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OBILIAA XAPAKTEPUCTHUKA PABOTHBI

AKTYaJIbHOCTh TeMbl HccjaenoBanus. [IpoGreMa omucanus mpoiiecca 3allUuThl
CEILCKOXO3SIICTBEHHOTO YPOsKasl IPU MaTEMATUUYECKOM MOJICTTUPOBAHUU SIBIIACTCS
aktyanpHOM. Ceromns mnpoOiemMa 3alIUThl ypokas TPUBICKAET BHUMaHHUE
OOJIBILIOTO Kpyra YYEHbIX B CBSI3U C IMEPCICKTUBHOM HCMHOJIb30BAHUEM B
MPUOPUTETHBIX HAMPABJICHUSAX PA3BUTUS HAYKH, TEXHOJIOTMU U CEIbCKOTO
xo3siictBa  PecnyOnuku  TamxukucraH. Maremarnueckoe  MOJEIMPOBAaHUE
mpoliecca 3alluThl MUIAHUPYEMOTO YypoXKasl SBJISETCS OJHUM M3 OCHOBHBIX
WHCTPYMEHTOB TIpPU MPOTHO3UPOBAHUU COCTOSIHUS TMPUPOJHBIX CHCTEM H
yrnpaBieHud UMU. OHOM U3 BaXKHEUIIIUX HAPOTHOXO3SIMCTBEHHBIX, COIMATBHBIX U
IPUPOJAOOXPAHHBIX MPOOJIEM B HACTOSIIEE BPEMsl SBJISIETCS YCOBEPIICHCTBOBAHUE
CUCTEM 3alllUThl CEITCKOXO3SUCTBEHHBIX KYJIbTYp OT Bpeauteneid. B PecrnyOnuke
TamKkukucTaH BeEayLIECH CEJIbCKOXO03IMCTBCHHOM KYJIbTYPOH SIBJISIETCSA
XJIOMYATHUK. Bompockl MaTeMaTUdecKoro MOJESIUPOBAHUS IMPOIECca 3alllUTh
MJIAHUPYEMOTO yposKasi 0OSI3bIBAET COBEPILICHCTBOBATh PETHOHAJBHBIE CHUCTEMBI
3aIUThl  XJIOMYaTHUKA HAa OCHOBE ILIEJICHAMNPABICHHOTO 3KOJIOTHYECKOTO U
OMOJIOTMYECKOTO M3YYEHHMs, PAaCKphIBAIOUIEr0 cHenupuKy (OpMHpPOBAHUS U
Pa3BUTHUSI arpO’KOCHCTEM B MHTCHCMBHOM pacTeHUEBOACTBE. OCHOBHOM 3amaveit
MHTETPUPOBAHHON MeETOJIa OOpbOBI C CEIbX03 BPEAUTEISIMH IIpoliecca 3allluThl
pacTeHUl — yMNpaBJICHUE arpolleHO3aMH «BPEIHBIX HACEKOMBIX» M «IIOJIE3HBIX
HACEKOMBIX» BUJIOB Ha OCHOBE HCIIOJIb30BaHUSI OMOJOTHYECKOTr0, XMMHYECKOTO
CIIOCOOOB ~ Kak CpeACTBAa WJIM WMHCTpyMEHTa yrpasieHus.  [IpumeHeHue
MaTeMaTUYECKNX METOJOB M KOMIBIOTEPHBIX MPOTPAMMHBIX MPOAYKTOB JIJIsi
pelieHrs 3aJauyd  3alIUThl TUIAHUPYEMOTO YpO)Kash 3HAYUTEIbHO MOBBIIIAET
() PEKTUBHOCTh TUIAHOBO-DKOHOMHUYECKOM PabOTHI, OHO JlaeT BO3MOXKHOCTHh HE
TOJIBKO 3HAYUTEIHHO COKPATUTh BPEMsI BEIUUCIICHUMN, HO U 00€CTICUUTh MOTyYEHUE
ONTUMAJbHBIX  pe3yiabTaroB. I[losToMy JaHHas TeMmaTWKa akTyajlbHa U
BOCTpeOOBaHHAs.

[IpeacraBnenHas auccepTallMOHHAs paboTa HampaBleHa Ha pa3pabOTKy
MaTeMaTUYECKOW MOJIEIU M MPOrpaMMUPOBAHHME MPOIEcca 3allUThl PACTEHUM C
Y4€TOM BO3pPACTHOTO COCTaBa M MPOCTPAHCTBEHHBIX pacClpe/eNieHud Mpu
MIPOU3BOJIbHBIX Tpohuyeckux V (-) QyHKUIHUAX.

CBs3b ¢ Hay4YHbIMH MPOEKTAMHU. Pe3ynbTarhl, MOJYy4YEHHBIE B XOJI€
BBITIOJTHEHHUS JMCCEPTAIMU, BOILLJIM B MaTepUajbl HAYyYHO — HMCCIEI0BATEIBCKUX
pabot: - mpoektr M-7 0110PK165 «Pa3paboTka maTeMaTHYeCKUX Mojeleh
QITOPUTMOB, TTPOTPAMMHOTO OOECIICUEHUS PEIICHUS MPUKIIATHBIX 3a/1a49).

Heas u 3apa4ya uccaenoBanus. leabro quccepTaimoHHOTO KCCIIEI0BaHUS
SBJISIETCS Pa3BUTHE allllapaTa MaTEMaTUYECKOTO MOJCIMPOBAHUS, 3a1a4l 3aITUTHI
TUIAHUPYEMOTO YPOXKasi CEJIbCKOXO3SIMCTBEHHOM KYJIbTYphl. s DOCTHXKEHUS
JTAHHOM 1IeJIM B IUCCEPTAILIMOHHON padoTe chOPMUPOBAHBI CJIeYIOLIUE 3a1a4u
a) CO3/laHhe MaTeMaTUYECKOW MOJIENIU, OMUCHIBAIOIIECH MPOIIECC B3aUMOJICUCTBUS
OMOJIOTMYECKUX BHJOB B 3ajayax 3allldThl PAacTEHUNW C y4YETOM BO3PACTHOMU
CTPYKTYpbl M TPOCTPAHCTBEHHBIX pacHpeaeeHui c MPOU3BOJIbHBIMU
Tpoduaeckumu V (-) GyHKITUIMH;



0) MaremaTthdyeckoe OOOCHOBAaHHME HEOOXOAMMOIO M JOCTATOYHOTO YCIIOBUS
CYLUIECTBOBAHMS pELIEHUS 3ajJada 3allUThl PACTEHUH C MPOU3BOJIBHBIMU
Tpoduueckumu V (1) GyHKIHIMU;
B) IPHUBEIEHBI ONTUMHU3ALMOHHBIE W YHUCIEHHBIE METOJbl PEIICHUS HHTErpo-
mudpepeHnnanTbHOM 3a1a49K 3aUThl PACTCHU;
T') CO3/1aH KOMILIEKC IMPOTrpaMM JUIsl pELIEHUS 3a/1a4y 3alUThl PACTEHUH.

Hayuynasi HoBu3Ha pa0orsl. HaydyHas HOBH3HA MOJYYEHHBIX PE3YIbTaTOB
B JHUCCEepTalMi Mo Tpem obnactsaMm croenuanbHoctd 05.13.18 3axmiouaercss B
CJIEIYIOLIUX MOJOKEHUSIX:

Mamemamuueckoe mooenupoganue.

1. Pa3paboTaH W UCCIEIOBaH KOMIUIEKC MAaT€MAaTHYECKHMX MOJENIe Ipolecca
3alUTBl PAcCTEHUH C yYETOM BpPEMEHHOH, BO3pAaCTHOW CTPYKTYpbl U
IPOCTPAHCTBEHHBIX pAaCHpeleeHuid ¢  MPOU3BOJBHBIMH Tpodudyeckumu V()
(GYHKITUSAMH.
2. HccrnenoBaHbl ONTHMM3AIMOHHBIE 3374l 3alIUThl PACTEHUH C Y4ETOM
BPEMEHHOM, BO3PAaCTHOM CTPYKTYpPbl M HPOCTPAHCTBEHHBIX PACHPENEICHUN C

NPOU3BOJIBHBIMUA ~ Tpouueckumu V()  (yHKIHSIMU. Jlnst  onTUMAaIbHOTrO
YIOPAaBICHUS 3aJa4yd 3alIUThl PACTEHUH IIOJy4EHO HEOOXOOUMOE YCIOBHE
MUHHAMYMa.

Yucnennvie menooni.

3. TlpennokeHbl YHCIEHHBIE METOJbI pEUICHUs HHTErpo-audQepeHImrantbHon
3a/1a4d 3alUTHl PACTEHUN C YYETOM BO3PACTHOM CTPYKTYPhl M C IMPOU3BOJIBHBIMU
Tpopuueckumu V()  ynkmusmu.  PaccMoTpeHbl  BONPOCH  Pa3HOCTHOM
anmnpoKCUMAaIMU PoLEecca 3allUThl pACTEHUN.

Komnanexcol npozpamm.

4. PazpaGoTanbl B paMKaxX HACTOSIIET0 JHUCCEPTAMOHHOIO HCCIEAOBaHUS
KOMILJIEKC MPOrpamMM JJisi YNPAaBICHUS MPOLIECCOM 3aIUTHI PACTEHUH C yUETOM
BPEMEHHOM, BO3PACTHON CTPYKTYpPbl M MPOCTPAHCTBEHHOTO pacHpeleseHus: Mpu
MPOU3BOJIBHBIX  Tpopuueckux (YHKIMUSIX H  COCTOAIIMH W3  MPOrpamw,
3aperucTpUPOBAHHBIX B MMUHHCTEpCTBE KyNbTyphl Pecryonuku TampkukucTan
(CBUIIETETBCTBO O PETUCTPAIIMM HAYYHBIX, JIUTEPATYPHBIX U XYHA0KECTBEHHBIX
npousBeacHui). [IpoBefeHa cepus  BBIUMCIUTENIBHBIX — 3KCIIEPUMEHTOB €
MOJIEIbHBIMU JAHHBIMU.

IIpakTnyeckasi 3HAYMMOCTH MOJYYEHHBIX Pe3yJbTATOB. 3HAYUMOCTH
JUCCEPTALIMOHHON pabOThl 3aKIIOYaeTCss B IMPUMEHEHHUs €€ pe3yJIbTaToB s
pelleHusl 3ajladyd MPOTHO3WPOBAHUSI M IUJIAHUPOBAHUSI, MPOBEACHUS HATYPHBIX
HKCIIEPUMEHTOB J/JI1 KOHKPETHBIX MOMYJSALMMA, OMOJIOTMYECKHX COOOUIECTB U
HKOJIOTHYECKUX CUCTEM. Pe3ynbTaThl YMCIEHHBIX PACUETOB MOKA3bIBAIOT, YTO JIS
XJIOIIKOBOTO arporieHo3a ONpeleNieHUus] KPUTHYECKUMX 3HAYE€HUW YHUCICHHOCTU
HAaCEKOMBIX HMMeeT OO0JbIIoe MpaKkTUYECKOe 3HaueHue. BakHoe mpakThyeckoe
3HAUYEHHWE HMMEET CO3/laHhe KOMIUIEKCa MpOorpamMMm, OPHEHTHPOBAHHOIO MJis
pELICHUS 3aJ1a4d 3aIIUThl PACTEHUN C YY€TOM BPEMEHHOM, BO3PACTHOM CTPYKTYPHI
U TPOCTPAHCTBEHHOT'O pAaCHpelesieHHs TpH MPOU3BOJIBHBIX TPOPHUUECKUX
GyHKIUAX U1t 00pabOTKH HKOJIOTMUYECKON HHPOPMAIMK XJIOMKOBOTO arpoleHo3a
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HAa OCHOBE TIONYyYEHHBIX B HacTosAlleH pabore pe3ynabTaToB. Pe3ynbTarhl
MPOBEJACHUSI BBIYUCIUTEIBHBIX OSKCIEPUMEHTOB MPEIJIOXKEHBl COTPYIHHUKAM
Nuctutyta 3emnenenuss TaKUKCKOW AKaJEMUU CEIbCKOXO3SMCTBEHHBIX HayK
JUISL X TAJIBHENIIETO UCTIOIb30BaHUS HA MPAKTUKE.

Taxke, mpakTHUeCKass 3HAYUMOCTh JIUCCEPTALIMOHHOTO HCCIEI0BaHUS
COCTOMT B BO3MOKHOCTH ITOCTPOCHMSI CLEHAPHBIX IIPOTHO30B ISl PA3BUTHS
MOJIYYCHHOW  peryiaupyeMoil HMH(pOpMalMU O COCTOSHUHU OHOJIOTMYECKHX
nonyysinui.  Ilpeanomaraercss MCHONB30BAHME  PE3YIBTATBl  MCCIEAOBAHUSA
JMCCePTAllMOHHOW  Pa0OThl  JuIsi  4TeHHs  crenkypcoB  («MaTtemarudeckoe
MOJICIIMPOBAaHNE B OHWOJOTHYECKUX CHUCTEMax»), BBHIMOJHEHUS J1TA0OPaTOPHBIX,
KYPCOBBIX M MAarucTepcKux paldoT sl CTYyJAEHTOB M MAarucTpOB HaIlpaBJICHUS
«TIpUKIAgHAs ~ MaTEeMaTUKa» | «uH(popmaTtuka» B By3ax PecrmyOnuku
Tamxukucrad.

JKOHOMHMYECKAsi 3HAYMMOCTH IOJYYEHHBIX PpPe3yJbTaToB. B ycroBusx
PecniyOnuku Tampkukucrtad, rae auib /% TeppUTOPUU IMPUTOTHO Ui OPOILIECHUS
Y BO3JICJIBIBAHUS CEITCKOXO3AMCTBEHHBIX KYJIbTYp, OOJbIIOE 3HAUEHUE MTPUIAETCS
MHTEHCUBHBIM (PaKTOpaM MPOM3BOJCTBA XJIOIMKA-ChIPLA, CPEAN KOTOPBIX Ba)XKHOE
MECTO OTBOAMUTCS IPOLECCY 3allUTHl PACTCHUsA OT Bpeaurenei. B coBpeMeHHBIX
YCIOBUSIX XJIONIKOBOJACTBA, HECMOTPS Ha €ro BBICOKYI0 OHMOJOTHYECKYIO
3¢ (HEKTUBHOCTD, MOTEPS YPOKasl XJIOMKA-ChIpLIa OCTAETCS 3HAYUTENbHBIM. Takxke,
IIMPOKOE IPUMEHEHHUE XUMHYECKOTO  METOJa  CONPOBOXKIAETCA  PAIOM
HEXKEJIATEIbHbIX IOCHEACTBUNA. [IpUMEHEHUs NOJy4eHHBIX pe3yJbTaTOB B
JUCCEPTAlIMOHHOM  paboTe,  MCHOJB3YIOTCS  NpU  NPOTHO3UPOBAHUA U
IJJAHUPOBAHUSI MEPONPUATUI T10 3aLIUTE ypOXkKas OT CENbX03 Bpeautenen. Takwne
MCCIIEOBAHNSI UMEIOT SKOHOMHMYECKYIO 3HAUMMOCTh. Ha 3TOl OCHOBE pa3BUBaeT
WHTETPUPOBAHHBIE MPOLECCHl 3alIUTbl PACTEHWA M OJHOBPEMEHHO paCTET
YPOKaUHOCTb.

