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ITepenmoBa

IHEPEIMOBA

Hucnuminina «Enepro3zoepexxeHHs: B KOMIIPECOPHUX CUCTEMAax»
€ 0a30BOIO Il BUBYCHHS CIEIIAIbHUX TUCIHILUIIH, MMOB’S3aHUX 3
PO3paxyHKOM, aHaJII30M Ta KOHCTPYIOBAaHHSIM €HEPreTUYHUX CUCTEM.

[le#i HaB4anbHUN TOCIOHWK HAWOUIBIIO MIpOIO BiAMOBITAE
HaBUaJbHIA Tporpami 3 aucuuiuiind  «EHepro30epexeHHs B
KOMITPECOPHHUX CHCTEMax» JUIsl 3100yBaviB BHUINOT OCBITH 32 JPYTUM
(MaricrepcbKuM) piBHEM, SIKI HABYAKOTHCS 33 OCBITHBOKO MPOTPaAMOI0
«Komrmpecopu, MHEBMOArperaT Ta BAaKyyMHa TEXHIKa.

Jlns mokpaiiaHHs PO3yMiHHS HaBYaJIBHOTO MaTepialy 3MICT
NMociOHMKA TIOBHICTIO BiJIOBiJa€ 3MICTy HaBYaJIbHOI MpOTpamMu 3
BIAMOBIAHOI IUCHMIUIIHKA. HaBYallbHMIT HOCIOHMK CKIAIA€ThCA 3
TaKUX PO3JILTIB:

1. KonHnenryaibHi MOJOKEHHS PAlliOHATBHOTO BUKOPUCTAHHS
EHEepropecypcis.

2. EHeproo0OcTexxeHHs Ta €eHePreTUYHHM ayIUT KOMITPECOPHHUX
CHCTEM.

3. BropunHi eHepreTMuHi pecypcu Ta iX 3aCTOCYBaHHS
B KOMITPECOPHHUX CHCTEMaX.

4. HampsiMu eHepro3aoniaykeHHs] B KOMIIPECOPHUX CUCTEMAX.

5. EHepretnunmii aHasi3z KOMIPECOPHUX CUCTEM.

6. EneproedekTUBHICTH JIOTIOMI»@HOTO oOJTagHaHHS
KOMITPECOPHHUX CHCTEM.

HaBuanpHmii MOCIOHMK  MOXE BUKOPHCTOBYBATHCS  Ha
NPAKTUYHUX 3aHATTAX 13 JuciMIUliHu - «EHeproz0OepexeHHs B
KOMITPECOPHHUX CHUCTEMAaX» 1 Il CaMOMIATOTOBKH 3/100yBaviB BHUIIO1
OCBITH 10 CKJIaJIaHH 3aJIIKIB Ta ICIIUTIB.

ABTOp BHCIIOBIIIOE IIUPY BASYHICTh 1 MOJSKY PELIEH3EHTaM 3a
3ayBOKEHHsI 1 TOpaau, BHUCJIOBJICHI HUMH TMiJ dYac TMiATOTOBKH
marepiany 710 BUJaHHS, a TAKOK CHIBpPOOITHUKAM KadeIpH TEXHIYHOT
terodizuku CyMCbKOTO JI€p:KaBHOTO YHIBEPCUTETY 3a JOTIOMOTY B
oopMmIIeHHI.



C. O. llapanos. Exepro3depexeHHs: B KOMIPECOPHUX CHCTEMAX

BCTYII

Ha cyuacHomy erami poO3BHTKY JIIOJICTBA yce OibIle raimysei
IPOMMCIIOBOCT] IOTPEOYIOTh YIIPOBAPKEHHSI KOMIIPECOPHUX CUCTEM
y CBOT TEXHOJIOT1YHI MPOLIECH.

BoHM MOXyTh 3aCTOCOBYBATHCS SIK OCHOBHE a00 JIONOMiIXHE
yCTaTKyBaHHA. SIK OCHOBHE YCTAaTKyBaHHsS KOMIIPECOPHI CHUCTEMHU
BUKOPHUCTOBYIOTb HAa MiCLUAX BHMJOOYBaHHSA 1 TpPaHCIOPTYBAHHS
OPUPOIHOTO Ta3y, B CHCTEMax MIATOTOBKU TMOBITPS, CHHTE3Y
TEeXHIYHUX ra3iB abo iX cymimieil, Ha BCIX MAaIIMHOOYAIBHUX Ta
METaJypriiHuX MiANPHEMCTBAX, y HAPOJHOMY TOCIIONAPCTBI s
CHCTEM TEIUIONOCTauYaHHS M raps4yoro BOJOINOCTAYaHHsS, XapyoBid
MIPOMUCIIOBOCTI JJISI CHCTEM KOHJIUIIFOBAHHS Ta INTYYHOI BEHTHIISIIIT
OyniBenb 1 CHOpyA, a TakoX Yy MEAWIMHI [ CHUCTEM
KUTTE3a0e3meueHHs Ta iH. Sk JonoMi>kHe 00J1aJHAHHS KOMITPECOPHI
CHUCTEMH 3aCTOCOBYIOTH Ul 3a0e3leueHHs MOoTped BHUPOOHMIITBA
CTHUCHEHMM IOBITPSIM MHEBMOOOIIaTHAHHS 1 THEBMOIHCTPYMEHTY, 1]
4yac MpOBEAEHHS BUIPOOYBaHb IHIIMX KOMIPECOPHMX CTaHIIN 1
YCTaHOBOK Ta 1H.

BinbIicTh KOMOPECOPHUX CUCTEM, LIO EKCIUIyaTylOThCS Ha
ChOTOJHI B YKpaiHi, € TEXHIYHO 3acCTapUIMMH, BHUIIYIICHUMH IIIe
B 70-80-x pp. XX cT. IX eHeproedeKTUBHICTE € Jyske HU3BKOIO, IO B
YMOBaX pPHUHKOBOi €KOHOMIKM 3HAQ4HO MIJIBUIIYE  BapTiCTh
€HepropecypciB, sKi TPaHCHOPTYIOTbCS LHMMHU YyCTaHOBKaMH, abo
30UTBIITYE MIHY MPOAYKIIi, BUPOOJICHOI 3 iX JOMOMOTOoI0. Tak, BTpaTH
eHeprii B YCIX Trajy3siX €HEpreTMKM € JOCUTh 3HAYHUMHM, IO
3YMOBJIEHO HU3BKOIO BapTICTIO €HEProHoCiiB 10 moyatky 2000-x pp.,
JIep’KaBHUM PETYJIIOBAaHHAM EHEPreTUYHOTO0 CEKTOPY, BIICYTHICTIO
KOIITIB Ha MOJIEPHI3allil0 EHEProreHepyUYux MOTYXKHOCTeH 1
TPAaHCHOPTHHUX  MepeX. Y  IHIIMX Taly3sX  3acTOCYBaHHs
KOMITPECOPHHUX CHCTEM CIIOCTepiraeTbcs noAiOHa kapTuHa. Brpatu
TEIUIOBOI €Heprii JIUIIIE I1i]] Yac TPAHCTIOPTYBAaHHS B LIEHTPAIi30BaHUX
Mepekax TeIIonocTadyaHHs B YKpaiHi craHoBimath 45-60 %.
Huspkuii piBeHb Teruioizoussnii 30imbirye i Brpatu Ha 15-20 %,
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Beryn

T00TO crnoxkuBau orpumye suie 30-40 % Bciel yacTMHM TEIIOBOT
eHeprii, Bupobiaenoi na TEL] [1].

3Bakaroud Ha 1€, MOXKHa 3pOOMTH BHMCHOBOK, IO
NEepUIOYEPTOBUMH 3aBIAHHSAMHU JUIS TIOJIIMIICHHS CHUTYyalil B YycCix
rajgy3sX €HEpPreTMKH, €KOHOMIKHM, IPOMHUCIOBOCTI, >KHUTJIOBO-
KOMYHAJIBbHOTO TOCIOJApCTBA HAIIOi KpaiHW €  IiJIBUIICHHS
e(eKTUBHOCTI 3aCTOCOBYBAHUX ICHYIOUMX KOMIIPECOPHUX CHCTEM Ta
IPOEKTYBAHHS HOBUX YCTAHOBOK 3 ypaxyBaHHSM CYy4aCHUX BUMOT JI0
ix eHeproepeKTUBHOCTI. Le JI03BOJIMTh 3MEHIINUTH
€HEePrOoCIIOKUBAHHS K MIHIMYM YZBi4i — BTpHYI.

TakoX BaXJIUBY poOJib BIJIIpa€ 3acTOCYBaHHS Hopsan 13
TPAOUIIMHUMU  POOOYMMH  CEPENOBHIAMH JUISI  KOMIIPECOPHHX
CHCTEM, TaKUMH SIK MPUPOJHUH ra3, HaQTa Ta BYrijuls, BTOPUHHUX
E€HePreTUYHUX PEeCypciB 1 aJbTEpHATHUBHHUX JDKEpEN EHeprii, IIo
JIO3BOJIMTH HIABUILIUTHU X €HEPreTUYHUIN MOTEeHLIal.

Tomy anst 301TBIIEHHS] TEMIIIB 3POCTaHHS €KOHOMIKH YKpaiHu
HEOOXIJTHO 3pOOHUTH EHEepProoOCTEKEHHS Ta EeHeproayiaur ycix
ICHYIOUMX KOMIIPECOPHUX CHCTEM, sIKi Ha IIeH Yac eKCILTyaTylThCs,
BU3HAUUTH  HAaNpsMU  €HEpPro3aolla/UKeHHsA,  BHUKOHATH  iX
€HepreTUYHUN aHaji3 Ta MOYaTH MaclTaOHy MOJEpHI3alil0 LUX
CHCTEM.

VYeci 1i 3aX0A1 € HEOOXITHUMHU Yy 3B’ SI3KY 3 MOJITHKOIO YKpaiHU
Ha IUBIXY JI0 €BPOIHTErpamii Ta KOHKYpEHTOCHPOMOXHOCTI HAIIOi
KpaiHH Ha €BPONEHCEKOMY Ta CBITOBOMY pMHKAX €HEpropecypcis, M0
€ HEeBII'’EMHOIO CKJIAJOBOI0 MAJIWBHO-EHEPreTUYHOTO CEKTOPY
€KOHOMIKH.



C. O. llapanos. Exepro3depexeHHs: B KOMIPECOPHUX CHCTEMAX

1 KOHLUEIITYAJIBHI IIOJIOXKEHHS
PAIHIOHAJIBHOI'O BUKOPUCTAHHSA EHEPI'OPECYPCIB

1.1 EneproegexkTuBHIcTS i ii 3HAUECHHS
Ha CBITOBOMY, JIePKABHOMY Ta BUPOOHUYOMY PiBHSIX

Enepros6epexeHHsI B KOMIIPECOPHUX CHUCTEMax HacamIiepen
3QJICKHUTh BiJl iX €HEProeEKTUBHOCTI, IO 3aKIAJAETHCS Ha eTari
IPOEKTYBAHHS.

JJ1st po3Tsiny HOHATTS eHeproe()eKTUBHOCTI HEOOX1THO BBECTH
PsII TAKUX HOHSATH!

Enepeia — 11e KibKiCHA Mipa pyXy Martepii B IpoCTOpi.

Enepezemuuna cucmema — 1€ CYKYNHICTh EHEPreTUYHHUX
pecypciB yCixX BHIIIB, METOIB 1 3aC001B X 0Iep >KaHHS, TICPETBOPCHHS,
pO3NOAIICHHs W BUKOPUCTAHHSA, W10 3a0€3MeuyloTh IOCTAYaHHS
CIIO’KMBAYIB yciMa BUJIaMU €HEprii.

Enepzonocmauanna — 1e 3a0e3nedyeHHs NiANPUEMCTBA yciMa
BHJIaMU €HEpTii i manuBa.

Ilanueno-enepzemuuni pecypcu (IIEP) — 11e CyKyIHICTb yCiX
OPUPOJHUX 1 TEPEeTBOPEHHMX BHUAIB MajuBa Ta  EHEeprii,
BUKOPHCTOBYBaHMX Yy HalllOHAJIbHOMY T'OCIIOJIApCTBI.

Pauyionanvne eukopucmanna IIEP — 1e [nOCATHEHHS
MakcUMaibHOI edekTuBHOCTI BuUkopucTanHs I[IEP 3a icHyrouoro
PIBHS PO3BUTKY TE€XHIKM M TEXHOJIOTIi 3 OJHOYACHUM 3HUKEHHSIM
TEXHOT€HHOI'O BIIMBY HA HABKOJIMILIHE MPUPOJHE CEPENOBULIE.

Exonomin IIEP — 1ie BimHocHe ckopoueHHs Butpart [1EP, mo
BUPAXKAETHCS B 3HIDKEHHI X NMHMTOMHMX BHUTpaT Ha BHPOOHHUIITBO
MPOJYKIIii, BAKOHaHHA POOIT 1 HAJAaHHS MMOCIYT YCTAHOBJIEHOI SIKOCTI.

Enepzozoepescenna  — 1€ CYKYNHICTb  IPaBOBHX,
Oprasi3aliiHuX, HAyKOBHUX, BUPOOHUYMX, TEXHIYHUX 1 EKOHOMIYHUX
3ax0/IiB, CIIPSIMOBAHUX Ha palliOHaJIbHE BUKOPUCTAHHS Ta €KOHOMHE
BUTpauaHHsl TMEpBUHHOI eHeprii abo mepeTBopeHUX ii BUAIB 1
INPUPOJHUX EHEPreTUYHHUX PECYPCIB Y HAIllOHAIBHOMY IOCIIOIAPCTRI,
0 peali3yeThCsl 3 BUKOPUCTAHHSAM TEXHIYHHX, €KOHOMIUYHUX Ta
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1 KonmenTtyanbHi TIOJIOKEHHS PalioOHAIBHOTO BUKOPUCTAHHS EHEPropecypciB

IPaBOBUX METO/IB.

Enepzoegpexmuenicme — 1e paiioHaIbHE BHUKOPHUCTAHHS
eHeprii, o [103BoJsiE 3MiHIOBATH 1i mapamerpu abo Qopmy i
TPAHCHOPTYBATH JI0 CIOXKKMBaya 3 MiHIMaJIbHUMHU BTPaTaMH.

3HaYeHHS  EHEProeeKTUBHOCTI  BHU3HAYAETHCA  PI3SHUMHU
miaxogaMu 10 11 OLIHIOBAHHS:

— JUIS HACEJICHHS — 11€ CKOPOUYCHHSA KOMYHAJIbHUX BUTPAT;

— JUIs €HepreTMYHUX KOMIIaHIH Ta yCTaHOB — L€ 3MEHIIEHHS
BUTpAT HA NAJINBO;

— JUId JepKaBU — 1€ 3a0ILAJPKEHHs HasBHUX PECypCiB,
[T ABUILIEHHS MIPOYKTHUBHOCTI MIPOMHUCIIOBOCTI Ta
KOHKYPEHTOCIIPOMOKHOCTI Ha MIXXHAPOJTHOMY PUHKY;

— JUIS JOBKULIS — 1€ PEryJIOBaHHS KUTBKOCTI MapHHUKOBHX
BUKHIIB Y aTMOChepy.

3a ocranni 100-150 pokiB y CBITI CTpiMKO 30UIBIIMIIOCS
CIOXHMBAHHS €HepreTH4YHuX pecypceis. Lle moB’s3aHo Hacammepen i3
PO3BUTKOM TPOMHCIOBOCTI. SIKIIO B3ATH AWHAMIKY CHOXXHBAaHHS
€Hepropecypcis Ul pO3BUHEHHX KpaiH 1 KpaiH, K1 pO3BUBAIOTHCS, TO
MIPOCTEKYETHCS 3arajibHe 30UTbIIIEHHS EHEPTOCIIOKUBAHHS 32 OCTaHH1
20-25 poxkiB (puc. 1.1).

OCHOBHUMH TpUYMHAMHU CIOXHBAHHS E€HEPropecypciB cepen
KpaiH, $KI pPO3BHUBAIOThCH, € OubII Temnu 3poctanHs BBII 1
JIOCTaTHBO BHUCOKA EHEProeEMHICTh BUPOOHUITBA. (OCHOBHUMH
CHOXHMBayaMM €Heprii cepel KpaiH, siKi po3BUBaIOThCs, € Kutaii Ta
[amis.

HeoOxinHO 3a3HauMTH, IO B LIJIOMY Yy CBITI 30epiraerbcs
TEHJCHIIiS BUKOPUCTAHHS TPATULINHUX JDKEped €Heprii, 0 SKUX
BIJTHOCSATH HaTy, MPUPOJHUH ra3 Ta kKam siHe Byriuid (tabm. 1.1). He
3BaKAIOUM HA CTPIMKHH PO3BUTOK BiJHOBIIOBAJIHLHOI €HEPTETHKH,
YacTKa I'IpOEHePreTUKHY Ta IHIIMX BiTHOBIIOBAIBHUX JKEpeII eHepril
CTAaHOBUTh  JIMIIIE  HE3HauyHWW  BiAcoTok. lle  HeratuBHO
BiT0OpakaeThCs Ha TOBKLULII.



C. O. llapanos. Exepro3depexeHHs: B KOMIPECOPHUX CHCTEMAX
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Pucynok 1.1 — JluHamika eHeprocroXuBaHHs y CBITI,
MJIH T y HadTOBOMY ekBiBasieHTi [2]:
———— — CBIT; — — — — pO3BUHEHI KpaiHH;
- - - - — KpaiHH, SIKi PO3BUBAIOTHCS

Tabmuus 1.1 — CtpykTypa CrioKHUBaHHS €HEPropecypciB y CBITI,
% [2]

Bun Kareropis kpain
eHepropecypcy BeCh pOSBP.I-HeHi KpaiHu, sAKi Yipaina
CBiT KpaiHu | pO3BMBAIOTHCSI
Hadra 33,1 37,9 29,1 10,5
[Tpupouuii ra3 23,9 25,1 22,5 35,6
Kam’sine Byriisg | 29,9 19,9 38,9 35,6
ATomHa 45 | 88 17 16,3
E€HEepreTHKa
I'inpoenepretuka | 6,7 5,7 7,1 19
Irmm
BITHOBJIFOBAJIbH1 1,9 2,6 0,7 0,1
JOKEepesia eHeprii
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1 KonmenTtyanbHi TIOJIOKEHHS PalioOHAIBHOTO BUKOPUCTAHHS EHEPropecypciB

YacTka aTOMHOI €HEPTeTUKH TaKOK CTAHOBUTH JIUIIC JACKiTbKa
BIJICOTKIB BiJ 3arajbHO1 KUIBKOCTI BHKOPHCTAHHS €HEPropecypciB,
X0ua ypaHy, OCHOBHOTO SJCPHOTO TaJMBa 3a HUHIIIHIX TEMITIB
CIIOKMBAHHS BUCTAYUTh Ha JEKiIbKa THCSY pokiB. LliHa ewneprii,
OTpPHMaHa BiJ [bOTO BUY MaJNBA, € OHIEI0 3 HAHHIDKYMX. 32 YMOBU
TOJIep’KaHHsl BCIX 3aXOIB 3 TEXHIKM O€3MEKM aTOMHAa €HEepreTHKa
3HAYHO MEHIIIC BIUIMBAE HA JTOBKIJUIS, HI’K BUKOITHI JKEpelia eHeprii.
OpHak pU3HK TEXHOTEHHUX KaracTpod, MOXIMBICTH CTBOPECHHS
SepHOi 30pOi Ha OCHOBI ManWBa IS ATOMHHUX €JIEKTPOCTaHIIIN
CHOBUIBHIOIOTH PO3BUTOK I[LOTO BHY €HEPTE€TUKH.

3 Tabmuui 1.1 Oaummo, 1m0 A7 BHPOOHHWITBA EHEPril
MEepeBaKHO BUKOPHUCTOBYIOTH BUKOITHI JpKkepena (0u3bko 87 % yciel
e”eprii). YacTka BiJHOBIIOBAJIbHOI EHEPTETHKH CTAHOBUTH JIUIIE
8,6 %. Jlo TOro > BiJHOBIIOBaJIbHA EHEPreTHKa AaKTUBHIIIE
PO3BHUBAETHCS B PO3BHHEHUX KpaiHaX CBITYy BHACTIJIOK JEP)KaBHUX
JOTALliil.

Takox 3rifiHO 3 MPOrHO3aMHU aHAIITHKIB KoMmadil «British
Petroleum» mo 2030 poky dYacTka €HEproHOCiiB, OTPUMAaHHX i3
BUKOIIHUX JUKepen eHeprii, 3MeHmmTbess 10 82 %, dYacTka
BIJTHOBJIIOBAJIbHOI €HepreTUkH 3pocte 10 12 %, a BiTHOCHA KUIbKICTh
eHeprii, OTpUMaHa BiJl I7IepHOI €eHEPI€TUKH, 3MIHUTHCS HE3HAYHO.

3 ommsany Ha L€ Yy CBITI BIOPOBAKYIOTh IPOrpaMH, 3a
JIOTIOMOT OO0 SIKMX CTaBJIATH COOi 32 METy 3MEHIIIEHHS BUKOPUCTAHHS
BUKOMHMX  JDKEped  eHeprii, rmepexii A0  albTepHATUBHUX
EHepropecypciB Ta 30€peXeHHS eKOJOriuyHOi Oe3rneku Ha 3emil.
HaiiBinomimnmu cepen mux mnporpam € KioTchkuit mpoTOKON Ta
Enepreruuna xapTist [3].

Kiomcokuit npomoxon — MiXXHapoJHa Yroaa mpo oOMeKeHHs
BUKH/IIB B aTMoc(epy mapHUKOBUX Ta3iB. OCHOBHa MeTa Yroau —
cTall1i3yBaTH piBeHb KOHIIEHTpALlli MApHUKOBHUX Ta3iB B aTMocdepi
Ha piBHI, 1110 HE A0NycKaB O HEOE3MEeYHOro aHTPOIIOTEHHOTO BILJIUBY
Ha KJIIMaTHYHY CUCTEMY IJIaHETH.

Enepzemuuna xapmia — MiXkHapoJHa yroja, CIpsIMOBaHa Ha
MOJOJIAHHS €KOHOMIYHOTO PO3IUIEHHS €BPONEHCHKOTO KOHTHHEHTY.
Horoip no Eneprernunoi xapTii Biirpae BaXJIMBY pojib Y KOHTEKCT1
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C. O. llapanos. Exepro3depexeHHs: B KOMIPECOPHUX CHCTEMAX

3YCHJIb 31 CTBOPEHHSI TIPABOBOTO TOJIS JIJIS TJI00ANBHOT €HEPreTHIHOT
0e3IeKu, Ha OCHOBI BIIKPUTHUX, KOHKYPEHTHUX PHUHKIB 1 IPUHIIUIIIB
CTIMKOTO PO3BUTKY.

Takox y cCBiTI Ji€ Jla HU3Ka CTaHAapTiB MiKHaApOIHOT
oprauizanii 31 crangaptusanii (1SO), cnpsMoBaHMX Ha IiABUIICHHS
PIBHSI MPOAYKIIii 3 BAKOPUCTAHHSIM IIPHHIIUIIIB €HEPTro30epeKeHHS.

[TopiBHIOIOYH TPOMHCIOBICTh YKpaiHM 3 IHIIMMHU KpaiHamH,
MO’KHA 3a3HAYUTH, 1110 BOHA € OJHIEI0 3 HAHOUIBII €HEProEMHUX Y
CBITi: €HEPTOEMHICTh BUPOOHHUIITBA Y TIepepaxyHKy Ha oquHuI0 BBIT
BJIBiYi O1NIb1IIa, HIXK Y KpalH-eKCHopTepiB HAPTH, TakuX sik CayaiBcbka
Apagis, OAE, Benecyena (puc. 1.2). Toxi ik y pO3BHHEHUX KpaiHax
— CIIA, fnowii, HimeuunHi — 1ie#i mokasHuk y 5—8 pasiB MeHiuii [4].

1

0,8

0,6

0,4

" I I I

; H o =
Ykpaina Cayn. Benecyenra  CIHA  Himeyuuna Snonis

Apasis

Pucynok 1.2 — IIutomMa eHEproeMHICTh MPOMHUCIOBOCTI
neskux kpain, T H. €./$ 1000 BBII [4]

[Ticna 1991 poky nuHaMika €HEprocHoXHBaHHA YKpaiHH, sK 1
outbmmocti kpain CHJI, cTpiMKo 3MeHImnIacs, IpUYMHOIO IIbOTO cTaja
eKOHOMIuHa Kpu3a, B cepeauHi 2000-Xx pokiB i3 mHOYaTKOM
€KOHOMIUHOI cTa0umi3allii eHeprocrnoKMBaHHs YKpaiHH CTaHOBHIIO
140 mmH TOHH HadTOBOro exBiBaleHTa (T H.e.), 1 JuIIe
MoJ0OpOKUaHHA eHepropecypciB  micis 2007 poky 3MEHIIWIIO
€HEepProClOXMBAaHHS BHACTIZOK TPOBEACHHS DIy 3aXOdiB 3
eHepro30epeKeHHSI.
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1 KonmenTtyanbHi TIOJIOKEHHS PalioOHAIBHOTO BUKOPUCTAHHS EHEPropecypciB

Bucoka eneproeMHictp YKpaiHu CpUYMHEHA BUKOPUCTAHHIM
3aCTapijior0  €HEProeEMHOro  oOJagHaHHSA Y  METalyprikHiM,
MaIIMHOOYAIBHIM 1 XIMIUHIA Taldy3sX TNPOMHUCIOBOCTI, a TaKOX
3HauHUMK BTpatamu B TerioBux (30 %) ta enekrpuunux (12 %)
Mepexax.

Bonnouac, sk 6aunmo 3 tabmuiil 1.1, 3a1eKHICTh €HEPTETUKH
YkpaiHu BiJl BUKOITHUX JPKEPEI CTaHOBUTH 82 %, 110 JIEII0 MEHIIIE BiY
3arajibHOCBITOBHMX IOKa3HHUKIB. L]e MOSCHIOETBCS BEIHMKOI YACTKOIO
€HepropecypciB, OTPUMYBaHHX Bix siiepHOi eHepretuku — 16 %.
OpnHak ykpaiHCbKa IPOMMCIIOBICTh 3HAYHO 3aJI€KUTh BiJl IPUPOIHOTO
ra3y, KM YIpoJIOBX 0aratb0X pOKiB eKcropTyBaBcs 3 Pociiicekoi
@enepanii. Lle nuraHHS 0COOGIMBO TOCTPO IOCTAJIO BIPOJOBXK
OCTaHHIX 5 POKIB 1 € KIIOYOBHM Yy BITHOCHHAX YKpaiHU 3
€pornelicbkuM Cor30M.

BukopucranHs BiZHOBIIOBAJBHUX JDKEpeNn eHeprii  (KpiMm
ripocHepreTHKU) B YKpaiHi HUKYE Bij 3araibHOCBITOBHX (2 %).
[TpoTe 1eit cerMeHT eHepPTreTHKH MIBHIKO 3POCTAE BIIPOOBK OCTAaHHIX
JeK1IbKOX pokiB. 30kpema, y 2012 poui 3aranbHHUil oOcsr eHeprii,
BUpPOOJIEHUH 00’€KTaMU  BIJTHOBIIOBAJIBHOI E€HEPreTHKU  (KpiM
TiIPOEHEPTeTUKHN), 3pic Y 4 pa3H.

Ha neif yac BiiHOBIIOBaJIbHI JPKEpesia Ha TEPUTOpii YKpaiHU
BUPOOJISAIOTh ONM3bKO 2,5 MIIH T H. €. eHeprii (Maif)ke BCsl eHepris
reHepyetbes Benukumu ['EC), ToOTO mOTEeHIan BiHOBIIOBAIBHOI
eHepreTukn YKpaiHu BUKOpUCTOBYeThCs Ha 3 %. IlpuunHoro Takux
HU3BKUX TIOKAa3HHUKIB € BHCOKa COOIBApPTICTh €HEprii MOPIBHSHO 3
BUKOITHUMU JIPKEPEIaMu eHeprii.

Ha mnpomy erami OmbIIICTh Taidy3edl  BIAHOBIIOBAIBHOT
€HEepreTUKU PO3BUBAETHCS 3a Jep:KaBHOI MmiATpuMKU. [lis 1boro
BUKOPHUCTOBYIOTh PAJl MEXAHI3MIB:

— parugikanilo MDKHAPOTHHX YroA 3 EHEpPro30epeKeHHs
(Kiotcpkuit nmpotokoin, Eneprernuna xapTis);

— 3aTBEp/UKCHHS HALlIOHAJBHUX MpOrpaM 13  pPO3BUTKY
BIJIHOBJTIOBAJIbHOI €HEPTETHUKH, B paMKaX SIKHX €HEPTii0, BUPOOJIEHY
BiJTHOBJIIOBAIBHUMH JIKEpEJIaMH, JIep’KaBa 3aKylOBYE 3a BHUIIUM
«3ereHuM» TaprudoM, HIXK B IHIITUX BUPOOHUKIB, BUPOOHHKAM €HEPTIi
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C. O. llapanos. Exepro3depexeHHs: B KOMIPECOPHUX CHCTEMAX

3 BIJHOBIIOBAIbHUX JDKEPEN HAJaOTh MOJATKOBI MiJIbIH, JUIA
E€HEPTOHOCIIB 13 BIIHOBIIOBAJILHUX JDKEPEI CHEPrii HaaroTh KBOTH Ha
PHHKY €HEpPropecypciB.

B Vkpaini gitoTb  OBI  HaIlOHANBHI  MpoTrpamMu 3
eHeprozoepexxeHHs [3]:

— Jlep’KaBHa L1J1bOBA €KOHOMIYHa porpama
eneproedexTuBHocTi Ha 2010-2020 pokwu [5];

— eHepreTWYHa crpareris Ykpainu Ha nepioa 10 2030 poky [6].

Ha BupoOHMYMX mianmpueMcTBax YKpaiHH 3TiIHO 3 ITUMH
porpamMaMu TaKOX YIPOBAXKYIOTHCS 3aX0/IU 3 EHEPro30epeKeHHs, 3
SKMX MOXHA BHJUINTH OCHOBHI, IO CTOCYIOTHCS KOMITPECOPHUX
CHCTEM:!

— Mepexii Ha TPU3MIHHUA pOOOYMI J[IeHb, IO JO3BOJISIE
3MEHIIUTH MMIKOB1 HABAHTAXKEHHSI HA MEPEXY IOCTauyaHHs MOBITPS Ha
HiANPHEMCTBAX Ta JO3BOJIMTH KOMIIPECOpaM MpaIfoBaTH Ha peCUBEPU
3 IEPEX00M Y PEXKUM «XOJOCTOT0» XO/Y;

— 3aCTOCYBaHHS KUIBIIEBUX a00 NEIEHTPali30BaHUX CHUCTEM
NOCTa4yaHHs MOBITPS B LIEXM MIANPUEMCTBA, IO JIO3BOJISE 3HU3UTU
CIOXHMBAHHS  EIEKTPOSHEPrii NUIAXOM Tepexoay JO0 MEHII
€HEeproEMHUX KOMIIPECOPIB,;

— TEepPEOCHAIEHHs TEXHOJOTTYHUX JIHIN BUPOOHUIITB LUISIXOM
nepexoay 0 OuTbLI cydyacHOro oOjajJHaHHS Ta YCTaTKyBaHH, 11O
camo 1o co0i € OUIbII €HEProOIIaTHIM;

— BUKOPHUCTaHHA HOBUX OaraToonepauiiiHUX  BepCTaTiB
3apyOIKHOTO BUPOOHHUIITBA, LIO0 MIHIMI3YE IMEPEMIIIEHHS AeTall y
nporieci i1 00poOIeHHS;

— 3aCTOCYBaHHS  Cy4YaCHOTO  TTHEBMOOOJIAJJHaHHS  Ta
THEBMOIHCTPYMEHTY, 1110 3MEHIIYy€e MOTpedy B CTUCHEHOMY IOBITPI,
OCKUTbKU B MEpPEeX1 3HAYHO 3MEHIIYIOThCS MPOTIKAHHS.

3Bakaroud Ha TEHJAEHII] PO3BUTKY CBITOBOI E€KOHOMIKHM Ta
BUOpaHuil YkpaiHoto Huisix 1o €BpoiHTerpaiii, HaiOIMmKIuM yacom
Hallla KpaiHa MOBHHHA 30UIBIIUTH YaCTKy €Heprii, OTpUMYBaHOI BiJ
AbTEPHATUBHUX JDKEPEI, 10 3arajbHOCBITOBOTO PiBHS [7].
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1 KonmenTtyanbHi TIOJIOKEHHS PalioOHAIBHOTO BUKOPUCTAHHS EHEPropecypciB

1.2 Eneprernunnii MeHe/:kMeHT. DyHKILII Ta CTPYKTYypa

Enepzemuunuit menedxcmenm — 1e cucteMa KepyBaHHs, 110
IPDYHTYETbCS Ha IPOBEACHHI TUIIOBMX 3aMipiB 1 MEpeBipoK, L
3a0e3mnedye TaKy poOOTy MiAIMPUEMCTBA, 32 SIKOi CIIOKHBAETHCS JIUIIIE
HeoOXiTHa JTsl BUPOOHUIITBA KiIBKICTh €HEPTii.

EnepreTnunuii  MEHEIXKMEHT SIBJIISIE  COOOK0  1HCTPYMEHT
YIPaBIIHHS TiIIPHEMCTBOM, IO 3a0€31euye MOCTIHHE AOCTiHKEHHS,
a OTKe, W 3HAHHA TPO PO3MOAUT Ta PIBEHb CHOXHBAHHS
€HEepropecypciB Ha MIANPHUEMCTBI, a TaKOX IMpPO ONTUMAJbHE
BUKOPUCTAHHS €HEPropecypcCiB sIK /Ui BAPOOHHUIITBA, TAK 1 AJIS IHITHX
HEBUPOOHMYMX  MNOTpeOd, 30KpemMa ONaJeHHs Ta  rapsyoro
BoOJI0TIOCTaYaHHs [8].

BripoBajykeHHsI CHUCTEMH €HEpPreTMYHOIO MEHEIKMEHTY Ha
HiANPHEMCTBI € JIy)K€ MOIIUPEHOI CBITOBOI MPAaKTHKOK. Tak,
y 2011 poui MixkHapoHa opraHizailis 31 cTaHgapTU3allii BBela B A0
craugapt [ISO 50001. Emnepretmunmii MeHemxmeHT. CTaHmapT
NpU3HAYeHUH [T 3a0e3neUeHHsI OpraHi3alii, siki BUPIWIA 3pO0UTH
€HEepreTUYHYy €(PEeKTUBHICTh YaCTUHOIO CBO€T CUCTEMH YIPABIIHHS.

OcHOBHUMHU byHKLIIMU CHCTEMHU €HEepPreTUYHOTrO
MEHE/PKMEHTY Ha IIPOMUCIIOBOMY IIIIPUEMCTBI €:

1) BOpoBa/KEHHS 1 JOACPKAHHS CHEPreTUYHOI MONITHKH, IO
po3pobIseThes BUIIUM KEpIBHUILITBOM M1IPUEMCTBA,
dopmymioBaHHA IUIed Ta IIOCTaHOBJIEHHS 3aBAaHb Yy cdepi
E€HEePTrOMEHEIKMEHTY, TUIAaHYBAaHHS pealli3allli MoCTaBIeHUX IiJIeH Ta
3aBJIaHb;

2) 3abe3reyeHHs pecypcamu i MTOBHOB)KEHHSIMHU
OpPEJCTaBHUKIB  BIAAULy  €HEPrOMEHEDKMEHTY,  IeploJuYHUI
eHeproaHaji3 opraHizariii;

3) BcTaHOBJIEHHS  0a30BMX  JIHIH  €HEProCHOXHBAaHHS,
IHIMKATOPIB €Heproe()eKTUBHOCTI, PO3POOJIEHUX I KOHKPETHOTO
MiIPUEMCTBA 1 B CYKYITHOCTI 3 0a30BOIO JTiHI€I0, JO3BOJISE OLIHUTH
3MIHH B €HEpPrOCIOKUBaHHI;

4) onepaiiiiHuil KOHTPOJb i MPOLEAYPH B YACTUHI iCTOTHOTO
€HEeprocroXUBaHHS, BUMIPIOBaHHS i JTOKYMEHTYBaHHS
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€HEPrOMEHE/DKMEHTY,  MEpIOAMYHUM  aHami3  (yHKIIOHYBaHHS
CUCTEMH €HEPrOMEHEKMEHTY 3 00Ky KepiIBHUIITBA.

Enepzemuunuii meneoicep Ha npoMHUCIOBOMY HIAPHEMCTBI —
ne ¢axiBelp, SKUA BUKOHYE IMEBHI (YHKIII 3 METOIO JIOCATHEHHS
e(EeKTUBHOTO BHUKOPUCTaHHS EHEPreTUYHHX PECypCiB 3a yMOBH
3a0e3nevYeHHs] MiHIMaJIBbHO HEOOX1AHUX MOTped opraHizailii B eHeprii
Ta HallMEHIIOMY HeTraTMBHOMY BIUIMBI Ha noBKULIA. IIpodeciitHa
IISJIBHICTh ~ €HEProOMEHEe/DKepa  CIpsMOBaHa Ha  OpraHi3alliio
e¢extuHoro Bukopucranus [1EP 1 nepenbauae:

— ydYacTb y CKJIaJlaHHI eHepreTUYHOro MacropTa MiANpUeMCTBA
Ta OpraHizarii;

— 30upanHsa gaHuX i3 crnoxuBaHHs [IEP i3 BukopucTaHHSM
JTYMIBHUKIB T4 KOHTPOJIBHO-BUMIPIOBAIBHOI anlapaTypH;

— 30upaHHs AaHUX 3a moTokamu cupoBuHH, I[TEP Ta rorosoi
IPOIYKLLi;

— CKJIaJIaHHS Ta aHaJi3 eHepreTUYHUX OaNaHCIB;

— PO3paxyHKHU KIIFOYOBHX JaHUX 13 MIJBUIIEHHS €(EKTUBHOCTI
BUKOPUCTaHHS €Heprii B LIJIOMYy Ha MiJNPUEMCTBI Ta OKpPEMHX
BUPOOHUIITBAX;

— po3po0JeHHs, IUIaHyBaHHS Ta BIPOBAKEHHS 3aXOIB 111010
€KOHOMIi eHeprii, sKiI He NOoTpeOylTh IHBECTHLIH, abo 3
MiHIMaJIbHHUMH 1HBECTHIIISIMU;

— PO3pOOJICHHS, OIIHIOBAHHS, BHU3HAYCHHS Ta IUIaHYyBaHHS
MPIOPUTETHUX 3aXO/IB 11010 €eKOHOMIi €HEprii;

— BH3HaA4YeHHS HOpM crioxkuBaHHs [IEP;

— 1H(opMyBaHHS KepiBHHUITBA IMiJIPUEMCTBA MPO AiSUIBHICTD
€HepreTUYHOTO MEHE/DKMEHTY Ta 3aXOJH, BIIPOBaDKyBaHi U
CHPSIMOBaHI Ha €EKOHOMIIO €Heprii;

— ydacTb y CKJaJaHHI BUPOOHHMYMX IUIaHIB, OIOKETY Ta
BUPOOHMYOI CTpaTerii MiIpueMCTBA;

— YIpPOBAIDKCHHS HOBHUX TEXHOJIOTIH Ha ICHYIOUHX Ta HOBHX
eHeprocucreMax JUIst 1 BUILEHHS eHeproepeKTUBHOCTI
BUPOOHUIITBA;

— VYOpaBIiHHA TPYNOK 3 PALIOHATIBHOTO BUKOPHUCTAHHS
€HepTii, a TAKOXK MPOEKTaMU y c(hepi eHepro30epeKeHHS;
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— TPOBEJCHHS BHYTPIIIHBOTO EHEPTETUYHOTO Ay TUTY;

— PO3pOOJICHHS MPOMO3UIIIH 100 3aIIKABJICHOCTI IMEPCOHATY
B €KOHOMI1 €HepTii.

