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OLEHKA HAQEXHOCTW NAPANNENBbHO PABOTAIOLUX MALUKUH
B LLIEXAX AnA NPUroToBNEHUA KOPMOB

RELIABILITY EVALUATION OF PARALLEL OPERATING EQUIPMENT UNITS
IN FEED PREPARATION SHOPS

4

Knroyeebie cnoea: kopmonpueomosumersibHble Uexu,
JKUBOMHbIE, NOMHOPAUUOHHbIE PAacChinHble KOPMOCMECU,
OUEHKa Ha0eXHOCMU MEeXHOM02UYECKUX TUHUL, K0aghgbuyu-
€HM 20MOBHOCMU KOMNIeKma MatluH.

Keywords: feed preparation shops, animals, total mixed
ration, reliability evaluation of production lines, availability
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Ha coBpemeHHOM 3Tane pasBuTUS OCHOBHOM 3agadeit
arponpoMbILLMIEHHOTO KOMMNEKCA SBNSIETCS  [AOCTUXEHME
YCTOMYMBOTO pocTa CerbCKOXO3ANCTBEHHOMO NPOU3BOACTBA,
HagexHoe obecrneyeHne CTpaHbl MPOAYKTaMU MUTaHWA W
CENbCKOXO3ANCTBEHHBIM CbipbeM. [1paKTUKON YCTaHOBNEHO,
4TO NPU CKapMIMBAHWW KUBOTHbIM COanaHCUpPOBaHHbLIX NO
NUTaTEeNbHOCTW KOPMOB YBENNYMBAETCS WX MPOAYKTUBHOCTb.
B cenbckoxo3siicTBEHHOM MPOW3BOACTBE, COMMAcHO Knac-
cudomkaumm B.M. 3emckosa, no CBOMCTBaM MpUroTaBMBae-
MbIX KOPMOB NPeAnpuATUs OeNAT Ha 4Be rpynnbl. B nepayto
BXOOAT KOPMO3aBOAbl, LieXu, arperatbl, KOTOpble NpeaHa-
3HayeHbl ANs NOArOTOBKW B PaCChIMHOM, rpaHyIMpOBaHHOM
1 OpPUKETUPOBAHHOM BWAE CYXMX KOPMOB, MPUTOAHbLIX ANS
ANUTENBHOTO XpaHeHus. MpeanpusTus BTOPON rpynnbl (Le-
XM) WCMONb3YKT ANS MOAFOTOBKM BMAXHOW KOPMOCMECH
HEeMnocpeaCTBEHHO Meped  CKapMIMBAHMEM  KMBOTHBIM.
HapexHocTb 1 3thpeKTMBHOCTL paboTbl TEXHONMOMMYECKOro
000pynoBaHNs KOPMOLIEXOB BO MHOMOM 3aBUCAT OT €ro npa-
BMITbHOIO MCMONb30BaHKs. Mpyu OLEHKe HaLeXHOCTU TEXHO-
NOrNYECKMX NIUHUIA KOPMOLIEXOB PacyeT 3akaH4MBalOT onpe-
AeneHnem koaduumeHTa roTOBHOCTU KOMMMEKTa MaLlyH.
CyuiecTyrowme Lexa uMetoT BonbLLIoe KOnM4ecTBo naparn-
nenbHO paboTaLmx MalwwuH. o3ToMy O4eHb 3aTpyaHu-
TENbHO BeAEHWe XypHamna peructpauuyu 0TkasoB OTAEMNbHO
no Kaxmoi mawmHe. lNMpn obpaboTke SKCnepuUMEHTambHbIX
AaHHbIX He0OX0AMMO NPOWU3BECTW pacyeT UMM OTAENbHO No
KaXOoM MalluHe, UNW BHaYane CBeCTU BCe [aHHble B oauH
psag W panee npocunTatb HeoOXOoAMMble MapameTpbl Ans
BbISIBMIEHNS 3aKOHA pacnpeaeneHns 1 nokasatenen Hagex-
HOCTU. Hamu npegnaraeTcs npy NpoBeAEeHWN XPOHOMETPaX-
HbIX paboT napannensHo paboTatoLwmx MaLUMH OAHON MapKy
1 B OZHOM Liexe chMKCUpoBaTb BpeMS Mexay nocreaytoLm-
MW OTKa3amu Ntoboi MalUWMHbI HE3aBWCUMO OT TOrO, YTO
ocTarnbHble NPoAoKaloT paboTath, 1 BpeMst 3TOro NpoCTOsi.
Takum obpasom, GyoyT onpeaeneHsl BCe OCHOBHblE TEOpe-
TUYECKMe NoKasaTeny HafeXHOCTM napannenbHo pabotato-

LMX MallMH M NOKasaTenu, XapakTepuaylollue aKkcnnyata-
LIMOHHbIE MOKa3aTenm aTUX MaLLyH.

