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MNPULEIMHOTI'O ONTPBICKUBATEJISI TYTEM CHUKXEHUWS ITIOTEPD YPOKAS
A. A. Hypmues, P. H. Xadu3zos, K. A. Xa¢pusos, H. P. 3anaxos, U. U. MakcumoB

Pedepar. ccnenoBanus IpoBOAUIIH C LIEIb0 ONTUMHU3AIUA IapaMeTpOB IPULIETTHOI'0 OIPHIC-
KUBaTeNs JJIsl CHW)KEHHSI CYMMAapHBIX 9HEPreTHYeCKUX 3aTpar IpH ero pabore, ¢ y4eTOM BO3MOKHBIX
MOTEPh yposkast. BeraucauTenpHple SKCIEPUMEHTHI IIPOBOAMII C UCTIOIB30BAHIEM CHCTEMHOMN 3HEPTreTH-
YecKOH MaTeMaTHYecKOH MOJENN OTpBICKUBaTelei Ha O6a3e TpakTopa MT3-80, 82. PaccmarpuBaemas
CHCTEMa BKIIOYaeT MOACHUCTEMBI — TPAaKTOp, OIEPaToOp, ONpPHICKMBATENb, IIOJIE, II0YBAa |
ypoxait (TOOIIITY). B xagecTBe KpuTepusi ONTHUMHU3AIIH TApaMETPOB OIPBICKUBATENS MPUHATHI CyM-
MapHble HHEPreTHUYECKUE 3aTPaThl, BKIIOUAIOIINE, KPOME NPSAMBIX U KOCBEHHBIX YHEPreTUUECKUX 3a-
TpaT, SHEPTHIO YpOoXKasi, TEPIEMOro IIPH HEBEPHOM BBIOOpE ITapaMeTpoB onphickuBarens. Cxema BbIYHc-
JIUTETbHBIX IKCIEPUMEHTOB IpeaycMaTpUBasa IIECTH MapaMeTpUYecKyl0 ONTHMHU3ALUIO MapaMeTpoB
arperara /s 3a/JaHHBIX YCIOBHH ero paOoTbl. [ NMPHHATHIX yCIOBMH pabOTHI ONPBICKMBATEIS
(mnomanp nons Fpgy, =60 ra; aauHa rosa lgn, =0,8 kM; paccrosHue nepeesna ly =3 kM; KoadpuuueHt
MIPOYHOCTH Hecymier moBepxHocTH ot Q1=0,9; o6vem padoter Q=1000 ra; KynpTypa — spoBas IIIie-
HULA; YUCIJIO COPHAKOB — 50 HIT./Mz; YHUCJIO TPAKTOPOB, 3aHATHIX HA ONepalty Nk =1 IIT.; IPOAOIKHU-
TeJILHOCTh pabovero qHs Tguey =14 4; maanupyemas yposxaitHocts YP =40 1y/ra; Hopma BHeceHHUs 710~
xumukatoB H3 =150 n/ra; naeneHue Hacoca Pogos.= 3 Mlla; naBneHwe Bo3ayxa B IIHHAX
Py, =0,16 MlIla; uucio kosec Ha 0XHOM OOpTYy MocTa Zx =1 mT; KO3 HUIKMEHT CLETUIeHUs KoJiec ¢ ToY-
BOH Kyeep = 0,6; KOIQGHUIMEHT COMPOTUBIICHHS MEPEKATHIBAHNUIO KONEC fierek =0,1; MIOTHOCTH MOYBEI
pz=1300 xr/m’; TBepaoCcTs mouBsl H=1800000 ITa) BBIABICHO HAJTMYME COYETAHHMS 3HAYCHHIl LICCTH
IIapaMeTpoB, KOT/Ia CyMMapHBIE 3HEPreTHUECKNE 3aTPaThl JOCTUraloT MUHUMYMa. ONTHMasbHas MUpH-
Ha 3axBaTa COCTaBiIAeT 32 M, CKOpocTh — 10 KM/4, quameTp Kosieca — 2 M, 00beM Oaka ISt SIIOXMMHUKa-
T0B — 5000 11, mpuHa poduiId MHUHBL Kolieca onphickuBaTelsi— 0,2 M, KO3 PUIUEHT pacipeneneHus
Beca OIPBICKHUBATENA Ha ero omopHele koneca — 0,83. Ilpu moBopote arperara B mpezenax MO CyM-
MapHbIC dHEpreTUUecKue 3aTpathl coctaBmin 4852,9 M/[x/ra. [lpu Tex ke 3HAUCHUAX ONTHMATBHBIX
IapaMeTpPOB OIPHICKUBATENS IIOBOPOT arperara 3a NpejenaMy HOJs HNPUBEN K TPEeXKPaTHOMY CHIDKE-
HUIO CYMMAapHBIX 3HEpreTudeckux 3arpar n0 1365,4 M]x/ra. Illupoko UCIONIb3yeMble YaCTHBIC TTOKa-
3areny 3 PEeKTUBHOCTH pabOTh! ONPBICKUBATENEH — IPOU3BOAUTEILHOCTD, PACXO/ TOIUINBA HA €ANHHILY
00paboTaHHO TUIONIAN HE IO3BOJISIOT BBISBIATH ITyTH CHIDKCHHUS TTOTEPh ypOJKasl.

