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METHODOLOGICAL GUIDELINES ON THE ASSESSMENT OF TRAWL CATCHABILITY OF 
KRILL BY MEANS OF STATISTICAL MODELLING 

Z.I.Kizner 
(U. S. S. R.) 

Abstract 

This paper offers an approach to the assessment of the relative 
effectiveness of krill fishing gear by means of statistical 
modelling. The Monte-Carlo method, which is described in the works 
by Metropolis, N., Ulam, S. (1949) and Sobol, I. M. (1978), is used 
as a basis. The Monte-Carlo method is useful for solving problems 
related to the quantitative assessment of complex stochastic 
systems, including the assessment of the effectiveness of trawl nets 
used in krill fishing. However, on its own the Monte-Carlo method 
does not provide a complete solution to the set problem. This paper 
sets out a method of comparative assessment of the effectiveness of 
trawl nets of various configurations. The algorithm for solving 
this problem is constructed in such a way that it can be applied 
without alteration for the assessment of the effectiveness of trawl 
nets of any configuration and affects only the input information. 

The paper formulates axioms describing the ideal situation for the 
process of entrapment of krill by the net; this permits the 
rigorous mathematical formulation of the problem and the development 
of an algorithm for its solution. A detailed description is given 
of the algorithm for the assessment of the effectiveness of krill 
trawl nets, which includes a principal module and the module RESOLV 
(i.e. the resolution of several systems composed of two linear 
equations and two double inequalities). 

The proposed algorithm can be realised by computer in 
algorithmic languages ALGOL, FORTRAN or PL-l; for this 
utilisation of a rapid-operation computer is recommended. 

* * * * * * * * * * 

PRINCIPES METHODOLOGIQUES DIRECTEURS SUR L'EVALUATION DES 
POSSIBILITES DE CHALUTAGE DU KRILL AU MOYEN DE MODELES 
STATISTIQUES 

Z.I.Kizner 
(U. R. S. S.) 

the 
the 

Ce document presente une maniere d'aborder l'evaluation de 
l'efficacite relative des engins de peche du krill au moyen de 
modeles statistiques. La methode Monte-Carlo, decrite dans les 
ouvrages de Metropolis, N., Ulam, S.(1949) et Sobol, I. M.(1978) a 
servi de base. La methode Monte-Carlo est utile pour resoudre les 
problemes lies a l'evaluation quantitative de systemes stochastiques 
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complexes, y compris l'evaluation des chaluts dans la peche de 
krill. Cependant la methode Monte-Carlo ne constitue pas, a elle 
seule, une solution complete au probleme pose. Ce document presente 
une methode pour l'evaluation comparative de l'efficacite des 
chaluts de diverses configurations. L'algorithme utilise pour 
resoudre ce probleme est construit de telle sorte qu'il peut etre 
applique sans modification aucune pour evaluer l'efficacite des 
chaluts de toute configuration et n'affecte que les renseignements 
fournis. 

Le document presente la formulation des axiomes decrivant la 
situation ideale relative au processus par lequel le krill se prend 
dans le chalut; ceci permet la formulation mathematique rigoureuse 
du probleme et l'elaboration d'un alogarithme pour le resoudre. Le 
document presente une description detaillee de l'alogarithme 
concernant l'evaluation de l'efficacite des chaluts. Cette 
description comprend un module principal et le module RESOLV 
(c'est-a-dire la resolution de plusieurs systemes composes de deux 
equations lineaires et deux inegalites doubles). 

L'alogarithme propose peut etre realise a l'aide d'un ordinateur en 
se servant des langues alogarithmiques ALGOL, FORTRAN ou PL-l. Pour 
ce faire, il est recommande d'utiliser un ordinateur a operation 
rapide. 

*-* * * * * * * * * 

PAUTAS METODOLOGICAS SOBRE LA EVALUACION DE LA CAPACIDAD DE ARRASTRE 
EN LA CAPTURA DE KRILL POR MEDIO DE MODELACION ESTADISTICA 

z. LKizner 
(U .R. S. S.) 

Resumen 

Este documento ofrece un enfoque para la evaluacion de la relativa 
eficiencia de los aparejos de pesca del krill por media de 
modelacion estadistica. El metodo Monte-Carlo, que se describe en 
los trabajos de Metropolis, N., Ulam, S. (1949) y Sobol, 1. M. 
(1978), se usa de base. El metodo Monte-Carlo es util para resolver 
problemas relacionados a la evaluacion cuantitativa de sistemas 
fortuitos complejos, incluyendo la evaluacion de la eficiencia de 
las redes de arrastre empleadas en la pesca de krill. Sin embargo, 
el metodo Monte-Carlo por si mismo, no provee una solucion completa 
al problema planteado. Este documento expone un metodo de 
evaluacion comparativa de la eficiencia de las redes de arrastre de 
diversas configuraciones. El algoritmo para resolver este problema 
se construye de tal manera, que puede ser aplicado sin alteracion 
para la evaluacion de la eficiencia de las redes de arrastre de 
cualquier configuracion, y afecta solo la informacion de entrada. 
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El documento formula axiomas que describen la situacion ideal del 
proceso de atrape de krill por la red; ello permite la formulacion 
matematica rigurosa del problema y el desarrollo de un algoritmo 
para su solucion. .Se da unadescripcion detallada del algoritmo 
para la evaluacion de la eficiencia de las redes de arrastre de 
krill, 10 que incluye un mOdulo principal y el mOdulo RESOLV (es 
decir, la resolucion de varios sistemas, compuestos de dos 
ecuaciones lineares y dos desigualdades dobles). 

El algoritmo propuesto puede ser realizado por computacion en los 
lenguajes algoritmicos ALGOL, FORTRAN 0 PL-l; para ello, se 
recomienda la utilizacion de un sistema de computacion de operacion 
rapida. 

* * * * * * * * * * 

METO~OnOrMqECKME YCTAHOBKM no Onp~EnEHMID METO~OM CTATMCTMqECKOrO 
MO~EnMPOBAHM~ ynOBMCTOCTM CETHb~ nonOTEH ~~ nOBA KPMn~ 

3.M.KH3Hep 
(CCCP) 

Pe3IOMe 

npeAnaraeTC~ rrOAXOA K orrpeAeneHHID 
cpaBHHTenbHOH ynoBHcTOCTH 0PYAHH nOBa, 
Hcrron b3yeMblX Ha rrpOMblcne KpHn~, MeTOAoM 
CTaTHCTHqeCKOrO MOAenHpOBaHH~. 3a OCHOBY 
rrpHH~T MeTOA MOHTe-KapJIo, orrHcaHHblH B pa60Tax 
Metropolis, N, Ulam, S (1949), C060JI~ M. M. 
(1978) . McrroJI b30BaHHe MeTOAa MOHTe-Kapno 
rrone3HO rrpH peweHHH 3aAaq, CB~3aHHhlX C 
KOnHqeCTBeHHblMH o~eHKaMH CJIO)KHblX 
CTOXaCTHqeCKHX CHCTeM, B TOM qHCne H 3aAaqH 
ynoBHcTOCTH ceTHoro rrOJIOTHa An~ nOBa KpHnR. 
OAHaKO caM rro ce6e MeToA MOHTe-Kapno He 
rr03Bon~eT peWHTb B ~enOM rrOCTaBneHHYID 3aAaqy. 

B HaCTo~~eH pa60Te H3JIaraeTC~ MeTOA 
cpaBHHTeJIbHOH o~eHKH ynoBHcTOCTH ceTHblX 
rronOTeH pa3nHQHhlX KOH~Hrypa~HH. AnropHTM 
peweHH~ 3aAa qH COCTaBneH TaK, QTO OH rrpHMeHHM 
6e3 KaKHX-JIH60 H3MeHeHHH AnR o~eHKH 
ynoBHcTOCTH ceTHoro rrOJIOTHa JIID60H KOH~Hrypa~HH 
H OTpa)KaeTCR JIHmb Ha BXOAHOH HH~opMa~HH. 

