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OINNPEJAEJEHUE DOHEPITOEMKOCTH MPOIECCA U3MEJIBYUEHUS PE3AHUEM
B USMEJIBYUTEJIE KOPMOB
P. C. llonoaaunes, b. I'. 3uranmmun, A. B. Anemkun, A. B. /Imutpues,
A. T. Xammysummn, U. X. Taidynann

Pedepar. AKTyaabHOCTh UCCIEIOBAaHUSA O0yCIOBJIEHA HEOOXOAUMOCTBIO CHUKEHUS YHEPIOEM-
KOCTH U MOTEpPb NMUTATENbHON LIEHHOCTH KOPMOB C OTHOBPEMEHHBIM YIyUIlIEHHEM KaueCTBEHHBIX TTOKa-
3ateeil B mporecce u3MenbueHUs. PaboTy MpoBOIMIN C LIENbI0 TEOPETHYECKUX HCCISJOBAaHUM KOH-
CTPYKTHBHO-TEXHOJIOTHUECKUX MapaMeTPOB U3MENbUUTENS] KOPMOB M ONpPENENEHUs SHEPro3aTpaT Mpo-
1ecca U3MeNbueHus pe3aHueM. HaydHas HOBU3HA HCCIENOBaHMA 3aK/II0YAETCd B MATEMaTUYECKUX MO-
JeTsIX U1l onpejeNeHus paboThl pe3aHusi 1 CYMMapHOW MOIIHOCTH NPHBOJIA U3MENBUUTENS KOPMOB.
[Ipu mpoBeneHnU HccienoBaHUN MPUMEHSUTH OOIIEHAYYHbIE IMOJOKEHHsT TEOPHH YNPYrOCTH, TEOPHH
000J104eK, MEXaHUKH Pa3pyLIEHUs, YIUTHIBAIN (PU3UKO-MEXaHUUECKHE W TEXHOJIOTHUECKHE CBOWCTBA
KOPMOB PacTUTENBEHOIO IPOUCX 0K IeHNUS. [IpeyioxKeHo yCTporCTBO, KOHCTPYKIIMS KOTOPOro odecredu-
BaeT PaBHOMEPHYIO IoJady MaTepHuana B 30Hy pe3aHus (Ha HOH) Onmaromaps paboueill kamepe B BUJE
YCEYEeHHOr0 KOHYyca, YTO MIPUBOIUT K MOCIIEA0BATENbHOMY YMEHBIICHUIO pa3MepoB KOpMa JI0 yCTaHOB-
JICHHBIX 300TEXHUYECKUMHU TPEOOBAaHMSAMHU M YIIY4IIaeT €ro KayeCTBO; PEryJIHpPOBKY WHTEHCHBHOCTH
Hpolecca U3MeNbUeHHs, 00YCIOBICHHYIO BO3MOXHOCTBIO U3MEHEHHs YIJla HAKJIOHA ITOBOPOTHBIX IIPO-
THUBOPEXYIIUX HOXKEW; CHIKEHHE JHEPrOEMKOCTH M3MENbYeHHs O6aroaapst CBO00THOMY TIepeMeEIeHHI0
KOpMa K BBITPY3HOH KaMepe M OpUIMHAIIbHOH (hopMe JIonacTu MBBIPIIKK. [1omydeHbl aHaIuTHYeCKHe
BBIPKEHUSI TI0 ONPEIeNIEHNI0 PaboThl pe3aHus Ha KKIOM psijie HOKEH JUIS OTHOrO HOXKa B PsLy, CyM-
MapHO# paboThl BCeX HOXKEH 3a OIMH 00OpOT, a Takke HeOOXOIMMOM MOIIHOCTH Ha MPUBOJ POTOPA.
OHEpProeMKOoCTh MPOLIECCa U3MENIbUYEHHS ONPE/IENAeTCs KaK CyMMa 3aTpaT Ha pe3aHue, pa3roH MaTepua-
JIa U XOJIOCTOro Xofa poropa. [lonHast MomHOCTh, He0OXoAMMAas I NPHBOJA U3MEJIBUUTENS 3aBUCUT
OT KOJNHMYECTBA M TEOMETPUYECKUX XAPAKTEPUCTUK H3MENbUYAIOUIMX W NPOTUBOPEKYIIUX HOXKEH,
4acTOTHI BpallleHHs POTOPA, CBOKMCTBA U3MEIbYAaEMOr0 MaTepHaa.

