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O6ocHOBaHO 2 deKTHBHOE MPUMEHEHNE CTEPHEBOTO KYJIbTUBATOpA Ha IMOBEPXHOCTHON 00paboTKe MMOYBHI OTHOBpE-
MEHHO C BHECEHHMEM TBEPIbIX MUHEPAIbHBIX ynoOpeHuil. CHUKAEeTCsl PACHbLI IMOYBBI [0 CPABHEHHIO C AMCKOBBIMU
opymusamu B 1,5...2 pasa. Ha npumepe npeniaraeMoro MHOroyHKIIMOHATIBHOTO CTEPHEBOTO KYJIbTUBATOPA C ITPHUCIIO-
co0J1eHreM U1 OTHOBPEMEHHOT'0 BHECEHHA MUHEPAJIbHBIX yI0OPEHUi T0Ka3aHa BO3MOYKHOCTb IPUMEHEHUS (QYHKIIUH
3aTpaT U NoTepb (3aTpaT Ha BBHINIOJHCHUE 00beMa paboT U MOoTepb OyAyIIEro ypoxkas B CBS3U C HApyIIEHUEM ONTH-
MaJIbHOM MPOMOJIKUTEIBHOCTH PadoT) U1 ONTHUMHU3ALUK MPOAOJLKUTEIbHOCTH padoT. Ilpencrasiena O0k-cxema
aJIrOpuT™Ma ONTHUMHU3AINH MAPAMETPOB U PEKUMOB PadOTHl MHOTO(YHKIIMOHATILHOTO CTEPHEBOTO KYJIbTHBATOPA MO
KPUTEPHUIO ONITUMAJILHOTO 3HaUeHHs1 KOG dUIMeHTa NCIO0Ib30BaHMA TATOBOTO YCHIIUSA 3aIaHHOTO TPAKTOPa C Y4eTOM
€ro TATOBOH XapaKTEPUCTUKK U 3aBUCUMOCTH KOG QHUITNCHTa yIEIbHOTO CONMPOTUBJICHNS KyJIbTUBATOPA OT paboueit
CKOPOCTH JBMYKEHUS, ITyOHHBI 00pabOTKH U YAEJIbHON MaTepUaIoeMKOCTHU € Y4€TOM MacChl BHOCUMBIX y10OpeHuii. B
1es1eBoi (pyHKUIUK ONTUMH3ALMHU TPOAO/LKUTESIPHOCTHU BBIIOIHAEMOI PabOThHl CTOMMOCTD 3aTpaT BKJIIOYAET IKCILTya-
TAIMIOHHBIC 3aTPATHl Ha 33/IaHHBIN arperart i IJITAHUPYEMBIX 00beMOB paboT. [1py yBesmueHnn mpooJ KU TEIbHOCTH
9THX PaboT 3aTpaThl CHIKAIOTCA, & CTOMMOCTb IOTEPhb OyIylIero ypoxas, Hao6opot, Bo3pactaeT. CymMMa ke CTOU-
MOCTH 3aTpaT 1 MIOTePb MMEET IKCTPEMYM, KOTOPBII ONpeaesifieT ONTUMAIbHOCTD pereHus. [IpuBeneHa 3aBUCUMOCTD
CTOMMOCTH MOTEPb OyIyIIEro ypoxas 3¢pHa KyKypy3bl OT NMPOAOJKUTEIIBHOCTH, 00beMa padoT, 3aKyIIOYHOH IIEHbBI
yOupaemMoro ypoxas 1 HHTEHCUBHOCTH TIOTePb 32 KaXK/IbIil IeHb HAPYIICHUS ONTHMAILHOTO CPOKa CTEpHEBOil 0Opa-
OOTKH MOYBHI C OJTHOBPEMEHHBIM BHECEHHEM MUHEPAJIbHBIX yIoOpeHuil. C MOMOIIbIO MOJTyYeHHOH (YHKIUH 3aTpaT U
MOTEPhb YCTAaHOBJICHA ONTUMaJIbHAA TPOIOJIKUTEIIBHOCTh CTEPHEBOM 00PaOOTKHM MOYBHI C OHOBPEMEHHBIM BHECEHIEM
TBEP/IbIX MUHEPAJIbHBIX YIOOpEHHi Ha MpuMepe MallMHHO-TPAKTOPHOTO arperata B cocTaBe Tpakropa MT3-1221
u crepHeBoro KyJspTusaropa KCY-3 ¢ npucrnocobsienuem mJisi OIHOBPEMEHHOTO BHECEHHs TBEPABIX MHUHEPAJIbHBIX
ynoOpeHuii.

