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Summary
Modeling the processes of bio-productivity of agricultural land is a complex multisectoral problem.
The combination of a variety of biological, soil-climatic, agrotechnological and organizational-
economic factors for crop forecasting requires the use, adaptation and improvement of intersectoral
methods and approaches, including those based on artificial intelligence (Al).
Abstract

Introduction. Agricultural production planning involves the improvement of methods for forecasting the
yidd and productivity of agricultura crops. In the field of agricultural production, various forecasting
methods are used, including trend-seasona statistica models, as wdll as artificid intelligence and machine
learning methods. However, the practical implementation of such approaches constrains its wide applica-
tion, in particular, the use of an iterative algorithm of variationally weighted approximations. Object. The
object is the BP of long-term yield levels of various agricultural crops. M ethods. Agrophysical processes
are modeled by linear and nonlinear ordinary differentia equations (ODES), as well as partial differentia
equations. For dtatigtical evaluation and approximation of empirica results, the method of least modules
and its weighted or generalized modifications were used. The fundamental assumption of modeling formu-
lated by A. P. Likhatsevich (Belarus), it is accepted that each of the crop-forming factors, for example,
mineral nutrition and heat and moisture availability, informs him of a change that does not depend on the
effects of other factors. This can be used in mathematical modeling of the forecast yield by means of differ-
ential equations. Numerical studies for the preliminary analysis of the obtained results were carried out in
the MS Excdl v. 2016 environment. Results and discussion. If the modeling of the crop yield leve of fac-
torsis not linked to the biological characteristics of crops and climatic conditions, then such mathematical
models will be quite universal and can adapt to different conditions. Based on the factoria approach of A.
P. Likhatsevich, the authors obtained an analytical dependence that provides an operational adjustment of
the forecast yield taking into account the results of segmentation of the state of crops. It is shown that it is
possible to estimate the level of yield reduction using the analytical dependence obtained by the authors,
taking into account the numerical processing of the results of segmentation of the state of agricultura
fields, in particular the value of Rdefectn obtained in the process of intelligent segmentation of the sowing
area, with a given Ri, add. Conclusions. The caculations carried out showed, in particular, that the de-
crease in the estimated yield on the example of barley from the maximum vaue of 71.4 ¢/ha, with values of
Rdefectn = 0.2 and the accepted maximum permissible Ri, dop = 0.6 will be up to 55.6 ¢/ ha, and the re-
ductioninyield will be 22%.
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AKTyaJubHOCTb. [InaHupoBaHue cenbCKOXO3SMCTBEHHOIO IMPOU3BOJCTBA MPEAIOAracT COBEp-
IIICHCTBOBAaHHE METOIOB MPOTHO3UPOBAHKS YPOXKAMHOCTH U MPOYKTUBHOCTH arpoKyibTyp. B cdepe ar-
PapHOTO MPOU3BOACTBA MPUMEHSFOTCS Pa3IMIHbIE METOABI IPOTHO3MPOBAHNS, BKITIOYAs TPEH/I-CE30HHBIC
CTaTUCTUYECKUE MOJICIH, a TAKXKE METO/IbI HCKYCCTBEHHOTO MHTEJICKTA U MAIIIMHHOTO 00y4eHus. OqHaKko
MPaKTHYECKas peann3alys TaKuX TOAXOMOB CIEPKHMBAET €ro IMPOKOE MPUMEHEHHE, B YaCTHOCTH WC-
TI0JIL30BAHUE WUTEPAIIMOHHOTO aJIrOPUTMa BapHAallMOHHO-B3BEIICHHBIX MpuOImkeHnii. O0beKT ucciieno-
BaHusl — BP MHOroneTHux ypoBHEH ypO>KalHOCTH Pa3iIMYHBIX CEIbCKOXO3SIMCTBEHHBIX KYJIbTYyp. MeTo-
ABbI UCCJeNoBaHus. Arpodu3ndecKkue MpoIecchl OMOMPOAYKTUBHOCTHU C.-X. KYJIBTYP MOACIHPYIOTCS JIU-
HEWHBIMHU ¥ HeNMHEHHbIMU TuddepenHnmansabivu ypaBaeHmsMu (O/1Y), a Takxke muddepeHIpatbHIMI
YpaBHEHHMSMH B YaCTHBIX MPOU3BOAHBIX. /11 CTATHCTHYECKON OIIEHKH M alPOKCHMAIN SMITUPUIECKIX
PE3YJIbTaTOB UCIIOIB30BAJICS METO/] HAUMEHBIIIUX MOJIYJICH U €ro B3BEIICHHAs WU 0000IIeHHAsS MOTU(Y-
Kanpy. OCHOBOIIONIATAIOIIMM JOIMYIIEHUEM MOAEIUpOBaHus, chopMymupoBaHubiM A. I1. Jluxanesudem
(Benapych), IPUHATO, YTO KAXKIBIN U3 (PAKTOPOB, POPMUPYIOIIMX YPOKANHOCTE, HAIIPUMED YPOBEHL MHU-
HEPAJILHOrO MTUTAHUS U TEIIO- U BIAroo0eCIeYeHHOCTh, IIPUBHOCUT U3MEHEHHE, HE 3aBHCSIIEE OT BIIUSA-
HUSL IPYTUX (haKTOPOB. DTO MOXKET UCIIOJIB30BATLCS TP MATEMATHUECKOM MOJICMPOBAHUH MPOTHO3HOMN
YPOXaWHOCTH TTOCPEACTBOM A (hepeHIINANbHBIX ypaBHEHHH. YNCIIeHHBIE HCCIIeIOBAHMS TS TIPEIBAPH-
TEJILHOIO aHaIN3a MOJIy4aeMbIX PE3YJILTaTOB MpoBOawich B cpene MS Excel v. 2016. Pe3yabTaThl U
oocy:xaenne. Eciyu MoneanpoBaHie YPOBHS YPOXKAMHOCTH CEIIbCKOX03IHCTBEHHBIX KYIBTYP (haKTOPOB HE
VBSI3bIBATE C OHOJOTMYECKMMH OCOOEHHOCTSMHU CEIIbCKOXO3SMCTBEHHBIX KYIBTYP H  IIPHUPOIHO-
KJIMMATUYECKIMH YCIIOBHSAMH, TO TAKHE MaTeMaTUIECKHE MOJIENTN OKKYTCS JIOCTATOYHO YHHUBEPCAITHHBI-
MH U MOT'YT aJIallTUPOBAThCS [T pa3iiMuHbIX yciioBuii. Ha ocHoBe dakroproro noaxona A. I1. Jluxare-
BHYA aBTOPAMH TIOJTyYeHa aHATUTUIECKAst 3aBUCHMOCTb, 00ECTIEYHBAIOIAs ONIEPATHBHYIO KOPPEKTHPOBKY
MIPOTHO3HOM YPOXKaHHOCTH C YUETOM Pe3yJIbTaTOB CErMEHTAIlN COCTOSIHHS MOCeBOB. [IpowmirocTprupoBa-
Ha pacyeTaMU C UCIOIL30BaHUEM ITOJTYYEHHOM aBTOpaMU aHAJTUTHYSCKOM 3aBUCHMOCTH OIIEHKA CHUKCHMUS
YPOJKalHOCTH Ha OCHOBE YHCIICHHON 0OpaOOTKHM Pe3yNIbTaTOB CErMEHTAIMK COCTOSHHS CEIbCKOXO3Sii-
CTBEHHBIX MOJIEH, B YACTHOCTH BEIUYHUHBI R getecmn, TOITYUEHHON B MPOLECCE UHTEIIEKTYAILHOIO CETMEH-
THPOBAHUS yJacTKa ITOCEeBa, MPH 3afaBaeMoM R; ... BbiBoabl. [ToaTBepskIeHo pacueTaMu, 4TO CHIDKEHUE
YPOKAMHOCTH, Ha MIPUMEPE STUMEHS, OT MAKCUMAJILHOTO 3HaueHUS 71.4 1/ra, Ipy 3HAYEHUIX Rygetn = 0.2 1
TPUHSATOM TIPEACNIBHO JOMyCTHMOM R; o, = 0.6 coctaBuT 10 55.6 17T, a COKpalleHne ypoKaiHOCTH co-
craBur 22%.