KnrwueBble cj0Ba: KUBOTHOBOJCTBO, KOpMa, HW3MEIbUHUTENb, IPOLECC H3MENbUYCHHUS,
DHEPro3aTpaThl.

Beenenne. I13menbueHne — HauOonee SHep-  HapaMeTpoB W ONpENeNICHHEe  SHepro3arpar
roeMKas olepalys B TEXHOJIIOTMH IPUTOTOBJICHNS. ~ IPOLecca M3MENIbUCHUS Pe3aHuEeM M3MENIbUUTeNs
KOPMOB, Ha KOTOpYIO 3aTpauuBaercs okono 50%  KopMoB.

anektposHeprud [1]. IlostoMy B HeOGOmBIIMX YcenoBusi, MaTepuaasl 1 MeToabl. [Ipomecc
CENbCKOXO3AHCTBEHHBIX INPEINPUATUSAX W (ep-  H3MeNbUeHHs KOPMOB PAacCMOTPHM, KaK IPOLECC
MEpPCKUX XO34HCTBaX BCErAa €CTb HEOOXOAW-  Pe3aHus, COCTOSIIMK W3 STAllOB YIUIOTHEHHS H
MOCTh B HCIIOJIb30BaHUU M3MENbUUTENICH KODMOB,  pe3aHus  (pa3pe3aHus)  Marepuana,  Koria
OTJIMYAIOIIUXCS BBICOKOH 3((EeKTHBHOCTBIO, HE-  NPOHUCXOIWUT YBENIMYCHHE KOJIMYECTBA HOBBIX
00JpIINM NOTPEOICHUEM SHEPI Uy, MaJbIMU rada-  YacTHI] M IUIOLIAJM TOBEPXHOCTH MaTepHala IpH
pHUTaMu, KOTOpbIe OAHOBPEMEHHO CIIOCOOHBI IIPO-  OAHOBPEMEHHOM YMEHBIICHHH €ro JIHMHEHHBIX
W3BOAUTH MPOIYKT BBICOKOTO Ka4yecTBa € 33JaH-  pa3MmepoB. DakTophl, KOTOPBIH IPH 3TOM BIHAIOT
HBIMH TIapameTpamiu [2, 3]. Ha ocHoBe mccieno- Ha SHEPrOeMKOCTh IpoIecca, — CKOPOCTh pe3a-
BaHMI Ipolecca W3MeJIbYeHHsI KOPMOB BBLABIIC- — HHS MaTepHalia, Yrojl CKOJNBXEHHs, TCOMETPHS H

HO, YTO OCHOBHBIE (DaKTOPBI, OT KOTOPBIX 3aBHCHT  PACIIONIOKECHHE B YCTPOWCTBE PEXYILEro dJIeMeH-
ero 3QQeKTUBHOCTD — JacTOTa BpamieHus poropa  T1a [9, 10]. PaccmaTpuBaemblit m3METHUUTETH KOP-

C HO)KaMHM, KOJIMYECTBO M T€OMETPHUYECKHE IIapa-  MOB COIEPXHT padouyro kamepy 1 ¢ mpHeMHBIM
METpbI HOXKEH, TUIOmaAb pe3aHus HOXel 3a 000- OyHKepoM 2, m3MenbpYaronie HoXu 3 Ha Bany 4,
pOT pOTOpa, YroJ HAKIOHa NPOTUBOPESKYIIMX  IOBOPOTHBIE MPOTHBOPEKYIIME HOXKH 5 Ha BHYT-
HOXe# u ux uncino [4, 5]. Kpome toro, onpenene-  peHHEW MOBEPXHOCTH pabodeii KaMephl U BBITPY3-

HO, YTO TPOMU3BOJACTBO BBICOKOKAYECTBEHHBIX HYI0 KaMepy 6 ¢ pa3MeIIeHHON B Hel JIOMaCTHOM
KOPMOB BO3MOXKHO IIpH TIOCIENOBATEIBHOM  IIBHIPSUIKOHN 7 ¢ Hoxkamu 8 (puc. 1). U3menpuaro-
YMEHBIICHUH YaCTHI[ W3MEIBPYEHHOTO MPOAYKTa M€ HOXH 3 PACIONOKEHBI C OCTOSHHBIM U PaB-

JI0 YCTQHOBJIICHHBIX 300TEXHHYECKMMH TpeOOBa-  HOMEPHHIM YMCHBIICHHEM PACCTOSHHUS OJUH OT
HUSIMU TIapaMeTpOB IIPU HEMpEpBIBHOH 3arpy3ke  apyroro Ha 10...20%, HauMHast OT BEpXHEro HO-
u3MepYnTeNs (MCXOIHBIM MaTepHalioM) M pa3-  jka K HIDKHEMY, a pa0dodast Kamepa BBINOJHEHA B
Tpy3kHu (TOTOBBIN mpoxaykT) [6, 7, 8]. IIpm sToM,  Bume yceueHHOro xonyca [11].

