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;::':'::.•,\TQ 'the t!l:!orma tlono 0.11. thß co tch1ngO,bj~1at;tb'u i; of (,tll bolo..:1';;
. ,'tho"1nformatioA on. tbl coord1notouof "th:l nlwul cunh't) in

, :', depQp.donCt! Qn tim.e.' ~·l?a 1.o.fol'm,rat1oA 0:.1' QC::lOU.t'iJl1i:Jl1f,f1 ~t:, Elho~J'1l-
. ' , tho b101og1cEll ohl1raator1s%1otl :J! ;~1~huO~ tho twhuvicl.u.· in tht)

. ! i B}l1llß Z 0.0.0 a. o. mf/ belang t 0 that Wl~i~2.l f.'

, .

• i~'.,~t-1~tr~!llittttm
< ' '~, ~ :.: • \ ' ~ • ' ••

" .•,. Ci. ~ Sä. tbc ordal" of indü.ntrial ~,ran·~hor! doep-n('H' f iohol"l' Dttl,c'l XlD.~,·3.1

....... , .~t·~h::U:octtlr3 lind in thc fl·amo of diract 'H:10n t1:f 1clo.1:.-'~(:;chntc:.~.~

'. ,.... 'o~+-~o~atiOJ:l wlth the Sovjot Unl0,n ·(Toch.n1oalUn1vo:':l1t~1 0"2

.:. F.1'~h1ng .. InduG trYJ .and' Eoono!1\Y, Ch.nir. "F1ah1t1C ~\nchn1qlHJn 111
, ., Kn11n1ngl"ad& •Headmnotor of tho \~hn1r Pr'ot .Dr. 00 .. tooho.<\ .;),. I,,,

'.:'.", "'F~idmtm) tha Spccl"al Field of P.Lahing Toohn1Q.tw ~f tho Wilhol:J}"~
.;. ,.,'::". Pl.~;?k--:Unive.r·.;)ity ot 'Rootockhutt ~oD.led amo.Uß ot;horo wj.th t;b.c
. :::,;: oI:nhorut1o.o."of .mGchan1cal-.mathoHlst1cal modola o~ pelagiG t;~."8ti2

,c.:, '; .!iyotc~~ ln·tho 1>ßcen'tyear3. "
",· ..1 ., .

'In, th.'.l proaent coatrlbu,t1o.c.· 1 t :Jhnll be i nfor.m.::;{l obont t.:ho

)1orlmpe~tol"mede '

.):\',~ " .., "'.. '.

':"'\:·;';2~'~~'L!l1~..9(1 .~ho r:l_tl".JJB.. tQ.~t..O}!..~q"uLQ.t ..l1Q.9..h!l.n !.r~~,
. ,,~. ~ .. ,':" ~

'~··~·:·An 1m;t>ortant' nay tor lncroQoingthe e:r.fectiv1t~' ot polaG10
.' ~~ f : " .. " .. , • .' • ' ' •

,,··:;.;.>·,,::·~:\t!'C"'i111nß '1u. tm r~n11znt1o.n of ,th!} (Üreotod fiaho~.~!!~.o" tho
:;~";' '. ;,... " .. • - ,'.0' ~.' '..... • ~ " " • • .". , .. " • " • '.'

,;;. . ·;(:}ontrollodmot1on .of'the trawl tiQwod tQw.at"d~. tho movinz I3ho!.\:" ..
":',\ ,:.,; <S~v~ra'l a~thor~ ,l(;.D.f~1;{21l:'(:;~ ~4~]~O~~b:;:knä;O' ro!ol'rcdto ':;b~,

" ,. ....'. ." f. . I ,', . " . "
'::bonof1t to.bo c.ch1ovod by thot.,Tho d1reotocl !,lOtl00 ,nt thc

" 'polagin,tra~tl·:tow8rdG,: tno mov:1nr; ohoal 1m..pl1 OL'lft .

' .. ~,:ntlliic!o~t :'infor~t<10n.. o~tho o~tCh'1tlß Ob;'\O~t!
. ",' '., '. ,.) ....,. '..

,'>'~~ OD:thcml:l,t1cfj'#doacrl~t1ol1otcatchlngl:ly.r.J tmll' .~l .mot !o.".l5
" ,.;:, 'ir,D~~dr; ot ,"t~ ,approaQ)). io tho shaal. '

: ~ . ~ \ ..
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To th!J r:mtht1:;~atic3). doac;-i:Lp ·ticl:. of motion 'Clf tho' oot~ohiJ1G Sl:t:Jtci~,;~:>: #

i t bOl0:'ß O. . .... ... •• ~i}i&i;;'i;
... ::tho tQchlli{H~~. d'J;:~cJ:iptiOtl Ol~ thc cntch.in.[;l';yn Z;(~r.n ~n(l.l.t:v:t·}i!'''''·.·A:r:.,'

t' .,'".' ';::~~:.. J .':':' ::~.;f'~'~,;.~'~,~,.'

. ,'d, ,',' \ analY13iH; . " ..>;::'<;":'}..
- tho a:t'SllmCflt of ~ho dogrocl of uccuraoy aud doted.l cf"dt~rACV.tli:~:U'!:A

of .tllo sys t8Il'.9 tnvos t.igLlt;ocl i . .;.,',\ . '.:,' f.;;,~~·~.;; '"
," ,

- "~feterminaticn 01 pl~:;~,icnl l:LH';'o bo1ng' fol1''''10d' by 'thn :OUbd~':4:~i,n& .

of ·th~3 oy~t{3rr:.1JrlQ:::lti!V1l;Gdi- ..

..;' -,.
,l' "

......
the

[5J
Onthe eho lc$ trI Pdl"llr.1otBl'~-;; cf

d 1v1de. thora 1nto th,X'oo group g,>

'oi a J:l(lchc.rd.oal. nChO!:l<;,1. choico aud cl.;.t::isl~~lclltiou. o:.i? thc :.

'. ~ ch,?t"oc tc.:"is t1'O l'HU'!UnC t;0 .l'~J end dotormin..a. tt on c;;:' thc . g~nOt'n'~

lU\1lc b~) L~G to110wacl '(.iy both the uya tQt::~ i..t~ itf~ lUHl

~ 1tfl lndiv1duf~1 olDm{1nt:l:'~. ' "

,~

2. Stoering' I)Urru'Ilo't;oro.· thn t noC\nn qu.anti t:io!t,,~;hich.mn~~'.f~9"· '.

chengod during -'IiCWlnG p~'oc{J~:,:] ß..\'\d '::1 th rJh:tch ·l.n. -alB ,,'"

. 1 :.. .".1".., "1'" bl~ p}' '" ".n{' .\-~ r'1 s ti'''' '!)" T'a~'"~ .i~C' ',""rJ <10" (' "l 1 .... -t t't ,',. ' ,.:t ~ ..,,.. .,.,,;: "'U tl ; .;."'" v"""... t.-\ ... ' ~ .~,4-' :;...,t..,t h ." •..., , ..) ,J;: L;. __ .&.l.4~ h· ~"""~'. '~t .... ::" "'04. .p~~ \~u:4I' ~ \', ..:... .."',A ..... , ..:."

~ compltrtol}l tho k1nom~t1ca of 'tl1o oyotot:t e:rt an
moment of tO\'ling~ ~he couorallzod COO1.'d1uotC(l:

,- -:.. '

'. tho '"101001 tloEJ uro' bclollßl,ng to th1ß.

uowh1ch 41rry

[5J

Gt e 01' i,ng . :.~ 01'0 ßD ~

trawl ~, .. O'lli1c •

':">'1· .... j ..,... ..... l' ~l 1'1." "-.' (~ ... t., .. ITil1 n t...., v ' t-,1\w'.... ..1 ~,it. , ...\,!-,~,.,t I'<' ~ u..II.. ..;. t.A ....

': (51

~' ..., .. '

Thevmoif; of all vf.'.l'iDbl::; flt6 tUß r:i;mditlo110d'IS.',ft;Ül'ction'o:i?·ti:J:<::.}~,:'·'

. mOli'ba Qt".l.tid3. t1mwi 4!3 cÖ.P9~;1,s;1·0n of 4.:1 CfH·tain \'"Q{~'t:::l.!~ .f{e'·vi~l:t"e.~c};:~:'
'.. .,' : • I< '" ,', • ".'~ ~r', < :i>:',. ":t' .,~':" .v:", .... ":;
uonotHü "p.~ ß ta.te .veccOl' Cl::':;' i1~·.t~ tem:: thl.t1 ine; 'on:;;: c~tcb,i.n[; cyclc '.','."

':'.",,'.:" ."

