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TEXHOJIOI'MM YBOPKH 3EPHA SHEPT'O-PECYPCOCBEPEI'AIOIIIUMHA
MHOTI'O®YHKIIMOHAJIBHBIMU ATPETATAMUA
E. M. IOauna, H. A. Punac, C. K. [lanyma, A. B. [1ananuu

Pedepat. VccnenoBanuii MpOBOAUIHN C LEIBIO COBEPIICHCTBOBAHUS TEXHOIOTUH YOOPKH 3ep-
HOBBIX KOJIOCOBBIX KYJIBTYp IS IPOU3BOJICTBA KOHKYPEHTOCIIOCOOHOM MPOAYKIUH. PaboTy BHITOIHSIIN
B 2018-2022 rr. B KpacHomapckoMm kpae. ONTUMHU3UPOBAIIN MTapaMeTPhl MHOTO( YHKITHOHABHBIX arpe-
raToB M anpoOUpPOBaIM MX NMPUMEHUTENBHO K YCIOBUAM yoopku Ha Kybanu. CpaBHeHHE MaIlllUH, KOM-
TUIEKCOB, TEXHOJIOTHH U CHCTEM OCYIIECTBIISUIN MO0 METOJMKE KOMIUIEKCHOM OLIEHKH C MCIIOJIb30BaHUEM
¢ynkmn Xappunrrona. [Ipeanaraemasi TEXHOJIOTHS ¢ MHOTO(YHKIIMOHAJIBHBIMU arperatamy, 1o cpaB-
HEHHIO ¢ 0a30BOM, MO3BOIISIET CHU3UTD 3aTpathl Tpyaa B 1,25 pasa, SKCIUTyaTallMOHHBIE 3aTPaThl U Me-
TaJUTIOEMKOCTh — B 1,2 pa3a, MOBBICUTH NMPOM3BOANTEIBHOCT TPy IMOYTH B 2 pa3za. [Ipu ananmmse 3aBu-
CHUMOCTH CTOMMOCTH TMOTEPh YpOXKas 3epHa OT HMPOAOIIKUTEILHOCTH YOOPKH YYUTBIBAIN TPSIMBIE OHO-
JIOTUYECKHE MOTEPH ypoXKasi M KOCBEHHBIE, CBSI3aHHBIE C TPAaBMHPOBAaHHUEM 3€pHa PabOUYMMH OpraHamMu
y6opounbix ManmH. [Ipemnoxken MHOro yHKIIMOHANBHBIH arperar, nperHa3HadeHHbIH 1t YOOPKH 3ep-
HOBBIX KYJBTYP C OJJHOBPEMEHHBIM IPECCOBaHKUEM ColoMbl. OH 0a3upyercs: Ha UCIIOIb30BAaHUU CEpHIA-
Horo sHeprocperncrBa «Ilomecbe» YDC-2-280A, HaBecHOro 3epHoydopodnoro kombaiina K3P-10 u
npecc-nondopiuka coiaomsl [IPI1-1,6. ITpon3BoacTBeHHON NPOBEPKOH J10Ka3aHO MPEUMYIIECTBO PO-
TOPHOI'0 MOJIOTHJILHOT'O aIlapara, 1o CpaBHEHHIO ¢ KilaccuieckuM. [IprMeHeHue Ha yOopke komOaii-
HOB C POTOPHBIMH MOJIOTHJIBHO-CETIAPUPYIOIMMHU YCTPOMCTBAMH CHIDKAET NPOOJIeHNE 3epHa, 10 CpaB-
HEHUIO ¢ OWTbHBIMH, B 10 pa3, MUKponoBpexIeHne 3epHa — Ha 6...8%. C ucnonp3oBaHeM MeTo/a Tuia-
HHUPOBaHUS TPeX(aKTOPHOTO IKCHEPUMEHTA YCTAHOBJIEHA ONTUMAJbHAS MPOJOJIKUTENBHOCTE YOOPKH
3€PHOBBLIX KYJIBTYp IIO npez[,naraeMoﬁ TEXHOJIOINHU MHOFOd)yHKLU/IOHaJ'[I)HI)IM arperaTtom, KoTopas npu
ypokaiHOCTH 3epHa 6,8 T/ra, cocTaBisieT S pabouux JHEH, IUPUHA 3aXBaTa KAaTKU KomOaiHa — 5,4 M.
Vcnionp3oBaHue mpeylaraeMoro arperara ¢ OJHOW M3 MNPHLEHNHBIX MamMH (Ipecc-HoA00PLIMKOM
COJIOMBI, CesiIKa MPSIMOro MOCEBa, AUCKATOP WM ApYras No4BooOpabaThiBarOIlas MalluHa) JOCTATOYHO
3¢ PeKTUBHO.

KnroueBble cioBa: sHepro-pecypcocOeperaromas TEXHOJIOTHsS, yOOpKa 3epHa, KOMOaiiH, MHO-
ro yHKIIMOHAJIBHBIN arperar, ONTUMH3ALHMS, KOHKYPEHTOCTIOCOOHOCTb.