At the present time, the main task of the agricultural in-
dustry complex is to achieve sustainable growth of agricul-
tural production, reliable supply of the country with food and
agricultural raw materials. The practical experience proves
that feeding animals with nutritionally balanced feed increas-
es their productivity. In farm production, according to the
classification of V.I. Zemskov, the enterprises are divided into
two groups regarding the properties of the feeds being pre-
pared. The first group includes feed mills, shops and units
that are intended for the preparation of bulk, pelleted and
briquetted dry feeds suitable for long-term storage. The en-
terprises of the second group (shops) prepare wet feed mix-
tures immediately before feeding the animals. The reliability
and efficiency of the technological equipment operation at
feed shops largely depend on the proper use of equipment.
When the reliability of the technological lines of feed plants is
evaluated, the calculation is completed by the determination
of the availability factor of the set of equipment. The existing
feed shops have a large number of equipment units running
at the same time. Therefore, it is very difficult to make rec-
ords in the fault log for each equipment unit. When the exper-
imental data are processed, it is necessary to make calcula-
tions either separately for each equipment unit, or first bring
all the data in one row and then calculate the necessary pa-
rameters to identify the distribution law and reliability indices.
When timing the operation of the same-type equipment units
running at the same time and in the same feed shop, we
propose to log the time between subsequent failures of any
equipment units regardless of the fact that the other units
continue the operation, and log the down-time. In this way all
the main theoretical indices of reliability of the units running
at the same time and the operation indices of these units will
be determined.
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A 4
BBe,CIEHMe XaaeTca uccnenoBaHWAMK OoTe4YeCTBEHHbIMUA U 3a-

Ha coBpeMeHHOM aTarne pasBuTUS OCHOBHOW 3a-
[ia4el arponpoMbILLNIEHHOMO KOMMMeKca SBNSETCS
LOCTKEHUE  YCTOMYMBOTO POCTa  CEMbCKOXO35M-
CTBEHHOTO MPOW3BOACTBA, HadexHoe obecneveHne
CTpaHbl NPOAYKTaMU MUTAHWUS U CeNbCKOXO3ANCTBEH-
HbIM CbIPbEM.

O hEKTVBHOCTb CKAPMMMBAHWS KMBOTHBIM MOS-
HOPALMOHHbIX PacCbIMHbIX KOPMOCMEcen noaTBep-

PYOEXHBIMU HayYHbIMM JaHHbIMK [1-3].

KopmonpuroToBuUTENbHbIE LEXM NpeaHa3HaYeHbI
ANs Npuema, HakonneHusi, 0bpaboTku 1 Bblgaum npu-
rOTOBMIEHHOW KOPMOCMECH.

Llenbio pabotbl ABNseTca noBbileHne 3ddek-
TMBHOCTW paboTbl LEXOB Ans NpOM3BOACTBA KOp-
MOCMeceil nyTem yBenuyeHust ux Be30TKasHOCTH,
ONTUMM3ALMM HAOEXHOCTU U COCTaBa TEXHOMOrnYe-
CKMX JIMHWN.
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ccnenoBaHuaM — CTPYKTYpbl  TEXHONMOMMYECKUX
NIMHUIA KOPMOLIEXOB MOCBALLEHbI paboTbl [4, 5]. Mpw
OLEHKe HaeXHOCTU TEXHOMOrNYECKUX JMHUA KOp-
MOLIEXOB pacyeT 3akaHuMBalOT OnpeaeneHueM Ko-
adhmymeHTa roTOBHOCTI KOMMIEKTa MaLLH.

B uexax Ang npou3BoACTBa MOSTHOPALMOHHbIX
rpaHynMpoOBaHHbIX KOPMOCMECEN WMEETCA MHOrO0
napannenbHo paboTalowmx MallnH, KOTOpble Bbl-
MOMHSIOT OAWHAKOBbIE (DYHKUMM (OpoBunkn, rpaHy-
naTopel). Tak Kak MaluHbl paboTalT B OAHUX W Tex
e YCrOBUSX U B OHOM Liexe, TO 3aKOH pacnpepe-
neHus HapaboTKM Ha OTKa3 W YCTpaHEeHWs OTKa30B
ANS HAX OAMH.