. Tho .\'~holo. oi:' nll f,;i:CI;,t.'j..ag

.also 'cond i t 101"J>od ~Wt1. ~ o~~tD ll, ',i'0~~ i;o~~

.. ''''n '"' t.r:, ..;t' '~ ..." I'lit1r i.llr~., ' .'?':!, ,., ,...,.... :....1' i. n ?'." '., ,.".ir-- ,",'~ ," ., I.~. ,l -t ~ t' ," '''''' ,-- .;. m'~ t,~ '~(I~v i.ol _j...,. ..... "- u.. ~+ ... 'Y...-4"-il ~}j"""--1:,1 1..· .... ....,. .. """t.j.~. '.1..v ..."",',..,.,< .. ·,"' ,$-,I,.1tI.1J['~,~,(l.b~~ .....,-.1

1nvar iable {!.oorn:~h'lc 01 CI1C;'DC tOl'J.a tict.'it\" 0 ~,A;l;; <.

consaqufJncO wo (u..o uble ~,;G '~h:).tlgoch~) mut 1Q,t: te ob~l'~Ct(::~'-l" ,

Ta' th<+n,,, ........·"'mr..t"' .... " 4\~ I....'''\'''''i''',... .,. '''1''"'' q .... "·",,,l ".,~ · ... b-:J .."'·'J"'t-.·~ 'r'~~rt'';'''~':';',;·
t • ~1'u\# o('f~4(.:lJ4~ ~.~f"j. ....\fJ L~w..t""J.)<tr.~.\. '.'" +.'".~'f "'".. ~':J'lj, ... \-.~ OJ..l.l_"",;,..h~J) Y.;J.l,\.;···-t~,;J.L~~".t\:!;,,~l·:· ' •.

; , . . .. ~

OE th'" 1.~o''''ier(~<1 t.·;.:' ,,, \.':1 1 i ""\:) .' CCU "'~i p. rH\ ;(»." >:o:n .... f'· .. ::,'t '" ""'.. ~. i, .. ·."'.·.._;,,;.J ... " _-1 __ 'U_ J.' \ .",.-, .. ,,$ ~"'t...~....~~ ~...... ,>::," ...14,4.),.., '"_:tlh,.~",, ~~,J

.a a~ooriaß vcotcr
'...: "."

" ~, . ' \

,tindor I>'IHtl'.l.~O, oi~ a!)pro,~u)):~ .)l" t"l(r b::',:;.WJ,'to· "{;htl rÜlQal, i~ :tu u:.nd<H.""···· ... ".,' • - '. ': ", . .1,..., '~. ',' :,' t.~ l';

Gtan~ltho jl'l'fi'~!r,:,lUt:: QJ\ 0:1:' ::r,\C'lJW O~~ othl3r d1ff'ol"0nt ifllor ,f1.i~:;",:;,~<r:{'
• '\ ~, I •

, -:' '



:,clr.l.tiono botviOon t.tw .kJ.nCD1Dtlc )[l:['m"utcru ettl.l.O J:1otdcn' of

catch1ng oys te.clund of tho eb.oal chorCl,;te r1 ~ing thc corr.pl~rntl",1€:)

motion during a~proach1ng P~CCO[~.

. depßuding on

to tho catch

,C.iltloo1.r..g II cortain ·itothod. of ;';'11Dr)~lch;h8 cc.·~;ching :1;'/Dtcril.l0.

fOl"cod b1 varintion. of tho ~ltc:ül'lnr:. 'i70Ct;t:.lt· to i."HÜ:O t:l :"'l,j·t:iofl
+"1(' ..... o·'·~r.r' "!? ,.,';.,,-.,.,,,'\ ,'n~,-"·· (, ltr,'''''(~·"!l(.· .~~ ,'1I",~.,..,"!l .... ·c:.("l."l~
4t.l \.4- ,.~_;,. ~.' ...........~~ ~ ..~ ..."_\t·,,".,,..:~.IC ",-;#l.~). .... t; i.J ,-"'''f~.oIo,... J, "'.# J:,..~~•• ~ ,F'.~'"~A-, .t.(.;"l..l ":"..,...v}

"' ..<>;; '''110''1 t'hn'''Ur«'t'l .!-,."",\ A1)",nl'n'" ...,~> t· .... ..",..·l .t'i'l-, ..... 1"i"""~l... ""l;'~ .. ··~.l.,. '-) \A~.. ~ ..... v 0'(,.' "'..Li,~ Vj, ~,l.".l,. "'0 ....,~"".\41f.'rt 4, ~~.,. ".}.~k-.~.!tn'''''''''JI-...

of approach may 'bc] obv:tolH3.1S d ?(H'ünt Bnd nr;J< mtllnlt uoPOrid.in,7:;·
().n tho posolbj,lli~:i(H; ~~~;;. 'Iii..uciat::i.ol uf th."J· ctQi:,~vc(J,tor

±nthG presont fishin.g prncticiü tho stute 'V(H;'t;Cl"" 1s

tl10 variation ot chip~:::; iJpce<ls c.cnrr.;e nnGl0 Mt\' le.nßth.'l·cft~c;\:!".
. ' .

lU16 .. Ba";; in this CEIDO thü '"'l'D.::::io.ll of thos\) IH.1!'ZH:;ot~rn <;';l!j\fl~C: pln.gf~

ooparatod trom .Q.!1ctho'1(w {");r' :,::;:l; t~h.D CI.1.n10 ti:m.o",

','"

Su.bsoql1.entl:l repl",;}non'tnti ann '1::0 );lc:lthoclical p~oCOQd @(l

modoln ahal:!. bs 41>'.H1 Q \O

5,,; 1st .tho r:10.~1J.Q·1..~·c~11..1:!:.QS':SLQ51

The roal floh111g to<ütJ !'opranc.ui;; Cl 'tf{"H:'Y ~~om:I>lioatod

co.ns 1st ing oE
""uoh ",;" t:ro. "'~."'l 1'~ niCj<ll ·~t:ni"ll h"':''''<''\7A.co r, '1,,,\ t'h ("" 'f'C""""" n"'t' iOlO'{l···t·"~"~r'~ 'l..i'*'il '""_\A ~ .... ~.,....."""',.,...t w.,..4l;,__ .~~~.rt~~'h,,,,,,",,,'T-."'i'" .{.I..;..!. Jo...," .. ~ ~ ~!"~"'4 Y ~-I 1'~,~~, .• W*:.. ...,.th1"~,:.:;

. , ";., ." .,',. ':" \"

(oeo fig .. 1 );? Ti;l:; Z~1tt :l.nß Up 0<\ on oQuatiol1of r:i.otio,lJ,. i:o,='(~"70.\";,7, . ,

alotrlont ~J:r t~h0 :;: ißlltl.1.g i;oe:].;:,! gi."\J'0ß tlw oquat 10.0. llnoc.:HJ:u:m for .
. . I' ""'"

detorm1natioo. 01' tho u.nlmo\:m <HH.\!ltltion 01: mot1011th~.
-.." -. '. - ~ ,

connoct ing i'tH,'C ü [;1 Il' ß(H.HHWa of thG ld.gh p:q>onSQ <find {jlUH;)l1CO.: 0..:.,
doc101ve ßlwr·~ln:.3 dOSC1-'ipti':'~i. ot th:J OOnt16Ctlo.n po'tw~)CnlJhnpl')

and.torcot3 not i~ß·Cn. tho t::'owl ~n; no.u.-Ltrl.ifol'm tmtlcA a. ()~m: ~c,:1j~11
aO'lUlder tak1ng int:o liCCOl.lui-; ~)f .·~bo 6conomia pon~ibil:lt1oo·.antl·

'tho ponoib111tlo::;1 vi tho ll"luilf'l.bl0 co.m{lutO%'· tochn1qu.a iJ.. ·.must·';··
. be referred to ~~iu:plif1C,1 tod r!H':l!101rJ ~ Thcoe.no101rr h,nvQ tQ.

retlect tho cSDentinl gscmotrlcal quantlt16n and~tora~D@

'Inthia caOD thora are tuo ~UYD:

. '1. All oubsyntoms 411'0 f1tted \'11th tho i.nw:.'O <lepth w..."ith 1·egard,·tQ

tho od~ution on tho realitr,of tho total 8Y3t~~•.

2. Individual ouosyotems :a'o apPlo~;;:1rni;ltcd to \~ho l'aulity ao 'ti'Q;l1.'
aß pos s1b10. whilt:'J athen,:' I'HÜ1SYr.; tGrrw art; eivaz+ le~.H:l (;;J48ct:\y.

•
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" , '.' . .'. . ., ,~ .• , • ',. ' .. : ,.' r ", '. ,..'" ..~. / ,. , • .' of'O'" .' , ••• ,. "

. ". :'->:'" /rh9t lrst rmy :.1G. thaOl"at lcal1y~~osnible $ . 110WO\-01',', cQmin,zI. ....
.~:'~,.):'..,: ~ ~>a 'pr~ct ic'~l ,sto't~'~o.rtt: nh, onoroo··is.·· t'11na' 'exp'en:se "~rj .. nQC~O ;ar~',~
~::\ ·>:···.'··.'rh&~8~O·o~d way:us'ed by:tl'lO spoclnl'field o.t ~flsliir..g ·.t~ch..~1q~(\

i,>··;: :,": ,,:::'·b.,is t:na<· adv~ntag~ ihat~;~lat 1va: aliort'-t~l"Jl .~ tatom~nto. a.bo'ut .'
.1:: ,"\> '::<':':th{;r'bebavfoür ..~nd ,'Gil~ori~e ot 1n(Ü.v·ldi.ial',~lib9Yatcz:a ou 'tho

..'::":.'.') C:f;·t~~~:i."~·sYctäm·:~~~ P·o3·~lbia •. S'ti~h 6t'a'tänio~t8,· :lionevo'r~: (U'~ "

:." t:·.·.:<:,.·:>:~~~ri~i1:':~~·~d~'~~r;f tor·.'tho diro,c'~od'ah'o~l nppl'oach .a·ud·'for ::tho ,
>: ·.'·;::··:.·.·.:.·,.·:1iit'$ipreta·tYbä :·ot'.' ~yet'~~o tor thom' ·a~.;weil,· aQ' .tho.'do~·lgn of '.. '
\·::.:\;·:·.::·J.,}'·\~~~1::;:~3htQ.m8·~··tn~.geno~u~~·Acidltlon'allY ..·th~y'~re·.s~~1nG '1ntor";:,
.' ,"'~": ~.~ .::: iD.~t losi': ~bout·,~ oss'ible "~nd porp11sa1bl~' .a1mvilr lea ~ ioJiti~: , ,'. : ..,'. "
.','.:':>:.' ,,:..:".~ \.;::·t\':..:':.,... :<:. ';.....' .:: .,","', .".' ,..... '-.... ..'< ... :.' '. . ..
.. ~ .' ~.~:·.Mfilhornqj;!9l!!lIJodf)l B cf tho" Pagaie TrawJj Syn tQP!'" ..

