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NEPCNEKTUBU BNPOBALXEHHA IHTETPOBAHUX TEMNTOHACOCHUX CUCTEM
EHEPIONMOCTAYAHHA 3 ABUT'YHOM CTUPJIIHIA ANA ®EPMEPCKUX rOCIoO-

OAPCTB

Posenanymo nepcnexmusu 6npo8addceHHs a8MOHOMHUX IHMeSPOBAHUX MENJOHACOCHUX CUCTeM
eHepeonocmadants 3 euxopucmanuam osuzyna Cmupainea, wo npayioc Ha 6ionanugi ons gep-
Mmepcvrux eocnodapcems. Ilokasano, wo waxom sukopucmanius osueyna Cmupained, wo npayroe
Ha OIonanusi GUPIULYEMbCSL BAJNCIUBE HAPOOHO2OCNOO0APChKe NUMAHHA ymuuizayii diomacu, wo
npUBoOUMb 00 NOLINUEHHS eKON0IUHO20 CIAHY 00BKLLISL MA CMAL020 eHepeo3abesneyents gep-

MepCbKUX 20cno0apcms.

Kniouoei cnosa: [sucyn Cmupninea — Inmezposana cucmema enepeonocmauanus — bionanueo —

Egexmusnicme — Tennosutl nacoc.
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NEPCMNEKTUBbLI BHEOPEHUA UHTEMPUPOBAHHBIX TENJIOHACOCHbIX CUCTEM
SQHEPITOCHABXEHUA C ABUTATEJIEM CTUPJIUHT A ANA ®EPMEPCKUX XO3ANCTB

Paccmompenvr nepcnexmugul @neopenus aBMOHOMHBIX UHIMESPUPOBAHHBIX MENIOHACOCHBIX CUC-
mem 9HepeOCHAbICeHUs. ¢ UCnOoab308aHuem osueamenss Cmupaunea, pabomarouje2o Ha OUOMONIU-
6e 01s pepmepckux xoszalicms. Ilokazano, yumo nymem ucnonvzoganus osueamens Cmupnunea,
pabomarowezo, Ha OUOMONIUGE PeUlaemCs 8ANCHLII HAPOOHOXO3AUCMEEHHBIN BONPOC YMUIU3A-
yuu buoMaccyl, YMo NPUGOOUM K YIYHULEHUIO IKONOUUECKO20 COCMOSIHUS OKpYdIcaloujeli cpedvl U
YCMOUNUB020 IHEP200becheyeHUs (PepMePCKUX XO3AUCHE.

Knrwouegvie cnoea: /sucamens Cmupaunea — Mnmezpuposannas cucmema dHepeoCHAOICEHUs —
Buomonnuso — dpgpexmusnocmv — Tennosoii nacoc

I. BCTYII

Hacnigku crnajgroBaHHS TPaTUIIHAX BHIIB Ia-
nuBa, no0pe Bigomi. Benuka KinbKicTh MapHUKOBHX
ra3iB BHOCHTh CYTTEBHH BHECOK B IJI00AJbHE MOTETI-
JHHA, a TOCTIHO 3pOoCTarodi I[iHM Ha Ta3 i HapTy
CTHMYITIOIOTh JIOCII/DKCHHS €(EKTHBHOCTI BHKOPHC-
TaHHS BiTHOBIIOBaHUX mkepen eneprii (BJE) (6ioma-
JIMBa) JUISl TEIJIOBUX JIBUTYHIB.

Benmka KiTBKICTH arpornpoOMHCIOBHX KOMIUIEK-
ciB (AIIK) i ¢epmepcpkux rocmomapets (PI') Yipai-
HU 3HAaXOMAAThCA 11032 MEXKaMH IIEHTPai30BaHOIO
eHepromnocTadanHs. JIu3enpHi e1eKTpoCcTaHiii, 3a J10-
MOMOTOI0 SIKUX 3[IHCHIOETHCSI €HEeProrocTayaHHs Be-
muknx AIIK ta @I, BuTpagaroTh HaAMIpHY KiJIBKICTH
JIM3EJbHOTO TMAJIBHOTO, BAapTICTh SIKOTO HEYXWIJIBHO
3pocTae, a rnepedoi y AOCTaBIl MaJbHOTO TPAIUISIOTH-
sl JOCTAaTHBO YacTo.