B pabotax [6, 7] koachuLMeHT roTOBHOCTH Na-
pannenbHo-paboTalowmx MawnH (MUHWIA) paBeH Ko-
3 HULUMEHTY FOTOBHOCTM MALLMHBI (FIMHUK).

OpHako 3TO YCroBME BbINOSHAETCS NULLb B TOM
cnyyae, KOraa Ha Kaxaylo MallumHy (MHUI0) nMeeTcs
peMoHTHast Gpuraga.

CyLecTBEHHOE BIUSHWE HA FTOTOBHOCTb CUCTEMb
OKasblBaeT OrpaHUYEHNE KOMMYECTBA PEMOHTHbIX
Bpurag.

Mpn HanWuMm OOHOW PeMOHTHOW Bpuragbl, 06-
CnyxuBarwLLeil Ae napannenbHo-paboTatlme Ma-
LUMHBI, BO3MOXEH MPOCTON OAHOW W3 MalUMH B OXMK-
AaHUN KOHLA peMOHTa ApYrow, a Takke HaobopoT.
CnepoBatenbHO, HaAEXHOCTb TakoM CUCTeMbI BydeT
OTNMYHa 1 He ByaeT paBHa KOIPPUUMEHTY FOTOBHO-
CTU MaLLMHbI.

Pe3ynbTatbl uccnegoBaHun
[IHs1 peLLeHmns 3TOM 3adaym NocTpoum rpad
COCTOSIHWW ANs faHHoi cuctemsl (puc. 1).

j//
g

Puc. 1. Fpach cocTosiHMiA napannenbHo-padoTarowWwmx
MalLK1H NpU OQHOW PEMOHTHOM Opurage

PaccmoTpum BCce BO3MOXHbIE COCTOSIHUS JaHHOW
CUCTEMbI:

Eo — cocTosiHME CMCTEMbI, KOra BCE 3NEMEHTHI
NCNpaBHbI;

E1 - cocTosiHMe, KOraa nepsblil ANEMEHT OTKa3san,
a BTOpOW NpoaomkaeT paboTarb;

E> — cocTosiHWe, Kora BTOPOW 3fIEMEHT OTKasan,
a nep.bl NpogomKaeT paboTaTs;

E3 - cocTosiHue, korga oba anemeHTa oTkasan;

W — napameTp NoToKa 0TKa30B;

U/ — napameTp NOTOKa BOCCTAHOBIIEHMSI.

Cocraeum cuctemy ypasHeHun A.H. Konmoropo-
Ba

P20+ Pu+Pu=0 @)
~P(u+o)+PRo+Rb, =0 (2)
-Pu+Po+Po=0 (3)
—P,(u+0)+Po+ P?%:o. (4)

Bbipasum 13 ypaBHeHns (2

Pm+P// 5

L+

Bbipasum u3 ypasHeHus (4) P2

Pco+P/ o

L+ o
Mony4yeHHble BbipaXeHUs NOACTaBUM B (

%m+%/§+ Pm+P//

2

-RP2ow+pn
L+ o L+ o
Cpenas psg npeobpasoBaHuii, NOy4uMm:
20
R=FK 2 (7)
il
Moacrtaenss Pz B (5) 1 (6), nonyuunm:
(V)
P=R— (8)
il
Q)
P=R. ©)
il

3 ycnoBusi paBeHCTBa eanHULE CYyMMbl BEPOSIT-
HOCTE COCTOSIHUIA, COCTaBNALMX rpynny CoBbITUNA,
nonyymm:

P+B+P+P =1

MoacTaBiM NONMyYeHHbIE 3HAYEHUS:

P(1+a)+w+w—) 1.

HoHop

(10)

Boipasum P
2

P, =(1+ 2§+%)1 (11)

[ins naHHon cuctembl B 06LLEM BUaE
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Qe =2Q,-Kpe. (12)
Bbipaxas yepe3 BeposTHOCTU paboTocnocobHOro
COCTOSIHUSI CUCTEMBI, NOMYYMNM:

Q- =2QR +QR +QF.
Wcxons us Bbipaxenun (12) u (13)

K. -+ Rt

(13)

(14)
Vicnonb3ys Bbipaxenus (10) u (14),

e (o
MoacTtaBum nosiy4eHHble paHee 3Ha4eHuA

BEPOSATHOCTEN
2

K, =1-P,(22 +2T¢
u

).

MoacTtaBuB Py B KOHEYHOM WUTOTE, NOSTYHYUM:
2
K. =3K,-K; -1 (16)
KoahpuumeHT  roToBHOCTM  mapannesibHo-

paboTaroWwyx MaLUMH (NMHWIA) NPU OAHOW PEMOHTHOM
Bpurage oueHnBaeTCs BbipaxeHuem (16).

