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AHHOTaUMA

[IpeanoxeHn MeTon pacu€ra BBIXOIHBIX MapaMETPOB CEIbCKOXO3IHCTBEHHOU KyJBTYphI B LU(PPOBOM
JIBOITHMKE I1I0CEBOB PAaCTCHUM B 3aBUCUMOCTHU OT IOI'OJHBIX YCIOBUN U PECYPCHBIX OTPAHUYCHUM CpPEabL.
B ocHOBe MeTo/1a JIEKUT MOJIEITb «TPYOOK» BXOAHBIX U BBIXOJHBIX IIAPAMETPOB CTAAUI POCTA U Pa3BUTHS
pacTeHUil — QUana3oHOB HCAIbHBIX, HOPMAIBHBIX U KPUTHYECKU BAKHBIX I BBDKMBAHUS PACTEHUI
3HAUYEHUH OCHOBHBIX (DAKTOPOB BHEUIHEH CpPEeAbl A KaKIOoro copra pactenus. Ilpemmaraemsrii meron
pacuéToB MO3BOJIAET CBS3aTh BXOAHBIE U BBIXOJHBIE MapaMeTpPhbl TEKYLIEH CTaJuu U MepenaTh MOJydeH-
HBIC pe3yJbTaThl Ul pacuéra cleaylomeld CTaauu, YTOObl BBICTPOUTH WTOTOBBIN KYCOYHO-THHEHHBII
IUIaH POCTA U Pa3BUTHUS PACTEHUS M JaTh MPOTHO3 YPOKaWHOCTU M APYTUX MapaMeTpoB pacTeHus. Jnd
peanM3ayy NpeyIokKeHHOTO METo/1a pa3paboTaHa CHCTEMa M ITOKa3aHo e€ MCMOIb30BaHue Ul pacuéToB
U DKCIEPUMEHTOB 110 MOJECIMPOBAHUIO. Pe3ynpTaThl pacuéToB CONOCTABIECHB! C JAaHHBIMU IOJIEBBIX JKC-
NIEPUMEHTOB 110 POCTY U Pa3BUTHUIO [IOCEBOB O3MMOH MIUEHHUIBL. JlaHA OLIEHKA BBISBICHHBIM PacXoxie-
HUSM, OOCYKIAIOTCS TIOJTY4YE€HHBIE Pe3yIbTaThl, (OPMYIUPYIOTCS BBIBOABI M MIPECTABIISIOTCS HAIlpaBiie-
HUS TANbHEHINNX UCCIIETOBAaHUNA U pa3padoToOK.

Kntouesvie cnosa: mounoe zemnedenue, yu@posoi 0BOUHUK, pa3eumue pACmenull, 03uUMas nuleHuyd,
MYTbMUA2EHMHbIE MEXHOIO2UL, BUPIYATbHASL MOOEb, MOOEIUPOBAHUE.

Humupoeanue: Crobenes I1.0., I'anyzun B.A., I'anuykas A.B., I'any3un A.A. TIporuo3upoBaHue pa3Bu-
THSI CEJILCKOXO3SMCTBEHHBIX KYJIbTYp B HU(POBOM JBOMHHUKE MOCEBOB pacTeHUi. Oumonozus npoexmu-
posanus. 2025. T.15, Ne2(56). C.211-227. DOI: 10.18287/2223-9537-2025-15-2-211-227.

bnazooapnocmu: aBtopsl BelpaxaroT OnaronapHocTh akagemuky C.H. IlleBuenko, aupexropy CamHI]
PAH, 3a noaziepxky HccieioBaHUi U pa3paboTok 1o nudpoBeIM nBoiiHMKam pactenuit, u A.C. Taba-
YMHCKOMY, PYKOBOJHTEII0 MOJIOAEKHON 1abopaTopun nuppoBbIX ABoiHMKOB pactenuit CamHI PAH,
3a UCXOJHBIC JAHHBIC JUIS MOCTPOCHMs 0a3bl 3HAHWM, MOJECIN M METOJa pacuéTa IMokaszaTelel pocra U
pa3BUTHs PACTEHHH U JaHHBIE U CPABHEHHS MOJIENN C PEATbHBIMH TOCEBAMH.

Bknao aemopoe: Cxobenes [1.0. — mocTaHOBKa 3aaun U OlleHKa pe3ynbTaToB. ['amy3uH B.A. — koHIemn-
AT ¥ METOJIOJIOTHS pelIeHus 3amadn. [ anmmkas A.B. — aHamm3 mpeaMeTHoH 00JacTH U CYIIeCTBYIOIINX
noaxooB. [amy3un A.A. — pa3zpaboTka U peain3anus MOJIETH PacTeHUs] U METOJa pacuéTa pocTa u pas-
BHTHS IIOCEBOB; IKCTICPIMEHTHI ¥ HCITBITAHHS.

Kongnuxm unmepecog: aBTopbl 3asBIAIOT 00 OTCYTCTBHH KOH(IIMKTa HHTEPECOB.

BBepeHune

D¢ dhekTuBHOE yIpaBiIeHUE PACTEHUEBOCTBOM BAXKHO TSI TOBBIIICHUS YPOXKAHHOCTH, CHUKE-
HUS 3aTpaT MU MUHUMH3ALUU Bpea s OKpyXKaromeil cpenasl. PazpaboTka MeTOIOB aJanTUBHOTO
IJITAHUPOBAHUS U MOJICTTUPOBAHMS CTAJNI POCTA M Pa3BUTUS PACTCHHM, IPOTHO3UPOBAHUS YpOXKai-
HOCTH aKTyaJIbHBI ¥ 3HAUUMBI JIJIS1 IPOJAYKTUBHOCTH U 3 (HEKTUBHOCTH PaCTEHUEBOJICTBA.

OpHolt u3 KITF0YEBBIX KyJIbTyp aisi Poccuiickoit @enepanuu siisiercs mienuna [1]. Macca co-
OpanHo o3umoi mieHuIbl B Camapcekoit obmactu 3a nepuon ¢ 2013 mo 2023 roasl cocTaBisia oT
606 ThIC. TOHH 10 1374,4 TBIC. TOHH, B T.4.: B 2017 rogy — 1321,4 tbIc. TOHH, B 2018 roay — 880,5
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ThIC. TOHH, B 2019 rogy — 709,1 Tbic. ToHH, B 2020 rony — 1633,6 TbIC. TOHH' . [IpuBenéHubIe CBE-
JICHUS TIOKA3bIBAIOT 3HAYUTEIbHBIE U3MEHEHHSI MAacChl COOPAHHOTO 3epHa B 3aBUCUMOCTH B T.4. OT
MTOTOJIHBIX YCJIOBUM.

[TporHo3upoBaTh ypOXKAHHOCTH CPEICTBAMM, MPUMEHSIEMBIMH arpoHOMaMu H (epMmepamu,
TPYIHO B CHJIY OTCYTCTBHS a/IeKBaTHBIX MaTeMaTHYECKHX Mojienei (pu3noaoruu pacTeHuil u cpe-
1bpl. MHOTHE COpTa CEeNIbCKOXO3SHUCTBEHHBIX (C/X) PAaCTCHUH SIBIAIOTCS MCKYCCTBEHHO CO3AaHHBIMU
U TIOCTOSIHHO OOHOBJISIFOTCS. DTO HE IMO3BOJISIET coOpaTh OoJibliue OOBbEMBI TaHHBIX M MPOBECTH
CTaTUCTHYECKH 3HAYMMYIO 00pabOTKy JaHHBIX B PA3JIUYHBIX YCIOBHSX, YTOOBI IIOCTPOUTH TOUHBIC
U J0CTOBEpHbIE MOAeNH. boapoil BKIaa B MPOLIECCHl POCTA U Pa3BUTUS PACTEHUI BHOCAT TEXHO-
JIOTHH arpOHOMUYECKOH 00pabOTKM CeMsiH, paCTEHHI M MOYBHI MOJIEH, OTYACTH KOMIICHCUPYIOIINE
HeOaronpusTHbie (aKTOPbI BHEIIHEH CPEeIbl.