KnioueBble ciioBa: MallMHHO-TPAKTOPHBIM arperar, ONpbICKMBATENb, BEIYHCINTEIBHBIA 3KCIIEPH-
MEHT, 9HEPro3aTpaThl, HOTEPH ypOXKAHHOCTH, ONTHMHU3ANNS TAPaMETPOB, KPUTEPHH ONTHMHU3ALNH.

BBenenne. Bo3pacraroniue antponorenabie  3atpar [15, 16]. 3BecTHBI pe3ynbTaThl UCCIEO-
SHEPIreTUYCCKUE 3aTPATHI IIPH MPOU3BOICTBE Pac- BaHUM, MOCBAIICHHBIX YIYYIICHHIO KOHCTPYKIIUU
TEHHEBOAUYECKON mnpoaykuuu [1, 2] mpuBenu kK ONpBICKUBATEJIEH, TOBBIIICHUIO HAJEKHOCTH H
pa3paboTke M HCIOJIB30BAHHIO B IIPOU3BOJICTBE KadecTBa WX pabOTHI, aBTOMAaTHU3allMU M poOOTH-
TaK Ha3bIBAEMBIX DHEProcOSperarnInx TEXHOIO- 3a0MM  3TOM  TEXHOJOTMYECKOH  OIepaluw,
T BO3JENBIBAHMS  CEJILCKOXO3SHMCTBEHHBIX ocobeHHO Tipu paboTe C BPEeTHBIMH IS
KyneTyp [3, 4, 5]. Ix ocoOeHHOCTD 3aKifodaeTcss  4esnoBeka coenuHeHusmu [17, 18, 19]. Omgnako
B IIUPOKOM  HWCIOJb30BAHUU  XUMHUYCCKHX HCCIICIOBaHMM, B KOTOPBIX pabOTy OMpPBICKHBATE-
CpeInCTB OOpBOBI C BPEOUTEISIMU KYJIBTYPHBIX JIel paccMaTpUBAIOT CHCTEMHO, C y4eTOM Hera-
pacTeHuil W COpHSIKaMH, XOTsA ObI BIIEPBBIC THBHOTO BJIMSHUS TaKUX arperaToB Ha GOpMHPY-

5...6 net [6, 7]. B coueranuu ¢ pacnpocTpaHeHU- MBIl ypoxkail KyJbTYpPHBIX pacTeHMH HeZocTa-
€M MPaKTHKH MPUMEHEHHUS pa3INdHbIX Onomnpena-  TouHo [20, 21, 22].
paToB M CTUMYJISTOPOB POCTa M Pa3BUTHUS pacTe- Llens HamMX MCCIENOBAaHMH — ONTHUMHU3ALMS
HUH 3TO BBI3BATO (DOPMHUPOBAHHWE YCTOWYMBOW  TMapaMeTpoB  MNPUIEMHBIX  ONPBICKUBATEINCH
MHUpPOBOW TEHJEHIMH DPACIIMPEHHS HCIONB30Ba-  C YYETOM HX HEraTHBHOIO BIIMSHUS Ha ypoxaii-
HUS arperaToB JJIS ONPBICKMBAHUS KyNbTyp MX  HOCTb  3€pPHOBBIX  KyJIbTyp Ha  IIpUMEpe
pactBopamu [8, 9]. OCOOEHHOCTh ITON TEXHOJIO- SIPOBOM MIIICHHUIIBI.
THYECKON omepanuu — o0paboTKka MOCEeBOB B IIe- YcaoBus, MaTepuanabl U MeToabl. s mo-
PHO/ BeTeTAlMM PAaCTEHHWH, YTO BEJET K YHHYTO-  HCKA ITyTeH MOBHIMEHUS 3()(HEKTUBHOCTH KCILITY-
KEHUIO OIIPENICIEHHON MX YacTH, a 3HA4YMT K MO-  aTalluM MPULENHBIX ONPBICKUBATENEH, B TOM YHC-
TepsiM ypoxkaitnoctu [10, 11]. JIe IIyTeM CHUXXCHMs IIOTEPhb ypoxKas, UCIOJb30-
Cpenn HaydHBIX ITyONMKaIMsX JOCTaTOYHO  Bald METOJ| BHIYMCIHMTEIBLHBIX AKCIIEPUMEHTOB Ha
4acTO BCTPEYAIOTCS Pa0OTHI, MOCBSIMICHHBIE TO-  OCHOBE YHEPreTHYECKON MaTeMaTHUECKOW MOe-
BBIIIEHUIO 3PPEKTUBHOCTH KOHCTPYKIUU ONPBIC-  JTH  COOTBETCTBYIOIIMX  MAIIWHHO-TPAKTOPHBIX
KHMBaTeJlel, a TakkKe YBEIWYCHHIO 3((EeKTHBHO- arperatoB [23, 24, 25]. Kputepuem onTHMaibHO-

