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BIIVIUB BOJIOI'OCTI BIOMACH HA BUTPATH ITAJIMBA 13
YTUIIBALIEIO BIIXIJTHUX I'A3IB ITPU ii CIIAJIIOBAHHI

BiHHULIBKHH HAI[IOHATBHUN TEXHIYHUNA YHIBEPCUTET

Anomauin

YV oanitt pobomi nasedeno oani w000 6nUBY 601020CMi OIOMACU HA UMPAMU NATUBA I3 YMULIZAYIEI 8IOXTOHUX
2asie npu ii cnanto8amnHi.

Koarouosi ciioBa: Giomaca, criajqroBaHHs, YTUNi3allisl BiIX1THAX Ta3iB, eHeproe() eKTUBHICTb, BOJIOTICTh, pErpeciiHui
aHaJi3.

Abstract

This paper presents data on the impact of biomass moisture on fuel consumption with the utilization of exhaust
gases during its combustion.

Keywords: biomass, combustion, waste gas utilization, energy efficiency, humidity, regression analysis.

Beryn

OpHuUM 3 anbTEPHATHBHUX E€HEPTeTUYHHUX PECYpPCiB, BUKOPHUCTAHHS SIKOTO MOXKE CYTTEBO JIOTIOMOTTH Y
BHpIIIEHH] TpoOJieMH HecTadi NMEepBHHHUX EHEpProHociiB B YkKpaiHi € Oiomaca [1]. [loHenaBHa 3Ha4Ha
YacTUHa CTEOJIOBUX POCIMHHUX BIJIXOJIB arpapHOro BHPOOHHWIITBA, IICOMMIBHOI Ta JepeBOOOPOOHOT
MIPOMHCIIOBOCTI 3 0araThbOX MPUYHMH HE 3HAXOJMJIA TIOAAJBIIOr0 TEXHOJIOTIYHOr0 3acTocyBaHHs [2]. OqHak B
YMOBaX TMOCTIfHOrO 3pOCTaHHs IiH Ha EHEepPropecypcd Ta MiJBUINEHOrO IOMUTY Ha EKOJIOTIYHO YHUCTI
BIIHOBJIIOBaHI JpKepesia SHEprii, MPOBEACHHS yTUIi3allil 0i0MacH IUIAXOM BUT'OTOBJICHHS 3 HUX PI3HUX BUJIIB
TBEPIOTO MajiBa HAJAa€ MOXIIMBICTh €KOHOMHTH Ha TpPaJUIiHHUX €Hepropecypcax, IO € 3arajbHOI0
TEHEHITIEIO TIEPEX 0y TPOMHUCIOBOCTI 0 BUKOPUCTAHHS albTCPHATUBHUX, BITHOBITIOBAHUX JKEPEN CHEPT i,
MIJBHUINCHHS eHEproeeKTUBHOCTI BUpoOHuUITBA B Itomy [3]. Y Oarathox KpaiHax Oiomacy
BHKOPHCTOBYIOTh JUISI OTPUMAaHHS €HEprii, OCKUIbKM TEIJIOBAa BiAgada MajHBa, SIKE OTPUMaHE 3 TaKHUX
BiIXOIIB POCIMHHOTO TOXO/DKEHHS, ITUTKOM BiIIIOBiAa€e TpaAuiiiHOMy maymBy. OmHAa TOHHA BYTULIS MOXKE
6yTtn 3amiHeHa 4,2 M° Giomacu.