EnepreTnuHuii MCHEPKMEHT Ha MiIPUEMCTBI — 16 KOMIUICKCHE
3aBJIaHHS 3 €HEpro30epexeHHs Ta eHeproe(eKTUBHOCTI, BUPIICHHS
SIKOTO HA/IA€ThCSI CUCTEMI EHEPreTUYHOTO MEHEIDKMEHTY. [HTerpaitis
CHUCTEMH EHEPreTUYHOI0 MEHEKMEHTY y CTPYKTYpl MiANpPHUEMCTBA
nojana Ha pucysnky 1.3.

Buiie kepiBHULITBO

1
ITpoekty- Bupobuu-

VYopasniaas| |3akymisii )
BaHHS i LITBO

[ponaxi

po3po0IeHHS

Meunemxment| |Exonoriununii| [Menemxment| |Eneprernununii
SIKOCTI1 MEHEKMEHT Oe3neku MEHEKMEHT

Pucynok 1.3 — CtpykTypa nianpuemMcTsa
13 CUCTEMOIO €HEPreTUYHOTO MEHEIKMEHTY

Sk OGaummo 3 pucyHka 1.3 cucremMa €HEpreTM4HOro
MEHEPKMEHTY €  OJAHI€I0 31  CIOyxk0  MEHEIKMEHTY 1
HiANOPAIKOBYETbCS Oe3mocepeIHbO BUIIOMY KepiBHHLITBY. Camy
CiIy’)k0y €HEepreTMYHOro MEHEKMEHTY OYOJII0E EHEProOMeHeIKep
nianpueMcTBa. OCHOBHUMHM HOro (QyHKUIIMH € 3a0e3nedyeHHs
NOCATHEHHSI ~ 3alUlaHOBaHUX  e(eKTiB  eHepro3OepekeHHs  Ta
YOpaBIiHHA (YHKIIOHYBaHHAM cIyxOn. Momy miamopsmxoBasi
€HEpPTrOMEHEKEPH PI3HUX HanpsmiB eHepro30epeKeHHs
(eneKkTporocTayaHHs, TETUIONOCTAYaHHS, BOJIOTIOCTAYaHHS,
MOCTayaHHsI CTUCHEHOTO TOBITPs), IO OOOB’SI3KIB SKUX BXOMSTb:
IUIAHYBaHHS Ta KOHTPOJb CIIOKMBAaHHS pI3HUX BHIIB EHeprii,
3a0e3leueHHs] LMKy  EHEproMEeHEeUKMEHTY 3a  HalpsMaMu
eHepro30epeKeHHsI Ta pO3POOIICHHS 1 BIPOBAKCHHSI 3aX0/IiB ITiJ] 4ac
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po3mojiny, TeHepalii, BHUKOPUCTaHHS BHIIB eHeprii. Takox
E€HEePTOMEHEIKEPY i ITPUEMCTBA I TOPSIAKOBAH1
E€HeproMeHe/DKepH LEXiB 1 AUIbHHUID 13 PIYHUM EHEPreTUYHUM
o6romxeTom 10 MutH rpH 1 Oubmre. BoHW OpraHi3oBYIOTh yCYHEHHS
BTPaT €Heprii, IJIaHyIOTh Ta KOHTPOJIOIOTH EHEPrOCIOXHBAHHS B
1exax 1 Ha JUIBHUIAX Ta BIPOBAKYIOTh €HEPro30epekHi 3aX0/11 Ha
BCl BHJM CHEPTii, 10 CIOKUBAETHCSA YCTAaTKYBAaHHSIM B L[€Xax 1 Ha
ninbHULSIX. Cayx0a eHepreTHYHOro MEHEPKMEHTY TaK0XK € JIAaHKOIO,
sIKa 3B’S3y€ MIAMPUEMCTBA 3 PI3HUMH IHCHEKIIISIMH, IO 31HCHIOIOTH
HarJs/ 3a €peKTUBHUM BUKOPHCTAHHSAM €HEPropecypciB.

3rizno 3i crapmaprom ISO 50001 cucrema eHepreTHYHOTO
MEHE/PKMEHTY Ha MIANPUEMCTBI KEpPYEThCS MDKHAPOJHUMH Ta
3arajibHOJICPKaBHUMHA HOPMATHBHUMH JOKYMEHTaMH, a TaKOX
po3po0biisie HopMaTUBHY 0a3y MiANPUEMCTBA Ui 3a0e3MeUeHHs CBOET
nisuibHOCTI. Lle Moxe OyTH KOMIUIEKC BHYTPINIHIX CTaHIApTIiB
nignpuemctsa (CTII), 10 ckiaany sIKOro BXOASTH:

1) cucremMa EHEPreTHYHOTO MEHEKMEHTY B Taiy3i, SKid
HpALOE MiITPUEMCTBO;

2) texuiunuii 00mik [TEP Ha mignpuemcTsi;

3) B3aemomisi  CIyKOM  EHEPreTHYHOr0  MEHEDKMEHTY i
MiAIPUEMCTBA,

4) MOHITOPHUHT ITPOTPaMU CHEPro3ade3neueHHs;

5) ymMoBH BHOOPY €HEPro30epeKHNUX 3aX0/IiB Ha IMiIPHUEMCTBI.
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KoHTpoabHi nUTaHHSA

1 o Take eHepProeeKTUBHICTH? Ii suHauenns s
KOMITPECOPHUX CHCTEM.

2 OcHOBHI ramy3i, IO CIIOXUBAIOTh HAWOIIBIIE pecypciB Ha
JEp>KaBHOMY Ta CBITOBOMY PiBHSAX. J{[MHAMIKa CIIO’KMBaHHS.

3 MixHapoaHi Mporpamu, SKi PpEryalol0Th 3MEHIICHHS
CIIO’KMBAHHS EHEPrOPECyPCiB Y CBITI.

4 HamioHalbHI MPOTpaMH 3 €HEepPro30epekeHHs, M0 TiI0Th B
YkpaiHi.

5 EHepreTHuHMII MEHEKMEHT, HOTO (PYHKITI.

6 EHeprernmuHmii MEHeIKEp Ta WOro OOOB’SI3KM Ha
T IIIPUEMCTBI.

7 EnepreTMuHuil MEHEIKMEHT Ta HOro Micie B CTPYKTYpi
HiANPHEMCTBA.

8 MixHapoaHi Ta 3arajibHO/Iep>KaBHI HOPMATUBHI IOKYMEHTH,
SKUMH KEPYEThCA CHCTEMa CHEPreTHYHOrO0 MEHEDKMEHTY Ha
1 IPUEMCTBI.
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2 EHEPTOOBCTEXEHHS TA EHEPTETUUHUM AYJIAT
KOMIITPECOPHUX CUCTEM

2.1 Enepreruunuii ayaut. Moro mera, oCHOBHI 3aB/IaHHA

Enepzemuunuii ayoum (enepzoayoum) — 1e OOCTCKEHHS
MIIMPUEMCTB,  OpraHi3alii Ta OKpPeMHX BHUPOOHHMITB, IO
MIPOBOAMTHCSA 3 1X BJIACHOI 1HIIIATHBH ISl BA3HAYCHHS MOYKIIMBOCTEH
€KOHOMIT CIIO)KMBaHOi eHeprii, Uii JONOMOTM MiJIPUEMCTBY B
3IHCHEHHI MPAKTUYHOI EKOHOMIT IIJISIXOM 3aCTOCYBaHHS MEXaHI3MiB
€HEepreTU4HOi e()eKTUBHOCTI, a TAKOXK 13 METOI0 BIIPOBAKEHHS Ha
HIAMPUEMCTBI CUCTEMH CHEPreTHYHOr0 MEHEeDKMEHTY [9].

Ilpeomemom eHEPreTUUHOrO ayJUTY € CUCTeMa OOCTEKEHHS
CIOXHMBAHHA TMaJWBa Ta C€HEPrii, aHamizy W BHPOOJICHHS
pexoMeHalii 111010 €(eKTUBHOTO BUKOPUCTAHHS €HEPropecypciB.

OCHOBHOIO Memol0 EHEPreTUYHOTO AayIuTy € TIOIyK
MOJJIMBOCTEH  eHeproz0epeXeHHs W JOomoMoru  cy0’ekram
TOCIO/APIOBAHHA Yy  BU3HAYEHHI  HANpsIMKIB  €(QEKTUBHOIO
€HEeproBUKOPUCTAHHS.

00’ckmom eHEepreTUYHOro ayAuTy MOXYTb OyTH Oy/Ib-siKe
HiANPHUEMCTBO, EHEPreTUYHA YCTAHOBKA, arperar, Ho0OyToBUN 00’ €KT,
10 BUPOOJISIE, IEPETBOPIOE, Tepeiae ab0 CIOKUBAE SHEPTIIO.

[Tpyu3HaYeHHSAM EHEepreTUYHOro ayAWuTy € BHPIIIEHHS TaKuX
3a60aHb.

— CKJIaJIaHH$ KapTu BUKOpHUCTaHHsS 00’ ekToM I1EP;

— PO3pOOJICHHS  OpraHi3alliiHUX 1 TEXHIYHUX 3aXO/IiB,
CHPSIMOBAHUX Ha MiABUIIIEHHS €(pEKTUBHOCTI €HEPrOBUKOPUCTAHHS;

— BH3HAUYEHHSI MOTEHIIATy eHepro30epeKeHHS;

— (piHaHCOBE OLIIHIOBAHHS €HEPTO30EPEIKHUX 3aXO0/IiB.

Enepretnunuii ayiuT npoBOIATh €HEProcepBiCHI KOMIIaHii abo
HE3aJISKHI eKCIIepTH (€HeproayauTopH), BIOBHOBaXKEHI Cy0’ eKTaMu
rOCTIOJIapIOBaHHS Ha HOTO 3/1HCHEHHS.

Eneproayauropom Moxe OyTH rpomMaasHUH YKpaiHM, SKHA
onepxaB TpodeciiiHy MIATOTOBKY Ta Ma€ BIAMOBIIHMA JOKYMEHT.
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EdexTuBHICTh 1 MOBHOTA €HEPIETUIHOTO OOCTEKCHHSI 3aJICKATh BiJ
KBamidikalli Ta J0CBiIy eHEeproayauTopa.

[Tix yac mpoBeAEHHs €HEproayauTy MOBUHHI OyTH BpaxoBaHi
TaKi YUHHUKU:

— EHEeproayIuTOpH IOBHMHHI HE (IKCYyBaTH TOMHJIKH, a

BHSIBJIATH (DaKTH;

— pe3ynbTaT, AKi HAJAIOTHCS 3aMOBHHUKOBI, — 1€ MEpeayciMm
3BIT IPO €HEPreTUYHUI ayJuT, B SIKOMY BU3HAUAIOThCA KOHKPETHI
LUIIXU €HEPro30epeskeHHS.

OCHOBHI NUISIXH TIABUIIECHHS €(PEKTHBHOCTI BHKOPHCTAHHS

ITEP [9]:

— BIPOBAPKEHHS HOBOTO €HEPrOEKOHOMIYHOTO 00JIaJHAHHS,

— BIPOBAPKCHHS HOBUX CHEPro30epeHUX TEXHOJIOTIH;

— YIOCKOHAJEeHHsS ICHYIOUMX TEXHOJIOTi, O0ONaJgHaHHS,
nepepoOICHHS] CUPOBUHU Ta MATEPIaliB 1, SK HACHIJIOK, ITiIBUICHHS
SKOCTI TPOYKIIIT;

— 3aMilieHHs 1 BUOIp HalleeKTUBHIIINX €HEPrOHOCIIB,;

— 3MEHIICHHS BTpaT CUPOBHHH Ta MaTepiaiB;

— CKOpOYCHHS BTpaT EHEPropecypcis;

— BXKHTTA OpraHizaliiHO-TeXHIYHUX 3aXO[(iB, YIOCKOHAICHHS
00JIIKy Ta KOHTPOJIIO 332 BUTPATaMu €HEPropecypcis;

— ypaxyBaHHS €KOHOMIYHHX, MPABOBHUX Ta IHIIUX YWHHHUKIB
3HI)KEHHS PIBHIB €HEProCIIOKUBAHHSL.

2.2 EHepreTH4YHMI ayauT
NPOMHCJIOBUX MIANPHUEMCTB Ta NOOYTOBUX 00’ €KTIB

[IpiopUTETHUMHU HaNpsIMKaMH €HEPro30epekeHHsT B raiysi
€HEpreTUYHOTO  MAalIMHOOYIYBaHHS € BIPOBADKCHHS HOBHX
TEXHOJIOT1H eKCIUTyaTarii €HEepreTUYHOTrO o0JsiaiHaHHS
KOMIIPECOPHUX CTaHLIA Ta HOTro PEKOHCTPYKIis 1 MOJepHi3allis,
CKOPOYEHHSI BJIACHUX MOTPEO B EHEPropecypcax, CKOPOUEHHs BTpaT y
CHUCTEMaxX pO3MOJUIEHHS €JeKTPUYHOI Ta TElJIoBOi EHeprii,
BIIPOBA/PKCHHSI HOBHX E€HEPro30epeKHUX TEXHOJOT1 BUPOOHMIITBA
eHeprii (BUKOPUCTAHHS HOBHX THITIB KOMIIPECOPIB, YTHIII3aIlist
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TEIUIOTH, IO CKUIAETHCS, BIPOBADKEHHS TEIUIOHACOCHOT TEXHOJIOT11
eHepro30epekeHHsI TOIIIO).

CBiTOBHII JOCBif peami3allil 3axo[iB eHepro30epexeHHs B
JKUTJIIOBO-KOMYHAJIbHOMY TOCIIOJAPCTBl CBIAYUTH, IIO IiX MEpetiK
HEBEJIMKUH, ajie KOMIUICKCHE BIPOBA/KEHHS IMX 3aXOJiB ICTOTHO
BILJIMBAE HA CKOPOUCHHS CIIOKUBAHHS MaJMBa Ta €Heprii B eKOHOMIIII.

J10 OCHOBHHX 3aXOJliB €HEPro30epeKeHHs B Taly3i HEOOXiIHO
BIJIHECTH:

— CTBOPCHHS Ta BUKOPHCTAHHS IIOOYTOBUX CHCTEM Ta IPHJIAIIB
13 HIKYUM €HEProCIOKUBAHHIM;

— MOJIEpHI3aIli{0 iICHYI0YOT0 00J1aIHaHHS, 3MiHY PEXKUMIB HOTO
pobotu;

— aBTOMATHU3aIlII0 PETYIIOBaHHS 1 YNPABIIHHA pPEKUMaMU
po0OTH MOOYTOBHUX €HEPrOCIOKUBAIYUX CHCTEM Ta MPUIIAIiB;

— OCHAIICHHS  CHEPrONpHMAYiB  PEryMIOBAILHUMH  Ta
BHUMIPIOBAJIbHUMH MPUCTPOSIMU;

— PpO3BHTOK JICIICHTPAJII30BAHOTO  TEIUIONMOCTAYaHHS  JUIS
3HIDKEHHSI BTpAT TEIUIOBOI €Heprii MiJ Yac TPAaHCHOPTYBAHHS 10
CIIO’KMBAYiB;

— CTaHJapTHU3AIlI0 Ta MONIMIIEHHS TeIUI0130MAIil OyINHKIB 1
CIIOpYZ; TPOBEIEHHS OpTraHI3alliiHUX 3aXOJiB, CIPSIMOBAaHUX Ha
CTUMYJIIOBaHHSA  JISJIBHOCTI  TMOOYTOBUX  MIAMPUEMCTB  LIOJO
CKOPOYCHHS HEITPOIyKTHBHUX BUTPAT IMAJIMBa Ta EHEPTii;

— BIOPOBa/DKEHHS CIUIATU  BapTOCTI  €HEProHOCIIB, IO
BIJINIOBIAa€ PeaIbHUM BUTpPATaM;

— BUKIIIOYCHHS MOXJIHMBOCTI  KpPaJaiXKOK E€HEepropecypcis,
30KpeMa eJIeKTPUYHOT Ta TEIIOBO1 eHeprii;

— IIAPOKY peKJaMy BUKOPUCTAHHS MPHJIAIIB JOMAIIHBOTO 1
KYJIbTYpHO-TIOOYTOBOTO MPU3HAYEHHS 3 MTOTIMIIIEHUMH
eKCILTyaTal[iiHUMU XapaKTePUCTUKAMHU.

22
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2.3 EHeproay):lnTHe OIIiHIOBaHHﬂ KOMIIPECOPHUX CUCTEM

Enepretnunuii ayauT KOMIPECOPHHX CHCTEM BiTOyBae€ThCs
nekinpkoMa eramamu [10]:

1) 30upanuaM iHpopMallii Ipo 00’ €KT CHEProayauTy;

2) BU3HAYEHHSIM IMAJIMBHO-CHEPIETUYHHX MOTOKIB HA 00 €KTI B
[IJIOMY Ta HAa OKPEMHX HOTO IUISTHKAX;

3) anamizom  e(peKTMBHOCTI  BHUKOPHUCTaHHS  IAJMBHO-
€HEePreTUYHUX PECypCiB 00’ €EKTOM ayAuTy;

4) moraubiieHruM E€HepreTHYHUM ayJTUTOM OKpEeMHUX
KOMITOHEHTIB Ta KOMIIPECOPHOi CUCTEMH B LIIJIOMY;

5) miacymMKamMu ~— CHEPreTHYHOrO  ayAuTy  KOMIIPECOPHOI
CUCTEMH.

Ha mnepmomy erami eHEpreTHYHOTO ayauTy BilOyBaeThCs
30MpaHHs TaHUX PO BUTPATH €HEPropecypciB (MaauBa, TEIia, BOIM,
€JICKTPOCHeprii) 3a momepeAHid Ta mnoTouHud poku. lle nmae
MOJKJIMBICTh BUBHAYUTH HAWOUIbINI JUISTHKYA BUKOPUCTAHHS NanuBa i
eHeprii Ta cpopmyaroBaTH OCHOBHI TeHAEHIIT moao ekonomii I1EP,
10 € MATPYHTSIM JIJIsl TEXHIKO-€KOHOMIYHOTO0 aHai3y 00’ exta. [lotim
Bi/IOYBa€ThCS aHaN3 CTPYKTYpU E€HEPrOCHOXKUBAHHS PI3HUMHU
IUISTHKaMH 00’€KTa, IO JO3BOJSAE BUSIBUTH KOMIIOHEHTH, K1 €
HaOIBIIMMH Ta HAHMEHIITMMHU CIIOKHBayaMH MAJIMBA Ta €Heprii, 110
Ma€e Ha MeTl BHU3HAUEHHS IMOAAJBIIOI IMEPCHEKTUBHOI CTpaTerii
€HEeproBUKOpUCTaHHs. Jlani BU3HAUAIOTh CTPYKTYpPY €HEProBUTpaT, a
camMe 4YacTKU BHUTpAT PI3HUX BU[IB €HEprii B 3arajbHii CyKYyMHOCTI
BUTpAT, 110 JO3BOJSIE 3HANUTH TONEpPEAHIH BEKTOP €HEpreTUYHOTOo
ayIuTy IJs AUISHOK 13 HAWOUTBIIMMU YacTKaMU EHEProBUTpAT.
3aBeplIaIbHUM 3aBJaHHSAM IEPIIOrO €Tany € BU3HAUEHHS BUTPATH
€HEProHOCIiB Ha OJUHUIII0 NPOAYKTY Ha BHXOJAl 3 KOMIIPECOPHOI
CHUCTEMH B LIJIOMy Ta 3a KOXXHUM i KOMIIOHEHTOM Okpemo. lle
JIO3BOJISIE  OI[IHUTA TMTOMI BHUTpPAaTH C€HEprii OCHOBHUM Ta
JIOTIOMI>)KHUM 00J1a/IHaHHAM KOMITPECOPHOI CUCTEMH, TOPIBHATH ii 3
ICHYIOUMMH aHaJoTaMU Ta BHU3HAUUTHU MUTOMY BapTICTh OIMHMII

OPOAYKTY.
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[Tin 4Wac aApyroro eramy EHEPreTHYHOTO AayAWTY BHUBYAIOTH
TEXHOJIOTIYHY CXEMY KOMIIPECOPHOI CHUCTEMH, II0 HEOOXIAHO s
MOJNAJBIIOTO OOJIIKY €Heprii Ta OIHIOBAaHHS MPaBUIBHOCTI
3aCTOCYBaHHSI OCHOBHHMX BHJIB €HEpromoTokiB. Jlami ckianaroTh
KapTy-CXeMY CIIO)KMBAHHS CHEPTeTUYHHX IIOTOKIB CHCTEMOIO Ta
OalaHC EeHEepPromoTOKiB JJIs KOMIIPECOPHOI CHUCTEMH B LUJIOMY U
OKpPEeMO 3a KOXXHUM KOMMOHEHTOM. lle 1mae MOXIHMBICTH OLIHUTH
MPaBUJIBHICTh BUOOPY €HEProHOCIiB /ISl CUCTEMHU, €EeKTHUBHICTD iX
3aCTOCYBaHHS  PI3HUMH  JUISHKAMH  CXEMH Ta  3JIHCHUTH
MPOTHO30BAaHE OILIHIOBAaHHS 1X CHOXKMBaHHSA. 3a pe3yiabTaTaMu
BHU3HAUCHHS HAaCHEPTrOEMHIIUX CIIOXHUBAYiB €HEPrii Ha MepIIoMy
eTami 3a JOMOMOTOK HEOOXITHMX BHMIPIOBaHb OJIEPKYIOTH IiHCHI
3HAYCHHS CIIO’KMBAHUX BEJIMYMH SHEPTii Ta MaJMBa i MOPIBHIOIOTH iX
13 MacCOPTHUMU TaHUMU. J{7151 0iep>KaHHsI TOBHOT KAPTUHU PO3MOALTY
NaJIMBHO-EHEPTe€TUYHUX ITOTOKIB B yCiif CHCTEMI BU3HAYAIOTh MMUTOMI
HOPMHU CIOXKMBaHHSI €Heprii Ijs BCiX KOMIIOHEHTIB CHCTEMHU Ta
CKJIQJAIOTh JUIS HUX BIIIIOBIIHI OaIaHCH.

Tperili eTam eHEPreTUYHOrO ayauTy TNependadae aHami3
e(eKTUBHOCTI BHKOPUCTAHHS BCIX KOMIIOHEHTIB KOMIPECOPHOI
CUCTEMH, B pe3yNbTaTi AKOT0 poOISATH BUCHOBKU MPO AOLIIBHICTH
BUKOPUCTAHHS TOTO YW 1HIIOTO BUIY OOJIaHAHHS B JaHIM cHUCTeMI
abo #oro 3aMiHy Ha OUIbII €(PEKTHBHE 3 ypaXyBaHHIM JI0JJATKOBHX
BUTpaT Ha w0 omnepamito. [loTiM aHami3ylOTh €PEKTUBHICTh
BUKOPHUCTAHHS MaJTMBHO-€HEPTETHUYHUX PECYPCIB Ta BU3HAYAIOTH iX
TEXHOJIOTIYHO JIOMYCTUMI BTpaTu. Y pa3l Mepexoy Ha 1HIIUNA BUJ
MajauBa HEOOXIJHO HABECTH BIAMNOBIAHE TEXHIKO-€KOHOMIYHE
OOrpYHTYBaHHS 3 ypaxXyBaHHSM cleluu(}iKd TOTO YW I1HIIOTO BHUIY
TEIUIOHOCITB (11€ CTOCYEThCSI HacCaMIIEpel TETIO- Ta THEBMOMEPEK).

Hanpukinii Moke BHHMKaTH T1oTpeba y  BHM3HAYEHHI
MPIOPUTETIB AJI TMOTJIMOJICHOTO €HEePreTUYHOTO aYAHUTY, TOMY IO
KOMIIPECOPHI ~ CHUCTEMH  HajlexaTrb [0 cheud(iuHoro Tuiy
eHeprocrnoxuBadiB. Ha mowatkoBiii crafii HEOOXiTHO OKPECTUTH
HEOOX1/HI JIOAAaTKOBI OOCTEXKEHHS, 10 MOXYTh MOTpeOyBaTH
cnenudiYHX BUMIPIOBaHb a00 JOJATKOBUX HAYKOBUX JOCIIKEHB,
JI0 SIKMX HEOOX1HO 3aTydaTH KBami(ikoBaHUX crierianicTiB. Tomy mif
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4ac MOTIHOJIEHOTO EHEPreTHYHOro ayAuTy MOXHAa BHKOHYBATH
JIOJIATKOBI TPOMDKHI Ta HENpsMi BUMIPIOBaHHS, BH3HA4YaTH 1HIII
PEKUMU POOOTH KOMIIPECOPHOI CHCTEMH, BHSIBISITH €()EKTUBHOCTI
JIOJIATKOBOTO YCTaTKyBaHHS Ta BUPINIyBaTH crienudivHi nutanHs. Li
pOOOTH IPOBOMSTH 32 Y3TOKEHHSM 13 KEPIBHULITBOM Ta YKIIAJCHHIM
JIOJIATKOBUX JIOTOBOPIB 13 BIMOBITHUMHU OPraHi3aIlisiMH.

[TinOuBarouu miICyMKH €HEPreTUYHOTO aHaNli3y KOMIIPECOPHOT
CHUCTEMH, 3aMOBHUK OTPUMYE BIMIOBITHUN 3BIT, Y IKOMY 3a3HAuYCHI
pO3po0IIeHI eHepro30epekHi 3aX0/1, HaBEICHI Pe3yIbTaTH TEXHIKO-
€KOHOMIYHOTO aHaji3y e(EeKTUBHOCTI KOMIIPECOPHOI CHUCTEMH B
IOMY ¥ KO)KHOTO KOMIIOHEHTa OKPEMO, BUKOHAHUH TOPiBHAIBHHUN
aHali3 oOJIep)KaHUX pEe3yNbTaTiB Ta OOpaHi HOBI MPIOPUTETH U
MOCTaBJICHI 3aBJaHHS HA TOJAIbIIE 3HIKEHHS EHEPrOEMHOCTI
KOMITPECOPHOT CUCTEMHU.

[Ticnst oTprMaHHS 3BiTY €HEPrOKOPHCTYBAaY MOXKE CaMOCTIIHO
BUPIIIYBaTH Taki IpoodiemMu:

— BHU3HayaTH, SK CIIOXKHMBAETbCS EHEpPrii B KOMIIPECOPHIN
cucteMi, GOpPMYIIOBATH MPIOPUTETH B MEPETIKY €Hepro30epekHUX
pEeKOMEH1allii;

— TIOpPIBHIOBATU EHEProCHOKUBAaHHS Ha JaHOMY O00’€KTi 3
BEJIMYMHAMU CIIOKMBAHHS €HEprii Ha IHIIMX aHAJIOTIYHUX 00’ €KTax,
BU3HAYAIOUU B TaKMH cHoci0 00’€KT SK «mmoraHuil» abo «rapHUii»
CIIO’KMBaY €HEeprii;

— TIOKa3yBaTH HEOOXIAHICTh I1HBECTHIIH Isi mpuaOaHHsA I
OCBOEHHS HOBOT0, O1JIBIII €KOHOMIYHIIIOTO 00JIaJHAHHS;

— OOTIPYHTOBYBATH 3allpONIOHOBAHUN MPOEKT, SIKUM HEe OyB Ou
3aTBepKEHUH 0€3 MiATPUMKHU 30BHIIIHBOIO KOHCYJIbTAHTA.

2.4 AHani3 NOTOKIB eHeprii B KOMIPECOPHUX CHCTEMAX

Jl1st OliHIOBaHHS €HEPreTUYHOI €(PEeKTUBHOCTI KOMIIPECOPHUX
CHCTEM CIHMpAIOThCS Ha pPE3ylbTaTH BUMIPIOBAHb DPI3HUX IOTOKIB
eneprii. Lle MoxxyTh OyTH MepBHUHHI, BTOpUHHI a00 HaBITh TPETHHHI
BUIU eHepropecypciB. Po3pi3HSAIOTH BXifHI W BHXIJHI €HEPreTUYHI
HOTOKH.
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VY Oynb-SKHX KOMIIPECOPHUX CHCTEMax PO3PI3HSIOTH TOJIOBHE
Ta JonoMmixkHe oOnamHaHHA. 0 roJIOBHOro oOjagHAHHS Haae)KaTh
KOMIIPECOP Ta MPHUBOJHHNA JABUTYH, O JONOMIDXHOTO — IMPOMIXKHI Ta
KIHIIEBI OXOJI0/KYyBaYi, KOHJICHCATOPH, BUTIAPHUKHU Ta 1H.

2.4.1 Komnpecopna ycmanoska na 0a3i nOpPUIHE8020
Komnpecopa

Kommpecopna ycranoBka (puc. 2.1) ckiaJaeThCst 3 IOBITPSHOTO
JIBOCTYIIEHEBOT'O TIOPIIHEBOTO KOMIIpEecopa i3 MIKCTYIIEHEBUMH 1
KiHIICBUMH TEINIOOOMIHHUKAaMH Ta XOJIOAWIbHUKAMU.

A &K

§ 28| S
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Pucynok 2.1 — CxeMa KOMIIPECOPHOi YCTAaHOBKU:
KM — xommpecop; TM — Tenao00MiHHUK MiIXKCTYIICHEBHIA;,
TK — terutooOMIHHUK KiHIEBU; H — Hacoc; [P — rpaaupHs,
BT — BeHTHIIATOD

[{uniHApH  KOMIOPECOpPIB  OCHAIIEHI MOPOKHUHAMHU  JUIA
BOASIHOTO  OXOJIOMKEHHA. OXO0NomKyBaJlbHa BOJAa  LIMPKYIIOE
CHUCTEMOI0 OOOpPOTHOTO BOJOINOCTaYaHHS 31 CKUJAAHHAM TEIUIOTH Ha
BEHTWIALIHHINA rpagupHi. TemnepaTypy 0Xo0JI0KyBalbHOI BOJIU Ha
BXOJ1 Ta BHXOJl SIK 13 TEMJIOOOMIHHMKIB, TaK 1 3 TOPOXXHUH IS
BOJISTHOT'O OXOJIO/KEHHS 3 IMTIHIPIB O€pyTh OJTHAKOBOIO.
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BxigHumMu mOoTOKaMu B i CXeMi € EJIEeKTpUYHA CHEepri,
TEIUIOTa MOTOKY T'a3y Ha BXOA1 B KOMIIpecop. BuxigHumu nmotokamu €
TEIUIOTA, 110 BiABOAMTHCS BiJ] Ta3y B MIKCTYIIEHEBOMY Ta KIHIIEBOMY
TEIJIOOOMIHHHMKAX, 1 TEIJIOBTPATH KOMIIpEcopa.

Taka xKoMmpecopHa yCTaHOBKAa € KOMILIEKCOM MpPHJIAJiB, IO
3a0e3mnevye IUKII IePETBOPECHHS €HEPrii, B AKOMY KIJIbKICTh TETUIOTH,
10 BiAOMpPAaEThCA BiJl poOOYOro cepeqoBHIa B MIKCTYIIEHEBOMY Ta
KIHIIEBOMY TEIUIOOOMIHHMKAaX 1 YacTKa Terlia, sKa BIABOJUTHCS BiJ
ra3y BOJOIO, IO LHPKYJIIE Yepe3 TMOPOKHUHU JJIsi BOJSHOTO
OXOJIO/PKEHHSI KOMIIpecopa, JOPIBHIOE TMOTYKHOCTI MPHUBOJAHOTO
JIBUTYHA KOMIIpECOpa, 3a BHHATKOM BTpaT TeIla B TIPOIECi
CTUCHEeHHs. TakuM 4YMHOM, BHUMIpHUBIIM OyIb-iKi JBa 3 LHUX
KOMITOHEHTIB, MOXXHa po3paxyBaTu TperTid. Llum Mu He mume
BHU3HAUMMO 3arajibHy KiJIbKICTh CIIOXKHUTOI €Heprii, a il JIi3HaeMocs,
HACKLUTBKH JOOPE MpaIffoe CHCTEMA.

[nma cdepa gochimkeHHSs — 1€ TpaaudpHs  BOJSHOTO
OXOJIOJKEHHS. Y IIbOMY pa3l € JIOIUIbBHUM BHUMIPATH MapameTpu
OTOYYIOUOTO TOBITPA 1 MOBITPS, IO HATHITAE€THCS 3 BEPUIMHU
TpaJvpHi BOASHOTO OXOJIO/KEHHS, 3 yPaxXyBaHHSM IMOKa3aHb CyXOTo
1 3MOYEHOTO TEPMOMETPIB. SKIO0 TeMIepaTypa OXOJIOMKEHOI BOJIH,
10 MOBEPTAETHCS B KOHAEHCATOP, BIAPIZHAETHCS B TEMIIEpaTypH
OTOYYIOUOTO TIOBITPS 32 MOKA3aHHSIMHM 3MOYEHOT0 TEPMOMETpa B
Mexxax 2 °C, To nmns 6aratboX CHCTEM Il MOKAa3HUK iX BHCOKOI
epextuBHOCTI. [lOBITpS, 110 BXOAWTH Yy TpPAJUPHIO BOJSHOTO
OXOJIOJKEHHSI, MOBUHHE OyTH HacuueHMM npubiauzHo Ha 70-90 %.
Skmo HacWUYEHHS MEHINE 3a3HAYEHOTO, IIe CBITYUTH PO HAIMIPHY
MITYYHY BEHTHJIALIIO (SKIIO Taka iCHYE€) CTOCOBHO KiTBKOCTI BOAM,
sKa TIUISTae 0XO0JO/PKEHHI0, a00 Mpo Te, M0 TPaIUpPHS BOISHOTO
OXOJIO/KEHHSI MOTpedye PEeMOHTY, a caMme MOJEpHi3allii CUCTeMH
PO3NWICHHS BOJIW 1 MOBEPXOHB TeInIonepenadi. SIKIMo HacHYeHHS
MEPEeBHIIYE 3a3HAUYCHE, TO B TPAJAUPHIO BOASHOTO OXOJIOKEHHS
MOIAE€THCSI HEIOCTATHIHN MOTIK MOBITPS, KPIM BUMAKIB, KOJH BUCOKA
BOJIOTICTh € Pe3yIbTaTOM MiABUIIEHOT BOJIOTOCTI TOBKIJIISI.
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VY mpoueci aHasi3y NOTOKIB €HEPTii:

— BUMIPIOIOTBCS:  CNEKTPOEHEPTis, IO  CHOXHMBAETHCS
KOMIIPECOPOM, IMiJBUIIEHHS TEMIIEPAaTypH B IPOIIECi CTHCHEHHS;

— OWIHIOETHCS HOPMA BUTPATH OXOJIOUKYBAJIBHOI BOIM;

— PpO3paxOBYIOTHCS TEILJIOTA, BiABEJCHA B TEIUIOOOMIHHHMKAX 1
IIJTIHIpaX KOMIIPECOpa, BUTPATa OXOJOIKYBAIbHOI BOIH, PI3HUIL
TEMIIepaTyp, MUTOMA TETNIOEMHICTh, KOe(ilieHT €(EeKTUBHOCTI.

2.4.2 Ilapozenepysanvruit Komen

PosrnsiHemo maporeHepyBajibHUM  KOTEN, 300pakeHU Ha
pUCYHKY 2.2. YV 1poMy pa3i MOXKHA BUMIPSTH HE JIMILIE 3HAYCHHS
BUTpPATH TMajMBa, ajie W KUIBKICTh CIIOKHUTOI >KUBHIBHOI BOJIH,
BUpPOOJICHOT TapW, a TaKOoX IlapaMeTpu BHXIIHUX TaziB. Lla
iHpopMmarist mae BioMocTi Mpo e(eKTHBHICTH POOOTH KOTHA i
KUIBKICTB TIapH, a TAKOXK PO BTPATH.

BxigHuM#u mTOTOKaMU € TAIuBO, TOBITPS, KUBUJIbHA BOJA.
BuxigHumu moTokaMu € BUpOOJIeHa Mapa, BiAMpalboOBaHI Ta3H,
MIPOTyBaHHS, TETUIOBTPATH.
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Pucynok 2.2 — Cxema naporeHepyBajIbHOTO KOTJIa
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Ha pucuky 2.2 nmokazaHi pi3Hi BUMipIOBaHi1 €HEepreTUYHI TOTOKH
BCEpellMH1 KOTebHI. PO3riisHeMo, Ik MOYKHA aHATI3yBaTH Il MOTOKH
JUIs BU3HAYEHHS 1HIIUX apamMeTpiB.

[Toroxu BoaM 1 napu:

— BHMIPIOIOTBCS Mapa, X0JIOIHA )KUBUIIbHA BOJIA;

— OLHIOETHCS CKUAAHHS KOHJICHCATY;

— BHM3HAYAETHCS YACTKA 3BOPOTHOTO KOHJIEHCATY.

Enepronotoku:

— BHMIPIOIOTHCS BUTpATa MajiBa, BUPOOJICHA Mapa;

— OIIHIOKOTHCS TEIUIOB1 BTPaTH, BUKU/IH;

— BH3HAYAIOThCS €(QEKTUBHICTh CHATIOBAHHS, IHINI BTPATH
KOTJIa.

3aranpHUil 00’€M KXUBWIBHOI XOJOAHOT BOAM JOPIBHIOE CyMi
00’eMy rapsyoi BOAM, IO IEPETBOPIOETbCA Ha Mapy, Ta BTpaT
CHCTEMH, 3 SIKMX MOXHA BHJIUIMTH 3alUTAHOBAaHI BTPATH CHUCTEMHU
BIIOPCKYBAHHS MapH 1 HEKOHTPOJIOBAHI BTPATH, Taki K BUKUJAHHS U
BUTIKAHHA TMapu. HeBaXko OIIHUTH BTpaTH MiJ Yac CKHUIAHHS
(0OyMOBIIEHI THCKOM KOTJa, po3MipaMu TpyO [Uis CKHMJaHHA, iX
JOB)KMHOIO) 1, TAKUM YMHOM, BHU3HAYUTH CYMYy BCIX IHIIUX BTpaT
napu/koHneHcary. Lo  BeaMuMHy  MOXHa  TOPIBHATH 13
3allJJaHOBAaHMMH 1 HE3aIITAaHOBAaHUMH BTpaTaMH ISl BUSIBJIICHHS
MOYJIMBOCTI MOJINIIEHHS e(eKTUBHOCTI poboTu ycraHoBkH. Ille
OJIMH KOPUCHHY TMOKA3HUK €(PEKTUBHOCTI — 3HAYCHHS BTpAT MapH —
BH3HAUAIOTH SIK BIICOTOK 3arajibHOi KITBKOCTI BUPOOIEHOT Mapu.

