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OCHOBHI TEXHOJIOTTYHI MAPAMETPH PEAJII3ALIII AEPOBHOTO
BIOKOMIIOCTYBAHHA OCAJIB CTIYHHUX BO/JL

[lepcnekTHBHMM IUIIXOM YTHIII3aLil OCamiB CTIYHMX BOJ Ha KaHANI3aliHHUX OYMCHHX CIOpPYy/Jax € ix aepoOHe 0i0KOMIOCTyBaH-
Hs 3 OTPUMAaHHSM OpPTaHO-MiHEpalbHOI cymimi. [IpecraBieHo y3araibHeHy MaTeMaTHIHY MOJEIb, 1[0 BPAaXOBYE TEOMETPUYHI PO3-
MipH KOMITIOCTHHX OYPTIB 1 TOBIIMHY 30HU OXOJIOJDKCHHS Ta JIa€ 3MOTY POrHO3YBATH Ta ONTHMI3yBaTH OCHOBHI TEXHOJIOTIYHI Hapa-
METpH peaizallii mporecy aepoOHOro KOMIOCTYBaHHs ocaliB. [lokazaHo, mo 6e3 ypaxyBaHHs TEXHIYHHX OOMEKCHb MaKCUMAaIbHO
JOCSDKHHH BiTHOCHHH e(eKTHBHHUI 00'eM 3pocTae 3i 30LIBIICHHSIM BUCOTH OypTy H, KoedimieHTa 3aKkiIagaHHs HOro BiIKOCIB /1 Ta
BigHOCHOI noBXMHU Oypty L/H. Jlns noBrux OyprtiB i3 L/H>20 BIUIMBOM TOPIEBUX 30H Ha 3HAUCHHS BiTHOCHOTO €()EKTHBHOTO
00'eMy MOXXHa HEXTYBAaTH. 3a CTAIIOTO 3HAYCHHS IUIOMI MONEPEYHOrO Mepepidy JOBIHX OYpTiB MaKCHMallbHI 3HAYCHHS BiTHOCHOTO
e(heKkTHBHOTO 00'eMy BiIIOBIIalOTh KOeillieHTY 3aKiIaaHHs BiakociB m = 1. Po3poOieHa Monelns nae 3MOry po3B's3aTH ONTHMIi3a-
HiiiHy 331249y 1uist PikCOBAHOTO 00'eMy KOMIIOCTHOTO OYpPTY 32 HasBHOCTI TEXHIYHUX OOMEXKEHB MO0 MAaKCHMAIILHOTO 3HAYCHHSI BH-
cotd H. Y mpakTHYHO BaroMoMy Jiama3oHi 3Ha4eHb BUXiTHUX mapamertpiB (W, = 50—500 MY, Hyoe =2 M; a = 0,3-0,5 M) MaKCH-
MaJIBHUH BIJHOCHUI e(eKTUBHUI 00'eM BiamoBinae OypTaM HEBEIWKOi HOBXHHU L/H<20 3i 3HAUCHHSAMH KOoe]ilieHTa 3aKIagaHHsI
BifkociB m>1. Ile mosicHeHO THM, IO Taki OypTH MarOTh MiHIMaJIbHY IUIOIIY MOBEPXHI PO3MIITY 3 HOBITPAM, IO MiHIMi3ye 00'eM 30H

OXOJIOJDKEHHSI 3a CTAJIOro 00'eMy i BUCOTH OypTYy.

Knruoei cnosa: acpoOHe 610KOMITOCTYBaHHS; OCaI CTIYHUX BOJ; aKTUBHA 30HA; 30HAa OXOJIOKCHHS; BITHOCHUI e()EKTUBHUI

00'eM; onTuMi3alliiina 3ajgaya.

Beryn. 306inbmieHHs KiBKOCTI MEIIKAHIIB, 3pOCTaloda
ypOaHizalis Ta HiABUINEHHS pPiBHSA OJaroycTpolo Hacee-
HUX IyHKTIB NPHU3BOAUTH A0 MOCTIHHOTO 3pOCTaHHS IPO-
IYKTHBHOCTI KaHamizaniitanx ouncHux cropyn (KOC), a
oTXkKe, 10 301IbIICHHS 00CsTiB ocaiB cTiuaux Boj (OCB).
Jlis moTpuMaHHS BUMOT KOHIIENIii craioro po3sutky OCB
MOBMHHI OyTH SIKOMOTa ITOBHIIIe NepepoOsieHi Ta YTUIIi30-
BaHi, HE CTBOPIOIOYM IPH [IbOMY HETATUBHOTO BIUIMBY Ha
IoBKUDIA. HalimommpeHinmMu MeTogamMu  00pOOJICHHS
OCB € ix rpaBiTaniiine yIiigbHEHHS, MEXaHIYHE 3HEBOJ-
HEHH$, aHaepoOHe 30pOoKYBaHHS, ITiICYIIyBaHHS Ta cTali-
Ji3amis Ha MYJIOBUX Mai/laHYMKax, aepoOHEe KOMIIOCTYBaH-
HS, TepMiuHe cymiHHS Ta cnamoBaHHsa (Volskyi et al,
2017; Wong et al., 2016). 3aransauii 06'eM ocaais, o yT-
BOPIOIOTHCS] BHACHIIOK OYMIIEHHS MICBKMX CTIYHHMX BOJ Ha
KOC, cranoButs 0,5-1,0 % Big KiIBKOCTI OYHIICHHUX CTiY-
HUX BOJ 32 BOJOTOCTi ocaiiB BimmoBigao 97-98 % (Horod-
nii, 2013). Otox, 3a piK YTBOPIOETBCI B CEPEAHBOMY
6au3bKo 1 M° ocaziB Bosorictio 97 % 3 PO3paxyHKy Ha Of-
HOTO EKBIBAICHTHOTO MEMIKaHI. Buxomsum 31 cymapHoi
¢axruanoi npoxyktuBHocTi KOC, B YkpaiHi mopoKy yTBO-
proetbes Gmmsbko 40—50 M M° OCB Bosorictio 97 % ao
1,2-1,5 MutH T OocafliB y HepepaxyHKy Ha CyXy PECUOBHHY.

