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One of the first processing operations of recycling polymer
products is grinding. Prospective equipment for the processing of
polymers is “shredders”. Analysis of domestic and foreign struc-
tures of shredders has shown that such devices are poorly
investigated equipment for optimization of grinding efficiency and
reduction of energy consumption. The article presents the results of
investigations of the characteristics of the work of a single-rotor
shredder for secondary crushing of polymer products at different
operating modes, a method for determining the rational parameters
of the clements of the design of its drive. On the basis of the
analysis of the results of analytical and experimental studies,
graphical dependences of the shredder power change on time were
obtained. It is established that the average power difference of a
shredder drive at rotation of a shaft in the range from 18 to 27 rpm
makes up 35% in favor of smaller revolutions. To determine the
identity of the shredder’s work, an experimental installation was
developed and manufactured. The recording device for techno-
logical and kinematic indices during the study was a personal
computer, and the instant indicators of the corresponding
characteristics with the help of the developed program were
obtained in the form of charts. To analyze the adequacy of the
mathematical model of shredding products from polymers to real
processes, a full-featured experiment was conducted. The results
of the research received a mathematical-statistical equation for
determining the power of a shredder drive. The results can be
recommended for use when designing new shredder samples.
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AOCNIOAXXEHHA PALIOHATIBHUX XAPAKTEPUCTUK
LWWPEAEPA ANA NOAPIBHEHHA NMOJNIIMEPHUX BUPOBIB

M. B. AkMMuyK, O-p TeXH. HAYK
. P. BaniyniH, kKaHA. TeXH. HayK

C. M. MMpOHeHKO
B. M. Akumuyk

HaujoHanbHuli yHisepcumem xap4o8ux mexHosnoeaill

Y cmammi HasedeHo pe3ynbmamu GocnidxeHb xapakmepucmuk pobomu 00HOPO-
mopHo20 wipedepa 0ns 8MOPUHHO20 NOOPIGHEHHS MNOMIMEPHUX 8Upobie npu Pi3HUX
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pexxumax exkcrinyamauil, 3arnporoHoeaHo MemoOuKy su3Ha4YyeHHs pauioHanbHuUx napa-
mMempie enemeHmie KOHCMPpPYyKUir tioeo npueody. Ha ocHosi ompumMaHux aHanmimu4Hux
pesynbmamie docnidxeHb po3pobrieHO ma eu20mosrieHO MOJepHI30eaHy eKcnepu-
MeHmarneHy ycmaHoeky wipedepa. 1id yac nposedeHHs ekcrnepumeHmarnsHuUxX 00cri-
OXXeHb 8CMaHOBIEHO 817118 308HIUIHIX chakmopie Ha echekmueHicmb rNodpibHeHHs ma
Xxapakmepucmuky pobomu enekmpodeuzyHa. BusHa4eHo eriiug mosuwiUuHU nosnimep-
HO20 Mamepiany ma (o020 2ycmuHu Ha 3MiHy rniomyxHocmi npusoda. Pesynbmamu
oocnidxeHb npedcmasneHi y auanadi KkpumepiansHO20 PIBHAHHS.

Knrouosi crnoea: wipedep, nodpibHeHHs nonimepHo20 mamepiany, npuseod, yacmoma
obepmaHHs.

IHocTanoBka npoonemu. Ilpouec noapiOHEHHS MOMIMEPHUX MaTepianiB mepea-
fadae eram pyHHYBAaHHS YaCTOK 30BHIIIHBOKO CHIIOK Ta €Tall MOJAIBINOI arperarii
OUX YacTOK. SKiCTh mpoLecy PYHHYBaHHS MOMIMEPY 3aJekKaTh Bil HOTO MPHPOIH,
30BHILIHBOTO CEPECAOBHINA MEPEPOOKU Ta KIHEMATHIHHX 1 TCOMETPUYHHX XaPaKTCPUC-
THK PDKYYHX IHCTPYMCHTIB.

