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AHHOTALIUA

B pabome npedocmasnenvt pezynomamol pazpabomru UHGOPMAYUOHHO-AHATIUMUYECKOU
cucmemvl  Ond  AHAAU3A U OYEHKU  NOMEHYUANbHOU  YPOHICAUHOCMU  OCHOBHLIX
CeNbCKOX03AUCMBEHHbIX KyIbmyp Ha 6cell meppumopuu Poccuiickot @edepayuu na 6ase
OuHamuyeckozo (OnepamusHO YMoUHsIIOue20Cs) RPOeHO3a NPOOYKMUBHOCMU 68 PAMKAX 0OHO20
6e2eMAYUOHHO20 Ce30Ha ¢ npedcmasienuem pesyromamos 6 cpede IHUC. B pabome
npeocmasieHo OnUcanue UCNOIb3YeMO20 Memood U e2o0 anpodayus 6 meyeHue 8e2emayloHH020
cesona 2017 200a, a 6 kauecmee omciaexdcugaemMou Kylbmypsbl GblOpAHA APO6As NUEHUYA.
IIpocnosuposanue yposrxcatinocmu npo8ooUNOCh HA OCHOBE KOMNbIOMEPHBIX IKCHEPUMEHMOE NO
MOOenNUpo8anHud  NPpOOYKYUOHHO2O — npoyecca 8  cpede  CHeyuarbHo  paspabdomaHHol
uHgopmayuonno-anarumuyeckou cucmemvl, coeournennou ¢ I'UC.

KawueBsie caoBa: JIMHAMUWYECKAA MOJEJIb  TTPOAYKIIMOHHOI'O
[IPOLIECCA, OIIEPATUBHO YTOYHMIOUUUCS TIPOTHO3 VYPOXAMHOCTH,
BBIUMCJINTEJIBHBIA  KOMIIBIOTEPHBIM  DKCIIEPUMEHT, BA3bl JIAHHBIX,
I'EOMHOOPMAIIMOHHBIE TEXHOJIOT' N

1. Beenenue

B Hactosmee BpeMss MHOTME CTpaHbl YCHWIMBAIOT TNPHOPHUTET pELICHUS IPOOJIeMbl
o0ecrieyeHHs NPOJOBOJIBCTBEHHOM Oe3omacHoctu [1], mpuyemM »3Ta ceppe3Has 3ajnaya
dopmynupyeTcst U UcCleayeTrcs Kak B MacIiTtabe OTIEeNbHBIX TocyaapcTB [2-5], Tak u s
PETrHOHOB, KOHTHHEHTOB [6-8] u B 1emom mo mMupy [9-11]. Kpome Toro, nr000€e mpaBUTEIHCTBO
CTPEMUTCSl NMPEBPATUTh CBOI CTpPaHy B HMMIIOpTEpa MPOJOBOJILCTBUS U IKCHOPTHUPOBATH Kak
MOkHO MeHble [12]. [loaToMy cBOEBpeMEHHas M yIpekJarouias OLEHKA MPOAYKTUBHOCTH, B
IIEPBYIO OUYEPEb, Ul CTPATETUUECKUX 3€PHOBBIX KYJIBTYp, Ha TEPPUTOPUU CYBEPEHHOMN CTpaHbI

OKa3bIBACTCA aKTyaHBHOﬁ 321,[[3‘16171 CO MHOTHUX TOYCK 3pC€HHUA, B TOM YUCJIC U C TeONOIUTHICCKOMN
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[13-15]. IIpu 3TOM Ba)XHO PAcCCMOTPETh aJCKBATHBIM KOMIUIEKC MPOTHO3HBIX CLEHAPHEB VIS
IpEJICKa3aHusl ypo)kas B TEKYIEM BET€TAallMOHHOM CE30HE B 3aBUCHUMOCTU OT MEHSIOLIMXCS
noroaHbIx ycioBui [16-18]. Kak nmoka3piBaeT mpakTHKa, Il 3TOTO CIEIYET TaKKE YUUTHIBATH
HaJM4Ke MHOYKECTBA ClICHapreB u3MeHeHus kimmara [ 19-21]. B Takoit mocraHoBke HEOOX0AMMO
co3laBaTh M  HCHOJb30BATh COBPEMEHHBIE HWH(POPMAIMOHHO-AHATUTUYECKUE CHCTEMBI
COBMECTHO C IIPOTHO3HBIMU MOJIEISIMH POCTa M PA3BUTHS OCHOBHBIX CEJIbCKOXO3SIMCTBEHHBIX
KyabTyp [22-24]. Kpome TOro, COBpeMEHHBIE MOIXO/bI K 00ECIEYSHUIO YCTOUIMBOTO Pa3BUTHS
0o0yCIIOBIMBAIOT ~ HEOOXOAMMOCTh  KOMIUIEKCHOTO  OOOCHOBaHHS  HOBBIX  aJIallTUBHO-
JaHAWAQTHRIX CHCTEM 3€MJIEAENus, 4TO TpedyeT mepexoja OT HIMPOKO HCIIOJIb3YyEMBIX B
HACTOSIIIEEe BPEMsI PETPECCUOHHBIX (CTATUCTUYECKH 0OOCHOBAHHBIX ) MOJIENIEH K 00Jiee TOUHBIM U
afekBaTHbIM (¢du3nueckd OOOCHOBAHHBIM) HWMHUTAIIMOHHBIM MOJENSM MNPOAYKTHUBHOCTHU
arposkocucteM [25]. IMeHHO KOMILIEKCHasi TUHAMUYECKasi MOAEIb TPOIYKIIMOHHOTO Ipouecca
U [IPOTHO3a ypO’Kasl CEIbCKOXO3SIICTBEHHBIX KYJIbTYp JOJIKHA CTaTh UHTEIIEKTYaIbHBIM SIIPOM
HOBOTO TIOKOJEHHS HWH(POPMAIMOHHO-aHAIMTUUECKUX CHUCTEM MOJNJEPKKM pEUIeHUH B
3eMJIeJIeNIMu 1711 OOIIUPHBIX TeppUTOpHiA [26].

Hpyroit npo0iaeMoii, ¢ KOTOPOH CTaIKUBAIOTCS WCCIIEAOBATENU MPU PEIICHUU MpodIieM,
CBSI3aHHBIX C OILICHKOM YPOKaWHOCTH, HANPUMEp, 3€PHOBBIX KYJIbTYp, Ha TEPPUTOPUH BCEU
CTpaHbl, SBISETCS TO, YTO OOJBIIMHCTBO MPOTHO3HBIX MOJENEH SIBISIOTCS «TOYEUHBIMHU», T.€.
JAI0T MPOTHO3 JJI COBEPUIEHHO KOHKPETHBIX 3HAYeHUM napameTpoB [27, 28], XOTd 04eBUIHO,
YTO 3TU 3HAYEHUSI MEHSIOTCS JaXKe B Mpe/iesiax OJHOTO CENbCKOX035HUCTBEHHOrO nojst. [loaTomy
JUISL TIOCTPOEHHUS IIPOTHO30B M0 YPOXKAHHOCTH Ha TEPPUTOPUU CTpaHbl TPEOYETCs UCIOIb30BaTh
CHelMallbHble ~ METOAbl ~ IPOCTPAHCTBEHHOTO  aHalu3a B  cpeie  reorpaduyueckux
uHpopmanmonubix cucreM (I'MC) mmst TpanchopManuu MOTYyYEeHHBIX B MOJENSIX 3HAYEHUH B
OTJICNIbHBIX TOUKAX Ha MPOCTPAHCTBEHHbIE (TUIOIAaHbIe) 00bekThI [29, 30].

Wrak, 00630p nuTeparypbl IOKa3bIBAE€T, UYTO OIEHKA IOTEHIMAJIbHOW YpOKallHOCTH
OCHOBHBIX CEJIbCKOXO3SIMCTBEHHBIX KYJbTYp Ha Bceil Teppuropun Poccuiickoin denepanun Ha
6a3e JTMHAMUYECKOT0, T.€. ONIEPATUBHO YTOUHSIOLIETOCs, MPOrHO3a NMPOIYKTUBHOCTH, B paMKax
OJIHOTO BEreTallMOHHOTO CE30HAa C IpenacTaBieHHeM pe3ynbTatoB B cpene I'MC ansa ananusa
ABIISIETCS aKTyaJibHOM 3a/ayeil. B paboTe npezcraBiieHo onucaHue UCIIOJIb3yEMOT0 METOIa U €r0
arpoOanysi B TeueHWE BereTarmoHHoro ce3oHa 2017 roma, a B KayecTBE OTCIEKHUBAEMOU

KyJIbTYpbl BbIOpaHa spoBas miieHuna. [IporHo3upoBaHue ypoxailHOCTH MPOBOAMIOCH Ha
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OCHOBE KOMITBIOTEPHBIX 3KCHEPUMEHTOB IO MOJICIUPOBAHUIO MPOAYKIIMOHHOTO Mpoliecca B
cpeze crenuaibHO pazpaboTaHHON MH(OPMAIIMOHHO-aHATUTHYECKONW CHCTEMBI, COETUHEHHOM

I'c.

2. MaTepuajibl 1 MeTObI

2.1. UHcTpyMeHTapHii MCCiIe10BaTeIbCKOI0 MPOEKTa

B kadecTBe OCHOBHOrO HHCTPYMEHTa IMPOBEICHHBIX KOMIIBIOTEPHBIX SKCIIEPHUMEHTOB
ucrnonb3oBajics BbraucautenbHb KoMiuieke «APEX-AGROTOOL-TMC». On npencraBiser
co00i1 CMHTE3 TpeX HE3aBUCHUMBIX MPOTPaMMHBIX MPOIYKTOB. J[Ba U3 HUX MPEICTABIAIOT COOOM
pe3yabTaT  MHOTOJIETHHUX  pa3pabOTOK  KOJUIGKTHBA  JIADOPAaTOPUU  MaTeMaTHYECKOTO
MOJIeMpoBaHusl  arposkocucteM Arpodusumyeckoro HHMM  [31]. DOrto aunamuyeckas
UMUTAIMOHHAs ~ Mojenb mpoaykuuoHHoro mpomecca «AGROTOOL» wu  mnardopma
ABTOMATH3aIlMA MHOTO(AKTOPHBIX AKCIIEPUMEHTOB ¥ TIOJIMBAPHAHTHOTO pacyeTa MPOU3BOIBHBIX
Mozenel arposkosiormueckux mporeccoB «APEX» [32]. T'eocraructuueckas oOpaboTka u
BU3YalIHM3aIusl MOJy4aeMbIX pe3ylbTaToOB OCYIIECTBIsIach B mporpamMmmHoM obecriedennu ['1IC
obmiero HazHaueHuss Maplnfo, 9yTo naBano BO3MOKHOCTH MONy4YaTh OLIEHKH JJS TUIOIIAIHBIX
00BEKTOB Ha OCHOBE TIOJTyYCHHBIX MPH MOJICTUPOBAHUU 3HAYCHUH B Toukax [33].

