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BCTYII

B Ham 9ac, Konu eKOHOMIisl NaJIMBHO-EHEPTETHYHHUX PECypCiB 1 0Xo-
pOHa HaBKOJIMIIHROTO CEPEOBUINA HAOYBAIOTh BCE OIIBII IMPIOPHTETHOTO
3HAYEHHs, 33/1a4a IiBUILEHHS €Heproe(heKTHBHOCTI TEIIOTEXHOIOTTUHIX
CHCTEM CTa€e OCOOJHMBO aKTyanbHO. OIHIM i3 3ac00iB €KOHOMIT OpraHiu-
HOTO MMaJMBa B TAKAX CUCTEMAaxX € BIPOBADKEHHS TEIJIOHACOCHUX YCTaHO-
Bok (THY). Ha cy4acHOMy eTami po3BUTKY HayKH TEIUIOBI HACOCH € MaiiiKe
€IMHAM 3aC000M ISl €HEPreTHYHOT0 BUKOPHCTAHHS CKHHOI HU3BKOTEM-
HepaTypHOi TEIUIOTH.

THY € KOpUCHHMH B €KOJOTIYHOMY IUTaHi. BifcyTHICTE B TermoBHX
Hacocax Mpollecy TOpiHHS MPHUBOAUTD J0 3MEHIICHHS 3a0pyIHEHHS MOBIT-
psiHOTO Oaceitny. YTwmmizanist B THY Hu3bKOTEMIEpaTypHHUX TEIUIOBHX Bi-
IIXOJIiB € OJHUM 3 e(DeKTHBHUX HAIPSMKIB 3aXHCTy Oioc(epH Bix TEIIOBO-
r0 3a0pyAHEHHS.

TexHOJIOrisl TeIUIONOCTayaHHsl 3 BUKOPUCTAHHSAM TEIUIOBUX HACOCIB
3aCTOCOBY€ETHCS MIPAKTHYHO B YCiX PO3BMHEHMX KpaiHax cBiTy. Bci mmpo-
KoMacITabHi MporpaMu 3 eHepro30epekeHHs, M0 peajli3yloThCs 3a KOp-
JIOHOM, TIependavaoTh X MHPOKe BIpoBapKeHHA. HeoOximHicTh podit 3i
CTBOPEHHS 1 IIMPOKOT0 BIPOBA/KEHHS TEIUIOBHX HACOCIB 3HAXOJHUThH BCE
OiNTBIIIC BH3HAHHSL.

B Vkpaini 3Haunoro BrnpoBampkeHHs THY B TemioeHepreTHyHy ra-
Ty3b He croctepiraeTrscs. Pobotn 3 Buposamkenas THY mepebysaioTs, B
OCHOBHOMY, Ha CTajlil OKpeMuX JociikeHs. Jo ¢dakropis, ski Ha Tenepi-
IIHIA Yac CTUMYIIOITH BIpoBakeHHs THY B mpoMuUCIIOBICTh 1 MyHIlH-
MAJIBHY SHEPTeTUKY CIIIJ BiTHECTH ACQIIMT MaTMBHUX PECypCiB, a TAKOX
exonoriudi nepesarn THY B mopiBHAHHI 3 aJbTePHATUBHUMH HH3BKOTEM-
HepaTypHUMHU JDKEpelaMH TeluiornocrayanHs. Jisl TEIIOTeXHOJIOTIYHUX
CHUCTEM IMiJIPHEMCTB YKpaiHU HEIOCTATHIMH € CHCTEMHI JOCIIIKCHHS
YMOB TEIIJIONOCTavyaHHs NUX MiJIPHEMCTB 3 BUKOPUCTaHHSIM TETIJIOBUX Ha-
COCIB.

Takum yMHOM, NTPOBECHHS JOCIIKEHb 3 MiJBUIIEHHS eHeproedex-
THUBHOCTI JKEpel TeIuIoNnocTayanHs 3 BukopuctanusM THY, a takox mo-
JETIOBaHHS PealbHOI pOOOTH TEIUIOHACOCHUX yCTAHOBOK B CHCTEMax TEI-

JIOTIOCTaYaHHA € aKTyaJIbHUM.



3 METOI0 MiJBUILECHHS EHEProe()eKTUBHOCTI JDKEpeN TEeIUIoNnocTa-
YaHHS HEOOXiJHO: BU3HAYCHHS YMOB PalliOHATLHOTO KOMOIHYBAaHHS JIKe-
peJl TemJIoNnoCTayaHHs 1 TEIUIOHACOCHUX YCTaHOBOK B CHCTEMax TeILIOINo-
CTa4yaHHS 3 ypaxyBaHHSIM KOMIUIEKCHOTO BIUTMBY THITy IPHBOIY KOMIIpe-
copa THY, cxXeMHHX pillleHb, PSKHMIB POOOTH Ta po3poOKa METOIUIHIX
OCHOB CHHTE3Y JUKEPEJI TEeIIONOCTauaHHs 3 TEIUIOBUMH HACOCAMH.

B Monorpagii po3risgacThcs MiABUIICHHS €HEeproe()eKTUBHOCTI
JOKEpell TeIUIoNoCTayaHHsl IUITXOM BUKOPHCTaHHS MapoOKOMpECIHHUX Tem-
JIOHACOCHMX YCTAHOBOK B CHUCTEMax TEIIOMOCTaYaHHs, BHU3HAYAIOTHCA
YMOBH DaIliOHAJIFHOTO KOMOIHYBaHHS JPKEpEN TeIUIONOCTAadYaHHS 1 TeIuIo-
HACOCHHMX yCTaHOBOK B CHCTEMax TEIUIONOCTa4yaHHsl, BUCBITIIOIOTHCS PO3-
pobiieHi METOJUYHI OCHOBH CHHTE3Y DKEpell TEIUIONOCTadaHHs 3 TeIlIo-
BUMH HACOCAMH.

3anponoHOBAaHO KOMIUICKCHI METOIM BHU3HAUYCHHS CHEProe(eKTHB-
HOCTI TEIJIOHAaCOCHUX CTAHLIH B CHCTEMax TEIUIONOCTa4yaHHs Ul Pi3HUX
CXEMHHX DIllleHb Ta pexuMiB pobotu. [IpencraBieHi pekoMeHIamii Mo-
JKYTh OyTH BHKOPHCTaHi JUIsl TPOTHO3YBaHHS YMOB €(EKTHUBHOI iHTETpaii
TEIJIOHACOCHUX YCTAHOBOK B CHCTEMH TEILIONOCTaYaHHS.



1. TEIINIOHACOCHI JUKEPEJIA TEIIJIOITIOCTAYAHHSA

[Mpusmun aii TemonacocHoi ycranoBkd (THY) monsrae B 3aificHeHHi
3BOPOTHOTO TEPMOANHAMIYHOTO IIUKITY JISTKOKHIUITIOH PEYOBHHOKO (XOJO-
noareurom). Y Bunapauky THY (puc. 1.1) TemoTa Big HU3BKOTEMIIEpPATYP-
HOTO JDKepesia TOTIIMHAETHCS XONomoareHToM (XA), sIKuil BUMApOBY€ETHCS.
IMTapa XA cTHCKa€eThCS B KOMIIPECOpi, 3aBJIIKH YoMy ii TeMIiepaTtypa IiJBu-
myetsest. Temnora Bin ctucHyTOro (rapsuoro) XA BilIaeTbcs CIIOXHBAUYy B
TEIUIOOOMIHHUKY — KOHJIEHCATOpi, a CKOHIEHCOBaHa mapa XA Ticis 3HH-

JKCHHS TUCKY B APOCCIBHOMY BEHTHUIII 3HOB HaJAXOAUTh y BUITAPHUK.
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Puc. 1.1. Cxema napoxommpeciitnoi THY: 1 — BunapHuk; 2 — koMnpecop;
3 — enexTposBUryH; 4 — KOHAEHCATOp; 5 — Apocens

TaknuM 4MHOM, CIIPHIHSATA Yy BUMIAPHUKY HU3bKOTEMIIEpaTypHa €Hep-
ris 0, 3aBASKHU IiJBECHIH B KOMIpecopi MexaHiuHii podori |, neperso-
PIOETHCS] HA BUCOKOTEMIIEpaTypHY €HEprilo, sIka BIATA€ThCSA CIOXKHUBAYaM B
koHnencatopi THY:



O« =qB+IKM' (11)

Koeoiuienr nepersopenns eneprii B THY BusHauaeTbes 3 popmyiu:

(p:Cl% :(qB+IKM% =g+1>1, 1.2)

e € =0/l — xonommbHHii KoedirienT.

Dopmyia (1.2) Bigobpaxye Toi (akT, M0 eHepris, sKa BiamaeThCs
CIOKUBavy, OijbIIa 32 €HEPrito, Ka BUTpadeHa Ha 1uki — |, OTxke, BU-
KOPHCTaHHsS HH3bKOTeMIepatypHoi (ckunuoi) eHeprii B THY nae 3mory
€KOHOMUTH eHepropecypcu. 3actocyBaHHs THY s onasieHHs 3amporio-
HyBasB 11e TomcoH.

1.1. 3acrocyBanns THY B cBiToBiii mpakTumi

3aBAsKU panioHATbHOMY BUKOPUCTAHHIO ([IEPETBOPEHHIO) €HEpril B
THY nocsiraeTbcsi €KOHOMisS MaJMBHO-€HEPTeTHYHUX pecypciB. TyT mis
OTpuMaHHs Hu3bKoTeMiepaTypHoi eneprii (70-150 °C) He cramoeTsest op-
raHivHe MajiuBo, K B KOTJIAxX, a BUKOPHCTOBYEThCs ckiHa eHepris (10-30 °C)
i enexkTpu4Ha eHeprisi. BincyTtHicts npouecis ropiaas B THY 3HmKYye 3a-
OpyIHEHHS HaBKOJMIITHLOTO ceperoBuina. KpiM Toro, yTwitizarlis HU3bKOTe-
MIEpaTypHHUX BiAXOJIB, MACIITa0N SIKMX 3POCTAalOTh IIPOIOPLIHHO CHEepro-
CIIOXKMBAHHIO, SIBJISIE COO0I0 OJIMH 3 Hale(heKTHBHIIMX 3ac00iB 3aXUCTy 0io-
cdepu Bix TemoBux 3a0pyaHeHb. Ha cydacHomy erami THY e mpaktrasO
€TMHAM 3aC000M IJIsl BUKOPUCTAHHS CKAIAHOI HU3BKOTEMITepaTypHOi €Heprii.

TemnoHacoCHI yCTaHOBKH BUKOPUCTOBYIOTHCS BXKE MaiyKe CTOJITTS.
3a 1eit yac X BIPOBAHKEHH 3a3HANO SIK MigHOMIB, Tak i cnaniB. Orisy 3a-
crocyBanst THY B cBiToBiii npaktuii HaBeaeHo B [1 — 7]. MoxHa Buinu-
TH YOTHUPU OCHOBHHUX Itepioan po3Butky THY:

1927 — 1946 pp. — CTBOpEHHS, TOJIOBHUM YMHOM, €KCIEPHMEHTAJIb-
HUX T4, B OUIBIIOCTI, HECCKOHOMIYHUX YCTAaHOBOK;
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1947 — 1962 pp. — po3poOka, MacoBe BUPOOHHUIITBO Ta MIUPOKE BIIPO-
BaJPKEHHSI PEBEPCUBHUX TEIIOBUX HACOCIB — IMIIOPIYHUX KOHIUIIOHEPIB;

1963 — 1971 pp. — pi3kmii coam MONKUTY, aX J0 TOTO, 110 B €Bpori
TEIUIOBI HACOCH BHSBIJIMCH Maibke 3a0ytumu [1, 2, 8].

1972 pik Ta 10 TENmepilIHBOTO Yacy — BiPOHKEHH iHTepeCy 10 Tel-
JIOBHX HACOCIB Ta pi3Ke 3pOCTaHHs TOCIIIKEHb B YChOMY CBITi [8].

[Tepma mapokoMImpeciiiHa XOJOAWIbHA MallliHA, 3 BUKOPUCTAH-
HSIM eTHUiI0BOro edipy sik pobodoro Tina, Oyna modygosana B 1834 poui
JUx. TlepkiHcoM; BOHa BXX€ CKJIajanacs 3 OCHOBHHMX €JIEMEHTIB Cy4acHHX
MapoKOMITpeCiitHiX ManmH (BUIMApHHUK, KOMIIPECOp, KOHAEHCATOp, Apoce-
npHul BeHTIb) [1]. CTBOpeHHs aMiadHOi XOMOAWIbHOI MammHu y 70-x
pokax XIX cTOMNITTS 3yMOBHIIO MOYaTOK XOJOAMIEHOTO MAITHHOOYyBaH-
Hs1. [71ero 3acToCyBaHHS XONOJMIBHUX MAIIMH 3 METOIO HAarpiBy, a came Juis
omajeHHs1 Oy/iBeNb, BUCYHYB IHIIMHA OCHOBOIOJOXHHUK TEPMOJWHAMIKH,
BUIATHUH aHrmidicekuil ¢isuk Y. Tomcon (mopa Kenssin) 8 1852 p. [1, 2, 4].
OpnHax peaizanis inei TomcoHa 3aTsarHyIace Maike Ha 80 pokiB.

Papsacekuit pisuk mpodecop B. A. MixenbcoH mepmmM JTOKIaTHO
PO3pOOMB THTAHHS 3aCTOCYBaHHS MapOKOMIIPECIHHUX XOJOMWIBHUX Ma-
IIMH [UIsl ONAJICHHsI, sKe BiH Ha3BaB AuHamiunuM [1, 2, 4]. 3pocrarwounii
JIeIUT MaTHBHO-CHEPTETHIHOTO OaJIaHCy 3MYIIY€E MPUIUIATH [IbOMY ITH-
TaHHIO Bee Oibiie yBaru [4].

Iepma onantoBanbHa yCTaHOBKA Ha 0a3i XOJIOAMIBHOI MalIMHK OyJia
cnopymkera B 1927 poui aHrmiiicbkuM iHXeHepoM XOJIIEHHOM Y BIaCHO-
My Oymuuky B IlloTnangii [1, 4]. 3 moyarky 30-x pokiB gocmiani THY cra-
nmn OymayBaTHCh He TiTeKH y BemukoOputanii Ta CIHA, a Takox y IlIBeii-
uapii, Itanii, Smowii.

Hpyruit nepiox HaiOimem xapaktepuuid mis CHIA Ta Snowii. B
CIIIA B 1952 pomi Oysmo po3movyaTro MPOMHCIOBE BUPOOHHUIITBO KOMITAKT-
HHUX PEBEPCUBHUX MOBITPO-MOBITPSHUX TeruioBuX HacociB. Jo 1963 poky
X BUITYCK 301IBIIMBCS 3 OJHIET THCAYI 10 76 THCAY oauHUIG 32 pik [4, 8].

Tperiit mepiox B icTopii npakTiaHOro 3actocyBanHs THY posmovascs
PI3KUM 3HIKEHHSM TIOTIHTY, a TIOTIM 1 3aCTOEM BHPOOHHIITBA TEIIOBHX HACO-
cis y CIHA. Piunwmit Bumyck termosux Hacocis (TH) 3 1963 mo 1971 poku
MPaKTUYHO He 30imbIiuBcst (76 Ta 82 Trc. o uHUIK 3a ik BiAmoBiaHO) [1, 2, 4].
e Takox BIUTHHYJIO Ha BiTHOIICHHS IO TEIUIOBMX HACOCIB y 3axiqHiil €Bpori.
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YerBeptuii, cyyacHuil nepiox po3Butky THY xapakrepHuii aktusiza-
1iero poOiT y Bcbomy cBiTi. [Ipo 1ie cBimuath gani KomiteTy 3 TEIUIOBHX Ha-
cocie MIPEK, sikuit GyB 3acHoBanmit B 1976 porui (Ternep BiH mepeTBopeHuit
y KomiTeT 3 eHTpasni3oBaHoro TEIIonocTadat sl i TeIIoBuX Hacocis) [4].

[NomToBXoM /10 BiIpoKEeHHS po0iIT 3 TEIUIOBUX HACOCIB Oyia Ha Io-
gaTky 70-X pPOKiB HANpy>KeHICTh IMAIUBHO-CHEPTeTUYHOTO OalaHCy B Haii-
OULTBII PO3BUHEHMX KpaiHax, sKa 3B's3aHa 3 €HEPreTUYHOI Kpu3oro 1973
POKY Ta pi3KuM 301IbIICHHSIM Ha CBITOBOMY PHHKY LiiH Ha naiuso [1, 2].

CraJio 3p0o3yMinuM, M0 €KOHOMIYHO JOCTYIHI pecypcH OpraHiuHOTO
najuBa Jajeko He Oe3mexHi. by TepMiHOBO po3poOiieHi iepikaBHi Mpo-
rpaMH eKOHOMii eHepropecypcis, sKi mependavanyd 3HaAYHE 30UTBIICHHS
KaIlTaaoBKIaJaeHs Ha po3BuTok THY. B mporpamax Bka3zyeThcsi Ha T€, IO
€KOHOMisl €HEPropecypCiB 103BOJIUTH HE TUTbKU 30€perTH OpraHiuHe maiu-
BO, ajJie i 3HaYHO 3MEHIUUTH 3a0pyIHEHHsS HAaBKOJMIIHLOTO CEPEOBHIIA;
BiJ3HAYAETHCS, 10 EKOHOMUTH €HEPTIIO JIEIIeBIIe, HiX BUpoostH [3, 4].

B ocTanHi poku B 6araTbox KpaiHax CBiTy BEJIFKa yBara MpHIIIS€ThCS
CTBOPEHHIO Ta BIIPOBA/UKEHHIO TEIUIOBMX HACOCIB, IPU3HAYEHHX JUIs Olla-
JICHHS, BEHTWJIALII, raps4oro BOAONOCTAYAHHS, CYIIKH, AWMCTHIIALII 1 T.II.
OcobnuBHii iHTEpec 10 Hel BU3HAYAETHCS MTOMINPEHHM 3raIaHuX CIIOXKHBa-
4iB i 3HAUHUMHE MacIITabaMi MOKITHBOI €eKOHOMIT eHepropecypcis [4].

He menm BaxxnuBuM (axktopoM € yHiBepcanbHicTs TH sik reHeparo-
piB TemioTH. BOHM MOXYTh BHKOPHCTOBYBATHCH SK Pi3HI HiAIrPIBHHUKH;
MIAIrPIBHUKHU Ta OXOJIOJHUKH OHOYACHO ab0 MOCTIOBHO (HAIPUKIAL, IS
HArpiBy MOBITPSI MPUMIIIECHb B3UMKY i OXOJIO/KCHHS BIIITKY); MOXYTh Ma-
tu enekrpuunnii (Bin TEC, AEC, I'EC Ta iHIHX eneKTpocTaHLii) 4 Temn-
noBui (ra3oBuii abo pigxonanusuuii JIB3, Typ6ina) npusox [9-15].

TemmonpoaykruBHicTs TH 3MIHIOETBCS BiJl IEKiJbKa COT BaT JIO Jie-
catkiB MeraBar [16—21]. TemnoBi HaCOCH IO3BONSIIOTH YTHITI3yBATH HHU3b-
KOTeMIIepaTypHy €HEeprilo MPaKTHYHO OyJb-SIKMX MPOMHCIOBHX 200 Mmo0y-
ToBuX TeruoBux BukuaiB [10, 11, 22—33]. 3any4aHHs OCTaHHIX Yy TEILIOBHIA
GanaHc J03BOJNIUTH HE TUTBKM 3MEHIINTH BUTPATH MEPBHHHOI eHepril Ha
BUPOOHMIITBO TEIUIOTH, aJie 1 3HU3UTH 3a0pyTHEHHS HaBKOJIMIITHBOTO cepe-
JIOBMIIIA, 1[0 OCOOJIMBO BaXIIMBO JUISl BEJIMKUX IPOMHUCIOBHX LEHTpiB. [Ipn
BOMY CiJT BigMiTUTH, 0 TH € moBHicTIO a0 B 3HAUHIIT Mipi €KOJIOTIYHO
yuctumu jpkepenamu [34]. TeruoBi HacocH, 10 peati3yroTh MPOrpecHBHY
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eHepro30epirarouy TEXHOJIOTII0 BHPOOHHITBA TEILIOTH, JO3BOJIOTH Mij-
HATH Ha SKICHO HOBH# piBeHb CHCTEMH Terutonocradanns [13, 25, 35-49].

Macose BHpoOHHIITBO Ta BIpoBapkeHHS TH B TemepimHii gac 3mii-
curoetses B CIIA, Anownii, Himeuunni, ®pannii, [lIsenii, Janii, Actpii,
Pymymnii, Kanani Ta iHmmx kpainax. B mimomy mpobmema ctBopenns TH
BHHIIITA 32 MeXi OKpeMHX KpaiH. MixHapogauii KoMiTeT 3 TeruioBux Ha-
COCIB PeryJsIpHO TPOBOAUTH Hapaau, koHgepenii. [TyOmikyeTscst 6arato
mpamp 3 1i€i TeMatuku. barato 3akopIoHHNX (axiBLiB BBaXKaroTh, mjo TH
B HaHOMWK4ill TEpCHEKTHBI HE TUIBKU 3HAWAYTHh IMUPOKE 3aCTOCYBAHHS,
aJie ¥ 3aliMyTh OCHOBHE MICIIC B HU3BKOTEMIIEPATYPHUX CHCTEMAax TEILIOIO-
crayanns [50-57]. TH 3HaxonsTh 3acTOCYBaHHS SIK B IOOYTOBOMY CEKTOPi i
MPOMHCIIOBOCTI, TaK 1 B CIIbCHKOTOCTIOAAPChKOMY BHPOOHHIITBI [58—61].

B moGyToBoMy ceKTopi Bech JOCBiJ pO3BUTKY TEIJIOBHX HACOCIB, B
HepIry 4Yepry, BiTHOCHTHCS IO LEHTPai30BaHOIO TEIUIONOCTadaHHS. 3a-
3HAYAIKCh J[BA OCHOBHHMX HANPSIMKH: MEPIIHA — TEIUIONOCTaYaHHS OJHO-
JIBOCIMEHHUX KOTEIKiB, a MPU HEOOXITHOCTI — JITHE KOHIUIIOHYBaHHS
MOBITPSI; APYTHHM — TEIIIOXOJOJOMOCTAYaHHS CIOPY CHCHIATBHOIO MPU3-
HaueHHs. JId mux mined, y meprioMy BHIIQAKY, 3HAHIUIM 3aCTOCYBAaHHS
TEIUIOBI HACOCH 3 EJIEKTPONPHUBOJOM TerioBunaTHicTio g0 20 xBr, a y
npyromy — temioBuaatHicTio He Oinbime 1000 kBT, Sk 3 eleKTpHYHUMH,
TaK 1 HeCJIEKTPUYHUMH NPHUBOAaMH. TyT K HH3bKOTEMIICpATypHI pKepena
BUKOPHCTOBYIOTBCS: TIOBITPSI, BOJIA MIPUPOJAHUX BOIOUMHII, IPYHTOBI BOIH,
IPYHT, TEIUIOBI Ta MOOYTOBI CKU/IM, COHsIUHA pasianis [62—67].

3a KOpIOHOM Bce OUIBIIIE 3aCTOCOBYIOTHCS TaK 3BaHi OIBaJICHTHI oOra-
JIOBAJIBHI CHCTEMH, 110 MICTATh THY Ta TiKOBE JHKEPENo TEIIONOCTaYaHHs
Ha ra3onofibHoMy, pizkomy ab6o TBepaomy manusi [2, 4, 7]. IIpu omHoUacHo-
MY BHKOPHCTAHHI III¢ 1 COHSYHOTO KOJIEKTOpa CHCTEMY Ha3HUBAIOTh TPHUKOM-
MOHEHTHOIO (TprBasieHTHO0) [4, 68]. B CIIIA Ta SmnoHil nepeBakHe MOLIH-
peHHst otpuMaiu nosiTpo-noBiTpsHi TH teruoBuaatHictio 2-17 xBr. 3ara-
JbHA KUIBKICTH MOAIOHMX YCTaHOBOK B LMX KpaiHax ckiianae Oinblie
5 mute onmHue. [Ipu npomy neBHa yactuHa firounx B CIIIA TH obnamHaHi
MIKOBUMH Terutopkepenamu [1, 4]. B 3HauHO MeHIMX Macirabax TerIoBi
HacocH noibHoro THITy 3actocoByroThest B Kanazi — 100 tuc. mityk [1, 8].

Sxmo B CLIA, SAnownii Ta KaHani B 0CHOBHOMY 3aCTOCOBYIOTBCSI T10-
BiTpo-moBiTpssHi THY B MOHOBaNeHTHOMY peXuMi, TO B KpaiHaxX 3aXigHOl
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€BpOMM 4YacTillle BUKOPHCTOBYIOTHCS MOBITPO-IIOBITPSIHI YCTaHOBKH, IO
MPALOIOTH Y OIBaJICHTHOMY PEXKHMI.

Haif6inpm mmpoko TernoBi Hacocu y €Bporri 3acTocoByr0ThCS y Hi-
MmeyuuHi. Hui B kpaiHi nie 210 THC. yCTaHOBOK 3 €IEKTPHYHHUM IIPUBOIOM.
3 mux — 50 Trc. (1-2 kBt) npusnaveni s onanenns, a 160 tuc. (10 kBT)
— 178t Taps9oro BojonocTtadanHs. Kpim toro, ciopymxkeno Oursme 500 Temn-
JIOBUX HACOCIB 3 Ta30BMMH JABUTyHamH [8].

3aranpHa KinbkicTs gitounx TH y @pannii He nepesuirye 200 Twc.
yCTaHOBOK. Y mepeBaxHii Oiunpmocti TH 3acTocoByroOThCS y cKiami OiBa-
JICHTHHUX ONAJIOBaJbHUX cucTeM. llIBelmapis € omHi€ro i3 KpaiH, B SKUX
nepuri TH 6ynu mo6ynosani e B 30-x pokax XX-ro cropiuus (M. Llropux
— 80 kBr). B 11eii uac B excrutyaraitii nepebyBae npubnusso 20 THc. ycra-
HOBOK [1, 2, 4, 8].

[ITnpoxo 3acTOCOBYIOTHCS TEIJIOBI HacocH B ABCTpii Ta Jlanii. 3ara-
JIbHA 1X KiIbKicTh ckitagac Bignosiano 30 ta 28 THC. OUHHLI.

B ocranni pokun TH cranu Bce uyacrTime 3acTOCOBYBaTHCh y IIEHTpPa-
Ji30BaHOMY TeTUTONOCTa4aHHi. HaiOinbll iHTEHCUBHO IIi pOOOTH PO3rop-
Hynuch y 1lBewii. I3 nirounx B kpaini 130 tuc. Temnoux HacociB 90 Tuc.
MaroTh cyMapHy TerutonpoaykruBHicTs 1000 MBT Ta 3a0e3neuyroTs npud-
JIM3HO TIOJIOBUHY BChoro HaBaHTaxkeHHs ycix TH. Cepexn mitounmx BEIMKHX
TEIUIOHACOCHUX CTaHIINA IMEHTPATi30BaHOTO TEIIONOCTAYaHHs HEOOXiTHO
BIJI3HAYUTH CTAHII, [0 COPYy/KeHi B Mictax Bypnenre (24 MBT), Ymea
(34 MBr), Vxana (39 MBT), Epe6py (40 MBT) ta Crokromismi (160 MBT)
[1, 2, 69]. SIx HU3BKOTEMIIEPATYPHI JKepela sl [IUX CTaHIii BUKOPUCTO-
BYIOTBCSI MICBKi CTiUHI BOJAHM, MPOMHUCIIOBI BOJSHI CTOKM Ta MOPCBKa BOJA
[1, 2, 69].

Kpim IlIBewii, TerioHacocHi CTaHIIT AJsI IEHTPAIi30BAHOTO TEILIO-
MOCTAYaHHS CIOPY/PKEHI TaKOX B IHIIMX 3aXiAHOEBPONEHCHKHX KpaiHax,
cepen AKUX HeoOXiTHO Bi3HAYMTH CTAHIII, IO eKcIuTyaTyroThcsi B Hopae-
rii (M. Ocio — 8 MBrT), Himeuunsi (M. Kie — 9 MBrT), Hawii (M. @peapik-
ckaBH — 10 MBr), lseiinapii (M. bazens — 11 MBr).

BupoOHuITBOM 0051anHAHHS JUIS BKA3aHUX TEIUIOHACOCHUX YCTAHOBOK
3aiiMaeThCs B OCHOBHOMY (ipma «Sulzers» y Iseiinapii. s dipma Bupobiiste
TH, 1o 3a6e3meuyoTh TeIONPOAYKTHBHICTS B Aiana3oni 1 — 30 MBrT [2].
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B npomucnoBocti TH B 0cHOBHOMY BUKOPHCTOBYIOTHCS JUIS TIpOILIe-
CiB CYIIKH, y BUIIAPHUX Ta JUCTHIALIMHUX yCTAHOBKAaX, [UIS B3a€EMHOI Iie-
penadi TETIoTH B 0OJTHOMY a00 JBOX TEXHOJIOTIYHHX IMpPOIEcax, s TeIUIo-
MOCTa4yaHHs LIeXiB MPOMUCIOBHX HIIIIPHEMCTB Ta JUIL peKOMIIpecii mapu
(BizmpanpoBaHoi Ta BTopuHHOI). [Ipy npomy npuBox TH moxe 6yTtH 3a-
CTOCOBaHHH K €JEKTPHYHHHN, TaK 1 HeelneKTpudaHuil. JlocBix 3acTocyBaHHS
TEIUIOBUX HacociB B kpaiHax IliBHiuHOi €Bpomu Ta HiMeyunHM 3Ha4HUIL.
Ta sxmo B HimeuunHi excioryaryerses npubimsno 10 tie. TH, To B pemri
kpain (anis, ®immsamist, Isemis, BenmukoOpuTaHisn) KUIBKICTh YCTAHOBOK,
0 QYHKIIIOHYIOTh, HAPAXOBYETHCS IECATKAMHU.

VY CiIbCHKOrOCTIONAPCEKOMY BHPOOHUIITBI TEIUIOBI HACOCH 3HANIILIN
IIMPOKE 3aCTOCYBAHHS Ha MOJIOYHO-TBAPMHHHUIBKUX (pepMax Ta CTIHIOBUX
npumimennasx (Himewuuunna, [Janis, @panmis, [semis, CIIA); ams Teruio-
MOCTaYaHHs TeIUTNIh, Opamkepel Ta mamminbiionanip (HiMeuunna); ms
cyuiku 3epra ta kopmis (IlBeitnapis, Janis, Hinepnanmu) [2, 7].

3a MacmrabamMy 3aCTOCYBaHHS TEIUIOHACOCHHX YCTaHOBOK KpaiHU
MTOCTPAASHCHKOTO IPOCTOPY 3HAYHO BiZICTAIOTH BiJl PO3BHUHYTHX KpaiH. X0-
Ya JIOCHTIIKEHHS B Il ramysi 3ailicHioroThes aauo [1, 35, 70, 71], He Bu-
3HaueHi Macmtalu 1 ramysi HaitGinein eekruBHOrO 3acrocysanns THY, a
pobotu, 110 NMoB'si3aHi 3 po3pobkoto i BrpoBamkenusM THY B npomucnoy
€HePreTHKY Mepe0yBaloTh Ha CTajii OKPEMHUX MPOEKTHHUX PIIlIEHb 1 MPaKTH-
YHUX 3aCTOCYBaHb.

Jlo ocHOBHHX (aKTOpiB, IO CTPUMYIOTH IIHPOKE BIPOBAIKCHHS
THY nanexarts:

- He3HayHe IOLIMPEHHS CHCTEM KOHIWIIOHYBAaHHS IOBITPS Ta

EJIEKTPOOOITPIBY;

- BIACYTHICTh HM3BKOTEMIIEPATYPHHX CHCTEM OINAJICHHS B JICLICHTpPa-

Ji30BaHOMY TEIUIONIOCTAYaHHi;

- BIACYTHICTb CepiiiHOr0 BUPOOHHIITBA TEIUIOBHX HacociB [72-78].

B kpaiHax MOCTpagsHCHKOTO IPOCTOPY EKCIUTYyaTyeThesl IEKiIbKa
JIOCITi THO-TIPOMICIIOBHX TEIUIOHACOCHUX YCTaHOBOK, CTBOPEHHMX Ha 0a3i
CepiffHUX XOJIOAUIBHUX MAIIvH. B ToMy uucii, HaiOinpIn Benvki — Ha Ca-
MTpeAChKil YaiiHiil ¢padpuri (3,2 MBT) Ta B M. SlnTi B nancioHati «JIpyx-
6a» (2,5 MBr) [9, 35].
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3nificHeHa IOCTaBKa JIBOX TOJIOBHHX 3Pa3KiB TEIUIOBUX HACOCIB Tell-
sonpoayktuBHicTio 1o 9 MBT Ha CBitoropceskuii IITK. /xepeno HU3bKO-
TEMIIepPaTypHOI TEIJIOTH — MOTOKH MEXAaHIYHO OYMIIEHOi CKMIHOI BOIH 3
temneparypoto 30-35 °C. Temora, mo reHepyerscs TH, BUKOPHCTOBY€eTHCS
JUIS TIrpiBy MiPKUBITIOBATGHOI BOAM, IO W€ Ha TIOTMOBHEHHS BTPAT MapH i
KOHJICHCATY Ta JUIs Fapsuoro BoAoNocTadaHus.. [Ipy npoMy mifirpis 3aicHO-
€TBhCS CTYITIHYACTO B IDIACTHHYACTHX TETUIOOOMIHHHKAX 1 1ajli B TEIUIOBHX Ha-
cocax. OuikyBaHa €KOHOMisl OpraHi4HOro nanuea — 6 Tuc. T. y. 1. [72, 77, 79].

BusBneHi Taki JOINBHI ramy3i 3aCTOCYBaHHS TEIUIOBUX HACOCIB,
MPU3HAYEHHUX IS TETUIOXOJIOJONOCTAdYaHHS !

- MICT Ta MPOMHUCIOBUX IICHTPIB 3 HECTIPHATINBUMH SKOJIOTIYHUMHA

XapaKTePUCTHKAMH,

- OyniBenb Ta CHOPYJ B perioHax 3 MiJBUIIEHUMH BHUMOTaMHU J0

OXOPOHHU HABKOJUINHBOTO cepenoBuina (YopHOMOpChKE y30epeiKs

Kpmmy Ta KaBkasy, Kacmiiiceke y30epexoks, yzoepexoks ozep baii-

ka1, [ccuk-Kynb Ta iH.);

- NPOMHCIIOBUX IIAMPUEMCTB Ta TPHJIETIIMX HACEJICHUX ITYHKTIB 3

BUKOPUCTAHHAM CKHIIHOI HH3BKOTEMIICPATYPHOI TEIUIOTH CHCTEM

000pPOTHOTO Ta MPSIMOTOKOBOTO OXOJIO/KCHHS;

- BUPOOHHMYMX IPOIECIB Ha TBAPUHHUIBKUX (epMax Ta MPUBATHUX

(abpukax mepBUHHOI epepobku cuposunu [72, 80-83].

B Vkpaini MeniTononbChKui 3aBOJ XOJIOIWIFHOTO MAIIHHOOYTY-
BaHH, IICT MEPEeTBOPEHHS B aKI[IOHEPHE TOBAPHCTBO BiAKPUTOTO THUILY
AT «Pedma», 30epir cBiif 0OCHOBHHI MPOGiTE — BHPOOHUIITBO (PPEOHOBUX
CaJIbHUKOBHUX Ta 0€3CAIbHUKOBUX XOJIOAWIBHUX KOMIIPECOPIB, arperaris Ta
XOJIOJMJIBPHUX MallWH Ha 1X 0a3i, a TAKOX 1HIIOTO XOJIOAMIEHOTO 00JIa HaH-
HS B Jiama3oHi xojonpoaykTuBHOCTI Ha R22 Big 5 no 50 kBt B cTanmapt-
HOMY PEXHUMI.

Benuky nuromy Bary B HOBHX pO3po0OKax CKJIaaaloTh TEIIOBI HACOCH.
30Kpema, BUTOTOBJIEH] Iepii mapTii TerioBux HacociB HT-22 st cymrinas
mnmomarepianis; HKTS ta HKT10, mo yTumi3yloTs HU3EKOTEMIIEpATypHY
TEIUIOTY TPaHC(HOPMATOPHHX MiJCTAHIIH JJIST OTPUMAHHS Tapsy0i BOJIH.

Ha 3aBoni BpoBa/keHa TEIJIOHACOCHA CTaHIIis Ha 0331 XONOIMIBHUX
MamuH IMKT28, mo npamrorots Ha R142. Bona 3abe3nedye QymioBi ycra-
HOBKH JICKLUTBKOX II€XiB Tapstdoio Bozoro. [IpoXoauTs BUIIPpOOYBaHHS TEILIO-
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Buit Hacoc HKB60 Tumy «moBiTpsi-Boga», po3poOiIeHHA 32 TEXHIYHIM 3a-
BranHsM Kpumcekoro HBO «[emiotepm». [Ipu3HadeHHS IIbOTO TEIUIOBOTO
Hacoca — IiITPIMYBaTH HEOOXiJHY TeMIepaTypy B IPUMIIIEHHIX CaHATOPi-
iB, MAHCIOHATIB, OYAWHKIB BiJMIOYMHKY, SIKi HE CKCIUTYaTYIOThCS B 3UMOBHIA
nepion. Lle 103BoMThH 3 MaKCUMaJILHUMU BUTPaTaMH eJIEKTpoeHeprii 30epe-
I'TH iX B p0OOOYOMY CTaHi, YHUKHYTH JIOJATKOBUX BUTPAT HA PEMOHT.

3acTocyBaHHS TEIIOBUX HACOCIB BHpIIIye MpoOieMy eKOHOMIi enek-
TPOEHEPTii B PI3HUX Taly3sX HApOJHOIO IOCIONApCTBA, 1 3aBOA TOTOBHH
peanizyBatu Oyab-saKi mobaxxaHHs 3aMOBHUKIB [16, 79, 84].

BuKOpHCTaHHS TEMJIOBUX HACOCIB [UIsl OMAJICHHS, Tapsiuoro BOJIOIO-
CTayaHHA 1 T.I1., SIBIISIE COOOKO CIOCIO, aTbTEPHATUBHUM IHIIUM CIOCOOaM,
TaKuM, SK TpaJuMiifHE CIIAIIOBAHHS OPTaHIYHOTO ITaJNBa, IIHPOKO MOIIH-
peHe TeHTpallbHEe MapoBe YK BOJSHE OMAJICHHS, €JIEKTPOOOITpiB Ta iHIIIe.
HesBaxkatoun Ha Te, 110 MOKITUBICTh BUKOPUCTAHHS MPUCTPOIB, 1O 37iic-
HIOIOTh 3BOPOTHHUH TEPMOAWHAMIYHMI LUKJI, JUIsl BKa3aHUX Iiyiel Oyia Bxke
JIOCHUTH J1aBHO, nommpenHst TH orpumanu nuie B ocranHi poku. Lle mosic-
HIOEThCS THM, 10 3 pi3HuX npuuud TH mocTymanucst iHIIOMY ONanoBalib-
HoMy obnamHaHHIO. HuHi 3pocratountii intepec 1o TH moscHIoeThCs mepi
3a Bce TX eHepreTHYHUME Xapaktepuctukamu [71, 85-89].

TerutoBi HacOCH MOXKHA KiTacu(iKyBaTH 3a TAKMMH O3HaKaMu [7]:

1) 3a npuHIUIIOM Jii;

2) 3a CXeMOIO 3aCTOCYBAHHSI,

3) 3a mxepenamu Hu3bkoTeMmmepaTypHoi temtotd (JIHT), mo Bu-
KOPHCTOBYIOTHCS,

4) 3anoennanusm JJHT 3 HarpiBanum y TH cepemosumiem;

5) 3a mKeperoM BHTpauyBaHOI €HEprii.

3a o3HaKow «1» PO3Pi3HAIOTH: MApOKOMIIpECiiHi, abcopOIiitHi Ta
tepmoenexktpuuHi TH. Cxemu 3acTocyBaHHS MOXXYTh OyTH MOHOBAJICHTHI
(timekn TH) Ta 6GiBamentHi (TH y crmosiydeHHi 3 JT0ZaTKOBHM JIKEPEIOM
terwtoru). Sk JTHT ans TH mMoxyTh GyTH BUKOPHCTAHI: 30BHILIHE TOBITPS;
MoBepXxHeBi Bou (pika, CTaB, MOpE); MiJ3eMHI BOJIH; IPYHT; COHSYHA eHEp-
Tis; HU3BKOTEMIIepaTypHa TEIUIOTA IUTYYHOI'O HMOXOMKEHHs (CKHAHI BOIH,
HarpiTi IPOIYKTH TEXHOJOTIYHMX IPOIECIB, OYMIICHA BOAA CTAHIIN aepa-
Iil, BUTSDKHE TOBITPsSI cUCTeM BeHTWANil Ta iH.). [lpu kmacudikaimii 3a
03HAKOI0 «4» PO3pI3HAIOTH TaKi OCHOBHI BapiaHTH: MOBITPS-TIOBITPS; MOBI-
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TpSA-BOAA; TPYHT-TIOBITPS; TPYHT-BOJIA; BOAA-TIOBITpPS, BOJA-BoJa. 3a O3Ha-
KOO «5» po3pisHATs TH, 0 BUKOPHCTOBYIOTH [UIsl pOOOTH ENEKTpOCHE-
PTifo, MaIKMBO TOTO Y iHIIOTO BHIY, BTOPHHHI €HEPreTH4HI PEeCypcH.

Haii6inpmmii BIUIMB HAa €KOHOMIYHICTh TEIUIOBHX HACOCIB CIIPHYH-
HSIOTP TaKi akTopu:

- CHCTEMH TEILIONOCTAYaHHS;

- TeMIlepaTypH TeIUIopKepesia Ta HarpiBaHOTO Cepe/IOBUIIA;

- YacTKa raps4oro BOJOIIOCTA4YaHHS Y CyMapHOMY TEIUIOBOMY Ha-

BaHTAXEHHI,

- TPUBAJICTh OMATIOBAJIHHOTO MEPIOY;

- BHJ OPraHiYHOrO IajMBa B aJbTEPHATUBHOMY BapiaHTI TEILIONO-

CTa4yaHHS,

- MiClie pO3TallyBaHHS HH3bKOTEMIIEPATypHUX XKEPEN Ta CIIOKH-

Bauis [72, 78].

Henonikamu € Te, 1110 TeXHIYHA JOKyMEHTAlisl, sIKa HaJaeTbCsl CIO-
KMBAuCBl TEIUIOBOIO HAcoca, SIBHO HEAOCTATHS AL €(DEKTHBHOTO BUKOPH-

CTaHH B KOHKPETHUX TEIUIOTEXHOJIOTIYHAX CUCTEMAX.

1.2. TexuiuHi mpodieMn Ta eKOHOMIYHI mepeTyMOBH
3aCTOCYBAHHS TEIVIOBUX HACOCIB /IIs OTAJIeHHS

Y BigmosimHOCTI 3 «EHepreTHdHOIO cTparteriero YKpaiHH Ha Hepion
no 2030 poky» (3aTBepmKeHOI posmopsynkeHHsM KaGinery MiHiCTpiB
Vipainu Neld5-p Big 15 6epesnst 2006 p.) pO3BUTOK CHCTEMHU TEILIONOCTA-
YaHHS IUIAHYETHCS 3/1MCHIOBATH HIIAXOM ITOCTYIIOBOTO HAPOIIyBAaHHS BH-
POGHHIITBA TEIUIOTH Ha 6a3i eNeKTPHIHUX TEIUIOTEeHEPaTOPiB (IIepEeBaYKHO —
TerutoBux Hacoci). [lnanyerses, mo 10 2030 p. 06’eM BUPOOHHUIITBA TEILIO-
BOI €Heprii eNeKTPUYHUMH TEIUIOreHepaTopaMu (3 BUKOPHCTAHHSM TEILIO-
BHX HacociB) 30uabmmThCst 10 180 muma I'kan nopisastao 3 1,7 T'kan B 2005 p.
Taxum unHOM, «EHEpreTHyHa cTparteris...» BU3HAYMWIA HOBUI KOHIETITya-
JBHUH MIJIXIA 10 TeIUIonocTayanHs )KUTI0BO-KOMYHAJIBHOTO KOMIUIEKCY.

3 BUKOPHCTaHHSM TEIIOBUX HACOCIB MOXKHA HA/IHHO BUPILIMTH IH-
TaHHS TEIUIOTIOCTaYaHHS MICBKOTO KOMIUIEKCY Ta 00’€KTiB, IO PO3TAIIIo-
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BaHI JaJIeKO BiJ TEIUIOBHX KOMyHikamid. CXeMH 3 TEINIOBUMH HAcOCaMHU
VHIBEpCaJIbHI Ta MOXYTh 3aCTOCOBYBATHCH B IIMBITBHOMY, IPOMHUCIOBOMY
Ta MPUBATHOMY OyMiBHUIITBI.

B nesikux perionax YKpaiHu [Jisl OTANEHHs )KUTIOBHUX Ta TPOMAJICh-
KHX OyIiBEeNb MOXYTh 3aCTOCOBYBATHCH TEIUIOBI HacocH. OIHAK, POEKTY-
BaHHS Ta OyIiBHUITBO OyXiBeNb 3 TEINIOBUMH HACOCAMH CTPHUMYETBCS Ps-
JIOM [IPUYHH TEXHIYHOTO Ta EKOHOMIUHOTO XapakTepy [38, 75, 78, 90].

He 3Baxaroun Ha Te, mo B YKpaiHi € JEKUIbKa MiIMIPUEMCTB XOJIO-
JIMTBHOTO MaIlMHOOYIyBaHHS, cepiiiHe BUPOOHUIITBO TEIFIOHACOCHOTO 00-
JIaHAHHSA BCE IIIe PO3BUHEHO HEJOCTaTHRO. TOMy IPOEKTHI opraHizarii He
MOXYTh 3aCTOCYBAaTH KOMIUICKTH BITYM3HSHHUX TEIUIOBUX HACOCIB, y TOU
9ac K MOYIIMBOCTI 3aCTOCYBaHHS IMITOPTHOT TEXHIKA 0OOMEKYIOTBCS BUCO-
KMMH I[iHAMH Ha Hel Ta BUMPaBIAAHOI 00EPEX HICTIO 3aMOBHHUKIB, IO IO-
OOIOIOTHCS 3ATUIIUTUCH B MOPO3H 0e3 KBali(hikoBaHOTO CEPBICHOTO 00CITy-
TOBYBaHHS, 1110 BiNOBia)I0 O PiBHIO NPUI0aHOT HUMHU TEXHIKH.

BapTicTh TeIIoBHX HACOCIB BUCOKA Y MOPIBHSHHI 3 BapTICTIO Tpau-
HifHUX TerutoreHeparopiB. OmHAK, €KOHOMIYHI MEPEmIKOAN Ha ILIIXax
BIPOBKEHHS MTPUCTPOIB, 110 BUKOPUCTOBYIOTH €HEPI'il0 HABKOJIUIIHBOTO
Cepe/IoBHIIA, HE OYAyTh BHIABATUCS TAKUMHU K HE3JI0JIAHHUMHU SIK 3apas, y
Mipy 3pOCTaHHS I[iH Ha Ta3 Ta iHII BHIW OpraHidHOro manuBa. Pasom 3
THM, BXK€ CBHOTOJIHI JIOCTaTHRO 0OaraTo 3aMOBHHUKIB Oyiu O TOTOBi 3a0e3re-
4UTH cO01 LIIOPiYHUIi KOM(OPT 3 KOHANIIOHYBaHHAM HOBITPsI, IKOH Oyia
B HassBHOCTI BUCOKOTEXHOJIOTIYHA BITYM3HIHA TEXHIYHA 0a3a TEIUIOHACOC-
HOT'O MalIMHOOYyBaHHS Ta CEpBICHOr0 obciyroByBants [38, 75].

3pOCTaHHIO CIIOKUBAYiB TEIUIOBUX HACOCIB CIPHSUIO O CTBOPSHHS
o0pe Mpopo0IeHOi METOJUKH TEXHIKO-€KOHOMIYHUX PO3pPaxXyHKIB e(ek-
THUBHOCTI 3aCTOCYBaHHsI TEIJIOBMX HACOCIB 3 ypaxyBaHHSIM BHKOPHCTAaHHS
KOHKPETHHX MICIICBHX JDKEpeJ HU3bKOTEMIIepaTypHOi MPUPOIHOI €HEprii.
O4eBUAHO, 10 PEATBHOI0 OCHOBOKO JJIsl MOIIUPEHHS JOCBILY 3aCTOCYBaH-
HS TEIUIOBUX HACOCIB Ta METOJIB iX PO3PAXyHKIB, B TOMY YHCIHI TEXHIKO-
€KOHOMIYHOTO, MIr OM CTaTH JOCBiJ NMPOCKTYBAaHHsS, OYIiBHHUIITBA Ta €KC-
utyaTaiii OyiBelb 3 TEMIOHACOCHUM onajentsm [75, 76, 79, 91, 92].

