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MoctaHoBka npobGnemu. OpHielo i3 HaranbHUX npo-
Brem, Wo CToiTb Nepes aBTOTPAHCMOPTHUMM MiANPUEMCTBAMM
HaLLOl kpaiHu, € npobnema yTunisavii BignpaLs0BaHuX WiH. YTn-
nisayis Ta nepepobka — Lie He TifbK1 CKOPOUEHHS 3a0pyaHEHHS,
a N CKOPOYEHHS CMOXMBAHHS NMPUPOAHUX PECYPCIB Ta EHeprii.
Be3nepepBHe 3pOCTaHHS aBTOTPAKTOPHOrO MapKy MpWU3BOAUTH
B0 NOCTINHOTO 3BiMbLUEHHS KiNbKOCTI BiANPaLbOBaHWX  LUMH.
Tomy, y BCbOMY CBIiTi 3Ha4Ha yBara npuainsaeTsca npobnemi su-
KOpUCTaHHsI BiAXOAiB BUPOOHWLTBA i CMIOXWBAHHS, B TOMY Yuchi
3HOWeHuX wiH [1-3]. s npobnema mae BaxnuBe eKOnoriyHe
3HAYEHHS, OCKINbKM 3HOLLEHI LUMHK, HAKOMUYYIOTLCSA B MICLIAX X
ekcnnyatauii (Ha aBTobasax, NpPOMUCIIOBMX, CinbCbKorocnogap-
CbKMX MiANPMEMCTBAX i T. A.), BUBO3ATLCA HA CMiTTE3BaNMLLa abo
PO3CisiHi Ha HABKOMWLLHII TepUTOPIT, 3aBPYaHIOTL HABKOMMLLHE
CepeoBuLLEe OCKINbKA He pO3KNaaalTbCs, BHACMILOK CBOET BU-
COKOT CTIKOCTI 10 Aii 30BHILLHIX YUHHUKIB (COHSIMHOTrO CBITNa, BO-
noru, KUCHIO, 030HY, MikpobionoriuHux Bnnveis). LnHM matoTb
BMCOKY NMOXeXHY Hebe3neky, a NpoayKTH iX HEKOHTPONbOBaHOro
CNantoBaHHs 34iCHIOTb BKPaW LUKIANMBUIA BNUB SIK HA HABKO-
NULLHE cepenoByLLe (fPyHTW, BOAW, NOBITPSIHWA GaceitH), Tak i Ha
ioro MelukaHLUiB. Mpu LbOMY NOCTIMHE NOCUNEHHS MPUAHATUX
MiXHApPOQHUX HOPM, L0 0OMEXYITb 3a0pyAHEHHS HABKOMMLL-
HBbOrO CepefoBMLLa BiXOAAMM, 3MYLIYE BATPAYaTH 3HaYHI KO-
WTW Ha nikBigauito HacnigkiB 3abpygHeHHs. Takum YuHOM, Ha-
3pina roctpa HeobXigHICTb yTuniaayji 3HoWeHNX WiH [3, 4]. Mpo-
frema 3HOWEHMX LWWH MaE TaKoX CYTTEBE EKOHOMIYHE 3Ha-
YeHHs1, OCKirnbku NoTpebu rocnofapcTsa B NPUMPOAHUX pecypcax
6e3nepepBHO pocTyTb. OCTaHHi CTaKTb Bee BinbLL 0OMEXeHNMM,
a ix BnpobyToK — BCe GinbLL 4OPOro BapTiCHUM.

BukopucTaHHs BignpaLboBaHuX LUK Y SKOCTI nanuea ao-
3BOMUTb 3HAYHO 3a0LLAAUTM pecypcu. Tak LUMHW € DKepenom
LLIHHOT BTOPUHHOT CUPOBMHI: yMU (KayuyKy), Caxi (MpakTUYHO Y-
CTOr0 BYIMELK) i NPeACTaBNsOTb BENUYE3HUIA Pe3epB CUpO-
BWHU, @ NiKBiAALis CMITTE3BANMLL, 3HOLIEHWX LUUH 3BITbHUTL 3Ha-
YHi NNoLi 3aiiMaHuX HAMK 3emenb [4].