OCHOBHBIC T0JIOKEHUS JUCCEPTANMH, BBIHOCUMBbIC B 3ALLUTY.

1. HoBble MaremMaTHUeCKHE OMNHMCAHUSA B3aUMOJCHCTBUS MEXIy BUIAMHU
arpoleHo3a Mporecca 3alluTbl PAaCTEHHM C YYE€TOM BPEMEHHOW, BO3PACTHOU
CTPYKTYpbl W  IPOCTPAHCTBEHHOI'O  pacClpeleleHus ¢  IPOU3BOJIBHBIMU
Tpodbuueckumu V() QyHKIIUSIMHU.

2. OmpeneneHbl pa3BUTHE KAYECTBEHHBIX W MPUONMKEHHBIX — AHAIMTUYECKHUX
METONOB  MCCJIEAOBAaHUA MATEMAaTUYECKUX MOJENEH MJId Ipolecca 3alluThl
pacTeHU C€ y4€TOM BPEMEHHOW, BO3PACTHOU CTPYKTYPBI U MPOCTPAHCTBEHHOIO
pacrpeesieHus PU MPOU3BOJIbHBIX TPOPUUECKUX PYHKIUSAX.

3. BBegeHo u 000CHOBaHO HAaxXOXKACHHE KPUTHUECKUX 3HAYEHUM 4HMCIEHHOCTH
HAaCEKOMBIX M peEUIEHHE ONTMMM3AalMOHHOW 3aJa4yu Ipolecca 3alluThl OT
BpEIMUTENEH arpoleHO030B. PaccMoTpeHa 3a1a4da 3a1uThl PaCTEHUN ISl TOUEUHBIX
MoJeNiel TIPH MPOU3BOJIBHBIX Tpoduueckux V() QyHKIUAX.

4. llpuBeAeH YMCICHHBIA aJITOPUTM pEIICHUS] JII HOBBIX MAaTEMaTHYECKHX
MOJIEJIE IIpolecca 3allUThl PACTEHUW C YYETOM BPEMEHHOW, BO3PAaCTHOU
CTPYKTYpPbl HACEKOMBIX.



5. Co31aH KOMIUIEKC IPOrPaMM, OPUEHTUPOBAHHBIX U1l PEILICHMS 3a/1a4U 3allUThI
pacTeHHil ¢ y4eTOM BPEMEHHOW, BO3PACTHOW CTPYKTYpPbl U IPOCTPAHCTBEHHOIO
pacrpeiesieHus MPU MTPOU3BOJIBHBIX TPOQUUECKUX (DYHKIMSIX U 3apPETUCTPUPOBAH
B MunucrtepctBe KyinbTyphl Pecnyonuku Tamkukuctan (CBUIETENBCTBO O
pPEruCTpalii HayYHbBIX, INTEPATYPHBIX U XYJ0KECTBEHHBIX TPOU3BEACHUH).

JInuHblili BrJIax couckartedasi. Bce pe3ynbraThl, MpPEICTAaBICHHBIE B
JUCCEPTAIIMOHHON paboTe, ObUIM MOJy4YeHbl aBTOpPOM JUYHO. OOCYXIeHus u
nyOJuKalMM Hay4YHbIX pEe3yJbTaTOB MPOBOJMIMCH BMECTE C COAaBTOpaMH U
HAy4YHBIM KOHCYJIbTAHTOM, HO OCHOBHOE€ COJIEP)KaHHE HACTOSALIErO UCCIEAOBAHUS
U TIOJIOKEHUS, BBIHOCMMBIC Ha 3alIUTy, OTpakaeT JIMYHBIA BKJAJ aBTOpa B
BBITIOJTHEHHYIO PadoTy.

AnpofGanusi pe3yabTaToB HCCJHeI0BaHMA. Martepuanbl JucCepTaLMH
JOKJIaABIBAIMCH U OOCYKJanuch Ha 16 MeXayHapoAHbIX U 17 pecnyOnarMKaHCKUX
koubepennusax: 13-th International Pure Mathematics Conference, Mcmamaban,
2012; 9-as MexayHapoaHasi KOH(PEpeHIUs M0 KOMITbIOTEPHOMY aHAM3y MpoosieM
Hayku U TexHosoruu, Jyman6Oe, 2013; 10-as MexayHapoaHas KOH(PEPEHIHS IO
KOMITBIOTEPHOMY aHaIM3y MpoOsieM Hayku u TexHosoruu, [ymanbe, 2015;
MexayHaposiHas JeTHss Maremaruueckas imkosia-koHdepenius C.b. CreukuHa
no teopun ¢ynkiui, Jymanode, 2016; MexayHapoaHass HaydyHas KOH(EPEHIIHs
«CoBpemMeHHbIe TMPOOJIEMbl MaTeMaTUKUA U WX MNpuioxkeHus», Jymanoe-Kymso,
2017; MexnayHnapogHas HayyHas KOH(EpeHIMsS TOCBSIIEHHAs 25-JETHIO
['ocynapcTtBenHoi He3aBucuMmocTu Pecnyomuku TamkukuctaH «CoBpeMEHHbIE
po0OJIeMbl MaTeMaTHKH U ¢ npuioxkeHui», dymanoe, 2016; 18-th International
Pure Mathematics Conference, Ncmamaban, 2017 Matepuaiibl MeXIyHAPOIHOM
Hay4HO-TIpakTudyeckoil koHepenunun «Pomp VKT B MHHOBALIMOHHOM pa3BUTUU
Pecnnyonuku  Tamkukucran», Jyman6oe, 17-18 wnosiops 2017; Marepuansl
MEXKIyHAPOJHOW HAydHOW KoH(epeHIuu, mocBsaménHon 70 - JeTuro co JHs
pOXIeHus akajaemuka Akanemun Hayk PecnyOnmuku Tamxukuctan, JOKTOpa
busnKo-MaTeMaTH4YECKuX Hayk, mpodeccopa Unonoa Mamanamo «CoBpeMeHHbIE
poOIeMbl MATEMATUKH U €€ pUJIoKeHui», Jymanoe, 14-15 mapra 2018 r u ap.

IIyonukanuu nmo teme auccepranmu. [lo Marepuanam guccepTallMOHHOW
paboThl OnMyOIMKOBaHbI 53 Hay4YHBIX paboT, B TOM uucie 13 craThell B )KypHalax,
pekomenaoBaHHbIX BAK P® u yeThlpe cTaTbeil B )KypHalax, pEKOMEHJIOBaHHBIX
BAK KP. Opna w™oHorpadus, 4dYeThpe CBUJETEIbCTBA TOCYAapCTBEHHOU
peructpanuu nporpammbl OBM u 31 marepuanoB I0KJIaioB B COOpHUKaX
HAay4YHBIX, HAYYHO-TCOPETUUYECKUX M HAYYHO-METOAUYECKHX KOH(EepeHIud u
CEMUHAPOB.

Ctpykrypa m 00beM padorbl. JluccepranuoHHas pabdoTa COCTOUT U3
BBEJICHUS, IIECTU TIJIaB, 3aKJIIOUCHMS, CIIUCKA I[UTUPYEeMOM juteparyphl u3 250
HaNMCHOBAHUM, CIIHMCKAa OCHOBHBIX 0OO3HaueHWi. [lonmHBI 00BEM aHMCCepTaluu
coctaBisieT 283 cTpaHuIl, BKIIOYast 56 pUCyHKOB U 9 Tabmwil.



OCHOBHOE COJIEPXAHME IMCCEPTALIMHU

Bo BBegeHMu B KpaTkoil (opMe H3JI0KEHO OOOCHOBAHHE AKTYaJbHOCTU TEMBbI
JUCCEPTAIMOHHOM pabOThI, HA OCHOBAHUU KOTOPOH cHOpMyIHpOBaHBI MPOOIIEMBI,
1eJdb, OCHOBHBIE 3aJayll M TMOJOKEHUs, BBIHOCMMbIE Ha 3amuTy. [lokazana
Hay4yHas HOBM3HAa M TMpaKTHUYeCKas 3HAYMMOCTh JAMCCEPTALlMOHHON paboThI.
OnucaHa CTpyKTypa JAUCCEepPTaLUU.

B nepBoii riaBe MpuBEACHBI OOIIMK 0030p JIUTEPATypbl W HUCTOPHS Pa3BUTHUS
BOIIPOCOB ~ MAaTEMAaTU4YECKOTO  MOJECIUPOBAHWsS  JAWUHAMUKMA  YWCICHHOCTHU
OMOJIOTMYECKUX MOIYJISIUN, HCCIECAOBAaHUS MaTEMaTUYECKUX MOJEIEN mpouecca
3aIIMTBI C YYETOM BPEMEHHOW M MNPOCTPAHCTBEHHOM CBS3M Ul MOJCIBHBIX
NOMYJISIUUNA, COOOIIECTB, 3KOCUCTEM.

Bo BTOpOI ri1aBe NIpUBEICHBI MATEPUAIBI U METOMBI UCCIENOBAHUSA. W31105KeHBI
OIMHCaHMsl OMOJIOTUYECKHUX CUCTEM (XJIOIMYATHUK, MIICHUIA, pUC | JIp.) PecmyGnuku
Tamxukucran. IlpuBeneHbl pa3pabOTKH METOJOB, METOJOJOTMHM M  METOIUKH
MaTeMaTUYeCKOro, KOMIBIOTEPHOTO MOJAEIUPOBAHUS, a TaKkKe MPUKIATHOIO
IIPOrHO3UPOBAHUS Imporecca  3alllUThl  IUIAHUPYEMOI'O  ypoKas
CEJIbCKOXO3SIICTBEHHON KYyJNbTYpbl (XJIOMYaTHUK, TNIICHHWIIA, PUC U Jp.) B
arporieHo3ax PecnyOnuku Tamxukucran, kak GakTtop moBbIIEHUS 3((HEKTUBHOCTH
rOCyJIapCTBEHHOI'O PEryJIMPOBaHUS POIOBOJBCTBEHHON IPOrPaMMBI.

B Tperbeii riaBe JaHHOM JUCCEPTALIMOHHOW pabOThl paccMaTpPUBAIOTCA
MaTeMaTUYeCKUEe MOJEIM  IIpoIecca  3alUThl  PACTEHUH. B cayuae
BOJIbTEPPOBCKOIO ONMHUCAHUS TPOPUUECKUX CBSI3€H U MIPOU3BOJIbHBIE MEX U BHYTPH
MOMYJISIIMOHHON B3aMMOJICUCTBUS TOJYUYEHBI SIBHBIE MaTeMaTH4ecKue (popmyIibl
JUIS HAXOXKJICHUSI KPUTUUYECKUX 3HAYCHUM YUCICHHOCTH HaCEKOMBIX.

B pa3gene 1 Tperbeii riaBbl IpUBeeHAa MOCTAHOBKA OOIIEH 3aJaud 3alllWThI

paCTeHHI\/JI, Korga YMCJICHHOCTD IIOITYJIIIWHU 3aBUCUT OT BPCMCHU.

B pa3sneiie 2 TpeThei TJ1aBbl PACCMOTPEHBI PEIICHUS 3a[aud 3alllUThl PACTCHHIA,
KOTJIa MOJICJIbHBIN arpoleH03 HAaXOIMWTCS B CTAIlMOHAPHOM W HECTAI[MOHAPHOM
pexume. B ciaydae mo cMenanHoi BosibTeppoBckoi u V (+) GYHKIUSIM ONUCcCaHUs

TpoUUECKUX CBsA3€M TMOJy4YeHbl SIBHbIE MaTeMaTudeckue GopMylibl s
HAXOXKJIEHUS KPUTUYECKUX 3HAYEHUIN YUCIEHHOCTH HACEKOMBIX.

Paccmotpum  MopenbHBIN arpoleHo3, KOTOpbIM  HAXOIWUTCA B
paBHOBECHOM pexkume. Torna cyMMapHble OrnomMacchl (MM YUCIEHHOCTH) BUIOB,
MPUHAAJIEKAIIMX COOTBETCTBYIOIIMM TPOPUUYECKUM YPOBHSAM, YIOBIETBOPSIOT
cucteme anredpanyeckux u AuddepeHnaibHbIX YPaBHEHUM:

Q _aovo( N, )Nl =0,

=

koot Vo( Ny )=, N, —m, =0, N, =[N,(a)da
_ . 1
dd'iz =N, (kaN, —a,N,—m,), N,(0)=[B,(a)N,(a)da, D
dN, .
e N,(k,a,N, —eN, —m,), N,(0)=[B,(a)N,(a)da.
0
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B oOmem cmydae cymmapHble Ouomacchl (WM YHCIEHHOCTH  BHJIOB),
MpUHAAJICKAIINE COOTBETCTBYIOLIUM TPOPUUECKUM YPOBHAM 0003HAYUM Uepe3

N.,N =N, (1),i=0123, (i=0- pecypc,i=1- pacmenue, 1=2-
epeonvie nacexomvle | = 3 - nonesnvie nacexomole), Q - cxopocme
MOCTYIUIGHHE ~ BHEWIHWI pecype, rae B = B(.))=0 OyHKUUS PpOKIAeMOCTH
BPEAHBIX M TMOJIC3HBIX HACEKOMBIX, M. - YCPEAHEHHbIE KOO HIMEHTHI

ecTeCTBeHHOU cmeptHOcTH, [ = 1,2,3; k; — monm morpeOiieHHBIX Onomacc,
UAyIIFe Ha pPEenpomyKTUBHBIM oOMeH u poct; i = 0,1,2; a; —koaddunmeHTs
tpoduueckux dyaknun, i = 0,1,2; & —KO3(pPUIUEHT CaMOTMMHUTHPOBAHMSI

HOMYJISIIUH TIOJIC3HBIX HaceKoMbIX. ChopMyIupyeM 3aaady 3allMThl THIIA 3a1a49H
IOnycu B TepMuHaX CTallMOHApHOrO MojelbHOoro arponenosa (1). Ilyctsb Nlp -
O3HAYaeT IUIAHUPYEMbId YPOBEHb OMOMACCHI CEIbX03 KYJIBTYyphl, HE MECHEe
KOTOPOTO MBI XOTUM COXPaHUTh YPOXKaH, T.€.
=N NS eINT N e [N, N1 —const > 0.

Paccmotpum HepasenctBa N, < NP, N, >N
rae N >0, N’ >0, HEH3BECTHBIE IAPAMETPBI.

OCHOBHBIMHU PE3yJIbTaTaMH CYIIECCTBOBAHUS PEIICHUS CTAIIMOHAPHOTO
npoIliecca 3alUThl PACTEHHUH SBIISIOTCS CICTYIOIIUE YTBEPKICHUSI.
Teopema 3.2.1. Ymobwr umeno mecmo ycnosue

N.= N NeIN N

HeobXx00uMoO U O00CMAMOYHO 8bINOJHEHUE HepaeeHcme

Q
V.(N,)< ,
s 3
N, <Np, Np— QM 2)
alNlp al
N> Np, NP =K%ye M
az aZ

Joka3zateabcTBo. N, > NP, NP e[N™ N/™],
JlokaxxeM CIpaBeUIMBOCTh HepaBeHCTBa (2). M3 mepBoro  ypaBHEHWHS
cucreMbl (1) momydum

Q-aV,(N,)N,=0,re. V,(N,)< Q =V,
aONlp

Ha ocHoBe 2 —ro ypaBHenusa (1) umeem:

k00[0\/0( No)_alNz_ml:O’

-~ - k m
Kot Q —oyN,—m, >0, N, < oQ __1:N2D
Ny NS«
N, <NP.

