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A30BCKOI'O MOPA

B cmamve O0ana oyenxa 8AUAHUA PATUUHBIX PAKMOPOE HA OUHAMUKY RORYIAYUU NPOMBICIOBLIX pblh A306CK020
MOpSl, YMOUHEHUe UX GAUAHUSL HA PblOONPOOYKMUSHOCHb. [Ipumensiss memood Heuemrozo 6visoda u naxkem Fuzzy Logic
Toolbox, mosicHo coenamv npocHo3 pblOONPOOYKMUBHOCIU U 00BEMOE BO3MOINICHBIX VI0BO8.
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FUZZY MODEL FOR ESTIMATING FISH PRODUCTIVITY OF THE SEA OF AZOV

Abstract

In this paper the influence of different factors on population dynamics of food fish of the Sea of Azov is estimated,
their influence on fish productivity is elaborated, and the method of forecast of population state and the amount of a possible
catch is developed provided rational usage of food fish flocks. Modern mathematical apparatus of fuzzy set theory makes it
possible to create an algorithm, i.e. an ordered sequence of mathematical and logical operations, which can be used to write
a computer program of the forecast calculation of changes in the sea ecosystem in the presence of fuzzy data. Using method
of fuzzy output and Fuzzy Logic toolbox, one can make the forecast of fish productivity and the amount of a possible catch,
which enables an efficient usage of food fish population.

Keywords: fish productivity, fuzzy set theory, Mamdani's knowledge base.

IocranoBKa Mpo0JIeMbl

A30BCKOE MOpE SBJISIETCSI YHUKAIBHBIM BOJHBIM OOBEKTOM, KOTOPBIH COEIHUHSET B ceOe HE TOJIBKO
MOpCKHE JIOCTOMHCTBA, HO M CBOICTBA 03€pa, a TaKXKe PEeYHoro juMaHa. Ero ofwsem cocraBmser 320 km’,
nnomans — 38 800 kv’. MakcumanbHas riyOuHa Mops paBHa 14 M, a cpeamsis riyGuna — Bcero 8 m. Ha
NPOTSHKEHUH THICSUYETIETHH 10 PHIOONPOAYKTHBHOCTH OHO COXPAHSUIIO BEAYyIEe MECTO CPEed BCEX BOJOEMOB
mupa. Ero BbIcOkas pbpIOONpPOMYKTHBHOCTE ONpEAeNslach MacIITadaMH BOCHPOM3BOJICTBA PHIOHBIX 3aracos,
0GHIIMEM HEPECTHIINIL, HU3KOi coeHocThio (10,5 %), GONBIIAM MPUTOKOM YHCTOM TIpecHoi Bombl (41-59 Kk’ B
TOJT) ¥ BBICOKOH TPaBSHUCTOCTHIO MEITKOBOIHIA.

OpHako 3a TOCIEOHHWE TIOJNIBEKa 3TOT MOPCKOM OacceifH MoIBeprcs KpaiHe WHTEHCHBHOMY
AaHTPOIIOTEHHOMY BO3AeHCTBUIO. [l cO3MaHMsl OOLIMPHBIX OpOLIAEMBIX CHCTEM COOPY)KEHBI IUIOTHHBI H
BOJIOXpaHWINIIA, KOTOpbIEe 3aperynuposaiu ctok [lona, Kybanu, Muyca u En. Hapacraroumii or6op BoabsI Ha
OpOoLICHHE, l'IOTpeGJ'leHI/le Ha 6I)ITOBI)IG U OPOMBIIIJICHHBIE HYX/bI IMPUBCIN K CYIIECTBEHHOMY U3MCHCHUIO
sKocucTeMbl A30Bckoro mops [1, 2].

YMmeHbllieHHE OOIIEro TroJoBOoro o0béMa croka B Mope m0 36,7 KM MIPUBEJI0O K H3MEHEHHUIO
XMMHYECKOTO COCTaBa BOJIBI, YBEJIMUYCHUIO KOHLEHTPALMM COJM B MOpEe M KOJeOaHWH COJIEHOCTH, KOTOpas
M3MepseTcsl B MPOMWIIIE — KOJMYECTBE IPaMMOB COJIeH B OJHOM JIMTpe Bojabl. Hampumep, B 1oro-3amajgHoii
yacTH MOpsl OHa jgocturaer 14 mpomuiuie, a B CEBEpO-BOCTOYHOW dacTH, OmpecHsieMoi Bomamu JloHa,
KoieOneTcst B mpenenax 2-3 mpommmie. B HacTosmmee Bpems cpenu mpoOiieM A30BCKOTO MOpS 3agada
MPEAOTBPALICHHUS TOBBILICHNUS COJIEHOCTH 3aHMMAeT MEPBOCTEIICHHOE MECTO, a €€ pEHICHHE MO3BOJIUT
BOCCTaHOBUTH BBICOKYIO PBIOOTIPOAYKTHBHOCTD.

