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SHEPTETUYECKAA MATEMATUYECKASA MOJEJIb OITPBICKUBATEJIA
K. A. Xaduzos, A. A. Hypmues, P. H. Xadusos, H. P. 3anaxos, I1. B. 3aiines

Pedepart. UccnenoBanus mpoBOAMIN C LENBbI0 pa3pabOTKH IHEPTETUIECKON MaTeMaTH4eCK Oi
MOJIETIM arperaTa I10 3allUTe PACTeHHH C MPUIICTTHBIM ONPBICKUBATEINIEM, TTO3BOJISIIONIECH POBOIUTH OIT-
TUMHU3AIHUI0 TIAPAMETPOB M PEKUMOB pPaOOTHI, C YIETOM HMX BIMSHHA Ha pa3Mepbl U IOTEpH ypoxKas
KyJIbTyphl. Iyl cpaBHEHHs C YCTAaHOBUBIIMMUCS Ha NPAKTUKE TEHACHIMSIMH M3MEHEHUs ITapaMeTpoB
ONPBICKUBATENEi OBUTH BBIITOJTHEHB! BEIYUCIUTENBHbBIE IKCIIEPUMEHTHI C UCIIONb30BAaHUEM pa3paboTaH-
HOW MaTeMaTudeckoi Monend. OOBEKT UCCIIeOBaHus — aHaor TpakTopa MT3-82, ocCHOBHEIC TapaMeT-
pBI KOTOpOro (Macca, MOUIHOCTh JBHTaTellsl, KHHEMaTHYecKasl JUIMHA W Jp.) MOTYT OBITh M3MEHEHBI,
aHaJIOT MPUIEITHOTO OINPBICKUBATENS C MEPEMEHHBIMH MapameTrpaMu (IIMpHHA 3aXBaTa, padodasi CKO-
pocTtb, 00beM Oaka, JUIMHA JIBIIUIA, PACTIONOKEHNE [IEHTPa Macc, NIMPHUHA MPOQWIS U AUAMETP OMOPHO-
ro Koneca ¥ Jp.). Kpurepuii onTuMu3anny ObUT COCTaBHBIM M BKJIIOYAJ B Ce0sl CyMMY IPSIMBIX U KOC-
BEHHBIX DHEPreTHUECKHUX 3aTpaT Npu paboTe arperarta, C y4eToM SHEPriH yposkas, HOTepPSHHOTO M3-3a
OTKJIOHEHHH OT ONTUMAaJIbHBIX TApAaMETPOB U PEKMMOB paboThI onphIckuBaTens. HeBepHblid BEIOOp ma-
paMeTpoB arperarta MPHUBOIUT K TOTEPSIM YPOXKaHOCTH, CKJIQJBIBAIOLIMMCS M3 €€ CHIDKEHHUS W3-3a
HapyIICHHUs] CPOKA BBIMOJHEHUSI TEXHOJIIOTMYECKOM OIepalvy 10 3alIuTe MOCEBOB OT COPHOHM pacTu-
TENbHOCTH, YTAaNThIBAaHHS YaCTH TIOCEBOB JIBIDKUTEIISIMH arperara rnpu oopadoTke, 0cCOOEHHO MpPHU OTCYT-
CTBUH BO3MOXXHOCTH IIOBOPOTA 3a MpEACIaMHu I10JIsl, N3-3a YIUIOTHEHUS ITOYBLI B 30HE POCTa U Pa3BUTHA
KOPHEBBIX CUCTEM paCTCHHﬁ. BrruucanurenbHbie OKCIICPUMEHTBI, MPOBCACHHBIC C UCITIOJIB30BAHUEM pa3-
paboTaHHOW SHEPreTUUEecKOd MaTeMaTH4ecKOi MOJENHU IMOKa3aiH, YTO yBeJMUeHHEe HMIMPUHBI 3axXBaTa
onpeickuBareneii ¢ 16 10 32 M npu ckopocTu arperata 12 KM/4 BeIeT K CHIKEHUIO CyMMapHBIX SHepre-
tTHueckux 3arpar ¢ 3250 MJx/ra mo 1692 MJlx/ra, yBenn4yeHre cKopocTu arperara ¢ 7 mo 12 xm/u,
NpU IIUpHHE 3axBaTa 32 M CHW)KaeT cCyMMapHble dHepreTudeckue 3arpatsl ¢ 1971 no 1692 M]lx/ra.
YMeHbllleHne MIMPHUHBI MPOGUIs NIMHBI Koseca onpeickuBatenst ¢ 0,6 mo 0,2 M, compoBoxaaeTcs
YMEHBIICHUEM CYMMAapHBIX dHepreTudeckux 3arpar ¢ 2793 MJx/ra o 1692 MJlx/ra.

KnroueBble c10Ba: MallMHHO-TPAKTOPHBIM arperar, ONpPLICKUBATENb, 3HEPro3aTparhl, MOTEPU
YPO’KaHOCTH, ONTUMU3ALMS IapaMeTPOB, KPUTEPUI ONITUMHU3ALHH.

Beenenue. 3amuTta pacTeHMH — OfHa M3  NPOBOAMTH ONTHMH3ALMIO MApaMETPOB U PEXHU-
BRXHEHIIMX TEXHONOTMUECKUX OINepaluii Hmpd  MOB paboThI C yYETOM MX BJIMSIHUS Ha pa3Mepbl U

BO3JIENBIBAHUM 3€PHOBBIX M JPYIHX CEIbCKOXO-  IMOTEPH  ypoXas, a Takke  IpOBEICHHUE
3SHCTBEHHBIX KYIBTYp, IOTOMY Pa3pabOTKEe HO-  BBIYMCIHTENBHBIX SKCIIEPUMEHTOB, C HCIIOIB30-
BBIX TEXHHYECKHX PEIICHUH AT OUPHICKMBAHUS  BaHUEM pa3paboTaHHOM MaTeMaTHIeCKOH
BereTupyromux moceBoB [1, 2, 3] u coBepimeH- MOJIENM Ui CPaBHEHUS C YCTAHOBUBIIHMUCS
CTBOBAHHIO TEOPUH UX IpuMeHeHus [4, 5, 6] yae- Ha TIpaKTHKe TEHICHIMAMU M3MEHEHHUs IapameT-
nseTcs 3HauuTenbHOe BiMsAHWE. OmHako OOJb-  POB ONPBICKMBATENEH.

LIMHCTBO HCCIEA0BaTeNIeil B CBOMX paboTax orpa- YcnoBusi, MaTepuaiabl U MeToabl. s pas-
HUYMBAIOTCS 0OOCHOBAHMEM OJHOIO U3 MapaMeT-  PabOTKH MaTeMaTHYEeCKOH MOIENN ONPBICKHUBATe-

POB ONpbICKUBATeNs (IIMPHHBI 3aXBaTa, CKOPOCTH  JI1 HCIOJb30BaJM HapaOoTaHHBIM B cdepe sKc-
arperata, oopeMa Oaka u ap.) [7, 8, 9], ucons3ys  myatanuu MTA, Teopun TpakTOpOB M aBTOMO-
TaKHe YacTHBIE MOKa3aTend 3Qp(EeKTUBHOCTH, Kak  OWIIeH NMpUKIaTHOW MaTeMaTHYeCKHil ammapart, a
NPOU3BOAUTENIBHOCTG M 3aTpaThl JEHEKHBIX  TaKXKe JIOCTVIKEHUS arpOHOMHYECKUX W HHXKEHEp-

cpeacts [10, 11, 12]. B nocnennue roasl HabmIO- HBIX HayK.

