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Summary
It is analytically proved that in order to ensure the minimum energy costs spent on the operation of the
vibration generator, it is necessary to place it at the point corresponding to the intersection of the hori-
zontal line with the center of gravity of the cross section of the cultivator rack.
Abstract

Introduction. One of the main directions of the development of the agro-industrial complex in the field of
agricultural production is considered an increase in soil fertility and an increase in the efficiency of the
functioning of machine and tractor units (MTU). The quality of products and high yield of cultivated crops
is an important task of agricultural production. The transition to innovative designs of tillage machines,
allows you to achieve all the necessary indicators: agro technological, energy and environmental. The focus
is on the energy saving strategy, the basic principles of designing tillage tools are proposed, which are
based on fundamental studies of the physical, mechanical and dynamic characteristics of the soil back-
ground. Object. The object of research is the technological process of tillage with cultivator MTU. The
subject of the study is the energy and quality indicators of the technological process of tillage with a culti-
vator MTU with active working bodies. The purpose of the study is to develop a conceptual framework
for improving the energy-technological indicators of cultivator MTU with vibration of working sections.
Materials and methods. The methodological basis of the research was the methods of system analysis,
synthesis and theoretical provisions, the laws of soil theory, resistance of materials, theoretical mechanics,
theory of oscillations and mathematical statistics. Results and conclusions. According to the criterion for-
mulated in the work, such a location of the vibration generator was selected so that a linear dependence
remained between the generated (disturbing) force and the movement of the toe of the working organ of the
cultivator section, which contributes to a resonant increase in the oscillation amplitudes of the cultivator
rack. Thus, in order to ensure the minimum energy costs spent on the operation of the vibration generator, it
is necessary to place it at the point corresponding to the intersection of the horizontal line with the center of
gravity of the cross section of the cultivator rack.
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AxTyanbHOcTh. OTHUMH U3 TVIaBHBIX HAIIPaBJIEHUH Pa3BUTHS arpONpPOMBIILIEHHOIO KOMILIEK-
ca B cpepe CembCKOX03HCTBEHHOTO MPOU3BOJICTBA MPHUHATO CUYMTATH MOBBIIICHHE TIOAOPOIUS MOYB
1 pocT 3¢ dekTnBHOCTH (PYHKIIMOHUPOBAHUS MAIMHHO-TPAKTOPHBIX arperatoB. KauecTBo mpoayKinu
Y BBICOKAasl YpOXKafHOCTh BO3/I€IBIBAEMBIX KYIbTYpP — BasKHAS 3a/la4a CENbCKOXO03SIMCTBEHHOTO POU3-
BoJicTBa. [lepexoy Ha HHHOBAIMOHHBIE KOHCTPYKIIMU TOYBOOOPA0ATHIBAIOIIMX MAIIMH ITO3BOJISIET J0-
CTHYb BCEX HEOOXOAMMBIX TOKa3aTeel: arpoTEeXHOJIOTHUECKUX, SHEPTETHUECKUX U IKOIOTHYECKUX.
B 1ieHTpe BHUMaHHS HAXOAUTCS CTPATErHs dHEprocOepekeHus, Mpeaaraorcsi 6a30Bble MPHHIIUTIBI
MPOEKTUPOBAHUSI TTOYBOOOPa0ATHIBAIOIINX OPYIUi, B OCHOBY KOTOPBIX 3aJIOKEHBI (DyHIaMEeHTaIbHbIE
HCCIeIOBaHNs (PU3HKO-MEXaHUYECKUX U TUHAMUYCCKUX XapaKTEPUCTHUK MOYBEHHOrO (poHa. OObeKT.
OOBEKT HCCleoBaHMsI — TEXHOJIOTHMYECKHH IMporecc 0OpaOOTKH IMOUYBBI KynbTUBATOpHBIM MTA.
[Ipenmer uccnenoBanus — SHEPreTUUECKNE M Ka4eCTBEHHBIE IIOKA3aTeNH TEXHOIOTHYECKOro mpoliecca
00paboTKH MMOYBBI KyIbTHBATOPHBIM MTA ¢ akTHBHBIMU pabounmu opranamiu. Llesbro ucciaenoBanus
SBIISIETCS: pa3pabOTKa KOHIIENTYAIbHBIX OCHOB YIYYIIEGHHS JHEPrOTEXHOJIOTMYECKUX MoKa3aTelel
KynbTHBaTOpHBIX MTA 3a cueT ucnons30BaHus BHOpaUl padounx cekiuii. MaTepuaibl 1 METObIL.
Mero0510ru4eckoil OCHOBOM HCCIEA0BAHUN SBISUIMCh METOJbI CUCTEMHOIO aHAIM3a, CUHTE3a U TEO-
pPETUYECKUX MOJIOKEHHM, 3aKOHBI TEOPUU TPYHTOB, COTIPOTUBIICHUS MaTEpHAIOB, TEOPETHUECKON Me-
XaHWUKH, TCOPUH KoJeOaHWH W MaTeMaTHYecKOi cTaTUCTUKU. Pe3yabTarsl H BbIBOABL. CoOriacHO
cOpMYyITUPOBAHHOMY B pa0oOTe KPUTEPHUIO MOI00PaHO TAKOE MECTO pa3MeIleHUs TeHepaTopa BHOpa-
Ui, 4TOOBI MEXIY TeHepUpyeMol (BO3MYILAIOIIEH ) CHITON 1 TIepeMellieHeM HOCKa pabovero opraHa
CEKIIMU KyJIbTHBATOPa OCTaBajach JIMHEHHAS 3aBUCHMOCTh, YTO CIIOCOOCTBYET PE30HAHCHOMY YBEIH-
YCHUIO aMIUTUTYA KojleOaHWUH KyJbTHBATOPHOH CTOiKW. TakuMm oOpa3om, Ui 0OECIeUeHUs MHHH-
MaJbHBIX JHEPTeTHUECKUX 3aTpaT, 3aTpauyrBaeMbIX Ha pabOTy reHepaTropa BHOpaIMii, pa3MemaTh ero
HEOOXOJJMMO B TOYKE, COOTBETCTBYIOIIECH NEPECEUCHUIO TOPH30HTAIBLHOMN JTHHUU C IIEHTPOM TSHKECTH
TIOTIEPEYHOr0 CEYeHUS CTOWKH KyJIbTHBATOPA.

