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ITPOBJIEMMU 3AMIHHU I'A301II0OAIBHOT O ITAJIUBA HA
BYT'IbHUM INJI B TAJIbHUKAX IEMEHTHUX IIEYEXA

VY crarTi HaBeAECHO PE3yJIbTaTH TEOPETUYHOTO 1 MPAKTUYHOTO AOCIIKEHHS BUKOPUCTaHHS CYMIlli BYT1JIbBHOTO
NWIy 1 Ta3omofiOHOro majmMBa B OOEPTOBHX IeYaxX LEMEHTHHX BHPOOHHLTB, Ta PE3yJbTaTH HOTO MPAaKTHYHOTO
3aCTOCYBAHHSI JUIsl 3MEHIIEHHSI CTIOXKUBAHHS JOPOrOro iMIOPTHOTO ra3omojioHoro manusa. JlociimkeHa 1 HaBedeHa
nepeBara BUKOPHCTAHHS KaM'SHOBYTIJIBHOTO MUy 000X BYIJIEBHAOOYBHHX pErioHiB Hamioi aepxkaBu — JloHOacy Ta
JIpBiBCHKO-BonmHCEKOTO OaceiiHy HpH HOro CyMiCHOMY CHAIIOBAaHHI B MaJbHUKAaxX IIEMEHTHHMX Ieueil. PesympraTtu
HaBeJIeHI B CTAaTTi MOXYTh MAaTH TEOPETHUYHE 1 MpaKTHYHE 3aCTOCYBAaHHS Y BUPOOHHUIITBI IIEMEHTHOTO KJIIHKEpy, Ta B
JOCIIJKEHH] 1 po3po0Ii HOBHX THITIB KOHCTPYKIIi MANBHUKIB AJS CIIAJIOBAHHS CYMIIli TBEPAOTO 1 ra3ommoaioHOTo
TaJuBa.

Kiro4oBi ciioBa: TBep/e manmBo, 00SpTOBI Iedi, MATFHUKA 00CPTOBHX IEYeH, KIIHKEp, TEMIIepaTypa TOPiHHS

TanuBa, ra3uQikallis TBepIoro MairBa.

Bcemyn. BupoOHULITBO LIEMEHTY Ta a300I1[eMEHTHHX BHUPOOIB 13 HBOTO 3pOCTalOTh B HAIIii
JiepKaBi 3 KOXKHUM POKOM, SIK 1 3pocTae iX norpeda y pisHUX chepax MPOMHCIOBOCTI , IIUBUIBHOTO
Ta MpoMucioBoro OyaiBHUITBA. OCKUIbKH, OUIBIIICTh IIEMEHTHUX 3aBOJIB HAIIOl JEp>KaBU
NPAIOI0Th 32 TEXHOJIOTTYHOI0 CXEMOIO BOJIOTOT0O Croco0y BUPOOHHUIITBA IIEMEHTHOTO KIIIHKEPY, TO
JUIE HUX €KOHOMIYHO JOLIIBHHUM 1 TE€XHOJIOTIYHO BUT1THUM € BUKOPUCTaHHS B SKOCTI JIELIEBOIO
QJIBTEPHATUBHOIO MaJMBa KaM'sHOTO BYT1JUIsA, 3HAUHI 3aI1aCH SIKOTO Ma€ Hallla JeprKaBa.

Ilocmanoeka 3a0aui Ha 0CHOGI ananizy aimepamypHux 0xcepe. 13 MTepaTypHUX HKEpen
[1, 2, 3], BimomoO, 110 CyXuil i BOJOTHI CITOCOOM BUPOOHMIITBA IIEMEHTHOIO KJIIHKEPY BHMAararoTh
BEJIMKMX 3aTpaT TEIUIOBOi €Heprii, Ky OJep>KyIOTh CHAIIOBAHHSAM B 00€PTOBUX LEMEHTHHUX Ieuyax
rasomnoioHoro nanusa. [Ipore, ocTaHHIM 4acoM, y 3B'3KY 31 3HAYHUM I10I0POKAHHAM IMIIOPTHOTO
ra3onoJiOHOro najuBa, Ta HECTAOUILHOIO CUTYAlli€l0 HAa CBITOBOMY PHUHKY T'a3y 1 HadTH, BUHHKIA
noTrpeda MONIYKY allbTepHAaTUBHMX BU/IB MalMBa, 30KpEMa, BUKOPHUCTAHHS BYTUUIS MPOBIIHHUX
BYIJIEBU00YBHUX perioHiB Ykpainu — Jlon6acy i JIbBiBCbK0O-BonnHCHKOro ByrijibHUX OaceiHiB.