Bgenenne. IIpobnema yOOpkM 3epHa, KaK  HCCIEIOBAaHHE ONEpalMii, MOIEIUPOBAHHE U OI-

IJIaBHEHIeH MPOAYKIMH CeNBCKOTO XO3SMCTBA,  THMH3AlMs NPOU3BOACTBEHHBIX IPOLECCOB, TEO-
MO-TIPSKHEMY OCTAeTCsl OCTPOM W He 10 KOHLIA  pUs IUIAHHUPOBAHHS SKCIIEPHMEHTa, BEPOATHOCTH
pemrenHol. K cokanmenuio, mapameTpsl oTede- M MaTeMaTH4eCKOW CTaTHCTHKU C UCIIONb30BAHHU-
CTBEHHBIX TEXHOJOTHWH YOOPKHM 3epHa yCTymaloT  eMm mporpammHoro obecrieueHus MATLAB Sim-
3apyOeKHBIM TI0 HSHEPrOeMKOCTH, TPYAOBbIM,  ulink, cOBpeMeHHbIE METOIbl SKOHOMHUYECKOH M
(MHAHCOBBIM W IpYruM 3aTpaTtaM. Kpome TOro,  3KCINTyaTaLlIOHHO-TEXHOJIOIHYECKOH OLICHKH
norepu 10 10% yposxas 3epHa [1], ero TpaBMHUpO- ~ MaIIMHHBIX arperaTos.
BaHME MAalllMHAMH, HapyIIeHUe IIOTOYHOCTH, PHUT- PesynbraThl aHanu3a TEXHUKO-
MHYHOCTH U KOMIUIEKCHOCTH BBINIONHEHUS Y0O-  DKOHOMHYECKHUX IOKa3aTenell paboThl CEepHIHBIX
POYHBIX M TTOCIEYOOPOUHBIX padoT, a TAKKE KO-  3€PHOYOOPOUHBIX KOMOAHHOB CBHIETEIHCTBYIOT,
JIOTHYECKUX TpeOOBaHMH TpeOYIOT mepexoma Ha  4YTO MX JalbHelIlee COBEPIICHCTBOBAHHE IPAK-
NPUHOMIIMATEHO HOBBIE WHHOBAllMOHHBIE KOH-  THYeCKH mcuepnaso [4]. Poct mpousBoauTensHo-
CTPYKTOPCKHE M TEXHOJOTHMYecKue pemreHus. To  cTH KoMOAifHOB BRI3BIBAET HEOOXOJUMOCTh TOBBI-
ecTh Heo0X0JMMa HOBast METOOJIOT U KOMIUIEKC-  IIEHHS MOIIHOCTH JIBUTaTells, pacxofia TOIUIHBA,
HOH BBICOKONIPOHU3BOIMTEIBHON YOOPKH ypokash ~ MacChl, KOTOpas YK€ OKa3bIBaeT IaBJiCHHE Ha
3€PHOBBIX KYJIBTYP C OJXHOBPEMEHHBIM BBHIIIOJIHE-  IIOYBY BHIIIE HOIYCTHMOI'O, CHIDKAs ee II0Z0pO-
HUEM OCHOBHBIX MOCIEYOOpOUHBIX omepamuii  jaue [5]. Takas TeHAEHIUS OTCTaBaHWs IPUPOCTa
(TO)KHUBHBIN 1OCEB CHIEPATOB, PBIXJICHHE II0Y-  NPOU3BOAMTENBLHOCTH B TOHHAX 3a 4ac, 10 CpaB-
BBI, 3aI'OTOBKA MOJIOBBI U COJIOMBI B HEOOXOAW-  HEHUIO C NPHPOCTOM HOMHHAIBHOW MOITHOCTH
MBIX oO0beMmax). Bce 3To Bo3MOkHO Ha 0aze cu- IBUTATEINS B KBT, XapakTepHa JJIs BCEX CaMOXOJI-
CTeMBl THOKHX DJHEpPro-pecypcocOeperarommx  HbIX KOMOAWHOB, KaK C KIIACCHYSCKUMH, TaK H C
MHOTO(QYHKIMOHAIBHBIX arperaTtoB, COCTAaBISIO-  POTOPHBIMH MOJIOTHIIBHO-CETIapUP YIOIIMHU
X OCHOBY KOHIICTIIIMU CO3IAHUS TAKHX TEXHO- ycrpoiictBamu (MCY).
soruii [2, 3]. s onTEMH3anMK  TPOHOIDKUTEIHHOCTH

Lens wmccmenoBaHWii — COBEpIICHCTBOBAaHME  YOOPKM O3MMOHM MIIEHHIBI pa3paboTaHa SKOHO-
TEXHOJIOTHH YOOPKH 3€PHOBBIX KOJOCOBBIX KyTb-  MHKO-MaTeMaTH4ecKas MOJENb C LENEeBON (yHK-
TYyp IIyT€M MOAEPHHU3AIMH KOHCTPYKIMK yoopou-  mmed C,;, — MHHHUMYM 3aTpaT | IOTEpb
HBIX arperaToB, WCIIOJIb30BAHHUS MHOTODYHKINO-  (IIPEAYCMOTPEHBI 3aTpaThl Ha BBHITIONHEHHE yOO-
HaJIBHBIX arperaToB, pallMOHAJIBHOW OPTraHNW3allid  POYHBIX paboT M MOTEpH ypoXKas M3-3a OTKIIOHE-
yOOpOYHBIX paboT. HUS OT ONTUMAJIbHBIX CPOKOB YOOPKN).