B pa60Te c~opMynHpoBaHhl aKCHOMbl, OrrHCbrBa~He 
HAeanH3a~HID rrpo~ecca 3aXBaTa paQKOB ceTbID, qTO 
rr03BonReT AaTb CTporYID MaTeMaTHQeCKyID 
rrOCTaHOBKY 3aAaqH H pa3pa60TaTb aJIrOpHTM ee 
pemeHHR. 
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nO,n;p06HO OnHChlSaeTCH anrOpHTM pemeHHH 3a,n;aqH 
onpe,n;eneHHH ynosHcTOCTH CeTHhlX nOnOTeH ,n;nH 
nosa KpHnH, SKnIOqaH rOnOSHOH MO,n;yn b H MOAyn b 
RESOLV (pemeHHe HeCKOnbKHX CHCTeM H3 ,n;syx 
nHHeHHhlX ypasHeHHH H ASYx ,n;SOHHhlX HepaSeHCTS). 

npe,n;nOJKeHHbIH anrOpHTM MOJKeT 6hlT b peanH30SaH C 
nOMO~bIO 3BM Ha anrOpHTMHqeCKHX H3hlKax AJIfOJI, 
4>OPTPAH HnH PL-l, npH 3TOM peKoMeHAyeTcH 
opHeHTHposaTbCH Ha 6hlCTpoAeHCTS~He 3BM. 

* * * * * * * * * * 
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METO~OnOrH~ECKHE YCTAHOBKH ITO OITPE~EnEHHD METO~OM 

CTATHCTH~ECKOrO MO~EnHPOBAHHH ynOBHCTOCTH CETHWX ITonOTEH 

MH nOBA KPHn5I 

Z.I.Kizner, 
All-Union Research Institute of Marine Fisheries 
and Oceanography (VNIRO) 
U.S.S.R., Moscow B-140, Verkhnaya Krasnosels!.~aya,17. 

BBe,IJ;eHHe 

ITPH C03,IJ;aHHH TpanoB nepe,IJ; KOHCTpYKTopaMH BCTaeT PR,IJ; 

cepbe3HHX npo6neM: HOBHH Tpan ,IJ;On~eH 6HTb ynoBHCTHM, KaK MO~HO 

MeHbme BeCHTb H OKa3HBaTb B03MO~HO MeHbmee ConpOTHBneHHe npH 

,IJ;BH~eHHH B BO,IJ;e. rnaBHaR ~enb pa3pa6oT~HKa HOBoro OPY,IJ;HR nOBa 

COCTOHT B TOM, ~To6H H3 HeKOTOpOrO Ha60pa B03MO~HHX KOHCTPYK~HH 

BH6paTb OnTHManbHYID. HeTPY,IJ;HO nOHRTb, ~TO TaKaR 3a,IJ;a~a B 06meM 
+ 

cny~ae HeKOppeKTHa H nOTOMY, CTpOrO rOBOpR, 6eccO,IJ;ep~aTenbHa. 

Ha caMOM ,IJ;ene npOu;e,IJ;ypa BH60pa "OnTHManbHOH" KOHCTPYKU;HH Mo~eT 

6HTb CBe,IJ;eH~, K He3aBHcHMoH ou;eHKe Ka~,IJ;OrO H3 Tpex Ha3BaHHHX BH

me nOKa3aTeneH H nOCne,IJ;YIDmeH o606maIDmeH 9KcnepTHoH o~eHKe. 

Onpe,IJ;enHTb Maccy KOHKpeTHo~ KOHCTPYK~HH HeTPY,IJ;HO; ,IJ;nR 

oueHKH conpoTHBneHHR TpanoB TaK~e pa3pa6oTaHH cneU;HanbHHe MeTO

,IJ;H (1,5). rOpa3,IJ;O TPY,IJ;Hee onpe,IJ;enHTb ynoBHcTOCTb Toro HnH HHoro 

BH,IJ;a ceTHoro nonOTHa HnH OPY,IJ;HR nOBa. 06H~HO ,IJ;nR 9TOH uenH C03-

,IJ;aIDT OTIHTHHe 06pa3UH H npOBepRIDT HX B peanbHHX ycnoBHRX HnH B 

cne~HanbHHX 6acceHHax. C03,IJ;aHHe onHTHHX 06pa3~OB H HX 9KcnepH

MeHTanbHaR npOBepKa 06H~HO TpY,IJ;OeMKH H ,IJ;OporH. 

B ,IJ;aHHOH pa60Te TIpe,IJ;naraeTCR 9KOHOMl{qHHH MeTO,IJ; cpaBHH

TenbHOH o~eHKH ynoBHcTOCTH KpHneBHX ceTeH (TOqHee, - ceTHoro 

nonOTHa, Hcnonb3yeMoro npH C03,IJ;aHHH KpHneBHX ceTeH) nOCpe,IJ;CTBOM 

cepH~ 9KcnepHMeHTOB Ha 9BM. 

+B 9TOH CBR3H xo~eTCR TIpHBeCTH BHCKaSHBaHHe E.C.BeHT~enb(2) 0 

MHorOKpHTepHanbHHX 3a,IJ;aqax: "PemeHHe, 06pamaiOmee B MaKCHMYM O,IJ;HH 

KaKOH-TO nOKa3aTenb, KaK npaBHno, He o6pamaeT HH B MaKCHMYM, HH 

B MHHHMYM ,IJ;PyrHe. IT09TOMY ~aCTO npHMeHReTCR ~opMynHpOBKa: ,IJ;OC

THrHYTb MaKCHManbHoro 9~~eKTa TIpH MHHHManbHHX 3aTpaTax npe,IJ;CTaB

nReT C060H He 6onee, ~eM ~pa3Y H npH HaYQHOM aHanH3e ,IJ;O~Ha 6HTb 

oT6pomeHa". 



- 200 -

MeTO,:o; MaIIIIiHHOH 11 Hrpbl 11 , HaSblBaeMblH TaK)Ke MeTO,:o;OM CTaTHC

TH~eCKOrO MO,:o;enHpOBaHHfl (CTaTHCTH~eCKHX HCITblTaHHH), HnHMeTo,:o;OM 

MOHTe-Kapno, 6bln BBe,:o;eH B MaTeMaTH~eCKYro npaKTHKY B 1949 r. C. 

YnaMOM H ~.HeHMaHoM, XOTfl nepBafl ny6nHKa~Hfl no STOMY Bonpocy 

npHHa,:o;ne)KHT MeTpononHcy H YnaMY (6). 

C TeopHeH H BOSMO)KHOCTflMH SToro MeTo,:o;a SHaKOMflT, HanpH

Mep, MOHorpa~HH C.M.EpMaKOBa, r.A.MHxalinoBa (3) H H.M.C060nfl (4). 

MeTO,:o; MOHTe-Kapno oc06eHHO noneseH B sa;o;a~ax, CBflsaHHblX 

C KonH~eCTBeHHblMH O~eHKaMH ,:o;eflTenbHOCTH CnO)KHblX CToxaCTH~eCKHX 

CHCTeM (HanpHMep, CHCTeM MaCCOBoro 06cnY)KHBaHHfl). K STOB: KaTe

ropHH sa,:o;a~ OTHOCHTCfl H sa,:o;a~a o~eHKH ynoBHcTOCTH ceTHoro nono

THa ,:o;nfl nOBnH KpHnfl. 

TIpe,:o;naraeMafl MeTo,:o;HKa 6blna paspa60TaHa no HHH~HaTHBe 

COTpy,:o;HHKa na60paTopHH MexaHHsa~HH H aBTOMaTHsa~HH npOHSBo,:o;CT

BeHHblX npo~eCCOB BHHPO A.E.HHTO~KHHa, KOTOPOMY npHHa,:o;ne)Kana ca

Ma H,:o;efl HcnonbSOBaTb 9BM ,:o;nE YKasaHHOB: ~enH. 

CYmECTBO 3~AqH H EE ~OPMAnH3AUH~ 

KOH~Hrypa~Hfl ceTHoro nonOTHa onpe,:o;enfleTCfl BH,:o;OM ere 

fl~eH. 3a;o;a~a )Ke no cy~eCTBY COCTOHT B TOM, ~T06bl nocpe,:o;CTBOM 

cepHH MaillHHHblX SKcnepHMeHTOB'no. sa,:o;aHHOH KOH~Hrypa~H KpHneBOH 

ceTH orrpe,:o;enHTb ee ynoBHcTOCTb KaK ~YHK~Hro paSMepOB fl~eH. MO)KeT 

cny~HTbcfl, ~TO ceTb COCTOHT HS O,:o;HOPO,:o;HblX sneMeHTOB, K~blH 

HS KOTOPblX B CBOro o~epe,:o;b npe,:o;CTaBnfleT C060H Ha60p HeO;o;HHaKOBblX 

fl~eH (HnH HX ~aCTeB:). B STOH cHTya~HH pe~b 6y,:o;eT H,:o;TH 0 paSMe

pax o,:o;Horo TaKoro sneMeHTa, a He OT,:o;enbHOH fl~eH. 