Kpome HeompenenéHHOCTH M KoJeOaHUH MOTOAHBIX YCIOBUH, TPYIHOCTH HPOTHO3HPOBAHUS
pocTa U pa3BUTHS C/X KYJIbTYp SBJISIOTCS CIEACTBUEM HEIOCTATOYHOCTH arpoOMETEOpPOIOTUYECKUX
HaOJIIOJICHUH CETH THIPOMETEOCTAHIINN HA MPOU3BOJICTBEHHBIX moceBax [2]. OOBIYHO HA MPAKTHKE
MPUMEHSAIOT aHAIU3 JJAHHBIX JAMCTAHIIMOHHOIO 30HAMPOBaHUs 3emiu [3]. AHanu3 3TUX JaHHBIX B
psife ciydaeB SIBISITCSl JOCTATOYHBIM JJIE MOHUTOpPUHIA (M OTYACTH IMPOTHO3MPOBAHMS) pPOCTA U
Pa3BUTHS TIOCEBOB Ha OOJBIINX TEPPUTOPUSIX, HO [Tl YIPABICHUS XO3iCTBAMU HEOOXOIUMBI 00-
Jiee TOYHbIE MOJIEM POCTA U Pa3BUTHS PACTEHUH, MMO3BOJISIONINE BECTH JOCTOBEPHOE MPOrHO3UPO-
BaHUE U PACCUUTHIBATH BIMsIHUE (DAKTOPOB BHEIIHEH Cpeibl Ha BHIXOHBIC MTAPaMETPhl PACTCHUH.

3HAUUTENbHBIN MPOTPECC TOCTUraeTCsl MPUMEHEHUeM TexHosioruii HTepHera Bewei s Mo-
HUTOPHUHTA MOTO/bI U (PaKTUYECKOTO COCTOSIHUSI pacTeHUI 1 MouBHkI [4]. OqHaKo 3a7a4y MOJEIUPO-
BaHUs U IPOTHO3UPOBAHUS POCTA U PA3BUTHS [TIOCEBOB 3TU CPEJCTBA HE PEILAIOT.

st moiiepKKU MPUHATUSL PEIICHUH arpoHOMaMu U pepMepaMu TPaIUIIMOHHBIE MaTeMaTHye-
CKHE MOJICTH U CTaTUCTUYECKHE METOIBI OOpAaOOTKM NaHHBIX, a TAKXKE CYIIECTBYIOIIME MHPOpMa-
LMOHHBIE TEXHOJIOTUU OKA3bIBAKOTCS TPUMEHUMBI JIMILb YaCTUYHO. CTAaHOBUTCS aKTyalbHOU 3a7a4a
pa3paboOTKK HOBBIX IOAXO0JI0B, KOTOPbIE MOKHO Ha MPAKTHKE JIETKO M OBICTPO aianTUpOBaTh K
KJIUMaTy pEruoHa, coOpTaM BBIPAILMBAEMbIX PACTEHUH, OCOOCHHOCTSAM IOJIEH Ka)XKIOro XO034icTBa
U T.1. MeTolbl U cpeAcTBa MOJCIHPOBAHUS U MPOTHO3UPOBAHMS PA3BUTHUS C/X KYIbTYP IOJIKHBI
CIOCOOCTBOBATH MOBBIMICHHUIO Y((HEKTUBHOCTH MCIIOJIB30BaHMS JTOCTYIHBIX pecypcoB (Boaa, ymoo-
PEHHUS M CPEJCTBA 3aAIUUTHl PACTEHUH ), TOJIEPKUBATh MOIXO0AbI TOUYHOTO 3eMJIC/IENs, UMETh HU3-
KYIO0 CTOUMOCTb, OBITh YIOOHBIMU M MPOCTHIMH HA ITPAKTUKE.

1 TlocTaHOBKa 3agauu

[IpeiaraemMslii moaxoJ1 3akitodyaercs B pazpadorke nudpobix 1BoiHKHKOB (LI/[) moceBoB pac-
teHuit (LIAIIP), koTopble JOKHBI TO3BOJIATh: OTpa)XkaThb COCTOSTHUE PACTEHUsSI Ha IOJIe 110 Ompe/e-
JEHHOMY arpoHOMaMH psly BaXHEHWIIUX MapaMEeTpOB, XapaKTEPU3YIOIIMX PACTEHHE Ha Ka)KIOW
CTa/IUY; TUTAHUPOBATh POCT U PA3BUTUE PACTCHUI HAa OCHOBE MPABUJI MPUHATUS peLIeHUH, Gopmu-
PYEMBIX arpOHOMaMH; MOJICIIMPOBATh MOBEJCHUE PACTEHHUM MPHU PA3TUUHBIX COOBITUSAX U YCIOBHSX
BHEIIHEH cpesibl; aJanTUBHO MEepecTpanBaTh IIaHbl yXOJa 3a PACTEHUSIMU IIPU HACTYIIEHUH (aKTa
WIN APYTUX HETPeIBUICHHBIX COObITHH [5].

B nacrosmeii pabore pa3BHBAIOTCS HAay4YHBIC WCCIEAOBAHUS, BHITIOJHIEMBIX B MOJOACKHON
nabopatopun L[ pacrenuit CamHL] PAH u B CamI'TY no mpoekTam MHTEIIEKTYaJIbHBIX KHOEp-
(UBUYECKUX CUCTEM YIpaBlieHus TOYHBIM 3emienenueM u [1J[ Opoxkomm [6]. B paborax [7, 8]
npescTaBieHbl 6a3zoBas kKoHuenuus L[/l pacreHus, MeToabl, MOJIENN U CPEACTBAa €€ MOCTPOCHHMS,
peanu3zoBaHo HeckoJibko Bepcuil LIJIITP, koTophie MpoXoasT MCHIBITAHUS HA 3KCIEPUMEHTATBHbBIX

! Teppuropuansusrii opran MeaepanbHOil CIykKOBI TOCYIapCTBEHHO cTaTHCTHKH 110 CaMapcKoit 061acT.
https://63.rosstat.gov.ru/agriculture.
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MOJISIX 1O BhIpalMBaHMIO MineHubl u Apyrux pacrennii B CamHIL PAH. Ilpennaraembie Moaens u
METOJT pacuéTa SIBISIFOTCS OCHOBOM mocTpoeHus HoBo Bepcuu LIJIIIP, Gasupyromielics Ha OCHOBE
9KCIIEPTHBIX 3HAHHUM arpOHOMOB JUIsl MPUHATHUS PELICHUI MO pacuéraM 3aBHCHUMOCTEH BXOJHBIX U
BBIXOJIHBIX MApaMETPOB MTOCEBOB PACTEHUI Ha KaXI0W CTAJIUU UX POCTA U PA3BUTHUS U O0JIE€ CIIOK-
HOM MOJIeNT pacTeHUsi C BHYTPEHHUM FOMEOCTAa30M.

Tpebyercs pazpaboraTh METOA pacuéra ATUTEIHLHOCTH CTAIAMH pOCTa U Pa3BUTHUS ITOCEBOB pac-
TEHUH, a JUIsl KQXKJI0M CTaIuu — METOJl pacyéTa 3HaAUE€HUH BBIXOJHBIX MAapaMeTPOB B 3aBUCUMOCTHU
OT 3HAYEHUN BXOJHBIX MApPaAMETPOB, YUYUTHIBAIOIIUX COCTOSIHUE OKPYXKAIOIIEH CpeIbl U PACTCHHUS.
Jy1g pa3HbIX ¢/X KyJIbTYp COCTaB BXOAHBIX U BBIXOJHBIX MapaMEeTPOB Ha Pa3HBIX CTAUAX PA3JIUYCH,
M03TOMY pa3pabaThIBaeMblii METOJI JOJKCH MPEAINOIaraTh BO3MOKHOCTh U3MEHEHUSI COCTaBa, TH-
OB UM YHUCJIa BXOJIHBIX M BBIXOJHBIX MTApaMETPOB.

[To ycrmoBusiM 3aauu ISl KQXKJIOTO COPTa C/X KYJIBTYphl B OHTOJIOTHH PACTEHHUEBOJCTBA 33J][aH
MPOIECC POCTa M PAa3BUTHUSL TOCEBOB PACTEHHUS HA CTAAMSIX, COCTOSIIMM M3 CIUCKA CTauid
Process = {stage;},i = 1,L, rae L — xonuuectBo cramii mimm pas’. st kaxnoil paspl 3a1aH 110-
TIOJTHSIEMBIH CITMCOK BXOJHBIX M BBIXOJHBIX MTAPAMETPOB, a TAKIKE MapaMeTp IIUTSILHOCTH (a3bl.

Jns xaxxnou cranguu BBoJATCS: In; = {ini j}, j=1,K, rne K — KOTU4eCTBO BIUSAIOMUX (HaKTO-

POB JUTst i-0# cTaauu pasBuTHA ¢/X KyabTypsl. Out; = {out;,},k = 1, M, rme M — KOMMYIECTBO BbI-
XOJIHBIX TApaMETPOB ISl i-OM CTAIMU Pa3BUTUS C\X KYJIBTYpBI.

