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NUMUTAITUOHHASA MOJIEJIb ATPOOKOCUCTEMbBI
KAK THCTPYMEHT TEOPETUYECKHUX UCCIIETJOBAHUU

B.JI. BAIEHKO!, A.T. TOTIAXK!, B.B. SIKYIIIEB!, B. MUPIIE/Ib2, K. HEHIEJIb2

MexanucTnyecKuii (3K0()U3M0JI0rMYecKnii) MoAX0A K NMATAIMOHHOMY MOJeIupoBannio ¢op-
MHPOBAHHS YPOXKAas MPENoJaraeT pacCMOTPEHNE CYHIHOCTH NMPOIECCOB M MPUYMHHO-CJIEICTBEHHBIX CBs3ei
B arpo3KOCHCTEMe C ONMCAHNEM MX AWHAMUKA HA OCHOBe (PU3NYECKH MHTEPHpPETHPYEMBIX 3aBHCHMOCTEI
(B OTUIMYME OT JIOTMMECKN WHTEPNPETHPYEMBIX 3aBUCHMOCTEl mpu smMmupudeckom noaxoxae) (A. Di Paola ¢
coast., 2016; P.A. IToayskroB, 2010). Hamu npoaHaim3nMpoBaHO NMOTEHIMAJIbHOE NMPUMEHEHHE TUHA-
MHYECKHX MMHTANMOHHBIX MPOLECC-OPHEHTHPOBAHHBIX (MEXAHHCTHYECKMX) MOeJell arpo3KoCHcTeM B
NPUKJIAJHOA M TEOPETHYECKOM CeJbCKOXO3MiWCTBEHHO Ouosiornu. Vmeommiics ompiT pa3padoTKu u
HCMOJIb30BAHUS TAKHX MoOJeJeil MOKA3bIBAET, YTO OHH 0oJiee MPUCIOCOOJEHBI ISl MCCIEN0BATENbCKHX
neJieil, HO MeHee ToJie3Hbl M BOCTPeOOBaHBI B MPAKTHYECKOil arpoHoMud. Ha KOHKpeTHbIX mpuMepax B
KOMIBIOTEPHBIX IKCHEPUMEHTAX C Pa3padOTAHHBIMEH ABTOPAMH MOJEJISIMH MPOJEMOHCTPHPOBAHA BO3MOXK-
HOCTb TOJIy4€HNS] HETPUBHAIBHBIX PE3YJIbTATOB, HE 3JI0JKEHHBIX HANPSMYIO B JIOTUKY aJITOPUTMOB MOJe-
neii (V. Badenko c coasrt., 2014; S. Medvedev c coaBr., 2015). O6cyknaercsi pojib MMHTALMOHHON MO-
JieJiM KaK HAYyJHOTO MHCTPYMEHTA NMPHOOpPEeTEeHNs HOBOTO 3HAHNS 00 00bEeKTe M WHTEPIPETAIMH IMIMpHYe-
CKH Ha0JII0/1aeMbIX siBJIeHMii. [I71s1 AeMOHCTpPaMy NOTEHINAIA HMATAIMOHHOTO MOJIEJIMPOBAHNS B CEJIbCKO-
XO3sCTBEHHOI OWOJIOTHM PACCMOTpPEHbI Pe3yJbTATHI MCC/IEOBAHNI ABTOPOB MO AHAIM3Y NMPUYMH TPOSIB-
JIeHNs] HEMOHOTOHHOIi (hopMBbI Y (DYHKIMM OTKJIMKA YPOXKANHOCTH HA J03bl BHECEHHS A30THBIX yI0OpeHHid,
no uHTepnperanyu 3¢dekTa TaMUHTA NpU YNPaBIeHAH A30THHIMH MOAKOPMKAMH IO JIMCTY M 1O H3yYe-
HHUI0 COBMECTHOTO BJIMSIHHSI BOJHOTO M a30THOTO CTPecca HAa MPOAYKTHBHOCTb MOCEBOB KyiabTyp. Ha ocHo-
BAaHUM JAHHBIX JUTEPATYPbl MPOAHAIM3MPOBAHBI NMEPCIEKTUBbI NMPUMEHEHHs] MoJeliell KaK COBPEMEHHOTO
3JIeMEeHTA CeJIEKIMOHHOTO Mpolecca Uil ero yckopenus. Jlenaercsi BbIBOA 0 TOM, YTO HEOOXOANMBIM YCJIO-
BHEM YCHEHNIHOTO PA3BUTHS JMHAMIUYECKOTO MOJEIMPOBAHMS CIYKHUT OMOJIOTH3ANNS UMEIOIUXCS MOJeeid,
a TaKkKe CYIIECTBEHHOE TOBbIIIEHHE HAYYHOW OOOCHOBAHHOCTH TOIXOAOB NMPH OMACAHMN OMOTHYECKIX
NpPOLECCOB B CHCTEMe MOYBaA—pacTeHne—arMocdepa.

KiioueBble €j10Ba: MMHTALMOHHAS MOJIE]b Arpo3KOCHCTEeMbl, NMPOXYKIMOHHbIA Npolecc, Mpo-
ecc-OpHEeHTPOBAHHBIE MOJIE]IH, MIEOTHIIbI, YCKOpeHHas ceeKumsi, G X EXM-opueHTHpOBaHHbIE MOENH.