TIOHflTHO, ~TO MeTO,:o; MOHTe-Kapno He nO.SBonfleT TO~HO pe

IDHTb ~a,:o;a~y. 3,:o;eCb MO)KHO rOBopHTb TonbKO 06 o~eHKe ynoBHcToCTH. 
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HCHO TaK~e H TO, ~TO npH MaTeMaTH~eCKO~ ~opMynHpoBKe Hame~ sa

~a~H H B~pa60TKe anrOpHTMa ee pemeHHH Hen~SH 060~THCb 6es on

pe~eneHHO~ H~eanHSa~HH npo~ecca SaXBaTa KpHnH CeTbID. STO, 6e

sycnoBHo, ~O~HO npHBeCTH K HCK~eHHro OKOH~aTen~HOrO pesyn~Ta

Ta, O~HaKO, BnonHe eCTeCTBeHHO nonaraT~, ~TO OHO HOCHT CHCTeMa

TH~eCKH~ xapaKTep, H, cne~OBaTen~HO, nony~eHHaH o~eHKa ynoBHc

TOCTH 6y~eT TeM B~e, ~eM 6on~me HCTHHHaH ynoBHcTOCT~ ceTH. 

HTaK, Hsnarae~~ HH~e MeTO~ nosBonHeT ~aT~ cpaBHHTen~

HYro o~eHKY ynoBHcTOCTH ceTH~X nonOTeH pasnH~H~X KOH~Hrypa~H~, 

H nOTOMY anropHTM pemeHHH s~a~H COCTaBneH TaK, ~TO OH npHMeHHM 

6es KaKHx-nH60 H8MeHeHH~ ~nH o~eHKH ynoBHcTOCTH ceTHoro nonOT

Ha nro60H KOH~Hrypa~HH (HSMeHeHHe BH~a ceTH+ OTpa~aeTCH nHm~ 

Ha BXO~HO~ HH~opMa~HH) • 

,naTb cTporyro MaTeMaTH~eCKYro nOCTaHOBKY Hame~ sa~a~H H 

paspa60TaTb anropHTM ee pemeHHH MO~HO TonbKO nocne Toro, KaK 

c~opMynHpoBaH~ rHnOTes~ (aKCHO~), onHc~Baro~He H~eanHsa~Hro 

npo~ecca saXBaTa KpHnH ceTKoH. TIepe~HcnHM OCHOBH~e HS HHX. 

1. KpHBH8Ha Tpana C~HTaeTCH Mano~ no cpaBHeHHro C pa8-

MepaMH ~e~ H 06beKTOB nOBa (T.e.pa~KoB), ~TO nOSBOnHeT pac

CMaTpHBaT~ B K~~OM MamHHHOM 9KcnepHMeHTe OTHOCHTen~HO He6onb

mo~ nnOCKH~ y~acToK ceTHoro nonOTHa. 

2. TIpo~onbH~~ paSMep nro6oro pa~Ka npe~nonaraeTCH cy-
I j . 

~eCTBeHHO 6eR~mHM, ~eM ero nonepe~H~~ pasMep, a pasMep~ H~e~ 

(no nopH~KY BenH~HH~) - cpaBH~ co cpe~He~ ~HHO~ pa~KoB. 

STO n08BonHeT B ~HcneHHOM 9KcnepHMeHTe Mo~enHpOBaT~ Teno pa~

Ka oTpe8KoM npHMo~, KOTOP~~ 6'Y~eM B ~anbHe~meM HaS~BaT~ 

HronKo~. 

3. Cpe~HHH nnOTHOCTb Tena pa~Ka 6nHsKa K nnOTHOCTH 

+ B ~anbHeHliIeM cnOBa "ceT~I, i1ceTKa" H "ceTHoe nonoTHo" 060s-

Ha~afuT O~HO nOHHTHe. 
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MOPCKOH BO,tT.b1, n08TOMY KpHn:c HaXO,nHTCH no cymeCTBY BO BSBemeH

HOM COCTOHHHH. Ha 8TOM OCHOBaHHH Teno paqKa Mo~enHpyeTcH oTpes

KOM, KOTOP@H cnyqaHHHM 06pasoM pacnono~eH B npocTpaHcTBe H Ha

XO~HTCH B nOKoe ~o MOMeHTa COnpHKocHOBeHHH C ceT':Cro, ~B~ymeHCH 

Ha Hero nocTynaTen:CHO. BBH~y OTHOCHTen:CHOCTH ~B~eHHH MO~HO 

TaK~e rOBopHT:C 0 n~eHHH HronKH Ha HaKnOHHyro ceTKY, npH KOTOPOM 

HronKa ~BH~eTCH nocTynaTen:CHO (oes BpameHHH) B HaripaBneHHH, na

pannen:CHOM OCH ~aKTHqeCKOrO ~B~eHHH ceTKH. 

4. ITpe~nonaraeTcH, qTO Ka~aH HronKa-paqOK nHOO npOXO

~HT CKBOS:C ceTKY, nHoo, oy~yqH sa~ep~aHa ero, cnYCKaeTCH HH~e, 

B rnyo:c OPY~HH nOBa, OCBooo~aH TaKHM oopasoM 9KcnepHMeHTan:CHYro 

qaCT:C ceTKH. 9TO OSHaqaeT, qTO B HameM 8KcnepHMeHTe qHCT@H yqac

TOK ceTH nocne~OBaTen:CHO BCTpe~aeTCH C O~HHOqH@MH HrOnKaMH. 

5. CeT:C CqHTaeTCH COCTaBneHHOH HS COBepmeHHO O~HHaKOB@x 

8neMeHTOB (Ka~@H HS KOTOPHX npe~CTaBnHeT COOOH nHoo HqeHKY, 

nHOO Ha60p paSHopO~H@X HqeeK HnH qaCTeH 8THX HqeeK), HaS@BaeMHX 

HH~e 6HnepHo~oM ceTH. HHaqe rOBopH, ceT:C npe~cTaBnHeTcH KaK 

HeKaH CHCTeMa oTpesKoB HHTeH, nepHO~HqeCKaH B ~BYX HanpaBneHHHX. 

9TO nOSBonHeT "opocaT:C HronKY" TaK, q'I'Oo@ ee :u;eHTp npoeKTHpo

BanCH Bcer~a B O~HH H TOT ~e 6HnepHO~. 

OITHCAHHE MATEMATMQECKOa MO~EnM, ITOCTAHOBKA 3AnAqM H 9TAITH EE 

PEIIIEHH.5I 

3a~aH@ paSMep@ oHnepHo~a Ce'I'HOrO nonOTHa TX H TZ no 

npo~on:CHOH H nOnepeqHOH OCHM x H;Z COOTBeTC~BeHHO H Bee 0'1'

peSKH HHTH, cocTaBnHromHe oHnepHO~ (Koop~HHaTaMH Haqan H KOHUOB 

8THX OTpeSKOB) i s~aHa TaK~e ~HHa HronKH D H yron~, COCTaBnH

eMHH nnOCKOCT:Cro ceTKH C nnOCKOCT:Cro, nepneH~HKynHpHoH OCH ~BH

~eHHH (" ropHSOHTan:CHOH nnOCKOCT:Cro") (pHC. 1). 
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HY~HO npOHSBeCTH HeKOTOpOe sapaHee He HSBeCTHoe qHcno N 9Kcne

pHMeHTOB no 6pocaHHID HronKH Ha ceTKY, B Ka~OM HS KOTOPHX Hron

Ka nH60 npoxogHT CKBOSb ceTKY, nH60 sagep~BaeTCH eID, nogc~HTaTb 

~Hcno NB lIyga~HHXII 9KcnepHMeHToB, npH KOTOPb1X HronKa sa,n;ep~Ba

eTCH ceTbID, H onpegenHTb TaKHM 06paSOM BenH~HHY 

U = NB 

N 
• 100 , 

npegcTaBnHIDmYID C060H oueHKY ynoBHcToCTH ceTKH B npoueHTax. ~HC

no N gon~Ho 6@Tb TaKHM, QTo6@ oueHKa U, onpegeneHHaH no pe3ynb

TaTaM N - 1 8KcnepHMeHTOB, OTnH~aJIaCb OT CJIegYIDlI\eH, N-H oueHKH 

He 6onee, ~eM Ha 3a,n;aHHYID BenH~HHY ER. 

