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METHOD OF DEFINITION OF OPTIMUM PARAMETERS OF A TRACTOR FOR
COMPLEX OF TECHNOLOGICAL OPERATIONS IN AGRICULTURE

METOJVKA OIIPENEJIEHIS OLITUMAJIbHBIX ITAPAMETPOB TPAKTOPA JIJIS1 IIPOBEJAEHIA
KOMIIJIECA TEXHOJIOTMYECKHNX OIIEPAIIMN B CEJIBCKOM XO3A1UCTBE

Prof. Dr. Eng. Khafizov K.A.
Kazan State Agrarian University, Kazan, Tatarstan, Russia

Annotation: This article offers the new procedure of a general-purpose tractor mass and power calculation which is oriented on performance
of certain kinds technological operations (sowing, plowing). Optimality criterions are total energy expenses considering yield energy which
was lost because of wrong chosen tractor parameters. By multiple parameter optimization of a tractor parameters and the unit it is found out
that there are optimum values of a tractor weight and power during the sowing and plowing, which do not coincide on size and remain stable
at considerable change of environmental factors (properties of soil, parameters of field). Weight and power of a multi-purpose tractor
providing the minimum total energy expenses during the complex of operations were indicated.

Keywords: tractor parameters; weight; capacity; optimization; mathematical model of the unit; total power expenses; energy of the lost crop.

1. Beeoenue

OCHOBHBIMU MapaMETPaMU TPAKTOPa, KOTOPHIE 3aKJIa/bIBAIOTCS
IpU €ro MPOEKTUPOBAHMH, SIBISIIOTCS Macca TPAaKTOpa M MOIIHOCTb
nBurarens. B Tpaktopoctpoennu Poccuiickoin  denmepaunn  3TH
MapaMeTpbl BBIOMPAIOTCA HCXOAS W3 THUMaxa TpakTopoB. Tumaxk
TpakTopoB BKJIoUaeT B cebs 10 kiaccoB, a IoKasaTeneM Kiacca
SBJIETCS HOMHHAJIBHOE TATOBOE YCHIINE, Pa3BHBAaEMOE TPAKTOPOM.
M3menenne Macchl TpakTopa NPHBOJHUT K €ro Iepexofy Ha Ipyrou
TSATOBBIH KJIacc, TO3TOMY Macca TpakTopa BHYTPH Kiacca HMeeT
OTpaHMYEHHBIE MPe/IeNbl H3MeHeHHs. [Ipu KOHCTpyHpOBaHHU TPAKTOPA
BBIOMPAIOT KJIacC TPAKTOPA T10 €r0 TATe, 3aTeM Maccy B Mpeenax 3TOro
Ki1acca. MOIIHOCTb ABUTaTeNs MOAOUPAETCSI UCXOAS U3 TPEOOBAHUS 10
o0ecrieueHNI0O HEOOXOIUMBIX CKOPOCTEH MepeMelieHus Ha pabouux
pexHuMax.

B cBsa3u ¢ TeMm, 4To Ha OJHOH U TOH K€ TEXHOJIOTMYECKOH
Ollepaliiil HCIIOJIB3YIOTCS TPAKTOpa Pa3IMYHBIX TATOBBIX KIIACCOB,
BO3HHUKaeT Bomnpoc - Kakue Tpakropa s(eKTHBHEE Ha TEX MM MHBIX
omepanusaX ¥ Ha KOMIUIeKce omepauuii? Jlns pemeHus npoOieMsl
HEOOXOJMMO OPHEHTHPOBAThCS HAa OOBEKTUBHBIH, KOMILIEKCHBIN
KPUTEPHI ONTHMHU3ALIN — CyMMapHbIE SHEPIreTHUECKUE 3aTPATHI.

Ha »sHepretmyeckyro 3¢QEKTHBHOCTH TpPaKTOpa OCHOBHOE
BIMSIHAE OKa3bIBAlOT MOIIHOCTH €ro JBHTATeNs, OIpeelsronas
NPOU3BOJUTEIBHOCTh MAIIMHHO-TPAKTOPHOTO arperara, a 3HA4YAT H
CPOKH BBINTOJHEHHUS OIEPallMi U Macca TPaKTopa, ONpe/elIsIonas ero
TSTOBBIE BO3MOXKHOCTH M B TO JK€ BpeMsl JaBJICHHE JBIDKHTENCH Ha
MOYBY, YTO CBSI3aHO C IIOTEPSIMH ypOXKas, a 3HAYMT C BEIUYUHOM
CyMMapHBIX YHEPreTHIeCKHUX 3aTpar [1].

2. Teopemuueckue npeonocvlIKu
paccmampugaemoii npodnemol

pewenusn

BennurHa cyMMapHBIX SHEPreTHUYCCKHX 3aTpar B OOIIeM BHUJIC
3aIUCHIBACTCS B CIEAyOIIEH hopme:

3Z3n,1p+3n,cx1w+3n,np+3pm+3c,p+3ynp+3TCM+3n0T_>min:(l)

rae O — yienpHbIe CyMMapHble dHepreTudeckue 3atparsl, M/Dx/ra; 3,
- BHEeprus, 3aTpadyeHHas Ha U3TOTOBJICHUE TPAKTOPA, OPYIUs, IPULIETa,
npuxonsmasca Ha 1 ra, MJIx/ra; Oy, - dHeprus, 3aTpaueHHas Ha
KalUTaJdbHBIA, TEKYIIUH PEMOHT M TEXHHYECKOE OOCITY)KHBaHHE
TpakTopa, npuuena u opyaus, MJDx/ra; .- dHEprus, 3aTpaucHHast
Ha cOopky u pa3bopky arperarta, MJx/ra; Oy, - SHEPTHU, 3aTpaucHHas
Ha YIpaBICHHE TPAKTOPOM (MEPEKIIOYCHUE Tepeiad, IMOBOPOTEHI,
OCTaHOBKY U Tporanue c wmecta), MJDx/ra; O, -  dHeprus,
3aTpayeHHAas Ha BBINOJHEHHE arperatoM paboThl IOCPEACTBOM
cxuranust Tommea, MJDk/Ta; Oy, - - DHEpPrus ypoxas, HOTepSHHOTO
n3-3a HE ONTHMAJIBHO BHIOPAHHBIX NApaMETPOB U PEKUMOB PaOOTHI
TpakTopa u arperara, MJx/ra.

W3 aHanmsa CyMMapHBIX SHEPreTHYECKHX 3aTpar
BBISIBJIEHO, YTO Macca TPAaKTOpa HEOAHO3HAYHO BIMSET Ha
BEJIMYHHY COCTABIISIOUIMX CYMMApHBIX OSHEPreTHYECKHX
3arpar. [Ipu pocTe Macchl TPAKTOpPa OJHH COCTaBJISIOIIHE
CYMMapHBIX DHEPreTHYECKHX 3aTpar  yBEIMYUBAIOTCH
(Burp Ipror y), a Apyrue cHIKAIOTCH (Dynp, Frows IA)-

OKa3ajuock, 4YTO MOIHOCTH JIBHIATENsl TPaKToOpa
TaK)Ke HEOJHO3HAUHO BIMSET HA BEJIUYMHY COCTABJISOMINX
CYMMapHbIX  JHEpreTH4eckux  3arpar. Ilpu  pocre
MOII[HOCTH J[BUTATENSl OJHH COCTABISIOIINE CYMMAapHBIX
SHEPreTHYEeCKHX 3aTPaT MOTYT KaK YBENHUHBAThCA (Jyrp
Fpror Drew y)y TaK U yMeHbWATHCA (D, Ia). Bo3MoxkHO,
YTO JUIA  ONpENEIEHHBIX  YCIOBUH  paboTel  (BHza
TEXHOJIOTMYECKON OMepaluy, pasmepa moyied, o0bema
ro/I0BOM pabGoThl | T.J.) UMEIOTCS ONTUMAIIBHBIE 3HAUEHUS
Macchl ¥ MOIHOCTH JBHTATENIl TPAKTOPa, KOTOPHIE
obecreyar MHHHUMAIBHBIC CyMMapHbIe 3HEPreTHYECKHE
3arpaThl. [l MX BBIABICHHS MPOBEIEM BBIYHCIUTEIBHBIC
9KCIIEPUMEHTHI € HCIOJIB30BAHHEM  pa3pabOTaHHOM
SHEPreTUYeCKOM MareMaTHMYecKO MOJENu MAaIIMHHO-
TPAKTOPHOTO arperaTta Ha PasIMYHBIX ONMepaIysX.

3. Pezynvmamot
IKCnepuUmMenmos

eébluucjiumesibHoulxX

Jlns BBISBICHHS ONTHUMAJbHBIX 3HAUYCHHH Macchl U
MOIIHOCTH JIBUTATEIIS ObL1a HpoBeeHa
MHOTOnapamMeTpu4ecKas ONTUMHU3ALHSA apameTpoB
MOCeBHBIX arperatoB. [IpyW BBIABIEHHNM ONTHUMANBHOI
Maccel M MOIIHOCTH TpakTopa OBUIM OpPTraHW30BaHbI
MHOTOITMKIIOBEIE  pacuetel B CKM Matlab ¢
HCTIONIB30BAHNEM  DJHEPreTHYeCKOH  MaTeMaTH4ecKoit
MOJIEIIM arperaTtoB NpPH OJHOBPEMEHHOM HM3MEHEHHH Beca
TPaKTOpa, MOILIHOCTH €ro ABUrareis, IIMPHHBI 3axBaTa
arperara, CKOPOCTH arperara. B xoJe
MHOTONapaMeTPUYECKUX  ONTHMM3ALMOHHBIX  PacyeToB
BBISBJSUIOCH BIMSHHE HAa MacCy M MOIIHOCTb TPaKTOpa
psna (akTopoB BHEIIHEH cpembl — TOAOBOTO OOBeMa
paboTBl arperarta, yIEIbHOTO COIPOTHBICHHS ITOYBBHI
pabounM  opraHaM  CeJIbCKOXO3SHCTBEHHBIX — MAIlWH,
JaBJeHWs B IIMHAX KOJIEC TPaKTOpa M YHCIa KOJeC Ha
OITHOM OOpTY.

Hekoropsle pe3yiabTaThl —pacuyera IapaMeTpoOB
MIOCEBHOTO arperaTa NpuBeICHbI Ha pUCYHKax 1, 2, 3, 4.



CymmapHeie sHeprozatpate, 1000 MTwira
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PuCyHOK 1 — Usmenenue CYMMAPHBIX dJHEpeemuU4eCcKux sampam npu

U3BMEHEeHUU MoOuiHocmu osueamens u éeca mpaxkmopa

W3 pucynka 1 BUAHO, 4TO UMEETCS] ONTHUMAILHOE COOTHOIICHHE
MOIIHOCTH [JBHTATENs M Beca TpakTopa (pacdeTsl MPOBEAEHBI IS
HanboJiee PacpOCTPAHEHHBIX YCJIOBUH PabOTHI MOCEBHOTO arperara
JUISL TIPSIMOTO TIoceBa). M3 npeaBapuTeNbHBIX HCCIIEI0BaHNI arperaTtos
C UCHOJb30BAHUEM CHCTEMHOH 3HEPIreTHYECKON MaTeMaTH4eCKON
MOJIENN MAIIMHHO-TPAKTOPHBIX arperaToB M3BECTHO, YTO HA BETHMUUHY
CYMMAapHBIX 3HEPreTUYECKUX 3aTpaTl CHUJIbHOE BIIUSHHE OKAa3bIBAIOT
(axTOpHI — TOJI0BOH 00BEM PaOOTEHI, YACIFHOE CONPOTUBIICHUE OYBEL,
MaKCUMaJlbHas  BEIMYMHA  JOIYCTHUMOH IO  arpoTEeXHUYECKUM
TpeOOBaHMAM CKOPOCTH, JaBj€HHE B IIMHAX KOJEC M UX YHCJIO Ha
OITHOM OOpTY.

BersicHNM, Kak M3MEHEHHE 3THX (DAKTOPOB BIUSIET HA BEIUYUHY
ONTHMAJBHONH MacChl M MOIIHOCTH JABUTaTeNsl TPAaKTOpa, HACKOIBKO
9TH HapaMeTPBI ABISIOTCS CTaOMIBHBIMH. M3 prcyHKa 2 BUAHO, 9TO Ha
HoceBe 0 Mepe YBEIMYEHHs TOJOBOro oObema padoThl arperara
ONTUMalbHBIE Macca TpPakTOpa M MOIIHOCTb €ro JBUIaTels
COXPAaHSIOTCS TIOCTOSIHHBIMY, & YAENbHbIE CYMMAapHbIE SHEPro3aTparsl
BO3PACTaOT.
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Pucynok 3 — 3agucumocms MowHoCcmu 08u2amens, Maccul MpaKmopda
U CYMMApHBIX dHEP2emu4eckux 3ampam om y0eibHo20 CONnpOmueIeHus
nou8bl Ha nocege

OnTtuMansHOE 3Ha4eHHEe MAcChl TPAKTOpa C POCTOM
YIETBHOTO COMPOTHUBIIEHUS MOYBBI 10 BenH4IMHBI 8 KH/M
0CTaeTCs MOCTOSHHBIM (CM. PUCYHOK 3), 3aTeM BO3pacTaeT
1m0 6000-7000 xr, mpu 3TOM YBETHYUBAETCs MOTpeOHas
MOIIHOCTG  aBurarens. CyMMapHBIE — SHEpreTHuecKue
3aTpaTbl C  yBEIWYCHHWEM  COIPOTHBICHHS  ITOYBHI
BO3pACTaloT.

ComnpoTuBieHHe  MOYBBHI  paboyMM  OpraHam
COBPEMEHHBIX TOCEBHBIX KOMIUIEKCOB HE IPEBBIMAET 8
kH/M, mosToMy MakcuManbHasi Macca TpakTopa Ui IoceBa
nomwkHa ObITh 5000 Kr mpu  yCIOBHHM, YTO MOCEBHOM
KOMIUIEKC paboTaeT Ha CKOpPOCTH 15 Km/4.

JlanHble,  TpUBEICHHBIE HAa  PHCYHKe 4,
CBUJIETEIBCTBYIOT O TOM, 4TO Macca Tpakropa 5000 kr,
SBJIETCS ONTHMAJIBHBIM Ha CKOPOCTSIX IMOceBa BbIme 14
KM/4.

B cBa3um c TeMm, YTO peKOMeHIyeMas CKOpOCTb
COBPEMEHHBIX IOCEBHBIX KOMIUIEKCOB KoyieOieTcss B
mpegenax oT 8§ mo 12 KMm/4, TO ONTHMAIBHOH Maccoi
TpakTopa ISl MOCEBHBIX paboT W paboT MO MOIrOTOBKE
MOYBBI K  IOCEBY  JHUCKOBBIMH  OPYAUSIMH  WIIH
kyapTuBaTOpaMu ssisercs 9000-12000 kr. OnrtumanbHOE
3HaYCHHME MOIIHOCTH U3 PAacyeToB Kosebiercs B mpesenax
200-240 xBT.

MT 3 1000 MW ea N kB1
B+
5T 3
51, | 450
0+21 + 40
0l
5+ + W
ol N
o+ 6+ Mt 20
4..
54 4 10
2..
Il Il Il Il Il Il Il Il Il Il
T T T T T T T T T T
6 7 89 DI 2B U5 V oid u

Pucynok 4 — 3asucumocms mowHocmu osueamens, éeca
MPAKmopa u CyMMApHbIX IHePeMmuyecKux 3ampam om
MAKCUMATLHO OONYCMUMOU CKOPOCMU CESLIKU

Ha pucynke 5 10Ka3aHO M3MEHEHUE MAacChl
TpPakTopa, MOIIHOCTM  JIBHTaTelss H  CyMMAapHBIX
SHEPreTHYECKUX 3aTpaT MpH H3MEHEHHUHM JaBICHHUS B
MUHAX TpakTopa. M3 pucyHka BUAHO, YTO Ha MOCEBE, MPHU
yBEIMYEHUH  JaBleHHs B  IIHHAX,  CyMMapHBIE
SHEPreTHYECKUE 3aTpaThl yBEIMUUBAIOTCA, a ONTUMAIbHAs
MOIIHOCTb JABUraTeJIsl U Macca TPAKTOpa YMEHBILAKOTCSA.
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Pucynox 5 — 3asucumocmo MowHoCcmu Osueameﬂﬂ, maccol
mpaxkmopa u CYMMAapHbIX dIHepeemu4ecKux sampam om
O0asieHus: 8 WUHAX npu noceee

V3 nmpoBeJEHHOTO aHajiM3a BHIHO, YTO Ha IMOCEBE
Ha ONTHUMAJIbHBIC 3HAYEHHUSI MAaCChl TPAKTOPA U MOIIHOCTH
ero JBHraTelssl HauboJbIlee BIUSHIE OKa3bIBACT CKOPOCTh
arperata. B cBA3u ¢ TeM, 4TO peKOMeHIyeMas CKOpPOCTh
COBPEMCHHBIX IIOCEBHBIX KOMIUIEKCOB KOJIeOJeTCs B



npenenax or 8 o 12 kM/4, TO ONTHMAJIbHONW MaccoW TpakTopa Uit
MOCEBHBIX Pa0OT ¥ pabOT MO NOATOTOBKE IOYBBI K IOCEBY
kynpTuBaTOpaMu sBisiercs 9000-12000 xr. OnTumanbHOE 3HaYCHHE
MOIIHOCTH M3 pac4eToB konebnercs B npeaenax 200-240 xBT.

