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BBenenue

Mertoauueckue pEeKOMEHAAIMHU II0 OLIEHKE 3allacOoB MNPHUOPHUTETHBIX BHUIOB
BOJHBIX OHMOJIOTUYECKHX PECYpPCOB pa3pabOoTaHbl MO BHEIUIAHOBOW TeMaTHKE Ha
ocHOBaHUM TopydyeHUs: CoBeTa JAUPEKTOPOB PHIOOXO3SIHUCTBEHHBIX HAY4YHO-
HCCIIEIOBATEIIbCKUX UHCTUTYTOB IIPU 3aMECTUTENIE MUHHCTpA CEIBbCKOr0 XO35MCTBA
Poccuitickon  ®eneparun — PykoBoautene @DenepaibHOTO  areHTCTBa IO
peidooBcTBY (IIpoTokon 3acemanmst CoBeTa mupekTopoB OT 22 HOsOps 2016 1., m/m
4.2) n npukaza nupexkropa ®I'BHY «BHHUPO» ot 07.07.2017 1. Ne 79: ®I'BHY
«BHHPO» coBmecTHO ¢ 0acCEHOBBIMU HHCTUTYTaMHU «IIOATOTOBUTH PEKOMEHIAIINH
M0 WCHOJIb30BAaHUI0 METOJIMK JIOCTOBEPHOM OLEHKH 3aMAacOB MPUOPUTETHBIX BUIOB

BBP».

[Ipennasnauenne MeTOOMYECKUMX PEKOMEHAAMH — YHNOPSAAOYEHHE U
yHU(UKAUs TOIXOJ0B K olueHke 3amacoB U OJ[Y Ha ocHOBe coBpeMEHHOMU
METOJOJIOTUM  PAlMOHAJIBHOTO  IPOMBICIIOBOIO  HCMOJB30BAaHUS  BOJHBIX
OMOJIOTUYECKUX pecypcoB. PekoMeHauuu SBISIOTCS ONEPALMOHHOM JeTaau3anuen
OCHOBHBIX TIOJIOKeHHM Tpukasza PocpeibonoBctBa ot 6 depans 2015 r. Ne 104 «O
MPEACTABICHUH MAaTEPUaJIOB, 0OOCHOBBIBAIOIIMNX OOIIME JOIMYCTUMBIE YIOBBI BOJHBIX
OMOJIOTUYECKUX PECcypcoB BO BHYTpeHHUX Bogax Poccuiickoit deneparuu, B ToM
4yuciie BO BHYTPEHHUX MOpPCKUX Boaax Poccuiickon @enepauuu, a Takke B
KOHTHHEHTadbHOM wienbde Poccuiickoii denepanuum U B UCKIIOUYUTEIBLHON 30HE
Poccuiickoit ®@exnepainnu, B A30BckoM U KacnuiickoM MoOpsiX, a TakXe BHECECHHS B
HUX M3MEHEHHI», U3JI0KEeHHBIX B [Ipunoxkenun k Ilpunmoxenuto 1 Kk mpukasy:
«IlocnenoBaTenbHOCTh pa3pabOTKM M CPOKM TpeiAcTaBieHus (deaepaibHbIMU
roCyJ1apCTBEHHBIMHU OO 1>KETHBIMU Hay4YHBIMU YUPEXKACHUSIMU,
noABeOMCTBeHHbIMU ~ DefiepalibHOMYy areHTCTBY MOPBHIOOJIOBCTBY MAaTE€pUasioB,
00OCHOBBIBAIOUINX OOIINKA TOMYCTUMBINA YJIOB BOJAHBIX OMOJIOTMYECKUX PECYPCOB, HA
CJIENYIOIMN TOJ W MaTepHalOB KOPPEKTUPOBKU OOILEro JTOMYyCTHUMOIrO YJOBa Ha

TEKYILIUH TO».



Brei6op moaxomoB k onenke 3amacoB u OJlY Bo MHOrom ompenensercs
MOJIHOTOM W KayecTBOM uMeromeics uHbopMmanuu. [lpu mocrarouno mNOIHOM
(xopomieM) MHGOPMAIIMOHHOM O0OECIIEUEHUH PAcuyeTOB OCHOBOM METOIUK OICHKU
3amacoB CIIy’KaT MATEMaTUYECKUE MOJEIM IONYJIALMOHHOM JUHAMHKU. B mepByro
ouepeib, 3TO KacaeTcsi IPUOPUTETHBIX BUIOB BOAHBIX OMOJIOTUYECKUX PECYPCOB, AJIS
KOTOPBIX, KaK MPaBUJIO, BBIJEISAETCS JOCTAaTOYHOE (PUHAHCHpOBaHWE Mg cOopa
HEOOXOJIMMBIX OUOJIOTUYECKUX U MPOMBICIOBBIX JaHHbIX. CornacHo [Ipunoxenuro 1
Kk mnpuka3zy PocpeibonoBctBa oT 6 depasns 2015 r. Ne 104 k mpHOPUTETHBIM
00BEKTaM POCCHICKOTO MpPOMBICIA OTHECEHbI: MHUHTail, CelbJb THUXOOKEaHCKasd,
TpPECKa, YEepPHBIM M OETOKOPBIA MAJITyC, TUXOOKEAHCKUE JIOCOCH, OCETPOBBIE BHU/IbI
pbIO, Kpab KamMyaTcKuii, Kpa® CHUHHI, KpaO-CTPUTYH OMUIINO, Kpab-CTpUTYH O3p/u,

KaJIbMapbl U TpyOayu.

[lpu gedunure WIM HU3KOM  KAdyecTBE JOCTYMHOM  uWH(opManuu,
HCKJTIOYAIONIEH BO3MOXKHOCTh MPUMEHEHHS TPAAUIMOHHBIX MOJCIEeH JIUHAMHKU
YUCJIEHHOCTH, 00ocHOBaHue OJIY oCyIIecTBIsSETCS C MOMOIIBI0 TaK Ha3bIBa€MbIX

«CHEMOJACIBHBIX» MCTOA0B (3BpI/ICTI/III€CKI/IX, TPCHAOBBIX, MHINKATOPHLIX U I[p)

B Meroauueckue peKOMEHAAlMKM HE  BKJIIOYEHbl METOJAbl  OLEHKU
MIPUOPUTETHBIX BHUJIOB KpaOOB M KpaOOWIOB (KaM4aTCKOro Kpaba, CHHEro Kpaoa,
Kpaba-CTpuryHa OMNWJINO, Kpaba-CTpUryHa OdpJiv), MOCKOJIbKY HX B HW3BECTHOU
CTENEHU 3aMeHsieT JAeucTByrommii  aokymMeHT PocpeibonoBctBa  «lIpaBuiia
PEryJIMpOBaHUs MPOMBICIIA MPUOPUTETHBIX BUAOB KpaOoB M KpaboumoB» (2016), a
TaK)K€ METObI, UCIIOJIb3yeMble JUIsl OLICHKH 3alacoB JIOCOCEBBIX BHUIOB PbIO, M3-3a
BBIPOKEHHOW CMENU(PUKA MX KU3HEHHOTO IMKJIA U MPOMBICHA, YTO HE TO3BOJISET

IMPUBJICKATb K OLICHKEC 3a11aCOB 3TUX BHUAOB TPAAUIINOHHBIC MCTOANYCCKUEC IMMOAXOABbI.

B Hacrosmux MeToaudyecknx peKOMEHAAUUsX OCHOBHOM YIIOp AENAaeTci Ha
NETaJbHOM PAaCCMOTPEHHHM COBPEMEHHBIX MOJEIENM M METOHOB, PEKOMEHIYEMBIX
MeXUHCTUTYTCKOW paboueil Tpynmoi MO METOAOJOTMH OLIEHKH CBhIPhEBOM 0a3bl

pridosioBeTBa (PI'M) 1151 mpakTHYECKOTro MPUMEHEHHU MPU MOATOTOBKE MAaTepUasoB,



obocuoBbiBatoux OJ[Y. IlpuBomuTcss Takke OMHCAaHME M PEKOMEHAAIMH IO
HCIIOJIb30BAaHUIO «HEMOJEIBHBIX» METONOB OLICHKH. JlJIs1 BCEX MOJENIE U METOJOB,
BKJIFOUEHHBIX B MeTOANYECKHE PEKOMEHIAllUU, TPUBEACHBI CCBIIKM HA MCTOYHUKH

JOCTYITHOTO TIPOTPAMMHOTO 0OCCTICUCHHSI.

Pacnipenenenne pekoMeHAyeMbIX MOJIEJIEd U METOJOB IO YPOBHSM
JIOCTYITHOTO nH()OPMAITMOHHOTO oOecrieueHusi  pacyeToB 00yCIIOBIIEHO
COOTBETCTBYIOIIUMH TMOJIOKEHUSIMU Mpuka3a PocpribosioscTBa oT 6 pepansa 2015 r.
No 104 (ITpunoxenue 1 «TpeGoBanus K mpoleaype pacuera 3amaca U onpeeacHus

0O01IEero JOIMyCTUMOTO yJIOBa ...» K [IpuinoxeHuto kK npukaszy):

«Mcxons U3 CTpYKTYphbl U KauecTBa JIOCTYIMHON MH(OpManuu, BbIACIAIOTCS 3

ypOBHS HH(POPMAIIMOHHOTO o0ecrieueHus mporno3a O/1Y:

I  ypoenb. [octynmHas  uHpopManus  oOecHeuMBaeT  MPOBEACHUE
BCECTOPOHHETO AHAJIMTUYECKOrO OLEHUBAaHMUA cocTosHMs 3amaca u OY ¢

HCHOJIb30BaHUEM CTPYKTYPHUPOBAHHBIX MOJIEIIEH SKCILUTYaTUPYEMOTO 3ariaca.

MunuManeHble TpeOOBaHUS K COCTaBy HHGOpMAIMK Ha JAaHHOM YPOBHE:
HUCTOPUYECKHE PANBl  BO3PACTHOTO COCTABA, YJIOBOB, YJIOBOB Ha EIUHULY
IPOMBICIIOBOTO yYCWJIMS, TEMIIA BECOBOTO POCTA, TEMNA IIOJOBOTO CO3PEBAaHHUs, a
TakKe CpelHee MO ToJaM M BO3pPACTHBIM TpynmnaMm 3HadeHue Koddduimenrta

€CTECTBEHHON CMEPTHOCTH.

I  ypoenn. JloctymHass  wHpopmamusi  oOeclieyuBaeT  MPOBEACHUE
OTPAaHUYEHHOTO AaHAJIMTUYECKOTO OILIEHWBaHUs cocTosHus 3amaca u OJY ¢

HCIIOJB30BaAHUCM ITPOAYKIIMOHHBIX MOI[CJ'ICﬁ 9KCILTYaTHPYCMOI'O 3al1aca.

MuHnuManeHble TpeOOBaHUA K COCTaBy HHGPOPMALMK Ha JAaHHOM YPOBHE:
HCTOPUYECKHE PSAABl YJIOBOB M YJIOBOB HAa €IWHHUIY MPOMBICIOBOIO yCHIUS (WK

MIPOMBICIIOBBIX YCHUIIUI).

III ypoBenb. HemoctaTouHass TmONHOTAa W/WIM KaueCTBO JOCTYMHOMU

I/IH(i)OpMaLII/II/I HCKIIOYAaKT HCIIOJIb30BAHUC MOI[GJ'IGI\/'I OKCIITYaTHUPYEMOI'O 3ariaca.
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Ob6ocuoBanne OJlY cTpoWTCS Ha SMIUPUYECKUX, TPEHIOBBIX, MHAUKATOPHBIX U

APYTUX TPUOIMKEHHBIX METO/IaX, MPUMEHSIEMBIX B Cllydae AePHUIINTA HHOOPMALIUN.

B 3akmiodyeHre HE0OXOAMMO OTMETHUTh, YTO JlaHHble MeToaudyeckue
pEeKOMEHJAlMM  HE  COJAEp)KAaT  HMCUEPINbIBAIOIIUX  CBEACHUH 000  Bcex
MHOTOYHMCIICHHBIX HIOAHCAX COBPEMEHHBIX MOAXOJOB K oreHke 3amacoB u OJY,
OTPaHUYMBASCH TMOAPOOHBIMH TIOSCHCHHSMH 10 pPaboTe ¢ PEKOMEHIYyEeMBIMU
0a30BBIMH METOJaMHU U UX MPOTpaMMHBIM obecniedeHrneM. OQHAKO yKe 3TH 3HAHUS
MO3BOJIIT  pa3pabOTUYMKaM CBHIPHEBBIX IPOTHO30B IMOBBICUTH 00OOCHOBAHHOCTh
PEKOMEHAYEMBIX 00BEMOB OOIIMX JOMYCTUMBIX YJIOBOB, IPUBE/S €€ B COOTBETCTBUE

C COBpCMCHHBIMU MHUPOBBIMHA Tpe60BaHI/ISIMI/I.



Pazgen I

OTtpaciieBble METOAUKH OLEHKH 3aM1ACOB
NPHOPHUTETHBLIX BUA0B BOAHBIX OMOJIOTHYECKHUX
pecypcoB 1Jisi I ypoBHSI HH(POPMAITHOHHOTO
o0ecrieyeHUs pacyeToB
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KoroprHblie Moae/in (KpaTkoe onucaHue)

KoropTHele Mozenu SBISIOTCS OCHOBHBIM KJIACCOM MOJENEH, MPUMEHIEMbIX
JUISL  KOJMYECTBEHHOW OLIEHKM COCTOSIHMS 3amacoB. CyIIECTBYET MHOXECTBO
MOJIU(PUKALUNA KOTOPTHBIX MOJENEH, KOTOPhIE MOXHO CTPYNIHPOBATH B HECKOJBKO
ceMencTB. MoJienu 3TOro Kjiacca OCHOBAHBI HAa NPEACTABICHUH NOMYJIALIMU B BUJIE
COBOKYIMHOCTU OTJIEIbHBIX MOKOJIEHUM, YUCICHHOCTh KaXKJ0T0 U3 KOTOPBIX yObIBaET
MO/ BO3JEWCTBUEM TMPOMBICIA M OT €CTECTBEHHBIX HPUYMH. MHUHUMAIbHO
HEOOXO/MMbIe TpeOOBaHUA K HWHPOPMAIIMOHHOMY OOECHEYEHUIO MOJEIu B
00513aTE€IbHOM TOPSIIKE BKIIIOYAIOT B c€0sl BO3PACTHOM COCTaB yJIOBOB, a TAK)KE PSAbI
YJIOBOB U3 MPOMBICIIOBOM CTATUCTUKHU U HABECKH, HEOOXOAUMBIE SISl (HOPMUPOBAHMS
MaTpULIbl YJIOBOB. JlOMOJHUTENbHBIE UCTOYHUKM HHPOpPMAIUHU 3aBUCAT OT THUIMA
BBIOPAHHON MOJIEIIH.

JIluHaMyKa YHMCIEHHOCTH Ka)KJOro IOKOJEHUSI OIKUCHIBAETCS YpaBHEHHEM

AKCITOHEHIUATBLHOU YOBLIH:

Nt+1,a+1 = Nt,u e)qj(_éF;,a _Ma _EM ) = Nt,a eXp(_Ma %M )(1_¢t,a) (I. 1)

Niga =N, 2exp(=6F, , —M ,—&, )+ N, ,  exp(=0F, , | —M ,_,—&,,) (I.2)

rae  N,, — YUCIEHHOCTh 0co0el Bo3pacTta a B IO t;

 — KaJCHAapHbIN TOJT;

a — BO3pacT;

A —BO3pacT IUTIOC-TPYIIIBI, 00BbEIMHAIONICH 0c00€eH B Bo3pacTe A U cTapiie;
0 — IEpUOJ MPOMBICIIA B JIOJISIX TOJA;

F;, — MTHOBEHHAs ITPOMBICIIOBAasi CMEPTHOCTb I10 TOJIaM U BO3pacTaM;

M, — x0o>bHUIMEHT ecTeCTBEHHOW CMEPTHOCTH KakK (DYHKIIHS BO3pacTa;

(.2 - IOJIS] YCIIEHHOCTH BO3PACTHOM IPYIIBI d, U3bSTask BBUAY YJOBa B o1 1,
&y — CIIydaiiHasi KOMIIOHEHTa CMEPTHOCTH, C IUCIIEPCUEN Gy;.
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CBs3p BO3paCTHOI'0 COCTaBa YJOBOB C YHMCICHHOCTBLIO 3a4dCTCs YPABHCHUCM

bapanosa [1918]:

L N exp(=S(F,, + M. )= p,.N,. exp— (1.3)
- ta ta a - qot,a ta eXp( AMa )’

Cta
- F _+M

ta a

rine C,,— MaTpula yJIOBOB;

A — mepuon roga (0 < A < ¢), B KOTOPBIH OCYIIECTBISIETCS BBIJIOB B MOJICITH
[Toymna.

VYpaBuenust (I.1)-(I.3) sBmsitorcst oOmUMM JJisI BCEX KOTOPTHBIX MOJEINEH,
OJIHAKO JIJISl OLIEHKU BCEX HEU3BECTHBIX IapaMETPOB BBINICIPUBEICHHBIX YPAaBHEHUI
HEJOCTATOYHO - TPEOYIOTCS IOMOJHUTENbHBIE THUIIOTE3bl O JAHHBIX: PE3YJIbTaThI
HaOMIOACHU (MHIEKCHl YHMCIEHHOCTH), HAuyajJbHblE M TPAHUYHBIE  YCIIOBHS
(3aBUCHMOCTb  3alac-MOMOJIHEHUE, TEPMUHAJIbHBIE 3HAYEHHS  IPOMBICIOBOM
CMEPTHOCTH), MNPEANOJIOKEHUE CcenapadelbHOCTH MPOMBICIOBOW  CMEPTHOCTH,
CTaTUCTHYECKasi CTpyKTypa oOmuOOK. KOHKpeTHbIN BHUJ BBHIOPAHHBIX THUIOTE3 H
ompenenser MoJenb. B gaHHbIX MeTOAMYECKUX PEKOMEHIALMSAX TPUBEIACHBI
ONMMCaHUsl M30paHHBIX KJIACCOB OSTHUX MOJENIEH, a TakkKe peaju3yIolero ux

MPOTrPaMMHOTO OOeCrieYeHus, pPeKOMEHI0BAHHOTO paboyeil TpynImoi Mo MeTo1aM.

Jlureparypa

bapanoB @.1. K Bonpocy 0 OMOJIOTHYECKUX OCHOBAHUAX PHIOHOTO XO031CTBa

// I3B. oTnena pplOOBOICTBA M HAy4YHO-TIpoMbICI. uccien. 1918. T. 1. Bem. 2. C. 84-

128.
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I.1. ITporpammubiii koMiieke TISVPA (PI'BHY «BHUPO»)
JI.A. Bacuiabes, 2005

I.1.1. Onucanue moaean

OTAMYUTENBLHON YEPTON MOJEIH ABJISETCA LEJIEHAIIPABICHHOE HCII0JIb30BAHKE
NPUHIIMIIOB POOACTHOM CTATUCTUKUA C UENbI0 CHIDKEHUS HCKaXKAIOIIETO BIUSHUS
OomMOOK B JaHHBIX Ha pe3yJbTarhl aHanu3za. OTMeTUM, 4YTO B OOJBIIMHCTBE
COBPEMEHHBIX MOJEJEH, UCIOJIb3YEMBIX ISl OEHKU COCTOSIHUS 3alacoB, B TOM WJIH
MHOM CTENEHM UCHOJIb3YEeTCd TaK Ha3bIBaeMoOe cenapaderabHOEe MPEICTaBICHUE
KO3()(PUIIMEHTOB MPOMBICIOBOI CMEPTHOCTH - B BHJI€ NPOU3BEAEHUS (HAKTOPOB,
3aBHUCSILUX OT BO3pacTa, U (aKTOpOB, 3aBUCSIIMX OT roja. Takas mapameTpu3anus
MOJEJIA TO3BOJISIET CHU3HTH KOJUYECTBO HEU3BECTHBIX M MOJy4YaThb OJHO3HAYHYIO
MH(POPMALIMI0O O TEKYyIIEM COCTOSHUHM 3araca HENOCPEACTBEHHO W3 JaHHBIX IO
BO3pacTHOMY cCOCTaBy yJoBOB. OJIHaKO HMHOIZIa CUYMTAETCs, YTO cenapadesbHble
MOJENIU SIBJISIOTCS M3JUIIHE CTPYKTYPHO >KECTKMMHU IJisi ONMUCAHUS OCOOEHHOCTEH
B3aUMOJICCTBUI pa3IMYHBIX TMOKOJEHUH C TMPOMBICIOM. OJTa mpodiemMa B
3HAUUTENBHON crenenu pemreHa B mozensx rpynnsl TISVPA (Triple Instantaneous
Separable VPA). Kos@duuumentsl npoMbICIOBOH CMEpPTHOCTH (TOYHEE —
KO3 (UIMEHTHl SKCIUTyaTalliud)  NPEICTaBIE€Hbl B BHJE MPOU3BENEHUS Tpex
napameTpoB: f(year)xs(age)xg(cohort), T.e. JaHA BO3MOXHOCTh OILIEHHTh B paMKax
KOTOPTHOM MOJIEIH JOTIOJHUTEIbHBIA HAOOp MapaMeTpOB, CBSI3aHHBIX C TIOKOJICHUEM,
YTO  MO3BOJIAET AJanNTUPOBATh TPAAMIIMOHHOE cemnapadenbHOE MPEJICTABICHUE
MIPOMBICIIOBOM CMEPTHOCTH (KaK MPOU3BEICHNE KOMIIOHEHTA, 3aBUCAILIEIO OT roja, u
KOMITOHEHTA, 3aBUCSIIET0 OT BO3PACTHOM IpyNIbl) K CUTYalUsIM, KOI/1a HEKOTOPHIE
MOKOJICHHUSI MOTYT UMETh OCOOCHHOCTH B CBOEM B3aMMOJICHCTBUM C MPOMBICIOBBIMU
(bnotamu, BBI3BAaHHBIC, HAMpPUMED, UX Ppa3IMYHBIM  NPOCTPAHCTBEHHBIM
pacnpezeneHueM, Oonblliel  OPUTATATENIbHOCTBIO  JJIE  MpoMbIcia  Oojee
MHOTOYHUCJICHHBIX TMOKOJEHUN WM APYrMMH npuunHamu. Kpome Toro, momoOHBIN
IIPUEM I[IO3BOJISIET B OIPEACICHHOW CTEIEHH CHU3UTh BIIMSHUE HEKOTOPBIX

CHCTEMAaTHYECKUX OIINOOK B JaHHBIX.
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[leneHanpaBieHHOE HCHOJb30BAHUE MPHUHIMIIOB POOACTHON CTAaTUCTUKU B
Mpoleaypax OllEHUBaHUs apaMeTpoB Mojienel rpymmbl TISVPA no3BossieT CHU3UTh
BJIMSIHUE OIMMOOK B JAaHHBIX Ha pe3yJbTaThl aHaliW3a U BBIACIUTH OOJbIIE
uH(OpMAIIUU O CHUCTEME «3amac-MPOMBICE» W3 HUMEIOIMUXCS JaHHBIX. Mozjenn
rpynnsl TISVPA BkitouaroT B ce0si pa3iuyHble NPUEMbl, TOMOTAIOINIKME padoTaTh C
JAHHBIMHU peaIbHOTrO (T.€. JIOCTATOYHO HU3KOro) kadectBa. Cpeau HHUX: poOacTHBIC
1[E€JICBBIC byHKIINA, BO3MOKHOCTh L[EJIEHAIPABICHHOTO o0ecrnievyeHus
HECMEIICHHOCTH pElIeHUs, HE3aBHUCHUMOCTh OIEHOK BO3PACTHOM 3aBHCHUMOCTHU
OTHOCUTEJIbHOM CEJEKTUBHOCTU IMPOMBICIA OT BBIOOpa MOJIb30BaTENEM €€ (POpMBI,
MPUMEHEHUE PA3JIMYHBIX OMNUMA OTHOCUTEIBHO B3aMMHOM  CIIPaBEIJIMBOCTH
MPEANOJIOKEHU O KAauyeCcTBE [aHHBIX [0 BO3PAaCTHOMY COCTaBY YJIOBOB H
YCTOMYMBOCTU CEJIEKTUBHBIX CBOWCTB MPOMBICIA, BO3MOXHOCTh HCKIIOUCHUS
BIIUSIHUSL MEKTOJIOBBIX M3MEHEHUH B KOA(h(UIIMEHTaX yIIaBIUBAEMOCTH ChEMOK Ha
pe3yabTaThl aHaIu3a u JIp.

B mopensx rpynnel TISVPA [BacunbeB, 2006; Bacunbes, 2015; Vasilyev
2005; Vasilyev, 2006] npeamnonaraeTcsi HaJIM4YKUE OMUOKU B JAHHBIX MO BO3PACTHOMY
coctaBy ynoBoB C,y, B JaHHBIX CBEMOK C BO3DACTHOM CTPYKTypoW Wim 0€3, B
cenapabenbHOM TPECTABICHUH TPOMBICIIOBOM CMEPTHOCTH, a TaKKe B JaHHBIX
cbeMOK. OtrnnuurenbHod yeptoid  Mogaened rpynmel  TISVPA  saBusercs
L[E€JICHAIPABJICHHOE HCMOJIb30BAHUE MPHUHIIMIIOB POOACTHON CTATUCTUKU C LEJBIO
CHUKEHUS MCKAXKAIOIIIETO BIMSIHUS OIIMOOK B JJAHHBIX Ha Pe3yJIbTaThl aHAIIM3A.

Hcnone3yloTess pas3jiMuHble TMPUEMbl, MOMOTarolme padboTath € JIaHHBIMU
peanbHOro (T.e. JHOCTATOYHO HHU3KOI0) KauyecTBa CO 3HAYUTEIbHBIM YHMCIIOM PE3KO
BBIJICIISIFOIIMXCS 3HAUeHHM (ayTiaepoB). Cpenu HUX: poOacTHbIE 1eNeBbie (DYHKIIHH,
BO3MOKHOCTh  II€JICHANPABIEHHOTO O00ECIEeUeHUsT HECMEIIEHHOCTH PElICHMUS,
BO3MOKHOCTh HMCKJIIOUEHUS BIUSHUS MEXKTOJOBBIX M3MEHEHUU B KOd(QuImeHTax
yJIaBIMBAEMOCTH ChEMOK Ha pe3yJIbTaThl aHAJIN3A U Jp.

Mopnens TISVPA, Oyayum cenapaOenbHOM, MOApa3yMEBAeT BHYTPEHHIOK
OIIEHKY IMMapaMeTPOB, OMUCHIBAIOIIMX 3aBUCUMOCTh OTHOCUTEIBLHOM CEJIEKTUBHOCTU

IIPOMBICJIa OT BO3pacTa.
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Hcnonb3dyemMoe B KJIACCHYECKUX CEMapaOeNIbHbIX KOTOPTHBIX MOJENSAX
npeacTaBieHne Kod(OPUITMEHTOB MPOMBICIOBOM CMEPTHOCTH B BHJIE NMPOW3BEICHUS
JBYX IapaMeTpoB (3aBUCAIIECTO OT Bo3pacTa (hakTopa CEIeKTUBHOCTU U (haKTopa,
OTPAXKAIOUIETO MPUJIOKEHHOE B TAHHOM TOJly IIPOMBICIIOBOE YCUIIME) MOXKET B Psijie
CJIy4aeB OKa3bIBACTCS CIUIIKOM JKECTKUM JIJII PEATBHBIX CUCTEM «3aIac-MPOMBICEI.
DTO CBS3aHO C BO3MOXHBIMH OTKJIOHCHUSIMH OT CPEIHEMHOTOJIETHUX YCTOMYUBBIX
CEJICKTUBHBIX CBOMCTB MPOMBICIA, BOZHUKAIONIUMU KaK MO MPUYUHE U3MEHEHUU B
CBOMCTBAaX HCIIOJIb3YEMbBIX OPYIUH JIOBA, TaK W MO «OHOJOTHYECKUM» MpuuuHaM. B
nocjeAHee BpeMsl TOSBWINCH MOJENIH, JaloIIMe OYEeHb IIMPOKUN Juara3oH
BO3MOKHOCTEH 10 MapaMeTpU3allid MaTpHUIIbl CEJIEKTUBHOCTH MPOMBICTIA, HAIPUMEP
monenb SAM [ICES, 2009], omHako mpud 3TOM BBIOOP ONTHMAJIBHOM MOJEIH
CEJICKTUBHOCTHU OCTAETCA HEMPOCTOM 3a4avyei.

B wMopensx rpynmsl TISVPA  ucnonb3yercss yYTOYHEHHOE ONHCAHUE
B3aMMOJICHCTBUSL 3amaca C MPOMBICIOM, 3aKJIIOYAIOMIEECs B MPEICTABICHUN
KO3 GUIIMEHTOB  MPOMBICIOBOM  CMEpPTHOCTH  (TOuHee —  KOI(P(UIIMEHTOB
AKCILTyaTaIim) B BUJIE MIPOU3BEACHUS Tpex apaMeTpoB:
f(rom)xs(Bo3pacT)*xg(moKojIeHne), YTO JaeT BO3MOXKHOCTh OIEHUTh B paMKax
KOTOPTHOM MOJIETU JIOTIOJTHUTENIbHBIN HAaOOp apaMeTpoB, CBI3aHHBIX C TOKOJICHHEM.
OTOT MOMOJHUTEIBHBIM HAOOP MapaMeTpPOB MO3BOJISET aIaTUPOBATH TPATUITUMOHHOE
cenapabebHOe TMPEJICTABICHUE TMPOMBICTIOBOM CMEPTHOCTH (KaK TMPOU3BEIICHUE
3aBUCSIIETO OT TOJla KOMIIOHEHTAa U KOMIIOHEHTa, 3aBHUCSIIErO0 OT BO3PACTHOM
TPYIIbI) K CUTYaIUsIM, KOT/Ia HEKOTOPBIE MOKOJIEHUSI MOTYT UMETh OCOOEHHOCTH B
CBOEM B3aMMOJICHCTBUHU C MPOMBICIOBBIMU (hJIOTaMH, BbI3BaHHBIC, HAIPUMEp, UX
Pa3TUYHBIM TMPOCTPAHCTBEHHBIM PACIIPEACIICHUEM, OOJbBIICH MPUTATATEIHHOCTHIO
JUTSl TPOMBICIIa 00Jie€ MHOTOYUCIICHHBIX MOKOJICHUHN WM IPYTUMU TPUIMHAMU.

[Ipomienypa OIIGHKM TIapaMeTpOB OCHOBaHAa HA TMPUHIUNAX POOACTHOM
CTaTUCTUKU (MCTOJB30BaHHE pPOOACTHBIX IENEBBIX (YHKIUNA C MOJTyYECHUEM
rapaHTUPOBAHHO HECMEIIICHHBIX OIIEHOK).

B nmpunuune, Mojaelnb OCHOBaHAa Ha CIEAYIOUUMX TPATULUMUOHHBIX IS

KOT'OPTHBIX MOJEJICH COOTHOIICHUSX
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Ca,y= 9ayNa,ye M2, (L1.1.1)
)y sy )y

N, = = (L1.1.2)
.,

N,y =Ny ,ue"?+C, )e""” (1.1.1.3)

Doy = 5.8, (L11.4)

rae Ng,y — YUCICHHOCTb BO3PACTHOM IPYIIIEL ¢ B HA4ale roja y;

Ca,y — BBUIOB M3 BO3PACTHOM IPYIIIBI ¢, B3STBIN B 'OX Y;

(,,y — IOJIA YUCIIEHHOCTH BO3PACTHOU TPYIIIBI d, U3bATAs B BUIY yJI0Ba B TOJ Y;

Jy — daKTop, OTpaKarOMIMI MPUIOKCHHOE MPOMBICIOBOE ycuiane B rox y (daxrop

yCUIIHS);

Sq — GaKTOp CENEKTUBHOCTH;
g — paxTop noxoseHus (TA€ j - MHAEKC TOKOJICHUS).
Ha Bo3mokHBI€ 3HaYeHUS ()aKTOPOB CENIEKTUBHOCTH HAJIOKEHA HOPMUPOBKA:

s, =1 (1.1.1.5)

(Tme m - KOIMYECTBO BO3PACTHBIX TPYII, MPEACTaBICHHBIX B yJIOBAX).
3HaueHuss (PaKTOPOB TOKOJEHUS HOPMHUPYIOTCS TakUM 0Opa3oM, 4YTO HX

CpEeIHEMATPUYHOE 3HAYCHHE MOACPKUBAECTCS PABHBIM €AUHUIIE:

n— m—

g, =1/[(n-D(m-1)] (L1.1.6)

1
1 a=1

=
1l

(n - KOJIMYECTBO JIET IPOMBICIIA),
rje:
8aj)1, )1 = Ba)1+1, yi)1+1 = a()1+2, y()1+2 =+ = a(iky(k = & (LI.L7)
a(j; — VHIEKC MJIAJIIEN BO3PACTHOM I'PYIIIbI, a d(j — WHIEKC CTapLIei BO3PaCcTHOU
IPyNIbI, MPEACTaBICHHBIE B YJIIOBAX B PACCMATPUBAEMOM TOKOJICHHUH J.
C 1enbro MOBBIIIEHHS] YCTOWYMBOCTH MTPOLIEYPhl OLEHKH apaMETPOB MOJEIH
JUTS TIOCJIETHETO TOZla MPOMBICTIA U CTapllel BO3PACTHOM IPpYMIbl 3HAYEHUs (pakTopa

IMOKOJICHM: BCETAd HABHAYAKOTCS PaBHBIMU CANHUIIC.
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[Ipu ¢duxcupoBanHbx 3HaueHUsIX (M, f;;) OcTambHBIE TApaMeTpPbl MOJEIH, a
MMCHHO BEKTOPHI {fy},{sq} U {g;} , a TakKe MaTPHIBl YUCICHHOCTH 3amaca N, , H

TEOPETUYECKUX 3HAYCHUH YIOBOB C

a,y,

OOCHHUBAKOTCA B paMKaX CIICHHUAJIbHBIX

UTEPATUBHBIX TPOLEAYP, MOCTPOCHHBIX Ha OCHOBe cooTHomeHui (I.1.1-1.1.7).
«OnTUManpHBIe» ¢ TOYKH 3pEHUS MUHUMYyMa IeJeBON (DYHKITMH MO 3HAYCHUS

(M, fn) Haxomarcs BO BHemHeM Onukie. OLEHKH ¢,, IEPECUUTBHIBAIOTCS B

TPaJAWIIMOHHBIE MTHOBEHHBIE KOI(P(MUIIMEHTHI TPOMBICIOBOA CMEPTHOCTH TIO
dhopmyie:
Fa,y = 'ln(l'(oa,y )

JIns TOKOJIEHWI, MPEACTABICHHBIX B MAaTPUIIE BO3PACTHOIO COCTaBa YJIOBOB
TpeMsI TOUYKAMU U MEHEE, a TAKXKE JJIsI TEPMUHAIBHOTO TOJla U CTapIlieil BO3pacTHOM
TPYIIIBl BCEX JIET 3HAYEHUS g; HE INEPEpPacCUUTHIBAIOTCS B paMKaX HMTEPATUBHOIO
Mpollecca W OCTAIOTCS HEU3MEHHBIMU (MX OTJIMYUS OT MEPBOHAYAIBHO 3aJIaHHBIX
€MHUYHBIX 3HAYEHUN 00YyCIIaBIMBAIOTCS TOJIBKO HOPMUPOBKOM ).

YroMmsiHyThI€ BBIIIE 3aBUCSININE OT TIOKOJEHUS MHOXHUTENH (g-(haKTOphl)
MOTYT OBITh OILIEHEHbI M MPUMEHEHBI HE TOJBKO JJIsi BCETO MHTEPBaia BO3PACTHBIX
IPYIIN, BKJIIOYEHHBIX B MOJCNb, HO U JJII HEKOTOPOIO BBIOPAHHOI'O BO3PACTHOTO
«OKHa». JT0 nmoMoraer (A) ObITh OMKE K peaibHOW CUTyaluH (€CIM U3BECTHO, YTO
TOJBKO HEKOTOPBIA JHMama3oH BO3PACTHBIX TPYII MOXKET HMETh 3aBHUCSIIUE OT
YUCJIEHHOCTU TOKOJIEHUSI OCOOEHHOCTH BO B3aUMOJEUCTBUM C mpombiciiom) U (b)
CHU3UTH BJIMSHUE BO3PACTHBIX TPYIII, IAHHBIE IO BO3PACTHOMY COCTABY YJIOBOB JJIS
KOTOPBIX UMEIOT 00Jie€ HU3KOE KauyeCTBO (0OBIYHO — camble MIIQJIIINE WM CTapIIne
BO3pacTHbIe TpyImmbl). 71 BO3pacTHBIX TPYII, HE BXOISIIMHUX B BBHIOPAHHBIN
JMana3oH, 3HauYeHus g-(HakTOpOB MPUHUMAIOTCS PABHBIMU €IMHUIIC, HO B PE3YJIbTaTe
o0111eit HopManu3auy Bcex g-PpakTopoB Ha €IMHUILY B CPEAHEM UCIIOIB3YIOIICICS B
Mozenu st 0aJaHCUPOBKHU MPOIEAYPHI OIIEHKH IMapaMeTPOB MOTYT B pe3yJbTare

MMPUHUMATb HCCKOJIBKO OTJIMYHBIC OT €AMHUI LI 3HAYCHMS.
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OTHOCHTENIBHO CBSI3aHHBIX C TTIOKOJICHHEM OCOOEHHOCTEH B OOIIEe BO3pACTHOM
3aBUCHUMOCTH CEJIEKTHUBHBIX CBOMCTB MpPOMBICIa B MOJEIM MPEAyCMOTPEHBI JIBa
BapHaHTA:

1 - mogMoaens «BHYTPUTOAOBOTO MEPEPACTIPEICTICHUS IPOMBICIIOBOTO YCUITUS
MEK1y BO3PACTHBIMU I'PYNHIIAMM»;

2 - MoaMOAEb «OOIIero pocta (CHUKEHHS) CEJICKTUBHOCTH JJISI OTIEIbHBIX
BO3PACTOBY.

B pamkax mnepBoil mOAMOAECIM TPEANOIAraeTcs, 4YTo B KaXIOM TOIy
MOKOJICHUsI, Oo0Jiee «IpUTATaTebHBIE» i1 MPOMBICIA, 3aUMCTBYIOT HEKOTOpPOE
KOJIMYECTBO MPOMBICIIOBOTO YCWJIMS Y JIPYTUX MOKOJEHUN 3a CUET YBEIMUYCHUS UX
Koo uIMeHTa CEeJIeKTUBHOCTH UM CHWXKEHHUS KOA(D(UIIMEHTOB CEIEeKTUBHOCTH
JIPYTUX KOTOPT B JaHHOM rojy. BTopas moamonenb mpeamnosiaraet, 4To HEKOTOPhIE
MOKOJICHHSI UMEIOT 00Jiee BhICOKHE (UM HU3KKE) KO UIIMEHTHI CEJIEKTUBHOCTH, HO
’TO HE TMPUBOAUT K HEMOCPEJACTBEHHBIM HM3MEHEHUsSM KO3 UIIMEHTOB
CEJIEKTUBHOCTH JJIsl APYTUX MOKOJICHU I

Mogenu rpynnel TISVPA 103BONSIIOT B ONpENEICHHONW CTENEHUW CHATh
OTPaHUYCHMS Ha WCIOJb30BaHUE cenapaOesIbHbIX KOTOPTHBIX MOJIEIEH sl aHaIu3a
CUCTEM «3amlac-IPOMBICEI», XapaKTEPUIYIOIMINXCS PA3IMUUSIMU B JTOCTYIMHOCTU IJIS
MIPOMBICIIA PA3HBIX TOJOBBIX KIJIACCOB. DTOT MOJXOJ TAaKKE JAaeT BO3MOXKHOCTb
CONU3UTH PYT C IPYyroM cenapabdesibHble U HecenapadeaIbHbIe MOACIH U OOBEIUHUTD
WX JIOCTOMHCTBA: OH TO3BOJISIET HE TOJBKO YYHTHIBATH OLIMOKA B JIAHHBIX IO
BO3PACTHOMY COCTaBY YJIOBOB M MOJIy4aTh OLICHKU B OTCYTCTBHE JIOMOJHUTEIbHOU
nH(popMaIuu (AaHHBIX MO MPOMBICJIOBOMY YCHIIMIO WJIH YJIOBaM Ha €IMHUILY YCHUIIUS,
PE3YIBTaTOB ChbEMOK M T.JI.) - CBOMCTBO CeMapadeIbHBIX KOTOPTHBIX MOJEINEH, HO H
Jydllle YYUTHIBATh B MOJIEM pa3IUYMsi BO B3aUMOJICHCTBUU C IPOMBICIOM
pPa3UYHBIX TIOKOJIGHUW — TIOJIE3HOE CBOMCTBO HEcemapadelbHBIX KOTOPTHBIX
MO/IEJIEN.

Kparkoe onucanue Mmojenu npeactasieHo B taom. 1.1.1.1.
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Taomuna [.1.1.1.

CaoiictBa mogeneit rpymnmsl TISVPA

Monens

TISVPA

Bepcus

2006.1

Twun monenmu

CemnapabenbHasi MOJIelb MPUMEHEHA K OJHOMY WJIHM JIBYM
nepuogaM. CenapabOenbHas MOJENb 3aXBaThIBAET BECh MEPHO/L
aHanm3a. Mmeercs BO3MOKHOCTh BKJIFOUUTH TPETHH, 3aBHCSIIUN
OT TOKOJICHUS, (aKTOP

Koaddu- KoaddummeHT cenekTUBHOCTH IS CTapIieil BO3PACTHOM
ITUCHTBI TpyIIBl  MpUpaBHEH K  mpeapiaymeMy.  KoaddumnmueHTsr
CEJICKTUBHOC- | CEJIEKTUBHOCTH II0 BO3PACTHBIM TpPyIIaM HOPMHPOBAHBI 10
TH CyMM€ Ha eIuHuIly. [l7s Tumoc-Tpynmbl MPUHUMAETCS Ta JKe
MIPOMBICIIOBAsi CMEPTHOCTb, UTO W ISl TIPEAbIAYIIEH BO3PAaCTHON
TPYIIIBI.
Ecau B Moiesib BKJIIOUEHBI (PAKTOPBI MOKOJIEHHUSI, TO
s(a,y)=s(a)g(cohort).
s(a,y) MOTYyT OBITh HOPMAJIM30BaHbI ISl KaXKJIOro Tojia Io
CyMMe Ha | — MOAMOIENh «BHYTPHUTOAOBOTO TIEpEepaCIIPEACIICHHUS
YCHITHSI
WIM HET — TOAMOJENb «yBEeIW4YeHUs (CHUKEHUS)
K03 duLreHTa CeICKTUBHOCTH.
Matpuna g-(hakTopoB HOpMaliM30BaHa Ha cpeaHee = 1.
OuenuBaeMble
napameTpBhl:
Koaddu- MoryT o1leHHBATHCS WU OBITH TPUHSATHI PABHBIMU EIMHUIIE.
IIUCHTBI KosdduimenTsl ynaBIuBaeMoCTH OILIEHMBAIOTCS AHATUTHYECKU
yJIaBJiBae- KaK JKCIOHEHTHI CPEAHHMX JOTrapu(MUUYECKUX OCTATKOB MEXIY
MOCTH OIICHKaMH YHCJICHHOCTH, TIOJTyYCHHBIMU U3 YIIOBOB U ChEMOK

[Tmroc-rpynmna

[Imtoc-rpynna He MOJETUPYETCs, HO €€ YHUCIECHHOCTb
pacCUUTHIBACTCS U3 YJIOBOB B IMPEIANOJIOKEHUH O PaBEHCTBE

MIPOMBICIIOBOM  CMEPTHOCTH Il IUIFOC-TPYIIBI W CTapIlIer

TPYIIIBI
Cpemku Moryr  paccmarpuBaThCsi ~ Kak ~ aOCONIOTHBIE WK
Ooromaccsl OTHOCHTENbHBIC MHACKCH. Bo BTOpoMm ciydae — kodddumment
HEPECTOBOTO | MPOMOPIMOHATILHOCTH ~ PAaCCYUTHIBACTCS  AHAJIMTUYECKH  Kak
3anaca (SSB) | akCnoHeHTa CpelHero JOrapu(pMUYECKOro OCTaTKa MEeXAY

olleHKaMu SSB, MONMy4eHHBIMM W3 JAHHBIX IO BO3PACTHOMY
COCTaBY YJIOBOB U MO Ch€MKaM
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CbeMKH B
(TepMUHATB-
HbIN+1) TOI

MOFYT HCIIOJIB30BaThCA

Ileneras
byHKIHS

[leneBoit  dyHKIMEW  SABISCTCS  B3BEIICHHAS  CyMMa
KOMIOHEHTOB. [[1s MaHHBIX MO BO3PACTHOMY COCTaBY YJIOBOB
COOTBETCTBYIOIIIMMU KOMIIOHEHTAMHU MOTYT OBITh:

- cyMMa KBaJIpaToOB OCTATKOB B jorapudmax yiaoBos (SS);

- MeEIWaHa pacnpeAcsicHUsT KBAaJpaTOB OCTaTKOB B
norapudmax ynosos (MDN);

- a0COJIIOTHOE MeMaHHoe oTKIoHeHne (AMD).

Jns oueHok SSB no cbemMkam — cyMMa KBaApaTOB OCTAaTKOB
Mex Ay JorapupmMamMu olieHoK SSB 1o cheMKam U o MOJIEIIH.

Jns ceeMok ¢ Bo3pacTHOM cTpykTypol — SS, MDN unm
AMD nns norapudmo N(a,y) win 171 BO3PACTHBIX MPOTOPIUI
3anaca (He B3BEUICHHbBIX WJIM B3BELICHHBIX 110 YHCICHHOCTH)

Ouenka
Heompee-
JIEHHOCTH

Hns OLICHKH HEONPEAECICHHOCTH IPUMEHEH
napaMeTpUYECKU YCIIOBHBIN OyTcTpen OTHOCHUTEIIBHO
BO3pPACTHOTO COCTaBa YJOBOB (B MPEANOJIOKEHUU, UYTO JAHHBIE
pacnpeneneHbl  JIOTHOPMaJIbHO, JAHUCHEPCHs] OLIEHUBAEeTCs B
0a30BOM  NPOroHE MOJEIM) BMECTE C  3allyMJICHUEM
JOTIOJTHUTENBHONU MHGOPMAIK (B TIPEANOI0KEHNHU, YTO OIITHOKU
B JIaHHBIX HMEIOT JIOTHOPMAJILHOE pacIpe/esieHue, 3HaueHHE
JTUCTIEPCHUH 3a7a€TCs MOJIB30BATENIEM)

HApyrue
ACIICKTHhI

Jns nmaHHBIX MO BO3PACTHOMY COCTaBy YJIOBOB MOTYT
HCIIOJIb30BaThCS TPYU MOJIEIH OIIUOKHU:

- OIIMOKM OTHECEHBI K JAaHHBIM MO BO3PACTHOMY COCTaBYy
yJIOBOB. JTO YHCTO cemapabenbHass MOJeNb («BepcHUs C
YOPaBISIONIMMU YIOBAMUY);

- omuOKM OTHECeHhI K  cemapaOelIbHOM  MOJEIH
MIPOMBICIIOBOM CMEPTHOCTU. DTO COOTBETCTBYET 0OBIUHON VPA,
HO cemapa0enbHass MOJCIb  HUCIOJB3YeTCS IS OLCHKH
TEPMUHAIBHBIX 3HAYCHUI MPOMBICIOBON CMEPTHOCTH («BEPCHS C
YOPaBISIOMIMMU YIOBAMU»);

- OIIMOKM OTHECEHBbI K O0OMM HMCTOYHHMKaM («CMeEIIaHHas
Bepcusi»). s kaxxnoi BO3pacTHOM IPYIIbI U Toia TPOMBICIIOBAs
CMEpPTHOCTh OLICHMBAETCsl 10 KOTOPTHBIM ypaBHEHHSIM (B
annpokcumanuu  [loyna). KoHeuHas  oleHka  sBJIsieTCA
B3BCIICHHBIM CPEAHUM MEXKIY JIBYMsI OLIEHKaMH, BECa 3aJar0TCs
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IIOJIB30BATCIICM HJIU O6paTHO IIPOIMOPHHUOHAJIBHBI  KBAaApPaATy
OCTaTKa B K&)KI{Oﬁ TOYKC.

OTHOCHUTENIBHO OrPAaHUYEHUN Ha OCTaTKU B BO3PACTHOM
COCTaB€ YJIOBOB BO3MOKHbBI YETHIPE BAPUAHTA:

1 - pocTturarorcst HyJE€BBIE CYMMBI OCTAaTKOB IIO BCEM
roJlaMm M BO3pacTaM MEXAy OLEHKaMH IIPOMBICIIOBOM CMEPTHOCTH
U3 KOTOPTHBIX YpaBHEHHM U IO cenapalenbHONH MOAeNTu
(«HECMeETIIEHHAS CeTapadeTh3aIus»);

2 - Kak B BapuaHTe 1, HO OTKJIOHEHHMs B3BELIMBAIOTCS IO
BO3PACTHBIM OLICHKAaM CEJICKTUBHOCTH;

3 - Kak B BapuaHte |, HO  OTHOCHUTEIBHO
Jorapu(pMHUECKUX OCTAaTKOB B BO3PAaCTHOM COCTaBE YJIOBOB
(ocTUraeTcsi HECMEUIEHHOCTh OLIEHOK YHCIIEHHOCTH);

4 - OTCYTCTBHE OTPAaHUYEHUN HA CMELICHUE.

B BapmaHTe 2 HyNIO TaKXe paBHBI ITOKOTOPTHBIE CYMMBI
octatkoB. B Bapuantax 1, 2, u 3, eciu 1151 OlleHKU g-(aKTOPOB
WCIIOJB30BaH HE BECh BO3PACTHOW JMAIA30H, NEPEUHMCICHHBIC
BBIIIE YCJIOBUS B CMBICIIE HECMEIIEHHOCTH MOTYT BBIITOIHATHCS
HE TOYHO My s(a,y), HO TMO-IPEXKHEMY BBINOJHAIOTCS MAJIs
HE3aBUCSIINX OT ()aKTOPOB MOKOJIECHUH OLIEHOK S(a).

S3BIK Visual Basic

[TpuHAT cnenyroumii anropuT™ padoThl C HYJIEBBIMU 3HAYEHUSMHU YIIOBOB:

1. Ecmu Cyy = 0, TO 3Ha4YCHUE @y y NPUHUMACTCS PABHBIM «TCOPCTHYCCKOM»
BEJIMYUHE:

P, y= Sayfy
2. 3Ha4eHMs] OCTATKOB MOJICIIH JIJIsl HYJIEBBIX YJIOBOB IPUHSTHI PABHBIMH HYJIIO.
3. 3HaueHWs] UHUCICHHOCTH JJI1 HYJEBBIX YJOBOB PAaCCUMUTHIBAKOTCS
CJIeIYIONUM 00pazoM:
3.1. Ecnmu Ngy g y41 >0 1 C, =0, TO N,,, paccumthiBaercs mo ¢popmyne (1.1.1.2).
3.2. Ecmu Ny gy =01 C,,=0, TO N, ), = 0.

3.3. Ecnu Nyypy4s =01 C, >0, TO N,,, paccuntbiBaercs o ¢popmyine (I1.1.1.1).

21



Tekymas mporpammHas peajau3alys MOJENIW I03BOJISIET HCIOJIb30BaTh 10 3
MHJIEKCOB OMoOMacchl HepecToBOro 3amnaca (SSB) u 10 ceMu MHAEKCOB YHCIEHHOCTH C
BO3pAacTHON CTPyKTypoil. B mporpaMme nomyckaercs HCIIOJIb30BaHHE MAacCHBOB
naHHbIX 10 70 net u 1o 30 Bo3pacTHBIX rpynn. ECTECTBEHHO, 3TH ITapaMeTpbl MOTYT
OBITh IIPU HEOOXOAUMOCTH YBEIUYEHBI IPOTPAMMHBIM CIIOCOOOM.

CrnenyeTr OTMETUTb, YTO B HACTOAILIEE BPEMs BEIYTCsl paOOThl HaJ| CO3/IaHUEM
HOBOW pACIIMPEHHON OoJjiee COBEPIIEHHOW MPOrpaMMHON peanu3alii MOJEIH,
NpeJHa3HAaYeHHOM CTaThb COCTaBHOW 4YacTbio mporpaMMHoro mnakera «Combi»
[babasin u ap., 2011], peanusyomniero COBpEeMEHHbIE MOIXO0Ibl K OLEHKE Pa3IMYHBIX

CTpaTEeruil ynpaBiIcHU.

[.1.2. PykoBOaCTBO MOJIb30BaTEJIs

[IporpammHas peanu3anus BbIIONHEHA B cpene Visual Basic u Moxer
paboTaTh B M000# pazHoBugHOCTH Windows 10 Bepcuu 10 BKIIOUUTENBHO. Y 100HEE
Bcero pabotaTh ¢ mporpammoii, ecnu Visual Basic ycraHoBIeH Ha KOMITBIOTEPE
MOJIb30BATENsl, B MPOTUBHOM CiIy4ae TMPUIETCA MOJb30BATHCA JOCTATOYHO
IPOMO3JIKHM 3arpy304HbIM OJIOKOM.

[Ipn 3TOM HaxO y4yecTb, YTO B KOMIIBIOTEPE IMOJB30BATENSI B YCTAHOBKAX
CUCTEMBbI B KAUYECTBE Pa3JeIUTelN JeCATUYHON YaCTH YMCIIa JOJKHA UCTIOIb30BATHCSA
TOYKA.

BxoanbiMu (aiiiaMu  SIBISIOTCS TEKCTOBbIE (ailnbl. Paznenutenem Mexay
YuCJIaMU JIOJDKEH SIBISAThCS Tpo0en. Bxoaubie ¢daiiiibl BKIIIOYAIOT B CeOs:

— (¢aiim ¢ ynoBaMH B YHCIICHHOM BBIPOKCHHUM IO BO3PACTHBIM TPYyIaM W
rojlaM IMpoMmbIcia (HyJeBble 3HAYEHHUS YJIOBOB B OTHAEIbHBIX TOYKAX BXOIHOM
MaTpHIIbl JOYCKAIOTCS);

— (paitn co cpemHUMH 3HAYEHUSMH MACChl OCOOW 1O BO3PACTHBIM TPyMIaM H
roJiaM MpoMbICIa;

— (baitst co cpeAHUMHU 3HAYCHUSIMH JOJHU TMOJIOBO3PEIBIX PHIO MO BO3PACTHBIM

rpyiiia u roaaMm ImpoMbICIia;
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— ¢aiin ¢ olleHKaMu MTHOBEHHOTO KO3((HllMeHTa eCTECTBEHHON CMEPTHOCTU
M 1o BO3pacTHBIM TIpynmaMm Hu rogamM mnpomsiciaa. IIpu orcyrcTBHM Takou
uH(pOpMAaIMU B MPUHIIMAIIE B MOJCIIM MOXKET OBITh MOCTaBJIeHA 3a7a4a OIEHKU 3TOro
napaMmeTrpa Kak €IMHON KOHCTaHTBI JJISi BCEX BO3PACTHBIX TPYMI BCEX JIET WIH B
BUJIC KBAJIpATUYHON 3aBUCUMOCTH OT BO3pacTa Kak (PyHKIIMU OT BO3pacTa MacCOBOMU
M0JIOBO3PEJIOCTH, OTIPEACIISIIONIETO OJI0KEHINE MUHUMYMa KPUBOM.

— (halimpl cO 3HAYCHUSIMH WHJAEKCAa YHMCIEHHOCTH 3amaca C BO3PAaCTHOM
CTPYKTYpPOH;

— (ailsbl ¢ OIleHKaMU HHJIEKca OMOMAacChl HEPECTOBOTO 3araca 1mo ToaM.

®aiinel UHAEKCOB MOTYT COZAEpX aTh MPOMYCKH JIJISl OTICIBHBIX BO3PACTHBIX
rpynn v (WiM) JeT, BKIOYas TEPMUHAIBHBIN TOJ (MOCIEAHUN TOJ, JJIE KOTOPOTO
MMEIOTCS JAHHBIE TI0 BO3PACTHOMY COCTaBY yJIOBOB).
Bce BxonHbIie (aitnibl J0oMKHBI OBITH TOMENEHBI B nupektoputo C:\vbisvpa wuiu ero
noaupeKkTopu. B ciaydae HeoOXoauMocTu pa3MmelieHue (aisioB MOXKET ObITh
M3MEHEHO MPOTPAaMMHBIM CIIOCOOOM.

BrixogHbie ¢aiiabl BKIIOYAOT B ceOs:

— (haiin1 ¢ 3aIUCHIO TPACKTOPUH MUHUMH3AINH, B KOTOPBINA 3aHECEHBI 3HAYCHHUSI
BCEX KOMITOHEHT I1eJIeBOM (DYHKITMU MOJENN U 3HaYeHue o01IeH 1meneBoi PyHKIuu B
3aBUCUMOCTH OT BeanuuHbl SSB 1 f B TepMUHANIBHBIN TOJ, @ TAKXKE OT BEJIMYUHBI M,
€CJIM ATOT TapaMeTp ONTHMH3UPYETCS B paMKax pacueToB. Daill HOCUT Ha3BaHHE
minim.out;

— (¢aiin ¢ KOHEYHBIMU pe3yiabTaTamMu (10 YMOJYAHWUIO HOCHT Ha3BaHHE
output.out, KOTOpO€ MOXKET OBITh U3MEHEHO B MEHIO);

— (halisel ¢ pe3ysbTaTaMu MPUMEHEHUsI OyTCTperna:

1) bootf.out — BkiiroyaeT B ce0s OIeHKH (PaKkTOpa yCUius Mo rojam MpoMbIcia
¥ TIpOroHaMm OyTCTpera;

2) bootm.out — BkIIOYaeT B ceOs OIEHKY MTHOBEHHOro Ko3(duimenra
€CTECTBEHHOH CMEPTHOCTH 10 TIporoHaM OyTcTpema (eciu dSTa BeJIHMYMHA

OIICHUBAETCS B paMKaxX MOJIEJIN);
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3) boots1.out u boots2.out — ¢aiiabl ¢ OIIEHKaMU 3aBUCUMOCTH OTHOCHUTEITLHOMN
CEJICKTUBHOCTH MPOMBICIIA OT BO3pacTa JJid IBYX MEepPUOA0B (IIporpaMmMa mo3BOJISET B
cillydyae HEOOXOIMMOCTH OILICHUBATh JIBE€ 3aBUCUMOCTH JJIA JABYX Ppa3IMYHBIX
MOCIIE0BATEIBHBIX MIEPUOIOB BPEMEHH);

4) bootssb.out — daitn ¢ ouenkamu SSB 1o romam mpomsbiciia U MPOroHAM
OyTcTpena;

5) boottsb.out — ¢aitn ¢ omenkamu OmoMacchl O0IIEro 3amaca Mo Tojam
IIPOMBICIIA U IPOrOHaM OyTCTperna;

6) bootntrm.out — (pailyi ¢ OLEHKaMH YUCIEHHOCTH MO BO3PACTHBIM I'PYIIaM B
TEPMHHAILHOM TOJTy 110 MPOTOHaM OyTcTpemna.

B  Momenum  ucmonb3yercs  YCJIOBHBIM — MMapaMeTpUYecKui  OyTcTpen
OTHOCHTENIFHO JAHHBIX 10 BO3PACTHOMY COCTaBy YJIOBOB U 0€3yCIOBHBIN
napaMeTpUuecKuil OyTCTpen OTHOCUTENBHO HCIHOJIb3YEMBIX MHIEKCOB YUCIEHHOCTU
WM OMoMacchl HEPECTOBOIO 3ariaca.

daiin ¢ pe3ysibTaTaMu pacyeToB (output.out) COAEPHKUT:

— KpaTKU MepedeHb OCHOBHBIX OMIMNA MOJEIH, UCIIOJIb30BAHHBIX B TEKYIIIEM
MIPOTOHE;

— OIEHKA KOd(PPUIIMEHTOB MPOMOPIMOHATEHOCTH MEXIY MOJIEIbHBIMU
orieHkaMu SSB 1 ux uHIekcamu (€clid TaKOBbIE UCIIOJIb3YIOTCS B pacueTax);

— OIICHKM MTHOBEHHOTO KO3(DUIMEHTa €CTeCTBEHHOW CMEPTHOCTH TIO
BO3pACTHBIM TpymmnaM (eciid Ko3((ULIHUEHThl €CTECTBEHHOW CMEPTHOCTH CUHUTAIOTCS
W3BECTHBIMM W WCIOJB3YIOTCSI B KAaueCTBE BXOJHBIX JaHHBIX, TO BBIBOIATCS HX
3HAYEHUS IJIs1 TEPMUHATBHOTO TOA);

— OIICHKA OTHOCHUTEIFHON CEJEKTUBHOCTH TIPOMBICIA Kak (PYHKIIUU
BO3PAaCTHOU IPYIIIBL;

— OIICHKH KOX(DPUITMEHTOB YIaBIMBAEMOCTH IO BO3PACTHBIM TPYIIIIAM JIJIst
KaXIOr0 HCIIOJIb3YyeMOT0 B pacueTax MHJEKCa YHCIEHHOCTH C BO3pacTHOU
CTPYKTYpOU;

— MaTpulla OIICHOK OTHOCHUTEIBHON CEJIEKTHBHOCTU MpPOMBICTA (Kak (PyHKIHNU

OT rojla ¥ BO3pacra);
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— OLIEHKH g-(PakTopoB (IIpEeACTaBIEHBI B 3aBUCUMOCTH OT T'0/Ia U BO3pacTa);

— OLIEHKH (DAaKTOPOB YCHIIMSA MO TOJIaM MPOMBICTIA;

— OLIEHKH YMCJIEHHOCTH OOIIETro 3amaca 1o rojam MpoMbICIa;

— OLIEHKH OMOMacchl 0011Iero 3amaca o rojaM MpoMbIcia;

— oneHKM SSB Ha Hayvaso rojaa 1o rojgam npoMbICIa;

— OLICHKM SSB Ha MOMEHT HepecTa 10 roJiaM IPOMBICIIA;

— 3HaueHusi MHAEKCOB SSB u norapupmMuyeckue OCTaTKHM OTHOCHUTEIBHO
MOJIEJIBHBIX OLIEHOK SSB 110 rogam npomsicia A KaX10ro U3 HHIEKCOB SSB;

— OLICHKHM YHMCJICHHOCTH 3aI1aca 1o BO3PacTHBIM IPYIINA U FOJaM IPOMBICIA;

— Jorapu(pMUYECKre OCTATKHU JJISI JAHHBIX [0 BO3PACTHOMY COCTABY YJIOBOB I10
BO3PACTHBIM TPYIIaM U F'0J1aM IIPOMBICIIA;

— OCTaTKH B cenapadeabHOM NpeICTaBIEHUN KO3()PUIIMEHTOB 3KCIUTyaTalluu;

— B3BEUICHHBIE 10 OILICHKaM CEJIEKTUBHOCTU OCTaTKH B CemnapadberbHOM
npecTaBiIeHUH KOA((OULIMEHTOB SKCIUTyaTalllu;

— Jorapu(MHUYECKHEe OCTATKW JIJISl HCIIOJNb30BAHHBIX B pacyeTax HHACKCOB
YUCJICHHOCTH C BO3PAaCTHOM CTPYKTYPOH;

— OILIGHKM MTHOBEHHBIX KOA(Q(UIHMEHTOB MPOMBICIOBOM CMEPTHOCTH IO
BO3PACTHBIM TPyIIa U roJiaM IMpOMbICIA.

[Tocne 3arpy3ku mporpaMMbl Ha SKpaH BBIBOJMTCS 3amyckawomas ¢gopma, B
KOTOPYIO HEOOXOJMMO BHECTH IMapaMEeTphl, XapaKTEepPU3YIOLIWE OMNUUU PadOTHI

Mozenu. 3amyckatomiasi hopma npeacrasieHa Ha puc. [.1.2.1.
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[ TISVPA 2008.2-MM-b D.Vasilyev <dvasilyev@vniro.ru>  70y*30a upto 7 aged fleets and 3 5SB for tuning + ... | = || & |3
change what needed and press "start” Triple? 1-Yes. 2—Nu|1_
Cla.y] file: | ok 16 bt i) file: | nobmd S et

Options for b: 1.To look for M=const: 2. To look for M=M(a); 3. M iz known,  Option? 3

Matur(ay] file: |nohm1 5/ mat tat

|F Option=2, input age of mazs maturity:'-_"_ |F Dption=3, input narme of file: |nDhm1 S/ et For Triple:
kethod: 1. Monlog [bazic): 2 Log; 3Monlog w-d: 4.Direct. Optiar’y: 2 Tragehdin: |2_
What to rinimize for Clay]? 1.MON[LaC-LnCest) 2] 2 5UMILnC-LnCest)"2]; 3AMDILAC-LnCest). Option?: 3 | Ig_
SEiiA Lot i Trigetd ax;
“'ears for analvsiz. First year: 1380 Last pear: 2013 Last pear of 1-st 5[al: 2001 z-normir for Eachiy'ear?
Ages for analpsis. First age: 2 Last age: 20 Last age iz 1- +-group, 2- nomal. Option'?: h_ 1-Tes, 2-Wo |-|_

Mode; 1.Catch-contr.; 2 Effort-contr.; 3.Mixed; 4.Mixed BFW. Option?: l3— IF"3", input portion of 1" [0-1]: 05
“what to do: 1.To scan; 2.To find precise solution Option?: [1

If Scan: Lowest F: 1.5 Highest f 5.25 Step: 0.25 |f precize:  Init. guess farF: 2 |mit. ztep for f; .25
If M=const -7 and if Scan: aneatM:&HighextM: 0.8 Step: 0.0 If precize:  Init. guess for M: &Init.xtep far M: .01
IFM=Mal - ? andif Seare LaalFa: (900 piscps: 1008 gren J0002  jipecice nitg. foralFa: 1203 iribs for alpe/0002

Inter-terational smoother [rec. 0.5-0.9] (0 5 Mo, [even] of c.e. for MON [rec.=10]: {5 Part of the year for max. catch: | 3

[ ]

]

Mame of file for final resullts: |aytput out Currertt results on screen? 1-ves, 2Mo: [1
To include SSE surveys? 1-Yes, 2-Ma :'1_ Haww rary [<=3]7 :’3_ Mames of filez 1 |n|:|hrn1 Slegg tdt 2:|n0hm‘l 5/558. 3:|n|:|hm‘l B'ssbl bl
Fortion of the pear befare S5Bzurvey [0-1], zame for all 1 STD for bootstrap: szbl: 0.3 zzh2: 0.3 zsh3: 03
To include Aged surveps? 1-ves, 2-Ma; |1_ Heww rary [<=7]7% |3_ SSE: 1-Abzal. 2-Relative 2
Mames of files; Time(0-1]):  Indes ob: 1w hole stock,  To eshmate gla] 7 What to compare?. “What to minimize?,. STD for bootstrap
1 [nobmiSiagedt b [01  2Mature, 3lmmatured[y 1¥es, 2Moc i 1L H«N {7 1MDN 3 E
2 lnohm15/aged2tst |01 1| 1[N BsE el | ESSENS | 0.3
3 |nohmi5/aged3mt |01 1 i 3P«P 4 | 3AMD 1 03
4 05 i i i N
5 05 i i 1 EN I
B 07 i i i EN I
7. 01 1 1 3 03
Wweights of components in the overal loss function: Cla [§ S5B1: ||j S5B2: ||:|7 SSB3: lgi
Agedl ; u Aged? ; 1 Agedd: |1 Agedd |D Agedh ; |D AgedE ; |D Aged? 0
START Quit session

Puc. I.1.2.1. 3amyckaromast popma mporpamMmmbl

[lepen 3amyckoM mporpaMMmbl B 3allyckarouieil (popme B COOTBETCTBYIOLIUE
rpadbl BOAATCS Ha3BaHUS BXOTHBIX M BBIXOJIHBIX (PAiisioB.

Jlanee BbIOMpaeTCs BepcUs MOJCIH C OOBIUHON (ABYXIapamMeTpUueCKOn)
anmnpokcuManueil KoaHUIHUEHTOB AKCIUTyaTalllii WM K€ C TpeXIapameTprUuecKon
(c ucronp30BaHUEM g-(HaKTOPOB) AMMPOKCUMALIHH.

Ecnu BbIOpaHa TpexmapameTpudeckasi BepCUsi MOJAENH, TO CIEAyeT 3aJaThb
MJIQIINA W CTapIiuii BO3pacT AJIs JIuama3oHa BO3pacToOB, ISl KOTOPOTo OyAyT
OILICHUBATHCA Y TIPUMEHATHCS Z-(PaKTOPBHI.

Jis TpexmapaMeTpuuecKord BepcuHM MOJEIN BbIOMpaercs BuA moamozenu (1
Wi 2), Tae:

1 - moaMoeNs «BHYTPUTOZOBOIO MEpEPACIIPEETCHHS TPOMBICIIOBOTO YCHIIUS

MEKly BO3PACTHBIMU IPYNIIAMN;
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2 - MOAMOJENh «OOIIEro pocta (CHUYKEHHS) CEJEKTUBHOCTH JJISL OTJEIbHBIX
BO3PACTOBY.

Jlanee clieyeT yCTaHOBHUTh HYXKHYIO OIIHWIO MOJEIN OTHOCHUTEIBHO MTIHOBEHHBIX
K03 (UIIMEHTOB €CTECTBEHHOW CMEPTHOCTH M:

OLIEHUTh M Kak €IMHYIO JJIs BCEX BO3PACTHBIX TPYIII U JIET BEIUYUHY, WIH

OLICHUTHh M(a) KaK MPOCTYIO KBaIpaTUYECKYIO (DYHKIIMIO OT BO3pacTa, WiH

3amare MaTpully M(a,y) B Ka4eCTBE BXOIHBIX TAHHBIX.

Ecnu BbIOpaH BTOpOH BapuaHT, TO CJEAYeT BBECTH BO3PACT MAaCCOBOM
ITOJIOBO3PENOCTH, COOTBETCTBYIOLIMI MUHUMYMY KPHUBOM.

CrnenyroolmmM maroM siBJIIETCS BBIOOP METO/Ia OLIEHKU MapaMeTpoB. B moaenu
3ape3epBUPOBAHbI YETHIPE BApHUAHTA.

B nepBom BapuaHTte pelieHue OyaeT 00sanaTh CBOMCTBOM «HECMEUIEHHOCTH
cenapabenu3anun», T.. CyMMa OCTaTKOB B cCemapadelbHOM NpEICTaBICHUU
IIPOMBICIIOBOM CMEPTHOCTH OYJET HYJIEBOW ISl Ka)J10M BO3PAaCTHOM IpYyMIbI U IS
Ka)XJ10TO rofa.

Bo BTOpoM BapmaHTe 00€clEeUMBAETCS  «HECMEIIEHHOCThY»  OLICHOK
norapu(MoB UYHMCIIEHHOCTH, TOYHEE — HYJEBblE CYMMBbI OCTaTKOB MO ToJaM U
BO3PACTHBIM TPYIIaM B OMHCAHUUA MOJEJBIO JOrapu(MOB JaHHBIX MO BO3PACTHOMY
COCTaBY YyJIOBOB.

Hcnonp30BaHne TpPEThETO BapuaHTa MPOLEAYPbl OLEHKU IapaMeTPOB
o0ecreunBaeT «HECMEUIEHHOCTh B3BEILIEHHOW cemnapadenu3alnun», /1€ BEeCOBBIMU
KO3 puIeHTaMu SBISIOTCS OLEHKHN CEJIEKTUBHOCTH.

Haxkonen, yeTBepThlii BApUAHT HAAET OLEHKY MapaMeTPOB, COOTBETCTBYIOLIYIO
MUHUMYMY LI€JI€BOM (DYHKUIHMU MOJENH, CBOOOIHYIO OT HaJOKEHHBIX OrpaHUYCHUN
Ha CMEIIEHHOCTh PELICHMUS.

Jlanee HamJIeKUT BBHIOpATh BUJ KOMIIOHEHT IieJieBOM (yHKiuu moxaenu. B
MOJEIN UMEETCS] BO3MOKHOCTD JUUIsI BO3PACTHOI'O COCTAaBA YJIOBOB MUHMMHU3HUPOBATH
cymMMy KBajipaToB (SS) morapudgmMuueckux OCTaTKOB, WM MEIUAHY pacHpeaesICHUs
KBajpaToB Jorapudmuueckux octatkoB (MDN), unm xe aGCOMOTHOE MeIUaHHOE

orkioHeHue (AMD), nmpexacraBisiomee  coOoOW  MeAMaHy — pachpenesieHus
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aOCOIOTHBIX OTKJIOHEHHHM OCTaTKOB OT WX MeEAMAHHOro 3HaueHusa. He TpymaHO
BHUJIETh, YTO NIEPBBIM BAPUAHT COOTBETCTBYET TMIIOTE3€ O JOTHOPMAJIBHOM XApPaKTEPE
pacripesiesieHrus ocTatkoB, B To Bpemsi kak MDN u AMD sBnsroTcs poOacTHBIMU
OTHOCHUTEJILHO ayTJaepoB MepamMu OJM30CTH, CBOOOJHBIMU TMpPU 3STOM OT
UCIIOJIb30BaHUs TUIIOTE3bI O BUJIE PACIIPEAECIEHUS OCTATKOB.

JInsl UHIEKCOB YMCIIEHHOCTU C BO3PACTHOW CTPYKTYPOM MMEETCS BO3MOKHOCTh
HCIIOJIb30BaHUSI ONHCAHHBIX BBIIIE MEp OJM30CTH OTHOCUTEIBHO OCTATKOB MEXKIY
gorapudpMaM JaHHBIX MHJEKCOB U JiorapumamMu OIEHOK YMCICHHOCTH U3
KOTOPTHOM YacTu Monenu. lIpum 3ToM uisi MHIEKCOB C BO3PAaCTHOM CTPYKTYpPOH
MOXXHO MHHUMH3UPOBATh OCTATKA KAK B OLIEHKAaX CAMUX YHUCJIECHHOCTEW, TaK U B
JIOJIIX BO3PACTHBIX TPYNN B JaHHBIX (HEB3BEIICHHBIX WA B3BEIICHHBIX IIO
YUCJIEHHOCTAM Mo roaam). HacTpoilka Ha A0JM BO3pAaCTHBIX TPYNN B JaHHBIX
MHJIEKCOB YHCIIEHHOCTHU C BO3PACTHOM CTPYKTYPOU ITO3BOJIAET CHU3UTH UCKAKECHMUS,
CBSI3aHHBIE C MEXKTOJIOBBIMU H3MEHEHUSIMU B KOd(PPUIMEHTaX yJIaBIMBAEMOCTU
CBEMOK.

CrnenyroomuM 1aroM HaJJICKUT BbIOpATh JIUAMA30H JIET M BO3PACTHBIX TPYIII
JUISl PACYETOB, & TAKXKE IOJl U3MEHEHUS B BO3PACTHOM 3aBUCHMOCTH CEJIEKTUBHOCTHU
npomeicia (MOAENb TMO3BOJISIET OLEHUBATh pPa3Hble 3aBUCUMOCTH JJISI  JIBYX
MOCJIEA0BATEIbHBIX HHTEPBAJIOB BPEMEHH ).

Opnum u3 HauOosiee Ba)XKHBIX BOMPOCOB SIBIIAETCS BBIOOP BEPCHHM MOJEINH,
MMEIOIIECH OTHOIIEHHE K TPAKTOBKE OIIMOOK, COJEPXKAIUXCS B JIAHHBIX IO
BO3pPAaCTHOMY COCTaBy yJOBOB. B Tekymei peanuzauuu wmoaenu TISVPA
MPEyCMOTPEHO 4 BEPCHUU.

IlepBasg n3 HUX, UMEIOIIAs HA3BAHHE BEPCUM «C YIPABISIIOIIMMU YIOBAMMNY,
TPaKTyeT JaHHbIE IO BO3PACTHOMY COCTaBY YJIOBOB Kak aOCOJIIOTHO TOYHbIE, KaK 3TO
npucyie oO0bdHOMY Kiaccuueckomy BIIA, a ocTtaTku MOAENBFHOTO WX OMHMCAHMS
OTHOCATCSI HA CUET OTKJIOHEHUW PEAJbHBIX 3HAUYCHUU CEJIEKTUBHOCTU MPOMBICIA OT
UX OINKCaHUA cernapadebHON MOJEIIBIO.

Bropas Bepcus, BepcHsl «C YNPABIAIOIMMHU YCHWIMSMHU», KaK 3TO IMPUCYIIE

KJIaCCUYCCKHUM cenapa6eJ11>HI>1M MOJACIIAAM, HOOBCPACT THUIIOTE3C O YCTOI‘/JI‘H/IBOCTI/I
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CEJIEKTUBHBIX CBOMCTB MPOMBICTIA M OTHOCHUT OCTAaTKM B ONHCAHUU JAHHBIX IO
BO3PACTHOMY COCTAaBY YJIOBOB Ha CUET OMMOOK B JaHHBIX. PacueTsl YMCIEHHOCTEH B
ATOM CJydae BEOYTCS YEPE3 «TEOPETUUYECKHE» 3HAUEHUS YJIOBOB, IOJIYy4aeMble C
HCIIOJIb30BAaHUEM OLICHEHHBIX TaPaAMETPOB MOJECIIH.

TpeTpss Bepcusi, «CMEUIAHHAs», OTHOCUT OCTAaTKH OMNMUCAHUS JAHHBIX IIO
BO3PAaCTHOMY COCTaBY YJIOBOB KaK Ha CUET OUIMOOK B CaMMX JIaHHBIX, TaK U Ha CUET
OTKJIOHEHHW OT TUIIOTE3bl 00 YCTOMYMBOCTH CEJIEKTUBHBIX CBOWCTB IpOMbICHa. B
ATOM BEPCUM BEC MPOLEAYPHI C «YNMPABIAIOIIMMHU yJIOBaMW» B OOIIEH Mpoieaype
3a/1aeTcs MOJb30BATENIEM Ha OCHOBAHWM OOIIMX MPEJACTABIECHUN 00 OTHOCUTEIBHOU
CTEIEeHM JIOBEPHUsI K TUIIOTE3aM O TOUHOCTHU JIaHHBIX 110 BO3PACTHOMY COCTaBY YJIOBOB
1 00 YCTOMYMBOCTHU CEJIEKTUBHBIX CBOWCTB IMPOMBICIIA.

YeTBepTass Bepcusi, HOCAIIAsS Ha3BaHHE «CMEIIAHHOW C TMOTOYEYHBIM
B3BCIIMBAHUEM), AaHAJIOTUYHA TPEThEH, OJTHAKO OTHOCHUTEIIBHBIE BECA MPOLEAYP «C
YIPABJIAIONIMME YIOBAMU» U «C YIPABISIOMIUMH YCHIUSIMI» B OOIIEH MpoIieaype B
KaXIOW TOYKE MATPHUIBl YJIOBOB MPUHUMAIOTCS OOpATHO MPONOPLHOHAIBHBIMU
KBaJpaTy OCTAaTKOB, IOJIy4a€MbIX MpPH HCHOJb30BAHUM TIEPBOM WA BTOPOI
MPOLIEIYPHI.

C unenpto oOsieryeHus aHanu3a WHGOPMATHUBHOCTH PA3JIMYHBIX BXOJHBIX
JAHHBIX U aHaIU3a MPOoQUIeH KOMIOHEHT oOIel 1eneBoi (PyHKIMU MporpaMMHast
peanu3anus MOJENM IO3BOJSIET 3aJCMCTBOBATH TaK HA3bIBAEMBIA  «PEXKUM
CKaHUpPOBaHUs». B 3TOM cilyyae 3HaYeHUs MapamMeTpOB MOJEIH, OLIEHHUBAEMbIE BO
BHEIIHEM IUKNIC (fior, WU (M 4 fi,)), IPOOETAIOT 3aJJaHHBIN JUAINIA30H 3HAUYCHUM C
3aJlaHHBIM 1arom. [lonyueHHbIe Ha KaXXJOM IIare 3HAYCHUS KOMIIOHEHT IIeJICBOM
GyHKIMM COXpaHSIOTCS B (paitsie minim.out W CIy>KaT OCHOBOW ISl JAJIbHEUINETO
nocTpoeHus: rpadukoB Mpoduiaeii KOMIIOHEHT 11eJeBON (DYHKIIMU B 3aBUCUMOCTH OT
BEITMYUHBI TTapameTpa. Jns HarnmsgHocTH B daiie s KaXIoW TOYKA TPUBOJIUTCS
TaK’K€ COOTBETCTBYIOILLEE 3HAYEHHE OLEHKM SSB B TepMUHanbHBIN rof. AHanu3
rpadMKOB KOMIIOHEHT I1€JIeBOM (PYHKIIMM MO3BOJISICT HATJIAIHO OTCIEAUTh HAIUUNE U
MOJIOKEHUE MHUHUMYMOB M JaeT MHUILy JUIsl Pa3MBIIUICHUH O HEOOXOAMMOCTU

HN3MCHCHHA PACUYCTHBIX OHHHﬁ, a TaxKXKE oI BI>I60pa BCCOBBIX KOB(I)(i)I/IHI/ICHTOB
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KaXIOW M3 KOMIIOHEHT B 001ei neneBoil (GyHKIUU. B 3TOM pexume B BBIXOIHOM
datine output.out OyayT COmEpKaThCs PE3YNIBTAThl, COOTBETCTBYIOIINE «TPyOOMY»
MUHUMYMY (HalJIGHHOMY C TOYHOCTBIO JI0 Il1ara Mo CKaHUPYEMbIM MapaMeTpam).

TouHOE perieHne B CMBICIIC MUHUMYMA TIEIeBOM (DYHKIIMM MOJCIIHA TTO3BOJISET
NOJIYYUTh JPYTOH «pPEeKUM» pabOThl MOJENHM, HA3BAHHBIM «IIOMCK TOYHOIO
pELIEHUD.

NmeeTcst Takke HEOOXOAUMOCTh yKa3aTh Psifi IOMOJHUTEIBHBIX MapamMeTPOB
pacdyeTHOU npoueaypsl. OZHUM U3 HUX ABISETCS KOADPHUIIMEHT MEKUTEPAITMOHHOTO
crilakuBaHus («inter-iteration smoother»). OH mpenHa3HayeH s TOJABJICHUS
BO3MOXXHBIX OCHWJUISIUNA B (PYHKIIMOHHUPOBAHUU UTEPATUBHBIX MPOILEAYP OIECHKH
napamMeTpoB Ipu paboTe ¢ CHIBHO 3allyMJIeHHbIMU JaHHbIMU. Kak mpaBuiio, ero
3HaueHue BbIOMpaercsa B auanaszone 0,3-0,9. He ciegyer ciuiikom OECIOKOUTHCS O
€ro TOYHOM BBIOOpPE, MOCKOJIbKY Ha pe3yJbTaThl 3TO HE BIUSET, & BIUACT JIUIIb HA
CKOPOCTb PabOTHI MPOrPAMMBI.

[Ipu ucnonw3oBanuu pobactHbix Mep Onuzoctu (MDN win AMD) crnenyer
YKa3aTh TaK)K€ KOJMYECTBO IEHTPAIbHBIX AJIEMEHTOB PACHPENEIICHHUs] OCTATKOB, IO
KOTOpbIM OLCHUBaeTcs MenuaHa. Kak mnpaBuino, 10 >1eMEHTOB  SIBISAIOTCS
MPUEMIIEMBIM KOJIMYECTBOM, OJHAKO €CIU MPOGUIN COOTBETCTBYIOIIMX KOMIIOHEHT
1[eJIeBOM (PYHKIIMM TPU 5TOM HMMEIOT CIUIIKOM MHOTO JIOKQJIbHBIX MHHHUMYMOB,
MOYET 0Ka3aThCsl TOJIE3HBIM YBEIUYUTH ATO 4ucio. M Haobopot, eciu npodusib He
COJICPKUT BBIPAKEHHOTO MHHHMYMAa, MOXET OKa3aTh MOJIE3HBIM «O0Y3UTH» OKHO
LEHTPAJIbHBIX 2JIEMEHTOB. JleJo B TOM, YTO Ha MPaKTHKE MEAUaHa psiaa CIydalHbIX
BEJIMUMH OIEHUBAETCS, KaK MPaBUJIO, IyTEeM IepepacipeieiieHUus ero JEeMEHTOB B
yOBIBAIOIIIEM WJIM BO3PACTAIOIIEM TOPSIKE M OTHICKAHUEM IIEHTPAIBHOTO AJIEMEHTa
HOBOTO psga (ecau oO0IIee YKMCIO BJIEMEHTOB HEYETHO) WM CpPEIHEro ABYX
LEHTPAJIbHBIX 3JIEMEHTOB (€ciu OHO 4eTHO). OHAKO Takasl OLEHKa MEJUaHbI MIPHU €€
MPAKTUYECKOM MCIOJIb30BAHUM JIJI1 MUHUMH3ALUKA MOXKET MPUBOJIUTH K HAPYIIECHUIO
HETIPEPHIBHOCTA MOBEPXHOCTHU IIEJEBOM (PYHKIHMH. DTO CBSI3aHO C TEM, UTO MpH
Pa3JIMYHBIX 3HAYEHUSIX MMAPAMETPOB B LIEHTPAIBHOM IMOJOXEHUU pPaCIpeICIICHUS

MOT'YT OKa3bIBATbCA PA3HBIC 3JICMCHTEI PsJa OCTATKOB. ITo sTom IMPUYHUHE OJIA TOTO,
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4yTOOBl CJeNaTh MOBEPXHOCTh (YHKIMU TOTEeph Ooyiee TIJIagKoi, B KadyecTBe
MEIMAaHHOM Mepbl B MOJEIM MCHOJIb3YETCA CpEeJHEe II0 HEKOTOPOMY YHUCITY
(manpumep, 10) HeHTpaNbHBIX 3JIEMEHTOB pacipenenacHus. Kak ymoMuHanocs BbIIIIE,
JUISL CTJIaKMBAHMSI OLICHKHM MEIHMAHbl IMPEIORKEHO HCIOJIb30BaTh YCPEIHEHUE IO
HEKOTOPOMY KOJINYECTBY LIEHTPAJIBHBIX 3JIEMEHTOB YIIOPSAAOYEHHOTO Psiia KBAJPATOB
octatkoB. Uucno 10, npuHsATOE 32 MHTEPBAJ ISl yCPEAHEHMSI, BBIOPAHO JOCTATOYHO
MIPOU3BOJIBLHO: BOOOIIIE TOBOPS, OHO MOXET MEHATHCS OT OJHOTO 10 OOIIeH JTUHBI
psana ocratkoB. OJTHAKO B IOCJIEIHEM CIllydae YCPEIHEHHE NPUBOAUT K OLICHKE MarT.
OKHJIaHUSA, a HE MeAuaHbl KBAJApPAaTOB OCTATKOB. TakuMm 00pa3oM, B CYLIHOCTH,
MPEIIOKEHHBIA MOAX0 ] (KOTJla HCIOJIb3YyEeTCsl YCPEIHEHHE MO HEKOTOPOMY YHUCIY
LEHTPAJIbHBIX AJIEMEHTOB Psiia) MOKET pacCMaTPUBATHCS B KA4€CTBE KOMIIPOMHMCCA
MEXIy JEWCTBUTEIIbHOM MEIWAaHHONM MHUHUMHU3ALUUENd W OOBIYHBIM KPUTEPUEM
HAaUMEHBIINX KBaJApaToB. UeM yke «OKHO», TeM OJIMKEe OIIEHKAa K JAEHCTBUTEIbHOU
MeauaHe. IIpeMmyiecTBoOM JaHHOTO KOMIIPOMMCCA, COIVIACHO HalleMy OIIBITY,
ABJISIETCSL TO, YTO PAacCIIMPEHUE «OKHA» MPUBOAUT K OoJjiee TIAAKOM UeIeBOM
GbyHKIMH, B TO BpeMsi Kak JIJisi 00Jiee y3KOTO «OKHA» MUHHUMYMBI 00JIee OTUETIUBHI.

Ecnu B pacuerax MCIONBb3YIOTCS MHIAEKCHl YHCIEHHOCTH 3araca ¢ BO3PacTHOM
CTPYKTYPOM, TO JIJIsl K&KJIOTO U3 HUX CJIEYET YKa3aTh:

— UHJIEKCOM OOIIET0, HEPECTOBOTO MJIM HETIOJIOBO3PENIOro 3araca OH SBJISETCS;

— paccuMThIBaTh JIK JJII HEro KO3(QQUUHUEHTHl YJIABIMBAEMOCTH IO
BO3PACTHBIM TpyNIaM WINA NPUHATh UX PABHBIMU €IUHULIE;

— WCIOJIb30BaTh JAHHBIM WHAEGKC JUIsl «HACTPOMKM» Ha YHUCJIEHHOCTH, Ha
BO3pACTHbIE MPONOPLMHU WU Ha B3BEIICHHBIE BO3PACTHBIEC MPONOPIUY;

— KaKylo Mepy OJIM30CTH MCHOJIb30BaTh I Kaxaoro u3 Hux: SS, MDN wunm
AMD.

3amycK NporpaMMbl OCYIIECTBIISIETCA KIMKOM MBIIIKHM MO KJIABHILIE «Start» Ha
3amyckaroreit gopme.

3a X0J0M pacyeToB MOKHO CJIEIUTh Ha CIEHHUATbHON AKpaHHOU (dopMme (puc.

[.1.2.2).
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53 ISVPA current results = =l S

WAIT..... LF= 104 7016 ANMD= 34506 5 3361927
Age s1(a) s2(a) Mia,yvearmax} Year fiyear)
2 0.00259063 0.0002124 032 2013 3.5
3 0.0035872 0.0015702 016 22 6.7695305
4 0.016451 0.00653 014 201 5.13538336
5 0.03488 0.01768057 013 2010 53821674
G 00771793 0.0411835 019 2009 7.3504635
7 01195628 0.0723087 022 2008 36956134
g 0.0902356 0.0582063 022 2007 3.2763305
5 0.07506597 0.0403113 023 2006 3.28876
10 0.0706724 0.0423473 025 2005 34779547
1 0.0511407 0.0421235 028 2004 28318775
12 00712807 0.050148% 026 2003 3.6281689
13 00579075 0.050729% 029 2002 4 4415458
14 0.0518566 0.0559404 029 2001 3. 7723604
15 0.0504194 0.0553794 025 2000 5.1781381
18 0.0538582 0.08573368 029 1999 4 4037857
17 0.0339533 0.082731 029 1998 74288601
18 0.0363334 0.1055557 029 1997 53021136
19 00363334 0.1055557 029 19096 4 F2T5509
20 0.0363334 0.1055557 029 1995 2.6885472
15994 1.2740152
1993 27702524
1992 27507471
19591 2836047
1990 2E842427
1989 2. 756719
(last 25)
0 boot N: 0

Puc. 1.1.2.2. DxpanHas ¢popMa A OTCIEKUBAHUS X0/1a PaCueTOB

Ha skpanHoii popMe Ha KaKI0# UTepaliii 0TOOpaKaeTcs:

— TeKyllee W MpeAblAyliee 3HAU€HUsS KOMIIOHEHTHI IeJIEBOM (PYHKLMM IS
BO3pPACTHOTO COCTaBa YJIOBOB M OOIIEH 11es1eBOM (DYHKIINH;

— TEKYLIUE OLICHKU OTHOCHUTEJIBHOM CEJIEKTUBHOCTH IIPOMBICIIA 110 BO3PACTHBIM
rpyImnam;

— TEKYyIIHE OLEHKU (PaKTOPOB YCHIIHS (17151 MOCJIEIHUX 25 JIeT MPOMBICTIA);

— Homep Tekymiel Oyrcrpen-utepanuu (boot N). Ecmu BbmonHseTcs
MEepBOHAYAJIHBIA MPOrOH MOJEIM W OyTCTpen-mpoueAypa €lie He 3alylleHa, TO
HOMED OyTCTpeIn-uTepaluu paBeH HyJIIo.

[Tpu HEOOXOAMMOCTH pacueT BCET/Ia MOYKHO OCTaHOBHUTH, KJIMKHYB MBIIIBIO TIO
kiaBute «STOP (if want)y.

[To oxoHuaHuM 0a30BOrO0 MPOroHa IOJH30BATENb MPH KEJIAHUU BBITOJIHUTH
OyTCTpen-OLIEHKY HEONpEeeICHHOCTH B pe3yJibTaTax JOJDKEH YyKaszaTh Kelaemoe

KOJIMYECTBO MTPOTOHOB OyTCTPEN-MIPOIICAYPHI U 3arycTUTh ee (puc. 1.1.2.3).
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B9 ISVPA current results =1 || =] | M. 5

The program is finishing its work

E3 Form2 [E=1 Eo =

Would pau like to run bootztrap ? [conditional parametric for Cap and
nonconditional parametric for indices];

Itit wasz terminated by USER - bootstrap is not allowed 111
1-ves; 2Mo. Option?: ,2_
[F*'es, input number of runs: (100

STOP (if want)

Puc.1.1.2.3. DkpaH 3amycka OyTcTpen-npoueaypbl

Ecnu B Xx0/1€ BBINOJIHEHUSI OyTCTPEI-IIPOTOHOB OT/IEIbHBIE TPOTOHBI OKAXKYTCS
HECOCTOSITENIbHBIMM ~ (Takoe UWHOrAa ObIBa€T MPU HCKIIOUUTENBHO  CHUIIBHO
3al0yMJICHHBIX ~ MCXOAHBIX  JIaHHBIX), TIOJb30BaTelb HMMEET  BO3MOXHOCTb
MPUOCTAHOBUTH Mporeaypy oyrcrpena (puc. 1.12.4) u nepe3amycTuTh TEKYIIYIO €ro
urepauuto (puc. 1.12.5). Ilpu 3TOM yxe BBINOJHEHHbIE UTEPALMU HE TEPSIOTCS, U

oO1mast mpoueaypa Oyrcrpena OyaeT Ipo10JbKeHa.
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[ ISVPA current results

WAIT.....
Age =1(a)

0.0025501
0.0073625
0.0146473
0.0278448
0.0659601
0. 1167437
0.077573»
0.0751805
10 0.0795704
11 0.0568527
12 0.072436 }
13 0.0552235
14  0.0455482
15 0.0565282
16  0.0624868
17 0.0458245
16 0.043555

1%  0.0455559
20 0.0455559

R R R S X

s2(a)

00001582
0.0012455
0.0052566
0.0145809
0.0320101
0.0588158
0.0455812
0.0340165
0.0428022
0.04159614
0.0488822
00452557
0.0642351
0.0533833
0.0748958
0.0775844
0.11335684
0.1133584
0.1133534

W{a yearmax)

0.32
0.18
014
0.18
0.19
0.2z
0.2z
0.23
0.25
0.28
0.26
0.29
0.29
0.28
0.28
0.28
0.29
0.29
0.29

boot N:

STOP (if want)

LF=

{last 25)

1

124.1158

ANMD= 44378271

“fear fiyear)y

173
4.3308507
3.7821534
4.026102 &
6.3696036
3.3208569
3.0263137
3.3756631
3.5217024
27502922
3.4574783
47434188
3.6235247
5.3806566
4 5027206
7.3328311
52257342
3. 79620822
2.8940158
1.1316559
2.2090404

44 37827

2551164
2.6943T

termination

Stop it?

& ]

Her

Puc. 1.1.2.4. [IpuoctanoBka nporeaypsl Oyrcrperna

5. ISVPA current results

B3 Form3

Restart current batstrap run 7

1.Restat, 2Mo[and stop). Option?: Jﬁ_

[ = |

(o |

STOP (if want)

Puc. 1.1.2.5. Tlepe3amnyck Tekymieil uTepauu Oyrcrpena
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EcTh BO3MOXKHOCTH NpPUBIEYL K aHAIW3y [JaHHbIE CHEMOK i Toja,
CJIEIYIOLIETO 3a MOCIEAHUM TOJ0M, JIJIsl KOTOPOTO UMEIOTCS TAHHBIE IO BO3PACTHOMY
COCTaBy YJIOBOB. B 3TOM ciyuyae BXOAHOW (paiiil ¢ BO3PACTHBIM COCTaBOM YJIOBOB B
CTPOKE, COOTBETCTBYIOLIEH 3TOMYy TrOAY, AOJDKEH COJAEpXKAaThb HYIH JUIS KaxKIOW

BO3PACTHOM TPYIIIIHI.

[.1.3. OnbIT NIPaKTH4YECKOT0 NPUMEHEHUs

Mopens Oonee 10 JieT MUPOKO HMCHOJIB3YETCS B pamMkax MeXayHapoaHOTO
coBeta 1o uccnegopanuio mops (MKEC) nns oueHku 3amacoB ceBepO-BOCTOYHOM
apKTHUYECKOM TPECKH, Tpecku bantuiickoro Mops mnoxpailoHoB 25-32, ceepo-
BOCTOYHOMU APKTUYECKOU MHKILIH, HOPBEXKCKOU BECECHHE-HEPECTYIOLIEH
(aTIIaHTUYECKO-CKAaHJIMHABCKOM) cenbau, nmyTtaccy u ckymOpuu CeBepo-BocTouHoit
ATIaHTHKH, B paMKax APYTUX MEXIYHAPOJHBIX OpraHu3alui, a TakKe JJIs OLEHKHU
COCTOSIHUSI 3allaCOB MHOTHX OOBEKTOB OTEUECTBEHHOTO pPhIOOJIOBCTBA. [Ipumepsi
MPAKTUYECKOT0 MPUMEHEHUSI MOAEIH JJIsl OIIEHKH 3alacoB MOYKHO HaWTH, HAITpUMED,
B nokymentax MKEC [ICES, 2008; ICES, 2009; ICES, 2014; ICES, 2015; ICES,
2015 a u gp.], Antapkruueckoit Komuccuu [Vasilyev, Shust, 2006; Vasilyev et al.,
2007] u crathax [BacuibeB, ['nmyOokoB, 2005; BacunweB, bynrakora, 2007;

Bacunbes u np., 2011; Vasilyev, Tjelmeland, 2007].