JaeTcsl TeHACHLUS K POCTY HW3YYCHHUS BIUSHUS Kpurepuit onTumm3anuu ObUT COCTaBHBIM H
CIIOKHBIX TMHAMUYECKUX SBJICHHH, COMPOBOXKAA-  BKJIIOYANl B ce0S COBOKYIHOCTh TPSIMBIX U
IOIMX paboTy ompbIcKuBatened, Ha 3(QeKTHB-  KOCBEHHBIX  3aTpar  SHeprmd B MJDx
HOCTB UX paboTsl 5, 13, 14]. TIpH ONpbICKIBaHUM | ra moceBoB. K KOCBEHHBIM

B cBs3m ¢ TEM, YTO OCHOBHAas ICIb 3alIUTHI OHEPIreTUICCKUM OTHOCATCA YACIBHBIC 3aTpaThl
paCTCHI/Iﬁ HE TMOBBIIIEHHASA IMPOU3BOAUTEIBHOCTD OHEPIrun Ha H3TOTOBJICHUC, PEMOHT n

arperaToB W CHIDKCHHE 3aTpaT HA 00pabOTKY IMO-  TEXHHYECKOe 0o0CITy>)KUBaHHE arperara
CEBOB, OBUTO OBl MHTEPECHO BEIABUTH Takue mapa- B M/Dx/ra.

METpBI ONpBICKUBATEICH, KOTOpbIe oOeceynBa- K mpsiMBIM SHepreTH4ecKHM 3arpaTtam OTHO-
IOT HE TOJNBKO OOJIBINYIO NPOM3BOJUTENBHOCTE M CHM DHEPrHI0 3aTPayeHHYIO OIepaTopoM Ha
MHUHUMAJBHBIE — OKCIUTyaTaAlMOHHBIE  3aTpaThl,  YIPaBJCHHE arperaroM, HEPTUI0 HCIIOIb30BaH-

HO U 00€CHeUYMBAIOT HAUMEHBIINE oTepu HBIX ABUTATCJIIEM arperara TorjimBa U CMa304HbIX
ypO)KaﬁHOCTH, a TaKXEC CaMBbIC HHU3KHEC MAaTCpuaioB, OHEPIrur0 MTOTCPAHHOIO YypoiKasd,

3aTpaThl SHEPTUH, B TOM YHCIIE ypoXKas, TepseMo-  BhIpaxkeHHYro B MJ[x/ra.

TO W3-32 HEBEPHO BBHIOPAHHBIX IIAPAMETPOB Ilotepu ypoxasi BO3HUKAIOT H3-3a yBEIUYeE-

onpsickuBarens [15, 16, 17]. HUSL CPOKOB OIPBICKUBAHUS, BBITAIITBIBAHUA I10-
Hens mccnenoBanust — pa3paboTKa PHEPreTH-  CEBOB XOAOBOI YacThIO arperara, a Takke yIioT-

YECKOM MaTeMaTHYeCKOM MOJIENH arperata ¢ IpU- ~ HEHUS MOYBBL. MaTeMaTU4eCKH 3TO MOXKHO

LIETTHBIM OIPBICKUBATEIIEM, MO3BOJISIIOIIE  3ammcath B BUIE (OPMYIIBL:
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rae O — ynelbHble CyMMapHbIE SHEPTreTHUECKUE
3arpaTbl, MJXx/ra (sSBiseTcss KpuTepueM ONTHMHU-
3anuu napamerpoB MTA);

2, o

uze.mp > Tu3e.onp _  3Heprus, 3aTpauycHHas Ha
U3TOTOBJIEHHUE COOTBETCTBEHHO TpPakTopa U
ONPBICKUBATENs, MNpHUXofdmasics Ha | Ta,
M/Ix/ra;

y0 yo yo

3KP mp’aT OP. mp’aT OP.onp — OHCPIHs, 3aTpayCHHAs

COOTBETCTBEHHO Ha KaIUTaJbHBIM, TEKyIIUH pe-
MOHT U TEXHHYECKOE OOCIY)KUBaHUE TPAKTOpA U
ompeickuBaTeass, MJ[x/ra;

»o

Y — DHEprus, 3aTpadyeHHass Ha YyIpaBJCHHUE
TpakTopoM (TIEepeKIIIoYeHne nepeaay, IOBOPOTHI,
OCTaHOBKY M TPOTaHUE C MECTa, TEXHOJIOIHYe-
CKO€ OOCTY)KMBAaHHE CEIIbCKOXO35HCTBEHHON Ma-
mmHel), MJIx/ra;
2

ICM — >Heprus TOIUIMBA, 3aTpadyeHHas Ha BBI-
IIOJJHEHUE arperaroM TEXHOJIOIMYECKOH olepa-
1, MJ[x/ra;

o

4P — DHEprus ypoxas, IIOTEPSIHHAs OT HapylIle-
HHSI arpOTEXHUYECKUX CPOKOB BBINOJHEHHUS OIle-
paumu, M/Ix/ra;

0

yman — SHEPrUs ypoxKasl, IIOTEPsHHAs U3-3a yTall-

TBIBAHUS IIOCEBOB IBIDKUATEIISAMU arperara,

M]Ix/ra;
3)7()

ymi —  HEPTUS ypoXas, IOTepsHHas U3-3a

YIUIOTHEHHS TIOYBBI JBIDKUTENSIMU arperara,
M]Ix/ra.

BrrancnurenbHble SKCIIEPUMEHTHI MO OITH-
MU3aLUK NIUPUHBI 3aXBaTa ONPBICKUBATENS U €r0
paboueil CKOPOCTUITPOBOAMIM JUIS CIydas, KOraa
MIOBOPOT arperara OCYIIECTBIISETCS 32 MpeaeliaMy
TIOJISL, TIPH CIIETYIOIIMX UCXOMHBIX YCIOBUSAX:

miomank noins Fpoy,=30 ra;

JTUHA TOHA lgon,=0,8 KM;

paccTosgHue nepeesa lpe=3 Ku;

KO3 PHUIMEHT MPOYHOCTH HECYIIeH MOBEpX-
HoctH ot Q1=0,9;

o6beM pador Q=1000 ra;

YHCIIO TPAKTOPOB, 3aHATHIX Ha OIEpalu

Ntrakl:1 IT.;

MPOJOJKUTENBHOCTh pabodero THS
Tdncv: 14 4,

IJTaHUpYyeMast YPOXKaHOCTb KYJIBTYpBI
YP=40 1yra;

HOpMa BHeceHHs smoxumukaTtoB H3=150 mn/ra;

nmaBieHne Hacoca P aq0s.=3 Mlla;

naBieHue Bo3ayxa B mmHax Py=0,16 Mlla;

YHCIIO KOJIEC Ha OTHOM OOopTy MocTa Z,=11mT.;

KOO(QHUIMEHT CHEIUICHHS KOlIeC C IOYBOH
Kscep:()as 5
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KO3(GHUINEHT COMPOTUBIICHHUS IIepeKaThIBa-
HUIO Konec fer=0,1.

B xozme umccnenoBaHuii onpejpensuii MaTeMa-
THUYECKYIO CBSI3b MEXIy 3JEMEHTaMH KpUTEpHs
ONTHMU3AIHH, TApaMETPaMH  arperara, pexnuMoM
paboTHI ONPBICKUBATEIIS, yIUTHIBasI COBOKYITHOCTD
(akTOpOB  CIIOKHOH  CHCTEMBI  TPaKTOp—
OlepaTop—ONPHICKUBATENb—TIONEe—TI0YBa-yPOXKAH.