CTH uX 3KcmyaTanuu [12, 13, 14]. B ocHOBHOM B CTH NIPUHUMAEMBIX pelieHui CILyXKHUia
HUX PEIIAIOTCS BOMPOCHI, CBA3aHHBIE C POCTOM  BEIUYMHA II0KA3aTellsl CyMMapHbBIE JHEpreThde-
MIPOU3BOJUTENILHOCTH OINpPBICKUBAaTENEH, CHUXKe- ckue 3arpathl [26, 27, 28], KOTOpBIA Kpome
HUEM TIPSMBIX JHEPTEeTHYCCKHUX WA (UHAHCOBBIX  TMPSIMBIX SHEPreTUUECKUX 3arpar
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MAaIlMHHO-TPAKTOPHOTO arperara, Y4uThIBaeT M
KOCBEHHBIE, B TOM YHCJIE€ SHEPTHIO YpOXKas, Teps-
€MOTO W3-3a NPUHATHS HEBEPHBIX PELICHUH MO
OTIPEIEIICHUIO MapaMeTPOB OMNPBICKUBATENSA C
Y4eTOM YCIOBHH ero paboThl. BrramcnurenbHbe
9KCTIEPUMEHTHl TIPOBOAMINA C HCIHOJIB30BAHUEM
IIpOrpamMM B CHCTEME KOMIIbIOTEpPHOI MaTemaru-
ku MATIJIADB Ha nmpumepe paboThl OIPBHICKHBATE-
a1 ¢ Tpakropom tuna MT3-82. Konctpykunosn-
Has CXeMa OIPBICKUBATEN — MPHULENHON, OIHO-
OCHBI C TakUMH H3MEHSIEMBIMH IapaMeTpaMu
Kak IIMPUHA 3aXBaTa, pabodast CKOPOCTbh, ANAMET-
pa Kojeca, mIpUHA PO IHUHBI, 00beMa pe-
3epByapa Uil SAOXHMHUKaTa, KO3pQHIHUeHT pac-
IpeJesieHusl Beca Ha OIOpHbIE Kojeca, JUIMHA
apiuia 1 ap. CpaBHUBaJIM OpraHH3aLi0 padoT
[0 3allUTe PacTeHUN C MOBOPOTOM arperara Ha
MIOCESHHOM MOJIe U 3a ero npeaenamu. IloBopot —
B KOHLIE TOHAa KPYTOBOH.

Hcxonnple naHHBIE OISI BBIYHUCIUTEIHHOTO
9KCTIEPUMEHTA:

IIoIaab mojs Fey, =60 ra;

JJTMHA TOHA lgon, =0,8 KM;

paccTosiHHe nepeesna lye =3 kum;

KOX(PHUIUEHT MPOYHOCTH HECYIICH MOBEpPX-
Hoctu nosit Q1=0,9;

o00wvem padoter Q=1000 ra;

KyJIbTypa — sIpoBast MIICHNLA;

YHCIIO COPHAKOB — 50 1mIT./m%;

YHUCIIO TPAaKTOPOB, 3aHATBIX Ha OIEpaIlH
Ntrakt:1 mT.;

MPOJIOSKUTENEHOCTD paboyero JHS
Tdnev =14 q;

IulaHupyemas ypoxkaitnocts YP =40 /ra;

HOpMa BHECEHHS SAOXUMHKATOB
H3 =150 n/ra;
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UJHPHHB 3axeaTta arperarta, m 30

35

naBiieHHue Hacoca P uq0s.= 3 Mlla;
JlaBjeHue Bo3ayxa B mmuHax Py, =0,16 MIla;

YUCIIO KOJIeC Ha OXHOM OOpTy MOCTa
Zy =1 mr;

KO3(QQUINEHT CHEIUIEHUS KOJIeC C IOYBOH
Kscep: 076>

KO3()(ULMEHT CONMPOTUBIICHHUS IEpeKaThIBa-
HHIO KoTeC fyerek =0,1;

IIOTHOCTH MOUBHI pz=1300 Kr/m’;

TBepaocTh noussl H=1800000 ITa.