Ha Haml B3IJII, OCTAETCSl HEpPEHIeHHBIM BOIIPO- ITpu paboTe MaTepuai MOCTyHaeT B BEPXHIOO
COM paIlOHAIBHBIN PAacXof 3JIEKTPO3HEPTHH P 4acTh pabodeil Kamepsl, I7ie PacCTOSHHE MEXIy
MIPUTOTOBJICHUH KOPMOB, YTO OCTABJISIET aKTyaldb-  HOXKamH OoJblle, YeM B HIKHEH. DTO HEoOXoau-

HOH 3a/1ady CHIDKEHUSI SHEPTOEMKOCTH Mporecca MO, YTOOBI M3MENbYEHHE TPOUCXOIMIO TTOCIE0-
C OJHOBPEMEHHBIM YIIYYIIEHHEM KAueCTBEHHBIX  BaTelbHO. B pe3ynbTraTe Ha HOXHM OKa3bIBaeTCA
ToKasaTesel Kak Mmpoliecca M3MENbUYEHHs, TaKk ¥ paBHOMEpHAs HarpyskKa I1o Bcel paboueil kamepe.
MIPOU3BOJUMOr0 KOpMa. Bemmonnenune paboyel kKaMepsl B BHIE YCEUEHHO-

Hens wnccnemoBaHMii —  TEOPETHUECKHE  TI'0 KOHYCa C PauycoM OOJBIIETo pa3Mepa B HIK-
WCCIIEJOBAaHNSI KOHCTPYKTUBHO-TEXHOJIOTMYECKUX  HEil 4acTH NMPHUBOIUT K YBEIWYCHHUIO ee¢ pabouei
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IUIOIIATN [0 MEpe MPOIBMKCHUS H3MEITbYaeMo-
My MaTepHally, 4TO MO3BOJSIET €My CBOOOIHO
IepeMeraThcss B BBITPY30UHYIO  KaMmepy,
HCKITFOYAs TIepeH3MeITbUCHIE.

[TonoxeHWe TOBOPOTHBIX MPOTUBOPESKYIIUX
HOXEH 5 MOXHO M3MEHATh M (DUKCHPOBATH MO
yraom ot 00 10 900 k U3MenpyaromeMy HOXY 3,

a I[IUpUHA  TIOBOPOTHOIO  HOXAa  paBHA
0,8...0,9 paccrosiHusT MEXAy H3MENbUYAIOIIUMU
HOXaMH. J[7Is perympoBKA HHTCHCUBHOCTH TIPO-
recca M3MENBbUYCHUS MaTepralia MOXKHO U3MEHATh
BpeMsl €r0 HaxXOXKICHHS B 30HC H3MEJIBUYCHUS,
JUIS 9ero HeoOXOJMMO HM3MCHUTH pabodell yroi
MOBOPOTa HOXKaA.

4 UCxXOG Mamenuan P 7
J
]
Y
6
,
[ ‘—_5I_—' / - =
ol ™ /
W 8.

Puc. 1 — KoHCTpYKTHBHO-TEXHOJIOTMYECKasi CXeMa U3MENIbUUTENI KOPMOB: | — Kamepa U3MeNbUYeHus,
2 — OyHKep MPHUEMHBII; 3 — HOKK U3MeNbYarolye; 4 — Bajl poTopa; 5 — HOXKH OBOPOTHBIE TIPOTHBOPE-
Kymue; 6 — kamepa BBITpy3Hasi; 7 — IIBBIPSIJIKA JIOTIACTHAS; 8 — HOXKH LIBBIPSUIKU

