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•
Creation of new,tishing rc.ei;hods anti new fishing ,geal." ,

includ1ns the method,of elec~ric fishingwas,~onsiderably
. . .'" ."' ..," ,"'. . ~

fac1litated by ~vent1on of,new tec~que of underwater

contral Qf fish beha.vior. That is whythe research work,

espec1aliy 'that ,which concerns ,eleci;ric, trawl' has considerably,
. . . ,. '.." ' ," .'

liven,ed' up.recent~ in ~ number of countries~ In 'this ",'" ,
• > "'".

'" co~eetlon one o.!the most urgent~,problems'is projecting
. '. . ,. . , ",' ":

and' ealculating p\Üse ,generators of, big capaci1;ywhich
. . ,.'., ..

ereate roße eleetric field in the ',Vater~ There are many-, <'
. . .' ." ';... "

, "

various schemes of pulse generators:which can be used for "

this pu.rpose. 'CapacitY '~~c~llnui~tors ~i:, Eüeetrie ;energy, 'ar~
usuaii-y 'utilized in these, schem~s.,Commutati~n of mardern ""

pulse 'generators 1s effecited' with power.ful thYristors" "

• ~hile the 'e~ergy is tr~m1tted.to'th~ 'sp~~e be'~ee~ ,th~ "~
: e~ec,trodes by 'the" tine 'co~tainlIj.g'.a bo~' rising pUlse'"

. . ' .

trans.former, ~ underwater reduciDg ,pulse ,trans.forr.aer~d ,":, .,'
-.' . .'. '. . ,,;.' " ~ . " . - . ' .~' '.

a, high-voltage cable'~ : ,',"~ " ',::'- <:'~'J

" Pic"ture 1, shows the charging, and discharging eiec:tric ,: ...

, c1rcuits of p'ulse.' generat0l:'" which .forme ~polar electr1c: ';

iI:lpulses or s'eries, of bipolar ~pulsesin case the :thyristor

.... ,"

, . , .

~ , l.

........... : '

~

is shunted'by diode (dotted line)~
" ., .

~. ~ . . "., ~ .,'
-. "

circui1i with loaded,accumul~to.rcircuit is ~hown,in Pic1iure 2.;,'
.. -, ~.'

\",'
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, s·coupli:f?5· parameter Un - residual voltage of the condensen

'when the' eha;gi'ng hegan, onecan calculate' the' dependence

"'" , ..

I~ should be emphasized that the schemewith a diode
. .

und a shunting thyristor üllows toobta~ aseries of

impulses in a discnarging circui1:;' which consis1i of se=i­

cinusoids 'n (depending on the ler~th of impulse ~hich

sVlitchcs' on' thethyristor). The other peculiari1;y is thai;
, . .

.it allows t'o reduce the vleight of charging throttle by

several timesandtoincre~sethe coefficient of performance

of·the scheme.·
..

By solving sclassie differential equationfor a

. charging and adischarging contours in.~ase of ascillator,r
. . ". ~..... .

dis'charge, ?- ~ e. d < 2 and using recharging. voltage' as

between the inStantaneous values'of discharging'current

and·condellsers' voltage•

. '.' Thesetwo: equations will be the basis of our
, . '. . .- . '. Uc. .ft - ,t;. (1)

.... calculat10ns L.:-:;;r-e 5.11. ~ . . . .

u..;U{·( ~ [1- (-I) '1 I; Kr,. ,,<fll;~e.!f7cvS(lL'ri-P)t (2)
(;, "'" ,.-(-,; K,•K, " '. f' .. f 'J... '.