VY 30Hax IEHTPaJi30BaHOTO €HEeProIoCTadyaHHs
yepe3 Ha/[3BUYANHO MOTAHUH CTaH CLIBCHKUX €JIEKT-
poMepex BHHMKAIOTH 4acTi BimkioueHHs DI, a B
JSSIKUX 30HAX, 4epe3 Opak eIeKTPUIHOI MOTY>KHOCTI
BiJIKITIOYEHHS TIPOBOJIUTLCS KiJIbKa pa3iB Ha mo0y. Bee
IIe MPU3BOAUTH 0 3MEHIIEHHS NMPOAYKTHBHOCTI TBa-
PUHHHLTBA, NTAaXiBHUITBA, BUPOOHUIITBA MOJIOKA Ta
IHIUX MpOoayKTiB xapuyBaHHs. Psag AIIK reorpadiu-
HO pO3TalllOBaHi y 30HI po3TalllyBaHHsS MICT Ta MiclLlb
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MacOBOTO BIJIIOYMHKY HACEJICHHS TOMY JOJaTKOBO
BUHHKA€E EKOJIOTYHa mpobiieMa MIOAO IIKiITHBHX
BUKUAIB B arMocdepy. Y MHX MICIAX 3iHCHEHHS
€HEePronoCTaYaHHs 3a JOITOMOI0I0 IHTETPOBAHUX TEIl-
noHacocHuX cucteM eHepromocradanHs (ITCE) 3
meuryaoM Crupminra (JC), mo npaioe Ha Oionmanusi
— € pouinbHUM. KoMITIeKCHHH MiAXiA A0 BUPIMICHHS
i€l mpoOIeMu TO3BOJUTH JIIKBITyBaTH YUCIICHHI Hee-
KOHOMIYHI piOHI KOTEeNbHI Ta 3MEHIIHUTh 3a0pyIHEeH-
HSI JOBKIJLIS.

I1. OCOBJMBOCTI ITCE 3 JIC, LIIO MPAIIO€
HA BIOITAJIMBI

Bnposamkenns ITCE 3 IC, mo mpamroe Ha 6i0-
MAJIKABI, JO3BOJIUTH BUPIIIATH PsJ] BAXKIHBHAX MPOOIIEM
cydacHol 3abe3nedeHocTi eHepronoctadanHs AIIK ta
OI" kpaiHu:

— CTBOpPCHHSI aBTOHOMHHX JDKEPENT €HepPromnocTa-
yaHHs 00’ ektiB AIIK Ta @I

— JIEICHTpAaJi3allisi EHeprornocTayaHHs, IIiJABU-
IIeHHS X HAJIMHOCTI Ta pecypco30epexeHHs;

— IMUPOKE BUKOPHUCTAHHS MICIIEBUX JKEpes eHe-
prii;

— 3a0e3MeyeHHs €KOJIOTIYHOI YNCTOTH BHPOOHHU-
IITBa Ta CIOXWBAHHS €HEpTii /sl moTped iHIuBiIya-
JBHOTO CEKTOpa.
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Ha VYxkpaiHi TinbkM Ha BENUKHX CBUHAPCHKHX 1
NTaxiBHUIBKUX MiANPUEMCTBAX IIOPIYHO YTBOPHUTHCS
Oimpmre 3 MIIH. TOH OpraHiYHUX BiAXOMIB MO CyXii
PEUOBHHI, IepepoOKa IKUX JTO3BOJIUTH OJepKaTH OIIH-
3pKO0 1 MJH. T.y.I. y BUDJIsIAI Oiora3y, o0 eKBiBaJICHT-
Ho 8 mupa. kBr/rox. emekrpoeneprii. Kpim Toro, B
VxpaiHi € 6araro ne rasudpikosanux OI' [1]. Jms mux
TOCIIOJAPCTB AY’KEe BaXIIMBI PO3POOKH aBTOHOMHHUX
CHCTEM EHEpronoCTa4aHHs 3 BUKOPHUCTAHHSIM OioMa-
CH.