BI)IXOI[HI)IG 3Ha4YCHUA OI[HOI71 CTaavi MOTYT ABJIATHCA BXOAHBIMU JJIsA CJICILYIOIIIef/'II

In;., € Out;. (1)

Jlis KaX10ro copTa pacTeHU Ha OCHOBE OHTOJIOIMU PACTEHHEBOACTBA CO31aETCSI OHTOJIOIHYE-
CKasi MOJIETb COpTa, KOTOpasi BKIIOYAET CEMAaHTUYECKYIO CETh BXOJHBIX U BBIXOJHBIX MapaMETpPOB
cTanuii pacteHuil. OHTOJIOrMYECKasi MOJIENIb COPTA PACTEHUSI CUUTAETCS 3aJaHHOM JUIsl pa3paldaThl-
BaeMOl CHCTEMBI, Ky/la OHa 3arpy>kaercsi B BUJe json (aiina.

Ha pucynke 1 n3o0pakeHa npumepHas cxema CBA3€il MexXJly mapaMeTpaMu CTaJlui, 3aJ1aromas
BXOJIHBIE YCIIOBUS AJIsl PELLEHUS 3aa4u.

stage, stage, §§stage(i_1) stage; stagegii

outy;

outy,

outiy ]—’E’ut(i+l)1

outjy 0m(i+1)2]

outiz Emt(iﬂ)a

)
outiy ] TH(i+1)4]

iN;; — BXOJIHBIE TAPAMETPBI, OUL ;) — BBIXOJHbIE TIApAMETPHI Ha (ha3zax

Pucynox 1 — IlpumepHast cxema ycnoBuil 3aaun

Ha ¢aze stage; noctynaioT Ha BX0J HEKOTOPbIE BXO/IHbIE MTapaMeTPhI iN;, TAKHE KaK TeMIepa-
Typa OKPYIKAIOIIEH CPe/ibl, WM HEKOTOPhIC BBIXOHBIC TTAPAMETPhI CTanu stage(;_,y. Ha Bexome

2 o
TepMI/IHBI «(1)2133)) 1 «CTaaus» pa3sBUTHA B paMKaX HACTOSALIICHU CTATbU ABJIAIOTCA CUHOHUMAaMU.
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CTaauu stage; pacCUUTHIBAIOTCS BBIXOJHBIE MapaMeTphl pacTeHus out;. HexoTopsle u3 3TuX BBI-
XOJIHBIX IAPAMETPOB CTaUK Stage; SBISIIOTCS BXOJHBIMH NIAPAMETPAMH JUISL CTAIUH STAGE(jy1)-

HeoOxonumo paspaboTtarh MeToa pacuéra mapaMeTpoB MOCEBa, KOTOPHIN OblI HE 3aBUCEN OT
yucia (a3 pocTa pacCTeHHMsI, a TAK)KE COCTaBa, YKMCJIA U TUIA UX BXOJHBIX U BBIXOJHBIX IAPAMETPOB;
TpeOyercs o0ecneunTh aJanTUBHOCTh Mepecuéra mapameTpoB (a3 mpH MOSBICHUU HeE3arIaHUpO-
BaHHBIX COOBITHH, CBSI3aHHBIX C U3MEHEHUSIMH MTapaMeTPOB, HANpUMep, (haKkTa U3MEHEHHS OTO/IbI
WK akTa BHECEHUS yI0OpEHUH B IOYBY.

B nannoili pabote B KauecTBe MpUMepa pacCMOTPEHBI CTAIUN POCTa U Pa3BUTHS O3UMOM IIiIe-
HUIIBI, KOTOpBIE TIpencTaBieHsl B [9]. Llenpio pa3paboTku sBisieTcs CO3JaHUE MOJETH PACTEHHS U
METO/a Pacy€ToB, KOTOPBIE MOTIIH ObI TPUMEHSTHCS IS JTFOOBIX 3TaKOBBIX PACTCHUH.

2 AHanus dKTyaJlibHbIX MeTOA40B

Jnist perieHust 33124 MPOTHO3UPOBAHUS POCTA M PA3BUTHUS PACTEHUS MOTYT OBITh MCIIOJIb30Ba-
HBI pa3paboTKu B oOnacTu MamuHHOTO 00ydeHus (MQO), B yactHOCTH, rimy6okoro oOyuenus (I'0O),
KOTOpBIE [T0Ka3aJIy CBOM IIPEUMYIIIECTBA B PELLIEHUH Pa3JInYHOro poja 3axad [10].

B crartbe [11] ucnonb3oBansl Metoasl MO u I'O 117151 mporHO3upoBaHUsS YpOKaliHOCTH U Bapu-
allMM pocTa pacTeHUH. 3HaueHUs ypoKaMHOCTH, pocTa U AUaMeTpa cTeOJIsi, yCI0BUs MUKPOKINMa-
Ta HMCHOJIB3YIOTCSI apXUTEKTYpOH PEKYPPEHTHOW HEWPOHHOM CETH IJIsI MOJACIMPOBAHUA LIEJIEBBIX
napameTpoB pocra. Takue monenu ¢ MO pa3zpaGaTbIBalOTCs 7Sl HCIIOJIb30BAaHMSI HAa Pa3HBIX COpTax
pactenuii (cMm., Hanpumep, [12]). MO npenoctaBisieT ynoOHbIE MHCTPYMEHTHI IJIsi aHATN3a CII0XK-
HBIX ¢/X HAOOpPOB JAAHHBIX MpH MX HaIMuuKu. Mozaenu ¢ MO Ha ocHOBe M300pa)KEHUI MOTYT BBISB-
JSTh O0JI€3HU paCTEHUH U 3apayKeHUE BPEIUTEISIMA Ha PAaHHUX CTaJAMSIX, aHAJTM3UPOBATh ITOr'OJJHbIE
YCJIOBUS M COCTOSIHUE ITOUBBI JIJIsl IPOTHO3UPOBAHUS YPOKAUHOCTH.

Metoast MO umeroT onpenenéHabie orpannueHus [13], ocoOeHHO mpu HETOCTATKE MAacCCHBOB
JAHHBIX Ul 00y4eHUs, a TaK)Ke MPUMEHEeHUH MeToJ10B MO B yCIIOBHSIX HEOIpPENeNEHHOCTH, KOT/Aa
WCXOJIHAsA CHUTYaIlus, NP KOTOPOH OBbLTM COOpaHbl HAOOPHI AAHHBIX I OOyYEHHUs, U3MEHSCTCS
TPYAHO TpeacKazyeMbM 00pa3oM. B cOBpeMEHHBIX XO3siCTBaX MOJIYYEHUE TOYHBIX M TOJHBIX
JIAHHBIX 3aTPYJHEHO U3-32 OTCYTCTBUS COOTBETCTBYIOIIMX MHCTPYMEHTOB U3MEPEHUM, U3MEHUYHUBO-
CTH YCJIOBUH OKpY>KaloIlen cpeabl 1 omuOoK coopa AaHHbIX. HU3Kkoe KauecTBO WM HEAOCTATOUHOE
KOJIMYECTBO JAHHBIX MOTYT IpuBecTd B MO K HETOYHBIM MPOrHO3aM U HEHAJIEKHBIM PE3YNIbTaTaM.
Jns mHOrHX Mozeneid MO, Takux Kak MalIMHbI OMOPHBIX BEKTOPOB U ClIydaiiHbIe Beca, TPEOyIoTCs
3HAYUTENIbHbIE BBIYMCIUTEIbHBIE PECYPCHI A1 00YUYeHHs] M ONTUMU3ALNHU, a TAKXKe CIelHaIbHbIC
3HAHUS I HACTPOWKH M MHTEpPIIPETalK pe3yapTaToB. Ecnu o0yyaromue qaHHbIe, HCIOIb3yeMble
st MO, conepkar cMelIeHHs], TO MOJEIN MOTYT YCHJIMTh 3TH CMEILIEHUs, YTO MPUBEIET K MCKa-
YKEHUIO IIPOrHO30B.

B [14] npencrasnen 1IJ] B ¢/x mpousBoacTse. [lyTém co3manus HadambHOU 1TU(DPOBOH cpeabl
Ui KuOep(u3n4Ieckoil cucTeMbl (pepMepbl MOTYT JIydIlle MPEACTABIATh COCTOSHUE CBOMX (hepM B
OTHOIICHUU UCTOJB30BaHUsS pecypcoB u obopyaoBanus. L[/l MoxkeT mpeacTaBisith co00it HHCTPY-
MEHT JUIsl ONTUMHU3ALUU POU3BOAUTEIBLHOCTH, KaK COOTHOLIEHUS MEXIY IPOU3BOJCTBOM U IO-
TpebiierneM pecypcos [15]. LI/l MokHO paccMaTtpuBaTh Kak HOBYIO (Da3y MHTEIUICKTYaJIbHOTO pa3-
BUTHS U YIIPABJICHUS JaHHBIMU B CaIOBOJICTBE U B CEJIbCKOM XO03s1iicTBe B 1iesoM [16, 17].