AHani3 ocTaHHix gocnimkeHb Ta ny6nikauin. Hessa-
aloum Ha HakonmyeHi HaykoBi 300BYTKM Ta 3HAUHUIA NPAKTUYHUIA
[OCBIZ Y chepi TEXHONOrT yTuRisalii aBTOTPAKTOPHUX LWKH, AKi
3HaLWwnv BinoOpaxeHHs B NpaLsix psay AOCTIGHMKIB, cepen SKnX

BicHuk CymcbKoOro HauioHanbHOro arpapHoro yHiBepcurteTty

M.I. Ceprienko, A.l. Bacunbuerko, M.I1. Bepemetko, J1.00. Mns-
uyk, J1.J1. Typeub, O.I. ByapoHHwit Ta iH. [3, 4], nepcnekTMBHAM
HaNpAMKOM JOCTiZXeHb € yTUNi3aLis BianpaLbOBaHMX LWKH CiMb-
CbKOrocnogapchkux MignpMeEMCTB Y SKOCTI MiCLIEBOTO Nanuea, Lo
3abe3neunTb BUPILIEHHS SIK EKOMOMYHMX, TaK i EHEPreTUYHIUX Ta
€KOHOMIYHNX npobrem.

BugineHHa HeBUPILLEHOT paHille YaCTUHM 3aranbHOi
npobnemu. Ha ocHoBI aHaniay nitepaTtypHux mxepen 6yno npo-
BEIEHO NMepeBipKy MOXIMBOCTi YTBOPEHHS OpUKeTIB i3 conomu 3
00rpyHTOBaHUMW napameTpamm [5, 6] Ta BM3HaYeHi HalbinbL
3HauyLLi napamMeTpu ryMOBOI KPUXTU, LLO BMNWBAKOTb HA LLUinb-
HICTb BPMKETIB: PO3MIP KPUXTK, BMICT ryMOBOI KpUXTU B BpuKeTi,
TUCK NPECYBaHHS.

®opmyBaHHs Uinen ctatTi. MeTolo gocnigxeHb € yTu-
ni3aList ryMOBOI KPUXTU LLUASIXOM BUrOTOBMEHHS KOMMO3UTHUX Na-
NMBHUX OPYKETIB i3 ryMOBOI KpUXTU Ta CONOMM. NSl BUPILLEHHS
AaHoi npobnemu Hamu Gynu nposegeHi nabopaTopHi gochi-
[PKEHHS N0 BU3HAYEHHIO paLjioHarnbHUX napameTpiB: BifCOTKY ry-
MOBOI KpWUXTH, Ti pO3Mipy Ta TUCKY MpecyBaHHS AN BUrOTOB-
NEHHs NanuBHUX GpuKeTiB.

Buknap ocHoBHOro Matepiany gocnimkeHHs. [ins 3a-
Oe3aneyeHHst NPaKTUYHOTO BUKOPUCTAHHA pe3ynbTatie, OTpUMa-
HUX NPV NPOBELEHHI AOCTILKEHD, 32 AONOMOrOK KOMM IOTEPHOMO
3abe3aneyeHHs Oynu nobynoBaHi Ta NpoaHanisoBaHi 3aneXHoCTi
LWinbHOCTi OpUKETIB Big PO3MiIpY ryMOBOI KPUXTH, BMICTY ryMOBOI
KpUXTHW, TUCKY NpecyBaHHsa (puc. 1-3). BpukeTn BUroToBRANMCS
piameTpom 70 Mm. KoxxeH gocnig npoBoaMBCS TPUKPATHO, Bigbu-
panucst pesynbTaTi 3 HaMEHLLMMMW SBHUMI MOXUDKaMM.

[ns GpukeTyBaHHS BUKOPUCTOBYBANAcs ConoMa 03uUMoi
NLIEHNLi 3 ONTUMANbHUMN NapaMmeTpamy.

Poamip cpakyii conomu ctaHosu 10 MM, BONOFiCTb CO-
nomu — 14%.

OcHOBHOI0 3aa4eto AOCTiMKEHb € — YCTAHOBMEHHS MO-
KIMBOCTI OTPUMaHHS GPUKETIB 3a[0BINBbHOI LLINBHOCTI 3 MiHiMi-
3aLi€eto BUTPAT Ha iX BUTOTOBNEHHS.

