Pasgen 3 CynoBble aHepre TUYECKUE YCTAHOBKN, CUCTEMbI MYCTpoiicTBa

7. Sulligoi G, Castellan S, Aizza M, Bosisch D, Piva L, 4. R.D. Geertsma et al. / Applied Energy 194 (2017)
Lipardi G. Active front-end for shaft power genera- 5. McCoy TJ. Trends in ship electric propulsion. In:
tion and voltage control in FREMM frigates inte- Proceedings of the IEEE power engineering society
grated power system: Modelling and validation. In: transmission and distribution conference, vol. 1; 2002
Proceedings of the 21st international symposium on 6. Gemmell G, Mclintyre B, Reilly M. Is IFEP arealistic
power electronics, electrical drives, automation and future propulsion system for flexible frigates and de-
motion. Sorrento, Italy; 2012 stroyers? In: Proceeding of the 12th international na-

8. Wijsmuller M, Hasselaar T. Optimisation of the pro- val engineering conference. Amsterdam, the Nether-
pulsion arrangement in emergency towing vessels. In: lands; 2014.

Ship and boat international; September/October 7. Sulligoi G, Castellan S, Aizza M, Bosisch D, Piva L,
2007. Lipardi G. Active front-end for shaft power genera-

9. Barcellos R. The hybrid propulsion system as an al- tion and voltage control in FREMM frigates inte-
ternative for offshore vessels servicing and support- grated power system: Modelling and validation. In:
ing remote oil field operations. In: Proceedings ofthe Proceedings of the 21st international symposium on
annual offshore technology conference, vol. 3; 2013 power electronics, electrical drives, automation and

10. High-efficiency hybrid catapults MS Goblin to the motion. Sorrento, Italy; 2012
forefront in bulk carrier shipping propulsion, 2017, 8. Wijsmuller M, Hasselaar T. Optimisation of the pro-
https://www.danfoss.com/en/service-and-sup- pulsion arrangement in emergency towing vessels. In:
port/case-studies/dds/high-efficiency-hybrid-cata- Ship and boat international; September/October
pults-ms-goblin-to-the-forefront-in-bulk-carrier- 2007.
shipping-propulsion/ 9. Barcellos R. The hybrid propulsion system as an al-

11. Hybrid retrofit delivers 15% fuel saving, 2016, ternative for offshore vessels servicing and support-
https://www.danfoss.com/en/service-and-sup- ing remote oil field operations. In: Proceedings ofthe
port/case-studies/dds/hybrid-retrofit-delivers-15- annual offshore technology conference, vol. 3; 2013
fuel-savings 10. High-efficiency hybrid catapults MS Goblin to the

forefront in bulk carrier shipping propulsion, 2017,

REFERENCES https://www.danfoss.com/en/service-and-sup-

1 Review of Maritime Transport 2018, UNCTAG port/case-studies/dds/high-efficiency-hybrid-cata-

2. IMO. International convention for the prevention of pults-ms-goblin-to-the-forefront-in-bulk-carrier-
pollution  from ships(MARPOL) annex VI shipping-propulsion/

Consolidated edition. IMO; 2011. 11. Hybrid retrofit delivers 15% fuel saving, 2016,

3. Ko J, Jin D, Jang W, Myung C-L, Kwon S, Park S.
Comparative investigation ofNOx emission charac-
teristics from a Euro 6-compliant diesel passenger ca-
rover the NEDC and WLTC at various ambient tem-
peratures. Appl Energy 2017

DOI: 10.34046/aumsuomt99/16

https://www.danfoss.com/en/service-and-sup-
port/case-studies/dds/hybrid-retrofit-delivers-15-
fuel-savings