HocmimkeHHS YMOB, OpPHU SKHX PYWHYBaHHS MOTIMEPHOro Mmarepiany HaOyBae
MiHIMAJIBHOTO 3HAYCHHS MOTY)KHOCTI, Ma€ BEIUKY MPAKTUYHY LIHHICTh, OCKLIBKU
JOTIoMAarae Ha erami MpoeKTYBaHHS NOAPIOHIOBATIBHOTO NPUCTPOIO BUOPATH HAHOIMbII
pauioHansHuN cnocid moapiOHEHHs BHPOOIB 3 MOTIMEPHHUX MaTtepiatiB 1 MPOBOIUTH
MEXaHIYHI IEPETBOPCHHS 3 HAMMCHIIUMH BUTPATAMH CHEPTII.

OnHi€ro 3 mepIIMX TEXHOJOTTYHHX OIEpaniii BTOPUHHOI NepepoOKH BUPOOIB 3
nomiMepie € noapiOoHenHs. KoHcTpykuis noapiOHIOBAIBHUX MPUCTPOIB 3aTEKHTE BiX
TUIY TOTIMEPHOTO MaTepiany.

Tak, mokoBi apobapku mnepeadavarOTh MOAPIOHCHHS 34 JOMOMOTOK) CTAJCBUX
pudACHUX IUIUT HLIIXOM PO3AABIIOBAHHS, MOJIOTKOBI APOOApKH YAAPHOTO TUITY PO3-
JPiCHIOKOTH TIOMIMEPHI BIAXOH 32 AOTIOMOTOK) YIAPHUX MOJIOTKIB, 3aKPIMIJICHUX IHap-
HIPHO Ha POTOpi; KOHYCHI ApoOapKH MarOTh ABA CTANCBI KOHYCH, MK SIKUMH BHPIO 3
MOTIMEPHOT0 MaTepiany CTHPAETHCS Ta PO3AABIIOETHCA.

HatinommpeHitnmm BuaoM moapiGHIOBA4IB € poTopHa Apobapka. OAHHUM 3 MEPCIeK-
THBHUM HAIPSMKIB PO3BUTKY POTOPHHX ApoOapoK € «mpeacpu». AHAM3 BITUM3HAHHX 1
3apyOLKHUX KOHCTPYKIIH IIPSACPIB MOKA3aAB, M0 TaKi MPUCTPOI € MATOIOCTIKSHUM
o0nmagHaHHAM 718 ONTHMI3alii eheKTHUBHOCTI OAPIOHEHHS Ta 3MCHILICHHS CHEPrOBUTPAT.

MeTo10 mocaisKeHHs1 € VIOCKOHAICHHS KOHCTPYKLII IIpeaepa LUIIXOM MiABH-
HICHHS ¢(PEKTHBHOCTI MPOLIECY NOAPIOHCHHS Ta 3MCHIIICHHS CHEPTOBUTPAT.

Pesy.anaTn Ta X 00roBopenHsi. J|1s1 OMUCY MATEMATHYHOI MOJCII MOAPIOHCHHS
MOTIMEPIB 32 JOIOMOTOKO mpeaepa BI/IKOpI/ICTaHI/II/I MaTeMaTHIHuH anapart [ 1], axuit mae
3MOTY OTPHMATH MATEMATHUYHI 3aJICKHOCTI Y BULIISLAI MATPUYIHUX MoaeneH [2]. ¥V Takux
MOJCTAX MpoLec MOAPIOHEHHS Ta PYHHYIOTBCS BUPOOIB 3 TMONIMEPHHX MAaTepiamiB
OIHCYETHCS 3 TCBHOK WMOBIPHICTIO OTPUMAHHMX YaCTHHOK V BHIVIIAI KYCKIB KpVII-
HocTl Beix kmaciB (puc. 1). Ilpoaykru pyHHYBaHHS NPH LBOMY XapaKTCPU3VEOTHCS
KJIACOM TOYHOCTI T4 MOXKYTh HOTPAIUIATH Y BUXITHUH (3aJaHHI) OoTBIp abo mpoxoB-
JKyBaTH apiOHUTHCH [3; 4].