AHaJn3 my0IuKauuii o TeMe UccaeJ0BAHUS

[IporHo3upoBaHue PHIOHBIX MOMYIANMH B HMHTALMOHHBIX CHCTEMax «A30BCKOE MOpe» H
«Bo0/10X031CTBEHHBIH KOMILIEKC pErdoHa», KOTOpble ObulM pa3paboTaHel B Hay4yHo-mccienoBaTeabCKOM
HHCTUTYTC MCEXAaHUKU U HpHKﬂaﬂHOﬁ MaT€MaTHKU B T. POCTOB-Ha-HOHy, MMPOUCXOAUT IIpU HCCICAOBAHNUU
JMHAMHKH COJICHOCTH, 3JIEMEHTOB KOPMOBOM 0a3bl, 00beMa 3arps3HUTENeH, TeMIepaTrypbl, ONOTEHHBIX CTOKOB,
BETPOBOW CHUTYalllH, YPOBHS OTJIOBA OTJIENIBHBIX MOIYJISIIMI M XapaKTepUCTUKHU pblOopas3senenus [3, 4]. B UIC
aHamu3upoBanuchk 120 mapamerpoB, KOTOpble ObUTM C(HOPMHUPOBAaHBI B TPYHIBI, OTOOpaKarONIME BCIO
COBOKYIIHOCTh MPOLIECCOB B JKOCHUCTEME, OJHAKO CIIOXHOCTb IIOJyYEHHS BXOAHBIX JAHHBIX 3aTPYAHSCT
MPUMEHEHNE TAaHHBIX CHCTEM.
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I[Ipn moCTpoeHWHM MOJAETH WHTETPATGHOW OLEHKH PBHIOONPOIYKTHBHOCTH A30BCKOTO  MOpS
HCTIONB3YIOTCSI KOJMYECTBEHHBIE (haKTOPHI, KOTOPBIE 00JIaal0T «Pa3MBITOCTBIO», TaK KaK MX TOYHOE 3HAYCHHE
OYEeHb YaCTO OIEHHUTH He MPEICTABIIAETCS BOZMOKHBIM U3-3a Pa3IMYHBIX OTPAHUYCHUI: CIIOKHOCTH MIPOBEACHUS
KOPPEKTHBIX H3MEPEHHH; HEIOCTaTOYHOCTH CTATUCTUYECKUX MJAHHBIX IS JOCTOBEPHOTO OIUCAHUSA
BEPOSITHOCTHBIX XapaKTEPUCTUK W 3aKOHOB. B 9TOM cityuae /jist OLEHKH pBIOOTIPOYKTHBHOCTH 1I€JI€CO00pa3HO
UCIIOJIb30BaTh TEOPUIO HEUETKOM JIOTUKH.

Teopun HeueTKOM JIOTHUKHU MocBsiieHbl padoTel H. A. Asepkuna, JI. C. bepiireiina, JI. A. JleMuoBoit,
JI. 3ane, B.II. Kapenuna, A.B.JleonenkoBa, H. I'. Mansimesa, A.O.Henocekuna, JI. A. Ilocnenosna,
A.TI. PepkoBa, C. 1. 1IToBOBI 1 Apyrux. AJIrOpUTMBI HEYETKOTO BBIBOJA INPEUIOXKEHBI B pabdorax MamunaHu,
CyreHo, Jlapcena, LlykamoTo.

