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Annomauyus. BaXHbIM arpOTeXHUYIECKUM IIPHEMOM I10 YXOIy 32 MHOTOJICTHUMH IDIOJAOBBIME HACAKICHUSIMA
SIBJIIETCSL 0Ope3Ka JiepeBbeB, 3aTpaThl Ha KOTOPYIO COCTaBISIOT 22-24% Bcex TpyAo3aTpar Ha MPOU3BOACTBO
IUIOIOB. B 3aBHCHMOCTH OT KOHCTPYKIIMH HAaCaXICHUH U MX BO3pacTa 00beM 00pe3aeMbIX BETBEH COCTABISET
3-20 T/ra. Takue OTXOABI TPEOYIOT BBHITOTHEHUS TEXHOJOTHUYECKUX OIEpaIiii 110 UX YTWIH3anuu. B HacTos-
miee BpeMsl PhIHOK CEeIbCKOXO3AWCTBEHHONW TEXHHUKH TMpeajiaraeT CeIbX03TOBAPOIIPOU3BOAUTENSM OOJBIIOH
TUTIaX MaIlWH U Tog0opa W M3MENbUeHHs CPe3aHHBIX BETBEH IUIOMOBBIX AEPEBHEB, HIMEIOIINX Pa3IMYHEIC
KOHCTPYKTHBHO-TEXHOJIOTHYECKHE oTindnsi. OHAKO OCHOBHBIM MX HEIOCTATKOM SIBIIICTCS BBICOKAs DHEPIO-
€MKOCTb ITponecca U3MEJIIbYCHU CPE3aHHBIX BETBEH IJIOAOBBIX JICPEBLEB. B cBs13u ¢ aTHM aKTyaHbHOﬁ 3aaa-
yell sABIsieTcs pa3padoTKa U MCCIEOBaHNE KOHCTPYKIMHU MOM0OPIINKA-U3MENbYUTENS], TTO3BOJISIONIETO MO~
OMpaTh M N3MENBYATh CPE3aHHBIC BETBU IUTOOBEIX ICPEBHEB C MUHIUMAIIEHON 3HEPrOeMKOCTEI0. Llens paboTsr
— OIpeACJICHUEC OHEPIOCMKOCTU U3MEJIBbUCHUA CPC3aHHBIX BETBEH IJIOAOBBIX AC€PEBLEB POTOPHBIM ABYXBAJIKO-
BbIM HU3MCIIBYUTCIIEM. I/ICCHC}IOB&HI/IH MpOBCACHBI C UCIIOJIB30BAHUEM MCTO/I0B (1)1/131/1qec1<0r0 1 MaTeéMaTH4dec-
CKOTO MOJICITUPOBAHUS U TEOPHUH MATEMAaTHICCKOTO TUITAHUPOBAHIS SKCTIepUMeHTa. [10TyIeHbBI aHaATHTHIECKUE
3aBHCHMOCTH [UIS pacueTa MOIMHOCTH IPHBOAA M3MEIBYHTENHFHOIO ycTpoiicTBa. Pa3zpaboTana skcneprMeH-
TaJbHO-TabOpaTopHas ycTaHOBKa. [lomydeHo ypaBHEHHE PErpecCHd U MOCTPOSHBI 3aBUCUMOCTH MOIIHOCTH,
HEOOXOMMEIE TSI M3METBUCHHS CPE3aHHBIX BETBEU IIOJOBBHIX JEPEBHEB OT KOHCTPYKTUBHBIX ITapaMeTpPOB
POTOPHOTO ABYXBAJIKOBOTO M3MEIHUHUTENS. YCTaHOBICHO, YTO MHHUMAIbHAs MOITHOCTE (6,5 kKBT), 3aTpaun-
BacMasl Ha U3MCJIbYCHHUEC CPE3aHHBIX BETBEH TUIOAOBLBIX ICPEBHEB, OGCCHC‘H/IBBCTCH Ipu CJICAYIOIINX IMapaMeTpax
JIBYXBAJIKOBOTO POTOPHOTO M3MENBUHUTEINS: CKOPOCTh IMOJa4yd BeTBeH 1,4 M/C; OKpYXKHAs CKOPOCTh PEXKYILCH
KpOMKH HOka 11 M/c; 3a30p MEKTy peKYILEH KPOMKOM HOXa W BAJIOM MPOTHUBOITONI0KHOTO poTopa 0,003 M; npu
YacoBOW MPOM3BOJIUTENHLHOCTH MONOOPIIMKa-U3MeNnbunTeis paBHoil 0,8 ra/du. DHeproeMkocTh mporecca u3-
MeJIbUEHHs CpEe3aHHbBIX BETBEH MII0JOBHIX AePEBhEeB cocTaBiseT 8,13 kBT  u/ra.

