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operation of tillage machines and units, the working surfaces are subjected to uneven wear, which reduces the
life of parts and increases the cost of their replacement and restoration.

The working bodies of tillage agricultural machines (ploughshare, plow shelf, cultivator paw, harrow
disc) work in conditions of abrasive operation, shock loads and the impact of external aggressive environment.
Their repair is to restore the original size of parts and wear resistance of functional work surfaces. During the
operation of tillage machines and units, the working surfaces are subjected to uneven wear, which reduces the
life of parts and increases the cost of their replacement and restoration.

The current level of operation of agricultural machinery is characterized by increased speeds and high
productivity, which, in turn, leads to increased wear of parts. accordingly, the reliability of the recovered
machines will depend on the wear resistance and fatigue strength of the recovered parts. The leading place in the
repair of machines is occupied by welding and surfacing processes, which account for about 80% of all
restorative parts.

Surfacing makes it possible to obtain layers of any thickness and chemical composition on the working
surfaces of parts; apply a welded layer with different properties, ie high hardness and wear resistance. In this
work we use point (point) hardening, which consists in micro-dripping of the hard alloy into the surface structure
of parts that undergo intense abrasive wear. The geometry of the hardening point is a spherical sector, which
facilitates the rapid removal of heat from the surfacing bath in the base metal and the environment, so the
hardening points harden at high speed and in a short time. At point strengthening of details one of the main
conditions providing stable quality of process - coordination of welding current and arc voltage. The sawtooth
profile of the ploughshare blade (cultivator paws) is maintained throughout its service life. providing effective
cutting even with the blades worked.
share plough, friction surface, abrasive wear, operating longevity, point welding
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TepmoanHaMiuHa eHEProePEeKTUBHICTh
MapOKOMIIPECIHHOrO TEIJIOBOTO HAcOCa Ha TPYHTOBUX
BOJIaX

B crarTi po3risiHyTO TEPMOAMHAMIYHY €Heproe(eKTHBHICTh MapOKOMIIPECIHHOIO TEIIOBOr0 Hacoca
(IKTH) mpu BHUKOpPHCTaHHI MPUPOJHHUX JDKEPENT TEIUIOBOI €Heprii JOBKILIA, 30KpeMa TPYHTOBHX BOJI.
IIpencrasneni cxema IIKTH «Boma-Boma» M CHCTEMHM TEIUIONOCTAYaHHS, TEMIIEPATypHI piBHI B 3arajbHii
cucremi I[IKTH «Boga-Bojga» ta HaBeneHo npukiajn podotu mukiny [IKTH «Boga-Boga» B p-h miarpami s
npomnana (R290). [IpuBeneHo pe3yabTaT TEPMOANHAMIUHOTO AOCTIKEHHs €HeproeeKTHBHOCTI 3aCTOCYBaHHSI
I[KTH npu BHKOpHCTaHHI TPYHTOBHX BOJ SIK JUKEpena HHM3bKOIOTEHIIMHOI TeruoBoi eHeprii. Posrimsayro
3aCTOCYBaHHS YHCTHUX BYIJIEBOAHIB K pobounx peuoBmH s [IKTH, a Takok MeTox OLIHKH
eHeproe()eKTUBHOCTI 3a EKCEpreTHYHHM aHali30M TEPMOJMHAMIYHHMX IPOILECIiB NEPETBOPEHHS EHEprii, 1o
BizOyBatoThest B [IKTH, pobounm tiniom sikoro € xonoamwibhuii areHt R290. Enepreruuny edexrusnicts [IKTH
ouiHtoBanmn Koeginientom nepersopenust TH COP, Bin 3a pospaxyHkamu jopiBaioe 4,5. TepmoanHamidHy
epexruHicTs [IKTH B cucremMax TemonmocTadyaHHs pPO3MAAaId 3a IOMOMOrorn ekcepreruunoro KKJI B
3aJICKHOCTI BiJl CEPEIHBOTEPMOAMHAMIYHUX TEMIIEpATyp TEIUIOHOCITB B KOHJCHCATOPi i BHIIAPHUKY, SIKHMA
XapaKkTepu3ye JTOCKOHAIICTh MepeTBOpeHHs eHeprii 1 cranoButh 44 %.