.',' ,::: :··.,'··:)A>~;'ih~~e·. ;aUa'l~~:~"~'g:'~Ob~: '~onsido'~'ri'd':"h's:'rnost G1mpio. modal of n·

".:.)., ,::",Yp~1~g'10'6n'e~ShlPtr'a~Vl~ a·Yg·t·~m. Tii~,·uauaf·tiaso .10 th~ llpat'1al' '.

':'" ,··:".··~~i~io .p·ond·ulWn·.C6J'(l~·~eii ·(.acG :~1g~2):. 't.he L"lu:JSCS~\101Ghts'
. '.. .': '.::~~d:\1i.~ilg cir. t'~a\;;l:n~d ahc~1.·1ng·. body '8;0 "~omb1nad ,.ln tho point
. i 4"\ •. '. fl- ',0.·.. ~ .::;, " . '. ...; ~. . .~ ,.' ." • _ , .'. ~ : :.. ' • • "'. •

.. lU~a massas or·p Qnd~um. ' ...... ' .,
~ ,":~',>.:~.~~~, .. :' ... ·.,,~'..·:'t ' . ."~'". . .....

,.' Tho' trawl 11~ea"arö .'cons1derodao ideal-. floxiblo, , masa froe,
,..;.·tiifih1te ·th~· •.·):.naxten~1bl~,·tilnmonts 'w1th' conuto'nt ,longth. . ,

.. . ::.Tho f'mot1 on ,of>Sh1~':16 co~troi.iQd· on'ao~ic,l~'cular patha' or .. aftor .. '
~. , " ~.. ,,':,.,,~,~:' ',"~. ',:, ",:1, '.'. \"'. .~'... . ~.. ."':' :.. ' ..;', ,.' . '. ~ .'"

. , s.trniQ;ht";'11ned<,chnneillg of'coursea .by~nitial npood and ·bouiidb.ble
-::'~ pht1~~';,otacc·ei~'~AilQn•.. '>::~::' :.' . ' ):....... . . '. .

.\: ~;, '·:!.:~~rG':~i~· an"a~~pii~;n'blo'p:;~~~~ fcr tho a~o'ct'rondlcdata procooo1n.g·.
t; :',.:' •.··i..::3·00:..·(p~·GnAi(ß/3 ';'J to~;:'thl~':modOlt 'l~hls':'m~de 1 1nclud6s' the. trio,

' ' '. :·:·:~·~p~c~·al. cae~·a::'~{;~or.t 1cai~D ~ßl0 pendUi~,:(7] end hor~~ontul" .
'" " :.:::::ä~l~ pC~dtiitiril\'f(8] t·[9j;~'·(101). ':,.~··r,:,·.···· ..:....:, '.

: , '~.;:".t:··~·~.':,.;: ..;,<".,:.:· :."\<"'~,:'>,"'~':':.':.~:~';:',\. ". >.. ": .-";:~,,. ,': ,:: ..~ '..'.,';:.-.":.~... .. . ~

".\ ,.'rho.. apee i~loase .O.!. .ve1.~ticol :sinGle. penduluril' 18 pl'ose'nt, 11" tho. ' .
..., ":;iilP"::1~ .t~~~ln8 'Y~Ü;h~ut ch~sing· of CQur~e/·:.x'!;80 t tina "the VIO luht,

.,.... ·:~'~· .. tord~a: equ~i "~E;;'O ,~e ße{:-:th~', DpO cial "~näe'''o!,:'hor1~ontul a inGlo"
.' <·.·::·:~en·dU:lum. '::,." ".:·:c,':,:: ... ',. ,:' :<.'

.. :'.','. ::T~.~:f'o~c6~·'~hti~ß~;~n. tho 'iltiofl( .trawl' linOrJ " .atool hawoora) Qnn.·be

"'\:".t~I~~::1n·to·..~~'("~nt ·in:· the f'l'i~st npprb:dmnt"10n,'by rod.pondtilwn .
: ',·:'·fuod~i'fi. ·Tbc. S~haQa·. of an',· ~ve~"" doublo-rod penduium model of .

\'.. ..7, '. ' •. ,.4 .' . """, t . ',"..., .. -'. '... •

,:: -,.pclrie1c :one';'shlp' trm'tl f:(ystoms' (11J ,.'. traated in tho ~POC1111' f lold'
'. ·':»Of': iiahi'zi~<'techn'1q~e' 16 ~::~~ro'uen'tQd in 'fine 3•. Atth10' modol ,.'

:..~;,>··hiO :,truwl ~:lilt~,;.end,.tho· steel '.ha~vuar .are ~,meidoii.1ne aa l"igld '
.'. '::","., ~odß.· nhd'it{o'ded~:~1 tl~ fOI;c~G. ur .ib:~l.. t 10 ':attd', \'/0' l'cht and hy'drodynamic

.' <ior.coa/~hri: l~tt'or )WVin3PO1ritoot ~ppl1'c?~iO~ll tho P031 tlon
: .' ~,: .... ' :' of '·\*li~:.:i;::.dotcrfu~:riod bY;'~he" coaffic'iori~6 ,l:.·.. nnd l~ • .in.

.'. .:...". . "', "':..-" ~ . '. : t .' '.' f • . • ,. • • • .' .,.'

• "t. " • :'\'. "':•• ' .. "

. . ," .. " " .', .. "

.. ""'.l '.-

-.•. - '.
. .~ .. ~ .' ' ..... ' ' .
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--: 5',: :. .
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'. opor",t1on' of thc .Vlinch.{h~ul in lind loo1c·ring·:·o(:tho-tra\;li.11.ti9)·-:'::····c....
.. 1'5 tal~en1nto. acco~nt~ :'Troi';l: and ~b~~l:lllg ..~!i~d::;: ~e·:p~kt;.·'i!"'~~~.:).;
'. >, .Welght I.lnddrog nro'act'1'nc; 'ori:::JhCH~r1~ri' bodY.·'\1~'iGht:1s~·nbt1nli~!(>

"',:: ..... tho·· trE1\'ll, draC6 .. and .c~q,1oiietlto ':ot:~' ~.~n~t~t. t~l.l·011c';;f·~rC'~··:in··:,':'·; ,"
':' . the:ocho .probe c~blo "1~" thO ir.o~'l;Gg· pOlnt:·nfo.actihg·,on·;· th·~·;·;·:·<.~ -:.''-.. " '. . ~,,' .'., ". .. , '.. . ... . .' .. " :..... -.' '.: . . '. ~ ''-'. ;" .' ,,- ' '. ' " .

·.trllwl.(T . T ).' Tha ahlptrii:lot1on .. lfJ ..con~rolled .. bY tho· ...'1Jilti~l··· ,:,:.:..
..... '.' 0,· In '. '..'.. .'. '. . '.' .... ', 'e: .• '. :.;. .;·,i::.'.: .... ,,, •. : '... .'. ... ".

,'. ..... ·Dpood. imdphase of :;·sccolorotlo11.' Thora. ia, nn:Clppl1cablo...p:r~grm:l~.,:~~:-,..~>: ..
':'; .. ' fortho" oloctronlc :coinvutor R 3ÖO.,(pn~GniJßPErm) ~:, 'Th&'ido'ubto:~r,x{:"~"-':: .
.: .' "pond~lum model includoetwo, ap ~c iai:~'cnDoai\<:;~;}, .:~.'-::\::.},~~<;j:.~'.:/:" ' .... ,: .