Mogens noapiOHEHHS MPEACTABICHA Y BUNIAL An(EPEHIATBHIX PiBHSIHD (puc. 1)
1 BCTAHOBJTIOE 3a7CKHICTh Mk ' — TOJIOBHOK) XapaKTCPUCTHKOK MOAPIOHCHHS (3a-
JIMIIKOM Ha KOHTPOJBHOMY CHTI / 4aCTKOKO HEAOMOJIOTY MaTepiany) Ta mapaMmeTpamMu
npouecy () — BaroBOK BHTPATON, ) — BaroBUM 3aBaHTKCHHSM, U — TiHIHHOIO
HIBUJKICTIO pyXy Marepiany, DI — koedilieHTOM 3BOPOTHOT'O MEPEMiIIyBaHHS, /7 —
YUCJIOM OCEPEAKIB, X — JIIHIHHOI KOOPAHHATO, [. — MOBKHUHOKO Pi3ajbHOI YACTHHH).
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Bum mopeni CrpyxrypHa cxema mopeni PiBHAHHA CTPYKTYpH IIOTOKA MOfjem
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Puc. 1. PesyabTyroui piBHSIHHSI HOTOKY MaTepiady B moapioHioBati

IMopsia 3 1M OGymo AOCTIIKCHO BIUIUB 3MIHH YaCTOTH OOCPTAHHS BTy IIPEACpA,
TOBLIMHH CTIHOK Ta TYCTHHH BUPOOY 3 MOJTIMEPHOTO MAaTepiady Ha MOTY>KHICTB
CIECKTPOABUTYHA (pHC. 2).

Crip 3a3Ha4YUTH, IO 3AMPOIIOHOBAHA MOJAECTH MPOLECY NMOAPIOHECHHS MIPEacpoOM
BHUPOOIB 3 MOMIMEPHOrO MaTepiady Mae HEMOBHUH omuc npouecy. CKIaaHICTh OMUCY
TAKOr0 MPOLECY MONATAa€ V BU3HAUCHHI 3HAYHOI KUTBKOCTI ixeHTH(]iKamifiHUX mapa-
METPIB 1, SIK HACIIAOK, ¥ HEOOX1THOCTI JOJATKOBUX CKCIICPUMEHTANBHUX MOCIIKCHD.

| (n) - yacrora obepranns, 06/xB

TTonimepra -
KpHXTa 7-—' (N) - noryxkuicrs, Br

| (t) - ToBWMHA MaTeEpiany, M

I

| (p) - ryctuna marepiany, Kr/m3

Puc. 2. I'padiuna mogeib 0CTiKYBAHOT0 IPOIeCy

His BusHaucHHs 1ACHTH(DIKAIHHUX MApaMeTpiB PodOTH HIpeacpa Po3poldicHa i
BUTOTOBJICHA CKCICPUMCHTAIbHA YCTAHOBKA, CXCMa 1 3araJbHUNR BHUTIJISO SIKOL apea-
craBicHa Ha puc. 3. ExcriepuMeHTaIPHA YCTAHOBKA CKIAMAEThCH 13 | — mpeaepa; 2 —
pamu; 3 — My(dTa; 4 — UepB’IUHOTO PEAYKTOPA; 5 — MacoBoi mepeaayi; 6 — HaTOK-
HOT'O TPUCTPORY; 7 — aCHHXPOHHOTO CICKTPOABUTYHA; CICMCHTIB YIPABIIHHS 1 3aXHUCTY.

Puc. 3. ExciepumMeHnTa/IbHA YCTAHOBKA HIpeepa

111

FOOD INDUSTRY Issue 25, 2019



IMMPOLIECHU TA OBJIATHAHHS Ilaxysanus: pospobxa, 00cniONcets, nepepooxa

BumiproBanbHa YacTMHA YCTAHOBKH CKIATAETHCS 3 OJOKY KEPYBaHHS «A2»,
O6moky xuBicHHS 24V, aHaIoropo-uu(poBOro IMEPETBOPIOBAYA, IICPCOHATBHOTO
koMt 1orepa. 06 ek, mo gocmmkysascs, — wmpeaep (puc. 4). Koncrpykuig mpenepa
cKIaaaeThes 3. | — Basy 3 HOKaMH;, 2 — OJIOKY KOHTP-HOXIB; 3, 4 — OIYHUX CTIHOK,
IO 3aKPILTIOIOTE KOHTP-HOKI, 5 — JBOX OMOPHHX ILIUT, 6 — ABOX pagladbHHX
camoopienToBHUX kopnycHux miamunaukis UCFL205.