YciaoBusi, 00beKTBI U MeTOAbl. OCHOBHBIC
METOAbl HUCCIEJOBAaHUI — CHCTEMHBII HOAXOL, C,=C,+C, — min, (D
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rne C,, - cymMMa 3atpar Ha YOOpKy ypoxas U
TOTeph ypoxas, ThIC. pyo.,

C,- cymMma 3atpat Ha yOOpKY 3epHa, ThIC. pyO.,
C,- cymMa moTepb ypoxkas, ThIC. pyO.

B cBoto ouepenp ¢opmyna pacyera CyMMBI
3atpar C, Ha yOOpKy ypoxkas MHOTO(YHKITIHO-
HaJIHBIM YOOPOUHBIM arperaTom mocie npeoodpa-
30BaHMI 3aBHCHUMOCTH BBITJISIIUT CIIEIYIOLIHM
obpazom:

_ F-1993,3n,,
T W

y

’ 2

TI€ Ny, — KOJIMYECTBO MHOTOGYHKIIMOHATBHBIX
arperatoB  (M®A) Ha yO0OpOUHYIO ILIOLIAIH
1000 ra, mr.;
W, — npouzBoaurenbHocth M®PA 3a 1 4 ocHOB-
HOT'O BPEMEHH, Ta/4;
1993,3 — smnupuyeckuii Ko QuIreHT;
F — yOopouHnas miomans, ra.

Cymma moteps ypoxast C, B 3aBUCUMOCTH OT
NPOJOJKUTENILHOCTH YOOPKU N ONpEeAeNseTcs u3
CJIE/TYIOLIETO BBHIPAKEHHSI:

(1,16n—4)+4,2
100

C, =FU @)

>

rue z
pyo./T;
U — ypoxaiiHOCTb, T/Ta;

N — IPOIOIKUTEIBHOCTE YOOPKH, [THEH;

1,16; 4; 4,2 — smnupuyeckue K03 GULINCHTBI.

3aKynovdHas I€Ha 3€pHa IIICHUIEBI,

COCTOHT B y4deTe CTOMMOCTH KOCBEHHBIX MOTEPh
ypoKkast OT JApoOJieHHs 3epHa YOOPOUYHBIMH Ma-
[IMHAMHU U OT €r0 MUKPOMOBPex ieHus. Boipaske-
HHE B CKOOKax

(1,167 —4)+4,2
100

YUYUTBIBaET OMOJIOTHYECKHE TOTEPH YpoXKas To-
Clle HACTYIUICHUS! TIOJMHOM CIIEJIOCTH 3epHa 3a
KaXIBIA JICHb Ni YOOPKH.

PesynmeTathl U o0cyxkaeHue. Paspaborka 3¢-
(heKTHBHOM TEXHOJOTHH, B TOM YHCIE A yOop-
KU 3E€PHOBBIX KYJIBTYp, Oa3upyeTcs Ha BBINOJIHE-
HUM YeThIpeX OJIOKOB KOHIENTYaNIbHOH CXEMBI
(puc. 1). OmaNM U3 TIaBHBIX OJIOKOB KOHIICTIITUH
BBICTyIaeT pecypcocoepexenne. OHO wHMeeT
OrpOMHOE 3Ha4€HHE ISl BCErO arporpOMBIILICH-
HOTO KOMIUIEKCa, CIY)KHT OCHOBOW OOecrieueHus
KOHKYPEHTOCIIOCOOHOCTH ~ arpapHoOd  OTpaciu
3KOHOMMKH.

CornacHo mpeayiokeHHoi cxeme (puc. 1) pe-
CcypcocOepexeHrue B TEXHOJIOTHMH YOOPKH 3€pHO-
BBIX KyJIbTyp OyZeT o0ecrnedeHo IyTeM 3KOHO-
MHHU TOIUIMBa, METaJuia, CPEACTB XHUMHU3AUHUU U
paboueil cuibl. Yke ceiiyac HEKOTOpbIE CEpHii-
HbIE MaIlMHbI 00ecreunBatoT 3QHEKTUBHYIO SKO-
HOMHIO TOIUIMBA MOCPEICTBOM COBEPIICHCTBOBA-
HHS CHCTEMBbI €ro MoAa4yd U Paciiblia, HCIOIb30-
BaHMs OPUTHMHAJIBHBIX Pa00YMX OpPTraHOB, COBME-
IICHHUs] TEXHOJIOTMYECKUX OIepaliii, BBIMOJIHSIC-
MBIX 32 OJMH IPOXO]] MAIUHbI MO MO0, ONTH-
MU3aLUHI BapHAaHTOB TEXHOIOrUii [6, 7, 8] u mapa-

