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The creation of low-capacity enterprises for processing ani-
mal raw materials in Ukraine has led to a significant reduction
in the production of dry animal feed and the technical and sa-
nitary level of their production. Feeds obtained by traditional
technology have low biochemical and nutritional value due to
prolonged heat treatment of raw materials and untimely pro-
cessing.

The aim of the article was to improve the device for pre-
grinding with gratings with smaller holes and profile hammers,
which will intensify not only the process of grinding technical
raw materials (obtaining smaller particles at the outlet), but also
the technological process as a whole (degreasing bone, drying
and grinding dry slag)

In order to improve the existing technology and equipment,
it is advisable to develop highly efficient methods of processing
technical raw materials and create low-productivity technolo-
gical equipment using energy and resource-saving technologies.

Hammer and rotary crushers of various modifications play
an important role in the production of dry animal feed. Hammer
crushers are suitable for large, medium and small grinding of
various food products, and can also be used for grinding brittle
materials and vegetable raw materials. The advantages include
the simplicity of design.

To ensure the intensification of the process, including the
reduction of wear of hammers, it was proposed to install ham-
mers with one hole, which are made of alloy heat-treated wear-
resistant steels. Heat treatment of steel occurs when heated to
860°C, followed by cooling in oil and tempering at 300°C. After
heat treatment, the hammers have strength of 39...47.5 HRC.

It was established that the decisive indicator of the quality
of processing of animal raw materials is not only the degree of
grinding but also the economic feasibility of using a particular
type of equipment.
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IHTEHCU®DIKALIA BUPOBHULTBA CYXUX TBAPUHHUX
KOPMIB 3 METOIO YOOCKOHANEHHA OBNAOHAHHA

O. 1. Babauosa, 1. I'. Ba6anos

Hayionanvnuti ynigepcumem xapuoeux mexnHonoziti

A. O. llleBuyenko

Xapriecoxuii 0epxcaguuti yHieepcumem XapyyeanHs ma mopeieni

CmeopeHHs niONpUEMCME MALOT NOMYHCHOCHI O nepepobaeHHs MEAPUHHOT Cli-
posunu 6 Yxpaini npuzeeno 00 3HAUHO20 3HUIICEHHS 00Cs2y, MEXHIYHO0 1 canimap-
HO20 Pi6Hs GUPODHUYMEA CYXUX MeapuHHux kopmie. Kopyu, o ompumyoms 3a mpa-
OUYITIHOIO MEXHONOZIEIO, MAOMb HUZbKY BIOXIMIUHY | XApY08Y YIHHICMb Yepe3 mpuedie
mepmiuHe 06pobIeHH CUPOGUHY | HECBOEYACHE 1T NepepodieHHs.

YV cmammi 3aznaueno, o YOOCKOHANEHHS ICHYIOH020 0ONAOHANHS 3 6CHIAHOGe-
HHAM 000AMK0BO20 NPUCMPOIO OJid NONEPEOHbO20 NOOPIOHEHH OACHb 3MO2Y IHMEH-
cughixyeamis He 1uuLe Npoyec NOOPIOHEHH MeXHIYHOT CUPOBUHIL (OMPUMAHHS MEHULUX
YACMUHOK HO 6UXO00L), d il MeXHONOZIMHUI NPOYeC Y YiNOMY (SHEHCUPIOBAHHS KICHIKUL,
CYULiHH ma NOOpPibHeHHA CYXOTl WKeapu). 3 Memor YOOCKOHANEHHS ICHYIOYOT MeXHO-
7102i1 1l 06IAOHAHHS PO3PODOIEHO BUCOKOEGheKkMUGHT CROCOD nepepobieHHI MEXHIYHOT
CUPOGUHI T CBOPEHO MEXHONOZIHHE OONAOHANHS MATIOT NOMYHCHOCTT 3 BUKOPUCTIA-
HHSIM eHepeo- 1 pecypeo3aouacdiCyionux mexHo0eI .

Baoicnuey poiv y 6upobHuymei cyxux meapunHux Kopmie Gidieparoms MOJIOMKOSI
ma pomopHi Opobapku pisHOMAHIMHUX Moougbirayiti. Monomxoei Opobapku npocmi
30 KOHCMPYKIUBHUM GUKOHAHHAM T NPUSHAYEHT O KPYNHOZ0, CepeOHbO2o i OPIOH020
NOOPIOHEHHS XAPYOBOT NPOOYKYIT Pi3HO20 NPUSHAYEHHS, (I MAKOHC MONCYHIb 301CHOCO-
gyeamucs 07151 NOOPIOHEHHS KPUXKUX MAMEPIANiQ 1l POCIUHHOT CUPOBUH.