Kntroueswvie cnosa: s¢ppexmusnocmo pyHKYUOHUPOBAHUSL MAUUHHO-MPAKIMOPHBIX d2-
pe2amos, akmusHvle pabouue opeansl, NOKA3amenu UOPUPYIOWUX pabouux opeaHos.

Hutupoanme. I'arrma [I. C., KocynsaukoB P. A., ®omun C. /I., KapcakoB A. A. Teoperudeckoe
000CHOBaHUE pa3MelleHNsl BUOporeHepaTopa Ha CToiike KynbTuBatopa. Mzeecmuss HB AVK. 2023.
3(71). 424-438. DOI: 10.32786/2071-9485-2023-03-43.

ABTOpCKMii BKJIaJ. Bce aBTOphI POBEIEHHOIO UCCIIEOBAHMS IPUHUMAIIA HEIIOCPEACTBEHHOE YYacTHe B
TMIJIaHUPOBAHWH, BBIIIOJJHCHUU U aHAJIN3C PE3YJIbTATOB OKCIIEPUMEHTAJIBHBIX I/ICCJ'ICJIOBaHI/II‘/‘I.

KoHdaukT nHTepecoB. ABTOPHI 3asBISIOT 00 OTCYTCTBUH KOH(INKTa HHTEPECOB.