WTtak, u3 Tperbero ypaBHeHus cucrembl (1) moiaydyum



dN -
S N, (ko N, — e, N, —m, ).

OO6e cTOpPOHBI TIOCIIEHETO YpaBHEeHNUs, yMHOXKast Ha N, (a) ¥ UHTErpupys mo a
HOJTyYUM

[N, (a)="2da = [N} (a)dalk,e;N, - a,N; —m,]
0 da 0
1 2 1 2 _w 2 .l
>N () =2 N3 (0) = [ N7 (a)dalk,e; N, — ;N —m
0
kN, — N, —m, <0, N, > % np M2 _ e
a, a,

Otcrona

N, > NP
Onenum N,

N3 yerBepToro ypaHeHus (1) momydum
N(©)exp [ A(£)ds

a Oa S N
1+ N (0)[ep([ A(£)dE)de

Ns(a) =

max

2oe
A(a) =k,a,N, —m,.
JleiicTBUTENLHO, U3 YeTBEpTOro ypaBHeHue (1) umeem

dN
das = N3(k1a2N2 — &Ny — ms)’ A@) = ka,N, —m,.

dN
d—; =N,A(a) - eNZ(a).

OG6e cTOPOHBI TIOCIIEAHETO YPAaBHEHNUS, pa3aeiss Ha — N7 (a) moydum

1 dN,  A@®)

- : +&
N;(@) da  Ny@)

Orcroa BBeasd 0003HAUEHUS

L 1,
N,(a) ~ da NZ(a) da
uMeeM
dy
<L =—Aa . 3
o= A@y+e 3)

CooTBeTCTBYIOIIEE OHOPOIHOE ypaBHEeHHUE (3) 3amuIlIeM B BHJIE

dy 1_ . d0ny) _
day A(a); ™ A(a).

HNHTterpupys no a noyryuum



Iny=-[AEIE +y,(0). y(@) =exp(-] A 1, (0)

Huddepennupys (4) mo a uMmeem
Y _exp (—j)‘ AE)dE)(=A()) - Y, (0) +exp (—z A€)dE)y, (0).

da
[loncraBisAst 3HaYeHHUE Y U g—y B ypaBHEHUE (3), OTyINM
a

o (—[ A)dE)(-A@)y,(0) + oxp(—[ A)dE) Y, (0) =

=—A@) e (-] AE)E)- y,(0)+&.

op(-[ AE)E)Y, (0) = &

OTtcroaa nojryuum
&

exp(—z AE)dE)

WuTerpupys no a 0ynem UMETh

Y,(0) = £ [exp( AE)dE)d 7 + y(0).

yll (O) =

=sexp(z AE)dE).

[Toxcrasnss HaitnenHoe 3Hauenue Y,(0) B (4), momydum

y(@) = exp (-] A()dE) (e [ exp (-] A@)dE)dr +y(0)) =
0 0 z a (5)
= y(O) & (-] AE)E) + £ (- AE)IE) [exp (-] AE)dE)

1
@ YO N0

YuuteiBas y= u3 paBeHcTBa (5) moay4yum

N, () exp ([ AE)dE)
Na(a) = g

1+ &N, (0) [ exp ( A(£)dE)d 7

Teneps qokakeM 10cTaTOYHOCTH. [lycTh (2) cripaBeIMBEI.
JlokaxeMm, 4TO CIpaBeInuBO

k
N, > N7, Nlpe[kmz KaQy
1@ My

JlelicTBUTENILHO, U3 TpeThero ypaBHeHus (1) nmeem
k.o, N, —a, N3 -m, >0

ki, (N, —N) 20

N, >N/

10
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Takxe B 3TOM pasjelic NMPUBEACHA HECTAllMOHApHAS 3aj1a4ya 3allUuThl PACTCHUH B
kiacce V() TpoduyecKkux Mojienek.

IIycTh COCTOSIHME MOJEIBHOIO arpoLeHO03a OMMCHIBAECTCS NIPU IOMOIIH
CIEAYIOIIUX YPAaBHEHUI

dN

dto :Q_FO(NO’N1)1

dN ~ (6)
dtl = NlFl( No’N1’N2 )1

dN

s N,F, (NN, K,),

dN
dt

t= NsFa(Nz’Ns)’

N, (t,) = tij N, (£t

k 0

[TpeamnosnoxumM, 94T0 B MojeIbHON OnocucteMe (6) B3anMOCHCTBHS BHIOB
HPOUCXOJIAT 10 CMEIICHHOM BONBTEppOBCKuit 1 V (+) QyHKIIMU ClieayroIieM By e:

dN
dto :Q_aovo(No)Nv
dN ~
d t= Nl( koaovo( No )_a1N2 —-m )1
t (6"
sz = Nz(k1a1N1_a2N3_m2)i
dt
d(';'[a = Na(kzazNz _gNs —m, )

Chopmynupyem pe3ynbTaThl CYIIECTBOBAHUE PEIICHUS HECTAIIMOHAPHOTO 3a1a4H
3aIUTHl PACTCHUH CIICYIOIIUM YTBEPKICHUEM.

Teopema 3.2.2. /[ns evinonnenus ycinosus
. ~ p Q
fim (602 NG ). g e| [T Ko
« klal m.
Heo0X00UMO U 00CMAMOYHO GbINOJIHEHUSI HEPAGEHCNE

N,(t) < Qp, o<t<t,
0" "1

limN,(t )<N?, lim N,(t )=N?, (7)

t, —o0

Ni(tk)ztijNi(t)dt, i=123.
kK O
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o KR my o Kicti o M,
N 2 = b N 3 N 1 .
a. N, o - o
B pa3snese 3 TpeTheii Ti1aBBl IPUBEACHBI PEIICHUS MAaTEMAaTHUYCCKOW MOICITH
3aJ1a4yy 3alIUThl PACTCHUH C IPOU3BOJBbHBIMU Tpoduueckumu V() GyHKIUIMH.

ABTOpPOM TpeIioKeHa MaTeMaTHUeCKash MOJIENb arpoleHo3a, B KOTOPOH
byukuuu F;(+) ompeaensiorcs mo ciaeayromuM hopmyiam

Fo ==, NN,
F =ko,N, —Vl|(\|Nl) N,-m,

Vv lN (8)
Fz = klvl(Nl)_ 2( 2) N3 — My,

2
Fy =KV, (N,) —eNy —m,.
rae V(.) — Tpodudeckas GyHKIHS CO CBOMCTBAMHU
V(N)z0, V) o dVIN)_, (9)
dN dN?

ITycth V =V,(N,), i=12— xonuuectBo (Mo OWoOMacca) >KEpTB,
MOTPEOISIEMBIX OJTHAM XUITHUKOM 32 €TMHUITY BPEMEHHU.

[Ipenmonoxum, YTO COCTOSIHME MOJIEIBHOTO arpoleH03a OMUCHIBACTCS
IIPH ITOMOIIY CHCTEMbI ypaBHEeHHE (6).

Jlerko BUACTH, 4TO cUcTeMy (6) B cruty (8) MOKHO 3amucaTh B BUJIEC CHCTEMBI
C OTHOIIICHHEM THIIa XUIITHUK — )KEPTBa, B paMKax V () Mojenen

(dN
dto :Q_aoNoNli
dNtl = koaoNoNl _Vl( Nl)NZ _m1N1’
<dN (10)
== klvl( N1 )Nz _Vz( Nz )Ns - m2N2’
dcli\ls = kzvz(Nz)N3 _gN?,z _mSNS'

Cnenyromas  teopema 3.3.2.-yTBEp)KIECHUE CYLIECTBOBAHUS PEIICHUS
3a]]auu 3aIlUThl PACTCHUH C MPOU3BOJIBHBIME Tpoduueckumu V (.) QyHKIHSIMH.
Teopema 3.3.2. /[na evinonnenus ycnosusi Ny > NP, NP e [Nl’“‘”, Nl”‘a"] npu V() >0,
dv, _ d¥, Vi)

— >0, > <0, 0<ming_. o,
dN dN N (1)

Vo (N, (1)
N, (t)
HeoOXo00UMO U 0OCMAMOYHO GbINOJHEHUE HepaeeHcmeda

u 0<max,,., =a, <o, o, a, =const
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Q
N, (1)< :
0( ) aoNlp

<NT<NP, sz: kOQ __1_inN1(T),
aN’ @ ar N(0)

Ny, Np =Ry M 1 No(7)

a, 052 a,r N,(0)

N, >

3

Heo0xoaumocTs. [IycTh uMeeT MecTo ycinoBue
N7 =N/, NP e[Nm™ N™ |
JlokaxkeM cIipaBeIMBOCTh HepaBeHcTBa (11).
N3 1-ro ypaBHenus cuctemsl (10) umeem
dN,
dt

N, (1) = No (0) xp (o, [ N; (£)dE) + Q[ exp(~az, [ N, (£)dé)d <

=Q—,NyN,

Q t Q Q
<IN, (0) - exp(—a, N, )+ < .
{ 0O o0+t =
N3 2-ro ypaBaenus (10) moxyuum
dN
tl =KoagNoN; =V (N )N, —m; N,
dinNy o )
1
Vl(Nl) N2 — kOaONO _ml _ d(ln Nl)
N, dt
u

ViNy)  _keQ _  d(inN,)
N, % NPT dt
HNuterpupys nociennee paBeHcTBO OT 0 10 T, uMeeM

L)y g KQ_ 11 N(0)

o N(t) “MTETN(0)
T.C.
o< i UL . ml_g,anr),
i ™ G
TaK KaK
O<min\M=§
o<t<r N() !
Nj< SO M LNy
aN"” «a ar NJ(O0)
N, <NJ

B cuiy 3-ero ypaBuenus (10) umeem

(11)



dN
dt

2 = k1V1(N1)N2 _Vz(Nz)Ns _mzNz

T.C.
d(In(N,)) V,(N,)N
R k(N ) =m, — 222/
dt kl 1( 1) 2 N2
UHTETpUPYS MociaeaHee ypaBHeHne oT 0 10 T, MOJyduM
1:V,(N, (1) — 1, N,(7)
| =N, (t)dt =k,a;N” —m, — =1
r-([ N, (t) 5(t) 104 Ny — M, TnN(O)’
A L (3) IR P X (5
0<t<r N ( ) T NZ(O)
Tak kak 0 < max V2 (N, () =a, <o, TO
0<t<r Nz(t)
Ny 2y T L R
a, a, ta, N,(0)
N; >N/

Hocratounocts. [Tycts HepaBeHcTBa (11) BBIMOIHSIOTCS.
ITokaxxem, 4TO

N >N, NS e [N NP

W3 nepBoro ypaBuenus (10) umeem

dN, Q
i =Q-,N,N,>Q—,N, Np’
Q
Np 1— dt;
uHterpupys no t ot 0 10 7 , u umMeem
QN 1 Q
Ny 2 QN0 N(T>]>Q+—{N (0>—%Nlp}=q,

orcroma N, = N,. Takkak NJ u N HeoTpuuarenbHble, TO UMEET MECTO
p min max
NP e [N N |

B 4eTBépTOIi I1aBE NMPOBEAECHO UCCICAOBAHNE HEJTMHEMHBIX 3a7a4 3alUAThHI
pacTeHUid C Y4E€TOM BO3PACTHOM  CTPYKTYpPHI U MPOCTPAHCTBEHHBIX
pactipeneneHuid. st cucteMbl “BpelIHbIE HACEKOMBIE, MOJIE3HbIE HACEKOMBbIE”
UCCIIENYIOTCS UHTErpO-auddepeHITnanbHbIe MOJETHN U MOJYyYeHbI HEOOXO0IUMbIE U
JIOCTATOYHBIE YCIIOBUS CYLIECTBOBAHUS MPOLIECCA 3ALIUTHI PACTCHUM.

B 1 pa3nmene 4eTBEpPTOM TJlaBhl IPUBEACHA PEIICHUS 3ajladya 3allUThl
PaCcTEeHUN C YY4ETOM BO3PACTHOM CTPYKTYPBI HACEKOMBIX B Ki1acce V (N) MOJeIeH.

OCHOBHBIM PE3YJIbTATOM JAHHOTO pasaciia ABJIACTCA CICAYIOIIAaA TCoOpCMa.

Teopema 4.1.1. Ymobwvl umeno mecmo ycinosue
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%j N,(t)dt > NP, N/ e[N™, N™ ]

dv. d\V
npu V. 0, — >0, L <0
pu V()20 44 dN?
V.
u 0< M:J <o, 0< max M:a <o
O<a<oo Nq(t) 1 O<a<oo No(at) 2
o<t<r o<t<r

a,, @, = const,
HeobX00UMO U OOCMAMOYHO BbINOJIHEHUE HepaseHcmeda

20e N™ =
NP = K@
CoaN/

li+_imax In—NZ(a’T), N :—OQ
ko, o,r a N, (a,0) 051| N, (7)
7 N, (0)
ka, m, 1 N
_@__i n N, (7) , ng _ 1_051 Nlp —f—_—maxln 2(8.,2').
a oz Ny(0) a, a, o,r ° N,(a,0)

=12

N, (t) < Q , 0<t<y,
N/

1jﬁz(t)dth;,
Z—0

1j&(t)dtz NP
4 0

(12)

B pa3nesie BTopoM 4eTBEPTOI I1aBbl paCCMOTPEHA MOJENbHAsE OMOCUCTEMA TPEX
TpoUUECKUX YPOBHEHN THIA «CEIbX03-KYIbTypa, BPEAUTEIN KYJIbTYPhl, XUIIIHUKA
W Mapa3uThl Bpeautenen». JlokazaHa TeopeMa 0 HEOOXOAUMBIX U JOCTATOYHBIX

YCIOBHAX CYIICCTBOBAHUA PCHICHHUC 3aJadd 3alluThbl

pacTeHUl C YYETOM

BO3PACTHOM CTPYKTYphl HAaceKOoMbIX. [Ipeanonokum, 4To COCTOSSHUE MOJEIBbHOIO
arpoleHo3a OMKUCHIBAETCA MPH MOMOILIMU CIAEAYIOIUX YPAaBHEHUN

dN,

50 = Q+Fa(No,Ny)

N (NG N )

oN, 0N,

TEr T =NF (NG NG, N ) NG| = N2 (a),
oN, N,

o = NF SN N) NG| =NJ(a),

N, (0,t) = T B,(&,t, NN, (&,t)d&, 0<t<t,, 0<a<oo,
N3(0.8) = [ By(&t N, N (.0,

15
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Cdopmynupyem OCHOBHBIE PE3yJIbTaThl BTOPOTO pa3jieiia YeTBEPTEH TIIaBhI.
Teopema 4.2.1. Jlna moeo, umobwl umeno mecmo

&
lim N,(t,)= lim tl [N dt= NP, NP [N, N
k K 0

ty —o0

npu t, —oo HeobX00UMO U OOCMAMOYHO 8bINOJIHEHUE HepaeeHcme

N (t) < Q , 0<t<t,

ty -
lim N, t,) = lim tijl\lz(t)olt <N?, (15)
K —>% K > k0

t
lim N, (t,) = lim tist(t)dt > NP,
K —>© K —>0 Ko

sz: koQ _ﬂ_im Nl(tk) Ns":%Nl"—ﬂ—imaxln NZ(a’tk)

aNf o at N(O) a, a, ot 2 Nz(a,O)'

Pa3nes 3 mOCBSIIEH MOMYYEHUIO HEOOXOAMMBIX M JOCTATOYHBIX yCIOBHM
CYLECTBOBAHMSI TMpoOIEcca 3allUThl PACTEHHA C YYETOM MPOCTPAHCTBEHHBIX
pacnpeneneHui Ipyu MPOU3BOJIBHBIX TPOPUUECKUX PYHKIUSAX.