PasButne coBpeMeHHBIX HWH()OPMAIIMOHHBIX TEXHOJOTHHA TMO3BOIsIET Oojiee YIIyOJNCHHO H3Yy4aTh
MOPCKYIO Cpely, OTKpPBIBas HOBBIE BO3MOKHOCTH UISI PAIlHOHAJIHFHOTO OCBOCHHUS M HCIIONB30BAHUS MOPCKHUX
pecypcoB [5-7]. CoBpeMeHHBII MaTeMaTHYECKHUI ammapaT TEOpUH HEYETKUX MHOKECTB ITO3BOJISIET MPEBPAIIaTh
B aNTOPUTM, T.€. B YIOPAIOYCHHYIO ITOCIEAOBATEIFHOCTh MATEMAaTHYECKIX U JIOTMYECKHX OIEpanui, a ero B
IporpaMMy Jjisl KOMITBIOTEpa, KOTOpash BBIJACT IPOTHO3HBIM pacdyeT M3MEHEHHH B HKOCHCTEME MOpS IpH
HaJIMYUU HCUCTKUX JAaHHBIX.

Heabio cTraThM sBISETCS OLCHKA BIMSHUS pPa3iM4YHbIX (DAKTOPOB Ha AMHAMUKY HOMYJISLHH
MPOMBICIIOBBIX PbIO A30BCKOTO MOpsI, YTOYHEHHE MX BIMSHUS Ha PHIOONPOAYKTHBHOCTh U pa3zpaboTKa MeToja
MPOTHO3UPOBAHMS COCTOSIHUS MOIMYJISIIUI U 00bEMOB BO3MOXKHBIX YJIOBOB IIPH PAI[MOHATEHOM HCIOJIIB30BAHUH
MPOMBICIIOBBIX CTa.

OcHoBHas1 YacTh

IIpn ommcanum OOBEKTOB W SBICHHH C IOMOINBIO HEYETKUX MHOMKECTB HCHOIB3YETCS IOHITHE
HEYETKOW IepeMeHHOH, KoTopas xapakrepusyercs Tpoikoit (X, U, R(X, u)), rne X — Ha3BaHMe mepeMenHon, U —
YHHBEpCAbHOE MHOXKECTBO (KOHEYHOE Win OecKOHEeYHoe), u — ofliee Ha3BaHWE SJIEMEHTOB MHOXKECTBA,
U, R(X, u) — HedeTKoe TOIMHOXKECTBO MHOXKecTBa U, MpeacTaBisioniee cOOOW HEYeTKOe OrpaHWYCHHE Ha
3HAYCHHS IEPEMEHHOH 1, 00ycioBIeHHOE X.

Heuetkast mepemenHas u siBisercs Juis X 06a3oBoil mepeMeHHO# [8]. YpaBHeHHMe HasHadeHUS s X
umeet BuA x=u : R(X) u oTpaxaer To, YTO 3JIEMEHTY X Ha3HayaeTcs 3HauUeHHe u ¢ yueToMm orpanndenus R(X). Ty
CTENeHb, C KOTOPOH YJIOBIIETBOPSETCS 3TO PABEHCTBO, Oy/IeM Ha3bIBaTh COBMECTUMOCTHIO 3HaUeHUA u ¢ R(X) u

obosnauate ee wuepes c(u). Ilo ompenenenmio C(u) = fp y)(u),u €U, tre ,UR(X)(L{) —  CTemneHsb

NPUHAJISKHOCTH U OorpaHndeHuio R(X).

HeueTkne MHOXeCTBa HMCIONB3YIOTCS JUIsl ONPEACICHHUS 3HAYEHUM JMHIBUCTUYECKUX IEPEMEHHBIX,
CUMBOJIAMHA KOTOPBIX SIBISIFOTCA CJIOBAa M TPEUIOKEHWS B €CTECTBEHHOM WM (HOpMAbHOM SI3BIKE,
XapaKTEPU3YIOLIEM pacCMaTPUBAEMOE SIBJIEHHE.

CTpyKTypa JMHTBHCTHYECKOW MEepeMEHHOW ommchiBaeTcs Habopom (N, T, X, G, M), B xotopom N —
Ha3BaHME 3TON NEPEMEHHOU; T — TePM-MHOXKECTBO N, T.€. COBOKYIIHOCTb €€ JIMHIBUCTHUUECKUX 3HaueHuil; U —
YHUBEpCAJIbHOE MHOXECTBO ¢ 0a30BOH mMepeMeHHOH u; G — CUHTaKCHYECKOE MPAaBHIIO, KOTOPOE MOXKET OBITH
3amaHo B (opMe OCCKOHTEKCTHOH TpaMMATHKH, MOPOXKAAIOMICH TepMbl MHOXecTBa T; M — CEMaHTHYECKOE
MPaBUJIO, KOTOPOE KAXKIOMY JIMHIBHCTUYECKOMY 3HAYCHHIO / CTABUT B COOTBETCTBHE €ro CMbICH M(f), mpuueM
M(t) 0b03HaYaeT HEUSTKOE OJMHOKECTBO MHOXecTBa U.

