHus pacnpeneneHsl
no sakoHy Penest.

Mapamerp sakoHa Benbynna ans o6iiero uarnbaowero MOMeHTa
au MoxeT ObiTb BbipaXXeH Yepes3 CTaHAapT pasMaxa BOMHOBOTO
usrubaioLlero MOMeHTa oy, kHM, B crielylolem Buae:

He OKasblBaeT BIMSHUA Ha PE3ynbTar n YHKUMS @4~

am=1,1-2\/2 opm=1,1-2,/2 h30,KBL20,13 = 0,405h30,KsBL2 ,

ag-1 0® _0,405h3%KBBL2'1 0-3
w w

rae as= , Mfa;

W — MOMEHT ConpoTUBnerus nany6il umv guuiwa, cm°.
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gX

10

23
20
15
0

e

Puc. 1
DYHKUMA Qo NPU M1=3; M=3
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Igq

1
2
3.0~

Puc. 2
DyHKUMSA §1 NPY M1=3; Mp=5
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Puc. 3
DyHKUMA @2 nipy My=3; my
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Ecnu 3a 6asosblit NpuHaTs yaen «B» ¢ 63°=83,36 MMa, 1o yanbl
APYrMX TUMNOB MOTYT XapakTepusoBaTbCs MNPENenoM YCTasocTu
00=83,36/a,, my=3, K=2, [{(1+3/2)=1,33. 10

3anas TpebyeMblit YCTanoCTHbIR pecypc TV:T"(O’z_—%tB_O—)’

MOXHO ONpefenuTb A0NYCKaeMyI0 BbICOTY BOSHbI sy, M, N0 KPUTEPMIO
obLuei ycTanocTHON NPOYHOCTY CNeAYIOWMM 06pasom:

M0'4(1— 830TB Tl°'67)

650 1,59% /IgL
hay, = 4 ' . (3)
> 0KgBL 3 Th—10
3/ mlo2-T0)

Kputepuit npefienbHOR NPOYHOCTY AHUILEBLIX NEPEeKPbLITUA

Onpeperenne NpeaenbHOM BLICOTHI BOMHLI ¢ Lenblo obecnevyeHns
MEeCTHOM NpeaesfibHOM MPOYHOCTH NEPEKPLITUIA MOXHO OCYLLIECTBUTL Ha
OCHOBE COOTBETCTBYIOLUENO YCIOBUS NPEQENLHOT0 PpaBHOBECHS:

'Te')?Pn—Pnﬁi‘c
Prg™+Pg
rae Pnp, PTE>, P§™ — npepenbHas Harpy3ka Ha NepexpbiTue npu BO3MOXHLIX diopmax

nepexoga B npegensHoe COCToAHUe, cTarudeckas Harpyska 1 Harpyska or
BOMNHEHUA.

Otciona PE™=Pnrp/Kz— PTE~.

pu cTaumoHapHOM 3-MEepPHOM BOSTHEHWU C hao, U Tcp OCpEeOHEHHOE
MaKcumMaribHoe BONHOBOE AaBlieHne Ha OHULLEBOE NepeKpbiTNE MOXET
ObITb NPUHATO paBHbIM 4,5 CTaHAapTaMm BOMHOBOIO AaBneHus:

>K,

PE®=4,5h39,08" ™ U(e = TE™/Tcp .

B cooteeTcTBUM C pekoMeHaaumsimu [5] koadduumenT 3anaca npu
akcnnyataumm Kz=1,15, a MakcMmaribHoe 3HaueHue aMniMTYGHO-
YaCTOTHOW XapaKTepuCTukM Ans OCPeAHEHHOr0 BOFIHOBOIO AaBneHws
Ha JHULLEeBOe NOKpbITHE, Ka/M, onpegensercsa no dopmyne:

1 0,5
o™= 2KoKn(5,5+0,5L/100)(1—4d/L)(1—5 (1081L) ) ,

rae Kc=(0,65/Cs)"®<1;.
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D—d
ha%
hay, — OONYCKaeMas BbICOTa BOMNHb! U3 yCnoBus oBecneqeHns oblueit NpogonsHoM
NMacTUYECcKoit MPOYHOCTH, onpeaenseMas CornacHo (2).

Ecnu 6annacT NpyHAT TONbKO B AHUWEBbIE annacTHble 0TCeKkn ¢
BbICOTOI BTOPOrO fHa hgg, M, TO MOXHO npeHebpeub MHEepPLMOHHOM
cocTaBnsiouleit paenenun Bannacra u, B coorsercTBum ¢ [10],
BEpXHIO oueHKY yHKumn Urg(e) AN NepekpbITui B cpeaHen 4yactu
MOXHO NpuHSATL paBHor U™ = 0,134.

Ons nepekpbiTwit ¢ rpysom unu Bannacrom B TpOMax co
ctatudeckum paeneHunem h p;g<10d ¢ npubnMXKeHHbIM Yy4YeToM
WHEPLIMOHHOro JaBneHns ycnosme npoyHoctu nipy U™ = 0,15.

Jonyckaemasi BbicOTa BOMHbl hsy, U3 ycrnosua obecnevexuns
MECTHOW MPOYHOCTN OHWLLEBLIX NEPEKPLITUA MNPK BLIMOIHEHNN
ycnoeus hy p,g<10d moxeT BbiTh onpeaenexa no dopmyne:

0,87pnp—10d+h
Rio, = Pnp 060 LpLg , (4)

K.=0,8+0,3

[0€  Prp — WHTEHCUBHOCTL CPERHER NPeenbHOR HarPY3KM Ha AHUILEBOE NEepeKpLITUe
npy BO3MOXHbLIX (hOpMax nepexona B npeAensHoe CocTosHue, KMa,
OMNPENensieTcs Kak HanMeHbwas 13 phe v ple, [11};

pL, hy — TINIOTHOCTH Py3a unk 6annacta, T/M>, BLICOTA YKNBMKM rPy3a MK YPOBEHb

aarionHeHus Bannacta B Tpiome, M; npu npueme Gannacta B Goprosble
LMCTEPHb! U UMCTEPHBI ABOIHOTO JHa C BbICOTOM hgp, M, hip g~ 10hpy;

Php — MHTEHCMBHOCTL MPEenbHOl HArpyaku npy Cpese MepekphiTUs 10 BCem

OMOPHLIM CeveHysM (hNIOPOB U CTPUHTEPOB (C 0Bpa3oBaHWEM LLAPHVPOB
CKOMBXEHVS BO BCEX ONOPHBIX CE4EHUAX), onpeaensieTca no dopmyne:

m
e 20BE 2(NE"+2ENGR)
P al, aln

npw Ln/l<2,0;

]
Phe= 2';’;8” npu Ll >2,0;
1

plie — npu 0BpasoBaHWM MNACTMMECKMX ILAPHUPOB CKOMLXEHWSl B OMOPHLIX
CEHEHMSX CTPUHTEPOB U M3MBHBIX NNACTUHECKUX LUAPHUPOB (BPaLLEHHUs )
B OMOPHBIX CEHEHUSIX ¥ NocpeanHe opos onpeaenseTcs fio opmMyne:

n P Of_ 5 £OM 26/

Ny pCP
phe= %”a—é@ npu Lnflz>2,0,

rae Lp, @ — AnvHa NepeKpbiTa 1 PaccTosHne Mexay dropamm, M;
C; — pacctosHune o1 6opTa 4o «i» cTpuHrepa, m;
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n=Lp/a~1 — uucno c¢nopos;
m —\MCAO CTPUHIEpPOB ¢ 0gHoro Gopra;
1 — pacdetHan gnmuHa nponera ¢nopa npu o6pasosaHnu wapHupos (caeura),
nmBo Mexay Goptamu, nubo Mexgy cpemmHamm KpaiHux BbIPE30B B
CTeHkax chnopos, M;
I, — pacuetHas anuHa nponeta ¢nopa npu oBpA3OBAHUM NNACTYECKUX
WapHMpoB BpaweHns (u3mbHbix), nnGo mexay Gopramu, nuGo mexay
TOPLaMK UN CpeavHaMKU KHUL, M;
NG, N&™, NG, — npepenbHble sHa4eHns Nepepesbisalowyx cun B OIOPHbIX CEYSHMAX
¢nopos, KNS U «i» crpuHrepa, kH;
MSE, MSE — Benvumna npepenbHbIX U3MBaIOLMX MOMEHTOB B OMOPHOM CeYEeHMU 1
nocpepure coriopa, kHm.
HonyckaeMasn Bbicota BOMHL! hae, K3 ycnoBus obecnievyeHns
MECTHOW NPOYHOCTM [HWLIEBLIX NEPEKPLITMIA NMPU BLINOMHEHWUM

ycnosus hyp,g>10d onpenensercs no copmyne:

_0,87p+10d—h -
o === R - ©)

3aknioueHue

OrpaHuyeHne no npenenbHoit BannbHOCTH BOSIHEHMS,
BbiTeKaloulee u3 ycnosui obecnedyeHus oblwen npenenbHOn u
YCTanoCTHOM NPOYHOCTM KOpNyca CyAHAa W MECTHOM npeaensHod
NPOYHOCTH, yCTaHABNMBAETCA NO HaMMeHbLUe! U3 onpegeneHHbIX no
pac4eTy BbICOT BOSIH € 3-NPOLEHTHON 06ecneYeHHOCTLIO.

lNpoBeneHHLIe TecToBbIE pacyeThi MO Mpeanaraemor MeToauke
nokasanu, ans COPI onpepensiowmmn sBNsIOTCS YCnoeusi o6Luen
npepenbHoi UM YCTanocTHoO NpouHOCTH. [lpu Gonee ANMTENbHbLIX
neperoHax Tn pellaloummMn ABnsioTCA ycrosus obecnedenmst obluen
YCTariocTHOA NPOYHOCTU.

Ycnosust obecneveHus npenenbHoM NPOYHOCTA  [OHMWILEBBLIX W
GOpTOBLIX NEpeKpbITUA ¥, 0coBeHHo, nnacTMH M PXX OCHOBHOroO
HaGopa, kak npaeuno, saBnslOTCS 6onee MRFKUMKM, 4TO
ceupeTenncTeyetT o GorblWwMx 3anacax NpeAerbHON RPOYHOCTM
AHULLIEBBIX M GOPTOBLIX NEPEKPLITUA MPU PasoBLIX NEpPeroHax no
CpaBHEHUIO ¢ 3anacamu obLueit NPoOYHOCTH.

PaspaGoTaHHas MeTtoguka NO3BOMAET [OCTOBEPHO OLUEHWTH
npeaenbHylo GannbHocTb BonHenust ans COPI, coBepLanumx
NEperolbl BHE YCTaHOBMEHHbIX PANOHOB NNaBaHUsA, MO YCIOBUAM
oblleit NPOYHOCTM KOPMyca, MECTHOW NPOYHOCTU AHULLEBLIX W
GOpTOBLIX NEPEKPLITUIA, NNACTUH K Barnok OCHOBHOMO Habopa.
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VAK 621.12.001

I.B. Boiiyos

NPEANOXEHUS! NO KOPPEKTUPOBKE HOPMATUEOB
OBHOBJIEHUA KOPIYCA CYQHA

B cootBetcTBuM ¢ [1] nog oGHosnewuem kopnyca cyaHa
MOHUMAETCA KOMNIIEKC MEpPONPUATUA NO NOATBEPXASHUIO Wnu
BOCCTaHOBNEHUIO €r0 TeXHUYECKOrO COCTOSIHUSI A0 YCTaHOBMEeHHBIX
yposteit 1SS (first special survey) unu 2SS (second special survey),
COOTBETCTBYIOLMX COCTOSIHWIO KOpryca npy NepeOM WNnM BTOPOM
oudepefHbIX OCBUAETENLCTBOBAHUAX nocne 5-netHeid wnu 10-netHei
aKcnnyatauun. YpoBeHb OOHOBIEHMSA Kopnyca HasHavaeTcs, Kak
npaBuno, MCXoas U3 BO3pacra cyaHa:

18S — ansa cynos He cTaplue 15 ner;

28S — anA cynoe He craplie 25 ner.

IIna cynoB B BO3pacTe cTaplwe 25 neT MOXeT ObiTh BLINONHEHO
ob6HoBneHne ux KOpnycoB [0 YPOBHA 2SS ro cornacosaHmio ¢
Perucrpom.

Orcrynnenusi or ycTaHOBMEHHbBIX BO3PACTHBIX OFpaHW4eHWn ans
CynHa SBMs0TCA NPEAMETOM CleunanbHOro paccMoTpeHus Pernctpom.

Mo copepaHMio ynoMsIHyTLIX ONPEAErieHuii 1 Mo NPUHATHIM A4S
BBEJEHHbIX YPOBHEN OGHOBNEHNSI HOPMAaTMBaM M3HOCA OYEBUAHO, YTO
AononHutenbHoe BBeaeHue ypoeHsi obHoeneHusi 3SS (15 ner
akcnnyatayuu) Bo Bpems paspabotku UHcTpykumu [1] He
npearnonaranochb.

370, B 4aCTHOCTY, CReayeT U3 NPeACTaBeHHbIX Ha PUC. 1 AHHBIX.
CornacHo AaHHbIM puc. 1, BBeAEHWE AONONHMTENLHLIX HOPMATMBOB
M3HOCA OBLUMBKM, MPOMEXYTOYHLIX MEXAY NPUHATHIMU AN YPOBHS
2SS n ansa nocnegHero 5-neTHero cpoka skennyarauwm [1], BO3mOXHO
TOMbKO AN CPaBHUTENBHO Y3KOro Avarna3oHa MaribiX TOMWWUH NMCTOB
$~10-+-20 mm. [ns Ganok Habopa BBeaeHMe AONONMHUTEILHOIO
YPOBHSI [IONYCTAMBIX M3HOCOB MeXay NpuHAaTeiMM Ans 2SS (n2SS) u
Ana MoMeHTa OKOH4YaHWs 3Kkcnnyartauuu cygHa (n,) npaKkTudecku
HEeBO3MOXHO BBWUAY OTCYTCTBUA [OCTATOMHOIO WHTEpBana no
HOpMaTuBam MeXay 3HaYEHUAMU Naogs U N,.
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1.0

T ] T .Qi
0.1 02 0.3 8
1.5 MM 15 75 5
S, MM
ASasmm 25 125 g3s § >
Puc. 1

Mpeanaraemas MOAMUKALIMA HOPMATUBOB USHOGE NMCTOB Npiu oBHOBREHM:

e == GOMMAcHo [1] ans 1SS 1 288
Y COMNACHO NpEAnaraeMomy NoLxony
m—— {3 KOHEL CpOKa cnyk6il [1]

Ewe 6onee «CrnoXHbiM» SBMASETCS MOMOXeHWe ¢ HopMaTusamu
OBHOBNEHUA [NS XapaKTepUCTUK MOMNEpPeqHoro CeveHust Kopryca.
CornacHo 6.5.2 3T HopMaTuBbI JOMKHbI onpegensaTeca no 4.2.1, {1],
He3aByCUMO OT YPOBHsi OBHOBIEHUS Kopnyca.

Takum obpasoM, HOpMartuBbl OBWeld NPOYHOCTU pernameHTu-
pyIOTCS HOpMaTuBamu, OMNpeaernsiiowvMy BO3MOXHOCTb nOCse-
aywowero 5-neTHero cpoka 3skcnnyatauun 6e3 cneuuanbHbIX
PEMOHTHBIX NOAKPEnneHui.
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YkasaHHoe MOSOKEHNe NpeanaraeTcs MepecMoTpeTb B CTOPOHY
NOBbLILEHNA HOPMAaTMBHBIX 3anacosB obLuel NPOYHOCTM Kopnyca
O6GHOBNAEMbIX CYZIOB NO CPABHEHUIO C YKA3aHHbIM.*

Obpaluaer Ha cebs BHMMaHUe TO, YTO HOPMaTUBLI B pazf. 4.2 [1]
ANs OCTaTO4HOW TOMLWMHEI TMCTOB OGLUMBKM 3aBUCSIT OT UX TOMNLLMHBL, @
B pasA. 6.5 ans O6GHOBNAEMbIX KOHCTPYKUMIA 3TM HOPMatvBbl OT
TONLLUMHBI SINCTOB HE 3aBUCAT.

Pasnnune ykasaHHbIX 3aKOHOMEPHOCTEW NABMSETCH OQHOW W3
OCHOBHbIX NPUYUH TPYAHOCTU BBEAEHUA COOTBETCTBYIOLIUX
HOpMAaTUBOB AONns YPoBHSA 3SS.

OAHMM 13 BO3MOXHbIX CNOCOGOB YCTPaHEHUs YKa3aHHOTo
3aTpyaHeHus ABNAETC MPUHATAE HOPMAaTMBOB M3HOCa OGHOBNSIEMBIX
KOHCTPYKLMIA B COOTBETCTBUM C NPUBELEHHON HIWKE NHTEPNOALMOHHOMA
3aBUCUMMOCTbLIO:

[s1li=cs+(1—c)[s], _ 1

rge s — TanwuHa, Tpebyeman Mpasunamu [1] ans Hosoro cyaHa;
[s1] — Aonyckaemas octarouHan TOMILMHA H2 MOMEHT OKOHUYAHUA Cpoka cnyx6bl
cyaHa cornacHo (4.2.2-1) [1];
[s1]; — nonyckaemas ocTaTouHan ToMLMHA Npy OGHOBREHMM;
C; — VHTEPMNONSALIMOHHLIA KOADGULIVEHT, 3aBUCSIUMIA OT YpOBHA OBGHOBNEHUs
kopnyca, O<¢<1.

B 1abn. 1 un Ha puc. 1 npepcTaBneHs! NpUMEpHbIE pesynsratbi
pacyertos cornacHo (1) npu cpegHem sHavenmn m;=0,8 cornacHo [1] u
npeznaraemoM sapuaHTe HaBopa sHaueHwii c,.