Knroueswte cnosa: npozrnozupoganue yporcatiHocmu, Mooeauposanue npooyKmueHo-
cmu Ky1bmyp, npocpammuposanioe 6030e1bl8anue Kyabmyp.

HutupoBanme: PoraueB A. ®., MemmxoBa E. B., boposoit E. Il., bemoyco M. C. Heiipo-
aHAJTUTUYECKOE IPOTHO3UPOBAHHUE YPOXKaHOCTH MPU MPOTPaAMMHUPYEMOM BO3JIEJIBIBAHUH CEIIBCKOXO-
3SHUCTBEHHBIX KYJBTYp C YUYETOM arpoTeXHOIOTHUECKUX GakrtopoB. Mzeecmus HB AVK. 2023. 4(72).
418-427. DOI: 10.32786/2071-9485-2023-04-42.

ABTOpCcKHii BKJIajA. Bce aBTOpBI HACTOAIMIETO MCCICAOBAHHS MPUHUMATIN HEMOCPEACTBEHHOE yYacTHe B
IJIAHUPOBAHKH, BHIMOJHCHUH HJIM aHAIU3E JaHHOrO HCCeI0BaHus. Bee aBTOPBI HACTOSIICH CTaThU O3HA-
KOMUJIMCh C TIPESACTABICHHBIM OKOHYATEIbHBIM BADHAHTOM U OJOOPHUIIH €ro.

KoH¢umMKT MHTepecoB. ABTOPBI 3asBISIIOT 00 OTCYTCTBUH KOH(INKTA HHTEPECOB.
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Pe3tome. MoenupoBanue OUOMPOAYKTUBHOCTH CEITbCKOXO3SHCTBEHHBIX KYJIbTYP BO3-
MOXHO Ha OCHOBE MAaTE€MaTU4eCKOW MOJIENH, YUUTHIBAIOIIEH (haKTOphl BHELIHEH Cpe/Ibl U Ore-
paTUBHOE COCTOsTHHE 1OCceBOB. [Iporno3upoBanue ypoxaiilHOCTH BO3MOYKHO Ha OCHOBE aJiamTa-
IIUM U COBEPILICHCTBOBAHMS (PAKTOPHOTIO HEWPO-aHATUTUIECKOTO MOIX0/1a, B TOM YUCIIE Ha OC-
HOBE METOJ0B UCKYCCTBEHHOI'O MHTEIJICKTA, BKIIIOYas CEMAaHTUYECKYIO CETMEHTALUIO.

