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I'maBHBIME hakTOpaMU, BIUSAIOMIMMHI HA TPOLYKTHUBHBIHA IIOTEHIMA )KUBOTHBIX, AABJIAIOTCS CTPYKTYPa KOPMOBOH 0a3bl
XO3AICTB, KAYECTBO KOPMOB M CIIOCOOBI MX CKapMITMBAaHUs. M3BECTHO, YTO KOHIIKOPMA ABJISIOTCS BaXKHBIM KOMIIO[]
HEHTOM B DAI[OHE JKUBOTHBIX U CIIOCOOCTBYIOT GOJIbIIEMY MPOABJIEHHIO MX MPOMXYKTHBHOrO moTeHrmaa. s nal]
MeJIbYEHNsT 3€PHA B KUBOTHOBOJICTBE TIPUMEHSIOT IPOOWIIKU C PasIMdHbIMA pabounvu opranamu. Haubosbmee pacl]
MIPOCTPaHEHUE MOTYYMIIN MOJIOTKOBBIC APOOUIIKM 3€pHA. DTO CBA3AHO C MPOCTOTON UX KOHCTPYKLMHU U OTHOCUTEJILHO
BBICOKAM PECypCOM pabodviX OpraHoB. B HacTosmee BpeMst VTS CEJTbXO3MPOU3BONUTENIEH 60IIBIIOi nHTEpec mpen]
CTaBJIAIOT MaJIorabapuTHBIE KOMOMKOPMOBBIE 3aBOJIbl M arPETAThI, B COCTAB KOTOPHIX BXOMAT JIPOOUIIKHA 3epHa ¢ BeH[]
TUJIATOPOM.

OnHAKO HAPALY C OYEBUIHBIME IIPEUMYILECTBAMU MOJIOTKOBbIE APOOHIIKHU, KaK ¢ IPUHYIUTEIbHON nogaveii Matepul ]
ajia, TaKk ¥ ¢ MHEBMATUYECKOH, 00JI1aIaloT psIoM HEIOCTaTKOB, OHAM U3 KOTOPBIX ABJIACTCS MOBBIIICHHBIN H3HOC UX
pabounx OpPraHoB — MOJIOTKOB, PEIIETa, JIOMATOK BeHTWIATOpa. HanbosbImii HHTEpeC ¢ TOUKU 3peHust CHIKEHHs 13 ]
HOCA MPECTABIIAIOT JIONATKA BEHTUIIATOPA, MOCKOJIbKY, M3MEHsIA MX (GOPMY, MOMKHO CHU3UTH MJIN YBEIUYUTh UHTEH[ ]
CHUBHOCTb U3HOCA. KpoMe Toro, oHu 60sIblIe MOABEPKEHBI U3HOCY, TaK KaK BeCh U3MEJIbUCHHBIN MaTeprasl IPOXOIUT
yepes3 HUX ¢ OOJIbIIOI CKOPOCTHIO, B TO BpeMs KaK B Kamepe U3MeJIbUeHHUA KOJIMYECTBO 3ePHa paclpefesiaeTcss MKy
60JIbIINM YUCIIOM MOJIOTKOB, @ OTHOCUTEJIbHAs CKOPOCTb 36PHOBOK B HEW CHIKAETCHl.

AHaJIM3 TIOKa3aJl, YTO MHTEHCUBHOCTh H3HOCA PabOYMX MOBEPXHOCTEN JIONMATOK BEHTHIIATOPA 3aBUCUT OT Koa(hdurml]
€HTa TPeHHsI 3ePHOBKH O JIOTIATKY, YIJla HAKJIOHA JIOTIATKU K paauycy AUCKa POTopa, a HauboJipllee BIMAHUE Ha CUITY
TPEHHs OKa3bIBAET OKPYXKHAsA CKOPOCTb JIOMATOK. J[JIsi yBEJIMYEHHUsI CPOKa CITYKOBI JIOMATOK U CHIDKEHHsT HHTEHCHBL
HOCTH UX U3HOCA HEOOXOIMMO BBHIOPATH MPABUIbHYIO (POPMY C MUHIMAJIBHO BO3MOXHBIM paauycoM KpususabL. [Tpeal]
JIOYKeHa METO/INKA, Ha OCHOBAaHUU KOTOPOU MOYKHO PACCUUTATh BEJIMUMHY M3HOCA JIONATOK BEHTUIIATOPA C YYETOM €ro
A9POAMHAMUYECKUX XaPAKTEPUCTHUK.