PaccMoTpuM MaTeMaTHYEeCKyH0 MOJENb arpoleHo3a, UMEIOIIYIO0 TpH
TpodUUuecKuX ypoBHS TUMNa 'pacTteHue” - " BpeaHble HaceKombie" - "MOJIe3HBIC
HACEKOMBIE™ C YYETOM IPOCTPAHCTBEHHOT'O PACIIPEACIICHUS B CIEAYIOIIEM BUE:
dN,

T—Q_aoNoNli
% = N, (koo _Vl(Nl) N3 —m,)
dt N, (16)
oN, oN, oN, V,(N,) ~
+ - =N, (kV;(N,)——2—2N,-m
o g o~ NalM(N) - -
ON, ON, ON
8t3+ 58.3+ 8X3 =N3(k2V2(N2)—d\13—m3),
C Ha4dYaJIbHbIM U I'PaHUYHBIMH YCIOBUSAMHU
N,(x,a,0)= N?(x,a), x€G, 0<a<oo, i=2,3
N, (x,0,t)= [B,(&,t, NN, (x, &,t)dt,  Nj| =0, i=23.
(o]

N,(x,0,t) = T B,(&,t, N, )N, (x,&,t)dt, 0<t<<z.

[Tycth Tpodmueckast PyHKIUS UMEET CBOMCTBO
dv, d?,
V,()20, =+>0, —1<0.
dN dN
OCHOBHBIM pE€3yJbTaTOM TPETBETO  pa3fena YeTBepTeld  IJIaBbl SIBISIETCS

CIIeyIoIasl Teopema.
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Teopema 4.3.1. J{na evinonunenus yciosus lel(t)dt >N, Nf e[Nlmi”, Nlmax] u
4 0

0<min L0 _7 <o, 0 < max 2(N2(&1)

t N 1 a Np(at)
HE0bX0O0UMO U OOCIAMOYHO BbINOHEHUE HEPAGEHCIE

:&2 <o, q-a,=const, i=12.

Q
No(t)<——~ 5. 0stsz,

0" "1

1jliiz(t)dts NP, (17)
7o

LIN,(tdt= Ny,
7o

Q _m 1, N(7)
aN’ a ar NJ(0)

a, = @, o, N,(a0)

B pa3nene 4 derBepToil I1aBbl UCCIETYETCSl PEIICHUE OJHOW HEIUHEWHOU
3a/1aud, CBS3aHHOM C  CHUCTEMOW THIMA «IOJIC3HBIE HACEKOMBIE — BPEIHbBIC
HAaCEKOMBIE» C  YYE€TOM BO3PACTHOTO COCTaBa H  MPOCTPAHCTBEHHOTO
pacnpeneneHus. MoJiebHasi CUCTEMA IPU 3TOM UMEET BUJL

aMl +%+ivl 8M1 :_Fl(ait)Ml(X’a’t)_
ot ca ‘=
o*M,
—jV(M (x,a,t),EM, (xét)d§+Zd1, o
M. I zvz, =—F,(at)M (xat)+2d2,aa'v'z 1
X =

0<t<tk,0<a<oo, XEG,

(18)
M| M’(x.a), 0<a<o, i=12,...
M =0, eoe
OX; %k

M,(x0.t)= [B(at)M,(xat), 0<t<t,,
0

M,(x0.0) = [[K(@EV(M,(x,a).E M, (x.& t)déda, x e G,

M, =M, (x,a,t), i =1,2 — COOTBETCTBEHHO YHCIEHHOCTH XepTB M XUIIHUK F(a,t)—
KO3 PUIIMEHTHI CMEPTHOCTH i =12, B(a,t) — KO3 OULHEHT POKIaeMOCTH KEPTB,
V() -Tpoduueckas pyHkuus, K()—-kodbPuuuent ycBoenus V; — CKOPOCTH
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nepeMerenus, d; — Kodhpuuuentel 1udpdysnmu, G=G+S,
G={(x,X):0<x <L, i=12}, S-rpanuna o6mactu G.BBenem 0603HaYeHNS
N.=max M.(x,a,t),i=1,2 u n=min M.(x,a;t),i=12.

Torna u3 (18) momxyunm

T+ TS R@ON D= [ V(N O)EN,(E0dd
oN, ON

8t2 +a_azg—Fz(a,t)Nz(a,t),O<t<tk <0<a<w

N|o=N’(a)0<a<ow,i=12- (19)

N,(0,t)= [ B(a,t)N,(a,t)da0 <t <t,,

N,(0,6)= [ [K(a,E LV (N,(a,t)&)N, (X, t)déda,

(on, on -

—1+_12_F a,t nl a,t - V nl ayt H n2 !t d
bz oR(atn(at) - [V(n(at)on (s nds
on, on,

_at +£2—F2(a,t)n2(a,t),o<t<tk10<a<oo

n|,=n(a)0<a<ow,i=12: (20)

n(0.t)=[B(at)n(at)dad<t<t,

n,(0.0)=J[K(a &tV (n(at)&n(x&t)déda,

Teneps paccmorpum 3amauy (19 ), (20 ), korma JOCTUraeTCs paBCHCTBA B
UCXOIHBIX YPABHEHUSX, T.€.

oN, oN -
Ly 2 <F(a,t)N,(a,t)- [ V(N(a1t),&)N,(&,t)d
+ o (&N (at) - [ V(N (at).£IN,(&,t)dg

oN, ON,

at +ES—F2(a,t)N2(a,t),O<t<tk,01<a<oo

N|,=N(a)0<a<ow,i=12,... (21)

N,(0,t) = [B(a,t)N,(a,t)da0<t<t,,

N,(0,t) = [ [ K(a,& WV (Ny(a,t).& )N, (x.&,t )deda,

18



Teopema 4.4.1.  [Iycmv V(N_,&)=V(E)N,, dynxyuu
V(-),E(-),B(a,t),N’(-),K(-)—zaoannvie pynryuu ceoux apeymenmos u

ABNAIOMCA KYCOYHO-HENPEPLIBHLIMU, 4 MAKH#Ce 02PAHUYEeHbl N0 napamempy a.
Tozoa cywecmeyem eouncmeennas 3aoaua(21) u ono noaryuaemcs memooom

nOCIe008aMeENbHO20 NPUOIUNCEHUA. DMO peulenue A8IAeMcs MAKCUMALbHbIM OJIs
saoauu (19 ), u munumanonvim onsa 3aoaqu (20 ).

IIaras ruaBa MOCBSIICHA 3a/]a4aM  ONTUMAJIbHOTO  YIIPABJICHUSI.
OnTuMu3aloHHasl 3ajjaya BKJIIOYAaeT B ce0s MPOIECChl  ONpeACIICHUS
OMOJIOTUYECKUX W XUMHUYECKUX YMPABICHUA W3 YCIOBUS MHUHUMHU3ALMH H
YUCJIEHHOCTU BPEIHOTO BUA WU yiiepOa, HAHOCUMOI'O PAaCTEHUSM CO CTOPOHBI
BpeauTeneil. B cBs3u ¢ atum B pasgene 1 »Toi riaBel mpuBeAeHa oOmas
MMOCTAHOBKA  3a3Ja4d  ONTUMAJIbHOTO  YIPABICHHUS  SKOCHCTEMAMHU  TpPEX
TpopUUECKUX  YpPOBHEH €  y4e€TOM  BpPEMEHHO-BO3PACTHOM  CTPYKTYpHI,
MPOCTPAHCTBEHHBIX PACMPECICHU U C TMPOU3BOJBHBIMU V(-) TpodUUECKUMU
(GYHKIUSAMH BpPEIHBIX M TIOJIE3HBIX HACEKOMbIX. ONTUMHU3AIMOHHYIO 3a/1ady
chopMyHpyeM CIETYIOINUM 00Pa30M.

Haiitn MunnManbpHOM 3HaueHHE PyHKIIMOHAJIA

1(u)=[ ] (N u)dxdadt + [ [ (N u)

00G 0G
IIPU YCIIOBUAX

(dN,
dt

dN
tl = koaoNoNl _Vl( N1 )Nz - m1N1’

, dxda (22)

:Q_aoNoNl’

dNZ sz 2 dN
—24> 9, —2=kV,(N, )N, =V,(N, )N, -
dt da i1 2 dx 1 l( 1) 2 2( 2) 3

2 0°N
_m2N2+Zdi2 8X22 _'u(D)NZ' (%)
i=1 i
dN, dN, &, dN
g T gt TV N, — N N,
2 52N3

+>.d, v —a(D)N, +PN,,

i=1 i

xeG, O<a<owo, O0<t<t,.

B pasgene 2 paccmarpuBaercs 3amgada  ONTUMAJIBHOTO YIPABJICHUS,
mporecca 3alluThl PAacTEHUS C YYE€TOM BO3PACTHOM CTPYKTYpPHI BPEAHBIX U
MOJIE3HBIX HACEKOMBIX.

19



Marematnyecku 3Ta 3aa4a GOpMyITHPYETCS CISTYIONUM 00pa3oM.
Haiitu MHUHHMAJIbHOE 3HAYCHUE byHKIIMOHATIA

1(u)= ][ £°(a,N,u)dadt + | *(a.N, u), da (24)

IIpu CICAYIOINUX OI'PAHUYCHUAX !

o,N=F(N,at,u ), O<a<ow, O<t<t,
N(a0)=N,(a),0<a<o (25)

N

N(0,t)= [B(N(&,).EL,u,)dE, 0<t <t,

rne f°(), f*(), F(), N,(), B(.)- 3agaHHBIE TOCTATOYHO TJaJKhe (DYHKIIUU CBOHX
aprymenToB, U=(U,,u,),u,=(Q,P,D),ueU,U -nonycrumoe MHOXeCTBO, T.C.
MHOYKE€CTBO OIPAaHUYCHHBIX U KyCOUHO-HETIPEPBIBHBIX (yHKITHI

{ o<u(t)<u_ { __}}
U=3u: U =3 Qrrax s Prax s i U

“u=u(t). k.

1, KPOME TOrO,

N =(N,, N,N,,N;), N, =N, =(at),i=23,
F=(Q+F,NF,N,F, — 2(D)N,, N;F; —ars(D)N, + PNy),
B = (b, (a),b,(a), B,(N), B,(N)),

pUIEM
j b(a)da=0, i =01.
0

CnpaBennuBa ciefyroniass Teopema Il  CYLIECTBOBAaHUS  PEILICHUS
ONTUMAJILHOTO YIIPABJICHUS Poliecca 3allliThl PAaCTEHUN OT BPEIHBIX HACEKOMBbIX.
Teopema 5.2.1. [lycmb U =u*(t)eU onmumanvhoe ynpasienue 3a0ayu

(24),(25) u  ynxyuu £°(), £'(),F(),Ny(),B() u ona mobozo UEU cywecmeyem

eouncmeennoe peutenue 3adavu (25). Toeoa Heob6x00uMoO GvinoaHeHue

af_0+[ﬁJ l//ao:|(ul_uz )}dadtZO (26)

ou, \ou,
30eco v =y(a,t) aenaemcs peweHuem CONPsAHCeHHOU CUCeMbl

HepaeeHcmed
of® [ oF
_ + _
ou, \ou,

npu ecex ueU .

*

‘//:|(uo —U; )+
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_oH

(ata )*l//: ANy !
o (27)
l//(a,tk ):_G_N t ! l//(OO,t):O

20e H(.)=(F,¢)+(B,y|.o)— F°().
3amemum, ymo (8,) =—(0,) -

3ametuM, uTo QyHKIMOHAT (24) MOXKET XapaKTepu30BaTh yuepO WiId Bpel,
HAHOCHMBI BPEAUTEISIMU PACTEHUM, TMOO CyMMapHYIO YHUCIEHHOCTh BpeAUTENEH
B 3aBHCHMOCTH OT HAILIETO JKEJIaHUS.

B pasngesie 3 nsToli riaBbl IpeiaraeTcs ONTUMU3ALUS Ipolecca 3a1adu
3alIMATBl C Y4ETOM BO3PAcCTHOIO COCTAaBa M IPOCTPAHCTBEHHBIX PaCIpPEICICHUN.
JInst  ONTHMMAJIBHOTO  YHPABJIECHMS  33aJayd  3allUThl PACTEHUW  IOIYYEHO
HEO0XO0MMOE yCIIOBUE MUHUMYyMa.

B pasgene 4 o510l 11aBpl paccMOTpeHa ONTHUMM3ALMOHHAsS MOJEINb
WHTEIPUPOBAHHOTO MeToJa OOpbObl C BpeauTeas MU OHOCHCTEM Tpex
TPOPHUUECKUX YPOBHEM.

CdopMmynupyemM ONTUMU3ALMOHHYIO 337a4y 3alllUThl PACTEHUH CIEAYIOIIUM
oOpa3oM. HaliTu MuHuManpHO€ 3HaYeHus1 (yHKIIMOHAa

I(u):tff°(N1,N2,N3,u)dt+(p(N1,N2,N3,u) (28)

IIPU YCIIOBUSX

dN
dto :Q_FO(NO’N1)7
dN ~
| dtl = NlFl(NO,Nl,NZ). (29)
dN ~
dtz = Nze(Nl’Nz’Ns)_lu(D)Nz’
dN,
” =N,F,(N,,N,)-au(D)N, +PN,,
Fi g OF_|<0i<i=03
oN, " oN; |>0,i>j, j=03 (30)

FO20, p()>0, °()>0,
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Chopmynupyem 0IMH U3 OCHOBHBIX PE3YJIBTATOB pasjena 5.4.
Teopema 5.4.1. Ilycmb umerom mecmo ycnosus (30) u

f°()=CN,+C.,PN,+C,D+Q,

@()=CN, +C,PN,+C,D+Q,
mozoa onmumanvhoe ynpaeienue 3aoayu (28),(29) xapaxmepuzyemcs
COOMHOWEHUSAMU

* {Qmax’l//0>1 P* {Pmax' l//3>CP

=10y, <1 0, ¥, <C,

D Cp +¥,N, +awsN; <0 (31)
D =40, C, +w,N,+aw;N,>0, u(D)=D

D
_ILIO+\/_M(+V/2N2+QW3N3)! w,oN, +ay;N; <0, u(D) = - :
C, My +D

20€  14y,14,Q., P, C,C,, C, — 3a0anHble nonoxcumenvuvle uyuciaa, ( C,C,, C,—
COOMBEMCMBEHHO CMOUMOCMU eOUHUYbL OUOMACCHl 8pedumens, 3ampamsl HA
Xumuqeckue u buonocuyeckue Memoobl 00pvObL), v, =y, (t) — PeuLetsl
conpsixcennou K (27) 3aoauu, 1=0,1,2,3.
Teopema 5.4.2. Ilycmo N*:(Ng, N,, N, N;)—cmaWOHapHoe peuienue cucmeml
(29), mozoa npubnuxcennoe pewrernue 3a0auu (29) modxcrno npedcmasums 6 uoe
At
N(t)zN*+(N°—N*)Zalje—)]_[(pb—z,,|), (32)
i=0 H A =4 )i
i
20e } —cobCcmeeHHble 3HAYeHU Mampuysl A, = (aij ) i=03, j=03 N°=N(0).