Jna sabesneuenns inmencugixayii npoyecy nepepobieHHs MexXHIYHOI CUPOBUHI HA
MOIOMKOGUX OPODAPKAX, SMEHULEHHS 3HOCY POOOUUX OPSAHI6 3ANPONOHOBAHO 6CHIAHO-
BUMU MOJOMKY 3 OOHUM OMBOPOM, GUKOHAHI 3 1€208AHOI MEPMIYHO0DPODIeHOT 3HO-
cocmitixol cmani. Tepmoobpodnenns cmani 8i00ysacmocsa npu naepisi 0o 860°C 3
nooanvuuM 0xon00xcenHam 6 macmuni i eionycky npu 300°C. Ilicaa nposederozo
mepMooOpodienHa Moromku maromo miynicms 39... 47,5 HRC.

Bemanoeneno, wo eupiuiansHum NOKA3HUKOM SKOCHI nepepoOnenus mexHidHoi
MEAPUHHOT CUPOBUHI 3ATUMAECTILCS He uuie CIYNiHL NOOPIOHeNHS, d Tl eKOHOMIYHA
OOYiNbHICMb BUKOPUCHIGHHS MO20 YU THUL020 MURY OOIAOHAHHA.

Kanrouesi cnosa: mexuiuna cupoguna, Opobapxa, cyxi meaApuHHi KOpMu, MOAOM-
Kit, NOOPIOHEHH, 6AIKIL.

IHocranoBka npo6yieMu. AHaNI3 MTEPATYPHHUX JKESPET 1 MPAKTUYHOTO BUBUCHHS
MpoOIEMH BUKOPUCTAHHS HEXAPUOBHX BIAXOIB, OACPKAHUX YV PE3VIBTATI Iepepoo-
JICHHS TEXHIYHOI CHPOBHHU 3 METOIO BUPOOHHULITBA CYXUX TBAPHHHHUX KOPMIB B YKpa-
iHl, TATBEPAUB, IO TCXHOJIOTI BUPOOHUIITBA YSPE3 HEAOCTATHIH PIBCHb TEXHIYHOTO
OCHAINCHHS BUMArae yIOCKOHAICHHS. TaKkoX BIIOMO, IO MEXAHI3AL[s POLECCIB TIEPe-
POOIICHHS TEXHIYHOI CHPOBUHH HA M’ ICONEPEPOOHHX MM AIPHEMCTBAX CKIAAAE OIH3b-
ko 50% [1; 2].
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CTBOpPEHHS HiAIPUEMCTB MAITOI TOTYKHOCTI JJTS IIEPEPOOIICHHS TEXHIYHOI CHPOBH-
HH B YKpaiHi MPU3BEIO 10 3HAYHOTO 3HWKEHHS 00CATy BUPOOHHULITBA CYXHX TBAPHH-
HUX KOPMIB, TCXHITHOTO i CAHITAPHOrO PiBHS IX MEPESPOOICHHS.

VY GinbImocTi nexiB TeXHIYHUX (haOpUKaTiB M’ ICONCPEPOOHHX i JIPUEMCTE BCTa-
HOBJICHI BAKyYM-TOPH30HTATIbHI KOTIH JJI5 TCIUIOBOTO 0OPOOICHHS TEXHIYHOI CHPOBH-
HH ¥ CYIIIHHS 3HCKUPCHOI IIKBApH, APoGAPKH, MPOCIIOBAMI, [0 MAOTh HU3BKHH Pi-
BCHb MEXaHI3awii ¥ aBTOMATH3AI] 3 BUKOPUCTAHHIM HECBAOCKOHAJICHOI TEXHOIOTI]
nepepo6neHH;1 TEXHIYHOI CHPOBHHHU. KOpMI/I IO BUPOOJISFOTHCS 32 TAKOKO TEXHOJO-
€0, MAKOTh HH3BKY G10XIMIYHY 1 Xap4OBY LIHHICTb YePe3 TPHBAJIC TEPMIUHE 00poOIe-
HHSl CHPOBHHHU 1 HecBO€4acHe ii mepepoGIcHHS, 1, B OCHOBHOMY, BUPOOIISIOTECS JPY-
T'HM T2 TPETIM COPTaMH.