MEPCMEKTWBA PA3BUTUA N NMPOBJIEMBbI
ABTOHOMHDbIX T'PY30BbIX CYIOB

A.V. ENUXWH, KaHANLAT TEeXHUYeCKUX Hayk, foueHT

E.B.3apybuH, KypcaHT
B. C. Mauek, KypcaHT
E.l". NebegnHckuit

B cTtaTbe paccMoTpeHa npobieMa BHeipeHNS pa3paboToK KOHCTPYKTOPCKUX M TEXHUYECKUX PELLEHWIA B NiaHe
nepexoga K 6e33KMMNaXKHbIM CyjaM TOProBoro gioTa. PacCMOTPEHbI PEXMMBbI PaboTbl, KOTOPLIMU [O/MKHbI BY-
[yT 06nagath 6e33KMnaxHble Cyaa. 3aTpoHyTa NpobieMa npegnonaraeMblx aBapuid, KOTOpbIM 6yAyT noasep-
XKEHbI 3TV Cya U UX cTpaxoBaHus. OLeHeH npeanonaraemblii 06beM MHBECTULMIA B TEXHOOT MW UCKYCCTBEH-
HOrO VHTEN/EKTa B TeyeHue 6/vKaiLLmnx neT Ha OCHOBaHMM 0rpoca, NpoBeAeHHOro Navis. PaccMoTpeHa ogHa
13 OCHOBHbIX NP06eM, CBA3aHHbIX C aKcnnyaTaumein B3C - aTo ux 6e3onacHoCcTb. OxXuaaeTcs, YTo 3To 6ydeT
[OCTUTHYTO 38 CHET CHUDKEHWA YaCTOTbl HECHYACTHBIX C/lyyaes Ha 60PTY CY/0B, CBA3aHHBIX C «4eN0BEYECKUM
(hakTOpOM», NyTEM MPOCTOro YAaneHws akunaxei. [ins atoro 6bi1a NpoBefeHa OLieHKa PUCKOB, OCHOBaHHas
Ha 1CMo/b30BaHWUN [BYX3TanHOro aHasv3a, NnoAgepXXMBaemMoro MeTOLOM aHasm3a Ye/l0BeYECKOro (akTopa u
cuCTeMbI Knaccugmkaumm mopckux asapuii (HFACS-MA). Bbino npoaHanusmposaHo 100 MOpCKMX aBapuii ¢
yyacTmem 119 cygoB Ha OCHOBe 06LLIEJOCTYMHBIX OTYETOB O PACCNef0BaHUAX /1 pacnpefeneHmns KonmyecTsa
aBapwii Mo chazam peiica.

Kntouesble cnosa: 6e33kunaxHoe TOprosoe cyHo, aBapyisi, 6e30MacHOCTb, PEXXUM PaboThbl, CTATUCTUKA.
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DEVELOPMENT PROSPECTS AND PROBLEMS
OF AUTONOMOUS CARGO SHIPS

A.L Epikhin, Zarubin E. V., Makechek V. S. E.G. Lebedinsky

The article deals with the problem of implementing the development of design and technical solutions in terms
of the transition to unmanned ships of the merchant fleet. The modes of operation that unmanned vessels will
have to have are considered. The problem of the alleged accidents to which these ships and their insurance will
be exposed is touched upon. Estimated the volume of investments in artificial intelligence technologies over
the coming years based on a survey conducted by Navis. One of the main problems associated with the opera-
tion of UMS is considered - their safety. It is expected that this will be achieved by reducing the incidence of
“human error” accidents on board ships by simply removing crews. To this end, a risk assessment was carried
out using a two-step analysis supported by Human Factors Analysis and Marine Accident Classification System
(HFACS-MA). 100 maritime accidents involving 119 vessels were analyzed based on publicly available inves-
tigation reports to distribute the number of accidents by phase of the voyage.

Key words: unmanned merchant ship, accident, safety, operating mode, statistics.

O’kumaeTcs, 9TO MPOTOTHIIBI OCCIIIIOTHBIX
TOPTOBBIX CYJ0B OYAyT BBEACHBI B HKCILIYaTaIuiO B
6mxatimme roasl. OCHOBHAS MPHYMHA WX BBEICHH
OCHOBBIBACTCS HA TOBBIICHUH OC30IIACHOCTH MOpE-
IUTABAHMS, YTO JOJDKHO OBITh TCOPETHUCCKH JOCTHI -
HYTO 3a CUCT CHWIKCHHUA BIHAHHA «UCIOBCUCCKOIO
(haxTopa», 3a CUCT YCTPAHCHHUS SKHNAKCH Ha OOPTY.
C mpyroit CTOPOHBI, peakius OCCHUIOTHOTO TPYy30-
BOTO CYZHA HA Pa3HbIC BO3MOXKHBIC TPEAABAPHITHBIC
CHTYaIUH OCTACTCA HEONMPEACICHHOMN U IO CEH ICHB.

