COMBI 4.0

HNHCTPYKIHUA K UCITOJIB3OBAHUIO

1. Benenue.

O000meHHbIle MPOAYKIMOHHbIE MOAENU. VICTOKM MaTeMaTW4ecKOW Teo-
pUM TMPOAYKIIMOHHBIX MOJENIEH MOXKHO OOHapykuTh B paborax BomsTeppa
(Volterra, 1928), mocBsIeHHBIX aHAIU3y CHCTEMbI "XHMITHHUK—KEPTBA", U B W3-
BecTHOM akcuome Paccenma (Russel, 1931), mocrynupyroiiell ycioBre TUHAMHYE-
CKOTO PaBHOBECHS IKCILTyaTUpyeMoro 3amaca. Onupasich Ha IPEICTaBICHUS O Me-
XaHU3Max WM3MEHEHUs 3amaca Ioj BIUSHUEM KaK BHYTPEHHHMX, TaK M BHEIIHUX
MIPUYHH, CKOPOCTh H3MEHEHHS €ro OMOMaCChl MOKHO 3amucaTh B BUIE:

dB/dt = B[r(B) + g(B) — M(B) — F(E)],
rie B — 6uomacca obOjaBiIMBaeMol yacTu 3amaca; I, §, M — MrHOBEHHBIE CKOPOCTH
MPOTEKaHUSI OCHOBHBIX TIOMYJISIITUOHHBIX MPOIECCOB: MOTIOJHEHUS, WHANBUY Al b-
HOTO POCTa 0COOEH M eCTeCTBEHHOW CMEPTHOCTU KaK (QYyHKIUN TEKYIICH BEIUYH-
HbI OMOMacchl; F — MrHOBEHHBIN Temn yObUTH 3araca B pe3yjbTaTe MPOMbICa Kak
byHKIHS IpoMbIciioBOTO yeumust (E).

[lepBbie Tpu crlaraeMbIX B KBaJIpaTHBIX CKOOKax MPHUBEACHHOTO YPAaBHECHHUS
XapaKTEPHU3YIOT TIPOIECChl, B COBOKYITHOCTH KOHTPOJMPYIONIUE ECTECTBEHHYIO
JTUHAMUKY 3araca, Ha KOTOPYIO MPOMBICEI BIHMSET Yepe3 YMEHBIICHHE OMOMAaCCHI.
B mpoayKIMOHHBIX MOAEINSX ATH MPOIECCHl MPUHATO YUYUTHIBATH C TTOMOIIBIO HH-
TerpajibHON (QYHKLIHUU POCTA:

G(B) = r(B) + g(B) — M(B).
Takum o6pazom, oOmas GopMyIUpOBKa MOJIETH TPUOOpPETACT BU/T
dB/dt = B[G(B) — F(E)].

O4eBUHO, YTO KOHKPETHBIM BU MPOAYKIITMOHHOW MOJEIIA 3aBUCUT OT BHI-

oopa pyukuuii npoaykTuBHOCTH 3anaca, G(B), u nmpomsicia, F(E).

CocrositHue PaBHOBCCHUA MCIKAY 3aI11aCOM U ITPOMBICIIOM 3a1daCTCs YCIIOBUEM
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dB/dt = 0.
OTOMY COCTOSIHUIO COOTBETCTBYET TaK HA3bIBA€Mbll YpPaBHOBEIICHHBINH YJIOB Y,
PaBHBIM YHCTOMY €CTECTBEHHOMY IPHUPOCTY OMOMAacChl 3amaca 3a paccMarpuBae-
MBIM UHTEPBAJI BPEMEHMU:
Y = BG(B) — BF(E).

Hcnonp30BaHne NpOAYKIIMOHHBIX MOJENIEH B MPAKTUKE OLCHUBAHUS COCTO-
SIHUS 3aI1acoOB U OTIPEICNICHUS] ONITUMAJIBHBIX PEKHUMOB PHIOOJIOBCTBA UMEET J0CTa-
TOYHO JaBHIOIO UCTOPHIO: OJHA U3 MEPBBIX pabOT, 3aI0KUBIINX KOHLENTYyaJbHbIE
OCHOBBI JJAHHOTO TOJX0/1a, puHauIexkuT [ paxemy (Graham, 1935). I'paxem, aHa-

JU3UPYs JaHHBbIE TPAJIOBOTO MpoMbiciia B CeBEpHOM MOpE, UCXOAMUI U3 MPEIIo-
. . 1 dB
JIOXKEHUS O TOM, YTO MIHOBEHHBIH YIC/BHBIH TEMI IPOIyIMPOBAHHA — — TIPS~

MO IIPOIIOPHHUOHAJICH PA3HOCTH MCKIAY CMKOCTBIO CPCIAbI U TCKYHIGﬁ BEJIMUYUHOM

Onomaccsl 3armaca:
1 dB
B dt

B nanpHeliiieM Ha OCHOBE Pa3BUTHS ATOW KOHIIENIIMUA CHOPMUPOBAJICS COBPEMEH-

=7 Bpgx — B

HBII apceHas Mojiesiel mpuOaBOYHON MPOAYKITUU.

HecMoTps Ha onpeneneHHblil CKENTULIM3M B OTHOLLIEHUM WX IPUMEHUMOCTH,
CBA3aHHBIA C AHAIMTUYECKOM IMPOCTOTOM M XapaKTEPOM HCXOIHBIX TOMYIICHUHN
(namp., Lalog, 1995), onbIT ucmoib30BaHus 0000IIEHHBIX MPOAYKIIMOHHBIX MOJIC-
geit (B ToM umcie B pamkax MexayHapoaHwsix komuccuit ICCAT, IATTC,
ICSEAF) cBumeTenscTByeT 00 MX BaXKHOM 3HAYCHUHU B aHAJIM3E CHUCTEM «3arac—
IPOMBICEN», OCOOCHHO B CUTYallUsX, KOTJa IaHHbIE O BO3PACTHOM COCTaBE yJIOBOB
OTCYTCTBYIOT WJIM HEHAJEKHbI. B Hacrosiee BpeMs METOAbI MPOAYKIIMOHHOTO
MOJICJIMPOBAHUs BXOJIST B CHUCKM PEKOMEHIOBAHHBIX K HCHOJIb30BAHUIO B PsJIE
MEXIYHAPOIHBIX PHIOOXO3SIMCTBEHHBIX opranm3aiuii, B Tom uyucie B HKEC
(ICES, 2012).

B coBpemeHHbIN neproa pa3BUTHE MPOAYKIIMOHHBIX MOJEIEH OCYIIECTBIIS-
€TCSl B HaIlpaBJIEHUSAX OOBEKTUBU3ALMU HCIOIb3YEMBIX MPOIYKIIMOHHBIX (PYHK-

UI; COBEPUICHCTBOBAHUS MpPOIEAYp NapameTpu3aliu; paclIMpeHus Mojienei
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NPUMEHUTETHPHO K MHOTOBHJIOBOMY ITPOMBICITY; BKIIFOUEHUS B MOJICIIBHBIC TIOCTPO-
cHUs MHpopMaIuu o (GakTopax BHEIIHEH cpeabl. B mocieaHue rosl MOsSBUIMCH
pa3paboTKH, CTaBAIIUE IETbI0 TPEOJOJICHHE OAHOTO M3 0a30BBIX OTpaHHYCHUI
METO/a — MPEAIOJIOKEHHSI O PABHOMEPHOM PACIIPEICIICHUH TUIOTHOCTH OMOMACCHI
Ha uccieayeMoi akBaropud. [10BOIOM AJist ATOTO MOCTYXWJIO Pa3BUTHE MaTeMa-
TUKO-KapTorpadudeckux MetofoB u [ MIC-TexHomoruii, mo3Bossomux 3GGeKTuB-
HO BBIICIISITH MPOCTPAHCTBEHHBIC 30HBI, PA3IUYAIOIIAECS TEMITAMH TTPOYIIHPOBa-
HUS, ¥ aHAJIM3UPOBaTh UX AuHaMHKY (Hamp., Corsi, 2000).

JInHaMu4YecKre NMPOAYKIHOHHbIE MOJAEJH. B TpaauimoHHOM, OOIICpH-
HATOM BapHaHTE MPOAYKIIMOHHBIC MOJICIH CIyXaT JIUIIb JUIS OMMMCAHUS YaCTHOTO
cllydasi — paBHOBECHOT'O COCTOSTHUS 3araca. B 3ToM kadyecTBe OHH MOTYT HCIIOJNb-
30BaThCS UCKITFOUUTEIBHO JIJIST aHAJIN3a JIOJITOIMEPHUOIHBIX H3MCHCHHI TPOTYKTHB-
HOCTH 3araca B CBS3HM C Pa3IMYHBIMH PeXUMaMH PETyIupoBaHus. B paMkax Tako-
TO aHajW3a MPEINoJIaraeTcs, YTo MPU U3MEHEHUU WHTCHCHBHOCTH MIPOMBICIIA 3a-
11aC MTHOBEHHO IMEPEXOAMT U3 OJJHOTO YCTOWYHUBOTO COCTOSIHHS B JAPYroe, MHHYS
IIPOMEKYTOUHBIC, HEYPABHOBEIIICHHBIC COCTOSIHUSA. BO3MOXXHOCTH TUHAMHUYECKHIX
MoOJIeJICH 3HAYUTENIbHO mupe. JIMHaMuYecKue MOIU(PHUKAIIUN TO3BOJISIOT OLCHUTD
HE TOJIBKO YPaBHOBEUICHHBIC COCTOSHHS 3araca, HO U MIPOMEKYTOYHbIE, T.€. TPO-
CJICTUTH TPACKTOPHIO 3armaca OT UCXOTHOTO COCTOSIHUSI PAaBHOBECHS K HOBOMY, UTO,
B YaCTHOCTH, MOKET OBITh UCIIOJIH30BAHO B MPOTHOCTUYCCKUX IIEIISX.

Jlsiss Toro 9TOOBI BBIBECTH ypaBHEHHE BO3MOJKHBIX YJIOBOB JIJII HEYpaBHO-
BelleHHBIX ycioBuil, Yourep (Walter, 1976) paccmarpuBan Onomaccy Kak Hempe-
peiBHYIO QyHKIHIO BpemeHn B = B(t). DTo mo3Bonmio emy, peniuB ypaBHEHHUE
[ledepa dB/Bdt = r(1 — B/K) — gQE otHOCHTENBHO B M BBIIOJHUB HEOOXOIUMbBIE

npeodpa3oBaHusl, MOJYIUTh

qEK qEK  B;_4
Y,=—— r—qE 1
' e B;

rae B; 1, Bi — Onomacca 3amaca B Hauajie ¥ KOHLIE To/a |.
[TepBoe cmaraemoe B IpUBEACHHOM YpaBHEHUH MPEACTABISIET COOOM OIEHKY
yJIOBa MPU PABHOBECHBIX YCJIOBUSX, TOTJa KaK BTOPOE claraeMoe ornpesesseT oT-
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KJIOHEHHE BO3MOYKHOTO YJIOBAa OT PAaBHOBECHOT'O B 3aBHCHMOCTH OT BEJIMUYUHBI U
3HaKa U3MEHEHMI OMOMAacChI 3a1aca 3a roJl.