BBenenue. [naBHBIMM HanpaBieHUSMH DPa3BUTHSl arpoINPOMBIIUIEHHOTO KOMILIEKCA
(AIIK) B chepe cenbCKoX03aHCTBEHHOTO MTPOU3BOACTBA MIPUHATO CUUTAThH MOBBIILIEHHUE TUI0JI0PO-
TMS IOYB U pOCT 3PPEKTUBHOCTH PYHKIIMOHUPOBAHUSI MAIIMHHO-TPAKTOPHBIX arperatoB (MTA)
[3-5, 12-15, 25]. KauectBO MpOAYKIIMK M BBICOKAs YPOKAHHOCTb BO3/ENBIBAEMBIX KYIBTYP —
3HauMMasl 3a7a4a CeJbCKOXO03sMCTBEHHOro npou3BoiacTBa. C kaxasiM rojgom B otpaciu AIIK
MIPOMCXOAUT BHEIPEHUE MHHOBALIMOHHBIX TEXHOJIOTUM OOpabOTKMU MOYBHI C HCIIOJIb30BAHUEM
HoBelmIel TexHuku. [lepexoa Ha MHHOBALIMOHHBIE KOHCTPYKLMHU [MOYBOOOpaOaTHIBAIOIIUX Ma-
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IIMH TO3BOJISIET JOCTUYb BCEX HEOOXOMMBIX MOKa3aTeleil: arpoTeXHOIOTHUYECKHX, SHEpreTHye-
CKHMX U 3KoJIoTuueckux [2, 5, 17-20, 28]. B uenTpe BHUMaHUS HAXOIUTCS CTPATErysl IO SHEPro-
cOepexxeHuto, TpeaIararorcsi 0a3oBble NPUHLMIBI MPOEKTUPOBAHUS MOYBOOOpAOATHIBAIOIIMX
OpyAuH, B OCHOBY KOTOPBIX 3aJOXEHbl (yHIAMEHTAJIbHbIE UCCIEIOBaHUS  (PU3HKO-
MEXaHMYECKUX U JUHAMUYECKUX XapaKTEepUCTHUK MouBeHHOro ¢oHa [9-11, 24]. Jlns noctikeHus
BBICOKMX IOKa3aTesnel 3Heproa(PpeKTUBHOCTH MpEAJIaratoTcs ouBooOpadaThIBAIOLINE OPYIHS C
aKTUBHBIMU Pa0OYMMH OpraHaMu, IO3BOJISIOIINE MPUCTIOCAOIUBATHCS K 30HAJIBHBIM YCIOBHSIM
AKCIUTyaTaIluy M0 KPUTEPHSIM SHEPTOTEXHOJOTUIHOCTH BBIMIOJIHSAEMOTO Tiportiecca [7, 16, 21, 22,
26]. B ocHOBY IPOEKTHPOBAHUS U IKCILTyaTalluK TaKUX OPYIUH 3a7I0KEHbI MaTEMAaTHYECKHUE MO-
JIe U, OTUCHIBAIONINE (PU3UUECKYIO KaPTUHY B3aUMOJICUCTBHSI aKTUBHBIX pabOYUX OpraHoB € 00-
pabaTpiBaeMbIM MaTepuasioM [1, 6, 8, 23, 27]. IlepcrieKTUBHBIM HaMpaBJICHUEM B 3TOW 00JIacTh
MIPUHSATO CUUTATh UCIOJIb30BAaHUE aKTUBALIMU PabOYMX OPraHOB 3a CUET TUHAMUYECKUX OCOOEH-
HOCTEH mpoliecca pa3pyllieHHs MOYBEHHOIO IUlacTa KIMHOBHIHBIMHU JedopmaTopamu. B stom
CJIy4ae aKTYaJIbHBIMHM CTAHOBSITCS BOIPOCHI IKCILTyaTallUM TaKUX OPYIUI HA IIOYBAxX C pas3ivd-
HBIM CTPYKTYPHBIM COCTaBOM M T€HEPUPYIOIIMMHU CHOCOOHOCTAMH, BOIPOCHI UX KOHCTPYKTOp-
CKOI'O MCIOJHEHUS,, 0OOCHOBAaHMS MAacCOBO-MHEPLMOHHBIX M KOHCTPYKIIMOHHBIX IapaMETPOB,
LeJIECOO0Pa3HOCTH HUCIIOJIb30BAHUSI BHEIIHUX HMCTOYHHWKOB BHUOpAllMH, OLIEHKH MOTpeOsieMoit
MOIIIHOCTH Ha BUOpALIMIO; COTJIACOBAHUS KUHEMATUYECKUX XapaKTEPUCTUK KOJIeOaHUH paboumnx
CeKIIMM U cKopocTH ABrkeHuss MTA B 1eroM; KauyeCTBEHHBIX W 3KOJOTMYECKHUX ITOKa3aTenei
BUOpHpYIOUIMX pabOUNX OPraHOB HA Pa3IMYHbIX TOYBEHHBIX (POHAX.

B pasButHe TeopeTHUYECKUX OCHOB CO3/aHUS U UCIIOJIb30BaHUS NMOYBOOOpadaThIBatO-
IIMX OPYAUN C aKTUBHBIMU pabOYMMHU OpraHaMH Kak CIoco0a CHUKEHHS 3HEPreTUYECKUX
3aTpaT Ha 00pabOTKy MOUBHI OOJIBILION BKJIaJ BHECIU MHOTHE U MHOTHE yueHble. B ux tpyaax
U3JI0’KEHBI Pe3yJbTaThl TEOPETUUECKUX U IKCIIEPUMEHTAIBHBIX UCCIEI0BAHUN 0 BIUSHUIO
YIOPYTUX CBSI3eH B MeCTax COUJICHEHHs paboyeil ceKuMu U MouBooOpadaThIBAIOIIET0 OPYAUS
Ha TIroBoe comnpoTuBiieHne. OJIHAKO OCTAeTCs psii HEPELIEHHBIX BOIPOCOB, MPENSTCTBYIO-
IIUX BHEAPECHHUIO aKTUBHBIX pa00YMX CEKIMI TOYBOOOPA0ATHIBAIOIINX OPYIAUM.

OObeKT uccaea0BaHMs — TEXHOJOTHYECKHM mpoliecc 00pabOTKU MOYBBI KyJIbTUBATOP-
HbIM MTA. IIpenMer nccneqoBaHusl — SJHEPreTUUECKUE M KAYECTBEHHBIE NTOKA3aTeNIN TEXHO-
JIOTUYECKOTro Tpoliecca 00pabOTKHU MOYBbI KyIbTUBATOPHBIM MTA ¢ akTHBHBIMU paboYrMU
opranami. Llenbro uccienoBaHus sIBISETCA pa3padoTKa KOHLENTYalbHbIX OCHOB YJIYULICHUS
SHEProTEXHOJIOTUYECKUX MOKa3aTeNel KyJIbTUBATOPHBIX MAIIMHHO-TPAKTOPHBIX arperaTton 3a
CUET MCIO0JIb30BAaHUS BUOpaLuy pabounX CEKIIH.