JocaimxeHHs e(peKTUBHOCTI TEIUIOHACOCHUX YCTaHOBOK pO3MOYa-
nocs 3 npaip npod. B. A. Mixenbcona [93, 94], skuii nepium po3poOus
(8 1920 p.) nurtanus peanizamii inei Y. ToMcoHa PO 3aCTOCYBaHHS Mapo-
KOMITPECIHHHUX XOJIOAMIBHUX MAIIKH JIJISl OTIAJICHHSI.
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3rigHo 3 omiHKoI0 B. A. MixenbcoHa, MpH HAsIBHOCTI BIAMIOBITHOTO
JoKepeTa HU3bKOTEMIIepaTypHOl TEeIIOTH TEIUIOBUI Hacoc Moxe 3abesme-
YUTH 3HIKEHHS BUTPATH MANWBa OLTBII, HDK ¥ 2 pa3H, y MOPIBHIHHI 3 0e3-
MOCEPEIHIM HOTO CHATIOBAHHAM ISl ONTAJICHHS.

AHrniicekuit imxenep Xonneis, sk i B. A. MixenbcoH, Ha/iaBaB Iie-
peBary BOZi SIK JDKepedy HH3bKOTEMIepaTypHOi TeroTd. BiH 1moOBiB, mio
BHCOKA €HEpreTHYHa e()eKTUBHICTD JIOCSATA€ThCs IIPU HU3BKHUX TEMIIEpaTy-
pax TEIJIOHOCISI B CHCTEMI OMmajeHHs. MaJi TeMrepaTypu HarpiBaHoi BOJH
3a0€3MeYyI0Th MOXIIMBICTD OJCPKaHHSI MAaKCHUMalIbHUX KOe(illieHTIB TIe-
PETBOPEHHSI.

I'. ®. Yuapir [95] npoBoauB TEXHIKO-€KOHOMIYHE 3iCTABICHHS TPHOX
OMAITIOBAIBHUX CUCTEM — TEIUIOHACOCHOI, ENIEKTPUYHOI Ta 3BUYaitHOl (Bix
BOJIOTPIfHUX KOTJIB) — JJIS TPHOX reorpadiunux myHkTiB — JleHiHrpana,
Opnecw, baky. 3rigHo 3 nuM, 30Ha edekTuBHOTO BHKOpUcTaHHsA THY pos-
LIMPIOETHCS 31 3MEHIICHHSIM CEPEIHBOI TEMIIEPATYPU OMAIOBAIBLHOTO TIe-
piony Ta 3i 301IBIICHHSM HOTO TPHUBAJIOCTI.

A. M. Perupep [96] B pe3ynbraTi aHaizy TepMOAUHAMIYHUX UKIIIB
ta cxeM THY 3anpononyBaB cxemy 3 0XOJIOJUKEHHSIM KOHJEHcaTy pobodo-
ro tinma. Ile mocsraeThcsi BKIIOYCHHSAM MiK KOHICHCATOPOM Ta JIPOCEIIEM
TEIUTIOOOMIHHHKA, Yepe3 KU MPOITYyCKAEThCsl HAarpiBaHa BOJA, IO I03BO-
Js€ TiABHIMUTH eHepreTudHy edextuBHicTe THY. B pob6oTi mokazana
ehexTuBHICTH 3acTocyBaHHs THY s rapsiaoro BOIOOCTavYaHHsI B JITHIH
nepiof1, KOJIM HU3bKOTEMIIEPaTYpPHI JKepea MatTh OLIBII BHCOKY TEMIIe-
patypy, Hi>XK B 3MMOBHI IEepioz.

A. H. Jloxkin ta }O. B. Toneincekuit [97, 98], sriaHo 3 pesyibra-
TaM{ JOCHI/PKEHb NapOKOMIIPECIIHUX Ta MapOCTPYMHUHHUX TEIUIOBHX Ha-
COCiB, BIIEpIIIE MiAKPECIIN €KOHOMIYHI Ta 1HII JOJATKOBI, KpiM €KOHOMIi
TaJTiBa, IepeBaru 3actocyBaHas THY i neHTpasti30BaHOTO TEINIONOCTAa-
YaHHS IPOMMCIIOBUX IIJNPUEMCTB. 3MEHILIEHHS 3a0pyAHEHHS aTMoc(hepH,
3HIDKEHHS TIEPEeBE3CHb IMMaNBa, JIIKBIAIlisS IMaJTMBHUX CKIQIIB Ha MiANPH-
€MCTBaX, 3MCHIIIEHHs TOTpedn y pobodiit cuii Ta iH.

A. A. Kanaes [99] Bka3aB Taki JOUiNBHI [Kepeia HU3BKOTEMITCPa-
TypHOi Tetutotr 1 THY: mupkynamiiiny BoAy TEIUIOBHX €EKTPOCTAHIIIH,
CKUJIHI BOAM TPOMHCIOBHX Ta KOMYHAJbHUX MIAMPUEMCTB; MiJKPECIUB
MOXJIUBICTh BUPIBHIOBaHHS 1000BOr0 rpadika HaBaHTQXKEHHS CHEPrOCHC-
TeM 3a goromororo THY.
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B nocnimkenni A. M. Kamnana [100] 3a3naueni Taki akTyaibHi
MTOJIOKCHHS .

1) nmst 3acrocysanus THY B cucTeMax EHTPaTi30BaHOTO TEILIONO-
CTa4yaHHs OIJBLI CHPUATINBA BiJKPUTA CHCTEMa rapsdoro BOJOIIOCTAaYaH-
HSI, OCKUJIbKH 3BOPOTHA BoJA (3 MiPKHUBICHHIM) Ma€ OiTbII HU3bKY TeMIIe-
partypy, HiX B 3aKpHTill CHCTeMi;

2) sIK MKOBI [DKepea TeIIOMOCTauaHHsI CITijl 3aCTOCOBYBATH BOJIOT-
piitHi KOTiH,

3) 4KCII0 TOOMH BUKOPHCTAHHS BCTAHOBJIEHOI moTyxHOCTI THY 3a-
JISKUTH Bifl TEMIIEpaTypH HarpiBy Boau B KoHIeHcaTopax THY,

4) 3HMKCHHs BKa3aHO! TeMIepaTypd I03BOJSIE iCTOTHO 3MCHIIHUTH
BCTaHOBIICHY HOTYXHICTh THY 1 MiABUIINTH €HEpreTHYHY e(pEeKTHBHICTB,
10 HE3HAYHO BIUTMBA€E HA PigHE BHPOOJICHHS TEIUIOTH i POOUTH YCTaHOBKY
O1IIBIII EKOHOMITHOIO.

B po6ori B. A. 3ucina [101] npoBeneHe NOpiBHSHHS TEPMOAHHAMI-
yaux nukiie THY 1 TEL. JloBeaeHo, 10 IS JOCITHEHHS OJHAKOBHMX BH-
Tpat naynuBa npH TemronocradanHi Bix THY ta Bix TEL] npn HeBennKOMYy
BignaneHHi cnoxkuBaua Bifg TEL] TemmepaTypa MepexeBoi BOIU IOBHHHA
craHoButd 35-40 °C, 110 IPU3BOAUTE JI0 3POCTAHHS KaIliTalbHUX BUTpAT
Ha cuctemy omanenHs. [Ipu Bignanenni cnoxxuayva Bix TELL rpannyna Te-
Mmeparypa MepekeBoi Boju 3pocrtae, i THY HabnuxaeTbes 3a eHepreTuy-
Hot edektuBHicTIO 10 TEII.

B it po6orti B. A. 3ucin 3anpornonysaB HOBy cxemy THY, 3aMiHUBIITN
€JICKTPUYHUN TIPUBOJI KOMIIpEcopa ra3oMoTOpHUM. Y cxemi B. A. 3uciHa
MepexeBa BoJla HarpiBaeThCs MOCIIIIOBHO B KOH/ICHCATOPI TEIUIOBOTO HACO-
ca, TeTUTOOOMIHHUKAX OXOJOKEHHS T'a30BOTO JABUTYHA BHYTPILIHBOTO 3T0-
paHHS Ta TEIUIOOOMIHHUKY-YTHIII3aTOPi TETUIOTH BiIXiJHUX ra3iB. B pe3yis-
Tari O BOJM IIZBOJUTHCS Maibke B 2 pa3u OLIblie TEIUIOTH, HIK MPU 3BH-
YaifHUX METOJIaX OIaJICHHSI.

VY eckizHO-TexHIYHOMY mpoekTi THY 3 razoMoTOpHHM TpHUBOIOM
JUTSI CHCTEMH Tapsiaoro BOJOIIOCTAYaHHS Oep KaHi BUCOKI MMOKa3HUKH ede-
KTHUBHOCTI: €KOHOMIs Ta3y y HOPIBHSHHI 3 KOTeJIbHOO ckiana 72 %, TepMiH
oKkymHOCTI KamitanoBkiaaeHb — 1,3 poku [102]. PekoMeHIOBaHO IIHPOKe
BrpoBaukeHHs THY 3 ra3oMoTopHHM MPUBOAOM B CHCTEMax rapsdoro BO-
JIOTIOCTa4YaHHs CTOXKMBAYiB, [0 MAIOTh CKHAHY TEINIOTY. 3a3Ha4eHo, II0 3a
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JIONIOMOTOF0 TAKMX YCTaHOBOK BUTpATa ra3y MoKe OyTH 3HIKeHa Y 2—4 pa3u.

TepmomuHaAMiYHE TTOSCHEHHSI €KOHOMIT TaJIMBa TPY BUKOPUCTAHHI TeTI-
JIOBUX HACOCIB 3aMiCTh KOT/IiB HaBeeHe y poborax 1. I1. oxmreiina [103],
B. C. MaprunoBcekoro [104-106], JI. M. Posendensaa [107]. IIpu Gesmo-
CepeTHFOMY BUKOPHCTAHHI MalWBa U OMAJICHHS 3HIDKCHHS MOTEHINaTy
TEIUIOTH, abo 11 ekceprii, Mo BiIOYBAETHCS BHACTINIOK TEIJIOOOMIHY P
BeNUKiil pi3HULi Temmepatyp (MK TeMIepaTyporo TOPiHHS MajarBa Ta TeM-
[epaTyporo MOBITPs y MPHUMINICHHI), HIYMM HE KOMIIEHCYETHCS, OCKIIbKH
TIPU IBOMY HE 3IIHCHIOETBCSA poO0Ta. Y BHUIAIKY 3 TEIUIOBHM HACOCOM €K-
ceprisi manuBa, 3a BUHATKOM HEMHUHYYUX BTpPAT, BAKOPHUCTOBYETHCS YIS ITi-
JIBUIIEHHS eKceprii HU3bKOTEMIIEpaTypHOI TeIUIOTH, Oe3 4Oro OCTaHHS He
Morua Ou OyTH IlepeaHa MPUMIIIECHHIO.

B po6ori [108] I'. JlopenTieH HaBiB 3py4HHii crocid rpadigHoro 30-
OpakeHHS 30H E€KOHOMIUHOi e()eKTHBHOCTI PI3HHX JKEped TelIoNoCcTa-
yanHs. ['pagik ['. JlopeHTIIeHa 3aCHOBaHUIN Ha THX K€ MPUHIIMIAX, IO 1
rpagik I'. ®@. YHapina. Tomy MoxkHa BBaxkatn Meton ['. JlopeHTIieHa po3-
BuTkoM Metoxmy I'. @. Vuapima. Mexi 30H eKOHOMIUHOI e(eKTHBHOCTI
JUKEpeJl TeIJIONOCTauyaHHsI BU3HAYAIOThCS 32 JOIOMOIOK IIMX METOJIB B
3aJIeKHOCTI BiJl KJIIMATHYHHX YMOB pailOHy Ta CITiBBIIHOIICHHS BapTOCTEH
€JIeKTPOCHEPril Ta MmanuBa.

I'. Jlopentuer y [108] moka3as BIUIMB BapTOCTi MajimBa, KoedirieHTa
MIepeTBOPEHHS, KamitasioBkiageHs B THY Ta B cucremu enekTponocTayaHHs
Ha PO3MOALT MEK EKOHOMIYHOI €(DEKTHBHOCTI JPKepel TeIIONOCTaYaHHs.

Bararopiuni po6otn B ['py3ii mix kepiBHUITBOM akanemika B. I. ['ome-
naypi [35, 109-112] mpucssueni creopenso THY Ha 6a3i cepiiiHux xoio-
JUJIBHUX MAlIMH ISl TEXHOJOTIYHOTO TETUIOXOJIOJONOCTAuYaHHs YalHUX
(habpuk.

Crig miAKpecinTH, MO 3a KOPAOHOM B OCTaHHIM Yac peali3yeThes
ines B. A. 3uciHa mpo 3acTOCyBaHHS ABHTYHIB BHYTPIIIHBOTO 3TOpPaHHS
(AB3) st npuBoaa THY [101].

Po3pobnena y HiMeuurHi cucTeMa TEIIIONOCTauyaHHsl BEMMKUX 00'€KTIB
3a JIOTIOMOTOI0 TEIUIOBHX Hacoci 3 mpuBoaoM Bix JIB3 [113, ¢. 74-78] mae
CXeMy HarpiBy MepexeBoi Boju (B KOHJEHCATOPI TEILUIOBOrO HAcoca, KO-
JKyCl JIBUT'YHa Ta YTUJII3aTOpI TEIUIOTH HPOAYKTIB 3rOpaHHs), iICHTHYHY
3anpornoHoBaHiit B. A. 3ucinum.
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B po6ori [114] naBeneHo take nopiBusiaus: THY Ha ¢dpeoni-12 3 enek-
TporpuBoIoM 3ade3neuye HarpiB Boau a0 70 °C, a THY 3 mpuBomxom Bix JIB3
Ta J0JATKOBUM HArPIBOM BimximHuME razamu 103Bosuste ogeprkaru 90 °C.

3 KOPOTKOTO OISy BUIIIMBAE:

1) € Gararto HiHHMX PEKOMEHIALIN 31 CTBOPEHHS TEIUIOHACOCHHUX
JOKepes LEHTPaTi30BaHOTO TEILIOMOCTAYaHHS;

2) MeToaW4Hi MaTepiand 3 OMIHKKA €()EKTHBHOCTI TaKUX JKEpe
X04a i He MOXYTh OyTH 3acTOCOBaHi Oe3mocepenHpo, ane € 6a30i0 At
MOJJAJIBIINX PO3POOOK.

Tomy BHOIp mapaMeTpiB Ta PEXKHUMIB POOOTH TEIUIOHACOCHOI CTaHIIIT
(THC), mo6 3abe3nedyBaia Taki K MapaMeTpH MEPEKEBOI BOIM, K MPU
teruionocravanHi Bin TELL Ta paifionHoi KOTeNbHI, MOTpedye po3poOKu Me-
Tonuku onrtumizanii. Kpurepiem tepmomunamiunoi mockonanocti THY e
exceprerrunnii KKJI [115-117]. BaxkinBe 3HaYCHHS €KCEPreTUYHOIO aHa-
T3y Tpu po3podIli eHeprozdepiraroYnx TEXHOJOTIH Bia3HaueHe y [118] ta
poboTax iHIIKX POBIHUX EHEPreTUKIB Ta EKOHOMICTIB.

ExcepreTnunuii aHali3 TEPMOIMHAMIYHUX IUKIIB Ta TEXHIYHUX CHC-
TeM, B TOMY YHCI TEIIOHACOCHHUX, JTO3BOJIAE, MO-TIEPIIE, BCTAHOBUTH X
MaKCHMalbHI TEpPMOIAMHAMIYHI MOXJIMBOCTI Ta, MO-Ipyre, OOIpyHTyBaTh
pexomenarii 3 ix Bgockonanenns [105, 106, 119-129].

Haii0inpIn JOKITagHO METOAWYHI MHUTAHHSA EKCEPreTHYHOIO aHaji3y
TEIUIOHACOCHHUX YCTaHOBOK po3pobiteni B [58, 115, 116]. Onnak, mis aHai-
3y Benmukux THC mux marepialiB HEZOCTaTHBRO: TEIUIOBI HACOCH PO3TIIAIa-
FOTHCS 11032 3B'I3KOM 3 €Hepro30epiralounMu CUCTEMaMH Ta TIKOBUMH JIXKe-
pellamMu TETUTIONIOCTaYaHHs; HeMae MeToAnKH nopiBHsHHSA THY pi3HuX BUaiB
MDK c00010 Ta 3 IHIIMMH JDKEpesaMH TEIUIONOCTaYaHHs 32 eKCepreTHYHUM
KK/I. Yce e norpedye po3poOKH BiNOBIAHOT METOANKH HOPIBHSHHSL.

B HasBHII miTepaTypi MICTATBCSA NOCHTH CYIEPEWINBI JaHI MIOAO
edexTuBHOCTI 3acTocyBanHs THY B cucTemax TeruionocradaHHs. 3HaYCH-
a5t exceprerrmanoro KK/ B [3, 5, 92, 109, 130-133] Biapi3HstOThCS MiX
coboto maiixe Ha 50 %. Ie 3ymMmoBIIeHO, HacaMmepe, pi3HUMH 3HAYCHHIMHU
TMPUHHATOI TeMITepaTypH HaBKOJNWIIHBOTO CEPEJOBUINA 1 PI3SHUMHU 3HAYCH-
HSIMH CE€PEIHbOTEPMOTUHAMIYHOT TEMIIEPATyPH IMiBSACHHS TEIUIOTH Y BU-
napuHuky THY. Bruu nux temmnepatyp Ha excepreruunuit KKJ[ THY no
CYTI CIIpaBH JI0Ci HCBH3HAYCHHIA.
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Po306ixHicTh B OIliHKax eekTuBHOCTI 3acTocyBanHs THY moB's3ana
TaKOX 3 TUM, [0 pOOOYNMH TiIaMU B JAOCHIKSHHSAX OyJH pi3HI X0J010a-
reatu (R12, R22, R114, R142 Ta iH.). BiibluicTs 3 HUX € 030HOAKTHBHUMHU.
3rizHO 3 MpoToKoIoM MoOHpeabcKoi MiXKHapOIHOT KOH(PEPEHIIIT Taki X0JI0-
JIOAreHTH MiAJIAraloTh 3aMiHi SIK ekosioriuHo Hebesneuni [134-138]. Orxe,
MUTaHHS o0 pobouux Tu1 st THY 3anummaeTbes TakoK HEBU3HAUCHHM.

1.3.TennonacocHi craHmii — e)eKTHBHE IZKEPEIO

TENMJIOMOCTAYAHHSA

3rifHO 3 1€papXiYHOI0 CTPYKTYpPOIO BEIHMKHX CHCTEM EHEpPreTHKH
[139-141] cuctemu eHepromoctadyaHHs By3iiB (BEIUKHX MICT, POMHUCIIO-
BUX LIEHTPIB) MICTATh CHCTEMH TEIUIOIIOCTa4YaHH, SKi 3a0e3[eYyroTh CIIO-
’KUBAYiB TEIUIOTOIO (IIAPOI0 Ta rapsdor0 BOIO0) Bifl CIEKTPOCTAHINN Ta
BEJIMKMX KOTeNbHUX. CHCTEMH TEIUIONOCTA4YaHHS MICT Ta IPOMHCIIOBUX
LEHTPIB PO3BUBAIOTHECS Ha 0a3i Terumodikarmii Ta HeHTPaIi30BaHOTO TEILIO-
MIOCTa4aHHS.

Jlxepenamu TEIJIONOCTaYaHHS B TAKUX CHCTEMaX MOXYTb OyTH:

1) rtemnoenexkrpouentpani (TEL]) Ha opranidyHOMY HaNuBi;

2) aromHui TEL, aToMHI €JIeKTPOCTAHIIIT 3MIIIAHOTO KOH/ICHCAIiHO-
TerutodikaiifHoOTO THUITY;

3) paiioHHI KOTeNbHI Ha OpPraHiYHOMY MaNkBi, a00 paiOHHI CTaHIii
TEIJIONOCTauYaHHS;

4) aromHi KOTeIbHI 200 aTOMHI CTaHIlIi TEIUIONOCTAYaHHS;

5) HOBI BenWKi Kepena TEIUTONOCTadyaHHs (TEIIOHACOCHI CTAHINT
(THC)).

OCHOBHI HaIpSIMK{ PO3BUTKY JUKEPET TeIIONOCTadaHHS OB s3aHi 3
TEHJICHIIISIMH PO3BUTKY €HEPreTHYHOT0 KOMIUIEKCY KpaiHu. SIK 3a3HaueHo
y [140-152], po3BUTOK €HEPreTHKH KpalHH XapaKTepH3ylOTh TaKi OCHOBHI
TEHIEHIT:

1) 3MeHIIeHHs YaCTKH BYIJICBOIHEBOT'O ITAJIMBA, B NIEPILY Yepry, HadTH;

2) 36imbIICHHS CIIOKUBAHHS ICIICBHX TBEPNX TAIHB;

3) mpoBezeHHsI aKTHBHOI €HEpro36epiraryoi MoJTiTHKY;
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4) MOKpAILEeHHS 3aX0/iB 3 OXOPOHH HABKOJIUIIHBOIO CEPEIOBHIIIA.

[lepepaxoBaHWM TEHACHIIISIM Yy TIOBHIM Mipi BIAIOBIZaE NIMPOKE
BIPOB/KEHHS TEINIOHACOCHUX DKEPE TeIIONOCTaYaHHs.

B 1975 p. y BH/lIllenepromnpomi Oynu posmnoyari poGOTH 31 CTBO-
peHHs y MOCKBI Tepmioi y CBiTi TEIUIOHACOCHOI CTaHINI Ui CHCTEMH
LEHTPaI30BAaHOTO TEIUIONOCTaYaHHs. SIK HU3BKOTEMIIEpaTypHE DKepesio
st Benukux THC Oynu pekoMeH0BaHiI OYMINEHI CTiYHI BOAU MICBKHUX
cTaHIii aepanii. Takoxx MoxiiBe BUKOpUCTaHHs i KpyrmHux THC moro-
KiB IUPKYJIALIHHOI BOIM CHCTEM 00OPOTHOTO BOAONOCTaYaHHS IPOMHCIIO-
BUX HIJIPUEMCTB 1 TEIUIOBUX €JIEKTPOCTAHIIIH, IX YMOBHO-YUCTUX CKHIHUX
BOJI, @ TAKOX HU3BKOTEMIIEPAaTypHHUX T'€OTEpMalbHUX BOJ Ta BEIUKUX BO-
JIOMMHUIIL, 110 He 3amep3atoTh [63, 153, 154].

Crari [92, 155] cranu momrToBXoM 70 pO3pOOKH Ta CHOPY/KEHHS
THC y piznux kpainax. Hopespkuit nmpodecop I'. JlopeHTHEeH BUCTYIHB 3
nonosigro [156] npo pozpobky THC mis mpumopcbkux mict Hopserii 3
BHUKOPHUCTAHHSAM TEIUIOTH MOPCHKOT Boau. B #ioro crarti [108], sika yBiiimi-
na B kaury [157], 3a3naueno, mo Beiaukum THY 3 mikOBUMHU KOTJIaMH Jier-
e KOHKYpYBaTH 3 iCHYIOUMMH OTATIOBATLHUMHU YCTaHOBKAMHU, HIK 1HJH-
BigyaneHum THY.

Pexomenparii [36, 92, 155] BukopucraHi B 3aKOPIOHHHX PO3POOKax
THC. V 1981 p. Oyno posnouate OyaiBEHITBO THC TEmI0BOIO HOTYKHICTIO
6 MBT U1 IIEHTpaTi30BAHOTO TEIUIOMOCTAYAHHS OJHOTO 3 JKHUTJIOBUX paiio-
uiB Ocro [158]. SIk HU3bKOTEMITEpATYPHE KEPENIO BUKOPUCTAHI CTiYHI BOJH.

Haii6inein inTeHcHBHO po3BuBatoThess THC y IIBerii. ¥ npocmekrax
¢bipmu «Cranp-JlaBans Typ0in AB» 3a3HaueHo, 110 y Bepecui 1982 p. OoyB
BBE/ICHMI B EKCIUTyaTallil0 IepLINii TEIUIOHACOCHHH OJIOK TEIUIOBOIO I10-
tyxHictio 12 MBT (B M. Bectepoo), a 1o kBitHst 1983 p. HapaxoByBanoch
11 THC, mo nparioBaiay Ta CIOPYMAXKyBaJIUCh, CyMapHOIO TEIIOBOIO II0-
tyxHictio THY B ix ckmazi 215 MBT.

TerunonacocHi ycraHoBku y 1lIBenii KOMIUIEKTYIOTBCS TaKoX TypOo-
KOMIIpecopaMH MIBeHapchkoi GipMu «3yibrep» Ta iHMHX QipMm. 3a cTa-
HOM Ha rpyaeab 1982 p. y Isemnii 6yno 7 girounx ta 16 cropymkyBaHUX
THC 3aranbHot0 TeroBoto notyxHictio THY 6nussko 270 MBT, y Tomy
yucni 10 ycraHoBok (4 mirounx Ta 6 cropymkyBanux) Ha 193 MBT — dip-
mu «Cranp-JlaBane» [159]. Cepen miroumnx — «Haiibinpina B CBiTI TerIoHa-
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cocHa crauiis» [160] B M. Yncana, 1o CKIaga€ThCst 3 TPHOX MOJIYIIB
«Cramp-JIaBanp» mo 13 MBrt. Cranmist mpamtoe 3 nucromana 1982 p. sk
JOKEpeTo IEHTPATi30BaHOTO TEMJIONOCTaYaHHs Ta MOoKpuBae 15 % Teruio-
BOT'0 HaBaHTAXCHHS MicTa.

VY 1985 p. y CrokronpMi yBililia B eKCIUTyaTalli0 YeproBa «HaHOiTb-
I1a TEIJIOHACOCHA yCTaHOBKa» [161], sika ckimamaeThes 3 TPHOX TEIIOBHX
HacociB (ipmu «3yIblep» CyMapHOIO €JIEKTPUYHOIO MOTYXHicTI0 25 MBT,
TerIoBoio — 86 MBT, 3 BUKOPHCTaHHSAM TEIUIOTH MOPCHKOI BOIU. B miTHIH
nepiog THY mokpuBae HaBaHTaXCHHS TapsI0ro BOJIOTIOCTAYaHHS.

Ha 1986 p. OyJi0 3aruiaHoBaHe BBE/ICHHSI B eKCIUTyaTallilo B epeaMic-
i Crokronsema n18ox THC — Ha 60 ta 150 MBT temmoBoi notyxHocTi [159].

3rigno 3 [161] no mouarky 1984 p. B IlIBettii Oyio BcraHoBneHo 50 Te-
IUTOBMX HACOCIB 3 BiIIEHTPOBUMH KOMIIPECOPAMH 3arajibHOIO TETIOBOIO TIO-
TyxHicTio 600 MBT.

B CIIA Takox crnopymxytorscst THY st nenTpanizoBaHoro rer-
yortoctadanHs. Bigomoto € po3pobka THC mis ToproBensHOTO KBapTaly B
Bammnrroni [162]. Craniis po3paxoBaHa Ha ONMATIOBaIbHE HABAHTAKCHHS
3,8 MBT Ta HaBanTaxxeHHs rapsuoro Boxpornocrtayanus 0,9 MBrt. Buitky
nepenbauena podbora THY mmst raps4oro BomormoctayaHHsS Ta XOJIOIOIMOC-
Ta4aHHs.

IIpo ctBopenns nentpanbHoi THY TemmoBoro motyxHicTio 10 MBT
y Benuko6puTtanii mosizomisiiocs y [163]. V Hanii aie THY Ttakoi x mo-
TYXHOCTI, IKy TUIaHy€eThes foBectu 10 34 MBT [159]. V wiii crarrti HaBene-
Hi TaKOXK TapameTpy Ta cxema po3podimoBanoi y Himewunni THC temoBoro
notyxHictio 100 MBT (THY Ta mikosuii Boorpiiiauii koten o 50 MBT). Ha
BiAMiHY Bi po3risHyTHX Buiie THY B wmiit ycraHoBui npuiHsATHII ra3omo-
TOPHHIA TPUBOL KOMIIPECOPIB.

80-1i pokn XX-TO CTONITTS TO3HAYHMIIUCS] CTBOPEHHSIM y TTPOMHCIIO-
BO PO3BHHEHMX KpaiHaX BEJIMKHX TEIUIOHACOCHHX CHUCTEM LIEHTPaJIi30BaHO-
ro TEeIUIonocTayaHHs. 3aBAsSKH iM JIOCATAETHCS 3HAYHA EKOHOMIs MaJluBa,
a TaKOXK IMOKPAIIy€ETHCS EKOJIOTIYHA CUTYAIIis.

B cywacHuMX yMoBax i3 3pOCTaHHAM EKOJOTiYHHX BHMOT yBara o
TEIJIOHACOCHUX YCTaHOBOK CYTTEBO 3pociia. TeXHOJIOTis TeIUIONOCTaYaHHs
3 BUKOPHCTaHHSIM TEIUIOBUX HACOCIB 3aCTOCOBYETHCSI NMPAKTHYHO B YCIX
PO3BHHEHHX KpaiHax CBiTy. YCi MIMpOKOMAcIITabHI MpOrpaMH 3 €HEepros-
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OepexeHHs1, 10 peali3yloThCs 3a KOPAOHOM, IependadaioTh iX MIMpOKe
BIIPOBAHKEHHS. 3TiJHO 3 TiporHo3amMu CBITOBOTO €HEPreTHYHOTO KOMITETY
1o 2020 p. y nepenoBux KpaiHax 4acTKa OIAJICHHS Ta Tapsvoro BOJOIO-
CTauaHHS 3 BUKOPHUCTAHHIM TEIUIOBHUX HacociB ckiane 75 % [9, 74]. Kopu-
CHHM € JIOCBiJ 3aXiHUX KpaiH 3 BopoBapkeHHd THY, B ToMy 4mcii muis-
XOM HaJaHHs AePKABOIO TIEBHUX MBI 200 KPEIUTIB MiAnpueMcTBam [22].

B 1993 p. I'eHepanbHa AUpPEKIlis 3 HAyKOBUX AOCTikeHb Kowmicil
€Bporneiicekoro Coro3y 3aTBepania KOMIUIEKCHY IPOrpaMy BIPOBA/KEHHS
THY. CtBoproeTbcst 6aHk gaHux (HipM-BHpOOHUKIB y €Bpomi. [TnanyeTbes
arpo0arrist HOBOI TeXHIKH B pi3HHX mpoekTax [54]. B Himeuunni cTBopeHo
inpopmauiitauii nentp THY, sikuii mopiuHo iHGOpMy€e rpoManChKiCTh PO
nepesarn THY, siki 103BONSIOTH €()eKTUBHO BUKOPHCTOBYBATH €HEPTiio Ta
3MEHIINTH WIKIAIUBI BUKUAX B aTMochepy [56, 57].

B ocranHHI poKku eHepreTHyHi, eKOJIOTiuHI Ta eKOHOMIUHI pobIeMHu y
CBITi 3yMOBIJIM IIMPOKE BUKOPUCTAHHS TEIUIOHACOCHUX ycTaHoBOK (THY)
B CHCTEMax LEHTPaJIi30BaHOTO TEIUIONOCTAYaHHS MicT. Y 3axiTHHX Kpai-
HaxX BXKe NIATUTA BUCHOBKY, IO OJHUM 3 HaHOUTBII €(PEKTUBHUX 3aXOJIiB 3
yTHIII3alii TemI0TH BTOpUHHUX eHepropecypcis € THY [50-52]. Onqnum 3
HaAMOUTBII e()eKTHBHUX 3aCO0IB YTHIII3allil TEINIOTH HA3bKOTEMIICPATYPHHIX
BTOPMHHHUX eHepropecypciB € temioHacocHi cranmii (THC), sixi mmpoko
3aCTOCOBYIOTBCS Ta oOpe 3apexoMeHayBanu cebe y [lIBerrii Ta iHmmx 3a-
ximaux kpainax. Y IlIeenii BcranoBneHo 50 Benmukux THY 3aranbHoro Te-
IUTOBOIO TOTYXHICTIO 854 MBT. Yci BOHH BHKOPHUCTOBYIOTH HU3BKOTEMIIE-
paTypHi BTOPHHHI €HepropecypcH Ta Mpru3HadeHi B OCHOBHOMY JUTSl IIEHTpa-
ni3oBaHoro tertonocradanus [58]. 3a mammmu miBencekux aBropiB [9], vy
CrokronsMi y 1994 p. KiJbKICTh TEIUIOTH IS TEIUIONOCTayaHHs, BUpoOIe-
Hoi THC, cknana 38 %. Lle 3acBimuye, mo THC e BaxxnuBuUM Ta epeKTHB-
HHUM 3ac000M BUPOOHHUIITBA TEIIIOTH.

3HauHy yBary po3BUTKY HETPaHIIIIHOI eHePreTHKU MPUILIiE YKpaiHa.
Tax, 3rizHo 3 nmporHo3amy MiHicTepcTBa NajMBa Ta SHEPreTUKN YKpaiHu, o-
tyxuicte THY B Ykpaini y 2010 p. manyerscs nosectu 10 1800 MBr [164].
3aranbHAN TEXHIYHO MOXKJIMBHH IMOTEHINIAT HAIIOT IEP>KaBH 32 HAITPSIMKOM
Bukopucranas THY cxianae 12,03 muH T y. 1. Ha pik. Ha nanuii yac npu
npomucioBoMy BukopucrtanHi THY B YkpaiHi MOXXHa JOCSITH J0JaTKO-
BHUX TEIUIOBUX moTtyxHocTelt y 4900 MBT [165].
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Jliist eKoHOMIYHOI poOOTH UX YCTaHOBOK HEOOXITHUMH € TaKi yMo-
BH: CIIPUATIIVBE CITiBBIIHOMICHHS I[iH HA TTAJIMBO Ta EJIEKTPOCHEPTit0, MPH-
ponHi a0 MPOMHUCIIOBI HU3BKOTEMIIEPATYpHI JUKepela TEeIJIOTH, a TaKOoX
JIOCTaTHBO IOTYKHA Mepeka CIIOKMBAYiB, sika O 3a0e3neuyBaia IiJIopidHy
po6ory THY [53].

Ockinmpku B Ykpaini 1o 2010 p. miaHyeTbes iCTOTHE TiIBHINCHHS
oTY>XHOCTi BcTaHoBieHNX THY, HE0OXiqHO pO3poOUTH BUCOKOE(DEKTHBHE
Jokepeno terutonioctayands 3 THY. Jng nporo HeoOXiTHO MPOBECTH AOC-
JIiZICHHS BIUTMBY TOImoJiorii Ha eektuBHicTh podotn THC.

€. L. dnroscekum Ta 10. B. IlycroBanosum y [1, 5, 36, 85, 92, 120,
121, 128, 155] mocnimkysanach epextuBHicTs podoti THC 3 enekrpornpu-
BOJIOM B CHCTEMax TeruionocradanHs. [IpoBoauiack onTuMizallis mapame-
TpiB Ta pexxumiB podotn mapoxommpeciinoi THC Ha xomomoarenti R12.
Humu po3pobieHo excepreTudHy METOAMKY MOPIBHSHHS NMapOKOMIIPECiii-
HUX Ta abcopOuiiHux THY Ta iHIHMX JpKepen TeruionocTayanHs 3a ekcep-
rermaanM KK, Bu3HadeHo 30HM ekoHOMIYHOI ehektnBHOCTI THC Ta pos-
pobieno pekomenanii mo 3actocysannto THC.

B cydacHHX eKOHOMiYHHX yMOBax po3pobieHi €. I. SIHToBcbKUM Ta
10. B. IlycToBaioBUM METOIUKHU Ta PEKOMEHAIlIi HEe BUCBITIIOIOTH Peaib-
HOTO cTaHy e(ekTuBHOCTI 3actocyBanHsA THC Ta MOoXyTh OyTH BHKOpHC-
TaHi jmmme g9actkoBo. Ockinbky xomogoareHT R12 mimrarae 3aMiHi Sk eko-
JIOT1YHO HeOe3MeYHMH, BIIKPUTUM 3aIMUIIA€ThCA MUTAHHA MONIYKY ONTH-
MaJIbHOTO XoyonoareHTy s THY Ta mociikeHHS ONTHMANBHUX PEXH-
MiB pobotu THY Ha pi3HUX X0070areHTax.

€. I. AnrocekuM Ta 1O. B. IlycToBanoBumM mocrmimKyBamracs oome-
JKCHA KUTBKICTh CXEM TEIUIOHACOCHHMX cTaHmid. He mpoBoauBes aHami3
BIUIMBY CXEM BKITIOUYCHHs KOHJCHCATODIB Ta BUIIAPHUKIB HAa ¢(PEKTUBHICTH
pobdotu THY. Bincytni gocmimkenns epektuBaocTi podotn THC 3 iHmm-
MU BHIaMH TpuBoy Kommpecopa ([IB3, I'TY, naposa Typ6ina), mo Ha0y-
BAalOTh aKTYAJILHOCTI 3 YpaXyBaHHSM TelepillHboi CUTyalii Ha eHepreTHy-
HOMY PHHKY YKpaiHU.

Ockibky e(heKTHBHICTE BrpoBapkeHHsT THY 3 enekTponpuBogaoM y
3HAYHIN Mipi 3aJIeKUTh BiJl BapTOCTi €JIEKTPOEHEPrii Ta majnBa, BU3HAYEH]
Humu y [1, 5, 85] 3ouu edextuBrocTi THC MOXKYTh 3MIIyBaTHCh 3aIEKHO
BiJl KOJINBaHb IiH HA CBITOBHX €HEPrOPUHKAX.
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BpaxoByrouu 3a3HadeHe BHIIE, HEOOXiTHO MOCTITUTH ¢(PEeKTUBHICTh
THC 3 pi3HEUMH CXeMaMH, CKIIaJIOM OOJIaHAHHS Ta peKUMaMu POOOTH B
HOBUX €KOHOMIYHHX YMOBaX.

B. €. OnimukoB y [63, 153, 154] BUCBITINB pe3yabTaTH TOCITIHKCHHS
exoHomiuHOI epekruBHOCTI THC, a Takox mutanHs BuOopy Tury THC s
TIPOMHMCIIOBOTO MiATPHEMCTBA. 3alIPOIIOHOBaHI HAM aHAJITHYHI 3aJIe)KHOC-
Ti TIOBHHHI OyTH CKOPETOBaHi y BIATOBIIHOCTI 3 HOBUMH E€KOHOMIUHHUMHU
ymoBamu. T. B. Moposiok y [166] nmepeBakxHO BHCBITICHI IOCIHIiIKEHHS
BOZOAMIaqHUX TEPMOTPAHCPOPMATOPIB, XOUa TAKOXK MPUIUIIETHCS yBara
e(eKTHBHOCTI 3acTocyBaHHS nmapokomirpeciiinoi THY sk anprepHaTHBHOTO
Bapianta. A. €. [lenucoBoro y [46, 167] mocrmimkyBanach e)eKTHBHICTH
KOMIUIEKCHOI aJIbTepPHaTUBHOI CHCTEMH TEIUIONIOCTa4aHHS 3 BUKOPHCTAH-
oM THY, COHSIHOTO KOJIEKTOpa, 1HIIIOTO 00JIa JHAHHS.

B. II. TIpouenko y [12, 15] mpoBoaHB IOCITiKEHHS €(eKTHBHOCTI
3acrocyBaHHs THY 3 mpuBomom Kommpecopa BijJ JIBUTYHa BHYTPIIIHBOTO
sropanHs. Ciii 3a3HaUUTH, IO JOCIIDKYBAINCH JIMIIE KOHKPETHI CXEMH 3
[MEBHUM BH3HAYCHHUM CKJIaJ0M OO0JIaJHaHHS. J{OCHIIIKEHHSI €eKOHOMIYHOT Ta
eHepreTuIHoi epekTuBHOCTI Takux THY mpoBOAMIOCHE IS XOJIOA0areHTy
R12. KpiMm Toro, 3anponoHOBaHi HUM pEKOMEH/JAII Ta y3arajlbHEHHS CTO-
coBHO eekTuBHOCTI 3acTocyBanHs THY 3 mpuBojom Bix JIB3 MokHa BU-
KOPHCTOBYBATH JIMIIIE YACTKOBO B Cy4aCHHX YMOBaX.

BpaxoByroun 3a3HaueHe BHUILE, MOXXHa 3pOOWTH BHUCHOBOK, IIO IH-
TaHHsA nociimkeHHs epektuBHOocTi THC 3 pisHUM cKiagoM oOiagHaHHS,
CXeMaMH Ta peKHMMaMHu poOOTH 3aIMINAETHLCS BIAKpUTUM. B HasBHIH jiTe-
paTypi BiICyTHI CHCTEMHI JOCIIi[KEHHS I[bOT'0 MTUTAHHSI.

1.4. 3acTocyBaHHsl KOTeHepaliliHUX TeXHOJIOTiii B
TEMJIOHACOCHUX /IFKepesiax TenI0nocTaYaHHs

ExoHOMIisl OpraHigHOTO MajMBa Ta TEPMIH OKYITHOCTI TEIUIOBHX Ha-
COCIB 3 €JIEKTPUYHUM IIPHUBOJIOM KOMIIPECOpa y 3HAUHIM Mipi 3aJIeKUTH BiJ
CHiBBiJIHOIIEHHS I[iH enekrpoeHeprii Ta mammBa: P = Kg / Kp. Csirosa
MPaKTHKa BIPOBAKECHHS TEINIOBUX HACOCIB CBIAYMTH, IO HAHOLIBII MpH-
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HHATHUIT niepio]] OKynmHOCTI BiamoBigae P < 3. BenuunHa CriBBIAHOMICHHS
P 1 GibIiocTi KpaiH, e TEIIOBI HACOCH 3100YJIM 3HAYHOTO TOIIHPEHHS,
3HAXOMUTHCA B Mekax P = 2...6 [78]. Takum uunHOM, y HailGmmK4l poKu
ciipg ouikyBaTH momitHoro BrpoBamkeHHs THY. AnprepuaruBy THY 3
€JICKTPOIPHBOJIOM MOXYTb CKJIACTH TEIJIOBI HACOCH 3 TPHBOJIOM KOMIIpe-
copa BijJ JBUTYHA BHYTPINTHHOTO 3rOpPaHHS abo Bij ra3oBoi TypOiHH, €KO-
HOMIYHA €(EeKTUBHICTh SKHX HE 3aJIC)KUTh BiJl BapTOCTi ENEKTPOEHEPTii.
ToOT0, MOXJIMBE CTBOPEHHS KOTEHEPALIMHUX CHUCTEM 3 TEIUIOBHUMH Haco-
camu JJis1 poOOTH B CHCTeMax TeruionocradanHs. [{e Binnosigae TeHASHIII-
SIM PO3BUTKY MaJIMBHO-EHEPIreTUYHOTO0 KOMIUIEKCY KpaiHH, a TakoX Iepc-
NEKTUBHUM NIpOrpaMaM pPO3BHUTKY JKHTIOBO-KOMYHAIBHOTO TOCHO/ApCTBa
[146-152]. Cxin 3a3HauuTH, 0 TEPMiH OKYIHOCTI KOTeHepaliifHuX CHC-
TEM 3 IBUTYHAMH BHYTPIIIHBOTO 3TOPAHHS Ta Ta30BHMHU TypOiHAMHU He Te-
PEBUIIYE TBOX POKiB.

Edexr exoHOMIT maniBa KOreHepauiiHOW YCTaHOBKOKO (B MOPiBHSH-
Hi 3 PO3IIJIBHUM BUPOOHHIITBOM Ti€l %K KITBKOCTI TEIUIOTH Ta EIEKTPOCHEP-
rif) mocsiraeThesi 3a PaxyHOK 3aMillIGHHS YaCTHHHU MMAllkBa, LIO CIATIOBa-
JIOCh B KOTJIi, TEIIOTOIO BiINPalbOBAHUX T'a3iB ABUIYHA a00 ra30TypOiHHOI
yCTaHOBKU. [Ipy OHAKOBHX PIBHSIX COOIBAPTOCTI BUPOOICHOT EICKTPOCHE-
prii TepMiH OKYITHOCTI KOT€HEpalifHUX yCTAHOBOK 3 I'a30MOPIIHEBUM HPH-
BOJIOM Maibke B 2,5 pa3n HIDKYHH, HiX 3 Ta3oTypbinHNM. KpiM Toro, mepe-
Baro0 KOreHepaliifHuX yCTaHOBOK € T€, IO eIEKTPOCHEPTisl BUPOOISETCA
MPaKTHYHO B MicIli 11 cmoxuBaHHs. lle MiKBigye KomocanbHi BTpatH (sKi
JOCATAIOTh B AeskuX Bunaakax 50 %) B iHisx enexkrponepenaui [147].

Temogikarist orprMaina B Hallil KpaiHi IIHPOKE 3aCTOCYBaHHSA, II0
3a0e3MeYnsIo 3HaYHy €KOHOMIO MajinBa. | 0JI0BHOKO MPUYHHOKO IIBOTO € Bi-
JIoMa TiepeBara KOMOIHOBaHOT BUPOOKU TeIUia 1 eNEeKTPOCHEPTil i BUKIIIO-
YeHHS 3 eKCIUTyaTanii Mamux Hee(eKTHBHUX ONaFOBABHUX KOTIIB, SKi 10
TOTO K HE BiAIIOBIIAIOTH €KOJOTIYHUM BHMOTraM. B Ham gac, Koim enexT-
puunnii KKJ[ cyyacaunx KEC nmocsrae 0,4-0,45, a KK]I innuBigyanbHUX
ONAIIOBAJIbHUX IPUCTPOIB Ha NMPUPOJHOMY rasi focsriu 3HaueHb KKJI ko-
i TELl, BigHOCHAa €KOHOMis TalMBa BiJ BUKOPUCTAHHS Teruiodikarii
3HA4HO 3MeHmmIacs. IIpu npoMy 301TbIIMIIACS TPUBATICTE OKYITHOCTI Ka-
nitanoBkianens B TEL] 1 TenmoBi Mepexi. B nesknx perionax BinOynucs
MacmTa0Hi aBapii MaricTpalbHUX TPyOOIPOBOIB B MEpioj] MiATPUMaHHS B
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TEIUTOMEpekaX HaHOUIbII BHUCOKMX THUCKIB 1 TemmepaTyp. Lli oOcraBuHH
CTaJIM MPUYMHOIO BiMOBHU Bia Terniogikamii HOBUX JKHTIOBUX PAalOHIB B
MmicTax i 3yMOBHIM OYAiBHHITBO TaM KBapTaJbHUX KOTEICHH (TEILUIOBHX
uentpis) [47-49, 168, 169].

Pa3om 3 TuMm B geskux kpainax (Himeuunua, [danist, CILIA Ta iHmi)
CIIOCTEPITaeThCsl PO3BUTOK KOMOIHOBaHOT BUPOOKH €HEPTiil SIK Ha BEIMKHUX
TEL, Tak i Ha Garateox cotHsx MiHi-TEL] (M-TELl) 3 neurynamu BHYyTpi-
wHboro 3ropanus (JIB3) uu razorypbinnumu ycraHoskamu (I'TY) manoi
noty>kHocTi. [ToBHa aBTOMaTH3aIlisl YCTAHOBOK 1 IMIBUAKA OKYITHICTH Kari-
TAJIOBKJIQICHB 3a0€3MeUyIOTh 1X BHCOKY €(EeKTHBHICTh 1 HamiHHICT pobo-
ti. Ane Taki M-TEI] npu ix camocrTiiiHi po6oTi He 3a0e3Ne4YyI0Th €KOHO-
MiI0 MayuBa B MopiBHSHHI 3 cydacHuMH Benmkumu TELL i gacto ekooriu-
HO HecrpuiiHsTHI. Sk Bimomo [170, 171], exoHomis manuBa BiJ KOMOiHO-
BaHOI BUPOOKH €JIEKTPOSHEPTii Ha TETIIOBOMY CIOKHMBAHHI, 3 BpaXyBaHHAM
BUTPATH €HEprii Ha BJIAcHI MOTpeOH, 3aJeXKUTh BiJ KUJIBKOCTI BUPOOIEHOT
eJNeKTpoeHepril Ha BinOipHii mapi TypOiHH 1 Bif TEIIOTH i€l mapu. B Haii-
OLIBII XONOAHMI TIepioJT POKY 3MIHCHIOBATIACh YTHIII3AIlis TETUIOTH BiaXia-
Hux rasiB asuryHiB M-TEL, po3ramoBanux Ha MaiilaHYlKaxX KBapTaJIbHUX
TeIyIoBUX UeHTpiB. Llum nocsraerbesi MakcumainbHe 3HaueHHs KKJI Ha
TEL], Oip01 TOBHO BUKOPHCTOBYETHCS TOTEHITiaN BiAXigHUX ra3is JIB3 un
I'TY M-TEI], sxi ¢byHKIioHy!OTh TibKH B3UMKY [170, 172, 173].