HMmuraionHoe MoIeIMpOBaHKE MPOAYKIIMOHHOIO IIpoliecca pacTeHMIA —
3TO CaMOCTOSITEJIbHOE HaydyHOE HaIlpaBJIeHUE C COOCTBEHHOM METOHOJIOTHEH U
ucropueii ctaHopaeHusa (1, 2), B KOTOPOM BBIICIWINCH KAYeCTBEHHO pa3inyaro-
IIMeCS TOAXOObl K CO3MaHWI0 M MCIOJIb30BAHMIO KOMIIBIOTEPHBIX MOIEJC, B
MHOCTPAHHOM JIMTepaType TPaAUIMOHHO 0003HAaYaeMble KaK MEXaHUCTHYCCKMIA,
WIN TIPOLIECC-OPUEHTUPOBAHHBIN, U sMnupudeckuil (3). Dmnupudeckuii (pyHK-
LIMOHAJIbHBIN) IOAXO0 XapaKTepU3yeTCs IIMPOKUM HCITOJIb30BaHUEM 3BPHCTHYC-
CKOTO OIMCAHUS OIPEICIISIONIMX IPOLecCcOB (IIPUMEHSIIOTCS PErPECCUOHHBIE CO-
OTHOLICHUSI, YpaBHEHMs aJUIOMETPUM, MHOTOYMCJICHHBbIC (DYHKIMU cTpecca u
1.11.). [lomoOHOe opmanbHOE OIMCAaHKME HA JIOTUYECKOM YPOBHE MOXKET XOPOIIIO
OTpaxaTh CBOICTBa pealbHOW CUCTEMBl B TEPMUHAX «BXOA—BBIXOI» B CPaBHU-
TEJBHO Y3KOM KJlacce M OrpaHMYCHHOM [IMAIla30He BIMSIONIMX (DaKTOPOB, HO
IIOYTH HE MNPUBSI3aHO K CYTH (PM3UYECKUX, XUMUIECKIX 1 OMOJIOTMYECKUX SIBJIC-
HUI1 B cCTeMe IToYBa—pacTeHrne—aTrMmocdepa (4). Hanmpotus, MexaHUCTUYECKMi
(3K0(U3MOIOTUYECKUIA) MOAXOM IIPEAriojaraeT pacCMOTPEHME CYIIHOCTU IIpO-
LIECCOB M MPUUYMHHO-CJICACTBEHHBIX CBSI3¢il B arpOSKOCUCTEME C OIMCAHUEM X
ITUHAMMKHA Ha OCHOBE (DM3MYECKU MHTEPIIPETUPYEMBIX 3aBUCUMOCTEI (B OTJIMYME
OT JIOTUYECKU MHTEPIIPETUPYEMBIX 3aBUCUMOCTEI IPU 3MITMPUYECKOM IIOAXOE).
MaremMaTUYeCKUM allllapaToM TEOPETHUYCCKUX MOIENIEH CIyxKaT cucTeMbl nudde-
PEHLIMATIBHBIX WJIM PA3HOCTHBIX YpPaBHEHMII, KaK IpaBUJIO, ONMCHIBAIOIIUE Oa-
JIAaHC BelecTBa W 3HEPTUM IS KaXKIOTO M3 pacCMaTpUMBAEMbIX ITPOCTPAHCTBEH-
HO-(GYHKIMOHAIBHBIX KOMITAPTMEHTOB. Yuciio ¢aKTopoB U IIPOLIECCOB, KOTOPBIC
cjenayeT IPUHAMAaTh BO BHMMAaHHE U CO3OAHUSI KOMIUICKCHOM, YCTOMYMBOM U
HENPOTHBOPEUYMBOIl Moae (GOpMUPOBAHUS YpoxKasl B IIOCEBE B paMKax IOJIHO-
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CTBhI0 MEXaHMCTMYECKOTO IOAXO0Ia, KpaiiHe 3aTpyIHsIeT HOCTIDKCHUE TaKOil LIeJIN.
IlosToMy Ha ceromHSIIHUI AeHb 0o0jiee BCEro IPETCHAYIOT HAa HAayYHYI0 0OOCHO-
BaHHOCTb 0a30BBIC MOIEIM IMPOAYKIIMOHHOIO Ipolecca (5), IMpeacTapisIonIie
c000I1 CHUHTE3 IIPOLIECC-OPUEHTUPOBAHHOIO ¥ SMITMPUYECKOIO OIMMCAHMIA.

IIpu craHOBICHUM TEOPUU U METONOJIOTMM MMUTAIMOHHOIO MOIEIMPO-
BaHMSI B arpO3KOJIOTMM CTABWJICS BOIIPOC O NMPUMEHHUMOCTH KOMITIBIOTEPHBIX MO-
neneii. beli 0603HaYeHBI IIITh 1ieseil (6), B COOTBETCTBUM C KOTOPHIMU TUIIOTE-
TUYECKasl WaeajabHasi MOAE/Ib IPOMYKIIMOHHOIO IIpoLiecca pacTeHUII MOXET OBITh
CPEICTBOM OOIIEHMS CHEeIMAIMCTOB, IIO3HAHUS, OOYYeHMs, LeJICHAIIPaBICHHOIO
IUTAHUPOBAHMS SKCIICPUMEHTOB I MHCTPYMEHTOM MPUHATUSI PELICHUSI TIPY YIIpaB-
JICHAW CJIOXHBIMU cucTeMaMu. IlepBble IBe poJIM CKOpee MMEIOT OTHOLICHHE K
YHCTO TEOPETUYCCKMM MCCIICAOBAaHMSIM, a TPU IOC/IEeAHUE Oojiee CBSI3aHBI C IpaK-
TUYECKOI arpoHoMueil. Jlojroe BpeMsl Cpely CIICLMaIMCTOB TOCIOACTBOBAIa He-
[JlacHasl YBEPEHHOCTh, YTO IO-HACTOSIIEMY KayeCTBEHHAsl IPOLIECC-OPUEHTHPO-
BaHHAsl MOJEIb MOXET YCIICIIHO IPUMEHSTHCS IS JOCTIDKEHMS BCEX IISITH 1e-
Jieii. OgHaKo yXe B KOHIIe XX BeKa Ha 3TOT CYeT BbICKa3bIBaIMCh coMHeHUs (7),
a 3a nocienHue 20 JeT chopMUpPOBAIOCh HPSMO IIPOTUBOIOIOXKHOE IIPEACTaBIe-
Hue. Bo MHOrMx myOIMKalMsSX IOBTOPSETCS TE3WC O TOM, UYTO YHHBEPCAJIbHOI
MaTeMaTUYeCKO MOIEe/IM, OAMHAKOBO IPUTOMHON KakK U TEOPETUUCCKUX MCCIIe-
JIOBaHMi1, TaK Y IUI1 NPAKTUYECKMX PACUYETOB M IIPOTHO30B B LIMPOKOM BpPEMEH-
HOM U IIPOCTPAHCTBEHHOM Macliitabe, He IIPOCTO HE CYIIECTBYET, HO €€ B IPHH-
LIMIIe HEBO3MOXHO co3maTh. [103TOMy mpaBMIbHAsI CTpaTeTHsl 3aKI04aeTcsl He B
IIOCTOSIHHOM YCOBEPIICHCTBOBAHMM KAaKOM-TO OMHOM MOMAEIbHOM IUIAT(OPMBI C
LICJIbIO IIOJYYEHUSI YHHUBEPCAJIbHOTO PAacYeTHOIO MHCTPYMEHTa, a B CO3IaHMU
crienuGUIECKUX Y3KO OPUEHTUPOBAHHBIX PEIICHMII g KaXHIOi KOHKPETHOI
npo0aeMbl — MOJIEIUPOBAHUU AJIsl KOHKpeTHoro ciayyast (ad hoc modeling) (8).