IHpopmauis npo asTopis:

OCHOBHMUM METOJIOM 3HEBOJHEHHS OCajiB Ha YKPaiHCHKHX
KOC poci 3amumaerscs iX pPO3MIIIEHHS HAa MYJIOBHX
Marimarunkax (Zhuk et al., 2015). 3araneHa po3paxyHKOBa
oTpeda B MYJIOBHX MalJaHUIMKax Ul PO3MIIIEHHS OCaiB
Ha ykpainceknx KOC cranosuts 2000 ra/pik, i 3a BiacyT-
HOCTI TOBHOI yTWIii3amii ocajiB BUHMKA€ HEOOXIAHICTH y
BHJIUICHHI TiJT MYJIOBI MaliJaHYUKA IIIOPa3y HOBUX 3EMEITh-
HUX JUTSHOK.

Bennki 00'eMu yTBOpIOBaHMX 1 HAKONMWYYBaHUX IPOTS-
rom gecsatunite OCB Ha ykpaincekux KOC craHOBIATH
cepiio3Hy 3arpo3y mis moBkunrt. [loumnatoun 3 2016 p., B
KpaiHax €Bpocoro3y 3adboponeno ckinanyBanas OCB, TooTo
MYJIOBI MaiilaHYMKH BKE HE MOJKHA BUKOPHCTOBYBATH JIJISI
3aeBogHeHHA OCB. OCHOBHMMH METOJaMH OCTaTOYHOT'O
06pobenns ocaniB Ha KOC y kpainax LlenTpansHoi Ta 3a-
XiTHOT €BpONH CHOTOJHI CTAJIM TEPMiUHE CYIIiHHS Ta CIia-
moBaHHs ocaniB (Bien & Bien, 2015). Bognouac, meronu
CYLIIHHS Ta CIAIIOBAHHS OCAJiB XapaKTEPU3YIOThCA SIK BHU-
COKOIO KalliTAJIFHOIO BapTICTIO, TaK i 0COOJIMBO BEIMKMMHU
eKCIUTyaTalliiHUMH BHIATKAMH.

[NepcriexTrBHOIO anbTepHaTHBOIO € yrHiizanis OCB 3a
METOJIOM aepOOHOT0 O10KOMIIOCTYBaHHS 3 OTPUMaHHIM Op-
TaHO-MiHEpaJIbHOI CyMIli, IO, 3aJIKHO BiJ ii CKiamy,
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MOXHa BHKOPHCTATH JJIsI BUPIIIEHHS Oaratbox MpoOsiemM
arpoOKOMIUIEKCY, PEKYJIbTHBALI] TEPUTOPIH CMITTE3BAINIL 1
TEXHOTEHHO HopymeHnx 3emenb (Barberio et al., 2013;
Biatobrzewski et al., 2015). Benukoro nommpenss B Ykpa-
HI Ta 32 KOpJOHOM HaOys0 010KOMIIOCTYBaHHS CLIBCHKO-
TOCIIO/IAPCHKUX OPTaHIYHMX BiJIXOMIB TBApHHHOTO IOXO-
moxenss (Pavlenko et al., 2011). ITpore peanizanist npouecy
6iokommioctyBanHs OCB € MeHII TOMMPEHOK BHACTIIOK
SIK MEeHIIO1 eHepreTuyHoi inHocTi OCB, Tak i momo peari-
3amii KiHIIEBOTO MPOXYKTY 3 OTJISAY Ha MOXIIUBHN IIi/IBH-
menuid BmictT y OCB pi3HHNX TOKCHYHHX 3a0py/AHEHb.

KommocryBanass OCB 4acTo BHKOPHCTOBYIOTH y Oa-
raTbOX KpaiHax €Bporu, 30KkpeMa B YTopuiuHi. 3a Hi€ro
TEXHOJIOTiI0 00po0IIsoTh Onmm3bko 78 % ocaxis: y Yexii —
39 %, y Himeuunni — 12 %, y Homsmii — 9 % (Swierczek et
al., 2018).