AHaJi3 MO0 €KOHOMIYHO IOILIIBHOIO PiYHOTO
noTteHuiany Giomacu Ha YKpaiHi CTaHOBUTH OJHM3BKO
30 MIiJIBHOHIB T.y.II., IO MOXE 330BOJBHUTH 110 18 %
[2] noTped Ykpainu B mepBuHHIN eHeprii. OCHOBHU-
MH CKJIaJOBHUMH NOTEHIIady € BIIXOIN CLIBCBKOTO
TOCIIO/IaPCTBA Ta CHEPIeTHYHI KYJIBTYPH.

brok-cxema ITCE 3 JIC, sika HaBeneHa Ha pu-

CYHKy | ckiamaeThcst 3 HACTYIIHUX €JIEMEHTIB, KOXKEH
3 KX BIUTUBA€E Ha e(heKTUBHICTH ii poOOTH:

— BJIE (biomanuBo);

—ITCE 3 Bukopucranusm JIC, 1o npartoe Ha 0io-
TaJIMBi;

— 00’ekT Temnonocradanns — AITK, ®I' abo ingu-
BiJlyaJIbHUH CIIOKUBAY.

I"oprouwnii ra3, 1m0 BUPOOIIAETHCS 3 OiomanBa Mo
CBOE€1 TEIUIOTBOPHOL 3IATHOCTI
(20100...25100 x/x/m*) [3], 3icraBieHuit 3 KepocH-
HOM, BYT'ULIIM i OyTanoMm y 1,5-3 pasu gemeBmmit ix
3a BapTICTIO IPH OJHOYACHOMY JO0JIEpKaHI eKOJIOTid-
HuX BUMoOT. 3a jonomoroto ITCE 3 JIC He TUIbKH BU-

poOusieThCcs HEOOXiHE MAIMBO, a LIe W YTHII3YIOThCS
PI3HOMaHITHI FOCHOAAPCHKI BiAXOAH, B HACTIOK YOTO
pOOIIATECST HEMOTPIOHMMH OYHCHI CHOPYAH, a TaKOXK
IHIII 3aXOAH, IO ITOB’sI3aHi 13 3aXMCTOM HAaBKOJIHIII-
HBOTO CEepEeIOBHUIIA.

DEPMEPCEKE
rocnogapcres

Pesepeyap
@ = A rasy
pore2
siaxogis &
s MeTanTesk Tennota
@ (peawTop) LenryH CTupainra =
==
EMHICTE A Enexrpiza
Hopmanisauit = Ensxrprxa {}
BONOrOCTI Bigxoaie
Komnpecop Tennceoro
Hacocy TennoTa obeRT
361 IHTErpoEaHa TENAOHACOCHE | =~
P TBEpAMX 17 CHCTEME EHEProNOCTaYaHHS
Sansne = 36ip sigroaie
36ip pigsnx
BiAXOAIE

Pucynox 1 — bnox-cxema ITCE 3 JIC, wo npayioe na
bionanusi.

JC BHacHiIOK 0coOIMBOCTEH poOOYOro mporie-
Cy, MalOTh B INOPIBHSHHI 3 BIIOMUMH y JaHUH uac
IHIIUMH TETUIOBUMH JIBUTYHAMH, HU3bKY TOKCHUYHICTh
MPOAYKTIB 3rOPSHHS 32 BCiMa KOMIIOHCHTaMH i 0cO0-
JIMBO MO OKMCIIAM a30Ty Ta BYIJICIIO MPHU iX poOOTi Ha
OyIb-SIKOMY BiJIOMOMY y JIaHHMI 4Yac BYTJICBOJHEBOMY
manuBi. 3iCTaBICHHS TOKCHMYHUX CKIAJOBUX BiAmpa-
[bOBAaHUX Ta3iB y TEIJIOBUX JBUTYHAX PI3HOTO THITY
HaBeNeHO y Ta0mii 1.

