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ABSTRACT

Scienti丘c research which has been carried

Outin Far Eastern State Technical　Fisheries

Universityforrecenttwodecadesshowstheur一

gencyofregularcorrectionoftrainingmarine

甲eCialists．Theconditionsthatpointtothene－

CeSSityofthecorrectionarefastdevelopmentof

modernnavigationalmethodsandrequlrementS
ofIMOconvention．

Theoretical statements usedin struCtural

analyses oftraining ofofncersfor providing

marine safety allowed to d紳rmine the main

WaySOfimprovementofthe．占xisting training

SyStem・Thewaysare：a叫Omationofproduc－
tion processes，叩Plicatioh・Ofcomputer tech－

nlqueS，SPeCialtralnlng．Asaresultofdetailed
StruCturalanalyses ofmarine educationalsys－
tems we drew to certain conclusions on　the

negativeaspects ofthe systems．Thenegative

鮎peCtSareaSbllows：

一lack ofunl負cationin tralnlng，regular

retrainingandcertincationofmarinespecialists

（thisc禦beimprovedTthroughtheactivityof
marineeducationcenters）

－lackofun漬cationofsimulatorsforcer－

tincationofmarinespecialists・

Conclusionsandsuggestionsincludingthe

PrOblem ofintensi銭Catibn oftrainlng PrOCeSS

duetoapplicationofnew．tecbpiquesandim－

Plementationoftari脆for・■teaChingstaffareof

greatinterestfortheauthors．
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NOMENCLATtJRE

HereinaRer we use terms commOnforin－

temationalmaritime practice，0therwise speci一

銭ed．

InordertoavoidmiSunderstandingweo蝕r

thefollowlngtermSandabbreviations：

1．IM0－1nternationalMaritime Organi－
Zation

2．Systemgraphicalre畠eaTCh－aJlalysisof

StruCtureOfcertainsystemwiththehelp

Ofabodyofmathematicsofgraphthe－

Ory・

3．Topgraph－rePreSentationofrealsys－

teminformOf bloeksJ（Vertexesand

elements）aJld connecti品S（transmiS－
Sionandinteractivity）be輔eenthem．

4．Rib graph－rePreSentation ofcertain
scheme as a result ofmodification of

gr叩h．Connections，information，inter－

activity orfunctions become vertexes

and real　and quasi－elements become

edges．

5・Navigation－PrOCeSSPrOvidingsa氏Sea

faringandaimlngataChievementofset

purPOSeS・

6．Fishingnavigation－PrOCeSSPrOViding
Safesea faring and．in餌ence on pa－

rameterS Ofproductionprocess carried

OutOnboardfishingvessel（motionof

VeSSel，SearChandharVeStingof丘shing

O叫ects）
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7．FSAD－nSh searching acousticalde－

S．DSP－determinationofship’sposition．

SYSTEMAPPROACHTOIMPROVE＿

MENTOFQtJALITYOFMARITIME
TRAININGOFFISHINGFLEET

NAVIGATORS

Introduction

Eagemessofmaritimeteachingstafftoimr

PrOVequalityofmaritimeeducationthroughits

globalizationis natural．The qualitylevelis

PredeterminedbyrequlrementSOfcorrespond－

lngIntemationalIMO Conventionsand state

Standards，Curricula，trainlng PrOgramS etC．

Thus，maritimeeducationgoesbehindpractical
needs．

Thatiswhyleadingscientistsandseafarers

develop certain potentialaspects ofdevelop－

mentofnavigationaldevicesandmethodsfor

thesubsequentimprovementofqualityofmari－

timetraining．InRussiaagreatcontributionto

investigationandincreaslng e飴ctiveness of
navlgation was made by Y．K．BaranOV，R．B．

Brandt，V．V．Veykhmanandothers．A．Ⅰ．Rodi－

nov，A．E．Sazonov，Y．N．Fimilovand other
authors devotedtheir studies to automation of

navlgationandincreaslngaCCuraCyOfnavlga－

tionalinformationprocesslng．V．V．Konovalov，

K・N・Zuyev，M．Ⅰ．Kogonand other sciehtists

COntributedmuchtodevelopmentofsimulators

andimitationdevicesintendedtotrainnavlga－

tors・Ofcertaininterest are englneenngand

PSyChologiCalstudiesofnavigatorIsactivityand
marine safetyconducted by E．M．Luslmikov，
V・0．Ramm．TeclmicalideasofA．A．Andreev，