Ta6bnuua 1
Yposetb BHauenus ¢, SHauenns m;=[sq)/s
obHosneHus fipn m=0,8 B (4.2.2.1-1) [1]
As/s=0,15 As/s=0,25
188 0,60 0,87 0,84
288 0,40 0,81 0,76
388 0,20 0,74 0,68

* Cnegyer 0TMETUTL, YTO AHANOMMYHOS PELLICHWE NPUHATO B HEJABHO BbiMyLLEHHOM
Peutibiv Peructpom PykosoacTee P.002-2002 o o6HOBREHMIO cynos BHYTPEHHEro u

cMelLaHHOro (peka-mope) nnasaxus [2].




Kak BugHO, Npy XapakTepHo# MCXOOHOW TOMUMHE KOHCTPYKLUWK
s~10+20 MM obobiueHHas saBucumoctb (1) faeT pesynbrarsi,
YAOBMNETBOPUTENBHO. COTNacyoWneca ¢ NpuHATbiMU B [1]
HopMmaTviBamu ans yposHen 1SS u 2SS. Mpu atom yaaeTcs cBOGOAHO
«pasMecTuTb» HopmaTuBbl ana 388 wu caenatb 6Gonee
nocnefosarenbHbiM NMEepPexos 3aKOHOMEPHOCTEN pasfvYHOTO YPOBHSA
OBHOBEHNI K 38KOHOMEPHOCTAM 115t OCTATOYHON TOMLMHDI.

B t1abn. 2 npuBedeHbl MONYYEHHbIE aHanoruyHbiM nyTem
YUCHEHHble BENUUMHBLI HOPMaTUBHBIX 3HAYEHU KOSMMULIMEHTOB Ngg,
orpeaensiowmx OOMyCKaeMoe YMEHbLIEHNE 3IIeMEHTOB MonepeyHbIX
cedeHMilt Banok. 3HaueHUs Ngs ONPELEnANNChL COMMacHo WHTeprons-
LUMOHHOMY anropuTMmy:

(nss)i= Vit (1= V)(fiss)~ (2)

e (Nss). — COOTBETCTBYET HOPMATMBAM NapameTpa nss cornmacHo [1] Ha momeHT
OKOHYaHUs BKCNINyaTauum cyaHa.

3HaveHnsa v; NPUHUMAaNUCL COOTBETCTBYIOLIMMKW YKasaHHOMY
BapuaHTy ans ¢; B (1) (v=0,6; 0,4 n 0,2).

BugHo, 4TC B [fa@HHOM cryvyae onpefeneHHsle cornacHo (2)
aHaueHus (Nss); TaKKe YAOBMETBOPUTENbHO COTNAacylTcs ¢
HopMaTViBamu, NpuUHATbIMK B [1] Ana ypoBHen 18S K 2SS Heckonbko
ux npesblilas. A Anst ypoBHs 3SS 3Ha4EHUA 3TUX KOIPHUUMEHTOB
HaxoOsTCA B CepeduHe WHTepBana 3HauyeHun ngs AR Npegnona-
raemoro ypoBHa 2SS u Tpebyembix [1] Ha MOMEHT OKOH4YaHMs CpoKa
cnyx6bl.

Tabnuua 2
HaumeHnosanue Ganok Habopa YpoBeHb 0OHOBNERWSA Ha momenTt
OKOHYaHUA
188 288 388 [cpoka cnyx6bl
TMpoaoskHLle Gankv OCHOBHOTO 0,90 0,85 — 0,8
Habopa
Banku pamHoro Habopa v B 0,92 0,88 0,84 0,8
paroHax ycurneHui
OcTanbHbie 6anku 0,85 0,80 — 0.75
KopoGuatele rogpo! 0,9 0,85 0,80 0,75
MpuMmeyanne: 3HaYEHNS Mg B YNCTIUTENE COOTBETCTBYIOT NPUHSTLIM B 1], B
3HaMeHaTene — COFMAacHO MHTEPMONSLIMOHHOR 3aBUCUMOCTH (2).
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Ha puc. 2 npusefieHbl pesynbraTtsl NPUMEHEHMS ONMCHIBAEMOTO
VHTEPIONSILIMOHHOrO NMoAxoaa NPUMEHUTENLHO K OLEHKe JoNYCKaeMoro
Npy OGHOBNEHNUN KOPNYCa CyAHA CHVXEHVS] MOMEHTa COMNPOTMBNEHUSA
€ro rnonepeyHoro cevyeHus. Kak otmMeyanoch Bhllle, B COOTBETCTBUY C
[1], RonycTumblii HOpMAaTUB BTOTO CHMKEHUS, pernameHTUpyembIit
copmynon (4.2.1-1) [1], He3zaBMCMMO OT YPOBHS OBHOBREHMS
npeanaraeTcss cuMraTb COOTBETCTBYIOLWMM HUXHEMY YPOBHIO Ha
KOHeL| cpokKa Cr1ykObi.

ki
a)
1.0
0.9
0.8
K ! ' '
i 100 150 200 L, mm
158
0.9 288
385 ott
A
. ﬁoﬂﬁmi\?"ﬂ
08 - o
1 1
100 150 L, mm
Puc. 2

Jonycrumoe OTHOCHUTENBHOE CHUNEHME MOMEHTA CONPOTUBNEHUS KOpryca cygHa npu
pasnuyHbIX YpOBHAX 0GHOBNEHMS:
a) CyAa HeOTPaHNYEHHOrO PaoHa NaBaHNs M OrPaHUEHHOTo paioHa co 3Hakamu
orpaHudenns |, Il;
b) cyna cmeLLaHHbIX paitoHOB NaBaHUs Co 3HaKaMm orpanuyedus [IC, HICH, IiI;
Cusmm—— COITIACHO NPEANAraeMoMy MOAXORY;
@@= [onyckaemoe [1] Ha MOMEHT OKOHYaHMSI CpoKa cnyxBel
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Mpenctaenserca, 4To AaHHble puc. 2 B Gonbiued Mepe
COOTBETCTBYIOT 06LWMM NPUHLMNAM NpoLeaypkl OGHOBMNEHUst cyaHa.

Cnucok numepamypbl

1. MHCprKuMﬂ no onpegenexHuio TEXHUYECKOFO COCTOAHMWA, OGHOBNEHUID 1
PEeMOHTY KOpPNycoe Mopckux cyaoe // flpaBuna xnaccuduKalnoHHLIX
oCBUAETENbCTEOBAHMIA CyaoB. [punoxerue 2. — CT6.: Poccuiickuii MOPCKOW pervcTp
cynoxopncvea, 2004,

2. Poccuiickuii PevHoii Pernctp. OBHOBNEHWe CyNoB BHYTPEHHENO N CMELLIaHHOro
(pexa-mope) nnasanus // PykosoacTeo P.002 — 2002. Poccuiciuii Peunoit Peructp. —
Mocksa, 2002.

3. Mpopabotka BOIMOKHOIO NMOPAAKA AOMNONHUTENLHOTC BBEEAEHWA HOPMATUBOB

OBHOBNEHMA KOPTYCOB CyZI0B Ha ypoeeHb 3SS // Otyer no stany 1 gorosapa Ne PC-19/2003
¢ PMPC.
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VIK 621.12.001

M.A. Kymeiinuros, A.B. Juoxosckuii, C,J1. Kazanos, 0.4. Tumogheecs

HOPMMPOBQHME NMPOYHOCTU KOPMNYCHbIX
KOHCTPYKLUMU NMPU PEMMAMEHTAUMM PEXMMOB
OBUXEHUA CYOHA HA BONHEHUU

Psizl aBapuii Cy0B ManbIX U CPEAHUX BOAOU3MELLIEHUIA, BbI3BAHHbIX
BO3EMCTBMEM BETPa W BONH, LeNnaer HeoBXOZUMbIM paspaboTky
peKoMeHpaTentHbIX JOKYMEHTOB NO BbIGOPY ONTUMAanbHLIX PEXUMOB
ABWKeHUA B ycnoBusix BonHeHus. Pabora nocesilleHa onucaHuio
nogxoaa K HOPMUPOBaHWIO PEXUMOB OBMKEHUS] COOTBETCTBEHHO
KpMTEpuio pucka akcnnyarawmm KOpryCHbIX KOHCTPYKLIMIA.

oA TEepMUHOM «MOPEeXoaHOCTbY MoHUMaeTest [1] COBOKYINHOCTb
Takux Ka4ecTB Kak nnaBy4ecCTb, OCTOWYMBOCTb, XOAKOCTb,
yNpasnaeMocTb, HEnoTonsiieMoCTb W MPOYHOCTb. CnefoBaTenbHo,
Ans HenoBpexAeHHOro cyiHa 3ajady onpeneneHus
3KCNayaTaunoHHbIX OrpaHnyeHnit MOXHO cgopMynnpoBaTh
crieayiolwuM obpasom: . onpeaeniTs yCroBus NNaBaHus WM AWanasoH
ynpasnsiemblX napaMeTpoB ABUXEHUS CYyAHa TaK, 4YTob6bl
obecneunBanncb [OCTaTOMHLIE MOpPEXOAHLIE KayecTea cyaHa, a
WMEHHO, OCTOWYMBOCTb, XOAKOCTb, YNPABMSIEMOCTb U MPOYHOCT.
Takoe KauyecTBO, KaK NNaBy4YyecTb, AOMKHO OBECneunBaThbest Ha
CTagwi NPOeKTUPOBaHWsA, a Takke COBMOAEHUEM WHCTPYKUMI no
3arpyske cygHa BO Bpemsl akcrulyatauuu. HenoronnsiemMocTb, B
TOMKOBaHMM [1], OTHOCMTCA K MOBPEXAEHHOMY CyaHy. BaxHbiM B
onpefeneHuu ABnAeTCs BLIGOP AManasoHa BHEWHWX (HaKTOpOs,
KOTOpbie BKNOYaKWTCA B COCTaB pernaMeHTUPYIOLUX.
MpyHUMNWansHo BOSMOXHA MOTEPs CyaHa WM ero noBpexaeHne no
crnepylowmM npuyYnHam:

BO3AENCTBME BONMHEHUS:

BO3AeNCTBME NeasHOro NOKPoBa;

HaB1raumMoHHbIe OLUIMOKW U HapylieHne TpeboBaHwuii K NOAroToBKe
nepexona cyaHa Mexay noptamu (BbIGOp HeonTMMarbHOro MapLipyTa,
HenpaeunbHOe pas3MetleHre rpysa Ha cyaHe 1 T. 4.).

HaBuraumoHHble 1 SKCNNyaTaumoHHble OLMBKM, XOTS U SBNSIOTCS
NPUYUHON 3HAYMTENBHON YacTu aBapui, aHanu3vpyloTes B Apyrux
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oBnacrax aHaHuwin. HeoBxogMMOCTb COKpalLleHWs uuvcrna aBapui,
0coBeHHO aBapuil, NPUBOOALLMX K TsDKenbiM nocneacrsuam, Tpebyer
npoBeAeHUs OnpeAeneHHbIX OpraHNsauMOHHBIX MEepPOTPUSRTUN,
KoTopbie 6asupyloTes Ha UHXEHEPHOM aHanmse cutyauun.

PernameHTauus PexXvMOB LABWKEHWSI BO NbAax MOXeT ObiTb
npoBeZeHa C UCTONb30BaHWEM TaK HasbiBAEMOro NnefoBoro nacropra
[2]. MpumMeHeHne nepoBoro nacnopra B OTe4€CTBEHHOM TPaHCINIOPTHOM
cnote Hauanock B 1970-x . Jlenosbii NacnoptT npeacrasnset coboi
COBOKYNHOCTb Auarpamm. o ogHol ock rpacuka OTKnagbiBaeTcs
napameTp, KOTOpPbIM MOXET Ynpaensatb CyAoBogvTeénh — CKOPOCTb
cyaHa BO nbaax, No ApYroit ocv OTKNafblBaeTcsl napameTp JefoBo
0BCTaHOBKM — KaK npaBuiio, TonwwHa fbaa. OctankHbie napameTpb
nefoBoit 06CTaHOBKK (CMNOYEHHOCTb, PasapobneHHOCTD,
TOpocUCTOCTb) 3apjalorcs. flMHus Ha rpacduke pasgensier obnactb
ynpaenseMbiXx nNapameTpoB M MapaMmeTposB OKpyXawljen
HaBWraLMOHHOM OBCTAHOBKM Ha [Be 30HbI: OMacHylo u GesonacHyio.
Mp# 3TOM KPUTEPUEM CTENSHW ONACHOCTH ABNSETCS OAUH U3 KpUTEpHEB
MECTHOR MPOYHOCTM KOHCTPYKUWI FEJOBOr0 nosca, wiu, Apyrumu
CrioBaMu, CTeneHb MOBPEXAEHUS KOHCTPYKUWWA nepoBoro nosca.
Moaxopa, X pernameHTaUmi peXumMoB IBWKEHUS CYHa BO fibAAX HOCUT
JAETEPMUHNPOBAaHHbLIN XapaKTep, TO eCTb He YHHUTHIBAET BEPOATHOCTHON
MpVpoabl B3auMopencTans. Takoe NonoxeHe MOXeT 6biTb OOLACHEHO
CYLLECTBYIOLLMMM TPYAHOCTAMM B CTOXACTUHECKOM ONMCaHUN FIeAsiHOTO
MOKpPOBa C OAHON CTOPOHbI, M OTCYTCTBMEM NPOBEPEHHON UHXEHEPHON
MOAEnU B3auMmopeliicTBusi CynHa CO fbAOM, KOTOpaa B COCTOSIHWM
JOCTATOMHO afeKBaTHO NporHo3upoBaTh KOHTaKTHbie nefoBbie
Harpysku Ha Kopryc cyAHa — C ApYroi.

BaxHeumMM npupoaHbIM hakTopom, onpeaensiowmm Gesonac-
HOCTb MOpernnaBaHusl, SBMNSETCH BETPOBONHOBOE BO3jeiCTBUE.
AkTyanbHOCTb pas3paboTku orpaHudeHun sKcrnyaTauMOHHbIX
pPEeXMMOB ABWKEHMS cyaHa B YCNoBUAX BOMHeHus oOycriosrieHa
criegytowmmMy npuduHaMu:

1. ABComnoTHOEe BOMNbLLUKMHCTBO rPY30MNOTOKOB, 0OOCIYXMBaEMbIX
MOPCKMM TPAHCTIOPTOM MPOXOAMT Yepe3 MOpCkMe W okeaHCkue
aKBaTOPUM C WHTEHCUBHbIM BOfiHeHMeM. OCHOBHbie MOpPCKue
wenbgoBble MECTOpOXAeHUs HedTH, NPUPOSHOrO rasa W rasoBoro
KoHOEeHcaTa HaXOOATCA B paioHax, Iae BONMHeHWe v BeTep onpeensior
He TOMbKO apXWUTeKTypy pAobuiBaiowmx naaropm, HO U ux
obCcnyuBaHue CneunanusupoBaHHbLIMU CyAaMu, a Takke cnocob
TpaHCnopTMpOBKM HedTeyrnesoaopofos Ha Geper. B kauecrse
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npuMepa Takux akBaTopuil MOXHO NpuBecT MeKCuKaHCKwiA 3anus,
CesepHoe mope, Hopsesxckoe mMope, BapeHueso Mope.

2. MpyunHOi 3HAUMTENBHON YacTU aBapwit Karactpod Ha Mope
SIBNSAETCA BO3AEHCTBUE BETpa WWnM BonHeHws. Mocnenyowmii aHanus
aBapUiHbIX Cly4aes NoKasbIBaeT, YTO GONMbLUMHCTBA NOTEPb MOXHO Gbifo
uabekarb, ecnu Obl CymoBOAUTENb MMEn YeTKMe pPeKoMeHAauuu no
YNPaBneHuio CyoHOM B YCMOBWAX BOMHEHUS. ABapuilHbie cuTyaumm,
BbI3BAHHbIE BOMHEHWEM, NPUBOAST K YXYALIEHUI0 NapaMeTpoB
OCTOM4MBOCTH, HEMOTOININEMOCTH, MECTHOM W 0BLIei NPOYHOCTY cyqHa.

HeobxoaumbiM ycrioBrieM ycnewHoro BbINonHeHusi paboTsl no
(hOpPMUPOBAHMIO IKCMIYATALMOHHBLIX OTPaHUMEHWA ABWKEHUS CyAHa
AIBNAGTCA paspabotka [AONYyCTUMbIX (HOPMAaTMBHLIX) NapaMeTpoB
noTepb. TPaAMUMOHHbINA NOAXOA K ONPEAENEHMIO AONYCTUMbIX noTepsb
COCTOWT B Ha3HayeHWu BEpOATHOCTEN aBapui M KaTacTpod
OTHOCUTENbHO OAHOTO rofja dKcryartaumn cypHa. Hanpumep, noteps
oblyeit MPOAOIBLHOMA NPOYHOCTM KOPMyca CyAHa [OMycKaeTcs ¢
BepoaTHocTbio 1072 — 1077 1/ron. Mpu atom noa TepMuHOM
«norepa obLei NPOAONbHON NPOYHOCTU» MOHUMAETCH BO3AEHCTBUE
TaKoro NpoA0fbHOTO BOITHOBOIO U3ribatollero MoMeHTa (NpeaenbHoro
MOMEHTA), KOTOPbIi NPUBOAUT K Pa3pyLLEHUIO KOpNyca CyAHA.

CoBpemeHHbIi NOAXoA K Ha3HaYEHUIO YPOBHS [ONYCTUMBIX noTepb
npeanonaraeT onpegeneHue [ONYCTUMOrO pucKka NOSBNEHUS
HebGnaronpuaTHoro coGbiTus. Mog TEepPMUHOM «pPHCK» M
«TEeXHWYECKUA PUCK» noApasymesaeTcsi, B GOMbLIMHCTBE Cry4aes,
KOMINEKCHbI YMCNOBOIA NMoKasaterb, OTPAXAIOLWMIA Kak BEPOSITHOCTS,
TaK ¥ CTOMMOCTb BO3MOXHLIX NoTepb. HanGonee pacnpoctpaHeHHbIM
nokasarerneM pucka, R, sIBNseTCA puck, paccMaTpuBaloWMiics B
CTpaxoBOW AEATENbHOCTU:

R=CQ,

rge C —CTOMMOCTL BO3MELIEHUS CTPAXOBOFO GRyyas;
Q — BEpOSTHOCTL, KaK NPaBUMO, CTATUCTUYECKAS PEAnu3aLyy CTPaxoBOFO
cny4as.