IIpoBenem Takue k€ UCCIENOBAHUS JUIl HAXOTHBIX arperaros.
Ha pucynke 6 mnokazan 3D rpaguk 3aBHCHMOCTH CyMMapHBIX
SHEPreTHYECKUX 3aTpaT OT MAacChl IMaXOTHOTO TPAaKTOPa M MOIIHOCTH
ero aBuratens. VI3 pucyHka 6 BUIHO, YTO IJIs ONPEEICHHbIX YCIOBHH
paboThl MAxXOTHOTO arperara HMMEEeTCs ONTHUMAIbHOE COOTHOIICHHUE
MOIIHOCTH JBHUTATENs U BEca TPAKTOpA.
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Pucynok 6 — Hsmenenue cymmaprulx sHepeemuyeckux 3ampam
npu usMeHeHUU MOWHOCMU O8U2Ames U 6eca mpakmopa

100
G MowHocTe TpakTopa , kBT

Ha pucynke 7 TmoKa3aHa 3aBHCHMOCTh Beca TpPaKTopa,
MOIITHOCTH €T0 JIBUTaTellsl U CyMMAapHBIX JHEPreTHYeCKHX 3aTpaT Ha
BCIALIKE OT TOA0BOr0 00beMa paboTEhI.

W3 pucyHka BUAHO, YTO C YBEIMYEHHEM TOJOBOrO 00BEMa
paboThl  BEC M MOINHOCTh TPAaKTOPa OCTAIOTCSl MOCTOSHHBIM, a
CyMMapHBIE 3HEPreTHYecKHe 3aTpaThl pacTyT. Takue pe3ynbTaTsl
HOJy4YEeHB! TIPH YCJIOBUM, YTO arperar paboTaeT Ha MaKCHMaJbHOW
CKOPOCTH 10 8 KM/4.

C pOCTOM yIEJIBbHOTO CONPOTHBICHHUS MOYBBI (CM. PUCYHOK 8)
BEC TpPaKTOpa ¥ MOLIHOCTh [BHTaTelsl B Ipeaeiax BHIOpaHHBIX
3HAUEHUH yJEeIbHOTO CONPOTUBICHUS MOYBHI CHAaYana BO3pACTaioT, a
3areM cTabmmusupyorcs npu Bece 240 kH u momuoctu neuratens 370
kBT.
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Pucynok 7 - 3asucumocms mowHocmu 0gueamens, eca
MPAKmMopa u CyMMAapHulX JHeP2emuyeckux 3ampam om 20006020
obvema pabomul Ha cnauike

CyMMapHI)IC OHEPTETUYECKUE 3aTpaTbl TpaKTOpa HOpU POCTE
YACJIBHOTO COIIPOTHUBIICHUS ITOYBEI BCIIAIIKE MMOBBIMIAIOTCA.
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Pucynox 8 - 3asucumocmo MowHocmu ()euzame/m, eec
mpaxkmopa u CYMMAapHbIX dHepeemudecKux sampam om
yae]leOZO COnpomueJlieHUus no4esbl Ha ecnawike
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PlleHOK 9 — Zasucumocmo MowHOCmMu c)eueameﬂﬂ, seca
mpaxkmopa u CYMMApPHbIX SHepeemu4ecKux sampam om
MAKCUMATIBHO donycmuMoﬁ CKopocmu azpecama Ha
ecnauike

Ha pucynke 9 mpuBeAeHBl  pacueThl ¢
OTpaHMYEHHEM MAaKCHMAaJIbHOW CKOPOCTH arperara B
mpenenax ot 5 go 11 km/u. W3 rpaduka BUmHO, YTO
ONTUMAJBHBIC MOIIHOCTh JIBUTATENII W BEC TPaKTopa
pacTyT TMpH YBEIMYCHHUH MAaKCHMAIBHO JIOMYyCTHMOM
CKOPOCTH CEJIbCKOXO3SMCTBEHHON MamuHbl. [Ipu 3TOM
CyMMapHbIe YHEPTeTHYECKUE 3aTPAThl CHIKAIOTCSL.

Taxum oOpa3oM, U3 HIPUBEICHHBIX PAacyeTOB IO
OTIPENICNICHUI0 ONTUMAJIBHBIX BECa TPAKTOPa M MOIIHOCTH
€ro IBHUraTels MOXHO CJAeNaTh BBIBOJ O TOM, YTO MJIS
HauboJiee pacpOCTPAHECHHBIX YCIOBUI Bcmamku (00bem
pa6orsr 500-1000 ra, conmporusienue moussi 60-80 kKH/M?,
JIOITyCTHMAasi MAKCUMaJbHAs CKOPOCTh arperata 7-12 xm/q)
Bec Tpaktopa paBeH 180-230 kH, a MomiHOCTB nBUTATENSt
330-370 xBT.

B cBa3u c Tem, YTO oONTUMaJbHBIE Macca H
MOIIHOCTb JIBUTATENSI IOCEBHBIX U MTAXOTHBIX TPAKTOPOB HE
COBIIA/IAIOT, OblJa MpoOBelEHa ONTUMH3ALUS  OTHUX
MapaMeTpoB IPH HCIOJB30BaHHUA OJHOTO H TOTO JKE
TpakTOpa W Ha TOCEBE, W HA BCIHAIIKE JJISI THIIUIHBIX
yCIOBUiT paOOTHI IOCEBHBIX H MAXOTHBIX arperaToB (00beM
paboter 1000ra, ynmempHOE CONPOTUBIICHHE: HA BCIAIIKE
60xH/M%;, mocese 4xH/m, paboTa opraHu3oBaHa B [IBE
cMeHBI 1o 10 yacoB, MaKCHMaIbHO JIOMyCTHMAsi CKOPOCTh
MOCeBHOro M maxoTHoro arperara 10 km/d). Ilpuuem c
OJHMUMHU M TE€MH XK€ MapaMeTpaMH TPAaKTOP BBIIOIHSI Kak
TOCEB, TaK W BCHAIIKY W BEJCS TMOWUCK TaKUX 3HAYCHUI
MacChl U MOIITHOCTH TPAKTOpPa, KOTJa CyMMa 3HEpro3arpat
Ha JBYX oOmepanusx Obula MuHHManbHA. ['paduk
3aBHCHUMOCTH DHEPTETUYECKUX 3aTPaT OT Beca U MOIIHOCTH
TpaKkTopa, MONYyYEHHBIH B XOJIE€ pacyeToB IpPHUBEICH Ha
pucynke 10.
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Pucynox 10 — Uzmenenue cymmaphvlx sHepeemuyeckux 3ampam npu
UBMEHeHUU MOWHOCIU 08U2ameNa U 6eca Mpakmopa UCHONb3YeM0o20 U

01151 nocesa u 0Jisk BCHAUIKU

OnTHManbHble 3HAYEHUS MTapaMETPOB MOCEBHOTO M NMaXOTHOTO
arperara 1 TPakTopa, MOJy4eHHbIE B XO/I€ PACUETOB:
OnTHMabHas IIMPUHA 3aXBaTa IIOCEBHOTO arperara
Bopt = 12,0 m;

OnTrMalibHas IIMPUHA 3aXBaTa [IaXOTHOTO arperara
By = 4,9 Mm;

OnTumaiibHast paboydasi CKOpOCTh 000HX arperaTosn
Vopt = 10 xm/1;

OnrumaneHblii Bec TpakTopa Mgy = 150 xH;
IMorpebnas momnocTs geurarens Noy = 300 kBT
BykcoBanme TpakTopa Ha mocese Sigma = 11,2 %;
BykcoBaHue TpakTopa Ha Bemaiuke Sigmav = 13,9 %;
CyMMa 3Heprosarpar Ha JByX ONepaiusIx

Omin= 46870 MTx/ra.

Takum o00Opa3oM, ecli TNPOEKTHPYEMBI YHHBEpCAIbHBIN
TpakTop OyAeT MCHONb30BaThCsl KaK HAa MOCEBE, TAK M Ha BCIAIIKE, TO
ero onTuMaibHas Macca paBHa 15,3 T., a MomHocTh asurarens 300
kBT. DHeproHachIeHHOCTh TpakTopa 19,6 kBT/T.

W3 tpakTopoB, BBIIycKaeMbIx B Poccuiickoil deneparmn,
HanboJee OIM3KO0 MO IMapamMeTpaM IoIX0IIT TpakTopsl K-744P3.

Macca
Moens
Mapxka neurarens || kBr|| skcrutyataunoHnHas,
TpaxkTopa T

|K-744P3 || TM3-8481.10-02 || 287|| 13500-15000 |

|K-744P3-1|| TM3-8481.10-O4|| 310|| 13500-15000 |

|K-44P3M || OM 457 LA/E2/3|| 295|| 13500-15000 |

K- 13500-15000
T44P3M-1 OM 457 LA/E2/2 || 315

4, 3axknrouenue

B pesysbTare BEMHCIUTENBHBIX SKCIIEPUMEHTOB IO
BEISIBIICHHIO ONTHUMAIBHOM MOIIHOCTH JIBUTATeNsl U MAcChI
TpPakTopa Ha pAa3IUYHBIX TEXHOJOTUYECKHX OMEPAIHIX
BBISIBJICHO:

— Ha TI0CeBE B CBA3U C TE€M, 4TO PEKOMEHayemas
CKOPOCTh COBPEMEHHBIX MTOCEBHBIX KOMILIIEKCOB
KoyebneTcss B mpexaenax oT 8 g0 12 KMm/4, ONTHMAalbHOM
Maccoil Tpakropa sBisiercs 8000 Kr, ¢ BO3MOXXHOCTBIO
norpy3ku 10 12000 kr. OnTumanbHOE 3HaYEeHHE MOLTHOCTH
H3 pacyeToB Konebnercs B npenenax 200-240 kBT;

— JUISl BBINOJHEHUS MAXOTHBIX paboT onTUManbHas
macca Tpaktopa paBaa 18000 kr c morpy3koid, mnpu
HeoOxogumocT a0 23000 xr. OnTuManbHas MOLIHOCTh
ero gsurarenss pasHa 330-370 kBr. Ecim B
IIPOM3BOJCTBEHHOM IIpOLIeCCE€ OTCYTCTBYET BCIHAIKa, TO
UCIIOJIb30BaHUE TaKUX TPAKTOPOB IMPUBOAUT K OONBIINM
SHEPreTHYeCKUM 3aTpaTaM depe3 IOTepH ypoxkas OT
YIUTOTHEHUSI OYBEI KOJIECAMH TPAKTOPOB;

— €CJIM NMPOEKTUPYEMBIH YHUBEPCAIBHBIM TpPakTOp
OyZeT MCHoNb30BaThCsl KaK Ha MOCEBE, TAK M Ha BCIIAIIKE,
TO ero ontuMaibHas mMacca paBHa 15300 kr., a MOIIHOCTH
neuratens 300 kBt. DHeproHachlIEHHOCTH TpaKTOpa
Oyner HaxonuThes B rpeaenax 19,6 kB1/T.

5. lumepamypa

1. Xadmuzos, KA. Ilytu CHIDKCHUS
SHEPTeTHIECKIX 3arpar Ha
MIPOM3BOJCTBEHHBIX IPOIECCaX B CEILCKOM
xo3siictBe. — Kasane: M3n-Bo Kasanckoro
yH-Ta, 2007. - 272 c.



INCREASE OF EFFICIENCY OF CLEANING OF SEEDS ON A VIBRATION
PNEUMATIC SEPARATOR

NOBBIEHUE D®PEKTUBHOCTU OUMCTKHN CEMSH HA BUBPOITHEBMOCEIIAPATOPE

PhD, prof., V. Galkin, PhD V. Handrikov, eng. K. Grubov, eng. I. Kozlovskiy;
Faculty of Agriculture mechanization — Perm State Agricultural Academy, Russia.

Abstract/pesrome: In work mathematical models are developed and speeds of movement of seeds are analytically determined by a
vibration pneumatic separator surface, and also the experimental assessment of division of a grain material in a fluidized layer is given at the
raised specific loadings on a vibration pneumatic separator with advanced wild.

KEYWORDS: VIBRATION PNEUMATIC SEPARATOR, YEAST HEADS, AVERAGE SPEED, INCLINED AIR FLOW.

1. Introduction/Beedenue

For cleaning of seeds the product lines which are turning on
air sieve grain grader machines, grain grader and vibration
pneumatic separator now are used. Shortcomings of used lines are
high energy consumption and metal consumption, and also big
losses of seeds in fodder waste.

For the purpose of decrease in energy consumption and
increase in an exit of seeds on chair of agricultural cars of the Perm
GSHA the technology of cleaning of seeds [1] is developed. Feature
of technology is allocation of part of standard seeds after processing
on air pemrerHoii the car and a grain grader. The second part, about a
half, process on a vibration pneumatic separator.

The purpose of the presented scientific work is increase of
efficiency of cleaning of seeds on a vibration pneumatic separator.

Application of an improved version of a vibration pneumatic
separator for cleaning of elite seeds of grain crops allows, in
comparison with used, to raise specific loading by 2-2,5 times, to
reduce specific power consumption by 30-50%, and at its use in the
product lines which are carrying out fractional technology of
cleaning, to reduce losses of seeds more than by 1,5 times.

The experimental sample of a vibration pneumatic separator
developed and made on chair of the FPBEI HPE agricultural
machines "Perm SAA", successfully passed production check in
shop of postharvest processing of seeds of department of seed
farming of the Perm Scientifically Research Institute of Agriculture
and is used in educational process.

2. Preconditions and means for resolving the
problem/ITpeonocoinku u cpeocmea ona
peutenuanpoodiemol

Vibration pneumatic separator (VPS) are intended for cleaning
of hardly separable impurity and sorting of seeds of grain,
leguminous, grains and oil-bearing crops and herbs taking into
account distinctions of seeds and impurity on a complex of physical
and mechanical properties, including on density [2]. Working bodies
of vibration pneumatic separator is mexa with the punched surface
and an air stream. In a form flow distinguish: trapezoid, established,
for example, on pneumatic sorting tables MOC 9C or MOC-9H,
direct-flow and in the form of the punched rotating drum located at
an angle to the horizon. The greatest distribution was found now by
VPS with trapezoid surface.

Separation on these working bodies consists of two
interconnected consecutive stages - stratifications of a grain material
with its transfer to a fluidized condition and divisions to fractions
with various properties.

With increase of productivity of VPS with trapezoid wild, its
area and, respectively, total the capacity necessary for pseudo-
liquefaction of a grain material, increase on parabolic dependence
that leads to directly proportional increase in the fluctuating masses
flow and the grain layer which was on it. High power consumption

of process of separation is explained by that only on 1/3 squares
flow there is an active stratification of a material, and on other — its
selective transportation [3].

With direct-flow wild all its area serves in separators only for
stratification, a material (down) then it divide by means of PS
dividers.

Division of a grain material on uniflow neke can be realized
according to the uniflow scheme (PS moves lengthways flow in one
direction) and the counter-current (PS is divided into two opposite
directional streams). The pilot studies showed that at uniflow flow
dividing ability on 25... 35% are higher. This results from the fact
that separation process on it steadier, that is is less sensitive to little
changes of key parameters and casual influences.

Stability of separation on mekax significantly depends on
resistance of the airdistributing device which best value at uniflow
flow is in limits 150... 280 Pas are provided also by rather leveled
high-speed field of an airflow with a grain layer - 21... 24%, without
grain — 15... 18%. The analysis showed that at separation on aeke
with the increased aerodynamic drag of the air distributing device
(200... 400 Pas) uniform of distribution of an airflow on the area is
higher and to a lesser extent depends on PS thickness.

Efficiency and quality of separation of seeds on VPS with
uniflow wild, both with a direct flow, and with a countercurrent, are
caused by effectiveness of dividers.

Applied vibration pneumatic separator have the increased
losses of seeds in wastage at demanded quality of office of impurity.

Besides so far mathematical models are not developed for
calculation of speed of movement of a grain material for the
punched fluctuating surface blown by a sloping airflow [4,5].

On chair of the FGBOU VPO agricultural cars "Perm
GSHA" uniflow VPS with vacuum and delivery air systems from a
wild original design [3,4] are developed. The particular interest
presents to VPS with the sloping airflow given under | flow. The
further intensification of a working separation process of seeds in a
fluidized bed is possible at the expense of optimization of speeds
and the airflow direction on various sites flow, and also a mode of
its work.