KommsrotepHast JTMHaAMHUYecKast MOJIETh IPOAYKIIMOHHOTO nporecca
cenbckoxo3siicTtBeHHbIX pacTeHuid AGROTOOL, v.3.5, omnuchiBaeT KOMIUIEKC INPOLECCOB U
SBIICHUN B CHUCTEME «I0YBa — CEIhCKOXO3SIMCTBEHHBIN MOceB — arMocdepa» U MpeACcTaBIseT
c000# MOJIENIb TPETHEr0 YPOBHS MPOAYKTUBHOCTH 10 Kiaccudukarmu ae Buta [34]. [Tocnennee
O3Ha4YaeT, 4To B KadecTBe (PaKTOPOB, JUMHUTHPYIONIUX TOTCHIIMAIBHYIO TMPOJAYKTHBHOCTH
pacTeHuii, B HEH paccMaTpUBAIOTCS TEMIEPATypHBIA, paJUAllMOHHBIA M BOJHBIA PEXKUMBI, a
TaKk)Ke ypOBEHb a30THOTO MuTaHus. C alrOpUTMUYECKON TOYKH 3pEHUs JTUHAMHYECKas MOIEIb
AGROTOOL mpexacraBisier co0OW aITOPUTM PEKYPPEHTHOTO IepecyeTa MHOTOMEpPHOTO
BEKTOPAa COCTOSIHUS arpO’KOCHCTEMbI, KOMIIOHEHTAMH KOTOPOIO BBICTYIAIOT a0MOTUYECKUE U
OMOMEeTpHUYECKHE XapaKTEPUCTUKU (TeMIiepaTypa W BIIXHOCTh TOYBBI MO CIIOSM, OMOMAcChI
OpPTraHOB PAcTEeHHUS, COJIEPKaHWE OCHOBHBIX MUTATENBHBIX AJIEMEHTOB B MOYBE M PACTUTEIHHBIX
TKaHSX U T.1.). B kauecTBe 6a30BOro BPEMEHHOIO IIara MoOJENH (YacToTa Iepecuera BeKTopa
COCTOSIHUS) TPUHATHI OJHU KaJeHJapHbIe CYTKH, XOTS AJIA psAa MpoIleccoB (Hampumep, AJs

dboToCHHTE3a) HCIONB3YIOTCS Oojiee Menkue Imard. Mojenb BKIIOYAeT B cels Cleayromue
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OJIOKM W aJrOPUTMBI, TMPEJCTABIAIONIMEe OMO(U3MUECKOE ONMUCAHHE OCHOBHBIX IIPOLIECCOB B
arposkocucreme [26, 31]:

J Arpomereoporornueckuii 05ok. IlomydeHne CyTOYHBIX METEOJaHHBIX M3 0a3bl
JAHHBIX MH(QOPMALMOHHOW MOJAECP)KKM MOJENHM U BBIYUCICHHE TEKYIIUX XapaKTepUCTUK
(buTOKIMMATa B 3aryLIEHHOM I10CEBE.

o [TepexBar paguanuu noceBoM, (POTOCHHTE3, bIXaHHE U METa0O0JIM3M pacTeHUH B
TEMHOE BpeMsI CYTOK.

o JluHaMuka Biaru B cijoe nmouBbl. [lepeToku BoJbI MEX1y HMOYBEHHBIMH CIIOSMU,
TpaHcnupanys U GU3N4YecKoe ucrapeHue, NOrIONEHUE BO/Ibl KOPHEBOM CUCTEMOM pacTeHHiA.

o [TonMonens  (EHONOrMYECKOro  pa3BUTUS  pPAacCTEHUM, OCHOBaHHas  Ha
MOIU(GUIMPOBAHHON KOHLIETIMH (PU3HOJIOTHYECKOT0 U OMOJIOIrHYECKOI0 BPEMEHH.

o Mogens pocta, opraHoreHe3a M (GOpPMHUPOBAaHUS ypoxkas PacCTEHUH C Y4ETOM
(U3HOIOrMUYECKUX CTPECCOB IO BJIare, TEMIEPATYPE U a30Ty.

o ANropuTM pacueTa TpaHCIOpTa M TpaHC(HOpMAIMK a30THBIX COETUHEHUN B TOYBE
U YIJIEPOJIHO-a30THOr0 OajaHca B paCTEHHUU.

o Moaynu y4yera OCHOBHBIX arpoTEXHOJIOTHH (CeB, NPEANOCEeBHOE BHECEHHE
yI00peHu#, a30THBIEC MMOAKOPMKH, TIOJIUB, YOOPKA YpOxKas).

Muoronetnuit onbIT agantanuu Mojaenn AGROTOOL k mupokomMy CeKTpy MOYBEHHO-
KJIMMAaTUYEeCKUX YCIOBUI paznuuHbIX pernoHoB Poccuu, ObiBmero CCCP u psna 3apyOexHbIX
CTpaH JAEMOHCTPUPYET BBICOKYIO CTENEHb aIEKBAaTHOCTH JIAaHHOM MOJEIN U €€ NMOTEHIHAIbHYIO
BOCTpEOOBAaHHOCTh KaKk B TeopeThdeckux wuccienoBanusx [18, 20], tak u B KauyecTBe
UHTEJJIEKTYaJbHOTO  Si/[pa  KOMIIBIOTEPU3HPOBAHHBIX  CHUCTEM  HOJJCPKKU  MPUHATHUS
TEXHOJOTUYECKUX PEIICHHH B IPAKTUYECKOM PaCTeHUEBOACTBE [22, 26].

Cuctema mnosmBapuanTHoro pacuéra «APEX» mpencraBnser co0oif yHUBEpCAIbHYIO
000JI0UKY WJIM cpely, KOTopasi MO3BOJSET MOJIKIIOYUTh K HEW MPOU3BOJIIBHYIO THHAMUYECKYIO
MoJieIb IPOAYKIIMOHHOTO Tpoliecca, chOpMUPOBATh MHOXKECTBO HAOOPOB BXOJHBIX JAHHBIX JJIS
ATOW MOAENU (CLUEHApUU WM BapHaHTbl), IPOM3BECTH PACUEThl B MAKETHOM PEKUME, a MOTOM
CPaBHHTH Pe3yJIbTaThl MOJCIBHBIX PACUETOB B pa3pe3e MpOBapbHPOBAaHHBIX (akTopoB [27, 32].
Jloruka mmarpopmbr «APEX» ocHOBaHa Ha WCHOJB30BAaHUM CXEMBI IPEIONPEACIEHHBIX
¢axTopoB. IIpu TakoM noaxoje KOHKPETHbIE MAacCHBBI BXOJHON HMH(pOpMalMH, ¢ KOTOPBIMU

pabortaer moOasi monkmtoueHHas K cucteme APEX nunamuueckas Mojaenb, MOTYT HUMETh
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NPOM3BOJILHBIA (hOpMaT M CTPYKTYpy, HOMycKaiomme odopmieHue B Buje Habopa Talmuil
pensuoHHON 0a3bl naHHBIX. OHAKO KaXK1as Takas TabJuIa J0JKHA OBITh OTHECEHA K OJHOMY
U3 IIECTH 3apaHee ONpeleNeHHbIX (PaKTOPOB, WIM MH()OPMALMOHHBIX JOMEHOB, XapaKTEPHbBIX
JUI MOJEIUPYEeMOIl MpeIMETHON 00acTu: «I04Ba», «IOroAa», «KYyJIbTypa», «TE€XHOJIOTUS»,
«MECTHOCThY» M «HCXOaHOe cocTosiHue» [35]. TlomoOHBIE cornarieHus MO3BOJISIOT HAa ypPOBHE
JIOTHKH YHHBEPCAIbHOW CHCTEMBI OJMBapUaHTHOTO pacuéra «APEX» monydnTs GyHKIMOHAT U
IPOTPaMMHO PEATU30BaTh AJITOPUTMBI, XapaKTepHbIE JUIsl TOIO MJIM MHOTO JIOMEHA MpeIMEeTHON
001acTH, HE NPUBSA3BIBASCh K CTPYKTYPE JAHHBIX 3TOT0 JIOMEHA, CIeLU(UUHBIX 111 KOHKPETHON
Mojzienu. B yacTHOCTH, /Ui MPOBOAMMBIX HCCIIEIOBAaHUI HCIIOJIB30BAJIUCH MPEIOINPEAETICHHbIE
(GakToOpbl «IIOYBa», «MECTHOCTb» U «IIOr0ja», OOLIEeH XapaKTEepUCTUKON KOTOpPHIX B
OIKCBHIBAEMOM HCCIIEI0BAaHUH BBICTYINAJIO HaJM4Ke o01Lel reorpaduyeckoil MpuBsI3KH.
CrpykTypa naHHBIX JUIsl 000N nojkiaroueHHON k cucteme APEX mozenu BeINsauT
cieayronmmM obpaszom [35]. Kaxkapiii mpenonpenenéHabiii (pakTop COOTBETCTBYET OJHOM Tak
Ha3bIBa€MOW KOpHEBOHM TabmuIile. ITo Tabnuia rpajanuii GaxkTopoB, KOTOpas CONEPKHUT TOITBKO
UJCHTU(PHUKATOP M TEKCTOBOE ONMMCAHHE KaKJOW IpaJallid COOTBETCTBYIOLIETo (akTopa A
Kax10i Monenu. Bce naHHbBIE, CTPYKTypa KOTOPBIX creuuduyHa A KOHKPETHON MojenH,
IpeJICTaBICHbl B BHJEe HaOopa JOYEpHUX TaOJIMI, MMEIOIIMX BHEIIHUI KII0OY Ha KOPHEBYIO
tabnuny. Kpome Toro, «MozenecnenupuyHbe> KOpHEBble TaOIUIBI (PAKTOPOB «I10YBaY,
«MECTHOCTBbY» U «II0T0/1a» HMMEIOT JOINOJHUTEIbHBIE CBSI3U CO CIELHATbHBIMU TaOIuLIaMu
«o011ero Ha3zHaueHHs», B KOTOPBIX XPAHATCS JaHHBIE O «MOJEJICHE3aBHCHMBIX» IOYBEHHBIX
KOHTYpax, pernepHbIX TOYKaX U ONOPHBIX MOTOJIHBIX cleHapusx. Tak, kaxjaas rpagauus gaxropa
«MECTHOCTb», BHE 3aBUCHMOCTH OT KOHKPETHOM MOAKIIOYEHHON MOJIENIN, MOXKET ObITh CBsI3aHa C
TOYKOM JINOO MOJUTOHOM Ha MOBEPXHOCTH 3eMiH (001ast mpocTpaHCTBEHHAs/reorpapudeckas
npuBs3Ka). B paMkax mpoBeseHHOro Mccael0BaHUs 3TU TOUKH/TIOIUTOHBI MIPEICTABISAIOT cO00i
0a3oBble pacueTHblE TOYKM U aJMHUHHCTpaTHBHbIE pailoHbl Poccuiickoit denepanunu,
cooTBeTcTBeHHO. K Kaxmoi rpaganuu ¢pakTopa «ouBa» NpUBS3bIBACTCS KOHTYP UCIIOJIb3yeMOi
MOYBEHHON KapThl, KOTOPBIH, B CBOIO OYe€pelb, UMEET CB3b C Treorpauueckoil MpHUBSI3KOM
npefonpenenéHHoro  ¢akropa  «MECTHOCTB».  AHAJOTMYHO ¢ 0a30BBIMH  TOYKAMH
reorpaduueckoil NpuBs3KKU (HakTOpa «MECTHOCTBY» CBSI3aHBI CLIEHAPUMU OMOPHOW moroiabl. Bcé
9TO MO3BOJIAET NPU (POPMUPOBAHUH IPOEKTA BBIYMCIMTEIBHOIO KOMIIBIOTEPHOIO SKCIIEPUMEHTA

MIPUBS3BIBATh UCXOJHBIC JTaHHBIC, CHEIU(UUHBIE I KOHKPETHBIX MOJENEH MPOIYKIIMOHHOTO
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nporecca, K HeCneNU(pHUYHBIM POCTPAHCTBEHHBIM/Teorpaguyeckum (KapTorpaduuecKiMm).