Memoio pobomu € aHaii3 HasBHOTO NMPAKTUYHOTO JIOC-
Biy peamizamii mporecy aepoOHOro OiOKOMIIOCTYBaHHS
ocafliB CTIYHUX BOJ, @ TAKOXK PO3POOJICHHS y3arajJbHEHHX
MaTeMaTHYHUX MOJeJiel MporeciB aepoOHOro GiokoMmoc-
TYBaHHS /TSI MOXKJIMBOCTI ONTHMi3amii OCHOBHUX TEXHOJIO-
TiYHUX MapaMmeTpiB Horo peanizamii, 30KpeMa JOCSTHEHHS
MaKCHMaJIbHO MOXKJIMBHX 3HA4Y€Hb BIZIHOCHOTO €PEKTHBHO-
ro 00'eMy.

06'exmom 0ocniodicennss € MaTEMaTUYHE MOJIEIIIOBAHHSA
MPOIIeCiB  aepoOHOT0 OiOKOMITOCTYBAHHS OCAMIiB CTIYHHX
BOJ. Y poOOTI 3aCTOCOBAHO TEOPETHYHHH METOJ Marema-
TUYHOTO MOJICJIIOBAHHS, 3 JIONIOMOTOI0 SIKOTO Ha MiJCTaBi
y3arajbHEeHHs] eMITPUYHUX AAaHUX IOJ0 YMOB peaizarii
npouecy aepodnoro 6iokomnoctyBanas OCB cdopmyibo-
BaHO Ta PO3B'SI3aHO B 3arajlbHOMY BUTJISAMI ONTHMi3aIliiHi
3a7a4i CTOCOBHO OCHOBHHX TE€XHOJIOTIYHHX MapamerpiB Oi-
OKOMIIOCTYBAaHHS, a caMe IOA0 I'€OMETPUYHHMX XapakTe-
PHUCTHK KOMITIOCTHHX OYpTiB.

PesyabraTu nociaimxkenns. OCHOBHUM TEXHOJIOTIYHUM
rapamMeTpoM Ipolecy OiOKOMIIOCTYBAaHHSI € T'€OMETpPHYHI
po3Mipu OypTiB i3 kommocTHOO cymimmio (Horod-
nii, 2013; Holub et al., 2016). OckinbKu Temneparypa B aK-
TUBHIA 30HI IIJ Yac NpoIecy KOMIIOCTYBAHHS BiJTHOCHO
crTabinbHa i cTaHOBUTE T, = 70—75 °C, TOBIIMHA 30HH OXO-
JIOJDKEHHS 3AJICKNTH 3/€O01IbIIOr0 Bijl TEeMIIEpaTypu 30B-
HIIITHBOTO CEPEJIOBHUIIA.

Hmxde po3risiHyTO y3aragbHEHY MaTeMaTHIHY MOJIENb,
10 JIa€ 3MOTY BU3HAYaTH BiJTHOCHUH eeKTHBHUI 00'eM W'
AK 4acTKy edexTuBHOro 06'eMy W,, aKTUBHOI 30HH 3 HOp-
MaTHBHUMH TEMIIEpaTypaMH JI0 3arajbHOro 00'eMy KOM-
ITOCTHOTO OYPTY Wipy.

3aranpHui 00'eM MIPSIMOKYTHOTO B IIaHI KOMIIOCTHOTO
OypTy TPUKYTHOTO IIOTIEPEYHOT0 Iepepizy (puc. 1):

WmtzmHzL+§m2H3, (1

nIe: m— KOeQIIieHT 3aKiIaJaHHS BiKOCIB KOMITIOCTHOTO
oypty; H — Bucota OypTy, M; L — TOB)KMHA OCHOBHOI 4aCTH-
HH OypTy (6€3 TOpIEeBUX 30H), M.

AxTHBHa 30Ha OYpTY CKIaJaeThcs 3 ABOX YACTHH: Ce-
peIHbOI NPU3MATUYHOI YaCTHHU Ta JBOX TOPLEBHX YaCTHH
mipaminaneHoi ¢opmu. Ilpumymeno, mo TOBIIMHA 30HU
OXOJIO/DKEHHSI y BCIX YacTWHax OypTy OJHAaKOBa i CTAaHO-
BUTH ¢ BiJ TIOBEPXHI PO3AUTY 3 MOBITpsiM (uB. puc. 1). Oc-
HOBY, Ha SIKiii (hOPMYIOTH KOMIIOCTHHH OYpT, IpUIMaIOTH
TaKO0, [0 Ma€ HU3BKUH KOEPIIiEHT TeIuionepenadi, ToMy
TOBIIMHY 30HU OXOJIOMKEHHS B HIDKHIM YacTuHi OypTy B
il MozIeTTi He BPaxOBaHO.