B aTOM criyuae R MOXHO TpakToBaTh Kak CTPaxoBoiA cbop HyneBoi
peHTabenbHOCTW, TO ecTb cBOp, KOTOPbIi HE YUUTHIBAET [OXOMb
CTPaxoBON KOMMNaHWW. TEPMUH «PUCK» 3aKOHOZATENbHO BBEdEH B
MOPCKYIO MpaKMKy ¥ KnaccudMKaLUMOHHYI0 AEeSITeNbHOCTL COBMECTHbLIM
umpkynsipom MSC/Circ. 829. [laHHbll uupKynsip npepnaraet
+ (hopManbHyl0 NPOLEAYPY OLEHKM pucka BHEAPEHUS! WM pearvsaumm
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KaKOro-NMBO TEXHWUHECKOro pelueHus. FBHbIM HEOOoCTaTkoM npouenypbl
SBMSETCH KAUECTREHHas LUKAna OLEHKW PUcKa, B paMKax KOTOPOW puCK
pa3buBaeTcsl Ha NATh KaTeropuii OT HESHAYUTENBHOIO J0 CYLLECTBEHHOTO.
Hacrosuaa paboTta npeanonaraer paspabortky annapara
pernameHTaLyMy PEXUMOB [BWKEeHWA CyaHa Ha BonHeHwn Ha Gase
YMCNEHHOTO NOKasaTens PWUCKa, aHanorM4HOro CTpaxoBOMY NOAXOoAy.
OTnnuMeM OT CTPaxOBOro NOAXoAa ABNSETCA TO, YTO HebnaronpuaTHoe
cobbiTve MHTEpPRpETUPYETCS B Buae pspa cueHapues. COBOKYNHOCTb
cleHapveB oKeuBaneHTHa Habopy CTpaxoBbix criyyaes. Peanusauws
K&KOOro M3 CLieHapues onpeaensieTcsl CBOeH BepOATHOCTLIO N CYMMON
y6biTkOB. Takoii nogxo4 MOXHO NPOAEMOHCTPUPOBaTL Ha npumepe
HapyleHnsi HPOYHOCTN KOHCTPYKUMA MO NpUYMHE BOJIHOBOTO
BoafeiicTeua. MepeyeHb BO3MOXHBIX CLIEHApMeB U WX MOCNEACTBU
npuseneHbl B Tabn. 1. Mcxoas us nepeumcrieHHbix clieHapues, puUck
NoTepu MPOYHOCTH KOPIYCHBIX KOHCTPYKUUA MOXHO BHIDA3UTE Kak:

R=C1Qq+ C3Qa+ C3Q5, + C4Qs+ CsQs ’*}%1 CiQ;

Tpe N — KOJIMYECTBO CLieHapues;
Q; — BEpOATHOCTbL peanusaunm i-ro CueHapus;
C; — CTOMMOCTL KOMMEHCAUWM TNOCrneacTeni HebnaronpuaTHoOro cobuiTuA B

pamKax i-ro cueHapus.

Tabnuya 1
OnucaHue JepeBa CHEeHAPUEB MOTePU NPOMHOCTH KOPNYCHBIX KOHCTPYKUMA
OnucaHue cueHapusi OnucaHve BeposATHocTh| CTOMMOCTD
NocneacTsuin peanusaumu | KoMneHcaumn
NOCASACTBUA
Moteps obuei npo-|Paspyuwiedue kopnyca cygHa. Q Cy
J[ONLHOM NpoyHocTH | ubenb cyaiHa U rpysa
MoepexpaeHnellloppexaeHne ODWUBKK. Qo C,
KOHCTPYKUMiA Hoco-|HeoGxoaMMOCTb pemMoHTa BO
BOW OKOHEe4YHOCTH BpemMsa ovepPenHoro AoKoBaHnA
no npuuuHe cne-
M?aarap HuHe ¢ Mospexaenve obumsky n Habopa. Qs Cs
Heo6xogumocTs peMoHTa BO
BPEMS OUEPEOHOro A0KOBaHUS
Nospexpexue|Cpuis MM ¢ dyHpamenta. Mubent Q, Cs
KOHCTPYKYWUAjcyasa
byHpameHTa no -
APMMMHE KaHKN MospexpeHne KOHCTPYKUWUA Qs Cs
tyHaamenTa. HeobxoanmocTb
cpouYHOro pemoHta. Hapywexue
rpaduka peiica
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Takum obpasom, Bbluucnenue obuiero pucka cBOAWUTCH K
opmrpoBaHnio cueHapues HebrnaronpuATHOrO coObITUS, pacyeTty
BEPOATHOCTU peanusauvy U CTOMMOCTM KOMMEHCALuXM nocrnencTBuil
ONA Kaxzgoro us cueHapwes. TUNM3auWio aBapwiHbIX CUTyaLui
uenecoobpasHo npoBoguTe Ha 6aze wHdopMauuu o6 aeapusix,
noctynaioweit 8 IMO u knaccudmkaymoHHble obiuecTea. CTOMMOCTL
KOMNEeHcaunun NOoCNeACTBUMIA MOXET BapbUpOBATbCA B LUMPOKUX
npepenax: ot obLlei CTOMMOCTM cyoHa WU rpy3a (cueHapuit 1 B
Tabn. 1) 4O CTOMMOCTU 3aMeHbl HECKOMbKUX NMCTOB HapyXHOW
o6LumBkM (clieHapuit 2 B Tabn. 1) BO Bpems oHUepesHOro JOKOBaHUS.

HeobxoauMbIM ycnoBMeM KOMMIEKCHOrO NpOrHO3UpPOBaHUS
noBefeHVs CyAHa Ha BONMHEHUM sABnsieTcsl paspabotka npoueaypbi
MMUTaLMOHHOTO MOAENVPOBaKNA ABWKEHMA CyaHa Ha HeperynsipHoM
BOSIHEHMW. PesynbtatoM MOAENMpOBaHWUA [OMKHbI ObITb HE TONBKO
o6obweHHble HOpPMUPYEMbie napaMmeTpbl ABWKEHMS (nepuopsbl,
CKOPOCTU M YCKOPEHMst NpU Kauke, ynpaBnsiemMoCTb U T. 4.), HO U
napameTpbl CMNOBOro B3aUMOOEWCTBUSI Kopfyca cygHa C BOAON
(nasnenve B mMoboit TO4KE CMOYEHHON MOBEPXHOCTW, Uarubaiolme v
KpyTsliMe MOMEHTHI, nepepesbisalolume cunbi). [nsa nonyueHus
CUSIOBBIX XapaKTepUCTUK B3aMMOAEWCTBUS] BO3MOXHO TPUMEHEHue
‘cnenylwmx NOSXo40.:

1. MpencTaBnexvie cyaHa Kak SIMHEAHOK CUCTEMbI, Ha BXOZ KOTOPOWM
nopaeTcs cnyvanHbii npoLece (BONHEHUE) 3a4aHHON CneKTpanbHoMl
nnotHoctn Su(w). Toraa, cornacHo Teopeme CTaTUCTUYECKOM
AnHamuikn [4], cnektpanbHas NNOTHOCTb BLIXOAHOIO npouecca S(w)
CBAA3aHa CO CneKkTpanbHOW MNOTHOCTHIO Su(w) cneayloLiuM
COOTHOLUEHNEM:

S()=a%(®)Sw),

rae  a(m) — aMNANTYAHO-4aCTOTHAA XapakTepucTuKa BbIXOGHOTO npolecca.

Mpu atom, nop cnyyarHoil yHKUMEN BLIXOOHOrO npouecca
NnoHMMaloTCA fapaMeTpbl Kadky, fNPOAOSibHbIE U FOPM3OHTaNbHbie
narnbaowme MomeHTsl. [pUHUMNUANBHLIM OrPaHUYEHUEM TaKoro
fioaxoaa sBNAETCH HeobxoanMOoCTb HOPMUPOBaHUST CUCTEMbI NIMHERHBIX
AnddepeHumanbHbiX ypaBHEHW, KOTOpas CBA3bIBAET (hyHKUMIO
BONHOBOIO npoduns U uccreayemble napametpol. SinHeanusauus
TpebyeT BBeeHMS onpeaeneHHbIX AONYLWEHWH, Harnpumep, o
NPsiIMOCTEHHOCT GOPTOB B NpeAenax BONHOBOW BATEPSMHUN.
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2. KomnrnekcHoe WMMTALMOHHO-CTOXacTuMeckoe MOENUpOBaHue
[BVDKEHWS Cy/iHa NO B3BOSTHOBAHHOM NOBEPXHOCTH Mopst. PesynkTaTom
TaKoro MOOENMPOBaHUA [OSKHbI ObiTb HE TOMbKO MapameTpbl Kauku
(TouHee, 3aKoHbi pacnpeAeneHus Takux napamMeTpoB, NOCKOMbKY Takue
3aKOHbl NO3BONSHOT CTPOMTL OBOCHOBaHHLI NPOrHO3 B 30HE MasibixX
obecrnevyeHHOCTe), HO U Harpy3Kku Ha KOpRyc CyaHa CO CTOPOHbL! MOPSL.
B aHanuae NPOMHOCTM NPUHATO pas3nensTe YCNOBHO Harpysku Ha
obwme K nokansHule. OBlue Harpysk — usrubalole MOMEHTbI U
nepepesblBalolme Curbl — MO3BONSAIOT PACCHUTLIBATL HaNPsXKeHUs B
KOpryce GyAHa C Ucronb3oBaHueM 6anouHoi Teopum usrmba u Teopuu
KpyyeHus crepxHed. K noxanbHbiM BONHOBBIM Harpyskam MOXHO
OTHECTU MMAPOAVMHAMUYECKOE [aBneHne, JeNCTBYIolWee Ha HapyXHYIo
obGluMBKY cydHa, HakaT Boabl Ha nanyly. Kak nokasbiBaeT onbIiT
aKkcnryarauuy CyaoB, B YCNOBUAX MHTEHCUBHOTO BOSTHEHUA Haubonee
BEPOATHO NOBPEXAEHUE KOHCTPYKUMIA HOCOBOW OKOHEYHOCTU nof
[EMCTBMEM MECTHOFO MMAPOAUHAMUYECKOTO ABNEHNA (CAeMMHT).

HanbGornee nepcrnekTUBHLIM METOAOM CUINOBOfe aHanusa
B3aUMOJENCTBUA CyOHA C BOMHEHWEM SBARETCA NaHerbHbld METOA,
KOTOpbIt NpegnonaraeT pa3bueky HapyxHO oGWMBKKM Ha OTAenbHble
yyacTku — nadenu. MeTon MosBorisieT nonyuyatb pacnpeaeneHue
MapoAVHAMUYECKoTo NaBlieHua B npegenax KaDKOOW naHenu B noboi
MOMEHT BpeMmeHW. Takoe onucaHwe CUNOBOrO B3aUMOAEWCTBUSA
no3BOMseT BecTW aHanu3 obuje NpovYHOCTM C UCNONk3OBaHMEM
0B6ONoUYEUHOn Mopenu Kopnyca, TO eCTb MOAENW, B KOTOPOWH
KOHCTPYKUMM HapyxHoii obwuBkn, nany6, nnatdopm, niepeBopok
NPOAONbHLIX Y MOMEPEYHLIX MPEACTaBNATCA AKBUBANEHTHLIMU
oBonoukamu, paboralowmmy Ha wsrMG U ycunua B WX THIOCKOCTH.
PesyribTathi NPUMEHEHWA NaHenbHOro MeTofa MO3BONAT B Chyvae
HEOBXOAVMOCTY MCIIONB30BATE TPAAULIMOHHYIO GarouHyio MoAerb.

OTOoenbHO NPY aHanuae MECTHOW MPOYHOCTU CTOUT 3apada
onpeneneHns HanpsxeHwin B (YHOAAMEHTHLIX KOHCTPYKUMAX
MAaCCUBHbLIX CY[OBbLIX arperaroB, TakuX KaK fnasHbifl [ABuratenb,
BCriOMOTraTenbHble ABWraTenin W S5eKTPOCTaHUuKM, KpaHoBoe
oBopynosakve W T. A. BHeWHWMKM Harpyskamu Ans (yHOAaMeHToB
ABMSIOTCS MUHEPUMOHHbIE CUMbl, NepeJaBaeMble Ha TOYKW KperneHus
arperatoB. BenuuuHbl 3TWX CUN MOXHO paccyuratb o M3BeCTHbiM
maccorabapuTHbiM XapakTepucTukam arperaTtoB W YCKOpeHusM ot
Kauku B palioHe WX PacronoXeHusl.

C TOMKM 3peHUsi aHanmuaa MPOYHOCTN KOPMYCHBLIX KOHCTPYKLniA
cynHa Ha BOMHeHUM oOLyl0 CXeMy MOJEnupPOBaHWUSA MOXHO
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npeacTaBuTb B BapuaHTax, NpuseaeHHbIX Ha puc. 1. B nioBom cnydae
Ha nepeoM (BepxHeM ypoBHe) HeobxoaMMo MoaennpoBaTh noBeaeHue
CyOoHa kaK TBEpAaoro Ttena Ha BonHeHuu. B cBow oqepeapb, Takoe
MolenMpoBaHe MOXHO pasfenuTs Ha gBa aTana: reHepauus
BONHOBOW ' NOBEPXHOCTU NO 3afaHHbLIM BEPOATHOCTHBLIM
XapakTepucTukaMm BOMHEHWS U MoNy4YyeHue nNapaMeTpoB OBMXKEHUS
CyQHa No BOMHOBOW MOBEpXHOCTU. Pesynbratom mogenuposaHus
BEPXHero ypoBHs SBNSAIOTCA 3aBMCUMOCTM YITIOB KpeHa, auddepeHTa,
pbicKaHbs, BEPTUKANbHOIO NMepemMelieHrst OT BPEMEHU U 3aBMCUMOCTM
COOTBETCTBYIOIWMNX CKOPOCTE! M YCKOPEHWA OT BpPEeMeHm.
CratucTnyeckuit aHanua nony4YeHHbIX Cry4yalHbIX NpOLEccoB
nosBonsieT nonyyaTb COOTBETCTBYIOUiMe 060BWEHHbIe
BEPOATHOCTHLIE XapaKTepUCTURA U hyHKUMN.

MopenupoBarue ABIKEHUS CyaHa Ha BONHEHUM Kak
TBEpAoro Tena. MonyyeHue NapaMeTpoB ABVKeHUst

I
] v

MprMeHeHne NaHensHoro MeTona Mony4exnne BANHOBbLIX
I v3mBaloWMX U KPYTALLUX

\L MOMEHTOB

Ananus obiuen AHanu3a o6ien MonyyeHne nokanbHbIX HarpyaTKI
NPOYHOCTU C MPOYHOCTYU C W3 peleHun 3afjaun aHanvaa
MCnonb30BaHeM MCTIONb3oBaHUEM MaPOAUHAMWYECKOIO
oBonoueyHo 6anouHoi Mogenu B3aUMOJIEIACTBUA Tena
Mogenu 6eckoHe4Horo yanuHeHua ¢

NOBEpPXHOCTLIO BOAbLI

Pue. 1
BapuaHTel noaxoaa K aHanuay NPOMHOCTY CyAHA HA BONHEHWUM

Bropoit yposeHb MoaenmposaHus MOXET 6biTb peanmaoBaH & AByX
BapuaHTax: NpUMEHeHUe TPaaULIMOHHOMO MOAXOAa C pasfeneHueM
3ana4 Ha aHanua oblleit U MEeCTHOW MpPOYHOCTM U MPUMEHEHMWe
naHenbHOro MeTofa, KOTophli myylmM obpasom peisaer npoGnemy
nosly4eHnsi MeCTHeIX Harpysok W npepnoraraer pewartb npoGnemy
aHanm3a oOuleit NpoYHOCTM ABYMSI nyTsmu. [lepBblii B KadecTsBe
HarpysoK WCMonb3yeT FMAPOAUHEMUYECKME [aBfeHus, pachnpene-
NeHHble N0 CMOYEHHOI BOMHOBOW MOBEPXHOCTM B COBOKYMHOCTUA C
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obonove4yHol mogenbid Kopnyca. Bropo nyTb npeanonaraer
MHTErpypoBaHue OaBNeHWiA ANsl NONYYeHUA MOFOHHLIX Harpysok u
BO3BpalLeHue K TpaguuMoHHON Bano4yHon Moaenu Kopnyca.

Cnucok numepamypbl

1. Mopcxoit sHUMKnoneguveckuii crosaps. Tom 1 — 3. — CI16.: Cyaocrpoenne,
1992 — 1993, o

2. Xevicun O.E., Puisnnd A.W. Vcnoitanue cyaos BO nbaax. — Jl:
Cynoctpoenus, 1980.

3. MSC/Circ. 829, MEPC/Circ.335.17 Nov. 1997.

4. Arnom A.M. KoppensiumoHHas TeOpHs CTAUMOHaPHBIX CRy4aiHbIX (DYHKUMIA.
— J1.: Hayka, 1981.
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VIK 629.12:629.5

H.E. Kaoobun, M.A. Kymeiinuxog, I.C. Tuxonos

METOAbl U CPEACTBA AKYCTUKO-BMUCCUOHHOM
ANATHOCTUKU OBHAPYXEHWUA TPELWMUH
B KOHCTPYKLIMAX KOPIMYCA CYOHA

Meropg akyctuueckoli ammccum (AJ), 8 otnuume ot Apyrux MeToaos
Hepaspywatouero koHTpons (HK), asnsiercs naccusHbim [1].

Onucanmio npumenennss A3 nocesillena oblwMpHas nvteparypa
[1—14].