B nanHO# paboTe MpOTrHO3MPYETCsS 3HAUCHHE JIBYX JIMHIBHCTUYCCKUX ITEPEMEHHBIX: MPOIYKTHBHOCTH
MJIAHKTOHOSITHBIX PbIO P,, KOTOpBIE NUTAIOTCA TUIAHKTOHOM, M TPOJYKTUBHOCTh OEHTOCOSIHBIX DBIO P,
KOTOPBIE JOCTAIOT MMUIIEBBIE OPTaHU3MBI C Pa3HOU TITyOHHEI.

WHTerpanpHylo OLEHKY MPOAYKTHBHOCTH P, IJIAHKTOHOSIHBIX PBIO NpEemaraerTcsi ONpeienaTh MpH
MIOMOLIM CIEAYIOLEH HEUETKON MOJEINH:

P,=<P,S VIW, IZW>,
rae P — KOIM4ecTBO IIAHKTOHA,
S — COEHOCTH BOJBI,
VIW — exeronHslii 00beM IPUTOKA BOJIbI B MOPE;
IZW — unpekc 3arpss3HEHHOCTHU BOJBL.
[TponykTuBHOCT P, OEHTOCOSITHBIX PbIO MOYKHO OMHKCATh IIPH MOMOIIN CJIEIYIONIeH HEYETKONH MOJIEIH:

P,=<B, S, VIW, IZW>,
rie B — konmdecTBo OeHTOCA.

JInnreBuctHyeckue nepemenssie P, u P, Ha uHtepBane [0-70] kr/ra MOXHO ONHMCaTh B BHAE TEPM-
MHOXecTBa co 3HaueHUsAMH {Ouens Manas (LE), Manas (LC), Cpennsis (CE), Beicokas (RC), Ouens Bricokas
(RE)} u cooTBeTcTBYIOMMX (DYHKINI TPUHAAICKHOCTH TPEYTOJIBHOTO BHUAA, KOTOPBIE OMPEIEIISTIOTCS COTJIACHO
BBIPAKCHUS:
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TepM-MHOXXECTBO JIMHIBUCTHYECKOH TmepeMeHHOH «IIpofyKTHBHOCTh NIaHKTOHOSIHBIX pBIOY, P,
MIPUBEICHO Ha puc. 1.

LE L CE RC RE

- T ] ] = ] ] ]

i .In el a0 A = g]
L)

2 ot U it o [RE

output variable "Pplanto
Puc. 1. TepM-MHOKeCTBO JIMHIBUCTUYECKOH nepeMeHHOH «[IpOAYKTHBHOCTD MVIAHKTOHOSITHBIX PBHIG»

TIpH BEIMONHEHHH HCCIIE[OBAHHS MPHHUMAEM MaKCHMATbHOE KOIMUECTBO IIAHKTOHa, paBHoe 200 r/m’,
a BECh MHTEPBAJl IPEJICTaBIIsiEM B Bujie TepM-MHOKecTBa T, = {(Mano, L), (Cpenne, S), (Muoro, H)}.

TpexypoBHeBas Kiaccu(uKanys JIMHIBUCTHUECKOH 1epeMeHHoN «KoIrmyecTBO TIaHKTOHA) NpUBEIeHa
Ha puc. 2.

- ] ] ] ] T ] ] ] ] h
0 20 40 ] 20 100 120 140 160 180 200

input variable "Plankion

Puc. 2. TpexypoBHeBasi KJaccu(pUKALMS JUHIBHCTHYECKOH nepeMeHHOH «KomyecTBO NJIAHKTOHA»

MakcuMaibHOE KOJNMYECTBO GEHTOCA HPMHHMAeM PaBHBIM 1 I/M’, a Bech MHTEpBAl NPEICTABISEM B
Buge TepMm-mHOXKectBa 1, = {(Mamno, L), (Cpemme, S), (Muoro, H)}. TpexypoBHeBas kiaccupukamus
JUHTBUCTHYECKOH epemMeHHon «KommdaecTBo OeHTOCa» MpHBEIeHa Ha puc. 3.