HoBuzna mnonydenHoidt 3aBucumoctn (3)  MeTpoB yOOpouHbBIX MamiuH [9, 10].
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Puc.1 — bnoku KOHLENTYalbHOM CXEMbI CO3/IaHUSI HOBBIX TEXHOJIOTUI
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Bnox anmanranuu MammH, MCHONB3YEMBIX B
TEXHOJIOTMYECKOM IIPOIIECCE, YIUTHIBAECT IPUPOA-
HO-OPTaHW3aIMOHHBIE  YCIOBUS, arpoTeXHHYe-
CKHE TpeOOBaHUs, COCTAaB M CIIOCOOBI NpHMeEHe-
HUSI TEXHOJIOTMYECKUX U TEXHHUYECKUX CPENICTB C
y4eToM TpeOOBaHMI K BBHIIONHIIEMON padore.

Tpernii ONOK  KOHHENTYalbHOW  CXEMBI
(3konornveckass OE30MACHOCTB) pa3padaThiBac-
MOH TEXHOJIOTHH yYHTHIBACT BIMSHUE BCEX HeTa-
THUBHBIX (DaKTOPOB pEaM3al MAIIMHHON TeX-
HOJIOTMH (JlaBJIEHWE Ha TPYHT XOJOBBIX YacTel
MallliH, TOTepsl TOPI0Ye-CMa30uHbIX MaTEPHUAIOB,
BBIJICJICHHE BPEIHBIX Ta30B DHEPrOCPEICTBOM,
YpOBEHb IllyMa M 3amblIeHHOCTH). Hampumep,
pa3pabaTbeiBacMasi TEXHOJIOTHSI YOOPKH 3E€pHOBBIX
KyJAbTyp HE TPEeIyCMaTpUBAeT HCIOJIb30BaHNE
yOOpOYHBIX MallMH W TpaHCIOpTa ¢ OONbIION
MaccoH, YIUIOTHSIIOIMX TOYBY XOJIOBBIMH CHCTE-
mamu. Kpome Toro, miiaHupyercsi CHHXKEHHE 00-
IIEro YKcia MPOXOA0B arperaToB Mo MO0 MyTeM
COBMEILIEHUS OIIEpALV.

YeTBepThIii OJIOK CXEMBbI IOCBSIIEH 000CHOBA-
HUIO DKOHOMUYECKOH 3(QQEeKTUBHOCTH pa3pada-
ThIBaeMOi TexHonoruu. OHa JODKHA oOecredn-
BaTb CHM)KCHUC TPYAOBBIX 3aTpaT HE MEHEC YEM B
1,5...2,0 pa3a, sKCITyaTallUOHHBIX 3aTPaT — MH-
HUMYM Ha 20...25%, NOBbIIICHUE KaYeCTBa 3epHA
U COKpalleHue ero norepb. CremeHp pucka Ipo-
eKTa He AoibkHa npeBbimaTe 10%. Cobnronenue
BCEX YeThIpeX OJOKOB KOHIENTYalbHOH CXEMBI
(puc. 1) mo3omut co3uath 3GGEKTUBHYIO Ma-
IIMHHYIO TEXHOJIOTHIO.

Pabora coBpeMeHHBIX 3epHOYOOPOUHBIX KOM-
0alfHOB C MOJIOTWJILHBIMH ammapaTaMyi OHJIbHOTO
THIIA COIPOBOXIAETCS MOBBILICHHBIM POOJICHH-
eM 3epHa. DTO CHIW)KAeT ero KayecTBO U BOCTpe-
6oBaHHOCTB Ha pbiHke [11]. HeoOxoauma mozep-
HHU3aLMs KOHCTPYKLUH MOJIOTHJIBHBIX amliaparos,
a TaKKe ONTHUMHU3ALU [apaMeTpoB M PEKUMOB
pabotsl mamuH [12, 13].

CTpyKTypa W cocTaB KOMOAaHHOBOrO Iapka
Poccun yxe ucuepnan cBou BO3MOXKHOCTH. Tpe-
0OBaHMA K HAYKOEMKOCTH KOHCTPYKITNH KoMOaii-
Ha JODKHBI YYUTHIBATH HE TOJNBKO €ro HaJex-
HOCTb, HPOM3BOIHUTENBHOCTD, Ka4eCTBO PalOTH,
KOM(OPTHOCTh M Ip., HO M PE3KOE CHIKEHHUE
3aTpaT BCIEICTBUE COBMeUIeHMs onepauuid. Mc-
mapeHue Biard (BOABI) C IMOBEPXHOCTH ITOYBEI
nocine yOOpPKM —ypokash MOXET JOCTHIaTh
100...150 T/ra, 9TO MPUBOIAWUT K 3HAUUTEIHEHOMY
CHIDKCHHUIO YpO)Kasi MOCIEAYIOINX KYJbTYp, IO-
9TOMY OJHOBPEMEHHOE BBINOIHEHUE COIYTCTBY-
OIWX onepanuii (OOpOHOBaHWE IS 3aKPHITHS
TIOYBCHHOM BJIard, IIOCEB CHAEPATOB M APYIHX
MPOMEXYTOUHBIX KYIBTYp, YOOpKa HE3epHOBOM
YacTH yposkas U JIp.) IpocTo Heobxomumo [14].