3a mociaeaHue TOIBI TEXHOJIOTHH MPOJBUHY-
JMCh 3HAYUTCIIBHO BICPCO W OIIBIT, HAKOIIJICHHBIH
TIPH HKCIUIyaTaIllMyd MAaJbIX M CPETHHUX OC33KHIIaK-
HBIX HAABOOHBIX W MOABOAHBIX anmapaTtoB, CyHIC-
CTBEHHO PacHIMpSACT rpaHUUbL. biaroxaps coBpeMeH-
HBIM TCXHOJIOTHAM B IOCICAHUC T'OAblI ITOABHIIACH
BO3BMOSKHOCTH Pa3padoTaTh OCCIHIOTHOS TOPTOBOC
CYZHO, CTIOCOOHOE MEPEBO3UTH I'PY3bl HA JAJNHHHC
PacCTOSHHA W JKE Yepe3 OKEeaHbI 0e3 IKUIaKa Ha
oopry. CuWTaeTCs, YTO NCPBBIC MOTHOCTBIO ABTO-
HOMHBIC O€33KHIIAXKHBIC TOPTOBBIC CyJa BOMIYT B
cTpoit B Ommmxanmmme 10-15 mer.

Cefiuac B pa3pabOTKEC HAXOOATCA HECKOJIBKO
IJ100ABHBIX IIPOCKTOB, HATIPABJICHHBIX HA U3Y4ICHHUC
KOHICIIHH dBTOHOMHBIX H ITOJTHOCTBRO OC33KHUIAK-
HBIX TOPrOBBIX CYA0B. B 1aHHOM Ciy4ae (B Teopun),
ABTOHOMHOC CYJHO MMECT IPSHMYIIECTBO HAA TOP-
TOBBIMH CYJAAMH C SKHITA)KAMH. 3TO CIIOCOOHOCTH pa-
60TaTh B OJHOM M3 TPEX CYIIECCTBYIOMHNX PEKUMOB:

1. MOMHOCTBIO MUJIOTHPYEMBII,
2. NUCTAHIUOHHO YNPABILIEMBIN,
3. MOJHOCTHEO ABTOHOMHBII,

[Nocnennuit paboumii peXXUM COOTBETCTBYET
YPOBHIO aBTOHOMHOCTH 5 (ALS5) o mikane Perncrpa
JLoiina, onpeacIeMOH CIICAYIOIIAM 00pa3oM:

«Hexonmponupyemas uayu peoxo KOHMpOTU-
pyemas onepayus, K020a peuieHus NPUHUMAromes u
@LINOJIHAIOMCA CUCIMEMOT, UMeemcsl 8 eudy 6030eii-
cmeue Ha ypogHe ece2o cyoHa be3 yuacmus ueio-
sexKar.

Cynmao OyAeT mepeMemaThCs B MOPE HITH OKE-
aHE AaBTOHOMHO C BO3MOKHOCTBIO €TI0 ICPECKIIFOUCHI
HA JWCTAHIMOHHOE YIPABJICHHE Yepe3 KaHAM CITyT-
HUKOBOH CBSI3U.

Ho crout mpuHITHE K CBEACHHIO, YTO OOIb-
IIMHCTBO OMACHOCTEH, OKHIACMBIX B PAMKAX 3TOTO
HCCIICIOBAHMS, CBSI3AHBI C YCIIOBEKOM, H BIHSIHHUC OT-
CYTCTBHS YCTIOBCKA HA PA3BHUTHE IOCICICTBHH aBa-
pHH, TO-BHAMMOMY, HE YUHTBHIBACTCS JOILKHBIM 00-
pazom. Hampmmep, W30BITOMHOCTH YEIOBEUECCKOTO
(akTopa ompemenseTcs KaK OCHOBHOE CPEACTBO
VMCHBIICHHS BEPOSTHOCTH aBAPHH, UTO MOKET OKa-
3aThCSI HCBBIMOJHHMBIM B HEKOTOPBIX CIYYasfX,
HANPEMED, MPH TOKApaX, KOTAA YPE3BbIMAITHO
CTIOKHO Pa3paboTaTh TEXHHUYCCKYI0 CHCTEMY, CIIO-
COOHYTO IIPEIOTBPATHTh WIIH YCTPAHUTH BCE BO3MOMK-
HBIC CICHAPHU BO3TOPAHMSL.

Kpome Toro, crpaxoBbie KOMIIAHAH TOBOJIEHO
CKENTHYECKH OTHOCATCS K Haee OCCHHIOTHBIX CY-
JoB. Cumraercs, 4To MOTPEOYIOTCS JCCATHUICTHS, a
HE TOABL, YTOOBI KOHIEHIHS CTAJNa ACHCTBYIOMCH U
FOPHIUYECKY TPUEMIICMOH, OJHAKO BO3MOKHA KO-
HOMHYCCKH OOOCHOBAHHAS AMBTCPHATHBA AJII MOD-
CKHX TIEPEBO30K HA KOPOTKHE PACCTOSHHSA B BHIC
(hopMHPOBAHUS KOHBOS C IMIIOTHPYEMBIMHE CY TAMH,
COTMPOBOXKIAFOIHMH ¥ OTCIICKUBAIOIIMMHA OCCIIH-
JIOTHBIC KOPAO H (YIPABICHAC TPYIIIOH CYI0B).