H3MeHHH C 3agaHH@M marOM nepHo~ TX H TZ, nOBTopHTb 

onHcaHHYID B@ille cepHID 9KCnepHMeHTOB H onpegeJIHTb TaKHM nYTeM 

3aBHCHMOCTb YJIOBHCTOCTH OT nepHogoB ceTKH (B onpegeneHH@x 

HHTepBanax HX sHa~eHHH) • 

ITocnegoBaTenbHOCTb geHcTBHH B OgHOM 8KcnepHMeHTe 

1. EHnepHog ceTKH 3agaeTcH Ha6opoM KoopgHHaT Ha~aJI H 

KOHUOB COCTaBnHIDlI(HX ere HHTeH (Ha nJIOCKOCTH ceTKH C E KoopgHHa

Tax x H Z, CM. pHC. 1); sagaIDTcH T.aK~e x- H z- nepHog@ TX H TZ 

(pa3Mep@ 6HnepHoga no OCRM x H Z cooTBeTcTBeHHo) • 

2. HrOJIKa npegcTaBnHeTcH 4-MH 

f ,'? ,':f ,'i-' / (CM. pHC. 1). BenH~HH@ 

pacnpegeneH@ B HHTepBanax 0 ~ r ~ TX, 

CJIy~aHH@MH ~HCJIaMH: 

~,r; H 'V paBHoMepHo 

o ~ 'fI ~ TZ·(Joso<." 

o ~ 'f' ~ jJ" .• B03MO~H@e 3Ha~eHHH Y 3aKJIID~eH@ B HHTepEane 

o ~ Y ~ ~ ,npH~eM Ha 9TOT pa3 He caM yron'y , a EeJIH~HHa 
2 

sin ~ paEHOMepHO pacnpegeJIeHa E HHTepBaJIe 0 ~ sin~ ~ 1. 
ITepe~cneHH@e ycnoBHH 03Ha~aIDT, ~TO KaK. BceB03MO~H@e nOJIo~e

HHH ueHTpa TIDKeCTH HronKH, TaK H BceB03MO~H@e ee HanpaEJIeHHH 

E npocTpaHcTBe paBHOBepoHTH@. 

3. ITpoeKTHPyeM Ha nnOCKOCTb IT HronKY, 3aTeM - 6HnepHog 
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ceTKH. Onpe~enHeM ~HCna Nl H N2- paSMep@ npHMoyranbHorO KYCKa 

CeTKH (B~HCneHH@e B nepHo~ax TX H TZ KaK e~HHHUax HSMepeHHH 

~nHH@), ~OCTaTO~H@e ~nH Toro, ~T06@ npoeKUHH HronKH Ha nnOCKO

CTb II nOMeCTHnaCb Ha npoeKUHH TaKoro KYCKa ceTKH(COCTo~ero 

HS N1X N2 6HnepHO~OB). 

4. B@HcHHeM, nepeceKaeTcR nH npoeKUHH HronKH C npoeK

UHHMH OTpe3KOB HHTH, COCTaBnHID~X B@6paHH@H'KYCOK ceTH (pemaH 

cepHID CHCTeM ~BYX nHHeHH@X ypaBHeHHH H ~BYX ~BOHH@X HepaBeHcTB) • 

EcnH nepece~eHHH HeT, TO 3aKnID~aeM, ~TO HronKa npomrra CKB03b 

ceTb. TaKOH 3KcnepHMeHT C~HTaeM Hey~a~HHM. B npOTHBHOM cny~ae 

3anOMHHaeM Bce TO~KH nepece~eHHH. 

5. HaxO~HM TOT KOHeu HronKH, KOTOP@H nepBHM nepeceKaeT

CH C nnOCKOCTbIO ceTKH H onpe~enHeM TY TO~KY nepece~eHHH npoeK

UHH, KOTopaH COOTBeTcTByeT ~aKTH~eCKOH TO~Ke nepece~eHHH Hron

KH C HeKo~opOH HHTbID ceTKH (CM.pHC. 2a), a eCnH HronKa na~aeT 

nnamMH H TaKHX To~eK HeCKonbKO, TO 6nH~HIDID K HaH~eHHOMY nepBO

MY KOH~y HronKH. 

6. HaH~eHHaH TO~Ka nepece~eHHH HronKH C HHTbID eCTb TO~

Ka, BOKpyr KOTOPOH HronKa 6y~eT nOBopa~HBaTDCH no~ B03~eHCTBH

eM Ha~BHraIDII:\eHCH ceTH. EcnH ueHTp T5I~eCTH HronKH COBnaJl C 3TOH 

TO~KOH HJlH OKa3aJlCH Me~y HeH H Ha~eHHHM nepBHM KOHUOM HrOJlKH, 

TO OH y~e npomeJl ~epe3 nnOCKOCTb ceTKH, H, CJle~OBaTeJlbHO, HrOJl

Ka He 3a~ep~HTCH HHTbID, a 3Ha~HT, H 3TOT 9KcnepHMeHT Hey~a~eH. 

B npOTHBHOM CJly~ae HrOJIKa OnpOKH~BaeTCH Ha nJlOCKOCTb ceTKH 

(CM. pHC. 2a). 

7. Haxo~HM Koop~HHaT@ onpOKHHYBmeHCH Ha nnOCKOCTb C 

HrOJlKH H OT@CKHBaeM TO~KH nepeCe~eHH5I c06CTBeHHO HrOJlKH C HH

THMH ceTKH MeTO~OM, onHCaHHHM B n. 4. npH 9TOM npe~nOJlaraeTCH, 

~TO npH onpOKH~BaHHH HrOJlKa Be~eT ce6H KaK TBep~oe TeJlO C 

3aKpenneHHoH TO~KOH, T.e. nOBopa~HBaeTCH BOKpyr TO~KH, Ha~~eH

HOH B n. 6, OCTaBaHCb Bce BpeMH B O~HOH H TOH ~e "BepTHKaJlb-
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HOf[" nJIOCKOCTH (onpegeJIfleMof[ nepBOHa'qaJIbHblM nOJIO)KeHHeM HrOJIKH 

H ee npoeK~Hef[ Ha nJIOCKOCTb IT) • 

8. ECJIH HrOJIKa nepeceKaeTCfl C HeKoTopof[ HHTbru B TO'qKe, 

pacnOJIO)KeHHof[ Me~y Haf[geHHhlM B n. 5 nepBhlM CBOHM KOH~OM H 

TO'qKOf[, BOKpyr KOTOPOf[ ocymeCTBJIfleTCfl nOBopOT, TO 9TO SHa'qHT, 

'qTO npOHSOlliJIO SameMJIeHHe (CM. pHC. 20), H, CJIegoBaTeJIbHO, 

HronKa'saxBa'qeHa ceTKof[. ECJIH cymecTByeT TO'qKa nepece'qeHHfl 

Me)Kgy ~eHTpOM HronKH H ee BTOP@M KOH~OM, TO HrOnKa OO@'qH@M oopa

SOM onHpaeTCfl no MeHbmef[ Mepe Ha gBe HHTH H TaK)Ke ygep)KHBaeTCfl 

ceTKof[ (CM. pHC. 2B). TOJIbKO B 9THX ,IJ;ByX CJIY'qaflX 9KCnepHMeHT 

C'qHTaeTCfl yga'qHblM. Bo BCeX npO'qHX CJIY'qaflX HrOJIKa, OnpOKHHYBWHCb 

Ha nJIOCKOCTb, npO,IJ;OJI)KaeT nOBopa'qHBaTbCfl H B KOH~e KOH~OB "npo

BanHBaeTCfl" CKBOSb ceTKYi eCTeCTBeHHO, TaKof[ 9KcnepHMeHT OTHO

CHTCfl K KaTeropHH Heyga'qH@X. 