JUIs  TOYEYHBIX MOJCJICH MPUBEICHBI METOAOM IOCICIOBATCIBHBIX
NPUOIMKEHUHN PEIIeHUs ONTUMU3AIIMOHHON 3a/1auy 3alllUThl PACTEHUH.

Pazpenr S  nmATOM  aBBl  pacCMATpMBAaEeT  ONTUMHU3ALMOHHYIO
MaTEMaTHYCCKYI0 MOJICIb CYIICCTBOBAHUS BPCIAHBIX HACEKOMBIX M ITOJIC3HBIX
HACEKOMBIX (XHIIHUKH, Mapa3uThl) IMpoIecca 3allUThl PACTCHHM arporeHo3a ¢
npou3BoJIbHBIMU V(. ) TpopuuecKuMU PYHKIIUAMH B CICAYIONIEM BHJIC

dN
dt2 = k1a1( N1 )Nz _Vz( Nz )Ns - mzNz _ILI(D)NZ

(33)
dcli\::g = kzvz( Nz )Ns —& Ni_ m3N3 —CZ,U(D)NS + PN3

Ha ocHOBe MeTOAOB TEOpUM ONTUMAJIBHOIO YIPABICHUS ITOJTYYEHBI
COOTHOIIIEHHSI, KOTOPbIE€ MO3BOJISIIOT ONPEACIIUTh MapaMeTpbl METOJIOB OOPHOBI C
BpPEAUTEISAMH I MOJEJBHBIX  3KOCHUCTEM OMOIleHO3a XJomuaTHUKa. M3BecTHO,
YTO €CIM YHCIEHHOCTb BpeauTesiel OoJbllle, YeM €€ MOpOroBOe 3HAUYCHUE, a
YUCJIEHHOCTh XHWIIHHUKOB, I1apa3sUTOB MEHBIIE WM PaBHAa COOTBETCTBEHHO MX
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MOPOTOBBIM 3HAYEHUSM, TO CJEIYyeT MPUMEHUTHh OHMOJOTWYECKUN CIOco0, a B
cllydae, KOTJa YHCJICHHOCTh XHWITHHKOB, IMapa3uToB OOJIBIE, YeM TIOPOTOBBIC
3Ha4YeHUs, TO dP(HEKTUBHBIM OYIeT XUMHUUYECKHUH CITOCO0.

B mecrtoii T1iaBe wuccuenyroTCA YHUCJIIEHHOTO pEUIEHUSI HWHTErpo-
muddepeHnranbHON  3a/lauy 3allUThl PACTEHUM C YYETOM BPEMEHHO-BO3PACTHOU
CTPYKTYpPbl HACEKOMBIX U IPHUBECHBI pe3yNbTaThl KOMIBIOTEPHBIX
HKCIIEPUMEHTOB.

B pasmene 1 npuBeneHa pa3HOCTHAs allpOKCUMAalUd HHTETPO-
muddepeHIMaTbHON  3a/1auil 3allUThl PACTEHUH C yYETOM BPEMEHHO-BO3PAaCTHOMN
CTPYKTYpbI HaceKOMBIX. PaccmoTpuM mHTETpO-muddepeHnmanbayo 3amxaqy (14)

B KJlacce V(N) TPOQUUECKUX  MOJICIICH. Ni = _[ N.(a,t)da, i=23.
Bi
N.(0,t)= I B.(£)N.(&,1)dE, 1=23. Brenem ¢yHKImu

t=a+7, M,(a,7)=N,(a, a+7), i =2,3, u 3agauy (14) nepenuiiem B BUze

dN

dto =Q -, NyN,,

dN ~
L= kovo(No)Nl _Vl(Nl)NZ —m;N,,

a‘:‘\; (34)
a2 :klvl(Nl)MZ_VZ(MZ)M3_m2M27

oM

6—;:k2V2(M2)M3—€|V|32—m3|\/|3.

riae V. —tpopuueckue ¢pynkuu i =12, B,(a), B,(a) — K03 HUITHEHTHI
POKIaEMOCTH BPEIHBIX M MOJIE3HBIX HACEKOMBIX, kM, &, B, &, &, &€ — 3ajaHHbIE

HEOTPHULIATEIIbHBIE KOHCTAHTHI.
Jlerko BuAETh, uTO pemicHHe 3amaun (34) npeicTaBiasSeTCS B CICAYIOIINX
COOTHOUIICHHUSIX:

No (t) = N (0)exp (= @, [ N, (£)dE) +exp (- a2, [ N (£)dE)Q [ exp (- o [ N, (E)E)d 7,

N,(1) = Ny (0) exp(ko [Vo(Ny (e - | Vl(Nl(f;”(E; (e)de _ mlt],

M.(a,1) = M,(0.) exp[kjvl(w& e - [VeMIMAE mza],

0 Mz(fl 7) (35)

M;(0,7) eXIO(kzsz(M 2(&, & +1))dS - msaJ

M,(a,7) = -
a kzjvzdg—m3§

1+eM,(0,7)[e ° dé&

CrnenoBatesibHO, JJIs1 OTIPEICIICHUS] HEU3BECTHBIX (DYHKIMH TOJTydaeM

CJIEIYIOLIYI0 CUCTEMY UHTETPaIbHBIX YPABHEHUI:
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N, (£) = N,(0)exp(—at [ N,(£)d8) + [QU& )exp(—a, [ N,(£)d )

VAN N(E t+E-a)de

N.(1) = N(O)erp(k, [V, (N, (£))0¢ ~ N ds-mp),
Mz(a,t):TBZ(g)NZ(f,t)déexp( kjvl( N, ({+t—-a))dé—-m,a-
“2 0 (36)
VL(ML(E & +t-a)[ N (n.t-a+ E)dn
_£ Mz(é,tia—é) de).

By a
IB3(§)N3(§,t )dgexp( kzjvz( Nz(é:!t _a+§))d§_ msa)
M3(a,t)= = :

B3

14 & [ B(EIN,( £  exp(k, [V,(m, (.8 -2+ )y - m, g

B dopmynax (36) tpoduueckue (yHKIUM V() SBISIOTCS JTOCTATOYHO
MIPOU3BOJILHBIMH.
Paznen 2 mectoil  riaBbl MOCBAIIEH  OMNPENEICHNs] HEU3BECTHBIX
K02 GUIIMEHTOB B3aMMOACHCTBYS MOJICJIbHBIN 3a/1a4y 3aIUThl PACTEHUM.

%\l+(z—|::biNi+gAjNiNj, i=1..m, O<a<a,,0<t<t
N(a0)=N,(a),0<a<a_, (37)
N(a0)= [B(N(£t), &t)dg, 0<t<t,
L 0

rne  B(:)- BEKTOP bynkuu  poxaaemoctd, N =(N,,..,N_ ), N.=N.(at)

YHCIICHHOCTS I-TO BHJa BO3pAcTa a B MOMEHT BpeMeHH t, i=1,m.

bA, — Ouonoruyeckue napamMeTpbl MOMYJSALUMM W W3BECTHBI HAONIONEHUA 3a
COCTOSIHUEM YHCIIEHHOCTH BHJOB 3KOCUCTEMBI B MOMEHT BpEMEHH {;:

N, =N, (a.t)+&,,i=Lm. j=1n,k=Lk,, N,- pesymsratel Habmo0nEHHH,

S — OMOKU HAOIIONECHUH, YIOBIETBOPSAIOIIUE YCIOBHAM:

M [gijk]zo’ M lgjk’ gij:A(ak ) tj )
M- cuMBOJ MaTeMaTUYECKOTO OKHUIaHus, A -TUCIEpCUOHHAs MaTpUIa BEKTOP
omn6ok. [Ipenmnonoxum Takxke, 4To 3a1anbl K0dQGUIMEHTH b, U QyHKIUU
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poxknaemocTtu B,. Tpebyercs onpenenuTs MaTpuIly B3auMOACHCTBUS 4 ¢
sreMeHTaMu A . Jlns perienus 5Toi 3a1auu pacCMOTPUM (PYHKIIMOHAI

[Nijk - Ni(a‘k’tj’ A)]z, (38)

rie P, — BecoBble Ko3hduiments, npudeM Y P, =1 P, =0, Ni(a,.t;, A) -

ko ,No m
=1

|(A): Z ij

k,j=1 i

pewenue 3anauu (37) B Touke (a,,t;), K =1LKk,, j=1n,.

Munumuzanuio ¢ysHkiuonana (38), OyneM NpOBOAUTH METOJOM IPaJUEHTHOIO
CIIyCKa.
IIpumep. PaccmoTpumM cucTeMy «ayTUHHBIN KIICII-KIICIEATHBIA TPUIICY.

D.N; =bN, —aN,N, - 51N12
DN, =-b,N, + kaN,;N, —&,N? (39)

a

N, (a.0) = N%(@), N,0.t) = [B,(@)N,(a t)da

rae N;-4uCIEHHOCTh MAayTHHHOTO Kiema, a N,—4HUCICHHOCTh KJICHIESIHOTO
tpunca, b;, by, «, K-ux Ouomormuyeckme mapamerpsl, N, —HagambHas

YHCIICHHOCTb, Bj(a) — KO3 DUIMEHTHI POXKTAEMOCTH COOTBETCTBEHHO IMAYTHHHOTO
KJICILA U KJICILIESTHOTO TPUIICA.

157

107

N

&

0 5 10 5 20
Zy0:Zg 0

Puc.1 a). Pe3ynbTarhl BHIYUCIUTEIBHBIX IKCIIEPUMEHTOB JJIsI CUCTEMBI
" mayTUHHBINA KIIEI - KielesAHbIN Tpuric (£, 1, Z, »-COOTBETCTBEHHO)".
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Pa3nen 3 miecToil rnaBbl MOCBSIIEH BOMPOCAM MOCTPOEHUS BBIYUCIUTEIHHOU
MOJEIN arpO3KOCHCTEMBI XJIOIIKOBOTO TIOJS M PE3YyJIbTaThl KOMITBIOTEPHBIX
DKCHEPUMEHTOB. Ty BBIUYHCIUTEIBHYIO MOJEIb IOCTPOMM B BHUAE KOMIUIEKCA
nporpammsbl. KoMiuieke mporpaMMbl COCTOUT U3 YETHIPEX OCHOBHBIX OJIOKOB:

1. Pemienue 3aauu 3alIUThl PACTEHHUH C YCIOBHEM COXPAHEHHUS] BO3MOXKHOTO
ypoxKasi;

2. OnipeziesieHre KPUTUYECKUX YUCICHHOCTEN BpeAuTeNield u SHTOMO(]Aaros;

3. JlunaMuka YUCICHHOCTH Pa3BUTHSI HACEKOMBIX TI0 TUITY "XUIITHUK-KEpTBa';

4. OmnpeneneHre ONTUMAIBHBIX METOI0B OOPbOBI C BPEAUTEIISIMH.

B pasgese 4 1mecToil T1aBbl NPUBEACHBI PE3YJbTAaThl KOMILIEKCA
IpoOJIEMHO-OPUEHTUPOBAHHBIX ~IPOrpaMM, JUIsl PEIICHUS 3aJayd  3alllUThl
pacTeHuid ¢ MPOU3BOJBHBIMH TPOPHUECKUMU (PYHKIMSIMH,  pa3pabOTaHHOTO
aBTOPOM IIpU BBIOJHEHUWM JAHHBIX Hay4HbIX wuccienoBanuid. Kommiekc
KOMITBIOTEPHBIX ITPOrpaMM pa3paboTaH Ha si3bIkax mporpammupoBanus Visual C#
n C++, LUPOKO HUCMOJb3YEMBIX B HAYYHBIX, HHKEHEPHBIX, MATEMATHYECKUX U
KOMITBIOTEPHBIX 00JIACTSAX, M 3apETUCTUPOBAH B OTJ/EJIC 3aIIUThl aBTOPCKUX IPaB
MunucrepcTBa KynbTypsl PecniyOnuku TapkuKkucTaH.

[Iporpammel «OrnpeeseHne KpUTHYECKUX YUCIIEHHOCTEN BpEAUTENEH U
saToMOo(aros» (KPUTHN)»

JlaHHas1 KOMIIbIOTEpHAA MMPOrpamMma MpeAHa3HaueHa JJIs1 BBIYUCICHHS TOPOTOBBIX
3Ha4YCHUU BpeauTenael u sJHTOMO(aroB arpoiieHo3a Mpu 3aIaHHOM YpoKae
XJIOIMYAaTHUKA, KOTOPBIN HEOOXOAMMO MOJIYYUTh B arpoiieHo3e. [Iporpamma
pa3paboTaHa Ha s3bIke nporpammupoBanus C++. Pe3ynbTarsl MporpaMmMbl MOKHO
MOJIYYUTh B BUJIE TAOJIHIILI U B BUJIE TpaduKa.

Bl Onpegenenine KpUTHYECKNX YMCNEHHOCTEI BpeguTencl 1 3HToMOdaros -3 ﬂ

nlp= |40 n2p=|116 n3p= |39

4 A 122 o 32 A

42 122 33

43 121 34

44 120 35

45 119 35

46 119 36 I8
47 118 37

48 118 38

49 . 117 . 39 .

ok

: -
1| | y

Puc. 2. CkpuHIIOT pe3ysIbTaTOB MOITYYEHHBIX Tporpammoint «Omnpeenenue
KPUTHUYECKUX YMCIIEHHOCTEN BpeaUTeNel U SHTOMO(DAroBy.
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Puc. 4. CkpuHmiot rpadudeckux pe3yiabTaToB



N3p-4MCNeHHoCTW NoNESHbIX HACEKOMbIX

BT -
[ S s S -
V3 8 SN S S S SN S S —
1 2 3 4 5 6 7 8 9 10

Puc. 5. CkpuHIIOT rpaduyecKux pe3yabTaToB, MOJYYEHHBIX MPOrpaMMOi
«OnpeneneHne KpUTHUECKUX YUCIEHHOCTEW BpEIUTENEH U SHTOMO(AroBy.

IIpumep. [1ycThs Ha HEKOTOPOM IOJIE MBI XOTUM COXPAHUTh YPOXKasl CENbX03
KyJIbTypbl He MeHee N, =45 ycnoBHBIX eauHull 1 Q=5500 ycIoBHBIX €IUHUII,

k,=0.9,k =08, m =m, =0.02, ¢, =, =1, Torna omnpenenuM BEIUIHHY

Ny ,u N, 1o dbopmynam szﬁ_m szmNp_@
2 p ! 3 1 )
aN:, a a: a:

Orcioma Nj ~110, NJ ~36. CrexoBatensHo, IS 3THX BBIXOJHBIX JIAHHBIX,

yTOOBl TMOJYYUTh HE MeHee 45 YCIOBHBIX EIUHUIl YpoXKas, YHUCICHHOCTb
BpenuTeneld nokHa ObITh He Oosiee 110 eauHUIl, a YHUCIEHHOCTb MOJIE3HBIX
HAaCeKOMbIX He MeHee 36 eaunul. [lpm TakuX COOTHOIIEHUSAX MEKIY
YUCJICHHOCTSMU BPEIHBIX HACEKOMBIX M 3HTOMA(aroB B arpoleHO03€ HACTYIaeT
COCTOSIHUE, TPU KOTOPOM HE BO3HUKAET HEOOXOIWMOCTh B TMPUMCHEHHH
XUMHUYECKUX CpPEJICTBO MPOTHB BpeAUTENeil. 3aMeThM, 4YTO I[OJIYy4YEHHbIC
pe3yJIbTaThl KAYECTBEHHO COBIIAJAET C AMIMUPUYECKMMH IIKAJIAMUA COTPYIHUKOB
Nuctutyta 30070TMM W mapasuTtojiorun  AxagemMuu Hayk  PecmyOmmku
Tamxukucrad.