Metono0orusi ¥ MeTOABI HccJIeI0BaHUsA. MeToI0I0rn4ecKO OCHOBOW HCCIIEI0Ba-
HUW SABIISIIMCH METOJIbI CHCTEMHOI'O aHAJIN3a, CUHTE3a U TEOPETHYECKUX MOJIOKEHUH, 3aKOHBI
TEOPUU TPYHTOB, COMPOTUBIICHUS MaTEpPHAJIOB, TEOPETUUECKON MEXaHUKH, TEOpUHU KoJeha-
HUW 1 MAaTEeMaTHYECKOM CTATHUCTHUKHU.

Pe3yabTaTsl n 00cyxaeHue. 13BecTHO, 4TO NpU BO3ACHCTBUNA FAPMOHUYECKON CHIIBI
Ha JJMHEHHYIO KOJiebaTeIbHYyI0 CUCTEMY B MOC/IEIHENH BOSHUKAIOT FApMOHHYECKHE KOJIeOaHUs
C YaCTOTOW BO3MYILAIOIIEH CUJIBI U C AMIUIMTYZIOM, ONPEIEIsIeMOi ImapaMeTpaMu CHCTEMBI,
YaCTOTOW M BEJIMYMHOMN BO3MYILAOIIEH CUIIBI.

B cnyuae koHCEpBaTUBHOW CUCTEMBI IIPU COBIIAJICHUN YAaCTOT BO3MYIIAIOIIEH CUIIBI U
cOOCTBEHHBIX KOJIeOaHUN CHCTEMBbI B HEM TeHepupyeTcss 0ECKOHEYHO BO3pacTaroIIMi Kosieba-
TEJIBHBIN MPOLECC, COOTBETCTBYIOUIMN HACTYIUICHUIO PE30HaHca. B ciydae KOHCEpBAaTUBHOM,
HO HEJIMHEIHON CUCTEMBI, BCJIEACTBHE BO3MOXKHONW HEM30XPOHHOCTH, IIPU BOSHUKHOBEHUU B
Hel KoJeOaHuii, yCI0BUS PE30HAHCA, CBSI3aHHBIE C M3MEHEHHEM aMIUTUTY bl KoJieOaHuM, MO-
I'yT U3MEHATHCSA, B 3TOM Cllydae JONYCTUMO YCTAHOBJIEHHE 33aJaHHOM aMIUIMTYIbl BBIHYX-
JIEHHBIX KOJIeOaHUH TIpH JIF0O0H 4acTOTe BO3ICHCTBUSI.

426



sk H3BECTHSA ¥xkxk

HHXHEBOAXCKOI'O ArPOYHHBEPCHTETCKOI'O KOMITAEKCA:
HAYKA H BBICIUEE IPOPECCHOHAABHOE OBPA30BAHHE

N 3 (71), 2023

HYCTB HEIUHEHHAs KOHCCpPBATHBHAsA CUCTCMA ONMMCBIBACTCA YPABHCHUCM!

x=f(x) (1)

[Tpu Bo3aeiicTBUY HA HEE TApMOHUYECKOM CHITBI P - cos( pt), ypaBHEHUE IBUKECHUSI OYIIET:

X— f(x)=P-cos(pt) (2)

MOKHO TPENOJIOKUTh, YTO BBIHYXKIACHHOE pelieHrue OyJIeT MMETh TOT K€ MEPHOJ, YTO U
BO3MYILIAOIIAsl CUJIA, U COJIEP’KATh BhIPAXKEHUE:

a - cos(pt)

[Ipumewm, uto cuctema Onm3Ka K JIMHEHHON U JAaHHOE BBIPAXKEHHE C YaCTOTOM, COBIA-
JIAlOIIEN ¢ YaCTOTON BBIHYX/AIOIIEH CUJIbL, SIBJISIETCS JOMUHHUPYIOLIEH B OOIIEM BBIPAXKEHUH,
OyzeM paccMaTpuBaTh pelIeHUE B BUJE:

xX=a- cos(pt) (3)
Torna ypaBHenwue (2) mpuMeT BUJI:
—p’-a-cos(pt)— f(a-cos(pt))= P-cos(pt) 4)

Tak kak ypaBHeHHE (4) JOJKHO COOTBETCTBOBATH JIFOOBIM 3HAUEHUSM apryMeHTa, TO
MO>KHO 3aIUCaTh:

—f(a)=P+p2a

['padmyecku perieHre 3Toro ypaBHeHUsI IPEACTABIECHO HA PUCYHKE 1.

z fla)
A

p| p+p’a

Pucynok 1 — K Bonpocy omnpereneHust aMIUTMTYIbI BBIHYKJCHHBIX KOJICOaHUH B clTydae
HEIUHENHON CHCTEMBI
Figure 1 — On the issue of determining the amplitude of forced oscillations in the case of a
nonlinear system
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[Mocrpoenue GyHkuun r = — f (a) u npsamoit ¥ = P+ pza TaéT HCKOMOE pEIleHHE
(a) B TOUYKE UX TEPECEUCHHUSI, T.C. AMIUTATYIBI.