Karouesvie caosa: BeHTWISATOD, BO3MYIIHBIA [IOTOK, 3€PHOBKA, HHTEHCHBHOCTD U3HOCA, JIONATKA, CrJia TpeHus, hyHk[]
LIMOHAJIbHAsA 3aBUCUMOCTD.

It is scientifically proven that the main factors affecting the productive potential of the animals, are the structure of
fodder farms, the quality of feed and methods of feeding. It is known that concentrated fodder are an important com[]
ponent in the diet of animals and contribute to a stronger manifestation of their productive potential. For grinding
grain into livestock is usually used crusher with different working bodies. The most widely is spread hammer mill
grain crusher. This happens due to the simplicity of their construction and relatively high resource of working bodies.
Currently, for farmers are of great interest the small-sized feed factories and units, which include crusher grain with
a fan.

However, along with the obvious advantages of hammer crusher, like with forced feeding of material and with
pneumatic, have a number of disadvantages, one of which is the increased wear of their working bodies: hammers,
screens, fan blades. The greatest interest from the point of reducing wear represent fan blades, as changing their
shape, it is possible to reduce or increase the intensity of wear. In addition, they are more prone to wear, since all
of the crushed material passes through them with great speed, while in the grinding chamber, the amount of grain
distributed over a larger number of hammers, and the relative velocity of grains in it decreases.

The analysis showed that the intensity of wear of working surfaces of the blades of the fan depends on the coefficient
of friction of grains on the blade, the angle of the blade to the radius of the rotor disc, and the greatest influence on
friction force has a peripheral speed of the blades. To increase the service life of the blades and reduce the intensity
of wear and tear it should be choosen the correct form of the smallest possible radius of curvature. The method is
proposed on the basis of which it is possible to calculate the amount of wear of fan blades, taking into account its
aerodynamic characteristics.

Keywords: fan air flow, weevil, the wear of the blade, friction force, functional dependence.
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Baenenne

Hayuno mokasano, 4ro riaBHbeiMA (akTopall
MH, BIMSIOIMMHA HA MPONYKTUBHBIA moreHmml]
aJl KWUBOTHBIX, SBJIAIOTCA CTPYKTypa KOPMOBOI
0a3bl XO3AICTB, KAYECTBO KOPMOB M CIOCOOBI WX
ckapmimBanus [1-3]. M3BecTHO, 9TO KOHIIKOpMa
ABJIAIOTCA BaKHBIM KOMIIOHEHTOM B paIiione sxkul_l
BOTHBIX U CTIOCOOCTBYIOT OOJIBITIEMY ITPOSIBJICHUIO
UX TPOAYKTUBHOrO morenunuania [4, 5]. s wusl]
MEJIFICHUS 3epHA B JKUBOTHOBOJICTBE MPUMEHSIOT
OpOOWIIKA C Pa3IMYHBIMU Pa0OYNMHU OpraHaMH
[6-14]. Haubospluee pacmpocTpaneHne morydul |
JIA MOJIOTKOBBIE TPOOHMJIKH 3epHA. DTO CBA3AHO C
[IPOCTOTOM UX KOHCTPYKIIMH U OTHOCUTEJILHO BhI[
COKUM pecypcoM pabounx opraHoB. B HacTostiee
BpeMs [JIA CeJIbXO3MPOU3BOAUTENICH OOJIBIION
HHTEPEC NPEICTABJIAIOT MajiorabapuTHbie Komoul
KOPMOBBIC 3aBOJBI M arperaThl, B COCTaB KOTOPBIX
BXOHAT APOOMIIKA 3¢pHA ¢ BeHTHUJIATOpoM [15, 16].