PesyabTaTrel u o0cy:xaeHue. Ha mepBom
3Tale B XOJE€ BBIYUCIHUTENBHBIX IKCIIEPUMEHTOB
BBIBJIUIM BJIMSIHAE MAapaMeTPOB ONPBICKUBATEIS
Ha BBIOpaHHBIN KpUTEpW ONTHMH3ALUU U JIPY-
rue OOIIETPUHATHIC MMoKa3aTean d(PPEKTUBHOCTH
paborst MTA (IpOW3BOOUTENHLHOCTB, PAacXon
TOIUIMBAKW JIp.), OTJAEJIBHO OMNPEASNISUIM BETUYH-
HYIOTEPh YPOXKaWHOCTU JUIS 33JaHHOTO COYeTa-
HUS YCIIOBHHA PaOOTHI.

PacueTsl B 9KCTIEpUMEHTE C TIOBOPOTOM BHYT-
PY TIOJISL 1NN CIIEAYIOIINE PE3YIIbTATHI:

ONTHMAaJbHAsl IIUPUHA 3aXBaTa ONPHICKUBATE-
1 Bop = 32Mm;

ONTHMAaJIbHAS
Vopt = 10 xM/d;

ONTHMANBHBII 00beM Oaka ONPBICKUBATEIS
Vemkopl: 5000 H;\,

ONTHMAJIBHBII JHaMeTp KoJieca ONpBICKUBATE-
11 Dy =2,032 m;

ONTHMaJIbHasl IIHPHHA IMIMHBI KOJieca OIpbIC-
kuBatens Bgyigi = 0,2 M;

ONTHMANBHBIN K03 (dUIMEHT pacnpeneneHus
BECa ONPBICKMBATEIIS HA €ro KOleca Ay r_op= 0,83.

MuHUMaNbHBIE CyMMapHbIE JHEPreTHYECKHe

CKOpOCThb arperara

3aTpaThl OPU ONTHMAIBHBIX MapamMeTpax OMpbIC-
kuBatensa B, = 4852,9 MJIx/ra.

. CkopocTb arperara, kM

Puc. 1 — H3menenne CYMMAPHBIX SHCPTCTUYCCKUX 3aTpaT Ipu pa60Te OIIPBICKUBATEJIA OT IIHUPUHBI €TI0
3axBaTa u pa60qel71 CKOpPOCTH arperara

Amnanu3 rpaduueckoro npeacTaBiIeHUE BIIUS-
HUSI TTapaMeTPOB ONpPBICKMBATENS Ha 3PQeKTHB-
HOCTH €ro paboThl MOKa3al, YTO Ha BEIHYHHY
CyMMapHBIX JHEpPreTHYecKHuX 3aTpaTr Ooubinoe
BIIMSIHAE OKa3bIBAaeT IIMPHHA 3aXBaTa ONPBICKU-
BarTens, yBeJMdeHne KoTopoil B 2 pasa (¢ 16 1o
32 M) Ha ckopocTH 10 KM/4 CHU3WIIO CyMMapHbIe

93

JHepreTudeckue 3arpatel ¢ 9200 MJ/lx/ra mo
4853 M/lx/ra, nim nioutH B 2 pasa (puc. 1). YBe-
JMYEHHe CKOPOCTH arperara Tak e BelIeT K
YMEHBIICHNI0 CYMMAapHBIX JHEPreTHYeCKHX 3a-
TpaT, HO MO BEJIMYHHE 3TO CHIDKEHHE HE3HAUH-
TenbHO M cocTtaBiseT 112 MJDx/ra mpu mmpuHe
3axBaTa 32 M 1 pocre ckopocTH ¢ 7 10 10 km/4.
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Puc. 2 — VI3MeHeHnE CyMMapHBIX SHEPTETHYECKUX 3aTPaT MPH paboTe ONMPBICKUBATENS OT JHAMETPA €0
OTOPHOTO KoJieca U 00beMa Oaka

Tak Kkak yBeJIWYCHHE IIUPUHBI 3axBara
OTIPBICKUBATEIISI COMPOBOXKIACTCS POCTOM OITH-
MaipHOTO OoOBeMa Oaka (puc. 2, 3), MakcHMalb-
Hasl ONTHMaibHas pabodas CKOPOCTh arperara

7500~

& 2
o o
[=] [=]
] 1

()]
o
o
o
1

2000

CymMMmapHble aHepreTudeckue saTpatel, MIx/ra
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O6bem eMKOCTH ONpLICKMBATENA, N