OCHOBHHUH TEKCT

ba3zoBi momoxenns 3akony Ykpainu "TIpo ansrepHaTHBHI pKepena eHeprii" [4] BU3HAYalOTh MPaBOBi,
€KOHOMIYHI, €KOJIOTIYHI Ta OpraHi3alliifHi 3acajJyd BUKOPUCTAHHS aJIbTEPHATUBHUX JUKEPEN eHeprii
Ta CIOPUSHHS PO3LIUPEHHIO 1X BUKOPUCTAaHHS y MaJUBHO-CHEPreTMYHOMY KOMIUIEKCI, 30KpemMa
3a3Havar0Th, IO €HEepris O0ioMacHu € OXHWM i3 PI3HOBHIIB adbTEPHATHBHHUX JDKepena eHepril. B Ykpaini
MOTEHI(ian OioMacH MO3BOJISIE MIOPIYHO OJEPKYBAaTH MPU IXHHOMY BUKOPHCTaHHI SHEPTeTUYHHIA e(eKT,
€KBIBaJICHTHUN CITAIFOBaHHIO Ounbine HiX 1,5 MiH. ToHH Byriuist. [IpoTe BUkopucTaHHS MESKUX MaTepiajiB
y SAKOCTI JpKepena eHeprii HeMOXIUBE y iXHhOMY MEpBHHHOMY cTaHi. ToMmy Ii Marepianu MOTpiOHO
MepepoOUTH NUITXOM 3HEBOAHEHHS 00 BOHW OyIM MPUAATHI 10 BUKOPUCTAHHS Y SKOCTI MAHBA 32 YMOBH
OYMINEHHS Ta3iB 3 BUKOPHUCTAaHHIM CYYaCHHX TEXHOJIOTiIH JUIA 3amoOiraHHs 3a0pyIHEHHIO IOBITPSHOTO
CEepEeIOBHIIA IIKIUIMBUMH PCYOBHHAMH Ta MiHIMI3alll pU3MKIB Ul 310pOB’s HaceneHHs [5-9]. Bucoka
BOJIOTiCTh 6i0Macy MOXKe TIPU3BECTH A0 3aliBUX €HEpro3aTpar il 9ac IXHbOTO CHATIOBAaHHS Y KOTENbHAX [2].

VY Jlanii Ta Hinepnanmax momupeHicTh CHadroBaHHS BinxomiB ckiamae 54,3% i 36,6%, BiamoBigHo [10].
Jlumwe npotsrom 1995-2014 pp. mommpeHicTe cnadoBaHHS TBepaux mnodyroBux Bimxoxis (TIIB) y €C
30LTBIIMIACS MaiKe YJBidi, 3pOCTAlOYM HAWOLIBI IHTEHCHBHO Cepell IHIMUX METOIB IOBOKEHHS 3a
rinepOomivHOO 3anexHicTio [11].

3rimHo manux myoOsikamii [12] Hmxkua terutora sropanust TIIB cranoButh 6,285...8,38 MJDx/kr, a 3a
ymoBu 3MeHmeHHs Bosorocti TIIB 3 43 % no 20 % wHwkua Ttemnora 3ropanHs TIIB cranoButh
9,14 MJlx/kr. Posrmsayro moxmBicte yruimizanii TIIB Ha HasBHUX komyHaipHUX TEILl 3 rerepyrouoro



notyxHictio 12 MBT, mo MoXyTh mpamoBatd Ha eHepreruuHoMy nanmsi (cymimi TIIB, 3HeBogHeHHX 10
20 % BiIHOCHOT BOJIOTOCTi Ta KaM’sSHOTO BYTLLISA 3 MAacOBOIO YacTKoo 16 %) i3 po3paxyHKOBOIO HUKYOIO
tertororo 3ropanus 10,99 M/Ix/kr.

B naykoBiii po6oti [13] BU3HaUEHO, 1110 BMICT BOJIOTH 1 THCK YIIUTbHEHHS roptounx kommnoHeHnTiB TIIB i
Oynu JBOMa KIIOYOBUMH TNapaMeTpaMu Uil OTPUMaHHSA SIKICHUX TMajidBHUX OpUKETIB, SIKi MaroTh
TEIJIOTBOPHY 31aTHiCTh He MeHIIe 20 M/DK/Kr, eKBiBaJIeHTHY TEIUIOTBOPHIN 34aTHOCTI Oyporo Byrimis, i
MOXKYTh OYTH CIIaJieHI pa30M i3 BYTULISIM Ha €IEKTPOCTaHIIsIX. JlociKeHHs MPOBOAUINCH TPH KIMHATHIMH
TeMIepaTypi 0e3 BUKOPUCTaHHS B sDKydoro rmpHu THCKy 69...138 MIla i BimHocHi# Bomorocti TIIB 6...20 %, i
JI03BOJTMIIA BCTAHOBHTH, 1[0 BMICT BOJIOT'M HE TIOBUHEH IMepeBUILYBaTH 15 % Iis oTpuMaHHs BUCOKOSIKICHHX
OpHKETiB 3 CyMillli manepy Ta iHmuX roprounx mMatepianis y TIIB.