TEeMJI0BHII HACOC, HU3bKOMOTEHIiiiHe JKepesio eHeprii, eHeproeeKTUBHICTH, Koe(illieHT mepeTBOpeHHs
TH (COP), excepreruunuii KKJI TH, cucrema TerionocrauaHHs
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IMocranoBka mnpodaemu. CKOpOYEHHS 3armaciB TBEP/IHX, pIAKUX 1 Ta30MmoAiOHUX
BUJIIB opraquHoro najiiBa Ta 3pPOCTAaHHIM I[IH Ha EHEProHOCii crpwuse BIPOBADKCHHIO
TEXHOJIOTIi 3 BUKOPHUCTAHHSAM TOHOB/TIOBAHHX ~aJbTEPHATHBHUX JUKEPEs eHeprii, sKi
BIJIKPUBAIOTh MOXIIUBICTH JI0 CHEPro30epe:KeHHsI 1 3MCHIIICHHS BUKU/IIB MTAPHUKOBUX Ta3iB B
armocdepy [1,2,5].

AJNBTEpPHATUBOIO 3aCTOCYBAaHHS TPAAMIIMHUX TEIUIOCHEPTETHYHUX YCTaHOBOK €
BukopuctanHs TermoBux HacociB (TH). TH edektuBHi eneprosdepirarodi MpUCTPOi, SKi
€KOHOMJIATh  TAJIMBHO-EHEPTeTUYHI PEeCypcH, 3HIKYIOTh 3a0pyIHEHHsS JOBKULIS —Ta
3aJI0BOJIBHSIOTH MMOTPEOH CIIOXKKMBAYIB Y BUPOOHHIITBI TEXHOJIOTIUHOI TerutoTu [3-5].

Haii6inbi exonoriyne Ta HallepeKTHBHIIIE JHKEPENIO €HEPTii Al CHCTEMH ONaJICHHS €
BUKOPHCTAHHSA €Heprii 3emMii, M0 MICTUThcs y TpyHTI Ta Boai. TH Tumy «Boma-Boma»
NPAIIOIOTh 3 BUCOKUMH MOKa3HUKaMH €(EKTUBHOCTI, 1€ € aKTyaJIbHUM y BUKOPHCTaHHI iX B
CHCTEMaX TeTUIONOCTaYaHHSI.

AHani3 ocTta”HHix gocaigxens i myoOaikamiii. TH 3acTocoByroTh A nepeHocy
TETUTOBOI €Heprii BiJ Tila 3 OUIBII HU3BKOK TEMIIEPAaTypOI IO Tiia 3 OUTBII BHUCOKOIO
TEMIIepaTypolo, SKi MpaliolTh 3a 3BOPOTHUM IHMKJIOM KapHO, BOHM yTHUII3YIOThH
HU3BKOMIOTCHINIHY TEIUIOTY MPUPOIHUX, TEXHOJOTIYHUX 1 ToOyToBUX mkepen. I[lpum
BukopuctanHi TH nepBuHHOi eHeprii BuTpawaetscsi B 1,2-2,3 pasa MeHuie, HiX y pasi
npsIMOTo criamroBaHHs manusa [6,7]. TH BuTpauae exekTpuuHy eHeprito Oiabin e()eKTHBHO,
HIXK iHIIE eHepreTuuHe oOmamHaHHS. [lo ominkam po3poOHukiB TH mpu Bukopucranui 1
kBT1-rox enexrpuunoi eneprii BupoOistetses (3-4) kBt-rox temmoBoi exeprii [2, 5, 7].

Knacugikamis TH 3a mnpunmumom aii HactynHa: mapokommpeciitai  (ITKTH),
abcopomiitai (ABTH), crpymunni (CTH), tepmoenexktpuuni (TETH). HaiiGinbmn mrmpokoro
Bukopuctanns HaOynu [TKTH.