EdexruBHnuii 06'eM cepenHboi yacTHHH OYpTY:

Wyr=m(H-b)'L, )
eeKTUBHMI 00'€M JIBOX TOPLEBUX YaCTHH:
2 2
ng_z ZE(WIH—C) (H—b), (3)

ne b, ¢ — BUCOTA Ta MIUPUHA 30H OXOJIOMKCHHS BiIIMOBIIHO

(muB. puc. 1).
1-

—

L

Puc. 1. Cxema 1o BU3HaYEHHS BITHOCHOTO 00'€My aKTUBHOI 30HU
KOMITOCTHOTO OypTy: 1) akTBHA 30Ha OypTY; 2) 30Ha OXOJIOMKEHHS
(3aXHCHUM map)

Bucota 30HH 0X0J0KEHHS b Yy BEpXHIN 9acTHHI OYpTY:

b=21+m?, (4)

m
a IMUPpUHA 30H OXOJIO/PKCHHSA Y TOPLUCBUX YaCTUHAX!

c=aJl+m?. ()
OTxe, 3aranpHUI 00'€éM aKTHBHOI 30HU OYPTY:

Wef=m(H—b)2L+§(mH—c)2(H—b). (6)

BigHocHuii 00'eM aKTHBHOI 30HM KOMIIOCTHOTO OYypTy
(BimHOCHUIT eeKTHBHUH 00'eM):
W= W [ Wiy . (7)
I'pacivni 3anexxHOCTi BiTHOCHOTO epeKTUBHOTO 00'eMy
W' Bin BucOTH OypTy Ul HaWIPOCTIIIOrO BUIAJKY JIy>KE
noBrux OypTiB (H/L—0) 3 xoedinienToM 3akiaganHs Oid-
HUX BiJIKOCIB m = | HaBeJCHO Ha puC. 2.

0,87
s I
’ il W
0.6

0,4 o =
03 Sl

?

0,2< o 3

0,1
0 H M
1,0 1,5 2,0 235 3,0

Puc. 2. BB Bucoty OypTy TPHKYTHOTO Iepepi3y Ha BiTHOCHHI
00'eM akTHBHOI 30HH aepobHOro KomrocTyBanHs OCB 3aexHo BiJ
TOBIIUHY 30HU oXonomkeHHs: 1 —a=03m;2 —a=04wm;3 —a=
0,5mM(m=1, HL=0)

JlocTaTHRO €PEKTUBHUM € KOMIIOCTYBAHHS, JUIS SKOTO
npuHaiiMHi 50 % 00'eMy KOMIIOCTHOI CyMiIlli 3HAXOJUTHCS
B aKkTUBHIN 30Hi. OTXe, y nepmomMy HaONMKEHHI, JUIs JIOB-
rux OypTiB i3 KoedimieHTOM 3aKiafaHHs BigkociB m = 1 3a
3HAUEHHS TOBIIMHU 30HHM OXOJOKeHHA a = 0,3 M MiHi-
MaJbHOI €()EKTUBHOIO BUCOTOIO OYPTIB € Apino3>1,45m,
Tomi IK it @ = 0,4 M — hyinosa>=19m, a must a = 0,5m —
Pmin o5 22,4 M.

JlocImipKeHO TaKoXK BIUIMB BUCOTH TPUKYTHOTO Y IUTaHi
OypTy Ha BEJIMYHMHY BiTHOCHOTO e(eKTHBHOro 00'eMy W' 3a
PI3HMX CIIBBIJHOIIEHb T€OMETPUYHUX IapaMerpiB OypTy
(L/H). TopiBHAHHS 3aeKHOCTEH HA puC. 2 1 3 MOKazye, 110
st OypTiB 31 cmiBBigHOmMEHHIM L/H > 20 00'eM TOpLIEBUX
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30H NPAKTUYHO HE BIUIMBAE HA BEJIMYHMHY BiJIHOCHOTO e(ek-
TUBHOTO 00'emy W'

08757
0,7
0,6
0,5 _
0.4] 2

0,3 B =2

/
02522

0,1

OpHak aHANOTIYHUNA PE3yabTaT MOXKHA OTpHUMaTH 3 (¢i-
3WYHUX MIpKYBaHb, SIKIIO PO3TISIHYTH (DYHKIIIO JOBXHHH
MIepUMEeTpa OXOJIO[PKEHHSI IIONEepeyHoro rnepepizy Oypry,
TOOTO Ti€l YaCTMHM NEpPUMETPa, K2 Ma€ MOBEPXHIO PO3IIO-
JIITy 3 TIOBITPSIM:

2 =N m? 1 =214 m2, |2t
m

@ynkuis (10) Takox Mae MakcuMyM 1ipu m = 1.

OTxe, 3a CTAJIOr0 3HAYCHHS ILUIOIII ITONEPEYHOro Iepe-
pi3y moBrux OyprtiB (L/H>20) MakcuMaJlbHI 3HAUCHHS Bif-
HOCHOTO e(eKTHBHOTO 00'eMy BiANOBINAIOTH KOE(ili€HTY
3aKyaJaHHs BiakociB m = 1 (puc. 5).

