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BBEJIEHUE
AKTyaJlbHOCTh TeMbl HcciaefaoBanus. B PecnyOnuke Tamxukucran

CEJIbCKOE XO3SIICTBO OCTA€TCS OJHOM M3 KIIOYEBBIX OTpaciedl SKOHOMUKHU H
NO3TOMYy  pa3pabOTKa  aJanTUPOBAaHHBIX MATEMATHYECKUX  MOJENeW s
ONTUMM3AIMU 3aIIUThl PACTEHUN NPUOOpPETAaeT 3/1eCh OCOOYI0 BaXKHOCTh H
MPAKTUYECKYI0  IIEHHOCTb. Kmumar B Pecnybnmuke — Tamkukucran
KOHTUHEHTAJbHBIM, TOJBKO Majas 4acThb MNPUIOJHA IS 3€MIIEEIHs, TaK Kak
3HAUMTEJbHAS YacThb TEPPUTOPHUM 3aHsATa ropamu. Bc€ 3TO co34aT CloKHbBIE
YCIOBHSI ISl BO3JEJIBIBAHUSA CEIbCKOXO3SMCTBEHHBIX KYJIBTYp W BBIJIBUTAET
0co0ble TpeOOBaHUS K CHCTEMaM UX 3alllUThl. BBICTpOE pa3BUTHE arpOTEXHOJIOTHIA
u BcE Oomee KECTKME OKOJOTMYECKHE TpeOOBaHMS 3acCTaBISIIOT HCKaTh
NPUHIUMOIUAIBHO HOBBIE TOJIXOJbl K MAaTEMaTUYECKOMY MOJEIUPOBAHUIO U
ONTUMU3ALMN 3alIUTHBIX MeponpHusaTHil. OcoOeHHO BOCTpeOOBaHbI TOYHBIE U
TUOKHE CHUCTEMBbI, KOTOPbIE CIIOCOOHBI YUHUTHIBATH Cpa3dy MHOXECTBO (DAKTOPOB,
TaKUX KakK: OHOJOTrMYecKHe OCOOEHHOCTH BpPEAUTENEH, COCTOSHUE PACTCHUU,
IIOTOJHBIE YCIIOBHSI U IPOCTPAHCTBEHHYIO HEOJHOPOAHOCTD ITOJIEH.

B oroM HampaBieHMM METOAbl MAaT€MAaTHYECKOTO0  MOJEIHPOBAHUS
MO3BOJIAIOT IIIy0)ke pa3o0paThCsi B CIOXKHBIX B3aUMOCBS3SIX MEXAY BO3PacTHOM
JUHAMUKOW  MONYJSIIMM  BPEIHBIX OPraHu3MOB, HX IPOCTPAHCTBEHHBIM
pacripefieieHueM MO MO0 W pealbHOM 3(G(PEKTUBHOCTBIO TEX WIM HHBIX
3aIATHBIX MEPOIPUITHI.

OcHOBY AJ1 pelIeHus] TaKUX 3a7ad COCTaBJISIOT, KIaCCHUEeCKUE pabOThl MO
mudepeHnanbHbIM  YpaBHEHUSAM W MaTeMaTH4ecKol (u3uke, Ha KOTOpbIE
ONUPAIOTCS TMPAKTUYECKH BCE COBPEMEHHBIE HCCIENOBAaHUS B ATOW 00JacTu.
Uccnenoanust TuxonoBa A.H. u Camapckoro A.A. B 00jacTu ypaBHEHUU
MaTeMaTHYecKol (U3MKM co3manu  TeopeTHyeckuid Oasuc A aHajau3a
JUHAMUYECKUX TPOLIECCOB B  CIIOKHBIX CUCTeMax. BaxHblii BKiIag B
MOJIEIMPOBAaHUE OHMOJIOTMUECKUX MPOLECCOB BHeciu pabotrel B. BomabTepp,
pa3pal0oTaBIIEro TMEpBblE MaTEMaTHYECKHE MOJENNU JUHAMHKU TOIYJISIIIHUMA.

Pa3Butne »THX I/I)ICI\/'I INPUMCHUTCIBHO K OMOJIOTMYECKHUM CHCTEMaM HaIIlIo
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orpaxkxeHne B pabotax IlomysktoBa P.A. m Mouceesa H.H., paspabGortaBmmx
MPUHLHIBI MATEMATUYECKOTO MOJICIIMPOBAHUS IKOJIOTUYECKUX MPOLIECCOB.

Oco0oe 3HayeHHWE NS PEIICHUs TOCTABJICHHBIX 33Jad HUMEIOT PabOThI
Onycu M.K., HapszukynoBa M.H. m Opnunnaea P.H. B KOTOpBIX HOeTalbHO
pa3paboTaHbl MaTEeMaTHYECKWE METOJAbl aHallu3a BO3PACTHOM  CTPYKTYpHI
MONYJSINUNA U NPEUIOKEHBI NPUHLIMIBI ONTUMAIBHOIO YIPABIECHUS CHCTEMaMU
3aIIUTBl PACTEHUN. OTHU MCCIEAOBAaHUSA IO3BOJWIM MEPEUTH OT CTATUYECKHUX
Mozelied K JUHAMUYECKMM OMNHUCAHUSM PpAa3BUTHA OHMOJIOTMYECKHX CHUCTEM,
VUUTBHIBAIOIIMM  3Talbl OHTOTE€HE3a pACTECHUM (pa3BUTHE PACTUTEIBHOIO
OpraHu3Ma) U UX YA3BUMOCTH K Pa3JIMYHBIM BHJAM CTPECCOB Ha pa3HbIX (azax
pocrTa.

CoBpeMeHHBIN 3Tanm  pa3BUTUS MATEMATHYECKOIO MOJCIMPOBAHUS B
arpoOHMOJIOTUN XapaKTepU3yeTcss MHTerpauueldl BpeMEHHBIX M MPOCTPAHCTBEHHBIX
acriekToB aHanuza. Panaume pabGotel Mrioppes JIxk.JI. u Oxybo A. mo
IPOCTPAHCTBEHHOMY MOJEIUPOBAHUIO OHOJIOTMYECKUX TIPOIECCOB  3AJI0XKHIN
OCHOBBI JUIsl aHAJIN3a HEOJHOPOJHOCTH PACHPEACIICHUSI PACTEHUN U NATOT€HOB B
arpoLeHo3ax. ONTUMU3AIMOHHBIE ACHEKThl 3allUThl PACTECHUN MOIYYUIU
pa3Butue B pabotax Tuxomupoa M.A. rae ObuiM NpeasioKeHbl MaTeMaTHYECKUE
METOJbl NOMCKA ONTHMAJIbHBIX CTPATETHM 3aIIUTHI C YYETOM SKOHOMHYECKHX W
DKOJIOTMYECKUX oOrpaHudyeHuil. OJHAKO CYIIECTBYIOIIME ONTUMHU3ALMOHHBIE
MOJENH, KaK MPABUJI0, HE YYUTHIBAIOT B IIOJIHOW MEPE HU BO3PACTHYIO IUHAMHUKY
pPacTeHM, HU POCTPAHCTBEHHYIO HEOJHOPOIHOCTh UX PACIIPEACIICHUS.

AKTyaJlbHOCTh HACTOSIILIETO MCCIIEAOBAHUS ONPEACIAETCS HEOOXOAUMOCTHIO
MIPEOJI0JICHUSI CYILIECTBYIOIIETO pa3pbiBa MEXKY TEOPETUUECKUMHU pa3pabOTKaMH B
o0nacTd  MaTreMaTHYeCKOrOo  MOJEIUPOBAaHUS  OHOJOTMYECKHMX  CHUCTEM U
MPAaKTUYECKUMM  3aJadyaMHd  ONTHMMH3alMM 3al0UThl pacTeHuil. Peanusanus
pe3yJIbTATOB  MCCJIENOBAHUS IMO3BOJIUT  CO3JaTh HAy4YHYK) OCHOBY  JUIA
U poBU3aIMK 3alIUTHl pacTeHUd B ycnoBusx PecmyOnuku Tamkukucran, 4to
0COOEHHO Ba)KHO MPHU M3MEHEHUSX KJIMMara U POCTa aHTPOIOTE€HHOM Harpy3Ku Ha

AI'pOSKOCHUCTEMBI PCTUOHA.



Crenenb  pa3palOTOHHOCTH  TeMbl  HCCJeAyeMOM  MPoOJeMBbI.
MaremaTtuueckoe MOAEIUPOBAaHUE MPOLIECCOB 3AIIUTHI PACTEHUN UMEET TiTyOoKue
UCTOPUYECKHE KOPHHU, BOCXOASIINE K (yHIaMEHTAIbHBIM padoTaM MO TUHAMHKE
nonmysiivii.  «OCHOBBI ~ MAaTEMAaTUYECKOTO  ONMCAHMs  OMOJOTMYECKHX
B3aMMOJICHCTBHI ObLTN 3aJI05KEHBI B KJIacCCHUECKUX TpyAax BombsTeppa B. u JloTku
A.T. pa3pa®oTaBIIMX MEPBBIE MOJEIH MEXBUIAOBOW KOHKYPEHLHH. DTH pabOThI
CO3/1aJlM TEOPETHUECKYI0 0a3zy Uil MOCIEIYIOIIEr0 pPa3BUTHS MaTeMaTHYECKUX
METOJI0B B arpo3kosiorum» [11, 12, 51].

3HAUWUTENBHBIM BKJIAJ B pPa3BUTHE MATEMaTUYECKUX MOJCIICH 3allUThI
pacTeHMii BHECIM COBETCKME M pPOCCUHCKHE HcciaeaoBarend. B paborax
Cupexena FO.M. u Jlorodera O.[1. [139] 6bu1H pa3paboTaHbl TPUHIIUIIBI AHATU3A
YCTOMYMBOCTU OMOJIOTUYECKUX Cco00IIecTB, a B ucciaepoBaHusx Onycu M.K.
[165-169] nmpensioxkeHbl CHEUAIU3UPOBAHHBIE MOJEIN OOpbOBI C BPEAUTEISIMU
arporieHo30B. (Ocoboe BHMMaHUME B 3TUX paldoTax YAEIsAIOCh BOIpPOCaM
CTaOMJIBHOCTH KOCUCTEM M ONTUMHU3ALUH 3AIIUTHBIX MEPOIPUSITHHA.

«CoBpeMEHHBIM 3Tanm  pa3BUTUS MATEMATHYECKOTO MOJEIUPOBAHUS B
3allATE€ PACTEHHH XapaKTepU3yeTcs BO3pPAaCTAOIIMM BHHMAHMEM K Y4YETy
BPEMEHHO-BO3pacTHhIX (pakTopoB. B paborax OpunaeBa P.H. mocienoBatenbHO
pa3BUBAETCA TMOJXOJ, YYWUTHIBAIOIIMA BO3PACTHYIO CTPYKTYpY HNOMYJSLUN
BPEIHBIX U IOJIE3HBIX HACEKOMBIX. ABTOPOM ObUIM MpPEIJIOXKEHbl HEIMHEWHBIE
MaTeMaTUYECKUE MOJEIN 3AIIUTHl PACTEHUN C BO3PACTHOM CTPYKTYpPOW, METOMBI
pelieHus: UHTerpo-aupdepeHIaibHbIX YpaBHEHUN 3allUThl pAcTEHUM, a Takxke
MOJEIW C TPOU3BONBHBIMH TPOPHUUECKUMU (PYHKIUSAMH U  pa3pabOTaHbI
MaTEMaTUYECKUE MOJENH, YYHUTHIBAIOIIME TPOCTPAHCTBEHHOE paclpeiesieHue
NOMYJIIUMKA. OTH HMCCIENOBAHMUS JIEMOHCTPUPYIOT BO3MOYKHOCTh HHTETpPaLUU
BPEMEHHBIX U MMPOCTPAHCTBEHHBIX (PAKTOPOB B €IMHON Mojenn» [92-114].

«BaxHpIM HampaBjieHHEM CTaldd padOThl MO ONTUMHU3ALMHU 3AIUTHBIX
Meponpusituid. B coBmecTHbix uccienoBanusx OnunaeBa P.H. u IOnycu M.K.
MPEIJIOKEHbl ONTUMHU3AIMOHHBIE MOJENIM MHTErPUPOBAHHOTO MeToAa OOphOBI C

Bpenurenamm» [92-114, 165-169].



TeopeTnueckoil OCHOBOW ISl pEHIEHUsS ONTUMHU3ALMOHHBIX 3aJad CTaju
metoabl, pazpadorannbie JI.C. [Tontpsruneim [140]. [IpuMenenre 3THX MOIX0I0B
K 3aJayaM 3alldThl PACTEHHI MO3BOJWIO CO3[aTh CTPOTMA MaTeMaTHYECKUN
amnmapar JUisl IOMCKA ONTUMAaJIbHBIX CTPATETUH.

HecMmoTpsi Ha 3Ha4YMTENIbHBIE JOCTHKEHUS B O0JIACTH MAaTEMaTHYECKOIrO
MOJICJIMPOBAHUS  3AIIUTHl PACTEHUN, OCTAIOTCS HEPEHICHHBIMU MPOOIEeMbl
HEJIOCTaTOYHOW pa3pabOTAHHOCTH KOMIUIEKCHBIX MOJENIel, OJHOBPEMEHHO
YUHUTBIBAIOIIMX  BPEMEHHO-BO3PACTHYIO  CTPYKTypy U  NPOCTPAHCTBEHHOE
pacnpenenenue, He0OXOAUMOCTH JalbHEUIIEro pa3BUTHSI METOJ0B YHMCIECHHOIO
pElIeHUsT COOTBETCTBYIOUIMX HMHTErpo-au(epeHIMalbHbIX YpaBHEHUN, a TaKxke
aJanTalyy CyIECTBYIOUIMX MOJENEH K creu(UKe rOpHBIX arpoLieHO30B.

Hacrosimiee nuccepralioOHHOE MCCIIEJOBAaHUE HAIIPABJICHO HA IIPEOJIOJICHHE
TUX OTPAaHUYECHHA NyTeM pa3pabOTKU HHTETPUPOBAHHONW MaTeMaTHYECKOW U
KOMIBIOTEPHOU  MOJIeNM, OOBEIUHSIONIEH aHaJIM3  BPEMEHHO-BO3PACTHOMU
JUHAMUKU U MPOCTPAHCTBEHHOI'O PACIpPEACIICHHUS] B €IMHOM METOAO0JOTMYECKOM
MOAXOJE.

Cesi3p padOTBl ¢ HAYYHBIMM NPOrpaMMaMH, NPOEKTAMH H TeMaM.
JuccepranionHass pa0oTa BBINOJHEHA B paMKaxX peaju3alyyd MNepCleKTUBHOTO
IlaHa Hay4YHO-HUCCIEAOBATENIbCKUX paboT Kadenpbl MaTreMaTHYyecKoro u
KOMIBIOTEPHOTO  MOJICIMPOBAHUS ~ MEXaHUKO-MAaTeMaTH4yeckoro  (hakysbTeTa
Tamxukckoro HamuoHanbHOTO yHuBepcureta Ha 2016-2020rr. mo Teme
«Pa3paboTka MaTeMaTHYECKUX MOJEJEH, allfOPUTMOB M IIPOrpaMM sl PELeHUs
NpUKIAAHBIX 3aaa9» U Ha 2020-20251T. o Teme «Pa3paboTka MaTeMaTHYECKUX U
KOMITBIOTEPHBIX ~MOJIEJEH, aJrOpuTMOB, KOMIUIEKC MpPOrpaMM U METOAMKHU
npenoiaBanusi HHPOPMATUKHU, MATEMATHKU U €CTECTBEHHBIX HAYK.

OBIIIAA XAPAKTEPUCTUKA NCCJIEJOBAHUS

Heanb wnccieqoBaHusi — 3aKJI0YaeTCd B MOCTPOCHUM MAaTEMaTUYECKOW H
KOMITBIOTEPHOM MOJENN MO3BOJISIIOIIEH ONTUMHU3HPOBAaTH CHCTEMY 3allMThI
pacTeHUi Ha OCHOBE KOMIUJIEKCHOI'O aHalin3a BPEMEHHO-BO3PACTHOM TUHAMUKHU

pocTa pacTeHuil U BpeauTenei ¢ y4éToM NpOCTPAHCTBEHHOTO (hakTopa.
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3amaun  wuccaegoBanus: OCHOBHBIE 3aJa4d  HCCIICIOBAHUS  JTAHHOM
JIUCCEPTAIIMOHHON Pa0OThI 3aKIIOYAIOTCS B CIEAYIOIIEM:

> PazpaboTka MaTemMaTHueCKOW MOJAETHM B BHJIE CHUCTEMBl HHTETPO-
muddepeHnanbHbIX YpaBHEHUM, OTpaXarolUMX HW3MEHEHHSI YHCICHHOCTH
MOMYJSIIUA HACEKOMBIX B  3aBHUCHMOCTH OT BO3pPAacTHOTO  COCTaBa,
MIPOCTPAHCTBEHHOTO (paKkTOpa M XapakTepa TpOPUIECKUX CBA3CH;

» IlpoBeneHrne TEOPETHMYECKOTO aHajiW3a MOJIEIW, B XOJ€ KOTOpPOTO
JIOKa3bIBaeTCS CYIIECTBOBAHHUS €IUHCTBEHHOCTH pEHICHHH M 00OCHOBaHME
BbIlIOIHEHUsT npuHnuna wMakcumyMma JILLC. TlonTpsiruna K  3amadam
ONTHUMAJIBHOTO YIIPABJICHHS], BOSHUKAIOIIMM B paMKax JTaHHON MOJIENN;

» OnTumuzanus CTpaTerwii  3allMThl  pacTeHUH ¢  pa3paboOTKOM
KOMOMHHUPOBAHHBIX METOJOB W  ajanTtanueil MoAenu Uil yCIOBUH
TamxkukucTaHa, BKIIIOYas YYET peruoHaIbHble OCOOCHHOCTEN arpoli€HO30B U
crnenupUKU XJIOKOBOICTBA;

» Co3gaHue W aHalIM3 YHUCIEHHBIX METOJIOB PEIIEHUS CUCTEMBbl YpaBHEHHUH,
BKJIIOYAs alanTallio METOIOB Dilsiepa U AjjlamMca ¢ OLEHKOW MOTPEIIHOCTEM;

» Paszpabotrka mporpamMmHOrOo KOMIUIekca Ha C++ Ig  YHCIEHHOTO
MOJEJIUPOBAHUS, MPEACTABICHUSI MPOCTPAHCTBEHHO-BPEMEHHOW AUHAMUKHA U
BepU(DUKALUU PE3YyJIbTATOB.

O0bekT ucciaenoBanus. OOBEKTOM HCCIEIOBAHUS B JUCCEPTAIMOHHOM
paboTe dABIAETCS OMHAMMYECKAass CUCTEMA «pPACTEHHE-BPEIHbIE HACEKOMbIe-
IIOJIE3HBIE  HACEKOMBIE» € YUYETOM BO3PACTHOM CTPYKTYpbl  IOITYJISLUH,
IPOCTPAHCTBEHHOTO pacHpeeieHns U TPOPUIECKUX B3aUMOICHCTBHIA.

IIpeamer wuccaenoBanms. IlpenMerom — HcciieoBaHUSL — BBICTYNAIOT
3aKOHOMEPHOCTH JIWHAMUKH YHWCJIEHHOCTH NOMYJSIUUKA BPEAHBIX M IOJIE3HBIX
HACEKOMBIX, METO/Ibl X MaTEMaTUYECKOTO MOJEIUPOBAHUS C YUYETOM BO3PACTHOM
CTPYKTYpbl M TPOCTPAHCTBEHHOI'O pACIpPEIEICHUs, a TaKXKe aJrOPUTMBI
ONTHUMM3ALUN CTPATETU 3aIIUTHI XJIOMYAaTHUKA.

Hayuynasi HOBH3HA OHMCCepPTAllMOHHOIO HCCieAoBaHus. B muccepranuu

IIOJIyYE€HBI CIEAYIOUIUE PE3YIIbTAThI, XapAKTEPU3YIOIIHNECS HAYYHOU HOBU3HOM:
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» IloctpoeHsl  cucTeMbl  HWHTETpO-AU(PPEpEeHIMANBHBIX  YpPaBHEHUU
MO3BOJISIIOLIME OINUCHIBATh TOMYJISIIUOHHYIO JTUHAMUKY HACEKOMBIX C
Y4eTOM  BO3pacTHOTO  COCTaBa, MPOCTpaHCTBEHHOro (akrtopa U
TpopuUecKuX CBs3EH;

» BpimomHeHo TeopeTHdeckoe O00O0CHOBaHWE pa3paOOTAHHBIX MoOJETeH
BKJIFOYAIOUIEE JOKA3aTEJbCTBO CYLIECTBOBAHUS PEIIEHUS M IPOBEPKY
NPUMEHUMOCTH MpUHIMIIA MakcuMyMa [loHTpAruHa AJis pelaeMbIX 3a1a4
ONTHMAJIBHOTO YIIPABJICHHUS;

» IlpemnokeHbl HHTETPUPOBAHHBIE CIOCOOBI  ONTHMHU3ALUU  3aIIHUTHI
pacTeHui W aJanTalMOHHbIE MOJAENN Uil yciaoBuM Tamkukucrasa,
BKJIIOYAsl YYET pEerMOHaIbHbIE OCOOEHHOCTE arpoleHO030B U CHeUUu(PUKU
XJIOIIKOBOJICTBA;

» Co3maHbl W MPOAHATU3UPOBAHBI YUCICHHBIE METOJBI PEUICHHUS CHCTEMBI
YpPaBHEHH, BKIIIOYasi afarTaluio METOJO0B Jujepa U AjgaMca ¢ OLIEHKON
IIOIPEIITHOCTEN;

» Paspaboran mnporpaMMHBIH KoMmIulekc Ha C++ I YUCIECHHOTO
MOJIEJIMPOBaHMS, IPEACTABICHHS] IPOCTPAHCTBEHHO-BPEMEHHON JMHAMUKA
1 Bepu((UKaIUU pe3yJbTaTOB.

Teopernyeckasi 1 HAYYHO-NIPAKTUYECKAS 3HAYUMOCTb UCCJIeI0BAHMS.

Teopernyeckass 3HAYMMOCTb MCCJENOBAHUS 3aKJIIOYAETCSd B PA3BUTHU
MaTE€MaTUYEeCKOro amnmapara sl MOJAEIMPOBaHUS OUOJOTHYECKUX CHUCTEM C
Y4€TOM  BO3pPAaCTHOM CTPYKTYpbl W  IPOCTPAHCTBEHHOI'O  pacHpeieseHUs
NOMYJISIUMKA, PacCIIMPEHUHd TEOPHHM ONTHUMAJIBHOIO YIPABJICHHS I WHTErPO-
mudpepeHnanbHbIX YPABHEHUM C MPOU3BOJIBHBIMU TPOPUUECKUMU (PYHKIUSMU,
a TakkKe B pPa3pabOTKe HOBBIX YHCICHHBIX METOJOB aHallu3a YCTONYMBOCTH
arpod’KOJIOTHYECKUX CHUCTEM.

HayuHo-npakTuyeckas 3Ha4MMOCTh COCTOUT B CO3[IaHWU aJallTUPOBAHHOTO
st ycnoBud  Ta/pKMKUCTaHA NOPOrPAMMHOIO  KOMIUIEKCA, IO3BOJISIOLIETO
ONTUMM3UPOBATh CTPATETMH 3alIMTHl XJIOMYaTHUKA, pa3padOTKE KOHKPETHBIX

peKOMEHJaluii M0  KOMOMHHPOBAHHOMY  TPUMEHEHHUI0 XUMHYECKHX U
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OMOJIOrMYECKUX MCETOAOB C YUCTOM PCTUOHAJIBHBIX OCO6€HHOCTeﬁ, YTO 00CCIICUUT

CHMKCHHUC 5KOHOMHNYCCKHUX 3aTpaT U AKOJIOTUYECKOM Harpy3kKu IIpu COXpaHCHHUH

ypoxaiHocTH. IlomydeHHble  pe3ysibTaTbl  MOLYT  OBITh  MCIOJIb30BaHbI

CCJIIBXO3IIPONU3BOIUTCIISIMU, CJ'IY)K63MI/I 3allIUThI paCTeHI/Iﬁ H 3KOJIOIr'Mm4cCKOro

MOHHUTOPHHIA.

>

IHonoxenue fucceprauu, BBIHOCUMbIE HA 3ALLUTY:
Pa3zpaborana maremarrueckasi MOJIEb JUHAMUKH MOMYJIAIMA HACEKOMBIX B
BUJIE CHCTEMbl HMHTErpo-Au(epeHnanbHbIX ypaBHEHUN, YYUTHIBAIOIIAS
BO3PACTHYI0  CTPYKTYpPY, IIPOCTPAHCTBEHHYIO  HEOJHOPOAHOCTb U
TporuyecKue B3auMOICHCTBUS;
Y CTaHOBIIEHBI TEOPETUYECKUE XAPAKTEPUCTUKN MOCTPOCHHBIX MOJEIIEH, TO
€CTh, IIOJy4EHBl JIOKA3aTEJIbCTBA CYIUECTBOBAaHUA M E€IUHCTBEHHOCTHU
pELIEHMI, BBIMOJIHEH aHAIN3 PABHOBECHBIX COCTOSIHUM, a Takxke 000CHOBaHa
KOPPEKTHOCTh MCIOJIB30BaHUS NpUHIMIIA MakcuMmyma [loHTpsArnHa s
IIOCTAHOBKHU U PELICHUs 3a7a4 ONTUMAJIbHOrO yipasieHus. [IpencrasieHsl
ajanTUpOBaHHblE Ui YychnoBud PecnyOmuku TamKUKUCTaH CTpaTeruu
3alUThl PACTEHUHM, KOTOpPbIE IMOCTPOEHbl HAa OCHOBE KOMOWHHPOBAHHBIX
ONTHUMHU3ALMOHHBIX METOJOB C YYETOM pErHOHANBHBIX  CHEHU(PUKH
arpoLEeHO30B;
BoinonHena pas3paboTka ¥ MOCJHENyIOIIee MCCIEAOBAHWE YHCIIEHHBIX
METO/IOB, NPUMEHSEMBIX I PELICHUS CUCTEMBI  HMHTETPO-
muddepeHnranbHbIX YpaBHEHHUM, BKIIIOYass MOIU(UKAIIMA METOIOB Diisiepa
u Anamca ¢ oueHkol norpemHocteid. Co3ian mporpaMMHbBIA KOMITJIEKC Ha
C++ nid 4MCIEHHOrO MOJEIMPOBAHUSA M BU3yalIU3alMU ITPOCTPAHCTBEHHO-
BPEMEHHOW JNUHAMWKHU TOIMYJISINN, BKIIOYAIONUN BEpUPUKAIIMIO MOJEICH
Ha peajbHbIX JTaHHBIX.

CreneHb J0CTOBEPHOCTH Pe3yJbTaTOB. Bce Teopembl, yTBEpXKACHHUS U

dbopMynBl B JUCCEPTAIIMOHHOM  HCCJIEIOBAHUM  OOECIICUEHBI  CTPOTHMH

J0Ka3aTeNbCTBAMU, PsII BBIBOJIOB COIJIACYIOTCA C HCCIENOBAHMSMM JPYIHX

aBTOPOB.
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CooTrBercBMSl JAHCCEPTALIMHM NACIHOPTY HAYYHOW  CIENMAJIBLHOCTH
(¢popmyiie u o6s1acTu ucciaenoBanus). JlucceprainronHas padoTa BBIIIOJHEHA B
COOTBECTBHH CO CIEAYIOUIMMH pa3jesiaMu nacrnopta cuenuaibHocta 6D060110 —
MaTemMatrnyeckoe U KOMITbIOTEPHOE MOJIETMPOBaHNE OOOCHOBBIBAET UCCIICIOBAHUE
MAaTEMATHYECKUX W KOMIIBIOTEPHBIX MOJCIUPOBAHMM, MX YHCICHHBIX METOJIOB,
KOMIUIEKCOB IPOTPaMM U MPUKIATHBIX Mpo0eM (yHKTHI 2, 5, 7):

* nynkm 2. Pa3BuTHE KaueCTBEHHBIX W TPUOIIKEHHBIX AHATUTHYECKHUX
METOJIOB UCCIIEIOBAHUS MAaTEMaTUUECKUX MOJICIIEH;

* nynkm 5. Peamu3zanus 3pQEKTUBHBIX YUCICHHBIX METOJOB M aJTOPUTMOB
B BHUJE KOMIUIEKCOB TMPOOJIEMHO-OPUEHTUPOBAHHBIX MPOrpamMMm st
MPOBEICHUS BEIYMCIUTEIBHOTO SKCIIEPUMEHTA;

*nYHKm 7. Pa3paboTka HOBBIX MaTeMaTHYECKUX METOJIOB U QJITOPUTMOB
MPOBEPKHU aJICKBATHOCTH MAaTEMAaTUYECKUX MoJielie OOBEKTOB, CHUCTEM,
MPOLIECCOB U ABJIEHUI HA OCHOBE TAHHBIX HATYPHOI'O SKCIIEPUMEHTA.

JIMYHBIA BKJIAJ COUCKATEJNA Y4éHoil crenmeHu. CojepkaHue AUCCEepTAIUU
M OCHOBHBIC TMOJIO)KCHUSI, BBIHOCMMBIC Ha 3aIlUTY, OTPAXKAKT MNEPCOHATbHBIN
BKJIaJl aBTOpa B OIyOJIMKOBaHHBIE paboThl. Bece mpencraBieHHble B TUCCEpTAIIUU
pe3yJbTaThl, OMyOJMKOBAaHHBIE B paboTax C COABTOpPaMM, MOJYYEHBI JIMYHO
aBTOpoM. CoHnCKaTelieM CaMOCTOSITENIbHO MPOBEAEH aHAIM3 HAYYHOW JINTEPATypPbl
Mo TeMe uccheoBaHus, OOOCHOBaHA Hay4yHash HOBHU3HAa U MpaKTHYecKas
3HAYMMOCTh TOJYYEHHBIX pe3yabTaToB. Oco00 cleayeT OTMETUTh, 4YTO BCE
KOMIIBIOTEPHBIE IPOrpaMMbl, HCIIOJBb30BAHHBIE B pPaMKax JIMCCEPTALIMOHHOTO
WCCJICIOBAHMSI, BKJIIOYAs aJTOPUTMBI UYHCIEHHOTO MOJICIUPOBaHUS, 0OpabOTKU
JAHHBIX W BU3yaJU3alluu pe3yJbTaToB, pa3paboTaHbl JUYHO CoHUCKareilem. B
yacTHOCTH, B pabore [1-A, 3-A, 7-A, 8-A] aBTOpOM C€aMOCTOSATEIBHO CO3JaHBI
MPOrPaMMHBIE CPEACTBA, MO3BOJIMBIINE PEATU30BATh UYHUCJICHHBIC METOABI IS
peumeHns 3aJad  ONTUMM3AlKUM 3alUThl PACTEHUHM C Y4YETOM BO3PACTHOU
CTPYKTYpbl MOMYJIALIMU HACEKOMBIX. OCTaJbHbIE pPE3yJIbTaThl AUCCEPTALMOHHON
paboThl, MOJy4YEHHBIE B XOJE BBINOJTHEHUS HCCJIEAOBAaHUSA M OMYOJHWKOBAHBI B

pa60TaX C COaBTOpPamMH, BBITTIOJJHCHBI COBMCCTHO C HAYYHBIM PYKOBOJIHUTCIICM.
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Anpobauuss u peaju3anuMs Ppe3yJbTaTOB JauccepTanuu. Marepuansl
JUCCEPTAIlMM  JOKJIQJO0BAIMCh W OOCYXKJAIUCh HAa  MEXAYHAPOJHBIX U
pecryOnukaHckux —KoHpepeHnusx: PecmyOnukanckas HayYHO-IIPaKTHUECKas
KoH(pepeHuusa npodeccopcko-npenogaBareabckoro cocrapa THY, mocssieHnHas
30-netuto rocyaapcTBeHHOW He3aBucuMocTu PecnyOmuku Tamxukucrtan, 110-
JETUK0 HapoaHoro modta Tamkukucrana, l'eposa Tamxkukucrana Mup3so
Typcynszona, 110-netuto HapoaHoro nucarens Tamxukucrana Cotuma Yiayr3ona
U «JIBAJUATUJIETUIO U3YYEHUS M Ppa3BUTUS E€CTECTBEHHBIX, TOYHBIX U
MaTeMaTU4YeCKUX HayKk B cdepe Hayku u oOpaszoBanus (2020-2040 rombi)»
Hymian6e 2021 rox; MexayHapoHON Hay4YyHO-TIPAaKTHYECKOW KOoH(pepeHuu
«KomnproTepHBIil aHanu3 npodieM HayKH M TEXHOJIOTHil», mocBsmeHHas «2020-
2040 rombl, 20-1€THI0O H3YyYEHUSI U PA3BUTHS E€CTECTBEHHBIX, TOYHBIX U
MaTeMaTUYeCKUX HayK B 00JacTM Haykd U 00pa3oBaHus» U «75-IETUIO
TamKUKCKOrO  HalMOHAJIBHOrO yHHBepcureTra» r. Jymanbe 2023 rop;
MexayHapoiHOW HaydyHOM KoHbepeHIMH mocBsmeHHon 75-netuto THY, 20-
JIETUIO Pa3BUTHsS TOYHBIX, €CTECTBEHHBIX M MareMmarndeckux Hayk 2020-2040
rogel, U 85-netuto akagemuka HAH Tamxukucrana PamkxaboBa Hycpara r.
Hyman6e 2023 rox; XII-mexayHapoAHOW Hay4YHO-NPAKTUYECKOW KOH(pepeHuuu
«CoBpemMeHHbIE MPOOIEMbI MATEMATHYECKOTO MOJIETTUPOBAHUS U €€ MPUIIOKEHUS,
nocBsieHHON «O0bsaBienust 2020-2040 roapi, 20-1€THUI0 U3YyUYEHUS W Pa3BUTHUSA
€CTECTBEHHBIX, TOYHBIX M MaT€MaTHUYECKHMX HAayK B 00JlaCTU HayKH H
oOpa3zoBanusi» u «75-metuto TaKMKCKOTO HAIIMOHAJIBLHOTO YHUBEPCUTETA)»
(Hyman6e, 18 maii 2024).

IIyonmukanuu mo teme gucceprauvu. Pe3ynpTaTbl MCCIENOBaHUN aBTOpa
0 TeME€ TUCCEPTAlMOHHON paboThl omyOsuMKOBaHbl B 13 HaydHbIX paboTax, u3
HUX 7 CTaTbH ONMYOJMKOBAHBI B U3/IAHUAX, BXOJAIIMX B JIEUCTBYIOIIUN MEepEeYEHb
BAK Pecny6mnuku TamxkuKucTaH v B TpyAaxX MEXIYHAPOJAHBIX KOHPEPEHIUH.

Crykrypa M 00beM auccepranmu. Jluccepranus COCTOUT W3 BBEICHUS,
YeThIpeX TJIaB, CHHCKAa LMTHUPOBAHHOM JuTeparypsl u3 173 HauMeHOBaHUs,

3aHuMaeT 145 cTpaHHIbl MAIIMHONUCHOTO TekcTa. [l ynobcTBa B auccepTanuu
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IpUMEHEHA CKBO3HAsi HyMepalusi TeopeM, cleAcTBUU U (popmyn. OHM HMEIOT
TPOMHYI0O HyMepaluio, B KOTOpPOW mepBas Hu@pa COBMNATAET C HOMEPOM TJIaBHI,
BTOpasl yKa3bIBaeT Ha HOMEp naparpada, a TpeThsl Ha MOPSIKOBBII HOMEp TEOpPEM,

ciencTBui uin (GopMyJibl B TaHHOM naparpade.
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I''TABA 1. AHAJIN3 JIMTEPATYPBI MATEMATHYECKOI'O U
KOMIIBIOTEPHOI'O MOAEJIUPOBAHUA OIITUMU3ALINU
MMPOIIECCA 3AIIIMTHI PACTEHUH C YYETOM BPEMEHHO-
BO3PACTHOM CTPYKTYPBI U TIPOCTPAHCTBEHHOI'O
PACHPEJAEJEHUSA

1.1. Kparkuii ncropnyeckuii 0030p 1Mo MaTeMaTu4eCKOMY MOAEJTUPOBAHUIO
HavanpHble 9Tambl MaTeMaTHYECKOTO MOJCIMPOBaHUS B  OHOJIOTHH

oTHocATCA K KoOHIy XIX um mepBoil monoBuHe XX Beka. OHHM CBSI3aHBI C
dbopmanmzarueit 6a30BbIX 3aKOHOMEPHOCTEH TMHAMHUKY YHUCICHHOCTH TIOIMYJISITUH.
WNnen 5KCMOHEHIIMAIBHOTO POCTa MOJIYYHWJIM CBOIO MaTeMaTH4ecKylo (opmy.
bonmee  coBepumIeHHOW  CcTanma  MOJAENb, YUYUTHIBAKOLIAS  BHYTPHUBUIOBYIO
KOHKYPEHIIMIO 3a OrpaHUYeHHbIE pecypcbl. «OAHAKO KIACCUYECKUE MOJEINU
B3aMMOJICUCTBUS BUJIOB, pazpaboranubie A. Jlotkoit u B. BonsTeppoit, cuuratorcs
byHIaMEHTAIBHBIM HA4YaJIOM MaTeMaThyecKou skosiorum» [4, 10]. Ot monenu,
IpyU BCEM CBOEH MPOCTOTE, BIEPBbIE TOKa3ald BO3MOXKHOCTh aHAJIM3a
YCTOMYMBOCTH COOOLIECTB M UUKIUYHOCTH UHWCICHHOCTH, BO3HUKAIOUIEH U3
B3aUMOJIeHCTBUSA. JlaHHbIE pPAaOOTHI 3alIOKWIM OCHOBY [UJISl «HCIOJb30BaHUS
anmaparta auddepeHianbHbpIX ypaBHeHU B dKkosorun» [4, 10]. «IlapannensHo
pa3BUBAJICS MAaTEMAaTUUECKUI anmapar, BIOCJIEICTBUN ChITPABIINN BaXKHYIO POJIb B
OMMCAaHWU  TPOCTPAHCTBEHHBIX  MPOLECCOB;,  TPyAbl MO  ypPaBHEHUSIM
MaTeMaTU4eCKon (PU3UKH CTAJIM TEOPETUUECKON 0a30i JjIsl MOJOOHBIX OMMCAHUI
[11-21].

«CepenquHna XX Beka OTMEYEHA CTAHOBJICHUEM TEOPETUYECKOW U
MaTeMaTU4eCKo OMOPU3UKU. ODTOT TMEPUOJ XapAKTEPU3YETCs OCO3HAHUEM
OWolleHO3a KaK CJIOKHOW JUHAMHYECKOM CHUCTEMBI, YTO MOTPeOOBAIO
MIPUBIICUCHUS HAeH KHOEpHETHKHU W o01Iei Teopun cuctem» [38, 42, 46, 66, 120,
127, 146]. B oreuecTBeHHON Hayke CPOpMHpPOBAIACH IIKOJIA MATEMaTUYECKOTO
MOJeUpOBaHusl Ouosiormdeckux mpoiieccoB. «Padorer FO.M. CBupexkeBa u ero
COABTOPOB 3aJIOKWJIM OCHOBBI MOJICIUPOBAHUS OWOCHCTEM pa3HOTO YpPOBHS
opranuzanun» [137-140]. «Bonpockl CUCTEMHOr0 aHaliu3a CIOXKHBIX OOBEKTOB,
BKJIIOYAsl M3y4Y€HWE MPUHIIUIIOB YMPAaBICHUS, ObUIM TMOMHATHI B HMCCICIOBAHUIX

MowuceeBa» [90]. «J/luHamMu4ecKHe MOACIM OSKOJIOTMYECKHX CHCTEM, HX
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YCTOMUYMBOCTh M pEryJiisilivg ObLIM cucTeMaTu3upoBaHbl B padotax I[lomyskTroBay
[120].

BaxHbIM HalpaBiI€HUEM CTaj0 MOJEIMPOBAHUE BO3PACTHOM CTPYKTYpHI
MOMYJISIUI, YTO BBIBEJIO MOJEJH 32 PAMKH TOYEYHOTo onucanus. «ccimenoBanus,
MOCBSILIEHHBIE YYETy BO3PACTHOIO COCTaBa, MO3BOJWIM YYWUTBHIBATh pPa3Inyus B
BBIXKMBAEMOCTH, IJIOJOBUTOCTH U YSI3BUMOCTH 0COOEH pa3sHOro Bo3pacta» [68, 69,
96, 99, 138, 173]. «OT0 OKa3amOCh CYIIECTBEHHBIM MJIsI MPOTHO3UPOBAHUS U
YIOPABJICHMS B IPUKJIAJIHBIX 00JIACTSIX, TAKUX KaK 3amuTa pacteHuin» [93, 95]. B To
xKe Bpemsi opMmMHupoBaiach TeopeThdeckas 0a3a A ydera MpPOCTPaHCTBEHHOU
HEOJTHOPOAHOCTH. «PaboThl Mo Au¢Gy3UOHHBIM MOJEISAM B HKOJIOTHUHU IOKa3ally,
KaK TPOIECChl MEepEeMEIIeHUsT 0cO0eil MOTYT B3aMMOJICHCTBOBATH C JIOKaJbHOMU
JTUHAMUKOW, TPUBOJIL K (POPMHUPOBAHUIO MPOCTPAHCTBEHHBIX CTPYKTYp» [45, 54,
63, 68, 136, 149].

Hapsiny ¢ pa3ButHeM MaTeMaTH4ECKUX MOJEIEH B3aMMOACHCTBUN
nonyJsinuid emé ¢ 1960-x rooB B pacCMOTPEHUH OMOJOTUYECKUX MPOIIECCOB
BBOJIUTCS MOHSATUE TEOPUU ONTHUMAIBHOIO YIPABICHUS. «ITO OBLIO 00YCIOBICHO
TEM 4YTO C MOTPEOHOCTAMU KAaK TEOPETUYECKOM SKOJIOTMH, TaK U NPUMEHEHMS
UCIIOJIb30BAHUSI PECYPCOB M 3alIUThI pacTeHuid» [29]. Pabotel B 3TOMl 00sacTh
Takux YyueHHbIXx kak «B.H. HosocempueBa m H.H. MouceeBa mno3Bonunu
OIPENETUTh METOAOJIOTMUECKHUE TPUHIIMIIBI, KOTOPbIE B CBOIO OUY€PEab MOTYT OBbITh
IPUMEHEHBI JI1 PACCMOTPEHHsS] OMOCHUCTEM KakK BONPOC KOHTPOJIA, HAMPUMED,
MPUMEHEHBI TECTUIMABI, KaK pa3padoTKa KaueCTBEHHBIX (YHKIIMA M TIOMCKA
onTUMalbHbIX pemeHuin» [34, 36, 64, 85, 91, 90]. OTo nmpuBeNoO K NEPEXOay OT
OMMCATENIbHOIO MAaTeMaTHYeCKOr0 MOJEIUPOBaHUS K TMOAXOAY, KOTOPbIU
MO3BOJIAET HANTH HAaWTy4IIUNA CIOcO0 BO3/IEUCTBUS HA OMOIOTMYECKHUE CUCTEMBI.

«HMccnenoBanus 1Mo BO3PACTHBIM MOJAENSAM M MX NMPUMEHEHUIO AJIS 3alIUThI
pacTeHuil  OCYIIECTBISUINCH MOJ pykoBoacTBoM M.K. FOHycH KOTOpBIM BHEC
3HAUMTETIBHBIM  BKJIAL B dToi  oOmactu»  [155-172]. Ero  paGotsl
«CHCTEeMaTU3UPOBAIM MOJXOJIbI K YYETy BO3PAaCTHOTO COCTaBa Kak BpEIMTENEH,

TaK ® TMOJE3HbIX dSHTOMOdaroB» [156, 161, 162]. D10 OTKpHUIO MyTh K
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NOCTPOEHUI0 0o0Jiee PEATMCTUYHBIX MOJENEeH il ONTUMHU3AIMU CPOKOB U
WHTEHCUBHOCTU 3alIUTHBIX MeponpusThil. CTano BO3MOXXHBIM MaTeMaTHYECKU
00OCHOBBIBaTh CTpaTeruio 00pabOTOK, MPUYpPOUEHHYIO K Hauboyiee YsI3BUMOIA
BO3pACTHOM (paze BpeauTesl.

Pa3BuTHe MOPOCTPAaHCTBEHHOIO MOJICIMPOBAHUS IIUJIO OT  ONHCAHUS
mudy3un K aHamu3y CIOXKHBIX MarTepHOB. OTHOBPEMEHHO C YCIOXKHEHHUEM
ONMMCAHMUS BPEMEHHOW JWMHAMUKA BO3HHMKAlIa HEOOXOAMMOCTh OTKaza OT
MPENOJIOAKEHUS O MPOCTPAHCTBEHHON OJHOPOAHOCTH cucTeMbl. [lepBbie MOaX0/1bI
K MOJETUPOBAHUIO TPOCTPAHCTBEHHOTO PACHPEACIICHUSI OCHOBBIBAIUCH Ha
ypaBHeHUsX JU(Py3un, OMUCHIBAIOIIUX CIy4ailHbIe TIEPEMEIICHUs] OCOOEH.
«Pabora A. Oxky0o moka3ajiia, Kak KOMOWHAIMsS JIOKaJbHOW JIMHAMUKU U
nuhPy3MOHHOTO pacceNieHus NMPUBOJUT K BO3HUKHOBEHUIO O€TyIIMX BOJH U
MPOCTPAHCTBEHHBIX HEOJHOPOAHOCTEM» [24-25]. Onnako audPy3noHHbIe MOIETH
4acTO OBUIM YIPOILEHHBIMHU JIJIs1 ONTMCAHUS PEAIbHBIX MPOIECCOB PACCETICHUSI.

[Iporpecc B MOHMMAaHUM POJU MPOCTPAHCTBA B IKOJOTUYECKON IUHAMUKE
CBSI3aH C paboTaMu MO HEJIWHEWHOW JAMHAMUKE M TEOPUH JTUCCUIATUBHBIX
CTPYKTYD. «HccnenoBanus I0.M. CBupexeBa 151 €ro IIKOJIBI
MPOJIEMOHCTPUPOBAIIA, YTO B HEJIMHEWHBIX CUCTEMaX, JAJICKUX OT PaBHOBECHS,
nporecchl auddy3un U peakuuu MOTYT HE TMPUBOJUTH K YCPEAHEHHUIO, a
CIIOHTAHHO TE€HEPUPOBATh YCTOWYMBBIE MPOCTPAHCTBEHHBIE CTPYKTYpbD» [137-
139]. D10 OTKpBITHE MOKA3aJ0, YTO MPOCTPAHCTBEHHAS HEOJHOPOAHOCTH MOXKET
ObITh BHYTPEHHUM, CaMOOPTaHU3YIOIIMMCS CBOMCTBOM cHCTeMBbI. «B 3amaue
3alUThl PACTEHUM H3TO O3HAYaJI0, YTO OYard BCIBIIIEK BpPEIUTENEH MOTYT
BO3HUKATh WU TIOJJICPKUBATHCA HE TOJBKO M3-32 BHEIIHUX HEOIHOPOIHOCTEN
Cpelbl, HO U BCIIEJCTBUE BHYTPEHHUX HEJIMHEHMHBIX MEXAHW3MOB B3aUMOJECHCTBUS
BuaoB» [137-140]. «AHamu3 HEIMHEWHOW AWHAMHUKM B3aMMOACHCTBYIOIINX
MOMYJISITUA, BKJIIOYas MPOCTPAHCTBEHHBIE aCIMEKThI, MPEACTaBiIeH B pabore
bazbiknHa A.Jl, roe moka3zaHo pa3HOOOpa3re BO3MOXKHBIX PEKUMOBY [41, 42].