TH — 116 OCHOBHHHA KOMIIOHEHT OLIBIII 3araJIbHOI CUCTEMM II1JT HA3BOKO «TEILIOHACOCHA
ycranoBka» (THY), mo sikoi BXOHIATh: YCTaTKyBaHHs, NPWIATUM 1 KOMYHIKAIll, IO
3a0e3mevyroTh eKCIuTyaTaniiHi 3B's13ku TH 3 HU3BKOMOTEHIIIHHUMH JKepeaMu TEIJIOTH Ta
00’ekTaMu TeriocnoxuBanHs [4, 5].

THY 3acTocoByIOTH ISl TEIUIONOCTAYaHHS, Tapsdoro BOJOIOCTAYaHHS KUTJIOBHX 1
BUPOOHWYMX OyaiBenb, 3a0€3MeUYeHHs] TEIJIOBOI EHEPri€l0 MOTPiOHOro MOTEHIANy Py
TEXHOJIOTIYHHAX TMPOIECiB  (CYIIiHHS, TUCTHJISALIS, TEIUIOBE OOpOOJIEHHS); TEIUIO- Ta
XOJIOJIOTIOCTAYaHHS CLIBCHKOTOCTIONAPCHKUX 00 €KTIB (MOJOYHUX (epM, (HPYyKTOCXOBHII,
3epHOCXOBHIII Ta iH.) [1-5, 7].

BukopucranHs B TEIJIONOCTaYaHHI IMOTOKIB HHU3BKOMOTEHLIWHUX BTOPUHHHUX
E€HEePropecypciB 3HAYHO PO3IIUPIOE PECypCcHY 0a3y TeIionocTadyaHHs, poOUTh i1 MeEHII
3aJISKHOIO B1Jl TOCTauaHHs MAJTMBHUX PECYPCIB.

Hapasi Ounbiie yBarm mpuIUISETHCS BUKOPHUCTAHHIO HOBITHROI TexHosorii TH, sk
QIbTEPHATUBHUX JDKEPEIT TEIIONOCTaYaHHs AJIsl IPOMHUCIIOBUX Ta MOOYTOBUX MOTPEO.

Jlns  TeruionocTavyaHHs BHKOPHCTOBYIOTh HACTYITHI TIOTOKM HH3BKOIIOTCHIIIHHUX
MPUPOIHUX jpkepen TemnorTH (atMochepre moitpst -10...+15 °C; moBiTps BHTSKHOIL
BEHTWJISMIT mpumimiens + 15...+25 OC; rpyHToBi Boam + 8...+15 0C; rpyHT 5...+10 0C;
npupoxui Bomu  4...+17 °C) Ta BropMHHEX eHepropecypcis (Boga CHCTEM 0GOPOTHOTO
Bojoroctayanus 25...40 0C; TEXHOJIOTIYHI CKUAaHHs piauH 1 ra3iB 40...65 0C; TEIUIOHOCII
constunux konekropiB  20...40 °C) [4,5]. Ha mnokasHuku epexktuBHOCTI pobotn TH
BIUTMBAIOTh TeMmIepaTtypu miaBeAeHHs n0 TH 1 BiaBeACHHS BiJ HHOTO TEIUIOTH, a TaKOX
noBkig [2, 3].

[TepcriekTuBHUM € BuKOpHucTaHHs TH B KOMOIHOBaHUX cXeMaXx 32 YMOBH MMO€ETHAHHS 3
IHIIMMU TEXHOJIOTISIMU, HANPUKJIIAJA, MOHOBIIOBAHUMHU JDKEpeIaMHU €HEprii — COHSYHOI Ta
reotepMaibHoi [4].
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3 eKOJIOTriYHOI TOUKH 30pYy MpH BHOOPI pOOOUMX PEUOBUH JISl TEMNIOHACOCHOT TEXHIKU
MEPCIICKTUBHUM € 3aCTOCYBaHHS UYHCTHX BYIJICBOAHIB Ta ix cymimen [4, 6, 10].
Bukopucranust B8 TH npoman-OyTaHoBoi cywmimi 3amicte R22 mpuBoje A0 MiABHILEHHS
koedirienta mepersopenns TH wa 5-10% [9].