[Ipennosioxkum, 4TO B HAJTMYUKU UMEIOTCS CIICAYIOIIME TaHHBIE:
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Tabmuma 1.1.3.1. Jlanubie Mo Bo3pacTHOMY cocTaBy yinoBoB (daiin C.txt)

1

1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014

13
Catch

1

418011
376092
968041
183014
411004
144003
126006
152024
1028844
20239042
6878032
15223009
21826184
15974079
4849097
1831013
2233032
2263023
458047
4371006
2319008
3067011
2194112
1248438
796042
8254012
8506020
5076038
13817044
4978001
178000

1984
at

2
21999
68805

392855
281390
2178
237
28170
215663
156184
512634
640312
756212
1507895
1860228
536596
295313
171215
113237
394130
107187
530183
138453
153164
203625
97667
161335
254133
445433
1040167
1541238
624000

2014
age

3
6942
24634
28968
13648
9828
5085
1911
4963
21835
10094
6531
4879
7655
12827
31887
7501
4701
5044
2348
7263
2090
5815
8548
25473
8459
4866
1778
1418
2695
2903
5234

4
14240
45769
70993

137106
22774
17313

7551
10933
36015
46182
59444
42587
28782
36491
88874
TI714
33094
35019
31033
20885
38226
19768
47207
43817
51704
38711
16193

8033
10462
13659
19226

5
18807
27806
78672
98210

135347
32165
12999
16467
27494
63578

102548

115329
80711
69633
48072
92816
93044
62139
76175
64447
50826

113144
33625
62877
40656
83998
53855
32472
16646
22752
38407

6
20086
19418
25215
61407
54379
81756
17827
20342
23392
33623
59766
98485

100509
83017
40493
31139
47210
63456
67656
71109
68350
62665
78150
26303
35072
46639
75853
70938
40372
21020
36633

36

7
15145
11369
11711
13707
21015
27854
30007
19479
18351
14866
32504
32036
54590
65768
34513
15778
12671
22794
42122
36706
50838
4771
31770
34392
14037
20789
36797
13875
70014
54231
29901

8
8287
3147
4063
3866
3304
5501
6810
25193
13541

9449
10019

7334
10545
28392
26354
15851

6677

5266
11527
14002
18118
20553
15667
11240
20676

8417
17062
21116
48315
74451
56109

9
5988
1557

976
910
1236
827
828
3888
18321
6571
6163
3014
2023
4651
6583
8828
4787
1773
1801
2887
6239
6285
7245
4080
5503
8920
4784
11708
12326
47124
47540

10
783
768
726
455
519
290
179
428

2529
12593
3671
1725
930
1151
965
1837
1647
1163
529
492
1746
2348
1788
1381
1794
1957
4325
5058
5214
9143
22738

11
232
137
557
187
106

41

59

48
264

1749
7528
1174
462
373
197
195
321
343
223
142
295
562
737
505
715
872
3034
3237
1926
2963
37

12
153
36
136
227
69
13
15
12
82
3n
995
1920
230
213
69
40
71
85
120
97
127
100
210
285
229
987
913
600
1124
694
1169

13
69
71
76
100
62
28
13

13
836
144
264
394
383
117
2
26
35
36
65
63
52
226
9
81
117
273
446
411
683
680



Tabnuma 1.1.3.2. JlanHsle mo cpeaHeil Macce B 3amace MO BO3PACTHBIM TpymdmnaM U

rojaM (aim w.txt)

| 13 1984 2014
weight — at age in the stock

1 2 3 4 5 6 7 8 9 10 11 12 13
1984 0.02 0.22 0.42 1.16 1.81 2719 378 4.51 6.17 1.7 925 1085 13.033
1985 0025 0131 0413 0875 1603 281 4059 5833 7685 10117 1429 12731 14311
1986 0.025 01 0311 0.88 147 2467 3915 5.81 6.8 6833 11.004 12731 14311
1987 0023 0064 0211 0498 1254 2047 3431 5137 6523 93 1315 12731 14311
1988 0.024 0084 0212 0404 079 1903 2977 4392 7812 12112 13107 12731 14311
1989 0016 0118 029 052 0868 1477 2686 4628  7.048 9.93 925 12731 14311
1990 0026 0145 0398 0705  L18& L1719 2458  3.565 471 7801 8956 12731 14311
1991 0023 0151 0518 1136 1743 2428 3214 4538 6.88 10719 9445 12731 14311
1992 0023  0.115 044 0931 1812 2716 3895 5176 6774 9598 12427 12731 14311
1993 001 0074 0344 1172 1.82 2823 4031 5497 6765 8571 10.847 12731 14311
1994 0012 0051 0235 0753 142 2413 3825 5416 6.631 763 8112 12731 14311
1995 0014 0062 0201 0485 114 2118 341 4938 716 9119 10101 12731 14311
1996 0013 0062 0195 0487 0971 2054 3527 5503 7767 10159 10669 12731 14311
1997 001 0059 0202 0521 1079 1878 3369 5263 8927 12154 11204 12731 14311
1998 0008 0048 0217 0533 L1601 1939 2945 4574 7423 10367 11738 12731 14311
1999 0012 0055 0203 052 1174 2031 3034 44064 6482 10269 10.882 12731 14311
2000 0014 0068 0194 0465 1208 1972 3.048 409 5724 7457 9582 12731 14311
2000 0011 0089 0285 0522  L196 2239 3313 5118 6376 9241 11322 12731 14311
2002 0013 0063 0251 0605 1189 2138 3333 4766 6859 9333 1018 12731 14311
2003 0011  0.074 023 0537 131 2009 3241 4971 6739 8706 15.026 12731 14311
2004 0.009  0.054 025 0546 1087 2035 2921 4384 6254 8543 9735 12731 14311
2005 001 0056 0231 0624 L118§ 1932 3046 3955 5811 8289 1344 12731 14311
20060 0013 0065 025 0602 1201 2009 3114 4427 603 8037 9928 12731 14311
2007 0016 0075 0202 0699 1341 2121 3.167 464 6495 9123 1178 12731 14311
2008 0013 0.095 0286  0.734 137 2367 329 482 6548 8483 8902 12731 14311
2009 001 0071 026 0641 1343 236 3763 5111 6554 9.098 9432 12731 14311
2010 0014 0059 0257 058  L183 2052  3.181 48 6759 7859 10008 12731 14311
2011 0012 0059 0224 0589  1.08 1915 2716 4319 6495 8480 10016 12731 14311
2012 0012 0.058 021 0561  1.108 L76 2715 4056 6117 8718 11676 12731 14311
2013 001 0064 0256 0589  LISI 2019 2857 4049 5631 8146 10378 13247 14311
2014 0.007  0.054 022 0588 1146  1.827 2835 3828 5142 6953  9.015 12731 14311
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Tabmuma 1.1.3.3. [lanHble Mo cpegHeil nojie MOJOBO3PENbIX PHIO MO BO3PACTHBIM

rpynnam u rogam ((aiin mat.txt)

1 13 1984 2014
' maturity

1 2 3 4 5 6 7 8 9 10 11 12 13
1984 0 0 0 0.05 0.18 0.31 0.56 0.9 0.99 1 1 1 1
1985 0 0 0 0.01 0.09 0.36 0.55 0.85 0.96 0.9 1 1 1
1986 0 0 0 0.05 0.08 0.19 0.53 0.71 0.62 0.9 1 1 1
1987 0 0 0 0.01 0.07 0.18 0.22 0.46 0.5 0.75 1 1 1
1988 0 0 0 0.02 0.05 0.33 0.53 0.62 1 1 1 1 1
1989 0 0 0008 0003 0029 0228 0547 0705 0915 1 1 1 1
1990 0 0 0008 0013 0051 021 0522 0715 0905 0975 1 1 1
1991 0 0 0001 0032 0075 0305 0708 0861 0957 1 1 1 1
1992 0 0 0001 0014 0145 0419 08 0943 0974 1 1 1 1
1993 0 0 0 0028 0087 0368 0704 0931 0972  099% 1 1 1
1994 0 0 0003 0007 0119 0335 058 0862 0963 0.99 1 1 1
1995 0 0 0 0003 0061 0372 0624 0.781 096 0979 1 1 1
1996 0 0 0 0 0019 0258 0631 0.82 0975 | 1 1 1
1997 0 0 0 0 0012 0.14  0.607 0.83 0946 1 1 1 1
1998 0 0 0001 0003 0026 0152 0472 0814 0957 0.98 1 1 1
1999 0 0 0002 0002 0014 0187 054 0847  0.965 1 1 1 1
2000 0 0 0 0001 0071 0247  0.643 083 0978 1 1 1 1
2001 0 0 0003 0003 0065 0359 0624 0819 0952 1 1 1 1
2002 0 0 0002 0013 0084 0388 068 0841 0951 1 1 1 1
2003 0 0 0001 0001 008 0326 0672 088  0.957 1 1 1 1
2004 0 0  0.001 001 0091 0442 0726 0872 0976 0977 1 1 1
2005 0 0 0 0004 0068 0397 0716 0892 0967  0.991 1 1 1
2006 0 0 0 0.001 006 0369 0647 0897  0.965 1 1 1 1
2007 0 0 0 0004 0072 0343 0723 0876 0976 1 1 1 1
2008 0 0 0 0004 0062 0282 0538 083 0928 099 1 1 1
2009 0 0 0 0 0076 0372 075 0857 0977 0997 0981 1 1
2010 0 0 0 0003 0045 0323 053 0838 0927 097 0974  0.986 1
2011 0 0 0 0001 0037 0343 0.64 0817 094 0964 0991  0.989 1
2012 0 0 0.001 0 0046 0215 0557 0786 0909  0.964 099 0989 1
2013 0 0 0 0002 0008 0154 048 0753 0908 0981  0.989 1 1
2014 0 0 0 0002 0019 0137 0513 0805 0929 0981  0.998 1 1
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Tabmuma 1.1.3.4. OueHkd BETUYMHBI MTHOBEHHOTO KO(P(HUIMEHTa €CTECTBEHHOU

CMEPTHOCTH IO BO3PACTHBIM Ipymmam u rofam ((aiim mm.txt)

1 13 1984 2014
natural  mortality

1 2 3 4 5 6 7 8 9 10 11 12 13
1984 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
1985 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
1986 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
1987 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
1988 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
1989 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
1990 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
1991 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
1992 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
1993 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
1994 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
1995 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
1996 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
1997 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
1998 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
1999 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
2000 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
2001 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
2002 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
2003 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
2004 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
2005 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
2006 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
2007 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
2008 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
2009 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
2010 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
2011 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
2012 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
2013 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
2014 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

KpoMe TOro, wuMerOTCs JaHHBbIE YETHIPEX pa3IMYHBIX BHUIOB CHEMOK,
BBHIPDOKCHHBIC B BHJIE AOCOJIOTHBIX OIEHOK (WM HMHIEKCOB) YHUCICHHOCTH (WM
YJIOBOB Ha E€IWHUIY YCWJIMsI) TIO BO3pacTHBIM rpynnam u rojgam (tabmn. I.1.3.5-
1.1.3.8). OTmMeTuM, 9TO COBCEM HE 0053aTEIIPHO MMETh CTOJBKO BHJIOB CheMOK. JIIs
npumeHeHuss Mojenn TISVPA MoXHO uMX HE HMETh BOBCE — HCIOJIB30BAaHUE
cernapabeIbHON MOJCIHM MPOMBICIOBOM CMEPTHOCTH M pOOACTHBIC MPUEMBI OIICHKU

mapaMCTpoOB IO3BOJIAIOT CTAaBUTH BOIIPOC O IMOMCKC CAMHCTBCHHOI'O PCHICHUA U IIPHU
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OTCYTCTBHUHN AAHHBIX CbCMOK. ECTGCTBCHHO, JAOINOJHUTCIIbHYIO I/IH(I)OpMaHI/IIO BCCraa

Jydmc uMEThb, YEM HC UMCTh.

Tabmuma 1.1.3.5. lanasie cremok 1(daiin fleetl.txt)

1984 -1 -1 -1 -1 -1 1 -1 -1 -1 -1 -1 1 -1
1985 -1 -1 -1 -1 -1 1 -1 -1 -1 -1 -1 1 -1
1986 -1 -1 -1 -1 -1 1 -1 -1 -1 -1 -1 1 -1
1987 -1 -1 -1 -1 -1 1 -1 -1 -1 -1 -1 1 -1
1988 -1 -1 -1 -1 -1 1 -1 -1 -1 -1 -1 1 -1
1989 -1 -1 -1 -1 -1 | -1 -1 -1 -1 -1 | -1
1990 -1 -1 -1 -1 -1 1 -1 -1 -1 -1 -1 1 -1
1991 -1 -1 -1 -1 -1 1 -1 -1 -1 -1 -1 1 -1
1992 -1 -1 -1 -1 -1 1 -1 -1 -1 -1 -1 1 -1
1993 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 1 -1
1994 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 1 -1
1995 -1 -1 -1 -1 -1 1 -1 -1 -1 -1 -1 1 -1
1996 -1 -1 -1 -1 -1 1 -1 -1 -1 -1 -1 | -1
1997 -1 -1 -1 -1 -1 1 -1 -1 -1 -1 -1 1 -1
1998 -1 -1 -1 -1 -1 1 -1 -1 -1 -1 -1 | -1
1999 -1 -1 -1 -1 -1 1 -1 -1 -1 -1 -1 1 -1
2000 -1 -1 -1 -1 -1 1 -1 -1 -1 -1 -1 1 -1
2001 -1 -1 -1 -1 -1 1 -1 -1 -1 -1 -1 1 -1
2002 -1 -1 -1 -1 -1 1 -1 -1 -1 -1 -1 1 -1
2003 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 1 -1
2004 -1 -1 417 15 1502 798 402 10.1 22 -1 -1 1 -1
2005 -1 -1 2166 558 1009 28 15.6 57 12 -1 -1 1 -1
2006 -1 -1 1861 2056 599 698 17.6 8.1 26 -1 -1 1 -1
2007 -1 -1 5862 1592 791 46 209 6 22 -1 -1 1 -1
2008 -1 -1 6526 4834 1323 5L 12.8 175 33 -1 -1 1 -1
2009 -1 -12023 0 2806 2806 107 319 127 13 -1 -1 1 -1
2010 -1 -1 56.8 1773912 449 1427 3RS 10.5 -1 -1 1 -1
2011 -1 -1 1236 1015 2402 3004 1784 323 117 -1 -1 1 -1
2012 -1 -1 2291 1464 0 1508 1652 845 127 -1 -1 1 -1
2013 -1 -1 2491 1836 1257 0 632 182 1302 338 -1 -1 1 -1
2014 -1 -1 190 1086 939 528 304 502 363 -1 -1 1 -1
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Tabmuma 1.1.3.6. [lanasie creMok 2 (daitn fleet2.txt)

1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014

1
fleet

13

2

1984

3
1260
1439
3911

805
759
349
337
577
1401
3102
2414
1154
640
1813
1732
1321
1828
1350
1297
1725
621
1115
850
3336
2196
1069
541
684
1100
837
1829

2014

4
199
641
543
1733
378
346
257
178
725
1474
2559
1372
704
365
581
1083
834
1096
911
569
981
287
629
910
1939
1608
1221
448
653
668
1180

77
83
157
205
902
206
215
128
158
506
767
1061
527
259
134
269
382
425
673
447
247
437
148
472
586
1407
1399
873
354
483
1239

33
19
20
36
98
272
122
77
62
93
185
240
283
178
65
43
89
151
183
273
155
102
179
130
196
400
956
1241
613
277
619

A O W

—_

127
43
39
24
24
29
57
86
51
20
11
24
49
76
45
49
48
88
68
119
168
531
793
442
321

17
11

18
20
49
35
39
79
272
331
389

Ta6numna I.1.3.7. Jlanubie cheMok 3 (daitn fleet3.txt)

'

1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014

1
fleet

13
3

2
-1
-1
-1
-1
-1
-1
-1
-1

-1
-1

-1
-1

-1
-1

-1
-1

-1
-1
-1
-1
-1
-1

-1
-1

1984

3
1416
1343
2049

355
344
206
346
658
1911
4045
1598
705
517
1826
964
1589
1716
1122
1144
928
337
591
371
3061
1783
1219
291
527
850
1178
1542

2014

204
684
502
578
214
262
293
215
1131
2175
2166
872
497
424
454
1457
816
1043
1315
327
661
157
318
1410
1405
1759
824

710
918
1193

154
116
174
109
670
269
339
184
354
895
1040
891
422
338
122
493
573
661
1445
451
299
381
130
754
495
1949
1587
828
575
679
996

157
77

40
166
668
367
284
255
225
290
446
499
340
112
129
198
345
643
468
432
169
426
246
401
709
2843
2244
1194
529
965

41

33
31
30

32
73
500
254
252
119

65
205
247
187
69
24
95
212
222
172
155
137
329
133
375
656
1547
2249
1354

362

824
277
94
43
11
22
49
92
52

12
38
88
75
88
75
58
260
111
226
309
1756
1751
1112

108
209
977
663



Tabmuma 1.1.3.8. [lanasie cheMok 4 (daitn fleetd.txt)

1 13 1984 2014
! fleet 4

1 2 3 4 5 6 7 8 9 10 11 12 13
1984 -1 -1 1189 700 489 357 154 69 61 -1 -1 -1 -1
1985 -1 -1 1188 1592 1068 365 165 37 8 -1 -1 -1 -1
1986 -1 -1 1622 1532 1493 481 189 42 2 -1 -1 -1 -1
1987 -1 -1 557 3076 900 701 184 60 25 -1 -1 -1 -1
1988 -1 -1 993 938 2879 583 260 47 24 -1 -1 -1 -1
1989 -1 -1 490 978 1062 1454 1167 299 112 -1 -1 -1 -1
1990 -1 -1 167 487 627 972 1538 673 153 -1 -1 -1 -1
1991 -1 -1 1077 484 532 583 685 747 98 -1 -1 -1 -1
1992 -1 -1 675 308 239 273 218 175 25 -1 -1 -1 -1
1993 -1 -1 1604 1135 681 416 354 87 3 -1 -1 -1 -1
1994 -1 -1 1363 1309 1019 354 128 49 21 -1 -1 -1 -1
1995 -1 -1 589 1065 1395 849 251 83 19 -1 -1 -1 -1
1996 -1 -1 733 784 1035 773 348 132 19 -1 -1 -1 -1
1997 -1 -1 1342 835 613 602 348 116 32 -1 -1 -1 -1
1998 -1 -1 2028 1363 788 470 259 130 48 -1 -1 -1 -1
1999 -1 -1 1587 2072 980 301 123 94 42 -1 -1 -1 -1
2000 -1 -1 1839 1286 1786 773 114 52 23 -1 -1 -1 -1
2001 -1 -1 1224 1557 1290 1061 304 50 14 -1 -1 -1 -1
2002 -1 -1 980 1473 1473 896 600 182 29 -1 -1 -1 -1
2003 -1 -1 1246 1057 1166 1203 535 241 40 -1 -1 -1 -1
2004 -1 -1 329 1576 880 1111 776 279 93 -1 -1 -1 -1
2005 -1 -1 1408 631 1832 744 605 244 88 -1 -1 -1 -1
2006 -1 -1 927 1613 777 1801 662 342 161 -1 -1 -1 -1
2007 -1 -1 2579 1617 1903 846 1525 553 226 -1 -1 -1 -1
2008 -1 -1 2203 3088 1635 1472 830 863 291 -1 -1 -1 -1
2009 -1 -1 974 2317 3687 2016 1175 620 413 -1 -1 -1 -1
2010 -1 -1 543 1385 3668 2698 1455 603 446 -1 -1 -1 -1
2011 -1 -1 882 508 1432 3065 3300 917 439 -1 -1 -1 -1
2012 -1 -1 815 1114 839 2122 3358 1878 432 -1 -1 -1 -1
2013 -1 -1 747 1174 1177 884 2349 3132 1367 -1 -1 -1 -1
2014 -1 -1 1399 1368 1725 1483 1111 1929 1297 -1 -1 -1 -1

Jlnst mpoBeieHusT pacueToB moMenaeM (ailyibl ¢ BXOJHBIMU JTAaHHBIMU B IMANKy
C:\vbisvpa\demo. IIpu 3TOM mpeamnonaraercs, 4To 3amyckaromue (Qpailibl HaXoasaTCs
B manke C:\vbisvpa.

PacueTsl Mo MoAend HauyMHAEM C HCCIAEAOBAHUS KOMIIOHEHT €€ LIEeNEeBOM
GyHKIHH.

PaccmoTpum BapuaHT mMojesn, 00€CTIeYMBAIOIINN HECMEIIEHHOCTh OMUCAHUS
MOJICNIbIO  JIOTapu(PMOB  JaHHBIX 1O  BO3PACTHOMY COCTaBy YJIOBOB H
MIPEANOIATAOIINN HATMYUE OMMOOK KaK B JAHHBIX IO BO3PACTHOMY COCTaBY YJIOBOB,
TaK U B cenapadeibHOM MPEJICTaBICHUHN MPOMBICIIOBOM CMEPTHOCTU. ECTECTBEHHO, B
JAHHBIX CBEMOK TakXKe TMpeArnojaraercss Hamuuue omubok. Pacmmpennoe
cenapabeabHOe TPEJCTABICHUE MPOMBICIOBONM CMEPTHOCTH MPUMEHHMO ISt
BO3PACTHBIX TpyImil 3-12, MOCKOIBKY, KaK MOKAa3bIBAET OMBIT, B CAMbIX MJIQJIIIUX U

CaMbIX CTapIIMX BO3PACTHBIX TIPyMNIax OIIMOKKA B JAHHBIX 3aMETHO OOJbIIE, YTO
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CHWKAET YCTOMUYMBOCTh OLICHOK IPU UX BKJIIOYEHWHU B MAIAa30H BO3PACTHBIX TPYIII,
JUI KOTOPBIX OICHUBACTCS 3aBUCSIINNA OT MOKOJECHHs MapaMmerp B cenapadeabHOM
NPEACTABICHUH MPOMBICIIOBON CMEPTHOCTH.

B Hamem npumepe cbhemMka | MPOUCXOAUT B CEpEAMHE TOAa, a OCTAJIbHBIE
ChEMKH — B KOHIIE. B cooTBeTCTBUM ¢ 3TUM B KOJIOHKE «time (0-1)» B 3amyckaronieit
dbopme BbICTaBiIsieM 10U OT Hadana roja: 0,5 mna mepBbix cheMok u 0,9 s
ocTaibHbIX TpeX. Ilpm 3ToM B HameM npumepe OyaeM CUYUTaTh, YTO CHEMKHU
OMKCBHIBAIOT BECh 3amac (BKJIKOYasi €ro MoJIOBO3PEIYIO U HETOJIOBO3PENIYIO YACTH).

Jlns mepBoro mporoHa MOJAENM KakK [JIsl JaHHBIX CBEMOK, TaK M JUJIs
BO3pPAaCTHOTO COCTaBa yJIOBOB B KAaueCTBE Mephbl OJM30CTH BBIOEPEM MPOCTEHIIMIA
BapHaHT, NPEANOJAraloliuii JIOTHOPMAJbHOE paclpeiesieHue  OMMOOK "
COOTBETCTBYIOIIMA METOJy MaKCHUMAaJIbHOTIO MPaBIONOI00HMs — CyMMY KBaJpaToOB
OCTaTKOB B Jiorapu¢max yJIOBOB — JJI JaHHBIX [0 BO3PACTHOMY COCTaBy YJIOBOB, U
CYMMBI KBaJIpaTOB OCTAaTKOB B JIorapu(Max YUCICHHOCTH — AJIs1 JaHHBIX ChEMOK.

Mogens 3amyckaem B pexume ckanupoBaHus («To scany»). MHTepecyromnue
HAaC 3HAYEHHUsS KOMIIOHEHT LeJeBOW (yHKUMH B 3aBUCUMOCTH OT BEJIMYUHBI
OMoMacchl HEPEeCTOBOTO 3amaca B TEPMHHAJIbHBIM roj (MOCAEAHUI TOJ MaccuBa

JAHHBIX ) BBRIBOAATCS B (paiia minim.out (ta6m. 1.1.3.9).
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Tabnuma 1.1.3.9. Pacneuatka ¢aiina minim.out (epBbIii BapUaHT)

f(term) SSB(yearmax) ~ MC k_for_M(a) err.for_C(a,y) errfor_a/ind. 1 errfor a/ind.2  errfor_a/ind.3  errfor afind 4  TOTAL_LOSSFU
1 6103194.23 0 0 2141219 20.01552 37.71863 7230203 101.48903 25293741
1.25 4886053.27 0 0 20.95101 16.33248 33.90436 67.56653 92.05584 230.81022
IN] 4073962 0 0 2061135 14.02348 3232747 6542619 86.07561 218.46409
175 349351827 0 0 2035025 1257744 3205296 64.80017 8220423 211.98505
2 3057951.17 0 0 20.14324 11.70913 3259169 65.12263 79.71631 209.283
225 2719023.19 0 0 19.97524 11.2462 33.66509 66.07099 78.18527 209.14279
25 2447775.65 0 0 19.83642 11.07831 35.10467 67.44987 71.34409 210.81335
275 2225770.75 0 0 19.72004 11.13167 36.804 69.13565 71.01767 213.80904
3 2040711.71 0 0 19.62134 11.35529 38.69376 71.04769 71.08709 217.80518
325 1884081.53 0 0 19.53685 11.71303 40.72801 73.13239 7746943 22257972
35 1749795.28 0 0 19.46396 12.17881 42.87608 7535394 78.10589 22797868
375 1633388.75 0 0 19.40067 12.73362 45.11784 77.68874 78.95439 233.89527
4 1531513.02 0 0 19.34545 13.36358 4744062 80.12195 79.98495 240.25655
425 1441606.47 0 0 19.29708 14.05864 49.83738 82.64538 81.17665 24701513
45 1361676.29 0 0 19.25455 1481178 523056 8525617 8251574 254.14385
475 1290148.95 0 0 19.21709 15.61844 54.8466 87.95612 83.99446 261.63271
5 1225765.04 0 0 19.18403 16.47626 5746537 90.75152 85.61044 260.48763
225 2719023.19 0 0 19.97524 11.2462 33.66509 66.07099 78.18527 209.14279

JInst HarnsggHOCTH NMPOGUIN KOMIIOHEHT LIeJIEBOM (DYHKIIMM MOKHO M300pa3uTh
rpaguyecky, MPOMMIOPTUPOBAB 3TOT (aill B BJIEKTPOHHBbIE TAOIULBI (CM. pHC.

L1.3.1).
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Puc. 1.1.3.1. IIpodunm KOMIOHEHT LeeBOM PYHKIIMU MOAETN

Kak moxxHo BuaeTs u3 puc. 1.1.3.1, 7aHHbIE MO BO3pacTHOMY COCTaBY YJOBOB
MPA UCIOJB30BAHHBIX OINIMAX HE JAalOT MUHMUMYyMAa, 4 ChEMKH B OINPEACICHHOU
CTEIICHH IPOTHBOPEYAT APYT APYTY: CbeMKH 1 ¥ 4 TOBOPSAT O BEIWYHMHE OMOMACCHI
HEPECTOBOIO 3araca B TEPMUHAJIBHBIN I'OJl OKOJO 2 MJIH T., @ ChEMKH 2 U 3 - OKOJIO
3,5 MJIH T.

HamomHuM, 4TO B JaHHOM BapHaHTE OLIEHKW MapamMeTPOB Mbl OCHOBBIBAJIWCH
Ha  «KJACCUYECKOM»  TPEAINOJOXKEHHUHM O  TOM, YTO  OCTaTKH  MOTYT
almnpOKCUMHUPOBATHCS  JIOTHOPMAJIBHBIM  paclnpeicieHueM. B KW3HH  Takoe
MPEIIOJIOKEHUE PEIKO MPUMEHHUMO, ITOCKOJIBKY pEajbHbIC HAHHBIC MPAKTUYECKHU
BCET/la COJEpPXKAT PE3KO BBIJCISAIONIMECS 3HAYCHUS, JJI1 KOTOPBIX OIIUOKH
anmpoOKCUMAIMHU TIOXO BIUCBHIBAIOTCA B BBIOpaHHOE pacmpeneneHue. B pesynbrare
OIICHKH ONTUMYMOB MOTYT KaTaCTPO(PUUECKH UCKAKATHCS.

YacTo cmpaBUThCA C TaKOW CHUTyallM€d IO3BOJIIET HCIOJb30BaHUE Oojee

poOacTHOM Mepbl OJU30CTH, CBOOOJHOW OT MOCTYJIMPOBAHUS BUAA PaCHpECIICHUs
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octaTkoB. OAHMM W3 TOMYJAPHBIX NPUMEPOB TAaKOW Mepbl OJU30CTH SIBISAETCS
abCoIOTHOE MEAMAaHHOE OTKJIOHEHHE (MeIuaHa pacrpeneieHus] aOCOMIOTHBIX
OTKJIOHEHMM OCTaTKOB OT MX MEJMAHHOTO 3HA4Y€HHUs), 00o3HadyaeMoe kak AMD.
[Tpumenum 3Ty Mepy OJIM30CTH B KAUECTBE KOMIIOHEHT IIeJIEBOM (QYHKITHH (CM.
puc. 1.1.3.2.) Kak MOXHO BHIETh U3 PHUCYHKa, TENEpb AAHHBIE MO BO3PACTHOMY
COCTAaBy YJIOBOB JalOT YBEPEHHBIM ONTHUMYM, A IIOJIOKEHHUS ONTHMYyM Ui psla
CbEMOK 3aMeTHO cOmm3miuch. OTMeTuM, TMpaBia, TMOSBICHUE Mapa3UTHBIX
JIOKaJIbHBIX MHMHMMYMOB JUII CBEMOK, OJIHAKO TaKO€ 4YacTO BCTPEYAETCS IIPH
ONpeeIeHHOW MPOTUBOPEUYNBOCTH JAHHBIX BHYTPH KaKJO0T0 MaccuBa. 3aMETUM, YTO
KEJIAHWE TOJYYUTh OTIEIbHBIM ONTHUMYM TOJBKO OT JAHHBIX IO BO3PACTHOMY
COCTaBY YJIOBOB HAXOJMTCS B paMKax IO3WLHWHU, YTO JAAHHBIE YJIOBOB C BO3PaCTHOU
CTPYKTYpPO MOTYT paccMaTpuBaTbCid KaK CBOETO poJa ChEMKA, MPU ITOM YaCTO

HauoOoee IMpCaACTaBUTCIIbHAA.
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Puc. 1.1.3.2. KoMnoHeHTHI 11e1eBOi (pyHKIIMH MOJIEIN IIPU UCTIONH30BAHUT
poOacTHBIX Mep OJIM30CTH
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Bonee-mMenee omnpeaenuBUINCh C BBIOOPOM II€NIEBBIX (DYHKIIMIA, 3ammycKaeM
MOJICJIb B pEXUME TOYHON OLEHKU mnapameTpoB («to find precise solution») u
MoJTy4aeM BBIXOJAHOM (aiiy ¢ pe3ynbpTaTaMmu (output.out).

BrixogHo# ¢aitn conepKur:

— OLIEHKM KO3()QUIMEHTOB yIaBIMBAEMOCTH IO (UIOTaM M BO3PACTHBIM

rpynmnam:

Age\fleet 1 2 3 4
0.00043 0.00309 0.00241 0.00261
0.00046  0.00265 0.00237 0.00426
0.00047 0.00223 0.00273  0.0069
0.00047 0.00179 0.00387 0.01029
0.00046 0.00126 0.00432 0.01495
0.00043 0.00102 0.00469 0.01682

0N NN bW

9 0.00029 1 0.00435 0.01437
10 1 1 1 1
11 1 1 1 1
12 1 1 1 1
13 1 1 1 1
— OLCHKU OTHOCHUTEIBbHON CEJIEKTUBHOCTH IMpOMBICJIA:
Estimates of s(a,y)
Year\age
3 4 5 6 7 8 9 10 11 12 13

1984 0.00418 0.02519 0.06614 0.08792 0.12187 0.12054 0.10939 0.08017 0.15401 0.11529 0.11529
1985 0.00488 0.02459 0.05911 0.09912 0.10963 0.13215 0.11874 0.10941 0.07282 0.15416  0.1154
1986 0.00489 0.02997 0.06015 0.09238 0.12839 0.12397 0.13576 0.12386 0.10364 0.07602 0.12047
1987 0.00532 0.02757 0.06731 0.08631 0.11028  0.1338 0.11691 0.13 0.10771 0.09932 0.11545
1988 0.00505 0.03074 0.06345 0.09895 0.10556 0.1173 0.12929 0.11471 0.11583 0.10576 0.11336
1989 0.00497 0.02919 0.07083 0.09338 0.12116  0.1124 0.11346 0.12699 0.10231 0.11386 0.11144
1990 0.00466 0.02899 0.06781 0.10511 0.11528 0.13008 0.10963 0.11237 0.11421 0.10141 0.11045
1991 0.00441 0.02686 0.06652  0.0994 0.12818 0.12226 0.12533 0.10726  0.09983 0.11182 0.10814
1992 0.00437 0.02576 0.06255 0.09896 0.12303 0.13797 0.11956 0.12444 0.09671  0.0992 0.10745
1993 0.00402 0.02538 0.05962 0.09248 0.12173 0.13161 0.13408 0.11797  0.1115  0.0955 0.10611
1994 0.00397 0.02338 0.05879 0.08824 0.11387 0.13035 0.12803 0.13244 0.10582 0.11023  0.1049
1995 0.00402 0.02354 0.05531 0.08887 0.11097 0.12453 0.12951 0.12916 0.12133  0.10684 0.10591
1996 0.00466 0.02378 0.05554 0.08335 0.11142 0.12098 0.12334 0.13025 0.11796 0.12212  0.1066
1997 0.00485 0.02797 0.05684  0.0848 0.10588 0.12307 0.12141 0.12568 0.12052 0.12029  0.1087
1998 0.005 0.02879  0.0662 0.08595 0.10668 0.11583 0.12232 0.12253 0.11518 0.12173  0.10979
1999 0.00461 0.02952 0.06777 0.09956 0.10753 0.11607  0.1145 0.12278 0.11168  0.1157 0.11028
2000 0.0031 0.02703 0.06896 0.10112 0.12359 0.11609 0.11384 0.11403 0.11103  0.1113  0.10991
2001 0.00382 0.01822 0.06331 0.10315 0.12585 0.13376 0.11414 0.11365 0.10337 0.11093 0.10981
2002 0.00464 0.02264 0.04308 0.09561 0.12961 0.13751 0.13278 0.11505 0.10403 0.10428 0.11077
2003 0.0054 0.02736 0.05323  0.0647 0.11946 0.14083 0.13574 0.13309 0.10472 0.10435 0.11111
2004 0.00524 0.03169 0.06403 0.07956 0.08046 0.12919 0.13836 0.13542 0.12057 0.10455 0.11093
2005 0.0053 0.03046 0.07336 0.09469 0.09789  0.0861 0.12558 0.13657 0.12138  0.1191 0.10958
2006 0.00478 0.03097 0.07094 0.10915 0.11721 0.10538  0.0842 0.12471 0.12315 0.12062  0.1089
2007 0.00411 0.02789 0.07209 0.10547 0.13502 0.12609 0.10298 0.08355 0.11237  0.1223 0.10814
2008 0.00302 0.02412  0.06528 0.10778 0.13119 0.14605  0.1239 0.10276 0.07571 0.11221 0.10799
2009 0.00237 0.01785 0.05679 0.09821  0.1349 0.14279 0.14441 0.12441 0.09369 0.07607 0.10851
2010 0.00246 0.01379 0.04135 0.08405 0.12092 0.14444 0.13889 0.14264 0.11158 0.09261 0.10726
2011 0.00249 0.01485 0.03313 0.06343 0.10727  0.1342 0.14563  0.1422  0.1326  0.11432 0.10989
2012 0.00314 0.01546 0.03677 0.05241 0.08349 0.12279 0.13956 0.15378 0.13635 0.14013 0.11613
2013 0.00507 0.02002 0.03928 0.05969 0.07077 0.09805 0.13099 0.15118 0.15126 0.14781 0.12589
2014 0.00446 0.02624 0.06149 0.09206 0.11467 0.12421 0.12224 0.12214 0.11083 0.11083 0.11083
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— OIICHKHU Z-(PaKTOPOB:

Estimates of
Year\age

1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014

generation factors

3
0.90583
1.05762
1.01534
1.15307
1.11379
1.11593
1.05596
1.01925
1.01677
0.94749
0.94523
0.94855
1.09392
1.11487
1.13824
1.04588

0.7056
0.86902
1.04707
1.21452
1.18174
1.20935
1.09671
0.94953
0.69941
0.54684
0.57447
0.56606
0.67613

1.0065

1.0065

4
0.92917
0.90583
1.05762
1.01534
1.15307
1.11379
1.11593
1.05596
1.01925
1.01677
0.94749
0.94523
0.94855
1.09392
1.11487
1.13824
1.04588

0.7056
0.86902
1.04707
1.21452
1.18174
1.20935
1.09671
0.94953
0.69941
0.54684
0.57447
0.56606
0.67613

1.0065

gfactor(a,y)

5
1.04077
0.92917
0.90583
1.05762
1.01534
1.15307
1.11379
1.11593
1.05596
1.01925
1.01677
0.94749
0.94523
0.94855
1.09392
1.11487
1.13824
1.04588

0.7056
0.86902
1.04707
1.21452
1.18174
1.20935
1.09671
0.94953
0.69941
0.54684
0.57447
0.56606

1.0065

6
0.92411
1.04077
0.92917
0.90583
1.05762
1.01534
1.15307
1.11379
1.11593
1.0559
1.01925
1.01677
0.94749
0.94523
0.94855
1.09392
1.11487
1.13824
1.04588

0.7056
0.86902
1.04707
1.21452
1.18174
1.20935
1.09671
0.94953
0.69941
0.54684
0.57447

1.0065
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7
1.02835
0.92411
1.04077
0.92917
0.90583
1.05762
1.01534
1.15307
1.11379
1.11593
1.05596
1.01925
1.01677
0.94749
0.94523
0.94855
1.09392
1.11487
1.13824
1.04588

0.7056
0.86902
1.04707
1.21452
1.18174
1.20935
1.09671
0.94953
0.69941
0.54684

1.0065

8
0.93896
1.02835
0.92411
1.04077
0.92917
0.90583
1.05762
1.01534
1.15307
1.11379
1.11593
1.05596
1.01925
1.01677
0.94749
0.94523
0.94855
1.09392
1.11487
1.13824
1.04588

0.7056
0.86902
1.04707
1.21452
1.18174
1.20935
1.09671
0.94953
0.69941

1.0065

9
0.86587
0.93896
1.02835
0.92411
1.04077
0.92917
0.90583
1.05762
1.01534
1.15307
1.11379
1.11593
1.05596
1.01925
1.01677
0.94749
0.94523
0.94855
1.09392
1.11487
1.13824
1.04588

0.7056
0.86902
1.04707
1.21452
1.18174
1.20935
1.09671
0.94953

1.0065

10
0.6351
0.86587
0.93896
1.02835
0.92411
1.04077
0.92917
0.90583
1.05762
1.01534
1.15307
1.11379
1.11593
1.05596
1.01925
1.01677
0.94749
0.94523
0.94855
1.09392
1.11487
1.13824
1.04588
0.7056
0.86902
1.04707
1.21452
1.18174
1.20935
1.09671
1.0065

11
1.34458
0.6351
0.86587
0.93896
1.02835
0.92411
1.04077
0.92917
0.90583
1.05762
1.01534
1.15307
1.11379
1.11593
1.05596
1.01925
1.01677
0.94749
0.94523
0.94855
1.09392
1.11487
1.13824
1.04588
0.7056
0.86902
1.04707
1.21452
1.18174
1.20935
1.0065

12
1.0065
1.34458
0.6351
0.86587
0.93896
1.02835
0.92411
1.04077
0.92917
0.90583
1.05762
1.01534
1.15307
1.11379
1.11593
1.055%
1.01925
1.01677
0.94749
0.94523
0.94855
1.09392
1.11487
1.13824
1.04588
0.7056
0.86902
1.04707
1.21452
1.18174
1.0065

13
1.0065
1.0065
1.0065
1.0065
1.0065
1.0065
1.0065
1.0065
1.0065
1.0065
1.0065
1.0065
1.0065
1.0065
1.0065
1.0065
1.0065
1.0065
1.0065
1.0065
1.0065
1.0065
1.0065
1.0065
1.0065
1.0065
1.0065
1.0065
1.0065
1.0065
1.0065



— OLIEHKH YHCJIEHHOCTH M OHMOMacchl BCEro 3amaca, a TakKe OHMOMAacChl
HEPECTOBOT0 3amaca Ha HayaJio rojla ¥ Ha MOMEHT HepecTa (B mpuMepe MpuMeM

MOMCHT IIMKa HEPECTA 3a CCPCAUHY rona):

Year Tot.Stock_(in_NT"ot.Stock_(in_W SSB SSB_at_sp.time
1984 673021 835220.6 259263.9 173467.7
1985 1040637 983305.7 217647.2 150157.3
1986 1739753 1316387 189402 127616.1
1987 1527601 1203036 128732.1 84270.99
1988 1173379 1023004 223236.2 144638.3
1989 868163.1 948729.3 250916.1 180304.8
1990 761200.9 983048.4 330287.6 270055.8
1991 935089.9 1554252 717662.9 583188.3
1992 1442579 1936799 917753.9 689027.2
1993 1844061 2359958 783510.2 573549.5
1994 1872722 2108623 618710.3 420727.2
1995 1556456 1803663 574224.5 397568.2
1996 1266195 1715988 632047.2 433965.9
1997 1265250 1581091 655658.9 382107
1998 1377618 1213272 405448.1 230074.2
1999 1327673 1091006 271582.3 168555.4
2000 1350261 1099961 242765.6 165330.7
2001 1350253 1331216 371640.3 259444.5
2002 1315855 1423116 481936.6 347064.1
2003 1534232 1520947 530835.2 401997.3
2004 1344847 1529278 647817.5 489620.1
2005 1341753 1552835 648603.5 481493.9
2006 1409291 1576833 681310.3 510553.8
2007 2246583 1931364 733314.1 574201.3
2008 2946691 2659789 725791.2 594141.1
2009 3111592 3444909 1095928 902619.8
2010 2696494 3772838 1278246 1043931
2011 2369241 3930680 1844839 1514151
2012 2162419 4048022 2178180 1795867
2013 1981616 4247933 2535816 2073549
2014 1944223 3836464 2523067 2028481
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— OOCHKH YMCJICHHOCTH I10 IrogaM U BO3PACTHBIM I'pYIIIIAM:
Abundanc in numbers by ages and years
Year\age
3 4 5 6 7 8 9 10 11 12 13
1984 347438.7 129206.4 101008 46133.59 25614.35 12652.03 8678.09 1548.95 339.82 276.41 124.65
1985 577553.4 278166.2 92226.7 58399.87 19956.6 7372.15 3501.76 2598.49  667.01 53.54 141.07
1986 997837.8 456220.5 193997.3 52476.21 26779.72 7175.76  2312.4 1295.72 1142.6  381.08 134.38
1987 287351.1 793523.1 312625.4 100450.8 21609.58 8274.43 2123.14  662.49  385.63  432.15 163.77
1988 207116.8 225468.1 536154.4 159726.7 36089.58 6026.52 1798.49  638.09 130.35 124.96 104.75
1989 177757.4 162685.4 157329.5 293089.2 63749.46 11263.26 1680.01 369.92 145.34 29.27 64.41
1990 225995.7 141682.8 116944.5 93669.27 151819.2 25596.28 4579.72  677.11 106.95 72.02 57.31
1991 389242.7 183185.1 108754 82372.62 59330.23 94056.35 14779.65 289537  404.19 51.81 17.86
1992 763033.8 314835.1 140433.3 74866.07 50761.18 32925.79 54933.42 8609.59 1872.23  269.32 39.42
1993 800511.9 610250.6 230439.9 90369.9 40483.63 24487.7 14467.5 27355.74 4325.15 1136.1 233.24
1994 538698.6 645773.5 454217.3 139233.3 46087.47 18360.98 10440.14 5796.25 11809.1 2000.75  304.26
1995 291411.9 433720.4 470765.8 269583.6 62431.04 13898.87 5444.93 3059.19 1564.07 4018.32  557.38
1996 277882.6 234010.3 315085.3 280484.5 126581.8 22783.03 4477.49 1637.81 915.82  428.47 1907.98
1997 491021.1 221481 167622.9 186919.9 137415.4 49648.74 8105.05 1574.02 49433  323.62 643.94
1998 620640.1 390318.9 149599.4 83793.62 75662.92 43787.15 11325.74 1903.32  297.24 100.68 189.29

1999 4468259 485914 251878 74303.35 31932.48 23317.25 10446.72  2427.5  430.73 68.1 128.61
2000 488233.8 357685.6 329926 125676.4 28631.27 1079598 6164.23  2401.8  548.85 143.8 53.33
2001 444944.3 394559.4 258153 181637 54661.8 10011.17 3503.85 1765.87  747.48 190.4 79.2
2002 398433.2 358909.3 294220 153220.2 84281.1 21056.13 3352.37 1363.6  608.58  320.45 90.5
2003 643204 322126.8 266647.8 187125.2 72629.67 32651.61 7511.46 1239.43 617.6 294 185.02

2004 259929.5 518343.7 241519.2 169761.5 105607.2 31552.61 13740.91 3337.79  552.15 342.56 160.15
2005 444044.9 209667.7 380138.9 149674.7 88106.71 51583.87 11657.84 5292.51 1241.04  220.04 124.36
2006 546402.1 356843.8 151551.3 212455.7 70693.54 38384.19 25629.31 4287.46 1947.97  499.78  595.77
2007 1293912 439374 253632.3 91650.6 101723.4 30829.29 18145.13 14280.92 1848.02  869.49  317.41
2008 1282862 1041430 325258.2 157788.5 51449.29 50796.89 15527.53 10668.73 9504.51 1028.09  377.88
2009 856217.9 1043013 806726.9 228784.1 98126.2 29759.83 26085.95 8615.27 6916.72 6782.75  563.67
2010 348028.1 697053.3 820348.3 582731.8 146957.9 59136.59 16902.91 14201.23 5234.24 4689.33 1210.65
2011 381449.3 283321.2 554197.2 614614.4 394867.6 86726.64 32491.47 9428.28  7749.5 247897 1916.98
2012 447381.6 310753.1 224293.2 421346.5 433347.2 248271.8 50007.15 16929.63 4347.14 3984.15 1757.95
2013 411949.1 363786.1 245320.2 168592.8 306476.3 290032 152708.3 28865.74 9128.09 2207.18 2550.39
2014 534688.5 333949 284634.4 181332.7 118824.7 205844.6 177230.3 84832.47 15283.29 4806.61 2795.97

— MaTpuny OCTaTKOB OIIMCAHUA MOJCIIbIO MAaTPHIIbl BO3PACTHOI'O COCTaBa YJIOBOB!

Residuals in LnC by ages and years
Year\age
3 4 5 6 7 8 9 10 11 12 13 AgeSUM:

1984 -0.00353 -0.09311 -0.5339 0.03086 0.01039 0.12374 0.27292 0.27248 -0.07986 0 0 0
1985 0.69505 0.42825 0.15667 -0.26245 0.17526 -0.12564 -0.15241 -0.47899 -0.43576 0 0 0
1986 0.23442 0.10085 0.36185 0.10246 -0.32478 -0.02749 -0.41211 -0.03711 0.00191 0 0 0
1987 0.52292 0.16972 -0.12501 0.29209 0.08394 -0.41514 -0.36645 -0.00107 -0.16101 0 0 0
1988 0.58774 -0.46321 -0.2718 -0.41708 0.05493 -0.11071 0.0179  0.30605 0.29619 0 0 0
1989 0.38839 -0.06771 -0.30123 -0.26689 -0.07856  0.1078 0.10628 0.45897 -0.34703 0 0 0
1990 -0.12468 -0.11072 -0.22548 -0.12595 -0.18058 -0.00411 -0.21945  0.1358 0.85517 0 0 0
1991 0.33401 0.07033 0.09431 0.18181 0.21231 0.05603 0.01326 -0.40744 -0.55463 0 0 0
1992 0.75796  0.36942 0.01963 0.02827 -0.04358 -0.02926 -0.09555 -0.26256 -0.74432 0 0 0
1993  -0.1025 -0.15281 0.28655 0.14661 -0.14138 -0.16983 -0.02541 0.116  0.04278 0 0 0
1994 -0.38904 -0.13604 -0.16119 0.07532 0.31685 -0.07489 0.02173 0.05818 0.28909 0 0 0
1995 -0.07055 -0.06987 -0.00975 -0.0843 0.03341 -0.05398 -0.0453 -0.02413 0.32447 0 0 0
1996 0.29563 0.16265 0.04805 -0.02223 -0.12719 -0.13888 -0.18232 -0.00826 -0.02745 0 0 0
1997 -0.01496 0.07389 0.28951 -0.04372 -0.19098 -0.16347 -0.14639  0.0614 0.13474 0 0 0
1998  0.6022 0.33998 -0.12978 -0.00129 -0.27513 -0.08023 -0.16961 -0.30792 0.02178 0 0 0
1999 -0.33275 0.06498 0.06864 -0.18734 -0.0997 0.14293 0.37419 0.19402 -0.22497 0 0 0
2000 -0.35686 -0.25948 -0.08136 -0.1775 -0.21424 0.18309  0.4303 0.30426 0.17178 0 0 0
2001 -0.30357 0.19083 -0.05679 -0.17248 -0.19437 -0.02309 0.09679 0.36461 0.09809 0 0 0
2002 -1.03901 0.06155 0.51482 0.25154 0.07114 0.10304 0.11924 -0.06299 -0.01933 0 0 0
2003 -0.41282 -0.28849 0.36197 0.61922 0.29116 -0.03766 -0.11038 -0.05836 -0.36465 0 0 0
2004 -0.83812 -0.42115 -0.07596 0.35563 0.52298 0.22582 -0.07756 0.08553 0.22284 0 0 0
2005 -0.43449 -0.20915 0.06131  0.1473 0.30787  0.1929 0.11778 -0.161 -0.02253 0 0 0
2006 -0.06152 0.20383 -0.10773 -0.03313 0.09588 0.10608 -0.0369 -0.04087 -0.12565 0 0 0
2007 0.58154 0.28813 0.24923 0.01515 -0.06798  0.0759 -0.20498 -0.83972 -0.09728 0 0 0
2008 0.09516 0.03645 -0.03607  0.0382 0.04662 0.33936 0.36531 -0.19308 -0.69194 0 0 0
2009 0.22477 0.08343 -0.04251 0.08165 -0.19723 0.03486 0.21335 -0.04655 -0.35175 0 0 0
2010 -0.01392 -0.2219 -0.28087 -0.30569 -0.01522 -0.05119 -0.03124 0.01544 0.90458 0 0 0
2011 -0.34835 -0.10318 -0.17977 -0.15146 -0.19381 -0.1544 0.15591 0.57773 0.39733 0 0 0
2012 -0.04819 0.07847 0.00242 -0.0964 -0.03962 -0.23923 -0.13095 -0.00522 0.47873 0 0 0
2013 -0.42498 -0.12593 0.10425 -0.01819  0.1616 0.20764 0.10206 -0.0152 0.00874 0 0 0
2014 0 0 0 0 0 0 0 0 0 0 0 0

YearSum:

0 0 0 0 0 0 0 0.00001 0.00005 0 0
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— OCTAaTKHU OIIKMCAaHHuA JaHHBIX CbEMOK MOJACJ/IBIO:

Index
Year\age

YearSum

1 Residuals

1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003 0
2004 -0.38118
2005 -0.23136
2006 0.12641
2007 -0.16118
2008 -0.26972
2009 0.49768
2010 0.86797
2011  0.18293
2012 -0.27603
2013 -0.44281
2014 0.08728

=NeloleNeleloNol=N=NelelolololNelNoloN oM

0 0

for

[=NeNelelolololeNel=lellclNololeleNeNeNeRaohy N

-0.72192
0.3825
-0.4139
0.07057
-0.14694
0.40577
0.47148
0.12437
-0.15253
-0.22361
0.20422

0

aged

[elelolNeleoNeol=lN=NelelololololNoloNeleNolNoo

-0.50333
0.281
-0.05837
0.15913
-0.02074
0.1174
-0.15833
-0.04338
0.27571
-0.23136
0.18227

0

Index
Year\age

YearSum

2 Residuals

3
1984 -0.35914
1985 -0.00712
1986 -0.44607
1987 -0.12943
1988 -0.39796
1989  0.24567
1990 0.54122
1991  0.54283
1992 0.31268
1993 -0.41794
1994 -0.56279
1995 -0.44382
1996 0.08714
1997 -0.38338
1998 -0.12965
1999 -0.15159
2000 -0.38057
2001 -0.17202
2002 -0.23691
2003 -0.04859
2004 0.07028
2005 0.01543
2006 0.49166
2007 -0.01766
2008 0.40511
2009 0.72161
2010 0.50301
2011 0.36155
2012 0.04357
2013 0.23328
2014 -0.29039

0 0

for

4
0.24444
-0.22221
0.44925
-0.17861
0.16998
-0.074
0.14311
0.76053
-0.16254
-0.16724
-0.68025
-0.46178
-0.43968
0.11277
0.13455
-0.18328
-0.15043
-0.32134
-0.22864
0.15738
0.07878
0.38024
0.08414
-0.03996
0.12086
0.32266
0.20926
0.30636
0.01652
0.14736
-0.52822

0

aged

5
0.68748
0.3641
0.29995
0.66161
-0.19115
0.1234
-0.10347
0.29568
0.28614
-0.49046
-0.15881
-0.47333
-0.19046
-0.36475
0.32939
0.08698
0.14074
-0.15345
-0.50734
-0.17288
0.36275
0.12503
0.39397
-0.28582
-0.09906
-0.04282
0.02186
0.10877
0.09007
-0.15134
-0.99276

0

index:

[=NeNeBoNoNoNoNeNel=RelolNoNelollolNoNoNeNo o

-0.38899
0.51616
0.00272
0.27498
0.13703

-0.16638

-0.61128

-0.20184
0.12204
0.05756

LnN(a,y)cohort-LnN(a,y)index+Lnq(a)

[eNelNeoleoNeleoNoNeoNeoNeoNeooloNelelNele ool

0
-0.29624
0.43645
0.16476
0.21376
0.32928
0.10783
-1.01503
-0.20374
-0.01641
-0.03849

[=NeNeleloloNolNeNelelellcNelele e ===k ]

-0.31925
0.95754
0.30089
0.42386

-0.18812

-0.29083

-0.71779

-0.12402
0.00171

-0.32089

0.258 0.31783 0.27689

0

index:

6
0.14582
1.11201
0.68447
0.41429
0.46504
0.14431
-0.07542
0.18195
0.20869
-0.10402
-0.46173
0.05222
-0.06138
-0.15724
-0.03202
0.38847
0.26366
0.14696
-0.37874
-0.46655
-0.03753
0.22576
0.10312
-0.29156
-0.06921
-0.38707
-0.23346
-0.42413
-0.07429
-0.22861
-1.05381

0

0

LnN(a,y)cohort-LnN(a,y)index+Lnq(a)

7
1.64656
1.05141
1.13426

0.4274
0.51071
0.83915
0.00701

-0.03343
-0.14516
0.10463
-0.65763
0.06354
0.26545
-0.15852
-0.18649
-0.19262
0.40249
0.31743
-0.1307
-0.73094
0.21999
-0.10524
-0.18039
-0.22583
-0.55157
-0.38263
-0.37507
-0.45437
-0.73099
-0.5117
-1.23676

0

51

0

8
1.22423
0

0

0
0.80277
0.18147
0.98196
0.7768
-0.29761
-0.23009
-0.15614
0.3026
0.12862
0.54733
0.15437
-0.7434
-0.19791
0.26612
-0.24677
-0.08077
-0.0077
0.62641
0.06208
-0.18678
-0.65713
-0.65487
-0.08466
-0.34416
-0.46458
-0.58777
-1.11443

0

[=NeNelelolololelelelelclNeleleleNeNeMNelopie]

0.15272
0.48988
0.77011
0.63627
-0.03066
-0.29464
-1.04228
-0.14502
-0.11927
-0.49612
0.079

0

[=NeNelelelololeleoleleleleNeleoleoleleoleleoleleleoleoleNelelelol ool

(=]

—_

[=NeNoleoloNeoR=NelNeloloNeBoloNeoleololeNoNeNeNoNololoNo ool No o)

(=]

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOE

(=]

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO:

[=)

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO:

(]

[=NeNeloloNoNoNeNeol=NelolNelNeBoloNeoNeolecNeloNoNoNelNeoloNoNeNelNoRohl S

(=)

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOE

(=]

13 AgeSUM

0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

[=NeleleloloNeleleleloleleloleleolelNelNelNe)

-2.4582
2.83218
0.89263
1.6174
-0.18987
0.37683
-2.20525
-0.4107
-0.16478
-1.69572
1.40548

13 AgeSUM

0

[=NeNelNeleloBoloNeNeNel=ReNeN=llelololelNeleleoBoNe NNl o]

3.58938
2.29818
2.12187
1.19527
1.35939
1.46001
1.4944
2.52435
0.20219
-1.30513
-2.67734
-0.96057
-0.21029
-0.4038
0.27015
-0.79544
0.07798
0.0837
-1.7291
-1.34234
0.68658
1.26762
0.95457
-1.0476
-0.851
-0.42313
0.04093
-0.44597
-1.1197
-1.09878
-5.21637



Index
Year\age

YearSum

3 Residuals for

1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

2002
2003
2004
2005

2007
2008
2009
2010
2011
2012
2013
2014

3
-0.72472
-0.18694
-0.04849

0.44044
0.14454
0.52401
0.266
0.1626
-0.24663
-0.93224
-0.39912
-0.19989
0.05171
-0.63939
0.20742
-0.58517
-0.56621
-0.23589
-0.36025
0.3225
0.43267
0.40136
1.07183
-0.18049
0.36459
0.34144
0.87424
0.37345
0.05254
-0.35733
-0.36857

0

4
0.10917
-0.39759
0.41731
0.80898
0.62845
0.09364
-0.09844
0.46122
-0.71768
-0.66675
-0.62397
-0.119
-0.20194
-0.14752
0.27076
-0.59038
-0.23906
-0.38223
-0.70614
0.60085
0.36315
0.87302
0.65577
-0.58832
0.33254
0.12245
0.49206
0.3579
-0.17762
-0.281
-0.64963

0

aged

5
0.19433
0.22935
0.39714
1.49328
0.30619
0.05657
-0.35883
0.13277
-0.32056
-0.86074
-0.26329
-0.09871
0.23174
-0.43097
0.62321
-0.31881
-0.06472
-0.39511
-1.07145
0.01821
0.3717
0.46217
0.72365
-0.55423
0.2697
-0.16867
0.09578
0.36169
-0.195
-0.29195
-0.57445

0

Index
Year\age

YearSum

4 Residuals

1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014

3
-0.46919
0.0165
0.26601
0.0708
-0.83474
-0.26171
1.07526
-0.24932
0.87485
0.07355
-0.15924
0.06069
-0.21659
-0.25061
-0.45548
-0.5031
-0.55463
-0.24209
-0.12471
0.10865
0.5375
-0.38594
0.23689
0.07166
0.23388
0.64663
0.33126
-0.06073
0.1754
0.17898
-0.19043

0

4
-0.53746
-0.65605
-0.11209
-0.27651
-0.263
-0.6372
-0.0202
0.2361
1.16941
0.56998
0.46598
0.26739
-0.07143
-0.23889
-0.24226
-0.35618
-0.10761
-0.19656
-0.23328
0.01394
0.08058
0.06829
-0.3817
-0.13897
0.13139
0.43325
0.5591
0.65655
-0.04174
0.05936
-0.20018

0

aged

5
-0.03257
-1.06209
-0.82384

0.31074
-0.22322
-0.38812
-0.04527
-0.00043

1.00078

0.34102

0.68561

0.38149

0.2631
-0.09778
-0.31376
-0.07735
-0.27307
-0.13525
-0.16214
-0.00315

0.22073
-0.17969
-0.13575
-0.55152

0.00337

0.12234

0.18648

0.74239

0.35567

0.08646
-0.19517

0

index:

6
-0.6414
0.48516
1.81367
1.08145
0.71054
0.01835
-0.40424
-0.35069
-0.43292
-0.215
-0.13874
0.20506
0.14399
-0.03188
0.19639
0.06238
0.23655
0.09322
-0.86288
-0.23303
-0.29001
0.49335
0.00858
-0.15684
-0.01254
-0.18695
-0.5508
-0.24395
0.03153
-0.10306
-0.72531

0

index:

6
-0.48516
-0.0932
-0.74541
-0.80445
0.43207
0.21829
-0.40051
-0.09218
0.4766
0.14815
0.63958
0.53905
0.68404
0.37454
-0.26011
0.19282
-0.14773
-0.05248
-0.21694
-0.1994
-0.25687
-0.01106
-0.45534
-0.41429
-0.33522
-0.25423
0.47928
0.42199
0.43421
0.36121
-0.17727

0

LnN(a,y)cohort-LnN(a,y)index+Lnq(a)

7
0.07514
-0.05202
0.57445
2.17017
0.47415
0.55323
-0.13147
-0.57762
-0.77908
-0.26449
-0.03182
0.48839
0.21744
0.01839
-0.25383
-0.19905
0.85428
0.17355
-0.36352
-0.57094
0.11111
-0.0249
0.00278
-0.3126
0.00954
-0.29849
-0.50532
-0.29173
-0.54146
-0.39926
-0.12502

LnN(a,y)cohort-LnN(a,y)index+Lnq(a)

7
-0.22302
-0.48169
-0.02382
-0.70387
-0.37851
-0.97622
-0.01281
-0.32742

0.60814
-0.11238
0.14263
0.37961
0.93053
0.91786
0.66274
0.46516
0.53842
0.25269
-0.16158
-0.20824
-0.15327
-0.14442
-0.33022
-0.60401
-0.57925
-0.1983
-0.05964
0.19295
0.29996
0.2921
-0.00411

52

8
0.18088
1.52293
0.50646
0
0.71493
1.2976
0.68439
-1.11995
-1.30899
-0.47921
-0.3163
0.81259
0.75639
0.47968
-0.36092
-0.68814
0.63053
0.40142
-0.06018
-0.2033
-0.4057
0.30972
0.15656
0.27011
-0.8044
-0.28746
-0.32004
-0.18646
-0.80798
-0.732
-0.64317

0

8
-0.21191
0.28699
-0.00893
0.00766
-0.24941
-1.33471
-0.94006
0.25453
0.42661
0.87455
0.82945
0.06802
0.241
0.89428
0.56971
-0.00382
0.0351
0.25067
-0.35023
0.06561
-0.44305
0.56626
-0.0844
-0.70844
-0.72777
-0.73128
-0.02505
0.00215
0.40122
-0.03712
0.08236

0

9
-0.14517
0

0
1.46598
-0.09806
0.00415
1.91863
-0.08636
-1.20825
-0.32826
-0.71582
0.74764
0.55775
0.53226
0.48982
-1.29312
-0.44056
0.19787
0.08032
-0.28154
0.39369
-0.24663
0.64204
0.59984
-0.02489
-0.35238
-0.33024
-0.3675
-0.42562
-0.94058
-0.34502

0

9
-0.7591
1.05046
2.06485

-0.55854
-1.38861
-2.42138
-1.2243
0.28423
2.85854
3.43104
0.83521
0.38385
0.4171
0.20679
0.11556
-1.35153
-0.58994
0.3626
-0.48319
0.31498
-0.05418
-0.35155
0.31033
-0.29414
-0.89294
-0.70414
-1.12533
-0.57551
0.04264
-0.08212
0.1783

0

—_
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13 AgeSUM

0

[=N=NellecleleoleloleleoleleoleolelelelNelleolelelleolelelelelelleolelelle]

-0.95177
1.60089
3.66054
7.46029
2.88073
2.54754
1.87605
-1.37802
-5.01411
-3.74669
-2.48905
1.83609
1.75708
-0.21943
1.17285
-3.61229
0.41081
-0.14717
-3.3441
-0.34723
0.97661
2.2681
3.2612
-0.92253
0.13455
-0.83006
-0.24432
0.00341
-2.06361
-3.10518
-3.43116

13 AgeSUM

0

[=N=Nellelelelelelelclelelelelelelelelelolelelelelelelelelelle]

-2.71841
-0.93908
0.61678
-1.95417
-2.90543
-5.80105
-1.5679
0.10552
7.41493
5.32591
3.43921
2.0801
2.24777
1.80618
0.07638
-1.63401
-1.09945
0.23959
-1.73206
0.0924
-0.06855
-0.43811
-0.84019
-2.6397
-2.16654
-0.68573
0.34611
1.37978
1.66737
0.85887
-0.5065



— "W OOCHKHN MTHOBCHHBIX KOB(l)(i)I/IHI/IeHTOB HpOMBICJIOBOﬁ CMCPTHOCTH:
Recalculated  F as F=-In(1-f(y)s(a,y)
Year\age

3 4 5 6 7 8 9 10 11 12 13
1984 0.02241 0.14351 0.43227 0.6284 1.04044 1.02062 0.86855 0.55411 1.69957 0.9461  0.9461
1985 0.02381 0.12613 0.33531 0.64961 0.75159 1.01312 0.84932 0.74938 0.43227 1.35884  0.8124
1986 0.02571 0.16899 0.37412 0.65262  1.1049 1.03059 1.21861 1.02903  0.7716 0.50155 0.98099
1987 0.03161 0.17572  0.49991 0.70214 1.03444 1.52357 1.14994 1.42647 0.993 0.86876 1.12336
1988 0.02957 0.19529  0.4559 0.84625 0.93942 1.12959 1.37062 1.08447 1.10369 0.94228 1.06176
1989 0.02167 0.13451 0.36438 0.51514 0.73887 0.66283 0.67174 0.793  0.5818 0.67505 0.65477
1990 0.01064 0.06806 0.16714 0.27255 0.30336  0.34991 0.28614 0.29445 0.30007 0.26159 0.28861
1991 0.01014 0.06345 0.1652 0.25819 0.34734 0.32835 0.33814 0.28175 0.25946 0.29569 0.28442
1992 0.01493  0.09143  0.23847 0.409 054014 0.63112 0.52011 0.54837 0.39756 0.41022 0.45334
1993 0.01556 0.10253 0.26  0.43869 0.6301 0.70398 0.72335 0.60337 0.55895 0.45687 0.52339
1994 0.01997 0.12393 0.34695 0.57978 0.83881 1.04969 1.01715 1.07994 0.75002 0.79766 0.74034
1995 0.02006 0.12372 0.31938 0.57849 0.79513 0.95584 1.02196 1.0172 0.91552 0.75091 0.74121
1996 0.02291 0.12276  0.31446 0.51907 0.77928 0.88609 09143 1.00171 0.85106 0.89955 (.72948
1997 0.02974 0.18527 0.42114 0.71903 1.02235  1.3635 1.32491 1.42725 1.30489 1.29975 1.07099
1998 0.03159 0.19737 0.53089  0.7652 1.08996 1.27557 1.43174 14371 126117 1.41626 1.1492
1999 0.02622 0.18108 0.47842 0.81776 0.92462 1.05335 1.02833 1.16745 0.985 1.04732  0.96422
2000 0.01532 0.14219 0.41263 0.68476 0.93129 0.84201 0.81674 0.81881 0.78603 0.78895 0.77403
2001 0.01712 0.08452 0.33068 0.61393 0.82037 0.90365 0.70855 0.70417 0.61574 0.67998 0.67019
2002 0.01858 0.09415 0.18753 0.47718 0.7224 0.78918 0.74865 0.60994 0.53251  0.5342 0.57916
2003 0.01904  0.1005 0.20578 0.25631 0.54034 0.67751  0.6431 0.62561 0.45557 0.45355 0.49146
2004 0.02076  0.1326  0.28892 0.37368 0.37885 0.70588 0.78147 0.75657 0.63964 0.52717  0.5705
2005 0.0226 0.13747 0.37017 0.50971 0.53244 0.45113 0.75422 0.85791 0.71718 0.69766 0.62011
2006 0.01856 0.12697 0.31896 0.54511 0.60013 0.52035 0.39179 0.65415 0.64267 0.62433 0.54342
2007 0.01224 0.08624 0.24021 0.37456 0.51071 0.46758  0.3639 0.28434 0.40475 0.44981 0.38614
2008 0.00665 0.05436 0.15457 0.26977 0.33938 0.38623  0.3172 0.25544 0.18162 0.28259 0.27037
2009 0.00503 0.03847 0.12791 0.23273 0.33574 0.35935 0.36428 0.30518 0.22073 0.17533 0.26058
2010 0.00574 0.03258 0.10102 0.21728 0.32985 0.40888 0.38967  0.4026 0.30011 0.24229 0.28664
2011 0.00584 0.03536 0.08068 0.16066 0.28899 0.37689 0.41665 0.40453 0.37146 0.31128 0.29723
2012 0.00701 0.035 0.08536 0.12399 0.20552  0.3191 0.37182 0.41878  0.3615 0.37366 0.29892
2013 0.01198 0.04821  0.0969  0.1512 0.18198 0.26202  0.3681 0.43915 0.43946 0.42694 0.35093
2014 0.01088 0.06574 0.16149 0.25266 0.32588 0.35846 0.35162 0.35129 0.31305 0.31305 0.31305

Teneps OLIEHMM HEONPENEICHHOCTh B MOJIYYEHHBIX pe3ysbrarax. OueHka
HEONPEJEICHHOCTH B  pPE3yJbTaTax NPOBOJUTCA C€ IOMOIIBI  IPOLELYpPHI
napaMeTpuuecKoro yJoOBHOTO OyTcTpena MPUMEHHUTENbHO K JaHHBIM 110
BO3PaCTHOMY COCTaBYy YJOBOB U IapaMETPUUYECKOro Oe3yclioBHOro OyTcTpena
MIPUMEHUTENBHO K JaHHBIM cheMOK. Ha puc. 1.1.3.3 mpencraBieHbl ONTyYEHHBIE B
pe3ynbTare MPUMEHEHHs] OyTCTpen-Npoleaypbl OIEHKA OUOMacchl HEPECTOBOTO
3amaca (SSB) um WX JoBepuUTENbHBIE WHTEPBAIBI, HW300paKEHHBIE B BHIE
npoueHtunen: 90%-Hplii  JOBEPUTENBHBIM HMHTEPBAJ OrPAHMYEH KPHUBBIMH,
o0o3HaueHHbIMU Kak 5 u 95%, a 50%-Hblli TOBEPUTEIbHBI WHTEPBAJI OTPAHHYCH
KpUBBIMH, 0003HaYeHHBIMU Kak 25 u 75%. ByTcrpen-menuanHas oleHka OMOMacChl

3amaca COOTBETCTBYET KpUBOii, uMmeronieit obo3znauenue 50%.
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Puc. 1.1.3.3. Byrctpen-ouenku OnmomMacchl HEPECTOBOTO 3araca
Y WX JIOBEPUTEIbHBIC HHTEPBAJIBI

byTcTpen-oneHKn 4YHMCIEHHOCTH 3amaca B TepMuHalbHbld 2014 rom 1o
BO3PACTHBIM TpynnaM U HMX JOBEPUTEIbHbIE WHTEPBAJbl IMPEJCTABJICHBI Ha PUC.
[.1.3.4. O603HaYeHHs] KPUBBIX HA ITOM PUCYHKE COOTBETCTBYIOT TAaKOBBIM Ha PHC.

I.1.3. 3.
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Puc. 1.1.3.4. ByrcTpen-o1eHKN YHCIEHHOCTH 3anaca B TepMuHaiIbHbIA 2014 ron
10 BO3PACTHBIM I'PYINAM U UX JOBEPUTEIbHBIE HHTEPBAIbI

BaxHbIM KpUTEpHEM KadyeCTBa IMOJYYEHHBIX PE3YJbTATOB SABJISETCS HAIMYHME
WJIA OTCYTCTBHUE TaK Ha3bIBAEMOM HCTOPUYECKOW CMEIICHHOCTU. J[JIsI €€ BBISBICHUS
CIEIyEeT TMPOBECTH PETPOCHEKTUBHBIM aHAJIN3, B XOAE KOTOPOr0 M3 JaHHBIX

IMOCJICA0BATCIIBHO Y6I/IpaCTC}I I/IH(i)OpMaIII/I}I IMoCjacaHero, IMIpeaArnocicadsero U T.A.
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rOJIOB, JIEJIAIOTCSA INPOTOHKM MOJEIM C HCIIOJIb30BAaHMEM OJHHMX M TE€X JKE €€
KJIFOYEBBIX OMNIMM W NMPOBOJIWTCA CPaBHEHHME pe3ynbTaToB. Ecimu, Hanpumep, npu
ATOM OLIEHKM OMOMAacChl 3a MOCIEAHHE HECKOJBKO JIET MPHU «OTPE3aHHUN» JIAHHBIX
OYEpPETHOTO T'0J1a MOCTOSIHHO CMEIAIOTCA B CTOPOHY YBEJIMYEHHUSI UM CHUKEHUS, TO
3TO MOXKET CBUJIETEIIBCTBOBATH O TOM, YTO KO3(P(PHUIIMEHTHI YIaBIMBAEMOCTU CHEMOK,
CYUTAIOILMECS B MOJECIIM IIOCTOSIHHBIMU, Ha CaMOM JIe€JIe¢ TAKOBBIMU HE SBJISAIOTCH, a
CUCTEMATUYECKH YMEHBIIAIOTCS WA YBEJIWYMBAIOTCS, HAIPUMEP, B pE3yJIbTATE
U3MEHEHHUs yCIIOBUM IIPOBEAEHUS CbEMKHU UM HM3MEHEHUH B paCIpPEICICHUH 3araca.
EcrecTBEHHO, 4TO B TakOM cilydae pe3yJbTaTbl PAcCUYE€TOB HE MOTYT CUYMTATHCS
HAJICKHBIMA M CHEAYET pPAcCMOTPETh BO3MOXHOCTH H3MEHEHMS MOJEIH,
HCIIOJIBb3YEMOM ISl OLICHKHU COCTOsIHUA 3araca. [IpuMep pe3ynbTaToB Takoro pacyera

C UCIOJIb30BaHUEM HaIllleTo Habopa JaHHBIX puBeaeH Ha puc. [.1.3.5.
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Puc. 1.1.3.5. Pe3ynbpTaThl peTpOCIEKTUBHOTO aHAJIN3a JIJIsi OMOMACCHhI
HEPCCTOBOI'O 3arraca
Kak MOXHO BUJIETh U3 PUCYHKA, NP PETPOCIEKTUBHBIX MPOTOHAX MOJIEIU HE
HaOIIOAAeTCsl SIBHOM CHCTEMATHYECKOW PETPOCHEKTUBHOW CMENIEHHOCTH, T.€. C
TOYKA 3pEHUS JOTOTO KPUTEPUS PE3YyJIbTAaTbl pPACYETOB MOMKHO IIPU3HATH
YIOBJIETBOPUTEIILHBIMH.
Ecnmu umeeTcss HE0OXOMMMOCTh CpPaBHEHHUS PA3JIMUHBIX BApPUAHTOB C TOYKHU

3pCHUsA peTpOCHeKTI/IBHOﬁ CMCIICHHOCTHU, TO YaCTO IPHUMCHAIOT TaK Ha3bIBa€MbIH
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p-kputepuii. OH TIpPenCcTaBIsIeT COO0W CYMMY OTHOCHUTEIBHBIX OTKIOHCHUU MEXKITY
OLICHKaMM, I[IOJYYEHHBIMU 110 COKpAIICHHBIM pPSAaM JIaHHBIX, W OIICHKaMH,

IMTOJTYYCHHBIMHU I10 IIOJIHBIM psAdaM:

N max

Z XY—_}-‘, T XY—;L-‘, ref
P X '
Y—y ref

y=1

rae X — HEKOTOpash OLICHEHHAash B Pe3yJIbTaT€ NMPOTOHA MOJEIN BEJIWYHHA,
HanpuMep, OlleHKa OMOMacChl HEPECTOBOTO 3araca Wil MIHOBEHHOTro Ko duiimenTa
MIPOMBICIIOBOM CMEPTHOCTH; Y — FOM; Ny — MAKCUMAIIBHOE YUCIIO JIET, I KOTOPBIX
JAHHBIE MOCJIEAOBATEIBHO M3BIMAIOTCS M3 MPOrOHA MOJENW; Y — MOCIEIHUN TOl B
MOJIHOM Ha0Ope JaHHBIX; { — WHJEKC OLIEHKHU JUJISl MOCJIEIHEro Tojia COKpPaIIeHHOTO
pslla JaHHBIX; ref — UHJIEKC OLICHKH, MOJYyYeHHON Ha MOJIHBIX PsiiaX JTaHHbIX.

EcTecTBEHHO, YTO 3TOT KpPUTEpUIl [AaeT OULEHKY JHUIIb HEKOTOPOU MEphI
«COATAHCUPOBAHHOCTUY» PETPOCIEKTUBHBIX OLICHOK M HE SIBIIIETCS HU €AMHCTBEHHO
BO3MOXXHBIM, HU poOacTHbIM. KpoMe TOro, o4eBHUJIHO, UTO JJis OIIEHKH pa3Opoca B
PETPOCIIEKTUBHBIX OIIEHKAX MOXET JIOMOJHUTEIHLHO HCIOIb30BaThCS KaKOW-1100

KBaJpaTUYECKUN WIHN, HAIPUMEDP, MEAUAHHBIN KPUTEPHU.
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I.2. ITporpammubiii kKoMIieke «Cunrte3» (PI'BHY «KamuatHUPO»)
O0.1. Uabun, 2009

I.2.1. Onucanue MoaeIn

Mopens  «CuHTE3» OTHOCHUTCSI K  YHCIYy CPaBHHUTEIBHO  IPOCTHIX
CTaTUCTUYECKUX KOTOPTHBIX MoOjJelied C cenapadelbHbIM  IPEACTaBICHUEM
IIPOMBICIIOBOM CMEPTHOCTH, YUUTHIBACT CIEIU(PUKY PHIOOIIPOMBICTIOBON CTATUCTUKHU
U TO3BOJISICT TOJIYYUTh JETAIbHOE OINHCAHHE ITUHAMHUKH BO3PACTHOM CTPYKTYPBI
OILICHMBACMOTO 3alaca, MMEeT 3HAYHUTEIIbHBIE CXOJICTBA C TAKUMHU OOIIEHU3BECTHBIMHU
Mogzensamu, kak «CAGEAN» [Deriso et al, 1985], «ICA» [Patterson, 1994] u np.
[Quinn, Deriso, 1999].

BXOIIHBIMI/I JaHHBIMHW I MOICIIN ABJIAIOTCA .

1. YnoBsl €, ; 10 BO3pAacTHBIM IPYIIIaM M TOJ[aM IIPOMBICIIA.

2. Cpennsist Macca ppl0 W, ; TIO BO3pacTaM U rojiaM NpoMmbICIa.

j
3. Cpennsis 10J1s OJIOBO3PEINBIX OCOOEN p, ; TIO BO3pACTaM M T0JaM IPOMBICIIA.

4. MruoBeHHbIE KO3(DDUIMEHTHI €CTECTBEHHON CMEPTHOCTU M , TIO BO3pacTaM.

KpOMe 9TOI'0, BO3MOXHO HCIOJIB30BAHHUC B KadYC€CTBC I[OHOHHHTCHBHOﬁ

nH(pOpMaIU CIACAYIONIUX TaHHBIX:

KOJIMYECTBO MPOMBICIIOBBIX YCUIUH E| | ;

JTAHHBIE MO YJIOBAM Ha YCUJIUE U PE3YJbTaThl 3KCIEIUIIMOHHBIX UCCIICIOBAHUI
(MXTHOTITAHKTOHHBIX, TPAJIOBBIX, TPAJTIOBO-AKYCTHUECKUX ChEMOK) . .

B 2017 rony anroputm mojaenu 0bu1 MoguduimpoBad. Monudukarus aenaet
BO3MOXXHBIM HCIIOJIb30BaHWE B KayeCTBE JOMOJHHUTEIHHOM HH(pOpMAIMU JTaHHBIX
AKCIECIUIIMOHHBIX  MCCIEAOBAaHUN  (MXTUOIUIAHKTOHHBIX, TpPaJOBBIX, TPaJIOBO-

aKyCTHYECKUX ChEMOK) O BO3PACTHOM CTPYKTYpeE 3armaca.
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HpI/IMeHeHHe MOJCIIN IO3BOJIACT IIOJYYHUTH B PCTPOCIICKTHBE CICAYIOOIHC

OLICHKM:

— OLCHKH KOB(l)(bI/IHI/IGHTOB 06Hl€1>i u HpOMBICJIOBOfI CMCPTHOCTHU Ft/ 110

BO3PACTHBIM TPYIINaM;

— OLOCHKY YHCJICHHOCTHU MTOKOJICHUM Nl.,/. ;

— OLIGHKM BEJIMYHMH OOIIEero M HEPecTOBOro 3amaca JUisi KaXJIoro rojaa
IPOMBICIIA;

— OLIEHKH KO3()(ULIMEHTOB YJIaBIMBAEMOCTH (;

— OLICHKHM NTapaMETPOB 3aBUCUMOCTH «3alac-TIOMOIHEHUEY,;

— OLIEHKM TnapaMeTpoB ypaBHeHHs bepramanddu  «Bo3pacT-maccar
[Bertalanffy, 1938] u noructuyeckoil KpUBOil CO3peBaHUS;

— OLEHKH HEKOTOPbIX OOIIEU3BECTHBIX LIEJIEBBIX U TPAHUYHBIX OPHUEHTUPOB 10
HEpPECTOBOM Ouomacce M MPOMBICIOBOW CMEPTHOCTH CEJIEKTUBHO IOJHOCTBIO
M3BIMAEMBbIX PhIO;

— OLIEHKH MITHOBEHHBIX KO3(()ULMEHTOB €CTECTBEHHOM CMEPTHOCTH.

B ocHoBe ucnosnpzyemoil KOropTHOM mojenu «Synthesis» J€XHUT ypaBHEHHE
ynoBa bapanosa [bapanos, 1918]:

F. N. .
L= exp(—aM ) x (1—exp(=6(F, ; + M ,))), (I1.2.1.1)
O F + M, ' b

L] J

rJ€e: 1 — roj IpOMBICIA, j — BO3PACT 0COOEH, C,, — YJIOB, F,, — MTHOBEHHBIH

KO3 PHUITMEHT TPOMBICIIOBON CMEPTHOCTH 0COOE€H j-0¥ BO3paCTHOM TPYMIIHI B i-i1 TOA

IPOMBICIIA, M , — MTHOBEHHBIE KOO(Q(DUIIUEHTBI €CTECTBEHHONM CMEPTHOCTH PhIO j-0i
BO3PACTHOM TIPYINIbBI, N,, — YHMCICHHOCTb IOKOJEHHH, MOAYMHSAIOIIAAC 3aKOHY

HKCIIOHEHIINAIbHON yObUIH:

N,; =N, exp(=5(F,; +M)), (I.2.1.2)

]

rJe o — MPOMEXKYTOK BPEMEHHU OT Hadasia roja /10 JaThl Ha4yaja MpoMsbIcia (B

JIOJISIX TO/1a), O — MPOJAOIKUTEILHOCTD MPOMBICIIA (B AOJIAX T0J1a).
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B Mopeny npuHSTHI CIeAyOMNe JONYIICHUS

1) CenapabenbHOe npeacTaBiIeHUuE MPOMBICIIOBON cMepTHOCTH. Koadduiment

IIPOMBICIIOBOM CMEPTHOCTU F,, j-H BO3PACTHOM IPYNIBI B i-d O IPOMBICIA PABEH

IMPOU3BCACHUIO 3aBUCAIICTO TOJIBKO OT BO3pacCTa KO3(1)(1)I/IHI/ICHT3 CCIICKTUBHOCTHU

S 0< S <1 H 3aBHCALICTO TOJIBKO OT IoJga IMpOMBICJIa KOB(i)(I)HHI/IGHTa HpOMBICJIOBOﬁ

CMEPTHOCTH CEJEKTUBHO ITOJHOCTBIO M3bIMAaEMOW BO3pacTHOW Tpymnmbl f, [Pope,

Shepherd, 1982]:
Fi,j =fix S

3MeHeHne CEeIeKTUBHOCTM BO BPEMEHU YUYHUTHIBACTCS B MOJEIU IMYTEM
pa3OueHus MOJEIUPYEMOr0 OTpe3Ka BpPEMEHHM Ha HECKOJbKO HWHTEPBAJOB,

COOTBCTCTBYIOIIMX PA3JINYHBIM «OII0KaM» CEJIEKTUBHOCTH.

2) Ha6JII-OI[eHHBIe JAaHHBIC 110 BBIJIOBY C‘i’j OTJIMYArOTCA OT MOJICJIBHBIX YJIOBOB

n3 ypaBHeHus (I1.2.1.1) Ha cray4aiiHyl0 BEJIMYHMHY, HMMEIOLIYIO JIOTHOPMAIbHOE

pacnpenenenue [Doubleday, 1976]:
In(C, ) -In(C, ;) =e“i;,e° ~ N(0,0,).

3) HaGmioneHHble TaHHBIE 110 MPOMBICIOBOMY YCHIMIO E,. OTJIMYAIOTCA OT

MOACIBbHBIX HpOMBICHOBBIX yCHHHﬁ:
E =q - Sis

rae q (mpu 0<q<l) — k03¢pHULHEHT yTaBIUBAEMOCTH, HA CIy4YailHYIO OLIKUOKY,

HMMEIOLIYIO0 JOTHOpMalibHOE pactipenenenue [Fournier, Archibald, 1982]:
In(E,) —In(E,) =e"i,e” ~ N©,0,).

4) Ilpenmosnaraercsi, 4TO HEOINPEACICHHOCTh B 3aBUCUMOCTh YHCICHHOCTH
TIOTIOJIHEHUS OT BEJIMYMHBI POAUTENIBCKOTO CTaa BHOCUTCS JIOTHOPMAJIbHBIM ITYMOM

[Fournier, Archibald, 1982]:
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In(N, ) ~In(F(SSB,_,)) =e"i,e" ~ N(0,0,),

TJ€ a - BO3PACT PEKPYTOB, N, - YUCIEHHOCTD IONONHEHUS, SSB,_, - OrMomacca

pOIUTENEN,
F(x) = axexp(—bx) — B cirydae 3aBucuMoctu Pukepa [Pukep, 1979] unu

ax
1+bx

F(x)= — B cirydae 3aBucumoctu buseprona-Xonta [busepton, Xonr, 1969].

5) HcToyHUKOM JOMOJHUTENIBHOM WH(OpMAIMKM TPH OIICHKE 3aracoB, Kak
MPaBUJIO, CIIYXKAT pa3JIMUHble WHTETpajbHbIE HHACKCHI YHCJICHHOCTH, HaIpuMep,
JAHHBIE TPAJIOBBIX, AKYCTUYECKUX, WUXTHUOIUIAHKTOHHBIX CHEMOK WM JIaHHBIE 00
yJIOBaxX Ha €IUHUILYy TMPOMBICIOBOTO YCWIMS WM KOJUYECTBE  YCHJIWM.
[Ipeamonaraercsi, 49To HAOMIOACHHBIC JaHHBIC 10 [-My WHAEKCY 3amaca [’

OTJINYArOTCA OT MOACIIbHBIX

I'=q, Y PN, (1.2.1.3)

Ha CITyYaiHYI0 BEJTMYHMHY C JIOTHOPMAJIBLHBIM PaCIIpEICIICHHEM:
In({';)-In(I')=e¢,e" ~N©O,5,).
B coornomenun (1.2.1.3) ¢, — xkanuOpoBouHbI KOdQduuMEHT, p; —
BO3pacTHbIC KOG PUITUEHTHI, 3aBUCSIIME OT HAOIIOJIEHHBIX TaHHBIX:
l 1 o
p,=w,,,ecnn I'i—uHaekc obuel duomaccel,

ij?o

p;=s, w,,,ecma ['i — MHIEKC OMOMACCHI MPOMBICTIOBOTO 3aI1aca,

J

p;=p,, w,,,€cau ['i — HHIEKC OMOMACCHI HEPECTOBOIO 3amaca.

6) Ilpenanonaraercs, 4To HaOJIOJACHHBIC JaHHBIE WHIEKCOB YUCIECHHOCTU IO

BO3pacTaM [, ; OTIMYAIOTCSA OT MOAENbHBIX:

I,,=q,5;N,; (I.2.1.4)
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Ha CIIy4alHYI0 BEJIMYMHY C JIOTHOPMAJIbHBIM PaCIPEACICHUEM:

In(f, ) ~In(I, ;) =€’ e* ~ N(0,0,).

l]’

B coornomenun (1.2.1.4) ¢, — xamuOpoBO4HBIA KO>QGHULUEHT, s, —
BO3pacTHbIE  KOY(PPUIMEHTHI  CENEeKTUBHOCTH ChEMOK, HM3MEHSIOIIUECS II0

JIOTUCTUYECKOMY 3aKOHY:

1
YT (v ep(a(B- )’

r7e o, 3 — olleHuBaeMbIe apaMeTPhI.

O]_IGHKI/I MOIIYJHIUOHHBIX IIApaMCTPOB HAXOAATCA H3 YCIOBUA HAWIIYUIICTO
HpI/I6J'H/I)K€HI/IH MOACIN K JaHHBIM H&6J’IIOI[€HI/II>1, B COOTBCTCTBUH C JOIIYIICHUAMU
OTHOCHUTCIIBHO paCHpe,ZICJIGHI/Iﬁ OINOOK. HGJ’IGBa}I (bYHKHI/ISI MOJKCT IPCACTABIIATDH

coOoit torapudm GyHKIMK MTPaBIOTIOI00US:

Z=Z +Z,+Zy+>.Z'1 +Z, — max, (1.2.1.5)
l

rue:

1 (In(C, ) —In(C, ))>
=§ 1 _ sJ [2¥) ,
ij nl:GC\/Zﬂ' o ZGCZ )

Lo (B ~In(g) + InC/))"
N 20, ’

L o (In(N, )~ In(F(SSB,_,)))’ )‘

Z = In s
z l:O'R\/27Z 20R2

(1n(i’,-) —In(I'1))? )
Oy \/7 20'112 ,

PN 27r 20,’

ZIn{
7 - Zln{ L UREL UM )}

2



rJe Gc, O, OR, Oy, G, — OLIEHUBAEMbIE TapaMeTpPhl (CTAHAAPTHHIE OTKIIOHEHUS

omKOOK HAOIIOEHUI) TMO0 B3BEIICHHAS CyMMa KBAJIPATOB:

Z=Z +A4Zp + A Zp +> 21 Z' 1 + A,Z, —> min , (1.2.1.6)
1

Trac.

Ze=> (¢, ) ~In(C, ),

i

Z, =3 (In(£, ) +In(g)+In( ),

i

Z, = (in(N,,)~In(F(SSB,_,))

1

z' =3 (' -1,

1

Za = Z(ln(iu) _ln(li,j ))2

a A — BecoBbIe KOA(PDUIIMEHTHI, OMIPEACIAIONINE CTETICHb T0BEPHUS UMEIOIIIUMCS
naHHbIM. BecoBble KO3(ppuImeHTsl 00paTHO MNPONOPLUHUOHAIBHBI JAUCHEPCUIM
OmUOOK HAOMIOJEHUN, U TaK Kak BecOoBOM KOX(h UIMEHT mpu yjoBax paBeH I,

BbIpaxaroTcst (hopMynamu:

2 2
O ¢ O ¢ O c O cC
2 Ar = 2 A, = 2 A= I N2
O E O°R o (')

Ilycte A — 4MCIO BO3pAaCTHBIX TPYIII B OLEHMBAEMOM 4YacTH 3araca, a —
BO3PACT PEKPYTOB, Y — UHCIIO JIET, COCTABISIOMINX MOJAEIUPYEMBIN NEPUO] BPEMEHH,
G — 4ucno rpymnm CeaeKTUBHOCTH, L — 4MCIO MCHONb3yeMBIX HHACKCOB 3armaca.

OHCHI/IBaeMBIMI/I mapamMecTpaMu ABJIAIOTCA:
— Ha4aJIbHOC pacnpcaAcJICHuC YMCJICHHOCTH — A mapamMmcTpOB;

— YHCIIEHHOCTh PEKPYTOB — Y-1 mapameTpos;
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— KO3 (PUIMEHTb TMPOMBICIOBOM CMEPTHOCTH CEJNEKTUBHO TMOJHOCTHIO

M3BIMAEMBIX BO3PACTHBIX Ipynn — Y MapameTpoB;

G
— KOO(Q(OHUUUEHTHl CENEeKTHBHOCTH — » S, HapaMeTpoB, Sg UIS KaKIOTO
g=1

«O0Ka» paBHO A MUHYC YHCIIO BO3PACTHBIX TPYIII C IMOJTHOU CEJIEKTUBHOCTHIO;
— 2 mapamMeTpa CBSI3H «3arac-TmoNOTHCHHUEY;
— 1 ko3 puIMeHT ynaBIuBaeMOCTH (;
— KanmuOpoBOYHBIE KO PuImeHTsl — L mapameTpos;

— 2 mapameTpa JIOTUCTUYECKOW KPUBOU CEIIEKTUBHOCTH ChEMKH.

G
Bcero A+2Y+) S, +L+4 omeHuBaeMbIX mnapaMeTpoB. B ciywae ecnu

g=1
ONTUMUBUpPYETCS Jorapudmuueckas (yHKIUS MOPaBIONOI00HUs, K OLICHUBAEMbIM

rmapaMeTpam J1I00aBJISIOTCS eIlle U G¢, O, OR, Oy , Oy - T.€. 4+L mapaMerpos.

Ontumuzanus ueneBoit ¢pyukiuu (1.2.1.5-1.2.1.6) ocymiecTBisieTcs: OAHUM U3
TpEX YHUCIEHHBIX METOA0B onTuMu3aiuu: Jlesenoepra-MapkBap/iTa, HAUCKOPEHIIIETO
CITyCKa, compsbKeHHBbIX rpaaueHTtoB dneruepa-Pussza [bazapa, IllerTn, 1982]. dIna
MOJIYYeHHUSI XOPOIIEro HayalbHOTO TPUONMKEHUS] HJisi BEKTOpa OICHUBAEMBbIX
MapaMeTpOB MPHUMEHSETCS YIPOIIECHHbIM reHetndyeckuit anroput™ [Holland, 1975;

I'manxoB u ap., 2006].

Oyenxa neonpeoenenHocmell

B pbIO0OXO3SIMICTBEHHBIX MCCIEIOBAHUAX [IJIi OLIEHKH HEOINpPENEICHHOCTH B
OLICHKax IIapamMeTpoOB 3alaca, a TaKkKEe B paMKax pPHCK-aHalIu3a s OLEHKH
3¢ (PEeKTUBHOCTU BHIOPAHHOW CTPATETUU PEryIupoBaHUs npombicia u oueHku OJY
npuMensierca metop Oyrctpemna. [lo pexoMeHIanusM MeXIYHapOJHBIX SKCIEPTOB
MSC nns HaxOXAEHUS CTATUCTUYECKUX XapaKTEPUCTHK OLCHMBAEMBIX IApaMETPOB
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UCTIOJB3YeTCs MpOIEeaypa YCIOBHOTO Hemapamerpuueckoro Oyrcrpemna [babasH,

2000].

Jlis Bcex HaAOMIONEHHBIX 3HAYEHUH YJIOBOB IO BO3PACTHBIM TpymHnaMm u
uHaexkco 1no ¢Gopmynam (1.2.1.1-1.2.1.3) paccuuThIBalOTCS COOTBETCTBYIOIIHE

MOACJIbHBIC 3HAUYCHHUA. Ilocne TOT'O, KaK BBIYUCJICHBI OTKIIOHCHMU A :
ey =In(C, ) -In(C, ),
" =In(E,) —In(E,),
e/ =In(l';)—1In(I';),

OyTcTpen-BeiOOpKa (HOPMUPYETCS CICAYIOMKUM 00pa3oM. BeiOupaeTcss 10CTaTouHO
Oonpioe yucio peanusauuid N. Ha kaxmon k-i peanusanuu myTeM CyMMHUPOBAHUS

MOJIENBHBIX 3HAYEHUN U CAydaiHBEIM 00pa3oM OTOOPaHHBLIX OCTATKOB €' ij, e'%; e!"

i

co3aaeTcsi HabOop JTaHHBIX:

!
c
Ci,j =C,; exp(e’"ij),

E, =qf exp(e’™),

!
l l 2/
I'i =I'iexp(el”).

C mnoslyueHHBIM Ha0OpOM JIaHHBIX MPOU3BOAUTCS «IPOrOH» MOJIEIU U
Haxonutcs k- oleHka BekTopa HMCKOMBIX mnapameTpoB. Ilocie mnomydenuss N
MPOMEKYTOUHBIX ~ OIIEHOK OCYIIECTBIISIETCSl MX CTaTUCTHYeckass oOpaboTka:
BBIUHCIICHUE CPEIHUX, CTAHIAPTHBIX OIIMOOK U MPUOIMKEHHOE OCTPOECHUE TPAHHULL

AOBCPUTCIIbHBIX HHTCPBAJIOB MCTOAOM HpOH@HTHJICfI.

[To pesymbraram OyTCTpem-aHal3a METOJOM TMPOIEHTHIICH MOTYT OBITh
NOCTPOEHBI MPUOJIMKEHHBbIE TpaHulbl 95% [OBEPUTENBbHBIX HMHTEPBAJIOB IS

MOMOJHEHUS, TEPMHUHAJIBHOW YHCIEHHOCTH II0 BO3pacTaM, KO3(PPHUIHEHTOB
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CCIICKTUBHOCTHU U HpOMBICHOBOﬁ CMCPTHOCTHU CCJICKTMBHO ITOJIHOCTBIO H3bIMACMBIX

BO3PACTHBIX TPy, a TaKke OnomMacchl OOIIET0 U HEPECTOBOTO 3amaca.

Ilpoenos cocmosinus sanaca u OY

Jlns mporHo3upoBaHuUsl 3amaca Ha 1-2 ropa BIepes WCHONB3YIOTCA TE Ke
OLICHKH MTHOBEHHBIX KOA()(UIIMEHTOB €CTeCTBEHHOM CMEPTHOCTH, YTO U B
petpocniekTrBe. KoaphUIMEeHThl CeNeKTUBHOCTH Ha MEPCIEKTUBY COOTBETCTBYIOT
TEPMUHAIBHOMY «OJIOKY» CEJIEKTUBHOCTH. B KauecTBe MPOTrHO3HBIX 3HAYEHUI MaCChI
U JIOJIM TOJOBO3PENbIX PbIO MO BO3pacTaM NPUHUMAIOTCS CPEAHEMHOIOJIETHHE
oueHku. Ko3pduuueHt mnpombICIOBON CMEPTHOCTHM B MPEANPOrHO3HBIA TOJ

COOTBETCTBYET yTBepKAeHHOU BenmmunHe O1Y Ha 3TOT rog.

B kadecTBe mNOMOJHEHMS 3amaca Ha MPOTHO3HBIM NEPUOJN NPUHUMAETCS

cpenHss 3a nocieanue 5-10 neT oleHKa YUCICHHOCTH TTOMOJTHEHUS.

Ha cnenyroiem stane, ciieyst METOJIMKE CPEIHECPOYHOTO MPOrHO3UPOBAHHUS B
pamMKax MpeJOoCTOPOKHOTO MOJAX0JIa K YIPABICHUIO MPOMBICIOBBIMU 3aracaMu pblo
[babasu, 2000], onpenensiercs nmpaBuio peryiaupoBanus npombiciom (ITPII) (puc.
[.2.1.1), ocHOBHas 1EeNb KOTOPOrO — BOCCTAHOBJIEHUE 3amaca 0 YPOBHS BBICOKOM
NPOAYKTUBHOCTH U OOECHEUEHUE TMOCIEAYIOIIEro €ro HCIOJIb30BaHUA Ha 3TOM
ypoBHe. Pexomenayemoe 3nauenue OlY onpenensercs cornmacHo [IPII u 3aBucut ot
MOJIOKEHUSI HEPECTOBOW OMOMAacChl U MPOMBICIOBOM CMEPTHOCTH OTHOCUTEIBHO

OPUEHTHUPOB YIIPABJICHHUS.

CTpaTeFI/ISI IMTPpOMBICJIa HYBCTBUTCJIbHA K COCTOAHHIO 3aIl1aCa U pa3pa60TaHa JJIA
JOCTHIKCHUA ueneﬁ IO YIIPABJCHHIO 3aIl1aCOM, KOTOPBIC OTPAKCHBI YCPEC3 LICJICBBIC U

I'paHUYHBIC OPUCHTHUPBI.
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F. l/ron 11

Flim

Fir

Fi |

Fo 4

Puc. 1.2.1.1. Cxema npaBuiia peryJMpoBaHus MPOMBICIIa

Ananutnyeckas gopma I1PII nmeer Bun:

I — Frec;= 0, mpu B;< By,
II — Frec; =(Fy-Fo)(Bi—Biim)/(B4~Biim)+Fo, 1pu Bjir <Bi< By
Il Frec;=F,=const, npu B; > By,

rae Fieci — peKOMeHlyeMas B MPOTHO3HBIM I'0J] BEJIMYUHA ITPOMBICIIOBOM

CMEpPTHOCTH, 1/rox;

B; — BenmmumHa HepecToBOro (AJis pbIO) MO0 MPOMBICIOBOTO (IUIsl KpaOoB)

3araca B IMPOTHO3HBIN T'OJI, THIC. T;

Blim — TpaHUYHBIA OPUEHTUP IO HEPECTOBOW (IIsi PBHIO) WM MPOMBICTIOBOM

(s kpaboB) OMomMacce, ThiC. T;
F— neneBoit opueHTHP IO MIPOMBICIIOBOM CMEPTHOCTH, IIIT/TOJ;

Fy — pexomennyemas 1 NPOBEACHUS HAy4YHBIX HCCIECIOBAHHMM BEIMYMHA

IIPOMBICIIOBOM CMEPTHOCTH, 1/TOS;

By — 1eneBoil OpUeHTUpP MO HEPEeCTOBOM (i PbIO) MM MPOMBICIOBON (s
KpaboB) 6uomacce, ThIC. T.
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B kauecTBe rpaHWYHOrO OpHMEHTHpA IO HEPECTOBOW OMOMacce BhIOMpaeTcs,
Kak MpaBwio, B Win Bosgp.i ¢ ydeToM HeompeneneHHOcTel. TakuM 00pa3om,
IPaHUYHBI OpUEHTHUP IO HepecToBOM Omomacce By, ycTaHaBiIMBaeTCs BHIIIE
YpPOBHSI, TMPU KOTOPOM MMEETCA CYIIECTBEHHbIM PUCK NPUYMHEHHUS Yyiepoa
pPENPOAYKTUBHOM 4acTH 3amaca. B kadecTBe KaHIHWIATOB HA TPAHUYHBIN OPUEHTHUP
0 TPOMBICIIOBOM CMEPTHOCTH Fj, BHIOMPAIOTCS HEKOTOPBIE U3 00IIEU3BECTHRIX: Fjy
no Kammu [Caddy, 1998], Fiaxs Fmsy» F30%, F3se, Fios. LleneBoir opuenTHp 1O
IPOMBICIIOBOM cMepTHOCTH F,, Takke BbIOMpaeTcss U3 4YHCIA MOMYJSIPHBIX
Ononornyeckux OopueHTUpoB: Foi, Furegy, Fas, Frea. 3HaueHMa yKa3aHHBIX
OMOJIOTUYECKUX OPHEHTUPOB OINPEIEISAIOTCS MO KPUBBIM PABHOBECHOTO YJIOBA
[Sissenwine, Shepherd, 1987] u paBHOBecHOTO ynoBa Ha pekpyra [Thompson, Bell,
1934]. IleneBoit OpueHTHP YIIPABICHUS 1O HEPECTOBOM Onomacce B cOOTBETCTBYET
3HaueHuto F, Ha KpuBOil paBHOBECHOro yioBa (Ha pekpyra). Bemuuuna F,
pe3epBUpPYET HEOOXOAMMBINM 00bEM BBUIOBA JJISI HAYYHO-UCCIIEAOBATEIBLCKUX PabOT

WJIA K€ MPUHUMAETCS] pABHOW HYJIIO.