HpeZ[CTaBJ'IeHHaﬂ KOHCTPYKIUS U3MEJIBYUTEIIA
UMeeT psAA NPEUMYLIEeCTB, IO CPaBHEHHIO C U3-
BECTHBIMM aHaJloraMu: pabodas kamepa B BHUIE
YCEUEHHOr0 KOHyca 00ecreynBaeT paBHOMEPHYIO
nofayy Marepuaia B 30HY pe3aHus (Ha HOXH),
YTO B HUTOre MNPUBOIUT K IIOCIENOBATEIHEHOMY
YMEHBILIECHUIO Pa3MEpOB KOpPMa IO YCTaHOBJICH-
HBIX 300T€XHHYECKHMH TpPEOOBAHUAMHU U YIyd-
[IaeT ero KadecTBO, M3MEHEHHE YIJla HAKJIOHA
MIOBOPOTHBIX NPOTHUBOPESKYIIUX HOXEH obecre-
YHUBaeT PETYIUPOBKY MHTCHCHBHOCTH IIpolecca
n3MeJbYeHHs]; CBOOOIHOE MepeMenieHne U3Meb-
YEHHOIO KOpMa B BBITPY30YHYIO KaMepy, B TOM

yuclie Onaroiaps OpUrHHAILHOM OPMBI JIONACTH
IIBBIPSUTKH, TO3BONSET CHHU3UTH JHEPTOEMKOCTh
m3menvuenus [12, 13, 14].

B xoze uccienoBaHuii MCIONL30BalId OOILe-
HAayYHbIE METOJbl MATEMATHUKH, (U3UKH, TCOPHU
YIOPYrocTH, TEOPUU 000JI0UEK, MEXaHUKH Pa3py-
HICHHUsI C Y4eTOM (DU3NKO-MEXaHUYECKHX U TeX-
HOJIOTMYECKUX CBOMCTB KOPMOB PACTUTEIHHOTO
npoucxoxaeHus [15, 16, 17].

Pesynbratel m obcyxnenue. s ompenene-
HUSI DHEpro3aTpat MpH pe3aHuH UCXOAHOTO MaTe-
pHaza HOXXOM PAacCMOTPHUM CXEMY HX CHIIOBOTO
B3amMoneiictBus [ 18] (puc. 2).

Puc. 2 — Cxema pa3moXeHHs CIJT pe3aHUs Ha COCTaBIISIONINE: | — TOPJIOBHHA IPUEMHOTO OyHKepa; 2

— HOXK M3MEILYaIOIIHii;

—

BpaIllCHUA HOXaA, C — Touka pe3anuA;

TEJIbHAs COCTABJIAIOIAA CHUJIbI PE3aHUS;

pe3aHust; ¢ — yroia TPeHHs;

u
HUSA,

— YIJIOBast CKOPOCTb POTOPA;

— HOpMaJibHasA COCTAaBJIAIOIIAsA CUJIbI PE3aHUs,;

— YroJI CKOJIB3AMICTO PE3aHUA;

— CKOPOCTb pPE€3aHUsA;

— paCCTOAHUE OT TOUKH PE3AHUA OO OCU

—

— Kaca-

—

P

e3
— CuJia CKOJB3A1ICTO

Ve

— KacaTelibHad COCTABJIAIOIIASA CKOPOCTH pE3a-

— HOpMaJibHasg COCTaBJIAIOIIAA CKOPOCTH PC3aHUA
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HpI/I CKOJIB3AIICM pPE3aHur €ro CHUI1y MOXKHO
PA3JIOKUTh HAa COCTABJIAIOIINC!

) O

P =N+T

rae

N HOpMaJbHasl COCTaBJISIONIAas CHIBI pe3a-
HUS, IEPIIEHAUKYIIApHas K JUHUU HOXa, H;

7" _ acarenbnas cocTasinsronias, H,

npuyeM

TINf', )

rie
Al
S KOA(PHUIIEHT CKOJB3SIIETO PE3aHUs.

MOMEHT cuil pe3aHus CKIaJbIBAETCsl U3 CyM-
MBI MOMEHTOB HUX COCTABJISFOLIMX

M, =Trsin(r)+Nroos(r) = Nroos()(1+ f'ig()) , (3)
rae

7" _ paccrosmue OT TOUKM pe3aHms 10 OCH Bpa-
IIEHUST HOXA, M;

T — yron CKoMB3AIIEro pe3anys, Tpajl.

VYron 7 ompexemnsiercs Kak Yroil MEXIy BeK-
TOPOM CKOPOCTH TOYKU HOXKa U HOPMAJIbIO K JIH-
HUH JIE3BUS HOXKA.

BenuunHa HOpMabHOW COCTABJISIFOILEH CHJIBI
pe3aHus paBHa:

N =gAl ’ @
rae

q — ylenbHas IMHeiiHas cuia Hoxa, H/m;
Al — nnyHa Harpy)XEHHOHW YacTH JIE3BUS, M.