CormacHO OmMpoCy, MPOBSACHHOMY Navis,
83% PpECTIOHACHTOB OHIAOT YBEIHUCHUS CBOHMX
HWHBECTUIHH B TEXHOJOTHH HCKYCCTBECHHOTO HHTETI-
JCKTa B TCUCHHE CICAYIOIIMX TpeX JeT. bompmas
YaCcTh YYACTHHKOB TAKKE COTJIACHINCH C TEM, YTO
WU moxer OBITH 3aACHCTBOBAH B ABTOMATH3ALUH
MPOIIECCOB HA TPY30BBIX TCPMHUHAIAX.

[MpumepHo 56% 3asBUIAM, YTO OHH TOTOBBI
OO0 TECTHPOBATH TEXHOJOTHH, THOO IIPOBOAUTH HC-
CTICI0BAHHUS BO3MOKHOCTEH MCKYCCTBEHHOTO MHTEI-
nekra. TeM He MeHee, BIiepe Iy emé OUeHb MHOTO pa-
OO0THI W WCTIBITAHWH, MOCKOJBKY TOJBKO 11% moa-
TBEPAUTIH, YTO OHH YK€ HCIOab30Banu M B To# nmm
HWHOM CTETICHH B OTICPALMIX HA TCPMHUHAJAX.
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Paznen 3 Cyooguie snepeemuyeckiue ycmanosKy, CUCIMeMbl U yempoticmea

Cawmoii 60mpImoit mpoomemoii ¢ MU, mo 3asmsie-
HHFO PCCHOHACHTOB (68%), ABICTCS AOCTATOUHO
00JIbIIAsT HEXBATKA OIbITA MCTIOIB30BAHMS 3THX TEX-
HOJIOTHH - 3TO CYIICCTBECHHBIA HEAOCTATOK. I1pH 3TOM
OKOJIO TPETH 3aSIBHIHM, UTO HA JTAHHBII MOMEHT HE0-
CTAaTOYHO OTIbITA SKCIDTyaTanuy OC39KHIIAKHBIX CY-
JIOB, TOKA3BIBAOIIMX IIPSHMY IECTBA AJIsI OM3HECA, 110~
CKOJIbKY TEXHOJIOTHS BCE €€ OTHOCUTEIIBHO HOBAS.

W3 pocTynHO HA JAHHBIM MOMEHT JIUTEPA-
TYPBI B 0071aCTH OE33KUMAKHOTO CYJOBOKACHHS Ove-
BH/THO, YTO OJHOW M3 OCHOBHBIX IPOOJIEM, CBSI3aH-
HBIX ¢ 3Kkciuryatanueit BOC, senserca mx Oezomac-
HOCTh. OCHOBHAS apTYMCHTALNS B ITOJIb3Y UX BBEIC-
HUS - TIOBBIIICHHEC OC30MAaCHOCTH MOPCILIABAHIL
OxugacTcs, uTo 370 OYACT JOCTUTHYTO 32 CUCT CHH-
JKCHHUSI YaCTOTHI HECHYACTHBIX CIy4acB HA OOPTy Cy-
JIOB, CBSI3aHHBIX C «UCIOBCUYECKHM (PAaKTOpPOMM, IIy-
TEM IPOCTOTO yAaneHus IKumakeil. OmHako Ha ca-
MOM JIeNie 3KHIAK He OyJCT MOJHOCTHIO YJAJICH, a
CKOpee IICPEeBEICH B YIAICHHBIH LICHTP YIpAaBIe-
HHUSL. DTO MOSKET CO3JAaTh OMACHOCTH, KOTOPBIC CIIE
MPEACTONT HWACHTU(HIMpPOBaTh. Kpome TOrO, BCE
eIe HESCHA peakuus OCCHHMIOTHOTO CyJHA HA BO3-
MOHbIE aBapui. CTOUT OTMETHUTD, YTO B JINTEPATYPE
OTCYTCTBYIOT HAYYHBIC HCCICIOBAHMSI O BIHSHHUA
0€33KUNAKHBIX CYJ0B HAa OE30TMACHOCTD MOPCKUX He-
pesosox. OTACIBHOTO BHHMAHHA TPEOYCT TaHKEP-
HBIH (JIOT.