B o61ieMupoBoii MpakTUKe I0JI€3HOCTh OOJBIIMHCTBA CO3MAHHBIX CIIOX-
HBIX 0a30BBIX MOJIEJICH IS 3a1ay CEeIbCKOXO3SIMCTBEHHOIO IIPOM3BONCTBA (CHUCTE-
MBI MOMAEPXKN TEXHOJOTMYECKMX PEILICHM, OIePaTUBHBINA IIPOTHO3 YPOXKAWHO-
CTH, MacCOBBIE pacueThl ITOTEHIINAIbHON MPOLYKTHMBHOCTH TEPPUTOPHII) OKa3a-
Jlach BecbMa HeBbicoKa (9-11). OpraHbl M1aHMPOBAHWS UM YIPABASHUS MOJb3YIOT-
¢s1 3apEKOMEHIOBABIIMMY Ce0sI IMPOCTBIMYM SMITMPUYECCKUMU MOICIISAIMU (arpome-
TCOPOJIOTUYECCKMMU TPOTHO3aMU) OXMIAEMOM YPOKAHOCTA OCHOBHBIX KYJIBTYP,
a IpUBJICYCHUE CIYTHUKOBBIX CHUMKOB U APYTMX JAHHBIX OUCTAHIIMOHHOIO 30H-
JIPOBAaHUSI, ITO-BUAMNMOMY, OKOHYATEJbHO CHUMAET BOIIPOC O JOIIOJHUTEIEHOM
MPUMEHEHUM TaKOIO CJIOXHOIO MHCTPYMEHTApHsl, KaK IIPOLIeCC-OpUEHTHPOBaH-
Hble MMUTALMOHHBIE MoIeIM. B TOYHOM 3emileme/iMy MX HCIIOJIb30BaHME TOXE
HE TOJYYWIO IOKa MOCTaTOYHOTO PAa3BUTHS: YMCJIO U pa3HooOpasue (haKTOpoB
BHYTPUIIOJICBOII HEOTHOPOAHOCTH 3HAYMTEIBHO IIPEBBIACT (DYHKIIMOHAJIBHBIC
BO3MOXHOCTU JaXe CaMbIX IPOIBHMHYTHIX COBPEMEHHBIX Mopeseii. bojiee Toro,
peayibHas CTelleHb BapMa0eIbHOCTH OIPeleIIIOIIMX IIoKa3aTeaeil, (opMaJbHO
OTpaXeHHBIX B OOJILIIMHCTBE Mozeiel (BOOHBINA CTpecc, a30THOE IUTaHUE U T.I.),
3a4acTyl0 HIDKE IOpOTa YYBCTBUTEIbHOCTH MOIEIbHBIX aJITOPUTMOB, IIO3TOMY
31eCh Yallle IPUMEHSIOTCs cTathcTudeckre Monenu (11). To ecTh 11 arpOHOMM-
YECKOM IIPaKTUKKM B IOHABIIIIOIIEM OOJBIIMHCTBE CIIy4aeB IIPOLIECC-OpPUEH-
TUPOBAHHBIC MOAEIM OKa3bIBAIOTCSI HUYEM HE JIydllle SMIIMPUYSCKHUX aHAJIOTOB.