PesyabpTraTtel m o0cyxkaeHWe. Y aelnbHBIE
9HEpro3aTpaThl Ha M3TOTOBJICHHE TEXHUKU MPSMO
NPOMOPIMOHANEHBl  00mmM  (aOCONIOTHBIM)
sHepro3aTpatam [16, 17, 18] Ha u3roroBlneHue
COCTaBHBIX 3JIEMEHTOB arperara B 3aBOJICKHX
YCIIOBHSIX M 00paTHO MPOIMOPIMOHABHEI IINPUHE
3axBara ONPBICKUBATENS, CKOPOCTH €ro Iepeme-
meHus, K03 UIIMEHTY UCTIONb30BaHUsI BPEMEHN
CMEHBI, TOZOBOM  3arpy3ke TpakTopa H
ONPBICKUBATENS, a TaKXKe CPOKYy HX CIYXKOBL
Juis TpakTOpa MaTeMaTHYeCKd 3TO BBIPAYKAETCS
3aBHCHUMOCTbIO:

0 uze.mp
use.my
" 0,01-T,, TV, B, -7 - )
rae
o
wemp — YJCJIbHAA DJOHEPIrus, 3aTpadyCHHAs Ha HU3-
TOTOBJIEHUEC TpakTOpa WJIHW  OIPBICKUBATECII,
M]Ix/ra;
use.mp

SHEpPrUs, 3aTpaueHHAsl Ha W3TOTOBJICHUE
TpakTopa Wiu onpelckusarens, MJIx;
T 200 — CPOK CIIyKOBI TPAKTOpa WIIN ONPBICKHUBA-
Tens, JIET;

€1 — royoBas 3arpyska TpakTopa WJIH OIIpbIC-
KHMBaTeNls B 4acax, 4/TOLI;

P — paboyast CKOPOCTb arperata, KM/4;

B p — pabouas IIMpHHA 3aXBaTa arperara, M;
T _ KO3(p(pUITMEHT WCIIONB30BaHUS BpPEMEHH
CMEHBL.

Koaddrmment ncnonp3oBanns BpeMeHH cMe-
HBI MOYKHO PacCUuTath 1o (hopmyIe:

i
B0t

— JJIMHA T'OHa, M,

T=
HI60-V, -

ek

(1{1,2 LT, 0L {41, 1
[

2

V][9] ()
rae

¢ — CKOpPOCTh MOBOPOTA arperara B KOHIIE I'O-
Ha, KM/4;

bun. — BpEMS TOATOTOBKH K TIepee3ty, 9

[

nep — PACCTOSTHHUE MEpee3a, KM;
Vnep — CKOpOCTb Tiepees/ia, KM/4;

n  — IJIoAanab 1oJid, ra,

— BpeMsl 3arpy3Kd €MKOCTH OINpPBICKHBATE-
3P 19, MUH;
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t

o BpEMs IOABE3/1a K MECTY 3allpaBKu, MHUH;

H — HopMma BHeceHus KMAKOCTH, 11/Ta;

V;MK — 00bEM EMKOCTH OITPBICKUBATEJIA, JI;

7

KO3(GHUIMEHT WCHOIb30BaHusl 00beMa
0aka ONPBICKUBATEIIS,;

» — pabouas IIMPUHA 3aXBATa arperaTa, M;

Vp — pabouyast CKOpOCTh arperaTa, KM/4.

Jlns noanepkaHus TEXHUKH B pabOTOCIOCO0-
HOM COCTOSTHMHU TPOBOJIAT PEMOHT U TEXHUYECKOE
obcnyxuBanne. MeTomMKka UX pacuera mpuBese-
Ha B paborax [16, 17]. JdomycTuMm ynenbHbIC
SHEPro3aTpaThl HA KAUTAIbHBIA PEMOHT TPAKTO-
pa 30 MOKHO PACCHHTATS IO crenyouen

3aBUCUMOCTHU:
a
yo _ YKkp o
9[(1’ - 9u32.mp (4)
P
rae
27

KP — DHEPIrUs Ha KalUTaJIbHBI PEMOHT Tpak-
TOpa, B pacyere Ha eAMHUILY Tutoaau, MJx/ra;

Arp — KOO PUIUCHT OTYUCICHUI HAa KalUTallb-

HBI PEMOHT TPaKTOpPa;

a, .
— ko3 pUIMEHT OTUUCIICHNI HA PEHOBAIHIO

TpPaKTopa.

Ilo Takoil Xe MEeTOAUKE pPacCUUTHIBAKOTCS
OCTaJIbHBIE COCTAaBIISIONINE HEPro3aTpar Ha MOJ-
JIepKaHUEe TEXHUKU B pabOTOCIOCOOHOM COCTOSI-
HHH.

OHepro3arpaTbl Ha yIpaBleHHE OIPHICKHBA-
TENEM -0 3ABHCAT OT COBEPLICHCTBA TCXHHKH U

ynp
CBS3aHBl C DHEProzaTpaTaMd BO3JIECHCTBHSI Ha
OpraHbl YIpaBJIEHHs arperaToM, a TakKe ¢ HH-
TEHCHUBHOCTBIO 3THX BO3JICHCTBHM, UTO IS KaX-
Joro arperata TpeOyeT WHIMBUIYAJIBHOH MeETO-
JIMKHA pacyera. B cBsA3M ¢ 9THM AJIsI YIIPOLIEHHBIX
pacueroB npeiaraercs popmysa (5):

9% n )W

ynp = KTP ’ (nMex acn (5)

rae

K
TP — xoadduimeHT mepeBopa 3arpaT TpyAa
B M/, MJ[x/genxd;

n

Mex — qHCII0 MEXaHU3ATOPOB, YelT;
Peen — ameno BemoMoraTebHBIX pabounx, gem;
w _ MIPOM3BOIUTEIHHOCTE  ONPBICKUBATEIS,
ra/q.

HpHMBIe YACIBHBIC DOHCPICTUYCCKUEC 3aTPATHI,
CBA3AHHBIC C MCIIOJIB30BAHUEM PA3JIMYHBIX BUIOB

119

tommBa ¥ Macen oy (MJ[K/ra) MOXKHO —pac-
cuuTtath 1o popmyie (6):

G, +7,

nep

9TCM Krew (7 Gp t T Gm) /W (6)

rae

Krew
— k03 ()HIMEHT MEPEeBOIa MACChl TOILIHBA U

CMAa309HBIX MATEPHATIOB B HEPTHIO, MJIK/KT;

T”e!’ — KO3(QQUIMEHT HCIIOIB30BaHU BPEMEHU
CMEHBI Ha MIEPEE3/Ibl;

Tox — KO((PHUIUEHT HCIOJIIL30BAHUS BpPEMEHH
CMEHbl Ha OCTaHOBKax arperata Ipu XOJOCTOH
pabote nBHTaTENs;

G,.G,,.G, ., .

nep 4aCcoBOM pacxoJ TOIUIMBa
COOTBETCTBCHHO Ha pa60qu xony,
nepeesiax arperata H“  XOJIOCTOM  XOOy

nsuratens, kr/4 [19, 20].