AHaJOrI4YHO, SKIIO BUMIPSATH NOTIK HaluBa 1 KUIBKICTb
BUPOOJICHOI TNapu, MOXXHa HifpaxyBaTu (aKTUUYHY €(EeKTUBHICTh
KOTJIa 3a nepion 4acy. [IopiBHIOIOUHM I}0 BETUYMHY 3 pe3yjbTaTaMu
TECTy  TMpoOLeCy  CHaJlOBaHHSA  MalKWBa, MOXXHAa  BHUSIBUTHU
HEBIJNOBIIHICTh BEJIUYMH OJHA OAHIM a00 BUKOpHUCTATH KOXKHUI
Ha0ip JaHMX JJIS IEPeBipKU TOUYHOCTI IHIMUX BETUYHH. SIKII0 00uaBa
po3paxyHKH e(EeKTHBHOCTI BIJMOBIAIOTh OJWH OJHOMY, MOKHA
O0YMCINTH BTPATH 1032 MPOLECOM TOpIHHS, TakKi SIK BTPaTH yepe3
BUITPOMIHIOBAHHS 1 KOHBEKI110, BTPATH T11]] YaC CKUIaHHS KOHJEHCATY
Ta BTPATH KOPOTKUX IIUKIIB.
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2.4.3 Tennooominnuk

JoOpe i30/bOBaHM TEIUIOOOMIHHMK Ma€ HE3HAuHi BTpaTu
TEIla, TOMY Ha TPAKTUII KUIBKICTh TEIUIOBHX BTPAT Tapsdoro
MOTOKY, III0 HAIXOJUTh y TETNIOOOMIHHUK, TOPIBHIOE KIIBKOCTI MapH,
OTPUMAHOI XOJIOJIHUM TOTOKOM, SIKE€ BXOAHTH Y TEIUIOOOMiHHUK.
TakuM 4YMHOM, BUMIPIOIOYM KIJIBKICTh €HEprii, CIIOKUTOI 3 OJHOTO
MOTOKY piuHU a00 OJepKaHOT HUM, MOYKHA PO3paxyBaTH CHEPTilo,
OTPHMaHy IiHIIUM MOTOKOM piAMHU a00 TaKy, IO BiAOMpAETHCA 3
HBOrO. SIK BXigHI ¥ BUXiJHI MOTOKH MOXYTh BUKOPHCTOBYBATHCS
Oy/Ib-sIKI TETUIOHOCIT, HAIIPUKJIA]] BOJIA.

Slkmo TenaoOOMIHHMKM MAarTh 3HA4YHI TEIUIOBI BTpPATH,
HEOOXIJTHO MifpaxyBaTH iX 1 BU3HAYUTH, BPAXOBYIOUH KOHCTPYKIIIIO
Ter1I000MiHHHUKA, 111 BTPATH y BIAMOBITHOMY MOTOIII poO0YOoro Tina.

Ha pucyaky 2.3 300paxkena koH(irypamis THIIOBOTO
Kanopudepa, 10 BiIOMpae TEIIIOTY Mapy AJIs MiAIrpiBaHHS BOAU.
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Pucynok 2.3 — Cxema pyxy TeIJIOHOCIIB
y MTOBEPXHEBOMY TEIJIO0OOMIHHHUKY

BxigHuMu moTokamu € rapsda napa (mepei 0XOJIOJKEHHSIM),
X0JI0/1Ha Mapa (Tepesa HarpiBaHHAM), BUX1ITHUMHU [TOTOKaMH — rapsiua
napa (IiciIst 0XOJIOJKEHHS ), X0JI0HA napa (Ticist HarpiBaHHS).

VY 1mpoMy TpUKIIaNi BCTAHOBJICHHS HEIOPOTOro JIYHIBHHKA
XOJIOJJHOT BOJM Jla€ MOXJIMBICTh BUMIPIOBATH CHOXHBAHHSA BOJU U
eneprii.  CrnoxuBaHHS  BOJM  BHUMIPIOETBCS  JIUMIBHUKOM
Oe3mocepeslHbO, a EHEProclOoXMBAaHHS MOXKHA pPO3paxyBaTH sIK
KUIBKICTh BOJM, TIOMHOXKEHY Ha TEIUIOEMHICT 1 Ha 3MiHY
temrneparypu (TOOTO Temmeparypa MiJIrpitoi BOAM  MIHYC
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TEMIEpaTypa M01aBaHO1 XOJIOAHOI BOAN).

[{s BenmuuMHA MO3HAYA€ KUIBKICTh BUAUICHOI 3 MapH TEIUIOTH,
IO JOPIBHIOE CyMi MOTJIWHEHOI TEIUIOTH 3 BOIU 1 Oyab-sIKUX
MOBEPXHEBUX BTpaT Kasiopudepa:

— BUMIPIOETHCS KUTBKICTH XOJIOTHOT BOJIH;

— OIIHIOETBCS 3pPOCTaHHS TeMImeparypd (SK PI3HULS MK
KOHTPOJIBHOIO TEMIIEPATYPOIO 1 CEPEAHBOI0 TEMIIEPATYPOIO XOIOTHOL
BOJIN);

— BU3HAYAETHCS CHEPTis, OTJIMHEHA 3 TIAPH.

2.5 OuiHIOBaHHS €HePreTHYHOr0 MOTeHLiaxy
KOMIIPECOPHHUX CHCTEM

Komrmpecopu MOXyTh MpaiioBaTH Ha Pi3HUX peXUMax podoOTH
3aJISKHO BiJ] MOTpeOU Mepexi, sIKy BOHHU 3abe3nedyioTs. KepyBanHus
KOMIIPECOpaMH 3  €JIEKTPONPUBOJAAMHU  3JIHCHIOIOTH  YOTHpPMa
OCHOBHHUMH CIIOCOOaMH.

KepyBanus TUITY «BMUKAHHA - GUMUKAHHAY .
BHUKOpPHCTOBYIOTh B OCHOBHOMY Ui HEBEIHKUX IOPIITHEBUX
komrpecopiB. Komnpecop miiBHINye THUCK MOBITPS B CHCTEMi [0
NEBHOTO DIiBHS, a TOTIM 3YMHHAETHCS. KoM THCK 3HHKYETHCH,
KOMIIPECOP 3HOBY BMUKAEThHCH.

KepyBannss  tuny  «3  HaeammadiceHHam  —  0Oe3
Hasanmasxycenna». BUKOPUCTOBYIOTh M OLIBIIMX MOPIIHEBUX
KOMIIPECOPiB, y SKHX 4YacTi BMHKAHHS — BHUMHKaHHSI MOXYTh

MPU3BECTH 0 MOIIKOHKEHHS IBUTYHA. 3a CUTYallii, KOJH JOCATHYTO
33JJaHOTO PIBHS THCKY, CHPAllbOBYIOTHh KJIAIlaHH, IO JIO3BOJISIOTH
MOPIIHAM pyxaTHcs 0e3 MOJaBaHHS IO MPHUMATBLHOTO MPHUCTPOIO
CTHUCHEHOT'O MOBITPSL.

KepyBaHHsI TUIlY «3 nOGHUM HABAHMANCEHHAM — NOTOBUHOIO
Hasaumaycenna — 0e3 Hasanmaxcenna». lle oxpeMuii BUTIATOK
HABEJCHOTO BUIIE CIOCOO0Y KEpPyBaHHS, SKIIO ICHYE CTamis Mixk
MOJIOKEHHSMHA TTOBHOTO HaBaHTaXXEHHs 1 0€3 HhOro, B pasl SIKIIO
MeXaHi3M BUKOPHUCTOBYETHCS HAMIOJIOBUHY JUIS 3SMEHIIIEHHS KUTHKOCTI
MOBITPSI, 110 HOTO TIEPEKAYy€e KOMITPECOP.
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KepyBanus tuny «noene pezyniosannay. Lleit Meton 3a3Buyaid
BUKOPUCTOBYIOTh IIiJi 4ac pPOOOTHM pPOTOPHUX TIBUHTOBUX a00
TypOOKOMIIPECOPIB, BiH J/J03BOJIIE PETYIIOBATH KUIBKICTH TOBITPA
BIJMIOBIJHO /0 MONMTY Ha HBOIO. Y JESIKUX BUIAIKAX MOXKIUBO
JOCATTHU Jiana30Hy 3MEHIICHHS KUIBKOCTI MOBITPsI Y BigHOIIeHHI 3:1
a6o 4:1. 3a3Buuail Il MBOTO BUKOPUCTOBYIOTH PETYJIIOBAHHS
pobouoro 00’eMy IIIIHIAPIB, MIBUIKOCTI TBHHTA a00 TypOiHH, X0Ua
Ha JIeIKOMY YCTaTKyBaHHI 3aCTOCOBYIOTb JBUI'YHH 31 3MIHHOIO
mBuakicTio. [lpote 3aBxau y pas3i 3MEHIIEHHS HaBaHTAXCHHS
CIIOCTEPIraeThCsl 3HMKEHHSI €()eKTUBHOCTI YCTAHOBOK.

HeoOxigHO BpaxoByBaTH IIiJi dYac OI[IHIOBaHHS KUIBKOCTI
€JIEKTPOEHEPrii, CHOXKHUTOT KOMIIPECOPaAMH:

— HOMIHAJBHY HOTYXKHICTh nBUTYHA. [lOTYyXHiCTh 3a3BHUaii
3a3HayvaroTh Ha iH(GOpMalliiHINA TaOIUYIll JBUTYHA;

— Koe(]ilieHT cepeaHboro 3aBaHTaXKeHHs.  OIiHIOBaHHS
KoedillieHTa 3aBaHTaXCHHs, 3a3BUYai, 0a3yeThCs Ha BUMIpPIOBAHHI
yacy pobotu komnpecopa. J[aHi mpo TUIIOB1 HABAaHTAXKEHHS JIBUTYHA;

— piuHE BHMKOPHCTAHHS YCTaTKyBaHHS, L0 TIPYHTYEThCS Ha
KIJIBKOCTI 9acy, BIPOJOBXK SKOTO TOTpPIOHE CTHCHEHe moBitps /
OXOJIOJKYBaHHS.

PosrnsiHemo pexxum pobOTH MOBITPSHOTO KOMITPECOPA.

[TopmHeBuil MOBITPSAHUI KOMIpecop, L0 MOAA€ TMOBITPA 3
TUCKOM 7 6Oap, st 3a0e3neueHHsT HEeOoOX1IHOTO THCKY B CHUCTEMI
pO3MOAITYy CTHUCHEHOTO TMOBITPS Mpalioe 3a LHUKJIOM IOBHOTO
HAaBaHTaXXCHHS / TIOJOBMHM HaBaHTaKeHHs / 0e3 HaBaHTaKCHHS
(puc. 2.4). Eneproayautop BiAMiuae TPUBAIICTh POOOTH KOMITpecopa
3 PI3HOI0 MPOAYKTHUBHICTIO (IO BHU3HAYAETHCA 32 3BYKOM 1
MOKAa3HUKOM 3MiHHM THCKY MOBITPs) BIPOJOBK MPUOIU3HO ABAISATH
XBWJIMH B YMOBaX HOPMaJIbHOTO (YHKI[IOHYBaHHS 1 3aHOCHUTb JJaH1 /10
Tabmuup 2.112.2.

3 Tabnumi 2.2 GaunMo, SIK TIOAAHHS TOBITPSl W eNeKTpHYHa
HOTYXKHICTh 3MIHIOIOTBCS B PI3HUX peXHUMax poOOTH KomIpecopa. 3
BUKOPHUCTAHHSM LHX JQHHUX IPOBEACHUN pO3paXyHOK CEpEIHbOI
MOTY>KHOCT1 KOMITpecopa:
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n Ll .
i=1Ni Ti

_120-371+73-697 + 34115

= 84 kBr.

Lo+t T,

1183

Ta6mums 2.1 — [TapameTpu poOOTH MOBITPSHOTO KOMITpecopa

PiBennb Tpusanicrs BincoTok podoru
HABAHTAKEHHS podoru, ¢ Ha pexuMi
IToBHE 371 31
[TonoBuHa 697 59
bes HaBaHTa)keHHS 115 10
Pazom 1183 100
Tabmuus 2.2 — EHepreTuyni XapakTepUCTUKH poOOTH

MOBITPSHOTO KOMIIpecopa

PiBennb Horty:xkHicTb, IIpoaykTuBHICTD,
HABAHTAKEHHSI kBT m3/xB
IToBHe 120 2,345
ITonoBuna 73 1,116
be3 HaBaHTa)KEeHHs 34 0

IloBHE
HaBaHTaKEHHS

ITosnoBuHa
HaBaHTaAXCHHIA

Hynsose
HaBaHTAXXECHHS

HaBanTaskenns, kBt

Yac, rog

Pucynok 2.4 — I'padix pobotn KomMmpecopa
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Takum caMuM ctocoO0M MOKHA PO3PaxyBaTH CEPETHIO M01ady
noBiTps. [loTimM Ay BU3HAYEHHST PO3MIpy HOTO BUTOKIB, HAIIPHUKJIA/
qyepe3 HesKICHI UM HECIIPaBHI 3aCO0M TPAHCIIOPTYBaHHS, IF0 CEPEIHIO
1oJa4y MO)KHa IOPIBHATH i3 CYMOI HOMIHAJIBHOTO CIOXXHBAHHS
HOBITPS BCIM 33JiTHUM KOMIIPECOPHUM yCTaTKyBaHHSIM.

2.6 Bubip npioputeTHUX HANPsAMIB eHepro3depe:keHb

[IpiopuTeTHUMHU HampsSMaMH Ta 3aX0JaMHU E€HEpro30epeKeHHs
JUIl OCHOBHHUX Tajly3ei, Jie 3aCTOCOBYIOTh KOMIIPECOPHI CHCTEMH B
MaIIMHOOYAyBaHHI Ta METATI000POOJICHHI, Ta30Biid MTPOMHUCIOBOCTI,
€JIEKTPOEHEepPreTulli N KOMYHAJIbHO-KUTJIOBOMY TOCIOJAPCTBI €
Takumu [6].

Mawunoobyoyeanna i memanooopoodrenna. OCHOBHA MeTa
cTparerii eHeproz0epeKeHHs B MaIIMHOOY/TyBaHHI Ta
MeTaI000pO0IICHHI Ha EPCIIEKTUBHUIA Mep10/1 TOJISATAE Y MiABULIICHH]
YaCTKH BHUCOKOS()EKTUBHUX TEXHOJIOTI BHKOPHCTAHHS IajiBa Ta
eHeprii 3a paxyHOK YAOCKOHAJE€HHS Ta BIPOBAIKEHHS HOBHX
TEXHOJIOTTYHHUX MpOLECIB y BUPOOHUIITBI MPOYKIIIT
MalMHOOYAyBaHHS, 30KpeMa JIMBapHUX 1 TEPMIUHUX [edeid,
3BapIOBAJIBHOTO ¥ TrajlbBaHIYHOTO OOJaJHAaHHSA, METaJI000pOOHUX
arperariB TOILO.

JlocArHeHHsT CcTpaTeriyHoi METH E€Hepro30epekeHHs B raiysl
MOJJIMBE 3a PaxyHOK peaji3alii B pi3HUX BHUPOOHHYMX IPOLECAX
HUKY€ HaBEJACHUX MPIOPUTETHUX HAIPSMIB.

1 KommpecopHe rocnoapcTBo: 3aMiHa MOpaJIbHO Ta (i3UYHO
3aCTapiiuX  KOMIIPECOpiB  HAa  OLIBII  EHEePrOEKOHOMIYHI;
BIIPOBA/KCHHSI aBTOMATUYHHUX CUCTEM PETYJIIOBAaHHS BUTPAT Ta TUCKY
NOBITPS;  MIAITPIBAHHA  CTHUCHEHOTO  TOBITPS  BTOPUHHUMHU
enepropecypcamu Ha 30-50 °C mepen crio>KHBaHHSIM.

2 HarpiBanbHi Ta TepMiyHi Ieyi: OCHAIIEHHS HarpiBaJbHUX 1
TEPMIYHUX  TeYel  BHCOKOC(PEKTMBHUMHU  peKylepaTopamMu 3
migirpiBanasM ayttss g0 400-450 °C, cucreMaMu aBTOMATHYHOTO
pPETYJIIOBaHHS PEXWUMIB TOpIHHS TMajiliBa, BUCOKOE(HEKTUBHUMH
NaJIbHUKAaMH 3 MIUPOKKUM J11alla30HOM PETyIIOBAaHHS MPOAYKTUBHOCTI;
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BUKOPUCTAHHS PEIMPKYJALIl MPOAYKTIB 3TOpsSHHS B poOouoMy
MPOCTOPl CYIMIMJIBHUX TI€YEH; 3aMiHa TPATUIIHHUX TEXHOJOTIH
TEpMOOOpPOOIEHHST Ha HOBI NPOTPECHBHI TEXHOJIOTri (J1azepHi,
IUIa3MOBI, 3 BHUKOPHUCTaHHAM BHCOKOYAaCTOTHOI Ta IMIYJIbCHOI
IHAYKIil, OCHALICHHA TNe4ed TNPUCTPOSIMH OE30KHCHIOBAJIHLHOTO
HarpiBaHHs B KOHTPOJIbOBAaHOMY CEpEAOBUIIII TOLIO); BIIOCKOHAJIEHHS
ICHYIOUHMX TE€XHOJIOTii TepMOOOpOOIeHHS (ITiABUILIEHHS TEMIIEPATypH
Byriene3oaragyBanas a0 1 010 °C, BukopucTaHHS I[IEMEHTAIlii 3
Oe3nocepeiHIM 3arapTyBaHHSIM 3aMicTh JOAATKOBOT'O HAarpiBaHHS,
3aMiHa  IIEMEHTamii  HITPOIEMEHTali€l0  abo  a30TyBaHHSM,
3aCTOCYBAHHS BaKyyMHOI LIEMEHTAIil Ta I0HHOT'O a30TYBaHHS).

3 BuBezneHHs 3 eKCIUTyaTallil MOpPaJbHO Ta (Pi3MYHO 3acTapiiIX
€JIEKTPOCTAHLINA MIJNPUEMCTB Tajly3l 3 IEpeBOJOM iX Ha PEXUM
poOOTH KOTEITHHUX.

4 TlpoBeneHHs PEKOHCTPYKIi, yHidikamii Ta aBTOMaTH3aLii
KOTEJICHb: PEKOHCTPYKIisl KOTIIB 13 MepeBeIeHHsIM 1X 3 apOBOTO Ha
BOJIOTPIMHUI peXUM poOOTH; OCHAILIEHHS KOTJIIB peKylepaTropaMu Ta
ABTOMAaTHYHUMH CHCTEMaMHU KepyBaHHS PEKMMaMH TOpPiHHS MaJINBa;
PEKOHCTPYKIIisl KOTJIIB JUIs CHAJIOBaHHS TBEPAOro MaluBa Yy
HU3BKOTEMIIEPAaTypHOMY KHIUISIYOMY IHapi; MIiATOTOBKA BOAHM Ta
JOJIepKaHHS BOJTHOTO PEKUMY KOTJIIB.

5 BukopucrtaHHs TEIUIOBUX BTOPUHHUX E€HEPropecypciB
(Teruta BIAXIAHMX Tra3iB, (I3UYHOrO TEMJIa [UIAKy Ta HarpiTux
BHpPOOIB, TeMJ1a M’ SITOI apH 1 KOHAEHCATY TOILO).

T'azoea npomucnogicms. MeTOIO OCHOBHOI  cTpaterii
eHepro3oepexkeHHss B ra3oBid mpomucioBocti g0 2030 poky €
3HIKEHHS TEXHOJIOTIYHMX BHUTpPAT NPUPOAHOTO Tazy Ha ioro
TpancnoptyBaHHs 3 8,0-9,0 mo 4,0-5,0 % 3a paxyHOK BUKOPUCTAaHHS
HOBHX Ta30TypOiHHUX nepekauyBanbHuX arperartis 3 KKJI 35-36 %,
MIJBUIICHHS €HepreTMYHOl €()eKTHBHOCTI MPOILECIB NepepoOIeHHS
razy, a TaKOXX MWiABUINEHHS pIBHS yTWi3alii BiAXITHUX Ta3iB
KOMITPECOPHHUX CTaHII Ta BIPOBA/HKEHHS HA HUX MEPCHEKTHBHHUX
CXeM KoreHepallii TerIoBoi i eJIeKTPUUHOI eHeprii A1 aBTOHOMHOTO
eHepro3zabe3nedyeHHsl 3 OAHOYACHUM 3HM)KCHHSM BHUKHUIIB OKCH/IIB
a30Ty Ta BYTJIEKHUCIIOTO Tazy.
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Enepro3zaomna/ukeHHs 32 paXyHOK CKOPOYEHHS TEXHOJOTTYHUX
BUTpAT IiJ 4Yac TpaHCIOpTyBaHHSA Ta3sy Ha piBHI 2030 poky
cranoutume 11,0-12,0 mapa M3 3 ypaXyBaHHAM TpaH3UTY, 30KpeMa
CKOpOUEHHs BUTPAT Ha BJIACHEe CHOXKHBaHHS — 4,5-5,5 Mipa m>,

OcHoBHOi MeTH cTparerii eHepro3OepexeHHs B Ta30Bil
MIPOMHMCIIOBOCTI OyJie JOCATHYTO 3a YMOBH peaiizallii mpiopuTeTHUX
HaNpsMiB 32018 UKCHHS NTaJTUBA Ta CHEPTii.

1 IlimBuimeHHsI CTymeHs yTHII3amii Teria BiAXITHUX Ta3iB
KOMITPECOPHUX CTaHIii. Po3paxyHKu HOBOJAATH, M0 BUKOPUCTAHHS
TeIla BIAXIIHUX Tra3iB Ta30TypOIHHUX arperariB KOMIIPECOPHUX
CTaHIII} JaCTh MOMJIMBICTH WIOPiYHO eKoHOMHTH 1,5-2,0 mupa m°
MPUPOJIHOTO razy Ha Terio3ade3neueHHi pi3HUX CIOKHUBAYiB.

2 3aomaKeHHS BUTPAT ENEKTPUYHOI Ta TEIUIOBOI €Heprii B
npolecax mnepepoOJeHHs ra3oBOro KoHjaeHcary. Tak, 3MeHILIeHHs
MUTOMUX BUTpAT ENEKTPOEHEPrii Ha IepepoOTeHHs 8 MIpH M
npupoanoro razy y 2030 poui Ha 8,0-10,0 % nopiBusiHo 3 2000 poxom
3a0€3MeUnTh EKOHOMIIO eNeKTpUYHOi eHeprii o0’emom 13,8-
17,2 mui kBT - roz1, a 3HWKEHHS MUTOMUX BUTPAT TEIUIOBOI €HEprii Ha
nepepobseHHs Tiei camoi KiigbkocTi razy Ha 5,0—7,0 % Ha kiHeub
MPOTHO3HOTO Tepioay 3a0e3MeunTh EKOHOMIIO TeIJIOBOi eHeprii
po3mipom 8,8-12,2 tuc. I'kai.

3 CrBOopeHHS  Mepexi  MMapora3oBUX  YCTaHOBOK  JUISt
KOMOIHOBaHOTO BUPOOHUIITBA €JIEKTPUYHOI Ta TEIJIOBOI eHeprii (3a
HasBHOCTI  CIOXMBadiB). 3a  JaHUMU  YKpTpaHcrazy, B
ra3oTpaHCHOPTHIM  cucTeMi  YKpaiHM  MOXXHA  BIPOBAJUTH
apora3oBHil HUKI OuIbIIe HIK HA 40 KOMIIPECOPHUX CTAHLIAX.

4 BnpoBamxkenus I[1I'Y mo3sonuts minunmuta KKJI razoBoi
TypOiHu 10 43—45 % Ta 3HU3UTH WIKITMBI BUKUINA B aTMochepy.

5 3MeHIIEHHS  NUTOMUX  BHUTpaT  €JIEKTpOeHeprii  Ha
BUA00yBaHHs npupomHoro razy Ha 8,0-10,0 % 3abesmeunts Ha
KiHEI[b TMPOTHO3HOTO mepiogy exoHomito 25-30 muH kBT - rox
enexktpoerneprii mopiBHsHO 3 2000 pokoM 3a TEPCHEKTUBHOTO
Bun06yBanHs 30 Mipa M3 mpupogHOTO Ta3y.

6 BukopuctanHs  TypOOACTaHAEPHUX  YCTAHOBOK, IO
yTUII3yI0Th HajyumkoBuid Tuck razy Ha I'PC 1 I'PII Benmxux
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IPOMHCIIOBUX CITO’KMBAYiB Ta MariCTpaibHUX ra30MPOBOIIB.

7 BupoBamkeHHS ra3oTypOoiHHOT YCTaHOBKHU 3
TypOOKOMIIPECOPHUM  yTHIJII3aTOPOM  3aMICTh KOTJIa-yTUIi3aTopa
no3BoauTh miasumut KK razoBoi TypOinu 1o 43 %.

8 BukopucCTaHHsS MeTaHy BYTUIBHMX pPOJOBHUIN Ha 0a3i
CTBOpPCHHSI €()EKTUBHHMX CHCTEM WOro BigOOpy, 30EpeKeHHS Ta
OUMINEHHS. 3a monepenHiMu oliHBaHHAMH, 10 2030 poky po3mipu
BUKOPHCTaHHSA METaHy MOXKyTh CTAHOBUTH 3—5 Mipa M°.

9 Po3po0ieHHS 1 OCBO€HHS  MAaJOJeOITHHX  POIOBHIIL
(mo 10 wmupa M%), OKpeMHX pO3BiXyBadbHHX CBEPIIOBHH IS
3aJI0BOJICHHS MICIIEBUX €HEPTeTUYHHX IOTPEO PETiOHIB.

10 ITigBumeHHs e(heKTUBHOCTI pO3pOo0ICHHS
ra30KOHACHCATHUX POJOBHII 13 BHCOKMM IHTOMHM yMICTOM
KOHJCHCATy B IUIACTOBOMY Tra3i 3a paxyHOK YIPOBAKEHHS
NEepeioBUX  BTOPUHHHUX  €HEPro30epekHWX  TEXHOJIOTIH i3
HiATPUMaHHSM IJIACTOBOTO TUCKY: CAHKIIIHT-TIPOLIECY, 3aKauyBaHHS
OUTbII JIeNIEeBUX HEBYIJIEBOAHEBUX Ta3iB (a30Ty), KOMOIHYBaHHS
TEXHOJIOT1H 3aKauyBaHHs Pi/KH 1 rasis.

11 BnpoBamxeHHs OpraHi3aliiHO-TEXHIYHHUX 3aXOJIB 3
€Hepro30epekeHHs, TAKMX SK ONTHMi3aliss poOOTH KOMIIPECOPHUX
CTaHII{ IUISIXOM YIPOBAPKEHHS KOMII FOTEPHOTO TPOTPaMHOTO
3a0e3MeueHHs], J103BOJUTh 3a0MATUTH 110 3 % eHeproBUTpaT Ha
nepeKkavyBaHHsI rasy.

Enexmpoenepzemuxa. OCHOBHOIO CTPaTEriyHOI  METOIO
eHepro3OepekeHHs1 B CJIEKTPOEHEPreTUIll €  HacaMmIepesa
MOJIepHi3allis, PEKOHCTPYKIis Ta OHOBJEHHS ()i3MYHO 3HOLICHOTO
oOnagHaHHA, MIABUINCHHS €(PEKTUBHOCTI HOTO  eKCIuTyaTallii,
3MEHIICHHS MTUTOMHMX BUTPAT NaJIMBa HA BUPOOHULITBO EIEKTPHYUHOT 1
TEIUIOBOI ~ €Heprii, 3HWKEHHS BTpaT €Heprii B  Mepexkax
€HEepronocTayaHHs, BHUpIMIEHHS MNpPOOJIEeMU TMOKPUTTA 3MIHHUX
€JIIEKTPUYHUX HABAHTAXKCHb.

JloCSTHEHHIO 3a3HAYEHOI METH CIPUATUME peaii3allisi TaKuxX
3aXO0/liB:

1 TIpoBeneHHs MOMITUKH IIOI0 MOJIEPHI3aIlii Ta pEKOHCTPYKIIiT
MOPAJILHO 3aCTapijioro 1 (i3WYHO 3HOIICHOTO OO0JIaIHAHHS, a TAKOX
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HOT0 OHOBJICHHS.

2 IlimBumieHHs  €(PEKTUBHOCTI  €HEPrOBUKOPHUCTAHHS  3a
pPaxyHOK yIPOBAHKEHHS CyYaCHUX CXEM 1 CUCTEM €HEeprornoCTayaHHs.

3 BukopucrtaHHsg Cy4acHUX aBTOMAaTH30BaHUX CHUCTEM OOJIIKY
BUTPAT MaJIMBa, EIEKTPHUYHOI Ta TEIUIOBOI €Heprii.

4 VnpoBaJUKEHHS HOBHUX BHMCOKOEKOHOMIYHMX TEXHOJIOIH
BUPOOHHMIITBA €HEprii, 30KpemMa, Napora3oBUX EJIEKTPOCTAHLIH,
IpOIIECy CIANIOBAHHSA HU3bKOSKICHOIO NAJIMBA Y HUKIOHHHUX TOIKAX,
TOTKAX 3 KUTUITYMM [IaPOM TOLIO.

5 ByniBHUITBO HOBUX MaHEBPOBUX MOTY)KHOCTEH 1 JJOBEACHHS
iX  YacTKm y  CTPYKTypi  TEHEpYIUHX  IOTYKHOCTEH
o 18-20 %.

6 Bukopucranus BUCOKOC(EKTHBHHUX TEXHOJIOTI!
KoreHepariii, KoedimieHT KopucHoi aii skux Moxke pocsarta 80—90 %.

7 OnTumizalis CIiBBIIHOIICHHS CUCTEM IICHTPATI30BAaHOTO i
JELIEHTPAII30BaHOT0 TEIUIONOCTAYaHHS.

8 3ampoBa/pkeHHS ~ €(PEKTHBHOI  CHUCTEMH  YIIPaBIiHHS
€JIEKTPOCIIOKMBAHHAM, OPIEHTOBAHOT Ha CTUMYJIFOBAHHS CIIOKMBAYiB
JI0 y4acTi y BUPIBHIOBaHHI rpadika eleKTpUYHUX HaBaHTaKEHb.

9 BinbynoBa Ta MoJepHi3allisg MaJIHX T1IPOETEKTPOCTAHIIIH.

10 CrBopeHHS BJIACHOTO TAJMBHOTO LUKy JUII aTOMHHX
€JIeKTPOCTAHIIIN.

11 3HuKeHHs TEXHOJIOTIYHUX BTpAT €JIEKTPUYHOI eHeprii B
eJIEKTPUYHUX Mepexax 10 9-12 %.

Kumnogo-xkomynanvne 20cnooapcmaeo. OCHOBHOIO
CTpPATETIYHOI0 METOI0 €HEPro30epex eHHs B )KUTIOBO-KOMYHAIbHOMY
rocnofapcTBi Ykpainu Ha mepiog mo 2030 poky € TiIBUIIECHHS
e(eKTUBHOCTI BUKOPUCTAHHS MAJMBHO-EHEPreTUYHUX PECYpCiB 3a
pPaxyHOK Cy4YaCHHUX CXEM 1 CHUCTEM EHEprornocTadaHHs, MPUIAdiB i
HPUCTPOIB, SIKi BAKOPUCTOBYIOTH TEIJIO Ta €HEPTil0, 3HUKEHHS BTpAT
€HEProHOCIiB, U0 CIIPUATHUME OUIBII TOBHOMY 33/I0BOJIEHHIO MOMUTY
HaCeJICHHS Ha JKUTJIOB1, KOMYHaJIbHI Ta MOOYTOBI MOCIIYTH.

3 ormsAay Ha aHali3 OCHOBHUX IPUYMH HEPalloOHAIbHOIO
CHOXHMBAHHS TaJMBHO-CHEPreTHYHUX peCypciB, 3apyOiXKHOro Ta
BITUM3HSHOTO JIOCBIy MIOJO 3aO0IIa/DKEHHS TalWBa ¥ EHeprii,
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€Heproz0epekeHHsI B KHUTIOBO-KOMYHAJIbHOMY 1 MOOYTOBOMY
roCrojapcTBax Moke OyTH peani3oBaHe 3a TAaKUMH OCHOBHUMH
CTpaTeriYHUMHU HATIPSIMAMU:

1 BmpoBamxkeHHS CHCTEM 1 TPUCTPOIB OONIKYy BHTpaT
OPUPOJHOTO Ta3y, TemIoBOoi eHeprii ¥ Boau (YCTaHOBJICHHS
IHAWBIAyaTbHUX Ta OYAMHKOBHUX JIYMJIBHUKIB OOJIKY BHUTpAT
pecypciB).

2 IligBumieHHs €()EKTUBHOCTI TEIUIONOCTaYaHHS MOOYTOBUX
CTHOXHBAUiB: 00J1aIHaHHS OaraTonoBepXoBUX OYIWHKIB MOAYJIEHUMHU
KOTEJIbHUMU; 3HWKEHHS B MEpioj] HIYHOro Boao3adopy (3—5 ron)
TEMIIepaTypy rapsdoi BOIH, IO MOJAETHCS B KHUTIOBI OYIAMHKH, J10

35-45 °C; perynroBaHHs TeMIEpaTypd BOAU B LEHTPAIi30BAHMX
CHCTeMax 3aJIeKHO BiJ TeMIepaTypH TOBITPs, HaJlaroKyBaHHS
PEKUMIB TOpIHHA B ONATIOBAIBHUX KOTJIAaX KOMYHaJIbHUX Ta
IHAMBITyaTbHUX KOTEJICHB; CKOPOUYCHHS BTPAT TEIUIOBOI €Heprii Imij
yac ii TpaHCIOPTYBAHHS JI0 CIIOKMBAYiB 332 PaxXyHOK IOJIIMIICHHS
TETTO130JIAIT TETUIOMEPEIK; 3aMiHa OMATIOBAIBHUX KOTJIIB Ha OLIBIIT
€KOHOMIYHI; BUKOPHUCTaHHS ONAJIOBAIBHUX KOTJIB MOTY)KHOCTI, 11O
BiJITIOBiTa€ TETIOBOMY HaBaHTAXCHHIO; BUKOPUCTAHHS
aKyMYJIIOBAJIbHUX €JIEKTPOCHCTEM rapsyoro BOJOMOCTayaHHs TOLIO.

3 CKOpodYeHHs BTpAT TEILUIOBOI eHeprii B Oy JMHKAX i CIIOpy/Iax:
PEKOHCTPYKIIis Ta OyAIBHULITBO OyJUHKIB 3 YTEIUIEHHSM 30BHILIHIX
CTiH, TOpHII, BXOJIB 13 3aMIHOIO BIKOH Ta JBEpPEeH Ha CydacHi 3
BUCOKMMHU TETUIOI30JAIMHUMHU XapaKTePUCTUKAMH; BUKOPUCTAHHS
TEPMOPETYJIATOPIB 1 pEryII0BaIbHUX MPUCTPOIB.

4 TlinumieHHS €(QEeKTUBHOCTI BHKOPUCTAHHS  IMaTUBHUX
peCypciB 'y OKHUTJIOBOMY CEKTOpi: PpO3IIMPEHHS raszudikamii
BUCOKOTEMIIEPATyPHUX MPOIECIB y MOOYTOBUX CIIOKUBAYIB 13 METOIO
CKOpOUYECHHSI BUKOPHCTaHHS TBEPIMX BHJIB TATUBHUX PECYpCiB;
pO3LIMpEHHs  eJeKTpudikalii Mmpoluecy NpPUTOTYBaHHS 1TKi B
KHUTIOBOMY CEKTOPI.

5 IlinBumieHHA e(pEeKTUBHOCTI BUKOPHCTAHHS €JIEKTPOEHEepril
Ha OCBITJICHHS NMPUMIIIEHb OYJAMHKIB Ta 30BHIIIHE OCBITJIEHHS MICT 1
CeNUII MICBKOTO THUIY: BIOCKOHAJCHHA CTPYKTYPH JDKEpem
OCBITJICHHS JKUTJIOBUX, aJIMIHICTPATUBHO-TOCIIOAAPCHKUX OYJTUHKIB 1
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30BHIIIHBOTO OCBITJICHHS; TEPEXif] BiJ] 3arajJibHOTO OCBITJIICHHS O
MICIIEBOT0; BUKOPUCTAHHS LEHTPaJI130BaHUX cCHCTEM
TEJIEMEXaHIYHOTO Ta JUCTAHLIHHOTO KEPYyBaHHSAM BYJIUYHUM
OCBITJICHHSIM.

6 IlinBumieHHs eheKTUBHOCTI BUKOPUCTAHHS €NIEKTPOCHEPTii y
BOJIONIPOBITHO-KaHAJI3aIITHOMY TOCIIOJApCTBI: CKOPOYEHHS BTpAT
BOJM; KOMIUJIGKC 3aXOJiB 13 MiJBUINEHHS TEXHIYHOTO piBHSA
BOJIOTIPOBITHO-KAHAJI3aIITHOTO TOCIOIApCTBA; 3aMiHa 3HOIICHUX
JIBUTYHIB, ACHHXpPOHHMX — Ha cuHXpoHHI 3 BumuM KK]I,
BIIPOBQ/KCHHSI KOHTPOJBHMX TOYOK Yy 30HI OOCIyroBYBaHHS
HAaCOCHHMX CTaHIINd i 3MEHIICHHS 3allBOTO HANoOpy BOJH,
BIIPOBA/PKEHHSI PETYJIbOBAHOTO €JIEKTPOIPHUBOAA HACOCIB, PEMOHT 1
NOJINIIEHHS. TiAPaBIiYHUX XapaKTEPUCTHK TpyOOmpoBOAiB 3a
paxyHOK caHallii BHyTPIIIHBOI MOBEPXHI TPYOOIIPOBOIB TOIIO.

7 TlinBumieHHs eheKTUBHOCTI BUKOPHCTAHHS EJIEKTPOSHEPTii B
MICBKOMY TPAaHCIOPTi: JOIIJIbHE CIIBBIJHOIIEHHS BUAIB MICHKOTO
TPAaHCHOPTY; BAOCKOHAJICHHS PyXOMOTO CKJIIy; CTBOPEHHS CUCTEMHU
CEepBICHOI0 0OCIIYTOBYBAaHHS PyXOMOTO CKJIaJly, TOCTIHHUI KOHTPOJIb
3a HOro TEXHIYHUM CTaHOM, CBOEYACHUN PEMOHT; Oy11BHUIITBO HOBUX
1 PEKOHCTPYKISl CTapUX TATOBUX HiJCTaHIIN i3 TeJleKepyBaHHSM,
YIPOBAKECHHS OprasizaiiitHo-eKCIuTyaTalifHIX 3aX0/1B
(omTuMi3allis JOBXKWHU TEPErOHIB Ta PO3MIMIEHHS 3YMHUHOK
TPAaHCIOPTY, BUIYCK HA MIChKi MapumIpyTH OJHOTHITHOTO PYXOMOTO
CKJIaJy 3 ypaxyBaHHSIM MacaKUPOMOTOKIB TOILO).

8 IlinBumieHHs eheKTUBHOCTI BUKOPHCTAHHS EIEKTPOSHEPTii B
NoOyTOBUX E€JIEKTPOINPHIIAAX 32 PaXyHOK BHUKOPHCTAHHS CyYaCHHUX
TUMIB 13 TOMIMIIEHUMH eKCIUTyaTalliiHUMH Ta €HepreTUYHUMU
XapaKTepUCTHKAMHU.

9 Pekmama i1 mpomaraHia cepell HacelleHHS Ta IMOOYTOBHX
CHOXHBA4YiB BHUKOPHCTAHHS EHEPreTUYHUX IPUCTPOIB  HOBOTO
MOKOJIIHHSA 3 KPAIlUMH €KCILTyaTalliiHUMH XapaKTePUCTHKAMH.
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KoHTpoabHi nUTaHHSA

1  Emnepreruunuii ayaur. Moro mera, mpeamer Ta 06’ €xr.

2  3aBmaHHS EHEPTETHYHOIO ayIHTY.