3 MeTop pacyéTa napameTpoB noceBa

HpennaraeMaﬂ OHTOJIOTMYCCKass MOJICJIb POCTa U Pa3BUTUS IIOCCBOB paCTeHI/Iﬁ COCTOMUT U3 B3a-
NUMOCBS3aHHBIX CTaI[I/If/’I poOCTa U pa3BUTHUA paCTeHI/Iﬁ, 1€ 9YUcCJIio CTal[I/Iﬁ MOXET OBITh NEPCMCHHBIM
U Pa3HbIX KYJBTYP, 4 TAKIKC YUCJIO BXOAHBIX W BBIXOJHBIX ITaAPaMETPOB HaA Ka)KHOﬁ CTaJuu MOXCT
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BapbUPOBATHCS, HAMPUMEpP, BBICOTA PACTEHHUA, YUCIO 3€PEH B KOJOCE, MIIOIIAIb JUCTHEB, 00BEM
ypOXKast ! T.J.

Ha xaxnoit ¢asze pa3BUTHS Ha pacTeHUs BIHUSIIOT (AKTOPBI OKPYXKAIOMIEH Cpellbl, TaKUe KaK
TeMIlepaTypa BO3JyXa WJIM MOYBBI M 3amac MUTATEIbHOM BJard B MouBe. 3HauYeHUs (DAKTOPOB Ha
onpeAenéHHbIX (pazax pa3BUTHs PACTEHUs SBISIIOTCS BXOIHBIMH NapaMeTpamu Mmojenu. [Ipasuia
MPUHATHUS PELICHUN JJISI TUIAHUPOBAHUS MIEPEXOA0B MEKY COCTOSTHUSIMU CTA/IMI TAK)KE MHIUBUY-
aJbHBI 7151 K&KJO0TO COPTa KYIbTYpHI.

Ha ocHoBe »kcnepTHBIX 3HAHUN arpOHOMOB BBIJIEIEHBI COCTABbl M 3HAYEHUS BXOIHBIX U BbI-
XOJHBIX MapaMeTPOB Ha PasHbIX (ha3ax pasBUTUs PACTEHUS X;jx M COCTABIEHbI TPYOKH BXOIHBIX
napameTpoB. TpyOkoil mapamMeTpoB HA3bIBAIOTCS AUANA30HbI U3MEHEHHUS] 3HAYCHUM KaXKIo0ro (ak-
TOpA, BIAMSIOLIETO Ha pa3BUTHE pacTeHus. Hawnydiire BO3MOXKHbIE 3HAUEHHS [1TapaMEeTPOB POCTa U
pa3BUTHS paCTEHUS HA KXKIOU a3ze CUNTAIOTCS ONTUMATbHBIM 3HAYCHUSMH.

Ha pucynke 2 mnokazan npumep
TpyOKH BXOJIHOTO TlapamMeTpa X U BbI-
XOJHOr0 mapamerpa ), COCTOSAIIEH u3
YEThIPEX TOYEK: KPUTHUYECKOIO MHUHU-

y

1

Ayls ijk
Ayl Uk / MyMa X_.;, PEKOMEHJOBAHHOIO MHUHH-
Yer1 [T ijk
0 xUk ik ™ 0 > MyMa xoptl’ PCKOMCHIOBAHHOI'O MaK-
crl xaptl xoptz Xera ik -
CUMyMa xoptZ’ KPpUTHYCCKOI'O MaKCH
ik
Pucynok 2 — I[Ipumep TpyOKH BXOJHOTO MapamMeTpa x MyMa xcjr 5, BXOIHOIO mlapamerpa IJid

11 BHIXQHOTO Tapamerpa y KaKJ0W (a3bl U COOTBETCTBYIOLIUM UM

3HA4YCHUI NpupocCTa BbBIXOAHBIX IIapa-

ijk A ijk ijk l]k

METPOB AYery, AYoners AVopezs BYero

JU11 HOpManbHOTO Pa3BUTHS PACTECHHUsSI HEOOXOIUMO, YTOOBI 3HAYCHMsI BXOIHBIX [1apaMeTpOB
Xijk HaXOIMJIUCh MEXKIY PEKOMEHIOBAHHBIMU MUHUMYMOM U MakcuMyMoM. Ecii 3HaueHus Bxoj-
HBIX TAPaMETPOB BBIXOAT 3a KPUTUYECKUE TPAHUILIbI, TO pAaCTEHUE MOrubaeT.

Mozens cocTouT U3 Habopa (a3 pa3BUTUSL PaCTEHUs, KOTOPbIE BKIIIOYAIOT HA0OP TPyOOK BXOJ-
HBIX TIapaMeTpPOB.

Ha ocHoBe onucanHOM Mojenu pa3paboTaH METOJ pacuéra BBIXOAHBIX MapaMeTPOB PACTCHHS.
[lepen pacu€ToM 3HauUEHUMN BBIXOJHBIX MapaMETPOB HEOOXOAMMO MPOBECTH PACUET JITUTEIbHOCTH

(a3 pactenus. bazoBas JUIMTENBHOCTh PACCUUTHIBACTCSA O MTPABUITY CYMMBbI aKTUBHBIX TEMIIEpaTyp:

duration max
j=1

/1€ tyee — CyMMa aKTUBHBIX TEMIEPATYP, Locr(j—1) — CYMMa aKTHBHBIX TEMICpaTyp 3a j-1 aHed.

Ha 6a30Byt0 qinTenbHOCTh (a3bl pacTeHUs! BIUSET MPEIbIIyIIee pacTeHUe, pocliee Ha MECTe
pacTeHust MOJIeNIU, U BXOJHbIC apameTpsl Ha (ase. [Ipuparienue (nenpTa) JTUTETBHOCTH i-0H (a-
3bI JUIs1 k-Or0 BXOAHOT'O NapaMeTpa:

duration, ., ; = 1,ecu tin <t < tmax ¥ tace(j-1) T & < Laces (2)

ijk

0, eciut x;j;, < x 1 WK Xijie > Xgpgs
ijk ijk ijk
(xijk crl)(Ayoptl ycrl +A ijk < < ijk .
xuk _ xuk YVer1, €CIH xcrl = Xijk xoptl'
optl crl
. _ ijk ijk 3
Adurationy, = { (xijx — Dptl)(Ay optz — AVope1) Ay - - (3)
ijk_ ijk yoptl' ecun xoptl Xijk xoptZ'
xoptz xoptl
l]k ijk _ ijk
(xijk optz)(Ayc Ayopt2)+A ijk < < LUk
xl.]k _ xl.]k yoptZ’ e xaptz Xijk = Xcppe

cr2 opt2
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HToroBasi JTUTENLHOCTD i-0M (ha3bl pa3BUTHS PACTCHHUSI PACCUUTHIBACTCS KaK cymMMa 0a30BOM
JUTUTENLHOCTH (a3bl durationygse i, MENBTHl JIUTEIBHOCTH BIUSHHS TPEIBIIYIIETO PACTCHUS
Aduration,, ; n cpeaneapu(pMETUYECKOH CyMMBI €T JUIMTENLHOCTH i-i (asbl 1 k-oro Bxox-
HOTO TapameTpa.

dopmyiia pacuéra HTOrOBOM JCIBTHI i-0i (pa3bl pa3BUTHUS PACTCHUS:

duration; = durationyq. ; + Aduration,, i+%z Aduration,. “4)
y=1

Hrorosas JIHUTCIIBHOCTD AOJIXKHA OBITh MCKIY MHUHUMAaJIbHOH M MaKCHMaJIbHOM JJIUTCIIBHO-
CTAMMU:

duration,,, eciu duration; < duration,,;
duration; = duration;; 5
duration,, ., ecnu duration; > duration,, .-

ITocne pacqéTa JINTCIIbHOCTH (1)8.3 Pa3sBUTHA IMTPOU3BOAUTCA BbIYMCICHHUEC BBIXOJHLIX IIApaMET-
poB pactenus. s sToro OepyTrcsi 3HaUE€HUSI BXOJHBIX [1apaMEeTPOB C T0JIEH 3a BECh EpUOJI pa3BU-
THUA PaCTCHUA, paSI[eJ'IéHHLIC U CTPYHIIIMPOBAHHBIC I10 IIPEATIOIIaracMbIM IICPUOJaM (1)8.3. [Ianee pac-
CUHMTBIBAIOTCS BHIXOJIHBIE TTAPAMETPHI 32 IEPBYIO (Hazy.