Uro0bl BOCHIOJHUTH 3TOT MPOOCT HIH, IO
KpaiHeH Mepe, YMEHBIINTD €T0, ObLIA MPEATIPHHATA
TIOTIBITKA TTPHMEHHUTh CHCTEMY OIICHKH O€30IacHO-
CTH, OCHOBAHHAS HA aHAaNMM3¢ OOJIee COTHH OTYCTOB O
MOpCKHX aBapwiax. Llemsio aHamm3a OBIIO OLCHHTH,
MPOU30ILIA OBl aBApHsA, ¢Cau OBl CyTHO OBLIO aBTO-
HOMHBIM H, ¢CJTH OBl OHA MPOM30MILIA - OBLIH OBl €
TIOCIIEICTBHA IPYTUMHE, €cu Obl Ha OOpTY HE OBLIO
HHUKOTO, KTO ObI UM HMPOTHBOACHCTBOBAIL

OrcHKa OCHOBAHA HA HMCIIOJIb30BAHHUH JBYX-
3TAIHOTO AHAIN3A, TIOJACPKUBAEMOT0 METOIOM aHA-
JM3a YEeJIOBEYCCKOTO (paKTOpa W CHCTEMBI KI1accu(u-
kanuu Mopckux asapuii (HFACS-MA), u npocroi
MPOBEPKH MOCIEACTBHI. B TAKUX paMKax H3y4ar0TCsa
HMCIOIIHECS OTUETHI 00 aBAPHIX B OTHOIICHHUH IIPH-
YHHBl ABAPHU M €€ mociaeaAcTBui. [lepBbiM mIarom
OBLI0 OLCHUTD, ObLTAa OBI aBapwusa O0Jce (MIH MCHES)
BCPOSITHOH, ecm OBl PacCMATPHUBAEMOE CYJHO OBLIO
ABTOHOMHBIM (BOIIPOC O BEPOATHOCTH aBapum). Ha
CIICTYIOIIECM JTalle, YIUTHIBAS, UTO aBAPHS ACHCTBH-
TEJIFHO MPOU30ILIA, OYAYT JIM €€ MOCISACTBHS ApPY-
THMH (BOIIPOC O BO3MOXKHBIX MOCIEACTBHAX). UTOOBI
OTBETHTb HA 3TH JBA BOIPOCA, HCIIOIb3YETCS CIIEIy-
FOIIAs KAUYECTBCHHAS IIKAIA:

1) orcyTcTBHE BIMSHUS

2) ©0ojce CHILHOC BIMSHHC HA BO3HUKHOBCHHC
3) MCHBIIEE BIMSAHUC HA BOSHUKHOBCHHC.

[NomyuyeHHBIC PE3yIBTATHI MOKA3BIBAIOT, YTO
ecym Oe33KUIAKHBIC CyJa OYAyT BBEACHBI B 3KCILTY -
aTanyro B COOTBETCTBHY C YPOBHEM ABTOHOMHOCTH 5,
MBI CMOKEM OJKHIATH MCHBIIETO KOJMYCCTBA THITHY-
HBIX MOPCKHX aBAPHH, CBA3AHHBIX C «UCJIOBCUCCKAM
(hakTOpOM», OTHAKO HET HHUKAKHX IPEIIOCHUIOK
O’KHIATh, UTO HMOCJCICTBHS MMOTCHIHAILHON aBapun
Oynyt Hmke HaOMFOJaeMbIX. B Hacrosmee Bpems
OIICHKA OC30MIACHOCTH HE YIHTHIBACT (DAKTOPBI, KOTO-
pBIE HE BO3HHKANH B CYOOXOOHOU ompaciu B MPO-
IIJTOM - TAKAC KaK KHOSPIHPATCTBO HITH KHOCPTEPPO-
pH3M.

Ecmm 310T (hakTop MMeeT MeCTO OBITH, TO OH
MOYET IPUBECTH K 00JIEE Pa3pyIIUTEIbHBIM MOCTE-
CTBHSIM, KOTOpBIC CYHIECTBEHHO MOBIILIIOT Ha 0€3-
OTIACHOCTH IUIABAHHWS ABTOHOMHBIX CY/IOB M BOCIIPH-
STHE UX OOIECTBECHHOCTBIO.