Tabnuyn 1 — 3MiCT TOKCUYHUX KOMIIOHEHTIB Y BUITYyCKHUX T'a3aX JIBUTYHIB

JABurynmn 3MicT KOMIIOHEHTIB, MiJIbHOHHI YACTKM 00CATY
NO CO CxHY
JBuryn Ctupiinra 100...200 50...200 0,5...3
I'azoBa TypOiHa 90...250 250...450 0,5...3
(3 pereHepaTHBHUM Tell-
JIOOOMIHHHKOM)
Juzens 400...2000 200...5000 200...4000
bensuHoBUit IBUTYH 600...2000 40000...100000 5000...40000

VY BKazaHii CHCTEMi NEPEeTBOPIOETHCS MPAKTH-
YHO BCi BiIX0IM O10JIOTIYHOTO IMOXO/KEHHS, BUPOO-
JSIIOYM TIAJIMBO, SIKE BUKOPHUCTOBYE Yy TaK 3BAHOMY
«IIPOMHUCIIOBOMY» TerutoHacocHomy mwmkii 3 JIC, 3
MeTOI0 3a0e3redeHHs] BUPOOHWYMX IPHUMIIICHb TeIl-
JIOBOIO Ta €JIEKTPUYHOIO €HEPTi€l0, a YaCTKa ENEeKTPH-
yHOi eHeprii (20 %) BUKOPUCTOBYETHCS IS MPHUBOIY
Komrpecopa teroBoro Hacocy (TH).

III. TEXHOJIOI'TYHI OCOBJIUBOCTI ITCE 3
AC, IO MPAITIO€ HA BIOITAJINBI

OCOONUBICTIO 11i€1 CUCTEMH € BiICYTHICTH IOT-
pebu y mpoTATyBaHHI Tra30MpoBOAY, JiHII eleKTporne-
penaui Ta BCTAHOBJICHHS PE3EPBHOTO JH3€b TeHepa-
Topy. BuTparn Ha excruryaTarlito yCTAaHOBKH Mi3epHi i
craHoBIsITH 1,5-2% Bin ii BaprocTi Ha pik [4]. Bcieto
CHCTEMOIO YIIPABIISIE€ CHCTEMa aBTOMATHKH, SKa KOHT-
pOJIOE POOOTY HACOCHOI CTaHIi, MIMIAIOK, CHCTEMHU
ninirpiBy, rasosoi aBromaruky, J{C. J{ns ynpaBiiHHS
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JOCTaTHBO BCHOTO | JIFOJMHM, I JIOJIMHA BEJE KOHT-
POJIb 3a IOMOMOTOI0 3BUYAHOTO KOoMITtoTepa. Termno-
Ba cxema ITCE 3 JIC, mo mparrtoe Ha GiomanuBi mo-
TyxHicTio 10 100 kBT HaBesieHa Ha PUCYHKY 2.

[epen tum, sx GionanuBo MmoTparvisie 10 OyHKe-
py 3aBaHTaXeHHS 2 pigka Oiomaca mepeKadyyeTbes
HacocaMH, TBepJa O6ioMaca JOCTaBISIOTHCS 110 TPaHC-
MOpTepHiN cTpiumi. Pinki Bigxomu moTparuiiioTe HE
NPSIMO B PEaKkToOp, a B INOMNEpEIHI0O €MHIcTh. TBepaa
6iomaca MOXe 3arpy’KaTHCSl B EMHICTB 3 PIiJIKOI0 0i0-
Macorw Ta IepeMinryBaTucs 3 Hero. [licias OyHkepy
3aBaHTXEHHS OiomMaca MOTpauisie 10 peaktopy 1.
[ligirpiB peakTopa BeAETHCS TEIUIOK BOJOIO, IO HA-
xonuth 3 ITCE. Cepenniit 9ac rijpaBaid4HOTO BiJICTO-
I0BaHHSI BCEpEIMHI peakropa (3aJiexHO BiJ cyOcTpa-
TiB) ctraHOBUTH 20-40 110, KOHTPOJIb CTaHy BEAETHCS
yepes JIIOK I gocTyny B peaktop 3. biora3s 36epira-
€THCS B EMHOCTI JUIs 30€piranHs ra3y — ra3roypaepi 4,
3 rasrojpjepa 4epe3 CHUCTeMy BiJgBeleHHs Oiorazy 6
fine GesmepepBHa Mmojgada 0iora3dy B KaMepy 3TOPSHHS
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8, a orpumana TerutoBa enepris Ha JIC 7, mani gactka
esekTpuuHOi eneprii Big JIC BHKOPHUCTOBYETBhCS IS
npuBona kommpecopa TH 9 Ta mns 3am0BosieHHS OT-
peb MpPOMHCIIOBOTO BUPOOHHIITBA.