Tomy, OCHOBHI 3aBJJaHHS [TOCTABJICHHI y HaBe/IEH1H CTaTTi € TaKi:

a) PO3MISIHYTH MPOOJEeMy CHAIIOBaHHS Tra3oMoAiOHOrO MajWBa 3 MHJIOBHIHUM BYTUIBHHM Y
criBBigHOMIEHH] 1:2, IO JaCTh MOXKJIMBICTh OTPUMATH 3HAYHY €KOHOMIIO T'a30I01i0HOTO ManBa, i

€ HeoOX1IHOI0 YMOBOIO KOHIEMIIi CTAJIOr0 PO3BUTKY HAIIOI AEpP>KaBU.



0) BH3HAYUTH MOXKJIHMBICT BCTaHOBJICHHS Cy4aCHHX CGKOHOMIYHUX MalbHUKIB Ul CHAIOBAHHS
CyMilI ra3omnoaiOHOTO 1 TBEPAOTO NaJIMBa B OOEPTOBUX II€Uax, IO JO3BOJUTH 3MEHIIUTH
CTIIOXKHBAHHS JOPOTOTO IMITOPTHOTO Ta3y.

B) NPOBECTH EKCIEPHUMEHTH 3 JIOCITI/DKEHHS KIHETUKU TOpIHHSA Ta ra3udikamii 4acTMHOK MHITY
KaM' sSTHOTO BYT'JUISI PI3HUX POAOBUILL 1 PI3HUX PO3MIpiB.

Bce, ne Bka3zye Ha HaA3BHYAWHY aKTYaJIbHICTh MOCTaBIIEHOI MeTH. OKpIM IbOTO, SK MOKa3aau
pe3yibTaTi MPOBEJACHUX JOCTIKEeHb [1], 3 BHUKOPHCTaHHS MHUJICBUIHOTO BYTUILHOTO IaJNBa,
IPOJIYKTH HOTO 3ropstHHS (TOIILI 1 NIJTaK) € KOMIIOHEHTaMH 3B’ I3yI0OUMX MiHEpasiB, IO MPHCYTHI y
[IEMEHTHOMY KJIIHKEpi oJiepKaHOMY IIpH oOmaii uiaMy B LIEMEHTHUX 00epToBUX meyax. [Ipudomy,
Il MUJICBUIHI PeYOBUHHM (ITOMLT 1 IUIAK), BIOBIIOIOTHCS TEIUIOOOMIHHMMH MPUCTPOSIMHU 00EPTOBUX
neyeil SKi MpamroloTh O BOJOTOMY CHOCO01 BHPOOHHMIITBA IIeMEHTY. Tomy, Oarato 3aBomiB 3
BUPOOHHUIITBA LIEMEHTY BOJIOTHM CIIOCOOOM, 3alIpOBAJIMIIN 1 MPOJIOBKYIOTh 3alPOBAKYBATH CXEMHU
BUKOPUCTAHHSA B SIKOCTI MajMBa MOApiOHEHM MU KaM’ STHOTO BYTULIS, SIKUH 1101a€ThCS B MAIBHUKU
00epTOBUX TIEYEH pa3oM 3 TIEBHOIO YACTHHOIO ra30omoai0Horo nanusa. OTxe, mpoOIeMH OCTaBIICH]
B JIaHId CTaTTI € aKTyaJlbHUMH, CY4YaCHUMHU 1 TaKUMH, SIKI MOXYTb 3HAWTH CBOE MpaKTHYHE
3aCTOCYBaHHA y BHPOOHHMITBI IHIIMX B’SDKy4HMX MaTepialiB, Ta MOPUCTHX 3alOBHIOBAYIB IS
OETOHHHUX 1 3aJ11300€TOHHUX BUPOOIB, TAKUX K KEPAM3UT, BEPMHUKYJIIT, arJIONOPUT, LEOIT.