Kaxczly}o JINTCIIbHOCTD (1)33]51 MOXXHO p3.36I/ITB Ha MHTCPBAJIbl HAXOXKACHUS PAaCTCHUA B OIIPCIC-
JIEHHOM COCTOSIHUH.

dopmyna TpyOKHU MmapamMeTpoB k-Oro BBIXOJIHOTO MapaMeTpa Ha i-0i cTaguu Uil /-0ro BXOJHO-
T'o mapamMeTpa Ha ¢-TOM UHTCPBAJIC COCTOAHUA PACTCHUSA:

tube}, = {tubeltemEZ},l =1,Lq=10, (6)
rae L — KoJIM4ecTBO BXOJHBIX [apaMeTPOB, BIUSIOLUIMX Ha A-bIii BHIXOJAHOM MapaMmeTp Ha i-0il cTa-
uu, O — KOTMYECTBO MHTEPBAJIOB B TPYOKE.

tubeltem'd = {tubeBorderiif, tubeBorder "V, deltaOutValued } ™

deltaOutValueil,f = {deltaOutValueil,fp},p =1,P, ®)

raec P — Konmn4uecTBO HWHTCPBAJIOB JJIMTCIIbHOCTHU BIUSAHUS.

HTorosoe 3HaueHME JAEILTH BBIXOHOTO TTapamMeTpa Ha (aze paBHAETCS CyMMe W3MEHEHH 3TO-
T'O BBIXOJHOTI'O IMapaMeTpa Ha HHTCPBAJIaX HCIPCPBIBHOI'O BXOXKACHUS B HMHTCPBAJI TPY6KI/I HpHpOCT
BBIXOJIHOTO ITAPaMeTPax B PAMKaX OJHOTO MHTepBalia TPYOKH paBeH:
deltaOutValue,!
stageDuration;

Aout; = Z Aout,. (10)

intervalDuration;,. )

Aout;s =

JlenbTa BBIXO/IHOTO MapaMeTpa CKJIabIBAeTCs ¢ UTOTOBBIM 3HAUYCHHEM Ha Mpeablyneit dase, u
pE3yabTATOM BBIUMCIICHUS SIBJIIETCSI HTOTOBOE 3HAYEHHME BBIXOJHOIO Mapamerpa Ha (asze. [lanee
MIPOUCXOJUT pacu€T BBIXOHOTO MapamMeTpa Julsl ciaexyromei ¢asol.

HpeﬂHOH(GHHLIﬁ METO pacqéTa BBIXOJHOT'O apaMeTpa MpeACTaBJICH B BUJIC IICEBJAOKOAA aJITOPUTMA.

Input: phases — cincok ¢as, input_ value list — cicok BXOAHBIX 3HaUeHHUH 110 (azam

Output: output_parameters set — CIIMCOK, coJIep>KAIINIA CIIMCKU BBIXOAHBIX NTApaMETpPOB 110 (a3am

I:  previous_phase value - 0

2. output_parameters_set - [1

3. plant_alive = true

4 for phase in phases do

5 output_ parameters - phase.output_ parameters

6: output_ parameters list =[]

7 for output_ parameter in output_ parameters do

S input_ parameters = output_ parameter.input_ parameters
9: phase_deltas - [1

10: for input_ parameter in input_ parameters do
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11: critical _range - get_critical _range(input_ parameter,
12 input_ value_ listlphasel)
13: if input_ parameter ¢ critical _range.min OR

14: input_ parameter > critical _range.max then
15: plant__alive - false

16: break

17: end if

18 delta - calculate _delta(input_ parameter, input_value_listl phasel)
19: phase_deltas add delta

20: end for

21 if not plant_ alive then

2% print "PacteHne nornéno"

23 break

24 end if

25 average delta = calculate _average(phase _deltas)

26: output_ value - average delta + previous_ phase value
27 output_ parameters_ list add output_ value

28: previous_phase value - output_ value

29 end for

30: output_ parameters_set add output_ parameters list

31: end for

32 return output_ parameters_ set

Pabota anroputMma HauMHAETCS C BBOJA 3HAYCHHI BXOTHBIX MapaMeTpoB AJs Beex (a3 cornac-
HO JUTUTEIILHOCTH (a3, KOTopasi paccuuThiBaeTcs 1mo Gopmymnam 2-5. B anropurMe Ha Kaxaoi dase
(4) mist KaKI0ro BBIXOAHOTO mapamertpa (7) CpaBHUBAIOTCS BBEAEHHOE 3HAUEHUE C COOTBETCTBYIO-
e TpyoKkoil 3Toro BxogHoro napamerpa (13-14): eciu 3HaueHUE BBIXOJIUT 332 KPUTHUECKUE 3Ha-
yeHusi TpyOKkH, TO pacteHue norudaer (15); ecnu HEeT, TO MPOUCXOTUT PACUET AETBTHI BHIXOAHOTO
napametpa (18) mo popmyrnam 6-9. Jlanee mpouCXOaUT pacy€T CpeIHETO 3HAUCHUS JICIBTHI BBIXO/I-
HOT'0 TIapaMeTpa MO BCeM BXOJIHBIM mapameTpaM (25) no dhopmyne 10. MTorosoe 3HaueHue BbIXO-
HOTO TIapaMeTpa PacCYMTHIBACTCS KaK CyMMa CPETHETO 3HAYCHUs BBIXOJHOTO IapaMeTpa M 3Hade-
HUS Ha npeabiayieit ¢ase (26). B pezynprare nonyuyeHHble 3HaU€HUS BBIXOHBIX TAPaAMETPOB pac-
TEHUSI 17151 KOKI0M (a3bl 100aBisitoTCs B criucok (30).

4 Tpumep npumeHeHUs1 meToaa

PaccmoTpen npumep pacuéra BHIXOJHOTO MMapaMeTpa BHICOTHI PACTEHHSI HA JIBYX MEPBBIX (azax
Pa3BUTHS TIPU YETHIPEX BXOJHBIX MapaMeTpax s ¢/X KynbTypsl «O3umast nimeHunay. [lepsoie aBe
(a3pl pa3BUTHS — ATO NMPOPACTAHUE U Pa3BUTHE JHUCTHEB; BXOJHBIE MapaMeTphl: TEMIIEpaTypa BO3-
Jyxa, cojiepKaHue HUTPATOB B IIOUBE, cojiepxaHue Gochopa 1 Kanus B OYBE.

Ha Bxox nocrynaer Habop BXOAHBIX TApaMETPOB, ITO CIHMCOK Map 3HaueHue - jara (rnepuon c 1
cenTs0ps 2023 mo 31 asrycra 2024 roxa). Jlaroil mocesa siBisierca 5 ceHtsaopst 2023 rona. Ilo
dopmymnam 2-5, COrlacCHO CyMMe aKTUBHBIX TeMIeparyp, nepBas Qa3 jaurces ¢ 5 mo 11 centsaops,
nepuo 1 BTopoit ¢aszel — ¢ 12 mo 26 centsopsa. Ha daze mpopacranue maiis pacyéra BEIXOIHOTO Tapa-
MeTpa BBICOTHI pacTeHUs! OepyTcsl 3HAUSHHsI BXOJHBIX IapaMeTpoB 3a nepuoj ¢ 5 mo 11 centsaodps,
rociie yero no gopmyinaam 6-9 mpoucxoauT pacy€T BHIXOJHOTO MapaMeTrpa i KaXA0ro BXOJHOTO
napamerpa, T.€. JJIsl BXOJIHOTO IapaMeTpa TeMIepaTypbl BO3yXa 3HaU€HUE BBIXOJHOTO MapaMeTpa
BBICOTHI pacTeHUs paBHO 2.9 cM, a 171 mapaMeTpa coJiep’KaHue HUTPATOB B IMOYBE PABHO 5 cM, s
napameTpoB cojepkanue ¢dochopa B 1MouBe U COAEpKAHUE KAIWs B MOYBE 3HAUEHHS BBIXOJHOTO
rapameTpa paBHbI Takxke 5 cM. M3 monyumBmnXcs 3Ha4€HHM, a UMeHHO 2.9 cMm, 5 cMm, 5 cm, 5 ¢,
paccuMThIBaeTCs CpeHee 3HaueHHe MPHPOCTa BBIXOJHOTO MapaMeTpa BBICOTHI pacTeHHs 3a ¢asy,
KOTOpoe cocTaBisieT 4.5 cM. JlJis mosydeHus 3Ha4eHUsl BBIXOJHOTO napamerpa «BricoTa pacTeHUs»
HE00XOAUMO CJIOKUTH 3HAYCHHE MPUPOCTA MapaMeTpa U 3HauY€HHe BBIXOJHOTO MapaMeTpa Mpebl-
aymeit ¢assl, T.. 4.5 + 0 = 4.5 cm. Ilocne yero npoucxoauT pacy€T BHIXOAHBIX MAPAMETPOB Ciie-
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nyrouier ¢assl. i assl «PazButue nucThEB» OepyTCsl 3HAUEHUS BXOJHBIX TApaMETPOB 3a MEpH-
on ¢ 12 mo 26 ceHta0psa. AHaIOrHYHO 10 opMynaM 6-9 TPOUCXOTUT pacuéT BBIXOJHOTO apaMeT-
pa sl KaXXJI0r0 BXOJIHOTO NapaMeTpa: Ul TeMIepaTypbl Bo3ayxa 3To 6.4 cM, 11 mapamMeTpoB co-
Jiep>KaHue HUTPATOB B MOUBE, conepkanue ¢pocdopa B mouBe, CoAepKaHUE Kalusl B IOYBE 3TO 5.7
cMm. CpeHee 3HaU€HHE IPUPOCTA BBIXOJHOIO MapaMeTpa BBICOTHI pacTeHUs 3a (a3y paBHO 5.9 cm.
BricoTa pactenus 3a ¢a3y pa3BUTHA JIUCTHEB paBHA CyMME BBICOTHI pacTeHHs 3a (pa3y mpopacTaHus
Y CpeIHEro 3HAYCHUs MPUpocTa u coctapisieT 4.5 + 5.9 = 10.4 cm.