[TpuHIMnUaIbHAS CTPYKTYPa HHPOPMALIMOHHON MOJIENIN CUCTEMBI ITPECTaBIeHA Ha puC. 1.
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Puc. 1. 3aBucumocT Mex1y MeTaJaHHBIMHU, MOJIEJIbHBIMU JJAaHHBIMU U MHBAPUAHTHBIMU
JTAHHBIMU C TeOUH(OPMAIIMIOHHON MPUBSA3KOH B pENIALIMOHHON 0a3e NaHHbIX cucTeMbl «APEX»

Takol moaxo/1 MO3BOJSET TOCIe MPOBEICHUSI MOJEIBHBIX Pacu€ToB (C MCIOIB30BAaHUEM
OJIHOW WM HECKOJIbKUX aJIbTEPHATUBHBIX MOJENICH) M COXpaHEHHUs HMX B 0a3e JaHHBIX
BBITIOJTHUTH JKCIOPT MHTEPECYIOUINX PE3yabTaToB (yposkaid, CpPOKM HacTyrmiaeHus ¢eHodas) B
dopmate 6a3pl maHHbIX [MIC M mpeacTaBUTh 3TOT pe3yNbTaT B HATJISIIHOM BUIE, HAPUMED, B
cpene ['MIC B Buae TeMaTH4ECKOM KapThl TEKYIEN TPOTHOZUPYEMOU MPOAYKTUBHOCTH.

WNuterpamust co cpemoit I'MC oOycrnoBnuBaeTcss HaJIWMYUEeM Te€OMPOCTPAHCTBEHHOM
MPUBS3KH B COOTBETCTBYIOMMX aTpuOyTax 0a3wl naHnHbix APEX, uTo mo3BomisieT mocie uMmopra
tabnuubl B ['MIC npoBecTd reOKOJUPOBAHUE, B PE3YNIbTATe YETO CO3JACTCS CIOW ¢ TOUCYHBIMHU
o0bekTaMu. Y ITUX OOBEKTOB MECTOIIOJIOKEHUE OIMPESSIeTCS MO KOJOHKaM «IITHUPOTay,
«IONTOTa», a OCTaJbHbIE aTpUOyTHl — pe3ynbTaTamMu MojenupoBanus. [lomyuenue
HENPEPBIBHOTO TOJISI MTPOCTPAHCTBEHHOTO PACHPEICIICHHUS OAHOTO OMPEACIEHHOT0 aTpudyTa u3
TOYCYHBIX OOBEKTOB pEaNHM3yeTcsi C MOMOIIbIO0 CTAaHIAPTHHIX (YHKIHA, BXOISIIUX B COCTaB

nporpammuoro obecrneuenuss [MC. Otu  (yHKOMM OOBIYHO UCIOJB3YIOT TOCTPOEHHUE
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TpuaHryinsauuu [lenone winm nosmroHoB TucceHa, a TakKe HHTEPIOIALUIO HA OCHOBE
MIOCTPOCHHS CETKH M3 KBaJpaTHBIX siYeeK. B pe3ynbTare HECKOJIBKHUX 3KCIIEPUMEHTOB Hanbosee
HOAXOMSIINM JUIS JAQHHOTO WCCIEAOBaHHMs oOKasajcs mnociennuit mouxxon [29]. Ilpwu
BU3YaJIM3alMU [IPOCTPAHCTBEHHOI'O PACIPEIEICHNs IPOrHO3UPYEMOHN YPOXKAMHOCTH B Ka4€CTBE
0a30BbIX CIIOEB HCIIOJIB30BAINCH CJIOW aIMHUHHCTPATUBHOIO JeneHus Poccum u rugporpadum.
Jns  mocTpoeHuss TEMaTUYECKHX KapT IIPOTHO3UPYEMOW YPOXAWHOCTH PEKOMEHAYETCS
ucnonb3oBath 10 rpagauuii ¢ mepexoloM OT KPacHbIX OTTEHKOB [yl OOJBIIOTO ypoxkas K
3€JICHBIM OTTEHKAM JUIsSl MaJIbIX YPOXKaceB.

2.2. (I)OpMI/IPOBaHHe Haﬁopon HCXOAHBIX TaHHBIX U METOAUKA PACUETOB

leorpaduueckuii daktop. Jias opraHu3amyl MacCOBBIX MNPOTHO3HBIX pPAcdyeTOB B
TEYEHHUE TEKYILEro BEreTallMOHHOro ce30Ha JUlsl Bcelt Tepputopuu Poccuiickoit @enepanuu 6bu1
co3/laH Habop 0a30BbIX TOYEK JUIsI MPOBEACHUS COOTBETCTBYIOLIMX pAacdyeTOB B MaKETHOM
pexume. M3zyuenne crarucruueckux gaHHbIx POCCTATA no yposkallHOCTU SIpOBOM MILIEHUIIBI
st cyobexToB Poccuiickoit @enepanuu 3a nepuoa ¢ 1998 mo 2015 roapl mo3BOJIMIIO BBIJAEIHUTH
69 3epHoceronMx pernoHoB Poccuu, KOTOpble M ObUIM BBIOpaHBI Ui AAJbHEUIIEro aHaIu3a.
Hanee ¢ nomourpto npuioxenus Google Maps ObIJIO NMPOBEACHO BU3YaJbHOE HCCIIEAOBAaHHE
CIYTHUKOBBIX CHUMKOB 3€MJIM C I€Jbl0 OOHApy)KeHHs U paclo3HaBaHHUs XapaKTEPHBIX
CEJIbCKOXO3SMCTBEHHBIX TEPPUTOPUN BHYTPH KaKIOro U3 3THUX cyObekTtoB P®. Bricokas
CTENEHb ACTATN3alMU CHUMKOB I103BOJISIA C JOCTaTOYHOW TOCTOBEPHOCTBIO OTCEYb JIECA, PEKH,
03€pa, HACEJIEHHBIE IYHKTHI, JOPOTU U BBIIEIUTH OTACIBHBIE PACTEHUEBOIYECKUE XO3MCTBA U
Ja)ke KOHKpeTHble moiyid. B pesympraTe BHYTpH Kaxaoro peruoHa (cyobekta P®), B
3aBHCHUMOCTH OT €ro IUIOIIAau, MPOTSKEHHOCTH, peiabeda MECTHOCTH M 3HAUMMOCTH B
IPOM3BOJICTBE SPOBOI MIIEHHUIIBI, ObUIM OTOOpaHBl OT OJHOM JI0 LIECTH NPEeACTABUTEIbHBIX
(OIOpHBIX) TOYEK Ha BO3JEJIBIBAEMBIX TEPPUTOPUAX MPOU3BOJILHO BBIOPAHHBIX XO3AHCTB U
OoTpeNieNIeHbl WX KOOPAWHATHI (pHC. 2) ¢ IENbI0 OJHO3HAYHON TeorpauuecKol MPHUBSI3KH H
CBS3M C CONYTCTBYIOIIMMH TE€MaTHUYECKUMU T'€OMH(GOPMAIMOHHBIMU pECypcaMM, TaKUMHU Kak
NOYBEHHas KapTa M Onwkaiimas MeTeocTaHuus ceTu BceemupHoil Meteoponoruyeckoit
Opranuzanuu (BMO).

B pesynbrare qist oroOpanHbIx peruoHoB P® Obuta chopmupoBan Habop, cocTOALMN U3
151 6a30Bo¥ TOUKH, KaXkaast U3 KOTOPBIX HAXOINUJIACh HA CEILCKOXO03IUCTBEHHOM IOJIE€ TOTO WITH

WHOTO CEeJIbCKOXO3AMCTBEHHOro mnpennpustuss Poccun. TeppuTopralibHOE pacnpeneseHne
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0a30BBIX TOYEK H300pakeHO Ha puc. 3. MMEHHO [UIsi 3THX TOYEK MPOBOAMIMCH MAaCCOBBIC
pacueTsl UMUTAMOHHONW Mozenu mnpoayktuBHocTh AGROTOOL c¢ uenpio (popmupoBaHus
ONEPATUBHO YTOYHSAIOLIEroCs IPOrHO3a YPOXKAMHOCTH SAPOBOM MIIEHUIBI HA TEPPUTOPHU

Poccun.

a ;I;gesmm obnaunocts - 17°C TTponomure

mapupyT

MHTepecHsle (aKTsl

Bopowexcras obnacts — cy6vext Poccuiickoin
Senepaumm, 06nacTs B UEHTPE EBPONEIACKOIA
wactu Poccuu. PaccrosHme ao Mockssr — okono
515 xm. O6pasosana 13 wrons 1934

roaa. Bukuneaua

ocTUHULLL eHox ©

Puc.3. ba3oBbie TOUKH MPOEKTa pacyeTa ONMepaTHBHO YTOUHSIOMIETOCS MTPOTHO3a
YPOXKAMHOCTH SPOBOM MIIICHUIIBI IO peruoHam Poccun

Horoaneiit dakTop. OaHONW W3 NPUHIMIHAIBHBIX MPOOJIEM, KOTOpbIe TpeOOBaIOCh

paspemuTh B paMKax JaHHOTO HCCJeNOBaHUs, SBIsSeTCS WH(OpPMALMOHHAS MOAIEpKKa
MPOBOJIUMBIX PACUETOB BXOJHOW METEOPOJOTUUECKOW wHpopManue. JledcTBUTENbHO, B