Karoueswie caosa: GyHKIMA 3aTpaT U NOTEPb, MHOTO(MYHKIMOHAIBHBIN CTEPHEBON KyJIbTUBATOD, 3aTPAThl, MOTEPU
yposkas, onTuMu3aius, 3GpGeKTUBHOCTD.

The effective application of the stubble cultivator on surface tillage is justified simultaneously with the introduction
of solid mineral fertilizers. The atomization of the soil in comparison with the disk tools decreases in 1,5...2 times.
Using the example of the proposed multifunctional stubble cultivator with the device for simultaneous application of
mineral fertilizers, the possibility of using the cost and loss function (the cost of carrying out the amount of work and
the loss of the future crop due to a violation of the optimal duration of work) is proved to optimize the duration of
work. A block diagram of the algorithm for optimizing the parameters and operating conditions of a multifunctional
stubble cultivator is presented based on the criterion of the optimal value of the traction factor of a given tractor, tak-
ing into account its traction characteristics and the dependence of the coefficient of the resistivity of the cultivator on
the working speed of movement, the depth of processing and the specific material consumption, with consideration
of the mass of fertilizers applied. In the objective function of optimizing the duration of the work performed, the cost
of the cost includes the operating costs for the specified unit for the planned scope of work. With an increase in the
duration of these works, costs are reduced, and the cost of future crop losses, on the contrary, increases. The sum
of costs and losses has an extremum, which determines the optimality of the solution. The dependence of the cost
of losses of the future corn grain crop on the duration, the amount of work, the purchase price of the harvested crop
and the intensity of losses for each day of the violation of the optimal period of stubble cultivation of the soil with
simultaneous application of mineral fertilizers is given. With the help of the obtained cost and loss function, the op-
timum duration of stubble cultivation of the soil was established with the simultaneous introduction of solid mineral
fertilizers using the example of the machine-tractor unit as part of the MTZ-1221 tractor and the stubble cultivator
KSU-3 with the device for simultaneous application of solid mineral fertilizers.

Keywords: function of costs and losses, multifunctional stubble cultivator, costs, crop losses, optimization, efficiency.
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Baenenne

PanmonanpHas cucteMa oOpabOTKM TIpEIKaB-
Ka3CKUX BBIIICJIOYCHHBIX YEPHO3EMOB B COYETa-
HUH CO BCHAIIKOM, MOBECPXHOCTHON 0OpabOTKOM
¥ TPSAMBIM TIOCEBOM OKa3bIBAaCT CYIIECTBEHHOE
BJIMSIHME HA UX arpodusnyecKkue CBOMCTBA U TPO-
OYKTUBHOCTD BBIPANIMBACMBIX TOJICBBIX KYJIBTYP
B 3CPHOIPOMNAITHOM CEBOOOOPOTE TPU JTyYIINX
MOKa3aTe/IAX SKOHOMUYECKO W OMOsHEepreTHYe-
ckoit apdextuBrOCTH. [ 714 3TOM TIeTM Ha KyOanm
MPUMCHSIOT OTBAJIbHYIO U 0€30TBAJIbHYIO BCIIAIII-
KY, JINCKOBBIC OPYJIHs M CEAJIKH MPSIMOTo IMOCeBa.
OnHaKo TPUMEHEHHE TUCKOBBIX OPYAMMA JJIs TMO-
BEPXHOCTHON OOpabOTKM IMOYBH HAHOCHUT CYIIe-
CTBEHHBI YpOH ee mionoponuio. IlocTosiHHAsS
TMOBEPXHOCTHAS WJIM MeJIKasA 3510j1eBast 00padoTKa
TTOYBHI IUCKOBBIMU OPYIUSMH MPUBOIUT K YBEJIH-
YeHUIO B Hell copepxxanusa eyt Ao 9..11 %, 1ro
B 1,5..2 pas3a OoJsibliie 4eM HpU OTBAJIBHON U HY-
JIeBoif obpaboTkax [1]. B aToif cBsa3m miIs coxpa-
HEHHs 00Jiee arpOHOMHYCCKU TICHHOM CTPYKTY PhI
MOYBBHI HEOOXOMMMO OT'PAaHWYHUTH HCIOJIb30BAHKE
IVCKOBBIX opynuii, ocoberno tumna bJITM.

JJ1s TOBEepXHOCTHON 00pabOTKH TIOYBHI Oosiee
MPEANOYTHTEIIBHBl ~ CTCPHEBBIC — KYJIbTHBATOPHI
(puc. 1), BellTycKaeMble OTEYECTBECHHBIM CEJIbX03-
MAaIIIHOCTPOCHUEM [2].