AkycTtudeckas amuccuss (AD) BoO3HMKaeT BCcnencreue
0CBOGOXAEHUS BHEPrMW B TBEpAbLIX Tenax, NoABEPrHyTbIX
nnacTuyeckoi gedopmauumu unu usnomy.

HacTb atoii aHeprum npeobpasyeTcs B ynpyrie BOMHBI, KOTOpbe
pacnpocTpaHatoTCs o Marepuany U MoryT 6biTb O6HapyxeHbl Ha ero
NOBEPXHOCTM C MNOMOLLBIO BbICOKOUYBCTBUTENbHLIX 4AT4MKOB [2].

Cuctembl KOHTPONA, UCMONb3yioume AS, crnocobHb oBHapyxuTb
nosiBrieHne unn passuTUe TPELUMHLI B peanbHoM Maclwtabe BpeMeHu.
Wndopmauus, nocrynaiowian OT HECKONbKMX AaT4MKOB (TPeX wnm
6onee), No3soNSAET oNpeaenuTL MecTo UCTOYHMKA AD.

MorpetHocTs onpeenexns KoopauHar aedexTa MOXKET 4OCTUraTh
+5 cM 1 menee [1].

Meton akyctudeckoi smuccuM MOXeT ObiTb MCRIONBL3OBaH ANS
BbISIBNEHUA HapOXAAIOLLIMXCH YCTANOCTHBIX TPEWMH U OBHapyXeHus
pacTylmX TPeLUMH B KOHCTPYKLIVISIX.

Meton A3, no cpasHeHuio ¢ apyrumm metogamy HK, obnanaer
cnefyoLmmMmn npeumyLiecTeamm [1]:

BBICOKOM YyBCTBUTESIbHOCTHIO;

BO3MOXHOCTbIO OBHapyXeHWs U KOHTPONsi 3a NoBeaeHueM
passuBatowmxcs fedeKkToB;

BO3MOXHOCTL KOHTPOnst 06bekTa 6e3 CkaHUPOBaHUS] — HEMOABMKHO
pacrnonoXxeHHbIMW AaTUnMKaMm.

Mpn obpasosaHny U PocTe TpeLWHb! BLIAENAETCA aKyCTYecKas
SHEPIUA HAUMTENBHON BEWYUHBI, YTO MO3BONSAET ee 0BHapPYXUTb Npy
NMOMOLLK cneyumanbHbLIX CPEACTE ANarHOCTUKHK.
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Hanpumep, amnnutyaa curHana A3 npy nogpactaHum TpeLLyHbl Ha
0,01 — 0,1 MM B COTHM pa3 NpeBbliaeT U3MEHEHWe aMnnuTyabl
ynbLTPasByKOBOrO CUrHana, OTPaXeHHOro OT TOW Xe pacTywei
TpeLmtbL. '

Meton A3 paet MHdoOpMaumio TONbko 0 HawbGonee onacHbIX —
pactywmx gecekrax.

Hu oguH u3 umssectHbix HK He MOXer onpefnenutb CreneHb
onacHocTH pedekra. -

Metoa A3 aaet mHdopMaLuio TONLKO 06 «akTBHbIX» AedekTax,
pasBUBAIOLIMXCA UMW CKIOHHLIX K Pa3BUTHIO.

B ocHose npumenerns AD gnsg HK nexur cdusudeckoe sieneque,
KOTOpOE 3aKMoYaeTCA B TOM, YTO NPU HarpyxeHin obbeKToB MUKPO- 1
MakpogedeKTbl U3fydaloT yrpyrme KkonebaHusl.

PacnpocTpaHsisice Mo OBbLEKTY, BOMHLI AOCTUralOT AATYNKOB,
KOTOpBIe NpeobpasyioT ynpyrie koneGaHus B areKTPUUecKUii curhan.

Fpu pervcTpaumum curHara onpefensioTcs BO3SHWUKHOBEHWUE W POCT
nedekra 1 ero KoopauHarbl.

dusmuyeckoe none usnyueHus npu AD Bo3byXKgaeTca camum
JedeKTom.
B GonblMHCTRE Criy4aeB NPOLIeCC BO3HUKHOBEHUS! AD npecTaBnsiioT
cneayloilmmM obpasom. Mpu HarpyxeHun TBEpAOoro Terna nPoMCXoanT PpocT
MexaHWYeCKUX HanpsiKeHui, B KpUCTaniuvyeckon pelueTke
HakannueaeTcs MoTeHunanoHas aHeprus. [pu [ocTUXeHUU
MEXaHMYECKUMU HanpPsiKeHUsIMK  NPeAesbHbIX 3HAYEeHUIA MPOMCXOBUT
PaspbiB aTOMHLIX CBSIER B KPUCTAIMIMYECKON pelleTke C UMMYFbCHLIM
BbileNeHeM HaKOTUIeHHON SHEeprk B BUOE aKyCTMMECKOTO UanyueHvs.
AMNnMTYyaa M3NYyYEHHOr0 KMMMynbCa 3aBUCUT OT 3HAUYEHUS
npepaBapuTenbHO 3anaceHHOW 3JHepruK, OT pacnpefeneHns ee Ha
oBpasoBaHre HOBOW NOBEPXHOCTU U aKyCTUMECKOE MaMydeHMe.

lpoBeaeHHBIe uccrefoBaHUsA Nokasanu, 4YTo AQJ npwm
nedopMnpoBaHUK BO3HUKAET NPaKTUYMECKN BO BCEX KOHCTPYKLUMOHHBIX
Matepuanax v ee obHapyxeHue onpegensierca TOMNbKO
BO3MOXHOCTAMU NMPUMEHASMON annapartypbi {3].

PesynbTarbl akcnepuMeHTalbHbIX UccregoBaHuih AD B
NabopaTopHbiX M NPOU3BOACTBEHHBLIX YCMOBUAX MO3BONAIOT YKasaTb
Ha cregyiolwue OCHOBHble npeumyluiectsa MmetogoB HK Ha ocHose
usMepeHusi napameTpos A3:

1. B OCHOBE M€TOA4A NEXWUT 3aBUCMMOCTb XapakTepuctTk A3 ot
KUHETUKN pas3BuTMA AedeKToB SABNAIOWMUXCA HEenoCpencTBEHHOMN
NPUYMHONR OTKa3a KOHCTPYKUWK;
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2. ucTOHHMKamMn AD SIBMAIOTCH TONbKO Te AedeKTbl, KoTopble
passuBaloTCs NOA ASACTBMEM Harpy3k1, TakuM oBpasoM, He3aBUCUMO
OT pa3mepoB BLIABNATCA Hanbornee onacHbie AedexTbl, CKNOHHbIE K
pPassuTHIO UNK Pa3BUBAIOLNECS;

3. curHanbt AD HecyT uHbOpPMauUM O MecTe pacrnonoXeHus:
AedeKkTos;

4. meTon AD NO3BOMNAET UMETL TONBKO NPUEMHYIO annapartypy.

Meton ASD sBnsieTcsl wHTerpanbHbiM, T. €. fpy UCHONb30BaHUM
Heckonbkux npeobpasoBartenei, HENOABWXHO YCTaHOBMEHHbLIX Ha
MoBEpXHOCTU 0GbekTa (Hanpumep, HapyXHOW OOGWMBKM Kopryca
CYyAHa), MOXHO OnpeaenvTk KOOpAWHaTHl AechbexTa 63 ckaHUpoBaHus
noeepxHocTu obbekra [4].

C nosuuum MexaHuxu paspyweHus AD obycnosnexa
HEPaBHOMEPHOCTbIO [ABWKEHUS TpewuH. Kak u3BecTHo, TpelwwHa
npakTU4eckn pPasBUBAETCA HEPaBHOMEPHO, CKOPOCTb pocTa ee
NyNbCUPYET KaK Mo BENMYMHE, TaK U N0 HarpasfeHuIo.

B npouecce ckaukoo6pasHOro pasBuUTMSI TPELMHBI MPOUCXOONT
AocTtatouHo bLICTpoe nepepacnpeseneHne MexaHWYeCKUX
HanpsixeHWn B MecTe ee 0Bpa3oBaHKs, YTO U SBNAETCH UCTOMHUKOM
BOITH aKyCTU4ECKOrO U3STYHEHUA, UCXOAALLUX OT NOBEPXHOCTY TPELLMHBI
W ee BEPLUUHbI.

OKcnepuMeHTarnbHble WCCRIENO0BAHUS NOKa3bIBaKOT, YTO 06MNacTb
npumeHednst AQ ana HK martepuanos MoxeT OblTb AOBOSIbHO
OGLUMPHOIA.

OBpasylommy  cyiLecTBEeHHbIE MOMexu chaKTopaMui B CBS3M C
MasiblM YPOBHEM CUrHanoB Npu MamepeHun AD SIBRSIOTCS: BHellHWe
WyMbl; WYMbl 3MEKTPOHHOW annapaTtypbl, NPUMEHSIeMON AnA
usmepexus u peructpauum AD; pabota anekTpoaeuratenei,
uMnynecHbiX Npubopos u T. . [3].

TpyaHoct mcnonbsoBaHust A npu HK o6ycroenemb psiaom
0CoBeHHOCTeN, CBA3AHHLIX C KOHCTPYKUMEN U YCROBUSIMU paborbt
061EKTOB, a TakKe BbICOKUM YPOBHEM MPOU3BOACTBEHHbIX wymos [5].

HanGonbiueii athekTMBHOCTM Uchonb3oBaHus AD [JOCTUralOT Ha
ob6bekrax Gonbwux pasmepoB. HO Takue KOHCTPYKTUBHbIE
OCOGEHHOCTH, KaK CrOXHOCTb KOHCTPYKUMM, HasiMuue 3a30poB M
NPOKNagoK U T. [., BbI3bIBAIOT CYLECTBEHHOE 3aTyXaHWe U UCKaxeHue
copmel curHanos AJ.

3TO NPMBOAUT K YBENUYEHMIO YMCNA aKyCTUHECKUX KaHanoB cheMa
uHchopMaLnK, YCIOKHEHMIO annapaTypb! U YBENUYEHUIO NOrPELLHOCTH
onpeneneHns KoopauHar.
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HauBonee 4acto TPYGHOCTM NpumMeHeHust AD BbI3BaHbl BLICOKOM
WYMHOCTBIO pabounx peXXMMoB OBBLEKTOB KOHTPOIS.

Mpn unamepeHun napameTpoB A3 MexaHUYeCKUEe LYMbl
npencraBnawT Haubonee pacnpocTpaHeHHbI W CO3AaloWNIA
CyliecTBeHHbIe Nomexun (hakTop.

MpakTuyecknii MHTEpPEC C Y4YEeTOM peanbHO WCNOoMb3yembixX
YaCTOTHbIX AnanasoHoB uU3MepeHua AD, npeacrasnsaior
BbICOKOYaCTOTHbIE COCTaRNsioWme wymMoB or 50 no100 iy,

OcobeHHocTr curHanoB AD npeabsBRsioT creaylwme OCHOBHbIE
TpeboBaHKA K U3MepuTenbHON annaparype.

MamepuTtencHblii npeobpasoBartens, Onoku o6paboTkv AOIHKHbI
BHOCHUTb MWHWUMAaNbHbLIE UCKaXEHWs B (POPMY CWUFHanNoOB, UMeTbL
BbICOKYI0 YyBCTBUTESIbHOCTb, 06napgarte MWHMMAanNbHLIM YPOBHEM
COGCTBEHHBLIX LYMOB.

[ng 60pb6Ll ¢ NOCTOPOHHKMM LWyMaMKU Heobxoanma YacToTHas M
aMnnUTygHas cenekuus curHanos.

B Kayectse UYyBCTBMTENbLHOrO anemeHta npeobpasosareneit A3
(NAD) Hanbonee wWUPOKO TNPUMEHSIOTCA MNLE303NIEeKTPUYecKne
npeoGpasoBareny. Hanbonbluee rMpuMeHeHne Halna nbesokepamuka
U3 UMpKOHaTa-TUTaHaTa cBUHUA, obnapaiouiasi GonbLMM 3HaYeHuem
MbE30MOAYINSA, BLICOKOW NPOMHOCTLIO Y CTabMMNEHOCTBLIO CBOMCTB.

B psge cnyyaeB HaxonaT NpUMEHEHWe cerHetrosa cofib, KBapL w
Apyrve nbesoasiekTpuyeckue Marepuansi [4].

AxycTuyeckan cBssb NAD ¢ usgenvem ocyulecTsnsietcss nmbo ¢
UCronb3OBaHNeM Knesi, MOO >KMOKOW SNOKCUAHOW CMOMNLI, Macna,
rnyuepuHa v gp.

Passusatowmitics nedekT M3Ny4aeT B OKPYXalOWWMA Marepuan
umnynbcbl AD, M3MepeHWe NapameTpoB KOTOPbIX € MOMOLLbIO
HECKOMbKO pasHeceHHbIX npeobpasoBareneil nossonseT onpegenvTs
MECTONONOKEHNE UCTOHHUKE. '

[nsa onpepenenun koopavHar Aedekra Hambonbuiee NpuMeHeHne
Hallfv BPEMeHHble MeToAbl FIoKauun, B KOTOPBIX UCROMb3YIOT
3aBMCMMOCTb BpPEMEHM Npuxofla curHana Ha pasHeceHHble
NPUEeMHMNKM OT KOOPAWHAET UCTOMHMKA.

Bo3aMOXHOCTL Ofnpegerienns KoopavHat [edheKToB ¢ NOMOLLbIO
orpaHuMyYeHHOro uyucna npeobpasosaTtenei, cTauUOHEPHO
PAacrioNOXEHHbIX Ha KPYNHOTaBGapuTHbIX OBGbLeKTax, SIBMSETCS! OOHUM
13 ocHoBHbIX AocTtouHcTB MeTogoe HK Ha ocHoBe AD.

CurHan AQJ, nopoxaaemblil gedopmauueil U paspylieHuem
TBEpPAOro Tena, npepacrtaBnseér coboi cnyuvanHbii Habop
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aKyCTM4ECKMX UMMNYNbCOB CNOXHOM (hopmbl. AQ npouece Ha BbiXxoge
npeoGpasoBarens npespalyaeTcsi B CyyaiHylo NocNeNoBaTeNbHOCTb
ocLuunnupyomx paguoumnynbcos. OCHOBHble NnapameTtpbl curHana
AD, wucnonb3yembie ANs OLEHKM NpoLecca pasBUTUS TpeluuHbl B
obbekre, criepyioLume [6, 71

CyMMapHbIii cyeT A9 N — uucno saperucTpupoBaHHbix BoiGpocoB
SIIEKTPUMECKOTO cUrHasia AD 3a Bpems perucrpaumm;

CKOPOCTb c4eTa akycTuyeckoir ammccum N — uyucno
3aperncTpupoBaHHbIX BbIOPOCOB curHana AQ B €OVHNLY BPEMEHU;

YUCNO MMNYNbCOB aKycTudeckon amucemu Ny — uncno
3aperucTpupoBaHHbIX UMAYNLCOB AUCKPeTHOW AD;

aKTUBHOCTb akycTtmyeckonm amuccuum Ny — yucno

3aperncTpupoBaHHbLIX UMNYNLCOB aKyCTUHECKON BMUCCUN 3a €ANHWLLY
BpeMeHU;

SHEprusA akycruyeckoil amuccumn Ens — akycTudeckas 3Heprus,
BbllensieMas WUCTOYHMKOM A3 U nepeHocuMass BonHamu,
BO3HUKaAIOWMMY B MaTtepuane;

aMnnuTyda curdana Ad U, — MakcMManbHOe 3HayeHwe curHana
AS. EnvHuua vM3MepeHns amnfmTyabl aKkyCTUYECKOro MMnynbca —
METP, ANEKTPUHECKOro MMNyNbCa — BONLT.

Ha puc. 1 nokasaHa WHTEHCMBHOCTb BOMH HaMnpsiKEHWI nepen
paspyiweHuem y4actka Tpybonposoaa [3].

/1 8 ] b4 2 mum
] T = ! I

-

N-10" Y unnjcax
Posagitoyue

5 1 i 1
2350 2404 2458 2512 2566 2620
Aadnewus, gynmixé, drodn

Puc. 1
MHTEHCHBHOCTL IMUCCHM BOSTH HANPSIKEHUTA
nepep, paspywienvenm yyactka TpySonposona
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Kak BngHO u3 puc. 1, MHTEHCUBHOCTb 3MUCCUMN SABNSAETCH
XapakTepucTukon, nossonswoWwen npeackasatb HacTynieHue
paspylieHns. '

Ha puc. 2 nokasaHsl napamerpst AJ npu WUCTILITAHUM COCYOOB
BbICOKOrO AaeneHus {4].

25 0. 15 pMNAG

. Puc. 2
3aBncuMocT akTuBHocTH N, YMcna uMAynbcoB N 1 YpoBHA U A3 npU NCnLITaHusX
cocyaa Aasnexms

KayecTseHHbIt BW3yanbHbili aHanua KpMBbLIX MOKa3biBaeT, 4To
Haubornee uHMOPMaATUBHLIM NapaMeTpoM Npu onpeaerieHun
npouecca paspyLeHns cocyaa BbICOKOro AaBfeHna siensetcs obuwee
yncno uMnynbcoB AD (cpeaHsas KpvBas Ha puc. 2). Ha npuseneHHov
3aBUCUMOCTU XOPOLLIO pasnuYaioTcst yqacTku, onpegenswolwme
cocTosHue cocyaa. [locTatodHO XOpOLWo MOXHO maeHThdMUMpoBaTh
CTagvio, HENOCPEACTBEHHO NPEALIECTBYIOWYIO PaspyweHuio.

3aknwunTenbHas CTagusa Xapakrepusyercsa onpeneneHHon
3aKOHOMEPHOCTbIO pOCTa uucna uMmnynbcoB A3 Mpu yBenMHeHuu
paBneHusa. BospacTaHue uqucsiia MMNYNLCOB Ha OTAENbHbLIX
MPOMEXYTOMHBIX YYacTKax HOCUT -ClyHaiiHbiA XapakTep u CBA3aHO ¢
OTHOCUTENbHO GbICTPLIM pasBMTUEM OTAENbHLIX JedeKToB, pasmep
KOTOPbIX He SIBIMSETCA KPUTUHECKUM /ANA KOHCTPYKLUA.