[Ipupoani xonogoareHTH, Ha SIKUX TpPalTs TH, 3 TOYKK 30py TepMOAUHAMIYHUX
XapaKTEPUCTUK € HAUTIOMTUPEHIIIMMHE 1 O€3MMeYHUMH 711 JOBKULISA. Hanmpukiaz, xoimoaoareHt
R290 cyuachwmii 1 6e3neunuii npu BukopuctanHi B TH 1 BiTHOCUTBCA 10 TPYNH BYTJICBOJIHIB,
Horo BUpOOHUIITBO HE BUMAra€e BEJIMKUX BUTPAT, JIETKO BUAUISAETHCS 3 IPUPOIHOTO Trazy. Bin
He pyiiHye o3zoHoBuid map (ODP = 0) i mMae HHM3bKHI MOTEHIliaJd BIUIMBY Ha TJ00aibHE
norerutinas (GWP = 3) [10,11].

I[IKTH 103BONSIFOTE MAaKCHUMalbHO E€KOHOMUTH TEPBHHHI  BHCOKOMOTEHIIIHHI
E€HEPropecypcy B IMOPIBHSAHHI 3 KOTEJIHPHUMH YCTAaHOBKAMH, I €KOHOMIs cTaHOBHTH 60% i
BUIIIC B 3aJIGKHOCTI BiJl KoedilieHTa nepeTBopeHHs [5].

TakuMm dYHHOM, TPOBEIEHHS MIOCTIIKEHh 3 TMIABUIICHHS EHEProeeKTUBHOCTI
Bukopuctanua [IKTH B cucremax TemnomnoctayaHHs € aKTyaTbHUM.

IToctanoBka 3aBaaHHsi. MeTow CTaTTl € JOCHIKEHHS TEPMOAMHAMIYHOL
eHeproedexTuBHOCTI Bukopuctanus [IKTH «Boma-Boma» B cucTemi TeIIONocTauaHHs.

Buxnan ocuoBHoro marepiany. Ilpunmun aii [IKTH «Boma-Boma» 0OasyeThcs Ha
€HEeprooOMiHI poOOYOi pEUOBHUHU 3 JDKEpeTaMu HU3bKOI 1 BHCOKOI Temmeparyp. [Ipu mpomy
poboYa pedoBrHA (XOJ0J0AreHT), 3AIHCHIOE 3BOPOTHHUI TEPMOJANHAMIUHHUI MK 3 BUTPATOIO
po6otu. Ocobnusictio IIKTH «Boma-Boja» € 3MiHa arperaTHoro crtaHy po0o4oi peuyoBHHH,
TOMY IO OUIBIIICTH MPOIECIB MPOXOAsITh B oOjacTi HacudyeHoi mapu. [IKTH «Boma-Boma»
(GYHKIIIOHY€E 3 BUIIUMH 3HAYCHHSIMH T 1 T, HE 3MiHIOWOUM Tipu nboMy mukn TH, T, ~ Ty,
I >Th.e.

PosrnsiHemo BIUIMB TemmepaTyp Ha MOKa3HUKH eHeproedextuBHocTi podotu ITKTH
«BOJIa-BOJIa», CXeMa sKOro HaBeleHa Ha puc. 1, a temmepartypni piBHl B cuctemi [IKTH
«BOJIa-BOJIa» 300pakeHi Ha puc. 2.