Pacxon TomimBa aBuUrarteieM TpakTopa IIpH
paboTe moj Harpy3koW paccyuThiBaeTcs 1o ¢hop-
mynam (7, 8, 9, 10, 11), ucxoas u3 mokazareneit
pa60T1)1 JABUTATC/IA Ha HOMHWHAJIBHOM PEXUME U
MOIIHOCTH, paSBMBaCMOFI JABUTraTCJIEM B 3aBUCHU-
MOCTH OT TEKYIIEH Harpy3Ku:

G, = (0,1, - )+G (i =n N =n,,) ()
, ( ”+(\/ M, -9550-N;-(n -n,, } (8)
HOM =9549- Nuau /n M om (9)
GHOM = Benon N, Hom (10)
N = [V Lo Pimonn | Gom + Ve P ¥ |/ [2v7"7,,,-§m]+J (11)
+(p-Vp-B,-H)/3,6-10" 1, 10, )

TII€ My, Miy Myoy— Y9ACTOTA BPAIIECHUS KOJICHYATOIO

Bajla JBUraTelsl Ha XOJOCTOM XOAy, TeKyllas B

3aBHCHMOCTH OT Harpy3Ku Ha JABUTATENb U HOMH-

HaJIbHasl, 00/MUH;

G o — YACOBOM pacxoj TOIUIMBA ABHUIATENEM Ha

HOMUHAJIEHOM PEXUMeE ero paboThl, KI/4;

M, o,— KPYTAIIMIA MOMEHT Ha Bajly JBUTATENS MIPU

pabote Ha HOMUHAIBHOM pexume, H-m;

N,oy— MOIIHOCTB, BbIJaBaeéMas JIBUTaTEleM IpU

pabore Ha HOMUHAJIBHOM pexume, KBT;

N~ MOIIHOCTb, BbIIaBacMasl IBHUTaTelleM MpU

pabote ¢ Tekymiei Harpy3Koi, KBT;

Genos— YACTBHBIA PACXOZ TOIUIMBA HA HOMHHAJb-

HOM pexumMe paboTsl qBUraTens, r/KBr-4;

Pocuox— YACTBHBIA BEC XHIKOro pactBopa KH/m;
ymonp. — KOOQOHIMEHT pacnpesieneHus Beca

OIPBICKMBATENS C )KUAKOCTBIO HA KOJEca OIMpbIC-

KHBaTEIs;

Jonp — KOI(QOUIMEHT CONPOTUBIIEHNS NIEPEKATHIBA-

HUIO KOJIEC OTPBICKUBATEIIS;

G,,p— BEC ONphICKMBaTENs 0€3 Bojpl, KH;

Eos — KOOPQUITUEHT 3arpy3KH IBUTATENS 110 MOII-

HOCTH;

p — IaBJIEHHUE, CO37aBaeMOe HACOCOM OIPHICKHUBA-

TeNsl TPH TOAa4e J>KUAKOCTH Ha PacHbUINTENN

onprickuBatens, MIla;
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npos— KIII Bama orbopa wmomuoctH (BOM)
TPaKTOpa;

Nuac— K1 Hacoca omphICKUBATENS;

ny—rsrosoe KIIJ[ Tpakropa.

Macca COBpEMEHHBIX MPUIEMHBIX ONPHICKHU-
BaTened M,,, 3aBUCHT OT LIMPUHEI 3axBaTa B,
Hcxons w3 aHanmm3a XapaKTEPUCTHUK OOJBIIOTO
KOJIMYECTBA MPUIEIHBIX ONPLICKUBATENEH BBISIB-
JIeHa PErpecCHOHHas 3aBUCUMOCTb MEXAY BEJIU-
YHHAMH 3TUX IIOKa3aTelIeH:

— — . . 2
M,, =5843,2-216,6368, +50768,° |,

Tsarosoe KITJ] Tpakropa paccuntaem 1o ¢op-
MyJaMm:
(0,92-B, -k, -(1-5))
; 13)
By Ko Sy Gy Ay & Sy~ Gy~ (1= 4))

[T Keyy — YACIBHOE COMPOTHBICHHE OMPHICKHBA-
tens, kH/m;
G,,,— Bec TpakTopa, KH;
0 — OyKCOBaHHUE KOJIEC TPAKTOpa;
Aonp — KOO(OUIINEHT pacIipe/ieeHs Beca OphbIC-
KHBATEJIS HA KOJIECA OMPBICKUBATEIIS;
Amp — KODOUITMEHT pacripesieNieHns Beca TPaKTo-
pa Ha Bemylue Koeca;
Jmp — KO3QGOHUIMEHT COMPOTUBIICHHS TIepeKaThIBa-
HHIO KOJIEC TpaKTopa.

BykcoBanue Koliec TPaKTOPaMOXKHO PacCyu-
TaTh N0 GopMynam:

M=

d=a-p+6-p° (14)

7 =(B, k)0 (G 20+ Gl - 1.,)) (15)

rIe 4, 8, ¢ — KO3(GHUIUEHTHI TPONOPIIUOHATBHO-
ctu B smmupuyeckoit popmyne b. C. Cupiues-
CKOTO, YYUTBHIBAIOIIME OCOOEHHOCTH XOZOBOH
YacTH TPaKTopa;

¢@— k03(ULMEHT CLeTUIeHHsT KOJIeC TPAaKTopa ¢
OIIOPHOM IIOBEPXHOCTBIO.

TexHomoruyeckas: oneparys MO 3alIUTe pac-
TEHUH TNPOBOAMTCA C IETBIO CHIDKEHHS II0TEPh
ypoxasd. Ha ceromHamHuii JeHb OTCYTCTBYIOT
METOJIKAET0 pacyera, CBSI3aHHASIC N3MEHEHUSIMU
MIapaMeTPOB OIPBICKUBATEIS.

OHeprusi MOTEPSIHHOTO YpOXKasi CKJIaAbIBaeTCs
W3 BHEPTUH YypOoXKas, KOTOpPBIH Tepsiercs H3-3a
HECBOECBPEMEHHOTO BBIMIOJTHEHHUS TEXHOJIOTHYE-
cKoi omeparmu (J,4) W HW3-3a HETATUBHOTO BO3-
JEWCTBUS ABIDKUTEICH TPAKTOpa Ha MOCEBHI (Jy),
TO €CThb Do =4y

Bo3znelictBue aBMKMTENEN arperara Ha Ioce-
BBI TIPOSIBJISICTCSI YE€PE3 BBITANTHIBAHUE MX YACTH
U yXYIIIEHWE YCIOBUM pa3BUTUSI PACTEHUM H3-3a
YIDIOTHEHHA TOYBBI. [lo3TOMY 3Heprust yposas,
TepsieMass M3-3a HETAaTUBHOTO BO3JCHCTBHS JIBH-
KHUTENIEH TpakTopa Ha IOCEBBI, OYIET CKIIaipl-
BaThCSA M3 DHEPTHH, ITOTEPSIHHON B CBSI3U CO CHH-
KEHHEM ypOo’kasi U3-3a YIZIOTHEHHS TIOYBBI 3;/

U B CBS3U C BBITAIITBIBAHUEM KOJIECAMHU TPAKTOPa
M OIIPBICKUBATEIISI IOCCBOB 3"
%

MaremaTiuecki 3TO MOXKHO 3alncaTh B BHAE
ypaBHEHHUSI:
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3, =3 + 3] (16)

Juis pacuera SHepTUHM ypokas, MOTEPSTHHON
u3-3a HECBOEBPEMEHHOI'0 BBITTOJTHEHHS
TEXHOJIOTMUECKOH oIlepalyd IO yXomy 3a
pacTeHUsIMA BO3MOXKHO MIPUMEHEHHE CIIeIyIonIen
dopmyns[19, 20, 217]:

V-1

i

=

(Cn'i'W'TCM 'nCM)‘l'(N;H)'Ai'CH'W 'TCM Ney (17)
9,= il ’
SO
rie
Cp -  xodpduimeHT  moTeph  ypoxas,
M/Ix/Tax 1eHb;

Ni- 4uCci0 UENbIX THEH B OOIIEM KOJHYECTBE
JTHEH, HEOOXOIMMBIX ISl TOJHOTO 3aBEpPIICHUS
pabort 1o 3ammTe pacTeHuid Ny;
Ai — 0CTaTOYHBIM HEMOMHBIN JeHb B Ny;
S,— 00BEM paboThl 3a CE30H, NPHUXOASIIUICS
Ha OJWH TIOCEBHOM arperat, Ha JIaHHOU
orepaliy, ra.