MepLummu Bynn ycTaHOBNEHI 3aNeXHOCT LLiNbHOCTI KOM-
nosuTHUX GpUKeTIB Big PO3MIpy ryMOBOI KpUXTW (TUCK Mpecy-
BaHHsa 130 Ma, rymosa kpuxta — 5%, conoma — 95%). focnian
npoBoaunIuch Ans dpakuin kpuxtn 0,5, 1, 2, 3, 4 Ta 5 mm. Bubip
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BKa3aHWX PO3MIpiB KpUXTU NOB'A3aHMI 3 poboTok 0brnagHaHHs.
Mpu nofpibHeHHI aBTOMOBINbHUX LWKMH [0 PIBHS KpUXTU, iae i

po3gineHHs Ha dpakLii Ha cuTax.
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Po3Mip rymMoBoi KpUXTH, MM

Puc. 1. 3anexHicTb LLiNbHOCTI KOMMO3UTHUX BPUKETIB Bi PO3MIPY FyMOBOI KPUXTU
(Tvck npecysanHs 130 MMa, rymoBa kpuxta — 5%, conoma — 95%)

B pesynbTati npoBeAeHHs gocnimkeHs (puc. 1), byno Bu-
SIBMNEHO, L0 Ha LLinbHICTb BPUKETIB 3HAYHO BNIMBAE pO3Mip pa-
KUiSt rymMOBOI KpuxTW. Haibinblia WinbHiCTb Npy TUCKY Npecy-
BaHHs 130 MIMa Ta yacTui rymoBoi kpuxtwn B 6pukeTi 5% byae npu
po3amipi kpuxTi 0,5 MM, HalimeHLwwa — npu 5 Mm. Lle nos’sa3aHo 3
TVM, WO 3i 3BiNbLUEHHSM PO3MIPY YaCTOK, FyMOBA KPWXTa BUKOHYE
(yHKLit0 Aemndepa, Le BNInBae Ha LWinbHICTb BpukeTis, ix Lini-
CHICTb Ta KpuXKicTb. MpoaHanisyBaBLUM OaHy 3anexHiCTb, 6yno
BWSIBMEHO, WO paujioHanbHUM npu TUcky npecysaHHa 130 MMa
Ta YacTLi ryMoBOi KpUXTU B BpuKeTi 5% € po3mip KpuxTi 2 M.
Mpw Takomy poamipi dpakuii WwinbHicTb GpukeTie byae 3agosins-
Hoto — 790 kr/m3, 3apoBinbHUMK ByAYTb | XapakTEPUCTUKKN MiLiHO-
CTi.

B pesynbTati npoBeaeHux pocnigxeHb, 6yno BCTaHoB-
MNEHO, LLO 3aNEXHICTb LWiNbHOCTI KOMNO3WUTHUX BpUKeTiB Big po3-
Mipy ryMOBOi KpUXTW ONMUCYETHCA HACTYMHUM PIBHAHHAM:

y =-1,6882x2 - 151,13x + 1071 1)

Bynu npoBeneHi [OCMIZGKEHHS NO BU3HAYEHHIO BNMBY
Ha LLiNbHICTb KOMMO3WTHUX OPUKETIB BMICTY ryMOBOI KpUXTM MpK
TUcKy npecyBaHHa 130 MIMa Ta BU3HA4YEHOrO PO3MIpY KpUXTH — 2
MM.

[ocnign nposogunmucs npu BMICTi KpuxTi B cymili 1%,
5%, 10% T1a 15%. [1ns KOXHOTO 3HAYEHHS BMICTY KpUXTW JOCHI-
[PKEHHS! MPOBOAMNOCH TPUKPATHO.
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Puc. 2. 3anexHicTb LWinbHOCTI KOMNO3MTHIX GPUKETIB Bifl BMICTY F'yMOBOI KpUXTY
(Tuck npecyBaHHs 130 MMTa, poamip kpuxTit — 2 MM, | po3mipi YacTok conomm 1,0x10-2m)