[leneBble OpUEHTHUPHI yOpaBieHUs 1O HepectoBoil Ouomacce (By),
npombicioBoil cMepTHOCTH (Fy), a Takke rpaHUYHBIA OPUEHTUDP MO MPOMBICIOBOU
cmeptHocTd (Fjiy) 1 ipombiciioBoit 6uomacce (By,) cornacyrorces ¢ CylecTBYOIIEH

npaktukoi [Quinn and Deriso, 1999].

[IpaBwiio peryimMpoBaHus NEPUOJUYECKH IEPECMATPUBACTCS U YIIy4IlAeTCs
npu  HEoO0XoauMOCTH. OpHUEHTUPBl YNOPABICHUS JOJDKHBI I[EPEeCMaTpPUBATHCSA

MIPUMEPHO pa3 B S JIET.

C mnomomplo 0OpallleHHOM BIlepel KOTOPTHOM MpPOLEAYpbl OLEHUBAETCS
O6nomacca 3amaca Ha 2 rofa Brepea. Mcxons u3 noiaydeHHOro 3Ha4eHHsT HEpeCTOBOM
ouomaccel, cornacHo I1PIT onpenensiercs pekomenayeMoe 3HaueHue ko3 uinenTa

MIPOMBICIIOBOM CMEPTHOCTH B ITPOTHO3HBIN T'O/I.

Bennuuna OJ1Y Ha NpOrHO3HBIN TOJ] pACCUMTHIBAETCS CIEAYIOIUM 00pa3oM:
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4 l1—exp[—(M . +s,F, )]
ofy.=F sw.N. . J TG reci
ﬂ 1 rec; ; J J 12%) M] + S F

Jjo oreci

(cm., narmpumep [babasH, 2000]),

rie:

§; — BO3pacTHbIE KOY((MHULIMEHTHI CEIEKTUBHOCTH,

W; — Macca 0co0eH,

M; — MrHOBEHHBIE KOD(P(QHUIUEHTHI €CTECTBEHHONW CMEPTHOCTH,

N, j — 4MCIEHHOCTD j-OM BO3PACTHOM IPYIIILL,

Feci — PEKOMEHIYEMOE 3HAUCHHE MHTEHCUBHOCTU MPOMBICIIA B I-il TPOTHO3HBIM
roJ.

Ecnm BenmnurnHa pEKOMEHJOBAHHOIO BBUIOBA OMNPENEIAETCS ISl 3aracos,
pacrlpeieIeHHbIX B  HECKOJIBKMX PBIOONPOMBICIIOBBIX MOJ30HaX (Hampumep,
CEBEPOOXOTOMOPCKUN M BOCTOYHOKAMYATCKUI MUHTAH, 3aMaJHO-KaM4yaTCKasl TPECKa
M JAp.), TO B 3aBUCUMOCTHM OT NPOTHO3UPYEMOI'O paclpe/esieHus 3amaca,

HHTCHCHUBHOCTH IIPOMBICJIA OHA 3aTCM PACIIPCACIIACTCA 110 IIOA30HAaAM.

Oyenka 3¢hpekmusHocmu cmpame2uu YnpasieHus RpoMbLCIOM

[Tpu mporunosupoBanuu BenuuuHbl OY ananu3 sgdexTuBHOCTH BHIOPAHHOM
CXEMbl PEryJMpPOBAaHUS MPOBOJUTCS C IMOMOILNBIO MPOUEAYphl pHUCK-aHanu3a. [lpu
ATOM OMPEIEAETCS BEPOATHOCTh HEXKENATENbHBIX IMOCIEACTBUI ISl 3aacoB IpH
peanu3anuu JaHHOW cTpaTeruu pridosioBcTBa. Merogom Monte-Kapno [Metropolis,
Ulam, 1949] npousBoautcs 3anannoe 6omabiioe (>100) yuciio reHepauuii ciydaiHbIX
OIIMOOK JJII CTapTOBBIX 3HAYEHHUI YHCIEHHOCTU TOJIOBBIX KJIACCOB, MAaCChI, JIOJIU
3pelbIX pbl0, KOY(P(GUIIMEHTOB CEICKTMBHOCTA M 3HAYCHHWM IIOMOJHEHUS B
MPOTHO3HBIE TOJbl. B KauecTBe CTAPTOBBIX HCIOJIB3YETCS YHUCIEHHOCTb T'OJIOBBIX
KJIACCOB B TEPMUHAJBHBIA TOJ, 3allyMJICHHAs MYT€M BHECEHUS JIOTHOPMAaJIbHOI
OIIMOKH CO CTaHAAPTHBIM OTKJIOHEHHEM, OLIEHEHHBIM [0 MeToAy OyTcTpena B
Moaenu «Synthesis». 3HaUEHUS OTOJIHEHHS B MIPOTHO3HBIE TOJIBI «3AIIYMIIIFOTCS C
Y4€TOM JIOTHOPMAJIBHOTO pacHpe/esieHns OUIMOKM MapaMeTpoB CBSA3HM  «3amac-

IIOITOJITHCHHE» B OMOMACChI HpOHSBOI[PITGJ'ICﬁ, IIpyu 3TOM 3HAYCHUA q)aKTOpOB Cpeanbl
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mpeAmnoJararorCa paBHbIMU CPCAHCMHOI'OJICTHHUM. I[anee YHUCJICHHOCTh ITOKOJICHUM

AKCTPAIOJIUPYETCS Ha MOCIEAYIOIIHMA ro/1 o GopMyJie:

N. .= Ni—l,j—l ><eXp(_lri—l,j—l - Mf—l) ?

1,J

rae  kodhdumueHnTsl mpombIcioBOM  cMepTHOCTH  (F)  COOTBETCTBYIOT
TECTUPYEMOU cTpaTeruu pbioosioBcTBa. [Ipu 3TOM KOA(DPUIIMEHTHI CENEKTUBHOCTH
«GalIyMJISIIOTCS)  BHECEHHWEM  JIOTHOPMAJIbHOM  OWIMOKA €O CTaHJApPTHBIM
OTKJIOHCHHEM, OIIEHEHHBIM M0 MeTomxy OyrcTpema B Mozaemu «Synthesisy. [lanee
MPOTHO3HAs OLIEHKa HEPECTOBOW OMOMACCHI PACCUMUTHIBACTCS IyTEM CYMMUPOBAHUS
YUCJIEHHOCTU TOJIOBBIX KJIACCOB, YMHOXXEHHBIX Ha COOTBETCTBYIOIIUE 3HAYCHUS
MacCchl M JOJM TOJOBO3PENbIX pbIO. 3aTeM OCYIIECTBISAECTCA CTATUCTUYECKAS

00paboTKa MOJy4YEeHHON BHIOOPKHU.

BaxHpIM 53TamoM TECTUPOBAHUSA CTPATETUU YIPABJICHUS SBISETCA OLICHKA
BEPOATHOCTH TOTO, YTO B JojirocpouHoi mepcnektuBe (10 ser Bmepen) Ouomacca
HEPECTOBOIO 3araca He OMYCTUTCS HUXKE TPAaHUYHOrO0 OpUEHTHpa Mo Omomacce By,
IIPY 3alaHHOM IIOCTOSIHHOM TEMIIE 3KCIUTyaTaluu. JTa BEPOSITHOCTh OLICHUBAETCS B
paMKax CTaTUCTUYECKOr0 UMHUTAIMOHHOIO MOJieTupoBanus mMerogoM Monte-Kapio.
Ecnu npu wmHTEHCHMBHOCTM mpoMbIcia B TedueHWe 10 JeT Ha ypOBHE LEJIEBOrO
opueHtrpa F, puck mepenoBa IO MOIMOJHEHUIO HE IMPEBBIIIAET PEKOMEHIOBAHHOIO
[babasn, 2000] ypoBus o = 0,1-0,2, TO HET OCHOBAaHWI OTBEPTrHYTh JAHHYIO
CTpPaTEruio ympaBJj€HHUs. DTH PAcUeThl TAaKKE MOTYT MOATBEPkKAATh aJEKBATHOCTH
BBIOPAHHBIX OPUEHTUPOB 10 IPOMBICIIOBOM CMEPTHOCTH.

Eme ogHuM apryMeHTOM B TOJIb3y CTpPATErMH MPOMBICIA MOTYT MOCITYXHUTh
pe3yabTaThl MOJCTUPOBAHUS TUHAMUKHY 3araca Ha JJIMTeIbHbIN nepuoa Bpemenu (10
neT) npu pekoMmeHayemou corjacHo I[IPII MHTEHCHBHOCTH W3BATHS U TPUHSATOM
MPEIOJIOKEHUN OTHOCUTENIBHO BEJIMYMHBI MOMOJHeHHs. Eciau mpu coOmroaeHuu
[TPII 3amac ¢ 95%-HO#1 BEpOSATHOCTHIO HE BBIMACT 3a OMOJIOTHMUECKH O€30MacHBIC

rpaHubl M HE OIIYCTHTCA HMKC LICJIICBOI'0O OPHUCHTHUPA Btrs TO Ha OCHOBAaHUH
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pe3yJIbTaTOB  MMUTAIITUOHHOTO MOACIMPOBAHUA  MOKHO  3aKIKOYHUTb, YTO B

JOJITOCPOYHOM ITEPCIIEKTUBE CTPATETHS YIIPABIICHUS IPUEMIIEMA.

Tax xak OJIY mnpornosupyercss ¢ 3abJaroBpeMEHHOCTBIO B 2 TOAa, TO
HEOOXOJIUMO TPOCUUTATh BEPOSITHOCTh HEXKENATEIbHBIX MOCHEACTBUN MPUHATHS
CTpaTeruu yIpaBJeHHUs 3aracoM Ha 2 roja Brepen. s atoi nenu metogom MoHTe-
Kapno HaxomsaTcs BEpOSTHOCTH IMOMAJaHUs 3alaca B OMACHYIO 30HY, KaK (yHKIIUU
BEJIMYMHBI TOJIOBOTO BBIJIOBA B MPOTrHO3HBIE roabl: P(SSBy, <Blim| OAY;.;, OAY;) u
P(F;>Flim| O/1Yi.;, O4Y;). Ecau stu BeposarHoctu Menbie a=0,1 [babasn, 2000], To

pekoMenayemytro Bennuuny O/lY MOKHO IPUHSITS.

[.2.2. PykoB0OACTBO M0JIb30BaTEJIA
[locne 3amycka nporpaMMsl B CTpoke «MeHro» nocTynHbl 3Hauku «Co31aThy,
«OTKpBITE» W omMcaHue nporpaMmmsl. IIpu co3gaHuM HOBOro MaccuBa JaHHBIX
BCIUIBIBACT JUAJIOTOBOE€ OKHO, B KOTOPOM IIPEIUIaraercsi BBECTH KOJIUYECTBO
BO3PACTHBIX TPYII U UHTEPBAJ BPEMEHH, 32 KOTOPBIM cOOpaHbl TaHHbIE 00 YyJIOBax
10 BO3pacTHhIM rpynnam. Jlanee B creHepupoBaHHbIe TaOIUIbI HEOOXOAUMO BHECTH
COOTBETCTBYIOIIME JTaHHbIE. JlaHHBIE MOYKHO BBOJIUTH BPYYHYIO, MOKHO KOIHUPOBATH

13 JIEKTPOHHBIX Tabmuil «Microsoft Excel».

[IpenycMOTpeH KOHTPOJIb Ha/l BBOJIOM JIaHHBIX — B CJIy4ae HAJIMUYUS OIIMOKU B
JAHHBIX TIporpamMma YKakeT Ha Hee. HyneBble 3HaueHHs CUMTAIOTCS MpoOeIaMH B

JaHHBIX.

B Ttabmume g BBOJA JAHHBIX CBEMOK HEOOXOJIMMO BBECTH BECOBOM
K03 GULIMEHT, A0JI0 ToJla OT €ro Havasa 10 AaThl TPoBeAeHUs ChbeMOK U duiar («0» -
ecmu  K0dGUIMEHT q TOICKHUT OlEHKe, «l» — eciau 3TOT KOIPHUIIMEHT
¢bukcupyetcs u paBeH eaunuie). Kpome Toro, HyKHO yKa3aTh €IMHUIIBI U3MEPEHUS
nHaekca: «N» — YUCIeHHOCTh, «SSN» — UHCIIEHHOCTh poauTeneit, «By» — 6uomacca,

«SSB» — buomacca poautenei.
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Jlis  KOppeKTHOM paboThl MporpaMMbl HEOOXOAMMO B  mHapaMmerpax
oneparmoHHoi cucteMbl « Windows» YCTaHOBUTH B KaU€CTBE Pa3ACIaUTENs LEI0N U

JTPOOHOM YaCTH YUCJIa TOUKY (CUMBOJ «.»).

[Tocne BBOAa naHHBIX B TaOIUIly OyA€T JOCTYNEeH 3HAYOK MEHIO « COXpaHUThY.

PCKOMGHIIYGTCH COXPAHUTDb JaHHBIC B q)aﬁﬂ HaXaTHUCM Ha YKaSaHHBIﬁ 3HA4YOK.

ITocne TOIr'0, KaK HJaHHBIC BBCIACHBLI, B IITYHKTC MCHIO ((MGTO,ZII)I» CTaHOBHUTCA

AKTUBHBIM CITMCOK JOCTYIIHBIX PACUCTHBIX ITPOLCAYP:

e  «Synthesis (GD)» ¢ MuHuMM3anued 1eaeBOH (QYHKIIMM O METOIY

H&HCKOpGﬁHIGFO CIIYyCKa,

e  «Synthesis (Levenberg-Marquardt)» ¢ MuUHMUMH3aLUEH IEJIEBOM

¢dbynkuuu o anroputMy Jlesenobepra — MapkBapara;

e  «Synthesis (LM,Quick)» ¢ MuHuMm#3zanuend 1eneBol QyHKIUU TI0

anroputrmy JleBenOepra — MapkBapara (4acTHBIN CTy4ai);

e  «Synthesis Conjugate gradients» ¢ MUHHUMU3aIMEHN 11eTIeBONU PYHKIIUH MO

METOMY COIPSKEHHBIX rpaaueHToB Prneruepa-Pussa.

ITocne BBI60pa MCTOZAa U3 YKA3aHHOT'O CIIMCKa BCIJIBIBACT AXMAJIOTOBOC OKHO, B

KOTOPOM TIpe/jiaracTcsi BRIOpaTh OMIIMKA METO/IA:

° 3a/aTh BU/J 1IeJIeBOU (DYHKIIUU;
° 3a71aTh CPOKH MPOMBICIIA;
) yKazaTh, KakKyl JIOMOJHHUTEIbHYI0 HWHGOPMAIMIO0  TUTAHUPYETCS

MCIIOJIb30BAaTh B pacyeTax, BBECTU BECOBbIE KOA(D(PUIIMEHTHI;
o BbIOpaTh, MPOU3ZBOAUTH WU HET OyTCTpen-mpoueaypy s OLEHKH
HEONPECIICHHOCTEN;

° 3agathk Bug MKEC;
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o BBIOpaTh, alMpOKCUMUPOBATh KOA(D(UIIMEHTHI CETEKTUBHOCTU TaJKOU
KpUBOW JMOO OLICHUBATh KOA(P(HUIMEHTHI CEIEKTUBHOCTU I KaKJI0M BO3PACTHOU
IpYMIIbIL.

Kornma Bce omnuum BbeIOpaHbl, mepexo] K BbIOOpY MapaMeTpoB MeEToja
ocyuiecTBisieTcss HaxxkatueM KHonku «OK» guanoroBoro okHa. IlocnenoBarensHo B

AUAJIOTOBOM PCKHUMC Tpe6yeTc;1 BBCCTHU:

o YUCJIO TPYNI CENEKTUBHOCTH;
o BPEMEHHBIE TPAHULIBI Ul TPYIII CEJIEKTUBHOCTH; MHTEPBAI BO3PACTOB

MOJHOM CEJIEKTUBHOCTHU WJIM THII KpHBOﬁ CCIICKTHUBHOCTH,

o KO3 GULIMEHT peslakcaluu ® (CM., aITOPUTM);
. MaKCHUMAaJIbHOE YUCIIO UTEPAINI alrTOpUTMa MUHUMH3AITUH;
o 3a/1aTh MapaMeTpbl METO/1a MOMCKA HAYaJILHOTO MPUOIMHKCHUS.

ITouck pCIICHUA W BbIBOA PC3YJIBTATOB OCYHICCTBIIAIOTCA IIOCJIC 3adaHHA

YKa3aHHBIX [TapaMeTpPOB.

BI)IBOI[ PE3YILTATOB OCYHICCTBIICTCA IIOCJIC YCIICIIHOI'O  BBLIITOJIHCHUA

MpOIEAypPbl MUHUMU3ALIMY 11€1€BON (QYHKITUH.

o OueHkH MONyJSILMOHHBIX MAapaMETPOB COXPAHSIOTCS B (Daiisl, KOTOPBIN

MOYET UMETh TEKCTOBBIN WK «x1s» opmar.

o Cnucok OIeHMBAaEMbIX MapaMeTPOB COXPAHSETCS B TEKCTOBBIN (haiin

«List_Of Parametersy.

° CrangapTHble OIMMOKH OIICHMBAGMBIX I1ApAMETPOB COXPAHSIOTCS B
TeKcTOBbIN (paitn «St "Errors». BbIBO OCYIIECTBISETCS B COOTBETCTBUU C TTOPSIAKOM

cienoBanus mapameTpoB B ¢aiinie «List_Of_Parametersy.

o Psinbl maHHBIX 1711 OCTPOEHMSI KPUBBIX PABHOBECHON Omomacchl Ha

pPEKpyTa U PAaBHOBECHOT'O YJIOBA COXPAHSAIOTCS B TEKCTOBBIN (haiiin « YPR...».
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o IlocnenoBaTenbHOCTH  WTEpAlMM  METOAA  CIy4alHOrO  IIOHMCKA
HAYaAJIbHOTO MPHUOJMKEHUS AJIsi BEKTOpa OLECHUBAEMBIX MapaMEeTPOB COXpaHSETCS B

tekcToBbl (haiin «History _ of _ Genet ic _ Algorithm .logy.

[.2.3. OnbIT NIPAKTH4YECKOT0 NMPUMEHEHUs

KoroptHass moaens «Cunte3» [Unbun u ap., 2014] ¢ cOOTBETCTBYIOIIUM
nporpaMmMHbeIM obecniedeHueM ¢ 2007 1. mpuMmeHsieTcs JUisl OLEHKH LEJIOro psijaa

3anacoB B KamuatHUPO (IIpunoxenue 4 k MeToaguueckuM peKOMEHIALINSIM).

Mopnenp HEOTHOKpPATHO IpeAcTaBisuiach Ha OTpaciieBOM METOI0JI0TMYECKOM
CEMHHApE MO H3YYECHUIO COBPEMEHHBIX METONOB OLEHKH W PalHOHAIBHOTO
MCIIOJIb30BaHUsl BOJHBIX OHojornyeckux pecypco (B 2012, 2015 rr.). B 2016 r.
npouia TectupoBanne Ha PI'M  u  BKIOYeHa B IIEPEUYECHb  MOJICIIEH,
PEKOMEHJOBAHHBIX U1 Ucnonb3oBaHusA. B 2012-2013 rr. Mmoaens MCHOJIB30BaIaCh
npu npoueaype MSC cepTuduKanuu NpoMbICIa MHUHTasi B CEBEPHOH YacTH
Oxotckoro mopsa. B 2014-2016 rr. ycnmemno mnpoungeH ayaut, a B 2017 r. —

pecepTuduKanms.

OLEHKA COCTOsAHUA 3AIACA C IIOMOILBIO [TPOI'PAMMBI «CUHTE3»
HA TIPUMEPE 3AITAJJHO-KAMYATCKOUN HABAT'
[To naBare 3anagHoit KamyaTku HakorieHa ciemyromias nHdopmarus:
— BbUIOB (MJIH 9K3.) 3alajHO-KaM4aTCKOM HaBaru mo Bo3pactam (1-9 ser) u
roaam (1987-2017 rr.) (moazonsl 61.05.2 u 61.05.4). Bo3pacTHoil cocTaB paccuuTain
[0 CPEIHEMHOIOJETHEMY pa3MEPHO-BO3PACTHOMY KIIOYY, COCTaBIECHHOMY IIO

OTOJIMTHBIM onpenenienusiM Bo3pacta B 2009-2017 rr.
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Tabnuma 1.2.3.1. Bo3pacTHoil cocTaB yJI0BOB HaBard 1o rojaM MpoMsbIciia (ThIC. 3K3.)

Catch at age (in numbers):

1 2 3 4 5 6 7 8 9 Total Catch
1987 0 0,016 1,428 3,282 3,561 1,329 0,837 0,131 0,066 10,65
1988 0,36 1,849 5066 4,706 1,921 1,633 0,696 0,312 0,24 16,783
1989 0 0 0,599 4,193 3,594 4,792 1,797 0,1 0,1 15,175
1990 0 4,812 3,122 3,761 2,695 0,548 0,289 0,1 0,1 15,427
1991 0 31,775 16,516 6,552 1,975 1,077 0,449 0,1 0,1 58,544
1992 0 42,085 34,837 8,651 3,975 2,572 1,169 0,1 0,1 93,489
1993 0 2,265 65,307 22,839 15,666 4,719 1,699 0,566 0,189 113,25
1994 0,031 0,314 1,286 3,888 1,662 1,192 0,69 0,282 0,031 9,376
1995 0 14,083 28,917 10,515 6,76 2,441 0,563 0,563 0,1 63,942
1996 0,603 7,348 14,623 3,922 3,9 1,259 1,357 0,974 0,164 34,15
1997 1,82 10,753 20,679 3,309 6,286 1,82 3,64 2,481 0,496 51,284
1998 0 0 7,063 19,171 11,099 3,027 3,027 3,027 01 46,514
1999 10,346 8,677 11,013 19,022 14,35 16,353 7,008 2,67 2,002 91,441

2000 0,211 10,077 7,082 6,659 4,087 2,783 2,995 0,634 0,423 34,951

2001 10,396 26,933 38,832 2,463 3,002 0,583 1,158 1,063 0,107 84,537

2002 O 3,025 7,83 11,034 8,364 2,313 1,424 0,89 0,356 35,236
2003 O 1,064 3,193 6,209 4,967 1,33 0,532 0,443 0 17,738
2004 1,64 9,701 12,412 3,08 3,168 1,568 0,719 0,229 0,147 32,664
2005 0,077 1,684 1,914 3,215 2,373 1,378 0,766 0,306 0 11,713
2006 O 0,99 0,594 1,981 2,377 2,179 1,386 0,396 0 9,903

2007 O 1,69 3,019 2,536 2,656 2,415 2,536 1,811 1,449 18,112
2008 O 6,268 6,77 4,764 2,507 2,006 2,006 0,752 0 25,073

2009 2,226 16,166 17,391 14,534 8,892 3,205 0,256 0,174 0,625 63,469
2010 1,489 10,824 11,625 9,735 5,956 2,52 0,172 0,115 0,057 42,493
2011 0,678 3,657 12,209 7,638 8,11 2,743 0,649 0,413 0,265 36,362

2012 0,562 7,541 10,22 9,128 8,566 6,119 1,819 0,463 0,066 44,484

2013 O 0,974 15,255 5,518 8,601 6,492 3,733 1,461 0 42,034
2014 O 0,342 3,305 8,66 8,205 4,33 2,849 2,165 1,14 30,996
2015 10,156 7,01 12,971 3,533 10,211 6,182 3,201 1,766 0,166 55,196
2016 0,048 2,19 10,278 16,392 10,061 4,742 1,998 0,698 0,409 46,816
2017 O 26,288 17,174 14,54 13,629 4,63 2,127 1,447 0,333 80,168
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— CPEIHEMHOTOJIETHSISI Macca PbIO MO BO3pacTHRIM rpymnmnam (puc. 1.2.3.1)
1

0,5

Macca, kr

0%
1 2 3 4 5 6 7 8 9 10

f—

S W

Hons
3pEIIbIX PBIO,
% o

L
S

MKEC,
1/ron

Bospacr, et
Puc. 1.2.3.1. UcxonHble JaHHBIE 7151 MOJIEIIbHBIX PACYETOB

— CPEIIHEMHOTOJICTHSISL JOJIsi TIOJIOBO3PENBIX PhIO MO BO3PACTHBIM TpYyIIaM,
paccuuTaHHas Mo pe3ysibTaTaM MAacCOBBIX MPOMEPOB CO BCKPHITHEM, BHITIOJTHEHHBIX B
sHBape-maprte (cm. puc. 1.2.3.1.);

—  CpPEOHEMHOTOJICTHHE  MTHOBEHHbIE  KOI(PQUIIMEHTHl  €CTECTBEHHOMN
cmepTHOocTd (M) 1o Bo3pactam (cm. puc. 1.2.3.1), paccuntanHbie o METOLY 3bIKOBA-
Crnenokyposa;

— WHJIEKCHI 3aI1aca;

— OIIEHKH 00111ei OuoMaccel HaBaru y 3anaadHo Kamuarku B 1987-2017 rr. no
pe3yabTaTaM JIOHHBIX YUYETHBIX TPAIOBBIX ChEMOK;

— YJIOBBI Ha €IMHUITY TPOMBICIIOBOTO YCUJIUS MaJIOMEpHBIX cy1oB Tuna MmPC.
JlaHHBIE TTPOMBICIIOBOM CTATUCTUKU 110 BBUIOBY HAaBaru B panlOHE MCCIEAOBAHUM I10
omepatuBHOM oryeTHoctu mpennpustuii  (OOIl) w3 oTpacieBol  CUCTEMBI

MoHuTopuHra Pocpeioonosctea (OCM).
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Tabmuma 1.2.3.2. Onenku o6mieit 6nomaccel HaBaru y 3anagHoit Kamuatku B 1987—
2017 rr. mo pe3yjibTaTaM JOHHBIX TPAJOBBIX CbEMOK (TICPBBIA HMHICKC IS

HACTPOMKH)

Tox Oo01mas 6uomacca I'on O01mas 6uomacca
1987 13,928 2003

1988 19,124 2004

1989 31,038 2005 55,6
1990 51,452 2006

1991 61,054 2007 169,972
1992 84,258 2008 129,8
1993 84,328 2009 60
1994 48,071 2010 37,8
1995 62,016 2011 70,015
1996 74,284 2012 92
1997 83,95 2013 186
1998 83,007 2014 168,062
1999 69,473 2015 217,8
2000 49,314 2016 191,1
2001 38,571 2017 156,586
2002 20,567

Ta6muma 1.2.3.3. YI0BbI Ha €IMHUIYY TTPOMBICIOBOTO YCHIIMS MaJIOMEPHBIX CYJ/IOB
turia MMPC, no nanaeim OCM (BTOpoit uHaekc nis Hactpoiiku st 2004-2017 rr.)

Ton Y10BbI HA eAUHULLY Tox Y10BbI HA eAUHUILLY
IIPOMBICJIOBOI0 yCHJIHS IIPOMBICJIOBOI0 YCUJIUS

1987 2003

1988 2004

1989 2005

1990 2006

1991 2007

1992 2008

1993 2009

1994 2010 4

1995 2011 4,9

1996 2012 4,9

1997 2013 4,7

1998 2014 2,9

1999 2015 4,1

2000 2016 4,2

2001 2017 3,8

2002

CtpykTypa © KadecTBO JOCTYMHOTO WH()OPMAIMOHHOTO OOecTeueHus

KOPPEKTUPOBKHU

COOTBCTCTBYIOT

I
78

YPOBHIO

(mpwioxenue 1

K

pUKa3y



Pocpribonosera ot 06.02.2015 r. Ne 104). Mcxonsa u3 umeromeiicss uHpopmanuu
I OIICHKH 3amaca MOKeT ObITh IpUMeHeHa porpamma « CHHTE3Y.

VYKa3aHHbIE MACCHBBI JAHHBIX 3aHOCATCA B COOTBETCTBYIOIIME TaOIUIIbI
nporpammel «CuHTE3». B OKHE «Survey» ajis TpaJIoBbIX ChEMOK (MHIEKC OMOMACChI
«B») 3amaercs Bpems mnpoBeaeHHs cbeMOK A=0,5, T.K. KaauOpOBOYHBIN
KOA(QPUIUEHT g YCTAHABIMBAETCS PaBHBIM 1, 1OJKEH OBITH BbICTABIIEH (iaxxok «1»;
IUIsL yJI0Ba HA €QUHUIYy MPOMBICIOBOTO YCWIHS (MHIEKC MPOMBICIOBOW OMOMAcCCHI
«FSBy») 3amaerca A=0,5, T.K. KaTuOpOBOYHBIN KOA(DPUIIMEHT ¢ TOMJICKUT OIEHKE,
JOJIKEH ObITh BhICTaBJeH (iaxkok «0». BecoBble koA (DULMEHTHI yCTaHABINBAIOTCS
paBHbIMU 1, T.e. MpeanoJiaraeTcs, 4To AUCHEPCHUs JTOrapu(PMHUUECKUX OMIMOOK JIs
BCEX JAHHBIX OJIHA U Ta XKE.

Hanee B MeHio «Methods» BbIOMpaeTcs METOJ ONTUMHU3ALMH, K MPUMEPY,
«Synthesis, L-M quick». Bo BcibIBIIIEM IUalOTOBOM OKHE BBIOMpAETCS BHJ
KOMIIOHEHTbI ~ IIeJIeBOM  (YHKIMU I8 yJIOBOB — «CymMMa  KBaJpaTOB».
Annpokcumanms Iloyma He wmcenoneidyercs. [lons roma or 1 sgHBaps 10 Havaia
npomeicia — 0, 107 roja ot 1 stHBaps 40 OKOHYaHUS MPOMBICHA - 1, T.e. IpOMBICE
BeJleTCs Kpyriblid rof. [lanee, Hy)KHO yka3aTh, Kakasl JOMOJHUTENbHAS HHPOPMALIUS
UCIIOJIB3YETCSl — JAHHBIE CBEMOK M CBSA3b «3allac-NoIoyiHeHne» buseprona-Xoara
JUTSl HACTPOMKH MTOTIOJIHEHUS.

Bo3pactHbie k03((DHUIMEHTHI CETEKTUBHOCTH PACCUUTHIBAIOTCA BHYTPHU
MOJIETN, UCXOMAsl U3 NMPEANOIOKEHUSI O TOM, YTO (YHKIUS CEIEKTUBHOCTH HMEET

JIOTUCTUYECKUU BUJ:

1
Sa = bl
L+exp(a(f-a))
rie o, B — kodpdUIMEHTH], OIeHUBacMble B Mojaenu. Yucio rpynn

CEJIEKTUBHOCTH - 1.

[Tockoneky MKEC 3anaHbl, OHM HE MOJIEKAT OLIEHKE.

3aTeM ycra”aBiauBaeTcsi unciio peanuzanuii (N=100) OyTcTpen-npoueaypsl ¢
3alIyMJICHUEM BCEX JAHHBIX, B KA4€CTBE [APaMETPOB TI'€HETHYECKOrO0 aJrOpUTMa

[MPUHUMAIOTCA 3aJaHHBIC 110 YMOJIYAHHUIO.
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[Tocne naxkatus kHomnku «OK» auanoroBoro okHa norpeOyeTcst BBECTH YHUCIIO
rpynn ceaekTuBHOCTH (1), moructryeckuid Tun 11s cenektuBHocTH (0), mapametp 2
Metozaa ontumuzaiuu (1,0) u Tourocts (kputepuit ocranona) — 0,0001.

CratucTuyeckre XapaKTEpPUCTUKH M TMPOUEHTUIN OYyTCTpen-pacipeiesieHUs
HaTypajbHBIX  JIoTapu(MOB  OLIEHOK  3amaca, HaTypajbHBIX  JIOTapu(MoB
KO3 (DUIIMEHTOB CEIEKTUBHOCTU M MPOMBICIOBOM CMEPTHOCTU OYyAYT COXpaHEHbI B
TeKcTOBOM (aiine «Bootstrap...».

PesynbraThl pacueroB npesacrabieHsl Ha puc. 1.2.3.2 — 1.2.3.7 u B Ta6a. 1.2.3.1.

JloBepuTenbHbIE TpPaHULBl s TEepMUHAIBbHOW wucieHHoctu (puc. 1.2.3.7)

OLICHEHBI IO PopMyIam
Nox1009=N>XEXP(-1,%0), N (1.*1000s = N<EXP(t,%0),

rie: 00 — YpPOBEHb 3HAYUMOCTH, (, — COOTBETCTBYIOIIUMH KOIP(ULHUEHT
CrplosieHTa, G — CTaHJapTHas ouMOKa JiorapupmMa TEPMUHAIBHOW YUCIEHHOCTH M3

TEKCTOBOTO (paitia ¢ pe3ylbraTaMu OyTCTPEN-TIPOLIEAYPHI.

l - — — <
08 -
06 - s

----- 5%

ad= 000 HEE s 059
0.2 A

(_:. T T T T 1

0 2 4 0 3 10

Bospact, mer

Puc. 1.2.3.2. Bo3pacTtHble K03()(HUITUEHTHI CEIIEKTUBHOCTH
3aIaHO-KaMYaTCKOUM HaBaru
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Puc. 1.2.3.4. buomacca HepecTOBOTO 3amaca 1 MPOIEHTUIIN OyTCTpen-pacupeieieHUs ee OLIeHOK
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Puc. 1.2.3.5. YncneHHOCTh MOTIOTHEHHUS 3aaJHO-KaMYaTCKOW HaBaru U MPOIEHTUIIN OyTCTper-
pacnpeneneHus ee OLEeHOK
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Puc. 1.2.3.6. Ko puumeHTs MPOMBICTIOBOI CMEPTHOCTH M MIPOLEHTHIIN OYTCTpEN-pacipeieeHus

B Tabn. 1.2.3.4 npeacraBieHbl OLEHKU TapaMETPOB MOJIEIHN U UX CTaHAAPTHBIE
OLIMOKY, BBIUMCIICHHBIE C MIOMOIIBI0 00paTHOI MaTpulbl ['ecce. U3 3TOM Tabnuibl n
pe3ynbTaToB OYTCTpEN-aHaAIN3a MOKHO 3aKJIIOUUTh, YTO YPOBEHb HEOIIPEAECIIEHHOCTH
MIPE/ICTABICHHBIX OLEHOK YI0BJIETBOPUTEIbHBIN.

O cTaOUIBHOCTH MOJEIBHBIX OLEHOK MOHO CYIUTh IO pe3yJibTaTaM
perpocnektuBHOro ananmsa (puc. 1.2.3.8-1.2.3.9). PerpocnekTUBHbBIN aHaIW3 — 3TO
CEpHsl PACUETOB C MOCJEN0BATEIBHBIM NCKIIFOUEHHEM MOCIEIHErO ro/1a U3 UCXOIHBIX

JIAaHHBIX.
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Puc. 1.2.3.7. YncneHHOCTh 3amaIHO-KaMYaTCKOW HaBaru B TEPMUHAIBHBIN TOJ
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Puc. 1.2.3.8. Pe3ynbrarsl peTpocneKTUBHOTO aHaym3a nomnojaHeHus R(1)
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Puc. 1.2.3.9. Pe3ynbTaThl peTpOoCIEKTUBHOTO aHAM3a KO3 (OUIIMEHTOB MPOMBICTIOBOM CMEPTHOCTH
3armaIHO-KaM4aTCKON HaBaru
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Tabmuua 1.2.3.4. Ouenku mapaMeTpoB MoJienu «Synthesis» U X CTaHIapTHbIE OIIMOKU

[Tapametp Ouenka o [Tapamerp OueHka o ITapamerp Ouenka o

In(N[1987,1]) 4.511 0.276 In(N[2004,1]) 4.568 0.250 In(F[1996]) -1.526 0.276
In(N[1987,2])  3.430 0.279 In(N[2005,1]) 4.883 0.264 In(F[1997]) -1.046  0.255
In(N[1987,3])  2.932 0.299 In(N[2006,1]) 5.616 0.258 In(F[1998]) -1.206  0.293
In(N[1987,4])  2.631 0.322 In(N[2007,1]) 5.773 0.252 In(F[1999]) 0.062 0.194
In(N[1987,5])  2.398 0.353 In(N[2008,1]) 5.861 0.247 In(F[2000]) -0.770  0.267
In(N[1987,6]) 1.430 0.396 In(N[2009,1]) 5.732 0.238 In(F[2001]) -0.586  0.250
In(N[1987,7]) 1.036 0.456 In(N[2010,1]) 5.751 0.252 In(F[2002]) -0.663  0.266
In(N[1987,8])  0.290 0.556 In(N[2011,1]) 5.871 0.267 In(F[2003]) -1.371  0.309
In(N[1987,9]) -0.583 0.783 In(N[2012,1]) 5.280 0.293 In(F[2004]) -1.009  0.267
In(N[1988,1]) 4.966 0.257 In(N[2013,1]) 5.661 0.343 In(F[2005]) -1.891 0.301
In(N[1989,1])  5.501 0.252 In(N[2014,1]) 6.119 0.378 In(F[2006]) -1.940 0.331
In(N[1990,1])  5.696 0.251 In(N[2015,1]) 6.479 0.380 In(F[2007]) -1.056  0.320
In(N[1991,1])  5.945 0.245 In(N[2016,1]) 5.618 0.452 In(F[2008]) -1.026  0.323
In(N[1992,1])  5.120 0.255 In(N[2017,1]) - - In(F[2009]) -0.880 0.272
In(N[1993,1])  5.205 0.253 s a 0.743  0.050 In(F[2010]) -1.594  0.286
In(N[1994,1])  5.584 0.238 s B 1.058 0.038 In(F[2011]) -1.515 0.282
In(N[1995,1])  5.789 0.262 In(F[1987]) -1.846  0.327 In(F[2012]) -1.495 0.283
In(N[1996,1])  5.439 0.242 In(F[1988]) -0.960 0.283 In(F[2013]) -1.480 0.309
In(N[1997,1])  5.201 0.270 In(F[1989]) -1.071 0.319 In(F[2014]) -1.688 0.314
In(N[1998,1])  5.092 0.268 In(F[1990]) -1.528 0.307 In(F[2015]) -1.372  0.292
In(N[1999,1])  5.737 0.231 In(F[1991]) -1.194 0.284 1In(F[2016]) -2.044 0.323
In(N[2000,1])  5.280 0.251 In(F[1992]) -0.913 0.262 In(F[2017]) -1.240 0.444
In(N[2001,1])  5.216 0.242 In(F[1993]) -0.406  0.235 In(SpRecr_A) 1.700 0.157
In(N[2002,1])  4.719 0.262 In(F[1994]) -2.505 0.297 In(SpRecr_B) -11.704 2.478
In(N[2003,1])  4.638 0.265 In(F[1995]) -1.050 0.287 In(Q_FSB) -2.878 0.386
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Ha puc. 1.2.3.10 npuBenen rpaduk OTKIOHEHHUH JOTapu(MOB HAOIIOICHHBIX

BEJIMYMH BBIJIOBAa OT TeopeThmueckux In(C, ;)—In(C, ;) (ocrarkoB). Kak BuaHO, SBHO

BBIPDAKEHHOTO «TOJIOBOTO» (M3 TroJa B TOJ 3HAK OCTaTKa HE MEHsETCA) u
«KOTOPTHOTO» (OJIMH U TOT K€ 3HAK MOBTOPSIETCS AJISi OHOTO MOKOJIeHUs) 3P (HEKTOB
He Habmoaercsa. AOCOIOTHASI BEIMYMHA OCTATKOB 3a4acTyIO MPEBBIIIAECT 3HAUCHUE
1,0, ocobeHHO UIsi BO3pACTHBIX Ipymni 1 U 2 Toja, 4TO CBUACTEIbCTBYET O CHIIbHOU
3alTyMJICHHOCTH UCXOAHBIX NaHHbIX. Ha puc. 1.2.3.11 npuBenen rpaduk oTKIOHEHUH
In(N,,) —In(F(SSB,_, ))IoTapru(PMOB MOJIEITHHBIX OIICHOK ITOMOJHEHHS OT JorapuhMOB
OLICHOK TIONOJIHEHHUs, PACCYMUTAHHBIX II0 3aBUCUMOCTH «3aIlac-IIOIIOJIHECHUE
buseprona-Xounra, 1.e. F(x)=a'x/(1+b-x). Ha puc. 1.2.3.12- 1.2.3.13 npencraBieHsbI
OTKJIOHEHHsI Jorapu(pMoB HaOJIOJICHHBIX 3HAYEHH WHAEKCOB 3amaca oOT MX
MOJENBHBIX  (TEOpETHYeCKUX) aHamoroB In(/'))—In(I';). OcraTkm s Bcex
VMCTOYHUKOB JAHHBIX PACHPENCIICHbl HOPMAJIBHO, YTO ITOATBEPIKIAETCS TECTOM

Kommoroposa-Cmupaosa (p>0,05).
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Puc. 1.2.3.10. OTxioHeHns ln(C‘i‘j )—In(C, ;) B Mmonenu «Synthesis»

85



Puc. 1.2.3.11. Orknonenus In(N, ;) —In(F(SSB,_,))B monenu «Synthesis» st 3armagHO-KaM4aTCKOM

HaBaru. F(x)= a-x/(1+b-x) — 3aBucuMocTh buBeprona u Xonra
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Puc. 1.2.3.12. Orxsonenus In(f - In(/ L ) JUTS MHIEKCA TPATOBBIX CheMOK B MOJIeH «Synthesisy

0.4
0.3 -
o ] I
0.1 - I
0 il T T T . T
01 - 2010 2011 2012 2013 2015 lS
-0.2 ~
03 4

-0.4
-0.5

Puc. 1.2.3.13. Orxionenus In(f 21‘) —In(/ %) st MHIEKCa yJIOBa HA €IUHHILY IIPOMBICIOBOTO
ycuius B Mozienu «Synthesis»
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L.3. Tporpammubiii komMIieke «KKAD®KA» v. 1.0.2.1511
(®PI'BHY «TUHPO-Lentp»)
A.A.MuxeeB, ®.A.Muxees, 2016

[.3.1. Onucanue moxesu

MaremaTtnueckas wmozens «Koroptheiii ananuz ¢ ¢uiastpom Kammana»
(KA®KA) paspaborana ajis OIEHKHM CTPYKTYPUPOBAHHBIX IO BO3pPACTy 3aIacoB
ruapooronToB [Muxees, 2016]. Cormacao npukasy Pocpeioonorctsa ot 06.02.2015
No 104 na3zBaHHast MOJENb NMpEIHA3HAUECHA JJIsI PACUYETOB 3aMacOB, OTHECEHHBIX K
NEepBOMY YPOBHIO HH(OpManMoOHHOTO oOecredeHusi. VICXOMHBIMU JaHHBIMH ISt
YKa3aHHOM MOJIEJIM SIBJISIFOTCS BO3PACTHBIE COCTAaBbl YJIOBOB, YJIOBbl Ha €IWUHUILY
MPOMBICIIOBOTO YCWJIHMSI W YJOBbl Ha TpaJC€HUE, MOJYYEHHBIE IPU BBINOJIHEHUN
YYETHBIX ChEMOK. llociemHuii W3 MepeyuCICHHBIX BXOJHBIX MACCHUBOB JIaHHBIX
TOTOBUTCS B COBOKYITHOCTH CO 3HAYCHUSIMU KOA(D(PUIIMEHTA YJIOBUCTOCTH YUYETHOTO
Tpayia, CpelHel MPOTPAJICHHOMN IJIOMIAN U TUIOMAIU MPOMBICTIOBOM cTanuu. JInbo
KaK aJbTepHATHBA €My TOTOBSTCS OLICHKM A0COJIOTHOM YUYTEHHOM MPOMBICIOBOM
YUCJIEHHOCTU. Bce HCXOOHBIE TMPOMBICIOBBIE JaHHBIE TOTOBATCA B  BHUIE
OCPEIHEHHBIX 3HAYEHHMI 3a MPOMBICIOBBIE MEPUOMABI MO ToJaM M Pa3HECEHBI IO
roam NpoMBbICIA.

Mognens KA®KA npuHamIeKUT K KIACCY CTAaTUCTUYECKUX KOTOPTHBIX
MOJIeJIeH, YUUTHIBAIONIUX HAJUYUE CIydYalHbIX (PAaKTOPOB, BIUSIONIUX HA JUHAMUKY
YUCJIEHHOCTH 3araca W Ha mporecc jioBa [Gavaris, 1988; Methot, 1989; Bacunbes,
2001; Muxees, 2003]. [ns pa3nesieHHs CTOXACTUYECKOIO IIyMa B OLIEHUBAEMOM
CHUCTEMHON NepeMeHHOW (YMCIEHHOCTU 3amaca) M CIy4allHbIX NOTPEIIHOCTEH B
HaOmoneHusx (ynoBax Ha ycwiue) uicnois3oBad Guibtp Kanmana (®PK) [Kalman,
1960]. Takum oOpaszom, oO0Ias HEONPEACICHHOCTh PACKIIaIbIBACTCS Ha OINMOKU B
HaOJIIOJICHUSIX U IIYM B TIepeMEeHHOM cocTosiHusl. O1ieHKa cOCTOsTHUS cucTeMbl B DK
OTIpeIeIsIeTCS KaK B3BEUIEHHAs CyMMa HAOIOJCHUN MO MMEIONUMCS MCTOYHUKAM
uHdopmaluu (opyAausiM JioBa, (uioTaM, MEpUOJaM MPOMbICIA B MHOTOJETHEM U

CC30HHOM BApHUAHTC U T.H.) U OCHOBAHHOI'0O Ha MOJCJIM IMPOIHO3a. I[OBepI/ITeJ'IBHI)Ie
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WHTEpPBAJIBl  OIIEHOK TMEPEMEHHBIX COCTOSIHHUSI B OTOM ClIy4yae Cy’KaroTcs
NpUONU3UTEIIBHO HA BEJIWYMHY B3BELICHHOIO JIOBEPUTEIBHOTO HMHTEpBajia
HAONIOACHUM 10 UMEIOIMUMCS UCTOYHHMKAM HH(oOpManuu. DTO OJHO U3
npeumymects kKoHmenmuu @OK Ham Kiaccudeckod KOHIENIUMEH «OIMHMOOK B
MIEPEMEHHBIX», HCIOJIb3yEMOM BO MHOTMX COBPEMEHHBIX KOTOPTHBIX MOJEIAX
[Schnute, 1994].

[Ipumenenne @OK mno3Bossier u30exarb MpoOJEMBI, CBSA3aHHOW  C
Pa3HOPOJHOCTBIO JAHHBIX [0 YJOBaM Ha YCWIHE, IMOJIYYECHHBIX W3 PA3IUYHBIX
MCTOYHHUKOB. JTa mpobiema, OOBIYHO peliaeMas CTaHJapTH3alueld yIOBOB Ha
ycunue, B @OK ycTpaHsieTcss  B3BEIIMBAHMEM  HCTOYHUKOB  HMHGpOpMAIUU
MPONOPIMOHAIBHO MX BKJIaAy B onieHKY [Muxees, 2016]. KpoMe Toro, ucrnosnb3ys B
KauecTBE MHACKCOB 3amaca JaHHbIE IO YyJOBaM Ha YCHWIIME, IOJIYYEHHBbIE U3
Pa3IMYHBIX HE3aBUCHUMBIX HMCTOYHHUKOB, BKJIOYAs IPOMBICIOBYIO CTAaTHUCTUKY U
Hay4YHbl€ ChEMKH, ¢ momolbio PK MOXKHO CKOPPEKTHPOBATH CMEILICHHBIE OLEHKHU
3araca, BO3HUKAIOIIKE TPU HAIMYMU HEYYTEHHOTO BBUIOBA (TaM XKe).

[TapameTtpuueckas Hactpoiika moaenn KA®KA BbINOTHSAETCS HAa OCHOBE
MUHUMH3AIUU (PYHKIIMY TPaBAONOA00MS OTHOCUTEIBHO UMEIOIIMXCS HAOMIOIEHUN C
MOMOIIIbI0 THOPUIHOTO MeTo/la coOCTBEeHHOM pa3zpaboTku [MuxeeB u ap., 2006].
Ha3Banubiii meTonm codetaeT B cebe KIACCUYECKHUE TPATUEHTHBIE METO/IbI
ONTUMHU3AIMUA U METOJ BOJIOIMOHHOTO CTOXAaCTUYECKOTO MOMCKA, W3BECTHBIA Kak
reHetudeckuit anroputm (I'A) [PytkoBckas u ap., 2004].

B mogenu KA®KA pemena npobiema o0pabOTKH MPOMYIIEHHBIX 3HAYEHUN B
psanax HabOmoaeHul, Bo3HuKaromas B npuioxkeHusx ®K [Harvey, 1989] no npuuunne
HEPETYJSIPHOCTU TMOCTYIUICHUSI JTAHHBIX O BBUIOBE WU IMPOBEJICHUS YUETHBIX CHEMOK
[Muxees, 2016].

Mognens KAD®KA peann3oBaHa B TpHU MOCJIEIOBATENbHBIX 3Tala BEIYUCICHUHN C
00IIIMM BBOJIOM JITAHHBIX M HE3aBUCUMBIM JIJII KQXKIOTO 3TAla BHIBOJIOM PE3YJIHTATOB,
aBTOMATUYECKM MOJAIOIIMXCA Ha CIEAYIOIUN ATal MO PEIICHHUIO MOJb30BaTess
MpOAOJKUTE pacuer. Ha mepBoM 3Tare BBINONHAETCS CTAHAAPTHBIM KOTOPTHBIN

aHaJIn3 C HaCTpOﬁKOﬁ I10 JaHHBIM quTHOfI CbCMKH U OHTI/IMPISaHI/Ieﬁ 10 OAHOMY HUJIN
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IBYyM mapamerpam. Ha cienyromeM srtamne K MOJyYEHHBIM OLIEHKAM YHCJIEHHOCTH
npuMensiercss @K, U 3TH OLEHKM KOPPEKTUPYIOTCA. Takyke CTPOUTCS NMPOTHO3 HA
OJMH WM ABa roja npu 3aganHoM O/1Y Ha nepBbIii NporHo3upyembli ro. s Bcex
OIIEHOK BBIYMCIISIIOTCS 95%-Hble JOBEepUTENbHBIE MHTEpBANIBI. Ha mociienem stane B
CKOPPEKTUPOBAHHBIC OLIEHKM YHMCJIECHHOCTH BBOJSTCS MOMPaBKH, HUBEIHUPYIOIIUE
BJIMSTHUE HEU3BECTHBIX CIIYYalHBIX (DAKTOPOB HA CMEPTHOCTH B OT/ACJIBHBIX KOTOPTaX
U TapaHTUPYIOUIUE BBINOJHEHUE ECTECTBEHHOTO YCJIOBHUS YOBUIA TMOKOJICHUS CO
BpeMeHeM. B 3aBepiieHue paccuuThIBaeTCs OMoMacca KOTOPT 3a BECh IEPUOJ
MPOMBICIIA U HA TPOTHO3UPYEMBIE T'OAbl C COOTBETCTBYIOIIMMH JIOBEPUTEIbHBIMU
MHTEpPBAJIaAMH.

Ipunsameie 06o3Hauenus
HNuaexcanus v cnenuajJbHble CHMBOJIbI
A — 9ucno BO3pacTHBIX KIACCOB B 3aI1ace, HHJIEKC IUIIOC-TPYIIIIBI;

a=1A - wuHEEKC BO3pacTHOro Kjacca B 3amace; Bo3pact a = 1

COOTBCTCTBYCT BO3PACTYy ITOIIOJIHCHHUA,

T — gucno JeT B mepruoe MPOMBICIIA;
t =1,T —unngexc rona;

1 — YUCJIO UCIOJIb3YEMbIX UCTOUHUKOB MH(GOPMAIIUH 110 YCUITHSM;

i =1m;

1,A — o3HavaeT mocieA0BaTEIbHOE H3MEHEHNE MHICKCa OT 1 10 A ¢ marom B
CAVHHMILY: 1A= 1,2 A;

€ — cumBoa npuHamaexHoctd; 3amuck A € (0,1) o3HadaeT, 4TO 3HAYEHUS
napamMerpa A npuHaziexar uatepsainy ot 0 go 1.

IlepemenHbIe 1 MapaMeTpbl (KOHCTAHTHI) KOTOPTHOM MO

Ilepemennvie Kocopmmuot mooenu

N,; — YACJICHHOCTh KOTOPTHI B 3aI1ace€ B BO3PACTHOM KJlacce a B TOJ t;

C ¢ — YUCIICHHOCTDH BO3PACTHOI'O KylaCCa @ B YJIOBC B I'oJ t;
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Q. — KOOPPUIMEHT U3bATUA (DKCIUTyaTaluK) (A0S Kjacca @ B yJIOBE B TOJ
t).

3aoasaemvie napamempuvl KO2OPMHOU MOOeNU

A — mepuoj ¢ Havaja rojga A0 Hadajia npombicia B goisx roga, A € (0,1);
peKoMeHayeTcsl, HO He o0s3aTenbHo, 0,5 [Pope, 1972];

k — ko3 PUIMEHT yIaBIUBACMOCTH Ui yueTHOro Tpaia, k € (0,1);

W, — cpennsist Mmacca (9KBUBaJIGHTHAs BECY) 0COOM BO3pacTa @ B YJIOBE.

Onmumusupyemole napamempovl KO2OPMHOU MoOeau

§ — rojioBasi JOJisl BBDKUBIIHUX PhIO B MPOMBICIIOBOM 3amace OT MPUYHUH, HE
CBSI3aHHBIX C IPOMBICIIOM (KO3 (PHUIIMEHT €CTECTBEHHOM BhDKHMBaeMocTH), § € (0,1);

A — naHHBIA mapaMeTp (CM. BBIIIE) MOXKET ONTUMU3UPOBATHCS IO PELICHUIO

I10JIb30BATEII.

Ilepemennsbie u napamerpsl (KoHcTaHThI) PK

lIpoyeccuas nepemennas

N, —3amac Brog t; Ny = 3, Mg

Ynpaenarowan nepemennas

C;—ynoBBrOA t; C; = 2., Cps-

llepemennvie naboOenus

I; + — yncneHHOCTH yI0Ba Ha enuHuIly i-oro mpombicioBoro ycuius (CPUE) B
rox t; MHTEPNPETUPYETCA KaK MHIEKC 3amaca;

S; — UHJIEKC YUCIEHHOCTH WJIM a0COJIIOTHASI YUCIEHHOCTD 10 JAHHBIM YYETHBIX
TPAJIEHUM B TOJ L.

3aodasaemvie napamempol PK

P, — HauanbHas jaucrepcus OIIMOKM oOleHuBaHus. Ecnu HeT apyrux
cooOpaxkeHnii, To P, MOXET 3aJaBaTbCsl Kak JAHCHEepCHUs TaK Ha3bIBAEMOIO

mud¢ysuonnoro npaiepa [Peterman et al., 2003].
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Onmumusupyemvle napamempol OK
q; — K0dPOUIMEHTH MPOMBICIOBON yIaBIMBAeMOCTH (101 3amaca,

U3bIMacMasi eIIMHUIICH poMbIcIioBOro yewnus); q; € (0,1);

0, — HHTEHCHBHOCTb IlIyMa (CTaHIapTHOE OTKJIOHEHHE) B TUHAMUKE 3araca;

0 — UHTCHCUBHOCTH IIyMa (CTaHIAPTHOE OTKIIOHEHHE) B M3MEPEHHUIX 3araca
4yepes yIIOB Ha YUETHOE TpajieHue S;;

Oy, — MHTCHCHBHOCTb IIyMa (CTaHAApTHOE OTKJIOHEHHE) B M3MEPEHHUAX 3aIaca
Yyepe3 yJIOB Ha €MHUITY IPOMBICIIOBOTO YCHITUS I; 4.

Vpaenenus ounamuxu yuciennocmu

OtMetum, uto Bce mymbl B Mogenu KADKA mnonaratorcst rayCCOBBIMU, T.€.
HOPMAaJILHO PACTIPE/ICTICHHBIMU C HYJIEBBIM CPETHUM.
B koroprHom anammze wmoaenn KA®KA wucnonp30BaHbl  CHEAYIONIUE

AUHAMHWYCCKUC YPAaBHCHUA:

_ 1-A
MNay1t41 = SNge — &7 Cgy, (I.3.1.1)

o =@Ps Mg, (13.1.2)

IJie: M, — YHUCIECHHOCTh KOTOPTHI B 3amace B BO3pacTe @ B TOX L; Chp —
YHICIIEHHOCTh KOTOPTHI B YJIOBE B BO3pacTe @ B oA t; @, — KOAQ(DULIHUEHT UIBATUS
(Tonst B yJioBE B BO3pAcTe @ B TOJI L OT YMCia BBDKUBIIUX 0COOEH B KOTOPTE K Havay

MIPOMBICIIA).
HemnocpenctBeHHO AJ1s1 pacyeTOB HCIOJB3YETCSl SKBUBAJICHTHOE YpPaBHEHUSIM

(I.3.1.1) u (I.3.1.2) pexyppeHTHO€ ypaBHEHHE JIsI KOIPOUIIMEHTOB H3BATHUS B

KOTOpTe:
Pat+ir+1
Ppp = —22LLH 0 TA_1.t=1,T —1, (1.3.1.3)
EartPatit+1
Catit+1
rae gy = T, .
a

N3 ypauenus (1.3.1.3) crenyet, yTo mpu O0OpaTHOM pacyeTe BEIUYUHBI @,

BCCraa MCHBIIC CAWHHIIBI. CJIe,HOBaTeJIBHO, CCJIM TCPMHUHAJIBHBIC 3HAYUCHUA @4 U
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@,y HEe npeBblaoT eauHuipl, ypaBHeHus (1.3.1.1) u (1.3.1.2) maroT KOppekTHYIO
npoLeaypy OoOpaTHOTO pacyera Ajisi KOd(p(GUIMEHTOB M3BATHS B KOTOPTE IJIA BCEX
a= L_A nt= ﬁ

B monenmn KA®KA nmns ypaBuenus (1.3.1.3) peann3oBaH Tak Ha3bIBaeMbIN
«00paTHBIA pacueT» — OT CTApIIMX KIACCOB B PETPOCHEKTHUBY K MIIAAIIUM BIOJb

nokojieHusi. KoadduumeHTsl u3bATHA I8 IUIFOC-TPyInbl A (I MOJHOCTBIO
0OJIOBJICHHBIX MMOKOJCHUN 3a aHATM3UPYEMBIN MEPHO MpoMbIcia T JIeT) 3a1atoTcs
paBHbIMH equHHIE: @4 = 1; VE = 1,T. Koadburmentsl u3bsITHs IS TOTHOCTHIO

OOJIOBJICHHBIX TIOKOJICHUM, TIOJIyYeHHbIe ¢ mnomombio ypaBHeHus (1.3.1.3),

yepenustores it t=1,T — A+ 1 ner u vucmonb3yroTcst 11 TEPMUHAIBHOTO Tojia
T:
Qar = (T —A+ 1)_12{_‘44-1@@#-

3aTeM BBINOJHICTCS HOCHGHOB&TGHBHBIﬁ pacucT KOB(i)(bHI_II/IGHTOB HU3BATHUA,
aHAJIOTUYHBIN MPHUBCACHHOMY BBIIIC, OJIA HOKOHeHI/Iﬁ, HE ITOJIHOCTBIO 0OJOBJIICHHBIX

3a aHAJM3UPYEMBIN MEepUOJl TpoMbicia T Jier. B 3aBepuieHre KOropTHOTO aHAIN3a

BBIYHCIAIOTCS uucieHHocTH 1o ypaBHeHusam (1.3.1.1) u (I.3.1.3) B mroObIX

KOM6I/IHaL[I/I$IX NJIN 110 3KBI/IBaJ'IeHTHOMy UM ypaBHCHI/IIOZ
_ Ay—-1
Mo = (@arS”) " ot (1.3.1.4)

Ha »Tame koropTHoro aHaau3a MOJIETb ONTUMHU3UPYETCS TI0 BEKTOPY

napametpoB 8 = (s, A) npu 3amanHOM k wiu o napamerpy 0 = s nipu 3a1aHHbBIX k U

A ¢ momotkto crneayromieit pynkiuu noteps (PII):
thﬁlDafﬂ) s Et(k_lst _thz. (1.31.5)
rae N, — olleHKH YHCIIEHHOCTH 3amaca B Tof t.

VYpaBuenue (1.3.1.1) cymMupoBaHMEM BCEX NEPEMEHHBIX [0 HHJIEKCY «

CBOAUTCA K CICAYIOMICMY YPaBHCHHIO IIPpONCCCa, HUCIIOJIIb3YECMOMY Ha JTallc

npumeHenus: OK:
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Nt+1 = SNt_Sl_ﬂCt +Rt+1+ENr’ (1.3.1.6)

rne R, =n,; — nononHeHue B rof t; €y, — IIyM IpOIECCAa C HEH3BECTHON
JIACIIEpCUEH OF.
Kpome TOro, cTpositcsi ypaBHEHHsS HAOJIIOJICHUI COOTBETCTBEHHO JII BCEX

HNCTOYHHNKOB JAaHHBIX:

Iy =H N +g, (1.3.1.7)
Sy = Hg N, + &, , (1.3.1.8)
rae H; ;, i = 1,m — nepexoanbie K03(hGUIMEHTHI HAOTIOICHHIA:

b

| {qisﬁﬁf, KOTa JaHHBIE eCTk, H . — {ks‘ﬁ,b"t, KOrJla JaAHHEIE eCTh
oo ,
1 0, uHage b 0, uHage

U TA€E: £, €, — IOyMBI (morpentHocTH) HAOIIOIEHUN C HEW3BECTHBIMU

t
2
JACTICPCUSIMHU D’i., 05 COOTBETCTBEHHO;
dopmuposanune maccuBoB H; ; u H; u3 koHCcTaHT U Hyeil (COOCTBEHHO, TOXE

KOHCTaHT, HO cHeuu(puyecknx) HEeoOXOAUMO JJsi y4yeTa OTCYTCTBYIOIIMX
HaOmoaennit B @PK. DT0 TpebOoBaHME OCHOBAHO Ha TOM (paKTe, YTO €CJH
uHpopMalusl M3 [-r0 UCTOYHHMKA JUIsI MOMEHTa BpPEeMEHHM t OTCYTCTBYET, TO €ro
BIUSIHUE HA pe3yibTaT padoTel @K 1151 3TOro k€ MOMEHTa BPEMEHU ANUMUHUPYETCS
NpUpaBHUBAHHEM K HyIr0 camoro Habmonenus, [;; =0, u coorBercTByIOIIETO
nepexoanoro ko uimenta u3 ypasaenus (1.3.1.7), H; ; = 0 [Muxees, 2016].

JUIsl TOCTPOEHHUSI MMPOTHO3a YMCIEHHOCTH KOTOPT Ha JiBa MPEJACTOSIIMX TroJa
TpeOyeTcs OLEHUTh NTPOTHO3HBIE 3HAYEHMsI JUIsl MONOJHEHUS Ry, k = 1,2. UToOBI

HOJIYYUTh YKa3aHHbIC OIIEHKH, OepyTcsl 3Ha4YeHUsT Ry = My; W yCpemHSIOTCS IS

nocaenaux JgetT mpomeicia t=T,T—A"—1. Yucno A’ omnpenensercs kak

OKpPYTJICHHAaA 10 OJIM KamIIero OCJIOro IIOJIOBHMHA OT 4YHCJIa BO3PACTHBIX KJIACCOB B

3amace: A' = ceil(A/2).
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Kpome Toro, mis mnporHosa HeoOXOAMMO ONPEAETUTh BO3PACTHOH COCTaB
yIIOBOB Ha MPEICTOAIIUE JIBa TOAa U OOECHEUUTh MPU 3TOM BBHIMOIHEHHUE YCIOBHS
paBEHCTBA CyMMAapHOM  4YMCIEHHOCTM YyJIOBOB IO BO3PAacTHBIM  Kjlaccam

ycraHoBieHHBIM OJ1Y Cr,, 1 Cry st
Crer = ZaCarir. k=1,2. (1.3.1.9)

B 3aBCPIICHUC BTOPOI'o I3Talla BBIYHUCIIICTCA CpCAHAA MacCa HpOMBICJIOBOI?I

OCO6I/I, M‘Et, u Oromacca 3araca Io rogaM IMpoMbICIIa U HAa IICPCIICKTUBY:

W, =X, 2W,;t=1T,; (1.3.1.10)
Cr

B, =W, N;t=1T; 13.1.11)

foe = We Nik=1,2. (1.3.1.12)

Ha »srame paboret @K Mojenbs OnTUMHU3UPYETCS IO BEKTOPY IMapaMeTpoOB

0= ({qi}, {crfl.}, Oy ), i = 1,m ¢ momomipio caemyromeii OIT:

L,®|Data) = 3,3, (g . — N7, (13.1.13)

rae N;" — mpornosupyemsie (anmpuopubie) B DK OeHKH YHCICHHOCTH 3amaca

Broat.

OtrmeTnM, 4TO IpU OOJIBLIOM YHCIIE 111 ONITUMU3ALMS 110 IIapaMeTpaM Oy U O,

MMEET TEXHUYECKUE CI0KHOCTU. 110 pe3ynbraram BEIUUCIUTEIBHBIX SKCIEPUMEHTOB
YCTaHOBJIEHO, YTO COOTHOIIICHUE YKA3aHHBIX [TAPAMETPOB, IIPU KOTOPOM JIOCTUTAETCA
MuHUMyM ODII, aBnsieTcss npeAnonoKUTEIbHO €IUHCTBEHHBIM, HO CaMU MapaMeTpbl
MOTYT TPUHUMATh JIOObIC 3Ha4YeHUs, He BIusAa Ha MuHUMYyM OII. MnHave rosops,
3/1eChb UMEETCS TOJIBKO OJIHA CTeNEeHb CBOOOBI. JIpyruMu ciaoBaMu, €CJIM 3aJjaH OJNH
M3 YKA3aHHBIX MApaMETPOB, TO NpuBOAAIIKEe B MUHUMYM DIl 3HaueHUsT OCTaIbHBIX

M TmapaMeTpoB HMMEIOT €IWHCTBEHHYIO KOMOHWHAIMI0 3HaueHud. Bmecte ¢ Tem

)IOBepI/ITCJIBHBIfl HHTCPBAJ OLICHOK IIPAMO 3aBUCHUT OT BCIMYHHBI 3TUX IMapaMCTPOB.

Pemaercst ykazanHas mpobiemMa C MOMOLIbI0 Tporenypbl aganTuBHoro OK
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[[Tuayruna, 2008], B KOTOpoil MpOOHBIE CTApTOBHIE 3HAUEHHUS OIICHUBAIOTCS Kak

CTaHJIapTHBIC OTKIIOHCHHS HEBSI30K:
e 2
U?z' =kl n™— Zg:l(Qi l‘ri,t _Nt) ) (I1.3.1.14)

I
rae 1; — 9uciio JeT ¢ HabIro[aeMbIMUA HHIACKCAMU I 4.

[IpoOHble  3HaueHuss  KOAQ(PHUIIMEHTOB  YIABIMBAEMOCTH  HAXOMISITCS

YCPEAHEHHUEM I10 IIEPUOAY IIPOMBICIIA OLICHOK aHAJIOTUYHBIX BEJIMYHUH I10 TOAaM:
=~ _ p—lgr i
G =T "=y (1.3.1.15)

VYpaBuenuss @K 151 pacuera NMPOTHO3HBIX M CKOPPEKTUPOBAHHBIX OLIEHOK
BMECTE C UX JIOBEPUTEIBHBIMA HHTEPBAJIAMU COJIEPKATCS B CIEIAYIOLIEM Pa3LeIe.

Ha 3akmountensHoM atane pabotel  monenu KA®KA  Bo3Hukaer
HE0OXOMUMOCTh OOHOBUTH HUCXOAHyH0 MaTpuily 3amaca (I1.3.1.4) c¢ Tem, 4TOOBI
CYMMHUPOBAaHHE CTOJIOLOB MO BO3PACTaM JAaBaJO B TOYHOCTU CKOPPEKTHPOBAHHBIE ﬁt
u mporHosueie omeHkd Np,; u Ny, (cm. dopmymsr (1.3.1.24) u (1.3.1.26)
COOTBETCTBEHHO).

B oTOli CBSI3M YMCIEHHOCTH KOTOPT IO BO3pacTaM NEPECUUTHIBAKOTCS

CIEAYIOIIUM 00pa3oM:

nl, = N, et (1.3.1.16)

[Ipu 3TOM HEOOXOAUMO COOJIIOCTH YCIOBUE HEYOBIBAaHUSI YUCIEHHOCTH OJHOTO
MOKOJIEHUS] TP OOpaTHOM pacyere, 4To TpeOyeT BBEIEHHUS B OTIENIbHBIE KOTOPTHI
JIOTIOJTHUTEIHHBIX TTOMIPABOK.

B aTO# cBS3M A KaXKIOTO TOJa PacCUUTHIBAIOTCS 3HAYCHUS TUHAMUYCCKUX

apaMeTpoOB YOBbUIU, Sg; UL CKOPPEKTUPOBAHHON MATPHUIIBI {H;Jt} OT NPUYHH, HE

CBsI3aHHBIX C YYTCHHBIM IIPOMBICJIOM I10 Q)opMyne:

r
s, = —atiii (1.3.1.17)

= .
Mgt Cat
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3aTeM 4YHCJICHHOCTH KOTropT B MaTpuuie {?’l;}t}, Y KOTOPBIX HMECT MCECTO

HEPABEHCTBO S, ; = 1, moanpasisiorcs 1o hopmyIe:

Ng_1t-1 = Ngs + Cqy, (1.3.1.18)

THe Ngpr = Ngr U Ny, = N, UL HE TOJHOCTHIO M MOJHOCTHIO 0OJIOBICHHBIX

MOKOJICHHI, COOTBETCTBEHHO. OCTaJbHbIE 3JIEMEHThI YKa3aHHOW MATPULIBI OCTAIOTCA
HEU3MEHHBIMH.

3HaueHuss S, =1  MHTEPIPETHPYIOTCS  CIEAYIOIIUM  00pasoM: B

COOTBGTCTByIOHII/Iﬁ roa COOTBCTCTBYIOIIAsA KOTOpTa 3KCILTyaTHPOBaJlaCb HACTOJIBKO
CHJIBHO, 4YTO Y6BIJ'IB 110 MHBIM IIPUYXHAM HC YCIICBaJla PCAJIN30BaATbLCA.

B 3aBCPIICHUC TPCTHCIO 3Talla YHUCJIICHHOCTHL H OmomMacca 3amaca 1o rogamM
IIPpOMBICJIA U Ha IMPOTHO3UPYEMBLIC I'OJAbl IICPCCUUTBIBAIOTCA C YUYCTOM BBCIACHHBIX
ITIOIIPABOK.

Vpasnenus @K ons kocopmuou modenu

B kadecTBe HawanmpHOTO 3HAYEHHWsS IS MPOTHO3HOW OIIGHKH 3amaca Oepercs
COOTBETCTBYIOIIAsl OIIEHKA 3araca, MoJIy4eHHasl ¢ IOMOIIbI0 KOTOPTHOM MOJeNu:
N;f=N,. (1.3.1.19)
HavanpHoe 3HaueHue aucriepcHMd OIIMOKM OLIEHKH BBIYUCIAETCA U3
napameTpoB (GuIbTpa:
Pr=x*P tai. (1.3.1.20)
Jlanee BbIYMCIACHUS OCyliecTBsitoTcs B mukie nmo t=1,T +1, rme T —

NIEPHO/I JICT HAOIFOICHUI 3a 3aI1acoM.

2
D, = (Ilioy,)’ [1 + Py X (h) , i=1m (13.1.21)
o1
wy ez Ml (1.3.1.22)
Dy
o ptEr
K, =“eLne (13.1.23)

z
o7
I
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roe 1 O;. = 07,0, 0 ; D; — mucnepcuss 0OHOBIAIOIIETO MPOLECCA, T.€.
npolecca KOPPEKTUPOBKH TPOTHO3HBIX OIEHOK; K;; — ko3duuueHT ycuneHus
Kanmana [Harvey, 1989].

CkoppektupoBanHble ounenkn N, wu jaucnepcun ux owuOku P,

PacCYUTHIBAIOTCS MO (POpMYyJIaMm:

s

N, =w, N} + 3K, . I, (1.3.1.24)

P, — w,P;. (1.3.1.25)

[TporHosusie orienkn N;© u mucrnepcud ux OMmMOKH Py~ pacCYMTHIBAIOTCS IO
dbopmymnam:

N}, =sN,— s1™C, +R,,,, (1.3.1.26)

i1 = S°F, + oy, (1.3.1.27)

rac Rt — UYHCICHHOCTH IIOIIOJHCHHA, IIOJYYCHHBIC HaA 3TallC KOT'OPTHOI'O

aHaIu3a.
®opmyna (1.3.1.24) wumeer BaxHyw wuHTepnperanuio [Muxees, 2016].

[Tockomnbky, Kak Jierko BuaeTh u3 Gopmyaa (1.3.1.21)-(1.3.1.23)
wy + 2K Hip =1

9

dbopmyna (I1.3.1.24) noka3piBaeT TO, O YeM TOBOPHUJIOCH  BBIIIE:
CKoppekThpoBaHHasi oueHka @K ecTb cpelHEeB3BEIIEHHAas MEXIy MTPOTHO30M
KOTOPTHOM MoJiesid U HaOmoAeHusMU. [Ipudyem BelnunHa Beca TOBOPUT O TOM, UYTO
OKa3bIBaeT OoJiblliee BJIMSHUE HAa 3Ty OILICHKY: MOJeib win HaOmoaeHus. Kpome

toro, Bemmumnabl K; H;, wMoryr paccmarpuBaTthcs Kak Beca HMCTOYHHKOB

nHpopManuu, a B3BEIICHHBIA 110 HUM MHICKC 3alaca BIOJHE MOXET OBITh

MCIIOJIb30BaH B KQUECTBE CTAHIapTU3UPOBAHHOTO (TaM XKe).
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1.3.2. PykoBoCTBO MOJIL30BATEJISI
Tpebosanus k ucnonsemou cpeoe
Ha xommbroTepe noikHa OBITh YCTAaHOBJIEHA OINEpallMOHHAs cucTema Jito0oi
Bepcun, HaunHas ¢ Windows Vista u mo3aHee. {151 KoppekTHOM pabOThI MPOTrpamMMbl
TpeOyIOTCS MPEPEKBU3UTHI YCTAHOBIIUKA:
1. ITaker Microsoft Framework 4.5.2 Full (https://www.microsoft.com/ru-

ru/download/details.aspx?1d=17851).

2. VYtwmra Windows Installer 4.5 (https://www.microsoft.com/ru-

ru/download/details.aspx ?1d=8483).

[Ipm oTCYyTCTBHM TaHHBIX MPEPEKBU3UTOB YKAa3aHHBIE TPOTPAMMHBIE POTYKTHI

YCTAaHaBJIIMBACTCA aBTOMATUYCCKHU B IIPOLCCCC MHCTAJVLAINH.

Peaucmpayusa nonvzosameneu
Jlns yCTaHOBKM IPOTpaMMbl HEOOXOIUMO 3apeTrHCTPUPOBATHCS Ha cailTe

«Fisheries research clockbyte» mo cceuike http://fisheries-research.clockbyte.com/.

Ha rnaBHo# crpanuiie caiita (puc. 1.3.2.1) Hy>)kKHO Ha)kaTh KHONIKY «Peructpanusy.
4 LT TR
* 8 i

FISHERIES RESEARCH CLOCKBYTE #TABHAR & PELEHMA

d

SRR TR
—
Puc. 1.3.2.1. 'maBHas ctpanuiia caiira

3areM 3amosHUTH (GopMy, MokazaHHyr0 Ha puc. [.3.2.2, u HaxaTb KHOIKY

((PGI‘I/ICTp alys».
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FISHERIES RESEARCH CLOCKBYTE # MABHAR & PEWEHWA  OBPATHARA CBA3bL

Peructpauusa nons3soBaTens

* QbA3aTensHoe none

Wmn

Norud

Mapone

MNoeTop napona

Anpec 3NeKTPOHHON NOYTHI
MonTeepwaeHe agpeca INEKTPOHHOM

noMTEL

Pem:ﬂ QOTmera

Puc. 1.3.2.2. Peructpanuonnas ¢popma

Ha ykazaHHBIN agpec 3J1. MOYTHI IPUIET MUCHMO, COAEPIKAILEe CChIIKY BHA:

http://fisheries-

research.clockbyte.com/index.php/login?task=registration.activate... .

HyxHo nepeitu o ykazaHHOHM ccbuike. TeM cambIM OyAeT COBEpIIEH BO3BpPAT
Ha TJaBHyw0 cTpaHully caita «Fisheries research clockbyte» ¢ aBTromaTmueckoi
aKkTUBAallMEW Bamiell ydyeTHoW 3amucu. [Ipomeaypa perucrpaumm Ha 3TOM

3aBCPIIACTCA.

Yemanoska u nuyensuposanue npozpammoi
3aperucTpupoBaHHbBIM TOJb30BaTENb, 3akas Ha calT «Fisheries research
clockbyte» mo cBoemMy JIOTUHY MW TIApoJIl0, AKTUBUPYET BKIAAKU «Pemenusy»,
«IIpodune» u «O06paTHast CBA3bY.

Ha Bknanke «PemeHus» pa3MelleHbl yKa3aTeld MPOrPaMMHBIX MPOAYKTOB,
JOCTYIIHBIX K CKauyMBaHUIO Ha Tekymui MomeHT. Haxatme kHomku «KADKA»
ocymiectBisier BbiOop mporpammbl «CAFKA» (v. 1.0.2.1511) ans mociemyroiero
CKauuBaHUs W JMUIEH3UpOoBaHUA. B mnosBuBmeMcss okHe «KOropTHeIi aHaiIW3 ¢

bunperpom Kanmanay ciieryeT HaxkaTh KHONIKY «3arpy3uth OecruiatHoy (puc. 1.3.2.3).
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FISHERIES RESEARCH CLOCKBYTE MABHAR WPOOUNe & PEWEHWA ~  ? OBPATHAR CBA3E

30PBECTEYRTE, ANGKCAMAD N EAN OB

KoropTHbIn aHanus ¢ unstpom Kanmaxa

f T
.lomw-dnvumww = xz“

Boos ma e as yrooce

I Hoameed roz e paca yroscs S - Koneawcwmo ret Sarpywen wa Bxcel
3 . o Ko Bew10p e T THANCERA OUBOK
3 I Heanved poxpacrod cnsce 5 3 KommecTso 8030ac va A
Lie =< ]
Noosaucacon clvexr

R Sarpyaen w3 Bxcel

ir r Ir &r Sr

¢ 0

-~ “n-e

I TR N

Puc. 1.3.2.3. Oxno «KoropTHsiii anams ¢ punsTpom Kanmanay

CrneoM HyXKHO OTKPBITH (haiii setup.exe B cucke 3arpy3ok (puc. 1.3.2.4).

o
% osetup.exe £

Puc. 1.3.2.4. Knonka ¢aiina «setup.exe»

Ecnu mosiBaTcs mpenynpexaeHuss (0JHO W3 HUX WM 00a) O HEU3BECTHOM
uznarene (puc. [.3.2.5), TO uUX HYKHO NPOUTHOPUPOBATH W HaXKaTh KHOIKY

«3amyCTUTh» WIH «Y CTAHOBUTH), COOTBETCTBEHHO.

r = ~
CTEpLITh aia - NpEgyNpPEXIEHHE CHCTEMBI BE30NacHOCTH ﬁ Yar P - Mpeaynpexaerie o besonacHocTn ﬁ
He yaaetca npoeeputs uzgatena. Be peficTEMTENLHO XOTHUTE M3garens ne Moxer GbiTh NPOBEpeH. 3‘?
SanycTMTE 3Ty Nporpasmy ? Bii yBep HTO XOTMTE YT AAHHOE NP g s‘

Wras:
@ M=natens: i
HeusBecTHbIn M3gaTens Mot
Tun: MNpunoxeHne CAFKA
Ws: Or (HaseawTe yrazatens wa crpoxy Hume, uTobel yems, nan )

3anycTiTs ] [ Omaeqa J

Higarenn:

Hemnizectrilii nsgatens
Bcerpa crpawvsaTs Npy oTKPLITUKM 3T haiina

Ycranosuts ‘[ He ycranaenmnsate ]

= Y 31oro dalfing oTcyTCTEYET A0MYCTMMEA LWDPOEAA MO AMMCE,
[p*dl noatEepkaalowWwan ero wsaatens. CedyeT sanyckate TONbKO
L MPporpaMMel, MoNyYeHHLIE OT ADBEPAEMOro MSAaTenA. Kak
ONpefeNnTh, KSKYH0 NPOrpPamMMy MOXHD SanycKaTs?

Xota npusosenna M3 MIHTEpHETS MOTYT BbiTh NOASSHEIMU, OHK NOTEHLWANBHD MOFYT NOBPEANTE
BaW KomnbroTep. ECAKM Bbi HE ACBEPRETE STOMY WCTOHHMKY, HE YCTBHABAMEAITE 3Ty MpPOTPanKY.
& i) g

Puc. 1.3.2.5. [lpeaynpexaeHus
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Baxno: IlosBrnenne yka3aHHBIX COOOIICHHMH CBA3aHO C TEM, 4YTO JaHHas
BEpCUsl MPOrpaMMbl paclpocTpaHsercs noj JmueH3uedl tumna Trial (ycioBHO-
OecrilaTHO) W [OKa  He  moAmucaHa  cepTUdUKaTtoM  OE€30MacCHOCTH.
CeptudunupoBaThcs OyIET yKe CISAYIOMas BEPCHsI IPOTPAMMEI.

B npouiecce yctaHOBKH OyZI€T aBTOMaTHUECKH ITPOBEPEHO HAIMUUE TPEOYEMBbIX
IPEPEKBU3UTHBIX ITAKETOB MporpaMm (cM. TpeboBaHUs K UCIIOIHIEMON Cpelie) U IpU
UX OTCYTCTBHH yCTaHOBIIHMK MOTpeOyeT X ycTaHOBUTH. Kornma mporpecc ycTaHOBKU
3aKOHYMUTCS, aBTOMAaTH4YeCcKu B MeHI0 «Ilyck» Ha Bkiaake «Bce nporpammsy Oyaer
co3nana namnka «Fisheries Research Clockbyte» ¢ ncnonnsempiM Moaysem cafka.exe

U NPOrpaMMOM CBSI3M C TEXHMYECKOW MOAJEPKKOM, Ha pabodyeM CToJIe MOSBUTCSA

SIPJIBIK - H

Ilocne oxoHuaHus npoucaypbl HHCTAIAOHUH OTKPOCTCA OKHO IIPOBCPKH

muuensuu (puc. 1.3.2.6).

r

o = —
B KoropThbit ananus ¢ duastpom Kaamara = B

| MNposepxa maensmw v10.00 Nopgepxxa www fishenes research clockbyte com

[ Pan MUEHIM He HaRaeH

9@ Y Bac yxe ects ©ain nuuensim
Yiasats @ain nuusHsm O6sop

Y Bac noxa HeT nuuersim 1 8o xoTem Gol e nonysums

M

Puc. 1.3.2.6. OxHO npoBEpKH JTULEH3UN

Ecnu nunensun He mMMeeTcs, TO CIEAyeT YCTAaHOBHUTH (PIIAYKOK B MYHKTE IS
noyiydeHus auneH3un. Kak Tojabko (uiaskok OyJeT yCTaHOBJIEH, aKTUBUPYIOTCS JIBE

HIKHME KHOMKH: «CkomupoBaTh B Oydep» u «OtmpaBuTh 3ampoc». HeoOxomammo
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CKOIIMPOBAaTh COAEPKUMOE OKHA BPYYHYIO WJIM HakaB KHOINKY «CKOIMUpOBaTh B
Oydep». 3areM HaxkaTh KHOMKY «OTmpaBuTh 3ampocy». OTKpOeTCs CTpaHuIa caita

«Fisheries research clockbyte» Ha Bkianke «O0paTHas cBsa3b» (puc. 1.3.2.7).

FISHERIES RESEARCH CLOCKBYTE MABHAS PO PEWEMMA = T OBPATHAA CBAZL

AapascTeyITE, ANBECAHAD N BaH OB
-

Bawe men | AneccasAD WEANOE

Baw E-mai ale 1-lang wiZmal ru

Cpramtayms

Yemsure Baw UID grn
BATYCED Mapbiient, Mo
M aaime BONpOC

MIGHAMTYRCTE, HESULTE HA YT

coMmadeTeCh ¢ OSpalioTrod Bawsx NepcOMAMNpMbO SakHbl Fishernes-Research Clockbyle, Tano
EE0A MCRTE M YRR MIESTAMEATOR YETANOBIN NPOrPaMMED NEGIYETOR [Nporpaun
SO MUALEEREM M PELLESIAR BAUMY BONDOCOR TENHMECEOND i OOWBID NADAITEDE, HO HE AOMCEAR

Puc. 1.3.2.7. Ctpanuna caiita «Fisheries research clockbyte»

Ha nanHO#l BKiIajke HEOOXOAMMO 3amOJHUTh (OPMY U HaKaTh KHOIIKY
«OtnpaBuThy». Yepe3 HEKOTOpPOe BpeMsl MOJIb30BaTENb MOJYYaeT Ha YKa3aHHbBIM UM
aapec 3. nouThl ¢aiin license.xml, ckayuBaeT ero u MoMemaeT B y100HOe JJisi HEro
mecto. [locne mnomydenust ¢aitna JTUUEH3UM HY)XHO OTKpPBITh YCTaHOBJICHHYIO
nporpammy «CAFKA», 1100 nmosib3ysch SpJIbIKOM Ha paboyeM CToJie, MO0 U3 MEHIO
ITyck -> Bce nporpammsl -> Fisheries Research Clockbyte -> CAFKA, u B okHe
npoBepku JmieH3uit (puc. 1.3.2.6) BeiOpaTh nepBoiii myHKT «EcTh (aiin numer3uny,
Ha)xaTh KHOMKY «O030p» U yKa3aTh paHee 3arpykeHHbli (aitn license.xml. Ha atom
npoueaypa JUIEH3UpOBaHUS OyJeT 3aBeplieHa M OTKPHITO TIJIaBHOE OKHO

npuioxenus (puc. 1.3.2.8).
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. |
B8 KoropTHeid aHanms ¢ duabTpom Kanmada _! |iﬂi

Beop MaTpmus ynosos v1.021511 Donnepxks www fisheries-researchclockbyte com |
|] 2 HauaneHei ron anA pAOA YNOBOE 5 2 KonwuecTso net [ 3arpy3uTts uz Excel ]
3 = HauankHsif EOZPACTHON KNSCT 5 E KonMUecTEO BOSPAC THEM BeKTop y4eTHeIX TPaN0BLIX OLIEHOK

3anaca. MNH.3K3.

Knaccos

MNpoMeicNoBLIA 06BEKT

’ 3arpysunTo ua Excel

MaTpuua ynosoe

25

3

0
0
.D

0

0

! < Hasaa I Oanee > ] ] QBHOBMT b NMLEH3MI H Hactpoiki ]

Puc. 1.3.2.8. I'naBHOE 0kHO niporpammel «CAFKA»

IKenayamayus npoepammol

Baxkno: 1mo Bcem 000O3HAUEHUAM, TEPMHUHAM M TIOSICHEHUSIM K HUM (CM.
TeopeTudeckoe onucanue mojaenun KADKA).

[IporpamMmMa BBIMOJHSAETCS C TOMOIIBIO TOIIArOBOTO MacTepa, ONUCaHUE
KOTOPOT'O ITPUBEJEHO JaJee.

[ar 1. 3anmyck aiinma cafka.exe TPHBOAWUT K TOSBICHHWIO JKpaHa BBOJA
UCXOJHBIX MaHHBIX (puc. .3.2.8).

JlaHHBIE MOTYT BBOJUTHCS BPYUHYIO B IIAOJIOHHBIE OKHA, pa3Mep KOTOPBIX
ycTaHaBiauBaercs B okomkax «KommuectBo 1ner», «KommuecTBo BO3pacTHBIX
KJIaCCOBY» JINOO U3 MPEIBAapUTENBHO 3aroTOBJICHHOro (Qaitna tuna Excel HaxaTtnem
KHOTIKM «3arpy3uth u3 Excel». B nocienneM BapuanTe BBOAa pa3Mepbl OKOH OyayT
YCTaHOBJICHbI aBTOMATUYECKHU.

[ar 2. [Ipn HaxaTuu KHONKM «3arpy3uTh u3 Excel» oTkpoercs cienyromee
okHO «InputData» (puc..3.2.9), B KOoTOpOM cleAyeT BBECTH YyKa3aTelH
pacrmoyioKEHUs]  MCXOJIHBIX  JaHHbIX.  TpeOyemble  yka3zaTeld  CHAOKEHBI
HOSICHSIOIMMHU ToanucsiMu. Dailn ¢ JaHHBIMU B 3TOT MOMEHT JJis y100CTBA MOKET

OBITb OTKPBIT JIsl IPOCMOTPA.
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= = | B S
B8 InputData

1 %] BeeowTe NOpAOKOBLIA HOMEP NUCTE pAcOYEH KHUTK
Excel (Hymepauma cneea Hanpaeo, HadmHaa ¢ 1) Ha ..

MaTpuua yNoBoE, MIH. 3K=.
1 = Beemwre Homep cTongual®) c KOTOPOro HaYMHEETCA TatnMua

>
i £| Beenute HOMep cTPOKM(™) C KOTOPOR HAYMHAETCA TAENMLE

* - nymepaums cronbuoe HaumHaercs ¢ 1, oTHoOCHMTENBEHO Ne_
** — HyMepalMA CTPOK HauMHaeTcA ¢ 1, OTHOCMTENLHO EBepXH._

Puc. 1.3.2.9. Oxno «InputData»

[ar 3. Tlpu HaxxaTuu KHONKHU «3arpy3uth» B okHe «InputData» oTkpoetcs
crangaptHoe okHO O6o3peBarens ([IpoBognuka) Windows (nanee — O6o3peBaTers)
(puc. 1.3.2.10), ¢ moMomipbl0 KOTOPOTO CIEAyeT HAWTU JAUPEKTOpUI0 ¢ daiaom

COOTBCTCTBYIOIINX UCXOAHBIX TAHHBIX U OTKPBLITH 3TOT (I)aﬁﬂ.

Mouck: KAPKA Musmail BC e I
S —

| » « TIporHos muHTa... » KAOKA MuHTtai BC
| — —

b4

Ynopsgouuts ¥ L‘,I OTkpbITb ™ O6wwmid goctyn ~ Mewars  » BE | j 9
]
[ W3BpaHHoe " i
. U36p 5}4611 mmer@ [ oKyMeHThbI e
| 3arpyskm KADKA Muntain BC
<& HepaeHwe Mmecta
> mYPR_Analysis £ 1 Knura2l
B PaGouwii cton 3 - ;
£ ] NaHHble MuHTai BC 1976-2016 - avarHoctvka <. KHura2?2
) £ ] NaHHbie MuHTali BC 1976-2016 HoRGDbL 2 104Y MuHTas NOA30H
.| BubnuoTtekm 5 = 1 .
o < ] AanHble MuHTal BC 1976-2016 <] MPTT v OAY muHTai B
(-1 Buaeo 4 Kuurala o MPM v OOY munTai f
S flokymenTh 4 ]Knura2a ZANPM v OAY MuwTai B
S- UsoGpaxeHia 4 Knura3a 2 1NPM v O4Y muHTak E
4 Mysuika &1 KHurada 4 | PesynbTaT MuHTa# Bl
£ 1KHurasa £ | PesynbTat MuHTai B(
1 Nomawrsa rpynna £ KHuraba
£ Knura7a "
& Komnetotep & Knura8a '
& Nokanexelid guck (C:) £ 1KHura9s
£ 1 KHuralOn
& Cers £ ] Knurall |
£ 1KHural2
<, mn b
. ] JaHHble MuHTal BC 1976-2016 Hassanue: |[lobaBbTe Ha3BaHWe
s Jluct Microsoft Excel AsTOpbI: Muxees

Puc. 1.3.2.10. Crangaptaoe okHo O603peBaTes
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Ucxonnple naHHBIE SIBISIOTCS YUCIOBBIMHU  MacCHBaMM, B  KOTOPBIX
MPOIYIICHHbIE 3HAYECHMs 3aMelaloTcsd HyJsIMU. BaskHo colOmoaath clieayrolniee
TpeOOBaHWE: pa3leNAUTeNb LEJOW U JECATUYHOM dYacTh dYHCel JOJDKEH
COOTBETCTBOBAaTh TOMY, KOTOpbIH 3a1an B Windows (cM. [lanens ynpasienus - S3bIk
U pEeTMOHAbHBIEC CTAHAAPTHI — J{OMOIHUTEIBHBIE TAPAMETPHI).

JlanHble pa3neneHsl Ha 4 MaccuBa:

1) Tabnuiia yinoBoB 10 TojaM (CToa0IbI) U Bo3pacTaM (CTPOKH);

2) cronbel; aOCONIOTHBIX 3HAYEHUH MPOMBICIIOBON YUCIEHHOCTH (MJIH 3K3.) MO
roJiaM, OLIEHEHHOM 10 pe3yJibTaTaM YYETHOU ChEMKH;

3) Tabnuila yJI0BOB HA €IMHHUILY TIPOMBICIIOBOTO YCHIIHS (MJIH 9K3/yCUIIHE) T10
TUTAM YCWJIAH (CTOJOIBI) U roaM (CTPOKH) MO JJAaHHBIM MPOMBICIIOBOM CTaTUCTUKH;

4) cronbell CpeIHEMHOTOJIETHUX HaBECOK (KI) MO BO3pacTaM IO JIaHHBIM
OroaHamu30B; MOTYT OBITh B3SITHl B COOTBETCTBUM C  QJJIOMETPUUECKOU
3aBUCUMOCTBIO «BEC-BO3PACTY.

[To yMon4aHuio moJsiaraercs, 4To B MPOrpaMMe YUCIEHHOCTh YJIOBOB, YJIOBOB
Ha yCHUJIME, KOTOPT M 3amaca B LEJIOM 3aJaeTcsl B MIIH 3K3., OMoMacca KOropT M 3amnaca
— B THIC. T, @ HaBeCKU — B Kr. Ba:xkHo: Eciu equHUIBI U3MEPEHUS YUCICHHOCTH U
Macchl BO BXOJHOM MAacCHUBE LieJeco00pa3HO 3aMEHHMTh C U3MEHEHHEM IPONOpPLUU
MEXJly HUMH OTHOCHUTEIBHO YCTAaHOBJIEHHBIX MO YMOJIYaHHIO (CM. BBIIIE), TO JJIA
MPUCBOCHHS AHAJIOTMYHBIX Pa3MEPHOCTEM M IO pPe3yibTaTaM pPACUETOB CIEAYET
BHECTH MOMPABKH C y4€TOM U3MEHEHH B mponopuuu. Hanpumep, eciiv YuCIeHHOCTh
3a/1aBaTh B THIC. 9K3. BMECTO MJIH 3K3., a OMOMaccy B TOHHAX BMECTO ThIC. T, TO
MPOTIOPIIMS MEXKAY Pa3MEPHOCTSIMU COXPAHSIETCS W TOMPaBKU B PE3yJbTaTax HE
HYKHbI. EClM Jk€ YMCIIEHHOCTh 3a/laHa B ThIC. 9K3. BMECTO MJIH 9K3., a OMomacca, Kak
M0 YMOJYaHHUIO — B THIC. T, TO PE3YJBTATHI MO OMOMacce HYXHO OyIeT COKpaTUTh B
1000 pa3, 9TOOBI OHU BBIPAXKATUCH B THIC. T. AHAJOTUYHO U MTPU U3MEHEHUH HABECKHU.

JlanHbpie MOTYT OBITH pa3MENIeHbl JOCTATOYHO MPOU3BOJIBHBIM O0pazoM: B
OJTHOM WJIM HECKOJIbKUX (Daiiyiax; Ha OJTHOM WJIM HECKOJbKHX Jmctax. Kpome Toro,

JAaHHBIC MOXXHO cHa0XKaTh IIAIIKOM W 3arojioBKaMu. B aTom cily4dac 1Jis1 MaCCUBOB 1,
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2 uw 4 B OKHe

BBOJa

(puc. 1.3.2.9)  yka3biBaroTcs

CTapTOBBIE

STYCHKH,

COOTBCTCTBYIOIIMC Ha4Yaly KaXJI0ro MaCChMBa WM HC BKIIIOYAIOMIMEC 3aroJIOBKH. I[JIH

MaccuBa 3 CTapTOBad sTYCMKa BKJIHOYACT 3ar0JIOBKH IJIA IIPOMBICIIOBBIX YCI/IJIPIfI. Ecaun

A1 MaCCuBa 3 YKa3aHa B Ka4CCTBC CTapTOBOﬁ slueiiKa Hayaja 4HCJIOBOI0 MaccCHBa,

TO 3aroJIOBKM YCTaHaBIMBarOTCA 1o ymoswanuto: Opyauel, Opyaue2 u 1.0 C

nomoIeio obo3pesarens (puc.1.3.2.10) u okna BBoma (puc.1.3.2.9) mpouemypa

BBOJa IIPU 3TOM PCAJINIYCTCs OUCHD ITPOCTO.

Ha puc. 1.3.2.11 B kadyecTBe npumepa MpUBEICHA BBOJUMAas TaOJIuIla YIOBOB,

pa3menieHHast Ha Jqucte 1 u Oepyiias Havyano co ctoybua 1 u crpoku 1 coryacHo

ykaszarensMm Ha puc. .3.2.9.

===
Fnaexan BcTaeka PasmeTka cTpaHnLbl DopMynk [aHHble PELEHINDOEaHHE Bug (=] Q [ <
¥ calibri Ju - = =[2]= obumi A | E=csmm - X - ;1‘? \?’3
K & 94 Ay EE=EZ=Z EH- H. 9 m * yoaums - | @] -
BCTaButs N e Crmnm po } , _ Copmpoeka  Haiiti u
i = B A & i | Br W e T =4 Popwmar & DUILTP ™ EbIOENNTE ™
Bytdep obmena Iu LLipwgT % | BelpaBHnBaHWe 1 lncno Aueikn PeaakvpoBaHne
G19 * & ;}
4] A B c D £ F G H ! J x |El
: 0.293 0.28 116.357 31.5 0.245 0.219 6.238 7.7 0.508 2 0.208
2 0.205 0.196 361.475 107.31 0.172 33.704 38.238 5.39 13.396 4.55 84.39
3 7.243 2.354 149.977 91.14 58.31 93.963 136.194 4.107 11.054 2.567 32.98
4 64.674 31.195 68.909 154.381 27.268 134.611 201.759 45.427 37.182 15.23 80.36
5 203.458 271.974 133.997 122.116 82.793 190.179 163.572 111.517 132.536 49.263 193.392
] 165.925 139.61 56.268 66.439 128.812 72.921 28.209 54.64 34.512 26.9 88.634
7 57.53 45.78 15.411 19.133 81.394 12.402 5.894 5.011 10.668 2.944 15.243
8 71.879 6.936 1.217 1.569 19.123 1.454 2.378 0.365 6.241 0.498 1.156 |_
9 1.828 1.881 0.203 0.141 2.138 0.294 1.16 0.221 2.609 0.034 0.014
10 1.873 0.687 0.123 0.404 0.801 0.095 1.349 0.106 2.947 0.024 0.009993
11
12
13
14
15 I
16 il
17 |
18 - - v.
M« <« » ¥| MaTpuua ynosos - Tpanoesie chemku _~ MHpekcsl ~ Hasecm 1] 4| ! (S0
Wl roroeo | /B80T B 100% (=) [} (+) I

Puc. 1.3.2.11. BBogumas tabauia co 3Ha4eHUSIMHU YJIOBOB

[ar 4. TTocne oTkpbITUS (HAMIIOB C JAHHBIMHU PACIIOIOKEHHBIE B HUX MACCHUBBI

COTJIACHO yKazaTensiM B OkHe Ha puc. .3.2.9 nepemectarcs B okHO Ha puc. 1.3.2.8.