5 [porpammHoe ob6ecneyvyeHue LNPpPOBLIX ABOMHUKOB NOCEBOB pacTeHUN

OnucanHbId METOJ] pealn30BaH B MPOrPAaMMHOM OOECIIEUEHUH, CoAepKalleM BeO-uHTepdeiic
(cM. pUCYHOK 3), TIO3BOJIIOIIMI 3a/1aTh BXOJHBIC JaHHBIC (TeMIIepaTypa BO3/lyXa, 3arac MUTaTelb-
HOW BJIar¥, OTHOCHTEJbHAs BJIAKHOCTh BO3JyXa W JIp.) U MPEACTABUTHh PE3Y/IbTAaThl BBIYMCICHHUN
(Macca pacTeHusl, ypO)KaliHOCTb, KOJIMYECTBO JIUCThEB U Np.). i cTaauii pa3BUTHs IPECTaBICHA
JqrarpaMma uXx JUIMTEIbHOCTEH, T/Ie OTMEUYEHO MX COKPAICHUE WM YBEINYCHUE OTHOCHTEIBHO Oa-
30BBIX 3HAUCHHI U JIPYrHe 0COOCHHOCTH JUTSl JTYYIIEr0 MOHMMAaHUS TT0JIb30BaTelIeM PE3yIbTaToB.

Beeaurte nannbie o gpazax
Beoa fameerx ana pacaira passuTHA pactemza | BubepuTe daiin | cenTabps... 2024.xls
Beoa #atet Hawama [85. 9. 2023 O]

BE0A HAZEAHMA IPEeEAYINETo pacTeHi | OauMan nieHuya ~ |
[ PaccuuTaTe H Crauate Excel haiin ]

@oad A=
1]
MpopacTanue
PaseuTie nUcTEEE —
I ——
KyujeHue (oceHHees)
]
Kyujenue (BeceqHee)
TpyGkosaHne _
Konowexwe |
LiseTeHne =
MoneqHan cnenocTe se... |=}
BoCKOBaA CNENOCTE 38PHA o= |
MonHan cnenocTs SepHa
j= ]

Jul 23 Aug 23 Sep'23 Oct 23 Mov 23 Dec'23 2024 Feb 24 Mar ‘24 Apr 24 May 24 Jun 24 Jul 24

Pucynox 3 — Beb-unTepdeiic mporpaMMbl ¢ qrarpaMMOi JUTHTEIBHOCTEH (a3

Jlis KaX/10r0 BXOJHOTO MapaMeTpa MpeAcTaBisieTcs rpaduk, Ie 0ToOpaxarTcs peKOMEH10-
BaHHbIE 3HaUEHUs TPYOKH, ONTUMANIbHBIE U KPUTHYECKHE 3HAaUEHHUs (CM. IpUMep Ha pUCYHKE 4).

Ha pucynke 5 nokasana auarpaMMa OCHOBHBIX KilaccoB cucTeMbl. Kiace «Monenb» BKIIOUaeT
CIHUCOK (pa3 pacTeHus, Kaxkaas ¢aza COCTOUT U3 HOMEpa, Ha3BaHUs, CIIUCKA BBIXOJHBIX TApaMETPOB
U JUIMTENbHOCTU (a3bl. [ KaX10ro BBIXOJHOTO MapameTpa 3a1aéTcsi CIIMCOK BXOJHBIX MapaMeT-
pos. Ha pucynke 5 kiaccsl, n300paK€HHbIE CHU3Y, COOTBETCTBYIOT CTPYKTYpPE€ OHTOJIOTHH, KOTOPas
3arpy’kaeTcs B CUCTEMY B BUJE json (aitna. B onHoM json daiine XxpaHUTCS MOJeNb pacTeHUs OJ1-
Horo copra. Takas MOzAenb COCTOMT M3 cIUCKa (a3 pocTta M pa3BUTUA pacTeHus. Komuuectso n
Ha3BaHUs (a3 MHIMBUAYAIBHBI IS KaX/10T0 pacTeHus. Daszbl COCTOAT U3 BBIXOJHBIX MapaMeTpOB.
Ha xaxxaplif BBIXOIHOHM mapaMeTp BJMSET BXOJHOW mapameTp. DTO BIMSHHUE OMHMCAHO B TpyOKax.
Tak Kak copTa paCTeHUHN OTIMYAIOTCA IPYr OT Apyra, TO BXOJHBIE U BBIXOJHBIE IIapaMeTpPhl 3a/a-
FOTCSI UHAUBUYaJIbHO.
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Pucynox 4 — TpyOka BX0JHOTO ITapamMeTpa TeMIIepaTypbl BO3yXa 1o (azam pocra

= Mocee

COCTOAHNE CEMbCKOXOZANCTEEHHON KyMETYpPHI
HaseaHme CenbCroXoaARCTEEHHN KyTISTYDG!

= BrixogHoi NapameTp 3a ogHy dasy 1.1 1.1 = Bx0gHOR NapameTp 3a ogHy dasy

Haseanwe napameTpa HaseaHwe napametpa

JHaUEHIA NapameTpa JHEUEHWA NapameTpa

. +1.*
ERMHMAET CNMCOK BEMHMHIET CIHCOK EXTIOHSET CRMCOK BEMIHAET CNACOK
+1.1 +.® +1.* +1.1
E MrdopMauma ¢ BEXOOHLE NApamMeTpax 3a ooy dasy = Mrthopmalra o BX0OHBIX NApaMETRaX 3a ogHy dasy
Hazeanwe daskl Hazsanme dazwl
+.* +1.*

i Knacenl = I
| OMUCHIBAIOLLME - Moger: :
i CTRYETYRY i
| OHTONOTHM :
: 1.1 COLEpH#MT CIMCOK '
i +.* oA i
: YRIOMHHIET = Dasa YNOMUHAET ;
; Howmep dasel i
i +1.1. | Hasearme dask A1 '
! MNapameTp gnuTensHocTH dassl '
i cogel CHCOK ;
! +1.1 DA 1+1.* '
: B BhoomHOH NapameTp '
: Haseanme napamerpa :
i TiAr BBXOZHOrD NapameTpa '
! C CIMCOK +.1 '
i +1.* ;
| = 5 ]
: BxogHod napameTp B Touxa ToyGM i
H HasgaHue napameTpa BEMKMAET CIHCOK :
H Homep Toqkm g
! Tun EXAHoro napaweTpa +#1.1 +1.* | 3Ha4eHne BX0gHOM0 NapameTpa .
! 3Ha4EHWe BEIXOIHOND NAPAMETPa l

Pucynok 5 — Jluarpamma 0CHOBHBIX KJIACCOB CHUCTEMBbI
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Ha pucynke 6 npencraBieHa CTpyKTypHas CXeMa CUCTEMBI.

Moaynes npeobpazoeaqHua Moayne pacyeTa 3HaYeHWi
NAHHBIX pacTeHus
Pacuer Pacuet
napameTpoe CepBuc NpefocTaBneHusn AaHHoIX napameTpoe
pacTeHus [1NA NONbL30BaTENLCKOro MHTEpdeica pacTeHus CepBuc pacdeTta
NNUTENLHOCTW has pacTeHus
rlonbaoBaTeanKHFl Ceme: npenocTaBneHnA NaHHLIX C
- nonbL30BaTeNLCKOrD HTepdeica ana
UHTepdelic DaCUETOR
n&gg)ﬂi:se PaccuuTaHHLIe CepBuc pacyeTa BbIXOOHBIX
napaMeTpos CepBuC NPeAOCTABNEHUA aHHbIX napameTpbl napaMeTpoB pacTeHUs
Moaenu u3 json canna pacTeHuA

pacTeHnA

[aHHble Mogenu
pacTeHuA

J50n dann moaenu

Pucynok 6 — CTpyKTypHasi cxema CHCTEMBbI

Pa3pabaTbiBaeMasi cuctemMa COCTOUT U3 CIEAYIOIINUX YacTel:

"  [I0JIb30BaTENIbCKUI HHTEPQEHC;

" MOJyYJb IPeoOpa3oBaHus JAHHBIX, B COCTaB KOTOPOTO BXOIST CEPBHCHI MPEIOCTABICHUS J1aH-
HBIX: JIJIs1 TI0JIb30BATENILCKOro MHTep(eiica; ¢ Mojab30BaTeIbCKOro HHTEepdeiica A pacuéros;
Moenu u3 json (haina,

"  MOJyJib pacy€ra B BUJE CEPBUCOB: UIMTEIILHOCTH (Da3 pacTeHMs; BBIXOJHBIX apaMETPOB pac-
TEHHUSL.