(10)

0

H M

1,0

1,5

2,0

25

3,0

Puc. 3. BB Bucoty OypTy TPHKYTHOTO Iepepi3y Ha BiTHOCHHI
00'eM akTHBHOI 30HH aepoOHOro KomnoctyBaHHs: OCB 3anexHo Bix
nosxuHu Oypry: 1 —L/H=1;2—-L/H=2;3—-L/H=5;4—L/H=
20m=1,a=04m)

3MiHa 3HaYCHHS KOCQIIEHTIB 3aKIagaHHs OiYHUX BiJl-
KOCIB m TaKOX BIUIMBA€ Ha BEIIMYUHY BiTHOCHOTO ¢()CKTHB-
Horo o0'emy W'. Ha puc. 4 nHaBeneHo rpadiuti 3aexHOCTI
BimHOCHOTO edeKTuBHOTO 00'eMy W' Bim BHCOTH OypTy 3a
pi3HUX 3Ha4YeHb m 3a (HIKCOBAHWX 3HAYCHH TOBIIMHU 30HU
oxonomkeHHst a = 0,4 M a1t 1ocTaTHRO AOBIUX OypTiB i3
BiTHOCHOIO AOBXHHOIO L/H = 20.
087577 /l
v P
0,6
o =
s

0,3

=1 |]
—— 2

Oazi/ // —o— 3 H
- 4

0,1 u
/ - 5

01,0 1,5 2,0 2,3 H,m3,0

Puc. 4. Biumms Bucoty OypTy TPHKYTHOTO Iepepi3y Ha BiTHOCHHIT

00'eM akTHBHOI 30HH aepoOHOro KomnoctyBaHHs: OCB 3anexHo Bix
3HAYCHHS KOe(illieHTIB 3aKJIafaHHs O9HHX BigKociB m: 1 —m =0,5;
2-m=0,8;3—-m=1;4-m=125;5-m=2(a=0,4 wm; L/H=20)

Bu3HaunmMO aHANITUYHO ONTUMANIEHE 3HAYCHHS Koedi-
Li€HTa 3aKJIaJaHHs BIIKOCIB m MoBrux OypTiB (L/H>20) 3a
3aJaHOTO 3HAYCHHS IUIONI IIOMEPEYHOTO MEePepi3y @y -

OCKUTBKH JUT TOBIUX OYpTiB BIUIMBOM TOPIIEBHX 30H MOX-

Ha 3HEXTYBAaTH, BITHOCHUI e(eKTUBHUH 00'eM:
2

. @aer m(H - b)2 a N1+m?
proe MEZD | G0 )
Wyt mH? H m

J€ @ , @ — TUIONIA TEpepi3y BiNOBIAHO AKTUBHOI 30HH

Ta BCHOTO OYpTYy.
Ockinbku Bucota H 3a Takoi MOCTAHOBKU 3ajadi — Be-
JINYMHA 3MIHHA, TO BUPA3UMO i1 Yepe3 @, Ta m, MaTUMEMO

H =+, / m . Toxi Bupa3s (8) orpumyemo:

2
a ~N1+m? ©)
N @ror \/E )
Hudepenmiroroun Bupas (9), orpuMyeMo, 10 MOXigHA
dW'/ dm HOpIBHIOE HYIIO TIpH 3HA4YeHHI m = 1, mpuaomy
¢byukuist W' = W'(m) y Touni m = 1 Ma€ MaKCUMyM.

wr=|1-

0.8 577
0,7
e WU
0,6-{3/ l I
05 —= = e
¢ T\o
04 —o—0—f———0——
03 - 1
] - 2
0,2 0= 3
0 [ — — —
0,5 1,0 1,5 2,0

Puc. 5. Bruis koeimieHTa 3akiaianHs 0iYHAX BIIKOCIB Ha BiTHOC-
HUH 00'eM akTHBHOI 30HH aepoOHOTro KomrocTyBaHHS OCB 3amex-
HO BiJ] TOBIIIMHU 30HU OX0JomKeHHs: 1 —a=0,3 M;2 —a=0,4 m;
3-a=0,5M(0y=4 Mm%, H — var; L/H>20)

PosrisinemMo onTuMizaniiiHy 3amady BU3HAUYEHHS OITH-
MaJIBHUX PO3MIpiB KOMIOCTHOTO OYypTY B HAHOUIBII 3arajb-
Hill OCTaHOBLI 3 ypaxyBaHHSIM O00'€MiB TOPLEBHX 30H, a
TAKOX ypaxyBaHHSAM TEXHIYHHX OOMEXeHb peanizalii mpo-
necy. Jlo uncna Taknx oOMeKeHb HaJISKUTh 30KpeMa BHCO-
Ta Oypry H, MakcuMajbHe 3HAYEHHS SKOi JIMITYETHCS BH-
060pOM KOHKPETHOT'O TEXHIYHOT0 3ac00y Il IepeBepTaHHs
KOMITOCTY (31 301IbIIIeHHsIM 3HaueHHs H pi3Ko 3pocTae Bap-
TICTh CHELIaIi30BaHOI TEXHIKM, ICTOTHO BILIMBAIOYH Ha
peHTa0eNIbHICTh KOMITOCTYBAHHS 3arajioM).