BocTpeGoBanHoi cdepoil MpUMEHEHWs UMUTALMOHHBIX MOAEIeH MO-
KeT CTaTh TEOpeTHYeCKas HaykKa, KOHKPETHO — TeOopeTHYecKasl CeIbCKOXO3sIii-
cTBeHHas1 ouosoryst. JIo cux mop OOJIBIIMHCTBO OMOJIOTOB (€C/IM pedb He MICT O
OroMH(pOPMAaTUKE M MCCICAOBAHUM I'eHOMa Ha MOJICKYJISIPHOM YPOBHE) CKEITH-
YECKM OTHOCSITCSI K KOMITBIOTEPHBIM 3KCIEpHMEHTAaM KaK CPEACTBY IO3HAHUSA U
MHTEpIpeTalliyi HaOMoAaeMbIX SIBJICHUI. Y HUX BBI3BIBAET COMHEHME BO3MOX-
HOCTb ITOJIyYeHUST IIPUHLIMIIMAILHO HOBOTO 3HAHMSI M3 MO/, B KOTOPYIO 3aJI0-
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>K€Hbl TOJBKO WM3BECTHBbIC (aKThl U 3aKOHOMEpHOCTU. OmgHako IS MpOoLecC-
OPUEHTUPOBAHHBIX MOJeJieil MogobHOe BepHO Jilb oTtdyactu. Ilpu umccremosa-
HUM UCTMHHO HAayKOEMKHUX MOjeJieii MOIYT ObITh BbISBJICHbI HOBbIE (DEeHOMEHbI
WM HalIeHO OpUTMHAJIbHOE OObsICHEHUE HAOJI0AaeMbIX B MPUPOMAE SBJICHUM, a
caMM TakKue MOJEIM MOIYT CIYKWUTb CAaMOLIEHHbIM HayYHbIM WHCTPYMEHTOM U
9¢hdeKTUBHON 3aMEHOI MOJIEBOr0 WM JaboparopHoro ombita. Hiuzke Mbl moa-
TBEPIMM BTOT T€3WC MPUMEPaMM HECKOJbKUX MUHU-OTKPBITUI M OOBSCHSIOIIMX
TUIIOTEe3, MOJYYEeHHBIX HAMU B KOMITBIOTEPHBIX 3KCIEPUMEHTAX ¢ MOIESIMU COO-
CTBEHHO! pa3pabotku. Ilpexkne Bcero K HUM cCleoyeT OTHOCUTb dMEPIKEHTHbBIS
(TO ecTb He 3aJloKEHHBbIe B MOJEIb SIBHBIM O0Opa3oM) HeoXuAaHHbIE 3(PDEKTHI,
MPOSIBJISIONIMECS] B pe3yJIbTaTax M HESBHO BBHITEKAIOLIME U3 TOCTATOYHO MPOCTHIX
HWCXOAHBIX TMOCBUIOK C BHUAMMON (u3nueckoil MHTeprpeTaiMeil. B mocienHee
BpeMsl TIEPCHEKTUBHOM M aKTUBHO pa3padaTbiBacMOi 0OJIACTbIO IPUMEHEHMUS
MTUHAMUYECKUX MOjeJIei TakKe CTAHOBUTCST YCKOPEHHAs! CeIeKIIMS.
MMutanvoHHass MoAesib KaK MHCTPYMEHT BBIABUXEHMS TU-
MoTe3 U UHTepHpeTaluu sBAeHUN. ModetvHas unmepnpemayus abHopmaib-
Hbix popm pyukyuu npodyxmuenocmu. OIHON U3 HauboJiee U3BECTHBIX KJlacCUYe-
CKUX MOpo0yieM arpoXuMuu, oOcyxaaeMmbix Oosnee 150 jieT, HO COXpaHSIOLIMX
aKTyaJlbHOCTb, OCTaeTCsd HaxoxineHue U Gopmanuzaiys (QYHKLMU OTKIMKA
MPOAYKTUBHOCTU KYJBTYP Ha BO3AEHCTBUE BHELIHUX (DAKTOPOB, B YACTHOCTU Ha
JI03bl BHOCUMBIX ynoOpeHuit (5). Yaille Bcero B KayecTBe alMpOKCHMAIMKM ITOM
3aBMCHMMOCTH MCIIOJb3YIOTCSl MIaJKye OTHOMOMANbHbIE KPUBBIE WM KPUBBIE C
HAacCBIIIEHUEeM, YTO TMOJHOCTbIO OTBeYaeT 0a30BbIM IpelcTaBlIeHUsIM 00 3 dek-
TUBHOCTU BO3PACTAIOIIMX 103 3KOJOTMYeCKUX (hakKTOpoB (3aKoHbI JInbuxa u
Ilendopna). Bmecte ¢ TeM B OTKPBITBIX MCTOYHMKAX MOXKHO HEOTHOKPATHO
BCTPETUTh YIIOMMHAHUE O CIydasix, Korma obpaboTKa MOJyYeHHBIX dKCIepUMEH-
TaJIbHBIX TaHHBIX MPUBOAWIA K BBISIBJIEHUIO 00Jiee CIIOXHON M, INIaBHOE, HEMO-
HOTOHHOI (hOpPMBbI dMITMPHYECKON (DYHKUMU MPOAYKTMBHOCTM (31eCh M Aajiee
peuyb OyneT UITU TOJbKO O BIMSIHMU a30THBIX ynoOpeHwuii). B obiactu cpemHux
3HAYEHUI BAMSIOLIEro (hakTopa MpOSIBASETCS TEHACHIMS K BBHIXOAY (QYHKUMU
OTKJIMKa Ha MPOMEXYTOYHOE IJIaTO WJIM Jaxke BO3HUKAET MPOMEXYTOUYHBIN Mpo-
BaJl, a JUISI BAPUAHTOB C YBEJMUYEHHBIMU 103aMM CHOBA HaOJII0AAeTCSl MOBBILIE-
HHE YPOXAWHOCTU COIVIACHO OXMAAeMOM CcTaHmapTHON TeHaeHUMM (12-16).
JaTh mpocToe W OMHO3HAUYHOE OOBsICHEHME 3(PdeKkTa MPOMeEKYyTOUHOTrO
IUIaTO WM MPOMEXYTOYHOIO IpoBaja OTHIOAL He MpocTo. B MHUIIMMPOBaHHOM
aBTOpaMM CTaTbUM COBMECTHOM HCCJIEIOBAHMM ObLIa MPEAINPUHSTA MOMbITKA UC-
MOJIb30BaTh pacyeThl MO aJbTepPHATMBHBIM AUHAMUYECKUM MOIESIM IPOIYKIIU-
oHHoro mpouecca sspoBoii miueHulibi AGROTOOL (17) u o3uMoii MIIEeHULIbI
AGROSIM (5) ¢ uenbio BHIIBUTH OMUCAHHBINA 3(P(eKT U JaTh eMy MOICIBbHYIO
UHTEpIIpeTalrio. DT0 yaajaoch coejaTh I obeux mopenei (puc. 1), mpuyeM
00BSICHEHHE HEMOHOTOHHOCTU MOJYYeHHOU (DYHKUUU MPOAYKTUBHOCTH OKaza-
JIOCh Pa3JIMYHbIM, XOTs HEOOXOAMMBIE YCIOBUS BOCIIPOU3BOAUMOCTH OMMCAHHO-
ro ciaydyas [jsi oberx Mofeaeil ObLIM CXOXMMM (Hajauyue 3acyxu, TO €CThb
CTPECCOBOIO Mepuoa pa3BUTUSI PACTEHMSI B CPOKM, MPEIIIECTBYIOIIME ILIBETE-
Huio) (17). [MpunuunuansHeIM akTopoM B Moaean AGROSIM, paspaboraHHOI
cneunanucramu Leibniz-Centre for Agricultural Landscape Research (ZALF,
I'epmaHusi), BbICTyMaja 4YacTWYHas TpaHCIOKALIMSI CTPYKTYpPHOH OMOMAacChl
KOpHel M mobera sl oOecleueHUs] SHEPreTMYeCKUX PacxOJOB Ha JbIXaHUE
noanepxkaHus. [logoOHbI (peHoMeH HabIomgaeTcs B MOJIEAN TOJbKO JJIsI Cpeld-
HUX 103 MPEeAroCeBHOIO BHECEHHUs YIOOPEHUi, MOCKOJbKY MPU HU3KUX J03aX
Majlasg BeJMYMHA CTPYKTYpHOI OMOMAcCChl, HaKOIUIEHHONW K Hayally Iepuona
cTpecca, He (hopMUpPYeT KPUTMUYECKMX 3allpOCOB Ha AbIXaHUE TOAAepXKaHWs, a
D11 OOJIbILIMX 03 3TU 3allpOChl MOKPHIBAIOTCS MMEIOLIMMCS MYJIOM 3aracHbIX
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yrineBogoB. B mogenu AGROTOOL ToT ke 3¢ ¢eKT HesIBHO BBITEKaeT U3 pea-
JIM30BaHHOM B Hell (popMaam3aluy IIPOLIECCOB YINICPOAHO-a30THOIO B3aMMO-
neiictBusa B pacteHuu (18).
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Puc. 1. Moaenbhbie YHKIMM NPOIAYKTHBHOCTH MUIEHUIBI B 3aBUCUMOCTH OT [03bl a30THBIX YA0OpPeHHi
¢ addekTom «mpomexyTouHoro miato»: A — moneab AGROSIM (Leibniz-Centre for Agricultural
Landscape Research, I'epmanust), b — AGROTOOL (Arpocdusnyeckuii uHcTUTYT, Poccus).

B cooTBeTcTBUM ¢ TpeIIoXXEeHHBIM METOAOM MoaeaupoBaHus (6), Mexa-
HU3M, PEryJIupYyIOLIUii pacrpeaeneHue MePBUYHBIX aCCUMMISITOB MeXIy mooe-
roM U KOpHeM (pOCTOBble (DYHKIIMM), MPEACTABISIET COOOM agaNTUBHBINA aliro-
puTM, obecrneurBalolInii cOaTaHCUPOBAHHBINM, TO €CTh Hauboee 3(PPeKTUBHBII
pOCT OpraHoOB, TE€HEPUPYIOIIMX OCHOBHBIE CYOCTpaThl CUHTE3a CTPYKTYPHOIO
BemectBa (N 1 C) Ha BereTaTUBHOM CTaAUU OHTOreHe3a B JABYXIIOTOUHOM cXeMe
C MyJaMM 3aMacHbIX METa0OIUTOB.