CoBpeMeHHBI  dTal  ONpefeNsieTcsl  pa3BUTHEM  KOMITBIOTEPHOTO

MOJICJIMPOBAHUS, KOTOPOE PACIIMPUIO BO3MOXKHOCTH uccienoBarenei. [lepexon k
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YUCJIEHHOMY 3KCHEPUMEHTY TO03BOJMWI paboTaTh C BBICOKO pPa3MEpPHBIMH,
HEJIMHEWHBIMU cucTeMamu. [losBUIICS Kilacc MHAWBUIYaTbHO-OPUEHTUPOBAHHBIX
MOJIEJIEH, T/I€ MOBEAEHUE CUCTEMBbI BO3HUKAET W3 B3aWMOJCHCTBUS MHOXECTBA
JUCKPETHBIX BHUIOB C 3aJaHHBIMU MpaBUJIaMU. OTO TO3BOJSET YUYUTHIBATH
UHIMBHUIYAIbHYIO U3MEHYMBOCTh M CIIOXHBIE MPOCTPAHCTBEHHBIE KOH(PHUTYpALIUH.
[IpocTpaHCTBEHHOE MOJAEIMPOBAHUE TOJYYHUJIO HOBBIA UMITyJIbC. «MeToabl
MaTEMaTUYECKOr0 MOJICIUPOBAHUS TIPOCTPAHCTBEHHBIX SIBJICHUH B OHOJIOTUU
cucrtemaTuzupoBanbl B Tpynax JLx. Mroppes » [19-21]. Tak xe »3TOoMy
HaIIpaBJICHUIO  COOTBETCTBYIOT  «HUCCJIENOBAHMS  HEIMHEHHBIX BOJIH U
JUCCUTIATUBHBIX  CTPYKTYp B dkonorum» [149], a Takxke «pa3paboTka
WHTETPAIbHBIX MOJENEH NPOCTPAHCTBEHHO-BPEMEHHOW auHAmMuku» [173].
Maremaruueckue MeTOAbI, pPa3pabOTaHHbIE MJiI TEOPETUYECKOM HKOJIOTHUH,
HAYMHAIOT LEJIEHANPABICHHO aJalTUPOBATBCA JUISl PEIICHUS 3a4a4 CEJIbCKOTO
XO035MCTBA.

dopmupyercs IPUKJIAJTHOE HaIlpaBJICHUE — MaTEeMaTUYECKOE
MOJICIMpOBaHUE B (DUTOCAHUTAPUM W 3alIUTe pacTeHuil. B »ToT mnepuon
HOSIBJIAIOTCSL  pabOThl, B KOTOPBIX IOMYJSLMOHHBIE MOJEIU  HAIPIMYIO
CBA3BIBAIOTCA C  DKOHOMHMYECKMMHU  KPUTEpPUSMH, TaKUMU Kak  IOpOT
BPEJOHOCHOCTH. 3ajadya MOJEIMPOBAHMUS CMEIIAeTCsl C OOUIero OMHCaHUs
B3aMMOJICUCTBUI Ha MOUCK YIPABJISAIONUX PEIICHUM, OTPaHUYMBAIONIUX YIIEpO
KyJIbTypaM NpH MUHUMaJbHBIX 3aTtparax. «B tpynax U.A. TuxomupoBa cucTeMHO
U3JI0KEHBl MATEMaTUYECKHE METOJIbl M IMOCTAHOBKHM ONTHUMHU3ALMOHHBIX 3a]1a4
UMEHHO 11 arpocdepb» [143]. Dt paboThHI 3aKpeNIIA UCTIOIH30BAHUE allapaTa
ONTUMAJIBHOTO YTPAaBIEHUS, MATEMaTHYECKOTO MPOrPAaMMUPOBAHUS M TEOPHUH
g depeHIMaTbHBIX UTP [T INIAHUPOBAHUS 3aLIUTHBIX MEPOIIPUSATHIA.

Oco0oe BHUMaHUE B 3TOT MEPHUOJT YIEISAETCS MOBBIIIEHUIO PEaTUCTUYHOCTH
MOJENEN 3a CUET OTKa3a OT YIPOLICHHBIX NPEAMNOJIOKEHUN O XapakTepe
TpO(UUYECKUX B3aUMOACUCTBUN U «UCCIIETOBAHMS B STOM HAIIPaBICHUU BKIIHOYAs

aHaJIM3 MOJEJNeN ¢ MPOU3BOJBHBIMU TPOPUUECKUMU (PYHKUUSIMH, TPUBEIACHBI B

pabotax» [40, 92, 97, 157].
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DKOJIOTMYECKasi CUCTEMA arpoleHo03a HE SBISAETCS H30JMPOBAHHBIM IO
OTHOUIEHUIO K TOMYJSIIMA BpPEIUTENsl, OHA BKIIOYAET B ceOsl psan JIpyrux
B3aMMOCBSI3aHHBIX COCTABJISIIOIIMX TAaKUX KAakK: BPEIHOE HACEKOMOE, IIOJIE3HOE
HACEKOMOE, pPACTEHHME-XO3iUH, U Jpyrue aOUOTHYECKHE  KOMITOHEHTHI.
«CrnenoBaTenbHO TEPCIIEKTUBHBIM HAMpaBiICHHE B 3TOM OOJACTH CTaHOBATCS
pa3paboTka MaTeMaTHMYeCKUX MOJENel, KOTOpbIe COCTOSAT M3 TPOPUUECKUX
YpPOBHEM K TMpuUMepy MaTemMaTHdecKkas MOJeNb TpEX TpoPUUECKUX ypOBHEU
«pacTeHue-BpeAHbIe HACEKOMbIe-TIoJie3Hble HacekoMbie» [97]. «PabGoter P.H.
OpnuHaeBa paccCMaTpUBAIOT MATEMATHYECKUE MOJEIHN 3AIIUTHI PACTEHUU C SIBHBIM
Y4E€TOM BO3PACTHOM CTPYKTYpPHI MOIMYJISAIMN HacekoMbiX. B apyrux paborax P.H.
OpnuHaeBa IPOCTPAaHCTBEHHBIN (PaKTOp BBOJAUTCS YEPE3 pACCMOTPEHHE CUCTEMBI C
ONPENEIICHHBIMU  IIapaMeTpaMM  WIM  4Yepe3  aHajau3  IPOCTPAHCTBEHHO
HEOJHOPOJHBIX CTAlMOHAPHBIX pemeHuin» [92-114].

CoBpeMEHHBIN ATall MOKHO OXapaKTEPU30BATh KAK IEPUOJ HHTETpalvu.
HHTterpupyrores pasyInYHbIE MaTeMaTUYeCKUe METO/bI: arrapar
mupepeHInanbHbIX ~ YpPaBHEHH €  YacTHBIMU  NPOU3BOAHBIMHM,  TEOpUs
ONTUMAJILHOIO YIPABJICHUS, YUCICHHBIE METOJABI U anropuTMbl. MHTErpHpyrorcs
pa3Hble ypOBHU OIHCAHUSA: OT HHIWBUAYAIBHOTO TOBEACHUS HACEKOMBIX 0
MONYJSIMUOHHON JUHAMHUKW. MHTErpHpyIOTCS JAaHHBIE W3 Pa3HBIX HMCTOYHUKOB:
pe3ysbTaThl  IOJIEBOTO MOHMTOPHUHIa, reorpapuueckue HH(OpPMALMOHHbIE

CHCTCMBEI.

1.2. O030p ucciaeg0BaHUA 110 MATEMATHYECKOT0 MOIEeJTUPOBAHUSA
ONTHUMU3AIUM MPOIECCA 3AIIUTHI PACTEHUH
OnTuMu3aIys 3ayThl PACTEHUN — TO YK€ HE MPOCTO OMHCAHUE TOTO, KaK

pa3BUBACTCA BPEAUTENb, & HACTOALIAs Hay4Has 3aj]aya: HAWTU HaWIydllue
YOPABJISIIOLIME PEIIECHUs B CJIOKHOM, MOCTOSHHO MEHSIOLIEHcs OMOoJIOrnuecKon
cucreme. B oTiMuue oT OOBIYHBIX OMHUCATENBHBIX MOJIEJEH, 3/1eCh 00s3aTEeIbHO
HY’)KHO 4YE€TKO 3a/JaTb, YTO HMEHHO MbI CYMUTAEM ONTUMHU3ALMEH, U KaKue
OTPaHMYCHHMs HAKJIAIBIBAIOTCA Ha pelleHue. «Yalme BCero B KadyecTBE IVIABHOTO

Kputepus 3PPeKTUBHOCTH OepyT 3KOHOMHYECKHM MOKa3aTeNlb. DTO MOXET ObITh
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MaKCUMHU3alMsl NPUOBLIM OT MOJYYEHHOTO YpOskas, MUHUMU3aLUs OOLIMX 3aTpar
Ha 3alUTy IUIIOC HOTEPU OT BPEAUTEIEH, WM JOCTH)KEHHUE HY)KHOTO YPOBHS
YPOKaMHOCTH IPU HAUMEHBIUX U3JiepxkKax» [34, 99]. OrpaHuyeHUsIMU SBIISIIOTCS
OMOJIOrMYECKHE 3aKOHBl JUHAMMKHU MOMYJSLUN, TEXHOJIOTMYECKHE BO3MOKHOCTH
OPUMEHEHUSI CPEJCTB  3alUTHI, SKOJOTMYECKHE HOPMATUBBI U  JIMMUTHI
¢unaHcOBBIX pecypcoB. OO030p nuTepaTyphl MO3BOJIAET BBIICIUTH OCHOBHBIC
HaIpaBJICHUS, B paMKaxX KOTOPBIX BEIETCS IOUCK ONTUMAJIbHBIX CTPATErHil.

OgHuM W3 TpaJMLMOHHBIX MOJXOJOB SIBJISETCS INPUMEHEHHE METOJIOB
ONTHUMAJIBHOTO YIIPABJICHUS K JIETEPMUHUPOBAHHBIM JIUHAMHUYECKHM CHCTEMAaM.
[TonyssAanmst BPEAUTEIIS OIHMCBIBACTCS OJIHUM WIH HECKOJIbKUMHU
muppepeHInanbHBIMU  YPAaBHEHUSIMU.  YTIPaBISAOMIEH  QyHKOued  OObIYHO
BBICTYNIA€T HMHTEHCUBHOCTh NPHUMEHEHHUS XUMHUYECKOrO CpeAcTBa (Harpumep,
KOJIMYECTBO MHCEKTULMIA HA €AUHULY IUIOIIA[N B €AUHUILY BPEMEHH) WK (PAKT
poBeNeHUsT OOpadOTKM B JUCKPETHbIE MOMEHTHI BpeMmeHu. «/[{ns moucka
ONTHUMAJIBHOM IIPOrpaMMbl YIPABJICHUS MCIHOJbB3YETCS IPUHLHUI MaKCUMyMa
[ToHTpsATMHA WX METOABI TMHAMUYECKOTO MporpaMmMupoBanus» [121].

B pabotax «M.K. FOHycu nanHbIii anmapatr mpuMeHSIETCsl K MOJCIISIM THIa
«XULIHUK-KEPTBA», a TakK€ K MOJENSAM, YUYUTHIBAIOLIIMM BO3PACTHOM COCTaB»
[155-172]. Pe3ynbTaTtoM SBISIETCS ONPEAEICHUE ONTUMAJIBHOIO rpaduka
00pabOTOK, KOTOpPBII YacTO HKMEET BHJl HMIIYJIbCHOTO BO3JEHCTBUS IPH
JOCTH>KEHHUH OTPEIEIICHHOr0 Mopora ynciaeHHocTH. OTHaKO B TAKUX MOCTaHOBKaX
IPOCTPAHCTBEHHBIM (akTop, Kak MpPaBUJIO, HE YUWUTHIBAETCS, a YIPaBIICHUE
BO3JICHCTBYET Ha TMOMYJSAIUIO B IieioM, 0e3 mud@epeHnmnanuu mo BO3PaCTHBIM
rpynmnam.

[Tpunuun MmakcumymMma [loHTpsirMHA cunTaeTCs OAHUM U3 HAUOOJIEE MOIIIHBIX
aHAIMTUYECKUX METOJIOB B TEOPUU ONTUMAJIBHOTO YyrpaBieHus. OH Jaét
BO3MOYKHOCTh HaXOAUTh HEOOXOJIMMBIE YCIOBUS ONTHUMAIbHOCTU JUISI IIMPOKOTO
KJlacca 3aJay, CBSI3aHHBIX C YNPABJICHHEM IWHAMUYECKHMMH CHCTEMAMH, B TOM

quCJyIe U IS MOJIeJIel 3alUThl pAaCTCHU.
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PaccMOTprM OOLIYIO MOCTAHOBKY 3aJa4d ONTUMAILHOIO YIIpaBiEHHUs, Ha
KOTOPYIO OIMPAIOTCH IOCIEAYIONME ucciaenoBanus. [IycTh COCTOSHHME CHCTEMEI
OIMUCBIBAETCS BEKTOpoM X (t) = (xl(t),...,xn(t)), yIOBJIETBOPSIOIIMM CHCTEME

OOBIKHOBEHHBIX JU(epeHINATBHBIX YpaBHEHH (TIpsiMasi cucTeMa):

d
d—’: = Fe(®),u(®),8), x(ty) = Xo (1.2.1)

rne  u(t) = (ul(t),...,um(t)) — BEKTOp  YIPABJAIOMINX  BO3JCHCTBHIA,
HpUHAUICKANIMA B KaKIBIA MOMEHT BPEMEHH HEKOTOPOMY JIOIYCTHMOMY
MHOXeCTBY U.

Kpurepuit kauectBa (11es1€Boii (PyHKIIMOHAI) 3a]]a€TCS B BUJIE:
T
Jw) = | £Ox@),u®), )dt + &(x(T)), (1.2.2)
to

rae f° — QyHkums Tekymux 3arpar, a ® — TepMHHANBHBIA 4ieH ((QyHKIHS,
KOTOpasi OIEHUBACT «I[EHY» KOHEYHOTO COCTOSHHUS CHCTEMBI B IEJICBOM MOMEHT
BpeMeHu 7).

I[JISI IMPUMCHCHUA ITPHUHLIHUII MaKCuMyMa HOHTp?IFI/IHa BBOOATCS

COMpsDKEHHBIE mepeMeHHbie (Y — dyHkuun) P(t) = (1/)0 (1), Y (t),...,l,l)n(t)) u

dbopmupyercs pynkuus I'amunproHa-IloHTpsArMHA (TaMUJIBTOHUAH ):

HW,x,u,t) = Yo fo(x,u, t) + z Y; fi(x,u,t). (1.2.3)
i=1

Benuuuna 1, 0OBIYHO SIBISETCS HEMOJOXXKHUTEIBHON KOHCTaHTOM; B PEryJspHBIX
3a7a4ax €€ MOYKHO MOJIOXKUTh paBHOU —1.

[Mpuniun Makcumyma [TOHTpSITMHA YTBEPIKIAET, YTO /IS ONTHMAIBHOCTH
JOMyCTAMOTO  ympasieHus u*(t) © COOTBETCTBYIOIICH TpackTopuu X (t)
HEOOXOMMO CYIIECCTBOBAHUE HETPHUBHAIBHOTO BekTOpa Y™ (t), TaKoro 4ro:

[lepemennsie cocrosHus x*(t) W coOmpsoKeHHBIE mepeMeHHble Y™ (t)

KOTOPBIE YIOBJIETBOPSAIOT KAHOHUYECKON CUCTEME YPAaBHEHUI BU/IA:

dx* 0H dy*  OH s
ac oY’ dt  ox’ (124)
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YcnoBue MakcuMyMma IJacUT: B KaXJOW TOUKE HENPEPHIBHOCTU
ONTUMAJILHOTO yHpaBieHus (QyHKIUs [aMuiIbTOHa JOJKHA JOCTUTaTh CBOETO
MaKCUMAaJIbHOTO 3Ha4eHUs o U € U:

H@*(t), x*(t),u*(t),t) = rggch(lp*(t),x*(t),u, t). (1.2.5)

Ha mpaBom konue tpaektopuu (npu t = T) HaKIAABIBAIOTCS YCIOBHS
TPAHCBEPCAIBHOCTH.

Uto Kacaercs COMNpPSIKEHHBIX NEPEMEHHBIX, TO UX YacTO TPAKTYIOT Kak
II0KA3aTeJb TOr0, HACKOJIBKO CUJIBHO U3MEHUTCS ONTHUMAJIBHOE 3HAYECHHE LIEJIEBOTO
(GyHKIMOHAA MpU HEOOJIBIIOM BO3MYIIIEHUH TOM WJIM MHOM (ha30BOM KOOPIUHATHI.

B »KOHOMMYECKOM MHTEpPOPETALMM UX HA3bIBAOT «TEHEBOU LEHOW»
COOTBETCTBYIOIIEH mnepeMeHHOU. «OcobeHHo ¢opmynupoBka [‘amMunbTOHA—
[TonTpsirnHa oOka3bIBaeTCsl HauOoyiee TMPUMEHUMON TMpU PEIICHUH 3aj1a4y
ONTUMHU3AIUU ISl NPOCTPAHCTBEHHO-PACHPEACIEHHBIX MOJENEH C BO3PACTHOM
CTPYKTypou nomymsuuin» [121].

B sTOM ciydae ypaBHEHHS] TUHAMUKH SIBJISIOTCS YPAaBHEHUSAMH C YACTHBIMU
MPOU3BOJIHBIMUA, U TaMWIbTOHHAH CTAaHOBUTCA (DYHKIIMOHAJIOM, 3aBUCSIIUM OT
pacnpeneNeHHbIX TEePEMEHHbIX (TUJIOTHOCTH HACEKOMBIX [0 BO3pacTy U
KoopauHare). [I[ppumenenne npuHIKMIIa MAaKCUMyMa B TaKOW MOCTAaHOBKE MPUBOIUT
K KpaeBOM 3ajaue Il CHUCTEMbl YPaBHEHUH B YaCTHBIX MPOU3BOIHBIX,
BKJIIOYAIOIIEH KakK TMpsAMbIE ypaBHEHHUS [MHAMUKH TMONYJISUUNA, TaKk U
COMpPSKEHHBIE YpaBHEHUS, KOTOPbIE pElIaloTCs «Ha3ad» Mo BpemeHu. Pemenue
9TOM CJIOKHOM KpaeBOM 3aJadyd JaeT YCJIOBHUSA, OMNPEIACISAIONINE HE TOJBKO
ONTUMAJIbHBIE MOMEHTHI BPEMEHH I 00pabOTOK, HO M WX ONTUMAaJbHOE
MIPOCTPAHCTBEHHOE PACIPEIEICHNUE M0 IMOJI, YTO COOTBETCTBYET IPHUHIIMIAM
TOYEYHOTO 3€MJICEIIHS.

«ITpumenenne npunHimna Makcumyma [loHTpArMHa B 3aJayax 3allUThI
pacTeHuil paccMarpuBaeTcs B psge padbor» [34, 97, 110, 111]. B yka3aHHBIX
WCCJICMOBAHMUSIX TMOKa3aHO, KakK JaHHas oOImas cXxema peamusyercs s

KOHKPETHBIX Ouoyiorndyeckux mojeneil. [{ns cucrembl Tuma «pacTeHHEe —
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BpEAUTENb — SHTOMO(Ar» C yrnpaBiIeHUEM, BIUSIONIMM Ha CMEPTHOCTbh BPEIHBIX
HACEKOMbBIX, (OPMHUpPYETCSl paclIMpeHHass CHUCTEeMa, BKJIIOYAIOIasi TMpsSMbIE U
COMNPS)KEHHBIE YPABHEHHUS.

«AHanu3, TpoOBENCHHBIH B  paboTax, JAEMOHCTPUPYET, UYTO B
paccMaTpUBaeMBbIX 3a/1a4axX ONTHUMAIbHOE YIPABJICHUE, BBITEKAIOIIEE U3 yCIOBUS
MaKCUMyMa, 4YaCTO UMEET IMOPOTOBBIM MM UMITYJIbCHBIM XapakTep. ITO 03HAYAET,
4YTO yOpaBisifoliee BO3JEHCTBUE (Hampumep, 00pabOTKa WHCEKTHIMAOM WU
BBIMMYCK SHTOMO(}AroB) SKOHOMHUYECKH OMNPABAAHO U JOJDKHO MPUMEHSTHCS C
MaKCUMaJIbHOW (WJIM 3aJ]aHHOM) MHTEHCHUBHOCTBIO TOJBKO TOIJIA, KOTNIAa «IICHa»
yimepba oT Bpeaurteneil (ompenensiemMass COOTBETCTBYIOIIEH —CONPSKEHHOU
NIEPEMEHHOI) MPEBBIIIAET IEHY» NpOoBeaeHus1 Meponpusatus» [34, 97, 110, 111].
OT0 03HayaeT, 4To J000Ee YMIpaBISIONIee BO3JEHCTBHE — OyIb TO 00paboTKa
WHCEKTHUILIMIOM WM BBIITYCK SHTOMO(AroB — 3KOHOMUYECKH OMPABIAHO U JIOJHKHO
NPUMEHATHCA C MAaKCUMaIbHOU (WJIM 3apaHee 3aJaHHON) HHTEHCUBHOCTBIO TOJIBKO
B TOM Clly4ae, KOTJla «lleHa» yuiep0a, MPUUYUHIEMOT0 BPEAUTEIISIMH, TIPEBBIIIACT
«IIEHY» CaMOro MEpONpHATHS. OTy «UEHy» yllepda Kak pa3 MU MOKa3bIBaeT
COOTBETCTBYIOIIAsl CONpsKEHHAs nepeMeHHas. Eciu ske yiiep0 MeHblle 3aTpaT Ha
3aIlUTY, TO ONTHUMAaJIbHAsi HHTEHCUBHOCTb BO3ACHCTBUS MAJACT 10 HYJIA.

CrpykTypa ynpaBjieHUs MPUBOJUT K TOMY, YTO 3aIIUTHBIE MEPOMPHUSITHUS
MPOBOJASTCA HE TOCTOSIHHO, @ WMEHHO B KpPUTHYECKHE MOMEHTBHI — KOT/a
YUCJIEHHOCTb BPEIUTEINS MPUOIMKAETCS K TOPOTY BPEAOHOCHOCTH.

JlanpHeniee pa3BUTHME OSTOrO HANPABICHUS CBSA3aHO C BKIKOYECHUEM
BO3PACTHOM CTPYKTYphl NOMYJISALIMM B ONTUMHU3ALMOHHBIE 3a1aun. Korga monens
YUUTBHIBAET  pACIpPENEIICHHE HACEeKOMBIX [0  BO3pacTaM,  YIIPAaBISIOLIEE
BO3JICIICTBUE MOKHO HANpaBlIsiTh HA KOHKPETHBIE BO3PACTHBIE TPYIIbL. ITO
XOpOIIIO COOTBETCTBYET PEalbHOW MPAKTUKE 3alUThl pacCTEHUI: 00pabOTKHU yaile
Bcero ObIBalOT Hanbosee 3PPEeKTUBHBI MPOTUB OMPEAEIEHHBIX, CAMBIX YSI3BUMBIX
da3 pasButus BpeAuTeNs (HAMpUMeEp, MPOTUB JUYMHOK MIIQJIIAX BO3PACTOB).
bnaronapsi 3ToMy MOXXHO CTaBUTH 3ajady BbIOOpa HE TOJIHKO MOMEHTa BPEMEHU

JJIA O6pa6OTKI/I, HO W THIIA BOBI[GI\/'ICTBI/UL HaIIpaBJICHHOI'0O MMCHHO Ha HYKHYIO
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craauto. Takue MOJeNM ToJydYaroTrcs Oojee TUOKMUMH W OmmKe K
JEWCTBUTEIBHOCTH, OJHAKO UX MATEMAaTUYECKHUI aHAIU3 U YUCICHHOE PEUICHUE
3aMeTHO cioxHee. [Ipuxomutcss paboTtarh JTMOO C YpaBHEHUSIMH B YaCTHBIX
MPOU3BOIHBIX, TUOO C CUCTEMAaMHU BBICOKOTO TIOPSJIKA.

OTnenbHBIA  pa3zen  JUTEPATypbl  MOCBAIIEH  ONTUMHU3ALUMU €
WCITOJIb30BAHUEM HKOHOMHYECKUX IIOPOTrOB BPEAOHOCHOCTH. 3JECh CTpPATErHs
yIOpaBJIeHUs] 4acTo (POPMYJIHUPYETCS JTOBOJBHO MPOCTO: MPOBOAUTH 0OpabOTKY,
KOIJla MpoTHO3upyeMasi Wiu (pakTHueckas YHCICHHOCTh BPEIUTEINs MPEBBIIIAET
YCTaHOBJICHHBIA 3KOHOMUYECKHI MOpor. 3ajaya ONTHMH3AalUM B 3TOM Clydae
CBOJUTCA K IOMCKY HAaWIY4IlHX 3HAYEHUU 3TUX MOPOroB. OHU MOTYT 3aBHCEThH OT
(da3bl pa3BUTHS KYJIbTYpbI, LEHBl YpPOXKas, CTOUMOCTH OOpaOOTKM M IMPOTHO3a
pa3BUTHSI MOIYJISLIAH.

B  Oosee  CIOXKHBIX  MOJENSX  paccMaTpUBAaeTCs  yxKe  Ienad
MOCJIE0BaTEILHOCTD PEIICHUH B TeueHue ce3oHa. Kaxnoe pemenue 06 oopadoTke
3aBHCHUT HE TOJIBKO OT TEKYILIErOo COCTOSHUS TOJIs, HO U OT OKUJaHUM Ha Oyyiiee.
Takue 3amaum  OOBIYHO PEIIAIOTCS B paMKaX TEOPUU CTOXACTHYECKOTrO
JWHAMUYECKOTO0  MPOrpaMMHUpPOBaHUSA. IJTOT MOJAXOJA  JIy4Yll€  YYUTHIBAET
HEONpeeIEHHOCTh, KOTOpas BCErja MNPUCYTCTBYET B CEIbCKOXO3SHCTBEHHOM
MIPOU3BOJICTBE, HO TpeOyeT HAAEKHOM OIIEHKH BEPOATHOCTEHM Mepexojia CUCTEMBbI
U3 OHOTO COCTOSIHUS B APYTOE.

Emé oaHO akTHBHO pa3BHUBAIOUIEECS HAMpPABICHUE — IMPOCTPAHCTBEHHAs
ONTUMM3ALMS 3alIUTHBIX MEpONpUsATUA. B caMoM mpoctom ciydae BCE TmoJje
pa30uBaeTcss Ha HEOOJIbIIIME AIIEMEHTAPHbBIE YUacTKH (siueiiku). B kaxkmon sueiike
JMHAMHUKa OMHCHIBAETCS CBOEH TOUYEUHOM MOJEINbI0, a yIpaBJICHHE BbIOMpaeTcs
JOKalIbHO. 3aTeM pemiaeTcs 3a7ada MUHUMM3AIMU  OOIIMX 3aTpaT Tpu
OTpaHUYCHMSIX HA CPEAHIOI0 MO IMOJI0 WM JIOKAJTbHYIO YUCIEHHOCTh BPEIUTES.
CBsi3bp MEXAYy SUCHKAMHU MOXKHO YUYWUTHIBATH 4Y€pe3 MHUTPALMI0 HACEKOMBIX HWJIH
pacnpoctpanenue uHdekmuu. B padbore P.H. Onunaesa, [1.JI. Hazpynnoesa u @.
Paum3ona «paccmaTpuBaeTcsi ONTUMHU3ALMOHHBIN MPOIIECC AJI1 MHTETPUPOBAHHOTO

METO/a, T/C YMNPABJICHHE BKIIOYACT KaK XUMHUYECKUH, TaK M OWOJOTHYECKUUN
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KOMMOHEHTHI. [10100HbIE HCCieIoBaHMS COOTBETCTBYIOT COBPEMEHHOM Mapagurme
YCTOMYHUBOTO CEIIbCKOT0 XO03SIICTBA, HO TPeOYIOT MOCTPOEHHUS
MHOTOKPUTEPHUATLHBIX MOJIENIEH, B KOTOPHIX HEOOXOJIUMO HaXOJUTh KOMITPOMUCC
MEXKJIy Y4acTO MPOTUBOPEYUBBIMU 1easaMu» [110].

AHallM3 TIOKa3bIBa€T, YTO MHOTHE CYIIECTBYIOIIME ONTUMH3AIMOHHbBIC
MOJIEIM HOCAT TEOPETUUECKUU XapakTep U cJ1ado CBSI3aHbl C BO3MOXXHOCTSIMU
ONEPATUBHOIO TMOJYYEHHUSI JTaHHBIX [JI1 YIPABJICHUA B pPEAJIbHOM BpPEMEHHU.
[TapameTtpsl Mozenei (K03(PQPHUIIMEHTH CMEPTHOCTH, IIJIOJOBUTOCTH, CKOPOCTH
pa3BUTHS) 4acTO OEpyTCs U3 JIMTEpPATypbl WIM OLIEHUBAIOTCA ISl yCPETHEHHBIX
yCoBHUM. [[1s1 mpakTUYECKON pean3aliii ONTUMHU3AIMOHHBIX CXEM HE0OXOIUMBbI
CUCTEMBbI, CIIOCOOHBIE ACCUMUJIMPOBATh JAaHHBIE MOHUTOPUHTA — pE3yJbTaThl
Y4E€TOB YUCJICHHOCTHU, JaHHbIE ¢ (DEPOMOHHBIX JIOBYIIEK, CITyTHUKOBBIC CHUMKH —
U OMNEpPaTUBHO KOPPEKTHUPOBATH MPOTHO3BI UM peKoMeHjanuu. PazButue B 3TOM
HalpaBJICHUM CBS3aHO C CO3/JaHUEM QJaNTUBHBIX CHUCTEM YIpaBICHUS U
UCITI0JIb30BAaHUEM METOJI0B MAIIMHHOTO 00yUYeHUs JIJIsl UACHTU(GUKAIIMY MOJIeTIeH 1
MPOTHO3UPOBAHUS.

O0630p wuccienoBaHWii  TO3BOJISIET  CAENAaTh  BBIBOJA O  HAJIMYWU
CYIIECTBEHHOI0  MOTEHIMajda JUIs  JalbHeumero  pa3Butus.  Haubonee
MEePCIIEKTUBHBIM TPEACTABIACTCS CHHTE3 TPEX KIIOUEBBIX AaCMEKTOB B €IUHOMU
ONTUMH3AIMOHHON TOCTaHOBKE: 1) MeTaapbHOTO ydeTa BpPEMEHHO-BO3PACTHOU
JWHAMUKA TIOMYJISIUN BpeauTEeNeH U MOJE3HBIX HACEKOMBIX; 2) SBHOTO OMUCAHUS
MPOCTPAHCTBEHHOW HEOJAHOPOAHOCTM UM MPOLIECCOB PACHpOCTpaHEHUS; 3)
(bOpMYITUPOBKH MHOTOKPUTEPUATBHBIX 3a7]a4, OTPAXKAIOUUX AKOHOMUYECKUE H
AKOJIOTUYECKHUE 1eJIM UHTEITPUPOBAHHOM 3amuThl. CylecTBYOIIMEe padoThl, TaKUe
kak «ucciaegoBanus P.H. OmgunaeBa u M.K. IOnycu, rae npeanpuHUMAarOTCA
MOMNBITKA COBMECTHOTO y4eTa BO3PACTHON CTPYKTYPhI U MPOCTPAHCTBA, YKA3bIBAIOT
nyTh I8 Takux paspadbotok» [92-114, 155-172]. OpnHako s co3gaHus
MPAKTUYECKU TPUMEHUMBIX HHCTPYMEHTOB MOTPEOyeTCs PeIIeHrue psija mpoosem:
pazpaboTka 3p(HEKTUBHBIX YUCIECHHBIX METOJIOB JUISl CJIOXHBIX paclpeeeHHbIX

CHUCTEM, CO3/IaHHE QJITOPUTMOB ONEPATUBHON ONTHUMH3AIMU U pa3padoTKa
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uHTEepPENHCOB ISl MHTErpallud MOJIEJIE € CHUCTeMaMH TOYHOTO 3eMJIeIeIusl.
Pemenue »tux mnpobOiem Oyner crnocoOCTBOBAaTH MEPEXOAY OT TEOPETUYECKHUX
pacyeToB K OOOCHOBAaHHOMY IUIAHMPOBAHUIO 3AIUTHBIX MEPOINPHUATHA B
KOHKPETHBIX XO3CTBaX.

Pa3zBuTHe BBIUMCIMTENBHBIX MOIIHOCTEM W AITOPUTMOB CTUMYJIAPYET
WHTEpPEC K MPSMBIM METOJaM ONTHUMHU3AIMH, OCOOCHHO Tpu paboTe ¢
MMHUTAIMOHHBIMU  MOJIENIIMM, JUISI KOTOPBIX TOCTPOEHHE  KIIACCHYECKOTO
HEOOXOJMMOTO YCJIOBUS B BHJAC TPUHIMIIA MaKCUMyMa 3aTPyAHCHO WIIU
HEBO3MOXHO. K HUM OTHOCATCSI METOJbI MAaT€MaTUYECKOTO0 MPOTrpaMMHUPOBAHUS
(JIMHEWHOTO, HEJIMHEHHOTO0, 1EeIOYUCIEHHOTO), MPUMEHSIEMbIE K JTUCKPETHBIM TIO
BPEMEHH Y MPOCTPAHCTBY ANMPOKCUMAIIMAM HMCXOJHOW JUHAMUYECKON CUCTEMBI.
[ peuieHus ONTUMU3ALMOHHOM 3aJayd IPUMEHSETCS YHUCIEHHBIA METOJ,
OCHOBAHHBIM HA TPUMECHEHUHW TMPUHIMIA MAKCUMyMa M HUTEPALUOHHBIX
nporeAaypax. BplOOp KOHKPETHOrO METOJa ONTUMU3ALUM BO  MHOTOM
OTIpEJICIISIETCSl TUIIOM MOJIENM, TPeOOBaHUSIMHU K CKOPOCTH BBIYMCICHUM W
XapaKTepOM YIPABJISIONINX TEPEMEHHBIX.

BaxHbIM acnekToMm, OTpPa)XEHHbBIM B COBPEMEHHBIX MCCIEIOBAHUSAX,
SBJISIETCS ONTUMM3ALMsI B YCJIOBUSAX HEMOJHOW wuHopmanmu. B peanbHOU
MPAKTUKE TMOJIHbIE JAHHBIE O BO3PACTHOM PACHPEACIICHUM WIM TOYHOM
IIPOCTPAHCTBEHHOM  pPa3MEUIEHUM  BPEOUTENsl  OTCYTCTBYIOT.  Mogaenu,
MPETCHAYIOINE HAa MPAKTUYECKYI MPUMEHUMOCTb, JOJDKHBI YUYUTBHIBATH STOT
dakT. DTO MPUBOAUT K MOCTAHOBKAM 3a7a4 aJalTUBHOTO WM CTOXaCTHYECKOTO
yOpaBJICHHS, TAE€ CHUCTEMa OIICHUBAHUS COCTOSIHHSI paboTaeT B CBSI3KE C
aJTOPUTMOM ONTUMHU3ALINH.

Emé omun pacnpocTpaHn€HHBIN MOIX0]] 3aKITI0YAETCS B TOM, YTOOBI CHavasa
pa3paboTaTh MPOCTHIE IBPUCTUUYCCKUE MPABUIIA, KOTOPHIE JOCTATOUYHO YCTONUMBBI
K OImMMOKaM M HEMOJHOTE JAaHHBIX, a YXKe MOTOM MPOBEPITh U HACTpauBaTh UX C
MOMOIIbI0 O0Jiee NeTambHBIX WMHUTAIMOHHBIX Mojenei. [Ipu sTomM omHON u3

I''IaBHBIX MCETOAOJIOTHYCCKHUX TPYJIHOCTeﬁ OCTaeTCs HpO6H€Ma I/I,JleHTI/I(l)I/IKaI_[I/II/I
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MapaMeTpPOB PACHPEACIEHHBIX MOJEIEH C BO3PACTHOM CTPYKTYpOM, KOrja
UCXO/IHBIE JTaHHbIE HAOJIIOICHUI HETIOTHbIC WU CHJIBHO OTPaHUYEHBI.

['myOGokoe aHAIUTUYECKOE HCCICAOBAHUE CHCTEM THIA «XHUIHUK-)KEPTBA»
osuto mpoBeneHo A.H. Kommoropoeim [68]. MccnenoBanus Kommoropona
OTPAHUYMIINCh HEKOTOPBIMU KAaYECTBCHHBIMHU MPEAMNOJIOKEHUSIMU O XapakKTepe
MEXKBHUJIOBBIX B3aUMOJECHUCTBUN M YCIOBHUSIX, IPU KOTOPBIX CHCTEMA HMEET
YCTOMYHUBOE COCTOSIHUE€ WM YCTOMYMBBIM TpenesbHbli  1HKI.  OpHako
HEOOXOJMMBICE W JOCTAaTOYHBIC YCJIOBHUS [IJISi CYIIECTBOBAHMS YCTONYHMBBIX
MpeNeNbHbIX [UKJIOB TMOJy4YeHbl He Obuid. KauecTBeHHbIE CBOWCTBA U
YCTOWYHUBOCTh MOJIEJIEH OJKOCHUCTEM M3YYAIUCh KIIACCUYECKHUMH METOJaMH,
OCHOBAaHHBIMU Ha Teopuu auddepeHuuanbHbIXx ypaBHeHUH. IIpobGnema
YCTOWYHUBOCTA  TIOBEJCHYECKMX  MEXAHM3MOB  MATEMAaTHUYECKUX  MOJEJIEeH
MPUPOAHBIX COOOIIECTB sIBIIsieTCA OYeHb BaxHOM. A.J[. baswsikun [41, 42] nposen
JeTalbHOE W BCECTOPOHHEE HCCIENOBaHUE pa3HOOOpa3us JUHAMUYECKHX
MEXAaHU3MOB MOJICJIEN B3aUMOJECHCTBUS JIBYX M TpPEX MOMYJSIUUAN, CBI3aHHBIX
Pa3IMYHBIMUA OUOJOTUYECKUMU U MPUPOAHBIMU OTHOILICHUSIMU.

B xnaccuueckoit monenu Jlotku—Bonbreppa Tpoduueckas GyHKIUS TaKxKe
JOBOJIBHO TIPOCTA: OHA HE 3aBUCHUT OT KOJWYECTBA XMIIHWKOB M BO3PACTacT

MPONOPIMOHAILHO KOJIHUYECTBY KEPTB —V (N) =aN .

B pa6ore IO.M. Caupexea u J1.0. Jloroder [81] ogHUM M3 OCHOBHBIX
MOHATUH B TEOpUU TPODUUECKHX CHCTEM SBISETCS Tpoduueckas QyHKIUS
XapakTepHU3ylomas 3aBUCUMOCTh CPEAHEr0 palrdoOHa XHWIMHUKA OT IUIOTHOCTU
B3aUMOJICUCTBUI MOMYJSUMNA MEXAY XUIIHHUKAMA U JKEpTBaMHU. 3HAUYCHHE
tpoduueckort dynkmum V =V,(N,), i=12 (umm «functional response» -
(GYHKUIMOHATIBHBIA  OTKJIMK) TPHU 3aJlaHHBIX YCIOBUSIX ONpENEseT CpeaHee
KOJIMYECTBO >KEPTB, KOTOPBIM MOTPEOIsETCS XUITHUKOM 32 €IUMHUILy BpeMeHu. B
OOJNBIIMHCTBE HEIMHEWHBIX WM KJIACCHUYECKHUX BOJIBTEPOBCKHX  MOJEISAX
MPEACTABICHO, YTO ATO BEJIMYMHA PACCUUTHIBACTCS KOJUYECTBOM (IIJIOTHOCTH)

XKEpPTB, T.e. V =V(N), U 3TO TUIOTE3a TMOATBEPXKIACTCS MpPU HAOIIOJCHUH 32
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HEOOJIBIION MPOCTPAHCTBEHHO-OTHOPOTHONW CUCTEMOM, B KOTOPOU MEpeABUKEHNE
oco0Oeit umeeT Hanbosee CIy4alHbIX XapakTep.

B 3akiioueHue CTOUT OTMETUTh HCCIEJOBAHUS, KOTOpBIE MPSMO
NOAYEPKUBAIOT  HEOOXOAMMOCTh  OOBEAMHUTH  BPEMEHHO-BO3pDAcCTHbIE U
IPOCTPAHCTBEHHBIE ACIEKTHl B paMKax €IWHON ONTHMHU3ALMOHHOW MOCTAHOBKHU
3amaun. Takue paOOThl CO3/AI0T BaAXKHYIO TEOPETUUECKYIO 0a3y ISl JadbHEUIINX
pazpabotok B 3TOM obOnactu. OpHako 0030p JHUTEpaTypbl MOKAa3bIBAET, YTO
NOJIHOLUEHHBIX ONTHMHU3AalMOHHBIX MOJENEH, TAe CTpaTerus yIpaBiICHUs
OJTHOBPEMEHHO 3aBHUCHUT U OT IPOCTPAHCTBEHHBIX KOOPAHMHAT, U OT BO3PACTHOIO
COCTaBa MOIYJISLHUN, 3 KPUTEPUN ONTUMAIIBHOCTH YUUTHIBAET KAK IKOHOMUYECKUE,
TaK ¥ YKOJOTMYECKHUE NTOKA3ATEIH, ITOKA €€ COBCEM HEMHOTO.

Yame paccmaTpuBaroTcs JMO0 MPOCTPAHCTBEHHBIE MOJAENTU 0€3 JeTaabHOU
BO3PACTHON CTPYKTYphI, JIUOO MOJENIM C BO3PACTHOM CTPYKTYpoil O€3 SIBHOTO

MMPOCTPAHCTBCHHOI'O KOMIIOHCHTA.

1.3. AHa/1u3 TUTEPaTypPhl MATEMATHYECKOI0 MOACTHPOBAHUS NIpoLiecca
3allMThI pacTeHUM
[Iporecc 3amUThl pacTEHUH MPEACTABISAET COO0M CIOXKHYIO YHPABISIEMYIO

CHUCTEMY, KJIIOUEBBIMU KOMIIOHEHTAMU KOTOPOM SIBJISIFOTCS MOMYJISIUAA BPEIHBIX
OpPraHu3MOB, KYyJIbTUBUPYEMBIE pACTEHUS, E€CTECTBCHHBIC Bparu BpEAUTEIIECH,
abuotndeckue (HaKTOpbpl Cpeabl M TMPUMEHSEMbIE 3alIUTHBIE MEPOMPUSITUSI.
Maremarnueckoe = MOJEJIMPOBAaHME  JAHHOIO  IPOLIECCa  CTABUT  LIEJIBIO
dbopmanuzauo B3aUMOJCHCTBUI MEXKIYy STHUMHU KOMIIOHEHTAMH ISl OMUCAHMS,
IIPOTHO3a U TOMCKA PALlMOHAJIBHBIX CTPATErUN YIIPABJICHUS.

B Monensx nquHaMUKH TOMYJSIIANA BPEIHBIX OPTaHU3MOB YaCTO OOXOMATCS
0e3 JeTaJbHOrO y4€Ta MPOCTPAHCTBEHHOTO paclipeieiieHus. ITO OAUH U3 CaMbIX
0a30BBIX M JABHO HMCIOJIB3YEMBIX MOJXOMOB. 37€Ch BCE CTPOUTCS HA OOBIYHBIX
JETEPMUHUPOBAHHBIX UG DEPEeHIINATBHBIX  YPAaBHEHUSAX, KOTOPBIE MPOCTO
MOKa3bIBAIOT, KaK CO BPEMEHEM MEHSIETCS YUCICHHOCTh BpemuTens. «Camblie
MPOCTHIE BapUAHTHI OMUPAKOTCS HA KJIACCHYECKOE JIOTUCTHUUYECKOE YPaBHEHHE —

OHO YYMTBIBACT, 4YTO Cpcla HC MOKCT IIPOKOPMHUTDH OCCKOHEUYHOE KOJIUYECTBO
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ocobeit» [87]. UToObl caenarh onucaHue ONUKE K PeabHOCTH, MCCIEI0BaTEIN
HAYMHAIOT J00aBIATh BiAMSHUE BHEIMHUX (akTopoB. Hampumep, temmeparypy
YaCTO YYHUTBHIBAIOT Y€pe3 HAKOIUICHHBIC JHU, a MHOT/Ia NMPUBSA3BIBAIOT PAa3BUTHE
BpPEAUTEIS K ONPEACIEHHBIM (DEHOTOTHYECKUM CTAUSIM PACTCHUSI-X035IMHA.

Ho nns 3agad 3amuThl pacTEHUN MO-HACTOSIIEMY KPUTUYHO YYHUTHIBAThH
BO3PACTHYIO WJIA CTAAUNHYIO CTPYKTYpY MOIMYJSILUM, TaK KaK HAa Pa3HbIX dTarax
KU3HU HACEKOMOI'O €ro YsS3BUMOCTh K 00paOOTKaM M CIOCOOHOCTh MPUYUHSTH
Bpe CWIbHO OTanYaroTcs. «[loaToMy mpuMeHstoT 60Jee CI0KHBIC KOHCTPYKITUH:
HEIMPEPBIBHBIE MOJIENIM HA OCHOBE YPABHEHUM C YACTHBIMU MPOU3BOJAHBIMU (BpOIE
mozaenu Makkenapuka—pon dépcrepa) UM AUCKPETHBIE MATPUYHBIC MOJCIU
Jlecnu. B paboTax mo arpolieHo3aM Takue CTPYKTYpPUPOBAHHBIE MOJCIH XOPOIIIO
ce0s1 MmoKa3aiu Mpy OMUCAHUM PA3BUTHS HACEKOMBIX-BPEAUTENEH — B3SITh XOTS Obl
XJIOTIKOBYIO COBKY WJIM pa3Hble BHIbI TJiel. brmaromaps um ynmaércsi JOBOJIBHO
TOYHO BBISIBJIATH T€ MEPUOJIbI, KOTJa 00padoTKu OyayT Hanbosee 3P PEeKTUBHBIMU
[22, 31]. Emé€ ogHO Ba)XHOE HAIPABJIECHUE — «3TO MOJEIH, KOTOPHIE ONKUCHIBAIOT
B3aUMOJICUCTBUE  BPEAHBIX W  TOJIE3HBIX  HACEKOMBIX  (3HTOMO(DAroB).
Krnaccruueckoit OTHpaBHOM TOYKOHM 3/1€Ch BBICTYNAIOT Pa3IWYHbie MOJIUMUKAIIIU
Mojenu Jlotku—Bonbrepps» [4, 10].

OnHako B MPUKIAAHBIX UCCIIEIOBAHUSX ATHU MOJEIU yKE JABHO BBIILIN 32
paMku mpocThiX cxeMm. C OJHOW CTOPOHBI, BMECTO <JIMHEHHBIX 3aBUCHUMOCTEU
BBOJISIT HENUHEWHbIC Tpoduueckue (yHKIMU — OHU Topaszio Jydlle OTpa)xaroT,
KaK XWIMHUK BeAET ceOs Mpu pa3HOM IUIOTHOCTH KepTBbI» [92]. «C npyroi
CTOPOHBI, PACCMATPUBAIOT IIEJIbIE IIETIOYKU C TpeMsl U 0oJiee YPOBHSIMU, HAIIPUMED
«pacTEHHE — BPEAHOE HACEKOMOe — Toje3Hoe Hacekomoe» [97, 104]. Takoi
noaxo/a Ja€T BO3MOKHOCTh OIEHUTh HE TOJIBKO MPSAMOM 3PPEKT OT MHCEKTUIINIA
Ha IIeJIEBOM BPEAHBIM BHUJ, HO U KOCBEHHBIC IMOCJIEACTBUS — B YACTHOCTH, YTO
MPOUCXOJUT, KOTrJa MOTHOAlOT TMOJIE3HbIE HACEKOMbIC. A 3TO YK€ HaNpAMYIO
MEPEKIINKAETCS C OCHOBHBIMU MPUHIIUIIAMH UHTETPUPOBAHHOM 3aIIUTHI PACTCHUI.

Opnako Juisi ONTHUMH3aLMKA BPEMEHHOro rpaduka oOpaboTok TpelyroTcs

JAUHAMHWYCCKHUEC MOJCIIN, YUHUTBIBAIOIINC KHUHCTUKY I[eI)'ICTByIOIHeFO Bei€cCTBa. €ro
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HAaHECEHUE, OCAXJCHUE Ha PACTEHHs, AETPajaldi0 IMOJ JEHCTBUEM COJIHEUHOMU
paguanvy ¥ OCaJKOB, CUCTEMHOE IEHCTBUE B TKaHAX pacTeHus. Takue moaenu
YacTO CTPOSATCA HAa OCHOBE YpPABHEHUN KUHETHUKH MEPBOrO MOpsJKa WM OoJiee
CJIOKHBIX CXEM.

CyuiecTBEHHOE MECTO B MOJEJIMPOBAHUHU 3aHUMAET Y4YE€T IKOHOMHYECKHUX
kputepueB. [lpaktuueckn mr00asi NpUKIaAHAs MOJENb 3allUThl PACTCHUU
BKJIIOYAET MOHATHE HKOHOMHYECKOTO TOpOra BpPEJIOHOCHOCTH. MaTeMaThudecKu
HIKOHOMUYECKUI TOPOTr BPEIOHOCHOCTH MOJKET 3a7aBaThCs Kak (PUKCHUPOBAHHBIN
YPOBEHb YHUCJICHHOCTH BPEAUTENs WIM Kak (YHKIUS OT CTaaud pa3BUTHUSA
KyJIbTYypbl W TIPOTHO3HPYEMOW II€HBI YypoxKas. 3ajadya YNOpPaBJICHUS YacTo
bopmynupyercs Kak yAep:KaHuWe IUIOTHOCTH MOMYJIALIMM HUXKE 3TOTr0 Mopora c
MHUHUMQJIBHBIMUA 3aTparaMd. B mpocreuieM ciiyyae HCIOIb3YETCS MNPUHLHUIL
OIHOKPATHOIO BMEIIATENIbCTBA INPHU JOCTYIKEHHH Tmopora. «bomee croxHbIe
MOCTAHOBKH, paccmaTpuBaembie B padotax M.A. Tuxomuposa» [143] u B «psiae
WCCIIEIOBAHUM TI0 ONTHMAJbHOMY YIIPABJICHUIO, CTAaBIAT 3a4ady HAXO0XKICHUs
nporpaMmbel  00pabOTOK ~ (MOMEHTOB  BpPEMEHM M HMHTEHCHUBHOCTEN),
MHUHUMU3UPYIOIIEH COBOKYIIHBIE 3aTPaThl, BKIIOYAOIIME CTOUMOCTh XUMUYECKHUX
BEILIECTB, PaOOT U MOTEPHU ypoKasi, HAa 3aIaHHOM BPEMEHHOM HHTepBaje» [36, 121,
155, 157].