MormHOCTh cuitel pe3anus ¢ yaeroM (3) u (4)
OTIPE/ICIUTCS TAK:
W =M &=qgArocos(t)(1+ f'tg(r))

pes pes

®)
Bripaxenue (5) xapakrepu3yer 3aBHCHMOCTD
MOIIHOCTH CWJIBI pPe€3aHHsi OT KOHCTPYKTHUBHBIX
(paccTostHEE OT TOYKHM PE3aHMs 0 OCH BPAICHUS
HOXa, [UIMHA HArPY’KCHHON YaCTH JIE3BHS) U TEX-
HOJIOTHYECKHUX (YIJIOBas CKOPOCTh POTOpPA, Yroi
CKOJB3SIIIETO PE3AHUS) TAPAMETPOB M3MENIbUHTE-
7151, @ TaKKe Crienn(pHIeCcKnX CBOWCTB M3MENbyae-
MOT'0 MaTepHaa.
[Tnomans, KOTOpYIO MpOpE3aeT Je3BHE UIH-
HOU A/ B eIMHUITY BpDEMECHH AS
dt

(6

PaGora, oTHeceHHas K €OWHHUIE ILIOIIAIN
cpesa A,y

As_ Alrarcos(7)
dt

A w.,. "
A, :E:@:q(“/ (7))

dr

(N

84

Torna pabora Ha TepBBI OIMHOYHEIN Ccpe3
BEPXHHM HOXKOM OIPEJEIIUTCS TaK:

=A,k,S=q(1+ f'1g(7))k,S (®)

JUIS YCPEIHEHHBIX pacdyeToB MOXKHO INPUHATH
yrol 7 B MOJOKEHUM JIE3BHs IPU MPOXOJE UM
LEHTPA 3arpy304HOil TOPJIOBUHEL.

Benuuuna ynenpHON JTMHEWHON CHUJIBI HOXA B
ciydae pe3aHusi 0e3 CKONBXKEHUS, ¢y 3aBHCHT OT
CBOMCTB MaTepuana u 3aTouku Hoxka. H. E. Pe3-
HUK [19] npemioxu, onpenenars ee 1o Belpaxe-
HUIO:

Al

2
q,=00, +§h‘ﬁ(tg(ﬂ)+fsinl(ﬂ)+y(f+cosz(,3))) , 9
rae
4 — ocTpoTa (TOJIIUHA) JIE3BHS, M;
O,— paspyluaroniee Hanpspkenue, Ila;
E —Monyns ynpyroctu matepuana, I1a;
Heye— TONIIMHA CKMMAEMOTO JIE3BHEM HOXKa MaTe-
puaia 10 MOMEHTa Havaya pe3aHusi, M;
h — TonmMHa cios epepe3aeMoro Marepuara, m;
— yroJi 3aTO4YKH JIe3BUs HOXKa, TPajl.;

f— xoaddunmeHT TpeHus e3BHs HOXKA O MaTepu-

an;
L~ xodddurment I[Tyaccona.

VYoienbHas NMHEHHas cula HOXa B Cllydae
PE3aHMs CO CKOJIBKCHUEM, CHIKACTCS C yBEJINYe-
HHEM YTJa pe3aHus MO AMIHUPUYECKOMY COOTHO-
menuto [19]:

_ []
49=4y &' T, (10)
rae o — koadduiment, a=(50...60) mpu g, B H/
M U 7 B Ipagycax.
IIpencraBuM 3TO COOTHOIIEHHUE B BUIE:

QZQO[l_aij 5
90

rae o — 6e3pa3mMepHbIil KOdQOUIIHEeHT, Oommpeners-
eMBIi 10  JKCHEPHUMEHTANbHBIM  JaHHBIM
(mpurnMmarcs pasHeMa =(0,5...0,6)).

Jns pmanpHeiero pacuera mpuMeM psii J0-
MyIIeHUH A7l YCPeTHEHHBIX XapaKTepUCTUK B3a-
MMOJICHCTBUSL HOXKEM M 4acTUL MaTepuaja: Kax-
JIbIA pAll HOKEH, NMPU BO3ACUCTBUM HA KaXKIYIO
YacTHIly pa3pe3acT ee Ha JBE YacTH, TaK UYTO
CpeIHsISI IIIHA YaCTHI] YMEHBIIIAETCs B /IBa pasa,
a KOJMYECTBO YACTHII, TIEPEXOIAIINX Ha CICAYIO-
UM psiJl HOKEW YBEIMYMBAETCS B JBa pasa.