OnHako Hapsaay ¢ OdeBUAHBIME Ipeumyimiel ]
CTBAMH MOJIOTKOBBIE APOOHMIIKH, KaK ¢ mpuHymul]
TeJIBHOM Tofaveil MaTepurasia, Tak U ¢ mHeBMarul
YECKOU, O0IaaloT PAIOM HEMOCTATKOB, OXHUM
W3 KOTOPBHIX SIBJISICTCS TOBBINICHHBIA HM3HOC WX
paboumx OpraHoB — MOJIOTKOB, pemieTa, JIOMaTOK
BeHTHJIATOpa. Hambompmuit WHTEpEeC C TOYKH
3pEeHUsI CHIKEHHs U3HOCA IPEACTaBIA0T jonar]
KU BEHTWJIATOPA, TIOCKOJIbKY, U3MEHSAA X (popmy,
MOXXHO CHHU3WUTH WJIH YBEJIMYATh WHTCHCUBHOCTH
n3Hoca. Kpome Toro, oHM OOJIBIIE TMOMBEPKEHBI
W3HOCY, TaK KaK BeCh M3MEJIBYCHHBI MaTepua

IIPOXOIUT Yepe3 HUX C OOJIBIIOI CKOPOCTHIO, B TO
BpEeMA KaK B KaMepe HU3MEJIbYCHUA KOJIMYECTBO
3epHA PacIpeieIAeTCs MEXKITY OOJIBIITNM YHCIIOM
MOJIOTKOB, & OTHOCUTEJIbHaA CKOPOCTb 3€PHOBOK B
HEI CHHUKACTCA.

Lleasio mccnemoBaHus sABJIIETCA pa3paboOTKa
METONMKHM pacyeTa M3HOca JIOmaTok BedTuall
TOpa C YYETOM €ro a’pogrMHaMH4YecKuX Xxapakrell
PUCTHK.

Matepnanbl 1 METOIbI

Ilpu ompenesieHUH BEJMYMHBI M3HOca Jional ]
TOK BEHTHUJIATOPA HEOOXOMMMO TOJIYYHTh II0JIC
CKOpoCTell B KaMepe BeHTHUJATOpa. PaccMoTpum
METOIMKY Ha IpUMepe JpOOHJIKK 3epHa ¢ poTol]
poM-BeHTHIIATOPOM [15], paspaborannoii B Huxel ]
TOPOJICKOM TOCYIapCTBEHHOM HHYKEHEPHO-3KOHOL]
MHYECKOM yHUBepcuTeTe. [ mocTpoeHus moJist
CKOpOCTEii B KaMepe BEHTHJIATOPA Ha KPBIIIKE BbI[ ]
CBEPJIMBAIOTCS OTBEPCTHS HA OIMHAKOBOM paccTol ]
STHAH, PACTIOJIOKEHHBIC B PaIMaJIbHOM ITOJIOYKEHUH
yepe3 oguHaKoBbIil yroJ (puc. 1). B paguansaom
U KacaTeJbHOM HAlpaBJIeHHsAX C IOMOINbio aHel]
MOMeTpa 3aMepAITCA CKOPOCTH BO3AyXa. 3aMephl
IIPOBOJIAT 110 BCeil r1yOuHe Kamephl (puc. 2) v BbiL ]
YUCJIAIOT cpeqHee 3HaueHue. {1 Toro 4Toos! npu
CHATHM 3aMEPOB IO IIyOuHe Kamepsl He mospel]
IUTHh U3MEPHUTEITbHBIN TPUOOP JIONATKaMH, B HUX
HenaioT rnpopesu (puc. 2).

ITocsie 3TOro CTPOAT MoJie CKopocTei u mosyl]
4aloT (YHKIIMOHAJIHYIO 3aBUCUMOCTD.