Kniouegwie cnosa: nnonossie nepesbs, 00pesKa, I0a00p, U3MEIbYEHHE, ABYXBAIKOBBII POTOPHBIN H3METbUH-
TeIlb, MOIIHOCTh, YHEPIOEMKOCTh
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Abstract. An important agrotechnical technique for caring for perennial fruit plantations is tree pruning, the
cost of which is 22-24% of all labor costs for fruit production. Depending on the design of plantations and
their age, the volume of pruned branches is 3-20 t/ha. Such waste requires the implementation of technological
operations for their disposal. At present, the agricultural machinery market offers agricultural producers a wide
range of machines for picking up and chopping cut branches of fruit trees, which have various design and
technological differences. However, their main disadvantage is the high energy intensity of the process of
grinding cut branches of fruit trees. In this regard, an urgent task is to develop and study the design of a
pick-up-chopper, which allows picking up and chopping cut branches of fruit trees with minimal energy
consumption. The purpose of the work is to determine the energy intensity of chopping cut branches of fruit
trees with a rotary two-roll grinder. The studies were carried out using the methods of physical and
mathematical modeling and the theory of mathematical planning of the experiment. Analytical dependencies
for calculating the drive power of the grinding device are obtained. An experimental laboratory setup has been
developed. A regression equation has been obtained and dependences of the power necessary for grinding the
cut branches of fruit trees on the design parameters of a two-roll rotary grinder have been constructed. It has
been established that the minimum power (6.5 kW) spent on chopping the cut branches of fruit trees is
provided with the following parameters of a two-roll rotary grinder: branches feed rate 1.4 m/s; circumferential
speed of the cutting edge of the knife 11 m/s; the gap between the cutting edge of the knife and the shaft of the
opposite rotor is 0.003 m, with an hourly output of the pick-up-chopper equal to 0.8 ha/h. The energy intensity
of the process of crushing cut branches of fruit trees is 8.13 kWh/ha.

Keywords: fruit trees, pruning, selection, grinding, two-roll rotary chopper, power, energy intensity
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Beenenne.  BaxxHbIM  arpoTEXHUYECKUM Cpe3aHHble BETBH COOMpPAIOTCs paboOuUMHU C
NPUEMOM MO yXOAYy 3a MHOTOJICTHUMM HACAXKC- MOTPY3KOM B TPAHCIOPTHOE CPEICTBO, IEepeMe-

HUAMUA SABJIACTCA 06pe3Ka ACPEBLCB, 3aTPAThl Ha MIAIOLIECECS HENOCPEACTBEHHO 10 MEXKIYPAIbIO,

o
KOTOPYIO COCTABIIAIOT 22-24% BCEX TPY/IO3ATPAT  priposy ux 3a HpEeNeNbl Caja ¢ MOCIEAYIOLIM
Ha MPOM3BOJCTBO IUIOAOB. B 3aBMCMMOCTH OT

KOHCTPYKLIMH HACAKIEHUH U MX BO3pacTa 00beM
oOpe3aeMbIx BeTBel cocTtapmsier 3-20 1/ra. Takue
OTXOAbI Tpe6y}0T BBIIIOJTHEHUSI TEXHOJIOTHYEC-
CKHUX OTlepamnui 1mo ux nepepadorke [1].