MakcuManbHyI0 COJIEHOCTh BO/BI IPUHUMAaeEM paBHBIM 20 IPOMUILIE, @ BECh HHTEPBAJ IPECTABISEM B
Buge tepMm-mMHOXectBa Iy = {(Mamo, L), (Cpemuss, S), (Bwicoxas, H)}. TpexypoBHeBas xiaccuduranms
JMHTBUCTHYIECKOH IIepeMeHHON «COICHOCTh BOABDY MIPUBEAEHA Ha PUC. 4.
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input wariable "Benthos”

Puc. 3. TpexypoBHeBasi Kj1accu(pUKaLUs JUHIBUCTHYECKOH nepeMeHHoii «KoJmuecTBO GeHTOCA»
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input variable "Sat”
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Puc. 4. JIunrpucruyeckas nepemeHHast «CoJIeHOCTb BOABD)

ExxeroqHprii MakCUMaNbHBI 00BEM MPHUTOKA MATEPUKOBON BOJBI IPUHUMAEeM paBHBIM 50 KM, a Bech
WHTEpBaI TMPEACTaBIsieM B BHIe TepM-MHOXectBa T, = {(Maumpni, L), (Cpemmuii, S), (Bsvicoxmii, H)}.
TpexypoBHeBas KiaccH()UKAIUS THHTBUCTHYECKON TIepeMeHHoM «O0bheM PUTOKa BOJIBD» MPUBEIEHA HA PUC. 5.
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input variable "Fiy\v™"
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Puc. 5. JIlunrpucruyeckasi nepemenHasi «O0beM NpUTOKA BOAbD»

[Moxkazarens IZW paccuntsiBaics o hopmyde [9]:
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HopmO, +§: G
12w ——C0 4i:1HﬂKi,

rre C; — KOHLEHTpauusl Tpex HamOolsiee 3HAUYMTENbHBIX 3arps3HUTENed, Koropas B (opmyse AeIUTCS Ha
JIOITYCTHMOE II0 HOPMaTHBaM COJIepKaHHeE.

TepM-MHOXECTBO JMHIBUCTHYECKOW mNepeMeHHOW «lHaeKkc 3arpsi3HEHUsi BOABI) IPHUBEIEHO Ha
puc. 6.

LE LC CE RC RE RH

o

input variable "LV
Puc. 6. IuHrBUCTHYECKASI nepeMeHHasi «I/IHLICKC 3arpsi3SHEHHOCTH BOAbD>

O1neHKy pBIOONPOAYKTHBHOCTH IPEIJIaracTcsi ONpeNesisiTh M0 alroputMy MamaaHu mpu
HEYEeTKOM MOJIENU, CTPYKTypa KOTOPOH IpUBEEHA Ha pUC. 7.

noMomu

- Rukta

Pplanto

- (mamdani]

Pbento

Pty
Puc. 7. CTpyKkTypa He4eTKO# MO/IeJIH OLeHKH PHIGONPOYKTUBHOCTH

B nanHO# Mozeny UCTIONB3YIOTCSl HeUeTKHE BhIcKasbiBaHusl Buaa "B IS o', roe: f — muHrBUCTHYECKAS
[IEPEMEHHAs; 0. — OJIUH U3 TEPMOB 3TOU IIEPEMEHHOM.

HeveTkue BbICKa3bIBaHUSI TPUMEHSIOTCS JJIs1 IOCTPOESHHMSI TIPABUIT HEYETKUX MPOAYKIUH (J1aree mpocTo
npaBuia) Buga «ECJIUA... TO ..», roe B KauecTBe YCIOBUI M 3aKJIIOYEHHUH HCHOJIb3YIOTCA HEYETKHE
BBICKa3bIBaHUsl. JlaHHbIE MpaBUIIa 3aMCHIBAIOTCS B CIIEIYIOIIEM BUJIE:

IF (x; IS a;) AND (x;, IS ay) THEN (y; IS d3).