Or4ersi 00 aBapusix

B cBs13u ¢ mpoaomkaronmmMes 00Cy KICHHEM
TOTO, KAKUM 00pa30M OCCITUIOTHBIC CyAa Oy ayT (pak-
THYCCKH JKCIUIyaTHPOBAThCS, MbI MPEAIONIATacM,
4YTO OHH OyAyT PadOTaTh B ABTOHOMHOM PEKHME BO
BpPEMI IIEPEX0a Yepe3 OKEAH 0 OIPEICICHHOTO MO-
MEHTA MEpEe OAX0A0M K HOPTY, Tae Oeperosoii omne-
parop BO3bMET Ha ceOsl yrpasiacHUe. TOYKa MOAKIIO-
YCHHUSI K ONEPaToOpy MOKET BAPHHUPOBATHCS I Pa3-
HBIX TIOPTOB HJIM PEHCOB B 3aBUCHMOCTH OT OJKHIAc-
MOTO Tpamka, CIOKHOCTH YCIOBHH OKPYKAIOMICH
cpeapl M T.J., HO MOXHO OXWIATh, YTO CYyJOBIA-
JETBIBI 3aX0TAT IKCILUTYATUPOBATh HX B ABTOHOMHOM
PEeKUME KaK MOSKHO JOJIBINE, YTOOBI HCIOIBH30BATh
BCC BOBMOKHOCTH 3KOHOMHH JICHCKHBIX CPEICTB.
UroOb!I yUecTs 3TY HEOIPEAEICHHOCT, MBI IIPETIO-
JIaracM, YTO PACCMATPHBACMOC CyIHO Oyaet pabo-
TaTh ABTOHOMHO JI0 TOTO MOMEHTA, MOKA OeperoBoH
OTIEpaToOp MPUMET YIPABJICHHUE HA CeOS B PEabHOH
ormeparuu. TakKe MPU3HACTCS, YTO OyAyIue Oecm-
JOTHBIC CyAAa BBIHYXICHBI OyAyT OCTaBaThCsl HA
SIKOPHOH CTOAHKE (peiie), HapUMEp, WU3-3a HEBO3-
MOYKHOCTH TIOCAIKH HA OOPT SKHUIAKA B HETIOTOY.

B mpeacTaBneHHOM HCCIIETOBAHHH MBI IIPO-
ananusupoBamu 100 MOpCKHX aBapuili ¢ y4acTHEM
119 cynoB Ha OCHOBE OOINETOCTYIHBIX OTHETOB O
paccrenoBanmsXx. OCHOBBIBASICH HA OKHIACMOH
MPAKTHKE SKCIUIyaTAWH ABTOHOMHBIX CYIOB, MBI
0TOOPAIH TOJBKO aBAPUH, MPOU3OMICIIIHIE BO BPpeMs
TEX OTPE3KOB Peiica, KOTOPhIE C HAMOOIBIICH BEpPO-
STHOCTBIO CTAHYT OC33KHIAKHBIMH B OyIyIICM.
HecuacTHsle ciyyau, MPOM30IIEANIHE HAa APYTHX 3Ta-
max pekca (HampuMep, MPH IIBAPTOBHBIX OMEPALIAX
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JkcnayaTauma mopckoro TpaHcnopTa. 2021, Ne2

UK 3aX0fax B MOPT), He OTHOCATCA K AaHHOMY WC-
CNefoBaHMIo, TakK Kak He YAaeTcs yCTaHOBUTb CBSA3b
MeXay 3Tanom peiica M 06CTOATENbCTBAMU MPOMUC-
WwecTBus. PacnpefeneHne KoNMuuecTBa aBapuii no

jTanam peiica, Ha KOTOPbIX OHU NMPOU30LL/N, U Mpe-
obnagatouine ycnosus npusefeHsl B Tabnuue 1.

Ta6nuua 1- PacnpefeneHune Konu4ecTsa aBapuii no gasam peiica, Ha KOTOPbIX OHW MPOW30LLN

NoumaHckas MonGpexHas
Tun aBapun nposogka fo pubp
HaBurayms
npuyana
Mocagka Ha Menb - 32
MMoxap, B3pbIB 3 9
CToNnKHOBEHME - 16
3aronneHue - 7
MoTeps ocTouYnBOCTYH 1 2
MMoBpexaeHune rpysa - 2
MoTeps  CTPYKTYpHOR 1
LieNnoCTHOCTH
[MoTeps nnasyyecTu - 1

OT4yeTbl 06 aBapuax 6bINN MONYYEHbI U3 CNe-
OYHOLWMNX NCTOYHNKOB: ABCTpPanninckoe 60po TpaHc-
nopTHON 6e3onacHocTu, CoBeT NO paccnefoBaHUiO
aBapwii Hopserumn, Mopckue Bnactu JaHuun, EBpo-
neickoe areHTCTBO Mo 6e30MacHOCTM Ha Mope, Cyfo-
BOIN permcTp octpoBa MaH, AnoHckoe 610po TpaHc-
nopTHoM 6e3onacHocTu, OTAeNeHne No paccneaosa-
HUI0 MOPCKMX aBapuii B BenukobputaHum, depe-
panbHoe 61OPO MO paccnefoBaHW0 MOPCKWUX aBa-
pwii B FepmaHnn, Mopckoe ynpaBneHne baramckmx
ocTpoBoB, lMpasutenscTso CreynanbHOro agMuUHuU-
CTpaTUBHOrO paiioHa MoOHKOHT, CoBeT No 6e30nacHo-
CTW Ha TpaHcnopTe KaHagbl.