[Iporpammsl «Pemienre 3agaun 3anThl pACTEHUM C YCIOBUEM COXPAHEHHUS
BO3MOXHOTO ypoxkas» (YCJIOBUS).
KomnproTepHas mporpaMma npeAaHa3HAuyeHa JJIsI  PEIICHUS 3aJayd  3allMThl
pacTeHHi C yciaoBHeM N|,> NS, - IUIAHOBBIM YypPOBCHb pacreHuit. Ecmm

HEpaBeHCTBA N|,> N, . U NZSNZP, N32N3" HE€ BBIIIOJHAIOTCA, TOrJa 3ajada
3alIAThl PACTEHUM HE MMEET peleHUsA. B 3TOM cilyyae NPUXOAMUTCS pelIaTh
29



ONTHUMH3ALMOHHYIO 337a4y MpPOLECCa 3alIUThl PACTEHUI OT BPEAUTENIEH CENbX03
KyJbTYphl. JTO O3HA4yaeT, YTO MPOTUB BpPEIUTENECH arpoleHo3a MPUMEHSIOTCS
WHTETPUPOBAHHBIN METO/bI 3alTUThI (KOMIUIEKC arpOTEXHUYECKUX, XUMUYECKUX U
OMOJOTUYECKUX MEPOTIPUATUI) AJIS 3aIUTHI CEIbX03 KYJIbTYPHI.

[Iporpamma pazpaboTtaHa Ha si3bike nporpammupoBanust C#.

-

5! Pewexue NpoUecca WMLl PACTEHW € YCIOBMEM COXPAHEHWA EO3MOXHOTO YPOKaR | B e
P—

Mpougcca SaWUMTE! PACTEHMA C MPOMSBONEHEIMM TROPHYECKUMM MYHKCHAMA ‘ OnmMManeHan yNpaBneHA NPOUSCCa SallnTsl PACTEHMI | [padii NpoLecca SalnTel pacTedmi | [padik onmamaneHore * | *

h= NO[O}= N1[0}= N2[0l= N30} tn=
0.01 250 310 3 26 10
40 79,986248 | 23,9636662)
yenoswn Nf = NP, NI = N¥,Ni = NI eoinonnaioTes, Koraa HeT HeoBXxogumocTi
ONTUMMKM3ALMOHHOIo NpoLecca salulMTbl pECTEHMﬁ
618.757962) | 54.936040) | 38.47220% 0.0 248 320224166357 342 636717667442 30.4261145370553 21.3076832643544

Puc. 6. CkpuHIIOT pe3ynbTaTOB MOJYyYEHHBIX Mporpammoit «Pemenue 3agaun
3aIIUTHI PACTCHHH C YCIIOBUEM COXpaHEHHS BO3MOXKHOTO ypoxkas» (YCJIOBUA).

-
5! Pewenie npouecca sawmTsl pacteHnii C yCIOBNEM COXPEHEHA EQ3MOXHOID YPOKas | B

Mpouecca sawWNTE PACTEHMIA C MPOMSBONEHEIMM TPOMHIECKIMU BYHIKCHAMM ‘ OnTMMankHan yNpaBneHnA NPOLECCa SallnTel pacTeHwi | [padiik Npouecca SaWwnTel pacTeHi | [padwak onmamanbHoro * | *

h= NO[O}= N1[0}= N2[0}= N30} tn=
0.01 300 400 50 45 10
40 NaM 235717273
Yenosuu Nf = Nf.ﬂ\'{ = N;, Ni = Ns” He BbINONHAIOTCA, TOTAA NPUXOAWTCA pellaTh 3afaqy
ONTMMABbHOTO YNPAENEHUA arpOLEHO33MM.
-160354.58' | 88.622209| | 57.75619¢ 0.01 111853.59503786 -88811.7673470558 45.0830696226447 31.988046711707

E

Puc. 7. CKpuHIIOT pe3yJIbTaTOB MOJTYYEHHBIX IporpaMmmoit «Pemenue 3anaun
3alUThI PACTEHUM C YCIOBHUEM COXPaHEHHs BO3MOKHOTO ypoxas» (YCJIOBUA)
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[Mporpammbr «OmnpeaencHus ONTUMAIBHBIX METOI0B 0OPHOBI C BPEAUTEISIMU
(CIITUMAII)»

KomnrerorepHas mnporpamMma IpeaHa3sHadeHa Ui OINpPENEICHUs ONTHUMAaJIbHbIX
METOJIOB IIpoliecca 3allMUThl OT BPEAUTENECH XJIONMYAaTHUKA, & TAKXKE BBIYHUCICHUS
apaMeTpoB ONTUMAIBHOMN 3alUTHI (J103bl IECTULUIOB U CKOPOCTh MOCTYIJICHUS
SHTOMO(AroB H3BHE B arpoueHo3). OnpenensioTcss METOJbl 3alUThl  OT
BpEAUTEIEH XJIOMYAaTHUKA AarpoleHo3a ONTUMAajbHas OHOJOrMYecKas 3allluTa;
ONTHUMAJIBHO XUMHUYECKas 3allUTa; ONTUMAJIbHOE COBMECTHOE IPUMEHEHHE
AJOXMMHUKATOB M dHTOMO(Daros, 100aBIsieMbIX B arpoueHo3. I[Iporpamma moxer
paboTaTh Kak C JaHHBIMHU, KOTOpPbIE BBOJUTCS C KJIABHATYpbI, TaK U C JAHHBIMH,
MOJlyYeHHBIMH B pe3yibTaTe paboTel ¢ mpeasiaymieit mporpammel KPUTU.
[Iporpamma pa3paboTaHa Ha s3bike mnporpammupoBanust C++. Pesynbrarsl
IPOrpamMMbl MOXKHO MOJTYYUTh B BUJIE TaOIUIIBI U B BUAE rpaduka.

CKpUHIIOTBI M pEe3yJbTATOB NOJYYEHHBIX Iporpammon «OmnpeneneHus
ONITUMAJIBHBIX METOI0B OOPHOBI C BpEAUTEIIMIY , TOKa3aHbl Ha puc.8,9.

Bapuanr 1.

B4 Onpegenenvie ormamans e MeToa0s GopsBbi € BpegHTERAMM - 0 X

h NO[O] N1]0] N2[0] N3[0] tn

001 120 210 190 190 10 I{u)= |5289

N1 N2 N3

54,809 & 161.51 & 34.122 A
61.0267325: 138.96331 325893141
91,1143173- 119,456541: 31,282744b!
135.998016! 102.bbbbbbI 30.43725101
172,895450: 81.9032878. 29.87195041
216.291749.v 751930788 29.48602311v

4004
3504 --
3004
2501
2004
1504
1004

0K

Puc.8. CkpuHIIOT pe3ynbTaTOB MOJYYEHHBIX Mporpammoil «OnpeneneHus
ONTUMAJIbHBIX METOJIOB OOPHOBI C BPEAUTEIISIMI
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B Nporpamma onpeenerng onTiManbHBMEToA0EGopEGbI

h NO[O] N1[0] N2[0] N3[0] tn
0.01 100 200 1100 50 1o I(u)= 5098
N1 N2 N3

137.98 - 84.9 - 39.29 B
193.383643: 72.2065 36.082041
175.182384: 61.3441668! 32.8009923
237.892175: 51.99604131 31.4164649
188.439819: 43.9279012! 305253479

N1

277973125 v

36.9523323 '~

2993152371 v

N3

oK

Puc. 9. CkpuHIIOT pe3ynbTaToOB MOMYyYEHHBIX mporpammon «OmnpeaeneHus
ONTHUMAJIBHBIX METOJIOB OOPHOBI C BPEAUTEIIAMMI

CKpI/IHHIOT PE3YIIbTATOB IIOJYYCHHBIX HpOFpaMMOﬁ «ﬂI/IHaMI/IKI/I YU CICHHOCTH

Pa3BUTHS HACEKOMBIX I10 TUMY "XMIIHUK-KepTBA'» Mmoka3ansl Ha puc.10

B JuHamnkn uncienHocTi PA3EMTHA HACEKOMBIX NO THNY "XMLLHWMK-3KepTEa"

Qk

Bpemsa.aHeW | XWMLWHWK KepTtBa
13 1209 724
26 1911 1131
39 15699 936

Puc. 10. CkpHyHILIOT pe3yJbTaTOB MOJYYEHHBIX MPOrpaMMon «J{uHamMuku

YUCJIICHHOCTH Pa3BUTHs HACEKOMBIX IO TUITY "XUITHUK-XKEPTBA'"».

32



B npunoxenun 1 npuBeneHbl ONMCAaHWE W JIMCTUHTH IIPOTPaMM, pPACUETOB
OTIEJIbHBIX MPUKIAJAHBIX MpOrpamM, pa3padOTaHHBIX aBTOPOM B  paMKax
JAHHOTO JTUCCEPTAlMOHHOIO MCCIICJOBAaHUA. B NpPHIOKEHHMH 2 IPUBEACHBI
CBUJACTENBCTBA O perucrpanuuu mnporpaMMm OBM (MuHHCTEPCTBO KYJIBTYpHI
PecniyOnuku Tamxukuctan). B nmpuiiosenne 3 npuBeIeHbl aKThl O BHEAPEHUU.
OCHOBHBIE PE3YJIbTATBI PABOTbBI U BBIBO/IbI

Pesynbrartel aMccepTallMOHHOM pabOThl MPEACTABIAIOT COOOW HOBBIE
pElICHUs] aKTyaJIbHBIX MpOOJieM, CBS3aHHBIX C [OBBIIIEHUEM KayecTBa
MAaTeMaTHYECKOT0 MOJEIUPOBAHNS M IPOTPAMMHUPOBAHUSA IPOLECCA 3aIMThI
pacTeHH OT BpEOUTENEH CEIbCKOXO35MCTBEHHOM KyJbTypel. Ha ocHoBe
MIPOBEJICHHBIX MCCIEIOBAHUI MOKHO C(HOPMYIIMPOBATH CIEAYIOIIEe Pe3yIbTaThl U
BBIBO/JIBI:
1. UccnenoBan KOMIUIEKC MaTeMaTHUYECKUX MOJIENIEH Mpouecca 3alluThl paCTeHUN
C y4EeTOM BpPEMEHHOW, BO3PAaCTHOM CTPYKTYpbl M  IIPOCTPAHCTBEHHBIX
paclpeeneHun C IPOU3BOJIBHBIMU  TPOQUUYECKUMHU V()  (QYHKUMSIMH.
2.IlpennoskeHa 3a1aya 3alUThl pACTEHUI AJI1 TOYEUHBIX MOJEIeN B OMOCHCTEMBI
TUIA «XUIIHHUK - )KEPTBa» C MPOU3BOJIBHBIMU TPOUUECKUMHU V() QYHKLMSIMHU.
[Tomy4yeHbl HEOOXOAUMBIE M JOCTATOYHBIE YCIIOBHUS CYLIECTBOBAHUE pELICHUS
3aJ]a4y 3aIIUThl PACTCHUH.
3.Ipemmoxenst ®w  OOOCHOBAaHBI  PEIICHHE HEJIMHEWHBIE  CUCTEMBI
U pepeHInanbHbIX 3aJa4l 3aIIUThl PACTEHUN C YYETOM BO3PACTHOU CTPYKTYpPBI
U TPOCTPAHCTBEHHBIX pACMpEAEIEHU C MPOU3BOJIBHBIMU TPOPUUECKHUMH V (-)
¢ynkiusamu. JlokazaHbl TeopeMbl O HEOOXOAMMBIX U JOCTATOYHBIX YCJIOBHUSX
CYILLIECTBOBAHMS PEIICHUE 3a/1a4 3aIIUThl PACTCHUM.
4. WccnemoBaHbl ONTUMHU3ALIMOHHBIE 3aJaud 3alIUThl PACTEHUA C YYETOM
BPEMEHHOM, BO3PAacCTHOM CTPYKTYpPbl M IPOCTPAHCTBEHHBIX PACHPENEIICHHM C
MPOU3BOJIBHBIMU Tpoduueckumu V() (yHkiusmu. Ha ocHoBe MeTOn0B Teopuu
ONTUMAJILHOTO YIIPABJICHHSI TOJYYEHBI COOTHOLIEHHUS, KOTOPBIE ITO3BOJIAIOT
ONpEeNETUTh NapaMeTpbl METOMO0B OOpbOBI C BpPEOUTENSIMU ISl MOJEIbHBIX
OouocucteM arpoueHo3a xjomdarHuka. [lodydeHo HeoOXoaumoe YyCIOBHUE
MUHUMYMa U1 3aJa4d ONTHMAJBHOTO YIPaBICHUS MOJENIbHON Ouocucrem
3aIIMTBI PACTEHUHM C YYETOM BO3PACTHOIO COCTaBa, IIPOCTPAHCTBEHHBIX
pacnpezieNieHui U ¢ TIPOU3BOJIBHBIMU TPOPUUECKUMHU V (1) QYHKUIUSIMU.

S.Ilpemnoxen u  00OCHOBAaH  YHMCICHHBIM  METOA  pEIIEHUS  UHTErpo-
nudepeHnranbHON 3a1a4n 3alIUThl PACTEHUN C yY€TOM BPEMEHHOMW, BO3PaCTHOM
CTPYKTYpPBl U C TMPOU3BOJIBHBIMH Tpopuyeckumu V() PyHKImsIMU. PaccMOTpeHbl
BOIIPOCHI PA3HOCTHOM aNIPOKCUMALIMKU MPOLIECCa 3alIUThl pacTeHui. [IpoBeneHsl
TAaKXXe€ QJITOPUTMBbI OINPENECICHUS HEHU3BECTHBIX IapaMETpPOB B 3a1a4de 3allUThI
pacTeHui, KOTOPBIM OCHOBAaH Ha METOJI€ HAUMEHBIINX KBAIPATOB.