Monudukamus HIarore (Schnute, 1977, 1979) pa3spaborana Ha 6aze MozeIu
[ledepa, oaHAKO TMPEATOKEHHBIN MOAX0/] MPUMEHUM U K 00JIee CIOKHBIM MOJIe-
asm. Ecnm 3ammcats mozens Illedepa B TepMuHAX yiioBa Ha YCHINE M IPOHMHTE-
rpupoBaTh noydenHoe Beipaxxerne dU/dt = rU(1 — U/gK) — qEU B penenax i <t

< i+ 1, MOXHO OT HEMPEPHIBHOW MOJICIIU MEPEHTH K JUCKPETHOH ¢ 11aroM 1 ro:

Ui1 r
=1 —qE ——U
Ul r q l qK l

rae U, — cpeiHui yJI0B Ha YCHIIUE B IO I.
OnpenenuB AByMsi CIOCOOAMU CBA3b MEXKIY CPEIHEr0JI0BBIMU 3HAYEHUSIMU
yJIOBA HAa YCWJIME U 3HAYEHUSIMHU 3TOr'0 MOKa3aTessl B Hayaje rOJA0BbIX HHTEPBAJIOB,

[IIxar0TE IMOJYYHJI CICAYIOINEC NTUHAMHWYCCKHC MOI[I/ICI)I/IKaHI/II/I IMPHUBCACHHOI'O BBIIIC

ypaBHCHUS:
U+ U =r—qE-—LU U_NUL+UL—1
U+ Ui Cogk Y 2
U E; + E; r U+U _
In ;—1 =r—gq le - K lTLH , U~ UUg.,
l

Monens BartepBopra u Duapro (Butterworth, Andrew, 1984) B u3BecTHOM

CMBICJIE ABJAECTCA pa3BuTheM noaxoaa ILIIHoTe u cOCTOUT M3 ABYX YpaBHEHUI:
Biy1 =B;+G B; —(;
Biy1 + B;
2

rie Bj, Bj+ 1 — Ornomacca 3amaca Ha Hayano | u (i + 1) roga; U, — cpeHss BeIUIHHA

U =q

yJioBa Ha ycuiue B i-M roay. Iloacrasnss B nepBoe ypaBHeHue BMecTo G(B) BbI-
paxenus G(B) = rB(1 — B/K) umu G(B) = rB(1 — InB/InK) MoxHO mOny4nTh ArHA-
MUYECKHE BEpCUU COOTBETCTBYIOMMX Mozenei [lledepa u doxkca.

Hpyryto Bepcuro mnoaxona Illatore mnpennoxunu babasa u Kusnep
(Babayan, Kizner, 1988), ucrons30BaB B Ka4eCTBE BTOPOTO YPaBHCHHS CHUCTEMBI

cootHomenue B . = (Uj+ 1 + Uj)/2Q, 9ro mpuaamo Moaenn HEKOTOpPbIC HOBBIE



CBOMCTBA, B YaCTHOCTH, MO3BOJIMJIO CYIIECTBEHHO YIPOCTUTH IPOLEAYPY OLEHKH

napameTpoB. JlaHHbI ToaX0 ] peanu3oBaH B nmporpamme COMBI.

2. MeT010/10THYeCKHE OCHOBBI.

B npuxnannoii nporpamme COMBI 4.0 peanuzoBana mnporeaypa o00ocHOBa-
HUS U pacuera obmiero gomyctumoro yiosa (OY) BOAHBIX OMOJOTMYECKUX pe-
CYpCOB Ha OCHOBE HCIIOJIb30BaHMS TUHAMHYECKHX MPOAYKIUOHHBIX MOJEIEH.
[TporpamMmMa pekoMeHIyeTCsl K IPUMEHEHHUIO B TEX CUTYyalHsIX, Koraa nHpopmarm-
OHHOe oOecrnieueHne obocHoBaHus rnpornoza OJY coorBerctByeT |l-mMy ypoBHIO.

«ll-i1_ypoBens: JlocTtynHas uHpopManus 0OeCeUHBAET MPOBEACHUE OIPAHUYECH-

HOTO aHAJIMTHYECKOTO OLEHMBAHMS cocTosiHusA 3anaca 1 OJY ¢ ucnosp3oBaHuEM
IMPOIYKUMOHHBIX MOJIENIEH 3KCIUTyaTUPYeMOro 3amaca. MuHUMalbHbIE TpeOOoBa-
HUS K COCTaBy MH(OpMalMM Ha JaHHOM YPOBHE: UCTOPHUYECKHE PsJibl YJIOBOB U
YJIOBOB Ha €JIMHUILY MPOMBICIOBOTO YCHIIMS (WU MPOMBICIOBBIX yeummid)» (ITpu-
noxenue 1 k Ilpukazy denepanbHoro areHTcTBa no pridoIOBCTBY Ne 104 ot 6
depans 2015 1.).

Ha3Banue nporpamMmbl 00s13aHO CBOMM MPOMCXOKICHHUEM KOMOWHUPOBaH-
HOMY mojaxoay k obocHoBanuro OJIY, coueraroriemMy B ceOe¢ MPHUHITUIBI MPEIO-
CTOPOXXHOCTU B YIPABJIEHUU PBHIOOJIOBCTBOM, 3JIEMEHTHl MHOTOKPUTEPHAIBbHOM
onTtuMu3anuu crpareruii ynpasienus (MSE — management strategy evaluation), a
TaK»Ke OCHOBHBIC MoJioxeHus kKoHueniuu MSY (maximum sustainable yield) B ee
COBPEMEHHOW nHTEepnpeTauu (puc. 1).

AJTOPUTMOM MpPOrpaMMbl IPETYCMOTPEHBI BCE HEOOXOAMMBIE ATaIbl 000C-
HoBaHus BenuunHbl OJ1Y, npenycMorpenHbie npukazoMm Ne 104, Bkitouas OlEHKY
KaueCcTBa UCXOAHBIX JaHHBIX, ONPEEICHUE BUIa MOEIIN, UCTIONb3YEMOM I aHa-
JIM3a COCTOSIHUA U TUHAMUKHU UCCIEAYEMON CUCTEMBI «3allaC—IIPOMBICEID), OLEHKY
OPUEHTHUPOB YIpaBJicHUs, OOOCHOBAHHWE TMpaBWiIa PETYJIUPOBAHUS MPOMBICITA
(ITPII), ouenky 3¢ (HEeKTUBHOCTH MPHUHATON CXEMbl YIPaBICHHUS W MPOTHO3UPOBA-
HUE OMOMacchl 3amaca M ylioBa C 3aJaHHOW 3abimaroBpeMeHHOCThIO. [Iponenypa,

TEM HE€ MCHCC, HC ABJIACTCA ITOJTHOCTBIO aBTOMaTHSHpOBaHHOﬁ N Ha KaXIO0M H3
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OTaIlOB Tpe6yeT OT I10JIB30BaTCJId HNPUHATHA OCO3HAHHOI'O, B3BBCILICHHOI'O PCIICHMA

OTHOCHUTCJIBHO BBI60pa CHAWJIYHYIICTrO» BapuaHTa pacdCTOB.

IIpenocTopo:kHbII
MOAXO0/

OueHKa crpareruu Kom0nnupoBaHHbIi
yIpaBJIeHUA > MOAXO0/
(MSE) (COMBI)

Konuenuusa MSY

Puc. 1. KonnenryanbHble COCTaBISIIOIIME KOMOMHUPOBAHHOTO 110AX0/1a K 00ocHOoBaHu0 O/[Y.

B Texymeit Bepcuu nporpammel COMBI nipegycMoTpeHO HCTHONIB30BaHKE
TpeX MPOAYKIIMOHHBIX MOJICIIECH:

1) Mogaenu Illepepa (Schaefer, 1954), ocHOBaHHOI Ha JOTHCTHYECKOM 3a-
KOHE IMOMYJIAIIHOHHOTO POCTa,

dB/dt= rB - (1 — B/K) — qEB;

2) Monenn ®okca (Fox, 1970), B koTopoii joructuueckas GyHKIHs MOIYy-
JSIIIMOHHOTO POCTa 3aMeHeHa Ha ¢yHkuuio ['ommepua (Gompertz, 1825), uro npu-
BOJIUT K HEJIMHEHHOMN 3aBUCMMOCTH ITPOU3BOAUTEIBHOCTH IIPOMBICIIA OT BETUYHNHBI
TIPOMBICIIOBOTO YCHJIHSI

dB/dt = rB - (-In (B/K)) —qEB u

3) O6o6mennoit momenu Ilemna-Tomauuacona (Pella, Tomlinson, 1969), B
KOTOPOH /i1 ONMHCaHMsI MOMYJSIIIMOHHOIO POCTa MPHHATO ypaBHeHHE Puuapica
(Richards, 1959), uto mpumaeT MOJCIH JOMOJHUTECIBHYIO CTEIEHb CBOOOIBI U

MTO3BOJISIET TEHEPUPOBATH LIEJI0€ CEMENCTBO KPUBBIX YCTOMUYHUBOTO YJI0Ba

dB/dt = rB - (1 - (B/K)®) — qEB,



rae B — tekymiee 3HaueHne OMomacchl 3amnaca, ' — MTHOBEHHBINH K03 pUIIMEeHT mo-
NYJSLMOHHOTO pocTa, K — ypaBHOBELIEHHas: OMoMacca JIeBCTBEHHOTO 3amaca (em-
KOCTb Cpelibl),  — K03 UIIMEHT yIaBIUBaeMOCTH, E — BelMunHa MPOMBICIOBOTO
ycunus. CtanuoHapHble (paBHOBECHBIE) BEPCUU JIAHHBIX MOJIETIEH MCHOJIb3YIOTCS
MPOTPaMMON 11 OLUEHKHA OPUEHTHUPOB YIPABIEHUS MPOMBICIOM, JUHAMHYECKUE
BEPCUU — JIJISl PETPOCIEKTUBHOIO BOCCTAHOBJICHUSI U3BMEHEHUI OMOMacchl 3araca,
a TakKe Uil TPOTHO3MPOBAaHWSA OYIyIIUX COCTOSHUM CHUCTEMBI «3arac—
IIPOMBICEID.

Kak Obu10 ynoMmsiHyTO BbIlIE, HEOOXOIUMBIE JUIsl PAOOTHI MPOrpaMMbl JaH-
HbI€ BKJIIOYAIOT B C€0s1 BpEMEHHBIE Pl POMBICIOBBIX YCUIIMI U YJIOBOB Ha €/1H-
HUuLly ycunus. O4YeBHJIHO, YTO KayeCTBOM HCXOAHONW MH(pOpMaluud BO MHOTOM
ONpPEAEIACTCS ANCKBATHOCTh pe3ysbTUpyromux oueHok OlY. B atoii cBs3u npu
IIOATOTOBKE JTaHHBIX JUI aHAJIM3a PEKOMEHIYETCsl ITPOBOJIUTH MPEABAPUTEIBHYIO
CTaHJIapPTU3AIMIO YJIOBOB Ha €AMHMILY IMPOMBICIOBOIO YCUIIUS C LENbI0 «OTPHUIIb-
TPOBBIBaHUS» (PAKTOPOB, HE CBA3AHHBIX C BEIMYMHOM 3amaca. [Iponemypa cran-
JapTU3aluUd OOBIYHO peajn3yeTcs C MOMOIIbI0 METO/I0B, MPEICTABISAIOIIUX COOOM
COBPEMEHHOE Pa3BUTHE MHOTO(aKTOPHOIO JMHEHHOIO aHallu3a, B YAaCTHOCTH C
MIOMOIIIBI0 00001IeHHBIX TUHEHHBIX Mozeneit (GLM — generalized linear models).

brnok-cxema, wiumrOCTpUpyrOmas MOCIEI0BAaTEIIbHOCTh ONIEpAIlid PACYETHOU

npouexypsl COMBI, npencrasnena Ha puc. 2.

3. PaGora ¢ nporpammoii.

Nurtepdeiic mporpaMMbl OpraHu30BaH B BUJE psjia BKIAA0K, Kaxaas U3 Ko-
TOPBIX CTAHOBUTCS JOCTYIHOW TOCJI€ BBITIOJIHEHUS HEOOXOIUMBIX JEHCTBUI Ha
npenpiayiei Briaake. Basxkuno: B Texymieit Bepcuu COMBI peannzoBano B3anmo-
JEeUCTBUE ¢ IPOrpaMMHOM cpeioil R, cpeacTBaMu KOTOPOM OCYIIECTBIISIETCS BbI-
MOJITHEHUE HEKOTOPBIX OMITNI TIPOTPaMMBbI; TIOJTHBIA HA0OP OMIIMNA, TAKUM 00pa3oM,
JIOCTYIIEH TOJIBKO IMPY HAIMYMHK HAa KOMIIBIOTEPE I0JIb30BATENS YCTAHOBJIEHHOIO

nakera R (pacmpocTpansercs 6ecriaTHO depe3 caiT WW\W.cran.r-project.org).