HecmoTpst Ha pa3BuThIl amnmapar, aHalu3 JUTEpPaTypbl BBISBISET PNl
XapaKTEPHBIX OIPAHUYEHUN B TPAJULIHUOHHBIX MOAXO0AaX. MHOTrHE MOAENU HOCAT
TOYECYHBIM XapakTep, Npeanosaras IPOCTPAHCTBEHHYIO OJHOPOJHOCTH BCEX
KOMIIOHEHTOB CHCTEMBI. OJTO CEpbE3HOE YNPOIICHHE, TaK KakK B peajbHBIX
arpoLeHo3ax paclpeleieHue BpEOUTENeH, BIAXXHOCTh IMOYBBI, MHUKPOKJIMMAT
CYIIECTBEHHO HEONHOpOoAHBbI. [lomymsanmu pacnpeneneHsl B IPOCTPAHCTBE
IIATHAMU, & 3apaXKECHUE YAaCTO HAYMHAETCS C JOKaJbHBIX o4aroB. UrHopupoBaHue
MPOCTPAHCTBEHHOTO (haKTOpa JIeaeT HEBO3MOXKXHBIM MOJEIMPOBAHUE MPOLECCOB
pacnpocTpaHeHus, aHanu3a A(PQGEKTUBHOCTH  JIOKAJIM3alMM  O4YaroB WU
ONTUMU3ALUN PA3MEIICHHS JIOBYIIEK M JIPYTUX JJIEMEHTOB TEXHOJOTHH. «XOTSA

pa60TBI, ITOCBAIICHHBIC IIPOCTPAHCTBCHHOMY MOJACIUPOBAHHNIO B 3KOJIOIUH,
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CYILIECTBYIOT JAaBHO, UX HMHTErpanus B Cyry0o0 MNpUKIaAHbIE MOJEIU 3alUTHI
pacTeHuit goaroe Bpems Oblia orpanudeHHo» [20, 25, 37].

JIpyruM 4acTo BCTPEUYAIOIIUMCSI OTPaHUYEHUEM SIBIISIETCS CTAaTUYHOCThH B
Y4ETE BO3PACTHOM CTPYKTYPbI B ONITUMHU3AaLHOHHBIX IOCTAHOBKAaxX. MoJien MOTyT
YUYUTHIBATh BO3PACT JIJIsl OMUCAHUS TUHAMUKH, HO YIPABJISIIONIEE BO3ICUCTBUE MTPU
OTOM pPAacCMaTpUBAECTCA KaK €IWHOE Ui BCEM mnomyyusinuu. B peanpHOCTH
(b (HEKTUBHOCTh BO3JEHUCTBUS pa3auyaeTcsl Uil pa3HbIX BO3PACTHBIX CTaJIUM.
CoBpeMeHHBIE TEXHOJIOTUYECKHE BO3MOXKHOCTH, TaKhe Kak oOpabOTKH B
orpesienieHHble (GEeHOIIOrnYecKrue OKHa ((hEeHOJOTMYEeCKue OKHAa — 3TO MEePUOAbl B
pPa3BUTUM PACTEHUN WIIA )KUBOTHBIX, KOTOPBIE UCMOJB3YIOTCA IS TUIaHUPOBAHUSA
paboT B CEIBLCKOM XO34MCTBE WM M3YUCHUS] CE30HHBIX SIBJICHUU B MPUPOJIE.) WIH
WCIIOJIb30BAHUE CEJIEKTUBHBIX MPENapaToB, TPEOYIOT MOJENEH, TNie yIpaBlIcHUE
MOXET OBITh aPECOBAHO KOHKPETHBIM BO3PACTHBIM 3HaueHUsIM. «[lepBble maru B
ATOM HAaIpPaBJICHUU TPEACTaBICHbI B HCCJIEIOBAHUSX, /€ TOUCK ONTUMAaJIbHOTO
MOMEHTa OOpaOOTKM CBSI3BIBACTCS C MPOXOXKIACHHEM IMOMyJAlHUed Haumbolee
ysa3BUMOU craauny» [125-127].

Kpome Toro, HaOmromaeTcss ompenereHHbId pa3phlB MEXIY CIOXKHBIMH
JUHAMUYECKUMH MOJICTIIMA M BO3MOKHOCTSIMU MX TapamMeTpu3allid Ha OCHOBE
JJAHHBIX TIOJIEBOTO MOHHUTOpUHTA. Mojenu ¢ OOJIBIIUM YHUCIOM IapaMeTpoB,
0COOCHHO TPOCTPAHCTBEHHO-pACIpEACICHHBIC, TPEOYIOT IJII CBOSH HACTPOMKH
OOIIIUPHBIX U JETAbHBIX JaHHBIX, COOp KOTOPBIX TpynoeMok. [loaTromy mHoOTHE
TEOPETUUYECKHE Pa3pabOTKH OCTAIOTCS B 00JIACTU KOHIIETITYaIbHBIX UCCIICIOBAHUIA,
B TO BpeMs KaK B MPAKTUYECKOM HCIOJBb30BAaHUU YacTO MPUMEHSIOTCS Oojiee
MpPOCThIC, AMIUpUYEcKUue Mojenu. lIpeomonenue 3TOro paspbiBa CBSI3aHO C
pa3BUTHEM METOJIOB HWISHTU(UKAIIUU MOJENIeH, HCIMOJb30BAHUEM JaHHBIX
JIMCTAHIIMOHHOTO 30HUPOBAHUS M CO3JaHUEM CIICIIMATM3UPOBAHHBIX 0a3 TaHHBIX.

MaremaTudyeckoe  MOJIETMpOBAHME  Mpollecca  3allUThl  pacTEeHUM
chOpMHpPOBATIOCh KaK TPHUKIAJHOE HaIpaBiICHUE, OMMUPAIONICeCS Ha METOIbI
MOMYJISIITUOHHON SKOJIOTMHU, TEOPUHU YIIPABICHHUS U MaTeMaTH4YeCKOW OMO(PHU3HKHU.

3a MHOTHE roabl HAKOIIMJICA OOBOJIBHO OOJIBIIION OIBIT CO31aHusd JUHAMHNYCCKHX
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MOJIEJIEW C BO3PACTHOUW CTPYKTYPOH, MOJIEIIEM MEXBHUIOBBIX B3aUMOJICMCTBUNA U
JIayKe MOJIEJICH, KOTOPbIE YUNUTHIBAIOT SKOHOMUYECKHE TTOKa3arenn. Tem He MeHee,
KOT/Ia pe4b 3aXOJIUT O KOMIUICKCHON ONTUMM3AIIH 3aIUTHl pPACTEHUN, 0COOEHHO B
HEOJHOPOJHBIX arpol€H03aX, CTAaHOBHUTCS $ICHO, YTO CYIIECTBYIOIIWE ITOJIXOJbI
UMEIOT CephE3HbIE orpaHudeHus. UTOoOBI HCClieoBaTeNh 0OoJiee peaTrCTHIHbBIE
MOJENN, HYXHO TIPEOJI0JIETh HECKOJBKO KIIOYEBBIX MPOOJIEM: TEPEUTH OT
MPOCTBIX TOYEYHBIX MOJENIe K MPOCTPAHCTBEHHO-pACIPENEIEHHBIM, TIIyOxke
BCTPOUTH BO3PACTHYKO CTPYKTYpPy NPSIMO B QITOPUTMbI ONTHUMHU3ALUAA H
CYILIECTBEHHO YJYYIIUTh METO/bl M0/1I00pa MapaMeTpoB JUIsl CIOXKHBIX MOJIETICH.
MIMeHHO 3TH 3a/lauyu U OMpPEACNAIOT aKTyalbHOCTh pa3paOOTKH HOBBIX MOJIETEH,
KOTOpbI€  OJHOBPEMEHHO  YYUTHIBaIM OBl U  BPEMEHHO-BO3PACTHBIC
XapaKTEePUCTUKHU TOMYJIAIMA, U UX TPOCTpaHCTBEHHOE pasMmerieHue. OO0 3Tom
noApoOHee MOWIET peub B ciedyronieM mnaparpade, rae Oyner madH o030p
ONTHUMU3AIMOHHBIX WCCIIEIOBAHUM.

OTaenbHBIA TOMYOK PA3BUTHIO MOJEIUPOBAHUS Jajna OypHOE pa3BUTHE
BBIUYHUCIIUTEILHON TEXHUKHU. biiaromaps 3ToMy NOSIBUICS HOBBIM KJIACC MOJIENIEH —
UMUTAIMOHHBIE KOMITbIOTEpHbIE Mojenu. OHU OBICTPO CTalM OJHUM M3 CaMbIX
BOCTPEOOBAHHBIX MHCTPYMEHTOB MPU U3YYEHUU MPOIECCOB 3alUTHI pacTeHui. B
OTJIMYME OT KJIACCHYECKUX AHATUTUUYECKUX MOJIENIC, KOTOPhIEC B MEPBYIO OUEPED
MOMOTAIOT  BBISBISATH  OOIIME 3aKOHOMEPHOCTH, WMHUTAIMOHHBIC MOJICTHU
MO3BOJISIFOT C BBICOKOW JE€TaIU3alleil MPOUTPHIBATh KOHKPETHBIE CLIEHAPUU TOTO,
YTO MOKET MPOUCXOJUTH B arpolieHo3e. Yaiie Bcero mx CTPOSAT Ha OOBEKTHO-
OPUEHTUPOBAHHOM MOAXOJIE: KAXKIBIM BPEIUTEINb, KAXKA0€ PACTEHHUE WJIU MOJIE3HOE
HACEKOMOE TIPEACTABISACTCS KaK OTACIbHBIM OOBEKT CO CBOMMH MpaBUIAMU
MOBEACHNUS M B3aUMOJICWCTBUS C OKpYXXarOIMMHU. Takol mnoaxon Haér
BO3MOXXHOCTh YUYWUTHIBATh HWHAUBUIYATbHYIO HM3MEHUHUBOCTH OCOOEH, CII0KHOE
MPOCTPAHCTBEHHOE pa3MEIICHUE M pa3IMuHble CiydaiiHble (HaKTOpbl, KOTOpbIC
OYeHb TPYAHO (a WHOTAAa M HEBO3MOXHO) OMNMHUCATh C IOMOIIBIO0 OOBIYHBIX

nuddepeHranbHbIX YpaBHEHUH.
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[Ipumepsl TOAOOHBIX HMMHUTAIMOHHBIX MOJIEJIEH MOXHO BCTPETUTH B
paboTax, MOCBSIIEHHBIX PACIPOCTPAHEHUIO (DUTOMATOTEHOB WM PACCEICHUIO
HACEKOMBIX TIO CEIbCKOXO03KiCcTBeHHOMY JaHAmadty. «Ocoboe BHUMaHUE B
HAay4YHOM JHTepaType ynaensercs padoraM, B KOTOPBIX MOJEIU pPa3HOIro THUIA
MBITAIOTCS OOBEAUHUTH B €IUHYI0 CHUCTEMY — 4Yallle BCEro 3TO IPOTrpaMMHbIC
KOMITJIEKCHl WJIA CHUCTEMBI TOJICPKKA TPUHITHS perieHuil. Takue CHCcTeMbl
OOBIYHO BKJIFOYAIOT HECKOJBKO KJIIOYEBBIX OJIOKOB: IPOTHO3 PA3BUTHS MOIYJISIIUH
BpeAUTEINSI, OIEHKY d(h(PEKTUBHOCTH CPEICTB 3aITUTHI, SKOHOMUYECKHE PACUETHI U,
B HEKOTOPBIX CITy4asiX, OJIOK ONTUMHU3AIMKI CTPATEruH 3auThDy [44, 47, 64].

B nocnemHue aBa JecATWIICTHS TPOCICKHUBACTCS OTYETIMBBIA TPEH]
Ha y4eT MPOCTPAHCTBEHHOTO (PaKkTopa B MPHUKIIATHBIX MOJEIAX 3allUThl PACTECHUH.
OTO CBS3aHO Kak C Pa3BUTHEM TEOPHUM, TaK M C NPAKTUYECKUM BHEIPECHHUEM
TEXHOJIOTUHA MPEeUu3nOHHOro 3emienenusi. «Eciau paHHuUE NpOCTpaHCTBEHHBIC
MOJIEIM B JKOJIOTUM ObUIM B OCHOBHOM TEOPETHUYECKUMH, TO Ceiyac aKTUBHO
pa3BUBAIOTCS MOAXOIbI, MIO3BOJISIONTNE UCII0JIb30BaTh JTaHHBIE
reouH(QOpPMAIlUOHHBIX ~ CHUCTEM U  JUCTAHIIMOHHOTO  30HJAMPOBAHUS IS
napamMeTpu3aluu  MOJIeJIel paclpocTpaHeHus BpeauTened u Oonesnei» [61].
Mopenu HauMHAIOT YYUTHIBATH HEOJHOPOJHOCTH peibeda, MOUBEHHBIX YCIOBUH,
MUKPOKJIMMATa, KOTOpas HAMpsIMyIO BIUSIET HA TPOCTPAHCTBEHHOE pacipe/iesieHre
BpeAHbIX 00bekTOoB. OMHAKO B 3a/ladyax OIMEPATUBHOIO YIIPaBJICHUS 3alllUTON
pacTeHMl Ha YpPOBHE OTIEIBLHOIO IMOJs TaKUe MOJAEIM YacTO OKa3bIBAIOTCS
U30BITOYHO CJIOKHBIMH, a OoJjiee TPOCThIE MPOCTPAHCTBEHHO-PACTpEeICHHBIC
MOJIEJI TOJIbKO HAYMHAIOT MOSBIISATHCS B IMTEpATypeE.

«IIpobnema coBMECTHOTO ydeTa BO3PACTHOM CTPYKTYPBI "
MPOCTPAHCTBEHHOTO PACHPENIEIICHHS 4O CUX TOpP OCTaeTCsl OJJHOM W3 HauMEHee
pa3paboTaHHbIX. BOJBIIMHCTBO HccenoBaHUN (HOKYCUPYETCS Ha OJTHOM M3 ITHX
acreKToB. Mojenu ¢ BO3pacTHOM CTPYKTYpPOM, KaK MpaBUIIO, TOYEUYHBIE» [68, 69,
96, 99, 102, 104]. [IpocTpancTBeHHBIE MOJIETH, OCOOCHHO AU Y3HMOHHBIE, YACTO
MPENoIaraloT OJHOPOIHOCTh MOMYJIAINHU 10 Bo3pacTy. «CyIiecTBYIOT pabOThI, B

KOTOPBLIX HOPCANPUHHUMAIOTCA  IIOINBITKK COBMCCTHUTL OTH  IMOAXOIBI. 910
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HaIpaBJIeHUE MPeICTaBIsAEeTCA Hau0oJIee COOTBETCTBYIOIIUM PEAIbHON CIIOKHOCTH
o0BbeKTa MOJEIMPOBaHUs, TaK KaKk B TMPUPOJE OCOOM Pa3HOTO BO3pacTa
pacrpeielieHbl B MPOCTPAHCTBE HEOJIMHAKOBO, @ UX MUTPAlMOHHAs aKTHUBHOCTH
MOXET CHUJIBbHO pasznuyaTthes. JlanmpHelee pa3BuTHE TpeOyeT MNPUBICYCHUS
amnrapara CUCTeM YPaBHEHUU C YAaCTHBIMH MPOU3BOIAHBIMHU, CTPYKTYPUPOBAHHBIX
110 BO3PACTy U MPOCTPAHCTBY, UTO CBSI3aHO CO 3HAUYUTEIHLHBIMU MAaTEMAaTUYECKUMU
Y BBIUMCIIUTEIbHBIMU TpyaHOCTAMI» [104-107, 109].

AHanu3  JMTepaTypbl  TaKKe€  YKa3blBAET  HA  BO3PACTAIOMIYIO
pOJIb MATEMATHUECKUX MOJIele B OOOCHOBAaHWUU CTpATErMii MHTETPUPOBAHHOU
3aIUThI PACTEHUM.

NuterpupoBaHHas 3alldTa pacTeHU MNpPEANnojiaraeT pa3yMHOE COYETaHUE
pPa3IMYHBIX METOJOB (arpOTEXHUYECKUX, OMOJOTUYECKUX, XUMUYECKHX), U
MaTeMaTHYECKOE MOJICIUPOBAHUE OKAa3bIBACTCS MPAKTUUECKH HE3aMEHUMBIM
MHCTPYMEHTOM JIJIs1 OLEHKH JOJITOCPOUYHBIX MOCIEeACTBUN U 3PHEKTUBHOCTH TaKUX
KoMOuHaIui. «Mojienu Mmo3BOJIAIOT CPaBHUBATH CIIEHAPUH, OCHOBAHHBIE TOJIHKO
Ha XUMHUYECKMX O0OpabOTKaxX, CO CIEHApUSIMH, BKIIOUYAIONIUMHU, HAMpUMED,
CO37aHre pe3epBaluii i SHTOMOGAroB WM HCIOJIb30BaHUE (PEPOMOHOB.
«PaboThl, B  KOTOpPBIX  aHAIM3UPYETCS  MPOILECC  ONTUMHU3AIUU  JJIs
WHTETPUPOBAHHOTO METOJIa 3alUThl PACTCHUMN, XOPOIIO IMOKAa3bIBAIOT, KaKOU
MOTEHIMA 3aJ0’)KEH B MOJICILHOM TMOAXOJE NPHU PEIICHUU MOAOOHBIX 3a7au»
[110].

BbiBoa 110 nepBoii riiase
[TonBoass UTOrM cCUCTEMATHYECKOro 0030pa JIUTEPATYPHBIX HCTOUYHHUKOB,

BBITIOJTHEHHBIX B paMKaxX T[EepBOM  TJaBbl  JUCCEPTAIlUOHHOW  PaboOThI,
11E€JI€CO00Pa3HO  BBIJICTUTh HECKOJIBKO OOOOMIAIONIMX TIOJOKEHUN, KOTOpbIE
OTPAXAIOT KaK JIOCTUTHYTHI YpPOBEHb HAy4YHbIX 3HaHUW B  00JacTH
MAaTEMATUYECKOTO WU KOMIIBIOTEPHOTO MOJCIUPOBAHUS ONTUMHU3ALMNA 3aIIHUTHI
pPacTeHUN, TaK U COXPAHSIOLINECS HEpeIEHHbIE 3a1aun. [IpencTaBieHHbI aHaINU3
MO3BOJIIET CPOPMYTUPOBATH KOHILENITYAIbHOE BUICHUE COBPEMEHHOI'O COCTOSTHUS
WCCJIEIOBAHUM, OTIPEICTUTh HanboJiee POyKTUBHBIE TEOPETUIECKUE TTOIXO/IbI.
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[Ipexxne  Bcero, HEOOXOAMMO  KOHCTAaTUpPOBaTh, YTO  pa3BUTHE
paccMaTpuBaeMoi 00JIacTH MpoIIIa HECKOIBKO Kau€CTBEHHO Pa3UYHBIX ITAIOB,
KaXKABIA M3 KOTOPBIX BHOCHJI CBOM BKJIaA B (OPMHUPOBAHHE COBPEMEHHOTO
MOHATUM M MaremaTudeckoro ammaparta. [lepBeiii 3tan (konenr XIX — cepemuHa
XX BeKa) XapaKTepU30BaJCs 3apOKICHUEM MaTEeMaTHYECKOM HKOJOTMU Kak
TakoBOM: ObUIM cHOpMyIUpOBaHbl 0a30BbIE 3aKOHBI JUHAMHKUA YHUCJIEHHOCTHU
nonyJisiuMid  (3KCIIOHEHIIMANBHBIM W JIOTUCTHYECKUM  pPOCT), pa3pabOTaHbI
KJIACCUYECKHE MOJENHM B3aMMOJEHUCTBUS «XWUIUHUK — kepTBa» A. Jlotku u B.
BoisbTeppel, CO34aHBl IEPBbIE MAaTEMaTUYECKUE OINHUCAHUA KOHKYPECHLMH W
B3auMoeicTBus. VIMEHHO Ha 3ToM J3Tame ObUT 3aJ0keH (GyHAaMEHTAIbHBIN
OPUHIUI HUCIOJNb30BaHUSA JUPPEpeHINANbHBIX YPaBHEHUN JUIsI  ONHMCAHUS
OMOJIOTMUYECKUX MPOLIECCOB, KOTOPBIM OCTAETCSI OCHOBHBIM MHCTPYMEHTOM U IO
ceil neHb. Bropoii stan (cepenuna — Bropas mnojoBuHa XX Beka) 03HAMEHOBAJICS
OCO3HAHHEM BHYTPEHHEN CTPYKTYPHPOBAHHOCTH IIOIYJSIMUM, YTO TPUBEIO K
CO37aHUI0 BO3PACTHO-CTPYKTYPUPOBAHHBIX Mojeneil. Tperuii satan (konen XX —
Hayasio XXI Beka) cBsi3aH C OYpHBIM Pa3BUTHEM BBIYHCIUTEIBHON TEXHHKH,
MOSIBJIEHUEM TPUKJIIAJHBIX MHPOrpaMM JUIl YUCICHHOIO MOJEIMPOBAHUS U, KaK
CJIEACTBUE, BO3MOXKHOCTBIO PELIATh PAHEE HEAOCTYIHBIE JJISI aHAJIU3a CIIOYKHBIE
HEJMHEWHbIE 3a1auu. VIMEHHO Ha 3TOM JTame HA4aJloCh aKTUBHOE IPUMEHEHUE
METOJ/IOB ONTUMAJILHOTO YyIpaBieHusi (mpuHiuna makcumyma [loHTpsiruHa) K
3aa4aM 3alluThl pacTeHUi. UeTBEPTHIA ATAll XapaKTEPU3YETCsl CTPEMIICHHEM K
UHTETpali, TO €CTb OOBEIMHEHUIO B paMKax €AMHOM MOJENU BO3pAaCTHOM
CTPYKTYpBI, IPOCTPAHCTBEHHON PACHpPENCICHHON U ONTUMHU3ALMOHHBIX MOIYJIEH,
a TaKKe IONBITKAMU CO3JaHHUSI CUCTEM TONJCPKKH NPUHATHS PEIICHUMH,
MPUTOAHBIX IS MPAKTHYECKOTO MCIIOJIb30BAHUS B PEAIBHBIX ArpOTEXHUYECKUX
MPEINPUSITUSX.

CucreMatn3upysi NpPOAHAIM3UPOBAHHBIE JINTEPATYPHBIE JTAHHBIE, MOYKHO
BBIJICTIUTD CIIEAYIOIIUE KIIFOUEBBIE TOCTHMKEHUS pACCMAaTPUBAEMOI0 HAIPaBJICHUS.
Pa3paboTan maTemMaTH4ecKMW ammapaT [jsi ONMCaHUS BO3PACTHOM CTPYKTYpbI

HOHy.]'ISILII/Iﬁ BpeI[HTCHeﬁ, HOSBOJ’IHIOH_[I/Iﬁ YUYUTBIBATh pPa3jIMdvsad B BBIKHBACMOCTH,
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IJIOJJOBUTOCTH M YA3BUMOCTH OCOO€H pasHbIX CTaauil pa3BUTHs. DTO OTKpPHIBAET
NPUHIIMIHAIBHYIO BO3MOXKHOCTh I 000CHOBaHUS JU(DPEpeHIIMPOBAHHBIX I10
CpOKaM 3allUTHBIX MEPOIPHUATHHI, MPUYPOUCHHBIX K HanOoJiee UyBCTBUTEIBHBIM
dazam ku3HeHHOro muKiIa Bpeautens. Co3laHbl TEOPETUYECKUE OCHOBBI
IIPOCTPAHCTBEHHOTO MOJEJIIMPOBAHMS PACHPOCTPAHECHUS BPEOUTENEH, BKIKOYAs
mud¢y3nonnsie  Mmonenu. PaspabGotanbl  3(pPEeKTUBHBIE METOABI  TOMCKa
ONTUMAJIHBIX  YIPABJSIONMX  CTpaTerwii, cpeaud KOTOpBIX  HauOoJbIIee
pacnpoCTpaHEHUE  MOJYyYWSIM  OpUHOUO  Makcumyma  [loHTpsruHa s
HEIPEPBIBHBIX CUCTEM. DTH METOJBI IO3BOJISIIOT HAXOJIUTh ONTHMAJIBHBIE CPOKH,
7036l U KOJMYECTBO 00pabOTOK, a TakXkKe pelarb 3a7ady ONTHMaJbHOTO
pacrpeneneHuss OTPaHWYEHHBIX PECYpCOB MEKIY Pa3JIMYHBIMA YYaCTKaAMH.
Co3iaH psJ UMUTALMOHHBIX KOMIIBIOTEPHBIX CHUCTEM, KOTOPBIE AEMOHCTPUPYIOT
NPUHIMIUATBHYI0 BO3MOYKHOCTh NMPUMEHEHHS Pa3pa0OTaHHBIX MAaTEMaTHUYECKHX
MoJieJIel JUIsl peaibHOro yrpaBieHusl ((UTOCAaHUTAPHON CUTYalHei.

Hapsiny ¢ yka3aHHbIMM JOCTH)KEHUSIMH, IPOBEAEHHBIH 0030p MO3BOJIET
BBISIBUTh W CUCTEMHBIE HEAOCTATKH COBPEMEHHOIO COCTOSIHUSI HCCIEI0BAaHUM,
KOTOPBIE BBICTYNAKOT B KAYECTBE NMPEIATCTBUI Ha ITyTH CO3JaHUs IOJIHOLIEHHOM,
KOMIUIEKCHOM ~ ONTHUMHU3AIMOHHOM MoOJENM 3amuThl pacteHuil. Haubosee
CYLIECTBEHHbIM M3 OTUX HEJOCTATKOB SBIsETCA (PparMEHTApHOCTh  YyuéTa
KI04YeBbIX (pakTopoB. Kak yOenuTenbHO MOKa3bIBa€T aHAJINU3 JIUTEPaTyphl,
nojAaBJsitoIiee OOJBITMHCTBO MyOIMKAIIMI COCPEIOTOYEHO Ha KaKOM-JIMOO OJTHOM
acreKTe MOJEIIMPOBAHUSA B yIIEPO APYTUM.

[IpoBeneHHBINI B IMEPBOM TIJIaBE aHAJIW3 HAYYHOW JIUTEPATYpPbl MO3BOJISIET
KOHCTaTUPOBaTh, YTO MATEMATUYECKOE UM KOMIIBIOTEPHOE MOJEIMPOBAHUE
IPOLIECCOB  3alUThl PAacTEHUN C(HOPMHUPOBATIOCH KaK CaMOCTOSTENbHOE U
JUHAMUYHO pa3BHUBAIOLEECS HampaBieHUE Ha CTbike (yHAaAMEHTaIbHOU
DKOJIOTMH, IPUKIIAJHON MAaTEMATUKU U arpOHOMUU. MICTOpHYECKU Iy Th pa3BUTUSA
OT IPOCTHIX AHAIUTUYECKUX MOJEIEH B3aUMOJICUCTBUS MOIYJSALUNA K CIO0XKHBIM
KOMITBIOTEPHBIM ~ MMHUTAIIMOHHBIM ~ CHCTEMaM  JEMOHCTPUPYET YCTOHYHUBYIO

TCHACHIINIO K IIOBBINICHHUIO aJCKBATHOCTHU MOI[GJ'IGIZ 3a CYCT y4cTa BCC Ooiee
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CJIOKHBIX M CYIIECTBEHHBIX (pakTOpoB. K HMM OTHOCATCA BHYTPEHHSS CTPYKTypa
HOIYJISILMM, B IEPBYIO OYEPEIb BO3PACTHASI, HEIMHEHHBIA XapakTep TPOPUUECKUX
B3aMMOJICHCTBUM, OJKOHOMMYECKHE  KPUTEPUHU  NPUHATHA  PELICHUHM U
IIPOCTPAHCTBEHHAS! HEOJAHOPOAHOCTD CPEIBI.

AHaN3 CyIIECTBYIOIIHUX ITOAXOA0B K MOJEIMPOBAHHUIO HEMOCPEACTBEHHO
IIPOIIECCA 3aIUTHl PACTEHUM MOKAa3aJl HAJIMYUE COJIMIHOIO apCeHalla METOAOB IS
ONMCaHUs JUHAMUKUA BPEIHBIX OPTaHU3MOB, JECHCTBUA CPEICTB 3aLUTHl U OLEHKHU
IKOHOMHUYECKON 3(dexTuBHOCTH MeporpusaTHii. Bmecte ¢ TeM BBISIBICH pAf
CUCTEMHBIX OIPAHUYECHHMM, MPUCYILUX MHOIUM TPAAULIUOHHBIM  MOJEIISAM.
Haubonee 3HauMMbIM M3 HUX SBIAETCA pPa3feibHbIM, W30JIMPOBAHHBIA y4eT
KIJIFOYEBBIX ACHEKTOB CUCTEMBI: BPEMEHHOM IWHAMHKH, BO3PACTHOU CTPYKTYPHI
NONYJSIMUA M MX IPOCTPAHCTBEHHOI'O paclnpeneneHus. Mopenu, aeTaabHO
ONMCHIBAIOIINE BO3PACTHOM COCTaB, KaK NPABUJIO, SIBISAIOTCA TOYEUYHBIMM U HE
YUHUTBIBAIOT MPOCTPAHCTBEHHYIO Ju(dPepeHInanno yCIoBU H  IPOLECCOB
paccenenusi. [IpocTpaHCTBEHHBIE K€ MOJIEIH, OCOOEHHO B ONTHUMH3ALMOHHBIX
IIOCTAHOBKAX, YacTO ONEPUPYIOT YCPEAHEHHBIMU, HECTPYKTYPUPOBAHHBIMU
HNOMYJSIMSIMA.  DTOT pa3pblB  MEXAy TINIyOMHOM ONUCaHus OHOJIOTHMYECKOM
COCTABJISIIOLIEN U YYETOM MPOCTPAHCTBEHHOTO KOHTEKCTA CHUKAET MPAKTUYECKYIO
LHEHHOCTh MOJENbHBIX pa3padOTOK i OOOCHOBAaHUS PELIEHUH B peabHBIX,
HEOJHOPOIHBIX arpoLeHO3aX.

OG630p wuccienoBaHuM, MOCBSIIEHHBIX ONTUMM3ALMKU MPOIECCa 3aIIUTHI,
IIOATBEPKAAET, YTO OUCK ONTUMAJIBHBIX CTPATEIUM BEAETCS IIPEUMYLIECTBEHHO B
paMKax YKa3aHHbIX BBIIIE HM30JMPOBAHHBIX IOAXOJOB. 3aJayd ONTHUMH3ALUU
CPOKOB M WHTEHCUBHOCTH BO3JECUCTBUM C Y4YE€TOM BO3PAaCTHOU CTPYKTYpbI
pemaroTcs g ToYeuHbIX Mozenen. [IpocTpaHncTBeHHAs ONTUMM3ALNS, CBA3aHHAs
C NPEUU3UOHHBIM IPUMEHEHUEM CpEICTB, 4Yallle CTPOUTCS Ha YHPOILIECHHBIX
MOJENAX TUHAMUKHU. [Ipy 3TOM METOHOJIOTMYECKON OCHOBOW JJISI PELICHUS] TaKUX
3a1a4  BBICTyNAeT NPUHLOMN MakcuMmyma IIOHTpsArmHa, npuUMEHEHHE KOTOPOTO
MO3BOJISIET TOJIy4aThb AaHAJIMTHUYECKHE YCJIOBUS ONTUMAJIbHOCTH B  (opme

IIOPOTOBBIX cTpaTerumn yrpasienus. opmannsm I'amunpTOHA-
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[ToHTpsirnHa IEMOHCTPUPYET CBOKO A(M(PEKTUBHOCTL U ISl pacHpelieIeHHBIX
CUCTEM, OTKphIBasi MyTh K CHHTE3y ONTUMAJHHOTO YIPABJICHUS, 3aBHUCSIIETO
OJIHOBPEMEHHO OT BpPEMEHHU, MPOCTPAHCTBEHHBIX KOOPJUHAT U BO3PACTHOM
CTPYKTYphl momyusiuii. OIHaKo B CYIIECTBYIOIIMX paboTax MOTEHIMA 3TOTO
ammapara pacKpbiT HE TMOJHOCTBIO B KOHTEKCTE KOMIUIEKCHBIX MOJENEH,

00BETUHAIOIINX BCE TPH ACTIEKTA.
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IJIABA 2. PABPABOTKA MATEMATUYECKHUX MOJEJIEN U
METOI0OB ONITUMW3AILIVNA JIJIS SAIIIATHI PACTEHHU C
TPO®PUYECKUMHU B3AUMOJIEHNCTBUAMU, BPEMEHHO-

BO3PATCHOI'O COCTABA U TIPOCTPAHCBEHHOI'O
PASMEILIEHUA

2.1. UccaenoBanue MaTeMaTHYeCKOM MO/IeJIM 3allIMTHI PACTEHUI B
CTAMOHAPHOM M HECTALIMOHAPHOM CJy4yae ¢ MPOU3BOJIbHBIMU
Tpopu4eCKUMH PYHKUUAMHU
Bomnpockl MaremMaTH4ecKOro OMUCAHUSI MEPONPUSATUM MO OXpaHE YypoxKas

COXPAHSAIOT CBOK 3HAYMMOCTb. B Hacrosilee Bpemsl JAaHHAas TeéMa HAXOIUTCS B
LIEHTPE BHHMAaHMUS I[IMPOKOTO HAYYHOTO COOOLIECTBA, YTO OOYCIOBJIEHO €&
BAXHOCTBIO [UUI KJIFOUEBBIX HAIPABJICHUM pPa3BUTHUS HAYKU, TEXHOJOTMU U
arpapHoro cextopa Pecy6nuku Tapkukuctan. MaTemMaTudeckoe MOJIETUPOBAHKE
B JJaHHOW cepe BBICTYNaeT KIIOYEBBIM HWHCTPYMEHTOM JJIsi IPOTHO3UPOBAHUS
COCTOSIHUA U PEryJUpOBaHUs MPUPOAHBIX cucTeM. [loBbiieHne >¢PGHeKTUBHOCTH
CHUCTEM, HAIPABJIEHHBIX HA OXPAaHy KYyJbTYPHBIX PACTEHHUU OT BPEIOHOCHBIX
OpraHuU3MOB, TMPEJCTABISIET COO0OM OJAHY U3 HauboJiee BaXXHBIX 3a/lad B
HPKOHOMHYECKOM, COLMATIbHOW U dKoyornueckou cdepax. s PecrnyOmmku
TaKUKUCTAaH XJIOMYATHUK MMEET CTAaTyC OCHOBHOM CEJIbCKOXO3SIMCTBEHHOM
KyJbTypbl. HeoOXoIMMOCTh MOJEIMPOBAaHUS MPOIECCOB 3aIIUTHl  OYyIyIIETO
ypoxasi TpeOyeT COBEpIICHCTBOBAHUS PETHOHAIBHBIX CHUCTEM OXpPaHBbI XJIOMKA.
ODTO  COBEpIICHCTBOBAaHHWE  JOJDKHO  ONUPAThCs  HA  I[EJICHANPABICHHBIC
HKOJIOTUYECKUE M OHOJIOTMUECKHE HWCCIEAOBAHUS, BBIABISIONINE OCOOEHHOCTH
CTAHOBJICHUSI U (YHKIIMOHUPOBAHUSI arpO’KOCHUCTEM B YCJIOBHUSX HHTECHCHUBHOTO
3eMIIEACIIHSL.

Pa3paboTka MaTeMaTHYeCKUX MOJECH, OMHUCHIBAIONINX HW3MCHEHHE
YUCJICHHOCTH  OMOJIOTMYECKUX  MOMYyJSAIUi, UMeeT Ooratyro  HCTOPHIO.
PoloHa"YaIbHUKOM 3TOr0 HampaBIICHUS, MO BCEM BUIAUMOCTH, CIIEAYET CUUTATH
MOJiesib  ManbTyca, ONMCHIBAIONIYK) HSKCIOHEHIHAIBHBIA pPOCT M CTaBIIYIO
OTHPABHON TOYKOHN ISl CO3JaHUS MOJOOHBIX KOHCTPYKIUU. «Craeayronumi mar B
pPa3BUTUU CBsI3aH € Mojeiblo DepxroiabcTa (JIOTUCTUYECKash KpuBasi), KoTopas

JIerJia B OCHOBY I1eJION cepuu Bhlaaronuxcst padot B. BoabsTeppa [51], A. JIoTku»
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[11-13] u npyrux yué€Hsix. «B 3TUX U MOCHEAYIOUIUX UCCIEIOBAaHUAX (HAIpUMED,
[4, 10]) 3HAUUTENIBHOE MECTO OTBOJUTCS BOMPOCAM YCTOWYHMBOCTH TOYEUYHBIX
Ononornyeckux cooOIecTB». OCHOBHBIM MAaTEMaTUYECKUM MHCTPYMEHTOM B 3THX
paboTax  BBICTYNAIOT  HEJIWMHEHHBIE  OOBIKHOBEHHbIC Au(depeHInaIbHbIC
ypaBHEHMUS, TO €CTh PACCMATPUBAIIMCH MOJIENIU C HENIPEPHIBHBIM BPEMEHEM.

Kpome Toro, cozmanne mMaTeMaTHYECKUX MOJENCH B OMOJIOTHH COIPSIKEHO
CO 3HAUUTENBHBIMU TPYAHOCTAMH, MOCKOJIBKY HEMHOTHE OWOJIOrd 001alaioT
JIOCTATOYHOW MAaTEMaTUYECKOM TMOJATOTOBKOM, a CpeIr MAaTeMaTUKOB TaKkKe
HEYACTO BCTPEYAIOTCS CHEIMAIUCTHI C HEOOXOAUMBIMU HHTEPECAMH U TIIyOOKUMHU
MO3HAHUAMH B OMOJIOTHHU. B CBSI3U € 3TUM, TOCTPOECHUEM MOJIENIEH, OMUCHIBAIOIINX
OMOJIOTMYECKHUE TPOIIECChI, JAOJKHBI 3aHUMATHCS KOJUICKTUBBI, OOBEAUHSIONINE
KaK MaTEMaTUKOB, TaK U OUOJIOTOB.

OpnHako JyIs peleHus MHOKECTBA 3a/1ay OMOJIOTUM, SKOHOMHUKU U TEXHUKH,
HOCSIIIIUX KUOEPHETUUYECKUIN XapaKTep U CBS3aHHBIX C MOTOKaMu MHMOpMalUH U
YIOpPaBIECHUEM, METOJbl KIACCHYECKOTO0 MAaTEMATHYECKOrO aHajdu3a 4acTo
OKa3bIBAIOTCS HENMpPUMEHUMBI. [logo0HbBIE MPOOTEMBI CTUMYIMPOBAIN PA3BUTHE
HOBBIX MAaTEMAaTUYECKUX TUCLUUILINH, TAKUX KaK TEOpHs YIIPABICHHUS, TEOPUS UTP,
pa3lInuHbIe pa3iesibl MaTEeMaTHUUYECKOTO MporpamMMupoBanusi U apyrue. OOmiein
OTJIMYUTENBHON OCOOCHHOCTBIO ATUX HOBBIX 00JAacTeil ABISETCS UX JUCKPETHBIN
Xapakrep.

ChopmynupoBana  oOmiasi  MOCTAHOBKAa  3a/aud  MaTeMaTUYeCKOTO
MOJEIUPOBAHUS 3alIUThl PACTEHUN MPUMEHUTEIBHO K TOYEYHBIM MOJEISAM

COIPOBOXKIAIOIIMMCS JJOKA3aTEILCTBOM KOPPEKTHOCTH B 3amaHHoM V() kiacce

dbyukiuit. BHyTpu Takoro kiacca (yHKIIMH TPOBEACHO HMCCIICIOBAHUE PEIICHUIN
KOTOPBIE XapaKTePU3UPYIOT JUHAMUKY 3aLLMUTHI arpoLicHO3a IIPU €€ HaX0XKICHUU B
HECTALIMOHAPHOM WJIM CTALIMOHAPHOM COCTOSIHUM.

«/luHaMMKa  MEXBHUJOBBIX  B3aWUMOJECMCTBUM B  paccMaTpuBaceMoun
Oouonoruueckor cucreMe (GopMaau3zyercs KOMOMHHPOBAHHBIM ypaBHEHHUEM,
00BEIUHSAIOIUM BOJIBTEPPOBCKUIN MOJAXOA C TONOJHUTENBHBIM (DYHKIIHOHAIBHBIM

OTKJIMKOM V(.) B cnenytomieM Buae»: [93], [101-103]:
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O—aV, (NN, =0,
B
ko0t oVo(Ng) =y Ny —m; =0, N, = [ N(a)da

dN,
da

dN. T
= NallaaN; = aNy =) N.(0) = [ By(a)N;(a)da.
0

2.1.1)

= N,(keuN, — Ny —m, ) N,(0) = [ B,(a)N, (a)da,
0

Paccmotpum Jana3ox JOTTY CTUMBIX 3HAYCHHI OruoMacchl
CEJIbCKOXO3UCTBEHHON KyabTypsl N/, Ni € [Nlm " Nlmaxl KOTOPBIA MPECTABISICT

3aJaHHBIA JIOMyCTUMBIA YpPOBEHb CpEeAHEH OMoMacchl, YAOBIETBOPSIONIUI

YCIIOBHIO:

N7 =N?, NP elnm™, N, (2.1.2)

Tornma, B 1aHHOM ciydae 3ajada 3alluThl pacTeHUU (OpMyJIHUpYyETCS Kak
onpeielieHHe KPUTHUECKUX 3HaueHuid N, , u Ny u3 cucteMsl ypaBHenuii (2.1.1)
[101], mpu coOroaeHNHN CIEAYIOMNX YCIOBHIA:

N, <NJ, N;>N?, (2.1.3)
rjae
N/ — neneBoit mokasaresb ypoKalHOCTH GHOMACCHI XJIOMYATHHKA.
N, — moporosoe 3HaueHHE BPEAOHOCHOCTU BPEAUTENIEN,
N} —nokasaresb 3G GeKTHBHOCTH SHTOMO(DAroB (I0JIE3HBIX HACEKOMBIX ).

Teopernyeckoe 000CHOBaHUE CYIIECTBOBAHUS CTAIIMOHAPHOTO PEIICHUS

CHCTCMBI 3allIMThI paCTeHI/Iﬁ BKIOYACT CJICAYIOIICC JOKA3daHHOC YTBCPKICHUC.

Teopema 2.1.1. Ymobwi umeno mecmo

m,

, Nlmax — k()_Q

N{ =N, N'eIN™.N™,N™ =

ke m,

HeoOX00UMO U 0OCMAMOYHO GbINOJHEHUE Cﬂedy}omeﬁ CUCmembvl HepaeeHcnie

40



0
V(N,)<—5—,
NS
N <Ny, Np =2 (2.1.4)
alNl al
N, =N, N;’:%N{”—%.
L 2 2

Ni 2N},  N?e[N"™, N™],
Jloka3zaTeibCTBO.
Heo0xoqumoctn. [l nokaszatenbcTBa HepaBeHCTBa (2.1.4) paccMoTpum
nepBoe ypaBHeHue cucteMsl (2.1.1). I3 Hero HemocpeicTBEHHO CIEAYET, YTO
0-a/,(N,N, =0,

TO €CThb

Paccmotpum  BTOpoe ypaBHenue (2.1.1). IlpeoOpasys ero, npuxoaum K

BBIPAKEHUIO

koaoVo(No)_alﬁz —m, =0,

koo, Z —ocllvz—ml >0,
a,NY
~ k m
N, S—OQP -—=N;
a Ny«
N, <N?.

B cuny Tperbero ypaBHeHus u3 cuctemsl (2.1.1) MOXHO 3anucarhb

N -
== N, ke, N, — e, Ny = ms).

YMHOXHB mociienee paBeHcTBO Ha N, (a) ¥ MPOMHTErpHUPOBAB 110 d,

NPUXOAUM K CIEAYIOLEMY:
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dN,
da

[N,(@)=2da =[N} (a)dalkia,N, - &, N, — m,]
0 0

1 1 K ~
N3 (0) = N3 (0) = [ N3 (a)dalkya, N, -, N = m,
0

~ ~ _ka m

171 P 2 p

ko,N,—a,N;,—m, <0,N, 2 —N/ ——== N7,
a, a,

CnenoBaTrebrHO
N, > N?.

ITeperném K oueHke N, .

B cuy yerBéproro ypaBHeHus cuctemsl (2.1.1) momyuum

N(0)exp [ A(£)dé

Ny(a) = <N

max

1+ &N(0) j exp( j AE)dE)dr

20e
A(a) =k,a,N, —m,.
B cootBeTcTBUU ¢ 4ETBEPTHIM ypaBHEHHEM cucTeMbl (2.1.1) umeem

AT N, (ke Ny =Ny —my), - A(a) = kya, N, —m,.

da

A N,A(a)—&N; (a).
a

PaznenuB 00e yacTu ypaBHEHHS — N, (@) MOIyYUM

1 dN,_ A@)
Ni(a) da  Nya)

BBons cnegyromme 0003HaYeHUS

1 dy 1 dN,

Na) 2 da  Na) da

MOy YUM

Q:—A(a)y+€. (2.1.5)
da

OnnopoaHoe ypaBHeHue (2.1.5), npuHUMaeT BUA

D1 sy M)

da y da

BreimonnuB HHTCTPUPOBAHHUC I10 a UMCEM
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Iny =] AEZ+7,(0). (@) = exp(-] AE)dE)1,(0) (2.1.6)
Bremonuss auddepenuuporanue (2.1.6) no a nomxydum
% = exp(—I A(E)dEN(-A(a))- »,(0)+ exp(—I A(£)dE)y, (0).

B pe3ynbrare noaCTaHOBKH ) U Z—y B ypaBHeHue (2.1.5) nonydaem
a

exp(~[ A(E)E)(-A(a))y,(0) +exp(=[ AE)E), (0) =

= —A(a)exp([ A(E)E)- 3,(0) +&.

exp(—[ A(E)dE)y, (0)= &

CJ'ICI[OB&TGJ'IBHO, Inojrydacm

&

= sexp(] A(&)d&).

3(0)= ;
exp(-] A($)dS) 0

[IponHTErpUpPOBAB 1O @, MOJTYYHM:
$1(0) = £ [exp(] A(§)d&)dz + y(0).
0 T

[Tocne moacranoBku BeauduHsl ¥,(0) B Beipaxenue (2.1.6), Haxoqum

OB exp(—z A()dENe [ exp(- A©)dE)dT + y(0)) =
’ ’ (2.1.7)

= ¥(0)exp(-] A(E)dE) + s exp(—] AENE) [ exp(-] A

1
u y(0)= B COOTBETCTBUHU ¢ (2.1.7) umeem

Ny(a) N;(0)

C yueTom TOTO, 4TO y =

Ny(0)exp(] A(E)dé)
N3 (a) = 0

1+ &N, (O)]L exp(| AT

JocTaTouHocThb. [Tepexomas Kk 000CHOBAHUIO TOCTATOYHOCTH, MPETOJIONKIM

BBITIOJTHEHNE HEpaBeHCTB (2.1.4). JlokaxeM, 4TO U3 3TOrO CIEAYET
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k
NT=NP, L NP e[ Q)
ke, m,

B cooTBeTcTBUU ¢ TpeTbuM ypaBHeHHEM (2.1.1) BepHO cieayroriee
ko N, —a2ﬁ3 -m, =20

klal(Nl_Nlp)ZO

N, > N?.
CormacHo Tomy, 4To N7 >0, N? >0, TO
T <Ny k0 o> "
ke, m, kok, e,

Ha ocHOBe mnpemiokeHHOW MOAEIM MOXKHO 3aKJIKOYWTh, YTO MOPOrOBBIC
3HAYCHUS BPEAOHOCHOCTH MOMYJIAIHNHU U 3PGHEKTUBHOCTH €€ €CTECTBEHHBIX BparoB

ONpCACIIA0OTCS COOTHOIICHUSAMM:

k. m ko m
L NN VL U SNy (2.1.8)
a N,  «a a, a,

PaccMoTpuM HecTallMOHApHYIO TMOCTAaHOBKY 3a/ladyd 3alllUThl PACTEHUN B
kiacce V(.) Tpoduyeckux mojene.