10 xm/4 ompenensieTcss NPUHATOW MOIIHOCTBHIO
naBurarens tpaktopa 80 J.c. ¥ MOXeT UMeTh 00-
Jee BBICOKOC 3HA4YCHHE NPH HCIOIB30BaHHU
TpaKTopa ¢ OOJBIICH MOITHOCTRIO (pHC. 4).
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LupuHa npoduns WKHLL, M

Puc.3 — I3MeHeHne cyMMapHBIX YHEPIeTHUECKHX 3aTpaT pU paboTe ONphICKUBATENs OT 00beMa Oaka u
LIMPUHBI TPOUIISI OTIOPHOTO KoJieca
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MoTpebHas MOLLHOCTL ABUraTens, Nn.c.

10

PaBovan ckopocTk arperata, km/y

35

20
15 UnpuHa 3axsaTa arperata, M

Puc. 4 — I3ameHeHne moTpeOHOW MOIITHOCTH ABUTATENS TPAKTOPa OT IIMPHHBI 3aXBaTa U paboueit
CKOPOCTH OIPBICKHUBATEIS
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[TaTukparHoe yBenmuueHue oObema Oaka
onpeickuBatens ¢ 1000 mo 5000 1 mpuBoauT
K CHIDKEHHIO CYMMAapHBIX SHEPTETHIECKUX 3aTpaT
¢ 5900 Mx/ra mo 4853, umm Oojee ueMm
Ha 1100 M/lx/ra (cMm. puc. 2). IIpu 3ToM yBenu-
YeHHEe  JuaMeTpa  Kojeca  ONPBICKUBATEINS
¢l M 1o 2 M mpu onTUMaIbHOM 00BeMe Oaka
onpeickuBatenss 5000 1 gaer BO3MOXKHOCTD
COKpaTUTb CyMMapHbIE SHEPTETHYECKUE 3aTPaThl
Ha 180 M/Ix/ra.

C pocToM MIHPHHBEI TPOQIIISL OTIOPHOTO KOJIe-
ca onpsickuBatens ¢ 0,2 m no 0,6 M Tpu onTu-
ManbHOM 00OBeMe Oaka ompeickuBatens 5000 n
CyMMapHbIE >HEPreTHUECKHE 3aTpaThl YBEIHUH-
Batorcs Ha 1400 MJDx/ra (cMm. puc. 3), 4To mpo-
TUBOPEUHT INPHUBBIYHON JIOTHKE — 4YeM OoJblie

CymMMmapHkeie aHepreTudeckue aatpartel, MIx/ra
= (4] w [+2] [=2] ~
w (=] w o W (=]
o o o (=] o o
-0 (=] o o o o
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0.
KoadduumeHTpacnpeaeneHus eeca
onpbiCKMBaTENA Ha kKoneca

08

LIMPHHA KOJIeCa, TEM MEHbIIE YIUIOTHEHHE TTI0YBBI
U, COOTBETCTBEHHO, IIOTEPH YPOKAHHOCTH.
B sToM ciyuae ompenensroniee BIHSHHAE OKa3bl-
BaeT HE YIUIOTHEHHE TOYBEI, a pa3Mep BBITAITHI-
BAEMOM KOJEeCaMM IUIOIIAAU, pOCT KOTOPOH CO-
MIPOBO’KAAETCS 3HAYUTENHHBIM ITOBBIIICHUEM II0O-
Tepb ypoxkas. C UX y4eToM ONTHMalbHOM MUpH-
HOW mpodumist Koieca ONPBICKUBATEINS CIIEAYET
cuutath 0,2 M.

[Iyrem mpaBUIBHOTO MOJ00pa KO3 UIIUEHTA
pacmpeneneHusl Beca ONPBICKUBATENS C ITOTHOU
3arpy3koil 0aka XHIKOCTBIO Ha €ro OIOpHBIE
IBIDKATEINN, MOKHO CHU3UTh CyMMapHBIC YHEpTe-
tnaeckue 3arpatel Ha 1000 Mx/ra (puc. 5).
OnrumManbHast ero BeJIMYMHA /I YCIOBUH MPOBe-
JIEHUS BBIYUCIUTEIbHBIX dKcTiepuMeHTOB — (,83.