B pesynbTaTe mpoaHann3MpoBaHHbIX aBapuil
63 4yenoseka noru6nu, 28 4Yenosek MNONYYUIN
TpaBMbl. B 3TO uMcno BXOAAT cnacaTenn, nofy4yus-
LIMe paHeHNs nav nornéLne Npyu oKasaHUM NOMoLL K
MOpsikaM, HaxoAAWMMCS Noj Yyrpo3oil ncuyesHoBe-
HUA. Tpu cnyyas NpuBenu K Cepbe3HOMy Yliepby
OKpyXatolLei cpese. Mbl BKAKOYAAN B Hall aHann3
aBapuu Kak rpysoBblX CyAoB, TaK U 60NbLINHCTBO
apyrux Ttunos cypos (napombl Ro-Ro, Mopckue
BCMOMOraTte/nbHble Cyfla) TO/IbKO B TOM C/lyyvae, ecnu
TUM CyfHa He 0Kasa/i 04eBMAHOIO B/IUAHUA HA BEPO-
ATHOCTb WU MOCNeAcTBMA cobbITUA. B aBapuax
6blNn 3a4eliCTBOBAHbI Cy/a Ba/0BOA BMECTUMOCTbIO
oT 182 po 170 794 perncTpoBbiX TOHH. OHKU Nponso-
wnn B nepuof ¢ 1999 no 2015 roga B pasnnMyHbIX
reorpauyeckux pernoHax, Xors 60nbLas 4acTb no-
Cafikm Ha Mmefnb npousowna B Bogax CeBepHON EB-
ponbl, @ CTONKHOBEHUS - B KuTaiicKoM Mope, npuyem
nepeoe MPOM30OLLNO0 C y4yacTUeM 3aMeTHO 60AbLIOro
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OkeaHcKas OrpaHunyeHHas MorogHble
HaBurauus BUAMMOCTb ycrnosus

- 2 7

n - 2

3 9 4

2 - 5

3 - 5

2 - 3

1 - 1

KonmyecTBa KaboTaXHbIX Cy[0B, YKOMMIEKTOBaH-
HbIX He6OMbLW MMM 3KMNaXxamm U3 7-8 yenosek. Oco-
60/ 3aBUCMMOCTW MeXJy BO3pacTOM CyfAHa W BEpO-
ATHOCTLIO €ero nonafaHusa B MOPCKYIH aBapuio He
Habnoganocs.

W BCe e ofiHa U3 caMbliX 60/bLWINX NpobieM ¢
aBTOHOMHbIMU cyfaMu (He y4nTbiBas 6e30MacHOCTb)
- 3TO 3KOHOMMYecKas cocTasnatowas. OrpomMHoe Ko-
NNYECTBO TEXHONOTUIA, HEOBXOAMMBIX ANA BHeApe-
HWA TEXHONOTNA NONHOCTbIO 6E33KNMaXKHOTo CyAHa,
oboipgetcs Hegeweso. Hanpumep, cygHo Yara
Birkeland (cgaHo 30 Hos6ps 2020 roga) oueHMBaeTCA
NPMMepHO B 25 MUNNIMOHOB f,0/11aP0B, YTO B TPM pasa
60/blle, 4eM KOHTENHepoBO3 aHa/loOrMYyHOro pas-
mepa. bonee Toro, NOCKoNbLKY Ha 60pTYy HUKOTO HET,
Takue cyfa MoryT CTaTb /1erKoli MULWEHbI0 ANs nupa-
ToB. ONMpaschb Ha NOMyYeHHbIE CBEfEHMNS, NEPCneK-
TWBA 3aMeHbl FPY30BbIX CYA0B C 3KMMNaxXamMy Ha nos-
HOCTbO aBTOHOMHbIE CY/la JOCTAaTOYHO TYMaHHas, HO
C KaXAblM TOOM YYeHble U UHXEHepbl pa3BmBaloT
3Ty OTpachb, cTapascb y4MTbIBATb BCE HEJOCTATKM U
BO3MOXHbI€ PUCKMN.
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BOCCTAHOB/IEHVE AETANNEN MALLUVIH METOAOM BUEPOHAKATbLIBAHUA