B pesynbTati npoBeaeHnx gocnimkeHb Oyno BCTaHOBMEHO,
WO Ha WinbHiCTb OPUKETIB 3HAYHO BMMMBAE BifCOTOK NyMOBOI
KpUXTU y cupoBuHi (puc. 2). Tak, npn Tucky npecyBaHHsa 130
Mla, oTpuMaHi 6puKeTM Manu LinicHICTb, SKLLO BiBCOTOK ryMOBOI
kpuxTn cTaHoBuB 10%. Ane aaHi OprUKeT Mann HN3bKY MiLHICTb
(poscunanucs npu NepeknagaHHi), Manu BUCOKY KpUXKICTb. Mpu
BinbLIoMy BiACOTKy KpuxT — BpukeTn He opmyBanmcs. Hai-
BMLLA LWiNbHICTb BpUMKETIB cnocTepiranacs npu BMICTy KpUXTW —
1%. Mpu BigcoTky kpuxT 5% BpuKkeT Manu 3agoBinbHy LWinb-
HicTb — 790 kr/m3. [aHi GpukeT Manu AOCTaTHIO MiLHICTb, 3a40-
BiNbHY KPUXKICTb. HeomnikoM iX € HasBHICTb TPILLMH HA NOBEPXHI
(30BHiLWHiIiA BUrNAA). Y GinbLIOCTi CBOIN TPILMHN Ta 3MEHLUEHHS
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XapaKTepuCTUK MiLHOCTI OpuUKeTIB NOB's3aHi i3 penakcadieto Ha-
npyrv B HUX. Ha penakcadito Hanpyr B BpuKeTi 3Ha4YHO BnnnBae
HasIBHICTb FYMOBOI KPUXTW. BpUKETY i3 TaKOK LLIMBHICTIO MOXYTb
OyTu BUKOPUCTaHi y SIKOCTi MiCLLEBOrO Nanuea.

3anexHicTb LLiNbHOCTI KOMMO3UTHWUX BPUKETIB Bif BMICTY Ty-
MOBOI KPUXTU OMUCYETHCS PIBHAHHAM:

y = 1,6535x2 - 57,997x + 1065,6 (2)

Takox, Hamu 6ynn NpoBeaeHi AOCTIKEHHS MO BU3HAYEHHIO

BMIMBY LLiMbHOCTI KOMNO3WTHUX BPUKETIB Bif TUCKY NPECyBaHHS

npu Bonorocti conomu 14 %, BMicTy Kpuxti 5%, ii posmipy 2 Mm
i po3mipi yacTok coniomu 10 Mm.

BicHuk CyMcbKOro HalioHanbHOro arpapHoro yHiBepcurteTty
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[flocniou npoBoannMCA TPUKPATHO [Nt KOXHOTO TUCKY Npecy-
BaHHa — 110, 120,130, 140, 150, 160 MMa.
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Puc. 3. 3anexHicTb WinbHOCTI KOMNO3WTHIUX GPVKETIB BiA TUCKY NPecyBaHHs Npy BororocTi conomn 14 %,
BMICTi KpuxTu 5%, Ti poamipy 2 MM i poamipi yacTok conomm 1,0x10-2m

Sk BuAHO i3 puc. 3, WinbHicTb bpukeTi besnocepeaHsbo
3anexXuTb Bif TUCKY NPECYBaHHS, i3 0ro 36inbLUEHHAM, 30iNbLUy-
€TbCA N WinbHicTb 6pukeTiB. Mpu Tucky 160 MMa winbHictb 6pu-
keTi Oyae ctaHoBuUTU 840 Kr/M3, @ Npyu HaMEHLLOMY TUCKY BY-
npo6oByBaHHa — 110 Mla, winbHicTe cTaHoBuna 740 kr/md.
Hamu 6yno BubpaHo binblu paLioHanbHUIn TUCK, NpK KoMy 3a-
6e3nevyroTbCs 3a0BINbHI MOKAa3HMKK MILHOCTI OpuKkeTiB, iX Lini-
CHOCTI Ta KPUXKOCTi. Takum TuckoMm Byno BOpaHo 3HaueHHs 130
MMa. [JaHui Tuck 6yB NpUIAHATUA ANs NoAanbwmx AOCHIMKEHb
TaKOX i3 MipkyBaHb pOBOYOro TUCKY, IKUIt CTBOPHOE BinbLLiCTb 06-
NafHaHHs ans GpUKeTyBaHHS.