Koa¢pduument noreps ypoxas C,, paccuuThI-
BaeM 1o Qopmyre:

Co=Y,. 2y -0 /100 |

rae Y,,— IiaHupyeMasi ypoXKaiHoCTb, KI/Ta;
Ay - notepu ypoxas B % Ha 1 neHp HapymieHus
arpoOTEXHUYECKOT0 CPOKa BBHITIOJIHEHHUS TEXHOJO-
TMUYECKOH OllepaLyy;
O — »sHeproeMkocTh | Kr mpoaykTa (3epHa),
MJIx/Kr.

OO0111e€ KONMYECTBO IHEW, HEOOXOIUMBIX IS
MIOJTHOT'O 3aBEPILICHUS PadOT MO 3aIUTe PACTCHUI
N paccunrtaeM 1o Gopmysie:

S (19)
W TCMnCM

(18)

N,

rae N, — yuciao gHel HEOOXOAUMBIX IS BBIIIOJI-
HEHH OIlepaliil Ha TUIOIIAAH S,;
Ny — KO3 (HUITMEHT CMEHHOCTH;
T, — IPOAOIKUTEINHHOCTH CMEHBI, Jac.
Benuuuny Ay MOXHO YCTAHOBHTH HA OCHOBE
MOJEBBIX ~ ArpOHOMUYECKHX  ONBITOB WU
C WCIONB30BaHWEM paHee  yCTAaHOBJICHHBIX
3HaveHui (tabm. 1) [22].
DHEPruro MOTEPSHHYIO B CBSI3U CO CHIDKCHH-
eM ypoXasl W3-3a YIUIOTHEHHS TOYBHI BO3MOXKHO
paccaurats 1o gpopmyie (21):

, Y, 40U -[U]) (20)
Y 100 ‘
rine A — ko3(pOUIMEHT NPONOPIHOHATBHOCTH,
%xm/xH;

Ur— mokasatenb, XapaKTepU3yIOIIUi YIIOTHSIO-
I1ee BO3/ICHCTBHE JIBIDKUTENEH TPAaKTOpa Ha 1Od-
BY, KH/M;

[U] — nomycTUMBIi ypOBEHb YIUTOTHSIOIIETO BO3-
JIEUCTBHS JBIDKHUTENCH TPAKTOPa, HIKE KOTOPOTO
HE TPOWCXOIHT CHIDKEHHE YPOXKaHMHOCTH KYJb-
typ ([U] =75 xH/m).
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Tabnuna 1— YMeHbIeHne nmoteps ypokast Ay Ha 1 1eHb COKpanieHus reproja MoJeBbIX padboT , %

o X e
Uuc g 2 ﬁ = = = E o £
=2 w s — o} < S & X X =
o | 25 2|3 | e3 | 2 | 2|8 SE | 8%
& o] =3 3 @) S S 3
cop = = 2 < S e 53 S g = o e = S g
HS- E E % E °© ! 8 @ = o (¢ = g3 g @
o o =] I+ < & g w i = om ~ E
wos, | £ | E g Bl 7 | g | g sl E
wr/ 5 5 = S = ©
2
M Koadduunentsr noreps ypoxkaiinoctu, %/ cyt (*)
0 0 0 0 0 0 0 0 0 0 0 0 0 0
5 0,014 { 0,020 | 0,018 | 0,033 | 0,013 | 0,001 0,0242 | 0,0253 | 0,02 | 0,02 | 0,05 0,02 0,029
10 0,027 | 0,038 | 0,038 | 0,064 0,03 0,020 | 0,0475 | 0,0495 | 0,03 | 0,05 | 0,09 0,04 0,053
15 0,040 [ 0,057 | 0,057 | 0,094 | 0,037 [ 0,320 | 0,0700 | 0,0716 [ 0,05 [ 0,07 [ 0,13 0,06 0,074
25 0,064 [ 0,092 | 0,017 | 0,147 | 0,059 [ 0,047 | 0,1133 | 0,1147 [ 0,07 [ 0,11 0,19 0,10 0,113
50 0,117 { 0,174 | 0,164 | 0,253 | 0,111 0,092 | 0,2100 [ 0,2042 | 0,14 | 0,2 0,28 0,18 0,178
75 0,163 | 0,244 | 0,228 | 0,328 | 0,158 [ 0,131 0,2908 | 0,2747 | 0,19 | 0,27 | 0,33 0,26 0,215
100 | 0,201 { 0,307 | 0,281 | 0,382 | 0,198 [ 0,173 | 0,3592 | 0,3284 | 0,23 [ 0,32 [ 0,36 0,33 0,236
200 | 0,304 [ 0,488 | 0,423 | 0,481 0,321 0,310 | 0,5442 | 0,4526 | 0,35 | 0,45 | 0,39 0,53 0,262
500 | 0,396 | 0,694 | 0,550 [ 0,516 [ 0,469 | 0,571 0,7100 | 0,5168 | 0,45 | 0,54 | 0,39 0,77 0,275

s pacuera Ur B pabore [23] mpeziaraercs
3aBHCHMOCTb:

_Bl

2-8,

rae Bl — IIUPpHUHA 30HBI BJIWUAHUSA YIUIOTHAIOIIETO
BO3/IEHCTBHS TPAKTOPA HA YPOKAHHOCTh CENBCKO-
XO3AHCTBEHHBIX KYJILTYP Ha IOJIE, M (B OPHEHTH-
poBouHBIX pacuetax B; = 10,8 m);

n — obllee YUCIIo CIeI0B IBUKHUTENEH, OcTaBse-
MBIX TPAKTOPOM Ha II0JIE 33 OJMH IIPOXOJ;

U; — ynnortssAromee BO3IEHCTBHE IBYKMTEIICH
B j-M cnene, KH/m.