P.l. Ay6poBKH, KaHAUAAT TEXHUYECKUX HayK

B.H. TanamaHoB, KaHAWLAT TeXHUYECKUX HayK, JOLEHT
[".J1. Ko3eHKoBa, JOUEHT

B.A. Ko3eHKOB, CTapLumnii npenogasaTenb
E..JlebeaunHckuii

B.B. LLIkoga, KaHAnAaT nefarornyeckux Hayk, LOLEHT,

Havi6onee coBepLUEHHbIM 1 YHUBEPCAIbHBIM METOOM 06pa30BaHWA PEryNApHbIX MUKPOPENbedOB B HACTOS-
LLiee Bpemst ABNISieTCS pas3paboTaHHbIii npodeccopom JIMTMO HO.I™ LLHeiiaepoM MeTog BUBPaLIOHHOTO HaKa-
TbIBaHWS, OCHOBaHHbI HAa TOHKOM MIaCcTMYeCKOM Ae)OPMMPOBaHNM NOBEPXHOCTHBIX C/I0EB METaNa 1 CnoXx-
HOM OTHOCUTE/IbHOM MepemeLLieHny 06pabaTbiBaeMoli MOBEPXHOCTY 1 fehOPMUPYIOLLETO 3nemMeHTa. BubpoH-
aKaTbIBaHWe [/19 BOCCTaHOB/IEHWS Pa3MepPOB feTasleld OCYLLECTBNAETCS 3a CHeT 06pa30BaHWs BblAaBIEHHbIX U3
KaHaBOK Han/bIBOB Npw CO3[aHNM CUCTEMbI KAHABOK. B 3TOM C/ly4ae OCHOBHbIM MOKasaTesieM npovecca 6yaet
M3MeHeHVe pasMepa C COXpaHeHVeM UCXOAHON TOYHOCTH. B HOMeHKNaTypy napameTpoB M XapakTepUCTUK Ya-
CTUYHO PerynapHbIX MUKpPOPenbeqioB BKIOUYEHA OTHOCUTE bHAA NNOLLAAb, 3aHUMaeMas PerynsipHbIMA HEPOB-
HocTAMM - Fh. MapameTp FhnpeacTasnseT co60ii BblpaXeHHOe B MPOLEHTHOM OTHOLLIEHWW NAOLLAAN 3aHUMa-
€MOM1 perynapHoO pacrnosoXeHHbIM HEPOBHOCTAMM K MoWaan obpabaTbiBaemoil noBepxHOCTU. Ecin onpege-
NATb NapameTp Fh Ha nnowiagke pasmepom T*2A B rpaHuLax 3nemMeHTa MUKpopesibeda npu pasnyHbIX 3Ha-
YeHMAX OCEBOro Luara perynsipHbIX HEPOBHOCTEN, TO BO3MOXHbI C/ly4yail HEOAHO3HAYHOMO ONMUCaHUA MUKPO-
reoMeTpumM YaCTUYHO PerynspHoro mMukpopenseda. Bo msbexaHue aTux crydvaeB Heobxoaumo cobnofatb
KpaTHOCTb OTHOLUEHWUM aMnAnTyAbl A v oceBoro wara S. S=2A/k, k=1,2,..[A -]

KntoyeBble €noBa: BOCCTAHOB/IEHNE Pa3MEPOB M3HOLLIEHHbIX [eTaneii; nnacTuyeckoe gedopmyposaHme, Me-
TO/, BUOPOHaKaTbIBaHNUS.

RESTORATION OF MACHINE PARTS BY VIBRATION ROLLING METHOD

R. G. Dubrovin, V. N. Talamanov, G. L. Kozenkova, V. A. Kozenkov, E.G. Lebedinsky, V.V. Shkoda

The most perfect and universal method of forming regular microreliefs is currently developed by Professor
LITMO Yu.The method of vibration rolling, based on the thin plastic deformation of the surface layers of the
metal and the complex relative movement of the treated surface and the deforming element. Vibration rolling
to restore the dimensions of the parts is carried out due to the formation of indentations squeezed out of the
grooves when creating a system of grooves. In this case, the main indicator of the process will be the change in
size while maintaining the original accuracy. The nomenclature of parameters and characteristics of partially
regular microreliefs includes the relative area occupied by regular irregularities-FH. The FH parameter is ex-
pressed as a percentage of the area occupied by regularly spaced irregularities to the area of the surface to be
treated. I fthe FH parameter is determined on a site of size T *2A within the boundaries ofa microreliefelement
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