"where Uc ,-is the voltage of the condenser battery at the

..' end ofchargi~g •.' 'w : :. =1 (.{Je 2. S-z'
_ 4.. I

"-,:: 2Tu R. 1 J<..
~.( 'c;:,.' :::. IJJ .,z.T; ~ '771 /... c I d.:. .rE' Wc.: r::'LC I t '= "L I

• < • • " r,"- L 'C 1 TL<':' c

.5..- d
rY) - u.J - -1't-d~ /

u - ~eeding voltage

C - cnpacity of the condenser battery

~, R - inductanca and active resistance of discharge

circui~ in'the circuit of energy accumulator.
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The values marked with 'pr refer to the charging circuit,

those which are not marked refer to, -the discharging

circui1;.

t7I J!.Having equated t= -', we obtau the amplitude __
2w w

value of the discharging current.

As the equation (7) shows, condenser ~oltage depends

on reliaoility of both charging and discharging conto~rs,

so that in fact 1t can surpass by several .times the

feeding voltage.

•

(5)

, '

(6)

(7)

(4)

- (3) -

u= U '. Kn .(_1)nII c - .-

u -= U -- .1+!E....:-__
c -1+(_1)n Kp Kn

with t=.:1[-
w we calculate recharge voltage



Working,value of discharging current can be obtained

from:

]"i' ~ l+rr1~dt' =Uclick (I _K
2
';'

o
(8)

where 1
of =T is the frequency of impulses

T - theperiod.

The average value of discharging current is:

nTa..,.

Jv =,j.fidt::fJcCf[f-(-I)~Kh]
, 0 . '

Incase of aperiodie discharge d 2. the needed
, ,

'dependences obtainedthe same,way will be expressed

like: ,

. . Uc.· .J::' __'. Ki." -I~i. ' (10)

;."..

,Jm
..[. 2 .]. '

,KL =.. d (f ~:..L) .
.... ' .. J'" .. (11)

(12)
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CaJ.culation of concre"te scheme can be made in different'"':

consecutiv'e .order de:Pe~dingon.which parameters are initin1

ahd·which.values' ar9 desired ones;

AB a rw.e~ .c~culation of puls~'generato,~ is usually..

begwi.when the. electric'schemeis alreaa.ykIlown, ~ •.e. :when
" .. >

the' place oi varioUs elements ofthe electric'circuit 'of ':.

the "trawl i8 dete~ed:andgeometric characteristics.of.:.'

the c~uit'are knowu, inc:luding the: length o.f: seconda~ .. ,.'­

cables,·the ,form and the.place of electrodes in space,,' ',:'

the· ~haract~ristics,of lllgh-voltage .coaxieb.c~bl~~," . ' ..

' .. ··· ... ~h~,~th~.valu·es .. LH ;'R~H ."'.:Lk· ·and~ .. are not'; ..

.h~· to ~ind'since:w~ 1cn0W tha~ the .iD.ductarice !.' H'.'.~s .' .

concentratedmainly. inthe ·POUPling· cS:bles and the', active" .~

resist~~e·~f'.the'·~~~c·h~gingcircUi~' ~:~ :.·is·.~~~ci·;ic:i,li~·~.
. .' ", . .' '. .'

eq~aJ:,ta; electrode. sp'reading· resistance and'to'a~tive ,..::/... ,.-

~e~~~~~eoi ~he"couPl~' cable~ •. ,<,./ :" :.~<"::: ~ ":.<' ,,':., ,::'..:: ..~.~
.,~,:, ~ .. Bi ·1ihe.'i~rigth,~f,.CouPliDg.~ables.· i' 6an .·be 'det'errilined: :.
.~ :"" ' """'~)~:~:;::"':'..",.:.'.: .. '," ,'::'::".;:~ :> ":.: ::'::,".." . ''-'" " .:'-

.;:]~€~t~l~~~e~:&!I~~r~~~:~~e; ~ethci20~.·:Ca1CU1~t{on:: .....
• ~~,r' <~~~~~~, .~hii~:,.~~.t~ve..resist~~e ,;o~' high-V~lt,a~~: '" ~";~",
;::~~rcuit'1lk' aild.,,~, :are , t,a~e~ :~~~m ~h~ te~~~a.l.:' .. ':' ,."
',~ des6~i~tiori of fh~~'~'abl'e~'" ';., . , ' ,,:' . . ,,~::, . ,,':":,