Dpexmvr maiimunea u Mukpooo3uHea npu ynpaeaeHuu a3omHbIMU No0-
xopmramu. IIpn pacuerax mo Moaeau AGROTOOL c 1enblo HaxoxXaeHUs OITU-
MaJIbHBIX CPOKOB M J03 a30THBIX MOJKOPMOK IO JIMCTY MPU BO3ACIBIBAHUU SIPO-
BOI MILIEHULII MHTEHCUBHOTO copTa [lapbsl Ha TECTOBBIX ILIOLIAAKAaX MeHBKOB-
ckoro (¢unuana ArpodusnyeckKoro MHCTUTYTA ObLIM MOIYYEHbl HETPUBUAJIbHBIE
U HEOXUIAHHBIE Pe3yNbTaThl. BeluncanUTENbHBIE 3KCIEPUMEHTBI B PSAC CIy4yacB
MNPOAESMOHCTPUPOBAIM HEOOBIYAHO BBICOKYI0 UYBCTBUTEIBHOCTh MOIEIU K
CpOKaM BHOCA HEKOPHEBBLIX ITOAKOPMOK. Tak, okazalloch, 4TO IIpU OMNpeaesIeH-
HBIX YCIOBUSIX 3aepKKa Ha 3-5 CyT OTHOCUTEILHO OIIOPHOI JAThl MOAKOPMKU
CIIOCOOHA CHM3UTH YpoxKaMHOCTh 10 60 % OT MaKCHMMaJIbHO BO3MOXHOM, TOrIa
KakK TpU YCIOBUM <«YTadblBaHUSI» CPOKa IMOAKOPMKU MOJEIbHAsI YPOXKAWHOCTD
pPE3KO MOBHIIIAJACh IO CPAaBHEHUIO C KOHTPOJbHBIM BapHaHTOM Jaxe IIpu
CPaBHUTEJILHO HE3HAUMUTENbHbIX (MajbiX) J03ax AeHCTBYOIIEro BellecTna. I1o-
JIOOHBIE Pe3yNbTaThl MOXHO OBLIO OBl CITMCATh HA HECOBEPILIEHCTBO MOMAENIU, HO
TaKoe ee MOBEJSHUE BIIOJHE COMIACyeTCsl ¢ JOCTAaTOUHO IIMPOKO M3BECTHBIMU U
onyOJMKOBaHHBIMU JAaHHBIMU peayibHbIX IToJieBbIX ombiToB (10, 11, 19), mon-
TBEPXKIAIOIIMMY 3HAUYUTEeAbHbIe 3(MMEKThl CpOKa IOAKOPMOK HA KOHEUHBIN
ypoxai (TalilMMHT) U BO3MOXHOCTh CYILIECTBEHHO BIMSITh HAa €r0 BEJIMYMHY Ma-
JIBIMU 103aMU yAOOpeHUi (MUKPOJO3UHT).

Hanuuue monenu, To €cTh BO3MOXHOCTb MPOCIEIUTh 32 POCTOM U pa3-
BUTHEM MOJIEIBLHOTO PACTEHUS «B PEXUME OTIAIKW», MO3BOJUIO MOHATH IPU-
YMHbI OMUCAHHBIX SIBJICHUIM Ha alrOpUTMUYECKOM YpoBHe. Tak, IpoBeleHHbIE
HUCCJIeNOBAaHUS MPUBENU K BBIBOAY O TOM, uTO 3((eKT TaliMuHra (Hampumep,
pe3Koe majeHue KOHEYHOM IPOAYKTMBHOCTU IIpU BBIOOpPE HEyZayHON JaThl
MOJKOPMKU) NEeHCTBUTEILHO BOCIIPOM3BOAMUTCSI B MOJEIU MPU OIpeAcIeHHOM
COUYETAaHUU HECKOJIBKMX CITeLM(UIYECKUX YCJIOBUN (B YACTHOCTU, MPU HAJIUMYUU
HEe3HAUYUTEIbHOr0, HO 00s13aTeJIbHOTO Ac(UIIUTa a30Ta B IMOYBE B TeUeHUE Bcelt
CTaguu BereTaTMBHOrO pocTa). JleTanbHBIM aHaAM3 MOKa3ajl, YTO MOoJydyaeMble
pe3yJabTaThl MOTYT OBITh WHTEPIPETUPOBAHBI U €CTECTBEHHBIM O0OpPa30M BHITE-
KaloT U3 MPOCThIX JOMYILIEHWI, 3a70XKEHHBIX B MOAMOE]b YIJIEPOIHO-a30THOTO
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B3anmoneiicteus (6, 18). IIpu 3TOM a30THBIE MOAKOPMKM A0 LIBETEHUS MMEIOT
He TOJIbKO KOJMYECTBEHHBIM, HO U KauyeCTBeHHBIN 3¢¢eKT, OKa3blBasl peryisi-
TOPHOE BJMSIHME Ha IMPOLECChl POCTa, KOTOPOE MOXET ObITh KaK CYIIECTBEHHO
MOJIOXXUTENbHBIM, TaK U PE3KO HEraTUBHbIM.

Cosmecmuoe 6o3deiicmeue 800H020 U a30mHo2o cmpecca. CrienuaaricTaM
MPaKTUUYECKOIO PACTEHUEBOACTBA XOPOILIO U3BECTHO, YTO IMPU IUIOXOH Biaro-
00eCneYeHHOCTH, TO €CTh B YCJOBMSIX 3aCyXU, BHECEHUE 3HAUUTEIbHBLIX 103
MUHEpAJIbHBIX YIOOpeHUl MOXET MPUBOAUTH K oOpaTHOMY 3(¢eKTy U Hera-
TUBHO BJIMATh HA KOHEYHYIO MPOAYKTUBHOCTh MOCeBa. DTOT (paKT MOXKET ObITh
BOCIIPOU3BEJECH B KOMMBIOTEPHBIX 3KCIEPUMEHTAX C MEXaHUCTUUYECKUMU MO-
JIeNISIMU arpO3KOCUCTEMbI, JaXe €CIM B HUX He 3aJI0K€HO HMKAKUX CIeLualb-
HBIX HEJIMHEMHBIX 3aBUCMMOCTEl 1 MEXaHM3MOB COBMECTHOTO BJIUSIHUSI BOTHO-
ro M a30THOIO CTpecca, a TaKxKe
MOJIHOCThIO UTHOPUPYETCS OIKca-
HUE COJIEBOTO CTaTyca pacTeHUs.
Tak, ykazaHHYIO0 3aKOHOMEPHOCTh
HOJIY4YWIn IIpyu 00paboOTKe pe3yiib-
TaTOB MOJAECLHBIX PACUETOB B IIPO-
4 eKTe MO aHalu3y U CpaBHEHUIO
e w....___. UYBCTBUTEJBHOCTM ABYX aJbTepHa-
WS=08  rypHpIX Momeneii — AGROTOOL
W07 (17) m MONICA (20) x ozmHo-
0 20 40 60 80 100 120 140 160 180 200 BpeMEHHOMY W pa3IcIbHOMY BJIM-