Uy =230 +[U]

n-B
1-—1),
= 2~Bp (21)

VYunoTHsionee BO3ACHCTBHE — JBHKHTEICH
B j-M CJIeJlc HaXOIUM IO YpaBHEHHIO:

=W-8- 22

U, =W:8"qpps 22)

rae w— K03 GHULIUEHT, 3aBUCAIIUIA OT pPa3MepoB U
(hOpMBI OMOPHOM MMOBEPXHOCTH JBHKHUTENEH (U151
KosiecHoro ABwxutTest w=1,25 [23]);
6 — IIMPHHA JBIKUTENS, M;
(max— MAKCUMAaJIbHOE JABJIEHUE KaXJOTO JIBIKHU-
TeJIsl TPAKTOpa 1 ONPBICKUBATENS HA TOYBY, Klla.
MakcnumansHOe AaBJI€HHE KaKIOro ABHKHTE-
NI TpPaKTOpa M ONPBICKUBATENS HA IIOUBY
MapaMeTP  ¢gmax 3aBUCHT OT  IIapaMeTpoOB
TpakTopa [24, 25, 26], ero OBIKUTENS U CBOWCTB
nouBsl. [l BBIABICHUS (OPMYJBI €ro pacuera
ObLTH TIPOBE/ICHBI MCCIIE0BAHMUS, OCHOBAHHbIE HA
TEOPUH TOA00WS U TIAHUPOBAHUS MHOTO(PAKTOP-
HBIX DKcIiepuMeHTOB. Ilocie aHanm3a ux JaHHBIX
ObLTO TTONy4YeHo ypaBHeHue [27, 28, 29], anekBat-
HO OTpa’Kalollee pe3yNbTaThl 3THX HCCIEA0Ba-
HUH:

q,, =3,46-p,—7,4493-B-p /D+0,075552-H -

~0,23353-(p,p, D'}/ M. (23)

THC (muix— MAKCUMallbHOE JaBJICHHWE Kojieca Ha
nousy, H/m?;

D — nmamerp xoneca, M;

M — macca, npuxosIascs Ha 0JTHO KOJECO, KT;

B — nmpunHa npoduiist xoneca, M;

H, — tBEpocth noussl, [1a;
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pn— TUIOTHOCTH TTOYBEI, Kr/M;
P\ — NABIIGHHE BO31yXa B muHAX, H/M%.

ITo dopmyne (24) MOXKHO paccUUTaTh MaKCH-
MaJbHOE JaBJICHHE HA IOYBY YINPABIAEMBIX KO-
Jiec TpaKkTopa, €ro BeIyIIMX KOoJieC M KoJec
ompeickuBatensd. [ 3Toro mpeaBapuTenbHO
ompezieNisieTcsl Macca arperaTta, KOTopas MNpUXo-
JUTCS Ha COOTBETCTBYIOIIHE KOJIeca.

Pacyer maccel, npuxozsieics Ha InepenHee
yIpaBisieMoe KOJIECO TpaKkTopa:

Mmpﬂep :Mmp (1 _imp) 50_
—IOOLAP(M +Vemk'l//'p)'(1_/10np

onp

o),

rae L, — KHHEMaTH4ecKas JUIMHA TPaKTopa, M;
L — nymaa 6a3sl TpakTopa, M.

Pacuer Maccel, npuxonsuielcs Ha 3aaHee
KOJIECO TpaKTopa:

M, =M, A, 504

mp.nep mp

+100-L, (M, 47,y p)-(1-

onp

(25)
J(L+L,)/(2-L)

Pacuer maccel, npuxopdieiics Ha KOJIECO
OIPBICKUBATEIIS:

M, =100-(M,,, +V,, ¥-p)

A

onp

onp onp onp » (26)
Pacuer  MakcMManbHOrO  YIUIOTHSIOLUETO
BO3JCICTBUS  YNPABIAEMBIX KOJIIEC TPAKTOpa

(gmaxnep.), 3AOHHX KONEC TPAKTOP  (Gmaxsamm)s
KOJIEC ~ONPBICKUBATENSA  (Gmaxomp) TPOBOTUTCA
mo ¢opmyne (24) myreM TOACTAHOBKHA COOTBET-
CTBYIOIUX MAPAMETPOB.

Pacuer cymmapHOro YIUIOTHSIIOLIETO BO3JEH-
crBust U;3-ex KoJec arperara, ABIDKYIIHXCS CIel
B cien [23]:

ZU/' =w (bnep.mp ’ qmax_nep t b&ady.mp ' qmav\_zadh ' kz_zadh ' (10g2 - log 1) +

JA

+b

onp qmzu(_ onp

ki,onp ' (10g3 - log 2))

27)

qma)g nep

» (28)

1
i.sa0m

~log2—logl - Do a0 (1082 logl) = 1)
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k 1 qmzug 3a0H
o = log3- 10g2 Gy oy ((l0g3~10g2) 1)’

rae bnep.mp 9b3a(>u.mp 9bonp — InMpuHa HpO(I)I/IJ'Iﬂ [IAHBI
COOTBETCTBEHHO TNEPEIHUX KOJIeC TpakTopa, 3a-
HUX KOJIEC TPAaKTOpa U KOJIEC ONPBICKUBATENS, M;
Ki saom  Ki onp —KO3OUIMEHTHI, ydHUTHIBAIOLINE
YBEJIMYEHHUE YIJIOTHEHUS MOYBHI B cie/lax mepe-
HUX KOJIEC TPAKTOpa MpU KAYeHUU N0 HUM BeIy-
IUX 3aJIHUX KOJIEC TPaKTopa M KOJIEC OMNPBICKH-
BaTessl.

DHeprus yposkas, MOTepsHHas H3-3a BbITaIll-
THIBAHUSI YaCTH TOCEBOB KOJECAMHU TpaKToOpa M
arperara,pacCuuThIBa€TCsI C  HCIOJIb30BAHUEM
cnenyroliero anroputma.llnomans npsMoyronib-
HOro moyst F, ompenensieTcs Kak MpOU3BEJCHHE
HIUPUHEI B, Ha [MHY L,

29

F,=B,xL,. (30)

Eciu noBOpOThI ONPBICKUBATENS OCYLLECTBIIS-
I0TCS 3@ MpeAesaMu IMoJIs, TO IUIOAAb YTaIlThl-
BAEMBIX IIOCEBOB F,,, MOXHO OIPENCIUTL U3
YPaBHEHUS:

Fo=by o Lo{BIB)= 2, o BB

rne by, yaxe—1IMPUHA CAaMOW IIUPOKOH IIMHBI B
JIBIDKUTENISIX arperata, M.

Torma oHeprust ypoxasi, TepsAEeMOro H3-3a
YTanTBHIBaHUS TIOCEBOB JIBIDKUTENSAMHU arperara
93': paccuuThIBaeTcs no Gpopmysie:

_ 200-F,-Q-Y-b, . .
B P
rae Q —Heproconepxanue 1 kr 3epHa, M/x/kr;
Y- ypoxxailHOCTb KyJIBTYPBI, 1I/Ta.
Ecnu moBopOoTHI ONPBICKUBATEIST OCYIIECTBIIS-
I0TCS B Ipeziesiax IHoiisl, TO IUIOMIAb yTanThIBae-
MBIX [TOCEBOB F),,4, ONPEAENAETCAIIO POPMYJIE:

F

yman

c 32)

(33)
y.none +- y.nog?
rae F ), 05— TUIOIIAb YTANTEIBAEMBIX TIOCEBOB HA
TOHE, M*; F) ,0,— TUIOIAb YTANTHIBAEMBIX IIOCE-
BOB Ha ITOBOPOTHBIX IOJI0CAX, M.
[Tnomane yranTeIBaeMbIX IIOCEBOB Ha TOHE
MOJKHO PaccuuTaTh Mo hopmyse:

.‘"”076 ul Maxe (2 w. Makc n '(B,, /Bp)_ Bp) (Bn /Bp):
#2:b, e, ’(Bn 1B,)=2b, o L(F ] (L, B)),

