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omomfEE

YV binvwocmi ecanysetl, siki cneyianizylomscs Ha nepepooyi CilbCbKO2OCNOOAPCHKUX NPOOYKMIE, 00'em cuposutu 6
O0eKiIbKa pasié nepesuuyye uxio 20moeoi npooyKyii, a 6i0Xoou € YiHHuM OioeHepeemudHuM pecypcom. AKmyanvHicmo
BUKOPUCMAHHSL BI0X00168 MOJCHA BUSHAYUMU, SKUJO NPOBECTNU OYIHKY IX eHepeemuyuno20 NOmeHyiany.

3a ymos docnioxcents 6i0X00i6 ONIUHONCUPOBO2O KOMOIHAmMy ma niobopi napamempis eHepeemuyHo20 00IAOHAH-
H5L GUKOPUCTNOBY8ANUCH MEMOOU PO3PAXYHKY Md aHANi3y Oio- ma meniomexnono2iynux cucmem. Tennomexuonociuna
cucmema 3a36uyail XapaKmepuzyemvcsi CKAAOHUM 001aOHAHHIM, MONOA02IEIo 1 pedcumamu pobomu. Y cmammi nase-
O0EHO OCHOGHI elleMeHmu MAaKux cucmem, OJisi AHALI3y NOMEHYIANY Meepoux ma PioKux OpPeaHiuHUx 6i0X00i8 BUKOPUC-
mani 0aui peanbHO20 NepepobHO2O NIONPUEMCMBA ONIUHONCUPO8020 Kombinamy. Haeedeno ocHoeHi Odcepena ymeo-
PpeHHsi 8i0x00i6 ma ix xapakmepucmuxy. Brazani memoou ma memoouku OOCHONCEHHs. eHepeemUiHO20 NOMEeHYIALY
8I0X00i6 ma nNpeoCmMAagieHo cXemy OMmpuManHs exwepeii 3 6ioxodie. Hasedeno pesyrvmamu niobopy ob6aa0HanHs 0N
ompumanisi enepeii 3 810xX00i6 Mac10AHCUpo602o Kombinany. CKIAOHOWT MaAMeMAmMuUYHO20 MOOEOBHHsL MENI000MiKY 6
PEAIbHUX  CYMIWAX — ONIUHOJICUPOBUX — TMEXHONO2I  O0NAIOMbCSL  30608KU  3ACMOCYBAHHIO  eKCNePUMEHMATbHO-
PO3PAXYHKOB020 MEMOOY OJ151 CKIAOHUX PIOUHHUX CePedOsull.

3acmocyseanns Koeenepayii 0ae MoNCIUBICMb 0OHOYACH020 eupooHuymea 52 MBm mennosoi ma 8,3 MBm enexm-
PUMHOL ROMYIACHOCTI, WO 003605€ NOGHICMIO 3a0e3neuumu MexHoN02iYHI nNompedu NIONPUEMCMEA eHep2icio HeobXio-
Hux napamempie. Yacmxa enepeemuunoi nomyxcHocmi 6ioeasy 6i0 3a2aibHoi nRomysjcHocmi 8i0xo0is ckaadae 12,5%.

In most industries, specializing in the processing of agricultural products, the amount of raw materials to several
times the output of finished products, and waste is a valuable bioenergetic resource. Relevance of waste management
can determine if an assessment of their energy potential.
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Given the study of waste oil and fat plant and selection parameters of power equipment used methods of calcula-
tion and analysis of biological and thermal heating systems. Thermal heating system is usually characterized by com-
plex hardware, topology and modes. The article presents the basic elements of such systems, to analyze the potential of
solid and liquid organic waste used real data processing enterprise oil and fat plant. The basic source of waste and
their characteristics. These methods and techniques of research energy potential of waste and the scheme of energy
from waste. The results of the selection of equipment to generate energy from waste fats and oils plant. Difficulties
mathematical modelyuvnnya heat oil and fat mixtures in real technology are overcome through the use of experimental
calculation method for complex fluid environments.

The use of cogeneration enables simultaneous production of 52 MW of heat and 8,3 MW of electrical power, which
allows to provide the technological needs of enterprise energy needed parameters. The share of energy from biogas
facilities total capacity of waste is 12,5 %.