Po36’ 130k nocmaenenux 3aoau. Yepe3 Te, 10 MPOAYKTH 3TOPSHHS MY Kam STHOTO
BYTJUISL TIOBHICTIO 3B’ A3YIOThCA B I€4ax 31 IJIAMOM LIEMEHTHOI'O KJIIHKEpY, TO iX BMHOC 3a MEXI
00epToBHX Meyeil Maike BiJICYTHIH 1 He MOTpedye BCTAHOBICHHS JJOJATKOBUX OYUCHUX CIOPY/ IS
OUMINEHHS IUMOBHX ra3iB oOeproBux meueir [3,4,5]. HeoOXigHO NuIIe CTBOPUTH ONTHMAIbHY
JIOBKHMHY (pakesa TOpiHHS CyMilll MUJIOBUAHUX TBEPAMX HAJIMB 3 ra3omnofiOHUM. 3 L€ METOIO
BYTIbHE TIJIOBHIHE TTAJMBO CHAIIOIOTH i3 BMICTOM JIETIOUMX CKJIaM0BHX B aiana3oni 15 — 20 %.
o6 mocsartu 1i€i BETUYMHU BUKOPUCTOBYIOTH cymiml Byrumis JloHembkoro i JIbBIBCHKO-
BonuHchkoro 6GaceiiHiB, sKi BIAPI3HSIOTBCA PI3HUM BMICTOM JIETIOYMX KOMIIOHEHTIB. TOHHHY
MOMENy BYT'ULJISI MOXJIMBO MPUOJIM3HO OLIHUTH 32 pe3yJIbTaTaMu IPOCIIOBAHHSI IOMEJIEHOTO MajliBa
yepes cuta Ne 02 1 Ne 0085 3a takoro Gpopmysioro:

R=06V" L)

ne R — cymapuumii 3anumiok npo6u ByrineHoro miry Ha cutax Ne 02 3 918 orBopamu Ha 1
cm? i Ne 0085 3 4450 oTBOpiB Ha 1 CMZ, %;

VP — BMicCT J1€TIOUMX KOMIIOHEHTIB BYTilbHOro nuiy, %.

Ha nunora3oBuil cTpyMiHb, BUTIKAIOUHUH 13 MPSMOTr0 IMIIHIPUYHOTO NAJIbHUKA B LIEMEHTHY
4, 3 BIIOMUMH JONYIIEHHSMU MOXYTh OyTH MOIIMPEHI F€OMETPUYHI MapaMeTpyd HECTUCHEHOIO

CTPYMEHS, SIKMI BUTIKAE 13 MWITIHAPUIHOTO KaHATy Yy BUIbHHI TpocTip (ouB. puc. 1)
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Puc.1. 'eomempuuni posmipu eazonunogyeiibHoco ghakena 8 yemenmuii neui.

Ha ningHui 3aTyxamouoro pyxy CTpyMEHs — BiJl Tupia NajdbHHUKA J0 MicUs 3ycTpiul i3
(GyTepoBKOIO TeUi AAPO MOTOKY MOIIUPIOETHCS HA JOBXKHUHY |, ika BU3HAYAETHCS KyTOM 3BYKCHHS
sanpa 3, piIBHUM OJIU3BKO 7°. Jlopxuna Bciei mimsHKE 3aTyxarwouoro pyxy Li € dyHkmieo kyra
PO3KPHUTTSI CTPYMEHS O, BEJIMYMHA SKOTO HE3AJIECKHO BIJ 3MIHU IIBUIKOCTI MOTOKY IOCTIMHA 1
JOPIBHIOE 15,