Ilepenaua
Tornunanus
; TEIUIOTH B
TEILIOTH 1 I/
6> CHCTEMY
HTOBHX BO
Py . OTIaJICHHS

174

1 — BunapHuK; 2 — Komrpecop; 3 — eIeKTPOJBUIYH; 4 — KOH/IEHCaTop; 5 — Apoceb

Pucynok 1 — Cxema [IKTH «Boma-Boga» Iutst CHCTEMH TEIUIONIOCTAYaHHS
Jloicepeno: pospobaeno asmopom na niocmasi [2,4]

Ha puc. 2 nmpexncraBneni temrepaTypHi piBHI B 3aranbHiid cuctemi [IKTH «Bopa-
Boa». T 1 T, — TemmepaTypu KOHJACHcAIlli 1 BUMApOBYBaHHS poO040i pedoBUHU; Try Trx —
CepeiHI TEPMOJMHAMIUHI TEMIIEPAaTypPH MPOMIKHUX TEIUIOHOCITB (BUKOPHUCTOBYIOTBHCS IS
nepeavi TEIUIOTH BiJl HIDKHBOTO JDKepena TeIIoTH Ty 10 BUIMIAPHUKA 1 BiJl KOHIEHCATOpa 10
NPUMIIICHHS, BEPXHBOTO JpKepesia TerioTu 1y).
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Pucynok 2 — Cxema temnieparypuux piBHiB B cucteMi [IKTH «Bopma-Boma»
Joicepeno: na niocmasi [16]

Po6oui Temneparypu TH npu 3amanmx temmeparypax mkepen Temiota Ix 1 1. = Ty
BU3HAYAIOTHCSA TAKUM YHHOM: TeMIIepaTypa KUMiHHSA po0ouoi peuoBuHU: T = Ty — ATy —ATy;
temneparypa KouaeHcaii: 7y = Ty + AT, + AT [16].

[Monmxenns Temneparypuux HanopiB (ATx, ATy, AT, AToy,) 3MeHIIye HEOOOPOTHOCTI 1
miaBHIy€e eQeKTHBHICTh eHepreTHuHux nepetBopens B [IKTH [16].

Ha puc. 3 maBeaeno npukinan poooru mukiny [IKTH «Boma-Boga» B p-h miarpami ms
poGouoro Tina npomnana. Jlinig 4-1 BiAmoBizae mpolecy KUITIHHS TpOIaHa y BUIIAPHUKY
IIKTH 1pu temneparypi kuminss +3 °C i trucky xumninas 0,50 MITa (T. 4 — npoman y crasi
BOJIOroi Hacu4eHoi napu; T. 1’ — cyxa HacudeHa napa; jiHis 1'-1 — migirpis HacuYeHUx HapiB
NpoMaHa TEIIOTOI0 Tapsiuoro PiAKOro MpomaHa 0 CTaHy HeperpiToi mapu. Y BHUIIAPHHUKY
[IKTH «Boma-Boma» 3aBISKHM  OXOJOKCHHIO  HHU3BKOTEMIEPATypHOTO  TEIIOHOCIS
At,, =t —t, BHIDapoByeTbcsi piguHa mnpomaHa (mporec 4-1) 3a yMOBH HE3MIiHHO{
temneparypu t, =t —At,., ge Aty =3-5 OC - xinuesa PI3HHII TEMIIEpaTyp Y BUIIAPHUKY.
Cyxa Hacu4YeHa Iapa TNpoINaHa, sKa yTBOpWUJIAch y BUIAPHHUKY, aliadaTHO CTHCKA€THCS B
komrpecopi (mporiec 1-2), BHACIIIOK YOTO IiIBHUIILY€EThCS THUCK 1 TeMIeparypa mpomnana. B
kouneHcaropi IIKTH «Bonma-Boga» mapa mpomaHa IMicis KOMIIpecopa KOHACHCYEThCS 3a
YMOBHU cTaioi Temrmeparypu T, =const (mporec 2-3), Biqarouu TEIUIOTY MEPEKeBid BOII
cucteMu Terulodikarii, sSKa MigIrpiBaETbcs B TeMIepaTypu ty, /O TeMIeparypu
tf, =t —At, (KOHeHcalis Tmpomany BinOyBaeThest mpH TemmepaTypi kommencamii +73 °C i
THCKY KoHzaeHcanii 2,8 MIla). Jlani KoHmeHcaT mapu mpomada apocentoerses (h3=hy) B
apocenbHOMY BeHTHII (poriec 3-4) i 3 TeMneparyporo T, 3HOB HAAXOAUTH Y BUNAPHHUK.