Puc. 1. O6uumii Bux ycTaHoBKH 1151 onpe/ielienus nojeii ckopocreii (a)
H T0JIe CKopocTeii BO3YIIHOIO NOTOKA B KamMepe JPOGHIKH ¢ POTOPOM-BEHTHIATOPOM (0)
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Pe3yabTaThl H HX 00CyKaeHHe

N3BeCTHO, 9TO M3HOC MOABJIAETCA B pe3ysibral ]
T€ TPOSABJICHUS CUJI HOPMAJIBHOTO JIaBJICHHUS CO
cTopoHsl moBepxHocTH. Kak mokasanm HaGmonel ]
HUs, HAOOJIbIIICe BIIMSTHUE HA PECcypc pabodmx
OpraHoB APOOMJIOK 3epHa OKa3bIBaeT abpa3UBHBIIA
M3HOC paboumx MoBepxHOCTei. MHTeHCHBHOCTH
M3HOCA 3aBUCUT OT CHJIBI TPEHHUS U CKOpocTh oT[]
HOCHUTEJILHOTO IBUKCHIS 3€PHOBOK. AHAJIA3 CHUI,
ICHCTBYIONUX Ha 3CPHOBKY IPH €€ JBIKECHUU
IO JIOTIATKE BEHTHUJIATOPA, TIOKa3bIBAeT, UTO CHJIA
TPEHUS CKJIQABIBAETCA M3 HECKOJBKHMX cocTaBsal]
IOIUX: TIEHTPOOESIKHON CHITBI FH, cuiel F kel ]
cru, cunbl F Kopuosuca. Bee mnepedncrientbie
CHJTBI OTIPENICIIAIOTCS TI0 M3BECTHBIM (hOpMyIam:

F =fm (;)JzI rsiny ; €9)
F, = fma; @
F=2fmaoV, 3)

e f — K03 UITUEHT TPEeHNs 36PHOBKH O JIOTIATKY
poTOpa; m — Macca 3epHOBKH; d — BEKTOp ycko[]
PEHHA YaCTHUIBL, ®, — OKPY)KHASA CKOPOCTH Jiomal ]
TOK BEHTWJIATOPA; ¥ — PAANYC KPUBU3HHI JIOMIATOK;
Yy — YyroJl HakKJIOHA JIOMATKA K pagdyCymaucKa
poTopa; V. — CKOpPOCTh OTHOCHTEJBHOTO mBiKel]
HUS 3€PHOBKU.

U3 soipaxennit (1)—(3) crenyer, ato maTeH]
CHBHOCTh HM3HOCa paboumx moBepxHocTer Jiol]
MaTOK BEHTWJIATOPa 3aBHCHT OT KoaddwuimeHTa
TPEHUs 3€PHOBKU O JIONATKY, yIJia HakJjioHa Jio[]
MaTKA K Paguycy AWCKa pOTOpa, a HauOOJIbIIee
BJINSTHUE Ha CWJTy TPEHUS OKa3bIBAeT OKPYIKHAsS
CKOpPOCTB JIOMIATOK.

a o

. 2 3

va

R
NG

(O FN

, N7

Puc. 2. Mecta onpeenieHusi CKOPOCTH BO3AYIIHOTO
NOTOKA 1O ITy0nHe Kamepsl: 1 — KopItyc; 2 — KpbIIIKa,;
3 — BcachIBaloIuil MaTpyooK; 4 — JlomaTKa; 5 — maJer,

6 — TOYKHN U3MEPEHMIA; 7 — PeuIeTo

Ipoananusuposas dopmyny (1), moxuo 3all
METUTh, YTO CHJIa TPeHHs — 3T0 (yHkiwms, 3al]
BUCAINAA OT TEKYINETro 3HAYCHHS paamyca 7. DTO
3HAYUT, YTO W MHTEHCHBHOCTbh M3HOCA JIOMATOK
BEHTHJIATOpPA OyaeT Bo3pactarb ¢ yBejmdeHul]
eM paaumyca KpuBH3HBL JlaHHOE yTBep:KIcHHE
XOPOIIO JIOKa3bIBAETCA MPOBEIEHHBIME Hadstonel ]
HHUSMH 32 XapaKTepoM HM3HOCA JIONaToK mpu u3l]
MeJIBYCHHUH 3epHa (puc. 3).