OTO [MOMymIeHWE TaKkKe CHPaBEIIUBO IPH
W3MENPUCHUN BBITSHYTBHIX IO OTHOMY H3Mepe-
HUo acTuil. [Ipu mepexoae Ha CIIEAYIOMIYIO CTY-
MeHb pe3aHus (Ha HIDKE YCTaHOBIICHHBIM psi
HOXEH) IUIoMma b MaTepria, KOTOPYI HE00XOu-
MO paspe3aTh YABaMBAETCs, TaK YTO Ha KaXIOM
pAle HOXe:

(11)

S =20Vg
ko

(12)

i=1,..
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PaboTa pezaHus Ha KaXXIOM psAe HOXKCH UIs
OJTHOTO HOXa B Psly paBHA

A, =24,k,S =2q(1+ f'tg (7)) k,S
A4=204,k,S=2""g,(1+ f'1g (7)) kS ;
4, =2"" 4§ =2"g, (14 f1g (7)) kS

(13)

Junst xaxxnoro psina i=1, ...,k quana3oHbl yria
7 ¥ ¢; 10 BeIpakeHuto (11) OyayT pa3nTUUHBIMH.
BospmeM ycpenHeHHbIE 3HAYEHUs IIPU pacueTe
Ka)/I0ro psiia HOXeH.

Ecmu ¢opma wactun Onmska k KyOy, TO mpu
OIIHOKpaTHOM pa3pe3e Ha JIBe YacTH CTENEHb W3-
MEHEHMs ILIOLAAN CPE3a CTPEMHUTCS K 32, Haun-
Hasi ¢ HEKOTOPOro psifa HOXEH, pa3Mep YacTHIl
1O TPEM H3MepeHusIM OyzeT commkarbes. Kpome
TOro, HE KaXK/las 4acTHla Iepepe3aeTcsl HIKe-
PacIONO)KEHHBIM HOXXOM, TIO3TOMY CTENeHb H3-
MEHEHH IUIOMIAAN Cpe3a OTIINYAETCsl B MEHBIITYIO
CTOPOHY U MOXKET 6BITB MEHbIIC CAUHUIIBI.

B cnydae, eciu npuHATOE AOMyLIEHHE 00
YABOEHHUHU TIOIIAIU Cpe3a HEe CIIPaBEIIMBO, MOXK-
HO 3a/laBaTh CTENECHb HM3MEJIBYCHUS B KaXKIOM
pany HOXeH UHAUBUAYAJIBHO. OTMeTI/IM, 4TOo pe-
T'YJIMpPOBaHKE yIila YCTAHOBKU W TIOJIOXKEHUS TIPO-
THUBOPE30B JaeT BO3MOXHOCTb U3MEHATH KOJIHYE-
CTBO CpE€30B KaXKJbIM psitoM Hoxel. Torna, 3ana-
Bas MHAUBHIYallbHO CTENEHb H3MEIbUCHUS Ha
Ka)/I0# CTyneHH, BelpakeHue (13) mpumer Bug

4=k ST =g, (14 e (@)RSTT w, (14)

rae

i-1
Hl o NIPOU3BEACHUE CTENCHEH H3MENbUYEHUS
u; Ha KaXJOM psjie HOXeH ¢ MepBOro JI0 Mmpepl-
JYILETO U, ; .

[puuem, ans =1 npuarMaeM u;_ ; =1, Tak KaKk
NIEPBBIA psAJ HOXKEH OINpEnessieT pasMep HCXO.-
HOM 4acTHIBI MaTepralla, MOUISKAIIUX [TOCIeNy-
IOLIEMY TIEPEPE3AHUIO.

3a omuH 000pOT poTOpa B Kamepy MU3MeNbye-
HUSI TIOCTYTAeT MOPLUs MaTepuaia OT ABYX HO-
el BEPXHETo psja, CIEAO0BATENBHO, CyMMapHas
pabota Bcex HOXeH 3a OMUH 000pOT OyIeT paBHa:

k
Azyu = 221’:1 Ai . (15)

Bpewms ogHOro o6opora poropa:

27

w

Torma MONTHOCTH CHJI pE3aHUS ONPEACTHM
TakK:

Wc‘yj.u — ﬁ — Q k A R
pes t T -1t

(16)
r7ie kK — KOTMIECTBO PsAI0B HOXKEH, k=(3...9).
CyMMapHBIii MOMEHT CHJI Pe3aHHs paBeH KO-