In this regard a research objective is increase of overall
performance of a vibration pneumatic separator of seeds.

2.1. Theoretical model/Teopemuueckasn mooenwv

2.1.1. Determination of traveling speed of a grain material on the
punched fluctuating surface blown by a directional airflow

Let on the material being on a fluctuating punched surface,
having the openings, which size there are less than components of a
grain material, and inclined at an angle to the horizon, works forces:
weight force G=m-g; inertial force U=j-m; frictional force F=N-tge;
airflow force P,( N- the normal response swore on a surface).

In view of the fact that the direction of inertial forces and a



sliding friction changes depending on the direction of acceleration
of a surface, we will work out differential equations separately for
right and left-hand intervals. The direction of action of forces on a
material, being on a fluctuating surface, in a right interval are
presented in figure 2.1.1:
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Fig. 2.1.1. The scheme of forces operating on a material (a right
interval)

Because the inertial force is directed in opposite to
acceleration the party, it in this interval is focused to the right and to
seek to shift a material up on a surface.

The differential equation of the relative movement of a
material on a surface, worked out with use of the principle of the
scientist (D' Alamber), will become:

m- Tt =u-cos(e —a) —mg - sin(a) —
dt? g in(0)
sin
—(—u-sin(e — a) + mg - cos(a) — P, - sin(e — a))—(p +P,
cos(¢)
- cos(e — ).
After transformations, receive:
d%&,, . __cosifp) 2. . sinff+¢) L2
dt?  cosite—a—g) @°T - cos(wt) ) cosife—a—¢) +k, Vs
(2.1.1)

In the left interval force of inertia is directed from right to left,
and the material seeks to be shifted down on a surface (to fig. 2.1.2).

+x

Fig. 2.1.2. The scheme of forces operating on a material (the left
interval)
The differential equation of relative movement of a material
on a surface will become:

dZ
m- df;” = (mg - cos(a) + u - sin(e — a) — P, - sin(e — a))
sin
. ((p)—u-cos(s—a)+Pe-cos(a+£)
cos(¢p)
—mg - sina.
After transformations, receive:
A8y, cosip)  _ w?r - cos(wt) — g - sinie—g) 1 Ly2
dt?  cosife—a+¢p) 9 cosife—a+¢) n 'B
2.1.2)

cosife—a+¢) _ coslfe—a—p)

Let's designate: o = wosip)

iy
Then differential equations of the relative movements will
become:

d%e 1 _ o . _sinfz+e) 12
—i T e cos(wt) — g P — _a_¢)+k,, Vg (2.1.3)
Pl 1 _ 2, g Snlae) e
S =W cos(wt) — g P k, Vg, (2.1.4)

For determination of speed of the relative movement we will
integrate differential equations (2.1.3) and (2.1.4).

To determine speed in any arbitrariest instant of t, the
integration needs to be conducted ranging from time of the
beginning of shifts of t; to t.

Speed at shifts down will be equal:

4 Sa sin (a—¢)

cos (e—a+¢)

i = wr - (sin(wt) —sin(wt;)) —g - (t—t1) - (

2
bV (2.1.5)

The relative speed of particles when moving material up can
be defined similarly:

d & 1 . . i
% S=wre (sin(wt) — sin(wty)) —g - (t —ty) - (% -
Ky V) (2.1.6)

Not to mix the moments of the beginning of shifts down (t;) —
Bu and up (ty) — BB, usually enter concepts of phases of the
beginning of shifts down (wt;),, = 01 and up (wty), = Y1

Taking into account these designations of the equation of the
relative speeds of particles can be provided to a look:

d &, 1 _ o . L w0y sin (a —¢)
o= or (sin(wt) —sin(6;)) — g - ( " ) (Cos(s—a+(p)
172
k"gVB) .17
d & 1_ o e _ L@ty _sin(ate)
oy = or Gin(wt) =sin@) =g ) (G
k, V2 (2.1.8)

For phases 61, ¥, reference is lack of the relative accelerations
of particles:
4% 1

2. . sinffa—¢) _ V2 —
S =W cos(wt) — g osEE—ate) k, Vg

From where it is expressed the equations:

in(a—@) | kyV#
cos(0;) = —wgzr . (—C:Sln(;aip) + —gE) (2.1.9)
. 2
cos(thy) = & (Smlere) kb (2.1.10)

cos (e—a—¢)
After definition of phases of the beginning of shifts, find
traveling speed of particles.
Average speed of movement of a material on a fluctuating
surface depends on the size of shifts of particles up and down during
one frequency period of T:

v, =t (2111)

Therefore, for determination of average speed it is necessary
to find sizes of shifts up and down a path of integration of the
equations of the relative speed ranging from the moment of the
beginning of shifts of t; until the end t,,

For shifts down we find:

1 tz dfGH & ; ini
- 5 = ftl wr(sin(wt) — sinifp;))dt
ftz (a)t - 61)
ty w
sin(a — k, Vg
. (@—9) +2 Bt
cos(e —a + @) g

The first integral of a right member will become:
f Z(ur(sin(wt) —sin(6,)) dt

t
' = —r-cos(8,) + 7 - cos(8,) — t,(rw) - sin(4;)
+ t, (rw) - sin(6,)
=1 [(cos(8;) — cos(8,) — (6, — 6,) - siniifh,)]
The second integral of a right member of the equation is
defined
L2 (wt — 0y) sin(a — @)
g 1) cos(a + & — o)
(tz—t)* [ sinle—¢@)  k, Vg
- - + .
2 (cos(s —a+ @) g >
Finally the equation will become:
o = 0 -1 [cos(8;) — cos(6;) — (62 — 6) - sin(6;) — 1/2-
82— 812cosb1 (2.1.12)
Similarly the size of shifts up for the right is defined intervals:
$es = 01 [cos(P1) — cos(y) — (P2 — Y1) sin(yy) — 1/2-
Y2—ylZcosyl (2.1.13)
Use of these equations probably only after preliminary
definition of phases of the end of shifts 8, and 5.

k, V3
+ - Bydr =
g

t




For the moments of the end of shifts the reference is equality
to zero the relative speeds of particles.
For the left-hand intervals we will have:

dée 1 _ . (02—61\ ( sin(a—¢) ki Vs _
&t o wr- (Gin(6,) —sin(6,)) — g ( %) ) (Cos(s —a+¢) g ) -
Tak, kak:
sin(a — k, V3
COS(91)= gz ( ( (P) n B)
w?r “cos(e —a+ @) g
that:

sin(8,) — 0, - cos(6;) = sin(6;) — 6; - cosi{B;) . (2.1.14)
For right intervals:
sin(iz) — ¥ - cos(ih1) = sin(¥h1) — Py * cosifip,) (2.1.15)

The equations (2.2.14) and (2.2.15) are the transcendental,
their decision concerning phases 6, and 1, can be carried out
approximately, including with computer use.

Besides it should be noted that the equations (2.1.14) and
(2.2.15) are fair only in that case when the duty is steady from the
very beginning and in each fluctuation the design value of phases
remains.

However, between phases of the end of shifts downé, and the
beginnings of shifts up ¥, the end of shifts up ¥, and the
movement beginnings down can be various ratios. At some of them
the duty will be steady, and at others, there is a violation of
frequency of shifts.

Condition of a steady mode is:

0, <Y, and P, < 2w + 6,(2.1.16)

In this case material driving down comes to an end in a phase
6,, in an interval between 6, and i the lots is on a surface in a
condition of the relative rest. Then, beginning from vy and to i,,
shift up then there comes the period of the relative rest between
phasesy, and 2 + 6;.

If ratios (2.1.16) are broken (for example, a case when
0, >1,), the real value of a phase y _ 1 will differ from the
calculated.

Generally discrepancy of design and actual values of phases
can be not only at shifts down, but also when moving up.

If to continue overseeing by change of phases at the
subsequent fluctuations, it is possible to be convinced that there will
come a steady mode with rigorous repeatability of phases of the
beginning and the ends of shifts soon. But values of the limiting
phases:

92npe() = lplnpem ¢2npe;{ =2+ glnp(:() (2.1.17)

will not coincide with the initial estimated values calculated
on the equations (2.1.14) and (2.1.15).

For determination of sizes of shifts of particles up and down
on a surface on the equations (12) and (13) in this case it is
necessary to use their limiting values instead of values of initial
(calculated) phases.

Calculation of the limiting values of phases can be made
analytically or a method of a successive approximation.

Terminating formulas on which values of the limiting phases
can be calculated, represent the transcendental equations:
sin(@z,,[,gb - )() - sin(ez,,[,go) = x - cosihy); (2.1.18)

_ 2m-cosifipy)
x= cos (8p)—cosiiipg)’
Sin(erlpet)) - erlpe() : COS(¢0) = Sin(lplnpe()) - lplnpe() : COS(E[)O)
(2.1.19)

The method of a successive approximation consists in
calculation of values of phases at each fluctuation until the
difference between previous and the subsequent value does not
become less than a size set by accuracy of the decision.

On input datas: surface slope angle to horizon - a=0° corner
of an orientation of fluctuations of - £=30° sliding angles of a grain
material about a surface: ¢ 1=35% ¢ 2=45% crank radius -
r=0,0075m; coefficient of windage of seeds of wheat - k,=0,1m™ on
formulas (2.1.11; 2.1.12; 2.1.13) determined average speeds - Vcp.
the material, moving on a surfaces for various speeds of an airflow -
Ve , hich are given in table 2.2.1.

Table 2.1.1. Design values of average speed

Ve,mis | Vep,mis | Zen, m Zes, m  |o°]e” | 1% 92°| o, radian/s
0 0,108489 | 0,001474 | 0,011818
1 0,126205 | 0,001454 | 0,014008
0(30( 35| 45 51,28
2 0,148078 | 0,001500 | 0,016641
3 0,172683 | 0,001599 | 0,019556
0 0,127568 | 0,001682 | 0,013333
1 0,144882 | 0,001653 | 0,015400
0|30]| 35| 45 53,38
2 0,165428 | 0,001674 | 0,017798
3 0,188484 | 0,001737 | 0,020449
0 0,143695 | 0,001835 | 0,014441
1 0,160464 | 0,001793 | 0,016382
030]| 35| 45 55,47
2 0,180144 | 0,001793 | 0,018611
3 0,201751 0,00182 0,021031
0 0,157718 | 0,001943 | 0,015271
1 0,174404 | 0,001895 0,01714
01]30| 35| 45 57,56
2 0,193547 | 0,001878 | 0,019247
3 0,214253 | 0,001879 | 0,021506

2.2. Experimental research/ Oxcnepumenmanvhvie ucciedosanus

Experiments by determination of traveling speed of a material
are made on a vibration pneumatic separator (Fig. 2.2.1).

Technological process of a vibration pneumatic separator is
carried out as follows. The grain mix from the bunker enters on a
surface of a zone of preliminary stratification 5 flow the 2nd
uniform layer which vibration and an airflow created by the fan 1
influences.

After redistribution of components the grain layer enters on a
site with a wall 8. As a result of interaction with it in a transverse
section of a layer there is an inclination. Components with the
smaller density, appeared on a layer surface, come down to a wall 7
and move along it. There is a material distribution between walls 7
and 8 flow 2. The divided components are removed by the receiver

7

&
5

7
s
- ==/ 7

—o—= — Seeds of the main culture; —-—= — mild components;

—w—=— —airflow

1 - the fan, 2 — neka, 3 — receivers of fractions, 4 —arod, 5 - a

stratification zone, 6 — a transportation zone, 7, 8 — walls flow
Figure 2.2.1: a — flow diagram of VVPS; b — the scheme flow
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The experimental values of speeds at a longitude angle of an
inclination flow equal 0° are provided in table 2.2.1.

Table 2.2.1. - Average speeds of a grain material on aeke a
vibropneumoseparator

Average speeds of | Average speeds of
Unit Oscillati | a ma}terial (without a_material (with an
load on an airflow), m/s airflow), m/s
K ' frequenc | The The The The
g/(s-m . )
2 y flow, calcula | experim | calcula | experim
minute® | ted ental ted ental
value value value value
1,55 490 0,108 0,089 0,126 0,128
2,00 510 0,127 0,108 0,144 0,162




From table 3.1. follows that average speeds of movement of
the material, received in experiences, at the given unit loads, both at
airflow influence, and without it, are rather close to design values.

3. Concusion/3axnrwuenue

1. Pneumosorting tables (vibration pneumatic separator)
applied now have low specific duty, high specific power
consumption - 2,2... 3,1 kW of h/t, and use on technology of uniflow
cleaning conducts them to larger losses of seeds in a wastage. The
increase in unit loads at VVPS with the trapezoid wild conducts to
violation of stability of separation and decrease in effectiveness of
division of a material.

2. On the basis of theoretical researches of process of driving
of a particle of small density in a layer of seeds and movements of
seeds on the fluctuating punched surface blown by a sloping airflow,
are calculated the speeds of an airflow promoting stratification of a
grain material and speed of a material on a surfaces flow, depending
on various factors. Researchers showed that with increase in speed
of a sloping airflow and an oscillation frequency flow, the average
speed of movement of seeds and consequently specific duty
increases also increases also.

3. By the pilot studies on a model exemplar of a vibration
pneumatic separator it is established that average speeds of
movement of the material, received in experiences, at the given
efficient loadings, both at airflow influence, and without it, are
rather close to design values.

4. Application of an improved version of a vibration
pneumatic separator for cleaning of elite seeds of grain crops allows,
in comparison with used, to raise a unit load more than twice, to
reduce specific power consumption by 30-50%, and at its use in the
product lines which are carrying out fractional technology of
cleaning, to reduce losses of seeds more than by 1,5 times.
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Abstract

The performance of sugarcane harvesters depend on function of subsystems. This paper describes failure rate and mean time between
failures (MTBF) for sugarcane harvesters 7000 series which are used in HakimFarabi agro-industry of Iran. Sugarcane harvesters were
divided into nine subsystems and their failures were studied for 4500 working hours. The failure rate of subsystems including engine,
hydraulic transmission, topper, base cutter, chopper, feed rollers, elevator, wheels and extractor fans were calculated 0.014, 0.05, 0.023,
0.065, 0.03, 0.037, 0.026, 0.016, and 0.009 (1/h), respectively. Furthermore, MTBF for subsystems after 4500 working hours were computed
72.21, 20.26, 73.41, 15.53, 33.92, 27.25, 38.66, 61.09, and 111.85 (h), respectively for the aforementioned subsystems. Among the nine
investigated components, base cutter with maximum failure rate and minimum MTBF and extractor fans with minimum failure rates and

maximum MTBF were recognized the most unreliable and reliable subsystems respectively.

Keywords: failure rate, sugarcane harvester, MTBF

1. Introduction

Sugarcane is one of the main plants for sugar production.
Hand sugarcane harvesting is too laborious and needs too many
number of workers in long period of time; consequently, it costs a
lot. Moreover, hand harvesting follows workers to injury
themselves due to cutting cane by sickles. In contrast, Sugarcane
mechanical harvester cuts cane and chops them into small pieces
and transmits them to trailer. Many reasons related to field and crop
influence the sugarcane harvester performance including soil type,
soil humidity, cane variety, crop vyield and operator skill
(anonymous, 1999).

Whereas machine failures occur unregularly in indefinite locations
of the field, manager ability to record the time, location, and the
reason of failures could be diminished in process of time (kahle,
2007).

One of the most important factors to reach highest crop yield due to
the lowest loss is performance on time. For machine scheduling we
have to aware of its efficiency. This is impossible without exact
status information from different parts of machine.

Sugarcane harvester machine as a main system consists many
subsystems. The sugarcane harvester is divided into nine subsystem
consisting engine, hydraulic transmission, topper, base -cutter,
chopper, feed rollers, elevator, wheels and extractor fans. If every
one of subsystems stopped, the machine would be stopped, thus
relation among harvester subsystems is series.

2.2. Failure rate

Failure rate is the scale for specify number of failures in used
hours and compute from following equation (1), (Billinton and
Allan, 1992):

A= &)

Where A is failure rate, F is number of failures, and H is operation
hours. By using of this function we calculated the mount of system
stopping over time, and then we evaluated every one of subsystems
separately.

The optimization of each subsystem in relation to one
another is imperative to make the system profitable and viable for
operation. Since failure cannot be prevented entirely, it is important
to minimize both its probability of occurrence and the impact of
failures when they occur [Barabadi and Kumar, 2008]. In order to
control and reduce failure and to plan and schedule the harvester
operations in optimum time, we have to know how many failures
occur in each term of machine performance and how much is mean
time between failures.

2. Materials and methods
2.1.Study area

Study area was HAKIM FARABI agro-industry Company
located in 35 kilometers south of Ahvaz in Iran. Arable lands of this
company are located in 31 to 31°10 N latitude and 45 to 48°36 E
longitudes. This region has dry and warm climate. Soil of this
region is heavy and semi-heavy and each farm size is 25 ha in
regular forms. Totally, 24 sugarcane harvester 7000 model are
being used in the company. Data are from maintenance Reports of
harvesters which have been recorded since 5 years ago.