BukopucroByroun piBastHHS (1) Ta (4)-(6), oTpuMyemMo
3araJibHUNA BUpa3 IS BiTHOCHOTO €(heKTUBHOTO 00'eMy 10-
BIJIHOTO ITPSIMOKYTHOTO B IIaHI KOMIIOCTHOTO OYpTY TpH-
KYTHOTO ITOTIEPEYHOTO Iepepisy:

2 2
m(H—E\/Hmzj L+§(mH—a 1+m2) AH
W=

m

» (1D

mH2L+2/3m*H?
a
ne AH =H ——~1+m? .
m
@ynkaito (11) npoanaxi3oBaHO YnCETHHO Ha HASBHICTH
MaKCUMYMIiB IS 33JaHuX 3HaueHb W,,, H = H,,,,, a Takox
TOBIIMHU 30HU OXOJIO/PKEHHS d. 3a Takoi YMOBH JIOBXHMHA
MIPU3MATUYHOI YaCTUHH OYpTY L € QyHKIi€rO 7!

= 2, (12)
mH? 3

Po3risiHyTO MIPakTUYHO BaroMui Ut OIIBIIOCTI MaIHX
ta cepenix KOC npiana3oH 3Ha4eHb BUXIAHUX HapaMeTpiB:
W, = 50—500 M3; H,.. =2Mm; a = 0,3-0,5 M. OnrumMansHi
pO3MipH KOMIIOCTHHX OYpTiB, IO BiJAIOBITAIOTH MaKCH-
MaJIGHUM 3HAY€HHSM BiHOCHOTO eheKTHBHOTO 00'eMy, Ha-
BEIEHO B TAOJIHIII.

OTpuMaHo, 1110 MaKCUMaJIbHUH BITHOCHUH e()eKTHBHUIM
00'eM KoMIIOCTHOTO OYpTY 32 (pikcoBaHux 3HaueHs W, 1 H
= 2 M BiamoBimae Oypram HeBenmkoi moBxuHU L/H<20 3i
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3HAUYEHHSAMH Koe(illieHTa 3aKiafaHss BigkociB m > 1. On-
THMANbHA IHpUHA 6ypTiB pu W, > 100 M’ € HaBiTh nemo
3aBEJIMKOIO 3 MOTJISAY NMPAaKTUYHOI peamizamii nponecy. On-
HAK YAM OLTBIINM € 3HaYCHHS KoedillieHTa m, THM CTiHKi-
M Oyze OypT, CKIIAJICHUH 3 KOMIIOCTHOI CyMIIlli 3 MaJIUM
3HAYEHHSAM KyTa BHYTPIIIHBOTO TepTA. 3 (pi3sHyHOrO Imors-
Iy, Pe3yNbTaT i3 MaKCUMAJIbHUM BiHOCHUM €()EKTHBHUM

o0'emoM HenoBrux (L/H>20) OypTiB i3 NOJIOTUMH BiaKOCa-
MU (m > 1) MOXXHa TIOSICHUTH THM, IO Taki OypTH MalOTh
MIHIMaJIBHY IDIONLY ITOBEPXHI PO3ALIY 3 MOBITPSIM, IO MiHi-
Mi3ye 00'eM 30H OXOJIODKEHHS 3a CTaJOro 00'eMy i BUCOTH
oypry.

Ta6uuusa. OnTuManbHi po3Mipu KOMIOCTHUX OYPTiB, 0 BignoBinaoTs ymoBi W' = W' .. (H=2 m; a = 0,3-0,5 m)

IMapamer Wi =50 M Wior =100 M Wior =500 M’

P P a=03MmM|a=04m|a=05m|a=03Mm|a=04m|a=05m|a=03m|a=04m]| a=0,5m
Koediienr saxnaats 1,74 1,76 1,79 2,1 2,13 2,16 3,19 3,24 3,29
BiJIKOCIB OYPTY My
Tllupnna 6ypry By, M 6,060 7,040 7,160 3,400 3,520 3,640 12,76 12,96 13,16
JlomoKuHa OYPTY Loy, M 4,364 4,756 4,597 9,105 3,897 3,694 34,93 34,26 33,61
Binnocua nosxkuna Ly,/H 2,432 2,378 2,298 4,552 4,449 4,347 17,47 17,13 16,80
EQCKIuBHIR 06'eM W,y M 32,29 27,39 22,07 66,82 57,45 48,89 3491 3053 264.6
OBé%;‘;fCV;‘,““ eexTuBHul 0,646 0,548 0,459 0,668 0,574 0,489 0,698 0,611 0,529

BucHoBKkHM. AHai3 HasSBHOIO NPAKTHYHOTO IOCBiAY
MATBEPKYE HEPCIEKTHBHICTh 3aCTOCYBAHHS TEXHOJOTIT
aepoOHOr0 OIOKOMIIOCTYBaHHS OCadiB CTIYHUX Boma. s
EeKOHOMIYHUX YMOB, Yy SKHX IpamioroTs ykpainceki KOC,
aepoOHe 010KOMITOCTYBAHHS BUIJISIIA€ HAHONITUMAIIBHIIIINM
criocobom noBHOI yrumizarii OCB. IlepeBaroio 1poro me-
TOJly € OTPHMaHHS OpPTaHO-MiHEPaJIBLHOI CYMIII, 1[0 MOXKHA
e(QEeKTUBHO BUKOPHCTATH Uil PEKYJIbTHBALl TEpUTOPIii
CMITTE3BAIMI] 1 TEXHOT€HHO MOPYIICHNX 3€MEITb.