. . ' .' se·ttln~. th~ .fOl~COß 'a~ i:1~C ':iln:tho' 's ~~oi:bi1~~~~:·'·;~~~·.thi:~i:i2d~h~.::~i·. :'~/.:, '.~'
..,·tho~e tooll:la\vs~r equal': zt,ro.'.~E/öb't~in:ä;.·~i#giö~r~,d:;p~n·~·~.iWi~iI1·21'·.;.. ';

," • . '., ' ,~' " .. ' :' • . :'~'-.. ,. ~"l •. " ,"'.• ' ,'~'.;~.'.'. ~. ":' ••....• t ~:"'.,;:,~".",.... " :~., ~ _ •••. , ; ~'i' ' •

.SOtt1Dß ·.the· forcos' aotins on: tho :tra\11.1tncs '·and.o.n:tho'..otool:· '.~ ...
'.':." . . ' , •.., ..: ' .. '..: :.' ,"'...•.;". " .. :.< ~.'..•.... \ , .•..;,::.\; ', ..,,:,.;..'. ,'. " •.

hawoor' in' thefore: ,trawl,.equal·.zsro, tho:. double-rod:pendulum·,:lfJ,. ::,'

,roduC,ad.to11 81nglo d~tiblß:.p~nd~;WJl,I'13]jPllßGn~lol :D~E1PI};:ik(:.\:' ",'
. Tho·· ~th~~~ti~·~1-P~S~C~l::dc·~·cr1~·~i~<~t;::'~h~(b·~h~~~~? ~~':~':~:il~~ .. ':.;:~"'"

,.:.:.." 'ot th~' pcnciui~ '~Odol ::'p ~~~'~ht~(fh~~~': l~ad~":-':ta:'Gaidoraf';'dlff~'~änü:~~ 1_"
,:"'oquati'one of '~. tbe' 2nd:~i)r'dbr'-::and:syat~~ ~:'orit!Qb~l~d'; ~li!~'~biit<inl' .

4" ,," . ~ .. ~: I:~.·. ':~ ". -~ .. :: ': "'_'. \_::.:. :~:'.',.:," ~"'~"·":~''';';':f.''''''~.:· .. '';'·\J:·_.... >

oquot1ona of tho ·2nd.: order. roapoctlvely_ ·..'l'ha1r.:Dolut1on:··ls~.ot· ..no ~.;

.~', proble~atic ' nci ture' "ii'th :tho :~id'. o·t:· ri~~~lcal:'i,:n~;th~d~:; bl,:Jiri~'ri'~u~>o't ;'?::;.":.,'",
~ ~.'." .. : . ." . '~ .:... ~ ',' "~. ,..,,' '_ • '" :-:: ~,'~' ,~...':: ;,.' . ~..., "', '. :'A. " >~,.',.~;. :.<; >~, >,;~.; '>r ~- ~ "'.,~__ '_:;'.~ ,J.,t: I.':~ ,~..~.;:.,·,i ':~;' .:,":, "'~'~ " '''/; t. ": .

. tho' olootron1a. dnta.pl'oces61ng, ..:procoodl.n8H~.rom\that·:dua;tQi,>tht,::/ ''-,''i!,;'
. ~ _,' " ,'. :; .. ".~ .- .-": .. ,~~:-.. ".:., " ,:.~'.. ;.,'./.- '." '.:.:.~. '~'.... ,,~ .>,~ .',.:_:· ......,·':,f.,~~·.··~·'."~_:".·; . •.::..:..::~:.> ...~.~..::..:.;: ~::;:).~';f .. ,:-".~I~._;-

BDlull acceleratlons. occur1oCL·l.o.' th·e.: f 1Shlrig :pract1ct'f:so~~:rQt"Qc:(I;':~':G';'
.' .--' .,,'. '. -<.' .~'~. ~,::'.l"" ~ '." .. ' .",~,,,:::~,~.-.:~~ «'~"'-~'>~,: .:"';~"~:"'"".:' ·~(·.>~~:/·.·~"j";<:~,:,::" ..~::';..,,~~:~\·F;~~ ..'..(.~:.':':·:.!.,~~;:;<:i ~!}"

.' . ot lnortla IIiAy.be nosloQtcd•.. Bosldau.:,.thoae:o implo t1odoJ..8'·;:"\:~';f':'~'~::"::~:~/:,:'~::"
. ..: '. , . ' , -. ';,~ ~ ." ",.',:'-~'" , "'., ';-'; ":·.. ',~:,,·,;:~\;::>'~~t·,,··t·:~ ..~,;,':·;:·~'I('\··,t" ;1-.1

'. ~' ".... comp 11cated modolstof'. palagie ono-sh1p" tr~wl.ci :+','~e~'o~b~a:l.::ii14e?~t~·d·;.:.~';:~\
. . . ",'s:)' sya tom modelS.-;" hQve'. boen' .·olaboratodi ;,S uChJmodQia':'i'~~'o'~'~defl~'t'~(l'~:'~a~;""

: •... ". ···Bystem: modrilfJ ,ut WhlCb::t:O~..the\s1~1~' 'fHlb~;;a'tb'ma':::'~t?\t}J;;\\,:tht'rii:"""~ .... :~ ..)-.
· ....; .. '" ays ~OIll pel~G1oo;o'';'~hill: t;,awl·.'(:·~ 5hip,~. ·.t~awi·',il.tl~:: '~Di·dhri,~~·t::~ii~·~i'~~;.. :,,:

'.' .' ',' '.,.. .., 0 • ,~ •..• __ ':.•• ' • i<' .. .' .. " .. ' .. ' .; "'.', "{ .....'•.,.' .... ~_."'... ~ ..,,.~~ ... _~ ....'."{ .\ ...' bodY ..:·tr4wl·) 'f'rom .\vhich· Q·:nubaYetom· ol':·:sovGr~lßub6yEjtöf.a,~'Qro··./:':~:>··<.·
.. ,' .':' ;·approxin1E.,·t~d·,·to'·th~<rbality·:aato.r ~~p~s'~ibi~'t~,~~uatl'Ori~Z:~~ä"".:.:,. ::.' ~::
~ " .•. ;';' .•,.: ,Y ~ ••. :. " .••.• -..; "', .': .. ' '.: ••• '.' •••••• ,.:-'; ~,.~•••', .•••.•• : .. " • .:, •... ' :,'·• .::'}'._.':.,.":\, ... '.~,·':;,.,-,~i:.-.':.~..'· .. _:\:·.:~-.:'.'" ....: .,:' .. " ..

.: "' <..' .. beinß formulatad.which:aro conneoted:w1th'.anothor'on~the"..aect1m,.·" ,
'.'_,.0"",:.,.,'., / .. ,.. ~' ',••,. ~ ..• ~ .. _, .. :.~,,~ ..:,,_.'~,,~":.' .. :' ".",' · .•::,·",".,t., .'~~-.",:.-:.. ?,., _>~,.;.~f·.. ·.~., -L~.~.~,'~\. ö'.;:.. ~ ..b.;, .. i_~.~ ..;·:':._·"

, " : .. ~:.: pointe / System. mode li('.x:oprosont·a qual~tntlvol;:::.h1ghQr'·.raf'leotiQA-::'~·!

,., ,',." .', ,at,. ~h..~~~~UtY ~ "•••",'•• ';';/:',.,. ,.'•.·~',.;:·".:.,{([S:iSi;i;i)f:s·i'jfv>:Wi::: ''
. . :- ::In','f ig•.4· a. ah1p modol"ie roprOEJe.n tcd'-' Undor' opec inl·. raßl1rd\o:-," tllo:~, >i
~.', .';',: .tnc>~ ion;·~f::.,ahoQr·in'ß· .hO'dY>[1~]:·:l·.:· ih~·. apQ'c'i.~i ia~t~'~~::;' 6tH;hrs~~:ci~·d~i';··:::::'.·,

' ..... * " .' • ... • .• ' , '. • ' ",' ~.' ,...... ' •• " ••~.'; .': ~ ...... ,~.~~ :''"'" •••• ~.. ..' .......~ ";'.' ••.• ,. '~ .,:..;~,., ~"

.' 1n. th.a1i the' motion of';' tho shoarlne bod lea !lo.$ ,6', degrcea . .ot/·;··~,
'''.• ; ~ ,',-'-":,.' : , .. ~l·~-·: /:;.. :.. ~., '., ;1. 't/'~~-·"'''';:~·~''' •• ·.>:: .. ' , .. ~;._":...., ~::) -~_~~':< ;-".I; .,-,;,'-\

... ' "froodcm.-: :TllO .Oholu·1nc·body ·.and' forcen: act1ng: onh1mUl'Q::;:<';,;,·:;..,: .

"" ····:~,···~:o;I~~SPQnds.n~·t·O'·tho.·~oai1tY·;::.·T~riwi:iine::·ao.i.f'st~'Qfha~is·e'~;':;llt'Q·::<;'.':':·,:.: .
. . ~".':. cons1do~'od' t'~;'b'~' '1d~af:t~'~1bi:~;~ ~~ti'~ito t·hl:n'.· ~aa·u:·ic~~~ :.<:~:' :',>,."<

.~", :'.". ine'~tQnsible 'f ilam~~t'a:-:ThQ' .ti-n\vl·:·1~··.point.: 'i1ke'· arid :'1S 'lond'öd" byt.· !