Jlis BUOOpY ONTUMAIBHOIO BapiaHTa HEOOXiHE eKOHOMIUHE MOpiB-
HSHHSA MK COOOK0 JIEKITBKOX ANbTCPHATUBHHUX BapiaHTIB CUCTEM CHEPro-
30epexeHHs. 3a NMepBHHHUN BapiaHT MOXKHA MPUHHATH CHCTEMY OKPEMOi
BUpOOKH 3a1aHoi KimbKocTi enekrpoereprii Ha KEC i tenmotu B Micuesiit
KOTeJbHI. BuxinHa BUMOra Jjisl TEXHIKO-CKOHOMIYHOTO MOPIBHSHHSI: B KO-
JKHOMY 3 MTOPIBHIOBAHMX BapiaHTIB: BCI CIIOXKHMBAYi MOBUHHI OTPHMATH OJI-
HAKOBY KUTBKICTh €JIeKTpoeHeprii i TeruioTH. OCHOBHHM KPUTEPIEM IMaJTHB-
HOi e(h)eKTUBHOCTI MOPiBHIOBAHMX BapiaHTiB MOXe OyTH BiZHOCHA €KOHO-
Misl [TaJIMBa B CUCTEMI B IOPIBHSHHI 3 CHCTEMOIO OKPEMOI'0 €Heprorocra-
yauus [170].

MoxnuBicTh cepiitHoro Buirycky Oiounmx ['TY Manoi moTyKHOCTI
MiATpUEMCTBAMH aBiaIlifHO{ 1 CyJHOOYAIBHOI IIPOMMCIOBOCTI JIO3BOJISE
mUpoKo 3actocoByBaTH Taki ['TY mis koMOIHOBaHOT BUPOOKH eleKTpoe-
Heprii 1 Terutotn Ha O670k-TELL 3 I'TY. B HOBHX eKOHOMIYHHX YMOBaX Ipu
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3HAYHOMY 3pPOCTaHHI LiH HA ITAIUBO 1 PI3KOMY 3pPOCTaHHI IIiH Ha EJIICKTPOCHE-
prifo i TemIoTy, sKi BimmyckatoThes 3 paiionanx TELI, 6arato mpoMHCIOBHX
MiIIPHEMCTB CTBOPIOIOTH CBOi KoTenbHI i 0mok-TELl manoi moTykHOCTI 3
I'TY. LipoMy cripusie MOXKIMBICTB cepiliHoro Bumycky O0iounux I'TY Ha Ga3i
Cy/I0BHX 1 aBiamiitHux razotyp0innux arperatiB (I'TA). Taxi ['TA notyxHic-
Ti0 0,8...1,1 MBT 3 Bepxuboto Temreparyporo mukiry tz= 800...900 °C ma-
1o1h epextuBanit KK/I Omm3pko 22...26 % i Temmepatypy BiIXiTHUX ra3iB
tsim = 410...460 °C. Binpm motyxui I'TA (15...17 MBTt) matote KKJ|
28...32 % [174, 175]. Bcranosmtoroun Ha 6ok-TEL] 3...4 T'TY, MmoxHa pe-
TYJIIOBAaTH €JIEKTPUYHY 1 TEIUIOBY MOTY)KHICTb JJIst crioxkuBadiB. [TokpuTTs
MKOBUX TEIUIOBHX HABAHTAKEHb 3a3BHYal 3MIMCHIOETHCS 33 JOTIOMOTOIO
BCTaHOBJICHUX Ha KOTIax yruiizatopax (K-VY) momaaroBambHUX MPUCTPOIB,
SKi MOXKYTh POOHMTH Ha X0JIOJHOMY noBiTpi. B maposux K-V, mo6 3Hu3nTH
BTPATH TEIUIOTH 3 BiJIXiTHUMH ra3zaMu, MO>KHA BCTAHOBUTH TeILIO(DIKaiiHI
eKOHOMaif3epH, sKi 3a0e3MeTyI0Th BOJOIIOCTAYaHH i JIPHEMCTB 1 )KUTIIO-
BOTO paiioHy. B miboMy BUTaKy OMaTIOBaibHI KOTEIbHI MPALOIOTH TUTBKI
B XOJIOZHHUH TIepio.

CKOHCTpYHOBaHI TPOBITHUMH 3aKOPIOHHUMH  (ipMaMH-pO3POOHH-
kxamu 1 BupoOHuKamu ['TY HOBI MOTY)XHI arperaté A MPSIMOTO HPHUBOJLY
eIIeKTPOreHepaTopiB B eHeprocucremax 3 yactororo 50 i 60 I'u. Koedirient
kopucHoI nii mux I'TY npu aBToHOMHI# poOoTi 30imbmenuit xo 37,5-39,5 %,
MY 3 aumu 0 58-60 %. 1li pe3ynbTaT JOCATHYTI MUITXOM YIOCKOHAJICH-
HS TIPOTOYHOI YaCTWHH KOMIIPECOPIB i TypOiH, 3aCTOCYBaHHS OiTBII edek-
THBHHUX CHCTEM OXOJIOJPKEHHS JAeTayel TypOiHM 1 Kamepu 3ropaHHs, BUKO-
PUCTaHHS BIJIUTHX 3 HAIPABJICHOIO KPUCTAJII3aLi€l0 Y1 MOHOKPUCTAIIIYHUX
JIOIATOK 1 TepMOOap’ €PHOTO TIOKPHUTTA Ta iHIKX 3axomdiB [173, 176].

B 1985-1990 pokax mpoBiAHUMH 3aKOPJOHHUMU (ipMamu OyJu po-
3poGuieHi HOBi enepretuyni ['TY [176], 3a sikumu 3aKkpimuaacs Ha3Ba «TeX-
HoJorist F». brmspko cra Takux I'TY BHKOPHCTOBYETHCS B €HEPTOCHCTE-
Mmax 3 gactotoro 60 I'u (poboua dactota obepTaHHs HAHOULIBII MOTYKHUX
moaudikaiit 3600 06/xB). 3acTocyBaHHSI Iiie GiBII TOTYKHUX arperaris B
Hall Yac TUIBKM MMOYMHAETHCS, JOCBIY iX TPUBAJIOro 3aCTOCYBaHHS IOKH
me Hemae. He 3Bakarouu Ha 11e, Ti K caMi (pipMH aKTHBHO IPALIOIOTh HaJl
I'TY nactynHoro nmokomiHHs: TexHonorisMu G i H 3 cyTTeBO Kpanmmmu mo-

Ka3HUKaMH.
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BcecBitHbOo Bifomi 3akopioHi Gipmu, Taki sk: «Cumenc» (Himeuunna),
«Becrinrays» (CILA), «/xenepan Emekrpuk» (CILA), «ABb» (Illsemis—
[IBeiinapis ) BemyTh yeminiHi po3pooku ['TY B pi3HUX TEXHOJOTISX.

B ocraHHI AECATUNITTS MUTAHHS PO KOHBEPCIIO aBialliiHUX JIBUTY-
HIB, 10 BUTOTOBIIIIOThCA B YKpAaiHi, 1 BUKOPHUCTAHHA IX B €HEPreTHII CTa-
70 JoBoi aktyansHuM [172, 165]. Lle moB’si3aHo, 3 0fHIET CTOPOHH, 3 Jie-
SIKMM TEXHIYHMM BIiJICTABAHHSAM BITYM3HSHUX CHEPreTHYHUX ra30BUX TYp-
OiH BiJ 3aKOpJOHHHX aHAJOTIB, a 3 IPyroi CTOPOHH, 3 HASBHICTIO IyXKe
MIAPOKUX BUPOOHHUMX, KOHCTPYKTOPCHKUX 1 TEXHOJIOTIYHUX MOYKIIMBOCTEH
Ha MiIOPUEMCTBAX I KOHCTPYKTOPCHKHX OIOPO BITYM3HSIHOTO aBiamiifHOTO
MOTOPOOYAYBaHHS 3 BUILyCKY IIMPOKOI TaMM ra30BUX TYpOiH IMOTYXHICTIO
BiJl OMHUI 0 ACCATKIB MeraBat. L{i MarmmHu MOXYTh €(pEeKTHBHO 3aCTO-
COBYBATHCb SIK IBUTYHH TiepecyBHHX eHeproyctanoBok (0,6-2,5 MBT) i npu-
Bill eJeKTporeHeparopie aBTOHOMHHX eHeproycraHoBok (0,6-10,0 MBr).
VYcranoBku enekTpuyHoi mortyxHocTi 2,5-25,0 MBT, BHKOpHCTOBYIOUH
TEINIOTY BIAXIMHUX Ta3iB B BOJOTPIHHUX YH NApOBHX KOTIAX-
yTHii3aTropax, MoxyTh OyTn ocHoBoo I'TY-TEL], siki mOCTa4aroTh TEIUIOBY
EHEPTiIo 1 eJIEKTPOCHEPTiI0 MiCTaM 3 HACEJIIEHHSM J0 JCKiIbKOX COTEHb TH-
Cs19 JIIOJICH, a TaKOX MPOMHCIOBUM miampuemctBaM. Lli sk razorypOiHHI
€HEePrOyCTaHOBKH MOXKYTh 3aCTOCOBYBATHUCH JUISI HAJOYIOBH iICHYIOUHX Te-
mwioBux enekrpocraniiii (TEC). 3a3Haummo, mo BKe ChOTOAHI ra3oTyp-
OiHHI MPUBOJIYU, CTBOPCHI HAa OCHOBI aBialifHUX 1 KOpaOelbHUX MAaIlIWH
[Bupo6u HBO «Marmimpoekt» (M. Mukonais ), KKBM (M. Camapa), i je-
sIKi iHm] ycmimHo GyHKIIOHYIOTh Y CKJIai ra3olepeKadyBabHUX arpe-
raTiB Ha Ta30IpoBoax Kpainu, a Typoinn HBO «MammpoekT» - i B eHep-
retuti [165]. TTopsia 3 TeXHIYHUMHU, TEXHOJIOTIYHUMH i BAPOOHHIUMH MOX-
yBocTsiMH cTBOpeHHs ['TY, MpUHIMIOBUM MOMEHTOM € ii €eKOHOMIYHA J0-
niteHicTh [177, 178].

HamionansHa ekoHOMika YkpaiHu i ii TeruoBa eHepreTuka OymyTh
PO3BHBATHCS B KOHKYPEHTHil 00ctaHoBI. JJoOpoOyT kpainu i ii HacereH-
HS B 3HAYHIN Mipi 3ajie)KaTUMe BiJ €(EKTHBHOCTI MEPETBOPEHHS EHEpTii
JUIST OTPUMAHHS EJICKTPOCHEPTii 1 TEIUIOBOi eHeprii Ta BILIMBY Ha HaBKO-
JIUIITHE cepeoBUINe. BeTaHOBICHA MOTY)KHICTh TEIUIOBUX €JIEKTPOCTAHIIIH
VYkpainu ckiaamae maibke 70 % BCiX €IEKTPOreHEPYIOUHMX MOTY>KHOCTEH;
gacTKa IX BUPOOKH TPOXM MeHIIa. Ha TEemIoBHX eIeKTPOCTaHIIsAX BHPOO-
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JSIETHCSL TAKOXK BEIIMKA KiJIbKICTh TEIIOTH (OLbIla, HIK €IEKTPOSHEPril).
Cepen KONaIvH, sKi BUKOPUCTOBYIOThCsl Ha TEC, 6inbie 60 % mpupoaHo-
ro rasy [165, 179-185].

IMpotsrom octannix 30-tu pokis i B mepcnektusi 10 2010 p. (a mo-
®uBo 1 mie gani) I'TY Gyze TeruioBUM IBUTYHOM, II0 HAHOIIBII THHAMIY-
HO po3BHUBaeThes B CBiTi. B mepiox 3 1960 mo 2000 poxu makcuMaibHA
ONIMHUYHA MOTYXXHICTh 30umbmImIacs 3 50 go 235 MBT, KK]I npu aBToHO-
MHiii poboTi 3 27-28 10 36,5 % (6aratoBanosi I'TY, crBopeHi Ha 6as3i aBia-
JIBUTYHIB 3 BUCOKMMH CTYTICHSIMH ITiJIBUIICHHS TUCKY, 3a0e3nedyors KKJI
10 40 % i Ginbie ), moYaTKOBa TeMIleparypa rasis 30iabmmacs 3 850-900
1o 1300-1400 °C, a cryninb ctucHeHHS — 3 7-9 o 15-17. [IpoekTytoTbes
1ie Ginbin motyxHi i ekoHomiuni I'TY [165, 183-185].

CdopmyBascs ipodiib i MPUHIUIN KOHCTPYIOBAHHSI €HEPTETUIHUX
I'TY, mo 3abe3neunnu iX HAIHHICTD, TCIJIOBY €KOHOMIUHICTh, HEBHCOKY
MMUTOMY BapTIiCTh 1 eKCIDIyaTaliifHi BUTPATH, MAITy KUIBKICTh IIKIITUBHIX
BUKHIIIB. Brucoka HamiiHICTh 1 ekoHOMIiuHICTh ['TY mocsarHyTi B pe3yibTari
JIOCKOHAJIOTO KOHCTPYIOBAHHS 1 pO3paxyHKIiB Ha OCHOBI OCTaHHIX HayKo-
BUX JOCHIDKEHb B OOJIACTI aepOJMHAMIKH, TEIIOMacOOOMiHY, TOpIHHS,
MEXaHIKH 1 KOHCTPYKIIHHOT MIITHOCTI, METAJIO3HABCTBA, METAIYPTii 1 Gop-
MOYTBOPEHHSI.

B ymoBax pedopmyBaHHS €KOHOMIYHUX BIJHOCHH i NEpEXoay M0
PHHKY yce SICKpaBillle BUSBIAETHCS TCH/CHIIIS 3HIKCHHSI OIOPKCTHUX acH-
THyBaHb JIep>KaBH B PI3HOMAaHITHI Taly3i rOCIoIapcTBa, y T.4. 1 B TAIMBHO-
eHepreTHYHUi KoMIulekc. Kpu3oBi siBUILIA B €HEPreTHLI CYIPOBOKYIOTh-
csl, 3 OZHOTO OOKY, ICTOTHUM MiJBUILEHHS BapTOCTI TEIUIOBOI 1 €NEKTpHY-
HOI €Heprii, 3 IHIIOro OOKY — PI3KUM 3HIDKCHHSM HaIiHHOCTI €JIEKTPOTEII-
JIOTIOCTAYaHHsI MiJIPUEMCTB 1 PETiIOHIB. 3a3Hau€HI YHHHUKHA CTHMYJIIOIOTh
PO3BUTOK JICHIEHTPATI30BaHOT EHEPTeTUKH, TOOTO CTBOPEHHS HEBEIUYKHX 1
SKOHOMIYHHX JDKEpENl CHEpril 3a paXyHOK BJIACHUX KOIITIB MiIMPUEMCTB
[165, 179-182].

B ocranHi pokn 3'sBmiacs 3HaYHa KITBKICTH ITyONiKaIliff, B SIKHX
AHAJII3yIOTHCSI €eKOHOMIYHA €()eKTUBHICTD 1 rairy3i 3aCTOCYBaHHS €HEPreTH-
YHUX yCTaHOBOK JJII KOMOIHOBaHOTO BHUPOOITKY TEIUIOBOI 1 €IEKTPUYHOT
eneprii (Mini-TELL). ITpu 1boMy B SKOCTi ITPUBOA ENEKTPOreHEpaTopa 1o-
BCIOZHO IPOTIOHYETHCS 3aCTOCOBYBATH T'a30TypOiHHI YCTaHOBKH; B JESIKHX
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crenu(iYHIX YMOBaxX HE BUKJIIOYAETHCS yCTAHOBKA I'a30BHUX JBHUI'YHIB. Ba-
PTO MiAKPECINUTH, IO MOBA, SIK MIPABHJIIO, 1€ HE CTIJIBKU IIPO CIIOPYIKEH-
Hs HOoBuX TEIl, CKinbkH IIpo MOAEPHIi3aLio iICHYIOYMX CTAHIIH 1 OTaroBa-
JBHUX KOTENbHHUX ra30TypOiHHMMHK HanOymoBamu. Tol ¢akr, Mo nmpu Ko-
reHepalii KoeQilieHT BUKOPHCTAaHHS TEIUIOTH IalWBa € iCTOTHO BHUIIUM,
HDK TIPH PO3AITPHOMY BUPOOHHIITBI Ti€l K KUTBKOCTI TEIUIOBOI i €IeKTpH-
YHOI €Hepriii, MPUBOJNTH JESIKHX aBTOPIB JIO JOCHTh KaTerOPHYHOIO BU-
CHOBKY: HalOLIbII Ae(iIMTHE 1 SIKICHE NaTMBO — MPUPOJHHUN Ta3 — HEOO-
X1JIHO CIIAFOBATH TIIKH B YCTAHOBKAX JJIsi KOMOIHOBaHOTO BHPOOHMIITBA
TEIIOTH # enektpuku [144, 165].

B pesynbrarti aHami3y giTepaTypHHUX JPKepes CIIijf 3a3HAYHUTH.

B ycix mpoaHamizoBaHHX po0OoTax POOOYHMMHE TiJaMH B TEIUIOBHX
Hacocax Oy ppeonu, nepeaxxkno R12, R22 ta R114, sxi B Tiif 9u iHIIH
Mipi € 030HOAKTMBHUMHM 1 32 BUCHOBKaMH MOHpEaIbChKOi MiKHApPOIHOI
koH(epeHii 1987 p. miasraioTh 3aMiHi SIK €KOJIOTIYHO HEOE3MeyHi.

B nwmToBaHiil miTepaTypi BHKOPHUCTOBYBAIUCH Pi3HI 3HAYCHHS TEM-
nepaTypy HaBKOJHMIITHBOTO CEPEIOBHUINA i Pi3HI 3HAUEHHS TEMIIeparTyp Mija-
BEJICHHS TEIUIOTH, IO MPUBOAUTH 10 po30iKHOCTEH B OLIHII e(heKTUBHOCTI
pobotu THY, siki He MOKIJIMBO 3iCTaBHUTH.

B HasBHHX JIiTEpaTypHUX JDKepeliaX IyKe 0OMEXKEHI TOCIIIHKSHHI
cTtocoBHO BuKopucTanHsa THY y ckiaji TeruioHacoCHWX cTaHIliii Ha 0a3i
OMaNIOBATBHUX KOTENEHb, a JaHi 010 epeKTUBHOCTI 3acTocyBanHs THY
B cucremax Tteruonocradanus (ekcepretuuni KKJI) Biapi3HsioThCsS Mix
coboto maibxe Ha 50 %.

ITo cyTi crpaBu € nHIIe TOOJMHOKI TOCTIDKEHHS IIOAO 3aCTOCY-
BaHHS JAU3EIbHUX IBUTYHIB K IpuBojaa kommnpecopa THY [15].

[poBenenuii aHai3 AOCIHIKECHb 3 €(hEeKTHBHOCTI JDKEPEN TEIUIONO-
cragaHHsa 3 THY BusABUB 0OMEXEHICTh Ta HEJOCTATHICTh CHCTEMHHUX JIOC-
JI/KCHB 3a3HAYCHNX CHCTEM.

B pesynbrari ananizy gociimpkens edextuBHocTi 3acrocyBanns THC
BUSIBJICHO, IO HEAOCTAaTHs yBara NPUAIIAIACh IUTAHHAM JOCIIJUKECHHS
etdexruBHOCTI THC 3 pi3HUM THUTIOM TIPUBOMY, CXEMaMH Ta PSKUMAMH PO-
6otu. B HasgBHIiIl miTepaTypi BiACYTHI CHCTEMHI AOCTIMXEHHS LBOTO IH-
TaHHSA. BiICyTHI KOMIUIEKCHI TOCIIPKEHHS BIUTUBY 30BHIIIHIX YMOB Ta
CXEMHHX pillleHb Ha e(eKTHBHICTh pobotn THY.
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2. Y3ATAJIBHEHA TEINVIOTEXHOJIOTTYHA CUCTEMA
3 TEIINIOHACOCHOIO YCTAHOBKOIO

2.1. ®opmaJizoBana cucremarusauis ingopmaiii 3 po3podku,
JMOCJIIZKEHHSI T2 BIPOBAIKEHHSI TEMJIOHACOCHHUX YCTAHOBOK

AHATITHIHUNA OTIL JITEpaTypHUX JOKEpell, IPpoBeAeHNH y po3aimi 1,
3aCBIYMB, 110 y MEPEBAXKHIM OUIBIIOCTI MOCITIHKEHHS €(PEKTUBHOCTI 3a-
crocyBanHs THY 3BogsaTbcs 10 BH3HaueHHS e(DEKTHBHOCTI 3aCTOCYBaHHS
THY B neBHiii cucTteMi 3 BU3HAYEHUM CKJIAJOM OOJIaJHAHHS Ta 30BHIIIHI-
Mu 3B’s3kamiu. [lo cyTi, B HasBHIH JiTeparypi € JuIIe MOOTMHOKI JOCIHi-
JUKEHHSI OKpeMHuX 3acTocyBanb THY 06e3 y3arambHEHHS OJepKaHUX pe-
3ynbTaTIB Ta MOLIMPEHHS 1X Ha PEINTy TEIUIOTEXHOJIOTIUYHMX cucteM. He
BU3HAYEHO BIUIMB 30BHIIIHIX YMOB Ta XapakTepy CIIOXKHMBAdiB MPH 3aCTO-
CyBaHHI TEIJIOHACOCHUX YCTaHOBOK B CHCTEMaXx TEIUIONIOCTAadyaHH:. Bincy-
THI CUCTEMHI JIOCHIIKEHHs eeKTUBHOCTI 3acTocyBanus THY B 3anexHoc-
Ti BiJi KOHKPETHHX JDKEpesl HU3bKOTeMIIepaTypHoi Temiotd. He Bu3HaueHo
HaWOIIBII CIIPUATINBI Taly3l 3aCTOCYBAHHS TEIUIOHACOCHHX YCTaHOBOK.
Jli kmiMaTHYHUX yMOB YKpaiHU BiACYTHS cHCTeMaTH30BaHa iH(opmamis 3
edextrBHOCTI 3acTocyBanHs THY niist meBHUX KOHKPETHHX YMOB, CXEM Ta
rajxy3ei 3aCTOCyBaHHs, HEMa€ y3arajJbHEHb Ta METOANYHHUX PEKOMEHAALIN
3 BuOOpy Ta BrpoBapkeHHS THY B TEIIIOTEXHONOTIYHI CHCTEMH 3 Pi3HAMHA
cxemaMH. BincyTHs cucrematm3oBaHa iH(pOpMALliS NPO BIPOBAIKEHHS
THY Tta edekTuBHICTh 1X QYHKIIIOHYBAaHHS B PEajbHUX TECIUIOTEXHOJIOTIY-
HHX CHCTEMaX.

He 3Bakaroun Ha 3HAYHUI MOTEHIIAI HAIIOI AEPKaBH 32 HAIPSIMKOM
Bukopucrands THY, smaunoro BunpoBamxenns THY B Temnoenepreruyny
ramy3b HE CHOCTepiraerbecs. s TETTOTEXHONOTIYHUX CHUCTEM IIiATPH-
€MCTB YKpaiHM HEJJOCTATHIMH € CUCTEMHI JOCIIPKEHHS YMOB TEIIONOCTa-
YaHHS [MX HIJIPHEMCTB 3 BAKOPUCTAHHSIM TEIUIOBUX HACOCIB.

3Bakalouu Ha BUKJIAJIEHEe BUINE, aBTOPH 3pOOmiIN crpoly cucrema-
THU3YBATH Ta y3araJIbHUTH HasgBHY JITepaTypHy iHPOpMAIIifo 3 po3poOKu Ta
BrpoBamkenus THY [186], a Takok OKpeciIuTH KOJIO MUTaHb, sKi IMiiii-
MAaroThCsl aBTOpaMH IyOJiKamii y (axoBUX BUAAHHAX. [Ipw mpoMy BHKO-
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pHUCTaHI B OCHOBHOMY HayKOBI Ta HayKOBO-TE€XHIUHI CTaTTi 3 >KypHaJIiB
«XonoaunpHast Texuuka» (Pocist), «XonoannbHas TEXHUKA U TEXHOIOTHSI»
(Ykpaina), «Temnosnepreruka» (Pocist), «[IpoMBbIIIIEHHAS TETIOTEXHUAKA»
(Ykpaina), «IIpomsiuiennas suepretuka»(Pocis), «IIpobiembl 3HEproc-
Gepexenus» (Ykpaina), «Dnekrpuueckue crannum» (Pocis), «BomocHao-
JKEHHe M caHuTapHas TexHuka» (Pocis), «DKOTeXHOIOTHUM U pecypcoche-
pexenne» (Ykpaina), «M3eectus BY3oB «Duepreruka» » (Pocis), «Eko-
HoMmika Ykpainu» (Ykpaina), «Punok incramsuiitauii» (Ykpaina) 3a nepioa
31978 no 2001 p.

Cucrematn3oBana iHpopmalis HaBeneHa B Tabmumi 2.1. Cucremaru-
3aris iH(opMalii 3A1HCHEHA TAKHM YHHOM:

1) 3a BumoMm cuctemH, sika posrisaaetses: TH — TeruoBuid Hacoc;
THY - remnonacocHa ycranoBka, THC — TeruionacocHa cTaHIis;

2) 3a pi3HOBHUIOM MTPOGIIEM, IO PO3TIISIIAIOTECS;

3) 3a temnoBoro notyxuictio TH (cepeans — g0 1 MBr, Benuka -
noHa 1MBT);

4) 3a BUOOM JKepena Hu3bKoTeMmmepartypHoi terutotu At TH (Bona,
MOBITpS, IPYHT, BOASHA Mapa);

5) 3a cdepamu Ta ramyszsmu 3acrocyBanus TH;

6) 3a HAsABHICTIO B JIITEPATypi JAHUX MPO BIIPOBAKEHHS KOHKPETHOT
TEIIOHACOCHOT cucTeMH («+» — TaHi MPo BIPOBAIKEHHS HABENCHI, «—» —
JaHi BiCyTHi).

He 3Bakaroun Ha pocBin 3acrtocyBanHs THY 3a xopaoHoM, B Hamiit
KpaiHi po6otu 3 BrpoBamkenus THY nepeOyBatoTh, B OCHOBHOMY, Ha CTa-
Ji1 okpeMux nociipkeHb. Jlo ¢axTopis, sKi Ha TEMEpilIHiil Yac CTUMYIIIO-
10Th BrpoBapkeHHs: THY B mpomucioBicTh 1 MyHIIMNAIBHY €HEPreTHKY
CJIiJ] BITHECTH Ne(ilUT MAIMBHUX PECYPCIB, a TAKOK €KOJIOTIYHI MepeBaru
THY B nopiBHSHHI 3 albTepHATHBHUMH HHU3BKOTEMIICPaTypHUMH JDKEpe-
JIaMH TETUIONOCTaYaHHs.

OTxe, OCHOBHMMH ITUTaHHSIMH, SIKi PO3IIISIAIOTECS, €:

1) BUKOpHUCTAHHS aJbTEPHATHBHUX XoionoarenTiB s TH mis 3aminu
030HOAKTHBHUX ()PEOHIB, a TAKOXK CKOJIOTTYHI aCIIeKTH 3acTocyBanHs TH;

2) BupoBamkeHHs TH B kniMaTHYHUX YMOBaxX YKpaiHu;

3) BopoBapkenss TH Ha MPOMHCIOBHX MiNPHEMCTBAX;

4) moxxuBicTh BuKoprcTanHs BEP st Bupobuuirsa termtoru y TH;

5) moxJmBicTh BripoBamkeHHs TH B cucTeMy LIEHTPani30BaHOTO Te-
TUIOTIOCTaYaHHS,

6) oliHKa EHEPreTHYHUX T4 EKOHOMIYHUX MMOKa3HHKIB cucTeM 3 TH.
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Jxepena temonocradanns 3 TH mepeBakHO 3HaXOIATh 3acTOCy-
BaHHS y CHCTEMaX TEIUIONOCTaYaHHs Ta BeHTWIALII (omajeHHs, rapsiye Bo-
JIOTIOCTAYAHHSI, KOHMUI[IOHYBAHHSI), TIPOMHUCIOBOCTI (y TOMY YHCIi Xap4o-
Biif), Ta arponpomucioBoMy Komruiekci. Ha puc. 2.1 HaBegeHHi po3moain
TEIIOBUX HACOCIB MO Taly3siX 3aCTOCYBaHHS, 31HCHEHHH Ha OCHOBI cuc-
TeMaTn30BaHoi iHpopmartii. SIk BuaHO 3 puc. 2.1, HAWOUTBIIE TOIIMPEHHS
TEIIOB1 HACOCH 300YyIIH B CUCTEMaX TEILIONOCTaYaHHS.

2%

H TennonocrayaHHs Ta
T~ BEHTUNAUIS (OnaneHHs,
rapsiye BogomnocTayaHHs,
29% KOHAMLIOHYBaHHS)
\ OMNpomucnosicTb (y ToMy
yucni xapyosa)

1

-

B ArpornpoMnCroBuiA
69% KOMMneKC

b

Puc. 2.1. Po3noain TemI0BUX HACOCIB 110 Tally3sX 3aCTOCYBaHHs Ha OCHOBI
CHCTeMaTH30BaHOi iH(opMartii

SIk mKepena HM3bKOTEMIIEPATYpHOI TEIUIOTH B JIOCIHIIKYBaHUX 3a-
CTOCYBaHHSX TEIIOBUX HACOCIB PO3TJISAAIOTHCS: BOAA (B TOMY YHCI Y BH-
risiai BEP, criuna), atMocdepHe mOBITpsI, TeIIoTa IPyHTY Ta BOISHA Mapa.
Ha puc. 2.2 mokazaHO poO3IMOIiT TEIUIOBUX HACOCIB 32 JPKEpenaMu HU3BKO-
TEMIIEpaTypHOI TEIUIOTH.

Sk BUAHO 3 pHcC. 2.2, HAHOUIBII IMPOKO BUKOPUCTOBYBAHUM JKepe-
JIOM HU3bKOTEMIIEPATypHOI TEIIOTH JUIsl TEIJIOBUX HACOCIB € BOAA.

Pesynprati BripoBamkenHs cucrteM 3 TH Bucsitieni y 40 % my6umi-
Kalli#f, 3 SKUX BIIPOBA/KEHO IO Tany3sx: 1) TemmonocTauyatHs Ta BEHTHIIS-
1ist — 78 %; 2) mpomucoicTs — 22 %.

Po3noin BpoBapkeHb TEIUIOBUX HACOCIB IO Taly3sX 3aCTOCYBaHHS
HaBeZeHUH Ha puc. 2.3. SIk BUIHO i3 puC. 2.3, TEIIOBI HACOCH MEPEBAYKHO
3aCTOCOBYIOThCS [UIsi 3a0e3MedeHHs: MOTped Trapsuoro BOAOMOCTaYaHHS,

KOH[[I/II_liOHyBaHHH Ta OIAJICHHA.
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Puc. 2.3. Po3nozin BpoBakeHb TEIJIOBUX HACOCIB I10 Tally3s1X 3aCTOCYBaHHS

B 3a3HaueHux cucremMax BUKOPHCTOBYETHCS TEIJIOHACOCHE YCTAaTKYy-
BaHHS MaJoi, CepeHBOI Ta BEIUKOI IMOTY>KHOCTI. MOXKIMBICTE 3aCTOCYBaH-
HS TEIUIOBHMX HACOCIB MaJIoi Ta cepeaHbol moTykHocTi (10 1 MBT) Bimbuto
y 59 % my6nikamiit, a TH Benukoi motyxuocTi (monan 1 MBT) — y 41 %. 1le
nosicHIOEThCs TUM, o TH manoi Ta cepeHboi MOTY>KHOCTI 3aCTOCOBYIOTh-
Csl TIEPEBAXXHO Y TEIUIOBHX CXEMaX MPOMHCIOBHX IIIIPHEMCTB 32 YMOB
HEBEJIMKHUX TEIJIOBUX HaBaHTaXXeHb. Y ToM ke yac TH Benukoi mory>xHOC-
Ti 3HaXOJATH 3aCTOCYBaHHS y CHCTEMax IIEHTPalli30BAaHOTO TEIUIONOCTa-
YaHHS 32 YMOB BEJIMKHX TEIUIOBUX HABAHTA)XKCHB TEIJIOBUX CIIOKHUBAYIB.
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Ter1oBi HaCOCH MOXKYTH TPAIFOBATH SIK OKPEMO, TaK i y ckianui Oi-
BAJICHTHOI CHCTEMH TEIUIONOCTauaHHs, sika, kpiMm TH, nepenbauae me Bu-
KOPUCTaHHS BOAOTPIMHOTO KOTJIA SIK MIKOBOTO JKepelia TeIIOTH. 3aCToCy-
BaHHs OiBaJCHTHHX TEIIOHACOCHUX CHCTEM TEIUIONOCTAYaHHs (TeruioHa-
cocuux crauuiii (THC)) posrasiayto y 11 % ny6umikariii.

Hait6inpmri  mMoknmmBocti Mae BrpoBamkeHHs THC B cucrewmi
[EHTPAJII30BaHOTO TEIUIONOCTAYaHHS 3 METOI0 3HIDKEHHS CO0IBapTOCTi Tel-
JI0BOI €Heprii Ta yHUKHEHHS TEIUIOBOTO 3a0pYAHCHHS HaBKOJMIIHBOTO Ce-
penoBuIIa.

OcHoBHa iH(OpMAIlis 3 Po3pOOKH Ta JOCHTIIPKEHHS e(heKTUBHOCTI 3a-
crocyBanHs THY BucBiTIeHa y myOmiKamisX TaKUM YHHOM:

1) npoeKkTyBaHHs Ta JIOCTIHKEHHS €(pEeKTUBHOCTI CHCTEM TEILIONO-
cradanHs 3 TH, po3poOka cxeMHHX Ta TeXHIYHUX pinieHb — 41,9 %);

2) exoHOMiuHI TiepeayMoBH 3actocyBanus TH, TexHiKO-eKOHOMIYHA
ominka edexkruBHOCTi cuctemu 3 TH — 17,6 %);

3) 3amaui BupoBapkenHs TH, B ToMy 4mcIi i B KIIIMaTHYHAX YMOBaX
VYxpaiau — 17,5 %);

4) TH sik 3aci6 eHepro- i pecypco3bepexeHHs, MOKIHBOCTI BUKOPH-
CTaHHs yTWIi30BaHOI TerwioTh BEP mpommucioBOCTI Ta €HEpreTHKH y BH-
POOHUIITBI TETUIOTH TEIUIOBUMH Hacocamu — 12,2 %;

5) moxnmBocTi Ta edeKTHBHICTS BHUKOpHCTaHHS TH y TemmoBux
cXeMax MPOMHUCIIOBUX MiANpUeEMCTB — 5,4 %;

6) exomoriuni aciektu 3actocyBauns TH — 5,4 %.

3BaKalouM Ha IIMPOKUH CHEKTp NMUTAHb, IO PO3TIAAAIOTHCSA y Ha-
MPAMKY PO3pOOKH, MOCTIPKEHHS Ta BIpoBapkeHHs TH y mpoMucioBicTs
Ta EHEPreTUKY, CIIiJl 3a3HaYUTH TaKe:

1) TH Bce 6isiblile BUBHAIOTHCS SIK €KOJIOTIYHO YHUCTi aJbTepHATHBHI
JoKepena TeIUIOTH;

2) migTBepmKyeThes yHiBepcanpHicTh TH 3a mKepenamMu HU3BKOTE-
MIIEPATypPHOI TEILUIOTH;

3) axueHTyeThCsl yBara Ha HEOOXiJHOCTI PO3POOKH TEIIOHACOCHUX
CHCTEM JUIs KJIIMAaTHYHNX YMOB YKpaiHH,

4) 3a3HAaYaETHCS MOXKJIMBICTH BIpOBamKeHHs TH y MyHIIMmansHy
TEIJIOCHEPTeTHKY Ta TEPEBaKHO XapyOBY MPOMHCIIOBICTD 3 METOIO YTHIII-
3amii TerutotH HU3bKoTeMIepaTypHux BEP ocranHix Ta 3a0e3medeHHs Ha-
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BaHTA)XCHb TCIUIOBUX CHOXKHBaYiB Ta TCIIOTH FOCHOAAPCHKHUX MOTPeO Mij-
TIPUEMCTB,;

5) MOXIHMBiCTh BIpoBaKEHHT TH HiATBEPIKYETHCS BiAMOBIAHUMU
CHEPreTHYHHMHU Ta TEXHIKO-CKOHOMIYHMMH PO3pPaXyHKAMH OKPEMHX 3a-
CTOCYBaHb;

6) TeXHIKO-eKOHOMIYHI Ta EHEPreTUYHI OLIHKK MOXIJIMBHX 3aCTOCY-
BaHb TH He cympoBOKYIOTBCS 1I€ i €KOJOTIYHOIO OI[IHKOI. BpaxyBaHHs
3MEHILCHHS 3a0pyIHCHHSI HaBKOJIHUIITHHOTO CEPEIOBHIIA 32 PAXYHOK BHKO-
puctannas TH (Buxkuau CO, NO,, TemoBe 3a0pyIHEHHs) Ta BiAIIOBIIHOTO
3MEHIICHHS BiIIIKOAYyBaHb 3a IIKIUIMBI Ta TEIJIOBI BUKUAH MOXE CYTTEBO
MOKPAIUTA €KOHOMIYHI MOKAa3HUKU POOOTH MiIIPUEMCTB Ta 3MCHIIUTH
TEPMiH OKYITHOCTI TEIIOHACOCHOTO oOnmanHanHsA. OTxke, BHHUKAE HEOOXi-
HICTH €KOJIOTIYHO-eKOHOMIYHOI oriHku TH.

Hampukinii ciif 3a3Ha4UTH, 0 3POCTAaHHIO 3aCTOCYBaHb TEIIOBUX
HacociB B YKpaiHi crpusuio 6 CTBOpeHHs 100pe po3poOieHOT MEeTOIUKH
TEXHIKO-eKOHOMIYHHX Ta CKOJIOTIYHHX PO3paxyHKiB e(peKTHBHOCTI 3acTo-
CyBaHHSI TEIUTOBHX HACOCIB 3 BpaxyBaHHIM BUKOPUCTAHHS KOHKPETHHX Mi-
CIIEBHX JUKepeT HU3bKOTEeMIepaTypHOi eHeprii. B Ham gac po3po0isroTecs
BiIMOBIAHI O0OIpyHTYBaHHsA. OYEBHIHO, IO PEAJbHOK OCHOBOIO ISl IO-
IIMPEHHS JOCBiy 3aCTOCYBaHHS TEIUIOBHX HACOCIB Ta METOMIB IX po3pa-
XYHKIB Mir OW CTaTH JOCBiA IPOEKTyBaHHA Ta ekcruryaTtanii TH y Temmo-

BUX CX€Max MiANPUEMCTB EHEPIeTUIHOI Ta XapuoBOi Tary3ei.

2.2. Y3arajbHeHa TeILIOTeXHOJI0riYHA CHCTEMA
3 TEIUIOHACOCHOI0 YCTAHOBKOIO

EdexTnBHICTh TEIJIOBUX HACOCIB y 3HA4HIN Mipi BU3HAYa€THCS J10-
LUIBHAM pO3TallyBaHHSIM IX B 3arajibHii eHepreTuyHiil cucremi. Bxito-
YEHHS TEIUIOBOI'0 HACOCA B 3arajllbHy CXEMY 3/IHCHIOEThCA 3a JOIIOMOTIOI0
nepudepiitHoro obIaaHaHHS Ul TEIUIOHACOCHUX YCTaHOBOK. YCi IIi arpe-
raTH 3'€AHYIOThCS B €IMHY ONAJIOBAJIBbHY CHCTEMY 3 TEIUIOBUMH HAcOCaMHU
a00 B 0XOJIO/XKyBaJIbHO-HATrPIBAJIBbHY CUCTEMY.
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VY [7] HaBeneHo y3araibHEeHy CXeMy OMAIOBAJIbHOI CHCTEMH 3 TEl-
JIOBUM HAacOCOM. ¥ CIIPOIICHOMY BUTJISIII IS CXeMa HaBeJieHa Ha puc. 2.4.

Ny > > OmnainoBaibHa
TennoBuii Hacoc » AKyMynsaTop
TEIUIOTH KOTEIbHS
A4
Jbiepena TernoBi
HHU3BKOTEMIIEpaA- K < XOJ’IOZ[OHOCTEI‘IEIHHSI
. Mepexi
TYpPHOI TEIUIOTH
A4 A4
Tapsiue OrnaneHss Texnomnoriuui
BOJOIIOCTaYaHHs MIPUMIIICHb TEIUIOBi YCTaHOBKM

Puc. 2.4. Y3arajpHeHa cxeMa ONajIioBajJbHOI CHCTEMH 3 TEIIOBUM HacocoM [7]

Taxka y3araipHeHa cXeMa Ma€ MeBHI HeIOJIKH, a caMe:

1) BimCyTHICTH eHepreTWYHHMX 3B'I3KiB (HABEACHI TINBKH TEIUIOBI
3B'SI3KH);

2) sIK CKJIa/I0Ba YACTHHA CUCTEMH BiJICyTHIH IIPHBOJI KOMIIPECOPA,;

3) He BpaxOBaHO 3B'I3KU BEPXHBOTO (y KOHAEHCATOPI) Ta HIKHBOTO
(y BUmapHUKY) piBHIB TEMIOBOTO HACOCA,

4) TeroBuil HACOC, OMANIOBATbHA KOTENbHS Ta TEIJIOBI MEPEXi He
MOB's13aH1 Mixk CO00F0 Oe31mocepeIHbO, a TUTBKU Yepe3 aKyMYJIATOoP;

5) He pO3MIISAHYTI JUKEPENa TEIIOTH, ATbTEPHATHBHI TEIUIOBOMY Ha-
cocy;

6) nepenbaueHO XOIOJONOCTAYAHHS TUIBKH Yepe3 aKyMyJIIsITop, Ter-
JIOBI Mepeski, TOOTO Ha BepXHBOMY piBHI (koHIACHCaTOpa). He mepenbdaueno
XOJIOIOTIOCTAYaHHS HA HIKHBOMY PiBHI (BHIIAPHHKA).

BpaxoByroun 3a3HauycHi BUILC HEAOJIKH, HEOOXITHAM € TOAAJbIIC
YIOCKOHAJICHHS HaBEICHOI CXEMH.

47



Ha ocHOBI cucTemaTH3anii Ta y3araJlbHCHHs HasBHOI iH(popmamii 3
PO3pOOKH, TOCTIHKEHHS Ta BIPOBAKCHHS TETUIOHACOCHUX YCTAHOBOK JJISI
MOTpeO TEIIONOCTAYaHHs!, 3AiHCHEHMX HA OCHOBI yGikamiit [3, 4, 6, 9-15,
23-30, 38-44, 63, 64, 69, 74-78, 83, 92, 109, 130, 134-136, 153, 187-189]
Ta HaBeICHHX y miapo3aim 2.1, Oyma po3polieHa y3arajJbHeHa cXeMa CHC-
TeMH 3 TeIIoBUM Hacocom [190].

Taka cxema BKJIHOYAa€E B ceOe, SIK CKJIaJIOBI YaCTHHH, TEILUIOHACOCHE,
KOTeJbHE, CHepreTHYHe, yTUIli3aliiiHe 00JlalHaHHS, TEIUI00OMIHHE ycTaT-
KyBaHHS, aKyMyJISITOpH, €MHOCTI, JDKepesa TaliiBa, CHeprii, TEIUIOTH Ta
XOJIOJy, CIIOKMBAYiB TEIJIOTH Ta XOJOAY, HOMOMIXKHE OONagHaHHS Ta iH-
mre. OKpeMo HaBEJICHI CHCTEMH, 3 IKUMH TTOPIBHIOETHCS e()eKTHBHICTD Te-
TUTOHACOCHUX cucTeM. L[ cxema BpaxoBye i OmantoBaibHI CHCTEMH 3 Tell-
JIOBUMH HACOCaMH, JTOCII/PKEHI aBTOPOM, a TaKOX CKJIAJIOBI YACTHHH ITUX
CHCTEM Ta 3B'si3kH. Taka cxema JI03BOJISIE 3'sICYyBaTH MicCIle MPOBEIEHUX JI0-
CJIi/KEHb Y 3aralibHill CHCTEMI.

VY3aranbHeHa TEIUTOTEXHOJIOTIYHA CHCTEMa 3 TEIUIOHACOCHOI YCTa-
HOBKOIO € y3arajJbHEHHSM HaOyTOro MOCBiIy 3aCTOCYBaHHs TEIJIOHACOC-
HHUX YCTAHOBOK B CUCTEMAaX TEIUIOMOCTAYaHHSI, & TAKOX CHHTE3Y TEIUIOTEX-
Hojoriyaux cuctem 3 THY. 3a3HaueHa cucTeMa y 3py4HOMY BHUIUISAII KOH-
[EHTPYE NOCATHEHHS B 00JIaCTi GOPMYyBaHHS TEIUIOTEXHOJIOTIYHIX CHCTEM
3 THY Ta nocmimkeHHS e(QEeKTHBHOCTI 3aCTOCYBAaHHS TEINIOHACOCHUX
YCTaHOBOK B CHCTEMaXx TEILIONOCTaYaHHS.

V3arajapHeHa TeIIoTexHoaoriuHa cucrema 3 THY — 1e BUsABIIEHHS
BHYTPIIIHIX CYTHICHUX 3B’S3KiB MiJICCTEM Ta SIIEMEHTIB MiJICHCTEM B TEII-
norexHoyoriuHiil cucremi 3 THY. 3a3HadeHa y3arajgbHEHa CUCTEMa JI03BO-
Jisie OOTPYHTOBAHO OMUCYBATH 3B’SI3KH MIJICUCTEM Ta CJICMCHTIB CUCTEMH 3
TEITOHACOCHOIO YCTaHOBKOIO.

V3araibHeHa TeIIoTexHoJoridHa cuctema 3 THY nmomomarae y Bu-
Oopi ckimaxy obnaHaHHS, BCTAHOBJICHH] 3B’ 3KIB MK 00JIaIHAHHSM Ta BH-
00pi pexuMiB poOOTH peabHUX TEIIOTEXHONOrYHUX cuctem 3 THY.

VY3aranpHeHa TermioTexHoioriyaa cucrema 3 THY e BigkpuToro cuc-
TeMoro. BoHa MoOe pO3BHBATHCH Y Mipy PO3BUTKY HayKOBO-TEXHIYHOTO
Iporpecy B IIiif 067acTi, HAKONUYYBATH Ta y3arajJbHIOBATH JOCATHEHHS Y
cdepl nociikeHb Ta CHHTE3y TemyIoTexHojoriynux cucrem 3 THY. Bpa-
XOBYIOUH 3a3HaueHE BUIIE, 32 METOOJIOTIEI0 CTBOPEHHS y3arajlbHEHOI Te-
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IUTOTEXHOJIOTIYHOI CHCTEMH, MOKIIMBUI MONANBIINI PO3BUTOK y3araibHe-
HOT TEIUIOTeXHOJOTTYHOT cuctemu 3 THY B KOHIIEHTPOBAaHOMY BUTJISII.

V3arajgpHEHa TEIUIOTEXHOJIOTIYHA CHCTEMa 3 TEIUIOHACOCHOKO yCTa-
HOBKOIO XapaKTCPU3YEThCS CKIIAJOM OOJaIHAHHS, CXEMaMHU Ta PEKUMAMHU
poboTu. PexxuMu pobOTH peabHUX TEIUIOTEXHOJIOTIYHUX CHCTEM 3 TEIUIO-
BHMH HacocaM¥ y 3HAYHIiH Mipi 3amexars BiJ CKJaxy oONlaJHAHHS Ta CXe-
MH TEIUIOTEXHOJIOTTYHOT CHCTEMH.