Po3pobinieHo y3arajibHeHY MaTeMaTHYHY MOJEJb, IO
BpaxoBye T€OMETPUYHI PO3MipH KOMIIOCTHUX OYypTiB i TOB-
IIMHY 30HU OXOJIOJPKEHHS, Ta Ja€ 3MOT'y IIPOrHO3YBaTH Ta
OIITHMI3yBaTy OCHOBHI TEXHOJIOTiYHI ITapaMeTpH peai3amii
npouecy aepobnoro xomnocrysanHs OCB. [okasano, 1mo
0e3 ypaxyBaHHS TEXHIYHHX OOMEXEHb MaKCHMAJIBHO MOX-
JIMBHUH BITHOCHUH e(eKTHBHUH 00'eM 3pocTae 31 30i/IbIIeH-
HSIM BHCOTH OypTy H, KoedilieHTa 3aKiaganHs HOro BiAKO-
ciB /m Ta BIJTHOCHOI TOBXMHU OypTy L/H. Jnsa nosrux Oyp-
TiB 13 L/H>20 BIIMBOM TOPLEBUX 30H Ha 3HAUYEHHS BiJHOC-
HOTO e(eKTHBHOIO 00'eMy MOXKHA HEXTYBaTH. 3a CTaJoOro
3HAUEHHS IUIOMII ITOIIEPEYHOr0 Iepepisy AOBIUX OypTiB
MaKCUMAaJIbHI 3HA4YCHHS BiJIHOCHOTO €(EKTHBHOTO 00'eMy
BIIMOBIAOTh KOEQIIiEHTY 3aKiIaJaHHs BimkociB m = 1.
Po3pobniena Mozenb Jae€ 3MOry po3B'si3aTH ONTHMIZaLiiiHy
3a7a4y Uil (piKCOBaHOTO 00'eMy KOMIIOCTHOTO OypTy 3a Ha-
SIBHOCTI TEXHIYHUX OOMEXEHb I0J0 MaKCHMaJIHOTO 3Ha-
4YeHHs! BUCOTH H. Y NpakTHYHO BaroMoMy Miara3oHi 3Ha-
YeHb BUXITHUX mapamerpis (W, = 50-500 M3; H,..=2M;a
= 0,3-0,5 M) MaKCHUMaJTBHUN BiTHOCHUH e(EKTUBHUNA 00'eM
BimmoBimae OypTaMm HeBelMHKOl AoBxkuHU L/H<20 3i 3HaYCH-
HAMU KoeillieHTa 3aKiafaHas BigkociB m > 1. 3 ¢i3udHO-
TO MOrJIAAY Taki OypTH MaloTh MiHIMaJIbHY IUIOILY ITOBEp-
XHI PO3AUTY 3 TOBITPSIM, IO MiHIMI3ye 00'€eM 30H 0OXOJO-
JOKCHHS 3a CTAIOT0 00'eMY 1 BUCOTH OypTY.
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Hayuonanvuviii ynusepcumem "JIveoseckas nonumexnuka”, 2. JIv6os, Yxpauna