Kpome «AND», MOXKeT Takke UCHOIb30BaThCs JIornyeckas cBsizka «OR».
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W3 26 cocraBmeHHBIX TpaBuWil choOpMHpOBaHA HedeTKas Oa3a 3HaHWN MaMOaHH, KOTOPYIHO MOXKHO
3amucath cieayromum oopasom [10]:

Ecnn (X} =djjUxy) =dp; .M X, =d,CBECOMW;),Toy=d;,j=1m,

Tae {; — HEUCTKHii TPM, KOTOPHIM OLICHHBACTCS NIEPEMEHHAs X; B j-OM NPaBHIIC, i=ln;

~

d ; — HEYETKOE 3aKII0YCHHE j-TO NPABHIIA;
M — KOJIMYECTBO MPaBUII B 0a3e 3HAHUI;
w; € [0,1] — BecoBoii KOd(PULHMEHT, OTPAXKAIOIIHI aJEKBATHOCTD j-TO IPABHIIA.
basy 3Hanmii MamaaHu, HpPUBEACHHYIO Ha pHC. 8, (POPMHPYEM NpPH IOMOINKM PEIAKTOPa MPaBHI
cucrembl HeuéTkoro BeiBoga Rule Editor makera Fuzzy Logic ToolboX, KOTOpBIH SIBIISETCS pacUIMpeHHEM
MHTEpaKTHBHOW cpensl MatLab [11, 12].

I

nRLHE Editor: Ruba | = ” (=] ”ﬂil
File Edit View Options

. If (Plankton is H) and (Salt is S) and (FW is H) and (ZW is LE) then (Pplanto is RE) (1) .
_If (Plankton is L) and (Sak is H) and (FW is L) and ([ZW is RH) then (Pplanto is LE) (1)

. If (Plankton is 5) and (Salt is S) and (FW is S) and (ZW is RC) then (Pplanto is CE) (1)
If (Plankton is 5) and (Salt is 5) and (FW is S) and ([ZW is CE) then (Pplanto is CE) (1)
If (Plankton is L) and (Salt is L) and (FW is L) and (ZW is RC) then (Pplanto is LE) (1)

. If (Plankton is 5) and (Salt is L) and (FW is 5) and (IZW is RC) then (Pplanto is LC) (1)
If (Plankton is L) and (Satt is S) and (FW is 5) and (ZW is RE) then (Pplanto is LC) (1)
. If (Plankton is H) and (Salt is S) and (FW is H) and (ZW is LE) then (Pplanto is RE) (1)
If (Plankton is H) and (Salt is S) and (FW is H) and (ZW is CE) then (Pplanto is RC) (1)
0. If (Plankton is H) and (Satt is 5) and (FW is H) and (EW is CE) then (Pplanto is RE) (1) =

m

— 0 L0~ 9N e L P

or or or Then and
Salt is FWis EWis Pplanto is Pbento is
L - L - LE - Lc -~ LE -
s s CE CE CE
H H RH LE RE
none none RC RC LC
RE RE RC
Lr none

" | not [ | not || not | not

> F

m
m
m

1
1
1
1
1
1

1 | Deleterule | Addrule | Change rule | << =]

Heh|ﬂnse|

Puc. 8. ba3za 3nanuii MaMaanu Mo/1eJin He4eTKOr0 BbIBO/Ia

Ynob6ueiit rpadudeckuit mHTepdeiic makera Fuzzy Logic Toolbox mo3BoisieT B HHTEPAKTUBHOM
MOIIIATOBOM PEKUME MIPOSKTHPOBATH HEUETKUE CHCTEMBI. [IpuMep momydeHus: He9eTKOTO BHIBOAA TPH ITOMOIIN
MpOTpaMMEI IPOcMOTpa pedynbraTa Rule Viewer mokaszan Ha puc. 9.
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u Rule Viewer: Ruba EI@

File Edit View Options

Plankton =200  Benthos = 1 Salt=10 FWW =50 2w =0.5 Pplanto =624  Phento = 62.4
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e [200 1 1050 0.5) [ 101 = left | right | down | up

Ruile 21. If (Benthos is H) and (Salt is S) and (FW is H) and (W is LE) |

then (Pbento is RE} (1) pach)

|

Puc. 9. Illpumep nosryuenus pe3yIbTaTa He4eTKOr0 BHIBOJAA

I'paduk 3aBHCUMOCTH NPOJYKTUBHOCTH IUIAHTO(ArOB OT MHAEKCA 3arPsI3HEHHOCTH BOJIBI IIPUBEIEH Ha
puc. 10.