«CocTOsIHUE MOJICTTLHOTO arpoIeH03a 3a1aéTcsi CHCTEMOW YpaBHEHUN»

[101-103]:

dN,
=0-a,V,(N,)N,,

ar O -V (NyN,
dN. ~
Ttl:Nl(koaoVo(No)_alNz_ml)s (2.1.9)
dN ~

2 = N,(ka,N, —a,N, —m,),
dN.
7; = N,(k,&,N, — &N, — m;).

~ 1%
N(4) = t_J-Nl(t)dt-
ko

«MaremaTnueckoe  J0Ka3aTeIbCTBO  CYUIECTBOBAaHUS ~ pEUIEHUH B
HECTAallMOHAPHOW TOCTAHOBKE 3aJayd 3allUThl PAcCTEeHUl OCHOBBIBAETCS Ha

cienyoomieM ytepxaeHun» [93], [101-103].
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Teopema 2.1.2. ][5 TOro 4T00BI JAHHOE YCIOBUE UMEIIO MECTO

llle(fk)>N1 (t, > ). Ni< |:kma2 /;;lg}

HCO6XOI[I/IMO u JOCTAaTO4YHO, YTOOKI BBIIIOJTHSIINCH HCPAaBCHCTBA:

N,(t) < Qp 0<r<t,
Ay lVy
lim N,(z,) < N?, lim N,(t,)> N? (2.1.10)

Ik
ﬁﬁg=%IMUMni=L3
k0

N 1 P N0 N 2
k — N% kaNl ﬂ

N, = , _
* a.N/ a a. a:

Jloka3aTebCTBO.
Heo0xogumoctsb. Ilpennonoxum, yto ycioBus Teopembl 2.1.2 uUMEOT

MCCTO, TO CCTh.

lim Nz(tk) > N/

-

[Tyctes B cucreme (2.1.9) Tpoduyeckue CBsI3U MEXKIY BUAAMH 33JalOTCS
CMEIIaHHBIM THIIOM, BKJIIOYAIOIIMM KaK KIJIACCHYECKHE BOJBTEPPOBCKHUE
3aBUCUMOCTH, TaK U PYHKIMHU U3 Kiacca V(-), a MUMEHHO:

CornacHo nepBomy ypaBHeHH!0 (2.1.9) cripaBenyinBo

N _ oy (NN

B camom nerne, cooTBeTCTBYyIOlEe MEPBOMY ypaBHEHHIO cucTeMbl (2.1.9)

OIHOPOAHOC YPAaBHCHHUC 3alIMCBIBACTCS KAaK

dinN, __ aVo( NN,

dt N, 2.1.11)
[Tocne unrerpupoBanus paBenctna (2.1.11) nonyyaem
InN, = j“ SoNI g )dg+ N2 (0)

0 o

500041
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N (1) =exp(~[ 2Ny 2 )ag v 0)
o Ny 2.1.12)

rae N, (0)- Ipou3BOIbHAS TOCTOSHHASL.

Huddepenuupys Boipaxkenue (2.1.12), unmeem

dN, “aV (N, V.(N, :
= (| ; N (£)dE ) (- #N])-NO(OH

sexp(~[ CVNIN g )ag ) Nz 00))

0 0

Iloxacrasisis HaMIEeHHOE 3HAYEHU

IMPUXOAHUM K BBIPAKCHHIO:

exp(—[ LNy £ ) )

0 0 0

vep(—[ 2 NIy ce)ag )Nz 0=
aOV;\gNO)N] exp(— ja V;N o)

0 0 0

Gy ). N30+

=0~ —— =N (£)dS )N, (0).

501041

(N;(O))':Q-exp(j N(N 2NN ) e )ag),

o (2.1.13)
HOCHC I/IHTerpI/IpOBaHI/IH IIOCJICIHET O paBeHCTBa Haxoanum
. r “aV. (N
N:(0)=[0-exp(| %‘))de@m N,(0),
0 o Ny (2.1.14)

rae N,(0) - IPOU3BOJIbHAS TOCTOSTHHAS.
[Toncrasnsist HalineHHoe 3HaueHue N,(0) u3 paBeHcTB (2.1.14) B (2.1.12)
MOJTyYUM

Ny(0) = expl- j APl (£ya) i, (0)+

O

a4V, (Ny)

+ j 0-exp( j L0 NIN (E)dE)dE). (2.1.15)
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Beenem oGo3HaueHue N7t = .[ Vo (Vo)

0 0

00N dt, Toraa u3 cooTHoueHus (2.1.15)

MMOJIy4YHM CJICAYHOHICC HCPABCHCTBO!

V(1) exp(~a N1 N (0)+ O expla, Ny (1~ )d ] -
=exp(—a,N/t, )N,(0)+exp(—a, N/t )QIexp(a N't Jexp(—a,N/t)dt ] =

:exp(—aONlptk)No(0)+QIexp(—O(ONlpT)dT] =

= exp(—a,N"t, )N,(0)+0 j exp(—a, N’ (7 ))M
-a,N/
= exp(—OZONlptk )NO(O) +0- exp(_aONlp
- aONI 0
_ Q o _ 0
=exp(—a,N/t, )N,(0)— N -exp(—a,N/t, )+ a7 = AN

Orcrona cienyer, 4To

N()<—2
a,N/

N3 BTOporo ypaBuenus cuctemsl (2.1.9) cnenyer:

an, =N, (k,a,N, aN —m, ).
T.C.

W =—m, +ka,N,—aN,

Noy< @ _m 1 ddnN(t)

dt

>

BrinosnHss uHTErprpoBaHUe o nepeMeHHou ¢ oT 0 10 ¢ HaXOauM:

lim ¥,(1,) < 20< ™ _ e,
to® a, N«
lim N, (t,) < N?.

[
CornacHo TpeTbeMy ypaBHeHUIO (2.1.9), umeem:
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dN,

=N2(k1061N1 _azﬁ3 _mz)

AN _ s kayN, - a, N,
dt
N)="0 ) e LA,
a dt

2 2 2

Beimomnnss HHTCIPUPOBAHUC I10 HepeMCHHOI\/’I tor0 0 t; HaX0JuM

. ~ k.o m
llmt_)ooN3(tk)Z : 1N1P__2:N§D’
¥ 2 a,
limtﬁoo]\ﬁ(tk) > N{

Hocrarounoctsb. Ilycts HepaBeHctBo (2.1.10) BbemosnnHeHo. Tpedyercs

JI0Ka3aTh, YTO OTCIOJIa CIEAYET CIPABEAJIMBOCTh YCIOBUS TEOPEMBI tlim N,(t,) = N/
—0©
k

U B CHJIY U3BECTHBIX (hakToB N/ >0,N/ >0 TOTIa

<Ny < ]@
k., m,

m,

NO(tk) 2 NO(O)+%[N1‘" _ﬁl(tk)l

p
1
" TaK
NO(O)_NO(tk)

ﬁl(tk)_Nlpz Qt ’

B PC3yJIbTAaTC UMCCM HCKOMOC HCPABCHCTBO

lim N,(z,) > N?.
tk—)oo

2.2. llocTpoeHne MaTeMaTHYECKUX MO/IeJIel 3alUThl PACTEHH,
o0bequHsIIOINE (AKTOPBLI BPEMEHHO-BO3PACTHOI CTPYKTYPbI,
NMPOCTPACTBEHHOI0 HEOTHOPOJHOCTHU U MPOU3BOJIbHO 32/1aBaAeMbIX
Tpopuuekux GpyHKuui
CoBpeMeHHOE COCTOSIHHE arpoNpOMBIILIEHHOTO KOMILIEKCa

XapaKTepU3yeTCsl TOBBIIICHHBIM BHHMaHHEM K TMpoOieMe oOecredeHus
COXPAHHOCTH BBIpAIlMBACMON MPOAYKIIMM HAa BCEX JTalax ee¢ IPOU3BOJICTBA.
O¢ddexTuBHOEC pelIeHWEe TaHHOM MPOOJIeMbl HEBO3MOXKHO 0€3 TIIyOOKOTO
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IIOHUMAaHUsl MEXaHU3MOB, ONPEICIAIOMUX IUHAMUKY YHUCIEHHOCTH OPraHHU3MOB,
HAHOCAIMX yIIEpO CETbCKOXO3AMCTBEHHBIM KyJIbTypaM. B cBs3u ¢ 3TuM, ocoboe
MECTO B CHCTEME HAy4YHOTO 3HaHMS 3aHUMAET BOIPOC (OpMaIu3alMU MPOLECCOB
B3aUMOJICUCTBUS B CUCTEME «PACTEHUE — BPEIUTEIb — CPEAA» U NOMCKA METOJIOB
aZICKBAaTHOTO OINMCAHUs 3alIUTHBIX MeponpuAaTuil. [IpruMeHeHue MeToaosoruu
MAaTeMaTHYECKOTO MOJCIMPOBAHUSA OTKPBIBAET IIMPOKUE IEPCIEKTUBBI IS
U3YYEHUS JAHHBIX MPOLECCOB, MTO3BOJIAA IEPEUTH OT KAaY€CTBEHHBIX ONMCAHUM K
CTPOTUM KOJIMYECTBEHHBIM COOTHOLICHUSIM.

MaremaTnueckoe MOJENIMpPOBaHHME, KaK METOJ MO3HaHMs, Oa3zupyercs Ha
NOCTPOECHUU aOCTPaKTHBIX (POPMAJIbHBIX KOHCTPYKUUH (MOAENeH), OTpakarolux
CYILIECTBEHHbBIE CBOMCTBA U3y4aeMoro o0beKTa WiH siBlieHus. B paccmaTpuBaemMoii
npobiieMe, Takas MOJEb IMPEACTaBIsieT cOO0N COBOKYNMHOCTh MaTE€MaTHYECKHX
COOTHOIIEHHH (ypaBHEHUH, HEPABEHCTB, JIOTMUECKUX YCIOBHI), KOTOpBIE C
3aJaHHOM CTENEHbI0 TOYHOCTH ONMCHIBAIOT Pa3BUTHE TMONMYJISLUUNA BPEIHBIX
OpPraHMU3MOB, BIIMSIHUE HA HUX 3alUTHBIX MEP U U3MEHEHUE COCTOSHMS CaMOro
arpoLeHo3a.

B cBs3u ¢ Bbllecka3zaHHBIX (PaKTOPOB 3a7aya KOPPEKTHOTO (OopManbHOIO
ONMCAHU 3aIMThI CEJIBbCKOXO3SIMCTBEHHOIO ypoXKasi B paMKax MaTEMaTUYECKOTO
MOJEJIMPOBAHUS TPUOOPETAIOT HECOMHEHHYIO aKTyalbHOCTb.

OT TOro, HacKOJbKO TIOJHO W TOYHO B MOAEIU OyAyT YUTEHBI
OHOJOrnyecKkrue 0COOEHHOCTH BUAA-BPEIUTENS, €r0 TPOPUUECKUE CBA3H, BIHUSHUE
abuoTHueckux (akTOPOB U MEXAHU3MBI IEUCTBUS 3AIUTHBIX MPENapaToB, 3aBUCUT
IIPOTHOCTUYECKAsA LIEHHOCTb IIOJy4aeMbIX pe3ynbTaToB. HeyauBurenbHO, 4TO
CerofHsl 3Ta MNpoOJieMaTHKa MPUBJIEKAET BHUMAaHUE OOJIBILIOTO Kpyra YYEHbIX,
paboTaronMx Ha CThIKE OMOJIOTHH, YKOJIOTUN U MPUKIIATHON MAaTEMAaTUKH.

DOTO MO3BOJISIET HE TOJBKO IPOTHO3UPOBATH PA3BUTHE CUTYAllMU, HO M
BBIOMPATh ONTUMAaJIbHbIE MapaMEeTPhbl 3alIUTHBIX BO3ACHCTBUM, oOecrieunBas TeM
caMbIM Hay4YHYIO OOOCHOBAHHOCTH MPAKTHYECKUX PEKOMEHJIALUI M0 COXPAHEHUIO

ypoxKasi.
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«Hccnenyem MareMaTH4ecKyr0 MOJEIb arpoleH03a, BKIIOYANOILYI0 TpH
TPO(UUECKUX YPOBHS IO CXEME «PACTEHHE — BPEIHBIE HACEKOMBIE — IIOJIE3HBIE
HAaCEKOMBIE» €  Y4E€TOM  BO3PACTHOM  CTPYKTYpbl  NONYJSALUH,  HX
IPOCTPAHCTBEHHOTO PACIpPEAEIECHUs] W IPOU3BOJIBHOIO BHUAA TPOPUUECKHUX
B3aMMOJICHCTBUM.

JInHaMuKa MOJEIMPYEMOM CHCTEMBI OIHCBIBACTCS CIEAYIOLIEH CUCTEMOU

mudepeHnanbHbIX ypaBHeHui» [93, 97, 108, 137, 138, 162]:

(dNy
dr = Q — agNyN;y,
dN. Vi(N;) -

— = Ny (koagNg — ﬁNz —my)

] a M (2.2.1)
6N2+6N2+6N2_N ko Vs (V) Vz(Nz)N o
ot 9a 0 2 (k V1 (Ny N, 3 — My)

ON; ON; ON;
+ + = N3(k,V,(N;) — eN3 —m3),

\ Ot da  0x

C HaA4YaJIbHBIMH N KPACBBIMH YCJIOBUAMU

Ni(x,a,O)le.o(x,a), xeG, 0<a<ow, i=23

No(60.0)= [ B(E.1, NN, (v, £,

N;(x,0,¢)= jB3(§,t, N, )N3 (x,&,0)dt, 0<t<rt.
0

=0, i=23.

N

i
«3nech 0 — CKOPCTh IOCTYIUIEHMs BHemHero pecypeca, N, =Ny (f)— macca
BHEIIHETO pecypca ( MUHEpaIbHBIE yIO0OpPEHHs, BOAA U MOJUBA M COJHEYHAS
SHEPI'Hs) B MOMEHT BPEMEHHU #, N, = N,(t)— OMOMacca pacTeHHs B MOMEHT BpEMEHH
t, N.=N,(x,a,t)~ Guomacca WM YUCICHHOCTh BPEIHBIX HACEKOMBIX (i=2) H
MOJIC3HBIX HACCKOMBIX (i=3) B MOMCHT BPEMCHHM [, BO3pacTa @ U B TOYKE X, X-
HNPOCTPAHCTBEHHAss  KOOpAWHATA, re(0,z] z—const <o, ae0,0)  By,(+), B3(*)
KOO(P(UIMEHTH POKIAEMOCTH BPEAHBIX U MOJE3HBIX HACEKOMBIX, CyMMapHas

YUCJICHHOCTB, COOTBETCTBCHHO BPCAHBIX U IMOJIC3HBIX HACCKOMBIX, CYMMa 6epéTC$I
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10 TEM BO3pacCTaM, KOTOPBIC HAHOCAT BPCA CEIbCKOXO03S1CTBEHHBIM KYJIbTYpaM U

YHUUTOXKAIOT HACEKOMBIX-BpeauTenei» [93, 97, 108, 137, 138, 162]

5
N, =N, = .”N[ (x,a,t)dadx, a,,p, =const>0, i=23. (2.2.2)
a; G
m; —cpenare Kod(OPUIICHTHI €CTECTBEHHOW CMepTHOCTH, i=1.23; k; — momns
ouomaccel norpednenus, =012, a, -~ xodpduument tpoduueckoi QyHKIUH,

i=0,1,2; £~ K03(pPHUIMEHT caMOOTpaHUYEHHS POCTa TOJIE3HBIX HaceKOMbIX, V;( +) —

[ = 1,2 npousBoJibHasg Tpopuueckas GyHKIHS CO CBOMCTBAMM:
dV (N 2
U ’ d“V(N) <
dN dN?
IIycte V =V;(N;), i = 1,2 — 4ucieHHocTh (WM Ouomacca) CKOPOCTH,

HOTpe6J'ISI€MaH OJHHUM XUIITHHUKOM B CANHHUIY BpPCMCHHM. O06o3HaYUM

Ml.(a,t):maxx Nl.(x,a,t), i=23. 0<a<w, 0<t<71. ¢

B,(:) = b,(a)N;, B3(-) = bz(a)N, .
Torma, mocTtaBieHHas 3aja4ya, TO e€cTh 3amada (2.2.1), npuHUMAaeET

CHEIYIOIINI BU:

( dN,
dr = Q — agNyN;y,
dN. V:(N;) -
— L = N, (koatoN, — 1 (V1) N,—my),  N;(0)=N2,i=0,1.

dt N,
oM, JM, V,(N,) -
a3t " oa = M, (k Vi (Ny) — N, 3 — My),

< 6M3

oM
ot + 6_a3 = M3(k;V,(N;) — eN3 — mg), Ml = M7 (a),i=2,3. (2.2.3)

My(0,8) = f by ()N, () My (£, £)dE

0
0o

My(0,0) = j by ()N, (6) My (£, €)dE

\ 0

BBenewm crenytoniue 0003HaUCHUS:
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T

1 ~ 17~
JNl(t)dt u N, =;IN,-(t)dt i=23 1>0
0

Nf ==
1 T

0
-cpenHsisa buomacca (Ui CpeIHsIsl YUCIEHHOCTh) 3a MPOMEXYTOK BPEMEHH T.

Tpebyercs, utoon urciaa NP, NP, 6pumn maiimensl Takum 00pa3oM, YTOOBI
’ 3 ’

BBITIOJIHAJIMCh HCPABCHCTBA

1( 1
;J N, (t)dt < N7, ;f N5 (t)dt = N?T, (2.2.4)
0 0

JUJISl KOTOPBIX TapaHTUPYETCS BBITIOJIHEHUE CIIEAYIOIIETO YCIOBUS

T
1 b p .
- N ()dt = Nf, N € [N™", Nmex], (2.2.5)
0
Nlp — 3aJlaHHas IUIAHOBasi BEJIMYMHA OMOMAacChl pPacTEHUH, sz , N,f —

COOTBCTCTBCHHO IIpCACI BpPCAOHOCHOCTH BPCAHBIX HACCKOMBIX H YPOBCHb

3¢ (HEKTUBHOCTH TOJIE3HBIX HACEKOMBIX (IHTOMO(DAroB).

Tenepp nosyuyuM HEOOXOAUMBIE U IOCTATOUHBIE YCIOBUS JOCTUKECHHUS
IJIAHOBOTO yposKas Jisi OMOJI0THYECKOM cucTeMbI (2.2.3).
HNmeet mecTo, ciienyromas Teopema.

Teopema 2.2.1. Ilyctb

av; d2v; .
Vi()=0, >0, =<0, i=1.2
dN dN?Z
Vi (N4 (¢ VA (N~ (a,t
t N a Npat)

a4, 0, = const,

Torna msis Toro, 9ToOBI UMEJI0 MECTO YCIIOBUE

T

1 b .

- j N, (©)dt = Nf, NP e [Nj"", N~
0

H€O6XOJII/IMO 1 JO0CTAaTOYHO BBIINMOJIHCHUEC CIACAYIOINX HCPABCHCTB!
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Q

“0N1P’

§
Ny(t) < 0<t<r,

T

1 -
EJNZ (t)dt < N7,

0
T

11 -
;jNg (t)dt = NY .
\ 0

N

(2.2.6)

sneck N, NP — onpenensercs no gpopmynam:

koQ oy 1 N;(7)

NP = —_—— n ,
? a N @, @t Ny(0)
k,x m 1 N,(x,a,t
NP =2 1Nlp—_—z—_—maxlng.
a, a, a,T x Nz(a, 0)

Jloka3aTeJabCTBO HEOOXOAUMOCTH:

[1ycTh BBINOJHAETCS YCIOBHE

T

l P prP min pymax

. Ny (t)dt = Nf,N] € [N™", Nfmax],
0

[TokaxxeMm, 4To HepaBeHCTBA (2.2.6) Takke BBIIONHIOTCA. Ha ocHOBaHuM

NEPBOT0 YpaBHEHUSI CUCTEMBI (2.2.3)

dN,
T Q + Fy(No, Ny),
N, (t) < N, exp(— ao.([Nl (0)dr)+0 ! exp(— e, j N,(EME)dT < {NO 0)— ao%?\f{’ }exp(— g N/t )+ ag\f{’ .

CraenoBaTteibHO,

Ny(t) < o , 0<t<y, <N0(0)= Q)

P p
050 1 aON]_

N3 BTOpOrO ypaBHEHUs CUCTEMBI (2.2.3) moiaydaem:

dN N.

OTCrOJa

Vi(N1) 75
N N2 - ml,
1

d
Elan = koaoNO -
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IMOCKOJIbKY

Vl(Nl) koaoNO my — %lan u
V1(N1) ~  koQ d
N, =-2%—m, ——InN
N, 2PTNF M Tt

Torna, unrerpupys no t B npegenax ot 0 10 7, mogydaem:

V:(N;(t)) - 1 N (7
‘f W) 5 K@ 1 M@
T N1 (t) N T N;(0)
0
TO €CTh
. Vi(N1(t)) x5 koQ 1, Ni(1)
< —_—— —_ = —_
O<min =ve N2S3p ™~y oy
VN () _
MOCKOJIBbKY 0 < 0n<1t1£11 NL (D) a; < o oTcroaa
T
1 koQ N, (7)
N, (t) dta S—5-—m —ln
Toj V() dea, < o —my —Ingl oS
17 N
m T
fNZ(t)dt< koQ M l 1(7) gy
T a1N1 a, N;(0)

0
T

1 -
;JNZ (t)dt < NF.

0

JIns mokasaTenbCTBa TPEThEero HepaBeHCTBa (2.2.6) pacCMOTPUM TPEThE

ypaBHenue (2.2.3):
oM, oM, Va( 2) W
W + % = M, (kVi(Ny) — N, —m,),
] 0 Vo (N2) 5
3t + E)lan =kiVi(Ny) — == N3 —m,
Otcrona
V. (N ) ~ ] 0
2 N3>k Vi (N;) —m, — 3t + E)lan

Bgenem 3aMeHy nepeMeHHbIX
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a=t+e, plt,g)=My(t+c,1)

da
U IIpUHUMasi BO BHUMaHUE YCIOBHUE E =1, IpUXOAUM K BBIBOAY, YTO

Oop OM, N oM,
ot ot oa ’

H U3 IIOCJICAHCTO YPABHCHUSA UMCCM

V,

(N2) & 0
sz N3=>k.Vi(Ny) —m; — Eln(p

HNHuTterpupys nociennee ypaBHeHue 1o t ot 0 10 7, Haxoaum

T

1 (V2(N2) - 1. M(ar1)
— N.dt = k,a;N° —m, — —In—2,
T,[ N, 3 1 27 M,(a,0)
0
OTCIOZIa
V2(N2(at)) &~ koQ _ 1, My(aT)
0<mc?X—N2(a,t) N3 2 Nf m1 . ln —Mz(a,O)'
[TockosbKy
Va(Na(at)) -
0< mgtx TNan o a, < 0o, Tormga
T
1 - kia m 1 N,(x,a,t
—jN:;(t)dt > 1_ 1N1P —_—Z—Tmaxlng= g)
T a, a, 1@, =x N,(a0)
0
Orcrona

T
1( -
;.[Ng;(t)dtZNf.
0

Jloka3aTeqbCTBO J0CTATOYHOCTH. [lycTh BBINOJHAIOTCS HEpPAaBEHCTBA

(2.2.6). ITokaxeM, 4TO

T

1
;f N, (t) dt > N7,
0

TakKe BBIIOJHSAETCS, Tae N{ - manupyemoe n3 untepsana [Ny, Nj"4].

N3 nepBoro ypaBHenus (2.2.3) Haxoaum
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T

No(®) = No(0) + Q¢ — g [ NoM,(0)de
0

OTCIOZIa

No(t) = Ny(0) + Qt — %for N;(t)dt wu,cregoBarenbHO,
1

0

- {M@—N¢W 0
p AoV, _
- ! N,(t)-N? > o : (NO(O)—%NIPJ.

Takum 00pazom, noxyyaem

T
1 P
— | N;(t)dt = Ny
T
0
Ha ocnoBanum TOr0, 4TO NZP , Nf HEOTPULATEIIbHBI, TOT 1A
m 1 N,(x,a,T k
2 2( ) < Np < OQ

— 4+ —maxin———=< — .
koo, @,T =x N,(a,0) 1 RG]
T "Ny (0)

my

2.3. OnTuMHU3anMOHHAs MO/IeJIb MHTErPUPOBAHHOI0 MeT0a 00PBLOLI C
BpeIUTEISIMH CeJIbCKOX03SIICTBEHHBIX KYJILTYP B OHOCHCTEME THIIA

«XMIIHUK — )KEPTBA» ¢ MPOU3BOJbLHBIMU TPOPUUECKUMH (PYHKIIMAMU
MaremaTuyeckoe  MOJETUPOBAHME  MPOLECCOB,  HAMPABICHHBIX  Ha

COXpaHECHHE IUJITAHUPYEMOTO O0BbEeMa  CEeIbCKOXO3SIICTBEHHOM  MPOIYKIIUH,
3aHMMAaeT KJII0YEBOE MECTO KaK OJuH M3 (yHIaMEHTAIbHBIX HHCTPYMEHTOB
aHajau3a, MPOTHO3UPOBAHUS JWHAMUKH MPUPOAHBIX OOBEKTOB U BBIPAOOTKH
YIIPaBIEHYECKUX pelIeHu B OTHOIIECHUU HHUX. AKTYyaJIbHOCTh
COBEPIIIEHCTBOBAHUS CYIIECTBYIOIMUX M Pa3pabOTKH HOBBIX CHUCTEM 3aIlUTHI
KYJIbTYPHBIX PAacCTeHUH OT TOBPEXKICHUS BpPEIHBIMU OpraHU3MaMy  Ha
COBPEMEHHOM JTare pa3BUTUA OOIIECTBA MPUOOpPETAaeT XapakTep OJHON U3
IIPUOPUTETHBIX  HAPOAHOXO3AMCTBEHHBIX 3a7ay, HWMEIOIIEH OJHOBPEMEHHO
BBIPAKECHHYIO COIIMATIBHYIO 3HAYMMOCTh U MIPUPOJOOXPAHHYIO HATPABICHHOCTb.
Hcnonbs30BaHHEe MAaTEMAaTUYECKOTO armapara, a TakKKe PEeAIM3YIOLIUX €ro

NpOrpaMMHBIX BBIYHUCIIMTCIIBHBIX KOMIIJICKCOB IIPpHU PCHICHUU 3aaa4, CBA3aHHLIX C
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o0OecreyeHueM COXPAaHHOCTH OYAYILIEro ypoxkasi, MO3BOJISIET CYHIECTBEHHO
MOBBICUTh KAaYECTBO MJIAHOBO-d)KOHOMHYECKUX PACUETOB, OOECHEUYUTh HE TOJBKO
KpAaTHOE COKpAIllEHHE BPEMEHHBIX 3aTpaT Ha MPOBEJACHUE BBIYUCICHUN, HO U
rapaHTUPOBaTh MOJYYEHHUE ONTHMAJIBHBIX C TOYKHU 3PEHHUS 3aJaHHBIX KPUTEPHUEB
pEeLIEHUN.

«B obmactu MareMaTH4EeCKOW OJKOJIOTUM M TEOPETUYECKOW OHO(pU3UKH
HIMPOKOE MPU3HAHKUE MOdy4ynsia GyHAaMEeHTaIbHAsT MOJIETh MEXIOMYJISIIHOHHOTO
B3auMozecTBUs, paszpadboranHas A. Jlotkoii u B. Bonsreppa» [11-13, 51].
JlanHasi Mojelib, OMUChIBaeMas CHUCTEMOW OOBIKHOBEHHBIX A depeHIInaIbHbIX
ypaBHEHUM, (GopMaau3yeT B3aMMOOTHOIICHHS H30JUPOBAHHBIX MOMYJIALNMA, B
YACTHOCTH, MO TUITY «XHUIIHUK — XKEPTBa». BrociaeacTBUM 3HAUYNUTEIbHOE Pa3BUTHE
MOJIyYHJIA 0000IIEHNUs TaHHON MOJIENH, YUYUTHIBAIOLIUE CITIOCOOHOCTh SKOCUCTEMBI
K aJanTalid B YCJIOBHUSAX HM3MEHSIOLICUCS BHEIIHEH cpeibl A MPOU3BOJIBLHOIO
yucna N B3aMMOJCHCTBYIOIIMX BUJIOB. VcTopusi pa3BUTHUS MaTeMaTUUYECKHUX
MOJXO/IOB K OINHCAHUIO KOJEOAHWM YHCICHHOCTH OWOJIOTHYECKUX MO
HACUUTHIBAET HE OJTHO JCCSATUIIETHE.

«OcHoBoImoNMaralIMMu padboTaMu B JaHHOW 00JacTH ClIeIyeT CUMUTaTh
MO/IEJTb 3KCIIOHEHIIUAIBHOTO POCTa, NMpemioxkeHHyto T. MansTtycom» [14], a Takxke
«itoructuyeckyro mojnenb 1. depxronbcTa, OMUCHIBAIONTYI0 POCT YUCICHHOCTH B
YCJIOBUSIX OTPAHUYEHHOCTH pecypcoB. MIMEHHO 3TH HCCIEIOBaHUS TMOCITYKUIN
TeOpeTUYeCKUM (YHIAMEHTOM IS TOCIEIYIOIMMX KJIAaCCUYECKUX TpyaoB B.
Bombreppa» [51], A. Jlotku [11-13], a Taxke Oosiee mo3gaux padot P. Mas [15,
16] u gpyrux aBTOPOB, 3aJI0KUBIIMX OCHOBBI «COBPEMEHHOM MaTeMaTHYECKOU
MOMYJISILIMOHHON JuHaMuKm» [4-10].

«HccnenoBaHui0 BONPOCOB YCTOMYMBOCTH MAaTEMAaTUUYECKUX KOHCTPYKLIHM,
OMUCHIBAIOIINX JUHAMUKY TMOMYJISUUM M COOOIIECTB, C YyYETOM HaJIUYHs
BPEMEHHBIX 3ala3JbIBAHUM U MPOCTPAHCTBEHHBIX B3aUMOJICHCTBHM, MOCBSIICHBI
TpyIbl Takux ydeHwix, kak FO.M. Ceupexesn, /[.O. Jloroder, P.A., TlomyskT0oB 1
M.K. FOnycu» [120, 138, 155-172]. B ykazaHHbIX paboTax B KA4E€CTBE OCHOBHOI'O

UHCTPYMEHTapusi, Kak [paBWIO, BBICTYHAlOT HEIWHEHHbIE OOBIKHOBEHHbBIE
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muddepeHIMaIbHble YPAaBHEHUS, YTO IPENIOJaraeT pPacCMOTPEHHUE JHMHAMUKU
YHUCJIEHHOCTH OWOJIOTMYECKUX OOBEKTOB KaK HEIPEPHIBHOIO BO BpPEMEHU
npolecca.

B ycnoBusax Pecny6muku TamkukucTan B mocjienHue ToAbl HaOIIOJaeTCs
BHEJIPEHUE OTAEJIbHBIX KOMIIOHEHTOB MHTEIPUPOBAHHOM CHCTEMBI, HAIIPABIECHHOM
Ha 3allUTy XJOMYaTHUKAa OT KOMIUIEKCa BPEAHBIX OPraHU3MOB U 3a00JIeBaHUU.
HccnenoBatenssMu M NPaKTUKYIOLMMH  CHEHMATIUMCTaMHM B 3TOM  obnactu
IPOBOANUTCA aKTUBHAsg paboTa MO BHEAPEHHUIO B IMPOU3BOJCTBEHHYIO MPAKTUKY
MHOTOUYHCJIEHHBIX XJIOMKOBOAYECKHUX XO3SIMCTB pecrnyOJUKH HHTErPUPOBAHHOTO
NOJX0Ja K 3allUTe JaHHOW KyJlbTypbl. B paMkax peamu3zyembIXx MepOnpusTU
IPUCTAIBHOE BHUMAaHUE YJENSAETCS Pa3BUTHIO OMOJIOTMYECKOr0 METO/a, Kak
HauboJIee FIKOJIOTMYECKH OE30MMaCHOTO U NMEPCHEKTUBHOTO HAIIPABJICHHUS.

Perynsuusi BpeAHBIX BHIOB, TIOHHMMaeMas Kak yHOpaBlIeHHE HX
YUCJIIEHHOCThIO, MPEICTaBIAET COOOM KOHCTPYKTHBHBI MOAXOA K PEUICHUIO
po0JIeMbl 3aLIUTHI XJIOMYATHUKA, HEMOCPEICTBEHHOM 1I€JIbI0 KOTOPOTO SBJISETCS
IpeI0TBpalIeHUE NMOTEPh ypoxkKas, HAHOCUMBbIX (putodaramu. ITpu popmynuposke
U pelleHMs 3aJady, KOTOpble B HAy4YHOW JMTepaType NpUHATO 0003Ha4yaTh Kak
«pEeryJIMpOBaHUE YHCIECHHOCTH BPEAHBIX OpPraHU3MOB» WM  «3alIUThl OT
BpeAUTENE»  HUCCIeNOBaHWE  BenETcs  Ha  OMOJOTMYECKHX  CUCTEMa
OpPraHM30BAHHBIX 10 THUIY «XUIIHUK-)KEPTBA» WM K€ «Iapa3uT-X03siuH». B
NOJOOHBIX 3a/ayaX BO3HUKAET HEOOXOJMMOCTh ONPEAEICHUS ONTHUMAIbHBIX
PEKUMOB MTPUMEHEHUST KaK OMOJIOTUYECKON, TaK U XUMUUYECKHX CIIOCOO0B OOPHOBI
UCXoAs u3 TpeOOBaHMM MHUHUMHU3ALMKM KOHEYHOW UYHMCIEHHOCTH BpPEIHBIX
HaceKOMbIX. [loMUMO 9TOrOo, aKTyaJbHBIMU SBJSIOTCA 3aJladyd  [epeBoja
OMOJOTUYECKONM CHCTEeMBI M3 OJHOTO (a30BOTO COCTOSIHUS B JIPYTOE,
XapakTepusytouieecss OoNbIlIed MPAKTUYECKONM 3HAYMMOCTBIO C TOYKH 3pEHUs
CEJIbCKOXO3SIICTBEHHOTO MIPOM3BO/ICTBA.

Peanuzamusi mMpakTUYECKUX MEPONPUATHI, HaNpaBiICHHBIX Ha 3alIUTY
CEJIbCKOXO3SMCTBEHHONW KYyJbTYpbl OT HETAaTUBHOIO BO3JACUCTBUS BpPEIHBIX

OpraHU3MOB, IPCATIOJIAracT MmoCJICAO0OBATCIIbHOC PCIICHUC IBYX B3dMMOCBA3aHHBIX
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KJIaCCOB 3aJay, a HMMEHHO: 3a/Ja4 IMOArOTOBHUTENBHOTO XapakTepa MW 3aaad
ONTUMHU3AMOHHOTO coaepxkaHus. CoaepkaHue MOATOTOBUTENBHOM 3aJa4yu
3aKJII0YAeTCsl B ONPEAENICHWH  KOJIMYECTBEHHBIX  3HAYEHUH  MOPOroB
BPEJOHOCHOCTH (PUTO(]aroB, a Takke B yCTAHOBJICHUHU ypOBHEW 3(h(HEKTUBHOCTH
noJie3Hoi 3HToMO(dayHbl (3HTOMO]AroB). YKa3aHHbIE MapaMEeTpPbl BBIBOASTCS U3
yCIIOBUS, OOECIEUMBAIONIETO COXPAaHEHHE MOTEHIMAIBHO BO3MOXKHOTO 00beMa
ypOKasi ¥ MUHUMM3ALMIO NIOTEPb. B TOM citydae, eciii yCJIOBHSI CyLIECTBOBAHUS
pelIeHUs] MOArOTOBUTEIBHON 3aJaud HE BBINOJHSAIOTCS (TO €CTh €CTECTBEHHbBIE
pPEryIUpPYIOIIAE MEXaHU3Mbl HE CIPABJSAIOTCS C CHEPKUBAHWEM NOMYJISLUN
BpEAUTENS), BO3HHUKACT HEOOXOAUMOCTh IME€pPeXoJa K PEIICHUI0  3aJauu
ONTUMAJIBHOIO YNPABJIECHUS COCTOSIHUEM arpoueHo3a. JTO, B CBOK OYEpEnp,
IIO/Ipa3yMEBAaET NPUMEHEHHE IPOTUB BPEJOHOCHBIX BUIOB HACEKOMBIX CTPATETHi
3aIUTHI MPEACTABIISIIONIETO COOOM EAUHYI0 CUCTEMY, OOBEIUHSIOUIYIO PA3INYHbIC
METO/bl. YKa3aHHasl CTpaTervsi OCHOBBIBAETCS HA KOMILJIEKCHOM 3aJ€iICTBOBAaHUU
arpoTeXHUYECKUX, OHOJIOTUYECKUX, XHMUYECKUX, MEXAHHYECKUX U TMPOUYUX
CIIOCOOOB TOAABJICHUS! YMUCIEHHOCTH BPEIHBIX HACEKOMBIX NPUMEHSIEMBIX HE
W30JIMPOBAHO, @ BO B3aUMOCBSI3U APYT C APYTOM.

KitoueBbiMu napameTpamH, ONPEAEISIOUMMHU 3¢ (HEKTUBHOCTH
(YyHKLIMOHUPOBAHUS MHTETPUPOBAHHONW CHCTEMbBI 3aIlUTHI, CIYy>KaT MOKa3aTeau
MOJIE3HON JEATEIbHOCTH SHTOMO(AroB M BEIMYMHBI MOPOrOB BPEJOHOCHOCTH
BpPEIHBIX HACEKOMBIX. JTHU MapaMeTphl NOANAI0TCA (POPMATTU3ALMK U BBIPAXKAIOTCS
B BHJI€ MaTEMaTHYECKUX COOTHOLIEHUH U (QOopMysl dYTO MpPerOCTaBISET
BO3MOYKHOCTh 3aMEHHUTh KAaYECTBEHHBIE ONHCAHMS K TOYHBIM KOJIMYECTBEHHBIM
XapaKTEPUCTUKAM.

PaccMoTpeHne NOCTaBIEHHOW BbINIE 3aJa4d OCYIIECTBUMO B pPaMKax
aHanu3a OMOJIOTMYECKHX CHUCTEM, KOTOpble (YHKIMOHUPYIOT MO MNPUHIIMITY
B3aMMOJICUCTBUS «XUILHUK — )KEPTBa» JTUOO «Iapa3uT — X035uH». buojornyeckuit
METOJ 3allUThl B JaHHOM KOHTEKCTE NPECTaBIsIeT COOOW LieJeHanpaBiIeHHOE
UCIIOJIb30BAHUE TMMAPA3UTHUECKUX M XUIIHBIX OPraHu3MOB JUISl PETyJsUu

YUCIICHHOCTHU HOHYJ'IHHI/Iﬁ BPCAHBIX BHJOB. CYIHHOCTB JaHHOIO IIoAxoJa
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3aKJII0YAETCsl B MHTPOAYKIMHU (BBO3€E) U MOCIENYIOEH KOJIOHU3aLUU Mapa3suToB U
XUIIHUKOB B arpoleHO03 C IENbl0 JOCTUXKEHUS TaKOro CHUXEHHUS OOWIHS
¢utoaroB, KOTOPOE COOTBETCTBYET OKOHOMHUYECKM U  IKOJOTHUYECKH
pPUEMIIEMOMY YPOBHIO, HE HAHOCAIIEMY CYIIECTBEHHOTO yuiepOa KyinbType. B
OTJMYME OT OHOJOTMYECKOro, XUMHYECKHH METOJ 3aluThl, oOecrnedynBast
BBICOKYI0O  HauajbHYI0  CMEPTHOCTh  BpPEIHBIX  HAaCEKOMBIX,  oOjamaer
CYILIECTBEHHBIM HEJOCTATKOM, 3aKIIOYAIONIUMCS B OJHOBPEMEHHOM rubesu
MOJIE3HBIX AHTOMO(AroB, 4TO MOXET MPUBOAUTH K HAPYIICHHIO €CTECTBEHHBIX
PETYJISITOPHBIX ~ MEXaHU3MOB UM IOCIEAYIOUIMM  BCOBIIIKAM  YHCIEHHOCTU
Bpeauteseil. B cBsa3u ¢ ykazaHHBIM OOCTOATEIBCTBOM IMPUHLUIINAIBHOE 3HAUEHUE
npuoOpeTaeT  BONPOC  OOOCHOBAHHOIO  BBIOOpA  MEXIYy  NPUMEHEHUEM
OMOJIOTMYECKOT0  JIMOO  XMMHUYECKOTO METOJa 3allUThl B  KOHKPETHBIX
CKJIa/IBIBAIOIINXCS yCIOBHSIX.

Hcnonp3oBaHue ammapara TEOPUH ONTHMAIBLHOTO YIMPAaBICHUS TO3BOJIMUIIO
HOJIyYUTh AHAJIMTUYECKHUE BBIPAKEHUS MO3BOJISIOLINE ONPEIEISITh palliOHaIbHbIE
nmapaMeTphl HWCHOJB30BAaHUS PA3TMYHBIM CIIOCOOOB 3aIIUTHl XJIOMYaTHHKA OT
BpeauTedae  MPUMEHUTENBHO K  MOJENBbHBIM  3KOCHCTEMaM  OHOILIEHO3a.
[TpoBeneHHBIC MCCIETOBAHMS TIO3BOJWIN BBISIBUTH CIEAYIONINE 3aKOHOMEPHOCTH,
KOTOpBbIE WMEIOT MPHKIagHOE 3HaueHue. [Ipm ycrmoBUM TOTrO, YTO TEKymas
YHUCJIEHHOCTh TIOMYJISALIMM BPEIHBIX HACEKOMBIX IPEBBIIIACT YCTAHOBJICHHBIN
MIOPOTOBBI YPOBEHb, @ YUCICHHOCTH TOIMYJISIIIAA XUIIHUKOB M Mapa3uTUIECKUX
BUJIOB HE MPEBBIIIAET UX OPOTrOBOro 3HaYEHUS (MO0 HAXOAATCSA HA UX YPOBHE),
MpUMEHEHUE OMOJIOTUYECKOT0 MeTo/la OOphObI SABJISETCS PAIMOHATIBHBIM U
s dextrBHbIM. Takass kapTuHa HaOIIOJAETCS B clydae, KOTJla YHCJIEHHOCTH
NOMYJISIMA  XUITHUKOB W Mapa3uTOB OKa3bIBA€TCS BBIIIE COOTBETCTBYIOIIMX
MOPOTOBBIX BEIMYMH: B TakOM peXuMe Oojiee MPEANOYTUTENBHBIM U
pE3yNBTaTUBHBIM ~ CTAHOBUTCS ~ HCIIOJNIB30BAHWE  XUMHYECKOTO  METO[a,

IMO3BOJIAIOMICTO OIICPATHUBHO CHU3UTDL YHCIICHHOCTDh BPCAHBIX HACCKOMBIX.
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HYCTB 3aJjaHa MOJCJIb arponcHO3a XJIOIMYaTHUKA, KOTOpasA BKIKOYACT B cebst

NIPOM3BOJIBHBIE Tpoduueckne (yHKIUU w3 kiacca V(+), AMEIOMMNA CIeTy oI

BU/I:
dN,
=kaV,(N))N, =V,(N,)N; —m,N, — (D)N,
N (2.3.1)
dt3 = kyVy(N,)N; —eN; —m;N; —au(D)N; + PN,

rae N, =N,()- COOTBETCTBEHHO YHCIIEHHOCTH BpPEIHBIX HACEKOMBIX (i=2) u
noje3Hbx HacekoMbix (i=3).V =V(N)-tpoduueckas (QyHKIHS B3aMMOICHCTBUS

BPCIHBIX U ITOJIC3HBIX HACCKOMBIX C OOBIYHBEIMH CBOMCTBAMU I = 1,2:

V. d*ViN) _y 1o
dN L) sz l - >

HYCTI) Ha4dYaJbHBIC 3HAYCHHA YHNCICHHOCTH HOHYJIHHI/Iﬁ HAaCCKOMBIX 3a/1aHbl

CJIEAYIOIIMM 00pa3oMm:

N, =N(t,)={N,(t,),N,(t,)}€ S°c E> u nuyctb U— MHOXECTBO KyCOYHO-
HETIPEPBIBHBIX byHKIMH, P=P(), D=D(), t,<t<t, IpUuYeEM

0<P@)<P,.0<Dt)<D,,, t<t,.t,]}

ax?
UccnenyeM 3aauyy oNTUMAIBHOTO YIPABJIEHUSA, CBA3aHHYIO C PUBEACHUEM
OMOCHCTEMBI B MPAKTUYECKU HaWIyulllee COCTOsIHUE. BXOAHBbIE JaHHbBIC JOJIKHBI
YAOBJIETBOPATh OINPEAEICHHBIM YCIOBUSAM, TapaHTUPYIOIIUM CYILECTBOBAaHUE
pelieHus.
[ToctanoBka 3ajauv ONTUMAJBLHOIO YIPABJICHUS TMPOIIECCOM 3allUThI
pactenuii (2.3.1) umeet Bu.

3amaua COCTOUT B HaXO0XXIECHUU TaKuX

P =P(@t) D*=D(¢)

"3 U, IPU KOTOPBIX K MOMEHTY f; OMOCHCTEMA TIPUXOIUT
1 2
B 3amaHHOe cocrosHHe N, =N(t;), N, €S cE° obecneunBas IOpH OSTOM

MHWHHMMAJIBHOC 3HAYCHHUEC LCJICBOI'O ®YHKHHOHaHa

I(P,D) = [ f*(N,,Ny,P,D)dt +p(N,,N;,P,D)

to

(2.3.2)

t *
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bynem mpenmnosarath, 4To (QYHKIUH f 0('), ® = @(*) UMEIT HenpephIBHEIE

nepBbie mpomsBogueie o mepemenusiM (N, N3) mo £()>0, o()20, a byHKIHS

2

d d
«no3a-3pdext» M = ((D) ynosnersopser ycnosusam: ((D) > O,d—g >0, D/; <0.

COBOKYMHOCTh TakuxX YyIpaBieHUd Oyaem oOo3HayaTth uyepe3 U
(MHOXECTBO JOIYCTUMBIX YIIPABIICHUI ).

YMHOkMM 00€ 4yacTH BTOpOro ypaBHeHus (2.3.1) Ha (_ %} B pe3yJIbTATE

3

MOJTyYUM
—%-%=—k2V2(N2)-i+m3i+ay(D)L—Pi+g=
dt N: N, N, N, N,
| (2.3.3)
=[m, + (D)~ P~ k,V,(N,)|—+¢
N3
Breném oOo3naue y 1 y : [IpoauddpepennupoBa mo ¢
BeIEM HAYCHUS = 0y, = . hivy HI[UPOBAaB II
N T Ny(0)
MOJTyYUM
—dN,
d__di __dN; 1
dt  N: dt NI’

Ecnu noacTaBuTh 3HaYEHUS y U % B hopmyny (2.3.3) To Oynem umerhb
% =[m, + au(D)— P - k,V,(N,) ]y + & (2.3.4)

I[J'IH paccMaTpuBacMoOro cirydass OfHOPOAHOC YPABHCHUC IPCACTABIIKICTCA B BUJIC

% - [m3 + a,u(D)— P—kV,(N, )]y

HepeHHmeM IMOCJICAHCC PABCHCTBO B BHUC

diny

i =ny +ay(D)—P—k2V2(N2).

B pe3ynbrare nHTErprpOBaHus N0 NEPEMEHHOM ! UMEEM

t
hly:f[”% +a,u(D)_P_k2V2(N2)]dT+y;
0
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NI

y= eXpD (m; +au(D)~ P _szz(Nz))dT]y; (2.3.5)

[Tocne muddepennmpoBanus cooTHomeHus (2.3.5) HaxoauM

y = exp{j(mg +au(D)~P—k,V,(N, ))dr} [ms + ap(D) = P— kY, (V) v, +

]

+ epo (m; + D)= P,V (N, »dr} ¥,
3aTeM, rmojcTaBiss (2.3.4)

expﬁ (m, +au(D)-P—k,V,(N, ))dz} Jms + ap(D)- Pk, (V) y: [+

0
+ expﬁ (my +au(D)— P —k,V,(N, ))dl’} -y =
0
=[m, + au(D)- P k,V,(N, )]exp“ (my +au(D)-P—k,V,(N, ))dr} Yo te
]

UMEEM

expﬁ(mg +au(D)—P—k2V2<N2>>dr}y*/ =¢

0

WIn
y'=¢ exp{— j (m, +au(D)-P—-k,V,(N, ))dr}. (2.3.6)
0
BhInonHss HHTerpupoBanue (2.3.6) 1o t, HaXOUM Y, B CIeAyomeil Gpopme
Vo = 8_:[ exp(—A(2))d7 + y,.
rae
)= f [ + (D)= P— k., (N, E.
Tlocie MOICTAHOBKH Y, B COOTHOLICHIE (2.3.5) npuxoauMm K CIeayroeMy

¥ = exp(A))Ly, +&[ exp(-A(2))d7]. (2.3.7)
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C y4y€Tom BBEJCHHBIX 00O3HAYECHUUN y = Uy, BbIpaxeHue (2.3.7)

N, (2) N,(0)°
HpI/IHHMaeT BHU

1
N;(0)

N;(1) +g_[ eXp(_/I(T))dz'} =

to

= eXp(/i(t))(

- N:(o) exp(A(t))- (1+ & N,(0) ;[ exp(—A(7))d 7).