_~' '-miiaa':~01~~."rid:~df4ü;,!iÜ~~~({~c)'~i2~:t:,:;,,, :'~.: ', ","." '
"'~.~ , .... / • . .......~ .:•. ,:~".,..• l: ..\'....i:··,·,·~tF.,.'. .' :' \ ,,~... ~:. ,~:··1, :".,~_. ..- .. ;....~\~ ....~«;.~:~.:~., .. ,.:.... :~!.-,-~:'. ',' i,' ,-
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Par th1s syetOl:l mOGI11 tll0re 10 an. .nppllcablo'oO~Hl~'Gr. !);:togrl.lo. t ttf

tho larG~~ '~Olllputor BESt,16 (PR,tJGnA1:i n(u.). Il1i'J..3.5· ~ t,yn tom mOde:!.' .
\11th :.~ac.1al l'f.1CUl"d to the '~rlJ.i11·l1~Q ['151 t.a :l~;P'f'C5i)nt;ud .. ·At·· .

th1s mod~J. tht.l tl'~wl11n.a 10' C'~lUJldQrcd 'ta' tis ~'.n ld.o:il flox1blo.
ino:ct(lnsl~a:t heavy filamant .. Pt:..r~oj t,f ltlortta. walght .tiUld ,.

tona'.lo ca woll €\s hyw:-od.ynamJ.c', t'O;t'r;en .are .a{~ting. .0;:" thott;ttw.l
.11no•. norrHopcn.cUristo roaJ.! ty '" . 'rholength ottlHl .trawl .i1J;,~ "~lO.1·· .' '
beQh~n.gc':\ by (1)~ra"t ion ~~f tho t7inoho ' Tho .!~tOG:t 'li.;1700rs.'nre .•·· '::. ',..

. .' .. . -}' .- .

oontJ ~.dßl·Csd to bo 1nt in1,to th1n~ lnox~Gns1ble:t idoal fl<i:::1blc,.

~l':Jau" ;.U60 fUoX'rvJuta. Shoarlng hody a.i:1.d. t14 Qwl a\"o-po1n.t li~·atd'.>.,·
Lu.·oec1ot tted wlth ·\,ielght. oa~ti}' and hYitrodynamlo 'forc~o~ .~h~' motto}:!'
ot tll~ f1hip' c point afterDtl"~~gh:or'\lemtclrcnla~·:ChtU1ßtHIOi:..:'_ ,:'

c.;t)lU~UO 10 'uuilonn.oI' dUl"1ng Q' :i1hnce.'·ot, ~~CG'jltlrilti,Oo.,t\..n1f'.ormlY' . .:..

. . a:~oo:;')lor.atod. . . ."

F01~ thie mod'i'~l thoX'o· tu.~e app11oublo C(H:~uta'~ D1."ogramn ,':tor,thc
'J ll:rg~ COmO;ÜG1' (;nt: 3300 'F,Uld DE:~'ll5' (l~RJ5Gni.HDO!.l"F}<i rath 'tlii/)
,~1lJ- " .... .". ' " . '_' . .,. ~,,'. . •..,

,proßI'&mtl'wmothod Imown from.11torat\lro [20]'~ dltfol·in(Lb;:rY "
, enothQl- roethod 1001 !J!'ocecdlllgiron the .cnorJ prosantod"her's>arid"·

>:to b5 coua 1derod ~Q an npPl"Qx1ni.rtto.n l1lotllod reotr1otod :"O~CIIlall·~:.,
";tH)Ul'~O 'angles, in fu.rther devQ:topcd... Jhl~~thal~n10.rQ th16. >t'~Og~~:':, .,. ,

inciudes .t!w rlfHH: i~l ca:J(~ of, VQ~tioE:lJ. fl1~;;nt pcnduJ,.~ [21,]X~: '.. ' ',-­
. A opec i,~ljt~of th~t'J lC.QdcJ.· :,o31.11ting fl'cm~th()rosl· ,reprQ:s~.ö.tntion·'"

CI! thctrawl linon !.t" tho occu~ancoofpr.~~t;1ald1fferon.t'1fii· .. :.· .. ':.· '.
EcHluut10.nfj·tor thi:::; cuboyotam. l.o.·,ti: thoaiö' (16] rO.C(Hl~l;f:preso·nted•.

'. 'hlO furthol: ~ystOlJ,.mo~1elE3 cf poJ.aaio orib~a1i1p tl"arll. s'yoteIrin aro"- ' ,
.' "';.' rcprco'?lutod" Tli1e thos1e haß. beonalab(:;rt1toci'1n:co"':QPoratiOn:::\':-:·i~:.
",,' ,- botVJ60n. the Irochn1cal iUghSch.obl oflil1viG~tion '\7arn.ooue.ntiri/.:',··/ .

. tluntrow t tho Uationally O-..lilOd "LFdl1~l1?(HJpluie.'''ltu·dlS~lläiu.~d:D.nd'··
. ' ·,._,i .·:"iho Spocial, F lcld 'of. l' ish1ng 'l',:lcb.niqu.s.,·ot' .. ,thc \11lhelm-pia·~k,;,;:::.. ,<~

. 'U'n1veru1 ty of' Routocl:" Both' rnolola. are ßoJ,l1ß ~o ·cc;sidorjh.~':" :'
mot 10n 01' the tri),,;l uystem1llhl:o vart1c~lPll;Jl?t .~.,Ö.~hC~..·~:· .

, oovor tho atr.:üght-lin9t1 uhlp'u'r..1o,t·!on·, only.: ,~11"ßubayo'tema6re ':':'~

cons idort1d on both n(;d~l~; :'tho' tt·~\~:i.. 'oheal:1.tlS' be.d ,ieß."tra\Yl '1 LUe~••··
•t~u::it o'luipmcnt. 01' Gh·1p· and~trfml liIla. win~h. In"t'lu

i

' ~F~,.mod(!i",_····,,··

. 'the: ~rawl 'and ::tool·rwwsera ~re ,t'oduc~d to E1'POint\nos~'''-~·y~t(ln.·;' ....'.
Dy th1s tho fou~~ 17<wi' otcol hawsar~ ":(111· bc ·roPluCei.\· by e. .. '.' ',' . ".' ','
Gpnl'C otoel hU\1ser,whtchls ",oona1dol'ed ·es~cnnrJc1';i::lgllno··t'o'."
the ohouring body 't-'()dll~(~d toa poin:~ Dl<A06 11 ' too.. nato. tl'li'::l . '.'

11ncfJ w111 bo oornb1ncd to li ben~'y .ino:;,toHJ ,. blCi 3pnre truy;l 1 ~na
I'
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loadod by hyd.rodyn~r:lic<:ll force J, ehe truwl 1 UlO bo 1ne cx! nt lug on

an 011511.>10 num.b('~r of.9tr~ight-linud liuo elo!funto.Ao poosib111t1ccs

for tho 1nfll1ence cf tlw pnth of notion 01' tho tru\-,l nvo.riaticn of

thc p.1.'opo11\-.::1" pitch (control1'::-bl0 !'itch px'opol1or) 1.0 provldoc1 4 ·

'rho otho r I'Jodol dovi n toe f ro!~ thl f! in tho t ollowing' ranpocrt::u
•

ThD moasuro~ ~~ntionad nny bo sto~tüd aeparc or 31mult8~cou~ly~

•

- the t,rm11 und. Shl)[irl:1G bott:- IU"C combinec.i to (.~ po1.nt mano, 1.0.

~ opere stoGl haw~or i9 ab~cntJ

- tho nu;:;:">cr cf tho 3tr:ücht .....:U.na :U.no olor.:onto cf tho opara

, trll"11 1 ine 15 1 il.."ü tod on thx 00 anoe i

- bea1dü. -thc h:..lu.l in tho lGrmrlnGof thG t,;:·!:n'tl lin;,.} 10 0.100 ro­

g~rdod uD poosibl11ty for ir.fluencing the .truul lino.
- 1n the i'irf::t a!1p!'o:;dD~.:tio!l the 1nflucDG(;, of OOE~ va:rl 10 aal~od~

For both .t:lodoln theroaro {'5Pp11c,<lblo progr!.U:1fJ for t..'tJ.o largo

computer BESlli (Pn,6GRl~1Ij vscm7L !4.n,d_ PR,OORA!.! NEVlST).

From: thc r-epresentations it cen bo acen tuat ~.J1. tho oourse of
~ .

reccn t yunrs by 1ntens ivo research fi 8erio 0 01' ,~(}mptttor procedv.roß
'grnded ' ..0 tho r8pl'o::olltat1on t,r roülity, havo boon mEHle ava11o.ble

. an.d, reGet ine tho pl~e50l:rt der.Hmds of tl':"":l proct1CI..l cf rOf30arch find

."'developm:.1ut.

•
These modol-D

tho, mot 10n 0.(

and wind J.oud

allow OHpOC ,ic.ll~r :::. c~:dcnlntic.n of pa'th voriunto ror
IH.'J.C.c;:.LC, t~·:J.\,;l9 es \"1011 an a ff.:üclllntlon of 'the f1h1p

', ....~..
to oe ~)~0ctüd in tho oho.nl approach.

.Theso L'1odolB~ hcn-lOvüz-, includv tho poss1bl1ity cf tltuticcalculatio.n

···.()f doni[;..tl fol." tish~nß oystemu t too..

." . 5.!.urtl1er Dcv:e~_o2JTInn~; 01: tho Systom.):!.9.Q9J...~

Firat of all tha furthor dDvolopment of ,y~tom modeln ban to.bo

. orlontatcd to Heize 'tho '1nflut~nco cf tho ruddor-uoglo on tho

sh1p t omat ion. with thC tl"awl", A first stoprlould botho oOl1.pllng

cf thee~uutlono cf motion cf trß VOGGol, 1ncluding tho rudder-·
ancle "31 th· tho DyS tom Model· accordinc to. r 18.. 5, an wuich tho

. path 'l:inom.:l t10n of i;he vessol 1~~ i\r.nUl1lcd to bo Imo\1u. Tho

roallz8.t1on oi' thls pl"'oblanl rGQuiroa C.oOl"i.'OW ca,-op8ration

batwl;?::;n th::::, CPoll:Jl tlo1do, of f lnh11lG ·tocb.n iql,H'j emd flu.id dy.nam1ctl •.