3 Sk BigOyBaeTbCsl EHEPreTHMYHHN ayaUT IMPOMHUCIOBHX
MIITPUEMCTB Ta TOOYTOBUX 00’ EKTIB.

4 Ertanu eHeproayIMTHOTO OIIHIOBAaHHS KOMIIPECOPHHX
CHCTEM.

5  Amnaui3 NOTOKIB eHeprii B KOMIIPECOpHiil ycTaHOBIII Ha 0a3i
HOPIITHEBOTO KOMITPECOPA.

6 Amnaii3 MOTOKIB €Heprii B maporeHepyBaJIbHOMY KOTIII.

7 AHamni3 NOTOKIB €Heprii B TEIJI00OMIHHHUKY.

8 Cnocobu perynoBaHHS pOOOTH KOMIIPECOPHUX CHCTEM.

9 Bubip npIOPUTETHUX HAMPSAMIB EHEPro30epexeHb Y
MaIIMHOOYAyBaHHI Ta METAI000POOIICHHI.

10 Bubip mnpiopUTeTHUX HaINpsIMIB EHEPro30epekeHbp Yy
ra3oBiil MPOMHUCIOBOCTI.

11 Bubip npiopuTeTHUX HANpPsAMIB EHEProzoepexeHb B
€JIEKTPOCHEPIreTHIII.

12 Bubip mnpiOopUTETHUX HANpsMIB €HEpPro3oepexeHb Yy
KHUTIOBO-KOMYHaJIHbHOMY TOCTIOZAPCTB
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3 BTOPUHHI EHEPI'ETUYHI PECYPCH
TA IX 3ACTOCYBAHHSA B KOMIIPECOPHUX CUCTEMAX

3.1 3aranbHi BizomMoCTi Ipo BTOPUHHI eHepreTH4Hi pecypcu

Ha cporoani i B HaOIMK4iil MepCIIeKTHBI e OYAyTh iICHYBaTu
TEXHOJIOTIYHI TPOLIECH 3 MaTepiaibHUMH Ta EHepreTMYHUMHU
BiIXogaMH. Y TEXHOJOTIYHOMY TIPOIECi BUTPAYAETHCS TICBHA
KUIBKICTh TMaJIMBa, €ICKTPUYHOI 1 TerutoBoi eHeprii. Kpim Toro, cami
TEXHOJIOTIYHI ~ TPOIECH MPOXOIATh 13  BHIUICHHSM  PI3HUX
EHEPreTUYHUX PECypCiB — TEIJIOHOCIIB, TOPIOUUX MPOIYKTIB, Ta3iB i
piovH 13 HAaUIMIIKOBUM TUCKOM. OjHaK HE BCSA L CHEPTiA
BUKOPHCTOBYETbCS B TEXHOJIOTTUHOMY TMpolleci abo arperari; Taki
HEBUKOPUCTOBYBaHI B TIpoOIeCi (arperarti) €HEpreTHdHi BiAXOIU
Ha3UBaIOTh BTOPUHHUMH €HEPreTUUHUMU PECypCcaMu.

KibKICTh BTOPUHHUX €HEPreTUYHUX PECYpPCIB, YTBOPIOBAHUX
Ii/1 Yac IUX MPOLIECIB, TOCUTh BeJIMKa. TOMY KOpHUCHE X BUKOPHCTaHHS
— OJMH 13 HaMBaXIMBIIIMX HANpSMKIB E€KOHOMII E€HEpPreTHYHUX
pecypciB. YTuiizanis [UX pecypciB MOB’s3aHa 3 IEBHUMHU BUTpaTaMH,
30KpemMa i KaliTalbHUMH, TOMY BUHUKAa€ HEOOX1THICTh EKOHOMIYHOTO
OIIIHIOBAHHS JIOIILHOCTI TaKO1 YTHIII3aLlii.

ITin BEP po3ymitoTh eHepreTMyHuii HOTEHIian HpOoAYKIIii,
BiJIXO/IiB, TOOIYHHUX 1 MPOMINKHHUX MPOIYKTIB, 110 YTBOPIOIOTHCS Mif
yac TEXHOJIOTIYHHMX IPOLECIB, B arperarax i yCTaHOBKax, SIKHH He
BUKOPUCTOBYETHCS B CAMOMY arperari, aje Moxke OyTH 4acTKoBO abo
MOBHICTIO BUKOPUCTAHUN Ui €HEPro30epe’KeHHs 1HIIMX arperaris
(mporteciB). TepMiH «eHEpPreTMUHUI MOTEHIaT» TYT HEOOXiTHO
PO3YMITH B IIMPOKOMY CEHCl, BIH O3HAYa€ HAsIBHICTh MIEBHOTO 3a1acy
€Heprii — XiMIYHO 3B’S3aHOTO Teruia, (Pi3NYHOro TeIuIa, MOTeHIIIaIbHOT
eHeprii HaJJIMIIKOBOrO THUCKY 1 Hamopy, KIHETUYHOI eHeprii Ta iH.
XiMIYHO 3B’s3aHE TEIUIO MPOAYKTIB MaJUBONEPEPOOHUX YCTaHOBOK
1o BEP He Hanexwurs.

BEP npomucioBOCTI MOAUISIOTh HA TPH OCHOBHI TPYIIH:

— TOpIOUl;
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— TEIUIOBI;

— HaJJIUIIKOBOIO TUCKY.

TI'oprwui (nanueni) BEP — 1e XiMidyHa €HeEpris BiIXOIiB
TEXHOJIOTTYHHX MPOIECIB XIMIYHOTO 1 TEPMOXIMIYHOTO ITepepOOICHHS
CUPOBHUHH, a caMe:

— moOIYHI TOpIOYl Ta3W IUIABWIBHHMX Te4Yel (JOMEHHHH Tras,
KOJIOIIHUKOBHIA, a3 IMIaXTHUX Teueil 1 BarpaHOK, KOHBEPTOPHUI ra3
i1T.1H.);

— TOpIOYi BIAXOAHM TPOIECIB XIMIYHOTO 1 TEPMOXIMIYHOTO
nepepoOJeHHs]  BYIJIENEBOI  CHUPOBHHHM  (CHHTE3,  BiJIXOJH
€JIEKTPOAHOTO BUPOOHUIITBA, TOPIOYi Ta3u MPU OTPUMAHHI BHXiTHOT
CHPOBHHHM JJIS IJIACTMAC, KAYYYKY i T. iH.);

— TBepAli ¥ piAKi TaJIMBHI BiIXOMW, HE BUKOPHCTOBYBaHI
(HempuIaTHI) ISl OJAIBIIIOT0 TEXHOJIOTTYHOTO IepepoOICHHS;

— BIAXOAM JEPEBOOOPOOIICHHS, YTy IEII0I03HO-TIAIEPOBOTO
BUPOOHMIITBA.

['optoui BEP BHKOpUCTOBYIOTH B OCHOBHOMY $IK MajJHBO 1
HE3HAYHOI KUIBKICTIO (mpubau3Ho 5 %) Ha HenmaiuBHI MOTpeOHU
(mepeBaXKHO SIK CHPOBUHA).

Tennogi BEP — 11e Teruio BiJIX1AHUX Ta3iB MiJ] 4ac CHATIOBaHHS
MaJIMBa, TETUIO BOIU 200 MOBITPS, BUKOPUCTAHUX JIJISI OXOJIOKCHHS
TEXHOJIOTIYHHX arperaTiB 1 yCTaHOBOK, TEIJIO BiAXO/1B BUPOOHUIITBA,
HAIPUKIIAJ] rapsiuux METaTypriiHUX IIJIaKiB.

OpnHuM 13 1yXe MepCreKTUBHUX HAMPSIMiB BUKOPUCTAHHS TEIUIa
c1aboHarpiTHUX BOJI € 3aCTOCYBAHHSI TaK 3BaHMX TEIIJIOBUX HACOCIB, 10
MPALIOIOTh 32 THM CaMUM MPUHIIMIIOM, IO # KOMIIPECOPHHUIA arperaT
y MOOYTOBOMY XOJIOAMJIBHUKY. TeriaoBuil Hacoc BiAOMpae TEIIo Bij
CKUIHOI BOJIM Ta aKyMyJIO€ TEIUIOBY EHEprilo 3a TemrepaTypu
6sm3bko 90 °C, IHIIMMHU CJIOBAMH, 1 €HEpris CTa€ MPUAATHOIO IS
BUKOPHUCTAHHS B CUCTEMAaX OMaJIeHHS 1 BEHTHIIALLII.

Heo0xigHo 3a3Ha4MTH, IO TTOKH III¢ BEJIMKA KIJIBKICTh TEIIOBOT
€Heprii BTPAYaEeThCsl MPU TaK 3BAHOMY «CKHJIAaHHI» MPOMHCIOBUX
CTIUHUX BOJ, IO MarTh Temmeparypy 40—60 °C i Oinmpme, mig gac
BiJIBEJICHHS TUMOBUX Ta3iB i3 TeMmeparyporo 200-300 °C, a Takox y
BEHTWIALIIMHUX CUCTEMax MPOMHUCIOBUX 1 TPOMAaJICBKUX OyIliBElb,
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TBaPUHHUIIPKUX KOMIUICKCIB (TEMIIEpaTypa MoBITPs, [0 BUAATSETHCS
3 X TIpUMiIeHb, He MeHIa Hixk 20-25 °C).

Oco06mmBO 3HauYHI OOCSTH TEMJIOBUX BTOPUHHHX DPECypCiB y
YOpHIA MeTanyprii, B ra3oiii, HadTonepepoOHil Ta HadTOXIMIUHII
MIPOMHUCIIOBOCTSIX.

BEP naonuwko6ozo mucky (Hanopy) — 1ie IOTEHIlIAIbHA CHEPTis
ra3iB, PiIMH 1 CHITy4YHX TiJI, III0 Ha BUXOJIl 3 TEXHOJIOTIYHUX arperariB
MarOTh HAJUTMIIIKOBUI TUCK (HArip), SKU HEOOX1THO 3HIKYBATH TIEpe]
HACTYITHUM €TarioM BUKOPHCTAaHHS IUX PiJHH, ra3iB, CUIy4UX TLT a00
M1/ Yac CKUAaHHS iX B aTMocdepy, BOJIOWMHU, EMHOCTI Ta 1HIII TpUiMayi.
Cro X BiTHOCSATH HAUTUIIIKOBY KIHETUYHY €HEPTiIO.

BropuHHI eHepreTHuHi pecypcd HaJUIMIIKOBOTO  THUCKY
MEPETBOPIOIOTHCS HAa MEXaHIYHY €Hepriro, ska abo Oe3mocepeIHbO
BUKOPDUCTOBYETbCS JUIs TMPUBOJA MeEXaHi3MiB 1 MamuH, abo
MIEPETBOPIOETHCS HA EIICKTPUYHY SHEPTIIO.

[IpuknamoM 3acTOCyBaHHS LUX pecypciB  Moxe OyTu
BUKOPUCTAHHS  HAJJIMIIKOBOTO  THUCKY JIOMCHHOTO Ta3y B
yTUII3alifHUX ~ Oe3KOMIIpecOpHUX TypOiHax Juis BHPOOHUIITBA
€JIEKTPUYHOI eHeprii.

Koxuuit Bug BEP wmae pi3Hi BiacTuBOCTi, HaBeleHI B
tabmumi 3.1.

Tabmuus 3.1 — 3aragpHa XapakTepUCTUKAa BTOPUHHHUX
€HEepreTUYHUX PecypciB

Ne Pisnosn BEP -Xap.aKTevpncTnKa,
mnop. KiJIbKiCHMI apameTp
1 2 3

1 BinBinHi roprodi razu
KOKCOBUX 1 JOMEHHUX II€UEii:

a) KOKCOBUM ra3 — IPOJIyKT QP =1760-1800 K"Hgfc/M3

BHUITAJIIOBAHHS KOKCY B Ckuan rasy: CO2 = 2-4 %,

KOKCOBHUX II€YaXx, CO =6-8 %, Hy = 55—
62 %,
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[Tponossxenns Tabmumi 3.1

2

3

0) TOMEHHUI ra3 — NoOIYHUI
IPOJYKT TOMEHHOT'O
BUPOOHUIITBA, BUXOJUTh y

KOKCY;

B) (pepOCIIaBHUI ra3 —
BUIUJIABIISIHHS (DepOCIIaBiB B
€JIEKTpOIeyax;

BinBinHi roproyi razu
niaAnpueMcTB HaQTOBOT
IIPOMUCIIOBOCTI.

BinBiani rapsuai ra3u
IIPOMMCIIOBHX IIE€YEH.
HarpiTa oxonomxeHa Boja i

IIPOMMCIIOBUX IIE€YEH

pe3yabTaTi HEMOBHOTO 3TOPSHHS

Iapa BUIIapHOT'O OXOJO/PKCHHS

CHj = 24-28 %, etninen,
npominex ta iH. = 2-3 %,
N2 = 2-3 %,

02 =0,4-0,8 %,
ryctuna — 0,4-0,55 K2/,
Bubyxonebe3neunuii
P =3350-4610 xJoc/m®

Cknan razsy:
CO2 =10-12,5 %;
CO = 28,5-30,5 %;

H2=1,5-3,8 %;
N2 = 58-59,5 %;
02 =0,1-0,2 %j;

rycruna — 1,28-1,3 Ke/m°.
Teopetnuna Temneparypa
ropiansg — 1430-1500 °C,
s cnamoBanHag 1 Mbx
ra3zy TEOpEeTUIHO
He0OX1IHa KIJIBKICTh
kucHo 0,19 M,

E = 11300 x/forc/m®.
Cxuag razy: CO = 85 %,
H2 =4 %, N2 =5,6 %,
02=1%, CO2=3%,
cipkoBoaeHs = 0,4 %.
BHCOKOTOKCUYHUM,
BUOyXOHeOe3neyHut ras
Q;, =41840-
62760 xdoc/m®

t, . =500-1000 °C,

t, ,=95°C
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[Tponossxenns Tabmumi 3.1

1 2 3

Temno, M0 BUAIIIETHCS tyipg > 1000 °C
pO3IUIaBJICHUMU METAJIAMH,
KOKCOM 1 IIIJTAKAMH
MIPOMHUCJIOBUX MEYEH

2 | Iapsui rasu, mo BIAXOASTD t,.  =350-600 °C,
13 IBUT'YHIB BHYTPIIIHBOTO
3TOPSIHHSL.
Harpita oxonoxyBaibHa Boja, ty s <100°C

10 BiIXOJUTh 3 JIBUTYHIB
BHYTPIIIHBOTO 3TOPSIHHS

3 | Toproui TBepai ¥ piaki BiAXoau

BUPOOHUITBA!

a) BiAMpalboBaHa BUPOOHNYA P, , =0,13-0,15 Mlla,
napa;

0) BTOpMHHA BUPOOHHUYA Mapa; P, . =0,1 Mlla,

B) KOHJICHCAT TapH, 1110 te » <100 °C,

BUKOPUCTOBYETHCS TSI
HarpiBaJIbHUX IIUIEH (Tapsya
3JIMBHA BOJIA);

T') BHYTPINTHI TETUIOBWIUICHHS Y t, . <100 °C
BUPOOHMYMX MPUMIILIEHHIX

4 | 3nuBHA 320pyaHEHA BOJA t, 5 <50°C

5 | BHyTpiuHi TerIoBUAIICHHS t, + <100 °C
MIPOMHUCIIOBHX MPHUMIIIICHb

6 | 3nmBHa Harpita Boja t, 5 <100 °C

MIPOMUCJIOBUX arperaris
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3 BropuHHI eHepreTHyHI pecypcH Ta iX 3aCTOCYBaHHS B KOMIIPECOPHUX CHCTEMax

3.2 3acTocyBaHHSI BTOPHHHUX €HEPreTHYHHUX pecypciB
Y IPOMUCJI0BOCTI

BropuHHI eHepreTuyH1 pecypcu MOKHa BUKOPUCTOBYBATH ISt
3aJI0BOJICHHSI MOTpeO y mayimBi Ta eHeprii abo 6e3mocepenHbo (6e3
3MIHU BHJIB €HEProCHCTEMH), a00 IUIAXOM BHUPOOHHUIITBA TEIUIA,
eJIeKTPOCHEPrii, XOJNOMy Ta MEXaHIYHOI C€Heprii B yTUIi3alliiHUX
ycTaHoBKax.  bimpmricts  roprounx ~ BEP  BHKOpHCTOBYIOTH
0e3mocepeIHbO y BUTJISI MAJIMBA, OJHAK JIESKl 3 HUX BUMArarTh
CHEIiaIbHUX yTUTI3aliHHAX YCTaHOBOK. besnocepennbo
3aCTOCOBYIOTH TakoX JAeski terwioBi BEP (mampukian, rapsdy Boxy
CUCTEM OXOJIO/KCHHSI OITAJICHHS).

Po3pi3HsOTh  Taki  OCHOBHI  HampsiMd  BUKOPUCTAHHS
crioxuBayamu BEP:

— TajuBHE — 0€3M0CEePeIHBO SIK MAJTUBO;

— TerioBe — 0e3MoCcepeIHbO K TEIIo a00 BUPOOJICHHS Teria
B YTUJII3allIMHUX YCTaHOBKAX;

— CWJIOBE — BUKOPUCTaHHS €JEKTPUYHOI abo MeXaHI4HOl
eHeprii, o BupooseTses 3 BEP B yrumizaniiHux ycTaHOBKax;

— KOMOiIHOBaHe — TEIUIOBA i eleKTpruHa (MeXaHI4Ha) eHepris,
oJ1HO4acHO BUpoOsseThes 3 BEP B yrumizaniiHux ycTaHOBKax.

PosrnsHeMo Aesiki mMpUKIIagy CXEMHUX PillleHb A yTUii3arii
TETUIOBUX CKH/IaHb KOMITPECOPHOI YCTaHOBKH.

VYTunmizaniiiHa cxema, MpU3HAueHa Uil TOTped rapsyoro
BOJIONIOCTaYaHHs, 300paxkeHa Ha pucyHKy 3.1. Bona mnependauae
ycTaHOBJIEHH TeroyTuiizaTopis 7VM 1 TVK napanenbHo 6a30BUM
oxonomxyBauaM razy IM ta TK. PosnonineHHs —rasy,
OXOJIOJUKYBAHOTO  TEMJIOOOMIHHMKAMHM, 3/1MCHIOETBCS  METOJOM
BIIMOBIIHOTO BIUIMBY Ha BeHtwii PBI, PB2, PB3 ta PB4.
CepenoBullle CMOXHBa4a HArpiBa€ThCs B TEIUIOYTHUII3ATOpax Bif
TeMneparypH tig 10 typ.

YTumizamiiiHa cxema sl ONAMIOBAIBHUX TMOTpe0d Mmia dac
BUKOPUCTaHHSA SK TeIJIoHocis Boau  (puc. 3.2) MICTHTh
teroytuiizaropu TVM ta TVK, mo He 3a0e3MedyroTh MOBHOTO
BIJIBEJICHHSI TEIUIOTH OXOJIOJKYBAaHOT0 ra3zy. Tomy BUHUKae morpeda
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BCTAHOBJICHHS Ha OOBITHIN JiHIT TOJATKOBUX OXOJOMKyBauiB T/1 i
T/12. 3a3Ha4eHOMY CXEMHOMY DIIlICHHIO BiJIITOBIJIa€ yMOBA ty, > ts.

2N 1o cnoxusaya
TYMJ;: e 3 8000npoeody
A 74

TYK

PB3

4 *
PB4 TK 5

13. Lo epadupHi

- .
o 3 epadupHi

Pucynok 3.1 — Cxema pekyneparlii TemjaoTu
KOMITPECOPHOT YCTAaHOBKH JIJIS IOTPEO rapsaoro BOAOMOCTAYaHHS:
KM — xommpecop; TM — Tena000MiHHUK MIXKCTYIIEHEBHIA;

TK — Tems1000MIHHHK KIHIIEBHIA;

TYM — TennoyTuiizaTop MiXKCTyII€HEBUH;

TVK — tennoyTuiizaTop KiHUEeBui; PB — peryntoBaibHi BEHTHII

Jlns oniHioBaHHS BUXOXy 1 BUkopuctanHs BEP 3actocoByroTh
TaKi NOKa3HUKH:

1) Buxig BEP (Qg,y) — kimbkicte BEP, 1m0 yTBOprOIOTHCS B
nporeci BUPOOHHUIITBA Yy JaHOMY TEXHOJIOTIYHOMY arperari 3a
OJTMHHMIIIO Yacy;

2) BUpOOHMITBO eHeprii 3a paxyHok BEP (Q) — kimbkicTb
eHeprii, oTpuMyBaHoi B pa3i BukopuctanHs BEP B yrumizamiiiniit
ycraHoBLi. BupoOiieHHs eHeprii BiIpi3HSE€TbCA BiJ ii BUXOJYy Ha
BEJIMYMHY BTpAT TEIUIa B YTHII3aliiHINA ycTaHOBIN. PO3pi3HAIOTH
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MOYKJIMBE, EKOHOMIYHO JIOIJIbHE, TUIAHOBaHE 1 (pakTHyHEe BUPOOICHHS
eHeprii;

3) BukopuctanHss BEP — KijbKicTh BHUKOPHCTOBYBAaHOi B
CIIOXKMBAYIB €Heprii, 1o BUPOOIsAeThCA 3a paxyHok BEP B
YTUTI3aIifHUX YCTaHOBKAX;

4) exonomito manuBa (B) 3a paxyHok BEP — KinbkicTh

NEPBUHHOTO TAJMBA, 36KOHOMJICHOTO B pE3yJbTaTi BUKOPUCTAHHS
BEP.

2n Boda do cucmemu onaneHHs

AY

Booda i3 cucmemu onaneHHs
n

13 Lo epadupHi
A8 3 epadupHi
>

Pucynok 3.2 — Cxema pekyrieparii TerioT
KOMITPECOPHOI YCTaHOBKHU ISl ONATIOBAILHUX TIOTPEO:
KM — xommipecop; TM — TenmooOMiIHHUK MIXKCTYTICHEBUH;
TK — Tem1o00MIiHHMK KIHIIEBHUI;
TVYM — TennoyTuinizatop MiKCTYTIEHEBUM;
TVK — tennoyTuiizaTop KiHIIEBUH;
M1, T/]2 — Terio0OMIHHUKH TOMATKOB1; PB — perynoBalibHI BEHTHI

Cmyninb euxopucmannsa BEP — 1ie TOKa3HUK, IO SBJSE
c00010 BiTHOLICHHA (HaKTUYHOTO (IUIAHOBAHOTO) BUPOOJCHHS [0
Buxony BEP:
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QBHX.

[Toka3HUK BUKOPHCTOBYETHCS, SKIIO HEMae OOMEXKEHb 3a
KIHIIEBUM TEMIIEpPaTypHUM TOTEHIIAJIOM, HANpHUKIA] MiJx dYac
OXOJIO/KCHHS HarpiBaJIbHUX IEYeH.

K{

Koeghivienm ymunizayii — e BiTHOIEHHS KiJIbKOCTI TEIJIOTH,
Ky OTPUMY€ KOTEJI-yTHIII3aTOp, 10 TeIljla MajJuBa, CIaJIeHOro B IeYi:

a
y _ “mut
K5 = ,

CIBI/IX

I€ Qe — MTATOME BHPOOJICHHS Mapu KOTJIOM yTHIII3aTopoMm Ha 1 m
BUILIaBIIeHOT craii (MBm/m);

(sux — TUTOMAa BHTpaTa YMOBHOTO MaivBa Ha | m BUIUIABIEHOI
crani (m y. n./m).

KoedimieHT MOXXHa  3aCTOCOBYBAaTHM  JUId  HOpPIBHSIHHA
BukopuctanHs BEP B 0HOTHUTIHUX 3a KOHCTPYKIIIEO 1 TEXHOJIOTIEI0
arperatax. CkiaiHi ¥ pi3HOMaHITHI IpoLiecH (HaIIpUKJIIad, XapaKTepHi
JUIsl KOJBOPOBOI METallyprii) HEe MOXKHA XapaKTepu3yBaTH TaKUM
MOKa3HUKOM.

Iloka3nuk euxopucmanna BEP — 11 BiTHOIIEHHS (aKTUYHOTO
BUpOOIeHHs Teruta Ha 6a31i BEP 1o moxnuBoro:

_Y
Qs
[Tin uac 1uUIaHYBaHHS MAJIMBOCIOXHBAHHSA 3aCTOCOBYIOTH
Koeghiyienm ymunizayii — 1€ BiTHOIIEHHS (HAKTUYHOI (TJIAHOBAHOT)
ekoHoMii manuBa B, 3a paxyHok BEP 1o MoxmBoi (a6o ekoHOMiuHO
JIOLIIBHOT) By:

K3

=)

y

KZZB—
B
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3 BropuHHI eHepreTHyHI pecypcH Ta iX 3aCTOCYBaHHS B KOMIIPECOPHUX CHCTEMax

Koedghivienm 6UPOOIeHHA enepeii  Ha 00UHUUIO
nepepooneanozo mamepiaiy, BU3SHA4a€THCS 32 GOPMYIIO0

y__ Y

K=
5 )
Apur - N

ne N — IpoxyKTHBHICTE arperara, m/pix.

BuxigHoro iHQopMaIiiero a1 po3paxyHKy BUXOY 1 MOXKIJIHBOTO
BukopuctanHs BEP e:

— TEIUIOBI Ta MaTepiajibHi OaJaHCH OCHOBHOTO TEXHOJIOTIYHOTO
00nagHaHHS;

— 00cAT BUITYCKY IPOJAYKIIT B aHAII30BaHOMY TIE€PiO/Ii;

— 3BITHHI €HEpreTUYHUH OalaHC MiIIPUEMCTBA;

— TEXHIKO-€KOHOMIYHI  XapakTEepPUCTUKH  TEXHOJOTTYHHUX
arperartiB, €HEPreTUYHHUX Ta YTUITI3AiMHAX YCTaHOBOK;

— MJaHU BIOPOBA/KEHHS HOBOI TEXHOJOII 1 HOBOIO
o0Ja/iHaHHA Ha MEPCIEKTUBY.

VY pe3ynbTaTi aHaJi3y BCIX IMX MaTepiajiB yCTaHOBIIOIOTH BUIH
BEP 1 ix mnoteHuian; BuUABIAIOTH arperaTtd, BEP skux MoxyTb
BXOJIMTH JI0 €HEPreTUYHOro OanaHcy MiANPHEMCTBA a00 BUKOPUCTaHI1
11032 UM TiAPHEMCTBOM; BU3HAYAIOTh 32 KOXXHUM arperaToM BUXiJl
BEP; po3paxoByt0Th BEIMYNHY MOKIMBOI0, EKOHOMIYHO JIOLIJIEHOTO
1 IUTAaHOBAaHOTO BHUpPOOJEHHS eHeprii 3 KoxHoro Buay BEP;
BU3HAYaIOTh BEJIUYMHU (AKTUUYHOTO BHUPOOJIEHHA M (aKTHUHOTO
BukopuctanHs BEP, a Takox MOXIMBOrO Ta IUIAHOBAHOIO
BUKOPHUCTaHHA Bcix BuAiB BEP.

Buxin BEP 3amexuTh Bil YWHHUKIB 1 pEXUMYy poOOTH
TEXHOJIOTIYHOT YCTaHOBKM (arperata). Y 3arajlbHOMY BHIQJKY
noboBuit (1 ce3onnuit) Buxig BEP xapakrepusyerbcs 3HAYHOIO
HEpIBHOMIpHICTIO. ToMy pO3pi3HAIOTh MOKAa3HUKH MUTOMOTO Ta
3aranpHOTO BUX0oay BEP — makcumanbumii, cepenHii 1 MiHIMaTbHUAN
(rapanToBaHUil), K y JOOOBOMY, TaK 1 B CE30HHOMY po3pi3i. Y Oyb-
skomy Bumanky yrtwrizainii BEP edexTuBHICT X BHKOpHUCTaHHS
JIOCATAETHCSI EKOHOMIEI0 TIEPBUHHOTO MaluBa 1 3a0e3MeuyeThes 3a
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pPaxyHOK Li€l eKOHOMIi BUTpAT Ha BUIOOYBaHHS, TPAHCIIOPTYBAHHS 1
po3noain mnanmuBa (eHeprii). ToMy BakiuBa ymoBa €KOHOMIYHOT
epextuBHOocTi BEP — mpaBuibHe BH3HAYCHHS BHIY Ta KIUJIBKOCTI
najuBa, 36KOHOMJICHOTO TiJ] Yac iX yTuii3ariii.

ExoHoMis manuBa 3aeXuTh BiJ HAPSIMKY BUKkopuctanus BEP
1 CXeM INajluBO- Ta EHEProlnocTayaHHs MiAOpueMcTBa. Y pasi
TEIJIOBOTO HAmpsMKY BHKopucTaHHS BEP exkonomis mnanuBa
BHU3HAUYAETHCS UIIXOM 31CTaBICHHS KUIBKOCTI TeIl1a, OTPUMAHOTO Bij
BukopuctanHs BEP, 3 TexHIKO-eKOHOMIYHMMH TOKa3HHKaMU
BUPOOJICHHS Ti€l caMOi KUIBKOCTI M TMX CaMHX IapaMeTpiB TeIlia B
OCHOBHHMX EHEPIeTUYHMX YCTAHOBKaX. Y pa3i CHJIOBOTO HAIPSIMKY
Bukopuctanus BEP BupoOnenHs enexrpoeneprii (abo mexaHidHOL
eHeprii) 3iCTaBIAETbCA 3 BUTPATaAMU TajMBa HA BHPOOJICHHS
enekTpoeHeprii (a0  MexaHiYHOI  eHeprii) B  OCHOBHHX
€HEeproyCcTaHOBKaXx.

ITix yac BU3HaUYEHHS €KOHOMIYHOT €()eKTUBHOCTI BHKOPUCTAHHS
BEP nopiBHIOIOTh BapiaHTH €HEPronocTayaHHs, 110 33J0BOJIbHSIIOThH
noTpedu JaHOro BUPOOHMIITBA B YCIX BHJAX €HEprii 3 ypaxyBaHHSAM
BukopuctanHga BEP, 3a10BosibHAIOTH Ti cami noTpedu i 6e3 oOmiky
BUKOpucTanHsg BEP.

OCHOBHMMM NTOKa3HUKAMH MOPIBHAHHOCTI IUX BAapiaHTIB €:

— CTBOPEHHS ONTUMAJIbHUX (J1s1 KOXKHOT'O 3 BapiaHTIB) yMOB iX
peaizaiii;

— 3a0e3MevyeHHs OJJHAKOBOT HAIIHOCTI eHepro30epeKeHHs;

— JIOCSITHEHHS HEOOXIAHMX CaHITAPHO-TITI€EHIYHUX YMOB 1
Oe3mneku mpaili;

— HaWMeHIe 3a0py/THeHHSI TOBK1JIIA.

3.3 Excepreru4Huil NOTEHUIAJ MOTOKY i1€aJbHOI0 ra3y

[Toustrst «excepeian BBIB 'y 1958 poui 3irmynn Pant. Bin
BU3HAYMB 11 K TEpPMOJMHAMIUHUI €KBIBAJIEHT pi3HUX (opM
ereprii [11]. ITepeayMoBOI0O HEOOXIAHOCTI BBEACHHS I[LOTO MOHSTTS
Oynmu oOMexeHHs, siki HakianaB Il 3akoH TepMOAMHAMIKH, 1, K
HACJII0K, aCUMETPIsl IEPETBOPEHHS EHEPTi.
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VY 3B’s3Ky 3 MM 3’ SBJISETHCA HOBE (opMyimroBaHHs | 3akoHy
TEPMOJIMHAMIKH:

E + A = const,

ne E — excepris, /i,
A — anepris, /.

Jlis cTaHy cUCTeMHM Ha MOYaTKy Ta B KiHLI IIpoliecy piBHAHHA |
3aKOHY TePMOJIUHAMIKH Ma€ BHUTJIST

E1+A1=E2 +A2

B ycix 000poTHHX MpoIecax eKceprisi € BEIHMYHMHOI CTaJOk0
(E = const), T0OOTO BOHA MOBHICTIO MEPEXOJWTh B IHIIMHA BHI, Y
HEOOOPOTHHX TPOIIecax eKCeprisi He BTPAYa€eThCsI, a TIEPETBOPIOETHCS
Ha aHeprito (£ — A). To6To B HEOOOPOTHUX TpOIEcax aHEPTisl SABISE
c000I0 BTpATH, M0 MAIOTh MiCIIE B IPOLIEC] ITEPETBOPEHHS EKCEPTii:

E, =E, + A

Exceprist JOBKULIS JOPIBHIOE HYITIO.

Exceprist Mae BaxJIMBe TEXHIYHE 3HAUEHHs, OCKIJIBKU JUI BCiX
€HepreTUYHUX MAIlUH IMOTpiOHAa HE eHepris, a JMIe KOpPHUCHA ii
qacTHHA — eKcepris. Exceprist MiCTUTbCS Y BUKOITHOMY Ta SJEPHOMY
MaJMBI1, a TAKOXK B €KOJIOTTYHUX JDKEpesax eHeprii (Hamip BOAM, MOTIK
BITPY).

Excepris Mmoxxe OyTu ABOX BUJIIB:

— eKcepris, 110 He XapakTepusyerbcs eHTpomieio (EN = E,
A = 0): mexaHI4Ha, eJIeKTpUYHA, XIMIYHAa;

— eKCepris, 10 XapakTepusyerbcs eHrpomieio (EN = E + A):
eKCeprisi pe4YoBMHH B 3aMKHEHOMY O00’€Mi, €KCeprisi IMOTOKY
PEYOBHHH, €KCEPTisl MOTOKY €HEPTii.
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Exceprist mOTOKY pe4OBHHU BU3HAYAETHCS 3 TaKO1 (hOPMYJIH:
E =E? + E*N + EPH + E°H,

ne EP — norenuianbha excepris;

EXN _ xinetnuna excepris;

EPH _ (isuuna ekceprii, IO CKJIaJaeTbcsd 3 TepMiuHOi Ta
MEXaHIYHOI YaCTHH;

ECH XiMiYHA EKCepris, IO CKJIAJA€ThCs 3 PpEeakKIiiHOl Ta
KOHIICHTPALIHHOT YaCTHH.

Takox B eKkceprii MOTOKY PEUYOBUHU MOXKYTh OYTH JIOJaTKOBI
CKJIAOBI.

Exceprist mOoTOKy eHeprii CKJIagaeThCsi 3 €KCeprii TeIrIoBOro
MOTOKY Ta eKCeprii MOTOKY BUIIPOMiHIOBaHHS.

Jnst mporieciB €HepromnepeTBOPeHb €KCeprisi € MaKCUMaJIbHO
MOYJIMBOKO KOPHUCHOIO POOOTOI0, BUKOHAHOIO JIESIKOI0 PEUOBHHOIO,
sKa 3a XIMIYHAM CKJIaJOM BIiJIpi3HSETHCSA Bif MOBKILIL (U # uﬂ),
BHU3HAUYAETHCS 3a TeMIepaTypd M THUCKY, L0 BIAPI3HSIOTHCS BiJ
aHANOTiYHUX XapakTepucTuk noBkimaa (P # By, T # Tj), AKumo 1o
pobouy peuoBHHY 000POTHO MEPEBECTH 3 MoYaTKoBOro cTany (U, P, T)
B KiHIIEBHI, 1110 Iepe0yBa€ B piBHOBA31 3 JOBKIJUIAM (,un, P, Tﬂ).

Jnst BCix BHIIB €Kceprii, 10 XapaKTepU3YIOThCS E€HTPOIIIEIO,
PO3paxyHKOBHIA BUpa3 Oye MaTu BUTJIS]T

dE = dH® — T, - dS + dEq, Jix.

AHaznoriuHuM Oyne Bupa3 Ais OUTOMOI ekceprii, /owc/xe,
BIJTHECEHOT 10 OJUHMUI MACH:

de = dh® — T - ds + de,,.
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Exceprito peuoBMHM B 3aMKHEHOMY 00’emi (puc. 3.3 a)
BU3HAYAEMO TAKHM YHHOM:

Ey, =M - e, BT,
Jie e, — TUTOMa €KCEePTisi pEYOBUHU B 3aMKHEHOMY 00’ eMi, /{oic/ke,
ey, = (u—uﬂ)—Tﬂ-(s—sa)+Pﬂ-(v—vﬂ).

Exceprito MaTepiaJlbHOTO TIOTOKY, a00 TIOTOKY pPEYOBHHHU
(puc. 3.3 6), Bm, Bu3Ha4aeMo 3a GOpMyJI0L0:

E=M-e. (3.2)

VY npomy pasi

dE = dH® — T, - dS, (Ey ~ 0),

2 2

E=m- (h—hﬂ)+%+g-(z—zﬂ) -

—Ta-m-(s—sﬂ).

W2
e:(h_hl-l.c)_TH.c'(S_SH.c)+_+g'Z'

2
P \__/
A P T,
1 m— Wz, m—
b, A
a) 0)

Pucynok 3.3 — Exceprist pe4oBUHH B 3aMKHEHOMY 00’ €eMi (a)
Ta MaTepiaTbHOTO TOTOKY (0)
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Excepriro notoky ifeanbHoro rasy (puc. 3.4), Bm, Bu3Ha4aeMo
3a popmyioro (3.1), a Ti 3MiHY 3aITUCYEMO Y BUTJISII:

El_EZZm'Ae.

P, T, P, T,
= =
m m

Pucynok 3.4 — Exceprist mOTOKY i/1€aJIbHOTO Ta3y

[Tutomy ekceprito B LbOMY pa3l BH3HAYaEMO 3a TaKuX
IIPUIYILEHb:

dh = C,dT,
TdS = dh — vdp, ; = de = dh — T, - ds,
pv = RT
de = c,dT - T, (¢, T - R-T). (3.2)

3a e; = 0 piBHsAHHA (3.2) Mac BUTTIAN
e=t, (T=1) =Ty (& mI-R-inf). (33
3a Ae = e; — e, piBHsAHHA (3.2) Mae BUTIISAL
~ ~ T. P
Ae=¢,-(Ty—T,) — Ty~ (c,, I -R- lnp—:). (3.4)

Hns cymimi igeanpHux rasziB y ¢dopmymax (3.3) ta (3.4)

. . . o o X7t
HeO6X1HHO BHUKOHATU Takl M1 ICTaAaHOBKHU Cp = CpcyM = L )
Heym

R, _ 83144

R=R y,=—"7= y
oM Heym IRSRN'S,
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3.4 ExcepreTnynuii mnoTeHUiaj NOTOKY HECTUCIUBOI PiTUHI

Excepriro moToky HecTHCIUBOI pinuHu (puc. 3.5) BU3HAYAEMO
3a ¢opmyoro (3.1), a 1i 3miny — 3a hopmysioro (3.2).

Pucynok 3.5 — Exceprist OTOKY HECTHUCIUBOI piTUHU

[Tutomy exceprito B LbOMY pa3l BH3HAYaeEMO 3a TaKuX
IIPUIYILEHb:

STTTTT 'i>de=dh T, ds,
dh = dq + vgdp
~ dp . AT
de = ¢pdT + o (IR - (3.5)
3a e, = 0 piBuAHHA (3.5) Ma€ BUIIIAN
P-P
e =0 (T—Ty)+ ATy & In—.
Pr Ty

3a Ae = e; — e, piBHsHHA (3.5) Mae BUrIISII

P =P

Aey =& (Ty — Ty) + — Ty G- ln

2
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3.5 ExcepreTH4HHii MOTEHIiaJl NOTOKY
NaJIMBHUX BTOPMHHHMX €HePreTHYHHUX pecypciB

Exceprito nmotoky termmotu Eq Bu3Hagaemo 3a popMyInoro

HemneperBoproBaHy 4acTUHY €HEprii TEIUIOBOTO TOTOKY
BH3HA4YaeMo 3a piBHAHHAM [ 101 — CTomonu:

Y  nmudepenmianpHOMy BUTIAAl  piBHsSHHA (3.6) micns
MiJICTAHOBKH B HBOTO (3.7) Oye MaTu BUTIIAL

dE, =dQ — T, - ds. (3.8)

3Mminy ekceprii B mpoueci 1-2 BupaxarTs 3 (3.8) y Takomy
BUTJISIIL:

Eg, ,=Q12—T,- (s2 — s1).
BianosigHo nutoMa ekceprist 0y/ie JOpIBHIOBATH
g, = qi—2 — Ty~ (s2 — s1).