3arpyska JaHHBIX

IIpenBapuTeIbHBIN aHAIN3 JaHHBIX

A 4

OreHKa mapaMeTpoB MOJIEIIEN

A 4

JlnarHocTuka OIeHKH apamMeTpoB Mojienei (Hedhopmab-
HBII aHaIM3 KOA(G(PUIIMEHTOB MOJIEH, aHAJIU3 TTIOBEPXHOCTH
ommmdoK)

v

O0ocHOBaHMWE BLIOODA OIIEPAIIMOHHON MOJIEIIH

v

OreHKa OPUEHTHUPOB VIIDABICHUSA

\4

dopmuposanme gvadbopa [1TPI1

A 4

JluarHocTHka KauecTBa ylnpaBJIeHUs: OLEHKa pHCKa U ApY-
rux ko3 dunuenton 3¢pdexruBHOCTH A5 0TOOpaHHBIX [TPIT

A\ 4

dopmMupoBanme TaOIUIBI PELICHUI

\4

O0ocHOBauue BuIOOPa oneparrmonsoro [TPIT

IIporuos FSBi - «

Ouenka OOV +«

Puc. 2. bnok-cxema npoueaypst COMBI.

3.1. Bknaaka /lanHble.
[Ipenna3zHaueHa NI 3arpy3KH, peJaKTHUPOBAHUS M BU3yalIM3allid JTaHHBIX,

HCIIOJIB3YIOIIMNXCA B ITOCICAYIONICM aHAJINU3C.



3aepy3ka oanuwix OCYIIECTBISIETCS U3 BHEIIHETO (paiiyia ¢ MOMOIIBIO MOcie-
noBatenbHOCTH KoMaHI: MeHw: ®aiin — OTKpbITh. B oTKpbIBaromemMcs auano-
TOBOM OKHE CJIEAyeT BbIOpaTh 3arpykaeMbiii (paitn. daiin qaHHBIX JTOJDKEH OBITh
oopmiieH B TekcToBoM (popmate (pacuupenue .tXt — pekoMeHIyeMoe MPHIIoKe-
nue bioknot (Notepad)) u comepkath HCOOXOAUMYIO ISl aHATIN3a HHGOPMAIIUIO B
BUJIC BPEMEHHBIX PSAJIOB YJIOBOB Ha €JIMHUILY MPOMBICIOBOTO YCUJIUS, BEJIMUYMUHBI
IIPOMBICIIOBOTO YCWJIMSI U BEJIMYMHBI OOILIEro BHIJIOBA, OTHECEHHBIX K COOTBET-
CTBYyIOIIIEMY rojay HaOmoAeHuil. BakHo: 4ucIO CTPOK, pEe3epBUPOBAHHBIX MO/
paznensl CITPABKA u PASMEPHOCTD, nomkHO ocTaBaThes (PUKCHPOBAHHBIM
(cMm. oOpaser; opopmiienus ¢aiisia HUXKE); Pl HAOMIOJEHUN TOJKEH ObITh Hempe-
PBIBHBIM; B KOHIIE (pajia HE JOJKHO OBITh MYCThIX CTpoK. ObOpasern opopmiieHus

daiina TaHHBIX MPEJCTaBJICH Ha pucC. 3.

g -

mj Cuntetid [ann Uedep — Broknor =RRCN X
®ain [Npaeka Qopmar Bug  Cnpaeka

————————————— CNPABKA---——-——-—-———————— -
EWA

JANAC

CE30H

PAROH

JIAHHBIE

WCTOYHMEK

——————————————— PASMEPHOCT-----------———~

0

ron ¥YNOB HA YCWMNWME YCWUINWE YNOB

1994 48 100 4800

1995 7 106 7970

1996 68 272 18401

1997 65 140 9084

1998 85 154 13058

1999 7 234 16547

2000 B0 163 13054

2001 77 132 10104

2002 a5 174 16476

2003 7 185 13176

2004 100 116 11560

2005 81 194 15650

2006 96 114 10929

2007 91 268 24515

2008 65 111 7163

2009 115 158 18156

2010 53 283 15093

2011 114 173 19716

2012 39 254 9800

2013 130 165 21376 il
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Puc. 3. O6pazen opopmienus aiina ¢ UICXOTHBIMUA JaHHBIMHU.



Buzyanuzayus MCXONHBIX BPEMEHHBIX PAJIOB OCYILECTBISIETCS HaXKaTHEM
OJTHOM M3 KHOIIOK, PACIlOJIOKEHHBIX B HIDKHEH YacTh OKHa mporpammsl. [1o BeIOO-
py TOJIb30BaTENsl HA COOTBETCTBYIOIIMX AMarpamMMax OTOOpaskaeTcsi BpeMeHHas
JTUHAMFKA yJIOBOB Ha €JIMHHUITLY TIpoMbIcioBoro ycwmms (kHorka U = f(t)), Benmmau-
HBI TIpoMBICiIOBOro yeuus (kHorka E = f(t)) u ckaTrep TOUeK, HIUTIOCTPUPYIOITHIA
3aBUCUMOCTh MEXIYy YJOBOM Ha YCUJIME U COOCTBEHHO ycwineMm (kHomka U =
f(E)) (puc. 4).

35ech cienyeT NoA4epKHYTh HEOOXOAMMOCTh BHUMATEILHOTO OTHOIICHUS K
CTPYKTYPE BXOTHBIX JAaHHBIX ISl MOJICTUPOBaHMs. Bo MHOTHX Ciydasx mpoOieMbl
HEaJICKBATHOCTU PE3YJIbTUPYIOIIUX OIIEHOK OPUEHTUPOB YIIPABICHHS OKa3bIBAIOT-
Csl CBSI3aHHBIMU HE ¢ JieeKTaMu MOJIeNiel KaK TaKOBBIX, a C Je(eKTaMH JTaHHbIX
(Hilborn, 1979). IMomoGHOTO poma mpoOIeMbl MOTYT BO3HHMKATh, HAIIPUMEp, TPU
OTCYTCTBUU JOCTATOYHOM «KOHTPACTHOCTH» BPEMEHHBIX PSJOB, T.€. MPU OTCYT-
CTBUU BBIPQKEHHBIX W3MEHEHHUI BEJMYMHBI MMPOMBICIOBOTO YCHJIUS Ha (poHe u3-
MeHEeHUl Ouomacchl 3amnaca. [IpeanodTuTenbHo, 4TOOBI psiibl HAOIIOACHUN OXBa-
THIBAJIM TIEPHO/IBI, KOTJIa OMomMacca 3amaca HaXOJUTCsl Kak HIbKe YpoBHS Bysy, Tak
U BBIIIE HETO, a TaKXKe COJIEPXkaTu CETMEHThI JIaHHbBIX, IEMOHCTPUPYIOIIUX BO3-
pacranue unaekcos oommus (ICES, 2012). Oana u3 npoOieMHbIX, HO, K coXalie-
HUIO, JIOCTATOYHO THUIUYHBIX CHUTYyallMi, MPUBOISIIUX K CHUJIBHO CMEIIEHHBIM
OIICHKAM MMapaMeTPOB MOJIETU, BOZHUKAET NIPU pabOTe C JaHHBIMU, IEMOHCTPUPY-
IOIMMHU TIOCTOSIHHOE YBEJTMYEHUE MPOMBICIIOBOTO YCHJIIHS TPU CTOJb K€ TTOCTOSH-
HOM CHIDKEHHUH yJIoBa Ha ycuime (One-way-trip). B mo0om ciydae, 1t aHamu3a
CTEMIEHU CMEIIEHHOCTH OIIEHOK CUMTAETCSl MOJE3HBIM (M Jake 00s3aTeTIbHbIM)
MIPOBECTH TECTUPOBAHHE MOCIM HA MMHUTAIIMOHHBIX HA0Opax NTaHHBIX, CTCHEPH-
POBaHHBIX Ha OCHOBE 3HAYCHUN MapaMeTPOB, OMPEACICHHBIX MPH BBIMOJHECHUU

ontumu3aoHHo# nmpoueaypsl (Hilborn, Walters, 1992).
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1o x]

Dadn STanel nprkasa Ne104

OusHKka NapamMeTpos MOgEW

U=C/E

HaHHee

E [Younue) | C[Ynos)
2003 90,23 3519461376 317.561 Mutrmai

2004 7437 269738 195.963 Czeepo-Draranopokmi

2005 BEE4  3.2G4B00445 213626
2005 543 3285119705 178382
2007 S054 22159973637 17.475 [POMeIEIaBe
2008 7144 2739672052 200009
2003 7321 3912429996 286,429
2010 9398 40GA21GG42 382331

___________________________________________________________________________________________________ .
2011 9532 3439607558 331.303 5 S S
2012 119.28 2567387650 306.238 i o o oA
2013 13154 2288231717 30099 cofiecssconedbeans/Hos ;

-----------------------------------------------

t t t t t t
2005 2009 2010 2011 2012 2013

Tog

t t . t
2004 2005 2006 2007

u
2003

Puc. 4. Buentnuii Bun Bkiaaku JlanHbie.

[Tporpammoii mpenycMOTpeHa BO3MOXKHOCTb pe0akmupogaHusi BXOJHBIX
JaHHBIX, KOTOPOE MPUBOJUT K aBTOMAaTUYECKOMY IEPENUCHIBAHUIO MAaCCUBOB, TIe-
penaBaeMbIX B MOCIEAYIOLIUE aHATUTHUECKUE MOTyNU. VI3MEeHEeHHbIE TaHHbIE MO-
I'yT OBITH 3amMcaHbl B (ailfl ¢ MOMOIIBIO MOCIEI0BATENbHOCTH KoMaHA. MeHIo:
CoxpaHuTthb (aHHbIE 3aMUCBHIBAIOTCS B (pailyl ¢ MpeXKHUM HUMeHeM) 0o MeHio:
CoxpaHuTh Kak (JaHHBIC 3alTMCHIBAIOTCS B HOBBIM (Daiil ¢ UMEHEM, 3a/1aBaeMbIM

ITOJIb30B aTeJ'IeM) .

3.2. Bknanka OueHka napaMeTpoB MO/1eJIN.

[Ipeana3znayena 1y BbIOOpa M MapaMeTpU3aldd MOJIETH, HAWITYYIIUM 00-
pa3oM omuchIBarolIe Ha0MoIeHHbIe naHHble. [IpenBapuTenbHbIM KpUTEpUEM IS
BbIOOpA MOJIEIM MOTYT CIIYKUTh 3HAUEHUS! KOI(P(PULIHUEHTOB KOPPEISLIUU MEXIY
BenuunHamu U u E, oToOpakaemble pU pacKpbITUU BKJIAJAKU B €€ BEPXHEM JIEBOM

yrity (puc. 5). BaskHo: HEOTPUIATEILHOCTh KO3(D(MUIIMEHTOB KOPPEIISIIIUU YKA3bI-
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BAaCT Ha HAPYIICHUC MCXOJHBIX IPCAINNOCHUIOK IMPOAYKIIMOHHBIX MOI[CJICﬁ H, COOT-
BCTCTBCHHO, HAa HCBO3MOXHOCTb HX HCIIOJb30BaAHUA OJI1 aHaAJIM3a HMCIOIICTOCS

Habopa JaHHbBIX.

¥= Combi 4.0 i ] 54
Dakn 3Tankl NpHEaza Ne104
| HarHee  DUEHKS N3PSMETPOE MOLEH

Vioe Ha yeHIHE

7160

10848

B565

10342 0.002525

157730 0.005015

PacyéT okoHyen 11204 0.007882

5595 0.008712

5001 0.00%055

<R RE R RE ]S A

5310 0.002262

Puc. 5. Buemnuit Bua Biiaaku OuneHka napaMmeTpoB MojiesIH.