2.3. Mean time between failures

Mean time between failures (MTBF) is an appropriate scale
for specifying machine performance time without any stopping.
Each system consists of one or more subsystems. The components
of system would be series or parallel. This system is series; it
means, if due to any reason one subsystem stopped, the overall
system would be stopped. MTBF for subsystems was calculated
using equation 2, (Billinton and Allan, 1992):

MTBF = % )



Where MTBF is mean time between failures, H is operation hours,
and F is number of failures.

3. Results and discussion
3.1. Failure rate results

Results showed that failure rate for every subsystem was
different. Average failure rate after 4500 working hours for 5 years

(every sugarcane harvester have worked about 900hours annually)
for subsystems namely engine, hydraulic transmission, topper, base
cutter, chopper, feed rollers, elevator, wheels and extractor fans
were obtained 0.014, 0.05, 0.023, 0.065, 0.03, 0.037, 0.026, 0.016,
and 0.009 respectively. Therefore hydraulic transmission system
with maximum failure rate was the most unreliable and extractor
fans system with minimum failure rate was the most reliable
subsystem. Tablel shows the values of failure rates after 4500
working hours for subsystems.

Table 1, annual failure rates of sugarcane harvester subsystems (Every 900 hours)

Years topper Hydraulic 'r:oel(igrs chopper elevator (Izal?tstzr Wheels  engine E):]t;actor
1 0.019 0.039 0.029 0.024 0.021 0.062 0.015 0.012 0.007
2 0.022 0.045 0.036 0.025 0.023 0.062 0.017 0.014 0.008
3 0.022 0.054 0.037 0.031 0.028 0.067 0.016 0.014 0.009
4 0.026 0.056 0.041 0.033 0.028 0.064 0.017 0.015 0.011
5 0.029 0.057 0.043 0.039 0.033 0.067 0.017 0.015 0.013

Figure (1) shows the failures behavior of every subsystem. Base
cutter system failures were so scattered and did not follow a regular
trend. These failures consisted blade breaking or blade dulling

depend on crop aggregation and material quality of blades are
solved by changing the blades. Trend of hydraulic transmission
system failures are increasing. Because this subsystem consist of
tubes and pipes depreciating over time.

0.080
—=—topper
0.070
hydraulic
0.060
== rollers
'f- 0.050 chopper
o
.E 0.040 . ’r’——‘ —t=—elevator
E /‘——'—"/ _/.—JK base cutter
& 0.030 =
wheels
0.020 .
engine
0.010 Extractor fans
0.000 . . .
900 1800 2700 3600 4500
operating hours (h)

Fig 1. Failure rate of sugarcane harvester subsystems



Because of wearing of hydromotors, Feed rollers failures showed an
increasing trend. Increasing failures in chopper usually are
originated from blade breaking which has constant value, chopper
gearbox failings, and hydromotor failings which increase over time.
Elevator failures usually are from both chain obstruction due to
cane bulk, and hydromotor failures that increase over time, thus
failure rate graph is growing. Topper failure is as same as base
cutter failure and its graph conform to base cutter graph, but with
smaller failure rate. Number of wheel failures approximately is
fixed, because wheel's failure is more consist of puncturing in field
that is occurred fixedly Engine failures are a little and do not
increase sharply. Because sugarcane harvesting never has been done
in summer and at this season engine is overhauled. These failures

Table 2 amounts of MTBF annually (every 900 hours)

included of belt rupture, water pump failing and obstruction in fuel
system. Fan failures increase slowly over the time.

3.2. MTBF results

The mean time between failures after 4500 hours (5 years)
for sugarcane harvester subsystems presented in table 2. The
average MTBF after 4500 hours for subsystems namely engine,
hydraulic transmission, topper, base cutter, chopper, feed rollers,
elevator, wheels and extractor fans were calculated as 72.21, 20.26,
73.41, 15.53, 33.92, 27.25, 38.66, 61.09, 111.85 (h), respectively.
As a result, base cutter with 15.53 and extractor fans with 111.85 h
are the most unreliable and reliable subsystems respectively.

Years  topper Hydraulic ~ Feed rollers  chopper elevator ?ﬁigr Wheels  Engine E;(]E;?]C;
1 53.9 255 33.9 41.7 48.2 16.1 65.5 83.3 152
2 454 22.1 275 39.5 43.2 16.2 60.5 69.8 129.7
3 457 18.5 27.1 322 36.2 15 62.1 72.4 108.6
4 38.5 17.7 24.6 30.6 354 155 59.1 68.2 88.6
5 35. 175 23 25.7 30.2 14.8 58.3 67.3 79.5

4, Conclusion

In order to control and reduce failure and to plan and
schedule the harvester operations in optimum time, we have to

Sugarcane harvester the study was conducted in Hakim
Farabi agro—industry of Iran.

The results showed that failure rate of subsystems including
engine, hydraulic transmission, topper, base cutter, chopper, feed
rollers, elevator, wheels and extractor fans after 4500 working hours
were 0.014, 0.05, 0.023, 0.065, 0.03, 0.037, 0.026, 0.016, and 0.009,
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know how many failures occur in each term of machine
performance and how much is mean time between failures. Thus, to
specify the failure rate and mean time between failures of

(1/h), respectively. Furthermore, MTBF for subsystems after 4500
hours also were computed as 72.21, 20.26, 73.41, 15.53, 33.92,
27.25, 38.66, 61.09, and 111.85 (h), respectively. Therefore, base
cutter with maximum failure rate and minimum MTBF and
extractor fans with minimum failure rate and maximum MTBF are
recognized the most unreliable and reliable subsystems respectively.
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Abstract: Examined and shown ways to improve water supply to agro-industrial complex consumers agribusiness in Kazakhstan to
irrigate pastures and irrigation in market conditions. There are given the theoretical foundations of the most progressive method of restoring
the production rate of underground water source - a well by the use of compressed air and airlift technology, which can be recommended for
practical application. They are purpose for definition of the main parameters of the process: the need to over-pressure compressed air

supply compressor, power consumption and efficiency.

Keywords: irrigation, airlift technology

1. Introduction

In Kazakhstan, in a market economy the priority of rural
development, including irrigation of pastures and irrigation of crops
in irrigated areas, is not possible without the proper functioning of
water systems and autonomous water systems for drinking water
quality assured villages of farmers and other consumer agro-
industrial complex. Water problem villages and pastures will
facilitate the adoption in 2003. Government's "Water Code of the
Republic of Kazakhstan" and approved by the branch program
"Drinking water" [1, 2, 3].

The Republic of Kazakhstan has good conditions for the
production of crops and livestock products using irrigated land and
natural grassland, the area of the latter is 183 million hectares, of
which the Ministry of Agriculture - 154.4 million hectares.

The main producers of crops and livestock production in the
Republic of Kazakhstan are agricultural formation, including
farmers and farms, of which there are more than 170 thousand.

Drinking water supply to agricultural consumers are both due to
groundwater - Mining and tube wells in the amount of 69.8% and
surface water - rivers, canals, lakes, springs, water-filled items for
about 30%.

When keeping pasture stock-breeding the most accessible types
of water supply, low-cost, are the above-ground water sources, but
they are not always pollution free and require purification plants for
improvement of the water quality, in addition they are not enough to
satisfy all consumers.

2. State of the problem

At present, the prevailing economic conditions, the number of
livestock farmers and farms are concentrated around settlements and
open water sources. This increases the load on the limited area of
pastures (30 million hectares), 50% of which in varying degrees of
degraded.

The problem of water supply to agricultural consumers should
be pursued in conjunction rational use of water resources,
conservation of grassland and has no adverse effect on the ecology
of the environment. Daily demand for potable water use in
Kazakhstan is about 1350 m®, or 26% of the total demand for the
Republic.

Promising market environment is centralized water supply by
the group and the local water supply, which is now covered in
Kazakhstan, 45.8% of rural users, and the rest have their own
independent water supply due to the organization of services for the
mechanization of underground water supply (75%) and surface
(25%), water sources.

The main water-lifting equipment supply are centrifugal pumps
domestic and foreign, for the conditions of pasture irrigation - Cord
belt and water-pump, submersible pumps, and airlift pumping
stations.

Improving the efficiency of agricultural water users in the
market environment can be achieved through the use of water-lifting
equipment of the new generation with the use of energy-saving

technologies on the basis of domestic and foreign alternative
development.

Currently, 54.2% of the Republic of Kazakhstan agricultural
consumers have their autonomous agro-industrial complex water
supply due to the organization of services for the mechanization of
water, which are carried out mainly by groundwater - tubular and
open wells (75%).

It requires a proper state of the main water sources, watering
plants and water-lifting equipment.

However, their maintenance and repair at a low level due to lack
of production of a single set of machines for this purpose, which
leads to the degradation of water sources, reduced water quality,
reduce their service life and decrease the reliability of water-lifting
equipment.

To increase the effectiveness of independent water supply must
be maintained in the desired state of the main water sources,
including wells, wells and other water intakes produce replace
outdated and worn water-lifting equipment to the new most
effective, based on the new resource-saving technologies water lift.

Therefore needed in this area is monitored throughout the
country, to create databases of the major water sources, to give
suggestions to the development of new resource- and energy-saving
technologies and equipment supply.

An important factor in maintaining the necessary condition of
underground water sources is the timely recovery of their production
rate. Below we consider the theoretical foundations of the most
progressive method of restoring production rate of underground
water source on the example of the well [4].

3. Airlift pumping method

When restoring the well production is widespread use of
compressed air as an energy source in the major processes: removal
of sediment light category density (loose soil), pumping
contaminated water from the well to its full clarification, while
using the most effective way to lift airlift as water mixture with a
suspension of purified soil.

The technological process of lifting method airlift water wells
with a suspension of purified soil (Fig. 1) at the steady work will be
a continuous supply of compressed air to air wire sleeve, dropped
below the water level and fixed at a certain depth. The resulting
mixture of water, air and soil suspension for well casing is fed up
and discharge duct sealing tip - on the surface of the well.

Technological process of this scheme is theoretically not fully
understood. Below we describe the basic equation of the ongoing
process of lifting air mixture with a suspension of purified soil -
analytical dependence between the main process parameters: the
excess of required pressure of the compressed air supply system
Peye, Volume weight of lifted mixture ymiy, depth air supply hose H;,
lift height mixture H, loss of pressure in the air AP and hydraulic AH
lifting system, compressed air consumption (supply compressor) Wy
and airlift supply the water with a suspension of purified soil Q.
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Fig. 1 Sketch of an airlift pump station
1 - air supply hose clamp;
2 - well;
3 - vent pipe.

4. Mathematical description

To determine this dependence used Bernoulli equation for
section I-1 and I1-11 wells on the output of compressed air from the

air supply hose, the latter taken as a datum:
2

Vzfir Vair :
(l) P +2_gl_7air+7air'H':P +Zgzyair+AP’

exc i air

V2 V2

(2) Pair+LX27/mix:7/mix'Hi+Mymix+Pres+AH'ymix‘
29 29

where P, - excess air pressure in the supply system, Pa; V.

Viiro s Vit Viixz - SPeed of the compressed air and of the lifted
mixture adopted sections, m/s:

airl:

@)y e
air; 2
’ d pipe; ,
4) _ 4Qu 4(Q+w,, ) ,
mixg, 2 - 2
700 e, 70 e,

where Wy - compressed air flow (flow compressor discharge) in
section 1 and 2, m¥/s; dpipel - internal diameters of pipes in sections
2

1 and 2 (in section 2 conditional), m:
2 2
(5) dpipez = DweII _dout !
where Dyt - internal diameter of well casing, m; (;102ut - outer
diameter air supply hose, m; Q_ ., Q - general feed airlift

installation water mixture and purified water with a suspension of
soil, m¥/s; Yt Vi - VOlume weight of the supplied compressed air

and raised water mixture with a suspension of purified soil N/m®;
H, - depth air supply hose into the well, m; AP, AH - loss of

pressure in the pneumatic and hydraulic lift system mixture, Pa and
m; P, - overpressure in section I1-11 wells, Pa:

6) P,=y(H,-H)

where H - water lifting height, m:

(") H=H,-h,,

where H - dynamic water level in the well, m; h, - height of the
tip (the mouth) of the well to spout diverter pipe, m; 5 - volume
weight of water in the well, N/m?; P - residual pressure lifted
mixture drain connection, Pa.

5. Solution and analysis of the results

Substituting the value p, from equation (2) into (1), and
considering that the rate of the compressed air hose length changes
slightly, i.e. v, =V, and substituting the value Vo in (4) and

(5), and solving for P, we get the basic equation of the ongoing
process of lifting the mixture:

1L s s(@w,)
@) Poc=7me| Hi+ ﬂ'g'diipel _”'g(szvell_dsut)+AH '

+AP_}/air ' Hi + Pres

Excessive air pressure in the system without hydraulic losses is
determined by (1), by substituting p_ from (6):
©) Pac :(Hi - H)7+AP_7air H;-

Starting a suit of excessive air pressure is determined by the
formula

(10) Pexc.s :(Hi _Hst)y+AP_yair ‘Hi’

where H, - static water level in the well, m.
Air flow (flow compressor suction) is calculated by the formula:

(11) W,, :Q(1+ﬁjy. H-Plopals

where 7, - efficiency of airlift pump system installation (based on
experimental data 7, = 0,7).

Executed theoretical basics of using compressed air in the
recovery work over tried out in a mobile unit designed for work over
ARS-300, which was used by airlift pumping unit for cleaning wells
of sediment density and light category of pumping contaminated
water to its full clarification.

6. Conclusions

1. Analysis is presented of the state and the ways to improve the
effectiveness of the water supply to agricultural consumers of agro-
industrial complex in Kazakhstan in respect of pasture watering and
irrigation of land in market conditions.

2. There are given the theoretical foundations of the most
progressive method of restoring the production rate of underground
water source - a well by the use of compressed air and airlift
technology, which can be recommended for practical application.
They are purpose for definition of the main parameters of the
process: the need to over-pressure compressed air supply
compressor, power consumption and efficiency.

7. References

1. Usakovskii, V.M. Water and waste water in agriculture.
Moscow, Kolos, 2002, - 328 p. (in Russian)

2. Erhov, N.S., V.S. Misenev, N.I. llin. Agricultural land
reclamation and water supplying. Moscow, Kolos, 1983, - 351
p- (in Russian)

3. Yakovlev, A.A., E. Sarkynov. Improving agricultural water
supply to consumers in today RK. — In: Proceedings of the
Conference “Scientific support for sustainable agricultural
development of the Republic of Kazakhstan, Mongolia and
Kyrgyzstan”, Almaty: LLC "Publishing" Bastau ", 2004, pp.
199-200. (in Russian)

4. Yakovlev, A.A. Theoretical basis of the use of compressed air in
the recovery well production. — In: Proceedings of the
Conference. Part 1. Kazakh National Agrarian University.
Almaty. 2002, pp. 171-174. (in Russian)



MPUEUPAHE HA CYCAM CBhC 3bPHOKOMBANH B YCJIOBUSTA HA
BbJII'APUSA
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Abstract: They are investigated qualitative indices of a grain harvester New Holland CX8060 at sesame harvesting. The sesame
genotype 4083 is used for experiments. It is developed at IRGR - Sadovo (Bulgaria) and has non dehiscent capsules at maturation. The tested
harvester reaches seed's purity of 84,4 % and loses up to 22 %, two-thirds from which are due to the header. The high seed's humidity of
14,4 % has been the main reason for decreasing their germination capacity from 20 to 50 % by the harvester. Generally, the grain harvester
does not met requirements at sesame harvesting at Bulgarian conditions, therefore is recommended developing a specialised unit for this

agricultural operation.
Keywords: SESAME HARVESTING, GRAIN HARVESTER

1. Yeoo

ITpon3BOACTBOTO Ha CycaM y HAcC € HEAOCTaThUHO U 3aTOBA CE
BHacsd OT 4yxOuna. OcHOBHara NpPUYMHA 33 HAMAaJABaIIOTO
MIPOM3BOJICTBO € PHYHOTO NpHOHMpaHe Ha pekonrata. OmuTHTe 3a
MeXaHU3MpaHe Ha MPUOMpPaHeTo Ha cycama ca IOKa3au 3aryou 1o
80 % [1, 2]. 3a pemaBaHero Ha mpoOiieMa B CBETOBEH Mamab ce
paboTH B JBe HampaBieHHs. [IBpBOTO € CeleKIHOHWpaHe Ha
COPTOBE, KOUTO IPHU y3psIBaHE 3aAbp:KaT CEMEHAaTa B KyTHHKHTE, a
BTOPOTO - aJanTHpaHe Ha ChIIECTBYBallaTa W pa3paboTBaHe Ha
HOBa TEXHHUKA 3a IPUOUpaHE Ha CycaM.