Beegenne. OCHOBBI NPOrpaMMHPYEMOIO BO3JIEIBIBAHUS CEIbCKOXO03HCTBEHHBIX
KyJIbTYyp 3aj0KeHbl B paborax akagemukoB BACXHWUJI u PAH C. ®. ABepwsnosa, b. 1O.
Macnosa, I'. E. JIucronana, 1. I1. Kpyxxununa, B. H. llleapuna, u npyrux ydeHnsix. Bozmox-
HOCTHU IPOTHO3UPOBAHMS YPOXKAMHOCTH Ha OCHOBE MATEMaTUYECKOTO MOJENMPOBAHUSA Pa3-
JMYHBIX aCTIEKTOB 00ECTIeYeHUsI OMOTIPOAYKTUBHOCTH, ONpeAensieMol (GU3NIECKHUMHU MPOIeC-
caMH B CHUCTEME «IOYKa-pacTeHue-armochepa». MoaenupoBaHue pa3luyHbIX aCMEKTOB ar-
papHOTro MpOM3BOACTBA 3a0KeHbI Wi.-Kopp. A. I1. Jluxanesuuem (Pecnybnuka benapycs), B.
N. Onbrapenko, B. A. Kapnamowm, A. C. @anskoBuueM, B. B. Kopcakom u npyrumu uccie-
JIOBaTEJISIMU.

D¢} PexTUBHOCTL arpapHOTO MPOU3BOACTBA MPEXKAE BCEro OIMpENesseT YpOoKalHOCTh
BO3/ICITIBIBAEMBIX KYIBTYp, ONpeaessieMas paaoM (akToOpoB pa3Iu4HOM mpupoasl. B paborax
B. ®ununa, P. [lonyskrosa, H. I[Iponbko, ®. Mukasncos, T. Cabponosoii, JI. XBopoBoii, A.
LlennsieBa, A. lllenHa u Apyrux y4eHbIX HCCIEIYIOTCS MPOLECCH arpopU3UKU M0YB, BereTa-
[MOHHBIX IMKIJIOB, JUHAMUKH MEITHOPATUBHBIX IPOIECCOB PA3IUYHBIX IMOYBEHHO-
KJIMMaTHYECKHUX 30H.

CnoxxHOCTh UCClIeIOBaHMs arpoU3MYECKUX MPOLECCOB 00YCIOBICHA TeM, YTO, KaK
ykazano B padore T. 1. CadpoHOBOM, «1I0UBa KaKk 0OBEKT CEIbCKOXO3SMCTBEHHOTO MCIIOJIb-
30BaHUsl U MEJIMOPALIMH ABIISIETCSI OTKPBITOM CaMOPETyIHPYIOLIENHCS CUCTEMOM, CYIIECTBOBA-
HUEe U (YHKIUOHUPOBAHUE KOTOPOW OOECTEYMBAETCS IMOCTOSHHBIM OOMEHOM BEIIECTB U
SHEpruel ¢ oKpyxarolel cpeaoi (pacTeHusiMHu, atMoc(hepoi, MOBEPXHOCTHBIMU U TOJ3EM-
HBIMH BOJIaMH, IIOYBOO0OPA3YIOIIUMH TOpoaamMu)» [1].

[Ipo6neMHOCTh aJAEKBATHOTO MOJICTMPOBAHUS CIOKHBIX arpoQU3NYECKUX CHCTEM
ornpezensercss HeoOXOJUMOCThIO aJanTallMi MOJAENEH K Pa3iMyHbIM Clenu(UYecCKUM Mou-
BEHHO-KJIMMaTHYecKuM yciaoBusMm [2, 3]. B wactHoctu, B padore JI. A. XBopogoii [4] pac-
CMaTpUBAETCS MOJETUPOBAHUE U ONTHMHU3AIMS arpo-, OMO- U IKOCHUCTEM Ha OCHOBE HX
CTPYKTYpHO-TIapaMeTpUIECKON MACHTUPUKAUU. ABTOPbI HA MOJIYJIbBHON OCHOBE MOJAEIUPY-
10T 0aTaHCOBBIE CTPYKTYPHI, OMUCHIBAIOIINE JUHAMUKY MPOIIECCOB B CHCTEME «I10YBa — pac-
TeHue — arMocdepar.

[IponykurOHHBIE MPOLIECCHl MOACIUPYIOTCS C UCHOJIB30BAHUEM alapara JUHEHHBIX
U HETUHEHHBIX Au(depeHlnaIbHbIX YpaBHEHUH, B YacTHOCTH OObIKHOBeHHBIX (OLY),
Hanpumep, B popme

A9=f «y

rae A npeacraBiseT co0oi HEKOTOPBIN TudQepeHInaIbHBINA OnepaTop.

Pemenue (1) umercsa B Buae hyHkuun @(X, t), onpenensieMoil B HEKOTOPO o0acTu
Q. B ogHOMepHOM ciydae oneparopsl 4, B MOTYT IpHHUMATD BUJ (2) C KpaeBbIMH yCIOBHSI-
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MonenupoBaHue BIaronepeHoca B mo4Be 1Mo BEPTUKATIBLHOW KOOPAMHATE X, KaK Ba)KHEil-
IIETO YCJIOBUS PAa3BUTHUSL PaCTCHUH, ONpeesieTcss 3aKoHOM Jlapcu ¥ MOKHO ONKCHIBATH HM3-
BECTHBIM ypaBHeHHEeM Puuapsca [5]:

i {:'.E.T.I')_: (_ .‘::_hl:‘jp‘jM_l]—f{\f}
ot ax Ox j

(4)
rae 0 — oObeMHas BIAKHOCTh; P — KanwuispHbIi noTeHnuan nousenHon siaru; k" (P) — rugponpo-
BOJIHOCTB 1OYBBI; f(X, t) —MoromieHune Baru KOpHsIMHU pacTeHuil t — Bpems.