Ha puc. 2.5 HaBeneHa y3arajgpHEHa TEIDIOTCXHOJIOTIYHA CHCTEMa 3
TEIUIOHACOCHOIO YCTaHOBKOIO y CHPOIICHOMY BHIIIAII. BoHa ckiamaeTses 3
pANy MiACKCTEM, a TAaKOX 3B'S3KiB MiX HUMH. SIK 3B'SI3KM MiX MmigcucTeMa-
MH BPaXOBYIOTBCsI TIOTOKHU TEIUIOBOI CHEPTil Pi3HUX TEMIIepaTypHHUX PIiBHIB,
MTOTOKH eJICKTPHYHOI eHeprii Ta manuBa. Ha MexXi 3a3HaYCHUX MiICHCTEM
BHSIBIICHI 3B'SI3KM MIDK HUMHU , sIKi HE BUCBITJICHI y HasABHIH iiTeparypi, abo
He OyJH JOCIIIKEHi.

JInsi HAOYHOCTI aHANI3y y3aralbHEHO! TEIIOTEXHOJIOTTYHOT CHCTEMH
3 TEIJIOHACOCHOIO YCTAaHOBKOIO OYJIM BU3HAYCHI TaKi MiICUCTEMH:

1) mixcucTema TEIIoBOro HacoCy;

2) mijicucteMa HU3BKOTEMIIEPATYPHUX JKEPES TEMIOTH;

3) mijcucTeMa pKepen eHeprii;

4) mizicucTemMa MPUBOY KOMIIPECOPa TEIMJIOBOr0 HACOCA,;

5) migcucrema yTrImizaliii TEMIOTH TIPUBOJLY;

6) migcucrema aKyMyJISIl TEIUIOTH;

7) migcucreMa moaadi TEIIOHOCHS;

8) miacucTeMa i IBUILCHHS TEMIIEPATYPHOTO PiBHS,

9) mijicucTeMa COKUBAYiB TEMIOTH;

10) migcucTeMa TPAAUIIHHUX JKEPET TEIIOTH.

KoxHa 3 3a3HaYEHHX IIJCHCTEM TaKOX XapaKTEePU3YEThCS MEBHUM
CKJTaJIoM OOJagHaHHS], CXeMaMH Ta pexuMamu pobotu. OTXxe, ciim mpo-
aHaTi3yBaTH IIi MiJICHCTEMH.

1. o cxnany HiICKCTEMH TEIIOBOIO Hacoca BXOJSTH OCHOBHI elle-

MEHTH TEIIOBOro Hacoca (BUMAPHUK, KOMIIPECOpP, KOHAEHCATOP, IPOCEIb).
Takox B 1ili MiZCHCTEMI BPaXOBYIOTBCS CXEMH BKIIOUCHHS BHUIIAPHUKIB Ta
KOH/ICHCATOPIB TEILUIOBUX HAcOCiB (mapanesnbHi, mocmigosHi Tormo). Ilixcu-
CTeMa TEIJIOBOTO HACOCa B BapiaHTHOMY BUIJISI MPEACTABIICHA HA PUCYH-
Kax 2.6 Ta 2.7 BIAMOBIIHO.

49



v

MIACUCTEMA flamso
CITOJKHBAYIB T‘})‘fﬂ;‘&g}n’;
TEILIOTH JIKEPEJL En.enepris
‘t TEIUIOTH
MEPEXEBUI TIOITPIBHUK
MICHCTEMA
EJIEKTPOHAT'PIBHUK MIIBUILIEHHS
TEMIIEPATYP-
TOIL HOT'O PIBHS
 —
HACOCH: NICUCTEMA [<Y |TTACHCTEMA
YTHIIBALIT
NOJAYI  [<—
Touo. TEIJIOHOCISI TEILIOTH
74 NPUBOAY
KOHJEHCATOP
nicue- | MIJICUC- Farenepriy I ICHAC-
MIICUCTEMA! (2 TEMA (= &4l TEMA Mameo _LEMA
AKYMYJISIIIG|  |od | TEIVIOBOTO |5 O} | ppppoqy JUKEPEJI
TEMJIOTH g | Hacoca (O EHEPITi
(=9
\ &
BUIIAPHUK
MIJCUCTEMA
HU3LKOTEMITEPA-
TYPHUX
JIKEPEJI
TEIJIOTH
—1__ CTAHIIA OYUIIEHHS CTIYHUX BOJ{
TPYHTOBA CUCTEMA—|
E I KOHAEHCATOPH ITAPOBUX TYPBIH
— <
BOIOHACOCHA CTAHIIA__{ i o) BOJIOOBOPOTHA CUCTEMA
g 9 — I[MPOMMCIJIOBOI'O IIAITPUEMCTBA
TJIPOAKYMYJIIOIOUHIT 2 D':.j
PE3EPBYAP —| & (:) | [TACTEPU3ATOP - OXOJIOJTHUK
g =} |— BJIOKU TEIVIOOBMIHHHWKIB
TIOBITPS 3AJIN ECKAJIATOPIB __| T E
(@] jan) BJIOKU TETUIOTEXHOJIOTTYHUX
= — YCTAHOBOK
TOLIO __|
— Touo

Puc. 2.5. Y3aranpHeHa TEIJIOTEXHOJIOTYHA CUCTEMA 3 TEINIOHACOCHOIO
YCTaHOBKOIO
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Ha puc. 2.6 moka3ani Taki BapiaHTH ITiICHCTEMH TEILIOBOTO HAcOCa:

a) — cxema 3 HapaJeIbHIM BKIIOYEHHSM BUIIAPHHUKIB Ta KOHICHCATOPIB;

6) — cxema 3 MOCIIIOBHAM BKITFOUCHHSIM KOHJICHCATOPIB Ta maparie-
JIbHUM BKJIIOYEHHSIM BHIIAPHUKIB;

B) — CXeMa 3 IOCTIZOBHHM BKIIFOYCHHSM BUIApHHKIB Ta Mapaeib-
HHUM BKJIFOUYEHHSIM KOHJICHCATODIB;

I) — cXeMa 3 TIOCITi JOBHUM BKJTFOUEHHSIM BUITAPHUKIB T4 KOH/IEHCATOPIB;

1) — KacKajiHa CXeMa,

€) — KacKaJHa cxeMa 3 IapajelbHUM BKIIOYEHHSIM BUIIAPHHUKIB 3 pi-
3HUMHU TEMIIEPATYPHUMH PIBHSMH Ta MOCIIZOBHUM BKIIFOUSHHSIM KOHICH-
caTopis;

€) — KacKajJHa cXeMa 3 MOCJTiJOBHHM BKJIIOYCHHSIM BHIIAPHHKIB Ta
napanegbHUM BKIFOUSHHSIM KOH/ICHCATOPIB 3 PI3HUMHU TeMIepaTypHUMHU
piBHSMH,

&) — KacKaJHa CXeMa 3 IOCI]iJOBHUM BKIFOYCHHSM BHIAPHHKIB Ta
napajeIbHUM BKJIIOUCHHSIM KOHJICHCATOPIB 3 PI3HUMH TeMIICpaTypHUMH
piBHSIMH;

3) — KacKaJHa cXeMa 3 MapajielibHAM BKIIOYCHHSIM BHIIAPHHUKIB 3 pi-
3HUMHU TEMIIEPATypPHUMH PIBHSAMHM Ta IOCIIZOBHUM BKJIIOUCHHSIM KOHZIEH-
caTopis.

3ayBaxxnumo, I10:

1) cxemam €) Ta 3) BiAMOBINAIOTH Pi3HI TEMIEpaTypHi peKUMHU B BH-
MIapHUKaXx.

2) cxemaM €) Ta ) BiAIOBIJalOTH Pi3HI TEMIIEpATypHI PEKHUMH B
KOHJIGHCATOpaXx.

2. HiZ[CI/ICTCMa HU3BKOTEMIIEPATYPHUX JIXKCPEJ TCIIJIOTH nepe;[6aqa€

MOXKIIUBICTh BUKOPHCTAHHS K MOHOBIIOBAHUX, TaK 1 HE MOHOBIIOBAHHX
JDKEpEsT TEIUIOTH.

SIK MMOHOBITIOBaHI JKepelia HU3bKOTEMIIEPAaTyPHOT TEIUIOTH AJIS TeTl-
JIOBOTO HACOCa PO3TJIIAIOTHCSA. IPYHTOBA CUCTEMA, BOJIOHACOCHA CTAHILis,
TiAPOAKYMYITIOIOUUH pe3epByap, MOBITPs 3ayd eckayaTopiB Tormo. Cepen
HETIOHOBJIIOBaHUX JDKEPEd TEIUIOTH CIiJ BiJ3HAYUTH CTAHIIIO OYHIICHHS
CTIYHHX BOJ, KOHAEHCATOPH MapoBUX TYpOiH, BOZOOOOPOTHY CHCTEMY
TIPOMHUCIIOBOTO ITiIIPHEMCTBA, TACTEPHU3ATOPHU—OXOTIOTHUKH, OJIIOKH TETIIO-
OOMIHHUKIB, OJIOKH TEIIOTEXHOJOTTYHUX YCTAHOBOK TOIIO.
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3a TeMIepaTypHUMH PIiBHSAMH MOKJIMBE BUKOPHCTAHHS B y3arajibHe-
Hilf cHCTeMi TaKuX JKepeN HU3bKOTEMIIePaTyPHOI TEIIOTH:

- moBiTpst 3am eckanaropis (t = 15-20 °C);

- Boja 3 maxt (t = 40-65 °C);

- BOJIa 3 KOHJIeHcaTOpiB mapoBux Typ6iH (t = 25-40 °C);

- Boza pivok (t = 4-17 °C);

- koMyHabHI cToku (t = 10-23 °C);

- 060poTHA BOa MpoMucioBoro mianpueMctsa (t = 25-40 °C);

- Teruiora rpyHty (poscomy) (t = 8-15 °C);

- npomuciosi croku (t = 40-70 °C).

Bapiantn BapianT xackagHOi cxeMu
TapaneabHO-TIOCIIIOBHUX CXEM
a) n) —
6)
B) |

Puc. 2.7. Tlincucrema TemoBoro Hacoca (BapiaHTH IMiICHCTEMH TEIIOBOIO

Hacoca 3 IBOX TCIINIOBUX HaCOCiB)

Ha puc. 2.7 moka3ani Taki BapiaHTH TiJICHCTEMH TETUIOBOT'O Hacoca:

a) — cXeMa 3 TIapaJIeITbHIM BKITIOYCHHSIM BUITAPHUKIB Ta KOHICHCATOPIB;

0) — cxema 3 MOCIiIOBHUM BKJIOUSHHSIM KOHAEHCATOPIB Ta mapare-
JIbHUM BKJIIOYEHHSM BUIIAPHUKIB,
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B) — cXeMa 3 MOCIIIOBHUM BKJIFOYCHHSIM BUIAPHUKIB Ta Mapaseib-
HHM BKJIFOYEHHSAM KOHJIEHCATODIB,

T) — cXeMa 3 TIOCITiIOBHIM BKITFOUCHHSIM BHUITAPHHUKIB Ta KOHICHCATOPIB;

1) — KacKaJHa cxema.

3. Ilincucrema [pKepes eHeprii BpaxoBye Kepesa maauBa (ByTiuis,

OpUPOIHUIL a3 Tomio) Ta mKepena enekrpuynoi exeprii (TEL], KEC, T'EC
TOLII0), HEOOXiJHi AJIst GYHKIIOHYBAHHS TEINIOTEXHOJIOTTYHOI CHCTEMH.
4. TligcucTemMa MPUBOJY TEILIOBOTO HAacoca INependadyae pisHi BUAN

MPUBOAY KOMIIpECOpa TEIJIOBOrO HACOCA: eNEKTPUYHUIA, Bijl IBUTYHA BHY-
TPIIIHBOTO 3rOpaHHsA, BiX ra3oBoi TypOiHM, Bix rigporyp6inu. [lo ckiany
MiICHCTEMH MIPUBOAY KOMIIPECOpa TEIJIOBOTO HAcOoCca BXOAATH: EJIEKTPHU-
HHUW JBUTYH, Ta30BHI ABUTYH BHYTPILIHBOIO 3rOpaHHs, ra3oBa TypOiHa,
rizpoTypOina.

5. [ixcucreMa yTuiizanii TEMJIOTH NPUBOJY PO3LISIAETHCS IS BH-

MaJIKiB, KOJM IPUBOJ KOMIPECOpa TEIIOBOTO HAcCOCa 3/iHCHIOETHCS Bil
JIBUTYHA BHYTPIIITHBOTO 3ropaHHs abo Bix ra3oBoi TypOiHuU. 3a TakKUX yMOB
JI0 CKJIay 3a3Ha4eHOI MiJICUCTEMH BXOJATh. YTUII3aTOP BiIXiTHUX ra3iB Ta
CUCTEMa OXOJO/XKCHHS JIBUTYHA BHYTPIIIHBOI'O 3rOPaHHS, a TAKOX yTHIIi-
3aTop BiAXIIHUX Ta3iB ra3oBoi TypOiHH. Y MiJICHCTEMI BPaXxOBYIOTHCS Pi3HI
CXeMH BKJIIOUEHHS 3a3HaueHoro obmamHanHs. Ilinmcucrema yTuimizarii Tem-
JIOTH TPHUBOJY TEIJIOBOTO HAacoca B y3arajJbHEHOMY Ta BapiaHTHOMY BH-
TSl IpecTaBIeHa Ha puCyHKax 2.8 ta 2.9 BiAmoBigHO.

6. [MizcucTemMa aKyMyJISIii TEIUIOTH Tepeadavyae aKkyMyJIIOBaHHS Te-

IUTOTH PI3HUX TeMIepaTypHHUX piBHIB. Jlo cKilagy MiACHCTEMH aKyMyJISIiii
TEIJIOTH BXOJSATH TaKi €JIEMEHTH, SIK: 0aKk-aKyMyJsTOp, IPYHTOBI CHCTEMH
aKyMyJISIIl TEIUIOTH, Pi3HI aKyMYJIIOIOYi CHCTEMH Ta €MHOCTI. 3a3Ha4yeHe
oOagHaHHSI MOXe OyTH IiIKITIOUEHE 32 PI3HUMH CXEMaMH.

7. IigcucTema mojiavi TEIJIOHOCIS BpaXxOBY€E JOMOMIXKHE OOJIaHaH-

Hsl, HEOOXiIHE TSl TPAHCIIOPTYBAHHSI TEILIOHOCIS (HACOCH TOLIO).
8. [lincucreMa miIBUIICHHS TEMIIEPaTYPHOTO PiBHA Mepeadadae 00-

JIQJIHAHHS, TPU3HAYCHE I TOTPIBaHHS TEIUIOHOCIS IMICsl KOHJIEHCATOPIB
TEIUIOBOTO Hacoca. SIk Take oOJagHAHHS CHiJ PO3MIISAATH IMiKOBI BOJOT-
PiiiHI KOTIH, MEpeXeBl MiNIrPIBHUKH, €IEKTPOHATPIBHUKHU TOLIO.
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Puc. 2.8. Iligcuctema yTriti3amii TeIIOTH IPHBOLY TEILIOBOTO HACOCA B
y3araabHEHOMY BUTJISII

9. IlincucreMa CHOXKMBAdiB TEIUIOTH TPEACTABICHA CUCTEMOIO OTIa-

JICHHS Ta Tapsiyoro BOJOMOCTAYaHHs CIIOKUBauiB. Taka cucTeMa mparfroe
3a OMATIOBATEHUM Tpa(ikoM Ta Ma€ IEeBHI PeXKUMH POOOTH.

10. IMigcucTemMa TpaaUIIHHUX JDKEPEN TEIUIOTH BPaxOBYE JKepena
TEIUIOTH, ANBTEPHATHUBHI TEIIOTEXHOJOTIYHIH CHCTEMi 3 TEIUIOHACOCHOIO
YCTaHOBKOK. EQEKTHBHICTh TEIUIOTEXHOJIOTYiHMX CHCTEM 3 TEIIOHACOC-
HUMH yCTAaHOBKaMH HOPIBHIOBAIACH 3 €(DEKTHUBHICTIO ITIKOBOI OMATIOBANb-
HOT BOJOTPilHOI KOTENbHi, CHCTEM €JIEeKTPOHATPiBYy. IX po3TauIyBaHHS Ta
3B'SI3KM MiXK €JIeMEHTaMH ITiJICHCTEMH TaKOX BPaxoOBaHi B Iil MiJACUCTEM.

VY3aranbHeHa TEIIOTEXHOJOTIYHA CHCTEMa 3 TEIIOHACOCHOK0 yCTa-
HOBKOIO (TUB. puC. 2.5) MICTUTh HAJIMIIKOBI 3B'SI3KH, €IIEMEHTH Ta ITiICHUC-
Temu. Ha 0CHOBI Takoi y3araJbHEHOI CHCTEMH MOYKIIMBHN CHHTE3 PeaTbHUX
TEIUIOTEXHOJOTTYHUX CHUCTEM 3 TEIUIOHACOCHUMH YCTAHOBKAMHU Ta aHAII3
cUCTeM, JIOCIIIKCHHS ¢(PEKTUBHOCTI KX BXKE MPOBOIMIKCE.
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Puc. 2.9. [lixcucrema yTrimizanii TEMIOTH IPHBO/Y TEIUIOBOIO Hacoca

y BapiaHTHOMY BHUTJISIL

Ha ocHoBi npencraBieHoi Ha puc. 2.5 y3arajibHEHOI TEIUIOTEXHOJIO-
Ti9HOI CHCTEMH 3 TEIIOHACOCHOIO YCTAaHOBKOIO PO3POOJICHO y3arajJbHEHY
TEIJIOBY CXeMy JDKepella TEIUIONOCTaYaHHS 3 TeINIOHACOCHUMM YCTaHOB-
KamH, sika rokaszana Ha puc. 2.10. 3a3HaueHa TerioBa cxema JuKepena Tel-
noroctadanast 3 THY BpaxoBye monax 3600 BapiaHTIiB TEIIOBHX CXeM
JDKEpeN TEeIUIONOCTAauaHHS 3 TEIUIOHACOCHHMH YCTaHOBKAaMH 3 DI3HUM

CKJ1aioM O6J'Ia,HHaHHH, CXeMaMu Ta peKuMaMu pO6OTI/I.
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Jlns cuHTe3y Ha OCHOBI y3arajilbHCHOI CXEMH TillOTe3 PEATbHUX CXEM
Jokepen teronoctadanas 3 THY HeoOXimHi mociipkeHHsT (hparMeHTiB y3a-
rajibHeHOI TEeIJIOBOI CXeMH Jpkepena Tertonocrayanns 3 THY, a takox noc-
JIJDKSHHST KOMIDIEKCHOTO BIUTHBY Bray mnpuBoay THY, cxeM Ta pexxumiB po-
00TH Ha IOKa3HUKH e(PEeKTHBHOCTI 3a3HAYCHHX JHKEPEIT TEIIOMOCTaYaHHS.

BHKOPUCTOBYIOUM y3arajbHEHY TEIIOTEXHOJIOTIYHY CHCTEMY 3 Tell-
JIOHACOCHOK) YCTaHOBKOIO (1MB.pHc.2.5), MpoaHaIi3yeMo JOCIiKEHHS CH-
CTEM 3 TEIUIOBUMH HACOCaMH, MPOBE/CHI iHmuMu asropamu [1, 5, 36, 46,
85, 92, 120, 121, 128, 155, 166, 167].

[pyHTOBHI JOCIiPKEHHSI CHCTEM 3 TEIUIOBUMM HACOCAMH  IPOBOJIU-
mucs €. 1. SnToBepkumM, 1O. B. IlycroBanosuM, T. B. Mopo3tok Ta A. €. Jle-
uucosoro [1, 5, 36, 46, 85, 92, 120, 121, 128, 155, 166, 167].

€. 1. SIurorcekuii Ta 0. B. Ilycrosanos y [1, 5, 36, 85, 92, 120, 121,
128, 155] nmocmimkyBanu eheKTHBHICTh CHCTEMH 3 TEIUIOHACOCHOI) yCTa-
HOBKOIO Ta BOJOTPiifHUM KOTIJIOM.

CTpyKTypa AOCIiIKYyBaHOT HUIMH CHCTEMH MOXe OYTH IpecTaBIeHa
TaKUMH ITICHCTEMaMH y3arajbHeHOI cucremu: 1) migcucrema pKepent
eHeprii; 2) mijcucremMa TEIIOBOro Hacoca; 3) MmijicucTeMa I IBUIIEHHS Te-
MIIEPATyPHOTO PiBHSI.

TeruroTexHONIOTriYHA CHCTEMa 3 TEIUIOBHM HACOCOM, JOCHiKyBaHa
T. B. Moposiok [166], ckiramaeTbes 3 TaKUX IMICUCTEM y3araibHEHOI CHC-
Temu: 1) mizcucTeMa TEMIOBOTO HAacOca; 2) miacucTeMa TpamuiifHuX HKe-
pen temioTy; 3) miACKCTEMa aKyMYJISIil TemIoTy; 4) mijicucTeMa CIoXu-
BaYiB TEIJIOTH.

A. €. Jlenucosa [46, 167] mpoBoania DOCTIIKEHHS TEIUIOTEXHOIIO-
TYHOI CHCTEMH 3 TCIJIOHACOCHOK) YCTaHOBKOIO T4 IPYHTOBOIO CHCTEMOIO.
CTpyKTypa JOCIiIKYBaHOI CHCTEMH MOXe OYTH MPEACTaBICHA TAKUMH ITif-
CHCTEeMaMH y3arajbHEHOI cucteMu: 1) miacucrema uKepes eHepril; 2) mia-
CHCTEMa CIIOKMBAYiB TEIUIOTH; 3) MiJCHCTEMa HHU3bKOTEMIIEPATYPHUX
JDKepes TeIoT; 4) mijcucreMa akyMyJIsiilii TeIIOTH.

Ha ocHOBI mpoBeseHOT0 aHali3y JOCTIKEHb CUCTEM 3 TEIIOHACOC-
HUMH yCTaHOBKaMH MO>KHA 3pOOUTH BHCHOBOK, IO y3arajbHEHa CUCTEMA 3
TEIJIOHACOCHOIO YCTAHOBKOKO JIO3BOJISIE 3'ICYBATH MICIIe MPOBEJACHUX JI0C-
JIKEHB B y3aralbHEHIH CHCTEMI.
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2.3. CTpyKkTypa A0CHiIKyBaHOI TeNI10TeXHOJOTiYHOT
CHCTEMH 3 TEIJIOHACOCHOK YCTAHOBKOIO

Amnani3 niTepatypHoi iHpopMarii, MpoBeJeHUH B po3aiii 1, AOBIB, IO
Ha CHEPreTHYHOMY PHHKY YKpPaiHH CKJIaJOCh CIIBBiTHOIICHHS IiH Ha €JIeK-
TPOEHEPril0 Ta MAaIWBO, CIPHUSTIUBE Ul BIPOBA/PKEHHS TEIJIOHACOCHHX
ycTaHOBOK. EKOHOMISI OpraHivHOro najayBa Ta TEPMiH OKYHMHOCTI TEIUIOBHX
HACOCIB 3 €JIEKTPUIHUM IPHBOAOM KOMIIpECOpa y 3HAYHIA Mipi 3aJeKUTh
BiJl CITiBBiTHOIIEHHS IIiH Ha €JIEKTPOCHEPTiI0 Ta MaJMBO. BHACTIIOK BHCOKOL
BapTOCTI eJEeKTPUYHOI eHepril B YKpaiHi B HAHOMMIKYI POKH HE CIIIJ OUiKY-
BaTH MOMITHOTO BripoBaLkeHHs THY 3 enexrponpuBomoM.

IIpore, anprepHatuBy THY 3 enekTponpuBOiOM MOXKYTh CKIAcTH
TEIJIOBl HACOCH 3 MPUBOAOM KOMIIPECOpA Bijl JIBUTYHA BHYTPILIHBOTO 3r0-
panHs abo Bix ra3oBoi TypOiHHM, €KOHOMIYHA €(EKTHUBHICTD SIKMX HE 3alle-
KHTh BiJl BApTOCTi enekTpoeneprii. To6To, MOXIIMBE CTBOPEHHS KOTeHEpa-
UIHUX CHCTEM 3 TEIUIOBUMH HACOCaMH JJisi POOOTH B CHCTEMax TEIIONo-
ctagaHHs. lle BiAMOBigae TEHAGHISIM PO3BUTKY HATHMBHO-EHEPI€THYHOTO
KOMIUIEKCY KpaiHH, a TaKoXX MEepCIEeKTHBHUM IIPOrpamMaM PO3BHUTKY XKHT-
JIOBO-KOMYHAJIBHOTO T'OCIIOAAPCTBA.

EdexT ekoHOMIT MainBa KOTCHEPAIIHHOIO YCTAHOBKOIO B TIOPiBHSHHI
3 PO3IUIBHUM BHUPOOHHIITBOM Ti€l K KIJIBKOCTI TEIUIOTH Ta €JIEKTpOeHeprii
JIOCSATAEThCS 32 PaxXyHOK 3aMillleHHs] YaCTHHU NaJMBa, IO CHATIOBAJIOCH B
KOTJIi, TEIIOTOIO BiANpAIbOBaHUX Ta3iB ABHTYHa ab0 ra3oTypOiHHOI ycTa-
HOBKH. KpiMm TOro, niepeBaroro KoreHepauifHuX yCTaHOBOK € Te, IO €JIeKT-
poeHeprisi BUPOONIAEThCS MPAKTUIHO B Micti ii crioxwBaHHA. Lle mikBimye
KOJIOCAIIbHI BTpaTH (SIKi TOCATa0Th B AeskuX Bunaakax 50 %) B niHisx ene-
KTpoIepeaadi.

3acTocyBaHHS TEIUIOHACOCHUX YCTAHOBOK 3 IPHBOJOM KOMIIpECOpa
BiJl IBUTYHA BHYTPIIIHBOTO 3rOpaHHS abo0 Bill Ta30TypOiHHOI yCTaHOBKHU
MOXKE€ PO3IIISIATHCh HE TUIBKK SIK OJJMH 3 BOKJIMBHUX HAIPsIMKIB €HEpro- Ta
pecypco30epeKeHHs, ane i K 3aci0 MiABHINCHHS KOHKYPEHTOCTIPOMOYKHO-
cti THY.

MoxnuBicte BukopuctanHs THY 3 ra3zoBUM JBUTYHOM pO3Tisija-
nacek panime [15, 102, 191]. B [15] po3risiHyTO JjHie 3arajibHi yMOBU
KOHKYPEHTOCTIpOMO>KHOCTI Takux THY B 3a5esxHOCTI BijJ BapTOCTI NaMBa.
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Amnani3 nitepatypHoi iH(opmarii 3 mocuimkens edexkruBHocTi THY,
MIPOBEICHUI B po3aiii 1, TOBIB HEMOCTATHICTh CHCTEMHHUX JTOCHIJDKEHb ede-
KTHBHOCTI TEIUIOTEXHOJIOTIYHUX CHUCTEM 3 TEIJIOBUMH HAcoCaMH 3 MPUBO-
JIOM BiJ JBHI'YHA BHYTPIIIHBOI'O 3rOPaHHS Ta BIJCYTHICTH JOCIIJUKEHb 3a-
3HAYEHHUX CHCTEM 3 PUBOIOM KOMIIPECOpa BiJ] ra30TypOiHHOI yCTaHOBKH.

3Bakarouy Ha Iie, MU CTABWJIM 32 METY JOCIIINTH e€(PEeKTUBHICTH Te-
IUIOTEXHOJIOTTYHUX CHUCTEM 3 TEIUIOBUMH HACOCaMH 3 MPUBOJOM KOMIIpe-
copa BiJ IBUTYHA BHYTPIIIHBOTO 3TOPAaHHS Ta BiJ Ta30TypOiHHOI YCTaHOB-
KM TIpH poOOTi B CHCTeMax TEIUIONOCTaYaHHs. 3a MOPIBHUILHUI BapiaHT
OpaBcs BapiaHT poOOTH BOAOTPIIHOT KOTETBHI.

[Tpu npoBeneHHI MOCHIIKEHb €(EeKTUBHOCTI TAaKMX CHCTEM IIOCTa€
3ama4a po3poOKH CTpyKTypH cuctemu. [Ipu poOoTi Takoi cucTemu Juis Te-
IJIOMOCTAaYaHHsT HE0O0XiIHO, MO0 10 1i CKIaxy BXOMMIHM TaKi MiJICHCTEMH:
1) mincucrema HIU3BKOTEMIIEPATYPHUX [KEPEN TEIUIOTH; 2) MiacucTeMa Te-
IUIOBOTO Hacoca; 3) miacucTeMa JpKepen eHeprii; 4) mijicucteMa MPUBOLY
KOMIIpecopa TeIUIOBOr0 Hacoca; 5) miacucTeMa yTHIIi3aLii TSIUIOTH IPHBO-
ny; 6) miacucTeMa momadi TEIUTOHOCIS; /) MiACHCTeMa ITiABHUIICHHS TeMITe-
patypHoro piBHs; 8) miacHCcTEMa CIOXUBAYiB TEILIOTH; 9) miacHcTEMa Tpa-
JULIHHUX Jxepen TerutoTu. KojkHa 3 3a3HaYeHuX IMiJCUCTEM XapaKTepH3Yy-
€THCSI IEBHUM CKJIaJIOM 00JIa[IHAHH, CXeMaMH Ta PeXUMaMHt poOOTH.

OTxe, y3araJibHeHa TEIJIOTEXHOJIOTIYHA CHCTeMa 3 TEINIOHACOCHOIO
YCTaHOBKOIO (IUB. puc. 2.5) MO3BONSE CHHTE3yBATH peabHi TEMIOTEXHO-
JIOTIYHI CHUCTEMHM, BiAKMIAIOYM HAJIMIIKOBI 3B'SI3KM YM €JIEMEHTH. BoHa €
KOPHCHOIO 1 JUISl BU3HAYEHHS MOXJIMBHX HANPSIMKIB JIOCHIIKECHb TEIUIOHA-
COCHHUX CHCTEM, SIKi paHilie He po3risinanuchk. [ cuctem, siki ByKe JOCITi-
JUKYBAJIUCh, 32 YMOBH CTaJIOTO CKJIaJy €JIEMEHTIB, MOXIIMBE JIOCIIIKESHHS
IHIIUX 3B'A3KIB MK HUMH 3 METOIO CTBOPEHHS OLITBII €EKTUBHHUX TEILIO-
HACOCHHX CHCTEM.

I3 y3aranpHeHOI TEIIOBOI CXEMH JpKepenia Teronocradanss 3 THY,
nokazanoi Ha puc. 2.10, BuaineHa CTPYKTypa IOCIIIKYBaHOTO JKepena
teruonocrayanss 3 THY.

OTxe, CITiJT 3a3HAYNATH.

Ha ocHoBi cuctemaru3ariii Ta y3araibHeHHs JiTepaTypHoi iHpopma-
il po3poOiieHa y3araJbHEHa TEIUIOTEXHOJIOTIYHA CHCTeMa 3 TEeIJIOHacoC-
HOIO YCTaHOBKOIO.
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Cucrema (nuB. puc. 2.5) XapakTepu3yeThCs HE TUIBKU TIEBHUM CKJIa-
JIOM OOJTafHaHHsI, a ¥ BpaxyBaHHIM YCiX MOKIJIMBHX 3B'S3KiB MK HUM (Te-
[UIOBHX, CHEPreTHYHHX, NaTUBHAUX). [IOPIBHAHO 3 MOTEpenHiMu poboTaMu
[7, 43], na cxemi (muB. puc. 2.10) neTanpHO MpeacTaBicHa MiACUCTEMA TIPU-
BOZy KOMITPECcOpa TEIIOBOTO Hacoca Ta 1i 3B'I3KH 3 1HIIMMH ITiICHCTEMaMH.

Jast i€l cxeMu BU3HAYCHO JpKepesia HU3bKOTEeMIIepaTypHOI TEeIIOTH
JUIS TEIUIOBOTO HACOCa Ta IX TEMIIepaTypHi piBHI, IO JIO3BOJISE BU3HAUYUTH
CKJIa/l CHCTEMH IS IIEBHOT'O JPKEepesia TEIUIOTH.

VY3aranbHEHa TEIIOTEXHOJIOTIUHA CHCTEMa 3 TEIJIOHACOCHOIO yCTa-
HOBKOIO JIO3BOJISIE CHHTE3YBaTH pPealibHi TEIUIOTEXHOJIOTIUHI CHCTEMH, Bif-
KH/IA104¥ HA/UIMIIKOBI 3B'I3KM Y eJIeMEeHTH. BoHa Oyne KopucHOIO 1 s
BU3HAYEHHS MOXIIMBUX HANpPSAMKIB ITOJAIBIINX JOCHIIKEHb 3 METOI0
CTBOPEHHS O1TBII €(pEeKTHBHUX TEINIOHACOCHHUX CHCTEM.

Po3po06ieHo y3arajgbHEHY TEIUIOBY CXEMY JKepesa TeTIONOoCTadaH-
HS 3 TEIUIOHACOCHUMH YCTAHOBKaMH. [JIsl CHHTE3y pEeaIbHUX CXEM JDKepell
terutornioctadaag 3 THY HeoOXimHI gocmimKeHHsT (pparMeHTIiB y3araibHe-
HOI TEIUIOBOT CXEMH, a TaKOX JOCIIDKEHHS KOMIUIEKCHOTO BIUIMBY BHIY
npuBoxy THY, cxem Ta pexxumiB poOOTH Ha MOKAa3HUKU €(EKTHBHOCTI 3a-
3HAYCHUX JUKEPEJI TEIIONOCTAuYaHHSI.

Ha ocHOBI y3araJlbHEHOI TEIUIOTEXHOJIOTIYHOI CHCTEMH 3 TEIUIOHA-
COCHOIO YCTaHOBKOIO PO3POOJIICHO CTPYKTYPY MOCIHIIDKYBaHOI CHCTEMH 3
TEIJIOHACOCHOI0 YCTAHOBKOIO Ta IPHUBOJIOM KOMIIPECOPA BiJl ABUTYHA BHY-
TPIIHBOTO 3TOPAHHS Ta BiJl Ta30TYpOIHHOI YCTaHOBKH MpU POOOTi B CHUC-
TeMax TeIIoNocTadaHHs. [3 y3aranbHEHOI TEIIOBOI CXEMH JKepena Tel-
nortoctadanHsa 3 THY BuAiNIeHO CTPYKTYpy AOCIiIKYBAaHOTO JDKepesa Tel-
sonocrauanus 3 THY.
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3. EOEKTUBHICTb TEIIJIOHACOCHHX YCTAHOBOK

3.1. CTpykTypHa cXeMa Ta MeTOAMKA A0CTiIKeHHS
TEIUIOTEXHOJIOTIYHOI CHCTEMH 3 TEMJIOHACOCHOI0 YCTAHOBKOI

B po3mini 1 6yB nmpoBeneHuid aHai3 TOCHTIPKEHb e()eKTUBHOCTI TETIO-
HAaCOCHHX JDKEPEIN TEeIUIONOCTaYaHHs. BUsBIICHO, 110 HEAOCTATHS yBara Ipu-
JIIsTach MUTaHHAM JociipkeHHs egektuBHocTi THC 3 pi3HEM THUTIOM MpH-
BOJIly, CXEeMaMH Ta PEKAMaMH poOOTH. BiICyTHI KOMIUICKCHI JOCIIHKECHHS
BIUIMBY 30BHIIIIHIX YMOB Ta CXEMHHX pillieHb Ha edeKTuBHicTh podotn THY.

B po3aini 2 Ha OCHOBI y3arajbHEHOI TEIIOTEXHOIOTIYHOT CHCTEMH 3
TEIJIOHACOCHOI0 YCTAaHOBKOIO PO3pOOJIEHA CTPYKTYpa IOCIIIKYBaHOI CHC-
TEMH 3 TEIUIOHACOCHOIO YCTaHOBKOIO Ta IIPHBOJIOM KOMIIpECOpa Bijl JBUTY-
Ha BHYTPIIIHBOTO 3TOPAHHS Ta BiJ ra30TypOiHHOI YCTaHOBKH IIPH pOOOTi B
cucTeMax TeronocradanHs. CTpyKTypHa cxeMa Takoi CUCTEMH HaBeJleHA
Ha puc. 3.1.

B ocHOBY mocmiKeHb NOKIIAACHO MaTeMaTHIHE MOAENIOBaHH:. Bu-
KOPHCTOBYBAJIOCH OOJIaJHAHHS, SIKE CEpiHHO BUTOTOBIAETHCS B KpaiHax
CHU. Mo cxmany mocuimxyBanoi THC Bxoaumu Tpu BOIOTPIHHUX KOTIH
KB-I'M-10 3 MmakcumanbHOI0 TIoTy>kHicTIO 11,6 MBT i Tpn amiauaux THY
Ha 0a3i TypOokommpeciiHux arperatiB AT®T-5-10 i BumaproBanbHO-
koHjeHcauiiinux arperatriB AUKT-10 3 MakcHMajJbHOIO TOTYXKHICTIO MO
11,6 MBT. B ocHOBY MaTeMaTH4YHOI MOJENI JIOCIiIKEHb MOKJIaIeH] piB-
HSHHS JUTS pO3PaxXyHKIB AiMCHUX TepMoauHamivyHux 1ukiis THY, piBHsH-
HS MaTepialbHUX Ta TEIUTOBHX OanaHciB enemenTiB cxemu THC, macnoptHi
nani arperaris THY i BK [165, 188, 192-199].

TerutoHacocHa CTaHIs — 11€ KOMIUIEKCHE €HEepreTHYHE ITiANPHEMCT-
BO, MPU3HAYEHE JUTs LEHTPali30BaHOTO Teruionocradans. Jlo Takoi cuc-
TEMH HiIBOJMTHCS K IIEPBUHHA CHEPTis NaJIMBa, TaK 1 HepeTBOpPEeHa eHep-
Tisl — eJIEKTPUYHA.

Tomy, HEOOXiTHO MPOBOANTH EKCEPTETUIHHIA aHAIli3 BCi€l CHCTEMH,
3riIHO 3 CTPYKTYPHOKO CXEMOI0, MOKa3aHow Ha puc. 3.1. V cTpykTypHii
cXeMi KO)XKHa IMiJCHCTeMa Mpe[CTaBlieHa MEBHUM CKIAagoM OOJaTHaHHS,
BHYTPIIIHIMHU Ta 30BHIITHIMHA 3B'sI3KaMH.
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Puc. 3.1. CtpykTypHa cxeMa HOCITiIKyBaHOI TEIIOTEXHOJOTIYHOI CHCTEMH 3
TEIUIOHACOCHOI0 YCTAHOBKOIO Ta NPHUBOAOM KOMIIPECOpa BiJ| JBUI'YHA BHYTPILIHBOTO
3ropaHHs Ta BiJi Ta30TypOiHHOI yCTaHOBKHU NPH POOOTI B CHCTEMaX TEIUIONOCTaYaHHs
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Tal(, A0 CKiIany l'IiZlCI/ICTeMI/I TCIIJIOBOI'O HAacoca BXOIATh OCHOBHI eJie-

MEHTH TEIUIOBOr0 Hacoca (BHIIAPHHK, KOMIIPECOp, KOHIEHCATOP, JPOCEIIb).
Takox B mil MACHCTEMI BPaxOBYIOTHCS CXEMH BKIIOYECHHS BUIIAPHUKIB Ta
KOHJICHCATOPIB TETUIOBUX HACOCIB (apajelbHi, MOCIiI0BHI TOIIO).

HigcucreMa TpaIWIiHHUX JHKEPET TEIUIOTH MICTHTH MKOBY OIAIIO-
BaJIbHY BOJOTPIifHY KOTENBHIO 5K JHKEPENIO TEIUIOTH, allbTEPHATHBHE Tel-
J0BOMY HAacocy.

I[MixcucTemMa CroXuBayiB TEIUIOTH MPECTABICHA CUCTEMOIO ONajieH-
HsI Ta Tapsdoro BOJOIOCTAYAHHSI CII0KUBAMIB.
[MincucreMa JpKepen eHeprii CKIAZaeThCs 3 JPKEpeN eNeKTPUYHOT

eneprii (TEL], KEC roruo) Ta mkepena nanusa (IpUPOIHUIA ra3).

[igcucreMa IPUBOIY TEIIOBOTO HAcoca MOXKE OYTH IpelcTaBIcHA
€JICKTPUYHAM TIPUBOJIOM KOMIIPECOpa TEIUIOBOTO Hacoca, abo MPHBOJOM
BiJl IBUTYHA BHYTPIIIHBOTO 3rOPaHHS Ha ra3omnoAiOHOMy MayuBi, ado Bix
ra3oTypOiHHOT YCTaHOBKHU.

Jlns 1BOX OCTaHHIX BHIIB NPHUBOAY KOMIIpECOpa TEINIOBOTO Hacoca
CJIiJT BpaXxOBYBaTH MiICKCTEMY YTUIIi3allii TEMIOTH TPUBOAY. Y BUMAIKY, KO-

ym npuBix kommpecopa THY 3ailicHIOETBCS BiJ ABUTYHA BHYTPIIIHBOTO 3T0-
paHHs, MiicucTeMa yTHi3alii TEeIIOTH IPUBOLY CKIIAJIA€ThCs 3 YTUII3aTopa
BIJIXiTHMX T'a3iB Ta CHCTEMH OXOJIOJKECHHS ABUTYHA. Y BUIIA/IKY, KOJIU IPHBIJ
kommpecopa THY 3milicHIOETBCS Bix Ta30TypOiHHOI YCTAaHOBKH, MiICHCTEMA

yTUII3aLii TEIUIOTH IPUBOY NMPEACTaBICHA YTUIII3aTOPOM BiIX1THHUX ra3iB.

HigcucreMa monadi TEIUIOHOCIS BPaXxOBYE TOMOMIXKHE OOJaTHAHHS
(macocwu To1110).
[izcucrema MiBUIIIEHHSI TEMIIEPATYPHOTO PiBHA Niependadac 00 JHaH-

Hsl, IPU3HAYCHE YIS JOTPIBAHHS TEIUIOHOCIS MICNs KOHICHCATOPIB TEILIO-
BOro Hacoca. Sk Take oOJNagHAHHS CJiJ] PO3TIAAATH MIKOBHHA OMAIIOBAIb-
HUH BOJOTPIHHAN KOTEN.

[igcucreMa HU3BKOTEMIICPATYPHUX JUKEPEI TEIUIOTH BPAXOBYE He-

MOHOBIIIOBAHI JDKepesa TEIUIOTH, TakKi, IK BOAOOOOPOTHA CHCTEMa MPOMHEC-
JIOBOT'O IMiAMPUEMCTBA.

Sk BumgHO i3 cxemu (muB. puc. 3.1), 8 THC BinOyBa€eThest K mocii-
JTIOBHE TEPETBOPCHHS Ta IICPEIaBaHHs CHEPTil B MiJCUCTEMaXx Ta €IEMEHTaX
MiZICKCTEM, TaK 1 IMiaBeAeHHs a00 BIIBENEHHS TEIUIOTH Ta IHIIMX BHIIB
€Heprii 0 MeBHUX eJIEMEHTIB CXEMU.
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JIyis BUpIIICHHS 3a/1a9 JOCIIHKEHHS Ta ONTHMI3alil TeIIOTEXHOJIO-
TYHAX CHUCTEM 3 TEIJIOHACOCHHMH YCTAaHOBKAMHU IOLUIBHO BHKOPHCTATH
METOJIOJIOTII0 CHCTEMHOTO IMiIXOAy [0 MOETIOBAaHHA CKJIQJAHHX CHCTEM.
OnHHMM 3 OCHOBHHX IOJIOXKEHb CHCTEMHOTO IIJIXOy € BUAUICHHS B TEILIO-
TEXHOJOTIUHIA CHCTeMi JEKUIBKOX 1€papXidyHUX piBHIB  (crcTeMa—
MiICHCTEMa-EIEMEHT TiacucTemMu). 1le 103BoIIsE ICTOTHO 3MEHIIUTH PO3Mi-
PHICTH 3a/1aui, OCKIIbKH MOJETIOBAHHS 3IMCHIOETHCS Ha KOXKHOMY i€pap-
XIYHOMY DiBHi 3 ypaxyBaHHSIM BHUMOT JIO CHCTEM Ta ITiICHCTEM, PO3TALIO-
BaHUX Ha BEPXHIX PIBHAX i€papxil.

3agayaMy MaTeMaTHYHOTO MOJENIOBAHHS TEIJIOTEXHOJOTIYHOI CHC-
TEMH 3 TETJIOHACOCHOIO YCTaHOBKOIO OYJIH:

1) mocnimKeHHs BIUIMBY 30BHIIIHIX (DaKTOpiB HA MOKA3HUKU edek-
THBHOCTI TETUIOTEXHOJIOTTYHOT CHCTEMH 3 TETUIOHACOCHOIO YCTaHOBKOIO;

2) onTUMi3allisi peKUMIB, CXeM Ta CKJIaay OOJNaJHaHHS TEIIOTEXHO-
JIOT1YHOI CHCTEMH 3 TEIJIOHACOCHOIO yCTaHOBKOIO.

Crix 3a3Ha4YMTH, IO JUIS TEIUIOTEXHOJIOTIYHUX CHCTEM HE BH3HAUe-
HUH €IUHAHN IHTETpAITFHUN MOKa3HUK €HEPreTHIHOI Ta eKOHOMIYHOI edek-
TUBHOCTI. TOMy e(eKTHBHICTb TEIJIOTEXHOJOTIYHOI CHCTEMH HEOOXiJHO
OLIIHIOBaTH KOMIUIEKCOM IOKa3HMKIB. TakMMH MOKa3HUKaMH e(eKTHBHOCTI
TEIIOTEXHOJIOTIYHOT crcTeMH, 3riaHo 3 [200] MoxyTh OyTH:

1) 3abe3mnedeHHs CMIOXUBAYIB €HEPropecypcaMu HEOOXiTHUX BHIIIB
Ta MapaMeTpis,;

2) MiHiMaJbHEe CHIOXKHBAHHS MMAMBA Ta eNEKTpoeHeprii (B mepepaxyH-
Ky Ha AJIUBO) Ha OAWHUIIIO BUPOOIEHOT IPOIYKIIIT;

3) crymiHb Ta e(eKTHBHICTh BUKOPHUCTAHHS HU3bKOTEMIIEPATYPHHUX
€Hepropecypcis;

4) miniMmyMm abo0 BiICYTHICTb BTPAT €HEPropecypcis;

5) MiHIMYM KalliTalbHHX BHTPAT;

6) miHiManbHE 3a0pyIHEHHS HABKOJHUIITHEOTO CEPEIOBHIINA;

7) MiHIMyM MPUBEACHUX BUTPAT.

3a3HaueHi MOKA3HUKH J03BOJIIIOTH NPOBECTH OOIPYHTOBaHE IOPIB-
HSIHHS OIIIHIOBAaHHS BapiaHTIB TEIIOTEXHOJIOTIYHIX CHCTEM.

MaremMaTH4Ha MOJIENb TEIUIOTEXHOJOTTYHOT CHCTEMH 3 TEIUIOHAcOoC-
HOIO YCTaHOBKOIO Ma€ OJIOYHY CTPYKTypy. Y BIINOBIZHOCTI 3 MOCTaHOB-
KOIO 3a1a4i MOJIEJTIOBAHHS KOKHHAM 00YMCIIIOBAILHNI OJIOK BiIIOBizae Ie-

65



BHOMY €JIEMEHTY, TPYIIi €IEMEHTIB a00 MiICHCTEMI CTPYKTYPHOI CXEMH J10-
CIiKyBaHOTO 00'ekTa. MaremMaTWdHa MOJIENb Tepeadadae JOIMOMIKHI
OJIOKH JUIT PO3PaXyHKY TEPMOJMHAMIYHUX Ta TEIIO(I3WIHMX BJIACTHBOC-
Teil poboYnX Til.

Taka cTpykTypa MaTeMaTHYHOI MOJIEI TEIIOTEXHOJIOTTYHOT CHCTEMH 3
TETUTOHACOCHOIO YCTaHOBKOIO JTO3BOJISIE 3/1IHCHIOBATH JIOCHIPKESHHST CHCTEMH,
MiJICKCTEM Ta OKPEMHUX EJIEMEHTIB MiJICUCTEM 32 YMOB Pi3HHX MPUHIIUTIOBO
MOYKJIMBUX CXEMHUX PIllICHb B PAMKaX €IMHOI MaTEMaTHYHOT MOJICITI.

EdexTuBHICTS poOOTH JKEpelia TSIUIONOCTaYaHHs 3 TSTUIOHACOCHUME
YCTaHOBKaMH OIlIHIOBAJNIACh 332 TaKUMH KputTepismu: excepretudnnid KKJI
JTOCIIPKYBAHOTO JIKEepeia TEIUIONOCTaYaHHsS 3 TEIUIOHACOCHOK YCTaHOB-
KOO (TeruIoHacOCHOI CTaHIlil); 3aranpHa excepris BimmymeHoi THC teruio-
TH; ekcepris minseaenoi 1o THC termoTw; 3araibHa BUTpaTa YMOBHOTO Ta-
smBa Ha THC; mutoma Butpara ymoBHoro nanusa Ha THC; yacTka TermmoBoi
notyxHocti THY y cknangi THC; BimHocHuit exceprernunuit KK THC.