Jlosa N, xr/ra SIHUIO 3aCyXyd U a30THOTO Jaeduli-

Ta. JIJas 3TOro ObLT CIUIAaHMPOBAH
HOI0 CcTpecca Ha SPOBYIO MINEHUIY (JAHHBIE PACYETOB IO N
Mogesn AGROTOOL): WS — mokasartens Biaaroobec- n OCYLLICCTB)'ICHU MHOFO(D&KTOPHHH
TMEYECHHOCTH. KOMIIBIOTEPHBIM OSKCIEPUMCEHT B

cucteme APEX — crnienuanbHoOM
yropapJsionieii 000J04YKe M aBTOMaTU3allMM MHOTOBAapMAHTHBIX PACUETOB B
MOJEJSIX MPOAYKIIMOHHOIO IIpolecca CeIbCKOXO3SIMCTBEHHBIX KYJIbTYp (4).
YnpasieHue napameTpaMu BOZHOIO CTpecca OCYIIECTBISIOCh C MCIOJIb30BaHU-
eM peanuzoBaHHoro B Moaenu AGROTOOL moaynast uMUTaluu CUCTEMBI aBTO-
maTuueckoro opoiueHust (18). IIpumep mojydyeHHBIX pe3yJabTaToB (puc. 2) ne-
MOHCTPHUPYET, UYTO rpacdukKu (YHKLUHUU OTKIMKA (3aBUCUMOCTb XO3SIAICTBEHHOTO
ypoxasi OT IpPEeArnoCeBHON T03bl a30THBIX YIOOpEHUI IJisg pa3HOUl YCIOBHOM
BJIar000OECIIeYEHHOCTU) OKa3bIBAalOTCSl HE MOAOOHBI, HE SKBUAMCTAHTHBHI U, 0O-
Jiee TOro, MPUHLMIIMAIBHO paziauyarorcsa. Tak, B YCIOBHUSX CUJIBHOIO cTpecca
110 BJIare KOHeYHasl MPOAYKTUBHOCTb MOCEBA HE pacTeT, a MajaeT MpU yBeaude-
HUU [03bI MPEANOCEBHOIO BHeCEHUs a3oTa. eTanbHoe MCCleaoBaHUE MOJEb-
HBIX aJTOPUTMOB IO3BOJISIET OOBSICHUTL HabMomaeMblil 3¢¢eKT B paMKax oOc-
HOBHOM MCITOJIb3yeMOM TUIoTe3bl ABYXHNOTOYHON C-N peryiasiuu B paCTeHUU U
3aJI0KEHHBIX B MOIEIb MEXaHU3MOB BBIUMCJICHUS] TIyOMHBI MPOHUKHOBEHMUS
KOpHEH B 3aBUCUMOCTH OT COAEPKaHMs BJard B IMIOYBEHHOM Ipoduie.
IlepcnekTUBH MCIIOAb30BAHUS HMMUTALMOHHBIX MoOjaeJieil B
HWH(pOPMALIMOHHOM O0eCcIleyeHUHU cejeKuuu. TpynHo yka3aTb 060jee KOH-
CEepBAaTUBHYIO 00JACTh CEJIbLCKOXO3IMUCTBEHHOM OMojioruu, yem cenaekuus. Oco-
OCHHO KapAWHAJIBHBIM KaXKeTCs CYILIECTBYIOIIMI pa3pblB MeXAy IOTOYHO-0a-
JIAHCOBBIM TMOIXOIOM K OIMCAHMIO (PU3MOJOTMYECKUX IPOLIECCOB Y PACTEHUIA,
MPUHITBIM BO BCEX KJIACCUYECKMX MOJAEJSIX arpodKOCHCTeM, U METOJaMM Ce-
JIEKIIMM, OCHOBAaHHBIMU Ha aHaJIM3€ KOJUYECTBEHHBIX MPU3HAKOB Ha IreHeTUYe-
ckoM ypoBHe. TeM He MeHee, M0 Mepe TOro, KaK TpamlMIMOHHas CEeJIbCKOXO3sIii-
CTBEHHAsl T€HEeTHUKA CTAJIKUBAETCS C HEOOXOIMMOCTBIO aleKBaTHOIO OTBETa Ha
COBpPEMEHHbIE BBI3OBbI, KOMILIEKCHbIE MaTeMaTUYECKUE MOIEIU MPOIYKIIMOH-

441

F S
S
L

[SSINOV)
[N
1 1

\\
s
i

(=)
1

MonensHag ypokaliHOCT, 11/Ta
- =
il

Puc. 2. DddeKkT cOBMECTHOrO BIMSHHS BOIHOTO M a30T-



HOTO Ipoliecca HAYMHAIOT BCEPhe3 PACCMAaTPUBATLCS KaK MHCTPYMEHT T€OPETH-
YECKUX MCCIIeTOBaHMIl. BOJNBIIMHCTBO TaKMX BHI30BOB CBSI3aHBI C HaOJIOMaeMbI-
MM TJI00aIbHBIMM M3MEHEHMSIMU, B IEPBYIO Odepelb C M3MEHEHMSIMU KiIMMara
(21). YXe mpakTU4YeCK! HHUKEM HE OCIapUBaeTCsl OXMIAHUE CYIIECTBEHHOTO II0-
BBIICHNST HEYCTOMYMBOCTH OYIYIIMX YPOXKAeB M3-3a POCTa YaCTOTHl M MHTEHCHB-
HOCTH 3KCTPEMaJIbHBIX SIBJICHUI (TaKMX KaK TeMIIepaTypHBIil CTpecc U 3acyxu).
OTBeTOM MOXET OBITh CO3JaHKME IPUHLMIIMAILHO HOBBIX COPTOB KYJIBTYp, B
MepByl0 ouyepeab 3epHOBBIX (22). OnHUM U3 HEOXWAAHHBIX, HO MOIIHKIX CPEICTB
YCKOPEHHUS TPaAULIMOHHON CeJeKLMH MOXET CIYXHTb MHCTPpYMEHTapUii MMMTA-
LIMOHHOTO MOJAENMPOBAHUSI arposKocucteM (23). DTU ucciaegoBaHUS CBSI3aHBI C
noHarueM uaeotuna (24, 25), win uaeallbHOTO COpPTAa, KaK MIPUHSITO B OTeYe-
CTBeHHOI JuTeparype (26). MmeoTurn — yMO3pUTEIbHBII OyoylIMil COpPT, CIIO-
COOHBII JaBaTh TEOPETUYECKN BO3MOXHBIM YpOXail B COOTBETCTBUM ¢ OMOKIMMA-
TUYECKMM IOTEHIIMAJIOM (10 CYLIECTBY, IIOTEHUIMATbHAS LIE/Ib CEJICKIINN).