Pesynbrar »sTOro mnepememieHuss nokaszaH Ha pwc. [.3.2.12.

pEIaKTUPOBAThCS B OKHAX HA JF0OOM 3Tare nepes cTapToM pacyeTa.
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KoroprHeii aHanus c gunstpom Kanmana

Beopn maTpuum ynoeos
1976 +  HayansHeIA ron ans pRaa yNnosos 40 < KonwuecTeo net 3arpyaute uz Excel £
L
3 % HauankHuii Bo2pacTHOA Knacc 10 2 E::::::TEO BOZPACTHLI z;;;zg‘m:rggwﬁﬂﬂﬂhm oueHoK L
MpoMECNoBEIA 06LeKT | st - E
i \
rMuHTaR BC 1998 0 I
3 Excel 1999 0
MaTpuiia ynosos arpyautsus Excel i s
1976 r. 1977r. 1978 r. 1979r. 1980r. 1981 r. 1982r. 1983r. 1984 r. JE 2001 I339
» 3 [ESNENO028 11637 (315 (0245 0219 6238 77 (058 |2 e low
4 0205 0.19% 361475 10731 |0172 33704 33238 539 1339 45 o =
5 7243 2354 149977 (9114 15831 193963 136.194 4107 11.054 |2g= :30?'
1 1 2004 |1307....
B 64.674 31195 68.909 154381 |27.268 134611 201.7589 45427 37.182 |15 2005 .896 | L
7 203458 (271974 133997 122116 (82793 190179 163572 111517 [132536 ;49' P 5-292 3
8 165.925 139.61 56.268 66.439 128812 |72921 28209 54 64 34512 |26 a7 El] =
9 5753 4578 1541 19.133 |81.394 12402 5.894 5011 10.668 |28 |
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< | 1 | ’ 2009 |0 i
Nanee > | Hactpoitku | Bexon

Puc. 1.3.2.12. UmnoptupoBanusie ganHble B nporpamme «CAFKA»

[Ipu stom aktuBupyetrcsi kHomka «Jlamee» (cm. puc. 1.3.2.12). Ee Haxatue
OTKpBhIBa€T OKHO ONIMW JUIsi BBINOJHEHUS pacyeTa MO KOTOPTHOMY aHAIU3y

(puc. 1.3.2.13).

@ [t ) S

ONTHMAZALUMA NAPpaMETDOE MOLENH

BapbUpyeMsie NapamMeTpes MakcuMansHoe KoNMUECTED MTEPALMA MeTona 50 v

napaMeTp s [v] Ba eMblA r
P P (¥} BApLUDYEHL Konu4ecTEo HAGoPOs NapaMeTpos 1000 =

Nesas rpaxnua 0

PazpRaHoCTL CeTKM MeToma 16 pazpsnos -

MpaBaArpaHua 1 J
V| O6yuenmne nunepa MeTonoM MNayanna

napavetp delta [ | aphupyemui

3HaueHMe i} CocTosHKe BLINDMHEHUA

i
0

BrinonHeHo uTepauui 26 Bpema (umc) 00:00:18

Puc. 1.3.2.13. CocTostHue BBITIOJHEHUS pacyeTa

Pacuer a1 KOrOpTHOTO aHaIM3a CBOJUTCS K ONMTUMHU3AIIMOHHON TIPOIIETYpE 110
nByM mapamerpam s (s) u delta (A), unm oqHOMy U3 HUX — S. BaskHO: 371ech U anee
0 TEKCTy B CKOOKaXx K OOO3HAYeHHSIM YKa3aHbl COOTBETCTBYIOIIUE CHMBOJIBI

COTJIACHO TeopeTudYeckoMy onucannio Mojenn KADKA.
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Ilepen craproM ONTUMH3ALMOHHOM MNPOLENYPBI CIEAYET BBICTABUTH
yKa3aHHble B OKHe onuuu. [ns mapametpoB s u delta mo yMon4aHuio CTOST
IPAaHUYHBIE 3HAYEHHUS JHANa30Ha JONMyCTUMBbIX 3HadyeHuil ot 0 no 1. B meBoii yactu
PacoJIOKEHbI OINIMU ISl TeHEeTH4YecKoro airoputMa (I'’A) v OKHO 1Jisl aKTHUBALMH
rpagueHTHOro oOydeHuss wmeroaom Ilaysmma (I'M). Baxkno: MakcumanbHOe
KOJIMYECTBO UTEpaAllMi MOXKET BhICTaBIATHCA 0 10 000 BKiouMTENHHO, HO HE O0JIee.
KonnuecTBo HAOOPOB OMpENEIAET YUCIO CTAPTOBBIX TOUEK s ['A, pacronokeHHbIX
PaBHOMEPHO CIyYailHO B MapaMeTPUYECKOM MPOCTPAHCTBE MOJEIHU, U TAKKE MOMKET
ycraHaBiuBatbes 10 10 000 BximrounTenbHO. Pa3psaaHOCTh CETKM KaK CTENEHb YHCIIA
2 3ajaeTr paspelieHue U1 JBOMYHOTO IPEACTABICHHS BEKTOPA ONTHUMHU3HPYEMBIX
apamMeTpoB B Iporeccope. MakcUMallbHOE 3HAYEHHE JTOr0 MapaMmerpa paBHO 24.
DTO O3HAYaeT, YTO B I'PAHULIAX MOUCKA (CM. BBIIIE) TOUHOCTh MPEICTABICHUS YHCEI
OyZeT paBHa Pa3HOCTH MAKCUMAJIbHOTO U MUHUMAJIHHOTO 3HAYCHHM, JEJICHHBIX Ha
YHCJIIO 224=16777216, T.e. Oyzaet Boime 0,00000006. Baxno: YcTanaBiuBas OIIIMH
ONTHUMHU3AaLMOHHON MPOLEAYpHI, CIEIYyEeT YYUTHIBaTh, YTO BBIYUCIEHUS C Oonee
BBICOKMMU 3HAUYCHUSIMHU TIOTPEOYIOT OOJIBIIIETO BPEMEHH.

Pacuer 3amyckaercsa Ha)KaTUEM COOTBETCTBYIOLIEH KHOIKU. JIJIs1 KOHTPOJIST Haj
BBITIOJIHEHUEM pacueTa wuMmeercs OeryHok minsi ['A, auHamudeckoe OKHO ¢
KOJIMYECTBOM BBINIOJIHEHHBIX WUTEepanui, BKIrodass ['M, U cueTunk 3aTpadyeHHOro Ha
pacyer BpEMEHH,

PesynbTaThl pacuera BHIBOASTCS B OTAebHBIEC (aiiiasl Excel-Tuna ¢ Ha3BaHueM
Kuwural, Kuura2 u 1.1. X MOXHO COXpaHUTh B JIOOOH AUPEKTOPUHU MO JHOOBIM
Ha3BaHueM cpenactBamu (OO6o3peBatens. B ornmume ot BBojga QopMar BbIBOJAA
ABJIsIETCA CTaHIapTHBIM. Pe3ynbrarsl pacueta KA u @K BeIBOASTCA MO 3aBEpIICHUU
COOTBETCTBYIOIIIETO pacueTa B oOTHenbHble (Qaitnbl. B ¢aiine pesynpraToB KA

conepxarcs 3 nmucta (cM. puc. 1.3.2.14).
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'(_i ™ R i Pezyautar muntai BC KA v3 1 - Microsoft Excel

7~
\ m NAEHAR Berasxa PazMETKA CTREHALL @opmynsl [JlaHHse PeueHINpOBaHNE Bua ~ @ o F m |
- oo | = = ] il Ge*Boaswms - E -
B _-* calibri -4 AN S = B F Obumi : ’;_l - | - | @ Ar i
R A R L e | g e e
Bypep ofiMena s LLIpwgT : BLIP3BHHBIHME . HiCno . CTin G
T26 - F bt
A B c D E F 6 H [ [ K L M ] o P a R 5 T u 'AE |
1 YMcneHHOCTs B MAH, 313, Buomacca 8 Teic, T
N't
MathC
2 MMHMMYM dyHK MapameTpel MathC2Phi_a St R_t N_t o i E_t AD
3 | 5.666 5 0.711 0.71 0.06 1976 1540 4955 5109 1.162 4647 5000 . 1000
s 5667 MathCidelta  BE-D6 0 042 1977 1769 4930 500.9 0.019 4654 l g :“l""“hf“" s
5 0.126 1978 1791 4942 903.9 0.715 4677 5000 __"I__'j_ ® S__t I a00
6 0.162 1979 1645 4517 5941 1.116 4298 4000 '-’L'_-_‘ —_——C t | 700
7 0.329 1980 1450 4240 401.1 0.029 4033 \ /1' oy, A I o0
8 0.4 1981 1237 3967 539.8 0.579 3759 2000 Vv \ :"a L ;'\—n'["f 500
9 0.405 1982 1388 3826 585 0.637 3598 2000 \ ‘b ﬂ ‘,éu S ﬁ:t ‘:$
10 0.378 1983 973.9 3279 2345 0.296 3092 = |'l4 rll u'} . wy ” o
|11 0.393 1984 5425 2708 251.7 0583 2577 1000 \f w::?"‘ta/ ” tunkf I o
2 1 1985 462 2209 104 0455 2122 . | S ) El o
13 1986 263.9 1761 496.4 0.001 1706 P @ o o=~ 9 muw @ Ny
[ 14 1987 2006 1100 130.9 0075 1061 s E 888888 8888¢8%
15 1988 184.7 874.3 155.5 844.8
: 16 1989 208.6 719.8 §87.18 694.5
|17 1990 298.5 748.5 65.75 728.2
18 1991 195.9 6815 362.5 673.4
| 29 1992 4998 2768 102.7 274
| 20 1993 26.14 150 42.99 149
21 1994 60.34 1364 1205 136.4
| 22 1995 20.82 32.16 0.005 30.46
23 1996 22.69 45.57 0.205 43.52
| 24 1997 32.36 64.62 0.359 61.34
| 25 1998 69.96 1157 3.486 1111
| 26 1999 103.9 183.6 48.01 182.5 -
i W 4 » M sexToptt . Tabmuuw TA TJ 4] . I | L2
| Totoso | B[ B8 75% (=} +

L

Puc. 1.3.2.14. Pe3ynbTaThl pacuera

Ha nepBom mnomemiensl 3HadeHue (yHkiuu notepb (PII) B mMuHHMyME,
COOTBETCTBYIOILIME €i ONTHMHU3UPOBAHHBIEC 3HAUEHUS NapaMeTpoB s U delta, a Taxxe
BXOJIHBIE U PACUETHBIE BEKTOPBI:

Phi_a (@p,1) — pacuyerHbie KOXhOUIMEHTHI H3BATUS TO BO3pacTaM B

TEPMHUHAJIbHBIN TOJ;

S_t (§;) — UCXOJIHbIE JJaHHbIE OLEHOK YHMCIIEHHOCTH MO YYETHBIM ChEMKaM I10
rojaM; Ha PHUCYHKE y OTOTO MacCUBa BHUAHBI TOJILKO HYJHU, MOTOMY 4YTO B
COOTBETCTBYIOIIME TOJIbl Ch€MKH HE MPOBOJWINCH W BBIIOIHSIUCH mo3xke 1999 r;
KaK CJEACTBHE, B paccMaTpUBA€MOM Cjydae OTJIMYHBIE OT HYJS 3HAYCHUS
pa3MelIeHbl Ha JINCTE HUXKE U 3a MpeiesiaMUi PUCYHKA;

R_t (R, — omenku mnomoysiHeHUs (BEpXHSS CTPOKA PACUCTHON MATPHIIBI
YUCJIEHHOCTH);

N_t (N,) — OLICHKH YMCJIIEHHOCTH MPOMBICIIOBOTO 3amaca (CyMMbI IO CTOJ0Iam

pacyeTHON MaTPUIIbl YUCICHHOCTH);
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C_t (C,) — ucxonHble JaHHBIE MO YUCIEHHOCTU BHUIOBA (CYMMBI IO CTOJOLAM
MCXOJIHON MaTpHILIbI YJIOBOB);

g _t — BekTtop cimaraeMbix @Il B Touke ee MHHMMYMa; pa3MEPHOCTb 3TOTO
BEKTOpA paBHA YHMCITy HEHYJIEBBIX 3HAUCHUN MacCUBa HAOMIOIEHUH S, ; HA AUarpaMme
puc. 8 MOXKHO BUIETH 12 TOYEK YKAa3aHHOTO MACCHBA.

[Tocnequuii cronbeny CKONMMPOBAH W3 BHEIIHENO0 MCTOYHMKA. Jluarpamma
IOCTPOEHA BPYUYHYIO IO pe3yjibTaTaM pacyeToB. AHAJOIMYHBIM 0OpasoM Juis
BBIMIOJHEHHSI KAKUX-JIMOO JIONOJIHUTENbHBIX HCCIEJOBAaHUM C MPUMEHEHHEM
pe3ynbTaToB pacuetoB Moaean KADKA MOXHO IMOIB30BaThCS CTaTUCTHYECKUMM,
aHAIMTHYECKUMU U TrpaduyeckuMu cpeactBamu Excel wiM HHBIX MNPOrpaMMHBIX
IIPOYKTOB CXOJHOI'O Ha3HAYECHHUS.

Ha Bropoii nuct BeiBosATca Tadnuibl. Cpeau Hux Ha puc. 1.3.2.15 noka3aHsl:

C_at — HCXOAHas Ta6J'IPIIIa YJIOBOB C + IO BO3pacTaM M IoJiaMm,

n’at — Ta6JII/I]_Ia YHUCIICHHOCTEH KOI'opT B ITPOMBICJIOBOM 3aI1aCcc IJIAd IOJIHOCTBIO

00JI0BJICHHBIX ITOKOJICHUH 10 BO3pacCTaM U roJgam.

ﬂ (™ B I ® PesynsTaT muHTaid BC KA v3 1 - Microsoft Excel =y Bl 2%
m fnaskan | Beraeka  Pasmena crpawwusl Gopwynst  Daduese Peyeisnposasme Bg o @ =9 B
= & i _ Y B - = " o | = ] i*® Beragums - E - A
e e calibri 11 AT w == =5 Obugi | 7] L i . & r Jt} |
s I B U 50 0 i ity it S o L s | 4 Oy
wsanme : incno 3 S Tueiin PegaxTuposanie
Al - £ | Ymcnenmocts B mam. 3x3, Guomacca B TeIC. T -
A B c D 2 r G H 1 3 K L M N o P .]
1 YWCNEHHOCTE B MAH. 3K3, BUOMacca B Teic. T
2 C_at
3 0.292857 0.280286 116.3571 31.5 0.245 0.218857 6.238198 7.7 0.508308 2 0.207857 0.0729 0.118429 0.067143 0.21927:
a4 0.205 0.1962 361.4751 107.31 0.1715 33.704 38.23B07 5.39 13.39645 4.55 84.39 7.1442 0.614572 0.023541 6.77179¢
5 7.243333 2.3544 149.9766 591.14 58.31 93.96267 136.1937 4.106667 11.054 2.566667 32.98 2.0412 5.077143 0.987136 7.81042¢
(3 64.67364 31.19498 6890874 154.3808 27.26778 1346109 201.7592 4542678 37.18196 15.23013 80.355983 16.44063 16.67609 B.628667 9.77235°
7 203.4577 271.9738 1339967 122.116 82.7931 190.1793 163.5725 111.5172 132.5356 49.26332 193.3918 50.23016 35.20136 20.77462 13.454:
8 165.9247 139.6104 56.26808 66.43886 128.8122 72.92052 28.209 54.63974 34.51156 26.89956 88.63428 34.2057 43.99672 25.59306 12.2659]
9 57.53016 45.78 15.41086 19.13333 81.39444 12.4019 5.893942 5.011111 10.66796 2.944444 15.24286 16.281 25.70012 15.40445 6.74213%
10 7.879004 6.935658 1.217402 1.569395 10.12337 1.453855 2.377619 0.265362 6.241436 0.498221 1.156406 3.686509 13.39347 7.872113 3.51808%
11 1.8279 1.881112 0.203039 0.14094 2.137584 0.293768 1.159719 0.221477 2.609256 0.033557 0.01395 0.489262 5.466152 3.164056 1.B1761:
12 1.872596 0.687239 0.12307 0.403846 0.B00962 0.094698 1.34861 0.105769 2.947268 0.024038 0.009993 0.350481 9.28596 4.665379 3.38016:
13
14
15 n'at
16 1539.735 1769.443 1791.145 1645.293 1449.789 1236.584 1388.017 973.8867 542.455 462.0071 263.877 200.5685 184.7361 208.5637 298.469¢
17 1116.12 1094.999 13258.398 1191.27 1147.884 1031.055 879.4218 982.8537 687.2448 385.4845 327.2012 187.5469 142.6117 131.3178 148.302%
18 836.6276 793.7457 778.7291 637.9774 771.0161 B816.3636 709.4118 598.3306 695.2661 479.3057 270.9572 172.7105 128.3197 101.002 93.3891.
15 698.1541 585.9377 562.9135 447.2289 388B.9631 506.9449 513.8408 407.7275 422.6692 486.6773 339.1026 169.2722 121.3964 B7.66193 71.1401¢
20 443.4264 450.5921 397.4315 351.3835 208.3015 257.2724 264.8395 221982 257.703 274.1955 335.3385 184.0426 108.708B5 74.48713 56.2160:
21 236.2135 170.6884 127.05 187.3798 163.0769 89.27346 47.72272 72.03054 78.57298 B89.03081 159.9933 100.9658 95.18015 52.28526 3B8.2054¢
22 68.80457 4999583 22.1054 50.34679 B6.02472 2437208 11.63165 13 87998 12.36991 31.34065 44.19366 S0.7572 47.48611 3640649 1898607
23 10.76691 8.019335 2.998664 4.761774 22.20197 3.293348 B.514318 4.081196 6.308381 1.210565 20.1981 20.59257 24.52275 15.49624 14.9386¢
24 2.794086 2.05414 0.770802 1.267002 2.270724 2.189764 1.308421 4.365005 2.643058 0.047606 0.506687 13.54428 12.02521 7.916195 5.42299
25 1.872601 0.687241 0.12307 0.403847 0.800964 0.094698 1.348614 0.10577 2.947275 0.024039 0.0095993 0.350482 9.285984 4.665391 3.38017.
26
27 -
M 4+ M sextopw | Tabrmum TA Y3 . Al
rotoea | El,ﬂl-l-'_l 100% (— L +

Puc. 1.3.2.15. cxoanas Tabiuia yIoBOB U TaOJIUIA YHUCICHHOCTEH KOTOPT B TPOMBICJIOBOM 3arace
JJIs1 ITIOJTHOCTBHIO 06JIOBJI€HHI>IX MOKOJCHUH 110 BO3pacCTaM 1 rojam
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He Bonum Ha puc. 1.3.2.15. emie nBe TaOauIIbL:

n_at — TabnuIa YUCICHHOCTEH KOTOPT Il B TIPOMBICIIOBOM 3amace sl BCEeX

MMOKOJICHUM 10 BO3pacTtaM U rojgam,

phi_at — Tabnuna Ko3hPUITUEHTOB UIBATHUS (P4t IO BO3PACTAM U TOJIaM.

Ha TPCTBCM JIMCTC HAXOAUTCA I/IH(l)OpMaHI/Iﬂ 00 OIITUMHU3ALIMOHHOM ITIPOLICCCC.

B mepBrix AByX cronOmax s BCeX MOKOJEHUU (MTEpamuii) BHIBOIAATCS 3HAYCHUS

neneBord ¢yukiuun (OII) na kaxmoi wurepauum (puc. 1.3.2.16). Ta xe camas

uH(popmanusi BBIBOAUTCS B TpaduueckoMm Buae Ha auarpamme. OHa MO3BOJISET

OLICHUTh, Ha KaKOW UTEpaly ONTUMHU3ALMIO II€JecCO00pa3HO MNPEKPATHTh. JTa

I/IH(i)OpMaHHH MOXKET OKa3aThCs MOJIE3HOM IIpH IOCICAYIOMINX pacdCTax.

Eld9- v PesyneTar mutTai BC KA v3 1 - Microsoft Excel ™

rnagHan BCTAEKE PAIMETKA CTPAHNLI BOpMYIb N aHHbie PEUEHINDpOBaHNE Bua KoncTpyxTop MaKeT Sopmar a @ od =
B & Calibri (OcHogHoi - 10 AN Eo= z ‘}3 |

Ha -

s, | x 2 3-1B- 12 A Moo - | - v ks

Bygep obmena Lipndr a BupasHNBaHKE Hncno CTim AuEfKH OBaHne
DOuarpamma 1 - B v

4] A B G D E F G H | K L M N (s} N
Nokonen |Lenesan

1 wa dryHKLMA | | | | | | | MNapameTpbl ONTHMK3ALMK:

2 0[ 5.728743

3 2| 5.673475 50

4 4| 5.672616 1000

5 6| 5.669729 16

6 8| 5.668395 Bpems sbiuMcnenwi(d  00:20.5

7 10| 5.667146

B 17] 5.66671)

2 A4 bboA2L JEENCHMMOCTE USnesol diyHELMK OT WTepalri

10 16| 5.666082

11 18| 5.666053 574

12 20| 5.666045 573

13 22| 5.666045

14 24| 5.666044 512

15 26/ 5.666044 LT

16 28| 5.666044 &

17 30[ 5.666044 37

18 32| 5.666044 Lo

19 34| 5.666044 E

20 36/ 5.666044 209

21 38| 5.666044 iﬁrm

22 40| 5.666044 568

23 | 42| 5.666044

24 44| 5.666044 565

25 46| 5.666044 564

26 48| 5.666044 -, v

W A4r M eexTopw - Tabmuw | TA TJ UL

FoToB0 EE I 1 100% |

Puc. 1.3.2.16. 3nauenus ueneBoil pyHKIUN

B tabauue tpeThero aucra ykasaHbl 3aJaHHble oniuu ['A u 3aTpayeHHOE Ha

BBIYUCJIICHUS BPCMAI.

[lar 5.
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ITocne BbIMOMHEHHSI pacyeTa MO KOTOPTHOMY aHaIUM3y B OKHE OMNIUH
(puc. 1.3.2.13) aktuBupyercs kHomnka «Jlanee». Ee HaxkaTue nepeBoJIUT B OKHO BBOJIA

naHHbIX 11 BeimosiHeHus OK (puc. 1.3.2.17).

=

i KoropTHbIi aHanus ¢ GuALTpoM KaiMana - P — - @Eﬁ
Beoa ucTounukoB
10 PO 5 £ KonuuecTBO MCTOUHWKDE 3arpyaunte uz Excel ‘
[ | Wa
MeTouHuKn, MnH. K3 [cc 3arpyante w3 Excel |
¥
EMPT CPTM CPTM CPTM™ CaxHWPO - 4 01
76-82 83-92 2002-2015 MXTMONNEHKTOH L
1978 |0 006531 0 0 o 5 015
1979 0 0.04516 0 0 (0 = 6 0239
1980 |0 003551 |0 0 o L 2w |
1981 |0 004961 0 0 o S b
1982 |0 0.05848 0 0 o b
1983 |0 0 012 0 lo L hbek
1984 [0 0 006514 |0 o /ey 108
1985 |0 0 0.06419 0 o 12 {1456
1986 0.2374 0 0.08839 0 0
1987 |01365 0 004845 0 0 E
e = = = = b
<Hazan l [ Danee > l . HacTpofikn . Brxon

Puc. 1.3.2.17. OxHo BBOIa JaHHBIX It BeImoaHeHHS DK

Ha puc. 1.3.2.18 B kauecTtBe mpumepa mpuBeJcHa TabIWIlA yJIOBOB Ha CYyJNO-
CYTKH JJISI Pa3JIMYHBIX TUIIOB CYJIOB W JUIsl Pa3JIMYHBIX MEPUOJOB JIET MPOMBICTA,
pa3menieHHast Ha Jucte 1 u Oepyiias Hayano co ctoyidna 1 u crpoku 1 corjacHo

ykazatensiMm Ha puc. .3.2.9.
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Feu!upn EaHme

Tnaeuarn Bcraska PaimeTka CTpaknuLl DO pMynsl [anusie Bua

222 = Tr | = (5] [ i '? 3 HoBoe okHO BEH o m = =
|'_l I:\ i = A ﬁul; :&| = ¥Ynopaaounts Bce T | 0 —Hl %q .
OGbIuHBI | Pa3meTka Moka3aTe Macwrab 100% Macwrad no CoxXpaHITL Mepeiftn B Makpock
crpannue | = suaenenromy | G5 3akpenwTs obnacm * 1 B4 pagouyio obaacts apyroe oo v -
Pexmmbl |Ip0cr.|u:'p:| KHIMN Macwrab OkHO Maxpochi
A2 - El o v

4] A B ' c ' D I e H | v [ 3 N

1 BEMPT CPTM 76-82 CPTM 83-92 CPTM 2002-2015 CaxHUPO uxtronnaHKTOH

] 0 0.04516 0 0 0 -

[ 0 0.03751 0 0 0

7 0 0.04961 1] ] 0

8 0 0.05848 0 0 0

Sl 0 0 0.12 0 0

10 0 0 0.06514 0 0

11 0 0 0.06419 ] 0

12 0.2374 0 0.08839 0 0

13 | 0.1365 0 0.04845 0 0

14 0.101 0 0.02351 0 0 =
15 | 0.1024 0 0.01849 0 0

16 | 0.08237 0 0.02185 0 0

17 0.2106 0 0.05424 0 0

18 0.1172 0 0.0243 0 0

19 | 0 0 0 0 0

20 | 0 0 0 0 0

21 0 0 0 0] 0

22 0 0 0 0 0 |
23 0 0 0 0 0

24 0 0 0 0 0

25 0 0 0 0 0

26 0 0 0 0 0

27 o] 0 0 0 0

28 | 0.1311 0 0 0.04667 0

29 0.1935 0 o 0.1428 ]

30 0.2178 0 0 0.04919 0 -
M 4 » M| Marpuua ynosos - Tpanoewe cbemin | Mnnekcwl < Haseam - ¥J 1] 4 i | »

rotoeo | Cpegree: 0008352 Konwuectso: 5 Cymma: 0.04176 Jﬁ 100% 'C_)

Puc. 1.3.2.18. Tabnu1a yJI0BOB Ha Cy/10-CYTKH JUIsl Pa3IMYHBIX THUIIOB CYAOB U JUIS
Pa3IMYHbIX IEPUOOB JIET IPOMBICIIA

HaBecku Wa (W,) B paccMmarpuBaeMOM ciy4yae NOMEIIEHbl Ha JucT 4

(puc. 1.3.2.18). Haxarue xnomku «Jlasee» B OKHE BBOJA JAHHBIX TEPEBOJIUT
MOJIb30BATENsl B OKHO ONTUMHU3AIMM [MAapaMeTpOB MOJEIU JJIA pPacyeToB ¢

npumeHenueM OK (puc. 1.3.2.19).
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ONTUMKIaLMA NAPaMETPOB MOAENH

Bapeupyemeie napameTpel J Mporyos
sN

s 350121360651568  350.121360651568 Zike
RT+1] 100856485344713  R[T+2]  100856485344713

* AMcnepcuna s He MoxXeT GbiTe MeHbwe 0
MakcumMankHoe KonnuecTeo 50 =

wTepaumid meTona

Qa .b] s[a .b]

> BUPT =

CPTM 76-82 0
CPTM 8392 0
0
0

KonwuecTso HaG0poOE NapaMeTpoB 1000 =

PaspAnHocTs ceTku MeTona 16 pazpanos v

CPTM 2002-2015 ¥| OByyerne nuaepa meTonoM Mayanna

CaxHWPO nxTuonnaHkToH

- = [ = [ ==

CocTofH1E BRINOMNHEHWA
I Mpepeate

BuiNonHeHD UTepaumi Bpema (wmc)

| <Hazan ‘ Hactpoiku | Boiog ‘

Puc. 1.3.2.19. OxHO onTUMH3a1IUHU TApAMETPOB MOJIENHN Ul pacueToB ¢ puMmeHenneM @K

B paccmarpuBaeMoM OKHE CIEQyEeT YCTAaHOBUTH I'PAHULIBI [APAMETPUUYECKOTO
runepkyba isi ONTUMHU3AIMOHHOTO TIOMCKa TMapaMeTpoB. s cTaHAapTHOTO
OTKJIOHEHHUsI TipoiieccHoro mrymMa SN (Oy) MO YMOJYAHUIO BBIBOJAUTCS 3HAUYCHHE
CTaHJAAPTHOTO OTKJIOHECHMS IJI TOIOJHEHHUS, YCPEIHEHHOTO 32 P MOCIEIHUX JIET
npoMbIciia (JJ1s1 AeTaeil cM. TeopeTruueckoe onucanue mojaenu KADOKA).

Baxno: IIporno3 auHamuku 3anaca Ha rojn Brepen BoemonHsercs OK mo
YMOJTYaHUIO, & PE3YJIbTAThI €r0 BHIBOJSITCS B BHIXOJHOU (paiiil pe3ysibTaToB.

Ecnu Hy»XHO BBINOJHUTH IPOTHO3 AMHAMMKH 3amaca Ha JBa roja BIIEpeXd, TO
CIEIyeT MOCTABUTh rajiouky B okomke «IIporHo3» um ykaszate 3HaueHune Clt+1] —
npejanoyiaraeéMplii  BbUJIOB  (HampuMep, YycTaHoBieHHbINM panee OJY) Ha TroOg,
CICOYIOIMM 3a TEKyIHMM. TaKke HYXHO YKa3aTbh 3HAYCHUS MPEANOJIaraéMoro
MOMOJHEeHUS Ha ABa npeacrodammx rojga R{t+1] u R[t+2]. [To ymonuanuto BeIBOASTCS
CpPEeIHHE 3a TOT K€ PAJ JIET, YTO U 3HaueHue /it SN (CM. BbIIIE).

B Ttabnume HEoOXOaMMO yKa3aTh TpaHMIBI a W b I TOHWCKA 3HAYEHUU

napameTpoB ypaBHeHuil Habmonenus OK: xkodpdunuenton ynasiauBaeMoctd Q(q;)

¥ CTaHJAPTHBIX OTKIOHEHMH S(Or,) Ui omKMOoK u3mepenui. Ilo ymomuanuio aius Q
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yKa3aHsbl npeenbabie Tpanuiibl oT 0 10 1. OOuue mpuHIUITBI BHIOOpA ATUX 3HAYCHUN
JJIsl KOHKPETHOTO CiIy4asi ONKHCaHbl B TeopeTuueckoM onucanuu mojienu KAOKA.

Onuvun ['A aHamoruyHsl TE€M, YTO yKa3zaHbl Ha puc. 1.3.2.13 u onucaHsl B
TEKCTE TaM XKe€.

[Tocne BBoJla Bcex HEOOXOIUMBIX JaHHBIX CIEIyeT HakaTh KHOMKY «Pacuery,
KaK ¥ B clly4ae BbINOJIHeHUs pacyeTa 1o KA (cm. onucanue kx puc. 1.3.2.13).

[To okOHUaHUWIO pacdeTOB Pe3yJabTaThl OyAyT BhIBeAeHBI B (haiinm Excel-turma.

[Tpumep coaepxkumoro Takoro ¢aia rmokasano Ha puc. 1.3.2.20.

R2 - k| Dt
A [ c D £ £ G H J K L M N 0 P Q R 5 T u v w X ¥ 2

1 YWCNEHHOCTD B MAH. 3K3, BMomacca B Thic. T

2 | MHmyM GyuLan TlapaseTpal MathCAD Wa 5t Rt N_t ct qi Qi (] qt Nprt Pprt Dt wt Neort Pt ywt deltacort deltaprT_|deftaNBt deftaNHt
3121502 N 40589 254 007 197 1539.74 495451 510907 0.00016 0.16467 1000 0 495451 194124 SOEF19 099998 49545 194120 4019.2 881181 0 583568 407331
4 13.3 MathCAD a1 0.12957 1977 176944 493016 500834 L1E0S 010746 10000 0 493015 292332 S9E+19 099997 45300 292323 319448 1091 0 601144 3848.75
5 az 0.1039 1978 179114 494167 903.937 43605 043306 10000 0 494162 342018 59E+19 09999 494167 342005 6285.78 1169.62 0 611129 3772.04
6 a3 0.3633 1973 1645.29 4517.31 594133 8.1E05 081068 10000 0 4517.31 367154 S9E+19 099996 451731 367133 4MEM 121134 0 572915 3305.47)
7 o4 0.74887 1980 144979 4240.33 401.056 14606 0.13561 100000 0 424033 379870 5.96+19 0.99996 42403 379854 3610.16 1232.65 0 547295 3007.65
8 as 0.21383 1981 123658 396744 539.84 0 3967.42 386303 S9E+19 09999 396746 386287 477473 124304 0 5205 272442
9 51 68.6297 1982 1388.02 3826.06 584.991 0 382607 389558 S5.9E+19 0.999% 382604 389542 562842 1M48.77 0 507441 2577.88
10 2 10000 1982 573.887 377924 234.484 0 32793 391204 59E+19 099948 327932 391003 3303.07 12506 0 452992 202871
1 ] 10000 1984 542,455 270818 251654 0 2708.23 391584 596419 09948 270776 391741 179301 125078 0 395954 145597
12 s 10000 1985 462007 220932 10401 0 220907 392317 S9E+19 059948 22088 392114 176687 125238 0 346118 956415
13 55 0,00011 1986 63.877 176138 496387 0 1761 392506 1A4E+20 0.41674 180265 163571 183241 808.879 0 1153 993773
1 s 0.7113 1987 200.568 110035 130542 0 112971 276877 126420 05032 105188 139324 105357 T46.522 0 183841 345362
15 deta 7.6E06 0 1988 14736 874273 15553 0 868.25 264609 LIE+20 051452 825135 136147 779.441 737.963 0 15631 871719
16 T+, 345465 1989 208,564 719.802 B7.1802 0 684851 263002 11E+20 051605 735831 135721 790.19 736.806 0 147264 0.97554
7 RT4l, | 100854 1930 29847 748451 65.7521 0 759850 262786 LIE4+20 051625 695,792 135663 635636 73665 D 143644 -35.8584
18 RT+,  1008.54 1941 195862 681463 362532 0 B46ES1 262757 11E+20 051628 112015 135656 16253 736629 0 185678 383521
15 PO 10 1952 499754 276823 102736 0 588865 262753 LIE+20 051628 74151 135659 90443 736626 0 1478.14 4.88355
20 1993 26.1436 149975 42.9875 0 4805 262752 5.9E+19 1 480.5 262752 1025.19 0 1505.69 -544.68
pil 1934 603443 136444 120,499 0 37L546 3705 S.9F+19 1370546 327056 114378 0 151532 772,231
2 1995 20.819 321601 0.00513 0 199.387 | 7000 * s 0 13987 99993
e 199 226941 455658 020477 0 164514 % Noory 0 13%0.97 -1061.95
2% 1997 32,3569 64624 035883 o] el |60 o) — Moot iaAD 0 1389.2 -1090.73
25 1932 699551 115.667 3.4861 0 175847 | 5000 ; :’“ 0 14225 -1070.4

w 0 iprt MathCAD
% 1993 103.854 183.647 48.0065 0 226454 35 : g = D 147661 -1023.71
7 2000 6538 126038 202519  6.4502 0 252967 |4000 FNCRET L o 0 1504.85 -992.91
b1 2001 339 141837 295.526 10.0365 0 37183 LSRN U b 0 1569,94 -935.571
b 2002 944594 202486 405554 13.1251 0 amasg 3000 SIRLTE 0 157408 43.2153
0 2003 340945 620078 18.819 0 B76.057 |3p00 | 0 192949 436959
kil 2004 307.641 456966 BA4.594 20.5613 0 1285.16 0 22143 738897
32 2005 296.875 448363 106295 20.1128 0 143404 |1000 0 231799 B44.875
3 2006 29226 623943 136571 B.00637 0 17345 2 0 218822 715415
T 2007 79455 1760.68 58.1475 14E06 182193 v AR SRR AR e A AR AR AL SRR B R ALY T BT
35 2008 963388 219433 92.3304 A06 175367 CRARRRARRRanc8888c000 |0 20036 203335
ARRZITRZTNLTRARRRRARR

36 2009 1082.62 2577.81 197.587 TEEDT 246327 0 916601 916595
37 010 14317 148637 3179.41 327932 BE07 19978 194119 426431 14612 897.893 27E-07 897.893 0,00104 0 §97.694 89789

Puc. 1.3.2.20. Pe3ynbpTaTsl pacueToB

Ha mepBom nucte naHbl BEKTOPhI UCXOIHBIX U PACCUMTAHHBIX MEPEMEHHBIX.
[lepBbie cTonOubl manHbIX A-K aHamoruyHbl TeM, YTO TOKA3aHbl JJIA PE3YJIHTATOB
KA na puc. 1.3.2.14. Tam xe gaHbl IOSICHEHUS 1711 0003HAYEHUN COOTBETCTBYIOITUX
NepeMeHHbBIX. B cTOI011e ONTUMU3UPOBAHHBIX 3HAYEHUN MTApaMETPOB CTOSIT:

sN (op) — CM. BbIIIIE;

Q1-Q5 — macmrabupoBaHHbIe OLEHKH 151 KO (UILIMEHTOB yJIaBIUBAEMOCTH;
s1-S5 — OLIEHKM CTaHJAPTHBIX OTKIOHEHUI HCTOYHUKOB HA0JIIOICHUH.

OcranbHble MapaMeTpsl TE Ke, yTo Ha puc. 1.3.2.14.

117



B cnenyromux cronduax nokazaHbl IEPEMEHHbIE:

qi (q;) — anpuOpHBIE OIICHKH AJIs1 KOAPPUIIUEHTOB yIaBIUBAEMOCTH;

Qi — anpuopHble OLEHKHM Uil MacluTaOMpPOBaHHBIX KO3(PPHUIMEHTOB
yJIaBJIMBAEMOCTH;

ki — macmtabupyrommue MHOXKHUTEIU i1 KO3(PPHUIMEHTOB YIIaBIUBAEMOCTH,
Q'i=ki* qi;

q't — BCIOMOTaTeJIbHbIN CITYKEOHBIA BEKTOP ISl OTIAJAKU IPOrPAMMBIL;

Nprt (N;) — nporuosusie orenku DK i YHCIEHHOCTH MPOMBICIOBOTO

3aliaca,

Pprt (") — onenku ®K i AucrepcHy MPOTHO3HBIX OLIEHOK YHCIEHHOCTH

MIPOMBICJIOBOIO 3aI1aca;

Dt (D,) — onieHKH OOHOBIISIOIIETO (KOppeKTUpYIoliero) nponecca OK;

wt (W) — Beca JUIsl IPOTHO3HBIX OIIEHOK YMCJIEHHOCTHU 3araca B YpaBHEHHUHU
koppexkunu OK;

Ncort (ﬁt) — CKoppektupoBaHHble ouneHkn @OK i uucieHHoctu
MIPOMBICIIOBOTO 3aI1aca;

Pt (F,) — owmenku @K mig gucnepcnn CKOPPEKTHPOBAHHBIX OLIEHOK
YUCJIEHHOCTH MPOMBICIOBOTO 3araca,;

ywt — 3Ha4eHHUs B3BEIICHHOTO WHJEKCA 3amaca, MaclITaOMpPOBAHHOTO Ha
KOA(PPULIMEHT yIaBIUBAEMOCTH;

deltacort — 95%-ii noB. pamuyc sl CKOppeKTHUpoBaHHBIX @PK oleHOoK
YUCJIEHHOCTH MPOMBICJIOBOTO 3araca;

deltaprT_k — 95%-noii noB. pagumyc aisi nporHosupyembeix DK oneHok
YUCJIEHHOCTH MPOMBICJIOBOTO 3araca;

deltaNBt — Bepxusia rpanuna 95%-HOro J0B. UWHTEpBana s
CKOPPEKTHUPOBAHHBIX OIEHOK YUCICHHOCTH MPOMBICIIOBOTO 3araca;

deltaNHt — HmwxkHsas rpanuna 95%-Horo J0B. UWHTEpBajga I

CKOPPEKTUPOBAHHBIX OLCHOK YHCICHHOCTHU IIPOMBICIIOBOIO 3ariaca.
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Ha nucte 2 mpuBeaeHbl TaOIUIIBI HCXOMHBIX U PACUETHBIX JAHHBIX IO YIOBaM
Y YHCIICHHOCTH 3aIlaca, a TaKXe M0 KaKI0OMY HCTOYHUKY MH(GOPMAIIHH.

Ha mucrax 3 u 4 pa3MmelleHbl TaHHbIE, aHAJOTUYHBIE TEM, YTO BBIBEICHBI Ha
JucThl 1 1 2 ¢ TOM pa3HHUIICH, YTO MACCUBBI JIAHHBIX B HUX MOJABEPTHYTHl KOPPEKIUU
Ha COTrJIaCOBaHHOCTh C TPeOOBaHMEM YOBUIM MOKOJICHHM co BpemeHeM. Kpome Toro,
Ha JicTax 3 U 4 BeIBEACHBI JaHHBIE 110 OMOMacce 3arnaca, IoOMeYeHHbIe TUTepoi « By.

JIuct 5 monHocThiO aHamornueH aucty 4 Ha puc. [.3.2.14 u cogepxur
uHdopmaruio o padore ['A.

Baskno: IlonpoOHoctu, kacatoumecss pabotsl @K u KOppeKIuu pacyeTHbIX
MATpUL] YHUCICHHOCTH, CM. B TeopeTuueckoM omnucannu wmojenu KADPKA wu
HATUPYEMOM TaM JIUTEpaType.

Ba:xno: Bo Bcex okHax Jijisi BBOAA JAHHBIX U BBIMOJHEHUS PACUETOB UMEIOTCS
kHonku «Hazam» u «/lanee» (cm. puc. 1.3.2.8, 1.3.2.12, 1.3.2.13, 1.3.2.17, 1.3.2.19),
OTBEYAIOIIME 3a MEePEXO0/1 K CIEAYIOIIEMY WM OTKAT K npeapiaymemMy mary. Knonka
«HacTpoiiku» OTKpOET AMaJIOroBOE OKHO C HAacTpoiikamu nporpammsl (puc. 1.3.2.21).

i Hacrpoiiku nonbsosatens | = = X

%4 |

4 O6mme
KaTtanor ona xypHanoe reHeT DAMow nokymeHTei\Mown Monenw)
CoxpaHATE XypHan.l False

KaTtanor ana XypHanoB reHeTMYeCcKoro anropsaTmMa
Katanor ona COXpaEHEHWA XYPHEN0E BLIYUCNEHWA reHETUYECKOrD
anropUTMa

MNpWHATE [No ymonuaHuo OTmeHa

|

Puc. 1.3.2.21. Hactpo¥iku nporpamMmsl
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3/1echb MOKHO aKTUBUPOBATh BEACHHUE JKypHAJIa BBIYMCICHUNA, HACTPOUTD ITyTh
JUISL XpaHEeHUs )KypHanoB. [1ocKa3ky o HACTPOMKAM BBIBOJATCS KOHTEKCTHO BHU3Y

OKHa.

[.3.3. OnbIT NpaKTH4YECKOT0 NPUMEHEHUs

AmpobGaniuss W TecTUpoBaHWE  Maremartwdeckor  momenun  KADKA
OCYUIECTBIISUITUCh B pamMkax MEeXUHCTUTYTCKOM paboueld rpymiibl MO METOAO0JOTHUU
OIIEHKH ChIpbeBOMl 0a3bl pbeiOosioBcTBa (PI'M) B mepuox 2014-2016 rr. Moguens
KA®K coBmecTHO ¢ ee kommbroTepHoi peanmsanuen «CAFK v.1004 30-11-2013»
Obla BriepBble mpencraBieHa Ha PI'M B 1. Xocta B mepuoa ¢ 29 ceHTa0ps 1o S5
okTsA0pst 2014 1. B pamkax PI'M B 1. Annep B nepuoa ¢ 27 ceHTA0ps o 3 OKTAOps
2015 r. ObLI mMOKa3aH pe3yJabTaT TECTUPOBAHUS KOMIIBIOTEPHONW IPOrpaMMBL,
peanusyronieii moaenb KA®KA, Ha creHepupoBaHHbIX JaHHbIX. B pamkax PI'M B
r. Aanep B niepuop ¢ 3 o 7 okta0ps 2016 r. mogenr KADKA, peanuzoBaHHas B
Busie kommbioTepHoi mnporpammbl «CAFKA Dbg Bepcus 25-09-2016» mpormia
tectupoBanue 1o cucreme ICES Hapsany ¢ IpyrMMu aHAJIOTMYHBIMM MOZEISIMU-
KaHAUAATaMU C TOJOKUTENbHBIM pe3yinbraToM. Kak cneactBue momens KADOKA
ObLIa pEKOMEHI0BaHa I BKJIIOYEHUSI B CIIMCOK 0a30BbIX MOJENEH, peKOMEHIYEeMbIX
K MCIOJIb30BaHWIO B Tporeaypax omeHku OJY mnpuopuTeTHbIX OOBEKTOB

OTEUYECTBEHHOT'O PHIOOIOBCTRA.
Obocnosanue Kk npumeHenuro u ocobennocmu mooeau KADKA

Marematuueckass mojenb «KoropTHeiii anamuz ¢ ¢uiastpom Kanmanay»
(KA®KA) pazpaboraHa ajig OLIEHKHM CTPYKTYPUPOBAHHBIX IO BO3pPACTY 3aMacoB
ruapooronToB [Muxees, 2016]. Cormacuo npukasy Pocpreibonoscta ot 06.02.2015
No 104 na3zBaHHasi MOJENb MpEIHA3HAUYECHA JISI PACUYETOB 3aMacOB, OTHECEHHBIX K
NIEPBOMY YPOBHIO HH(GOPMAITMOHHOTO 00ECTICUCHMUS.

OtnununtensHoil ocoOeHHocThri0 Mozenu KADKA sBasgercs To, 4TO OHA

npejcTaBieHa B (opme mpocTpaHcTBa coctosiHui [MuxeeB, 2016]. Taxkoe
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IIPEICTABICHUE MO3BOJISIET PACKIAAbIBATH OOLIYI0 HEONPENEIEHHOCTh OLEHOK Ha
OIIMOKY B HAOMIOJEHUSIX U IIYM B IIEPEMEHHON COCTOSIHUSA M OLICHUBATh KAKIYIO U3
HUX TI0 OTACJBHOCTU. DTHU BEIIMYUHBI, B CBOIO OYEpE/b, YUUTHIBAIOTCS Kak MpHU
ONpEIEICHUN CaMUX TEKYIIUX, PETPOCIEKTUBHBIX M MPOTHOCTUYECKUX OLIEHOK
3amaca, Tak ¥ Mpy MOCTPOECHUU COOTBETCTBYIOIIUX JOBEPUTEITHHBIX HHTEPBAJIOB.

Hpyras BaxkHast oco0eHHOcTh Mojenn KA®KA coctoutr B TOM, 4TO OHa B
IPOIIECCE PACUYEeTOB CIOCOOHAa OJHOBPEMEHHO OOpalaThIBaTh 1O JECSATKA PSIOB
WHJEKCOB 3amaca, IMOJYYeHHBIX U3 Pa3jM4HbIX HE3aBUCUMbBIX HMCTOYHUKOB
uH(popmanuu ((HaoToB, Opyauid JI0OBA, TUIIOB CYAOB, NEPHOJOB MPOMBICTAA U T.IL.).
[Tpu 3TOM He TpeOyeTcs npeaBapUTEIbHON CTaHAAPTU3ALMHN YKa3aHHbBIX UH]IEKCOB.

Hakonen, TpeTbsi OCHOBHass OCOOEHHOCTb paccMaTpUBAEMOIl MOJIEIH, B TOM
YuClie B €€ NPEIIOKEHHOW KOMIBIOTEPHOM  pealin3alvu, KacaeTrcsi €€
NapaMeTpUYECKON HACTPOMKH, KOTOpas BBIMOJHSIETCS Ha OCHOBE MUHHUMM3ALNU
(GYHKIMM TpaBIoONOg00Us OTHOCHUTEIBHO HMEIOIIMXCS HAOMIOJEHUN C MOMOUIbIO
TUOPUAHOTO MeToAa COOCTBEHHOM pa3paboTku [MuxeeB u ap., 2006]. HazBanHbIi
METO/JI COYETaeT B ce0e KIACCUYECKUE IPalu€HTHbIE METObl ONITUMHU3ALUNA U METO]T
ABOJIIOLIMOHHOTO CTOXACTHYECKOTO MOUCKA, U3BECTHBIA KaK T€HETUYECKHUIN aaropuTM
(I'A) [PyTkoBckas u ap., 2004].

HNmeercst eme psii TEXHUYECKUX OCOOEHHOCTEH TakuX, HampuMmep, Kak
00paboTKa HEPETYJSIPHBIX (C MPOMYyCKaMU) PSAJIOB JNaHHBIX HaOmoAeHUM. B cBsi3u C
TE€M, YTO YIOMSHYTHIE CBOMCTBA METOJOJIOTUM BBIYMCICHUNA HE 00JagaoT
NPUHIMIUATBHBIM 3HAYEHUEM JJIsi KOHLENTyalu3alud MOJAEIW W YIOMHHAIOTCA

JAaJIEC IO TCKCTY, UX OIMMUCAHUC 3/1€Ch HC paCCMaTPpHUBACTCA.
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PACYET 3AITACA C IIOMOIIBIO MOAEJIN KA®KA HA ITPUMEPE TPECKU
T1IO/130HBI 3ATIAJTHO-CAXAJIMHCKOH

KoroprHblii anaau3

[TapameTp s 3agan no ymonuanuto B rpanuiax ot 0 go 1. Ilapamerp A (delta)

¢ukcupoBan B 3HaueHuu 0,5. IlapameTpsl T€HETHYECKOTO ajaropuT™Ma 3aJaHbl 10
YMOJIYaHUIO: KOJIM4YECTBO HTepauuid — 50; ymcno HavanbHbIX BekTopoB — 1000;
paspsAHOCTh ceTku — 16. Bpemst BblumciaeHuil coctaBuiio 7 cekyHA. Pe3ynbrathl

pacuera 3anaca rnokasassl Ha puc. [.3.3.1.

18
16 &
14
12
4
10
" b4 ® ¢ st
\ 4
N_t
6 *
o :
4 ¢
2 N
v ¢ ”
U T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T |
mn B~ oS W~ B =" m W~ Y = MmN
G 0 0 o O O O o O Q QQ Q Q = = -
G dh A & & & G & G O O O O O O O O
= = - - — = - — ™~ o~ ('] ™~ ™~ ™~ ™~

Puc. 1.3.3.1. JlunaMuka 3anaca Tpecku NoA30HbI 3anagHo-CaxaauHCKOU M0 pe3ysibTaTaM MOJENIN
KA®KA N, (M 9K3.) Ha (pOHE OLIEHOK YUETHBIX TPAIOBBIX CHEMOK Sy

®uabTp Kanmana

[Io pesynpraTaM KOTOPTHOTO aHalIM3a BBIYUCISAIOTCS MPOOHBIE 3HAYCHUS
napaMeTpoB @;, 0;., 1 =1,2 u oy. IlpuHIun yKa3aHHBIX BBHIYUCICHUN HU3JIOKEH B
teopetnueckoM onucanun moaenu KADKA (cm. dopmynsr 1.3.1.14 u 1[.3.1.15) u
KpaTtkom pykoBOJICTBE MOJb30BaTENsl B MNOsICHEHUM K puc. 19. Ha ocHoBe 31HX

OpoOHBIX 3HAYEHHWM oOmpeAensercs KOpPUAOp IMOHMCKa ONTHUMAJIbHBIX OIEHOK. B
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paccMaTpuBaeMoM citydae 3amaBanu +50% ot mpoOHbx 3HaueHuil. [lapamerpsr

TEHETUYECKOTO aJropyuTMa 3aJlaHbl M0 YMOJYAHUIO (CM. BbIIE). BpeMs BbIUMCICHUI

cocTaBuiIo 9 cexyHa. Pe3ynpTaThl pacyeTa 3anaca nokasansl Ha puc. 1.3.3.2.
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00 0 00 O OOy Oy Oh O QO O O =™ = = =
o g O 3y 3y Oy OyohnOh O O O O Q O OO O
o T T B e O e O e O e O e O O e Y o Y o Y o Y o ot Y o B o R o |

Puc. 1.3.3.2. Jlunamuka CKOppeKTUPOBAHHBIX OlleHOK 3anaca B, (Bcort, Teic. T) u ee npornos B ;“
(Bprt) mo 2018 . myist Tpecku moa3oubI 3anaaHo-CaxamuHCKon 1o pesyabrataM mojaenu KAOKA
Ha QOHE OLIEHOK YUETHBIX TPAJIOBBIX CheMOK B s (SBY) ¥ B3BeLIEHHOTO MHIEKCa 3araca bwt (bWt)
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Hcxonnbie nannbie 3a nepuoa 1983-2016 rr. aist Bo3pacTHbIX kjaccoB 1-10 jer

Ca.+, MITH 9K3.

0.011348 0.005424 0.007863 0.009361 0.002071 0.000101 0.000609 0.001758 0.001 0.000912 0.013281 0.052182
0.008833 0.010215 0.00975 0.026533 0.015956 0.005585 0.005032 0.013267 0.013303 0.034658 0.02186 0.047361
0.022374 0.006193 0.014681 0.024773 0.032028 0.029877 0.023926 0.059673 0.063907 0.08202 0.033937 0.093161
0.015872 0.011307 0.008858 0.019894 0.017539 0.042776 0.05296 0.097441 0.104848 0.07708 0.037197 0.090414
0.005451 0.006035 0.012419 0.013226 0.008374 0.02582 0.034278 0.066751 0.070763 0.051106 0.023432 0.056831
0.003651 0.003605 0.008587 0.011782 0.004914 0.017048 0.022732 0.045314 0.047925 0.034617 0.015479 0.038788
0.002369 0.001963 0.006534 0.00991 0.002616 0.010183 0.013022 0.028414 0.029892 0.021946 0.009374 0.025545
0.001484 0.001237 0.003136 0.005566 0.000911 0.004369 0.005333 0.012327 0.013002 0.010041 0.00405 0.010904
0.000936 0.001256 0.002055 0.002294 0.00054 0.002906 0.003747 0.008071 0.008562 0.006467 0.002703 0.006644
0.000676 0.001 0.001183 0.002133 0.001 0.001352 0.001573 0.003834 0.004001 0.003235 0.001284 0.003191

S;, MJIH 5K3. (TpPaHCIIOHUPOBAH)

5.058693 0 0 0 0 9.345582 0 0 0 0 0 15.69107

I; +, MUIH 9K3. Ha CyJI0-CyTKH JIOBa (TPAHCIIOHHUPOBAHBI)

fipyc 0 0 0 0 0 0 0 0 0 0 0
Tpan 0 0 0 0 0 0 0 0 0 0 0

W, KT' (TPAaHCIIOHUPOBAH)
0.098 0563 1416  2.544  3.814

0.055897 0.002614 0.072677
0.050574 0.015135 0.366441
0.041045 0.034585 0.136606

0.0433 0.043105 0.004127
0.028707 0.027223 0.002626

0.019101 0.017825
0.011609 0.010466
0.005107 0.004386
0.003381 0.003012
0.001618 0.001354

0 7.857083

0 0
0 0
5.116

0.001 0.
0.001 0.
0.001 0.
0.001 0.

0.001 0.

0
0 0
0 0
6.373

0.027164
0.283039
0.200148
0.020856
0.005157

0.241874 0.001203
0.081032 0.059381
0.039181 0.044492
0.072625 0.025687
0.029603  0.01556

001 0.018998 0.010626
001 0.006386 0.006245
001 0.002006 0.002185
001 0.001328 0.001257
001 0.000959 0.000711

0
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0 7.689262

7.536

0.007668 0.001
0.013637 0.003343
0.024476 0.016059
0.029486 0.026347
0.018935 0.017782
0.012598 0.012043
0.007696 0.007511
0.003332 0.003267
0.002215 0.002152
0.001047 0.001005

0 1.652179
0 0
0 0
8.583

0.016058
0.115531
0.054144
0.028066
0.023401
0.012588
0.00624
0.002077
0.002581
0.001

1.004992

0.016759 0.018325
0.02453 0.021731
0.028152 0.030798
0.022864 0.02188
0.013321 0.006984
0.008529 0.003924
0.004966 0.001512
0.002126  0.00059
0.001445 0.001
0.000701 0.001

0 3.943281

0.000709 0.019137 0.000641
0.079044 0.021581 0.015182
0.05772 0.041915 0.019964
0.022662 0.031633 0.019673
0.018401 0.019696 0.012572
0.009625 0.012672 0.008299
0.004543 0.008365 0.004947
0.001178 0.003379 0.001936
0.001706 0.002139 0.001254

0.001 0.000906 0.000597

1196221 2.319912 0.609691

0.046276
0.005235
0.020152
0.020488
0.012412
0.007672
0.004791
0.002246
0.001718
0.000722

1.565219

0.012327
0.019769
0.019366
0.032725
0.018975
0.012024
0.006638
0.003144
0.002532
0.001016

0.000669  0.0117 0.005418
0.022991 0.017535 0.010318
0.038865 0.021623 0.020385
0.020833 0.019194 0.029798
0.015344 0.011481 0.016206
0.009882 0.007432 0.010559
0.006081 0.004388 0.005731
0.00265 0.001885 0.002451
0.001563 0.001273 0.001684
0.000921 0.000613 0.000765

0 0 5826882

0.00546 0.461932 0.035574
0.010351 0.02158 0.051681
0.026627 0.046508 0.057895
0.034219 0.050371 0.04548
0.020274 0.032891 0.026216
0.01309 0.019987 0.016708
0.007144  0.01029 0.00967
0.002944 0.003435 0.004134
0.002102 0.002971 0.002817
0.000906 0.001061 0.001373

0 11.2768 9.045642

0 0.000757  0.00025 0.000139 0.000314 0.000603 0.000342 0.000374 0.000536 0.000494 0.000951 0.001487 0.001704 0.000737 0.000952
0 0.000248 0.000369 0.000421 0.000446 0.000265 0.000744 0.000522 0.000481 0.000486 0.00075 0.000756 0.003972 0.005454

9.503



Pe3yabTaThl pacueroB

Knura xoroptHoro anaimsa
JIuct «BekTopsn»

YucneHHOCTb B M/IH. 3K3, Bomacca B TbiC. T

MUHUMYM PYHKLMM  TMapameTpbl

9.934713 S 0.612694
delta 0.5

Phi_a
0.013658
0.045042
0.074675
0.101921
0.118106
0.146181
0.181671
0.187759
0.310966
0.612694
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1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018

St
5.058693

9.345582

15.69107

7.857083

7.689262

1.652179
1.004992

3.943281
1.196221
2.319912
0.609691
1.565219

5.826882

11.2768
9.045642

R_t
2.215247
2.52897
3.019842
3.042351
2.80657
2.605423
2.083028
1.770786
1.438895
1.159898
1.021813
1.166171
1.663615
2.640639
1.712717
1.214379
1.284089
0.818819
1.029306
1.281459
1.008278
1.093281
1.155189
0.995075
1.145212
1.344495
1.796137
2.067858
2.286292
2.419166
2.665368
2.690468
2.982632
3.327459
0
0

N_t
4.109699
4.989821
6.039318
6.683847
6.803509
6.706614

6.08253
5.369761
4.465247
3.616127
2.985282
2.867962
3.088113
4.328927
4.240014
3.352361
2.914309
2.217728
2.257104
2.569589
2.511802
2.427413
2.545864
2.470572
2.505037
2.752963
3.416276
4.065719
4.676736

5.1908
5.769715
6.144666
6.651061
6.892934

Ct
0.072994
0.048236
0.075065
0.125472

0.08595
0.140017
0.163211
0.336849
0.357204
0.322083
0.162597
0.425022
0.260339
0.159707
0.587478
0.541364

0.49399
0.167347

0.12109

0.09051
0.261686
0.123393
0.107746
0.196589
0.161422
0.085065
0.121712
0.128517

0.1198
0.097125
0.103316
0.123117
0.651025
0.251549
0

gt
0.043164

0.110098
2.888266

0.35533
1.545898
0.195056
0.839095
0.191444
0.526034
0.005894
2.272497

0.60922
9.72E-05
0.278754
0.073868



®parmeHT nucTa « Taomuibn

n_at

2.215247
1.027324
0.489843
0.206374
0.092543
0.041238
0.024445
0.008539
0.003281
0.000864

phi_at
0.00401
0.00673
0.035752
0.060201
0.046106
0.069291
0.075868
0.136015
0.223317
0.612694

2.52897
1.348386
0.622521
0.282611

0.11402
0.052434
0.022409
0.013123

0.00407
0.001278

0.001679

0.00593
0.007787
0.031318
0.041434
0.053811
0.068581
0.073782
0.241495
0.612694

3.019842
1.545238
0.818152
0.376567
0.164303
0.065135
0.029304
0.012193
0.007072
0.001511

0.002038
0.004939
0.014045
0.018413
0.059163
0.103191
0.174538
0.201311
0.227395
0.612694

3.042351
1.844084
0.939126
0.489785
0.223787
0.090947
0.033187

0.01284
0.005016
0.002725

0.002408
0.011262
0.020648
0.031793
0.046263
0.101403
0.233731

0.33933
0.357998
0.612694

2.80657
1.856703
1.10909
0.556005
0.284517
0.12676
0.0465
0.012576
0.00351
0.001278

0.000578
0.006727
0.022604
0.024692
0.023039
0.030346
0.044041
0.056714

0.1205
0.612694

2.605423
1.717947
1.125101
0.654463
0.326932
0.167767
0.073818
0.026443
0.006992
0.001728

3.04E-05
0.002545
0.020786

0.05116
0.061819
0.079539
0.107974
0.129318
0.325364
0.612694

2.083028
1.596247
1.048204
0.665956
0.367503
0.180099
0.089446
0.037258
0.012782
0.002009

0.000229
0.002467
0.017867
0.062248
0.073008
0.098799
0.113957
0.112039
0.229476
0.612694

1.770786
1.275782
0.974072
0.6235
0.366573
0.198336
0.092552
0.04461
0.018653
0.004898

0.000777

0.00814
0.047952
0.122328
0.142534
0.178834
0.240312
0.216289

0.33867
0.612694

1.438895
1.083574
0.771278
0.550099
0.305743
0.172348

0.08605
0.034465
0.017684
0.005111

0.000544

0.00961
0.064857

0.14919
0.181165
0.217662
0.271907

0.29529
0.379003
0.612694

1.159898

0.88082
0.653486
0.422535
0.254973
0.131937
0.068083
0.029325
0.010939
0.004132

0.000616
0.030799
0.098244
0.142791
0.156893
0.205376
0.252314
0.268015
0.462752
0.612694

1.021813
0.709948
0.512544
0.336186

0.19855
0.116217

0.05374
0.024536
0.010108

0.00164

0.010174
0.024101
0.051828
0.086606
0.092377
0.104255
0.136539
0.129216
0.209314
0.612694

1.166171
0.615663

0.41787
0.287468
0.176863
0.103309
0.059089
0.025589
0.011862
0.004077

0.035025
0.060214
0.174508
0.246189
0.251517
0.293888
0.338386
0.333561
0.438416
0.612694

1.663615
0.673661
0.340141
0.183105
0.105359
0.063879
0.032936
0.016209
0.007143
0.002067

0.0263
0.058764
0.094455
0.185101
0.213273
0.234054
0.275908
0.246607
0.370485
0.612694

2.640639
0.975533
0.373161
0.176274
0.078294
0.042082
0.024187
0.011092
0.005934

0.00173

0.000775
0.012144
0.072546

0.19141
0.272163
0.331548
0.338701
0.309536
0.397391
0.612694

1.712717 1.214379
1.615857 0.992483
0.585856 0.703194
0.201562 0.252022
0.074262 0.120265
0.026662 0.043444
0.011831 0.015553
0.006627 0.006466
0.003363 0.003278
0.001278 0.001278

0.033215 0.017509
0.17751 0.223226
0.182516 0.222791
0.016028 0.064775
0.027683 0.033567
0.029359 0.018017
0.066159 0.050329
0.118113 0.121052
0.232774 0.238815
0.612694 0.612694
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1.284089
0.72278
0.38654

0.274178

0.138088

0.069649

0.025835

0.008746

0.003179

0.001225

0.14744
0.087755
0.079341
0.207337
0.167802
0.213505
0.193475
0.179492
0.327012
0.612694

0.818819
0.597428
0.379415
0.206162

0.11114
0.061434
0.027803
0.010831
0.003789
0.000908

0.00115
0.077801
0.091788
0.097528
0.109585
0.135387

0.17583
0.157895

0.25969
0.612694

1.029306
0.500743

0.31956
0.197639
0.106208
0.055915
0.029323
0.012146
0.004926
0.001337

0.005831
0.021318
0.059954
0.116778
0.139549

0.17636
0.205433
0.214713
0.351931
0.612694

1.281459
0.624647
0.296128
0.176633
0.098013
0.050252
0.024398
0.011942
0.004834
0.001284

0.000611
0.004189
0.042449
0.116757
0.142011

0.18759
0.240988
0.214149
0.348405
0.612694

1.008278
0.784359
0.380101
0.168865
0.087599
0.046133
0.021362
0.009069
0.004759
0.001278

0.012467
0.115294
0.111499
0.130098
0.209097
0.213588

0.22864
0.179239
0.424397
0.612694

1.093281
0.605196

0.39014
0.190504
0.081494
0.035355
0.018412
0.008204
0.003931
0.000896

0.011999
0.031727
0.056481
0.093945

0.12795

0.18883
0.211115

0.20282
0.287692
0.612694

1.155189
0.656728
0.351599
0.217001
0.098824
0.039504
0.014986
0.007394
0.003363
0.001278

0.012417
0.0259
0.068565
0.078925
0.05532
0.077759
0.078999
0.062491
0.232774
0.612694

0.995075
0.693433
0.385364
0.191315
0.115828
0.055082
0.021132
0.007998
0.004068
0.001278

0.000558
0.089225
0.117241
0.092721
0.124351
0.136776
0.168278
0.115308

0.32822
0.612694

1.145212
0.609121

0.36299
0.190929
0.099479
0.056564
0.026214
0.009391
0.003978
0.001157

0.01308
0.027732
0.090384
0.129686
0.154979
0.175354
0.249773
0.281673
0.420852
0.612694

1.344495
0.686685
0.356313
0.189593

0.09222
0.045533
0.024738
0.009514
0.003109
0.000763

0.000609
0.028246
0.071581
0.132565
0.174159
0.232847
0.255478
0.259924
0.515473

1

1.796137
0.823262
0.408844
0.202684
0.100764
0.046662
0.021402
0.011284
0.004314
0.000923

0.032915
0.008123
0.062972
0.129139
0.157371
0.210037
0.285965
0.25428
0.508763
1

2.067858
1.06426
0.50031

0.234722

0.108146

0.052022

0.022585

0.009363

0.005156

0.001298

0.007616
0.023731
0.049452
0.178115
0.224158
0.295292
0.375514
0.429016
0.627366

1

2.286292
1.257314
0.636592
0.291378
0.118197
0.051408
0.022461
0.008641
0.003276
0.001177

0.000374
0.023361
0.077997
0.091345
0.165849
0.245576
0.345846
0.391812
0.60973
1

2.419166
1.400273
0.752353
0.359614
0.162218
0.060408
0.023762
0.009002

0.00322
0.000783

0.006179
0.015998
0.036718
0.068189
0.090421
0.157171
0.235934
0.267492
0.504898

1

2.665368

1.47305
0.844213
0.444036
0.205309
0.090403
0.031195
0.011124

0.00404
0.000977

0.002597
0.008949
0.030848
0.085734
0.100846
0.149219
0.234726
0.281531
0.532346

1



Kunwura ¢punsrpa Kanmana

JIuct «BexTops»

YucneHHOCTb B MAH. 3K3, 6uomacca B Tbic. T

MUHUMYM GYHKUMK  [apameTpbl

7.694249

sN
Ql
Q2

1.499982
0.14737
0.167191
0.699994
0.3
0.612694
0.5
1.246
2.272509
2.272509
10

0.098
0.563
1.416
2.544
3.814
5.116
6.373
7.536
8.583
9.503

1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018

S_t
5.058693
0
0
0
0
9.345582

0
0
0
0
0

15.69107
0
7.857083
0

0

0
7.689262
0
1.652179
1.004992
0
3.943281
1.196221
2.319912
0.609691
1.565219
0

0

0
5.826882
0
11.2768
9.045642

R_t
2.215247
2.52897
3.019842
3.042351
2.80657
2.605423
2.083028
1.770786
1.438895
1.159898
1.021813
1.166171
1.663615
2.640639
1.712717
1.214379
1.284089
0.818819
1.029306
1.281459
1.008278
1.093281
1.155189
0.995075
1.145212
1.344495
1.796137
2.067858
2.286292
2.419166
2.665368
2.690468
2.982632
3.327459
2.272509
2.272509

N_t
4.109699
4.989821
6.039318
6.683847
6.803509
6.706614

6.08253
5.369761
4.465247
3.616127
2.985282
2.867962
3.088113
4.328927
4.240014
3.352361
2.914309
2.217728
2.257104
2.569589
2.511802
2.427413
2.545864
2.470572
2.505037
2.752963
3.416276
4.065719
4.676736

5.1908
5.769715
6.144666
6.651061
6.892934

C_t

0.072994 0.000162 0.161786
0.048236 0.000221 0.221292

0.075065
0.125472
0.08595
0.140017
0.163211
0.336849
0.357204
0.322083
0.162597
0.425022
0.260339
0.159707
0.587478
0.541364
0.49399
0.167347
0.12109
0.09051
0.261686
0.123393
0.107746
0.196589
0.161422
0.085065
0.121712
0.128517
0.1198
0.097125
0.103316
0.123117
0.651025
0.251549
1.246

qi

Qi

127

ki

1000
1000

q't
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.000102
0.000145

0.00017
0.000178
9.63E-05
0.000218
0.000129
0.000103
9.36E-05

0.00013
0.000123
0.000597
0.000791

Nprt
4.109699
4.989821
6.039318
6.683847
6.803509
6.706614

6.08253
5.369761
4.465247
3.616127
2.985282
2.867962
3.088113
4.328927
4.240014
3.352361
2.914309
2.217728
2.257104
2.569589
2.511802
2.648963
2.299705

2.24293
2.434856
2.835481
3.114766
4.214859
4.456145
4.593963
5.025841
5.738054
6.299411
11.27313
14.47986
10.16892

Pprt
6.003884
4.503767
3.940632
3.729235
3.649878
3.620088
3.608905
3.604707
3.603131
3.602539
3.602317
3.602234
3.602203
3.602191
3.602186
3.602185
3.602184
3.602184
3.602184
3.602184
3.602184
3.416011
2.829572
2.779924
2.775244
2.774798
2.774755
2.774751
2.774751
2.774751
2.774751
2.774751
2.774751
2.774751
2.774751
3.291571

Dt
0.044099
0.044099
0.044099
0.044099
0.044099
0.044099
0.044099
0.044099
0.044099
0.044099
0.044099
0.044099
0.044099
0.044099
0.044099
0.044099
0.044099
0.044099
0.044099
0.044099

0.05114
0.097564
0.088386
0.087609
0.087535
0.087528
0.087528
0.087528
0.087528
0.087528
0.087528
0.087528
0.087528
0.087528
0.044099

wt Ncort
1 4.109699
1 4.989821
1 6.039318
1 6.683847
1 6.803509
1 6.706614
1 6.08253
1 5.369761
1 4.465247
1 3.616127
1 2.985282
1 2.867962
1 3.088113
1 4.328927
1 4.240014
1 3.352361
1 2.914309
1 2217728
1 2.257104
1 2.569589
0.862322 2.873402
0.452003 2.025648
0.498942 2.174321
0.503367 2.356027
0.503788 2.639717
0.503828 2.260857
0.503832 3.659692
0.503833 3.705685
0.503833 3.702616
0.503833 3.976695
0.503833  5.10607
0.503833 5.570725
0.503833 13.80014
0.503833 20.24542
1 14.47986

Pt
6.003884
4.503767
3.940632
3.729235
3.649878
3.620088
3.608905
3.604707
3.603131
3.602539
3.602317
3.602234
3.602203
3.602191
3.602186
3.602185
3.602184
3.602184
3.602184
3.602184
3.106243
1.544047
1.411791
1.399322
1.398135
1.398022
1.398011

1.39801
1.39801
1.39801
1.39801
1.39801
1.39801
1.39801
2.774751

ywt

O 00O 00000000 O0OO0O0OO0OO OO O O

5.138218
1.511521
2.049465
2.470657
2.847706
1.677366
4.213036
3.188645
2.937446
3.349891
5.187539
5.400811
21.41675
29.35633

deltacort deltaprT_kdeltaNBt deltaNHt

4.900565
4.244416
3.970205
3.862246
3.820931
3.805306
3.799424
3.797213
3.796383
3.796071
3.795954

3.79591
3.795894
3.795888
3.795885
3.795885
3.795884
3.795884
3.795884
3.795884
3.524907
2.485194
2.376377
2.365859
2.364855

2.36476
2.364751

2.36475

2.36475

2.36475

2.36475

2.36475

2.36475

2.36475

O OO OO0 0000 0000000000000 O0O0O0O0O0O0OO0OOo0OOoOOoO oo

3.331517
3.628537

9.010264
9.234237
10.00952
10.54609
10.62444
10.51192
9.881954
9.166974

8.26163
7.412198
6.781236
6.663872
6.884007
8.124815
8.035899
7.148246
6.710193
6.013612
6.052988
6.365473
6.398309
4.510842
4.550697
4.721886
5.004572
4.625617
6.024443
6.070435
6.067366
6.341445

7.47082
7.935475
16.16489
22.61017
17.81137
13.79746

-0.79087
0.745405
2.069113
2.821602
2.982578
2.901308
2.283107
1.572548
0.668864
-0.17994
-0.81067
-0.92795
-0.70778

0.53304
0.444128
-0.44352
-0.88158
-1.57816
-1.53878
-1.22629
-0.65151
-0.45955
-0.20206
-0.00983
0.274861

-0.1039
1.294941
1.340935
1.337867
1.611946

2.74132
3.205976
11.43539
17.88068
11.14834
6.540385



JIuct «Kop. BEKTOpBI»

YncneHHOCTb B MAIH. 3K3, 6uomacca B TbiC. T

1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018

Rcort

2.215247

2.52897
3.019842
3.042351

2.80657
2.605423
2.083028
1.770786
1.438895
1.159898
1.021813
1.166171
1.663615
2.640639
1.712717
1.214379
1.284089
0.818819
1.029306
1.281459
1.153429

0.91233
0.986601
0.977712
1.343712
1.328396
2.388148
2.447908
2.425112
2.550809

3.29512

3.41689
6.188598

9.77317

2.226234
9.77317

N'cort
4.109699
4.989821
6.039318
6.683847
6.803509
6.706614

6.08253
5.369761
4.465247
3.616127
2.985282
2.867962
3.088113
4.328927
4.240014
3.352361
2.914309
2.217728
2.257104
2.569589
2.873402
2.025648
2.174321
2.384799
2.796122

2.5593
4.362142
4.632005
4.809022
5.329957
7.000607
7.734805
13.80014
20.24542

Ccort
0.072994
0.048236
0.075065
0.125472

0.08595
0.140017
0.163211
0.336849
0.357204
0.322083
0.162597
0.425022
0.260339
0.159707
0.587478
0.541364

0.49399
0.167347

0.12109

0.09051
0.261686
0.123393
0.107746
0.196589
0.161422
0.085065
0.121712
0.128517

0.1198
0.097112
0.103316
0.123117
0.651025
0.251549

Wect
2.169389
2.641071
3.130965
2.847854
2.256188

3.39665
3.607715
3.580607
3.583062

3.12228
2.770766
2.685101
2.175234
3.136437
0.790653
1.025669

1.20647
2.087967
2.955492
3.554233
1.740275
2.225869
1.783754
1.858466
2.475147
2.820069
2.003042
2.756745
2.596141
2.380435
2.938172
3.003482
0.931086
2.169509

SBt Bcort
10.97427 8.915535
13.17847
18.9089
19.03462
15.35
31.74367 22.78002
21.94404
19.22701
15.99926
11.29056
8.271516
42.1321 7.700768
6.717368
24.64325 13.57741
3.352379
3.438415
3.516025
16.05493 4.630543
6.670851
5.87223 9.13292
1.748962 5.000509
4.508828
7.033841 3.878452
2.223136 4.432068
5.742122 6.920813
1.719372 7.217401
3.1352 8.737554
12.76926
12.4849
12.68761
17.12038 20.56899
23.23134
10.49967 12.84912
19.6246 43.92263

128

bWt

8.941912
3.364449
3.655742
4.591633

7.04849
4.730286
8.438889
8.790281
7.626025
7.974196
15.24188
16.22124
19.94085
63.68882

Bprt N'prt

O O 0O 0000000000000 O0 000000000000 O0OOoOOoOOoOOo

31.41417 14.47755
22.06157 10.16783

dNBt

9.010264
9.234237
10.00952
10.54609
10.62444
10.51192
9.881954
9.166974

8.26163
7.412198
6.781236
6.663872
6.884007
8.124815
8.035899
7.148246
6.710193
6.013612
6.052988
6.365473
6.398309
4.510842
4.550697
4.750658
5.160978
4.924059
6.726893
6.996755
7.173771
7.694706
9.365356
10.09955
16.16489
22.61017
17.80906
13.79637

dNHt

-0.79087
0.745405
2.069113
2.821602
2.982578
2.901308
2.283107
1.572548
0.668864
-0.17994
-0.81067
-0.92795
-0.70778

0.53304
0.444128
-0.44352
-0.88158
-1.57816
-1.53878
-1.22629
-0.65151
-0.45955
-0.20206

0.01894
0.431267

0.19454
1.997391
2.267255
2.444272
2.965207
4.635857
5.370055
11.43539
17.88068
11.14603
6.539293

95% poB.. [paHuLbl

dBBt
19.54676
24.38828
31.33947
30.03373
23.97073
35.70531
35.65128
32.82333
29.60194
23.14296
18.78922
17.89317
14.97432
25.48297
6.353608
7.331737
8.095645
12.55622
17.88955
22.62438
11.13482
10.04054
8.117323
8.828937
12.77418
13.88619
13.47425
19.28827
18.62412
18.31674
27.51703
30.33383
15.05091
49.05297
38.63692
29.93134

dBHt

1.968669
6.478321

8.03551
6.729257
9.854728
8.236799
5.630677
2.396582

1.671846
0.351151

0.035199
1.067449
0.548616
4.000859
6.250244
6.345676
7.058481
13.62095
16.12886
10.64734
38.79228
24.18141
14.18705



®parment aucta «Kop. Tabauisn

n_cor_at

2.215247  2.52897
1.027324 1.348386
0.489843 0.622521
0.206374 0.282611
0.092543  0.11402
0.041238 0.052434
0.024445 0.022409
0.008539 0.013123
0.003281 0.00407
0.000864 0.001278

phi_cor_at
0.005123 0.002145
0.008598 0.007576
0.045675 0.009948
0.07691 0.04001
0.058902 0.052934
0.088523 0.068746
0.096925 0.087615
0.173766 0.094261
0.285298 0.308523
0.782748 0.782748

c_cor_at

0.011348 0.005424
0.008833 0.010215
0.022374 0.006193
0.015872 0.011307
0.005451 0.006035
0.003651 0.003605
0.002369 0.001963
0.001484 0.001237
0.000936 0.001256
0.000676 0.001

3.019842
1.545238
0.818152
0.376567
0.164303
0.065135
0.029304
0.012193
0.007072
0.001511

0.002604

0.00631
0.017944
0.023524
0.075583
0.131831
0.222981
0.257185
0.290509
0.782748

0.007863

0.00975
0.014681
0.008858
0.012419
0.008587
0.006534
0.003136
0.002055
0.001183

3.042351
1.844084
0.939126
0.489785
0.223787
0.090947
0.033187

0.01284
0.005016
0.002725

0.003077
0.014388
0.026379
0.040617
0.059103
0.129547
0.298603
0.433511
0.457361
0.782748

0.009361
0.026533
0.024773
0.019894
0.013226
0.011782

0.00991
0.005566
0.002294
0.002133

2.80657
1.856703
1.10909
0.556005
0.284517
0.12676
0.0465
0.012576
0.00351
0.001278

0.000738
0.008594
0.028877
0.031545
0.029433
0.038768
0.056264
0.072455
0.153944
0.782748

0.002071
0.015956
0.032028
0.017539
0.008374
0.004914
0.002616
0.000911
0.00054
0.001

2.605423
1.717947
1.125101
0.654463
0.326932
0.167767
0.073818
0.026443
0.006992
0.001728

3.89E-05
0.003251
0.026555

0.06536
0.078977
0.101615
0.137943
0.165211
0.415669
0.782748

0.000101
0.005585
0.029877
0.042776

0.02582
0.017048
0.010183
0.004369
0.002906
0.001352

2.083028
1.596247
1.048204
0.665956
0.367503
0.180099
0.089446
0.037258
0.012782
0.002009

0.000292
0.003152
0.022825
0.079525
0.093272
0.126221
0.145585
0.143135
0.293168
0.782748

0.000609
0.005032
0.023926

0.05296
0.034278
0.022732
0.013022
0.005333
0.003747
0.001573

1.770786
1.275782
0.974072
0.6235
0.366573
0.198336
0.092552
0.04461
0.018653
0.004898

0.000993
0.010399
0.061261
0.156281
0.182095
0.228469

0.30701

0.27632
0.432668
0.782748

0.001758
0.013267
0.059673
0.097441
0.066751
0.045314
0.028414
0.012327
0.008071
0.003834

1.438895
1.083574
0.771278
0.550099
0.305743
0.172348

0.08605
0.034465
0.017684
0.005111

0.000695
0.012277
0.082858
0.190598
0.231447
0.278074
0.347375
0.377248
0.484195
0.782748

0.001
0.013303
0.063907
0.104848
0.070763
0.047925
0.029892
0.013002
0.008562
0.004001

1.159898 1.021813
0.88082 0.709948
0.653486 0.512544
0.422535 0.336186
0.254973  0.19855
0.131937 0.116217
0.068083 0.05374
0.029325 0.024536
0.010939 0.010108
0.004132  0.00164

0.000787 0.012997
0.039348 0.03079
0.125511 0.066213
0.182423 0.110643
0.200439 0.118017
0.262378 0.133192
0.322345 0.174435
0.342403 0.165081
0.591189 0.26741
0.782748 0.782748

0.000912 0.013281
0.034658 0.02186
0.08202 0.033937
0.07708 0.037197
0.051106 0.023432
0.034617 0.015479
0.021946 0.009374
0.010041  0.00405
0.006467 0.002703
0.003235 0.001284

1.166171
0.615663

0.41787
0.287468
0.176863
0.103309
0.059089
0.025589
0.011862
0.004077

0.044746
0.076927
0.222943
0.314519
0.321326
0.375456
0.432306
0.426141
0.560099
0.782748

0.052182
0.047361
0.093161
0.090414
0.056831
0.038788
0.025545
0.010904
0.006644
0.003191

1.663615
0.673661
0.340141
0.183105
0.105359
0.063879
0.032936
0.016209
0.007143
0.002067

0.0336
0.075073
0.120671
0.236477
0.272468
0.299016
0.352486
0.315053
0.473313
0.782748

0.055897
0.050574
0.041045

0.0433
0.028707
0.019101
0.011609
0.005107
0.003381
0.001618

2.640639
0.975533
0.373161
0.176274
0.078294
0.042082
0.024187
0.011092
0.005934

0.00173

0.00099
0.015515
0.092681
0.244536
0.347702
0.423569
0.432708
0.395449
0.507688
0.782748

0.002614
0.015135
0.034585
0.043105
0.027223
0.017825
0.010466
0.004386
0.003012
0.001354

1.712717
1.615857
0.585856
0.201562
0.074262
0.026662
0.011831
0.006627
0.003363
0.001278

0.042434
0.226778
0.233174
0.020477
0.035366
0.037507
0.084522
0.150896
0.297381
0.782748

0.072677
0.366441
0.136606
0.004127
0.002626
0.001
0.001
0.001
0.001
0.001

1.214379
0.992483
0.703194
0.252022
0.120265
0.043444
0.015553
0.006466
0.003278
0.001278

0.022369
0.285183
0.284627
0.082754
0.042883
0.023018
0.064298

0.15465
0.305099
0.782748

0.027164
0.283039
0.200148
0.020856
0.005157
0.001
0.001
0.001
0.001
0.001

1.284089 0.818819
0.72278 0.597428
0.38654 0.379415
0.274178 0.206162
0.138088 0.11114
0.069649 0.061434
0.025835 0.027803
0.008746 0.010831
0.003179 0.003789
0.001225 0.000908

0.188362  0.00147
0.112112 0.099395
0.101363 0.117264
0.264884 0.124597
0.214375 0.140001
0.272763 0.172963
0.247175 0.224632
0.229311 0.201719
0.417775 0.331767
0.782748 0.782748

0.241874 0.001203
0.081032 0.059381
0.039181 0.044492
0.072625 0.025687
0.029603  0.01556
0.018998 0.010626
0.006386 0.006245
0.002006 0.002185
0.001328 0.001257
0.000959 0.000711

1.029306
0.500743

0.31956
0.197639
0.106208
0.055915
0.029323
0.012146
0.004926
0.001337

0.00745
0.027235
0.076594
0.149189
0.178281

0.22531
0.262451
0.274307

0.44961
0.782748

0.007668
0.013637
0.024476
0.029486
0.018935
0.012598
0.007696
0.003332
0.002215
0.001047

1.281459
0.624647
0.296128
0.176633
0.098013
0.050252
0.024398
0.011942
0.004834
0.001284

0.00078
0.005352

0.05423
0.149163
0.181426
0.239656
0.307874
0.273586
0.445106
0.782748

0.001
0.003343
0.016059
0.026347
0.017782
0.012043
0.007511
0.003267
0.002152
0.001005

1.153429
0.897275

0.43482
0.193175

0.10021
0.052774
0.024437

0.91233
0.505029
0.325567
0.158974
0.068006
0.029503
0.015365

0.986601
0.560885
0.300286
0.185332
0.084402
0.033738
0.012799

0.010374 0.006846 0.006315

0.005445
0.001461

0.013922
0.128758
0.12452
0.14529
0.233515
0.23853
0.25534
0.20017
0.473957

0.00328
0.000748

0.01837
0.048572

0.08647
0.143824
0.195883
0.289086
0.323205
0.310506
0.440439

0.002872
0.001091

0.018574
0.038743
0.102563
0.118061
0.082751
0.116316
0.118171
0.093477
0.348197

0.684244 0.937997 0.916502

0.016058
0.115531
0.054144
0.028066
0.023401
0.012588
0.00624
0.002077
0.002581
0.001

0.016759

0.02453
0.028152
0.022864
0.013321
0.008529
0.004966
0.002126
0.001445
0.000701

0.018325
0.021731
0.030798
0.02188
0.006984
0.003924
0.001512
0.00059
0.001
0.001

0.977712
0.661283
0.367497
0.182445
0.110458
0.052528
0.020152
0.007627
0.003879
0.001218

0.000725
0.119532
0.157064
0.124215
0.166588
0.183234
0.225435
0.154473
0.439705
0.820803

0.000709
0.079044
0.05772
0.022662
0.018401
0.009625
0.004543
0.001178
0.001706
0.001

1.343712
0.661346
0.382506
0.201195
0.104827
0.059605
0.027624
0.009896
0.004192
0.001219

0.014242
0.032631
0.109579
0.157227
0.187892
0.212594
0.302817
0.341492
0.510228
0.742811

0.019137
0.021581
0.041915
0.031633
0.019696
0.012672
0.008365
0.003379
0.002139
0.000906

1.328396
0.628955
0.301808
0.155703
0.075736
0.037394
0.020316
0.007813
0.002553
0.000627

0.000482
0.024139
0.066149
0.126351
0.165995
0.221932
0.243502

0.24774

0.49131
0.953123

0.000641
0.015182
0.019964
0.019673
0.012572
0.008299
0.004947
0.001936
0.001254
0.000597

2.388148
1.061129
0.489868
0.224442
0.107943
0.049987
0.022927
0.012088
0.004621
0.000989

0.019377
0.004933
0.041139
0.091284
0.114989
0.153471

0.20895
0.185799
0.371746
0.730685

0.046276
0.005235
0.020152
0.020488
0.012412
0.007672
0.004791
0.002246
0.001718
0.000722

2.447908
1.209716

0.54922
0.240507
0.102237
0.047415
0.020585
0.008534
0.004699
0.001183

0.005036
0.016342
0.035262
0.136065
0.1856
0.253596
0.32249
0.368437
0.538781
0.858797

0.012327
0.019769
0.019366
0.032725
0.018975
0.012024
0.006638
0.003144
0.002532
0.001016

2.425112
1.294823
0.631129
0.279934
0.107299
0.042575
0.017783
0.006841
0.002593
0.000932

0.000276
0.017756
0.061581
0.074423
0.143003
0.232101
0.341932
0.387377
0.602828

0.98868

0.000669
0.022991
0.038865
0.020833
0.015344
0.009882
0.006081

0.00265
0.001563
0.000921
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L.4. ITlporpammublii komIieke XSA B nakere VPA-95 v.3.2. u B nakere FLR
(B cpene R)
Darby & Flatman, 1994

T.N. byarakosa, 10.A. KoBaJes, A.A. YeTbIpKkuH

I.4.1. Onucanue Mmoaeu

[Taker mporpaMm, peanu3yOIMHUX KOTOPTHBIE MOJIEIH, IOCIEOHSS BEPCUs
koToporo HazBaHa VPA-95 v. 3.2, Ob11 pazpabotan corpynnukamu Jloyctodrckoit
naboparopun CEFAS (BenuxkoOpuranusi) [Darby & Flatman, 1994] u B Teuyenue
MHOTUX JIET SBJSIETCA OJHUM W3 OCHOBHBIX HMHCTPYMEHTOB OIIEHKH 3aIlacoB
MPOMBICIIOBBIX PBIO Ha pabouux rpynmnax MexayHapoaHoro KoHCynIbTaTUBHOTO
Cosera mno wuccnegoBanuto Mopss HMKEC. Ilaker mnpexacraBmsier co0oil Habop
nporpamm, peanuszyromux B cucreMe WINDOWS HeckonbKO KOTOPTHBIX METOAOB
OLIECHKM MPOMBICIIOBOTO  3amaca. [Iporpamma  nmonroe  BpeMs  CBOOOIHO
pacrpocTpaHsigack. B OCHOBHOUM makeT BXxoauiau 4 BapuaHTa OJHOBHUAOBBIX
KOTOPTHBIX MOJEJICH WM aHaJIn3a BUPTyalabHbIX nonyisiuuii BITA, a umeHHo:

1. VPA (unu xoroptHeiii aHanu3 Iloyna), mpuMeHsieMbld IPH YCIOBHH, YTO
TEPMUHAIbHBIE 3HAYEHHUSI IPOMBICIIOBOI CMEPTHOCTH 33]1aHbI MTOJIb30BATENIEM.

2. Cenapabenbubiii VPA.

3. CneuunanbHble METOJIbI HacTpoiiku VPA (aBa BapuaHTa).

4. PacuumpeHHbIN aHaIU3 BbDKUBAHUS XSA.

DTOT NpPOrpaMMHBIA MAKET U MOAPOOHbIE aHHOTUPOBAHHBIE MHCTPYKLMH JIJIS
pabotel ¢ maketom VPA-95 B cpene Windows, aHamorW4yHbIE HWHCTPYKIIHSIM,
cocrasyieHHbIM T.M. bynorakosoit B 2005 r., MOAEpHU3UPOBAHHON BEPCHEN KOTOPBIX
SBJISIETCS TEKCT HACTOSAIMMX METONMYEeCKUX pPEeKOMEHIAIMNA, TMpPEeICTaBICHbl B
opomrtope I[TMHPO [Kosaner, Kopxkes, 2005] u pa3MernieHsl B 00J1a9HOM XPaHUIIHIIE
(ITpunoxenne 4 kK MeTOIMYECKUM PEKOMEHIAIUSAM ).

B ocHoBe 000uMX BapWaHTOB aAHHOTHPOBAHHBIX WHCTPYKIIUN  JIEKUT

PYKOBOJICTBO ISl MOJIb30Bareneil makera mporpamm VPA-95, cocraBieHHoe ero
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pazpabotunkamu [Darby & Flatman, 1994]. BxirodeHpl Takke W PEKOMEHIAINH
KoncynbrarusHoro CoBera mo peryiaupoBaHHio npomeicia u cexkperapuata UKEC
[ICES, 1995] u pexomennanuu, copMupoBaBIIMecs B pe3ysibTaTe COOCTBEHHOTO
MHOTOJIETHETO ONBITA POCCUHUCKHX YUYEHBIX B MPAKTUKE OLEHKH COCTOSHHS 3aI1acOB
OTEUECTBEHHOI'0 U MEXYHAPOJIHOTO PHIOOJIOBCTBA.

B nanHoM paszzgene moapoOHO pacCMOTPEHBI TOJBKO JIBa KOTOPTHBIX METOJA
U3 yKa3aHHBIX BBIIIEC — NEPBBIA U 4ETBEPThIA. [IpUBOAATCSA pacueTHbIE YpAaBHEHHUS U
dbopmatbl npeAcTaBiIeHUs BXOAHOW MHpopMauuu. B cremyromeMm mnoapasaene Aiis
TUX METOJIOB MPEICTABIEHbl MHCTPYKLMH Uil pabOThl ¢ 3TUMHM IpPOrpaMMamMu B
cpene R.

IIpy oOnEHKE YHCIEHHOCTH 3amaca C IIOMOINBKD KOTOPTHBIX MOJENEn
VCIIOJNB3YIOTCS JTaHHBIE BO3PACTHOTO COCTAaBa YJIOBOB, M KaXKJI0€ IIOKOJICHHE
paccmaTpuBaercsi (BOCCTaHABIMBAETCS) OTAEIBHO, MOTOMY 3TH MOJENHM Ha3BaHBI
KOTOPTHBIMH. [[71s1 000MX BapuaHTOB pacyeThl BEAYTCs MO MOKOJIEHHUSIM OT CTapIien
BO3PDACTHOW TpyNmnbl K MIIAAmed. B OCHOBY MOJIOXKEHO NPEANON0XKEHUE, YTO
YUCJIIEHHOCTh HEKOTOPOTO TMOKOJeHuss N(f) CcO BpEMEHEM YMEHbIIAETCS IO
SKCIOHEHTE C IEPEMEHHBIM MOKA3aTEIEM DKCIIOHEHTHI Z(1):

NG _ 70N,

rJe TOKa3aTelb OAKCIIOHEHTHI, Ha3biBaeMbld K03 duimeHToM oOriei
CMEpPTHOCTH, SIBJISIETCS CYMMOM JBYX COCTAaBIISIFOIIWX, KaXKJas U3 KOTOPHIX MOMXKET
ObITh (DYHKIIHEH BpEMEHH U BO3pacTa:
Z(t,a) =M(t,a)+F(t,a).
B Tabn. 1.4.1.1 mpencraBieHa CTPyKTypa MAaTpHUIlbI BO3PACTHOTO COCTaBa
YJIOBOB, BBIPKEHHOTO B €IMHUIAX YKCIIeHHOCTH (Hampumep, B 1000 3k3., T.e. C,,—
KOJIMYECTBO OCoOei Bo3pacTa a, MoWMaHHBIX B TeueHue roja f. Illar uaMmeHeHus

BPEMEHH M BO3pAcTa paBeH OJIHOMY T'OJly.
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Tabnuna 1.4.1.1. Marpuna Bo3pacTHOTO cOCTaBa yJIOBOB IPH pacyeTe YUCICHHOCTU
no BIIA (B maHHOM mNpuMepe MHUHUMAIbHBIA BO3pACT pPbIO, BCTPEYAIOLIUHCA B

yJI0Bax, paBeH 3 T)

I'on Bo3spacr pbi0 B yJji0Be
NpoMBICJIA 3 2 3 -
t Cis Cia Cis ... Cin
t+1 Cisi3 Cir14 Cus . Cisin
t+2 Ci3 Cio4 Cuas o Cion
t+k Ciak 3 Ciika Ciks e Ciikn

O4eBUHO, YTO TIO JUATOHAIU TAOJIUIIBl PACIIOIOKEHBI YHCIEHHOCTH PBIO,
BBUIOBJIEHHBIE B pa3Hble TOABI M3 OAHOTO M TOro e mnokoneHus. llpu
MPEANOJIOKEHUH, YTO B TEUEHUE BPEMEHHOIO MHTEPBAJIA B OJIMH TOJ JJISI Ka)KJO0TO
BO3pacTa a MapaMmeTpbl CMEPTHOCTH HE MEHSAIOTCA, MOYKHO 3aluCcaTh YpaBHEHWUS,
WCIIOJIb3YEMBIE JIJIS1 OLIEHKU YMCIIEHHOCTH 3araca.

IlepBblit MeTOA, B KOTOPOM 3apaHee omnpeaejaeHbl K03GGUUMEHTHI
«TePMHHAJBHOID> MPOMBICJI0BOH CMEPTHOCTH, T.€. KO3PPUUUEHTHI MPOMBICIOBOM
CMEPTHOCTH JUJIsl TIOCJEIHEro CToJIOIa M TMOCJEIHEH CTPOKHM COOTBETCTBYIOIIEH
MaTpuilpl: Fn — K03(QQUIMEHTH TPOMBICIIOBOM CMEPTHOCTH IO BO3pacTaM Jyis
MOCJIEAHET0 pacueTHOro (TepMuHanbHOrO) roma; Fo.txt — Kod(hPUIIUEHTHI
IPOMBICIIOBOM CMEPTHOCTU [JIsI CTapLIEd BO3PACTHOW TPYyHIBl d,y IO TOJaM
npombiciia. Hwuke 1okaszaHo, 4YTO pacyeTbl HECKOJBKO OTIMYAKOTCS MpH
MCIOJIb30BaHUHU ypaBHEHUM TpaauunonHoro BITA wim metona I[loyna [Pope, 1972].

Pacuem ona mpaouyuonnozo BIIA Benercss s KaXAOTO IMOKOJICHUS

OTACIbHO, I YIIPOIICHHA 3aIlIMCH 31CCh OIIYIICH MHACKC roaa:

Na+1 = Na exp(_zu)’

Ca = Na Fa
v/

(1-exp(=2,)), (14.1.1)

a

F
Ca = Na+l i(exp(za - 1))

a
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Btopoe ypaBHenue cuctemsl (I.4.1.1) cBsi3pIBaeT BEIMYMHY T'OJOBOTO YJIOBA,
B3SITOTrO U3 a-l Bo3pacTHOM rpymiibl (C,), C YUCIEHHOCTHIO TOM K€ TPYIIIBI B Havaje
roj/ia, a TPETh€ YPAaBHEHUE MOJY4YAETCS MPU MOJICTAHOBKE N, ; U3 IEPBOTO YPaBHEHUS
BO BTOPOE€ M OTPAKAET 3aBUCHUMOCTb BEJIMYMHBI TOTO KE YJIOBA OT YUCIECHHOCTU TOU
K€ BO3pPACTHOW TPYNIIBI B KOHIIE Ioja, KOTOpas paBHA YHMCICHHOCTH CIEXYHOLIEH
BO3PACTHOM IPyNIbl B HAYaJ€e CIEAYIOLIETo ro/a.

Kpome TepmMuHanbHBIX 3HAYEHUM IPOMBICIOBOM cMmepTHOCTH, BIIA, kak u
10001 KOTOPTHBINA METOI, TPEOyEeT HANMUKUA CIAEAYIONIEeH BXOAHONU HH(OpMaIUK:

- BO3PACTHOM COCTaB YJIOBOB 3a PsiJ JIET;

- IapaMeTp €CTECTBEHHOW CMepTHOCTU M,, — B OOIIEM CIay4ae MOKHO
YUYUTBIBATh €TI0 3aBUCUMOCTb OT BO3pacTa MU OT BPEMEHM, HO 4acTO IIPUHUMAETCS
JONYIICHUE, YTO ITOT MapameTp HMEET OJHO M TO K€ 3HA4YEHWE Ui BCEH
IIPOMBICIIOBOW YaCTH MOIYJISLINHY;

- W, — CpeIHUI Bec 0cOOU BO3pacTa a B IO/l IPOMBICIA t;

- TEMII MTOJIOBOTO CO3pEBaHMS (01 MOJIOBO3PENBIX 0COOEH B BO3pACTE d B TOJ
MpOMBICIIA t).

[locnennue nBa mapameTpa MOTYT ObITh HPEACTABICHBI B BUIE MaTpPHIIbI
(mepemMeHHbIE IO TOJ]aM U BO3pacTaM) UJIM BEKTOpa (MIEpEMEHHBIE IO BO3pacTaM).

Pacuersl mpoBoAsATCA OT CTApIIMX BO3PAacTOB K MIIAAIIMM B CIEAYIOIIEM
MOPSAKE.

CHayana uig BBIOPAHHOTO TOKOJIEHHS C IOMOIIBI0 BTOPOTO YypaBHEHUS
cuctemsl (1.4.1.1) oneHMBaeTCss YUCIEHHOCTh CAMOM CTapIIEH TPYIIbI C UHAECKCOM K

B Ha4daJ€ roaa.

N,=C, Z, 5 (I1.4.1.2)
F, (1-exp(-Z)))

3aTeM JUisl IpeAblayIiei (n-1)- il BO3paCTHOW IPYIIIbI 10 TPETHEMY YPABHEHHIO
(1.4.1.2) meTomoM mociea0oBaTEIbHBIX MPUOIIKEHUN OmpeaenseTcss BeauuuHa F;
(IOCKOJIBKY 3TOT MapaMeTp BXOJUT B YPABHEHHUE U B JINHEHHOM BHJI€ U B IOKA3aTENb

9KCIIOHCHTEI, - 3TO YPABHCHUC SABJIIACTCA TpaHCHCH,Z[CHTHBIM);
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no nepsomy ypasHenuto (I.4.1.1) ompenensercst uncneHHocTh N, ; B Hayale
roja;

[OCJIEIOBATENbHO  PACCUUTHIBAIOTCS KO3 PUIUEHTBI POMBICTIOBOM
CMEPTHOCTH M YHUCICHHOCTH [isi Oojiee MIIAAIIUX BO3PACTHBIX TPYMI. 3aTeM
NEPEXOJIAT K CIEYIOIEMY TOKOJIEHUIO.