B niepBom 6110K€e pecypcocdepexenus (puc. 1)
Ipy yOOpKEe 3epHOBBIX KYJIbTYp OOJNBIIOE 3HaUe-
HHE UMEIOT TPAaHCHOPTHPOBKA 3€pHA OT KOMOai-
HOB, HOBBIE TIpHEMBI YOOpKH [15] u onTuMu3zamms
ee mpomonkuTenbHocTH [16]. Ha mepeBo3ke 3ep-
HAa OT KOMOaifHOB HEOOXOIUMBI TOIBKO 000PYHO-
BaHHbIC HAKOMUTEIN TIeperpy3unuKy  THIIA
T-740. Henp3st yIIOTHSATE MOYBY TSDKEIIBIMH TPY-
30BBIMH aBTOMOOWIISIMH, Jia €Ile B COCTaBe
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aBToroe31oB. IIpu paccTossHUM O 3 KM HaKOITH-
TENN — TIEPErpy34nKd MOTYT CaMH TpPaHCIOPTH-
poBaTh 3epHO OT KOMOaifHOB 70 TOKa, a Oornee 3
KM — JIOJDKHBI TIeperpyXatb B OOJbIIETPY3HBINA
tpancriopt tuna Fliegl, oxunarommii Ha nopore,
BO3JIe TOJs. TpPyAOEMKOCTh TPaHCIOPTHPOBKU
3epHa MpH 3TOM CHWXKaeTcsd B 1,2 pa3a, a pacxon
ToruBa — B 1,6 pa3a, 0 CpaBHEHHIO C aBTOMO-
OWIBHBIM TPAHCIOPTOM.

HoBeie  cmocoObl  yOOpkW,  Hampumep,
C pazJeJicHHEeM HEBESHOro BOpoXa Ha CTallMOoHa-
pe, MoKa emie MaJo NMPUMEHSIOT Ha TPaKTHKE,
XOTS Y)Ke JIOKa3aHa UX BbICOKas 3()(eKTHBHOCTh
B Kanane [17]. ImMnonupyeT BbICOKas MpOU3BO-
JUTENBHOCTh yOoopouyHoro arperara MHI130 c
TpakTopoM 120 kBt. OHa cocraBnser okomno 7 ra
3a 1 9 YHCTOrOo BpEeMeHHW, a IIeHa IPUIEITHOrO
KoMOaiiHa B pa3bl HIKE CaMOXOIHOro, Kpome
TOTO, CHIDKAIOTCSl 3aTpaThl Ha TEXHHYECKOe 00-
CITY>)KUBAHUE U XpaHCHUE.