OTJIMYHUC OT HpOCTCfIIJ.IPIX arpoMCTCOpPOJIOrHICCKUX IMPOTrHO30B, JUHAMUYCCKAA MMHUTALIMOHHAA
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MOJIeTIh arpO’KOCHCTEMBI JIOBOJBHO «KANpH3HA» B IUIaHE TPEOOBAHUN K TMOJHOTE U KA4YeCTBY
BXOJ/IHBIX JJAHHBIX O MOTOJIE: JIsl MOJYyYEHUsS KOHEYHOTO pe3ysibTara He0OX0AUMO MPEIOCTaBUTh
MOJIHBIA HAOOp CYTOUHBIX JAHHBIX O TOTOJE 3a BECh IMEpPUOJ pacyeTa (Jake, €ClIM MOMEHT
yOOpKH yposkast HaxoauTcs B Oyayiem). [Ipu 3ToM, eCTECTBEHHO, pealIbHbIC CBEJICHUSI O TTOT0JIe
B JIAHHOM TOYKE €CJIM M U3BECTHBI, TO TOJIBKO I10 HACTOAIIMN MOMEHT. [JIs1 pa3pemieHusi 3Toro
NPOTHBOPEYHS M HCIIOJIB3YETCS METOIMKA OINEepaTHBHO yTOUHsIOIerocs nporuosa [36]. Ilpu
9TOM A Kaxkaoi 0a30Boil reorpaduyeckoil Touku 3apaHee (HOPMUPYIOTCS TpU CIEHApHUs
BPEMEHHOM JWHAMHUKHU CYTOUHBIX NOTOAHBIX METEOJAHHBIX HAa BeCh nepuoj Beretanuu. OHH
COOTBETCTBYIOT YCJIOBHO «XOpoIeMy» (¢ TOYKH 3pSHHUS JOCTHKUMON YPOXKAMHOCTH) CLIEHAPHUIO,
YCIIOBHO «IUJIOXOMY» M YCIIOBHO «CPEIHEMY», HUIH HanOoJiee XapaKTepHOMY BapHAHTY TOJOBOTO
xoJa moroasl. Takum 06pa3om, BMECTO aKTyaldbHBIX METEOJAHHBIX, KOTOPBIE ISl ONIEPATUBHOTO
MIPOTHO3a OKA3bIBAIOTCSA BCETJa HEMOJHBIMU, UCIIONb3YKOTCS MOJTHOCThIO U3BECTHBIE JAHHBIE U3
npouuibix peanusauuii. Ho 3Ty onopHble uiu penepHble CLIEHapUH MPEACTaBISAI0T COOO0N IHILb
OCHOBY ISl OIIEPATUBHO YTOUYHSAIOIIErocs MporHo3a. [leproanyuecku BO BCEX BapUaHTaxX pacuera
ONIOPHBIE JAHHBIC 3aMEHSIOTCS AaKTyaJIbHbIMU CYTOYHBIMU THOTOAHBIMUA METEOJaHHBIMH,
CTaHOBSIIIUMUCS M3BECTHBIMU C Te€UeHHEM (PU3MUecKoro BpeMeHU. B pesynbTaTe B KaXKIbId
MOMEHT BpPEMEHHU TIEpecyeTa OIMEPAaTHUBHO YTOYHSIOUIErOCS MPOTrHO3a IOJYy4YaeTcs, 4To 10
HACTOSIIIETO MOMEHTA UCIIOJIB3YIOTCSI aKTyalIbHbIE TTOTOHBIE METEOJaHHbIE, a OYAYIIHUE OTPE3KU
BETETALMOHHOIO NEPUOJIa UMUTHUPYIOTCS «BEEPOM» TPEX BO3MOKHBIX PEATU3ALUI, OTBEUAIOIIUX
«XOpOLIEMY», «IUIOXOMY» M «CpPEOHEMY» TOJy, COOTBETCTBEHHO. (CXeMaTH4eCKH NpoLecce

MOIMMOJIHCHUA JaHHBIX B XOA€ MPOUCAYPhI OIICPATHUBHO YTOYHSAIOLICTOCA MPOIrHO3a IIOKa3aH Ha

puc. 4.
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Puc. 4. Ilpouecc monojiHeHUsI TaHHBIX B XOJ€ MPOLEAYPhI ONEPATUBHO YTOUHSIOIIETOCS
IIPOTHO3a
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Wtak, Tpu ONMOPHBIX CHEHAPHS Pa3BUTHA «OyaylIeid MOTOIbI». YCIOBHO «XOPOIIUI»,
«IUIOXOW» U «CPEIHMI» BAPUAHTHI, — BBICTYNAIOT B POJIM CTATUCTUYECKUX IOBTOPHOCTEU B
IIPOBOAMMOM  BBIYHCIUTEIBHOM KOMIIBIOTEPHOM 3KcrnepuMeHTe. OHM IO3BOJSIOT y4ECTh
BPEMEHHYIO HEOJTHOPOJHOCTb PACIPEICIICHUs CYyTOYHBIX ITOTOAHBIX METCOJAHHBIX U HA OCHOBE
He€ IpelCcKa3aTh «BWIKY» IIPOTHO3UPYEMOW YpOXKAMHOCTH B CUTyallud INPUHLHIIAAIBHON
HEOMPeaeIEHHOCTH BXOIHBIX JaHHBIX. Takum 00pa3oMm, METeopoIornyeckoe HHHOpMaAIIHOHHOE
o0ecreyeHne OMMChIBAEMOI0 BBIUMCIUTEIBHOIO 3KCIIEPUMEHTa MpEeAroarajlo Haluyue ajs
KaX/0i 0a30BOM TOYKM KaK TpeX NpelOoNpeleNICHHbIX XapaKTepHBIX CLEHApUEB Ppa3BUTHUS
[Oro/ibl Ha BECh BErETAllMOHHBIA MEpPHOJ, TaK M MEXaHU3Ma OINEPATUBHOIO IIOJYyYEHUS
(akTHYeCKOM MOrobl U, BO3MOXHO, KPATKOCPOYHOT'O CHHONTHYECKOTO IIPOTHO3a.

Jns 3Tux neneit Obutn 3azneiicTBoBaHbl MIHTEpHET-pecypcsl U cepBHchl. Tak, mpoueaypa
(bopMHpOBaHUS MPENONPENEIEHHBIX «OMOPHBIX» CLIEHAPHEB IOTOJbl COCTOSUIA U3 CIEAYIOIIUX
stanoB. [Ipexne Bcero Ha caiite Enunoro Unrepuer-noprana POCCTAT 6buia ocyiecTsiieHa
BBIOOpKA JIAHHBIX 10 YPOXXAWHOCTH SIPOBOM MIIEHUIIBI (B pacyeTe Ha yOpaHHYIO TUIOMIAAb) IS
Bcex cyObekToB Poccuiickoit @enepannu 3a nepuog ¢ 1998 mo 2015 roast. Ilpoananusuponas
NOJYyYEeHHBbIE JaHHbIE 3a JTOT MEPHOA, AJSA KaXKAOro M3 69 aHanu3upyeMblx CyOBEKTOB
Poccuiickoit ®enepanuu Obuln BbIOpaHbl MO TPU TOAa C MHUHUMAIbHBIM, CPEIHUM U
MaKCHMaJbHBIM IOKa3aTeNsIMU ypoxailHocTu. VIMEHHO 3TH ce30HBI ObUIM B3ATHl B KauyecTBE
OTIOPHBIX (PEMEePHBIX) JIET sl COCTABICHUS «IUIOXOT0», «CPEIHEro» M «XOPOIIEro» ClieHapueB
pa3BUTHs TIOTOJBI B COOTBETCTBYIOIIMX PpEruoHax. BXOAHBIMHM METEOpPOJIOTHYECKUMU
XapakTepucTukamu, ucnoib3zyeMbiMu B Mojaenmu AGROTOOL, sBAstOTCS CyTOYHBIE BETUYHHBI
MUHUMQJIBHOW ¥ MaKCUMaJIbHOW TeMIlepaTypbl BO3ayXa, OCaAKOB u oOmayHoctu. Jlis
NOJy4YeHUs1 (PaKTUYECKHX apXMBHBIX MAacCHBOB JaHHBIX O MOTOJI€ B BHIOpAHHBIC CE30HBI HAMU
UCIIONB30BAINCh  IHTEpHET-pecypchl  OTKpBHITOro  JocTyna  Bcepoccuickoro  HaydHo-
HCCJIEIOBATENILCKOTO UHCTUTYTA THAPOMETEOPOTIOrndeckoi nHpopmauu — MupoBoro LeHTpa
nauabix (BHUUTMU-MIL) [37] u OO0 «Pacnucanue ITorogs» [38]. Jlias kakaoro pernoHa
[0 TEPPUTOPUATBHOMY MPHUHIMITY ONpeaessuiach ommkaimas Mereoctanuus cetu BMO. Ecnu
ceppuc BHUUI'MU-MIIJ] conepxan apXuWBHYIO HMH(POPMALHUIO C O3TOM CTaHUIUH, TO
dbopMupoBacs 3ampoc Ha BHIOOPKY MOTOJHBIX METEOJAHHBIX 3a HYXXHBIE OIOPHBIE TOJIBI.
[Tockoneky cepuc BHUUIMU-MIIJ] pacrionaraer apxuBHON uHGMOpMaIeii HE MO BCEM

METEOCTaHIUAM, a TaK)Ke MpeAoCcTaBIeHHas HHPopMaIus He Bcerja Oblja HCUYepIbIBAIOICH, TO
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JOMONTHUTENBHO ObLT 3ajeiicTBoBan cepBuc OO0 «Pacnmcanue Ilorogsr». Crenuduka 3T0oro
pecypca 3akioyaeTcs B TOM, 4YTO OH (YHKIMOHUpYeT, HaumHas ¢ koHma 2004 roma w,
COOTBETCTBEHHO, UMEET B CBOEM PACHOPSIKEHUHN apXUBHYIO MH(YOPMAIIMIO MO KaXXAOH CTaHIIUU
He Oosiee, ueM 15-metHeil naBHOcTH. He3aBHUCHMO OT MCTOYHHKA IMOJYYEHUS HCTOPUUYECKHUX
JAHHBIX O (DAaKTUYECKOI MOoro/e AJs MPHUBEICHHs CKauaHHBIX (aillloB METEOJaHHBIX K Gopmary
BxoaHbIX naHHBIX AGROTOOL u cepuanu3anuu STHX ClieHapueB B 0a3e MaHHBIX CHCTEMBI
APEX mnotpeboBanoch HamMcaHue W MPUMEHEHHE CIENHaIbHOW MPOrPaMMHOM YTUIUTBI —
napcepa u rnpeodpaszoparens GopMaTOB METEOPOIIOTMUECKUX JAHHBIX.

Takum o0Opa3om, JUIsi KaKJO0TO PErMoHa, YYacTBYIOIIETO B MPOEKTE, OBLIM OTOOpaHBI OT
OTHOW 70 TpeX METEOCTAaHIMH W C IOMOMIBI0 apXWBOB NOATroTOBiIEHBI 207 (daiiaoB ¢
(baKkTUYEeCKUMU TIOTOJHBIMU JaHHBIMHA 33 OIOPHBIE TOJIbI, KOTOpPbIE BIOCIEACTBUU OBLIU
WCIIOJIb30BaHbl B KayeCTBE AJIbTEPHATHUBHBIX CLIEHAPUEB Pa3BUTHS IOrOJbl 32 OCTaBLIMMCS
Oyyluili NpOMEKYTOK I€pHO/ia BEreTaluu.