TexniyHa CHPOBUHA, OTPUMAaHA MPU NEPePOOICHHI TBAPUH HA M SCOMCPEPOOHHX
MANPUEMCTBAX MANOi IOTYKHOCTI, CTBOPCHUX B YMOBAaX CLIIbCHKOI MiCLIEBOCTI, IPaK-
THYHO HE BUKOPHCTOBYETHCA.

Mera gocigzkeHHsI: PO3POOUTH BUCOKOS(EKTUBHI CrIOCOOM MEPEPOOICHHS TEX-
HIYHOI CHPOBHHH T2 CTBOPUTH TEXHOJIOTIUHE OONATHAHHS MOl OTYKHOCTI 3 BUKO-
PHUCTAHHIM CHEProO- 1 pecypco3aoiaPKyBaTbHIX TCXHOIOTIH.

BuxnageHHs1 OCHOBHHX pe3yJbTATIB JocaigxkeHHs. Baxxusy pons v BUpoOHH-
LTBl CYXUX TBAPUHHHUX KOPMIB MPU NIEPEPOOICHHI TCXHIYHOI CHPOBHHU BLAITPAIOThH
MOJIOTKOBI Ta POTOPHI APOOAPKH Pi3HUX MOIUpIKALI .

BcranoBreHo, o BupimanbHAM GaKTOPOM 3ATHINAETHCA HE JUIIC CTYIIHb MOJ-
PiOHEHHS, a i €KOHOMIYHA JOLIIbHICTE BUKOPUCTAHHS TOTO YH 1HIIOrO THITY 00Ia-
HaHHA [3; 4].

MoaoTKOBI 1 POTOpHI ApoGapku 3a crocodoMm aii BigHOCATBC 10 yaapHux. [lox-
PIOHCHHS 3AIHCHIOETHCS MEPSBAXKHO ILIIXOM YAAPY PYXOMUMH POOOUHMH OPraHAMH.
MomnoTtkosi apobapku MPUAATHI A1 KPYIHOTO, CEPEIHBOro 1 ApiOHOTO moapiOHCHHS
PI3HOMAHITHOI XapvoBOi MPOAYKLI, & TAKOXK 3aCTOCOBYIOTRCS JUTs TOAPIGHEHHS KPHX-
KHX MaTepianiB ¥ pocnuuHoi cuposun. Jlo nepesar 1poro 00/1aJHaHHS AOLLIBHO Bij-
HECTH ¥ MPOCTOTY KOHCTPYKIYI. Y MONOTKOBHX APoGapKax K poOoUl OpraHy 3acToco-
BYFOTBCSL MOJIOTKH, SIKI IAPHIPHO 3aKPIILICHI HA 00CPTOBOMY 3 BEIMKOK) IIIBUAKICTIO
poropi. Cuna yaapy 0O0yMOBITIOETHCS IIBHIKICTIO 0OCPTAHHS Ta MACOK) MOJIOTKIB,

[ToapibHeHnHs yaapoM v MOJIOTKOBHX ApoGapkax 3abesnedye 3HaYHNH eEeKT HoA-
PIOHCHHS, HI’K PO3AABIIOBAHHAM, IO 32CTOCOBYEThCS B 1HIIUX THIIAX NOAPiOHIOBA-
JABHOTO 0013 JHAHHS, HATIPUKIA, V IIIOKOBUX a00 KOHYCHUX apodapkax. CTymiHb oa-
PIOHEHHS B MOJIOTKOBHX Jpobapkax 3Ha4HO BUINA (cTaHoBUTE 10 20...30), a muToma
BUTpAaTa CHEPrii — HWKYA, HDK B 1HIMX THOAx Apodapok. KinekicHOI XapakTepHc-
THKOIO TIPOLIECY HO,Z[pi6H€HHH € CTyrIiHb MOAPIOHEHHS, IO MOKA3Ye, Y CKUJIbKH Pa3iB
3MEHIIUBCS PO3MIP YACTHHOK MaTeplany MPH MOAPIOHEHHI [5].