B pe3ynbrare pacueToB noiaydaroTcss MaTpULbl K0O3()PUIMEHTOB IPOMBICIOBON
CMEPTHOCTH M YHCIEHHOCTH JUJISl BCEX JIET U BO3PACTOB, CTPYKTypa UX Ta XK€, YTO
npuBenieHa B Ta0u. [.4.1.1. YucneHHOCTh MPOMBICIOBOTO 3araca Mo rojaM MpoMbICIIa
pPacCUUTHIBAETCSI CYMMHPOBAHHEM UHCIEHHOCTH BO3PACTHBIX TPYyNN MO CTPOKam
OroMacca 3amaca IMOJIy4aeTCsl YMHOKEHHEM YHMCIEHHOCTH BO3PACTHBIX TPyHI Ha
Maccy OJIHOM 0co0M w,, 3Has TEMIl IOJOBOIO CO3PEBAHUS, MOYKHO OLICHUTH
Oouomaccy HepecToBoro 3amnaca. Takum oOpazom, BITA naet BO3MOXXHOCTh MOJTYUUTh
PETPOCIIEKTUBHBIE OLIEHKH IPOMBICIIOBOIO U HEPECTOBOI'O 3aI1acoB.

Pacuem 3anaca memooom Iloyna OCHOBaH Ha NPENIOJIOKEHUU, YTO BECH
roJIOBOM yJlOB OepeTcsi B HEKOTOPBIM (PUKCHpOBaHHBII MOMEHT roaa. Hampumep,
€CJIM yJIOB B3SIT B CEPEAMHE Tr0Ja, TO YHMCICHHOCTh IOKOJIEHUS B Hadajle roja y
BBIPAKAETCS Yepe3 BBUIOB M3 3TOrO MOKOJEHUS B TOT K€ IOJl U YHUCIEHHOCTh €0 B

Hayaje CIeAyIOIIero rojia, Kak nokazaHo ypasHenuem (1.4.1.3):

N(y,a)=C(y,a)e"” + N(y+La+1)e" (14.1.3)
Takum oOpaszom, Mmerton Iloyma sBnsieTcs NPUOIMKEHHBIM, HO 3aTO OH
MI03BOJISICT JIETKO omnpeaenuTh N(y,a), a 3atreM u napametp F, He TpeOys MpUMEHECHUS

METO/Ia TTOCJIEI0BATEIbHBIX MPUOTUKESHUN:

N(y,a)

FOyna)=Z(a)-MGy.a)=LN 02

~M(y,a) (L4.1.4)

Wrak, monp30BaTesnpb, 3Hasi XapaKTEPUCTUKH TIPOMBICIIA, TOJDKEH BHIOPATh OJTUH
u3 MeToaoB pacuera. [lo cytu, meroq VPA cuutaercs Gojiee TOUYHBIM TIPH YCIOBHH,
YTO TMPOMBICE] PAaBHOMEPHO paclpeneseH No BceMy rony. Eciam ke mpomsicen
BEJIETCS B TEUCHHE KOPOTKOTO mepuomaa, To Merox [loyma onumier ero 6osiee TOUHO.

Ecnn IMPOMBICCII BCACTCA B TCUCHHUC KOPOTKOIO IIPOMECXKYTKa BPEMCHHM, HO HC B
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cepeauHe rojia, a B MOMEHT, Koraa npouuia k- yacth roga (0<k<l), To B ¢popmymy

(1.4.1.3) BmMecto Ce™” nano nocrasurs Ce™*,

Pacwupennviu ananusz eviorcusanus XSA

Meron XSA pazpaboran J[x. lenapaom [Shepherd, 1991; Shepherd, 1999]
Ha ocHoBe Meroaa Y. Jlabnues [Doubleday, 1981], oH Mo3BOMSIET UCIIOJIB30BATh BCE
JOCTYITHBIE JaHHBIC IJIs OIEHKH YHCICHHOCTH BBDKHBIIMX OCOOCH KaXJaoro
noKoJieHHusl (Ha3zbiBaeMo# Survivors winm Pf) K KOHIy Mepuona, st KOTOPOro
CYIIECTBYIOT JaHHbIE 00 yJOBaX M3 JTOr0 IMOKOJEHHs. DTy BEIUYUHY MOXKHO
0003HAYUTH KaK:

Pt= P(ypaxt+ 1, apax+1),

TA€ Ay —MAKCUMAJIBHBIA BO3PACT JJAHHOTO TOKOJIEHUS BO BXOJHBIX JIAHHBIX,
Vmax — UHAEKC MOCIEAHErO roJia, B KOTOPOM JAHHOE MOKOJIEHUE MPUCYTCTBYET. DTOT
WHJIEKC COOTBETCTBYET JMOO TEPMUHAIBLHOMY IOy Yy, JMOO TOMY rojay, B KOTOPOM
JTAHHOE MOKOJIEHUE IOCTUTAET MAaKCUMAJIBHOTO BO3pPACTa UCCIIEIYEMOTO 3aIaca d,y,.

UHCIIEHHOCTh BBDKUBIIUX 0COOEH B Ka)XJOM IMOKOJIEHWU Pt paccMarpuBaercs
KaK OCHOBHAs HEW3BECTHas TMEpPEMEHHasi, KOTOPYIO CJIEAYeT OIEHUTh B PacdeTHOU
nporeAype BMECTE C JPyrod HEHU3BECTHOM IepeMeHHON — K03 uIimeHToM
yJIaBIUBAEMOCTH ¢(a,y) (N1l YIPOILEHUS BBIYUCIUTEILHOTO Mpollecca B MPOrpaMme
UIeTcs oopaTHasi BeIMurMHA 3TOro koddduiuenta 1/q).

[Ipu pacuere matpun F(a,y) u N(a,y) UCHIONB3YyETCS alrOPUTM KOTOPTHOTO
ananu3a [loyna [Pope, 1974], a He pacuetnas npouenypa VPA. Illenapa [Shepherd,
1999] npennoxun Gopmyibl, ynoOHbIE IJs BBIPAXKEHUS YUCICHHOCTH 3araca
MOKOJICHUS B BO3PACTE d Yepe3 BEJIUUMHBI Pt 3TOTO MOKOJIEHUS:

Nvpa(y,a)=ECM (y,a)Pt+ Pc(y,a) (1.4.1.5)

ECM 5310 yciioBHOE 0003HaUEHNE IKCTIOHEHTHI C KyMYJISITUBHBIM MTOKa3aTeJIeM:

ECM (y,a)=exp(M(y,a)+ M(y+La+1)..+M(y,_..4a,.)), (I1.4.1.6)

THE Ymax A Gpgx - MAKCUMAIIBHBIE 3HAYEHHS TroJa W BO3pacTa JaHHOTO

NIOKOJIEHHSI, paccMaTpUBaeMble B pacuerax. Beipaxkenus, ananornunsie (1.4.1.6),
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OPUMEHSIOTCS Janee u Ajisd Ko (UIMEHTOB MPOMBICIOBOM U 00IEH CMEPTHOCTU U
obo3navarorcsi kak ECF u ECZ, coorBerctBeHHO. PaccumteiBaemas mo (1.4.1.5)
YUCJIEHHOCTh TOKOJIEHUsI 0003HavaeTcst Nvpa() B OTIMYKME OT YUCIEHHOCTH TOTO e
MTOKOJICHUSI, PACCUUTHIBAEMOM Yepe3 UHAEKC 3anaca Nest().

Btopoe cmaraemoe B (1.4.1.5) o6Go3HayaeT BKJaJ BBUIOBJIECHHBIX PBHIO B

BOCCTAHOBJICHHYIO YHNCJIICHHOCTD ITOKOJICHHA, OHO PABHO:
Pe(y,a)="" [ECM (y,a)C(y,a)exp(-0.5M,] (1.4.1.7)

Benuunna Nvpa(y,a) 3aBUCUT TOJIBKO OT BEJIUYUH YJIOBOB U Kod(duireHTa
€CTECTBEHHON CMEPTHOCTH, T.€. HE MEHAETCS MPU UTEPALIMOHHOM ITIPOIIECCE.

JIns HACTPOMKM MOJETUM HEOOXOJMMO HUMETh JaHHBIE XOTA Obl MO OJHOMY
WHJIEKCY 3araca, HO 00s3aTeIbHO JOJDKEH OBITh 3aJlaH €ro BO3PACTHOW COCTaB
u(a,y,f). B nanHoil Moaeam sl OWEHKHM KOI(pPHUIHEHTA YJIABJIUBAEMOCTH
HCMOJIb3YeTCH 3aBUCUMOCTh MH/IEKCA 3a1aca 0T YUCJIEHHOCTH.

ITycts wHaEKC 3amaca u(a,y,f) COOTBETCTBYET YMCICHHOCTH 3amaca B MEPUO/T

rojia, orpaHM4eHHbIA napameTpamu [y, B]. [lapamerpsl vy u B — 3TO HoNM TOjA,

orpaHUYMBAIONIME Tepuo paboTel nqaHHOTO (uioTa (MM cheMkH). Toraa MHAEKC u
NPUBOAUTCS K Haualdy roja ciemyromuMm obpaszom [Shepherd, 1999]: npu ycnosum,
YTO MHACKC 3araca MpOoNOPpIHOHAICH €ro BEIMYUHE (HarpuMep, YUCICHHOCTH), TOT

HNHICKC paBeH:
u(a,y.f) =q(a,f)N(a,y)A(a,y.f) ,

rae f =1, 2, ... — unaekc ¢uora, kK03pOUIMEHT NPONOPLHMOHAIBHOCTH g(a,f)
Ha3bIBaeTCS KOA(DPUITMEHTOM YIIaBIMBAEMOCTH, a N(a,y) — YACIEHHOCTH TOMYJISIHH
B Hayaje roja y. A —ko3QuUUMEHT nepecuera YUCICHHOCTH Ha Hayalo Toja,
KOTOPBIN pacCUNUTHIBAETCS TIO (OpMYJIE:

exp(=yZ(a.y)) —exp(=pZ(a, y))
(f=r)i(a.y) '

[Ipu paBHOMEpPHO pacHIpeaeIeHHOM MpOoMbIciie, TpoBoguMoM ¢uotom f B

Aa,y, )=

teueHue Bcero roga (npu y=0 u B=1), A=(1-exp(-Z2))/Z — 310 KO3PPUIUEHT CBsI3U B

3aBUCHUMOCTHU CpGI[HCﬁ YUCJICHHOCTH 3a 104 OT YUMCJIICHHOCTHU B HA4YAJIC I0J4a.
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Takum 00pa3om, UHJEKC 3amaca, MepeCYuTaHHBIN Ha HaYajIo ro/ia, PaBeH:
u'(a,y,f)= u(a,y,f)l A(a,y) (I1.4.1.8)
Meton XSA 1mo3BOJIIET UCIOJIB30BaTh 00JIEe CIOKHYIO MOJIETh 3aBUCHUMOCTH
kod(ddummeHTa yIaBIMBAEMOCTH OT YHCJICHHOCTH TIOKOJICHHUS JJISl MITAJIIITNX
Bo3pacTHhIX Tpymm. Ilpu padore ¢ XSA B auanore mojb30BaTelb MOKET BBIOPAThH
JIBa 3HAYCHMUS BO3pacTa, 0603HaunM’ ux (a;) u ().
[Ipu a<a; xodhUIMEHT yIIaBIMBAEMOCTH ¢ CUHATACTCA 3aBUCSAIIAM OT

YHUCJIICHHOCTU JaHHOW BO3PACTHOM TPYIIIBI:
u (y,a,f)=eN,, (y.a) (1.4.1.9)
ecimn kodddunuent y He paBeH 1. Ilapamerpwr 3aBucumoctu (1.4.1.9) nns

MJIQJIINX BO3PACTOB OINPEIEISAIOTCS 10 OLEHKaM u' M Nvpa, TIOJy4eHHBIM B TEKYLIEH

HUTCpalu C IIOMOIIbIO PCTPCCCHUU:

In (Ny(a,y))= [In(u’(v,af) )-In o]/ (1.4.1.10)

Korna mapametpsi (1.4.1.9) onpenenensi, no ypasuenuto (1.4.1.10) anst a<al
MOJIy4aeM OLIEHKY YHCIEHHOCTH Nest(y,a,f) Ha OCHOBE UHAEKcA f .

Ipn a;<a<a, u'(a) =q(a)N,p(a), T.e. KOOPPUINEHT g 3aBUCUT TOJIBKO OT
BO3pacTa M HE MEHseTcs mo rojgaMm. Haumnas ¢ Bo3pacta ap;, KOIPQPUIUMEHT ¢
MOCTOSIHEH BO BPEMEHU M HE 3aBUCUT OT Bo3pacta. OTMETHM, YTO BBIOpaHHBIC
MOJIb30BAaTEJIEM JIBa 3HAUCHMS BO3pacra SBJISIIOTCS OJHUMH M TEMH IS BCEX
uH7eKcoB 3amnaca (¢uotoB). Huxe mpuBeneHa cxema, MOSCHSONIAS 3aBUCUMOCTD ¢

OT BO3pacTra:

[
q(N) aj q(a) a; g=const Qyg

Camplii cTapuidid BO3pacT BO BXOJHOM MAaTpUIE YJOBOB IO BO3pacTam
0003HAYCH d,)q, @ CAMBIN CTAPIIUI B JAHHOM ITOKOJCHUH - .
JI1s1 KaKJI0T0 COYETaHUsI UHAECKCOB f,a,y PACCUUTHIBAEM OLICHKY YMCIEHHOCTH

3amnaca 1o gopmyie:

® Crietyer MMeTh B BUITY, 4TO IOJIB30BATEN b HE HAMICT 0003HAYCHHUI 4| U a4, HH B HHCTPYKIIHH K IAKETY
MpoTpaMM, HH B IWAJIOTE TIPH paboTe ¢ MporpaMMOi, OHH BBEICHBI 3/1€Ch ISl TOSICHEHHS CXEMBI pacueToB.
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Nest(a,y, )= %(a, f)u'(a, v, f) (I.4.1.11)

B manmHOM MeTojae mpeamnonaraercs, 4To BEIMYUHBI Nvpa, TOIYYCHHBIE C
MOMOIIBIO TPOIEAYPhl KOTOPTHOTO aHaW3a, SBISIOTCS TOYHBIMH OIICHKAMU
YHCICHHOCTH 3alaca, a PAacCUYMTAHHBIE 4Yepe3 HHIEKCHl 3amaca BeJIWYMHBI Nest
OTIpe/IeNICHBI C OIMOKOM, pacpeeIeHHOM TOTHOPMATBHO.

OcHOBHBIE HEU3BECTHBIC MapaMmeTpbl Moaenu — 1/q(a,f) u Pt(k) (k-unumexc

HOKOJIGHI/IH), HUX MOXHO OIIPpCACIUTDb IIPU MUHHUMHU3ALIUN HGJ’IeBOﬁ q)YHKHI/II/I:

SSE - ZZZ [In(Nest(a,y, f)—In(Nvpa(a, y)] (14.1.12)

2
anf o(a.f)

3mech o” — aucnepcust oueHok Nest( ).

BoluucnutenbHbi MpOIECC MOMCcKa MHHHUMYMa TakKoW (YHKIHMHU JOBOJBHO
rpomo3akuii, HO JIxk. [emapn (1999) npennmoxun aHAIUTUYECKUE BBIPAXKEHUS
MCKOMBIX NapameTpoB, noiydaemble npu auddepenuupoannn Gpynkuuun (1.4.1.12)
0 3THUM TEPEMEHHBIM M TMOCIE MPUPABHUBAHUS IEPBOM YacCTHOM MPOU3BOTHOM
HYJIIO.

[Tocne nuddepenuupoBanus Gyukuuu SSE (1.4.1.12) no In(1/g(a,f) nonydaem,
YTO JIJIi BO3PACTHBIX TPYII crapiie al BenudyuHa ¢(a,f) mius kaxmporo ¢iaorta u

Ka)KJI0M BO3paCTHOM IpynIibl paccuuThiBaeTcst u3 cootHomenus (1.4.1.13):

()= aay. f){ln NVP“(“’”})

(I.4.1.13)
q(a, f) S u'(a,y, f)

@(a,y, f)

8

CraTucTHUYecKre Beca ClaracMbIX BBIPAKAIOTCS B BUJE NMPOM3BEICHUS JBYX
BEIIMYUH w(a,y,f) = O(a,y,f)t(y), npudeM MHOXUTEIL & paBeH O win 1 B 3aBHCUMOCTH
OT TOT0, €CTh JIM JIaHHBIC JUISl TAaHHOW KaTeropuu (a,y) B MHJIEKCax 3araca TuIa f.
MHoxuTens 7(y) — 3TO Beca BpEMEHHOT0 Psijia, 3aJaBacMbIe T0JIb30BATENIEM, TPUYEM
B JIMaJiore mpeaiaraeTcs BbIOpaTh (PyHKIINIO, IO KOTOPOM paCCUUTHIBAIOTCS 9TH Beca.
[{eas ATO# Mporeaypsl B3BEIIMBAHUS — YMEHBIITUTD BIMSHUE JAaHHBIX O0Jee paHHUX

JIET Ha PE3yIbTUPYIOINIYIO OIEHKY KOd(PHITEHTa YIaBIMBAEMOCTH.
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I[JIH B3BCIIMBAHWA BPCMCHHBIX PAAOB ITOJIB30BATCIIO HNPEAIAracTCs BBI6paTb

IMOKa3aTcCJib CTCIICHU p CICAYIOIICTO BBIPAKCHUSA!

w(yt—d)zl—{[l—(R;d)”} . (1.4.1.13a)

3necb R — JIMHA BPEMEHHOTO HMHTEpBaja, JJisi KOTOPOTO PACCUMUTHIBAIOTCS
BECa; pacCTOSIHUE OT TEPMUHAIILHOIO Toja (yf) obo3HaueHo uepe3 d =0, I, ...R; p=0,
1, 2 ,3 — nokaszatenb CTENEeHU (PYHKIHH. MOXXHO HCHOJIB30BaTh pa3HbIE MOIEINH,
nokazanuele Ha puc. 1.4.1.1 (ctynensky npu p = 0, JuHeWHYr0 — 1pu p = 1,
OMKBaJIpaTHYIO Mpu p = 2 U Tpukyouueckyro npu p = 3). IIpu p = 0 popmyina
(I.4.1.13a) nmaer HeompeneneHHOCTh, B OTOM CiIy4ae paBHbIE Beca (EIUHUIIBI)
MPUCBAMBAIOTCS. BCEM TOJaM BBIOPAHHOTO TEpPHOJA, a MPEABIAYIIMM TojaM —
HysneBoi Bec. [Io yMommuaHuio peKkOMEHAYEeTCs 3aaBaTh p = 3.

ITycts, Hanpumep, HacTpoiika Beaercs mo aaHHbIM 3a 10 jet, ¢ 1990 mo 2000
rr. Ecnu 3anate mapamerp R=10, To 1aHHBIM caMOro nepBoro rojaa Hactpoiiku (1990
T.) MPUCBOMUTCS HYJIEBOH Bec, JaHHBIM 3a 1991 r. — okoino 0,1. Ecim ke 3amath R =
20, TO pa3nuuusl B CTATUCTUYECKUX BECAX PA3HBIX JIET CYHIECTBEHHO YMEHBIIATCS —
st 1990 1. Bec paBen 0,5 mpu nuHelHoOM ¢GyHKuMu u nupumepHo 0,3 mpu
Tpukyounueckoit (puc. 1.4.1.1). Ho BbIOOp mapameTpoB (GYHKIIMKM OCTaeTcs 3a
MOJIb30BATENEM, KOTOPBIA MOXKET (XOTsI Obl DSKCHEPTHBIM MyTEM) OLEHUTH

AOCTOBCPHOCTDb AAHHBIX PA3HBIX JICT.

| /7
| /
| 7
/A/

0 - T
1970 1980 1990 2000
|—p=0 7p=1 —p=2 —e—p:3|

Puc. 1.4.1.1. 3aBUCUMOCTB CTaTUCTHYECKOTO Beca W(ty-d) 2JIeMEHTOB /IJisl YCIIOBHOT'O BPEMEHHOTO
psAlla OT UX PacCTOSIHUS 10 TepMHUHANBbHOTO roaa (npuHsar y ¢ = 2000) npu jyinne uarepsaina R = 20
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Huddepennmpoanue Beipakenus (1.4.1.12) o In(Pt) npuBOANUT K yPAaBHEHUIO
pacueTa YHMCJICHHOCTH BBDKHUBIIMX OCOOEH K KOHIy TEPMHUHAJIBLHOIO Trojaa JJist

Ka)KJIOTO MOKOJICHHS (KOTOPTHI) k:

> W (i, fHlIn(Nest(y,i, f) —In ECZ(y,i)]
In P, (k)= 1" :
n A S W (i, f)

f i=Fa

(14.1.14)

3aech Fa u Ta — MUHUMAJIBHBIA U MAKCUMAJIBHBIN BO3PACT MOKOJICHUS;

[ — MHJIEKC BO3PACTHOM I'PyNIIbl BHYTPH KOTOPTHI, 4 BECA CJIAraeMbIX

O(y,i, fre(Yw(f)
o’ (y.i, f)ECF(y,i)

OKCIIOHEHTE KyMYJSTHUBHON ¢yHKUUU KoddunuentoB F oT Bo3pacta a [0

W'(y,i,f)=

00paTHO MPOTOPIMOHATIBHBI auctiepcun Nest U

IOCJIEIHETO BO3pacTa JaHHOrO MoKosieHus. Muoxurenu 6(y,if) u t(y) omnucaHsl
BbIlle, a W(f) - OTHOCHUTEIbHBIE BECa, 3aJlaBAEMbIC IOJb30BATEIEM ISl KaXAO0ro
OT/ACJIBHOTO UHEKca ((oTa).

Boipaxenue (1.4.1.14) nonydeHo npu IpeanonaoKeHuu, 4To BeanuuHa Nest He
3aBUCUT OT Pf, Ha camMOM € Jele HEKOTopas 3aBHCHUMOCTb MEXIYy HHMH
CYILIECTBYET, MOCKOJBKY Nest pacCUMTHIBAECTCS 4Yepe3 HHJIEKCHI, NPHUBEACHHBIE K
Hayajy rojia, T.€. U 4epe3 3HaueHUs A, IepecUnThIBacMble Ha Kaxaou nrepaunu. Ho
no yTBepxkaeHuio aBTopa merona [Shepherd, 1999] stoT dakTop oka3bpiBaeT TUIIH
HEOOJIbIIOE BIUSIHUE HA PE3yIbTaThl PACUETOB.

[Ipenmonaraercsi, u4To craHgapTHas omuOka Nest pacmpeneneHa o
JIOTHOPMAJIbHOMY 3aKOHY M paBHa CTaHIapTHOM omuoOke jorapupmMa BETUUHHBI,
o0paTHOM KOA(DPUIIMEHTY yJIaBIMBAEMOCTH (Cama BEeJIMYMHA paccyuTaHa B popmyiie

1.4.1.13). Dra cragmapTHas omuOKa HE 3aBHCUT OT roja U paBHa [m3 Gassioukov,

1996]:

,a, f)[IL R R—
2, @ nC a(a, f) 1

vaa(y,a))_Ln{ 1 }]2
it 1 yt
D @(i.a,f)-1 V2, ataf)

(14.1.15)

G(a,f)Z\

Cratuctuueckue Beca B (1.4.1.15) te ke, uto u B Beipaxkenuu (1.4.1.13).
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llpumensemasn 6 XSA npoyedypa cmsazusanus (shrinkage) oyenok k cpeonum
3HA4YeHUsAM 3a npedblOYWULl UHMEPB8A 1em

B mporpamme XSA npumeHsroTCs 2 BUIA CTATMBAaHUI — K CpegHen
YHUCJIEHHOCTU U K cpeaHeMmy F. B nauanore mosib30BaTellb MOXET BbIOpaTh KaKyro-
aM00 U3 ATUX Mpoleayp uium obe, WIM XK€ OTKa3zaTbcs OT uX npumeHeHus. Kak
YKa3aHO B IpWIOKEeHNH 10 K OprHAIBHOM aHIIOA3BIYHOW MHCTPYKLUHU MOJIb30BATENSA
[Darby & Flatman, 1994], npouenypa cTSArMBaHHMs K CpPEIHEMY YMEHBIIAET
aucnepcuio (pa3dpoc) MPOrHOCTUYECKOW BEIMYHMHBI MCKOMOIO MapaMeTpa 3a CYET
CMELIEHUSI €ro OLEHKUM K cpeaHeMy. ABTOpPbl PEKOMEHAYIOT MPUMEHATH 3Ty
HIpOLCAYPY.

Cmazueanue no uucieHHocmu POBOAUTCS TOJIBKO I MIIAIINX BO3PacCTOB
a<al. OneHKa TEPMUHAIBHON YHCIEHHOCTH BO3PACTHOW IPYIIIBI @ B KOHLE I0J1a JUIsl
INPUTATUBAETCS K TEOMETPUUECKON CpeiHEN (B3BEILIEHHOW 10 BETUYMHAM, 0OpaTHBIM
JMCIEPCUH) OLICHOK YHCIIEHHOCTH CIEXYIOHNIEH BO3pAacTHOM rpymnsl N,,.(a+1) Ha
Hayajao rojia, MOJYYeHHBbIX B MOpeablayiieil nrepaunn pacueta VPA. Ycpennenue

IMPOU3BOAUTCA 110 TOJJaM IIPOMBICJIA:

St()m N (i,a+1
(a) =" ¥ . ol ) (1.4.1.16)
27(0)

3n1ech i — MHAEKC ToJ1a, 7(1) — BEC, COOTBETCTBYIOIINIA TO/ly I U PACCUUTAHHBIN

In Pt

Pshr

10 BBIOpaHHOM mosb3oBarenem GyHkuuu (cM. popmyny 1.4.1.13a).
Cmazueanue k cpeonemy F
JIis KaXa0ro BO3pacTa pacCUMTHIBAETCS apudmeTHdeckoe cpeanee F(a) 3a
WHTEPBAJ j JIET, IPEAIIECTBYIONUX TEPMUHATILHOMY TO1y (PEKOMEHIYEeTCSsl BHIOMPAThH
j = 3-5 ner). [lonyueHnHnoe cpegnee obo3HavdaeTcs kak  Fshr(yta)
yil=j

> F(i,a)

. 1
thr(yt’a) =
.] i=yt—1
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1 UCIIOJIB3YCTCA 3aTCM JIsI OLICHKHA TepMHHaHBHOﬁ YUCJICHHOCTH II0 (bOpMYJ'IeZ

C(yt,a)Z,, (1y,a) (1.4.1.17)

Pt t,a) = )
Fshr(y ) F;hr(yt’a)(eZshdyt,a) _ 1)

rae Zshr(yt’ a) = Fjvhr(yl’ a) + M(a) .

AHaJIOTHYHO ISl KaXJ0ro Troja paccuuThiBaeTcs Fshr(ya, ) Kak cpeaHee

JUIS TIPEIBIAYIIMX Kk BO3PACTHBIX TPYIM, a 3ateM Ptrg,(y,dnq.). TakuM obpazom,
CTATMBAaHUE MO F TOXE NPHUBOAUT K JONOJHUTEIBHOW KOPPEKTHPOBKE OLIEHOK
YUCJICHHOCTH NOMYJIALUY Pr.

@uHanbHas OUeHKa Pt mpenactaBiseT cO00Ml CpeAHEB3BEHICHHYIO BEIUYUHY
(Beca paBHBI BeIMYMHAM, OOpPATHBIM JHUCIEPCHUSIM) OLEHOK, IOJIYyYEHHBIX IO
¢dopmyne 1.4.1.14, u ogHON UM ABYX CPEIHUX OLIEHOK, MOJIYYEHHBIX B pe3yjbTare
craruBanusa. Benuunna ko3dduumenta Bapuaumu CV 18 BCeX CpPEAHUX NpH
CTATMBAHUU 10 F 3a1aeTcs I0Jb30BaTEIEM, NPUYEM OJMHAKOBAs Ui BCEX JIET U
BO3pacToB. TakuMm 00pa3oM, €ciii MNPUMEHSIOTCA 00a BUAA CTATMBaHUsA, QopMmyiia

[.4.1.14 npeobpazoBbiBaetcs B popmyny 1.4.1.18.

LnPt LnPt
Zzn w'(y,i, f[In(Nest(y,i, f)—In ECZ(y,i)]+ ’;2 Fshr = Pshr(a)
lnR(k) = J i=Fa 1 1 Fshr Pshr(a) (1_4_1_18)
DO WL+ 5+
foi GFs‘hr O-Pshr(a)

Ecnu npumensiercss TOJIbKO OJWH BUJ CTATUBAHUSA, J00ABJISIETCS TOJBKO IO
OJIHOMY cllaraeMoMy B uuciauTenb u B 3HameHatenb (1.4.1.18). CraemyeT moMHUTSB,
yto ciaraembie B (1.4.1.18), cOOTBETCTByIOIIME CTATUBAHUIO MO YHCIECHHOCTH,
OTCYTCTBYIOT JJIsl BO3PACTHBIX IpyIi a>=al. CrangapTHas omuOKa CTATUBAHUS TIO

YHCJICHHOCTH PAaCCUYUTBIBACTCA I10 (bOpMYJ'ICI

ir(i)[Lanpa(i,a +1)—LnPt,,, . ]2
O = . (1.4.1.19)

n—1

KonunyecTBo n€T 1 BO3pacToB, UCHIOJIB30BAHHBIX JJIsl CTATUBAHUS 10 F (j U k),

3a4a€TCiAa B AHUAJI0rIC.
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Cxema aneopumma memooda XSA

BBoj BXOAHBIX TaHHBIX U TECTUPOBAHUE BXOIHBIX (DailyioB.

3anmaroTcsi crapToBble 3HaueHus Pt(k) (Hampumep, NPUPABHUBAIOT HUX K
BEJINYMHE BBUIOBA MOCIEIHEN BO3PACTHOM rpyniibl nokoneHus k Pt(k)=C(yt,a,qy).

HauaJjio uTepaTHBHOTO HUKJIA

[Iporon VPA - pacuert F(y,a) u Nvpa(y,a) no dopmyne 1.4.1.5.

Pacuer Z(a,y), ECZ, ECF, ECM 1o (1.4.1.6).

Ilepecuet nHEeKCOB 3anaca Ha Havyayio roaa o (1.4.1.5)

[ukn o unaexcy ¢iora f

[ukn mo Bo3pacty a

Pacuer cpennen3pemiennbix Ln(//g) no (1.4.1.13)
N ux nucnepcuu no (1.4.1.15)

Konen nukiioB o a u f

[Mukn o f

[ukn o a

uki o y

JIns KaXXOoro COYeTaHusi WHAEKCOB f,a,y PacCUUTHIBACTCS
Nest(y,a.f) no (1.4.1.16) v no (1.4.1.17)

Konen nukios o f, a, y

Pacuem snemenmoes cmseusanus (Ol’llxﬂleH(lJleO)Z

— Hukn no i (MHTepBa JAET 1Sl CTATUBAHUSA )
Pteg.(yt,a) no (1.4.1.17 ), Ptpgy,(a) no (1.4.1.16)
Konen nukia 1o i

—> Iluki no j (MHTEpBa BO3PACTOB ISl CTSTUBAHUS )
Ptrg, (v,aq) 1o (1.4.1.17)

—— Komnen nukima no j

— [{uKJ1 0 MHAEKCY MOKOJICHUS Kk

Pacuer Pt(k) o (1.4.1.18) wnu (1.4.1.14)

— Kouer nukia mo in

Ilepexon Kk cieaymwineit uTepauuu

DopmMupoBaHHe BLIXOAHBIX (PAJIOB
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1.4.2. PykoBoJACTBO 0JIb30BATEIA

Ilooeomoska éxoonwvix dannvlx (atinos) onsa VPA-95

st Bepcun maketa nporpaMmMm VPA-95 cniucok BXxoaHbIX (aitioB (MMeHa U
JTUPEKTOPUH, TJE€ OHHU PACIIOJIIOKEHBI) COACPKUTCA B TaK HA3bIBAEMOM HHJIEKCHOM
daiine (index). [lpumep Takoro Qaiina a1t ceBepO-BOCTOYHON apKTUUECKON TPECKH
npuBegeH B Tabu. [.4.2.1, kortopast npencraBisieT coOoi cnucok U (GopMaThl Bcex
BXOJAHBIX (hainoB. KommuecTBO M MOPAIOK pa3MelIeHHUs Ha3BaHHM (ailioB B
UHJEKCHOM (haiinie ciemyer coxpanuth. B Tabn. 1.4.2.1 B nepBomM cTos011€ YKa3aHBI
uMeHa (ailyioB ¢ BXOAHOW MH(pOpManuen st BRIOpAHHOrO 3araca ¢ yKa3aHueM
JTUPEKTOPUH, TJI€ OHHM pacrnoyiokeHbl. Ms aro0oro Qaiina He JOHKHO MPEBBILIATH 8
cuMBOJIOB. PacmipeHue MoxkeT OBITh «tXt», a1 yJnoOCTBa aBTOMATHYECKOTO
OTKpPBITUSA B TEKCTOBOM peAakTope. MoryT ucnonb3oBaTbesa Apyrue 3 cUMBOJA MO0
pacuIMpeHre MOKET BOOOINEe OTCYyTCTBOBaTh. Pa3paborumku mnporpamm VPA-95
peKoMeHI0Bau (opMUpOBaTh UMEHA (ailioB Tak: mepBble 2-4 CMMBOJIA COAEpKAT
KpaTkoe Ha3BaHue 3amaca (cod — Tpecka), 2 CIeQyOIIUX CUMBOJA - pailOH, 3aTeM
0o003HauUEeHHUE THWIA JAHHBIX, HAXONAIIUXCS B 9ToM (haiine, Hampumep «lay —
«landings» (BBITPY3KHM WM YJIOBBI), «mat» — maturity ogive (I0Jisl TOJIOBO3PENIbIX
ppi0 TO BO3pacTtam) W T.1A. Takas MapKUpOBKa y/noOHa, €CIM OJUH HCTIOJHUTENb
JieNiaeT pacueTsl 1o MHOruM 3amacaM. s CeBepo-BocTouHol apKTUYECKON TpEeCKU
B TE€YEHHWE MHOTHX JIET OLICHKY 3araca MPOBOAST OJIHU W TE K€ TPYIbI JIOACH, U

MPUHSATHI CIEAYIOIINEe UMeHa (paitioB.

Ta6nuna 1.4.2.1. CtpykTypa unaekcHoro (aiina (Criucok BXOAHBIX (haliyioB, HAaUMHAs

co cTpoku 3) Ha npumepe apktudeckoi Tpecku (NEA cod)

Homep HauMeHoBaHMe Kommenrapuii dopmat
CTPOKH CTPOKH daiina DFI
1 NEA cod Haszpanue 3amaca, npou3BoibHaS -
uHdopmarms 1o 80 3HaKOB
2 1 Nunexc nona Bcerna 1 -
D:\ cod \caton.txt Anpec  daiina, B KoTOpOM
3 COZIEP/KATCSl BEJIIMYMHBI YJIOBOB 5
(landings) no ronam, B TOHHaX
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Howmep
CTPOKH

HaumMmeHoBaHue
CTPOKH

KommenTapuid

dopmar
daiina DFI

D:\ cod \canum.txt

Anpec  (aitma, B KOTOpOM
colepxkarcsi JIaHHbIE COCTaBa
yJIOBOB TI0 BO3pacTaM M TojiaMm,
B THIC. IITYK.

D:\ cod \weca.txt

Anpec  (aitmta, B KOTOpOM
COZIEPKATCSl 3HAYEHUs CpeaHEen
Macchbl OAHOW OCOOM B YJIOBE,
10 BO3pacTaM M rojiam, B KT.

1,2

D:\ cod \west.txt

Anpec (aitta, B KOTOpOM
coJiepKaTcsl 3HAUCHHUS CpeaHeH
Macchl OJHOM OCOOM B 3amace
10 BO3PAacTaM M r'0JiaM, B KT.

1,24

D:\ cod \natmor.txt

Anpec (aitla, B KOTOpOM
cozepxarcs 3HAYCHHUS
MTHOBEHHOTO  Koa(dduiuenta
€CTECTBEHHON cMmepTHOCTH (M)
110 BO3pacTam M roJIaM.

1,2,3,5

D:\ cod \matprop.txt

Anpec (aitla, B KOTOpPOM
colepkarcsi 3HA4YCHUsS]  JOJU
MIOJIOBO3PEIIBIX pBIO B
NOMYJISIIMK, TIO0 BO3pacTam M
roJIaM.

1,2

D:\ cod \fprop.txt

Anpec  (¢aitta, B  KOTOpOM
COHEPKUTCS 3HAYEHUE JOJIH
MIPOMBICIIOBOM CMEPTHOCTH [0
HepecTa.

10

D:\ cod \mprop.txt

Anpec  (aitla, B  KOTOpOM
COJICPKUTCS  3HAYEHUE JOJU
€CTECTBEHHOM CMEPTHOCTH 10
HepecTa.

11

D:\ cod \foldmor.txt

Anpec  (aitmta, B KOTOpOM
coJiepxKaTcs 3HAYCHUS
kodpdunmenra F  crapmei
BO3PACTHOW TPYIIIHI IO TOJIAM.

12

D:\ cod \fnewmor.txt

Anpec (aitla, B KOTOpOM
cojiepKatcs 3HAYCHUS
kod(pdunuenta F mo Bo3pactam
B TEPMUHAJIBHBIN T'OJI.

13

D:\ cod \fleet.txt

Anpec (daiina ¢ JaHHBIMH IS
Hactpoiiku BITA nns pasHbix
TUTIOB «()IJIOTOBY.
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@aiinel ¢ BXOIHOM uH(pOpMaIMEll COCTABIAIOTCS B TEKCTOBOM (popmare.
Nudopmarius Kaxaod sSUEWKH BTOPOrO CTONOIA pa3MeliaeTcs B OJHOM CTpOKE
daiina, mycTble CTPOKU HE AomyckaloTcs. MHpopmMaius, moMenieHHas BO TPEThbeM U
YETBEPTOM CTOJIOIAX, - BCTIOMOTaTeIbHASsI U HE BXOJUT B CaM MHACKCHBIN (hail.

B uerBeprom cronmbue Tabn. [.4.2.1 mpuBeneHbl HACHTUPUKATOPHI
nonyctTuMbix opmaroB ganHbix DFI (data format identifiers): 1-marpuna, 2-cTpoka,
3-ckamsp, S-cronbern. DFI = 4 oTHOocuTCs TONBKO K (haidiy, coaepsKaieMy JaHHbIE 110
CcpenHei macce OJHOM PBIOBI MO BO3pacTaM B 3arace, U 03HAYaeT, YTO ATU JaHHBIC
MOJIHOCTBIO COBIAJAIOT C JAHHBIMU MO Macce phIObI B YJIOBaxX; B 3TOM CJIy4yae cam
MacCUB JAHHBIX B 3TOM (ailnie He nmpuBOAMUTCS. JJI1 HEKOTOPBIX THUIIOB BXOJHBIX
¢daioB M0oMycKaeTcsl MPUMEHEHHE Pa3IuYHbIX POpMaToOB, HapUMep, KOIPPUIIUEHT
€CTECTBEHHON CMEPTHOCTH MOXET ObITh 3aJaH oAHuUM uwucioM, Torga DFI = 3
(TTOCTOSTHHBIN MapaMeTp JJII BCEX BO3PACTOB U JIET), UK B BUJIe CTPOKH, Toraa DFI =
2 (M(a) — dbyHKIUs BO3pacTa, OJIHA U Ta K€ JUIS BCEX JIET), UM B BUJIE MaTPHIIGI
(M(a,y) — ¢pynkuus Bo3pacta u roaa). @aitnel foldmor u fnewmor ucnonb3yrorcs
TOJIBKO TIpH pacuere mo metoxy SVPA, mis pacyetoB o XSA B MHIEKCHOM aiise
Ha X Mecte Hano cTtaBUTh «0000».

B nanHOM pykonucHu a - UHIEKC BO3pacTa, y - UHAEKC roja.

CtpykTypa BXOJHBIX (halijIOB TOKa3aHa Ha mpuMmepe Qaiia BO3PaCTHOTO
coctaBa ynoBoB (puc. 1.4.2.1). Jlna Bcex ¢aiiioB, kpome ¢aiya ¢ JTaHHBIMHU IS
HACTPOWKH, CTPOKH CO BTOPOU IO IATYHO UMEIOT OJHY U Ty K€ CTPYKTYpY, a CTPOKHU
3 u 4 (uHTEpBaN JET U MHTEPBAJT BO3PACTOB) JODKHBI OBITH OJIHU U T€ e. B koHue
000 CTPOKM MOKHO TOMECTHTh KOMMEHTApPUHU, KOTOPbIE JIOJDKHBI OTACNATHCS
CHUMBOJIaMU «Ipoben!mpoden», kak mokazano Ha puc. 1.4.2.1.

Nudopmanus, mnomeiieHHas B JONOJHHUTENBHBIX CTpoKax (cTondimax),
pa3MENICHHBIX MOCJIE MAacCHUBa OXKUJIAEMBIX NPOTrpaMMON JaHHBIX, HE BBOJMTCS.
HenocTaTok ke JaHHBIX BbI3BIBAET OCTAHOBKY IIPOTPAMMBI.

Ha puc. 1.4.2.2 nokazan npumep ¢aiiga C AaHHBIMU JJI1 HACTPOMKH.
Hactpoiika npoBOAUTCS MO BEIMYHMHE MPOMBICIOBOIO YCHIIMS U IO BO3PACTHOMY

COCTaBy YyJOBOB st Kaxaoro dumora. [locnenoBarenbHo B aiiie HaCTpONKU
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MPUBOMASTCS JAaHHBIE IO KaXJIOMY HMeroIemMycss uHaekcy 3amaca (duoty). Ilon

(I)J'IOTOM B QHIJIOS3BIYHOM JUTCPATYpPC IMMOHUMACTCA COUCTAHHC THUIIA ITPOMBICIIOBOIO

CyaHa, THIIA Opy,Z[I/Iﬁ JJOBa U CTpaHBI. B kauectBe OTACIBHOIO (((bJIOTa» MOI'YT

BBICTYIIATh U AAHHBIC UCCICAOBATCIILCKUX CBbCMOK, CCJIIN IIPU CbCMKaAX OIPCACIIAICA

BOBp&CTHOfI COCTaB IIOITYJIAAIUH.

Yellow-fin sole of east Okhotsk sea, catch-at-age

1
1980
4

1
1719
832
48
293
236
980
6153
1450
3735
3192
12541
10607
1593
527
393
793
354
4046
3304
11474
42358
39404
27558
14491

2
2003
14

12147
12117
1645
2930
4012
2084
19101
2127
5677
5825
40609
23679
6743
1605
141
1745
2478
5317
6220
156367
48781
37299
37270
24352

21201
34687
10336
15177
34338
25991
27819
18856
13446
14284
46581
28798
11310

2657

2071

4602

5900

9074

3013

6693
17533
11881
13562
11055

1173
26640
16905
20803
46846
37883
46280
33458
13670
156241
19259
21666
10248

3109

2697

5660

3068

6704

7290
10381
20311
14739
16267

6050

6589
12117
11012
13185
24426
30895
16922
24561

121761
114912

7166
14659
11416
30816
28015

6559

2950

4913

6804

7103
10068

7820

8498

5303

I' iHTepBan BO3pacToB, BKIKOYas MAkC-rpynmy

! WHTepBan net
! DFI - matpuua
2693 916
4255 1202
5457 1497
3809 1758
5900 1298
16183 6007
9230 2051
10927 3577
11354 10682
11012 13007
7763 6121
8860 4787
5894 2920
2328 1598
2424 2219
4020 7194
1740 2153
4970 5144
5151 3110
4302 2253
5034 2256
4060 1804
3763 1699
1494 971

630

462

821

351

708
2452

512
1353
1718
2713
4180
2610
1964
127
1811
4443
2566
5664
4374
3073
2951
2406
2306

448

I 3anac u gp.mHcopmaums- go 80 cumeonos
I Mon -Tonbko 1 BCErAa , 2- HOMEp B MHLOEKCHOM (haiine

171
92
289
175
118
1
128
1
1195
2074
1940
860
477
753
1551
6295
2950
4681
2721
1707
1562
1203
1335
74

57
37
9
117
23
122
1

4
298
478
447
1
106
501
1119
3650
3687
2601
3110
1775
1909
1203
1335
22

)
37
24

1
23

1

1

0.5
1
159
298
944
159
495
1863
7723
1593
3525
1749
1092
1388
1203
97
22

Puc. 1.4.2.1. IIpumep BxoaHoTO (haiisia — BO3pPACTHOM COCTAB yJIOBOB
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yellow-fin sole of East Okhotsk Sea, File for tuning

102 ! 100+ 2fleets
Srednetonn .fleet, f-konuuecTBo gHENM Ha Npomebice

1993 2001 I 'HTepBan neT HacTponku

1 1 0.33 0.83 ! Mon u koa ycunus - Bcerga oba 1, alfa, beta

4 13 ! tHTepBan Bo3pacToB, NOC-Tpyrna He ydacTByeT B HACTPOWKe
2772 793 1745 4602 5660 6560 4020 7194 4444 6295 3650 7723
2294 354 2478 5900 3068 2950 1741 2154 2567 2950 3687 1593
3788 4046 5317 9075 6705 4913 4971 5144 5664 4682 2601 3525
5458 3304 6221 3013 7290 6804 5152 3110 4374 2722 3110 1749

8204 11474 15368 6693 10382 7103 4303 2254 3074 1708 1775 1092
11949 42358 48782 17534 20311 10069 5034 2257 2951 1562 1909 1388
9533 39404 37299 11882 14739 7821 4061 1805 2406 1203 1203 1203
7978 27558 37270 13597 16268 8498 3763 1700 2307 1335 1335 971
7166 14491 24352 11056 6051 5304 1494 971 448 75 22 22

survey
1997 2001
1 0.5 0.509
13
112 247 652 802 930 570 1020 633 892 517

264 1848 4400 2288 2200 1298 1606 1914 2200 2750
2779 3652 6232 4605 3374 3414 3533 3890 3215 1786
3046 5734 2777 6720 6272 4748 2867 4032 2508 2867

11474 15367 6693 10381 71032 4302 2253 3073 1707 1775

A A A A a N A

Puc. 1.4.2.2. ITpumep ¢aiisia HacCTpOUKH AJis ABYX (PIIOTOB

[lepBpiii cTonben; TAaOMUIBI CONEPKAT BEIUYHMHY IPOMBICIOBOTO YCHIIUS
JnaHHOro (joTa Mo rojam, BTOPOW M MOCIEAYIOUIME — BO3PACTHOM COCTaB yJIOBOB
3TOrO (hII0TA, MPUYEM TUTIOC-TPYIIA HEe yYaCTBYET B HACTPOHKE.

Bo Bropoii ctpoke 3ammchiBaercss uuciao 100 mimroc KoJW4ecTBO (IIOTOB,
JAHHbIE TI0 KOTOpPHIM YYacTBYIOT B HAcTpOMKe, B JaHHOM ciy4dae 3To 102.
Crnenytoimass cTpoka — HazBaHue mepBoro ¢iorta (10 20 cUMBOJIOB), YeTBepTas —
WHTEpBAJ JIET, @ B IIECTONW CTPOKE - MHTEPBAJI BO3PACTOB, 32 KOTOPHIC €CTh JaHHBIC
no AaHHOMY (HJOTy, TpUYeM s pas3HbIX (JIOTOB STH HMHTEPBAIBI MOTYT HE
copnagath. Ilsatas crpoka — «l 1 alfa beta». [IBa mociegHux mnapamerpa
COOTBETCTBYIOT YacTH To0/ia, B KOTOpoW paboTan JaHHBIA (JIOT WIM TMPOBEICHA
naHHas cheMka. Hampumep, eciu cheMKa IpOBOANUIIACH B TEUEHUE BCETO IO, ITO
«0.5 0.58». Ecitu mpomsbicen gqanHbIM (JIOTOM BeaeTcs Bech Tof, alfa = 0, beta = 1.

B crenytomeli cTpoke mociie OKOHUYaHUSI MAaCcCHBa JaHHBIX MO TIEPBOMY (IIOTY
3aMKUChIBACTCS] Ha3BaHUE BTOPOTO (IOTa, HUXKE — MEPHOJI JIET U Jlajiee — aHAJIOTUYHO
JTaHHBIM i niepBoro (mota. KommuectBo (ioToB, MaHHBIE MO KOTOPHIM MOTYT

HCIIOJIB30BaThLCA 1A H&CTpOﬁKPI, HC JOJDKHO IIPCBLIIIATL 20.
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Ecnu BBOAsITCS nmaHHBIE CHEMKH, MEPBBIN CTOJIOEI] JaHHBIX 1O BO3PACTHOMY
COCTaBy, B KOTOPOM OTPaXEHO KOJIMYECTBO MPOMBICIOBBIX YCWJIHH, JTODKCH
COCTOSITh M3 CIIUHUII.

Yacto mnpu pabore C OTCUYCCTBEHHBIMH TIPOMBICIIOBEIMH  3amacaMu
OKa3bIBACTCsl, YTO BXOJHOM WH(MOpPMAIMK, KOTOPYIO MOXHO HWCIIONB30BaTh IS
HACTpOIKH, Masio. Hampumep, TaHHBIC 110 cpue WK TI0 IPOMBICIIOBOMY YCHIIHIO €CTh
TOJILKO 1O OJHOMY BHJYy OpYIMi JIOBA, a BO3PACTHOM COCTaB MMEHHO IO 3TOMY
«pmoty» He ompenensics, eCTh TOJIBKO 0000IIeHHBIC JaHHBIE BO3PACTHOTO COCTaBa
yIIOBOB, pacCuMTaHHbIE MO BCEM OpyausM JjoBa BMecTe. Eciam Bce xe psig cpue
JOCTaTOYHO JUIMHEH, T.€. XOTA OBl COM3MEPHM C BO3PACTHBIM HWHTEPBAJIOM
IIPOMBICIIOBOTO 3amaca MOIMYJISIIIUU, TO MOXKHO MPOBOJUTH HACTPOWUKY BBHIOPAHHOIO
KOTOPTHOTO MeToja. Ho mpenBapuTeNbHO CleAyeT MPOBECTH CTaHAAPTHU3ALUIO
IIPOMBICIIOBOTO YCHJIMS, XOTs Obl cambIM MpocThiM MetoAoM [amnanna [babasH u
np., 1984]. B stom ciywyae B mepBom crosbue daina (puc. 1.4.2.1) 3anuceiBator
BEJTMYMHBI CTAHAAPTU3UPOBAHHOTO TTPOMBICIIOBOTO YCHIIHS 10 TOAAaM MPOMBICTIA, a B
OCTJIBHBIX CTOJOIAX pa3MeNIalT Ty K€ MHPOpMalHio, KOTopas BBeAeHa B (paiin

BO3paCTHOI'0 COCTaBa yJIOBOB.

Cpeoa npoepammuposanusi R

[IpencraBieHHOE B TaHHOM IOApasjene KpaTkoe onucanue R nmpuBoaurces no
pabore A.b. lllunynosa nu E.M. bannuna, 10cTynHOI Ha caiiTe UHCTUTYTA SIACPHOMN
buzuku UMEHU 1. bynkepa CO PAH
(http://www.inp.nsk.su/~baldin/DataAnalysis/). R — s3bIk mporpaMMUpOBaHUSA,
HIMPOKO HMCHOJIB3YIOIIMICS IJIi CTaTUCTUYECKON 00pabOTKM AaHHBIX U pabOTHI C
rpadukoi, HO B TOXK€ BpeMsi — 3TO CBOOOJHAs MpOrpaMMHasi Cpela ¢ OTKPBITHIM
UCXOJHBIM KOJOM. R mpumeHsieTcs Besje, Il Hy)KHa paboTa C JJaHHBIMU. JTO HE
TOJIBKO CTAaTUCTUKA B Y3KOM CMBICIIE CJIOBA, HO M «IEPBHYHBIN» aHAIU3 JaHHBIX
(moctpoeHne rpapuKoB, TaOMUI] CONPSDKEHHOCTH), a TakKXe MPOABHHYTOE

MAaTeMaTH4YCCKOC MOACIUPOBAHHC. R — akTuBHO pa3BUBAOIICECA, MPCAHA3HAUYCHHOC
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JUIsl BCce OoJiee MMPOKOTO Kpyra 3ajad U K TOMY K€ OeCIulaTHOe MporpamMMHOE
obecrreuenne. OHO Bce IHMpe WCHOIB3YETCS TaM, TAE paHee NPUMCHSUIHCH
JOPOTOCTOSIIIIME KOMMEpPUYECKHE MporpaMMbl aHanuza ypoBHsi MatLab/Octave. C
JPYyrof CTOPOHBI, BIOJIHE €CTECTBEHHO, YTO OCHOBHAs BBIUYMCIMTENbHAs MOIIbL R
JIy4lIlle BCEro MPOSBISETCA MPU CTATUCTUYECKOM aHAJIU3€E: OT BBIYMCIIEHUS CPEIHHUX
BEJIMYMH 70 BEHBIET-NPe0Opa3oBaHUN BPEMEHHBIX PSA0B. R BO3HUK Kak CBOOOHBIM
aHanor cpenel S-PLUS, koropas B CBOIO oO4Yepelp SBISETCA KOMMEPUYECKON
peanu3anuend  sa3blka  pacueroB  S. Ilmpokoe pacmpoctpanenne  S-PLUS
CIECPKUBAJIOCh M3-3a BBICOKOW IIeHbI Npoaykra. B aBrycre 1993 r. nBoe MOoamIxX
HOBO3EJIAHJICKUX YYEHBIX aHOHCHPOBAJIM CBOIO HOBYIO pa3pabOTKy, KOTOPYIO OHH
HazBanu R. Tlo 3ambiciy cosnmareneit (Robert Gentleman u Ross Thaka) ato nomkna
Obl1a OBITH HOBas peanu3anus si3bika S, orTiauyaromascs oT S-PLUS HekoTophiMu
JeTaIsIMU, HalpuMmep, oOparieHueM ¢ TJI00albHBIMU U JIOKAJIbHBIMU TTEPEMEHHBIMH,
a Takke paboToit ¢ mamsAThio. MaKTUYECKU OHM CO3/ajIu He MoJHbIN aHamor S-PLUS,
a HOBYIO «BETKY» Ha «aepeBe S». CHauana MpoeKT pa3BUBAJICS JOBOJbHO MEJIEHHO,
HO KOrJja B HEM IMOABUJIOCH JOCTATOYHO BO3MOXKHOCTEHW, B T.4. YHHKaJbHAs IO
JIETKOCTH CHCTEMa HalMCaHUs JOTOJHEHUN WM MaKeTOB, BCE OOJbIIee KOJUYECTBO
monein crano nepexoauth ¢ S-PLUS na R. Korga ke, HakoHer, ObUTH yCTpaHEHBI
CBOMCTBEHHBIE MIEPBBIM BEPCUSIM MPOOJIEMBI C MaMSTBIO, TO CpeIn ToJib3oBaTeneil R
CTaJiu TMOSABJIATHCI U <JIFOOUTENTN» IPYTUX CTaTUCTUYECKUX MAKETOB (MPEXK]E BCEro
T€X, KOTOpble HMEIT uHTepdeiic komaHmaHou cTpoku: SAS, Stata, SYSTAT).
KonnuecTBo KHMT, HaMUMCAaHHBIX MPO R, 3a mocieaHue roanl BHIPOCIO B HECKOJBKO
pa3, a KOJMYECTBO MAKETOB YK€ MNpUOJMKAeTCs K TMOoJayTopa ThicsiyaM. Unes
LHEHTPaJIbHOM CUCTEMBI XpaHEHUs U pacnpocTtpaneHus nakeroB — CRAN u3BecTHOro
kak Comprehensive R Archive Network (http://cran.r-project.org/) Oblna
3aumcTBOBaHa n3 TEX-coobmectBa (CTAN mmm Comprehensive TeX Archive
Network; anamornuynoit cxemoi mnonw3yerca u Perl-cooOmectBo: CPAN wnwm
Comprehensive Perl Archive Network). Bce Tpu ynoMsiHyThIX npoekta oObeIuHsET
OHO: cTaOuibHas 0a3a W MHOXECTBO MOMOJHEHWU. B oTimume ot mobOaBiieHHS

HOBOM (bYHKIII/IOHaJIbHOCTI/I B MOHOJIUTHYIO IIpOrpaMmy, Ka4YeCTBCHHBIN ITAKET MOXKET
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CPaBHHUTENBHO JIETKO HAMUCaTh OJWH YEJOBEK 3a BIIOJIHE O0O3PUMBII MPOMEKYTOK
BpeMeHUu. OJTHUM M3 MOJOOHBIX MPOrPAMMHBIX MPOAYKTOB SIBISIETCS HANMCAHHBINA

JUIS1 PRIOOX03SMCTBEHHBIX HccienoBanuii makeT FLR.

Ilaxem npoepamm FLR (Fisheries Library for R)

[Tporpammusiit Moayns FLR [Kell et al., 2007] Ob11 pazpaboTaH Jyisi OIEHKH
CTpaTeruil ympaBlieHUS pPbIOOXO3sIICTBEHHBIMU pecypcamu. Llens ero paspaboTku
3aKJII04aeTcsl B OPMUPOBAHUU OOIIEH CTPYKTYPHI IS COJACHCTBHUS COTPYTHUYECTBY
BHYTPHU Pa3IUYHbIX JTUCHUIUIMH U MEXIY HHUMHU (Harpumep, OHOJIOTUYECKUMH,
DKOJIOTUYECKMMH, CTATUCTUYECKHUMHU, MATEMaTUYECKUMHU, SKOHOMUYECKUMU, U
COIIMAIIbHBIMU) M, B YAaCTHOCTH, B OOECIEUYEHHH O0oJiee JIETKOIO COCTABJICHHS U
OIICHMBAHUS HOBBIX METOJIOB M HX MPOTPAMMHOIO OOECIEUYEHUs, a TaKXKe uX
LHIMPOKOTO PaCIpPOCTPAHECHUS.

Cam w™omyns FLR mpexacraBmser coboii HAOOp MHCTPYMEHTOB IS
KOJIMYECTBEHHOW phIOOX035MCTBEHHON HAayKH, pa3pa0OTaHHbIN Ha A3bIKe R, KOTOpBIN
obJieryaetr MoCTpoeHHEe OMOIKOHOMUYECKUX MMHUTAIIMOHHBIX MOJENICH PhIOOTIOBHBIX
CHCTEM, a TAaKXKE IPUMEHECHHUE IIUPOKOI0 CIIEKTPA KOJMYECTBEHHOI'O aHaJIu3a
0KUJAEMbIX PHCKOB U TMOCIEACTBAM TPUHITUA PEIICHUA MO YIPaBICHUIO
peioosoBctBoM.  Kiaccel m Merogsl B FLR  cunrtaroT HeomnpeneneHHOCTb
HEOTHEMJIEMOM YaCThIO HAIIMX 3HAHUI O CUCTEMAaX phIOOJIOBCTBA.

FLR 103BOJNsIET NPOBOJUTH AaHAIU3 JAHHBIX, BHEAPSATH aJbTEPHATHUBHBIE
METO/bl OIICHKM 3amacoB (BKJIOYash CYIIECTBYIOIIME METOJIbI, HAlMCaHHbIE Ha
Fortran, C u C++) u TecTupoBaTh MpaBuiia peI00JIOBCTBA. B HacTosIiee BpeMs Takxke
BHEAPSIOTCA DKOHOMUYECKHME U 3KOCHCTEMHBIE MOJIENIN, MO3BOJISIOIIME OLICHUBATH
CTpaTeTuy yMPaBIICHUS CMEIIAHHBIMU 3allaCaMi U MHOTOBUJIOBBIMU COOOIIIECTBAMH.
FLR sBnsiercss MomyJleM C OTKPBITBIM HMCXOJHBIM KOJOM, JIUIIEH3UPOBAHHBIM IO
munieHsun GNU General Public License (www.gnu.org/licenses/ licenses.html #
GPL). HMcxoanwlii Koa JOCTYyNEH BCEM, YTO TIO3BOJSIET YUYEHBIM IPOBEPATH U
UCIIOJIb30BaTh PEAJU3AUI0 METOAOB, BBIIOJHEHHBIX BBIYMCICHUN W CIEJIAHHBIX

JIOTYIIEHUH, YTO HESIBHO MPECTABISIET COOOU MpoIiecc SKCIepTHOM onleHku. OOMeH
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KOJJaMH TaK)X€ YCKOpSET HAay4HbIM IPOLIECC, U MOCKOIBKY y R yxe ects mmpokuii
HA0Op MHCTPYMEHTOB JJIsl aHAJIM3a JAHHBIX, MOJIH30BATEIIN MOTYT COCPEIOTOUUTHCS
Ha peaJbHBIX MpoOiieMax BMECTO TOrO, YTOOBI MEpPENUChIBaTh CHEIUATBHOE
nporpaMMHOe oOecrieueHue, y:ke pa3padboTaHHOE KEM-TO EIIIe.

FLR peamu3yercs ¢  HCNOJIb30BaHUEM  OOBEKTHO-OPUEHTUPOBAHHOTO
nporpammupoBanus  (OOII), cyTh KOTOpOro 3akiro4yaeTcsi B TOM, YTOOBI
o0pabaThIBaTh JaHHBIC KaK €IWHBIA 00BEKT. DTH 00BEKTHI (KJIACCHI) TIPEICTABIISIOT
co0OlM pa3iuyYHbIE AIEMEHTbl CHUCTEMBI (3amachl, METOJbl OLIEHKH U T.I.). PaMku
pa3pabaThIBa€MbIX MPOTPAMM PACIIUPSEMBbI IMyTEM JTOOABJIEHHS HOBBIX KJIACCOB
(HanpuMmep, AJis peain3auuy SJKOHOMHUYECKUX U SKOCUCTEMHBIX MOJIENEH).

Cocmag mooynsi FLR

OcHoBHOM kKoMnOHEHT knaccoB FLR - knacc FLQuant, KOTOpBIH 1O CylIECTBY
SIBJISIETCS MAaCCHBOM, HCIIOJB3YEMBIM JUISl XpPaHEHUs AAHHBIX OJHOIO KOHKPETHOTO
TUMa (HampuMep, pPe3yJIbTaTOB HAOJIOJACHHM, TaKUX KaK CTaTHUCTHKA BBUIOBA, WIU
apamMeTpoB, TAKUX KAK €CTECTBEHHas CMEPTHOCTh). Vcnosib30BaHME CTaHIApPTHOIO
KJlacca YIPOLIACT PEAJIHU3ALUI0 METOAOB CYMMHUPOBAaHUs W YIPABICHHUS WMHU.
FLQuant nmeet nsath u3mepenuii B Bepcuu nakera FLR 1 u mects B Bepcusax 2.0 u
BbIlIe. YacTo, 0IHAKO, OIHO MJIM HECKOJIBKO U3MEPEHUHN HE OYIyT UCIIOJb30BaThCs, U
UX CYIIECTBOBAHME HE MMEeT 3HA4eHusA [UId Tosb3oBaressd. Benuuuna,
NPEICTABICHHAs] MEPBbBIM HM3MEPEHUEM, MOXET OBbITh 3aJaHa IO0JIb30BaTEIIEM.
Hampumep, oHa MOXET COOTBETCTBOBATh BO3PACTy, IJIMHE OCOOM WJIM THUILY CYIHA.
Crnenyromue 4YeTslpe HW3MEPEHUs: TOJ, €IUHULA, CE30H W Iuomanb. M3mepeHue
«EJIMHULIa» OTKPBITO AJIA JII0OOr0 BHJIA JENEHHUS, KOTOPOE MOXKET HCIOIb30BaThCA,
HarpuMep, IJs MOoJ3alacoB WIM IS JCJICHUS Ha caMIoB M caMOK. «Ce30H» u
«IUIOLIAAb»  TMO3BOJSIOT  HCHOJIB30BAaTh  BPEMEHHBIE U NPOCTPAHCTBEHHBIC
noapaznenenus. lllectoe wm3mepeHue, «uTEpanUsa», UCIONB3YETCA Il XPAHEHUS
pPa3IMYHBIX WUTEpALMU NpU npoBeaecHuu cumynsunii Monte-Kapno, Hanpumep, npu
UCII0JIb30BAaHUU 0aileCOBCKUX METOJI0OB OLICHKHU.

XoTsi OOJBIIMHCTBO MPOrpaMM HamucaHo B R, B kox Takxke MOTyT OBIThH

BbI3BaHbl OJIOKHM, HallMCaHHBIE HA JPYTUX S3bIKax, Takux Kak Fortran wmmm CH++.
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Hanpumep, pemeHne HENIMHEMHBIX YPaBHEHHMM SBISETCS OYEHb 3aTPaTHBIM 11O
BpEMEHH, U U3 R MOXHO BBI3BIBATH OBICTPBIE MPOILIEAYPHI, BHIOJTHEHHBIE HA SI3BIKE
C++ ¢ ucnonp3oBaHMEeM aBTOMaThueckoro auddepeHurpoBanus. CyliecTBYIOIINE
MeTOAbl OlleHKH 3amacoB, Hampumep, ICA [Patterson, Melvin, 1996] u XSA
[Shepherd, 1999] Taxxe ObLIM MHTETPUPOBAHBI C MCIOJIB30BAHUEM MCXOTHOTO KOJa.
Jlaxxe ecim KJIacChl UMEIOT JOMOJIHUTENIBHBIN KOJI, HATMCAHHBIN Ha JPYTHUX s3bIKax, R
no-fpexkHeMy siBisiercs: uatepdeiicom FLR, u monb3oBarens MOXET HE 3HATh 00 UX
HCITOJIb30BaHHH.

Ha puc. 1.4.2.3 nokazana xonueniusi moayist FLR [Kell et al., 2007] u ee

pcajm3anusa B Kjraccax.

[Ipouenypa yopasne i

OnepaupoHHat MOTeTE OweHKa COCTOAHIA 3AMACOE M YCTAHAEKA EAPHAHTOR

YTIPAENEHNA B 3aEMCHMOCTH 0T TP eIIoIarasMoro
COCTOAHIA PhIOHBIN 3AMACOE

MMHTHPYST "HCTHHEYD

OEpﬂE OTHA MOTem =] MITEIANOIETY CHICTEMBL Ha 0CHOEAHITT

KOTOpoit Dymer oneHIEaTECA 3Tan NPHHATHA YIIPAETEHYeCKIX PelleHITT
s eRTIEHOCTE YIIPAENSHIA

Emonorireecsse
IMpouemypa
e OpPHEHTHPEL .
Jimanmka droTor N —— (Hampimaep MSY)
L g et ——1 ~
Hauampnad obpaborka | === ELREEL 7 FLEcon FLHCR FLBRP
i} U 7 Bocnpinmnmiaembni Ouenra  zanacoe
CEofHAT CTATHCTHER Mopem 3amac = | (manprnep BILY)
(FICTIOMB3Y eTCA IR OLEHEIT AHANIIKE 3AMACOB DR S
= i - FLBiol e—Llr—— | remepampn  maHHRm | —t-- FLStock FLAssess
SR mn e =t [IPOMEICTA H 3EMAC0E

OTHOCHTEEHO FLOEM
TIOCTABNEHHDBI Leneit) n U \ / G

IIpoweccel B 3anacax BenomorarensHan
s MHDOPMALTIA
—— IpepnonoseHia

EMCTEHHO CTH) e

FlIndices

TonynanrorHan Smonorna
Ipouenypa omeHKI

Puc. 1.4.2.3. Konuenuus u crpykrypa moayis FLR

B onepammonnoit moaenu kinacc FLBiol coxepxxutr Bcro uHbOpManuio o
MIPOMBICIIOBOM 00BEKTE (YUCICHHOCTH, €CTECTBEHHON CMEPTHOCTH, IJIOJIOBUTOCTH H
T.1.). JlOTIOTHUTENbHBIE KJIACChl MCIONB3YIOTCS IS MOJCIMPOBAHUS KOHKPETHBIX
IPOIECCOB, HANpUMEp, HACTPOWKa CBS3M 3amac-TMONOJHEHHE OCYIIECTBISICTCS

kinaccom FLSR. Csa3p mexay nomymsinueidl u ¢aoramu npexacrasineHa B FLFleet.
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MonennpoBaHue yNpaBiIEHUS 3alaCOM MOXET OCYILIECTBISATHCS C YYETOM BIIMSTHUS
Ha HEro Jpyrux 00beKToB mpombicia. [IoCKoIbKY COCTOsIHME 3araca MOXKHO YBUAETh
TOJIBKO 4epe3 JaHHble, KOTOpble MbI coOOUpaeM, UMUTAlUs HaOIIOACHUN
BBITIOJIHSIETCSI HA OCHOBE PE3YJbTATOB OINEPALMOHHOW MOJEIM W MPEIIOIaracMbixX
omuOoK HaboieHus. JTo peanusyercs ¢ ucnoiyibzoBanueM kinacca FLOE, koTopsiit
ABJISIETCA CBSA3YIOIIMM 3BE€HOM MEXIY ONEPAlMOHHON MOJEIbI0 U MPOLEAYypOil
ynpasnenus. [lponieaypa ympasienusi ucnoisibdyeT kiacc FLStock nnsi pacuera
JMaHHBIX 3amaca (yJIOBBI, BEC MO BO3pacTaM M T.J.) HAa OCHOBE HAaOJIOJCHUMH,
momupunmpoBanubix FLOE, u knacca FLIndex, KOTOpbIN COAEpPKUT JaHHBIE U
MapaMeTPhl, OTHOCSIIMECS K MHAECKCAM YHCJIECHHOCTH.

Ouenka 3amacoB OCYIIECTBISIETCS € UCIHodb30BaHMeM Tnaketa FLAssess,
KOTOPBIN MO3BOJISIET MPOBOJIUTH PA3JIMUYHbIE MPOLIEAYPHI (BBOJ JTaHHBIX, IPOBEACHUE
JAArHOCTUKU OLIEHOYHOM MOJICNIM, OLIEHKAa NapaMeTpOB 3TOM MOJEIA U OLEHKA
COCTOSIHMSI 3aI1acOB).

OLEHKM COCTOSIHMS 3amacoB MOTYT HMCIIOJB30BAThCA B MOJEIU TPHUHSATHS
pemieHust (Hampumep, NpaBuia peryaupoBaHuss npombicia - [IPII), koTtopas
UMUTHPYET TOBEACHUE uYeoBEeUeCKoro (akropa B OMNEpalMOHHON MOJENH,
obOecrieunBasi  JOCTWI)KEHHWE KOHKPETHBIX IIeJieH B paMKax yCTaHOBIJIEHHBIX
orpannuennil. [ peasmsauuum [IPII  mocTymHbl Kijaccel 11 BBITIOJHEHUS
kpatkocpouHoro nporHo3a (FLSTF) u pacdyera OHOJOrMYECKUX OPUEHTUPOB
(FLBRP). Pesynwratsl [1PII Bo3Bpaiatotcst B onepanuoHHy0 Mojienb. [10CkobKy B
pealbHOM MHpE MpaBujia yIpaBiICHUs HUKOTAa HE BBITIONHSIOTCS Oe3yrnpeyno, B FLR
omMOKa peaau3alud MOXET OBbITh CMOJICTUPOBAaHA PA3IMUYHBIMU CHOCOOAMHU
(HampuMep, IMyTEeM B3aUMOCBSI3HM MEXKJIY YHUCICHHOCTBHIO CYJOB Ha MPOMBICIE,
IPOMBICIIOBBIMUA YCHJIMSIMU U TIPOMBICIOBOM cMepTHOcThiO). Kiacc FLFleet umeer
aTpuOyThl, KOTOpbIe (UKCUPYIOT WUCTUHHBIC YJIOBBI, BBITPY3KH U BBIOPOCHI TpHU
HKCIUTyaTalMK PA3IMYHBIX OMOJIOTUYECKHUX TTOMYJISIINN.

[ToBenenue ¢uoTOB U, cleaOBaTENbHO, COOJIOJCHUE TMPABWI BEICHUS
MPOMBICIIA, MOXET OTAWYaThCcs OT mnoBeacHus, npuHstoro B [IPII, wu3-3a

9KOHOMHNYCCKHX YCHOBHﬁ. HOBTOMY PACCMOTPECHUC DKOHOMHWYCCKUX CTUMYJIOB HACT
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BO3MOXKHOCTh OLIEHUTh, KaK pbIOAKM MOTYT pearupoBaTh Ha HW3MEHEHUS B
€CTECTBEHHOM, HJKOHOMHUYECKOM MW HOPMAaTMBHOM cpexe. B Hacrosmiee Bpems
pazpaboran skoHomuYecknii maker FLEcon, koTOpbIii IO3BOJISIET pacCUUTHIBATH
HYKOHOMHYECKHUE MOKA3aTeIU U MOJECINPOBATh PEAKIUIO PHIOAKOB U, CJIEIOBATEIBHO,
coOJo/ieHre MpaBWJl phIOOJOBCTBA. B Hacrosiiee BpeMs NpU OLIEHKE 3aracos

BapeHueBa MOps SKOHOMHUYCCKHMHU MAKET HE HCIIOJIB3YCTCA.

Bxoonwie oannvie 6 nakeme FLR

JlanHble 3arpyxaroTcss B R ¢ ucnoiap3oBaHuEM J1I000r0 U3 HMHCTPYMEHTOB,
JOCTYIIHBIX Ha 3TOM $3bIKE MPOrpaMMHUpPOBaHMs: Hampumep, (pyHkmus read.csv
ucnosb3yercst st uteHus CSV-gaitnos, readVPA u apyrue npuMeHsroTcss  JUis
daiinoB ycrapesmux (popmatoB. B aiimax moxker comepkarbcs uHpopmaius 1mo
YUCJIIEHHOCTU 00BbEKTa UCCIIEIOBAHUS B BBITPY3KaX, pa3MEpHO-BO3PACTHOMY COCTaBY,
Becy ocoOell B 3amace M BBIJIOBE, J10JI€ MOJOBO3PENBIX PhIO B 3amace, Mo BbIOpocam
(YMCIEHHOCTh, PAa3MEPHO-BO3PACTHOM COCTaB, BEC), MPOMBICIOBON M €CTECTBEHHOU
CMEPTHOCTH. MOryT OBbITh JaHHbIE, OJYyUYEHHBIE U3 UCCIENOBATEIBLCKUX ChEMOK U
npyrasi uHpopmalms, HeooXoaumas pu padoTe ¢ KOHKPETHBIM 3aracoM (Harpumep,
uH(popMaIUs O €CTECTBEHHOW CMEPTHOCTM OOBEKTa, BBI3BAHHONW KaHHUOAIM3MOM
A100 XMIHUYECTBOM CO CTOPOHBI APYTUX MOMYJIsAIMil). Bce BXoaHbIE naHHBIE MTOCHE

n00aBIeHUs UX B MOZYJIb (OpMUPYIOTCS B 00BeKT Kiacca FLStock.

I'pagpuueckoe npedcmasnenue 6X00HbIX OAHHBIX U PE3YIbMAMos

[Ipu pabore ¢ FLR monb3oBaTento MOCTYMHBI BCE METOIbI R, mo3Bosstonne
CTpOUTh HYXKHble rpapuku u pucyHku. Kak ormeuaror A.b. lllunynoB u E.M.

bangun [http://www.inp.nsk.su/~baldin/DataAnalysis/], paboTa KOTOpBIX TaKxke

BBEIOOPOYHO IUTHUPYETCS Jajiee B JlaHHOW TyaBe, B 0a3oBoM HaOope R mmeercs
HECKOJIbKO JICCSITKOB THIOB TrpaduKoB, emie OoibIlle B PEKOMEHIYEMOM ITaKeTe
lattice, m nHamuoro Ooispmie B makerax CRAN. Ilo OIGHOYHBIM NPUKHIKAM
yYKa3aHHBIX aBTOPOB MOJyYaeTCs, YTO pa3HOOOpa3HBIX TUIIOB TpadukoB B R HUKaK He

MCHBIIC TBICAYH. HpI/I 9TOM Fpa(i)I/IKI/I A0CTAaTOYHO XOpOoImo HaCTpanmBarOTCsA, T.C.
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MOJIb30BaTeNb MPH JKEJaHUH JOCTaTOYHO JIETKO MOXET pPa3sHOOOpa3uTh ITy
UCXOJIHYIO ThICSIYY Ha CBOM BKYC.

B 6a3zoBomM rpadguueckom Habope R ecTh ABa OCHOBHBIX THNA TrpadUUECKHUX
KOMaH/I: TIEPBbIE PUCYIOT TpaUK «C HYJs», TOTAA KaK BTOPHIE TOJBKO JT0OABIAIOT K
y)K€ HapHCOBaHHOMY TrpaduKky Jnerand. B kauecTBe OCHOBHOM Trpaduueckoit
KOMaH/Ibl Ucroib3yeTcs plot( ) — «ymHas» koMmaHnaa (IpaBUIbHEE CKa3aTh «ZEnericy
Wik o0mias). OTO 3HAYUT, YTO OHA PACHO3HAET THUI OOBEKTa, KOTOPBIA MPEICTOUT
pHUCOBaTh, U CTPOUT COOTBETCTBYIOIIMH rpaduk. Korna BBogutcs komannaa plot( ), R
OTKpPBIBAET TaK HA3BIBAEMOE 3KPAHHOE I'pa(hUuecKoe yCTPOHUCTBO M HAYMHAET BHIBOJL
Ha Hero. Ecmum Oyner BBeldeHa clenyromas KOMaHga TOro xe Tumna (T.e. He
noOasistonas rpadpuueckie 3JIEMEHThl B YK€ OTKPBITOE YCTPOMCTBO, a CO3aroIiast
HOBBIN rpauk), To R «cotper» crapoe M300pakeHHe U HAYHET BBIBOJUTH HOBOE B
sToM ke okHe. Ecnu BBectu komanny dev.off(), R 3akpoer rpaduueckoe okHo, 4uTO,
BIIPOYEM, MOXKHO CJ€NaTh, IPOCTO IIEIKHYB 10 KHOIIKE 3aKPBITUS OKHA. JKPaHHBIX
YCTPOMCTB B R MmpeaycMOTpeHO HECKOJBKO, B KaXJ0W ONEPALIMOHHON CUCTEME CBOE
(a B Mac OS X - naxxe nBa). Ho Bce 3T0 He Tak Ba)KHO, TTOKa HE TpeOyeTcs CTPOUTH
rpaukd M COXpaHATh UX B BUAE rpaduueckux (DaisoB. MOXKHO HCHOJIB30BaTh
dopmar daitioB png, jpeg u Ap. R momnepxkuBaeT u BeKTOpHBIE (QOpMATHI,
nanpumep, PDF. Kpome PDF, R «3naet» u apyrue BekTopHbie hopMaThl, HaIpumep,
PostScript, xfig u picTeX. Ectp otrnensubiii mnaker RSvgDevice, KoTopsiii
MOJIJICP>KUBAET TMOMYJIAPHBIN BeKTOpHbIH popmar SVG. I'paduk B 3TOM (hopmate
MO>KHO, HalpUMep, OTKPBITh U BUJIOU3MEHUTH B CBOOOJHOM BEKTOPHOM pPEIAKTOPE
Inkscape.

Hecmotpst Ha cBoe pa3HooOpasue, rpaduueckas cucrema B R moctpoeHa Ha
OCHOBE CTPOrux mpaswil. Beibop Tuna rpaduka, OCHOBHBIX LIBETOB U CUMBOJIOB JIJIsi
U300pakeHHs TOUEK, PACIIONOKEHUE OAMUCEH U T.A. ObUIM TIIATEIbHO MPOAYMaHBbI
coznarenamu. OTHUM U3 KIIOYEBBIX Uil R ucciaeaoBaHui sIBJIIETCS KHUTa Y UJbIMa
Knmusnennga «3nementsl rpaduueckoit oOpaboTku nanHbix» [Cleveland, 1985].
Muorue ero maew Obum ocymecTBieHbl umeHHO B S-PLUS, a 3atem um B R.

TpexmepHbix rpadukoB B R HemHoro (mpaBaa, €CTh O0COOBIM MakeT rgl, KOTOPHIA
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MO3BOJIIET CTPOUTH Takue rpaduku Ha 6a3ze OpenGL), a ecniu TpedyeTcs y3HaTh, Kak
MEHSIETCS TTOBEICHHUE JIBYX NEPEMEHHBIX MO OTHOILICHHUIO K TpeTbed, R mpenmaraer
Tak HazbiBaeMble «Trellis graphs» wim rpaduku-pemerku (puc. 1.4.2.4). Ha pucynke-
npuMepe OTOOpakeHO, KaKk O0BEM JPEBECHHBI 3aBUCUT OT 00beMa KpOHBI (B
Jorapu(pMUUECKON IIKaNe) y JEPEBbEB Pa3IMUHON BbICOTHL. Takol rpauk ynuTaeTcs
ClieBa HAIpaBO, CHU3Y BBepX. B 1MaHHOM mpumepe, KaxIoMy IOCIEAYIOUIEMY
UHTEpBaNy BBICOTHI AepeBbeB (Height) cooTBeTcTByeT cBOe OTHOIIEHHE OOBEMa

npesecunbl (Volume) u kponsl (Girth).

Given : Height
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Puc. 1.4.2.4. I'paduk-pemerka [u3: [lunynos, banaus]

Taxxe B R peanuzoBana paboTa ¢ MHTEPaKTUBHOW TpadUKO, 4TO, HAPUMED,
MO3BOJISIET BBISICHUTH, /I UMEHHO Ha rpaduKe pacrosioKeHbl HyKHbie BaM Touku, u
pa3MecTUTh OOBEKT (HANpUMEp, MOJIMUCH) B HY)KHOM MECTE, a TaKKe MPOCICIUTh
«Ccynp0y» OHMX M TeX e TOYEeK Ha pa3HbIX rpadukax. Kpome Toro, eciu naHHbIC

MHOTOMCPHBIC, TO MOXXHO BpallaTb 00J1aKO TOYEK B IIJIOCKOCTH Pa3HbIX IICPEMEHHBIX
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C TeM d4YTOOBl BBISICHUTH CTPYKTYPY MaHHBIX. Hampumep, Tak MOXHO J00aBIATH
MOJINMACH B YKa3aHHYIO MBITIIKO#M 00s1acTh rpaduka. aTepakTuBHAS Tpaduka Ipyrux
TUIIOB peann3oBaHa koManaou identify(), a Takxke makeramu rggobi, TeachingDemos
u iplot.

Bo3sBpaiasics oT onucanus rpadguueckux BO3MOKHOCTENH R, nmpuBeeHHOTO 110
pabore A.b. Illlunynoa m E.M. banauna, x omucanmio FLR, ormerum, d4tO
BEIIICYIIOMSIHYTbIC Tpaduueckre BO3MOXXHOCTH R TMO3BOJISIOT WCIOJIB30BaTH B
KauecTBe MmapaMeTpoB o0bekThl kiaccoB FLQuant, FLStock, FLSR wu npyrue

anemMeHThl CTpyKTypbl FLR.

Yemanosxka FLR

Jlns  paboret ¢ FLR B mepByto ouepenp HEOOXOAUMO YCTaHOBUTh
nporpaMMHyro cpeny R ¢ caiita https://cran.r-project.org/. AKTyaldbHYIO BEpPCHUIO
Monyias FLR wMoxHO ycraHoBuTh ¢ caifta http://www.FLR-project.org/, BBens
CJIEIYIOLIYIO CTPOKY B mporpamme R:

source(“http://FLR-project.org/R/instFLR.R™).

Cnenyer uMeTrh B BUIYy, YTO JJIA PabOTHl CO CKpPUNTaMH, HAMWCAHHBIMHU
JIOCTATOYHO JABHO, MOTYT TIOTPEOOBAThCA CIEIUaIbHbIE BEPCUU OUOIHOTEK.
Hanpumep, nmnga npuBeneHHoro Huxke mnpumepa ¢ oneHkoid CBA  Tpecku
UCIOJIB3YIOTCS ClieyIolre OMOIMOTEKN U BepCusl MporpaMmMHoi cpefbl R:

FL Assess 1.99-102

FLCore 2.2

FLEDA_2.0

FLXSA_1.99-100

R-2.8.1

Jlns mpoBeneHUsI OIIEHKHM 3armaca B IpOrpaMMHOM cpene R JoKHBI OBbITh
yCTaHOBJIEHBI Bce BHelHue O0ubimorekn FLR, ckaueHHble B BUJE Zip-apXUBOB, UTO
BbINIONIHAETCST yepe3 Bkiaaky «llakersr — > Install package(s) from local files...».

JIroOwie nmpyrue, HEOOXOAWMBIE it PabOThl OMOMMOTEKH, TaKKE MOXKHO CKadaTh
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HEIOCPEACTBEHHO BHYTPM IpOorpaMMsbl depe3 BKIAIKy «llakeTer — > YcTaHOBUTH

nakeT(bl)...».

Ipeumywecmeo peanuzayuu oyenxu memooom BIIA/XSA 6 mooyne FLR
8 cpasnenuu ¢ npoepammou VPA9S5.exe

Ouenka 3amaca CEBEpO-BOCTOYHOM apkTuuecko Tpecku g0 2017 .
npousBoawiack Ha Pabouelr rpynne MKEC mo apkruyeckoMy pbIOOJIOBCTBY C
ucrnoas3oBanueM Metona BITA (XSA). B pacuerax ucnosib3oBajgachk HHGpOpMaIs O
BBUJIOBE W BO3PACTHOM COCTaBE MPOMBICIOBBIX YIJIOBOB, a HACTPOMKA MOJEIU
BBINOJIHSUIACh HAa MHAEKCHl YUCICHHOCTH, IMOJIy4YaeMble B HAYYHBIX CHEMKax, U
WHOT/Ia Ha WHAEKChl TPOU3BOJIUTEIBHOCTU TpoMbicia (YJIOBBI Ha yCHUIIUE
MPOMBICIIOBBIX CYZIOB). OIEHKH TEKYIIEero COCTOSHUS 3amaca, HEOOXOIUMBIE IS
pacuera OJIY, BO MHOrOM oOmpenesuIuCh Takxke KoHburypanued monenun BIIA
(3HaueHusiMu mapameTpoB moxaenu). Jlo 2011 r. omeHka 3amaca MpoBOAWIACH B
nporpamme VPA9S5. C 2012 r. cran ucnons3oBarbesa nakeT FLR. Meron BIIA,
peanm3oBaHHbld B mporpamMmax VPA9S um FLR, umeer numb HE3HAYUTENIbHBIE
omuus. Tak, Mozenb, peanmn3oBanHas B VPA9S, mMoxeT He Bcerja CXOAUTHCS B
MPOIIECCE UTEPAIMOHHBIX PACUETOB, XapAKTEPHBIX ISl MeToJa XSA, B TO BpeMs Kak
B FLR nanHOoe cxokaeHue HaOJI0Jajoch B MPAaKTUKE pabOThl IPyMIbl BCEraa, YTO
MO3BOJISIET TOJIYYUTHh OoJiee HaAeXKHYIO OleHKy. Takke B FLR M0XHO HacTpouTh
HEKOTOPBIE BBIXOJHBIE IapaMEeTpbl, HAlpUMEpP, WU3MEHHUTh YHUCIO 3HAKOB IOCIE
3amnsTON MpU OKPYIJICHUU YKCelNl, B TO BpeMs kak B VPA9S Bce BXOAHBIC/BBIXOIHbBIE
dbopmatsl cTporo 3adurcupoBanbl. OTHUM U3 CYIIECTBEHHBIX MPEUMYIIECTB METO/1a
FLR saBnsercs peanu3anus pacdyeToB B OTKpbITOM cperae R. Or1o mo3Bomser
pean30BaTh MHOXECTBO  JOIOJHUTENIBHBIX  BEIIEH, HanpuMep, Y4YHUTHIBATH
KaHHHOAM3M, a TaK)Ke aBTOMATU3UPOBATh MIPOIIECC OIEHKH 3amaca u pacueta O/[Y.
JIOMOJIHUTENBHO B MPOTpaMMy MOXKHO BKJIKOYUTH OJIOKM  JIOMOJHUTEIBHOM
JAATHOCTUKUM W  BU3yaJIW3alUM HUCXOJHBIX JaHHBIX. MOXHO  BBIIOJHATH
albTEPHATUBHBIC OILIEHKU C Pa3IUYHBIMU HAa0OpaMU MCXOJHBIX JaHHBIX H

napamMeTpoB Mmojaenu XSA, a BHOCIEACTBUHU, CTPOUTH IpapUKU U PUCYHKU MIJiA
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CpPaBHEHMS PE3yJIbTATOB TaKHUX OLICHOK. Mcnons3oBanue R mo3BossieT peanus3oBaTh
pacuetsl nporHo3a OJ1Y, ocHOBaHHOTO Ha pe3yJbTaTax OLICHKH, M BBIBECTH B (haili
BCE HEOOXOMMbIE TaOJIUIBl U PUCYHKH, PEACTaBUB TaKUM 00pa30M MOJIHBIA HAOOp
JAHHBIX JJIs1 Hanucanus otdeta o nporuo3dy OJ1Y. Bee 3To cyiiecTBeHHO 00sieryaer
U YCKOpSET paldoTy IO OIIEHKE 3araca, a TaKKe YMEHbIIAET BIUSHUE HA PE3YJIbTaThl
BO3MOXKHBIX OILIMOOK oIlepaTopa WM IO0JIb30BaTelsl MporpaMMbl. B cBoro ouepens,
€IMHCTBEHHBIM MpeuMyIliecTBOM mporpammbel VPAO9S sBnsercs OGonee moapoOHas
JIMArHOCTUKA HACTPOMKU MOJEIM MeToJIoM XSA, 1o cpaBHeHuto ¢ FLR, B koTopoii
BBIXOJHOUN (hailyl pe3ynbTaTOB JUArHOCTUKH KAaueCTBA HACTPOMKH MPEACTaBISET
HECKOJIBKO MEHBIIIEE KOJIMYECTBO MOKA3ATENIEH.

Jpyrue MHCTPYKUHH IOJIb30BATENIO NPUBEICHBI NPU ONHMCAHWM NpPHUMEpa B
cienyrolmeM paszene (Kyaa NoOMearh BXOJAHbIE TaHHbIE, KaK 3allyCKaTh IPOrpaMmy

U T.J.).

[.4.3. OnbIT NPAaKTH4YECKOT0 NMPUMEHEHUsI
C nomompto makera FLR wa pabGoueit rpynne MKEC mo apkruyeckomy
peioosioBcTBY (AFWG) B TeueHue psijia JET BBINOIHSIUCH OLICHKU 3allacoB TPECKHU,
NUKILIY, caiiJipl 1 yepHoro nanryca bapenuesa mops. Ha caiite UKEC ices.dk MmoxHO
Haiitn otueThl AFWG 3a mponuisle roael, Hampumep, 3a 2012-2016 rr., korga
OLICHKM 3aIlacoB BBIMOJHSJIMCh C MOMOILIBIO JAHHOM MpOrpamMMbl, U MPOCMOTPETH

MOAPOOHOCTH peallh3allii METO/Ia B MIPUIIOKEHUHU K KOKIOMY OOBEKTY.

[TPUMEP OLIEHKU 3ATTACA METOAOM BIIA/XSA U ITPOI'HO3A O4Y
TPECKUN BAPEHIHEBA MOP, PEAJIN3OBAHHBIX B ITAKETE FLR

Bce (aitnbr, Heooxomaumbie s ycranoBku monynst FLR, ncxomneie naHHbie
JUIS. OLICHKM 3amaca M IMpPOrpaMMHBIE CKPUITHI JJisi BhINOJHEHUs pacueTtoB OY
Tpecku bapenneBa wmopsa poctynHel Ha caite [IMHPO (Ilpunoxenune 4 k

MeToan4ecKkuM peKOMEHIAIMUSAM).
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Onucanue gpopmama 8x00HbIX OAHHBIX

Bxoanple maHHBIE TIpENCTaBIEHBI B TEKCTOBOM (opmare co CTpOro
ONPEJICTICHHBIM MOPAJIKOM JTaHHBIX, KaKk OMMCcaHo B Hayasne pazaena 1.1.4.2. [Tomumo
crangaptHeix s BITA/XSA ¢aitnos, mus Tpecku bapeniieBa Mopsi, B OIIEHKE
KOTOPOH YYUTBHIBACTCS KAaHHUOAIHM3M, B KA4ECTBE BXOJHBIX JAHHBIX HCIIOIB3YIOTCS
JAaHHBIE O TIOTPEOJICHMM TPECKOW COOCTBEHHOM MOJIOJU, IIPEJCTaBIICHHBIC

OTJeNbHBIMU (aiinamu B (hopMaTe csv A KaKI0T0 rojia OLlEHUBAEMOro eproia.

Onucanue pabouezo ckpunma

B ckauennom c caiita [TMHPO 3amakoBanHom ¢aiine «run_FLR_4_cod.zip»
€CTh JIHUPEKTOPUU C MOJEINbI0, KoTopas coiaepxuT (aitnbel « FLRmainScript.txt» ¢
ocHOBHBIM anroputMoM mozenu u «TOChange.r» ¢ uM3MeHsEeMbIMH HAacCTPOWKaMH
MOJIEJIU, @ TAKXKe PsIJI MOAAUPEKTOPHIA:

data — coxmepxutr B cebOc BXOAHBIC JAHHBIE NJIsl OLIEHKHM 3amaca TPECKU B
dopmare VPAO9S (mupextopuss XSA), naHHble 1O KaHHMOATU3MY TpPECKU
(mupexTopusi percapita), ¢aiin «cannibal1946.R» co 3HaueHUSIMU €CTECTBEHHOM
CMEpPTHOCTH TpPECKHM OT KaHHuOanu3Ma 3a mnepuon 1946-1983 rr., u daiin
«predict_num.txt», coJep)Kalluid CTapTOBbIE 3HAYEHHS] HEKOTOPBIX MapaMeTpoOB,
HeoOXoauMBbIe JIJIs BbINoJIHEHUs nporHo3a OY (cpennuil Bec mo Bo3pacTtaM phlObI B
3amace W yJOBE, JI0JIU IOJIOBO3PENOW pBIOBI MO BO3pacTaM uis IEPBOro roja
IPOTrHO3a, YHMCIEHHOCTh PEKPYTOB B KaXJIOM TOJly IPOTHO3UPYEMOIO Mepuoia,
3HaueHue O/[Y 3anaca Ha npeauIecTBYIOMIMI IPOTHO3ZHOMY TO/T);

IUpEeKTOpUs out — COAEPKUT pe3yibTaTbl pPAacyETOB B TIpapUUecKOM U
TEKCTOBOM BH/IE;

outSingle — comepXWT pe3yNbTaThl OLEHKH 3amaca TPECKH TMpHU
IPEANOJI0KEHUH O HATMYUU TOJBKO OJTHOM M3 MPEACTABICHHBIX UCCIEA0BATEIbCKUX
ChEMOK. OJTH BapUaHThl OLEHKU 3amaca MO3BOJISIIOT MOJAPOOHEE W3YUYHUTh BIIUSHHUE
UCXOJIHBIX JAHHBIX, TOJYYCHHBIX B XOJ€ KaXIOW M3 ChEeMOK Ha (DUHATBHBIN

PE3yabTaT MOJCIIN;
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r_sources - B DOTOM AUPEKTOpUU cojaepxkarcs ¢Galinbl €O CKPUNTAMH,
OTBEYAIOUIMMHU 32 BBIIIOJIHEHUE TE€X WM MHBIX YacTel 0OILIEro aaropuTMa MOoJIEsu.

KpaTkoe onucanue coaepKUMOro JUpeKTOPUH I'_sources:

¢aitn «Banana» coOIEpKUT CKPHUNT, B KOTOPOM peaJn30BaHa BHU3yaTU3allus
BJIMSIHUS JAHHBIX, MOJYYEHHBIX B XOJ€ KaXJOW M3 MCCIEAOBATEIbCKUX CHEMOK, Ha

buHambHBIN pe3ynbTaT Mojenu. [Ipumep Takol BU3yanu3alvu MPEACTaBICH Ha PUC.

1.4.3.1.
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Puc. 1.4.3.1. O1ieHKM YUCIEHHOCTH TOKOJICHUH TPECKH U ITPOMBICIOBOM CMEPTHOCTH B
TEPMHHAIBHOM IOy, ITOJIyYE€HHBIE C UCIIOJIb30BAHUEM OT/EIBHBIX CbEMOK U BCEX BMECTE
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@aiin «bubbles» cOmepKUT CKPUNT, pEaTU3yIOUIMI BHU3yaIU3alUI0 OCTATKOB
WH/ICKCOB HCCJEIOBATEIbCKUX CHEMOK (OTKIOHEHHMH Jorapu(MoB MOJEIUPYEMbIX

3HAYCHUN MHJIEKCOB OT HaOMoAeHHbIX (puc. 1.4.3.2).