A. turther [j to!, ~i:i tho bo t tor Qc'J..':lptn t lCll of th~ trnwl aock on the

ronlity. On all Godeln tha tr~vl sack 1u roducod tO.Q point maos
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... ' :':.':: 'admi t ted 'r, ith fO.t'CD C O'l"''-''''V 1. ·«,forco.}:;, tJ,"'1" '. i.tlcl'"t1e· and h~J'drod·./nrii:lio>..
':~-.. :. ~. "'..J"'" '...\ #'\.$; ".,

<'for~ea ac \~!o:tl" T 0 lh~) böt tOl· 1d..:rid:..~ t :LoiLof tho:.t!':r:,·l zack on 'tim >:~.
, . ... -' ,,' ... '.. ~. . , '. ". ..

real1ty l:; cüthod. :-01' ,'<.ÜCtÜ!:~f::i>:J!1. or t~·~'.1 t;l·t.1t"il·~uhL!)b.und tt'lml',.. ,'. '.
:·roa·1i:;t.a.~ce.nt gtven r.1c~'lh :3i~o~dL::lI:'.Dt~1l1 of !ili.lr:28nt ..~d·g1'tT:~~·\~·::" ,.. ,

.: '" , t.,,;. .... ' ~'l" ",,;.'~. "'" ...;, '~'···co <1' t't ~ ...,: "l1.n ,., .. (' 0'1-.", .~..' .~ '\ft.~~ ..r·;+!"1 ··i·", '0' Ä.~.. ~"' .......'J :.,. ':', .:,'; ,
~: ""L4t, t'::-"'.)'-:'C J.·..l ~r., ...... w., ...1_., .J.... .,I.\- .. .,\,,'.;;J! J.. ..,J 1rr;\.I" .... ,.,if\:pA. ... {". ~ ~..!.~ t,l.~/.I... "'J~ ,;.4."~."'M~.'W. ,< ••".>,-

. ....• >.~,' "', ..,' ,.." '.' ' . . .' "~"'l <\'.~,:.:""::'~ .. ' i": .. ':" .
.. :: .. ' . for ·calculot1on.· of· tba ti'au.! ~'H:~l)O :l4d. l·cnlcter...cewlth:,::,~VDJ1;~> " .";':;,,;<'

• . >l,. ",' _:.~. -" : ...............,:_ ~ _~_ ••_. '~ ...~ ~< ~~ ~'.

: .'. ';":"s'"Y'ofo~ ....o .... "t· onnl ~"j;'ri"j, C~Y"Cr'~ ir'r .. " -const' [14-1 - [t7J~~;+;'"7;~':~;·:·~'·;".";::"

,< • . • ~'. ~ 11~;' :11::amo:h:~~ ~",: ~ :c~":O:d~d1Ji' "ti<l!l·~./;tl~1t'~~k~D.~2·~:~
_. thG 'oelcull1t i 0'::1 : o=.: t::>awl i;{lln!l(~ cn.c'L t:a'~';1i" r·~~?lot~no~:·:·~·:t:'·;ro;~i·t~',~~iiJ~.,
:,:':i"ß'trQ!161~ dov lu t: tug tl'cn tho:l·J.)t~Lional'trawl o'ovcrll '~~~m~~":-,:-:':,~: "

::,;;;' 'io~1cilblO ~ .too. 'i"l:l''J . (; idculat iOll of '.' tb..nn,~I<'l-u.ri'ifoI·m· !not iOA'ot::tilt;:r:Jl:~·.'.{:,::·

'~:.;':., 8t.%'UC tlU~(-3Q .I:'~I pJ."t3con t~ B.a ~~nt il' ('.'no:-:, '~iu".t~i to~y~,';. ~ j....1C~· ':.:t!i(~'~?i.;~d~··:·'e\~.~
. .cf .inort ln ~}ccur1J~G ,li ~;h th& m;,t 1011 cf tbo trtnO. t41.:'(t ver:; ·f:$~U/:.:.."

·,.'':',:<·':!en'd·;u.~de.r''.circlun~tanc~ni!lny bo .ncclcctcd~ 'li· 6tHlni.'l·tÖ .bG~~:?:;:.'·i~:.; .' .. ','
. .. ·,p6'coiblo t.o' th!nJt of ibo uo.n~"UPt1fo~·motlon~f': thQ}tt/trivl:·;li'ä ....·

diim~·ot .. ~6ti(}fI.O. ~lt .~~ ~ .non:zt. " .."
'1.",

. ,' . ' " ~.

~:~An·.intortlCld1uta app11cat101\, 01' :thc)procent ;:lOdel.~ll~·h()\1Cv~i~''<::'. :'.' ..
'<';;:';'1a::posfJ:lblo':1n: 11~i'tSt ". only~ The cau'r;:tlof tl:io i'o tho.part1~ul~r1·ty': .

. :.~: :::'ot·.:.tl~ c~)!)11c~t.ion 'of '~;,ol~cd" Instrn:nont c'~t;riei~rJc- \:ct'Y.~lo:nß"·~~;d·:.'·~~:,
:-~,;.,:. thin t~'-rC'!H.Hi> (c::por~tic.n dopth till, 60CQ .roh ·'~mall· i.'orc~~' -;" , <'.

tr~sm1tted::fX"OIJl thc ·tow...bodyon 'thu t~J~.;;.r~l')~~ nctiw~~~nt~btl~'b11tt::

c"(~~,,':~QW::b<U>y.1li" nmaura3ion•.... <.: .....• i:c. ".':;,:~" ...'. '.,'
';<Thaae, par'c, 1Cttlc~ i ties are Jr.n};;in.g ·:Uacr.~)5e3."::; thi:;; mod 1f. ie.:rt: iop,':,,:)t.:

.;.'......td~;;~e~cnt· r;;w;~'I.:mult· tJy ·that:.thcricdi.iiC.i.t·iQ·o.·PC~~.lCUll(:-l:(,':~ '~."
,;'.(" _,.'..e,::;. co!l~1st. tho re'in ··to·· h:(jt~p tho .tc·.1.... bo(ty .oe t1.V(111' c erl ti..ollo:d.~· n..T}~>

.' ,'. ··,.. c~Upiodvd.thtc~ tn~'l";r.odin~ •.,~i:\f.cnl)~·uit;io~l;~.'·".' "
,_ r" , ; • '.

, . I',

<;" •.,

..
At: .thQ' alnb~~nt iCA ()fOllCr-4. tr r:i9t,hod ~~1",·;:(i'9t~;L~1nat:i0t1~·:()t·:;:t~·"·'.Ctht1pe· ...:

.. ' ~Urd:J"(W i3t~n(}o" a1; gl..j6.nstylo. >.:it:J.huve·to ·llote;' ..:·t~;e.1;'~ 1·t,:;.:i~·ji~·f~~.· .::-. ,
·.·n~t··a:.,qtlG~ticu ,~! ,a Sir:i}l.c roy,)rs~~:.:oi'tha·prese!:':i~·rf~j'~~~·:~·:C.. ~\:'..: .

'" , .' " .... '. , .... " ' ..... I. ,.. "

.' '" .'. '; ,:,,(~Elgign~(ßthc,i (19] b~lnß ·u.ndo:, .elabol'QM. (.\r.< :t;<:;C1:oct~ vell,,;·:.~i~~:·.,~h~cJi·'

.. '::tha'~ iit'l1yll' ~h<]l)O ~ L'lc~h 31zc» end ,~tr~O[;tha'of'! J..:ra~c..nt··ar(r:givaJi'f/::.,:"
, .•. , ' ,,~>,:,..• ,-' ",' -" .' ' •.••,-' • ',' ,_.:''',', ,;' ,". "";" ~'~, . ..-,;",,"'-'-,..:, .•... , •. ~:-.-..... ,:'_:'- •.

nridtne ::r)t>'h ..numbcH·~ l'loc.ClB~H~r}f .. fl)x- t1:'~o ,formation': ·of'.:·tht~f:5trQT!1'~t<:;·:;;·L

.:~·,shoP·~~ (und \1it.h thut f~~yj,;l'J Wlrl ~JC't~;,iug ·di~'i:ribut.1~:f.:~.~~·,~?~~~.~~··~:;i~;.... '.
. ".'. ·::,.thG .;. t0tl.i? iJ .i:J ... s: orc'.;.~~~ end th~' 'ßl~~d ur0 .. du tO;:'Ll1.ned~·:'.:::~.::;'-:::(.:~:.:.l.;~~~;·~~~:~~/::~>:~~·>.

:."''- .<..:.. Ä~·f~rtllcreppiicatl on .'t)f'tba IJ?d~lE;davt~~oped: :C~·:.'th~~:·:r;;~ci~·e~:\,,·.· .
. \',.pf thc~ po).ag10 on'<3-~hip tl·awl ,f iohin.g proaonts :.1'tßoit, :~'.: tti1 ~~:.. :' '" , :

• ., ~, '. , ... , l ~! ' ~

';.:. "'caloulat :ton ur .thn path cr r.lotlc;l anti loudl?ß. ~f.... 1;ol?O~'"'1ri'~.tri.in;ont ':, ..~)
"oarr,lerB' fortha CCOiln ro~orach. , . , ' .