[Ipy HanuuMM OTPUIATENIBHOM CBS3M MEXKIY BEIMYMHOW MPOMBICIOBOTO
YCWIMSI U YJIOBOM Ha €IMHMILY YCUJIUS BBIOOp HamboJee aieKBaTHON MOJEIN MO-
eT ObITh OCYLIECTBIIEH ABYMs criocobamu: 1) mo nmosiHoMy HaOOpy JaHHBIX U 2)
10 YCEUeHHOMY Ha0Opy AaHHBIX. B 000MX cilydasix TeopeTndeckue 3Ha4eHHsl yJo-

BOB Ha ycuine (U) BOCCTaHABIMBAIOTCS C MTOMOIIBIO JMHAMUYCSCKOW MOICIN BUA:

7 Ui-1+Uj—>

Uy=Ujp+7r- U1 +tU, -G —2qC;_q,

rze I — mapameTp HomyJIsSIUOHHOTO pocTa, ( — ko3 duuueHT ynasnmuBaemoctu, U
— HAOJII0/ICHHBIC 3HAUEHUS YJIOBA HA €AMHUILY TPOMBICIIOBOTO ycmus, C — oOuruii
BbUIOB, G(*) — mpoayKIMoHHast (QyHKIIMS 3amaca, OMUChIBAIOIIAS TOIOBOM MPUPOCT

OroMacchl M 3aBUCSIAs OT GOPMYITUPOBKH MOJIETH.
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[TponykumronHas pyHKIUS UMEET BU/L:

G(*)=1-B/K s moaenu Iledepa,
G(*) = In(B/K) 11 Moaenu dDokca,
G(*) =1-(B/K)® st moaenu Ilemma-TomnHCOHA,

rie B — 6uomacca 3anaca, K — eMKOCTb cpejipl (IeBCTBEHHAs Oromacca 3araca).
Omnpenenenre YUCICHHBIX 3HAYCHUN TTapaMeTpoB I, K, 1 @ mpou3BOAUTCS

B XO/JI¢ UCClIe0BaHMs 1ieJieBoil GyHKIuH (L), omuchIBaoIeil CTereHh OTKIOHECHHUS

MOJICNIbHBIX 3HAUYEHWU YJIOBOB Ha €IWHUITY YCHJIHMS OT HaOmrOAeHHBIX. [Iporpam-

MOU NpelyCMOTPEHbI TPU TaKUX (DYHKIIMH:

CyMMa KBaJpaToOB OTKJIOHEHUH L= el-z,

2 2
JorapudMuyeckas CcyMMa KBaJIpaToB L= Ilneg+1
a TAK)KE MEJMAHHOE OTKJIOHEHUE L=M, ¢,

IJIe & — OCTaTKH, PacCUMThIBaeMble Kak & = U; — U; . IIpu pacdere OTKIOHEHHM
MIOJIB30BATEIIO MPEAOCTABIIICTCS BOBMOKHOCTD 33/1aTh IMTUPHHY MEIHMAHHOTO OKHA
C IMOMOIIBIO TIOJI3YHKA, Pa3MEIICHHOTO B JICBOM BepXHEW 4acTh BKIAAKH (pHC. 5).
B Bepcun Combi 4.0 BO3MOKHOCTh CHMMETPUYHOTO OTCEUYCHHSI YaCTH SJIEMEHTOB
YIOPSA0YSHHOTO TI0 BO3PACTAHUIO Psiia OCTAaTKOB MOJIEIH, paHee MPeayCMOTPEH-
Hasl TOJBKO IS pacueTa adCOMIIOTHOTO MEAMAHHOTO OTKJIOHEHHS, paclpocTpaHeHa
Ha BCE OCTAJIbHBIC IeeBbIe QYHKIIMU. DTO MO3BOJSET CIENaTh OIEHKY Oojee po-
0acTHOW, MUHUMH3UPOBAB BIUSHUE OTACIbHBIX aHOMAJBHBIX 3HAYCHUN OCTATKOB
Ha Pe3yNbTaT OlICHUBAHUA. Takum 00pa3oM, Bce HyHKIIMU MPUMEHSIIOTCS JIJIsl aHa-
JM3a HaOOpOB JaHHBIX OJIMHAKOBOM JITMHBI M OJTMHAKOBOTO COCTABA, YTO JICJIAET UX
cpaBHeHHUE Oojiee 00BEKTUBHBIM. [l0 yMOIUaHWIO OTCEYEHUE DIIEMEHTOB MAaCcCHBA
HE TPOU3BOJUTCS (MOJI3YHOK YCTAHOBJIEH B no3uiuio 0%), T.e. 7151 OIIEHKH Mapa-
METPOB MOJIETH MCIIOIB3YETCS TTOJHBIN PSIT TaHHBIX.

B rneBoii wacTu BKJIAJIKM PACIOIOKEHA TMaHelb, T/I€ MOJIh30BaTEIh MOXKET
OTIPEICTMTh Ha4yalbHBIC M TPAHUYHBIC YCIOBHS VIS MMOMCKAa MHUHHMYMa IIEJICBOM
¢bynakmun. [lo ymomyanwio HavyalbHOE 3HAYCHHE MapamMeTpa I yCTaHaBIMBAETCS

paBHbIM (.5 U3 001MIE0MOIOTHYECKIX COOOpaXKEHUH, C TpaHUIAMU Jrana3oHa 1o-
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ucka ot 0 1o 1. HauaneHoe 3HadyeHne mapamerpa K, Tak »e Kak ¥ HUOKHSIS TpaHHIIa
JIMana3oHa, COOTBETCTBYET MaKCHUMalbHOMY HaOojeHHOMY BbUTOBY (C) 3a HC-
CIIeAyeMbIi MEpHUOJT; 3HaUCHUE BepxHel rpanulisl B 100 pa3 nmpeBbiaeT 3HAUYCHHUE
HwkHeidl. HavanpHoe 3HaYeHHe mapaMeTrpa (, Tak ke Kak U HWKHSISA TPaHuIa Jua-
na3oHa, npuHuMaeTcs paBHbM 0.0001; BepxHss rpaHulia ycTraHoBJIeHa paBHou 1.0.
Bce 3TH 3Ha4YEHUST MOTYT U3MEHSTRLCS MOJIb30BATENIEM B PEXKUME PEIaKTHPOBAHHS.

B mpaBoM HIDKHEM YIiy BKJIaJKH HAXOMUTCS IaHENb, MO3BOJISIOIIAS BbI-
OpaTh BUJ TECTUPYEMOW MOJEIH, a TAaKXKEe BUJ LIEICBOM (DYHKIHH, UCIIOJIb3YEeMOM
JUIS. ONPEICIICHUS] ONTUMANIbHBIX 3HAYCHHMU IMapaMeTpoB. 3aIlyCK MPOLEAYpHI Ia-
paMeTpH3aliy OCYIIECTBIACTCS HaxkaTreM KHOKA OQIeHKa mapaMeTpoB.

[TpocToTa MaTtemMaTHdeckoro ¢Gopmalin3Ma, MOJI0KEHHOTO0 B OCHOBY IIPO-
TYKIIMOHHBIX MOJEJCH, K COKAJIEHHIO, He 03HAYAET, YTO CTOJIb K€ MPOCTHI U IPO-
neaypsl onenku ux napametpos (Hilborn, Walters, 1992). K nactosiiiiemy Bpeme-
HU Pa3pabOTaHO JOBOJILHO MHOTO CIIOCOOOB MapaMeTpH3aly MPOTyKIIMOHHBIX
MOJIeNIel, MCITONB3YIOIIMX aJIrOPUTMbBI METOJa HAUMEHBINNX KBaJpaToB, METOMA
MaKCHMAaJIbHOTO MPaBAonoao0us, a Takxke OaiecoBckmii moaxon (Rankin, Lemos,
2015). B nporpamme Combi peann3oBaHa ynpoIeHHas BEPCHS ONTHMHU3AIMOHHO-
ro aJiropuTMa TUNa "MYEIMHOTO poA', OTHOCSUIEroCs K CEMEWCTBY CTOXacTH4e-
ckux Ouonmyeckux anroputmoB (Karaboga, 2005). [Towick MUHMMyMa II€JIECBOM
byHKUMKM TIpeAcTaBisgeT coboi AuQQy3uoHHBIN mporecc. TOYKM MPOCTpaHCTBA
napaMeTpOB, B KOTOPBIX OCYIIECTBIIACTCS M3MEPCHHE IIeJIeBOW (DYHKIMH, BHIOH-
paroTCs U3 JOTHOPMAIBLHOTO paclpee/icHHs, OTPAaHUYCHHOTO Ha 00JIaCTh MOMCKA:

O= 0* exp(x), x ~ N(0, o),
rae ©* = (r, K, () — orieHKa BEKTOpa mapaMeTpOB MOICIIH.

[Ipu ycnouu L(®) < L(O*) O cTtaHOBUTCS HOBOM OIIEHKOM BEKTOpa IMapa-
METPOB, M MPOLEAYpa MOBTOPsieTCs. YKCIIO MCIBITAHUN OTPAaHWYCHO — B Clydae,
€CIIU JTydlllee 3HaYeHHE BEKTOpa IMapaMeTpoB He ObUIO HaijeHa, TUCIEPCHUS MPO-
1iecca ¢ MOHIKACTCs, MOKa He OyIeT JOCTHTHyTa TpeOyeMasi TOUHOCTh IO 3Haue-
HUSIM TIapaMeTpoB. MHIUKATOPOM OKOHYAHHs MpoIlecca MOMCKa MUHHUMyMa CIIy-

KHT JTOCTHKEHHE 3aJJaHHON TOYHOCTH 110 3HAYEHHIO 1ejIeBoil GhyHkuunu. He cMoT-
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ps HAa TO, YTO BBILIICONMMCAHHBIN aNTOPUTM HE SBISIETCS CaMbIM OBICTPBIM, OH
KpallHe MPOCT B peallM3alliy, a TaKke 00JaJaeT psIoM CYLIECTBEHHBIX MPEHMY-
niecTB. B nepByto odepens oH He TpeOyeT BHIYMCICHUS TTPOU3BOIHBIX, UTO MO3BO-
JSIeT MIPUMEHSTh €ro K HeTJIaJKUM I1esieBbIM (pyHKuuaM. Tak ke Kak U Bce CToXa-
CTUYECKHE aJITOPUTMBbI, JAHHBIA AITOPUTM OOECIEYMBAET HAXOXKIACHHUE T100ab-
HOTO, a HE JIOKAJbHOTO MUHHMYMa, U XapaKTEPHOE BPEMSI CXOOUMOCTU K MUHHU-
MyMy c1a00 3aBHCUT OT pa3MepHOCTU. Pe3ynbpraTom paboThl anropuTMa sSBISIOTCS
HaOOpBI TapaMETPOB, MUHUMU3UPYIOIINE KAXKIYI0 U3 LEIEBbIX (PYHKIUH, 4TO M03-
BOJISIET BBIOPATh MPOAYKIIMOHHYIO (PYHKLMIO U pacnpeiesieHue omuOoK npolecca,
HaWJIy4YIIMM 00pa3oM ONHCHIBAIOIINE HAOIIOAECHUS.

1) Beibop Mopenu 1o moaHOMY HaOOpy JaHHBIX (BapHaHT, pealli3yeMblil TI0
ymoiyanuto). OLIEHKM MapaMeTpoB MOJENed M MUHHUMAJIBHBIX HOPMHUPOBAHHBIX
3HAYEHUH LeJEeBbIX (PYHKIMHA BBIBOAATCSA B OKHAX PEJAKTUPOBAHUS, PACIIOIOKEH-
HBIX Ha [TAHEJIM B HY)KHEM IIPABOM YIUIy BKJIaAKHU. [10 OKOHYaHMM pacyeToB CTaHO-
BUTCS JOCTYIICH BhINaJaromuii cnucok Beioop momenu (puc. 5), B KOTOPOM clie-
JyeT BbIOpaTh BapuUaHT MapaMeTpU3alld, HAWIYYIIUM OOpa30oM ONUCHIBAIOIINN
HaOII0ICHHbIE 1TaHHbIe. Hanmyuymmm cuuTaeTcsi TOT BApUAHT, KOTOPBIN obecrneun-
BaeT HaMMEHbIIee 3HaueHue LeaeBod QpyHKuMU. BaikHo: He peKOMEHIyeTCs BbI-
OupaTh BapHaHThl NapaMeTPU3aLUH, IPU KOTOPHIX OLEHKU MapaMEeTPOB BBIXOIST
Ha TpaHUlbl 33/JaHHBIX JMana3oHOB 3HaueHWil. B 3Tom ciydae pexomeHayercs
pacCIIMPUTh JUANa30H OUCKA.