3HaYeHHs 3anNeXHOCTI LWiNbHOCTI KOMNO3UTHUX BpuKeTiB
BiJ TUCKY NPECYBaHHS ONUCYETHCS PIBHAHHAM:

y = -2E-05x2 + 0,0072x + 0,1876

Mpw 3mini Tucky 3 110 MMa go 160 MIMa winbHicTs nanu-
BHUX OpukeTiB 30inblwmnack Ha 100 kr/m3. Mpwu Tucky 110 MMa
BinbyBaETLCA 30BHILLHE YLLiNbHEHHS MaTepiany 3a paxyHoK no-
POXHEY MixX YacTkamu. 10 Mipi 3pOCTaHHs TUCKY, YLLINbHIOKTLCS
i BehopMYOTECS CaMi YaCTKW; MiXK HUMM BUHWKAE MONEKYNSpHe
34enneHHs. BUCOKMiA TUCK Y KiHLi NpecyBaHHs NpU3BOANTb O Ne-
pexoay NpyXHUX Aedopmaliin YacToK B MAacTUYHI, BHACMILOK
4oro CTpyKTypa BpuKeTy 3MILHIOETLCS | 30epiraeTbes 3aaaHa ¢o-
pma. 3aBAsikv XiMivHIN peakwii nirHiHy Ha Tuck Ginbwe 120 MMa i
BMCOKY TeMnepaTtypy, peyoBuHa HabyBae B'A3KO MNAaCTUYHMX
BNacTMBOCTeN | bpukeT HabyBae 3agoBiNbHUX NOKa3HNKIB SKOCTI.

Ha puc. 4 HaBeaeHi 3pasku BpuKeTIB i3 CymiLLi conomu Ta
TyMOBOI KpUXTW, siki Gynn BUroToBneHux Ha nabopartopHii ycTa-
HOBL.

Fk BUIHO i3 puc. 4, oaHi BpukeTH HaBiTb BidyanbHO Bigpi-
3HAOTLCS CBOEHD LLiMICHICTIO, @ BIANOBIAHO i LWNBHICTIO Ta KPUX-
KicTo.

TakuM YMHOM, Hamu Bynu yCTaHOBNEHI HAcTynHi napa-
MeTpU A1 BUrOTOBNEHHSA NanuBHWUX BPUKETIB i3 Cymilli conomu
Ta ryMOBOI KPUXTH.

[ns conomu:

- po3mip cpakuii — 10 mm,

- Bonorictb conomu — 14 %.

[ns ryMoBoi KpuxTu:

BicHuk CymcbKoOro HauioHanbHOro arpapHoro yHiBepcurteTty

Puc. 4. 3pasku OpuKeTiB, Lo Bynu oTprUMaHi Ha NabopaTopHiil YCTaHOBL i3 CyMilli CONOMM Ta ryMOBOT KpUXTU
Npu pi3HUX 3HAYEHHSX BIACOTKY ryMOBOI KpuxTL (TUCK npecyBaHHs 130 MMMa,
PO3MIp KpUXTW — 2 MM, | po3mipi yacTok conomu 10 Mm): a) 1%, 6) 5%; B) 10%

- po3mip dpakLUii — 2 Mm,

- BMICT KPWUXTM B CUPOBWHI — 5 %

3rigHO BMacHWx JochimkeHb, palioHanbHuM bys BUOpa-
HWI TUCK NPeCcyBaHHA ANs BUTOTOBNEHHS NanuBHUX OpuKeTiB —
130 MMMa.

BukopuctaHHs gaHux KOMMO3WTHUX OPWKETIB Y nopis-
HSIHHI i3 BpukeTamu, LLO BUrOTOBAANNCS TiflbK i3 CONOMU O3UMOIT
NWEeHNLi Aa€ NABMLLEHHS X TENNOTBOPHOI 30aTHOCTI.

Tak, 3rigHO [OOBIOHWMKOBMX OaHMX, TENNOTBOpHA 34aT-
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HicTb GpuKeTIB i3 031UMOI NiueHuLi ctaHoBuTb 3400 kkan/kr, Ten-
NOTBOPHA 3AaTHICTb r'yMOBOI kpuxTu — 7500 Kkan/kr. Mpu cniegig-
HOLLIEHHi COMOMM [0 ryMOBOI KpuxTh 95:5 — TennoTeopHa 3gat-
HiCTb Takux 6pukeTie 6yae ctaHoBuTM 3605 Kkan/kr, Lo 3abe3ane-
uye 306inbLIEHHS TEeNNOTBOPHOI 30aTHOCTI Ha 6%.