'.>,

.:l
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Tho. ~oull 1t:.itiol :rOl'CC~UJ1d. l.::lrso f):tren0ths of .1JilG m:ll~e

;fur·therr:~ore. 's llos~l'b~Y excct .culculut,iC.D. of the tow-l'od.
n.:-;c·ßs:i!l1:'Y ~ ! h";:,;t ~f. all in. t~1.l.I no 19hbourhDod of' tho ~öw-bod:l(0

.,' , . . . '

, .

", . .. '" .
. In "h9'p'rJSont' p'l.lPO'; the dh:3Ctcd flshery .la chüraatorizo.d fr.am tt
Vlft~ poin~: o!.·~6hunicß. F'l.u:t}:.orClore axplanat16.0:s to tlie 'mat'lio~ac,fJ.
·p~OC'o.'adi.r~ a'n~o.lv'!.na of probloI::l,a rogEtrd1nn tlte non-uniform m~ticr..

.... a:t.· ..tr~viling.6~~tams al'e'lnaußlO It 1:1 r-hoval that ~t ~ill' be m~~" ' ,
". " . , .: '.' ,.', .,' . " . ,; . .' .

.. . : aiivantageou,s to c:,-aata modal? eh whlch one' 1ss approaohlrig SOrti!.)

•... .. ,.~~b~:v"~~em~. 'to tho reül"1tY ua' '(1011' aß poss1bls' '/lUd. other' ~u'~OYfjt(Hnl::
... '.,. :. 1~tiH7rot ~g lass o.xactlY" , .' '.
.... . ~

.'. '..... .::, ....'. •. t • . • • •

" .,'T.hQ modals: o! polac;.1c Q.tlo-sh1.-p, t.t'aw11ng Dyn torus ara repr~ecn.ted
". "', wor!:ed out .on tllO upeo iril f iold ot t 1ohl,ng technlq~o at·. t'ho .

: '. " .. '. ·:WÜhOlr.l-p.1aCk-U~ivorsity ot RO$tool~ in: tho rf.iäont ye~ra. At this

. ~'tha 'models 'are .~lOO dänloCl ,,1th knonn fl'Ointh~ 11t'dlrat~re... ' .
~ .

',"

... , ..
," ~...~. ~

, "

',". "

'.'. ..' ,.
.ln conclasio.o. c.ons1dorl1t10.nrJ to fur'ther, 1m:provaroent .of'.the

'. . '. ..."
. " pro~ollt Ulodols of iJolngic one-0111p ,t'l~aw~ Ül[; eysteIDrJ are made •.
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Fig.'1: Schoma·ofa polußic olle-sh1p tl'Dwl

F1g.2s· Spatialpendulum,nodol of polog10 ono-ah~p

'. trawl ay6 tem

F1g~'~ . Plane double-ron pondQtum modal nf pelng10 one-sh1p
.' tl'Bw1. f'.iystom

"F1g~4S .1~ eyatem model of rolusio Qno-shlp trawl system

lH.G.5~ ,2. a~'stem model of relagic on.e-shiptrawl system
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1.1torEi t 11 r (1 ,. ..11: .....

[1 ] " .' Hcckine. G.: ' ,
"': Unt';rsuchungon Uber ö}:onc":llsche Ati8,.1irku.l'J..Scn einer Auto-' .

l!l.äti.~i·(;rllng dE)~' Fo~cbotrlfJbo1'J bei' Pischoro1fnhrze u.cen"

VEn FlschkombinatRostoc~

Rost.ock 1970 (not publiGhod) ...

[a] .' Lul'-!l~ oV, V. N. : ' , ' ". ,v·'
Ustrojatvo 1 akepluatucija orud13 proIDyalonnoßo rybolo~~~tva

, (c~n~ truct'iOll llnd EHittlllg up off1s111IlG equ1pI:lonto) ~
'. . "ff " v' '

cd1 t1~.n "Placavaja, promyelennost"

, 'Mon kot': 1972

Schumtlchcr. VI.I
Bo~ trag zur' Fätlg1gke1 tothoor10, der Schlcppnetz!1oohar~1~

bei OUlcm zielgerlchtctGll und geetouorton EinDnt~ der
~ .. .'.. , .

Sohlopp.ne t zs. '. ,>.
. '. " .'

FloChore1-Forschung,W1noDnouhart~lchO,?chr1tten~a1n~

11 (19?:H Vol.2.page 69·"95. ,,' l,

.;.: ;.
i

, .... ,.·0

S teb.:-;ql, H.: $~amart'H. s . . .'
VoralJ.flsetzungon fllr die Automat1~iel'u1lGvon I?lo~ta.ot~..·, "
.. .. . , i' , . .'.

aYBtemcn' dargestollt am Daisple~der, nchlßDpnot::;flscho:;c~ ..
,Soew1~t~chaft 3t1971) Vol. 2, 'pago :1L!-7~50.,"; '. ~-'

: ,,"~'.> , . , .. ', : l.'~ .. ,:j \.,' .',1 ():~;'.""'''''''~ i'

[,J' Gu,reviK:' M'.I.; Fr1dnulll t A.L.1 ,Alt"Ul.E#j'f...:1;~O~~dnlj1!f~~,~#
potltanoVkf.4~ada~l Q pr1a~lno.m raan~glub1.n.nom, tt~ßleAtl\, ~~;,:",; ,

. ~""; .n91tQ~ot"Y$ :eeztUi.toty co ra~anlje'\J" .', ':.". ,: ,,' '~.'.,\',' :',' '
.. ( Zu.r Aut'gabenste 111l1lS nG~J~ial te' pclugloche: ScbJ.op:p!\.:)~n;i;,1Qa),'i'~~i'

. . _. ".' . . •. .':,' ;' "~\J' ~...,~ ,

ro1" u.o.d·olntgß Ere,obnio::.;c· 1hrerLUEllU1S):.t ,,',' ....,.:.. :~'::,... . :' . " . . . ',' ~,., ,~ ,': ,.~I!,> ';..~; . .'.

., 'l'rud;vK'rIRP.lChe VYPu.olt I.Vll t 1{alin1ngrad.' 19'75, "S~r9 •. ·:~:/,<::··
• '.: .:': .' .• '. "0,';", ,"",'.: " .• , ':,,:.' ',: "/':/i~r:;;'

[6] Wondenburs, Ra BeNchnung von ~äwullcne.a. Ba.hn1uu'''·HH~ :i!elG~~'.
, " " '.." .' . : '_ . " ,.',..' . ",'. ,;~ ~': .... J ~''';

, .g1acller SchloppnQt ~o mit cii.u.em vora 1atach tQP' IJcjfJJ.l"" ':~';:<.:~:; ,

'. Gr" Bole.g, Vl1.lholm-P lQck....unive~u1 tät Uoatock,S'aü'~1q~ "."::,,'~.
~. Scl1.itf·at(lc~1~ wn F1schre.,lt'eOhn!J!~~1~'75·:' " ",' '''-::::'''

..... - . .. .
; ~ .' :

[7J·.~.,··W~119~.~ , ...... " _ ,; '. ",',. '. '
DßatU~~tngdea Do~cSä~svorbnlt~ns,dea SQhlepp~t~~~,
, • ~ • • ~_. • ' , • -,' .,-" "l "

cbenol-'.lnotat1o.nliro.t' ,not:ogu.n!~. "
o Ur' ~'. ßeleBt W1111Qlo.-P ie clt:-Un i V~r:a 1t llt ries t Qok;' SQkt ie,,~l':

, Seh1ii~tccb.u~k. ,WB FlochareiteohuUr, 1973. ","::": "":,'t1;~
, >. : ..',". "'-'.'",..' " .'. ,. ' ... ,

', .. ; ~'f"

,'. '/''''<

" ,t ..... ;'. . .. ' -.. '. .. ,;'., \,
, _.~.
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, • " ,:.~ '1,.

" ""1',' , '. .,>.'"

..• [~1.·· ·..B~~i~v~~13, .i.A.S ... ..... . /.. ... ....•......·--7 •. i.· .
,.'.: . ::"istll~dovr.in1o:~1ßt~·ma:äudn~-tr~:i'·(Uti·l;'C;iHl~hUrL[; ~,OD SYC1a::mi,

, , schift;"schlCl'pnritz· ... : inv'a~ tli~tio~loll tl~',n:"f:it'oo' 1Jhip-.trnnl)
, : ....:. V' .. I, " ..':.' .' ...... '.... ·....1, ...... '" ':"

Trlldy .naucno~techn1coaltO~ 1~onforonz11 tmro, t~tu"mr~nuk,'19E,a
.. . '. . ,. •. ..',\, ~:..-'. . :. I;,." , (0 ~" '. '.. '. ..:,..,'........ ';. •

Br'odsklj s' I:1.. :.:"

,Obo~ennQja zada~a' ~od~.;..::'orro.1.nokotOr;y·e'.l';OPl~oay~·tl'aiCA1jQ."'.'
,"(Dia vellal1G~rr.oinorto A~.t:,':~o,b6von cluil'do-Perrault- uAdd. n:1go

" r~abOD. doc S:chl\jIlpnctzoo -·tl1.oganera11zcd prOblori',bi"::Olcuda'
, Porrllult an{ corno' qt'W~1;tO';1fJ of: UD tl'awl f~~:.:· . "

Sbornik statej V).pusk8,: ;ll1,i·m~D.nkoo oblnotnoe Up.t.:'llbl'13n10·
.'. KTC. ...'.'" ".' ,-',"':'. , ::.' ,:' . '..'._: '.' " "., ,.""