Puc. 1. Cepuiinbiii crepneBoii kyabtuBaTtop KCY-6
COBMECTHOI'0 POCCHiiCKO-TepMaHCKOro NPOH3BOICTBA

Db DEeKTUBHOCTD CTEPHEBBIX KYJIbTUBATOPOB
MOMUMO COXPaHEHHS] CTPYKTYPHI IOYBBI MOXKET
OBITh TIOBBIINICHA 32 CYET COBMEIICHUs HECKOJIb-
KHX TEXHOJIOTMYECKUX OTeparuil 3a OMuH MPOXOJT
MAIIUHBI 0 TOJTI0, HATIPUMED, C OTHOBPEMEHHBIM
BHECCHHEM OCHOBHOT'O MUHEPAJIbHOTO yIOOpeHUs
MHOT'O(YHKIIHOHAJIBHBIM KYJIBTHBATOPOM [3].

ILenb nccnenoBanust

]_ICJ'II)IO HUCCJICAOBaHUA ABJIACTCA 000CHOBaHHE
ONTUMAJIbHOM IIPOAOIKUTCIIBHOCTHU ITOBCPXHOCT-
HOM 06pa6OTKI/I IIO4YBbI C OMHOBPCMCHHBIM BHECCC-
HHUEM MHUHCPAJIbHBIX yZ[O6peHI/II7I npeajiaraCMbiM
MHOFO(l)YHKIII/IOHaJ'II)HI)IM KYJIbTUBATOPOM.

MaTepnanbl H METOAbI UCCICT0BAHUSA

B kadecTBe MeToma uWcCCieNOBaHWS TPHUHATA
(yHKIIMA 3aTpar ¥ MOTepbh, JIS KOTOPOH paspa-
0oTaHa MaremaTmdeckas MOIe]Ib M OJIOK-cXeMa
asroput™a (puc. 2) ONTHUMU3AIWY TTPONOJIKHU-
TEJIBHOCTH TIOBEPXHOCTHOU OOpPabOTKH TOYBHI C
OTHOBPEMEHHBIM BHECEHHEM MUHEPaJIbHBIX YIO-
OpeHnit MHOTO(YHKITMOHATIEHBIM KYJIFTHBATOPOM
(M®K). B kauectBe M®K Hamu OIpUHAT cepuii-
HBI cTepHeBoi KyspTuBatop KCY-3 ¢ mpucmoco-
OJleHMeM 1711 BHECEHWs MWHEpPaJIbHBIX ymoOpe-
Huii K TpakTopy MT3-1221 TaroBoro kiacca 2.

B pacueTax mpuHATa mMUpUHA 3aXBaTa KyJIHTH-
Batopa 3 M, a JUI BEIOOpA OMTHUMAJIBHOW CKOPO-
CTH arperara WCIOJIb30BaHa TATOBasg XapaKTepu-
ctuka TpakTopa MT3-1221 nmpu makcmMaIbHOM
tarosoM KIIJI.

[TorsTHE QYHKIIMM «CyMMa 3aTpaTr ¥ MOTephb»
MW3BECTHO. DTO CyMMa 3aTpaT Ha MPOU3BOACTBO
BBITIOJTHAEMBIX TIOJICBBIX PAa0OT (IKCILTyaTarnoH-
HBIX 3aTPaT) U CTOUMOCTH TIOTEPb YPOiKas B CBA3N
C HapylIeHWEM OINTHMAJIbHON MPONOJIKATETHHO-
CTH JaHHBIX paboT. MUHUMYM (GYHKITUU OTpere-
JISET ONTHMAJIbHOE 3HAYCHUE MPOIOJIKUTETHHO-
CTU BBINOJIHEHUA 3amaHHON paboTel. Ilockosbky
npeiaraeMas 00padoTKa CTEPHH MPEIIoIaraeT-
cA miepen 310J1eBOii BCIIATIIKON, HAITpUMep, IO/ Ky-
Kypy3y, TO CTOUMOCTb TMIOTePhb OyIYIIEro ypoxkas
3epHa KyKypy3sl OyJmeT CBsi3aHa C HapyHICHHEM
ONTUMAJIBHOM TPOMOJLKUTEILHOCTH — JTYIECHUS
crepuu. Kak wm3BecTHO, 3amasgbpiBaHHE CO CPO-
KamMu 00pabOTKM CTEpHH 3E€pPHOBBIX KOJIOCOBBIX
KyJIETYp Ha 2..3 THS CHIIKaeT ypoxkaill KyJIbTyp
ciemytomiero rofa Ha 1,5..2,5 1i/ra [4].