Hocmimkenns [14] moBeno HEMOXIMBICTH caMocTiiHOro ropints TIIB mpu BONOrocTi, 3 SKOK BOHH
MOTPAIUIIIOTh 31 CMITTEBO3IB JIO CMITTECIANIIOBAJILHOIO 3aBOMAY, IO BKa3ye Ha HEOOXITHICTH iXHBOTO
3HECBOJHCHHS TIEpe/ CIAIIOBaHHSAM, a TaKOX BHUSBJICHO, IO 3MEHIICHHS BigHocHOI Bojorocti TIIB Ha
25...40% npu3BOANTH 0 30UIBIICHHS IXHBOI MATOMOI TEIUIOTH 3ropsiHHsS B 1,6...2,2 pasu. B crarti [15] 3a
JIOTIOMOTOF0  3aITPOIIOHOBAHOr0 BojioroMipa [16] mpoBemeHo mocmimkeHHs TporieciB 3HeBomHeHHs TIIB
IIHEKOBHM TIPECOM 32 JIOMIOMOTOK IUIAHYBAHHS EKCIEPUMEHTY JPYroro MOpsAKy, SKe JAajio 3MOTy
BHU3HAYMTH aJICKBaTHI KBaIpaTHYHI perpeciiiHi MOeNi MOKa3HUKIB 3HEBOJHEHHS BiJl OCHOBHHUX MapaMeTpiB
BIUIMBY. PerpeciiiHi 3a1eXHOCTI, 0 OMUCYIOTh JUHAMIKY MOIIMPEHOCTI METOMIB (3 OTPUMAHHAM €HEprii Ta
0e3 orprMaHHs eHeprii) cnamoBanns TTIB B Ykpaini orpumano B poboti [17].

3MEHIIIEHHS BIZIHOCHOT BOJIOTOCTI IYKpOBOi TpocTuHu 3 42% no 10% mix yac crnanroBaHHS B I1edi 3
HEPYXOMUM IIAPOM JIO3BOJISIE CKOPOTUTH TPUBANICTH craitoBanHs B 3,4...6 pa3is [18].

VY wMatepianiax crarti [19] 3amponoHOBaHO yCTAHOBKY i OpHMKETYyBaHHS BIAXOIIB JepeBOOOPOOHOT
MPOMHCIIOBOCTI, IIO JIO3BOJISAE MIJBUINUTH iXHIO IMHTOMY TEIUIOEMHICTh NMPH BUKOPHUCTaHHI SK TBEPIOTO
MajnBa.

Pesynbratu mpoBenmeHoro gociimkenHs [20] mokaszaid, IO IEPCHEKTUBHUM METOMOM  YTHIII3amil
JIEPEBHHUX BIJIXOMIB € IXHE MPECYBaHHsS y IMajHBHI OPUKETH 13 BUKOPHCTAHHSM SIK 3B’SI3yIOY0i PEYOBHHH
HATYPaJbHOTO TMOXOJ/DKEHHS CYJNb()aTHOro MHIIA — BIIXOAY SKWUH YTBOPIOETHCS B TIPOIIECi BUBAPIOBaHHS
JI3UHY 13 JIEPEBHOI MacH B IICIIIOJI03HO-IIANIEPOBOMY BHPOOHHUIITBI. Lle 103BOJIsIE MiHIMI3yBaTH €KOJIOTIYHY
HeOe3IeKy Bia 3a0pydHEHHS MOBKLUIA JACPEBHUMH BIIXOAaMH Ta BiIXOJaMHU IIETIOJI03HO-TIAIIEPOBOTO
BUPOOHMIITBA, a TAKOX OTPUMATH SKiCHE OiomanmBo. BukopucTaHHS 3B’S3yI0490i PEYOBHHH JTO3BOJIHIIO
3HM3UTH TOTYXHICTh nBuryHa Ha 40 %, a TakoX 30UBIINTH TYCTUHY OTPUMAaHUX MMAaJUBHUX OPHKETIB HA
10 %.