Eneprerununa edextuBHicts [IKTH 3aexuth BiJ XapaKTepUCTUK TEIIOBHUX JIXKEpel,
mo OepyTh ydacTb y TepMoTpaHchopmarlii: BiJ TEMIEpaTypHOTO PIBHA HarpiBaHHSI
CepeIoBUINA CIIOKMBAya TEIUIOBOTO HABAaHTaKEHHS 1 BIJ TEMIEpaTypd HaIXOJKECHHS
YTHII30BAHOTO HU3BKOITOTEHIIHOTO cepenoBuina [2-5].

3a eKCepreTMUHUM METOJOM OILIHIOEMO €Heproe(eKTUBHICTh TEPMOIUHAMIYHHX
IPOIIECiB IEPETBOPEHHS eHepril, o BiadyBaroThes y TH [2-5].

Amnaniz eneproedexruBnocti [IKTH «Bonma-Boga», mpoBoauBcst aisi poOOYOro Tina
xononoarenta R290 [2]. dns R290 temmeparypa BUIapoOBYBaHHS CTaHOBHUTH t, = 2..5%C, a

KOHJeHcamii — =73°C. BubupaemMo HU3BKOMOTEHIIIHE IKEPEo TEIUIOTH — TPYHTOBY
BOJY, SKa Ha BXOJI y BUIIAPHUK Ma€ Temieparypy t . =8..15°C, a ma BHXOZi 3 HBOTO
tI';T:4...100C. Temmneparypa MepekeBoi Boau (TCIUIOHOCIS) Ha BXOJI B KOHJCHCATOP
cranoBuTh t', =35°C, a Ha Buxozi 3 Hporo — t, =55°C.
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Pucynok 3 — I{ukn pobotu I[TKTH «Boaa-Boma» B p-h-mgiarpami mis pobodoro tina R290
Jlicepeno: pospobneno asmopom na niocmasi [2,4]

PosrnsiHemo Bu3HaueHHs TOKa3HUKIB eHeproedextuBHocTi nukiay IIKTH «Bopa-
BOJA» IS CHCTEMH TEIUIONIOCTAaYaHHS.
[Muroma Temora, sika miaBoauThes 10 R290 y Bunapuky

g, = h1 - h4, 1)
ne hy, hy — erranenii R290 Ha BUXO/Ii 3 BUMIApHKUKA Ta BXOJ1 y BUIIAPHHUK.
Po6orta cTrcHeHHs B KOMIIpecopi

l.,=h,—h,. 2

[Tutoma poboTta kKoMIIpecopa
IKM = (hZ - hl)/T]KM ' (3)
1e Nw — BHYTpimHIN KKJI komnpecopa.
[Muroma poOoTa, sika BUTpAva€ETHLCS HA MPUBI KOMIIpEecopa
Inp = IKM /nnp’ (4)
ae Nnp — KK/ npuBona xommpecopa.
[Muroma Teriora, sika Bijgymaetsess R290 B koHeHCcaTOpi BOI1
qK=h2_h3:qB+IKM’ (5)
ne h,,hy —enranpmii R290 Ha BX0ozi B KOHICHCATOP Ta BUXOII 3 HBOTO.