Pucynok 2 — Tennosa cxema ITCE 3 JIC,
wo npayroe Ha bionanusi

1 — peaxmop, 2 — 6yukep 3aeanmasicens, 3 — 10K
ons1 oocmyny 6 peakmop; 4 — eazeonvoep; 5 — usan-
masicysanvha mpyoa, 6 — eiogedenns bioeasy, 7 — J[C;
8 — kamepa zeopsinns; 11 — nacoc, 9 — mennonacocuna
yemanoeka, 10 — komnpecop mennogozo nacocy; 12 —
cucmema onanenus, 13 — meniooOMiHHUK.

Jns ananizy ta ouinku edextuBHocti ITCE 3
JC Oyna po3pobiieHa cxemMa eHepreTHIHOro OaraHcy,
sIKa JTO3BOJISIE BU3HAYATH BTPATH TEILIOBOI eHeprii. Ha
PUCYHKY 3 TIOKaHO BXOJM 1 BUXOJH EHEPreTHYHOI
nponykuii uiei cucremu. IlaauBo i MOBITpsl moTpar-
JSIIOTh B KaMepy 3TOPSHHS 1 BHIUIIOTH TEIUIO, SIKE
BUKOPHUCTOBYEThCS B JIC 17151 BUPOOHHUIITBA €JIEKTPOE-
Heprii Ta Teria, ke 3HATE 3a J0TMIOMOT0I0 OXOJIOIKY-
F0UOT PiTUHM.
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Pucynok 3 — Cxema enepeemuunozo 6anancy
ITCE 3 /]C

UYactuna eneprii Bix JIC BUKOPUCTOBYETHCS ISt
kommpecopa TH, a pemTy eHepris MoTiM MPOIyCKa-

1o1h uepe3 TH, skuii 3axormmtoe Oinbiie temna. Enep-
ris, 0 HE MEPETBOPIOETHCA B CICKTPUYHY abo He
BuKopucTaHa B TH BBa)kaeTbCsl BTpaTaMu 3 CUCTEMU Y
BUTJIAI TeIJia, M0 BiIXOAWTH, a00 Yepe3 BHXIIOMHI
TpyOu abo kamepy 3ropsHHs [5].

IV. METOJUKA BHU3HAYEHHS E®EKTUB-
HOCTI BUKOPUCTAHHA ITCE 3 IC

Eneprernunuii Oananc mMoxke OyTH 3acTOCOBa-
HUHM 10 BU3HAYCHHS BXOMIB i BHXOIIB €HEPreTHYHOI
MPOAYKIIi, SIK MOKa3aHO B piBHAHHI 1. YMOBH 37iBa
MIPECTABIAIOTh CHEPTETHYHI BXOH, IIPAaBOPYY — €He-

ZQ6 po3paxo-

BYETBCSl 3 BUKOPHCTAHHSM PIBHSAHHS €HEPreTUYHOTO
OanaHcy 32 YMOBOIO, IO poOoUa pigHa HA BUXOMI 3
TH oxonoaxyeTbest 10 TEMIIEpaTypy HaBKOJIUIIHbOIO
CepelOBHUINA.

preTndHa nmpoxykuis. Brpatu Teruia

m,a-h+mz-h+ms-h=Ne+N, +Q1+Q2+ZQ€ 1)

Jae m,,, M, M, — MacoBa BUTpara NajuBa, MOBITPS Ta
BoaH, Kr/c; h — enransmis, kJIx/kr; Ne, NK — moTyx-
HicTh, KBT; Q1, Q2 — TemnoBa enepris, kJ[x; E Q, -
BTpaTH TEIUIOTH, KBT.

BuKOpHCTOBYIOUM €HEpPreTUUHUM OanaHc, ede-

KTHBHICTh BUKOPHUCTAHHS CHEPIii CHCTEMH MOXe OyTH
o0uuCIeHa, 3TiHO PiBHIHD 2.

~ Ne+N+Q+Q,
_mna~h+mn-h+m6-h
3 Ne + N, Q. +Q,
n_mna~h+mn~h+m36-h Maa-h+mz-h+me-h

)

77 = UQVEKmpM%HG + 77)7‘12}1’10861

TemnoBa MOTYXHICTh TETIOOOMIHHHKIB
szg-Cp~AT 3)
neC p — IMTOMA TeroeMHicTh Boau, Jx/(kr-K); AT —

nepenany TeMmreparyp BOJU Ha BXOJI 1 BUXOMI 3 TEIl-
s1000MiHHHKa, °C.