BinmoBigHO 10 CTPYKTYpH JOCTIIKYBaHOI TEIDIOTEXHOJOTIYHOI CHC-
TEMH 3 TEIUIOHACOCHOI YCTaHOBKOIO (mmB. puc. 3.1) po3pobieHo mMaTema-
TUYHUH OIUC MiJICHCTEM Ta €IEMEHTIB MiJICUCTEM, SIKUH J03BOJISIE MPOBOIU-
TH JOCTIDKCHHS CHCTEM, IIJCHCTEM Ta €JIEMCHTIB IiJCHCTEM 3 Pi3HUMH
CXEeMaMH Ta CKJIaZoM OOJIaTHaHHS.

OCKiJIBKM OCHOBHHM €JIEMEHTOM CXEMH € TiJICHCTeMa TEIIOBOTO Ha-
coca, eKCepreTHUHHH aHali3 JOLITbHO MOYMHATH 3 aHaji3y MapoKoMIIpe-
CIIHOT TETUIOHACOCHOT YCTaHOBKHU.

3.2. MaTeMaTHYHHH ONHUC TENJIOTEXHOJIOTIYHOI CHCTEeMH
3 TEIJIOHACOCHOI0 YCTAHOBKOK)

3.2.1. ExcepreTu4Huii aHajiiz napoxkomMmnpeciiiHoi TenjaoHacocHoi
YCTAHOBKH

Cxema napokomnpeciiinol THY noka3zana Ha puc 3.2, a 300pakeHHsI
uuKity Ha T-S i P-h giarpamax na puc. 3.31 3.4 [7, 106, 116].
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Puc. 3.2. Cxema mapoxommpeciitnoi THY: 1 — Bunapuuk; 2 — xommpecop;
3 — enexTposBUryH; 4 — KOHAEHCaTop; 5 — npocens

ITutoma poGoTa Kommpecopa, KJD/Kr
i = (2 = 1) = (h2a = h1)Moi = Lo Mo, (3.1)

ne Moi — BigHocHuid BHyTpimHiA KK]I kommpecopa; |y, — muToma pobora
KOMIIpecopa B 060pOTHOMY LUK, KJK/KT.

[Muroma mimBeneHa poboTa eneKTpoaABUryHa, KJ/kr

Ieu = Inin = IKM/neM = (hZa - hl)/(T]Oi'T]eM): (32)

IIe Mey — enekTpoMexaniuyanii KK enekrpoasuryna.
[Turoma Termora, sika BABOAUTHCS 3 KOHAEHcaTopa, KJK/Kr

qk:hz—h3:h2—(h;—r), (3.3)

Jie I — TerIoTa MapoyTBOPEHHS po00YO0l PiIAUHU.
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Puc. 3.3. Luxn napokommnpeciitnoil THY na T-S miarpami

IMuToMa TerioTa, sSKa MiABOAMTHCS i3 30BHINIHBOTO CEPEOBUIIA Y
BUMApHUK, KJ[K/KT

0 =hy—hy. (3.4)
PiBHSIHHS €HEPreTHYHOTO Oanancy, KJIK/Kr

IKM + qB = qlc = qTHY :

8.60 IKMO/noi + qB = qk = qTHY ’ (35)
1€ o = hoa — hy — poboTa KOMIIPEcOpa B 060pOTHOMY ITHKITI.
Eneprernuna edextuBHicts THY OIIiHIOETECS 3a JTOTTIOMOTOI0 KO€-
¢iuieHTa NEpeTBOPEHHS

(P = qTHY/ Ie;[ = (IKM+qB) / Ie;[ = IKM /(IKM / nem) +te= neM+£ ' (36)

ne € = Q, / oy — XomoquibHuiA Koe]imieHT.
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Puc. 3.4. Lukn napokomnpeciiinoi THY ua P-h miarpami

Kpurepiem TepmonmHamiunoi gockoranocti THY e excepreriranmii KK/

MNe = Coin | Cnix = €/ (€5 + Inp) = qm? /(qeng + Inp )1 (3.7)

€ €piny Cpix — CKCEPTIs MIIBEICHOI IO BUNIAPHHKA 1 KOMIIpEcopa Ta BiIBee-

s — EKCepreTuyHa
cp

temreparypaa ¢yukuis (dpaxrop Kapro) mnst mizBemeHol 10 BUIapHHKA

HOI 3 KOHJIEHCATOpa eHEPrii Bianosinno; ng =1- " He

TEIIOTH; M = 1—T% — ¢axTop KapHo ams BigBeaeHOT 3 KOHICHCATO-
’ C TK
cp

pa temnorn; T¢, i Tg, — cepenHbOTEPMOTMHAMIUH] TeMIepaTypu TiiBe-
JICHHsI 1 BIBEJICHHsI TEIJIOTH BianoBinHO; T, — abcoiroTHa Temieparypa
HaBKOJIMIITHBOTO CEPEIOBHUINA.

I3 kornencatopa THY TemioTa BiIBOIUTHCS IPH CTATIH TeMIIepaTy-
pi Ty, sixa Mae OyTH OUIBIIOIO 32 TEMIIEPATYPy raps4oro JKepesa Ha Beslu-
ynHy HeporpiBy 6, To6to T,=T, + 6. V BUmapHUKY TeIUIOTa IiIBOJUTHCS
npu craniii Temneparypi T,, ska Mae OyTH MEHIIOIO Bia TeMIlepaTypu Xo-
nosHOTO JpKepena Ha 0, Tooto T,=T,— 0.
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3.2.2. MaTeMaTH4YHUIi ONHUC 10CTiIZKeHHS e(peKTHUBHOCTI
NMAPOKOMIIPeCciiiHOT TeN10HACOCHOI YCTAHOBKH

Temmnepatypa MepexeBoi Boau Ticis konaeHcatopa THY, °C
tw=t—-0, (3.8)
ne tx — Temmepartypa KoHAeHcamii xoionoarenty, °C; 0 — BenuyMHA HETO0-
rpiBy, °C.

Burpara MepexeBoi BOAM, IO LUPKYIOE B CHCTEMI TEILIOIOCTA-
YyaHHs, Kr/c

_ 3

GMB - QTC : 10 / [CPB : (tl‘lMB - t3MB)] ’ (39)

nae Qg — HOTYXKHICTh TEIUIOBHUX croxkuBaui, MBT; Cp, — mUTOMA TEILIOEM-
uicts Boay, kJx/(kr °C); t,, — TeMOepaTypa npsiMoi Mepexesoi Boju, °C;

s — TEMIIEpATYpa 3BOPOTHOI MepexeBoi Boaw, °C.
TerutoBa moTyxHicTh KoHIeHcaropa THY, MBT

Q« = Gus* Cry + (t — ts)-107. (3.10)

Temrmeparypa xo010areHTy y BUnapauky, °C
t,=t"w-6, (3.11)
ne t'y, — TeMmeparypa HH3BKOTEMIIEPATYPHOIO TEIDIOHOCIS Ha BUXOII 3

punapauka THY, °C; 0 — BenuuuHa Henorpisy, °C.

ITuToMa TEerIoBa MPOAYKTUBHICT BUIIAPHUKA, KJ[K/KD
0. =hi—hs, (3.12)

ne hy, hy — enranemii xonomoarenty B Toukax 1 ta 4 BianosigHo (qus. puc. 3.4),

KJDK/K.
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AniabaTHuit Terutonepenan B koMmmpecopi, kJx/kr
Ha=hy—hy,

ne hy, — eHranbrmist xoomoarenTy B Touri 2a (muB. puc. 3.4), kJ[x/kr.
Jiiicauit pobounii Teruionepenan B kommpecopi, kKJk/kr

H
Hyo="2/
p%ﬁ?‘

ne Mg — BimHOCHMI BHyTpimHii KKJ komMmpecopa.

EnTansmis xomomoarenty B toui 2 (quB. puc. 3.4), kJ[x/kr
h, =h; + H,.

[TuToMa TeruioBa NPOAYKTHBHICTh KOHEHcAaTOpa, KJK/KT
O = ha = hg,

ne hs — enranbmist xomomoarenty B Tourt 3 (qus. puc. 3.4), kJDx/kr.
KinbkicTh x0s0m0arenty, 1o uupkyioe 8 THY, kr/c

Gxa = Ql( : 103 /(qK N nT) ’

ne M, — KKJI xonnencaropa.
[ToTyHicTh, sIKa BUTpada€Thcs HA KoMIipecop, MBT

NI( = Gxa : Hp / (neM : 103):

JIe Ney — eNekTpoMexaniaamii KKJ[ xommpecopa.
TermoBa MoTyXHICTH BUNMapHUKa, MBT

Q.= Gya Qs M, - 107,

ne n, — KK/l BunapHuka.
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Koeoiuienr nepersopennst THY
¢ =Q«/ Ny (3.20)
Burpara ymosHOTro manmusa Ha kKommpecop THY, kr/c

N
By ="« (3.21)

(ng "MNec " Mem )’

e ng— HIWKYa poboYa TEIUIOTa 3rOpaHHS yMOBHOTO TaniBa, MJDk/kr 3

[201, 202]; Mee, New — KKJI enexTpocTaHiiii i eneKTpoMepesx BiImoBiIHO.
3aranpHa TemioBa motyxkHicts THY, MBT
- 3 eJeKTPUYHUM IPUBOJOM KOMIIpecopa

Qmy = Qg (3.22)

- 3 mpuBoJIoM Kommpecopa Bix JIB3 abo I'TY

QTHY = QK + ZQyn (323)

Ie XQy; — 3aranbHa HOTYXKHICTB TETUIOy TUIIi3aLiiHOrO yeTaTKyBaHHs JIB3 a6o
I'TY, MBr; sika Bu3HauaeThes 3a popmystami (3.37) ta (3.70) BimmoBimHo.
[Muroma Butpara ymoBHoro nanusa THY, kr/T" [Ix

iy BTHY
pIHY = B R (3.24)
Qrny -10

3.2.3. MaTeMaTHYHUIi OMHUC AOCTiMKeHHs e()eKTUBHOCTI
3aMilyBaHOI BOAOIPiiiHOI KOTeIbHI
3aranbHa BUTpaTa yMOBHOTO NTAJIMBA KOTeNbHEI0 Oe3 pobot THY, kr/c

B = QTC( (3.25)

P
HY Mk )
neny — KKJI-HeTTo KOTenbHi.

72



IluToma BUTpaTta yMOBHOTrO MNajuBa KoTenbHel0 0e3 poborn THY,

kr/T [k
3ar
b‘;’,ar = By 3] (3.26)
QTC ‘10

3.2.4. MaTeMaTHYHHU ONHC TOCTiTKeHHS e(peKTHBHOCTI
ABUTYHA BHYTPIlIHHOT0 3rOpaHHS
Edexrusnuiit KK/ 1B3

ne=0,123/b,, (3.27)
i (] by — HNUTOMaA BHUTpATa YMOBHOTO IIaJiIiBa 3a IMACIIOPTHHUMU OAHUMH,

kr/(kBr-ropm).
IMouuii KK/ IB3 i enexrporeneparopa

Nz = Ne " Mem » (3.28)

JI€ Mey — eNlekTpoMexaniunuii KK/ enexrporeneparopa.

ITuroMa BHUTpaTa YMOBHOI'O ajIMBa Ha AW3eb-TeHeparop, Kr/(kBr-rom)

n_0123
=7 . 2
b? AH (3.29)

TeopeTuuHa Maca MOBITPst s criamoBanss 1 m° mamisa, kr/m®
Me =V° . p, (3.30)
e V° — TeopeTHyHmiA 06'eM MOBITPs [UIs CriaToBaHHs 1 M> poGodoro ma-
nuBa, MM 3 [198]; p — rycTuHa moBiTps, K/,
[uroma BuTpata cymiui (moBitpst i manusa) 3 [203], kr/m®
My =1+ a - M°, (3.31)
Iie o, — Koe(illieHT HaTUIIKY MOBITPSL.
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Butpara ymoBHOro nanusa ua JIB3 s npuBoy Komrpecopa, Kr/c

b N,
BI=""Y KG (3.32)

ne N, — motyxHicTh Kommpecopa 3 (3.18), MBr.
Burpara poGouoro mamisa, M/c

B2.QP
BA=""Y Quy/ (3.33)
Qh

ne QP — nmxva Terora 3ropanHs po6oyoro nanusa, M/ M.

3.2.5. MateMaTHYHHU ONHC TOCTIIKEeHHS CHCTEMH yTHIi3amii
JABUTYHA BHYTPIlIHBOTO 3ropaHHs
Butpara Biaximuux rasis micis JIB3, kr/c

G (3.34)

BI'

—_RA
_Bp.M

e M., — uroma Butpata cymimi (moBitps i manua), kr/m° 3 (3.31).
[MoTykHicTh yTHITI3aTOpa BiAXigHUX Ta3iB, MBT

Qyr =G Cpr - (L= t"y1) - Mo - 107, (3.35)

ge C,r — IUTOMa TeINIOEMHICTS Ta3iB micia JIB3 npu cepenHiil Temnepary-
pi rasis B yrumizaropi, kJIx/(kr-°C); t, — TemMneparypa BUXiIHHUX ra3is mic-
s B3, °C; t""y, — Temmeparypa BHUXiJHMX ra3i micis ytuiizatopa, °C,
N — KK yTumizaropa.

[otyxHicTs cuctemu oxonopxeHus J[B3, MBT

Qux=0,2-B%, - QF - 14, (3.36)

ne B, — Butpara po6odoro nanusa Ha [IB3, mc 3 (3.33).
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3aranpHa MOTYXHICTB TEILIOYTHITI3aNiitHOrO ycTatkyBanHs [IB3, MBT

z"QyT = QyT + Qox- (337)

3.2.6. MaTemMaTH4HHUI ONUC JOCITITKeHHSI Ta30TYPOiHHOI YCTAHOBKH
Tuck noBitpst 3a kommpecopom, Mlla

ne P; — Tuck moBiTps mepen xommpecopoM, MIla; A, — Mipa miIBUIICHHS

THCKY B KOMITPECOPI.
Twuck razis nepen TypOinoro, MIla

P3 = P2 €, (339)

Iie € — KOeQIIi€EHT MOBHOTO CTHCHECHHS.
Mipa 3MeHIIICHHS TUCKY B TYpOiHi

Ay = F% , (340)
4

ne P4 — Tuck rasis 3a Typ6inoro, MIla.
Temnepatypa nositps 3a komnpecopom, K

e o= o

ne T — TeMnepatypa nosiTps nepes kommpecopom, K; 1, — KKJI kommpecopa.
TemmepaTypa ra3is 3a Typoinoro, K

T=To p-f-1 %) | 349

ne T; — TemmepaTypa B kamepi 3ropanns, K.
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Cepennst TeMneparypa rasis y Typ6ini, K

T - T3 + T4 .
2T 2
IMTuroma pobora rasiB y TypOini, kJx/kr

L :Epr '(T3 _T4)'

e Cpr — cepeHs TEMIOEMHICTD Ta3iB, KJx/(krK).

ITuroma poboTa CTUCKaHHS B KoMmIpecopi, KJ[x/kr
IK = Cpn '(TZ _Tl)'

e Cpn — cepeHs TeroeMHICTh moBiTpst, KD/ (krK).

IMuroma po6ora ukiy I'TY, kJx/kr
Iu = (IT - IK).neM’

JIE Mey — eNTekTpoMexaniaamin KK/I.
Cepenns terutoeMHicTs cymini, kJIx/(kr-K)

C, =035-C,,. +0,65 C,y,

(343)

(344)

(3.45)

(3.46)

(347)

1€ Cyr, Cpn — TEIIIOEMHICTB MOBITPA 1 ra3iB 1pH t3, Binmosinuo, kJx/(kr-K).
[Turoma Terora, 110 migBeaeHa B kKamepy 3ropanns ['TY, k/x/kr

q =( Cpl“ 't3 _Cpn'tZ)/
© Nies”

e My, — KK/I xamepu 3ropanHsi.
Koeoimient kopucnoi aii I'TY

1
Nery = .
Ois
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ITutoma BuTpaTa ymoBHoro manusa ['TY, kr/(kBt-rox)

0123
b, =" . 3.50
, Aﬁy (3.50)

3aranbHa BUTpATa YMOBHOTO I1aJINBa, kr/c

b,-N
rry _ Y e
BYY = T (351)

ne N, — enexkrpudHa NOTYXHICTh TypOiHH, MBT; siKa BiInoOBigae MOTYXHO-
cti kommnpecopa THY 3 (3.18).
Butpara poGouoro mamusa ['TY, m%/c

p
— Hy
B;Ty = B;Ty .QT’ (3.52)
H

ne Q. — HIDKYa TeIuIoTa 3ropaHHs yMoBHoro naimsa, MJDx/kr; QP — Hink-
3
Ya TeIUIoTa 3ropaHHs po6odoro manusa, Mx/m’,

3.2.7. MaTeMaTHYHHUIi OMUC AOCTiTKeHHs e()eKTHUBHOCTI
BOJIOTPiiiHOT KOTeJIbHI Y CKJIai TEMIOHACOCHOT CTAHIIIT
TerutoBa MOTYXHICTh BOJOTpPiifHOTO KOTHa, MBT

QBK = Qm - QTHYa (353)

ne Qryy — 3aranpHa TemnoBa notyxHicth THY, sxa mns THY 3 enektpon-
puBoOoM BH3HauyaeThes 3 (3.22); mist THY 3 npusogom Bix JIB3 a6o Bin
I'TY -3 (3.23).

Butpara yMOBHOTO MaiuBa Ha KOTeN, Kr/c

B = Qu ( (354)

By nH)

ne 1. — KKJI-HerTo KoTesbHi.
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[TuTomMa BUTpaTa YMOBHOTrO manuBa kotinamu, Kr/['J[x

- BBK
5] o

3.2.8. MaTeMaTHYHHUI OMUC TOCTIIPKEHHS CHCTeMH YTHIi3aii
ra3oTypoiHHOI yCTAHOBKH
Butpara qumMoBux rasis, kr/c

3
G, =Ne 10/ (356)

ne N, — enexkrpuvHa NOTYXHICTh TypOiHH, MBT; sika BiIIOBigae NOTYXKHO-
cti komnpecopa THY 3 (3.18); |, — muroma pobora mukiny I'TY 3 (3.46),
KJDK/KT.

Butpara po604oro najauBa Ha OJUHHINIO BUTPATH JTUMOBHX I'a3iB

q, = . O3 " Mis , (357)
ny “Tks _Cpn -t +Cnan “Tran

Ji€ (; — MMTOMA TEIJIOTa, 110 TiBeAeHa B Kamepi 3ropanns ['TY 3 (3.48),
kJIx/xr; Cp,, — TemnoemMuicTh nanusa, kJ[x/(kr-°C); t,,, — Temmneparypa ma-
nmBa, °C.

KoedinieHT Ha[UIUIIKY MTOBITPS

a:}(\/o'pns'qn)’ (358)

0 U : 3 3/, 3.
ne V' — Teopetrunuii 06’ €M MOBITPst Tst crianoBanHs 1 M manuBa, M~/M”;
: 3
Pus — TYCTUHA TOBITPS, KT/ M”.
BwmicT npoyKkTiB 3ropaHHs B JUMOBHX Ta3ax, Kr/c

G, =Cr/. (359)
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Burpara nositps, kr/c

G,p=G, -G, (3.60)

1B T

BMmicT noBiTps B TUMOBHX ra3ax, Kr/c

Gy, =0,21-Gy. (361)

[poreHTHMI BMIiCT KHCHIO B TUMOBHX ra3ax, %

G
Co, = 0% +100. (362)
INotyxHicTs KamMepu 3ropanHd, MBT
Qm = Gr'qm'lo-sy (363)

Ie Qx; — MIUTOMA TEIIOTa, IO MigBeacHa B Kamepi sropanus ['TY 3 (3.48),
kJx/Kr.

TermoBa nmotyxHicTh BianpanpsoBanux B [ TY razis, MBT

QBI‘ = (1 - Tery) ' QK3- (364)

Ie Ny — KK TTY 3 (3.49).
KoedinieHT BUKOpUCTaHHS TEIUIOTH BilMPAIlbOBAaHMUX r'a3iB B yTUIi-
3aTopi

g= ta—ter

) 3.65
= (365)

Je tgr — TemnepaTypa BiANpalbOBaHUX Ta3iB Ha BUXOAI 3 yTuiizaropa, °C;
ty — Temnieparypa rasis 3a TypOiHoto, °C.
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KopucHa notysxHicts yTinizaropa, MBT

Qxop = ¥ QurNros (3.66)
e Mo — KK yTumizaropa.

[MoTyxHiCTh BOZOTPIHHOTO KOTIa 0€3 CKUAaHHS MPOAYKTIB 3TOPaHHS
B TONIKY KoTJIa, MBT

1 _
Q BK — QTC - QK - onpu (367)
ne Q.. — MOTYXKHICTh TETUIOBHX cIiokuBadiB, MBT;Q, — TemioBa moTyx-

HicTh KoHaeHcaTopa THY 3 (3.10), MBT.

IMoTyxHiCTb, IKa BHOCHTBCS 3 BIIXiJTHUMU ra3aMH B TOIKY KoTiia, MBT

Quon = Qluc/ 4. (368)
INoTyxHicTh BiIXiJHUX ra3iB, SKi HAAXOIATH B yTHiIi3aTOp, MBT

Qras = Qur — Qron- (3.69)
[MotyxHicTs yTHIII3aTOpa BiIXiqHHUX ra3iB, MBT

Qymn =Y. Qraz'nm- (370)
3.2.9. MaTeMaTHYHUIi ONMUC €KCEPTreTUYHOT0 AHAJI3Y
MAPOKOMIPECiifHOT TEMJIOHACOCHOT YCTAHOBKH Y CKJIATI

TEeIJIOHACOCHOT CTaHIil

CepenHs TemIiepatypa MepexeBoi Boau B kKoraeHcaropi THY, °C

t:H — (tTH +t3MBé' (371)

ne t,, — TemMIieparypa MepexeBoi Boau micist kouaencaropa THY 3 (3.8), °C.
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AOcoiIoTHA cepesiHs TeMIlepaTypa MepeXXeBoi BOJIM B KOH/IEHCATOPI
THY, K

T =273+, (372

KOHJ

®axrop KapHo 11 BigBeA€HOT TEIUIOTH B KOHAEHCATOP1

n« Zl—T%cp , (3.73)
KOHJT

ne Ty — aOCOMIOTHA TeMIIepaTypa HABKOIHIIHEOrO cepenosuma, K; TLh - —

CepeHBOTEPMOIMHAMIYHA TEMITEpaTypa BiJBeACHHs TeruioTH, K.
AOcomoTHa cepenHs TeMIepaTypa HU3bKOTEMIIEPATypHOTO TEIIo-
Hocis y Bumapauky THY, K

7% =273+ (tur * tHT%, (374)

e t.., t,, — Temreparypa HU3BKOTEMIIEPATYpHOTO TEIUIOHOCIS Ha BXOI

Ta BUXOJI 3 BUNIApHHKA BiAMOBixHO, °C.
®dakrop KapHo st miiBeIcHOT TEIIOTH Y BUIAPHUKY

ne :l_T%Cp , (3.75)
BHUIT

Excepreruunuit KK THY

THY :EBi):V :Qx ﬂg 3.76
Me Efims Qs'nfcs"'NK]’ e

ne Egin — excepris BinBeneHoi B konaeHcaropi temiotd, MBT; E;ps — ek-
Cepris miBeAeHOi y BUMAPHUKY TEIJIOTH Ta SJIEKTPUYHOI CHeprii B KOMII-
pecopi, MBT; Q. — TeroBa noTyxHicth KouaeHcatopa THY 3 (3.10),
MBT; Q; — TemioBa notyxHicts Bunapuuka THY 3 (3.19), MBT; N, — mo-
TyxHicTh Komnpecopa THY 3 (3.18), MBr.
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3.2.10. MaTeMaTH4YHMIi ONHC eKCEPreTHYHOr0 AaHATI3Y
BOJOIPiiiHOT KOTEbHI Y CKJIali TENJIOHACOCHOT CTAHIIT
AGcoioTHa cepeiHs TeMIlepaTypa MepexeBoi Boau y kKoTii, K

T = 273+ (b + L)/ @77)

e t, — TeMIiepaTypa MepekeBoi Boau Tmicist kougaeHcaropa THY 3 (3.8), °C.
Excepris BiaBenenoi y kotmi tertora, MBT

Eq, = QBK[l— T%C J (379)

ne Qg — MOTYXHiCTB Bogorpiiinoi kotenpHi y ckinaai THC 3 (3.53), MBr.
Excepris minBeaeHoi y koren Termwiot, MBT

Epi, =eq Bp<, (3.79)

miaB

Jie e, — NUTOMa eKcepris MaluBa, MZ[)K/M3; BI])3K — 3arajJlbHa BUTpaTa po-
0090T0 MaJIMBa BOJOTPIHHIM KOTIOM, Mlc.
BpaxoByrouu, 1m0 BE’K :(BEK “Qhy )/Qg Ta Qg/eII = 0,95 s

MPUPOAHOTO Ta3y, hopmyia (3.79) MaTuMe BUTIISA

Ep, =105-BY¢ QP (3.79)

mias HY’

zie ByBK — 3arajJbHa BUTpaTa yMOBHOT'O TajJMBa HA BOJOTPIHHHH KOTEN 3
(3.54), xr/c; ng — HIDKYA TEIUIoTa 3rOpaHHs yMOBHOTO manuBa, MJDx/Kr;

3
QP — Hmkua TeroTa 3ropanHs pobodoro nanusa, MJx/m”.

Exceprermunniit KK/ kotenbHi y cxnani THC

E
B _ = Que . 3.80
ne Aﬁ]i(ﬂl; ( )
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3.2.11. MaTeMaTH4YHMIi ONHC eKCEPreTHYHOr0 AaHATI3Y

TeIIOHACOCHOI CTAHNII 3 eJ1eKTPONPHBOIOM KOMIIpecopa
CepenHpOTEpMOIMHAMIYHA TeMHepaTypa Bigsenenus Tertotn THC, K

19, =273+ (o o)/ (3.81)

3aranpHa excepris BiamymieHoi Termoti, MBT

.
E s :QTc[l— % o ] (3.82)
THC

ne Qrc — HOTYXHICTh TEIJIOBUX CIIOKKBadiB, MBT.
3aranpHa BUTpaTa ymMmoBHOro naigusa THC 3 enekTponpuBoaoMm, Kr/c

THC _ pTHY
By~ =By +B{, (3.83)
e B;Hy — BUTpaTa yMOBHOTO maymBa Ha kommpecop THY 3 (3.21), kr/c;

B — BHTpaTa yMOBHOTO ManiBa Ha Bojorpiiini kot 3 (3.54), kr/c.

Excepris ninsenenoi y THC Temnoru, MBT

E i =105-BJJ'C QP . (384)
Excepreruunuit KK THC
THC (l T /Tcp )
THCe _ EBiL[l'I _ QTC ‘%7 Yue/ TTHC/) _
. = = =
Eni  105-Byc'“- Qb
(QBK + Q]( ) [1_ THc /(273+ (tHMB + t3MB )/2)] ) (385)

105-Q5, -(BI"Y + B2
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BpaxoByrouu, mo Butpara ymoBHoro naivsa Ha THY 3 enexrpon-
PHUBOJIOM BH3HAYA€THCS 5K Bgﬁy =N, / (Qﬁy “MNee *Nem ), ne Ny — moTyx-
HicTs Kommpecopa THY, MBT; Nec, New — KK]I enexTpocTantiif Ta enext-
poMepex BIJIOBITHO, a BUTpaTa YMOBHOTO ITaJBa Ha BOJOTPIiHI KON Yy
cimami THC - By =Q / (ng “MNyor ), ne Niyy — KKJI-HETTO BOmorpiitHoi

KOTeJbHI; popmyiy (3.85) MokHa 3amMcaTd B TAKOMY BHIJISL

nTHCC = (QBK + QK) [1_ THc /(273 + (tHMB + )/2)]
105.| N | Que (3.852)

MNec “MNem T]EOT

ExoHOMist yMOBHOTO ManuBa 3a paxyHok Bukopuctanus THY, kr/c
THC
AB; = B;ar -Bye (3.86)

ne By — saraibHa BHTpaTa yMOBHOTO TajiBa KOTEIbHEI Ge3 poGoTu

THY 3 (3.25), kr/c.
YacTka TermIoBoi MOTYKHOCTI, 110 nokpueae THY

B= QTH%TC , 3.87)

ne Qryy — 3aranpHa Temiosa nmotyxuicts THY 3 (3.22), MBT.
YacTka nanusa, ska BuTpayaeTbes Ha THY

BTHY
al="Y AHC , (3.89)
ye

ne B gHy — BUTpara yMOBHOro nanusa Ha komnpecop THY 3 (3.21), kr/c.
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ITutoma Butpata ymoBHoro manuea THC, kr/T' Ix

priic _ B (389)
ye Q.. .10—3]- :

[IporieHTHa €KOHOMisI YMOBHOTO TIaJTUBa 32 PaXyHOK BUKOPHUCTAHHS
THY 3 enekrpomnpusomom, %

. ABS
ABg (°/0) = /Bgar , (3.90)
y

e B;ar — 3arajbHa BUTpaTa yMOBHOI'O IajiMBa KOTEJIbHEI 0e3 poboTu
THY 3 (3.25), kr/c.

3.2.12. MaTeMaTHYHHI ONMHC eKCEPreTHYHOr0 AaHATI3Y
TEILUIOHACOCHOI CTAHIIT 3 MPHBOJIOM KOMIIPECOpa Bil IBHTyHA

BHYTPIIIHBOI'0 3rOPAHHA
CepenHbpOTEpMOIMHAMIYHA TeMIepaTypa Biasenenns Teriotn THC, K

19, =273+ (o + o )/ (391)

3araibpHa excepris BiamymeHoi Termotn, MBT

.
Ene =QT{1— % o ] (392)
THC

ne Qrc — IOTYXKHICTh TEIJIOBUX CIIOKKBa4iB, MBT.
3aranpHa BUTpaTa ymoBHoro naiausa Ha THC, kr/c

THC BK
BJHC = B + B, (393)

ne B, B }B,K — BUTpaTu YMOBHOro nanusa Ha JIB3 ais npuBogy KOMIIpeco-

pa Ta BoJOTpiitHi KOTiH, siki Bu3Ha4YaoThes 3 (3.32) Ta (3.54) BimmosiaHo.
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Exonomist ymoBHoro nanuBa Ha THC B mopiBastHHI 3 THY 3 enekr-
POIIPHUBOIOM, KI/C

*+ 1 THC pTHC
AB} =B ¢ —BJHC, (3.94)

e B;?C — 3arajbHa BUTpaTa yMoBHoro nanmuea THC 3 enexktponprBogom

3 (3.83), kric.
Excepris ninsenenoi y THC Temotu, MBT

Epic =105 ByHC - QP . (3.95)
Exceprerrnunuit KK THC

nTHCEL _ E;];lllg _ QTC .(1_THC/TCT[;‘IC):

e T RpTHC — THC
Enize 1,05-Byﬂ -ng

(QBK + QK + ZQyT)' [1_ THC/(273+ (tl'lMB + taMB)/Z)]
1,05- Qﬁy ~(B;Hyn + B‘;K) ' (3.96)

BpaxoByrouu, 1mo BuTpara ymMoBHOro naausa Ha THY 3 npusozom
kommpecopa Bix JIB3 Bu3HauacThCA K BgHyﬂ = b’;‘, N, /3,6; ne bg - -
TOMa BUTpaTa yMOBHOro majusa Ha JIB3, kr/T'JXk; a 3arajbHa MOTYXHICTh
TemoyTuiizaliifHoro ycrarkysanus JIB3 — XQy, = Qy; + Qo a1€ Qyy — 1o-
TY)KHICTh YTHITI3aTOpa BiIXimHUX ra3iB, MBT; Q.,x — MOTYXXHICTh CHCTEMH
oxonomkennst JIB3, MBT; dhopmyny (3.96) MOXHa MIPEACTaBUTH B TAaKOMY
BUTJISII:

THCn _ (QBK + QK + QyT + Qox ) [1_THC/(273+ (tl'lMB + t3MB )/2)]
e - .

by - Ny . Qu (3.96a)
36 T]EOT ng

1,05- Qb -
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ExoHOMisi yMOBHOTO TajinBa 3a paxyHOK Bukopucranus THY, kr/c

THC
ABZ =B —BIHC, (397)

e B‘;ar — 3arajbHa BUTpaTa yMOBHOTO IIajiBa KOTEJbHEIO 0e3 poboTu

THY 3 (3.25), kric.
YacTka TemIoBoi MOTYXKHOCTI, 10 TokpuBae THY

B= QTH%TC , (398)

ne Qryy — 3aranpHa Termosa notyxuicts THY 3 (3.23), MBr.
YacTka nanusa, gxa BuTpayaeTses Ha THY

BI[
al= /Bmc , (3.99)
ya

ne B}ﬂ, — BUTpara yMOBHOro najiusa Ha [IB3 nns mpuBoay Kommpecopa 3

(3.32), krlc.
[MpolieHTHAa €KOHOMisSi YMOBHOT'O TMaJlMBa 32 PaxXyHOK BHKOPHCTAaHHSI
THY 3 npuBonowm Bix /I1B3, %

., . AB?
ABy (°/0) = % (3.100)
y

ae B;ar — 3arajJibHa BUTpaTa yMOBHOTO ITalnBa KOTENbHEIO 0e3 poboTh

THY 3 (3.25), kr/c.
ITuroma Butpara ymosHoro nanusa Ha THC 3 npuomom Bix B3,

kr/T Ik
THC B;?C
byp = o .1073], (3.101)
TC
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3.2.13. MaTeMaTH4YHMIi ONHMC eKCEPreTHYHOr0 AaHATI3Y
TeIJIOHACOCHOI cTaHLii 3 NMPHBOJOM KoOMIIpecopa Bix ra3otrypoiHHOI
YCTaHOBKH

IMoTyxHiCTE BOZOTPIHHOTO KOTIA 32 paXyHOK CIAMIOBAHHS OpraHid-
HoOro naiusa, MBT

ng:ﬂ = Q‘Ic - QTHy _QTOI'I ’ (3102)

Je Q.. — OTYKHICTh TEIUIOBUX cnoxkuBauiB, MBT; Q. — 3aranpHa Termio-
Ba notyxHicte THY 3 (3.23), MBT; Q,oq — HOTYKHICTbh, SIKA BHOCUTBCS 3
BiIXiZTHMMHU Ta3aMu B TOTIKY KoTia 3 (3.68), MBT.

3arajipHa TEIJI0BA MOTYKHICTh BOJOTpiiHOTO KOT)Ia, MBT

Qud = Qe+ Qron (3.103)

Burpara yMOBHOTO manuBa Ha BOAOTPilHMIT KOTEN, KT/C
BY = Qa1 (Qiy - i), (3.104)

neny — KKJI- HeTTo KOTebHi.

3aranbpHa BUTpATA YMOBHOT'O I1AJINBAQ, kr/c

BIHC =B + B, (3.105)

ne B ;Ty — BUTpara ymoBHoro nanuBa Ha I'TY 3 (3.51), kr/c.

3aranpHA MOTYXKHICTH cuctemMu, MBT
Q=N+ Qy, (3.106)

ne N, — enexkTpuvHa NOTYXHICTh TypOiHKM, MBT; sika BiIIOBIga€e MOTYXKHO-
cri kommpecopa THY 3 (3.18).
YacTKa TEIUIOBOIO CIOKHUBAHHS

B:=Qw/Q. (3.107)
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YacTka TerioBoi MOTYKHOCTI, sIKy nokpuBae THY

B = (QTHY + QTO!‘I) / QTCI (3108)

ne Qrpy — 3aranpHa Terosa notyxuicts THY 3 (3.23), MBr.
Excepris nmigsenenoi y THC Temmorn, MBt

g THC =1’05.BE{C Qb (3.109)

miaB

CepenHpoTepMOIMHAMIYHA TeMnepaTypa BiasenenHs Terotn THC, K
1p, . =273+ (b * tM% (3.110)

3aranbHa excepris BiamymeHoi Ternotu, MBT

ENC - Q.. [1_T% N j (3.111)
THC

ne Qrc — MOTYXHICTh TEIJIOBUX CIIOXKKBa4iB, MBT.
Exceprernununit KKJ[ THC

IHCT _ Eninn _ Qp '(1—THC/T%C)_

¢ EMC T 105.BIHC.QP,

mijaB

(QBK +Qp + Qy—r) [1_THC/(273+ (tl'lMB + t3MB)/2)]
105-QR, - (BT + ) eI

1e Qy; — TOTYKHICTh yTHIIi3aTOpa BiaxigHux rasis I'TY, MBT.

BpaxoByroun, mo Burpara yMoBHOro nanusa Ha THY 3 npusogom
xommpecopa Bix I'TY BU3HauaeThCs K B;Hyr = b; N, /3,6; ne bg, - 1m-
TOMa BUTpara ymoBHoro mamusa Ha ['TY, kr/[' [Ix; dopmyny (3.112) mox-
Ha TPEACTABUTH B TAKOMY BHIJISII:
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THCr _ (QBK + QK + Qy'r)' [l_ THC/(273+ (tl'IMB + tSMB )/2)]

e =

T

1,05-QF, - by N, Qu (3.112a)
36 nII;IOT'ng

Exonomis ymoBroro nanmuea Ha THC B nopisusaaHi 3 THY 3 enexrpo-
MIPUBOIOM, Kr/c

AB} =B ['“ B, (3.113)

ze Bglc — 3arajbHa BUTpaTa ymMoBHoro nanusa THC 3 enexkrponpusogom

3 (3.83), kric.
ExoHOMIisl yMOBHOTO TajIMBa 3a paxyHOK BHKopucTanHs THY 3 mpu-
BogoM Big I'TY, kr/c

AB} =B} -BJ'¢, (3.114)

ne By — sarabHa BHTpaTa yMOBHOTO TMajiBa KOTEIbHEI Ge3 poGoTu

THY 3 (3.25), xr/c.
YacTka nanusa, sxka BuTpayaethes Ha THY

BT
o= Y/BTHC : (3.115)
yr

ne By — putpara ymosHoro nammsa va I'TY 3 (3.51), kr/c.

HpOHCHTHa €KOHOMIs YMOBHOTI'O IIaJIMBa 3a PaxXyHOK BUKOPHUCTAHHSA

THY, %
R:
ABY(1)="0 (3.116)
y
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ITuToMa BUTpaTa YMOBHOTO TAMBA HA BUPOOJIEHHS TEIUIOBOI eHepril
THC, xr/T' Ik

BTHC
w =ﬁ. (3.117)
TC

THC

3.2.14. MaTeMaTHYHHIi ONIC EKCEPTETHYHOI0 AaHAJI3Y
3aMilyBaHOi BOAOTpiiiHOI KOTebHI
CepenHpoTepMOANHAMIYHA TEMIIEpaTypa BiBEAECHHS TEIUIOTH KOTEIb-
Hero, K

TP =273+ (tl'IMB + tSMB% . (3118)

KOT

3aranpHa excepris BiamymieHoi Temnota, MBT

T
B =QTC[1— % o J (3.119)
KOT

ne Q.. — MOTYXKHICTh TETUIOBUX CHOXHBadiB, MBT.

Excepris ninBenenoi remnoru, MBt

EXT =105-B¥" QP (3.120)

B HY!
me B — sarampHa BUTpaTa yMOBHOTO MalMBa KOTENbHEO Ge3 po6oTH

THY 3 (3.25), kr/c.
Exceprermunnii KK/] 3aminryBaHoi KOTenbHI

KOT EKOT
e = V or - (3.121)
miaB
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3anponoHOBaHMI MaTeMaTHYHUNA OIMC TEIUIOTEXHOJIOTIYHOI cHCTe-
MH 3 TEIUIOHACOCHOIO YCTAHOBKOIO [IO3BOJISIE 3MIHCHIOBATH JOCIIKEHHS
CHCTEMH, IiJACHCTEM Ta OKPEMHX EJIEMEHTIB IiJCHCTEM 3a yYMOB Pi3HHX
HPUHLUIIOBO MOXKJIMBUX CXEMHHX DIIIEHb B paMKaxX €IWHOT MaTeMaTH4HOI
MOJE.

3.3 Bubip xo/1010areHTy /151 TEMVIOHACOCHUX YCTAHOBOK

Jlo TenepilHbOTO 4acy rnepeBaXkHa OUIBIIICTH POOOYMX TiJ, SKI BH-
KOPUCTOBYIOTHCSI B XOJIOAWIBHUX MalliHaX, € GppeoHun. HaiOumem momm-
pennmu cepen Hux € R12, R22, R114, R502 ta aeski ixmri. binburicts Has-
BHHUX JIOCIi/PKEHb BUKOHAHO sKkpa3 ans mamuH 1 THY, ski mpamoroTs Ha
R12, R22 i R114 [3, 5, 204], [92, 205], [120, 123, 198].

Auzte, 3rigHO 3 TIPOTOKOIOM MOHpeaTbChKOi Mi>XKHAPOJHOT KOH(pepe-
Hitii 1987 p. mi xomomoareHTH OyJaM BHU3HAHI O30HOAKTHBHUMHU 1 IMijyIsATa-
I0Th 3aMiHi K €KOJIOTi4HO HeOe3neuHi. Cepen XJIafoHiB, AKi BUIIYCKa€E BiT-
YM3HSHA IPOMHCIIOBICTh, HAWOIIBII MPUAATHUMH 3apa3 BBaXaroThes R22 i
R142, a Takox HeazeoTpomHa cymin i3 R22 1 R142, mo 3a BIaCTUBOCTAMHU
Mae HaOmmKaTHCh 10 BiactuBoctedt R12. Jlo peui, R11, R12, R113 i R114
€ HAOIIbII 030HOAKTUBHUMH, a CKJIAJ 3a3HAYEHOI CYMIllli 111e He BU3HAYe-
Huit. Cnig goxatd, mo (peoHaM Xoya i BJIACTHMBI Maja TOKCHYHICTB 1
BHOYXOHEOEC3IEUHICTh, ajlé BOHH BHKOPHUCTOBYIOTHCS MEPEBAYXKHO IS TO-
OyToBMX XOnommibHUX MamuH i THY HeBemMKMX MOTyXHOCTEH. Amiak
(R717) xoua i mocTymaeTbesi GppeoHaM B 3a3HAYCHHX SKOCTSX, ajle Mae
kpauyi remtodizuuni BractuBocTi (puc. 3.5) [206], a rojoBHe, He € 030HO-
aKTHBHUM. 3apa3 BiH 3aCTOCOBYETHCS IEPEBAKHO B HACOCHO-TIMPKYJIALIHHIX
cucTeMax OXOJomKeHHs (Hampuknanm, Bimaumpke BO  «Ximmpom»,
Binauipka KoHguTepchka (abpuka, Binuuipkuid M'scokoMOinar). Kpim
TOTO, aMia4yHi MAIIMHU HE TMOTPEeOYyIOTh MPOMIKHOTO OXOJIOIHHUKA PiIKOTO
XOJIOJIOAreHTY, MO0 3/ICUIEBIIIOE iX KOHCTPYKIIIO.
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Puc. 3.5. TemnooOMiH mpyu KUITIHHI B IUTHHHUX KaHAIAX

3Ba)karoud Ha BHKJIAJCHE BUIE, MH CIpoOyBalH 3'sCyBaTH NpHAAT-
Hicth R717 nns pobotu B THY B inTepBani temneparyp kuminas 5-30 °C i
kongencanii 45-100 °C [207, 208]. 3a meroaukoro [18, 19, 121, 209-211]
PO3pOOJICHO MaTeMaTHYHy MOZAENb Ul PO3PaxyHKIB ITOKA3HUKIB PoOOTH
amiagnoi THY 3 meomuninapoBum KoMmnpecopoM 2AB-27 3 X0I0I0IIPOIyK-
tuBHicTioO Q = 260 kBT i wacroToro obepranus Bana 360 00/xB, a TaKkoX
(peonoBoi THY 3 nommtinaposuM koMmpecopom 2DB-35 3 Tiero sk camoro
XOJIOMOMPOAYKTHBHICTIO i YacToTor0 obepranus Bana [18, 210]. Pobounmu
tinamu peoHoBoro komnpecopa Oymu R12, R22, R114 i R142. Temnodizu-
YHi BIACTMBOCTI (PPeOHiB 1 amiaKy BusHauanuch 3a [212]. B nporieci pospa-
xyHkiB Ha EOM BH3Hauamich eHepreTHYHI NOKAa3HUKHA POOOTH KOMIIPECOPiB
i THY B 3anexxHOCTI Big pexkumiB podotu. Toil um iHmmil pexxum podotn
napoxomipeciiinoi THY 3anexuTh BiJ TeMIiepaTypy KHITIHHS X0JI010areH-
Ty y BunapHuky To i Temneparypu #oro konzaeHcauii Ty B KOHAEHCATOPI.
I[Tum TemmepaTypaM BiANOBiAIOTh TEBHI THCKH Po 1 P, BimHomenns
n=P./Py Xxapakrepu3ye Mipy MiJABHILCHHS THCKY B KOMIPECOPi 1 € OCHOBHUM

BU3HAYAJILHIM ITOKa3HUKOM pexuMy poboTtn kommpecopa i THY.
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Ha puc. 3.6 HaBezeHi 3a5e:KHOCTI 3MiHH KOS(ILIEHTIB MOAa4i KOMIIpe-
copiB A Bia 3HaueHb 7. BenuunHa A sABisIe COOOI0 BiAHOMICHHS IHCHOTO
00’emMy niepekauyBaHoi napu V 10 00'eMy, 110 YTBOPEHHH XOJJOM ITOPILHSL.
Bona Bu3Hauanace sk J0OyTOK Koe(illi€HTIB MigIrpiBy, TYyCTHHH Ta iHIH-
KaTOPHOT0 Koe(illieHTa BCMOKTYBAHHSI, SIKUH 3aJIeKUTh B/ Aepecii TUCKY
B HATHITANIbHOMY i BCMOKTYBaJbHOMY maTpyOkax [210, 211]. I3 puc. 3.6
BHJTHO, MO 31 30UIBIICHHSAM T 00’ €éMHa T0jjada KOMIIPECOPiB 3MEHITYEThCSL.

Hait6inpmni 3HaueHHs A croctepiratotses 1t R717 1 R142, a naiimenmi —
g R22 1 R12.

0,8

0.7

0,6

0,5

2

Puc. 3.6. IToTouHi 3HaueHHs KOeillieHTIB MOAa4i KOMIIPECOPIB, SIKi MPAIOIOTh
Ha XojojoareHTax: 1 —R717; 2-R142; 3-R22; 4-R114;5-R12

IMorouni 3nHauenHs BHyTpimHiX KKJI kommpecopiB nokaszaHi Ha
puc. 3.7, 3 IKOr0 TaKOX BHJIHO, 1[0 HAHOIIBII 3HAYCHHS 1| BJIACTHUBI amia-
Ky 1 R142, a naiimenmi — R22 i R12. Orpumani Ha puc. 3.6 i 3.7 3anexHo-

CTi I[IIKOM 3aJI0BIJIbHO Y3TOKYIOTHCS 3 €KCIIEPUMEHTATbHUMHU JTaHUMU

[83, 109, 121, 130, 198] nns R12, R114 i R142.
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Puc. 3.7. 3nauenns BuytpimHix KKJ[ xommpecopis: 1 — R717; 2 — R142;
3-R22;4-R114;5-R12

OCHOBHUMH CHEPreTHYHUMH TIoKa3HuKamu pobot THY e Temiom-
PONYKTUBHICTE Q, MOTyXHicTh KoMiipecopa N 1 koedillieHT mepeTBOpeHHs
¢=Q/N (onasroBanbHuii koeditient). s 3pydHOCTI HOPIBHAHHS MOKa3HH-
kiB pobotu THY pi3HUX HOTYKHOCTEH 1 3 PI3HUMH POOOYHMH TiIAMH T0-
OyZ0BaHi y3arajdbHEHI XapaKTEPUCTHKHN Yy BUTISII OS3pO3MIPHHUX BEIUIHH
Q*:Q/(qV-V); N*:POV/N; (p*:Q*/N* B 3aJIEKHOCTI BiJl MIpH ITiIBHINCHHS
TUCKY B Komrpecopi . TyT (y — nuroMa 00’'€MHa XOJIOZONPOLYKTUBHICTD
xoJnojoareHTy; Py — abCONOTHNUIT THCK X0JI0I0areHTy Y BUIIAPHHKY.