Jist pasimuseix P ou p2 , T.€. JUISl PA3JIMYHBIX aMILUTMTY/] M 4aCTOT MOKHO HalTH COOT-
BETCTBYIOIIEE 3HAUCHHUC (a ) U TIOCTPOMTH COOTBETCTBYIOIIME KPUBBIE d (p) ISt PA3IHYHBIX P.

st f (a) VMEIOLIUIA XapaKTep, MOKa3aHHbIA Ha pucyHKe |, KPUBBIE a(p)I/IMeIOT
BU/I, MPEICTABICHHbBIA HA PUCYHKE 2.

(a) e
4 A

W20

PucyHOK 2 — 3aBHCUMOCTh aMILTUTY/bl BRIHYKICHHBIX KOJICOAHUH OT 4aCTOTHI BO3ACHCTBUS B
CUCTEME C HEJIMHEHHONW BO3MYILAOIIEH CUIION
Figure 2 — Dependence of the amplitude of forced oscillations on the frequency of exposure in a sys-
tem with a nonlinear disturbing force

B caysae P =( nonydnm KpHBYIO, IIOKa3aHHYI ITyHKTHPOM, YTO COOTBETCTBYET
COOCTBEHHOU YacTOTE CBOOOTHBIX KOJIEOaHUH (V) CHCTEMBI TIPH Pa3IMYHbBIX aMIUIUTY/IaX.

Ecnu npoananu3upoBaTh XxapakTep NPOTEKAHUS PE3OHAHCHBIX KPUBBIX, MOKHO OTME-

THUTH CIIEAYIONIEE: MPH YACTOTE BO3MYILAKOUIEH CHUJIIbI p), MEHBIIIE€ YaCTOThI CBOOOIHBIX KO-

neGaHui (a)), B MOJiesI Oy/eT IPOUCXOIUTh KoJiebaTtenpHoe BwxkeHue. [Ipu stom amrum-
Tyza KojiebaHuii OyieT H3MEHSATHCS B 3aBUCHMOCTH OT 3HaueHuid P u p .

[Ipu n3MeHeHnH BO3MYULIAIOIIEH CHIIbI ( p) BO3MOJKHO YBEJIMYEHHE YaCTOThI CBOOO-

HBIX KoJieOaHUil (a)o) npu P > @,. Ilpu 3ToM NOSBJIAIOTCSA JOMOIHUTENBHO JBa Kojeba-
TEJBHBIX MPOIIECCa, UMEIOIINX Pa3HbIC aMILTUTYIbI.

Ammuutyza (a) BBIHYKIEHHBIX KOJ€OaHUH ¢ POCTOM BO3MYILAIOLIEH CHIIbI ( p) TaK
xKe yBenmmauBaercs (4), aMIUIATyJa OJJHOTO AOMOJIHUTEIBHOTO Tporiecca pactét (C), a BTopas
aMIUTUTY/1a JOTIOJHUTEILHOTO TIpoliecca cHKaercs (B) ¢ pocToM ( p).

T.e. mpu noctositHHON amIuUTye (P) BO3MYILAOMIEN CHIIbI YacToTa ( p) BO3MYIIA0-

el cuiibl U3MEHSIeTCsl ¢ MUHUMYyMa J0 JItoOOTO MakCHUMyMa, YTO SIBJSIETCSI HEOOXOIUMBIM
pELIeHUEM U IPUBOJIUT K peanu3alii pe30HaHCHON KPUBOH B (A).
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Ecnm ke paccMarpuBarh NMOBEIEHNE aMIUIMTYAbl BO3MYIIAIOMIEH CHIIBI IIPU IIEPEXO0E
¢ OOJIBIIMX 3HAYEHUI YaCTOTHI CUJIbl B CTOPOHY €€ CHUYKEHUS ( p) Y pOCTa 3HAYEHHMS aMILIu-

TYIbI (a) IIpYU JBUKEHUH 10 PE30HAHCHOU KpuBOH (B), BO3MOXKHO JI0 TOUKH, KacaTesIbHas K
KOTOpOil OyJeT BEpTUKAJIbHA.
JlanbHeuee CHUKEHHE YacTOThI ( p) CWJIBI IIEPEXOAUT ITOBBIIIEHUEM AMIUIMTYbI

BBIHY)KJICHHOTO KOJIEOAHUS (a), Ha BETBb KPUBOU BO3MyIaromieil cuibl B oomactu (4). T.e.