PiBasiHHS enepretuyHoro 6anancy ans [IKTH «Boga-Boga»

ler + G = Ok = O (6)
3a momomororo koedirienta neperBopeHHst Teruiotd COP omiHOEMO €HEepreTHyHy
edexruHicTh pobotu [IKTH «Boma-Boga» [2-5]

COP=p=q,/,, =(a, +1, )/, (7)
Hns  BusHaueHHs  tepmoiuHamiuHoi  edextuBHicTi [IKTH  «BOma-Boma»
BUKOPHCTOBYEMO €KCEPTETUIHHIA METO/I.
Kputepiem tepmomunamiunoi gockonanocti IIKTH «Boma-Boma», sk Bigomo, €
exceprerrnunnii KK/ [2-6, 12-16]
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o = /e = /le, +1,,)=a, n/(a, m2 +1,),

I €5x., Cpux. — CKCEPTiSI BXOY Y BUMAPHUK 1 B KOMITPECOP Ta BUXOY 3 KOHIEHCATOPA;

(8)

n. =1-T,, / T;, —ekcepretuyHa TemieparypHa GYyHKIS is BXOdy TEIUIOTH Y

BUITAPHUK;

n, =1-T, / T;,— eKcepreTMyHa TemIepaTypHa QYHKIS Uil BHXOAY TEIUIOTH 3

KOHJICHCATOPA,

C|

T, — abconoTHA TeMneparypa JOBKULIS.

T;, i Tg, — cepeaHbOTEPMOMHAMIYHI TEMIIEPATYPH BXOAY 1 BUXOAY TEIUIOTH;

Pesynbrati nmpoBeseHoro Buiie TepMmoauHamivyHoro po3paxynky IIKTH «Boma-Boma»

HaBeneHi B Taou. 1.

Tabnuns 1 — Tepmonunamiuamii po3paxynok IIKTH «Boga-Boga»

[Tapamerp Po3MipHicTh Popwmyna, | Po3paxyHKoBi
PHCYHOK 3HAYCHHS

Temneparypa BunapoByBanus R290, T, K Puc. 3 276
Enranemis R290 micis Bunapuuka, hy K Jx/kr Puc. 3 580
Tuck R290 y Bunapuuky, P MIla Puc. 3 0,5
Temmneparypa kongencarii R290, T, K Puc. 3 346
Enrtanemist R290 micns koHaeHcaropa, hs kJx/xr Puc. 3 210
Tuck xonaencarii R290, Py MIla Puc. 3 2,8
Enranemis R290 na Bxosi B koMmpecop, h; K Jx/xr Puc. 3 580
Enrtanemist R290 micns koMmpecopa, h kJx/xr Puc. 3 680
Enranenist R290 nepen BunapHukom, hy kJIx/kr Puc. 3 210
[TuTome TeroBe HaBaHTAKCHHS BUITAPHUKA, (s kJIx/kr (1) 370
[TuTome TerIoBe HaBaHTaKEHHS KOHCHCATOPA, kJIx/kr 5) 470
(rermoBoro Hacoca), 0x=( Q)
Pobota cTricHeHHs B kKommpecopi, le; K JIx/kr (2) 100
[Turoma pobGoTa Kommpeccopa, |y K Jx/xr (3) 94,14
[Tutoma poGoTa, sika BUTpavaeThesl Ha MPUBIJT 4) 104
Komripeccopa, |y,
IepeBipka TerIoBoOro Oajanca - (6) 470
Koedirient neperBopenns rermioti, COP - (M) 4,5
Excepreruunnii KKJI TH, nex. - (8) 0,44

Jicepeno: pospobaeno asmopom na niocmasi [2,6]

Btpara exceprii yepe3 HE0OOpPOTHy Iepedady TEIJIOTH 1 TiAPaBIIYHOTO TEPTS TUM
OlIbIIa, YMM HIKYMN TemmepaTypHUM piBeHb y mporneci. 3miHa A7, Oiblle BIUIMBAE Ha
TEPMOJIMHAMIUHY €(EKTUBHICTh IUKIY Mex, HUK AT, Tomy BuOOpy Bennuunu ATy, TOOTO,
BHOOPY TEIJIOOOMIHHOTO amapary Jyisl POIECy IMiJIBEICHHs TEIUIOTH 10 POO0Y0i peYOBUHHU
R290 Bia TEIUIOHOCIS 3 HU3bKOIO TEMIIEPATyPOI0 HEOOXiIHO MPHUILIATH Oinbiie yBaru [16].