Jnsa BUKIIOYEHHS 3 po3paxyHKy AS YBOIATH E€KCEPreTHUYHY
temneparypny ¢yskiito (pakrop Kapno):

: dQ

dE —(1 T”‘) dQ
Q~ T Q.
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3 BropuHHI eHepreTHyHI pecypcH Ta iX 3aCTOCYBaHHS B KOMIIPECOPHUX CHCTEMax

—q-
TI

ne T — cepenHst TeMIepaTypa GiIbII HArPITOTO CEepelOBUINA, B
EQ = Tex* Q

Exceprito mpomenucroro (pamiamiiHOro) IOTOKY, Bm,
BHU3HAYAIOTh 32 POPMYIIOIO

El'lpOM = €npom * F.
BinamosigHO muTOMa €KCepris, Bm/m?, JIOPIBHIOE

(10) (0

(
|
““'C"'{_é.i.(T) (LY
3 100 ([\100 100

ne ay = 0,6-0,95 — cTyniHb YOPHOTH MOBEPXHi;
Co = 5,67 Bml(m? - K*) — xoedillieHT BUMIPOMiHIOBaHHS a6COFOTHO
YOPHOT'O Tija.

4

?
)

XiMIYHY €KCEpTril0 BUKOITHOTO TMajIlBa Y TBEPAOMY YU PIIKOMY
CTaHI BM3Ha4yarOTh 3a ¢opmynor (3.9), B rasomoxibHoMy — 3a
dopmyoro (3.10):

E. = Epi,q = Guan " €ras (3.9)
Eras = Vas " €ras- (3.10)

BinnoBigHO MUTOMI eKceprii BUKOMMHOIO MaJliBa y TBEPIOMY YU
piIKOMYy CTaHi BU3HA4YaroTh 3a Gpopmyioro (3.11), B razonoaioHoMy —
3a ¢opmytoro (3.12):

er = €pig = Upan * QF = Apan - [Qf + 0,025 - (OH? + WP)], (3.11)
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€raz = dra3 QI(-:I = Ora3° [HU + (hras - ha) - TA ) (Sras - S;[)]' (312)

1€ Apay = 1,05-1,08 — nnst Byrius;
Quan = 0,975 — myist pigkoro manusa;
Qras = 0,95 — i ra3omoiOHOTO MANKBA.

HynboBa ekceprisi — 1€ KOHIICHTpaIliifHa YacTHHA XiMIYHOT
eKceprii:

Eozm'eo.

HynpoBa ekceprisi moB’si3aHa 3 YCTaHOBJICHHSIM PIBHOCTI
XIMIYHUX MTOTEHITIAJIiB M)k BiAMOBITHUMH KOMIIOHCHTAMH PCUYOBUHH
Ta JOBKimA (; = (U;) ;.

TakuM 4MHOM HYJIBOBA €KCEprisi — 1€ KIIBKICTh pOOOTH, SKY
MOYKHa OJIepKaTd B 0OOPOTHOMY IPOLieci BCTAHOBJICHHS PIBHOBaru
KOMITOHCHTIB PEYOBWHH 3 BIAMOBITHUMH KOMIIOHCHTAMHU JOBKULIS
npu B, 1 T,.

Jlns ra3oBuX cyminie (oBiTps), A€ KOMIOHEHTHU epedyBaloOTh
HE Y BUIJISIII XIMIYHHUX CIIONYK, a Y BUIbHOMY CTaHi, IHTOMa HYJIbOBa
eKceprist 0y/ie JOpIBHIOBATH

e =Ty" ZR ln—

j=1

ze 77 — MoJibHa (06’ €MHa) YacTKa J-ro KOMIOHEHTA B CyMIlli.

3.6 CxyiajaHHsl CTPYKTYPHHX CX€M OCHOBHHMX €HEpPronoToKiB

EneproneperBoproBaibHl  CUCTEMU TMOAUISIIOTE Ha  TPH
Kareropii, Ans KOXHOI 3 SKUX BH3HAYAIOTh I[TOKA3HUKH
eHeproe(eKTUBHOCTI.

[lepmry kareropito BU3HAYAIOTh OJHUM MOTOKOM MPOIYKTY, a
BXIJIHI ¥ BUX1JHI TOTOKH HE XapaKTepu3yrThes enTporiero (EN = E,
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3 BropuHHI eHepreTHyHI pecypcH Ta iX 3aCTOCYBaHHS B KOMIIPECOPHUX CHCTEMax

A = 0). Harmpuxuaz, 10 nepioi Kareropii eHepronepeTBoproBaAIbHUX
CHCTEM HaJIC)KaTh €JICKTPOABUTYH Ta Hacoc (puc. 3.6).

3a MOKAa3HHUK, 110 BU3HAYAE EKCEPreTHUHY e(EeKTHBHICTh TaKOl
cucremu, Oepyth edektuBHuid KKJI[, skt 0o0YHMCIIOIOTH 32
dbopmyioro

‘h‘r{{f _@ E.mtr Nmu;_@ hrumn
- —-— - —

-

N.r.rum =it 'ﬁp
a) 0)

Pucynok 3.6 — [Ipukiiagn eHepronepeTBOPIOBATBHUX CUCTEM
HepuIoi KaTeropii: a) eJIeKTPOJABUTYH; 0) HacoC

Jpyry Kareropiro BH3HAYalOTh OJHUM IOTOKOM IPOJYKTY, a
BUXIJIHI MOTOKHM XapakTepusyrorbcs eHTpomieto (EN = E + A, Ha
BXOJl MOTIK Oynp-skoi ¢opmu eneprii). Hampuknan, no npyroi
KaTeropii €HEepPronepeTBOPIOBATEHUX CHCTEM HaJIeXKaTh
TEIUIOTeHEPaTOp Ta MapOKOMITPECiiHIIA TeIoBuii Hacoc (puc. 3.7).

Iw —1 2w  Iw 12w
1e Iy | 12
‘»\\\ 2 VA
la_| -7 er_|

r TH

a) 0)

Pucynok 3.7 — [Ipukiaan eHepronepeTBOPIOBATEHUX CUCTEM
Jpyroi KaTeropii: a) TerioreHepaTop; 0) mapoKOMIpeciiHu
TEIUIOBUN HACOC
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3a MOKAa3HHUK, 110 BU3HAYAE EKCEPreTHUHY e(EeKTHBHICTh TaKOl
CHUCTEMHU OEpyTh CyMapHHH KOEQIIIEHT NEPETBOPEHHS a00 KOKHOTO
KOMITOHEHTa OKPEMO, SIKUI pO3paxoByIOTh 3a (OPMYIIaMu:

— JIA TEILIOr€HEpaTOpa

ne = COPrr = COPy = —QW,
Qr

eIl = AEW.

ex El" )

— 1A HapOKOMHpeCiﬁHOFO TCIIJIOBOI'O HACcoCa

Qw
NE.II'

COPTH =

COPE; = COPrgc - COPygy - COPy,

el = _Aw :
¥ = Ney + AE,

Tpetto kareropito BH3HA4YalOTh JABOMa (TPbOMA) MOTOKAMHU
OpOAYyKTYy, TOOTO B mpoleci BigOyBaeTbcsd KOreHepaiis ado
TpUreHepallis, a BXiJHI i BUXi/JHI MOTOKU Oyab-SKO1 (hOpMHU €Heprii.
Hampuknan, 1o TpeTboi KkaTeropii HajexaTb «Tra30TypOiHHUHN
JIBUTYH + KOTeJ-yTuiizarop» (puc. 3.8).

i
124\\ 2 3
N T —
== Iw | [ 2w
Ky
N,
I'Tq =

Pucynox 3.8 — Ilpuknan eHepromnepeTBOPIOBAILHOI CHCTEMHU
TPeThOi Kareropii
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3 BropuHHI eHepreTHyHI pecypcH Ta iX 3aCTOCYBaHHS B KOMIIPECOPHUX CHCTEMax

3a MOKAa3HHUK, 110 BU3HAYAE EKCEPreTHUHY e(EeKTHBHICTh TaKOl
CHUCTEMH, SIK 1 IJis APyroi kareropii, 6epyTb cyMapHui KOeQilieHT
NEPETBOPEHHS, SIKU pO3PaXxoOBYIOTh 3a (OPMYIIOIO

Ne + Qw

Ne = COPT[‘ = COPX =
Qr

Ne + Qw
Eox = Q—F

KonTpoJbHi nuTanus

1 BropuHHi eHepreTHdHi pecypcH. X Bumy.

2 BnacTuBOCTI BTOPUHHUX €HEPTETUYHHUX PECYPCIB.

3 Pexymneparis TeTI0OTH KOMIIPECOPHOI YCTAaHOBKH IS TOTPEO
rapsi4oro BOJI0IOCTa4aHHs.

4 Pexkynepaiiss TEIUIOTH KOMIIPECOPHOI YCTAaHOBKHM IS
ONaJIOBaJIbHUX NOTPED.

5 Iloka3HMKH, 110 BU3HAYalOTh €(EKTUBHICTh 3aCTOCYBaHHS
BTOPUHHUX €HEPreTUYHHUX PECYpCiB.

6 Ilomstrst exceprii. HympoBa excepris. ®opmymm mist il
PO3paxyHKYy.

7 EkcepreTuyHuil MOTEHINAN MTOTOKY 1/1€aJTbHOTO Ta3y.

8 ExcepreTnuHuil moTeHLial NOTOKY HECTUCIHUBOT PIAHHU.

9 ExkcepreTMYHWi TMOTEHIIAT MOTOKY MAJIWBHUX BTOPUHHHX
€HEepreTUYHUX PECYpPCiB.

10 Kareropii eHepromnepeTBoproBaIbHUX cucTeM. CKITalaHHs
CTPYKTYPHHUX CXEM OCHOBHHMX €HEPromoTOKIB /Ul NEepIIOi KaTeropii.

11 Kareropii eneproneperBoproBaibHUX cucteM. CKiIaJaHHS
CTPYKTYPHHUX CXEM OCHOBHHMX €HEProIOTOKIB Ul APYroi KaTeropii.

12 Kareropii enepromnepeTBoproBaIbHUX cucTeM. CKiamaHHSI
CTPYKTYPHHUX CXeM OCHOBHHMX €HEProNOTOKIB /Ul TPEThOi KaTeropii.
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4 EHEPTETUYHHUM AHAJII3 KOMIIPECOPHUX CUCTEM
4.1 ®akTopy panioHAJIBbHOI0 TEIIONOCTAYAHHS

OcHOBHHI MOTEHITIaT eHeproe()eKTUBHOCTI Ta
€HEeproouaHoCTI  Npunazae Ha  ePEeKTUBHE BUKOPUCTAHHS
eHepropecypciB. OgHUM 13 HaWOLIBII EHEPrOEMHUX CIIO)KHUBAYiB
EHEPropecypciB € CHCTeMH IICHTPATi30BaHOTO Ta ABTOHOMHOTO
tertonocrayanHsa. Lli HaliBaxnuBimi iHQpPacTpyKTypHI 00 €KTH
HACEJICHUX IYHKTIB, MICT 1 IPOMHCIOBUX MiITPUEMCTB 320€31eIyI0Th
TEIJIOBOIO €HEPTIE€I0 K BiJl TEIIOCICKTPOLICHTpaIeH (KoreHepartis),
TaK 1 KOTEJIeHb, TETUIOBUX HacociB, [1/IE Ta iHmmx mxepern eHeprii.

CucreMu UEHTPATI30BAaHOTO TEIJIONOCTAYaHHS € OJHUM 3
e(PeKTUBHHUX 1 TEPCICKTHBHUX CIOCOOIB 3a0€3MEYCHHS TEIJIOBOIO
EHEpTi€l0 HACeJCHHS Ta IHIIUX CIOKMBAYiB TEIUIOBOI €Heprii B
KpaiHax 13 MepexiJHOI0 €KOHOMIKOIO Ta €BpONENWChKUX KpaiHax. Lle
00yMOBJIEHO TAKUMHU OCHOBHUMH HOT0 OCOOJIMBOCTSAMHU:

— BIJICYTHICTB 3QJIEKHOCTI BiJ] OJTHOTO BH]ly MaJIUBa, OCOOJIUBO
HIPUPOHOTO rasy;

— MOXJIMBICTh KOMOIHOBAHOTO BHUPOOJIEHHS TEIJIOBOI Ta
€JIEKTPUYHOI eHeprii;

— BHUKOPHCTaHHS SK T[aJWBa IOHOBJIIOBAaHHUX  JDKEpPEN
(biomanuBa), CMITTA Ta IHIIUX TBEPAUX MOOYTOBUX BIJIXOJIiB, & TAKOXK
TEIUIOBOT €Heprii CTIYHUX BOJ;

— IIAPOKOMACIHITaA0HE BUKOPUCTAHHS COHSYHOI €Heprii st
rapsIoro BOJOMOCTAYaHHS Ta OTAJICHHS,

— BUPOOHMIITBO TEIUIOBOI €Heprii 3a HaMEHIINX BHUKHUIIB B
atMmocdepy;

— aKyMyJIOBaHHS  TemyoBoi  eHeprii B yMoBax  ii
HEPIBHOMIPHOTO CIIO>)KMBAHHS Ta BUPOOHUIITBA.

Cooromni cucremu LT HaOynu BeNIMKOro MOMIMPEHHS 1
3a0€3mevyr0Th 3HAUYHY YaCTKy MOTpeOH B TETUIOBIM €HEpTii B TaKUX
kpainax, sk Pocis (70 %), JlatBis (65 %), Ykpaina (66 %), Hanis
(63 %), Tombma (53 %), Bimopycs (50 %), ®innsumis (50 %),
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CrnoBauunHa (40 %) Ta iHIMX KpaiHax. Y kpainax-wieHax €C gacTka
LT y 2013 p. cranoBwia 12 % 1 BiANOBIIHO A0 TUPEKTUBHHX 1
HOPMATHUBHO-TIPABOBUX aKTIB IUIAHYETHCS JIOBEACHHS  YacCTKHU
IEHTpaTi30BaHoro Termionocradans 10 50 % mo 2050 p.

bnauspko monoBunm Beix cuctem LT y cBiti mepeOyBaioTh y
KpaiHax 3 TEpPEeXiJIHOK0 EKOHOMIKOK. 3HayHI  MOTY)KHOCTI
eKCILTyaTyIOThCs B KpaiHax 3axinHoi €Bponw, [liBHIUHOT AMepuku Ta
A3ii, a Takoxk B ycix kpaiHax-uwieHax MEA. llIBuakumu Temmamu
[IEHTpaJli30BaHe TEIUIONOCTaYaHHsI pO3BUBAEThCs B A3ii. Cucremu
LIEHTPaJII30BAaHOI'O OXOJIO/DKEHHS € XapakTepHuMu s IliBHIYHOT
AMepUKH; BOHH TaKOX JOCHTh IMIBHIKAMHU TEMIIAMH PO3BHBAIOTHCS B
KpaiHax €Bpocoro3y. 3o0kpema, B Ilapmki Mepeka HEeHTpalli30BaHOIO
MOCTaYaHHS XOJOAYy Mae 3arajbHy TOBXKUHY 71 KM Ta 00OCIyroBye
noHa 500 TucC. 10MOrocnoIapCTB.

V Himeuunni, ITompmi Tta IIBemil Bim3HaueHO HANOIIBII
iHTeHcuBHe 3pocTaHHs cektopy LT B €C, o0csr crnoxuBaHHS Teruia
Ha IX HalllOHaNbHUX puHKax nepesuitye 50 TBT - roa/pik.

VY pasi 3acTtocyBaHHS TeXHOJOTIYHO epekTuBHUX cucteM LT
BapTICTh TEIJIOGHEPTii JUIsl KIHLEBUX CIIOXKHMBadiB 3a3BUYail €
HIDKYOIO0, HIXK Y pa3i 3aCTOCYBaHHS albTePHATUBHUX JPKEPET TETII0BOT
eneprii. Hanpukiaz, 3riiHo 3 JaHUMH (IHCHKOI €eHEpreTUYHOI ramtysi
3a BIZIHOCHO HHU3bKOI BapTOCTI HAJIMHICT LEHTPali30BaHOTO
onaneHHs y @iHnguli ctaHoBUTH 99,98 %.

[Tonanx 75 % cucrem LT, BukopucroByBaHux y 28 KpaiHax-
wieHax €C — 1e MmoxiJHe TeIIo BiJ BUPOOHUITBA €JIEKTPOCHEPTii
TEL], i3 cMiTTeCTIaTIOBAIBHUX 3aBOJIIB 1 BiJ] IPOMHUCIIOBHUX IPOIIECIB.

Taxum unHOM, cexTop LT y kpainax €C € X0OpoIIo 0CHOBOIO
JUI PO3BUTKY KOTEHepallii 3 IMepexoJ oM Ha MOHOBIIOBAaHI BUAU
MajgnBa, a TAKOX BAKOPUCTAHHS BIJIXOJIIB 3aMICTh IMPUPOJTHOTO Ta3y.

3a ocranHi 30 pokiB y CBITI TEeMNIM 3pOCTAaHHS OOCSTIB
cnoxkuBanHsa TeruioeHeprii Bix TELl 1 BenMkKuX KOTeleHb 1CTOTHO
BUNEPEKAIM  3POCTaHHS  CIHOXHMBAHHSA  IEPBUHHOI  €HEeprii.
Bupo6HuiTBo Temioeneprii 3pocio maixke Ha 49 % y pasi 3pocTaHHS
CIIO’KMBaHHS TIEPBUHHOT eHeprii iume Ha 5 %. Y kpainax €Bpocoro3y
3pocTaHHsi Oyno me Outbm auHamidyHuM — 10 72 %. VYV Kwurai
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BUPOOHUIITBO TEIUIOBOI eHeprii 3pocio 3 349 mun ['kan y 2000 p. o
547 mmn I'kan y 2005 p. 3ona [T po3mmproeTbest 3a paxyHOK
HIBUIKOTO 3POCTaHHS SIK KIJTBKOCTI BEJTMKUX MICT, TaK 1 KIJTBKOCTI iX
HACEJICHHS.

[TinBUIIIEHHS] €KOHOMIYHO1 €()eKTUBHOCTI — 3POCTaHHS YaCTKH
TELL y BupoOHHUIITBI TETIOBO1 eHeprii, 30kpema, B €C —13 60 10 70 %.
B okpemux kpainax cBiTy 1151 yacTka Bapitoerscs Big 9 % y CLIA no
50 % y [anii. ¥ Garatbox kpaiHax cBiTy Ta €Bponeiicbkoro Coro3sy
NPUKRHATO 3aKOHOJIABYl aKTH, K1 CTUMYJIIOIOTh HApOIITyBaHHS 00CSTIB
BUPOOJICHHS TEIUIOBOT €HEPrii Ha TEIUIOENIEeKTPOIICHTPAISX.

Poszeutok  TEILl  BBa)kaeTbCcsi  BaXJIMBOIO  CKJIAJI0BOIO
EHEePreTUYHUX CTpaTeriii 1 peaizanii HaIlOHAJIBHUX ILIAHIB OO0
BUKOHaHHS  3000B’s3aHb 3a  Kiorcekmm  mporokoiiom. B
€pponeiicbkomy  Coro3i  TOCTaBICHO  3aBIaHHS  30UIBLIUTH
notyxHicte TEL] mono 2010 p. Ha 80 % i nosectu ii qo 180 I'Bt 1o
2050 p. dns ctumymoBanns po3BuTky TELl B fAnonii 1 [liBgenHiit
Kopei Ha ypsiioBoMy piBHI HaIalOThCSl CYOCH/IIT 1 MOAATKOBI TJIBTH.
VY CIIA Ha denepanbHOMY piBHI IPUHHATO «IOPOKHIO KapTy» MO0
ctumymioBanHs po3Butky TEILl. IloctaBneno 3aBgaHHs 30UTHIIMTH
notyxHicts TEL kpaiau 3 85 I'Bt y 2007 p. 1o 92 I'Bt 10 2020 p.

VY poboti MEA «lIporpec po3BUTKY UHUCTHUX TEXHOJIOTIH B
enepreruni 2016» (Tracking Clean Energy Progress 2016, IEA)
HaBeleHO oO0caru mnpoaaxy TerutoeHneprii  cuctem LT Ha
HAI[IOHATbHUX PUHKAaX Ta YaCTKY HACEJICHHS IOJO0 BUKOPUCTAHHS
cucremu LT 3a 2011 ta 2013 pp. B psai KpaiH cBiTy. 30Kpema, B
niBHiyHOMY Kurai mepexka L[T € OinbIn po3BUHEHOIO; 10 CHCTEM
TeIUIoNoCcTayaHHs npueaHano 0au3bko 90 % MiChKOro HaceleHHS.

Hns Toro moO y mMOBHOMY 00Cs31 CKOpUCTAaTHUCS BCiMa
nepeBaraMu CHCTEM LIEHTPaTI30BaHOTO TETUIONOCTAYaHHS, TOTITHYHA
CTpaTerisi MOBMHHA OYTH CHPSMOBAaHOIO HA BUPIMIEHHS MOTOYHUX
po0JieM, K1 TaJbMYIOTh 1 TOCTA0TIOITh CTATUN PO3BUTOK CEKTOPY
B JIOBFOCTPOKOBiH mepcrekTuBi. L[i 3aBnaHHs MOB’sI3aHO 3 TaKUMU
npoOjJeMaMu:  HENOCTaTHS yBara JO  CIIOKMBa4a, HH3bKa
e(eKTUBHICTh, HAAJIUIIOK TOTYKHOCTEH, IO MPU3BOIUTH [0
MOPYIICHHST  pIBHOBarW  MiX  TMONUTOM 1  MPOMO3UIIIEI0,
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HEpaI[iOHATBHOTO YIPABIiHHSA, HEPIBHUX YMOB IO CTPUMYIOTh
PO3BHTOK KOHKYPEHIIl.

3a BucHoBkamu MEA, mig yac mMOpiBHAHHS EKOHOMIYHO{
e(eKTUBHOCTI aJIbTEPHATUBHUX METOJIB TEIUIONOCTAaYaHHS 13
CHCTEeMaMH  LEHTPAIi30BaHOTO  TEIUIONOCTAYaHHA  HEOOXiTHO
BPaxOBYBaTH:

1) MOXXJTMBI BUIM TTAJIMBA, iX HAABHICTH 1 MPOrHO30BaHI I[iHH;

2) nuBepcu(ikaimifo BHKOPHUCTaHHS IajliBa W aJCKBaTHY
HAI[IOHAJILHY CTPATETIIO;

3) nmitoumMii Ta MPOTHO30BAHMN PHUHOK IIOCTABOK MAJIMBa,
IPOTHO30BaHI MEPCHEKTHBH PO3BUTKY HAI[IOHAIBHOI 1 MicueBoi
EHEPreTHYHOT IHPPACTPYKTYPH;

4) ITBHICT CMOXKMBAYiB TeIJIa i MOXIIMBI 3MiHU TIOIHTY B
MEePCIEKTHRI,

5) exoJioriuHi, caHITapHI Ta 1HII BUMOTH 0 MOKJIMBHUX BH/IIB
naJiuBa.

4.2 3aranbHi BiIOMOCTI IPO TEMJIOBI HACOCH

TennoBum HacocoM (TH) Ha3uBaeThCs TEXHIYHUIM TPUCTPIH, 1110
peaii3ye Tpoliec MEepeHEeCeHHs] HU3bKOTEMIIEpaTypHOI TEIUIOTH, He
OpUIATHOI JUIsL TNPSMOrO BUKOPUCTAHHS, Ha OUIBLI BHCOKHH
TEMIEPATypHUN piBEHb. 3a aHAJIOTI€I0 3 BOASHUMM HAacocamH, IO
NepeKkayyloTh BOJY, TEIUIOBI HACOCH «II€pPEeKauyloTh» TEIUIOTY.
[nmumu cnoBamu, TH € Tpanchopmaropamu TemIoTH, B AKMX poOoUl
TiNa 3A1MCHIOIOTH 3BOPOTHUM TEPMOAMHAMIYHUN LUK, TIEPEHOCTYN
TETUIOTY 3 HHU3BKOTO TEMIEpaTypHOTO piBHS Ha BHCOKWH. Takum
YUHOM, 13 HM3BKOIOTEHI[IAJIbHOI TEIUIOTH PI3HOTO IMOXOJKEHHS
(MIpUpPOAHO BIAHOBIIOBAJIBHOI TEIJIOTU IPYHTOBUX 1 MOBEPXHEBUX
BOJI, TEIJIOTU IPYHTY, aTMOC(EepHOro MOBITPS, a TAKOXK CKUAHOT
TEXHOTEHHOI TEIUIOTH TEXHOJOTIYHUX TIPOIECiB MPOMHUCIOBUX
BUPOOHUIITB, CTIYHUX BOJ| O10JIOT1YHUX Ta IHIINX OYUCHUX CIIOPY) 3
temmneparyporo 0—50 °C BupoOsieThCs TEIUIO.

BoaHouac KiTbKICTh OZEp>KYBaHOI KOPUCHOI TEIUIOBOI €Hepril
CepeIHbOTO TOTEHIialy, 3a BHHATKOM BTpaT, JAOPIBHIOE CyMi
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TETUIOBUX €HEePriil HU3bKOTO i BUCOKOTO MOTEHIialliB, 110 00yMOBIIIOE
EHEepPreTUYHy 1, SK HACIIJIOK, €KOHOMIYHY Ta EKOJIOTIuHYy
e()eKTUBHICTH TEIUIOBUX HACOCIB.

Ha meit yac B iHAyCTpialbHO PO3BHHEHUX 3apyODKHHMX KpalHaxX
€Bporu BH3HAYWIOCS JBa OCHOBHHMX IPHHLUIOBHUX HANpPSIMKHA B
PO3BHUTKY TEIUIOBUX HACOCIB: MApOKOMIIPECIMHI TEIIOBI HacoCH
(IIKTH) ta aGcopObuiiini Ternosi Hacocu (ABTH).

[TpuHIMN i HTapOKOMIIPECITHOTO TEMJIOBOI0 HAcOCa, CXeMa Ta
UK SIKOTO 300pakeHO Ha pucyHKax 4.1 Ta 4.2, aHaJIOTiYHHA
HOPUHIUITY [T XOJOJMIBHOI MAlllMHU. Y HbOMY MOPO3UJIbHA Kamepa
(BUIapHHUK) 3a0Mpae TEIIO0 3 0XOJIOHKYBAaHUX MPOAYyKTiB. Lle Temo i
BUJIUIAETECS B TPUMINIEHHA 3 paaiatopa (KOHAEHcATOpa).
«[lepexauyBaHe» TEIUIO KiJIbKa pa3iB IEPEBUIIYE BUTPAYCHY CHEPTIIO.
Tak camo 1 IIKTH 3abupae Temno 3 mpupogHoro (Boja, IPYHT,
TIOBITPST) abo MOCTITHOTO TE€XHOT'€HHOT'O JoKepena
HU3bKOMOTEHLIaJbHOI TEIJIOTH 1, BUTPAayarouu JEsSKy EHEprilo Ha
CBOI0O pPOOOTYy, TEPETBOPIOE EHEPril0 HHU3BKOr0 TMOTEHIIaly Ha
TEIUVIOBY ~ €HEprif0  CEepelHbOro MOTEHLiany, MpUAATHY AJs
CIIO’KMBAYIB.

IcHyroTh pi3HI BapiaHTH Kjiacu@ikaiii TEIIOBUX HACOCIB.
IIKTH 3a arperaTHUM CTaHOM IIOHOBJIFOBAHOT'O
HU3bKOTEeMIIepaTypHoro mkepena temnotu (HAT) 1 HarpiBampHOTrO
CepeIoBUINa MOIUISIOTh Ha THUITH: «BOJIA — BOZAY, «IOBITPS — BOJAY,
«TIOBITPSL — MOBITPSIY, «BOJIa — TIOBITPSI»; 3a TUIIOM
BUKOPHCTOBYBAaHOTO KOMITPECOPHOTO YCTATKYBaHHS — Ha CHipajbHi,
MOPILHEB], TBUHTOBI I TYpOOKOMIIPECOpHi; 32 BHJOM IPHBOJHOTO
JIBUTYHA — Ha EJEKTPONpPHUBOJHI, ad0 3 MPUBOIAOM BiJl TEIUIOBUX
JIBUTYHIB (JBUT'YHIB BHYTPIIIHBOTO 3TOPSIHHS MapOBUX, ra30BUX a00
rigpaBmyHuX TypOiH); 3a BHAOM pobOodoro Tima (XJIaJoHYy) — Ha
HU3BKOTEMIIEPAaTypHi,  CEpeHbOTEMIIEpAaTypHI  Ta  BHCOKO-
TEMIIepaTypHi; 3a CTYIICHEM TePMETUYHOCTI 3 €THAHHS 3 TIPUBOJIOM —
Ha repMeTHYHi, 0€3CallbHUKOBI i CaIbHUKOBI.

3a npuzHayeHHsM [IKTH mo’xHa moAiTUTH Ha YOTHPU OCHOBHI
Kareropii.

Tennogi nacocu nuwie 014 ORANEHHA, 3aCTOCOBYBaHI IS
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3a0e3nedeHHss KOMQOPTHOI Temmeparypu B mpuMmilieHHi. IcHye
BEJIMKE TO0JI€ MIsITHOCTI 010 3aMiHHU KOTJIiB HU3bKOTEMIIEPATYPHUX
OTAJTIOBAJILHUX CHCTEM Ha OCHOBI MIJIOT, SIKi BUTIPOMIHIOIOTH TETLIO,
a00 CTIHOBMX TaHEJeW Ha BEHTWIAIIHHO-KOHBEKTOPHI  abo
TerioBeHTWsINiKHI ycranoBku 3 [IKTH. IcHyrounii anMiHicTpaTUBHO
KUTJIOBUM  (GOHA 3a3BUYail  BiguyBae TIEBHI MmpodOieMu 3
JTUMOBIIBEICHHSIM 1 JTUMOXOJIaMH Ta MPOOJIEMH MOXKEKHOT O3MEeKH B
IJIOMYy, TOMY TEIUIOBUH HAacoc, SIKHH B MPUHIUII HE Mae TaKuX
po0JIeM, YSBIISETHCS B IIUX BHUITAKAX 1A TbHUM BapiaHTOM 3aMiHH.

Tennoei Hacocu onanweanrbHi #  X0A00UAbHI, IO
3aCTOCOBYIOTHCS ISl KOHAMIIFOBAHHS MPUMIIIEHb YIPOIOBX YCHOTO
poky. Haiibinplmn nNOmIMPEHMMH € PEeBEPCUBHI arperatu Kiacy
«TOBITpsl — OBiTpsi». TeruioBi Hacocw cepeaHboi 1 BEIUKOT
MOTY)XHOCT1 A7l criopyn cdepu 0O0CITyroByBaHHS BUKOPHUCTOBYIOTH
TiIpaBIIigHi KOHTYPH ISl PO3MOALTY TEIUIA 1 XOJIO/Y, a TAKOXK MOXKYTh
3a0e3neyyBaTy 00UBa pOOOYNX PEKUMHU OJTHOYACHO.

Inmezposani cucmemu Ha O0CHO8I mennoeux Hacocig, 110
3a0e3MeuyroTh OMNaJIeHHs MPUMIIIeHb, OXOJIOMKEHHS, PUTOTYBaHHS
Bo/M rapsiuoro Bogonocradanus (I'BII) i iHoal yTumizanito moBiTps,
SKE BIJIBOJUTHCS.

Tennosei nacocu, npusnaveni euxkiwyno oaa I'BII.
Haituacrime sk qKkepeno Temia BUKOPHUCTOBYIOTH SK 30BHIIIHE
HOBITPS, TaK 1 CKUJHE BEHTUJISALIIIHE MOBITPSI.

Tennompkepena Ha 0a3l TEIUIOBUX HacociB OyBalTh SK
MOHOGANEeHmHI, TaK 1 Ol6aleHmHI.

MOHOBaNEHTHI TEIJIOKEepena MOBHICTIO MOKPHUBAIOTH PIUHY
noTpeOy B OMajJieHHI W Traps4oMy BOJOTOCTAaYaHHI, BKIIOYAIOYH
CE30HHI, «ITIKOBI» TEIJIOBI HABAHTAYKEHHSI.

TemoBi Hacocu 3 O1BaJIEGHTHUM TEIUIOKEPETIOM TOKPUBAIOThH
Bim 50% mo 70% piunoi moTpeOu B TEmIOBiM eHeprii, aie
JIO3BOJISIFOTH ICTOTHO 3a0IIaJIMTH KOIITH Ha CTBOPEHHS JDKepelna
TeIIa Ta OTPUMATH 3HAYHY €KOHOMIIO MalnuBa abo eleKTpoeHepTii
(TOp1BHSIHO 3 €NEKTPOKOTENbHSIMH). [likoBe TenaoBe HaBaHTAKEHHS
MOKPHUBAETHCA 332 PAXyHOK JOJATKOBUX JDKEpEN  OIMalieHHS,
Hal4acTIle eIeKTPUIHUX, BYTIJIbHUX, TA30BUX a00 PiAKOMAIMBHUX
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KOTJIIB.

Ha pucynky 4.1 naBenena npuniumnona cxema [IKTH tumy
«BOJa —BOAA» 3 T[IO3HAYCHHSIM OCHOBHHX C€JIEMEHTIB, a Ha
pucyHky 4.2 300paXeHUH CIPOIICHHH TEPMOIUHAMIUYHUANA ITHKIT
IIKTH y p ,h-xoopanHarax.

Pucynok 4.1 — Cxema napoKOMIIPECiifHOTO TEMIOBOTO HACOCA:
KM — kommnpecop; K1 — konnencarop; CK — cyOkynep;
PTO — perenepaTuBHUI TEINIOOOMIHHUK;

JI1 — npocenpHuit npuctpiii; B — Bunapauk

p
543 7 P ™\
/ Ps
VA ; /
g “h

Pucynok 4.2 — [{uks1 napokoMIpeciifHOro TemIoBOro Hacoca
B p, h-KOOpIWHATAX
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Cran po6o4oro Tija micis NPOIECiB, MO0 BiAOYyBarOThCA B
ocHoBHuX enemeHTax [IKTH, nmo3nayenuii BianmoBigHuMu nudpamu
muknry. Ha BigmiHy Big Oyzap-fikoi 1HIIOI MapOKOMIPECOPHOT
xononuibHoi MammHu [IKTH tuny «Boma —Boga» Mae Ha OJMH
anapar Ourbmie (iHIII TUIH, 32 JACIKUMHU BHHSATKAMHU, MAlOTh Ti cami
OCHOBHI amaparu, 110 ¥ XoJoAuibHI MamuHu). Lle nepeoxonomkyBayu
piakoro xmanony abo cyokymnep CK.

I[IKTH mnpamroe TakuM 4YWHHOM: y MDKTPYOHHH TpOCTIp
BUNIAPHUKA B TOJA€ThCS HU3BKOTEMIIEpaTypHa BOJAA, i€ BOHA
OXOJIOJKYEThCA 32 PaXyHOK KHITIHHS (BUIIAPOBYBaHHS) B TPyOHOMY
MIPOCTOPI BUTIAPHUKA XJIAIOHY (pOO0OYOTo TijIa, IKUM € HU3KOKUTLISAYI
bTopXxJIOpOBMICHI BYTJeBOIHI, TaK 3BaHi ¢peonu). [lapu xmamony 3
BUNIAPHUKA TIOCTIHHO BIJCMOKTYIOTBbCS KoMmmpecopom KM i,
MPOXOJSYH pEreHepaTuBHUM TernaooOMIHHUK P70, miIirpiBaroThCs
BHACIIIZIOK TEIUIOOOMIHY 3 PIiAKHUM XJIaJOHOM, SKHH TPOTIKa€e
BcepenuHi TpyO TerooOMinHMKa. Kommpecop cTuckae migirpiti napu
XJIaJOHY J10 THUCKY KOHJEHcalli 1 CHpSAMOBYE iX Yy MDKTpyOHUI
npocTip KoHaeHcatopa K/[. Y TpyOHMI mpocTip KOHAEHcaTropa
MOJAEThCSl BOJA, IO HArpiBaeThCsA, 1 HArpiTO HAAXOIUTH [0
teruiomepexxi. Ha 30BHIMIHIA TOBepxHI Tpyd y MDKTpyOHOMY
IpOCTOpi  KOHJEHCATOpa Tapu  XJaJOHY OXOJIO/DKYIOTBCS 1
KOHJCHCYIOThCS, TIEPETBOPIOIOYNCH HA PIAMHY, KA TOTIM HAIXOAUTh
y CcyOKynep, JIé OXOJOJKYEThCS 3a pPaxyHOK TeIUIOOOMIHY 3i
3BOPOTHOIO BOJOKO TeroMepexi. Jlami pilkuil XjajoH MPOXOAUThH
yCcepenuHi TpyO pereHepaTuBHOTO TETJI000MIHHHKA,
OXOJIOJUKYIOUHCh JOJAaTKOBO 33 PaxXyHOK TEIUIOOOMIHY 3 Hapamu
XJaJ0OHy, 1 JPOCENIOEThCS B peryaoBaTbHOMY mpuctpoi /11,
3HIDKYIOYM CBif THUCK 1 BIJMOBIAHO TeMmepaTypy IO THCKY U
TeMIeparypd  BumapoByBaHHs.  [lapopimuHHAa ~ cymim, IO
YTBOPIOETHCSI BHACIIOK JIPOCETIOBAHHS, KUTTUTH (BUMIAPOBYETHCS) Y
BUTIAPHUKY,  OJICPKYIOUM  TEIUIO  4Yepe3  CTIHKM  Tpyd 3
HU3bKOTEMIIEPAaTypHOIO  BOJAOIO. YTBOPIOBAaHI Mapu  XJIAJOHY,
BIJICMOKTYIOTbCsI KoMmripecopoM, pobounii nukn [IKTH 3amuxaetses.

TakuM 4yrHOM, poOOYe TiO (XJIAHAOH) MOCTIHHO LUPKYIIOE B
3amkHeHoMy KOHTYpi IIKTH, 3a3Haroum 3MiHM arperaTHOToO CTaHy B
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foro amaparax 1 TEPEHOCSYH TEIUIOTY BiJl TOHOBJIIOBAHOTO
HHU3BKOTEMIIEPAaTYPHOTO JDKepena TEIUIOTH 0 CIOXKHBa4ya TETJIOTH
CepeIHbOTO TOTEHIlAy 3a PaxyHOK BUTPAaTH EHEprii BHUCOKOTO
MOTEHITiaTy B KOMIIPECOpi.

4.3 EQeKkTUBHICTH MAPOKOMIIPECIiHUX TENJIOBUX HACOCIB

Jlis yenimHoi KOHKYpEeHLIi Ha CBITOBOMY PUHKY €HEpPreTHUHUX
YCTaHOBOK pOOOYMI HHUKJ MapOKOMIIPECIHHOTO TEIUIOBOIO HAcoca
HNOBHUHEH OyTH €HEPreTHYHO JOCKOHAJIUM, EKOHOMIUYHO BUTIIHUM Ta
€KOJIOTIYHO OE3MEeYHNM, TOMY BHIUISIOTH CHEPreTHYHY, EKOHOMIUHY
Ta exosioriuny edexruBHicTs [IKTH.