[Ipouenypa mnomnojsHEHUs MAaHHBIX O (PAKTUUECKOM TOroie M KpaTKOBPEMEHHOM
CHHONTHYECKOM TIPOTHO3€ JJIs KaXJoW O0a30BOM TOYKM 3aKiioyasack B OOpalleHHH K
BblJIeIeHHOMY WHTepHeT-cepBucy. Hamu Juist 3TOH 1ienu Mcmolib30Baicsl crienuanbHblii Web-
CepBHUC, peann3oBaHHbIM B pamkax WurepHer-mpoekta «lloms Poccum», paspabarbiBaeMoro
MOCKOBCKOW kommanuer jtSoft [39]. OmHUM U3 TEXHHUYECKHX COCTaBISIONIMX 3TOTO MPOEKTa
(monpobHee oH OyzeT omMcaH HUXKE) sABJIseTCs 0a3a AaHHBIX TEKYIIMX MOTOIHBIX pealn3anuit
JUIl TOCTaTOYHO 4YacTOW perysipHOM ceTku reorpauyeckux Todek Ha Tepputopuu Poccun,
NepUOANYECKHU IMOMONHseMasl IMyTeM IMaKEeTHbIX 3allpoCcoB K IUIATHBIM CEpBUCaM IopTalia

www.worldweatheronline.com [40]. TexHuYecKH TPOLECC «OCBEXKCHHS» JAaHHBIX 00

aKTyaJbHOH TMOroje 3akimouaics B cleayioleM. B nHBapuaHTHOM reouH(OpMAIMOHHOM
noMeHe 6a3bl gaHHbIX cpeasl APEX s kaxmolt 0a30BOM TOUKM XpaHUTCS 4YeThIpe Habopa
MOTOJIHBIX CLIEHAPHEB: TIOJHbIE HAOOPHI 3aMKCel CYTOYHBIX METEOPOJIOTHUYECKUX XapaKTePUCTHK
JUISL YCIIOBHO «XOPOLIETO», «IUIOXOI0» M «CPEOHEro» TOAd, a TAKXKE aKTyallbHas Ioroja Io
TeKylmel mgatel pacueta. B «MozpenecnenuuUHbIX» TabiuIax IMOTOAHOrO  ¢akrTopa,
UCIIOJIB3YEMBIX ~ HEIMOCPEACTBEHHO  JUIi  MOJEIBHBIX  pacdy€roB, XpaHUTCS  IIOroja,
CKOMOMHHMpOBAHHAsI U3 aKTyaJIbHON MOTO/bI, TPOrHO3a, KOTOPBIM Takke MOKET ObITh MOJIyUEH C
IIOTOTHOTO CEpBEpa Ha HECKOJIBKO JHEH BIIEPEN, M HEJOCTAIOLAs MOT0Ma, B3SATas U3 ONOPHBIX

roJI0B-aHajoroB. [lepe s BBIMOIHEHHEM OYEpETHOTO pacyeTa OIepaTHBHOTO MPOTHO3a (B paMKax
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HACTOSALIETO UCCIIEN0BAaHUS IOJOOHBIM MEPECUET BBINOJHSICS MPUMEPHO JIBa pa3a B HEAEIIO)
MPOU3BOJIATCS ABTOMATHU3MPOBAHHBIC TPOIEAYPHl TIOMONHEHUS TMOTOoAbl (OOpaleHne K
BbIJIEJICHHOMY UH()OPMAIIMIOHHOMY CEPBHCY U IONMUCHIBAHUE HOBOW MOPLUHU aKTyalbHOM MOTObI
B COOTBETCTBYIOUIME WHBAapHAHTHbIC TAOJIHUIIbI) U MepeOpPMUPOBAHUS PACUETHBIX CLIEHAPHEB
(cmmmBaHue (PAKTUYECKOW TOTOJBI, TOTYYSHHOTO MPOTHO3a M BapUAHTOB OYAYIICH MOTOMBI U3
rojioB-aHajgoron). [Ipu 3ToM ¢ Te4eHHEM BpPEMEHH B JAHHBIX, UCIOIb3YEMBIX IJISI MOJEIbHBIX
pacy€ToB, CYyTOUYHBIX [TOTOJHBIX METEOJAHHBIX, B3AThIX U3 ONOPHBIX CLIEHAPUEB, CTAHOBUTCS BCE
MEHBIIIE, U pa30poc MOyuyaeMbIX Pe3yIbTaTOB YMEHbBIIIACTCS.

IlouBenunlti  dakrop. B  kadecTBe €QMHCTBEHHOIO  MCTOYHMKA  JAHHBIX O

XapaKTEepUCTUKAX  IMOYBEHHOIrO  TIOKpPOBAa I  PACYETHBIX  TOYEK  HMCIOJIb30BaIACh
reonHpopmanonHas 0a3a naHHbiX (BJl) mo mouBam Poccuiickoit ®deneparnuu, co3mgaHHAS
cnenuanvucramu [louseHHoro uHCTUTYTa UM. JloKyuaeBa M omyOnukoBaHHass MUHUCTEPCTBOM
cenbckoro xossiictea Poccnn Ha nopraiie Enmnoro I'ocynmapctBenHoro Peectpa IlouBeHHBIX
PecypcoB Poccun (ET'PITP) [41] B BHie HHTEpAKTHBHOM KapThl. DTa KapTa NpeACTaBisieT co0oi
Habop reorpaduueckux KOHTYPOB, MOKPHIBAIOIINX BCIO TeppUTOpui0 PD, kaxablii U3 KOTOPBIX
NpUBS3aH UACHTU(DUKATOPOM K OAHOM U3 BblAENEHHBIX 205 MOYBEHHBIX PA3HOCTEH COTIACHO
ucTopuuecku cioxkupiueiicss B Poccun xomudukanuu nous [42, 43]. Kpome toro, B/] mous
EI'PIIP conmepUT CEMaHTHYECKYK) 4YacTh, BKJIOYAOIIYI0 JAUArHOCTUKY W OIKMCAHUE I10YB,
KOTOpBIE PEaNu3yIOTCsl Yepe3 Ha3BaHHWE TOYB U XapaKTEPUCTUKU OOBEKTOB: «[ OpHU3OHT >
[Tpoduney, a Takxke CBEAEHHUS O pe3yabTaTax 0OpaOOTKH JAHHBIX MHOTOYUCIICHHBIX MOJEBBIX
AKCIIEPUMEHTOB (ITOYBEHHBIX Pa3pe30B), BHIMIOJHEHHBIX B Pa3HOE BPeMs B COOTBETCTBYIOIIMX
koHTypax. K coxanenuro, qaHusie nocieanero tuma, npencrasiennsie B b/ EI'PIIP, o6namarot
Caboil CTPYKTYpUPOBAHHOCTHIO, HEMOIHOTON, BHYTPEHHEH MPOTUBOPEUYUBOCTHIO U HE OBLIH
MOJIBEPTHYTHI JIaXKe caMOil MepBUYHON 00paboTKe (B YACTHOCTH, BEJIMUMHBI OJHOM MPUPOIBI U3
Pa3HBIX AKCIIEPUMEHTOB JIa)K€ HE MPHUBEACHBI K €IWHON pa3MepHOCTH). X HemocpeacTBeHHOe
WCIIOJIB30BAHUE JIJII HAYYHBIX M MPAKTUYECKUX IEJIeH HE MPOCTO 3aTPYIHEHO, HO (HaKTUIECKU
HEBO3MOXKHO. [losTOMy MBI ObUIM BBIHYXKICHBI B HAaIlleM MPOEKTE OPUEHTUPOBATHCS HE Ha
JTaHHbIe (PaKTUUECKUX IKCIIEPUMEHTOB, a Ha cojJiepKamuecs B cemantudeckoit yactu b/l ET'PITP
CBEJICHUSI O XApPAKTEPHBIX CPEIHHUX IMOKA3aTeNsIX KaXJOW MOYBEHHOM PA3HOCTH, XOTS U ITH
ceenenus npeactasieHsl B BJ[ EI'PIIP B kpaiiHe HeynoOHOM, HECTPYKTYPHPOBAaHHOM U

pa3po3HeHHOM Buje. Vx mepeBoj B ¢opMat, MpUTOIHBINA ISl UCTIONB30BAHUS B OMHKCHIBAEMOM
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BBIUMCIUTEIBHOM JKCIEPUMEHTE, OKa3ajCsl HCKIIOYUTENIBHO TPYAOEMKOM IpOLELypOH,
cocroAlIel u3 cieayronux tanoB. CHavana gaHHbie 0 BceM 205 MOYBEHHBIM pa3HOCTSAM ObLTH
BPYYHYIO IIEPEHECEHbI B €MHYIO JIEKTPOHHYIO TaOJIUIy, COJAEpKallyl0 MUHUMaJIbHbIM HaOop
ONpENeNAIOIUX XAPAaKTEPUCTUK (IPaHYJIOMETPUYECKUH COCTaB, IUIOTHOCTb, COJEpIKaHUE
OpPraHWYECKOI0 BEIIECTBA U T.J.) C MPUBSA3KON K COOTBETCTBYIONICH riyOuHE ciosi moYBbI. st
JanbHeWIel paboThl ¢ MOMy4eHHON Tabnuuel Oblia pa3paboTaHa clienuanbHas IporpaMMHas
YTHIINTA, B KOTOPOH MOCJIEI0BATEIBHO BBIITOJIHINCH CIEAYIOLIUE ONIEpaLin:

J HckmroueHre U3 paccCMOTpPEHUs BEPXHHUX CJIOEB pacTUTEIbHOro omaja (B 0ase
nanHbix EI'PIIP comepskaTtcst cBefieHHsI O MPUPOIHBIX (JIECHBIX, JTYTOBBIX U T.J.) MOYBAX, B TO
BpeMs KakK JUIsl CEJIbCKOXO3AWCTBEHHBIX II0YB CJIOM €CTECTBEHHOIO OMNaja IPaKTUYECKU
OTCYTCTBYET).

o Ilepepacuer XapakTEpUCTHUK TI'PAHYIOMETPUYECKOIO COCTaBa OT IPOLIEHTHOIO
COJIep’KaHus YacTHULl IO pa3MepaM K NMPOLIEHTHOMY COJIEPKaHUIO M1€CKa, TJIMHBI U WIIa.

. [Tepepacuer npoduiisd XapakTEpUCTUK (MHTEPHOJISALMS 3HAYCHUH, BBEICHHBIX IS
IIPOU3BOJILHBIX CIIOEB, K PETYJISIPHBIM IIyOHHaM ¢ marom 10 cm).