3¢ QUIMEHTY TIPU YIIIOBOH CKOPOCTH B BBIpake-
HuH MomHocTH (16):

McyM — l k

pes 1 Ai (1 7)

i=

85

KpOMe 3aTpaT MOIIHOCTH Ha MPOLCCC pC3aHUsd
OHEPIrud pacxoayeTcCd Ha MCPpEeMCUICHUEC MaTepua-
Ja K HepI/I(I)CpI/II/I KaMepbl U3MCIIBbYCHHSA U Ha XO-
JIOCTOU XO[1 poropa. Pacxon momtHoCTH Ha nepe-
MCIICHHUE MaTcpuajia OIpecaAciInM C HCIOJIb30Ba-
HHUEM TCOPCMBbI 00 HM3MEHEHHH KHHETHYECKOrO
MOMCHTa:

‘Z—Ij =M-M;"-M
rae
M — MOMEHT, MOJJBOAMMBIN K POTOPY OT JBUrarte-
s,
(-Mxy) — MOMEHT, pacxXxoAyeMblii Ha XOJOCTOMH
X07;
K— KuHeTH4YecKkuil MOMEHT pOTOpa U MaTepuana
B U3MENIbUYHTENE;

(-mz)
pe ) - MOMEHT BHEUIHMX CHJI CO CTOPOHBI
KaMepbl U3MEeIbUeHHs C MPOTUBOPE3aMH OTHOCH-
TEJIbHO OCH BpallleHHUS.

Bripa3um u3 ypaBHenus (18) momeHT, moaso-
JUMBIN K pOTOpY:

(18)

XX

M=M>"+M_ +d—K .

pes ar (19)
Kunernueckuif MOMEHT, OTHOCHUTEIBHO OCH
BpaiieHus K, ¢ y4eToM MaJIoOCTH MOMEHTa OTHO-
CUTEIIbHON CKOPOCTH Matepuala, 10 CPaBHEHHIO
C IIEPEHOCHOM, PABEH:
K=jo+0tr’n, - (20)
rae
@y — YIJIOBasi CKOPOCTh MaTepuajia B Kamepe
W3MENbUCHHUS, PaBHA @ Ha BBIXOJE U3 U3MEIbUU-
TENs U HYJIIO — Ha BXOJIE.

ITpu ycTaHOBUBILIEMCS peXHUME TIEPBOE Cllara-
emoe B Belpakenun (20) mocrostaHO. Toraa, mpu
HYJIEBOI1 YIJIOBOI CKOPOCTH Ha BXOJI€ MaTepuala,
MOJTYYHM:

K:ja) ;

K, =jo+0tro ; 1)
diK_KK_KO_ 2

¢ _Qrkw.

MomHOCTh Ha pa3roH MaTepuana:

dK

W, ="—w= (22)
v ¢

2 2
Or o -

Takum oOpa3oM, cpemHssi MOITHOCTE W, Tmof-
BOIMMAs K pOTOPY, ONPEICTUTCS TaK:

W=W.2"+Wy + Wiy

pes (23)
rae Wyyxy— MOIITHOCTh Ha XOJIOCTOM XOJI.
MOHIHOCTB Ha XOJIOCTOM X0 ompeaciasacTCsa
OKCIICPUMCHTAJIBHO, JII BBIYUCIIUTCIBHBIX 3KC-
NEPUMEHTOB €€ IMPUHUMAJIN paBHOi’I
Wy =(0,15..0,2) (w2

pes

+WM)
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B 3arpartsl Ha XONIOCTOH XOJ BKJIIOYAJIH He-
MIPOAYKTUBHBIE 3aTpaThl SHEPIUU Ha IepeMellH-
BaHHME MaTepHaia — NPeoIoJIeHne TPEHHUS YaCTHIT
0 CTEHKH KaMephl 1 MEXIy COOOM.

BeiBoabl. Ha ocHOBaHMHM TEOpPETHUYECKOIO
M3Y4YEeHUs Tpoliecca W3MENbUeHNs KOPMOB B PO-
TOPHOM H3MeENBYHTENEe C paboueil Kamepod B
BHJIE YCEUEHHOr0 KOHYCa ITOJIy4eHbl aHaJUTHYe-
CKH€ BBIPa)KEHHUS /ISl OIpeieNieHns: paboThl pesa-
HUSI HA KQKJOM psiie HOXel, cyMMapHOil paboThI
BCEX HOXEH 3a OIMH 00OpOT M HEOoOXOIMMON
MOIIIHOCTH JIJIs IPUBOAA POTOpA.