Taxkum yuHOM, MOKa3HUKU eHeproedekTuBHocTi podotn nukiay [IKTH «Boma-Bonma»,
koedimient neperBopennss COP TH «Boma-Bona» i ekcepreruunuii KK nex TH «Bonma-Boga»
CYTTEBO 3aJICKaTh BlJ CEPEAHBOTEPMOJMHAMIYHUX TEMIIEPATyp BXOJY 1 BUXOIY TEIUIOTH, a
Takok MOBKULIL. [IpoBenenuit anamiz BBy TemrepaTyp Ha eHeproedextuBHicTs [IKTH
«BOZA-BOJIa» JIO3BOJISIE MPOTHO3YBATH ONTHMAJIbHI TEMIIEpaTypHi PEKUMH POOOTH.
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BucHoBKHU.

1. TlpoBeneHo TepMOAMHAMIYHE MOCTIDKEHHS edekTuBHOCTI 3actocyBaHHs [IKTH
«BOJIA-BOJIa» I CHUCTEMHM OIAJeHHsI MPHUMIIIEHHS MPU BUKOPUCTAHHI TPYHTOBHUX BOJ SK
JpKepelia HU3bKOITOTEHITIIHOT TeTI0BO1 eHeprii.

2. Ominka eHeproe()eKTUBHOCTI TEPMOJUHAMIYHHUX IPOIIECIB NIEPETBOPCHHS SHEPTii,
1o BinOyBaroThes B [IKTH «Boma-Boga», po6ouum TiioM sKOro € xonoauiabHui areHT R290,
BUKOHAHA METOJIOM €KCePreTUYHOIO aHaTi3Yy.

3. Busnaueno enepretuuny edektuBHicTh [IKTH «Boma-Boma» 3a koedimieHTOM
neperBopennss COP TH, sikuii 3a po3paxyHkamu 10piBHIOE 4,5.

4. Tlokazano, mo ekceprernunuii KKJ[ TIKTH «Boma-Boma» B 3aJeKHOCTI BiJ
CepeAHbOTEPMOJMHAMIYHUX TEMIIEPATyp BUIIAPOBYBAHHS Ta KOHACHCcAIl cTaHOBUTH 44 %.
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Thermodynamic Energy Efficiency of a Groundwater Heat Pump

The thermodynamic energy efficiency of a steam compression heat pump (PKTN) using natural sources
of environmental heat, in particular groundwater, is considered in the article.

The scheme of PKTN "water-water" for the heat supply system, temperature levels in the general
system of PKTN "water-water" are presented and the example of work of the PKTN "water-water" cycle in the
p-h diagram for propane (R290) is given. The results of a thermodynamic study of the energy efficiency of the
use of PKTN when using groundwater as a source of low-potential thermal energy are presented. The article
considers the use of pure hydrocarbons as working substances for PKTN, as well as a method for assessing
energy efficiency by exergy analysis of thermodynamic energy conversion processes occurring in PKTN, the
working fluid of which is the refrigerant R290. The energy efficiency of PKTN was estimated by the conversion
coefficient of TH COP, it is calculated to be 4.5. The thermodynamic efficiency of PKTN in heat supply
systems was considered using exergy efficiency depending on the average thermodynamic temperatures of heat
carriers in the condenser and evaporator, which characterizes the perfection of energy conversion and is 44%.

A thermodynamic study of the effectiveness of PKTN "water-water" for the space heating system using
groundwater as a source of low-potential thermal energy. Evaluation of energy efficiency of thermodynamic
processes of energy conversion occurring in PKTN "water-water" whose working fluid is a refrigerant R290
(propane) is performed by the method of exergetic analysis. It is shown that the exergetic efficiency of PKTN
"water-water" depending on the average thermodynamic temperatures of evaporation and condensation is 44%.
heat pump, low-potential energy source, energy efficiency, HP conversion factor (COP), exergy HP
efficiency, heat supply system
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