Tak, Hanpuknag, Npy BUKOPWUCTaHHI ANS BUrOTOBMEHHS
nanueHux 6puKeTiB Npeca yaapHo-mexaHivyHoro Scorpion SP 50-
350m 3 1oro ekcnnyarajinHoto npoaykTueHicTio 300 Kr 3a roguHy
Mpu1 ABO3MiHHil poboTi 0bnagHaHHA MOXHa 3abeanevntn yTuni-

(hakT4Ha yTUni3aLis ryMoBOi KpuUxTU 3a MicsLb Byae cTaHoBUTU
Brm3bko 6 TMCAY Kr.

BucHoBku. [NpoBeaeHi AOCTIMXEHHS noKasanm MOXu-
BICTb yTWRi3aLjii BiaNpaLbOBaHMX LWWH LUASXOM Nepepobku B ry-
MOBY KPUXTY Ta BUrOTOBMEHHS KOMMO3UTHUX NannBHNX BPUKETIB.
Y pesynbTaTti NpoBeAeHNX nabopaTopHUX JOCRimKEHb Bynn BU-
3HaueHi paLioHanbHi napameTpu ryMoBOi KpUXTH, il BiLCOTOK Y
CKNagi CUPOBUHY Ta TUCK NPECyBaHHS ANs BUTOTOBMEHHS KOMMO-
3UTHUX NanuBHUX BPUKETIB.

3aLlito ryMOBOI KpUXTM 3a AaHuiA yac y kinbkocTi 240 kr. TobTo,
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Utilization of used automotive tires by processing into fuel briquettes

One of the urgent problems facing the trucking companies of our country is the problem of recycling used tires. Utilization and
recycling is not only the reduction of pollution, but also the reduction of consumption of natural resources and energy. The continuous
growth of the tractor fleet leads to a constant increase in the number of used tires. This problem is of great environmental importance,
as worn tires accumulate in the places of their operation (at the motor depot, industrial, agricultural enterprises, etc.), are taken to
landfills or scattered in the surrounding area, pollute the environment because they do not decompose due to their high resistance to
action of external factors (sunlight, moisture, oxygen, ozone, microbiological influences). Tires have a high fire hazard, and the products
of their uncontrolled combustion have an extremely harmful effect on the environment (soil, water, air pool) and its inhabitants. At the
same time, the constant strengthening of accepted international norms limiting environmental pollution by waste forces us to spend
significant funds on the elimination of the consequences of pollution. Thus, there is an urgent need to dispose of used tire waste.

Tires are a source of valuable secondary raw materials: rubber (rubber), soot (almost pure carbon) and represent a huge
reserve of raw materials, and the elimination of landfills of worn tires will free up significant areas of land occupied by them. Based on
the analysis of literature sources, the possibility of formation of straw briquettes with reasonable parameters was checked and the
most significant parameters of rubber crumb influencing the density of briquettes were determined: crumb size, rubber crumb content
in briquette, pressing pressure.

To ensure the practical use of the results obtained during the research, the dependences of the density of briquettes on the
size of the rubber crumb, the content of the rubber crumb, the pressing pressure were constructed and analyzed with the help of
computer software. Winter wheat straw with the addition of rubber crumb was used for briquetting. The briquettes were made with a
diameter of 70 mm. Each experiment was conducted three times, the results with the smallest obvious errors were selected.

As a result of laboratory tests, the optimal parameters for the manufacture of fuel briquettes from a mixture of straw and rubber
crumb were determined. For straw, the fraction size is 10 mm, the moisture content of the straw is 14%. For rubber crumb, the fraction
size is 2 mm, the content of rubber crumb in the raw material is 5%. According to research, it was rational to vibrate the pressing
pressure for the manufacture of fuel briquettes - 130 MPa.

The calculations show that the use of the proposed briquettes as fuel in comparison with briquettes, which were made only
from winter wheat straw, will increase their calorific value by 6%.

Key words: tires, utilization, processing, rubber crumb, briquettes, density, calorific value.
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