LP・Gostomyslov，A・Ⅰ・Karapuzovand some

Other experts aim at solution ofnavlgational

tasks at丘shing・Fundamental background of

COmPlex automated decision making system

WaSlaid byM．I．Gabryuk，L．A．Zemnukhov，
V．M．LobastovandO．V．Nemtsev．

ChairofnavlgationatDalrybvtuzhascarq

riedoutsystemanalysisofprofessionalactivity，

traininganditsimprovementformorethan20
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years．A new approach has been’developed

Whichallowstoformulaterequrementstocor－

respondingmaritimeirainingprogramSbased

On realworkhg conditions at sea Ths ap－

PrOaChallows to¢OrreCt educationalprocess

withregardtopractiCalneedsbeforetheyare

COnfirmedbyIMOregulations．Distributionof

theapproachwi11allowtorealizeglobalstruC－

tureofqualinedmaritime specialistsforneet
VeSSels．

Thepresentpapercontainsthetask，theo－

retiCalstudies，WaySOfpracticalsolutionand

PrOblems ofglobalapproach to負shingfleet

nadgators．

Theoreticalsubiccts

Systemapproachtoinvestigationof鮎hing
navigationsystem（mS）was血stappliedby
theauthorin1989L匹．M．Zhidkov，E・N・Mal－
yavin，11．Themainpointofthe叩PrOaChisthat

everysystempresentsanintegratedunityeven

ifitcompnsesvarious血ICtionalsystemsand

Subsystems．Eachsystemhasseveralindicators

andrelationshipbetwecnthemcanVary・System

叩PrOaChmethodsletussoIvetwomaintasks：

determinationofsystemelementsvalueandre－

lationshipbetweenthem；eValuationofquality

OfstruCturalschemeofthesystemandrecom－

mendationsonitsimprovement・Thus，SOlution

Oftheseproblemswouldallowtofudcommon

approachtoimprovementofmaritimeeducation

qudity．

The main condition ofsuccessfulsystem

analysesis usage ofadequate system modell

ForFNSwedevelopedasystemmodelwhich
takesinto consideration both　魚InCtionai▼and

PrObablerelationsandtheirinteractioninsys－
tem．

Themodelcanberepresentedinformof

Oriented top graph，VerteXeS Of which are

formedbyFNSelements，andedgesarerepre－

Sented byinteraction andinformationalrela－

tionsinsystem【V．I．Nechiporenko，2］．Analy－

SisofsuchmodelallowstoglVereCOmmenda－

tionsforachievementofthefollowingtasks：1）
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functionalunloadingofsomesystemelements；

2）strengthening ofweak unitsthroughRmc－
tionalredundaney；3）redistributionofeffbrtsin

Ordertoachievethedesiredqualityofsystem

鮎nctionmg．

ForadetailedanalysISWehaveto change

舟omtheadoptedrepresentationofFNSinfbrm

Oftopgraphtoribgraph．This shiftmakesit

POSSible to represent physicalparameters of

SyStemelementstographlinksandtoaccumu－

lateal1theloglCalconditionsinvertexes．

Such method applied to a cenain system

modelisglVenbelowindetails．

StruCtural　analvsis of svstem of prOfbs－

SionalactivitYOfnavigators、

Proftssionalactivityofnavigatoriscarried

Outin FNS・The modelrepresented hereinis

basedonsystemanalysisconductedbyChairof

navlgationat Dalrybvtuzinlate60S，Observa－

tionsandexpenmentaldata丘om鮎hingvessels
takenin70S－80saswellas ontheoreticalstate一

mentsandevaluationmadebyexpertS・

TopgraphofFSNmodelisglVenOnFig．1．

In order to builtrib graph equlValent to

glVentOpgraPhwepresentmatrixofinnuences

h血efblloWngbm：
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BasedonmatrixIl現（1）andusingthe
uasiconicalmatrix theorem we build matrixes

SJlandJJc許ElementsofmatrixHs川are
dennedaccordingtofbrmula
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Computingaecording（2）weobtainmatrix

asfbllows：
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Fig．1・FNStopgraph