Puc. 3. MI3Hoc n0onaTok BeHTHIATOPA ¢ pa3HbIMU paguycamMu KpuBm3HbL: @ — p = 40 MM; 6 — p = 50 Mm; 6 — p = 60 Mm
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AHaM3 mokasall, YTO HauboJbIIEMY H3HOCY
nojiBeprkeHa TnepudepuiiHasg 4YacTh JIOMATOK, H,
WCXOMs M3 MOJIyYEHHOTO pesysibrara, MoKHO pel]
KOMEHJIOBATh C TICJIBI0 YBEJIMUCHUS CPOKA CITY KObI
JIOTIATOK BEHTHJISATOPA MX TOJIIUHY YBEJINYNBATh
OT IIeHTpa K nepudepun Mo mposectu yrnpodnel ]
HHE JINIIb TeX YIaCTKOB, KOTOpble Hanbostee ol ]
BEPIKEHBI H3HOCY.

O.H. MouceeB [17, 18], uccnmemysa mporecc
M3HOCA MOJIOTKOB, BBIBEJI CIIeAyIOyto aHaauTul ]
YECKYI0 3aBHCHMOCTB, MO3BOJIAIONIYIO0 ornpenel]
JIUTh BEJIMYMHY M3HOCA:

X
dy = a [ (Hy (e, x)zLy (xg) + Hay (v,x)2La () i,

% @)
TJe X — TeKyllas KOOpAMHATa 3¢PHOBKH; X, — Hall
JasibHas KOOpIMHATa 3CPHOBKM; H| — naBiicHue
3€PHOBKM Ha MOJIOTOK TIpy ynape; H, — naByienue
3€PHOBKM Ha MOJIOTOK IPH CKOJILKEHHH; [X , X,] —
OTPE30K, HAa KOTOPOM IIPOMCXONMT B3ammomeil ]
CTBHE MOJIOTKa M 3epHOBKH; L (x,), L,(x,) — pacl]
npefesiecHue 3epHOBOK TIPU yJape U CKOJIbKCHHUU
COOTBETCTBEHHO.

W3 Boipaxkenus (4) ciemyeT, YTO IOMUMO CHJTBI
TpEeHWMs Ha BEJIMYUHY U3HOCA BIIMSTHAC OKAa3bIBACT U
pacrpesieJieHAe 4acTuIl 1o paboueii MOBEepXHOCTH.

Ormpenensis BEJMYMHY H3HOCA MOJIOTKOB, B
pane pabdor [17, 18] npenyiaraercs paccuurarh ot
HOCHTEIBHYI0 CKOPOCTb HaCTHII IO BHIDaKCHHUIO!

[~ ST+ m? (x+R)]3,218[Z]5 [o, (x+R)]§

)
" ®

roe R — pamguyc momBeca MoJoTka; f(x) — popma

YJapHO#i TIOBEPXHOCTH MOJIOTK; f, — Koda(durml]
CHT TPEHUS CKOJIBKCHHS 3ePHOBKU MO MOJIOTKY;

@ — YIJIOBAs CKOPOCTb POTOPA.

Onnako pnaHHass ¢opMmysia COpaBeliuBa B
clydae TPUHYAUTESbHON mofayn 3epHa. B
clydae Mofgavd 3€pPHOBOrO Bopoxa 3a cuetr paspsl]
KCHUS BEJIMYMHY W3HOCA JIOMATOK BEHTHUIISATOpA
HEOOXOIMMO PACCYMTHIBATh, YYUTHIBas Bo3myInl]
HBIE TTOTOKH, CO3/1aBaeMble BEHTHJIITOPOM. 371eCh
HEOOXOIMMO KCIIOJIb30BaTh METONUKY, mpumel]
nennyio B pabore C.IO. Bynarosa, B.H. Heuael
Ba, [I.A. CaBunbix [19], npu pemeHnn 4aCTHOTO
ciydas BToporo 3akoHa HeloToHa:

mW =R+G,

u=

)

rne R — a’poprHaMHYECKOE CONPOTHUBJICHHUCE;
G - Bec YaCTHUIIBL

ITpu pemeHny nocTaBJIEeHHON YacCTHOH 3ajiauu
ONpenesisieTcss BEKTOP OTHOCUTEIBHOU CKOPOCTH

3epHOBKH. B o0miem cityyae OoH paBeH pasHOCTH
BEKTOPOB a0COJIIOTHOM CKOPOCTH YaCTUIIBI U CKO[]
POCTH BO3MYIITHOT'O TIOTOKA:

Uy=Vy+V,,

Q)

e % — BEKTOP a0COJTIOTHOI CKOPOCTH 3€PHOBKH;
V, — BEKTOpP CKOPOCTH BO3IYIITHOI'O IIOTOKA.