1. KOHCTaHT@. D - ,IJ;JIHHa HronKH(cM), 

0(- yron Me)K,lJ;y nnOCKOCTbIO ceTKH H ropHSOHTaJIbHof[ 

nJIOCKOCTbID IT (B pag) , 

TXO~ TZO H TX1~ TZ 1 - Ha'qaJIbH@e H KOHe'qH@e nepHog@ 

ceTKH no OCflM X H Z, 

NP - 'qHCJIOOTpeSKOB HHTH B OgHOM oHnepHoge, 

NDX H NDZ - 'qHCJIO HSMeHeHHf[ nepHoga no OCflM X H Z, 

NM - MaKCHMaJIbHO gonYCTHMoe 'qHCJIO 9KcnepHMeHToB, 

ER - norpemHocTb B@'qHCJIeHHf[ YJIOBHCTOCTH (B %). 

2. :MaCCHB@ - KOOp,IJ;HHaT@ KOH~OB HHTef[, COCTaBJIflromHX 

rnaBH@f[ oHnepHO,IJ; ( B MM) : 

X1 fi) H Zl(i) - X-KOOpgHHaTa H Z-KoopgHHaTa 

~a'qaJIa i-ro OTpeSKa HHTH, 

X2 (i) H Z2(i) - X-KOOp,IJ;HHaTa H Z-KoopgHHaTa 

KOH~a i-ro OTpeSKa HHTH(sgecb i = 1,~ .. ,NP). 

3aMe'qaHHe 0 cnocooax sagaHHfl rJIaBHOrO oHnepHoga. HY)KHO 
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HMeTb B BH~Y, ~TO O~HH H TOT ~e BH~ CeTH MO~eT O@Tb npe~CTaB

neH KaK cOBoKynHocTb O~HOTHnHBX OHnepHO~OB nO-pa3HOMY. 

HanpHMep, CeTb, nOKa3aHHYro Ha pHC. 3, y~OOHO 3~aTb B 

BH~e Haoopa oHnepHo~oB O~HHM H3 ~eT@pex cnocoooB (pHC. 4). B 

~aHHOM cny~ae P = 4. EcnH B Ka~eCTBe oHnepHo~a ceTKH, nOKa3aH

HOH Ha pHC. 3, B3flT ee aneMeHT, H300pa~eHH@H Ha pHC. 4, a ere 

pa3Mep@ cooTBeTcTBYIDT nOKa3aHH@M Ha pHC. 5a (~H~paMH 1, 2, 3, 

4 nOKa3aH nop~OK nepec~eTa OTpe3KOB HHTH), TO MaCCHB@ Xl(i)~ 

X2(i)~ Zl(i)~ Z2(i) npe~CTaBnflIDT COOOH Koop~HHaT@ To~eK 0, A, 

B, C, ~, B3flTBX B orrpe~eneHHoM nopfl~Ke H nOBTopeHHBX Hy~Hoe 

~HcnO pa3 (TaonH~a, BapHaHT 1). ITpHMep MaCCHBOB Xl(i)~ X2(i)~ 

Zl(i)~ Z2(i), COOTBeTcTByID~HX cny~aro, rrOKa3aHHOMY Ha pHC. 50, 

rrpHBe~eH B Taon~e (BapHaHT 2) • 

Pe3ynbTaTaMH pac~eTOB cny~aT TaonH~ 3Ha~eHHH ynoBHc

TOCTH ceTKH U, omHOKH E orrpe~eneHHfl U H KonH~eCTBa 9KcrrepHMeH

TOB N (noTpeooBaBmnxcfl ~nfl orrpe~eneHHfl ~aHHoro 3HaqeHHfl U) B 

3aBHCHMOCTH OT pa3MepOB TX~ TZ. Ha ne~aTb cne~yeT TaK~e B~aTb 

Bce Bxo~H@e BenHqHH@ H TeKy~e 3Ha~eHHfl TX H TZ. 

AJIrO:PMTM PEillEHIDi 3AMtrn 

ronOBHOH Mo~ynb 

1. BBeCTH H paCneqaTaTb Bce BXO~H@e KOHCTaHT@ H MaCCH

B@ (CM. pa3~en "Bxo~Hafl HHcIJopMa~Hfl") • 

3. Ha~ano ~HKna no LX OT 1 ~o NDX + 1~ mar 1. 

4. "PacTfl~eHHe ceTKH B HanpaBneHHH. OCH x: 
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TX = TXO + HX· (LX - lJ~ EX = TX/TXO~ 
x 1 (iJ = xl(iJ'EX~ x 2 (iJ = x 2 (iJ'EX 

~nH Bcex ~ = 1~ ... ~NP. 

5. Haqarro UHKna no LZ OT 1 ~o NDZ + 1~ mar 1. 

6. "PacTHzeHHe" ceTKH no OCH z: 

TZ = TZO + HZ· (LZ-1J~ EZ = TZ/TZO~ 
zl(iJ = zl(iJ'EZ~ z2(iJ = z2(iJ'EZ (~nH Bcex 

i l ....... NP). 

7. NF = 0 (NF - CqeTqHK qHCna Hey~aqH@X 8KcnepHMeHTOB), 

W
1 

= 0 (CM. n. 29). 

8. Haqano UHKna no j OT 1 ~o NM~ mar 1 (noBTopeHHe 

9KcnepHMeHTa no 6pocaHHID HronKH) • 

9. IlpoH3BecTH qeTbIPe cnyqaHH@X 'tIHCna 5 ' ~ ,'r H 6 = sin 'I .. 
Ka~oe H3 KOTOP@X RBnHeTCH peanH3aUHeH paBHOMepHO pacnpe~eneH

HOH cnyqaHHOH BenWIHHEiI.: ~ - B HHTepBane OT 0 ~o TX, '? - OT 0 

~o TZ' eos 0( ~ y... - OT 0 ~o 27f', 6 - OT 0 ~o 1. 

9TH qHCna He 3 aBHCHMEiI, T.e. ~H HX peanH3aUHH HYZHO HC

nonD30BaTD qeTEiIpe pa3nHqH@X ~aTqHKa nceB~ocnyqaHHEiIX paBHOMepHO 

pacnpe~eneHH@X qHCen. 

10. Onpe~eneHHe npoeKUHH KOHUOB HronKH Ha nnOCKOCTD Il, 

nepneH~HKynHPHYID OCH ~BHEeHHH: 

~ 1 = ~ +. eosY" eosy.." r2 ;; ~ + + . eosY . eos'Y, 

? 1 = '? - + .eosY 'sin'f "?2 =? + + 'eosY ·sin~ .. 

r~e ~osy= -V 1 _6'2 (HanoMHHM, qTO sin y ;; 6 - CM.n. 9). 

11. IlpoBepKa Ha cnyqaH, Kor~a HronKa n~aeT nOqTH OT-

BeCHO: 
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eCJUi I ~2 - ~ 1 I < 10-6 H I~ 2 . - r; 1 I < 10-
6 

, TO nepeI:iTH 

K n. 29, HHaqe - npo~on~HTb. 

12.ITpoeK~HH ceTKH Ha nnOCKOCTb IT C Koop~HHaTaMH X3 y: 

TY = TZ"coscx. 3 

Y1(i) = Zl(i)"coscX. 3 Y 2 (i) = z 2 (i) " cos D( (MH 

Bcex i = 1 3"". 3 NP). 

13. C sarOTOBneHHHMH BenHqHHaMH NP 3 TX, TY, ~ l' ~2' 
(r;o;e i = 1 3 """3 

NP) BOI:iTH B Mo~ynb RESOLV. Ha B@Xo~e HS Hero HMeeM qHcnO K -

KOnHqeCTBO TOqeK nepeCeqeHHH npoeK~HH HronKH C npoeK~HeI:i ceTKH 

Ha nnOCKOCTb IT, TaK~e MaCCHBH X(M) H Y(M) , (r;o;e M = 1 , ••• , K) 

Koop;O;HHaT ToqeK nepeCeqeHHH. 