System blocks：1．－taSk block；2．－tranSit

and鮎hinggrounds；3．－Ship．sIocationde貞ni－

tionblock；4．－SafbtYblock；5．－nshingobiect；

6：重shsearchinginstruments；7．－0thervessels；

8．－naVlgatOr；9．－VeSSel；10．－fishinggear；11・－
estimationblock

Influencesinsystem：P－VOyageStaSk，M－
area characteristics，D　－　Current COOrdinates

data，S－CurrentSafttyestimation，0－innuence

OfRshingo句ectandgear，J一鮎hingo句ectin－

formation，C－infonnationfromotherships，Z－

glVenCriterion，U－gOVemlnginnuences，K－

COurSe，G－CargO arnOtmtinformation（made

PrOduct），F－inLluenceofvesselonfishinggear，

T－丘shinggearinnuences．
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Elementsormatrix Hc誹訂eCalculated

C臼＝lijt牛i／iSij＋Ai′jSu）・（4）

where4f／lq幸一聖rq），issum・sexcess
ofdata－inanddata－Outhalfextentsfbrelement

lりini－lineincomparisonwithelementhaving

minimalvaJueSiJ≠0inthisline；

minS豆isminimaldata－inanddataouthalf

extentssumvaluefbrelementsl匂＝lini－line；

帰＝恒i可 is sum－s exceed of data－in

anddataouthalf・eXtentSforelementl臼＝1inj－

COlumnin comparisonwith element having

mi11imaJvalueS雇Ointhiscolumn；
min Sdis minimal value ofdata－in and

data－Outhalflextentssumfbrelementslu＝L

Ifto continue calculations we shall de坑ne

the坑nalmatrixasfbHows：

Hc石目l

5

0　0　0　　　2

0

0

0　　　　　　　0

0

0

0　　　0

0　　　　　11

0　　　　　0

Methodofribgraphtopsnumeration ac－

COrdingto【O．Ore，V．Ⅰ．Nicheporenko，3］allows

toshifttoanewribgraphshowninFig．2．

AdditionalsymboIsfbrFig．2：12．－鮎hery
StrategyChooslngblock，13．－FSDinfbrmation

interpretationblock，14．－鮎hery strategylm－
plementlng block，15．－naVlgation and ship

monitorlngblock，16，－鮎hingo叫ectrecogn卜

tionblock，17．－mOnitorlngCriterionworking・

Outblock，18．－5bipmonitor王喝COntrOlblock，

19，－influencing factorsanalyzing block，20・－

Optlmizationblock；a－StartOfsystemactiva－

tion，b＝P，C＝M，d＝T，e＝G，巨（P，D，S，J，C）－

infbrmationforshipIsnavlgatOr，i＝information

Ontargetfunction，k－innuencesofvessel，1－

endofactivity．

13

Fig．2isequivalenttoFig・lasitpreserveS

the same SyStem Ofbinar oppositions・Ifwe

COnneCtmiddlepointsofribsofthegraphin

Fig．2weshallgetorlglnaltopsofthegraph・

Thus，inaccordanCewith Fig．2We have

determined group ofquasielements which are

necessaryfbrimprovementofefftctivenessof

thewholeFNS．Thesegroupscontainelements

representedinTab．1

Elem entsan d linksofequivalentrib graph　　　　　　　 Table l
Topsofthegraph（innuences，links，FN S D ata－OutSignalsoftopsofrib graph （ribsof
Signals） equival entgraph）
M ark on the graph Corresponding data－