6.Co31aH KOMIUIEKC IpOrpaMM, OpUEHTHUPOBAHHBIN Uil YIIPABICHUS MPOIIECCOM
3alIUTBl PACTEHHWM C Y4YE€TOM BpPEMEHHOM, BO3pPACTHOM CTPYKTYpPhl H
IPOCTPAHCTBEHHOTO paclpeAesieHus MPH MPOU3BOIBHBIX TpOoPUuecKux (PyHKIUAX
Y COCTOAIIMM M3 NPOrpaMM, 3apEeruCTPUPOBAHHBIX B MUHHUCTEPCTBE KYJIbTYPHI
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Peciyommmku  Tamkukuctan  (CBUACTENBCTBO O  PETHCTPAlMA  HAYYHBIX,
JUTEPATyPHBIX M XYJI0KECTBEHHBIX NpPOU3BEICHUI): «PereHue 3agauu 3aliuThl
pacTEeHU C YCIOBHUEM COXPAaHEHUS BO3MOXKHOTO ypoxkas», «OnpeaeneHue
KPUTHYECKUX YHUCJICHHOCTEH Bpenutesned u  sHTOModaroy, «JluHaMHKH
YUCJICHHOCTH Pa3BUTHSI HACEKOMBIX IO TUMY "XMIIHUK-XKepTBa'», «OnpeaeiacHue
ONTUMAJILHBIX METOJ0B OOPHOBI C BPEAUTEIIMU.

HNPAKTUYECKUME PEKOMEH AU

B Pecny6nuke Tamxuxkuctan B TMOCJEAHUE TOJBl HCIIOIb3YIOTCS
OTHEJIbHBIE D3JIEMEHTbl HWHTETPUPOBAHHOW CHCTEMBI 3alATHl XJIOMMYATHHUKA OT
BpeauTeNned U OoJie3HEH CelbCKOXO3IMCTBEHHOM KYJIbTYpbl. YUYEHBIMH U
CHEIUAINCTaMi B O0JACTH 3alllUThl PACTEHUM IIMPOKO BHEIPEH BO MHOTHX
XJIONKOBOYECKUX XO3SMCTBaX PECIyOJMKH MHTETPUPOBAHHBIA METOJ OOpHOBI C
cenbxo3 BpeautessiMu.  Ocoboe BHUMaHHUE YACISETCS XUMHUYECKOMY CIIOCO0Y
O0ppOBl. B 3THX XJOMKOBOAYECKHX XO34HCTBAX HAa OCHOBE YydeTa W Iopora
BPEJIOHOCHOCTH TOTO WJIA MHOTO BpPEIUTENIE B 3aBUCUMOCTH OT YpPOBHS
3 (HEKTUBHOCTH HHTOMO(ArOB NPUMEHSETCS XUMHUYECKUU Croco0 OopbObI C
BPEIUTENIAMHU arpoieHo3a. YpoBeHb AS(PPEKTUBHOCTH TOJIE3HBIX HACEKOMBIX
(pHTOMOdAroB) ¥ TOPOTH BPEAHOCTH BPEIHBIX HACEKOMBIX  SIBISIOTCS
napamMeTpaMu WHTEIPUPOBAHHOTO METOAa OOpbOBI, KOTOpBIE MPEACTABISIIOTCS B
BUJIE MaTEMaTUYECKUX (HOpMYI.

1. JIns pereHus MaTeMaTHYeCKUX MOJICIICH ITpoliecca 3aluThl PACTCHHUH C yIeTOM
BPEMEHHO-BO3PAaCTHOU U ITPOCTPAHCTBEHHBIX PaCHPEACICHUN B JUCCEPTALMOHHON
paboTe UCIHOJIb3YIOTCS COBPEMEHHBIC ITOCTIIKEHHSI B OOJACTH HCCIIEIOBaHUS
MaTEMaTUYECKUX MOJIeIe OHOJOTMYECKUX MPOIECCOB M CBS3aHHBIX C HUMHU
muddepennnanbabix ypapHeHUH. C MOMOIIBI0 MATEMATUYECKUX U KOMITBIOTEPHBIX
METOJIOB HAWJICHO  pelIeHHEe 3aJayd 3alllUThl PACTEHUN C MPOU3BOJHLHBIMU
Tpopuueckumu v() QyHKmusMU. PaccMOTpeHHbIE B JUCCEPTALMOHHOM pabote
MaTeMaTUYECKUE MOJEIU  MPEJCTaBISIIOT COOONM  HEJIMHEWHBIE  CHUCTEMBbI
OOBIKHOBEHHBIX TU(PPEepeHIINATBHBIX YPaBHCHUN.

2. Pa3paboTaHbl ¥ peayin30BaHbl HA MPUMEPE arpodKOCUCTEM CEIbX03 KYJIbTYpPbI
(XJI0TIOK, pHC, MIIIEHUIIBI U JIP.) MO IEXKAHCKUM X0341ACTBaM XaTJIOHCKOM 00JIacTH
Peciyomuku  TamkukucTaH, MaTeMaTHYeCKME W KOMIIBIOTEPHBIE MOJICIIH,
MO3BOJIAIONIME  OCYIIECTBUTHh  BBIYMCIUTEIbHBIE  PAacyeThl, CBSI3aHHBIE C
YOPaBIECHUEM M TMPOTHO3UPOBAHUEM 3aALIUTHI CEIIbCKOXO3IUCTBEHHOM KYJIbTYpbI
(XJIOMOK, pHC, MIIECHUILBI W Jp.) OT BPEAUTEIEH CENbX03 KYJIbTYPhl C UEJbIO
JIOCTUKEHUSI BEICOKOTO YPOKasl.

3. Pe3ynpTaThl YHCIEHHBIX pPacyeTOB IIOKA3bIBAIOT, YTO JUIA XJIOIKOBOTO
arporeHo3a OnpeAeICHUs] KPUTUUECKUE 3HAYEHUN YMCIIEHHOCTH HACEKOMbBIE UMEET
OoJibllIoe TpakTU4YecKoe 3HadeHue. [Ipu 3ToM, €ciM YUCIECHHOCTh BPEIHBIX
HACEKOMBIX He 00Jiee TOPOrOBOTO YPOBHS, a YUCICHHOCTh YHTOMO(AroB He MEHee
ypoBHSI 3(P(HEKTUBHOCTH, TO MPU TAKUX COOTHOIICHHUSX MEXKAY UYHUCICHHOCTSIMU
BPEJIHBIX U TOJIE3HBIX HACEKOMBIX B arpoleH03aX HACTyHaeT COCTOSHHUE, MpHU
KOTOPOM HE BO3HHKAET HEOOXOIWMOCTh B MPUMEHCHUHM XHUMHYECKUX CPEICTB
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npoTUB BpeautTeneil. M3 aHanu3a NOJYYEHHBIX YHCIEHHBIX HKCIIEPUMEHTOB
CIIEyeT, YTO pa3pabOTaHHYI0 METOJUKY MOYHO HCIOJIb30BaTh JJIsl PELICHUS
3aJlayd  NPOTHO3UPOBAHMS W IUIAHUPOBAHMS,  IIPOBENCHMSI  HATYPHBIX
HKCIEPUMEHTOB JJI1 KOHKPETHBIX MOMYJALUNA, OMOCOOOIIECTB U HKOJIOTMUECKUX
CUCTEM.
4. BaxHOE MNPaKTUYECKOE 3HAUCHHE MMEET CO3/laHUE KOMIUIEKCA IPOrpaMM,
OPUEHTHUPOBAHHOIO JJI PEUICHUS 33/1a4y 3alUThl PACTEHUN C Y4€TOM BPEMEHHOM,
BO3PDACTHOM  CTPYKTYpbl M IIPOCTPAaHCTBEHHOTO  PACHPENEICHHs  IpHU
IPOU3BOJBHBIX TPOPUUECKHX (PYHKIUAX JUIT OOpabOTKH  3KOJOTHYECKOU
uHGOpPMaIIMK XJIOTIKOBOTO arpolieH03a Ha OCHOBE IOJYYEHHBIX B HACTOSIICH
pabotre pe3ynbTaToB. Pe3yiabTaThl NPOBEAEHUS BBIUMCIUTENBHBIX IKCIIEPUMEHTOB
MPEJIOKEHBl COTpyaHMKamM MHctutyTta 3emnenenus Tamkukckon AxkanemMun
CEIBCKOXO3SIMCTBEHHBIX HAYK JUIS UX JAJIbHEUIIErO UCIOJIb30BAHUS HA ITPAKTHUKE.
5. IlpemsiokeHbl TEXHOJIOTMU OoOyueHHUs pElICHHI0 3a1ad OHOJOTHH C
UCIIOJIb30BaHUEM MAaTEMATUYECKUX U KOMITBIOTEPHBIX MOJIENIEN, HEOOXOUMbIE 1JIs
oOyueHust opMHUpOBaHMs Y4E€OHOTO 3HAHUS U MPAKTUUECKUX HABBIKOB B PELLICHUU
3aJa4 MO JUCHUIUIMHAM «MareMatnyeckoe MOJEINpPOBAaHUE B OMOJOTMYECKUX
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B 3akmroueHue BbIpakaro IIIyOOKYKO 0J1aroJlapHOCTh CBOEMY HAyYHOMY
KOHCYJbTaHTy npodeccopy M.K.FOnycu 3a nocrossHHOE BHUMaHueE K padoTe.
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pacTeHuil ¢ MPOM3BOJbHBIMU Tpodudeckumu GyHKuusmu [Texcer] / P.H.
Onunae, ®. Paumzona // Marepuansl MexayHap. Hayd.-T€OpeT. KOH{.,
70-netuto obpazoBanus Tamxk. Hall. yH-Ta U mocBsml. 80 - jeTuro co AHS
poxnenus akaa. AH Pecn. Tamxukucran, a-pa ¢gus.-mat. Hayk, npod. H.P.
PamxaboBa «CoBpeMEHHbIE 3a/layd MaTEMaTUKH M HMX MPUIOKEHUN». —
Hyman6e, 2018. — C. 132-137.

CBugereabcTBa 0 perucTpauuu nporpamm BM
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50.0nunaes, P.H. Omnpenenenne KpUTHUYECKUX YHMCIECHHOCTEN BpEIUTENEH U
sHToMO(aroB [Tekct]: 2018 r., Ne 68 / P.H. Onunae; M-Bo KyJIbTypbl
Pecn. Tamxkukucran // CBHUICTEILCTBO O PpErHCTpalldd  HAy4YHbBIX,
JIUTEPATYPHBIX U XYJA0KECTBEHHBIX ITPOU3BEICHUM.

51.0aunaes, P.H. Beruncienne 1MHAMUKK YUCIEHHOCTH Pa3BUTHS HACEKOMBIX
1o THIy «XuIHUK-kepTBa» [Tekcr]: 2018 1., No 70 / P.H. Onunaes; M-Bo
kysbTypbl Pecrt. Tapkukucran  // CBUACTEIHLCTBO O pErHCTpaIlii HAYIHBIX,
JUTEPATYPHBIX U XYJI0KECTBEHHBIX MPOU3BEICHUMN.

52.0aunaeB, P.H. Onpenenennuss ONTUMaIbHBIX METOJO0B OOpPHOBI €
Bpenutensmu [Teker]: 2018 1., Ne 69 / P.H. OnunaeB; M-BO KyJIbTyphbI
Pecn. Tamxkukucran // CBUICTEILCTBO O PpErHCTpalldid  Hay4HbBIX,
JIUTEPATYPHBIX U XYJA0KECTBEHHBIX ITPOU3BEICHUM.

53.0nunaeB, P.H. Pemienne 3amaud 3aliuThl pacTEHUM C  YCIOBUEM
coxpaHeHuss Bo3MoxHoro ypoxas [Tekct]: 2018 1., Ne 67 / P.H. Onunaes;
M-Bo kyabTypbl Pecn. Tamkukucran // CBHIETEIBLCTBO O PETHUCTPAIMU
Hay4HBIX, TUTEPATYPHBIX U XYJ0KECTBEHHBIX TPOU3BEACHUM.

Oaunaes Paum HaszapoBuuTuH «YO0aKBIT-KYPaKTBIK TY3YMYH JKaHa
MEHKHHIMKTE TapajyyCyH »3JCKe ajlyy MeHEeH OCYMIAYKTOepay KOproo
INPOUECCHHUH  MATEMATHKAJBIK  MOJCJIHH UmTeNn  4YbIryy JKaHa
nporpamMmmasioo» jaereH temagarbl 05.13.18 — maremarukajJbIK MOJe/1/1600,
CaH/BIK ICENTO0JI0P KAHA MPOrPAMMAJIAPALIH KOMILIEKCH AAUCTUIH 00IOHYA
(pu3nka-MaTeMaTHKa MJIMMACPHUHUH NOKTOPY MJIMMMI JAapaskacblH M3ACHUII
ajJyyra aucceprauusiCbIHbIH

TAPXBIMAUJIbI

AYKBIY  €6316p: MOJeNIb, 3bISHKEYTEp, Naujainyy KypT-KyMypcKaniap,
sHTOMO(araap, arpoueHo3 HSpKUH TPOoPUKAIBIK (YHKIUA, , OHOJOTHSIBIK
MPOLIECCTEP, OCYMAYKTOPAY KOProo, CTAIMOHAPJBIK Macelie, KypaKThIK Kypambl,
MEUKHUHJIUKTE  OONYyITYPYY, KYypT-KyMypCKajdapAblH CaHbl, ONTUMAIIAYY
Oamkapyy, CaHJIbIK YbITapyy, ChI3LIKTYY IMEC Macee.

N3ui1106HYH 00BEKTH KaHA NpeaMeTH. J[rccepTauusiblk HINTE WU3WIAOOHYH
oovektcn  Oonmyn  Taxuk ~ PecnyOinuKkachlHBIH — alibl  4apOACHIHBIH
IJIAHJAINTRIPBUITAaH TYIIYMYH (maxTa, Oyyaail, Kypyd, JkaHa Oalikajgap) KOproo
mpoiieccu caHanat. M3unpgeeHyH mpeaMeTrd OOMym  ©CYMIYKTOPAY KOPTroo
MPOIIECCUH 4YbITapyy Y4YYH  MAaTeMaTUKaJblK MOJEIACPAN HINTEN YbITYY,
nporpaMmaap KOMIUIEKCHUH JKaHa aITOPUTMAEPIN YUYH Kypyy caHaar.
N3unaneenyn Mmakcarbl. V3uineeHyH makcatbl OOy IJIAHJAIITHIPBUITAH albLI
gap0a ©CYMIYKTOPIYH TYIIYMYH KOPTroO MPOIIECCUMHUH MaTeMAaTUKAIBIK MOJCIINH
UIITENl YbITYy >KaHa  MaTeMaTUKAJIbIK MOJENJIee KypaiJap KbIUbIHABICHIH
OHYKTYpPYY CaHajar.

M3uiaaeeHyH MeToaaopy: WIMMHUNA  HM3WIAOO HUIITEPUHUH  KYPYLIYHIO
OMOJIOTUSAJIBIK TIPOIECCTEP/IMH MaTeMaTUKAJIbIK MOJENJIEPU *aHa aHbl MEHEH
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Oaitanpimkan audGepeHIuanIblK TEHAEMENePIN U3NII00 O00JACThIHIA AKBIPKBI
KETHIITKSHIUKTEP KOJIIOHYIIIY.
AJIBIHTAH  SKbIMBIHTBIKTAPABIH KAHBUIBITBI: JpPKUH V(-) TpOo(UKaIbIK

byHKUMsIIaphl MEHEH YOaKbIT, KypaKThIK TY3YMYH »aHa MEUKHHIUK OoroHYa
OONYHYLIYH 3CKE€ alyy MEHEH OCYMAYKTepAY KOpProo IpOIECCUHUH
MaTE€MaTUKAJIBIK MOJEJIEPUHUHUH KbIMBIHBI H3WIIEHIE€H. OCYMIYKTOPAY KOProo
MacCEeJIECUHUH YbITapbUIBIIIBIHBIH JKAIIAIIBIHBIH 3apbUI )KaHA KETHUILTYY IIapTTapbl
XKOHYHAOrY TeopeManap nanuiieHau. Ontumanayy Oamkapyy TEOPHUSCHIHBIH
METOJJOPYHYH HETU3UHJE MaxTa arpoleHO3YHYH MOJEIANK OMOCHCTeMAachl YIYH
3BISIHKEYTEpP MEHEH KYPOILIYYHYH NapameTpieprH aHBIKTOOIO MYMKYHAYK OepreH
KATBILITHIP AJIBIH/IBL. Ocymaykrepay  KOproo IIPOLIECCUHAWBIPMAaJIaIl
aNMpPOKCUMAIUSIIO0 CYpOOJIOpY Kapaiabl. IpKUH V(-) Tpo(UKAIBIK (QYHKIHUIIAP
yuypyHAa YOakbIT, KypaKTbIK TY3YMYH XaHa MEHKHUHIUK OOroHYa OeJyHYIIYH
3CKE allyy MEHEH OCYMAYKTepJy KOproo IMpoleccHH Oamikapyyra OarbITTairaH
nporpamMmaniap KOMIUIEKCH TY3YJy.