MonoTkoBi ;[po6ap1<1/1 MAFOTh TaKi MICPSBAru:

- BUCOKA IPOAYKTUBHICTD, IO NMPUNAAAE HA OAWHULIEO MACH;

- MCHIII METAIOEMKI;

- BAPTICTh OONAIHAHHA HA OJMHHLIO IPOAYKTUBHOCTI B 3.5...5.5 paza Hrk4a, HiXK
BAJIKOBHX 1 IIOKOBHX APOOAPOK;

- Maca KOpIycy BLANOBLAHO B 4,5...5 pa3is MeHIua;

- 3HAYHO HIDKYA BCTAHOBICHA MOTYKHICTh €ICKTPOABUTYVHA.
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Jo HenomiKiB MOOTKOBHX APOOAPOK CITLA Bi THECTH:

- IIBUIKUH 3HOC MOJIOTKIB, OPOHEILTUT, KOMOCHUKOBHX PELIITOK MPU MOAPiOHEHHI
abpa3uBHHX MaTepiamiB;

- 3AITUNAHHS KOJIOCHUKOBUX PEIIITOK NPH MOAPIOHCHHI BOIOTHX IUIACTUIHHX MaTe-
piamis;

- CKJIAJHICTh MOHTAXKY 1 OaJTaHCYBaHHS POTOPA.

Buineckazase 3yMOBITIOE HEOOXIIHICTD MOMIYKY HAYKOBO-OOIPYHTOBAHMX LLUTAXIB
iHTeHCcndikami ¥ ontuMizanii cocobiB NOAPIOHCHHS HA MONOTKOBHX Apodapkax 3
METOFO 3MCHIICHHS 3HOCY MOJIOTKIB, IO MPHU3BEAC O CKOPOUCHHS Yacy Ha PEMOHT Ta
o0cnyroByBaHH4 i 0171611 JOBrOTPHBATIOI pOOOTH MOJIOTKOBOI Apobapku. Takox mpo-
MOHYEThLCS PO3POOHUTH Ta BCTAHOBHTH NPUCTPIH 471 MOTIEpeHBOTO NOAPIOHEHHS Kic-
TOK HPH BUPOOHHLITBI CYXUX TBAPHHHUX KOPMIB.

Jist bOro HEOOXITHO BUPILIUTH TAK] 3aBJAHHS:

- IPOBECTH AOCTIKCHHS MPOLIECY MOAPIOHEHHS KICTOK Y Apodapiy, BUSBUTH (ak-
TOPH, sIK1 OE3M0CePeIHBO BILTHBAIOTh HA TOTOBUI IMPOAYKT;

- PO3POOUTH MATEMATHYHY MOJEITb POOOUOro OpraHy MOJIOTKOBOI ApodapK 3 ypa-
XYBAHHIM CTATUYHHX 1 JTUHAMIYHUAX XapaKTCPUCTHK;

- HA OCHOBI MATEMATHYHOI MOACIL 3MIHCHUTH MOJCITIOBAHHS Ta PO3PAXYHOK Mapa-
METPIB TCXHOIOTTIHOTO TPOLIECY.

st 3abe3neucHHst iHTeHCHU(IKALIT TPOLECY, IO BKIIOYAE 3MCHIICHHS 3HOCY MO-
JOTKIB, 3alPONOHOBAHO BCTAHOBJICHHS MOJIOTKIB 3 OJHHUM OTBOPOM 1 MPOdiTbHIM
KpaeM, SIKi BUKOHAHI 3 JICTOBAHOI TepMIYHO 00po0neHoi 3HococTiiKOi ctami. Tepmo-
00poOIcHHS cTasl BiAOyBaeThes mpu Harpisi 10 8§60°C 3 moJaIbIIuM OXOI0IKSHHIM
y mMactui 1 Bignycky opu 300°C. Tlicis Takoro TepMoOOpOOICHHS MOJOTKH MAKOTh
minmicts 39...47,5 HRC [6].

3a momomororo nporpamu Solid Works Ha 0CHOBI MATEMATHYHOT MOETI 311 ICHEHO
JOCIIIKEHHS pOOOTH MOJIOTKIB 1 PO3PaxyHOK HAIIPYKEHb, SIKI BUHUKAOTH ML 4ac Po-
Ootu apobapku. Ipu mopiBHIHHI MOTOTKIB 13 PO(LIPHUM KPAEM 3 MOIOTKAMH CTaH-
JApTHOI KOHCTPYKILi OTPUMYEMO HU3KY MICPEBAr, a Came:

- PIBHOMIpHE PO3MOILICHHS THCKIB 1 CTBOPCHHS 30HH PO3P1LIKCHHS, IO O3UTHBHO
BILUTMBAE HA PYX CHPOBUHH B ApoOapii;