B®B ¢upmara Sesaco (CAILL) u UPT'P - CagoBo ca cp3nanenu
COPTOBE, KOUTO MPH Y3psABaHE 3aAbpXKaT IUIOJHUTE CH KyTHHKH
3aTBOPEHM WM OTBapsAT caMO TEXHUTE BbpXoBe. ToBa HamaisiBa
pasNUIIIBAHETO HA CEMEHaTa M Ch3JaBa INPEINOCTABKH  3a
MEXaHH3UPAHOTO MM IIpHOUpaHe.

Ilenra Ha m3cIEqBAHETO € ONpEAENAHE Ha IMOKa3aTeNuTe Ha
KOHBCHI[OHAJICH 3bPHOKOMOAH TpH IUPEKTHO IpuOupaHe Ha
CycaM OT Ch3/aZICHHTE COPTOBE B YCIOBHUsATa Ha bbiarapus.

2. Memoouka na excnepumenma

Ynpasiasiemu ¢axropu. OmursT ce nposexzaa no miaH B2
(tabn. 1) c ympaeiusiemu (akTopu dYecToTara Ha BBPTEHE Ha
BEHTWJIATOpa Ha OYMCTHUTENS M xJlabMHaTa Mexay OapabaHa H
KoHTpabapabaHa.

YecToTata Ha BBbPTEHE HA BBpIIauyHHA OapabaH ce MOAABbpXKa
mocrostHa Ha 550 min”. Tasum croMHOCT e omnpezeneHa OoT
MPEABAPUTEIHUTE EKCIIEPUMEHTH, IpoBeaeHu npe3 2011 r.

Taénuya 1. [Inan na excnepumenma

PaxTopi
MNema
ormITa Kompanmn croiimocmn Peam crofiHocTi
Benrmartop X madHa Benrmarop XmadiHa
min! mum
1 +1 +1 600 20
2 -1 +1 500 20
3 +1 -1 600 12
4 -1 -1 500 12
5 +1 0 600 16
6 -1 0 500 16
7 0 +1 550 20
8 0 -1 550 12
9 0 0 550 16

W3crenBanuTe nokasareiu 3a paboTaTa Ha 3bpHOKOMOaliHa ca:
e 51 Ha 3aryouTe ot xezepa, [%],

ST Ha 3ary0ouTe oT ourcTuTens, [%];

ST Ha 3ary0uTe OT ciaamorpbeute, [%];

YICTOTa Ha cEMETO B OyHKepa, [%];

CTCIICH Ha MEXaHUYHO HOBPEXK/aHE HA CEMCHATA,

o6y 3aryou ot 3ppHOKOMOaitHa, [%6].
3a B3emMaHeTo Ha NpoOHM CleJ OYHCTUTENsT W CJeA
CIAMOTPBCUTE Ca W3pabOTEeHH W MOHTHPAHH B 3aJHaTa 4acT Ha
KoMOaifHa aBe ponkd ¢ HaBuUTH MuiatHuma 1 u 4 (¢ur. 1).
Pa3mepute Ha miatHumara ca 2,5 m mupuHa U 10 m ObiDKUHA.

K®M enunust kpait Ha BCSKO MIJIATHMINE € 3aKpPETeH METaJieH NpPBT.
Ilpu ngBwxeHme Ha KoMmOaiiHa, HaBUTHUTE IUIATHHIIA Ce
CaMOpa3BUBAT Clie] TOJaraHe M 3aJbp)KaHe Ha NPBTUTE BBPXY
noyBarta. Bepxy mnataHuine 1 ce cp0upa Macarta OT ClIaMOTPBCHTE, &
BBpXY IUIAaTHHIIE 4 - OT OYHMCTUTENS. 3a HACOYBAHE HAa MarepHaja
Clie]] CHTaTa ceé MOHTHpPA CKaTHaA IUIOCKOCT, IO KOATO TOH ce IuTh3ra
BBPXY IUTaTHHILE 4.

r

@uzypa 1. [lpucnocobrenus 3a cvbuparne na obpabomenama maca
Cled CAamMompvbea U ced O4UCmumens.

1 u 4 — poaku ¢ Hagumu niamuuwa, 2 — memanex npvm, 3 u 5 —
cmotiku, 6 — ckamna niockocm.

3a B3emaHe Ha NPoOM OT NPHOPAHHTE CEMEHa € U3PabOTEHO
MIpUCIOCOOIICHIE, KOTO Ce MOHTHPA 10 3bpHEHUs eneBatop (¢dur. 2).

3a HamalABaHe Ha 3aryOMTEe OT KYTHMHKH M CEMEHa, KOUTO
NpEXBBPIAT Xelepa M MajaT 3a] HEro € u3paboTeH eKkpaH ¢
BrucounHa 1 m. ExpansT npencraBisiBa MeTallHa paMKa, 3a KOSTO ce
3aKpemnBa NoJMeTIeHoBo (oino. Toli ce MOHTHpA Hax Xexepa Io
sutaTa paboTHA MIMPHHA.

@uzypa 2. [lpucnocobrenue 3a 63emane Ha npoba om npudpanume
cemena.

1 — raney, 2 — wubvp ¢ OpvorcKa, 3 — U3X00sU OMBOP C KYKU 34
3aKpensatne Ha uysai; 4 — 3vpHeH eneeamop.



YciaoBusi Ha exkcriepuMeHTa. ONMTHUTE Ca NPOBEICHU Mpe3
2011 u 2012 r B 3emnumiero Ha c. Kpymieso, oomuna [TspBoMait,
IInoauBcka ob6mact. CycaMeHHAT IOCEB € OT TeHOoTHn O,
cenekionHa juHUA 4083 u e mpoxmykr ma WPI'P - Canmogo.
CenrbaTa ¢ M3BBPIICHA ChC CESIKA 32 TOYHA CenTOa, a MOCEBBT €
OKOIIaH eIHOKPaTHO C EJHOBPEMEHHO 3arppisiHe. [Ipe3 romm e
H3BBPIICHO €THOKPATHO ITOJIMBAHE HA ITOCEBA UPe3 IBXKTyBaHe.

B kpast Ha BereranusTa € HalPaBEHO NPBCKAaHE C AeOINaHTA
Pernon 3a moHmwkaBaHe Ha BIAKHOCTTa Ha pacTeHMATA. Bbmopeku
TOBa, MO BpeME Ha E€KCIEPUMEHTa BIAKHOCTTa Ha KyTHHKHUTE He
cnagaa nmox 31 %, a Ha cemeHara - 14,8 %, KOETO € XapaKTepHO 3a
1IOCEB B TEXHOJIOTWYHA 3psuiocT. [Ipy KIMMaTHYHHTE YCIOBHS Ha
Bwirapus cycaMbT 4ecTo He JOCTHTra IbJIHA 3PATIOCT, KOETO Hajlara
HETOBOTO NIPHOMpPaHEe B TOBA ChCTOSTHHUE.

ExcniepuMenTHTe Cce HPOBEXHAT CHC 3BpPHOKOMOaitH New
Holland CX 8060 (tat6u. 2).

Taonuya 2. Ilapamempu na kombaiina

Mapka na kombaiina | New Holland CX8060, npoussenen 2008 r.

xenep New Holland 3a xutHH KynTypH C
mmpuHa 6,1 m

Xenep Ha koMOaitHa

- pabotHa ckopoct 6,5 km/h;

I[Mapametpu Ha - 4ecToTa Ha BbpTEHE Ha Gapabana 550 min™;

Kombaiina - AUaMETHP Ha OTBOPHUTE Ha CUTaTa: NPECAHO

6 mm, ropHO 8§ mm, JI0JHO — 3aTBOPEHO;

- KoHTpabapaban Ha  amapara  3a
JIOI'BJIHATENIHO OBBPIIABAHE — IMAJBK.

B3emane nHa mpobure. Ilpenu Bcexku omur ce Mapkupa ¢
JKaJIOHU eKCIepHMEHTalHa Iapueika ¢ AbbkuHa 10 m u ce
ompenenst OnojoruuHMs TOOMB Ha ceMeHa. ToBa ce M3BBPINBA IO
Opost Ha pacTeHHsATa B MaplelikaTa W MO CPEeAHHS JOOWB OT €IHO
pacTeHue.

Upes 60poBHS KOMIIOTHD C€ 3aJaBa pexxuMa Ha KoMOaiiHa:
- 4eCTOTaTa Ha BbPTEHE Ha MOTOBUJIOTO;

- yecToTaTa Ha BbpTEHE Ha BbpIIauHus OapalaH;

- YeCTOTaTa Ha BEPTCHE Ha BEHTHIIATOPA;

- xJlabuHarta Mexy 6apabana u koHTpabapabaHa;

- CKOpOCTTa Ha KoMOaifHa.

Hpe;u/l Ja BJIE3€ B MapKupaHaTa Iaplejika KOMOaWHBT
n3MuHaBa 20 m pa6OTCH X0/ 3a JOCTUTaHE Ha HOPMAJICH PEIKUM.

IIpu HaBnu3aHe Ha KomOaiiHa B maplieJKaTa €IHOBPEMEHHO Ce
HycKaT NpbTUTE Ha IUIATHUIATA M C€ OTBapid WMOBpPa Ha
MPUCTIOCOOJICHNETO MOJ 3bPHEHMS IIHEK. 3achda ce BPeMeTO 3a
obpaborBane Ha mapuenkata. Cnenq omuTa, MaTepUAIMTE OT
IUIATHUIIATA ¥ OT IPHCIOCOOIEHUETO Ce 3aITbIBaT B TOPOL.

O6paboTBaHe Ha eKcriepuMeHTATHUTe NPodu. OT crOpanuTe
MaTepHalH ce B3eMaT cpeHu npobu. Ha prka ce oTaensT ceMeHaTa
OT HEOBBPIIAHUTE KYTHUHKH, OBBPIIAHATE CEMEHa M IPHMECHTE.
Cren mpeTeryisiHe ce MpecMsTa Jiefla Ha BCSIKa KOMIIOHEHTa CIIPSMO
cpexHaTa mpoba. 3arybure oT Xeaepa ce OMpeNeNsaT IO pasjiukaTa
OT KOJIMYECTBOTO Ha CEMEHaTa, ChbOpaHH C MPUCIIOCOOICHUETO U
IUIATHUIIATA U OT OMOJIOTUYHUS JOOUB OT MaplelKaTa.

OtnensHeTO Ha IpUMECHTe OT TpPHOpaHUTE CceMeHa ce
HU3BBpIIBA C JaboparopHa cemeuncrayHa mammHa CM - 0,15.
M3nomsBanu ca cuta ¢ MpaBOBIBIHA (hOpMa HA OTBOPHUTE, YUSTO
mwupuHa € 1,2 mm 3a roproTto curo u 0,8 mm 3a JO0JTHOTO CHTO.

JenbT Ha MEXaHWYHMTE MOBPEIM CE ONpEeNs IO pPasjiKara
MEXIy KBIHSEMOCTTa Ha PHYHO NMPUOPaHM CEMEHa W Ha CEMEHa,
KOHUTO ca MpUOpaHH CbC 3bpHOKOMOAiHA.

Craructryeckata 00paboTKa Ha Pe3yATaTUTE € U3BBPIIBA PU
paBuumie Ha 3HaguMoct o = 0,05.

3. Pesynmamu u ouckycus

Yucrora Ha cemero B OyHkepa. ChCTaBbT Ha mpuOpaHarta
maca e MHOro pasHoobpasen (¢ur. 3). OcBen cemena ce
HaOJF0IaBaT YacTH OT CThOJIAa M HEJOpa3BUTH KYTHHKH. B chcraBa
Ha IPUMECHTE BIIM3aT HEJAOXPAHEHH CEMEHa, YaCTH OT Pa3pyIICHH
cTb0Ma, pa3pyIIeHH KyTHIKY, HapyeHIa [0YBa H JIp..

ks

[Eaph npumech

HpeSiu npussecw Texn npmsecn

@Duzypa 3. Komnonenmu om npubpanama maca

OT ekclepUMEHTAHUTE PEe3yATaTH € TIIO0MYy4eHO CIEIHOTO
PErPECHOHHO ypaBHEHHE:

n, =648,5500 - 2,6404.n, + 11,8415.h + 0,0020.n° +
+0,0336.n,.h - 0,8771.h°

¢R?*=0,82 u pg<0,05656
KBJIETO:
7, € YKCTOTa Ha ceMeTo B OyHKepa, [%];
N, - 4eCTOTATa Ha BHPTEHE HA BEHTHIATOPa, [Min™]

h - xmabunara mexny Oapabana u KoHTpabapabaHa,
[mm].

TloBbpxHHMHATA HA OTKJIMKA € MpeacTaBeHa Ha ¢urypa 4. Haii-
BHCOKATa 4ncTOTa Ha mpubpanute cemena 84,4 % ce mocrura mnpu
4ecToTa Ha BBPTEHE HA BeHTHIaTopa N,= 600 min™ i xmabuma Ha
BbpInaunus amapar h = 16 mm.

Ilpu moBHIIaBaHE HAa CKOPOCTTa Ha BB3IYyNIHATA CTPYA
MaTepHATBT HaJ CUTaTa Ce MOYUCTBa M0-100pe. [lpu u3cnenBanure
YeCTOTH HAa BCHTWIATOpPA HE € PETUCTPHPAHO H3XBBHPISIHE Ha
ceMeHa 3a]1 KoMOaiiHa.

Yucrota Ha
camero,
My

¥4

;e
: ¥ #zy BEHTHNATOR, min
h o o 7 Sy

-1
TE oy o7 Son
XnaGusa, mm =

Duzypa 4. Pecpecuonna nosvbpxHuHa 3a YUCmomama Ha
npubpanomo ceme



MexaHH4YHO TNOBpekAaHe Ha ceMeHaTa. To ce ompenens
KOCBEHO 4pe3 IMOHM)KEHHETO Ha KBJIHSAEMOCTTa Ha CEMeHaTa I0j
BB3ACHCTBUETO Ha KoMmOaifHa. KbiaHsemocTTa Ha  pBYHO
npubpanuTe cemeHa e 96 %, a Ha ceMmeHaTa, NPUOpPaHU CbC
3ppHOKOMOaiiHa ¢ oT 20 mo 50 % mo-Hucka. ToBa o3HauaBa, e
MEXaHNYHOTO OBBPIIABAHE YBPEXKJA CEMEHaTa 3HAYUTEITHO.
ExcriepuMeHTaIHUTE pE3yIATaTH Ce MPEACTaBAT CBC CIEAHOTO
pErpecnoHHO ypaBHEHHE:

n, =—13,2800 -0,0383.n, +12,1118.h + 0,0004.n° —
~0,0083.n,.h - 0,1598.h°

¢R?=0,91 u pg<0,0032;

KBJIETO 7], € KBIHAEMOCTTa Ha IpHOpaHuTe cemeHa, [%].

KunHAeMmocT
Ha cemMeTo,
17 o

T

7

BeHTWNaTOP, min

Duzypa 5. Pecpecuonna no8bpXHUHA 3 KbHAEMOCIMA HA
cemenama, npubpanit cvc 3bPHOKOMOATIH

IloBbpxHHMHATA Ha OTKJIMKA € IpefcTaBeHa Ha ¢urypa 5. Haii-
BHCOKA KBIHAEMOCT Ha CEMeHara ce HaOmojaBa IIpH
MakcuMmanHaTa xnabuHa h =20 mm v npu MUHHMAHATA YeCTOTa Ha
BBpTEHe Ha BenTwiaatopa N,=500 min?. HamansBamero ma
XJa0uHATa Ha BBPILIAYHMS amapar IPUYMHABA 3HAYUTEIHO
MOHIKEHHE Ha KBIIHAEMOCTTA, TOpay YBpeKAaHe Ha CEMeHara.

TpsibBa ga ce otuere, ye mpu BnaxkHocT 14,8 %, cemenara ca
CHJIHO TIOJAaTIIMBH Ha MEXaHWYHO IIOBpeXJaHe. 3aToBa ce
MpenopbYBa NPHUOMpPAHETO Ha cycaM ChC 3BbPHOKOMOAHH 1a ce
U3BBPIIBA [IPU BIAXKHOCT HA ceMeHaTa o 8 % [2].

3ary0u ot Bbpmaukara. Te ce ObKaT Ha U3XBBPICHUTE HA
TIOJIETO CEMEHa OT OYMCTHUTENS U OT ciIaMoTpbca. Ilpu ycrnoBusita
Ha OMHMTA HE ce HaONoAaBaT HEOBBPIIAHH KYTHUIKH, KaKTO BBPXY
CHTaTa, Taka U BbPXY CIaMOTPhCa.

Cren oOpaboTka Ha ONHWTHUTE JAHHH € IMOJYYEHO CIETHOTO
PErpecuoHHO ypaBHEHHE:

Neos_» =120,3470 -0,4091.n, —1,9790.h +
+0,0004.n° +0,0033.n,.h +0,0118.h°
¢cR*=071u pe<0,0202,
KBJIETO 7ee05 ; CA CEMEHATA B MAcara CJieJ| OuucTuTes, [%o].