2) Beibop Mozenu no ycedeHHOMY Ha00Opy JaHHbIX. ONIMs JOCTYIIHA B TOM
cily4yae, eciu Tepuoj HaOmrojeHud npebimaet 15 ner. B ganHOM ciydae Bech
HA0Op JAHHBIX JIEJIUTCA Ha JIBE MOJABBIOOPKH, OJJHA U3 KOTOPBIX HCIONb3YETCs IS
napameTpu3aluu MOJENH, a Apyras — JIJs TECTUPOBAHUS KayecTBa ammpoKcUMa-
. [lapameTpsl Mozenel, onpeaeneHHbIe sl IePBOM MOABBIOOPKH, MCTIONB3Y-
IOTCSL JIIs1 TPOTHO3UPOBAHUS JUHAMHUKU WHJEKCOB OMOMAcCChI 3araca Ha 3aJaHHYI0
NEPCHEKTUBY, ITyOMHAa KOTOPOMl COOTBETCTBYET OOBEMY BTOPOUM MOABBIOOPKHU.
Oco0eHHOCTH yrpaBIeHUS TPOMBICIIOM MPU 3TOM HE YUUTHIBAIOTCA, T.€. IPOLEAY-

pa IPOrHO3UpOBaHHA MHIACKCOB OIICPHUPYCT H3BCCTHBIMU (1)I/IKCI/IpOBaHHBIMI/I 3Ha-
15



yeHUusIMA yI0BOB. OOBEM TECTUPOBOYHOM MOJIBBHIOOPKH YCTAHABIMBACTCS OIIIMEH
KosuyecTBO 0TCeKaeMbIX JIET COCTaBIsieT HE MeHee 2 JeT u He Oosee 1/3 oT
POJIOJKUTEILHOCTH Teproia HalmoaeHui (puc. 6). TectupoBouHas MoABLIOOP-
Ka MCTOJB3YETCS JIJISi COMOCTABJICHHS MPOTHO3HBIX 3HAYCHHM YJIOBA HA YCHJIHE C
HaOmoaeHHbIMUA. K BBIOOPY peKOMEHIyeTCsl TOT BapHaHT MapamMeTpu3aluu, KOTo-

pBIfI oOecrneyrnBaeT MUHIMAJILHOE 3HAUYCHUE CyYMMAapHOro CTaHgapTHOI'O OTKJIIOHC-

Hus (StdDev) (puc. 6).
=lo/x|

dakn STankel NpHikaza M2 104

| Hantee  DUeHKa NapaMeTpos Mogenu

= W CxOAHBIE

8= letep CK StdDev=6.3
- Ledep Nor StdDey=3
B Wedep M StdDev=42
< hoke CK StdDev=16.3
& Pokc Mor StdDev=4 2
O dokc M SteDev=13.7
&= MT CK StdDev=6.2

< [T Nor StdDev=4 .6

B NT M StelDev=51

oW

Vanor ua ycrmie

- - -
1985 1990 1995
Tox

5133

5215

0.5 0 1
15773 1577.3 157730
0.0001 0.oom 1

7761

0.40
045
|

0.22 2220 0.010571
0.04 157730 0.005388
021 113593 0.007890
|

0.60 E025 0.010508
0.56 4280 0.009222
058 E02E 0.003057

Puc. 6. Buemnuii Bua Bkiaaku OueHka napaMeTpoB MoJeJu IIPU BKIIIOUEHHOU oy Buidop
MO/IEJIH.

Pacuér okoH4eH

<R ] ] R A

B pspe cutyanuii paccuMTaHHble 3HaY€HUSI MUHUMYMOB LIE€JIEBBIX (PYHKIIMNA
MOTYT pa3anyaThCsi HE HACTOJIBKO CYIIECTBEHHO, YTOOBI MOYKHO OBLIO OTAATH SIB-
HOE MpeANoYTEeHHe KakoMy-1100 OJHOMY M3 BapuaHTOB pacuera. B kauectse no-
IIOJIHUTEIILHOTO CPENCTBA NMATHOCTUKU B IPOTPaMMYy BKJIKOYEHA IIPOLEIypa aHa-

Jn3a TOBEPXHOCTH OILIMOOK B OKPECTHOCTSAX TIJI00aJbHOTO MUHUMYyMa II€JIE€BOM
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GyHKIIUA, OMIPEACIEHHOTO ONMTUMHU3AIIMOHHBIM aJlTOPUTMOM. MacCHBBI 3HAUYCHHM
IIC/IEBOM (PYHKIIMU TeHepHupyroTcs mporpammoii Combi, o6pabaThIBarOTCs C IMO-
MOIIBIO CIIEMATIBHOTO CKpHUNTa R ¥ BO3BpalaloTcs B mporpaMmMy B BUJE ABYMEP-
HBIX KOHTYPHBIX M300paX€HUH, WLTIOCTPUPYIONINX MOBEJACHUE BIOPAHHOM 1eiie-
BOM (pyHKIMM B KoopauHaTax —K (rme r — mapameTp NomyJisiiiioOHHOTro pocTa, K —
E€MKOCTb Cpejibl) 00 B koopauHatax MSY—Fysy, uMeronmx 0ojiee KOHKPETHBIN
CMBICT B TEpMHUHAX yIpaBiieHus: mpoMeiciioM (puc. 7). [lepexon U3 ogHON cUCTe-
MbI KOOPJIMHAT B JIPYTYI0 OCYLIECTBISIETCS C YYETOM CBSI3AHHOCTHU [1apaMeTPOB CO-
OTHOINICHUSMU
r=Fusy (y+1)/y m
K = (MSY/Fusy) (r+ 1)

rae y — kodddumuent Gopmbl 0000MEHHOW TPOAYKITMOHHOW Mosmenu [lemma-

TomiuHCcOHA.

¥= Combi 4.0 =10l x|

Dafin 3Tankl NpHkaza Ne104

| JlaHHelE OueHra NapaMeTpoE MOAEMM | J1eHKa OPMEHTHROE YPABAEHHSA

MSY[FMS5Y

0 1
1577.3 157730
00001 1

I
0.52 6133 0.0104282
0.40 5215 0.007022
0.48 7761 0.008258
u

0,22 2220 0.010871
0.04 157730 0.005588
0.21 11393 0.007220
u

0140 035 01010508
0.56 4220 0.009222
0.43 E001 0.002588

PacygT okoHueH

L

Puc. 7. Bkiagka OneHka mapamMmeTrpoB MOJEJH [IPY BKIOYEHHON ONINKA AHAJIN3 LeJIeBOoi

GyHKuuM.
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OTtoOpaxkaembie TMOBEPXHOCTH OMIMOOK MalOT BO3MOXKHOCTH IOCPEICTBOM
BU3YaJIbHOTO COITOCTABJICHUS OICHUTH CTEICHb BBIPAKCHHOCTH HAWJACHHBIX MH-
HUMYMOB IICJICBBIX (PYHKIIUH, OT KOTOPOI, B CBOIO OYepe/b, 3aBUCHT CTEIIECHb J0-
BEpHsS K paCUCTHBIM OIIEHKAM IMapaMeTpoB Mojeieii. BaxHo: omust AHaau3 ue-
JeBoii GyHKIMU JOCTYITHA MTPH HAJIMYUH YCTAaHOBJIICHHOTO TMakeTa R Ha KOMITbIO-
Tepe MOJIb30BaTEIIA.

Crnenyer OTMETUTD, YTO OIICHKH IMapaMeTPOB, TIOJYUYCHHBIC MTPU peaTn3alliu
ONTHUMM3AIMOHHOM TIPOIEAYPHI, ABISIOTCS "HAWIYyYIIUMH" JIUIIb B CTaTHCTHYC-
CKOM CMBICJIE, T.€. 00OecleunBaloT HamboJsiee OJIM3KOE COOTBETCTBUE TEOpPETUYE-
CKUX JAaHHBIX IMIUPHUECCKUM. [IOCKOJIBKY SMIMpUYECKHE aHHBIE OOBIYHO 3a-
ITyMJICHBI (MHOT/Ia CUJIbHO), OIIEHKH MapaMeTPOB MOTYT OKa3aThCs CMEIIEHHBIMHU.
B aT0i1 cBsI3M pekoMeHayeTcsl 00paiaTh BHUMAaHUE Ha TO, YTOOBI OHU YKJIa/IbIBa-
JUCh B OMOJIOTHYECKH MPABAONOI00HBIC NHUama3oHbl. M3BeCTHO, YTO XapaKTepu-
CTHKH >KM3HCHHOI'O I[MKJa pbhi0 B3amMocBs3aHbl (Hamp., Beverton, Holt, 1959;
Charnov, 1993). D10 naeT BO3MOXHOCTH YOCIUTHCS B PEATMCTUYHOCTH OIEHOK
rapaMeTpoB MOJISIN Ha OCHOBE MX COIOCTaBJICHHS C JAPYTUMHU MOMYJISIITAOHHBIMU
noKasaTesisiMi. B HauOoJbIel CTEeHn 3TO KacaeTCsl CKOPOCTH MOMYJISIIHOHHOTO
pocTa ('), HeIoCPEACTBECHHBIC H3MEPECHHS KOTOPOM CONMPSIKEHBI ¢ CYIIECTBEHHBIMU
MeToau4YecKuMU TpobiemMamu. Hukxe mpuBeieHa Tabiauiia, cocTaBlIeHHas AMepH-
KaHCKHM PBIOOX03sHCTBEHHBIM oOI1iecTBoM (American Fisheries Society) u pan-
JKUPYIOas MOIMYJISIUA PhIO MO MPU3HAKY MPOJAYKTUBHOCTH M, COOTBETCTBEHHO,
BOCCTAHOBUTENBHOU crnocoOHOCTU. B Tabnuie ko3PPUIMEHT MOnmyJIsiHOHHOTO

pOCTa COOTHECEH C HEKOTOPBIMU APYTUMH XapaKTEPUCTUKAMU )KU3HEHHOTO IIUKIIA.

CooTHoIIIeHHE OMOJIOTMYECKUX IMOKa3aTellell B MOMMyJIAugXx pLI6 pa3J'II/I‘-IHOI7I MPOAYKTUBHOCTHU
(Musick, 1999).

ITpoIyKTHBHOCTH 3amaca Beicokas | Cpemnss Huskass | OueHb HU3Kas
Kospmment () DIOMIOTOPOSTA | 505 | 0.16-050 | 0.05-0.15 | <0.05
r), rox
CxopocTts nuHelHoro pocra (K, mapa-
e et qmg, ey >03 | 016030 | 005015 | <0.05
[110JOBUTOCTD, TO >10000 | 100-1000 10-100 <10
Bo3spact monoBoro cospeBanusi, JIeT <1 2-4 5-10 >10
[TponOMmKUTETLHOCTD KU3HU, JIET 1-3 4-10 11-30 > 30
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3.3. Bxnanka OueHka OpMeHTHPOB YIIPABJICHHS.

[Ipenna3nadeHa sl OmpeeieHUs] IEIEBbIX M TPAHUYHBIX OPHUEHTHPOB
yIpaBJeHUs IPOMBICIIOM UCXOJIs U3 JOMYIIEHUS O PaBHOBECHOM COCTOSTHUU 3aria-
ca. B ocHOBY ompeneneHus OpUEHTUPOB yIPABICHUS TTOJIOkKeHa KoHMen s MSY
U TIPUHIUIIBI TTpeaocTopoXkHoro noaxoxa. [lo Haxxaruu kHonku IlocTpouTs rpa-
¢ux (puc. 8) B IEHTpe BKJIAIKH OTPHUCOBBIBAETCS 3aBHUCHUMOCTH MPUOABOUYHOMN
MPOIYKIIMUA OT OMOMACCHI 3armaca, COOTBETCTBYIOIIAS BEIOPAHHOM MPOTYKIIMOHHOMN
Mozenu. OpauHaTa MakCMMyMa KPUBOM OIpejesseT 3Ha4YeHHE MaKCHUMaJbHOI'O
ypaBHOBemeHHOTO BbUIOBa (MSY). AOcimcca MakcMMyMa COOTBETCTBYET BEIH-
YyuHEe OMOMacchl 3araca, 00ecrneurnBaroneil MaKCUMAJIbHBIN TEMI MPOAYLIUPOBAHUS
U, KaK CJICACTBHE, MaKCHMAIIbHYIO BCIMYHHY MOTCHI[HAIBHOTO BBLIOBA (Bypsy).
[TpumenutensHo K Monenu [lledepa Bennunna Bysy paccuntsiBaeTcs kak Bysy =
K/2, x mogenu Poxkca — kak Bysy = K/e, k mogenu Ilemna-TomimncoHna — kak Bysy
= K/a¥® ™, rne a — mokasarens cremenu B paccMaTpuBaeMoON MOJIeNIU. 3HAYCHHUE
MIPOMBICIIOBOM CMEPTHOCTH, 00ECTICUNBAIOIIEH MaKCUMaIbHYIO BEIMYUHY YPaBHO-
BEIIICHHOTI'O BBLIOBA, ompezensercs kak Fysy = MSY / Bysy, COOTBETCTBYIOIIEE
3HAYCHHUE MPOMBICIIOBOrO ycuius — Kak Eysy = MSY / (Q - Busy), B crity ipuHs-

TOT'O B HUCITIOJIB3YCMbIX MOJCIIAX JOIIYIICHHA O CBA3U MCKAY 3TUMM ITOKA3aTCIISIMU !