cxuranuem. HemoctaTkoM JaHHOM TEXHOJOTHHU
SIBJIIETCS BBDKWTAHHE ITI0YBBI, OKA3LIBAIOIIEE
TOKCUYHOE JICMCTBHE HA MPHUPOTHYIO dKOCUCTE-
MY U 3JI0pOBBE ueoBeka [2].
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HambGonee mepcreKTUBHOW  TEXHOJOTHEH
YTWIN3aLUU CPE3aHHbIX BETBEH SBISIETCA HX
U3MEIBYCHUE B MEXKIYPSAbIX caja M 3ajeika
MIOJIyYEHHOW ILENbl B MOYBY 3a OJIUH IPOXOJ
crenuaIbHbIM arperatom [3-5].

B HacTosiliee BpeMsi OTeUeCTBEHHBIN PBIHOK
Ipe/UlaraeT CelbCKOXO3SHCTBEHHBIM TOBapoO-
IPOU3BOIUTENAM OOJBIION TUNAX MAIlUH JUIs
U3MENbUCHUSl CpE3aHHbIX BETBEH, HMEIOIIUX
pasiauuHble KOHCTPYKTHBHO-TEXHOJIOTMYECKUE
oTanuus. BbICOKas 3HEProeMKocTb H3Melbye-
HUSl CpE3aHHBIX BETBEH SBISETCS OCHOBHBIM
HEJIOCTaTKOM JaHHBIX MamuH [6—8]. Tloatomy
pa3paboTKa ¥ HUCCIIEOBaHHE KOHCTPYKIHH
NoJ00pUIMKA-U3MENIbYUTENS,  [103BOJIAIOLIETO
noadupaTh M M3MeNb4aTh CPE3aHHBbIE BETBU C
MUHHMMAaJIbHOM 3HEPro€MKOCTbIO, SBISETCS AK-
TyaJIbHOM.

Iean ucciaenoBaHus — ONpeCIICHHE 3HEP-
TOEMKOCTH H3MEJIbYEHHsI CPE3aHHBIX BETBEU
POTOPHBIM JIBYXBaJKOBBIM U3MEIBUUTEIIEM.

Marepunanbl, MeTOAbI U 00bEKTHI HCCJIe-
aoBanms. [Ipenmer nccnenoBanus — YHEProeM-
KOCTh MpolLiecca U3MENbUEHUS] CPE3aHHBIX BET-
Bell IUIONOBBIX JepeBbeB. MccienoBanus mpo-
BEJICHbl C HCIIOJIb30BAaHUEM METOMOB (pu3Hue-
CKOTO M MaTeMaTHYECKOro MOJEJIMPOBaHUSA U
TEOpPHH IUIAHUPOBAHUS 3KcrepuMeHTa. OOBEKT
UCCJIEOBAHNS — POTOPHBINA JIBYXBAJIKOBBIN U3-
MEJIbYUTENb.

Pe3yabTaThl HcciienoBanus. 3mensuenne
BETBEU POTOPHBIM JBYXBAJIKOBBIM H3MEIbUUTE-
JIEM MPOUCXOIUT B HECKOJIBKO CTaJMH, Ha Kax-
JIOM M3 KOTOPBIX OJHOBPEMEHHO MPOTEKAIOT
CJIO’KHBIE MPOIECChl MEXaHWYECKOH 00paboTKU
JpeBecHHbl BeTBeH ((PpHUKIMOHHOE mNepemerie-
HUE, pe3anue, nedopMaiusi, pa3pyuieHue).

ITpu co3nanum m060T0 TEXHUYECKOTO Cpej-
CTBa HEOOXOAMMO CTPEMHUTBHCS K TOMY, YTOOBI
€r0 PHEPTOEMKOCTh ObLIA 10 BO3MOXXHOCTH MU-
HUManbHOU [9-13]. AHanu3 KOHCTPYKIMH u3-
MEJIbUUTENbHBIX MAlllMH U UX paloThl IpH Te-
pepaboTKe BeTBEW TIOKa3ad, 4TO Hambojee
JHEPTOEMKOH Ollepalienl sBIISIETCS IPOLECC
pe3anus BeTBer. 13 3TOrO Ciexyer, 9TO OCHOB-
HbIM KPHUTEPUEM OLEHKH SHEProeMKOCTU U3-
MEJIbYEHUS SBISIETCS DHEPrOoeMKOCTh PE3aHUs
BETBEM.