' . Makc
[Inomaap yTanTelBaéMbIX MOCEBOB Ha IOBO-
POTHBIX TTOJIOCAX OMPENEIUTE U3 BBIPAKECHUN:

F_=(F. _F

Y108 crynp. +* cn. 6ed. + cr.onpuick.
rie F., ,np — TUIOMA/b CIEI0B YIPABISEMbIX KO-
Jlec TpakTopa, M’;
F... se0.— TUIOMAb CIEIOB BETYIINX KONEC TPaK-
Topa, M’;

(34)

).nnoe’ (35)
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F s onppacr. — TUIOIIATB CIIETOB KOJEC ONPBICKUBATE-
as, M-, VcXoasl M3 TEOPETHUYECKHMX BBIKIAIOK B
pabote [15]:

P
+\/L+7“” +2p

rae by 5 Deeo » Donp — MnpHHA TpOGUIA IIMHEL
COOTBETCTBCHHO YIPABISIEMBIX U BEIYIIHUX KOJIEC
TPaKTOpa, KOJIEC OMPBICKUBATEIIS,
L — 06a3a TpakTopa, M;
p — paauyc TOBOPOTa TpaKTopa C TEPEAHUMHU
YIpaBIIEMbIMH KOJICCAMH, M;
B....— KOIles TpakTopa, M;

Pamuyc moBopora TpakTop ONpeAesseTCs IO
3aBucumoctu [30]:

b +B b

s Zp Tomp

)(8.3,)

(36)

A n

L+p+ botB,8,) -(10000F,/ (( +8,)8,))

2 2 2

o= \/(O,SBp] + L, - L, (37)
rie Ly — JulnHa Jplia ONpbICKUBATENS, M;
L,, — BBUIET TOYKM TpHIena (KMHEMaTHYecKas
JUTMHA TPaKTOpa), M.

OHeprusi ypoxas, MOTEpSHHONO U3-3a yTall-
TBIBaHMS IIOCEBOB KOJECAMH arperara Ha II0BO-
POTHOI1 onoce:

3,0 =Y O (F ... /100 ) My
o 100-F..U.B)Y O
B, F, MJx/ra.

Uz-3a Oompmioro pa3mepa MaTeMaTHUECKOU
MOZIET U y4eTa OONBIIOro KOIM4ecTBa (hakTo-
POB, TPYOHO IPOCIEIUTh BIHUSHHE KaXXIOro U3
HHUX, a TaKKe OTJCNBHBIX IapaMeTpoB arperara
Ha BEJIMYMHY CYMMAapHbBIX JHEPTeTHYECKHX 3a-
TpaT, MOTOMY BO3HHUKAET HEOOXOAUMOCTD MONTY-
YEHUs] HarJAHBIX TPa(uKOB, PACKPHIBAIOLINX
3TO BIMSHME, MO PE3yIbTaTaM BBIYHCIUTENBHBIX
9KCIIEPUMEHTOB.

B pesymbrate pacdyeToB € HCIOIB30BAHHEM
pa3paboTaHHOI MaTeMaTHYECKON MOZIEIH arpera-
Ta IO 3aIIUTE PACTCHUH C MPHULEMHBIM OMPBICKHU-
BaTeJIeM OBUIN MOTYYCHBI CIAECAYIOIINE ONTUMAIIb-
HBIE MTapaMeTpPhI:

(3%)

IIMPHHA 3aXBaTa ONPBICKUBATENS By = 32M;

CKOPOCTb arperata Vo, = 12 km/u;

00beM 0Oaka OMPBICKABATEIIS Vemkopt 5000 i

JaMeTp Kojeca OIPBICKUBATEIS
Dy =1,778 m;

MIMpUHA IIWHBI KOJEca  OMPBICKUBATEINS
denglt 0 2 M;

KOBCI)(i)I/ILII/ICHT pacmpeneneHus Beca OMPBICKH-
BaTess Ha €ro Koneca Ayq op— 0,83.

MuHuManbHBIE CyMMapHBIE YHEPTEeTHICCKUE
3aTpaThl TIPU ONTHUMAIBGHBIX MapamMeTpax OMphIC-
kuBatens E,;,=1692,2 MJIx/ra.

AHanm3 TpauUUecKuX 3aBUCHMOCTEH yKa3bl-
BaeT Ha TO, YTO IIMPHHA 3aXBaTa OMPHICKIBATEIS
OKa3bIBaeT OOIbIIIEE BIVSIHAC HA BEITMYUHY CyM-
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MapHBIX DHEPreTHYECKUX
cKopocTs (puc. 1).

Ha cxopoctu 12 xM/4 1ipu M3MEHEHHUH IIHPH-
HBI 3axBaTa ¢ 16 10 32 M CyMMapHBIE 3HEPreTH-
YecKue 3aTparbl cHikarorcs ¢ 3250 MJ[x/ra mo
1692 M/Ix/ra, unm Ha 1558 MJlx/ra, a ipu yBe-
JIMYEHUH CKOpOCTHU arperata ¢ 7 mo 12 km/4 npu
mupuHe 3axBara 32 M — ¢ 1971 mo 1692 M/lx/ra,
wid Ha 279 MJ[x/Ta.

[Ipu ymeHbIIeHNH MHPUHBI TpodUIIs Kojeca
OIIpBICKMBATENs B 3aJaHHBIX mpenenax or 0,6
1m0 0,2 M (puc. 2) cyMMapHbIC SHEPreTHUECKUE
3aTpathl CcHmWkarTcs ¢ 2793 MJlx/ra 10
1692 M/Tx/ra, wnn Ha 1101 M]Ix/Ta.

B mpenenax 3aiaHHBIX TpaHUI] BApbUPOBAHHMS
ko3¢ duIMeHTa pacnpenesieHnsl Beca ONpbICKUBa-
Tenst Ha ero omopHele komeca or 0,83 go 1
npyu mupuHe npodwis muHB paBHod 0,2 M

3aTpar, 4YeM Cro

4000 <" o
3500 4"
3000
2500 -

20007

CyMMapHbie aHepreTudeckue satpartsl, Mx/ra

1500 sl
15

25

LUMPMHa 3axearta arperaTta, m

35

CyMMapHbI€ SHEpreTHYEcKHe 3aTpaThl BO3pacTa-
10T ¢ 1692 M]Ix/ra no 2102 M]JIx/ra.

[NonydeHHbIe pe3ynbTaThl BEPUPHUIUPYIOTCS C
CYIIECTBYIOUTMMH TEHACHIMSIMH B H3MEHEHHH
rapaMeTpOB NPUIIEITHBIX ONPBICKUBATEICH.

B MupoBoii mpakTrke HaOIIIOAaeTCsl yBemye-
HUEe  INUPUHBI  3axBaTa  ONpPBICKUBATENeH
(mo 50 ™M), oObemMa Oaka ONPBICKUBATEIL
(mo 6000 n u Ooiee) U CKOPOCTH BBHITIOHEHUS
TexHonorudeckoil omeparmu (1o 20 xkM/4 u 60-
Jee), a TakKe Mepexol Ha MCIOIb30BaHUE Y3KO-
npodwibHBIX KH (B npenenax 0,2 m).

Pa3paboranHasi sHepreTHyeckas MareMaTHye-
CKasi MOJIEJIb arperaToB 110 YXOAY 3a PaCTeHUSIMHU
MO3BOJISIET TIONYYUTh OOJblIee KOJIMYECTBO JIO-
TIOJIHUTENBEHON MH(pOPMAINHK, CBI3aHHOW C ONTH-
MU3alMel ero mapaMeTpoB, 0e3 MPOBEACHUs JI0-
POTOCTOSIIINX HATYPHBIX 3KCIIEPUMEHTOB.