2006 2008 2010 2012 2014
| 1 1 I

| | 1 |
FLT16 FLT18
o o @ e o o -1
— e o o ® o @ . 10
— e o o o + @ N & . ® o @ O o o e g
- e 0 e o o o . o ® # o O o O e e e -8
- o . o L] . L] o ° o - 7 Scale
i e o eol@ @0 oo sl 20 @
4O ® o0+ o o e + e @ e s 30O 0 - 5 15 .
4o @ o o o s ¢« ¢ O @ @® ® o O O o o o -4 1.0 @
40 e 0o+ 6 0 + « + of|l+ @ ¢ 00 0O + o b3 05 .
> FLT007 FLT15 00
1 e OO @O e - ° & 05 ©
04+ © 0 ¢ @ O o o * . o e 0o e e 0 e o [ % O
g e + + < ® 0 o - . e e s o o+ 0O O & ® [
8 © * o . O o o % @ 15 O
74+ °© © « @ « o ° - ® o 2.0 O
6 - . 3 o o o e o ® o -
E o+ @ + + & e o - o O e o+ s+ o * o -
4-{® - & 0 O o + . e+ a + o o O e e |-
34+ e & o {30 + = s (o @ 00 « T e @
T T T T T T T T T T
2006 2008 2010 2012 2014
year Max bubble size
1.1832

Puc. 1.4.3.2. Ocrartku iorapumMoB HHAEKCOB UCCIIEI0BATETHLCKIX ChEMOK

checkConvergence — B ckpurnre peanu3oBaHa (QyHKIHS pacdyeTa CXOJIUMOCTH
MOJIEIM TpPU pacyeTax 3HAYEHUM eCTECTBEHHOW CMEPTHOCTH TPECKH OT
KaHHHOAJIHN3Ma;

consumptionEstimation =~ —  CKpuOT, B KOTOPOM  TPOU3BOJUTCS
npenBaputenbHblil 3amyck wmonaenu BIIA ¢ nactpoitkoit XSA, HO 0e3 yuera
kaHHHOanmm3Ma. B nmanmpHeiieM pacueTbl MOBTOPSIIOTCS, HO C J00aBJICHHEM
KOJIMYeCcTBa  MOTPeOJEHHOM  TpecKoM  COOCTBEHHOM  MOJOAM B BHUIL
«JIOTIOJTHUTEILHOTO  yioBay. llocie  JOCTIKEHUS  TPOUEAYpPhl  CXOXKICHUS,
nponucaHHod B ckpunte checkConvergence, paccuMThIBAIOTCS  3HAYECHUS
€CTeCTBEHHOM  CMEPTHOCTHM  MOJOAM TPECKM C  y4eTOM KaHHHUOAIM3Ma,

COOTBETCTBYIOIIHE (PUHATHHOU UTEPAITUN MOJICIIH;
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dataforBanan — peanu3oBaHa MoAroToBKa JaHHBIX JIJIsl BU3YAJIU3allUUA BIUSHUS
OTJIETHHBIX UHEKCOB UCCIIEI0BATEIIbCKUX CheMOK Ha (PMHATBHBINA PE3yJIbTAT MOJCITH
(cm. puc. 1.4.2.4);

doXSA — B ckpumnre mpomucaHo Teno (YHKIMH, OTBEYAIONIICH 3a 3aITyCK
Mojienu BITA ¢ HacTpoiikoi XSA;

FLXSA functions — coAepXUT TmepeueHb (QYHKIUMA, MO3BOJISIONIAX
OTNTHMHU3UPOBATH PadOTY C BXOJHBIMU JAHHBIMH U PE3YJIbTaTAMH MOJICTIH;

FMenageType — B CKpUNTE peaavu30BaH pacyeT LEJIEBOW IPOMBICIOBOU
CMEPTHOCTH JUIsl KpPAaTKOCPOYHOI'O NPOrHO3a COCTOSIHUS 3amaca TPEeCKU IO
JEUCTBYIOIIEMY TIPaBUITY YIIPABJICHUS 3a1acoM;

Ckpunt functions — cofaepXut psifi (PYHKIUN, BBIMOJHSIOMIUX pacueT BCEX
napaMeTpoB 3anaca 1o ¢popmynam BITA njist Bcero nepuojia O1eHKH, C OLIEHEHHOU 0
XSA CMEpTHOCTBIO, pacUET MPOMBICIOBOM CMEPTHOCTH HPOMEKYTOYHOTO TOJa
(mepBoro roja, CIEAYIOIIEr0o 3a (UHAIBHBIM TOJOM OIIEHKM 3amaca) M pacuer
UCIIOJIb3yEMOW MpPHU OCYIIECTBICHUH KPATKOCPOYHOIO MPOTHO3a CTApTOBOM (11O
COCTOSIHUIO Ha TIEPBBIN T'OJT TPOTHO3a) YHCIEHHOCTH TPECKH;

Inputsforpredict — B 3TOM CKpunTe CO3aIOTCA OOBEKTHI, COJEpKAIIUE
BXOJIHYI0O MHGOPMAIIMIO JIJISi BBIOJHEHHS MPOTHO3a, TaKyl, KaK CpPEIHHE MAcCChI,
OTHUBBI TOJIOBO3PEJIOCTH U MTHOBEHHbIE KOA(D(OUIMEHTHl TMPOMBICIOBON U
€CTECTBEHHON CMEPTHOCTH;

loadIndices — QyHKIUs 3arpy3Kkd HWHIEKCOB HCCJIEAOBATEIBCKUX CHEMOK,
cozzaroniasi 00bEKT ¢ ATUMU JJAHHBIMH;

loadPerCapitaConsumption — CKpUNT, OTBEYAIOIIMA 3a co3daHue OOBEKTa,
comepxamiero B cede HabOmOICHHYI0 WH(OOpMAIMI0O 0 KaHHUOAIW3ME TPECKH 3a
nepuoa ¢ 1984 r. (koauuecTBO MOTPEOJICHHON MOJIOAU TPECKH KaXKIOro BO3pacTa,
ChEJIEHHOM TPECKOM Ka)KJI0r0 BO3pacTa) Ha OCHOBE [aHHBIX, IMPUBEACHHBIX B
nupektopun data/percapita. Bce mnepednclieHHbIE CKPUIITHI 3allyCKAOTCS TI0
ouepeau B MPOIECCE BBIMOIHEHUSI OCHOBHOTO ckpurnta FLRmainScript.txt, KoTopslii

COJIEpP’)KUT B ceOe (PyHKIMM BBI30BA BCIOMOTATEIbHBIX CKpUOTOB. [loaToMy o0a
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CKPHIITa, KacaroIIUecs MOATOTOBKY JIAHHBIX O KaHHUOAIN3Me TPECKH, BHI3BIBAIOTCS B
nporecce padoThl MOJEIH 10 TEX CKPUIITOB, KOTOPHIE OTBEYAIOT 3a OLICHKY 3amaca;

loadStockAndCatch — B 3TOM CKpuINTE OINKHCAaHO CO3JIaHHE OOBEKTOB C
BXOJIHBIMHU ITapaMETPAMHM 3a11aca TPECKU 3a UCCIEAYEMBIN IPOMEXYTOK BPEMEHH;

outResults — ckpunrt, oTBeHaromMii 3a co3JaHUE BbIXOJHOTO (aiiia
«report.docx» ¢ pe3yJabTaTaMu MOJICIIMPOBAHUS;

predictions — psia GYyHKIUI ¥ IEPEMEHHBIX, UCIOIB3YEMBIX MPH MPOBEACHUU
MPOTHO33;

retroRSS — oOecneunBaer co3nanue (ailyia co 3HAYEHUSIMU KpUTEpUS,
OTHUCHIBAIOIIETO MOBEICHUE MOJICJIM B PETPOCIIEKTUBHBIX MTPOTOHAX;

SSQresiduals — BBIMOTHSAET pacyeT CyMM KBaJpaTOB OTKJIOHEHUIN OCTATKOB MO
BCEM HMHJIEKCAM ChEMOK;

SVPA — peamuzamuss pacuetoB no Meroay BIIA ¢ ucnonb3oBaHueM
OIICHEHHBIX/3a/IaHHBIX 3HAYEHU I MPOMBICIIOBON M €CTECTBEHHON CMEPTHOCTH;

totalCannibalismFromPerCapita — pacueT 4MCIEHHOCTH TPECKH, yMEpIIEH o
NpUYMHE KaHHUWOAIW3Ma, Ha OCHOBE JAHHBIX, MPUBEJICHHBIX B JUPEKTOPHUH
data/percapita;

utils — psg oOumx ¢GyHKOMA, YacTh HW3 KOTOPBIX HCIOJIB3YETCS IS
ONTUMH3ALUU PAOOTHI C BXOAHBIMH JJAHHBIMU U PE3yJIbTaTaMU MOJIEIIH.

IIpu 3amycke ckpunta wu3 (¢aina «FLRmainScript.txt» mporpamma
MOCJICIOBATEILHO TIOATPYXKAET HEOoOXOoAuMbIe OMONMOTEKH, a Takxke (amibl,
cojlepKamue CKpUNThl ¢ (QYHKIUAMH, TEPEMEHHBIMU W  COMYTCTBYIOIIUMHU

pacueTamu.

Onucanue 3anycKka ckpunma

B nepByro ouepenp, nepea 3amyckoM MOJIEIN HEOOXOIUMO YOeIUThCs, YTO B
MOJITUPEKTOPHSIX MPUCYTCTBYIOT BCe HEOOXOAMMbIe (Pailibl ¢ BXOJHBIMH JaHHBIMH,

HEOOXOIUMBIMHU JIJ11 pAaOOTHI MOJIEITH.
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Ha cnenyromem stane HEOOXOAUMO OTKPBITh B JIFOOOM TEKCTOBOM PENaKTOpPE
¢aitn «TOChange.r» 1 U3MEHUTH 3HAYECHUS TJIOOATBHBIX MEPEMEHHBIX M HACTPOEK
MOJICITH, TIPUBEJIS HX B COOTBETCTBUE PACCMATPHBAEMOMY 3aIacy .

B ¢aiine «TOChange.r», HanpuMep, MOKHO YCTaHOBUTH BO3PAaCTHOM MHTEPBAJI
paccMaTpuBaeMoro OObeKTa, TOJ] Havalla UCCIEOBaHUSl, BPEMEHHON WHTEpBal, 3a
KOTOPBIN UMEIOTCS JJAHHBIE IO 0OBEKTY U JIP.

[locne wW3MeHEHMsT TNEPEMEHHBIX W HACTPOEK  3aIlyCKAETCA  CKPHIT,
Haxosmumiics B daitie «k FLRmainScript.txty». [lepen ero 3amyckom HYXKHO B Haudaje
ckpunTa (nocne 3aroinoBka START CHANGES) nomeHaTs aapec TupeKTopuu, rie

HaXOJISITCSL BCe UCXO/AHbIE (aiibl ¢ Mozenbio (.BaseDirectory<-" "), B cityuae, ecnu y
BAC OHU HAXOIATCS B JUPEKTOPUU C UHBIM aJPECOM.

OCHOBHOW CKpHNT, 3aMyCKAIOIIMN MOJEIb, COCTOUT W3 IIATH Pa3ICiOB —
IIEPBBIE YETHIPE MO3BOJIIIOT ITIOCMOTPETH BIMSIHUE OTAEIBHBIX MHIEKCOB ChEMOK Ha
OLICHKY 3amaca, a MOCIEAHUM BKIOYaeT B ceOs (QUHANbHBIA 3amyck mojaenu. Bee
paszensl UMEIOT MPAKTUYECKH WJECHTUYHYIO CTPYKTYPY, 3@ HCKIOYEHUEM IMSATOTO
paszfena, TJe UCIob3yeTcsl Oobliee Yucio PyHKIMM U pacdyeToB. Jlanee mo Tekcty
OMKCBIBAECTCS TOJIBKO MATHIN pa3jaed.

[Tocnenuuii paznen ckpunTa pa3oUT Ha HECKOJIBKHUX IIAroB:

1 — 3arpy3ka u o0OpabOTKa BXOJHBIX JNAHHBIX, PACUET YHMCIEHHOCTH TPECKH,
yMepiled 1o MpPUYMHE KaHHMOanu3Ma, NpelBapUTEIbHbIM M (UHAIBHBIA 3aIyCK
mozenu BITA c HacTpoiikoit XSA;

2 — zanyck Momenu SVPA (c yderom u 0e3 ydera KaHHMOAIM3MA) IS
MOATOTOBKM  ()MHAJIBHBIX  JaHHBIX  OIEHKM W  BXOAHBIX  JaHHBIX IS
MPOTHO3UPOBAHUS;

3 — NMOATOTOBKA JIMarHOCTHKW MOJEIM U rpadUKOB C OCTaTKaMU HHJIEKCOB
CBEMOK;

4 — ocymecTBiaeHue NporHo3a unciaeHHoctd CBA tpecku Ha Tpu roga Buepen;

5 — co3ganue ¢aiina ¢ pe3ynbTaTaMu MOJIECTUPOBAHHUS;

7 Jlnst 3amycka npuMepa, CKaueHHOTO C CaiiTa 6e3 BHECEHHs KAKUX-TH00 U3MEHEHH M, TaHHbIH (aii
MOXHO HE MCHSATB.
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6 — IpoBeIeHNE PETPOCIIEKTUBHOTO aHAJIN3a MOJIEIIH;

7 — pacdeT BBIOPAHHBIX KPUTEPHUEB OLIEHKH KaYECTBA HACTPOMKH MOJENH;

8 — co3gaHMe TpaUKOB, MO3BOJSIOUMX OTCIEIUTh BIUSHUE JaHHBIX,
MOJyYEHHBIX B XOJ€ KaXJOH M3 HCCIEeNOBATENbCKUX CHEMOK Ha (PUHAIBHBIN
pe3ynbTaT MOJEIN.

CkpunT 3ammycKkaeTcsl IpoCcTON BCTaBKOM coAepKUMOro (aiiiga co CKpUIITOM B
OKHO IporpammMHOM cpenbl R. MOXHO 3amyCTUTh BECh CKPHUIIT Cpasy WM, IIPH
HEOOXOJMMOCTH, BBIIOJHUTH TOJBKO €ro yacTb. [Ipu 3TOM cieayeT MMeTh B BULY,
YTO MPEANIECTBYIOIINE YACTU JOJHKHBI OBITh UCIIOIHEHBI paHEee.

[Toce TOro Kak MOJENb 3aKOHYUT CBOIO padOTy, BCE pE3yNbTAaThbl MOYKHO

HaWTH B JUpeKTOopuax out u outSingle B KOpHEBOM KaTaJiore.

Onucanue pe3ynomamos

B xone paGoTsl ¢ MozieNbio B UpekTopun out cosznaercs ain «report.docx»,
COJICpKAIllUM BXOJIHbIE JaHHBIE M PE3yJbTaThl MOJEIUPOBAHMS B BHJIE TaOJUII.
Hampumep, B u3obpaxenoit Ha puc. [.4.3.3 Tabnuie MOXHO HANTH HUTOTOBBIC
pPe3yJbTaTHI 10 pacyeTy PeKPyTOB B Bo3pacTe 3 rojia, o0Iei 1 HepecToBor OnomMacce,

a TaKXe CpeHEeN MTPOMBICIOBOM CMEPTHOCTH I10 33JITaHHOMY MHTEpPBAJly BO3PAacTOB.

Table 3.24. Northeast Arctic COD. Summary Table Final VPA (SVPA run)
FLR
Thu Mar 16 11:4%:12 2017

Year RECRUITS TOTALBIO TOTSPBIO LANDINGS YIELD/SSB FBAR 5-10
1646 1126514 4367668 1112945 706000 0.6344 0.1856
1947 678224 3839613 1165171 882017 0.757 0.3044
1948 648597 3775604 1012217 774285 0.7397 0.3396
194% 638062 3156587 729919 800122 1.0862 0.3616
1950 978309 2960071 615385 7319882 1.1895 0.3565
1651 2210700 3722871 568882 827180 1.454 0.3957
1652 2250118 4046138 520807 876785 1.6835 0.5335
1653 2378899 39852058 386626 695546 1.7537 0.3567
1954 B84737¢ 4216285 429821 826021 1.9218 0.3876
1955 396197 3572638 347080 1147841 3.3071 0.5433

Puc. 1.4.3.3. IIpumep vacTu TaOIUIBI C UTOTOBBIMH pE3yJIbTaTaMU OLIEHKH 3araca
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Taxxe B 3TOM (paiine BBIBOAATCA TaOJMIIBI, COJIEPXKAIUE pacCUMTaHHBIC
BXOJHBIE TAHHBIC JUISA MMPOBEICHUSI KPATKOCPOYHOIO IIPOTHO3A, & TAKKE PE3YJIbTATHI

MIPOTHO3UPOBAHUS C PA3IMUHBIMU 3aJJaHHBIMU ycaoBUsIMU (puc. 1.4.3.4).

2018

FLR

Thu Mar 16 11:45:12 2017

Zge N M Mat oF DM SWT Sel CWT

3 757000 0.4405 0 0 0 0.227 0.0053 0.514

4 NA 0.2836 0.001 © 0 0.542 0.0361 1.366

z NA 0.2385 0.012 © 0 1.0% 0.0875 1.762

& NZ 0.2083 0.0%6¢ O 0 1.774 0.1711 2.314

7 NA 0.2 0.35 0 0 2.612 0.2623 3.243

g N 0.2 0.654 0O 0 3.741 0.3583 4.449%

3 NA 0.2 0.872 0 0 5.148 0.3628 5.725

10 N 0.2 0.968 0 0 6€.941 0.362 7.074

11 NA 0.2 0.851 © 0 8.708 0.3317 B.231

12 NA 0.2 0.8ses 0 0 10.153 0.27%5 5.241

13 N& 0.2 1 0 0 14.311 0.2759 5.554
Ibous kg kg

Puc. 1.4.3.4. [Ipumep Tabau1ibl ¢ pe3yiabTaTaMu IPOTHO3a

[loMmumo Tabmui, B JTOW K€ JHUPEKTOPHUM MOXKHO HaWTh Qailibl ¢
JTMArHOCTUKOW MOJIEIH, MPEJCTaBICHHBIE B TEKCTOBOM (diagnostics) u rpadudeckom
(bubbles, NEWbubbles) Bugax, a Takxke pe3yJbTaTbl PETPOCHEKTUBHOIO aHaIu3a
(retro, retrossb; puc. 1.4.3.5) 1 cpaBHUTEIBHYIO XapaKTEPUCTUKY BIUSHHS UHICKCOB

OTJIETFHBIX HCCIIEIOBATEIBCKUX CheMOK Ha orleHKy (BananaPlot3-10, SingleFISSB,

SingleFleetTSB).
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Retrospective analysis for Arctic Cod
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Puc. 1.4.3.5. Ilpumep rpaduveckoro npencTaBliIeHus pe3yabTaToB PETPOCIIEKTUBHOTO aHAIIN3a

B nupexropun outSingle co3naercs npakTHUeCcKH TOT ke HAOOp (aiiinos, Kak u
B out, HO JIJI1 BAPUAHTOB IPOTOHOB MOJIENH C UCMOJIB30BAHUEM HUHAEKCOB MO KaXA0M

OTIEJILHO B35ITOM CHEMKE.

Boszmooicnocms  uzmenenus CKpunma, Kaxkue napamenipsl U 20e MOJCHO
nomeHANnb

OnucaHHBII B METOAWYKE pPa0OUYMi CKPUINT ONTHMHU3UPOBAH JISI OIEHKH
3anmaca CBA Tpecku. TemM He MeHee, MPU BOSHUKHOBEHUU KAKUX-THOO TUIOTE3 O
HEOOXOIMMOCTH M3MEHEHHMI B MapameTpax MOJEIM 3TO MOXHO clejaTh, OTKPHIB
daiin «TOChange.r» B KOpHEBOI TUPEKTOPUU C MOJIEIIBIO.

B nepBoii ctpoke mapametpoM YEAR 3agaercsd ron, B KOTOPBIM ITPOBOAMTCS
OLICHKA.

B paznene «Global values» MOXHO BBICTaBUTH JAPYrHME€ 3HAYCHUS IS

napameTpoB:
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ageToCheck — Bo3pacT, a1 KOTOPOro MPOBEPSETCSA CXOKIECHUE MOJAEIIHU, MPU
OILICHKE KaHHMOAIN3Ma;

yearToCheck — rox, B KOTOpOM IPOBEPSIETCS CXOXKIAECHUE MOJEIH, IIPH OLICHKE
KaHHHOAaIN3Ma;

years — BPEMEHHOM HHTEpBaJ, 3a KOTOPBIM MMEIOTCS BHEIIHUE JaHHBIE O
KaHHUOAIM3Me (HE BOCCTAHOBJICHHBIC);

minimumY ear — epBbIi IO/, 32 KOTOPBII UMEIOTCSA JaHHBIE O 3a11ace TPECKU;

maximumY ear — IIOCJIETHUN T'OJl, JI1 KOTOPOIo MMPOBOJUTCS OLIEHKA 3a1aca;

minAge — MUHUMAJIbHBIN BO3PACT XUIITHUKOB;

maxAge — MaKCUMaJIbHbIM BO3PACT XUIIHUKOB;

minimumAge — MHUHMMAJIbHBI BO3PACT TPECKH, JUIsI KOTOPOrO IPOBOIUTCS
OIICHKA;

maximumAge — MaKCHUMAJIbHBII BO3PACT TPECKH, I KOTOPOTrO IPOBOIUTCS
OLICHKA;

minPreyAge — MUHMMaNbHBIA BO3PACT KEPTB;

maxPreyAge — MakCUMaJbHBIN BO3PACT KEPTB.

Taxxxe B paznene «XSA control» MOXHO BBICTaBUTh HACTPOMKH IJISI MOJEITU
BITA c Hactpoiikoit XSA:

maxit — MaKCUMaJabHOE KOJIMYECTBO UTEPALIUA;

gage — BO3pacT, HauMHas ¢ KOTOPOI'0 YJIOBUCTOCTh HE 3aBUCHUT OT BO3pacTa;

rage — BO3pacT, HauMHasi C KOTOPOTO YJIOBHCTOCTh HE 3aBUCUT OT pa3Mepa
3amaca;

shk.n — ncronp3yercs m cTaruBanue K cpeaHemMy (T.H. shrinkage);

shk.yrs — KoJIM4ecTBO BO3PaCTOB, JJIsl KOTOPBIX UCIIOJIB3YETCS CTSTUBAHUE;

shk.ages — KoJIMYeCTBO JIET, UIsI KOTOPBIX UCIOJIB3YETCS CTATMBAHME;

fse — 3HaueHue craHgapTHON OIIMOKY;

tsrange — BEJIMYMHA BPEMEHHOM PaMKH.

Croutr ormeTuth, uTo B VPA9S B KauecTBe 3HA4YEHHUs (age HUCIOJIb30BaJICs

BO3pacCT, 10 KOTOpPOTO (BKJ'IIO‘II/ITCJIBHO) YJIOBUCTOCTD 3aBUCHUT OT BO3pacCTa.
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B pasnene «for retrospective» MOXHO 3a/1aTh CTapTOBBIN I'OJl, BEJIMYHUHY OKHA

M BO3PACT IOIMOJIHCHUA I PCTPOCIICKTUBHOT'O aHAJIN34a.

,ZZOI’ZOJZHumeJZbele 603MOICHOCMU CKpunma

[Tomumo Bo3moxkHoctet FLR B paboueM ckpurite, Takke peai30BaHO
KpaTKOCPOYHOE IPOTHO3MPOBAaHUE 4YHMCIEHHOCTH 3anaca CBA tpecku Ha 3 roxa
Briepen. Jlist 3TOro HamvcaHbl BCIIOMOTAaTENbHBIE CKPUIITHI I peanu3zanuu SVPA
(711 TOATOTOBKY BXOAHBIX JAHHBIX K MPOTHO3MPOBAHUIO) M pacyera MpOMBICIOBOM
CMEpPTHOCTH JUIsi KPaTKOCPOYHOI'O IIPOTHO3a COCTOSAHMA 3amaca TpPECKU 10
aKTyaJbHOMY MpaBuiay ympasieHus 3anacoM (HCR). ®@aiiinbl co BCmoMOTaTeIbHbIMU
ckpunitamu (FMenageType, functions, Inputsforpredict, predictions, SVPA) moxHO
HalTH B Jaupekropuu r_sources. CTOUT OTMETHUTh, YTO paHEE IS ITPOBEICHMS

TaKOTO ITPOTHO3a UCIIOJIB30BAJIACH OTHENbHAsI mporpamma MFDP.

Jluteparypa
Kosaines O.A., Kopxe B.A. 2005.0nucanue nporpaMm JJisi OLIEHKH 3a11acoB
Y [1IapaMEeTPOB CUCTEM «3anac-npombicern // COocT., IEPEBO C aHIL. SI3. U aJlalTalusl.
Mypwmanck: U3n-so IIMHPO. 108 c.
[[IunyHOB Ab., banann E.M. Anamms JAHHBIX C R.

http://www.inp.nsk.su/~baldin/DataAnalysis/ (o Bepcuu caiita Ha 31.05.2018).

Cleveland W.S. The elements of graphing data. — USA: Wandsworth
Advanced Books and Software, 1985. 323 pp.

Darby C.D., Flatman S. Virtual Population Analysis: version 3.1
(Windows/Dos) user guide. Info. Tech. Ser., MAFF Direct. Fish. Res., 1994.
Lowestoft, (1): 85 pp.

Gassioukov P.S. Presentation of modern stock assessment technique with
special reference to technique derived from VPA. MS of CECAF Workshop
«Modern methods of fish assessment». AtlantNIRO. 1996. 81 pp.

Kell L. T., Mosqueira, 1., Grosjean P., Fromentin J-M., Garcia D., Hillary
R., Jardim E., Mardle S., Pastoors M.A., Poos J.J., Scott F. and Scott R.D. 2007.

173


http://www.inp.nsk.su/~baldin/DataAnalysis/

FLR: an open-source framework for the evaluation and development of management
strategies. — ICES Journal of Marine Science, 64: 640—-646.

Patterson K.R., Melvin G.D. Integrated catch-at-age analysis version 1.2.
Scottish fisheries research report 98. 1996. 60 pp.

Pope J.G. A possible alternative method to virtual population analysis for the
calculation of fishing mortality from catch at age data. ICNAF Res. 1974. Doc.
74/20. 16 pp. (Mimeo).

Shepherd J.G. Extended survival analysis— an improved method for he
analysis of catch-at age data and abundance indices // ICES J.Mar. Sci. 1999. V. 56.
P.584-591.

174



Paznea 11

OTtpaciieBble METOAUKH OLIEHKH 3Aa11aCOB
NMPUOPHUTETHBIX BUJI0B BOAHBIX OMOJIOTrHYECKHUX
pecypcoB a4 Il ypoBHs HnHGOPMATHOHHOIO
o0ecneyeHUs pacyeToB
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IHpoaykunoHHbie MoaeH (KpaTKoe ONMCAHUE)

[IpoayKIIMOHHBIE MOJIENM SIBISIOTCS CAMBIM IPOCTBIM KJIACCOM MOJIENEH,
MO3BOJISIIOIMM TIPOBECTH TIOJHBIA KOJMYECTBEHHBIM aHaIu3 CHUCTEMBI «3arac-
IPOMBICEN» C BBIXOJOM Ha OLIGHKY OpUEHTHpoB ympasineHus u OIY. Mogens
OCHOBaHa Ha JWHAMUYECKUX OalaHCOBBIX COOTHOIICHHSX, OMUCHIBAIOUINX TEMIIbI
U3MEHEHHUs1 OMOMacChl IPOMBICIOBOrO 3amaca Kak (yHKIMIO OMOMacchl 3amaca.
MuHMMaIEHO HEOO0XOoJUMbIe TpeOoBaHUS K HMHGPOPMAIMOHHOMY OOCCIEUEHHUIO
MOJIEJIA OTFPAHMYMBAIOTCA TMPOMBICIOBOM CTAaTUCTUKOM B BHJE JIOCTATOYHO
OPOAODKUTEIBHBIX BPEMEHHBIX PsJIOB  yJIOBOB U ycwiuid. C  yBeIM4eHHEM
JUIMTEJIBHOCTH BPEMEHHBIX PSAAOB JIOCTOBEPHOCTH OIIEHKH MapaMeTpPOB MOJENIH
BO3pacTaeT. Mojiesb onpaBIaHo NPUMEHSTh B TOM CIy4dae, €CJIM MPOMBICI OKa3bIBAET
CYILLIECTBEHHOE BO3JICHCTBUE HA 3amac, OATOMY B YJIOBax JKEJIATEIbHO Y4ECTh BCE
BUJIbI TIPOMBICIIOBOTO HW3bSTHS 3amaca, HOpPU STOM YIOB JOJDKEH LEITUKOM
oOecrneunBaThCsl BXOJIAILIUM B MOJEINb ycuiaueM. Takxke KpalHe jKeJaTesIbHO, YTOObI
MHTEHCUBHOCTh MPOMBICIIa HEOJHOKPATHO MEHSUIACh B 3HAUMTENBHBIX MpEJesax Ha
NPOTSHKEHUU Tepruoja HaOmoAeHni. B kauecTBe JONMOTHUTENBHOW HHPOPMALIMK AJIs
JMarHOCTUKU KadyeCcTBa OLICHKM PETPOCHEKTUBHOM IMHAMMKHU 3amaca MOTYT ObITh
IIPUBJICUYECHBl HE3aBUCHUMO IOJYYEHHBIE MHIEKChl YMCIEHHOCTH (OMoMacchl) 3amaca,
HanpuUMep, JaHHbIE YUYETHBIX ChbEMOK.

OOmiee ypaBHEHHE JUHAMHUKU SKCIUTyaTHPYEMOI'O 3araca 3aliChbIBaeTcs

CIEAYIOIIUM 00pa3oM:

B, =B (1+rG(B))-C, +¢, (IL1)

rie:

B,— Guomacca 3amnaca B roj t (t — Tekymui roj, t+1 — mocneayromuii);
¥ —TEMIT BHYTPUIIOMYJISIIUOHHOTO POCTA;

G(B) — dyHKIMs NOMyIALUOHHOTO POCTA;
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C,— yJoB B o t;

€ — ommOKa mporecca.

Temnbl TOMOBOTO MpUpOCTa OMOMAcChl 3amaca OMUCHIBAIOTCA (DYyHKIMEH
nonyssiinoHHoro pocta G(B). B obmem cimydae G(B) sBisieTcs mMpow3BOIBHOM
MOHOTOHHO YOBIBaroel (yHKIMEH, UMEIoNe OJuH KOpPEHb, COOTBETCTBYIOIIUN
E€MKOCTH cpeibl (BeIMYrHE JeBCTBEHHOM Onomacchl 3anaca) K. OHako Ha IpakTUKe
HauboJiee pacmpoCTpaHEHO UCTIOIB30BAHUE IBYX MPOCTHIX YACTHBIX CIyYaeB:

JTUHENHON (QYHKIUMU G(B)=1-B/K, COOTBETCTBYIOUIEH JIOTUCTUYECKOMY
3aKOHY pOCTa;

JorapupMUIECcKou byHKIIUN G(B)=-In(B/K), COOTBETCTBYIOIIEH
HKCMOHEHIINAIFHOMY 3aKOHY POCTa.

Beibop ¢yHkuMM pocta ompezenser BbIOOp MNPOAYKIMOHHON MOJENu: B
NIEPBOM cClly4yae — 3To JuHamuueckuil anamor monenu Illedepa [Schaefer, 1954], Bo

BTOopoM — Mmoaenun Doxca [Fox, 1970]. Mopgens Ilenna-TomnmHcona [Pella,

e
, TIe o -

Tomlinson, 1969] co crenenHoit ¢yukiuer pocta G(B)=(1-(B/K)“)
kod(punmeHT dhopmbel 0000IIAET ATH JBa YACTHBIX Ciydas, MEPEeXois B MOJCIb
[edepa mpu a=1 u B mogens dokca B npenerne a—0.

Mogenu Takoro Kjacca IIMPOKO MPUMEHSIOTCA JUIsl  OLUEHKH |
MPOTHO3UPOBAHUSI COCTOSIHMSI 3allacOB B CHJIy MX TMPOCTOTHI W HU3KOU
TpeOOBaTEILHOCTH K JaHHbIM. Hawubosnee ompaBmaHo WX TPUMEHEHHE K
KOPOTKOIIMKJIOBBIM ~BHUJAaM H K TEM BHAAM, JUISI KOTOPBIX 3aTPyAHEHO
HETMOCPEJICTBEHHOE ompeneneHue Bo3pacta. CymiecTByeT psag  Moaudukanui
MPOIYKIIMOHHBIX MOJIEICH HAa OCHOBE WHOTO THIMA JUCKPETU3ANMMH JHHAMHUYCCKUX
cootnomenuii (ASPIC) [Prager, 1994], ¢ ucnons3oBaHreM 0Oall€COBCKUX METOJ/IOB
orieHKku napametpoB [Meyer, Millar, 1999], a Taxxe ¢ npuBiieueHueM nHOpMaLIUU O
Bo3pacTHOl cTpyktype [Punt, Hilborn, 1996], 4Tro »5KBUBaJEHTHO BBEJEHUIO

3anazabiBaHuss [Monh, 1980; Walter, 1976], ogHako mnocienHue HE MOIYYUIIU

IIMPOKOTO PACTIPOCTPAHECHUSI.
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IL.1. IIporpammubiii koMiuieke Combi 4.0 (PI'BHY «BHHUPO»)
B.K. ba6asu, A.E. boosipeB, A.U. Muxaiisios, A./l. lllepemernes, 2017

I1.1.1. Onucanue moaesu
O06o0meHHble MPOAYKUNOHHBIE MOAeaH. VICTOKM MaTeMaTH4eCKONH Teopuu
MPOIYKIIMOHHBIX MOJENe MOXXHO OOHapyxkuTh B pabotax Bonbreppa [Volterra,
1928], NOCBAILIEHHBIX aHAIN3Y CUCTEMBI «XUIIIHUK—KEPTBA», U B U3BECTHOM aKCUOME
Paccena [Russel, 1931], moctynupytoiieid ycloBUE€ IMHAMUYECKOTO PABHOBECHS
AKCILUTyaThupyeMoro 3anaca. Onupasch Ha MPEICTABICHUS O MEXaHU3MAaX U3MEHEHHUS
3amaca IOJi BJIMSHUEM KaK BHYTPEHHUX, TaK W BHEIIHUX IMPUYUH, CKOPOCTH

N3MCHCHUIA €10 6I/IOMaCCBI MOXXHO 3aII1ucaTthb B BUC:
dB/dt = B[r(B) + g(B) — M(B) — F(E)], (IL1.1.1)

rae: B — Omomacca oOjaBaMBaeMOM 4acTu 3amaca; r, g, M — MrHOBEHHBIC
CKOPOCTH IIPOTEKaHUS OCHOBHBIX IIOIYJIALIMOHHBIX IPOLIECCOB: IIOIOJIHEHMS,
WHIUBUIYAIbHOTO pPOCTa OCOOEH M €CTeCTBEHHOM CMEpPTHOCTH Kak (DyHKIMA
TEKylIel BeIMYUHbI OMOMacchl; F' — MIHOBEHHBIA TeMIT YObUIM 3amaca B pe3yibTaTe
POMBICIIA KaK (PYHKITUS IPOMBICIOBOTO yemus (E).

[lepBble Tpu ciaraeMbIX B KBaJpPAaTHBIX CKOOKax MPUBEICHHOIO YpaBHEHUS
XapaKTEPHU3YIOT NPOLECCHl, B COBOKYNHOCTH KOHTPOJHUPYIOIIHE €CTECTBEHHYIO
JUHAMHKY 3araca, Ha KOTOPYIO IIPOMBICENT BIMSAET Yepe3 yMeHblIeHrne 6uomaccel. B
OPOAYKIMOHHBIX MOJENSAX H3TH TMPOLECChl NPHUHITO YYUTHIBATH C TMOMOUIBIO

WHTErPaTbHON (PYHKITUU POCTA:
G(B) = r(B) + g(B) — M(B).
Takum obpazom, o01iast GopMyIUpOBKa MOJIETTH TPUOOPETACT BU/I;
dB/dt = B[G(B) — F(E)].

O4eBUHO, YTO KOHKPETHBIN BUJ MPOIYKIIMOHHON MOJIENN 3aBUCUT OT BbIOOpa

byHKIMI poxyKTUBHOCTH 3anaca, G(B), u npomsicna, F(E).
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CocTosiHIE paBHOBECHUS MEXIy 3aIIaCOM U IIPOMBICIIOM 33J1a€TCS YCIIOBHEM:
dB/dt = 0.

DTOMY COCTOSIHUIO COOTBETCTBYET TaK Ha3bIBAEMBIN YpaBHOBEIICHHBIN YJIOB Y,
PaBHBI YUCTOMY €CTECTBEHHOMY MPUPOCTY OMOMACCHI 3amaca 3a paccMaTpUBaeMbIil

HHTCPBAJ BPpCMCHU:
Y = BG(B) — BF(E).

Hcnonbs3oBaHne MNPOAYKUHOHHBIX MOJAENEH B MPAKTUKE OLEHUBAHUS
COCTOSIHUS 3allacOB M ONPEJENICHUS ONTUMAJIBHBIX PEXKHMOB pPHIOOJIOBCTBA MMEET
JOCTAaTOYHO  JIaBHIOK HMCTOPHIO: OJHA W3 NEpBBIX paboOT, 3aJ0KUBLIMX
KOHLIENITyaJIbHbIE OCHOBBI JIAHHOTO MOAX0/a, NpuHamIexuT I['piaxemy [Graham,
1935]. I'paxeM, aHanmu3upys OaHHBIE TPajaoBOTro MpoMmeicia B (CeBepHOM MOpE,

UCXOAWJI H3 TIPCAINOJOXCHHA O TOM, YTO MT'HOBEHHBIM y;[@J'IBHBIfI TCMII

1 dB
IPOAYLIUPOBAHUS (.E E) IpsSIMO TIPONOPLUUOHANIEH PA3HOCTH MEXAY EMKOCTBIO

Cpebl U TeKYIIeH BeTUYMHON OMoMaccChl 3araca:

(1 dbB

=l Yo aip  copy
Bdt) 7(Bmax — B)

B npanpHeifieM Ha OCHOBE pPa3BUTHS ASTOW KOHLENIUUA CHOPMHUPOBAIICS
COBPEMEHHBIN apceHa Mo/jieeil mpruOaBOYHON MPOTYKIIHH.

HecMoTps Ha onpeniesieHHbIM CKENTULIM3M B OTHOIIEHWH UX MPUMEHUMOCTH,
CBSI3aHHBIA C AHAJIUTHUYECKOW IPOCTOTOM M XAPAKTEPOM MCXOAHBIX JOIMYIIECHUN
[Hamp., Lalo€, 1995], onsIT ncnoas30BaHus 0000IEHHBIX MPOAYKIIMOHHBIX MOJIeei
(B 1T.u. B pamkax wmexayHaponueix komuccuit ICCAT, IATTC, ICSEAF)
CBUJICTEIILCTBYET 00 MX BAYKHOM 3HAUYCHUM B AQHAIM3E CUCTEM «3amac—IIPOMBICEID»,
0COOCHHO B CHUTYaIIMSX, KOT/Ia JJaHHBIE O BO3PACTHOM COCTaBE YJIOBOB OTCYTCTBYIOT
WM HEHAJNEeXKHbl. B Hacrosiee BpeMs METOIbl NPOAYKUIHOHHOTO MOIEIUPOBAHUS
BXOJAT B CHUCKH PEKOMEHJIOBAHHBIX K HCHOJIb30BAaHUIO B PSAJE MEXKIYHAPOIHBIX

pbrIOOX03sicTBeHHbIX opranu3anuii, B T.4. B UKEC [ICES, 2012].
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B coBpemeHHbIN ITEpUO pa3BUTHE MTPOAYKLIMOHHBIX MOJEIIEH OCYIIECTBIIAECTCS
B HANpPABJICHWSIX OOBEKTUBU3AIUUA MCIOJIB3YEMBIX MPOIYKIIMOHHBIX (YHKITUN;
COBEpPUICHCTBOBAaHUSA  NPOLEAYp  [MapaMeTpH3allH;  PACIIMPEHUs  MOJEIEH
OPUMEHUTEIBHO K MHOTOBHJIOBOMY IPOMBICIY; BKIIOUEHHS B MOJEIbHbBIC
noctpoeHuss uHpopManuu o ¢dakropax BHeEUIHEH cpeabl. B mocnenHue TO7BI
NOSIBUJIUCH  Pa3pabOTKH, CTaBsIIUE LETbI0 MPEOJIOJICHUE OJHOTO M3 0a30BbIX
OTrpaHUYEHUI METOJ1a — MPEIOIOKEHUS O PABHOMEPHOM PACTIPEAEICHUH INIOTHOCTH
OoroMaccel Ha uccienyemMoil akBatopuu. [10BOJOM ISl ATOTO MOCITYKHUJIO pa3BUTHE
MateMmaTuko-kaptorpapuueckux MetogoB u [MC-TexHonoruid, MO3BOISIOMIUX
3 ()EKTUBHO BBIIENATH MPOCTPAHCTBEHHBIE 30HBI, pa3JIMYAIOIIUMECS TEMIIAMH
MPOAYLHUPOBAHUS, U aHATTU3UPOBATH UX TUHAMUKY [Hamp., Corsi, 2000].

JAuHamMuveckue NPOAYKIMOHHbIE MO/ eJIH. B TPaJULIMOHHOM,
OOIIENTPUHATOM BapHAHTE MPOAYKIIMOHHBIE MOJIETH CIIY)XKaT JWIIb JJI ONMUCAHUS
YaCTHOTI'O CiIy4asi — PaBHOBECHOI'O COCTOSIHHA 3araca. B 3ToM KaduecTBE OHU MOTYT
UCIIOJIb30BAaThCA MCKIIOYMTEIBHO [UIsl aHalv3a JOJITONEPUOAHBIX H3MEHEHUU
MPOAYKTUBHOCTU 3amaca B CBSI3U C PA3JIUYHBIMU pPEKHMaMU pPEryaupoBaHus. B
paMKax TakKoro aHajau3a MpeanoJiaraeTcsi, 4YTo MNpU H3MEHEHWH HHTEHCUBHOCTH
IPOMBICHA 3allaC MTHOBEHHO MEPEXOJUT W3 OJHOI0 YCTOMYMBOIO COCTOSIHUS B
IpYyroe, MUHYsl INPOMEXYTOUYHBIEC, HEYPABHOBEUIEHHBIE COCTOSHHUA. B0O3MOXHOCTH
JTUHAMUYECKUX MOJENIed 3HauuTeNlbHO IuHpe. JluHamuyeckue MoAUPUKALMU
NO3BOJISIIOT OLEHUTh HE TOJBKO YPaBHOBELICHHBIE COCTOSIHMS 3amaca, HO U
IPOMEKYTOUYHBIE, T.€. MPOCIEAUTh TPACKTOPHUIO 3amaca OT MCXOJHOTO COCTOSHUS
paBHOBECHSI K HOBOMY, 4YTO, B YAaCTHOCTH, MOXET OBbITh MCIOJb30BaHO B
IPOrHOCTHYECKUX LEMSAX.

JUiss  Toro 4TOoObl  BBIBECTM YpPaBHEHHE BO3MOXKHBIX  YIOBOB  JUJIst
HEYpPaBHOBEIIICHHBIX ycioBuil, Yontep [Walter, 1976] paccmaTpuBan Onomaccy Kak
HENPEPBIBHYIO (PYHKIIMIO BpeMeHU B = B(f). DTO MO3BOJIMIO €My, PELINB YpaBHEHHE

[lledepa dB/Bdt = r(1 — B/K) — gE oTHOCUTENBHO B U BBITIOJTHUB HEOOXOIUMbIE
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npeoOpa30BaHus, MTOJTYIHUTh:

EK EK (B;_
}’i=q—(r—qu+q ln(ll)
' g T B,

rae B, |, B, — Ouomacca 3amaca B HadaJje U KOHIIE ToJa i.

[TepBoe cmaraemoe B MPHUBEACHHOM YpaBHEHUHU MPEICTABISET COOOM OIECHKY
yJIOBa IPU PABHOBECHBIX YCIIOBUSIX, TOTJa KAaK BTOPOE ClIAraeMoe OMNpeAesieT
OTKJIOHEHHE BO3MOKHOTO YJIOBA OT PABHOBECHOTO B 3aBUCHUMOCTH OT BEJIMYUHBI U
3HaKa U3MEHEHUI OMOMAacCCHI 3araca 3a ro/l.

Momudukanus [Iarore [Schnute, 1977; Schnute, 1979] pazpaboTana Ha 6a3e
mozaenu Illedepa, ogHako mpeasioKEeHHBIN MOAX0 IPUMEHUM U K 00Jiee CI0KHBIM
moznensiM. Ecnm 3amucate moxens llledepa B TepMuHax yioBa Ha YCWIHE H
MPOUHTErPUPOBATH ToONyuyeHHOe Bblpaxkenue dU/dt = rU(1 — UlgK) — qEU B
npefenax [ <t < i+ 1, MOXKHO OT HENMPEPBHIBHON MOJEIHN NMEPENUTU K JUCKPETHOU C

maroMm 1 rom:

U. oo
I ( 1+1): _: E——U
n Ui r q L QK L

rae U, — cpennuii yinoB Ha ycuine B rof i.
OnpenenuB AByMsl cloco0aMu CBSI3b MEXKIY CPEAHErOAOBBIMU 3HAUYECHUSIMHU

YJIO0Ba Ha YCUJIMC U 3HAYCHUAMMA 3TOI'O IIOKA34aTCJIX1 B HAYAJIC I'OAOBBIX MHTCPBAJIOB,

[IIar0TE MMOJy4YHnJI CICAYIOINNC AUHAMHUYCCKHUC MOI[I/Iq)I/IKaI_II/II/I IMPUBCACHHOI'O BBIIIC

YpPaBHCHUA:
U1+1+£T1 r - _1+U1—1
U+0_, ) | ThTgge T 2
U E, +E, r (U +U _
E 1_+1 _ _ ( i 1+1)_ 1 i+1 U ~ UU
n : r q 2 Q'H 2 ] i i~“i+l

Mogens barrepBoptra u Ouapto [Butterworth, Andrew, 1984] B u3zBecTHOM

CMBICIIE SIBJIAETCA pa3BuTHEM noaxozaa [IIHroTe u cocTout u3 1ByX ypaBHEHHUI:

Biy1=B; +G(B) — (;
— B;,, + B;

' 2
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rae B, B; . | — 6momacca 3amaca Ha Hadaio [ u (i + 1) rona; [71 — cpenHsis
BEJIMUMHA yJIOBa Ha ycuiue B i-M ropay. [lojacraBisisi B mepBoe ypaBHEHHUE BMECTO
G(B) Boipaxenus G(B) = rB(1 — B/K) wmu G(B) = rB(1 — InB/InK) MOXHO MOJIy4YUTh
JTMHAMUYECKHUE BepCUr cOoTBeTCTBYIOMMX Mozenei [lledepa u doxkca.

Hpyryro Bepcuto noaxoxaa IIxrore npennoxunu badasn nu Kusznep [Babayan,
Kizner, 1988], ucronbp3oBaB B Ka4€CTBE BTOPOTO YPABHEHHUS CUCTEMBI COOTHOILICHHE
B 1 = U+ + U)l2qg, uto npugano Mojelin HEKOTOPbICE HOBBIC CBOWMCTBA, B
YaCTHOCTH, MO3BOJIMJIO CYIIECTBEHHO YNPOCTUTH MPOILEAYPY OLIEHKH IMapaMeTpoB.
JlaHHBIN OAXO peann3oBaH B mporpamme Combi.

MeTtomos10rn4ecKue OCHOBBI. B mnpuknannoii mporpamme Combi 4.0
peanu3oBaHa Mpoleaypa OOOCHOBaHMA M pacuera OOIIero JOIMyCTUMOTO YJoBa
(O1Y) BOogHBIX OMOJIOTHUECKUX PECYPCOB HA OCHOBE MCIOJIB30BaHUS JUHAMUYECKUX
NPOAYKIIMOHHBIX Mojenel. [Iporpamma pexkoMeHayeTcs K NPUMEHEHHI0 B TeX
CUTyalMsiX, Korja HHpopMalMoHHOe obecrieueHue oOocHoBaHus mporHo3a OJ1Y
cootBeTcTBYET Il ypoBHIO (IIpnnoxkenue 1 k npukazy denepaibHOro areHTCTBA MO
pBrI00IOBCTBY OT 6 peBpasia 2015 r. Ne 104):

«I  ypomenb: [octymHas wuHopmaius oOecleurnBaeT IMPOBEACHHUE
OTPAaHMYECHHOIO AHAJMTHUYECKOTO OLEHMBaHUA cocTostHusA 3amaca u OLY ¢
UCIIOJIB30BAaHUEM  MPOAYKIHMOHHBIX  MOJIENEd  3KCIUIyaTUpPYyeMOro  3araca.
MunumanbHble TpeOOBaHUS K COCTaBy HH(pOpMallMM Ha JAaHHOM YpPOBHE:
HUCTOPUYECKUE PSAJbI YJIOBOB U YJOBOB Ha E€IUHHUIY MPOMBICIOBOIO YCUIUS (WM
MPOMBICIIOBBIX YCHIIHN )».

HasBanue nporpamMmbl 00513aHO CBOMM ITPOUCXOKIAECHHEM KOMOUHUPOBAHHOMY
nonxony K  oOocHoBanuto OJ1Y, coueratomemy B ce0e  TIPHUHIIUIIBI
MPEAOCTOPOKHOCTH B YIIPABJICHUU PHIOOJIOBCTBOM, SJIEMEHTHI MHOTOKPUTEPHUATBHOM
ontuMuzanuu crparerui ynpasieHus (MSE — management strategy evaluation), a
TaKk€ OCHOBHBIE MOJIOkeHUs KoHuenuuu MSY (maximum sustainable yield) B ee
coBpemMeHHoM unrepnperauu (puc. I1.1.1.1).

AJTOPUTMOM TIPOTPpaMMBbI  MPEAYCMOTPEHBI BCE HEOOXOAMMBIC ITaIllbl

o0ocHoBanus BenuuuHbl OIY, mpemycmorpeHHble mnpukazom Ne 104, Bxmrouas
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OLICHKY Ka4eCTBa MCXOJHBIX JaHHBIX, ONPEIECICHUE BHUJA MOJEIH, HCIIOIb3YyEeMOU
JUISl aHAJIM3a COCTOSHUS U JUHAMHUKHM MCCIIENYEMOW CUCTEMBI «3alac—IIPOMBICEI,
OLICHKY OPUEHTHPOB yIpPaBJIECHUS, 000CHOBAHME NPAaBUJIa PETYIUPOBAHMS ITPOMBICIIA
(ITPII), ouenky 3¢ (HEeKTUBHOCTH MPUHATON CXEMBI YIPABICHUS M MPOTHO3UPOBAHNE
Ouomaccsl 3amaca 1 yJioBa ¢ 3aJaHHOW 3a0jaroBpeMeHHOCThIO. IIponenypa, TeM He
MEHEEe, HE SIBJISETCSA IOJIHOCTBIO ABTOMAaTHM3MPOBAHHONM M HAa KaXKIOM M3 JTAIloOB
TpeOyeT OT TMOJb30BaTeNsi NPUHATHA OCO3HAHHOTO, B3BEIIEHHOTO PEIICHUs

OTHOCHUTCIILHO BI)I60pa CHAWIJIYYIICTO» BapHAHTA paCdCTOB.

IIpenocTopo:kHbII
NOAXO0/

OueHka crpareruu KomOunupoBanHbIi
yHpaBJieHUs > HO}IXOH
(MSE) (Combi)

Konnenuusa MSY

Puc. II.1.1.1. KonnenrtyanbHble COCTaBISAIONINE KOMOMHUPOBAHHOTO MOAX0/1a
Kk obocHoBanuo O1Y

B texymei Bepcun nporpammbel Combi npeaycMOTPEHO MCHOJIb30BaHUE TPEX
MPOAYKIIMOHHBIX MOJICTICH:
1) momenu Illedepa [Schaefer, 1954], ocHOBaHHOI Ha JOTMCTHUYECKOM 3aKOHE

MOMYJISIIIMOHHOTO POCTA:
dB/dt =rB (1 — B/K) — qEB,;

2) momenu @Doxca [Fox, 1970], B koropoil Jjoructudyeckas QyHKIIUSI

MOMYJISIIUOHHOTO pocTa 3aMeHeHa Ha ¢yuknuio ['ommepria [Gompertz, 1825], uro

184



IIpUBOAUT K HEJIMHEHHOM 3aBUCUMOCTH MMPOU3BOAUTCIBHOCTH IIPOMBICJIA OT

BEJINYMHBI IIPOMBICIIOBOTO YCHIIUS:
dB/dt = rB (-In (B/K)) — qEB ;

3) o006o006mennoii Monenu Ilemna-Tommuucona [Pella, Tomlinson, 1969], B
KOTOPOM IS OINUCAHUS TOMYJSIIIMOHHOTO POCTa MPHUHATO ypaBHEHHE Puuapjca
[Richards, 1959], 4to mnpumaeT MojenW JOMOJHUTEIBHYIO CTEIEeHb CBOOOIBI M

MO3BOJISIET TEHEPUPOBATH IIEJI0E CEMEHCTBO KPUBBIX YCTOWYUBOTO yJIOBA:
dB/dt = rB (1 — (B/K)") — gEB,

rae B — Tekyulee 3HaueHHe OMOMAacChl 3amaca; ¥ — MTHOBEHHbBINH KO3 (PUIUEHT
NOMYJISIMMOHHOrO pocTa; K — ypaBHOBelIeHHass OuomMacca JAEBCTBEHHOIO 3araca
(eMKOCTb cpefibl); ¢ — KO3(QPUIMEHT yJIaBIMBaeMOCTH; £ — BeJIMUNHA IPOMBICIOBOTO
YCUIIHSL.

CranuoHapHble (paBHOBECHBIE) BEPCHUU JIaHHBIX MOJENEW HCHOIb3YIOTCS
IIPOTPaMMOW Il OLIEHKU OPUEHTUPOB YIIPABJIICHUSA IPOMBICIIOM, IWHAMUYECKUE
BEPCUU — ISl PETPOCHEKTUBHOIO BOCCTAHOBJICHUS M3MEHEHUU OMOMAacchl 3amaca, a
TaKKe JJIs1 IPOTHO3UPOBAaHUSI Oy IyIIUX COCTOSIHUM CUCTEMBI «3aIac—IIPOMBICEID.

Kaxk Ob110 yHOMSIHYTO BbIIlIE€, HEOOXOAUMBIE AJI1 PaOdOTHI MPOTPaMMBbI JTaHHbIE
BKJIFOYAIOT B c€0sl BpEMEHHBIE Psbl MPOMBICIOBBIX YCHJIMM U yJIOBOB Ha €IUHUILY
ycunus. OueBHJIHO, UYTO KAueCTBOM HCXOJHOW MH(pOpMAIMM BO MHOI'OM
ONpENETACTC aJeKBATHOCTh pe3ysbTupyrommx oueHok OlY. B stoil cBA3u npu
IIOATOTOBKE [AHHBIX I aHAJIU3a PEKOMEHIYETCS IPOBOAUTH IIPEABAPUTEIBHYIO
CTaHJIApPTU3alMI0 yJIOBOB HAa E€IMHUIYy MPOMBICIOBOIO YCHJIASA C ULEJBIO
«OT(hUIBTPOBBIBAHUS (PAKTOPOB, HE CBA3AHHBIX C BeNMUYMHOW 3amaca. IIpouemypa
CTaHJapTU3alUM OOBIYHO pEAM3yeTCsl C TOMOIIbI0 METOJOB, MPEACTABIISIOIINX
co00l COBpEMEHHOE pa3BUTHE MHOTO(PAKTOPHOTO JIMHEHHOTO aHalIn3a, B YaCTHOCTHU

C TIOMOIIBI0 00001IeHHBIX THHEHHBIX Monenel (GLM — generalized linear models).
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I1.1.2. PykoBoACTBO N0JI1b30BAaTEIS
WNuTtepdelic mporpaMMbl OpraHW30BaH B BHUJAC psila BKIAJOK, KaXmas U3
KOTOPBIX CTAHOBHUTCS JOCTYITHOM IOCJ€ BBIMOJHEHUS HEOOXOIUMBIX JEUCTBUI Ha
npeasiaynied Bkiagke. Baxkwo: B Tekymedr Bepcuu I[IK Combi peannzoBano
B3aUMO/JICMCTBHE C MPOTPAMMHOM Cpeor R, cpencTtBaMu KOTOPOM OCYIIECTBIISECTCS
BBITIOJIHEHUE HEKOTOPBIX OIIIUNA MPOrpaMMbl; TIOJHBIN HAOOP OMUKMA, TAKUM 00pa3oM,
JIOCTYIICH TOJBKO TMPH HAIMYUM HA KOMIIBIOTEPE MOJIb30BATENS YCTAHOBJIEHHOIO

naketa R (pacmpoctpansierca OecriiaTHO yepe3 calT www.cran.r-project.org).

brok-cxema, WIUIIOCTpUpYIOIIasl MOCIEN0BATENLHOCTh ONEPALM pacueTHON

npouenypsl Combi, npeacrasnena Ha puc. 11.1.2.1.
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3arpy3ka IaHHBIX

IIpenBapuTenbHBINA aHAIN3 JAaHHBIX

A 4

OueHkKa mapaMeTpoB MOJIETIEH

A 4

JlmarHocTHKa OIEHKH MapaMeTpOB MOJIEIeH
(reopMmanbHbIii aHaTU3 K03()PUIIMEHTOB MOAETH, aHATIU3
MIOBEPXHOCTHU OLIMOOK)

L
OO6ocHoBaHHE BBIOODA ONEPAITMOHHON MOIETH

\4

Orenka OPUEHTHPOB VIIDABICHUS

\ 4

dopmuposanue Hadbopa [TPIT

A 4

I[I/I&FHOCTI/IKa Ka4ueCTBa YIPaBJICHUA: OIICHKA pUCKa U

Ipyrux Ko3pGuuueHToB 3P (HEKTUBHOCTH 1151 OTOOPaHHBIX
ITPIT

\ 4

dopmupoBanme TaOIUIBI PELICHUH

\4

O0ocHOBauwue BeIOOPA oneparrmonsoro [TPIT

A

y

IIporuo

3FSBi+](

A

A

Ouenka OOV 4 x

Puc. I1.1.2.1. brnok-cxema nporeaypst Combi

Brkaaagka «/lanabie»

[IpennazHaueHa st 3arpy3Kd, PEJaKTUPOBAHUS W BU3yalW3alMM JTAHHBIX,

HCIIOJIB3YIOIMNXCA B ITOCICAYIOIIEM aHAJIN3C.
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3aepy3ka OanHbIX OCYIIECTBISIETCS W3 BHEIIHEro ¢aila ¢ MOMOIIbIO
nocnenoBarenbHoCTH KoMmana: Menrw: ®dain — OTKpbITh. B OTKpbIBaromemcs
JMAJIOTOBOM OKHE CIleAyeT BbIOpaTh 3arpykaeMblil (aitn. Paiin JaHHBIX JOJDKEH
ObITh OopMIIEH B TEKCTOBOM (opMare (pacuipeHue .txt — PEeKOMEHAYyeMOe
npuioxkenue bioknor (Notepad)) u coaepkaTh HEOOXOIUMYIO JUIS aHalIM3a
UH(POPMAIMIO B BUJIE BPEMEHHBIX PSA0B YJIOBOB Ha €IUHUILY TPOMBICIIOBOTO YCHIIHA,
BEJIMYMHBI TPOMBICJIOBOTO YCHJIMS U BEIUYHHBI OOIIETO BBUIOBA, OTHECEHHBIX K
COOTBETCTBYIOILIEMY o]y HaOiojeHuil. BaskHO: 4uCio CTpPOK, pe3epBHUPOBAHHBIX
non paszzaensl CIIPABKA u PASBMEPHOCTD, nomkHo octaBatbest (PUKCUPOBAHHBIM
(cm. oOpazenr odopmienust Qaiina HUXKE); psa  HAOMIOACHUN JOKEH ObITh
HENpPEpBhIBHBIM; B KOHIE (ailla He [O0JKHO OBITh NHycThIX CTpok. OOpasern

odopmiieHus (aitna naHHBIX peAcTaBieH Ha puc. 11.1.2.2.

- T B

j Cunretiy flann ledep — BrokroTr | 5

Dain [lNpaeka @opmar Bung Cnpaeka

————————————— CNPABKA-—————————————————— -

B

3ANAC

CE3IOH

PAROH

AAHHEIE

WCTOYMHWEK

——————————————— PASMEPHOCTb———————————————

0

ron ¥INoB HA YCHIKWME YCHUNKWE ¥INoB

1994 48 100 4E00

1995 75 106 7970

1996 68 272 18401

1997 63 140 9084

1998 B85 154 13058

1999 70 234 16547

2000 80 163 13054

2001 ¥ 132 10104

2002 95 174 16476

2003 71 185 13176

2004 100 116 11560

2005 Bl 194 153650

2006 96 114 10929

2007 91 268 24515

2008 65 111 7163

2009 115 158 18156

2010 2= 283 15093

2011 114 173 19716

2012 39 254 98O0

2013 130 165 21376 =
[

Puc. 11.1.2.2. O6pazen opopmienus ¢aitsia ¢ UCXOAHBIMU JaHHBIMU
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Busyanuzayus WMCXONHBIX BPEMEHHBIX PSIOB OCYILECTBISIETCS HaXXaTHEM
OJIHOM W3 KHOIOK, PacHOJIOKEHHBIX B HIKHEH 4acTH OKHa mporpammsl. [lo BeIOOpY
MOJIb30BATENsl HAa COOTBETCTBYIOLIMX JHMarpaMmax oOToOpa)kaeTcsi BpeMEHHas
JMHAMHKA yJIOBOB Ha €IMHUILY TTpombiciioBoro ycuius (knonka U = f(t)), BenuuuHbl
npombiciioBoro ycunus (kHomka E = f(t)) u ckarrep ToYeK, WLIIOCTPUPYIOIIHI
3aBUCUMOCTh MEXIY YJIOBOM Ha ycuiue u cooctBeHHo ycunneM (kHomka U = f(E))
(puc. 11.1.2.3).

3nech clieyeT MOIYEPKHYTh HEOOXOAMMOCTh BHUMATEIHLHOTO OTHOILIEHHUS K
CTPYKTYpE BXOAHBIX JAHHBIX JJI MOJEIMPOBAaHUS. BO MHOTHX CIydasX MpOOIeMbI
HEa/IeKBAaTHOCTH PE3yIbTUPYIOIMIUX OIEHOK OPHEHTHUPOB YMPABICHHS OKa3bIBAIOTCS
CBS3aHHBIMU HE C JepeKTaMu MOJeNied KaK TakOBbIX, a C JedeKTaMHu JTaHHBIX
[Hilborn, 1979]. IlogoOHoro pona mpoOjemMbl MOTYT BO3HUKATh, HANpUMEp, MPH
OTCYTCTBUHM JIOCTATOUYHON «KOHTPACTHOCTH» BPEMEHHBIX PSAJIOB, T.€. IPU OTCYTCTBUU
BBIPOKEHHBIX M3MEHEHUI BEJIIMYMHBI MPOMBICIOBOTO yCWIMsA Ha (hOHE M3MEHEHUU
onomMaccel 3anaca. [lpeanoyTuTenbHO, YTOOBI pANbl HAOMIOAEHUN OXBaThIBAIN
NEePHO/JIbI, KOTJIa Omomacca 3armaca HaXOAUTCS KaK HUXKE YPOBHSA Bysy, TaK U BBIIIE
HETo, a TaKKe COJEep)Kalh CErMEHThl IAHHBIX, JEMOHCTPUPYIOIIUX BO3pacTaHHE
uHgaekcoB obmmus [ICES, 2012]. Omna wu3 mnpoOJeMHBIX, HO, K COXKaJICHHUIO,
JIOCTATOYHO TUIHMYHBIX CUTyallud, MPUBOMAAIIUX K CHUIBHO CMEIICHHBIM OIEHKAM
nmapaMeTpoB MOJETH, BO3HHUKAET MpH PabOTe C JaHHBIMH, AEMOHCTPUPYIOIIUMU
MOCTOSIHHOE YBEJIMYEHHWE TPOMBICIIOBOTO YCHIIUS TIPU CTOJb K€ MOCTOSHHOM
CHIDKEHHHM YJIOBa Ha ycwine (one-way-trip). B nro6om ciydae, 11l aHaliu3a CTereHu
CMEIIICHHOCTH OLIEHOK CYHMTAEeTCs IMOJE3HBbIM (M Jake 00s3aTeNIbHBIM) IMPOBECTH
TECTUPOBAHUE MOJIEIM HAa UMHUTAIMOHHBIX HAaOOpaxX JaHHBIX, CTEHEPUPOBAHHBIX HA
OCHOBE 3HAYCHHUU MapaMeTPOB, OMPEACICHHBIX TPH BHITIOJHEHUN ONTHMHU3AIMOHHON

npoueaypsl [Hilborn, Walters, 1992].
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1= Combi 4.0

foa | UsC/E  E(Yewme) C(dnce)

W03 | 9023 3519461376 317561

2004 V437 263497376 135963 Cesepo-Oxororopckud

2005 | 6564 3.254509445 213626

W06 543 28NS 1783
007 | B054 2215979537 176475
W8 7L 279676052 200009
W8 | 72 ITIMWE 296429
0 | 3% 40sEziIEReZ 382331 |
01 963 3439607558 331903

2012 | 11928 2567387659 306238

ams . 131.54 2288231717 300,99

Puc. 11.1.2.3. Buewmnuii Bua Bkiaaku «/lannbiex»

[IporpamMmMoil mpeaycMoTpeHa BO3MOXXHOCTb pedakmuposanusi BXOJHBIX
TaHHBIX, TPUBOMSIIIETO K aBTOMAaTHUYECKOMY TIEPENUCHIBAHMIO  MAaCCHBOB,
NepeaBacMbIX B TMOCIEAYIOMNE AaHAIUTAYECKHEe MOIyiu. V3MeHeHHble aaHHbBIC
MOTYT OBITH 3alHCaHbl B (Dalijl ¢ TMOMOINBIO MOCIEA0BATEILHOCTH KOMaH: MeHI0:
Coxpanuthb (JaHHBIC 3aMHUCHIBAIOTCS B (aill ¢ mMpexHUM WMeHeM) Tuoo MeHIo:
Coxpanuth Kak (JaHHBIC 3aMMCHIBAIOTCS B HOBBIM (haiil ¢ MMEHEM, 3aaBaeMbIM

MI0JIb30BATEIIEM).

Bkiaaaka «OueHka nmapamMeTpoB MoJeJIn»

[Ipennasnauena s BbIOOpa M MapaMeTpU3allMUd  MOJAEIH, HAWITyYIIUM
o0pa3oMm omuchIBaIoNIeil HaOMOIeHHBIC NaHHbIe. [IpeBapuTeIbHBIM KPUTEPUEM IS
BbIOOpa MOJENM MOTYT CIYKUThb 3Hau€HUs KO3()(PUIMEHTOB KOPPEISALHUU MEXKIY
BeianunHamMu U u E, oroOpa)kaeMble Npu pacKpbITUHM BKJIAJKH B €€ BEPXHEM JIEBOM

yray (puc. 11.1.2.4). BakHo: HeOTpUIATENHbHOCTh KO3(PPHUIMEHTOB KOPPEISAIUH
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YKa3bIBA€T HA HAPYHICHUC HCXOAHBLIX HNPCAIIOCBIJIOK HNPOAYKIMOHHBIX MOI[CH@ﬁ u,
COOTBCTCTBCHHO, Ha HCBO3MOXKHOCTDb HMX HCIIOJIB30BaHUA AJIA aHAJIM3a MMCHOIICTOCA

Habopa JaHHBIX.

STans mma:a Me104

<<

<<

FacdT axonien

565
V|

023 10342

00z 157730

020 11904

Iv|

032 595 0008719
036 001 0.005055
036 310 0008962

Puc. 11.1.2.4. BHemnuii Buja BKIaaku «OleHKA NapaMeTPoOB MoOJeIn»

<A

[Ipy HamMuMM OTPULIATEIBLHOW CBSI3M MEXIAY BEIMYMHOW IPOMBICIOBOIO
YCWJIMS ¥ YJIOBOM Ha €IMHUILY YCUJIUSI BBIOOp HamOoJiee aJieKBaTHOM MO MOXKET
OBITH OCYIIIECTBJICH JIByMs CITIOCOOaMU:

1) no nmosntHOMY HabOpPY AAHHBIX;

2) o yceueHHOMY HaOOpy JaHHBIX.

B o06oux cny4asx TeopeTHUecKHe 3HadeHHs yiaoBoB Ha ycuwime (U)

BOCCTAHABJIMBAIOTCS C IMTOMOIIBbI0 JUHAMUYECCKOM MOJICIIM BUIA:

U =U 47 Uy +U.,)-G (Lh—iz—’:ﬁ.—z) —2qC;_4,

rae r — TapaMeTp MOMyJSIHOHHOTO pocTa; ¢ — KO3 UIIHECHT

ynaBiuBaeMocTd; U — HaOmIo/leHHblE 3HaYeHUs YJIOBa Ha €IUHMILY IIPOMBICIOBOTO
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ycunust; C — oOuuid BeUIOB; G(*) — IPOAYKIIMOHHAs (PYHKIIMS 3amaca, ONMChIBaroas
TOJIOBOM MPUPOCT OMOMACCHI B 3aBUCAIIAS OT (POPMYITUPOBKH MOIEITH.

[TpoaykironHast GyHKIIMS UMEET BU:

G(*)=1-B/K st mogenu [lledepa,
G(*) = In(B/K) 1t Mmonenu Pokca,
G(*) =1 - (B/K)* st mojenu Ilenna-TomamHCOHA,

rne: B — Omomacca 3amaca; K — eMKOCTh cpenbl (IeBCTBeHHas Onomacca
3amaca).

OmnpeneneHre YUCICHHBIX 3HAYCHUIN mMapaMeTpoB 7, K, ¢ M a IPOU3BOAUTCS B
X0JIe uccienoBanus 1eneBod (GyHkuuu (L), OMUCHIBAIOUIEH CTENEHb OTKJIOHECHUS
MOJICJTBHBIX 3HAYCHHWH YJIOBOB Ha €IMHHMITY YCWIIMS OT HaOMIOACHHBIX. [Iporpammoit

IPELYCMOTPEHBI TPH TaKUX (PYHKIUU:

- cyMMa KBaJ[paToOB OTKJIOHEHUH L=}¢l,

- Jorapudmuueckas cymma KBaJpaToB L= Z(lll(Ef & 1))2,

- MEIMAHHOE OTKJIOHEHUE L=M,_sl

Il & — OCTaTKH, paccuMThbiBaeMble Kak &, = U, —U,. Ilpu pacuere

OTKJIOHEHUM TMOJIb30BATENI0 TMPEJOCTABISETCS BO3MOXKHOCTb 33JaTh IIHUPHUHY
MEJAMAHHOTO OKHa C MOMOUIbIO MOJ3YHKA, pa3MELIEHHOTO B JIEBOW BEpXHEW YacTu
Bkiaaku (puc. 11.1.2.4). B Bepcun Combi 4.0 BO3MOXKHOCTH CHUMMETPUYHOTO
OTCEUYEHMS] YacTH DJIEMEHTOB YIHOPSAIOYEHHOIO IO BO3PACTAaHUIO Psjila OCTATKOB
MOJIeNId, paHee MPeIyCMOTPEHHAsl TOJBKO JUIsl pacuera aOCOJIIOTHOTO MEAMAHHOIO
OTKJIOHEHHMSI, PacIIpOCTPaHEHa Ha BCE OCTANLHBIC IIeNIeBble (YHKIIMU. DTO MO3BOJISIET
clenaTh OLEHKYy Oojee poOacTHOW, MHUHUMHU3HMPOBAB BIMSHUE OTIEIbHBIX
aHOMaJIbHBIX 3HAYEHUH OCTATKOB Ha PE3yJIbTAT OLICHMBaHUA. TakuMm oOpa3oM, Bce
(GYHKIIMM TPUMEHSAIOTCS JJis aHajiu3a HAaOOpPOB JaHHBIX OJMHAKOBOM JUIMHBI U
OJIMHAKOBOTO COCTaBa, YTO JieJaeT WX CcpaBHeHUE Oonee 00beKTUBHBIM. [lo
YMOJYaHUIO OTCEUEHHE DIEMEHTOB MacCMBa HE MPOW3BOAMUTCA (TIOJI3YHOK
yCcTaHoOBJIeH B no3unuto 0%), T.e. JJI1 OUEHKH MapaMeTPOB MOJEIU HCIOJIb3YETCS

MOJTHBINA PSAJT JAHHBIX.
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B 71eBoil 4acTM BKJIAJKM paCIOJIOKEHA IaHENb, TAE IOJb30BATENb MOXKET
ONpEEINTh HAYaJIbHbIE W TPAHWYHBIE YCJIOBHS JJIA IOMCKA MUHUMyMa LEIEBOU
¢yskmun. [lo yMonuaHMIO HayajgbHOE 3HAYEHUE MapaMeTpa r YCTaHaBJIMBAETCA
paBHbIM 0,5 U3 00111€0MOTOTUUECKUX COOOPAKEHUI C rpaHUIlaMH JUalia3oHa MoucKa
or 0 mo 1. HavaneHoe 3HaueHue mnapamerpa K, Tak K€ KaK M HIKHSAA TI'DAHHLA
JUarna3oHa, COOTBETCTBYET MaKCUMalbHOMY HaOmofgeHHoMy BblIoBY (C) 3a
UCCJIENyEMBII Nepuo; 3HaUueHrue BepxHer rpanulbl B 100 pa3 npeBbIIIacT 3HAUCHHUE
HWKHEeH. HavanbHOe 3HadyeHHMe mapaMerpa ¢, Tak K€ KaKk M HIKHSSA TI'PaHMIA
nuara3ona, npuauMaercs paBHbIM 0,0001; BepxHsAs rpaHMIia YCTaHOBJIEHA PaBHOU
1,0 Bce »5Tm 3HaYeHUss MOTYT U3MEHATBCA IIOJIB30BATEIIEM B  PEKHUME
penaKTUPOBaHUS.

B npaBoM HWXHEM YTy BKJIAJKH HAXOAWUTCS MaHENb, MO3BOJIAIONIAs BBIOpATh
BUJ| TECTUPYEMOH MOJENH, a TaKXke BHUJ LeJIeBOW (PyHKUMHU, UCHOIb3yeMOW is
ONpENEICHUs]  ONTHUMAJIBHBIX  3HAYEHUH  MapaMeTpoB. 3alyCcK  IPOLELYypHI
napameTpHU3alUu OCYLIECTBISETCS HaXkKaTHEM KHONKH «OeHKa mapaMeTpoB.

[Ipocrora MmaTtemarnyeckoro (opmanuszMa, TMOJOXKEHHOIO B  OCHOBY
IPOIYKIMOHHBIX MOJENEH, K COXKaJeHUI0, HE O3HAYaeT, 4TO CTOJb € MPOCThl U
npoueaypsl oueHkn ux mnapametpoB [Hilborn, Walters, 1992]. K nacrosmemy
BpEMEHH  pa3paboTaHO  JOBOJBHO  MHOIO  CHOCOOOB  MapameTpu3aluu
OPOAYKIMOHHBIX MOJENEH, HCHOJB3YIOIINX aJrOpUTMbl METOAa HaMMEHBUINX
KBaJIpaToOB, METOJ]a MAKCUMAJIbHOTO MPaBJONOA00MS, a Takke 0alleCOBCKUIl MoaXo0.
[Rankin, Lemos, 2015]. B nmporpamme Combi peanu3zoBaHa YNpOIIEHHAs BEpCHUs
ONTUMHU3ALUOHHOTO AJITOPUTMA THUMA «ITYEIUHBIA POM», OTHOCSILETOCS K CEMEUCTBY
cToXacTHuueckux OuoHmueckux anroputmoB [Karaboga, 2005]. Ilouck MuHuMyMma
neneBol  QyHkuuu npencraBisier  coboi  auddy3uoHHbl  npouecc.  Touku
IPOCTPAHCTBA I1APaMETPOB, B KOTOPBIX OCYLIECTBISETCS HW3MEPEHHE IIEJIEBOU
(GyHKIMM, BBIOMpAIOTCS W3 JIOTHOPMAJIBHOTO paclpeiesieHusi, OrpaHUYEeHHOTO Ha

00J1aCTh MMOUCKA:

0= 0* exp(x), x ~ N(0, o),
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rae ®* = (r, K, g) — OlleHKa BEKTOpa mapaMeTpoB MOJICTIH.

[Ipu ycnoBum L(®) < L(O*) O cTaHOBUTCS HOBOW OIIGHKOW BEKTOpa
napameTpoB, U Mpolieypa NoBTopsAeTca. YUcao UCHBITAHUM OTPpaHUYEHO B CiIydae,
€CJIM JIyYllleeé 3HA4Y€HHE BEKTOpa I1apaMeTpoB HE ObUIO HAWAEHO, AMCHEPCHS
mpoliecca G IMOHWXKAeTcs, Moka He OyAeT OOCTHrHyTa TpeOyemass TOYHOCTh IO
3HaUYCHUSIM TapameTpoB. MHIMKATOPOM OKOHYaHHUA Mpollecca MOMCKa MHUHHUMYMa
CIY>)KHT JIOCTIDKEHHE 3a/laHHOM TOYHOCTHM 110 3HAYEHUIO LEJIeBOW (DYHKIIHH.
HecMoTpst Ha TO, YTO BBIIIEONMCAHHBIN aJTOPUTM HE SIBIISIETCSA CaMbIM OBICTPBIM, OH
KpailHE TMpOCT B pealu3aluy, a Takke o0JagaeT psIoM CYIIECTBEHHBIX
npeumyiiecTs. B nepByro odepenp, oH HE TpeOyeT BBIYHMCIECHUS MPOU3BOJHBIX, YTO
MO3BOJIIET IPUMEHATh €ro K HErNIaJKuM LeneBbIM (yHKIusAM. Tak ke, Kak U Bce
CTOXaCTUYECKHE AJTOPUTMBI, JaHHBIA aJITOPUTM OOECIEYMBAECT HAXOXKICHUE
r7100aJbHOTO, @ HE JIOKAJIBHOIO MUHUMYMa, U XapaKTEpPHOE BpPEMS CXOJUMOCTH K
MUHUMYMYy CJIa00 3aBUCUT OT pa3MepHOCTU. PesynbraroM paboThl anropurMa
SBIISIIOTCA HAOOPBI TAPaMETPOB, MUHUMHU3HUPYIOIINE KAKAYIO U3 LETIEBHIX (QYHKIUH,
YTO TMO3BOJISIET BHIOpATh MPOIYKIHUOHHYIO (YHKIMIO M paclpeiesieHue OIIMOOK
npoIiiecca, Hauay4diuM 00pa3oM OIMKCHIBAIONIE HAOIIOICHMUS.

1) Beibop mMomenu mo MoJHOMY HaOOpY JMaHHBIX (BapUaHT, peaiM3yeMblid 10
yMoi4aHuio). OUEHKH MapaMeTpoB Mojeiel M MUHHMAaJbHBIX HOPMHUPOBAHHBIX
3HAYEHHH 1IeNIeBbIX (PYHKINN BHIBOASTCS B OKHAX PEAAKTHUPOBAHUS, PACIIOIOKEHHBIX
Ha NaHeJM B HWKHEM IpaBOM YIUly BKJIaAKu. [lo OKOHYaHMM pacdyeToB CTAaHOBUTCS
JOCTYTIEH BhINaAaromuii cnucok Beioop moaenm (puc. 11.1.2.4), B koTopoMm cnexyer
BbIOpaTh BapUaHT MapaMeTpPU3alUM, HaWUIy4dylIUM O00pa3oM  OINHUCHIBAIOIIMN
HaOMOJeHHbIe  JaHHble. Hawnmydmmm — cuuTaercs TOT  BapuaHT, KOTOPBIN
o0OecrieunBaeT HaWMEHbIllee 3HaueHWe 1eneBod  (yHkuuu. BaxHo: He
pPEKOMEHJIyeTCsl BbIOMpaTh BapUaHThl MapaMeTpHU3ald, MPU KOTOPBIX OLEHKU
napaMeTpoB BBIXOJAAT Ha IPAaHUIIbI 3aJaHHBIX AMANAa30HOB 3HaUeHUU. B aTOM ciryuae
PEKOMEH/TyeTCs paClIuPUTh IUANa30H MOUCKA.

2) BeiOop Mozenu mno yceueHHOMY HaOopy AaHHbIX. Omuus AOCTYIHA B TOM

cily4ae, eclid epuo/i HabmoAeHui npessiaet 15 net. B nanHoM ciyyae Bech Habop
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JaHHBIX JIEJUTCS Ha JBE TNOJABBIOOPKH, OJHA W3 KOTOPBIX HCIOJIb3YeTCS MAJis
napameTpHu3aluu MOJIENH, a Apyras — I TECTUPOBAHUS Ka4eCTBA allPOKCUMAIUU.
[TapameTrpsl Mozened, onpeneaeHHbIe Il IEPBOM MOJBBIOOPKU, UCIIOIB3YIOTCS IS
IPOTHO3UPOBAHMS WHAMUKA HWHICKCOB OHWOMAacchl 3amaca Ha  3aJaHHYIO
NEPCHEKTUBY, TIIyOMHA KOTOPOM COOTBETCTBYET OO0BEMY BTOPOW MOJBBHIOOPKH.
Oco0eHHOCTH YIIpaBJIEHUsI IPOMBICIIOM IIPU 3TOM HE YUMTBHIBAIOTCS, T.€. MPOILEaypa
IPOTHO3UPOBAHMSI ~ MHJAEKCOB  OMEPUPYET  M3BECTHBIMU  (PUKCHPOBAHHBIMU
3HaYEHUSAMU yJI0BOB. OOBEM TECTUPOBOYHOM MOJIBHIOOPKU yCTaHABIMBAETCS OMIMEN
«KoanuecTBO 0TCEKaeMBbIX JIET» U COCTaBISIET HE MeHee 2 JieT u He Oonee 1/3 ot
npoAoDKUTENbHOCTH mepuona HaOmoaenuid (puc. I1.1.2.5). TectupoBounas
IOJIBBIOOPKA MCIIONB3YETCS JJIsi COIMOCTABJIECHUS NMPOTHO3HBIX 3HAUYEHUN YJIOBa Ha
ycunue ¢ HabmoaeHHpIMU. K BEIOOPY peKOMEHIyeTCs TOT BapUaHT mapaMeTpH3allii,
KOTOpBIA O0ecreuyrnBaeT MHHMMAJIbHOE 3HAYEHHE CYMMAapHOTO CTaHAAapTHOTO

otkionenus (StdDev) (puc. 11.1.2.5).

darin Srane nprkasa N2104

Marrere  Dustika napamerpoe magem

- o gmeE

- ledep CK StdDev=6.3
- Uedep Nor Stdbev=3
- edep M StoDev=4 2
@ hoke CK StdDev=163
& oke NMor StclDevsd4 2
O dokc M StaDev=137
&7 CK StdDev=52
=T Nor Stellev=4 6

-8 T M StdDev=51

0010871

0005586

Facyer okoHyed 0007890

0.010508

0008229

<< <<l <A

0008057

Puc. I1.1.2.5. Buenmauii Bun Bkinaaku «OueHKa mapamMeTpoB Mo W
MIpU BKJIIOUEHHOU oniuu «Bb16op Moaenm»

195



B psne curyanmii paccuyuTaHHBIE 3HAYEHUS] MUHHUMYMOB IICJICBBIX (DYyHKITHI
MOTYT pa3IMuaThCs HE HACTOJBKO CYIIECTBEHHO, YTOOBI MOXHO OBLIO OTAATh SIBHOE
NpeANoUYTeHHE KaKoOMy-JIMOO OJHOMY HW3 BapHaHTOB pacdeTa. B  kaudectBe
JOTIOJIHUTENILHOTO CPEACTBA JMArHOCTUKKM B MPOrpaMMy BKJIIOUEHA Mpoleaypa
aHajau3a MOBEPXHOCTH OIIMOOK B OKPECTHOCTSIX TJIOOAIBLHOTO MHUHUMYyMa IIEJICBOU
(GYHKIIUHU, OMNPEIeIeHHOTO0 ONTUMH3AlMOHHBIM aJTOPUTMOM. MacCHBBI 3HAYC€HUM
neneBol  pyHkuu renepupyrorcs mporpammoir  Combi, oOpabaThiBaroTCs C
MOMOINIBI0 CHEUAIbHOrO cKkpunta R u Bo3Bpamatorcss B IporpaMMmy B BHUIE
JIBYMEPHBIX KOHTYPHBIX M300pa)K€HUH, WIUTIOCTPUPYIONIUX TMOBEJICHUE BHIOPAHHOM
1eneBoi PyHKIMMU B KoopauHatax r—K (rae r — mapaMmeTp NOomyJasilMOHHOTO pocTta, K
— €MKOCTb cpefibl) 0o B koopauHatax MSY—Fygy, UMeromux 0ojiee KOHKPETHBIN
CMBICJI B TepMHUHax yrpasieHus mnpomsicioMm (puc. I1.1.2.6). Ilepexon u3 omHoii
CHUCTEMBI KOOPAMHAT B APYTYIO OCYIIECTBIISIETCA C YYETOM CBSI3aHHOCTU NapaMETpPOB

COOTHOIICHUAMM.

r= FMSY (’Y+1)/’Y J5!
K = (MSY/Fysy) (y+1)"

rae y — ko3¢ dumueHt GopMbl 00001IeHHON MPOAYKIIMOHHOK Mojenu Ilemna-

TomiauHCcOHA.
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wann
Darvsie  Dluewa napamerpas monems | Ouersa opuertipos unpasneriia

133 010482 4 555
o215 0 007092 7548
761 0008256 493

; |
: 2 B220 0010871 4939
AHamE e e (yHxipm ! ; 157730 0005386 2 661
[T — 2 11393 0007890 G14

]

0. G085 010506 4 587
i 4580 0009229 2399
7 5001 ).00958% 428

Puc. 11.1.2.6. Bkinanka «OneHka napaMeTpoB MOAeJIN» MPU BKIFOYSHHON OMIUN
«AHaJam3 nejaeBoi GyHKINI)

OTtoOpakaeMble TMOBEPXHOCTH OHIMOOK JAlOT BO3MOXKHOCTh IOCPEACTBOM
BU3YaJIbHOTO  COIOCTABJICHHUSI OLEHUTHb CTENEHb BBIPAKEHHOCTH HAWJIEHHBIX
MUHHAMYMOB II€JIEBBIX (PYHKIIMH, OT KOTOPOW, B CBOIO OYE€PEllb, 3aBUCHUT CTEICHb
JIOBEpUSL K PACUETHBIM OLICHKaM IapaMeTpoB Mojeineil. BakHo: omuus «AHAIH3
nejieBoi (QyHKUMW» JOCTyIIHA MPU HAIMYUMK YCTAHOBJIEHHOrO IMakerta R Ha
KOMITBIOTEPE MOTB30BATENS.

CrenyeT OTMETUTH, YTO OLICHKH MapaMeTPOB, MOJYYEHHBIE NPHU pEATH3ALNUU
ONTUMHU3ALMOHHON NPOLIEAYPHI, SBISIIOTCS «HAWIYYIIUMW» JIUIIb B CTATUCTHYECKOM
CMBICTIE, T.e. OOecrneuyuBarOT HambOojee OJIM3KOE COOTBETCTBHE TEOPETUUYECKUX
JAHHBIX SMOUpUYECKUM. [1OCKOIBKY SMIHMpUYECKHE AaHHbIE OOBIYHO 3aLTyMJICHBI
(MHOTAA CWJIBHO), OLIEHKH TTapaMeTPOB MOTYT OKa3aThCsl CMEIICHHBIMH. B 3TOM CBsI3n
pekoMeHyeTcss oOpamiaTb BHHMaHHME Ha TO, 4YTOObl OHHU YKJIAJbIBAJIUCh B
OMOJIOTUYECKH TPaBAONOAO0HbIE Juana3oHbl. M3BeCTHO, 4YTO XapaKTEepUCTHKU
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YKU3HEHHOTO IHKJIa phl0 B3auMocBs3ansl [Beverton, Holt, 1959; Charnov, 1993]. 3to
JaeT BO3MOXHOCTh YOEIUTHCS B PEANUCTUYHOCTH OLEHOK MapaMeTpoB MOJEIH Ha
OCHOBE HX COIOCTAaBJICHUS C JPYTUMHU TOMYJISIMOHHBIMU TMOKazaTensamMu. B
HAauOONbIIEH CTEMEHH O3TO KacaeTcsl CKOPOCTH TMOMYJSIMOHHOTO pocTta (7)),
HEMOCPEJICTBEHHbIE ~ M3MEPEHUsI KOTOPOM  COMNpSKEHbl € CYIIECTBEHHBIMU
Meroauueckumu mnpodbisemamu. Huxe mnpuBenena Tabn. I1.1.2.1, cocraBnenHas
AMEpUKaHCKAM PBIOOX03sHiCTBEHHBIM 00mecTBOM (American Fisheries Society) u
paHXUpYIOIas MOMYJISIUU PbIO MO MPU3HAKY MPOAYKTUBHOCTH W, COOTBETCTBEHHO,
BOCCTAHOBUTEIBHOW CHOCOOHOCTH. B Tabmuue ko3(pQUUUEHT NOMyIsIIUOHHOTO

pOCTa COOTHECEH C HEKOTOPBIMU APYTUMH XapAKTEPUCTUKAMU )KU3HEHHOTO IIUKJIA.

Tabmuna I1.1.2.1. CooTHolieHre OMOJOTUYECKUX TOKa3zaTesied B MOMYJSIUSIX PbIO
pa3nu4HON NpoAyKTUBHOCTH [Musick, 1999]

Ouenn

TpoyKTHBHOCTH 3anaca Boicokass | Cpennsin | Huskas —

KoadduimeHT nonyasiiuoHHOro pocta
(r), Tox'
Ckopoctb nuHelHoro pocra (k,
napamerp yp-uus bepranauddu), rox '

>0,5 0,16-0,50 | 0,05-0,15 <0,05

>0,3 0,16-0,30 | 0,05-0,15 <0,05

[110J0BUTOCTD, TOA | > 10 000 100-1000 10-100 <10
Bo3pact 1mosoBoro co3peBanusi, JIeT <1 24 5-10 > 10
[1po 10 KUTENBHOCTD KU3HU, JIET 1-3 4-10 11-30 > 30

Brkiaaka «OueHka OpUEeHTHPOB yIIPABJICHUSD)

[Ipeanaznauena [uisi ONpENENEHUS UENEBbIX M TPAHUYHBIX OPHUEHTHUPOB
yIpaBJIEHUS POMBICIIOM HCXOJS U3 JIOMYIICHUS O PAaBHOBECHOM COCTOSIHUU 3araca.
B ocHOBy ompeneneHuss OpUEHTHPOB YHpPaBICHUS MOJOXkeHa KoHuenuus MSY u
NPUHLHUINBL TPEAOCTOPOXKHOrO mnoaxona. Ilpm nHaxkatum kHonku «IlocTpouTh
rpadux» (puc. I1.1.2.7) B 1meHTpe BKIAAKU OTPHUCOBBIBACTCS 3aBUCHUMOCTD
npuOABOYHOM MPOAYKIMM OT OHOMAacChl 3amaca, COOTBETCTBYIOIIAs BBIOPAHHOU
NPOAYKIIMOHHON Mojenu. OpauHata MakCUMyMa KPUBOW OIpeNeNseT 3HAYCHHE
MaKCHMAJIbHOTO ypaBHOBEIICHHOro BbUIOBa (MSY). AoOcmucca makcumyma
COOTBETCTBYET BETMUMHE OMOMACCHI 3araca, 00eCrneunBaroe MaKCUMaIbHBIM TeMIT

npoayuupoBaHusa M, KakK CICACTBHUC, MAKCHUMAJIbHYIO BCIIMYMHY ITOTCHIHAJIBHOIO
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BoutoBa  (Bygsy).  Ilpumenmtensno x  momenu  [lledepa Benmumna  Bysy
paccunThiBaeTCcs Kak Bysy = K/2, k momenu dokca — kak Bygy = Kle, k Mmomenu
Ilenna-TomnuacoHa — Kak Bygy = K/a”(“_l), rIe a — TMOoKaszarellb CTCICHU B
paccMaTpuBaeMoOi MOJICNIH. 3HAYEHUE TTPOMBICTIOBOM CMEPTHOCTH, 00€CTICUNBAOITICH
MaKCHMAJIbHYIO BEJIMYMHY YpPaBHOBEIIEHHOT'O BBLIOBA, ompesensercs kak Fygy =
MSY / Busy, COOTBETCTBYIOIIEE 3HAYEHHE IMPOMBICIOBOTO yCWIUA — Kak Eygy =
MSY / (g * Bysy), B CHILy IPUHSTOTO B UCHOJIB3YEMBIX MOJCIISIX IOMYIIECHUS O CBSI3U

MEXy dTUMU Nokaszarensimu: F=gq - E.

f* Combi 4.0
ajin 37 npHkasa N104
| Navwiote | Ouersa napamerpos mogeni  luerka operTupos ynpasners | Mpasuno p '

Puc. 11.1.2.7. Buemnnii Buja Bkaaaku «O1eHKa OpHEeHTHPOB yIpaBJIeHUsD)

[To ymomyanuto meneBoii opueHTHp Mo Ouomacce (B,) ycTaHaBIMBAaeTCS Ha
ypoBHE Bysy, TpaHuuHblii opueHtup (Bj,,) — Ha ypoBHe 0,1 Bygy. lleneBbie u
rpaHUYHBIE OPUCHTHUPHI MO MPOMBICIOBOMY ycuiuto (E;. u Ej;,) U, COOTBETCTBEHHO,
10 MPOMBICIIOBOM cMepTHOCTH (F), U F);,,) yCTaHaBIMBAIOTCSA Ha ypOBHE Eysy U Fysy.
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ITanens «HacTpoiika OpHEHTHPOB», PACIIOJIOKEHHA B HUKHEM JIEBOM YTIIy
Bimanku  (puc. II.1.2.7), npemocTtaBisieT  MOJB30BAaTEN0  BO3MOXHOCTb
KOPPEKTUPOBKU TPHUHATHIX MO YMOJIYAHHUIO OPUEHTUPOB C YYETOM OCOOEHHOCTEH
aHAJM3UPYEMON CHUCTEMBI «3amac—IpoMbicel». B dYacTHOCTH, nJi1 LIE€JIEeBOro
OopHeHTHpa Mo OMoMacce ompejeseHbl ciaeayromme onuuu: B, = Bysy; B, = By,
(paccunthiBaeTcs Kak By; = 0,55 K) u B,, = Bysy + Opt, TIe G — CTaHAapTHAs
ommuOKa OIEHKH Ouomaccel 3amaca, ¢ — Kodddumuent CTplomeHTa IS
noBeputTenbHON BeposiTHOCTH P = (0,90. AHalorM4Hble OMUUU HCHOJIB3YIOTCS IS
L[EJICBOTO OPUEHTUPA IO MPOMBICIOBOMY ycuinio E,. B cuiny O4YeBHUIIHOW CBS3H
MEXy TokazaTensiMu E u F U3MEHEHHE 1eJIEBOr0 OpUEHTUpPA MO MPOMBICIOBOMY
YCUJIMIO aBTOMATHUYECKH MPUBOAUT K IEpPEpacueTy OPUEHTUpA IO MPOMBICIOBOMN
cMeptHOCTU F,. I'paHUYHBIA OPUEHTUP MO OMOMACCE MOXKET OBITh OMPEACIICH Kak

HCKOTOpasd 3aJaHHasA JOJIA BCINYHNHBI BMsy.

Braaaka «IIpaBuiio peryjiMpoBaHus POMbICJIa)

Ora BKJIAAKa TMpeAHa3HayeHa s BbIOOpAa W HACTPOMKH IpaBUiia
perynmupoBanusi npomeicia  (IIPII), wucnonb3yemoro B JadbHEWIIEM s
IIPOTHO3UPOBaHUs cocTossiHMs 3amaca W BenmnumHbl  OJ1Y. Ilosb3oBaremnro
MPENIOCTABIISICTCS BO3MOXKHOCTh BbIOOpa Mexmay naByms karteropusimu [P,
COOTBETCTBYIOIIMMHU Pa3jMYHBIM TMOAXOJaM K pPEryJIHpOBaHUIO PbIOOIOBCTBA:
KoHcepBaTUBHOMY M ajgantuBHoMy (puc. 11.1.2.8). KoncepBatususbie [TPII sBasitorcs
HE30HAJBHBIMU U ONEPUPYIOT OJHUM OPUEHTHUPOM yHpaBieHHs F; = const BO BCEM
IUara3oHe BO3MOJXKHBIX M3MeHeHuHd Omomacchl 3amaca. AmantuBHble [IPIT
NoApa3zyMeBaroT 0oJiee CIOKHYIO0 (YHKIIMOHAIBHYIO CBSI3b MEXKy OMomMaccol 3amaca
Y YNOPaBIIEMBIM I1apaMETpaMU CHUCTEMBI «3allac—IIPOMBICEID), BBITEKAIOIIYIO, B

YaCTHOCTHU, U3 MPHUHIUIIOB IMTPCAOCTOPOIKHOCTH B YIIPABIICHUH IIPOMBICJIOM.
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harin 2Tane npHicasa Ne104
|_Dawwe | Duetea napamerpos moaem| 0

TIpaABIIIO Pery/IH] OBAHIA OPOMBICIA

Puc. I1.1.2.8. Buemnuii Buj Bkiaaaxu «IIpaBuiio peryJimpoBaHusi NpOMBbICJIa»
(Bxirouena onius «KoncepBatuBubie ITPII»)

AnanrtuBabie [1PII oOpamatorest kK AByM (PYHKIUSM, 3a/1al0IIUM 3aBUCUMOCTH
ko3 puIreHTa MPOMBICIIOBOI CMEPTHOCTH OT OMOMACCHI 3amaca: KyCOYHO-THHEHHOM

[babassH, 2000] u moructrueckoit [badasH, 2004] (puc. 11.1.2.9).

F 'y F Fy |
Ft 4 Frf——————
d 2% I
X7 | |
7,7
’/ /,/” I I
- U4
»27 770 I | |
VAR 4
© I | |
P A
" 7 | | |
L ‘, y 4 [ o 1 1 o
1 1 I » T T »
0  Biim: Biim2 B B O aBir Bir B

Puc. I1.1.2.9. Bun dynkuumii, ucnonb3yemsix npu obocnoanuu [TPI1: kycouno-
JTUHEeWHas (CieBa) u JJorucTuueckas (crpana)
[To ymomyanuio ucnonb3yercss KycouHo-muHeiHas Qynkuus (puc. 11.1.2.10),
napamMeTpbl KOTOPOM YCTaHABIMBAIOTCA B COOTBETCTBUU C OPHEHTHpPAMU
yIpaBJeHUs, ONpeAeTICHHBIMU MOJIb30BaTENeM Ha mpenpiayien Bkiaake. Kycouno-

nunetinoe [IPI1 3amaetcs ciaeayromnmm oopa3om:
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Ha oTpes3ke B < 0B, - Fr. =0,

Frall

Haotpeske 0 <B<B,mpu—1<a<0- F .. = —a-FW+@-B,
tr
F,
Ha oTpe3ke aB, <B<B,mpu0<a<1 - F,.,=—"—-(B —aB,,),
Bw[l—ﬂ!}

Ha oTpe3ke B > B, - F,.=F,,
rne F,,. u F, — pEKOMEHIyeMOE€ U IEJIECBOE 3HAYCHUE ITPOMBICIOBOU

CMEpTHOCTH; B U B, — TeKyllee U IEeJNeBOe 3HAUCHHE OMOMACChl MPOMBICIOBOTO
3anaca; a — koddpduuueHnt Qopmbel. Koadpduumnent a moxer ObITh U3MEHEH B
nuamnasoHe oT —1 70 1, 9To, B 4aCTHOCTH, MTO3BOJISIET U30ABUTHCS OT HEOOXOIUMOCTH
3a/IaHusl TPAHUYHOTO OpUEHTHUpA 1o 6uomacce By;,. B npegenbHoM ciydae, koraa o =
—1, pesynbrupytomiee I[IPII oxa3piBaeTcs HE30HAJIBHBIM, T.€. PEKOMEHJOBAaHHOE
3HAYCHHUE MMPOMBICIIOBON CMEPTHOCTH (F..) OCTAETCS MOCTOSHHBIM U HE 3aBUCSIITUM

OT COCTOsAHUA 3allaca.
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Puc. 11.1.2.10. Buemnuii Bun Biaaku «[IpaBusio peryiupoBaHusi NPpoMbICIay
(BrmroueHa ontus «JImHelHO-KycoOUHAas (PYHKIM)

AJbTEepHATUBHBIM BBIOOPOM SIBJISICTCSI HEJTMHEWHOE (JIOTUCTHYECKOE) MPaBHUIIO

perynupoBanus npombicia (puc. 11.1.2.11). ['maBHOE ero JOCTOMHCTBO 3aKIIIOYAETCS

202



B TOM, 4TO, Oy/Tly4H NBYX30HAJIbHBIM, OHO HE HYXKJIA€TCS B TPAHUYHOM OPUEHTHUPE TI0
oromMacce, HO B TO K€ BpeMsi 00€CIIeUnBACT MOBHIIICHHYIO CTETICHb 3alTUIIICHHOCTH
3amaca B OOJAcCTHM HU3KUX 3HaueHHi Ouomacchl. KoHkpeTHbI BUA (QYHKIHMH
ompenenseTcs AByMs mapamerpamu: kKodddummerToM (opmbl (0) ¥ MOJ0KCHUEM
Touku neperuda (B, rae mapametp 3 BoIpakeH B JOJIAX OT II€JIEBOTO OPUEHTHUPA 1O

ouomacce By). Jloructuueckoe I1PII 3agaercs cnemyromum oOpazoMm:

T
Ha oTpe3ke 0 < B <P - By - P;.E,,:=1;‘F3-Fh,-(i ,
B-Brr
. _F. -(1-01 - (Le==2)"
Ha OTpe3Ke B Btr< B S Btr - Frgg - Ftr (1 {:1 B} ([1_3}'35‘1") )
Ha oTtpe3ke B > By, - Free = Fy,
rne  F,,. — PEKOMEHAYEMBIM ypOBEHb IIPOMBICIOBOM  CMEPTHOCTH.

Koaddumment o mpuHrMaeT 3HaueHus o > 1 1 HE OrpaHUYeH CBEPXY, KO3 PuImeHt
B mensiercs B quanazone 0 < B < 1. 3HaueHust K03(pPUIUEHTOB MOTYT HACTPAUBATHCS
II0JIb30BATENIEM B LIETSAX BbIOOpa HauOoisiee pe3yJbTaTUBHOW CTpaTETUH YIpaBJICHUS

IPOMBICIIOM.

V= Combi 4.0 = ) AEL!.
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Puc. 11.1.2.11. Buemnuit Bua Briiaaku «lIpaBuiio peryiupoBaHusi MpoMbICIay
(BriroueHa onmus «Jlorucruueckasi GyHKIMsI»)
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JIOMIOTHUTENBHO — MOJI30BATENIO  MPEIOCTABISETCS  BO3MOXHOCTH IS
KOPPEKTUPOBKHU LEJIEBOr0 OPUEHTUPA MO MPOMBICIOBOM CMEPTHOCTH (BBINAJAOIINN
CIIMCOK B IIeHTpaabHOM yacTu Bkiaaku) (puc. 11.1.2.10, 11.1.2.11).

B nmpenpiaymeir Bepcun mnporpammbl HaOop onuumit [TPII, mommexaniux
TECTUPOBaHUIO Ha mpeaMeT H(PGEeKTUBHOCTH  yIpaBieHUs, (OPMUPOBAICS
MOJIB30BATEIEM BpPYYHYIO, 33 CUET MAHUIYJHPOBAHHUS 3HAYEHUSIMHU [apaMETPOB
dbynkmii, onpenenstomux ero Gopmy. B Bepcun 4.0 3Ta BO3MOKHOCTH COXPaHSIETCA,
OJIHAKO JIOTIOJIHEHA MpeaBapuTeabHbIM aHaiu3oM 3¢dexktuBHocTH [IPIT Bo Bcem
BO3MOYKHOM JIMANa30HE W3MEHEHUH NapaMeTpoB (peanu3yeTcss Ha)KaTUEM KHOIKU
«Onrumm3amust ITPII»). B kauectBe mnokazarenedl 3(PQPEKTUBHOCTHU YINpaBICHUS
UCITOJIB3YIOTCS CIIEIYIOIUE KPUTEPHUU:

CpPEIHUI YJIOB Ha MPOTHO3HOM OTPE3KE BPEMEHU;

cpenHsisi buoMacca MpOMBICIOBOIO 3araca Ha MPOTHO3HOM FOPU30HTE;

cpenHss BapuaOeIbHOCTh YJIOBOB Ha IPOrHO3HOM TOPU30HTE;

PHUCK CHU)KEHUS OMOMAcChl HUYKE CPETHEN Ha PETPOCIIEKTHBE.