Pemute npo0neMy KOMIUIEKCHOTO BBIIOJIHE-
HUA, MOTOYHOCTU U PHUTMHUYHOCTHU y60p0‘{HbIX
pabot (puc. 2) MO3BOJIAET CO3aHKe Ha 0a3e Mpu-
LEMHBIX 3€pHOYOOPOYHBIX KOMOAfHOB MHO-
roQYHKIIMOHAJILHBIX arperaTroB, padoTaloIluX B
pexrMe cOopa HEBESIHHOTO BOPOXa C pa3JielieHu-
€M €ro Ha CTalliOHape, U COBMEINAIOIINX TEXHO-
JIOTUYECKHE OIepaly YOOPKH 3epHa C OJHOBpE-
MEHHBIM BBIIOJHEHHEM OCHOBHBIX IIOCJIEYyOOpOU-
HbIX pabor [18]. B HampaBieHUHM TOBBILICHHS
IPOM3BOIUTEILHOCTH KOMOAlHOB M KayecTBa
yOopkH BBICOKYIO 3(h(heKTHBHOCTh OOecreunBaet
TEXHOJIOTUsI YOOPKH 3epHOBBIX ITyTeM oueca. OHa
HOBBIIIACT MPOM3BOAUTEIBHOCTh KOMOaiiHa, B
CPaBHEHHH C KIACCHYECKOH CXeMoil yOOpKH, B
1,4...1,5 pa3a, 5KOHOMHT pecypchl, HO, K CoXKaJe-
HUIO, HU B HaIllel CTpaHe, HU 3a pyOex oM cepuii-
Hasl OYHMCTKa KOMOAtHOB HE MPHUCIIOCOONIEeHa s
HEBESHOr o Bopoxa rocie odeca. [lomyqaercs, uto
odechIBaloOIIasl jkaTka oO4yeHb 3(dexTHBHA, HO
HY)KHa MOAEPHH3HPOBaHHAs OYHCTKA MOJ (H3H-
KO-MEXaHWYECKHE CBOMCTBAa OYECAaHHOI'O BOpOXa
C LIEJIBIO MCKITIOYEHHUS BBICOKOTO TPaBMHPOBaHUS
3epHa, KOTOpOE MMEET MECTO IPH COBMECTHOU
paboTe odechIBaIOIICH KATKH U CEPUITHOTO MOJIO-
TUIBHO-CENAPUPYIOLIEro ycTpoiicTBa. JlononHu-
TENBHBIM MPOXOJ, OYECAHHOTO BOpPOXa depe3 ce-
PpHUIHYIO MOJOTWIKY YpeBaT YBEIMUYCHUEM IPOO-
JIEHUsI 1 MUKPOIOBPEXICHUI 3€pHA, YTO CHIDKA-
€T €ro MOCEBHBIE U TOBAapHBIE CBOMCTBA. Hammmu
WCCIIEIOBAaHUAME YK€ HaMEUeHBl HPEIUIOKEHHS
o COBEPIIIEHCTBOBAHHIO MOJIOTHIIBHO-
CerapupyrolIero yCTPOHCTBA, KOTOphIE obecre-
YaT TOBBIIICHNE KAayecTBa 3€pHa IMOcie odyeca H
CHHBSIT €ro morepu. JT0 OyaeT BECOMBIM JOCTH-
JKCHHEM B TIOBBIMICHUH 3(PPEKTUBHOCTH YOOpPKU
3epHa [19, 20]. ITokazaTenn »sHEpreTHYECKON (-
(heKTHBHOCTH TIpeIIaraeMoil TEXHOIOTUH C MHO-
royHKIIMOHAIBHBIMU arperataMi IT0JUepKUBa-
0T €€ CYIIIECTBEHHOE MTPENMYIIECTBO, 110 CpPaBHE-
HUIO C 0a30BOH, W BBICOKYIO 3((EKTHBHOCTH
(tabn. 1): ymenbHBIE 3aTpaThl COBOKYITHOW DHEp-
THA W METAIJIOEMKOCTh CHIDKAIOTCS ITOYTH
B 1,9 paza, mpon3BOANTEIBHOCTH TPYZa BO3pacTa-
erB 1,8...2,0 pa3a.
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Haupas;leﬂuﬂ IIOBbIUICHUSA [IPOU3BOAUTEIIBHOCTH M KayeCTBa pa60'u,1 3VK

[

KomnnekroBatue MHOl'OllJyHKLlV[OHaJ'Ibe]X
yOOPOUHBIX arperaTon

VopouHblii arperar ¢
MPEeccoBanUeM CONOMbI

Y 6opouH0-T104BO0GpadATRIBAIOHI T
arperat
p
— YGopouHo-1oceBHOl arperar S

Hcnonb30BaHWe MAKCUMalbHOM
pou3BoauTeNbHOCTH 3YK

e OnTrMH3aIKA B3aUMOCBA3KH KoMOaiiHa,

IMoTtouHocTs M pVITMl/[‘IHOCTh
pabodyero mporecca

TPAHCIOPTHOTO CPEACTBA U YCIIOBUI YOOPKU

Puc. 2 — HoBble HanpaBiieHUs! MOBBIIIEHUS (D GEKTUBHOCTH paOOThI 36pHOYOOPOUHBIX KOMOAHOB

Tabnuia 1 — 3¢hheKTUBHOCTH TEXHONOTMN YOOPKH MIIEHUIBI C IPUMEHEHHEM MHOT0() yHKIIMOHAIb-

HBIX arperaTtoB

[Noka3artenb BapuaHTt TeXHOIOrHH
OazoBast c MOA
3arpatsl Tpyza, yen-4/ra 1,2 0,96
DKcITyaTallMoOHHbIE 3aTpaThl, py0./ra 7702,6 6513,1
MeTanaoeMKOCTh, KI/Ta 49,8 41,9
DHeproeMkocTb, MJIx/ra 602,5 702,7

OnrtumMasnbHasi TPOAOIDKUTEIBHOCTh YOOPKH
KaXJ10ro copra 03UMOM IIIIISCHUIIbI HE OO0JIDKHa
npeBbIIaTh 4...5 KaleHAapHBIX THEW, a BCEero
B CENbXO3NPENPUATUH HEOOXOAUMO HCIIOIb30-
BaTh 5...6 coptoB. Bece aTo Oymer cnocobcTBoO-
BaThb MOBBIILIEHHIO YpOXKalHOCTH u
9KOHOMUH PECYPCOB.

Bbicokyto 3¢ (eKTUBHOCTh HOBOW TEXHOIOT MU

C IIPECCOBAHUEM COJIOMBI.