108



Mpn yeenuuennn pasneHns oauH wa nOedeKToB fJocturaer
CYBKPUTMHECKOTO pasMepa, NOCHe Yero NPOUCXOaUT nasvHOO6pa3HLIN
POCT, NepexoasLLuin B KatacTpoduieckoe paspytieHue.

LLinpokoe pacnpocTpaHeHne Ha npaKTUke LMKITMYeckuxX Harpysok u
CBASaHHbIE C HUMWN YCTaNOCTHbIE HaNPsXKEHUs AenalT YpesBbluaiHo
aKTyanbHbIM ucnonb3oBaHue AJ AnA oBHapYXeHWs U OLEHKM
napameTpoB Ae(PEKTOB, pa3BUBAIOLUMXCS MPU TAKMX Harpyskax.

Mpy UMKNNUECKOM HarpyXXeHUM NPOABNSETCS adhdekr Kaitzepa,
KOTOPbIA 3aKIIOYAETCsi B TOM, YTO B NPOLIECCE NOBTOPHOFO HarpyxeHus
NPONCXOAUT 3HAYUTENbHOE CHWXEHUe 3HeprM curHanos AD no
CPaBHEHMIO C 3Heprvei Npu NepBOM HarpyKeHWM.

Mocne OoCTMXEHUs NOBTOPHOIA Harpyskon MaxcuManbHOro
3Ha4YeHWs NepBOro HarpyXeHusi NPOUCXOAUT ckauykooBpasHoe
BOCCTaHOBNeHVe napametpoB AD [0 YpOBHSA, COOTBETCTBYIOLLENO
3TON MaKcumansHol Harpyake [5].

Ha puc. 3 nokasaHo nposenexve addekra Kanaepa.

4 .
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Puc. 3
Bdppexr Kaiisepa npu pacTsvkenvm obpasya:
a — nepBoe Harpyxenue;
6 — noBTOPHOE HarpyxeHve

OdbhexT Kaitsepa BHOCMT TPYOHOCTU NPV MCMONBL3OBaHUM AD B
cnyJyae LUMKINYECKOro HarpyKenus.

Mpy LIMKAVYECKOM HarpYKEHUU U (DUKCUPOBAHHbBIX napameTpax
uukna c y4etom sdpekra Kaiaepa A3 He QOMKHE BO3HVKATD.
bonee TwiarentHbie U3MEPEHUS BLISIBUNK Hanvume
HeBOMbLIMX CUCTEMATUMECKUX OTKMOHEeHUIA OT paccMoTpeHHoro
npouecca. PocT AD npu NOBTOPHOM HarpyxeHuM HauMHaeTcs
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HEeCKOMNbKO paHblle, a BOCCTAHOBMEHME NPEXHEro YPOBHA NPOUCXOANT
HECKOMNbLKO Mno3ke AOCTWKEHUA Harpyskoit ee MakcUmanbHOro
3Ha4eHUss NPU NEePBOM HarpyXeHu.

HaunGonee onepaTMBHO OGHApPYXWUTb YCTANOCTHbIE TPELUNHB
MOXHO N0 curHanam AD B NPOLECCe UMKITUYECKOrO Harpy>KeHust.

Mpamble sKCnepuMeEHTbl NOKasbiBaWT, YTO B npouecce
LUMKNUYECKOTO HarpyxeHust MOXEeT BO3HUKaTL 3HaumTenbHas AS [5].

Ha puc. 4 nokasaHbl TUNU4YHBIE pE3ynbTaThl perucrpauuu
WMHTEHCUBHOCTU AD NPU CUMMETPUYHOM LIMKITUYECKOM HarpyeHum
varnbom. B Havane HarpyxeHus Habniopgaetcs HM3KWIA U NPUMEPHO
NOCTORHHLIA YpPOBEeHb WHTEHCUBHOCTU. B mMOMeHT BU3yanbHOro
o6GHapyXeHUs1 BbiXo4a YCTanoCTHOW TpeliMHbl Ha NOBEPXHOCTb
obpasua MHTEHCUBHOCTL AD pesko Bo3pacTaeT. Ee BbICOKMIA YpOBEHb
COXpaHAEeTCsA BIUI0TL A0 paspylueHua obpasua.

Cxahn MOEPYIEHUR

) | Hadpes
!

SN s W,

¢ fumy na}.'

Puc. 4
TynMuHbIA pesynLTaTa perMcTpauu HTEHCUBHOCTM AD Npu LmMKinyeckom narube
HagpesaHHoro 06pasua

PasHnua Mexay IKCMepuMeHTarbHbIMA AaHHbiMU U addbekTom
Kaitzepa 06bsCHAETCA BO3MOXHBIMA MEXaHU3MaMu renepauvm AD npu
LUKIUYECKOM HarpyeHum.

O6Lwwein OCHOBOW TakuX MEXaHU3MOB SBNSIETCR HeobpaTtumblii
XapakTep M3MEHEeHWIA, HakansmeaeMbliX B CTPYKType marepuana npu
LMKMMUECKOM HarpykeHuW, YTO NpUBOAUT K RNepepacnpeaeneHuio
HanpsbkeHWin U co3fdaHuio ycrnosui ANA reHepauum A3 HOBbIMYK
obbemamy marepuana.
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Odpekt Kaisepa npvBoauT K pocTy TpeboBaHuii K YyBCTBU-
TENbHOCTY M NOMEXOYCTOAYMBOCTHM MCNONb3yeMoii annaparypsi [8].

B obwem cnyyae AD npepncrasnsieTcs HecTauuoHapHbLIM
Cry4aiHbIM NPOUECCOM, CrEAoBaTenbHO, ero napameTpol ABNSIOTCS
OyHKLMEN BpEMEHW.

Obwas noctaHoBka 3ajgayu CO34aHUA CUCTEM KOHTPONS,
ucronb3ylowmx A3, B cuny cnyvaiHocTu curHanos A3 u nomex,
CBOAWTCH K Knaccuyeckon npoueaype: oGHapyxeHue curHana Ha goxe
nomex; uwsMepeHue ero napameTpos. Bo3MOXHbIA pasmep
KOHTPONupyeMon rrowany onpenensier CrOKXHOCTb CUCTEMBI U ee
CTOMMOCTD [9].

N3 koMnpomuccHbiXx coobpaxeHuit obecneyenus
NOMExX03aLLMILIEHHOCTU N MMHWUMArbHOTC 3aTyxaHust curkana AD B
uccnefyemMom marepuane 4acTOTHbI AvanasoH npueMa CUrHanos
sbibpax 8 guanasoHe 0,1 — 2,0 MIMu.

B 3aBMCMMOCTM OT KOHKPETHbIX YCMOBWIA PacnpocTpaHeHUs
CcurHana, Hanuuyus NOMEeX U XapakTepucTuK MWCroNb3yemMoro
uamepuTensHOro npeoGpasosatens curHanoB AD pabouyio nornocy
yacToT BblbrpaioT Gonee y3akoi, ot 200 zo 300 «T.

AnnapaTtypa aKyCTUKO-3MUCCHOHHOW AMArHOCTUKM

MeTog aKycTU4EeCKol  SMMCCUN OTHOCUTCS K aKyCTUHECKOMY Buay
KOHTpONA M sABnsercs, B OTnuvune oT YNLTPasByKOBOro KOHTpONs,
NaccUBHLIM METOAOM B COOTBETCTBMM CO CXEMOW MNOnyyeHusi
uHcbopmauun. IT0 onpeaensieT CTPYKTYpy annaparypsl (puc. 5) n ee
napameTpel [7].

Annaparypa Ana AS cuCTeMbl CORQEPXUT:

npeobpazoBarenu A3;

npegsapuTenbHble ycunutenu (fpegycunuieny) M OCHOBHbIE
yeunurenu;

cpeacrBa mpgeHtudMKaumMn u o6paboTkM CUrHanos, BKOYas
noporoBbie YCTPOWCTBA, YCTPOWCTBA BLIAENEHUS U WIMEPEHUs
napameTrpos curHanos AD, ycTpoWcTBa perucrtpauuu u
npeacTaeneHus uHdgopmavuu (Gnokn obpabotkmn curdanos AJ);

KOHTPORIepbl.

B cocras annaparypsl AD MoryT BXoAUTH Takke Hecneumbuieckve
anemMeHTbl, Gnoku:

3BM;
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NMeeoSpazoaatenn PaguovasToTibie
A3 L300

16 MATHGTPANE CHOTEMHAID
e 5

4 Cn 4 (Mzpaueru-
L YeCkne
=1 cn ¥ BXOAL!

.- o e - UsHrpansusif

12 ” ApSUscCop

MpeaEapHTes wNbiE Curaansiuie
YeunHTenu npouescapsl

Puc. 5
CTpyKTypHas CXxema MHOTOKaHanbHOM AD CCTEMbl

" napaMeTpuMeckue kaHarnbl, nepegaioiue MHGOpMaUKIo O Harpyske
(naBneHun, ycunewun u ap.), Temnepartype v Apyrylo Heobxoaumyio
nHdopMaLMIo, CONPOBOXKBAIOLWYI0 AD KOHTPOMb;

CpeacTBa uaMmepeHMs BCOMOTaTerbHbIX NapameTpos;

KaHaribl cBA3m (paguo wunu TenedoHHbIe);

TenemeTpudeckue KaHanbl, a Takke pasfinyHoro poga
npucnocobnexus;

YCTPOICTBa KpenneHust akyctuieckux npeobpasosarenem;

kabenbHble NuHuY;

OaTuuKy permcTpaumm BeroMorarenbHbiX UsMYeckux BenuiuH u
Opyroe obopynoBaHme.

CoBoOKyNHOCTb a5eMeHToB: MNAD — kabenb, coeauHsiomi MAS ¢
npegycunurenem, — npeaycunutens —  Kabenb, COSOUHSIOWNA
npefycunuTer ¢ OCHOBHLIM OMOKOM, — OCHOBHOW YCUMUTENb —
6riokn npepBapuTenibHOW obpabotku A3 curHana — obpasyer A
KaHan.

HasHaueHve npeaycunuTensi 3akmovaeTcs B NpueMe curHana Ad
ot npeobGpasoBatens, NOArOTOBKE curHana Ans nepefaym B OCHOBHOW
6nok ansi AanbHeidwen obpabotku. [Npepycunutesib formkeH Obitb
aMeKTpuYecku corracoBaH ¢ npeobpasoBaterniem AD, ¢ KOTOPbLIM OH
coeaviHeH PaauoMacToTHEIM KabeneM AnvHo#M He Gonee 1...2 M. Lens
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TaKoro INeKTpUecKoro COFNIacoBaHUA 3aKITIOYAETCA B MaKCUMU3aLMN
nepegaBaeMon sHeprMu curHana A3 u obecrievenum yBENMUYeHus
OTHOLIEHUA curHan/iy™. [Ins yMeHbLUeHUsi aneKTpUYecKoi eMKocTH
uenwn, coeaunHsioweid MNMASD ¢ npegycunutenem, nocneawHuii uHorga
pasmeljaioT HenocpeacTBEHHO B Kopnyce npeobpasosatenis. B Takom
cny4yae npeobpasosaren A3 HasbiBaloT WHTerpanoHbiM, T. e,
MHTErpUpOBaHHbIM (COBMELLEHHBLIM) C NpeayCUnMTEneM.

B ocHosHoM Groke o6pabotku curHanos NPUMEHSIOT UncpoBbLIe
CurHanbHble npoueccopbl. OH obecneunsaer nonwyo obpaboTtky
curHana A9 — [ONONHUTENBHOE YCUIeH e, HacTOTHYI0 hunkeTpaumio,
ouncdpoBKY U BLIYUCNEHUe napametpoB AD curHanos.
Ocywectarisiiotcs Taloke Gytepusaums AaHHbIX 1 nepenaya ux yepes
marnctparnk CUCTEMHOrO MoAynst B Groku, KOTOpble CopepXar Taioke
uncgpoeele cCUrdHanbHble NpoUECCOopb U ABNSIOTCSH
MHTEeINEeKTYanbHbIMW KOHTPOMNepamMyu CUCTEeMHbIX moaynein. OHu
BbINONHEHb! B BZE Ne4aTtHLIX NNart, ycTaHaBNvBaeMbiX B CBOGOAHbIE
CIOTbI UeHTpanbHoi SBM.

MpuBopsl, KOTOpble UMEIOT BapUaHTL NOAKMIOYEHUS K OBM yepes
CTaHaapTHele napannenbHble MopThl, MO3BOMSIOT OCHaWaTh AQD
CUCTEMbI KOMTbIOTEPaMU B O6bIMHOM, NMPOMBILLIIEHHOM, NONEBOM WK
ManorabapuTHOM UCTIONHEHWM ¢ Ucnonb3osaHuem «Notebooks.

XapakTepHo# 0COBEHHOCTbIO annapatypsl A3 sBnsercs
HeobXxoaMMoCTb PaboThl B OTHOCUTENBHO GOMLLIOM AnHaMuIeckom
AuanasoHe W3MEHEHUA aMmnnuTy[ GUrHanoB, YTO o6yCRoBIEHO
BaXHOCTbIO ODHapyXeHusi eauHUYHBLIX curHanoes AD Manon
amnnuTyapl, a Take HeobXoauMOCTbIO PerucTpupoBaTh curHanbl AS
NPV YCKOPEHHOM pasBUTMM TPELUMH, ANA KOTOPbIX XapakTepeH
MHTEHCUBHbIN NMOTOK MMMNYNLCOB OTHOCUTENbHO GOMbLUMX amnnvuTygq,.
AvHamudeckuit avanasol curdasnos A Npu BLINOAHEHUN KOHTpoOns
MmoxeTt gocturate 100 b n Gornee.

HanGornee pacnpocTpaHeHHLIM CMOCOGOM BbiAENEHUst CUrHANOB
AD ¥3 LYMOB fBNISIETCA YacToTHas UnbTpaLus, npocTpaHcTBEHHAs
cenexkuus U amnnutyaHasa guckpummnHaums. B 6onsiumMHeTRe npubopoe
A9 MMeloTCs NMOporoBLie YCTPOHCTBA ¢ NOMOUIBI0 KOTOPbLIX CUrHanNG!,
aMnnuTyfa KoTOpbIX NpeBbilaeT NOPOroBOe HanpsikeHwue,
nponyckawTcs AnA AanbHeiwen o6paboTku; curHanbl ¢ MeHblueii
aMnAnTYaoN OTCEUBAIOTCS.

Mepen nposeneHem AD KoHTpons PEerynvpoBKoA NOPOroBoro
HanpsikeHns fobueatotcs, YTo6bi npubop He perucTpuposan curHansi
wymMoB. CurHansi, KoTopbie B npouecce KOHTPOMNA npeBbiaT
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FOpOroBLIit ypoBeHb, cumTaiotcsi curHanamu AS. OpHako Gonbluas
yacTb curHanoe AD oTceuBaeTcs, TepAeTCR 3HaunTenbHas
vHdopMauusl. AMNIUTYAHas AVCKPUMUHAUMA NO3BOSISIET BbIAENATbL
ToNbko Te curHanbt AQ, koTopbie 3HauuTenbHo (Ha 6...8 gb)
NPeBOCXOAAT ypoBeHb LWiymoB. CurHansl AD, ypoBeHb KOTOpbIX
6nMM3OK K YPOBHIO LLYMOB, TakUMK METOAAMU BbLISENATE HEBO3MOXHO.

MeToq, 4acTOTHOM (UNbTpaUMn HaunyJllve pesynbTartebl AaeT npu
BblAeneHun curHana A U3 MexaHW4eCKUX LIyMOoB. HacToTHbIA cnekTp
MexaHu4eckux yaapoe He npessbiwiaet 200 kI, crnekTp WyMoB TpeHus
pocturaer 1 MMy, Ha BbICOKMX YacToTax saTyXaHue ynbTpasBYKOBLIX
BOMH 3HAYUTENBHO, YTO OFPaHUYMBAET AanbHOCTL AEWCTBMA NPMGOpPOB
A3. Ha uacrorax 2...5 My aanbHoCTs geiictaus B o6beKTax U3 cranu
He NpPeBbLILLAET HECKOSbKMX AECATKOB CaHTUMeTpoB. B cBA3n ¢ 9TUM B
GonblumnHcTBe Npnbopos AD Avana3oH YacToT BuibpaH ot 20...100 kIy
0o 2...3 Mlru. Hanbonee pacnpocTpaHeHHsIM AnanasoHoM YacToT npu
AD koHTporne cocyaoB siensietcs auanasod 100...200 «l'y, a ana
koHTpona TpyGonposoaos 10...60 k',

Jns UCKMOYEHWUs SNEKTPOMAarHWTHLIX nomex npeanpuHuMalot
Mepbl NO SKpPaHWPOBaHWIO 3NEMEHTOB annapatypbl A3
(npeo6pasoBarenei, ycunvreneid v Ap.), CHWKEHWIO YPOBHS nomex
KOHCTPYKTUBHBIMM M CXEMHbLIMU peleHuaMu. OPDEKTUBHLIM
cpeactBoM 60pbGbl C 9NEKTPOMarHUTHLIMKU MOMEXaMu ABNseTcs
BbinonHeHve MAD u npeaycunutens no avddepeHuManbHOR cxeme.
B 6opnbe ¢ CeTeBbIMU MOMEXamMu, PacnpoCTPaHSIOLLMMUCS IO BO3AYXY,
VCMOMNb3YIOT 3anupaHue yCUnuTenen Bo BpeMa AeNCTBUS NOMEXU.