P, kr/ra
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Puc. 10. 'paduk 3aBMcUMOCTH NPOAYKTUBHOCTHU I1aHTOdaros ot IZW zw

Ha ocHoBanuu JaHHOI'O rpa(byma MOJYYC€H BbBIBOJ O TOM, 4YTO IIpU BO3paCTaHUMU HHIACKCA
3arpsi3HEGHHOCTH BOJABI OT 1 70 5 pHIOONPOMYKTHBHOCTh YMEHbBIIACTCS B S5 pa3. AHajJoru4yHas 3aBUCHMOCTH
MOoJyucHa Ijid MPOrHO3WpPOBaHUA TMPOAYKTHBHOCTHU 6CHTO(1)aFOB, Ipyu 3TOM BMECTO KOJHUYECTBA IIJIAHKTOHA
YYUTBIBAJIOCH KOJIHMYECTBO OCHTOCA.

WHTYUTHBHAS MPOCTOTA HEUSTKOW JIOTMKH, KaK METOJOJIOTHH Pa3pelIeHus mpo0IeM, TapaHTUPYET ee
YCIENIHOE KCIOJh30BAHUE U TPUHATHA PENICHUH IMPH OTCYTCTBUHM TOYHON HMHGOpPMAIMU O MPOIEccax B
sKocucTeMe. HedeTkas JOrWka mpemiaraeT TaKOW YpOBEHb MEBIIUICHHUS, Ojaromaps KOTOPOMY TBOPYECKHHA
MPOIIeCC MOICIMPOBAHIS IIPOUCXOIUT Ha HAUBBICIIEM YPOBHE a0CTPAKIMH, IPU KOTOPOM TOCTYJIAPYETCS JTUIIb
MUHUMaJIbHBIH HAa00p 3aKOHOMEPHOCTEH.

BbiBoaBI U MepcneKTHBBI JaIbHEHIIUX UccIe0BAHMI

[TpumeHsist MeToJ| HEYETKOro BbIBOJA, mpu nomouu nakera Fuzzy Logic Toolbox MoxxHO crenatsb

MIPOTHO3 PBHIOOIIPOAYKTUBHOCTH U OOBEMOB BO3MOXHBIX YJIOBOB, YTO IO3BOJISIET PAlMOHAIBHO HCIOJIB30BATH
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MOMYJISIIUA TPOMBICIOBBIX pbi0. [Ipe/ioikeHHasi cucTeMa MOMACPIKKU MPUHSITUS PELICHU, HCIONb3yHoast
TEOPUI0 HEYETKUX MHOXKECTB, OTIMYAETCS YHUBEPCAJIbHOCTHIO M IIPOCTOTOM, a €e MPUMEHEHHE I03BOJISIET
3¢ (hexkTHBHO pa3BUBATh PBHIOHYIO OTpacib. [lomydeHHBIE pPe3yabTAaTHl IMOTYEPKUBAIOT HEOOXOIMMOCTH B
pa3paboTke HOBBIX TOJAXOJOB K HCCICJOBAHHIO PHIOOXO3SUCTBEHHOH JESTENbHOCTH, MO3BOJISIOIINX OoJee
KOPPEKTHO BBISBIISATH (DAKTOPBI TOBBIIICHHS €€ IMPOAYKTHBHOCTH. Pe3ynbTaThl HCCIENOBAHUS IO3BOJISIOT
paiioHUPOBATh AKBATOPUIO A30BCKOI'O MOPS [0 YPOBHIO MPOJYKTUBHOCTHU, YTO OOJIEr4aeT BBISBICHHE HanOoliee
MEPCIICKTUBHBIX PAMOHOB PBIOHOrO Mpombicia. OHHM CTAaHOBATCS BCe Oosiee MEPCHEKTUBHBIMU B CBSI3U C
pa3BepThIBaHUEM PHIOOJIOBCTBA U HHTCHCH(DUKAIIMCH JOOBIYHA MOPCKOTO CHIPBSI.

BrInosTHEHHBIE pacdeThl TO3BOJISIET IPOBOJANUTH KOJHMUYECTBEHHYIO YKOJIOTHYECKYIO SKCIIEPTU3Y JTFOOBIX
Ipyrux (akTopoB, CIOCOOHBIX OKA3hIBATH BO3JACHUCTBHE HA SKOCHCTEMY MOpPsS. METOI0I0rHYeCKre MPUHIIHITE,
MOJIOKEHHBIE B OCHOBY DPa3pabOTAHHOW HEUETKOH MOJENH, SBISIFOTCS JOCTATOYHO OOIIMMH U MOTYT OBITh
UCIIOJIb30BAHbI TPHU MOJICIUPOBAHUH APYTUX BOJOEMOB.
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