DOHEpProeMKOCTh pe3aHUsl BETBEH pacCMaTpu-
BaeTCsl KaK OTHOIIEHHE 3aTPAaueHHON SHEepruu
Ha TIPOLIECC PE3aHUsl JAPEBECHHBI PEXYIIMMHU
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KPOMKaMHU HOKEH, YCTaHOBJICHHBIX Ha pOTOpE
W3MENBbYUTENs, Ha UHUILY MAacChl MM 00beMa

nepepadbaTbiBaeMON  JPEBECUHBI  CPE3aHHBIX
BeTBei [14, 15].
MOH_[HOCTL ImpuBOaa HU3MCEIIBYUTCIBHOTO

YCTpOMCTBA MPEICTABICHA B BUJIE CYMMBI:

N = N,,0+ N+ N>y

Mu

(1)

2oe:

N,,0 — MOIIHOCTB, 3aTpayrBaeMas Ha IIO-
Jlauy BeTBe, KBT;

N; — MomHOCTb, 3aTpaunBaeMasi Ha Iepepe-
3aHME BETBEU Ha I1EPBOU CTyIeHH, KBT;

N, — MomHOCTb, 3aTpaurBaeMas Ha Hepe-
TUPAOILEE JOU3MEIbYCHUE HA BTOPOH CTYIICHH,
kBT;

1, — KIIJ] npuBona.

MomHocTs, 3aTpaunBaeMas Ha Iojady cpe-
3aHHBIX BETBEH:

Nn00 = kyOB

I’Z.BV}’[ !

(2)
eoe:

Ky

THBJICHHS MTOJAIOIINX BaJabLOB, H/MM;

o — KO3 OHULHUEHT yIeIbHON CHIIBI CONPO-

B, — mmpuHa noxarornero BabLa, MM;
V,, — CKOpOCTb NOZIauu, M/C.

MomHoCTh, 3aTpaunBaeMas Ha miepepe3aHue
BETBEH:

Ny =P Vot 3)
eoe:
P.p1 — cpenree okpyxHoe yeunue, H;
V,1 — OKpY)KHasi CKOPOCTb pe3aHusi, M/C.
Cpennee oxkpyxkHoe yennue P, onpenens-
eTcs 1o opmyie:
Y “
27R
eoe:
A,e; —pabora cun pezanus, JIx;

27R — nIMHA TPAEKTOPUM OAHOro 06opoTa
HOX>KEBOTO JHUCKA, M;

7 — KOJIMYECTBO HOXKEH Ha JUCKE;

Ny — KOJIMYECTBO HOKEBBIX TUCKOB.

MomHoCTh, 3aTpauynBacMasl Ha JJOU3MeEIbUe-
HHE MacCCHI:
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Ny =P, V,0, 5)
2oe:
P2 — cpenHee OKpYXHOE YCHIHME JOHM3-

MeJIbYAIoIINX BaIbIIOB, H;
V,2 — OKpYy’KHasi CKOPOCTb BaJIbLIOB, M/C.

[Tone3Hslil yaenbHBIN pacXxol I3HEPTHH OIpe-
nensiercs o hopmyiie:

Ha ocHOBe TeopeTHYecKux HCCIIeIOBAHUN B
KayecTBe KPUTEPHUs ONTHMHU3ALUHN pabOThI BbI-
OpaHa MOIIIHOCTh, HEOOXOMUMAs JIJISl U3METTbYe-
HHSI CPE3aHHBIX BETBEU.

Pazpaborana ycranoBka (puc. 1) mis nmpoBe-
ACHUS DKCIICPUMECHTAJIbHBIX I/ICCJ'IGJ:[OBaHI/If/'I.