MbI HE OOHapYKMBAeM yCJIOBHS, IPU KOTOPHIX CUCTEMA OKa3ajach Obl HA BETBH PE30HAHCHOU
kpuBoii B oonactu (C).
Crnenyer OTMETUTbH €LI€ OJIHY BaKHYIO OCOOEHHOCTh BO3HUKHOBEHHS KojeOaHU B

HEIUHEHHEBIX CHCTEMaXx: OTCYTCTBHC OECKOHEUHO HapaCTaIOIHGfI AMIIIMTY/AbL (a) IIpu COBIIa-
JCHHUH 4acCTOT (p) C (a)o), 4TO ABJIACTCA CICACTBUEM HE U30XPOHHOCTHU KoJIcOaHHH B HEJIU-

HEWHBIX CUCTEMAX.

W3 317011 0COOEHHOCTH BBITEKAET KpUTEPHAIBHOE YCIIOBUE, MPENbsABIsieMOe K paboTe
reHeparopa BHOpaIuii: BO3MYILIEHHE, ICHCTBYIOIIEE CO CTOPOHBI aKTHBHOTO IreHepaTopa BHO-
paiuu, He JIOJDKHO BHOCHTH HEJIMHEHHOCTh K M3y4aeMbIM CBOICTBaM (XapaKTEpPHUCTHKAM)
paccMaTpuBaeMoil MEXaHUYECKON CUCTEMBI.

JlaHHO€ yCJIOBHE IOJIO)KEHO HaMH B OCHOBY TEOPETHUECKOTO OOOCHOBAaHHUSI MecTa
pa3MelIeHus TeHepaTopa BUOpaIuii Ha CTOMKE KylIbTHBATOPA.

PaccmoTpuM cxemy AMHaMHUYECKUX CHUII, IEHCTBYIOIIMX CO CTOPOHBI T€éHepaTopa BUO-
palMii Ha CEKIMIO KYJIbTUBATOPA.

CornacHo cpOpMyIUPOBAHHOMY KPHUTEPHUIO, HEOOXOJAMMO TOA00paTh TaKOE MECTO
pasMenieHus reHepaTopa BUOpaluii, 4ToObl MEX/y T€HepUpyeMOoil (BO3MYILAOLIEH) CUION U
NepeMeleHneM HOCKa pabodero opraHa CeKIMM KyJIbTHBATOpa OCTaBalach JMHEWHas CBA3b.
B nponecce Bpaiienus aucbananca reHeparopa BUOpaluii cMeIieHre Hocka paboyero opraa
OyZeT NpOUCXOJUTh KaK OT BEPTUKAJIbHBIX, TaK U OT TOPU30HTAIBHBIX COCTABIIAIOIIUX UHEP-
LIMOHHOW CHUJIbI, U3MEHSIOUIEICS 10 TapMOHUYECKOMY 3aKOHY (PUCYHOK 3).

B(r)

o

Pucynok 3 — Cxema qHAMHYECKHX CHJI, JICHCTBYIOIIUX CO CTOPOHBI FeHepaTopa BUOpaIuii Ha
CEKIIHIO KyJIbTHBATOPA
Figure 3 — Diagram of dynamic forces acting from the side of the vibration generator on the cultivator
section
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IIpu BpameHun rpysa Maccol m, pagnycoOM KpPUBOIIMIA 7 U C YIJIOBOW CKOpO-
2
CTBIO (® BO3HUKAET CUJIAa UHEPLUHU PJ =m@®" -7, KOTOPYIO MOKHO PA3JI0KUTh HA JJBE CO-

CTaBJIAIOIIUC:
F,=P -sina; P, =P -cosa

[Ton neiicTBueM Kaxxaoi u3 3TUX cui Touka C mocie pabouyero opraHa nepemMeniacTcs
10 BEPTHKAIA W TOPH3OHTAIU. [ ompenesieHus mepeMerieHnii Uenoib3yeM Meroa Makc-
Bewi-Mopa. Jlist aToro n300pasuM cxemy, 3arpyXeHHYI0 €IMHWYHOW CHJIOW MO BEPTUKAIM U
TOPU30HTAIH (PUCYHOK 4).

A,

r's Ir

0)

Pucynok 4 — PacuerHast cxema, HarpykKeHHasi SIMHUYHBIME CHJIAMH: @) TI0 BEPTUKATH; 0) TI0 TOPU30HTAIN
Figure 4 — Calculation diagram loaded with unit forces: a) vertically; b) horizontally

JInist 3THX CXeM U3 ypaBHEHUi cTaTuku onpenensem ycunus R, R, .7, ,7,:

P-r
a

dM,=R,-a-P,-r=0;R, =

=2762-P.;

ZMA:Rg'a_I)g'FZO;RGZI)G'F:Z,762'})3’
a

JIJ1st cXeMBl 3arpyKe€HHON eTUHUIHBIM (PAaKTOPOM IO TOPU30HTAIH (PUCYHOK 4 (0)):

M, =r,-a-1- r+rcos% =0; r =414

r1e ¥, — peakuus; d— pacCTOSHUE OT MAPHUPHOTO KPEIUICHHS 10 TOYKH KPEIUICHHsI YIIPYTroro sJie-
MEHTa CTOWKH; 7 — pajuyc CTOMKHU.