F=q-E.

19



1o xi

makin 3Tankl NpHiasa N9104

I .ElaHHblel OueHr.a N3PaMETPOE Mageny  DUBHKS ORMEHTHPOB YTRSENEHHA | [RAEMAD PErYIMDOESHMA NPOMEICAE

KpHEafg YCTOITHEOT 0 YI0BA

T T T T T T T T T -
2000 2500 3000 3500 4000 4500 5000 5500 E000
Buomacca, T

NoCTPOMTE BCE FPa®HKH

Puc. 8. Buemnuii Bua Bkinagku OueHKa OpUEHTHPOB YIPABJICHHS .

[To ymom4anuio meneBoi opueHTUp 1Mo ouomacce (By) ycraHaBiauBaeTcs Ha
ypoBHe Bysy, rpannunbiii opueHTHp (Bjim) — Ha ypoBHe 0.1 - Bysy. LleneBbie u
IpaHUYHBIC OPUCHTUPHI 0 MPOMbICIIOBOMY yeuiuio (Ey u Ejin) U, cooTBeTCTBEH-
HO, 10 MpoMbIciIoBoi cmepTHOCTH (Fy 1 Fjiny) ycTaHaBnmmBaroTcs Ha ypoBHE Eysy 1
Fumsy-

[Tanens HacTpoiika opMeHTHPOB, PACIIOIOKEHHASI B HIDKHEM JIEBOM YTITy
BKIaAKK (puc. 8), IMpeaoCTaBiseT IMOJb30BATEI0 BO3MOXHOCTh KOPPEKTHPOBKHU
OPUHATHIX 110 YMOJIYAHUIO OPUEHTUPOB C YUETOM OCOOCHHOCTEH aHaIM3UpyeMOi
CHUCTEMBI «3amnac—Ipombices». B yacTHOCTH, JIJIs 11€JIEBOTO OpUEHTHpA 10 OromMac-
ce ompeeieHnl cienyromue omuuu: By = Bysy; By = Boi (paccunthiBaeTcs kak
Bo1 = 0.55 - K) u By = Bysy + op * 1, T1ie 65 — cTangapTHast oniiOKa OIeHKH OHO-
Macchl 3anaca, t — koapdunmrent CtbrofeHTa AJIs1 T0BEpUTEIIbHONU BeposTHOCTU P
= 0.90. AnasiornyHbBIE OMIIMHA WCTIONB3YIOTCS ISl IIEJIEBOTO OPHEHTHPA IO MPO-
MBICIIOBOMY ycwIHIO Ey. B cuity odueBuaHON CBA3M Mexay mokazarensmu E u F
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W3MEHEHHE LEJIEBOIO0 OPUEHTHpA IO IIPOMBICIIOBOMY YCHJIMIO aBTOMAaTHYECKHU
IPUBOJUT K NEPEPACUETy OPUEHTHUPA IO MPOMBICIOBOM CMEPTHOCTH Fy. I'panny-
HBI OPUEHTHUD 110 OMOMAcCe MOXKET OBITh OINPEEIEH KaK HEKOTOpas 3a/laHHas J0-

JISI BETUYMHBI Bpysy.

3.4. Bxnagka IIpaBuiio peryJiupoBaHusi MPpoMbIcJa.

[Ipenna3HaueHa st BBIOOpa U «HACTPOWKIW» MpaBUiia PEryIUPOBAHUS MPO-
meicia (ITPII), ncnonp3yeMoro B AajibHEHIIEM ISl TPOTHO3UPOBAHUSL COCTOSIHUS
3anaca ¥ BenuuuHbel OJ1Y. [lonb3oBaTento Mpe1ocTaBisIeTcs BO3MOKHOCTh BbIOOpa
Mexay nByms kareropusmu IIPII, cooTBeTcTByrommMH pas3iMdHBIM NOAXOAAM K
pEeryJMpoOBaHUIO PHIOOJIOBCTBA: KOHCEPBATUBHOMY M ajanTuBHOMY (puc. 9). Kon-
cepBatuBHbie [IPII ABIAIOTCA HE30HAIBHBIMU U ONEPUPYIOT OJHHUM OPUEHTHUPOM
ynpasienust Fy = COnst Bo BceM auana3zoHe BO3MOXKHBIX U3MEHEHUU OMoMacchl
3anaca. AgantusHble [IPII mogpasymeBator Oosiee cinokHy0 (QYHKIHMOHAJIBHYIO
CBSI3b MEXJy OMOMaccoil 3amaca M ynpasisieMbIM IapaMeTpaMH CUCTEMBI ''3amac—
IIPOMBICEN", BBITEKAIONIYI0, B YaCTHOCTH, W3 IPUHLHUIIOB INPEIOCTOPOKHOCTU B

YIIPABJIEHUH [POMBICIIOM.
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Puc. 9. Buemnuii Bua Bkinaaku [IpaBuiio peryjupoBanus npombicia. Brutouena onuus
KoncepsaTtusnsbie IIPII.

AnantuBabie TIPIT obpammarorcs k AByM (QYHKITHSAM, 3aafOIIAM 3aBUCH-
MOCTh K03(hUIIMEHTa MPOMBICIIOBON CMEPTHOCTH OT OMOMACCHI 3amaca: KyCO4HO-

JMHEHHOU U Joructudeckoi (puc. 10).

B 0 B

Puc. 10. O6uwmii Bua pyHKIwmii, ucnons3yemsix npu obocHoBanuu [1PI1: kycouno-nuHelHas
(cieBa) u JorucTUYEcKas (Crpana).

[To ymonuaHuio MCTONB3yeTCAd KyCOUHO-IMHEWHass QyHkuus (puc. 11), na-

paMeTpbl KOTOPOM YCTaHABIMBAIOTCS B COOTBETCTBUU C OPUEHTHPAMM YINPABIIE-
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HUS, ONPEAECIEHHBIMM IIOJB30BaTEIEM Ha mpeaplaymend Briaake. Kycouno-

muHeitHoe [TPI1 3amaercs cinemyromumM oo6pa3om:

Ha oTpeske B < aBy: Frec =0,
. FtT 1+a
Ha otpe3ke 0 <B <Bympu-1<a<0: Fec == Fyp + =———"B,
tr
Ha oTpe3ke 0By <B <Bynpu 0<a<1: Frec=L- B — aB;, ,
Byr(1-a)
Ha oTpeske B > By Frec = Fir,

rae Frc u Fy — pexoMennyeMoe 1 1ieneBoe 3HaueHUue MPOMbBICIIOBOM CMEPTHOCTH;
B u By — Tekyiee u 1ieneBoe 3HaueHre 0MoMacchl MPOMBICIIOBOTO 3armaca; o — KO-
s purment hopmel. KoaddummeHT a MoxkeT ObITh M3MEHEH B Auamna3oHe oT —1 j0
1, 4TO, B 4YaCTHOCTH, MO3BOJIAET N30aBUTHCS OT HEOOXOIUMOCTH 3aJ]aHUsl TPAHUY-
HOTO OopueHTHpa 1o 6uomacce Bjin. B mpenensHoMm citydae, korma o = —1, pe3yinb-
tupytomee [IPII oka3piBaeTcs HE30HAJNBHBIM, T.€. PEKOMEHIJOBAHHOE 3HAYECHUE
POMBICIIOBOM cMePTHOCTH (Frec) OCTAETCS TOCTOSHHBIM M HE 3aBUCSIIUM OT CO-

CTOsHU 3al1aca.

Jat=IE

dain STankl NpKEaza N2 104

| NanHeie | OueHka NapaMETPOE MOLENH | OueHka OPHEHTHPOE YNPEBAEHWA [paen0 pEryIMPOBEHIMA NpOMBICAS

TIpaBHI0 Pery/IHpPOBAHNA I OMBICTIA
. m .

IIpone. cvep THOCTE

1 T T T T T T T T T
o 10000 20000 30000 40000 20000 G0000 o000 80000 90000
EBromacea, T

p—
sy =]

TMemefro-Kycodean GyHmEa

TMorseTeme ckad QyHEIRA
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Puc. 11. Buewmnnii Buj Bxiaaku IlpaBuiio peryinpoBanusi npoMbiciaa. Bkitouena onuus
JIMHeHO-KyCcOYHasA PyHKIMS.

AJBTEpHATHBHBIM BEIOOPOM SIBIISICTCS HEIMHEWHOE (JIOTUCTUYECKOE) TIPaBHU-
JI0 perynupoBaHus npombicia (puc. 12). [1aBHOE ero JOCTOMHCTBO 3aKITI0YaeTCs B
TOM, 4TO, OyAy4u IBYX30HAJIbHBIM, OHO HE HYXJAC€TCS B TPAHUYHOM OPUEHTUPE
o bmomacce, HO B TO K€ BpeMsl 00ECIIEYMBAET MOBBIIIEHHYIO CTENEHb 3alIHILICH-
HOCTH 3araca B 00JIaCTH HU3KUX 3HaueHul 6uomacchl. KoHKpeTHBIN Bu GyHKIUN
ompenenseTcs AByMs mapameTpamu: koddduimeHToM (GopMbl (o) U MOJT0KEHUEM
Touku neperuda (B, rae nmapameTp 3 BhIpaXeH B I0JISIX OT LEJIEBOIO OPUEHTHPA 110

onomacce By). Jloructuueckoe ITPII 3agaeTcs cieayrommm oopa3om:

a
Ha otpeske 0 < B < B - By: Fooe =B Fyp - ﬁ% ,
‘Otr
. By—-B %
Ha otpeske B - By < B < By Fec=Fyp 1=(1—-p)" (1-B)Ber

Ha oTpeske B > By Frec = Fyr,
rae Frec — peKkoMeHayeMbIi YPOBEHBb MPOMBICIOBON cMepTHOCTH. KoadunueHnt o
MPUHUMAET 3HAYeHUS o > | U He OrpaHuYeH CBEpXy, KodpuimeHT B MeHseTcs B
nuana3one 0 < B < 1. 3navenus kod(pPHUIMEHTOB MOTYT HACTPAUBATHCS MOJTH30Ba-
TeJeM B LENsIX BblIOOpa Haubosiee pe3yJbTaTUBHOW CTpAaTEruM yNpaBJICHUs IMpO-

MBICJIOM.
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Puc. 12. Buemnuit Buj Bkinagku IlpaBuiio peryimpoBanusi npomMbiciaa. BkitroueHa onmus
Jlorncruyeckas GyHKIHUs.

JIOTIOJTHUTENBHO MOJB30BATEN0 MPENOCTABISAETCS BO3MOXKHOCTh JUISI KOP-
PEKTHUPOBKH 1I€JIEBOI0 OPUEHTHPA IO MPOMBICIOBOM CMEPTHOCTH (BBIMAAAIOIIHMIA
CIHCOK B IICHTPAJbHON YacTH BKIaAKH) (puc. 11, 12).