ITin yac poboTH, 3HayHA BTpaTa TeIUia MOXeE
criocrepiratics 3 Kamepu 3ropsiHHs. lle nmpu3BOAMTH
JI0 3HAYHOTO 3HIKEHHS €(peKTUBHOCTI CHCTEMH, TOMY
HEOOXIiTHO IIi BTpaTH MaKCHMaJbHO MiHiMi3yBaTH. Ha
MiZCTaBl €HepreTHYHOro OajaHcy OUTBIIICTH TEIIo-
BUX BTpaT IOKa3aHO Ha PUCYHKY 4, sIKi TEOpPEeTHYHO
MOXyTh OyTH mij wac poGotu B iHTepBaii Bixm 0 —
3600 cexynn. SIkuio BTpaTH Tema 4epe3 KaMmepy 3ro-
psHHA OyIyTh JIiKBiOBaHMHN B TOHM dYac sk pemra IT-
CE 3 JIC 3anummThes K €, TO Iie Oyae ouiKkyBaHa
eHepreTyHa e(PeKTUBHICTh cucTeMu. Ha pucyHky 5,
MOKa3aHo, SIK MiJABHUINYETHCS €(PEKTUBHICTH CHCTEMH
3a paxXyHOK 3MEHIIICHHS TEIJIOBUX BTPAT.

V. BUCHOBKHA
Bnposamkennst ITCE 3 JIC, mo npairoe Ha 6io-
TaJuBi TO3BOJIUTH 30UTBIIUTH 3HAYCHHS KOSQIIliEHTY

3aMill[CHHST TPAAULIAHOTO TajkBa 32 PaXyHOK BHUKO-
PUCTaHHS BiIHOBIIOBATBHHUX JKEpen eHeprii (Oioma-

55



XonogunbHa TexHika Ta TexHonoris, Ne 3 (149), 2014

JIUBO) Ta TMOKPAIIUTH CTaH JOBKIJUIA 32 PaXyHOK 3Me- Buxopucranns gactku eneprii JIC Ha mpuBifg
HILIEHHS eMICil MPOAYKTIB 3TOpsiHHS OO HaBKouMII-  KoMmnpecopy TH mpusBoanTh 10 CyTTEBOi €KOHOMIT
HBOTO CEPEIOBHIIIA. MIATMIBHO-EHEPTETHYHUX PECYPCIB, WO CIpPUSE MiACH-

_ JICHHIO eHepreTudHoi Oe3neku Ykpainw. Jlns BU3HA-
= YeHHs CHePTeTUYHNX IOKa3HUKIB CHCTEMH po3podie-
HO Onok-cxemy i TeroBy cxemy ITCE 3 JIC, mo mpa-
o€ Ha OGiomanuBi i € mpuBogoM Kommnpecopa TH, mami
R HEOOXITHO BHKOHATH MaTeMaTU4HE MOJICIIOBAHHS
PN TEIUIOBHX I poOOYNX IPOIIECiB B ii OCHOBHHX €JIEMEH-
! \ Tax Ta BU3HAYUTU DalliOHaJbHI PEXHUMH POOOTH 3a-
. | MIPOTIOHOBAHOI CUCTEMH.
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Odessa National Polytechnic University, 1 Shevchenko str., Odessa, 65044

PROSPECTS FOR IMPLEMENTATION OF INTEGRATED HEAT PUMP ENERGY SYSTEMS WITH
STIRLING ENGINE FOR FARMS

A large number of agro-industrial complexes and farms in Ukraine are outside the centralized power supply and
rising prices for gas and oil stimulate research of the effectiveness of integrated autonomous power supply sys-
tems based on renewable energy sources. So, implementation of power supply with integrated heat pump energy
systems with Stirling engine running on biofuel is appropriate. Integrated power systems with Stirling engine
utilization not only gives necessary fuel, but also different household wastes are recycled, that make treatment
facilities unnecessary, as well as other measures related to the protection of the environment. Implementation of
the above-mentioned system will solve a number of essential problems of of security of energy supply for modern
agro-industrial complexes and farms of the country.

Keywords: Stirling engine — Integrated power system — Biofuels — Efficiency —Heat pump
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