JluHamuKa pupocTa OMOMACChl PACTCHHI ¢ YI€TOM OPTaHUKH, PUBEACHHAS B CTaThe
B. YetbipOorkoro u ap. [6], maTemMaTH4ecKu Mozenupyercs cucremon 1Y, rae nsa nmocinen-
HUX YpaBHCHUS XapaKTCPU3YyIOT U3MCHCHHUC OPraHMKU:
dB < el -
&) | v
= = H(TW)ldy —e(r) + > d7C + > d"Y, —d,BIB
| =1 k=]
4. B[U‘x*.}l‘z] = 'Blllll'l{'x"..l'-z}

ity

dj;f = (1) B~ (dy" + Y d',)S + DVS
L k=1

| S(0,x,3.2) = § (x5, 2) (5)

rae ¢dynakus fg(T,W) onmceiBaeT BiausiHEE TEMIIEpaTyPHO-BIAXXHOCTHOTO PEKUMOB.

CemelicTBO MaTeMaTUYeCKHX MOJENeH, ONUCHIBAIOLIUX BIMSHUE OCHOBHBIX arpo-
TEXHHUYECKUX (aKTOPOB HA BEIMUYUHY YypoxKas, npemyioxeHo akaaemukom A. IlI. Jluxare-
BuueM (benapyce) B pabotax [7]. [Ipeanoceuiku U gonymieHus, 000CHOBBIBAIOIINE MaTe-
MaTHYECKOE MOJICIIMPOBAHUE, HE YBS3aHBI C OMOJIOTMYECKHMMH OCOOEHHOCTSMHU CEJIbCKO-
XO34MCTBEHHBIX KYJIbTYP U CKJIAJIBIBAIOIIMXCS MPUPOJHO-KIMMATUYECKUX YCIOBHUH, IO-
TOMY MaTEMAaTHYECKUE MOJIEIN JOCTaTOYHO YHUBEPCAIBHBI M MOTYT alallTUPOBATHCS IS
Pa3IMYHBIX KYIBTYD.

OCHOBHOH NPEANOCHUIKON aHATUTHYECKOro noaxoaa A. Jluxauesuua cOCTOUT B TOM,
9T0 «OECKOHEYHO Malloe M3MEHEHHe yposkas Y TOJ BO3JCHCTBHEM Kakoro-to ¢akropa Ri
(Bnara, mMIa, TEIUIO) MPOMOPIMOHAIBHO MTPOU3BEICHUIO BOCIIPUUMUNBOCTU ypoXKasi K Aei-
CTBHIO JIAHHOTO (haKTOpa Ha XapaKTEPUCTUKY BO3ACHCTBHUsS 3TOro (hakTopa Ha ypoxai» [7].
[Tonxox K MOIEIMPOBAHUIO YPOKAWMHOCTH C YYE€TOM NPUYMHHO-CJIEICTBEHHOTO BIUSHUS
OTMCHIBAETCS CIAEAYIOUUM AU PepeHInanbHbIM YpaBHEHUEM

i
t:; =, fi (V. R) g, (R
e 6)

rae Y — ypoBeHb ypokalHOCTH; 0; — O0e3pasmepHas koHctanTa; (Y, R) — ananutudeckas GpyHKIus,
MOJIEITUPYIOIAas BOCIIPHUMYHMBOCTD BO3eHcTBHS Ha Y i-r0 dakropa; Qi(R) — 6e3pasmepHas 3aBuCH-
MOCTh BO3/e#icTBHS HA Y i-T0 (hakTopa.

OmHuUM M3 OCHOBOITOJIATAIONIMX JIOMYIIEHUH MOJETUPOBaHUs, CPOPMYIHPOBAHHOE B
nutupyemoit cratbe A. I1. JluxaneBuya, IpUHSTO, YTO «... KaXAbIH U3 (AKTOPOB, ACHCTBY-
IOIIKX Ha ypoXKai, COOOIIaeT eMy U3MEHEHHUE, HE 3aBUCSIIEE OT BO3JEHCTBHI APYyrux (PpaxTo-
poB» [7]. YcTaHOBIIEHO, YTO PACTEHUS MOYKHO MOJICIUPOBATh KaK OOBEKTHI C MAMSTBIO, JUIS
KOTOPBIX 3HaYeHHE ypoxkas (OpMHUpYeTCs BHYTPEHHUMHU U BHEITHUMHU (AKTOpaMU OKpYXkKa-
IOILIEeN cpelibl, BKIItoYast Jojarocpounsie. Jluxanesnuem A. I1. moka3aHo, 4To MO CpaBHEHUIO C
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0J1HO(AKTOPHBIM MIPOTHO30M YpPOKaWHOCTH, YUYUTHIBAIOIIKUM TOJIBKO YPOBEHb MUHEPAIBLHOTO
NUTAHUs, BBEIEHUE B MOJIETIb JIOTIOTHUTENLHBIX (PAKTOPOB (BOAHOTO M TEIUIOBOTO) TIO3BOJISIET
MOBBICUTH HaJICKHOCTh AIlllIPOKCUMALIUH PE3YNIbTATOB IOJIEBOIO OMBITA.