14. EcnH K = 0 (T.e. HeT nepeCeqeHHH), TO nepeHTH K 

n. 29, HHaqe - npO~O~HTb. 

15. Onpe~eneHHe Toro KOH~a HronKH, KOTOPHI:i nepBHM ne

peceKaeTCH C nnOCKOCTbID ceTKH (nYHKTH 15 H 16): 

eCnH 'f ~ :1T, TO nepeHTH K n. 17, HHaqe - npo~on~HTb. 

16. V = D"6 3 V 1 = (? 2 - Tt 1)" tg c(. " 

EcnH V > V
1 

' TO nepBHM OKasanCH KOHe~ HronKH C KO

op;O;HHaTaMH ~ 1 H r; 1. B STOM cnyqae nepeHTH K n. 17, HHaqe -

K n. 18. 

17. (ITepBHM OKasanCH KOHe~ HronKH C HH~eKCOM 1). 

ITono~HTb PRIS. = 0 H npocMoTpeTb SHaqeHHH nepeMeHHoH 

R = Vc f 1 - XM))2 + (? 1 - Y (M)) 2 

npH Bcex M = 1 , ... , K; BHopaTb TaKoe SHaqeHHe M (oooSHaqaeMOe 
, 

qepes MM) , npH KOTOPOM R ~oc~HraeT MHHHMYMa, nonO~Tb: 

I 
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XR = X(MM) 3 ZR = Y (MM) /008 eX. 3 

min(R) j;: 2 2 
D 1 = 1 ~ M ~ K = (? 1 - x (MM) ) + ( ? 1 - Y (MM)) • 

TIony~eHH@e 3~eCb EenH~HH@ XR H ZR - aTO Koop~HHaT@ 

TO~KH Ha nnOCKOCTH C, BOKpyr KOTOPOH 6y~eT nOBopa~HBaTbCff 

HronKa. TIepeHTH K n. 19. 

18. (TIepBhlM OKasanCff KOHe~ HronKH C HH~eKcoM 2). 

TIono~HTb PRIS =·1 H npocMoTpeTb SHa~eHHff nepeMeHHoH 

npH Bcex M = 1 , ••• , K; B@opaTb TaKoe SHa~eHHe M = MM, npH KO

TOPOM R ~ocTHraeT MHHHMYMa, nonO~HTb: 

XR = X(MM) 3 ZR = Y (MM) /008 C<:.3 

min (R) d ~ . 2 2 
D 1 = 1 ~ M ~ K = Y ( ) 1 - X ( MM ) ) + (? 1 - Y ( MM) ) 

(CM@cn BenH~HH XR H ZR TOT ~e, qTO HEn. 17). 

19. TIpoBepKa nono~eHHff "~eHTpa Tff~ecTH" HronKH (ecnH 

OH npomen ~epe3 nnOCKOCTbceTKH, TO HronKa npOH~eT CKBOSb 

ceTKY) • 

EcnH Dl ~ %.008y?3 T.O nepeHTH K n. 29 (KaK HEn. 10, 

s~eCb 008~ = Vl - 6 2~, HHa~e - npo~on~Tb. 

20. OnpoKH~BaHHe HronKH Ha nnOCKOCTb ceTKH (EpameHHe 

BOKpyr TO~KH conpHKOCHOBeHHff (XR 3 ZR), HaH~eHHOH B n.n. 17, 18, 

H onpe~eneHHe Koop~HaT KOH~OE HronKH Ha nnOCKOCTH C) : 

<;1 =;.: ,71 / 008 0( 3 52 = ? 2/008 cx:.." 
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? 2 = XR + ( ~ 2 - XR)· F. 

21. CeTKa Ha nnOCKOCTH C C Koop~HHaTaMH x~ z : 

T Y = T Z ~ Y 1 ( i) = Z 1 ( i) ~ Y 2 ( i) = Z 2 ( i) . t~JlfI E cex i :::: 1 ~ ••• ~ NP) • 

22. C sarOTOEneHH@MH EenH~HHaMH NP~ TX~ TY~ t1~ ~2~ 
f( 1~ 17 2 H MaCCHEaMH x1(i)~ x2(.i)~ Y1(i)~ Y2(i) (r~e 

i = 1 ~ ... ~ NP) EOHTH E Mo~ynD RESOLV. Ha E@xo~e HS Hero HMe

eM ~Hcno K - KonH~eCTEO To~eK nepece~eHHfI HronKH C ceTKOH (Ha 

nnOCKOCTH C) H MaCCHE@ HX Koop~HHaT (E OCfIX X H Z): X(M)~ 

Y ( M ) ~ r~e M = 1 , ••• , K. 

23. Ha~ano ~HKna no M OT 1 ~o K, mar 1 (rrpOCMOTP Ecex 

To~eK nepece~eHHR HronKH C HHTRMH ceTKH). 

24. D2 = V( 51 X(M))2 + ( l7. 1 Y(M))2 
~ 

D3 = V( ~1 _ XR)2 + ( 71 - ZR)2 
~ 

D· = 4 V( 52 _ X(M))2 + ( I( 2 - Y(M))2 . 

25. EcnH PRIS I 0, TO nepeHTH K n. 27, HHa~e - rrpo-

,!l;OJDKHTD. 

26. EcnH D2 < D3 HnH D4 < D/2 (T.e. HMeeT MeCTO SalI\eM

neHHe HnH oo@~HafI onopaHronKH), TO nepeHTH K n. 30, HHa~e -

K n. 28. 

27. ECnE D2 < D/2 HnH D4 < D3 (CMHcn TOT ~e, ~TO E n. 

26), TO nepeHTH K n. 30, HHa~e - npO,!l;O~HTD. 

28. TIpO,!l;OJDKeHHe ~HKna no M (T.e. M = M + 1, nepeHTH 

K n. 24) KITH KOHe~ ere (ecnH M = K) . 

29. HronKa He y,!l;ep~EaeTCH ceTKOH (T.e. ,!l;aHH@H 9KcnepH-
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MeHT OKaSanCH Hey~a~H@M) • 

NF = NF + 1" 

W = NF/j" 

PE = 100· (W - W1 )/W" W1 = W. 

EcnH PE ~ ER, TO nepe~TH K n. 31, HHa~e - npo~o~HTD. 

30. npO~on~eHHe ~HKna no j (T.e. npo~o~eHHe cepHH 9KC

nepHMeHToB: j = j + 1, nepe~TH K n. 9) HnH KOHe~ ere (ecnH 

j = NM). 

31. Onpe~eneHHe BHXO~H@X BenH~HH ~nH TeKYmHX paSMepOB 

oHnepHo~a: 

U (LX" LZ) = (1 W)·100 - ynoBHcToCTD ceTH (B %) , 

E (LX~ LZ) = PE - onrn:oKa pac~eTa BenH~HHH U (LX~ 

LZ) (B 9,) o , 

N (LX~ LZ) = j - ~Hcno 9KcnepHMeHToB cepHH. 

32. npO~on~eHHe ~HKna no LZ (T.e. LZ = LZ + 1~ nepe~TH 

K n. 6) HnH KOHe~ ere (ecnH LZ = NDZ + 1) . 

33. npO~on~eHRe ~HKna no LX (T.e. LX = LX + 1" ne

pe~TH K n. 4) HnH KOHe~ ere (ecnHLX = NDX + 1). 

35. KOHe~. 

Mo~ynD RESOLV 

Mo~ynD RESOLV (peweHHe HeCKonDKHX CHCTeM HS ~BYX nH

He~H@x ypaBHeHH~ H ~BYX ~BO~H@X HepaBeHcTB). BXO~H@MH BenH~H

HaMH- ~H ~aHHoro Mo~ymr cny~aT KOHCTaHTH NP" TX" Tr" S 1" 5 2" 

t?1" ? 2 H MaCCHBH x 1 (i)" x 2 (i)" Yl(i)" y 2 (i), r~e i = 1" ... " 

NP. OHH sarOTaBnHBaIDTCH B ronOBHOM Mo~yne. 
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B@xO~H~e BenHqHH~ Mo~ynE - KOHCTaHTa K - ~HCnO TO~eK 

nepeCe~eHHE H MaCCHB~ KOOp~HaT 9THX TO~eK X(M) H Y(M)~ 

M = 1 ~ ... ~ K (CM. nn. 13 H 22 ronOBHoro Mo~ynE). 