Enepezemuuna eppexmuenicmo INKTH. Sk Oyno 3a3Ha4eHO
BUIlle, TEIUIOBUH HAcoc, AK 1 XOJOAWJIbHA MAallUHA, peali3ye
3BOPOTHHI TEPMOAMHAMIYHUHN IUKII, IEPEHOCSYH TEIUIOTY BiJl MEHIII
HArpiTOro Tijia 0 OLIBII HArpiTOrO 3a PaXyHOK BUTPATH MEPBUHHOI
eJIEeKTpUYHOI a0 TEIIoBOi eHeprii BIANOBIIHO IO JPYroro 3aKoHY
TEpPMOJIMHAMIKU. BiJHOIIEHHS OTPUMAaHOI CHOXHMBAayeM TEMJIOBOT
eHeprii 10 BHUTpadyeHOl (B TEIJIOBOMY €KBIBAJE€HTI) BHU3Hayae
epexTuBHIcTh poboT TH 1 Mae Ha3By KoedillieHTa MepeTBOPEHHS
UKITY:

Qck + Ok

COPrgn = O

ne Qck + Qg — TemnoTa, OTpUMaHa CHOKMBA4YeM i3 CyOKysepa i
KOHJIEHCATOPa;
QM — TOTYXHICTh y TEIUIOBOMY €KBIBAJICHTI, BHUTpaueHa Ha
IIPUBOJI KOMIIpECOPA.
Bennunna koedilieHTa nepeTBOPEHHs peaibHOro 3BOPOTHOIO
ukiy Penkina, mo peanizyerses B [ITH, B ocHOBHOMY 3a1€KHUTh BiJ
TEMIEPATYP XOJIOJHOTO 1 rapsiuoro JKepes TEeII0TH:

COPp = COP; -,
ne COP, — xoedilicHT IEpeTBOPEHHA ifeanbHOro uukiay Kapho,
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31IHCHIOBAHOTO B Jliania3oHi TeMiepatyp kKonaeHcaii 7 i kuminas 7o
po6oYoro Tijia MUKITY:

COP.. = _K,
B TK - TO

W — KoedillieHT, IO BpPaxXOBYE peajbHI MPOIECH, SKi
3nidCHIOIOTECS podounm Titom y ITKTH,

H=Hq1" Uz U3 " Hg " Us.
Hns [IKTH tuny «Bojga — Boga»:
T, =273 + [t,» + (5 —10) °C],
To =273 + [ts, — (2 — 4) °C].

Tyt t, 1 ts, BIAMOBIAHO — TEMIEpaTypa rapsyoro JKepena
TEIUIOTH (BOAM, IO HArpiBa€ThCcsl) Ha BHUXOAl 3 KOHJIEHcaTropa i
TeMIepaTypa XoJ0JHOTO JKepeia TeIIOTH (0X0JI0/1KyBaIbHOI BOIH)
Ha Buxo/i 3 BunapHuka [TKTH.

KoedimienTn pq — s ypaxoBylOTb HE3BOPOTHI BTpaTu
peaTbHOTO IUKITY BiAMOBIIHO:

— My — 3aMiHy CepelIHbOTEPMOAMHAMIYHOI TeMIepaTypH
BifBeneHHs TerwioTH T, © y HuKIi PeHkiHa Ha TemmepaTypy
KOHJIeHcallii poboyoro tina 7;

U, — BTPATH B MPOLIEC] JPOCETIOBAHHS;

U3 — 3MIHY 3HauYeHHsS Koe]illieHTa MEepeTBOPEHHS IHUKIY,
MOB’s13aHy 3 MEpPEerpiBoM Mapu poOOYOoro Tija mepes CTUCHEHHSM Y
KOMIIPECOPi B pereHepaTUBHOMY TETJIOOOMIHHUKY;

— U4 — BTPATHU BiJI HE3BOPOTHOTO CTUCHEHHS B KOMITPECOPI;

— My — JAOAATKOBI BHUTPATH IMOTYKHOCTI KOMIpecopa Ha
MOJIOJIaHHS CHJI T€PTS 3 HarHiTaJbHOTO Ta BCMOKTYBaJIbHOTO OOKIB
KOMIIpecopa.

Exonomiuna egpexmuenicme IIKTH. CxopodyeHHS BUTpaT Ha
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OMaJIeHHSI 1 Taps4e BOJOMOCTAYaHHS, 3HIDKEHHS 3aJIe)KHOCTI Bif
MOCTaBOK (IMIIOPTY) OPraHIYHOTO MajBa B 0araTrbox perioHax, 1o He
MaroTh BJIACHUX POAOBUIN 1 JDKEpeln MajuBa, € AY)XE aKTyaIbHUMHU
3aBJIaHHSMU.

[TopiBHSHO 3 aBTOHOMHHMMHM KOTEJIBbHSMH, AKi HpPALIOIOTH HA
opraniyHomy nanwuBi, 3actocyBanHs [IKTH moxe Oytu Bunpapaane B
pasi, SIKIIO BapTICTh 3€KOHOMJICHOTO NHajiuBa (€Heprii) BIPOJOBXK
2—4 poOKiB IepeBUIye ab0 JOPIBHIOE 30UTBIICHHIO HECHEPTrEeTUHIHOL
YaCTUHU BUPOOJICHNUX PIYHUX BUTPAT (KaIiTaJIbHUX BUTPAT, BUTPAT HA
00CIyroBYBaHHS 1 pEMOHT ), SIK1 3a3BUYaii BUIIII M1/ 4ac 3aCTOCYBaHHS
[IKTH six 1opox4ux.

ExoHOMilI0 manuBa MpU 3ICTaBJICHHI TEIUIONOCTAa4YaHHSA 3a
noromoroto [IKTH i koTeneHb BU3HAYaIOTh TaK:

K
AG =G+ (11— ,
Kty
ne G, — BUTpaTa HajJuBa B KOTENbHI, TOHH YMOBHOI'O IaJNBa
(T yM. I, HIDKYA TEMJIOTBIPHA 3/1aTHICTH ofHieT Q@ = 7,0 I'kan);
Ky, Kty — Koe]illieHTH BMKOPHMCTaHHsS IEPBUHHOI eHeprii B
KOTEJbHI 1 TEMJIOBOMY HACOCI.

Jlnst koTenpHi
Ky = 1

Ie 1), — Koe(illieHT KOPUCHOT 1Tii KoTa.

Jnst TermoBoro Hacoca

Ky = COPrerys * Men(nmn),

ne COPpyry — koedinient neperBopenns mukiny [IKTH;
Mgy — KOE(DIIEHT KOPHCHOI Jii BUPOOHHMUTBA €JIEKTPOEHEPTii B
pasi Bukopucranus [IKTH 3 enekrponpusoaom;
Nty — KOE]IieHT KOPUCHOL Iii B pa3i BAKOPUCTAHHS TEIIOBOTO
JIBUTYHA (IBUTYH BHYTPILIIHBOTO 3TOpPSHHS, MapoBa abo Ta3oBa
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TypOiHa).

Exonociuna  egpexmuenicme  IIKTH  mopiBHSHO 3
TPAAULIHHUMYU TEIUIOKEPETaMH, 110 TMPAIIOI0Th HA OPraHIYHOMY
NanuBi, BU3HAYAETHCA EHEPreTUYHOI E(EeKTUBHICTIO, TOOTO
€KOHOMI€I0 TICPBUHHUX BUJIIB MMAJNBA, 3aBIIKH TEIJIOBUM HACOCaM, 32
OJIHAKOBO1 BUPOOJICHOI TEIJIOBOI €HEprii OJHAKOBOTO ITOTEHIIIAIY,
KWW 3aJ0BOJIBHSE CIIOKHUBAYa.

[TopiBusnpHa exonoriyHa edextuBHicTh [IKTH mopiBHsSHO 3
KOTEIBHIMH Ha TBEPAOMY, PIAKOMY, T'a30101I0HOMY TaJTUBI, a TAKOXK
3 ENeKTPOKOTEIbHSIMHU, WIO CIOXHBAIOTh EJIEKTPUYHUI CTpyM,
BupoOnenuii Ha TEL, naBenena B Tabmumi 4.1.

Sk 6aurmo 3 Tabuummi 4.1, mapoKoMIIpeciiiHi TEIJIOBI HACOCH 3
koedinieaTom nepersopenns COP = 3,0, 1m0 BiAMOBiAa€ TEMIIEpaTypi
HJT, sika nopiuioe +8 °C, (y pa3i BUKOpPUCTaHHS IJi1 BUPOOICHHS
enexkrpoeHeprii Ha TEL] nepBUHHMX BHIIIB NAJIMBA: BYTULIS, Ma3yTy
TOMKOBOTO, MPHUPOJHOTO Trasy), MOPIBHSHO 3 KOTEIbHSIMH Ha
BIJIIIOBITHHUX BHIAX IMAJINBA MAIOTh:

— Maibke B/BIUl MEHIIIE BUKH/IIB OKHCIIIB a30Ty, CIpKH, OKUCY 1
JIBOOKHCY BYTJIELIO i yac poOOTH Ha BYT1JLII;

— OuIBLI HIX y MIBTOpA pa3u MEHILE MiJ] yac poOOTH Ha Ma3yTi;

— Ha 30 % MeHmie mijg yac poOOTH HA TPUPOAHOMY Tas3l.

[TopiBHSIHO 3  €JEKTPOKOTENBbHSIMH, SIKI  OTPUMYIOTh
enektpoeneprito Bia TELL, TermoBuii Hacoc 3 €NEKTPONPUBOJIOM, IO
*KuBUThCA Bin Tiel camoi TELl, mae Bukuau BTpuYi HIK4i. 3a
koedimienta mneperBopeHHss COP = 6,0 «HaBeneH1» BUKHUIU
MIKIUIMBUX Ta30MOJIOHMX 1 TBEpAUX TMPOAYKTIB CHAIOBAHHS
MEPBUHHOTO IMaJMBa B TEIUIOBUX HACOCAaX CKOPOUYYIOTHCS I BIBIUi
nopiBHsHO 3 IIKTH, sxi matote COP = 3,0. ¥V Ttermomkepenax i3
TETUTOBIMH HACOCAMH 1 3 TETIIIOKEPETIOM 3 eJIEKTPOKOTEICHb BUKHIN
BUpOOISIIOThCSL Ha BimmaneHux TEILl, sxi mpoaykyrooThb s HUX
€JICKTPOCHEPrit0, Ha BIAMIHY BiJ KOTEJIEHb, B SIKUX 3a0pyTHEHHS
JOBKULIS BiIOYyBaeTbess B palioHI iX pO3MIlIeHHs, B Oe3mocepeaHii
OJIM3BKOCTI JIO CTIO’KMBAYiB TETUIOBOI €HEPT1i.
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Tabmuus 4.1 — IlopiBHsibHAa  TaOMMIS — €KOJOTIYHOI
e(DEeKTUBHOCTI TEIJIOBUX HACOCIB TOPIBHAHO 3 TPaTUIIHHUMHU
KOTEJbHIMH, 110 MPALIOI0Th HA OPraHIiYHOMY MaIHBi*

Tpauuiing TemnmoBuii Hacoc
Bupoo- KOTEJbHS
mik | KKJI | KKJT | KKJT Enextpo-
Tema | = = = KOTEJILHA Trgr = +8 °C | Tyyr = +40 °C
0,65 | 0.80 | 0.86 copr =3,0 COP = 6,0
=R = = =
= = =l 5 E | g5 2| g
MManuso é 2 ;3 a 3 é? a 3 ig '; Z E
m = M = A S & S

Piuna BuTparta nanusa (ByTilisd i MasyT — y MOHHAX, TA3 — Y muc. Hw®)
Crnanto- y CIOXHBaya Ha Bignanenux TEL]
sanns | 586,3 [ 3516 | 374,7 | 1360 | 687 [808,7]453,1] 229 [269,6]226,6]114,5]134,8
CyMapHi IIKiJTNBI BUKUIN OKCHAIB a30TY, CIPKH, BYTJICIO 32 PiK, MOHH
Ha
MiCIIIX
BHupoO- | 16,31 9,98 | 2,48 | — — - - | - - - - -
HHIITBA
TerIa
v
MICIISIX
CIaJo-
BaHHA | 1743 | 1029 | 667 | 25 | 18 |5,58] 8,6 |6,2| 1,9 | 43 |3,1]0,9
naauBa
30KpeM4

TELD

Bukuan CO, («mapaukoBuit edext») 3a 1 pik, moun

B atMoc-
bepy 1743 | 1029 667 2768 (1919|1499 922 | 689 | 500 | 461 | 320 | 250
3emii

*Po3paxyHKH BHKOHAHI I KOTEJIEHb CIIO)KHBa4a TEIUIOBOIO MOTY)KHICTIO

1,163 MBm (1,0 I'kan/200), 3 piY4HEM BHPOOJIEHHSIM TeII0BOI eHeprii 2 616 ['xax;

Butpata maymmBa Ha TELl — 0,3 ke ymoBHOro mammBa Ha 1 xBm - 200; TeroBa

3MaTHICTE: BYTuunst — 19,5 M/]c/xe, mazyty — 39,0 M/]oic/xe, TPpUpOAHOTO Ta3zy —

33,24 M/{c/m?
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HeoOxinHo MaTH Ha yBasi, 110 CUCTEMU OYMILEHHS MPOYKTIiB
cramoBaHHs manuBa Ha TEIL] OuIbmnr JOCKOHANI Ta MiIJIATalOTh
000B’SI3KOBOMY YCTAaHOBJIEHHIO, 1110 HE MOKHA CTBEPAKYBaTH IIPO
Majgi ¥ cepemHi KOTEIbHI, B SKHUX BOHM IMPAKTUYHO BifCyTHi. Ha
pUCYHKY 4.3 TIOKa3aHe BiIHOCHE 3HMKEHHS BUKHIIB «ITAPHIUKOBOTOY
Byriekucioro razy B IIKTH, ki oTpuMyroTh €lIEKTpOEHEpTiio Bij
koHzeHcaniinoi enextpocraniii (KEC), 3 pisaumu xoedinieHTamMmu
Ce30HHOI NpoayKTuBHOCTI SEER (BiIHOIIEHHS 3arajibHOi TEIJIOBOI
eHeprii, kBm - 200, BUpOOIEHOI 3a Ce30H, 710 3aralbHOT BUTPAUEHOI 32
cezon enektpoeneprii B [IKTH, To6to cepenniii 3a ce30H COPcep)
MOPIBHSHO 3 Ta30BUMH KOTJIAMH OJTHAKOBOI TEIUIOBOI MOTY)KHOCTI 32
ix pizaux KK/I.

Buirgn CO; nig yac eupobHHLTE anekTpoasapni
CEpeOHoEapo il nokassank = 460 r va kBT - rog enexTpoeHepl
CO, - razoee onanedHs = 221 r Ha 1«81 renna
65 40 9
u o
85 %
a0 °
L
95 %
8
100 %

K THRHOCT

katna (KKQ)

20

25 2,75 3 3,25 3.5 3,715 4 4.25
3EER — woadilieHT ca30HHOT NPOOYETHEHOCTI TENNOBON HACOCA

Pucynoxk 4.3 — ITopiBusHHs enextponpuogaux [IKTH
3 ra30BUMU KoTiamMu 3a Bukugamu CO2

Cyuacui IIKTH tumy «moBiTpst —nOBITpsS» 3a0e3MedyoTh

SEER = 3,0. TeroBi HacOCH TUITy «BOJa — BOJA» 1 «IPYHT — BOJa»
MpaIorTh O1TbII eheKTUBHO 1 y HUX SEER = 4,0.
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Hna npuxknany: IIKTH, mo mae SEER = 2,75, BUKUAae B
atmochepy CO2 Ha 35 % menuie, Hixk razoBuii koren 13 KK =90 %
3a OJIHAKOBOI CE30HHOI MPOAYKTUBHOCTI.

4.4 Jl;kepeJia NOHOBJIIOBAHOI HU3BKONOTEHLiAJILHOI TENJIOTH

TennoBi, eHepreTMuHi Ta EKOHOMIYHI XapaKTEPUCTUKU
TEIJIOBUX HACOCIB ICTOTHO 3ajexarth Bijx Xxapakrepuctuk HJIT, 3Binku
IIKTH «uepnatoTs» TEmio.

IneanpHe mxepeno Temia MOBUHHO MIATPUMYBATH CTaOUIBHO
BHUCOKY TEMIIEpaTypy BIIPOJOBXK ONATIOBAILHOTO CE30HY, OyTH
OaraTuMm 1 MOHOBIIIOBAaHUM, HE OyTH KOPO31HHOAKTUBHUM 1 TAKUM, 1110
3a0py/IHIOE JTOBKLUIS, MAaTH TapHi TEIUIO(QI3WYHI XapaKTEePUCTHKH 1
HU3bKI eKcrutyarauiiiHi Butpatu. 3aebinsimoro HAT e kimtouoBum
daxTopoM, 110 BU3HAYa€ eKcIuTyaTaliitai xapakrepuctuku [TKTH.

VY tabnuui 4.2 HaBeJeH1 TeMIepaTypHi NOKa3HUKU, TUIIOBI JIJIs
HaNOUIbII MOUIMPEHUX JKEpe Teruia.

Tabmuus 4.2 — TemneparypHuil piBeHb, XapaKTepHHM
JUISE OCHOBHUX JDKEpEN TeIUla, BHKOPHUCTOBYBAHUX VY CHCTEMax
Ha OCHOBI TETJIOBUX HACOCIB Y PEKUMI OTaIeHHS

Jlxepeno Tenna TemneparypHuii gianason, °C
30BHIIIHE TOBITPS —-10/+15
Bukopucrane nositps 15/25
IpyHTOBa BOJIA 4/10
OsepHa BoJA 0/10
Piuna Bona 0/10
Mopceka Boga 3/8

[pyHT 0/10
ITig3eMui1 Boau >10
["eoTepMalibHi BOIU 20/50

[ToBiTps1, sSiKe 3HAXOIUTHCS 330BHI Ta BiIBOJUTHCS 3 TPUMIIIICHB,
IPYHT 1 TIpyHTOBa BOJa € JDKEpelaMH TeIvla, SKI IIHPOKO
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BUKOPHCTOBYBaHI B HEBEJIMKUX CHCTEMax Ha 0a3i TEIIOBHX HACOCIB,
TOAl SIK MOPChbKa, 03€pHa 1 pIYKOBa BOJa, FEOTEPMaJIbHI JKEperna i
IPYHTOBI BOJH, INO 3aIAralOTh Ha MIMOMHI HIK4e HDK 20 M,
3aCTOCOBYIOTBCS JUISl CHCTEM BEJIMKOI OTYKHOCTI.

306nimne nogimpsa, Oynydnm aOCOMOTHO OE3KOINITOBHHM 1
3arajibHOJJOCTYITHUM, € HAWKpaIiuM JpkepesnoM Teria. OJIHaK TerioBi
HACOCH, IO BHKOPHCTOBYIOTh mOBiTps sk HJIT, martore daxTtop
ce30HHOro HapaHTaxeHHs (SPF) B cepeqHbOMy HMXKYE HDK Ha
10-30 % mopiBHAHO 3 TEIUIOBUMH HAcocaMH «Boja — Boja». lle
HOSICHIOETHCSI TAKUMHU OOCTaBUHAMM:

— MIBUJIKUM 3HWKCHHSM TIOTYXHOCTI 1 NPOJIYKTUBHOCTI 3i
3HUKEHHSM 30BHILIHBOI TEMIIEPATYPH;

— MO0 BENMKOI PpI3HMII TeMmepaTyp KOHJEHcamii i
BUIIAPOBYBAHHS B M€Pi0J] MiHIMAJIbHUX 3UMOBUX TEMIIEparyp, 1O B
IOMY 3HUKYE €()EeKTUBHICTH MPOIIECY;

— EHEeproBUTpaTaMM Ha pO3MOPOXKYBAaHHS TIOBITPS, SIKUM
00/1yBa€ThCs BUMIAPHUK, 1 pOOOTY BIIOBIIHUX BEHTHJIATOPIB.

B yMoBax Temsoro i Bojororo kiimMary Ha MOBEpXHI BUITapHUKA
B miana3oHi Big 0 °C 10 —6 °C yTBOPIOETHCS 1HIH, IO TMPU3BOIUTH JI0
3HWKEHHS NOTYXHOCTI 1 npoayktuBHocTi [TKTH.

[Hiii 3MeHIIye TUIOIIy BUTBHOI TOBEPXHI 1 MEPENIKoKA€e
NpOXO/KeHHI0 TMoBITpsA. lloripmryerbes Temonepenada, 1, sK
HACITIIOK, 3HMKYETBCS TEMIIepaTypa BUIIAPOBYBAHHS XJIAJOHY, IO
TAaKOXX CIPHUSE HAPOCTAHHIO 1HIIO 1 TOJAIBIIOMY 3HUKEHHIO
NPOJAYKTHBHOCTI @ 110 TIOBHOTO 3YNWHEHHS arperara BHACIIIOK
CHpaIlbOBYBaHHS JaTYMKa HU3bKOTO THUCKY, SIKIIO PaHille HE YCYHYTH
oOneneHiHHA.  Po3MopoXyBaHHS ~ BHUNAapHUKAa  3/1HCHIOETHCS
PEBEPCHUM MEPEMHUKAHHIM OXOJIO/PKYBAJILHOTO IIUKITY 200 1HIIUMH,
MeHIT e(QeKTHBHUMH crocoOamMu. 31 30UTBIICHHSM YacTOTH
PO3MOpPOXKYBaHHS ~ 3POCTAa€  CHEPrOCIOXHMBAHHS,  3HUKYETHCS
koedimient neperBopenns COP.

3acTocyBaHHS CIIELIANIbHOI CUCTEMH KOHTPOJIIO, 1110 3a0e3neuye
pPO3MOpOXKYBaHHS Ha BHMOTY (TOOTO KOJIM BOHO (DaKTHUHO
HEoOXiJHe), a He TepioJuUHe, MOXKE ICTOTHO IiABUIIYBAaTH 3arajbHy
edextuBHicTh [IKTH.
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[Ile omHe mKepero Temjga B JKUTIOBHX 1 TOProOBO-
aJIMIHICTPATUBHHX CIIOPYAaX — @eHmuaAyitiHe nogimpsa. TerioBuii
HACOC PETeHEePYE TEIIO 3 MOBITPSI, SIKE BITBOJAUTHCS 3 TPUMILICHHS, 1
3a0e3reyye NMPUTOTYBaHHS rapsyoi BOAM a0 TEIJIOTrO MOBITPS IS
OMaJCHHS NpUMIlIEHb. Y [bOMY pa3i, OJHAK, MOTpPiOHE MOCTiiHe
BEHTUJIFOBAHHS BIPOJOBXK YChOT'O OMAIIOBAJILHOTO CE30HY 200 HaBITh
[IJIOTO POKY, SKIIO TMepeadadyeHo KOHAWIIIOBAHHS TMPUMINICHb Y
JITHIN TIepio.

IcHyroTh amapaTd, B SKHX KOHCTPYKTHBHO 3aKJIaJIeHa
MO>KJIMBICTh BUKOPHCTAHHS TEIUIOTH BEHTHIISILIIMHOTO 1 30BHILITHBOTO
HOBITPs. Y JESKUX BUMAIKaX TEIUIOBI HACOCH, IO BUKOPHCTOBYIOTh
TEIUIOTY 1 BiABOASATH TOBITPS, 3aCTOCOBYIOTH B KOMOiHamii 3
PEKyIIepaToOpOM TeIlIa «IOBITPS — TIOBITPS.

Tennosi mnacocu «800a— 600a» BUKOPUCTOBYIOTh TEILIO
IPYHTOBUX  BOJ, BIIKPUTHX BOJOHM ab0  TEXHOJIOTIYHOI
OXOJIOMKYBAJIbHOI BOJIH.

[pyHTOBI BoaM € B 0ararb0X MiCIIEBOCTSX, BOHM MalOTh JOCUTh
cTabUIbHY TemriepaTypy B Aiamasoi Big 7 °C go 12 °C Bmponmosx
Bchoro poky. Ha pucynky 4.4 mnokazana cucrema 3 [IKTH
«BOJIa — BOJIa» JUIS MiAJIOTOBOTO OMAJIEHHS 1HIUBIAyallbHOTO OYAMHKY.
[TopiBasino 3 inmumu HJIT Boma 3abe3mneuye HaliMEHIy pPI3HUIIO
temneparyp (T, — Ty) 1 BiIMOBIIHO HAWOIIBII BHUCOKUN KOEPIIIEHT
neperBopeHHss COP. Jns i BUKOPUCTAHHS 3aCTOCOBYIOTh NIEPEBAXKHO
IITYYHO CTBOPIOBaHI KOJIO/ISA31 1 IPYHTOBI CBEPJIOBUHU: BOA03a0IpHI 1
BOJIOTIpUIIMAaJIbHI (TaK 3BaH1 HarHITaIbHI1).

VY B0OI03a0ipHUX KOJIOAA3SX 1 CBEPUIOBHHAX PO3MIIIYIOTHCS
0JIHO- 200 OaraTocTymiH4acTi BOJASIHI HACOCH, K1 MOJAIOTh BOAY /10
Bunapuuka [IKTH. OxonomxkeHa Boja 3 BUIIApHUKA MOBEPTAETHCSA
4yepe3 BOJOTPUMUMANIbHI KOJIO/IsA31 1 CBEPAJTOBUHU 3HOBY i 3€MITIO.
3a0ip 1 MOBEpHEHHS BOJAM IOBHHHO 3IHCHIOBATUCS B HAIPSIMKY
MiJ3€eMHOTO PyXy TIPYHTOBUX BOJ 13 METOI  BUKIIOYEHHS
«ObaifmacyBaHHa» MOTOKY. MK B0/103a0ipHUMH 1 HarHiTaJbHUMHU
NPUCTPOSIMH  HEOOX1HO J10/IepKyBaTUCS TEBHOI BiJCTaHl, HI00
BUKJIIOUNTH 3HW)KEHHS TEMIIEpaTypu BoaH, 110 nojgaerbes B [IKTH.
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Jlns  HeBenWMKHMX  00CATiB  mogaBaHoi  BoaM, (OOHO- 1
JBOKBapPTHPHI JKUTIOBI OyAWMHKH) BIACTaHh MDK ITOJAaBAJIbHUM 1
NPUIAMaTEHUM KOJIOJIS35IMH MPOBHHHA OYTH HE MEHINA HDK 5 M.
BoponpuiimManbHUH KOJIOAS3b TOBUHEH BUKOHYBATHCS TAKMM YHHOM,
mo0 TOYKa BUXOJYy BOJM INepeldyBaja HU)KYE BiJl PIBHA IPYHTOBHX
BOJI.

X

Pucynok 4.4 — Cucrema onanenns 3 [IKTH tuny «Boma — Boga»:
A — npuiimanbHa CBepAJIOBHHA; B — mo/1aBanbHa CBEp/UIOBUHA,
C — rennoBuii Hacoc, D — migimorose onajieHHs;

E — HanpsiM MOTOKY IpYHTOBHX BOJI

[pyHTOBa BOJA 3AJIEKHO BiJl KOHCTPYKII CHCTEMM, IIOYaTKOBOT
TEMIIepaTypu BOAM, OXOJomxKyerbcsi y BumapHuky IIKTH
MakcumanbHo Ha 5 °C. Jlna Benukmx IIKTH HeoOxigHa 3Ha4YHO
OibIIIa BUTpaTa IPYHTOBUX BOJI, TOMY TJIMOMHA 1 JiaMeTp CBEPJIOBUH
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Oinprmi.  KinmbKicTh  BOJOMOJNABANIBHUX 1 BOAONPUHAMAIBHUX
CBEpP/UIOBUH MOXe€ OyTH BiI OJHIE] 10 HeCATKIB. 3 METOI
BUKIIIOUEHHSI B3a€MHOTO BIUIMBY BIJICTaHb MiX BOJ03a0ipHUMH 1
HarHiTaJIbHUMHU CBEpUIOBHHAMH TIOBMHHA OYTH HE MEHIIE HIK
50-80 m, a BiicTaHb M’k OAHOTHITHUMH CBEPAJIOBUHAMH — HE MEHILIE
Hibx 30-50 M.

PekoMeHyeThCSl BUKOHYBAaTH CBEPJIOBUHU PEBEPCHBHUMH,
TOOTO 3 MOJXKJIMBICTIO TEPETBOPEHHS BO03a0IPHOI CBEPIJIOBUHU B
HarHITAJIbHY Yepe3 KOXKEH PiK eKCIUTyaTamii Ui OYrIeHHs QiabTpiB,
YCTaHOBJICHUX TMepell TMTMOMHHUMHM HacOCaMH, 3BOPOTHOIO TEYIE€I0
Boju. [1igBif 1 Bi/IBil IPYHTOBOI BOJH JI0 TEIUIOBOTO Hacoca MOBUHHI
OyTu 3axuIlieH] BiJ 3aMep3aHHs 1 11 MOTPiOHO MPOKIAAATH 3 YXUIOM
JI0 CBEPJIOBUHU 200 /10 KPUHUIII.

3HaYHMM HEIIOJIIKOM TEIUIOBUX HAcCOCIB, IO IMPAIOI0Th Ha
IPYHTOBUX BOJaX, € BHCOKa BapTiCTh poOOIT 3 OOJAIITYBaHHS
cBepaioBHH abo komonssiB, migsoay i BiaBoxy HJIT. Kpim Toro,
3QJICKHO BiJ] SIKOCTI TPYHTOBHUX BOJI, MOTPIOHO BXKUTU 3aXOMAIB 1100
3axucty cucremu 3abesnedeHHss HJIT Bim koposii i BigkiIaaeHb,
0cO0JIMBO BiJ OKCHAIB 3aili3a, Myidy. HeoOXi1HO BpaxyBaTH BUMOTH,
9acoM JOCHUTH >KOPCTKi, MICHEBUX aJMIHICTpaIlii II0J0 MUTaHb
oprasi3zanii CTIYHHUX BOJI.

PiukoBa Ta o3epHa BOAa 3 TEOPETUYHOI TOYKH 30pY € TOCUTH
MPUBA0IMBUM JDKEPEJIOM TeIlIa, aje Ma€e OJWH ICTOTHUN HEIOJIK —
HAJ3BUYAITHO HU3BKY TEMIEpaTypy B 3UMOBHUH MepioJ (BOHA MOXeE
OITYCKAaTUCS JIO PIBHA TPOXH BHIIOTO a00 TPAKTHYHO BIPHUTYI
Haomusutucs a0 0 °C).

3 miei mnpuuMHH TOTpiOHa ocoOauMBa yBara IiJ 4ac
MPOEKTYBAaHHS CHUCTEMH 3 METOK 3amo0iraHHs 3aMOPOKYBaHHS
BUTMIapHUKA. MopChbka BOJa B JCIKHX BHWITAJIKAX € BIIMIHHUM
JOKEpEIoOM Terjda 1 BHKOPUCTOBYETHCS TMEPEBAXHO B CHCTEMax
cepenHpoi 1 Benmukoi moTyxHocTi. Ha rmmbuni Bim 25 M g0 50 M
MOpCbKa BoJia Ma€ IMOCTiIHHY TemmnepaTypy B Aiamnasoni Bix 5 °C mo
8 °C, 1 3a3BHuaii mpooOIeM 3 YTBOPEHHSIM JIbOTY HE BUHUKAE, OCKITTBKH
touka 3amep3aHHs TyT Binm —-10°C mo —-2°C. € MOXIHMBICTH
BUKOPHUCTOBYBATHU SIK CUCTEMH MPSIMOTO PO3IIMPEHHS, TaK 1 CHCTEMH
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3 po3cosiom. Y tabnui 4.3 HaBeneHi npaktuyHi 3HaueHHs COP.

Tabmuus 4.3 — Ilpaktuuni 3nadeHHss COP mig pisHUX THITIB
OTAIOBANBHUX cHCTEM™

Tun onanroBaJbHOI CUCTEMH 1 TEMIIEPATypHI 3HayeHHs
3HaYeHHs OiaBigHOI Ta BiaBiaHoI Boau, °C COP
Cucremu 3 Tpaguniitnumu pagiatopamu 60-50 °C 2,5
Cucremu nimiorosoro omnajiesssa 35-30 °C 4.0
BenTmianiiiHo-koHBeKTUBHI cuctemu 45-35 °C 3,5

*Temneparypa Box H/IT Ha Bxoai y BUIIapHUK B yCiX BUNagKax gopiBHioe 5 °C

Bax/mBo BHKOPUCTOBYBATH JHINE Ti TEIUIOOOMIHHUKH Ta
HACOCHI arperaTH, SKi CTiIMKI JO BIUIUBY KOpO3ii, 1 3amoOiratu
HAKOMWYCHHIO BiKJIaICHb OPTaHIYHOTO XapaKTepy y BOA03a0ipHOMY
TpyOOIPOBO/Ii, TEJIOOOMIHHUKAX, BUTTAPHUKY Ta iH.

[TpuknagaMu MOXIIMBUX JDKEpEN Tella BOJHHUX CEpPETOBHII
MO’KHA BBa)KaTH KaHaTI3alliiHi OYHUIIEH] 1 HEOYHIIEH]I CTIYHI BOIH,
MPOMHCIIOBI BOJOCTOKH, BOJIM OOOPOTHUX CHCTEM OXOJIOJKCHHS
IPOMHCIIOBUX MiANPUEMCTB, KOHJEHCATOPIB BOASHOI Map, II0
3aCTOCOBYIOTBHCS IT1J] 4YaC BUPOOHUIITBA €JIEKTPOCHEPTIi.

OcrtanniM yacom y CHIA Tta kpainax €Bponu y BeIMKHX
cropyJiax, 110 MaroTh 0€3J114 IPUMIILEHb, TAKUX SIK aMIHICTPATHUBHI
OyaiBli, >KUTIOBI OYAMHKM, TOTENi, TOPrOBI LEHTPH, MOYAIU
3aCTOCOBYBAaTH 3aMKHEH1 (KUIbIEB1) BOJSHI CHUCTEMH, IO MICTSITh
KUJIbKa aBTOHOMHHUX PEBEPCHBHMX (TEIUIO — XOJION) TEMJIOHACOCHHUX
YCTAaHOBOK  THIy  «BOJa — MOBITPs», 3 €AHAHUX B  E€IUHUI
TiIpaBIiYHUNA KOHTYp JBOMa TpyOONpOBOJaMHM — TPSAMUM 1
3BOPOTHHM.

Jlo ckmagy cHCTeMH BXOJATh TaKOXK «IIIKOBHH» KOTeEl
(remtoreneparop) i1 rpagupHsa. Y CIIA B HOBOMY OyIIBHHUIITBI iX
BUKOPUCTAaHHS CTAaHOBUTH yxke 60 %, B pekoHcTpyitoBanomy — 40 %.
B €Bponi Taki cucreMu Juie 3’ SBUITUCS.

[lpuHIMOBa cXeMa CHUCTEeMHM 3aMKHEHOTO IMiJBOJIY BOJAU
HaBeJleHa Ha PUCYHKY 4.5. Y 3aMKHEHOMY KOHTYP1 IHUPKYJIO€ TeTIa
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BOJ1a, il TeMIIepaTypa BIPOIOBXK BCHOT'O POKY MIATPUMYETHCS HA PiBHI
Bix 18 °C o 32 °C. Bona »KUBHUTHh KOHAMIIIOHEPH.

Pucynok 4.5 — [IpuHiunoBa cxema CUCTEMH 3aMKHEHOT'O BOJISIHOTO
KOHTYpa 3 KOH/AUIIIOHEPaMU Ha OCHOBI TETJIOBUX HACOCIB:
1 — koten; 2 — rpaaupHs; 3 — BOJSHI HACOCH;
4 — TEeTI0B1 HACOCH THITY «IIOBITpPSI — HOBITPS»

3aMKHEHHUI BOJSHHUI KOHTYp MpaIIo€e 1 SIK JOKEpeno Teruia, 3
SKOTO CIIOKMBAIOTh €HEPril0 CUCTEMHI arperaTtH, 10 MpaIiolTh y
peXHMI TEIJIOBOrO Hacoca, 1 K JKEpeso XOJIOAY, KyAu arperaTd B
PEeKUMI  OXOJIOJUKEHHS «CKHMJAIOThy» TEIUIo. SIKIIO  KUIbKICTh
arperaris, 110 3HAXOAATHCA B PEXKUMI ONAJIEHHS, JOPIBHIOE KIIBKOCTI
arperaTiB, II0 TMpaliOlOTh Ha OXOJIOJUKEHHS, TO CHCTEMa
CaMOBpIBHOBaXk€Ha, JUIsl Hel He MOTpiOHA eHepris 330BHI 1 BiANAIa€
HEOOXIJHICTh MepepoOIsATH TermyIo. B ycix IHIIMX BUMagKax CUCTEMI
MOJKE 3HAmoOuTHCA a00 JOAATKOBE TEIIO, a00 BiBEIEHHS 3aliBOTO
TEIUIa Ha30BHI.
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Ha npaktuiii B 3MMOBUI epioJ1, KO TeMIIepaTypa BOAH MOXKE
OomycTUTHCS HIk4e HiK 21 °C, BKIIOYAIOTh <«ITIKOBUH» KOTEI
JOJJaTKOBOTO  O0IrpiBy, a BIITKY, KOJM TeMIleparypa BHUIIA
HXK 29 °C — 0X0JIOIKYBaJIbHY TPAIUPHIO.

TenoBi HacocH, sIKi 3aCTOCOBYIOTh IPYHmM SIK JDKEPETIO Teruia,
BUKOPUCTOBYIOTh JUII OOCIYrOBYBaHHSI JKHTJIOBUX 1 TOPrOBO-
aaMiHiCTpaTUBHUX criopyd. [pyHT, SK i MiAIPYHTOBI BOAM, Ma€ OJHY
nepeBary — BiJIHOCHO CTaOLIbHY BIIPOJOBXK POKY TEMIIEpaTypy, IIO
3abe3neuye BUCOKUH KoedirieHT nmeperBopeHHss COP (nuB. puc. 4.6).

—
(=)

~

10 20 30 40 50
PisHuusa Temnepartyp, °C

CoP
o = N W & O OO N o ©

Pucynok 4.6 — Tunosa 3aJ1eXXHICTb KOE(DIILIEHTY TEIIIOBOIO HACOCY
TUIY «IPYHT — BOZAa» BiJ PI3HUIII TEMIIEPATyp IPYHTY Ta HArpiTOi BOAU

Temnno nmpoxoauTh 1O TpyOax — IPYHTOBUX TEIUIOOOMIHHUKAX,
OPOKJIAJeHUX MiJl 3€MJICI0 TOPU3O0HTAIBHO (cCripanenonioHo) abo
BEPTHUKAJIBHO (TaK 3BaH1 IPYHTOBI 30H/H).

TyT MOXXYTh BUKOPHCTOBYBATHCSL:

— CHCTEMH TPSMOTO PO3MIMPEHHS 3 OXOJOIKYBaIBHOIO
PIIMHOI0, IO BHIIAPOBYETHCS B MIpY ULUPKYJIALil B KOHTYpi
TpyOOIIPOBOTY, 3arMOICHOTO B IPYHT;

— CHCTEMH 3 pO3CUIbHOI PIIMHOI0, IO MPOKAYYEThCA IO
TpyOOIIPOBOTY, 3arIMOJICHHOTO B IPYHT.
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Y ropu3oHTaNbHUX I'PYHTOBUX TEINIOOOMIHHUKAX 3a0ip Teria 3
IPYHTY 3IiHCHIOETHCS 3a JOIOMOTOK TPOKJIAZICHOT B IPYHTI CUCTEMHU
IUTACTUKOBHX TPYO BENHMKOI ruiomi (auB. puc. 4.7).

[InactukoBi TpyOM 3 moJieTWieHy a0o TOJIXJIOPBIHUITY
NPOKJIAJAI0Th B IPYHTI Ha rmbuHi 1,2—1,5 M 1 3anexH0 Bix 00paHOro
MONEPEYHOro  mepepizy  TpyOW, Ha  BiACTaHI  NPUOJIHU3HO
0,5-0,7 M mapanensHO OJHWH OJIHOMY, TakK, MO0 Ha KOXHUI
KBaJPaTHUH METP IUIOINI 3a00py Teria 0yJI0 MPOKIAACHO MPUOIU3HO
1,43-2,0 m Tpy6. [loBxnHa KOKHOI TpyOH TpyOOIIPOBOY HE TIOBUHHA
nepepuiryBaTa 100 M, iHaKIIe BTpaTH TUCKY 1 HEOOX1HA MOTYXHICTh
Hacoca OyJyTh 3aHATO BEJTMKUMHU.