Ons UCKNIOYEeHUS aKkycTUYeCKUMX NOMeX, BO3HWUKaoWwx B
KOHTPONMUPYEeMOM OGBLEKTE, UCMOMbL3YIOT NpueMbl NPOCTPaHCTBEHHON
cenekuvn curHanos A nyTem GnokuMposku. KOHTporpyemylo 30HY
OKPYXaloT BCNOMOTarenbHeIMWU Aatymkamu. Jhobown curHan,
NpoXoasiuiA U3BHE KOHTPONUPYEMON 30HLI U MPUHATHIA STUMK
JaTyvkamy, BbidblBaeT cpabartbiBarme GnOKMPYIOWEro yCTponCTBa.
Ecnv u3BecTeH MCTOYHUK MOMEX, TO MHorga BOMM3KM OT Hero
YCTaHaBAMBAIOT BCNOMOTaTeNbHbIE [AaTyuK, KOTOpbIA 3anupaer
annapatypy, Ha Bpems feiicteusi nomexu. Hauboriee OCBOEHHLIMU
cnocobamMu BbiAErieHUs curHanoB AD SIBMAIOTCA NPOCTPAHCTBEHHaA
napamMeTpu4eckan U BpeMeHHas AuCcKpuMuHauma (Ctpobupoeatne).

Ons upentudukaumu curHanos AD NpPUMEHSAIOT cnocob,
OCHOB&aHHbIi Ha ocoBeHHocT™M (POPMbI curHana AD, npolleauero
yepes aKycTMHEecKWin kaHan. [ins wmnynbcoB A3 xapakrepHa Cesidb
MeXay 4ucriom Beibpocos N B COBBITUM N aMITUTYAOM Umax:
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Umax/! Unop = ekN,

fA€  Unpgp ~—— MOPOTOBOE HAMPsDKEHME,
k — koadduLMeHT NPONOPLUMOHANBHOCTH.

CurHanbl € OTHOCMTENbHO HEGONbLWUMM aMNNUTYLaMK, HO
6onblUMM Y4UCIIOM BLIGPOCOB XapaKTepHbl AN MEXaHUMECKMX WwymoB
B pesynbrare TpeHust U yaapos (obnacte 1, puc. 6). CurHanel ¢
GonbLuoit aMNAUTYAON U MarnbiM YUCNOM BLIGPOCOB BO3HMKAIOT, Kak
npaBumno, 8 pesynbrate BO3OEWCTBUA SNEKTPOMArHUTHLIX NoMex
(obniactb 11). UctuHHble curHansl AQ pacnonaratotest B o6nactu Il
[laHHoe cooTHOWeEHWE, a TaKkKe Apyrve CBsidau MEXOy napamerpamu
curHanoB A9 MOryT GbiTh MOMOXEHbl B OCHOBY PasfinyHbIX METO0B
BblAeneHua curHance AD U3 nomex.

N A
I
x /]
N=jln 2L
r/r Yen

—T

Vnax
Puc. 6

3aBHCUMOCTL YMCNa BLIGPOCOB B MMNYNLCE OT aMNNMTYAb! UMNYNLCA ATIA Pa3nUIHBIX
BMAOB CUTHAMOB:
| — oBnacTs MexaHUMEecKUX LLYMOB;
Il — ofinacTs SNEKTPOMAarHUTHLIX None;
It — oGnactb curianos A9

BuigeneHve cUHanoB O MECTOMNONOKEHMIO MCTOYHMKA LLMPOKO
NPUMEHAETCA B annaparype C onpefieneHneM KOOpAWHAT Mo pasHuLe BO
BPEMEHU npuxoda curHanoe Ha npeobpasosaterm AD. [AUcKpUMMHALIMS
No MECTOMNOMOKEHMIO Takke MOXET NPOBOAMTECH C WUCNOML3OBAHUEM
HanpaeneHHbIX aKycTnieckux npeobpasoeareneil AD.

OnHUM 13 OTHOCKTENBHO MPOCTO peanuayeMbix MeToaoB 6opbbbl ¢
lwymMaMn SIBMSETCss UCMONb3OBaHUE «NNAaBalLEro» noporosoro
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ypoBHA. OH 3aknmioyaercs B TOM, 4TO MNOPOroBoe HampsihkeHue
BLIGUPAIOT HeCcKonbko Bhilie 3(EKTUBHOrO 3HayeHua wyma. B
criyyae OTHOCUTENbLHO MEANEHHOro W3MeHeHusa 3PEeKTUBHOro
3HaAYEHUA Lyma TOPOTOBOE HanpsiKeHMe M3MEHAETCH, COoXpaHsas
YCTaHOBNEHHYIO NPeABapUTEnbHO PasHULLY 3THX HanpshKeHui.

B [6] npvBOOATCS Aa@HHbIE O TOM, YTO MMNYmbChl AD, Uarnyvaemble
TpewmHami MoryT GbiTb yBepeHHO OBHapyKeHbi [ins rasonpoBOA0B Ha
paccrosiHum Ao 100 m.

B [10] otMeuaeTcsl, YTO MocfiefHve AOCTWKeHns B paspaboTke
meTona AD NO3BOMAINT €O30aTb HAaLAEXHLIE CUCTEMblI OLESHKW
COCTOSIHUS! KOHCTPYKLMIA Cy[IOBOrO KOpRnyca.

B oTriMume OT CUCTEM C TEH3OPE3UCTOPHLIMY AaTynkamu meton AD
MO3BONSIET ONpeaenuTb KoopAuHaThbl TpelumH 6es npeasapuTENbHOrO
3HaHUS VX pacronoxeHus. B cratbe npusogutcs mHeHne LR o Tom, 4to
CUCTEMbI C MCTIOfb30BaHUEM MeToaa AQ MoryT BubiTe peKOMEeHAoBaHb!
B crnyyae MX npeuMylliectea B CTOMMOCTH. OHM MOryT GbiTb
WCNONb30BaHb! KaK YacTb 00Lei CUCTEMbI YNPaBNEeHUs PUCKOM.

B [11] npuBOAMTCA OnmMcaHve NMPUMEPOB uUCronb3oBaHua A3 Ans
KOHTPOJSs COCYA0B.

" Ha npennpusitum ¢ 1992 . nposefieHbl nenbitaHna 205 cocynos.

Mpu wcnbiTaHuax ¢ 1998 r. ucnonb3osanack cMcTeMa AMSY4
dupmbl «Vallen Systeme».

Ceityac metog AD Ha «KMpMLUHe(bTeOpI'CMHTeS» BKIHOMEH B 00WYI0
cuctemy HK npegnpustus.

B [9, 6, 12] npusoasTcA npvwlepbl npumeHeHus1 MeTofa AD ans
OoBHapyXeHUA YCTanOCTHLIX TPelWwH B SAEPHOW 3HepreTuke,
aBMALMOHHBIX KOHCTPYKLMAX, O0ObeKTax Xefie3HOAOPOXHOro
TpaHcnopTa, MarucrpanbHbiXx TpybonpoBojax, cBapHbIX
KOHCTPYKUMsIX. Kak oTMeuaetca B [12], B HacTosLiee BpeMst B AHITIUK,
SAnoHum, CLUA, Mepmarnm, Poccuit MMEIOTCH MHOTOYHKUVOHaTbHBIE
cucTemsl, paGoTaowue B peanbHOM MacwTtabe BpemeHu U
onpenensowue koopauHatbl AedekToB. Takue CUCTeMbI Takke
BbISIBASAIOT CKpbiTbie fedekTel Tuna pakoBuH, HENpoBapoB w
OLIEHMBAIOT OCTATOUHbLIN PECYypPC KOHCTPYKLMA.
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BuiBogbl

1. Metoa A3 Hallen npumeHenmne ans oBHapyXeHWUs1 yCTanoCTHbIX
TPELLNH B pasHOOBpasHbIX KOHCTPYKLMSX.

2. B Hactosiyee Bpems paspaboTaHbi MHOTOhYHKLMOHANBHbIE
8KyCTMKO-3MUCCUOHHbIE cUCTeMbi, paGoTaliue B peanbHOM
maclwrtabe BpemeHU K onpegensiowme KoopauHartel nedektos u
OLEHMBAIOLLIME OCTATOUHLIN PECYPC KOHCTPYKLMIA.

3. C yuyetoM paspaboTaHHbix MHOTOGhYHKLMOHaNbHbLIX aKyCTUKO-
SMUCCUOHHBIX CUCTEM MeTon AD MOXeT HaiTh NpUMeHeHue ans
oBHapyXeHUs YCTaNOCTHBIX TPELVH B CYA0BbIX KOHCTPYKLINAX.
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Martepuanb! U cBapka

VK 627.747.33.034:621.791.053.08

B.K. Bawaes, O.I1. Bunozpados, A.B. Huvun, B.Il. Jleonoe, B.IO. Dunur,
AM. Tamyxun, O.M. Cmapxos

ATTECTALMOHHbIE UCNbITAHUA CYROKOPIMYCHON
CTANMK MAPOK E36, E36Z MNMPOU3BOACTBA
OAO «CEBEPCTATb» U EE CBAPHbIX COEAUHEHU

BeepneHune

loBbIWEHNEe KOHKYPEHTOCHOCOGHOCTU OTEHECTBEHHLIX Cranei ans
rpaXXAaHCKoOro CyOCTPOEHMS 1 MOPCKMX COOpYXEHWW, Hapsay ©
ofecnevyeHneM COOTBETCTBYIOLIErO KayecTea, TpebyerT nposeneHus
aTTecTauMoOHHbIX MUCMNbLITaHUI B COOTBETCTBUM C COBPEMEHHbIMU
TpeboBaHMAMM U METOOMKaMK, MPUHATHIMK B MPaKTUKe OEsTeNbHOCTH
BEyLLIMX KraccudmKkaLmoHHbIX obluects, MexagyHapooHon accoumaumm
KnaccudykaumoHHbix obwects (MAKO) 1 Pocchiickoro MOpPCKOro pervctpa
cynoxoactea (PC). B cBsian ¢ 3TUM BaXKHOE 3HaveHve npuobperaer
onpefeneHne ypoBHS CheLuanbHbIX XapakTepUCTUK COMPOTUBIEHNA
XPYNKOMY paspyLUEHUIO CYAOKOPIYCHbIX CTanei NoBbLILLEHHOM NPOYHOCTY,
Havbonee LMPOKO WCMONb3YeMblX MPY CTPOUTENIbCTBE apKTUHECKUX
BypoBbix 1 AobbiBalowmX rnaropM, a Takke CynoB NIe4OBOO Kracca C
HeorpaHuyeHHbLIM parioHOM NaBaHus.

K 4ucny TakuMx XapaKTepucTuK, NOMUMO TpaAMLMOHHO
onpepensiemoit paboTkl yaapa, OTHOCATCA: KpUTUHECKas Temneparypa
BASKO-XPYNKOr0 MepexcAa — Temneparypa HynesoW MnacTMHHOCTU
NDT, onpegensemas no ASTM E 208 [1] u xapaktepuctuka
TpewmHoctoiikocTh CTOD — kpuTudeckoe packpbithe B BepilivHe
TpeulmHb, onpegensiemast no BS 7448 [2, 3]. CTOD onpenenserca ans
OCHOBHOrO METanfia ¥ 30Hbl TEPMWUUYECKOro BJIUAHUA CBAPHbIX
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coeaviHeHwii (3TB) npy MMHMMAanbHLIX Temneparypax aKcrutyaraumum
KOHCTPYKUMIA.

‘MNpaktuueckas LenecoobpasHocTb onpepenexus BblLLi€yKa3aHHbLIX
XapakTepucTuk obycrosneHa Tem, 4To, cornacHo yactu il «Kopnyc»
MpaBun knaccudmkaumm, nNocTpoikn U obopynosanmusi NBY u MCH
(Mpasuna PC) [4], a TakKke COOTBETCTBYIOLUM pasgenam HopMaTUBHbLIX
AOKYMEHTOB 3apyGeXHblX KnaccuduKaunoHHbIX obuecTs,
NPMMEHNMOCTb CTanu onpefeneHHoN TeMneparypHOi Kateropum Ans
MNBY/MCI1 orpaHudeHa no [onyckaemoit TorwmHe. lpumep Takux
orpaHu4eHuit Ans cranm kateropuin E u F npeacrasnex B Ta6n. 1.

Tabnuya 1

OrpaHuyeHns O TONUMHE ANA KOPNYCHLIX KOHCTpyxumuin NBY/MCN
corsiacHo Mpasunam PC

PacuetHas Honyckaemas TonimHa cranu kateropuit EH/FH, mm,
(MUHUMaNbHAs) no Kkareropusim anemextos NBY/MCI
Temneparypa CrieuvansHbie OCHOBHbIE BropocreneHHbie
skcrinyaraumm T, °C
-30 25/50 40/50 50/50
—40 15/40 30/50 45/50
-50 — /30 20/40 35/50

CornacHo 3TM orpaHuueHusiM, ANA HauBonee OTBETCTBEHHBIX U
Harpy>XeHHbIX 31eMEHTOB MOPCKUX COOPYKEHWIA NMPUMEHUMOCTL CTaNU
kareropum E B TonuwmHe 40 mm orpaHuueHa Temnepatypoii —15 °C, u
Aaxe cranu Kkareropum F — Bcero — 40 °C.

C y4yeToM riepcnekTMe cosgaHusi KOHCTPYKUMIA ANns wenbda
ADKTVKW U [arbHEeBOCTOMHBIX MOpel, e pacyeTHbie Temneparypbi
AocturaoT T,=—35...—50 °C, Bo3HWKaeT Heo6XxoauMocTb 6oree
AeTanbLHoro 060CHOBAaHWA MPUMEHUMOCTY KOHKPETHOTO marepuana B
CoCTaBe 3TMX KOHCTPYKUMA. Mpasunamu PC [4] snepshie ycTaHoBMNeHa
AononHuTenbHan npolenypa onpeaerieHns auanasoHa NpUMEHUMOCTH
CTanu no OonpeaeneHHbIM KpPUTEpUsIM XNafoCTOMKOCTU Ha CTaguu
aTTeCTaUMOHHbIX MCMbITAHMWA, YTO NO3BONSET UCMONb30BAThL
Marepuanel GONbWMX TOMUWMH, MO CpaBHEHWIO ¢ Tabn. 1, u
KONM4YECTBEHHO OLEHMBaTL NPUIOAHOCTL ATTECTYEMbIX MaTepuanos
ANA KOHKPETHLIX NPOEKTOB.

B HacToslei cTathbe NpencTaBneHbl pesyniTaTthl ATTeCTALMOHHBIX
UCTIbITaHWA CYAOCTPOUTENbHOW Cranu mapok E36, E36Z npouseoacTea
OAO «Cesepcranb» Ha TPELMHOCTONKOCTL U XNajJOCTOMKOCTb.
McnbiTaHna ocyLiecTBRSINMNCL aKKPeAUTOBaHHON [ occTaHOapToM W
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POCCUIICKUM MOPCKMM PErMcTpoM CyAOXOACTBa MCNbITaTeNbHOMN
naboparopueit «Mpomtect KM» ®MYT LIHAK KM «[Mpometeit». Opnob-
peHHble PC MeToamkv wCTbiTaHuii Ana onpepeneqnsi napametpos NDT,
CTOD [5, 6] rapMOH13VMpoBaHbI C 3apyGextbiMu craHaapramv [1 — 3].

1 XapakTepuCTUKK MCCrielyeMoro marepuana

Mepeyerb MCCMEAOBaHHLIX NapTUi MeTarvia NpeacTasneH B Tan. 2.
XyMUYecKk il COCTaB METaNa, NOMYYEHHOTO ANS UCCRENOBaHWNA, NpUBo-
avTcs B Tabn. 3, cTaHaapTHbIE MEXaHUHECKNE XapaKTepucTukv — B Tabn. 4.

Tabnuua 2
MepeueHb MccNeqoBaHHLIX NAPTHA MeTanna
Mapka| Mnaska | MMaprus, nucr TepmoobpaboTtka | TonuwwHa, Buget
MM nenbiTaHWA

E36 |ONn37443 |308: 18, 22, 29 3+0 25 CTOD o.m.
E36 ]3529571 467:1,2, 3 HOpManuaauws 40 CTOD o.m.
E36Z |Kn3s81215 695 —2 HOpManuaauus 40 CTOD 3TB, NDT
E36Z |KN381216 693 — 8 HOpManuaaLst 40 NDT
E36Z |KN193540 207 HOpManm3auma 40 CTOD o.m. u 3TB, NDT
E36Z |2I102737 513 — 18 . 3+0 32 CTOD o.m., NDT
E36Z j3N02737 5137 — 38 HOpManuaauusi 32 CTOD o.m. n 3TB, NDT
E36Z |KN203140 805 — 62 3+0- 40 CTOD o.m. n 3TB, NDT

Ta6nuuya 3

Xumuueckuii cocvas cyaoxopnycHon cranu, %

Mapka E36 E36 £36Z E36Z E36Z | E36Z E36Z
Temononm | 9CNY | SCML, |Konseptep| Konseprep|Konseprep| SCHL Koxseprep
Mnaeka [3N37443| 529571 | KN381215 | KN381216 | KN193540 [35102737] KN203140
(o 0,15 0,17 0,14 0,15 0,15 0,15 0,156
Si 0,20 0,33 0,34 0,40 0,22 0,22 0,37
Mn 1,37 1,31 1,50 1,51 1,38 1,38 1,37
S 0,009 | 0,007 0,006 0,006 0,005 0,006 0,006
P 0,010 0,010 0,008 0,007 0,009 0,014 0,012
Cr 0,05 0,06 0,02 0,02 0,04 0,07 0,08
Ni 0,03 0,04 0,02 0,02 0,01 0,09 0,04
Cu 0,05 0,07 0,02 0,02 0,01 0,16 0,05
Mo 0,007 | 0,016 0,002 0,004 0,002 0,012 0,002
v 0,092 0,057 0,004 0,004 0,002 0,003 0,010
Nb 0,03 0,005 0,047 0,037 0,040 0,029 0,027
Al 0,042 0,030 0,033 0,034 0,030 0,039 0,030
Ti 0,002 { 0,003 0,003 0,004 0,003 0,004 0,030
N2 0,012 0,011 0,010 0,012 0,009 0,007 0,009
Cie 0,40 0,42 0,41 0,42 0,39 0,41 0,40
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MexaHuyeckue CBOWCTBa CYZOKOPNYCHOMK CTany

Tabnuuya 4

Mapka cranu| E36 E36 E36Z | E36Z | E36Z E36Z E36Z2
TexHonorus acny | dCnLy | Kon- | Kon- Komn- acny Komn-
npou3BOACTEA Beptep | Beprep | Beprep Beprep
Homep nnasiu | BI137443 | 329571 | KN381215 § KN381216 | Ki193540 ON02737 | KN203140
Homep napmn 308 467 695 693 207 513 | 513T | 805
Homeprmcra|18, 22, 291 1, 2, 3 2 8 18 38 62
TonwwuHa 25 MM 40 MM |40 MM |40 MM | 40MMm | 32mm | 32mm | 40 mm
Mpegen Teky-[363 — 390§ 375 — | 383 375 | 360 — |375 —1358 _—| 425
yecw, Hiwa® 390 375 | 418 | 380
BpemenHoe [523 —555] 550 — | 534 544 | 525 — |540 —| 518 —| 530
COTIPOTHENEHNE, 555 545 550 550

Himm?