1. K = O~ X(M) = O~ Y(M) = 0 npH M = 1 ~ ... ~ 100 

(npe~nonaraeTcE, ~TO KonH~eCTBO To~eK nepece~eHHE HronKH C 

HHTEMH ceTKH HnH npoeK~HH HronKH C npoeK~HEMH HHTeH Ha nnoc

KOCTb TI He rrpeBNmaeT 100). 

2. K09~~H~HeHT~. ypaBHeHHE HronKH A1x + B1y = C1 
B nnOCKOCTH C HnH ee npoeK~HH B nnOCKOCTH TI: 

3. OnpegeneHHe paSMepOB Nl H N2 npEMoyronbHoro KYCKa 

ceTKH HnH ee npoeK~HH (B nepHogax) , ~OCTaTO~Horo ~nE Toro, 

~To6~ Ha HeM nOMeCTHJIaCb HronKa HnH ee npoeK~HE. 

~ 11 
= min ( $1 ~ $ 2)~ ~ 22 = max( ~ 1~ 5 2)~ 

7-11 
= mine 

1~ 2)~ t( 22 = max ( ~ 1 ~ '7 2)~ 

il = [ $11/TX1~ i2 = [ f22/TX1~ il = [ ?11/TY1~ i2 = [ '?22/TY1~ 

rge cKo6KH [ 1 060SHa~a~T ~enYID ~aCTb ~Hcna 
~) .. . 

Nl = i2 - il + 1~ N2 = i il + 1. 
2 

4. Ha~ano ~HKna no MX OT 1 ~o N1 , mar 1 (nepe6op Bcex 

nepHO~OB no OCH x) • 

5. M1 = MX + il -'1 

x) B HeKOTOp@X anrOpHTMH~eCKHX ES~Kax HMeeTCE onepaTOp BSETHE 

~enoH ~aCTH OT MogynR ~Hcna C npHcBoeHHeM pesynbTaTY SHaKa 

HCXO~Horo ~Hcna. TIPH nonbSOBaHHH 9THM onepaTopOM ~E onpe~e

neHHR HCTHHHOH ~enoH ~aCTH OTpH~aTenbHoro ~Hcna Heo6xo~HMO 

OT pesynbTaTa OTHHMaTb e~HHH~y. 
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6. Ha'tIaJIo IJ,HKJIa no MY OT 1 ,IJ;O N2 , mar 1 (nepe6op Bcex 

nepHO,IJ;OB no OCH y) • 

7. M2 = MY + jl - 1. 

8. Ha'tIaJIo IJ,HKJIa no i
1

0T 1 ,IJ;O NP (nepe6op Ecex OTpeSKOB 

HHTH B npe,IJ;eJIax O,IJ;HOrO 6HnepHO,IJ;a) • 

10. K08 <p<pHIJ,He HTbI ypaBHeHHH i-ro OTpe3Ka HHTH A2X + B
2

y 

= C2 B nJIOCKOCTH C HJIH ere npoeKIJ,HH B nJIOCKOCTH IT: 

A2 = Q1 - Q2" B2 = P -2 
P1 ., C2 = P1"(Ql - Q 2) + Q2" (P 2 -Pl )" 

11. DET = Al"B2 - A2"Bl" 
ECJIH DET < 10-6 , TO nepeHTH K n. 15, HHa'tIe - npO,IJ;OnmHTb. 

12. KopeHb CHCTeMbI - Koop,IJ;HHaTbI TO'tIKH nepeCe'tIeHHH npH

MbIX, Ha KOTOPbIX JIe~aT HrOJIKa H OTpeSOK HHTH HJIH HX npoeKIJ,HH: 

XC = (C l "B 2 - C2"B l )/DET., 

= 

13. ITpoBepKa nepeCe'tIeHHH co6CTBeHHO HrOJIKH H oTpesKa HH

TH HJIH HX npoeKIJ,HH. 

13 .2. ECJIH ~ 11 'f 522' TO nepeHTH K n. 13.4, HHa'tIe -

npO,IJ;OnmHTb. 

13.3. ECJIH t( 11 < YC < l7 22' TO nepeHTH K n. 13.5, I1Ha'tIe:'" 

- K n. 15. 
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13.4. EcnH ~11 < XC < ~22~ TO nepe~TH K n. 13.5, 

HHa~e - K TI. 15. 

13.5. EcnH X11 ~ X22~ TO nepe~TH K n. 13.7, HHa~e -

- npO,IJ;OJDKHT:C. 

13 .6. EcnH Y11 < YC < Y22~ TO nepe~TH K TI. 14, HHa~e 

- K n. 15. 

13.7. EcnH X 11 < XC < X22 TO ~ 
TIepe~TH K TI. 14, HHa~e 

- K n. 15. 

14. K = K + 1 , 

X(K) = XC~ Y(K) = YC. 

15. IIpO,IJ;OJDKeHHe ~HKna no i (T. e. i = -z, + 1~ nepe~TH 

K n. 9) HnH KOHe~ era (ecnH i = NP) • 

-

16. IIpO,IJ;OJDKeHHe ~HKna no MY (T. e. MY = MY + 1~ nepe~TH 

K n. 7) HnH KOHe~ era (ecnH MY = N 2) . 

17. IIpO,IJ;OJDKeHHe ~HKna no MX (T.e. MX = MX + 1~ nepe~TH 

K n. 5) HnH KOHe~ era (ecnH MX = N 1) • 

3aKmo~eHHe 

IIpe,IJ;nO)KeHHolli E PYKOEo,ncTEe anropHTM MO)KeT 6b1T:C peanH

SOEaH c nOMOm:CID 9BM EToporo HnH TpeT:cero nOKoneHHfl Ha anropHT

MH~eCKHX flSb1KaxAITrOTI, ~OPTPAH HnH PL - 1. Cne,IJ;yeT Ton:CKO 

HMeT:C E EH,IJ;Y, ~TO MHoroKpaTHafl HMHTa~Hfl npo~ecca saXEaTa KpHnfl 

ceT:CID, ocymecTEnfleMafl anropHTMoM, Tpe6yeT 6on:cWHx saTpaT Ma

WHHHpro EpeMeHH, H nOTOMY ¥!MeeT CMblcn opHeHTHpOEaT:ccfl Ha 

6@cTpO,IJ;e~cTEyromHe 9BM. 

C YKasaHHblM 06cTOflTen:ccTEOM cEflsaHO Sa,IJ;aHHe ,IJ;EYX 

Kasanoc:c 6@ SaMeHflIDmHX ,IJ;Pyr ,IJ;Pyra EXO,IJ;Hb1X EenH~HH NM H ER 
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(CM. pa3,neJl "BXO,IJ;HaE HH<popMa:UHE" , n. 1). 9TO c,neJlaHO ,IJ;JlE Toro, 

qTo6@ HMeTb B03MO~HOCTb npeKpaTHTb CqeT nOCJle npOBe,neHHE 3a

~aHHoro (npe,neJlbHoro) qHCJla 3KCnepHMeHTOB, ,IJ;a~e eCJlH Tpe6ye

MaE TOqHOCTb onpe,neJleHHE YJlOBHCTOCTH U He ,IJ;OCTHrHYTa, Be,IJ;b 

qeM BHme TOqHOCTb paCqeTa, TeM 60JlbIDee qHCJlO 3KcnepHMeHTOB 

Heo6xo,nHMo. 3HaE CBOH pecypc MaIDHHHOro BpeMeHH H pacxo,IJ; Bpe

MeHH Ha O,IJ;HH 9KcnepHMeHT, HCCJle,IJ;OEaTeJlb 6e3 Tpy,na onpe,IJ;eJlHT 

BeJlHqHHY NM. 
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Ta6J1H~a 1 npHMep~ MaCCHBOB 11 (i), 1 2(i), Zl(i) 

Z2(i) An~ ABYX BapHaHToB H306pa~eHH~ ceTH C 

nOMo~b~ 6HnepHoAoB (PHC. 5 a, 6) 