OutSignalsortheir
fu nctions

Rib N o． Nam eOfthecorre－

SpOndin g elem ent

1 2 3 4

a Startofsystem acti－

vation

1 Task block
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1 2 3 4
b b＝P －VOyage taSk 2

12

T ran Sitand 丘shing

許Ounds
h fh encm g 鮎 tors

analysis
C C＝M －area Char aC－

teristics
3

4
5
13

Ship．軍location de負－

nition block
Sa飴けblock
Fishing o句ecr
Fishery s止血gy

Choosing block
（m S quasielem entS）

d d＝T －fi shing gear
inn uences

6 FCD

e e＝G 一℃おgo am ount
（m ade broduct）

7 0血ervesselS

f Info rm ation fo r

navigator

8 N avigator

g g＝0 －innuence or
丘sh ng o句ecton
負sh ng gear

10 Fishh g gear

h Infl uence ofnavi 一

gator

11 E stim ation block

1 Info rm ation fo r

navigatoron target
fu nction

14

15

18

Fishing strategy lm －

Plem enting block
F14（G ，D ，0 ）（m S

quasielem ent）
N avigation and ship

m omi toring block
F15（G ，K Z，U）（m S

quasielem ent）
Ship m omi toring
block at丘shing tim e

■FIH G ，D ）（m S qua－
Sielem ent）

J j＝；0 －h fh ence of
負shing objecton
鮎hing gear

16

19

E stim ation block Fz9
（0 ，¶（m S qu鮎i一

elem ent）
0 血erpret如ion
■block （m S qu鮎i－

elem ent）
k G overnlng decision

Ofnavigator（U ，Z）

17

20

M onitori ng criteri on

W Orking－Outblock
F17（U ，Z）（m S qua－

Sielem ent）
Optim ization block
F20（U ，K ，¶（FNS

quasielem ent）
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・1 2 3 4

m m ＝T 一銭shing gearinfl uences 9 V essel

n 21

22

O ptim ization block F2］（U ，Z）（FN S

qu鮎ielem ent）
O ptimi zation block

F22（0 ，T，U ，G ，F）（FN S quasielem ent）

1 End ofactivity

Shortcomin郎andmethodsofimt）rOVement COnClusionaboutnecessityofitsimprovement

（FNS quasielements）and methOds ofimple－

Fromtheaboveanalysisofsystemofpr0－　mentation．Theresultsareincludedinto Tab・2・

fessionalactivityofnavigatorwecandrawtoa

Contentsofquasielementsan dnew linksinFNS stru Cture　　　　　　 Table2
Quasielem ents，neW Sym boIs Tasksbeing W aysofimprovem ent

links　 l （Fig．2） solved

m am Second訂y
1 2 3 4 5

1．Regulatingfactors 12 Computingones Automatedsystem Autom ationof
m alysisblodk■′ Ofdecisionmaking

（A SDM）
navigation

2・Fishingstrategy

Choosingblock

13 Com putingones ASDM TrainiI唱

3．Realizationblock 14 Teclm icalan d

COm pudmgones

A SDM

4．Navigationalan d 15 Teclm icalones Autom ationofnavi－ ASDM ，Autom a－
Shipmonitoring
block －

gation tionofship－scon－

troIwhen丘shing，
仕aining

5・Recogmitionblock 16 Technl Cal an d

COmputingones

Autom ationofshiprs

COntrOIwhennshing

Tminhg

6．Blockofmoni－
toringcriteria
Chooslng

17 Computingones ASDM Autom ationof

Ship’scontroIwhen
丘shing

7・Ship’scontrol 18 Teclm icalan d Automationofship’S Trainh g
blockwhen nshing COmp山ingones COntrOIwhen且shing
8・Fishingo句ectan d 19 Technicalan d Autom ationofship’S Traidng
gearinterinfluences

estimationblock
COm Putingones COntrOIwhen負shing

9．M onitoringoptl－ 20 Teclm icalan d ASDM Autom ationof
mizationblock COmputingones Ship’scontroIwhen

重sh ng
10．0ptimizationof
FCD mode

21 Computingones Training ASDM

11．0ptimizationof

VeSSeland鮎hihg
ge打払terinm lenCeS

22 Computingones Automationofship’s

COntrOIwhen銭shing

Tmi ning，ASDM
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Tab．2analysIS Shows thatFNSimprove一

mentwhichprovidesrequiredqualityofeduca－

tioncanbesystemizedthroughanalysISOfFNS
Subsystemaccordingtotheabovemethod．

CONCLUSIONS

ThusinordertodrawlngCriterionofmari－

timeeducationto therequiredlevel we need

SyStemaPPrOaChprinciplesofwhicharestated

aboveforoneofmaritimespecialtiesandcan

beappliedtoanothereducationalprogramS．

Oneofthemainresultsoftheanalysisin

COincidence ofinvestlgationresearchwiththe

requlrementS OflMOinforceatpresFntOrbe－

lng adopted．Besides our approachallows to

forecast globalrequlrementS tO maritime edu－

CationbeforetheyareconsideredbyIMO．

山肌軋りhmg附くαJCe〃g用／J∫∫e〝7帥′
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Asaresult，globalizationofimprovement
Ofmaritimeeducationcanbeachievedthrough
COnStant reSearCh on the suggestedtheoretical

basist Moreover，a SeParate PrOblemin mari－

timeeducationimprovementislackofworld－

wideievelofmaritimeteachingstaffsalaries
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