0.4

02
LWnpuHa npotunA WKHLI Koneca, M

Puc. 5 — lI3MeHeHne cyMMapHBIX SHEPTETHYECKNX 3aTpaT P padoTe ONPBICKUBATENS OT KO PHITHEH-
Ta pacIpeeeHHs Beca ONPBICKUBATEINS Ha ero KoJieca W INUPUHBI TPOQHIIS OITIOPHOTO KoJieca

- - Y - -
[=] [ R [=2] =]
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MNponseoanTeNnLHOCTL arperata, ra/
[s+]
]

==
o

10

CKOpOCTbL OnpbiCKMBaTENS, KM/Y

15

20
WupuHa 3axeata arperata, M

Puc. 6 — M3MeHeHHe MPpOU3BOAUTEIBHOCTH ONPBICKUBATENSI IPH H3MEHEHHH LIMPUHBI €T0 3aXBaTa H
paboueli ckopocTH

VIHTEeHCHBHOCTD BIIMSTHUS HIMPUHBI 3aXBaTa U
paﬁoqef/i CKOPOCTH Ha MPOU3BOAUTCIIBHOCTD arpe-
raTta IpuMEpPHO OJWHAKOBA — YEM OoutbIIIEe upur-
Ha 3axBaTa U CKOPOCTH arperara, TEM BBIIIEC €TI0
MPOU3BOAUTECIILHOCTD. MakcuMmanpHas BeIMYHUHA

95

9TOro Tmokaszaresns 16,5 Tra/d  COOTBETCTBYET
HauOONBIINM 3aJlaHHBIM 3HAYECHUSIM LIHPHHBI
3axBara — 32 M U CKOPOCTH — 12 KM/4 TIpH yCII0-
BUM  JIOCTaTOYHOH  MOIIHOCTH  JBHTaTENsd

B 86 11.c. (puc. 6)
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Pacxop Tonnuea, krira

30 9

LUnpuHa 3axeaTta arperara, M B 7 CkopocTb arperata, km/4

Puc. 7— I3MeHeHue TOreKTapHOro pacxoia TOIUIHBA ONMPBICKUBATENS IIPH M3MEHEHUH [IUPUHBI €T0
3axBaTa U pabodeii CKOpoCTH

Pacxon ToruMBa Ha €JUHUIY BBIIIOJIHEHHOMN arperara ¢ 16 no 32 m Ha ckopoctr 10 KM/4 CHU-
paboTel ¢ yBenMYeHHEM INUPUHBI 3axBaTa  Jkaercs ¢ 0,72 no 0,43 xr/ra (puc. 7).

MoTepk ypoxanHocTw, u/ra

30 8
LLnpuHa 3axBaTa onpbicCKMBAaTENA, M % 7 CKopoCTb OnphICKUBATENS, KM/Y

Puc. 8 — 3aBUCHMOCTD NIOTEPh YPOIKAHHOCTH OT IIMPUHBI 3aXBaTa U paboyeil CKOPOCTH ONPBICKUBATEIS

I T

e T2 B

MoTepwn ypoxanHocTk, u/ra

2 Badio
1000

3000 - = 2
4000 15
OBem emkocTy, n 5000 1 MameTp KoMeca OnpLICKMBaTENA, M

Puc. 9 — 3aBucumocts MOTEPhb ypO)KaﬁHOCTH OT JuaMeTpa OIMMOPHOI'o KoJeca 1 o0beMa
Oaka OIIPBICKUBATEJIA
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XapakTep HM3MEHEHHS NOTEpb ypoxKas IpH
BapbUPOBAHHHM ONTUMHM3UPYEMBIX IapaMeTpOB
OTIPBICKMBATESI TOYTH IOJHOCTBIO KONHUPYET
XapakTep W3MEHEHHS CYMMAapHBIX 3HEpreTHde-
ckux 3arpat. Tak, Mo Mepe yBETUUCHHUS IIHPHHBI
3axBarta ONpBICKUBaTeNs ¢ 16 1o 32 M mpu ckopo-
ctu arperata 10 KM/4 moTepu ypo>kaitHOCTH sIpo-
BOM MIIEHUIEI CHUXaoTes ¢ 6,22 1o 3,19 w/ra,
win bonee ueM B 2 pasa (puc. 8).Haubonee 3Ha-
YHUTENIbHOE BIIMSIHUE Ha CHIDKEHHE TOTEph YpO-
XKaWHOCTH  OKa3plBAIM  yBEJMYEHHE O00BeMa
0aka ONpPBICKMBATEIs, KOTOPOE  COKpalacT

45—

3.5+

MNMoTepun ypoxkalHOCTHK, W/ra

0.4

WnpwHa npodmna WKHBL, M 0.2 1500

arpoCpOKH BBITOJHEHUSI TEXHOJOIMYECKOH ore-
pauuy, W YyMEHbIIEHHWE MIUPUHBI Tpodus
IINHBI KoJeca OIIPBICKMBATES, 4TO
CIIOCOOCTBYET CHIDKCHUIO IUIOLIAM IIOCEBOB,
MO/IBEPTACMBIX BBITANTHIBAHUIO J(BIKHTEIAMH
onpsickuBaTens (puc. 9, 10, 11). Takue pe3ynbra-
TBI CBHJETEIBCTBYIOT O TOM, YTO B CyMMapHBIX
9HEPTreTHYEeCKUX 3aTpaTax 3HAYUTEIbHASL
YacTh NPUXOJUTCS HA DHEPTHIO TEPSIEMOI0 Ypo-
JKasg ¥ MMEHHO 5Ta COCTaBJIAIONIAs OKa3bIBaeT
HauOoJpllee  BIMSHAE HA  ONTHMAJbHBIC
HapaMeTpPhl OIPBICKUBATEIIS.