B npensiaymeit Bepcun nporpammel Habop ommmii [1PI1, moxnexamux Te-
CTUPOBAHUIO HA MpeaMeT 3(P(PEKTUBHOCTH YIpaBiIeHUsI, POPMUPOBAJICS MOJIb30Ba-
TEJIEM «BPYYHYIO», 32 CUET MaHUMYJIMPOBAHUS 3HAYCHHUSIMH NapaMeTpoB (PyHK-
i, onpexaensomux ero gopmy. B Bepcuu 4.0 3Ta BO3MOKHOCTH COXpaHsETCH,
OJIHAKO JIOTIOJHEHA MpeaBapUTeNbHbIM aHanu3oM 3ddextuBHoctu I1PII Bo Bcem
BO3MOYKHOM JIMANa30He U3MEHEHUW MapaMeTpoB (peanu3yeTcsl HaKaTHeM KHOIKU
Ontuvmsamnus ITPII). B kauectBe nokaszareneii 3HEKTHBHOCTH YIPABICHUS HC-
MOJIB3YIOTCS CIIEAYIOINE KPUTEPUU:

1. cpennwii yJa0B Ha MPOTHO3HOM OTPE3KE BPEMEHHU;
2. cpenHss 6moMacca MpOMBICIOBOIO 3araca Ha MPOTHO3HOM TOPU30HTE;

3. cpenHsAs BapuabeIbHOCTDH yJIOBOB HAa MPOTHO3HOM TOPHU30HTE;
25



4. PUCK CHI)KEHHS OMOMAacChl HUXKE CpEHEN Ha PEeTPOCTIEKTHBE.

[Ipoueaypa onTUMHU3AIMH TPUMEHUMA K 00€UM (DYHKIHSAM, HCIIOIb3yEeMbIM
s 3aaanus ¢opmbel TTPII: kycouHo-nmuHEHHON U JIorucTUYeckon. ['myObuHa mpo-
THO3HOTO TOPU30HTA M0 YMOJIYAHHIO YCTAHOBJIEHA PAaBHOM 5 romam, HO MOKET
OBITh U3MEHEHA I0JIb30BaTeseM (B quanasone ot 1 go 20 net). Baxuo: nus qByx-
apaMeTpUUECKON JIOTUCTUYECKONH (PYHKIIMM K aHAJINW3Y MPUBJIIEKAIOTCS CPEICTBA
Cpelbl mporpamMmMupoBaHusi R, omuus AoCTynHa NpU HAJIWYUU YCTAHOBJIEHHOTO
nakera R Ha KoMIbIOTEPE MOJIB30BATENS.

[Ipouenypa OTHICKMBAET TaKue HAOOPBI MMapaMETPOB UCIOJIb3YEMbIX (PYHK-
LU, IPU KOTOPBIX KaKOW-TM00 M3 K03 (PUIHEHTOB 3P(PEKTUBHOCTH ONTHMAJIEH,

HaIpUMep MaKCUMAaJICH CPEeTHEMHOTOJICTHUH YIIOB
T+t
1
(a,B)c =argmaxE — (;
T
t=T
WJIH MUHUMAaJIbHA MEXKT010Bast BApHaOEILHOCTD yIOBa

T+

T
5C,
Ct

1
(a,B)y = argminE -
t=T
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Puc. 13. Buemnuit Buj Bxinagku IlpaBuiio peryimpoBanusi npomMbiciaa. BkiroueHa onius
Onrumuzanusa ITPII nng nune
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Puc. 14. Buemnuii Bup Bkinagku IlpaBuiio peryimpoBanusi npomMbiciaa. BkitroueHa onius
Ontumuzanus ITPIT qyis noructudeckoit GyHKITUH.

Kaxnapiii U3 onpeneneHHbiX MoJb30BaTEIEM BAPUAHTOB IPaBUila PETYIUPO-
BaHUsA ITpoMbIcia 3aHocuTca B criicok [IPII, mommexxammx nanpHenmeMmy TecTu-
poBannio Ha b dexkTuBHOCTH, HaXKaTHeM KHonku JlodaBuTh IIPII, pacmonoxen-
HOM B HIDKHEM NPaBOM YIriy BKJaAku. VICKiItOYUEHHE Te€X WM MHBIX BAPUAHTOB
ITPIT u3 chopMuUpPOBaAaHHOTO CIHMCKA MPOU3BOJUTCS HA)KaTUEM KHONKH YAAJUTh

ITPII.

3.5. Bxnanka Koa¢ppuuuentsi 3¢pekTHBHOCTH.

IIpn otkpsiTHH, HA BKIaAKy nojaercs crnucok IIPII, onpenenenHbIx mosb-
30BareseM, U (popmupyercsa Tabnuua peleHnii, B KOTOPYIO B JAJIBHEHIIEM 3aHO-
CATCS OLEHKM TMoKa3arene 3((EeKTUBHOCTH YIpaBieHHs. 3almyCK MpOLEAypb
pacdera 3THUX IOKa3aTejled M 3aloJIHEHUs TaOJUIbl PELICHUI OCYLIECTBIIAETCA

HakaTueM KHonku Onenka ko3¢ puuueHToB dpdexTuBHOCTH (pUc. 15).
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Puc. 15. Buemnuit Bug Brinagku KoagpguumnenTs! 3¢gppexTHBHOCTH.

Ornenka 3¢()EKTUBHOCTH yIpaBJICHUS MPOW3BOIUTCS IO pe3yjIbTaTaM Ipo-
THO3UPOBAHMS JIMHAMHMKH 3amaca Ha 3aJaHHYI0 NepcnekTuBy. llo ymomdanutio
MIPOTHO3HBIN TOPU30HT YCTAHABIMBACTCS PABHBIM 5 TOJaM, HO MOXKET OBITh M3Me-
HEH MoJjb3oBaresieM. [IporHO3 CTpOUTCS I BCEX CXEM yMpaBlIeHUs, GUTYPUPY-
IOIIUX B CIMCKE, B COOTBETCTBUU C 3aJaHHBIMU OPUEHTUPAMU YIIPABJICHUS U OII-
nusmu [1PI1. Heobxoaumas a1 aHanv3a CTaTUCTHKA MPOTHO3HBIX OIEHOK HAOH-
paeTcs 3a CHYeT MCHOJb30BaHMs OyTcTpen-npoueaypsl. [lo yMonuanuo npumeHs-
eTCsl TapameTpuueckas OyTCTpemn-mpoleaypa, ONEePUPYIONIasi BEPOSTHOCTHBIMHU
pacrnpesiesieHUs MU OCTATKOB (OTKJIOHEHHWH TEOPETUYECKUX 3HAUYCHHHM YJOBOB Ha
€AMHUILY TIPOMBICIIOBOTO YCUIIHS, TIPEICKa3bIBAEMbIX BHIOPAHHON MPOIYKIIMOHHOM
MOJICNIbI0, OT 3aPETUCTPUPOBAHHBIX 3HAYEHUH, MTOJIYYCHHBIX B X0J/1€ HAOIIOICHUN
3a COCTOSIHUEM aHaJM3MPYEMOM CHUCTEMBbI «3amac—Tpombicen»). Ilpu pacuere
OCTaTKOB WCITOJIB3YETCSI aJITOPUTM, ONMCAHHBIN BBIIIE, B pasaene 3.2. AIbTepHa-
TABHOW OIIMEH SBISCTCS TNPUMEHEHUE HemapaMeTpu4ecKkoil OyTcTper-
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IPOLEIYPbl, B paMKax KOTOPOW OCYIIECTBIISIETCS IMEpepacnpeeIeHUe OCTaTKOB
0e3 aHaM3a UX CTaTUCTUYECKOro pacrnpenenenus. Oouiee yucino GopMHpPyEMBIX
OyTCTpen-BbIOOPOK  OMPENENSeTCs  KOJIMYECTBOM  pealu3anuii  OyTcTpen-
npoIeTypsl (3HaUEHHUE, 3aJJaHHOE 110 yModaHuto, coctasisier 10 000).

B kauectBe mokazateneit adpdextuBHoctu I1PII, onpeaeneHHbIX M0IB30Ba-

TeJIeM, UCTIOJB3YIOTCS CIETYIOIINE XapaKTePUCTUKHU:

— BpeMs BOCCTAaHOBJICHHS: ONPENEAETCA KaK YUCIO JIET, HOTPEOHBIX IS
BOCCTaHOBJICHHs OMOMAcChI 3amaca J10 ypoBHs By ([Ipumedanue: eciim Ha
IIPOTHO3HOM TOPU30HTE 3alac HE BOCCTAHABIMBAETCS 10 YpOBHA By,
porpaMma BBIBOJUT B UTOTOBYIO TaOJUIly BMECTO HCTHHHOW OIICHKHU
BPEMEHHM BOCCTAHOBJICHHUS 33/1aHHYIO 3a0JarOBPEMEHHOCTh MPOrHo3a. B
ATOM CIIy4a€ PEKOMEHIYETCS YBEIWYUTh MPOTHO3HBIM nepuoi. OUeHKy
BPEMEHU BOCCTAHOBJICHHUSI MOXHO CUUTaThb KOPPEKTHOH B ciydyae, €cliv
OHa HE MEHSCTCS NPU JAJbHEHIIICM YBEIIMYCHUN TOPU30HTA IPOTHO34);

— cpenHsas OMoMacca Ha IMPOTHO3€E: OINpPEAENseTcsl KaKk MpPOrHO3UpyeMoe
3Ha4YeHUE OMOMACCHI 3amaca, OCpPeIHECHHOE 10 YUCIY OyTCTpen-BBIOOPOK
U TJyOMHE MPOTHO3HOI'O TOPU30HTA;

— CpEIHHH yJIOB Ha IPOTHO3€: ONPENEIAETCS KaK MIPOTrHO3UPYEMOE 3Haue-
HUE yJIOBA, OCPEIHEHHOE IO YHCIY OYTCTPEI-BHIOOPOK U TIIyOWHE Mpo-
THO3HOTO TOPU30HTA;

— Ouomacca MpOrHO3Hasi K PETPOCHEKTUBHON: ONpenesnsieTcsi Kak OTHOIe-
HUE CpeIHeN MPOTrHO3UpyeMoil OMoMacchl 3amaca K cpeineid buomacce 3a
nepuo HaOJIIOeHUN, BOCCTAHOBJICHHOM C TTOMOIIBIO BBIOPAHHON MOJIe-
T

— YJIOB MPOTHO3HBIA K PETPOCIEKTUBE: OMNpEAENsieTcs] KaK OTHOLIECHUE
CPEIHErO MPOTHO3UPYEMOIO YJIOBA K CPEAHEMY YIIOBY, MOJYYEHHOMY 3a
nepro1 HaOJIFOACHUI;

— BeposTHOCTh B mporHosnoe < Byj,: ompenenserca kak JoJjig OyTcTper-

BbIOOPOK, B KOTOPBIX MPOTHO3MpyeMasi OuMoMacca 3amaca OKa3bIBaeTCs
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HU)KE TPAHUYHOTO OPHEHTHpPA, OT CYMMapHOTO YHUCJa BBIOOPOK, MONTY-
YEHHBIX Ha IPOTHO3HOM TOPU30HTE;

— BeposATHOCTh C MPOTHO3HBIN < Cpin: OMpenesseTcsl Kak 1oy OyTcTpen-
BBIOOPOK, B KOTOPBIX MPOTHO3UPYEMBI BBHUIOB OKAa3bIBACTCSI HUKE MH-
HUMAJIBHOTO 3apErHCTPUPOBAHHOTO BBLIOBA, OT CYMMAapHOT'O YHCIIA BBI-
OOpPOK, TOTyYEHHBIX Ha MPOTHO3HOM TOPU30HTE.

[Io OokOHYaHWM PAcCUYETOB CTAHOBHUTCS JOCTYMHBIM BBIMAJAIOMINNA CIHCOK
Bri6op ITPII, pacrionoxeHHBIM B IIpaBOM BEpXHEH yacTh BKIaAKU (puc. 15), us
KOTOpPOTO CJIEAYEeT BbIOpAaTh OJIHY W3 OMNIMH, B HAMOOJBLIEH CTENEHU COOTBET-
CTBYIOIIMX TEKYIIUM IIeNIIM YIpPaBJICHUS M 00ECMEYMBAIONIMX MaKCHMAJIbHYIO

3(1)(1)€KTI/IBHOCTI> HpHHHMaeMOﬁ CXCMBEI PCTYIIMPOBAHUA ITPOMBICTIA.