JlaHHble 0 (paKTUYECKOM U MPOTHO3UPYEMOM COCTOSIHUSAX MOT0/ibl Ha TECTOBBIX MOJIAX HA CE30H
OBUIH B3ATHI U3 OTKPBITHIX HCTOUHHUKOB (https://rpS.ru/). B skcriepuMeHTax MOXHO M3MEHSTH IPO-
I'HO3 MOTOJIbl HA CE€30H, MUKPOAJIEMEHThI B MOYBE, BIAKHOCTh MOYBBI M COCTaB MHUHEPAJIOB. Y CTa-
HaBJIMBAs JaTy MTOCEBA, MOJIH30BATENb 3aITyCKAET MPOIIECC BETETAINHU B 3a/IaHHBIX YCIOBHSX.

6 PesynbTaTbhl MOAENMpoBaHUS

Jnst onenku kauectBa u dddextuBnoctu LIJIIIP pa3zpaborana meroanka, BKIIOYAIOIIAs Ba

JTarna:

1) KauecTtBeHHass nmpoBepKka: MPOBEPKA Ha 3]IpaBblil CMBICI, KOTJa M3MEHSIOTCS BXOAHBIEC Iapa-
METPBI CPEJIbI M TIOTO/IBI TI0 COOBITHSIM — U3MEPSIETCS PE3yJIbTAT, T.€. TUIAaH POCTa U PA3BUTH
II0CEBOB PACTEHUM U MPOTHO3 YPOKANHOCTHU, KOTOPBINA JOJKEH B IIEJIOM COOTBETCTBOBATH TpeE-
OOBaHUSIM, 3aJI0)KCHHBIM CEJICKIIMOHEPAMU B COPT.

2) KonnuecTBeHHas IPOBEPKA: COMOCTABIEHUE CTaJIMM POCTA U PA3BUTHUSL BUPTYAJIbHBIX U pealb-
HBIX TOCEBOB PACTEHUI, HAYMHAS CO JIHS BBICEBA.

Jlist MOAEeTMpOBaHUS UCIIOJIb30BATTUCH TPYOKH BXOIHBIX MMapaMETPOB AJsl KyIbTypbl «O3umast

MIIEHUIIa, MoJdydeHHbIe U3 Jadopatopun Lludpossie aBoitHukn pactenuit CamHI] PAH.

B xauecTBe BBIXOHOI0O nIapaMeTpa pacCMOTPEHA BBICOTA PACTEHUA.

6.1 Pe3ynbtatbl MOAENUPOBAHUS NOrOAHbIX COObITUI U BHECEHUSA yO0OpPEHNI

Ha ocnose co3nannoro nporotuna L/IITP npoBeneHbl SJKCIEPUMEHTHI TTO MOJIETTUPOBAHUIO CO-
OBITHI Kapa-XoJoJl, 3acyXa-J0XKIu, BHeceHue ynoOpenuil. B tabmune 1 mpencraBieHsl TpyOKu
BIUsOMKX (hakTopoB s ¢aszbl «I[Ipopacranmey.

[Tpumep rpadukoB 1t TpaHUYHBIX 3HaueHU TpyOku (akropa «Temmeparypa Bo3mayxa» U
BXOJ/IHOTO 3HaYeHMs (paKTopa HA KaKAOH (aze mpu OIaronpHATHBIX YCIOBHSX NPHUBEICHBI HA PH-
CyHKe 7.
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Tabmuna 1 — TpyOxu BXoIHBIX mapameTpoB Juist Gassl «[Ipopactanue»

3HaueHue 3HaueHUE AENbTHI
Hazpanue BxoHOro mapamerpa HasBanue To4yek TpyOku BXOJTHOTO BBIXOJIHOTO ITapameTpa
mapaMerpa BBICOTBI PACTEHUS
Kputnueckuiit MUHUMYM 30 5
T Bo3ayxa, °C OnTrManbHOE 3HAYEHNE 13 6
KpuTtnueckuii Makcumym 3 3
Kputnueckuiit MUHUMYM 200 5
3armacsl HUTPATOB B CIIOE,
OnruManbHOE 3HaYCHUE 20 6
0 —-30 cm, mr/kr ~
Kputnueckuii Makcumym 3 4
Kputnueckuit MUHUM 800 5
3amacer okcuga ocdopa B cioe, D A
OnrtuManbHOE 3HaYCHUE 200 6
0 — 30 cM, MI/Kkr ~
Kputnueckuii Makcumym 20 4
Kputnueckuiit MUHUMYM 800 5
3amackl OKcuia Kajaus B CIIoe,
OnTuMalibHOE 3HauYeHUe 180 6
0 — 30 cM, MI/Kr ~
KpuTtnueckuii Makcumym 20 4
T, oC
40
re !
) //
20 /‘_\‘ ,
. ‘/{/ ’
20 4 4
__-.-._._.——-—_
15 e—
10 5

> J

MNpopacranue Passutne Kywenue TpybrosaHue Konowenne LieeTeHue MonouHan BockoBsas
NUCTbEB CnenocTe 3epHa CNenocTb 3epHa
®asa pocra
| — KpUTHYECKUH MaKCUMYM, 2 — PEKOMEHTyeMbIi MaKCUMyM, 3 — BXOJIHOE 3HaueHHe (akTopa,
4 — peKOMEHyeMbIit MUHUMYM, 5 — KpUTHYECKUH MUHUMYM

Pucynox 7 — Ilpumep rpadmkoB TeMmeparypsl BO3ayXa Ha KaxJI0i (ase npu OJaronpusTHBIX YCIOBHUIX

Ha pucynke 8 npuBeieHbI pe3yJbTaThl 3KCIIEPUMEHTOB C PA3TUYHBIMU CLIEHAPUSIMU:
= 6J'IaFOHpI/I$[THBI€ yCJI0BUA NPOU3PACTAHUA — BXOJHBIC JAHHBIC JIA Ka)KZ[Oﬁ (baSBI pa3BUTHA B3ATHI C moJjie ¢/x

KynbTypsl «O3uMast meHnnay beseHuaykckoro paiiora Camapckoil o0macTy;
= NIEPCHACBINICHUEC MMUTATCIbHBIMH BEUICCTBAMHA — CMOJACIIMPOBaHa I/I36I)ITO‘IHOCTB BJIard B IMOYBE€ HA paHHUX Q)a3ax

pPa3BUTHUS PACTCHUS,
= YCIIOBHS 3aCyXH — CMOJISIMPOBAaHa HU3Kas BIAKHOCTh HA paHHUX (pa3ax pa3BUTHS PACTECHUS;

- HEAOCTATOK NHUTATCIIBHBIX BEIIECTB — CMOACIMPOBAH HEIOCTATOK a30Ta B ITOYBC Ha PaHHHUX (1)a3ax pa3BUTUA
pacreHus.

Ha nocnenneii cranguu HopMma nmapaMerpa BbICOThI pacTenus cocrasiisger 100 cMm.

Kax BumHO 13 pucyHKka 7, Ipu ClIeHapuu OJaronpusaTHBIX yclioBui gaktop «TeMrmeparypa Bo3-
JyXa» Ha BCEX CTaJIUAX Koyiebayics B TpaHUIAX PEKOMEHIYeMbIX MUHUMYMa U MaKCUMyMa, OCTalb-
HbIEe BIMSIONINE (PaKTOPHI TaK )K€ OCTAaBaJINCh B paMKaX PeKOMEHyeMbIX 3HAa4eHH Ha Bcex (pazax
pocTa, M3-3a Yero MpOrHO3UPYEMOe 3HAUYeHNE BBICOTHI PACTeHHS (PUCYHOK 8, rpaduk 2) OIU3KO0 K
HOpME, pa3HMIIa B pocTe cocTaBuiua 1.57 cm.

Jns cuieHapus nepeHachbleHNUs] MUTATENbHBIMU BENIECTBAMU HAa CTAIWM KYIIEHUS] ONTHMAab-
HOE M UTOTOBOE 3HAYEHUS BHICOTHI pacTeHUs (PUCYHOK 8, rpaduk 3) 3HAYUTEIHLHO Pa3OIINCh U3-3a
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M30bITKa MUTATEIBHBIX BEINECTB. B pe3ynbraTe B KOHIIC Pa3BUTHS PACTCHHs Pa3HHIIA B POCTE CO-
crasuia 10.43 cMm.