Y matepianax crarTi [1] po3rIIIHYTO TEXHOJOTIUHI PEKUMU BUTOTOBJICHHS IMAIMBHOTO OPUKETY 3 PSIY
TEXHOTEHHUX BIAXOMIB, SIKi 32 CBOIM arperaTHUM (i3WYHAM CTaHOM HENPHAATHI IS Oe3MOCepeIHBOTO
BHKOPHCTaHHS B TEXHOJOTIYHHUX IIPOIIEcax 1 amapaTax. 3aCTOCYBaHHS PO3TISTHYTOI TEXHONOTI Ha MPaKTHII
3MaTHE TOBEPHYTH BIiAXOMM MPOMUCIOBOCTI y BWIJIAAI ManuBHUX OpukeriB. Taki OpukeTHm MOxHA
BHKOPHCTOBYBATH MJISi BCIX BHJIB TOMOK, B KOTIaX OyAb-fKOi IMOTYXHOCTI — BiJ OIAaJeHHA NpPHUBATHUX
oymuakiB a0 Benukoi TELl. BigsHadeHo, 1m0 BKIIOYEHHS B €HEProoOir anbTePHATHBHUX DKEpEN eHeprii
MOJKE CTaTH BarOMHUM BHECKOM Y PO3B’s3aHHS Mpobiaemu AediluTy MepBUHHUX €HEPrOHOCIB, TMOIMIIHBIIN
TP IEOMY €KOJIOTIYHY OOCTaHOBKY KpaiHH.

B pobGori [21] oGrpyHTOBaHO, IO BUKOPHUCTaHHS BkKuBaHOi AepeBuHU (BXK]I) € amprepHaTHBHUM
JMOJATKOBHM PECYpCOM CHPOBHMHHM 332 yMOBHM YTHUII3amii Ta TiepepoOneHHs ii Ha BHpPOOW 3 JEepEeBUHHU:
3aroTOBKM KPHUBOIIHIAHOI (Qopmu, MeONIeBUI IUT, CTONAPHY Ta CTPYXKKOBY IUTUTY, a TaKOX ITalUBHI
TpaHyIu Ta majauBHI Opukern. Pozpobieno metoanky po3paxyHKy moreHmiany BJXK]] ta ioro 6amancy 3a
Kareropismu. Po3paxoBaHO moTeHIIian nepeBHOI Oiomacu — BiaxoxiB nepeeuan Ta BXJ[ B Ykpaini, skuit
ckiaB y 2012 p. 6,438 muH. T, 30kpema BXKJ[ — 2,0 mimH. T. Ha OoCcHOBi KitacTepHOro aHami3y 3IiHCHEHO
monitopuHr BXX]] 3a obmacHuME 1ieHTpamu YKpainu. BusHaueHo OCHOBHI (hi3MKO-MeXaHI4HI BIACTHBOCTI
OTPUMAaHOI MPOAYKIlii 32 PO3poOIIeHUMHU TexHoNorissMu. Ha OCHOBI oJiepKaHUX MaTeMaTUYHHX Mojelnei
BCTaHOBIIEHO 3aKOHOMIpHOCTI BIUMBY BuKopucTaHHS BXXK][ Ha ¢i3nko-mexaHi4YHI MOKAa3HHUKH OJepKaHOI
nponykuii. 3anponoHOBaHO PEXMMHI apaMeTpy Il BOPOBADKEHHSI OTPUMAHUX PE3YJIbTATIB NOCTIHKEHD Y
BHPOOHUIITBO.