[IpuBeneHHbIN aHanUTUUYECKUN 0030p 3a1ad MOAEIMPOBAHUS IOKA3aTeNel CEJIbCKO-
XO034UCTBEHHOI'0 NPOU3BOJICTBA MOATBEPKIAET, YTO JJISl MOBBIIIEHUS TOYHOCTH MPOTHO3UPO-
BaHUs Tpedyercs, HapsAQy C KIACCHYECKHMMHM, NMPUMEHEHHE M HWHTEIUICKTYaJIbHBIX METO/I0B
MOJeJInpoBaHus ¢ ucnoias3oBanueM WU, B yactHocTu HelipoceTeBbIX. [Ipu 3TOM € 1enbio mo-
BBILICHUS! TOYHOCTHU IIEPCIIEKTUBHBIM SIBJIICTCS COYETAHUE HEUPOCETEBBIX U aHAIMTUYECKUX
MO/IXO/I0B.

Metoab! ucciienoBanus. [[BeTHbie n300pakeHUs CETBCKOXO3SIICTBEHHBIX MOJICH BbI-
COKOTO pa3pelleHus 11 HeHpo-aHAIMTUYECKOW KOPPEKTUPOBKHU IMPOTHO3HOM ypoxaitHocTH Y
nonydasiu ¢ nomotbio BIIJIA [10], mnm cnenuanu3upoBaHHBIX CIIYTHHUKOB, HarpuMmep,
Landsat [12].

[Ipu marematnyeckoM MOJEIMPOBAHUM MPOTHO3HOTO 3HAYEHUS ypoxkalHocTU Y Ui
YTOYHEHHUSI PE3yIbTaTOB MPOTHO3UPOBAHUS MMOCPEICTBOM yueTa B Au(depeHlnaIbHbIX ypaB-
HEHUSX JOMOJIHUTEIBHOTO (pakTopa Ri, aBTOpaMu KCIoIb30BaH Moaxo1, chopMyIupOBaHHBIN
A. Jluxanesuuem [7]

R, |
, &
y H.llupil' Ii-e:'*ﬁ‘rl,n'.in_ max ) .| (7)

Y =a,;f | Viax - ¥ R;
"'_RJ : |k Hrqurﬂ b 'F",.' » IF“]r[n'n'n, max) /

(opt)=

rJe o — napaMeTp MHTCHCHBHOCTH BIHsHUS i-ro (akropa Ha Y; Ri(opt) - ontumym, Ri(min) — nomy-
CTUMBIA MEUHEMYM; Ri(mMax) — MakcuMyM BelUuHBI ypokast; f — QyHKIHs, MOACIUPYIOIIas BOCIPH-
UMYHBOCTh BIMSHUS i-T0 (pakTopa, g — yrpasIsioliee BO3ICHCTBHE.

Takum 00pa3om, 3a OCHOBY aHATUTHYECKOTO MOJAETUPOBAHUS COBMECTHOTO BIUSHUS
BHEIIHUX ()aKTOPOB HA YPOKAWHOCTH CEIIbCKOXO3SHUCTBEHHBIX KYJIbTYp NMPUHUMAJACh (hak-
TopHass mozens A. JluxaneBuuya, KOTOPbIM 0OOCHOBaHBI 0a30BbIe MPEANOCHUIKH (haKTOPHOM
MaTeMaTh4eckod Mojenud. B dacTHOCTH, BiIarooOecreuyeHHOCTh B 30HAX JOCTATOYHOTO
YBJIOKHEHUSI MOKHO XapaKTepH30BaTh aTMOC(HEPHBIMU OCAIKaMHU, BHIMAIAIOIIMMU B TIEPHOIE
BereTanuu. Temioo0ecrneueHHOCTh MOXKHO OXapaKTEePU30BaTh HAWOOJBIIUMU CYTOYHBIMH
TeMIIepaTypaMH BO3oyXa.

OrniepaTUBHOE COCTOSIHUE TOCEBOB OIIEHWBAJIOCH METOJIOM HEHPOCETEBOM CEeMaHTHYE-
CKOM CerMeHTAIlNH [IBETHBIX U300paXKeHHI C OLIEHKON JOIH e(EeKTHBIX yYaCTKOB.

UucneHHble UCCIENOBAHUS I TIPEABAPUTEIILHOIO aHAIN3a IMOJYyYaeMbIX PE3yibTa-
TOB IpoBoAMIHCH B cpeae MS Excel v. 2016.

Pe3yabTaThl U o0cyxkaenue. [lomydnm aHATUTUYECKYIO OIEHKY YPOBHS CHUIKEHUS
YPO’KaHOCTH C WUCIOJB30BaHUEM 0a30BBIX (DAKTOPOB M PE3YyIbTaTOB HHTEIEKTYalbHON
ONEPaTUBHON OIIEHKH COCTOSIHUSI CErMEHTHPOBAHHBIX CEJIbCKOXO3SIMICTBEHHBIX moJiei. Pe-
3y/lbTaThl CEMAaHTUYECKOW CErMEHTAIlMU CEIbCKOXO3SIMCTBEHHBIX ToJiell Ha mpumepe [lobe-
JMHCKOTO CEeIhCKOTO mocenieHus beikoBckoro paitona (Bomrorpanckas obmacte) [12] npen-
CTaBJICHbI HA PUCYHKE.