N3u1166HYH KOPYTYHAYJAPbIH KOJAOHYY. Kapanran moaenziep »*aHa U3WII00
BIKMAaJIapbIHBIH ~ KAJIBUIBITBIHBIH ~ JKOTOPKY — AEHI33JAe  Ooyycy — ajapbl
’KOCUCTEMANIap/Ibl, arpOLEHO30PAY U3HIII0Ore raHa 3MeC, OLIOHJION 3JIe, XUMUS,
¢dbusuka xaHa Oaiika obnacTapaarsl Macesieyiepre KOJIJOHyyra MyMKYHAYK Oeper.
N3unneeHyH HaTbIXKagapbl, OLIOHAOU 3J1¢ "KOJJOHMO MaTeMaTuka', "KOJZ0HMO
uHpopmaTuka" KaHa  "'MaTeMaTHKaJbIK JaHa  KOMIIBIOTEp  MOJennee'’
OareITTapblHAA CTYIEHTTEPIN OKYTYY YUYH KOJAOHCO OOJIOT.

Koumonyy tapmakrapbl: W3WIIOOHYH >KbIMBIHTBIKTAPbl 3bISHKEUYTEPACH aMbLI
yapba OCYMIYKTOPYH KOproo OOIOHYA WII-yapajapAsl HINTEN YbITYY YYYH
KOJIOHYJIYIY MYMKYH. DByl KBIMBIHTBIKTAp arpouEeHO3JOPAYH 3bISTHKEUTEPH
MEHEH KOMILIEKCTYY KYPOIIyy MaciTaObIH ab/laH KeHEUTeT.

Pe3rome

nucceprauun  OpunaeBa Pamma  HazapoBuua Ha Ttemy «Pazpaborka
MaTeMaTH4YeCKOil Mo/1eJIM M IPOrpaMMHUPOBaHUe MPoIecca 3alUThI PacTeHUil
C Y4eTOM BPEMEHHO-BO3PACTHOWH CTPYKTYpPbl M MPOCTPAHCTBEHHOIO
pacnpejaeieHus», TMPEACTaBICHHOW HAa COHWCKAaHHWE YYEHOW CTEMEHU JIOKTOpa
bu3nKo-MaTeMaTH4YeCKuX Hayk 1o crnenuanbHoctu 05.13.18.- Martemaruueckoe
MOJICTTUPOBAHHUE, YUCIICHHBIE METOIbI M KOMITJICKCHI POTPAMM.

KiroueBble cji0Ba: MOJENb, BpEIHbIE HACEKOMBIE, IIOJIE3HBIE HACEKOMBIE,
sHTOMO(Daru, arporeHos, Mpou3BoiabHas Tpodudeckas QyHKIHSA, OMOIOTHIESCKUE
IPOLECCHl, 3allluTa PACTeHW, CTallMOHAapHas 3ajJadya, BO3pacTHas CTPYKTYpa,
IPOCTPAHCTBEHHOE paclpeesieHue, YHCIEHHOCTh HACEKOMBIX, OINTHUMAaJIbHOE
ylpaBJieHUE, YUCIEHHOE PEIlIeHne, HeTMHETHas 3a1a4a.

O0bexkT M mnpeamer wucciaenoBaHusi: OOBEKTOM AMCCEPTALIMOHHON pabOTHI
SBIIIETCS. TPOIIECC 3alllUTHl TUIAHUPYEMOTO YypOKas CeIbCKOXO035HCTBEHHOU
KynbTypel PecnyOnuku TapkukucTaH (XJIOMYaTHUK, MIIEHUALIA, pUC U Ap.).
[IpeameToM wHcclieqOBaHUSL BBICTYNAIOT pa3pab0TKa MaTEMaTHYECKUX MOJEINEH,
MOCTPOEHUSI AJITOPUTMOB M KOMIUIEKC MpOTpaMM, Ui pelIeHdus  Ipolecca
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3aIIMUTHI PACTEHUM.

Henp wuccaenoBanms: lLlenbr0 AMCCEPTALMOHHOIO MCCIEAOBAHMS  SIBISETCS
pa3paboTka MaTeMaTHYEeCKOM MOJENM W Pa3BUTHUS allapara MaTeMaTH4eCKOro
MOJEJINPOBAHUS, IPOLECCA 3AIUTHI IUIAHUPYEMOTO YPOKas.

Metoabl ucciaenoBanusi: B npoiiecce uccienoBaTeabCckoi paboThl MPUMEHSITUCH
COBpEMEHHbBIE JOCTH)KEHUSI B OOJIACTH HCCIIEIOBAaHUS MATEMAaTUYECKUX MOJEIEH
OMOJIOrMUYECKUX MPOLIECCOB U CBSI3aHHBIX ¢ HUM Iu(depeHIaTbHbIE YPaBHEHUS.
Hay4Hasi HOBU3HA IOJIyYEHHBIX pPe3yJbTATOB:

HccnenoBan KOMIUIEKC MAaTEMAaTUYECKUX MOJEIIEH IIPOLECcca 3alUThl PACTCHUH C
Y4ETOM  BPEMEHHOM,  BO3PAaCTHOM  CTPYKTYpbl WU  NPOCTPAHCTBEHHBIX
pacmpezieieHuil ¢ TMPOU3BOJBHBIMH Tpouueckumu V() pyHkuusamu. JlokazaHsl

TEOPEMBl O HEOOXOAMMBIX M JOCTATOYHBIX YCJIOBUSAX CYIIECTBOBAHUS PELICHHE
3a/la4l 3alluThl pacTeHuid. MccrnenoBaHbl ONTHMHU3ALMOHHBIE 3aJa4d 3aLUTHI
pactenuii. Ha ocHOBe METOJOB TE€OpUM ONTUMAJIBHOTO YIPABJIEHUS MOJIY4YEHBI
COOTHOUIEHMSI, KOTOPBIE MO3BOJISIIOT ONPEAEIUTh MapaMeTpbl METOJI0B OOpPBOBI C
BPEAUTEISAIMU NI MOJENbHBIX OMOCUCTEM arpoleHo3a XJIOMYaTHHKA.
PaccMoTpeHbsl  BONpOCHl  Pa3HOCTHOM  aIlIPOKCHUMALIMM  TMpoOIecca  3allUThI
pactenmii. Co3/aH KOMIUIEKC MPOTpaMM, OPHEHTHPOBAHHBIA [JIs1 yNpaBICHHUS
IIPOLIECCOM 3aIUThl PACTEHUH C YYETOM BPEMEHHOW, BO3PACTHOM CTPYKTYpPbI U
MPOCTPAHCTBEHHOTO pACIpPENENCHUs] TPU TMPOU3BOJIBHBIX Tpoduueckux V()
GYHKIUAX.

CreneHb Mcnosib30BaHus: Bricokas OOIMIHOCTH paccMaTpUBAEMbIX MOJENEH U
METOJIOB HCCJICZIOBAHUS TI03BOJISIET NMPUMEHATh MX JUIsI M3YyYEHHUS HE TOJBKO
arpoIrieHO30B, IKOCUCTEM, HO U 3aJady U3 O0JacTH XUMHUH, GU3UKA U JIp.
Pe3ynbrarhl McciegoBaHne MOTYT TaK)Ke NMPUMEHSATHCS NpU 00ydYEeHUE CTYIIEHTOB
[0 HAIpaBJICHUSM «IIPUKJIaJHAs MaTeMaTHKa», «IpHUKIaJHas UHPOpMATHKa» U
«MaTeMaTU4EeCKOe U KOMIBIOTEPHOE MOJICIINPOBAHUEY.

Ob6siacte npuMeHenusi: [lonyyeHHble pe3ysbTaThl MCCIEIOBAHUS MOTYT OBIThH
UCTIONBb30BaHbl TPU TMPOCKTHPOBAHUHM MEPONPHUATHNA 1O 3allUTe ypokas OT
CeNIbX03 BpeauTesied. OTU pe3yJbTaThl CYIIECTBEHHO PACIIMPSIOT MacHITaObl
MCIIOJIb30BAHUSI MHTEIPUPOBAHHOTO METO/1a OOPHOBI C BPEIUTENSIMU arpoI[€HO30B.

Summary
Odinaev Raim Nazarovich's dissertations on the theme “Development of a

mathematical model and programming of the plant protection process taking into
account the time-age structure and spatial distribution”, submitted for the degree of
Doctor of Physical and Mathematical Sciences in specialty 05.13.18.-
Mathematical modeling, numerical methods and complexes programs.
Keywords: model, harmful insects, beneficial insects, entomophages, agrocenosis,
arbitrary trophic function, biological processes, plant protection, stationary
problem, age structure, spatial distribution, insect numbers, optimal control,
numerical solution, nonlinear problem.
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Object and subject of research: The object of the thesis is the process of
protecting the planned crop of the Republic of Tajikistan (cotton, wheat, rice, etc.).
The subject of the research is the development of mathematical models, the
construction of algorithms and a set of programs for solving the process of plant
protection.

The purpose of the research: The purpose of the dissertation research is to
develop a mathematical model and the development of the apparatus of
mathematical modeling, the process of protecting the planned harvest.

Research methods: In the course of research work, modern advances have been
applied in the field of the study of mathematical models of biological processes
and related differential equations.

Scientific novelty of the results: The complex of mathematical models of the
plant protection process is investigated taking into account the time, age structure
and spatial distributions with arbitrary trophic Vv ()functions. Theorems on the
necessary and sufficient conditions of existence of the solution of the plant
protection problem are proved. The optimization problems of plant protection were
studied. Based on the methods of the theory of optimal control, relations are
obtained that allow one to determine the parameters of pest control methods for
model cotton agrocenosis biosystems. The problems of difference approximation
of the plant protection process are considered. A set of programs designed to
manage the process of plant protection, taking into account the time, age structure
and spatial distribution with arbitrary trophic v () functions.

Degree of use: The high generality of the models and research methods under
consideration allows them to be used to study not only agrocenoses, ecosystems,
but also problems from the field of chemistry, physics, etc. "And" mathematical
and computer modeling ".

Scope: The results of the study can be used in the design of measures to protect the
crop from agricultural pests. These results significantly expand the use of the
integrated pest management method for agrocenoses.

CIIUCOK OCHOBHBIX OBO3HAUEHUI

t— Bpems, te [O,tk ] t, =const <co.
a—Bo3pact, O0O<a<oo.
X — IPOCTPAHCTBEHHAsI KOOPAUHATA;

xeG cE%G ={x:x=(x,%)0<x <L.i=12}

G =G+S,S-rpanuna G,R=G*[0,00)*[0,t, ]

N, = No(t)— Macca BHEIIHEro pecypca B MOMEHT BpeMEHH t.

N, =N, (t)- 6uomacca pacTeHuii cenbxo3 KyabTypbl B MOMEHT BPEMEHH |
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N. :Ni(x,a,t)—qHCHeHHocm BpeAHbIX (i=2) nose3HblX (i=3) HACEKOMBIX

i
BO3pacTa a, B MOMEHT BPEMEHH t U B TOYKE X.

F =F () - yIIeNbHAsI CKOPOCTh pocTa | -ro Tpoduueckoro ypoBHs i=0123.

B yaenbHOM cKOpoCTH pocTa 0003HAYEHBI:

m, - KO3 GUIIMEHThI €CTECTBEHHOW CMEPTHOCTH, i=12,3;

k, -momu moTpeOaeHHbIX OMoMacc, UAYIIKME Ha PENPOAYKTUBHBIM OOMEH U POCT
i1=012;
a; - K03 buiueHTsl Tpoduueckux GyHkiui, i=012;

¢ - K03 HUIUEHT CAaMOIMMUTHPOBAHNE TIOIMYJISALNUN OJIE3HBIX HACEKOMBIX.
V(.)— Tpodrueckas pyHKIIUS CO CBOUCTBAMHU

dv(N) _, dVZ(N)<O
———-2<0.

dN dN
Q-ckopocTh HOCTYyIJIEHHs BHeIHero pecypea, Q=Q(t).

N, -TUIaHOBBIH ypoBeHb OHOMAcChl pacTEeHHIA;

N, -TIOPOT BPEIOHOCHOCTH BPEJIHBIX HACEKOMBIX;

N. -ypoBHEM 3 (PeKTHBHOCTU HOJIE3HBIX HACEKOMBIX (SHTOMO(ArH);
F=F(a,t),B=B(a,t)- k0>pPULUHEHTE CMEPTHOCTH M POKIAEMOCTH IOIYJIALIUI
BO3pacTra a, B MOMEHT BPEMEH !

B, = B(N, a,t) > 0—pyHKIHUSA POKIAEMOCTH HACEKOMBIX.

N: = lj N, (®dt, i=123, z>0-cpeauen Oouomaccoit OMOJOTHUYECKON BUIOB (WU
T 0

CpeIHEN YMCIEHHOCThIO) 32 MHTEPBAJI BDEMEHH 1.

N.=N.(t)- i=23cymmapHble YHCIEHHOCTH  BpEIHBIX HACEKOMBIX U MOJE3HBIX

- B;
HaceKkoMbIX, N, = j N.(a)da, ¢, —const >0, i=23.

]
3,, 9, - CKOPOCTH NIEPEMEILIEHHS] HACEKOMBIX IO | -My HAIPaBJIEHUIO;
D.,,, D.- ko3¢dunuentsl nuddys3uu;
K(-) -k03(dPUIIMeHT yCBOCHUS,
P =P(t)— KOIUYECTBO 100ABIAEMBIX B SKOCHCTEMBI TTOMYIAIHMI OIE3HBIX

HAaCEKOMBIX;
D = D(t)- KOHIIEHTpaLKs AJOBUTOTO BEIIECTBA, HCIOIb3YEMOTO ISl YHUUITOKEHHUS

BPEJIHBIX HACEKOMBIX.
I(u)~ QyHKIMOHAN CTOMMOCTH.

f°=1°(-),p=0¢(.)—xapakrepusyer ymep6 cO CTOPOHBI BPEIAMTENEH M 3aTPATHI
Ha peaju3alMi0 OHOJIOTMYECKOrO, XHMHYECKOIO0 METOJOB OOphObI W Ha
WCIIOJIb30BaHUH yI0OPEHUMN, BOJIBI.
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