[Ticna 3ycTpiui cTpyMeHs 3 (QyTepOBKOIO Iedi MOAAIBIIMN pyX MPOXOIUTh Ha AUISHIN 3
NOCTIMHUM CIYEHHSIM IOTOKY, oOMexeHuM ¢yTepoBKoro meui. g ninsHka gosxkuHowo Lo mpu
MOCTIMHIM BUTPATI CyMillll 1 MOCTIMHUX TeMIepaTypax Moke OyTH Ha3BaHa JIJISTHKOIO 3 MTOCTIHHOIO
MIBUJKICTIO pyXy. BepTukambHa miommHa, Ha $Kii po3MmilieHuil (QpoHT ropiHHS ¢akena,
3HAXOJUThCA MOOJM3Y TOUKM o. TakuM YMHOM MIgIrpiB Qakena 10 MOMEHTY HOro 3aropsiHHS
POXOAUTH HA AUISHII MPUOIM3HO PiBHI |.

Buxonsuu 13 NOpuUHHATUX JOMYIIEHb, PO3MOBCIOKEHHS 30HM TOPIHHS [0 JIOBXKHHI
[IEMEHTHOI M€Yl BU3HAYAETHCS:

a) 3araJJbHOO JOBXHWHOIO (1)211(6)'[3.

L, =L+L, 2
0) TOBXKMHOO 30HH TOpiHHS (akena

L, =L,-1 ©)

Ha ocHOBI reoMeTpuuHUX MPOIOPLINA, OTPUMAaHUX 13 CXEMU HaBejAeHId Ha puc. 1, moxHa

3amucaru.



_ (DT - d) — _
L= 1,866(D; - d) (4)

I = 4,072d (5)

- 4
- 2tgb
ne D, i d — BHYTpilIHIN AiaMeTp medi 1 JiaMeTp coruia najibHUKa.

Pazom 3 reoMeTrpuyHMMH TapaMeTpamMH Ta30MWIOBYTUIBHOTO CTPYMEHs IOBXKMHA (akena
CHAJIIOBAaHHS B 3HAYHIM Mipi 3aJI€KUTh Bl KIHETUKH FOPIHHA CyMIIIl 1 30KpeMa Bij 4acy IMOBHOT'O
3TOpSIHHS YacTHHOK BYTLLIA pi3HMX po3mipiB. Yac moBHOro 3ropsHHS ty. (C) YaCTHHOK ITHITY
BYTiUIS JUIsl POJOBUIN 3 MAaJMM 1 BEJIMKUM BMICTOM JICTIOYMX KOMITOHEHTIB (/loHerpkoro i
JIpBiBChKO-BosMHChKOTO OaceiiHiB) HABEICHUI B 3aJICXKHOCTI BiJI TEMIIEpaTypy TOPIHHS CyMillli Ha

puc.2.
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Puc.2. Yac nosnozco eopinns gyeinbnoeo nuny [Joneyvkozo i JIvsiscvrko-Boauncokoeo

8y2iIbHUX Daceliti6 8 3anedCHOCMI 810 memMnepamypu 20piHHs Cymii

BignoBimHO 10 pe3ynbTaTiB TOPiHHA BYTUIBHOTO THJIY HaBEACHUX Ha puc.2, Oyio
IPOBEJEHO AOCIIIKEHHS IIBUJKOCTI razudikamii 4aCTUHOK BYTUIBHOIO MMy BiJ SIKOi 3aJI€KUTh
KUIBKICTh JIETFOUMX KOMIIOHEHTIB, SIKY BOHU BUUISAIOTH I11J] YaC FOPiHHS B IEMEHTHUX IeYax, M0 1 €
JIOMIHYIOYUM YMHHUKOM JOBXHHHU (paKkesly 3rOpsHHS Ta3oNMIIOBYTiIbHOI cymilni. Pe3ynpraBatu
eKCIIEPUMEHTAJIbHUX JaHUX 3 JIOCHIJKEHHsS IMIBUJAKOCTI razugikamii BYTUIbHOTO HUIY PI3HOTO
(dpakmiHOrO CKIIaay HaBeACHI Ha pHc.3.

Yac moBHOro ropiHHSA BYTUIBHOTO MUY Uy, 1 BEIMYMHA MIBUAKOCTI rasudikamii @y, 3B'13aH1

TaKOI0 3AIEKHICTIO!
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TyT 6 1 pyr — A1aMeTp 1 'yCTHHA YACTUHKHU BYTUIBHOTO ITHITY.