PerpecnoHHOTO ypaBHEHHE € BU3yaIIM3UPaHO Ha GuUrypa 6 upes
MOBBbPXHMHATA Ha OTK/IMKA. Haii-MankuTe 3ary0u Ha ceMeHa 744 5
= 1,5 % ce Ha0mOgaBaT NpY MHHMMAJIHMTE CTOMHOCTH Ha
YecToTaTa Ha BBPTEHE Ha BeHTHIaTOpa N,=500-520 min™ u xnabuua
Ha BBpIIaYHus arnapat h = 16 mm.
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oz
= /’ =, BenTunarop, min
c 4 %

=
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h b P

XnaBbwuHa, mm

@Duzypa 6. Pecpecuonna nosvpxnuna 3a 3azybume om 6bpuaykama

OO0mm 3ary6um Ha 3bpHO OT komOaiiHa. Te ca cyma or
3aryOuTe Ha CEMEHA OT XeJepa U Bhpuiaukara. OCHOBHUST s Ha
3aryouTe € OT Xenepa. B ycnoBusTa Ha eKCIIEpUMEHTA 32 JKUTHHUS
xenep Te ca okono 15 %, a 3arybute OT BhpIIayKara ca OT JBa J0
MeT IbTH MO-MaJIKH.

4, 3aknrouenue

IIpu mpubupane Ha cycaM OT T€HOTUN 6, CEJIEKLUOHHA JTUHUSA
4083 3arybuTte oT BppmIaukaTta JocTHrar 6 + 7 % oTr OHMOJIOTHIHUS
no6uB. Munumannute 3aryou ca 1,5 % u ce nHabmiomaBaT mpu
4eCTOTaTa Ha BHPTEHE Ha BeHTIaTopa 500-520 min™ u xmabuma ma
BBpIIaYHHA amapar 16 mm.

OOmmre 3ary0M Ha 3BPHO OT KOMOaliHa ce KoyiebasT B
rpanunuTe Ha 17-22 %. JIBe TpeTu OT TIX ce ObKAaT Ha Xeuepa, a
€/lHa TPeTa Ha BbpIIayKaTa.

Haii-Brcokata mocTuraaTa 4iucToTa Ha ceMero B OyHkepa ¢ 84,4
%. Ts ce HabmofaBa MpH MaKCUMAJTHUTE CTOMHOCTH Ha 4ecToTaTa
Ha BhpTEHE Ha BeHTHNaTopa (600 min™) u xmaGuHa Ha BBpIIAYHHS
amapat 16 mm.

MexaHHYHOTO OBBpIIABAaHE HaMaJsiBa KBJIHIEMOCTTAa Ha
cemenata ot 20 10 50 %. ToBa ce IBIKHM Ha BUCOKATA ITOJATIIMBOCT
KBbM TpaBMHpaHE Ha ceMeHarta npu BiuaxuocT 14,8 %. Haii-Bucoxa
KBJIHSIEMOCT Ha NpHOpaHHTE CeMeHa ce HaliojaBa IpH XJIaOWHA
Mex 1y Obapabana u kKoHTpabapabana 20 mm.

Pesynrarute mokasBar, Ye KOHBEHIMOHAIHHUST 3bPHOKOMOANH
HE MOCTUTA arpOTEXHUYECKUTE M3UCKBAHMUS 3a JIOMYCTUMOTO HUBO
Ha 3aryOM M 3a MEXaHHYHO TIOBpEXJaHE Ha CeMeHaTa Ipu
npubupaHe Ha cycaM B ycioBuira Ha bwiarapus. 3aroBa e
HEOOXOIUMO pa3paboTBaHe Ha CHElHalIW3UpaHa IpuOupama
MallluHa.

5. Tumepamypa
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N3MECTBAHE HA OKAYHATA TOYKA HA IUIYT 3A ITBJIHO OBPBIIAHE HA
MNOYBEHUA IVIACT

DISPLACEMENT OF PLOUGH LINKAGE POINT FOR FULLY REVERSAL OF SOIL LAYER
CMEUIEHME TOYKU ITOABECA TIUIYT A JJIA TIOJIHOE ITEPEBOPAUYNBAHUE CJIO ITOUBEI

Ipod. a-p umx. Manapampkues, C., Hou. n-p umx. TpudoHos, A.
Arpapen ynusepcuretT — [InoBauB, bearapus

Abstract: It is known that the classical plough not fully reverse the soil layer. As a result, the top soil is placed at various depths below
the surface of the field. Proposed a plough for fully reverse of the soil layer with extended rear plow body. As a result, an additional resistive
force was created which displaces linkage point on the plow. Is obtained analytical dependence for the determination of the displacement of
the linkage point of the plow for fully reverse of soil layer. The same relationship is illustrated for different numbers (2 to 10) plow bodies

with working width of 35 cm.

Keywords: PLOUGHING, SOIL TILLAGE, PLOW, LINKAGE POINT

1. Yeoo

W3BecTHO €, dYe KIACHYECKUAT IUIyT He OOpbIIa IThJIHO
MOYBEHMsI IUIACT. B pe3ynaraT Ha TOBa TOPHHsS IIOYBEH CJIOH ce
pasmojiara Ha pa3JMYHa JBIOOYMHA MO TIOBEPXHOCTTA HA TOJIETO.
Eto 3amo pemuna wmscnensanus [1, 2, 4, 5, 11] ca HacoueHn KbM
noso0psiBaHe Ha TO3W MoKasareln. B Hamu paspaGortku [7, 8, 10] e
JOKa3aHO, Y€ MBJIHO oOpbinaHe Ha mouseHus riact A;B;CiD;
(¢ur. 1) e BB3MOXKHO Upe3 MMOBHIIaBaHE Ha paboTHATa IIUpUHA Ha
MOCJIEHOTO IUTY’KHO TSUTO, Taka 4Ye Aa c€ OTCTPAaHH JOMBIHUTEIHO
MOYBEHHSI IUIACT C TPUBIBIHO ceuenne A,D,M,. Veenuuenara
umpuHa B [9] e

B=b+a, 1)
KBIACTO: b € IIMprHaTa Ha CTAHAAPTHOTO IJIY>KHO TSLJI0

a - 1padounHaTa Ha padora.
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Que. 1. Cxema Ha nvano o6pvUane Ha NOYGEHUs NAACM

YBCJII/I‘{aBaHeTO, 063‘16, Ha pa60THaTa HIMpUHa Ha IMOCIECAHOTO

ILTY’KHO TSUIO HpPEIM3BMKBA JOIBIHMTEIHA Terurensa cuia AP
(¢ur. 2) B pe3ynTar, Ha KOETO M M3MeCTBaHe Ha okayHara T.0 Ha
wiyra B 7.0, Ha pa3crosiaue X. Llenra Ha Hacrosmara padora e na
ce OIpesiend M3MECTBAaHETO HA OKauHATa TOYKA INPH IUIyroBe C
pasnuueH Opoii ¥ IMPUHA IUTY)KHH Tela.
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Due. 2. M3mecmeane na okaunama mouxka om m.O 6 m.O;

2. Pesynmamu u ouckycus

W3BectHo ¢ [3], ue npunoxnara 1.0 Ha TermurTenHara cuia P Ha
IUTyra ce HaMHpa HpeJ BbpXa Ha JIeMeXa Ha CPEAHOTO ILTY)KHO
TSUIO — TIPU HedeTeH Opoil IUTy)KHU Tella ¥ Ha cpejaTa Ha IpaBaTa
CBBP3Ballla BEPXOBETE Ha JIEMEXKHUTE HA JIBETE CPEAHH ILTY)KHHU Teja
— TIpH YeTeH Opoil.

OT ypaBHEHHETO Ha MOMEHTHTE

> Mo, =0 )
CnenBa
Px = AP(L-X) ©)]
OTKBIETO U3MECTBAHETO €
X= PA+P lALP @

kpaero L e pascrosame ot 1.0 1o creHara Ha Opasmara A-A

(cbur. 2).

JlombIHATEIHATA CHJIa AP €

=)
AP =—n, ®)
n
KBJIETO N € GpOii IUTy’KHHU Tena;

7] - Koe(UIUEHT, OTPa3ABAaI ChOTHOIIEHUETO MEKITY

IDIOIITA HA TPUBI'BIHOTO ceueHne A,D,M; (dur. 1) u ocHOBHUS
mouBeH iact ABCD T.e.

Ry
p = Zu2DiM2 (6)

= OABCD
KBICTO SAAZDZMZ € 1oLl Ha TPUBI'BJIHOTO CCUCHUE,
SDABSD — 1100 Ha OCHOBHMU I1J1aCT;

SAAZDZMZ € ompeaeciieHa npyu yCJIOBHUs, Y€ IjlacTa HE CE
CBIIMYA.
Ot noxo6ueTo Ha MPaBOBIBIHATE TPUBIBIHULIU AD1D, (¢ur.

1) u A,D,M,; crnenBa, ue <A,D,M, ¢ paBer Ha <%35. OTKBIETO
IOoIITa

AZMZ , (7)

S =a
AR2D2M 2 >



HO A2M2: atg& . (8)
Cnen npepaboTka

4. )

3amectsaiixu (9) B (7) ce momy4asa

2’ (10)

oot

€ IPOMCHJIMBA BE€JIMYMHA U TA 3aBUCH OT

SAAZDZM 2

SlBHO €,4€ S, ,,0om 2

pa3Mepute Ha rmouBeHus mact. Ha Tabn. 1 e nageHo n3aMeHeHHeTo
i mpM pealHH CTOMHOCTM Ha HIMPHHATA HA ILTYXKHOTO TSJIO JO
MaKcHMaJlHa JbJI00YMHA 32 KayecTBEeHa paboTa:

a,, =0,79b [0]
2
Tabn. 1. H3menenue na niowma SAAZDZM 1 CM
Ne b.cit a,cin
15 20 25 30 35 40
13,7% f f
1 30 64,95 178,88 36193
27,65* - -
2 35 5336 | 13926 | 31854 5136
S1039 | 3L60°
3 40 4550 11547 250,20
643,44
402 49 757,93 35,55*
4 45 3977 | 9923 | 208,79 1450
395%
5 S0 3537 8728 180 42 33750 600,37
99901

¢ * ¢ O3HaYeHa MaKCHMaJlHAaTa TEOpPETHYHA JbI0OYMHA Ha
paboTa Ha ITy>KHOTO TSUIO C yKa3aHaTa My IIUPHUHA.

Bwxna ce, ye miomra Ha ceueHueTo Bapupa ot 35,37 cm? 10
999,01 cm?, T.e. Ts HapacTBa Hay 28 IBTH.
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40 a,em

@uz. 3. Usmenenue na niowma S AA2D2M 2 "IPU pasIuna ObabOUUHA
Ha paboma

Ha (1)1/11". 3ce BHXX/a, Y€ 1O MaKCUMaJIHa IIT)II60‘II/IH8. Ha paG()Ta

(gmaX =0,79h) HapacTBaHETO Ha IUIOLITa HA CEYCHHETO € II0

KyOM4Ha 3aBUCUMOCT.

Ilromra Ha OCHOBHUS TIOYBEH ILIACT €

Scagsp = a-b . (11)

Cunen 3amectBane Ha (10) u (11) B (6) ce momyvasa

2

__ a . 12)

p=—=%t
2b+/b? —a?

SlcHo C, U KOC(i)I/IL[I/IeHT'bT 77 € ChIIO NMMPOMEH/IMBA BEJINYNHA,

KOMTO 3a JajieH IUTyT 3aBHCH OT JbI0OYMHATa Ha paboTta. Herosara
MPOMSIHA NIPH PEAJIHH YCIIOBUS € AazeH B Tabi. 2. Ot Hed ciesBa, ye
MAaKCHUMAJIHaTa CTOMHOCT Ha Koe(ulUeHTa 7] 32 BCHUKM CTOHHOCTH

Ha paborHaTa wupHHa b ¥Ma exHa u chiua croiHoct 77 = 50,89%

MpHu MakcUMaltHa JbJI004YMHA Ha paboTa A, =0,79b (¢ur. 4).

20—

40 a.cm

€
@

15 20 25 &)
Due. 4. VIsmenenne na koeduumenta 77
Cunen 3amectBane Ha (12) B (5) ce momydaBa
P a’

n2pb-a?

Ot Tabim. 2 ce BWXKIa, Y€ MaKCHMajaHaTa CTOMHOCT Ha n

AP

noctura 10 50,89%, He3aBHCUMO OT IIMPHHATA HA TUTY»KHOTO TAJIO.

Tabn. 2. H3menenue na xoegpuyuenma n %

M boem a,cm
15 20 25 30 35 40
23,7% - _ _
1 30 140 | 2980~
27,65% . .
2 35 10,06 | 1990 | 3635 0,89
42,52 31.060%
3 40 7.58 14,43 25,02
50.39
35,55%
4 45 5,890 11,02 18,56 29.83 48,12 50.89
=0,
s S0 4,71 8,72 14,43 22,50 34,30 50,89
C * € O3HAYCHaA MaKCHUMaJIHaTa TeOpeTI/ILIHa II'I).]'I6OLII/IH3..
CHeZ[OBaTeHHO MAKCHUMAJIHOTO HaTOBapBaHe Ha

JOIbJIHUTENHATa TernuTenta cuna AP e 77 = 50,89% B cpaBHeHue

C TCTrJIMTEIIHAaTa CUJia Ha JaJICHO ILTYKHO TSJIO.

Pascrostruero L (dopm. 14) e ompemeneHo karo 3a 0aza ce
U3M0J3Ba CTeHaTa Ha Opa3nara A-A (¢ur. 2). Cnopen Hes

L=Ly,—Ly (14)

KkpaeTo Lo e pascrosHume oT creHata Ha Opasmata 10
npunoxkHara 1.0 Ha cunata P.

Crnopen [3] To e

L :nT—lb; (15)

L01 — pa3CTOAHUEC OT CTECHATa Ha 6pa3;[aTa J0 IMpUIJIOKHATa T,Ol

Ha CujiaTta AP .

LOl = b + IOl 1 (16)

KBJCTO Il € pa3CTOAHUCTO OT Kpas Ha JICMEKa Ha IMOCICAHOTO

IUTY?KHO TSJIO O IPpUJIOXKHATa T. Ol

ly =Ab—y a7



KBAETO Ab€ YOBIDKGHHETO Ha paboTHara IIMPHHA Ha
MOCIEAHOTO Iy)kHO Ts10. Criopen [10]

Ab =b. (18)

KBAETO Y € KoehMIHEHT OTpa3sBalll CHOTHOIIEHHETO Ha

pasmepure Ha moYBeHHs IuiacT (To ce mpomens [9] B
rpannn y = 0-0,79).

}/ - pa3CToAHUC OT KpaﬁHaTa JO0JIHa 4YacT (OCHOBaTa) Ha

JOIBJIHATEIHKS TPHBIBJIEH MOYBEH TUIACT 10 npmioxkHara T. O; Ha
cunara AP . Criopen [6]

1
d 3

KbJeTO h ¢ BicounHara Ha TpUbrbIHUKA AyD, M.
aZ
hzasiné‘:?' (20)

Cnen 3amectBane Ha (18), (19) u (20) B (17) u mpepaboTka ce
nosy4yaBa

3—
I, = Ty yho @)

Cunen 3amectBane Ha (20) B (15) ce nosryyaBa u3pasa
3-r
Ly =b+=Lyb. @

3amectBaiiku (15) u (22) B (14) u cnen npepabotka 3a L ce
noyy4yaBa

L=g(3n—9—67/+2)/2)- (23)

Cren 3amectBane Ha (13) m (23) B (4) m mpepabGoTka 3a
HM3MECTBAHETO CE TI0JTydaBa

x = bEn—-9-6y+2y%) (24)
6(n-1)

3a fma ce oueHH NPOMsAHATa HA U3MECTBaHETO X IMpPH IUIYyroBe C
pasnudyeH Opol ILTy)XHM Tena ypaBHeHHe (24) e pemeHo mpH

TMOCTOSHHH ~ MaKCHMAiHH  croiiHocTH  Ha ¥, ulwu  mpnm
N=2+10 6pos, mpu koero y =079, 7n=05089 =u
b =35cm.

Peannute croiiHocTH ca najeHu B Tadi. 3. 3HaKbT (-) 0O3HAUYaBa,
ye okauHara Touka O, (copen ¢ur. 2) e u3mectena BsicHO oT T. O.
Ot Tabm. 3 ce Bmkaa, ue okaunata T.0, MOXe J1a ObJe BASICHO C X
= 6,42 cm v BisiBo — X = 4,72 cm mpu N = 2 1o 10 6post ¢ obmma
croitHoct 11,14 cm.