[Mpu NpoBedeHUN XPOHOMETPaXHbIX paboT Takve
MaLLWHbI KOAMPYIOTCS B ONpederneHHoM nopsake. B
AaHHOM crnyyae UKCUPYETCA BPeMSt MeXy OTkasa-
MW 1 BPEMS BOCCTAHOBMEHMWS ANS Kax40o/ MaLUWHbI.

CywecTByroLye Lexa uMetoT no BoceMb 1 bonee
napannenbHo pabotatowmx gpobunok. Moatomy
OYeHb 3aTPyAHUTENbHO BEAEHWE XypHana peru-
CTpaLumn 0TKa30B OTAENbHO MO Kaxaon MawwuHe. Mpu
0bpaboTke aKCnepuMeHTanbHbIX AaHHbIX Heobxoam-
MO MPOW3BECTW pacyeT UnM OTAENbHO MO Kaxaow
MalLWHe, UMW BHaYane CBeCTU BCE AaHHble B OAWH
psag 1 Aanee npocynTatb HEOBXOAMMbIE NapaMeTpbl
ANs1 BbISIBMIEHWS1 3aKOHa pacnpeaeneHust 1 nokasa-
Tenen HaaeXHocTu.

Hamu npegnaraeTcs npu NPoOBEAEHUN XPOHOMET-
paXHblX paboT napannensHo paboTarowwmx MallnH
OHOW MapKku ¥ B OOHOM Liexe (MKCMpOBaTb BPEMS
Mexzy nocreayowmumMn otkasamn oot MallmHbI
HEe3aBWCUMO OT TOrO, YTO OCTamnbHbIE NMPOAOIKAKT
paboTaTb, N BpeMs 3TOr0 NPOCTOS.

Dy 7—577 _ T o 7’071
a)
B T R R
Tpm, Tbm, \Tpm,| | Tpm
0)
Xi/ Xﬁ/ Xiz Xﬁ2 Xi3 Xﬁj X,-4 Xin
et oo et o e | e — e Jo—

Puc. 2. Peanusayus cnyyaliHo20 npoyecca 3kcniyamayuu napannesbHo pabomaroujux MawuH:
a - npu napannenbHom memode ¢hukcayuli omka3oe;
6 — npu nocnedosamenbHOM Memode ¢hukcayuii omka3oe
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Ha pucyHke 2 rpadmyecku npeactaeneHsl pabota
W OTKa3bl napannernbHo paboTalowmx  MaLUvH.
HacTynnenue fByx 0TkasoB — cobbiTve Mano Bepo-
ATHOE, MO3TOMY OHO He paccmaTpyUBaeTCs.

PaccmoTpum  MeToauKy pacyeta nokasatenei
HaZeXHOCTU Npu nocrneaoBaTenbHON ukcauu oT-
Ka30B (puc. 2).

Obulee Bpems paboTbl MALLMH PaBHO:

T, = mzn:xi' +(m-1) Zn:x,
i=1 i=1

rme m — KONMWYeCTBO napannenbHo paboTarowmx
MaLLWH;
X — BPEMSI MEXAY i-M OTKa3oM;
X — BPEMS [-T0 BOCCTAHOBMEHMUSI.
ObLLee BpeMs NPOCTOEB:

T = Zn: X,.
i=1

KoahpnuymeHT roToBHOCTH

(17)

(18)

Moactasme Tom Te

mZx +(m-1) me
mZx +(m-1) Zx,g+2xm

X .
;7 m 1_1_ ;Xi“

n +1 m ixﬁix{g
i=1 Ajg i=1 i=1
:1_1.%

m ZXI
=41

OKoHyYaTernbHo 3anuLLem
n
D%
17 j=
Kp=1-m (&H—
ine
i=1

ToyeyHas oLeHKa CpefHero 3HavyeHms CrnyvaHom
BENWUYMHbI HAapabOoTKM Ha 0TKa3 onpeaenuTes

{m.jx;+(m_1).ixgg}%, (20)

r4e N — Y1Cno OTKA30B, MPOMU3OLLEALIMX 3a /-1 Npo-
MEXYTOK BPEMEHM.