KayecTBeHHBIE OLIEHKM IEPCIEKTUB MUIEaJbHOTO COPTa JJISI HAay4YHOIO
IPOTHO3a COCTOSIHMSI PACTEHUSI U €ro OTHC/IbHBIX IPU3HAKOB IIPU BEHIpallMBa-
HUM B 3aJaHHBIX YCJIOBUSIX IMOKa3alIu CBOK paboTrocnocobHocTh (27, 28), ogHa-
KO BCe IPEHMYILIECTBAa TAKOTO ITOAX0Aa MOTYT PacKPBITHCS TOJNBKO B COYETAHUM C
HCIIOIb30BaHMEM MMUTALIMOHHBIX MOJEJIeil arpocucTeMbl. [1pu 3TOM IeHOTUIIH-
yecKasl ajanTalys, KOTopas IpedrojiaracT BKIIOYEHHE HOBBIX IIPM3HAKOB B
COPT, KaK OXMIACTCs, OyIeT OMHMM M3 CaMbIX BaXXHBIX 3JIEMEHTOB B CTPaTEeTHSIX
peakuydyu Ha Oymyllee M3MEHEHUE KIMMaTa, a MOACIMPOBAHUE arpo3KOCHUCTEM
MOXKET CJIYKUTb OCHOBOI IUISl OLICHKM OMO(U3MYECKOTO MOTEHIIMANa KYJIBTYp,
obecrnieyrBalollero Takyo agantauuio (29). B 1enoM MOXHO TOBOPUTH O ABYX
TPeHAaX, KOTOpbIe C(OOPMUPOBAIIMCH B COBPEMEHHBIX UCCICIOBAaHMUIX B 00JIACTU
MPUMEHEHUsT MOJENICld arpO3KOCHCTEM B CEJIbCKOXO3SICTBCHHOM B3KOJIOTUM U
ceJleKUuu. DTO OIpeleeHUue 30H, OJIATONPUSATHBIX UIS yKE CYIIECTBYIOIIMX
COPTOB C Y4YeTOM 3HAYMTEJIbHOM IMHAMMYHOCTU BCIEACTBUE KIMMATHYCCKUX
M3MEHEeHUI, 1 000CHOBaHMe TpeOOBaHMI K IPU3HAKAM HOBBIX COPTOB, alaIlTH-
POBaHHBIX K OXHMIAEMbIM YCIOBUSIM BO3ICIbIBAHMUS.

IIepBoe HampaBiaeHue wmocTpupyloT padotsl (30, 31), B KOTOphIX, B
YaCTHOCTH, ITIOKA3aHO, YTO ONpeAeSICHHbIC TCHOTHIIbI TYMEHS MOTYT OBIThH IIep-
CIIEKTUBHBIMM I IPOTHO3UPYEMOIO M3MEHEHMSI KJIMMara, IIPUYEeM aBTOPHI
MPEIIOXUIA Hanboee OJarONpHUsSITHbIE 30HBI IS KOHKPETHBIX MICOTUIIOB, 00-
JIAIAOIIMX KOMOMHAIIME!l HECKOJNBKMX KIIIOYEBBIX TeHETHYECKHMX IIPM3HAKOB
(beHoMOIYMSA, POCT JIUCTHEB, (DOTOCUHTE3, 3aCYXOYCTOMYMBOCTD U (hOPMUPOBAHUE
3epHoBKM). R.P. Rétter ¢ coaBr. (29) npoaHanu3upoBaiv HUCCAEIOBaHUS, OTpa-
Kalolue BTOpoi TpeHA. B mx 00630pe paccMOTpeHbI OCHOBHBIC OTPaHUYCHUS U
Ipeaeabl WCIIONb30BAaHUS MMUTAIIMOHHOIO MOAEIUPOBAHUS IS ITOMACPKKU
CEJIEKLINU CEJIbCKOXO3SIMCTBEHHBIX KYJIbTYP, a TaKXKe IPEIACTaBICHBI IPUMEPH
OLIECHKU ¥ (OPMMPOBAHMS COPTOB 3CPHOBBIX ISl OXMIAEMBIX YCJIOBMI C IIO-
MOIIBIO MOAEIUPOBAaHUS. Moaeau arpo3KOCUCTEM IPUMEHSIOT I UICHTU(DM-
KallMy TIPU3HAKOB, HEOOXOAUMBIX [j1s1 Oyaymux coptoB (32). B 3amagHoMm Hayd-
HOM COOOIIECTBE MCIIOJIb30BaHMEe MMMTALIMOHHBIX MOJIEJNICH ISl YCKOPEHUS ce-
JIEKIIMOHHOTO TIpoliecca yXe IepeluIo B MPaKTUYeCKYIo INIOCKocTh. Ha ocHoBe
yIIyOJIeHHOM OMOJIOrM3allMy CYLISCTBYIOIIMX MojeJieil HavyaThl pabOThl IO UX
ajanTanuuy ISl HOBBIX cep nmpumeHeHus. B Poccum 3T0 HampaBiieHHe Takke
cjemyeT aKTUBU3UPOBATh.