CkopocTe arperara, Km/4

Puc. 1 — BnusHre mMpuHBI 3aXBaTa U CKOPOCTH ONPBICKUBATENS HA CYMMapHbIe
SHEPreTUYECKHE 3aTPaThl

3400~
3200
3000~
2800~

2600

2400+
2200+
2000~
18004

CymmapHsie sHepretuueciue satpatsl, MOu/ra

-
o
=1

-
L

0.9

0.85
KoaddrumeHT pacnpegeneHii seca
ONpbICKMBAaTENA Ha ONOpPHbI& Koneca

08 02

0.4
0.3 WwnpwHa npoduns WnHe! konec
onpeickMBaTens, M

Puc. 2 — Bimsane xoaddumpienTa pacnpeneneHns Beca ONpBHICKUBATENS HA €T0 KOJIeca U IUPHUHBI TIPO-
(uns Koslec Ha CyMMapHbIe YHEPIeTHIECKHE 3aTPAThI

BeiBoabl. B pesynbraTe TEOpeTHUECKHUX
M3BICKaHHUI COCTaBJIEHa MaTeMaTH4YeCKas MOJEIb
paboTHl TIPHIETTHOTO OIPBICKUBATENS C TPAKTO-
poM 4x4a 1o KpUTEpHIO CyMMapHBIE SHEpreTHYe-
CKHUE 3aTpaThl C y4ETOM YHEPTUU TEPSIEMOrO ypo-
*ast. Pe3ynpTaTel IpeABapHUTENBHBIX BBIYHCIIHU-
TENBbHBIX JKCIEPUMEHTOB, IPOBEACHHBIX C €€
HCTONB30BAaHUEM COBIAJAIOT C TEHACHLIUSAMU
W3MEHEHHs MapaMeTpoB ONpBICKMBATENEed B
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MHPOBOH NMpaKTHKE (YBEIWICHUE IIUPUHBI 3aXBa-
Ta ¥ paboueil CKOPOCTH, CHIKEHHE IIUPHHBI TTPO-
(s mMH Koeca), YTO BeleT K CHIKEHHIO CyM-
MapHBIX SHEPreTUYECKHX 3aTpaT W ITOTeph ypo-
ast. POCT MmIMpWHBI 3axBaTa ONPBICKUBATENS H
ero pabodeil CKOPOCTH BEIYT K CHIKEHHUIO CyM-
MapHBIX SHEPIreTUYECKHUX 3aTpat, MPHYEM BIIHS-
HHUE OIMPHHBI 3aXBaTa Ha KPUTEPUIl ONTUMH3ALUH
MIPOSIBIISIETCSl CHIJIBHEE, YeM BIIMSHHE CKOPOCTH.

Becmnux Kazanckozo I'AY Ne 2(70) 2023



TEXHUYECKHUE HAYKHU

Tax, Ha ckopoctu 12 KM/4 Ipy NI3MEHEHHUH IIHPH-
Hbl 3axBata ¢ 16 1o 32 M cymMMmapHble
SHEpPreTUYecKue  3aTpaTbl  YMEHBUIAIOTCSAHA
1558 M/Ix/ra, a yBenmuueHHE CKOPOCTH arperara
¢ 7 no 12 xm/4d nipu mmpuHe 3axBarta 32 M CHIDKa-
eT ux Ha 279 M]Dx/ra.

MuHHUMasbHbIE CyMMAapHBIE JHEPreTHYecKue
3aTpaThl JOCTUTAIOTCS TPH MIMpUHE TpOdUIIs
Koneca onpelckuBarens paBHoM 0,2 M u
HavMeEHbIIEM KOI(pQUIIMEHTe paclpeaeeHus
Beca OIPBICKMBATENS Ha €ro ONOpHBIE Koieca
paBHoMm 0,83. Tlpy cCHW)XEHHHU IIMPHHBI TPO(UIIS
KoJieca OMNpbICKMBaTedst B mpeaerdax ot 0,6
1o 0,2 M cymMMapHble 3HEpreTHdeckue 3aTpaThl

ymeHbImaroTes Ha 1101 M]Ix/ra, a yBenudcHue
K03 dHIMeHTa pacipeseNIeHns] Beca ONphICKUBa-
Tens Ha ero onopHsle kojneca ¢ 0,83 no 1 npuso-
JUT K WX POCTY TPH IIUPUHE TPOGUIS LIHHBI
0,2 mua 402 M/x/ra.

PazpaboranHas sHepreTHyecKkas MaTeMaTuye-
CKasi MOJIeTIb Pa0OThI MPUIETTHOTO ONPBICKUBATE-
J B arperare ¢ TPakTopoM 4kx4a Mo3BOJAT Ipo-
BOJUTH BBIYHCIIUTEIbHBIE SKCIIEPHUMEHTHI 110 HC-
CIIC[IOBAaHUIO BIIMSIHUSL DPa3IMYHBIX TapaMeTpoB
ONPBICKUBATENd M (AKTOPOB paccMaTpuBaeMOn
CHCTEMBI Ha pa3Mepbl SHEPTeTHYECKUX 3aTpar H
MOTEPH YPO)KAHHOCTH M HaXOAWUTH ONTHUMAJIbHBIC
BapHaHThl UX KOHCTPYHPOBAHHUS U DKCILTyaTallH.
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ENERGY MATHEMATICAL MODEL OF A SPRAYER
K. A. Khafizov, A. A. Nurmiev, R. N. Khafizov, N. R. Zalakov, P. V. Zaitsev

Abstract. The research was carried out in order to develop an energy mathematical model of a plant protection unit
with a trailed sprayer, which makes it possible to optimize the parameters and operating modes, taking into account their influence
on the size and loss of crop yield. For comparison with the tendencies of changes in the parameters of sprayers established in
practice, computational experiments were performed using the developed mathematical model. The object of study is an analogue
of MTZ-82 tractor, the main parameters of which (mass, engine power, kinematic length, etc.) can be changed, an analogue of a
trailed sprayer with variable parameters (width, operating speed, tank volume, drawbar length, location of the center of mass,
profile width and support wheel diameter, etc.). The optimization criterion was composite and included the sum of direct and
indirect energy costs during the operation of the unit, taking into account the energy of the crop lost due to deviations from the
optimal parameters and operating modes of the sprayer. Incorrect choice of unit parameters leads to yield losses, resulting from its
decrease due to a violation of the deadline for performing a technological operation to protect crops from weeds, trampling down
part of the crops by the unit's movers during processing, especially if there is no possibility of turning outside the field, due to soil
compaction in the zone of growth and development of plant root systems. Computational experiments carried out using the devel-
oped energy mathematical model showed that an increase in sprayer coverage from 16 to 32 m at an aggregate speed of 12 km/h
leads to a decrease in total energy costs from 3250 MJ/ha to 1692 MJ/ha, an increase in the unit speed from 7 to 12 km/h, with a
working width of 32 m reduces the total energy costs from 1971 to 1692 MJ/ha. Reducing the width of the sprayer wheel tire
profile from 0.6 to 0.2 m is accompanied by a decrease in total energy costs from 2793 MJ/ha to 1692 MJ/ha.

Key words: machine-tractor unit, sprayer, energy consumption, yield loss, parameter optimization, optimization criterion.
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