OCHOBHBIE TEXHOJIOTHYECKHUE ITAPAMETPbI PEAJIM3AIIMU ADPOBHOT'O
BUOKOMIIOCTUPOBAHUA OCAAKOB CTOYHBIX BOJL

HepCHeKTHBHbIM IIyTEM YTHIM3alluU OCa/IKOB CTOYHBLIX BOJ Ha KaHAJIM3AaIIMOHHBIX OYHMCTHBIX COOPYIKCHUAX ABJIACTCA UX a3p06—
HOC 6I/IOKOMHOCTI/IpOBaHI/Ie C MOJY4YCHHUEM OpI‘aHO-MHHepaJIbHOﬁ CMECH. HpeIICTaBJIeHa O606HI€HH8.$I MareMaruicckass MoAeCJb, yInu-
ThIBaroasi reOMETPUICCKUEC pasMEPbl KOMIIOCTHBIX 6ypTOB 1 TOJIIUHY 30HbI OXJIAKACHUS, U IO3BOJIAIOIIAs IPOrHO3UPOBATh U OI1-
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TUMH3UPOBATh OCHOBHBIE TEXHOJIOTHYECKHE IapaMeTphl peasl3aliy Ipolecca a3podHOro KOMIOCTUpOBaHUs ocankoB. ITokasaHo,
4T0 0€3 y4era TEXHHYECKHX OIPaHMYCHUI MaKCHMAIIBHO JOCTWKHUMBIN OTHOCHUTEIBHBIN 3)QEKTUBHBIN 00bEeM BO3PACTACT C yBEIH-
YEHUEM BBICOTHI OypTa H, KO3 PUIHEHTa 3aJI0)KEHUS €T0 OTKOCOB /72 U OTHOCHTENBHOM JnuHbI OypTta L/H. JIns nnvuHHBIX OypTOB C
L/H>20 BnusHEEM TOPLEBHIX 30H HA 3HAaYECHHE OTHOCUTEIHHOTO 3G (EeKTHBHOro o0beMa MOXKHO npeHebpeus. [Ipu nmocrosHHOM 3Ha-
YEHUH TUTOIIAIU MOMEPEYHOTO CEYCHUS JIMHHBIX OypTOB MaKCHMAJIbHBIC 3HAYCHUSI OTHOCHTEIBHOTO 3()(PeKTUBHOTO 00BEMa COOT-
BETCTBYIOT KO3(pHIMEHTY 3a10)KeHHsT OTKOCOB 71 = 1. PazpaboTaHHas MOAEb TaeT BO3SMOXKHOCTD PellaTh ONTHMHU3AIIMOHHBIC 33/1a-
9u 17151 QUKCHPOBAHHOT'O 00beMa KOMIIOCTHOTO OypTa PH HATMYWHU TEXHUYECKUX OrPAHUYCHHI OTHOCHTEIFHO MaKCHMAIIBHOTO 3Ha-
4YeHUs BBICOTHI H. B mpakThdeckun 3HAYMMOM [HMana3oHe 3HAYCHWI BBIXOJHBIX mapametpoB (W, = 50—500 M3; Hype =2M; a =
0,3-0,5 M) MaKCUMaJBHBIH OTHOCHTEIBHBII 3 ()EKTUBHBIN 00BEM COOTBETCTBYET OypTaM HEOOIBIIOH JUTHHBI CO 3HAYEHUAMH K03(-
(UIIEHTA 3aJI05)KEHUST OTKOCOB 711 > 1. DTO 0OBSCHEHO TE€M, 4TO TaKHhe OypThl IMEIOT MHHHMAJIBHYIO TUIOMIA (b IIOBEPXHOCTH pa3elia
C BO3/IyXOM, 32 CUET 4ero MHHHUMU3UPYETCS 00BEM 30H OXJIAXKIEHHS P OCTOSHHOM 00BbEeMe U BBICOTE OypTa.

Kniouesvie cnosa: a>pobHOE OMOKOMIIOCTHPOBAHUE; OCAJAKH CTOYHBIX BOA; aKTHBHAS 30HA; 30HA OXJIAXKACHHUS; OTHOCHTEIIBHBII
3¢ PEKTHBHBIN 00BEM; ONITUMH3AIIOHHAS 33/1a4a.

V. M. Zhuk, O. V. Verbovskiy, L. Yu. Popadiuk, L 1. Matlai
Lviv Polytechnic National University, Lviv, Ukraine

THE MAIN TECHNOLOGICAL PARAMETERS OF THE IMPLEMENTATION OF AEROBIC
BIOCOMPOSTING OF SEWAGE SLUDGE

The main method of sewage sludge dewatering and stabilization at Ukrainian wastewater treatment plants (WWTP) still remains
their disposal on the sludge sites. Large volumes of sewage sludge generated and accumulated over the decades on Ukrainian WWTP
is a serious threat to the environment. The storage of the sewage sludge is forbidden in the EU countries beginning 2016 and the slud-
ge sites can no longer be used for sewage sludge processing. A promising way to utilize sewage sludge at WWTP is the aerobic bi-
ocomposting with the production of organic-mineral mixture. The paper presents a generalized mathematical model concerning the
geometrical dimensions of the compost heaps and the thickness of the cooling zone, and allowing us to predict and optimize the main
technological parameters of the implementation of the process of aerobic composting of sewage sludge. It is shown that without any
technical limitations, the maximum achievable relative effective volume increases with an increase in the height of the heap H, the
slope coefficient m and the relative length of the heap L/H. For very long heaps (with L/H>20) the influence of the end zones on the
value of the relative effective volume can be neglected. With a constant value of the cross-sectional area of long heaps, the maximum
values of the relative effective volume correspond to the slope coefficient m = 1. The developed model enables solving optimization
problems for a fixed volume of a compost heap when there are strong technical limitations regarding the maximum value of height
H. In a practically significant range of values of input parameters (W,,,= 50—500 m’; Hy,pe =2 m; a = 0.3-0.5 m) the maximum relati-
ve effective volume corresponds to heaps of small length with values of the slope coefficient m > 1. This is explained by the fact that
such heaps have a minimum free surface with air, thereby minimizing the volume of cooling zones at a constant volume and height
of the shoulder.

Keywords: acrobic biocomposting; sewage sludge; active zone; cooling zone; relative effective volume; optimization problem.
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