OHEepProeMKoCTh  Ipolecca  U3MEIbUeHUs
ompenensercs Kak cymMMma 3aTpaT Ha pe3aHue,
pasroH Marepuana M XOJOCTOrO XOAa poTopa.
MOIIHOCTD CHJIBI pe3aHHUs 3aBHCUT OT KOHCTPYK-
THUBHO-TEXHOJIOTHYECKUX I1apaMEeTPOB U CIEIH-
(uueckux CBOWCTB HM3MENbYaEMOro MarepHala,
MOIIIHOCTh Ha DPa3roH Marepuaia K nepudepun
KaM€pbl H3MCJIBYEHHUA — OT KHHEMAaTHU4YCCKOI'O

MOMEHTa pOTopa M MaTepuara.

Kpome 3arpar MomHOCTH Ha
pe3aHuMsi W pasroHa  MarepHaia
pacxomyercs Ha  XOJOCTOH  XOJA
BKJIIOUAIOIIMi B cedsd  HENpOIYKTHBHBIC
3aTpaThl SHEPruH Ha nepeMelIuBaHue
MaTepuana — TPEoJONIEHHE TPEHUS YaCTHIl
0 CTEHKH KaMepbl U MEXIy COOOi.

[onHast MOITHOCTH, HEOOXOAUMAST JUIS TPUBO-
Ja W3MENBYUTENs, 3aBHCUT OT KOIMYECTBA H
TEOMETPUUECKUX XaPaKTEPUCTUK M3MENIbYAIOIINX
Y TIPOTHUBOPEXYIIMX HOXEW, YacTOThl BpaIICHHs
poTOpa, CBOWCTBA U3METHUAEMOr0 MaTepHasa.

UuncneHHblEe pEIIeHUS TOTYYEHHBIX 3aBHCH-
MOCTEH TMO3BOJISIT OOOCHOBaTh KOHCTPYKTHBHO-
TEXHOJIOTMUECKHE MapamMeTpbl pabovynX OpraHoB
M3MENBUUTENST TIPH MHHUMAJIbHBIX 3HAUSHUSX
MOTpEOHOM  MOIIHOCTH  C  MPOU3BOJCTBOM
W3MENBYEHHBIX ~ KOPMOB,  COOTBETCTBYIOIIMX
300T€XHUYECKUM TPEOOBAHHSM.
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DETERMINING THE ENERGY CONSUMPTION OF THE PROCESS OF GRINDING
BY CUTTING IN A FEED GRINDER
R. S. Popoldnev, B. G. Ziganshin, A. V. Aleshkin, A. V. Dmitriev,
D. T. Khaliullin, I. Kh. Gayfullin

Abstract. The relevance of the study is due to the need to reduce energy intensity and loss of nutritional value of
feed while simultaneously improving quality indicators during the grinding process. The work was carried out with the aim
of theoretical studies of the design and technological parameters of the feed chopper and determining the energy consump-
tion of the grinding process by cutting. The scientific novelty of the research lies in the mathematical models for determin-
ing the cutting work and the total drive power of the feed chopper. When carrying out the research, the general scientific
principles of the theory of elasticity, the theory of shells, and fracture mechanics were used, and the physical, mechanical
and technological properties of feed of plant origin were also taken into account. A device is proposed, the design of which
has the following advantages: a uniform supply of material to the cutting zone (to the knives) is ensured due to the work-
ing chamber in the form of a truncated cone, which leads to a consistent reduction in the size of the feed to those estab-
lished by zootechnical requirements and improves its quality; the ability to change the angle of inclination of the rotary
counter-cutting knives, which provides adjustment of the intensity of the grinding process; reduction in the energy intensi-
ty of grinding due to the free movement of crushed feed into the unloading chamber and the original shape of the tosser
blade. Analytical expressions were obtained to determine the cutting work on each row of knives for one knife in a row,
the total work of all knives per revolution, as well as the required power for the rotor drive. As a result of the research, it
was established that the energy intensity of the grinding process is determined as the sum of the costs of cutting, accelera-
tion of the material and idling of the rotor. The total power required to drive the chopper depends on the number,
geometric characteristics of the chopper and counter-cutting knives, the rotor speed, and the properties of the material
being crushed.

Key words: animal husbandry, feed, shredder, shredding process, ener gy consumption.
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