TakuMm 00pa3oM, HECMOTpsI Ha OIpelc/ICHHbIe OObEKTUBHBIE OrpaHUYe-
HUST JUISS TIPAaKTUYECKOM arpOHOMUM, MMHUTALIMOHHASI MOJIENb arpO3KOCUCTEMBI
MOXeT M JOJDKHA PacCMaTpPUBATHCS KaK peajlbHbI MHCTPYMEHT (DopMan3aliim
3HAHUI O Mpoleccax W SBJICHUSX, ONPEHCIIIIONINX POCT U pa3BUTHE KYJIBTYp-
HBIX pacTeHMii. Boiee Toro, Momenu MNPOOYKIMOHHOIO IIPOILieCCa ITOMOTAIOT
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HCCIeq0BaTeIsIM B 00JIACTH CEJIbCKOXO3SIMCTBEHHOM OMOJIOTUM YCKOPSITH Mepe-
X0l OT IACCHMBHOIO MOJIy4YEHUS Y HAKOIUIEHUs JAHHBIX O PAaCTEHUSIX K aKTHB-
HOMY YMOpPaBJICHUIO 3HAHUSIMU O TIpolleccax U SBJIEHHUSIX B arposKocucTeMax
(33-36). Ha mexnmynapognom cummosuyme «Crop Modelling for Agriculture and
Food Security under Global Change» (Bepmun, 2016 rox) 0t 4eTKO 00O3Ha-
YeHbl TOCTMKEHMUSI, MOCTaBJeHbl KOHKPETHbBIC LIEAU U ONpeaeeHbl MepCreKTU-
Bbl MPUMEHEHUS MMUTALMOHHOIO MOIEIMPOBAHUSI B CEIbCKOXO3IHCTBEHHOM
ouosoruu. OTMEYanaoCh, YTO MOMAEJIM MOIYT ObITb JJOKOMOTHMBOM IIporpecca B
VIIYYILIEHUN CEJIbCKOXO3SIMCTBEHHBIX KYJBTYP, MPEACTaBisisl cO00il YHUKaIbHBIM
MHCTPYMEHT aHajiv3a W BbISIBJICHUS OJaronpUsITHbIX KOMOMHaLMiA TeHOTUIoB (G,
genotype) U MeToAOB ympasieHus: (M, management) mJid KOHKPETHBIX IMOYBEH-
Ho-KiuMatudeckux yciaouii (E, environment) ¢ yyeToM HMMEIOIIMXCSI PECYPCOB
(37). Tonbko MopenMpoBaHUE MO3BOJISIET 3(P(MEKTUBHO MPOAHAIU3UPOBATh MOJI-
HbI cniekTp KomOuHauii G X M X E u obGecrnieunBaeT pallMOHAJIBbHYIO OCHOBY
D11 pa3pabOTKM M MCHBITAHUS HOBBIX WAECOTUIIOB MIIEHUILIbI, ONTUMU3UPOBAH-
HBIX JUIS LIEJIEBBIX arpojiaHia@TroB M OyaylIMX KiuMaTuyeckKux ycioBuil. Cre-
ITyIOLLIME MOKOJIEHHUSI MOJIeNIel TOJDKHBI BKJIIOUaTh TaK Ha3bIBaeMble T€HETHUECKHUE
KOo2GGUIMEHTH IJIs1 MOACAMPOBAHMST pa3Inuuii Mexny rudpugamu (gene-based
crop model) (38). ['eHOMHOE TIPOrHO3UpPOBaHUE C TTOMOIILIO MOAEIIEH CEeTHLCKOXO0-
3SIMCTBEHHBIX KYJIBTYpP CIOCOOHO paboTaTh JIydlle, YeM CTaTUCTUYECKHE METOIbI
C HCITOJIb30BaHMEM TOJIbKO NAaHHBIX 110 TreHeTtuke (39). OCHOBHOE HaIlpaBlICHUE
pa3BUTHUSI MOJIEJICil CBSI3aHO C yaydllleHueM B3auMmoaeictBust G X M X E.

Hrtak, oxumaercs, 4To CylIeCTBEHHas1 OMOJIoTU3alus OyaeT B OCHOBHOM
OIpeAeISITh pa3BUTUE MEXaHMCTUYECKMX MOJeJeil MPOAYyKIMOHHOIO Ipolecca
CeJIbCKOXO3IMCTBEHHBIX KYJIbTYp. bosee Toro, mMbl mojaraem, 4ro B paMKax
9TOr0 HampaBJeHUs] pe3yabTaThl JIOOBIX IOJIEBBIX OMNBITOB MOJIKHBLI IMpUMeE-
HSITBCSI TOJIBLKO IJI MACHTU(MUKALIMA MOMeJNei, a He I ux noctpoeHus. [1pu
9TOM B MEPBYIO ouepelb CJIeayeT MCIIOJb30BaTh TMIIOTE3bl O CYLIHOCTU U ABU-
XyIIel cuyie OMOJOTMYECKMX TPOLECcCoB B pacreHuu. [lpu peanusanuu Takoro
WIeaJbHOrO IlJIaHa MOJAEJb IIpeBpallacTCs] B MHCTPYMEHT IMOJYYEHUST HOBBIX
3HAHWM IJI MCCAeNOBaHUS peaklMU arpo3KOCUCTEMbl HA BCE BO3MOXHBIE BO3-
NeCTBYsS, BKJIIOYas Te, KOTOpble IMOKa HeJib3s BOCIIPOM3BECTU B MOJIEBOM OIIbI-
Te (HampuMep, CBSI3aHHbIE C UBMEHEHUSIMU KJIMMaTa).
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Abstract

Mechanistic (eco-physiological), or process-oriented, approach to simulation modeling of
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the production process of plants assumes considering the essences of processes and cause-effect rela-
tionships in the agroecosystem with a description of their dynamics based on physically interpreted
dependencies (as opposed to logically interpreted dependencies at the empirical approach) (A. Di
Paola et al., 2016; R.A. Poluektov, 2010). The analysis of the possible use of dynamic simulation
models of agro-ecosystems in the mechanistic nature of applied and theoretical research of agricul-
tural biology is presented. The current practice of the development and usage of these models shows
their highest suitability for research purposes in comparison to the potential usefulness and relevance
to the practical problems of agronomy. Specific examples of model applications demonstrate the
possibility of computer-based model experiments to get nontrivial results, which are not directly
incorporated into the logic of the model algorithms (V. Badenko et al., 2014; S. Medvedev et al.,
2015). The role of simulation model as a tool of obtaining new knowledge and interpretation of the
empirically observed phenomena has been showed. To demonstrate the potentials of simulation
models for agricultural biology, some results of authors' studies have been reviewed, including ana-
lyze of the appearance of a non-monotonic response function of crop yield on the doses of nitrogen
fertilizer, the results of computer experiments on interpretation of the effect of the time delay during
management of nitrogen feeding «on the leaf», and the joint impact of combined water and nitrogen
stresses. Based on analysis of recent publications, conclusions of perspectives of models application
to accelerate the plant breeding process were justified. It is concluded, i) further «biologization» of
existing models is a prerequisite for a successful development of the dynamic crop growth modeling,
and ii) it is necessary to increase the level of scientific validity of model approaches, which are used
to describe the biotic processes in the soil—plant—atmosphere system.

Keywords: agro-ecosystems simulation model, crop production process, mechanistic ap-
proach, ideotype, plant breeding, breeding, GX EXM-oriented models.
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