- HAMOLTBINI 3HAYCHHS BEKTOPIB MIBHUAKOCTI MOAPIOHSHHS 30CCPEIKSHI MICIsl y,aa-
PY MOJIOTKaMH Ta HPH 3ITKHEHHI CHPOBUHH 3 JCKAMU;

- IHTCHCHBHILIE BiA0OYBAEThCA 3aKPyUYBaHHS YACTHHOK CHpoBUHU. Lle Bka3ye Ha 1€,
10 YaCTHHKY 1HTCHCHBHILIE NIEPEMILIAOTECS B IPOCTOPI, BIATIOBIAHO, IHTCHCHBHICTb
yAapiB CHPOBUHH 00 MOJIOTKH Ta JCKH 30LTBIIYETHCSL.

[MpucTpiii A MONEpPEeAHROTO NOAPIGHCHHS Mae OYTH BUKOHAHHH 3 3aCTOCYBAHHIM
pudacHurx Baakis. OOCPTAHOYUCh 3 HE3HAYMHOK IMBUAKICTIO HA3YCTPIY OJUH OJHOMY,
BaJIKH 3a0¢3MCYYIOTh MOTICPS THE MOAPIOHCHHS CUPOBHUHHU, 3aB/ISIKH LbOMY OLIbII APIO-
HAa KICTKA MIBUIIC TIOAPIOHIOETHCS A0 HEOOXIAHOTO PO3MIPY B OCHOBHIH YaCTHHI APO-
Gapxu. Takox mepeadaueHo MOMKITHBICTD PETYIIIOBAHHA POOOYOro 3a30py MIXK BajKa-
MH 32 JONOMOTOIO HATSDKHOTO IPHCTPOO.

3aBasIKH BCTAHOBIICHHIO AOJATKOBOTO MPUCTPOIO TS MIONICPEIHBOTO MO IPIOHIOBA-
HHS$ B KOHCTPYKIIEO MOJIOTKOBOI APOOAPKHU JOCATAETHCS 3MEHIICHHS 4acy 0OpOOICHHS
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CHPOBHMHHU B OCHOBHOMY TOAPiIOHIOBaYl (MOJIOTKOBA ApO0apKa), MOKIUBICTh PEry-
JIOBAHHS PO3MIPIB MPOAYKTY HA BUXOJl, 3MCHIICHHS 3HOCY POOOYMX OPraHiB Apo-
Oapku Ta NOAPIOHCHHS PI3HUX BUAIB TCXHIYHOI CHPOBHHH, 1[0 HAAAE 0018 THAHHIO
VHIBEPCATBHOCTI.

Ha ocHOBI KOHCTPYKTHBHHX PO3PAXyHKIB 3aMPOIIOHOBAHO BCTAHOBHUTH CJICKTPO-
JBUTVH 3 IBOCTOPOHHIM BanoM. [IpuBeneHHS B pyX apoOapku 3A1HCHIOBATUMETHCS
uepes MyQTy, a IPUCTPIH MOMCPESIHBOTO MOAPIOHSHHS OYI¢ MPUBOIUTHCS B PYX 33
JOTOMOTO0 PEAYKTOPA Ta JaHLFOTOBOI nepe;[aqi

Y PO3BAHTAXKYBATbHHI MIPUCTPIH JOLITEHO BCTAHOBUTH pCIJ.IlTKI/I 3 MCHIITUMH OTBO-
pamu, HiK Y CTaHZAPTHOMY 00/1aqHAHHI, 3aBISIKK [IbOMY BHX1THUH MPOAYKT Oy¢ MCH-
LIOTO PO3MIpY.

BUCHOBKM

BukopucTanHsa npUCTPOrO s TOTIEPEHBOTO MOJPiIOHEHHS, BCTAHOBICHHS pe-
IITOK 3 MCHIIMMH OTBOPaMH 1 MOJIOTKIB 3 HpO(le‘ILHI/IM KpaeM, BUTOTOBJICHUX 3
JIeroBaHOi TEPMIYHO 00POOICHOI 3HOCOCTIHKOI CTal, AACTh 3MOTY IHTCHCU(IKYBATH
HE JIUIIC MPOLICC MOAPIOHCHHS TCXHIYHOI CUPOBUHH (OTPUMAHHS MEHIITUX YACTHHOK
Ha BUXOZ1), 4 ¥ TCXHOIOTIYHHI MPOLIEC 3araioM (3HEKUPIOBAHHS KICTOK, CYINIHHS
Ta NOAPIOHCHHA CYXOi IIKBAPH).
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