JIns1 oneHKHM ypOBHS NPOTHO3UPYEMOM YPOKaWHOCTH C MCHOJIb30BAHUEM JIAHHBIX MU-
HEPaJTBbHOTO MUTAHMS U TEIUIOBIAroO0ECTIEUeHHOCTH, a TAaK)Ke Pe3ylIbTaTOB ONEPATUBHOTO
MOHUTOPHUHTA COCTOSIHHSI CEIIbCKOXO3SIICTBEHHBIX IIOCEBOB OblIa pa3paboTaHa HEHpo-
AHATUTUYECKAs! MOJIENb, YUYUTHIBAIOIIAS BIUSHUE TOTMOTHUTENBHBIX (DaKTOPOB.

Ncxonnas 3aBUCUMOCTD ISl OLICHKH MOTEHIMAIbHON YpPOKAWHOCTU OT CUCTEMATH3U-
pOBaHHOTO HAbOpa N yUUTHIBAEMBIX (PAKTOPOB, MPUHUMANIACH B BUJIE
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¥ “ R — R,
. =eXp+4—2.| &, :

I'imm.-. il 'RJ = 'H‘rqmm. a (8)
e Ymex — OHMOJIOTHUECKHA MaKCHMyM OIICHHBAEMOTO 3Ha4YeHHUS Y; ¢ — KOI(DPHUITUSHT BIUSHUSA 1-TO
(akropa BHemHel cpensl; Rgyx — onTumanbHoe 3HaueHue ¢akrtopa; R; R — gakrnueckoe 3HaueHne
dbakropa i; Rimin, may — MUHMMaIbHOE (MO0 MaKCHMalbHOE) 3Ha4eHMs i-To (akTopa, MPU KOTOPBIX
ypo’kaii TOTHOHET.

Pucynok — CiyTHUKOBBIE M300pakeHUs C.-X. TIOJIEH: a) ICXOIHOE; 0) CErMEHTHPOBAHHOE
Figure — Satellite images of agricultura fields: a) initial; b) segmented

C yueToM MpOoBEACHHON BepU(UKAIIMH C UCIIOJIb30BAHUEM PE3YJIbTaTaxX IMOJIEBBIX OIThI-
TOB, A. JluxaneBuyeMm Moka3aHO, YTO MOJYyYEHHBIE UM 3aBUCHMOCTH MPEJICTABISAIOT «Iei-
CTBUTENbHYIO MAaTEeMaTHYECKYI0 MOJIENIb ypoKasi. DTH 3aBHCHUMOCTH, 0000IIat0Ine BO3ACH-
cTBUE (aKTOPOB Cpeibl HA YpOXKail, MOXKHO C YCIEXOM IPHUMEHATh B JIOOBIX pErHOHaxX, a
TaKXe B APYrUX MOYBEHHO-KIMMATHUECKUX YCIOBUAX» [7].

®DakTOpHOE MOJEIUPOBAHUE IKCIIEPUMEHTAIBHBIX PE3YIbTATOB MOJEBOTO OIBITA C yUe-
TOM arpoTEXHOJIOTUYECKUX (PAaKTOPOB IMOCPEICTBOM 3aBHCUMOCTH (&) MO3BOIHIO TOTYYUTH
KOHKpeTHOe ypaBHeHue (9) Bua

¥ [ [ N..-Fq _ N o [ H.:.w - W ]-' [ II.*II _ '.f' ]_-
—— = XDy —| €y J il | T + oy _T—

¥ 1 N-N_. W — W = ©

M i b i) b (i
e Nopt, Wopt, Topt — ONITUMaIbHBIE 3HAYECHHS] COOTBETCTBEHHO a30Ta, MTOYBEHHOW BJIarM M TEIUIA,
o0ecreunBaroNIie ONOJIOTHYECKUIA MAaKCUMYM YPOIKas;

Nmins Whintmax)» Tmin(maxy — 3HA4€HUS COOTBETCTBEHHO HOPMBI a30Ta, MOYBCHHOHN BJIATH W TeIUIa, NPU
KOTOPBIX ypOXKaii epecraet popMHUPOBATHCS.

[MapamerpuzoBannas no ganasiM H.H. Cemenenko [11] 3aBucumocth (9) mpuHHMaeT
YHCIIOBOI BHJ