Ha puc. 3.8 nnst mpukiiaqy nmoka3aHi Taki XapaKTEPUCTUKH TS amiad-
Hoi (cymiibHi JiHii) i ¢ppeorosoi (R114) THY (mrrpuxosi miwii). I3 puc. 3.8
HAOYHO BHIHO, 10 amiadyda THY mparroe OinbIl €KOHOMIYHO, HiX (peo-
HOBa. Pe3ynbraTit 1OCHiKeHb moka3any, mo auire THY 3 R142 nemio Ha-
OMIKAETHCS 3a e(PEKTHBHICTIO 0 poboTH amiagyHoi THY.

TakuM 9HHOM, OTPHMaHi XapaKTEPUCTHKU IiATBEPKYIOTh MepeBary
amiaunux THY wax ¢ppeonoBumu. B 3B's13Ky 3 IMM BUHUKAE CYMHIB (3 eHep-
TeTHYHOI TOYKH 30pY) II0/I0 MPABOMIPHOCTI PeKOMEH/IAIlT 3aCTOCYBaHHS SIK
XOJIOZI0AreHTIB Hea3eoTpOmHUX cymimei i3 R22 i R142, siki 3a BiacTHBOC-
TSAMH MArOTh Ha0IMKATUCH J10 BiacTuBocTeit R12 (nus. puc. 3.7 1 3.8).
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Puc. 3.8. Eneprerununi xapakrepuctuku THY 3 xomogoarenramu R717 ta R114:
1 — 3HayeHHs Q*; 2- N*; 3- (p*

3Bakarouu Ha Te, o0 R717 He € 030HOAKTHMBHUM, HOTO CIIiJ] BBAXKATH
OimpIn onTUMankHUM XoJdogoareHToM aiusi THY Ha cyuacHoMy etari, He
JMBJISTYKCH Ha JIesIKI BiIoMi HeloJiku (OLIbITy TOKCHYHICTh i BUOYXOHEOe-
3MEYHICTB).

3a pe3ynpTaMu MPOBEACHUX JTOCIiIKEHb CITijl 3a3HAUNTH.

EnepreTnyHi MOKa3HUKU pOOOTH aMiauyHHX TEIUIOHACOCHHX YCTaHO-
BOK KpalIlli, Hi’K (pEOHOBHUX, 5Ki, KPiM TOTO, Ii¢ i €KOJOTIYHO HEOS3MEHi.

Haii6inem ontuManpanM xomomoareHToM st THY Ha cydacHOMy
eTari CJIiJ BBaKaTH aMiak.
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3.4. BniuB TeMinepaTtyp niiBe/leHHs i BilBeJeHHs TeIIOTH Ta
TeMIepaTypH HABKOJUIIHLOIO CcepeOBHINA HA e)eKTHBHICTh
podoru THY

B masBHill JiTepaTypi MICTATbCS CyINEpewINBI JaHI IMOMO OIIHKH
edexTuBHOCTI 3actocyBanHs THY B cucremax TeruonocradanHs. EkoHo-
Misl ajMBa, HAIIPUKIIAJA, B CHCTEMax LEHTPai30BAHOTO TEIUIONOCTAYaHHS
KOMYHaJIbHO-IT00yTOBOTO CeKTOpa OLiHeThes Bix 25 no 35 % B [5, 123] i
a0 70 % B [3, 120, 213]. Lli po3GixHOCTI, sIK [MOKa3aB aHalli3, 3yMOBIICHI
HEO/IHAKOBMMH YMOBAaMH JOCII/DKEHb, 30KpeMa TeMIlepaTypaMu MijiBeje-
Hoi 7o THY i BingBeneHoi Bix Hel TEIIIOTH, a TAKOXK TEMIIEPATypOI0 HaBKO-
JMIIHBOTO CEPEJOBUIIIA.

PosrnsiHeMO BIUIMB TeMmepaTyp Ha MOKa3HUKH €(hEeKTUBHOCTI pobo-
1 napokommnpeciitnoi THY, cxema sikoi mokazana ua puc. 3.9, a 300pa-
sKeHHst UKy Ha P-h niarpami — na puc. 3.10. V Bunapuuxky THY 3aBsku
OXOJIO[DKEHHIO HU3BKOTEMIeparypHoro reruonocis (At,, = t'y, — t",,) Bu-
MapoOBYETHCS pifiHa XonomoareHTy (mpoitec 4-1) 3a yMOBU HE3MIHHOI Te-
mnepatypu t, =ty — 0, ne 0 = 3-5 °C — Benmuuna HepOTpiBY.

[Turoma Terutora, 110 MigBEACHA JI0 XOJIOJOAreHTy Y BUIAPHUKY

0. =hi—hs=h;—h, (3.122)

Jie h — eHTaNbIis y BiAMOBITHUX TOUKAX IUKITY.
Cyxa HacHYeHA IMapa XOJIOJ0areHTy, sKa YTBOPHIACH y BUIIAPHHKY,
amiabaTHO CTHCKAETHCS B KoMmIpecopi (mporec 1-2), BHACTIAOK 9OTO M-

BHIIYETHCS TUCK 1 TeMIlepaTypa pobodoro Tijia.
[Turoma pobora koMmpecopa

b = (N2 - D1) / M, (3.123)

JI€ N — BHYTpitHIA KK/ KoMIpecopa.
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Puc. 3.9. Cxema mapoxommpeciitnoi THY: 1 — Bunapuuk; 2 — KoMmmpecop;
3 — enleKTpoABHTYH; 4 — KOHAEHCATOP; 5 — Ipocenb

P

Puc. 3.10. Iuxn napoxommnpeciitnoi THY Ha P-h piarpami
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[Turoma poOoTa, sika BUTpavya€eThCS HA TIPUBOJ KOMIIPECOpa
bip = L / M (3.124)

Je Mnp — KKJI mpuBoga xoMnpecopa.

B konpencaropi THY mapa miciast xoMmpecopa KOHACHCYEThCS 3a
YMOBH cTayoi Temneparypu t,=const (mpouec 2—3), Bingar4u TEIUIOTY Me-
pekeBiil Boai cucremu Terutodikamii, sKa MigirpiBaeThes BiJl TEMIEPaTypH
'\ 1O TeMmepatypu t' =t — 0.

[MuToMma TermoTa, siKa BiilaHa B KOHIEHCATOPI BOJI

O =h2—hg=q, + L . (3.125)
Hauni xoumencat mapu apocemoerbest (h3=h,) B npocensHOMY BeHTH-
i (mportec 3-4) i 3 Temneparyporo t, 3HOB HAJAXOJUTh Y BUIIAPHUK.

Eneprernyna edextuBHicTe pobotu THY owmiHIOETHCS 3a JONOMO-
roro Koe(illieHTa mepeTBOPEeHHs (OMaIOBAIBHOIO KoedilieHTa):

@zq%pz(qﬁ+lkm)lnp:8+nnp, (3.126)

ne & =0/ |y, — xonoxunsHuil KoedilienTt.

Ocranns ¢opmyna BizoOpaxae Toi (akT, MO BTpATH CHEPTii B IIpH-
BOJIi KOMIIpecopa He BXOIATh B TEIIOBY MponyktuBHicTs THY, a po3scito-
I0ThCS B 30BHIIIHBOMY cepenoBuiii. Ha mincrasi (3.125) i (3.126) moxna

_q
Q= % : (3.127)
Ny
%‘-_ %j

Kpurepiem tepmoaunamiutoi gockonanocti THY, sk Bizomo [49], €

3armrcaTnu

excepreruunuit KK
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. :eg%m :%B +IHp):qK % - +Inp)' (3.128)

JI€ €yiy, Cyix — CKCEPTisl MiZIBEACHOT Y BUIIAPHUKY 1 B KOMIIPECOpI Ta BiiBee-

HOI B KOHJIEHCATOPi eHeprii BixmosixHo; Mg =1— "1/ — ekcepreTHuna
cp

temieparypra ¢yukiis (haxrop KapHo) ajist miZiBeeHOI TEIIOTH y BHIIa-
T . .

pHEKY; N =1- "¢/ — dakrop KapHo 115 BiIBeIEHOI TEIIOTH B KOH-

Tep
JIEHCATOPI; T‘gp,
JIEHHS 1 Bi/IBEJICHHS TEIUIOTH BiamoBigHO; Ty, — abCcoMOTHA TeMmepaTypa

i Tgp — CepeIHbOTEPMOANHAMIYHI TeMITepaTypH IIijiBe-

HABKOJTUIITHBOTO CEPEIOBHUIIA.
3 ypaxysanusm (3.124), (3.126) i (3.127) 3amicts (3.128) oneprxumo
BUpas

_MNe @ , 3.129
e C/Em?(wnnp)] (3429

SIKUI 32 yMOBU Tgp =T, crpollyeTbcs i Mae BUTIIAL

Ne =M - 0, (3.130)

110 36iraeThest 3 pesyaprarom [116].

TakuM dYHHOM, 3a YMOBH CTallOTO 3HAYEHHS Ty, CKCEPTETHIHHI
KKJI THY 3anexurhb BiJl TPhOX BENMYHMH: Mg, Ne 1 ¢. 3HAYeHHS (HAKTOPiB
KapHo 1151 TemoTH y BUIIApHUKY 1 KOHJIEHCATOPI 3aJeXaTh BiJl TemIepa-
TypH Ty i Temmeparyp T¢, i T, Binmosimmo.

Ha puc. 3.11 HaBeneHi po3paxyHKOBI 3HAYEHHS 1) B 3AJISKHOCTI Bijl 3a-
3HAYCHHUX TEMIepartyp. I3 boro prucyHKa BUIHO, IO TeMIepaTypa HaBKOJIMILI-
HBOTO CEpPE/IOBUILA CYTTEBO BIUIMBAE HA 3HAUCHHS 1. Hampukmaz, 3miHa T
Big 273 no 293 K 3ymopmoe 3meHmeHHs 1. Ha 30 % i T,,=303 Kina 15 %

st Te,=353 K. Omxe, Big BUOOpY TeMIepaTypu HaBKOJMIIHBOIO CEPEsIo-
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BULIA 3aJIeXUTh 3HaueHHs exceprernyHoro KKJ[ THY 3a ymoBu onnako-
BHX 3HAYCHb TEMIEPaTyp Tgp i Tgp. Pi3Hi 3HAYCHHS IPUHHATOI TeMITepa-

TypH HaBKOJHUIIHBOTO cepemopuina (258 K B [116], 273 K B [5] 1 293 K B
[123]) i npuBOAATH 10 PO30IKHOCTEH HASIBHUX PE3YIIBTATIB.

B 3B's3Ky 3 1M, Ha Haml TOTJA, AOLUTBHO npuitmati T,.=273 K.
Sxmo x Temneparypa migBeaeHHs Temtotd B THY Tgp < 273 K, 1o ¢a-

KTOpD KapHO Ma€ BH3HA4YaTUCh TaK CaMo, K i JUISL XOJIOAUJIbHUX MaIllH:

THC
- -1,
e %gp

M.

03}

02}

0,1}

0 1
273 293 313 333 353 373 Tep

Puc. 3.11. 3xaueHHs pakTopa KapHO B 3aJIe)KHOCTI Bil cepeaHbOTEPMOJHHAMI-
4HOI TeMIepaTypu MiABeAeHHs (BiIBENCHHS) TEIUIOTH i TeMIepaTypH HAaBKOJUIIHBOTO
cepenosumma Ty, Ki 1 -263; 2 - 273; 3 -283; 4 -293; 5-303

Posrisnemo Tenep Brums temmepatyp T¢y i Tg, Ha edexrnpHicTh

po6oru THY. Bizsmemo 3a Gaszouit muki (puc. 3.10) mukn 1-2-3-4-1 3
NEBHUMH 3HAYCHHSIMHU TEMIIEPATyp BHIIAPOBYBaHHA 1, 1 KoHeHcaii t,, °C.
Slkio 3a ymoBH t,=CONSt Temreparypa t, SMEHIIUTBCS 10 SIKOTOCH 3HAYCHHS
t.’, To podora THY Oyze 3ailicHIOBaTHCh 32 HOBUM LikiIoM 1'-2'-3-4-1, B
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. . P_hy-n)
AKOMYy 30UIBIIyeThCS NMHTOMa poboTa Kommpecopa |, = n i
KM

SBMCHIIYE€TBCA MMATOMAa TEIUIOTA, MIO HiZ[BO,Z[I/ITLCH A0 BHUIIapHHKa

g, =hy —h,. Kpim Toro, 3i 3MeHIIEHHAM TeMmepaTypu t, 3MEHIIYETbCS

BenmuMHa Mg 3a yMOBU T,.=COnst. B saranbHOMy BHNAIKy Ha MiACTABi

(3.126) i (3.129) 3HaveHHS @ i M. MOXKYTH 3ATHIIATHCH HE3MIHHUMH, 3Me-
HIITyBAaTUCH a00 301IbITYBaTHUCE.

Jlo moniOHOro MPUBOAMTE i 30UIBIICHHS TEMIIEpPaTypH i, 3a yMoBH
t;=const i T,=const (umkn 1-2'"-3""-4"-1 ua puc. 3.10). Takum YuHOM,
NHUTAHHS PO BIUIUB TeMrepatyp i, i t, Ha 3HAYEHHS @ i M 1O CYTi CIpaBH
3AITHILIAETHCS HEBU3HAUCHUM.

Ha puc. 3.12 i 3.13 nokasani 3a1exHOCTI Koe(illieHTa epeTBOPEHHS

i ekceprernanoro KKJI Bin 3HaueHb Tgp i T2 | sxi OOUMCICHI T aMiad-

cp!’
Hoi THY oxmnnunoi notyxuocti 1 MBT 3a ymosu T,,.=273 K i 6=5 °C.
I3 puc. 3.12 BuaHO, WO B PO3IJSIHYTOMY Jiala3oHi TEMIepaTyp Tgp

KoeQillieHTH TIepEeTBOPEHHS (p 3MEHINYIOThCS Maiike BIBIYi JJIs BCiX 3Ha-
YEeHb CEPENHBOTCPMOIMHAMIYHUX TEMIICpPATyp MiJBEACHHS TEIUIOTH y BH-

napHUKy. HalOiIsIImiA BIJIMB TeMIepaTypH Tgp Ha BEJIMYUHY ¢ CIOCTEpi-

raeThes JUIs MEHITHX 3HaueHb Temnepatyp T,. Xapakrep 3miHu excepre-
tuuaux KKJ[ THY (aus. puc. 3.13) HeopHO3HAYHME. 3HAYECHHS 1), MAIOTh

MaKCUMYM, SIKHH 3MIITY€EThCS B OiK OibIII HU3BKUX TEMIIEPATyp Tgp y Mi-

Py 3MEHILEHHS TeMIlepaTypu Tgp. Ile 3yMOBIIO€THCST OCOOTMBOCTSIMU TeTI-

N0(I3MYHNX BIACTHBOCTEM XO0JI010areHTy (IIOJOKEHHAM KPHBOI KUITIHHS
pinunn (x=0) i kpuBoi Hacu4eHoi napu (x=1) Ha puc. 3.10).

OTpuMaHi pe3yibTaTd € HEOOXiAHOI MEePEeayMOBOIO IS MPOTHO3Y-
BaHHS ONTHUMAJBHUX TEMIIEPAaTYpPHUX PEXHMMIB HiIirpiBy MepekeBoi BOIU
B koHzaeHcaropi THY. Hanpuxnan, nust kpusoi 5 Ha puc. 3.13 ontuManbHUNA

peXKUM poOOTH BIIIIOBIIAE YMOBaM: Tgp =337 K, t,, =45 °C, t,” =85 °C; a
Uit KpuBoi 1 —Tgp =327 K; t,,’ = 35 °C; t,/”' = 70 °C. 3a3HayuMo OjHaK,

IO Li JaHI MOXYTh OYTH JEUIO CKOPEroBaHi B Pe3yJbTaTi EKCICPHUMEHTA-
JIBHOT NTEePEBIPKH.
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318 328 338 348 Tep
Puc. 3.12. 3nauenns xoedirieHTa MepeTBOPEHHS B 3aJIEXKHOCTI Bijl CepeJHbOTE-
PMOJMHAMIYHUX TEMIIEPATyp TEIUIOHOCI{B B KOHAeHcaTopi 1 Bunapuuky THY Tgp, K:

1-278;2-283;3-288;4-293;5-298

UE

0,46 |

0,44 |

042

0.40 318 328

338 348 T
Puc. 3.13. 3navenns exkcepreruynoro KK/l THY B 3anexHocTi Bif cepeHboTe-
PMOAMHAMIYHUX TEMIIEPATyp TEIUIOHOCIIB B KOHEHcaTopi 1 BunapHuky THY Tgp, K:

1-278;2-283;3-288;4-293;5-298
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3riHO 3 MPOBEICHUMHE JOCIIIKCHHIMHI MOKHA 3pOOUTH BUCHOBKU:

1.Tloka3HUKH €PEKTUBHOCTI POOOTH TEIJIOHACOCHUX YCTAaHOBOK
CYTTEBO 3aJISKaTh BiJ] CEPEIHHOTEPMOIMHAMIYHIX TEMIIEPaTyp IiABEICH-
HS 1 BiZIBEZIGHHS TEIUIOTH, a TAaKOX BiJ TEeMIepaTypH HaBKOJMIIHBOTO Ce-
peroBHIIIA.

2. JInst y3TOKEHHS MiXK COO0I0 HAsIBHUX JOCHITHUX TAHUX OCTAHHIO
MPOIIOHYEThCS pHiiMaTH piBHoto 273 K.

3. 3niilicHeHni aHaNi3 BIUIMBY TeMIlepaTyp Ha e(heKTHBHICTH pOOOTH
THY no3Bosisie MPOrHO3yBAaTH ONTUMAJIBHI TEMITEpaTypHI pSKUMH 11 poOOTH.

3.5. BniiMB cXeMH BKJIIOUYEHHS] KOHIeHCATOPiB Ta BUNIAPHUKIB
TeIIOHACOCHHUX YCTAHOBOK Ha epekTUBHicTL podoTu THY y cucremi

CxeMa BKIJIFOYEHHSI KOHJICHCATOPIB Ta BUIIAPHUKIB TEIIOHACOCHUX YCTa-
HOBOK MOKE CYTTEBO BIUTBATH Ha ITOKa3HUKH eeKTUBHOCTI podotn THY.

[Tincucrema TEMIOBOrO HacOCa B y3araJbHEHOMY BHIJISJII MPEICTaB-
nena Ha puc. 3.14. BapiaHTH MmiCHCTEMH TEIUIOBOTO HAcCOCa 3 TPHOX TeIl-
JIOBUX HACOCIB HaBeJIECHO Ha pHUCYHKY 2.6. Ha pucyHky 2.7 mpencraBieHO
BapiaHTH MiJICHCTEMH TEIUIOBOTO HACOCA 3 IBOX TEIIOBHUX HACOCIB.

Po3srisiHeMo mizcucTeMy TEIJIOBOTO HAcoCa 3 TPhOX TEIUIOBUX HACO-
ciB. [Ipu podori THY y cknazni mxepena TerionocrayaHHs B CHCTEMI Tel-
JIOTIOCTaYaHHsI MOXHA PO3PI3HATH YOTHPU MOXIIMBI CXEMHM 3'€HAHHS KOH-
JIEHCATOPIB Ta BUMIAPHUKIB TETUIOBHX HAcOCiB. 3rimHo 3 puc. 3.14, HeoOXi-
HO PO3IJISHYTH TaKi CXeMH: &) BUMAPHUKHU 3'€[IHAHI MapajenbHO, KOHIeH Ca-
Topu 3'eHani napanensHo (cxema l); 6) BUMapHUKH 3'€HAHI MapayieabHO,
KOHJICHCATOpH 3'eHaHi mociinoBHo (cxema Il); B) BunapHuku 3'eHaHi moc-
TJIOBHO, KOHeHcaTopu 3'eiHani mapanenbHo (cxema Il); r) BumapHukn
3'€JIHAHI IOCITIIOBHO, KOHICHCATOPH 3'€qHAHI MOCTinoBHO (cxema IV).

[IpoaHanizyeMo BHIIEBKa3aHi CXeMU CTOCOBHO CUCTEMH 3 TPHOX Ia-
poxomipeciiitinx THY Ta Bu3HaunMo HaHOUIbII €EKTHBHI 3 HUX 3 TEPMO-
JMHAMIYHOI Ta eHepreTHYHoi TouoK 30py. Ha puc. 3.15 mpencrasneni noc-
JIKyBaHI CXeMHU BKJIIOUCHHS BUIIAPHUKIB Ta KOHJECHCATOPIB TEMJIOBUX Ha-
cocie B THY.
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Puc. 3.15. Cxemu BKIIIOUEHHS BUITAPHUKIB Ta KOHIEHCATOPIB TEIJIOBUX HACOCIB
B THY: | — mapanensHe BKIFOUEHHS BUIIAPHUKIB Ta KoHaeHcaTopis; |l — mocmigoBue
BIJIIOUCHHSI KOH/ICHCATOPIB Ta MapajielbHe BKIIOYEHHsS BunapHHKiB; |l — mocnizoBhe
BKJIFOUCHHS BHITAPHUKIB Ta MapayiesibHe BKIIOYCHHS KOHIEHcaTopiB; |V — mociizoBHe
BKJIFOUCHHS BUIIAPHUKIB Ta KOH/ICHCATOPIB

Miporo eneprerndnoi epextnBHOCTI THY € BiIHOIICHHS TEIUIOTH,
sIKa BI/IyIIEHA CIIOKMBAa4Yy B KOHJIEHCATOPi, Ta BUTPAaYeHOI eHeprii (koe-
GimieHT epeTBOPEHHSI ().

Bennunna xoedinieHTa nepeTBOpeHHs 3aMSKUTh Bl pi3HUII TemITe-
patyp HarpiBanoro (y KoHaeHcaropi) try Ta rpiitHoro mxepena (y Bumap-
HUKY) tgr, 0COOIMBOCTEN TEPMOIMHAMIYHOTO UKy, TEXHIYHOI JOCKOHA-
JIOCTI KOHCTPYKIIi TEMJIOBOTO Hacoca. Y MepIIoMy HaOIMKEHHI MOXKHA
BBa)KaTH, IO KOSPIMI€HT ( 3aJeKUTH TUTHKH BiJ] pi3HUII TEMIIEpaTyp.

JIyist 3rajaHux cxXeM MpUHMEMO, 0 TeMIepaTrypH tyr Ha BXOMi y Te-
pIIuii 32 HAPSIMKOM PyXy BUITAPHUK Ta lry Ha BUXOJI 3 OCTAaHHBOI'O 3a Ha-
MPSMKOM PyXy KOHZEHcaTopa € ctaquMu. CTanuM 3Ha4eHHsM tyr Ta try Oy-
IIyTh BIATIOBIIATH CTaJli 3HAYCHHS TEMIIEPATyp BUIIAPOBYBAHHS tg Ta KOHJCH-
camii tx BimmoBigHO.3MiHA 3HAUYCHb TEMIIEPATyp BHIIAPOBYBAHHS Ta KOHICH-
carii B cucremi 3 Tppox THY 3 pisHrME cxemMaMu HaBeneHa B Tabmmri 3.1.

Brnus 3miHM pi3HHMILI TemiiepaTyp {x — g Ha 3HAUEHHS MOTY>KHOCTEH
KOMIIpecopiB HaBeneHO y Tabmmmi 3.2. 3 Tadn. 3.2 HA0YHO BHIHO, IIO IS
tppoxX THY y cxemi | N; = N, = N3, a 3araipHa moTyKHICTH KOMIIPECOPiB
CKJIaJie [ZNL = 3:N;. Cxema Il 3abe3neuye meBHE 3a0IMaIKCHHS CHEPTil
Ha IpuBOJ KoMmpecopa Ha BenmuanHy AN. Cxema |l mMae neBHy mepeBut-
paty eleKkTpoeHeprii mopiBHAHO 3 momepenHiMu cxemamu. Cxema IV 3a-
Oesmedye, 3 0THOTO OOKY, EKOHOMIIO, a 3 1HIIOTO, — TIEPEBUTPATY SHEpril Ta
3a e(EKTUBHICTIO Jem0 HaOmmKaeThest Mo cxeMu |. Ane i 1iei cxemu
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CYTTE€BO 3pOCTYTh BUTPATU €HEPIril HA MPOKAYyBaHHS TEILIO- Ta XOJIOJI0HO-
CiiB Yepe3 MOCHiIOBHO 3'€IHaHI BUTIAPHUKY Ta KOHJACHCATOPH.

Tabmuns 3.1
3HayeHHs TeMIlepaTyp BUIIAPOBYBAHHS Ta KOHJeHcauii B cucreMi 3 Tprox THY
Ne XapakrepucTuka Piznuni temneparyp
CXEMHU CXEMHU TH-1 TH -2 TH-3
tg = const tk—tg =
| tk —tg =const | tx—tg=const
tx = const k=8 k=B =const
tg = const o —tg > txz—tg >
1 _ tca—tp
tx = var >t —tp >t —tp
tg = var tx —tgo > tx — tgz >
1 tc — o1
tx = const >ty —tpr >t —tg2
tg = var tko —tg2 > tgs —tgz >
v B = it — tpy k2 — lg2 k3 — B3
t = var > g1 — tey > ko — g2

OTXe, 3 MPOBEIACHOTO aHANi3y CXEM BHIUIMBA€ BHCHOBOK, IO Haki-
OimpIn e(heKTHBHOIO 3 €HEPreTHYHOI TOUKH 30py € cxema ll, mo sxoi Ha-
ommkaeThes 3a edekrtuBHicTio cxema |. Cxema |l xoua i mepenbavae BT
BUTPATH €JIEKTPOCHEPrii Ha NpOoKadyBaHHS TEIUIOHOCIS 4epe3 MOCIiI0BHO
3'€JHaHI KOHJACHCATOPH, aJie Ili BUTPATH KOMIICHCYIOTHCSI 3HAYHOIO €KOHO-
Mi€F0 eHeprii Ha MPUBiA KOMIIPECOPIB.

IMocnizioBHE BKIIIOUEHHS! KOH/ICHCATOPIB TEIIOBMX HACOCIB IIpU TIa-
panenpHOMY 3'€JHAHHI BUIIAPHHKIB 3a0e3Medye HarpiBaHHS TEILUIOHOCIS IO
MIEBHOI TEMIIEpaTypH 3 MEHIINMH BUTpaTaMH €Heprii, abo N03BoJIse 31ikc-
HUTH TIITPIB TEIJIOHOCIS HA OUTBIIYy BEIWYMHY 3 TAaKHMH X BHTpaTaMU
eHeprii, SIK IpU napaiesbHii cXeMi BKIIOYEHHS KOH/IEHCATOPIB.

3nilicHeHWid aHaIi3 e()eKTHBHOCTI CXEM BKJIFOYCHHS KOHICHCATOPIB Ta
BunapHuKiB THY 103BosIste BU3HAUNTH ONITUMAIIBHY CXEMY JUISI IEBHUX YMOB.

Tax, s 3a0e3neueH s BUIIUX TEMIIEPATyp TEIUIOHOCIS Ha BUXOL 3
KOHJIeHcaTopa, Oinbin edektuBHOIO € cxeMma |l. Cxema | Moxke 3acTocoByBa-
TUCH TIPU 3MIHHIN BHUTpaTi TEIUIOHOCIS B KoHIeHcaTopax. Cxema IV Moxe
OyTH BHKOpHCTaHa ISl 3HAYHOTO OXOJIOJDKCHHS XOJOJOHOCIS y BHIAPHU-
kax. Cxema Ill moxxe OyTn BHKOpHCTaHa Ui 3a0e3MedeHHs] OUTBIIOr0 0X0-
JIOJKEHHS! XOJIOAOHOCIS TIPH 3MiHHIH BUTPaTi TEINIOHOCIS y KOH/IEHCATOPI.
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4, EOEKTUBHICTH TEIIJIOHACOCHMX CTAHIIA
B CUCTEMAX TEIIJIOITIOCTAYAHHSA

4.1. EdpextuBHicts 3acTocyBanns THY 3 esekTponpusoaom
KOMIIPeCOpa HA TeINIOHACOCHHUX CTAHLIAX

Temnonacocua cranmis (THC) siBisie co0010 KOMIUIEKCHE CHEPreTH-
YHE MiANPUEMCTBO, K€ MPU3HAYCHE JIsI EHTPaJIi30BaHOTO TEMJIONOCTa-
vanns (puc. 4.1). B THC meperBopeHHsi eHeprii 3OiCHIOETHCS B IBOX
ycranoBkax: THY i Bomorpitinux komiax (BK). IIpu 1ipoMy B HiepeBKIIiO-
yeriii THY migBoauThCS HE MEPBICHA SHEPTis MalnBa, a IepPeTBOPEHa eHe-
prisg B popmi MexaHiuHOi poboTtn. Ha puc. 4.1 HaBeneHa NPUHITUIIOBA CXe-
ma THC, sixa cknanaerbes 3 napokommpeciiinoi THY 1 BogorpiiiHoro xot-
Ja, SKAH BKIFOYCHHH TMOCHiIOBHO 3 KoHAeHcaTopom THY. TeronacocHa
CTaHIs 3a0e3redye HarpiB 3afaHoi BUTPATH MEPEKEBOI BOAW B CHUCTEMI
temtodikarii Biz TeMneparypu Tayg 10 Ty, (MO3HAYEHHS TeMIepaTyp IHB.
Ha puc. 4.1).

Ockinbku eHepreTHyHa edekTuBHICTH podotn THY 1 BK Bimpizus-
IOTBCS, TO PO3MOIIN MiTIrpiBy MepekeBoi BOAW MK HUMH Oyne CyTTEBO
BIUIMBaTH Ha 3aranbHy edektuBHiCTH pobdot THC. OweBuano, mo mis
KOXKHOT'O 33/IaHOTO TEMIICPATypHOTO PEXUMY pPOOOTH TEILUIOBOI Mepexi
(Tne/Tavs) Ma€ iCHYBaTH NMEBHHN ONTHMAIBHUN PO3MOIII MIAIrPiBy BOIH
Mik THY (Tpy — Tous) 1 BK (Toys — Tow). HificHO, sikmio migirpie Boam B
THY Oyne He3HaunuMm, To 3arajbHa epekTuBHicTh podboti THC Oyne mano
BiZPI3HATHCH BiJ eekTHBHOCTI poboTH BK, He3Baxkaroun Ha Te, IO Blac-
He st THY BoHa Moke BUSBUTHCH 1 JTy)ke BUCOKOIO. [lepeBaskHU ImijTiT-
piB Bomu B THY HaBmaku mpuBeze 1O TOTO, IO 3arajbHa e(eKTUBHICTH
poborn THC 0Oyne HaGmwkaruck 1o edextuBHOcTi podotn THY. Ilpu
IFOMY HE BHKJIIOYCHO, III0 OCTAHHS 3 MiJABHUIICHHIM TeMrepaTypu T, Mo-
K€ BUSBUTHCH 3HAYHO HIKYOIO 3a edekTtuBHiCTH poooTn BK. Takum um-
HOM, BHpillIeHHs 3aja4i ycminHoro BnpoBamkeHHs THC 3BoauTbes 10 BH-
3HAYEHHS ONTUMAJILHOTO po3noainy HaBanTaxeHHs Mk THY i BK mis pi-
3HUX TEMIIEPATYPHUX PEKUMIB pOOOTH TEILIOBOI MEPEKi.
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Puc. 4.1. Cxema TemonacocHoi crauuii: 1 — Bunapuuk THY; 2 — komnpecop 3
enextporpuBoaoM; 3 — kouaencarop THY; 4 — npocensHuil BEHTHIIB; 5 — BOJOTpiAHHIA
KoTel1; 6 — TeIIoBi crioxuBayi; 7 — MepexeBuit Hacoc; 8 19 — miHii npsiMoi Ta 3BOPOTHOT
Mmepexkesol Boay; 10 1 11 — ninil HU3BKOTEMIEpaTypHOTo JuKepena eneprii; Ty 1 T — TeM-
nepaTypu BUMIAPOBYBaHHs 1 KoHaeHcalil xonogoarenty B THY; Ty — Temnepatypa mifi-
rpitoi Boau B THY; Tryp 1 Ty — TEMIEpaTypa npsiMoi Ta 3BOPOTHOI MEPEkKEBOT BOAU B

CHCTEMI TEILIOMOCTAaYaHHsI

L5 3ama4a po3B’si3yBanach METOJJOM MaTEMAaTHYHOTO MOJIEIIOBaHHS
po6otu THC notysxkHuicTio 60 MBT 1115 KiJIbKOX peXXHUMiB POOOTH CUCTEMH
remwnodikanii. Hamu B [208, 214] posrasinanucek Bapiantu po6otu THC 3
Takumu Temneparypamu Tp,,: 90, 100, 130 i 150 °C. TemmnepaTypa 3BOpo-
THOI MepexeBoi Bomu T, BapiroBanack Big 45 no 70 °C. o ckiamy mocii-
mxyBaroi THC Bxomwmu tpu BoporpiduHux kot KB-I'M-10 3 makcnma-
JBHOIO MOTYXHIcTIO 11,6 MBT i Tpu amiaunux THY Ha 6a3i TypOokommpe-
ciitnux arperatiB AT®T-5-10 i BunaproBaipHO-KOHACHCALIHHUX arperaTiB
AUKT-10 3 makcuManpHOO TOTyXxHicTio 1o 11,6 MBT. Huszpkoremnepa-
TypHHUM JDKEpeIoM OyIia CTiuHa BOJa IMPOMHUCIOBOTO IiIIPHEMCTBA 3 TEM-
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neparypoto 25 °C, sixa oxonopKyBanachk y Bunapauky THY na 8 °C. B oc-
HOBY MAaTE€MaTHYHOI MOJENi JOCIHiMKeHb OynM MOKJIaIeHi piBHSIHHA IS
pO3paxyHKiB JificHUX TepMmonuHamiyHuX nukiiB THY, piBHSHHS Martepia-
JTBHUX 1 TEIUTOBHX OanaHCiB exeMenTiB cxemn THC, macmopTHi gaHi arpe-
raris THY i BK [188, 192-199]. BapiauTHi po3paxyHKH 31iHCHIOBAINCH 32
ymoBamu: Tp=var, T,,=const i T,,=var, T,,=const. 3a nmopiBHsUIbHUI Ba-
piaHT mpuiiMaBcs BapiaHT poOOTU BOIOTPIHHOI KOTENBHI, A0 CKIany sSKOi
BXOJMJIO IICTh Bogorpiitaux kotiis KB-I'M-10.

Ha puc. 4.2 s npukiaay HaBeACHI 3aJIeKHOCTI 3MiHU TTOKA3HHUKIB
edexruBrOCTI pobotr THY (koedimieHTa MepeTBOPEHHS (@, eKCEepreTud-
Horo KKJI n., muromMoi BuTpard ymoBHOro nanuBa 6, Kr/['JIk) Bix Temme-
patypu minirpiBy mepexxeBoi Boxu B THY mis pexumy po6oTn TerioBoi
Mmepesxi 100/50. I3 mporo pucyHKy BHIHO, 1m0 edexktuBHicTs podot THY
3MEHIIY€eThCA 31 30UTBIIEHHAM TeMneparypu T, IO 3yMOBJICHO 3pOCTaH-
HSM BHUTpAT eJleKTpoeHeprii Ha npuBoj kKommnpecopa. [1oaiOHi 3anexHoCTI
CIOCTEPIraroThes 1 I HIIMX TEMIEPATypHHUX PEKUMIB pOOOTH CHCTEMH

Tertogikaii.
&
c‘dﬁ e ‘rl e
E | -
A 3
3671 10.4
321 2 10,38
i . |
2.8} 10,36
2,4 - - : : 0,34
760 68 76 84 92 Tom

Puc. 4.2. Tlotouni 3HaueHHs koediuieHtiB epekruBnocti poborn THY: 1 — 3Ha-
YEHHA @ ;2 —Me; 3— 6
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3HavYeHHS MTUTOMOI BUTPATH YMOBHOT'O HaJIFBa 1 EKOHOMii YMOBHOTO
nanuBa AB, kr/c Ha THC B 3anexnocTi Bix temneparypu Ty, Uit TOro x
CaMoro TeMIepaTypHOTO PEeXUMYy, 110 1 Ha puc. 4.2, moka3aHni Ha puc. 4.3.
TyT AN MOpIBHSHHA HABEIEHO TaKOX 3HAYCHHS MUTOMOI BHTPAaTH YMOB-
HOTO ManuBa Ha BOAOrpiiHiI koTau (miHist 2). HaBexeHi 3anexHOCTI CBif-
4arh MPO Te, 10 MTUTOMAa BUTpaTa yMoBHOro maiguea Ha THC 3aBsiku 3a-
crocyBanHo THY moxke OyTtH 3HIKeHA 10 14 %, 3yMOBIIOIOYH €KOHOMIIO
B MOPIiBHSIHHI 3 poboToto kotenbHi 10 0,285 xr/c abo mo 1,026 t/ron, o 3a
omanoBaabHUi ce30H (To,=5000 roa.) ma€ eKOHOMII0 YMOBHOTO IMAJIUBa 10
5130 T i BHKIIFOYAE 3 POOOTH TPU BOAOTPIHHUX KOTIIA.

AB : “

L 2 -

0,25 142
- 3 -

032 [ b 40
L 1 J

0,15} 138

0,1 L L N N 6
60 68 76 84 92 T

Puc. 4.3. 3mina enepreruunnx xapakrepuctuk poboru THC 3a ymosu T, =75 °C;
Tue=100 °C: 1 — 3HaueHHSA 67HY, 2 — 64, 3 — AB

AHaJOTIYHI 3aJIe)KHOCTI VIS IHIINX PEXUMIB pOOOTH TEIIOBOI Me-
PEXi I03BOJIMIIM BU3HAYMTH ONITUMAIIbHI 3HaUeHHsI miairpiBy Bogau B THY,
a, OTXKe, 1 ONTHUMAIIbHI PEXUMHU POOOTH OCTaHHIX. 3a pe3yibTaTaMu AOCHi-
JUKEHb YCTAHOBJIEHO, 110 Juisi TemiepaTypHux peskumis 90/50 i 100/50 on-
TUMaNbHI 3HaueHHs T, cknanarots 73 °C, mis pexxumis 130/60 i 150/60 —
76 °C, s pexxumy 150/70 — 80 °C. Ile o3Havae, 110 BiAMyCK BOAU B CUCTEMY

rapsidoro Bojonocradanus (3a Hopmamu 65 °C) 3 notyxaictio 15 MBT ms
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HAIIIOTO BUIAIKY B MIKONATIOBANBLHUN ce30H (T,,=3040 rom) mMoxe 3miiic-
HIoBaTHUCH Oe3nocepennso Big THY. Toxi momaTkoBa eKOHOMISI YMOBHOTO
mayiBa 3a 1ei nepiof Ha mizcrtasi puc. 4.2 1 4.3 cknanaTuMme, T:

ABMO = (bBK_ bTHY)'Q'?’!G'lO_S'TMO =
= (42,66-32,95)-15-3,6-10°-3040 = 1594.

Takum 4nMHOM, 3aranpHa piuHa eKOHOMisi yMoBHOro najuea Ha THC
B TOPIBHSHHI 3 KOTEIbHEIO ISl pexuMy poboTH TerioBoi Mepexi 100/50
MOXe cknanatu 6724 1. 3a3HauMMoO, MO IeH TeMIepaTypHHH PEKHM €
HaHOUTBIIT XapakTepHUM JJIsl HAIIO1 KIIIMAaTHYHOI 30HH 1 € HAHOIIbII ONTH-
ManbHuUM 11 podotn THC. [lnsg pexxumiB 3 OUIbIIMMH 3HAUSHHSIMH TEM-
nepatypu Ty, 3HAYEHHS ONTHMAIBHOI TeMrepaTypd T, MiIBHITYIOTHCA.
Aute, sk Bimomo [199], migBuIIEHHS TeMIIEpaTypy BOJAM Ha BXOJi y BOJOT-
piitHuii KoTen NPUBOAKTH 10 3MeHIneHHs Woro KK/ BHACTIOK 3pOoCcTaHHS
TEMIIepaTypH BiIXiTHHUX ra3is.

3ayBaKMMO TaKOX, II0 3MEHIIEHHS BHTPAT OPraHiyHOTO ITajnBa 3a
paxyHnok BipoBamkeHHs THC 3menmrye Butpatn eHeprii Ha fioro Bumno0y-
TOK 1 TPAHCHOPTYBAHHs, BUTPATU KHCHIO HA HOTO CIAJIOBAHHS, BUTPATU
EHeprii Ha eBaKyallifo IPOAYKTIB 3TOPaHHs, a TOJIOBHE, 3MEHIITY€ KiTbKICTh
IIKiJIUBUX BHKUAIB B armocepy. PospaxyHku 3a [215] mokasyrots, 1o
JUTSI HAIIOTO BUMAAKY poboTh 6a30BOi KOTENbHI Ha MPHUPOIHOMY rasi 3a-
3HAYCHA CKOHOMIsl TATTMBA 3MEHIIy€ PiUHy BUTpaTy KHCHIO Ha 1200 M°, BH-
KHIIB OKHCY BYTJICIIO 1 OKCHIB a30Ty — Ha 5 1 23 T BiAMOBiIHO, 3a0m1a-
JUKY€ BUTPATH €JIeKTPOCHEPTil Ha MPUBO/I TATOAYTTHOBUX YCTaHOBOK BOIO-
TPIHHKX KOTIIB B KuTbkocTi 116 MBT-Tox. 11i % mMOKa3HUKH, IO BiTHECEHI
JIO OJMHMIII BiIMTYIIEHOT TETUTOBOT MOTYXHOCTI, CKJIAJIAI0Th HA PiK BiAIMOBI-
1o 20 M/MBT; 0,083 T/MBT; 0,383 T/MBT i 1,93 MBT- rog/MBT.

3anexHOCTi oKa3HUKIB edextrBHOCTI podotn THC 3a ymoBu ormr-
TAMaJIBHOTO TiairpiBy Boau B THY Bin 3HaueHb TeMIepaTyp HpsMoi i 3Bo-
POTHOI MepexeBoi BOAM TOKa3aHi Ha puc. 4.4 1 4.5 BignoBigHO.
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04 03} 3 11,15
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0,1: | . |

0 1 1 L L 1
90 100 110 120 130 140 Thne

Puc. 4.4. 3mina enepreruunnx xapakrepuctuk podoti THC 3a ymoBu Tsy,:=50 °C:

1 —3navenns AB; 2 — T]: ;3-P

TyT TakoX HaBEICHI 3aJEKHOCTI 3MIHM BiJHOCHOTO HABaHTAXKCHHS
THY B:QTH‘J/QTHO ac QTHyi QTHC — remnoBe HaBaHTaxxkenus THY 1 THC
BinnoBinHO. I3 puc. 4.4 BUIHO, 11O 3 MiABUIICHHSM TeMIEPaTypH 1o, €KO-
HOMisl yMOBHOTO TlanuBa AB i BimHOCHHIT exceprernunmit KKJI 1, skuit

siBIsie coOoto BigHomeHHs excepretuaranx KK/ THY 1 BK, 3smMeHmyroTscs.
[e MOSICHIOETBCS THM, MO 31 30UTBIIEHHSIM TeMIrepaTypu T, 3MEHITYETh-
cs yacTKa BigHOCHOTO HaBaHTakeHHA THY 3a paxyHOK 30iIbIIeHHS HaBa-
HTXXCHHS MCHIII EKOHOMIYHUX BOJOTPIHHHUX KOTIIIB.

AHAJIOTIYHUH XapaKTep 3MiHH 3a3HAUYCHUX BEIMYUH CITOCTEPIracThCs
i Ha puc. 4.5 3a yMOBH 3pOCTaHHS TeMIepaTypu Tay,. TYT 31 301IbIICHHAM
OCTaHHBOI 3MEHIIYEThCS BenuMunHa Qrpy, MO 3yMOBIIOE 3MEHINCHHS [3 1
301IBIIEHHs] HaBaHTa)KEHHS BOJOTPIHHUX KOTIIB. Pesympratn mociimkeHs
MOKa3aJid, M0 HaWOiNbII eKOHOMIYHUMHU pexkuMamu podbotn THC crin
BBaxkaTH pexxumu, koiu B = 0,45-0,25 (MeHmri 3Ha4eHHS 3 BiAMOBiIAOTH

OinbIIMM 3HAUEHHAM Typ).

114



P n;
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Puc. 4.5. 3mina enepreruunux xapakrepuctuk podoti THC 3a ymoBu Tps=100 °C:

1 —3Hauennst AB; 2 — 1’]: ;3-8

3rilHO 3 MPOBEICHUMH JOCIIIPKCHHIMH, MOXHA 3pOOUTH Taki BH-
CHOBKH:

1. 3actocyBaHHS TEIUIOHACOCHUX CTAHIIIH Ha 0a3i BOAOTPIHHUX KO-
TesieHb 3abe3neuye 10 15 % exoHOMIT mauBa, 3MEHIIIye BUTPATU €JIEKTPO-
EHeprii Ha TArOMYTThOBI YCTAHOBKH 1 KUIBKICTh IIKIJJIMBUAX BUKHUJIB B atT-
Mochepy.

2. OnrTuManbHI TeMIepaTypH MiTirpiBy MepexeBoi BOIM B TEIUIOHA-
COCHHX yCTaHOBKax 3aJiekaTh BiJl TeMIepaTypHOro rpadixa poGotu cuc-
Tem Terutodikaii i ckinagatoTs 73-80 °C.

3. OnTUMaNTEHUMH PeXUMaMH pOOOTH TETIJIOHACOCHUX CTAHITIN CIij
BBa)XKAaTH PEKHUMHU 3 Maike OJIHAKOBUM PO3IMOJITIOM HAaBaHTaKEHb MIX Te-

IJIOHACOCHUMHU YCTAaHOBKaMHU i BO,HOI"pifIHHMPI KOTJIaMH.
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4.2. EdpexTuBHicthb 3acTocyBannsa THY 3 qu3ejJbHUM NPUBOIOM
KOMIIPecopa HA TeIVIOHACOCHHUX CTAHLIAX

BukopucTanHs IpUPOAHOTo rasy sk MOTOPHOTO TalnBa, HE AMBIIA-
YUCh HA IMepeBakHe mommpeHHs B cBiTi THY 3 enekTpomnpuBomoM, Mae
CHPUATH CTBOPEHHIO 1 BipoBamkeHHo THY 3 nmpuBozom kommpecopa Bij
ra30BHX JBHIYHIB. 3acTocyBaHHs Takux THY Moxe po3misaaTuch K OJuH
3 BOXJIMBUX HANPSMIB €HEPro- i pecypco30epekeHHs, OCKUIbKH mependa-
Yae yTHIII3AIlI0 BiIXiTHIX Ta3iB MCIA Ta30BOTO ABUTYHA. MOXKIIMBICT BH-
kopuctands THY 3 razoBum ABUTYHOM po3risiganachk paxime B [102, 191].
B [15] posrisiHyTO nuIe 3aranbHi YMOBH KOHKYPEHTOCIPOMOXKHOCTI Ta-
kux THY B 3a51e’KHOCTI BiJI BAPTOCTI MajuBa.

3Ba)kalouu Ha Iie, MU CTaBIJIHM 32 METY BHUSBHUTH IEPEBard 3acToCy-
BaHHgd THY 3 nusensHuM 1BuryHoM B nopiBHAHHI 3 THY, sxa mpartioe 3
eneKkTponpuBogoM kommpecopa [208, 216, 217]. CunoBumu arperatamu
i npuBoga KommpecopiB THY Oynmm  amsenb-reHepaTopHi  craHmii
64H32/35 3 motyxHicTio enekrporeseparopa 2,5 MBT i epexrianM KK]T
nuryHa 0,37; BUpOOHHULTBO sSIKMX 3.iKicHIOETbCs 3 1993 p. 3a JineH3ieo
¢incekoi pipmu «Bsiprcuna». Sk i panime, KociKyBanach e(heKTHBHICTh
po6otu THC 3 tproma THY AT®T5-10 i TppomMa BOAOTPiHHUMHA KOTIAMH
KB-I'M-10. [Tpunnumnosa cxema takoi THC noka3zana Ha puc. 4.6. [IpuBon
kommpecopa THY 37ifiCHIOETBCS 3a JOMOMOTOIO0 AM3ENBHOTO ABHUTYHA 5,
eNleKTporeneparopa 6, enexrpoisuryna 4 i myneTHIulikaropa 3. Yacrtka
3BOPOTHOI Mepe)KeBOi BOJIU i3 CHCTEMH TeInIo(iKallii MoCcTymoBo migirpisa-
€TBhCS B YTWII3aliHUX TOBEPXHAX CHCTEMH OXOJIO/DKCHHS JBHTYHa 7 1 B
yTuitizaropi BiaxinHux rasis 8 no temneparypu miairpiroi B THY Boan Ty
Jlaii, B 3aJI©KHOCTI BiJI TEMIIEPATYPHOTO PEKUMY pOOOTH TEIIOBOI Mepe-
i, Taps9a BojJia MOJKE JI0IaTKOBO MMiirpiBaTHCh Y BOAOTPIHHOMY KOTJIi 200
Oe3mocepeIHbO HAIXOIUTH 10 TEIUIOBUX CIIOKUBaYiB 13.