Taéon. 3. Cmotinocmu na usmecmeanemo X npu pasnuier 6pou NayHCHU
menan

Bpoii mumyzexm 2 3 4 5 o 7 8 9 10
Tema, n, op.
X *em -6.42 -2,59 -0,61 1,24 1 2,33 | 3,15 | 3,80 | 430 | 472

Pesynrarute ca mmoctpupanu Ha ¢ur. 5. OT Hes ce BIDKAQ, 4e
BIMSHMETO C€ u3pa3iBa C InapaboyiMyHa 3aBUCHMOCT KaTo C
HapacTBaHe Ha Opos Ha IUIY>KHUTE Tejla OKayBaHETO HapacTBa U ce
U3MECTBa BIISIBO CIPSIMO MOCOKAaTa Ha JIBM)KEHHUE.

¥, em

@ue. 5. Brusnue na 6pos na naysjcHume mena 6bpxy usMecmeanemo
Ha oxaunama mouxa npunpu y = 0,79, n = 0,5089 « b = 35cm.

3. 3aknrouenue

I/ISBGZLGHI/I Ca aHAJIMTUYHU 3aBUCHUMOCTH 3a HW3MCCTBAHCTO Ha
OKayHaTa TO4YKa, IUIOLITa Ha AOI'BJIHUTCIIHHA IIOYBCH IUIaCT H
CbOTHOIICHUETO MEXKAY HEr0 U OCHOBHUS IMOYBEH IUIACT HA IUIYT 3a
II'bJTHO O6pT)H_[aHe Ha MOYBCHUA IJIaCT.

OrmpenieneHo € N3MeCTBaHeTO Ha OKavyHaTa TOYKa Ha IUTyTOBE 3a
I'BJIHO OOpBINAHE HA MOYBEHUS IUIacT ¢ Opol IUTy)KHHM Tesa oT 2 10
10. To moctura mo 11,14 cm.

OmnpeneneHa € TIUIOHNITa HA HANpPEeYHOTO CEYEHHE Ha
JIOIIBJIHUTENIHHS TTOYBEH IUIACT U3MECTBAH OT YABJDKEHATa 4acT Ha
MOCNENAHOTO IUIyXHO Tanmo. Ts e or 3537 nmo 999,61 cm?,
HapacTBallku HaJl 28 IBbTHU.

OmnpeneneHo € ChOTHONIGHHETO MEXIy IUIONITa Ha CEYCHHSATA
Ha JIOIBJIHUTCIHHAS W HAa OCHOBHUS IOYBEH IUIACT, 00paboTBaHU
CHOTBETHO OT YABJDKEHATa W CTaHJapTHATA YacT Ha IUTY)KHO TSUIO
3a OBJIHO OOpbIaHe Ha MMOYBEHMs IUIACT. MakcumanHarta My
cToiiHocT goctura a0 50,89% He3aBUCHMMO OT LIMpHHATa Ha
TUTY)KHOTO TSJIO.
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EBOJIOIUA HA MAIIMHOCTPOUTEJIHATA U CEJICKOCTOITIAHCKA
NHAYCTPUA

Mar.unx. Kpacumup Lones

nou.a-p Bacua Crosinos

Evolution of engineering and agricultural industries. Agriculture lags behind industrial enterprises in effective methods of
organizing production. The article provides an analysis of engineering and agricultural industries. Below are some opportunities to

use the experience in machine manufacturing.

Pesrome: 3emedennuemo e eOuH om obewasauume ceKmopu 8 UKOHOMUKama,Ha cmpaHama Hu. B 0oknad Ha
CeemosHama 6aHka om toHu 2010 2., o3aznaseH ,bvneapus: [peaned Ha nybnuyHUMe pa3xodume 3a CesicKo CmonaHcmeso u
passumue Ha cerickume patioHu”, 3aedHO ¢ OCHO8HUMe rpedussukamericmea rped 6bri2apCKusi CesICKOCMOnaHCKU CeKmop
Kkamo pasdpobeHocm Ha 3emsima ce rodyepmasa u: HUckama rnpou3sodumesiHocm Ha mpyda,HUcKa KOHKYpPeHmMocrnocobHocm
u ocmaperniume MawuHU U mexHonoeauu; [1] 3acmosim e cekmopa e 8 pe3ynimam u HedocmambyHama ocuzgypeHocm Ha
3emederniuemo CbC Cb8peMeHHa MamepuasHo-mexHudyecka b6asa.. Tosa ce ompassea He2amusHO 8bPXy NPoU38oAcmMeomo:
yObI/Kkasam ce cpokoeeme 3a U3Mb/IHEHUE Ha OCHOBHU a2pOmexHUYeCcKU Mepornpusmus; 3arnasgam ce 8ucoKume pa3xodu 3a
rnoddpbxxaHe U eKkcrimoamayusi Ha MawuHUme, ¢ Koemo ce griowasam fnpou3godcmeeHume U UKOHOMUYECKU pe3ynmamu

ompacwnna.[2]

Key words: engineering, agricultural, industries, labor, organization

Pesynratu guckycus:

Ilenra Ha cratuata ¢ Ha 0a3aTa Ha aHaNM3 Ha
CBOJTIOLIMATA B OpPraHM3UpPAHETO HA  MPOMHIILICHOTO
MPOU3BOJICTBO B MAIIMHOCTPOCHETO Ja Ce MOTHPCST MbTUINA 32
MOBHIIaBaHEe Ha e(QEeKTHBHOCTTa M KOHKYPEHTHOCTTa Ha
MPOMHIIUIEHOTO CEJICKOCTOIAHCKO ITPOU3BOJICTBO

Poboruszauua,
A . Jluiir npouseopctrO, S1x O,
— 1970 m1nm0 NPOUZEBOACTEEHO
HNONAEPXaHE
IlenHO yIpaBneHUe Ha
—1950 P

¥agecteoTo TQM

| 1913 [loTounu nuunmy,
ABToMaTH3aluA

— 1901 CranpgapTusupane

— 1800 Bsaumoszamenaemoct
Ha JeTadnuTe

Pasgenenue na pyaa,

— 1700 Mexanusupane

Ipegu 1700 — pruHo,
2aHAATYUACKO NPOUIBONCTEO

Que.l Eeomoyus na MAwuHOCMPOUMENTHOMO NPOMUULIEHO
npou3eoo0cmeo

Ha ¢ur.l ca noka3aHd OCHOBHUTE €TalmM B CBOJIOLMATA Ha
MAaIIMHOCTPOUTEIHATA UHIYCTPHS

[MpyunHuTe 32 MHIYCTpHATHATA PEBOJIOLMS Ca CIOXKHU H
ocTaBat nojeMuyHu. Hakon ucTopunu BApBaT, Ye pEBONIONUSITA
ce 3apaxk/Ja Mopaay COIMATHUTE MPOMEHHU, HACTBIIMIHN B Kpas Ha
¢eomamusma BB BemukoOpurtaHus — ciex  AHIUMiAcKara
rpaxaaHcka BoifHa oT 17 Bek.Te ca CBBpP3aHM ChC COLMAIHHU
HEJIOBOJICTBA , OOJIECTH , ETMIEMHH, HeJOCTUT Ha xpaHu.[losBaTa
W Pa3BUTHETO Ha WHIYCTPHUAIM3HMPAHO IPOHM3BOJICTBO € CTaHAJIO
MPEIoCTaBKa 3a NpeojoisiBaHe Ha Texkute mpodnemu. [3] B
Kpasi Ha (eojajM3Ma OCHOBEH HAa4yMH 3a IIPOM3BOJCTBO € OMIO

3aHAATYMICKOTO TPOU3BOJCTBO .Y CHBBPIICHCTBAH BAapUaHT €
MaHH(paKTyparTa.

Hauwanoto Ha WHAyCTpHAaNM3UpaHETO € CBBP3aHO C
oOIECTBEHOTO ~pa3JielieHHe Ha Tpyaa.. ToBa e Takasa
OpraHM3alysl Ha MPOMBOJICTBOTO, HPH KOSTO HPOU3BOACTBEHHS
Iporec ce pa3apo0dsBa Ha CIICNUAIM3UPAHN OIIEPaluy, KOUTO ce
W3BBPIIBAT OT OTHENHM paboTHHIHM. CaMOTO pasjelieHHe Ha
TpyJa € HCTOPUYECKU MPOIEC, KOMTO 3armo4Ba MpH MbPBOOHTHO-
obmmHHMA cTpoil. Hali-Hampen To ce mposiBsiBa KaTO €CTECTBEHO
pasjeneHue Ha TPyAa, T.€. pa3JeleHHe Mo MOl U Bh3PacT MEXIy
YIEHOBETE B CEMEMCTBOTO. Taka MbpBOHAUYAIHO DPa3/EICHUETO
Ha TpyJa NpHIOOMBA XapakTep Ha paslelieHHe MexXIy
oboco0sBamyTe ce HWHIWBUIM B ONpeneieHa mnpodecus, B
pe3yaTaT Ha KOETO 3HAYWTEeNHO HapacTBa NPOM3BOAUTEIHOCTTA
Ha Tpyna. [4] Ch3naBar ce ycioBus 3a MEXaHU3HPaHE HA YacTH
OT IPOM3BOACTBEHHMS MPOILIEC.

CrnepBamy eram B Pa3BUTHETO HAa  HMHAYCTPHAIHOTO
MIPOM3BOJCTBO € CBBP3aH C BBBEKAAHE HAa B3aUMO 3aMEHSICMU
neraiinn Te ca HampaBeHM Oa ObBJAT €AHAKBH, C KOETO ce
rapaHTHpa, 4e IIe CE BIUIIAT BB BCSIKO YCTPOMCTBO OT CHITHS
Tun. Ta3u B3aMMO3aMEHSEMOCT II03BOJISIBA JIECEH MOHTaX Ha
HOBU YCTPOWCTBA, W TMO-JIECEH PEMOHT Ha CBHUIECTBYBAIUTE
YCTPOHCTBA, KATO MUHMMH3Hpa BpeMe M YMEHHs, HEOOXOIUMHU
Ha JIMIETO 3a M3BBpIIBaHE Ha MOHTax uiau pemoHT.B CAILL,
1801 Exm YWTHU € BUASI MOTEHIMAIHATA 1I0JI3a OT Pa3BUTHUETO
Ha B3aMMO3aMEHSIEMH 4YacTH 3a OTHECTPENHH OpBXHSA 32
poitauiure B CAIIl [5]Cuctemara 3a mOpOW3BOACTBO Ha
B3aHMO3aMEHSIEMH YaCTU C€ HapH4ya aMepUKaHCcKa cucmema Ha
npou3eo00cmeo , Thil KaTo 3a I'bPBU IBT € Hali-100pe pa3BUTa B
CAIll, BbOpeKH ue ca Impuiarada 4 oT Ipyrd Hapoau.. Macoso
HPOU3BOACTBO HAa B3aMMO3aMEHSIEMH 4YacTH 3a MBbPBH IBT €
NOCTHTHATO BBB BoeHHara obOmact mpe3 1803 1. or Mapk
Isambard Brunel. B cprpymaudectBo ¢ XeHpu Maudslay u
CaiimpH Goodrich, mox ppKoBoICTBOTO Ha bpurameH renepan
cep Camroen bentam , TaBeH MHCIIEKTOp Ha BOSHHOMOPCKHUTE
cui u 6maroycrpoiictBoro B [lopremyt Biiok Muic [TopremyT
KP3 , Xemmmmp , AHraus. OGJIOKOBE 3a BETPOXOAHH KOpadu
npaseHH 3a Kpasickusi BOeHHOMOpPCKH (JIOT , KOHTO € yJ4acTBall B
Hanoneonosure Boitau . JIo 1808 r., roAMIIHOTO MPOU3BOACTBO
noctura 130000 6okoBe.

HacppuaBanero Ha  MEXIyHapoJgHAaTa  TBPIOBHA H
0oOeIMHABAHETO HA HHIYCTPHAIHHTE IIPOM3BOACTBA C IPYTU
IbpKAaBU Ca HAJOXWIM BbBeXJaHe Ha cranpaptu. IIpez 1901
roguHa BbB BenmkoOpuranmss Ha HaOMOHAIHO paBHHINE €
Ch3/1aJIeHa aCOIMAIIMs 110 CTaHAAPTH (Cera OPUTAaHCKH MHCTHTYT
3a crangapr3auus: BIS). Ipes 1918r e ch3aaneH. aMepUKaHCKH
KOMUTET Mo cTaHaapTH. HemckaTa acormanus mo craHgapTu e
ce3gamena 1917( DIN ),B Pycus e ocCHOBaHA HalMOHAJHA
OpraHu3aluy 1o cranaapTyu mpes 1925 r[6].
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BbBexgaHeTo Ha MOHT@KHMTE JIMHHM € HOB €Talml B

OpraHM3anusTa Ha MPOMHUIIIEHOTO MPOU3BOACTBO. MOHTaXHHUTE
JIMHUM ca MIpeIHa3HaueHN 3a MoA00psiBaHe Ha OpraHU3alusITa Ha
pabOTHUIM, HWHCTPYMEHTH U MAIUIUHU. JIBIJKEHHETO Ha
pabOTHUIIUTE € CBEJCHO A0 MHHUMYM.. Bcewukm wactm wim
BB3NIM, CE€ IMPEMECTBAT WM OT TPAHCIOPTHOPH WM MOTOPHH
TIPEBO3HH CPEJCTBA, AaCaHCHOPH M Jpyr Oe3pbueH IIPeBO3.
Baurane Ha TeXKHM IpeAMeTH Ce W3BHPIIBA OT MAlIMHHU KaTo
MOCTOBM KPaHOBE WIM TOJAEMHHMIM. Bcekn paboTHHK
OOMKHOBEHO M3IBJIHSABA €7HAa TpocTa omnepamusd. IIepBure
MOHT&XHH JIMHWUH ca pas3paboreHu W mycHaru ot Ford Motor
Company, mexay 1908 u 1915 [7]
Peanm3upaneto Ha MOHTaXXHUTE JMHUM € MOBIMSIIO H BBPXY
OypHOTO pa3BuTHE Ha aBTromatm3upanero. IIpe3 1947t General
Motors ce3maBa oTmen Mo aBTOMaTH3amusA. B To3W mepuon
ABTOMATHYHHUTE YCTPOWCTBA ca EIEKTPUUYECKH, XUAPABINYHH U
nHeBMaTHyHy [8]

Cpen MHOXKECTBOTO OT KOHIEMIUM, KOUTO JHEC JBIKAT
CBETOBHHMSI TIPOTPEC, CE OTKPOSBA €IHA, MOPATH CBOATA UCTOPHUS
C JOKa3aHM IpPUHOCH W HeocmopuMmu KadectBa. Hapmua ce
Toranno ympaeneHue Ha kadectBoto (TQM- Total Quality
Management) 1 modTH IOJIOBUH BEK Ce Npuiara B Ioj3a Ha
ycrexa ¥ pa3BUTHETO, IbPBOHAYAIHO B SIIIOHMS, a BIIOCIEICTBHE
u B 1enus ceit.ToranHoTo ynpasieHue Ha kadectBoto (TQM) e
yIOpaBJICHCKU IOAXOJ, KOWTO ce 3apaxzaa mpe3 1950 u craBa
CHJIHO HOmyJsapeH, A0 Havanoto Ha 1980r. lleara Ha TO3M
TIOJXOJ e MIOBHUIIIABAHE Ha e(eKTHBHOCTTA u
KOHKYPEHTOCIIOCOOHOCTTA Ha NPOAYKTHTE HPH BCAKA JEHHOCT
MOOTAETHO W IPUIOCTHO IOCPEICTBOM KpPHUTEpHS  KadecTBO.
ToTanHOTO KAUECTBOTO € ONUCAHHE Ha KYJITypaTa, OTHOILCHUETO
Y OpraHu3alysATa Ha KOMIIAaHUs, KOSITO C€ CTPEMH Ja IPeoCTaBs
Ha CBOWTE KIMEHTH NPOJYKTH W YCIYTH, KOMTO OTTOBapsT Ha
TexHuTe HyXau. Kyarypara H3HMCKBa KauyecTBO BBB BCHYKH
aCTIeKTH Ha JIeHHOCTTa Ha KOMIAHHUATA, 3a Ja ObJe YCIEIIHO
npuiaarane Ha TQM, opranuzanusTa TpsOBa 1a ce KOHIEHTpHpa
BBPXYy HSKOJKO KIIOYOBH €JIEMEHTa: €THKa ,IHOYTEeHOCT,
JoBepHe,paboTa B eKuIl, 001ryBaHe, maepcTso. [9]

Leen MIpOM3BOJICTBOTO BKJIIOYBA CHCTEMaTra OT TCXHUKHM 3a
HOBHIIaBaHe Ha eEeKTHBHOCTTA U € pa3paboTeHa OT ToJeMHTE
snonckn kommanuu mnpe3 1980r [10] B exna TakaBa cucrema
pabOTHUIMTE ca OPraHW3UPAHU B EKHUIIM, KaTO BCEKH €IMH OT
YICHOBETE My MMa KBaIM(UKanMATa [a W3BBPIIN CaM BCHYKU
3a7a4d, BH3JIOKEHH Ha EKHIa KaTo II0. Te3n 3amadn, OT CBOS
CTpaHa, ca IIO-CIIEIMAIN3UPAHN B CPaBHEHHNE C paboTaTa, KOSTO
ce BB3Tara Ha eIMH pabOTHHK IIPH MAacoBOTO MOTOYHO
npou3BoJCcTBO. TOBa OTHOCHUTENHO pa3HOOOpa3ue Mo3BOJIsIBA Ja
ce n30erHe ChKpPyIIUTEIHATa MOHOTOHHOCT Ha MIOTOYHATA JINHUS
B YUCTHS U BUJI.