v =714 o] - [ 4 () 4 (2t ) g

N+208 w-3 Tnax—19

IIo MueHMIO ABTOPOB, aHAJIM3 OIIMCAHHOI'O IIOAX0da A. T JInxaneBnya K (baKTOpHOMy MO-
JACITUPOBAHUTIO ypO)KafIHOCTH MO3BOJISICT PACHpPOCTPAHUTh €ro Ha N aHAIM3UPYCMBIX NPECIUKTO-
POB. Toraa Tako# Moaxod MOYKHO MCIIOJIb30BaTh IJISI yde€Ta JOMMOJIHUTECIBbHBIX, K PaHCC NUCCICI0-
BaHHBIM, BJIMSIOIIUX q)aKTOPOB, B YaCTHOCTH COCTOSIHHS CEIHCKOXO03SIHCTBEHHBIX HOJ'IGfI, OLCHHU-
BACMOro 110 pE3yJibTaTaM MHTCIUICKTYAJILHOI'O paCliO3HABAHUA U CEMaHTHUYECKON CerMeHTaI|H.
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B kauecTBe Takoro JOMOJIHUTEIBLHOIO (PAKTOPA, COBOKYITHO ONPEAEISIOIIEro 3HaUCHUE
BEJIMUMHBI YPOKaHOCTH, HAMU TPEUI0KEHO HCIOIb30BaTh OTHOCUTENBHYIO A0MI0 R 4on Z€-
(EeKTHBIX Yy4aCTKOB I10CEBOB, BBIBIISIEMYIO B ITPOLECCE MOHUTOPHHIA, HAIIPUMED € UCIIONIb30-
BanueM BITJIA unu cmyTHUKOBBIX CHUMKOB [10, 12].

Hcnonb3ys pe3ynbTaTbl NPOBEJCHHBIX HCCIEIOBAHUNA CErMEHTAlMM BEreTaTHBHOIO
COCTOSIHUS IIOCEBOB, JOINOJHUTENbHbBIE MapaMeTpbl 3aBucumMoctu (10), aganTupoBaHHON BbI-
paxenuem (11)

— L‘_"\F‘p

R_-R Y |
- | ‘

5 o Aen =R
SRR

| VR~ R ) || (12)
rae N — odImee YMCiao aHATH3UPYEMBIX (akTopoB; Ry = 0.0 — 3HaYeHME AOMOTHUTETHHOTO i-TO (ak-
TOpA, BBISBIISIEMOTO Ha 1oJjie 0e3 1e)eKTOB Pa3BUTHS PACTeHHIA; R — 3HaYeHUE JOMOIHUTEIBHOTO i-TO
¢baxTopa, oxydaeMoe 1o pe3yabTaTaM HHTEIUICKTYyadbHOH CerMeHTAuM; Ryminmx) — 3HAYCHUS HO-
MOJHUTENHHOTO (haKTOopa, IPH KOTOPOM YOOpKa (TpaHCHIOPTHPOBKA, 00paboTKa, XpaHEHHE) yporKas
9KOHOMHYECKH HelleJecoo0pa3Ha.

Torpa auamna3oH BapbUpOBaHMS JOIMOJHUTENBHOTO (aktopa 3aBucumoctu (11) mpu-
HHUMaeM B Mpejenax

R, > (0.4..0.6). (12)

3raueHus ypoxkaedhopMupyronmx (HakropoB, Ha mpumepe saMeHs [11], nmpuHuMaIHCh
COTJIACHO TMPUBEJICHHBIM B TaOymIe 1, a BecoBble KOAPPHUITUEHTHI COCTABIISIIH

a=lLa=la=1
3Ha4YCHHUS MTapPaMETPOB, MOJICITHPYIONINX COCTOSIHUE YYaCTKOB C JepeKTaMu pa3BUTHSA,
BBIOUpaNuUCh craexyromue: &, = 1; Ryminmax) = 0.5.

Tabmuua 1 — 3HaueHus K pacueTy yporkaHOCTH SUMEHS Ha yJOOpEHHBIX TI04YBaX
Table 1 - Vauesfor calculating the yield of barley on fertilized soils

Ymax, | Nopt, kr | Nmin, kr Wopt, Wmin, Tmax, Tmax(min), .
Ru(min,max)
ra n.B/Ta n.B/Ta MM MM rpaj rpaj
71.4 100 -208 52 3 22.5 19 04...0.8

AlanTUPOBaHHAS AHATUTHYECKAsl 3aBUCHUMOCTh JIJI1 OLIEHKH MPOTHO3HOW YpO>KalHO-
CTU IIPUHUMAET BUJ]

Y =714-exp|— (1°°_N)2+ (SZ‘W)2 + (—ZZ'S‘T’"‘“‘)2 + (R_ o )2 (13)
o

N+208 w-3 Trmax—19 — Rpa(min, max)

OTtpunatenpbHOE 3HAYCHUE BETUYHHBI 1.B. a30Ta (Nmin = —188 Kr 1.B./ra) 00yCI0BICHO
TEM, 4TO B UCCIIElyeMOI TTOUYBE €Ille /10 BHECEHHI a30THHIX YI0OpEHUH yKe collepiKaHue a3o-
ta coctaBisuto cBbime 188 kr 1.B/ra (Nyouss: > Nmin)-

Pe3ynbTaThl O11eHKH ypokaitHOCTH Mo 3aBUCUMOCTH (13) mokasanu, 94To oleHUuBaeMoe
CHIDKEHUE 3HAYEHUS MPOTHO3HOW YpOKAMHOCTH SYMEHS OT MaKCHMaJIbHOIO 3HaudeHus 71.4
1/ra, Ipy BeTUIrHE Refectn = 0.2, TTOYICHHOM B MPOIECCE MHTE/UICKTYaIbHOT'O CETMEHTHPO-
BaHUs y4acTKa I0CEeBa, U MPHUHITOM MpPeNeIbHO JOMYCTUMOM 3HaueHUuu R on = 0.6, cocTaBUT
710 55.6 1/ra, wim cokparurces Ha 22%.