VY marepianax craTTi [22] HaBedeHI pe3yabTaTH HOCTIHKEHHS MPOLECY NMpecyBaHHS 0iOMacH 3 METO0
OTPUMAaHHs NMAJIMBHUX TPaHyJ, OpPUKETiB, 30KpeMa BH3HAUEHO BIUIMB THUCKY 1 TEMIEpaTypu MpPECyBaHHS Ha
LIJIbHICTE OTPUMYBAaHOTO HPOAYKTY. Pe3ynbraTH mpoBeaeHMX IOCHiIKEHb MOKa3ald, IO MiJBHILEHHS
temiepatypu npecyBanHs uiie 90-100 °C i tucky Bumie 120-140 MIla € HeqOLiBHUM, OCKUIBKH Mo



BIUTMBAa€ Ha 30UIBIICHHS MIUILHOCTI OiomaiMBa Ta MPU3BOAUTH JO 30UIBIICHHS CHEPrOBUTpPAT Ha HOro
BUTOTOBNEHHS. OTpuUMaHi pe3yabTaTd MOXKYTb BHKOPHCTOBYBaTHCS JJsi BH3HAYEHHS ONTHMaJbHUX
KOHCTPYKIIHHO-TEXHOJIOT 1YHIX MapaMeTpiB MpoIlecy MpecyBaHHs AUCIIEPCHUX MaTepialliB s GopMyBaHHS
MaJTUBHUX OPHUKETIB.

ABTOpaMu MoHorpadii [23] y3araibHeHO pe3yabTaTH PO3POOKH Ta CUCTEMaTH3allil TEXHOJIOTTYHIX OCHOB
BUTOTOBJICHHS TBEpOro OiomasinBa 3 POCIMHHUX BIAXO/IB Ta KOMIIO3UTIB Ha iX ocHOBi. HaBeneHo MeTomuky
OLIHKH MPYXHUX KOE(Ii€HTIB ITBOXKOMIOHEHTHOI'O KOMIIO3UTHOI'O0 OiomnajvBa Ha OCHOBI POCIIMHHHUX
BiIXOMiB. BHW3HAaueHO BIUTMB KOHCTPYKTHUBHHX TlapaMmeTpiB (inb'epd MaTpuli Ha SKICHI MOKa3HHUKH
BHUTOTOBJICHOTO OlomannBa Ta €HEPreTHYHI XapaKTEPUCTUKU MPECOBOTO OOIaJHAHHS. 3allpOlOHOBAaHO Ta
EKCIIEPUMEHTAIILHO JOCIIPKEHO TEXHOJIOTYHI PillleHHsI BUTOTOBJICHHS IEJIET TOJMIIIIIEHOT SIKOCT1 3 0Majoro
JIUCTSI, KOMIIO3UTHOTO TAJIMBa HAa OCHOBI POCIMHHHX BiXOAIB i Oyporo BYyriuisi, pOCIMHHHX BiAXOMIB i
no0yroBux Binxoxis [IET®.

VY martepianax crarti [24] oTpuMaHO perpeciiiHi 3aJeKHOCTI TUCKY MPECYBAaHHS BiIXOJIB JIEPEBUHH Yy
nanuBHI OpHKeTH Bif KoedillieHTa YIIUTPHEHHS SK y BHUIIAAI TOJIHOMIB MIOCTOrO IMOPSJKY, TaK i 3a
JIOTIOMOrOt0 cTeneHeBoi (yHkiii. [Ipu mbOMy BCTaHOBJIEHO, IIIO CTENEHEBa (GYHKIISA 3a0e3neuye Kparry
JOCTOBIPHICTD ampOKCcHMAIlil 3 MEHIIOK KUIBKICTIO KoedillieHTIB perpecii. Bu3HaueHO yMOBHM yTBOpEHHS
MAJIMBHUX OpWKETIB JIOCTAaTHBOI MIIHOCTI Ui TPAHCIOPTYBaHHS Ta CHANIOBAHHS B EHEPreTHYHUX
ycTaHoBKax. JlociikeHo BILIMB HIUTBHOCTI MaTepiaidy THPCH Ha TUCK MPECYBaHHSI.