Koarouogi ciioBa: cTiuHi Boay, TBep/i BiIXOIH, eHEpris, 6ioras, KoreHeparis

Keywords: wastewater, solid waste, energy, biogas, cogeneration

3a3Bu4aii IpH mepepoO1i ClILCHKOrocIoJapchbKoi CHPOBHHU B TOTOBHIH ISl CIOXKUBAHHS IPOJYKT 00'€M CUPOBHHU
B JIEKUJIbKa pa3iB NEPEBUIIYE BUXiJ FOTOBOI MpoayKiii. Pemrra cupoBuHM, TOOTO BigX0aH, MOTPIOHO YTHITI3YBATH, 11O €
JIOCUTh PECYPCOEMHHUM 1 KaIliTAIOEMHUM TporiecoM. Y poOoTi [1] mpencraBieHo psi crioco0iB OYUCTKH CTIYHUX BOJ
MAaCJIOKHUPOBOI IIPOMHUCIIOBOCTI (30KpeMa METOIOM eleKTpodiioTarlii), 10 Ja€ 3MOry OTPUMATH OYMIIECHY BOAY Ta CH-
POBUHY JJIs1 BUPOOHUIITBA MTPOAYKTY (MUJIa, MACTHIBHUX MaTepiaiiB). Takox mpu poOoTi mepepoOHOro minpueEMCTBa
YTBOPIOETHCS BEJNMKA KUIBKICTh TBEPANX BiIXOiB. B CyKyIMHOCTI 1i BiZIXOAM € TAaKOX LIHHUM O10€HEPTeTHYHHUM pPecyp-
coM. ToMy MeTOI0 JTaHOT POOOTH € OIiHKA MOTEHITiaTy BUPOOKH SHEPropecypciB Ha MepepoOHOMY ITiAIPHEMCTRI 3 ypa-
XYBaHHSIM HEOOX1THOT KUIBKOCTI BIIXO/IIB Ta Cy4acHHUX ITOTY>KHOCTEH B1IOMOTO 00JIaTHAHHSL.

Enepreruuni 0ioBinxomy, sSK 3a3HaYalioch BHIIE, MOXKHA MPEICTABUTH y JIBOX BUIIAAAX: PIJKOMY Ta TBEPIOMY.
JlxepenaMu YTBOpEHHS TBEP/MX BIIXOJIB € MepepoOKa 3epHa COHSIIHUKY, Pillaky Ta COi, BiIXOJaMH — JIYIIITUHHS CO-
HSIITHHUKY, OCaAX CTIYHHUX BOJ. J[>KepenaMu CTOKIB € pereHepallis )XMPHUX KHUCIIOT 3 BiJNPalbOBAaHHUX JIYTIiB 1 IiIpOreHi-
3allisl )KUPIB B MPOIIEC OUUILIEHHS BOIHIO, BIIXOIY — JKUPOBMICHI CTIUHI BOJIH, sIKi Oe3rocepeTHhO MO>KHA BUKOPHCTATH
JUIsS. OTPUMAaHHS TEIUIOBOI €HEPTii i B MOJaIbIIOMY elneKTpuyHoi. OCHOBHUMH ITOKa3HUKaMH 3a0pyIHEHHS CTIYHUX BOJ
€ BMicT xxupoBux peuoBuH (BXKP), ximiune cnokusanHs kucHio (XIIK) i 6ioximiune cioxkuanHs kucHio (bCK). Ce-
peIHbOpiYHA KUIBKICTh CTOKIB, IO TMPHIAAa€E Ha 1 T HACiHHS, IO NepepodssieThes [2] mpu 00OpPOTHIN 1 MPSIMOTOUHIN
CHCTEMi BOJIOTIOCTAYAHHS, CTAHOBHTH 1,62 M’, y ToMY umcii BHpoGHHUmMX — 0,47 M, FOCIOAapCchKO-M00yToBHX - 0,03
M®, yMOBHO umcTHX - 1,12 M°. KoedimienTH HepiBHOMIPHOCTI YTBOPEHHS CTIYHMX BOJ BIITKY i B3UMKY GJIH3bKi 10 O/1H-
wuni [3].

VY poborti [4] HaBeIeHO CITOCOOU TEPEPOOKH TBEPIUX BIIXOIB CLIBCHKOTOCIIONAPCHKOI CHPOBHHHU 3 OTPUMAaHHIM
€Heprii, cepea SKUX NpsMe CIIaTioBaHHs, razudikamis ta mipomiz. CHHTE3 eHeproHe3ajJe)HOro IMiJIpPHEMCTBA i3 3a-
MKHEHUM LIUKJIOM BUPOOHUIITBA Yy IMOBHIN Mipi MaJio JOCHIKEHUH, TOMY PO3BUTOK IIbOTO IIUTAHHS € aKTYaJbHUM.