CienoBaTeabHO
N, (0) exp(4(2)) (2.3.8)
I+&N, (O)Jk. exp(—A(7))dr

to

N3(t)=

Ecnu moncraButh (2.3.8) B mepBoe ypaBHeHue cuctemsl (2.3.1), TO moiayyum
CHUCTEMy, oIpeaeisseMyo (yHKIUeH N,=N,(f) xoTopast yIOBIETBOPSET

i pepeHInanTbHOMY YPaBHEHHUIO

d]\iz - lel(N1)N2 _Vz(Nz)' N3(0) xp(() —m,N, _ﬂ(D)Nz . (239)

I

1+ & N,(0) j exp(-A(7))dr

fy

PaccmoTpum  Temeph 3amayy  ONTUMAlbHOTO YIPAaBJIEHUS IPOIECCOM

3amuThl pactenui (2.3.1) kotopast popMyIUpyeTCs Tak:

3aaua COCTOUT B OTBICKAHUU TaKOTO AOMYCTUMOTO yrpasienus (P ,D )eU

_ 0
obOecrnieunBarONIMil mepeBosi cuctembl (2.3.9) u3 TOUKH N, () =N,

Nz(tk*):Nz =0

B TOYKY

* < ES — .
, 34 MUHUMAaJIbHOE BO3MOKHOE BpEMSI e Sthes L =1myni, (P, D).

JloKaxeM  CyLIECTBOBAHME —ONTHMANBHOTO  ympasueHus  (P',D')eU,

0
nepeBosIiero cucremy u3 cocrossuusgs N° e N B N, =0 3a muHHManbpHOEe BpeMs

t,=inf¢,(P,D)<1,. Jns aTOorO 3amuiieM MepBoe ypaBHeHHe cuctembl (2.3.1) B

OJIHOPOJHOM (hopme:

d]\;z :lel(Nl)Nz_mzNz_au(D)Nz' (2310)
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O6e vactu ypaaenue (2.3.10) ymHOXas Ha nMeeM

1
N, ()

N, 1
. =kV.(N,))—m, — ulD
dt N, V(N —m, /U( )
NJIn
din N
dr 2 = (kV,(N,) —m, — u(D)).

B pe3ynbTaTe nHTErpupOBaHUs MOCIETHETO0 PABEHCTBO 110 f, OyJIeM UMETh:

InN, = tf(lel(Nl) —m, — (D))dt + N3 (0)

fo

OTCr04a

Ny ()= N3 O exp [ [k (V)= m, — (D). (23.11)

fo
Ilocne HpO,Z[I/I(I)(i)epeHHI/IpOBaB IMOCJICAHCC PAaBCHCTBO IIO HepeMeHHOﬁ t, u

MOJCTAaBJIsASI B paBEHCTBO (2.3.9) monyuum

exp{[ [V, (N,) = m, — u(D )t} (K, (N,) = m, = u(D))N; (0) +
+exp{[ [kV1(N)) = m, — (D)} (N3 (0))'=

fy

I

= (b, (N) = my = (DY) expd[ [V, (N,) = m, - u(D)ld 7} - N3 (0) -

to

_ Vz (Nz) . N3 (O)t exp(/I(t))

1+&N, (O)fexp(—z,(r))df

ly

OTCrOJa

(N3(0)=—exp[ [F(N) - my — (D)} () LN ) expD)

¢ 1+ N;(0) [ exp(-A())d7

)

UHTETPUPYS 110 [, UMEEM
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Ny (0) = — [ O o) XDEWD). oy [, (N,) = m, — (D)7 + N, 0)

“1+ &N, (0)j exp(—A(7))dr

)

3nauenne NV ; (0), moxcrasmsis B (2.3.11), oTcrozia rnmoay4um

N,(6) = exp{[ [k V/(N,) — m, — s( D)7} [N, (0) -
° (2.3.12)

Ny 0)f @) XA il b (D)~ k(N ],

“1+&N,(0)fexp(-A(x))dT

rac

At) = [[m; +ap(D)- P—kyV, (N, JE.

YroGbl cHCTeMa OKasanach B KoHeuHoMm cocrostmm N, =0 YCTaHOBUM

Nz(tk):(). Torzxa, KaK JICTKO BHJICTHb, MHOXKCCTBO KOHCUHBIX COCTOSIHUU COOACPIKUT

enuncrBennbii snement NV, =0, CreroBarenbHO, NEPEBOJ CUCTEMBI B 3Ty TOUYKY

BO3MOKCH IIPHU BBIIIOJTHCHHUM:

t f N, (0)
JW(Nz)exp( j U(z')dr]dt )

fy fy

rae U(t)=m, =kV,(N,) +u(D),

W(Nz) — VZ(N22eXp(ﬂ’(t))

1+&N, (O)j exp(—A(7))dz

Crnenyer OTMETUTh, YTO JAPYrde IMOCTAaHOBKM ONTHMM3AlIMOHHBIX 3aj/1ad,
oTHocsAmMecss K 3amade (2.3.1) (mepeBod CHUCTEMBI U3 HEKOTOPOIO MHOKECTBa

COCTOSIHUM B JIpyroe MHOXKECTBO) ¢ MHHUMM3AIMEH IeJeBOTO (PyHKIMOHANA,

HCCIICAYCTCA 11O aHAJIOTUYHOM CXEMe.

1) = [/ (N, Ny,u)dt + p(N, (1), N3 (2,)),

66



3]1eCh f=f() upencraBuser coGoil cymmapHble 3aTpaThl, CBSI3AHHBIC C

IMPONU3BOACTBOM HOBBIX OMOJIOTHYECKHUX IT0JIC3HBIX BHUIOB, a (0:(0() - ABJIICTCA

byHKIMEH, 3aBUCSIIENH OT KOHEYHOTO COCTOSTHUSI CHCTEMBI.

OnTuMu3alMoHHas MOJeJb  MTHOPHUPOBAHHOTO  MeTona  OOpbObI  C
BpPEAUTEISIMU,  YUYWUTHIBAIOIIAsE TPOU3BOJIbHBIE Tpoduyeckue GyHKIUU B
OMOJIOTMYECKON CUCTEME TUIA «XHUIIHHUK-)KEPTBa» MPEAOCTABIAET TEOPUTHUECKYIO
BO3MOXKHOCTh I PEIICHHsS TPUKIAJHBIX 3a7ad HCCIEAOBaHUS, OCOOCHHO st
CO3JaHUsl ONTUMHU3ALMOHHBIX CTPATerMid 3allUThl PACTEHUA B  YCJIOBHUSAX
Pecniyomuku  Tamxukucrtan. BpeiOop mnpou3BONBHBIX TpohuUYecKUX (QYyHKIUH
MO3BOJIAET aJalTHUPOBATh MATEMATUYECKYK0 MOJENb K KOHKPETHBIM BHUIaM
XUIIHUKOB U JKE€PTB, OOMTAIOUIMM B XJIOMKOBBIX arpoleH03aX peclyOJIuKH, TIe
XJIOMYaTHUK SBIIETCA OCHOBHOM TEXHUYECKOM KyJIbTypou. lIpennoxeHHbIi
MOJAXO0J MPEIOCTaBISIET BO3MOYKHOCTH YUHUTHIBATh PETHOHAIBHBIE OCOOEHHOCTH
JUHAMUKH XJIOMKOBOM COBKA, MMAYTUHHOTO KJIEIIA U JPYTUX BPEIHBIX HACEKOMBIX,
a TaKKe HUX EeCTEeCTBEHHBIX BparoB, OOWUTAIOIIMX B XJIONKOCEIOIIMX 30HAX
PecniyOmuku  TamkukucraH. Wcnonb3oBanue Ttpoduyeckux GyHKUUA B
MaTEeMaTUYeCKOW MOJCIM MOXET OBITh MapaMeTpPU3UpOBaHA I KOHKPETHBIX
arposKOJIOTMYECKUX YCJIOBUM, BKJIIOYAs Takue (PaKTOphl Kak: KIMMAaT, CE30HHYIO
JUHAMUKY, Pa3BUTHE KYJIbTYp M TIOPOTOBBIX 3HAYEHU SKOHOMHUYECKOU
BpeJOHOCHOCTH. braromapss 3ToMy MOXXHO OOOCHOBaTh BBIOOpP ONTHUMAJbHBIX
KOMOMHUPOBAHHBIX METOAOB 3alUThl PACTEHUN COYETAIOIIUE OMOJIOTMYECKHE U
XUMHUYECKHE CPEACTBA, YTO B CBOIO OYEPEIb BAXKHO ISl CHHIKEHHUSI ECTHLIMIHON

Harpy3Ku Ha arposkosioruueckue cuctemsl PecniyOmmku TamxukucTana.

2.4. OnTUMHU3AMOHHBIN MPOLECC NHTErPUPOBAHHOI0 METO/1a 3AIIIUTHI
PaCTeHHMH C y4eTOM BPEMEHHOH U BO3PACTHOU CTPYKTYPHI
B coBpeMeHHBIX yCIIOBUSAX BEICHUS CEIbCKOXO3AMCTBEHHOIO MPOU3BOJICTBA

Bce OoJiee aKkTyalbHOE 3HAUeHHE TPHOOpeTaeT pa3padoTka HAYYHO 0OOOCHOBAHHBIX
MOJIXO/JIOB K 3aIIUTE KYJbTYPHBIX PACTEHUH OT KOMIUIEKCA BPEAHBIX OPTaHU3MOB.
TpagunonHble MeTOAbl OOpbOBI, OPHUEHTUPOBAHHBIE MPEUMYIIECTBEHHO Ha

TOTAJIBHOC YHHWYTOXCHHUC BPCAHBIX HACCKOMBLIX, 3a4YaCTyl0 HE YUYMUTBIBAIOT
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CJIOKHOCTh JKOJIOTUYECKHUX B3aUMOCBSI3EM B arpol€HO3aX U MOTYT NPUBOJUTH K
HEXKEIATEJIbHBIM ~ TOCJHEACTBUSAM, TAaKUM KaK HApPYIIEHHE YCTOWYMBOCTH
HKOCUCTEM, COKpAIIEHWE YHCICHHOCTH TIOJe3HOW (hayHbI W BO3HUKHOBEHHUE
PE3UCTEHTHOCTU BPEIUTENICH K IPUMEHIEMBIM TIpenapataM. B 3Toit cBs3u ocoboro
BHUMAHUS 3aCITYKHUBACT UHTETPUPOBAHHBINA MOAXO/]I, KOTOPBIM B HACTOSIIEE BPEMS
paccMaTpuBaeTCa Kak HamOoJiee MEepPCIeKTUBHOE HANpPaBICHUE PA3BUTUSI CUCTEM
3alAThl PACTCHUU.

[Ton WHTErpUpOBAHHBIM METOAOM 3aAlUTHl ArPOLIEHO30B OT BPEIHBIX
OpraHW3MOB TTOHUMAETCS HAyYHO 0OOCHOBAaHHOE COUYETAHHUE Pa3IMYHBIX CIIOCOOOB
Y TIPUEMOB, HAIPABICHHBIX HA PETYJSALMIO YUCICHHOCTH BPEIHBIX HACEKOMBIX.
Takoe coueTraHnue npeanoyiaracT KOMIJIEKCHOE 3a/ICICTBOBAHUE arpOTEXHUYECKUX,
OMOJIOTHYECKUX, XUMHUYECKHX, MEXaHUUYECKHUX M TMPOYUX CIIOCOOOB TOJABJICHUS
YHCJICHHOCTHU BPEIHBIX HACEKOMBIX. [TpuHIMNIATBHBIM OTJIMYHEM
MHTETPUPOBAHHOTO MOAX01a OT TPAAUIUOHHBIX CXEM 3AIIUTHI SBJISIETCS HE MPOCTO
MEXaHMUYECKOE CYMMHUPOBAHUE Pa3JIUYHBIX METOJOB, a HMX ILEJICHAPABJICHHAS
KOOpJIMHALUg, oOecreunBaromas JOCTHXKEeHHEe Tpedyemoro »sddekra mpu
MUHHUMAJIbHOM HETAaTHBHOM BO3JCHCTBHM HA OKPY’KAIOIIYIO CPEAYy U IOJIE3HYIO
bayny.

KnroueBbiMu rapaMeTpamu, XapaKTepU3yOIUMHU 3 PeKTUBHOCTH
(YHKITMOHUPOBAHUS  WHTETPUPOBAHHON  CHCTEMBbI  3aIllUThI, OOYCIIOBJICHBI
napaMeTpbl, KOTOPbIE BBIPAXKAIOT YPOBEHb MOJIE3HOTO JEHUCTBUSI SHTOMO(DAroB U
YPOBEHBb BPEOHOCHOCTH (puTodaroB. IMeHHO ATH mapamMeTphl J0KATCSI B OCHOBY
peIIeHNH 0 11eJec000pa3HOCTH MPUMEHEHHS Mep 3amuThl. Heo0X01uMo OTMETHTB,
YTO ISl MCHOJIb30BAaHHUS B paMKax MAaTEMAaTHYECKOTrO MOJEIMPOBAHUS JaHHBIC
nmapaMeTphbl JIOJDKHBI OBITh (POpMalM30BaHbI, TO €CTh IPEJCTABICHBI B BHJIC
CTPOTMX MAaTE€MAaTHUYECKUX BBIPAXKECHUW WU COOTHOLICHUW. TOJNBKO TIpU TaKOM
MOJAXO/JE€  CTAHOBUTCS  BO3MOXKHBIM  KOPPEKTHOE€  OINMCAHUE  MPOIIECCOB
B3aUMOJICMCTBUSI B CUCTEME «XMIIHHK — JKEPTBa» WJIIA «Mapa3uT — XO3AUH» U

HOCJ'ICJIyIOIHI/Iﬁ AHaJIM3 pa3/IM4YHbIX CHCHAPUEB YIIPABJICHUA YUCICHHOCTLIO.
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B naparpade ocHOBHOE BHHMaHUE YAENAETCS PACCMOTPEHUIO 3a4ay
ONTHUMAJIBHOTO YIIPABJICHUS, BO3HMKAIOIIMX IIPU 3aJadye 3allUThl arpoLEHO30B.
OOBEeKTOM HCCIIEeOBaHUs BBICTYNAeT MOJIElbHAsE OHONOrHYecKas CHCTEMa,
OTpaXKarollasi CYLIECTBEHHBIE YEPThl PEAJIBHBIX B3aUMOACUCTBUH  MEXIY
MONYJSIUSAMM BpPEIHBIX M IIOJE3HBIX HACEKOMBIX. B pamMkax IpOBOAMMOTO
aHalM3a A yKa3aHHOM MOJENBHOW CHCTEMbI (DOPMYIHPYIOTCS U IMOABEPraroTCs
00OCHOBaHUIO HEOOXOJUMbBIE€ YCJIOBHS, NPHU BBIIOJIHEHUU KOTOPBIX CTAHOBUTCS
BO3MOKHBIM CYIIIECTBOBAHUE PEIICHUS ONTHMM3ALMOHHOTO IIPOLIECCa 3allMThI
pacTeHuii oT BpenuTened. MHBIMU cloBaMM, OIpPEAENsOTCs Te€ TpeOoBaHMUS,
KOTOPBIM JIOJDKHBI  YJIOBIIETBOPATH IIapaMETpPbl CHUCTEMBI M  YIIPABJIIOLINE
BO3JICMCTBHSI, YTOOBI 3a/Jada MOHUCKAa ONTUMAJIBHOM CTpaTeruy 3allUThl HMMena
COJIepKaTENbHbIN CMBICI U MOTJ1a ObITh KOPPEKTHO MOCTaBJICHA.

«Ocoboe MecTo B MPOBOAMMOM HCCIIEIOBAHUM 3aHUMAET JI0OKA3aTeNIbCTBO
npuMeHuMocTd  npuHnuna — makcumyma  JILC.  Ilomtpsaruma»  [121] «
paccMaTpuBaeMOMYy KJIACCy 3aJay ONTUMAIBHOIO YIPABJICHUSA, CBSI3aHHBIX C
MOJICJIbHBIMU  OMOJIOTUYECKUMHU cUcTeMaMu. [IpuHIMOD MakcuMmyma, SBIISISICh
(GyHIaMEHTaJIbHBIM PE3yJbTaTOM TEOPUU ONTHUMAJILHOTO YNPAaBJICHUs, MO3BOJISET
CBECTHM MCXOJHYIO BapMalMOHHYIO 3aJady K KpaeBOM 3aJade il CHUCTEMBI
mudpepeHInanbHbIX YPAaBHEHUI U AaeT HEOOXOAMMBIE YCIIOBUS ONTHUMAIbHOCTU
YIIPaBIICHHUS.

BxiroueHne 3THUX acleKTOB B ONTMMH3ALMOHHYKO ITOCTAHOBKY 3a/1add
MO3BOJIIET NOJYUUTh O0JIee aJIeKBaTHbIE U MPAKTUUYECKH 3HAUUMBbIE Pe3yJIbTaThI 110
CPaBHEHMIO C YNPOLIEHHBIMA MOJECISIMH, HE YUYHTHIBAIOIIMMU CTPYKTYPHYIO
HEOJHOPOJAHOCTb ITOIYJISLIAM.

B pabote paccmaTpuBaercsi MOCTaHOBKA 3a7]ad ONTUMAJIBHOTIO YIpPaBICHUS
XapaKTEPHBIX MJIs UCCIIEIOBAHUSI OMOCUCTEM C TpeMs TPO(PUUECKUMU YPOBHSIMU
«pacTeHUE — BPEIHBIE HACEKOMBIE — IOJIE3HBIE HACEKOMBIE)» MPU YCIOBUU HAJIUYUS
BHEIIHEIO0 pecypca. 3ajaya peaju3alydy 3allUTHBIX MEPONPHUITHI IMPOTUB
BPEIHBIX HACEKOMBIX CBOAMTCA K IIOMCKY OINTHMAJIBHBIX YHPABJISIOIIMX

BO3JCUCTBUM Il Pa3HBIX BEPCHM MOJEIM B3aUMOJCHCTBHUS «XUIIHUK-)KEPTBa»
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WM «apa3uT-xO3iWH». B KayecTBe BHENIHEro0 pecypca, MOCTYMAIUIErO B
CUCTEMY, MOTYT BBICTyIIaTh pa3HooOpa3Hbie (haKTOPhI, TAKME KaK y100peHus, BoJa
JUIL  OpPOLIEHMS, a TAaKK€ COJIHEUHYIO DJHEPIUl0, SBISIOIIYIOCS OCHOBOWM
MPOAYKIMOHHBIX IPOLECCOB.

«MaremMaTrnueckass NOCTAaHOBKA 3aJa4d BKIIIOYAECT OIPEACICHUE Tpex
KJIFOYEBBIX ITAPAMETPOB YIIPABIICHHS: ONTHUMAJIbHOM KOHLEHTPALIMM TOKCUYHOTO
BelllecTBa [), WHTEHCUBHOCTH BBEACHUS IIOJIE3HBIX BHUJIOB HACEKOMBIX P H
CKOPOCTH TMOCTYIUIEHHsI BHEWHUX pecypcoB (. Kpurepusmu oONTUMalIbHOCTH
MOTYT CIIY>KUTh JINOO MUHUMU3ALIMS YUCIEHHOCTH BPEAHBIX HACEKOMBIX (C yUETOM
HKOHOMHUYECKHUX 3aTpaT Ha 3allUTHbIE MEPONPUATHUS U MOTEHIMAIBLHOTO yIepoa),
aub0  MaKCUMHU3alUsi  YPOKAWHOCTH  CEJIbCKOXO3SUCTBEHHBIX  KYJBTYP.
dopmanbHas MaTemaruuyeckas (OpMyJIMpPOBKA YKa3aHHOW 3a7jaud IpUBEJCHA B
pabotax» [108].

HeoOxoaumo  HailTh  MUHMMYM  (yHKIHMOHAjda, KOTOPBIA  MOXKET
UHTEPIPETUPOBATHCS KaK CYMMApHBIA SKOHOMUYECKUH yepO JInO0 COBOKYIIHBIE
3aTpaThl HA MPOBEAEHUSI OUOJIOTHYECKUX U XUMHUYECKUX MEPOIPUSATUHI MO 3alIUTe

pacTeHUN:
1) = f*(N,, Ny, Ny,u)dt + (N, N,, Ny u)), 2.4.1)
0

B CJIy4ac BBIIIOJIHCHUSA CICAYIOMNX OFpaHquHHﬁI

dj;;o = Q_E)(NO, Nl)a N[|t:0 = Nl,o, 1= 0,1’2’3.
dN, ~
d_t‘:NlE(NO,Nl,NZ),
(2.4.2)
dN, -
dt :NZFZ(Nl’NZ’Na)_ﬂ(D)Nz,
2, = N3F3(N2,N3)—aﬂ(D)N3 + PN,.

N, =N,(1),i=03 .
i (0, ’”? COOTBETCTBEHHO OMOMACCHI (UUCIEHHOCTH i-TO TPOPUIECKOTO

ypOBH31), F,=F() - ynembHast ckopocTh pocta i -ro TPOGHUECKOro ypPOBHS

i=0123. u= (QPD) - ynpaBmstomue ¢yHkuuu, u € U,@ —a0au morudmmx
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XHUIIHUKOB M TApa3UTOB IOCJIE XUMOOpaOOTKH, f°=f°")— XapakTepusyer

yiiepd €O CTOPOHBI BpeAMUTENeH M 3aTpaThl Ha peaju3aluio OMOJIOTUYECKOro,

XUMHYECKOTO METOI0B OOpbObI M Ha MCIIOJNIB30BAHUU YIOOPEHH, BOJBI, ¢ = ¢(-) —
AHAJIOTMYHBIA ymepd npu ¢=1¢,, u=u(D)— GyHKIUN «H03a — 3pdexra» ot
NPUMEHEHUs1 J03bl D, é[lo,tk]—HPOCTpaHCTBa KyCOYHO-HEMPEPHIBHON (DYHKIIUN»
[108].

B nmanpueiimeM npuHUMaeTcs, 4To QYHKIUH ¢ = (), f° = f°(), F, = F.() —
00alaloT HEMPEPHIBHBIMA YaCTHBIMH TPOU3BOJAHBIMU TEPBOTO TIOPSAKA TIO

COBOKYITHOCTH CBOHX APryMCHTOB HpI/I‘{éM BBITIOJIHAIOTCA CICcayromunuc

COOTHOIIICHMUA:

OF, _, OF _]<0,i<j,i=03
oN, " oN, [20,i>j,j=03 (2.4.3)
F()20, ()20, f°()20,

Kpome Toro, crpaBemInBel HEpaBeHCTBA F.() >0, ¢() >0, f°()>0. g QyHKIuI
U= u(D) OTPAXKAIOUIUX  3aBUCUMOCTh  «HO03bI-3Q(dEKT»  Mpeanoiaraercs

BBITIOJTHEHUS CIICTYIOIIUX YCIOBHIA:
2
U= u(D)>0, Z—gZO, %SO, pu D > 0.
OueBunHO, 4TO ycnoBue (2.4.3) sABIAETCS CICACTBUEM OHMOJOTHMYECKOTO CMBICIIA
paccMaTpruBaeMOn 3a1auu.
«B KauecTBE KOHKPETHOW pealu3aluyd NPEIJIOKEHHOM  METOOUKHU
paccMOTpUM CiIydail B3aMMOJECWUCTBUS BUIOB N0 3akoHy B. Bomereppa» [S1].

CooTBeTCTBYIOIIAS CUCTEMA UMEET BU/I;

F,() =—-a,N,N,,

F()=kayN,—a,N,—m,,
(2.4.4)
F,() = ka,N,—a,N, —m,,

F() = kyoy Ny — &Ny — m.
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rne a;, m; , k;, € — Ouomornyeckue mnapaMmeTpbl MOMYJISIHUA, BXOAAIIUE B
arporeHo3.
Teopema 2.4.1. Ilycmo cnpaseonusel yenosus (2.4.3) a pynxyuu f°()u o(-)

3ao0aomcsi 8bIPAINCERUAMU

f°()=CN,+C,PN,+C,D+Q, @(-)=CN, +C,PN,+C,D+O.

Toeoa ona onmumanbHo20 Ynpasienus, 00CmasIsaowe20 MUHUMYM QYHKYUOHATLY 8

sa0aue (2.4.1)-(2.4.2) evinonnsaomcs ciedyroujue COOMHOUEHUSL:

Q* — Qmaxﬂ V/O > 1’ P* — Pmax’ lr//3 > CP
0, w, <1 0, v, <C,

Dys Cp +y,N, +aysN; <0 (2.4.5)

D =40, C, +y,N,+ay N, >0, u(D)y=D

Mokt D
— Ky +\/_ "2 (W, N, +ay;N,), w,N, +ay,N, <0, u(D) =——,
Cp Mo+ D
e uepes y, =y, (1), =03 0003HAYEHBI PEIICHUS COMPSKEHHON CUCTEMBI

COOTBETCTBYIOIIEH 3anaue (2.4.2);

® o 150> Poxs €, Cp, Cp — GUKCUPOBAHHBIE —TOJIOKUTEIBHBIE  YHUCIIOBBIC

napameTpbl, (BenmuuHbl C, C,, C, 03HAYalOT COOTBETCTBEHHO IICHY
CAMHUIIBI OMOMAcChl BPEAMTENd W M3JIEPKKU 3aTpaThl HA XUMHYECKUE U
OHOJIOTMYECKHUE METOABI OOPHOBI).
HNoka3zateabcTBo: [loctpoum dyHkuuto [Namunbrona — I[loHTpsiruHa nst
paccMmarpuBaeMor 3aaauu (2.4.1) — (2.4.2):

H:_CNZ _CPPNs _CDD_Q'I'l//o[Q-I'E)(No’Nl)]-l'WlNlE(No’Nl’Nz)-I'l//zNz[Fz(Nl’Nz’NJ_:u(D)]'I_

+I//3N3[F;(N2’N3)_aﬂ(D)+P]
OTCHOIa

H= ('//0 _I)Q"'(l//s - CP)PN3 + [_ CDD_V/zNzﬂ(D)_aN3‘//3ﬂ(D)]_CN2 +Z‘/’;E’(')~

i=1
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[Ipumensia ycinoBre MakcuMyMa K pyHKIMU H 110 nepeMeHHOM u, MPUXO0JIUM K

H - )=-2Y] =023, 10

BbhIpakeHuto (2.4.5). B cuny toro, 4to v, =———,
p (2.4.5) y Vi o,
X
[1OJIyYUM
y=Aw+b, b=(0,0,c0), (2.4.6)
wt)=-v", v'=b,
. OF, .
A =( ,-j), = W, F =F/(), i-sanpaBasgyactbcucteMsl (2.4.2), rue
j
OF, O, . .
oN, oN,
o |\n% LR w, o 0
. | oN, ON, ON, OF OF OF
A = 8F 8F 8F s b = O: > s .
0 Nl 1 N2 2 + F2 _ ,Ll N:; 3 aN 1 6N 2 aN 3
oN, oN, oN,
0 0 N, oF, N3%+F3—ay+P
] oN, aN,

Teopema 2.4.2. Pewenue conpsicennou 3aoaqu %2.4.6) Modicem Oblmb

HallOeHo 6 Clledyiouem guoe

w(t)=(I-K)'w,(1), 0<t<t, (2.4.7)

e y,()= b[(AJ )71 - (Wo + b(A;‘ )71 eXP(AJ (¢, —t )))

1y

K= [ A(t)dt, MA@ = A (1)~ 4, A=A

t

k

Joxka3arejbecTBO: PaccMOTpUM TakKe CUCTEMY C NOCTOSSHHOM MaTpHULEH

KO3(PPUITUEHTOB Ap, OTIHYHYIO 0T (2.4.6).
g = +b, ylt)=—v" (2.4.8)

Pemenne paccmarpuBaeMoOl 3alayd  MOXXET OBbITh MPEACTABICHO B

cJIeayrouem BUAC:

Wp(t) _ _WoeA;;‘(tk —t) —b(A; )‘1 [eAS(tk—t) _ I]
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Beens Ay =w(t)-w,(t), nocienoBarelbHbIM BbluuTaHueM (2.4.8) u3 (2.4.6),
BBIBOJIMIM CJICTYIOIIEE BhIpAKEHUE,
Ay =—A Ay — Ay, 0<t<t,, Ay(t,)=0,

OTCIOZIa

Aw(t) = IeAg(”’)AA(z')l//(r)dr "

w(t) =wp(t)+ j e TONA(W (r)d (2.4.9)
B pe3ynberare nonydeHa cucTeMa MHTErPabHBIX ypaBHeHUU Tuna BonbsTeppa. B
clydae BBEJCHUS QYHKINU Ky = TeA;(T_’)AA(T)y/(T)dT, nmeeM (2.4.7). Kpome Toro,
JUJISl CTAllUOHAPHOTO PeXUMa CUCTEMBI (2.4.2) UMEET MECTO CIIeyIoIIas Teopema.

Teopema 2.4.3. Ilycmov BekTop N ' =(N;, N/, N;, N, ) ecmb CmayuoHapHoe

pewenue cucmemol (2.4.2), moeoa

i#]

Nty =N +(N° - N*)Zm‘;j)]"[(lqo ~Al), (2.4.10)

i#j

20e . —cobcmeenHbvle 3HaAYeHus: mampuyvl A, = (ay.) i=03; j=0,3, N°=N(0).

Joxka3areabcTBo. IlycTh AN =N(r)- N", THE N(¢r)—SIBISETCA PELICHUEM

samaun (2.4.2): N=f(N), N(0)=N°, f=A,,i=02-npaBast 4acTb CHCTEMBI

(242); N - pelieHue f(N")=0. Toraa JIETKO BUJIETh, YTO

AN ~ A4 AN, AN(0)=N"~N", tme A,-TpaHCHOHHPOBAHHAS C A, Matpuna, u
CIIE/IOBATENBHO AN ~ (N° — N* )™

C y4€TOM TOrO, 4r0 AN =N()-N', W HUCHOJNb3YyS HHTEPHOJSIHUOHHYIO
bopmyiny Jlarpanxka — CunbBectpa noiayuum (2.4.10).

Takum  oOpazoM, mJis TPOBEACHHS  ONTUMAIBLHOTO  MEPOIPUSTHUS
HEOOXOUMO ONpeneNnTh (GYHKIUU N(z) U w(r) COOTBETCTBEHHO MO (opMyJiaM
(2.4.10), (2.4.8), uncna N/, i=2,3  mo popmynam
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NP = k,QO my NP_klal NP_mz
2 P H 3 1
N, a, a,

2

(N, , N{ - COOTBETCTBYIOLIUE KPUTUUECKUE YPOBHH BPEIOHOCHOCTH IMOIYJISALUHA H

3¢ (HEKTUBHOCTH UX €CTECTBEHHBIX BPAroB, MOCIE YEro MCIOIb30BaTh BHIPAKEHUE
(2.4.5))

[lepeiinéM K pacCMOTPEHHIO 3aJaud ONTHUMHU3ALHUM MPOLECC 3aIllUTHI
pacTeHMii C¢ y4€TOM BO3pPacTHOM CTpyKTypel nomyJyanui. [locraHoBka
COOTBETCTBYIOIIEH ONTUMU3ALMOHHON 3a1a4l UMEET CICAYIOIINI BU.

HeoOxoaumo  HailTh  MUHMMYM  (yHKIHMOHAjda, KOTOPBIA  MOXKET
UHTEPIPETUPOBATHCS KaK CYyMMApHBIA SKOHOMUYECKUH yepO JInO0 COBOKYIIHBIE
3aTpaThl Ha MPOBEACHUS OUOJIOTMYECKUX U XUMUYECKUX MEPONPUATUH 10 3aLUTE

PaCTEHMIA:

1 ©

1) = [ [ £°(a, N,u)dadt + [ f'(a, N,,u)

, da (2.4.11)

P YCIIOBUSIX

0tgN = F(N,a,t,uy), 0<a<o, 0<t<ty,
N(a,0) = Ny(a), 0 <a < oo,

e (2.4.12)

N(0,¢t) = j B(E)N(& t)dE, 0 <t <t,

0
rae N, =N,(a,t)— YUCICHHOCTh BPEIHBIX (i=2) W MOJE3HBIX (i=3) HACEKOMBIX

BO3pacTa a, B MOMEHT BpeMeHH f, B, =B(N,a,t)>0—@(yHKIHUI pPOXKIAEMOCTH

BPEIHBIX u MMOJIE3HBIX HACEKOMBIX, =23, a-BO3pacT, t-BpeMs,
0 0
“= 5 + 8_’ u = (uy,u,), uy =(0Q,P,D),u cU, U -10IIyCTUMOC MHO>KECTBO, TO €CTh
a
O<u(®)<u,, —
U:{u:u—u(l‘) K.H ’umax: Qmax’Pmax’Dmax’u

kpome toro, N =(N,,N,N,,N;), Ny=N,(t),N,=N,(t), N,=N,(a,t),i =23,
F=(0+F,,NF,N,F, — u(D)N,, N,F; —au(D)N; + PN,),

B =(b,(a),b,(a),B,(N),B,(N)), npudem Tbi(a)da =0, i=0,l.
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Teopema 2.4.3. Ilpeononooxcum, umo @yuxyuu f°(), (), F(),N,(.),B(.)
ABNAIOMCA  OOCMAMOYHO 2NAOKUMU U 4mo O Kaxicooeo ynpasnenus u €U
cucmemvl (2.4.12) umeem eduncmeennoe pewerue. Toeda 0151 OnMuUMAlIbHOCHU
ynpaenenue u =u*()elU 6 3adaue (2.4.11), (2.4.12) neobxo0umo 6vinonHeHue

HepaeseHcmea.

(oo Z(3)

npu 8cex OONYCMUMbIX u e U .

7 ao](ul - uf)}dadt >0 (2.4.13)

Yepes Y =y(a,l) obosnauaemcs peuwienue Ccreoyioueil CONPINCeHHOl

cucmemsl.
. 0H
0w =
gf]fl (2.4.14)
W(a’tk) = _5 1 l//(OO,t) =
6 komopotl H()=(F,$)+(B,w|,.)— () .

Hoka3zarenbcTBo. Ilycth u=u(t)eU pemenue N = N(a,t), u+Auel -

pemenue N+AN. Torna gerko BUaETh, 4TO

o, AN—a—FAN+6—F+R0,
N Ou,
AN|,_, =0 (2.4.15)
AN|,_ =ja—BAN 9B pude+ R
~dloN P

1

i=0,1.

Cucrembr (2.4.15) ymHoxuM Ha w=y(a,t)eC, W  pe3yIbTar
MPOUHTETPUPYEM IO (a,t) UMEEM

[~ 4~ o dt_” F AN+ 9yl +| ZBoan By
0% ON ou, ON Ou,

a0 }dadt +

+TAN1//

0

\oda+ IAN!//LFO dt+R,.
0 (2.4.16)
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)

31ech R, 3aBUCHUT OT R, R, 1 ©UMEET MOPSAI0K OQAu
|Au| = |Au0| + |Aul|.
Torma (2.4.14) u c¢ yuerom (2.4.15) cucremsr (2.4.16) mnepenumiem
CIIEAYIOIIUM 00pa3om

AI=I(u+Au)—](u):ﬁ ZLO+(8—FJW Au0+ io+[a_Bj[//
00 || PHo

weo |Auy pdadt + R (2.4.17)
u, ou, | Ou,

rae R =0(Au)

Pa3paboTanHblii ONTUMU3ALMOHHBIN TMPOLIECC HHTETPUPOBAHHOIO METOMA
3aIUUTBHl PACTEHUN C YYETOM BPEMEHHOM M BO3PACTHOM CTPYKTYpPBI IIOIYJIALUAN
BPEIHBIX HACEKOMBIX HEIMOCPEACTBEHHO HAIIPABICHO HA PEUIEHUE KIHOYEBOU
3a1a4d JUCCEPTALMOHHOIO MCCleNoBaHusA. BBeleHue BpEMEHHON U BO3pPaCTHOU
CTPYKTYPBbI IIPEAOCTaBIACT BO3MOKHOCTh MOJEIUPOBATh peanbHbIe
OMOJIOTMYECKHE  MPOLECCHl  XapaKTepHBIX JUIA  XJIONKOBOI'O  arpoLeHo3a
PecnyOnmuku  TajkukucraH, TJl€ MHOTHE BpEAHbIE HACEKOMbBIE HMEIOT
BBIDQKEHHBIE CTAaJWMA Pa3BUTHS C PpA3IUYHOM pEaKUWEeW Ha 3allUTHbBIC
MeponpuaThs. Tak ke y4eT BPEMEHHOW M BO3PACTHOM CTPYKTYpbl HEOOXOAUM IS
pacyera ONTUMAIBHBIX CPOKOB M MHTEHCHUBHOCTH NPUMEHEHHUS SAOXHMHUKATOB U
OMOJIOTMYECKOTO YMPABJIECHUS B 3aBUCUMOCTH OT Pa3BUTHUSl BPEAMUTENS U pOCTa
XJIOIMYaTHUKA, YTO XapakTepHO [UIA1 KIMMATHYECKUX 30H C Pa3IM4HOU
IPOJOJKUTEIBHOCTBI) BET€TallMOHHOTO Irepuoga. C SKOHOMHUYECKOM TOYKH
3pE€HHs] NPUMEHEHNE MHTEITPUPOBAHHOTO METOJAA 3AIUMThl PACTEHUN YMEHBIIAET
pacxopl Ha MPUOOPETEHUS U HUCIIOJIb30BAHUS XUMUYECKUX CPEACTB, U TEM CaMbIM
CHIDKAeT IMOTEpU ypoxkas 3a cué€T 0oJjiee TOYHOIO BHIOOPA CPOKOB 3aALIUTHBIX
MeponpuaTuid. BcenencrtBue 4ero mpeanonaraéMblii  SKOHOMHUYECKUH 3hdexT
BBIP@XXACTCSI B TMOBBIIIEHUM NPUOBUIM XJIOMKOBOJCTBA TPU yMEHbBIIEHUU

9KOJIOTUYCCKUX PUCKOB.
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2.5. ITocTaHOBKA ONTUMHU3ALMOHHOM 321241 3allIUTHI PACTEHUI NIPH Y4éTe
BPEMEHHO-BO3PACTHOM CTPYKTYPHI HACEKOMbIX U MX IPOCTPAHCTBEHHOI0
pacnpeaejleHus
B nmamnom maparpade paccMaTpuBaeTCs MOCTAHOBKA ONTHMHU3AMOHHOU

3aJaud  3allUThl PAcCTeHHM TMpu yué€Te BPEMEHHO-BO3PACTHOM CTPYKTYpPHI
HACEKOMBIX M UX MPOCTPAHCTBEHHOTO pacHpe/le]IeHusI Ha arpodKOCHCTEMaXx.
CoBpeMeHHbIE TOJIXOJbl K 3alllUTe PAcTeHHH TPeOyIOT KOMIUIEKCHOTO yueTa
OMOJIOTUYECKUX XApPAKTEPUCTUK BpEAUTETICH, TaKUX KaK BO3PACTHBIE CTaJHUH
pa3BuUTHS, a TakkKe IMPOCTPAHCTBEHHBIX  (PAKTOPOB,  BIMSIOMIMX  HA
pacmpocTpaHeHHe momyisanuid. B craTtee pa3paboraHa MaremMaTHYecKas MOJEINb,
KOTOpasi HHTETPUPYET ATH aCIEKTHI JJI MOBBIICHUS 3 (HEKTUBHOCTH TPUMEHEHUS
METOJIOB 3aIlUThl, TAKMX KaK XUMUUeckas oOpaboTka, Ouosjoruueckas 6opbda u
arpoTeXHUYECKUe Meponpusatuss. Mojienb MO3BOJSET TOYHO OLIEHUTh TUHAMHUKY
HOIYJISIIMA HACEKOMBIX, IPOTHO3UPOBATH UX MPOCTPAHCTBEHHOE paclpeaeiieHUE U
Ha OCHOBE ATOTO ONTHUMHU3UPOBATH PACHPE/CIICHUE 3alUTHBIX MEPONPUATHN Ha
CEJIbCKOXO3SIIICTBEHHBIX MOJISIX.

«lns  Omosornueckoi cHUCTeMbl TpEX TPOPUUYECKUX YpPOBHEW THIIA
«pacTeHWe — BpEIHBbIE HACEKOMBbIE — TIOJE3HBIE HACEKOMBIE» C YUYETOM
NOCTYIUIEHUSI ~ BHEUIHETO  pecypca,  BPEMEHHO-BO3PACTHON  CTPYKTYpBHI,
MIPOCTPAHCTBEHHBIX paCIpeeNICHI, MaTeMaTHUeCK oOIIasi MOCTaHOBKA 3a/a4u
ONTUMAJIBHOTO yIpaBiIeHUs (POPMYTUPYETCS CASAYIOLUIUM 00pa3oM:

HeobxoanmMo MUHUMH3UPOBATh (PYHKIIMOHAN (3aTpaThl UM CyMMAapHbBIN yiiepo)»
[109, 110, 168]:
T

I(u) = j T j FOUN, u)dxdadt+Tj(p(N,u)|tk dxda (2.5.1)

IIPU yCIIOBUU
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rdN0

T = Q + Fy(Ny, Np),
dN; ~
W = N1 F; (Ny, N1, Ny),
aNZ BNZ
{—+—= Zﬁlz ox = N, F,(Ny, Ny, N3 ) + Z Dl2 — w(D)N,, (2.5.2)
ON; 0N,
_+_ 21913 a —N3F3(N2,N3) +ZD __(XH(D)N3 +P1N3,

\x € G, 0<a<00, 0<tStk.

Nile=o = NP, i=10,1,23. (2.5.3)
dN; _
Ni|s =0, (ﬁi%_ a;N;|s = 0>,l =23, x€G,0<a<on, (2.5.4)
Malamo = | B (R 66N, 6,0 d, 25.5)
0

N3lg=0 = f B, (N3, &,t,P)N3(x, &, 6)dE, 0<t<t. (2.5.6)
0

6, oo
N,(t) = L j N, (x,&,t)dxdE < N2, (2.5.7)
. Jo

f yzzvg (r) = j oo1v3 (x,&,t)dxdE < N3. (2.5.8)
Y1 0

«3necb O -CKOpPOCTh IMOCTYIUIEHUSI BHeEIIHEro pecypca N,,N,=N,()-

yCpEeHeHUE 4YHuCIeHHOCTH (MM OuoMacchl) ;-ro  TPOPUYECKOTO YpPOBHS,

=1,3; F,=F,(.) COOTBETCTBYIOIIHE CKOPOCTH POCTa i-TO TPOPUUECKOrO ypOBHS,
B,(.),B;(.) -k03(pHULMEHTHI POXKIAAEMOCTH, 1 = 1(D)—HYHKIIUU «J103a-3PdeKTa» OT
npuMeHeHuss Jo3el D,U =(Q,D,F,P),ucU,U - A0OyCTUMOE MHOXECTBO, N{’ -
MOPOTH BPEJOHOCHOCTH BpeauTeneii, N -ypoBeHb 3¢ (HEKTUBHOCTH SHTOMO]Aros,
8,,9,- CKOpOCTM TEepeMELIECHUs] BPEAHBIX M IMOJE3HBIX HACEKOMBIX IO i-MYy
HampaBieHuto, D,,,D;- cooTBeTCTByIonme kKodpdurmentsl auddysuu, i=1,2;
£°(), ¢(.)- cymMmapHBIii ymepd co CTOPOHBI HACEKOMBIX BPEIHUTENIEH, 3aTpaThl Ha
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IMPpONU3BOACTBO OMOJOTUYECKOTO BHUJIa C OCIbIO YIIPpaBJICHUA )41 Ha

saoxuMukaThel.»[109,110,168]
[lycts pynkuus F, = F(.), yIOBIETBOPSIET yCIOBUE

oN,~ " oN,

1

' ' <0, i<j
O <, %L ={ I R020,0020, ()20,

>0, i>]

du d’u
a u=u(D), u(D)>0,* >0,
u=pu(D), wu(D) D D

<0, D=>0.

PaccMoTpuM ONTHMU3ALMOHHYIO 3a/ady, Ipolecca 3allUThl PAaCTCHHH C
y4€TOM BPEMEHHO-BO3PACTHON CTPYKTYPHI U MPOCTPAHCTBEHHBIX pacCIpeiesieHui
B OMOCUCTEMBI THIA «PACTEHHWE — BPEAHBIC HACEKOMBIC — ITOJIC3HBIC HACEKOMBICH
BHUJIC.

«CdhopmynmupyeM  ONTUMH3AIMOHHYIO  3ajady  3alllUThl  PACTCHUM
cieayromnuM oopazom» [108,109,157]:

Haiitu MuHUManbHOM 3HaueHus (PyHKIIMOHATA

ty o
I(U)=f f jfo(x,a,t,N,u)dxdadt+
o Jo Jg

+f j+f1 (x,a,t,N,u) dxdal, (2.5.9)
0 G

IIPU YCIIOBUH

(0:qN = F(N,a,t,uy), x€G,0<a<o, 0ttt
N(x,a,0) = Ny(x,a), x€G, 0<a<o

N =
(x,0,t) fo B (N,§,t,uy)d§ (2.5.10)
Nls =0

N=(Ny,..,N,), x=(x,x)€EG G=G+S
G ={x:0<x;,<L;}, u=(upw), u=uxat)

roe | o —2+i iVi—i Di Uy,u;- KYCOYHO — HEOPEPLIBHOIO
“ o oalS ox, ox\ ‘ox )|) U Y Pep

i=1
ynpasieHus, npudeM  0<u, <u™,i=0,1,V,, D,-IIOCTOAHHBIE = JHAroHaJIbHBIE

MaTpUIbI HOPsIAKA m, i =1,2.
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[lycTe ymnpaBiieHHE u COOTBETCTBYET pEIlIEHHE N, a YNpaBICHUE u -+ Au

PCIICHUC N+AN, TOTrAa JIETKO BUACTDH, UTO ANYIIOBHGTBOPHQT YCIOBUSAMI
oF oF
OcaxN = 5L AN + 2= Bug + Ry, (2.5.11)

A]Vlt=0 = 0' A1V|S=O'

(0]

0B 0B
AN(x,0,t) = J (a—NAN + a—Aul) df + R, (2.5.12)
0 Up
rae R, =0Au]) i=0,1.
M:;'j]j]j( - Aquxdadt+II(%AN+%AuJ , dxda+ R,

(2.5.13)
rae R, =0(Aul)
VYpasuenue (2.5.13) npupamienue pyakiuonana (2.5.9).

Cuctemnr (2.5.10) yMHOXast y =w(x,a,t) U3 C' wm pe3yabTaT
IPOUHTETPUPYEM MO (x,a,z) xeG, 0Sasow, 0<1<1,

Jlanee BBIIOJHSSL OOBIYHBIE TPEOOPA30OBAHUS UMEEM.

t 00 0

”I(_a_'//_@_w_z oy ZD jANdddt_TTT{LS—;M+§7FAuOJw(xat)+

00G 000

(83 AN+8_BAuljl//(x a t)}dxdadt-i-”'AN,k dxda-l—jjANw o dxdt +
8N aul 0G 0G
2l ©
+ZIID}aﬂl//Sdadt+R4,
=00 i (2.5.14)

rae g, —3aBHCHT OT QyHKIMi R, R, 1 nmeeT mopsmok OQAu|). BBeneM GyHKIHIO

HN,p) = (Fw)+(By| . )~ f°

v =y(x,a,t)

ABIIAETCS PELICHUEM CIIEIYIOLIEN KpAacBOU 3a1auu:
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O, :a—H,xeG,O<a<oo, 0<t<t,
on
Gf'
X,a,t
w( W)= vk,
l// a:oo:O’ W|S=0’

rae 0, — CONPSIKEHHOM K O, oreparop.