Pucynok 4.7 — Buay ropu3oHTaNbHUAX IPYHTOBUX TEMNIOOOMIHHHUKIB:
a — TEeTJIOOOMIHHHMK 13 TTOCTIIOBHO 3’ €THAHUX TPYO;
0 — TemI00OMIHHUK 13 Mapalie’dbHo 3’ €JHAHUX TPYO;
B — TOPU30HTAIBHUI KOJIEKTOP, YKJIAJIEHUN Y TPaHIIIET;
I' — TeIUI00OMIHHMK Y pOopMi NeTi;
I' — TeIUI00OMIHHUK Y opMi cripalii, po3MilIeHOi TOPU30HTAIBHO
(tak 3Banui «Slinky»-konekrop);
Il — TETJI00OMIHHUK Y (popMmi cripaii, po3MiIIeHOT BEPTUKAIbHO
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4 EHepreTHIHMI aHaJi3 KOMIIPECOPHUX CHCTEM

TpyOu Ha KiHISX 3’€IHYIOTBCS B PO3MOJAUIbHI TPEOiHKU
3BOPOTHOI 1 MOJaBaIbHOT MaricTpaie, ki MOBUHHI MICTHUTHCS TPOXH
BUIIE, HIXK cami TpyOHW, 1100 MOBITPS MOTJIO BIIBOIUTHUCS 3 YyCiel
cuctemu. PekoMeHyeThes, 11100 KOXKHA METIIsl MOTJIa IIepeKPUBATHUCS
apMaTypoIO OKPEMO.

Po3cin nupkynioe 3a JIONOMOIOK Hacoca yepe3 IUIaCTUKOBI
TpyOu, 3abHparoud HAKONHWYEHE IPYHTOM TEIUIO, 1 TOHAETHCS Y
Bunapuuk [IKTH, B sxomy Bimgnae 1ie Terno xmamoH. Jlasi e Ternsio B
koHTypi IIKTH TpanchopmyeTbcst B Temao OUIbII BHUCOKOTO
MOTEHLIany s TeIUIONOCTa4aHHS MpuMilleHb. Tumuacoe
3aMep3aHHS TIPYHTY Oe€3MocepeqHbO0 B 30HI MPOJSTaHHS TPYO
(31e01TBIIIOrO B APYTii MOJOBHHI OMATIOBAILHOTO CE30HY) HE YHHHUTh
HETraTUBHOTO BIUTMBY Ha mpane3naTHicTs [IKTH i pocty pocnun. Ane
BCE K y 30HI1 MPOXO/KEHHS TPYO 13 pPO3COJNIOM HA CaJIOBUX TiISTHKAX
HE PEKOMEHAYETHCS CAIUTH POCIHHHU 3 TITHOOKUM KOPIHHSM.

[pyHTOBE TEIIO — II€ HAKONUYEHE COHSAYHE TEIUIO, SIKE
NEePEeXOUTh Yy IPYHT 3aBASIKU MpsIMOMY OOIrpiBY COHSYHUMH
IPOMEHSMH, NepeAaBaHHIO TeIula BiJ MOBITPsS abo arMocdepHHX
OMaJiiB, 10 BUNAIU. Temo, 10 HaAXO0AUTh Bropy 3 IIIMOIIUX MIapiB,
HIbK4ye HiK 15-20 M (Tak 3BaHi «HEHTpabHOT 30HN»), GOPMYETHCA 3
€Heprii, 10 HaJXOAUTb 3 HaAp 3eMJi, 1 IPAKTUYHO HE 3aJEeKUTh Bij
CE30HHUX 3MiH KJIiMaTy. BenuunHa noToKy pafioreHHOro Teruia, Iio
HAJXOMUTh 3 3€MHUX HAJAp, JJIS PI3HUX MICIIEBOCTEH CTaHOBHTH
0,05-0,12 Bm/M? i sk JOKEpeIo Teria sl BEPXHIX MapiB 3eMJIi HUMU
MOYKHA 3HEXTYBATH Yepe3 He3HAUHUI BILJIHB.

KopucHa KifbKICTh Teria 1, TAKAM YHHOM, IUIONIa HEeO0OXiTHOT
MOBEPXHI TEIJIOOOMIHY 1ICTOTHO 3ajJeXaTh BiJ TEIIOMI3UIHUAX
BJIACTMBOCTEH IPYHTY Ta €Heprii 1HCOJALii, TOOTO Bifl KIIMAaTHUYHUX
ymoB. TepmiuHi BIacTMBOCTI, Takl K OO0’€MHa TEIUIOEMHICTH 1
TETUIONPOBIIHICTh, TY>KE CHIIBHO 3aJIeKaTh B/l CKJIaLy 1 CTaHy IPYHTY.
TertoakymyrOBalibHI BJIACTUBOCTI 1 TETUIOMPOBITHICT THUM BHIII,
YUM CWIBHIIIE TIPYHT HACHYEHUH BOJOIO, YUM BHUINA YaCTKa
MiHEpaIbHUX CKJIaJOBHUX 1 YAM MEHIIMNA BMICT Y HbOMY IMOPOKHHUH 13
noBiTpssM. BopHouac MOTyXKHICTH 13 BiAOOpY Terua ajs IPYHTY €
npu6mzHo 10-35 Bm/v? B pa3i mpokiafaHHs TPYO i3 KPOKOM OJTH3BKO
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C. O. llapanos. Exepro3depexeHHs: B KOMIPECOPHUX CHCTEMAX

0,5-0,7 m. Ilutomi TETUIOBI MOTOKH ISl PI3HUX IPYHTIB CTAHOBIISTD:

— cyxu# mimanui ge = 10-15 Bm/m?:

— cupuii mimanuit Qe = 15-20 Bm/u?;

— cyxwuil THACTHH (e = 20-25 Bm/m?;

— cupuii runuCTHI e = 25-30 Bm/u?;

— BOJOHOCHHI map (e = 30-35 Bm/n?.

Y paiioHaX 3 BHCOKOI MIUTHHICTIO HACEICHHS 1 MaTuMH
3eMEIIBHUMHU  JUISHKAMH  PEKOMEHIYETBbCS  OOJIAIITOBYBAaTH
BEPTUKAJIbHI IPYHTOBI TEIUIOOOMIHHMKH (30HAW). 3a3BHYaid, 30HAU
BUTOTOBJISIIOTH 3 TMOJIETHUJICHOBOI a00 MOMIMPOMiIEHOBOI TpYyOH.
371e01TBIIOT0 MapajelibHO BCTAHOBJIIOIOTh YOTHPH TPyOW (30HI Y
dbopmi noasikiHOT U-oi6HOT TpyOH) B OJHIN CBEpAJIOBUHI (JTUB. pUC.
4.8). Yci NOpoXKHUHH MK TPyOaMu i IpYHTOM 3allOBHEHI MaTepiajiom,
KUl J00pe mpoBoaAUTH Tero (OeToniT). Po3cin nmo qBox Tpydam Teue
3 PO3MOAUTFHUKA BHU3, @ 110 JIBOX IHIIMM — ITOBEPTAETHCS BrOpy 10
posnoaiuibHuKa. [HIUi BapianT (AuB. puc. 4.9) — KoakcianbH1 TpyOH
(«tpyba B TpyOi») 3 BHYTPIIIHBOI TUIACTUKOBOI TPYOOK ISt
NOJJaBaHHs Ta 13 30BHIIIHBOIO [TACTUKOBOIO TPYOOIO /715l HOBEPHEHHS
po3scoury.

[pyHTOBI TEMIOBI 30H/H (3AJIEXKHO BijJl BAKOHAHHS) MOHTYIOTh
3a JIOTIOMOTOI0 OypWJIbHOI YCTAaHOBKH a00 3a0MBalOTh KOMPOM.
I'muOuna moHTaxy 30HAIB — 50-200 M. JlocBim 3acBiguye, 10
NUTOMHUIA TEIUIOBUI TOTIK OYy)X€ CHJIBHO KOJMBAETHCS B MEXax
20-100 Bmlmemp ooedxcunu 30mda. Jns pi3HUX IPYHTIB BiH
CTaHOBUTH:

— cyxui mimanuit IpyHT Qe = 20 Bm/um;

— cupoi mmaHuid 1pyHT Qe = 40 Bm/um;

— BOJIOTUH KaM’ SIHUCTHUH IPYHT Qe = 60 Bm/um;

— BOJIOHOCHI mapu, o MicTATh rpasiit §e = 80-100 Bm/m.

Binctanp MiXK 30HAaMU NOBHHHA CTAHOBUTH HE MEHILIE HIXK
5-6 m. [Iyst HEeBETUKOTO OYAWHKY JOCHTH OJHOTO TEIIO0OMiHHHKA.
Hampuxnan, 3a cepeqaboro 3uaueHHs Qe = 50 Bm/u s 3abe3neueHHs
XOJIOMJIBHOI MOTYXKHOCTI 6,5 xBm (temnoBa mortyxkHicte [IKTH
Oomm3bko 10 xBm) HeoOXiaHMi 301 10BKKUHOIO 130 M abo aBa 30HAM
1o 65 m.
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4 EHepreTHIHMI aHaJi3 KOMIIPECOPHUX CHCTEM

Fapﬂqe BoaonocTa4aHHA

Baxk-akymynsatop

[NipnoroBe onanexHs

BepTukaneHWid fpyHTOBMIA TENNOOOMIHHIK

Pucynok 4.8 — Cxema onasneHHs 1 rapsidoro BoJI0ONOCTa4aHHs
KHUTIOBOTO OYyJUHKY 32 JOMOMOTOI0 TEIIIOHACOCHOT YCTAaHOBKHU
3 BEpPTUKAJIBHUM IPYHTOBUM TEIUIOOOMIHHUKOM

VY nijoMy TemaoBI HAaCOCH PO3CUIBHOIO TUIY MaroTh OUIBII
HU3bKY TNPOIYKTHUBHICTH TOPIBHSHO 3 arperaTamMy IEpIIoro THITY
yepe3 Te, L0 BiIOYBAa€TbCSI B HUX «IOJABIMHUI» TEII000MiH
(TpyHT — pO3CiI, PO3CULT — XOJOJ0AareHT) 1 EeHEepProBUTpaTH Ha
3a0e3nedeHHs: poOOTH Hacoca LHUPKYISLIi po3coy. Xoya HE0O0XiTHO
3ayBaXUTH, 110 OOCIYyroBYBaTH TaKli CHCTEMH 3HAYHO TMPOCTIIIE.
Temmeparypa 3amep3aHHs poscony (cymimi Boau i aHTH(pHU3Y)
nMoBHWHHA OyTH prOIN3HO —15 °C 1151 BUKITIOUEHHS HOT0 3aMep3aHHs
B IIpOIIeCi eKCIUTyaTarlii.

Jns Benukux OyaiBenb MOKE 3HAIOOUTHCS MPUCTPIN LIIOL
TPy  CBEPAJIOBHH 13 BEPTUKAJBbHUMU  TEMJIO0O0OMIHHHKAMH.
HaiiGinpImie B CBiTI CBEPAJIOBUH BHKOPHUCTOBYIOTH B CHCTEMI TEILIO-
ta xonoaonoctayanus «Richard Stockton College» (CILIA, mrat Heio
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C. O. llapanos. Exepro3depexeHHs: B KOMIPECOPHUX CHCTEMAX

Jlxepci). BeprukanabHi IPyHTOBI TEINIOOOMIHHUKU LBOTO KOJEIKY
po3Mmimeni B 400 cepmmoBuHax rmbOunoro 130 m. Y €Bpomi
HaiOlbie cBepuioBUH (154  cBepmioBuHM TauOUHOWO 70 M)
BUKOPUCTOBYIOTh y CHCTEMi TEIUIO- Ta  XOJIOJOIOCTaYaHHs
neHTpanbHoro ogicy Himenpkoi ciy>xOu ynpaBiiHHS TOBITPSIHUM
pyxom «Deutschelugicherungy.

U-noaibHuia [loaBivHMA
TennooOMIHHUK U-nopnibHui
25-32 mm TeI'IJ'IOO6MiHHMK

N .
A S
< ‘b

[MpoCTUI KOAKCHNEHWIA
TennooOMIHHMK

40-60 mm

Binblu cknaaHi BapiaHTH
KOAKCHITbHUX TEMMOODMIHHUKIB

70 Mm 70-90 mm

Pucynok 4.9 — [lepepi3 pi3HUX TUMIB BEPTUKAILHUX TPYHTOBUX
TEIIO0OMIHHUKIB

TennoBa €MHICTh IPYHTY BapilO€ThCS 3aJEKHO BiA #oro
BOJIOTOCTI 1 3araJIbHUX KJIIIMAaTUYHUX YMOB KOHKPETHOI MiCLIEBOCTI.
UYepes Bimbip Tera, o BiAOyBaeTbcs IMiJl Yac OMAIOBAIILHOTO
Ce30HYy, HOTO TeMIiepaTypa 3HIWKYEThCcs. Ha MimsHKax 13 XOJOIHUM
KJIIMaToOM BeJIMKa YacTHHA eHeprii BiABOAUTHCS y (pOpMi JATEHTHOTO
TeIia, KOJIM TPYHT Mpomep3ae. Y JTHIN mepio, mpoTe, M i€l
COHIISl TEMIIEpaTypa IPYHTY 3HOBY HiIBULIYETHCS aX 10 TOYATKOBOI.
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4 EHepreTHIHMI aHaJi3 KOMIIPECOPHUX CHCTEM

4.5 Bu3zHaueHHs1 TUTOMOI BAPTOCTi eHeProcnoKNBAHHS
Ta €eKOHOMIl AJMBA 32 NOBHUM JIAHIIOTOM €HepreTHYHMX
nepeTBopeHb

[TporioHOBaHE OIIHIOBAHHS JIO3BOJISIE TIOPIBHATH BUTPATH HA
CHEepProcHoXHUBaHHS sl 0a30BOrO BapiaHTa TEIUIONOCTAYaHHS Ta
IPOTIOHOBAHOTO BapiaHTa, SKUH € Oulbll eHeproeeKTHBHUM 3a
PaxyHOK yIPOBaJHKEHHs €HEPTrOOIIaIHUX TEXHOJIOTIH.

[TopiBHIOIOTH 32 BapTICTIO PIYHOTO BUPOOITKY TETIJIOTH.

PiuHuii BUpOOITOK TETUIOTH:

gﬁf =0Q,- Tp, (KBm - 200) — JuIsl peKyTepaniiHoi Cxemu;

g}j = Qrn " Tps (kKBm - 200) — JU1sl TEMIOHACOCHOI CXEMH,

N€ T, — PO3PAaXyHKOBA KUIBKICTb TOJMH POOOTH CHUCTEMM TEILIO-
[IOCTa4YaHHS.

Bapricts BUpOOIIEHOT TEMIOTH, 2pH, 3aMILIEHOT 32 JI0TIOMOI00
TETJIOTeHepaTopa, 110 MPAIoe Ha IPHPOJHOMY Trasi:

pex __ ~ pek
=C . q . X
ras ra3 Yras piu !

7€ Cpas — WiHa 1 4% mpHEpoIHOTO Ta3Y;
(ras — TATOMA BUTpATa ra3y Jyisl TeIJIoreHepaTopa.

Exonomis piHaHCOBHX pecypciB Ui TEIJIOHACOCHOT CXEMU, ePH:
AC™ =M — Ce/er

ne CXH — apricTs BUTpar Ha ra3 s poOOTH TeTLIOTeHepaTOpa, KN

3a0e3nevye piuHUA BUPOOITOK TETUIa Qgﬂ, 2pH,;
Ceje — BapTICTh BUTPAT HA EJNEKTPOCHEPTIHO Ui TPUBOJA
KOMIIpECOpPa TEIJIOBOTO HACOCA, ePH,
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TH _ .5 .NnTH
Cra3 = Craz " raz Qpil{’

Ce/e = Ce/e : an "Tp-
CymapHa ekoHOMis PiHAHCOBUX BUTPAT, 2PH.

€K
C=ChS+AC™,
KoHTposbHi nuTanHs

1 OcHoBHI 0CO0JIMBOCTI CUCTEM HEHTPaTI30BaHOTO
TETUIOTIOCTAYaHHS.

2 TlommpeHHs cucTeM LEHTPalli30BaHOI0 TEIUIONOCTaYaHHs B
KpaiHax CBITY.

3 Temmoenekrpouentpani (TEL]) sk ocHOBHe pKepeno
TEIUIOTH y CBITI Ta HANPSIMKH IT1IBUIICHHS X €()EKTHBHOCTI.

4 Tennosuii Hacoc. Floro ocHOBHI mepeBarny.

5 TlapoxoMmpeciiiuuii TemmoBmii Hacoc. oro cxema, MUK Ta
OCHOBHE (DYyHKI[IOHAJIbHE MPU3HAYEHHS arapariB, I10 BXOAATH J0
HOro CKJIamdy.

6 EnepretnuyHa e(heKTUBHICTb MAPOKOMIIPECIHHOTO TEMIOBOTO
Hacoca.

7 ExoHOMiYHa €(EeKTHBHICTh MapOKOMIIPECIHHOIO TEMIOBOTO
Hacoca.

8 EkojoriuHa e(peKTHBHICTh MapOKOMIIPECIHHOIO TEIIOBOTrO
Hacoca.

9 IlpuHnMnoBa cxema NapoOKOMITPECIHHOTO TEIIOBOI'O HAacoca
3 BUKOPUCTAHHSIM TEIUIOTH aTMOC(HEPHOTO MOBITPS.

10 IlpunmunoBa cxemMa MapOKOMIIPECIHHOTO  TeIIOBOTrO
HAcoca 3 BUKOPUCTAaHHIM TETUIOTH CTIYHUX BOJI.

11 IlpuniunoBa cxemMa MapOKOMIIPECIHHOTO  TemIOBOTro
Hacoca 3 BUKOPHCTAaHHSIM TEIUIOTH IPYHTY.

12 BuzHayeHHs EKOHOMIYHUX ITOKa3HUKIB YIPOBAKEHHS
TETOYTHITI3AMIHUX CXEM.
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5 Hanpsimu eHepro3aomamKeHHs B KOMIIPECOPHUX CHCTEMax

5 HAIIPSAMU EHEPT'O3AOIIAIZKEHHSA
B KOMIITPECOPHUX CUCTEMAX

5.1 llnsaxu nigBuIIeHHsI eHeproe(eKTHBHOCTI
ICHYIOUHMX YCTAHOBOK

CdopmoBana 3a ocTaHHI POKM TEHICHLIA IOJOPOKYAHHS
€HEepPropecypciB CTUMYITIOE TIPOBENICHHS €HEPro30epeKHUX 3aX0IiB y
KOMIIPECOPHUX CUCTEMAX 3a TAKUMH HAIPSIMKaMH, SIK:

— eHepro30epeXHi TEXHOJOTIUHI IMPOIECH KOMIPHUMYBAHHS
ras3iB Ta iX CyMmillei;

— eHepros0epexHa nepeKkadyBaibHa TEXHIKA;

— BUKOPHUCTaHHS BTOPUHHUX €HEPropecypciB.

PosrnssHemMo  mpukimamy  eHepro30epeKHHX — 3aXOMiB  JUIS
HaOlIbIl EHeproeMHOI Trajy3l BUKOPUCTAHHSA KOMIPECOPHHX
CTaHIIl — Ile TpaHCHOPTYBaHHA Ta3y. Y 1IbOMY pa3l KOMIIpECOpHa
cranuis (KC) € iHXeHepHOIO cHopyzoro, 10 3abe3rnedyye OCHOBHI
TEXHOJIOTI4YHI MPOIECH 3 IMIATOTOBJICHHS Ta TPAHCIOPTYBaHHS rasy:
OUMILEHHS BIJ CTOPOHHIX JOMIIIOK, KOMIPUMYBaHHS 1 Horo
oxosojkeHHs. Jlo cCKiIagy KOMIIPDECOPHOI CTaHIIi  BXOJSTH:
kommnpecopHi 1exu (KL) mias po3MilieHHs rasornepekadyBabHUX
arperatiB (I'TTA), razopo3nozaineHi craniii (I'PC) Ta razopo3noaisibHi
nyHktd (I'PII), ycTaHOBKM NMJIOBIOBIIOBAYiB, E€IEKTPOCTAHIIT
BJIACHMX MOTpeO, CKJIagu NallbHO-MacTUiIbHUX Marepianis (IIMM) i
METaHOITy, aJIMIHICTPAaTUBHO-TIOOYTOBI OY/IIBIII Ta iH.

VYV 3B’43Ky 3 BIJJIAJICHICTIO MariCTpaJbHUX Ta30MPOBOIB BiJl
HEHTPaAIbHUX CUCTEM €HepronocTayaHHs Ha KOMIPECOPHHUX CTAHIIISX
3aCTOCOBYIOTh T'a30TypOIHHUN NPHUBOJ HarHiTayiB raszy. OCHOBHUM
JDKEpEJIOM BTOPUHHHUX EHEPropecypciB € rasu, 10 HaJAXOIATh Bij
ra3otypOinHux yctaHoBokK (I'TY), ski BUKOPUCTOBYIOTbCS JUIS
BOJISHOTO OMaJIeHHA 00 €KTIB HAa TEPUTOPIl KOMIIPECOPHUX CTaHIIIH,
OPWIEruX  HaceleHMX  MYHKTIB 1  CUIBCHKOTOCHOJAPCHhKUX
HiANPUEMCTB y XOJOIHUN TEpPioA POKY Ta JUIsl CUCTEMH Trapsdoro
BOJIOTIOCTAa4yaHHs B yci mepioan poky. B kinmi 80-x pokiB XX cT.
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MinrasnpomMom Oyina HakpeciaeHa HporpaMa poOiT 31 CTBOPEHHs
CHUCTEM 13 3aCTOCYBaHHSM SK TEIUIOHOCIS IIOBITPS 3 METOI0
3a0e3nedeHHs HaiiHOi podoTu 00xanHanua. [Iporpama nependbayana
CTBOPCHHS CTalllOHApHUX Ta IIEPECyBHUX IOBITPOHArpiBadiB 3
BUKOPUCTAHHSM PI3HUX BUJIB MAJIKBA 1 BTOPUHHUX €HEPropecypcis,
K1 3a0€31eUyI0Th MOCTIHHE, MEPEITyCKOBE i aBapiiiHe MporpiBaHHs
OyniBii, ykputtiB I'TIA, obnagHaHHS Ta30BUX MPOMHUCTIB, 00’ €KTIB
TPAHCIIOPTY 1 mepepoOICHHS Ta3y.

[HIIMMH CTIOKMBaYaMH TETIOTH BUXJIONHUX Ta3iB I TY MoXKyTh
OyTu: cHCTeMH MiAIrpiBy MNaJIMBHOIO  Ta3y; MaricTpajbHi
HaTOMPOBOIH, MPOKJIA/ICHI TapajelIbHO Ta30MPOBOIaM Ha BiJICTaHi
1-1,5 xM; pi3HI cCUCTEMU CHIroTaHeHHs. HalOiIbIMMu CrIo)KuBayaMu
terutotu KC MoxyTh OyTH MarictpansHi HadTopoBoau. Bimomo, mo
3 NiABMIIEHHAM TEMIIEpaTypu B’S3KICTb Ha(pTH 3HUXKYETHCH,
HANpUKIaJ, 3a maBuiIeHHs Temeparypu Hadtu Big 0 °C go 15 °C
B’SI3KICTh 3HW)KYETHCS B TPHUUl, NPU LOMY IPOINYCKHA 3[aTHICTh
HadTonpoBoy aiamerpoM 1 000 MM 301mbHIyETHCS Ha 21,5 %.

3anexHO BiJ B’A3KOCTI HaQTH 1 TeMIlepaTypd 30BHIIIHBOI'O
NOBITPS HEoOX1JHAa KUIBKICTh TEIUIOTH 3a OCHOBHMMH ITYHKTaMH
nigirpiBy konuBaetbes Big 20 MBT o 60 MBT. IlpunnumnoBi cxemu
nigirpiBy HagTu Ha I'TY 3 KOMIPECOPHUMH CTaHIISIMU 3 YTUJII3a111€10
TEIUIOTH HaBeJleH1 Ha pUCYHKY 5.1.

[Migirpie Hadgt o temmeparypu 30-65 °C BinOyBaeTbesi B
TEINIOOOMIHHUKAX  (3a3BM4ail  Tumy «rpyba B TpyOi» abo
KOXYXOTPYOHUX), YCTaHOBJICHUX Ha MalTaHYUKY
Ha(TOnepeKkadyBalbHOI CTaHLii a00 Ha OKPEMOMY IYHKTI HiAirpiBy.
Sk mpoMiXKHUI TEMIOHOCIH 3a3BUYail BUKOPUCTOBYIOTh rapsiyy BOAY.
[Tigirpie  BoaM  MOKe  3AIMCHIOBATHCS B YTUII3aliMHUX
TEIUI00OMIHHMKAX, ycTaHOBIeHHMX Yy Trazoxomax [TVY. Ilogaua
TEIUIOHOCIST 3/1MCHIOEThCSL 32 JIOMIOMOTOI0 HACOCIB  3aMKHEHHM
nukioMm. Cxema mifirpiBy HadTH MOXe OyTH OJHOKOHTYPHOIO 1
JIBOKOHTYPHOIO.
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Pucynok 5.1 — [IpuHIunosi cxemu miairpiBands HahTu
a) OJTHOKOHTYpHA cxema, 0) IBOKOHTYpHA CXeMa:
1 — TerooOMiHHUK JUTs TijirpiBaHHs HadTH; 2 — Hacoc; 3 — ra3oxism;
4 — yTuni3aniiHui TeII000MIHHHK; 5 — BOJIO-BOJITHUM TETIJIO00OMIHHHUK

Kpim Toro, mo mkepen TEMIOBUX PECypCiB MOXKHA BiTHECTH
(puc. 5.2): cucteMu OXOJIOKSHHSI MaCTHIIa; CUCTEMH OXOJIOIKCHHS
rasy; 3BOPOTHY MepexHy Bony cuctemu Teruionocrayants (CTII);
Harpiti noBepxHi razoxois i 'TY B MallMHHMX 3aJ1aX KOMIPECOPHOT
CTaHIIIl; BUTSDKHI CHCTEMH MAIlMHHUX 3aJliB KOMIIPECOPHUX IIEXIB;
(bi3UYHy eHeprito MaJTuBHOTO a3y, 0 APOCETIOETHCS.

Ha pucynky 5.3 HaBenmena cxema Ui OMAJIOBaHHS raiepei
HarHiTauiB 1 ['BII Garatomammuuoro KII 3a paxyHOk TemaoTu
MOBITPS, 110 BUAAISETHCS 3 3aCTOCYBAaHHSIM TEIJIOBUX HACOCIB TUITY
«TIOBITPSL — MOBITPs», 10 TOrO X TerioBuit Hacoc TH2 moxe Oytu
BUKOPHUCTAHUN Y pEKUMI1 XOJOIMIBHOI MAIlIMHU [Tl TETUIOTO Mepioy
poky. ®i3udHa eHepris rasy, o apocemntoerbes Ha ['PC 1 T'PIT, moxe
OyTH BHKOpPHCTaHa B YCi MEPIOJM POKY 32 CXEMOIO Ha PHCYHKY 5.4,
Herannep-reneparop (JA'A) manmBHO-HacocHoi ycraHoBku (THY)
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3aCTOCOBYIOTH JUIsl OTPHMAHHS €JIEKTPOSHEPrii, TETUIOTH 1 XOJIOAY.
Jns mipirpiBanas raszy mnepen JI'A Moxe OyTH BHKOPHCTaHHM
TEIJIOBUM HACOC.
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Ho cucmemu 1
I'BIT

D

-0

Ho cucmemu
ONATEHHA

Cucmemiu 0x010034ceHHA
Mmacmuna
A 4
Y Q
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N 4
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3

D

Oébopomna 60da

Pucynok 5.2 — Cuctemu 0X0JI0PKEHHS MacTHIa (a)
Ta 000pOTHOI MepekHOT BoH (0) 13 3aCTOCYBAaHHS TETLIOBOTO
Hacoca: | — kommpecop; 2 — BUMIAPHUK; 3 — IPOCETbHHI BEHTUIIb,
4 — KOHJIEHCATOP

Tennora moBiTpsA, MO  BUOABIETBCS 3  MPUMIIICHb
a/IMIHICTPAaTUBHO-TIOOYTOBUX Oy/iBeNb, MOKe OyTH BUKOPUCTAHA 3a
CXeMO Ha pUCYHKY 5.5, Ha miii cxemi 3ampornoHOBaHO
BUKOPUCTOBYBAaTH sIK MicleBl arperatu TeruoBi Hacocu (TH),
o0’enHaHI B KUJIbIEBY cucTeMy. Taka cxema peaizye B OJHOMY
KOHTYypi omaneHHs, oxonomkeHHs 1 IBIL Sk mxepeno
TETUTOTIOCTAYaHHS TaKOXXK MOXe OyTH BHUKOPHCTaHA TEIUIOHACOCHA
YCTAHOBKAa 3 TPYHTOBHM KOJEKTOPOM. Y MiBHIYHUX KJIIMaTHYHHUX
YMOBax y TEIUIHH MEPio pOKY IS MiATPUMKH IIEBHOTO CTaHy IPYHTY
KPIOJIITO30HU MOXke OyTH BUKOPUCTAaHA CXeMa Ha pUCYHKY 5.2 a. Sk
BUTIAPHUK 3aCTOCOBYIOTh ITPYHTOBHIA KOJIEKTOP.

OTxe, 3acCTOCYBaHHS  TEIUIOBUX  HACOCIB  MiJBHILYE
e(heKTUBHICTh eHepro30epekHuX 3axoaiB. OgHaK Yepe3 KIIMAaTH4HI
Ta €KOHOMIYHI 0COOJIMBOCTI TEIIOHACOCHI TEXHOJOTIi B YKpaiHi e
HE OTpPUMAaJM TAaKOTO BEJIMKOTO MOMmUpeHHs, sk B €Bpomi. lle
IIOB’S13aHO Hacamrepe i3 CIiBBIJHOUICHHSM I[IH Ha EJIEKTPUKY 1
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5 Hanpsimu eHepro3aomamKeHHs B KOMIIPECOPHUX CHCTEMax

TEIUIOBY eHeprito. KpiM Toro, KO)XKHHUH THIT TEIUIOBOTO HAcOoca Mae
CBOI TeXHI4HI mpooOsiemMu. Tak, HaPUKIIA, I peHTa0eIbHOT poOOTH
nositpsiHoro TH Temmeparypa 30BHIIIHBOTO MOBITPs IOBUHHA OyTH
He MeHIoo Hixk 14 °C.

'S

______________ H % - g

12X

dl

B RO

Pucynok 5.3 — Cxema i onamoBaHHs rajiepei HarHitadiB Ta ['BIT
6aratomamunHoro KII: 1 — I'TY; 2 — naruirad rasy;,
3 — micrieBuit Hacoc; 4 — BOTHE3aTPUMYBAIbHHI KJIaIlaH;
5 — BUTSDKHUN BEHTUWIISITOP; 6 — MPUTSKHUN BEHTHIIATOD;
7 — moBiTpoHarpiBay; 8 — komripecop; 9 — BUITapHUK;
10 — repmoperymroBaibHUI BeHTHIIb; 11 — KoHaeHcaTop; 12 — knananu

Kpim TexHiuHuX mpobsieM, 3HaYHI TPYJHOII BHHHMKAIOTH 1 B
mporeci MAO0OpPy MOBITPSHOTO TerioBoro Hacoca. Ilig dac
IPOEKTYBAaHHS MEBHOT MOJIENI TEIUIOBOIO HAacoca 3aKJIaAaeThCs JesiKa
CYKYIHICTh TIapaMeTpiB poOOTH HUKITY 1 TETUIOOOMIHHUX amaparis.
i mapamerpu 3a0e3medyroTh PO3PAXyHKOBH [iama3oH poOOTH
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C. O. llapanos. Exepro3depexeHHs: B KOMIPECOPHUX CHCTEMAX

TEIUIOBOTO Hacoca 31 3MIHHUM KOe(iI[ieHTOM MepeTBOPEHHs eHeprii
(COP) 3aexHO Bifl yMOB €KCILTyaTallii.

— -
- e

ren(rec) 5

Pucynok 5.4 — Cxema JII'A 3 TpUCTYNIEHEBUM MiAIIPIBaHHAM ra3sy:
1 — TpyOompoBiT BUCOKOTO THUCKY; 2, 7, 8 — TEIII000MIHHUKHI
nigirpiBanns razy; 3, 9, 10 — nerangepu; 4 — enekTporeHeparop;
5 —I'PIT (I'PC); 6 — TpyOonpoBix HU3BKOTO TUCKY;

11 — 3’ennyBanbHI TPYOOTIPOBOIN

IcroTHO BIMBatOTH K Ha 3HaueHHs COP, Tak 1 Ha BENTUYUHY
MOBHOI TEIUIOBOI MOTYXHOCTI J000B1 KOJMBaHHS TeMIlepaTypu
30BHIIIHBOTO TOBITPs. OCHOBHMMH NOKa3HUKaMM e(eKTHBHOCTI
MapOKOMIIPECITHOTO UKITY € MPOIECH OXOJIOKEHHS HarpiBaJIbHOTO
cepe/loBUINa, HarPiBaHHS XO0JIO0areHTa B KOMIIpECOpi 1 HarpiBaHHs
Boau. CyKymHICTh IIMX BJIACTUBOCTEM YTBOPIOIOTH COOOI0 MAacuB
Oyab-skux 3HaueHb poOotu TH 6e3 ypaxyBaHHS BIUIMBY 30BHIIIHIX
¢dakropis. [lo cyTi, ouiHIOIOYM WMOBIPHI MapaMeTpu PO3TIISIHYTOrO
IUKITY, MOXXHa TOBOPUTH TpO TI€BHI MEPBHHHI pe3yabTaTu
MPOEKTyBaHHS, $Ki, 0Oe3yMOBHO, OyayThb KOpuryBaThcs B pasi
HaKJIaJICHHS [TOJIAJIBIINX YMOB Ta OOMEXEHb.

OueBHIHO, IO ICHY€E MEBHA MeXa MOXJIMBOCTI peanizanii TH.
Bupimennsam  1iei npoGneMu € TOWIYK ONTHUMAJIBHOIO IS
KOHKPETHOT'O TEIJIOBOTO Hacoca CIiBBIAHOUIEHHS BHUPOOIIOBAHOI
TEIUIOBOI eHeprii Ta piBHA ii peamizamii. g noBiTpsuux TH Takox
XapakTepHa mpobjeMa oOMep3aHHs, 110 MPU3BOAUTH 10 BUIAIaHHS
KOHJIeHCAaTy Ha BHMAapHHUKY. OOMep3aHHs Tera000MIHHOI MOBEpXHi

3arpoKy€ TaKUMHU MPOOIeMaMH: 3HHKEHHSAM €(EeKTUBHOCTI MPOIIECY
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5 HampsiMu eHepro3aomakeHHsS B KOMIPECOPHUX CUCTEMAX

TETIIO00MiHY; 3pOCTaHHIM aepOJUHAMIYHOTO OMOpPY; PyWHYBAHHSIM
TEII000MIHHHUX 1 IPUJIETIINX KOHCTPYKITiH.

) s B
7 i |
| | | mennosum 6arancom

TH1 | | | TH1 | | | TH1 | |
| | | |
<

o -,

o =
,ZIO HUPKYIAULUHIX HACOCLE

rec

A
Pt (A B Bio oxcepen o
Y Y menomiu i x0100y

r a [P menl [ . a2

| | | | | |

Ilmzll I|'m2|| I|mz||

: : I : : | IpumingeHHA 3 610" eMHUM
CEETEY cEEEEy L —J men06uM banancom

TH1 (ox071003ceHHA NPUMIIEHHA) TH? (onaao6anHa npuMillieHHA)
Iapa HT Hapa HT
5 | Iapa BT 5 | ITapa BT
. Iosim-

Hosimps Booa pa Booa
B o e &
2 1 4 4 1 2
3 3

- ]
Piouna HT Piouna BT Piouna HT Piouna BT

Bio noeepxosix
Kizeus

T 14 41 119

o o ¥ g

/| > S
Lo e 2

Iupkyaauiitni Hacocu Xonoouwrvna mamuna xcepeno menaomu

Pucynok 5.5 — KinbieBa cxema i3 3aCTOCYBaHHSM TEMJIOBOTO HAcoca:
1 — koMmIIpecop; 2 — BUITAPHUK; 3 — TEPMOPETYITFOBATLHUI BEHTHIIb,
4 — KOHJCHCATOP; 5 — YOTUPUXOAOBHH KIIamaH;

6 — MUPKYJISIIHHI HACOCH
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C. O. llapanos. Exepro3depexeHHs: B KOMIPECOPHUX CHCTEMAX

[Ipobnema oOMep3aHHS MOXKE BHPINIYBaTHCS  IUISIXOM
BIJIKJIFOYEHHSI CHCTEMHU 3a KPUTUYHOTO pPiBHS oOMep3aHHs abo 110
MOYaTKy NpoIecy, a TaKOX MIUIAXOM IiAIrpiBaHHS MOBITPS, IIO
BUJIAIAETHCS /IS 3MIIIEHHS «TOYKH pocu». OOuBa BapiaHTH 4acTo
BUKJIIOYAIOTh MOXKJIMBICTh POOOTH CHCTEMH Ha OCHOBI MOBITPSIHOTO
TEIJIOBOTO HAacoca Y BHCOKOS(HEKTHBHUX PEXHMaXx, 110, 0€3yMOBHO,
MO3HAYAETHCS Ha TMOMYJSAPHOCTI Takoi cucTeMH. Y IIoMy 3
ypaxyBaHHSM  OOMEXKEHb, 0  HAKJIAJAIOThCA  MPOIECaMH
TEII000MiHYy, MOXHa Bi3yanmizyBatu ob6nacte 3aiexHo COP i
NpOaHalli3yBaTH OJICP)KAHUN pEe3yIbTar.

5.2 OCHOBHI 110JI0’KeHHSI eKCepreTHYHOro aHaJi3y
KOMIIPECOPHUX CHCTEM

Jnis oliHIOBaHHS €HEepreTHYHOi e(EeKTUBHOCTI KOMPECOPHUX
CHCTEM HalOUIbII KOPEKTHUM € 3aIy4€HHS! €KCePreTHUHOrO0 METOAY
TepMOJMHAMIUHOTO aHamizy [12]. BukopucCTaHHS 1HOTO METOAY
JI03BOJISIE  OJJHO3HAYHO BUpaXaTH #  paHXKyBaTH PI3HOPIAHI
€HEepreTHYHI MOTOKU B TEPMOMEXAHIUHUX CHCTEMAaX.

Exceprernune OLIIHIOBAHHS CTYIEHS JIOCKOHAJIOCT1
E€HEPTOIEePETBOPEHD Y NOCIIIKYBaHIi cucTeMi 0a3yeThCs Ha CydacHIi
TEPMIHOJIOTIT 1 MOJ0KEHHSIX, BUKIaeHUX y mparsx [11, 12].

[Tix namuBom (fuel) maroTe Ha yBa3i Oyab-sKHil €KCEPreTUUHUI
HOTIK, IO BXOJIUTH /10 KOMIOHEHTa. OCOONMBUM € KOMIIOHEHT, B
SAKOMY ITaJIMBOM KOMITIOHEHTA € NAJIUBO JJIs1 BCI€T CUCTEMH.

[poxaykr (product) — 1e moTik, KU MPSAMYE 3 PO3TIISIHYTOTO
KOMIIOHEHTa J0 NOJANbIIOro, JUisl SKOro BiH Oyae MaJuBOM.
Oco0mMBUM € KOMIIOHEHT, B SIKOMY IHPOJYKTOM KOMIIOHEHTa €
KOPUCHUI e(eKT BCi€i CUCTEMH.