[Ipunuumn paboTel YCTAHOBKH COCTOUT B Clie-
JYIOIIEM: Cpe3aHHble BETBU IUIOAOBBIX JI€PEBb-
€B MOCPEICTBOM KOHBEiepa 7 W BaJbIOB S MO-

N JAl0TCS B KaMepy M3MENbYCHHUs, T POTOPHBIN
E =6- (6)  wsMempuurens 1, Bpamasch C ONpEIEIEHHOM
OKPY)KHOM CKOPOCTBIO, M3MEIbYaET M 3a CYUET
DHEProeMKOCTh  MpOoIlEecca H3MENbUEHHs  [IEHTPOOCKHOW CHIIBI TOJAaeT H3MEIbYCHHYIO
OIMCBIBACTCS BRIpAsKCHUEM (6). Maccy B YCTPOHCTBO Juisi cOopa 8.
~3¢.
v, Lrgdd 12
10 11
> ALl PC /N
T

Pucynoxk 1. YcraHoBka J1sl IpOBEACHUS UCCIIEAOBAHNMN:
1 — u3MenpunTeNb; 2 — MEKTPOJBUTATEI; 3 — BAPHATOP; 4 — YCTPOMCTBO LIS TOPMOKEHUS; 5 — BAJIBIIBI LTS TI0/1A4H;
6 — snekTponpuBox; 7 — KOHBE#Hep; 8 — yCTpOHUCTBO Tt cOOpa M3MEIBYSHHOH MacChl;, 9 — JaTIMK CKOPOCTH;
10 — gaTumK MOITHOCTH 3JIeKTpoaBuTaTels; 11 — aHamoro-mudpoBoi mpeodpazoBatens; 12 — koMIBIOTEp
Figure 1. The scheme of the experimental laboratory installation:
1 — chopper; 2 — electric motor; 3 — variator; 4 — device for braking; 5 — rollers for feeding; 6 — electric drive;
7 — conveyor; 8 — device for collecting the crushed mass; 9 — speed sensor; 10 — electric motor power sensor;
11 — analog-to-digital converter; 12 — computer

Ha ocHoBanmm TexHHYeCKOW HH(pOpMAIUU
ObUTM BBIOpAaHBI OCHOBHBIE YPOBHH (DaKTOPOB U
WHTEpBaJIbl UX BapbuUpoBaHus (Tadiu. 1).

W3meneHne ckopocTeidl BpalleHUs: POTOPOB
M3MEJBYUTENS U TIOJAIOIIUX BaJILIIOB OCYIIECT-

BIISUTOCH TIPU TIOMOIIM BapuaTopoB 3 (puc. 1).
W3meHeHue 3a30pa MeXIy HOXKaMH U POTOPOM
OCYIIECTBISUIOCH 32 CYET U3MEHEHHUS! MeXOoce-
BOT'O PACCTOSIHUSI MEXKIY POTOPAMH.

Ta6amnua 1. @akTopsl U YPOBHU UX BapbUPOBaHUS
Table 1. Factors and levels of their variation

Ne Komuposan- YpoBHHU
A @akTopsl HBIE . . . | UHTEpBaAN
/m HWKHUNA | HYJEBOM | BEpXHHIA
0003HaYeHUs
1 CKOpOCTh MMOJIauM CPE3aHHBIX BETBEH,
Xy 0,8 1,4 2,0 0,6
V., m/c
2 OKpy»Hasi CKOpocTh Hoxka, Y , M/c X5 8 10 12 2
3 ;Z“"’Osp “ﬁf"‘ﬂy HOMAMIL ¥ BATOM poTo- X3 0,001 | 00025 | 0,004 | 0,0015
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Jlnist u3MEpeHust YacTOThI BPAIICHUS UCIIOJIb-
3oBasics patunk 9 TX-4-TCM. Usmepenue pac-
XOAYeMON MOIIHOCTH H3MEJIbUUTENIEM IPOBO-
JIUIIOCH C TIOMOUIBbIO MpeoOpa3oBaTessi MOILIHO-
ctu E 849 M. Dnexrpuueckuil curHan ot gat-
YHMKOB ITOCTYTAJT HAa BXOJbI aHAJIOTO-II(POBOTO
npeooOpasoBatens 11 E-140, ¢ koroporo ¢ mo-
MOIIBIO perucTpupyrolei nporpammsl L-Graph
Ha TEPCOHAIHLHOM KOMIBIOTEPE CUHUTHIBAIHCH
JaHHbIE U3MEPEHUI U 3aHOCHIINCH Ha XpaHEHUE
B MIaMSITh JIJIS TIOCTIe Ty FOIIed 00paboTKH.