Torma (2.5.11), (2.5.12) B cuny (2.5.14) nepenuiiem Tak:

1,

Al = Jk-“. ( j 7% Auodxdadt+j..|.j af [ J V| .o fAudxdadt+ R
00G 51/! 000 Gul 8u1 (2515)
rJe R 3aBUCHT OT Ry, R,,R= OQAu|).
Otcroaa u3 ycaoBUsS MUHUMYyMa UMEEM:
0 0 *
Ml 200 [%(@j Wj,
S 0 ou, ou,
o )
1 0
" ( ou [ auJ y(x, t)}
IIpu U = E" nmeeMm:
0 f 0 i oft
(—) Y =0, =0
auo ou, ou
afO . o (2.5.16)

+<6u1) Y00 =057l =0

6u1

B mnacrosimem maparpade paspaboTana maTeMaTHdeckas MOJENb IS
ONTUMM3ALMU 3aLUTHl PACTECHUN C YYE€TOM BPEMEHHO-BO3PACTHOU CTPYKTYPBI
HACCKOMBIX M HX IPOCTPAHCTBEHHOTO pacnpezaeicHus. [IpoBeaEHHBIN aHAN3
IIOKa3all, 4YTO HCIIOJIb30BAHHWC HMHTCIPHUPOBAHHOI'O IMOAXOA4, KOTOpBIfI YUYUTBIBACT
BO3paCTHBIC CTaJWU HACCKOMBIX W HX AWHAMUKY B IIPOCTPAHCTBC, 3HAYMUTCIIBHO
NoBBIMAET A(PPEKTUBHOCTD  3AIIUTHBIX  MEPONPHUATUN, TO3BOJSAS TOYHEE

MIPOTHO3UPOBATh U MUHMMU3UPOBATh 3aTPAThl HA 3AILIUTY PACTCHUM.
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BbiBOABI 10 BTOPOII I/1aBe
OCHOBHBIC TIOJIOKEHHUS ¥ BBIBOJIBI IO KAXKIOMY M3 maparpadoB MOTYT OBITh

c(OpMyJIMPOBAHBI CIAEAYIOLIUM 00PA3OM.

B mepBom maparpade  ocymiecTBieHa ~ IOCTaHOBKA U aHaJH3
MaTeMaTUYECKOW MOJEIIM 3AIUUThI PACTEHUMN KakK Ul CTallMOHAPHOIO, TakK U JUIA
HECTAllMOHAPHOTO CJIy4YaeB IpPHU MCIIOJIb30BAHUM IMPOU3BOJIBHBIX TPOPHUUECKUX
¢ynxmii. [Tokazano, yTo BEIOOP KOHKPETHOTO BHIA TPOPUUECKUX 3aBHCHUMOCTEH
CYLIECTBEHHBIM 00pa3oM BIMSET Ha CyIIECTBOBAHUE M  YCTOMYMBOCTb
CTAallMOHAPHBIX  COCTOSIHUWA  CHUCTEMBI.  JlaHHBIE  pe3ydbTaTbl  CO3JIAIOT
TEOPETHUYECKYI0 OCHOBY JUJIsl MOCIEAYIOIIEr0 aHajn3a 00Jiee CIOKHBIX MOJEIIEH,
BKJIIOYAIOIIUX BO3PACTHYIO CTPYKTYPY U IPOCTPAHCTBEHHBIE HEOJTHOPOIHOCTH.

Bo Bropom maparpadge paspaboTaHa MaTeMaTH4yecKas  MOJEIb,
YUYUTBIBAIOIIAs OJHOBPEMEHHO BPEMEHHO-BO3PACTHYIO CTPYKTYpY IOIIYJIALHAN
HAaCEKOMBIX U UX IPOCTPAHCTBEHHOE pacupeacsieHue. B oTinune 0T KIIacCU4eCKuX
MOAXOJI0B, OTPAHUYUBAIOIIMXCS JIMOO MPOCTPAHCTBEHHOW, MO0 BO3pACTHOMU
HEOJHOPOJHOCTBIO, MPEMJIOKEHHAsT MOZECHb II03BOJIAET ONMCBHIBATH IPOLIECCHI
MUTpALMK O0COOEW pPa3HbIX BO3PACTHBIX TPyNN B 3aBUCHUMOCTU OT IJIOTHOCTH
NOMYJISIUMKA U 00€CIIEYEHHOCTH MUILEBBIMUA PECYPCAMHU.

B Tperbem maparpade uccienoBaHa — ONTUMHU3ALMOHHAS  MOJEIb
MHTETPUPOBAHHOTO METO/Ia 3aIIUThl PACTEHUI C MPOU3BOJIBHBIMU TPOPUUECKUMU
byHKIMSAMU B OHMOCHCTEME THIA «XUIIHHMK-)KepTBa». MccnegoBaHa 3amaua
YIPaBIEHUs TMOMYJISAUWA BpPEIUTENIEW IIPU KOMIUIEKCHOM  3aJ€lCTBOBAHUU
OMOJIOTMYECKUX U XUMHUUYECKHX METOJ0B, TP KOTOPOM SHTOMO(Aru BhICTYIAIOT B
pPOJI €CTECTBEHHBIX PEryJATOPOB, a XUMHUYECKHE OOpaOOTKU HMCHOJIB3YIOTCS B
KaueCTBE JIOTOJHUTENBHBIX U KpalHUN HEOOXOAMMBIX CPEICTB MPHU MPEBBIILICHUN
KPUTHUYECKON YHCICHHOCTH BpEIHBIX HacekoMmblx. CdopmynupoBaHa 3aqada
ONTUMAJIBHOIO YHpaBICHUS C (PYHKIMOHAIOM, BKJIIOYAIOIIMM 3aTpaThl Ha
MPOBEICHUE MEPONPUITHI U SKOHOMUYECKUN yIIepO OT MOBPEKICHUS PACTCHUM.
Ha ocnoBe npuniuna makcumyma [IoHTpsIrMHA MOJTydeHbl HEOOXOAUMBIE YCIIOBUS

ONTUMAJIbHOCTH, IIO3BOJIAIOIIMUEC OIIPCACINT MOMCHTLI Hadajla W OKOHYAHUWA
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00paboOTOK, a TaK)Ke UHTEHCUBHOCTh IPUMEHEHUS] XUMUYECKUX U OMOJIOTHMYECKUX
cpencts. [loka3aHo, 4TO OoNTUMaNbHAs CTpATETUsl B OOJBIINHCTBE CIIy4acB HOCUT
CMENIaHHBIA XapaKTep: Ha HaYaJbHOM 3Talle JOMUHUPYET OMOJIOTMYECKHI METO/,
a IpU JOCTHKCHUU BpEOUTEIEM OIPEACIICHHOW YMCICHHOCTH IOIKIHOYAIOTCs
XUMHYecKre O0O0paboTKU. YCTaHOBJIEHO, YTO MpPH MPABWIBHO MOAOOPAaHHBIX
[apaMeTpax CUCTEMA MOXKET MEPEXOAUTh B PEKHUM, IPU KOTOPOM XUMHUYECKHE
0o0pabOTKM TpeOyIOTCS JIMIIb SMHU30JUYECKH, a OCHOBHYIO PETYJISALHIO
OCYIIECTBISIOT 3HTOMO(aru. JlaHHBIA pe3yapTaT MMEET BaXXKHOE MPAKTHUYECKOE
3HAQ4YECHUE, IOCKOJIbKY IT03BOJIIET MUHUMHU3UPOBATH IECTULMAHYIO HArpys3Ky Ha
arpoLEHO3BbI.

YeTBepThiit naparpad IIOCBSILEH JaTbHEUIIEMY Pa3BUTHIO
ONTUMHU3ALMOHHOIO IIOAX0Ja IIPUMEHUTEIIBHO K CHUCTEMaM, YYUTBHIBAIOIIUM
BPEMEHHBIE M BO3pACTHBIE CTPYKTYphl. McciienoBansl BONPOCH! ONTHMAJIbHOTO
YIIPABIECHUSI MOJIEIBHBIM arpoleHO30M, B KOTOPOM NOMYJIALIMH BpPEIUTENIEH W
PHTOMO(AroB pasJeleHbl Ha HECKOJbKO BO3PACTHBIX TPYII C pPa3InyHON
yS3BUMOCTBIO K CPEICTBaM 3allUThl U PA3IMYHON TPOPUUECKON AKTUBHOCTHIO.
[TokazaHo, 4TO HaJW4He BO3PACTHOM CTPYKTYphl NMPUBOAUT K HEOOXOAMMOCTHU
WCIIOJIBb30BaHUsl PACIPENEICHHBIX 110 BPEMEHHM YHNPABJISAIOMMX BO3JICHCTBUM,
OpPUMEHTUPOBAHHBIX HA HanOoJee ya3BUMbIE (ha3bl PA3BUTHSI HACEKOMBIX.

B nsatom maparpage paccmoTpeHa HauOosee IOJIHAs —IOCTaHOBKa
ONTUMM3ALMOHHON 3a7a4M 3alIUThl PACTEHUN, OOBEIUHAIONIAS BPEMEHHYIO,
BO3PACTHYIO CTPYKTYpPY HACEKOMBIX M IIPOCTPAHCTBEHHBIE pacmpeacseHus. [l
ATOrO CiaydYasi MOCTPOEH (PYHKIIMOHAT KaueCTBa, YUUTHIBAIOIINN MPOCTPAHCTBEHHO-
BPEMEHHBIE 3aTpaThl Ha MPOBEACHUE 3aAlIUTHBIX MEPONPUATHH H yuiepd oT
NOBPEXJICHNS PACTEHUI B Pa3IMUHbIX TOYKax Mouist. C MCIOIb30BAHUEM METOOB
TEOPUM  ONTUMAJBHOIO  YIPABIEHHUS CHCTEMAaMH C  PaCHpeleICHHBIMU
napamMeTpaMu MOJy4YeHbl HEOOXOJUMbIE YCIOBUS ONTUMAIBLHOCTH B (opme
BAPUALIMOHHBIX HEPABEHCTB.

PazpaboTaHHbIii  KOMIUIEKC MaTeMaTHYECKUX  MOJEJIeM  OXBaThIBAET

pa3IMYHBIC YPOBHU JACTAJIM3alMN OIIMCAHUS arponcHO30B — OT TOYCYHBIX
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MOJIeJ€ C MPOU3BOJBHBIMU TPOYUUECKUMHU (PYHKUMSIMH A0 MPOCTPAHCTBEHHO-
pacHpeleieHHbIX CHCTEM C YYETOM BO3pacTHOM cTpykTypbl. Kaxneii wu3
PacCMOTPEHHBIX ypOBHEH HMEET CBOIO 00JacTh NMPUMEHUMOCTH U TIO3BOJISET
pemarh cnenupuuecKre 3a1aul aHaJaInu3a U ONTUMHU3ALUY.

ChopmynupoBaHHble  ONTUMHU3ALMOHHBIE  337aud M TOJyYCHHBIC
HEOOXO/IMMBIE YCIIOBHSI ONTUMAJIBHOCTH CO3JAIOT TEOpPETHYECKylo 0azy s
pa3pabOTKM NPAKTUYECKUX PEKOMEHJAIMM 10 NPHUMEHEHUIO CPEJICTB 3alUThI
pactenuil. [lokazaHo, YTO ONTUMAaIbHBIE CTPATETUH, KaK MPABHUIIO, MPEANIOIAratoT
KOMOMHHMPOBAaHHOE HCIIOJIb30BAHUE XUMHUYECKUX U OHOJOTMYECKHX METOJIOB,
IPUYEM JI0JS KKIOTO M3 HUX 3aBHCHUT OT TEKYIIEro COCTOSIHUS IMONYJIALHMA U
BHEIIIHUX YCJIOBUHU.

ITomyyeHHBIE BO BTOpOI TIJIaBE€ pe3yibTaTbl MOTYT CIIy>KHUThb OCHOBOHM IS
JaNbHEHIINX HCCIEAOBAaHUM, HANpPaBJICHHBIX HA COBEPIICHCTBOBAHUE CHUCTEM

3aIIHUTHI PACTEHUM.
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I'JTABA 3. YUCJIEHHBIE METO/IbI PEIIEHUA 3AJAY
OIITUMAJIBHOI'O YITPABJIEHUA IS BUOJIOT'HMYECKHUX CUCTEM
N KOMIIVIEKC KOMIIBIOTEPHBIX ITPOT'PAMM

3.1. UncjieHHbIM METO/I PellIeHUs 3224 ONITUMAJILHOTO YIIPABJICHUSA B
onmocucreme TPEX TPO(PUIECKNX YPOBHEH «pacTeHne — BPpedHbIe HACEKOMbIe —
1oJie3Hble HACEKOMbIe)

HccnenoBanne  AUHAMHKHA ~ OHMOJIOTMYECKMX  CHCTEM,  BKIIFOYAIOIIHAX

B3aMMOJICUCTBUE HECKOJIBKHX TPOPUUECKUX YPOBHEH, MPEICTABIISICT COOOM OMHY
13 KJIFOUEBBIX 3a1a4 COBPEMEHHOM AKOJIOTUH, MAaTEMAaTUYECKOTO MOJEIUPOBAHUS U
Teopuu ynpasieHus. TpEéXxypoBHeBass OHOCHCTEMa «pacTE€HUE — BPEAHBIC
HACEKOMBIE — T0JIE3HbIE HACEKOMBIC» UMEET BAXKHOE MPAKTUYECKOE 3HAUYCHUE JIJIS
CEIbCKOTO XO3fKCTBA, OKOJOTMM W YCTOMYMBOIO pAa3BUTHSA. YTIPABJICHUE
NoJOOHBIMH ~ cHcTeMaMu  TpeOyeT  pa3paboTku  3((EKTUBHBIX  METOJOB
ONTUMM3AIIMY, HANPABJICHHBIX HAa MHHUMHU3alUI0 yiiepba OT BpeauTesei,
MOBBIIIEHUE TMPOAYKTUBHOCTH PACTEHUH M TMOAJACPKAHHE HKOJOTHUYECKOTO
Oamanca. UYucineHHble METOAbBl peuleHud AuQpQdepeHIUaNnbHbIX YpaBHEHUH,
OMUCHIBAIOIINX TUHAMUKY TAKUX CHUCTEM, SIBJISIOTCS BAXKHBIM MHCTPYMEHTOM IS
aHajau3a, MPOrHO3WPOBAHUS U ONITUMU3AINYU YIIPABICHUS.

«McTopudyeckn YHCIEHHBIE METOAbl  pemieHus aud@epeHImanIbHbIX
ypaBHEHUN Hayalu aKTUBHO pa3BUBaThca B XX BEKE B OTBET HA MOTPEOHOCTU
HAayKH, TEXHUKHM M DKOHOMHUKM B TOYHOM MOJECIUPOBAHUU  CIOXHBIX
JTUHAMUYECKUX TporeccoB. OIHUM U3 MEPBBIX U HAWOOJIEE MPOCTHIX METOJIOB
YHCIICHHOTO WHTETPUPOBAHUS CTAl METOJ Jiliepa, NPeIOKEHHbIN JleoHapmaom
OitnepoMm B XVIII Beke. DTOT METO, OCHOBAaHHBIN HA alllPOKCUMAIMU PELICHHUS C
MOMOIIBIO JTUHEHHOW WHTEPHOJISAINN, 0 CHX TIOpP MCTOIB3YyeTCs Oaromapsi CBOe
MPOCTOTE M HAIVISIIHOCTH, XOTS U 00JaJaeT OTrpaHUYEHHOW TOYHOCTHIO» [119,
154]. bonee ca0XHBIM W TOYHBIM MOAXOJOM SBJISIETCS MeTod Andamca,
paszpaborannbiii Jhxonom Koyduem Apgamcom B XIX Beke. Meroapl Anamca,
BKItouas siBHble (Agnamca-bamidopra) u HesBHble (Anamca-MoynaToHA) CXEMBI,

OCHOBAHBI Ha HUCITIOJIb30BAHUHU TIPCABIAYIITHUX 3HAYCHUM peIICHUA TJId ITOBBIIIICHUA
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TOYHOCTH aNIPOKCUMAIMU. ODTH METOJbl IIMPOKO MNPUMEHSIOTCA ISl PEIICHUS
3aJlay C YMEPEHHON TOYHOCTHIO U BHICOKOM BBIYUCIUTENLHON 3((HEKTUBHOCTBIO.

«C pa3BUTHEM BBIYHCIUTEIBHON TEXHUKH B cepeanHe XX Beka ObLUIH
pa3paboTanbl 0oJiee CIIOKHBIE METObI, BKIIIOYAsi METOJ] KOHEYHBIX Pa3HOCTEH,
METOJ KOHEUYHBIX DSJIEMEHTOB M METOJbl aJalTUBHOTO HWHTETPUPOBAHUS.
3HAYUTEIBHBIN BKJIaJ B Pa3BUTHE YUCICHHBIX AJITOPUTMOB BHECIH padboThl [[KoHa
don HeliMana u ero KoJjler, KOTOpbI€ 3aJOKWUJIU OCHOBBI COBPEMEHHBIX
BBIYUCIMTEIBHBIX MTOIXOABD) [22].

«B o6nactu GMOJIOrMYECKOT0 MOACIUPOBAHUS YHCICHHBIE METOJbI HAILIU
IIMPOKOE TNpUMEHEHHe Onaromaps pabdotam PoGepra Mbosi, ucciegoBaBIIero
JWHAMHUKY TOMYJISIUNA C MCHOJB30BAHUEM HEJIUHEHHBIX U depeHInaIbHbIX
ypaBuenuin» [15, 16]. «Knaccuueckue wmonenu Jlotku u  Bosbreppsl,
OMUCHIBAIOIINE B3aUMOJICHCTBUE XUITHUKOB U JKEPTB, CTAIM (DYHIaMEHTOM ISt
JaTbHEUIIINX UCCIECOBAHUM B 00JACTH AKOJOTHUUECKOTO MojeaupoBaHus» [4, 11-
13, 51]. B nocnennue AecATUIETUS YUCICHHBIE METOJbI AKTUBHO HMCIIOJIb3YIOTCS
JUIS aHAJM3a CJIOKHBIX OMOJIOTMYECKUX CHUCTEM, BKIIIOYAs 3aJauyd ynpaBJieHUS U
ontumu3zaiui. COBpEeMEHHBIE HCCIICIOBAaHUS B 00JIACTH arpod’KOJIOTHH |
yIIpaBJICHUS PKOCUCTEMaMU  JEMOHCTPUPYIOT IPUMEHEHHE METOI0B
ONTUMAJILHOTO YIPABJICHUS ISl CHUXKEHHSI HETaTUBHOTO BO3JICUCTBUS BpeauTEeH
Y TIOBBIIIECHUS YPOKANHOCTH.

CoBpeMeHHbIE UCCIEOBaHUSI B OTOM 00JIaCTM aKTUBHO Pa3BUBAIOTCS
Omaroymapsi TOSIBJICHUIO HOBBIX BBIYUCIUTEIBHBIX TEXHOJOTUHA ¥ METOOB
MaluHHOTO 00y4eHusl. «YWCIEHHBIMH METOJAaMH HCCJICIOBAHO BIUSHUC
HEJOKAJIbHBIX 3(P()EKTOB HA JUHAMHUKY TOMYJISIIIUM MUKPOOPTAaHM3MOB B paMKax
muhPy3noHHOW  MOIETM ¢ KBaJApPaTUYHO-HEIWHEWHBIM, HEJIOKAJIbHBIM
B3aMMOJIelicTBMEM mpuBeaeHo B» [36, 40, 46, 58, 136]. B pabore [46]
npejyiaraeTcsl YUCJACHHBIM METOJ| pelIeHUs 3aJadyd ONTUMAJIbHOTO YIMPaBJICHUS
CUCTEMOU JMHEHHBIX MO (pa30BbIM MEPEMEHHBIM HArpYy>KEHHBIX OOBIKHOBEHHBIX
muddepeHInanbHbIX  ypaBHEHUH C HayaldbHbIM W (JIOKAJIBHBIMH) M €

HEpa3JeJIeHHbIMA MHOTOTOYEYHBbIM M (HEJIOKaJbHbIMHU) YycioBusMH. B [136]
87



U3NI0KEeHbl  (yHAAMEHTaNbHbIE MPUHIMIBI MW METOMAbI, BKJIIOYas MPUHIUI
MakcuMyMa [TOHTpsArMHA, KOTOPBIN SBISIETCS OJHUM M3 KIFOUEBBIX PE3YJIHTATOB B
teopun ympaBiaeHus. «B pabore T.B. T['opOboBol paccMOTpeH YHCICHHBINA
aNrOPUTM U1l MOJENH TMONYJISUUOHHOW AuHaMHKKW» [58]. «OnTuMHu3aliOHHbBIC
MPOIIECCHI 3a/Ia4U 3aIUThl PACTEHUM ObUIN IETAIILHO PAaCCMOTPEHHI B Tpyaax» [34-
36,99, 111, 112].

B pamkax nmaHHOro wuccienoBaHus pa3pabOTaHbl M MPOAHAIU3UPOBAHBI
YUCJICHHBIE METO/Ibl ONTHUMH3AIMKU YIPaBICHUS B TPEXYPOBHEBOU OMOCHCTEME
«pacTeHue — BpEAHbIE HACEKOMbIE — TIOJIe3HBbIE HacekoMbie». B pabore
paccMaTpuBalOTCS  TOJAXOJbI K  peHIeHUI0 cuctembl auddepeHinanbHbIX
YpaBHEHUH, ONUCHIBAIOUINX JUHAMHUKY B3aUMOJECUCTBUS TPOPUUECKUX YPOBHEN, U
MPEJIararoTCsd  METOAbl  ONTUMH3aLMU  YIPABILIIOIIMX  [1apaMETpoOB  JUIA
JIOCTHXKEHUS YCTOMYMBOTO COCTOSIHUSI CUCTEMBI.

Pe3ynbTaThl HcclieoBaHUST MOTYT OBITh HCIOJB30BaHbI JJIs pa3padOTKU
CTpaTeTuil yIpaBJICHUs arpO’IKOCUCTEMAMU, CHUYKEHHUS SKOJIOTUYECKOro yiepoa u
MOBBIIICHUSI YCTOMYMBOCTH CEJIBCKOXO3SMCTBEHHBIX cHUCTEM. lIpennaraemsie
METO/Ibl TaK’K€ MOTYT OBITh aJIalTUPOBAHBI IS aHAIM3a JPYTUX OHOJOTUYECKUX
CHUCTEM, YTO OTKPBHIBAECT HOBBIC MEPCIEKTUBBI JIJI TATIbHEHUIIINX UCCIEA0BAHUM.

ITocTaHOBKA 3a1a41 ONITUMAJIBHOIO YIIPABJIECHUS

B pamkax 3ammThl CENbCKOXO3SMCTBEHHBIX KYJIBTYP OT BpPEAUTEIIEH Iepen
HCCIICIOBATENIAMU  CTOSIT JBE OCHOBHBIE 3aJlaud: MOJATOTOBHUTEIbHAS W
onTuMH3alMoHHAs. Ha HadyaibHOM 3Tame CTaBUTCA ITOArOTOBUTENIbHAS 3a/aya,
BKJTFOYArOIIasi B ce0sl BBHIYMCIICHUE TOPOTOBBIX YPOBHEHW BPEIHBIX HACEKOMBIX U
onpenenienre 3hHEKTUBHOCTH SHTOMOGAr0OB MPHU YUYETE TOTO, YTO MOTEHIIUATbHBIN
ypoxxau coxpaHsiercs. [Ipr HEBBIITOJHEHUH YCJIOBUU IMOJATOTOBUTEIBHOM 3a1a4H,
BO3HHMKAeT OOBEKTUBHAas HEOOXOAMMOCTh IJisi Tepexoda K OoJee CI0XKHOU
MIOCTAHOBKE, a MMEHHO OINTUMHU3AlMOHHOM 3aJadd, KOTOopas CBs3aHa C
YVIPaBJICHUAMU arpoueHo3amMu. Torma B TakoM  clly4yae, 3aJCHCTBYETCS

MHTETPUPOBAaHHAsl CXeMa, OOBEAUHSIONAs AarpoTEeXHUYECKUE MEPOIPUSITHS,
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Ouonornueckue CrmocoObl 3amUThl KyJIbTYPHBIX pacTEHUH W XUMHUYECKHE
00paboTKH.

Haubonee peranmpHO B paboTe paccMaTpuBalOTCA 3a7adyd ONTHUMAIBHOTO
yOpaBlIeHUS TPUMEHUTEIILHO K  OWOJIOTUYECKMM  CHCTEeMaM C  TpeMs
TPOPUIECKUMU  YPOBHSMH B3aUMOJICUCTBUS  «pPACTEHHUE — BPEAUTEIb —
sHTOMO(Ar» MpH y4eTe HATMYHUS BHEITHETO pecypca. B uncio Takux 3apad BXOIHAT
KOHTPOJIb YUCJIICHHOCTH BPEAHBIX HACEKOMBIX, KOTOPAsl MPEACTABIISAETCS KaK MIOUCK
ONTUMAJIBHBIX YTPABIISIONIMX MAPaMETPOB B MOTUMDUKAIUAX MOJACICH «XUITHUK-
KEPTBA» WIHM «IAPa3UT-XO3sMH». Harusnueli mpumep Takodl OMOJIOTHMYECKOU
CUCTEMBI MOTYT TOCIYXHUTh I0JIE CEIbCKOXO3IUCTBEHHBIX KYJBTYp, HalpUMEp
TI0JIC TIIICHUIIBI, TTOJIE 3aCETHHOE PHUCOM HWJIM XJIONKOM, B KOTOPBIX MOIYJISIIUN
BPEIHBIX HACEKOMBIX CYIIECTBYIOT C UX MIPUPOJAHBIC Bparu (SHTOMOdaru).

Kputepuii OoNTUMaJBHOCTH HWHTETPHPYET KaK TPSIMbIE TOTEPH  OT
BpEAUTENICH, TaK MW 3aTpaThl HA OWOJOTHYCCKUNM KOHTPOJIb, OOECIeUnBas
HKOJIOTHYECKU YCTOMYUBOE PETYIMPOBAHUE CUCTEMBI.

TpeOyercss MuUHUMHU3UPOBATH PyHKIMOHAN [99, 107, 109-111]:
1) = [ £ (N, Ny, Ny u)de + (N, Ny, Ny, (3.1.1)
0

IIPU YCIIOBUSIX:

dN,

7 =0—-a,NyN,,
dN

dtl - Nl(koaoNo —aN, —m, )

N, N,
Ny Ns _ N (ka,N, —a,N, —m, )= u(D)N,,

ot Oa
ON, ON

e a2 (k,a,N, —eNy —m,)—au(D)N; + PN;.

a

B,(£..N, N, (£.0)de, 0<a<oo (3.1.2)

)
N,=N,(t)= INl.(a,t)da, a,, P, —const>0, i=23.
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«31ech O — CKOpPOCTh NMOCTYIIeHNs BHelHero pecypea Ny, N, = N,(f)— cyMMapHbie
YUCIEHHOCTH BPEIHBIX M MOJIE3HBIX HACEKOMBIX, ;=23, N, =N.()—6uomacce
(MM YMCIEHHOCTH BHAOB) i- TO TpodHyeckoro ypoBHA =123, B,(),B()-
KO3(D(PUIMEHTHI POKAEMOCTH BPEHBIX U MOJIE3HBIX HACEKOMBIX, 1€

u= (P,D, Q); 0<u(t)<u™

uelU= 0<t<t,
M(t) S (Nj[lo,tk].

fi=f 0(-)—xapaKTepI/ByeT ymiepd €O CTOPOHBI BpeauTeNe W 3aTparbl Ha
peanu3anuio  OMOJIOTMYECKOro, XMMHYECKOr0 METOJ0B OOppObl M Ha
WCIIOJB30BaHUN YAOOpPEHUM, BOJBI, ¢ = ¢(-)— aHAJTOTUYHBIA yiepd npu =1,
byHKIUS 1 = (D) «103a — 3hdexTay oT mpuUMeHEeHus: 1036l D, yIO0BIETBOPSET

d’u ~
yeinoBusM = (D) 20, dD>0 ﬁ <0, mpm p=0, a (p,)-IPOCTPaHCTBA

KyCOYHO-HenpepbIBHOU GyHKIHN» [99, 107, 109-111]

Teopema 3.1.1. Ilycmwb umerom mecmo pasencmea

f°()=CN,+C,PN,+C,D+Q,
p(-)=CN, +C,PN,;+C,D+Q,

moeoa onmumanvHoe ynpaeienue 3aoavu (3.1.1)-(3.1.2) xapakmepuszyemcsi

COOMHOWEHUAMU.
Q* — Qmax’l//O > 1’ P* Pmax’ l//3 > CP’
0,y, <l 0, v, <C,
D,., C,+w,N,+ay,N,<0 (3.3.3)

D =<0,C,+w,N,+ay,N,>0, u(D)=D

uD
—py + _ Moy ('H//zN +CW/3N) v,N, +ay,N, <0, u(D) =
Cp :UO"'D

20e  Hos 1y Oraxs Praxs Cs Cp, Cpy = 3a0annvle nonoswcumensuvie wucna, (¢, c,, c, —

coomeenicnmeerHo cmoumocmu edummbl buomaccol epedumeﬂﬂ, 3ampanibl Ha
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XUMUYECKUX u ouono02UYecKux memooax bopvowl), V; =, (t) - pewenus

conpsicennou K (3.1.2) 3adauu, i=0,1,2,3.

JoxkazareabcTBo: CocraBuMm (QyHkiuio ['amunbtrona — [lonTpsiruna s
3agaum (3.1.1) — (3.1.2):
H=-CN,—C,PN,—C,D—-0+y,|0—a,N,N,|+w N, (ka,N, —a,N, —m, )+
+y,N, [(kloclN1 —a,N;, —m, )— ,u(D)]+ v, N, [(k2a2N2 —-& N, —m3)— a u (D) + P]
N3 ycnoBus makcumyma pynkiuu H no u momyyum (3.1.3).

Tak kak o =22 L, V=_2%| i_0123 TO MMeeM
l//z aN’ !//1(1\) aN 2 2T

1 1

w=Aw+b, b=(0,0,c,0),
it )=—v', v'=b, (3.1.4)

*

A =(ai’j ),
A" —MaTpulla B3aUMOJICUCTBUS OMOJTOTUUECKUX CUCTEM.

Teopema 3.1.2. Pewenue conpsoicennoti 3aoayqu (3.1.4) npedocmasnsemcs

8 suoe

w(t)=([-K) 'y, (1), 0<t<t, (3.1.5)

20e

v =) o + 54 ) expl;, )

Iy
K= j eV TONA(D L, A1) = A (1) - 4, A =4 .
t k
Hoxka3zareabcTBo: Hapsay ¢ cucremoit (3.1.4) paccMOTpUM CHCTEMY C
TIOCTOSIHHOM MaTpuIei 4,

y= Ay +b, w(t,)=-y". (3.1.6)

Pemenue HOCJ'IGI(HGI\/JI 3aJlavu MPCACTABIIACTCA B CIICAYIOIMICM BU/JIC:

*(f * \-1 (1, —
v (6) = -y e _ () [er(tk ) _ 1]
Tenepb BBeneM cieayroiiee 0003HAYCHUS Ay — (1) — vy, (r), TOT/IA TIOCTEIIEHHO U3
(3.1.4) Bbruuras (3.1.6) nonyuum

Ay =—A Ay —Ay, 0<t<t,

Ay()=0,
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Iy
orciona Ay(6)= [ AM(z)y(r)dT  u crenopatersHO
t

w(t) =y, (t)+ [ M@y (r)dr. (3.1.7)

[lonyunMm cucreMy HMHTETpajbHBIX ypaBHeHHH Tuna B.Bombereppa. Ecnu BBecTn
I

cremyromyo Gynknuo Ky = I e “IAA(T) (2)dr, nomyuum (3.1.5).
t

YucjieHHbIE METOAbI pelIeHust

st yucneHHoro perieHus cuctembl (3.1.2) ObUIM NMPUMEHEHBI METO/IBI
Diinepa U Anamca. DTU METOJIbI TTO3BOJISIIOT MOJIY4YaTh MPUOIMKEHHBIE PEIICHUS
mudpepeHInanbHbIX  YpaBHEHWH, ONHUCHIBAIOIINX  JUHAMUKY  TTOMYJISIIANA
pacTeHuM, BPEIHBIX U TMOJE3HBIX HACEKOMBIX, a TaK)Ke€ W3MEHEHHE BHEIIHETrO
pecypca. Meron Anamca, Kak mpaBuio, o0ecreunBaeT 00yiee BHICOKYIO TOUHOCTD
M0 CPABHEHHIO C METOJIOM DiJiepa, 0COOEHHO B CIIy4ae CJIIOKHBIX CUCTEM.

B kadectBe 6a30BOro mojixojia K YHMCICHHOMY WHTETPHUPOBAHUIO BBHIOpaH
SBHBIN MeToa Dunepa. JaHHBIM MeTO MpeacTaBisieT COO0M MPOCTEeHIIMil criocod
npubIMKEHHOTO pemeHus auddepeHnnanbubix ypaBHeHud. Ero peanuzarus
TpeOyeT MUHUMAJbHBIX BBIUMCIUTEIBHBIX 3aTpaT, YTO JEJIaeT METOJ OCOOCHHO
YAOOHBIM IS TOJYYEHUS TMPEIBapUTENbHBIX OlEHOK. OaHako cieayer
YUYUTBIBATh, YTO TMPOCTOTA aJrOpUTMa JOCTUTaeTCs 3a CYET CYIIECTBEHHBIX
OTPaHUYCHHWA 110 IIIary WHTETPUPOBAHUS - JJII OOCCIEUYCHHS TPHUEMIICMOMN
TOYHOCTHU TPeOyeTCsl UCTIOIB30BaHUE IOCTATOYHO MaJIbIX IIaroB, YTO YBEIUYMBACT
oOmuit 00HEM BHIYHCIICHU.

Hwxe mpeacrTaBieHbl pe3ysbTaThl YHUCICHHOTO PEIICHHUS HCCIeayeMOon
3a/lauy, MOJIyYEHHBIE C IPUMEHEHUEM METOoJ1a DWjiepa PH Pa3INIHbIX 3HAUYCHUIX
Iara MHTETPUPOBAHUS, a TakK)Ke CKPHHIIOTHI MporpaMMbl «Meton Diinepay u
nporpammbl «Metog Anmamca». AHamu3 3THX JTaHHBIX TO3BOJISIET OICHUTH, KAk
KaueCTBEHHOE  TOBEJICHHME  PEIICHHS, TaK ¢  XapakTep  HaKOIUICHUS

BBIUMCJIUTEIbHON MOrpC€ImHOCTH.
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YucneHHOe pElICHHE 3alayd ONTUMAILHOIO YIPABIECHHS B OHOCHCTEME
TpEX TPOPHUUECKUX YPOBHEW «PACTEHHE — BPEAHBIE HACEKOMBIE — IIOJIE3HBIE
HaCEKOMBIE» METOJIOM Jilepa.
Jns xaxoro mara n ot 0 go M-1 nmeeM:
Ny o1 =Ny, + M(Q—ayN, N, ),
Nl,n+1 = Nl,n + h(Nl,n (KoaoNo,n - alN2,n —m,)),
Nyyu=N,,+ h(NZ,n (KlalNl,n - aZNS,n —m,)— ,U(D)Nz,n)a
N, =N;, +h(N, ,(K,0,N, ,— € N5, —m;) —op(D)N, , + PN, ).

L L] Bk
e O [0 oo
9995 49,8675 44,9023 Nip= 1205052 Ni= 100 k= |02
101,590£9,902149. 77525 44, B04S; Nep=  [15412,121 N2= 50 ki= |02
102,971199, 85636 49,6633 44, 107 Np= 13831950 RS S
1003, 43099 8127249, 551 7,44 107 — = wmar = wo= [T11]
104905699 7711449 4404E 84 5140; ﬂ{“’w m=_ 02
alp2= 0001 me= (02
105,859 95, 7316045, 3234: 44 41 75( —_— —_—
ops= 00006 mi= (02
106 60399 634049, 2187044, 32121 pr— = oot

107, 7386 99,6585: 49, 1021 44,2251 Teamt

108 654599, 62507 48,9501144, 12831 EE s 1 1
1108,582490,5005: 48, 8582144 0336¢ " - Hi -
1104910995639 48, TT8TU 43, 95825 li —t
111, 390099, 5352 48 BE4: 43, 8431; 1
11228299, 5104648, 5604043, 1491 =
113,164199 4856(48,451 7143 653
114,039(99, 4645¢48,343343 558%¢ t
114,904199 44441 48.2351443, 46462 3
]

115, 7621 99, 4261148, 12732 43 3705¢
116,611199 4096460197 43 27671

EBYMLNATE OYHACTHATL

Pucynok 3.1.1. — Ckpunmor nporpammsl «Metoa Jiiiepay»
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L =15

|
|
MO M [z w2 | - [C I 109, 2474 = ’ o= [zo0 |
i 100,06 48,8076 44, BOZIH Mip= |4TETO0 Mi= [100 K= (03 |
10 B 100, 10T 40,81 527 44, B0405 MEp= 17481811 H2= B0 LI 0.6 |
T0ck el 100, 1807 40, T3 44 FOTH Hip= BT 3= 45 kE= o2 |
1008, 9575 100, 21BEAD, BN 444, B10T, p— Huy=  14m4T alpi= m- s 0z |
1104, BERSE 100, 2E004D, 30680 44, 51404 mpisijoon | mis0E
1065, B30 100, 5465 40, 44555 44,41 752 o Bl e
sps= DO0OB mi= 0.2
106, TR1E 100, 4141 40, 3674144, 32121 = = oo
7. O V00 A, O] 44 2250
10886270 100,500 40,1 750044, 1 2937 = R
1106, 5341 100,657 40,0055 44, 0337 & —
1104325 100, 7175 48, 90645 43, D3%31 -
110, 3200 100, 8007 48 BOGE; 43, 84521 o N2
U2V G7E 100, S A0, 50 43, THR e —

VLN 100,578 A1, T4 140 6535
118, 024 10, 08540, B TR 43 55911

114, FF2 104, 150 48, 54524 43, 48484 :: "—-—._________-_-_-_-___-_
TVEGNTE 100 2500 48, 46951 43 27080 o - - :

TVEA41 5 100 356648 3710143 27685

FEREEEZR

EH'"IMCAMTE | D'IMCTHTE |

Pucynok 3.1.2. — Ckpunmor nporpammsl «Metoa Jiiiepa»

Jlns mostyuenus 6ojiee TOUYHBIX Pe3yJIbTATOB OOpaTUMCS K MHOTOIIIAarOBOMY
MeTony AjnaMmca, B OTJIWYHAE OT OJIHOIIArOBOTO METOAA JWIiepa, JAaHHBIA MOAXO0]
HCIIOJB3YeT HMH(OpPMAIMI0 O HECKOJBKUX MPEAbIAYIIUX TOYKaX PEIICHHUsS, 4YTO
MO3BOJISIET CYILIECTBEHHO MOBBICUTH TOYHOCTh BBIYMCICHUN 0€3 3HAYMTEIHLHOTO
YMCHBIIICHUSI I1ara HWHTErpupoBaHus. (OCOOCHHOCTBIO METOJAa  SIBIISCTCS
HEOOXOJMMOCTh HCIIOJB30BAaHUS CTapTOBBIX TOYEK, KOTOpPBIE MOTYT OBITh
IIOJIyY€HBI, HAIIPUMEP, TEM KE METOA0M Dusiepa uin merogamu Pynre-KyTrsl.

[IpencraBienHple najiee pe3yabTaTbl JAEMOHCTPUPYIOT CYILIECTBEHHOE
YIY4YIIEHUE TOYHOCTH IO CPABHEHUIO C METOJIOM Oliepa NPHU COMOCTABUMBIX
BBIYUCIUTEIBHBIX 3aTpaTax. OCOOCHHO HAIJISHO MPEeUMyIlecTBa MeToAa Agamca
NPOSIBIIIIOTCA TPA  HUHTETPUPOBAHWHM HA NPOTHKEHHBIX HWHTEpBaiax, TIe
HAKOIJICHUE MOTPEIIHOCTH B METOE Diljiepa CTAHOBUTCSI KPUTHUYECKUM.

Jlns xaxxgoro mara n ot 0 10 M-1 nmeeM:

h
Ny =Ny, + 5 Q- aONO,an,n) — (O - &yNy, Ny, ),

h

N, ,,n=N,,+ 5 QBN (x,axyN,,, —a)N,,, —m) — (N, (K&, Ny, —,N,, | —m)),
h

Nz,n+1 = Nz,n + 5 (3(N2,n (KlalNl,n - a2N3,n —m,)— ,U(D)Nz,n) -

- ((Nz,nfl (KlalNl,nfl - a2N3,n,71 —m,)— ﬂ(D)NZ,nfl ),
h

N; 0 =N;, + 5 BN, ,(x,0,N, ,—€ N, , —m;) — a.u(D)Nfs,n + PN;,) —

— (N5, (K,0,N,, ,—€N;, | —my)— aﬂ@Q)N3,n—1 + PN;, ).
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TOZ G710 55, BhGT. 48,6 TR 44 GSG6
103, 8437 09, 812681 48, 5718444 524 T
10, D051 969, TH 0 49, 46527 44, 40408
106, BGEG B9, T35 40, 3691044 390065
106, 8034 65 G830 48, 26524 44 FEa4!
AOF, T 00, BSEA 40,14 T4 44, 10051
VO GRAS B9 G245 40, 04277, 44 05038
106,582 65, 5833 48, 9372743, D0d4s
10,8910 00 5636 40 BIPA0 4T BR5H
110, 3508 83, B35S0 48, 727043, Tl
112,282 89, 51001 48 BFETT 43 89760
13, 184000 4861 48 51972 43, 59025
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NZp= 1678516 NZ= |50 ki= 0.3
T HI= |45 (= 0.0
MNap= 136485880
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Pucynok 3.1.3. — Ckpunumor nporpammsl «Metox Axamca»

101,900 &0, 9021140, TTE3144, 50744
102, 9714 58 S5531 49, GB35 44, 38340
103, 9437 59,81 275 48,5621 (44, 18060
104, 9051 90, 7711440 44000 43 97982
105, 855 &0, TA16{ 40, 3302743, Tl
106, 5034 53, 5940 49, 2158143 58191
107, 7354 59, E585 49,1057 43 38504
108, GE41 50, G250749,0000043, 1806
108, 5820 58, 5935 148, 8906042 H9557
1104911 53, 5633148, TR 15/ 42 BOEEE
11,3004 50 5362 48 720142 61151
112,202 0, 5104048, SE44 142 42148
113, 1641 53, 48651 48 456342 2327
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Pucynok 3.1.4. — Ckpunmor nporpammsl «Metox Anamca»

"R
:

K= 02
K= 02
2= |0z
mi=

m= 02

mz= |02

m3= 0.2

h= |00

Ha pucynkax 3.1.1-3.1.4, npuBoadTcs ciaeayronme onpeaeieHus IBETOB JIMHUN Ha

rpadukax:

» KpacHOM JIuHMEN 0003HaYeHa Macca BHEIIHETo pecypea Np;

> 3eJIeHOI TMHMEH 0003HAaYeHA Oromacca pactenui N;;

» KenToll nuHMEeH o00o03HaueHa Oumomacca (MM YMCIEHHOCTb) BPEIHBIX

HACEKOMBIX N,
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» cuHell nuHMel o00o3HaueHa Omomacca (MJIM YHCIEHHOCTB) IIOJIE€3HBIX
HAaCEKOMBIX V3.

AHanu3 ToBeACHUS JUHUN Ha rpaduKax IMO3BOJSET CHAENAaTh CIETyIONIUe
HaOmoneHnss. CpaBHUBas pe3yJbTaThl MEXIy MeTomamMu Oiiepa W Amamca
MpUBEACHHBIX Ha pucyHkax 3.1.1-3.1.2 u pucynkax 3.1.3-3.1.4, BUAHO 4TO METOA
Diinepa B OJJHOM U3 CiIy4yaeB JaéT HEMOHOTOHHBIE U3MEHEHUsI OMOMAacChl pacTeHU
¥ YHCJICHHOCTH BpeauTenei. B npyrom ciydae Benmér cebsi ycToWuuBee, HO
rapaHTUid TOYHOCTU NPU U3MEHEHUHU YCIIOBUU HET. MeTon Anamca jke HampoTHB,
BCerjaa MaéT riaJkue ¥ MOHOTOHHBIE TPACKTOPHUH BCEX MEPEMEHHBIX 0€3 pPe3KHux
kojebannii. C OMOJIOTHYECKON TOUKH 3PSHHS MOKHO IIPHITH K BBIBOY, YTO METO/T
Anamca 0oJiee MPEANOUTUTENICH, TaK KaK €ro pe3yJbTaThl OTPa)XaloT peaibHbIC
MPOIECCH, @ UMEHHO: TUIABHOE MCTOINEHUE pecypca, MOCTETIEHHOE MOTpeOIeHUE
pacTeHUN BPEIUTEISIMU U €CTECTBEHHYIO JIWHAMHUKY TMOIMYJSIIUN XUIIHUKA U
XKepTBbl 0€3 pe3kux H3MeHeHuid. Meron AnamMca obecrnednBaeT Oojiee TOYHOE
peIIeHre W TIO3BOJSIET ONTHMAIBHO TUIAHWPOBATH 3aIIUTHBIC MEPOIPHUSATHSA,
YMEHBIIIATh PACcXOJIbl U COXPaHATh ypoxkail. lcxonst U3 3TOTO IJisi TPAKTUYECKOTO
UCTIONb30BaHUSI B  XJIOMKOBOMYECKHUX XO3AWCTBAaX CIEAYEeT ONHpAThCsi Ha
pe3ynbTaThl, TOJy4eHHble  MeTrogoM  Amnamca. I[lomydeHHble — pelieHus
JEMOHCTPUPYIOT BO3MOXKHOCTh 3(G(MEKTUBHOTO YIPABJICHUS] TMOMYJISAIUSAMUA €
y4ETOM SKOJIOTUYECKHX OTpaHWuYeHUi. Pe3ymbraTbl MOTYT OBITH TIOJIE3HBI IPHU
pa3paboTke  cTpareruii  OMOKOHTPOJST B arpo’KOCHUCTEMaxX,  IO3BOJISIA

MWHHUMU3UPOBATH UCITOJIB30BAHNC XUMHUUYCCKUX CPCACTB 3alIUThI paCTeHI/Iﬁ.

3.2. YucieHHbIE METO/bI B HCCJIEIOBAHUN ONTUMHU3AIUN 3AIUTHI PACTEeHUIl ¢
BO3PACTHOM CTPYKTYPOM MOMYJIALMU HACEKOMBIX
CoBpeMEHHOE CeIIbCKOE XO3SHWCTBO CTAJIKHBAETCA C HEOOXOIUMOCTHIO

2 PeKTUBHON 3alUTBI PACTEHUM OT BpeauTeNied, 4yTO TPeOyeT ydeTa CIOXKHBIX
OMOJIOrMUYECKUX MPOLIECCOB, BKIIIOYAs TMHAMUKY MOIYJIALUNA HACEKOMBIX.
[lycte 3aman (yHKUMOHAJN, XapaKTEpU3YIOMIMM COBOKYIHBIA yiiepd ot

BpEAUTENCH U 3aTpaThl HA 3alUTHBIE MeponpusTHs. TpedyeTcst onpeaennTsh Takoe
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JOMYCTUMOE yIpaBJi€HUEe, NpH KOTOPOM JaHHBIM (YHKIMOHAT JOCTUraeT

MUHUMAJIBHOT'O 3HAYCHUA IIPU 3aaHHBIX OTPAHUYCHUAX Hd JTUHAMUKY HOHYHHHHﬁ.
n

I(u) =IfO(Nl,NZ,N3,u)dt+f1(Nl,N2,N3,u){tk (3.2.1)
0

C YYETOM CIIEAYIOIINX OTPAHUYCHHM:

d,N=F(N,a,tu,),0<a<w, 0<t<1,
N(a,0)=N,(a),0<a<x (3.2.2)

N(O0,7) = TB(N(cf,t),cf,t,ul)df, 0<r<rt,

rae /'), f'(), F(), N,(), B()-  3amaHHBIC DOCTATOYHO TJIAaAKHEe (YHKIUH
CBOUX apryMeHTOB, u =(ug,1,), 4, =(Q,P,D),u eU,U - JOMyCTHUMOE

MHOKCCTBO, T.C. MHOXKCCTBO OI'PAHHYCHHBIX MW KYCOYHO-HCIIPCPBIBHBIX

byHKIIUHA

u:0<u(t)<u,,
U = 4ty = {Ouss Prses Do}

u=u(t)
U, KpOME TOTO,
N=(N,,N,, N,, N,), N, =N,(t)- macca BHelIHero pecypca B MOMEHT BPEMEHH £,
N, = N, () —OMOMacca pacTeHUN CeNbX03KYyJIbTYypbl B MOMEHT BPEMEHU /,
N, = N,(a,t) — uncnennocTs Bpeaubix (i=2) U noje3Hbix (i=3) HaCEKOMBIX BO3pacTa
a, B MOMCHT BPEMCHU .
F= (Q +F,, N\F,, N,F, = u(D)N,, N,F, —au(D)N, + PN, ), Q- CKOpPOCTh  TIOCTYILJICHUS
BHemHero pecypea, Fi=F() — cooTBeTcTByIOmME yaeIbHBIE CKOPOCTH POCTa
OMOJOTUYECKUX BUJIOB arporieHo3a, mpuiemM

oF , OF _ <0,i</j,i=03

ON,” " ON, [>0,i>j,;=03

1
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= u(D)— QYHKIHH «7103a — 3P deKTa» OT MPUMEHEHHS 103kl D U yIOBICTBOPSIET

YCJIOBUSIM:
2
U= u(D)=0, d_,u >0, d—2
dD dD
npu D =0.
rne P — Ouosoruueckoe yrnpaplieHHE, TO €CTh KOJUYECTBO BBIITYCKAEMBIX B
MOITYJISALIUIO rapasura 1501051 XHIHUKA,
D — XxuMmunueckoe ymnpasi€HUE, TO €CThb KOHIIEHTpauus SJOBHUTOIO BEIIECTBA,
MIPUMEHAEMOI'0 JUISt IIOJIaBJICHHS BPEIHBIX HACEKOMBIX.