[Ipu mocnipkeHH] BiIXOMIB ONIHHOXXUPOBOrO KOMOIHATY Ta Mi0Opi MapaMeTpiB eHepreTHYHOro 00Ja HaHHS BH-
KOpPHCTOBYBAJIMCh METO/IM PO3PAXyHKY Ta aHalli3y 0i0- Ta TEIUIOTEXHOJIOTIYHUX CUCTEM;

[NepmuM KpOKOM IIiJ| Yac JOCHTIPKEHHS B 3arallbHOMY OIIIHIOETHCS BUPOOKA TETUIOBOI Ta €INEKTPUYHOI eHeprii 3
IUX BiJXOJIB TEPMOIUHAMIYHUMH METOJAMH. AHAJI3YIOTHCSl BapiaHTH [0 €HEPTeTHYHUM MapaMeTpaM 3 BpaxyBaHHSIM
HAyKOBO-TEXHIYHOT'O MPOTPECy B rairysi.

[NapanensHO BU3HAYaETHCSt OTpeda TEXHONIOTIT B €HEpropecypcax, aHali3yloThCs BUMOTH I10 BHIY 1 ITapaMeTpam
KOHKPETHOI TEXHOJIOTii, aHaIi3yeThCsl KUIBKICTh Ta MapaMeTpy TEeIIoBOi Ta eneKTpu4Hoi eHeprii. [liaroToBioeTses
BUXigHa iH(OPMALS A TEXHIKO-eKOHOMIYHOT'O aHajli3y Y3rOKEHHs MOTPe0d TEeXHOJIOTI 1 peaJbHUX MOXJIMBOCTEH
BUPOOHMLITBA BUIB €HEPTii 3 BiXOIIB.

HasiBHicTh 6iompoleciB y CKIIaqHAX PiTUHAX, SKUMH € CTi4HI BOAM, CYTTEBO YCKIIQJHIOE MaTeMaTHYHE MOJIEIIO-
BaHHS TEIUIOMacOOOMIHHUX 1 MAPOANHAMIYHUX MPOIECIB CHCTEMH, SIK Ha JIUISTHKaX TPAHCHOPTYBaHHS, JIe YTBOPIOETHCS
CTPYKTYpOBaHa CYMIIll i3 HEBU3HAYCHUMH TEIUIO(I3UIHIMH BIIACTUBOCTSAMHU, TakK 1 B OiopeakTopax Iyisi OTpUMaHHs Oio-
razy [5, 6]. Jns momonaHHS TPYIHOUIB pPO3PaxXyHKY TaKHX MUITHOK BHUKOPUCTOBYETHCS CKCIIEPHUMEHTAIBHO-
po3paxyHkoBuii meron [7, 8].

BukopucroByeMo iTepaTHBHHI MeToJ| CUHTe3y pimieHHs. Ha mepimomy erami (opmyroTbesi 00’€KTH-TIIOTE3H,
SIKICTh SIKUX III€ HEBiZIOMa B IOCTATHIH Mipi, HA IpyroMy IIi TiIOTE3H MEPEBIPSIOTHCS Ta OIL[IHIOIOTHCS.