Pe3ynbraThl AKCIIEpUMEHTOB 00pa0aThIBAIHCH
B COOTBETCTBUH C METOAAMH IUIAHUPOBAHUSI MHO-
ro)akTOpHOTO AKCHEPUMEHTAa M MaTEeMaTHYECKOM
CTaTUCTHUKHU C UCTIONBb30BaHueM DBM.

B pesynbrare 00paboOTKHM 3KCIIEpUMEHTAIb-
HbBIX JAaHHBIX MOJYYCHBI CJIICAYIOINEC YPABHCHUSA
perpeccumu:

B KOJIMPOBAaHHOM BH/IE

Y=7848,2+1432,3-X;—
—1100,7-X,°+1487-X,—639,8-X,*—

467.9 X5+260,5-X5>+1952-X;-Xo— (")
—47 4 X X3—614,7-X1-Xs.

B PacCKOIUPOBAHHOM BUIE
N,.;,=—5392,3-4313,4V,—

~1719,8V,24+2234,5Vo—159,95V, >+ (8)

+405216:5+1220-v,'Vy—512250-v,,'S.

Ha pucynkax 2-4 npuBeneHbl 3aBUCUMOCTH
MOIITHOCTH, HEOOXOIUMBIE JUISI W3MEIbUYCHHUS
BETBEH OT UCCIIETYEMBIX (PaKTOPOB.

AT~

80001

6000+

Pucynok 2. 3aBUCHMOCTb MOIITHOCTH OT CKOPOCTH
mogadyu u OprmHOf/'I CKOpPOCTH HOXa
Figure 2. The dependence of power on the feed rate
and circumferential speed of the knife
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PHCyHOK 3. 3aBHCHMOCTE MOIIHOCTH OT CKOPOCTU
II0JIa4Y4 U 3a30pa MEKY HOXKaMH U BaJIOM pOTOpa
Figure 3. The dependence of power on the feed rate
and the gap between the knives and the rotor shaft

Pucynok 4. 3aBHCHMOCTH MOIITHOCTH OT OKPY>KHOM
CKOPOCTHU HOXa 1 3a30pa MEKIY HOKaMU
H BaJIOM pOTOpa
Figure 4. The dependence of power on the
circumferential speed of the knife and the gap
between the knives and the rotor shaft

HccnenoBaHusiMM  YCTAaHOBJICHO, YTO HaM-
OoJbIlIee BIMSHAE HA YHEPTOEMKOCTH TpoIiecca
M3MENPYCHHUS CPE3aHHBIX BETBEH OKa3bIBAIOT
OKpY)KHasi CKOPOCTh HOKEH M 3a30p MEXIy HO-
»KaMH U BaJIOM pOTOpa.

BoiBoabl. YCTaHOBIIEHO, YTO MUHUMAaJILHAS
MomHOCTh (6,5 kBT), HeoOxomumas aias W3-
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MeJbUCHHS CPE3aHHBIX BETBEH, obecreunBaeT-  DHEProeMKOCTh IPOLecca W3MEIbYEHUsl BET-
Csd W3MEJBYHMTENIEM TPH CKOPOCTH ToJadud  Bel cocramiser 8,13 kBt u/ra, mpu nmponsBoau-
1,4 m/c; OKpyXHOU CKOpocTH HOXei 11 M/c;  TENBHOCTH MOAOOPIIMKA-H3MEIBYUTEIS PaBHOU
3a3ope Mexay Hoxkamu u poropom 0,003 M. 0,8 ra/u.
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