B =(b,(a), b,(a), B,(N), By(N)), B,(), B,() —K02()(QULUEHTHI POKIAEMOCTH BPEIHBIX U

IIOJIC3HBIX HACCKOMBIX, IIPUYCM
0
[b(a)yda=0, i=o0,.
0

3amerum, urto B (QyHkuuonane (3.2.1) ¢yukuum S O, ') moxer

XapakTepu30BaTh WU yIIEepO, WU Bpeld, CO CTOPOHBI HACEKOMBIX BpPEIUTEIICH,
3aTpaThl HA MPOU3BOJACTBA OMOJOTMYECKOTO BU/IA C LI€JIbIO YIIPABICHUS U 3aTPaThl

Ha AO0XHUMHKATBI U ApP., IPUYCM
3

P O=2 1 N)+CP+C,D20, f(N)20
i=1

0= 23: fI(N)+CP+C,P>0, f/(N)=0,i=12.3

i=1

rne C, =const>0, [ =1,2.
Teopema 3.2.1. ITycmo gynxyuu f°¢), /() F(), N,(), BO)— docmamouno
enaokue u 0nisl Hux, u 0isl 1100020 ueU cywecmeyem  eOUHCMBEHHOe  peuleHue

* *
sa0auu (3.2.2). Tozoa onsa mozo, umoobwr U =u (1)eU  senanca onmumanvhvim

ynpaenenuem 3aoaqu (3.1.1), (3.1.2) Heobxo0umo evinoaHeHue HepageHcmea:

sl (2
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npu écex uecU. 30echb y =y (a,t) ABIAEMCA PeULeHUEM CONPANCEHHOU CUCTNEMBL.

. oH

P _ vt

@y =-71 -
1 i

t//(a»tk)——% > wlo,1)=0

Ioe HO)=(F.¢)+(B.w|_)- 0.

3amernm, uto  (0,)=-(3, )"

UncjieHHOE peneHne 3a1a4u MUHIMuU3anun pynkauonasa I(u)

TpeOyeTcss MUHUMU3UPOBATH (PYHKIIMOHAI:

tk

I(u) = J (CNZ(t) — C,PN3(t) + CpD(t) + Q)dt + (CN,(ty) —
0

—CpPN3(t) + CpD(ty) + Q)

punnun makcumyma IlonTpsiruna.
OyHkuus ['amunerona — [loHTpsArMHA PEACTABISIETCS B CICAYIOIMIEM BUE:
H = (CN, — C,PN3 + CpD + Q) + o(Q + agNoN,) +
+1 Ny (kgagNg — ay Ny —my) + 1, (Ny(kyay Ny — ap N3 —my) — u(D)N,) +
+3(N3(kya; N, — N3 — mg) — au(D)N; + PN3).

ConpsikeHHbIE IEpEMEHHBIE Yy, Y4, P, 3 YAOBIECTBOPSIOT YPABHEHUSM:

dy, oH
dt == N, = —oaoN; — YikoagNy,
dy, 0H
dt = - N, = —YoaoN; — P, (kgagNy — ayN, — my) — Prkia Ny,
dy, 0H
= - =C—vYa,N; — 1/’2("1“11\/1 — ;N3 —m;, — .U(D)) — Y3ka;, N3,
dt dN,
dys 0H
== = CpP — Pra;N; — P (kya; Ny — €Nz —mz — ap(D) + P).
dt 0N;

Yucnennoe pemienue cucremsl (3.1.2) merogom Ditnepa:
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( NGt = N§' + h(Q + aoN§ND),
Nt = N + h(N{l(koa’oNgl —aN;' — m1)),

NJ*t = NI + h(NJ(kyoy N — ay N3 — my) — u(D™)ND),

N3t = N3t + h(N§ (kpap Nt — eN3' — m3) — au(D™)NG + PN3Y),

rae u(D™) = kD™
Meton Anamc 2 — ro nopsaka
[IepBblil mar (BHIMOIHAETCS METOJIOM Diiiepa):
N} =N +hfP,i=0,1.23.
[Mocaenyromue maru (n = 1):
Nin+1 — Nin +g(3fin _ fin—l)’

rie:
for = Q + agNg'N{',

fi* = N{'(koaoNg — ay N3' —my),

f2t = Ng'(kyay Ni* — ap Nt —my) — u(D™)N7,

fs' = N3'(kpa,N3' — eN3g' —m3) — au(D™)N3' + PN3'.

OnTtumaneHOe ynpapiieHue (M3 MpUHIMITA MakcuMmyMa [loHTpsiTuHAa):
Cp

" k@ENG + api Ny

Dn

rae Yy u PY — conpsHKCHHBIC TEPEMEHHbBIC Ha 1 — OM IIIare.

Pe3yabTaThl YMCJICHHOIO pPellICHUsA

Hwxe  npencrasiaeHsl — pe3ysibTaTbl — YMCIEHHOIO  MOJECIMPOBAHUSA
ONTUMU3ALMN 3aIUTHl PACTEHHM C YYETOM BO3PACTHOW CTPYKTYpPBI HOMYJIALIUI
HacekoMmbIX. Ha rpaduxax oroOpakeHa IHWHAMUKAa YHUCICHHOCTH BpEAHBIX U
NOJIE3HBIX BHUAOB IO BO3PAaCTHBIM TIpYyIIaM NpPH Pa3IUYHbIX CTPATETHsX
yrpasiieHus. Takxke nmokazaHsl ONTHUMAJIbHBIE TPAEKTOPUU TPUMEHEHHUS 3AIUTHBIX
MEPONPUITHIA, BKJIIOYAash HHTEHCHUBHOCTh U  MEPUOJAUYHOCTh  OOpabOTOK.
Pe3ynbraThl J1eMOHCTPUPYIOT 3(G(EKTUBHOCTh MPEIJIOKEHHOTO TOAX0/la |
MO3BOJIAKOT CPABHUTH BIIMSHUE PA3HBIX METOJOB KOHTPOJII HAa COCTOSIHUE
arposKocucTemMbl.  UuciaeHHble  pacdeTrsl  IMOATBEPKIAOT  CXOAUMOCTH

HCIIOJIB3YyCMOI'O aJIrOpUTMaA U €ro IPUMCHUMOCTD I PCHICHHA HOI[O6HBIX 3aJad.
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L]
i =T -
100,05 49,9075 44, 90231
10 Selrg 100, 1001 40,81 520 8400400
102, 8582 100, 155 48, 7232084, 7007 T
108, 5075 100,215 49 63160 £4.6107
104, EB52 100, 2801 49, 53984 84,51 404
105 BATE 100 S465 40 L4550 64 41752
106, TA10 100,4 144 48, 36761 84, 321 2
V07, 09 1 00,4051 40 266544 2252
10, B2 T 100, SO 49,1 760084, 12837
100, 5348 1 00,6375 A0 0855664053 T
110,4323 100,717 40, 90680 83, 038531
1115200 100,800 48 DOS5; L3 8432
112,197 100, 8861 48,91 68083, 74831
115,056 100,974 48, 72641 8365354
112, 650241 101 06565 48 6T 43 65611
V14, 7729101 1558 48 5482 83 4648
116,5118 101, 266048, 465518337081

yrsxpuen B IRERREERNNE

IEI
=
]
[

AT AN
17431 81
1348 83"

§

‘ §

bt L
- 2

N3
—

118,441 101 S561 48 3710143 27600

EDIYHMLCANTD |

OYHHMCTHTb |

1u)=

£

14847

alpl=

;

opa=

‘?Hi‘iﬁﬂ
§ﬁﬁﬁﬁﬁ.‘-ﬁ§ ;

Pucynok 3.2.1. — CKprHIIOT pe3y/IbTaTOB KOMIILIOTEPHOI IPOrpaMMbl

«OnTHMH3a1UM 32AIUTHI PACTEHUI ¢ BO3PACTHOM CTPYKTYPOil MONMYJISIMH HACEKOMbIX)

Ha pucynke 3.2.1.

MOJYYEHHbIE METOJIOM Jilepa,

IIpCaCTaBJICHBI

SHAUYCHUA IICPCMCHHBIX MOI[CJIGfI,

B XOJ€ pacdcrta KOTOPOro Ha6J'IIOI[aeTC$I

KpaTKOBPCMCHHOC PC3KOC OTKIIOHCHHC YHCICHHOCTH BpCI[PITGJ'IGﬁ, YTO CBA3aHO C

BBIUYHUCIIUTEILHON HEYCTOMYMBOCTBIO METOJIa IMPHU PEIICHUH 33J1a4d C Y4YETOM

BO3PACTHOU CTPYKTYPY HOMYJISILIUAN.

L L]

o [ra [paz w3 | -
ﬁw.u ADINTS 44,700

WEY S S e D A, L A LAY
VOZATIE09 B34 G5 44 3034,

VO BARTHE B 2T A0 LS 48, RO

W04 BOLESS, T 1440 44051 43 8 TR

VOG BKEE B9, TIVE( 46 3502 43, 78011

W06 BO3 B9, BR40E 40 2 198" 43 58180
V07, FEBE 09 BSESIA0, 1007 43, 38504
W08 BELT D9, B2500 4 0 00D 43, 1598
W00, 5524 09 BO35T 45, G008 4.3, 0055
10497009 5630146, 781 5 42, B0EH

A1, 000 D E303 46 B TIE 4Z B1161

2 R O 5O A0 BSR4 431 41

TR VSR 0, ARBS] L 5650 43 200
114000009, AB4S AN TANGT 432 0454

WA G045 05 44440424 N 41 BEa v

E&E

I EEEER R

Mip=  [12042.001
MZp= 158100511
|NSp=  [voaro.an:

=]

-2

M3

-4

TIE G209 AZ60° 40, 13415 47 67445
TIGGN 199 A09S A0 027N 41 400088

DAYHCAHTL ‘

OYHCTHTL

Fu)=

z'i
-
i

zgﬁ

143,47

1y
4

;

a1

i
_E

Q=
e

Ki= |02

k2= |02
mo=_ [FI
mi= 02
ma= oz |
mi= |0F
he @01

Pucynok 3.2.2. — CKprHIIOT pe3y/1bTaTOB KOMIILIOTEPHOI NPOrpaMMbl

«OnTHMHU3a1MH 3alIUTHI PACTEHUH C BO3PACTHOM CTPYKTYPOM NMONMYJISIMHA HACEKOMBIX»

Ha pucynke 3.2.2.

IMPpHUBCACHDBI

3HAa4YCHUA

MIEPEMEHHBIX

MOJIENH,

IMMOJIYYCHHBIC MCTOJIOM AI[aMCEl, B KOTOPOM BCC M3MCHCHHA IICPCMCHHBIX HOCAT
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IUIABHBII M MOHOTOHHBIM XapakTep, YTO OCOOEHHO HEOO0XOJUMO IPU YYeTe

BO3PACTHON CTPYKTYpbl MOMYJISIIUM HAaceKoMmbIX. [loiyueHHble HHTErpalibHbIE

XAPaKTCPUCTUKHU U 3HAYCHUA LCIICBOI'O ®YHKHHOHM3 IMOATBCPKAACT JOCTHIKCHUC

3¢ (HEKTUBHOTO peXrMa yrpaBiIeHUsI.

NO

N2

N3

101,71440,616(51,902¢
175,75£104,27141,255(53,915¢
207,43:107,63€41,924,56,063(
235,191111,77442,641258,400¢
258,942116,70443,405160,937¢
278,752122,40£44,225,63,709:
294 65£128,88:45,112€66,757¢
306,73(136,10£46,076270,130¢
315,064144,06€47,127.:73,8834

= BDE0HbIE HACEROMbIE = [10NE3HbIE HACEKOMbIE I

Pucynok 3.2.3. — CKpyHIIOT pe3yJibTATOB KOMINBIOTEPHOI NPOrpaMMbl

«ONTHMH3AaIUM 3aALUTHI PACTEHUI ¢ BO3PACTHOM CTPYKTYPOil MONMYJISIMH HACEKOMBIX)

No= |10 Q=
Ni= |l k0=
N2= |50 k1=
N3= |45 k2=
N4= |48 k3=
N5= |35 kd=
N6= |30 k5=
N7= |40 k6=
alp0= (0,01 m0=
alp1= 0,002 |ml=
alp2= (0,001 |mZ=
alo3= 10.002 Im3=

00
0,2
0,2
0,2
05
0,6
05
0,7

)

0,1
0.1
0.1

NO

NI N2 N3 |NA N5 N6 |N7 °

10,989

11,9790
12,967
13,9541
14,940;
15,925:
16,909¢
17,892
18,875(

{

9,9895£49,847(44 925847 828£ 38,107€30,639¢ 42,598
9,9793¢49,684¢44,851247,662141,480031,291145,354°
9,9694(49,512¢44, 775547 471445,137¢31,956148 277
9,9596749,328¢44,700147 2841 49,125432,633151,384,
9,9500749,133144,623€47,091£53,449(33,324: 54,6761
9,9407:48,924¢44 546€46,892158,130734,027¢58,163!
9,9315¢48,702:44,468¢ 46,686 63,197¢34,745161,855!
9,9226€48,464 44,3905 46,473£68,678€ 35,475 65, 761!
9,9139£48,210£44,311£ 46,253 74,602(36,220469,8931 |

H

Pucynok 3.2.4. — CKprHIIOT pe3y/1bTaTOB KOMIBIOTEPHOI IIPOrPaMMBbI

«ONTHMH3aIUH 32ALIUTHI PACTEHUH ¢ BO3PACTHOM CTPYKTYPOil MONMYJISIMA HACEKOMbIX)
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‘-BDEAHHIEHSCEKUMHIE = |TEHAE HECEROMAIE I

‘-BDEAHHIEHSCEKUMHIE = |I0ESHBIE HACEADMEIE I

s 05016 HACEAOMBIE s [1ONE5HIE HACEHOMLIE I
!
1
1
I
1
1
1
1
1
t
1
1
!
1
1
1
1
1
I
1
1
1
1
1
L
T

w
o

PE3yJIbTATOB
[TosmyuyeHHsle
CTpaTerui

(V)

XJIOMYaTHUKA C YYETOM BO3PACTHOM CTPYKTYpBI
DKCIEPUMEHTHI,

U C BO3pAaCTHOHU

(V)

LABBNUEMBIRADURBNTMER

(v

YIpaBJICHUSA B PA3JIMYHBIX CHCHAPHAX IIPU 3aIMUTEC PACTCHUU.

[

OIITUMAJIBHBIX

(V)

IIOJlyYEHHBIX HAa OCHOBE IIapaMETPOB MATEMAaTUUYECKOM MOJEIH.
Kommberorepnass nporpamma

BBIYHCJINTCIIBHBIC

/i ¢ BO3PACTHOI CTPYKTYPO# NOMYJISILINHA HACEKOMBIX)>

HAaCCKOMBIX)).

000CHOBaHUS
103

[©8151%1

[

OHTI/IMI/I3aHI/II/I 3alIUTBI PACTCHU

AR NNUBBILUBRNT MR R

JJIA

MPOBOJIUTh
TpopuyecKkuMH PyHKIUAMU

(v

HCIIOJIB3YIOTCA
HHTCTPUPOBAHHON 3alIWTLI

IIO3BOJIACT

(V)

Pucynok 3.2.5. — CKkpHIIOT pe3y/ibTATOB KOMIIbIOTEPHOM NMPOTrPaMMbl
KOMIIBIOTCPHOHN IIPOIrpaMMBI  «

3.3. Pe3yabTaThl KOMILIEKCAa KOMIIBIOTEPHBIX IPOrPaMM

CTPYKTypOﬁ Moy HaCCKOMBIX», TO €CTh PC3YyJIbTAThl YMCJICHHOTO PCIICHUSA

CTAIMOHAPHOM M HECTALIMOHAPHOM CJIy4ae ¢ MPOM3BOJIbHBIMH
B nanHOM paszpene mpuBEOEHBI pPE3yJbTaTbl KOMIIBIOTEPHOM IPOTrpaMMBbI

Jist peanuzanuu pa3paOOTaHHBIX MaTEeMaTHYECKUX MOJENeH M METOJOB

Pucynku 3.2.3-3.2.5 mpeAcTaBiIsiOT COOOH CKPUHILIOTHI
Pe3yabTaThl KOMIILIOTEPHOTO MOAEJIMPOBAHUS 3aIUTHI PACTEHU B

«OnTUMHU3aNNH 3aAIUTHI PACTEHU
ONTUMM3AIMU OBLT pa3paboTaH KOMIUIEKC KOMITBIOTEPHBIX MporpamMm. JlaHHBIM

BU3yaJIM3UPOBATh JUHAMUKY arpoleH03a U ONPENEsATh ONTUMAJbHbBIE CTPATETUN
pa3zpaboTtana Ha si3bIke «C++», IUPOKO UCIOIB3YEMOI0 B HAYYHBIX, HH)KEHEPHBIX,

BpPEJIHBIX HACEKOMBIX.
«OnpenieNieHne KPUTUYECKUX 3HaY

pe3yabpTaThl
KOMIIJIEKC



MaTeMaTUYeCKUX M  KOMIBIOTEpHBIX obnactsax. KommnbloTepHas Mojelnb
HKOCUCTEMBI B XJIOIIKOBOM arpoleH03¢ MPEJCTaBISET COO0M KOMIUIEKC MPOTPaMM.
KoMmbroTepHass mnporpamMma MpeJHa3HAY€Ha JJis BBIYMCIEHUS IOPOTOBBIX
3HAUYCHUM BpeauTeneid W SHTOMOGAroB arpoleHo3a MpHU 3aJaHHOM Yposkae
XJIOITYaTHUKA, KOTOPBIA HEOOXOJMMO TOJYYHTh B arporeHos3e. Pe3ynbTaTsl
IPOrpaMMbl MOKHO TIOJTy9HUTh B BUJE TaOIUIILI, U B BUAE Tpaduka. Brraucienus
MPOBOJMINCH B HECKOJIbKUX BapuaHTaX, Ha OCHOBE IPEIBAPUTEIbHBIX TaHHBIX.
Kaxaplii BapuaHT BBINOJHSAETCA TPU PA3JIMUHBIX HAYAJIbHBIX 3HAYEHUAX
YUCJIEHHOCTU HACEKOMBIX M Pa3HbIX MHTEpBajax BpeMEHH. M3 aHamM3a YMCIEHHBIX
PE3YJIBTATOB CIIEIYET, YTO OHH YAOBJIETBOPUTEIBHO ANIPOKCUMHUPYIOT HATypaJlbHbIE
JTAHHBIE.

CKpUHILOTBI ~ PE3yJbTaToB,  IOJIYYEHHBIX  KOMIIBFOTEpPHOW  IPOTpamMMOM

«OrpeaeneHne KpUTHYECKHX 3HAYEHUI HACEKOMBIX)» MPUBEACHBI HA pUCyHKax 3.3.1-3.3.3.

o Foem?

oo e e |
BE o5 477 444 Nip= [314.4
1199 906 455 438 N2p= (2199
1287 868 434 432 N3p= |248.9

1875 835 M5 426
1461 80.7 395 421

1542 783 377 414 <
1621 761 361 408 oo [ =—n2
1698 743 344 395 e | [==N3
x [ =—=nNe
1171 728 328 389 o ;

1842 716 313 383 o
1911 705 299 376 o
1975 697 286 371
2038 69.09 273 364
2097 686 262 358
2153 683 251 352 0

| «Q
2206 682 241 346 - k
2255 682 231 341 S

2 33 N N W 4N B TOTERE X
|1330.1 603 229 30.2 v

Pucynok 3.3.1. — CKpUHILIOT pe3yJIbTATOB KOMIIBIOTEPHOI porpaMmmoi «OnpenesieHue

KPUTHYCCKUX 3HAYEHHI HACEKOMBIX»
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RSN - No=

2952 2406 2204 2405 Nip= 520.4
293.1 236.3 215.7 240.7 N2p= 381.7
2911 2321 2111 2409 N3p= 457.1

289.4 228.1 2065 2411
287.8 2242 2021 2413
286.3 2205 197.7 2414
2851 2171 1934 2415

=y
2838 2136 1892 2416 -N2
2827 2103 1851 2417 - si’
2818 2072 1811 2418

2809 2042 1771 2419
2802 20183 1731 2418
2796 1986 1692 2419
2791 1959 16556 2418
2785 1934 1618 2419
2781 1911 1582 2418
2773 1806 1547 2417
117,451£99,3948¢47,9125243,1830¢

ussssisERsUEETULEESS

Pucynok 3.3.2. — CKpHHIIOT pe3yJIbTATOB KOMIIBIOTEPHOI PorpamMmoii «Onpenenenne

KPUTHYCCKUX 3HAYEHUH HACEKOMbIX»

P Feemt

No i N2 N8 | - No= 53
297 7624 6181 6345 Nip= (32015
970 7285 5871 6387 N2p= (25615
9461 698.1 5569 6424 N3p= (23446

9271 6707 5278 6458
9124 6462 4998 6489
901.2 6243 4728 6515 220

230 - N1

8929 6046 4469 6538 2200 -N2

887.2 587.1 4222 6558 2000 ;s
8835 5715 3986 6574 e
8816 5577 3762 6588 s
8812 5454 3548 6598 e
8821 5346 3346 6606 -
'884.1 5251 3154 6611 e
lsse7 s1e8 2072 6813 e
8901 5096 2801 6612 oo
8941 5034 2638 661.1 g
8986 4982 2485 6606 vee

-

,m.3 m.‘ w,‘ 659.9 - 3 4 ° 7 [ 2 "

Pucynok 3.3.3. — CKpUHILOT pe3yJIbTATOB KOMITBIOTEPHOI NporpamMmoii «OnpeneneHne

KPUTHYECKHUX 3HAYEHUH HACEKOMBIX»
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Pucynku 3.3.1-3.3.3. 1eMOHCTpUPYIOT pPabOTy KOMITBEOTEPHOM MPOrpamMMbl
«OmnpeneneHne KpUTUYECKUX 3HAYEHUI HACEKOMBIX» B CTAllMOHAPHOM U HECTALIMOHAPHOM
cocTosHMM. B crammoHapom ciydae BCe KOMITOHEHTBI OHOJIOTMYECKOM BBIXOIAT Ha
IIOCTOSHHBIE YPOBHH, YTO B CBOK) OUY€pelb IIO3BOJIIET ONPENCIUTH PAaBHOBECHBIC
KPUTHYECKUE 3HAYEHHS Uil HAOMIOACHUS BIPOLIEHO3a. B HecTalMOHAPHBIX CITydasx
NIEPEMEHHBIE KOJIEOMFOTCS M KPUTHYECKHMH CTAHOBSTCSI MAKCUMAJIBHBIE 1 MUHUMAJIbHBIE
3HAYEHHS YMCIICHHOCTH BPEIHBIX W IIOJIE3HBIX HACEKOMBIX. [loiydeHHBIE pe3ysbTaTsl
MO3BOJISTEIOT OOOCHOBATh PEKOMEHIAIMH TI0 3aIlTEe PACTEHHH, TO €CTh B CTAI[MOHAPHOM
PEXUME JOCTaTOYHO IIEPUOAMYECKOTO KOHTIPOJA, @ B HECTALMOHAPHOM JIOCTATOYHO
JMHAMUYECKOTO IUIAHMPOBAHUSI 3aIlMTHBIX MEPONPUATUA € YYETOM MAaKCUMAJIBHOTO
3HAYEHWSI TIOMYJIALMN BPEIHBIX HACEKOMBIX.

[Tonmy4yeHHBIE KOMIBIOTEPHBIE PE3YJbTaThl KAYECTBEHHO COOTBETCTBYIOT
pe3yibTaTaM HATypHBIX SKCHEPUMEHTOB YYEHBIX OTHENa 3alllUThl pPAaCTEHUU
NuctutyTta pacrenueBoncrtsa TACXH.

Pe3yiabTaTbl KOMIBITEPHOI0 MOJCJIHMPOBAHMS MPOLECCA 3AIUTHI
pacTeHuil B 0MOJIOTMYECKOM CHCTEMe «PACTEHUU-BPeIHbIe HACEKOMbIe-
M0JIE3HbIE HACEKOMBbIE» C Y4eTOM BPeMEHHO-BO3PACTHOM CTPYKTYPbI U

NPOCTPAHCTBEHHOI0 pacipe/iesieHlsl ¢ MPOU3BOJIbLHBIMH TPOpHuIeCKUMH
GyHKkuaMU

[lomyyeHbl YMCIEHHBIE pEIICHWsS  33Jayd  3al(UThl PACTEHU B
OMOJIOTMYECKON CUCTEME «PACTEHUU-BPEIHbIE HACEKOMBIE-TIOJIE3HbIE HACEKOMBIE)
C  yY4€TOM  BpPEMEHHO-BO3PAaCTHOM  CTPYKTYpbl M  IPOCTPAHCTBEHHOTO
pacnpezieNieHusi ¢ MPOU3BOJIbHBIMU TpoduueckuMu (GyHKUuAMU. s mosmydenus
KOMITBIOTEPHBIX ~ PE3yJbTaTOB, Ha s3bIke nporpammupoBanus C++ Obuia
pa3paboTaHa mporpamMma, pe3yJibTaTbl KOTOPOl MOXKHO MOJIYYUTh B TaOJIMYHOU U

rpaduueckoit popme.
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Cuenapusa 1
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BHIMUCNUTL OYUCTHTb

BbiX0J TPARHK

Pucynok 3.3.4. — PesyaibTaTsl pacyera B Ta01u4HOi popme

B Form2 e — e

Pucynok 3.3.5. — Pe3yabTaThl pacuera B rpadpuueckomM Buje
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Cuenapusa 2
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Pucynok 3.3.7. — Pe3yabTaThl pacuera B rpadpuueckomM Bujae
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Cuenapusa 3

BHYUCNHTE OUHCTHTE

BH=0N FPAUK

Pucynok 3.3.9. — PesyabTaTsl pacyera B rpadgpuueckoM Buje.
AHanmu3 pe3yJbpTaTOB IOKAa3bIBAET, YTO €CIAM NPH 3aJaHHBIX 3HAYEHUSX
napaMeTpoB U QpyHKUMNA OHonoruueckoi cucremsl ycnosus (1-A, 3-A, 7-A, 8-A)
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U (3.2.5) He BBINOJHAIOTCSA W 3aJaya 3alUThl PACTEHUN HE peraeTcs, TO s
MOKMCKa JIONMYCTUMOTO PEIICHUS HCIOJb3YeTCS ONTUMAIIbHOE YIpaBieHHe. ITO
MpeanojaraeT MPUMEHEHHUE KOMIUIEKCHBIX METOJOB OOpPHOBI, BKIIFOUAIOIIMX

AIrpOTCXHUYCCKHUC, XUMHWYCCKUC U OMOJIOTUYECKHE MCPOIIPUATHUA.

BbiBOaBI 110 TPETHEH I1aBe
B Tperbeil riaBe auccepTallMOHHOW pPabOTHI MPEACTaBICHBI PE3yJIbTAaThl

pa3pabOTKU YMCICHHBIX METOJIOB PEIICHUS 3a7a4 ONTUMAJIBHOTO YIPABICHUS IS
OMOJIOTHUECKUX CHCTEM 3aIlUThl PACTEHUHN M CO3/IaHHOTO Ha X OCHOBE KOMILJIEKCa
KOMIBIOTEpHBIX ~ mporpamm.  IIpoBeneHHoe — wuccienoBaHUE — MO3BOJISET
copMyIHUpPOBATH CIETYIONINE OCHOBHBIE BHIBOIBI.

B nepBom nmaparpade pa3paboTaH aJIropuT™M pELICHUS  3aJadyd
ONTUMAJBHOTO YINpPaBICHUS Ui CUCTEMBI TpeX TPOYUUECKUX YpOBHEH.
[IpennoxxeHHBI alTOPUTM OCHOBAH HAa COYETAHMH METOJIOB IOCIIEI0BATEILHOTO
KBaIpPaTUYHOTO TMPOrPaMMHUPOBAHUS U KOHEUHO-PA3HOCTHOW aIMpOKCUMAIIUU
CONPSKEHHOM CUCTEMBI.

Bo BTOpoMm maparpade pa3paboTaHbl UHCIEHHBIE METOJbl HMCCIIEIOBAHUS
ONTUMU3ALIMN 3aIIUThl PACTEHUIl C y4€TOM BO3PACTHOM CTPYKTYpbI MOITYJISINU
HACEKOMBIX. B paboTe ObLIT MpeniokeH METO/], MO3BOJISIONINI CBECTH HCXOIHYIO
3aJauy C pachpenenéHHbIMU [MapaMeTpaMd K CHCTeME OOBIKHOBEHHBIX
nudepeHnnanbHbIX ypaBHEHUH.

Y4é€T BO3pacTHOM CTPYKTYpHI MOMYJISIMM 3aMETHO H3MEHWJI XapakTep
ONTUMAJIHBIX ~CTpPATErwil 3ammThl. B YacTHOCTH, ONTHUMAaJIbHBIE MOMEHTHI
npoBefeHUsT 00paboTOK cTanmm 4YETKO TPUBA3BIBATECA K TMEpHOoJaM, Korna
BPEAUTENH MEPEXOISIT B Hanbosee ysa3BUMbIe (a3bl CBOCTO Pa3BUTHSI.

B tperbem maparpadge mpenctaBieHbl pe3yJbTaThl KOMIBIOTEPHBIX
DKCIIEPUMEHTOB, BBITIOJHEHHBIX C TOMOIIBIO Pa3pabOTaHHOTO KOMILJIEKCa
nporpaMM. beuta npoBenieHa cepusi BBIYUCIUTEIBHBIX SKCIEPUMEHTOB JJIs1 Pa3HBIX
CIICHAPHEB PA3BUTHUS TMOMYJSIIUA W Pa3IUYHBIX HAOOPOB  YIPABJISIONMINX

napaMeTpoB. [losydeHHbIE pe3yIbTaThl TOKA3aId, YTO MPEAJIOKEHHBIC YHCIICHHbIC
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METOJIbI 00ECTIEYNBAIOT YCTOMYMBYIO CXOAMMOCTh MPHU CaMbIX Pa3HBIX HAYaIbHBIX
MPUOIMKCHUSX.

CpaBHEHHE pPEIICHHMA, MOJYYCHHBIX HA MOJCISIX PAa3IUYHON CIIOKHOCTH,
MOKa3ajo, 4YTO WCIOJh30BAaHUE BO3PACTHO-CTPYKTYPHUPOBAHHBIX  MOJEICH
MO3BOJIAET CHU3HUTh pPACUYETHHIC 3aTpaThl Ha 3allUTy pPACTEHUH 3a cueT Ooiee
TOYHOTO BBIOOpAa MOMEHTOB 00Pa0OTOK.

Pa3paboTaHHbIi KOMIUIEKC KOMIIBIOTEPHBIX MTPOTPaMM pPeaIi30BaH Ha S3bIKE
MIPOTrPAMMHUPOBAHKS BBICOKOTO YpPOBHS W BKIIOYAEeT MOIYJIM BBOJA JaHHBIX,
YUCJICHHOTO HWHTETPUPOBAHUS, PEIICHHs 3a/ladyd ONTHUMAJIBLHOTO YIIpaBJICHHUS,
BU3yallM3allMil  pe3yJbTaToB. lIporpammHasi  peanu3amisi  BBINOJHEHA C
UCTIONb30BaHUEM OOBEKTHO-OPUEHTHPOBAHHOTO TIOJIX0Ja, 4YTO OOecrleunBaeT
rMOKOCTh MpU MOIU(DUKAIMKA MOJETU M BO3MOXKHOCTH JOOABJIEHUS HOBBIX
(GyHKIIMOHATBHBIX BO3MOKHOCTEH. I[IpoBeneHO TecTHpoBaHHE MPOTPAMMHOTO
KOMITJIEKCA Ha HaOoOpe MOJCNBHBIX 3a/ad, IOATBEPIUBIIEE KOPPEKTHOCTH
peanu3alyy YUCICHHBIX METOJIOB.

[TpakTueckass 3HAYUMOCTh pPa3pabOTaHHBIX METOAOB M TPOTPAMMHOTO
KOMITJIEKCA 3aKJIFOYAaeTCs] B BO3MOXXHOCTH MX HCIOJIB30BaHUS I OOOCHOBAHUS

CTpaTGFI/Iﬁ 3alIUThI paCTeHI/Iﬁ B KOHKPCTHBIX aIrpOKJIMMATHYCCKUX YCIIOBUAX.
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I'JIABA 4. OBCYXKAEHUE PE3YJIBTATOB UCCJIEJOBAHUSA
4.1. AHaJIU3 ¥ HHTEPIPeTALNS MOJYYeHHbIX Pe3yJibTATOB
[IpoBeneHHOoe B JUCCEPTALIMOHHON paboTe HUCCIEAOBAHUE IO3BOJIUIIO

pa3paboTaTh KOMIUJIEKC MaTeMAaTUYECKUX MOJENEeH M METOAO0B ONTHUMHU3AINU
MPOLIECCOB 3aIIUThl PACTEHUMN, YUUTHIBAIOIINX BPEMEHHO-BO3PACTHYIO CTPYKTYPY
NOMYJISIUMKA HAaCEeKOMBIX M WX MPOCTPAHCTBEHHOE pacmpeneseHue. AHaiu3
MOJyUYEHHBIX PE3yJbTAaTOB IMOKA3bIBAET, YTO YUYET MAHHBIX (PAKTOPOB SIBISETCS
HEOOXOJUMBIM YCJIOBHEM TMOCTpOeHUs: S(PPEKTUBHBIX CTpaTeruil yrpaBiIeHUsS
arporeHo3amu.

ConocraBneHne pa3pabOTaHHBIX MOJENEH C U3BECTHBIMM I0OAXO0JIaMH,
NPEACTABICHHBIMUA B pa0dOTax APYIHMX aBTOPOB, MO3BOJIAET CAENaTh CIIEIYIOLIUE
3aknmroueHus. «Kiaccuueckue Monenu 3amuThl pacTeHUd, Oasupyromuecs Ha
TOYEUYHBIX ypaBHeHUsX Tura Jlotku-Bonbreppa u ux Moauduxanusx, HaroT
aJIeKBaTHOE ONHMCAHWE JIMIIb B YCJIOBHUSAX, KOrJa NOMYJSUUUA HACEKOMBIX
pacmpenesieHbl pPaBHOMEPHO, a WX BO3pacTHas CTPYKTypa HE OKa3bIBAET
CYILIECTBEHHOI'O BJIMSHUS HA AUHAMUKY YMCIEHHOCTH. Kak mOka3aHoO B IEpBOM
IJlaBe, TAKUE YCIIOBUS B PEAJIbHBIX arpolieH03aX HaOMI0Aal0TCA JOCTATOYHO PEIKO.
HccnenoBaHus, BBIIOJHEHHBIE BO BTOPOM U TPETHEW TIIABaX, MOATBEPKIAIOT: €CIIN
HE YYMUTBIBaThb BO3PACTHYIO CTPYKTYpy TMOMYJSILUM W TMPOCTPAHCTBEHHYIO
HEOJHOPOJIHOCTh arpoleH03a, TO NPOTHO3 JWHAMUKH BpEIUTENEH MOIydaeTcs
JIOBOJILHO TpyObIM» [4-10].

Mopaenu ¢ mpou3BOILHBIMU TPO(HUUECKUMH QYHKUUSIMU, pa3pabOoTaHHbIE BO
BTOPOM IJaBe, 3aMETHO PACIIUPSIOT BO3MOXXHOCTH TEOPETHUYECKOro aHanu3a. B
OTJIMYME OT MHOTUX MPEIbIAYIINX paboT, I UCHOIb30BAIMCH TOJBKO JTUHEHHBIE
WIM CTPOrO 3a/JlaHHble HEJMHEHHbIE 3aBHUCHUMOCTH, MPEAJIONKEHHBIM TMOIX0
MO3BOJISIET OpaTh MPAKTUYECKHU JTFOOBIe Tpoduueckue GyHKIIUUA — TIABHOE, YTOOBI
OHM OBUTM TJIAJKUMH U MOHOTOHHBIMH. biiaromapsi 3ToMy Mojieib MOXHO Jierde
MOJICTPAUBAaTh MOJ KOHKPETHBIE BUJbI BpeAUTEICH U SHTOMOGAroB, Al KOTOPBIX
YK€ W3BECTHBI JKCIIEPUMEHTAJBHBIE JAHHBIE O XapaKTepe WX B3aWMOJIECHCTBUS.

HOJ’IyIIeHHBIG YCJIOBUA  CYHICCTBOBAHUA U YCTOﬁqHBOCTH CTallMOHAPHBIX
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COCTOSIHUMA HOCSIT IOCTATOYHO OOMIMI XapakTep, U UX MOXXKHO KOHKPETHU3UPOBATh,
MPOCTO TOJICTABUB HY>KHBIN BU (PYHKIUH.

OnHUM U3 KIIOYEBBIX TEOPETUYECKHUX PE3YJIbTATOB CTAJO JTOKA3aTeNIbCTBO
CYIIECTBOBAHMSI W E€IWHCTBEHHOCTHM pEIICHUS Ui MOJENEH, KOTOphIE
OJTHOBPEMEHHO  YYUTBHIBAIOT WU  BPEMEHHO-BO3PACTHYIO  CTPYKTypy, U
IPOCTPAHCTBEHHOE paclpe/ie]iCeHUue MONYJSIHA. DTOT pe3yJbTaT BaKEH TEM, UYTO
00OCHOBBIBAET KOPPEKTHOCTh MOCTAHOBKM COOTBETCTBYIOIIMX KpPAeBBIX 3aJad U
JNa€T HAIEXKHYI0 OCHOBY ISl IOCTPOCHUS YUCIEHHBIX METO0B. HyHO OTMETHUTS,
4YTO TaKue MHTErpo-AudepeHlnaIbHble YPaBHEHUS C YACTHBIMU IPOU3BOAHBIMU
KpaliHe peaKo yAA€TCs UCCIEN0BATh AHAIMTHYECKH, I0O3TOMY Ja)kKe KauyeCTBEHHBIE
pE3yNbTaThl 31€Ch UMEIOT CAMOCTOSITENbHYIO TEOPETUUECKYIO IEHHOCTb.

YucneHnHsle MeTOAbl, pa3pabOTaHHbIE B TPETbEH TIJ1aBE, OPUEHTHPOBAHBI
INpeXJe BCEr0 Ha pEIICHWEe NPAKTUYECKUX 3a7ad  3alllUThl  PACTEHUU.
[IpensiokeHHbIE aNTOPUTMBI MO3BOJISIIOT HAXOJUTh ONTHUMAJbHBIE YIPaBISIOLINE
BO3/ICICTBUS ¢ y4E€TOM pEaJIbHbIX OTPaHUYEHUI: TUMUTA Ha oOlIee KOJIMYECTBO
00pabOTOK, OrpaHMYEHHH 1O MHTEHCUBHOCTHM TNPHUMEHEHHS [pErnapaTos,
HEOOXOJMMOCTH COXPaHATh MOJE3HbIX HAaCEKOMBbIX U Jpyrux. CpaBHUTEIbHBIN
aHaJIM3 IMOKa3al, YTO BBHIOOP KOHKPETHOTO METO/AA 3aBUCHUT OT Pa3MEpPHOCTH
3a/1ayu U Tpedyemoil TouHOCTH. [ HeOonbIINX 3aAa4 yJ00Hee BCEro HanpsMyro
IPUMEHATh NpUHLMN Makcumyma IloHtpsiruHa. Ilpu cpenHed pa3mepHOCTH
XOpouIo paboTarT METOBI MOCJIEI0OBATEIBHOTO KBaJpPaTUYHOTO
IpOrpaMMHUpPOBaHUsA, a g OOJIbIIMX 3a/Jay Iesecoo0pasHee MNepexoquTh K
METO/aM IMHAMHYECKOTO MPOrPaMMHUPOBAHUS.

BbIICHMIIOCh, UYTO CHIJIBHEE BCErO pe3yJibTaT 3aBUCUT OT I[apaMeTpoOB,
KOTOpBIE€ OIpPEACISAIOT CKOPOCTh Pa3MHOXKEHHUs Bpeauteneid M 3((HEeKTUBHOCTH
SHTOMO(]AroB. ITO BaXHO C MPAKTHUECKOW TOUYKHU 3PEHUS: UMEHHO 3TH TapaMeTpbl
HY’)KHO ONpENEeNsiTh OCOOEHHO TIIATEIbHO TP HACTPOMKE MOJEIH MO
KOHKpETHbIE yCIIOBUS. B TO ke Bpemsi MHOrue apyrue KOd(pQPHUIIMEHTHl MOKHO
3a/1aBaTh NPUOIMKEHHO — KAYECTBO ONTUMAJIbHBIX PEUIEHUH OT 3TOT0 CHUJIBLHO HE

MOCTPAAAET, UTO 3AMETHO YNPOUIAET MIPUMEHEHUE MOJICNICH Ha MPAKTHUKE.
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ComnocraBneHue pe3yabTaToOB, MOJYYEHHBIX HA MOJIENIAX PA3HOM CIIOKHOCTH,
MIOMOTJIO TOHSTh, TI€ MOYKHO MOJIb30BAaThCSI YIPOIIEHHBIMHU MOAXO0/IaMH, a TJIE —
yXe Henb3s. Ecnum Bo3pacTHas auddepeHumanus BblpakeHa ciaabo u mose
OTHOCUTEIBHO OJHOPOAHO, TO OOBIYHBIE TOYEHHBIC MOJEIU AT MPUEMIIEMYIO
TOYHOCTb. HO mIpu Hanmuum SpKO BBIPAKEHHOW BO3PACTHOM CTPYKTYpPBI WIIU
3aMETHOM MPOCTPAHCTBEHHOM HEOJHOPOJHOCTH YNPOIIEHHBIE MOJAEIM HAYMHAIOT
He y4€r mpocTpaHCTBEHHOIO pacHpeliesieHUs 3aHMXKAEeT OILEHKY HEO0OXOAMMBIX
00BEMOB  00pabOTOK, TOCKOIBKY HE YUYUTHIBAET BO3MOKHOCTH JIOKAJHLHOTO
IIPEBBILIECHNS I[IOPOrOB BPEJOHOCHOCTHU. lIpu wucHonp30BaHUMM  yIPOIIEHHBIX
MOJENEN XO34MCTBO PUCKYET IPOBECTU HEIOCTATOYHBIE 3AIMUTHBIE MEPONPUATHUS
B 30HAX C NOBBIIIEHHON KOHLEHTPALHUEW BPEIMTEINS], YTO NMPUBEAET K OYArOBBIM
oTepsIM ypodkas, Ju00, HANmpOTHB, IEpepacxoj0BaTh CPEICTBA Ha 00pabOTKY
BCETO IOJISI, KOT/Ia yIpo3a CYIIECTBYET JIMIIb HA OTIEIBHOM YYacTKeE.

[IpoBenéHHOE B auccepTalid CPAaBHEHUE PE3YJIbTATOB MOJACIUPOBAHUS B
CTAallMOHAPHOM M HECTAllMOHAPHOM Ciy4yasX I[O0Ka3ajlo, 4YTO WIrHOPHUPOBAHUE
BPEMEHHBIX KOJIEOAaHUM MapamMeTpoB Cpeabl MNPUBOJUT K CHCTEMAaTHYECKUM
OIMOKaM B OMPENEICHUH KPUTHYECKUX 3HAYCHUN YHMCICHHOCTH BpeauTenei. B
CTallMOHAPHOM PEKHUME MMOPOTOBBIE YPOBHU OCTAIOTCS IMOCTOSIHHBIMH, TOTJA KaK B
peaNbHBIX YCIOBUSAX OHHU JOJHKHBI UBMEHITHCS B 3aBUCUMOCTH OT (pa3bl pa3BUTHUSA
CEJIbCKOXO3SMCTBEHHONW KYJBTYPhI, CKIAABIBAIOIIMXCA TMOTOJHBIX YCIOBUM U
TEKYILEro COCTOSHUS MOMYJISIUU SHTOMO(paroB. PazpaboTaHHas KOMIbIOTEpHas
nporpamMmma «OnpeneneHne KPUTHYECKUX 3HAYEHUHM HACEKOMBIX» IO3BOJISET
PacCUUTHIBATh TAKHE NUHAMUYECKUE MTOPOTH, YUUTHIBAS CE30HHYIO JUHAMHUKY KaK
CaMOro BPEAUTENS, TaK U €T0 ECTECTBEHHBIX BPArOB, YTO CYIECTBEHHO MOBHIIIAET
TOYHOCTh PEKOMEH/IAIIMH 10 CPOKaM U 00BEMaM 3aIIUTHBIX MEPOMPUITHH.

AHaIN3 pEenIeHui, MOJYYEHHBIX C MOMOILIBIO METOoJa AlaMca U METoJa
Diinepa, Mokaszana, 4YTO BBIOOpD YUCIECHHOM CXEMbl MPUHUUIIMAIBHO BIMAET Ha
JIOCTOBEPHOCTh pe3yibTaToB. MeTton Oinepa, SBISAACh OJHOLIATOBBIM H HUMEsS
NEPBBIM MOPSIIOK TOYHOCTH, B PSAAE CIydyaeB MOPOKAAET JIOKHBIE KoJieOaHUs

MIEPEMEHHBIX, KOTOPhIE HE UMEIOT OMOJIOTMYECKOT0 OOOCHOBAHUS U MOTYT OBITh
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OLIMOOYHO MHTEPIPETUPOBAHBl KAK TOBTOPHBIE BCHBIIIKK  YHUCIEHHOCTH
BpeauTens. Takue apredakThl CIOCOOHBI MPUBECTH K HEBEPHBIM BBIBOJIAM O
HEOOXOJMMOCTH JOTMOJHUTENbHBIX 00pa0OTOK WM K HENpPaBUIBLHOW OIICHKE
3G (HEeKTUBHOCTH  OMOJIOTMYECKOT0 KOHTpoJisi. Mertonq Apjamca, HamnpoTHB,
o0ecrieunBaeT TJAJKWE M MOHOTOHHBIE TPACKTOPHUH BCEX IEPEMEHHBIX, YTO
COOTBETCTBYET pEaIbHON AMHAMHUKE OMOCHUCTEM U JIENAeT €ro MPeanOoYTHTEIbHBIM
JUISl pELICHMS 3a7a4 ONTHMAJIBHOTO YIIPABICHHS B 3KOJIOTMU M arpoHomuu. [Ipu
TOM BBIYMCIIMTENBHBIE 3aTpaThl IPH KCIOJb30BAaHUU METOAa AJamca OCTarOTCS
IPUEMJIEMBIMHU JUISl IPAKTUYECKOTO IPUMEHEHHMSI 1aXKe Ha OTHOCUTENBHO OOJIBIINX
BPEMEHHBIX HHTEpBalax.

DKOHOMUYECKHIM aHalu3 TMOJYYEHHBIX pPE3yJbTaTOB MPOBOJIUICS MYTEM
COIMOCTABJICHUSI HMHTETpalbHBIX IOKa3areneil >(PQPEKTUBHOCTH YIpPABIICHUS,
BBIpQKAEMbIX  3HaYeHUEM  IeeBoro  QyHknuoHana. CHIDKEHHUE  ATOro
(GyHKLIHOHANIA MPU MEPEX0oJe OT HEONTUMAJIbHBIX MapaMeTPOB K ONTUMAaJIbHBIM
O3HAuaeT YMEHbBIIEHUE COBOKYIMHBIX 3aTpaT Ha JOCTH)KEHUE TPeOyemMoro ypOBHS
3allMThl pacTeHUil. B mpemyioKeHHbIX MOJENSIX 3aTpaThl BKIIOUYAIOT KaK MPSMbIE
pacxonpl Ha NpUOOpPETEHHE W BHECEHHWE WHCEKTUIUAOB U OMOJOTHYECKHX
npenaparoB, TaK W KOCBEHHbBIE IMOTEPH OT CHWXKEHHUS YPOKAWHOCTH MpHU
HEJ0CTaTOYHO 3P ¢deKTHBHON 3amure. ONTUMAIbHOE YIpaBICHUE, HAWJEHHOE C
NOMOUIBIO Pa3padOTaHHBIX YHCIEHHBIX METOJOB, MO3BOJISIET cOATaHCUPOBATh 3TU
JIB€ COCTaBJSIOIIME TakuM oOpa3oM, 4TOObl MHHUMHU3UPOBATh  OOLIMI
sKOHOMHUYeckui ymepd. CpaBHEHHME pa3IUYHBIX CTpaTeruil IOKa3ajlo, 4To
MpUMEHEHUE KaJICHJapHBIX 00paboTOK 0e3 yuéTa peabHON JUHAMUKHU MOy JISITHHA
INPUBOJUT K 3aBBIIICHHBIM 3aTpaTaM, TOTJa KaK MCIHOJIb30BAaHUE MPEJIOAKEHHOTO
ONTUMHU3ALMOHHOTO  TOJAX0Ja JaéT  BO3MOXHOCTH  BBIOMPATh  MOMEHTHI
BMEIIATEIbCTBA C YYETOM (DAKTUUECKOM YHUCICHHOCTH BpEAMTENIEH U HX
BO3PAaCTHOU CTPYKTYPBHI.