'''~.:: ':' . ~ :,' :De~~n~::"~~~~~e '~e~~tiori" of :fish < ~hi~h:': i~'::~~~ ,i)~siD"

';:' ·6f:~J.~~t~1~:' f1~'i~/ ~ik~'.~ie·c~~-ri~:~P~1~: iS:.for,pelb.giC,
,~: '; .·.·~·~:t .... ,.'-.:, ...:··.:.' ... ; .. ,,:. __ .. _: e ••,.~:':••",'<, ,,':'. :~<~: '~'-"':~'~:'><:'i""'~'>:.:_'.::.. -':-.'.-"",'...~.,,.'-•. ,_~', " :..,_ .... f,,~_ .. :.

'. electric ,trawling, ~and., anode .)~·eaction"1s for ;fishi.rig :without '
.'-.. ~.. ~'.' ,,' ~'" '".".~t',._":::". ',',:' .~.. ,-:... r.:.:.~.- -'" ·~.~_~_~;~·":··i·.<:;.- ",.Y:,"-"',"'" ,'~."",,, ~\"':-"\ . <. ·.·.··i:··

',nets;:'th~,most; advantageous, i.IliPu1Se~frequency·:,.1n'respect·,,"; .
',. ~:,,~,"""',':., ~ '~"><"''''- ~'~~':'.,.~~:'~~~~ ':~":.. ';'... ' ,:::,--:,,,..: '.~/ ;~~~ '):'-".~")".,,":""'~':~<"'" ~;',' :", "{"

"." -"',"



pt power f' is chosen with the help of diagrams made

of the results of volume characteristics offish reaction
I

on electric·current (see picture 4).; The voltage of the

condenser battery Ucis limitedby the pe:rmi.ssible

voltage·of the ,thyristor.
-, ' .' . ~

The voltage of the high-voltage cableUk ischosen

so thatit does not exceed the pe:rmi.ssible produce~'s

technical cönditions.

, In fact onecan'achieve that Rv.(<: Rand

Lv «L, "where Rv" and Lv are active 'resistance and
.' ,"" .

inductance of discharging contourinthe,accumulator-,
clrcuit'. That' i~ ,why: thecoefficient, of transformation

of board pulse transformer'canbe calculatedwith

sufficientprecision for practicaluse.'

,.

(14)

1

1

"
,

I' "

',' ..

' ...

,Usingoceano~ogicaltables we can determine specific

resistance cf, the water, g' in case of crest saltness

value andtemperature.,Rv', ~d L~can, be taken within

the 1imitS&' '

4:'::;;' ,R.v ",~ 8 m.n; , 4~ Lv~ 8 J>1H

~hus, taking intc acccunt the above we have found

the following values:'

f , Uc ,', L:i ' 'RrI' Uk , f' Rv ' Lv'? ~' , ~ , n1 •

Now we have t6 choose the transformation coefficient

for underwater PUlsetransformer.~arid the length of

impulse Ta:' ..

·e
"



1't is known from physiology that steep front of

growing current causee bigger- effect on alive organism.

Owing to this fact the length of impulseshouldbe reduced

by deminishing. trans!ormationcoefficient o{'underwa:ter:". . .....

~ulse transf~rinerD2 ' ~hich 'inour' cas~.: is equal to.the

increase of steepness of, the. fore front ,o~ the impulse. ,

Ye't by overred~ctionö; ~andconsequantlY'Of'Tathe ~ "

steepnessofthe f~~e front'ofthecurrent may reachth~
, ", . . . ,.,"; , ' ....",

'cri"tic~l pointrforthe, tbyti.stor. Therefore ~'., shoul~ be

chosen. when permi~sibl~ sp~'ed of C?Urrent g;owth for'the"·:
. ~ . , . . . .... .. .. , . , . .