. OOpamenne K BHeEImHEW mporpamMmHoi yrwiute Rosetta [44], B KoTopoi
peanu3oBaH  (QYHKIMOHAN MENOTpaHCPEpHbIX (QYHKIUHA —  BBIYMCIEHUS  OCHOBHBIX
THJIPOJIOTMYECKUX KOHCTAHT MOYBbI (MUHMMAJIbHAs TMTPOCKONMUYHOCTD, BIAKHOCTh 3aBSJaHUS,
1ojeBasl BJIaroeMKOCTb, OOIIas MHOPUCTOCTb) IO HEMOJHBIM M KOCBEHHBIM JIaHHBIM
(rpaHynoMeTpUYECKUN COCTaB, TUI MOYBBI U T.A.). Mbl Oarogapum cosgaTesiell IporpaMMbl
Rosetta 3a kOHCynbTallMM M TPEJOCTABICHHYIO BO3MOXKHOCTH HCIIOJIb30BaTh PACIIMPEHHBIN
pOTrpaMMHBINH nHTep(eiic 3Toi cBOOOIHO pacnpocTpaHsieMoi OMOIMOTEKH [T OCYIIECTBICHUS
COOTBETCTBYIOILIUX PACYETOB B IAKETHOM PEXHUME.

. Boruucnenue crenuguuecKkux MOYBEHHBIX T'MIPOPU3NYECKUX XapaKTEPUCTHK
(ko3¢ GUIMEHTHl B amnmnpoKCUMAllMM KpPUBOM BOJOYyIEpKUBaHMS (QyHKIMEH XaBepkamia u
KOA(P(UIMEHT TUIPABINYECKOW MPOBOAUMOCTH), KOTOpbIE HCIIOIB3YIOTCS JUIsl ONUCAHUS
BOJIHOT'O TpaHcrnopTa U pexxuma rmoussl B Mmojenn AGROTOOL.

J 3anuch MOTYYEHHBIX CBEICHUN B 0a3y JaHHBIX CPE/bl MOJIMBAPUAHTHOTO aHAIN3a
APEX kak WHBapuaHTHBIX TaONMIl XapakTepHBIX MapaMeTpoB 205 NOYBEHHBIX pPa3HOCTEH
COIJIACHO POCCUHCKOM CUCTEME KITacCU(UKAIIH.

. Co3ganue A KaXIOW BKJIIOYEHHOW B TMPOEKT 0a30BOM TOUKM YHUKAIBHOM
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rpagauuu (akropa «mmousay ais mogaenu AGROTOOL u ycraHoBieHHE ee JIOTHYEeCKO CBS3U C
COOTBETCTBYIOIICH  «OIOPHOM»  IIOYBEHHOM  Pa3HOCTBIO  IIOCPEACTBOM  CHELHUAIBHOU
«pacmuBOYHOM» TabmuIel reg geoSoil apexSoil (cm. puc. 1). Jlng ycraHoBiaeHUs 1OI00HON
CBSI3U HCIOJIb30BaNCA (aKT HAaXOXJEHHUs TOYKU C JAaHHBIMM KOOpJMHATaMU B TOM WJIM MHOM
pPErvoHe 110 AJAaHHBIM O IIPOCTPaHCTBEHHOM npuBsiske u3 EI'PIIP.

q)aKTODI)I KYJIBTYPbI M TEXHOJIOI'MH. HpOGKT OIIMChIBAEMOI'0  BBIYHMCIHNTCIBHOI'O

JKCIIEPUMEHTA IIPEIIOJAaracT BbIIIOJHEHUE pPAacueToB I TEeppUTOpUHM Bceil Poccuiickoi
@enepanun. EctecTBeHHO, mpu 3TOM HAOIIOAAETCS CYIIECTBEHHAs BapUalMs IOYBEHHO-
KJIMMATHYECKUX YCIOBHM BO3JEJBIBAHUS CEIIbCKOXO3AMCTBEHHBIX KYIbBTYp, 4YTO, B CBOIO
odepeb, NMPUBOJUT K CEPbE3HBIM pa3JIMYMAM B arpOHOMHYECKON IIPAKTUKE BBIPAIIMBAHUSA
OJHOW W TOW ke KyJlbTypbl B pa3HbIX permoHax P®. Takum oOpa3om, A ajeKBaTHOCTU
HOJy4aeMbIX pe3ysbTaTOB MpPU pacueTe MPOAYKIMOHHOIO Ipolecca JUlsi KOHKpeTHOH 6a30Boi
TOYKH HEOOXOJIUM YYET JIOKATbHO-CIIENU(PUIECKUX OCOOCHHOCTE! a/IeKBATHO PAfOHUPOBAHHOTO
COpTa U MPUMEHSAEMOMN arpOTEXHOJIOTHH.

CoproBass ajanTanus SpoBOM MIUEHUIBI K PETHOHY BBIPAIMBAHHUA B paMKax
OIMCBIBAEMOI0 MKCCIIEIOBAHUs YYMTHIBAJIACH IIyTEM BBEICHHS B PAaCCMOTPEHHUE YCIOBHBIX
Pa3HOBUJAHOCTEH HJIU IICEBIO-COPTOB, KOTOPBIE OTINYAINCH 3HAYEHUSMH YHCIIOBBIX [TapaMETPOB
MOJEJIBHOIO  MPEACTABIECHUS  KYJbTYpbl, OTBEYAOMMX 33 €€  CKOPOCIEIOCTh U
3acyxoycTtoiiunBocTh. Iy Kaxxaoro ¢akropa ObUIO MPUHATO PEHIEHHWE OTPAaHUYUTHCS ABYMS
rpajalivsiMH, TO €CTh BCETO UCIIOIb30BAIOCH YETHIPE PA3HOBUIHOCTH

. VYCIIOBHBI MHTEHCHBHBIM COPT LIEHTPAIbHOM celeKUuu (C1abo pe3ucTeHTHas K
3acyxe CKopocnenas MIIeHUIA).

. VY ClI0BHBIN MHTEHCUBHBIA COPT I0XKHOM celeKkiuu (c1ado pe3sucTeHTHas K 3acyxe
NO3JHECIIENas! MILIEHUIA).

. VYCHOBHBIN 3aCyXOyCTOMYMBBIA COPT LEHTPAJIBHOM celleKuMM (yCcToH4MBas K
3acyxe CKopocIienas MIIeHuIa).

. VYClIoBHBIN 3aCyXOYCTOWYMBBIN COPT FOKHOW ceneKiuu (ycToWdMBasg K 3acyxe
MO3THEeCTIeNIas MIICHUIIA).

MoOXHO 3aMeTHTh, 4YTO BBEJIEHHE B PACCMOTPEHHE TMOJOOHBIX YCIOBHBIX WU
BUPTYQJIbHBIX  PAa3HOBUJIHOCTEH  IPEIACTABICHUSA  CEIbCKOXO3SMCTBEHHBIX  KYIbTYp B

MaTeMaTHYeCKOM MOACIN IIOJJHOCTBIO OTBCYACT KOHICIIHWKU TaK Ha3bIBACMbIX udeomunoe,
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KOTOpasi B HACTOAIIEE BPEMsl AKTHUBHO HCIIOJIB3YETCS B KOMIBIOTEPU3UPOBAHHBIX CHCTEMAX
HOJJICPKKH PELICHUi B cenekuuu [45].

AHanoruuHeIM 00pa3oM ObUIM BbIJIETIEHBI HECKOJIBKO XapaKTEPHBIX OMUCAHUMN JIOKATbHO
aJalTUPOBAHHBIX arpOTEXHOJIOTUH, XapaKTePHBIX ISl KOHKPETHBIX MOYBEHHO-KIMMATHYECKHX
30H. [Ipy 3TOM NpUHUMOUATBHBIM OTJIMYMEM OJHOM MOJEJIBHOW TEXHOJIOTHH OT APYrou
BBICTYIAJIM CPOKHU CEBa SPOBOM MIEHUIBI. B pamkax mpoekra Juisi 3aaHus JaThl ceBa ObLIN
YCIIOBHO BBIJICTICHBI 9 TEXHOJIOTH, KOTOpPHIE MO3BOJIAIOT OXBAaTUTh BapHaHThl OT CaMOTO
paHHero A0 MO3JHEro ceBa. B Hamiem mpoekTe 3TH JaThl BappUpPYIOTCA B HUHTepBasie oT 10
arpens 10 1 uroHs.

Takum o0pa3om, cTpykTypa pacdyetHoro mpoekra aiasi APEX okasanack npencraBieHa
151 6a30Boii Toukoi. Kaxnas Touka uMmeer reorpaduyeckyro MpuBS3KY U OJHO3HAYHO CBSI3aHA C
rpaganusamMu GaxTopa «ouBa» (COAEPKUT yKas3aTellb Ha CBOIO MOYBEHHYIO Pa3HOCTh), (pakTopa
«KyITbTypa» (COOTBETCTBYIONIUI HCOTHUII MIIECHUIIBI) U (HAKTOPA «TEXHOJIOTH (YCIIOBHAS J1aTa
ceBa). COOTBETCTBHE JTHX «CIEIUICHHBIX» (DaKTOPOB pacyeTa MpuBeneHo B Tabmuie 1. B
KauyecTBE MOBTOPHOCTEN pacyeTa Uil KaKI0W KOHKPETHOW TOYKU MCTOJIB3YIOTCS TPU BapuaHTa
MaccuBa TIOTOJIHBIX JaHHBIX, BBHIOpAaHHBIE B KauecTBE OMOPHBIX CIICHAPUEB Pa3BUTHUS
MeTeoyciioBuil. TakuM 00pazoM, €AMHUYHBIM pacyeT MPOEKTa COCTOUT U3 MOCJIEeI0BATEIILHOTO

nporona mojenu B APEX o 453 cuenapusm.

Ta6n1/1ua 1. HepequL PaCUYCTHBIX BAPUAHTOB B KOMIIBIOTCPHOM 3KCIICPUMCHTC

Homep ara ceBa
TOUKH HIupora | loarora Peruon (HOpMATHE) Hpeotun KyabTypbl
1 50.826 37626 benroponckas 15.04 [Muennna_3acyxoycToitunBas
o0macTp _FO)KHAs
2 | 52096 | 33262 | Bpsmckas oGnacts 15.04 Ternua_3acyxoycToiHpas
_ceBepHast
3 56.045 40.498 Bramavipeias 1.05 [lmennnia MTHTEHCUBHAs CEBEpHAs
o0racTpb - -
4 50.781 40 144 Boponexckas 15.04 [Mimenuia_3acyxoycToitumBas
001acTh __FOJKHast
5 51552 39423 Boponexckas 15.04 [Muennna_3acyxoycToitunBas
o0racTpb _FO)KHAs
6 49 674 40 461 Boponexckas 15.04 [Mimenuia_3acyxoycToitumBas
001acTh _FOJKHast
7 56.932 41.453 | MBaHoBcKas 00J1acTh 1.05 [TieHnila MHTEHCUBHAS CEBEpHAs
8 54.272 35.238 | Kamyxckas 00nacth 1.05 [TieHnila MHTEHCUBHAS CEBEpHAs
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Homep Hdara ceBa
TOUKH Iupora | losarora Peruon (HopMaTHB) HNpeotun KyIbTypbl
44 46.41 44.872 Pecrry6Ommka 10.04 [Tenuna 3acyxoycroiuuBas
Kanmpixus _I0’KHas
45 45.459 39.248 Kpaci(;i;pmﬂn 10.04 [Mrenuiia MHTEHCHUBHAS _FOXKHAS
46 44.825 39.741 Kpaci(;)z;;pcxﬂn 10.04 [Tmenuia MTHTEHCUBHAS _FOYKHAS
47 | 46191 | 39.051 Kpac‘;‘;iaﬁp‘“‘““ 10.04 ITIICHAA HHTCHCHBHASL _OKHAS
144 47.665 | 135.133 | XabapoBckwuii Kpaii 1.05 [lmennnia MHTEHCUBHAS _IOXKHAs
145 48.407 135.32 XabapoBCKuit Kpaii 1.05 [lmennia MHTEHCUBHAS _IOXKHAS
146 47.305 | 134.286 | XabapoBckwuii Kpaii 1.05 [limennnia MHTEHCUBHAS _IOXKHAs
147 46.781 | 134.225 | XabGapoBckwuii kpait 1.05 [lmennia MHTEHCUBHAS _IOXKHAS
148 51.029 | 128.834 | Awmypckas obnacTb 1.05 [lmennia MHTEHCUBHAS _IOXKHAS
149 49.202 | 130.203 | Awmypckas obmacTb 1.05 [limennnia MHTEHCUBHAS _IOXKHAs
150 49.679 | 128.295 | Awmypckas 061acTb 1.05 [lmennia MHTEHCUBHAS _IOXKHAS
151 48.675 | 132.991 Espeiickas AO 1.05 [limennnia MHTEHCUBHAS _IOXKHAs