Puc. 4. Konerpykuis mpegepa

Peectpyrounm mpuCTpOEM TEXHOMOTIYHHX 1 KIHEMATHYHHX IMMOKA3HHKIB MiA Yac
JOCTIKEHHS OYB MEPCOHAIBHUA KOMITIOTEP, a MHUTTEBI MOKA3HWKH BIAMOBIAHHUX
XapaKTEPUCTUK 33 JOMOMOTrOK Po3podieHoi mporpamu OVIM OTPHMAaHi Y BHIVISIL
rpadikis (puc. 5).

IMotyxmicts, Br

01 B2 B3 4 IS B N7 0 SO B 10 (11 j12 13814 1S
Yac, ¢

Puc. 5 I'padix 3aiexno0cTi 3MiHH OTYARHOCTI €JIEKTPOABHTIYHA IPUBOIY IIpeaepa BiJ yacy
TIPH YACTOTi 00epTanns poropa 27 06/XB, TOBIINHI cTIHOK BHPOOY 3 MOJIMEPHOT0 MATepiaTy
1,5 MM Ta iioro rycrmmi 900 xr/vm’

Hns pobotn mpenepa mig 4ac MPOBCACHHS CKCICPUMCHTIB BHKOPHUCTOBYBAIHCH
3aTHIOKA YIIAKOBKH 3 MOTIMEPHUX MaTrepiatiB, sKi € HAHOIMbII BXKMBAHUMH B MAKY-
BalbHIN ramy3i. PiBHI 3MIHH XapaKTCPUCTHK MONIMEPHUX MATepianiB BUKOPHCTAHUX
YIAKOBOK Ta 00EPTIB POTOpa Ipeacpa HaBeaAcHI B Tadu. 1.
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Tabnuya 1. PiBHi 3MIHM XapaKTepHUCTHK MaTepiaTiB

x1(n) — vacrota X, () — ToBIIMHA x3(p) — TycTHHA
obepTanus, 00/XB MaTepialy, MM MaTepiany, KI/M
0-piBeHB 23,125 0,95 1150
Kpox BapitoBaHHS Ax 4,625 0,55 250
Bepxwui#t pisens (+1) 27,75 1,5 1400
Hwoxnilt pigens (—1) 18,5 0,4 900

Pesynprati excnepuMEHTATBHUX AOCTIKEHb Oyno 0OpOONEHO 3a JOMOMOror
nporpamu «Grafula 3» (puc. 6).

GAMN MOKA3 QAMI OUMOPOBKA PEXMM Al Jonowora

C@E B bl |12

TABNALIA BAHUX

Toryaoncm, Br

3333
133333333333

4.5 6 7 8 9 101112 X 1415116 17 18 19 20 ‘

i fz 20 1303
Hac, ¢ 2

Puc. 6. Anais rpadika 3MiHH TOTYKHOCTI €JIEKTPOIBUI'YHA IPHBOJA MIpeaepa
3a qonmoMorom nporpamvu «Grafula 3»

PesynpTatu ekcnepUMEHTANBHEX JOCTIIKECHB 3MIHH HOTYKHOCTI €CKTPOABHUTIVHA

MPUBOJA IIpEAepa BiA Yacy AN Pi3HHUX MONIMEPHUX MaTepiajiB HABEACHO Ha rpadikax
(puc. 7).
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Puc. 7. I'padikn 3ae:kHo0cTi MOTY:KHOCTI Bl Yacy J/1s1 pisHHX peRUMIB poGoTH mpenepa npu
qacToTi 00epTanHs poropa 27 06/XB A piBHIB 3Minm : 1, 3 — ToBIIUHI MoTiMepHOTO

Matepiaiy; 2, 4 — rycTusi notiMepHoro Mmarepiasiy
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Jis aHamizy aAeKBAaTHOCTI OTPUMAHOI MATEMATHYHOI MOACTI MOAPIOHCHHS BH-
po0iB 3 MOTIMEPIB PeabHUM MpoLecaM Oyio MPOBEACHO MOBHO(MAKTOPHUH CKCICPH-
MEHT. 3a pe3ynbTaTaMu AOCIIIKCHb OTPUMAHO MATCMATHIHO-CTATUCTHYHE PIBHSHHS
JUTSL BUBHAYCHHS MTOTY>KHOCTI ITPUBOJA MIPSACPA:

N =538,084 +0,184n — 520,815 — 0,375p +
+18,261n1 +0,01018np + 0,3341p — 0,0107ntp,

Je n — dYactora OoOCpTaHHA poropa mpencpa, 00/XB; ! — TOBIIMHA IMOIIMEPHOTO
MaTepiaty, MM; p — CYCTHHA MaTepiaiy, K/ .