+)™ (19)

ToyeyHas OLIeHKa CpeHero BpeMeHn yCTpaHeHUA

OTKa30B.
T=1yx. 1)
)
MapameTp NOTOKa OTKA30B
o=t M
m- > % +(m-1)->x,
i=1 i=1
ﬂapameTp NOTOKa YyCTPaHEHUA OTKa30B
1 n
TN 3)

TS
i=1

BbiBog
Takum obpa3om, onpegeneHbl BCE OCHOBHbIE
TEOPETUYECKME NOKa3aTeNM HadeXHOCTW napan-
nenbHo paboTatLMX MaLLMH, XapaKTepU3yLwme nx
9KCNNyaTaLUMOHHbIE NOKa3aTenwu.
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B.U. lNNo6aHos, C.10. By3oBepoB
V.l. Lobanov, S.Yu. Buzoverov

3ABUCUMOCTb 3®PEKTUBHOCTU OBPYLLUMBAHUA CEMAH NOACONMHEYHUKA
OT YACNA OBOPOTOB PABOYEIO OPIFAHA LLEHTPOBEXHOIMO LWENYLIUTENA

THE DEPENDENCE OF SUNFLOWER SEED DEHULLING EFFICIENCY
ON THE ROTATIONAL SPEED OF THE WORKING BODY OF A CENTRIFUGAL SEED DEHULLER

A4

Knioyesble cnoea: pacmumenbHOoe Macrio, ceMeHa
nodconHeyHuka, obpywusaHue, aghghekmusHocmb 0bpywU-
8aHus, yucro obopomos pomopa, UeHMPobexHbIU weny-
wumen.

Llenbto paboTbl sBNsSETCS 3KCnepuMeHTansLHoe onpeae-
neHue BNusHWS Yucna 06opoToB pabouyero opraHa (potopa)
LeHTpoDbeXHOro WenywuTens Ha 3dekTUBHOCTL 00pyLLM-
BaHWS CEMSIH NOACONHEeYHWKA. [Ins pelueHns nocTaBneHHOM
Lenn Ha kadedpe mMexaHu3auuu NpoM3BOACTBA M Nepepa-
DOTKM CenbcKOXO3ANCTBEHHOM NPOAYKLMM NPOBeaeHb! Npea-
BapuUTenbHble 3KCMepUMeHTbl. OTNMYNTENbHOM 0COBEHHO-
CTbIO KOHCTPYKLMM SIBNSETCS BLINONHEHME YCOBEPLUEHCTBO-
BaHHbIX HanpaBnswoWmx kopobos, KoTopble obecneumBatT
OpVEHTaLM0 CEMSIH MOACONHEYHMKA OCTPUEM K BbIXOdy, TO
€CTb MO HanpaBMneHW0 OBWKEHWS MOTOKA CeMsH. [puuyem
CemMeHa [ABWXYTCS BHYTPU KOpODBOB B CTECHEHHOM MOTOKE
e3 paspbiBa 1 Hanuums 6onbLLMX MycToT. Bee 310 no3sons-
€T 06eCne4nTb OPUEHTUPOBAHHBIN BLIXOL CEMSH 13 HanpaB-
nsiowmx kopoboB 1 yaap cemsiH OCTPUEM O HEMOABIKHYHO
AeKy. OKCMepuMeHTarnbHO OnpedeneHo uucro o6opoTos
poTopa NS paspyLleHus CeMsiH NOACOMHEYHMKa copTa Ky-
NYHOWHCKUIA-1 O HENOABWXHYIO AeKy. YCTaHOBMEHo, YTo Ans
bpakumm «cxof ¢ pelleTa 2,4» onTumarnbHoe Yncno obopo-

TOB BpalleHus potopa cocTasnsetr 1700 o6/MuH., ans
dhpakummn «cxog ¢ peweta 3,0» — onTMMansHoe Yncno 06o-
potoB potopa 1600 06/MuH.

Keywords: vegetable oil, sunflower seeds, dehulling,
dehulling efficiency, rotor speed, centrifugal seed dehuller.

The research goal was to experimentally determine the
effect of the rotational speed of the working body (rotor) of a
centrifugal seed dehuller on the efficiency of sunflower seed
dehulling. For this purpose, preliminary experiments were
conducted at the Department of Agricultural Production
Mechanization and Processing. A distinctive feature of the
design is the installation of advanced orienting ducts which
ensure orientation of sunflower seed points to the outlet, i.e.
along the direction of seed flow. The seeds move inside the
ducts in a confined flow without gaps and large voids. This
ensures oriented seed outlet from the orienting ducts and
seed point impact against fixed deck. The rotor speed for
seed dehulling against a fixed deck was experimentally de-
termined for sunflower seeds of the variety Kulundinskiy 1. It
was found that for the seed size “tail 2.4” the optimal rotor
speed of the rotor was 1700 rpm. For the size ‘“tail 3.0", the
optimal rotor speed was 1600 rpm.
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