B pesynbrare ontiMu3anuy yOOpKH IO 1ieje-
BoW ¢yHkimu (1) ee MUHMMAaNbHAs CTOUMOCTh
JUIA TipeiaraeMoro yoopounoro arperata M®OA
C OHOBPEMEHHBIM IIPECCOBAHHEM COJIOMBI CO-
craBuT 5696 py0./ra, mpu 3arpatax Ha yOOpPKY
ypoxkass C, =2848 py0./ra U CTOMMOCTb IOTEPh
ypoxkass C, =2848 py6./ra. Munumym ¢yHKIMH

o BCEM II0Ka3aTCIsIM obecrieunBaeT 3aTpaT U IOTEPh Cm OTME€YCH IIpU OINTHUMAaILHOM
HCIIOJIb30BAHUEC MHOFO(byHKHHOHaHBHBIX MPOAOKUTECIBPHOCTH  BBIIIOJIHEHUSL pa60T n=4
arperarTos, COBMECHIAOIINX Y60pKy 3€pHa KaJICHAApPHBIX JTHS.
e
meic. pyi/za U=657 /77/ z2a
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Puc. 2 — 3aBucuMocCTh 3aTpat Ha YOOPKY 3€pHA U TIOTEPh ypoXkas OT MPOAOIDKUTEIHHOCTH YOOPKU

B co3paHuy TEXHUYECKOr0 OOECIIeUeHHs TeX-
HOJIOTUHM OJHMM U3 TPeOOBAHUI K MAIllMHAM BbI-
CTymaeT KadecTBO mpoxykiwu (puc. 1 Omok 4).
Oco0eHHO 5TO Kacaercsl 3epHa IMIICHUITB, Kade-
CTBO KOTOPOT'O MOXHO TIOBEICUTH ITyTEM YITyYIIIe-
HUst KOHCTpYKImH MCY koMOaiHOB.

Pesynbrater HAIINX HCCIIeTOBaHUN
MMOKA3BIBAIOT, YTO TPUMCHEHHE Ha YOOpKe
poropubix MCY cHmwkaer IpoOJieHHE 3epHa,
Mo cpaBHeHHIO C OwipHBEIMH, B 10 pas3,
MUKPOIIOBPEKJICHAE 3EpHA HA 6...8%, a
9TO BIMSAET W Ha OOIIME TOTEpH Yypokas M Ha
KadecTBO 3epHa (Tadm. 2).

92

PaszHuma B conmeprkaHnm Oenka B 3€pHE copTa
OmnpxoH, yOpamHOro KomOaitHamum ¢ MCY
CYIIECTBEHHA KaK B IIEJIOM 10 COPTHPOBKH Ha
pemrerax, Tak u mo (pakmusM. ITo OOBACHIETCS
CHIDKEHHEM MUKPOITOBPEX IEHU I 3epHa
npu yoopke (tabi. 2).

BeiBoabl. Pa3paborana kKoHIenuus co3a-
HUS 3HEpPro- pecypcocOeperaromeil TeXHOIOrun
yOOpKH 3€pHOBBIX KYIBTYp, B CTPYKTYpe KOTOpOH
MPelyCMOTpPEHBI YeThIpe OI0Ka: 3HeprocOepexe-
HHE, ajanTanuss MalldiH K YCJIOBHSAM
yOOpKH,  DKOJIOTMYECKOe  OOECIedeHHEe U
9KOHOMHUYECKOE 000CHOBAHHE.
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Tabnuma 2 — BiusiHMe KOHCTPYKIMM MOJIOTHIIBHO-CENapHpYIOIIEro yCTpoiicTBa KOMOAWHOB NpH

y60p1<e MNHICHUIBI COPTa ObXOH Ha KAa4ECTBO 3€pHa

Tlokazarenp
ChIpas KIICHKOBHUHA
Opakims 3ep- | N obmaz po- rpym-
Ha HOCTb HATYpa, CTEKJIO- TenH enu- na Xapak- | Kiacc
3epHa, r/mm BUJTHOCTb, o ’ % HHI] _ | Tepuc- | 3epHa
% % ’ UK Kate THKA
CTBa
Komb6aiin Tucano
Mo paznene-
HUs Ha (pak- 10,10 824 69,7 14,24 | 23,21 52,3 I X0p. 3
ITUH
3,0/20 10,10 840 74,2 15,62 | 25,84 [ 54,8 I X0p. 3
2,520 10,15 832 70,1 14,38 | 23,80 | 52,6 I XO0p. 3
2,2/20 9,91 785 67,5 13,42 | 19,48 | 53,9 I X0p. 4
YA0BI
1,7/20 9,66 736 58,5 10,42 | 16,04 | 38,9 II ’ 5
Kpern-
Kast
HCPgs 0,04 6 1,3 0,83 1,40 - - - -
Komb6aita Torum
Mo paznene-
HUsI Ha (pak- 10,49 824 81,9 17,81 | 26,63 | 58,90 I X0p. 3
8207
3,0/20 10,34 845 85,2 19,68 | 31,12 | 65,00 | X0p. 2
2,520 10,63 828 82,4 17,86 | 26,40 | 59,80 I XO0p. 3
2,2/20 9,99 782 77,2 14,85 | 21,56 | 44,80 I XO0p. 4
1,7/20 9,76 731 67,4 14,39 | 20,20 | 43,09 I XO0p. 4
HCPys 0,12 7,2 2,7 0,56 0,84 - - - -