Kak mokazanu  pacyé€Tel, YpPE3MEpPHOE  YBJICUYEHUE XUMUYECKUMH
00paboTKaMl HE TOJBKO YBEJIMYMBAET NpsIMbIE 3aTpaThl, HO U MOJPHIBACT

€CTECTBEHHBIN OMOJOTUYECKHA KOHTPOJIb, YTO B JOJTOCPOYHON TMEPCIEKTHBE
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BEAET K HEoOXOoAMMOCTH emi€ Oojiee 4YacThIX BMeEIIATeNbCTB. Pa3zpaboTaHHbIE
MOJENIN II03BOJIIIOT HAaXOAUThb TAaKHE PEKUMBI YIPABICHUS, INPU KOTOPBIX
NOMYJISIMST  DHTOMO(AroB  COXpaHseTcs Ha YpPOBHE, JOCTaTOUYHOM IS
CaMOCTOSITEJIBHOTO CIIEP’)KUBAHUS BPEIAUTENST B MEPUOABI MEXay oOpaboTKaMu.
OT0 cOo31aéT ycIOBUSA AJIA NMOCTENEHHOTO CHUYKEHUS 3aBUCUMOCTH XO3AKCTBA OT
XUMUYECKUX  CpEICTB 3allUThl W  Iepexoja K Oosiee  yCTOMYMBBIM
WHTEIPUPOBAHHBIM CUCTEMAM 3E€MJICCIIHSL.

[IpakTrueckass 3HAYUMOCTb  palbOTBI  MOATBEPKIAEHA  PE3YJIbTATAMH
BBIYMCIIUTEIIBHBIX JKCIIEPUMEHTOB, B KOTOPBIX apaMETPbl MOJENH 331aBAJINCh HA
OCHOBE JIUTEPATypPHBIX JAHHBIX IO OHOJOTMM OCHOBHBIX BpEIUTENEH U UX
€CTECTBEHHBIX BparoB. Mojenu yCHEIHO BOCIPOU3BOAAT XAPAKTEPHBIE YEPThI
JUHAMUKHU YUCJIEHHOCTH B NOMYJSILMAX TUIA «XUIIHUK—KEPTBa». BO3MOXKHOCTH
ajanTalyuy MoOJeJNIed MOJ] KOHKPETHBIE arpo3KOJOTMYECKUE YCIOBUS JIOCTUTAETCS
32 CYET UCIOJIb30BAaHUS MPOU3BOJIBHBIX Tpo(uyecknux (YHKIMA W TUOKON
HACTPOMKM BO3pacTHbIX KO3((UIMEHTOB. DTO O03HAYAET, YTO MPEJIOKEHHBIN
MOJXO0JI MOXET OBbITh MPUMEHEH HE TOJBKO K XJIONMKOBOMY IOJIIO, HO U K JAPYTHM
arpolieHo3aM, TIJe  JCHCTBYIOT  CXOXXHM€  OHOJOrMYEeCKHE  MEXaHU3MBI
B3aMMOJICHCTBUS PACTEHU, BPEIUTENIEH U UX €CTECTBEHHBIX BPAroB.

B COBOKYNHOCTM TpOBENEHHBIE HCCIEIOBAHUS IOKA3bIBAIOT, YTO YYET
BPEMEHHO-BO3PaCTHOU CTPYKTYpPbl  TIONYJSLMK W IPOCTPAHCTBEHHOU
HEOJHOPOJIHOCTH arpoleHo3a SIBJISETCS HE MPOCTO TEOPETUUECKUM YCIIOKHEHUEM
MOJIeJIM, @ HEOOXOJUMBIM YCJIOBHEM Ui MOJYYEHHUS MPAKTUYECKH 3HAYUMBIX
pe3ynbraToB. [Ipenebpexenne 3TumMu (pakTopaMmu, Kak MOKa3aHO B JAMCCEPTAlLHH,
BEIET K CHUCTEMaTHYECKUM OHIMOKaM KaK B OLEHKE TEKYIIEro COCTOSHUS
OMOCUCTEMBI, TaK M B BBIOOPE ONTUMAIBHBIX YNpPaBISAOMIMX Bo3aercTBUh. C
JIPYrol CTOPOHBI, pa3padOTaHHBIA KOMIUIEKC MOJENEeW M YHCICHHBIX METOJIOB
o0JiajaeT JOCTATOYHOM TMOKOCTHIO U BBIUUCIUTEIbHONU d(PHEKTUBHOCTHIO, YTOOBI
ObITh HCIIOJIb30BAHHBIM B pEaJbHOW MpPAKTUKE IUIAHUPOBAHMS 3aAIIUTHBIX
MeponpuaTUid. Pe3ynbTaTbl JUCCEPTALIMOHHOIO UCCIEAOBAHUS CO3/IAl0T HAYUYHYIO

OCHOBY IJIA IEpCXoZia OT SOMIIMPHUYCCKUX IMOAXOAO0B K 3aIIUTC paCTeHI/Iﬁ K Hay4YHO-
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06OCHOBaHHbIM, OIITUMHN3allMOHHBIM CTpaTCrusim, YUYUTBIBAIOIIUM

HHAWBUIYAJIbHBIC OCOOCHHOCTH KaXXJ101o XO3S1CTBA U CE30HA.

4.2. IIpakTyecKkue acneKThbl MPUMEHEHUs1 Pa3padOoTAHHBIX MOJeJIeH U
METO/10B
Pa3paGoTanHpie B JAMCCEpTAlMOHHOM paboTe MOJEIM ¢ METOJbI

OPUEHTUPOBAaHbl HAa PEIICHHE NPHUKJIAJAHBIX 3a/ad 3allUThl PACTEHUH M MOTYT
HAaliTH TpPUMEHEHHE B JIEATEIBHOCTH arpOHOMHUYECKUX CIYk0, (epMepcKux
XO35IUCTB, HAYyYHO-UCCIENOBATENbCKUX  YUPEKICHUN arpapHoro  mpoduis.
PaccMOTpUM OCHOBHBIE HAlpaBJICHHUSI U YCIOBHS MPAKTHUYECKOIO MCIOJIb30BaHUS
IIOJIyYEHHBIX PE3YJIbTATOB.

[Ipumenenune pa3pabOTaHHBIX MOAENEH sl IUIAHUPOBAHUS 3alllUTHBIX
MEpOINPUATUNA TPEANOIaraeT HajJu4yhe CHCTeMbl cOopa M OOpabOTKH HCXOJIHOM
uHpopMaluu. MUHUMaJIbHO HEOOXOIUMBIA 00BEM JaHHBIX BKIIIOYAET CBEJCHUS O
BUJIOBOM COCTaBE€ BpPEIUTEIEH M 3HTOMO(AroB, UX YHUCIEHHOCTH W BO3PACTHOM
CTPYKTYpE Ha Hayajo BEreTallMOHHOIO MepuoAa, a TakKkKe NapaMmeTpsl,
XapaKTEepU3yIOIIUE CKOPOCTh Pa3BUTHS, IIJIOJJOBUTOCTh, CMEPTHOCTb, TPO(UUECKHUE
cBA3U. YacTb 3THX MNapaMeTpoB MOXKET ObITh MOJy4YeHAa W3 JUTEPATYPHBIX
WMCTOYHUKOB, YacTh TpeOyeT MPOBENCHUS MOJIEBbIX HaOMoAeHu. PazpaboTannbIit
KOMILJIEKC MPOrpaMM MPEeayCMaTpUBAET BO3MOXKHOCTh KaJUOPOBKH MOJEIU IO
JAHHBIM TEKYIIUX HAOIIOACHUI, YTO MO3BOJISIET MOBBIIIATH TOYHOCTh MPOTHO30B
10 Mepe HaKOIJICHUsI UH(pOpMaLIUH.

OC00EHHOCTBIO TMPEMIOKEHHOTO TMOAX0Ja SIBISETCS BO3MOXKHOCTH yuyeTa
MPOCTPAHCTBEHHON HEOJHOPOJHOCTH TOJIeH TMpH TUlaHUpoBaHuu oOpaboTok. Ha
NPaKTUKE 3alUTy PACTEHHH [0 CHUX TOp 4YacTO NPOBOJAT CIUIOLIHBIMHU
oOpaboTkamu mo BceMmy Tnoyit0. M3-3a 3TOro pacxon mpenaparoB MOIydaeTcs
HEONpaBJaHHO BBICOKMM, a Harpy3ka Ha arponeHo3 — H30BITOYHOM.
Pa3paboTanHple  MOJenM  MO3BOJIAIOT  HepeTH K  0ojiee  TOYEUHBIM,
mudepeHIpoBaHHBIM 00pabOTKaM: CpEeACTBA 3aLIUThl MPUMEHSIOTCS TOJBKO
TaM, I'JI€ YUCJIEHHOCTb BPEAUTENS JECUCTBUTEIIBHO IPEBBIMIAET SKOHOMUYECKUN

opor Bp€aAOHOCHOCTH.
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OmuH Y3 BaXHBIX JOCTAaTKOB MOJIeJIell — BO3MOXHOCTb JIy4lle
cOalaHCUPOBATh XUMUYECKHE U OMOJIOTMYECKUE METObI 3auThl. OHU MOMOTAIOT
ONpEeNeNnuTh, B KaKuUX CIy4yasx »dHTOMOparn caMud CHOCOOHBI yAepXkaTh
YUCJICHHOCTh BpeAMUTENIed HIDKE OMNAacHOrO YPOBHsS, a KOTJa YK€ HYXKHO
NOJKIIYaTh XUMUIO. Pe3ynpTaThl MOKa3bIBAIOT, YTO B OOJBIIMHCTBE CHTyalUUd
ONTUMAJIbHAsI CTpaTerus — KOMOMHHMpoBaHHasd. Ha paHHUX »3Tamax pa3BUTHS
NOMYJISIMKA  JIy4dllle OTJaBaTh MPEANOYTeHUE OUOJIOTHYECKON peryisiuu, a
XUMUYECKHEe OOpadOTKM HCHOJB30BATh TOJBKO TOI/A, KOI/IA YHUCIEHHOCTH
BpPEJIUTEI HAUNHAET PE3KO PACTH.

Y4E€T BO3PACTHOM CTPYKTYphHl MONYJSAIMH JAET BO3MOXKHOCTh TOYHEE
BBIOMpAaTh CPOKH MPOBEJCHUS 00paboTOK. B oTiiMune OT MPUBBIYHBIX MOIXOJOB,
r7Ie OPUEHTHPYIOTCA Ha KaJICHJIapHbIE JaThl WM MPOCTO Ha BUIUMBIC (ha3bl
pa3BUTHS KYJbTYpbl, MOJEIU IMO3BOJSIOT PACCUUTHIBATH ONTUMAJIBLHOE BpeMs
BO3JICHCTBHS C Y4ETOM TEKYILErO0 BO3PACTHOTO COCTAaBa BPEAUTENEH, MOTOJbI U
IPOrHO3a JajbHEHIIEro pa3BUTHUS. ODTO OCOOEHHO BaXXHO MJISI XUMHYECKHX
00paboTok, Beab HX A(PPEKTUBHOCTH CHUJIBHO 3aBUCUT OT TOrO, Ha Kakue
BO3PACTHBIE IPYNIbI MPUXOAUTCS OCHOBHOM yAap.

Pa3paGoTaHHblii  KOMIIEKC ~ KOMIIBIOTEPHBIX  MpPOrpaMM  MOKHO
UCITIOJI30BaTh KaK CaMOCTOSITEILHO, TaK U BCTpauBaTh B 00Jiee KPYIHbBIE CUCTEMbI
MOAJACPKKU MIPUHATHS PEIICHUI B PACTEHUEBOJICTBE.

KoneuHo, npu BHEAPEHUM ATUX METOJOB B PEAIbHYIO MPAKTUKY HY>KHO
MOHUMAaTh UX orpanuueHus. [IpennoxkenHsie Moienu paboTaroT Hanboiee TOYHO B
arpoleHo3ax, TrJe JOMUHUPYET HeOOJbIIOe 4YHCIO BHUIOB BpeaAUTEIeH WU
sHTOoMO(aroB. Eciu ’xe BuUII0OBOE pa3sHOOOpa3ve BBICOKOE M B3aUMOJICUCTBUS
MEXy HUMU OY€Hb CIIOKHBIC, TO MOXKET MOTPEOOBATHCS YIPOCTUTH OMMMCAHKUE WU
IIEPEUTH K arperupoBaHHBIM IOKa3areiasM. EmE OIHO BaXHOE OrpaHUYEHUE —
KaueCTBO MCXOJIHbIX JaHHbIX. Eciau mHbopmaiu o napamerpax MmomyJsiiMOHHON
JUHAMUKA MaJlo, pe3yJibTaTbl MOJIEIUPOBAHUS CTOUT paccMaTpUBaTh Kak
OPUEHTUPOBOYHBIE U 00S3aTE€TBHO KOPPEKTUPOBATh HMX MO (PaKTUYECKUM

HAOJIFOJICHUSM.
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JlanpHelilee pa3BUTHE MOJENEH U METOJIOB MOXKET HATH 1O HECKOJIbKUM
HanpasieHusM. [lone3Ho BKIIOYAaTh B HUX JOMOJIHUTENbHbIE (PaKTOPHI: MOTOIHO-
KJIMMaTHYECKHE YCJIOBHS, CBOMCTBA IMOYBBI, OCOOCHHOCTH COPTOB KYJBTYPHBIX
pactenuii. Imeer cMbIcn co3aaBaTh ClEUUAIN3UPOBAHHBIE BEPCHUH MOJENEH IS
OCHOBHBIX CEJIbCKOXO3SUCTBEHHBIX KYJIbTYP M CaMbIX OIACHBIX BpEAMUTENCH
NPUMEHUTEIBHO K Pa3HbIM pPETMOHAM. AKTyaJdbHO pa3paboTaTh YHMpOUIEHHBIE
BEPCUU TPOTPaMMHOTO KOMILJIEKCa, KOTOpble OYyAyT YAOOHBI UIi XO3SHCTB C
OTrpaHUYEHHBIMU BO3MOKHOCTSIMH 110 cOOpy ¥ 00pabOTKe JaHHBIX.

OkoHoMmHuecKass 3(P(GEKTUBHOCTh MPUMEHEHMsI pPa3pabOTAHHBIX METOOB
ONpENENAETCSl CHIKEHHMEM 3aTpaT Ha 3allUTHbIE MEPONpPUSTHS 3a CUeT
ONTUMHU3AIUMU 00BbEMOB, CPOKOB M CIOCOOOB 00pabOTOK, a TakyKe COKpaIllEHHUEM
HOTEPh YPOXKasi OT NOBPEKACHUSI BPEAUTEISIMU.

Pe3ynbratrhl, MoiaydeHHbIE B IUCCEPTAMOHHOW pabOTe, UMEIOT HE TOJIBKO
TEOPETUYECKOE 3HAYeHHE, HO M O00JaJaroT TMOTEHIMAJIOM MPaKTHIECKOTO
UCIOJIb30BAaHUSl  JUId TOBBIIEHUS A()(YEKTUBHOCTH 3alllUThl PACTECHUH B
CENIbCKOXO3SIICTBEHHOM TMPOW3BOJACTBE. Pa3paboTaHHbIE MOJENM U METOJIBI
CO3/1al0T HAy4YHYK OCHOBY Ul I[epexoja K aJalTUBHBIM, 3KOJOTHYECKH
OPUEHTHPOBAHHBIM CHCTEMaM 3alllUThl PACTCHWH, YYUTHIBAIOIINM CHEIUPUKY
KOHKPETHBIX arpoIieHO30B U JUHAMHKY MPOUCXOISAIINX B HUX MPOIIECCOB.

PazpaboTaHHble MOJETH W METOJbl CO3JAIOT HAYYHYIO OCHOBY IS
nepexoga K AaJalTUBHBIM, SKOJOTMYECKM OPUEHTUPOBAHHBIM CHUCTEMAM
3aIUTHl PACTEHUM, YUUTHIBAIOIIUM CHEIU(UKY KOHKPETHBIX arpolleHO30B U
JWHAMMKY IIPOUCXOISIINX B HUX ITPOLIECCOB.

OIHUM M3 BaXXHEWIIMX NPAKTUYECKUX BBIBOJAOB, BBITCKAIOIIMX U3
MPOBEAEHHBIX  HCCIEAOBAHMM, SBJIAETCS  HEOOXOIUMOCTh  I€pecMoTpa
TPAAULIMOHHBIX TIOAXOJOB K ONPEACIICHUIO MOPOrOB BPEAOHOCHOCTH.
Krnaccnueckrne 3KOHOMHYECKHE TTOPOTH, KaK MPABUIIO, MPEACTABIISIOT cOO0M
(UKCUpPOBaHHbIE 3HAYEHUS UMUCIEHHOCTU BPEIUTENsA, IPU MPEBBIIICHUU
KOTOPBIX PEKOMEHIyEeTCS MHpoBeneHue oopadoTku. OgHAaKO, KaK IMOKa3aiau

pACU€Thl C YYETOM BO3PACTHOW CTPYKTYPBI MNOMYJISILIUA, OJUH U TOT XK€
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YPOBEHb YHUCIECHHOCTH MOXET OBITh O€30IMacCHbIM WJIM KpaiiHe OIAacHBIM B
3aBUCUMOCTH OT TOIO, HAa KAaKMX BO3PACTHBIX CTaJUsSIX COCPEIOTOYEHA
ocHOBHasi Macca ocobeii. Ecau B momymnsiuu mpeoOiamaroT MITagliue
BO3pACTHI, €lI¢ HE CIIOCOOHBIE HAHOCUTh CYIIECTBEHHBIA YIIEpPO paCTEHUSIM,
BMEIIATEIBCTBO MOKET OBbITh MOPEKIECBPEMEHHBIM W 3KOHOMHUYECKHU
HeomnpaBaaHHbIM. HanmpoTus, eciiu OoJibiiasi 4acTh MOMYJISLIMM HAXOIUTCS Ha
CTapLIMX BO3pAaCTax C BBHICOKOW MUILEBOW AKTUBHOCTBIO, JAXXE yMEpPEHHas
YUCJIEHHOCTh TPeOYEeT HEMENJICHHOIO pearupoBanus. PazpaboTtaHHble MOJETN
MO3BOJISIIOT  PACCUMTHIBATh TaKUE JUHAMUYECKHUE, BO3PACTHO-3aBHCHUMBIC
MOPOTH, YTO CTAHOBUTCSI OCHOBOM st 0OoJjiee TOYHOTO U IKOHOMHOTIO
IJTAHUPOBAHUS 3aIATHBIX MEPOTIPUSTUH.

JpyruM mpakTUYECKU 3HAYMMBIM PE3YJIbTATOM SIBJISIETCS BO3MOYKHOCTD
KOJIMYECTBEHHOU OLEHKU J(DPEKTUBHOCTU OUOJIOTHYECKON 3amuThl. Bo
MHOTHX XO3SIUCTBaX BBIMYCK 3HTOMO(MAroB mpoBoaUTCS JHUOO MO
duxcupoBaHHoMy rpaduky, aub60 0€3 HAOCTATOYHOrO MPEABAPUTEIBHOIO
pacuéra. IlpemiokeHHbIE MOJIETU TO3BOJISIIOT 3apaHee IMPOTHO3UPOBATH,
KaKO€ KOJIMYECTBO MOJIE3HBIX HACEKOMBIX HEOOXOIMMO BBIMYCTUTh U B KaKue
CPOKHM 3TO CIJIEAYET CAelaTh, YTOOBl OOECNEYUTh YCTOWUMBOE MOHABJICHUE
BpenuTens. bosee TOro, MoAenu Jar0T BO3MOXKHOCTH CpPaBHHMBATH DPa3HbIC
CLICHApUU: HAIIpUMEP, OJHOKPATHBIA MACCOBBIN BBINTYCK MPOTUB HECKOJIBKHUX
HEOOJIBIIIMX BBIMTYCKOB, pACHpeAeI€HHbIX BO BpeMeHHU. Takoe cpaBHEHUE
MO3BOJISIET BBIOpATh HAMOOJEE 3KOHOMUYHBIM BapUAHT, AAIOUIAN HYKHBIN
ouosiornueckuit a3 pexr.

Pa3paboTaHHBIM MPOrpaMMHBIN KOMIUIEKC MOXET OBITh HMCIIOJIb30BaH
HE TOJIbKO [JIsi ONEPATUBHOTO IUIAHUPOBAHMS 3AIIUTHBIX MEPONPUSITUH B
TEKYyIIEM CE30HE, HO W ISl JOJTOCPOYHOIO IMPOTHO3UpoBaHusA. Jlis
MPAKTUYECKOTO BHEAPEHUS pa3pad0TaHHBIX METOJ0B Ba)KHOE 3HAUCHUE UMEET
BOIIPOC O JOCTYITHOCTH MCXOJHBIX NaHHbIX. He Kaxmoe XO34MCTBO MOXKET
MO3BOJIUTh CeO€ peryjspHble AeTalbHbIE YYETHI BO3PACTHOW CTPYKTYpPHI
nonysauuii Bpeauteiaeil. B cBsI3m ¢ 3TUM B paboTe OBLIM HCCIEIOBAaHBI

CIEHApUM C HenmojaHoOW wuH(opmanueil. BwIsiICHUIOCH, UYTO Jaxe TIpU
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OTCYTCTBUM TOYHBIX JAHHBIX O BO3PACTHOM COCTAaBE, MOJEIIb MOXET J1aBATh
MOJIE3HbIE PEKOMEHAALIMHU, €CJIM MCIIOJIb30BaTh arperupoBaHHbIE MTOKA3aTEIN
WA JKCHEPTHBIE OLIEHKU. bonee Toro, pa3pabOTaHHBIE aJTOPUTMBI
JOIMYCKAIOT TOCIEA0BATEIbHOE YTOUHEHHUE PELICHUH MO MEpe MOCTYIUICHUS
HOBOM HH(pOpMaIMU. ITO 3HAYUT, UYTO XO3SUCTBO MOXKET HAYUMHATH C
MHUHUMAaJbHOTO O0BbEMA HAOIIONEHUH, a 3aTeM, YOEAUBIIUCh B MOJIE3HOCTHU
MOJIXOAA, IOCTENEHHO PACIIUPSITh CACTEMY MOHUTOPHUHIA.

OneIT NpuMeHEeHUs MOJIeeN Mmokasajl, uro Haubosiee 3PGHEeKTUBHBIMU
OHU OKAa3bIBAIOTCS B TEX CIydasX, KOTJa MX MCIOJIb30BAHUE COYETAETCS C
00yuYeHUEM CIEeLMATIUCTOB. ArpOHOMY WJIM (PepMepy HEIOCTATOUYHO IPOCTO
MOJIyYUTh PACHEYATKy C PEKOMEHAYEMOMN JaToh 0OpabOTKH — HEOOXOAMMO
MIOHUMATh JIOTUKY pabOThl MOAENH, €€ JONMYIIEeHUsI U orpaHnueHus. [loaromy
BA)KHBIM  HAIpaBJICHUEM MPAKTUYECKOM palboThl  SBIAETCS  CO3HaHUE
MOHSITHBIX UHTEP(EHCOB M MHCTPYKIIUH, MO3BOJSIONIUX IOJIb30BATEI0, HE
MMeEIOIIEMY TI1yOOKONW MaTeMaTH4YECKOM IMOJATrOTOBKHU, YCIIEIIHO IPUMEHATH
pa3paboTaHHbIE UHCTPYMEHTHI. PazpaboTaHHbIE KOMIIBIOTEPHBIE TPOrPAMMBI
ObUIM CIIPOEKTUPOBAHBI TAKUM O0pa30M, UTOOBI BU3yaIU3allUsl PE3yJIbTATOB
ObLIa HAIVISIAHOM, a BBOJ JAHHBIX — MAaKCHUMAJIbHO MPOCTHIM U MHTYUTHUBHO
MTOHSATHBIM.

Nsmensss mnapaMerpsl  Tpoduueckux (YHKIMH ©W  BO3PACTHBIX
K03 (ULIMEHTOB, MOKHO aJallTUPOBATh MOJIENI K CAMBIM PAa3HbIM KYJIbTypaM
— 3€pPHOBBIM, OBOIIHBIM, IUIOJIOBBIM, a TAKX€ K Pa3JIMYHBIM BPEIUTEIISIM.
Takasgs  yHMBEpPCaJbHOCTb  JOCTUIaeTcs  Ojarojapsi  HMCIOJIb30BAHUIO
MPOU3BOJIbHBIX Tpoduuyeckux (PpyHKIUNA M THOKOM cxeme yuéra BO3pACTHOM
CTPYKTYpPbl. DTO CYLIECTBEHHO pACIIMPAET MNOTEHIMAIBHYIO ayJIUTOPHUIO
ITOJIB30BATENIEN U MOBBIIIAET LIEHHOCTD IMOJIYYEHHBIX PE3YIbTATOB.
BaknbiM HampaBjiieHMEM JaJbHEWIe paOOThl SABJISETCS MHTETrpalIUs
pa3paboOTaHHBIX MOJENE C COBPEMEHHBIMHM CPEACTBAMHU AUCTAHIIMOHHOTO
MOHUTOpUHTa. JlaHHBIE CIIyTHUKOBOW CBEMKH, OECHUIOTHBIX JIETATEIbHBIX
anmnapaToB, HA3EMHbIX TATYNKOB MOTYT CIYKUTh UICTOYHUKOM HUHPOPMAIIUU O

COCTOsAHHNUN ITIOCCBOB 151 PacipecaciICHNA BpGI[HTGJ'I@fI I10 ITOJITO.
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ABTomMaTuueckass ~ obpaboTka  TaKuX  JaHHBIX C  IOCIEAYIOIINM
HCIIOJIb30BAHUEM B ONITUMM3AIIMOHHBIX MOJEIISIX OTKPBIBAET MYTh K CO3aHUIO
CHUCTEM TIOJJIEP)KKU TPHUHATUS PEUICHWH B peaJbHOM BpPEMEHM, KOTraa
PEKOMEHAALIMH T10 3aIUTHBIM MEPOTIPUITUAM (DOPMUPYIOTCS aBTOMATHYECKU
1 MOTYT OBITh JOBEJIEHBI JO UCIIOJIHUTES MPAKTUUECKH MTHOBEHHO.

[To mMepe HaKOIUIEHHMSI ONBITA HCIIOJB30BAHUS M COBEPIIEHCTBOBAHUS
caMHMX MOJIEJIEN CIIeyeT OXUIATh MOCTENEHHOIo Mepexoda BCE OOJIbIIEero
yuclia XO3SMCTB K MPUHUMIIAM HMHTEIPUPOBAHHON 3aIlUThI PACTEHUH,
OCHOBAaHHBIM Ha MaTEeMaTHYEeCKOM MOJCIUPOBAHUU ONTUMHU3AIMOHHBIX
cTpaTteruif. Pe3yabTaThl IuccepTallMOHHON pabOThl BHOCST BKJIAJ B pPELICHUE
AKTyaJIbHOM TMpoOIeMbl TOBBIMICHUS JS((PEKTUBHOCTU U IKOJOTHUYECKOM

0€30MaCHOCTH CEJIbCKOXO3SIHCTBEHHOTO IIPOU3BOACTBA.

BbiBO/BI 10 YeTBEPTOH IIaBe
B derBepTONM, 3aKIIOYUATEIBHOM TJIABE JUCCEPTALMU IPOBEICHO

OOCYXXJICHME TIOJYYEHHBIX TEOPETUYECKUX U TMPAKTUUYECKUX PE3YIbTATOB.
CornocrasiieHue pa3pa0OTaHHBIX MOJIEJIEd C KIIACCUYECKUMHU I0JIXO0IaMH
Jlotku—BonbTeppa mMokKazajgo, 4YTO MOCIEAHUE aJAEKBATHBI JIMIIb IIPU
PAaBHOMEPHOM  PACIIPEICIICHUM BPEAUTEIIEM MW OTCYTCTBUU 3HAYUMOU
BO3PACTHOM CTPYKTYphl. B peaabHBIX arpolieHo3ax MpeHeOpekeHne ITUMHU
dakTopaMu BeAET K IpyObIM MPOrHO3aM U CHUCTEMATHUYECKUM OIITHMOKaM.
[TpemnokeHHbIE MOJEIN C TPOU3BOIBHBIMU TPOPUUECKUMU (DYHKIIMSIMHU
PACIIMPSIOT TEOPETUUECKUN aHAIU3, TTO3BOJISISL aJalITUPOBATh OMMCAHUE IO
KOHKpETHBbIE BUIBl BpeauTeneid u  3HTOModaroB. Jloka3aTelnbCTBO
CYIIIECTBOBAHMS u €MHCTBEHHOCTH perieHus U1t HUHTETPO-
nuddepeHIuanIbHbIX  YpaBHEHUH, YUYUTBHIBAIOIIMX BPEMEHHO-BO3PACTHYIO
CTPYKTYpPY W INPOCTPAHCTBEHHOE  paclpeleiieHne,  O0OOCHOBBIBAET
KOPPEKTHOCTH KPaeBhIX 3a/1a4 M CO37]a€T OCHOBY JJIS1 YUCIICHHBIX METOOB.
YucneHnHsle MeTONbl, pa3paboTaHHble B paboTe, OpUEHTUPOBAHBI Ha
MPAKTUUECKYI0 OINTHUMHU3AIMIO C YYeTOM OTPAaHWUYEHUM 110 KOJIUYECTBY
00pabOTOK, WHTEHCUBHOCTH IIPUMEHEHUS IIpermapaToB M COXPaHEHUIO
sHTOMO(paros. Haubonee cwibHO Ha pe3yJbTaT BIUSIOT MapaMeTPhl
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pa3MHOXeHUsT BpeauTesied U 3PPEeKTUBHOCTU SHTOMO(AroB, Torga Kak
MHOTHE Apyrue Ko3gHUIMeHThl MOTYT 3aJ1aBaThbCs TpubImkeHHo. CpaBHEHUE
MOJIETIE  PA3HOM  CJIOXHOCTA  TO3BOJIMJIO  ONPENCIIUThL  T'PAHUIIBI
MPUMEHUMOCTU  YOPOILIEHHBIX MOAXOAOB: TIpu cinaboil  BO3pacTHOM
nuddepeHmanuy 1 OJHOPOIHOCTH TOJIS TOYEUHBIE MOJEIU MPUEMIIEMBI, B
MPOTUBHOM CJIy4a€ OHU 3aHMXKAIOT OIIEHKY HEOOXOAMMBIX 00pabOTOK, Bells K
04YaroBbIM MOTEPSIM ypoxkasi MO0 mnepepacxoay cpeacts. MruopupoBanue
BPEMEHHBIX KOJIEOAHUM MapaMeTpoB CpeAabl NPUBOJUT K OIIUOKaM B
OTpEeICJICHUHN KPUTUUECKUX 3HAUCHUI YUCICHHOCTH. AHAJIN3 YHUCIIEHHBIX CXEM
MOKa3aJl, YTO METOoJ Dijepa MOPOKAAET JIOKHBIE KOJIEOAHUS, HE UMEIOIINE
OHoOJIOrMYecKoro OOOCHOBaHMS, TOTrJAa Kak MeTola AjgaMmca oOecreuuBacT
IJ1aJIKU€ MOHOTOHHBIE TPACKTOPHUU U SIBISETCS MPEAIIOUYTUTETLHBIM.
DKOHOMUYECKUI aHAJIW3 BBIPAXKAETCA B CHIDKEHUM  LIEJIEBOTO
(yHKIIMOHAJIA, BKIIOYAIOIIETO MPsMbIC 3aTpaThl HA MpenapaThl U KOCBEHHBIE
norepu ypoxas. OnTUMaIbHOE yIIpaBjeHUe OaJaHCUPYET 3TH COCTABJISIONINE,
MHUHUMU3HUPYST COBOKYNHBINM ymep6. KanenmapHele oOpaboTku 0e3 yuera
JTUHAMMUKHU TIOMYJIALMNA TMPUBOMASAT K 3aBBIIIEHHBIM 3aTpaTaM, TOT/Ja Kak
MIPEIJIOKEHHBIN TIOJXO0 ITO3BOJISIET BBIOMpPATh MOMEHTHI BMENIATENIHCTBA C
ydeToM (PaKTUUEeCKOW UYMCIIEHHOCTU M BO3PACTHOM CTPYKTyphl. UpesmepHoe
YBJICUCHUE XUMUEH MOJPHIBAET OUOJOTMYECKUM KOHTPOJb; pa3padoTaHHbIE
MOJIEJIA TO3BOJISIIOT COXPAHSTh MOMYJISIIIUI0 3HTOMOGATOB Ha YPOBHE,
JIOCTATOYHOM ISl CAMOCTOSITEJIbHOTO CHAEPKUBAHUS BPEIUTENS, CO3daBast
YCIIOBUS [T IEPEXOJA K MHTETPUPOBAHHBIM CUCTEMAM 3€MJIEACITUS.
[TpakTryeckn peaM30BaHHBIA KOMIUIEKC MPOrpaMM IPEArnoaaraert
cOOp MCXOAHBIX JAHHBIX O BHUJOBOM COCTaB€, UMCIIEHHOCTH WU BO3PACTHOM
CTPYKTYpE, C BOBMOXHOCTBIO KATUOPOBKHU IO TEKYIIUM HAOJIIOAEHUSIM. YUeT
MIPOCTPAHCTBEHHOM HEOAHOPOAHOCTH IIO3BOJISIET TEPEUTH OT CIUIONIHBIX
00pabOTOK K TOYEUHBIM, IMPUMEHSS CPEJCTBA TOJIBKO TaM, IJie¢ MPEBBIIICH
MOPOr BPEAOHOCHOCTU. MoOJieNIM MTOMOrarT cOaJaHCUPOBATh XMMHUYECKUE U
OuoJjiorMyeckde  METOJbl: Ha  paHHUX  JTamax  MPEeANOYTUTEIbHA

OuoJiornyeckas peryjsiiusi, XUMUUYECKHME OOpabOTKM — MpHU PE3KOM pOCTe
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YUCIICHHOCTH BpeauTeseil. Pa3zpaboTaHHBIN KOMIUIEKC MOJIEIEH U YMCICHHBIX
METOJIOB  00JjlagaeT  JOCTAaTOYHOM TMOKOCThIO W BBIYUCIUTEIBLHOMN
3D GEeKTUBHOCTBIO IS MCIIOJIL30BAHUS B PEAJIbHOM MPAKTUKE IUIAHUPOBAHUS
3AIIMTHBIX MEPOIPUATUM, CO3/1aBasi HAYYHYIO OCHOBY I Ilepexoja OT
SMIUPUYECKUX MOAXOJOB K HAYYHO OOOCHOBAHHBIM ONTUMHU3AIMOHHBIM
CTpaTerusiM, YYUTBHIBAIOIIUM MHIUBUAYAJIbHBIE OCOOEHHOCTH KaXXJI0ro

XO34HCTBA U CE30HA.

PEKOMEHJIAIA 11O ITPAKTHYECKOMY UCITIOJIB30OBAHUIO
PE3YJBbBTATOB
Pa3paboTanHblil mporpaMMHBINA KOMILIEKC Ha si3bIkax C++ peKoMeHyeTcs K

BHEJIPEHUIO B TMPAKTHUYECKYIO JEATEIbHOCTh PAHOHHBIX W OOJACTHBIX CIY>KO
3aIUTHl PACTEHUN ISl ONIEPATUBHOIO MPOTHO3UPOBAHUS YMCICHHOCTH OCHOBHBIX
BpEIUTENed  XJIOMYAaTHHKA C Y4YE€TOM HMX BO3PACTHOM  CTPYKTYphl U
IIPOCTPAHCTBEHHOM HEOJTHOPOJHOCTH pacnpeneneHus 1o HIOJISIM.
CenbCKOX0351CTBEHHBIM IPEANPUATUSM, CHEUUATU3UPYIOIIMMCS Ha
BBIpDAIIUBAHUM  XJIOMYATHUKA, I11€J1IeCO00pa3HO MPUMEHATH  MPEJI0KECHHbIE
MaTeMaTU4YeCKHe MOJENU Jid pacu€ra SKOHOMHYECKH O€30MacHOro YpOBHS
YHCJIEHHOCTU BPEIUTENIS, YTO MO3BOJISIET MPUHUMATh OOOCHOBAaHHBIE PELICHUS O
HEOOXOJMMOCTU TPOBEACHMS 3alUTHBIX MEpONpUATUH Oe3 MpEeBBILLICHUS
MIOPOTOBBIX 3HaueHWW. [Ipy MIIaHMPOBAHMM MHTETPUPOBAHHOM CUCTEMBI 3AILUTHI
XJIOMMYaTHUKA PEKOMEHAYETCS HWCIOJIb30BaTh IMOJIYYECHHbIE AHAIUTHUYECKUE
BBIPAXKEHUS JII ONTUMAJIBLHON 03Bl MECTUIUAA U ONTUMAIbHOM MHTEHCUBHOCTHU
UHTPOAYKUMU HSHTOMO(AroB, 4TO OOECNEYMBAET MHUHUMHU3ALMUIO XUMUYECKON
Harpy3kd Ha arpoleHO3 MPU COXPAHEHHH YPOKAWMHOCTH Ha YPOBHE HE HUXKE
3aJIaHHBIX LIEJIEBbIX MOKA3aTENEH.

PazpaboranHpie = MaTeMaTHYeCKHE€  MOJEIHM  00JaJal0T  CBOMCTBOM
aJanTUPYEeMOCTH K JPYTUM CEIbCKOXO3SIMCTBEHHBIM KYJIbTYpaM MOCPEICTBOM
3aMeHbI TpoPUUYECKUX (PYHKIMI U OMOJOTHYECKUX TapaMeTPOB, YTO CYIIECTBEHHO
pacmmpser 00JacTh TPUMEHEHHUS TIOJYyYEeHHBIX pEe3yJbTaTOB 3a MPEesbl

XJIOIIKOBOACTBA. CJIy>K6aM 9KOJIOTHYCCKOI'O MOHHUTOPHHI'A npemajaracTtcs
124



MCIIOJIB30BaTh NPOTPAaMMHBIA KOMIUIEKC JJI1 OUEHKHU JOJITOCPOYHBIX MOCIENCTBUN
NPUMEHEHUSI XUMUUECKUX CPEACTB 3alIUThl PACTEHHH, MOCKOIBKY pa3padoTaHHas
MOJIEJIb YYUTHIBAET HE TOJBKO MPSIMOE YHUUTOXKEHUE LEIEBbIX BUIOB BPEIUTENEH,
HO Y MOOOYHOE HEraTWBHOE BO3JEHCTBUE HA TMOMYJISILIUKU MOJIE3HBIX HACEKOMBIX-
sHTOMO(aroB. B yueObHOM mporiecce BBICIINX YYEOHBIX 3aBEACHHM, B YaCTHOCTHU
HA MEXaHHKO-MaTeMaThdeckoM (akyibprere TaKUKCKOTO HAIMOHAIBHOTO
YHUBEPCUTETA, MOTYyUYEHHBIE PE3YJIbTATHI 1I€JIECO00Pa3HO BKIIOYUTH B COACPKaHUE
CHEUalIbHBIX KYpCOB MO MAaT€MAaTHYECKOMY MOJEIUPOBAHUIO OMOJIOIMYECKUX
CUCTEM, YUCIIEHHBIM METO/IaM B SKOJIOTHH U TEOPUU UHTETpo-audhepeHInanibHbIX
YpPaBHEHUM.

JUist TOro 4toOBl TOYHEE ONPENENSTh ONTHMAIbHBIE CPOKHM U KOJUYECTBO
00pabOTOK Ha CEIbCKOXO3UCTBEHHBIX MOJSAX, UMEET CMBICI AKTUBHO MPUMEHSThH
YUCJIEHHBIE METO/bl, KOTOpBIE s aJanTUpPOBal CIEHHAIBHO TOJ 3a/Jayd 3TOU
paboTsl. Eciu cpaBHUBaTh UX MEXAY cO00i, TO MeToq AjamMca BTOPOTO MOpPsaKa
3aMETHO BBIUIPHIBAET IO TOYHOCTH, OCOOCHHO KOTJa pacy€Tbl HY)KHO BECTHU Ha
JUIMHHBIX BPEMEHHBIX HHTEpBajlax — (aKTUYECKH Ha MPOTSHKEHUU BCETO
BEreTallMOHHOTO Tleproia XjomyaTHuka. Meto Ditniepa npoiie u ObIcTpee, HO Ha
OOJBIIMX MPOMEXYTKAX BPEMEHHU MOTPEUIHOCTh B HEM HAKAIUIMBAETCS JOBOJIBHO
OBICTPO, B TO BpeMs Kak AJlaMC MO3BOJISIET COXPAaHATh MPUEMIIEMYIO TOUHOCTh 0€3
CHWJIBHOT'O YMEHBILIEHUS 11ara NHTErPUPOBAHUS.

Oco0oe BHUMaHUE CTOUT OOPATUTh Ha TO, KAK B ’TOM CUCTEME yUUTHIBAETCS
BO3pacTHas CTPYKTypa TMONYJSUUN BpedHBIX HAcEeKOMbIX. B  OonblIMHCTBE
CYLIECTBYIOIIMX Ha CETOAHAIUHUI JEeHb LHUQPPOBBIX MOJEIEH 53TOT AacheKkT
npopaboTaH O4YeHb €1a00 WM BOOOIIE OTCYTCTBYET. IMEHHO BO3pacTHOM cocTaB
BO MHOI'OM OMNpEIENseT, KOrjAa M Kak HY’KHO BO3JEHCTBOBAaTb Ha BPEIUTEINS,
4yTOOBl TOJYYUTh MAKCUMaIbHbIA S(PPEKT Npu MHUHUMAIbHBIX 3aTpaTax u
MUHUMAJILHOM YIlIepOe JIJIsl OKpYXKarolel Cpeibl.

CenbCKOXO03MCTBEHHBIX MPEANPUATHS, KOTOPBIE YK€ aKTUBHO NPUMEHSIOT
WIM TOJIbKO TJIAHUPYIOT BHEAPATH OHOJOTMYECKMA METOJ 3allUThl PACTEHUH,

OyZIeT mosie3Ho oOpamaThCs K pacyéraM ONTUMAIbHOW WHTEHCUBHOCTU BBIMTYCKa
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HHTOMO(AroB, MOJIYyYEHHbIM B paMKax JUCCEPTALMOHHON pabOThl. DTH PACUETHI,
OCHOBAHHBIC HA COOTBETCTBYIOLIMX TEOPEMAX, IOMOralOT TOYHO OIPENEIIUTH,
CKOJIBKO IOJIE3HBIX HACEKOMBIX JEHCTBUTEIBHO HYKHO BBINYCTHTh B KOHKPETHBIX
ycioBusix. bmaromaps sToMy MOXHO uH30€XaThb W3JIMIIHETO, SKOHOMHYECKU
HEOINpPaBJAHHOTO BBIMYCKa HHTOMO(AroB, KOTOPBIA YacTO BCTpeYaeTcs Ha
npakTuke. [Ipu 3ToM ypoBeHb OMOIOTUYECKOM 3aIUTHI OCTAETCS IOCTATOYHBIM, a
JMILHUE 3aTpaTbhl Ha NPUOOPETEHHE U BBIMYCK IOJIE3HBIX HACEKOMBIX YAAETCA
CYILIECTBEHHO COKPaTHTh.

B nenom, mpakTuueckoe NpuMeHEHUE pa3pabOTaHHBIX MOJENEH U METOJ0B
MO3BOJIIET NEPEUTH OT MAOJOHHBIX, CIUIOIIHBIX 00paboTOK K O0Jee TOUCYHBIM U
00OCHOBaHHBIM pEUIEHUSIM. JTO OCOOEHHO aKTyaJbHO [JIsl XJIOMYaTHUKA —
KYJbTYpbl, I/I€ BETECTAllMOHHBIM IE€pUOJ JUIMHHBIA, a JIWHAMHUKA BpEIUTEIEH

CHJIBHO 3aBUCHUT OT MOTOAHBIX YCIOBUU U (ha3 pa3BUTHUS PACTCHHI.

BbBIBO/IbI
OcHOBHBIC HAYUYHBIE Pe3yJIbTaThl IUCCEPTALUOHHOI PadoThI
» Tloctpoensr CUCTEMBI UHTErpo-auQdepeHInanbHbIX ypaBHEHUH

MO3BOJIAIOIIME ONMUCHIBATH MOMYJSLHUOHHYIO JUHAMUKY HACEKOMBIX C y4ETOM
BO3PACTHOTO COCTaBa, MPOCTPAHCTBEHHOTO (hakTopa W TPODHUUECKUX CBSI3EH
[6-A; 10-A];

» BBINOMTHEHO  TEOpEeTHYECKOe OOOCHOBAaHWE  pa3paOOTaHHBIX  MOJCICH
BKJIIOUAIOIIEE JIOKA3aTEIbCTBO CYIIECTBOBAHMS PEUICHUS U TMPOBEPKY
OPUMEHHMOCTH TpUHUHKNA MakcumyMma [loHTpArMHa mig pemaeMbix 3aaad
ONTUMAJILHOTO yrpaBiieHus [3-A; 13-A];

» Ilpemsio)keHbl MHTETPHPOBAHHBIE CIIOCOOBI ONTHMHU3AIMH 3aIUTHI PACTCHHMA
YW aJanTalyMOHHBIE MOJAENU sl yciaoBud TamKukucTaHa, BKIOYasl YYET

peruoHabHbIe 0COOCHHOCTEN arpoIeHO30B U CIielM(pUKU XJIOMKOBOICTBA [4-

A; 5-A];
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» Co3maHbl W TPOAHATM3WPOBAHBI UYWCICHHBIE METOABl PEIICHUS CHCTEMBI
ypaBHEHUH, BKJIIOYas afamnTaliio METOA0B Diliepa U AjlaMca ¢ KOHTPOJIEM
YCTOMYMBOCTHU U OLIEHKOU morpemHoctelt [7-A; 8-A];

» Pazpaboran mporpaMMHbIii Kommuiekc Ha C++ A 9ECIIEHHOTO
MOJEJIMPOBAHUS, MPEICTABICHUS POCTPAHCTBEHHO-BPEMEHHOW JUHAMUKH U
BepuduKkanuu pe3yabTatoB [10-A; 13-Al;

PexoMeHAalIUM 110 PAKTUYECKOMY MCIIOJb30BAHUIO Pe3yJIbTATOB

B TeopeTMueckoM MIaHE€ 3HAYMMOCTh JUCCEPTALMOHHOIO HCCIEAOBAHUS
ONpEENSIETCS Pa3BUTHEM MATEMaTUYECKOIO0 HMHCTPYMEHTapHsl [UIsl OMHCAHUS
OMOJIOTMUECKUX  CHUCTEM C  BKIIOYEHHEM  BO3pacCTHOIO  cCocTaBa M|
IPOCTPAHCTBEHHOM JIOKAJIU3alUU TOIMYJSIUHA HACEKOMBIX, TaK e 0000IIeHue
METOJIOB ~ TEOPUM  ONTHUMAJIBHOTO  yIpaBieHUS HAa  KJIacCc  HHTErpo-
muddepeHnnanbHbIX  ypaBHEHUHM, cojaepxkammx — Tpoduueckue — GyHKUIUU
B3aMMOJIEUCTBHS IPOU3BOJIBLHOTO BU/IA.

Hay4Ho-nipakTudeckas 3HaYMMOCTh COCTOMT B CO3/IaHMM aJallTUPOBAHHOTO
I ycnoBudM  TaDKMKMCTaHa MOPOrpaMMHOIO  KOMIUIEKCA, ITO3BOJISIOLIETO
ONTUMHU3UPOBATh CTPATETUW 3alIUTHl XJIOMYaTHUKA, pPa3pabOTKE KOHKPETHBIX
peKOMEHJAIui M0  KOMOWMHHPOBAHHOMY  INPUMEHEHUIO XUMHUYECKUX U
OMOJIOTUYECKUX METOAOB C YYETOM PErHOHATBHBIX OCOOCHHOCTEH, YTO 00ECIIeUuT
CHI)KEHME 3KOHOMUYECKHMX 3aTpaT M SKOJOTMYECKON HArpy3KH IPU COXPAHEHHH
ypoxaiiHocTH. IlomydeHHble  pe3ysibTaTbl  MOTYT  ObITh  MCIOJIb30BaHbI
CEJIbXO3MPOU3BOIUTENSIMU, CIYy>)KOaMH 3alllUThl PACTEHUH U DKOJIOTHYECKOTO

MOHHUTOPHHIA.
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