KOOp,IJ;HHaTb1 
BapHaHT 1 BapHaHT 2 

OA AB AC AD AB BC CD DA 

X1 0 7 7 7 7 0 7 14 

zl 0 15 15 15 0 15 20 15 

X 
2 

7 0 14 14 0 7 14 7 

z2 15 20 20 0 15 20 15 0 
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PHc.l OCHOBH@e 0603Ha~eHHH 

C - nJIOCKOCTh CeTKH C KOOP,IJ;H HaT aMH X- H ;g 
IT - nJIOCKOCTh,nepneH,IJ;HKYJIHpHaH OCH ,IJ;BH~eHHH C KOOP,IJ;H

HaTaMHXHY, 
ex - yrOJI Me~y nJIOCKOCT HMH CHIT, T • e. MeJi<,IJ;y OCHMH Z H.Y , 

y- yrOJI Me~y HrOJIKOli H nJIOCKocThro IT C KOOp,IJ;HHaTHHMH 
OCHMH, 

lJ.. - yrOJI Me~y npoeKUHeli HrOJIKH Ha TIJIOCKOCTh IT H OChED, 
~,?- KOOp,IJ;HHaT@ npoeKUHH ue~Tpa HrOJIKH / ueHTpa TH~eCTH 

pa'IKa / Ha TIJIOCKOCTH IT , B OC5IX.x: Hy • 

a 
/ :0; ./ C 

i~' 't' ./ 

/ \ H 
,/ IT 

"" 

6 C 

:0; \ BO ""./ 

HX 
/ IT 

/ 

PHc.2 BapHaHT@ B3aHMO,IJ;elicTBHH HrOJIKH 
H ceTKH 

a - nOBopoT, 6 - 3ameMJIeHHe, B - npOCTa5I onopa, 

.H - HrOJIKa, C - TIJIOCKOCTh ceTKH, :0; - ueHTp HrOJIKH, IT - TO~Ka 

nOBopOTa, BO - BepXH5I5I onopa, 0- onop@. 
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PHc.3 CXeMaTH~eCKOe H306p~eHHe CeTHOrO TIOnOTHa 

a 

K/:
-- -, 
I I 
I 
I I 
L ___ ' 

6 

~
~---: 

I , - --

B r 

~--~ 

IV; 
~ 

PHc.4 EHTIepHO~ CeTKH J CM. pHc.3 J 

20 

15 

o 

B 

7 

a 
C 

14 X,f1f1 

ZJ NI'1 

6 

20 C 

15 

o ~ __ ~~ __ ~I __ _ 
14 :X, 1'111 7 

PHc.5 Pa3Mep@ 8neMeHTOB 6HnepoH~oB 
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List of Tables 

Examples of arrays 

Z2(i) for two methods 

biperiods (Fig. 5 a.6). 

Xl(i). X2 (i). Zl(i) and 

of representing a net using 

List of Figures 

Fig.l Legend: 

C - net plane with coordinates x and z; 

n plane perpendicular to the axis of motion with 

coordinates x and y; 

0<. - angle between the planes C and n. i. e. between the 

axes z and y; 

'"f - angle between the needle and plane n wi th reference 

axes; 

lJ-- angle between the projection of the needle onto the 

plane n and the axis; 

{ ,~- coordinates of the projection of the needle centre 

(centre of gravity of crustacean) onto plane n with 

axes x and y. 

Fig.2 possible needle-net interactions: 

a - turn. 6 - jamming. B - simple support. 

K - needle. C - net plane. U - needle centre. 

n - turning point. BO - upper support. 0 - supports. 

Fig. 3 Schematic representation of net 

Fig. 4 Net biperiods (see Fig. 3) 

Fig. 5 Size of biperiod elements 



Tableau I 

Fig. I 

Fig. 2 

Fig. 3 

Fig. 4 

Fig. S 
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Liste des tableaux 

Exemples de tableaux XI(i), X2(i), Zl(i) et 

Z2 (i) pour deux methodes de repl'l~sentation d' un filet 

utilisant des biperiodes (Fig. Sa, b). 

Liste des Figures 

Legende 

c Plan de filet avec coordonnees x et z; 

IT - Plan perpendiculaire a I' axe de mouvement avec 

coordonnees x et y; 

a - Angle entre les plans C et IT, c' est -a-dire entre 

les axes z et y; 

Y - Angle entre l' aiguille et le plan IT avec axes de 

reference; 

c;- - Angle entre la projection de l' aiguille sur le 

plan IT et l'axe; 

E,11- Coordonnees de la projection du centr-e de 

I 'aiguille (centre de gravite des cr-ustaces) sur 

le plan IT avec axes x et y; 

possibilites d'interactions entre l'aiguille et le filet: 

a - tour, 6 - blocage, B - simple support, 

}(. - aigullle, C - plan de fllet, :u. - centre de l' aiguille 

IT - pivot, BO - support superieur, 0 - supports. 

Representation schematique du filet 

Biperiodes du filet (voir Fig. 3) 

Taille des elements biperiodes 



Tabla 1 

Fig. 1 

Fig. 2 

Fig. 3 

Fig. 4 

Fig. 5 

Ejemplos 

Z2(i)para 

biperiodos 

Leyenda 
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Lista de Tablas 

de ordenamientos 

dos metodos de 

(Fig. 5 a,c). 

X
l
(1), X

2
(i), 

representar una 

Lista de Fiquras 

C pIano de la red con coordenadas x y z; 

Zl (1) y 

red usando 

IT pIano perpendicular al eje de movimiento con 

coordenadas x e y; 

a. angulo entre los pIanos C y IT, es decir entre los 

ejes z e y; 

y angulo entre la aguja y el pIano IT con ejes de 

referencia; 

4 angulo entre la proyeccion de la aguja sobre el 

pIano IT y el eje; 

E,n- coordenadas de la proyeccion del centro de la aguja 

(centro de graved ad de crustaceo) sobre el pIano IT 

con los ejes x e y. 

Posibles interacciones aguja-red: 

a-llave, c- obturacion, B- soporte simple, 

~ - aguja, C - pIano de la red, ll. - centro de la aguja, 

IT- punto de retorno, BO - soporte superior, 0 - soportes. 

Representacion esquematica de la red 

Biperiodos de la red (vease Fig. 3) 

Tamano de los elementos de biperiodo 
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CIlHCOK TAEJIHU 

Ta6JUf~a I IlpMMepbl MaCCMBOB Xl (i), X2 (i), Zl(i) M 

PMC. I 

Z2(i) AJI.SI ABYX BapMaHTOB M306pa:>KeHMH ceTM C 

nOMorqbIO 6MnepMOAOB (PMC. 5 a, 6) 

CIlYiCOK PYiCYHKOB 

OCHoBHble 0603HaqeHMH 

C - nJIOCKOCTb ceTKM C KooPAMHaTaMM x M Z, 

11 - nJIOCKOCTb, nepneHAMKYJIHpHaH OCM ABM:>KeHMH C 

KOOPAMHaTaMM x M Y, 

0\ - yrOJI Me:>KAY nJIOCKOCTHMM C M 11, T. e. Me:>KAY OCHMM Z M 

y, 

Y - yrOJI Me:>KAY MrOJIKOH M nJIOCKOCT bIO 11 C KOOPAMHaTHblMM 

OCHMM, 

tr - yrOJI Me:>KAY npoeKqMeH MrOJIKM Ha nJIOCKOCTb 11 M OCbIO, 

~)~- KooPAMHaTbl npoeKqMM qeHTpa MrOJIKM (qeHTpa TH:>KeCTM 

paQKa) Ha nJIOCKOCTM 11, B OCHX X M y. 

PMC. 2 BapMaHTbl B3aMMoAeHcTBMH MrOJIKM M ceTKM: 

a - nOBopoT, 6 - 3arqeMJIeHMe, B - npocTaH onopa, 

Yi - MrOJIKa, C - nJIOCKOCTb ceTKM, U - ~eHTp MrOJIKM, 

11 - TOQKa nOBopoTa, BO - BepxHHH onopa, 0 - onopbl. 

PMC. 3 CXeMaTMQeCKOe M306pa:>KeHMe ceTHoro nOJIOTHa 

PMC. 4 EMnepMoAbl ceTKM (CM. PMC. 3) 

PMC. 5 Pa3Mepbl 3JIeMeHTOB 6MnepMoAoB. 