B nepBom 0510Ke riiaBHOE BHUMaHUE oOpaliie-
HO Ha 3aMEHY TSDKEJBIX JOPOTOCTOSIIHMX CaMo-
XOJIHBIX KOMOAiHOB MHOrO()YHKIMOHAJIBHBIMU
THOKMMH YOOPOYHBIMH arperaTaMu, COBMEIAro-
UMK ONepaliy Mo YOOpKe 3epHa C OIHOBpe-
MEHHBIM BBIIOJIHEHHEM JPYTUX paboT (phIXJIeHHEe
MIOYBBI, IPOMEXKYTOYHBIA ITOCEB CHUIEPATOB WU
KOPMOBBIX KYJBTYp, IIPECCOBAHHE COJIOMBI B 3a-
IUIAHUPOBAHHBIX ~ 00beMax). MHOrodyHKIHO-
HaJlbHBIE arperaTtsl MOXXHO KOMIUIEKTOBATh Ha
0aze NpPHULENHBIX OE3MOTOPHBIX, CAMOXOIHBIX
TIOJTHOTIPHBOJHBIX HJIM HABECHBIX 3epHOYOOpOU-
HBIX KOMOAtHOB. DKCIIEpUMEHTAJIHHBIMH HCCIIe-
JOBaHMSAMH TOATBEPXKICHO CYILECTBEHHOE IIpe-
HUMYIIECTBO MHOTO()YHKIMOHAIBHBIX YOOPOYHBIX
arperaToB Ha IpHMepe IMOTHONPHBOIHOI'O KOM-
oaitna TORUM-740 3aBoma Pocrcenpmara
(Poccus) ¢ KOMITIIEKTOM arperaTHpyeMbIX MaIllnH

u HaBecHoro K3P-10 na smeprocpenctso MIC-
280 (benapycs). Hanbonee npenmoyTuTeneH cro-
€00 yOOpKM 3€pPHOBBIX KOJIOCOBBIX MHOrO(YHK-
IIMOHAJBHBIMU arperaTaMu ¢ paszeieHUeM BOpPO-
Xa Ha CTallMOHApe AacHHpaliOHHO-PELIETHBIMU
cernapaTopami.

OnTtuManbHasg NPOAOIDKUTENBHOCTE YOOPKH
OJIHOTO copta 3€pPHOBBIX KOJIOCOBBIX
KyIbTyp, OOOCHOBaHHasi C  HCIIOJIb30BaHHE
(yHKIMM ~ 3aTpaT W IOTEPh  COCTABISIET
4...5 xanenmapueix aneil. Ilpu sToMm, coryacHO
PEKOMEHIALMSIM ~ CEJIEKIIMOHEPOB, B  KaXIOM
CETbXO3MPENPHUATHH HEOOXOINMO BO3JICIIBIBATH
5...6 COPTOB IIIEHMIIBI, CPEAN KOTOPBIX IOIKHBI
ObITh CHIBHBIE, BBICOKOYPOXKalHbIE, paHHUE,
cpennue u 1p. Bee 910 3ddexTiBHO ckaxkeTcs Ha
YpOXKalfHOCTH, KadecTBE 3€pHA, a TaKKE Ha
3HEPro- M PeCypcocOepeRKeHUH.
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GRAIN HARVESTING TECHNOLOGIES WITH ENERGY AND RESOURCE SAVING
MULTIFUNCTIONAL UNITS
E. M. Yudina, N. A. Rinas, S. K. Papusha, A. V. Palapin

Abstract. The research was carried out with the aim of improving the technology of harvesting cereal crops for
the production of competitive products. The work was carried out in 2018-2022 in Krasnodar region. We optimized the
parameters of multifunctional units and tested them in relation to harvesting conditions in Kuban. Comparison of ma-
chines, complexes, technologies and systems was carried out using a comprehensive assessment method using the Harring-
ton function. The proposed technology with multifunctional units, compared to the basic one, allows reducing labor costs
by 1.25 times, operating costs and metal consumption by 1.2 times, and increasing labor productivity by almost 2 times.
When analyzing the dependence of the cost of grain yield losses on the duration of harvesting, direct biological yield loss-
es and indirect losses associated with injury to grain by the working parts of harvesting machines were taken into account.
A multifunctional unit is proposed, designed for harvesting grain crops with simultaneous pressing of straw. It is based on
the use of the serial power unit “Polesie” UES-2-280A, the mounted grain harvester KZR-10 and the straw baler PRP-1.6.
A production test has proven the advantage of a rotary threshing apparatus compared to a classic one. The use of combine
harvesters with rotary threshing and separating devices reduces grain crushing, compared to threshing machines, by 10
times, microdamage to grain - by 6...8%. Using the three-factor experiment planning method, the optimal duration for
harvesting grain crops using the proposed technology with a multifunctional unit was established, which, with a grain yield
of 6.8 t/ha, is 5 working days, the working width of the combine header is 5.4 m. Using the proposed unit with one of the
trailed machines (straw baler, direct seed seeder, discor or other tillage machine) is quite effective.

Key words: energy-resource-saving technology, grain harvesting, combine harvester, multifunctional unit, optimiza-
tion, competitiveness.
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