5000

Puc. 10 — 3aBUCHMOCTh MOTEPH YPOKAMHOCTH OT MIMPHHBI HIMHBI KOJleca U 00beMa
Oaka OTPBICKUBATEIIS

MoTepn ypoxarnHocTK, u/ra

0.85
KoaththuumeHT pacnpeneneHus eeca
ONpbLICKMBATENA Ha ero Koneca

08 02

LWwnpwHa npothunsa WKHEL, M

Puc. 11— 3aBuCUMOCTB MOTEPDH YPOXKAHKHOCTH OT KOA(DPUIIMEHTA pacIIpe/IelieHNs Beca OTPhICKMBATENS
Ha ero KoJyieca M HIMPUHBI IIHHBI KoJieca

[To pe3ympTataM BBEIYHUCIUTEIHFHOTO KCICPH-
MEHTa C IIOBOPOTOM arperara 3a IpeeiaMu Mol
OBUIH IOJy4eHbl TaKhe K€ ONTUMAaJbHbIC Tapa-
METpPhl ONPBICKUBATENs, KaK M B BapHaHTE
C TIOBOPOTOM BHYTPH I0JIsI. [IpH 3TOM MHHHAMAIIb-
HbIE CyMMAapHbIC YHEPIETHUECKUE 3aTPAThl PE3KO
cHU3WIUCH ¢ 4852,9 MIx/ra no 1365,4 M]JIx/ra
(eMm. puc. 2 u 12), wim Gonee yem Ha 300 %.
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Takum 00pazom, OCHOBHEIC oTepH
ypoxas  (OpMHUPYIOTCSI  HAa  MOBOPOTHBIX
noJsiocax (cM. puc. 9 u 13), mosTomMy HE0OX0TUMO
NPUHUMATh OpPTraHU3aIl[MOHHbIE U KOHCTPYKIHOH-
Hble (HampuMep, IyTeM NPUMEHEHHUs CIeIsIIuX
YCTPOMCTB, 0OECIEUnBAIONINX JIBUKEHHE KOJIeC
OTIPBICKUBATENS CJIEJ B CIEA 3a KOJecaMH Tpak-
TOpa) MEPHI 10 UX YMEHBIIICHUIO.
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12 — VI3MeHeHne CyMMapHBIX SHEPTeTHYECKHX 3aTpaT NMpH paboTe ONPBICKUBATENS

OT AUaMeTpa €ro OIMOpHOIo KoJeca 1 o0bema Oaka
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2000
3000
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O6bem emkocTu, n

5000

2.5
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1 HuameTp koneca onpbiCKUBaTens, M

Puc. 13— 3aBucuMocTs IOTEPh ypOXKANHOCTH OT JUAMETPa OIMIOPHOTO KoJieca U 00beMa
0aka OmpBICKUBATES

BeiBoabl. BriuncnurenbHble 3KCIEPUMEH-
TbI, IPOBEJICHHBIE C UCIOJIb30BAHUEM JHEPIETU-
YeCKOW MaTeMaTH4YeCKOM MOJENH ONpbICKUBATE-
JIel, yYUTHIBAIOIIEH BIMAHUE €r0 MapaMeTpoB Ha
(dbopMHUpYEMYIO YPOKAWHOCTH SPOBOI MIICHHIIBI
MOKa3aji, 4TO CYIIECTBYET COUeTaHNE 3HAYCHHIA
ONTUMM3UPYEMBIX MAapaMeTpoB B IMpelenax 3a-
JIAaHHBIX BEJIMYMH, KOI/la CyMMapHbIE SHEPreTH-
YecKHe 3aTpatbl OT pabOTHl arperara JOCTUTAIOT
MUHUMYyMa. I OPUHATBIX, B XOAE BBIYMCIIH-
TETBHBIX IKCIIEPUMEHTOB, YCIOBHIA paOOThI MPH-
[IETTHOTO OTIPHICKUBATENISI C TPAKTOPOM THIA
MT3-82  ontumanpHas ~ IIMPHHA  3aXBara
cocraBigeT 32 M, ckopocTtb — 10 KM/4, quameTp
Koseca — 2 M, o0beM Oaka 5000 i, mmpHHA MPO-
¢wis  UHBI 0,2 ™M, Ko3pdpuuueHT
pacupelieNieHdss Beca OINpPLICKUBATENsl Ha €ro
onopHsle koneca 0,83;