YanuHenue| 25 —31 |30 — 32| 34 30 |29 —31]28 —| 28 — 29
8s, % 32 3N

CpepnHee cy-| 39 —44 |48 — 56| 63 63 |61 —65] >60 >60 >60
KeHue Yy, %

MonoxeHue | Mpo- | None- § Mpo- fMone-f Mpo- fTone< Npo- ifloned Mpo- [Mone-| Mpo- one] Npo- iioned Mpo-{one-
npo6 Hajlpons-| pe+ [nons-| pes- aons-fpes-|gone-fpeu- laone-| pes- one-{ pes- faon-] pes-Jnone-{ pey-
yaap Hoe | Hoe | Hoe | Hoe | Hoe |Hoe | Hoe | Hoe | noe | Hoe | Hoe | Hoe ! Hoe | Hoe | oe | Hoe
Cpen-| 0° {223} 150 |210|132|241[173|224|196]181]176|240|207| 240 ]|180|206] 178
guﬂeg _|—-20°1 207 | 110 | 164{103|229|148| 226|194} 160] 155 |225|184]| 215 |147]|208] 142
ru ﬂp —40°1 177 | 100 }132] 76 {222|114|212]136{ 181 135/214]157|212]136]1901 121
ypapa,|—60°[ 152 54 1137} 61 1173185]158|115|122{ 52 |154{134|146|101[171] 82
ax,

npu

2 Mopsinok onpegeneHnsa Temnepatypbl NDT u nonyuveHHble
pes3ynLraThi

VcnbiTaHua BLINOMHAMYM Ha obpasuax tuna P-1 (360x90x25 mm).
Tun 06pa3uoB Gbi1 BLIGPaH, UCXOBA M3 TOMWMHBI UCCHEAYEMOro

meTanna (He MeHee 25 Mm).

Xpynkyio HannaeKky Ha oGpasubl BbINOMHANN SMEKTPOAAMM
npoussoactea LUHHUUA KM «[pomeTeit», naptusi KOTOpbiX npusHaHa
rofAHOW ANS XPYMKOM HannaBku NO pe3ynbraTtam MPOBEPO4HbIX
ucnbITaHuin o6pasuos npu Temneparype NDT+60 °C.
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[ns vcnbiTasuil ncnonb3oBanu BepTukasbHbIA konep co ¢sobogHo
nagaowmm rpysom maccoit 90 kr. BuicoTy noakema rpysa onpenensnu
B 3aBMCUMOCTWU OT Mpegena TeKy4ecTy WCCcrieayemMoro Marepuana u
TMna obpasuia.

OnpeneneHHbie 3HaYeHNA TemnepaTtypbl HYNeBON MnacTUHHOCTH
nucTosoit cranu (puc. 1), B LEnOM, COOTBETCTBYIOT Kareropuu, Ha
KOTOpYIO aTTecToBaHa nccnepgyemas crans no padore yaapa (—40 °C),
Wy nexar HwKke 3Tol Temnepartypbl. Crnegyer OTMETUTL RydLLYIO
XNafoCTORKOCTL MeTarnsia B COCTOSIHUM 1ocne 3aKarikv ¢ OTMYCKOM, No
CpaBHeHUI C HOpManuM3oBaHHbLIM.

Q —

NDT, ¢C ;’/
230
40—
7 %
-6 —
Tapria 695 693 207 5137 513 805
Tomipmarm 40 40 40 32 32 40
---- HOPMABIZALTHA ~—-----=- e 3+ O m
Puc. 1

Temnepatypa HYNesoW NiacTU4HOCTH
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Mo Mpasunam PC [4], ¢ n13amMeHeHnsIMK 1 JONOMHEHUSIMU COTTIACHO
bionneteHio Ne 2, Ans 9NeMEHTOB KOHCTPYKUWWA, OTHOCSALUMXCSE K
KaTeropun crneuuanbHbIX, QOMKHO BhINONHATLCA To>NDT pna Ton-
WmHbLE He Gonee 30 mm, T,>NDT+10 °C ans TonumHb cebie 30 MM.
o ykasaHHOMY KpUTEPWIO TepMUYECKM YnyHlieHHan cranb E36, E36Z
MOXET CHWTaTbCA NPUMEHUMON ANsi HaHHbIX ANEeMEeHTOB BNMOTb A0
To=—40...—45 °C, yto cooTBeTCcTBYET CheuuuKauusM Ha apKTu-
Yeckue KOHCTPyKuuwn. McknioueHne MOryT COCTaBNATb 3MEMEeHTbI
KOHCTPYKUMIA C AUHAMMYECKUMMN PEXMMaMN Harpyxewus, Ans
koTopbix MNMpasunamu PC [4] BeogsaTcs Gonee xectkue Tpebosanus, v
MOXET ObITb HEOGXOAUMbBIM NMPUMEHEHUE CTanu kateropum F.

3 ArtrecrauMoHHLle MCNbITaHuA no napametpy CTOD ocHoBHOro
meTasnna

B cooteetcTBUMM C AGWCTBYIOWMMM NpaBuUriamy NPOBEAEHUs TaKnx
ucnbiTaHun 3a BennyuHy CTOD npuHUMaeTcs ero 3Hadyenue,
COOTBETCTBYIOLlEE NEepBOMY MPOCKOKY TPEWwuHbl 10 AOCTUXEHUS
MakcMMmyMa Harpy3ku, Wnmn COOTBETCTBYIOLUEE MaKCMMYMy Harpysku,
€CIny 10 ero AOCTMKEHUA NPOCKOKa He NPOoK3oLLno.

Bripeska 3aroToBoK oz} 06pasibl OT SIUCTOB BLIMONHANACH U3 30HbI
nucTa, MakcumanbHO MpuUONMKeHHOM K 30He Bhipeaku oBpasuos Ans
onpefernenus paboTbl ygapa, pacnonoxenue obpasua — nonepek
HarpasneHus npokara.

MapamMeTpbl TPEUMHOCTOMKOCTU Onpesensnucb Npyu CTaTU4eckoM
TpexToyeyHoM u3rnbe npusmatMyeckmx obpasuyoB € Haapesom u
npefBapuTenbHO BblpallleHHONW U3 Haapesa YCTanoCcTHOW TPeLUMHOW
(tvn IV no INOCT 25.506-85), cM. puc. 2. UcnbiTaHusi nposogunn B
COOTBETCTBMM C TpeGosaHuamu BS 7448 p.1 [2], TOCT 25.506 [7] n
ASTM E 1290 [8]. '

Harpyxetve o6pasiia ocyilecTBISNOCH NPK NOCTOSIHHON CKOPOCTY
nepeMelleHns 3axBaToB MCNbITaTeNbHOW MalwwuHbel. Wcnbitanue
NPOBOAUNK B TEPMOKaAMEpE MU MOCTOSIHHON 3aJaHHOW TeMneparype,
KoTopas uamepsinack Tepmonapon B obpasue v nopoepxueBanach B
npouecce WUCNbITaHUSA € To4HOCTbIO +1 °C. [pu uchbITaHUM Ha
ABYXKOOPJUHaTHLIX cCamonucuax sanucbiBanach gvarpamma «<ycunue
— nepemelnenve -6eperos Hagpesa». [uarpamMma ucnonb3oBanach
AN u3MepeHus nepemelueHuit Geperos Hagpesa U Harpyskm aAnst
KPUTHUYECKMX TOMEK inarpamMMbl — TOYEK CPbIBA UM TOMEK JOCTWKEHUA
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Pue. 2
3ckus uarubHoro obpasua 4ns onpegenstHns napameTpoB CTAaTUHECKOR
TPELMHOCTOMKOCTH

MakcuMyma Harpyskv. Ha ocHOBe 3TuX [aHHbIX BbiYUCNANN
KPUTMYECKNE 3HAYEHUst PACKPLITUS B BEPLUWHE TPELLMHBbI.

VicnbiTannsl npoBogunu npy Temnepatypax ot 0 go —60 °C.
HarpyeHue ocyilieCTBNANOCH [0 CPbiBa Anarpammsl Uny, ecnv cpbisa
He 6bINoO, [0 AOCTWKEHMS] MakCuMyMma Harpyski. 3ateMm obpasey
aonambiBany ¥ usmepsnn 8 9-T¥ PaBHOMEPHO PAECONOXEHHLIX Mo
ToMuiMHe obpastia ceveHUsIX ATMHY UCXOOHON YCTANOCTHOR TPELWHbI 1
‘BENUYMHY CTATMYECKOro BA3KOro MoapocTta TpelwHbl, npej-
LLIECTBYIOLLErO XpYNKOMY paspyLLeHUIO.

CornacHo craHpaptam [2, 8], perucTpupoBanocb OAHO U3
CrieQyIoLMX KPUTUYECKUX COBLITUIA:

CpbiB Avarpammbl HarpyxeHust OO [OCTUXKEHWs] NnaTo Makcu-
MarnbHbIX HarpysoK Npyu BENUMMHE CTaTUYEeCKOro NoApOCTa TPELUMHD
menee 0,2 MM, 0bo3HaueHve namepeHHon BenuynHbl CTOD &;
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TO e, Npyu Gonbluei BenMunHe CTATUNECKOrO NoApoCTa TPeLUMHbI,
ob6osHayeHne — §;

AOCTMXEHWEe NMaTto MaKkcuMMalbHbIX Harpy3oK B OTCYTCTBUE
HecTabunbHOro paspylueHus, o603HavyeHue — CTOD Om.

MoXHO OTMETUTB, 4TO BO BCEM PacCMOTPEHHOM TemMnepaTypHOMm
AvanasoHe UcCreaoBaHHbIe MaTepuaribi UMEIOT JOCTATOMHO BLICOKYIO
TPELUMHOCTOWKOCTb, MPEBLILAIOLLYI0 TOT YpOBEHb, NPU KOTOpPOM
OKkasbLiBaeTc! BO3MOXHbLIM KOPPEKTHO OnpefenuTb W3BECTHbiN
«CMNOBOW» napameTp TpewuHocToNKoCcTM Kic (KpUTHuYeckoe
3HaveHne koahbULMeHTa UHTEHCUBHOCTM HanpsxeHun). Paseutuve
Gonbwunx nnacTuveckux gedopmaumii, npepwecTByOWNUX
paspylleHuio, 3acTaBnseT nepexoauts K «AedopMaLuoHHON»
XapakrepucTike TpeLMHOCTOMKOCTY, KOTOpPOK U sisnsietcs CTOD.

Pesynetatel onpegenenns CTOD pgns ocHOBHOTO Meranna
npenacraenedbl Ha puc. 3. [ins marepuana BCeX MCCNEAOBaHHLIX
nnaeok npu 7>—30 °C nonyveHHble sHaveHuss CTOD He 3aBucsT or
TeMneparypbl B CBSI3W C TeM, YTO MaTepman HaxoauTCs B MNOMNHOCTbIO
BA3KOM COCTOAHWUM, a U3MEepsieMON XapaKTepUCTUKON SIBNSeTCs
BenuuuHa dp,. lNpwu cHwkeHMn TemnepaTypsl pasBpoc JaHHbIX
BO3pacTaeT, 4To CBsi3aHO C peanusauueid Ha uvactm obpasuos
HEeCTaburIbHOIO paspyLEHUs C KPUCTANMYeckuM BUAOM Manoma. Kak
n B cnyyae ucnbitaHnii NDT, npu ucnuitaHusix Ha CTOD
AEeMOHCTpUpYloTcA Gonee BbICOKME NOKa3aTenM ANS TEPMUYECKM
YNy4leHHO! CTanu Mo CpaBHEHWIO C HOPMAanU30BaHHONW, YTO
OTpaxaeTcss Ha pesynbraTtax, NMPeACTaBMNEeHHbLIX Ha HWKHUX
ornbarolmx cornacHo puc. 3.

Cornacko MNpaeunam PC [4], ans snemeHTOB KOHCTPYKLIHA,
OTHOCALMXCA K KaTeropumn creumarbHbIX, Benmunia CTOD ocHOBHOrO
metanna gonxkHa Obite He Hwke 0,15 MM Ans TonuwHbl He Gonee
30 MM 1 0,20 MM ans TonwwmHel ot 30 go 40 mm. Mo yKasaHHOMY
KPUTEPUIO BECL UCTIbITAHHLIA Marepuarn okasbiBaeTCsi NPUMEHUMbIM
Ges orpaHumueHWit ANs pacyeTHbIX Temneparyp T,>—45 °C. Ecnm
AvdepeHLpoBaTL  MONyYeHHble Pe3ynbTaThi Afs UCCNEROBaHHbIX
Marepuanos no Buay Tepmudeckor o6paboTkv npokaTa, TO rpaHuLibl
NPYMEHUMOCTN MOFYT ObiTb paciumpeHbl. OCHOBHOM MeTann — cTanb
E36Z nocrne sakanku C oTnyckom o [AHHOMY KDUTEPUI0 MOXET
ycnelHo akcnnyaruposaTtbes A0 —65 °C, 4yTo npakTvyecku
NONHOCTbIO NepekpbiBaeT Becb [AuanasoH TemnepaTyp Ha
apkTuueckom Lenboge Poccun.
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g 3 Maptn
g ] 4 308, 3+0, 25 Mm
5 - @ 513, 3+0, 32 mm
CTOD. M, _ ' ¥ 805, 3+0, 40 MM
3 - & 467, Hopm., 40 MM
<& 207, HopM., 40 MM
& 513T, vopM., 32 mMm

min. CTOD = 0.21 1

I ! i ’ ]
40 - 20 0
—65 gna —45 gns Temneparypa, °C

Puc. 3
TpelmHOCTOMKOCTL OCHOBHOTO MeTanna

4 ArTecTaUMOHHble MCMbiTaHUA no napameTpy CTOD 30HbI
TepMUYeCcKoro BRUAHUA

MapameTpbl TpewnHocTonkocTn 3TB onpepensanu npu
CTaTU4ECKOM TPExToHeuHOM usrube oBpasloB TOTO Xe Tvna, 4To #
06pasLipl OCHOBHOIO MeTanna. LBkl BLINOMHAMM No K- nnw V-o6pasHoi
pasfjefnke C OQHOM NpPsiMON KPOMKOW, cBapkoW nog @iiocoM,
OQHOMYTOBbiM aBTOMAaTOM. BenuumHy TENroBNOXeHWs Npu cBapke
BbIGUpany MakcumansHon (30...35 k[xk/cm) WAM MUHMMAMBHOM
(6...13 k[bk/cM) M3 BO3MOXHOIO AmanasoHa npu csapke MCITIBY.
[insi cBapKV UCMONbL30Barnu Matepuarnsl, peacTasneHHsie B Tabn. 5.
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Ta6nuya 5
MepeyueHl uccneOBaHHLIX NAPTUA MeTanna

Mna.ka Maptus, CsapouHble Marepuarbt
amct
Huakoe Tennoernoxexme | Boicokoe Tennosnokenue
Kn3s1215 695-2 10HA, 04H2ITA,
SUMC-2011 PUMC-200
KN193540 207 O04H2I TA-LL, O04H2I' TA-LL,
48A0-51 48AP-51
aNn02737 513T-38 04H2I'TA, 04H2ITA,
PUMC-200 SUMC-20I1
Kn203140 805-62 04H2I'TA, O4H2ITA,
48A®-50 48AD-50

Wcnbitanus NnpoBOAUM B COOTBETCTBMM G TpeGoBaHuaMn BS 7448
[2, 3] v TOCT 25.506 [7]. TemnepaTypbl UCTbITaHMs onpeaensanuck
Mpasunamu PC (—30, —40 u —50 °C).

Tak Ha3biBaeMbIMU «LIENeBbLIMU CTPYKTYpaMu» SIS ucenegoBaHus
ABNANUCH CTPYKTYPHLIE cocTaBnsioume 3TB (puc. 4): kpynHo-
3epHUCTas CTPyKTypa BONM3M rpaHuLbl CHnaBreHWs W rpaHuua
AOKPUTUYECKU W MEXKPUTUHECKM HarpeToro OCHOBHOTO MeTanna,
YRaneHHas ot niHuy crinaenexus (GCHAZ n ICHAZ/SCHAZ boundary
B TepMmuHosiorum BS 7448, yto COOTBETCTBYET MNPUHATLIM Janee
0603HaYeHUsIM «n.c.» un «AanbH.»). OpueHTauus o6pasuos —
nonepex Wwea, Hagpesa — BOONMbL wea. CoBMecTHO ¢ oGpasiamm
U3roTaBnv1BanmM Makpownubl OT KaXgoro MCCNERYEeMOoro oTpeska
cBapHoro iusa. CornacHo 4yactu |l BS 7448 NpoBOAUSMOCDH
meTannorpacuyeckoe uccneaosaHue wnudoB Ans KOHTpons
MNPUCYTCTBUA UCCrieAyeMbIX y4acTkoB meTanna 3TB B UeHTpanbHOi
4actn (75 % TONWMHLY) ceveHWs oBpPa3sLOB, a TaKke n3MepeHue
TBEPAOCTU MEeTOAOM BuKkepca ANA pPacueTHOrO onpeaeneHus
Npeaenos Teky4ectTu uenesbiX CTPYKTyp. Bug wnudoB ceapHbix
COeIMHEHWUN, BLINOMTHEHHLIX NPU PasfUYHOW NOrOHHOW aHeprum,
nokasaH Ha puc. 5. [Ans wHaMBMAOYanbHON pasMETKu MONOXeHUs
Hagpesa 3arotoBku 06pasuoB nportpasnueany 10 % pacTeopom
a30THOWM KMCNOTBI.