3a pe3ynbraTaMu JOCIHIHKCHHS, IPOBEACHUMHU B PO0OTI [25], Ha MIUIBHICT MAJMBHUX OPHUKETIB BILJIMBAE
B OCHOBHOMY THCK IIPECYBaHHS, IO CTBOPIOETHCS B poOOUild Kamepi mpeca uu (GopMyBajbHIl TONOBIII,
MOBHHEH CTBOPHUTH 3YCHJUIA piBHEe abo Oulbllle 3YCHIUIIO BHIITOBXYBaHHS Opukery i3 (opMmyBaibHOI
roioBkr. OCTaHHE B OCHOBHOMY 3aJIeHTh BiJi (JOPMH Ta JOBXKHHHA POOOYOr0 KaHAIy, CHJI TEpTs, IO
BHU3HAYAIOTHCS 3YCHJUIIMH OOKOBOTO THCKY OpHKETIB Ha CTIHKM POOOYMX KaHANIB mpecy. [3 3MiHOMO
OChOBOT'O THCKY B KaMepi MpecyBaHHs Oyze 3MIHIOBATUCS 1 OOKOBUH THUCK, HA BEIMYUHY Ta JUHAMIKY 3MIHH
SIKOTI'0 3HAYHHUH BIUIMB MalOTh (DI3MKO-MEXaHIYHI BIACTHBOCTI MaTepiay.

B HaykoBiii po0oTi [26] BUKOHAHO MOJEIIOBAHHS TEIUIOTH, YTHIII30BAHOI 3 JUMOBHX ra3iB B IIMKJIOHI
tuny 1{TH-15-900 micns maporenepatopa Ha O6iomaci y CFD-nakeri SolidWorks Flow Simulation. Otpumano
3aJIOKHICTh TEIUIOBOIO IIOTOKY Y BOYIOBaHOMY TCIIOOOMIHHHMKY-YTHJII3aTOpPi BiJ IMIBUAKOCTI Ta
TeMITepaTypy AMMOBHX T'a3iB Ha BXOJI Y ITHKJIOH.

B Tab6m. 1 moka3aHi 3Ha4YCHHS BHUTpAT TalMBa JJIS Pi3HOI BOJIOTOCTI IMajnuBa — OioMacw Ha TMPHKIALl
JEpeB’siHOT TpiCKK sIK 0e3 yTwiizamii BiaxigHMX rasiB (0e3 BHKOPHCTAaHHS €KOHOMak3epa), Tak 1 3
YTHITI3AIIEI0 BIAXIMHUX Ta3iB (3 BUKOPHUCTAHHSM €KOHOMan3epa) Uil KOTENbHI 3 HOMIHAJEHOIO ITOTYXHICTIO
5 MBT [27].

Tabmums 1. — 3HadeHHS] BUTpAT HaJIMBa JJI PI3HOI BOJIOTOCTI ManwBa — OioMacH Ha TIPUKJIAdi JepeB’sTHOT
Tpicku [27]

Bororicts namsa, % BuTtpara nanuBa 6e3 yrui3anii BiIXiAHUX ra3is, Burtpara nanusa 3 YTHJTI3aLi€r0 BiIXiTHUX
KI/ToJ rasiB, Kr/roj
10 11776 1106,9
15 12719 1177,7
20 1380,3 1258,8
25 1506,2 1352,6
30 1654,3 14557
35 1830,6 1574,3
40 2053,6 1725,0
45 2329,4 1886,8
50 2678,9 2089,6
55 3135,6 23517
60 3756,3 2704,6
65 4647,7 3206,9

BuxopucroByroun nani Tabn. 1 mMerogom HaliMeHmuX KBajpaTiB [28] 3a JOmOMOrorm po3poOsieHol
koM 'otepHoi mporpamu "RegAnaliz", mo 3axurmieHa CBiIOITBOM PO PEECTpaIlil0 aBTOPCHKOTO MpaBa Ha
TBip [29], i nmerampHO omucaHa B poOorti [30, 31], MoxXHa OTpUMAaTH MapHi perpeciiiHi 3aJeXHOCTI, AKi
OITMCYIOTH BILTUB BOJIOTOCTI Oi0MacH Ha BUTPATH MaJMBa i3 YTHIII3aII€I0 BiXIAHUX Ta3iB MpH il CIIaioBaHHI,
10 BUMarae MpOBEACHHs MOJAJIBIINX JTOCHiKEHb.
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