Edtt·ion,p'ibtQv.f.d.n;~rOIllyai~nnost·1968;':-, '. ,',,', ,:. e
< , . r', ",'. •

' ..

, .. ,~.-,

. ": ., .

. 60]:,' B'önoch., 17.. t' .

, ' :'Hor1zontnlu Duhnkurven .u!i!l Kurrlain~nkräftotOr:,ell1Pendel-" •

.,' " .' niod~ll. UD.cl'verach.iedena Sl}h1ffoktl~s~.. "',':'.":'

, D1piomarbe1t{ Wl1hol~~?1o~1<-ULüvars1tlitRoatock;'Sektlon.
. , . 'Schi! fn toChn:1k. wB Fischoroi tec'hnikj "1974;"':'::"'" ....~,~,:- .

. ' . ' .. ~. ..' ( ..

Wan.da.ubul'ß s ll: Vergloichen,la unterßuchungan~uh<:~';n:ri~~~hOl1
.' Verholt';Hl".VQ!l t!odoilau pelaG!a:cher.s~hloppnetzc~",:·:.:·::':'.:~,·.:,'<'··'':.
, D'1plomtlrbo1 t .. Wi.lholm-p'loC\·k-Un1vo'rs 1tut R(,i,tock,::·S·e~tlQn>. ":;'

',' Sohi! fo t!2' c'ht".U.:, rm l1'!s ch(J.~·o i to chn ik? ' 1975." .. ';',,;. '.,,""
.- ~ • ,~ - " ~ "" ' •. ' l' . '.: , . ~. "'.. " " ';' . i

[1~J ."., .KrbPol~nt.J .. n Das "dyuwnlSChß VOl"ha~t~.n 01n~~: al1:' d~ .no.nf;~~;ri~_'n~
. artlUf:>..,'l Stab gE'JBohloppton Körpern. .. :', '.' . " '. .' ,:' '.'

Gr.Bol~g~· \1ilhQln-P1cQk-Unlvcr~'ltätRostoclt., .SaktiQn:·S~hlf.fD-
.' tochnilc,';ffi:li,1Sch.erl3itechl11k. 1973.,' ..... .:,.'

, .:' ..... , " .' _ "'- ,.,.' . '." _ _ '" ..,:",:.' ., .~ .:. :. ..' \ .... ' ", ";:'; , .
. ,:'. .... ~ [~,} ,SandCl'l.Ch. ,I",: '.: .', .,' ",": ,:.... ,.,' ; ><

. ,', .;.... , Vergloichende Un torsuchungen ::.aun dyoa.clGchell VarlH.l),ton vOn.
~ -' ...... ,> • • ".

,'. ':" , Modoll(iA pelagischor Schlnppnetzo.
":'D1Plomarbe'it. :Wl1helrn-P1001(-Uriivors1tUi,; 'Rostock~ ,Sektion

",:,', .. ,~,:;>S·Ch.ltf6·toch.rilk.· \'1D.F.1:3 che:-e1t~chn1ktl976 .. ' . <" .

'[1"lsoh~cho~.fl.s .. ...•. .... ... ... ... ..-
'. .': UntarauchwlBonzum stat1Gahen .unddynOnliochaa:~Vorhalton,:dca'

Fane~ortit~nSchleppnotz üntcI" bosqndo;;,"er Do::Ucksichtlgwlß
. '~ ,., .

>•• dar Scllorkörpor.>

-::"'D 1ssertatiollo Wl1holm-Pi'!Jck-Un 'l\~crt i·ttitRoatockjl 'FerJll ttit fUr

, ,'r,lntho~o t:Ü~tPhysik und, ~\eclmischo Wissonsoh~fto.n der. Wl1holm.­
..... ,. ·.. P1ook':'Univors1t1it.Ro3tonk~19?5.,.
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"[15.] Hah1bQ~l'. Y1.-II.:·
" .Dlo 13ai'loglUlcsG10 1chunsoit.olJ .. idoal b1ecoumon. undclmboron)

ßtr(SriuncsbfJla~tote.nGCll\:lo·r:onFadem;1 bQl ~ilunllchor Ungleich....

....: ttiro1con BO\1S'GUng und Uu.',; Löoung fl1r ein Uodol1 oinet:: pel"

"laa1:;} libell 1-Sah.i.:ft-SchloPl\.tlotznyo tarn.;l.
, " " '. ' .

D1csertat1o.u. W1J.holt1-Pio~.k-Ull1vorsltat Roatock, Fnkultät

.: ·tur.l1D. thorr..:-.t1k, Phyo lk WliL trochnischa W1osanachot'toll dar
' ... '. ·.Wllhoim~Pi ocl;:-Un ivo1'0 :1 tüt Rontoak.1975•.

",'1'"

[16t~;::.. .'''Jl,ischQr.· Ä.~: I Nor:ak. rr.,
" :,:'Erarbai tu1lö: von Grundlagot". fUr 'die fHl·tO.m.at1s1ortoverti!'elQ

, .. ' SChU'Lu."'manstouaruoS mit PO~~U81schonSchleppnotzen.'

.: ''cD1ssertatlon, W1lhelm-?1ock-Unlvars 1tlit R03 took, Fakultät

,:fUrLl11th~r..;'1tik,PhyaH:. u.r.r .:T~e~lochO Wlsso~E1ch(jfton da:
, " ....

. ,:Uilholm-P1ock-Unlvoro1tüt' Rostock, 1976 0

'. ,

,\, ',','

':[1~]··:"pre~Z3Qht·P.·''
..... . ,'Berechllunß von pol DG1~chon SchlepPAotzen.

:. »·.·Dlsf:lartat1o.n, ?[t!:",.ultät für r.1athom.v...tU:.. Phyoik Wld ~o~hnische

",·W1ssenechnfton dor Wl1ho1m~iack-UniverlJltütRootacl(t1970•

'. ~

" ..[17J·> ."Ivnnov. E.P.:
, . " Juialyt10cba 'Lösung dor AI.1.!eeber;. dar 'Statt!; dor Floch~,ra1-

'J1~tie. . ~

....... " , :F1sCl.'1~)rei-ForschunG. ·.111osQ.nacli~tt11cho· 'sd~ lf tenroiho' 11
. ·':.;:,",(1973) ~ Vol.2, paao.19~31.

; ,~ ,

::B~ola·1sk1~l ~ t~A ~ •.. '. . .' .
. . ' '. . 'V' ..

, : IsuledovCln1a '.ries tae1oDar~oßo dv!zon1j n raznolub1.uogo trala
.~ ::' (u.titorouchunBder·1~8tat1Q:nfu'Oll DO~7ogung o.1neri PolUS1G'chcn
~'. ,," ,". , . " , , .,' , .

, ,'~'.' Schleppnotzor;J •.

"':Tr'~dl K~mp1CHt Vypu~k XXI»' 1969., .'

.:'·("['H)] .. ':'Lo1tzka,U.' $. ' .
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'.... var1abler 'inbaror Exzentrizitüt•
..<'~~1~ che~b'ar1c'~l't' zti.m Forscht.tnßs thema, Vl1lholo...Plock-lJnlvars 1tut
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du ·po1.nt devue 'do la roocQD.1que oJ. On falt- en outrs' u.n axposf: .. du' .

·.'p:roQ6d6m6thodlquadanB 1& solution d9probl~.m~sconc0r!UU11r1G.. :..
,-: "Muvem,ent ·.nen u.nlformo da aYGt~J'le~do ehalu.t~·, xi ftst!·46moatfA:·:" ..'~

;':,'qu,'-ii' eet plu... faV01~f.lble dec.rthtr des ·mod6io.·oti;quelquei;"\'>"·'::',\:~",::·
.: :. 81'It6me'3 partiale $out approche~ la plus Possible·de·.1":::~l,lt6 .

'" .t~cud 'aturas systemoa partiel;] saut rePrOd~1ts;mol.ti3,'ex~~:tcifuaut~

:r. f iarilVle· 'pr6sßnt~ lQ8 mod61ca daa s~(;ma84;: ChA1Ui·;p':i~:i~~~··.;ta,
'., wi. bf\teaum1s au point 08ß del~.p.f(\r~3 aAn6ee' al1,'46Partekeiit';'::n,~;,:::':. ':

•. 'Jl01e.o.tlf1que 1'echnlqua do p&ohe da ltUJ11VEu.·alt6~iih~lii'~i~c'~"
,Gt I'oooupe ·'~salmne.tl.t. dCA mod610 ßc'OJlnus par la"ilt:t6f1~~,'"",

. , .. . . ~ " '. .' ." ; I .,: " ". ',- ,.' . " ..

In, 'c<in.ClU8 1o.ndsB 'co.o.aid6rntion~ sont tal teS~t';·.i'~:iior~tl('~
ult6r1aul"e des mod6100 Pl~05ß~tl de .8yat(lmall~e clU\1~tP'~."t$'1qu.f.)
'" UD. bateau~ .
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