JIi1st cXeMBbl 3arpyKeHHON eTUHUYHBIM (PAaKTOPOM IO BEPTUKAIHU (pUCYHOK 4 (a)):
. T
> M,=r,-|a+1-rsin=|=0; r,=-2,39
3
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Pa3buBaem cucTeMbl Ha TPU y4aCTKa U COCTaBJIKIEM YPABHCHUS MOMCHTOB I10 Y4aCTKaM.

M'=0
T
05@2—5

M, :Pg(r — rcosgo): Per(l — cosgo); M, :Pe(rsingo)

m'ls = I(r COS @ — rsin %j = r(cos @ — 0,867);

m'l, = I(rcos%+ rsin(pj = (0,5 +sing);

0<x;<a
111 111 111
M"s=Rx;M"'.=Rx; m g:rgx;mme:rex

Toraa BepTukaibHOE cMelieHne TOYKH C OT BO3JCUCTBYIOMICH CHITBI Pp OTIPENIEIIUTCS KaK:

T

z

2 0
5 =E]IZ { Mgmgds:E]I 0+ £ Pr{1—cosp)- Hcosp—0,860)rdp+ £ R -x-r,-x-dx =4),076E%

rae £-Moayinp HOpMaJIBHOM YIPYroCTH MaTepralla CTOMKH; [z - 0CEBOM MOMEHT MHEPLIMM IONIEPEYHO-
IO CEYEHUs CTOMKHU.
I'opuzontansHoe cMenieHre Touku C OT BO3AEUCTBYIOIIEH CUiibl Pp:

. .
5%=EL12 M,m,ds= ﬁ £Pgr(1 —cosp) (0,5 +Sin<")rd¢’+£(Rg'x're'x'dx) :0’23%

z z

BeprukanpHoe cmemenne Touku C OT TOPU30OHTAIBHO BO3JACHCTBYIOIECH CUITBI Pr

T

1 17 “ P
0% =——|M mds=——1| | Prsing-rlcosp—0,866)rdp+ R, -x-r. -x-dx|=-0,0914——
TR EIZ£2 ¢-r{cosp @dq)ge ’ 5

I'opuzonransHoe cMenieHre Touku C OT BO3AEUCTBYIOUIEH CUilbl Pr:

T

E a
502:ELIZLMZmZdS:ELIZ b[pg,,sinqo.r(O,5+sinq0)rdg0+£(R3.x.re-x.dx) :0,;6[5})2

z

AHanu3 5TUX ypaBHEHHH MOKA3BIBAET, YTO JUHENHAS 3aBUCHMOCTD SBHO MPOSIBIISETCS
0
B Cllydae BbINosiHeHus ycnosus @ = 90
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CymmapHoe nepemenienue Touku C:

0,165P. +0,383P.
[opH30HTaNIbHOE: 520]7 = 2 6
El.
0,0914P,. +0,076 P
BepTukanbHoe: 566]7 =— Z‘ ; 6

z

Cwmenienue Touku C 3a cuér gegopmanuii npyxuH (pucyHok 5) [lepBoHayaibHbie
koopauHaThl TOuku C (pUCYHOK 5):

(T
x0=rsm(§j; Vv, =0.

[Ipu nedopmannu npyxuH noj JeicTueM ycmius R croiika noBopaunBaeTcs Ha
yrom:

A
y = arctan —,
a

r

rae A — nedopmaums npyxun A=—; R=R_+ R, - narpyska na npyxunss; C — KECTKOCTb
C

npyxuH. Konerr croiiku nepemectutcs u3 Touku C B Touky C;. Koopaunater Touku C;:

o]

\
\
A
\
\
||
-
a
]
!
[
-4
C1 ;l:‘" :|:4
0¢ C X
:( XO )‘\& Cd
- & X1 |
I"‘\

“1

Pucynok 5 — Cxema BHEIIHUX CHJI, IEHCTBYIOIIMX Ha JaIly KyJIbTHBATOPa MPHU CMeIeHHuH Touku C
3a cuér nedopmanmii npyKuH
Figure 5 — Diagram of external forces acting on the cultivator foot when point C is displaced due to
spring deform
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T .
r+rcos§ sin(y +¢,)

COS y

T
r+7rcos—
3

Ve, =

! T

cos(y+@,)—| r+ rcosg

Cwmemenne Touku C 10 OCH X:

o, = X, =X
[TonHOE cMemeHne u3-3a N3rndanus CTONKU 1 aedopMaluu npyKuHbl Touku C:
A, =520p +0, uA, =5gep +5y
Cwmemenne Touku C o ocu V-
5)/ = yc/

Ha ocHoBaHuu pacueToB MO BbIIIE€ YKa3aHHBIM (OpMyJiaM OCTPOEH rpa@uK rOPU30H-
TajabHOro cmemieHus Touku C ot ycmins R, KOTOpbIil ABIIsSE€TCS TUHEHHBIM, YTO CIIOCOOCTBY-
€T Pe30HAHCHOMY YBEIMUEHUIO aMIUIUTY/ KOJIeOaHUM KyIbTUBATOPHOU CTOMKH (PUCYHOK 6).