.-•• ', \.>

" On ',theöther:hB.nd.,
. " ,", ,'-'

L, =.,[ ~.+·"L,k~,;-t L H\.i:i ,:n~2..
.:' ~ .., : (16):,

..~o.IIl (~5.) ,and(16) ~e·canfindD2and.'a:fterthat,the',

• ' generiti>ac1ii;'e," ~e~istan~eofthedischargingcircuit.

R' ::: R~-;.+R.., ..·n2' +. RH n~
.... ..... .. "", I

,.' . '" ~ ."'

. '

where ,.n:: n1 .• ~ - the general coe~:ric1ent of transfornation:.;'. ~. .

Fo'r preliminary dete'rmination of the length" of'

iID.I>ulse Ta' we soo11 put the deca,y coefficient' w1thin .

7,



tho 'lin:!.ts: .

05~d~ 07,

"uD.ere the lower limi;; .istaken for Uc >2000 V, and the

upper lim;; for U· < 1000 V.' Then we find:c '.

T = ~2 Gr"~_.:_
a R (18) ,

, ~ ~ .

Further calculation depends on the reaction of~he

fisb.:tothe 'e1ec1;ric field~ The hamestcase from th'e·energ&­

tic·pointofview.1sthat of electro-narcosis which we·are.

goins' to 'studj.· '
,'" ,-

It ,should ',be notedthat the current parameters' and '

, cr"crgy characteristi~~ofthe sChemedep.en,~ on t~m~ TH which

is' need~dto'cause electro':"naröosis.The va.;J.ueTH 1s taken,

depehding on ,the mechanism of,'interaction' between tb.e'

. 'ele'ctric f'felcl'and' thefish, \vhich' haß' beco~~ 'the basis:' of .

"eiec~ric 'f'iShi~. o~e'shou:J.d rememb~r, that' 1f TH"is 'too.,

ahor,tit' will; ca~Sedr~stic i~c~ease~of'the ,used .e~ergy ,

and ,cf the dimeritlons of the installation.;'
, ,_.".. .

: , " Further on,-, hav~ng found, TH and 'Q= -~--:.. from, a
. . a '

. correspondingdiagram' drawn oritlie basis of· ~ciua:;-ium

'eXperiments, \ve 'shalldetermne specificcapacitYPt spent'

, on 1~3', of' 'water, which i~~ee~ed'to cause'the thr;ShhOld
, " '. . ,.: \, .

02 the. reaction., Pie ture 5 shows" as an example diagram: .'

pi _ f (TH) ,for Q. ='10flf'='1J2.lD.~.. '
, ..

After that v/e can find the, threshhold value of. the

field tension~

:
:

.-



I

where f - specific water resistance :for aquarium

experiments (see pieture 5), •

(20)

(21)

. A- see pic:ture 3.

In order ,to find the curren"t amplitude we can use '

Ghe following'dependence:

JH E
S~f

J = .-l:!..n

(22)

where S - the surface with similar firld gradient equal

toE.
~2 '

For spherical space S = lf..:ß r ,where r - the radius

of the electric field•

. From pic~e 3 we can find Ki and using formula (3)

calculate 0, then find

d=7F'R'
" -0-

If the found value of d differsmuchfrom the.

desired one, Ta'" J and 0 should be reca1culated according

to formulas (18), (22) and (3).

Then we calculate Jef ,Jv by formulas (8), (9) arid

h~ving put KP" within the '. ljmits 0,7 ~Xl, ~ 0,85 ...fin;l

the·feeding.~oltage U by (5).

9

! .<,.



~n~ .foul1d values permit to start choosing power

ele~en~s cf the schemeand projecting the ~harging throttle,

tho pulse transformers andthe'control scheme for pulse

Generator•

. Special attention should be paid tO.the place where

different elements of the cireuit are situated ih order to

reduce the mostpossiblethe inductivity and the active

resistance ofthe charging circuit, for this reduction
"

will benefit weight, size and powercharacteristics of the

:;ulse generator.

10
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