OTMeTHM, 9TO KOPPEKTHOCTh MCIOJIb30BAHUS TTOJYICHHOW 3aBUCUMOCTH 00OCHOBAHO
B IIpejieax MOJy4eHHBIX U allpOKCUMHUPOBAHHBIX 3HAYCHUHN MOKa3aTeseH, NCIOIb3YEMbIX B
MareMatudeckor mMozenu [8, 9], a Takke B aHAJTOTHYHBIX KIMMAaTHYECKHX ycioBusax. Orpa-
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HUYCHUS MPUMEHUMOCTH 0a30BOW MOJIENHU, alPOKCUMUPOBAHHON B YCIIOBHSIX (ochopHo-
kamuitHoro (ona PgoKipo, ompenenstorcs mpenenamu Bapuanuu (GakTopoB, OMUCAHHBIMU B
nosieBbix onbiTax H. H. Cemenenko [11], kr a.B./ra:

0< N < 220;
40 < W < 180;
22,0 < Thax < 24,5. (14)

CrnenoBaTebHO, OLIEHKA YPOBHSI CHIDKEHHSI YPOXKAWHOCTH BO3MOKHA C HMCIOJB30Ba-
HUEM 3aBUCUMOCTH (12) Ha OCHOBE pe3yJIbTaTOB MHTEIUIEKTYaJIbHOM CEMaHTUYECKOM CEerMEeH-
TallUM COCTOSIHUSL IIOCEBOB CEJIbCKOXO3AWCTBEHHBIX KYJIbTYpP, IPOBOJMMOM IO IIBETHBIM
U300paKEHHSIM YYaCTKOB, MOJIy4eHHBIM ¢ ipuMeneHnem BITJIA [10].

BeiBoabl. 1. [lonyueHa Helpo-aHATUTHYECKAs MOZECIb MPOTHO3MPOBAHUS YPOKAHHOCTH
CEJIbCKOXO3SIICTBEHHBIX KYIBTYp Ha OCHOBE ajmanTanuu (akTopHOW 3aBucuMoctH A. Jluxameswda,
YUUTHIBAIOIIAS, B KayecTBE MOMOJHUTEIBHOTO (hakTopa, pe3ysbTaTbl HEHpOCETeBOH CerMeHTAaIuu
M300paKeHNH YIaCTKOB CEbCKOXO03SIMICTBEHHBIX TIOCEBOB.

2. Ob6ocHOBaHa BO3MOXKHOCTH HCIIOJIb30BAHUS TMONYYEHHOW HEMpO-aHAIUTHYECKONW MOJAEIH
JUTSL OTIEPATUBHOW OIIEHKH YPOBHS POTHO3HOTO CHUYKEHUS YPOKaWHOCTH, OTHOCHTEIEHO OMOJIOrHYe-
CKH BOSMO)X(HOﬁ, C UCIIOJIb30BAHUEM JaHHBIX MUHEPAJIBHOI'O MUTaAHUA U TEII0BIAaroo0ecneYeHHOCTH
IIpU [IPOrPaMMUPYEMOM BO3JEIIBIBAHUM, 4 TAKXKE ONEPATHBHOW OLIEHKU PE3YJIBTATOB HEHPOCETEBOMI
CEerMEHTAINH N300paKeHNH YIaCTKOB CEbCKOXO03SHCTBEHHBIX TOJIEH.

Conclusions. 1. A neuro-analytical model for predicting crop yield based on adaptation of A.
Likhatsevich's factor dependence was obtained, taking into account, as an additional factor, the results
of neural network segmentation of images of agricultural crop sites.

2. The possibility of using the obtained neuro-analytical model for prompt assessment of the
level of predicted reduction in yield, relatively biologically possible, using data of minera nutrition
and heat and moisture supply in programmable cultivation, as well as prompt assessment of the results
of neural network segmentation of images of agricultural field areasisjustified.
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Summary
The article presents a constructive and schematic diagram of a loader-conveyor of hay rolls designed
by the Volgograd State Agrarian University, which is presented in the form of three interconnected
systems: chassis, equipment for grabbing and lifting rolls and hydraulic system with drives for grab-
bing and lifting rolls. From the point of view of the reliability of the unit, its systems are presented as
sequentially connected; the results of studies of replaceable productivity and the main indicators of
reliability of the loader-conveyor of hay rolls are presented: failure times and the probability of fail-
ure-free operation during operation in real conditions of agricultural enterprises.
Abstract

Introduction. Animal hushbandry in the Russian Federation is one of the main branches of agriculture, and
cattle breeding is its most important subspecies. The provision of meat and milk to the population of the
country cannot be successfully carried out without the availability of the necessary amount of high-quality
feed for cattle. The most important feed for cattle is coarse feed, in particular, hay. When harvesting hay,
there is arisk of sgnificant losses not only of feed volumes, but also of its quality, which leads to poor
productivity of animals. The level of feed quality losses is associated to a greater extent with violations of
agro technical deadlines, the fulfillment of which is ensured by the necessary number of machines perform-
ing individual technological operations, their high replaceable productivity and a sufficient level of reliabil-
ity. To increase the productivity and reliability of newly developed machinesto the required leve, it isim-
portant to know the achieved level of these indicators not only in the laboratory, but also in real operating
conditions. The purpose of thework is to assess the performance and the main indicators of reliability of
the experimental sample of the loader—conveyor of hay rolls. Materials and methods. In the preparation of
this work, materials from open source websites, scientific articles and other publications of scientists from
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