Mocne 3aBeplieHusi u3roToBneHus o6pasuos npousBoaMnNoch
BbipalumBaHie YCTanoCTHuIX TPELMH NpU KOMHAaTHOW Temneparype,
NPy LMKNUYECKOM HarpyXeHuu C napametpamy, onpegensieMbiMu
corniacHo yactu | BS 7448. Tak kak ofpasubl Haxoounuch B
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Puc. 4
Patiorbl 3TB MHOMONPOXOSHONO CBapHOrO LWBa C OQHOR NPAMON KPOMKOA.
BeigeneHs: uccneayeMule y4acTk:
&) NOBTOPHO Harpethie MexkpuTveckue (1) n cyOkpuTyeckue (2) paiodbl 3TB ¢
KPYTHBIM 3EPHOM;
6) rpanHmla mexay paiionamn 3TB, HarpeTLIMU MEXKPUTHECKK U CYBKpUTUHEcKU

COCTOSIHMM nocne CcBapki v umenu BLICOKWIA YPOBeHE OCTaTO4YHbIX
CBapoOYHbLIX HanpsXeHwin, ans obecnevyeuus TpeboBaHUn no
NPAMONIMHEMHOCTN (DPOHTa YCTANOCTHOW TPEeLUUHbl TPUMEHSNOCH
GokoBoe obxarve cornacHo npunoxeHuio D yactu 2 BS 7448.
Mpoueaypa npoBeneHus vcrbiTaHui u pacdeta CTOD 6bina Toi
Xe, Kak ana obpasuoB OCHOBHOTNO Metanna. B pgononHexue, nocne
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Puc. 5
Bua MakpoLnuthoB CBapHLIX COBAUHEHNN:
a — HU3KOE TennNoBJIoXeHue,
6 — BbICOKOE TEIUTIOBNOXEHVE

UCNbITAHWI NPOBOAMNCR MeTannorpaduUUeckuin aHanma M3NOMOB
06pasLoB Ans NPOBEPKA HAXOXKAEHMNST UCCNERYEMOil MUKPOCTPYKTYpPb!
B LIEHTpanbLHoi 30He (hpoHTa TpeLLyHhb.

Paspeska ucnbiTaHHbIX 06pa3uoB W noacuyer npoueHTa
KPYNHOSEPHUCTON CTPYKTYPb BLINOMHANMCHL COMMNACcHO puc. 6.

lMocne nposeaeHms ucnbiTaHuii, o6mepos obpasyoB u
metannorpauyeckux WUCCNefoBaHMi Gbifik UCKIIOYEHBI U3
AanbHeWllero paccmoTpeHus 06paslbl, pesyrbTarbl MCMbITaHMs ans
KOTOPbIX 6bINM HEKOPPEKTHLIMU MO TEM WMNYU WHLIM fipu3HaKkam,
pérnameHTupyeMoiM craHgaptom BS 7448. Heobxogumo otmeTvTb,
HTO M3-3a CNOXHOCTU nonafaHuA ¢poHTa MCXOOHOW YCTANOCTHOWM
TPELWHBI B HAMEYEHHYI0 «UEneBylo CTPYKTYPY», CBSI3aHHOW C ee
Manon WupuHoOin (~0,3..0,7 MM) U KPUBOMMHEIAHOCTBIO peanbHoi
NUHUM CNNaBMEHNs C OCHOBHLIM METarnsioM, MPOLEHT BbiBpakoBKM
OKa3blBaETCA. [OCTATOMHO BbICOKMM: NPU U3IFOTOBMEHUM M3 MeTanna
KaXXaoh WccnefoBaHHON napTuu cranu okono 80 obpa3uoB Ha
12 BapuaHTOB yCROBWIA McnbiTaHuii (2 «Lenesbie CTPYKTYpPhI» X
2 TennoBrioXeHusi Npu cBapke X 3 Temneparypbl MCNbiTaHuiA) He BO
BCex cnyvasx ypanocb ofecneuutb Tpebyembie B HOPMaTUBHOM
AOKyMeHTauM 3 KOPPEeKTHbIX pesyrisTarta Ha BapMaHT WCTbITaHWiA.
XapaKTepHbiit BUA pacnonoxexus poHTa TpeluHbl B 3TB nokasax Ha
puc. 7.
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Puc. 6
MeTannorpacdu4eckoe NccnefosaHne nocne KchibiTaHus

a

gponm mpeuurnr 0

Puc. 7
. Pacnionioxexue (opoHTa TpelmHbl B 3TB:

a8 — HU3KOE TeMSIOBIOXEeHUE,

6 — BBLICOKO® TEIIOBROXKEHNE,;

| ~— «n.c.», | — «aanbH.»
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Pesynbrarbl ucnbitanuii Ha CTOD metanna 3TB uethipex nnaeBok
(cM. Tabn. 5) npeacrarneHbl Ha puc. 8.

10.0 ==
3 Bunst 3TB
1| © BT e
CTOD, mm - * HT, nc.
4 BT, pansH.
7 o= HT, pansH.
1.0 —

01

min. CTOD = 0.1 mm

00 I ' | ' |
- 80 - 40 - 30
Temneparypa, °C

Puc. 8
TpeLMHOCTORKOCTb 30Hb TEPMUHECKOTO BAVNSHMS

B oTHOWIEHWUM NonyYyeHHbIX Pe3ynsTaToB HEOBXOAUMO OTMETUTD:

Bonbioit pasbpoc AaHHbIX MO CPABHEHWMIO C pe3ynsTartamu Ans
OCHOBHOMO MeTanna, 4To SABNAETCA CNEACTBMEM NPUCYTCTBUS Ha
(ppoHTE TPELUHbl PA3NMYHBIX CTPYKTYPHBIX COCTaBNAOLWMX,
NPOTSKEHHOCTb KOTOPbLIX HOCUT CryYaiiHblil XapakTep;

cyweCcTrBeHHoe CHuxeHwe ypoBHA CTOD Mertanna 3TB no
OTHOLUEHWIO K OCHOBHOMY MeTasy, 0COGEeHHO SIBHO BblPa)KEHHOe rpu
CBapKe NPU BbICOKOM TEMMOBIOXEHUM;
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B uenom, Gonee Bbicoknit CTOD 3TB TepMmuyeckn ynydleHHOro
MeTanna (naptust 805-62) no cpasHeH o C HOPMAariM3oBaHHbIM, OQHAKO
HeBOonbLLIOKW 06bem [aHHbIX He NO3BONAEeT CAerath OKOHYarerbHble
BbIBOfbI.

CornacHo Npaeunam PC [4], kpuTepuit npuMeHUMOCTH MaTepuana
no napametrpy CTOD 3TB, aHanorMyHo OCHOBHOMY Metariny,
yCTaHaBnMBaeTcs B 3aBUCUMMOCTM OT  KaTeropuv 3neMeHToB
KOHCTPYKUMUM, NPOYHOCTVM Marepuana v ero TOMUWHbL. YuuTbiBas
HensbexHbll pa3Bpoc aaHHbIX, PerfiameHTUpYloTCA ABa Nokasartens:
Tpebyemoe cpepHee 3nayeHue CTOD u ponyctumbin €OUHUYHBIV
Bbinag — He Gonee 50 % ot Tpebyemoro.

Jnsi aNeMeHTOB KOHCTPYKLUWW, OTHOCSILUMXCH K KaTeropuu
cneuvanbHblX, ¥ npoyHoctu 36 (npepen TeKyvyecTh He MeHee
355 Mrla) B tonwuHe 40 mm HeoGxoAumo MonyuuTb cpeaHee
anaveHne CTOD He metxee 0,10 MM npu MUHUMaNBHOM 3Ha4YEHUWN He
Hwke 0,05 mm. Kak crienyert w3 puc. 8, ato tpebosatvie BbiaepxusaeTcs
po Temneparypusl —40 °C. OaHako cnepyer OTMETUTbL, 4TO
3HauuTenbHoro 3anaca no BenuumHe CTOD 3TB He Habropaetcs,
UYTO MNO3BOMSET CuYMTaTb OaHHbLI BUA MCNbiTaHWA Hawbonee
KPUTUYECKMM MO OTHOLIEHMIO K OMWCaHHLIM Bbille UCMbITaHWAM Ha
CTOD ocHosHoro metanna 1 NDT.

3aknoueHune

MNpoBeneHHbie arTeCTalMOHHbIE UCTLITaHNA CYAOKOPYCHOM cTanu
mapok E36, E36Z npoussoactea OAO «Cesepcrarniby 10 KOMNNEKCY
MOMYYEHHLIX XAPaKTEPUCTUK TPELUMHOCTOMKOCTM U XMagoCTOWKoCTH
NPOAEeMOHCTPUPOBAMNK BLICOKWE MOKasarenu conpoTUBMEHUs
paspyweHuio. B uenom, 3TW nokasarenu YAOBNETBOPAIOT
TpebosaHnaM PC K AONOMHUTENbHLIM BUAaM WUChbITAHWU
maTtepvarnoB, npepHasHa4yeHHbIX ANs CTPOMTENbCTBA MOPCKUX
TeXHUYECKUX COOPYXeHUNn Ha wenbde apKTUMECKuxX wu
[ansHeBOCTOMHbLIX MOpPEN.

BuinonHeHve npeabsensiembix [Mpasunamu PC tpeGosaHuid K
marepuany Haubonee HarpyXeHHbIX U OTBETCTBEHHbIX Y3510B
NO3BONSIET CYLECTBEHHO paclmpuTh obnactb MpUMeHeHUst npu
CTPOUTENLCTBE MOPCKOW TEXHWKU CTanu, W3roTaenveaemoi no
aTTecToBaHHbIM ¥ 0A00pEeHHbIM PerncTpoM TEexXHONOrnYeckuM
npoueccam.
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OrpaHnyeHus, BBOAUMbIE pekoMeHgauumsmm MAKO wu
TpeGoBaHUAMU 3apyBexHBIX KnacCUPUKaLMOHHLIX OBLWeCTB no
UCNoNb3oBaHWIO 3TOW CTanu NpW NpegenbHO HUBKMX PacHeTHLIX
TeMneparypax MOryT OublTb OGOCHOBAHHO CHATHI Ha OCHOBAHUM
BLIMONMHEeHHbIX WUCNBITaHUA. DTO JenaeT uenecoobpasHbiM
pacuinpeHne o06bLeMOB JQOMNONHUTENBbHbIX WUCMBITAHUI nNo
onpejeneHuto cneuuasnbHbIX XapakTepUCTUK CONPOTUBNEHUS
XPYNKOMYy paspylleHuio B  NporpaMmax CAAaTOMHbIX WCRLITaHUM,
MPOBOAUMBIX MOJ TEXHUYECKUM HabniofeHun Peructpa.
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VAK 669.14.018.041:622.242

B.A. Manviuescxkuii, T.I. Cemuueea, H.®. Bradumupos, E.H. Xnycosa

XNAQOCTOMKUE CTANU ANs CYQOCTPOEHUA
M MOPCKOW TEXHUKU

OcBoeHVE MECTOPOXKOAEHWIA YrMeBofopofoB Ha Liefkthe Poccuw
ABNSETCH BAKHOWM CTpaternyeckod sapave. B Hactosllee Bpems
BeeTCst CTPOMTENbLCTBO MOPCKON TEAOCTONKOW CTaunoHapHOM
nnargopmsl  «llpupasnomHas», passopaumpaioTca paboTot o
NOATOTOBKE K OCBOEHMIO MECTOPOXAEHUI YIMEeBOAOPOAHOTO Chipbsi HA
wenscde BaperHuesa v Kapckoro mopeit. Ha wenbge o. Caxanwu
sannaHvpoBaHa peanusauus Lenoro psaaa npoektos (Caxanuu-1 —
Caxanuu-6). B 6nuxanwei nepcnektuse 3to notpebyer
cTpoutenbcTBa ewe 12 — 13 nnargopM, NEAOKONOB, TaHKEPOB M
TPaHCNOpTHLIX CcyAoB, GeperoBoro TEXHONOTMYECKOro Kommnekca,
mocToB u gp. [1, 2].

Mo oueHKam cCneuxanucToB Camoi MEeTarnnoemKkon siBnseTcs
nnatdopma «lpupasnomuas» (100 — 120 Teic. T cranu), Ans
cTpouTenbcTBa e€e onopHoii vactu (keccoHa) Tpebyerca Gonee
70 ThiC. T CTany MOBLILIEHHOM U BLICOKOA NPOMHOCTM Kkateropuit D un
E, ONS OCHOBHLIX M CrieLManbHbIX KOHCTPYKUMIA BEPXHEr0 CTPOeHUs
npeanonaraeTcs UCMonb3oBaTb CTanu Kateropuit E u F. He meHee
45 ToiC. T CcTanu HeoOXoaumoO [nsi CTpOUTEeNnbCTBa TaHKEpPOB,
TPaHCNOPTMPYIOLWMX HedTe OT MecTa AobbluM A0 NNaBy4nx U
BeperoBbiX HedTeXpaHnnmLy, okono 50 TeiC. T — ANA NepeBaro4HbiX
6a3. MNpy 3TOM A0S NOCTABOK CTanM C YNyuWeHHOW CBapBaeMOoCTbIO,
KOTOpas B COOTBETCTBUW C HOBOV TEXHUYECKOW AOKyMeHTauuen
o6o3Hauaetcs Byksammn «CB», coctasnsiet 40 60 — 70 %, a xopowo
CBapyBaeMoOl CTanu CTOMKOI K CroucTbiM paspbiBam (06osHavaercs
Hykeoit «W») — 0o 30 — 40 %.

TpeboBaHus, NpeabsiBnNsAeMble K XNafgoCTOMKMM Mapkam cranu,
3aBUCSIT OT TWNA KOHCTPYKLMW, €€ HarpyXeHHOCTM v  BO3OeACTBUS
BHELLHMX YCIOBUA.

Okcrnyarauns MOPCKMX NeAOCTOMKMX nratcgopm Ha wenbde
ceBepHbiXx Mopeit Poccuu npeanonaraeTcs B KnuMarnveckux
ycnosuax, Gonee xecTkux, 4em aKcnnyartauus Hedreraso-
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AoGbiBalowwx nnargopm B CeBepHoM Mope B Hopserum mnu Mope
Bodopta B Kahage. 310 Huskue Temnepartypw (o —40 °C),
BETPOBOSIHOBbLIE Harpysku, BO3[AeWCTBME NbAOB W BO3MOXHAas
CeAcMUYecKas akTUBHOCTb.

B cBA3M ¢ 3TUM cTanu ANA TakuxX KOHCTPYKUWA [OMKHbI
obecneunBars:

BbICOKYIO COMPOTUBASEMOCTb XPYINKUM PaspyLLEHUAM NPU  HU3KUX
Temnepartypax ¥ OAHOBPEMEHHOM BO3JENCTBUU CTaTUHECKMX,
LIMKNUMYECKUX, AUHAMUMECKMX Harpy3ok B peaynkTaTe BO3feNCTBUS
BETPOBOMHOBbLIX HAarpy3ok, CeWCMMYEecKOW aKTMBHOCTW, BMbGpa-
UMOHHBIX Harpy3ok u3-3a paboTel Byposoro oGopyfaoBaHus NnaTopm;

COMpPOTUBMSIEMOCTL CMOUCTBIM paspyLUEeHUsIM Kak OCHOBHOIO
MeTanna, Tak U CBapHbIX COeANHEeHUI Npu AEeWCTBUN PacTArMBaIOLLIMX
HanpspkKeHuin B HanpaBAeHUN TOMLMHLI UCTA;

BLICOKYIO CBAPUBAEMOCTL, 06ECNenBaloLLYI0 BO3MOXHOCTL CBapKM
cranu 6es nogorpesa NPU MOHWKEHHBIX TEMMEPAaTypax OKpYXatoLLEro
Bo3ayxa (A0 MuHyc 20 °C) C Uenbld BO3MOXHOCTM MOHTaxXa
KOHCTPYKLMA B YCNOBMAX OTKPLITHIX CTanenei WMnM Ha MOPCKOM
wenste B npouecce cOoOpki;

ctanb, npegHasHayeHHasi ANA UCTNONb3OBaHUS B NENOBOM Mosice
MOPCKOI NefoCToNKoN nnartdopMbl, AoMkHa obhnaaaTe BLICOKOM
COIMPOTUBAISEMOCTBIO KOPPO3MOHHO-3PO3MOHHOMY M3HOCY.

1 Tpeb6oBaHusi K cTanu Ans oGecneyeHUs BbLICOKOTO YPOBHS
CBapuBaeMocTH

[Nokasavenamy cBapMBaeMOCTU SRMSIOTCSt OTCYTCTBME CKIOHHOCTU K
06pa30BaHUIO rOPSHMX U XOrOAHLIX TPELLVH, @ TakKe BOSMOKHOCTL MOsty-
YeHUsi CBapHOFO COEOMHEHMSs!, OGecneuMBaloLEro PaBoToCNoCOBHOCTL
npu TpebyembiX ycrioBusx okcrnyaraumu. LA CO3QaHUA XOPOLUO
CBapvBaeMOW CTanu repsoCTENeHHoe 3HaYeHne MMeeT CHWKeHUe
copiepxaHus yrnepona U SIEFMpYIOLMX 3MEMEHTOB, YXYALAIOWMX
CBapMBAEMOCTb B COOTBETCTBMM C hOpMYNaMu pacHeta YrepoaHoro
3KBMBareHTa U napamerpa TPEeLLWMHOCTOMKOCTY Npu caapke [3, 4]:
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