BucHoBku. Ha ocHOBI aHanmizy pe3ynbTaTiB aHATITHYHHX Ta EKCICPHUMCHTATBHUX
JOCTIKEHb OyI0 oTpuMaHO rpadivHi 3aIe:KHOCT]I 3MIHHM MOTYKHOCTI NPUBOJA LOpe-
Jepa Bix yacy. BeraHoBieHO, o cepeHs Pi3HHUL MOTYXKHOCTEH NpUBOJA IIpeacpa
mpu o0epTax Bajdy poropa B Mexkax Big 18 mo 1 27 o6/xB craHoBuTh 10 35% Ha
KOPUCTh MEHIIHUX 0OEPTIB.

IIpoBeacHEe CTATHCTHYHE OMPAIFOBAHHS PE3Y/PTATIB AHANITHIHUX JOCIIIKCHB 1
po3pobIcHa MATEeMATHYHO-CTATUCTHYHA MOJCTbh MHPOLECY MOAPIOHECHHS BUPOOIB 3
MOTIMEPIB AAMH 3MOTY BCTAHOBHUTH 3alCKHICTh MOTYKHOCTI MPUBOJA BiX 4YaCTOTH
00epTiB poTopa, TOBLIMHH Ta I'YCTUHHU MOAPIOHIOBAHOTO MOTIMEPY.

OTtpuMaHi pe3yabTaTH MOXKHA PEKOMEHAYBATH J0 3aCTOCYBAHHS i Yac MPOCKTY-
BaHHSI HOBUX 3Pa3KiB MIPSACPIB.
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NCCNEAQOBAHUE PALUNOHAJIIbHbIX XAPAKTEPUCTUK
WWPEAEPA ANA U3MEJNIBYEHUA
NMONMMMEPHbBIX U3OETTUAN

H. B. flkumuyk, I'. P. BanuynuH, C. M. MupoHenko, B. H. Akumuyk
HauuonrarnbsHbill yHUsepcumem nuuiesbix mexHonoaul

B cmamebe npusedeHbl pe3ynbmamel uccrnedosaHull xapakmepucmuk pabomes! 00HOPO-
MopHO20 wipedepa 0nsa 8MOPUYHO20 UBMESIBYEHUS NONUMEPHbIX U30enull npu pasnuy-
HbIX pexumax akcrinyamauuu, npednoxeHa memoduka onpedeneHus pauuoHarsHbIX
rapamempo8 351IEMEHIMO08 KOHCMPYKUUU €20 rnogody. Ha ocHOse nosyyYeHHbIX aHanumu-
YecKux pe3yrnbmamoes uccnedosaHull paspabomana u uzzomosrieHa modepHu3uposaHHa
aKcriepumeHmarnsHasa ycmaHoeka uipedepa. [llpu npoeedeHuu 3KcrepumMeHmMarnsHbIX
uccnedosaHulli ycmaHOBJIEHO 6MUAHUEe 6HEWHUX ¢hakmopoe Ha 3aghgheKmusHOCMb
U3mMmernibYeHus U xapakmepucmuky pabomsi anekmpodesuzamens. OnpedeneHo enusHue
MOMUUHbI MONUMEPHO20 Mamepuana U €20 MIoMmHOCMU Ha U3SMEHEHUe MOWHOCMuU
npusofa. Pesynbmambl uccriedosaHuli npedcmaesrnieHbl 6 6ude KpumepuarnbHo20
ypasHeHus.

Kniouyeeble crnoea: wpedep, u3Mesib4eHUS MOJIUMEPHO20 Mamepuana, npueoo,
yacmoma epallieHus.
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