C y4eToMm H3JI0’KEHHOT0, TIocJIe TIpeodpa3oBa-
Huii GpyHKuMa 3aTpar u norepb C /I HAIIEro
cITydast IMeeT BUJI:

2
= £+2AUO,O33n2F :
14W_ n

q

311

rie U, — sKCIuTyaTallMOHHbBIE 3aTpaThl Ha OOpa-
0OOTKY TIOYBHI ¥ BHECEHHUE YIOOpeHuid, pyo./ra; I —
obpabarpiBaeMas ILIOMA/b, ra; W, — npousBoau-
TEJIBHOCTD arperara 3a 1 9 4mcToif paboTHI, Ta/q;
N — TPOMOJIKUTEIILHOCTD BBITIOJTHEHUA PabOTHI
B IHAX; Z — 3aKyINOYHAsA IleHa KyKypy3bl, py0./T;
AU — norepu yposkas U3-3a HapyIIEHUs CPOKOB,
T/(Ta-IcHb).

[Ipr MonmemMpoBaHUM 3a7auydl MO MUHUMAJIb-
HOMY 3HAYeHHIO 1esieBoi pyHknun C  HaxXOmAT
ONTUMAJIBHYIO TTPOOIKUTEIIBHOCTH /1 PabOTH Ha
JIYIICHUW CTEPHU MHOTO(QYHKIIMOHATBHBIM CTEp-
HEBBIM KYJIBTHBATOPOM C OTHOBPEMCHHBIM BHECE-
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Bbod ucxodHsix danHsix:

M = 0,793 1126: 146 m/m

By = 3m; Ne =956 kBm; h = 8.12 ¢cM (waz 2); n =1.30 (waz 1),
7 |\ Vo= 1096 km/ (waz 1); V= 1.3 (waz 05):

sina = 0,136; F = 1000..3000 2a (waz 1000);
AU = 0,01.003 n/za (waz 0,01 z = 6000..12000 pys/m (waz 3000)

[
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Bribod Ha nevams: h; Vo Wy n; F: naz Cs; On; Cony 2; My aU

Puc. 2. brok-cxema anropurMa onTHMH3ALHMHA IAPAMETPOB U PeKUMOB Pad0Thl MHOTO(PYHKIOHAIBLHOIO arperaTa

HUEM yOOPEHNI, KOJIMIECTBO 7, 3THX arperaros,
ONTHMAJIBHYIO CTOMMOCTD 3aTpaT C Ha BBINOJIHE-
HHe paboT, ONTHMAJIbHYI0 CTOMMOCTD notepsb C,
CBSI3aHHBIX ¢ HEIOOOPOM ypoKas, yYHTHIBAs 3a-
TaHHYIO TTomanb F o0padoTku, ypoxait U 3epHa
W €ro 3aKyTHOYHYIO [IEHY Z.

Pe3yabTaTsl HecnienoBanus
H 00cyKeHne

3apucumocTh GyHKIMU 3aTpar M morepb C
npencTaBiieHa Ha puc. 3. OnTuMaiabHOe ee 3Haue-
HUe MPUXOMUTCA Ha 8-if IEHb BHITMIOJTHEHHS PaboT.
OT0 O3Ha4YaeT, YTO 3a ATOT CPOK Ha ILIOIMATN
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1000 ra mocsie yOOpPKH O3UMBIX KYJIBTYP HOJIKHBI
OBITh BHECEHBl MUHEpAJIbHBIC YIOOpEHUS U 3aje-
JIaHBl B TIOYBY MHOT'O(YHKIIMOHAJIbHBIM CTEpHE-
BBIM KYJIBTUBATOPOM.
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Puc. 3. 3aBucumoctb (byHKIMH 3aTpaT U NOTEpPhb
OT NPOAOKUTETLHOCTH OBEPXHOCTHOI 00padoTKH
NOYBBI C OTHOBpeMeHHbIM BHecenneM ynoopennii MOK

Xapakrep usmenenuss gynxuun C 3arpar u
MOTEePb IKCTPEMAJIbHBIN. MUHUMYM €¢ HaXOIUT-
¢l HaJl TOYKOM C MUHUMAJTBHBIM 3HAUYCHUEM (PYyHK-
muu (puc. 3). ®ynkuusa norepp C MOHOTOHHO
BO3pacTaeT B 3aBUCHUMOCTH OT MPOIOJDKUTEIILHO-
¢ty n, a pynxnus sarpar C, yObiBaer.

B Tabn. 1 mpencraBiieHbl 3HAYCHNSA COCTABIIA-
OmuX QYHKIUU 3aTpaT U MOTEPb B 3aBUCUMOCTH
OT MPOIOJKUTEIIBHOCTH PaboT .