MupuBuayanpHblii [NOOXOA K KOHKPETHOH
MOJIeJT! TPOOUJIKM 3€pPHA C BEHTUJIATOPOM IIPH
pelIeHry MOCTaBJICHHON 3ama4qu obecreduT Toul
HOCTh pacueToB. B sTom ciydae HeoOXOmuMmo
MOCTPOUTH I0JIE CKOPOCTEH BO3MYIIHOI'O MOTOKA
(puc. 1, 6) B KamMepe BeHTUJIATOPa, KoTopoe 3al]
BUCUT OT adpONUHAMUYCCKUX XapaAKTCPUCTUK
BeHTHJIATOPA. Jasee Meromamu Maremarmdeckol ]
ro aHaJlu3a WJIM IUIAHAPOBAHUS SKCHCPUMEHTA
Ha OCHOBaHUU TOJIYYCHHBIX SKCIIEPUMEHTAJIbHBIX
JIAHHBIX BBIBOMATCH (DYHKIIMOHAJIbHBIE 3aBHCHMOL]
CTH, XapaKTEPU3YIOIIUE U3MEHEHUE KACATECIbHOU U
HOPMAJIBHOI COCTaBJIAIOIIENH CKOPOCTH BO3MyIIHOL ]
ro TIOTOKA OT paamyca R u yria o (puc. 1, 6):

Vie = f(R,8); v, = [(R0),

rme R — paguyc 3amepa; & — yroJi 3aMmepa.

Tax, HarrpuMep, AJ1A APOOUIKU 3epHa ¢ poTol]
POM-BEHTHJIITOPOM KacaTeJIbHasg M HopMaJjIbHas
COCTaBJIAIONINE OIMMCHIBAIOTCS BRIpaXkeHUAMU [19]:

v, =18,49+17,34-R+0,12-8-17,41-R* -
—3,45-R-3+2,46-8%;
v,, =—0,66+11,48-R—-13,12-5 -
—2,7-R*+6,51-R-5+8,07-8°.
HOJ‘Iy‘II/IB H606XOHI/IMLIC 3aBUCUMOCTU U HO)ID
CTaBUB HX B BBIPAXKCHUC (7), PaCCUUTBIBACTCA

OTHOCHUTCJIbHasA CKOPOCTb 3CPHOBKH, KOTOpas I/ICD
NOJIb3YETCA BMECTO HNPEAJIOKCHHOI'O BbIPAKCHUA
6).

TaKI/IM 06pa30M PaCCUUTBIBACTCA BCJIMYHUHA
HM3HOCA JIONATOK BCHTHUJIATOPA W IIPUHUMAIOTCHA
MCPBI K €€ CHUIKCHU .

@®)

(©)

(10)

BbiBoapl

1. UHTEeHCHMBHOCTD M3HOCA pabounx nosepxHol ]
CTEl JIONATOK BEHTUJIATOPA 3aBUCUT OT Kod(dul]
[[ME€HTa TPEHMUSA 3€PHOBKHU O JIONATKY, yIJia HakjoL]
Ha JIOTIATKM K paguycy aucka poropa. [Ipu sTom
HauOoJIbIIIee BIIMSHNAEC HA CHIJTY TPEHHS OKa3biBaeT
OKpY>KHas CKOPOCTb JIOTIATOK.

2. JIng yBeIM4eHHUs CPOKa CJTyKOBI JIOMATOK U
CHUKEHUS MHTEHCHMBHOCTH UX M3HOca Heobxomul]
MO BBIOpaTh MPaBUJIBHYIO (HOPMY ¢ MHHUMAJIHLHO
BO3MOXXHBIM PaINyCOM KPUBU3HHIL.
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4, HpezmomeHa MCTOJMKa, Ha OCHOBaHUH xolJ
TOpOfI MOYXHO pacCUYuTaTb BCJIMYUHY H3HOCA sol]
MMaTOK BEHTHUJIATOPA C YYETOM €Iro aapoz[HHaMquD
CKHUX XapaKTCPUCTHUK.
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