B pe3ynbpTati cymMiCHOTO O3Sy ONMMCAHUX BUIIE TEOMETPUIHX IMapaMeTpiB
ra3oMnuIOBYTUIBHOTO (pakesna i KIHETUKU TOPIHHS OTPUMYIOTh (POPMYITY, SIKA XapaKTEPHU3YyE
JIOBXKMHY ra30MHJIOBYT1JILHOTO (hakena B 00epTOBiH 1IEMEHTHIH meyi:

av,/v,.-10 v d, ..r
0 I =4 I ATIAKC yr (8)

L,, =187(D; - 3,18d)gw T
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1€ ®0, O, Oyaxe — MIBUAKICTh BUTIKAHHS Ta30MUIOBYTUIBHOTO (pakena i3 coruia MallbHUKA,
cepe/iHs WIBUAKICTh pyXy HPOAYKTIB 3rOpsHHSA Ha AUISHII Lo 1 giamerp HalOLIbIIOI YaCTUHKU

BYT'UIBHOTO MHJTY, BIATIOBIAHO.
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Puc. 3. 3anesxcnicmo weuoxocmi eazupixayii YacmuroK 8y2iiisi Pi3HUX pO3MIpI6 I pi3HUX

POO0BULY 8 3ANEHCHOCTI 810 MeMNEPAMYPU 2OPIHHS CYMIULI.



Ha cywacHux o00epTOBMX LEMEHTHUX I1€4aX BCTAHOBIIOIOTH OJHO- ab0 JIBOXCTBOJIBHI
ra3onwiIoBYrUIbHI MaJbHUKUA 3 MPSAMOJIHIMHUM KOH(Y30poM. Hailbinplmr mpocTum, €KOHOMIYHO
BUTITHUM TAJbHUKOM € JIBOXKAHAJILHUM OJHOCTBOJBHUN TaJIbHUK THUITy Tpyba B TpyOi, cxema

SIKOT'O HaBCI€HAa Ha pUC. 4.

Bud 3aepxy
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Puc. 4. Oonocmeonvhuii 080XKAHAILHUL 2A30NUTOBY2IIbHUL NANLHUK 00epmOo8UX
YeMeHmHuux nevetl.
1 — snympiwmnitl kanan nanrbHuka, 2 — 308HIWHIN Kilbyesull KaHal NATbHUKA; 3 — CONIo

najivHUKa

[To BHyTpiIIHbOMY KaHaJy HaJbHUKA 1 MiJ MEBHUM THCKOM IMOJAE€THCS T'a30MUIIOBYIUIbHA
CyMIIll y CIiBBiIHOIIEHHI Ta3 — ByrinbHui nua 2:1. [lo 30BHiINIHBOMY (KUIBIIEBOMY) KaHaly 2 —
YUCTE MOBITPSI, SKE CIPHSIE YTBOPSHHIO CYMIIIi Ha BHXOJMI 13 coruia 3 MajbHUKA. TaKMM YUHOM
HaBeJeHUM Ha puc. 4 NajlbHUK OOEPTOBUX LEMEHTHHX Ileueld Moke OyTH 3acTOCOBaHHMM Ha

HiANPHEMCTBAX EMEHTHOI I'ajly31 3aXiJHOTO perioHy Y KpaiHu.

Bucnoexu.
1. BuxkopucTaHHs MUJIOBUIHOTO BYTULIS JO3BOJISIE 3SMEHIITUTH JIOJIO CITOKHBAHHS JIOPOTOTO
IMIOOPTHOTO ra30MoA10HOro NaauBa.
2. OTpuMaHi pe3ylnbTaTd Jal0Th MOXKJIHMBICTh PO3BUBATUCH BITYU3HSIHUM BYTJIEBHI00YBHUM
nignpuemcTBaM Jlonenpkoro ta JIbBIBChbKO-BONMHMHCHKOTO BYTUIbHUX OaceiHiB.
3. OrpumaHi B poOOTI JTOCIITHI JaHi i BIAMOBIAHI 10 HUX TEOPETHYHI 3aJICKHOCTI MOXYTh
OyTH BUKOPUCTAaHHMH Ha MPOBITHUX BITYM3HSHUX MIANPUEMCTBAX 3 BUPOOHUIITBA IIEMEHTHHUX Ta

a30011eMEHTHUX BUPOOIB.