3. Pe3yabTaThl U 00CyKI1eHUE

[IpencraBnenHbIil MeTox ObLT apoOUPOBaH Ha MpUMEpE BereTannoHHoro nepuona 2017
roja Juis spoBoii mieHuIbl B cpene APEX cormacHo oOrieit MeToanke, U3IoKeHHOW B [46].
MonenupoBanue npoBoauiiochk B 151 6a30Boil Touke, Kak OMUCAHO B MpebIayIIeM pasjene. B
X0Jie arpoOayy MOJIHBIM NepecyeT MPOrHO3UPYEMON YPOXKAIHOCTH B 3TUX TOYKAX MOBTOPSUICS
Kaxable 3-4 1OHA C y4yeTOM HOBOW 4YacTH (DAaKTHUECKMX METEOPOJIOrMYECKHX JaHHBIX U
BO300HOBJIEHHOTO KPAaTKOCPOYHOTO MPOTrHO3a MOro/bl. BXoJHBIE METEOPOIOruYecKre JAaHHbIE
JI0 KOHIIa BETreTallMOHHOTO MepHoAa ObUIM CHHTE3WPOBAHBI MYTEM IOJCTAHOBKU 3HAUYEHUH U3
TECTOBBIX CIICHAPUEB IMOTO/bI, OOPa3yIOIIUX MY4YOK TpaeKTOpui i Oynymiend JTuHAMUKU
MIOCEBOB, Kak omucaHo Bblme. Kaxaplii Takoil MporHo3 uyepe3 orepanuy 3KCIopTa/uMIopra
nepenocwics B cpeny [UC. Ilpu stom k kaxkaod 0a30Boi TOuke M00aBISUTHCH aTpHOYTHI,
cozepaKalie JaTy O4EepEeIHOrO IMPOrHo3a U COOTBETCTBYIOLIYIO YPOXKaWHOCTh. [laee B cpene
'MC 1o 3HaueHuro aTpubyra  YpOXKAWHOCTHM  CTPOWJIACh  TeMaTHYeCKas  KapTa
IIPOCTPAHCTBEHHOT'O PACIIPEACIICHNS] YPOKAWHOCTH B BUJIE PAcTpa, B KAXKIOW sYEHKE KOTOPOTO
YPOKalHOCTh pacCUUTHIBAJIACh MyTEM WHTEPIOJISAIMM 3HAYEHUI coceIHUX 0a30BbIX TOUeK. T.K.
Takasi mpolenypa MoBTOpsIack Kaxkable 3-4 HSA, TO B KOHIE anmpoOanuu ObLI MOJy4eH Habop

TEMaTHYECKUX KapT Ha KaXIyl0 JaTy HporHo3a. B pesynbrare, B 4acTHOCTH, MOSBHIIACH
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BO3MOXXHOCTh CJIEJIaTh M3 COOTBETCTBYIOMIMX H300pakeHUd QMIbM, B KOTOPOM KaJlpamMu
SABIISIJINCH TEMATHUYCCKUC KapTLI, HOCTpOCHHBIe B IIOCJIICAOBATCIIBHBIC MOMCHTHI HpOFHO3OB.
Takoli uiibM SIBISETCS OYECHb HATJISTHOM JEMOHCTpaIMeld JTUHAMUKH U3MEHEHHS IPOTHO30B
YPOXKalHHOCTH.

N30pannble pe3ynbTaThl anmpodaiuy mpeICTaBICHBI Ha PUC. 5.
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Puc. 5. /luHamuyecku CKOPPEKTUPOBAHHBIN ITPOTHO3 YPOKAWHOCTH SIPOBOM MILIEHULIBI B CE30HE
Beretanuu B 2017 Toay /1711 KOHKPETHOTO MECTOIOJIOKEHUS (JIeBasi 4acTh) M B MaciTade
Poccumn (mpaBast 4acTh, cpeHIe 3HAUCHUs). 3eIeHbIe TPEYTOIbHUKH — 0a30BbIe TOUKU

MokHO BHIIETh, 4YTO TpejjiaraeMas METOAUKa IEHCTBUTEIHLHO II03BOJIAECT OIICHUTH

MEPCIEeKTUBBl ypOKas B pEalbHOM BPEMEHHM KaK BO BPEMEHHOM, TaK M reorpa@uueckom
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acrekTax. MeToJl MO3BOJISIET aHATU3UPOBATH HBOJIIOIHUIO OKHMJIAHUM OTHOCHUTENHHO Oymyiiei
JIOXOJTHOCTH B TE€UEHHUE BEreTAIlMOHHOTO Neprojia (T. €. JAJi pa3HbIX JaT MPOrHO3UPOBAHUS) JIs
BceX 0a30BBIX TOYEK BMECTE (TeMaTUyecKas KapTa CpeIHEro ypoxkas B IPaBOM 4acTH PUCYHKA)
wiu, Oonee MOAPOOHO, TUHAMHUKY MPOTHO3UPYEMON CpelHEW YpOxKalHOCTH, TOBEPUTEIbHBIN
UHTEPBAI YPOXKAMHOCTH Ui JFOOOH KOHKPETHOH 0a30BOM TOYKH (B JICBOW YacTH PHUCYHKA
npejacTaBieH rpaduk s 6a3oBoi Touku B OpeHOyprekoii 061actu).

Pasymeercs, mnpennaraemasi METOAMKAa JUHAMUYECKH CKOPPEKTHPOBAHHOIO IPOTHO3a
MPOAYKTUBHOCTH B paMKax JOJITOCPOYHOTO YHCIECHHOTO 3KCIEpUMEHTa TpeOyeT BPEMEHHBIX U
BBIYMCIIUTENBHBIX PEeCypcoB. B To ke BpeMs mHpUMEHEHHE IWHAMHYECKOW MOJENH YpoxKas
BMECTO YIPOIIEHHBIX PErPECCHOHHBIX MOJENECH TOJDKHO 3HAYMTENbHO MOBBICHUTH TOYHOCTH U
YBEPEHHOCTh IPOrHO3a. MOKHO 3aKIHOYUTh, YTO ONMCAHHOE UCCIEI0BAHUE TIOJIHOCTHIO JIEKUT B
pycie HaMETHBIIEWCS TEHISHIMH IO CYIIECTBEHHOMY PACIIMPEHHUIO TPATUIMOHHON cdepbl
NPUMEHEHUS  «OJIHOTOUYEYHBIX» JMHAMHUYECKHUX  MOJEJeH  MPOAYKIIMOHHOTO  Ipolecca
CEIbCKOXO03SHUCTBEHHBIX IMOCEBOB, @ UMEHHO — K HMX HCIIOJIb30BAHUIO B IMPOEKTaX OO0JIBIIOTO
BPEMEHHOTO U MPOCTPAHCTBEHHOTO Maciitaba [22]. [lepeunciumM KOPOTKO HEKOTOPhIE BBI3OBBI U
HaIlpaBJIE€HUs NIEPCIEKTUBHBIX UCCIIEIOBAHUM B 3TOM HaIlpaBJICHUHU.

1. OmHolt W3 BaXHBIX YEPT COBPEMEHHBIX CHCTEM AaBTOMATH3AlMH KOMITHIOTEPHOTO
AKCIIEPUMEHTa, TMOAO0OHBIX omucaHHON Bbime cpeae APEX, BbicTymaer BO3MOXHOCTb
WHTETpAllMM C HUMU MO €AUHOM CXEMe MPOU3BOJIBHBIX MOJENEe M3 paccMaTpuBaeMoin
npenMeTHoi obmactu. Takum o00pazom, Hapsoy C «IIOJUBAPUAHTHOCTHIO», OHHU MOTYT
MOJJIEPKUBATh U «IIOJIMMOJIETTLHOCTE» pacdeToB. [IpeacraBisieTcss KpailHE HMHTEPECHBIM
OCYIIECTBIISITh MHOXECTBEHHBIE ITPOTHO3HBIE PpPAaCyeThl MPOJAYKTHBHOCTH I KPYITHBIX
TEPPUTOPUH, OPUEHTHPYSACh HE HA EAMHCTBEHHYIO MOJIelbh TMPOAYKTUBHOCTH (KOTOpas
XapaKkTepusyercs crnennpuueckuM XapakTepoM ydeTa WM HeydeTa pa3indHbIX (DakTopoB), a
OJIHOBPEMEHHO Ha HECKOJIbKO aJbTEPHATHUBHBIX MOJENECH OT pPa3HbIX KOJUICKTHBOB
pazpabotunkoB. Hampumep, momoOHBIE aHcaMOJEBbIE pacyeThl € KOMIUIEKCHPOBAHUEM
MOJIYYCHHBIX PE3yJIbTaTOB IIUPOKO HCIIOJIB3YIOTCS B TeOpeTHdeckoi kiaumaronoruu [47]. Ipu
ATOM JaHHbIE peaHalin3a MOKa3bIBAIOT, YTO TOYHOCTh MPEACKA3aHUS «KOJUIEKTUBHBIM Pa3yMOM)
B II€JIOM IOYTH BCET/1a OKA3bIBAETCSA BBIIIE, YEM JIJI CAMOM JIydIIed OTAEIbHON MOJIETH.