TemnorexHoNOriYHA CUCTEMa 3a3BUYall XapaKTEPU3YETHCS CKIaJHUM OOJIQJIHAHHSM, TOIOJIOTIEI0 1 peKUMaMH po-
6oru. [Ipu popmyBaHHI rinore3n-o0’ekra B NEPIIOMY HAOIKEHHI MPOBOAMMO OLIIHOYHI PO3PaXyHKH 1 3aCTOCOBYEMO
(opMyBaHHS CXeM i PeKUMIB poOOTH 3a JOIOMOIOK €BPUCTHKO-EBONIONIHHOTO MiAX0AY, SIKHH € HepopMali3oBaHUM
IHKEHEpHUM JI0CBioM. Bubip came eBpUCTHKO-EBOJIOIIHHOIO METOAY BUILIMBAE 3 TOTO, MIO KOMIUIEKC MEpepoOKH
CIJIBCHKOTOCITOIAPCHKOI CHPOBUHHM TIOB'SI3aHUH 13 30BHIIIHIMY JKEpellaMu eHeprii (IIepBHHHI €HEeProHOCIi, eJIeKTpoMe-
pexa, TOHOBIIIOBaHI JpKepena eHeprii), Mae BHYTpIlIHI eHepropecypcH (BiIXOIH BJIACHOrO BUPOOHMITBA), Tollo. B
cHCTEMI MOXKYTh OyTH €JIeMEHTH IIEPETBOPEHHSI €JIEKTPUYHOT eHeprii B MEXaHi4Hy, XIMI4HOI eHeprii B TEIUIOBY, €JIEKT-
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pHUYHOI B TEIUIOBY, €JIEMEHTH TpaHC(hOpMaIlil TEIUIOBOI, eeKTPHYHOI Ta MexaHiuHoI eHeprii. [licns nporo MoxxHa co-
pMyBaTH BapiaHTH JJIsl TEXHIKO-€KOHOMIYHOTO aHaJIi3y CUCTEMHU.

Ha puc. 1 HaBemeHa cxeMa OTpHMAaHHS CHEPTii 3 BiAXOIIB MacJIOKHPOBOro KOMOiHATy. J[Jis aHasi3y MOTEHIany
TBEPJMX Ta PIAKHX OPTaHIYHHUX BiJIXOMIB BUKOPUCTAEMO JaHi PEATLHOrO MEpepoOHOro MiAMPUEMCTBA OJiE-KHPOBOTO
KOMOIHATYy.

N
OcHOBHE 00J1a{HaHH JUIS HiArOTOBKH Ta

BHUPOOHUIITBA €HEPrii 3 BAXOIB

4 )

CyInibHI yCTaHOBKU
I'panynsaTopu
30poKyBaHHs I'azoreneparopu
IMiponizaropu
| | Biora3osi ycraHOBKH

[ Binxoau oniiiHo)kupoBoro komOiHaTy ]

[ TBepne manuBo ] [ T"a3zomoniOHe maauBo ]

1
Cnamopanna ] Yrumizaris / \
GbizuHoOl Te- Iaposi xoTin
Bonsna mapa ] Jaotn
A p IMaposi Typ6inu

I'a3oBi TypOiHK

. . Enexrporenepatopu
Enexrpryna eHepris TertoBa eneprist k /
TexHosoriuni criokuBayi
RnacHi mornebu

Puc. 1 — OTpumanHs eHeprii 3 BIIX0AiB MacJI0KUPOBOro KOMOIHATY

OmniiHOXXUpOBHH KOMOIHAT mepepoldiisie HaciHHs coHsmHUKY 2300 T/m00y. Bumyckae HepadiHoBaHHX canoMaciB
140 1/mo0y Ta padiHoBaHOi Ae3omopoBaHoi oiii 90 1/mo0y. [Ipu mepepolii TaHWX MOTY)KHOCTEH yTBOpIOEThes 14,54
T/TOJ AYLINUHHS COHAMIHUKY, 92,5 KI/c CTIUHMX BOA 3 cepeaHboro Temmeparyporo 40 °C.

[ToBHa yTumizamis TEIUIOTH CTIYHUX BOA cKianae npu 9,7 MBT HU3bKOMIOTEHIIHHOT TEINTOTH, IKY MOYKHA BUKOPHC-
TaTH 3aCTOCYBABIIN TEIJIOBI HACOCH YW aOCOpOLiiiHI XOMOAMIbHI MAIIMH 3 TPOMIXKHUM TEIUIOOOMIHHUKOM JUIS TIOTIe-
pelkeHHs 3a0pyqHeHHs oOnaqHaHHs. bioras, 3 eKBiBaJICHTOM TeIUIOBOI motykHocTi 7,91 MBT, sikuit Oyne orpumaHuii
B pe3y/bTaTi NepepoOKH )KUPOBMICHHX CTIYHHMX BOJ, JAOIJILHO BUKOPHCTATH VISl OTPUMAaHHS TEIUIOBOI 1 ENEKTPHYHOT
eneprii. [Ipu Me30dispHOMY pexxumi 36pomkyBants B peakropi (32-33 °C), 110 € pariioHaJbHUM IS TaHOTO BUIY Bi-
xofiB [1, 2], HAJUTKIIIOK TEIUTOTH 3 CTIYHUX BoA 3 TeMmepaTyporo 40 °C ckiazgae 2,3 MBrT. 110 Teriory MO)KHa BUKOPH-
CTaTu AJIs TepMOCTaditizalii peakropa.