MHUHUMAaJbHBIE CYMMapHbBIE JHEPTeTUYECKUE
3aTpaThl CHUXKAIOTCS C POCTOM IIMPHHBI 3aXBaTa
arperara, ero pabodeil CKOpPOCTH, IHaMeTpa
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KoJleca OTpBICKMBATENsl, oObeMa 0Oaka; Mpu CHH-
JKEHUH IHUPHUHBI TPOQUI KoJleca ONPBICKHBATE-
ast u koadduimeHTa pacrpeneneHus Beca
OTIPBICKMBATENS Ha €ro ONOpHBIE Koneca (B 3a-
JIAaHHBIX TIpejesnax).

IIpu moBopoTe arperata B Ipenenax IO
3aHATOTO PACTCHMWSMH MHHHMAIbHBIE CyMMap-
HBIE  JHEpPreTHMYeCKWe  3aTpaThl  COCTaBHIIN
4852,9 M]Ix/ra, ocyIIecTBICHHE TOBOPOTA arpe-
rara 3a Mpeze’aaMy I0JIs IIPUBEJIO K UX TPEXKpaT-
HOMY CHIXeHHIOo 10 1365,4 M/Ix/ra.

Jns moseimeHust 3PQPEeKTHBHOCTH PabOTHI
arperara npu o0paboTKe MOCEBOB BETETUPYIONTUX
pacTeHHIl pacTBOpaMH arpOXHMHKATOB HEOOXO-
JUMO paccMaTpUBaTh CUCTEMY, B COCTaB KOTOPOH
BXOJISIT TPAKTOp, ONEPATOp, ONPBICKUBATEID, I10-
ne, nousa, ypoxaii (TOOIIITY), a B kauecTse
00BEKTUBHOTO KPUTEPHUS ONTUMH3ALUK €r0 Hapa-
METpPOB HCIIONB30BATH CyMMAapHBIE JHEpreTude-
CKHE  3aTpaThl,  YYWTHIBAIOUINE  BIIMSHUE
Ha YpO’KalHOCTb KYJbTYD.
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INCREASING THE EFFICIENCY OF THE USE OF THE PULL-TYPE SPRAYER
BY REDUCING HARVEST LOSS
A. A. Nurmiev, K. A. Khafizov, R. N. Khafizov, N. R. Zalakov, I. I. Maksimov

Abstract. The research was carried out with the aim of optimizing the parameters of the trailed sprayer to re-
duce the total energy costs during its operation, taking into account possible crop losses. Computational experiments were
carried out using a system energy mathematical model of sprayers based on the tractor MTZ-80, 82. The system under
consideration includes subsystems - tractor, operator, sprayer, field, soil and crop (TOOPPU). As a criterion for optimizing
the parameters of the sprayer, the total energy costs are taken, including, in addition to direct and indirect energy costs, the
energy of the crop lost when the parameters of the sprayer are chosen incorrectly. For the accepted operating conditions of
the sprayer (field area Fyy, = 60 ha; head length lyon, = 0.8 km; travel distance 1, = 3 km; strength factor of the field bear-
ing surface Q1=0.9; volume of work Q 1000 ha; crop - spring wheat; number of weeds - 50 pieces/m*; number of tractors
employed in the operation Ny, = 1 piece; working day Ty, = 14 hours; planned yield YP = 40 c/ha; application rate of
pesticides H3 = 150 1/ha; pump pressure Pnasosa = 3 MPa, air pressure in tires Py, = 0.16 MPa, number of wheels on one
side of the axle Zy = 1 piece, coefficient of adhesion of wheels to soil Kscep = 0.6, coefficient of resistance to wheel roll-
ing foerex = 0.1; soil density pz=1300 kg/m?; soil hardness H=1800000 Pa) revealed the presence of a combination of values
of six parameters when the total energy costs reach a minimum. the volume of the tank for pesticides is 5000 1, the width
of the sprayer wheel profile is 0.2 m, the coefficient of distribution of the weight of the sprayer on its support wheels is
0.83. When turning the unit within the field, the total energy costs amounted to 4852.9 MJ/ha. With the same values of the
optimal parameters of the sprayer, turning the unit outside the field led to a threefold reduction in total energy costs to
1365.4 MJ/ha. Widely used partial performance indicators of sprayers - productivity, fuel consumption per unit of treated
area do not allow to identify ways to reduce crop losses.

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