3.6. Bkiranka O6ocHoBanue pacuerHoro 3nadyedus OJY.

ConepxuT 1Be BciomorareibHble BKkIaaku: [Iporao3 6momaccel M yJi0BOB
u Pe3yabrarhl.

Ha BcriomorarenbHoi Bkiiaake IIporuo3 6momMaccesl 4 yJI0BOB 10 HAXXATHUU
kHONIKU IlocTpouTh rpaMK OTPUCOBBIBACTCS JUHAMUKA aHAIM3UPYEMOU CHUCTE-
MBI «3amac—pomeice» (puc. 16). OtoOpaxaemas Ha AMarpaMMe JUHAMUKA MPe/-
CTaBJIeHa JBYMSI CETMEHTAMU: U3MEHEHUSIMU (PAKTUYECKUX YIIOBOB U BOCIIPOHM3BO-
JTUMOM MOJIENIbI0 OMOMACCHI 3araca B epHo]l HAOIIOIEHUN U TTPOTHO3HBIMH OIICH-
kamu BbuloBa (= OJ1Y) u Guomacchl 3amaca Ha 3aJaHHYIO TepCrneKTuBy. [ yOuHa
MIPOTHO3HOTO TOPU30HTA 110 YMOJYAHUIO paBHA 5 roj1aM, HO MOXET OBITh YCTaHOB-

JICHA ITOJIb30BATCJIEM B COOTBCTCTBYIOIICM OKHEC PECAAKTUPOBAHMNA.
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Puc. 16. BHemnuii Buj Bkinagku O0ocHoBanue pacyeTHoro 3nadenusi OJ[Y. AxktususupoBana
BcriomoratenbHas Bkiagka [Iporno3 6momacchbl M yJI0BOB.

[Tpu BxmrouenHou omnmuu Jo6aBuTh mmym (puc. 16) mporHo3upoBaHue
OCYILECTBIIICTCS. B MPEIIOJIOKEHHH O CIy4allHOM BapbUPOBAHHWH T'OJIOBOTO IMPU-
pocta GuoMacchl 3amaca Ha MPOTHO3HOM TOPHU30HTE. B 3TOM ciiyyae K pacdyeTHOMY
3HAYCHUIO MPOIYKIIMOHHON (hyHKIMH T00aBIsieTCs ClaydaifHas repeMeHHasl, pac-
npejesieHHass 0 HOPMaJIbHOMY 3akoHy. [lapamerpsl pacrpeneneHusi (cpeaHee
3HAYCHHWE W JUCIEPCHUs) OMPEACISIOTCS 1O pe3yibTraTaM aHajin3a OTKIOHEHHA
TEOPETUYECKHUX 3HAYCHHI yJIOBOB Ha €IMHMILY MPOMBICIIOBOTO YCHIIHS OT 3aperu-
CTPUPOBAHHBIX B MEPHO] HAOTIOICHHIA.

[Tpu «3amrymneHnm» IWUHAMHUKHA MPOTpaMMa, MOMHMO TOYEYHBIX MPOTHO3-
HeIX 3HaueHuit OJ[Y, reHepupyeT HHTEpBaIbHBIC OICHKHU (pHc. 16). ['paHuIlbl HMH-
TEpBAJIOB YCTAHABIIMBAIOTCS TaKUM 00pa3oM, 4ToObl mporHo3Hoe 3HaueHue OY
Nonaaaio BHyTpb uHTEpBaia ¢ 90%-Hoil BEpOATHOCTBIO.

JlomomHUTEIbHAS OMIUS, BKIIOYEHHAss B Bepcuto nporpammel COMBI 4.0,

MMpCaACTaBJICHA aHAJIM30M YYBCTBUTCIIbBHOCTU MOACIIN (CTaHOBI/ITCH AOCTYIIHA ITOCJIC
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Hakatus kHomnku I[locTpouTts rpauk). AHaiu3 YYBCTBUTEIBHOCTH MO3BOJISIET
COCTaBUTD MPEJICTABICHUE O BIMSHUU 3HAYCHHUI Pa3IMYHBIX MapaMeTPOB MOJAEIHU
(r, K 1 q) Ha mpOorHO3HBIC OLIEHKKM OMOMACCHI 3amaca M yjioBa. B o0macTu Majbix
IpUpAIICHUN TTapaMETPOB YyBCTBUTEIBHOCTh MOJEIN MOKET MHTEPIPETUPOBATH-
Cs Kak yacTHas IPOU3BOJHAS pE3yJbTUPYIOIIEH MEPEMEHHOW MO MapaMeTpam
(Miller, 1974; Crpamkpaba, ['Hayk, 1989). B pacueTHo# mpoueaype mapaMmerpam
3a/aeTcs npupaneHue B nuamna3one £5-50% oT ucXoaHbIX 3HaYeHui (10 yMonda-
Huto +10%). Pe3synbTaThl oTOOpakaroTcs Ha OCHOBHOM JuarpaMme BKJIAIKW, Ha
BPEMEHHOM HHTEPBaje, OTHOCSIIEMCS K MPOTHO3HOMY mepuoay. O4eBUAHO, YTO
napaMeTphl, BApbUPOBAHUE KOTOPHIX MPUBOANT K HAHOOJBIIEMY Pa30opocy pe3yiib-
TUPYIOLUX OLIEHOK, TPeOYIOT 0cO00T0 BHUMaHU MPU apaMeTpU3aluu MOJEIH.
Bcemomorartensaas Bkiagka Pe3yabTarhl npeaHasHaueHa Ui nudpoBoro
BBIBOJIa OLIEHOK OHMOMAaccChl 3amaca U yJ0oBOB, ITOJIyYEHHBIX B XOJI€ PacyeToB (puc.
17).
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Puc. 17. Baemnwuii Buz Bxkiagku O0ocHoBaHue pacueTHoro 3Hadennsi O1Y. AxtuBuszupoBana
BCIIOMOTaTeNbHas BKIaaKa Pe3yabTaThl.
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B HuKkHEM 1€BOM yTIily BKIIAJIKM pacrnojiokeHa kHonka Coxpanuts B ¢aii

(puc. 16, 17) mo Ha)kaTuu KOTOPOH BBI3BIBAETCS IUAJIOTOBOE OKHO, IJ€ MOJIb30Ba-

TCIIIO IPCAOCTABILACTCSA BOSMOKHOCTD 3a/1aTh UM (1)3]?1.11& JJI 3allUCHU PC3YJIbTATOB

pacueToB. [Ipu BEIIOTHEHNN HEOOXOAUMBIX IEHCTBUH IporpamMma (GopMHUPYET 1Ba

daiina ¢ oAMHAKOBBIM UMEHEM, HO C pa3HbIMU pacimpeHusmu. B daiin ¢ pacmiu-

peHHeM *.jpeg 3amuMcChIBAacTCs Pe3yJIbTUPYIOIIAs Juarpamma, B ¢aiyi ¢ pacuumpe-

HUEM *.IXt — OCHOBHBIE XapaKTEPUCTUKU MCIOJIB3YEMOU B aHAJIN3€ MOJIEIH, MPH-

MEHSIEMOTO MPaBUJIa PErYJIMPOBAHUS TIPOMBICIIA M PE3YJIbTAaThl pacueToB (puc. 18).
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Puc. 18. O6pa3zen ¢aiina 3anucu pe3ynbTaToB peanusaruu nporpammsl COMBI 3.0.

4. 3aBepuienue padoThbl.

B Bapuante nporpammer COMBI 4.0 ucmpaBieH psii CyIeCTBOBAaBIINX He-
TOYHOCTEW, a TaK)K€ BBEJECHBI HOBBIE JUArHOCTHYECKHE mporuenypbl. CooluieHus
00 ommOKax, BOZHUKAIOIUX B XOJI€ €€ IPUMEHEHMs, a Takke Bamm noxenanus o
JaNbHEUIIIEM COBEPIICHCTBOBAHUM COJIEpKaHUs M UHTepdeiica mporpammbl
npock0a HarpaBJIATh B aJipec JadopaTopuM CUCTEMHOIO aHajiu3a BOJHBIX OHOJIO-

rudeckux pecypcos, BHIPO.
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Cnucok n3menennii, BHeceHubix B COMBI 4.0
OO0masi craTUCTHKA U3MEHEHMI:
YBenuueHue JIMHBI MPOTPaMMHOTO KOJ1a IOYTH B 2 pa3a 3a CUeT HAIlMCaHHUS HO-
BBIX MOJIYJIEH U MPOLIEAYP.
Yaudukanusa ctuiis ohOpMIICHUS BCEX IJIEMEHTOB MPOTPAMMbI M MPUBEIACHUE K

eAUHOMY O0pa3iry.

HNurerpanus B COMBI nporpammuoro koaa Ha si3pike R:
HacTtpoiika Be13oBa R-cpeast uz COMBI

Hacrpoiika nepenauu ganabix ¥ nporpamMmmuoro koja u3 COMBI B R
Peanuzauus HOBbIX Bo3MOkHOCTeN B R-cpene nox ynpasiennem COMBI

Nmnopt pesynsratoB n3 R B COMBI 1 ux nocnenyromas Bu3yaiu3anus

HoBble BO3MOKHOCTH M QPYHKIUM:

[TpoBepka u nHGOPMHUPOBAHNUE O HAIMYMK YCTAHOBJICHHOW cpenbl R Ha KOMIIBIO-
TepE I0JIb30BaTENS,

NudopmupoBaHue o pe3ysibTaTe MPOBEPKH JTAHHBIX Ha COOTBETCTBHUE MPOAYKIIH-
OHHBIM MOJIEJISIM;

Yuudukarus opopmiaeHus rpaduKoB;
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PacnpocTpanenne BO3MOKHOCTH yAaJieHUs] BRBIOPOCOB Ha BCE LieeBbIe (HYHKIUY;
[TocTpoeHre mOBepXHOCTH OLUIMOOK OIIEHOK MapaMeTpoB Moelnel B cpene R;
OnTtumuzanus padoTsl 6s1o0ka "Pacuer opueHTHpOB";

[TepepaboTka 6;10ka o6ocHoBanwms [1PIT;

Cozpanue npouenypsl ontumuzanuu [1PI;

O0paboTka u npeacrtasienue pesyabratoB ontumusanuu [IPII B cpene R;
JloOaBnienne Bo3moxkHoCTH yaanenus 11PII u3 cnucka;

Co3naHne HHIMKATOPOB BBIIOJIHEHUS PACUETOB IPOTPAMMBI

N3menenue nnrtepdeiica 6maoka "KoapduuneHts! 3pheKTHBHOCTH

Peanuzauus anaivsa 4yBCTBUTEIbHOCTH ONEPALMOHHON MOJIENH;

JloGaBieHre BO3MOXHOCTU COXPAHEHUs BCEX PE3yJbTaTOB (TaOJMYHBIX U rpadu-
YecKuX) B (hai;

JloGaBieHre WHTEPBAIIbHON OLEHKU JUIsl IPOTHO3HBIX BEJIMYUH OMOMAcchl 3amaca
Y BBLJIOBA;

JloGaBnenwne crmcka myHKTOB npukasa 104, peammzoannbix B COMBI,

Monudukanus uaTepdeiica ¢ yaeToM HOBBIX BO3MOXKHOCTEH.

Hcnpasiienre nporpaMMHOIO KoJa npeabiaylieil Bepcuu:

HcnpaBnenue ommbok (Moaudukaius Koaa) Ipyu OolleHKe MapaMeTpoB I MOJie-
mu [lenna-TomimHCoHa;

HcnpaBnenue ommbok (Moaudukaims koaa) npu GOpMUPOBAHUN TaOIHUIIBI pelie-
HUU,

Ucnpapnenue omubok (Momudukamnus kojaa) nmpu pacdere KodPpPUIUEHTOB -
(heKTUBHOCTH;

Ucnpasnenue ommbok (Moaudukanus koaa) npu popmuposanuu crnucka [1PIT;
HcnipaBnenue ommbok (Moaudukaiys Koja) mpu OIeHKE apaMeTPOB MOJIEICH;
HcnpaBnenue ommOok (MoauduKamus Koaa) oOMeHa MepeMEeHHBIMU MEXAY Mpo-

EeypaMHu.
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