Sk i B momepeAHHOMY BHUIIAIKY, TOCTIKyBanack pobora THY 3 Ta-
KHMH K caMUMH 3HaueHHAMH Tp,,: 90, 100, 130 i 150 °C. Temmepatypa

3BOpPOTHOT MepexeBoi Boau BapitoBanack Bijx 40 no 70 °C.
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Puc. 4.6. Ipunnunosa cxema THC 3 au3ens-reHepaTOpHUM MPUBOAOM KOMIIpE-
copa THY i 3 yTriizani€ero TeIUIOTH BiAXiJHUX Ta3iB micis qusens:l — sunapauk THY;
2 — xomrmpecop; 3 — MyJNbTHIUTIKATODP; 4 — eNeKTPOABUTYH; 5 — AW3eNbHHUN JBUTYH,
6 — enexTporeHeparop; 7 — TEIUIOOOMIHHA NOBEPXHS CHCTEMH OXOJIOJDKCHHS JM3EIs,
8 — yTuiti3aTop BiAXiMHHUX ra3iB Micis qU3EIbHOTO ABUTYHA; 9 — ITiHisI rapsiuoi Mepeske-
Boi Boau Bix ytwiizartopa; 10 — koumencarop THY; 11 — nmpocenbHuil BEHTHIIB,
12 - Boporpiiiauii koren; 13 — TemioBi croxkuBaui; 14 — MepeKeBUil HACOC CUCTEMH
terodikaii; 15 i 16 — miHis mpsMoi Ta 3BOPOTHOI MepexeBoi BoAu BiamosigHo; 17 i
18 — niHis miABeACHHS 1 BIIBEJCHHS «XO0JIOJHOro» TerioHocis y BunapHuk THY; Trys,
T — TEMIEPATypH OPSIMOI Ta 3BOPOTHOI MEPEIKEBOI BOAU B CHCTEMI TEILIOMOCTAYaHHS
BianoBiaHoO; Ty — TeMmepaTypa MepexeBol Boau micis migirpisy 8 THY

OcKisbKH onTUMalTbHI pexxumu podotn THY 3a Temmnepatyporo mifi-
TpiBy MepexkeBoi Boau T, OyJin Bxke BU3HAYCHI, TO aHANi3yBaJlach podoTa
THY i THC 3a ymM0BH HifirpiBy MepekeBoi BOAM JI0 ONTHUMAJIBHOI TeMIIe-
patypu. 3a IOPiBHAUILHUI BapiaHT mpuiiMaBcs Bapiant podotu THY 3 ene-
KTPOIIPHUBOZIOM KOMIIpECopa.

Ha puc. 4.7 nokazani 3akoHOMipHOCTI 3MiHH ekceprernaHoro KKJ|
Te, Koe(ilieHTa MepeTBOPCHHS ( 1 MATOMOI BUTPATH YMOBHOTO ITaJIHBA 8,
kr/T'JX B 3aJe)XHOCTI Bifi TeMIlepaTypu IpsSMOI MEpeXeBOi BOIH [UIs
Tas== 55 °C.
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391 29} 10,54
3,80 28} 10,52
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361 26} 0,48
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Puc. 4.7. Ilokasznuku po6oru THY 3 nusensHum mpuBomoM kommpecopa: 1 —
MUTOMa BUTpara ¢ yMoBHoro nanusa B Kr/['JIx; 2 — ekcepretuynuii KK 7,; 3 — koe-

(hirieHT epeTBOpeHHS @

3ajeXHOCTI 3MiHM OCHOBHHX NOKa3HHUKIB edekTrBHOCTI podotn THY
3 IM3eNIbHUM MPUBOJIOM KOMIIPECOpa 1 YTHIII3AMi€r0 TEIUIOTH BiIXiIHUX ra-
3iB, SKi 1MOKa3aHi Ha puc. 4.7, moxiOHi 1o 3anexHocTelt podotn THY 3 enek-
TPONPUBOIOM KOMTIpecopa. st pexiMiB 3 OUTBIIAME 3HAUYCHHAMU Ty, TTi-
JIBHIIYETHCSI ONTHMAITbHE 3HAYCHHS TeMIiepaTypy Tr,, 10 3YMOBIIIOE 3pPOC-
TaHHS NOTYKHOCTI KOMIIPECOpa, 30UIbLICHHS BUTPATH MaJMBa Ha HOTO MpPH-
BOJI 1 3MEHIIEHHS KoedillieHTa IIepEeTBOPEHHS (. 3HAYEHHS eKCEePreTUYHOrO
KK THY npu 11b0My JEIIO0 MiABUIILYETHCS, IO MOSICHIOETHCS 301UTBIICHHIM
3Ha4YeHHs eKcepreTHuHol TemmneparypHoi ¢yHkuii N=1 —Tyu/Te, (baxTopa
KapHo) BHacImiOK 301bIICHHS a0COMOTHOT CepeHbOTEPMOIHHAMIYHOI Te-
MIIEpaTypH BiAMycKy TeraoTH Te, 32 yMOBH HE3MiHHOI TeMIIepaTypu HaBKO-
JIUITHBOTO cepemoBria The.

[MopiBHsUTEHI O6€3p0O3MipHI MOKa3HUKKH €(EKTUBHOCTI poOOTH TeIlIo-
HACOCHHX CTaHINH, B CKJIai Akux mpamioioTe THY 3 enexkrponpuBoaoMm i 3
JIM3EJIbHAM IIPUBOJIOM KOMIIpecopa, HaBezieHi Ha puc. 4.8.
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Tyt go* =0 o n: = n% 16 = 6. | 6y, Ie IHIEKCOM «O» IIO3HA-

gyeHi BenuunHU U1 THC 3 nu3enbHUM IBUTYHOM, a iHIEKC «e» — Ui
THC 3 enekTponpuBooM Komipecopa. I3 puc. 4.8 BUaHO, 110 MOKA3HUKH
po6otn THC 3 au3enbHUM NPHBOIOM KOMIIpECOpa Kpailli, HiXK Taki Juis
THC 3 enextponpusogom kommpecopa THY. Lli moka3HUKH 3MEHITYIOTh-
¢ y Mipy 3pOCTaHHS TeMIepaTypu Ty, MO TOB’S3aHO 31 3MEHIICHHSIM
gacTku 3aBaHTakeHHs THY B i BiZnoBigHO 301MBIICHHSM YacTKH 3aBaH-
Ta)XKEHHS BOJOrpiiHUX KOTIiB (1uB. puc. 4.8).

£ #
P gx n*
1,16 1,12
1,14 {108
1,12 11,04
1,1 1 1 L 1 | 1 .
90 110 130 Tiaga, C

Puc. 4.8. BignocHi nokasuuku edexruHocTi podotit THC 3a ymMoBH T4;=55 °C:

1—3HaucHHA 6 | 2 — 77:; 3-¢

Ha puc. 4.9 noka3aHi 3a€KHOCTI J0JAaTKOBOI €KOHOMii YMOBHOTO
MaJvBa 3a paxyHOK BIpoBamkeHHs THY 3 Au3enpHUM MPUBOJOM KOMII-
pecopa i yTHIIi3alielo TeIUIOTH BigXigHUX Ta3iB Bin apuryHa. Kpusa 1 xa-
pakTepu3ye eKOHOMIIO IMajuBa B MOPiBHAHHI 3 podoToro THY 3 enekrpo-
MPUBOJIOM KOMIIPECOpa, a KpHBa 2 — €KOHOMIIO ITaJIMBa B MOPIBHSHHI 3
po6OTOr BOAOTPiitHOT KOTeNbHI. TyT TaKOX HABEACHO 3aJCKHICTh 3MiHU
yactku 3aBantaxkeHus THY (kpusa 3). 1li 3anexHoCTi cBimuaTh mpo ede-
ktuBHiIy po6oty THC 3 au3enbHUM NMPUBOJOM KoMIpecopa. ExkoHOMIs
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nanuBa Ha Takux THC moxe cknagata 21 %, ToOTO MigBHUIICHA B ITOPIiB-
HsHHI 3 po6oToto THC 3 enextpornpuBooM komipecopa Ha 7 %.

£ p

Eg" L 1

161 2 40,45

12} 3 103

2l 1 {o,15

4 1 1 L 1 1 0 .
Q0 110 130 Towe, " C

Puc. 4.9. 3nauenns exoHomii ymoBHoro mamuBa AB BimHocHO pobotu THC 3
€JIEKTPOIIPUBOJIOM Ta 4acTku HaBaHTaxeHHss THY: 1 — exonowmis manmusa Ha THY,
2 —na THC; 3 — 3miHa yacTku HaBaHTaxkeHHss THY

L1e o3Hauae, 110 piyHA EKOHOMIsSl yMOBHOTO IaJIMBa B IbOMY BHUIAJ-
Ky Moxxe OyTu 30inpmena go 7195 1. [Ipu poMy piuyHa €KOHOMIS KHCHIO
36imbmuThCA 10 1286 M°, KiNbKIiCTh BHKHIIB OKHCY BYTJICIIO i OKCHIIB
a30Ty 3MeHIIUThCs Ha 5,4 ta 24,6 T BiAIOBIHO, a KITBKICTh 3a01[aKCHOT
3a piK eJEeKTpPOeHeprii Ha NPUBOA TATOAYTTHOBUX YCTAHOBOK CKJIaJaTHMe
noHaza 124 MBr-rox.

Ha mizcraBi BUKIIaIEHOTO BUIIIE MOXKHA 3pOOUTH TaKi BUCHOBKHU:

1. EdexTuBHICTE pOOOTH TEIIOHACOCHUX YCTAHOBOK 3 AM3EIBHUM
MIPUBOIOM KOMIIpEcopa BHIA 3a epeKTHBHICT podotn THY 3 emexrtpon-
PHUBOJIOM 3aBISIKH yTHUIII3allil TETJIOTH BiIXiJHUX ra3iB MiCJIs JBUTYHA.

2. 3acTOCyBaHHs TEIUIOHACOCHHUX CTaHIIH 3 JU3EIbHUMH JBUT'YHA-
MU 3yMOBITIOE€ CKOHOMIIO MTAJINBA B MOPIBHSHHI 3 BOZOTPIHHUMH KOTEIBHS-
mu Ha 21 %.
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3. ExoHOMis manuBa CIIpUYHHSE 3MCHIIICHHS BUTPAT KUCHIO HA TIPO-
IIECH TOPIHHS TaJKMBa, 3MEHINEHHS MIKiJUIMBUX BHKHIIB B atMocdepy i
3MEHIICHHS BUTPAT €JIEKTPOCHEPTrii Ha TATOAYTTHOBI YCTAHOBKH BOHOTPiii-

HMX KOTJIIB.

4.3. BniiuB TOMOJIOTiI TeNJI0HACOCHOI cTaHIil Ha edeKTUBHICTD ii
podoTH B ccTEMAX TENJIONOCTAYAHHS

Tomnosoris TEIIOHACOCHOT CTaHLIi CyTTEBO BIUIMBAaE Ha e(EKTHB-
HICTB ii pOOOTH B TEIJIOTEXHOIOTIUHKX crcTeMax [218 —220].

AHaJITHYHWHA JiTepaTypHUH OIS, HABEICHWH B PO3Miii 1, BUSBHUB
HEIOCTaTHICTh Ta OOMEXEHICTh CHCTEMHUX JIOCHTI/PKEHb BIUIMBY TOMOJIOTI]
THC Ha edekTuBHICTB 1 poOOTH Ui TEIJIONOCTa4YaHHs. B nuTOBaHii Ji-
TepaTypi HE BHSBJICHO CHCTEMHOTO BHBYCHHS i€l mpobmemu. B mocii-
JOKEHHSIX TIEPEeBAKHO PO3TILNANAch 0OMe)KeHa KUTBKICTh CXEeM 3 ITEBHHM
BU3HAYEHHM CKJIaJIOM 00JIaHAHHSI.

VY3arajbHeHa TEIUIOTEXHOJIOTIYHA CUCTEMa 3 TEINIOHACOCHOIO YCTa-
HOBKOIO, HaBeJIeHa B PO3Iisi 2 Ta po3po0icHa Ha OCHOBI CHCTEMaTH30Ba-
HOi iH(pOpMaIIii, BUKOPHCTOBYETHCS [UI BU3HAYCHHS MEPCIEKTHBHUX CHC-
TE€M 3 TEIJIOHACOCHUMH YCTAaHOBKAaMH, SIKi He JOCIHIPKYBAIUCh, a00 OyiH
JIOCHIPKEH] HeI0CTAaTHBO.

OCKUIBKH METOIO Ii€l poOOTH € PO3po0Ka CTPYKTYPHU Ta AOCIIIKCH-
HS ONTHMAIBHUX PEKHMIB POOOTH BHCOKOS(HEKTHBHOTO JKEepena TEIIo-
nocradanss 3 THY, HeoOXiMHO MOCIIJUTH BIUTUB TOIOJIOTIi Ha e(eKTHuB-
Hicts pobotn THC 3a cxemamu, BUSHAaHMMH HEPCIEKTUBHUMHU Ha OCHOBI
aHai3y y3arajabHeHoI TerorexHonoriynoi cucremu 3 THY.

Mu 3pobmmH cripoOy PO3LIMPHTH KOJO HOCITIIKCHb e(PEKTHBHOCTI
THC 3a pi3sHIMH cXeMaMH 3a paXyHOK IEePCIEKTHBHHUX CXeM, He JOCIi-
JOKYBaHUX paHime abo AOCTiKEHUX HeJJOCTaTHBO.

CTpyKTypHa cXeMa JIOCHIKYBaHOI TEIUIOTEXHOJIOTIYHOI CUCTEMH 3
THY, naBexena B migpo3nim 3.1, mepenbavae pisHHI ckiax oOaaHaHHS,
cxemu Ta pexkumu podotn THC.
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VY migpo3nim 3.5 3aificHEHO aHai3 BIUTMBY CXEMH BKJIFOYCHHS KOH-
JICHCATOPIB Ta BUMAPHUKIB Ha eQeKTHBHICTh 3acTocyBanHsa THY y cucre-
Mi. Y migposminax 4.1 ta 4.2 gocmimkeno edexrusHicts THY 3 pizHuMun
BUJIaMHU TIPUBOJY KOMIIPECopa.

[igcucTema yTrTi3alii TEIIOTH MPUBOAY TEIUIOBOTO HAcoca B y3a-
TaTbHEHOMY Ta BapiaHTHOMY BHUTJISZI TpejicTaBicHa Ha puc. 2.8 ta 2.9 Bif-
MOBIIHO.

3 ypaxyBaHHsSIM BHCHOBKIB Ta PEKOMEHAAIi}, 3A1HCHCHUX HAa OCHOBI
MIPOBENICHHUX JTOCHI/HKEHbB, JOCTIPKyBaBCs BIUTMB TAKUX YHHHUKIB Ha eek-
tuBHicTh poborn THC [219, 221, 222]:

1) Tun npuBoay KOMmIpecopa (eneKTpuYHHME abo Bif JABUIYHA BHYT-
piuraboro 3ropaunts (J1B3));

2) cxema BKIIIOYEHHS KOHJCHCATOPIB TEIIOHACOCHHX YCTAHOBOK
(mapanesnpHa a60 HOCITiIOBHA).

HocaimxyBana THC sBisie co0010 KOMIUIEKCHE €HEpreTU4He Ii/I-
PHEMCTBO, MPH3HAYCHE JJIsI IEHTpai3oBaHoro Teronocravanus. B THC
TIEPETBOPEHHsI €Heprii 3AiHCHIOETRCS B ABOX ycTaHoBKax: THY i Bomor-
pifinux xotnax (BK). Ilpu upomy B nepensimtoueHint THY migBoautbes He
IIepBiCHA CHEPris MajnBa, a IepeTBOpeHa eHeprist B (opMi MeXaHIIHOI po-
6otu. BK Britoueni nocininosHo 3 koHneHcaropamu THY. JlocnimxyBaBes
KOMIUICKCHUH BIUIMB THIY IMPHBOAY KOMIIPECOpa Ta CXEMH BKIIOYCHHS
KOHJICHCATOPIB TEIJIOHACOCHUX YCTaHOBOK Ha edekTnBHICTH podotn THC
JUIS TETUIONIOCTaYaHHs.

151 3apava po3B’s3yBasack METOJOM MaTEMaTHYHOTO MOJEIIOBAHHS
po6otu THC motysxkwuictio 60 MBT mst pisaux cxem THC Ta pexxumiB po-
6otu cucremu Terodikamii. Ha puc. 4.10 HaBeneHa NMPUHIAIIOBA cXeMa
THC, sxa cxinagaeTses 3 mapokomirpeciitanx THY Ta BogorpiiiHuX KOTIIB.
TerulonacocHa craHuisi 3a0e3neyye HarpiB 3aJaHOi BUTPAaTH MEpPEXEBOT
BOAM B cucTeMi Temutodikamnii Bix Tavp 10 Trnvms (MO3HAYEHHS Temmepartyp
nuB. Ha puc. 4.10). Ockinpku eHepreTuuHa eexTuBHicTh podotn THY i
BK Binpi3HA€TBCS, TO PO3MOALT MiIIrPiBy MEPEKEBOi BOIU MK HIMH Oyie
CYTTEBO BIUIMBATH Ha 3araibHy edektuBHicTs podoTr THC.
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Puc. 4.10. Cxema TerIoHacOCHOI CTaHII{ 3 MOCTIJOBHUM BKJIFOYEHHSM KOH-
JICHCATOPIB TEIUIOBHX HACOCIB Ta €IEKTPUYHHUM IIPUBOJOM KoMIpecopiB: 1 — Bumap-
nuk THY; 2 — xommpecop 3 enexkrpornpusojgoM; 3 — konaencatop THY; 4 — npoceins-
HUI BEHTIIb; 5 — BOAOTpiiHUI KOTEN; 6 — TEMJIOBI CroKMBaYi; 7 — MEpeXeBHuil Ha-
coc; 819 — minii nmpsmoi Ta 38opoTHOI MepexeBoi Boau; 10 i 11 — miHii HU3BKOTEM-
neparypHoro jukepena eneprii; Tty — remneparypa minirpitoi Bogu B8 THY; Trvs Ta
Tsmp — Temnepatypa npsmol Ta 3BOPOTHOI MepeXeBoi BOAU B CUCTEMi TEIIONOCTa-
YaHHS BIAMOBIIHO
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B [208, 214, 216, 217, 219, 221, 222] BukiajieHi pe3yibTaTH IOCIi-
JokeHb eextuBHOCTI podbotr THC 3 pisHUMYU BUIAMH NPUBOY KOMITPECO-
pa. JlocnikeHHs: POBOAMIOCH 32 YMOBU BUKOPHCTAHHS TEIUIOTH CTI4HOI
BOJIM TIPOMUCIIOBOTO MiANpHEMCTBa 3 Temmeparypoio 25 °C Ta oxoio-
JokeHHsM 11 'y Bunapauky THY Ha 8 °C s pi3HEX pe:kuMiB poOOTH CHUC-
TEeMH TeruIo(iKaii.

Tak, 32 yMOBH TapaieibHOTO BKJIIOUYEHHS KOHJCHCATOPIB, EKOHOMIS
nanuBa Ha THC 3 enexrponpuBomom ckiana 14 % mopiBHAHO 3 KOTEIBHEIO
npu migirpisi Boxu y THY no temmeparypu 73-80 °C. [Insg mux ke yMOB
exkoHoMis nmanuBa Ha THC 3 mpuBomom kommpecopa Bix JIB3 ckiana 21 %,
T00TO TiABHIIEHA HA 7 % MOPIBHAHO 3 MOIEpeAHBO0 cxeMoro. [Tpu oMy
yactka HaBaHTaxeHHs THY B = Qruy / Qruc, A€ Qruy i Qruc Temnose Ha-
pautaxxenass THY 1 THC sinnmosinno, ckiana 0,25-0,45.

ITocnigoBHE BKIIOUCHHS KOHJCHCATOPIB TEINIOHACOCHUX YCTaHOBOK
JO3BOJISIE 3IIMCHUTH MiAirpiB TerumodikamiiiHol BoOu B KOHICHCATOpPaX
THY Ha OinbIly BETHIHHY.

Cxemy THC 3 mocnifoBHUM BKJIIOYCHHSIM KOHJCHCATOPIB TEIUIOBHX
HAcOCIB Ta EJIEKTPHYHUM IPUBOAOM KOMIIpEcOpiB HaBeneHo Ha puc. 4.10.
BunapHuky TemIoBHX HACOCIB BKJIIOYEHI 1O BOJI HapaienbHo. Temmepa-
Typa BOAM MICJIst KOHICHCATOPIB TEIUIOBUX HACOCIB CKJIafae BEMMUUHY Try.

Posrmsmanucey Bapiantu pobotn THC 3 TakuMu TemmepaTypaMu
Trnve: 90, 100, 130, 150 °C. TemmepaTypa 3BOPOTHOI MEPEKEBOI BOIU
T3mp BapitoBanach Bif 45 1o 70 °C. BapianTHI po3paxyHKH 31iHiCHIOBAIHNCH
3a ymoBamu: Try = var, Tayg = const i Tayp = var, Tty = const. 3a nopis-
HSUTbHHN BapiaHT OpaBcs BapiaHT poOOTH BOJOTPIHHOT KOTENBHI TaKOi K
MOTY>KHOCTI.

Ha puc. 4.11 HaBeneHi 3a1€KHOCTI 3MiHHM IOKa3HUKIB €)EKTHBHOCTI
pobotu THY (koediriieHTa mepeTBOPEHHS (p Ta TUTOMOI BUTPATH YMOBHO-
ro manuBa b, xr/T'JIx) Bix Temnepatypu migirpiBy mepexesoi Boau B THY.
TyT nopiBHIOIOTbCS pe3yibTaTh fociimkens podborn THC 3 napanensHuM
Ta MOCIIIOBHUM BKJIFOUCHHSIM KOHJ/ICHCATOPIB AJIsI peKUMY pPOOOTH cHCTe-
mu Tertodikarii 100/50.

I3 iiporo pHCYHKa BHIHO, 110 Ipu mociigoBHil cxemi THC Tennona-
COCHa YCTAaHOBKa Ipalioe eeKTHBHIIIE.
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OTxe, TIPH TOCIITOBHOMY BKIIIOYCHHI KoHAeHcaTopiB THY MoxkHa
JIOCSTTH MEHIITMX MUTOMUX BUTPAT MMajMBa Ta OUTBITUX KOe(IIli€HTIB Tepe-

TBOpeHHs THY.
4 42
(P bTH

3.8 T 40
3,6 T 38
3,4 | 13
A+ 34

3,2
+ 32
37 + 30
28 T + 28
2,6 1 26
2.4 ; | | | 24

65 70 75 80 85 90

Puc 4.11. Tlorouni 3HauenHs KoedinieHTiB epexkruHocti podorn THY: W, € —
3HaueHHs (; A, ® —3HaueHHs b, kr/T'JIx 171s mocinoBHOI Ta mapanensHoi cxemu THC
BIJIMOBITHO

3HayeHHs MUTOMUX BUTPAT yMoBHOro nanusa b, kr/I'J[)k Ta eKoHO-
Mmii ymoBHOro nanuBa AB, kr/c (mopiBusiHO 3 koTenbHero) Ha THC 3 nmapa-
JINIEHOO Ta TOCIIIOBHOI CXEMaMH B 3aJIC)KHOCTI Bil TEMIIEPATypH Mii-
rpiBy MepexkeBoi Bonu B THY nHaBeneni Ha puc. 4.12. 11i 3anexxHOCTI Bij-
noBifaroTs Temreparypraomy pesxxkumy 100/50. TyT miist HOPiBHSHHS TaKOX
HaBEe/ICHI 3HAYEHHS MUTOMOI BUTPAaTH YMOBHOTO IAlKMBa Ha BOJOTPiiHI
KOTJIH.

3 mux 3anexHocredl BUAHO, mo mig cxemu THC 3 mociigoBHAM
BKIIFOUEHHSIM KoHzeHcatopiB THY onTuManbHi TemmepaTypu MiJirpiBy

MepexeBoi BOJIM Y TEIUIOBUX Hacocax € BUIMMH i ckianatoth 80-85 °C.
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TyT crioctepiraeTbcs 3HAYHE 3MEHIIICHHS! TUTOMOT BUTPAaTH YMOBHO-
ro nmajguBa THC Ta 30iMbIIeHHS €KOHOMIi YMOBHOTO TMAJIMBa MOPIiBHSHO 3
napanensHoro cxemoro THC.

b 43 ¥—% ¥—X | 1g AB%

42

a -+ I

40 | T4

39 + 71

38 + 110

37 + 18

36 + 16

35 + 4

34 — 2

65 70 75 80 85 90 T

Puc. 4.12. 3anexHocTi IUTOMHX BHTpaT yMoBHOro nanusa Ha THC ta exonoMil
YMOBHOT'O MaJIiBa B MOPiBHSHHI 3 BogorpiiiHoio korenpheo: M, € — bryc, kr/T' Ik, s
nocinoBHOI Ta napanensHoi cxeM THC BinnosinHO; ® , A — AB % mu1st mociiioBHOI Ta
napanensHoi cxeM THC Binmosinuo; ¥ — bpg, xkr/T'

OTxe, BIAIMYCK BOAU B CUCTEMY Taps4oro BOJONOCTadaHHs (3a HOp-
mamu 65 °C) y MiKONATIOBaIbHUN CE30H MOXE 3iHCHIOBATUCH Oe3moce-
penubo Bim THY. VY paszi poborn THC 3a Takoro cxemoro st 3a0e3neueH-
HS TOTpeO OmMajyeHHs, ONTHMaNbHa Temrepatypa Tty He TOBHHHA TIEpEBH-
nryBaru 80 °C. OckinbkH, 5K Bigomo [199], momanblie miaBHUIIEHHS TEMITe-
patypu BOAM HAa BXOJl y BOINOTPIHHHN KOTEN MPHBOAUTH A0 3MCHIICHHS
ftoro KK/ BHacmiiok 3pocTaHHS TeMIEpaTypH BiJIXiJHHUX rasiB.

3anexHoCTi Moka3HUKIB edekruBHOCTI podboTn THC 3 mocnigoBHUM
BKITIOUCHHSIM KOHJICHCATOPIiB 32 YMOBH ONTHMAJIBLHOTO MiNITpiBY BOIU B
THY Bix 3HaueHb TeMIIEpaTyp MpsSMOI Ta 3BOPOTHOI MEPEKEBOT BOIU Ha-
BeneHi Ha puc. 4.13 ta 4.14 BianosigHO.
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Puc. 4.13. 3miHa eHepreTHYHHX XapakTepuctuk podoru THC 3 mocninoBHEM
BKmoueHHAM KoHeHcatopiB THY 3a ymoB Ty = 50°C; Ty = 80°C: 1 — 3HaueHHs TIE*;
2—-AB,kry.m/c;3-f

TyT TakoX HaBeIEHI 3aJIe)KHOCTI 3MiHHM BiTHOCHOTO HaBaHTa)KCHHS
THY B ra BignocHoro ekcepreruuoro KKJI THC ng*, skuii sense coboro
BimHomeHHs excepretnynnx KK/ THC 3 mocninoBHOIO Ta mapaseibHOI0
CXEMOIO.

30impmeHHs Thyvp a00 Tzyp MPHU3BOIUTH A0 3MEHIICHHS 3HAYCHD
moka3HuKiB epexTuBHOCTI podotn THC 3 mocmigoBHOIO cxemoro. Tak, y
MEPIIOMY BHUIAJKY 1€ BUKIUKAHE 3MCHIIICHHSIM YacTKH BiJIHOCHOTO HaBa-
HraxeHHs THY [ 3a paxyHOK 30ibLICHHS] HABAaHTAXKEHHS MEHII €KOHO-
MIYHO TPAIIOIYUX BOAOTPIHHHUX KOTJIIB. Y IPYroMy BHIIAJKy 10 3MEH-
LICHHS TOKa3HUKIB €()EeKTUBHOCTI MPUBOJUTH 3MCHIICHHS BCIUYUHU
Qrhy, SKa 3yMOBJIIOE 3MCHIICHHS [ 1 301NBIICHHS HABAaHTAXXCHHS BOJOT-

piftHUX KOTIIB.
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Puc. 4.14. 3mina enepreruuHux xapaxkrepuctuk podoru THC 3 mocninoBHUM
BkIroueHHsM KoHaeHcaropis THY 3a ymoB Ty = 100°C; Tty = 80°C: 1 — 3HaueHHs
Ne;2-AB, kry. mlc; 3-

Pesynprati nmociiKeHb MOKa3alld, MO0 HAWOUIBII €KOHOMIYHHMH
peskumamu pobotu THC 3 mocitiqoBHUM BKJTFOUSHHSIM KOHJIEHCATOPIB CITiJ
BBaxkatu pexumu 3 = 0,7-0,6 (MeHII 3HAYCHHS BiANOBIAAIOTH OiTbIIMM
sHaueHHIM Trvp).

3 3aIe)HOCTEH, HaBeJeHuX Ha puc. 4.11-4.14, BugHO, 110 TOCHTiT0B-
Ha cxeMa BKmo4deHHS koHaeHcatopiB THY wa THC 3abesneuye Oimbiry
€KOHOMIIO ajiMBa MpH 3aMillleHHi KoTesbHi, Bumi exceprernani KK/ THC
Ta Koeili€HTH MEePEeTBOPEHHS, MEHIII MUTOMI BUTPATH MaJUBa IOPiBHIHO
3 mapayenbHoo cxemoro THC. A Takoxk 3a0e3MMedyroThCsl BHII TeMIiepa-
TypH MiAirpiBy Boau y konaeHcaropax THY.

AHauti3 IpoBeJICHUX JOCIIIXKCHB JIOBIB:

1) THC 3 npuBogom kommpecopa Bix JIB3 mae niepeBaru mopiBHIHO
3 THC 3 enexkTponmpHBOAOM 332 YMOBH MapalielbHOI CXEMH BKIIOYCHHS
KOHJICHCATOPIB,;

2) THC 3 moCIiIOBHOIO CXEMOIO BKJTIOUEHHS KOHIIEHCATOPIB € e(ek-
tuBHimow 3a THC 3 mapanensHO0 cXeMOI0 KOHIEHCATOPIB.
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BpaxoByrouu 3a3HaueHe BHIIE, MU CTaBUIIM 32 METY IOCIIIHTH ede-
ktuBHICTE THC 3 TOCHIIOBHOIO CXEMOIO KOHJCHCATOPIB Ta IMPHBOIOM
kommpecopa Bif /IB3 Ta nopiBHATH 3 epexTuBHIicTIO iHmMX THC.

Is 3ama4ya po3B’si3yBajiach METOIOM MaTEMaTHYHOI'O MOEITIOBAHHS
pobotr THC motyxHaictio 60 MBT aiist pi3HHX peXUMIB POOOTH CHCTEMH
tertogikamnii. Posrsnanmuce BapianTi podotu THC 3 Takumu Temrepary-
pamu Trvs: 90, 100, 130, 150 °C. Temmneparypa 3BOPOTHOI MepeKeBOi BO-
1 Tsyp BapiroBanack Bif 45 no 70 °C. BapianTHi po3paxyHKHU 31iHCHIOBa-
JIMCh 32 YMOB OIITHMAaJIbHOI TEMIIEpaTypH BOJM ITiCJIsi KOHJEHCATOPIB Tel-
JIOBUX HACOCIB, BU3HAYCHOI MTOMIEPEAHBO ISl KOXKHOTO PEKHIMY.

Ha puc. 4.15 HaBesieHi 3aJIe)KHOCTI 3MiHU TTUTOMOI BUTPATH YMOBHO-
IO MajMBa Bil TEMIEpaTypu NpsIMOI MepeKeBOi BOIH.
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Puc. 4.15. 3anexHocti 3MiHu uTOMO BUTpaTH yMOBHOro manusa b, xr/T'J[x B
3aJISKHOCTI BiJ Temreparypu npsiMoi Mepexenoi Boau: € — THC 3 enekTponpuBoioMm
Ta mapajieibHUM BKIIFOUeHHSIM KoHaeHcaropiB; A — THC 3 enekTpompuBomoM Ta moc-
nigosanM BrItoueHHssM Konjencaropis; Il — THC 3 npusogom Bin JIB3 ta nmapaneins-
HUM BKJIIOYeHHSM KonzaeHcaropis; @ — THC 3 npuBogom Bix /B3 Ta mocnizoBHUM
BKJIFOUCHHSIM KOHJICHCATOPIB
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TyT MOPIBHIOIOTHCS Pe3yIbTATH JOCTIIPKEHh POOOTH TAKHX CUCTEM:

1) THC 3 mapaiieibHOI CXEMOO Ta CIIEKTPUYHUM MPUBOIOM KOMII-
pecopa (cxema 1);

2) THC 3 mapaneipHO0 CXeMOIO Ta IPUBOIOM KoMIpecopa Bix JIB3

(cxema 2);

3) THC 3 nocii10BHOKO CXEMOIO Ta eNIEKTPUIHUM HPHBOIOM KOMII-
pecopa (cxema 3);

4) THC 3 nocmi1oBHOIO CXEMOIO Ta MPUBOAOM KoMmIpecopa Bix JIB3
(cxema 4);

5) BOOrpiitHOT KOTENBHI.

I3 poro pucynka Buano, mo THC 3 mociiIoOBHOK CXeMOI0 KOHJICH-
caTopiB Ta MPUBOJIOM Komrpecopa Bix JIB3 3abesmedye HaiimeHIIi muToMi
BUTPATH YMOBHOTO NAIKBA. 301IBIICHHS TUTOMUX BUTPAT YMOBHOTO ITaJTH-
Ba Tipy 30inbIneHH] Typ MOSICHIOETHCS TUM, IO 3POCTAE YacTKa HAaBaHTa-
JKSHHS BOJOTPIHUX KOTJIB, SKi MPAIIOOTh MEHII ekoHoMiyHO, Hixk THC.

3HavyeHHs MPOIeHTHOI ekoHoMii ymoBHOro mammBa THC mnsa cxem
1-4 nopiBHsAHO 3 PoOOTOIO BOJOTPiifHOT KOTENBHI HaBeJeHO Ha puc. 4.16 B
3aIeXHOCTI Bil T3yp 32 yMOBU ONTUMANBHOTO MiAIrPiBY BOAM B KOHIIEHCA-
topax THC. Cxema 4 THC 3abe3nedye HaiOinblly €KOHOMIIO IajMBa.
3MeHIICHHS CKOHOMIi MMajmBa 31 3pOCTaHHAM T3yp TOSCHIOETHCS 3MCH-
IeHHsAM 9acTky HaBaHTtaxenns THY y ckmaai THC.

3nauenns yactku HaBaHTakeHHss THY y cxmani THC B = Qray / Qric
(me Qruy 1 Qrc TertoBe HaBanTakerHs THY i THC BiamosiaHo) B 3ayex-
HocTi Bix T3y HaBeaeHno Ha puc. 4.17 ans THC 3a cxemamu 1-4. YV cxemi
4 3pocrae yactka HaBanTaxeHHs THY y cxmani THC, sika npamtoe ekoHo-
MIYHIIIIe.

3ase)XHOCTI 3MiHU BigHOCHOTO ekceprernuanoro KKJI, skuii sBisie
. THC
co6oto BigHomenHs ekcepreruaHux KKJ[ THC ta BK n'g = e NaK -

HaBenieHO Ha puc. 4.18 B 3anexnocri Bin Tayvp s cxem 1-4 3a ymoB ori-
TUManbHOTO migirpiBy Bogu B THY. TyT crioctepiraeTbest 3Ha4HE 3pOCTaH-
Hs1 ekceprerndroro KKJI THC 3 mocmioBHOIO CXeMOIO KOHACHCATOPIB Ta
npuBOIOM Kommpecopa Bix JIB3 (cxema 4).
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Puc. 4.16. 3HaueHHs NpOLEHTHOI ekoHOMIi yMoBHOro naausa THC nopiBHSHO 3
POOOTOI0 BOIOTPIiHOT KOTENBHI B 3aJIKHOCTI Bill TEMIIEPATYPH 3BOPOTHOI MEPEKEBOL
BOJIH 32 YMOBH ONTHMAJIFHOTO MifirpiBy Boau B KoHaeHcatopax: @ — THC 3 nmpuBogom
Bix /IB3 Ta mocnigoBHuM BriroyeHHsiM konaeHcaropis ;M — THC 3 npusomowm Bin JIB3
Ta mapajeibHUM BKIIFOUeHHSM KoHzaeHcatopi; A — THC 3 enekrpomnpuBomoM Ta moc-
JIIOBHAM BKJIIOYEHHSAM KoHjeHcaropis, € — THC 3 elekTpornpHBOIOM Ta mapaielib-
HHUM BKJIIOYCHHSIM KOHJICHCATOPIB

Ha puc. 4.19 HaBeneHi 3aJie’)KHOCTI €KOHOMIi yMOBHOTO nanusa AB
MOPIBHAHO 3 BoJorpiiiHOI0 KoTenbHoo Juist THC 3a cxemamu 1-4 3a ymoBn
ontumaibHOro migirpisy Boau B THY B 3anmexnocti Bim Trys. THC 3a
cxeMoro 4 3a0e3neuye 30UTbIIeHHsT eKOHOMIi YMOBHOTO TaJInBa y 2—3 pasu
MOPIBHSHO 3 IHITMMH CXEMaMHU.

IMopiBusHHs moka3HuKiB edextuBHOCTI THC 3 mocnizoBHOIO cXe-
MO0 KOHJICHCATOPIB Ta PI3HHUMHU BHIAMH IPHBOIY KOMIIPECOPIB HABEICHO
Ha puc. 4.20. TyT HaBe#eH] 3aJIe)KHOCTI 3MiHH MIUTOMOi BUTPAaTH YMOBHOTO
nanuBa Ta ekoHomii ymoBHOTo nanua THC mopiBHSHO 3 poOOTOIO BOJOT-
piitHOT KOTeNbHI s cxeM 3 Ta 4 B 3anexHocti Big Tsyp. TyT mis mopis-
HSHHA HaBeJCHa TAaKOXX 3aJICKHICTh MATOMOI BHTPATH YMOBHOTO ITallBa
BOJIOTPIHHOI KOTEbHI.
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Puc. 4.17. 3nauenns yactku HaBantaxeHus THY y cknani THC B 3anexHocTi
Bijl TeMrniepaTypH 3BOpoTHOI MepexeBoi Boau: @ — THC 3 mpusomom Bix JIB3 ta noc-
nigoBrnM BritoueHHsM Konzerncaropis; Il — THC 3 npuBogom Bing [IB3 Ta mapaneins-
HUM BKIIOUEHHSM KoujaeHcaTopiB; A — THC 3 enekTpompuBOIOM Ta MOCIiJOBHHM
BKJIIOUCHHsIM KoHIeHcaTopi; € — THC 3 enekTponpuBOaOM Ta MapajielibHAM BKIIO-
YEHHSIM KOH/ICHCATOPiB

* 1,7
1,6 A
1,5 A
1,4
1,3 A
1,2 A
1,1 A

14
0,9

Ne

50 60 70 Lo

Puc. 4.18. 3mina BigrocHoro ekcepreruunoro KK/ THC B 3anexHocTi Bix Tem-
HepaTypH 3BOPOTHOI MepexeBoi BOAM 33 YMOB ONTUMAJIBHOTO MiAirpiBy Boau B THY:
® - THC 3 npuBomom Big JIB3 Ta MOCHiIOBHMM BKJIIOUEHHSIM KOHIEHCATOPIB;
B - THC 3 npuBozom Bix [IB3 Ta mapaieibHUM BKIIOYCHHSM KOHJICHCATODIB;
A — THC 3 enexTponpuBOAOM Ta MOCHIJIOBHMM BKJIIOYEHHSIM KOHJ/ICHCATODIB;
@ — THC 3 eneKkTponpHBOIOM Ta MapajieibHUM BKIIOUEHHSIM KOHIEHCATOPIB
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Puc. 4.19. 3anexxHocti ekoHomii ymoBHoro nanusa THC AB nopiBHsHO 3 Bozo-
IPIHHOI0 KOTENBHEIO B 3aJIeKHOCTI BiJl TeMIEepaTypH NpsMoi MepekeBoi BOAHU 3a YMOB
onTuMaikHOro minirpisy Boau 8 THY: @ — THC 3 npuBoaom Bix JIB3 Ta mociigoBHUM
BriaroueHHAM koHaencatopis; Ml — THC 3 npuoxom Bix JIB3 Ta mapaiensHUM BKIIIO-
4yeHHSIM KoHeHcatopiB; A — THC 3 exeKTponpHBOIOM Ta IIOCIIJOBHHM BKIIOYCHHIM
koHzercaropis; € — THC 3 enekTponpruBOAOM Ta MapajielibHAM BKIIOYEHHSIM KOHJIEH-
caropiB

b 50 T 40 AB%
135
40 T 1 30
30 + T2
120
20 + 115
110
1 1
0 15
0 | | 0
50 60 70 Lovin

Puc. 4.20. 3MiHa IMTOMOI BUTPAaTH YMOBHOIO HajiuBa b Ta eKOHOMii yMOBHOTO
nanuBa THC AB B 3anexHOCTI BijJ TeMIepaTypu 3BOPOTHOI MepekeBoi Boau: m, A —
3HayeHHs b ta AB st THC 3 nocCimiJoBHUM BKJIIOUEHHSIM KOHJIEHCATOPIB Ta €JIEKTPOII-
pusomom; ¢, @ — 3nadenns b ta AB st THC 3 mOCITiIOBHUM BKITFOUEHHSIM KOHICHCA-
TOpiB Ta mprBOIOM Bix [IB3; © — 3Ha4eHHS Dyor.
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3 puc. 4.20 Bugno, mo THC 3 mocnigoBHOK CXEMOKO Ta IPHBOIOM
Bin JIB3 (cxema 4) 3abe3nedye 3MEHIICHHS MUTOMUX BHTPAaT YMOBHOTO Ia-
JIMBa Ta 301TBIICHHS eKOHOMIT yMOBHOTO nanmBa nopisHsaHo 3 THC 3 mocii-
JIOBHOIO CXEMOIO Ta eNIEKTPONPUBOIOM (cxema 3).

Ha puc. 4.21 nHaBenmeni mokasHuku edekruBHOCTI podotn THC 3
npuBomoM Bix JIB3 mus mapanenshoi (cxema 2) Ta mociigoBHOi (cxema 4)
CXeM BKITIOYECHHsI KOHJIeHCATOpiB B 3aexHocTi Bix Tsys. THC 3a cxemoro
4 mpartroe OiTBII €EKTUBHO.

b 40 AB%

39 +
+ 30

+ 20
29 + 110
24 1 1 0
50 60 70 t3MB

Puc. 4.21. Tloka3unuku edextuBHOCTI podotn THC 3 mpuBogoM KOMIpecopa Bif
JIB3 nist mapasienbHOl Ta HOCTIJOBHOI CXeM BKIIIOYEHHS! KOH/ICHCATOPIB B 3aJIKHOCTI
Bix Temmepatypu 3BopotHOi MepexeBoi Boau: M, A — 3Hauenus b ta AB mis THC 3
napaieilsHIM BKIIOYCHHSM KOHICHCATOpiB Ta mpuBoaoM Bix JIB3; ¢, @ — 3HaueHHs b

ta AB s THC 3 mocniJoBHUM BKJIFOUYEHHSIM KOHJICHCATOpIB Ta puBoaoM Bix JIB3

I3 3anexnocrelt, HaBeneHux Ha puc. 4.15-4.21, puano, mo THC 3 mo-
CIIIZIOBHOIO CXEMOIO KOHJICHCATOPIiB Ta MPHUBOIOM Kommpecopa Bin /IB3 3a-
Oe3redye OUTBITY €KOHOMIIO MAMBA TIPH 3aMIIIEHHI KOTEJbHI, BHUII eKcep-
reriygi KKJ[ THC, MeHmI muTtoMi BUTpaTH YMOBHOTO TTaIMBa TOPIBHSIHO 3
morniepetHiMu cxemamu. IlporienTHa ekoHoMis manmBa Takoi THC ckmamae
10 36 % (cxema 4) i € BUIIOIO MOPiBHSHO 3 iHmmME cxemamu THC.
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Otxe, BpaxoBYIOUH BUKIIA/ICHE BHILE, MOXKHA 3POOUTH TaKi BHCHOBKH:

1. 3niticHenwmii aHai3 BruuBy Tomosorii THC Ha mokasHuku edek-
THUBHOCTI 1 pobOTH B CHCTeMaX IEHTPAIi30BAHOTO TEILUIONOCTAYaHHS JI0-
3BOJIsIE IPOTHO3YBAaTH ONTHMaJbHI TeMueparypHi pexxumu podoru THC 3a
PI3HUMH CXEMaMH.

2. 3actocyBanus Ha THC TerioHaCOCHHMX YCTAHOBOK 3 Tapalenb-
HOIO CXEMOIO BKIIIOYEHHS KOHJCHCATOPIB Ta MPHUBOIOM KOMIIPECOPIB BiJ
JIB3 i yTuimizali€o TeIIOTH BIIXITHUX Ta3iB 30UIbIIye SKOHOMIIO TaliBa
10 21 % (mpotu 14 % THC 3 eneKTponpuBoIOM).

3. Ins THC 3 napajienbHUM BKJIFOYEHHSIM KOHJCHCATOPIB ONTHMA-
TBHI Temmepatypu mimirpiBy Bogu B THY cknamarors 73-80 °C 3anexHO
BiZl pexuMy poOoTH. OnTUMaibHa YacTka HaBaHTaxeHHa THY st miei
cxemu ckianae 3 = 0,45-0,25.

4. 3acTocyBaHHS IOCHIZOBHOI CXEMH BKJIIOUCHHS KOHAEHCATOPIiB
THC no3Bonse 3miHCHUTH MiAIrpiB TerutodikamiifHOi BOIM B KOHIEHCATO-
pax Ha Olnbuty Benuuuny. st Takoi cxemu THC ontumansHi Temepary-
pu migirpisy Boau B THY ckmagarors 80-85 °C 3amexHO Bif pexxuMy po-
6otu. OnTuManbHa yacTka HaBaHTaxeHHs THY B IboMy BHIIAAKY CKIIagae
B =0,7-0,6.

5. Exonomis ymoBHoro manmuBa Ha THC 3 mociiOBHOIO CXEMOIO
KOHJICHCATOPIB Ta €NEKTPUYHHM IPHUBOAOM KOMIIPECOPIiB MPH 3aMilleHHI
KOTeJIbHI MOke Oyt 30inbmieHa nopiBusHo 3 THC 3 mapanensHoto cxe-
Moo y 1,12—4 pasu 3anexHo BiJ pexuMy poOOTH, a Y CepeJHbOMY Y 2 pa3u
(muB. puc. 4.12).

6. THC 3 nociitoBHOIO CXEMOIO KOHJCHCATOPIB Ta MPUBOJOM KOM-
npecopa Bix /IB3 € HalleeKTHBHIIIOIO cepesl PO3MISIHYTHX CXeM. Y Takii
cucTeMi 3a0e3NevyroThCsl HAaMEHINI MUTOMI BUTPaTH YMOBHOTO IAlHBa
(muB. puc. 4.15), HaiiBuIIa eKOHOMIsE yMOBHOTO maymBa (mus. puc. 4.16 Ta
4.19) nopiBHSIHO 3 POOOTOI BOJOTPIifHOI KOTEIbHI, HAWBHIII BiJHOCHI €K-
cepretruni KK THC (muB. puc. 4.18). Yactka HaBanTaxenus THY vy
cxnani THC mst takoi cxemu ckiapae go B =0,8, mo cyrreBo BIUIMBaE Ha
EKOHOMIUHICTh poboTH cuctemu (muB. puc. 4.17).

7. Anami3 mokasHukiB edektuBHOcTi THC 3 mMOCHIIOBHOIO CXEMOIO
KOHJICHCATOPiB Ta PI3HUMH BHJIAaMH IMPHUBOIY KOMIIpECOpa JOBIB, IO Hak-
OLTBIIT eeKTHBHAM MIPUBOJIOM Y I1iii cxemi € mpusin Bin JIB3 (muB. puc. 4.20).
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8. THC 3 npuBogoM komrmpecopa Big JIB3 Ta mociniioBHOI CXEeMOI0
BKJTIOUEHHSI KOHJIEHCATOPIB € edekTuBHImor0 3a cxemy THC 3 maparnenb-
HHM BKJIFOUCHHSIM KOHIeHCaTopiB (nuB. puc. 4.21).