IIpy miiH NpPOM3BOACTBOTO, OTACIHHUTE €IEMEHTH U
MaTepHalu ce JOCTaBsIT Ha pabOTHOTO MSICTO HAa BCEKH EKUII B
TOYHOTO BpEMe, KOraTo Clie/[Ba 1a 3all0yHe M3pabOoTBaHETO Ha
mpoxykra. Bcekm or  paboTHmmuTe MOXe Ja  cIpe
MIPOM3BOJICTBOTO, aKO OTKpHE AE(EeKT KaTo ToBa CE€ HachpyaBa.
ToBa e Hali-chbIIeCTBEHATa Pa3IMKa B CPAaBHEHHE C KJIACHYECKHS
MOAXOJA Ha TIOTOYHATa JMHUS, MNPH KOATO CIHPAaHETO Ha
MPOU3BOJICTBOTO € MHOTO CKBIIO M 3aTOBA CE MIPaBH CaMO B KpacH
Clly4aid, 1 TO aKo He MOXKe Ja ObJie N30erHaTo M0 HUKAKBB JIPYT
HayuH. [Ipo6nemsT €, ue pabOTHHLUTE HA MOTOYHATA JIMHUS Ha
MIpaKTHKa He NPHUJOOMBAT HUKAKBH JONBIHUTEIHH yYMEHUS, HE
HaydaBaT HHUIIO HOBO. ToBa BOAM 1O TOJSIMO KOJHYECTBO
nedexTHa mpoxykums. Haerure HAMAT CTUMyN Ja TBPCAT
MIPUYMHATA 32 BE3HUKBAHETO Ha Ae(eKTUTEe, HUTO UMAT IIPaBo Ja
B3€MaT yJacTHe NIPH OTCTPaHABAHETO U, aKO 51 OTKPHUAT.

JIuuH e cbhCcpefoTOoUeHA BBPXY 3aNa36aHemo Kauecmseomo ¢ no-
manko paboma.

"Lean" e mpou3BOACTBEHa NPAKTHKA, KOSNTO CYHTA, 4Ye
pa3xoBaHETO Ha CPEACTBAa 3a BCSAKa OIeEpalys He Ch3aaBalia
CTOMHOCT Ha U3JIeJINeTO € pa3TounTescTBO. TakuBa onepanuu ce
enumuHupar[11]

Six Sigma e crparerust 3a ympaBieHue Ha Owu3Heca |,
MbpBOHAYANHO pa3paboreHa or Motorola mpe3 1986 r.  Six

Sigma craBa usBectHa cien 1995 r. u agHec ce M3MON3Ba
[IMPOKO B MHOT'O CEKTOPH Ha mpomuiuieHocTra[12]

Six Sigma ce cTpemu 1a moJoOpH KayecTBOTO Ha Mpoleca Ha
U3X0/1a Ype3 UJICHTU(UIMpaHe U OTCTPaHsABAHE HA IPUYMHUTE 32
nepektn  (TpemIKM) ©  CBEXJaHE O MHHHEMYM  Ha
POMEHJIMBOCTTA B MPOU3BOJACTBEHHs M Ou3Hec mporecu . Ts
U3M0J3Ba HAbOp OT METOXM 3a yNpaBjieHHE Ha Ka4yecTBOTO |,
BKJIFOUMTEJHO CTaTHCTHYECKH METOAM M Ch3laBa CIELHAIHA
HHPPACTPYKTYpa Ha XOpa B paMKUTE HA OpraHuzanusaTa ("'uepHu
kosaHu", "3emeHu mosic" M Op.), KOUTO Ca EKCIEePTH B Te3H
Meroau. TepmuHbT SiX Sigma mpousxoxaa OT TEPMHUHOIOTHATA,
CBBp3aHa C MPOU3BOJACTBOTO, M IIO-CIELHAIHO YCIIOBHATA,
CBBP3aHU C CTATUCTHYECKO MOJEIMPAHE Ha IPOM3BOACTBEHUTE
HPOLIECH .

II'vHo nmpousBoacTBeHo moxabp:xane (Total productive
maintenmanceTPM) nipousxosxaa ot Snouus npe3 1971 r. karo
METOJ 3a MoAoOpsiBaHe HA MAIIMHUTE Ype3 M0-100PO M3MOI3BaHE
Ha pecypcd 3a moamabpikane W npousoictBo[13] B moeuero
IIPOM3BOJICTBA ONEPATOPHT HE CE Pa3IIIeHKAa KaTo WICH Ha eKHUIla
3a mojpwxane, [Ipy TPM MammuHES onepatop e oOydeH na
M3OBIHSABA MHOTO OT BCEKHJHEBHHTE 3aJadd Ha JIEKO
NOJJpHKaHe M OTKPHBaHE Ha  HeWsNpaBHOCTH.B  Tasm
00CTaHOBKa Ha OIEPaTOPUTE C€ JlaBa BB3MOXKHOCT Ha CIEAN
MalllMHaTa U Jia ce WACHTHOUIMPAT NOTCHIIMATHUTE TPOOIEMH U
OTCTpaHsABaHETO WM , THpead Ja HOBIHAAT  Ha
npou3BoJCcTBOTO.JT0 TO3M HAauMH ce HamaisiBa BPEMETO 3a
IpecTO W pa3sxoJuTe 3a MPOW3BOACTBO. [PM e_mpoakTuBeH
MOAXOMA, KOMTO MMa 3a Iel Aa HWACHTHQHIUpa HpoOiIeMuTe
BBH3MOKHO Hal-paHO ¥ Ja ChCTAaBH IUIAH 33 SIMMUHUPAHETO WM.
Mototo Ha TPM e "HyneBa rpemika, Hyna Tpy0Ba 3JI0IOJIyKa, U
HYJIeBH 3aryon".

A

— 1990  Poboruzanua

— 1960  Apromarmsanus

| 1935 IloTouHU THHHH ,
enexTpubuKauua

L 1900 Crnepuanusaius,
centboobpaleHue

— 1700 Mexanunsupane

IIpenu 17001 - nuuno,
PBYHO CENCKOCTONAHCKO IPOH3BOCTEO

@uz.2 Esomoyus HA CEICKOCMONAHCKOMO — NPOMUUIEHO
npou3800Ccmeo

WnnyctpnanHata peBONIIONMS € CBBbpP3aHa C YCKOpsIBaHE HA
ypOaHH3anusTA. . Heobxomumara  paboTHa  pbKa 3a
NPOMHUIUICHUTE IIPOM3BOACTBA € OCHIYpsiBaHAa OT celaTa.
[losiBsiBa ce mpoOmem c¢ u3xpaHBaHero. ToBa € mpH4YMHA 3a
NPEeMHHABAaHE M Ha CEJICKOCTONAHCKOTO MPOU3BOJACTBO HA
NpOMHIILIEHa OCHOBA. HeroBara eBoionus e rokasana Ha ¢ur.2

Ipemu 18(1700r) Bek 3a CENCKOCTOMAHCKO HMPOU3BOICTBO Ca
W3MOJI3BAaHN  BOJIOBE U KOHE, JBPBEHO pPajo,pbIHO
3acsiBaHe,00pab0TBaHe ¢ MOTHKH, MpUOMpaHe C KOCH, ChPIIOBE U
ppuHa BbpTOa[14] IloaroroBkara Ha mouYBaTa C IUIYT,
3aCa)kK/IaHeTO Ha CEMEHa, OTIVIeXKaHe, MPUOMpaHe Ha peKoJraTa
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" BbpIINTOA ca ©IHM OT Hall-BAXHUTE CTBIKH B
HPOM3BOJCTBOTO  Ha  pacTUTenHd  Kyintypu.CemeHata ca
3acakIaHN Hee(eKTHBHO, KaTo ca PasNpbCBaHU HaJ HE A00pe
HOJTrOTBEHO I0JIe

C m3obpersBane Ha penocestikata ot Jethro Tull mpes 1701t ce
MOCTaBs  HAYaJlOTO  HAa  MEXaHM3HPAaHOTO  3eMeJelve.
PaBHOMEpHOTO TOCTaBsiHE Ha CEMEHa B IIPAaBH pEJOBE C
penocesuikaTa TerJIleHa OT KOHE Ch3aBa YCIIOBHS 3a IO JIECHO
OKOMaBaHe W KOHTPOI Ha TuiesenuTe[15]

Ilpes 1831 r Cyrus H. McCormick koncTpynpa nbpBata
skerBapka[16]

1837 John Deere u Leonard Andrus mpou3BexaaT CTOMaHCHH
[UIyrOBe W TmaTeHToBarT Bbpiiayna wmammuHa[17]Cren 1890
3eMeJIeIIMeTO CTaBa CHIIHO MEXaHU3UPAHO ¥ KOMEPCHATM3UPAHO

Ilo-Baxxnure mnpomenu cnex 1900r, xapakrepusupainu
cucreMara Ha 3emezenue ca[18]: ¢

- Opranmsanpst Ha  TepuTopwsita ¥ n30op Ha
CHOTBETCTBALM Ha MNPOHM3BOJCTBEHATA CIELMATU3ALHS
Ha  3€MEJEJICKOTO CTONAHCTBO  CHOTHOLIGHHE Ha
KYJITYPHUTE BUJIOBE ¥ CTPYKTYpa Ha MOCEBHATA IIJIONL; *

- Panmonanan cenTboo0paIieHus, OCHTYpsIBAILIA
W3ITBJIHEHHE HA IPOM3BOJICTBEHATA IIPOTpama;

- Jndepenunpana obpaboTka Ha moyBaTa, choOpazeHa C
NOYBEHHTE W TEPeHHH YCIOBUS ¥ OHOJOTHYHUTE
0COOCHOCTH Ha KYITYpUTE M  METEOPOJIOTHYHUTE
YCIIOBUS;

B mepuoma 1920-40 ceicKOCTOMAHCKOTO MPOU3BOACTBO Ce

pa3BuBa OnarojapeHue Ha PasIIMPSBALIOTO CE MEXaHM3UPAHE U
enekTpuuLpane. MexaHu3aluusaTa Ha CEJICKOTO CTONAHCTBO €
YBEJIMYWIO HPOU3BOIAMUTEIHOCTTAa HA TPyJa TOJKOBAa MHOTO, 4e
emn ¢depmep Moxke na m3xpansa noutd 100 mymu. B mawanoro
Ha XX BeK eIUH 3EMEJCIICKU IPOU3BOJIUTEN € MOXel Ja
U3Xpanu camo 2,5 mymm [19]
B IloBewero 3emenencku crtomaHcTBa B EBpomna u SAnonus e
HAMAJIO TOTOYHOCT B 3eMelenueTo 1o cpemara Ha 1930-te
roquad. Camo 10 Ha CTO OT aMmepHKaHCKUTE QepMH ca
3allOYHANI Ja ce 3aMHuCIAT 3a ToBa. Ciel OChIECTBEHATa
eNnekTpuduKauaTa Ha celckure paifonn mpe3 1935 romuna B
CAIll e cp3aneHa mbpBaTa NOTOYHA JIMHUS 3a IIPOU3BOJICTBO Ha
ﬂﬁua. C Tasu MOTOYHA JIMHUSA C€ NpeaoCTaBAT AOMBJIHUTCIIHU
MKOHOMHUYECKH CTUMYJIH, 33 elCKTpUHUIMpaHe Ha paioHu 0e3
enektpornpenHocua mpexa [20]

Cnen 1990r B 3eMemenueTo HaBIM3AaT C HapacTBall TEMI
uHOOPMAIIMOHHUTE TEXHOJOTHMM M Ipelu3Ha TexHuka. ToBa
OTBapsi IBTS HA pOOOTH3UPAHOTO 3EMEJIEIICKO TPOU3BOICTBO
Or 1994 3emenenckuTe MNPOM3BOAMTENH  M3MOJI3BAT
HH(OPMAIIMOHHU TEXHOJIOTHH 3a HaGJI0/IeHHe W IUIaHUpaHe
HA olepaluunTe,3a HATOPsIBAHE, 0op0a ¢ epo3usiTa u ap [21]

KakTo ce Buxza, eBoJIOLHaTa Ha MPOMHILICHOCTTA B
CEJICKOTO CTOMAHCTBO HAaIoJ00sBa Ta3u B MalInHOCTpoeHeTo. 1
B CEJICKOTO CTOIIAHCTBO, MaKap U ChC 3aKbCHEHHMS, CE TpHiarat
JOCTHKCHHUSTA HA HAyYHO-TEXHUUYECKHS MPOrpec-MeXxaHn3HpaHe,
CTaHAapTHU3HpaHe, aBTOMaTH3UpaHe, poboTusupane. ToBa cienBa
OmpeJieieHa JIOTHKa, HAyYHOTEXHHYECKHTE OTKPHUTHS la ce
M3M0NI3BaT Hail Hampea BBB BOEHHaTa o0nacT, ciiel ToBa B
MAIIMHOCTPOEHETO M HAKpas B CEJICKOTO CTOIAaHCTBO. IIpaBu
BIICUATIICHHUE , Y€ MOCIEAHUTE JOCTIDKECHUS B OpPraHU3aLUATa Ha
HPOM3BOJCTBEHUTE nporecu B MaIIMHOCTPOUTEIHATA
HHITyCTpHsI, KOWTO OCUTYpSIBAaT BHCOKA €()EKTUBHOCT M KaUueCTBO
Ha TPOM3BEXJIAHUTE M3JCIHs, HE Ca HAMEPHIHM NMPUIOKEHHE B
CEJICKO-CTONIAHCKOTO HPOU3BOACTBO. [TBIHOTO HPOU3BOACTBEHO
MOJ/IbpKaHe, IBIHO YIpaBICHHE Ha KadecTBOTo, JIumH
IpoM3BOACTBO, SiX © He ca MO3HATH 33 HAIIETO CEJICKO
CTOIAHCTBO. TAXHOTO M3MO3BaHE, Cle]] ONPEACNICHO aJaTHpaHe
Ou Morimo Ja Jaje  TIachK Ha edeKxTUBHOCTTa W
KOHKYpEHTOCIocoOHOCTTa Ha 3emenenuero.llpenmocraBkn  3a
TOBA Ca W CIENH(GUIHATE YCIOBUS HAa CEJICKOCTONAHCKOTO
MPOM3BOJCTBO. B CeNCKOTO  CTOMAHCTBO €  THIIMYHA

B3aMMO3aMEHsIEMOCTTa M paboTaTta B KOJEKTHB, M3MCKBaHE IPU
TQM, TPM, Six 6. IIpu Mankure u cpeaHu ceMeiiHn Gepmu e Ha
JMIe, KOJIEKTHBHA 3arPIKEHOCT 32 Ka4YeCTBOTO U e(DeKTHBHOCTTA
, OTCBCTBHETO Ha Hepapxus.Karo mpobiem Moxe na ce oTdyere
Hee)eKTUBHOTO MOAIBPIKAHE HA TEXHUKATa , KOETO BOIH MO
NPEKbCBAHE HA TEXHOJOTHMYHHUTE IPOLECH U M BHUCOKU PasXolu
3a peMOHT.B Ta3u mocoka mMoxe 1a Ob/e MOJIE3HO BHBEXKAAHETO
Ha IIBJIHOTO MPOU3BOJCTBEHO MOIbPIKAHE MM Ha €IEMEHTH OT
HEro, KAKBOTO € aBTOHOMHOTO HOJIbpskare win Operator driven
maintenance[22]

HU3Boau:
CeJICKOTO CTOIAHCTBO M30CTaBa B CPAaBHEHUE C MHIYCTPHAIHUTE

NpelnpuiaTuss B o0mactTa Ha eQEKTUBHHUTE METOAHM 3a
opraHu3upaHe Ha IPOU3BOACTBOTO. Hskol or enemeHTHTE Ha
TEXHOJIOTHUTE 3a OpraHm3upane Ha mpou3BoacTtBoto/TIIM,
Jlume/, MoraT nma ce BHEIPAT CIE] ONpEACICHU MPOYYBAHUS,
aJanTHpaHe KaKBOTO € ABTOHOMHOTO MOJIbpPIKaHE.
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