B Tabsuiie mpuBeACHBI Pe3yJIbTaThl PacueToB
g miomanu moceBoB F = 1000 ra, memoOopa
ypoxxass AU = 0,03 1/(raneHp), 3aKyIIOIHOM [IEHE
3epHa z = 9000 py0./T, 9acoBOil MPOU3BOAUTEITb-
HoctH arperata W, = 4,2 ra/4, 4acoBoM pacxofe
ToruBa Tpaktopom MT3-1221 — 17,6 kr/a u em-
KocTH OyHKepa 11s ynoopenuii V=1 m3.

MunumyM GYHKIMM 3aTpaT UM TOTEph IpH
n =8 nueit cocrapus C = 1722,6 TrIC. py0, MaKcu-
myM nipu 1 = 1 ienn C, = 9228,9 Thic. py0. u npu
n = 30 mnueit — C_ = 8328,1 Toic. pyd. DyHK-
s 3atpat C,, COOTBETCTBEHHO, COCTaBHUIJIA:
C, ... = 309,1 teic. py6; C = 9220 ThiC. pyO, a
¢Gynkuusa norepb C : MUHUMYM TIpU 7 = 1 JieHb —
C =891 thic. py6; MakcumyM mipu 1 = 30 qHer —
C = 8019 teIC. pyo.

OnHako riaBHbIH 2()(EKT OT CTEPHEBOIO MHO-
ro(QyHKIIMOHAJIBHOT'O KYJIBTUBATOPa — 3TO COXpa-
HEHUE CTPYKTYPHI IOYBBI, CHIDKEHHUE COMCPIKaHUA
B HEll MBUJIEBUAHBIX YaCTHUIl Tocie 00paboTKH 1Mo
CpaBHEHUIO C TUCKOBBIMU opyausaMu. Kpome Toro,
obecrieunBaeTCA TakyKe SKOHOMHUA 3aTpar 3a CUeT
COBMEIILICHUA IBYX OIepaluii, pbIXJICHUS TOUYBBI 1
BHECEHHUA YI0OpEHUIA.

XapakTep M3MEHEHHUS 3aBUCUMOCTU (DyHKITMU
sarpar u norepb C MHoroq)z/HKuHOHaanoro
KYJIBTUBATOPa B MPEACTaBJICHHON CTaThe U MOJY-
YEHHOH paHee MO pe3yjbpTaraM YOOpKH 3epHa B
pabote I.I. Macnosa [5] uMeeT sKCTpeMaJIbHBII
XapakTep M COCTaBJIAET BOCEMb KaJICHIAPHBIX
IHEH.

BoiBoapl

Oo6ocHOBaHO 3G (EeKTHBHOE MPUMEHCHHUE MHO-
ro)yHKIIMOHATIBHOTO CTEPHEBOTO KYJIbTHBATOPA
Ha TOBEPXHOCTHOUW OOPabOOTKE IMOYBHI C OIHO-
BPEMCHHBIM BHECCHHEM MHHEpaJIbHBIX YHoOpe-
Huii. Ha mpumepe arperata B cocTaBe TpakTopa
MT3-1221 ¢ kynapruBaropom KCY-3 u mpucnoco-
OJieHWEeM 1711 BHECEHUsT MUHEPAJIBHBIX ymoOpe-
HUW C UCTIOJIb30BaHUEM (DYHKIIMH 3aTPAT U TIOTEPh
MOJIyYeHA ONTHMAaJIbHAS — MPOIAOIKHTEIIBHOCTD
00paboTKu cTepHU cocTaisomasn 8 qaeit. OyHk-
IUs 3aTpaT W TOTepb oOJervyaeT MPUHATHE pe-
IICHUS MPU BHIOOPE aJIbTePHATHBHBIX BAPHAHTOB
TEXHOJIOTHIA M MaIIIHH.

Tabauya 1

HN3smenenus croumoctn 3atpar C , noteps C 1 3aTpat H notepb C 0T NPOJOKATENLHOCTH BbITIOIHEHHsI paGoT

[IponomKUTETbHOCTD 1 Cronmocts 3atpar C,, Cronmocts moteps C CTOMMOCTD 3aTpaTt
BBITIOJTHEHUSA padoOT, THEH THIC. PYO. THIC. PYO. u noteps C _, THIC. PYO.

1 9220 8,91 9228,9

5 1844 2228 2066,8

10 921,9 891,0 1812,9

15 612,8 2004,8 2617,6
20 460,9 3564,0 4024,9
25 368,8 5568,8 5937,5
30 309,1 8019,0 8328,1

8 1152,4 570,2 1722,6
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