9. Exonowmis ymoBHoro nanua Ha THC 3 mociiioBHOIO cXeMOI0
KOHJICHCATOPiB Ta MPHUBOJOM KoMIipecopa Bin JIB3 mpwu 3amimeHHi Ko-
TENbHI MOXe ckiacTh 10 36 % i € BHIOIO TMOPIBHSHO 3 iHIIMMH CXEMa-
mu THC.

10. Big3HaunMO TaKoX, 10 3MEHIIICHHS BUTPAT OPraHIYHOTO ITaJIHBa
3a paxyHok BrpoBajpkeHHs THC 3MeHIye BUTpaTH €Heprii Ha HOro BHIO-
OyTOK Ta TPAaHCHOPTYBAHHS, BUTPATH KUCHIO Ha MO0 CIIalIOBaHHS, BUTpa-
TH €Hepril Ha eBaKyalilo NMPOJYKTIB 3rOpaHHs, a TOJIOBHE, 3MEHIIY€E Killb-
KiCTh IIKIJJTABUX BUKUIIB B aTMOC(hepy.

4.4. TocaixkeHHs AilicHUX pe:KMMiB podoTH cHcTeM
TeIJIONOCTAYAHHSA

VY migposainax 4.1-4.3 npencTaBieHi pe3yibTaTH JOCTIHKEHb TEIl-
JIOTEXHOJOTIYHAX CHUCTEM 3 TEIIOHACOCHUMH YCTaHOBKaMHU IpH poOOTi B
CHUCTEMax TEeIUIONOCTavYaHHs, BU3HAYCHI ONTHUMAJIbHI PEXUMH POOOTH 3a-
3HAYEHHUX CHCTEM ]ISl PI3HUX CXEMHUX PillleHb Ta CKIaay o0JaHaHHS.

ITpu moOynoBi ONTUMANBHOT TEINIOTEXHOJIOTIYHOI CHCTEMH ITiNPH-
€MCTBa citijl BpaxoByBaTu Taki akropu [200]:

1) HeonHO3HAYHICTH BUXiAHOT iH(OpMALii, TOOTO HEOOXiJHO Bpaxo-
BYBATH BiIXWJIEHHS (paKTOPiB Bil HOPMAaTUBHHUX Ta OCEPEIHEHUX 3HAUECHB;

2) peanbHi rpadiki BUPOOIEHHS TEIIOTH 3 BPaxXyBaHHAM PEXKUMHHX
XapaKTEepPHUCTHK Ta YMOB poOOTH.

Tomy mpu onTUMI3aIlifHIX po3paxyHKax HEOOXiTHO TPOBOIUTH JIO-
CIIKEHHS HE TiNbKHU NP HANOIIBII HMMOBIPDHUX 3HAYEHHSIX (aKTOPIB, IO
BIUIMBAIOTh; a i BPaXOBYBaTH MOXJIMBI BIIXUJICHHS BUXITHHUX JAHHUX B Pi3-
HUX CIIONYYCHHsX. B pesynbrari onTuMizanii Oyne BU3HaUYCHa 30HA ONTH-
MaJbHAX 3HAY€Hb JOCIHIPKYBAaHUX MOKA3HHUKIB €(EKTUBHOCTI 3 BpaxyBaH-
HSIM HEOJHO3HAYHOCTI BUXiAHO1 iHpOpMarrii.
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B TemorexHonoriuHiNi cucTeMi 3 TEINIOHACOCHOIO YCTaHOBKOIO PO3-
MOJTIJICHHS TETUTOBOT'O HaBaHTaKeHHsI Mk THY Ta BoAOTrpiiHUMY KOTIIaMU
(BK) BM3HAUYAETHCS PEKUMOM POOOTH CHCTEMH TEIUIONOCTAYaHHS Ta TEM-
HepaTyporo MepekeBoi BOJM Hicis HarpiBaHHs B koHjaencaropi THY. Pe-
KM pOOOTH CHCTEMH TEIUIONOCTaYaHHS 3AJICKUTH BiJl TEMIIEpaTypH 30B-
HINTHBOTO TIOBITPSI T2 BU3HAYAETHCS 328 TEMIIEPATYPHUM TpadikoMm.

Pexumu poOOTH peabHIX CUCTEM TEIUIONOCTAaYaHHs BiPi3HIIOTHCS
BiZl HOpMaTHBHUX. [Ipy poOOTI TETIOTEXHOIIOTYHUX CUCTEM 3 TEIUIOHACO-
CHMMH YCTaHOBKaMH{ B CHCTEMax TEIUIONOCTAadaHHS CIiJi BPaXOBYBaTH Ce-
30HHY HEPiBHOMIPHICTh BUPOOJICHHS TEIUIOBOI €HEprii Ta HEOOX1AHICTH 10-
TPUMaHHsS HOPMAaTHBHHUX TEMIEPATYp MEPEXEBOI BOJIY 32 TEMIEPATYPHUM
rpadikom.

3 METOI0 JOCTIPKCHHS PEalbHUX PEXHUMIB POOOTH CHCTEMH TEILIO-
IocTadaHHA OyJIo TpOBEAeHO 30ip eKCHepHMMEHTAIbHHUX NaHWX pPoOOTH
OTaJIIOBAIbHOI BOJOTPIHHOT KOTEIbHI BIHHUIIEKOTO 00JIACHOTO MiJIpPUEM-
CTBa TEIUIOBHX MepeX «BiHHMITEINIOKOMYHEHEpro» NOTYHicTio 60
MBT 3a nepion 1996-2002 pp.

IIpoBoamBes aHami3 Temrmeparyp HpsAMOi Ta 3BOPOTHOI MEpEexeBOi
BOJM B CHUCTEMax TEIUIONOCTA4YaHHS Ta TEIUIOBOI IMOTY)KHOCTI KOTEJbHI
MPOTATOM POKY Ta 3a JOCIIUKyBaHUH Nepiof. 3HaYeHHs TeMIleparyp psi-
MOI Ta 3BOPOTHOI MEPEXEBOI BOAM yCEpeIHIOBAINCH 3a 00y Ta 3a MICsIb,
BPaxOBYBAJMCh MaKCHMaNbHi, MiHIMaJIbHI Ta yCepeIHEHI 3HAUCHHS TeMIIe-
patyp. 3HaueHHsI TEIUIOBOI MOTY>KHOCTI KOTENbHI yCepeTHIOBAIIICH MPOTSI-
TOM MicsIlsl, a TaKOX BU3HAYalIUCh MiHIMaJbHE, MaKCHMaJlbHE Ta Cepen-
HBbOpIYHE HaBaHTAXXEHHs. [IpOBOMMIIOCH 3ICTABIEHHS peaJbHUX Ta HOpMa-
THBHUX TEMIEPATYPHUX PEKUMIB pOOOTH BOIOTPIHHOT KOTEIBHI.

Ha puc. 4.22-4.26 HaBeneHi pe3yabTaTH EKCIIEPUMEHTAIBHHUX JI0C-
JIJDKEHb PEKUMIB POOOTH BOAOTPIHHOT KOTENbHI JUISl TEIUIONOCTAYaHHs 3a
nepion 1996-2000 pp. B 3aimeskHOCTI Bix Micsns poky. Tyt mokasaHi 3Ha-
YEHHsI TEMIIEPATYp NPsIMOI Ta 3BOPOTHOI MEPEKEBOI BOJHU, a TAKOXK CEpel-
HBOMICSIYHI Ta CepelHBOPIYHI 3HAYEHHS TEIUIOBOI IOTY)KHOCTI KOTEJbHI,
110 JJ03BOJISIE BPAXOBYBAaTH CE30HHY HEPIBHOMIPHICTH BUPOOJICHHS TEILIO-
BOT €HEprii.
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Puc. 4.22. 3HaueHHs TEIIOBOT MOTYKHOCTI BOAOTPIHHOT KOTENbHI Ta TemMIepa-
Typ MpsIMOi Ta 3BOPOTHOI MepexeBoi Boau y 1996 p.
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Puc. 4.23. 3HaueHHs TEIUIOBOI MOTY>KHOCTI BOIOIPIiHHOI KOTENbHI Ta TeMiepa-
TYyp HPsIMOi Ta 3BOPOTHOT MepexeBoi Boau y 1997 p.
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Puc. 4.24. 3HaueHHs TEIUIOBOI MOTY>KHOCTI BOJOTPiHHOI KOTENbHI Ta TeMIepa-
Typ MpsIMOi Ta 3BOPOTHOI MepexeBoi Boau y 1998 p.
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Puc. 4.25. 3Ha4ueHHs TEIUIOBOI MOTY>KHOCTI BOJOIPIiHHOI KOTEINbHI Ta TeMiepa-
Typ MpsIMOi Ta 3BOPOTHOI MepexeBoi Boau y 1999 p.
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Puc. 4.26. 3HaueHHS TEILIOBOI OTYXKHOCTI BOJOIPIHHOI KOTENbHI Ta TeMIIepa-
Typ MpsMOi Ta 3BOpOoTHOI MepexeBoi Boau y 2000 p.

3 puc. 4.22-4.26 BUIHO, 110 NMPOTSITOM POKY TEIJIOBA MOTY>KHICTH
KOTEJIbHI 3MIHIOETBCSI B LIMPOKOMY Jliana3oHi BiJj MaKCUMalIbHOI JI0 MiHi-
ManeHOI. 3a nepiog 1996-2000 pp. KOTenbHS He mpamnroBaia Bifg 2 10 4 Mi-
CAIIB TIPOTSATOM POKY TIEPEBAXKHO Y BECHSIHO-JIITHIHN Mepioj] 32 yMOBU He-
3HAYHMX TEIJIOBHX MOTY)KHOCTEH 4epe3 3HauHy 3a00proBaHICTh 32 BHKO-
puCcTaHe MaauBo (IPUPOIHUIA Ta3).

Ha puc. 4.27 HaBeneHi ycepeHEHI 3HaYEHHS TEIUIOBOI MOTY)KHOCTI
KOTEJIBHI, a TAKOX yCepelHEeH] 3HaYeHHS TEMIIEpaTyp MpsAMOI Ta 3BOPOTHOI
MepexxeBoi Boaw 3a nepion 1996-2000 pp. B 3a7€KHOCTI Bix MiICAIS POKY.
Pesynbrati pocnipkeHs, Moka3aHi Ha puc. 4.27, NO3BOJSIOTH BU3HAYUTH
peanbHi PSKUMH POOOTH BOAOTPIHHOI KOTENBbHI MPOTITOM POKY Ta HEOO-
X1/THI TETUTOB1 HaBaHTa)KEHHA 332 YMOBH HIJIOPiYHOT pOOOTH KOTEJBHI.

Ha puc 4.28 naBeneHi ycepenHeHi 3HaYSHHsI TETUIOBOI IMOTYXHOCTI
KOTEJIBHI Ta TeMIIepaTyp MpsMOi Ta 3BOPOTHOI MepexeBoi BOIM 3a Mepion
1996-2002 pp. B 3aJ€KHOCTI BiJi TEMIEPATypH 30BHIIIHBOTO MOBITPS, SIKA
BU3HAYA€ HOPMATHBHI TEMIIEPATYPHI peXKUMH POOOTH KOTEINBHI.
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Puc. 4.27. YcepenHeHi 3Ha4YCHHsI TEIUIOBOI IOTY>KHOCTI BOJOTPIHHOT KOTENbHI
Ta TeMIepaTyp IpsMoI Ta 3BOPOTHOI MepexxeBoi Boau 3a nepiox 1996-2000 pp.
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Puc. 4.28. YcepenHeHi 3Ha4eHHs TEIUIOBOI MOTYXHOCTI BOAOTPIHHOI KOTEIbHI
Ta TEeMIepaTyp MpsiMoi Ta 3BOPOTHOI MepeskeBol Boau 3a nepioa 1996-2000 pp. B 3arne-
JKHOCTI BiJ{ TeMIIepaTypH 30BHIIIHEOTO IOBITpPS
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AHaiti3z peaJbHUX TEMIIEPaTypHHUX PEKUMIB pOOOTH BOIOTPIHHOI KO-
TenbHI 3a miepion 1996-2002 pp. 103BOIMB BU3HAYUTH, IO 32 3a3HAYCHUI
MepioJ] CIOCTEPIirayuch MOAIOHI PEXKUMH POOOTH KOTENIBHI IPOTATOM JIEKi-
JIBKOX POKiB. HasiBHI eKCIepUMEHTANbHI JaHi M[OJ0 TEMIEepPaTypHHUX pe-
JKUMIB TPYITYBaIHCH U POKIB 31 CXOXKHMHU PEIKUMaMHU POOOTH KOTEJBHI.

Ha puc. 4.29-4.31 naBeneHi HOpMaTHBHI Ta eKCIIEPUMEHTAIbHI 3HA-
YeHHS TEMIIepaTyp MPsIMOi Ta 3BOPOTHOT MEPEKEBOT BOJHU B 3aJI€KHOCTI Bijl
TEMIIePaTypH 30BHIIIHBOTO MOBITPSA U1 POKIB 3 IOAIOHAMH pEKAMaMU
pobotu. Sk BumHO i3 puc. 4.29-4.31, crioctepiraerbcs BiTXUICHHS SKCIIe-
PUMEHTAIbHUX 3HAYCHb TEMIIEPATYP BiJl HOPMATHBHUX.
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Puc. 4.29. Jliiicui Ta HOpMATHBHI 3HAYEHHS TeMIIEpaTyp MHPsIMOI Ta 3BOPOTHOI
MeperKeBOI BOZY B 3aJIe)KHOCTI BiJl TeMIepaTypH 30BHImHboro nositps (1996, 2000 pp.)

Tak, B OCIHHBO-3MMOBHII Tepioj peajbHi 3HAUCHHS TeMIeEparyp
IpsIMOT Ta 3BOPOTHOI MEPEkEBOI BOAM € 3HAYHO HIKYMMH BiJl HOPMaTHB-
HUX. Y BECHSHO-JITHIH Iepiof eKCIIepUMEHTAIbHI 3HaUYCHHS TEeMIIepaTyp

MEPEBULIYIOTh HOPMATHBHI.
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Puc. 4.30. [lilicHi Ta HOpPMaTHBHI 3HAUCHHs TEMIEPaTyp MPAMOI Ta 3BOPOTHOI
MEpPEeKEBOI BOIHM B 3aJIeKHOCTI BiJ TeMIeparypH 30BHIimHboro mositps (1997, 1998,
2002 pp.)

Ha puc. 4.32 HaBesieHi HOPMaTHBHI Ta YCEPEAHEHI EKCIIEPUMEHTab-
Hi 3HaYECHHs TEMIIEpaTyp MpsMOi Ta 3BOPOTHOI MEPEKEBOT BOJM 3a TEpioJ
1996-2002 pp. B 3aJeKHOCTI BiJ] TEMIIEPATyPH 30BHIITHHOTO MOBITPS.

AHali3 pealbHHX TEMIePaTYPHUX PEXUMIB POOOTH KOTEIbHI
(puc. 4.29-4.32) noBiB, mo AiifiCHI 3HAYCHHS TEMIEpaTyp HPsAMOi Me-
pexeBol BOAM 3HAXOIATHCS B MeXkax ly, = 60-83 °C mpu HOpMaTuBHHX
3Ha4eHHsIX {, = 70-105 °C. [lificHi 3HaUeHHS TeMIepaTyp 3BOPOTHOI Me-
PEXEeBOi BOAW CTAHOBIATH 1y, = 31-44 °C mpu HOPMATHUBHHMX 3HAYCHHSX
s = 36-55 °C.

[TprunHOIO HEZOTPUMAaHHS KOTEJIBHEIO0 TEeMIIepaTypHOro rpadika €
HEIOCTaTHIN THCK ra3y, 0COOIMBO B OCIHHBO-3UMOBHI ITEPiOI.
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Kpim Toro, ciif 3a3HaYUTH 1110 MAKCHMMallbHA HOPMAaTHBHA TeMIIepa-
Typa mpsMoi MepeKeBOi BOJIH IS KIIIMATUYHOT 30HU M. BiHHHMIII He mepe-
Burye 105 °C.
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Puc. 4.31. Jliiicui Ta HOpMATHBHI 3HAYEHHS TEMIIEPATyp MPSMOI Ta 3BOPOTHOI
MepexXeBOl BOJIM B 3AJISKHOCTI BiJl TeMIepaTypu 30BHilHboro mositps (1999, 2001 pp.)

OTxe, BpaxOBYIOUH BUKJIAICHE BUIIE, MOXKHA 3pOOUTH TaKi BUCHOBKH:

1. 3nilicHenuit aHayi3 peaJbHUX PEKUMIB POOOTH BOJIOTPIiHOI KOTe-
neHI 3a mepiox 1996-2002 pp. nogis, mo:

1) niiicHi pexxuMu poOOTH BOJOIPIHHOT KOTEbHI BiIPI3HAIOTHCS Bill
HOPMaTUBHUX;

2) nificHi 3HAYeHHsI TEMIEepaTyp MPSAMOI MepekeBol BOJM CTaHOB-
JATH Uy = 60-83 °C mpu HOpMaTUBHKUX 3HAYEHHSX t,; = 58-105 °C.

3) milicHi 3HAYEHHS TEMIIEpaTyp 3BOPOTHOI MEPEKEBOI BOJH CTAHO-
BISITH 1y, = 31-44 °C npu HOpMATUBHUX 3HAYCHHSX tsy; = 36-55 °C.

2. [IpoBeneHO MOCTIKEHHS CKCIIEPUMEHTAIBHIX 3HAUYCHb PealbHUX
TEIUIOBUX HABaHTaXCHb BOJOTPIMHOT KOTeNbHI moTyxHicTio 60 MBT Ta
JTUHAMIKY X 3MiHHU IPOTSTOM pOKy 3a nepion 1996-2000 pp.
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Puc. 4.32. YcepenHeHi niiicHi Ta HOPMAaTHBHI 3HAYCHHS TEMIICPATyp IPsMOi Ta
3BOPOTHOT MEPEKEBOI BOAHM B 3aJ€KHOCTI BiJl TEMIIEpATypH 30BHIIIHBOTO MOBITPS 32
nepiox 1996 — 2002 pp.

3. PeanbHi pexxuMu poOOTH CHCTEM TEILIONOCTAYaHHS BiIOBIIaI0Th
HaWOIIBII ONTUMAITEHOMY TEMIEPATYPHOMY PEXHMY POOOTH TEIUIOBOTO
Hacoca B TEIUIOTEXHOJIOTIYHIN cHcTeMI.

4. 3 MeTor MOTpUMaHHS HOPMAaTHBHUX PEXHMIB pPoOOTH CHCTEMH
TEIUIONIOCTavYaHHA B JOCTIDKYBaHIH TEIIIOTEXHOJIOTI4HIN CHUCTEMI 3 TEIUIOo-
HACOCHOI0 YCTAHOBKOIO HEOOXiJHO TepeadayaTH IOrpiBaHHS MEpEeXeBOl
BOJM MiCIsI KOHAEHCATOpa TEIJIOBOTO HAcOCy y BOJOTPIHHOMY KOTJI IO
HOPMATHBHOI TEMIIEPATYPH IPAMOI MEPEKEBOI BOJH.

5. IIpoBeneHe AOCHIHKEHHS PeaTbHUX PEXUMIB POOOTH BOIOTPIHHOI
KOTEJIBHI JI03BOJIUTh BU3HAYUTH 30HY ONTHUMAIBHUX 3Ha4YeHb NMOKA3HHKIB
e(EKTUBHOCT] TEIIIOTEXHOJIOTIYHOI CHCTEMH 3 TEIUIOHACOCHOIO YCTAaHOB-
KOIO 3 ypaxyBaHHSIM HEOJHO3HAYHOCTI BUXIIHOI iH(popMaIlii.
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4.5. EpexTHBHICTH 3aCTOCYBAHHS TENIOHACOCHUX YCTAHOBOK 3
NMPHBOJOM KOMIIpecopa Bii ra30TypOiHHOI YCTAHOBKH Ta yTHJi3ali€o
TeNJIOTH BiAXiAHUX ra3iB B TONKAaX BOAOIPiliHUX KOT.IiB

3rigHO 3 METOAMKOIO, HABEACHOIO y po3isi 3, OyJIo IPOBEACHO J0C-
J/KeHHS e()eKTUBHOCTI 3aCTOCYBaHHS B CHCTEMi IIEHTPaJIi30BaHOTO Tell-
JIOTIOCTaYaHHs TEIUIOHACOCHUX YCTaHOBOK 3 IPUBOJIOM KOMIIpEcopa Bij ra-
30TypOiHHOT ycrtaHoBKH (I'TY) Ta yThitizalii€ro TEIUIOTH BiAXiTHHUX ra3iB B
TOTIKaX BOJOTPIHHUX KOTIIIB.

M cTaBWIM 332 METY BHSIBUTH MEPEBAru Ta HEJONIKH 3aCTOCYBaHHS
THY 3 npuBogom kommpecopa Big ['TY B mopiBasaHI 3 THY, ski mpaito-
10Th 3 IHIIMMH TpuBogaMu kommpecopa [219]. CuoBuMu arperatramu st
npuBona komnpecopa THY 6ymm Typ6inu ['TE-1,5 3 moTyxHicTIO €TeKT-
porenepatopa 1,5 MBrt i KK/] Ha HOoMiHansHOMY pexumi 31,5 %; BupoO-
HULTBO sikux 3aiticHioe HBIT «Marumpoekt» [165]. Sk i panimte, gocimi-
JokyBaiach eexruBHicTs podotn THC 3 Tproma THY i1 TppoMa Bogorpiii-
HUMH KOTJIaMu. Sk 1 B TOMEpeqHiX BHIIAIKaxX, IOCIIPKyBalachk poboTa
THY 3 TakuM# 3Ha4eHHSIMH TeMIEepaTypu NpsIMOI MepexeBol BOAX Tms!
90, 95, 100, 110, 130, 140, 148, 150 °C. TemmnepaTypa 3BOPOTHOI Mepexe-
Boi Boxum BapiroBaiack Bix 40 mo 70 °C. OCKiIBKM ONTHMANbHI PEKUMHU
pobotu THY 3a TemmepaTyporo MimirpiBy MepexeBoi Boau Tty Oyin Bxke
BH3HAYeHi, OTKe aHamizyBayack pobora THC 3a ymMoBU mifirpiBy mepexe-
BOI BOJIM JIO ONTHMAJILHOT TeMIepaTypH. 3a MOPIiBHUIBHUIL BapiaHT OpaBcs
BapiaHT poOOTH BoAorpiitHoi kotenbHi. EpextuBHicTh podoTr THC 3 mpu-
BoioM kommpecopa Bix I'TY Ta yTumizami€ero TEIUIOTH BiIXiTHHX Tra3iB B
TOTIKAaX BOJOTPIHHHUX KOTJIIB TAaKOXK IOPIBHIOBANACH 1 3 €PEKTUBHICTIO PO-
6otu BojorpiitHol KoTenbHi 3 ['TY Ta yThmizamiero TeIIOTH BiAXiTHUX ra-
31B B TOIIKaX KOTJIB.

Ha puc. 4.33 HaBeieHI 3aKOHOMIPHOCTI 3MiHHM YaCTKH HaBaHTa)KCHHS
THY By cxiagi THC B 3aimeXHOCTI Bil TeMIIepaTypH MpsIMOi MepeKeBoi
BOJIM [T TAKUX CHUCTEM:

1) THC 3 enexrpornpuBoaoM Komrmpecopa (cxema 1);

2) THC 3 npuBogom kommpecopa Bix JIB3 (cxema 2);

3) THC 3 npuBoom komriipecopa Big I['TY (cxema 3).
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Tyt croctepiraerbest 30UIbLICHHS YacTKH HaBaHTakeHHs THY B s
THC 3 npuBogom xommpecopa Bix I'TY (cxema 3) MOpIBHSHO 3 iHIIAMHE
THC. 3menmenns 3 31 3poCTaHHSAM TeMIepaTypu MpsIMoi MEepPeKeBoi BOAN

MOSICHIOETHCS 301TBIIICHHSM HaBaHTa)KEHHS BOJOTPIHUX KOTIIIB.
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Puc. 4.33. 3mina yactku HaBaHtaxkendst THY y ckmani THC B 3amexxHoCTI Bij Te-
Mrieparypu npsimoi mepeskeBoi Boau: A — THC 3 enexkrponpusogom; ¢ — THC 3 npuBo-
nom Bix JIB3; M — THC 3 npusogom Bix I'TY

Ha puc. 4.34 HaBeneHO 3aJ€KHOCTI 3MIHH MHUTOMOI BUTPAaTH YMOB-
HOTO MaJIMBa B 3aJI)KHOCTI BiJl TEMIIEpaTypH mpsmMol MepexxeBoi Boau. Tyt
MOpiBHIOOTECS pe3ynbTatu podoti THC 3a cxemamu 1-3 Ta BomorpiiHOI
kotenbHi 3 ['TY Ta yTrimi3almiero TEIIOTH BIAXITHUX Ta3iB Y TOMKaX KOTIIB
(cxema 4). I3 upOro puCyHKa BUIHO, IO HAWMEHIII MTUTOMI BUTPATH YMOB-
Horo najuBa 3abe3neuye THC 3 npuBogom kommpecopa Bing I'TY (cxema 3),
J0 Hei 3a edexTuBHICTIO femio HabmmwkaroTeess THC 3 enexTpornpuBosoM
kommpecopa (cxema 1) Ta 3 mpuBogoM kommpecopa Bix JIB3 (cxema 2).
Just Bomorpiitaoi kotensHi (BK) 3 I'TY BrnactuBi Oijblii BUTPATH YMOBHO-
ro nanuea. OqHAK, IPU BUCOKUX 3HaueHHAX Tpvp = 140-150 °C, mutomi
BUTPATH YMOBHOTO MMallMBa Yy IOCHIIKYBAHHUX CXeMax Jenio 30irarotscs,
IO TIOSICHIOETHCS 30UTBIIEHHSIM HAaBaHTaKEHHS BOJOTPIHHMX KOTIIB, SKi

MPAIOITh MEHII eKOHOMIYHO, Hixk THY.
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Puc. 4.34. 3miHa mUTOMOI BUTpaTH YMOBHOTO IIAJIMBA B 3aJIEKHOCTI BiJ TeMIie-
parypu npsimoi MepesxeBoi Boau: 9 — THC 3 enexrponpusoaom; Il — THC 3 npusogom
Bix /IB3; A — THC 3 npuBonom Bin I'TY; X —BK3I'TY

Ha puc. 4.35 HaBemeHi 3ae)KHOCTI €KOHOMIi YMOBHOro mainuBa (B
MPOIEHTAX) TOPIBHAHO 3 POOOTOI BOMOTPIHHOI KOTENbHI B 3aJIEKHOCTI
Bix Tryums mims THC 3a cxemamn 1-3 ta BK 3 I'TY. HaiiBuma exonomis
YMOBHOTO nanusa crocrepiraerbes st THC 3 mpuBogom komrpecopa Bij
I'TY (mo 45,25 %) (cxema 3). Jlo Hei 3a eeKTUBHICTIO HAOIMKAIOTHCS
THC 3 enekrponpuBomoM Komipecopa (cxema 1) Ta 3 mpuBomom Bix JIB3
(cxema 2). Bogorpiiina kotenpHa 3 I'TY 3a0e3reuye 3HAYHO MEHII 3Ha-
YEHHsI POLIEHTHOT €KOHOMIT YMOBHOTO ITAJIMBA Ta HE MOYKE KOHKYpPYBaTH 3
THC 3 enekTpu4HUM IIPUBOAOM, 3 NPUBOJOM Komipecopa Bix /B3 rta 3
npuBogoM Komrmpecopa Big I'TY (cxemm 1, 2, 3). Cuix Bia3Ha4MTH, 110
THC 3 npusogom Bix I'TY (cxema 3) 3abe3nedye 3Ha4HO OUIBIITY €KOHO-
Mil0 yMOBHOTO najuBa, Hix BK3T'TY.

Ha puc. 4.33-4.35 mrpuxoBuMH JiHISIMH TIO3HAa4YeHa o0JyacTh Jikic-
HUX PEXUAMIB pOOOTH CHCTEMH TETIONOCTAYaHHS.
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Puc. 4.35. 3mina npouentHoi exoHoMii ymoBHoro nanusa THC nopiBHsHO 3 po-
60TOI0 BOAOTPIHHOI KOTENbHI B 3aJIEKHOCTI BiJl TEMIIEPATypH MPAMOi MEpexeBOi BOAU:
@ — THC 3 enexrponpusoaom; Il — THC 3 npusomom Bin JIB3; A — THC 3 npuBogom
Bin I'TY; ¥ —-BK3I'TY

Orxe, BpaxOBYIOUH BUKJIA/ICHE BUILE, MOXHA 3pOOHTH TaKi BUCHOBKH:

1. THC 3 mpuBomom komripecopa Big ['TY Ta yTumizami€ero TeIIoTH
BiIXIZTHUX Ta3iB y TOMKaX BOAOTPIHHUX KOTIIB 3a0e3Meuye OUTbIITY YacTKy
HaBaHTtaxkeHHss THY B y cxnani THC, nixx THC 3 enexrponpuBomoM 4n
puUBOIOM KoMmpecopa Bix JIB3.

2. Halimenmri mutoMi BUTpaTH yMOBHOrO nanusa 3abesmeuye THC 3
npuBoaoM xommpecopa Bix I'TY. [lo el 3a edexTuBHICTIO HaOIMKAETHCS
THC 3 enexTponpuBoioM Ta 3 mpuBojaoM Bia JIB3. BogorpiiiHiii KoTenbHi
3 I'TY BnacTuBi Haf{OLIBIT TUTOMI BUTPATH YMOBHOTO TATNBA.

3. HaiiBumma exoHOMist yMOBHOTO TanuBa crioctepiraersest it THC 3
npuBoaoM kommpecopa Bin I'TY (no 45,25 %). EkoHoMist yMOBHOTO MaJiu-
Ba Ha THC 3 mpuonxom Big JIB3 ckianae no 36,7 %. EkoHOMIisI yMOBHOTO
nanmBa Ha THC 3 enekrpornpuBomoM He nepeBuinye 26,2 %, ajie € BUIIOKO,
HI)K €KOHOMist yMoBHOTO naymBa BK 3 I'TY.

4. Orxe, HanbimbI epexTrBHOO cxemoro THC cuin BBaxkatu THC 3
npuBooM kommpecopa Big I'TVY.
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4.6. AHaJIi3 KOMIIJIEKCHOTO BINITHBY CXeM BKJIIOUEHHS
KOH/ICHCATOPIB, BUY NPUBOAY Ta pexumMis po6oru THY
HA MOKA3HUKU e()eKTUBHOCTI po0OOTH TENJIOHACOCHUX CTAHUIM

MeTol0 1aHOTO JOCIIJUKEHHSI € BU3HAYEHHsSI KOMIUIEKCHOTO BIUIMBY
BUJy NIPUBOAY KOMIIPECOpPa, CXEMHHUX pillleHb Ta pexkuMiB pobotu THY na
eHeproeeKTUBHICTh TEIUNIOHACOCHHMX CTaHIIH B CHCTEMax TeIUIoNnocTa-
YaHHS, Po3po0Ka KOMIZIEKCHUX METO/IB OLIHKH €Heproe()eKTUBHOCTI TeN-
JIOHACOCHMX CTaHILIN Ta BU3HAUCHHS yMOB eexTBHOI iHTerpauii THY B
HasBHI ONaJIIOBaJIbHI CUCTEMH TEIUIONOCTaYaHHsI.

3 ypaxyBaHHsIM BHCHOBKIB Ta PEKOMEHJAIi}, 3A1HCHCHUX HAa OCHOBI
npoBeaeHux gociikens [208, 214, 216, 217, 219, 221, 222], nocnipKyBa-
BCSl KOMIUICKCHUH BIUIMB TaKMX YMHHHKIB Ha edexTrBHicTH podorn THC:
1) Buny npuBoay kommpecopa THY (exexTpudunuii, Bix ABUryHA BHYTpiLI-
uporo 3ropanns (JIB3) abo Bix razoryp6innoi ycranosku (I'TVY)); 2) cxe-
M BKITIOUeHHs KonaeHcaropis THY (mapanensna abo mocninoeHa); 3) pe-
»uMiB podotn THC.

Temnepatypu npsiMoi Ta 3BOPOTHOT MEPEKEBOI BOJIU B CHCTEMI Tell-
JIOIIOCTAYaHHS BU3HAYAIOTHCA 32 TEMIIEPATYpHHM IpadikoM B 3aJI€KHOCTI
BiJl TEMIEpaTypy 30BHILIIHBOTO MOBITPs. 3HAUCHHS YaCTKH HaBaHTAKCHHS
THY y cknani THC B 3anexuts Bix Temreparyp npsiMoi Ta 3BOPOTHOI Me-
pexeBoi BO/H, SIKi, B CBOIO Uepry, 3ajeXkaTh BiJ| TEMIEPAaTypH 30BHIIIHbO-
IO MOBITPSI.

Ha ocHoBi aHami3y pe3ysbTaTiB MPOBEACHUX JOCIIKEHb BU3HAYCHI
ontuMainbHi 3HaueHHs P it cxem THC 3 pisHMMH BHAaMu IPHBOILY Ta
CXeMaMH BKJIIOYEHHs] BUIIAPHUKIB Ta KoHaeHcaTopiB THY mpu pisHux pe-
JKMMax poOOTH TEMJIOBOI MEpexi.

Hamu 3anpornoHOBaHO METOAMKY BU3HAYEHHS YaCTKH TETUIOBOT MOTYX-
Hocti THY By cknani THC B 3anexHOCTI Bil TeMnepaTrypy 30BHIIIHBOTO O-
BITpSI 3 ypaxyBaHHSM KOMILUIEKCHOTO BIUIMBY CXEM BKJIIOUEHHS KOH/ICHCATOPIB
THY, Buny npusoay kommpecopa THY Ta pexxumis pobotu THC [223].

Ha puc. 4.36 300pakeHi 3HaueHHs MOKa3HUKA [ I PI3HUX CXeM
THC B 3aiexHOCTI BiJ TeMIIepaTypd 30BHIIIHbOro NoBiTps. Ha ocHoBI
OTPUMAaHMX 3aJIeKHOCTEH BU3HAYAETHCSI palliOHAIbHE 3HAYEHHS [TOKa3HHUKa
B ms THC 3 pisHUMH cXeMaMH Ta BUaMH IpHUBoy kommpecopa THY mpu
Pi3HUX pexuMax poOOTH 1 TEIUIOBUX HABAaHTAXKCHHSX B 3aJIEKHOCTI BiJ Te-
MITEpaTypH 30BHIIIHBOTO MOBITPSI.
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Puc. 4.36. 3nayenns yactku Teriosoi noryxuocti THY By ckinani THC B 3a-
JIEKHOCTI Bif Temneparypu 3oBHimHboro nositps A — THC 3 npuBogom Bix I'TY ta
nociizioBHuM BrIroueHHssM koraeHcaTopis; Ml — THC 3 npusogom Bix JIB3 Ta
MOCITiJOBHIM BKJIFOUCHHSIM KoHeHcaTopiB;, ® — THC 3 mpuBoxom Big ['TY Ta
rapaieIbHAM BKJIIOYEHHSIM KOHICHCATOPIB,; A THC 3 npuBooM Bix JIB3 Ta
napa’sielbHUM BKIFOUCHHAM KoHzeHcaTopiB; € — THC 3 enekTpompuBoIoM Ta
MIOCTIJOBHUM BKJIIOUEHHSIM KoHJeHcaTopiB;, O — THC 3 enexrponpuBomom Ta

nmapaJ€JIbHUM BKIIFOUCHHAM KOHHBHC&TOpiB

Ha ocHoBI 3anexHocTel, HaBeJeHUX Ha puc. 4.36, Uil IEBHOT CXeMH
THC Bu3HaYaeThCs 3HAYECHHS B Ta MOTYXKHICTh TETNIOHACOCHOI YCTAaHOBKH
IIPU [IEBHOMY TEMIIEpPaTyPHOMY PEXHMi poOOTH.

Ha puc. 4.37 ta 4.38 noka3saHi pe3yJjbTaTu aHaiizy KOMIUIEKCHOTO
BIUTUBY CX€M BKIIOYEHHs KoHzeHcaTtopis THY, Buny nmpuBomy kommpeco-
pa THY Ta pexumiB podotn THC na nokasuuku epexrusHocti THC B
3aJIeKHOCTI Bix moxasHuka . Ha puc. 4.37 moxasaHi 3aJ€KHOCTI MIHTOMHX
BuTpar ymoBHoro nanmuea THC amst pi3HHX cXeM B 3aI€XKHOCTI BiJl 9aCTKH
HaBaHTaxkeHHss THY B. Ha puc. 4.38 mpescraBieHi 3ai1e)HOCTI eKOHOMIT
ymoBHoro naiguea THC mopiBHSIHO 3 poGOTOI0 BOIOTPIHHOT KOTENBHI I
pisanx cxem THC B 3amexHocTi Bimx wacTku HaBaHTaxeHHs THY By
cknaai THC. Ha ocHOBI 3a3HaueHMX BHUILE 3aJIEKHOCTEH BU3HAYAETHCS M-
TOMa BUTpaTa YMOBHOT'O ITaJIUBa Ta €KOHOMIisl yMoBHOro namuea THC s
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TNEBHOT'O PEIKUMY pO60TI/I CUCTCMHU TCIJIONOCTAaYaHHA.
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Puc. 4.37. 3mina nmuromoi Burpartu ymosroro nanusa THC b, xr/TJIx, BEa.IIe)KHO-

cri Bix nokasuuka ; M — THC 3 eekTponpHBOIOM Ta MapaielbHUM BKITIOYCH-
HsM KoHIeHcaTopiB;, © — THC 3 mpuogom Bix JIB3 Ta mapanensHAM BKIIIOUCH-
HsM KoHzeHcaTopiB; € — THC 3 eleKkTponpHBOIOM Ta HOCIiJOBHUM BKJITIOYEH-
HsaM koraercaropis; 0 — THC 3 npusogom Bix JIB3 Ta mociiioBHUM BKIIOUCH-
HsaM koHneHcatopis; ® — THC 3 npuBogom Big ['TY Ta napanensHUM BKITIOYCH-
HsM KoHneHcatopiB; A — THC 3 npuBogom Bixg I'TY Ta mociitoBHUM BKIIFOUCH-

HAM KOHHGHC&TOpiB

3anexHocti, HaBeneHi Ha puc. 4.36-4.38, N03BONSAIOTH OIHUTU
edextuBHicTh podoT THC mpoTsirom poxy mpu pi3HHX peXHUMax poOOTH.
[pencrapieHi 3aneXHOCTI MOXYTh OyTH BUKOPHCTaHI JUISl POTHO3YBAaHHS
YMOB e(heKTHUBHOI IHTErpalii TeINIOHACOCHUX YCTAHOBOK B CHCTEMH TEILIO-
MOCTaYaHHS.

3a pe3ynbTaTaMH NMpoBeACHNX AociimkeHb cxema THC 3 mocrminos-
HHUM BKITFOUCHHSM KoHzaeHcaTopiB THY Ta mpuBomoM kommpecopa Big I'TY
BU3HAHA HaHOLIBII palioOHATEHOIO IPH POOOTI B CHCTEMI TEIJIONOCTaYaHHsI.

Busnaueno, mo HaiiBuma edextuBHicts THC 3 pisHMMH Bumamu
MPUBOJIY Ta CXEMaMH J0CATAETHCS MPU POOOTI B 00J1aCTI pealbHUX PEXKUMIB
pPOOOTH CHCTEMH TEIUIONOCTa4aHHs, TOOTO NMPH TeMIleparypi npsMoi mMepe-

152



’KeBOT BOIH t,; <105 °C Ta Temneparypi 30BHIIIHBOTO HOBITPsI t,> — 6 °C.
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Puc. 4.38. 3mina exonomii ymoBHoro nanua THC nopiBHsiHO 3 po6o-
TOK BOJOIPiitHOT KOTEJbHI B 3aJexHOCTi Bia nokaszHuka 3 A — THC 3 npuso-
oM Bin ['TY Ta nmocniioBHUM BKIIOUEHHsIM KoHIeHcaTopiB; ® — THC 3 npuBo-
noM Big I'TY ta mapanensaumM BriroueHHsIM koHaeHcatopis; ll — THC 3 npuso-
oM Big JIB3 Ta mocnigoBHuM BKITfOUeHHSM KoHaeHcaropis; € — THC 3 enexrt-
POIIPHBOJOM Ta MOCIIOBHUM BKIIIOUEHHsM KoHIeHcaTopiB; © — THC 3 mpuBo-
oM Bixg JIB3 Ta mapanensHUM BKIIOUSHHSIM KoHZIeHcaropiB, O — THC 3 enexT-
POTIPHBOIOM Ta MapaieIbHIM BKIIOYCHHSIM KOHJICHCATOPIB;

Jlis hopMyBaHHS Ta MMOJANIBIIOrO AETAIHHOTO aHANi3y BapiaHTIB Ti-
MOTETUYHUX TEIUIOTEXHOJIOTTYHUX CHCTEM 3 TEIJIOBUMH HAacOCaMH IIPOBe-
JIeHI HAMH JIOCIHTIZPKEHHSI JO3BOJISIIOTH aKIIEHTYBaTH yBary Ha TOMY,IIO:

— 3acrocyBadHsi Ha THC TeIuIoHaCOCHMX YCTaHOBOK 3 Tapajeib-
HOIO CXEMOIO BKJIIOUEHHsS KOHJCHCATOpIB Ta NPHBOAOM KOMIIPECOPIB Bif
JIB3 i yTuiizaui€ro TEIUIOTH BiAXITHUX Ta3iB 301IbIIye eKOHOMIIO MaJIMBa
10 21 % (npotu 14 % THC 3 enexTponpuBoiom);

— 3aCTOCYBaHHS TOCJIIOBHOI CXeMH BKIJIIOYEHHS KOHAEHCATOPIB
THC no3Bonse 3MiHCHUTH MiAIrpiB TerodikaniifHOi BOAM B KOHAEHCATO-
pax Ha Oinplry BennunHy. [ns Takoi cxemu THC parionanbHi Temmepary-
pu migirpiBy Boxu B THY cranosisre 80-85 °C 3anexHo Bix pexumy po-
6otu. PamionanpHa yacTka HaBaHTaxkeHHs THY B 11boMy BHIAIKy CTaHO-
BuTth 3 = 0,7-0,6;
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— i THC 3 nmapanenbHUM BKIIIOYEHHSIM KOHJICHCATOPIB parioHa-
JBHI TemriepaTypu miairpisy Boau B THY cranosmsate 73-80 °C 3anexHO
BiJ pexxumy poOotu. ParionanpHa vacTka HaBaHTaxkeHHS THY s miei
cxemu cranoButs 3 = 0,45-0,25;

— exoHoMis ymoBHoro mamuea Ha THC 3 mocnifoBHOIO CXeMOIO
BKJIIOYCHHS KOHAEHCATOPIB Ta €JIEKTPUYHUM IPHUBOJIOM KOMIIPECOPIB MpH
3aMillleHHI KOTeIbHI Moke OyTH 30unbmena nopisHsHO 3 THC 3 mapanens-
HOIo cxeMoro y 1,12—4 pasu 3a1exHO BiJ pexkuMy poOOTH, a Y CepeIHbOMY
-y 2 pasy;

— THC 3 nocinioBHOIO CXEMOIO BKJIIOUCHHs KOHJICHCATOPIB Ta NMpH-
BosioM Kommpecopa Bix JIB3 € epextuBHimoro 3a THC 3 enexTpornpuBoaom.
UYacrka HaBantaxenHss THY y cknaai THC mist Takoi cxeMH CTaHOBHTH IO
B =0,8, 1m0 cyTTEBO BILTUBAE HA EKOHOMIYHICTH POOOTH CHCTEMH;

— THC 3 npuBogom xomipecopa Bix JIB3 Ta mociioBHOIO CXEMOI0
BKJIIOUCHHSI KOHJIEHCATOPiB € edekTuBHimowo 3a cxemy THC 3 mapanens-
HHMM BKJIIOUCHHSIM KOHZIEHCATOPIB,;

— THC 3 npuBogom kommpecopa Bix ['TY Ta yTuiizami€ero TermioTH
BIIXIHMX Ta3iB y TONMKaX BOAOTPIHHUX KOTJIIB 3a0e3meuye OiIbITy 9acTKy
HaBanTaxeHHd THY B y ckmani THC, mix THC 3 enexrponpuBomoM uu
puBOJIOM Komrpecopa Bix JIB3;

— HalMEHII MUTOMI BUTPaTH YMOBHOrO nanuBa 3abesneuye THC 3
npuBoaoM kommpecopa Bix I'TY. [/lo Hel 3a edexTuBHICTIO HaOIMKAETHCS
THC 3 mpuBomom Bix JIB3 Ta 3 eeKTponpruBOIOM;

— HalBHUIIIa €EKOHOMIisl YMOBHOTO TajimBa criocrepiraerses ast THC 3
npuBojoM Kommpecopa Bix I'TY (no 45 %). EkoHOMiss YMOBHOTO MajuBa
Ha THC 3 npuogom Big JIB3 cranoButh n0 37 %. ExoHOMIisT YMOBHOTO
nanuea Ha THC 3 enexrponpuBogoM He nepeBuinye 26 %, ane € BHIIOIO,
HIXK €KOHOMIisI yMOBHOTO ITajJIBa BOAOTPiitHOI kKoTenbHi 3 ['TY;

— mHaiiBuma edextuBHicTs THC 3 pi3HUMH BUAaMH HPUBOAY Ta
CXEMaMH JIOCATAEThCS NPH PoOOTI B 00JIACTi pealbHUX PEXUMIB POOOTH
CHCTEMH TEIUIONOCTa4YaHHs, TOOTO NPH TeMIepaTypi HpsAMol MepekxeBoi
BOIH ty; <105 °C Ta Temmeparypi 30BHiHBOr0 mositpst t,> — 6 °C;

— Haonpm edextuBHOIO cxemoro THC cnin BBaxkatn THC 3 npu-
BosIOM Komripecopa Big ['TY;

154



— CIIiJI BiI3HAYUTH, IO 3MCHIIICHHS BHTPAT OPTaHIYHOTO ITaINBa 33
paxyHok BrpoBajpkeHHs THC 3MeHIIye BUTpaTH eHeprii Ha foro BUmI00y-
TOK Ta TPAHCIIOPTYBaHHs, BUTPATH KHCHIO HA HOTO CHaNOBaHHS, BUTPaTH
eHeprii Ha eBaKyalilo NPOJYKTIB 3rOpaHHs, a TOJOBHE, — 3MEHIIYE Killb-
KiCTh IIKIJJTABUX BUKUIIB B aTMOC(hepy.

B po6ori 3anponoHoBaHo:

- MaTeMaTHYHUHA ONHC JDKepeda TEIUIONOCTA4aHHS 3 TEeIIOHAcOC-
HOIO YCTAaHOBKOIO 3 Pi3HUMH BHIAMHU MPUBOJY, CXEMaMH Ta PEIKUMAaMHU PO-
00TH;

- peKoMeHaIii 3 OIiHIOBaHHS €()EeKTUBHOCTI JDKEpEI TeIUIoNnocTa-
YaHHS 3 TEIJIOHACOCHUMH YCTAHOBKAMHU 3 ypaxyBaHHSIM THITYy IPUBOAY,
CXEM 3a3HAaYCHUX CHCTEM Ta PEallbHUX PEXKHMIB pOOOTH CHUCTEM TEILIONO-
CTa4YaHHS,

- peKOMEeHaIlil 3 BU3HAYEHHs PaIliOHATBHUX PEXXHUMIB pOoOOTH cHC-
TEM TEIUIONOCTAYaHHS 3 TEIMJIOHACOCHUMH YCTAaHOBKAMH JUIS PI3HUX CXEM-
HUX PIIIICHB;

- KOMIUIEKCHI METOAW BH3HAYEHHS CHEProe()eKTHBHOCTI DKEpeln
TEIUIOTIOCTAaYaHHA 3 TEIUIOHACOCHIMH YCTaHOBKAMHU.

Otpumani B poOOTi pe3ynbTaTH J03BOJIIOTH OI[IHIOBATH TEXHIKO-
exoHoMiuHy edektuBHicTh THY Ta THC B crcTemax TemiomocTayaHHs,
MOXYTh OYTH BUKOPHCTaHI B IPOIECi pO3pOOKH TEILIOTEXHOJIOTIYHUX CHC-
TeM 3 TEIUIOBUMH HACOCaMU JJIsl MiJNPUEMCTB TEIUIONOCTaYaHHsI, MyHIlU-

MAJIBHOI €HEePreTUKHU, XapuoBoi Ta epepoOHOT IPOMHCIOBOCTEH.
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