4. Marepian, HaBeJeHMH Yy cTaTTi, MOoXe OyTH BHMKOPHCTAHUIl NpU IPOEKTYBaHHI,
JOCTIPKEHHI 1 po3poO0Lll NalIbHUKIB Ui CHATIOBAaHHS CyMIIIl TBEpJOro 1 ra3onoi0HOro najiuBa B
TEIUIOTEXHIYHUX YCTaHOBKaX 0araThOX rajy3eil MpoMHCIOBOCTI OYyAIBEIbHUX MaTepiaiiB 3 METOIO

OTPUMAaHHS ONTHUMAJIbHUX BapiaHTIB KOHCTPYKIII] MaJbHUKIB.
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(/Tveosckuii 2ocyoapcmeennuii ynugepcunen 6e30naACHOCHU HCU3HEOEAM eTbHOCHIN)

ITPOBJIEMbBI 3AMEHBI I'A300BPA3HOI'O TOIIVYIUBA HA
YI'OJIbHYIO IbLIb B TOPEJKAX IIEMEHTHBIX IEYEN

B crarbe mpuBeneHBI pe3yNbTaThl TEOPETHUECKUX W IPAKTHUYECKUX HCCIICAOBAHMI HCIIONB30BAHMS CMECH
YrOJIbHOW TBUIM M Ta3000pa3HOro TOIUIMBA BO BPANIAIONIMXCS II€YaX IIEMCHTHBIX IPOM3BOJCTB M PE3YJIbTaThl MX
NPaKTHYECKOTO HCIIOJI30BaHMs JUIA CHIDKEHHMS IOTPEOJICHHS JOpOrOro HMIIOPTHOTO Ta3000pa3HOr0 TOIUIMBA.
HccrnenoBaHo W MPUBEACHO NPEUMYIIECTBO HCIOJIB30BAHUS YTOJIbHON MBUIM 00OMX YIIIEAOOBIBAIOIINX PETHOHOB
Hameil crpanel — [lonbGacca u JIpBoBcko-BomnbiHCKOro OacceiiHa IpH €€ COBMECTHOM CHKHTAHHH B TOpENKax
HEMCHTHBIX Meyc. PeByHBTaTBI MPUBCACHHBIC B CTaTHE MOT'YT UMETh TCOPETHUCCKOC U MPAKTHYCCKOC HMCIIOJIB30BAHUC
B MPOU3BOJACTBEC LIEMECHTHOI'O KIIMHKEpa U B pa3pa60T1<e HOBBIX THUIIOB TOPCJIOK IJId CXKHUI'aHHUA CMECHU TBEPAOTO U
ra3o00pa3HOTo TOILINBA.

KnaioueBble cioBa: TBepgoe TOIUIMBO, BpAINAIOIIMECs II€YM, TOPENKH BPALIAIOMIMXCS Iedel, KIMHKEp,

TEMIIEpAaTypa ropeHus TOIJINBA, ra3mb1zn<aunﬁ TBEpAOTO TOIJIUBA.

M.F.Yurym, PhD, A.V.Sybirnyj, PhD, |.I.Miakush, PhD, 1.O. Movchan
(Lviv State University of Life Safety)

TORCH INCINERATION OF COAL ASH MIXED WITH GASFUEL

The article describes the results of the theoretical and practical investigation of utilization of coal ash and gas
fuel mixture in arotary kiln of cement production, as well as the results of practical usage for reduction of expensive
imported gas fuel. The advantage of usage combined incineration of coal ash of both coal mining regions (Donbass and
Lviv-Volyn basin) in cement stove. The results of the article can be used in cement clinker productions and for
investigation of new types of kilns for incineration of mixture of solid and gas fuel.

Key words: solid coal, rotary kilns, klinker, solid fuel gasification, incineration temperature of fuel.