[Ipouenypa onTuMM3anuu NpUMEHHMa K 00€UM (YHKIUSAM, UCHOJIb3yeMbIM
st 3aganust  ¢opmbel  TIPIL:  kycouHo-nuHeHOW U joructudeckoi. ['yOunHa
IIPOTHO3HOTO TOPU30HTA [0 YMOJIYAHHUIO YCTAHOBJIEHA PABHOM 5 rojaM, HO MOXET
ObITh WM3MEHEHa ToJib3oBaTeneM (B nuamasone oT 1 mo 20 njer). Bamkno: s
JNBYXIAPAMETPUYECKON JIOTUCTHYECKOW (YHKIMM K aHalu3y MPHUBJICKAIOTCS
CpencTBa Cpelbl NpOorpaMMHpoBaHus R, onmus JocTynHa IIpU  HaJIUYHUH
YCTaHOBJICHHOTO MakeTa R Ha KoMIbloTepe MOJIb30BATENS.

[Ipouienypa OTBICKMBAET TaKue HaOOPbI MAPAMETPOB UCIIOIb3YEMbIX (PYHKIUH,
Ipu  KOTOPBIX KakoW-mubo w3 KodpPuimeHTtoB 3HPEKTUBHOCTH ONTHUMAJICH,

HaIMpUMep, MaKCUMAaJIeH CPETHEMHOTOJIETHUH YJIOB:

T4t

1
(a,f)c =argmaxE %Z C;

t=Tr

WM MUHHUMaJIbHAa MCXKTOJ0Bast BapI/Ia6eJ'H>HOCTB yJioBa
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T+t
I 6
(a,f)y, =argminE| - » —|.
T C;
t=r
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Puc. 11.1.2.13. Buewnuii Bua Bkinagku «IllpaBusio peryiupoBaHusi poMbIcia
(Bxmrouena onmus «Onrumusanus [IPIDy mis noructuueckoit GyHKIwN)
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Kaxnapii W3  ompeneneHHBIX — MOJIB30BATEJIEM  BAPUAHTOB  IPABUJIA
perynupoBaHusi poMeicia 3aHocuTcs B criucok [IPII, moanexamux nanpHenmemy
TECTUPOBaHUI0 Ha H(PGEKTUBHOCTh, HaxkatueM KHONKH «/JoGaButs IIPID»,
pACHOJIO)KEHHON B HWKHEM MPABOM YUy BKJIAAKHU. VICKIIOUEHME TEX WM WHBIX
BapuanToB [IPIl u3 copmupoBaHHOro crnmcka MPOU3BOJIUTCS HAXKATHEM KHOIKHU

«Ynaaauts IPII».

Braaaka «Koagpuunenrsl 3¢pGeKTHBHOCTH

IIpu otkpeiTMH Ha BkaIaakKy mnoxaerca coucok IIPII, ompeneneHHsbix
moJsib30BatesieM, U (QopMupyeTcs Tabiuia pelieHuid, B KOTOPYIO B JajbHEHIIeM
3aHOCSITCSl OIIEHKH ToKa3aTteneld d(pPeKTUBHOCTH ympaBieHUsS. 3alyCK MPOLEAYPHI
pacdera STUX MOKa3aTeled M 3alOJHEHHUs TaOJuIbl PEUIEHUH OCYIECTBISAETCS

Ha)kaTueM KHOTKH «Ounenka ko3¢ uunentoB 3¢dexTuBHocTn» (puc. I1.1.2.14).

¥= Combi 4.0 ! =101 x]
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Puc. 11.1.2.14. Buemnuit Bun Bkinaaku «Kosgdumuentol 3¢ppekTUBHOCTHY

Onenka 9S()QPEeKTUBHOCTH yNpaBICHUS MPOU3BOAUTCS TIO PeE3yJbTaTam
MPOTHO3UPOBAHUSI AUHAMUKHU 3alraca Ha 3aJlaHHYI0 TnepcrnektuBy. [1o yMomdyaHutio
IPOTHO3HBIN TOPU3OHT YCTAaHABIMBAETCA PaBHBIM 5 TOAaM, HO MOXET ObITh U3MEHEH

noJsib3oBaresneM. [IporHo3 cTpouTcs A BCeX CXeM yIpaBlieHUs, GUTYpHPYIOIIUX B
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CIIUCKE, B COOTBETCTBUM C 3aJaHHBIMHA OpPUEHTHpaMHU ynpasiieHus u onuusmu [1PII.
HeoOxomumast nmsi aHanmm3a CTaTHCTHKA MPOTHO3HBIX OIICHOK HAOMpPAeTCsl 3a CUET
UCIIOJIb30BaHUs OyTCTpen-npoueayphbl. ITo YMOJIYaHUIO MIPUMEHSIETCS
napameTpuyeckas — OyTCTpen-mnporueaypa, omnepupyromasi  BEPOATHOCTHBIMU
pacnpeiesieHUssMU OCTaTKOB (OTKJIOHEHHUH TEOPETHYECKUX 3HAYEHUM YJIOBOB Ha
CAMHUITY TIPOMBICIIOBOIO YCHIIUS, TPEICKa3bIBAEMbIX BBHIOPAHHOW MPOAYKIIMOHHOU
MOJIENIBIO0, OT 3aPETHCTPUPOBAHHBIX 3HAYEHUH, TIOJYYCHHBIX B XOJ¢ HAOTIOIECHUN 32
COCTOSIHMEM aHAJIU3UPYEMOM CHUCTEMBI «3amac—mIpoMeicen»). [lpu pacyeTe octaTkoB
WCIOJIB3YETCSl AJITOPUTM, OIKMCAHHBIA BBINIEC. AJIBTEPHATUBHOW ONIMEH SIBIACTCS
NPUMEHECHUE HEeMapaMeTpPU4ecKOM OyTCTpen-mpoueaypbl, B paMKax KOTOpOH
OCYIIECTBIISIETCSL TIepepacIlpesieieHue OCTaTKOB 0€3 aHain3a UX CTaTUCTUYECKOTO
pacnpenenenus. OOiiee uyucio (GOpMUPYEMBIX OyTCTPEN-BBIOOPOK OIpeaeseTcs
KOJMYECTBOM  peain3anuii  OyTCTpen-mnpoleaypsl (3HaueHue, 3aJaHHOe TI0
yMoa4anuto, coctasisier 10 000).

B  kauectBe mokazareneid  a¢pdextuBHoctn  IIPII,  ompeneneHHBIX
MOJIb30BATENIEM, UCIIOJIb3YIOTCS CIIEIYIONINE XapaKTEPUCTUKHU:

BpPEMsi BOCCTAHOBJICHHS: OIpENETACTCS KAK HYHCIO JeT, MOTPEOHBIX I
BOCCTaHOBJICHHsI OMOMACCHI 3araca 70 ypoBHS B,

cpenHssi Omomacca Ha TMPOTHO3E: OMpEeAeNseTcss Kak MPOrHO3UpyeMoe
3HauUE€HHE OMOMAacChl 3amaca, OCPEAHEHHOE MO YUCIy OYTCTpPEn-BBIOOPOK U TIIyOMHE
MPOTHO3HOTO TOPU30HTA;

CpeIHUI YyJIOB Ha MPOTHO3€: ONpEAesieTcs KaK MPOTHO3HPYEMOE 3HAUYCHHE
yJIOBa, OCPEAHEHHOE MO YHCIy OYTCTpPEn-BHIOOPOK U TIyOMHE HPOTHO3HOTO
TOPU30HTA;

Omomacca MPOTHO3HAsI K PETPOCIEKTUBHOM: OMpPEaessieTCsl KaKk OTHOILCHHE
CpemHe MpOTHO3MpPYeMOW OWoMacchl 3amaca K CpenHeld Ouomacce 3a TMepuoj

HaOJII0/ICHUI, BOCCTAHOBJICHHOM C TTIOMOIIBIO BRIOPAHHON MOJIEIIH;

® Ecnu Ha NMPOTHO3HOM TOPH3OHTE 3alac He BOCCTAHABIMBACTCA 10 YPOBHS B, NpOrpaMma BBIBOJHMT B
UTOTOBYIO Ta0JIMIly BMECTO HCTUHHOM OIICHKH BPEMEHH BOCCTAHOBJICHUS 3a/IaHHYIO 3a0J1arOBPEMEHHOCTh POrHO3a. B
9TOM Cllydyae PEKOMEHIYETCsSl YBEJIWYMThb MPOTHO3HBIA nepuol. OUeHKY BPEeMEHHM BOCCTAHOBJICHUS MOXXHO CUYHTATh
KOPPEKTHOM B CIIydae, eClIi OHA HE MEHSIETCS IIPH JaJbHEHIIIEM YBETHIeHUN TOPH30HTA IIPOTHO3A.
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YJIOB MPOTHO3HBIN K PETPOCHEKTUBE: ONPENEIAETCA KAK OTHOLIEHUE CPEIHETO
IPOTHO3UPYEMOIO YIIOBA K CPETHEMY YJIOBY, ITOJIYYEHHOMY 3a IEpUOA HAOIIOICHU;

BEpOSITHOCTh B mnporHo3Hoe < Bj,: omnpeaensercs Kak Aois OyTcTpern-
BBIOOPOK, B KOTOpBIX IPOTHO3MpyeMass Ouomacca 3amaca OKa3bIBAECTCS HHXKE
IPaHUYHOTO OPHUEHTHPA, OT CYMMApHOIO 4YHKCIa BBIOOPOK, TMOJYYEHHBIX Ha
MIPOTHO3HOM T'OPU30HTE;

BepossTHOCTh C TporHo3ubii < C,,;,: OmpenenseTcs Kak g0 OyTcTper-
BBIOOPOK, B KOTOPBIX MPOTHO3UPYEMBIM BBUIOB OKAa3bIBACTCS HIKE MUHHUMAJIbHOTO
3apEruCTPUPOBAHHOTO BBUIOBA, OT CYMMapHOrO YHCJIAa BBIOOPOK, MOJYYEHHBIX HA
IPOTHO3HOM T'OPU30HTE.

Ilo OKOHYaHMM pacyeTOB CTAHOBHUTCS JOCTYIHBIM BBINAJAIOMIMM CIIMCOK
Bei0oop IIPII, pacnonoxkeHHbIN B NpaBoil BepxHeW yactu BkiIagku (puc. 11.1.2.14),
U3 KOTOpOro cleayeT BbIOpaThb OAHY U3 ONUUNA, B HauOONbLIEH CTENEeHU
COOTBETCTBYIOILYIO ~ TEKYIIMM  LEJISIM  YOpaBJIE€HUS U 00ECHEUYHBAIOUIYIO

MaKCUMAaJIbHYIO 3((PEKTUBHOCTh MPUHUMAEMON CXEMBbI PETYIUPOBAHMS IPOMBICIIA.

Braaaka «O0ocHoBaHue pacueTHOro 3Havyenus O1Y»

Conepxut nBe BcriomorarenbHble BKIaaku: «lIporno3 0momaccol U yj10B0OB»
u «Pe3yabrarbi».

Ha BcnomorarensHoli Bkiaake «IIporuo3 6uomaccesl M yJ10BOB» 110 HaXKaTUU
kHonkn «llocTpouts rpaguk» OTPHUCOBBIBAETCA [IWHAMHMKA AHAIU3UPYEMOMN
cucteMbl «3amac—mpombice» (puc. I1.1.2.15). Orobpakaemas Ha auarpamme
JTMHAMHKA TIPECTaBlIeHa JBYMs CErMEHTaMU: U3BMEHEHUSIMHU (PaKTUYECKUX YJIOBOB U
BOCIIPOMU3BOJAMMON MOJIENbI0 OMOMAacchl 3amaca B MEepuoj] HAONIOACHUM WU
MPOTHO3HBIMHU oOrmeHKaMu BbUIOBa (= OJ1Y) m Oumomaccel 3amaca Ha 3aJaHHYIO
nepcnekTuBy. ['TyOrHA MPOTHO3HOTO TOPU30HTA MO YMOJYAHUIO paBHA 5 rojam, HO
MOXET OBITh  yCTaHOBJICHA TMOJH30BAaTEJIEM B  COOTBETCTBYIOIIEM  OKHE

pEIaKTUPOBAHUSI.
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Puc. 11.1.2.15. Buewmnuii Bux Bkiaaaku «O6ocHoBaHHe pacyeTHOro 3HadeHust OJ[Y».
AKTHBU3MpOBaHA BcrioMoraresbHas Bkiiagka «[Iporuno3 6momaccel H yJ10BOB»

I[Ipu  BkmoueHHod  onuuu  «JlodaBurh  mym»  (puc. 11.1.2.15)
POTHO3UPOBAHUE OCYIIECTBIISIETCS B MPEANOIOKEHNN O CIIy4ailHOM BapbUpPOBAHUU
roJI0OBOr0 MPHUPOCTa OMOMACCHI 3araca Ha MPOTHO3HOM ropu3oHTe. B 3TOM citydae k
pacdyeTHOMY 3HA4YEHHUIO TNPOAYKIHMOHHOW (YHKIMK J00aBisgeTcs CiaydaiiHas
IIEpEMEHHAs,  paclpeAcsieHHas [0  HOpMalbHOMY  3akoHy.  [lapamerpsl
pacnpenenenus (CpeaHee 3HAUEHHE U JUCIEepPCHUs) ONPEAENsIoTCs MO pe3yjbTaTam
aHaJM3a OTKJIOHEHHUW TEOPETUYECKUX 3HAYEHUN YJIOBOB Ha €IMHUILY POMBICIOBOIO
YCUJIUS OT 3apErMCTPUPOBAHHBIX B MIEPUO/1 HAOIIOICHUH.

IIpu «3amymiieHUn» AMHAMUKH IporpamMma, IOMHMO TOUYEYHBIX MPOTHO3HBIX
sHauennit OJ1Y, renepupyer wunHTepBasibHble oneHku (puc. I1.1.2.15). I'panuibt
MHTEPBAJIOB YCTAaHABJIMBAIOTCS TaKUM 00pa3oM, 4ToObI MporHo3Hoe 3HayeHune OY
nonazgaino BHyTpb uHTEpBaia ¢ 90%-Hoil BEpPOSITHOCTHIO.

JlononHUTENbHAS OMNUMs, BKJIOYEHHass B Bepcuto mnporpammbel Combi 4.0,
IPEICTaBICHAa aHAIM30M YYBCTBUTEIBHOCTU MOJEIM (CTAHOBUTCS JOCTYIHA IOCIHE

HaxaTtusi kHonku «IlocTpouTh rpaduk»). AHanu3 4yBCTBUTEIBHOCTH MO3BOJISET
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COCTaBUTD MPEJCTABICHUE O BIUSHUU 3HAUYEHUHN Pa3IMUHBIX IMapaMeTpoB Mojenu (7,
K m ¢) Ha TmpOTHO3HBIC OIEHKH OMOMAacCHl 3amaca W yjaoBa. B oOmactu maibix
NpUPALEHUN TapaMeTPOB UYBCTBUTEIBLHOCTh MOJIENU MOXXET MUHTEPIPETUPOBATHCS
KaK YacTHas MPOMU3BOJIHAS PE3yJbTUPYIONIEH nmepemMeHHoN mo mapameTtpam [Miller,
1974; Crpamkpaba, I'nayk, 1989]. B pacueTHo# mpolienype napameTpaMm 3aJaeTcs
npupaieHue B quanazone £5-50% oT ucxoaHbIX 3HaueHui (mo ymondanuio +10%).
Pe3ynbpTatel 0TOOpaxaroTCss Ha OCHOBHOM JuarpaMme BKIJIAQJKH, HAa BpPEMEHHOM
UHTEpPBAJIE, OTHOCAIIEMCS K IPOrHO3HOMY nepuoay. OueBHIHO, YTO MapameTphl,
BapbUPOBAHUE KOTOPBIX NPUBOAUT K HAMOOIBIIEMY pa3z0opocy pe3yiIbTHPYIOIINX
OIICHOK, TPeOYIOT 0COO0T0 BHUMAHHMS MPH TapaMeTpHU3aIH MOICIH.
BcnomorarenbHast Bkiaaka «Pe3yabTaThl» mnpenHasHaueHa g 1UdpoBOro

BbIBOJAa OILICHOK omoMacchl 3amaca u YJI0BOB, IMOJYYCHHBIX B XOJ€ PACUYCTOB (pI/IC.

I1.1.2.16).
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sHayenmA 00Y

BUOMACCA SATACA 9108kl

3890.21 755
Pakin exoaHex AaHHE EACombig 7-July-2018\WOXM nonH.bt 4152.48 767
3990.32 955
MAPAMETPEI MOOENIA 348272 874
4512.03 g10
MponykuoKHas Monens Wedepa, ueneBas pyHKUMA: norapugMUdYeckas 3990.32 1035
4272.33 1320
3440.42 1129
294692 B8z
SHaueHWe Ueneeoi gyHKUMK 2548 2763.62 841
2862.32 574
OPHMEHTKFRI 9NFABNEHIMA 2566.22 582
331362 520
Hnpasneque: FMSY Nukefno-kycounoe NP -0 3976.22 509
4667.13 b2g
6091.24 732
5204.04 1265

5761.04 942

5679.74 k]
E034.84 790
578 44 9865
5731.69 i
£127.9 6317
Konuuecteo net nporHoza 10 5879.74 805
528864 635
MHTEPEANEHEA DUEHKA NPOrHO3Horo 2HadaHus O0Y: E837.44 8301
2002 5-110 5752.84 997 6
2003 2-219 5654.13 10897

Puc. 11.1.2.16. Buemnuii Bun Briiagku «O0ocHoBaHue pacueTHOro 3Hayenust O1Y».
AKTHBHU3UPOBaHAa BCIIOMOTaTenbHas BKIaaka «Pe3yabTaTh»
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B HuwkHEM N1€BOM yIUly BKJIAJIKM pacnoiiokeHa KHonka «CoxpaHuTs B ¢ailin
(puc. 11.1.2.16-11.1.2.17), npu Ha)xaTuu KOTOPOM BBI3BIBAETCS AHATIOTOBOE OKHO, T'IE
I0JIb30BATENI0 IPENOCTABISAETCS BO3MOXKHOCTh 3aJaTh UMs (Qailia A 3anucu
pe3ynbpTaToB pacdeTtoB. lIpw BeIMONHEHHH HEOOXOMMMBIX JEHCTBHI IporpamMma
(dopMupyeT nBa ¢aila ¢ OAMHAKOBBIM MMEHEM, HO C pa3HbIMU pacIIMpeHusMu. B
(aiin ¢ paciiupeHreM *.jpeg 3anMuchIBAeTCs Pe3yJIbTUPYIOLIAs UarpaMMma, B (paiii ¢
pacimupeHreM *.txt — OCHOBHBIE XapaKTEPUCTHKHU MCIIOJIb3YEeMOU B aHaIu3€e MOJEIH,
IPUMEHSEMOI0 MpaBUJIa PETYJIMPOBAHUS MPOMBICIA U PE3YNbTAaThl PacyeToOB (pHC.

I1.1.2.17).

| VOXM pesynbtatel — BaokHoT |i|£|é]

®ain [lpaska ®opmar Bwg Cnpaeka

BMUA -
3anac

Nepuog, HabmogeHua 1968 - 2001

@ann BXOAHBIX AaHHeX H:‘Combi‘Pabouan eepcwAa CenTaAbpe (19-09-15)"Pat

NpoAyKLMOHHAA Mofent lefepa, LeneEad @yHKUWAD NOrapudMuueckan

NAPAMETPbH MOJENK

r 0,39
K 9409
0,007033

SHaYeHWe LENeBoH ByHKUMKM 2,548
YNpaeneHWe: JIMHEeAHO-KycoyHoe NPN -1

OPHWEHTWPb ¥TMPAENEHWA

MSY 908,8
BMSY 4704,7
BLg 4704,7
glim 470,5

m

EMSY 27,47
Etg 27,47

FMSY 0,19
Ftg 0,19

KonwyecTeo neT nporHoza 10

roa BEHMOMACCA 3ANACA ¥NOBbI
1968 3923,16 F55
1969 4187 ,64 767
1970 4024 ,12 955
1971 3512,21 874
1972 4550,24 910
1973 4024 ,12 1035
1974 4308,51 1320
1975 3469,56 1129
1976 2971,87 8B2
1977 2787,02 841
1978 2886,560 74
1979 2387,95 382
1980 3341,58 320
1981 4009,9 509
1982 4706,65 628
1983 6142,82 732
1984 6256,58 1265
1985 5829,99 942
1986 5929,53 689
1987 6085,94 790
1988 6029,06 986, 5
1989 5780,22 B8E88,9
1990 6179,79 631,7

1 [ T }

Puc. I1.1.2.17. O6pa3en (aitia 3anucu pe3yabTaToB peain3aluu
nporpaMMbl Combi 4.0
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I1.1.3. OnbIT NPAKTHYECKOT0 UCIIOJIb30BAHUS
I[IK Combi 4.0 npuMeHsIcs Il OLIEHKU 3amacoB OKyHsi mopsi UpmuHrepa,
yepHoro mnairyca bapeHneBa Mops, 3amaca 4YepHOro mnairyca BocrtoudHo-
CaxanmuHackoil moa30Hbl OXOTCKOTO MOpSi U K 3amacaM YepHOro U OeloKOporo
najaTyca 3arnajgHo-OepHHTOBOMOPCKOM MOA30HBI. Pe3ynbTaThl OlEeHMBAaHMS 3alacoB

HEOJIHOKPATHO MPeCTaBIsUINCh Ha pabouux rpynnax ICES.

PACYET 3AITACA C ITOMOIIBIO MOAEJIM COMBI HA ITPUMEPE
OKYHA-KJIFOBAYA MOPA IPMUHI'EPA

B kadectBe BXOOHBIX PSNOB UL  MOJECIMPOBAaHHS  HCIIOJIb30BaJach
opunmanbHas CTaTUCTUKA YJIOBOB 3a 1996-2014 rr., a Takke OLIEHKHA yJIOBAa Ha
eauauiy npombiciaoBoro ycuius (CPUE — Tt/uac Tpanenwus), pacCUMTaHHbBIE IO
pe3ysibTaTaM JeATeIbHOCTU POCCUICKUX PHIOOJIOBHBIX CY/OB.

®aiis1, colepKalnil BXOAHBIE JAHHbIC Ui aHAW3a, MPEICTABIEH HIKE (pucC.

1.1.3.1):
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o ] B
CE30H
PAAOH
M. MpMWHTEpa
NAHHEE
HayHYHEIE
WMCTOYHKE
——————————————— PASMEPHOCTh———————————————
0
roa, YNOE HA YCWNWE  YCWNWME  »NoOE
1556 1.123 160,57 180.32
1957 0,520 133,51 122.83
1508 0.925 126.45 116,97
159509 0.687 15964 109,67
2000 0,974 129.70 126,33
2001 1.0683 117.86 128.82
2002 1.010 144.8% 146,34
2003 1.043 154,34 160,58
2004 0,952 126,93 125.91
20045 0,888 B3.02 Fa.72
2006 0.5926 B9, 65 83,02
2007 0,958 ad,77 04, 64
2008 1.041 30,84 32.10
2005 1.1a2 48,87 RG.T9
2010 1.558 35,46 5l.48
2011 1.511 31.48 47.57
2012 1.047 34,38 35,98
20135 1.313 36,24 47,58
2014 0,689 435,80 30,18

Puc. I1.1.3.1. TIpumep daiina BXOJHBIX JaHHBIX

Ha puc. I1.1.3.2 uzoOpaxen BpemenHod psng CPUE, wucnonb3oBaHHBIA B
KauecTBe WHJICKCOB BEIMYMHBI 3amaca MpU HWIACHTHPUKAIUA TPOLYKIIMOHHOU

MOJICIIH.

2.5

1.5

CPUE (tons/hour)

0.5

0 T T T 1
1995 2000 2005 2010 2015

Puc. 11.1.3.2. Bpemennoii psix CPUE
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Pe3ynbTaThl MCTIOB30BaHNS ONTHMHU3AMOHHON MPOIIETYyPHl YKA3bIBAIOT HA TO,
YTO «HAWIy4YIiee» (B CTATUCTHYECKOM CMBICIE) TPHOIMKEHUE K HAOIIOJCHHBIM
naHHBIM ~ oOecrieumBaeTr Moxaenb [lemma-TomnmHCOHA ¢ mapameTpamu:  r
(ko3¢ dunment nmonyasaauoHHoro pocta) = 0,18; K (emkocTs cpenbl) = 1570 ThIC. T; ¢
(koaddurment ymaBauBaemoctu) = 0,000828; vy (mokazarens crerneHu) = 3,5.

[IpoaykimonHas KpuBas n3oopaxkeHna Ha puc. 11.1.3.3.

140
130{;
120
110-5
100
201!
an:
TD—:
au-i

[TpopyKkumst, ThiC. T

BHOMHCCH: TBEIC. T

Puc. I1.1.3.3. IIponykunonHas kpusas, caeayronias u3 mojenu Ilemna-TomnuHcoHa
IIpY HAalJCHHBIX 3HAYEHUAX [1apaMeTPOB

3HavyeHUsT OMOJOTUUCCKUX OPHEHTHUPOB YMPABJICHUS, OIICHEHHBIC C MTOMOIIBIO
MOJIer, cOCTaBIAIOT: Bysy= 1024,6 Teic. T; MSY = 140,4 TBIC. T. BOCCTaHOBICHHAS

MOZACIBbIO PCTPOCIICKTHBHAA AWMHAMMKA IIPOMBICIIOBOIO 3allaCa HMMCCT CHGI[YIOHII/Iﬁ

BuJ (puc. I1.1.3.4):
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2000

o /\
1200 \ v W / \'/ \
1000 \/\\// \/

800 +

Biomass (thou. tons)

600
400
200 -+

0 : 1 .
1996 1998 2000 2002 2004 2006 2008 2010 2012 2014

Puc. I1.1.3.4. PerpocniekTiBHas 1MHAMUKa OMOMAacCCHI 3araca OKyHsI-KJIroBaya

IIpu onpenenenun BenumuuHbl OJ1Y uncnonp3oBaHo KycouHo-nuHeHHOe [IPII
(puc. II.1.3.5). 3madenme Fio mpuusATO paBHbM 0,05, 49TO, Kak cuemyer wu3
pe3yJbTaTOB  MPEAUISCTBYIOMIMX  HUCCIEAOBaHUM, 00ecreunBaeT BEPOSTHOCTH
CHUKEHUSI TPOTHO3UPYEMON OWMOMAcChl IO YpPOBHA HWXKE MHHUMAIHHOTO

HaAOJII0ICHHOTO HAa PETPOCIIEKTUBE, HE BhILIE 5%.

IIpaBHI0 pery.THPOBAHHS NPOMBIC/IA

0,134
0124
0,11
014
0,001
0,084
0,07
0,06 1
0,05
0,04

Ilpom. emepTHOCTH

0,03:

0,02

0,014

ok : ' ' : . . : . . : . .

0 200 400 00 200 1000 1200 1400 1600 1800 2000 2200 2400 2500
Buomacca, T

Puc. 11.1.3.5. Micnonp30BaHHOE B aHAIM3€E MPABUJIO PETYJINPOBAHUS ITPOMBICIIA

B cootrBerctBuu ¢ npuHatreiM [IPII Benmumna OJlY oxyHs-KIOBaua MOps

Npmunrepa Ha 2016 r. cocraBuiia 64 TeIC. T.
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I1.2. lTporpammubiii kommieke ASPIC 7.04 (NOAA)
Prager, 2015

I1.2.1. Onucanune Mmoaenu

B 3anagHbix mMeToaukax MMPOKo ucnodb3yerca moaenb ASPIC (A Stock—
Production Model Incorporating Covariates — NpoAyKIIMOHHAsI MOJENb C y4E€TOM
KoBapuanuii) [Prager, 1994], oCHOBHBIM JOCTOMHCTBOM MU CHEHM(PUKONH KOTOPOU
SABJISIETCS. BO3MOXHOCTh ~ HCIIOJB30BAHMUS ISl  OLIEHKA [apaMeTpOB  MOJEIH
OJITHOBPEMEHHO HECKOJbKMX HAaOOPOB JaHHBIX, YTO B TEOPUH IMO3BOJSET HECKOJIBKO
NOBBICUTh TOYHOCTh OLIECHOK. Ha ocHoOBe »3Toi Mojenu pa3paboTaH MakKer
MPUKIIAJIHBIX [TPOTPAMM JJIsl OLIEHKU COCTOSIHHS 3al1aCOB HA OCHOBE MPOYKIIMOHHBIX
MOJEEH.

B IIIIII ASPIC MOXHO BBIIEINUTH TPU OCHOBHBIX MOJIYJIS: MOIYJb OLEHKH
napamMeTpoB  OOOOIIEHHOW MPOAYKIIMOHHOM MOJENH, MOAYJIb JHUArHOCTHUKU
IIOJIyYEHHON OLIEHKU M MPOTHO3HBIM MOAyib. Bxogueimu mnanHeiMu nakera ASPIC
CIY>KUT BPEMEHHOU PsAJl YIOBOB M HECKOJILKO (B MmocleaHei, 7-oi, Bepcuu - 10 12)
psanoB wuHaekcoB uucieHHocTd [User’s Guide for ASPIC Suite ..., electronic
resource; User’s Guide for ASPIC ..., electronic resource]|. Ilaker mo3BoisieT
nonyunth omneHku MSY u Fysy, Omomaccel 3amaca (B;) B Hawane mnepuojaa
HaOMIOICHUM, KOA(P(UIIMEHTOB YIIABIMBAEMOCTH ( JUISI KaXJOTO W3 HWHJIEKCOB
YUCJIEHHOCTH W JOBEPUTENbHbIE MHTEPBAJIbI OLICHOK BCEX BBILIEIEPEUHCIECHHBIX
napaMeTpoB. OlleHKa MapaMeTPOB OCYIIECTBIIAECTCS MyTEM YUCIEHHON MUHUMU3AIUU
ueneBoil ¢pynkuuu Buaa (11.2.1.1), B kOTOpyr0 BKJIIOYEHBI BCE JOCTYIHBIE PSAJIbI

HMHACKCOB YHUCJICHHOCTH:
(MSY, F,j5,: B, q, )= argmin L{in CPUE, , ~In B [MSY, F,5,; B,]-Ing, ) (L2.1.1)

rae B— teopeTudeckoe 3HaUeHue (01leHKa) OMOMacChl 3amaca;

Fyisy — IPOMBICTIOBAsE CMEPTHOCTh, COOTBETCTBYIOIAst MSY;
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f— MHIEKC BPEMEHHOI0 psiJia YJIOBOB Ha YCUJIUE;

t — MHAEKC ro/la IPOMBICIIA.

CnenyeT OTMETUTh, YTO B Kauye€CTBE HMHJIEKCOB UMCIEHHOCTH HCIOJB3YIOTCS
3HAYEHHUS YJIOBA HA YCHJIME, PACCUYUTAHHBIE MO JAHHBIM MPOMBICIOBOW CTATUCTUKU
JUIS pa3IU4HbIX (PJIIOTOB WM TUIOB OpyAuM JoBa. OUEBUIHO, YTO 3TU BEIUYHHBI
SBIISIIOTCA CKOpPEE HWHAEKCAaMU IPOU3BOJUTEIBHOCTH JIOBAa, a HE MHJEKCAMHU
YUCJIIEHHOCTU. DJTO BBI3bIBAET HEOOXOJWMOCTH IPEABAPUTEIBHON CTaHAAPTU3ALMH
(aKTUYECKUX YJIOBOB Ha YCHUJIUS, YTOOBI NPUOIM3UTh UX K IOKA3aTENIIM BEJIMYHHBI
3araca.

Oco6ennocteio IIIIIT ASPIC sBnsieTcst cnemyromuid crnocod TUCKpETU3aluu
YpaBHEHHUsI JMHAMUKU OHOMAacchl MPOMBICIOBOTO 3amaca: 3HaueHHWe Ouomacchl B
NOCJIEAYIONIMI TOJ BBIUUCIAETCA C IOMOIIBIO TOYHOTO PEIICHUS YpaBHEHUS
JUHAMUKH TIPY YCJIOBUHU TOCTOSIHCTBA ITPOMBICIOBOM CMEPTHOCTH B TE€YEHHUE TOAA.
DTO0 MO3BOJISIET MPENCTABUTh AUCKPETHYIO (OPMY ypaBHEHUS AMHAMUKH 3araca AJis

cinyuas monenu llledepa B Buge [Prager, 1994]:

exp(2F, 5y — F))7

BH—r = Bt
1+ FMSYBz FMSY (eXP(ZFMSY . Ft)z. _1) (11213)
MSY 2F,, —F
ra¢ v — HOPOAOJDKHUTCIIBHOCTH IICpHoAa MCKIAY HU3IMCPCHUAMHA 3HAYECHUN

OromMacchl, OOBIYHO T'O/I.
3aMeTuM, YTO MOKa3areyib 3KCHOHEHTHl B ypaBHenuu (I1.2.1.3) - Benuumna
oe3pasmepnas: t[roa] x F[1/rox].

I[JIH MOACIN doxkca aHaJOTUYHOEC BBIPAKCHHUC 3HAYUTCIBHO ITPOLIC:

B, =B exp((Fy5y — F)rexp(~tF)5,)) (11.2.1.4)
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Jnsa monenu Ilemnma-TomaMHCOHA ¢ MPOW3BOJIBHBIM IIOKA3aTENIEM CTEIEHH Y
ypaBHenue (II.1.1.1) mpunumaer dopmy ypaBuenusi bepuymnu [3aiiues, [lonsuuw,

2001], yTo MPUBOAUT K CIACIYIOMIEMY TOYHOMY PELICHUIO:

1

=y o
B y+1 (7 =1)Fsy [ [ 7+l j] / (I1.2.1.5)
B :BMY T FMyi_E N\ ) FM)’i_F; -1 R
" ' [BMSYJ exp[r[ ' 4 jj ((7+1)FMSY_7F1) L 4

Ucnonb3oBanue Ttounbix pemenuid (I1.2.1.3) - (I1.2.1.5), mo3Bossier Oonee
JETANhbHO OIMHUCATh TEPEXOAHBIC TIPOIECCHl TP W3MEHEHWH WHTCHCHUBHOCTH
MIPOMBICJIA, OJTHAKO IIPU 3TOM CYIIECTBEHHO HE MEHSET KapTHHY JWHAMHUKH 3araca.
Bbonee Toro, mpenmnonoxeHne 0 MOCTOSHCTBE MTPOMBICTIOBOM CMEPTHOCTH B TCUCHHUE
rojia B U3BECTHOM CTEIICHU UCKYCCTBEHHO, TTO3TOMY BBIOOp Oo0Jjiee MpOoCTOro crocoda
JUCKPETU3allMK, B YAaCTHOCTH 3aMeHa IIPOU3BOJHONM HA KOHEYHO-PA3HOCTHOE
OTHOIIIEHWE B WCXOAHBIX YpaBHCHUAX JWHAMHUKH, TpumeHsemas B Combi,
MPEANOYTUTEIIbHEE.

B makere ASPIC npenycmorpeno 4 MeTona OUEHKHA TapaMeTpoOB,
Pa3IMYArOITUXCS 1IEJIEBBIMH (DYHKIIHSMU.

Haubonee mpoctoii cnocod — 35TO mMemoo HaumeHbUWUX Keaopamoe,

OCHOBaHHbBI HA MUHUMMU3AIIUHU 11€JIEBON (DYHKIIMU BUJIA:

L =Y w,(nCPUE, , ~nB,~Ing, f (I1.2.1.6)
t.f
rac Wf — BECCOBBIC KO3(1)(1)I/IHHGHTBI HCHOHBSyeMBIX pHI[OB HNHAICKCOB

YUCJIEHHOCTH (3a/1a10TCS MOJIb30BaTEIEM).
[Ipu Takom monxojne OIEHKAa YPOBHS JIOCTOBEPHOCTU BXOJHOW WH(MOpMAIUU
OyAeT HOCTaToYHO CyOBEKTHBHOH, MOCKOJBKY pe3yidbTaT OyIeT ONpeaensiThCs

BBIOOPOM BECOB.
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CX0Xyl0 CTPYKTypy HMeeT LeneBas (PyHKUUS AN Memooa HAUMEHbUIUX

Mooynei:

~ 1m2.1.7
L, —Zf:wflnCPUEt,f ~InB ~Ing, ( )

brnaromapss 3ToMy CXOACTBY, METOJ, HAaWMMCHBIIHMX MOMYJCH OTIMYACTCS OT
METO/1a HAUMEHBIIIUX KBaJIPaTOB JIUIIL TEM, YTO MEHEE YYBCTBUTEIICH K OTICIBHBIM
3HAYHMTEIHHBIM OTKJIOHCHHUSM.

Memoo maxcumyma npaeoonodoodus OIV30K K METOAy HAWMEHBIITUX
KBQIpaTOB, HO YYWUTHIBACT PA3IUYHYIO TUCIICPCHIO OIMMOKH I Pa3HBIX PSIIOB

CPUE, HCKIII0O4Yasa TCM CaMbIM HCO6XOI[I/IMOCTI> 3agaBaTb BCCOBBIC KOB(i)(i)I/IHHeHTBII

f+(1nCPUE,,f—lnBt—lan)2

LI:Z 1n22ﬂ-+1n0 g
t,f az,f

(I1.2.1.8)

Memoo maxkcumyma anocmepuopHoil 6epoAsmHOCHU AHAIOTUYEH METOAY
MaKCHMyMa TMpaBIONOA00MS, HO BKJIIOYAET JOMOJHUTEIbHBIC YJICHBI, CBSI3aHHBIE C
alpUOPHBIM pacHpeeICeHHEM BEPOSITHOCTH MTapaMeTPOB.

MatemaTnueckas CTaTUCTUKA MO3BOJISET CAENaTh OAHO3HAYHOE 3aKI0YEHHE O
CXOAMMOCTH OILICHOK MapaMeTpOB K UX MCTUHHBIM 3HAYEHUSM TOJIBKO MPH YCIOBUU
OeckoHeYHO Oompiioro yucna HaOmoaeHud. Ha mpakTuke 3TO  ycioBue
HEBBIMOTHUMO. [109TOMY M BOMPOC 0 «HAWITYHIIEH» MEeNEeBON (PYHKIIMH B YCIOBHSIX
OTPaHWYCHHOW BBIOOPKH TIO CYIECTBY HE paspemmm. Bpibop cmocoba oreHKu
napaMeTpoB MOJENM, B KOHEYHOM CYeTe, OCTAeTCs Ha YCMOTPEHHE IOJIb30BATEIIs,
T.e. B HU3BECTHOM cMbicie sBiserca cyObektuBHbIM. [IIIIT ASPIC cnocoben
00ecnevmTh JIMIIb alOCTEPHUOPHYIO AUATHOCTHUKY TAKOr0 BhIOOpA MyTeM MOCTPOSHUS

AOBCPHUTCIIbHBIX HHTCPBAJIOB JJIA IMOJIYUCHHBIX OLICHOK.
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[ToMrUMO MHOKECTBEHHOCTH PSJOB HCXOAHBIX JAHHBIX, MCTOIB3YEMBIX [IJIS
HacTporiku monenu, ASPIC, mo mMuenuro camoro paspadotumka (User’s Guide for
ASPIC ..., electronic resource), o01aaeT emie AByMsI MOJIE3HBIMU OCOOEHHOCTSMM:

— HCIOJIb30BaHHEM OyTcTpena i KOPPEKTUPOBKU CMEIICHUS W OLECHKHU
HemapamMeTpUueCcKoro TOBEPUTEIBHOI0 HHTEpBaja apaMeTpoOB MOJIENU U

— BO3MOXKHOCTBIO HACTPOWKH MOJIEIM HE MO HHAEKCAM YHCIEHHOCTH, a IO
yJIOBaM, Kak 0oJiee HaJe)KHOMY BUAY WH(OpMAITUH.

B03MOXXHOCTh HACTpOWKM MOJAEIM MO YJIOBaM IHPEJCTABIAETCS JOBOJBHO
CIIOPHBIM  TIPEHMYIIECTBOM. BoO-TIEpPBBIX, TCOPETUUYCCKWE 3HAYCHUS YJIOBOB
PACCUYUTHIBAIOTCS C TTOMOIIBIO TPOMO3JIKON TIPOIIEyPhl HHTETPUPOBAHUS YPAaBHCHHM
(I1.2.1.3) - (I1.2.1.5), B yeM, COOCTBEHHO, M COCTOUT HacTpoiika. Bo-BTOPBIX, B ATOM
clydyae TMPUXOAUTCS OTKA3bIBAThCS OT MCIOJIb30BAHMSI CPABHUTEIBHO HAJIEKHBIX
JAHHBIX IO yJIOBaM JIJIsl PEIICHUs] YPAaBHEHUs TMHAMHKHU 3araca Ha PeTPOCIEKTUBE,
MOCKOJIbKY PSJIbI, UCTIOIb30BaHHBIE TIPHU MOCTPOCHUH MOJIENIH, HE MOTYT OBITh BTOPOU
pa3 HMCIIOJB30BaHbI IIPU €€ HACTPOMKE. DTO BBIHYKIAET ISl PELICHUS YPAaBHEHUS
JTUHAMUKH 3araca MCIOIb30BaTh Pl IPOMBICIIOBONM CMEPTHOCTH, OLIEHKU KOTOPOM
MOT'YT COJIEp>KaTh OOJIbIIIME OIIMOKK B OTJIWYHUE OT OLICHOK yioBa. [loatomy Oosee
JIOTUYHBIM TIPEJICTABISETCS CYUTATh YJOB TOYHO HU3BECTHHIM M HCKATh TaKHE
3HAUYECHUS] TApaMETPOB MPOAYKIIMOHHONW MOJENIH, TMPU KOTOPHIX TEOpEeTUUYECKas
JMHAMUKa OMOMAacChl 3araca, OOYCIOBJIEHHAsl peakiueldl Ha M3BECTHYIO BEIUYUHY
BbUIOBA, Hanbosee Onm3ka k HabmonenusM 3HadyeHueM CPUE, k uemy pa3zpabotuuk
ASPIC Bepnyics B nocienneit Bepcun (User’s Guide for ASPIC Suite ..., electronic
resource).

B pamkax mnporpammel ASPIC mpoueaypa OpOrHO3MPOBAHUSI COCTOSIHUS
3amaca peajauszoBaHa B otaenbHOM Moayine ASPICP, B KOTOphIl MOCTYNaOT JaHHBIC
U3 MOJYJISI OILIEHKH TapamMeTpoB Mojenu. [Ipu 3TOM OTHOCHUTENbHBIE 3HAYEHUS
koaddummenTa npomeicioBoit cMeptHocTH (F/Fysy) Wim mpeanoiiaraeMoro BbUIOBA
(C/MSY) 3apatorcsa mojib3oBateneM. B orauuue ot Combi Bompochkl 000CHOBaHUS
mpaBuia PEryJupOBaHHS TMPOMBICIIAa W BhIOOpa ONTUMAJIBHBIX  PEXKHMOB

HKCIUTyaTalllK 3araca JI0OJKHbBI peliaThes mojib3oBaTeneM BHE nporpammbel ASPIC. B
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TO € BpeMs, B mporHo3HoM moayiie ASPICP npenycMoTpeHa BO3MOKHOCTh y4eTa
BapuabenpbHOCTH camoil BenmuuuHbl MSY, 0OyCIOBIEHHON OTIMYHON OT HYJA
JUCIEpCUEl OLEHKU ATOr0 MapaMeTpa, BbI3BAHHON BO3EHCTBHEM HE YUUTHIBAEMBIX
MPOIYKITMOHHOW MOJIENbIO (haKTOPOB (HampuMep, KOJIeOaHUSIMH TTOTIOTHCHHS ).

Benuunna MSY', Ha 3a1aHHOM ITPOTHO3HOM TOPU30HTE t YCTAHABIUBAECTCS KaK

MSY', = MSY, exp (Nc — c*/2), (11.2.1.9)

rae MSY — oneHka, rogydyeHHasi B OCHOBHOM nporpaMMHoM Mopayie ASPIC;

N — cranmapTHas HOpMaJIbHO pacupeAcsieHHas ClydaiiHas BEJINYNHA,

C — BeJIMUYMHA KO3 PUIIMEHTa BapUalliH, 3a/1aBaeMasl [10JIb30BATEIIEM.

[IpyHuMNManbHO BaXKHBIM 3TanoM obocHoBanuss OJ[Y daBmsercs stan
npeoOpa3oBaHusl TMPOTHO3HOM OLIGHKHM Ouomacchl 3amaca B BenuuuHy OJ1Y.
VYcnemHas peanuzanus 3TOM  HpoleAypbl ILEJIMKOM 3aBUCUT OT BbIOOpa u
UACHTU(UKALIMM TpaBUja PEryJupoBaHUs IPOMBICIA, C MOMOIIBIO KOTOPOIo
HaXOAMUTCA ONTUMAaJbHASL JOJS MPOMBICIOBOTO M3BSATHS, T.€. OOIIMNA JTOMYCTUMBIN
yno. B IIIIII ASPIC »rta 3amaya HE OTHOCUTCA K IPUOPUTETHBIM WU TMOTOMY
pemaercss (QOpMaJbHO: B KayeCTBE PEKOMEHYEeMOW IPOMBICIOBON CMEPTHOCTH
IIpeUIaraeTcsi UCIoab30BaTh HAWICHHBIM C IIOMOILIBIO IPOIPAMMBI KaK dHIOT€HHBIN
napamerp Frec = FMSY. IIpu 3TOM moJib30BaTeo NperoCTaBIsSIETCS PABO BMECTO
FMSY ucnons3oBath 100y10 JIpYyryto, 9K30T€HHYIO (T.€. HalEHHYIO BHE JaHHOTO
nakera) BenuuuHy Frec. [1onoOHBIA MOAXOJ HECKOIBKO CHUXKAET MPAKTUUYECKYIO

uenHocts [T ASPIC, napymiast nenoctHoCTh mporeaypsl ouenku O/Y.

I1.2.2. PykoBOACTBO NOJIb30BaTEIs1
Cxema paboter c¢ IIITIT ASPIC, cocrosmas w3 Tpex OTaloOB — OIICHKH,

JWAarHOCTUKH U MIPOTHO3a, NpeacTaBiieHa Ha puc. [1.2.2.1.
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Puc. I1.2.2.1. Cxema pa6otsi ¢ IITIIT ASPIC

Jist toro urooOsl 3amyctuth makeT ASPIC 7 mng Havana HeoOXoIMMO
HOJIFOTOBUTh BXOAHOM (ailn B mpaBuibHOM (opmare. IIpoiie Bcero ckomnupoBathb
OJIMH W3 IPHUMEPOB BXOJHBIX (DaloB, MPEJOCTABICHHBIX MAJI MCIIOJNB30BAHUS B
KauyecTBe 1adIoHa.

3areM 3alycTUTE MporpamMmy, ykazaB MMsl BXOAHOIrO (aiia B KOMaHAHOMN

crpoke. Hanmpumep, komanaa

aspic7 sword.a7inp

BBI30BET TMpOTpaMMy JUIsl 4YTEHHS BXOJHOrO (haiiya, Ha3bIBAIOIIETOCS
sword.a7inp, TPOU3BEIAET COOTBETCTBYIOIIME OLIEHKH M 3aMMIIET UX B BBIXOJIHOU

daiin. Ecam nana ToJbKo KOMaH1a

ASPIC7

nporpaMmma OyAeT YUTaTh TOJBLKO BXOJHOM (haiij Mo ymMoJIT4aHHIo, aspic.a7inp.
Ecnmu nocrynen ¢aiin ¢ pacumpeHuem .sum , TO BBIXOJHbIC JaHHBIC OYyIyT 3aIUCaHBI

B HETO IOCJE KaXJI0T0 3amycka. MiMsi BBIXOAHOTO (paiisia Mo yMONTYAHUIO — aspic.sum.
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Jlyig ucTonb30BaHus APYroro MMEHU Juid .sum ¢aiiga yKaXuTe UMs B KOMaHIHOM

cTtpoke. Hanmpumep, komana
aspic’7 sword.a7/inp mysum

OyJlleT CUMTHIBATh JJaHHBIC U3 (aiiiaa sword.a7inp u co3nact dhaisn mysum.sum,
Ky/la 3alUIIeT BBIXOJHBIC JaHHBIC.

Jns ucnons3oBannu drag-and-drop Bmecto KoMaHIHOM CTPOKH IPOCTO
nepeTanuTe 3Ha40K BXoJHOro (aitna aspic 7 (pacmmpeHue .a’/inp) K SpAbIKY s
aspic 7, cozmanHomy HHCTaUsiTopoM. CrpaBka, yctaHoBlieHHass Bmecte ¢ ASPIC
Suite, Bkmrouaer B cebs moapoOHyro uHbopMammio o drag-and-drop. Cepbe3Hbie
OImMUOKH, OOHAPYXXEHHBIE MPU UYTEHUU BXOJHOTO (ailia, BBIHYIST HPOrpaMMmy
HarmeyaTaTh COOOIICHUE C OMMCaHUEM OIIMOKU U OCTaHOBUTKCS. Eciu coobiienue He
MOHATHO, CpPaBHEHWE BXOJHOTO ¢aiija ¢ MPEACTaBICHHBIMUA O0Opa3llaMHi IMOMOXKET
BBISIBUTH OIIMOKHU (hopmara.

ASPIC7 npuHumaeT BXOAHBIC JaHHbIE W3 OAHOrO (haiisia, COAEPIKAIIETO
napaMeTphl yIpaBieHus U JaHHbIe. DopMat 3Toro ¢aiia ormMcaH HUXKeE.

JlanHbpie BO BXOJHOM (pailyie AOHKHBI OBITH TPENICTABICHBI B CIEIUATBEHOM
BHUJIC.

JIto6as cTpoka mocie cTpoku 1 MokeT ObITh 3aKOMMEHTHPOBAHA.

KommeHnTtapuii momkeH coiaepxarbh Xdui-cumBosa (#) B crombue 1.
KoMmmeHTapum UTHOpHUPYIOTCS TPOrPaMMOMN.

3HaueHUs NTAHHBIX HE 0053aTENbHO JOJHKHBI OBITh 3alMCaHbl B KOHKPETHBIN
cronben; ctpoku. CTpoka MOXET cojaep)kaTh OOJbIlle YeM OJHO 3HA4YCHHE, OJHAKO,
OHM JIOJDKHBI OBITH BEICTPOEHBI B MPABHIIBHOM TTOPSIJIKE.

3HaueHUsT B CTPOKE JOJKHBI OBITH paszziesieHbl mpobenamu. Mcmonb3oBanwme
CUMBOJIOB  TaOyismuud  JJI1  pasfeleHWs  3HAUYCHHWS  HE  TapaHTHPYET
PaboTOCIIOCOOHOCTH.

OcranpHbIe TIpaBUIa (GOPMATHPOBAHUS 3aBUCAT OT THIA 3JIEMEHTA JTaHHBIX

(enoe uncino, 1eMCTBUTEILHOE UM CUMBOJI).
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Kaxnmoe necaTnyHoe YUCIO JOKHO COJAEPKATh JECATUYHBIA pPA3ACIUTEb
(TOUKy), pa3fenuTeNb MAHTHCCHI U TMOPSAIKAa B AKCIOHEHIUAIBHOW (opme 3amucu
(o0o3Havaemblii OykBamu e wuiu d) wimm ux o6oux. Hampumep, 1.0, 2e3, 1.3d6
(HamOMHUM, 2e3=2x10"). Ilenoe 4UCIO MOKET GBITh HCIIOIB30BAHO BMECTO LIEIOTO
JNEWCTBUTEIBHOTO YUCIA.

[{emoe unciio He JOJDKHO COJIEPKATh AECATUYHON TOUKH WIIM CTENIEHU. 3alKCh
1.0 ommbo4Ha, eciM CTPOKa JOJIKHA COJIEPXKATH IEJIOE YHUCIIO.

CUMBOJIbHBIE CTPOKM MOTYT OBITh B KaBblYKaX. B3sTHe B KaBbIYKH
HE00s3aTeNIbHO, €CJIM CTPOKa COACPKUT MPOOENbl WIM JAPYyrue ClelHalbHbIC
CHUMBOJIBI.

Kaxnmasg crpoka JODKHA HMMETh ONPEIEICHHOE KOJIMYECTBO 3HAYCHHU,
pa3zieneHHbIX nmpoOenamMu. 3HaYeHUs: HE MOTYT MHade ObITh OPraHM30BAHBI MEXKIY
CTPOKaMH.

[locne mpouTeHUst Bcex 0OsA3aTENbHBIX 3HAYEHUN W3 CTPOKU IpOrpaMmMa He
yuTaeT Janblie. TakuM oOpa3oMm, OCTalbHAsI YacTh CTPOKM MOJKET HMCIOJIb30BATHCS
KaKk KoMMeHTapui. KoMMeHTapusiMu B KOHIIE CTPOKHM B oOpaslle BXOAHOro (aiina
WHOTI'/IA NMPEIECTBYIOT X3II-CUMBOJIBI ##. X3II-CUMBOJIBI TaK/K€ HCIIOJIB3YIOTCS IS
TOT'0, YTOOBI JIeJIaTh KOMMEHTAPUU 10 OKOHYaHHSI CTPOKH.

[Tocne Toro kak Bce HEOOXOAUMBIE JaHHbIE ObUIM MPOYKUTAHBI IPOTPAMMON U3
BXOJIHOTO (haiiyia, OCTaJIbHOE COAEPKUMOE BXOAHOIO (paiiyia UTHOPUPYETCA U MOXKET
OBITh MCIOIB30BAHO 11 KOMMEHTapUEB.

Hwxe xaxnas crtpoka BxomaHoro (aitna mojnpoOHa ommcanHa. KommeHTapuu
MOTYT OBITb BCTaBJEHBl NPAKTUYECKH B JIIOOOM MeCTe, TaK YTO KOJUYECTBO

HCKIIIOYCHHBIX CTPOK BI)I6I/IpaeTC$I IIOJIB30BATCIICM.

Ctpoka 1: uaeHTHuGUKaNSI BEPCUH TPOTPAMMBEI.
Kaxnprit BxomHO# aiin aspic 7 MOIDKEH COAEpX aTh CIEAYIOUIYI0 CTPOKY-

UAEHTU(UKATOP B CTpOKe 1:

ASPIC-V7
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KoMmMmeHnTapun He JOMyCKarOTCs TIepeI CTPOKOU HieHTH(uKaTopa.

Crpoka 2: 3arojioBOK ITpOroHa.

3aroJIoOBOK MPOroHa — 3TO CUMBOJIbHAS CTpOKa JIMHOM A0 110 cumMBOI0OB. DTOT
3aroJIOBOK 3aIlMCHIBACTCS B OCHOBHOM BBIXOJHOW a1y WIAeHTU(PUKAITUN
ananu3a. OH TakXke MOSBUTCS Ha rpadukax, caenaHHbix ¢ nomombio AGRAPH, u
MpOTHO3aX, chaelaHHbplx c momoliblo ASPICP. IlockojibKy 3arojioBOK IIporoHa

OOBIYHO COIEPKUT MPOOEIBI, OH JOJKEH OBITH B3AT B KaBbIUKM. Hanmpumep:

"Run 4 for Swordfish, 1994"

Crpoxka 3: Pexum nporpammsl, 1eTanu3anus 1 OyTcTperl.

Crpoka 3 cOIEpKUT 1O YEThIpeX 3HAYEHHM, KOHTPOJUPYIOLIUX Oa30Bble
0COOEHHOCTH BBIIOJIHEHUS TPOTPAMMBI.

IlepBoe 3HaueHHE B CTPOKE 3 - PEKHUM IPOrpamMMbl, CUMBOJIbHAs CTPOKa
nvHbl 3. Bo3moxksbie 3Hauenus: FIT (pexxum ouenkn) unu BOT (pexxum OyTcpena).

Bropoe 3HaueHune B cCTpoke 3 — m@apamMeTp BBIBOJAA, ILEJIOE YHUCIIO,
KOHTpoJIMpymomee o00beM HHQOpMAIMKM, BBIBOJUMOW Ha DJKpaH BO BpeMs
BBINIOJIHEHUS TTporpamMmbl. OHO Tak)Ke KOHTPOJIMPYET, CO3AAOTCS JIU ONMIIMOHAIIbHBIE
¢aitnbl .sum, .prn, u .rdat. 3amnonHeHne SKpaHa KOHTPOJIUPYETCS MyTEM yCTaHOBKU
napametpa BbiBojia Mexay 0 u 4. Mcnonb3oBanue 0 HE JaeT MPaKTUUYECKA HUKAKOTO
BbIBOJIa HA OJKpaH; 2 — YMEpEHHbId BbIBOJ; U 4 — OOWMPHBIA BBIBOJ,
IPEIHA3HAYEHHBIA JUI OTJIAJKM HporpamMmbl. PexkomeHayeMoe 3HayeHue 110
ymosyanuto — 2. JIjist reHepanuu .sum d. prn ¢aiiaoB HeoOxoaumo g006aButh 10
3HAQYEHHIO JAHHOro nmnapamerpa. Hampumep, npu mnapamerpe BbiBoxa 12
reHepupyroTcs (aiisl .sum U .prn U 00ecreYnBaeTCsl YMEPEHHbIN BBIBOJ] HA SKpaH.
UtoObl co3maTh R-coBmecTuMmeblii .rdat ¢aitn, HeoOXoaumMo A00aBUTh K 3HAUYCHUIO
napameTtpa BbiBoga 100. Tak, mpu napameTrpe BbiBoJga 112 reHepupyroTcs Bce

JOITIOJIHUTCIIBHBIC (1)8.I>'IHLI n obecrneunBaeTcs YMepeHHbIﬁ BbBIBOJ Ha JKpaH, a
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napameTrpe BbiBoja 102 renepupyertcs Toyibko .rdat (aiim a BBIBOJ Ha DKPaH TaKxke
ocTtaeTcsi yMepeHHbIM. UYToObl u30€kaTh OOBIYHOTO 3ampoca MpOorpamMMbl Ha
nepe3aruch BBIXOJHOTO (aiiina, He0OX0UMO YCTAHOBUTH NTapaMETP BBIBOJIA, PABHBIM
0, WM U3MEHHUTH €r0 3HAK C IMOJIOKUTEIBHOIO Ha OTPULIATENBHBIN. B 3TOM citydae
ASPIC nepe3anuiier BoIX0JHOM (aitn Oe3 3ampoca, 4TO MOXKET OBITH MOJIE3HO MPH
3anycke ASPIC ckpuntom uiv Ipyroi mporpaMMou.

Tperwbe 3HaueHUE B CTPOKE 3 — 3TO UMCIO UTEpalMii OyTcTpena — IeJIoe YUCIIO0
10 3000. B pexxume FIT 3To 3HaueHHe UTHOPUPYETCSI M MOXKET OBITH OIMYIICHO.

YeTBepTOoe 3HAUEHHE B CTPOKE 3 SABISAETCSA HEOOA3ATEIbHBIM LIETBIM YHCIOM OT
30 mo 95, UCHONB3yEMBIM ISl YCTAHOBKHA LIMPHUHBI TOBEPUTEIIBHBIX WHTEPBAJIOB B
pexume O0yrctpena. ASPIC npenocTaBisieT ABa BapuaHTa UIMPUHBI JOBEPUTEIBHOTO
uHTepBaina no ymomuanuto: 80% wu 5%. Hanpumep, uro0sl 3ameHuts 50%
JIOBEpUTENbHBIN HHTEpBal HAa 75%, HEOOXOUMO YCTaHOBUTh 3HAYEHHE 3TON CTPOKU
paBHbIM 75. bonee mupokue MHTEpBaibl TPEOYIOT OOJBIIMX MCIBITAaHUH OyTcperna,
JUISL TOYHOTO BBIYMCIECHHS. ABTOp MpEANOJaraeT, 4YTO NpH JOBEPUTEIHHOU
BeposiTHOCTH CBBImIe 80% uncno utepanmii Oyrcrpena 6yaer coctasisats oT 1000 mo
3000.

[Tpumep:

FIT 2

Crpoka 4: dopma Mojend, HadaJlbHbIC YCIOBUS M CIOCOO OIICHKH
napameTpoB.

Crpoka 4 wumeer 3 crnenuduKauy YOPaBIAIOMUX (QOPMON MoOJeIn W
CIIOCOOOM OILIEHKH.

[TepBoe 3HaUYeHME B CTPOKE 4 — 3TO CTPOKAa CUMBOJIOB, Oompeestonas Gopmy

MOJEIIH.
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Tabmuma 11.2.2.1. Kogudukatop npoayKIHOHHBIX (QYyHKIUH

3HadyeHue CMbICJa

LOGISTIC Mognens [ledepa

GENGRID Mogens Ilemna-ToMianHcoHa

FOX Mopens Poxkca
GENFIT Mopneney llemma-TomiamHcOHAa ¢  OIIEHKOM IOKasaTess
CTEIICHU

BTOpOC 3HAYCHHUC B CTPOKC 4 — 3TO CHMBOJIbHAS CTpOKa, OIpCACIIAroIIas
CTaTUCTUYCCKUC YCIIOBUA OHLCHKH, B 3aBUCHUMOCTH OT TOTO, Kakoi pAaa AaHHBIX
CUHNTACTCA TOYHO U3BCCTHBIM.

Tabnuua I1.2.2.2. Kogudukarop n1aHHBIX HACTPONKU

3HayeHnue CwmbIca

YLD Hactpoiika 1o yioBaMm (peKOMEHIYETCS B OOJBIIMHCTBE
CJTy4aeB)

EFT Hactpoiika no ycunusm

TpeTbe 3HAa4YCHHUC B CTPOKC 4 — 5TO CHMMBOJIHUYECKAS CTpOKa, OoIIpcaciIAroniad
METOJ OLCHKH.

Ta6numna 11.2.2.3. Kogudukatop MeTo10B OIIEHKH

3HaueHHue Cmbica
SSE O1rieHKa METO/IOM HAUMEHBIIIUX KBaJPAaTOB
LAV OreHKa METOJIOM HAMMEHBIITMX MOAYJICH
MLE OreHKa METOJIOM HarOOJIBIIIETO MPAaBIOIO0 1001
MAP Omnenka  METOIOM  MaKCHMHU3AIMM  aroOCTEPUOPHOM
BEPOSTHOCTH
[Tpumep:

LOGISTIC YLD MAP

Ctpoka 5: 00beM JaHHBIX.
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Ctpoxka 5 coAep>KuT ABa IEIOYNCICHHBIX 3HAYCHUSI.

IlepBoe 3HaueHHE B CTPOKE 5 — ATO LEIOE YKCIO, OMPEACISIONIEe ITUHY
(KOIMYECTBO JIET) KaX0T0 psiaa JaHHBIX. MakcuManbHoe 3HadeHue - 150.

Btopoe 3HaueHue B CTpoke 5 — I1I€JI0O€ YHUCIO, YKa3bIBAIOIIEE KOJIUYECTBO
PAIIOB JaHHBIX B (paityie. MakcuMaiibHOE 3HaueHue -12.

[Tpumep:

31 1

B JaHHOM CJIy4acC YKa3bIBACTCA OJAUH PAL JAHHBIX I[J'IPIHOﬁ B 31 ron.

Crpoka 6: meron Monte-Kapio.

DTa cTpoKa COAEPKUT JIBa LENbIX YUCa JJIA YIPABICHHUS OMIUAMH METOAA
Momnte-Kapiio.

IlepBoe 3HaueHue B CTpoke 6 3amaer pexum mnoucka Monte-Kapmo. Ota
BEJIMYMHA MOKET NMpUHUMaTh 3HaueHue 0 — i oTkitoueHust noucka Moure-Kapio
u 1 — nma BkiItoueHus: npoctoro noucka Monte-Kapno wnm 2 — niid moBTOPHOTO
MOMUCKa.

Btopoe 3HaueHue B cTpoke 6 3a4aeT KOJHWYECTBO HCHBITAHUNH B METOIE
Monte-Kapino. Ilpu moBTopHOM moucke (peXuM 2), KOJIUYECTBO HCIBITAHUM MpHU
MOMCKE TOCIIe TIePBOIro cokpamaercss Ha 1/3. 3HadeHHWe 00s3aTeNbHO, JTaXKe eClv
nepBoe 3HaueHue paBHoO 0.

[Tpumep:
1 20000

Crtpoka 7: KpuTepuu CXOAUMOCTH.

Ctpoka 7 cCcOmEpXUT TpPU JCUCTBUTEIBHBIX YHCIA, YIPaBISIONIUX
CXOJUMOCTBIO TPOIEAYPhl ONTHUMHU3AUU. PEeKOMEHJOBAaHHBIC 3HAYCHUS ObUIN
BBIOpaHbl B pe3yjibTaTe [JIUTEILHOTO OIBbITa HCIOJB30BaHUS ITPOTPAMMBL.

ITonp30BaTensam He PEKOMCHAYCTCA MCHATb UX oe3 IMPHUYNHEL. B tex ClIydasax, Koraa
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OIIEHKY TPYJHO MOJy4YHUTh, MOKET OBITh MOJE3HBIM YMEHBIIUTh KaXJ0€ W3 HUX Ha
MOPSJIOK.

IlepBoe uymcno 3amaer HEBA3Ky Meronga Hemnepa-Mwupa, mo AOCTHXKEHUU
KOTOPOM MUHHMYM CUYUTAETCS TOCTUTHYTHIM. PEKOMEHIOBaHHOE 3HAUYEHUE HEBS3KU
10",

Btopoe umcino — 3To momycTUMBIH pa30poc 3HAYEHUM IEJICBOM (YHKIIUU
MEXKIY Pa3InYHbIMU UCIIbITaHUSAMU MeTos1a MonTe-Kapno. [lockonbky ontumusanys
meronoM Hennepa-Mujga MOXKET MPUBECTU K JIOKAIBHOMY MUHUMYMY, HEOOXOIUMO
PaHJAOMU3UPOBATH MPOLEAYPY IO CTAPTOBBIM 3HAYCHUSIM. ECIIM aaropuT™M HECKOIBKO
pa3 moapsiA MPUXOJUT K OJIM3KUM TOYKAM MHUHUMYyMa I1eJ1€BON (PYHKIMH C 3aJJaHHON
TOYHOCTBIO, TOMCK CUMTAETCsS YCIEIIHBIM. PeKomMeHlyeMoe 3Hauye€HHE TOYHOCTU
3x10°

Tperbe 3HaAUEHHE — TOYHOCTH OLIEHKM IPOMBICIOBOM CMEPTHOCTH, €CIU
BbIOpaHa HacTpoiika 1o ynoBaM. [Ipomeaypa oNTHUMH3alUM 3aBEpIIACTCS TIO0
JOCTIDKEHHH TpeOyeMoii TouHocTH. PexoMmennyemoe 3Hadenue 107,

[Ipu HACTPOMKE IO MTPOMBICIIOBBIM 3HAYEHUSM 3TO BEJIMUYMHA HE UCTIOJIb3YETCH,
HO TEM HE MEHEE OHa JIOJKHA TPUCYTCTBOBAThH B (aile.

[Tpumep:

1.00E-08 3.00E-08 3.00E-05

Crpoxka 8: napameTpsl BIUYUCICHUMN.

Crpoka 8 cCOACpKUT TPU JONOJHUTEIBHBIX 3HAYEHHUS, YIPaABISIONIUX
BBIYUCJICHUSIMHU U OIICHKOU IMapaMeTpOB.

[lepBoe 3HaueHuWe B CTpOKe 8§ - JEHCTBUTEIBHOE YHMCIO, YKAa3bIBAIOIIEE
MaKCHMAJIbHOE PacueTHOE 3HAYCHHUE MPOMBICIIOBOM CMEPTHOCTU MPHU HACTPOMKE IO
yioBaM. PekomeHmyeMoe 3Ha4eHHE 10 YMOIYaHUIO, paBHOE 8, XOpoIo paboTaeT BO
MHOTHUX ClIy4asix. JTO 3HAUYE€HHE HCHOJIb3YETCS ISl YIPABJICHUS ONTUMH3ALUEH, U
YMEHBIIICHUE ATOT0 3HAYEHUS MOXKET NMPUBECTH K CUCTEMATHYECKOM OIIMOKE Mpu

OICHKC IMapaMcTpOB.
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Bropoe 3Hauenue B cTpoke 8 — 1enoe unucio k, KoTopoe 3amaeT KOJIMIeCTBO
MOCJICIOBATEIBHBIX — TEPE3ayCKOB, HEOOXOMUMBIX IS  HAJIE)KHOM  OICHKH
napamMeTpoB. PekoMeHayemMoe 3HaueHHe 1Mo yMoia4aHuio - 8. bomibiee Kk moimkHO
WCITOJIB30BAThCSA, KOT/IAa YHCIO PSAIO0B JaHHBIX CYIIECTBEHHO OoJiblie 2 WA
JTOCTHDKCHHE TPUEMJICMOTO PCIICHUS KaKeTCs 3aTPyAHUTCIBbHBIM. B peakux
ClIy4asX, KOTJa OIICHHMBAHUE YPE3BBIUAMHO CIIOKHO, MOXHO ITOIPOOOBaTh 3a1aTh
ropaszo OoJbIIee YUCIO Mepe3anyCcKoB, CKaxeM, 64.

Tperbe 3HaUEHHWE B CTPOKE & — IEIIOC YHUCIO N, KOJWYECTBO BPEMCHHBIX
WHTEPBAJIOB, HAa KOTphIC pa30MBaeTCS TOJl MPU BHIYUCICHWU PEIICHUS ypPaBHCHHM
00001IeHHON TPOAYKIIMOHHOM Mozenu. Jlomyctumble 3HadeHus n oT 2 a0 100;
pEeKOMeHIyeMbIe 3HaUCHHS OT 6 10 24. bonbIlee n BeJeT K 3aMe/IJICHUIO UCTTOTHEHHUS
IPOTPAMMBI.

[Tpumep:

6.0 6 24

Crtpoka 9: HauanbHOE 3HAUYECHUE JJISI TEeHEpaTOpa CIIyYalHbIX YHCEN.

Ctpoka 9 COOEpXKUT OJHO 3HAYEHUE — HAYAIBHOE 3HAYEHHE JJIsS
WHUIIMATU3AlUA TeHEpaTopa CIy4alHbIX 4YHCesl. JTO JIOJDKHO ObITh OoJbinoe (7-
3HAYHOE) MOJIOKHUTEIBHOE 11eJI0€ YMCiI0. Pa3inuHble HaYaIbHbIE 3HAYEHUS TTPUBOIST
K Ppa3jIu4YHBIM CJIy4YailHbIM YKCJIOBBIM TIOCJIEIOBATEILHOCTSIM; HCIOJIb30BAHUE
OJTHOTO W TOTO K€ HAYaJbHOTO 3HAYEHUS IO3BOJSET AYOIHPOBATH MPEABITYIINNA
MIPOTOH.

[Tpumep:
567931

Crpoxka 10: HaganpHOE 3HaYSHHE OMOMACCHI 3amaca.

Ctpoka 10 sBisieTcs mnNEpBOM U3 HECKOJIBKUX CTPOK CO 3HAYCHUSIMH,
YOPaBISIONIMMU OIEHKOW MapamMeTpoB MOJEIH. JTa CTPOKa 3aJaeT OTHOIICHHUE
HAaYaJIbHOW OMOMACCHl K €MKOCTH CPEJIbI.

Ctpoka 10 goipKHa HAYMHATBCS CO CTPOKU CUMBOJIOB B/ K.
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Bropoe 3nHauenme B ctpoke 10 - 3TO mpenmonoxeHue 00 OTHOUICHUU
HayaJbHON OMOMACChl K EMKOCTH CPeJibl, 00OBIYHO JEHCTBUTEIBLHOE YUCIIO OT HYJS J0
eauHUIbl. B wumeane, 3TO MPEINoIoKEHHE JOMKHO OBITh OCHOBAaHO Ha 3HAHUU
COCTOSIHMSI 3amaca B HaudalbHbIM Toj HaOopa AaHHbIX. [Ipu oOTCyTCTBHM Takoi
uH(popMaIK pa3yMHO NIPUHATH 3HaYECHUE 110 YMOTYaHHUIo paBHOE 0,5.

Tperbe 3HaueHue B ctpoke 10 - 310 1menoe yucio: 1 — eciu npeanoaaraeTcs
OIICHHTL HadaJlbHOC 3HaueHWe Omomacchl winm (0 — eciIM HaYalbHOS 3HAUYCHHE
OmomMacchl 3aJ1aHO PK30T€HHO.

UYetrBepToe U nmsTOE 3HAYEHUS B CTPOKE 10 ABISAIOTCS ABYMS JECHCTBUTEIBHBIMA
YUCIaMU: HIJKHEH M BEPXHEUW rpaHUIlaMH OLICHKH HA4yaJbHOT'O 3HAYEHUSI OMOMACCHI.
[Ipyn onTuMm3anuu U OyTCTpEIe MOMCK OCYIIECTBIISICTCS TOJBKO B IMpeaesiax 3THX
rpaHull.

I[Ipy wWCHONB30BAaHUM [IJI1 OILEHKH IapaMEeTPOB METOJIOB HAMMEHBIIUX
KBaJpaTOB, HAaUMEHBIIMX MOJAYJIEH M MaKCUMyMa IPaBIOINOA00MS IOCICAYIOIINE
3HaueHud B cTpoke 10 100aBisAOT B LENEBYI0 (PYHKIMIO IMITpad 3a MPEBBILICHUE
HavyaJbHON OMOMACCHI HaJl EMKOCTBIO CPEIbI.

[IIecToe 3HaueHUE B CTPOKE - CTPOKA CUMBOJIOB penalty.

CenpMoe 3HAUEHHE — OTO JICHMCTBUTEIIPHOE YHCIIO, CTAaTUCTHUECKHM BEC
mrpada, kak mpasuio, 1.0. 0.0 — orcyrcTBHe mTpada.

[Ipu wucnonp30BaHMM METOJIa MAKCUMM3ALMU aAlOCTEPUOPHON BEPOSATHOCTH
3HaueHus 10-0¥ CTpOKH, HAYMHAS C IIECTOr0, YIPABIISIIOT MTapaMeTpaMU allpUOPHOTO
pacnpeneneHusi BEpOITHOCTH.

B sTOoM cimydae mectoe 3HaueHue B CTPOKE - CTPOKA CUMBOJIOB prior.

CenbmMoe 3Hau€HHE — OJTO CHMBOJIbHAs CTPOKA, YKa3bIBAKOIIAs THUI
pacrpeeneHus, — paBHOMEpPHOE, HOpMAJIbHOE, JIOTHOPMaJIbHOE, TPEYrojabHoe, OeTa-
pacnpeaeneHue, COOTBETCTBEHHO: uniform, normal, lognormal, triangular, beta.

3HaueHMs JIECATOM CTPOKM HAayMHAs C BOCBMOI'O 3TO JIEUCTBUTEIbHbBIC YMCIIA,
3a/1al0llKe MapaMeTpbl BHIOPAaHHOTO pacipeaeicHus

JInsi paBHOMEpPHOI'O paclpelelieHus] — JBa MapameTpa: HUKHSIS U BEPXHSs

TPaHULBI.
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JlJis HOpMaJIbHOTO pacIipe/ie]IieHHs] — JIBa MapaMeTpa: cpeaHee U K03 PUIeHT
BapHaIlUH.

JUist TOTHOPMAJILHOTO paclpesiesieHs] — IBa ImapaMeTpa: MojJa U CTaHIapTHOE
OTKJIOHEHHUE.

JUisi TpeyroibHOTO pacIpeleNeHus — TpH TapamMeTpa: HWXKHSS TpaHHMIa,
MaKCUMYM IIOTHOCTU BEPOSTHOCTH U BEPXHsIsl TPaHUIIA.

Jlna 6era-pacrpeenieHus] — YeThIpe mapamerpa: 1Ba kKoddduiumeHta Gopmsl u

HWKHAA U BEPXHAA I'PAaHUIBI.

[Ipumep:

BIK 7.50E-01 1 7.50E-02 3.00E+00 prior beta 2.0 2.0 0.5 1.0

Crpoxka 11: ctapToBoe 3HaueHUE 151 OEHKU MSY.

Crpoka 11 ynpasnsier ouenuBanuem MSY.

[TepBoe 3nauenue ctpoku 11 3To cTpoka cumBosioB MSY.

Bropoe 3HaueHne — O3TO JEUCTBUTEIBHOE YHUCIO — MPEANOJIONKEHUE
noJsib3oBatenst 00 ypoHe MSY, nanpumep 80% OT MakCMMalbHOIO Ha0JII01aEMOI0
yJIOBa.

Tperbe 3HaueHwe — 1eyoe 4uciao — | wim 0 B 3aBUCUMOCTH OT TOTO,
OCYILIECTBIATh OLeHKY MSY wunu 3adukcupoBaTh O3TO 3HAYCHHE HA YpPOBHE
MPEANOJIOAKEHHUS OJIb30BATEIIA.

UeTBepToe U MATOE 3HAUYCHHS] — COOTBETCTBEHHO, HUKHSSI U BEPXHSISL TPAHUILIbI
oneHku MSY.

3HaueHUs1 TIECTOE U MOCJIEAYIOIIME — AHAJOTMYHO MNPEABbIIYHIEMY ITYHKTY
3a7ak0T pactpenenenue MSY.

[Tpumep:

MSY 3.59E+03 1 7.19E+02 3.59E+04 prior uniform 7.19E+02
3.59E+04
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Crpoka 12: ctapToBoe 3HaueHue I Fysy.
@opmaT CTPOKHU NMOJHOCTHIO aHAJIOTUYEH MPEIBIIYIIEH.

[Tpumep:

Fmsy 2.00E-01 1 1.00E-02 1.50E+00 prior uniform 1.00E-02 1.50E+00

Ctpoka 13: ctaproBoe 3HaueHUE KOAD(OUIIMEHTOB YIIaBIMBAEMOCTH.

Crpoka 13 ynpaBiseT OIEHKONH KOAI(PPUIIMEHTOB YIIaBIMBAEMOCTH IS
KQKJIOr0 U3 PSAJOB HMHIEKCOB YHMCIEHHOCTH, MO3TOMY TaKHX CTPOK BO BXOJHOM
(aiize MOKeT ObITh HECKOJIBKO.

ITepBoe 3HaueHue cTpoKU 13 3TO CTpOKa CUMBOJIOB ¢.

BTtopoe 3HaueHue — ATO JACHCTBUTEIBHOE YHCIO - CTApTOBOE 3HAYCHUE
ko3 dunreHTa yaaBIMBaeMOCTH.

Tpetbe 3HaueHne — wnenoe uyucio — | wiam 0 B 3aBUCUMOCTH OT TOTO,
OCYIIIECTBIIATh OLEHKY KO3(UIIMEHTa YIaBIMBAEMOCTH WU 3a(UKCUPOBATH HTO
3HAYEHUE Ha YPOBHE MPEANOJIOKEHUS MOJIb30BATEIIS.

UerBepToe 3HaYCHUE — JCUCTBUTEIIBHOE YHCIO - CTAaTUCTUYECKUH BEC
COOTBETCTBYIOIIETO Psi/ia MHIEKCOB YUCICHHOCTH.

[IaToe u mecTtoe 3HAYEHUS! — COOTBETCTBEHHO HUIKHSISL U BEPXHSISI TPaHULbI
OIIEHKH KOA(PUIIMEeHTA yIaBIUBAEMOCTH.

3HaueHUs1 CEeAbMOE U IMOCIEAYIOIIME — AaHAJOTHUYHO MPEIbIAYIIUM TPEM
MyHKTaM 33JIal0T pacrpeaesienne KodhpuimenTa yaaBInBaeMOCTH.

[Tpumep:

q 3.00E-05 1 1.00E+00 5.00E-07 3.00E-03 prior uniform 5.00E-07
3.00E-03

Ctpoka 14: craproBoe 3HaueHue s kodpdunuenta popmsl Mmoaenu llemnna-

TommuHCcOHA.
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Crpoka 14 ynpasnser oueHuBanueM Koddduuuenta opmsl moaenu llemnna-
Tommmacona. Koaddumuent dopmbl 3amaercs kak oTHomieHHE Bysy K eMKOCTH
cpenbl.

[TepBoe 3HaueHue ctpoku 13 310 cTpoka cuMBosioB POS.

BTtopoe 3HaueHme — 3TO MAECUCTBUTEIBHOE YHCIO - CTApPTOBOE 3HAYCHUE
ko3 dunrerTa Gopmbl B IPOLICHTAX.

Tperbe 3HaueHne — uenoe yuciao — | wm 0 B 3aBUCUMOCTH OT TOrO,
OCYIIECTBIISITh OLIEHKY Ko3dduirenta Gopmbl WK 3aUKCUPOBATH ITO 3HAYECHUE HA
YPOBHE MIPEATIOJIOAKEHHUS TOTB30BATEIS.

UeTBepToe U MATOE 3HAYEHUSI — COOTBETCTBEHHO HUKHSIS U BEPXHSSI TPAHUILIBI
OIICHKU Kod((pUIIMeHTa yIaBIMBAEMOCTH.

[llectoe 3HaueHWE — JEUCTBUTEIBLHOE YHUCIIO, CBA3BIBAIOIIECE OLECHKY MSY
monenu Illedpepa ¢ rpanumamu onenku MSY wmoxaenmu Ilemna-TommuHcoHa.
Hanpumep, ecnu ykazano 8.0, 3HauuT auana3oH oueHku MSY moxaenu Ilenna-
TomnuHcoHa Oynet MeHsaThes oT 1/8 o 8 onenku MSY monenu lledepa.

3Ha4YeHUs1 CEAbMOE U TOCJIEAYIOIINE — AHAJOTMYHO MPEABbIAYIIUM MyHKTaM
3a/1at0T pacnpeaeneHue KodGpuirenTa yjaaBIuBaeMOCTH.

[Tpumep:

pos 40 1 30 75 8.0 prior normal 0.4 0.3

Crpoka 15: Habop cumBosioB DATA.
OT0 ciyxeOHas CTpOKa, OTHENAIOMAs TOJb30BATEIbCKHE HACTPOUKH

[nporpaMmsbl OT BXOIHBIX JaHHBIX.

OcraBmasics 4acTh ¢aiiia mpeacTaBiIsieT cO00M COBOKYITHOCTh TPYII CTPOK.
Kaxnmas rpynma HauMHaeTcsl C Ha3BaHUS CEpUM JIaHHBIX B KaBblukax. Cremyrormias
CTpOKa 3TO KOJUPOBKA JaHHBIX (cM. Ta0i. I11.2.2.4). Bce ocTanbHbIe CTPOKH JOJDKHBI
BKJIFOYATh B C€0sI MOCIIEI0BATEILHOCTh 3HAYCHUH, PA3ICIICHHBIX MPOOCITaMH:

roJl WK UHOU UAEHTU(PUKATOP (HOMEp 3HAYEHUS — 1I€JI0€ YHCIIO);
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3HAYEHHE COOTBETCTBYIOIIETO BPEMEHHOTO PsAIa — IEMCTBUTEIBHOE YHCIIO;
YJIOB B IaHHBIW O/ — IEMCTBUTEIBHOE YHCIIO;

I[OBepI/ITCJIBHI)Iﬁ HHTCPBAJI AJI1 3HAYCHUA BPCMCHHOI'O psAaad — I[GﬁCTBHTGJIBHOG

qucCJjo.

Ta6mumna 11.2.2.4. Konudukatop Triia BXOIHBIX TaHHBIX

Kon Tun 1aHHBIX Tun nsmepenust
CE Y110B 1 ipoMm. ycumnue CpenHerogoBblie 3HaUYCHUS
CC Viaos u CPUE CpenHerosoBbie 3HAYEHUS
BO V110B ¥ o11cHKa OMOMACCHI 3HadYeHHUs Ha HA4ajIo roja
B1 VY 110B 1 o11eHKa OMOMACCHI CpenHeronoBble 3HAYEHUS
B2 V710B U o11eHKa OMOMAacChI 3HaueHus Ha KOHEI roJa
I0 VJI0B 1 HTHAEKC YUCIEHHOCTH 3HaueHus Ha HaYajo roja
I1 V0B ¥ UHAEKC YHUCICHHOCTH CpenHerooBbie 3HAYEHUS
12 V0B ¥ UHJEKC YHUCICHHOCTH 3HadyeHHUs Ha KOHEII roja
[Tpumep:

«Biomass index, Total yield»

cC
1960  1.0000E+00 1.0320E+03 0.035
1961  1.2423E4+00 1.6200E+03 0.035
1962 1.8209E+00 5.7990E+03 0.035
1963  1.4026E+00 1.3838E+04 0.035
1964  9.7760E-01 1.8679E+04 0.035
1965 7.2670E-01 1.4171E+04 0.035
1966  7.0440E-01 8.0900E+03 0.035
1967 4.0670E-01  5.9400E+03 0.035
1968 4.0150E-01 3.1760E+03 0.035
1969  3.3200E-01 3.0120E+03 0.035
1970 3.6910E-01 5.4660E+03 0.035
1971  3.2370E-01 6.5910E+03 0.035
1972 5.1870E-01 3.9480E+03 0.035
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1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990

5.3380E-01
5.1540E-01
3.8980E-01
3.3860E-01
3.9630E-01
6.3950E-01
3.1910E-01
5.8560E-01
3.9420E-01
3.6050E-01
2.7790E-01
2.2650E-01
1.8500E-01
9.4900E-02
1.2710E-01
1.9750E-01
1.7210E-01
1.0710E-01

3.8710E+03
5.3930E+03
5.0320E+03
5.8830E+03
6.6940E+03
5.7630E+03
6.2550E+03
5.8010E+03
5.7710E+03
1.4310E+03
2.5590E+03
2.2920E+03
2.7090E+03
2.3570E+03
2.6500E+03
3.0590E+03
2.9200E+03
2.7870E+03

0.035
0.035
0.035
0.035
0.035
0.035
0.035
0.035
0.035
0.035
0.035
0.035
0.035
0.035
0.035
0.035
0.035
0.035

3necy mpuBeneH (parmMeHT (aiina, cojAeplKalluid BXOJHbIE JaHHBIE IO
MIPOMBICIIOBOMY YCHJIMIO, YCPEIHEHHOMY 3a TOJl (BTOPOi CTOJIOEI]) U YJIOBY (TpeTHIA
cronberr) 3a mepuoxy ¢ 1961 mo 1990 r. B uyepréprom cronbie ykazaH

JIOBEPUTEIBHBIA UHTEPBAJ YCUIIUH.

PesynbraThl pabotel ASPIC 3anmuchIBalOTCSl B HECKOJIBKO BBIXOAHBIX (haiijioB.
@aiin ¢ pacmmpenueM .fit COAEpKUT pe3yiabTaThl OLEHKUW mnapamerpoB. Dailn c

pacmmpeHreM .bot COAEPXKHUT pe3ynbTarhl OyTcrpemn-mpouenypbl. dDaitnm ¢

pacuipeHreM .bio COAEPKHUT TMOJNHYIO HMH(POpMalMI0 O JUHAMUKE 3araca |
MIPOMBICTIA TI0 BCEM HMTEpalusIM OYTCTpemna U SIBISETCS OJHHM U3 BXOIHBIX (hailiioB

JUISL IPOTHO3UPOBAHUS.
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IIporo3 cocrosHMsA 3amaca OCYLIECTBISETCS C MOMOLIBIO JTONOJIHUTEIBHOU
nporpammbl  ASPICP. [l ynpaBieHus napaMeTpamMu MpPOTHO3a HYKHO TaKke
c(hopMHUPOBATH JOMOJIHUTEIBHBIN (ailsl ¢ paclmpeHueM .ctl.

[lepBas ctpoka ynpasisieMoro (aitna — 3to Habop cumBosioB ASPICP-V4 .

Btopast ctpoka — Ha3BaHUE NPOTHO3UPYEMOT0 0OBEKTA B KaBbIUKAX.

Tpetbs cTpoka — HanMeHOBaHUE (aiiyia ¢ pacIIMpeHUeM .bio.

UYerBeprags crtpoka — 2310 aeuctBurenbHoe uucino or 0.0 mo 1.0 —
JIOBEPUTENIbHBIN MHTEpBaI U1 3amrymiieHnss MSY Ha 3Tane nporHo3upoBaHUsL.

IIaTas cTpoka ynpasisieT JOBEPUTEIBHBIM HHTEPBAIOM. OHA COCTOUT U3 JIBYX
3HaueHnil. IlepBoe 3Hauenme — cumBoibHAsS nepemenHas BC wmm  PC,
ONpENENAomas Kakod TUI JOBEPUTEIBHBIX HHTEPBAIOB HCIOJB30BaTh (C
KOppEeKIMEN Ha CMEUIEHUE WM OObIYHbIE NepLeHTUIN). BTropoe 3Hauenue - 0 win 1
B 3aBUCUMOCTH OT TOr'0, TpeOYyeTCs M JOBEPUTEIbHBIM UHTEPBAJIaM CTiIaKHUBaHUE.

Hlectass crpoka — uuciao (1eoe) JeT NPOrHo3a Iocie CTapTOBOIO ToAa,
KOTOpbIE HE OyAyT OTOOpakeHbl Ha TpaduKe.

CenpMmasi cTpoka yrpasisieT GOopMOM NpPEACTaBICHUs Pe3yIbTaTOB U COCTOUT
U3 Tpex ABOMYHBIX mepeMmeHHbIX. [lepBas ompenensier, nomken i AGRAPH
aBTOMATUYECKM OTKPBIBATHCS MOCJE 3aBEpUICHUS OJIOKa MPOTHO3UPOBAHUS IS
nocTpoeHus: rpaduka pe3yabTaToB. Bropas ompeaensier, OyneT JM 3alUCBHIBATHCSA
prb  ¢aitn. DTOT TNOAPOOHBIN BBHIXOAHOW (hailm  MoXkeT ObIThb MNPOYUTaH
CTATUCTUYECKUM MMAKETOM WJIH CPEJICTBOM PaOOThI C AIEKTPOHHBIMU TAOIUIAMU IS
aHalln3a pe3yibTaToOB MPOrHO3a. TpeThs ompenenseT, OyAeT Ju 3anucbiBaThes .rdat
¢aiin. OTo Bepcusi OCHOBHOI'O BBIXOAHOTO (pailia, KoTopasi MOKET ObITh MPOYMTaHA
CTATUCTUYECKUM TlakeToM R ¢ momomipio dhyakiuu dget( ).

BoceMmasg cTpoka — CEMHM3HAYHOE LEJIOE€ YHCIIO, 3aJarollee HayaJbHOE
COCTOSIHME T€HepaTopa CIy4alHbIX Yucel. Pa3nyHble 3HaUeHUS PUBOJIAT K Pa3HBIM
pe3ysbTaTam, MOBTOPSIOLINECS 3HAYSHUSI TO3BOJISIIOT TyOJIUpOBaTh MPOTOH.

JleBsatas cTpoka 3amaer crneuu@ukanuio nporHosa. IlepBoe 3HaueHue UMeeT
BUJI XN , [J€ N — 3a0JIOFOBOPEMEHOCTh MPOrHO3a B rogax. Hampumep, x5 — nporsos

Ha 5 ner. Bropoe 3HaueHMe — JEUCTBUTENBHOE YUCIIO, YCTAHABIMBAIOIICE 3HAUEHNE
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HHTCHCUBHOCTH  IIPOMBICIIOBOTO BOBI[GI‘/'ICTBI/IH B OTHOCHUTCIIBHBIX CIMHHIAX
N3MCPCHUA. TpeTbe 3HAQUCHUC — CTpPOKa CHMBOJIOB, KOJUPYIOIIAasA THUII CIAWHHUIL

HN3MCPCHUA NHTCHCHUBHOCTHU IIPOMBICJIA.

Ta6muma 11.2.2.5. KoaudukaTtop eAuHUI] HU3MEPEHUS HHTEHCUBHOCTHU

MIpOMBICTIA
3HaueHune CMmbIca
YABS V110B B a0COJIIOTHBIX €IUHUIIAX
YREL VY10B 110 OTHOILLIEHHIO K YJIOBY B TEPMUHAJIBHBIN T'OJ1
MSY V0B o otHOmEHNIO K MSY
FREL [IpomebiciioBasi CMEPTHOCTh MO OTHOLICHUIO IPOMBICIOBOU
CMETPOHOCTH B TEPMUHAIIBHBIN T'0J1
FMSY [IpombIciiOBasi CMEPTHOCTh MO OTHOWIEHUIO K Fysy

daii1 1oDKeH 3aKaHYNBaThCI cuMBoOJIaMU % % END

Ilpumep ynpaenarwuiezo ¢haiina:

ASPICP-V4
‘Red Porgy - Fish at 0.9 Fmsy’
se-rpg.bio

0.1

BC 1

0

011

4520803

1.0 YABS

x5 0.50 FMSY
x45 0.9 FMSY
%% END

['paduueckoe mpeacTaBICHHWE TMOMYYCHHBIX pE3yJNbTaTOB 00ECreunBaeT
nporpamma AGRAPH — 1 3TOro m10cTaTo4HO OTKpPBITH C €€ MOMOIIbI0 (aili ¢

pE3yJIbTaTaAMH.
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I1.2.3. OnbIT NIPAKTHYECKOT0 NIPUMEHEHUS
[IITIT ASPIC Hamen mpuMeHEHHE B psAe MEXKIYHAPOIHBIX PHIOOTOBHBIX
opranuzammii (Opranuzanusi 1Mo pbIOOJIOBCTBY B CEBEpO-3amajHON ATIIaHTHUKE,
NAFO; MexnayHapoaHas KOMHCCHS IO COXPAaHEHHUIO AaTJIAHTHYECKUX TYHIIOB,
ICCAT wu np.) u HallMOHANBHBIX PHIOOXO3SUCTBEHHBIX BenoMcTBax (HanuonanbHas
cryx6a mopckoro psidosnioBctBa CHIA, NMEFS; JlemaptameHT pbIOOJIOBCTBA H

okeanoB Kananasl, DFO wu np.)

PACYET 3AITACA C ITOMOIIbLIO MOJIEJIN ASPIC HA ITPUMEPE
CEBEPO-OXOTOMOPCKOI'O MUHTAA

B kawectBe BXOOHBIX PAIOB Ui MOJECIUPOBAHUS  MCIIOJIb30BAIACH
obuIMaIbHAs CTAaTHCTUKA YJIOBOB, a TaK)Xe OIEHKHM OMOMAacChl HEPECTOBOTrO 3araca
(SSB) ceBepo-oxoToMopckoro MuHTas 3a nepuoa ¢ 1980 mo 2015 rr., moyyeHHbIE ¢
noMolibio koroptHoit moaenu TISVPA [Bacunbses, 2006]. Cieayer OTMETUTb, YTO
MPU HKCMOJIb30BaHMU OLEHOK SSB B KayecTBE WHIEKCOB BEJIMYMHBI 3amaca
KO(PPULIMEHT yJIaBIUBAEMOCTH MOXET CUMTAThCS 3apaHee M3BECTHhIM: g = 1, T.e.
BEJIMYMHA TPOMBICIIOBOTO YCHUJIMS, paccuuTbiBaeMas kak E = C/B, sBisercs
SKBUBAJECHTHOM Mepoil MpombIciaoBOM cmepTHoctH, E = F. Takum o6pa3om,
IpeABapUTEIbHBIM KpUTepueM 3(G(PEKTUBHOCTH ONTHUMH3AMMOHHOTO aJIrOpUTMa
mozaenu ASPIC mMoxeT CiayKuTh OJIM30CTh OIEHKH KO3 UIIMEHTa yIaBINBAEMOCTU
K CIUHUIIC.

@aii1, coepkKalluii BXOJHbIE TAHHBIE IS aHAJIM3a, UMEET CICIYIOIIUNA BUJ
(ctangapTHOE paciupeHue .a7inp, >KUPHbIM HIPUGPTOM BBIJCICHBI TMOSCHEHUS, B
peanbHOM (paiiie OTCYTCTBYIOIIHUE):

ASPIC-V7

# File generated by aspic5to7 v.0.59

"Pollock North" (cumBoJIbHBIIH HaeHTH(HKATOP, coAep:kamuili MHopManuw 00 odbekre, — n0 110
CHMBOJIOB, KABBIYKH 00513aTeJILHBI)

# Program mode (FIT/BOT), verbosity, N bootstraps, [opt] user percentile: (pac4yernnle ommuu: FIT —

napamerpusauusi; BOT — Gyrcrpen, meinb KOTOpPOro — OIEHKAa /0BepHTEJbHBIX HHTEPBAJIOB s
napaMeTpoB MojJeju (CylleCTBEHHO 3aMe/isieT padoTy mporpaMmbl); verbosity — o6bem jkpaHHOro
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BbIBOJa, 3HaveHne 102 3amaer mporpaMMme HHCTPYKHIHMIO K co3daHHI0 ¢aiina ¢ pacmmpenuem .rdat,
coaep:kamero R-ckpunt. Yucsio 6yrcrpen-Bbioopok — He oJiee 3000)
BOT 102 2000
# Model shape, conditioning (YLD/EFT), obj. fn. (SSE/LAV/MLE/MAP): (Bepcus mogeau: LOGISTIC —
Joructudeckass moaenas llledepa; YLD — ycioBue craTucruyeckoii 00padoTKH JaHHBIX, MpeANoJaraet
YTO 3apericTPHPOBAHHbIE 3HAUEHHS YJI0BOB He co/lep:KaT olMOKH, B OTJINYHe OT HHAeKca 3anaca; SSE —
BU/I eJ1eBOil GYyHKIMM, B JAHHOM CJIy4yae CyMMa KBa/IpaTOB OTKJIOHEHHI1)
LOGISTIC YLD SSE
# N years, N series: (4ncJji0 jeT Ha0JIOAeHHH — MaKkcuMaJibHOe 3HaYeHue 150; yuc10 BpeMeHHBIX PS/I0OB
HH/IEKCOB 0MoMAacchl — MAKCUMAJIbHOe 3HaYeHue 12)
36 1
# Monte Carlo mode (0/1/2), N trials: (MHTeHCHBHOCTh HcHbITaHHH mo cxeme Monte Kapjo mpu
napaMerpu3zanuu moaeau, 0 — orcyrcrByeT, 1 — yMepeHHas, 2 — BBICOKasl; YMCJI0 UcObITaHU MoHTe
Kap.10)

1 100000
# Convergence criteria (3 values): (KpUTepHH CXOTUMOCTH)

1.00E-08 3.00E-08 3.00E-04
# Maximum F, N restarts, [gen. model] N steps/yr: (BepxHsia rpaHuna oueHku F; umciio moBTOpeHui
pacyeToB, TpedyemMoe /ISl COOJIIOJeHUs] KPUTEpPHEB CXOAMMOCTH; YHCJIO PacyeTHBIX IIaroB B IO,
HCI0JIB3YeTCsl TOJBLKO /IUIsl 00001eHHOI MPOIYKIMOHHOI MO/IeIH, B IPYTHX CJIy4asiX BBeJeHHOE 3HAYeHHe
HTHOpHpYeTCcsi IPOrpaMMoii)
8.0d0 8 12
# Random seed (large integer): (HpOM3BOJIbHOE IIeJI0€ YHCJI0, HE MeHee 7 3HAKOB, Tpedylomieecs s
MHULMALUM FeHepaTopa cJAy4ailHbIX Yrcen)
5679312
# Initial guesses and bounds follow: (rpaHu4YHBIE yCI0BHSA)
B1IK 0.5 1 0.1 4.0 penalty 0.00E+00 (0.5 — nauyanbHoe 3nauenue otnomenus B/K, rne B, — 6uomacca B
Hayajle MepBOro roga HadawaeHmii; 1 — ykasareib Ha To, 4To oTHomeHue B{/K momjexur ouenke;
ocTajIbHbIEe 3HAYE€HHE OTHOCATCH K ONpENeJeHNI0 CTATHCTUYECKMX BeCOBBIX KO03(duuueHTOB
«mTpadHoii» pyHkuuu — penalty)
MSY 2000 1 500 5000 (2000 — HauyaabHoe 3HayeHue MSY; 1 — yka3areiab Ha To, 4To MSY onenke; 500
1 5000 — HukHAS U BepxHss rpaHunbl MSY)
Fmsy 2.00E-01 1 1.00E-02 1.50E+00 (ananoru4Ho npeapiayuieil crpoke, HO IPUMEHUTENbHO K Fysy)
q 1 1 1.00E+00 0.1 1.5 (amajnorm4Ho nmpeablaylleil CTPOKe, HO MPUMEHHUTEIbLHO K KOA(PPUIHEHTY
YJaBJIUBAEMOCTH; TpeTbe 3HAYeHHWe — CTATHCTHYECKHH BecoBOH KoI(puuUeHT, onpenesaOmMl
3HAYUMOCTb BPEMEHHOI'0 pPsijia P pacyeTe LeJeBoi pyHKumMM)
pos 40 1 25 85 8.0 (ucmoJib3yercsi TOJBKO NPH padoTe ¢ 00001eHHOMH MPOAYKIMOHHON MOJEJBIO sl
onpeneseHus kodppunuenta GpopMsl, B IPYruX CHTYalUsIX UTHOPUPYeETCsl TPOrpaMMOoii)
DATA (ucxoaHble JaHHBIE)
"Biomass index, Total yield"
CcC

1980 32085 626.1

1981 35723 560.2

1982 4316.0 633.5

1983 5196.0 734.1

1984 6137.1 1209.6

1985 6536.5 1262.8

1986 64823 12955

1987 61752 1289.0

1988 6028.1 1204.0

1989 6057.0 1298.8

1990 5859.7 1256.5

1991 5565.8 1226.5

1992 5278.1 982.6
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1993 5361.8 1176.6
1994 57734 11704
1995 6663.5 1709.5
1996 6383.5 2288.5
1997 6195.8 24158
1998 4245.6 1952.8
1999 27924 1037.7
2000 2675.1 1064.2
2001 2182.6 883.8
2002 2355.7 488.4
2003 2647.6 794.9
2004 22763 488.4
2005 2660.1 567.3
2006 32309 616.7
2007 3777.6 461.7
2008 44473 653.5
2009 4832.1 1075.7
2010 5639.9 1240.9
2011  6007.0 984.5
2012 6676.1 885.7
2013 6246.6 873.0
2014 6845.6 821.2
2015  7102.1 904.4

Huxe npuBenen ¢aiin pe3yiabTaToB, MOJIYYEHHBIX B X0Z€ pabOThl MPOTrpaMMbl
ASPIC (kupHBIM KpacHbIM HIPU(PTOM BBIEIEHBI UTOTOBbIE OIIEHKH, MTOJYYEHHBIEC B

pe3ynbTaTe MPUMEHEHHs Oy TCTPET-NPOIIEAYPHI):

Pollock North
ASPIC -- A Surplus-Production Model Including Covariates (BETA Ver. 7.03)
BOT program mode
Author:  Michael H. Prager LOGISTIC model mode
Prager Consulting YLD conditioning
http://www.mhprager.com SSE optimization
Reference: Prager, M. H. 1994. A suite of extensions to a nonequilibrium ASPIC program and user's guide
surplus-production model. Fishery Bulletin 92: 374-389. available gratis at www.mhprager.com

CONTROL PARAMETERS (FROM INPUT FILE) (uH(popmaiusi u3 BXoaHOro (paiina)
Input file: C:/...s and Settings/User/Pa6ouwnii crosn/ ASPIC/POL-SSE.a7inp (uMs1 BX0AHOTO (haiijia)

Operation of ASPIC: Fit logistic (Schaefer) model by direct optimization with bootstrap.
(Moayc mporpammbl ASPIC: Ilapamerpu3anusi Jorucrudeckoii mogenn Illedepa ¢ mpumeHenmem
OyTcTpen-aHaau3a)

Number of years analyzed: 36 Number of bootstrap trials: 2000
Number of data series: 1 Objective function: Least
squares
Relative conv. criterion (simplex): 1.000E-08 Monte Carlo search mode, trials: 1 100000
Relative conv. criterion (restart): 3.000E-08 Random number seed: 5679312
Relative conv. criterion (effort): 3.000E-04 Identical convergences required in fitting:

8
Maximum F allowed in fitting: 8.000
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PROGRAM STATUS INFORMATION (NON-BOOTSTRAPPED ANALYSIS) error code 0

(nndopManusi 0 craryce BBINOJHEHHS MporpamMmsbl (0e3 OyTcTpen-aHAIN3a)) (omuOKkH He

00HapyKeHbI)

Normal convergence (KPUTEPUH CXOUMOCTH COOJIIO/IEHbI)

GOODNESS-OF-FIT AND WEIGHTING (NON-BOOTSTRAPPED ANALYSIS)
(KavecTBO AaNMPOKCHUMALIMHU U BecOBbIe K03 (ppuumeHTsI (03 OyTcTpen-aHaIu3a))

Objective function component: label and ~ Weighted Weighted  Current Inv. var. R-squared
source of variance SSE N MSE  weight weight
CPUE

(KOMIIOHEHTHI 1eJIeBOii GYHKINHU: SPIBIK
U UCTOYHUK BapuadeIbHOCTH)

Loss(-1) Unmatched yield 0.000E+00

Loss(0) Penalty on B1 > K 0.000E+00 1 N/A 0.000E+00 N/A
Loss(1) Biomass index, Total yield 3.972E-01 36 1.168E-02 1.000E+00 1.000E+00  0.857
TOTAL OBJECTIVE FUNCTION, MSE, RMSE: 3.97187404E-01 1.241E-02 1.114E-01
(3HayeHUe uesieBOi GYHKIMHU € y4eTOM BCeX KOMIIOHEHT)

Estimated contrast index (good=0.5, best=1.0):  0.3694 ..... Mean of B coverage proportions > and < Bmsy
Estimated nearness index (best=1.0): 1.0000 ..... Proportional closeness of any B to Bmsy

MODEL PARAMETER ESTIMATES (NON-BOOTSTRAPPED)
(omeHKHU mapaMeTpoB Mojenu (0e3 OyTcTpen-aHaan3a))

Parameter Estimate User guess 2nd guess Min bound Max bound Estim?