2. IMognepxka MPUHATHS TEXHOJOTUYECKUX PEIICHUN SIBIISICTCA Aake OoJiee 3HAYUMOI

HEIbI0 CO3/JaHMs TPHUKIAJHBIX MOJENeH, HeXelnu TporHo3. Takum oOpa3oMm, €CTECTBEHHBIM
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pacIIMpeHreM OIMMCAHHOTO TMPOEKTa SBJSIETCS €ro pa3BUTHE OT MPOTHOZUPYIOMICH 10
coBeryroneil cucrembl. Ilpum 3TOM B MOJENBHBIX pacyeTax IMOSBISETCS TOMOTHUTEIbHAS
«crerneHb cBoOOAb». Hapsigy ¢ ecTecTBEHHBIM BapbHUpOBaHUEM Teorpaduyeckoil MPUBS3KU U
HEOOXOIUMBIM JJIsl TIOJTYYEHHS MPEACTABUTEIbHBIX CTATUCTHUECKUX BBIBOJAOB BapbHUPOBAHUEM
Oynymieii Torojasl HEOOXOAMMO paccMaTpUBaTh AJIbTEPHATHBHBIC CIICHAPUU TEKYIIUX U
OyAymuX YHpaBiSIFOIIMX BO3JEHCTBHI Ha arpOdKOCHUCTEMY C LIENbI0 BHIOOpA M3 HUX Hambolee
BBITOIHOTO BapuaHTa. [IOHATHO, YTO MpHU TakoW cXxeMe MPOAKTUBHOTO, TO €CTh OCHOBAHHOTO Ha
MOJICJIbHBIX TMPOTHO3aX (YIPEXKJAIOIIEro) yIpaBiICHUs MPOAYKIMOHHBIM MPOIECCOM Ha
OONBIINX TUIOMIAJSMX, YHCIO TPEOYIOMIMX OIEPaTUBHOTO pacueTa BapHMAHTOB BO3PACTaeT Ha
HECKOJIBKO TOPSIKOB. [lepcoHaNbHBI KOMIBIOTED B 3TOM CIIy4ae YK€ HHKAaK HE MOXKET
CUMTAThCS AJCKBAaTHBIM MHCTPYMEHTOM IIPOBEJICHUSI PACUETOB, U DPEIICHUE CIIeyeT UCKaTh B
COBPEMEHHBIX  HMH()OPMALMOHHBIX  TEXHOJOTMSIX M BO3MOXKHOCTSX  COBPEMEHHOMN
BBIUHCITUTEILHON TEXHHUKH.

3. Jns obGecnedeHusi S(OPEKTUBHOCTU BBIMOJHEHUS MHOXXECTBEHHBIX pacyeTOB
HEOOXOUMO 3a/IeiCTBOBATh COBPEMEHHBIE MEXaHW3Mbl MapaUIeNbHBIX W paclpeieeHHBIX
BBIUKCIICHHUH. [[eHICTBUTENBHO, CYIIIHOCTh BEIYUCIUTENLHOTO IPOEKTA B IAHHOM CIIy4ae COCTOUT
B MHOTOKPAaTHOM «IIPOTOHEY» OJHOW M TOW K€ MOJICIH C Pa3HBIMH HA0OpaMH BXOJIHBIX JIAHHBIX.
KonruecTBO T0IOOHBIX 3JIEMEHTAPHBIX MPOTOHOB B CEPHE3HOM IPOCKTE MOXKET OBITh OYCHB
BEJIMKO (JIOCTUTaTh HECKOJIbKUX MUJUTUOHOB), HO, TIOCKOJBKY BCE OHH HE3aBHCHUMBI JPYT OT
JpyTa, TO MOT'YT BBHITIOJTHATHCS NapasuieabHo. [IepBbIM 11aromM B ’TOM HaIpaBJIEHUH MOKET OBITh
UCTIOJIB30BaHUE MHOTOMNPOIIECCOPHOW TEXHWKH W CYINEPKOMIIBIOTEpPOB, a eme Ooiee
MPOJBUHYTHIM TTOAXOJ0M, HE TPEOYIONIMM IPHUBJICUCHUS CICIIHMATU3NPOBAHHBIX aIapaTHBIX
CPEICTB, — OpraHU3alMs PACHpPEEICHHOTO BBIYUCIUTENHLHOTO KiacTepa Ha 0a3e 00JIauHBIX
BBIUMCJICHUI Ha MHOKECTBE pabOUYUX CTAHIMI B TI100AILHOM CETH.

4. HakoHer, HEMaJOB)XHBIM aCIIEKTOM TIPUKIIAIHBIX HAYYHBIX Pa3pabOTOK SBISICTCS
METOJIMKA WX MPEACTABICHUS IMUPOKOMY KPYTY TOTEHIIHAIBHBIX ITOJIb30BATEIICH-TIPAKTHKOB.
st OMMHMCAaHHOTO  TMPOEKTa  OMNEPaTHMBHOTO  MPOTHO3HPOBAHHUS  MPOAYKTUBHOCTH
CEJIbCKOXO03SUCTBEHHBIX KYNbTyp B cpeae ['MIC sTo o3HauaeT, 4To (YHKIIMOHAT MOJAEITHHBIX
pacyeToB MOJDKEH OBITh B Hieaje AOCTYIEH JT00MY 3aWHTEPECOBAaHHOMY IIOJIH30BATEIIO.
EcTtecTBeHHBIM CIIOCOOOM YAOBIIETBOPEHHUSI ITOro TpeboBaHHs OyAeT ero odopmiIeHHE HE B

BUJC OOHOIIOJIB30BATCIIBCKOIO JCCKTOIMHOIO IMPUJIOXKCHUA, a@ B BHIAC O6H.[CI[OCTy1'IHOFO
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Wutepuer-cepBuca. [IpumepoM mogo0HOrO MPHUIOKEHHS MOXET CIYKuUTh HHTepHET-mopTran
«[Tonst Poccum» [39], npencrapisironuii coO0H MHUIMATUBHBIA MPOEKT (CTapTar) MOCKOBCKOI
komnanun jtSoft. B Tekyieid BepcuM MAaHHOTO pellleHHs JIOOOH TMOIb30BaTeIbh HMEET
BO3MOXXHOCTh BbIOpaTh Ha Kaprax SHIeKca MpOU3BOJBHYIO Teorpaduyeckyo TOUKY
pAacIoNoKEHMsI, YKa3aTh CYMMAapHYIO IUIOIIAJb MOCEBHBIX IUIOIIAACH, BBECTH MHUHHMAIbHYIO
uHpopManuioo 00 HCIONB3YeMON TEXHOJOTUH (JaTy ceBa) M MOJYYHTh TEKYIIHMH IMPOrHO3
OKHJIAEMOT0 YpOxKasi BBIOpaHHOW U3 IIPEIONpPEeAeIEHHOr0 CIICKa KyJIbTYPhl KaK B BECOBOM, TaK
U B JICHE)KHOM BBIp@XXKEHHU. B KadecTBe MH(POPMAIMOHHON MOAAEPKKU JTAaHHOTO MPOEKTa
UCTIONIL3YIOTCS ONMHUCAHHAs BbImie MouBeHHas kapra EI'PIIP um nmanHbie 0O0IIETOCTYIMHBIX
METEOPOJIOTHYECKUX WeD-CepBUCOB, a WHTEIUICKTYAJIbHBIM SIIPOM MOJCIBHBIX MPOTHO30B
cayxutr moaens AGROTOOL. B mepcnekTuBax pa3BUTHs JTAHHOTO TMPOEKTa — peaau3alus
XPaHUMBIX TIOJb30BATEIbCKUX Mpoduiei (omucaHuss BUPTYaIbHBIX XO3SHUCTB C KOHTypaMu
0JIeH, apXUBOM BBEJICHHBIX JAHHBIX M BBIAAHHBIX MPOTHO30B W PEKOMEHJIAIMIA), pacIIupeHue
BO3MOXKHOCTEH TI0 JEeTalbHOMY OIMCAaHUIO HCIOJB3yEMBIX TEXHOJIOTHH, IT0JKIIOUYEHHE

AJIbTCPHATHBHBIX Mopesein NPOAYKTUBHOCTHU JIs1 OCYHICCTBIICHU A aHCaMOJIEBBIX pacyeToB U T.A.

4. 3ak/a10ueHue

1. Tllpennoxxen oOMMNA METOM ISl MCIIOIB30BAHUS MTPOU3BOIBLHON MOJCIN yposKas st
JUHAMHUYECKU CKOPPEKTUPOBAHHOT O IIPOrHO3MPOBAHUS IIPOJYKTUBHOCTH
CeJIbCKOXO035HUCTBEHHBIX KYIbTYp MaciiTabax crpansl. Pazpaborano mporpaMMHoe oOecrieueHue,
peaTU3yIoIIee MPEITI0KEHHBIA METO/I.

2. OCHOBHBIM TMOAXOAOM SIBIISIETCSI MHTErpalus JAWHAMUYECKUX MOJeNel ypoxkas,
BHEIIHUX HWHpopMannoHHbIX pecypcoB U [UMC Ha ocHOBe paHee pa3pabOTaHHBIX
YHHMBEPCAIbHBIX CHUCTEM KOMIIBIOTEPHON aBTOMAaTH3allUd MHOTOMEPHOTO KOMIIBIOTEPHOIO
skcniepumenta (APEX).

3. Ampobamusi MeToja TpoOBeIeHa Ha TpUMepe KOMIIBIOTEPHOTO SKCIIEPUMEHTA JUIS
OLICHKM YpOXXalHOCTH SPOBOM IIIEHUIbI Ha Teppuropuu Poccuiickon ®Penepauuu ais
BereraniioHHoro  mepuoga 2017  roma.  AmpoOamusi  mokaszana  pabOTOCIOCOOHOCTH
MPEI0KEHHOTO0 METO/1a.

4. TTomydeHHBIC PE3YIHTATHI BCEIIAIOT YBEPEHHOCTD, YTO TAKOW K€ MOAXO0 OYIeT ynooeH

JUIsL 3alad W JIPYrUX HPOCTPAHCTBEHHBIX YPOBHEW, T.e. M ME30MAacUITa0HBIX pPacyeToB



bapenxo B.JL., Tona:x A.I'., MeaseneB C.A., 3axapoa E.T. OnepatuBHo yrouHsomuiics 21
MPOTrHO3 YPO:KAHHOCTH NMIIEHUIBI B CeJIbCKOX031/CTBEeHHBIX 30HAX Ha Beeil Teppuropun Poccun

Ha 0a3e HMUTANMOHHON Mo/Ie/ 1N NMPOAYKTUBHOCTH
EEEE NSNS EE NN NN NN NN NN NN NSNS E NSNS NS NN NN NN NN NN EEEEEEEEEER

DnekmpoHHbLIL HAYYHO-NPOU3BOOCH BEHHBLIL HCYPHAT

«Arpo3dkoUHGo»

(MOICNBHBIN aHAIM3 W ONTUMU3ALMUS CEIbCKOXO3SMCTBEHHBIX TEXHOJOTHI B PErHMOHAIBHOM
Macmrade) Wiu MUKPOMACHITaOHBIX pacueToB (aHamu3 3((HEKTHBHOCTH TEXHOJIOTUH TOYHOTO

3EMIICACIINSA B Macitadax KOHKPETHOI'O CCHBXOSHpeI[HpI/IHTI/IH).
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