5, M
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PI/ICYHOK 6 — 3aBHUCHMOCTE TOPU3OHTAJIBHOTIO CMEIICHUA JIallbl KYJIbTUBATOpa C YCTAHOBJICHHBIM Ha
CTOWMKY BUOPATOPOM OT YCHIIUS Ha TIPYKHHY R
Figure 6 — Dependence of the horizontal displacement of the cultivator foot with the vibrator mounted
on the stand on the spring force R

B cnyuae ycranoBku BuUOpaTopa B APyroM MECTE Ha CTOMKE, JMHEHHOW 3aBUCUMOCTH
He Oyner, uto cHuxaeT ero 3¢ ¢exkruBHOCTh. Ha pucyHke 7 mpuBeneHbl pacyeTsl MO Mpe-
0 o
CTAaBJIEHHOMY alroput™My B ciydae (¢ =00, SBHO TpPOCIEKUBAETCS HEIMHEHHAs 3aBUCH-
MOCTb MEX/y TeHEpUPYEMBIM YCUIIMEM U IIEpPEMEIICHHEM HOCKa paboyero oprasa.
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Pucynok 7 — I'enepupyeMoe ycuire 1 rnepeMelieHne Hocka pabodero opraHa
Figure 7 — Generated force and movement of the toe of the working body

3akawuenne. CornacHo chopMyIMpOBAaHHOMY B pabOTe KPUTEPHIO, TOJJOOPAHO TAKOE MECTO
pasMmelieHus: TeHepaTopa BUOpanuii, 4To0bl MEXIY TeHepupyeMoil (BO3MYIIAIOMICH) CHUIIOH U Tiepe-
MEIIeHHEeM HOCKa pabo4ero opraHa CEKIMU KyJIbTHBATOpa OCTaBajach JIMHEHHAs 3aBUCHMOCTb, YTO
CIOCOOCTBYET PE30HAHCHOMY YBEIMYCHHMIO aMIUIUTYJ KojeOaHWU KyJbTUBATOPHOH CTOMKH. Takum
o0pazoM, Juist obecriedeHns: MUHUMaJIbHBIX SHEPreTUYSCKUX 3aTpaT, 3aTpauylBaeMbIX Ha pa0oTy TeHe-
paropa BHOpalHii, pa3MelaTh ero HeoOXOAUMO B TOYKE, COOTBETCTBYIOIICH MEPECceUeHHI0 TOPH30H-
TJIBHOM JINHUH € LEHTPOM TSDKECTHU MTONEPEYHOr0 CEUECHHUSI CTOMKU KyJIbTUBATOPA.

Conclusions. According to the criterion formulated in the work, such a location of the vibra-
tion generator was selected so that a linear dependence remained between the generated (disturbing)
force and the movement of the toe of the working organ of the cultivator section, which contributes to
a resonant increase in the oscillation amplitudes of the cultivator rack. Thus, in order to ensure the
minimum energy costs spent on the operation of the vibration generator, it is necessary to place it at
the point corresponding to the intersection of the horizontal line with the center of gravity of the cross
section of the cultivator rack.
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The research was carried out within the framework of the state task on the topic No.
FNMW-2022-0013 "To create lines, varieties, hybrids of vegetable, melon and industrial crops with
a given set of economically valuable features and to improve the elements of zonal agrotechnologies
of their cultivation in irrigated conditions of the Lower Volga region" (Reg. no. 1021060307591-3-
4.1.1) budget financing programs for 2022-2024 Ministry of Science and Higher Education of the
Russian Federation

Abstract
Introduction. The Astrakhan region is located at important water transport hubs connecting it with the
industrial centers of the country — the Caucasus, the Urals, the Central Chernozem zone, the regions of
the North and Northwest, occupies one of the leading places in the cultivation of sweet pepper, which is
shipped to the industrial centers of the country and used in industrial processing at production sites. The
purpose of the study is to substantiate the theoretical and practical application of the ethylene inhibitor
"Phytomag" during the storage of sweet pepper fruits in naturally formed storage conditions. The objec-
tive of the study was to evaluate new varieties of sweet pepper selected by the Institute for the duration
of storage, natural loss and quality of products using the ethylene inhibitor "Phytomag". Scientific novel-
ty. The effect of the ethylene inhibitor "Phytomag" on the natural weight loss, fruit quality and the con-
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