B1/K  Starting relative biomass (in 1980) 1.941E-01 5.000E-01 3.459E+00 1.000E-01 4.000E+00 1

MSY  Maximum sustainable yield 1.446E+03 2.000E+03 9.004E+02 5.000E+02 5.000E+03 1
Fmsy  Fishing mortality rate at MSY 2.233E-01 2.000E-01 2.474E-01 1.000E-02 1.500E+00 1
phi Shape of production curve (Bmsy/K)  0.5000 0.5000 - e e 0
q(1)  Biomass index, Total yield 1.247E+00 1.000E+00 7.500E-01 1.000E-01 1.500E+00 1

MANAGEMENT and DERIVED PARAMETER ESTIMATES (NON-BOOTSTRAPPED)
(OIIEHKU OPHEHTHPOB YIPABJIEHHUS H MPOU3BOAHBIE OIIEHKHU MapaMeTpoB (0e3 OyTcTpen-anan3a))

Parameter Estimate Logistic formula General formula

MSY  Maximum sustainable yield 1.446E+03 -—-- -—--

Bmsy  Stock biomass giving MSY 6.475E+03 K72 K*n**(1/(1-n))

K Carrying capacity 1.295E+04 2*Bmsy Bmsy/phi

n Exponent in production function 2.0000 ---- ----

g Fletcher's gamma 4.000E+00 ---- [n**(n/(n-1))]/[n-1]

B./Bmsy Ratio: B(2016)/Bmsy 1.010E+00 -—-- -—--

F./Fmsy Ratio: F(2015)/Fmsy 6.454E-01 ---- -—--

Fmsy/F. Ratio: Fmsy/F(2015) 1.549E+00 -—-- -—--

Y.(Fmsy) Approx. yield available at Fmsy in 2016 1.459E+03 MSY*B./Bmsy MSY*B./Bmsy
...as proportion of MSY 1.009E+00 -—-- ----

Ye.  Equilibrium yield available in 2016 1.446E+03 4*MSY*(B/K-(B/K)**2)  g*MSY*(B/K-(B/K)**n)
...as proportion of MSY 9.999E-01 - ----

————————— Fishing effort rate at MSY in units of each CE or CC series ---------
fmsy(1) Biomass index, Total yield 1.790E-01 Fmsy/q( 1) Fmsy/q( 1)
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ESTIMATED POPULATION TRAJECTORY (NON-BOOTSTRAPPED)
(oueHeHasi TMHAMHKA monyasinuu (0e3 OyTcTpen-aHaIn3a))

Estimated Estimated Estimated Observed Model  Estimated  Ratioof  Ratio of
Year total starting ~ average total total surplus F mort biomass
Obs orID Fmort biomass biomass yield yield production  to Fmsy  to Bmsy

1980 0.234 2.513E4+03 2.673E+03 6.261E+02 6.261E+02 9.469E+02 1.049E+00 3.881E-01
1981 0.182 2.834E+03 3.075E+03 5.602E+02 5.602E+02 1.046E+03 8.159E-01 4.377E-01
1982 0.177 3.320E+03 3.581E+03 6.335E+02 6.335E+02 1.156E+03 7.924E-01 5.128E-01
1983  0.179 3.843E+03 4.102E+03 7.341E+02 7.341E+02 1.251E+03 8.016E-01 5.935E-01
1984 0.275 4.360E+03 4.405E+03 1.210E+03 1.210E+03 1.298E+03 1.230E+00 6.732E-01
1985 0.282 4.448E+03 4.471E+03 1.263E+03 1.263E+03 1.307E+03 1.265E+00 6.869E-01
1986 0.288 4.492E+03 4.501E+03 1.296E+03 1.296E+03 1.311E+03 1.289E+00 6.937E-01
1987 0.285 4.508E+03 4.521E+03 1.289E+03 1.289E+03 1.314E+03 1.277E+00 6.962E-01
1988 0.262 4.533E+03 4.594E+03 1.204E+03 1.204E+03 1.324E+03 1.174E+00 7.001E-01
1989 0.278 4.653E+03 4.671E+03 1.299E+03 1.299E+03 1.333E+03 1.245E+00 7.186E-01
1990 0.266 4.688E+03 4.731E+03 1.256E+03 1.256E+03 1.341E+03 1.190E+00 7.239E-01
1991 0.254 4.772E+03 4.837E+03 1.226E+03 1.226E+03 1.353E+03 1.136E+00 7.369E-01
1992 0.193 4.899E+03 5.101E+03 9.826E+02 9.826E+02 1.380E+03 8.629E-01 7.565E-01
1993 0.217 5.296E+03 5.414E+03 1.177E+03 1.177E+03 1.407E+03 9.734E-01 8.179E-01
1994  0.207 5.526E+03 5.655E+03 1.170E+03 1.170E+03 1.422E+03 9.269E-01 8.534E-01
1995 0.304 5.778E+03 5.628E+03 1.710E+03 1.710E+03 1.421E+03 1.361E+00 8.923E-01
1996 0.457 5.489E+03 5.002E+03 2.288E+03 2.288E+03 1.369E+03 2.049E+00 8.477E-01
1997 0.615 4.570E+03 3.927E+03 2.416E+03 2416E+03 1.218E+03 2.755E+00 7.057E-01
1998 0.684 3.372E+03 2.856E+03 1.953E+03 1.953E+03 9.916E+02 3.062E+00 5.207E-01
1999 0.449 2.410E+03 2313E+03 1.038E+03 1.038E+03 8.483E+02 2.009E+00 3.722E-01
2000 0.514 2.221E+03 2.072E+03 1.064E+03 1.064E+03 7.771E+02 2.300E+00 3.430E-01
2001 0.480 1.934E+03 1.842E+03 8.838E+02 8.838E+02 7.055E+02 2.149E+00 2.986E-01
2002 0.262 1.756E+03 1.867E+03 4.884E+02 4.884E+02 7.134E+02 1.172E+00 2.711E-01
2003 0.407 1.981E+03 1.953E+03 7.949E+02 7.949E+02 7.406E+02 1.823E+00 3.059E-01
2004 0.236 1.926E+03 2.068E+03 4.884E+02 4.884E+02 7.758E+02 1.058E+00 2.975E-01
2005 0.240 2.214E+03 2.360E+03 5.673E+02 5.673E+02 8.614E+02 1.077E+00 3.418E-01
2006 0.231 2.508E+03 2.672E+03 6.167E+02 6.167E+02 9.466E+02 1.034E+00 3.873E-01
2007 0.147 2.838E+03 3.132E+03 4.617E+02 4.617E+02 1.059E+03 6.602E-01 4.382E-01
2008 0.177 3.435E+03 3.697E+03 6.535E+02 6.535E+02 1.179E+03 7.916E-01 5.305E-01
2009 0.266 3.961E+03 4.045E+03 1.076E+03 1.076E+03 1.242E+03 1.191E+00 6.117E-01
2010 0.300 4.127E+03 4.135E+03 1.241E+03 1.241E+03 1.257E+03 1.344E+00 6.373E-01
2011  0.229 4.143E+03 4.294E+03 9.845E+02 9.845E+02 1.281E+03 1.027E+00 6.398E-01
2012 0.190 4.440E+03 4.666E+03 8.857E+02 8.857E+02 1.332E+03 8.502E-01 6.857E-01
2013 0.170 4.887E+03 5.145E+03 8.730E+02 8.730E+02 1.384E+03 7.599E-01 7.546E-01
2014 0.144 5.398E+03 5.704E+03 8.212E+02 8.212E+02 1.424E+03 6.449E-01 8.336E-01
2015 0.144 6.001E+03 6.276E+03 9.044E+02 9.044E+02 1.444E+03 6.454E-01 9.267E-01
2016 6.540E+03 1.010E+00

CT S0 00N AW =

LW L W L W LW W NN NN NN — = o e e e
NN kR W= O V00NN R WD = O 00NN R W

RESULTS FOR DATA SERIES # 1 (NON-BOOTSTRAPPED) Biomass index, Total yield
(pe3yJbTaThbl pacueToB Mo BpemeHHomy psiny Ne 1 (6e3 Oyrcrpen-ananusa)) Mumexe 6momaccnl, O6umii
BbLJIOB

Data type CC: CPUE-catch series Series weight: 1.000

Observed Estimated Estim Observed Model Resid in Statist
Obs Year CPUE CPUE F yield yield log scale  weight

1980 3.208E+03 3.333E+03 0.2342 6.261E+02 6.261E+02 0.03820 1.000E+00
1981 3.572E+03 3.835E+03 0.1822 5.602E+02 5.602E+02 0.07096 1.000E+00
1982 4.316E+03 4.465E+03 0.1769 6.335E+02 6.335E+02 0.03402 1.000E+00
1983 5.196E+03 5.116E+03 0.1790 7.341E+02 7.341E+02 -0.01561 1.000E+00
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5 1984
6 1985
7 1986
8 1987
9 1988
1989
11 1990
1991
13 1992
1993
15 1994
1995
17 1996
18 1997
19 1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015

6.137E+03
6.537E+03
6.482E+03
6.175E+03
6.028E+03
6.057E+03
5.860E+03
5.566E+03
5.278E+03
5.362E+03
5.773E+03
6.663E+03
6.383E+03
6.196E+03
4.246E+03
2.792E+03
2.675E+03
2.183E+03
2.356E+03
2.648E+03
2.276E+03
2.660E+03
3.231E+03
3.778E+03
4.447E+03
4.832E+03
5.640E+03
6.007E+03
6.676E+03
6.247E+03
6.846E+03
7.102E+03

5.493E+03
5.575E+03
5.613E+03
5.638E+03
5.730E+03
5.825E+03
5.900E+03
6.032E+03
6.361E+03
6.752E+03
7.053E+03
7.018E+03
6.238E+03
4.897E+03
3.562E+03
2.885E+03
2.585E+03
2.297E+03
2.328E+03
2.436E+03
2.579E+03
2.943E+03
3.332E+03
3.906E+03
4.611E+03
5.045E+03
5.157E+03
5.355E+03
5.819E+03
6.417E+03
7.113E+03
7.827E+03

0.2746
0.2825
0.2878
0.2851
0.2621
0.2781
0.2656
0.2536
0.1926
0.2173
0.2070
0.3038
0.4575
0.6152
0.6837
0.4486
0.5135
0.4797
0.2616
0.4070
0.2361
0.2404
0.2308
0.1474
0.1767
0.2659
0.3001
0.2293
0.1898
0.1697
0.1440
0.1441

1.210E+03
1.263E+03
1.296E+03
1.289E+03
1.204E+03
1.299E+03
1.256E+03
1.226E+03
9.826E+02
1.177E+03
1.170E+03
1.710E+03
2.288E+03
2.416E+03
1.953E+03
1.038E+03
1.064E+03
8.838E+02
4.884E+02
7.949E+02
4.884E+02
5.673E+02
6.167E+02
4.617E+02
6.535E+02
1.076E+03
1.241E+03
9.845E+02
8.857E+02
8.730E+02
8.212E+02
9.044E+02

1.210E+03
1.263E+03
1.296E+03
1.289E+03
1.204E+03
1.299E+03
1.256E+03
1.226E+03
9.826E+02
1.177E+03
1.170E+03
1.710E+03
2.288E+03
2.416E+03
1.953E+03
1.038E+03
1.064E+03
8.838E+02
4.884E+02
7.949E+02
4.884E+02
5.673E+02
6.167E+02
4.617E+02
6.535E+02
1.076E+03
1.241E+03
9.845E+02
8.857E+02
8.730E+02
8.212E+02
9.044E+02

-0.11083
-0.15904
-0.14404
-0.09096
-0.05076
-0.03906
0.00681
0.08040
0.18659
0.23047
0.20015
0.05190
-0.02298
-0.23516
-0.17550
0.03246
-0.03445
0.05130
-0.01166
-0.08348
0.12497
0.10094
0.03083
0.03352
0.03613
0.04308
-0.08945
-0.11497
-0.13745
0.02689
0.03833
0.09718

1.000E+00
1.000E+00
1.000E+00
1.000E+00
1.000E+00
1.000E+00
1.000E+00
1.000E+00
1.000E+00
1.000E+00
1.000E+00
1.000E+00
1.000E+00
1.000E+00
1.000E+00
1.000E+00
1.000E+00
1.000E+00
1.000E+00
1.000E+00
1.000E+00
1.000E+00
1.000E+00
1.000E+00
1.000E+00
1.000E+00
1.000E+00
1.000E+00
1.000E+00
1.000E+00
1.000E+00
1.000E+00

ESTIMATES FROM BOOTSTRAP ANALYSIS
(pe3yJbTHPYIOLIINE OLIEHKH C IPUMeHeHHeM OyTCTpen-aHaau3a)

(Notation X. means terminal estimate of X)

Bias-corrected approximate confidence limits Inter-

Param Point quartile Relative
name  estimate 80% lower 80% upper 50% lower 50% upper range 1Q range
BI/K 1.941E-01 1.607E-01 2.241E-01 1.756E-01 2.091E-01 3.348E-02  0.173
MSY 1.446E+03  1.366E+03 1.602E+03 1.400E+03 1.525E+03 1.252E+02  0.087
Fmsy  2.233E-01  2.015E-01 2441E-01 2.114E-01 2.340E-01 2.253E-02  0.101
q) 1.247E+00  1.137E+00 1.371E+00 1.188E+00 1.314E+00 1.256E-01  0.101
Ye(2016) 1.446E+03  1.354E+03 1.587E+03 1.399E+03 1.524E+03  1.256E+02 0.087
Y.(Fmsy) 1.459E+03  1.349E+03 1.551E+03 1.398E+03 1.506E+03 1.086E+02 0.074
Bmsy 6.475E+03  5.681E+03 7.631E+03 6.035E+03 7.049E+03 1.014E+03 0.157
fmsy(1) 1.790E-01 1.644E-01 1.926E-01 1.713E-01 1.860E-01 1.471E-02  0.082
B./Bmsy 1.010E+00  8.581E-01 1.135E+00 9.287E-01 1.078E+00 1.490E-01  0.147
F./Fmsy 6.454E-01 5951E-01 7.083E-01 6.193E-01 6.793E-01 6.001E-02  0.093
Ye/MSY 9.999E-01  1.000E+00 1.000E+00 1.000E+00 1.000E+00  5.951E-06 0.000

INFORMATION FOR REPAST (Prager, Porch, Shertzer, & Caddy. 2003. NAJFM 23: 349-361)
(nagopmanus 111 pa3padoTUYHKOB)
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Unitless limit reference point in F (Fmsy/F.): 1.549
(To4e4HbIii FPAHUYHBIA OPHEHTHD N0 NPOMBICI0BOI cMepTHOCTH. Bespasmepnslii: Fy,,/F)

CV of above (from bootstrap distribution): 0.068
(k03 ¢unmeHT Bapuanuy NPUBEIEHHOTO0 BbILIe 3HAYEHUS OpHeHTHpPa (M3 pacnpefejieHuss OyTcTpen-
OLIEHOK))

NOTES ON BOOTSTRAPPED ESTIMATES:
(mpuMe4aHMs K pe3y/ibTaTaM OyTCTpen-aHAIN3Aa)

- Bootstrap results were computed from 2000 trials.
(Yucao 6yTcTpen-BoI60POK, HCIOIB30BAHHBIX B BHIYHCIEHHSIX)
- Results are conditional on parameter bounds in the input file.
(Pe3yabTaThbl HOTy4YeHbI ¢ y4eTOM I'PAHHYHBIX 3HAYEHUIi TapaMeTPOB, 3aJaHHBIX BO BXOHOM (aiiiie)
- If many trials were replaced, consider relaxing bounds and re-running.
(IIpu  GoabmOM KoOJHMYECTBEe OYyTCTpen-BbIOOPOK, He OTBEYAIOHIMX YCJOBHUAM CXOAMMOCTH, PpeKOMeHayeTcs
paclIMpuTh FPAHUILI 3HAYEHHIT TAPAMETPOB U Nepe3anmyCcTUTh MPorpaMmy)
- All bootstrapped intervals are approximate. The statistical literature recommends using at least 1000 trials

for accurate 95% intervals. The default 80% intervals used by ASPIC should require fewer trials for equivalent

accuracy. Using at least 500 trials is recommended.
(Bce noBepuTenbHbIe  HHTEPBAJbl, PACCYHTAHHBIE MO  pe3yabTaTaM  OyTcTpen-aHaAW3a,  SIBISIOTCS
NpuOIN3UTEIbLHBIMU. JIJIsl MOJy4eHHUs] TOUYHBIX 3HA4YEeHMI 95%-HbIX J0BEePHTEIbHBIX HHTEPBAJOB B CTATHCTHYECKOI
JIMTepaType peKoMeHayeTcsl Mcnob3oBaTh He MeHee 1000 OyTcrpen-Bpidopok. B nporpamme ASPIC no ymosruanuio
npuHAThl 80%-Hble HHTePBAJbI, YTO TpedyeT MeHbINEr0 KOJUYeCTBA HCNbITAaHHH. PexoMeHI0BaHHOe 4YHCIIO
OyTcTpen-BbIGOPOK — He Menee 500)

Trials replaced for lack of convergence: 0 Trials replaced for MSY at bound or MSY >=K: 0
(YncJ10 NOBTOPHBIX HCHIBLITAHUI BBUAY OTCYTCTBHS CXOAUMOCTH)

(Yucso moBTopHbIX BBUAY Bbixoga MSY Ha rpanuny wiam MSY
>K)
Trials replaced for q at bound: 7 Trials replaced for B1/K at bound: 1
(Yuc/10 NOBTOPHBIX MCHBITAHUI BBUAY BbIX01a ( HA I'PAHUILY)

(YHCI0 TIOBTOPHBIX HCNBITAHWH BBHAY Bbixoga B1/K  Ha

rpaHuIy)
Trials replaced for Fmsy at bound: 0
(Yuc/10 NOBTOPHBIX HCNbITAHUI BBUAY BbIxoaa Fygy Ha rpanuimy)
Residual inflation factor: 1.0607
(Ko3¢unueHT Bo3pacTaHusi 0CTATKOB)

Elapsed time: 0 hours, 10 minutes, 1.235 seconds.
(3aTpaueHHOe BpeMs)

Ha puc. 11.2.3.1 mnpexncraBiieHa BOCCTAHOBJEHHAsT MOJIECNBIO JUHAMUKA

OnoMacchl 3araca.

7000

6000

5000

4000

3000

2000

1000

Luosmacea FACca, ThiC. T

0
1980 1985 1990 1995 2000 2005 2010 2013

—ASPIC 7.0

Puc. 11.2.3.1. JImnamuka GmomMaccel 3amaca
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B makere ASPIC pns Busyanmu3anuu pe3ysibTaTOB aHAINW3a HCIOJIb3YETCS
BcrioMorarenbHas nporpamma AGRAPH, BeiBojsitas rpaguieckyro HHPOpPMALIUIO O
JTMHAMUKE OTHOCUTENBHBIX MOKa3aTesield MPOMBICIOBON CMEPTHOCTU U OMOMACCHI, a
TaKK€ O CTENEHW NPHUOTMKEHUS MOJCIbHBIX 3HAYCHWM WHAEKCA 3amaca K

HaOmoneHHbIM (puc. 11.2.3.2, 11.2.3.3).

35 Relative Biomass and Fishing Mortality
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Puc. 11.2.3.2. JlunaMyKa OTHOCUTENBHBIX IOKa3aTeNlel MPOMBICIOBOM CMEPTHOCTU M OMOMAcChI
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Puc. 11.2.3.3. CpaBHeHHEe MOETFHBIX U HAOTIOJCHBIX 3HAYCHU MHIEKCA 3amaca

249



B pamkax mnporpammbel ASPIC mnpouenypa mOpOrHO3UPOBAHHUS COCTOSIHUS
3amaca peanu3oBaHa B otaerabHOM mMoayiie ASPICP, B KOTOpbIil mOCTynaroT JaHHbIE
U3 MOJIyJI1 OLEHKM IapameTpoB MoJenu. IIpu 3TOM OTHOCHUTENBHBIE 3HAYEHUS
kodddunmenta npomsicioBoit cMmepTHOcTH (F/Fygy) 3amatoTcs monb3oBartenem.
Hwxe mnpencraBinen npumep BxoaHoro (aitna moxyns ASPICP (cranmaptHoe
pacimupenue .ctl, KMpHbIM IIPUQPTOM BBIIEICHBI MOSCHEHUS, B peajabHOM (haiiie

OTCYTCTBYIOLIHUE):

ASPICP-V4

"Pollock North" (HaumMeHOBaHHNe 00BHEKTA)

POL-SSE.bio (ums1 BbIX0AHOTO (haiina moay.as mapamerpusanuu ASPIC)
0.1 -CV of MSY

BC 1 -Smoothed intervals

0 -Don’t skip years

011

4520803 (mpou3BoJIbHOE LeJI0e YUCJI0, He MeHee 7 3HAKOB, Tpedyiouleecs sl HHUUMAIMH TeHepaTopa
cJy4YaiiHbIX Yuces)

# Projection specs follow here (omumum mporHo3Hoi nmpouexypsl)

# The next one is for ten years: (mporuo3 na 10 Jier Bepesn)

x10 1.00 FMSY (4ucJjo Jiet nporuo3a, F mo orHomenuio k Fygy)

9% %END

®parMeHT BBIXOJHOTO (haiijia MPOTHO3HOTO MOAYJIS (CTaHAAPTHOE pacUIupeHue

p1j):

Results from ASPICP.EXE, version 5.01 (pe3y/1bTaThl pacueToB)
Pollock North

USER CONTROL INFORMATION (FROM INPUT FILE) (undopmaunusi, 3aiaHHasi N0Jb30BaTejleM BO BXOJHOM

(daiiae)

Control (CTL) file read: (ums1 BXogHOTO (haiiia) POL-SSE.ctl

Biomass (BIO) file read: (ums ¢aiina, conep:kaiiero oneHkH 6umomMaccehbl) pol-sse.bio

Output file (this file): (umsa daiiia pe3yabTaToB) POL-SSE.prj

Production-model type: (THI mMpOAYKIHOHHOI MO/IeIH) Logistic

Number of years of projections: (IpoOrH03Hblii TOPU30HT) 10 (ser)

Type of confidence intervals: (THI 10BepUTEJbHBIX HHTEPBAJIOB) Bias-corrected percentile (mpoueHTHIH,
CKOPPEeKTHPOBAHHbIE c y4yeTom

cMelleHus )

CV of MSY: 0.1000

Confidence interval smoothing: (cri1akuBanue J0BepUTeJIbLHBIX HHTEPBaJ0B) ON (BK/IIH0YEHO)

Year Input data User data type
2016 1.000E+00 F/Fmsy
2017 1.000E+00 F/Fmsy
2018 1.000E+00 F/Fmsy
2019 1.000E+00 F/Fmsy
2020 1.000E+00 F/Fmsy
2021 1.000E+00 F/Fmsy
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2022 1.000E+00 F/Fmsy

2023 1.000E+00 F/Fmsy
2024 1.000E+00 F/Fmsy
2025 1.000E+00 F/Fmsy

TABLE OF PROJECTED YIELDS (BEJIMYUHA YJIOBA HA TPOIrHO3HOM I'OPU30OHTE)

Inter-
Point Estimated Relative Approx 80% Approx 80% Approx 50% Approx 50% quartile Relative
Year estimate bias bias lower CL  upper CL lower CL upper CL range IQ range

2016 1.483E+03 -2.208E+01  -1.49% 1.418E+03 1.618E+03 1461E+03 1.568E+03 1.076E+02 0.073
2017 1.517E+03 -5.885E+01  -3.88% 1.490E+03 1.702E+03 1.534E+03 1.656E+03 1.221E+02  0.080
2018 1.495E+03 -3.794E+01  -2.54% 1.445E+03 1.661E+03 1489E+03 1.606E+03 1.172E+02 0.078
2019 1.439E+03 1.592E+01 1.11% 1.348E+03 1.527E+03 1.387E+03 1.483E+03 9.541E+01  0.066
2020 1.413E+03 4.211E+01 2.98% 1305E+03 1.473E+03 1.341E+03 1.427E+03 8.583E+01  0.061
2021 1.388E+03 6.617E+01  4.77% 1277E+03 1.429E+03 1.307E+03 1.382E+03 7.558E+01  0.054
2022 1.367E+03 8.715E+01 6.37% 1.255E+03 1.382E+03 1.267E+03 1.342E+03 7.459E+01  0.055
2023 1.370E+03 8.359E+01 6.10% 1.230E+03 1.394E+03 1.272E+03 1.349E+03 7.700E+01  0.056
2024 1.362E+03 9.077E+01 6.66% 1.239E+03 1.380E+03 1.260E+03 1.339E+03 7.911E+01  0.058
2025 1.397E+03 5.556E+01 3.98% 1.279E+03 1.464E+03 1.314E+03 1.409E+03 9.516E+01  0.068

NOTE: Confidence intervals are approximate (0leHKH J0BEPHTEIbLHBIX HHTEPBAJIOB NPHOJIN3NTEIbHBIE)

At least 500 to 1000 trials are recommended when estimating confidence intervals (7151 oeHHMBAaHHSI AOBePHUTEILHBIX HHTEPBAJIOB

pexoMeHayeTcsi, Kak MUHUMYM, oT 500 10 1000 noBTOpHOCTEIH)

Pesynprartel, BusyanmsupoBaHHble ¢ nomombio  Moayias  AGRAPH,
npeacrasieHsl Ha puc. 11.2.3.4 n [1.2.3.5:

Fallock Morth
Relative Fishing Mortality with 809% Cl {10 yr Projection])

35 T T T T

F/F g

a.0 1 1 1 1
1980 1990 2000 Z010 2020 Z030

Year

Puc. 11.2.3.4. OTHOCUTENBbHAS TPOMBICIIOBast CMEPTHOCTH € 80%-HbIM TOBEpUTEIbHBIM HHTEPBAJIOM
Y IpOorHo3oM Ha 10 ser
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Pallock North

- Relative Biomass with 80% Cl (10 yr Projection)
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Puc. 11.2.3.5. OtHOCcuTenbHas 6uomacca 3amnaca ¢ 80%-HbIM T0BEPUTEIbHBIM HHTEPBAJIOM U
nporHo3om Ha 10 net

Jluteparypa

Schaefer M. B. Some Aspects of the Dynamics of Populations Important to the
Management of the Commercial Marine Fisheries // Bull. Inter-Am. Trop. Tuna
Comm. 1954. V. 1. Ne 2. P. 27-56.

Fox W.W. An exponential yield model for optimizing exploited fish
populations. Trans. Am. Fish. 1970. Soc. 99, P. 80-88.

Pella J.S., Tomlinson P.K. A Generalized Stock-production Model. Bull. Inter-
Amer. Trop. 1969. Tuna Comm. 13, P. 421-496.

Prager M.H. A suite of extensions to a nonequilibrium surplus—production
model. 1994. Fishery Bulletin 92. P. 374-389.

User’s Guide for ASPIC Suite, version 7:A Stock—Production Model
Incorporating Covariates and auxiliary programs [Electronic resource]. — URL:

http://www.mhprager.com/aspic7-guide.pdf.
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User’s Guide for ASPIC: A Stock—Production Model Incorporating Covariates
(ver. 5) And Auxiliary Programs [Electronic resource]. — URL:

http://www.mhprager.com/aspicSman.pdf.

Jaiiies B.®., Ilomsamn A.JI. 2001. CopaBoyHUK TIO OOBIKHOBEHHBIM

nuddepeHnuanbHpIM ypaBHeHUsAM. M.: ®usmatiurt. 576 c.
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Pazgen 111

MeToAMKH OLIEHKH 3a11aCOB IPUOPUTETHBLIX BUI0B
BOJAHBIX OMoJioruueckux pecypcos aJs III yposus
UH(OPMAIMOHHOI0 00ecIeYeHsI PACYeTOB
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HemoaeabHbie MeTOABI (KPAaTKOE ONMCAHUE)

K III ypoBHio uHpopmannonHoro odecrnedeHus pacueroB OIY oTHocsATCs
CUTYaIlMH, KOTJla HeJJOCTaTOYHAs MOJHOTA W/WUJTU KA4eCTBO JIOCTYIMHON MH(pOpMAIIUH
WCKJIIOYAIOT HCIIOJIb30BAaHUE MOJIENEH 3KCIulyaTupyeMoro 3amaca. OOOCHOBaHHE
OIY crpoutcs Ha HSMIOUPUYECKUX, TPEHAOBBIX, WHIUKATOPHBIX U JAPYTHX
NPUOJIMKEHHBIX METO/IaX, IPUMEHSIEMBIX B cilydae Aeduiura nHhopmaiuu.

K nactosimemy BpemMeHU pa3pabOTaHO JIOBOJIBHO OOJIBIIIOE YUCIIO MOJOOHBIX
METOJI0B (HECKOJIBKO JIECATKOB), oObenuHseMbix B kareroputo DLM (Data Limited
Methods), win «HEMOIENbHBIX» METOJNOB. Pa3znuuHble Trpynmbl 3TUX METOAOB
pa3IMYaOTCAd TEOPETUYECKUMU MPEANOCHIIKAMH, 3aJ0)KEHHBIMU B HX OCHOBY, a
Tak)ke TpeOOBaHUSIMU K cocTaBy BXoaHou unpopmanuu. Ha puc. IIl.1 npencrabienb

OCHOBHBIC KJIaCChl HEMOACIIBHBIX MECTOJOB.

«HeMmoaeabHBIN» MOAX0T

/ |

TpenagoBbie OMNuUpHYecKue
METOIbI METOAbI
\ 4
MeTtoapbl, MeTtoabl Ha
YYMTHIBAKOLIME OCHOBE IIpoune MeToxbI
HCTOIIeHHE 3amaca YPaBHEHUil yJ10Ba

Puc. III.1. Knaccuduxarust METOI0B, MPUMEHIEMBIX B paMKax «HEMOJIEIHLHOT0» MOIX0/1a
Kk obocHoBanuto O/1Y

BBuay MHOXECTBEHHOCTH CYIIECTBYIOIIMX TOIXOJ0B K MPOTHO3UPOBAHHIO
OAY mpu nedbunure wuCXoaHOW WHGOPMAIMK BO3HUKAET mpobdiieMa BbIOOpa

HamOosiee A(PGEKTUBHBIX METOJOB, YUYHUTHIBAIOIMNX OWOJOTUYECKUE CBOMCTBA
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DKCIUTYaTUPYEMBIX TMOIYJSIUUNA, a TAKXKE CYIIECTBYIOLIME TEHIACHLUHWH W3MEHECHHU
COCTOSIHUS 3aI1aCOB O] ACUCTBUEM IIPOMBICIIA.

OrpanuueHue BbpIOOpa mnpuMeHsieMblXx MetogoB DLM  moxer ObITh
OCYIIECTBJICHO Ha OCHOBE BBIZeNIeHUs Ooiyiee MpoOHBIX Kareropuii B pamkax Il
ypoBHs HH(pOpMaIMoHHOro obdecnedenus. [loqoOHas npakTuka CyImEecTBYeT B TaKUX
MexayHapoanbix oprann3anusx kak UKEC u HA®O. B UKEC, nanpumep, MpuHATO
pa3zieieHue BCEX 3amacoB Ha 6 KaTeropuil B 3aBUCHMOCTH OT OOECIEUEeHHOCTU
nanaeiMu [ICES, 2012]:

1. CrpykTypa M Ka4eCcTBO JAHHBIX JOMYCKAaIOT IPUMEHEHUE AHAIMTUYECKUX
MeTo10B TiporHo3upoBanus OJ1Y (koropTHbie v MPOAYKIIMOHHBIE MOJIEIH);

2. CTpykTypa HNaHHBIX JIOIIyCKAaeT IPUMEHEHUE AHAJIUTHUYECKUX METOJ0B
nporHo3upoBanuss OJY (koropTHele ¥ MNPOAYKIMOHHBIE MOJIEIN), OJHAKO
pe3yNbTaThl (B CUILy pa3InYHbIX IPUYHMH) HEAOCTATOYHO HA/IEKHBI U IO3BOJISAIOT JaTh
JUIIb KA4EeCTBEHHYIO OLEHKY TEKYyIIMX TPEHIAOB B II0KA3aTEIAX MPOMBICIOBOMN
CMEPTHOCTH, MTONOJHEHUS U OMOMacchl 3araca;

3. JlocTynHbl MHJEKCHI BEIUYMHBI 3amaca (pe3ysbTaThl YYETHBIX CHEMOK),
MO3BOJISIIOIIME CYIUTh O €ro JAMHAMHUKE (B TEPMHUHAX MPOMBICIOBOM CMEPTHOCTH,
MIOTIOJTHEHUS, OMOMACCHI);

4. JIoCTyIIHBI JOCTaTOYHO HAJEKHbBIE JAHHBIE O BEJIMYMHE YIIOBA;

5. ImeroTcs TOJIbKO JaHHBIE 00 YJIOBE Ha BBITPY3KY;

6. BennunHa 3aperucTpUpPOBAHHOTIO BbBUIOBA MPEHEOPEKUMO Majia, 4YTO
TUTMIAYHO JIJIS1 IPUJIOBHBIX U COPHBIX OOBEKTOB.

brok-cxema mpUHATHS pEUICHUWH, Ompenessiomas BbIOOp TOW WIM HMHOM W3

MEePEUNCICHHBIX KaTeropuii, n3odpaxena Ha puc. I11.2.
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Ecth nanuble 1718 ICHIOMB30BAHI Mo Ae el

KauecTBO JaHHEIX EcTr manHBIE MPOMEICTTOBO-
o0ecneunBaeT OIoorIMecKoii CTaTHCTHRI
COCTOATCIEHOCTE OLICHOK

EcTe nanntie EcTh TONBKO
CBEMOK JaHHEIE 00 yI0Bax
Kareropis 2 |
\
caTe 3 v
Kateropis 3
KaTeropns 4 )
Kareropui S 6

Puc. II1.2. brok-cxema npuHATUS pELICHUS O IPUHAJIEKHOCTH aHAIIM3UPYEMOTrO 3araca K 0J1HON
u3 6-tu npennucanHbix MKEC kareropuit

JI1st KaK1oM U3 BBIJEISIEMbIX KAaTETOPUN B CBOIO OUEpeh ONPEAeIsieTCs: HA0op
METOJI0OB, PEKOMEHIYEMbIX K MPUMEHEHUIO.

Haubonee oueBUIHBIM CITIOCOOOM pENICHHS TPOOIEMBbI BBIOOPA «HAWITYUIIIET O
Metona DLM sBnseTcss UX TECTUPOBAHHE C TMOMOIIBI) AHATUTUYECKHUX MOJIEIIEH,
TCHEPUPYIOITUX TOJHbIE HAOOPHI JaHHBIX. Pe3ynbTaThl MOJ0OHOTO TECTHPOBAHUS,
OCYIIECTBJICHHOI'O TPYNIION KaHAJICKUX M aMEPUKAHCKUX CIIECIMAIMCTOB HA IpUMeEpe
koropTHeiX mojeneil [Carruthers et al., 2014], yka3pIBaloT Ha MEPCHEKTHUBHOCTb
METOJIOB, YUUTHIBAIOIIMX CTETEHb MCTOIICHHUS 3amaca, B MEPBYIO Odepeab, METO/AA
DB-SRA (croxactuueckuid aHanu3 cokparieHus 3amaca) [Dick, MacCall, 2011].
MeTtoa 1TO3BOJIIET OLEHUTh OMOJIOTUYECKUE OPUEHTHUPHI YIPaBICHUSI MPOMBICIOM
(MSY, Bumsy) u rpanuiy obmactu mepenoBa (Overfishing Limit, OFL = Y(Fysy).
BxomubIMU TaHHBIMH CIIy:KaT BpeMeHHOM psin yioBoB (C,), olleHKa MTHOBEHHOTO
koaddummenTa ectecTBeHHON cMepTHocTH (M), a Takke apryMEeHTHPOBAHHBIC
cyxaeHuss o cooTHomeHusiXx Fysy/M, Bysy/Bg u  Beyr/By. W3 uwmcna
MPOTECTUPOBAHHBIX METOJ0B (25 B o00mieit cinoxHocTtH), meroq DB-SRA naer
HaWJIydlliee TMPUOIDKEHHEe K OIEHKAM, IMIOJYyYEeHHBIM C TIOMOIIBIO TIOJTHOM

aAHAJUTUYECKOU MOJIEIIN.
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JlaGoparopueli CHCTEMHOTrO aHaim3a BOAHBIX OuopecypcoB @OI'BHY
«BHUPO» mnpoBeneHO aHaJIOrMYHOE TECTUpPOBaHUE TIpynnbl MeTonoB DLM,
ONEPUPYIOLUINX MHUHUMAIbHBIMU HAa0OpaMU BXOJHBIX JIaHHBIX, OIPAaHUYEHHBIX

JTAHHBIMH 00 yJIOBE M MHICKCAX OOMIIHSI.

Jluteparypa

Geromont H.F., Butterworth D.S. Generic management procedures for data-
poor fisheries: forecasting with few data // ICES Journal of Marine Science. 2015. V.

72.N. 1. P.251-261.
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II1.1. ITporpammusliit komiexke DL.Mtool (NRDC)
Carruthers, Hordyk, 2016

II1.1.1. Onucanue MeTOA0B

Ananu3 onupaercs Ha uaeosoruto MSE (Management Strategy Evaluation —
orieHKa 3((PEKTUBHOCTU CTpaTeruy YIpPaBJICHHS), HA3HAUCHHEM KOTOpOM SIBIsieTCS
BBIOOp CTpareruu, Haubosiee YCTOMYMBOM K HM3MEHEHHUIO THUIIOTE3 O peajbHOU
JTUHAMUKE MPOLEAYP YIPABICHUS.

B wnaunbonee mnpocroii Bepcuu MSE B kauecTBe omneparioHHONW MOJENTU
BBHIOMpaeTCsd MPOAYKIIMOHHAS MOJENb, a IMpoleaypa yIOpaBiICHUS CBOAUTCA K
HemozaensHoMmy [IPII. Torma 3amaua Qopmanusyercss CIeayronmM 00pa3oM:
JUHAMUKa OMOMAacChl 3amaca OMHUCBHIBACTCS CTOXACTHUYECKOM MPOTYKIIMOHHOM

MO/JCIIbIO:

Y

+1 :FMSY o 7/+1_ ! - F []]_|_g (IHlll)

rec
t MSY

rie B — Ouomacca mpombicioBoro 3amaca; t — Bpems (roabl); Fysy —
MPOMBICJIOBasi CMEPTHOCTb, COOTBeTCTBYIOIAass MSY; v — mapametp monenu Ilenna-
Tommuucona [Pella, Tomlinson, 1969]; Bysy — 6momacca, coorBerctBytomas MSY';
F.c — TpoMBICIIOBasi CMEPTHOCTb, OMpeaeyseMas COINIACHO TECTUPYEMOMY
HemosensHoMy [IPIT kak ¢yHKIMM HHAEKCA BEJIUYMHBI 3amaca; | — HHIEKC
BEITMYMHBI 3a11aca; € — OMIMOKa Impoliecca, OlleHeHHas MPU HACTPOIKE ONeparmoOHHON
MOJICIIH.

HaGnromaembie WHAEGKCHI BENWYHMHBI 3amaca CBs3aHbl €  (paKkTUYECKOUH

oromMaccoi MOJEIN HAOJIFOAECHHUS:
I, =B exp(n-o0,/2) (I1.1.1.2)

rae mn — omubKka HAOMIONCHHSA; G, — CTAHJAPTHOE OTKJIOHEHHUE OIINOKH

HAOJIIOICHUS.
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HeoOxomumo  omenuth  kodpduumeHtsl 3(G(HEKTUBHOCTH  YIPaBIICHUSA,
IPEICTaBISIIONINE COO0OM YCpPEAHEHHbIE MO BPEMEHH MaTeMaTHUeCKHUE OXHUIaHUs
Pa3IMYHBIX BEJIMYUH:

1 T
(J)=1lim —| EJ(B,,F,
0

T—o T

)dt (I11.1.1.3)

rec

rjae J — coorBeTcTBYIOMMMN KO3hQuIueHT 3 PeKTUBHOCTH.
Tax, Hanbosnee BaXHBIM U3 MOJOOHBIX KOA(PHUIIUECHTOB SBISETCS OTKIOHEHUE

CPCOAHCMHOTI'OJICTHCTO YJIOBA OT TCOPCTHUUCCKH JOCTHIKUMOI'O MSY:

(MSY -C)=1i ZE MSY - F,,B,) (IIL.1.1.4)

rec
T—>

Jlns peanuzaiuu 3TOM 3ajayd MPUMEHUTEIBHO K HEMOJICTBHBIM METOJaM,
pealbHO KCIOJb3yEMBbIM B MUPOBOU IpakTUKE oleHKu 3anacoB O/]Y, ucnonb3oBaH
nporpammubiii komiuiekc Combi 4.0. CTpykTypa BXOAHBIX AaHHBIX 0O€CIEYHMBAET
BO3MOXXHOCTh MPUMEHEHUs] B OOIEd CIOXHOCTH JAEBATH HEMOJICIbHBIX METOOB,
pacnaiaroumxcs Ha Tpu rpynibl. Huke npuBeieHO X KPaTKOE ONKUCAHUE.

1. Memoowi, onepupyrowue 0auHbiMU 0 OUHAMUKE BbLIOBA:

— AvC: peanusyerT cxeMy YIpaBICHHUS NPOMBICIOM THUIIA «status quo», B
coorBeTcTBUM ¢ KoTtopou OJIY ompenensercs Kak CpEeIHHM BBUJIOB 3a IEPUOA
HaOJIFOICHUM

CCIl: cxema ymnpaBi€HUs, HANpaBi€HHAs Ha MOJAEPKAHUE MOCTOSHHOMN
BeJlnurHbI BhIOBA [Geromont, Butterworth, 2015]. [Iporno3 senmuunnst OY (TAC)
Ha rox Buepex paccumthiBaercs kak TAC, , | = (1 — x) C", tne C** — cpenumii
BBIJIOB 34 IMOCJICTHUE S JIET:

cave — 1’]{52? o 4

X — K03 PUIMEeHT, MpUHUMAIOIINKN 3HaUeHue B nuanazone ot 0 1o 1 (B meToje
CC1 umeert 3nauenue x = 0);

— CC4: meron, ananornynsiii CC1, ¢ KOppeKTUPYIOIUM KO3(PPUIIMEHTOM X =

0,3 [Geromont, Butterworth, 2015].
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2. Memoovl, onepupyrowue OaHHbIMU O OUHAMUKE UHOEKCO8 OOUNUSL:

— Islope 1: McxonHo pa3paboTaH u anpoOHpoBaH Ha TaHHBIX O MPOMBICIE XEKa
HamuOuiickoro menbda [Butterworth, Geromont, 2001]. OcHoBHOe ypaBHEHHE
METO/1a UMEET BUIL:

TAC, ., =TAC, (1 +1s,),

rae A — mapameTp, KOHTPOJUPYIOIIMMA CTeneHb M3MeHeHui BenuuuHbl OY
IIpY HAIMYUU TPEH/Ia NHIEKCOB Onomacchl 3amnaca (B Meroae Islopel nmpuHsaT paBHbIM
A = 04); s, — yrmoBoil kK03()(UIMEHT TpeHJa JIOr-IPeoOpa3OBaHHBIX 3HAYCHUM
yJIOBOB Ha €IUHUIy mpoMmseicaoBoro ycwmua (In 1)) 3a mocmeguue 5 ner

HabmoneHui(s, = tg B) (cm. puc. 111.1.1.1.), TAC, = 0,8C".

Inl +

i-4 i-2 i Lol

Puc. III.1.1.1. OnpeneneHue BeIMYUHBI YTIIOBOTO KO3((HUIIMEHT TPeH/1a JIOT-peoOpa3oBaHHbIX
3HAYEHUH YJIOBOB Ha €IMHUILY IPOMBICIIOBOTO ycuius B metoze Islope

— Islope 4: ananornuen npexapinymeMy merony ¢ napamerpamu A = 0,2, TAC,
=0,6C"",

— Itarget 1: cxema ympaBlieHUs, HamnpaBJieHHas Ha MOJAJEp KaHHe OHMOMACCHI
3amaca Ha ypOBHE, COOTBETCTBYIOIIEM 3aJaHHOMY uHekcy oOumus (/) [Geromont,
Butterworth, 2015]. IIporno3 Benuuunsl O/[Y Ha roa Bmepen OCYIIECTBISETCS MO

dbopmynam:
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Irecent _ IO

TACy+1 :TACy X W+(1_W)Itarget_10

, ecJIu Irecent > IO

recent

TAC,,, =wTAC x il ecrmn I < I,

3nech I” — rpaHUYHOE 3HAYCHHE YIOBA HA SAMHMILY IPOMBICIOBOTO yeumus (I°
= 0,8 I, rme I — cpenHss BeNMYMHA WHAEKCA HA PETPOCIEKTUBE), IIPH IEPEXOE
yepe3 KOTopoe pekomeHayercs cHmkenue OJ[Y 10 Hyls 1O KBaapaTHUYCCKOM

Gynxmum  (puc. 1111.1.2); I'““" — cpemnss BeluuWHAa YJIOBAa HAa EIUHUILY

o 1
TIPOMBICIIOBOTO YCHIIHA 33 TIOCNEHNE 5 et Habmoaenuit ([T#°6™ = :Zi_ el s
=

— HeJeBoe 3HaueHUe UHiekca obwnusa (B Meroze Itargetl 3amaercs xak I*¢ = 1,5
I"°); w — mapamerp criaxuBaHusi (nmpuHAT paBHbEIM 0,5); TAC — HayambHOE
sHauenue OJ1Y, 3agaBaemMoe Kak J0Jisl OT CpeIHEro yiioBa 3a nocieauue S5 jet (TAC "
= (1 —x) C"). B metoze Itarget] 3HaueHue X MPUHATO PABHBIM HYJIIO.

— Itarget 4: MeTOM, aHAJOTMYHBIN NPEBIAYLIEMY, ¢ TTapaMeTpamu x = 0,3, %

=2,51".

TAC MP: Itarget

T A Ctarget

e— “_rzo
————=5

w TA Cﬁ'ngzr

vosrre ]

i Index \\3‘

Puc. 11II.1.1.2. 'paduueckoe mnpeacTaBieHHE CXEMbI PETYIUPOBAHUS PHIOOJIOBCTBA,
peann3oBaHHOU B MeToe Itarget
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3. Memoovl, 3aumcmeosanHvle U3 NPAKMUKU PeCYIUPOBAHUL NPOMBICIA
MUXOOKEAHCKO20 CUHENepo2o MyHyda:

— SPmod: onepupyeT JaHHBIMH O MEXIOJOBBIX H3MEHEHUSX NPOAYKIHU
[Maunder, 2014] u uMmeeT LeJIbi0 YIIpaBiIeHUs BBIBOJ YJIOBa Ha ypoBeHb MSY.

AJNTOPUTM METO/Ia UMEET CICAYIOIIUN BUI:

(I
t+1
I = drp Ce=PB1pCey
t
Qg < I < Qyp t — Liq
t
I = Qyp + = PupPi_1
~dp
rae Oyp, Oyp, Pz, Pup — HapaMETPhl, KOHTPOJIMPYIOUIHME BHIOOP OIMIUI

peryJupoBaHusl TpoMbIcia (3HAUYCHMS, 3aJaBacMble MO YMOJIYAHUIO B IIAKETE
DLMTool, cocrapmstor: a5 = 0,8, ayg = 1,2, Bz = 0,8, Bys = 1,2); P, — npubaBouHas
npoaykiusi (P, =B, .1 — B, + C); I, u I, , | — UHJIEKChI OMOMACChl B CMEKHBIE TOJIbI
HAOJIOICHUM.

— SBTI1: smnupudeckuii METOJl, MCIOIb3YEMbI B HACTOSIIEE BpeEMs IpHU
obocHoBanun OJIIY THuxookeanckoro cusHeneporo TyHua [CCSBT, 2011] wu
OCHOBAaHHBIA Ha aHAJM3€ JUHAMUKH WHJEKCOB oOmimus. OOmuUN AOMYyCTUMBIN yIIOB

Ha roa BIepca onpeaciacTCs Kak:

1— kA" 1<0
1+k,A A>0

TAC,,, =TAC, X{

rae A — yriaoBol Kod(pPUIMEHT TpeHaa JOor-mpeoOpa3oBaHHBIX 3HAYCHUIN
yJIOBOB Ha eIuHMLy MpombicnoBoro ycwmsa (In ) 3a mocnemnme 10 ger
HaOMoIeHN; k1, k) 1 Y — Koppektupytomue kodhdumuerts! (B Meroae SBT1 nmerot
3HaveHus k; = 1,5, k, =3,0,y=1).

[Ipu peamuzanu BceX HEMOJENBHBIX METOAOB IMPEANOJIaraeTcs, 4YTO

CTaTUCTHKA BBUIOBA COJIEPKUT B ceOe OImMOKH, pachpeieieHHble 0 JIOT-

HOpMaJIbHOMY 3aKoHy: £y ~N (i, 02),

rac yzi - cp€aHee 3HA4YCHUC, Oc - CTaHAapTHOC OTKJIIOHCHHC

JorapuMUPOBAHHBIX 3HAYCHUN OCTATKOB.
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HpI/I IMPOTHO3UPOBAHWKU  BCJIMYHWHBI BbIJIOBA Ha TIOJ BICPCA OAHHOC

MMPCAIIOJIOKCHNUEC YIUTBIBACTCA B BUJIC:

C, = TAC,e*5°¢/2,

Takum o00pa3zoMm, pe3yapTaTOM MCHOJIb30BAaHUS HEMOJEIBHBIX METOJIOB
o0ocHoBanusg OJY SBJISAIOTCS pacnpeleNeHHus PEKOMEHIYEMbIX BEJIMYMH BBLJIOBA,
MOJIYYEHHBIE B XOJI€ CTOXACTHYECKUX IKCIIEPUMEHTOB.

Beibop TecTupyeMBIX METOAOB ONpEAescs TpeOOBaHUAMU K BXOJHOU
uHpopmanuu  (BpeMEHHbIE  psiAbl  YJIOBOB M HHJEKCOB  OHMOMAacchl),
o0OecreuMBarOIIMMA ~ BO3MOKHOCTb ~ CONOCTAaBJIEHHUS  PE3YJbTHUPYIOUIMX  CXEM
yIpaBICHUS [POMBICIIOM C TakOBBIMH, C(OPMYJIUPOBAHHBIMM Ha OCHOBE
IPUMEHEHUSI AUHAMUYECKUX NPOAYKIMOHHBIX Mojened. O4eBUIHO, YTO CIHCOK
UCIOJB3YEMBIX METOJIOB MOXET OBbITh paclIMpEeH 3a CYeT [PUBJICUYEHUS
JOTOJTHUTENBHOW HH(OpPMAMM O COCTOSIHUM 3amaca U €ro OHOJIOTMYECKHX
corictBax. B Tabm. IIl.1.1.1 npuBenena wuHpOpManusg O COCTaBE JAHHBIX,
HEOOXOUMBIX UIs IPUMEHEHUSI HEKOTOPbIX MeToAoB pacueta OJY, BKIIOYEHHBIX B

makeT DLMtool [Smith et al., 2017].
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Tabmuma I11.1.1.1. Heo6xonumas undopmarus anst npumenenuss DLM

HeoOxonumeble TaHHbBIE

900BINOHQ
HOHHO4.LOFo M ASWNG OMHOMOHL()

W \wwznﬁ
QUHOIMOHLO0J SOWIRIRIIOITAd] |

MHEWK 9LOOHIIRLIKIOTOd] |

«999—PHHUII) KHHIMIOHLOOD|
€ (q) MHAIIOLY 9IrdLRERNO] ||

«J9d—BHUI
MUHOIMOHLO00) 9 » dromede]]|

BINOL RHULT KRHIIBIWHOMB]A]

upduererdoq sun-d£ 3 droweder |

upduererdoq sun-dA 0 drowedey]

190090 9,66 Lotedddeod)
nodorox ndn ‘erral eHULY]

199020 9%;,()S Lotorgadeod
nodorox udn “eral eHUIY]]
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HOHHIL1I99Y OHIIRLUOOHLO
BORIRE I900BINONQ QUHIKUH))

1 roudan
BE BOBLIRE [900BINOUQ QUHINKUH))

BOBIIBE I900BINOMQ UOMIAMAL BIHOII()

EUIIMQO 190MQITH]|

ogor£ g grad
godoneed xunrado ryd nonnowadg

g0901A 981000 NI9HAOWER |

409014 981000 HOoHLoedeOg]|

HILOOWORIULdRIA HOHICOLY
udiI eIrol RHULT KeHIIBWUHHU ]

1roo19modiy
€ UMHOIIALOE ndll BIroL BHUL]

J woudon ve gorA yuHIad)

g0IA H0g0Y01 UUITIQ()

Metonabl

CC

Islope

Itarget

Ltarget

SPMSY
DCAC

DB-SRA
FraTiO
BK

YPR

DD

LBSPR

YPR_ML
YPR_CC




[Tomumo meronoB CC, Islope u Itarget, onrcaHHbIX BbIIIE, K YUCTY Haubosee
JOCTYITHBIX M TMPOCTBIX B pPEANM3alMU MOXHO OTHeCTH MeToabl Fratio 1 BK. B
COOTBETCTBUH C MeETOJAOM Fratio [Walters, Martell, 2002] Bemumuuna OIY
onpezeinsercs kKak TAC = F,,,, *Bey,,

rie  B., — Tekyulee 3Ha4YeHHE OHoOMacchl 3amaca (paccUMThIBAEMOE,
HalpuMep, IO JAaHHBIM YYETHBIX CBEMOK), F,,, — ONTHMaJbHOE 3HAYCHHE
MPOMBICIIOBOM CMEPTHOCTH, YCTAHABIMBAEMOE UCXOHsl U3 MPEAIoIaracMoro
COOTHOIICHHUS MeXTy Fysy U Kod(phUIIMEHTOM €CTEeCTBEHHOM cmepTHOoCcTH M (B
npocTeiieM ciaydae npunumaercs Fysy = M [Galland, 1971]).

Meron BK [Beddington, Kirkwood, 2005] onepupyet olieHKamMu rapaMeTpoB
JKW3HEHHOT'O IIUKJIa pbhI0. DMIupuyeckas pacueTHas ¢dopmyia sl ONpeaeiacHus

BEJIMYMHBI F')gy UMEET BU/I:

I 0.6k
M 0.6T=le"

rae k — xko3ddUIMEHT CKOpOCTU pocTa B ypaBHeHuu bepramanddu; Lc —
pa3Mepsl Tena (JMHa) TPy BCTYTUICHHH B TIPOMBICEIL.
I'oioBOI y/nOB, COOTBETCTBYIOLIMI TpPAHULIE MEPEIOBA IO IMPOMBICIOBOM

cmeptHOCcTH Y(F)y57), ONIpenensieTcs Kak:

Y (Fysy) = Beyyr (1 — 7 FMsv) = —our (1 — e Fusy),

1—g Feour

rae B., — Texyilee 3HaueHHe Onomaccel 3amnaca, C.,, — TEKyllas BEIHMYUHA
ynoBa, F., — TeKyllee 3HAUYCHHE TMPOMBICIOBON CMEPTHOCTH (OILIEHEHHOE,

HaIpuMep, Mo JTAHHBIM MEUEHUS).

Meron bpuna [Breen et al., 2003]. B xauecTBe mHAEKCa OOMINS B METOJIC
WCIIOJIB3YIOTCSl 3HAUEHHUs YJOBOB Ha YCWIMS, MOJyYEHHBIE B XOJi¢ cheMoK. Ecim
JOCTYIHBI TOJBKO JIaHHBIE TPOMBICIOBOM CTaTUCTUKH, B KadyeCTBE HHJIEKCa
UCIIOJB3YIOTCS TPEABAPUTEIBHO HANJICHHBIE CTAHAAPTU3UPOBAHHBIE 3HAYCHHUS

yJ0BOB Ha ycwius. CTanaapTu3aius B 3TOM ciiydae BblnojHseTcs metogom GLM.
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Onenka OJ1Y paccunteiBaetcs o Ghopmysie:

OI[YHI =5 % OI[Y, )

g, = i ~ ‘F s E t I
rac E = = — KOPPCKTHPYIOIIHNHU KOS(b(bI/IHI/IeHT, t = 3 &d=t-2 d

CKOJIB3AIICC CPEAHCC NHACKCA o0MIIHSA TI0 TPEM IIOCIICIHUM I'OJaM. KpI/ITCpI/ICM JJI
BI)I60pa OIITUMAJIbBHOTO HHTCPBAJIa YCPCAHCHUA HN3 HCCKOJIBKUX ITIOTCHIIHAJIbBHO
IMPHUCMIICMBIX BAPUAHTOB MOKCT CIIYKUTb HauOOJIpIIIAsT BEJIMYMHA KOS(i)(bHLIPICHTa
Koppesinun  yCPpCOAHCHHBIX 3HAYCHUH HHACKCA ooums ¢ COOTBCTCTBYHOIIITNMHU

BCIIMYWMHAMU IIPOMBICJIIOBOT'O YCUJINA UJIN HpOMBICJ'IOBOﬁ CMCPTHOCTH.

Merton onenku OJ1Y ¢ yueToM ecTecTBeHHOU BapuabenbHOCTH 3amnaca [Anon,

2009].
®dopmyna s pacuera OJlY umeer BUA:

OAY =k x Cqy,
rne C, — cpenHuii (aKTUUECKHM YJIOB 3a NPEIMIECTBYIONUN TEePUO.T
BPEMEHHU, k — KOPPEKTUPYIOMUNA KOAIDPUIMEHT, 3aBUCAIIUNA OT €CTECTBEHHOU
BapuabenbHOocTH 3amnaca. Koadduiment k mpenmnonaraeTcsi CBSI3aHHBIM C TEMIIOM
ecTtecTBeHHON cmepTHOCTH (cM. Tao6m. II1.1.1.2), mockonbky TpH yBEITUYCHHUH
CMEpPTHOCTU YMCJIO BO3PACTHBIX TPYIIN B COCTaBE MOMYJISIIIUM COKpAIIaeTCs, 4TO

UMeEET pe3yJIbTaToM OoJiee BhIpakeHHbIE QUIyKTyalluu OMoMacchl 3armaca.

Tabnuua II1.1.1.2. Csi3b BapuabenbHOCTH 3anaca U €CTECTBEHHOW CMEPTHOCTH

KoaddummenT ecrecrBeHHOM Koaddumuent ecrecrBeHHoM
cmepTHoCTH, M BapuaOeIbHOCTH 3amaca, k
<0,050 1,0
0,05 -0,15 0,9
0,16 — 0,25 0,8
0,26 — 0,35 0,7
>0,35 0,6
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Hwxe npuBeneHoO KpaTKOe ONUCAaHUE JPYTUX, HECKOJIBKO OOJIEEe CIOMKHBIX,

MCTOHOB:

SPMSY (Surplus Production MSY — Martell, Froese, 2012). B pamkax
METO/Ia MPOU3BOJUTCS MOA00p 3HAUYCHUN KOd(PPUIMEHTa MOMYISIMOHHOTO pOCTa
(r) m emkoctu cpenbl (K), oOecrneunBaloOmMX YCTONYMBOE COCTOSIHUE 3araca
(HemomylIeHne KoJulanca WIM BBIXOJIa 3a MpeAesibl pECYPCHONM €MKOCTH), a TaKXKe
COTJIACYIOIIMXCS C TMPENOJIOKEHUSIMA O COKpallleHHd OuoMacchl —3armaca,
OTHOCHUTEJIBHO JI€BCTBEHHOW, HMMEIONIEH MECTO B HAyaje M B KOHIIE MEpHOIA
HaOmoaenuil. [lepebop 3HaueHuid r u K OCYHIECTBISIETCS B MPEANOJIOKEHUU 00
OJIHOPOJTHOM  (IIPSIMOYTOJILBHOM)  pacHpelesieHnd B 3a/laBaéMOM  JUara3oHe.
[IpuMEeHUTENBPHO K €MKOCTH CpEIbl HIKHSAS TpaHULA ITOTO JUaria3oHa
YCTAaHABIMBACTCS HAa YPOBHE MAKCUMAaJbHOIO 3apPErMCTPUPOBAHHOTO BBLJIOBA, a
BEpXHisi — Ha ypoBHe, B 100 pa3 ero mpesblmaromem. J(namazoH W3MEHEHUM
kod(duIeHTa NOMyISIIMOHHOTO POCTa OMPEEIAETCS, UCXOS U3 COOOpaKeHUN 00
«yCTOMYMBOCTH 3amaca K BozzaeucTBusim» (resilience, cm. Ta6n. II1.1.1.3),
0azupyomuxcs Ha aHAJIN3e OMOJIOTUYECKUX CBOMCTB MOMYJISALIUN

(IpOIOIKUTENBHOCTD KU3HH, TEMIT IMHEHHOTO U BECOBOTO POCTA).

Ta6nuna I11.1.1.3. Jlnanazon uaMeHeHu# kod(ppuiineHTa nomyassiiHOHHOTO POCTa

YCTOMYMBOCTH Bricokas Cpennss Huskas OueHp HU3Kas

r, TOX ' 0,6-1,5 0,2-1 0,05-0,5 0,015-0,1

Jlanee, uMess HEMPOTUBOPEUMBBIE OLICHKUM 7 U K, Ha OCHOBE MOJIOKCHUU
npoaykiuonHoi monenu llledepa onpenensitorcst opueHTHPHI ynpaBieHus: Bysy =

V2 K; Fysy = 2 r; MSY = Y4 r K.

YPR (Yield Per Recruit). Kiaccuueckuii aHamu3 yinoBa Ha €IUHUILY

nortojiHeHust [Beverton, Holt, 1957].
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OcHOBHOE ypaBHEHHE METOAA (MPU YCIOBHH, YTO BECOBOM POCT OMUCHIBAETCS

dbyukuueii beprananddu) umeer Bux:

rne F' — xoadduimieHT mpomeIcioBol cMepTHOCTH, W, — Teoperuyeckas
npenenbHas wMacca ocobum (mapamerp ypaBHeHus bepramanddu), Q,
oe3pasmepnbie Kodpdunmenter (Qy = 1, Q = -3, Q, = 3, Q3 = -1), K —
K03(QPUIMEHT CcKOpocTH pocTa (mapamerp ypaBHeHus bepramandpou), r —
IPOAOIKUTENIBHOCTD JIOIPOMBICIIOBOTO MEPUOA KU3HU, A — MPEAESIbHBIA BO3PACT.
Meron npuUMEHMM K aHaJIU3y pPaBHOBECHBIX COCTOSHUW 3amaca M TO03BOJSET
ONpEeNeNuTh 3HaueHUe Fygy. YUWTBIBAsA, YTO PE3YNbTUPYIOIIAs OLEHKa Fysy HE
Bcerna oOnamaer HeoOXOMMMOM YCTOMYMBOCTHIO, B makeTe DLMtool B kadecTBe

PCKOMCHAYCMOI'O YPOBH:A HpOMBICHOBOﬁ Harpy3KHW BBIBOAUTCA 3HAYCHUC F()_] .

YPR_ML (Yield Per Recruit_Mean Length). Pacimpenne ananusa yinoBa Ha
€IMHMILY TOIMOJHEHHUsI O Ciiy4yash HepaBHOBecHbIX cutyauui [Gedamke, Hoenig,
2006]. Merton mnpemycMaTpuBaeT HaJW4YUE HECKOJBKUX TEPUOJOB B HCTOPUU
MIPOMBICIIA, XapaKTEPU3YIOIINXCSI U3MEHEHUSIMH TTPOMBICIIOBOM CMEPTHOCTH M, KakK
CJIEICTBUE, CPEIHUX pa3MepoB phIO B yaoBe. B mpocTeliiel cuTyaliuu, Korjaa Takux
NEepUoJOB Bcero aBa (B OOIIEM ciydae MX MOXET ObITh OOJbIle), ypaBHEHUE,

CBSI3BIBAIOIIEE CPENHIOIO JIMHY PHIO B YIIOBE (H) crycTs d JeT mnociie U3BMEHEHUs

00111e¥1 CMEPTHOCTH C CaMOW CMEPTHOCTBIO, UMEET BU/I;

rne L, — TeopeTuueckas NpenesibHas IJWHA Tena (MapameTp ypaBHEHUS
nuHelHoro pocrta beprananddu), L. — MuHUMaIbHas JUIMHA Teja pbIO, IPU KOTOPOH
OHM CTaHOBSATCS TOJHOCTHIO YS3BUMBI JJisi opynuii joBa, K — kodpduiimeHt
CKOpPOCTH pocTa (mapaMeTp ypaBHEHUs JuHEitHoro pocta beprananddu), Z, u Z, —
K03 dUIIMEHTHI 00I1Ie CMEPTHOCTHU B MEPBBII U BTOPOW MEPUOJIbI, COOTBETCTBEHHO.
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C wucrnonb3oBaHueM (QYHKIMM MaKCHUMAaJbHOTO IMPaBAONOJAO0MS HAa OCHOBE
aHaJlu3a BPEMEHHOTO psda CPEIHUX pa3MEpoB Teia pPbIO B YyIOBaX HaXOIATCA
3HaueHus Z,, Z, u d. [Ipyn HaIM4uu BHEIIHEH OIICHKH KO3 (UIIMEHTA €CTECTBEHHON
cMepTHOCTH (M) onpenensieTca BEIUYHHA TPOMBICIIOBOM CMEPTHOCTHU B IO CIIEIHHMA
nepuon Kak F = Z, — M. Cxema ynpaBieHUsI CTPOUTCSI HA OCHOBE COIOCTABIICHUS
TEKyIlel OUEeHKU F ¢ opueHTUpOM Fygy, ONPENEIIEHHBIM B XOJI€ TPAAULIMOHHOIO

dHaJIM3a yJIO0Ba Ha CAVMHHUITY ITOIIOJIHCHMUS.

LBSPR (Length Based Spawning Potential Ratio). Omnupuueckuid MeToz,
OCHOBaHHBIM Ha aHalu3e pa3MepHoro cocrtaBa yinoBoB [Hordyk et al.,, 2015].
[Ipenmnonaraercs, 4To 3anac HAXOAUTCS B PABHOBECHOM COCTOSIHMM C XapaKTE€PHBIM
JUISI 3TOTO COCTOSIHUS Pa3MEpPHBIM paciipesiesieHneM poi0 B ynoBe. MeTto He TpeOyeT
OLICHKM KO3(pPUIIMEHTa €CTECTBEHHOM CMEpPTHOCTH, IIOCKOJbKY OIEpUpPYET
cootHomienneM M/k (rne k — TmapamMeTp YpaBHEHHUS JIMHEHHOro pocTa
bepranand¢u), KoTOopoe cuuTaeTCs HWHBAPUAHTHBIM 1O OTHOIICHHIO K
ouosorudeckoil crienmduke aHamuzupyemoro 3amnaca [Beverton, 1992]. Pe3ynbrats
COTOCTABJICHUS] TEOPETHUYECKOIO PABHOBECHOTO PAa3MEpPHOTO pacHpelesieHUusl C
peanbHO HAOMIOAAEMBIM TMO3BOJISIIOT MOJYYUTh OLEHKY CcOOTHomeHuss F/M u
[apamMeTpOB KPHBOM CEJIEKTUBHOCTH (B TPEINOJIOKEHHH O TOM, 4YTO OHa
OMUCHIBAECTCS JIOTUCTUYECKOM (yHkuuen). llpy Hamuuum H#aHHBIX O TeMIax
IIOJIOBOTO CO3PEBAaHMsSI B paMKaxX METOJa BO3MOXHO MNoiydeHue oueHku SPR
(Spawning Potential Ratio), ompenenseMoro kKak OTHOIICHHE MOMYJISIIIUOHHON
IJIOAOBUTOCTH  AKCIUTyaTUPYEMOTO  IMPOMBICIOM —3amaca K  MONYJISUHUOHHOM
IUIOAOBUTOCTH B OTCYTCTBHME MPOMBICIIA UM  HCIOJIB3YyEMOIO B  KauyeCTBE

XapaKTePUCTUKH TEKYILErO COCTOSHUS 3amaca.

Bennunna SPR paccunThiBaeTcs Kak:




1€ X — HOPpMHUPOBAHHOC 3HAYCHUC BO3PACTa, m — OTHOCHUTCJIbHAaA AJIMHA TCJia

B Bo3pacte x (% M), b — nokasarenb CTENEHH B COOTHOLICHHMHU <JIJIMHA—

Macca», x,, — BO3pacT JOCTHUIKCHUA MOJIOBOM 3pCIIOCTH.

DCAC (Depletion-Corrected Average Catch). Meron OLEHKH CpeaHero
YPaBHOBEIIICHHOTO YJIOBa C KOPPEKIMEeH Ha W3MEHEHHWE 3amaca B XO/Ie IpoMbICa
(MacCall, 2009). TIlo3BomsieT TOMYYUTh BEPOSATHOCTHYIO OIICHKY CpEIHEro
YPaBHOBEIICHHOTO YiIOBa Y, CKOPPEKTUPOBAHHYIO C YYETOM CHHKCHHS 3amaca
OTHOCHUTENIFHO Hayaja paccMaTpUBAeMOro Mepuoja. BXOTHBIMU JTaHHBIMU CITyXKatr
CymMMa YJIOBOB 32 paccMaTpuBaeMbli nepuoj, oueHku M, Fysy/M, Bysy/K, (Bryr —

Bryr)/By. PacueT yioBa npou3BOUTCS IO popMyIie:

rne C — cymMa yIJIOBOB 3a 1 JIET,
NOCJEIHUNA TOA TMPOMBICIA, ¢ — HACTPOEYHBIH KOIPPUUUEHT CBA3ZU MEXKIY
ONTHUMAJIBHBIM ~ 3HAQUEHHWEM  IPOMBICIOBOM  CMEPTHOCTM UM €CTECTBEHHOMU
CMEpPTHOCTBIO, By — eMKocTh cpefpl. [IpruMeHeHne MeTona peKOMEHAOBAHO IS

o v —1
3armacoB C HU3KOU €CTECTBEHHOUM cMepTHOCTRIO (M < 0,2 rox ).

DB-SRA (Depletion-Based Stock Reduction Analysis). CroxacTtuueckuid
aHaJM3 COKpAIllEHUs 3armaca B XoJle ero sKciutyaranuu npomsicioM [Dick, MacCall,

2011].

B pamkax Metona peain3oBaHa KOHEYHO-PAa3HOCTHAS NPOAYKIIMOHHASI MOJIEIb

C 3aI1a3abIBAHUCM .

rae B, — Ouomacca 3amaca B rof f, | — CyMMapHbIi BbUIOB B rof (¢ — 1),

P(B,,) — Benu4MHA TOJOBOW MPOMYKIUH Kak (PyHKLIHS HEPECTOBOM OMOMAacChl

3amaca a JierT Hazaj (a — MenMaHa Bo3pacTa JOCTHXKEHHS IOJIOBOM 3pENOCTH).
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OyHKIMOHANbHAS 3aBUCUMOCTD MPOAYKIIMU OT HEPECTOBOM Omomacchl 3amaca P(B)
B 00meM ciydae MOXET HMETh pasHyr ¢opMmy, HO aBTtopamu Mertoma [Dick,
MacCall, 2011] wucnons3zyercs THOpUJHAS MOJEIb, MPEACTaBIAIONIAs COOOU
coueranne monenu llledpepa m momenm Ilemma—TommmHcoHa B Momudukauu

®netuepa [Fletcher, 1978].

Metonq DB-SRA mno3BosisieT oueHuTh Ouonorudyeckue opueHTupsl (MSY,
Bysy), a TakkKe BOCCTAaHOBUTb PETPOCIEKTUBHYIO MEXIOJOBYK) JHHAMUKY
OuoMaccel U OMNpPEACIUTh BEIMUYUHY eMKOoCcTH cpenbl (K). B kadectBe BXOmHOM
uHpOpMalMK U1 pealu3alli METOAa MCHOJb3YIOTCS OLIEHKM MIHOBEHHOIO
ko3¢ dunrenta ecrecTBeHHOM cMepTHOCTH (M); oTHOwmeHUe Fysy/M; OTHOIIEHUE
Busy/K; otHomienue Bi/K, tne By — Ouomacca 3amaca B roa-opueHtup 7, ajs
KOTOPOTO CYHLIECTBYET Oojiee WM MEHEe HaJeXHas OIeHKa OOWJMs; AMaIa3oH
BO3MOXKHBIX 3Ha4eHHUH Oumomacchl HeoOnapiauBaemoro 3amaca (K). Ilockonbky
3aIaHHBIE 3HAYEHUS BXOJIHBIX IIAPAaMETPOB HE SIBISIOTCS TOYHBIMU OLEHKaMU, UX
3aMEHSIOT allPMOPHBIMU BEPOSATHOCTHBIMM pactipenencHusamMu. Ha ocHOBE BXOAHBIX
pacrpeneneHuii OCyLIECTBISIIOTCA CTOXaCTUYECKUE DKCIEPUMEHTHI Tua MoOHTe
Kapno, B Xxome KOTOpBIX OIpEAeNsieTcs Takoe 3HadyeHue K, Ipu KOTOpOM
«HcTOIlleHUEe» OuomMaccel B 104 1  COOTBETCTBYET HCXOIHO 3a/laHHOMY
cooTHoLeHNIO B/K. 110 pe3ynbpraraM MalllMHHBIX SKCIEPUMEHTOB PaCCUNUTHIBAOTCS
aroCTEepUOPHbIE pacIipe/ieIeHHs BEPOSITHOCTEN AJis1 OMOJIOTrMUYECKUX OPUEHTUPOB IO
oroMacce W MPOMBICIOBOM CMEPTHOCTH W YTOYHSIIOTCS OLIEHKHM BXOJHBIX
apaMeTpOB. [TonyueHnsle PE3yNIbTATHI MTO3BOJISIFOT BOCCTaHOBUTH
PETPOCIIEKTUBHYIO AMHAMUKY 3amaca W paccuurtars nporHo3 O/[Y Ha 3amaHHOE

KOJIMYCCTBO JICT BIICPEC.

DD (Delay-Difference stock assessment). MeToj 0CHOBaH Ha HCHOJb30BaHUU
Pa3HOCTHBIX ypaBHEHMM ¢ 3amazaeiBaHueM [Quinn, Deriso, 1999]. JloctarouHo
TpeboBareaeH K 00beMYy BXOJHBIX JaHHBIX, B Ka4€CTBE KOTOPBIX HCIOIB3YIOTCS

(HOMHMO CTAaTUCTUKHN BbIJIOBA W HHICKCOB 06I/IJ'II/IH) HC3aBHCHUMBIC OILICHKH
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napaMeTpoB CBS3M  «3alac—IOMOJHEHHE», TEMIIOB MOJOBOTO  CO3pEBaHUS,
apamMeTpoOB pOCTa, €CTECTBEHHON CMEPTHOCTH M CEJIEKTUBHOCTU OPYIUW JIOBA.
ObecnieurBaeT MOMyYEHHE OIICHOK TEKYIIEH BeJMYMHBI OMomacchl 3amaca B, H
MaKCUMaJbHOTO YPaBHOBEIICHHOTO 3HAYEHUsI MPOMBICIOBOM CMEPTHOCTH Fygy,

paciojaraia KOTOpbIMH MOKHO HCTIOCPCACTBCHHO PACCYUTATh BCIIMYUHY OI[V

OcHoBHbIC ypaBHeHUS! MeTo/1a uMmeroT BUJ [Restrepo, Pallarés, 2003]:

rie p — Tnapamerp

ypaBHeHusi pocta ®opaa—bpoynu (W, = a + pW,), £ — ronoBoit kodPpduiimeHt
BBIKMBAHHUS TIOJ JICHCTBHEM €CTECTBEHHBIX (hakTopos (£ = e ), S — xoadpurmenHT

BBDKMBAHUS TIOJ1 IecTBUEM npombiciia (S = B — Y, rae Y — ronoBoii yinoB);

JeBCTBCHHAs OMoMacca: [E

POTHO3UPYEMBIN  BBLJIOB: , THe ¢q — Kod(PUIMEHT

YJIaBJIMBA€MOCTH, E — Benmuuuna ITPOMBICJIOBOI'O YCHUIIUSA;

HpOFHOBpreMBIfI BbBUIOB Ha CAMHHUIY ITPOMBICIIOBOI'O YCHUJIMIA: (g
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II1.1.2. PykoBoaCTBO MOJIL30BATEJIS

ITaker DLMtool, peanu3oBaHHBIM B mporpaMMmHoOil cpeae R, comepxur
rotoBble cKpunthl it 6osiee uem 100 MeromoB DLM u HaxoguTcsi B CBOOOJIHOM
noctyne Ha caite: http://www.datalimitedtoolkit.org/.

¥YcranoBka nakeTa OCYILIECTBIISIETCS c MTOMOIUIBIO KOMaH/Ibl
install.packages(«DLMtooly). [TakeT neprogudeckn 0OHOBIISETCS (TEKyIIasi BEPCHUs
Ha ceHTAOph 2018 1. — 5.2) 1 MOKET ObITh OOHOBJICH HA KOMIIBIOTEPE MOJIH30BATEIS
¢ mnomompo  komaHabl  update.packages(«DLMtool»).  Ilomp3oBarenbckas
UHCTPYKIIMS JIOCTYITHA 1o azpecy:
https://dlmtool.github.io/DLMtool/userguide/index.html.

Jlns ucnosib30BaHUsl HauOoJee MPOCThIX OMNIUN MakeTa, pPean3yIOIIUX
KOHKpETHbIE cxeMbl yrpaBieHus (Management Procedures — MPs) npuMeHHUTENBHO
K peaIbHO MUMEIOIUMCS JaHHBIM, TPeOyeTCs JIUIIb MOBEPXHOCTHOE 3HAKOMCTBO C
s3pikoM nporpammupoBanus R. Komanga Can(DLM data, timelimit = 1) BeiBOgUT
CIIUCOK BCEX METOJIOB, KOTOpPbIE MPUTOAHBI JJISI aHAjdu3a BXOAHBIX NaHHbIX. Jyis
XpaHEeHHs] JaHHBIX HCToib3yeTcss oO0bekT DLM data, B KOTOpBINl cuMTHIBaeTCS
uHpopMaiusi U3 BXoJHOro (aiina (JIomyckaeTcsi UCHoJb30BaHUE (opMara .csv).
[Iponienypa pacuera Benmuuunabl OJ[Y 3amyckaercs komanmoir TAC(DLM data,
MPs = NA, reps = 100, ..., timelimit = 1), rne MPs — napametp, coaepxamuii
Ha3BaHHUE CXEMbI YIPABJICHUS, reps — IMapaMmeTp, ONPEIesIoNNi 0011ee 4uciio
peanu3aiii METo/la B paMKaX CTOXaCTHMYECKUX 3KCIepuMeHToB. [lpu peanuzanuu
BCEX HEMOJICJIBHBIX METOJIOB, BXoJsamux B naker DLMTool, nmpeanonaraercs, 4ro
CTAaTUCTUKA BBUIOBA COJICPKUT B ceOe¢ OmUOKH, paclpeAesiCHHbIe IO JIOT-

HOpPMaJIbHOMY 3aKOHY: B 9. T/lc |\ — CpeHee 3HA4Y€HUE, Gc — CTaHJIapTHOE

OTKJIOHEHHE  JIOTapU(PMUPOBAHHBIX  3HAYCHHI OCTaTKOB. PesynpTaTom
WCIIOJIB30BaHUsl HEMOJCNIBHBIX MeT0A0B obOocHoBaHusi OJIY, Takum 00pazom,
SIBJISIFOTCSL paclpeieNieHUs PEKOMEHIyeMbIX BEJIMYMH BBLJIOBA, TOJYYCHHBIC B XOJIC
CTOXaCTUYECKHUX DKCIIEPUMEHTOB.
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B T0 xe Bpems, maker DLMtool pacnonaraet cyiecTBeHHO 00jee MHPOKUM
HAOOpPOM CpENCTB aHajau3a, MPEJOCTABISIONIUM TOJB30BATENI0 BO3MOKHOCTD
TECTUPOBAHUS U COMOCTABIICHUS PE3yJIbTaTOB MPUMEHEHUS Pa3IMYHbIX METOJ0B Ha
0aze upeonmorun MSE. Dtoit nenu cmyxut kimacc OM (Operating Model), ¢
BIOKeHHBbIMU 00bekTaMu Stock, Fleet, Obs u Imp. O6next Stock (3amac) comgepxut
OMHCaHUE CTPYKTYpPhl U OHUOJOTMYECKUX MapameTpoB nomyisnuu (33 mo3unuu B
oOmieit cnoxHocTH); 00bekT Fleet (ha0T) — ommcanue CTPYKTYpbl U TEXHUYECKHUE
XapaKTepUCTUKU Tpombicia (26 mosurnuii); o0bekT Obs (Mojaenb HaOIIOICHUI)
npeaHa3Ha4deH Ui TeHEePHpPOBAHUS ITaHHBIX O COCTOSHHM 3araca W MPOMBICTA C
Y4E€TOM TMPHUHATON CTPYKTypbl omuOOK (35 mno3unmii); oOvekr Imp (Moxens
yIpaBICHUS) YUYUTHIBAET HEONPEACIEHHOCTH, BO3HMKAIOUIME NpU peaau3aluu
CXEMBbI yrnpaBiieHus. B makeT BKIIOYEHBI TOTOBbIE HAOOPHI TaHHBIX, UMUTUPYIOIIIE

JTUHAMUKY 12 3amacos:

avail ("Stock"

## [1] "Albacore" "Blue_shark" "Bluefin_ tuna"
## [4] "Bluefin_tuna WAtl™Butterfia" "Herring"

## [7] "Mackerel" "Porgy" "Rockfish"

## [10] "Snapper" "Sole" "Toothfish"

JIeMOHCTpallMOHHBIE ~ TPUMEPBI  HCHOJB30BaHHS  MeTopojiorun  MSE
uMeroTCs Ha caiite: http://www.datalimitedtoolkit.org/.

Ha puc. III.1.2.1 mnpexncrtaBiieHbl HEKOTOPBIE PE3YyJbTAThl HWHTETPAIUU
naketa DLMtool ¢ nporpammubiM komiuiekcoM Combi. PazpaboTanHblil MOYJIb
obOecrnieunBaet nepeaavy creaepupoBanubix nmakerom DLMTool ganueix B8 Combi,
UX BHU3yaJW3alMI0 M JaJbHEHIIEE MCIOJIb30BAHME B IPOTHO3HOM IIpolenype ¢
Henapl0  aHaiau3za A(P(EKTUBHOCTH HEMOJIENbHBIX MeTOoJ0B. OmnpeneneHue
«HAUJYYIIEro» METOJIa TPOBOJUTCS IMYTEM COIMOCTABICHUS MOIYyYEHHBIX
K03 punreHToB 3(PPEKTUBHOCTU C pe3yJibTaTaMU MPUMEHEHUS JHUHAMUYECKOU
NPOAYKIIMOHHOW MOJenu U C(OpMYyJIMpPOBAHHOTO HA €€ OCHOBE MpaBuia

perynupoBanus npombicia (ITPIT).
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=i Combi 4.0  EEE

3Tankel npKkaza Ne104

Maiin

| ﬂaHHblel OueHka napameTpos Mogen | DueHKa opueHTHPOE YpasneHHs TP&BHAD PErYAMPOBEHHA NPOMBIENS | K o3 hhuUMEHTbI 3 OEKTUEHOCTH

= TAC calculation for DLM
IIpaBHiI0 peryHpoBAHIA IpoMbIcIa R . e ——
' . i ' ' % w | : w | — ltargetd
: ! =] G| o — NFref
; : = JE — 5ATI
il P T T e g = flopsi I — 5Pmod
: T o £ 14 =
1 =] =
2 " - i E
o L f o |
=1 : E o e
z i g =5 T T T T = T T T T
) 0 % 1] 200 400 600 800 1] 200 400 GO0 8OO
g By ; y
5 " TAC calculation for DLM
i Em g B o cel - - - ---- R
2 o I 5 Al D I - --------- -
= u : = cC4 +— - - -
4 . SBT1 Fe--{d F----4
; o SProd b= -
o GH_slope |
I} = [sloped F----O---+
T ftarget! HH
' ' ' ! ! ' ] ' ! ! £ Izlope - -------- -
ok : T . . T ] T T T o ltargetd HH
i SO0 1000 4500 2000 2500 3000 3500 4000 4500 | T T T T T T 1
o =
Buomacea, 1 g a 200 400 600 200 1000 1200

Koncepparnssie [IPTT

DL GE_slope
DLH |slopel
DLk |zloped
DILM Itargetl

Puc. I11.1.2.1. 'padmueckuii BEIBO JAHHBIX, CTeHEPHPOBaHHBIX makeToM DLMTool,
B okHe mporpammbl Combi

Orenka 3(ppeKTUBHOCTH BRIOPAHHBIX METOJIOB aHATIN3a COCTOSIHHSI TIPOMBICIIA
B YycCJoBUSX Jedunuta WHPOPMAIMM OCYIIECTBISETCS HA OCHOBE TaOJHUIIBI
peuieHuii, renepupyemoi mnporHo3ubiM Moxayiem I[IK Combi (puc. II1.1.2.2).
OmpeneneHrne «HAWIY4IIEro» METOJa MPOBOJUTCA TYTEM COTOCTABIICHUS
NOJIy4eHHBIX KO3 PuimeHToB 3((PEKTUBHOCTU € pe3yjbTaTaMU MPUMEHEHHUS
JTUHAMHYECKON TMPOIYyKIIMOHHONW MOAENH U CPOPMYITUPOBAHHOTO Ha €€ OCHOBE

npasuiia peryiaupoBanus npomsicaa (ITPIT).
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01X

Dain STansl npHKaza NE104

I ngul Ouenr.a NapaMeTpos Mogem |Mﬂwj MpaEwno perynHposatsia Nporbicna K08 PEUUMERTE 3 PPEKTUBHOCTH

MNapareTpryeckis -

Britiop NP =

Moaens 1 metog nen Bpema Cpeanas duormacca | Cpeanui ynos va Buomacca Ynoe nporHosnei k. Beposrhocte B BeposrhocTs C
ANNPOKCHMALLI BOCCTAHOB NEHMA Ha Nparkose nparsose MPOrHOaHAas K peTpocnekTues nporHoanan < Bim  npornossei < C min
| | | PETROCTIEKTMBHON |

Wedepa Cyrma FMSY 5 1601.2 2938 06 0.3 1} 064
KEAIPATOE NMupeiro-Kycounoe 0

Wedepa Cyrnta DM &C | g 4613 | a64.3 02 1.0 | 043 0
KBAIPATOB

Wewepa Curda DLM CC1 5 [ 4538 | 8806 | 02 | 10 044 0
KEANPaTOE

Wedepa Cyraa DM CC4 ] BEE.8 6093 0z 0r 022 0
KEANPATOE

Wepepa Cyvma DLM GB_shpe | [ | 7096 I 758.1 | [k} I 0a | 0.2 | 0.2
KEAAPATOE

lWedepa Cyranta DM lslopel 5 1005.0 5681.2 04 0r | 0.07 0.2
KEANpATOE

Wegepa Cyrnta DLM lsloped 5 I 10420 | 465.6 | 04 | 05 | 0.06 | 0.2
KBAIpATOR

Wedepa Cyramta DLM ltarget 5 12573 5031 04 06 0.03 0.4
KEANpATOE

Wegepa Cyrarta DLM ltargetd [ 15285 263.2 05 0.3 om 0.s
KBANDATOE

Wegepa Cyrma DLMSET1 5 [ 631.0 | 7618 [ 0z [ 09 : 022 | 02
KEANPATOE

legepa Cyrama DL SPmod 5 7631 B97.9 03 na 017 0.2
KEANPATOE

Puc. 111.1.2.2. Bxiiagka Combi ¢ pacueTHbIMHU 3HaYCHUAMHU K03 PuiineHToB 3¢ppekTuBHOCTH
BBIOPAHHBIX CXEM YIIPABJICHUS TIPOMBICIIOM

N3 puc. III.1.2.2 BugHO, YTO BCE HEMOJEIBHBIE METOJBI YCTYyHarT B
s dextuBnoctu IIPII, moctpoeHHOMY Ha OCHOBE NPOAYKIIMOHHOW MOJIEIH.
Mopnenpnoe [IPII sBnsieTcsl €OUHCTBEHHBIM TapaHTUPYIOIIMM HYJEBOM PHUCK
CHIDKEHHS Ouomaccel Huke YypoBHA By, =0.1XBysy m0pu 10cTaTodHo
CYIIECTBEHHOM €€ pOCT€ 3a BpeMs BOCCTAaHOBJIEHMS 3amaca. W3 4wncrma
UCCIICJOBAaHHBIX ~ HEMOJICJbHBIX ~ METOJOB  Haubojiee  MEepPCHEKTUBHBIMU
NPEJCTaBIISIIOTCS METO/IbI, OTIEPUPYIOLINE JaHHBIMU O TMHAMUKE UHJIEKCOB OOMIIHS
(Itargetl, Itarget4), koTopple 1O CBOMM TOKazaTeasiM 3(G(PEKTUBHOCTH B
MaKCUMaJbHOW CTEMEHH MPUOIMKAIOTCS K HAy4HO OOOCHOBAaHHOW cXeMme
YIPABJICHMUS.

[Tpumenutensno k III ypoBHIO MH(DOPMAIIMOHHOTO OOECIEUEHUs] PACUETOB
ucnonpzoBanue makera DLMTool sBnsercs Hambonee yaoOHBIM, MOCKOJBKY B

MMaKET BKIOYCHBI MCKIIIOYUTCIBHO MCTOMBI, pa60Ta}0mI/Ie B YCJIOBHAX I[G(I)I/II_[I/ITa
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BxogHOM nHOopMaruu. B To ke BpeMms, psa metonos rpymnmbsl DLM peanu3oBaH He
Tosibko B makere DLMtool, Ho u B apyrux, Hanpumep, B makere fishmethods, a
takoke B mnakere NOAA  Fisheries ToolBox (http://nft.nefsc.noaa.gov/).
N neonornyecku MCMOIb3yeMbl€ B PA3IMUHBIX MAKETaX METOAbl UACHTUYHBI APYT
IpYTy, OJTHAKO, TIOCKOJIBKY ITPOTPaMMbl HAMMCAHBI Pa3HBIMUA aBTOPAMH, CUHTAKCUC
npouenyp oOpaiieHusi K TOMYy HJIM WHOMY METOJIY HECKOJIbKO OTiaudaercd. Yrto
kacaercst makera fishmethods, Hanbosnee HHTEpECHBIE METO/IbI, BKIIOUEHHBIE B €T0
cocrtas, — metoq, DB-SRA, kpaTko ONMCaHHBIA BBIIIE, U TPOTHOCTUYECKUU CKPHUIIT
DLPROJ, paccuuThiBaromuii momaccy 3amaca Ha HECKOJIbKO JIET BIIEpE]] HA OCHOBE
peTpOCEKTUBHBIX pacueToB o DB-SRA u maHHBIX MO yjg0Bam B rojbl MPOTHO30B
(ONMIIMOHATBHO B KayeCTBE IMPOTHO3HBIX YJIOBOB MOXXHO HCIIOIB30BaTh CpEIHEE,
MeJIMaHy BPEMEHHOTO psiia PETPOCHEKTUBHBIX YJIOBOB WJIM 3a7aBaTh BO BXOJHOM
daiine).

PaGota ¢ maketom fishmethods (Ttak ke, kak u ¢ maketom DLMTool) moxer
OCYLIECTBIISITECA KakK HEMOCPEJICTBEHHO B MporpamMMHON cpene R, Tak u B
nporpaMmme  RStudio, oOnagaromeir Oonee  yaoOHBIM  IMOJB30BATEIBCKUM
untepgeiicom. Ilporpamma RStudio mMokeT ObITh yCTaHOBJIEHA Ha KOMIBIOTEPE
(mocne YCTaHOBKH cpelbl R) c TMOMOUIBIO CCBUIKHU
https://www.rstudio.com/products/rstudio/download/ (B nuamoroBom OKHE cleayeT

BBIOMpaTh OECIJIATHYIO BEPCHIO).

Jlnst yecranoBku nakera fishmethods B mpaBom HrkHem okHe RStudio HyxHO
BbIOpaTh KHOMKY Packages 1 3aTeM BO BCIUIBIBAIOIIEM CIHUCKE JTOCTYIHBIX MMaKETOB
BbIOpaTh fishmethods. [TakeT aBToMaTHuUeCKH yCTaHABIMBAETCS HA TJIABHBIHN JMCK, B
KOpPHEBYIO JupekTopuio Jubo B naupekrtoputo Program Files. [Ins co3ganus
MCCJIEIOBATENLCKOTO TIPOEKTa B BepXHEM MpaBoM okHe RStudio BeiOMpaeTcs ommus
New Project, B quaioroBoM OKHE 3aIlOJHSIOTCA 1MoJs Ha3BaHui New Project u New
Directory, 3aTtem nipu HaxaTuu kKHonku New Project popmupyercs pabouast popma

MPOEKTA.
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Eciu tenepp mnepeditu Bo Bkiaaky Help makera fishmethods, mosiBurcs
CIIUCOK Bcex BXosamux B Hero gpyHkiui (101 B obmieii crnoxknoctu). [Ipu BEIOOpE
Hy>)kHOU (QyHK1MU (dbsra unu mo00# Ipyroil) Ha SKpaH BBIBOJAATCS CKPHUIIT BHI30BA

JTaHHOW (DYHKIIUH U TOApOOHAas MHCTPYKIKMS 1o ero 3anonHenuto (puc. I11.1.2.3).

dbsra(year = NULL, catch = NULL, catchCv = NULL,

catargs = list(dist = "none", low = 0, up = Inf, unit = "MT"),

agemat = NULL, maxn=25, k = list(low = 0, up = NULL, tol = 0.01, permax =
1000),

blk = list(dist = "unif", low = 0, up 1, mean 0, sd = 0),

btk = list(dist = "unif", low = 0, up = 1, mean = 0, sd = 0, refyr = NULL),
fmsym = list (dist = "unif", low = 0, up = 1, mean = 0, sd = 0),

bmsyk = list (dist = "unif", low = 0, up = 1, mean = 0, sd = 0),

M = list(dist = "unif", low = 0, up = 1, mean = 0, sd = 0), nsims = 10000,

catchout = 0, grout = 1,
graphs = ¢(1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15),

grargs = list(lwd = 1, cex = 1, nclasses = 20, mains = " ", cex.main = 1,
cex.axis = 1,

cex.lab = 1), pstats = list(ol = 1, mlty = 1, mlwd = 1.5, 1llty = 3, llwd =
1,

ulty = 3, ulwd = 1),
grtif = list(zoom = 4, width = 11, height = 13, pointsize = 10))

Puc. I11.1.2.3. OGmuii Bu1 cKpunTa, BbI3biBaromiero Gpynkuuto dbsra

Kak Buano u3 puc. II1.1.2.3, oOpaiiieHre Kk METOIY peaiM3yeTcsl ¢ TOMOIIIbIO
OJIHOM O0IIe KOMaH[IbI, CoJIepKalllei JOCTaTOYHO OOJIBIION HA0Op apryMeHTOB
(ux omucanue cm. Hike). [locne 3amaHusg 3HAYEHUH BCEX apryMEHTOB CKPHIT
MO>XHO CKOMHUpOBaTh B padouyro obnacte RStudio m 3amyctute mnporpammy
(xnmaBumneit  Enter). IlpenBapurensHo ciemyeT co3nath ¢aidia ¢ BXOTHOM
uH(popmalmen, Kya 00s3aTebHO BXOJAT 2 cToJI01a — rojibl (year) U yioBbl (catch).
daitn MOXeT UMETh TEKCTOBBIN opmat win dpopmatr Microsoft Excel. Ero cnemyet
pa3MECTUTh B TOH k€ JUPEKTOPHUH, TIE€ HAXOJIWUTCS CO3JAHHBIA MPOEKT, a 3aTEM

VMIIOPTUPOBATH C MOMOLIBIO KOMaH bl Import Dataset.

OcranbHasi BX0ogHas HH(GOPMAIHS 3aHOCUTCS B TEJIO CKPHUIITA, IPUBEICHHOTO
Ha puc. [11.1.2.3, B Buae 3HaueHUl apryMeHTOB BbI3bIBAEMOW (QYHKLIMH (B OTIMYHE
or fishmethods, B makere DLMTool meron BebiBacTcs komanmoii DBSRA(X,
DLM_data, reps = 100). 3HaueHuss apryMeHTOB B 3TOM Cliydae COJAEPIKaTcs B

aiie BXOAHBIX TaHHBIX, epeaaromemcs B 00b