1

100 ,'/
'-.._2
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‘\3
F|
& e
.
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BeitoTa, cM

50
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10

MpopacTanue Pa3BMTHE NUCThER Kyetme T Ki LpeTeHue MonoyHas cnenocrs Bockosaa CnenocTs
3epHa 3epHa

Pdasa pocTa

1 — HOpMa BBICOTBI PACTEHUS, 2 — Pe3yabTaT IKCIIEPUMEHTA CLIEHApHsI OJIAarONPUSTHBIX YCIOBUI, 3 — pe3yJabTaT IKCIIe-
pUMEHTA CLICHApHs NEPEHACHIIIICHUS MUTAaTeIbHBIMH BEIIECTBAMHU, 4 — pe3ynbTaT SKCIIEPHUMEHTA CLICHApHs 3aCyXH,
5 — pe3yibTaTr HKCIEPUMEHTa CLIEHAPUsl HEJOCTATKa IUTATEIbHBIX BEILECTB

Pucynox 8 — IIpumep rpadmka nmapamerpa BBICOTHI PACTEHUS C PA3IMIHBIMU CHECHAPUSIMHA

PacxoxeHre Ha cTaauu KYIICHHS TaK)Ke HAOFOMAeTCs W JUIS CICHApUS 3aCyXHU HM3-32 HU3KOU
BIAXHOCTH (pucyHok 8, rpaduk 4). B pesynpTaTe B KOHIIE pa3BUTHS PACTEHHUS pa3HUIA B POCTE
cocraBuia 24.04 cm.

Jlns cueHapusi HeZJoCTaTKa MUTATENBHBIX BEIIECTB Pa3HUIA MEXKTY ONTUMAIbHBIM U UTOTOBBIM
3HAQYEHHEM BBICOTHI B KOHIIE Pa3BUTHUS pacTeHus cocTaBuia 23.46 cMm (pucyHok 8, rpaduk 5).

6.2 PesynbTaTbl CpaBHEHUSA haKTUYECKUX U PpaCCYUTaHHbIX 3HAYEHNI

[TpoBeneHo cpaBHEHHME (PaKTUUECKUX JaT Hayana U KOHIA (a3 ¢/X KyJIbTypbl C pACCUUTAHHBIMH
3HaueHUsIMU (pUCYHOK 9). 13 pucyHka BHJIHO, YTO pa3HHUIIA MEXIY 3HAYCHHUSIMU (PAKTUUECKUX U
paccuMTaHHBIX JaT He nmpeBblmaeT 14 queil. Jlata daktudeckoro coopa yposxas 6buta 16.07.2024, a
JaTa paccuutaHHoro coopa — 28.07.2024.

Ha pucynke 10 mpencraBiieHO cpaBHEHHE 3HaYSHUH 10 KOJIMYECTBaM JHel B ¢ase.

[IpoBeneHo cpaBHeHUE (HDAaKTHYECKOW BBICOTHI PACTCHHUS M PACCUYMTAHHBIX 3HAYEHUU (pHUCY-
HOK 11). Iy OLleHKHM NpaBUIIbHOCTU pacdy€ToB B3aTa Mojenb LIJ[ pactenus usz [9].

dakTHuecKasi BEICOTA paCTeHHS HAa MOMEHT cOopa yposkast coctaBuia 110 cM, 3HaYeHHE, TIOJTY-
yeHHoe ¢ nomoulsio Mojaenu L] pactenus, — 99.88 cm, 3HaueHHe, OJYYEHHOE C MOMOIIbIO MPEe/I-
JIO’)KeHHOTO MeToja, — 96.38 cM. [lomydeHHOE OTKJIIOHEHHE OT (DAKTUYECKOTrO 3HAYCHHS CBSI3aHO C
TEM, YTO B HCIIOJIB3YyEMOH MOJENM OXHUAAeMas BBICOTa pacTeHUs orpaHuuuBanach 100 cm.
B neiictBuTenbsHOCTH pactenue BbIpocso 10 110 cMm, 4To MOATBEPKAAET CIOKHOCTh MOAECIUPOBA-
HUS TIpoliecca pa3BUTHSI PACTEHUs, 3aBUCAIIETO OT MHOTHX (DaKTOPOB.

[IpoBenénnpie uccieoBaHus MOKa3aJld, 4TO pa3paboTaHHas MOJEJb aJeKBAaTHO pearupyer Ha
Ba)KHBIE COOBITUSI U COOTBETCTBYET HATYPHBIM JaHHBIM, YTO IMO3BOJSET CUUTAThH €€ MPUTOJAHOMN IS
MPAKTUYECKOr0 MPUMEHEHHUsI arpPOHOMAaMU U JTaIbHEHUILIEro pa3BUTHSL.
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1 — ¢akTHUecKHe 3HAUCHHMS, 2 — 3HAYEHHS, pacCUUTaHHbIe MoJenbio L] pacTenmid,
3 — 3HauEeHMS, PACCUUTAHHBIE NPEATIOKEHHBIM METOJIOM

Pucynox 11 — CpaBHeHne (haKTHUECKHX U PACCUNTAHHBIX 3HAYCHUI BBICOTHI PACTEHHS
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3aknroyeHue

B pabote npemoskeH MeTol pacuéra mapaMeTpoB COCTOSIHMN PACTEHH, KOTOPBIM MOKET J10-
IIOJIHATH METO/Ibl, OCHOBAHHBIE Ha HEMPOHHBIX CETAX, U IPYTHE MOAXOBI.

B pa3paboranHOM MeTO/IE UCTIONB3YET MOHATHE TPYOKH — IMAaNa30HOB ONTUMAIBHBIX U KPUTH-
YEeCKMX Ul BBDKMBAHUS PACTEHUM 3HAUYE€HUM OCHOBHBIX (DAKTOPOB, KOTOPBIE XapaKTEpU3yIOT (a3bl
pocTa ¥ Pa3sBUTHs PACTEHMS U BIUSHHE BXOJHBIX I1APAMETPOB KAKJOTI'0 MHTEpBajla HA BBIXOJIHbIC
IapaMeTpsl pacTeHus. Pe3ynbraTel MOLEIMPOBaHUS Ha NIpUMEpPE KyJIbTypbl «O31MMas NIIEHALAa» U
CpPaBHEHHUE IIPOLIECCOB POCTA U Pa3BUTHUS BUPTYAIBHBIX U PEABHBIX II0CEBOB ITOKA3BIBAIOT IIPUMeE-
HUMOCTbB TaKOI'0 IOJAX0Ja JUIsl MOJCIIMPOBAHUS IIPOLIECCa Pa3BUTHS PACTCHUM.

JlanbHelne nucciae0BaHusl LeJIeco00pa3HO HAlpaBUTh HA Pa3BUTHE U COBEPIIEHCTBOBAHUE
MeTo/a pacuéTa cTaiuii U IPOrHO3UPOBAHUE ypOrKasi, BKJIIOUas IIOCTpOeHUE Ooiee IiyO0OKUX OHTO-
JIOTUH 111 UHTErpaliy 3HAaHUW O MPEAMETHOM 001acTh ¥ MyJIbTHAreHTHBIX TEXHOJIOTMH AJis ajan-
TUBHOTO TUIAHUPOBAHUS PA3BUTHS IOCEBOB PACTEHUI C yUETOM JIFOOBIX COOBITHH.

B pesynbraTe MokeT OBITH CO3/1aHa MPAKTHYHAS MHTEUIEKTyalbHas CHCTEMa MOACITHPOBAHUS
Y IPOTHO3UPOBAHUS CTAAMN POCTA U PAa3BUTHUS Pa3HBIX COPTOB C/X KYJIbTYP U UX YPOXKAHNHOCTH.
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Abstract

A method is proposed for calculating the output parameters of an agricultural crop in a digital twin of plant cultivation,
considering weather conditions and environmental resource constraints. The method is based on a model of "tubes" of
input and output parameters at different stages of plant growth and development - representing ideal, normal and critical
value ranges for plant survival of the main environmental factors for each plant variety. The proposed calculation meth-
od links the input and output parameters of the current stage and carries the obtained results forward to the next stage,
enabling the construction of a final piecewise linear plan for plant growth and development, as well as predicting yield
and other plant characteristics. A system was developed to implement this method, and its application for calculations
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and modeling experiments is demonstrated. The obtained results are compared with field experiment data on winter
wheat growth and development. An assessment of the identified discrepancies is given, the obtained results are dis-
cussed, conclusions are formulated and directions for further research and development are presented.
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