3a po3paxyHKOBUMH JNAaHHMHU TMOTYXHICTb CNAJIEHHS JYNINUHHS COHSIIHUKY ckianae 63 MBr (6e3 BpaxyBaHHS
KK]I obnagnanss). YacTka MOTY)KHOCTI criaieHHs1 0iorasy BiJl 3arajbHOi €HEpreTHYHOI MOTYKHOCTI BiJIXOZIB CKIIAJa€
12,5 %. 3rigHo [2] nns 3a0e3nedeHHs palioHATbHOIO BUKOPUCTAHHS €HEPreTHYHOro IOTeHIiany 0ioMacH IpONoHY-
€TbCs1 00JIaTHaHHs: KoTed Bono energia 3 KOMOIHOBaHMM CHANTIOBAHHSIM JIYIIMTUHHS 1 Oiora3y Ta maposoi TypOinu SST-
100 dipmu Siemens. 3acTocyBaHHsI KOreHepaii 1acTh MOXJIMBICTh OJJHOYACHOI'0 BUpoOHUITBa 52 MBT TemnoBoi mo-
Ty)kHOCTI Ta 8,3 MBT enekTpuuHoi moTyHOCTi. JlaHOT eHepril i3 BiXO/IIB TOCTATHLO I 3a0€3IeYCHHS TEXHOJIOT Y-
HUX TOTpeO IMiANPUEMCTBA.

3a po3paxyHKOBUMH JAaHHMHU MOTYXXHICTb CNAJIEHHS JYNINWHHS COHSIIHUKY ckianae 63 MBr (6e3 BpaxyBaHHS
KK]I obnagnanss). YacTka MOTY)KHOCTI criaieHHs1 0iorasy BiJl 3arajbHOi €HEepreTHYHOI MOTYKHOCTI BiJIXOZIB CKIIAJIa€
12,5 %. 3riguo [2] ans 3a0e3nedeHHs palioHAILHOIO BUKOPUCTAHHS €HEPreTHYHOro MOTEHIiany 0ioMacH IpOMoHY-
€TbCs 00JIaTHaHHs: KoTed Bono energia 3 KOMOIHOBaHMM CHANTIOBAHHSIM JIYIIMTUHHS 1 Oiora3y Ta maposoi TypOinu SST-
100 dipmu Siemens. 3acTocyBaHHsI KOreHepaii acTh MOXJIMBICTh OJJHOYACHOI'0 BUpoOHUITBa 52 MBT TemnoBoi mo-
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TyxHOCTI Ta 8,3 MBT enexkrpuunoi noryxxHocti. [laHoi eHeprii i3 BiAXOMIB TOCTATHBO /It 3a0€3MeUeHHs] TeXHOJIOT 4-
HUX TOTpeO IMTiANPUEMCTBA.

BucHoBku. BukopucTaHHs €HEpreTHYHOr 0 MOTEHIIIaNy TBEPUX BiIXO/IB, PIAKUX CTOKIB PEaIbHOTO OJIiHHOKUPO-
BOTO IIiIIPHEMCTBA 3 3aCTOCYBaHHSM KOT€HEpalliiHIX TEXHOJIOTiH, TeXHOJOTii GloKOHBepcil 3i clieniani3oBaHUM 00-
JIaIHAHHSM JIO3BOJISIE TIOBHICTIO 3a0€3MEUUTH €Hepriero HeoOXiTHUX ITapaMeTpiB BIACHI 1 TEXHOIOTIYHI MOTPeOH M-
pHEMCTBA.
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BUKOPUCTAHHS METOJIB TEOPII IOJAIBHOCTI TA AHAJI3Y
PO3MIPHOCTEN INPU ®13UKO-MATEMATUYHOMY MOJEJIOBAHHI ITPOIIECIB
HNEPEPOBKH IVIOAIB KICTOYKOBHUX KYJbTYP XOJIOJAHUM
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Y cmammi npedcmasneni pesynomamu eKCNEPUMEHMANbHUX O00CHIOdNCeHb NepepoOKku niaodie amudi copmy
“Dionemosa decepmua’ x0N00HUM CROCOOOM (y CGidHCOMY CMaHI) HA NepGOPOBAHOL NOBEPXHI 6 noje GIOYEeHMPOBUX
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