HecTpykuito exceprii (exergy destruction) jerko mosicHUTH Ha
MIPUKIIAJIl pEreHepaTUBHOIO TEIJIOOOMIHHHKA, B IKOMY IepexiJ Tera
BiJl «Tapsuoro» IMOTOKY JO «XOJIOZHOTO» MOXIIMBUH JUIIEe 32
HAsIBHOCTI PI3HUIII TeMIiepaTyp. Y pe3ynbTarti Terionepeaayl Temio 3
BUCOKOT'O TEMIIEPATypHOTO PIBHS NMEPEXOIUTh HAa HU3BKHM, TaKUM
YUHOM CIIOCTEPIraeThcs pyHHYBaHHA (PO3CIFOBaHHSI) €KCEpTii.
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5 Hanpsimu eHepro3aomamKeHHs B KOMIIPECOPHUX CHCTEMax

Pisauns TtemmepaTyp, siKa € HACHIJKOM HAasBHOCTI JECTPYKIIii
eKceprii, BU3HAYa€e pO3MIpHU TEIUIOOOMIHHOI TOBEpPXHi, a OTXkKe, i
KalliTaJIbHi BATPATH, BATPATH HA PEMOHT Ta 00CIyrOByBaHHSI.

Brpatu exceprii (exergy losses) cmocrepiraroTbesi Imia yac
pO3TIsiAy  YMOB — B3aEMOJil  KOMIIOHEHTa 3  HaBKOJMWIIHIM
cepenoBuieM. KpamuMm mOpukiagoM € TEIJIOBTpaTH BiJ MOBEPXHI
pEereHepaTUBHOTO TEIUNIOOOMIHHHUKA, 1[0 MAa€ TeMIIEPaTypy BHUILY Bil
TEeMIEepaTypu JOBKIIIA.

ExcepreTnunuii aHaiiz BUKOHYIOTHh 13 TaKUMH ITOKPOKOBHMH
poLeaypamMHu:

— BHOHMPAIOTh MEXi CUCTEMH;

— ckiagaloTh  ¢GopMaii3oBaHy ~ CXEMy  E€KCepreTHUHHUX
MIEPETBOPEHB Y MIJIOMY 132 KOMIIOHCHTAMHU CUCTEMH;

— PpO3paxOBYIOTh 3HAUYEHHS EKCEePreTUYHHX [MOTOKIB, IO
MEPETUHAIOTh MEX1 CHCTEMHU 200 KOMITOHEHTIB;

— BHUKOHYIOTh KJacH(]iKallilo eKCepreTHYHUX IOTOKIB Ha
KaTEeTopii «IaMBO», «IIPOAYKTY, «IECTPYKIIIs», «BTPATH;

— BH3HAYarOTh MOKA3HUKHU (KPUTEPIT) EKCEPreTUUHOTO aHaTIi3Yy;

— BHM3HAYaIOTh HAINPSMKU ONTHUMI3AIlll CUCTEMHU B IIIIOMY abo
OKpEeMHX 11 KOMIIOHEHTIB.

BiamosimHo [0 1iel MeTo0JIOrii OCHOBHHUM ITOKAa3HUKOM IIIJT
Yac TOPIBHSHHS CXEMHHUX pIllIeHb € BeIWYMHA eKCepreTUYHOl
€(eKTUBHOCTI &gy

ne Ep — excepris MOTOKY MPOJIYKTY CUCTEMH;
Er — excepris NOTOKY MaJliBa CUCTEMH.

Pi3uuns 3nauens Er Ta Ep nae 3HaueHHs aecTpykuii Ep 1 BTpaT
ekceprii E; y mpoiiecax eHepromnepeTBOpeHb y 3a/1aHiil cucTeMi, TOOTO

ED +EL =EF_EP' (51)
Heo0xinHo Bi3HAUNTH, 1110 BeInuuHa E}, XapakTepusye piBeHb
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C. O. llapanos. Exepro3depexeHHs: B KOMIPECOPHUX CHCTEMAX

JVCUIIATHBHHUX BTPAT 33 PaXyHOK BHYTPIIIHBOI HE3BOPOTHOCTI, a Ej
3YMOBJIEHA HASBHICTIO 30BHIIIHBOTO TEIUIOOOMIHY KOMITOHEHTIB
CHUCTEMHU 3 JIOBKIJLISM.

3acTOCYBaHHS E€KCEPreTHYHOI0 aHali3y IbOr0 BHAY HE
notpedye 3alydeHHS EHTPOIMIHHOTO aHali3y I PO3PaxyHKY
3araJlbHOI JISCTPYKIIii Ta BTpaT €KCeprii B CUCTEMI, SIK 1I¢ BHILIUBAE 3
piBasiHHS (5.1).

5.3 ExceprernuHi kpurepii eHeproegeKTHBHOCTI
Y 3aranpHOMY BWIJISIAL JUIS K-TO KOMIIOHEHTa CHCTEMH

dopmanizoBaHa cxeMa EKCepreTHYHHX IEPeTBOPEHb Ma€ BHIJIS,
300pakeHuil Ha pUCyHKY 5.6.

o {77
>

By - E,
E. —{_

E5 e B E7
—

4= FE

E8 —t——<_ 1 E9

10

By ~r——~— — £,

HI{H _"Ek

Pucynok 5.6 — @opmanizoBaHa cxema eKCepreTHYHUX MePEeTBOPEHb
U1 K-r0 KOMITOHEHTa CUCTEMH B 3arajbHOMY BUTJISII

YMOBHI TO3HaYSHHS HA PUCYHKY 5.6:
— E1 — E> — TpaH3UTHUI NMOTIK 31 3MEHILIEHHSM €KCeprii;
— E3— E4— TpaH3UTHUM MOTIK 13 IPUPOCTOM EKCeprii;
— (Es5 + Eg) > E7 — NIOTIK 3MilllyBaHHS €KCEpril;
Eg — (E9 + E10) — MOTIK pO3rairy;K€HHS €KCeprii;
E11 — nepepBHUII BXiIHUI MOTIK eKceprii;
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5 Hanpsimu eHepro3aomamKeHHs B KOMIIPECOPHUX CHCTEMax

— E12 — BUpOOJIeHUI BUX1THUH MOTIK €KCeprii;
— [k — aHepreTWYHUH PE3yJbTaT EHEPromnepeTBOPEHHS
(mucumanis exceprii y k-My KOMITIOHEHTI).

Exceprernunuii 6ananc k-ro KOMIoHEHTa CUCTEMHU BHPAXKAIOTh
TaKUM YHHOM:

Ec=Ep +Ep +E_,

ne Er, k — excepris «manuBay («fuel») k-ro koMmroHneHTa;

Ep, x — excepris «mpoaykty» («product») k-ro komrnoneHra;

Ep, x — alcomoTHa nectpykiiisi ekceprii (exergy destruction) sik
(GYHKIIIS BiJ] TEPMOIMHAMIYHOI HEOCKOHAIOCTI TPOIIECiB;

E\ x — abcomoTHi BTpaTH ekceprii (exergy losses), 1110 BAHUKAIOTh
y pasi 30BHINIHBOTO KOHTAKTY KOMIIOHEHTa CUCTEMH 3 JOBKIJUISM,
HANPUKIIAJ,, OMHUCYIOTh HEiealbHICTh 130JALIi TErI000MIHHUKIB
Ta iH.

AOcoiIOTHA JECTPYKIlST €Kceprii — Iie J0JaTKOBa HasBHA
pobota (olep:kaHa YW BUTpayeHa) Ui BUPOOHMIITBA JOJATKOBOTO
e(eKTy MOPIBHAHO 3 TEOpeTUYHO0. [ BU3HaYatoTh 3a (opMyII0I0

EDk:Ta'S

ocn *

AOcomoTHa  JecTpykuis —ekceprii  (Ep,k) XapaKTepusye
BHYTPIIITHIO HEOOOPOTHICTh, a aOCONIIOTHI BTpaTH ekceprii (EL k) —
30BHIINIHIO:

ED,k +ED,k = EF,k _EP k-

Excepretnuny edexTuBHICTH k-TO KOMIIOHEHTa CHCTEMH
BU3HAYaIOTh 32 POPMYIIOIO
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_ Ep v 1 Ep« +EL i
gex,k - E -
F,k

EF, k
Jlns peanshux npouecie Ep  +E | > 0, Bizmosinno oo <1.

AOcCoIOTHA IECTPYKILisS eKceprii Ta aOCOTIOTHI BTpaTH eKceprii
CHIBBIAHOCATHCA MK COOO0I0 MOPIBHSUIBHUMH MOKa3HUKaMH, TAKUMHU
SK:

— BIJIHOCHA JIECTPYKIIis ekceprii B k-My KOMIOHEHTI

— BIJHOCHA BEJIMYMHA BTPAT eKceprii B k-My KOMIOHEHTI:

E
Vi = EL,k ’

F.k

yD,k +yL,k zl_gex,k;

— YacTka JaecTpykiii B k-My KOMIOHEHTI BiJ 3arajbHOi
JIECTPYKIIIi CUCTEMH

*
yD,k -

— YacTKa BTpaT ekceprii B k-My KOMIIOHEHTI BiJ 3arajibHOl
JIECTPYKIIIi CUCTEMH
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5 Hanpsimu eHepro3aomamKeHHs B KOMIIPECOPHUX CHCTEMax

v pasi 3aCTOCYBaHHS EKCePreTUYHOr0 METORY
TEPMOJIMHAMIYHOTO aHaJi3y OCHOBHHMM € INPABWJIbHO BU3HAYWUTH Ta
chOopMyITIOBATH TaKi MOHATTS, K «IIPOAYKT» Ta «IAIUBO». ICHYE psin
IpaBuJl, 10 1ONOMArarTh PaBUIBHO 1€ 3pOOUTH.

[Tin yac BuU3HAYeHHs ekceprii «mamuBay EfF k HEOOXiTHO
BPaxOBYBaTH TaKe:

1 Exceprisi BCiX MOTOKIB, SIKi BXOISATh JO PO3TISAYBAHOTO
KOMIIOHEHTa, BKJIIOYAlOUM EKCEpril0 €HepreTMYHOro IOTOKY, IO
CTHOXHTA B IIbOMY KOMITOHEHTI.

2 Jlnd TpaH3UTHUX MaTepialbHUX MOTOKIB YCi 3MEHILIEHHS
eKceprii MK BXOJOM Ta BHXOIOM (Tak 3BaHI EKCEepPreTHYHi
BHJIAJICHHS).

3 VYci 30iIbIICHHS eKceprii MK BXIJHAMH Ta BUXIJIHUMUA
MOTOKaMH, 1110 HE BIANOBIAAI0Th BIACTUBOCTSM IIbOI'O KOMIIOHEHTA.

[Tix vac BW3HAuYeHHsS eKceprii «mpoAaykty» Ep k HeoOXimHO
BpPaxOBYBaTH TaKe:

1 Ekceprisi BCiX MOTOKIB, sIKi BUXOJSATH 13 PO3IJISATyBaHOTO
KOMITIOHEHTa, BKJIIOYAlOYM EKCEpril0 €HepreTMYHOro IOTOKY, IO
BHUpPOOJIEHA B IIbOMY KOMIIOHEHTI.

2 Jlas TpaH3UTHUX TOTOKIB YCi 301JbIIEHHS €Kceprii Mix
BXOJIOM Ta BUXOJIOM (TaK 3BaH1 €KCEPreTHYHI JIOMOBHEHHS).

YMOBH BUKOPUCTaHHS:

— B YCIX MpoIlecax THCK 1 TeMIlepaTypa BHILI BiJ] MapaMeTpiB
TOBKIUIA (po 1 T BIATOBITHO);

— OJIHOTIOTOKOBI KOMIIOHEHTH pO3TJISAAI0Th 32 MOJAEIUIIO
«BX11 — BUX11» (BEeHTHIIi, PUIBTPHU, TPYOH Ta iH.);

— J71 IOTOKIB PO3/UICHHS, TOPIHHS Ta 3MIIIYBaHHS 3aJI€KHO
BiJ] IPU3HAUEHHSI KOMIIOHEHTA.

PosrnsHemMo  feski  OpUKIAOM  BHU3HAUEHHS  KpUTEPIiB
€KCePreTUYHUX MEePETBOPEHB ISl OAHOKOMIIOHEHTHUX CHCTEM.

Jns TeruiooOMiHHUKA (puc. 5.7) eKcepreTHuHy e(peKTHUBHICTh
BU3HAYAIOTh 32 GpopmyIoro (5.2):
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Pl(” Tl(’ P[r” TI(’
,
| é 5 E, e el g
5 = e E[x <E2x %
ng; Tg_\- P]x: T]T El“'gb 777777 *sz
1, E,+E
TO ,_f) L

Pucynok 5.7 — Cxema ekcepreTHYHHX NepeTBOPEHb
y TEIUIOOOMIHHHUKY

EF = Ele_EZZ :mf'(ele_ezz)’
EP :EZX_Elx :mx.(ezx_elX)’

5eTxO _ rT.]x .(eZX _elx) ’ (52)
mF '(612 _822)

E,+E =E. -E,.

Jli1s HeoX0J10/KyBaHOTO KoMIpecopa (puc. 5.8) ekcepreTuuny
e(peKTUBHICTh BU3HAYAIOTH 3a popmyoro (5.3):

EF =N :m-le:m‘li :m.(hz_hl),

77}146% 77}” ex

EP:EZ_Elzm'(eZ_el)’
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5 Hanpsimu eHepro3aomamKeHHs B KOMIIPECOPHUX CHCTEMax

K _ m'(ez_el)

Eoy = T 7o L. 5.3
*~m-(h,—h) (53)
’7,\46)(:
E1 = "’Ez
Ne——-
. b;rﬁEz,

Ex>E; (Py>Py; Ty>Ty)

Pucynok 5.8 — Cxema ekcepreTH4YHIX NEPETBOPEHD
y HEOXOJIO/DKYBAaHOMY KOMIIPECOpi

Hns  TypOinm um geranzmepa (puc. 5.9) excepretuuny
e eKTHBHICTh BH3HAYAIOTH 3a hopmyrioro (5.4):

By~ =B
—=— N

e

Ey+E;

I

E,>E, (P,>P,; T)>T,)

Pucynok 5.9 — Cxema ekcepreTHYHHX MepeTBOPEHb
y TypOiHi (aeTanzepi)

E- =N, =m-I :m'li :m'(hl—hz),

e e
77}146% 77}” ex

= :El_Ezzm'(%_ez)’
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T _ m'(e1_e2)
Eex m-(h,—h,)" (5.4)
77,\16)6

Po3rnsHemo npukiaau BU3HAYEHHS KPUTEPIiB eKCEPreTHYHUX
NEPEeTBOPEHb IS MOTOKIB TOPiHHS, 3MIIIyBaHHS Ta PO3/IICHHS.

Exceprernyny eQeKTUBHICTh NMOTOKY TOPiHHS PO3IJITHEMO Ha
NPUKIAAl KaMepH 3TOpSHHS MajnBa, cXeMa sKoi 300pakeHa Ha
pucynky 5.10. Bona npusHauena asis migBuiieHHs GpizuyHoi ekceprii
BXIIHUX TIOTOKIB 3a pPaxyHOK XIMIYHOI €Kceprii MOTOKY NaJuBa.
Excepretnyny eQeKTHBHICTh Takoi KaMepW BH3HAYAIOTh 3a
dopmynamu (5.13) ta (5.14):

nan | T~ — — :___...E”3
BT ___K3 |—E,+E,

Pucynok 5.10 — Cxema ekcepreTH4HuX NMepeTBOPEHb
y Kamepi 3TOpsSHHS

E_ —FE.
ge[f — 13 air 1 (55)

nan

ae Encm = Exi,w-

AKMO Prar > Po, Than > To (MOTIK NAIKMBHOTO ra3y CTUCHEHHUN Ta
HarpiTui), To

E _Eair
89]§3 = EQIL +E2a3 ! (56)

I[e EMex :V.p'e,wex :V'p'[(h_ho)_];.c'(S_So):"

Exceprernuny eeKTHUBHICTh OTOKY 3MILTYBaHHS PO3TIISTHEMO
Ha TPUKIAAI CTPYMHUHHOTO Kommpecopa (puc. 5.11), npuzHaueHoro
JUld  TIABMIIEHHA €KCeprii IMacUBHOIO TOTOKY 3a pPaxyHOK
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5 Hanpsimu eHepro3aomamKeHHs B KOMIIPECOPHUX CHCTEMax

CIOXHMBAHHA  €Kceprii ~ akTUBHOrO  TOTOKy.  Ekceprernyny
e(eKTUBHICTD Yy IIbOMY pa3i BusHadaemo 3a hopmysamu (5.7) ta (5.8):

Eu T e | Ecw
En —— EK [ En +EL

Pucynok 5.11 — Cxema ekcepreTuuHuX epeETBOPEHD
y CTPYMHHHOMY KOMITpecopi

E- =ma-(e —e ),

a cym

E, =m, '(eLyM _en) '

(5.7)

m .. .
ne U=—"— koedimicHT edeKuii.
m
a

Jlns peanbHUX ra3iB eKcepreTuuHy e(heKTUBHICTh CTPYMHUHHOTO
KOMIIPECOPA BU3HAYAIOTh TAKUM YMHOM:

o ) Tes)

gex - )
(he =) =Toe (50 = 50)

(h,+u-h,)
1+u

ne N, = — 3 PIBHSIHHSI €HEPreTHYHOTOo OajaHcy.
Excepretnuny e(QeKTHBHICTb MOTOKY PO3IUIEHHS PO3IIISTHEMO
Ha IIPUKJIaJax BUIIAPHOTO arapaTa Ta Cermaparopa.
Bunapnuii anapar, cxema sKoro 300pakeHa Ha pUCYHKY 5.12,
NpU3HAYCHUH U1 MiJBHMIICHHS KOHIGHTpAIl PO3YMHY 3a CYXOIO
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PCUYOBMHOIO 3a PAXyHOK BHITAPOBYBAHHS PO3YMHHHUKA B TIPOIIECi
TEIJIOO0OMIHY 3 TOTOKOM 30BHIIIHBOTO TEIUIOHOCIsA. Ekceprernuny
e(eKTUBHICTD y IIbOMY pa3i BU3Ha4al0Th 3a popmysoro (5.9):

E E

Ini__ 7777777 Jm
E]p r:,_,_”"—/_—Enap
R — Ezp
BA =By By

Pucynok 5.12 — Cxema ekcepreTHUHUX MePETBOPEHD
y BUIIAPHOMY arapari

EF = Elm _EZm!

E, = (Enap +E,, ) ~E,,

BA (Enap +E2p)_E

1p

ex
Elm - EZm

VY pa3i BUKOpHCTaHHS OalaHCOBHUX PIBHSHB JJISi BUIIAPHOTO
amapara:

mlp X, = mzp X
I’T'Ilp = mzp +mnap,
m, e +X-€ —X e
BA __ nap nap n 2p x Tlp
S = ¢ ) (59)
mm elm - eZm
— X . .
A€ xn =—"— _ MMOo4YaTKOBa B1IAHOCHA KOHIICHTPAI14 pOSLH/IHy;
X —X
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5 Hanpsimu eHepro3aomamKeHHs B KOMIIPECOPHUX CHCTEMax

X

X, =——"—— — KiHIeBa BiIHOCHA KOHIICHTPAIL[isl PO3UHHY.
xK _'xn
Cemaparop (BIIAUTEHUK PiIMHHU), CXeMa SKOTO 300pa’keHa Ha
pucyHky 5.13, npusHayeHHWH IS PO3IICHHS HACHYCHOI TMapu
(cran 1) Ha cyxy HacuueHy mnapy (craH 2n) Ta pinky dasy (2w).

ExcepreTnuny epeKkTUBHICTB y IIbOMY pa3i BU3HAYAIOTh 3a POpMYII010
(5.10):

E]g_c il i E2n (EI ")
=By (E))
¢ —E,TE;

Pucynok 5.13 — Cxema ekcepreTHuHUX MePETBOPEHD
y cemaparopi

E-=E,
EP = E2n +E2vv1
o = EntEn (5.10)
E.

Ac EZn :ml'xl'GZn :ml'xl'e”;
EZW:m:L'(l_Xl)'GZWme(l_Xl)'e,'

5.4 ExcepreruyHa epeKTHBHICTb eHepronepeTrBopeHb

Posrnsnemo razorypOinHy ycraHoBky (I'TY), cxema skoi
HaBeJleHa Ha pUCYHKY 5.14. dopmanizoBaHi CXeMH €KCepreTMYHUX
NIEpPETBOPEHD Y Hil MoAaHi Ha pUCYHKY 5.15.

ExceprernuyHi mNepeTBOPEHHS B KOMIIOHEHTaX CHUCTEMH
BUPAXKAOTh TAKUMHU (POpPMYyJIaMu:

—xommnpecop: Er =Ny, B, =E,-E;;
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+E,  E,=E,—E,;

I, mex 1

— xamepa sropsnns: Ec =N, =E,
— Typ6ina kommpecopa: Ep = E3 -E,, E, =Ny
— TypOiHa cuioBa: E,: = E4 - Es’ EP = NCT :

— enextporeneparop: Er =Ny, Ep =N,

Pucynok 5.14 — I[Ipunuumnosa cxema Ta nuki ['TY:
K — komnpecop; TK — Typ6ina komnpecopHa;
K3 — kamepa 3ropsaus; CT — cunoBa TypOiHa;

EI' — enekTporeneparop

Jlis cucteMu B IIJIOMY €KCEpPreTU4HI NEPETBOPEHHS 3aIIUCYIOTh
TaKUM YHHOM:

E.=E.+E —E,,

B =N,

[Tix yac po3B’si3aHHS 1L1i€] 33]]a4i MOTOKHU MOBITPS Ta MPOAYKTIB
3TOPSIHHA PO3TJIAAA0Th B 17€albHO-Ta30BOMY CTaHi. J{is mpoayKTiB
3ropsHHsST OepyTh Taki mpunymeHHs: Rpz = 0,292 x/owc/(ke - K),
k=1,33, €, ,; =1,105+0,000132-f
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N
Ny E; L o
s B amd = E e
E, - -E, E - E; E; E, L, Y v
Neg Ny
DL D, L BB D,L,. DL
K i 3 K3 g R | 2T cr | 2T o | 2T
a)
E/H' g
E. P E,
‘ = N/f/'
(E,+E, )
=D L7 tot
ITY —
0)

Pucynok 5.15 — ®opmai3oBaHi cXeMH €KCepreTHYHHUX MepeTBOPEHb
y I'TV: a) 3a komnoHeHTaMu; 0) JUIsl CHCTEMU B IIIIOMY

Jlns mapoKOMITPECiifHOTO TEIIOBOTO HAcOCa, CXeMa Ta IUKII
SKOro 3o00paxeHi Ha pucyHkax 4.1 ta 4.2, ¢opmanizoBaHi cxemu
eKCEePreTHYHUX TIePEeTBOPEHb MAlOTh BUTJISA, TOJAaHWKA Ha
pucyHKY 5.16.

,"\-‘;‘ El'n Eln LEIH E/'n El\ EJ\*

EH& 77777 e e =L, Lt ——— F—k, E—~---- =L E—t-——- Ly Ee~t——— 7
! i
L, E,
E, +E, E,+E, E,+E, | 7 . E,+E E,+E
KM |2 g |2t cKk | PO | o an | £ g |2t
) ) A
a)

Pucynok 5.16 — ®opmaini3zoBaHi CXeMHU €KCEPreTHUHUX EPETBOPEHb
y MapOKOMITPECIHHOMY TETUIOBOMY HACOCI: a) 32 KOMIIOHEHTaMHU;
0) A7 CUCTEMH B LIIIIOMY
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El.v ™ o '—Egy
Eln =~ 'Egg
N
(E,+E,),
HKTH ﬁ-_l) L7 tot
0)

Pucynok 5.16, apkymr 2

EKCGpF eTHYHI NEPpETBOPCHHA B  KOMIIOHCHTaX
BUPAXKAIOTh TAKUMU (POPMYIJIaMu:
— KOMITpecop:
E _N _ma'(hz_hl)
F = Ve ™ !
]7,116)(

E.-=E,-E =m, '(ez _el):ma'li(hz_rﬁ)_-ra '(Sz_

— KOHACHCATOP:

Ee :Ez_Es :ma'(ez_es):ma'[(hz_m)_-ro‘(sz_

EP = EZn _E:L‘n :Gn '(eZn _el‘n);

— cyOKkymep:

CHUCTEMU

Ik

53)]’

E-=E,-E, :ma'(ea_e4):ma'[(h3_h4)_-r0'(53_54)]’

EP = E:l'n _Eln :Gn '(el'n _el'n);

— pereHepaTUBHUM TETNTIOOOMIHHHK:

EF = E4_E5 :ma ‘(e4_e5)=ma'|:(h4—h5)—T()'(S4_
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5 Hanpsimu eHepro3aomamKeHHs B KOMIIPECOPHUX CHCTEMax

E-=E-F =ma'(e1_e7):ma'[(hl_h7)_To'(Sl—57)];

— JIpOCeNbHUN MPUCTPIil:
Er =B =m,-e;=m, I:(hs _hH.c)_Td '(55 _Su.c):l’

Er=Es=m, & :ma'li(hs_hH.c)_T( '(Se_sy.c):l;
— BUIIAPHHK:

Er = Ely_EZy =Gy'(e1y_e2y)’

E,=E,—E,=m,-(e,—¢)=m,-[(h,—hy)-T,-(s,—s,) .

I[J'IH CHUCTCMU B I_[iJ'IOMy eKcepreTI/Iqu MEPETBOPCHHA 3alIUCYOTh
TaKUM YHHOM:

Ee = Ne+(E1y_E2y)’
EP :EZn _Eln :

Exceprernuny  e(peKTHBHICTb  KOMIIOHEHTIB  CHUCTEMHU
BHU3HAUalOTh 3a Qopmynamu (IUisl po3paxyHKy Oepyte Py < P,

— KOMIIpECOp:
P :(hZ_hl)_To'(SZ_Sl).n .
ex h2 _hl mex !

— KOH/IeHcaTop (CepeioBHUILE, 110 HArPIBAETHCSA, — PIAMHA):
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& (Tyy =Ty )+ P = Pro_7 ¢ n_2

G .
gKﬂ: n . Pn 1n;

- ma (hz_he)_Ta'(sz_Ss)

— cyOkynep (cepeoBuIIe, 10 HArPIiBAETHCS, — PIAMHA):

Cdn '(Tl'n _Tln) pln Pun _Tz) 'Cn ’ |nT17n

gCK:i. pn Tln '

~ ma (h3_h4)_Ta'(33_54)

— pereHepaTUBHUHN TETUIOOOMIHHUK:

£PTo — (hl h) T (51_37);
“ (h=hy)-T,-(s,—5s)

— IPOCENbHUMN MPUCTPIi:

— BUMApPHUK (CEepeloBHIIe, TEIUIOTa SIKOTO YTHII3YEThCS, —
pilauHa):

gB:m__ (h7_h6)_To'(S7_Se)
ex _ T -
G Cy'<T1y—sz)+M—T@'C Jn Y

pn . T2y
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KoHTpoabHi nUTaHHSA

1 Illnsxu WiABUIICHHS EHEProe(EeKTUBHOCTI  ICHYIOUHX
YCTAHOBOK.

2 OcHoBHI MOJIOKEHHS €KCepreTUYHOr0 aHaIizy
KOMIIPECOPHUX CUCTEM.

3 OCHOBHI MOHATTSA €KCEPreTUYHOTO aHai3y KOMIIPECOPHUX
CHCTEM.

4 @opmanizoBaHa CcXeMa EKCePreTHUYHUX NEePeTBOPEHb IS
KOMITIOHEHTa CHCTEMH.

5 Excepretnunuii OajaHC KOMIIOHEHTa CHUCTEMHM Ta Horo
CKJIAIOBI.

6 Excepretmuni  KpuTepii  eHeproe(eKTUBHOCTI s
TEIIO0OMIHHHUKA.

7 ExcepretmuHi  KpuTepii  eHeproe(eKTUBHOCTI s
HEOXOJIOKYBAaHOTO KOMIIpecopa.

8 Exceprernuni kputepii eHeproedeKTHBHOCTI Al TypOiHM
(meranpgepa).

9 EkcepreTtndHi KpuTepii eHeproeQeKTHBHOCTI ISl KaMepu
3TOPSTHHSL.

10 ExcepretmuHi  KpuTepii  eHEproeeKTHUBHOCTI  JJIs
CTPYMHHHOTO KOMIIpECOpA.

11 EkcepretnuHi  KputTepii  eHeproe(ekTUBHOCTI  JJs
BUIIAPHOTO amapara.

12 Excepretm4Hi  KpuTepii  €HEproeeKTHUBHOCTI M
cernaparopa.

13 ExcepretnyHa e(eKTHBHICTh €HEPrONEpEeTBOPEHb Y
ra3oTypOiHHIN yCTaHOBII.

14 EkcepretnuHa e(eKTHBHICTh €HEpPrONEpeTBOPEHb Y
NapOKOMITPECIHHOMY TEIIOBOMY HACOCI.
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6 EHEPITOE®EKTUBHICTb
JOIIOMI?’KHOI'O OBJIATHAHHSA
KOMITPECOPHUX CUCTEM

6.1 3arajabHi BizoMOCTi PO TenmJI000MiHHI anmapaTu

OcHoBo1o Kacu@ikallii TeTuI00OMIHHUX anapaTiB MOXYTh OyTH
pi3HI  O3HaKW: cmocid TepemaBaHHsA ~ TeIa, TMPU3HAYCHHS,
KOHCTPYKTUBHI OCOOJIMBOCTI, HAIIPSIMOK PYXY TEIJIOHOCIIB Ta iH.

3a cnocoOoM TmepenaBaHHS TeIUla amapaTd 1€l rpymnu
[MOAUISIOTE Ha TaKI:

— TEIUIOOOMIHHUKHU 3MIIIyBaHHS, B SKHX INEpeJaBaHHs Teruia
3IIHCHIOETBCS 3a O€3MO0CepeIHbOr0 KOHTAKTY CEepelOBULI, SKi
OOMIHIOIOTBCSI MI’K COOOI0 TETIJIOM; BUKOPUCTOBYBATH arapatu 1bOTo
THUIy MOKHA JIMILE B TOMY BUIIAJKY, SKIO JOMYCKAEThCS 3MIIIYBaHHS
IMOTOKIB;

— IIOBEpPXHEBI TEIUVIOOOMIHHUKHU, B SKHUX IEpe/laBaHHS Tera
3MIMCHIOETBCS 4Yepe3 TMEepPeropojiKy, sSKa pO3JUIsL€ TOTOKH, IO
OOMIHIOIOTBCSI MIDK €000l  TeIUIOM; amapaTd 1€l  rpynu
BUKOPUCTOBYIOTh  HalOUIbm 9acTo 'y HadTomepepoOHiid Ta
HaQTOXIMIYHIH TPOMHUCIOBOCTI.

Knacuoikauist 3a npu3HayeHHsIM neperdaydae 1mojai anaparis Ha
TEINIOOOMIHHUKH, HAarpiBHUKH, XOJOJWIbHUKH, BUIIAPHUKU Ta
KOHJICHCATOPH.

VY TemnooOMIHHHMKAaX OJUH MOTIK HArpiBa€ThCsl 3a pPaxyHOK
TEIUIa IHIIOTO ITOTOKY, BHKOPHCTOBYBAHOTO B TEXHOJOTIYHOMY
IpOIIeCci; 3aCTOCYBaHHS IIUX amapaTiB JI03BOJISIE CKOPOTUTH BUTPATH
TeIa 1 TEeIUIOHOCIIB (XO0JIOAOAreHTiB) Ha BUPOOHUITBI. B
XOJOUIbHUKAX ab0 HarpiBHHKax, a TaKOX Y BHIApHHUKax, abo
KOHJIEHCATOpaxX Uil 3/AIMCHEHHS TPOIeCy BHUKOPUCTOBYIOTH
crieniajgbHi TemIoHOCH (HaiyacTilie BOAsSHY napy abo rapsiy BOAY)
ab0 xos0/10areHTH (HaifyacTiiie Boay ado MOBITPS).

Knacudikamis 3a  KOHCTpYyKLi€lO — mependavae  MOALI
MOBEPXHEBUX TEINIOOOMIHHHKIB Ha TaKi THITH:
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— amapary, BUTOTOBJICHI 3  TpyO  (KOXKyXOTpyOHi
TEIJIOOOMIHHHMKH, TETNIOOOMIHHHMKHU THUITY «TpyOa B TpyOi», 3ariauOHi
3MiOBUKOBI, 3pOIIyBajbHi, allapaTd MOBITPSHOTO OXOJIOIKEHHS);

— amapaTH 3 IIOBEPXHEI0 TEIIOOOMIHY, BHIOTOBJIEHOIO 3
JMCTOBOTO Marepiany (MIaCTUHYACTI Ta CHipaibHi);

— amapaTH 3 IOBEPXHEI0 TEIIOOOMIHY, BUTOTOBJIECHOK 3
HEMEeTaIIyHOro Marepiany (rpadiToBi, MIaCTMACOBI, CKIISHI).

3a HampsIMKOM PYyXy TEIUIOHOCIIB BHAUIAIOTH NPSIMOTEUIiHI,
NPOTHUTEYiiiHI, 3 TIEPEXPECHUM a00 3MIIIAHUM PYXOM TEIUIOHOCITB.

[Tinbuparoun amapary [Jjs TOTO YU IHIIOTO TEXHOJOTIYHOIO
nporecy, HeoOXiTHO BPaxOBYBAaTH: TEMIIEPATYPHUH PEXHM, THCK,
(G13UKO-XIMIYHI BJIACTUBOCTI CEPEIOBHUIN, SKIi OOMIHIOIOTBHCS MIXK
cO0O00 TETUIOM, X arpECHBHICTb.

Mo)kHa HaBeCTH KiJIbKa 3aralbHUX pPEKOMEHJAIH, sKi
HEOOXiTHO BUKOPUCTOBYBATH BUOMPAIOYH THII arapara:

1 JIna mnpoueciB, L0 MNPOXOJIATh 3a BHUCOKOTO THCKY,
NEePEBaKHO MOTPIOHO BUKOPUCTOBYBATH TEIUIOOOMIHHUKH, BUKOHAH1
13 Tpy0. BogHouac TemiaoHOCIH 13 BENIMKUM THCKOM HEOOXiIHO
CIPSIMOBYBATH B TPYOH, OCKIJIbKM BOHH BUTPUMYIOTh OUIBIINI THCK
MOPIBHSHO 3 KOXKYXOM.

2 Ilin duac BHKOPHCTaHHS arpecMBHHUX 1 KOPO3iHHUX
TEIIOHOCIIB BiJIal0Th [I€peBary anaparam, BAKOHaHUM 3 ITOJIIMEPHUX
MatepiamiB (¢roporact). Ilig dYac BUKOpPUCTaHHS TpyOdacTHX
TEIIO0OMIHHUKIB arpeCUBHUIN TEIUIOHOCIH Kpallle CIpsSMOBYBaTH B
TpyOH, 1100 YHUKHYTH KOPO31HHOTO 3HOLIYBaHHS KOPITYCY.

3 VYV pasi BHUKOpPHCTaHHS 3a0pyAHEHUX TEIUIOHOCIIB 1
TEIJIOHOCITB, 110 JAOTh BIJIKJIAJICHHS, iX CIIPIMOBYIOTh 3 TOTO OOKY
TEIIO00MiHY, SiIKa HalOLIbII TOCTyNHA s ountieHHs. Hampukian,
JUISL KOKYXOTPYOHHX TEIJIOOOMIHHHMKIB — 1€ BHYTPILIHS MOBEPXHS
TpyO, Juia 3arauOHUX 3MIMOBUKOBHUX — 30BHIIIHSA IOBEPXHS
3MilOBHKa.
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6.2 InTencudikanisa Tensi000MiHy B KO)KYXOTPYOHHMX anmapartax

KoxyxoTpyOHi  TeruiooOMiHHI — amapatd  BiTHOCATH 10
TEIJIOOOMIHHMKIB, B SKHX TIOBEPXHS TEIUIOOOMIHY MIXK JBOMa
notokamu chopmoBaHa 3 TpyO, YKIAJEHUX Y KOXKYX, a TEIJIO0OMIH
3MIMCHIOETHCS Yepe3 TMOBEPXHIO KX TPYO (puc. 6.1).

y')

Pucynok 6.1 — KoxyxoTpyOHuil TernooOMiHHUHN amapat

3aBnaHHs iHTeHcU(IKaLli TenI000MiHy MOJISArae B 30UIbIICHH]
koeQillieHTa Temjonepenayl MDK TeIUIOHOCIsAMH. SIKmo  He
BPaxOBYBaTH TEPMIUHUI OIip TEMJIOMPOBITHOCTI CTIHKH, KOE(IIIEHT
TeIIonepeiayul 3aBXKId MEHIIUN BiJ HAaWMEHIIOro 3 KOeQIli€HTIB
TeroBiagadi. ToMy Ui TOro, mo6 3HAYHOIO Mipol0 BIUIMHYTH Ha
IHTEHCUBHICTh TeIUIONepeaadi, HeoOX11HO 30UIbIIYBAaTH MEHIIUH 13
Koe(illi€HTIB TETUIOBIAAaYi.

Mertoan iHTeHCH(IKAIi TerIoBiAadl KIacH(IKyIOThCS Ha
NacuBHI (HE BHMMAararoTh JI0JIaTKOBHX BHMTpaT €Heprii) W aKTHBHI
(moTpelyroTh Oe3mocepeIHIX BUTPAT EHEPTi).

[lacuBHi  MeTOAM  BKJIIOYAIOTh  BUKOPUCTAHHSA  PI3HUX
PO3BUHEHUX ITOBEPXOHb TEII000MIHY; BUKOPHCTaHHS
TypOyIi3aTopiB, 3aBUXPYBayiB 1 BCTABOK, 1110 IMiICHIIIOI0Th KOHBEKIIIO
1 pyWHYIOTh TPUKOPIAOHHUW JIaMIHapHUW Map; JAOJaBaHHS [0
TETUIOHOCIS IOMIIIOK.
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J10o akTUBHUX METO/iB BXOSATh MEXaHiuHi Aii (mepemMiryBaHHs
TEIJIOHOCIST a00 BHAAJIEHHS WOro 3 TOBEPXHI TEIJI000MIHY);
obepranHss abo BiOpamis TEIUIOOOMIHHOT TIOBEpXHi; BIUIMB
€JIEKTPOCTATUYHUM TOJIEM a00 yJIbTpa3ByKOM. TakoX Ha IpPaKTUII
MO>KJTMBI KOMOIHOBaHI CIIOCOOH, SIKi BAKOPHUCTOBYIOTH OJTHOYACHO JIBA
a00 OLIBIIIE METOIIB.

AHaNi3yroul TPOBEJEHI JOCHI[DKCHHS 3 1HTeHCH(iKaril
KOHBEKTHBHOT'O TEINIOOOMIHY (30KpeMa, W00 TETUIO0OMIHHUX
amapariB), PO3IJISTHEMO OKJIAIHINIE Pi3HI METOIM IHTEHCHQIKAIii
Ter1000MiHY, HalO1IbII e()EeKTUBHI 1 IPUIHATHI VISl BAKOPUCTAHHS.

1 BuxopucTaHHS HIOPCTKUX OBEPXOHB 1 KUTBIIEBHX Jiadparm.
[Ipu BCTaHOBIJICHHI KIJIBLIEBMX KaHABOK 1 BHKOPHCTAHHI IMIOPCTKHUX
TpyO BigOyBaeThCsi BHMyIIeHa TypOyii3amis B  IOBEpPXHI
TEII000MiHY, 110 TyKe €EeKTUBHO, OCKLILKH OCHOBHUM MEXaHI3MOM
nepeaBaHHs TeIUIa € TeIUIONPOBIAHICTE 110 HOPMaJIi 10 CTiHKH. Tomy
Jy’Ke BUIPABAAHUM 3 TOUKH 30pY TiipaBIiyHUX BTPAT M0 JAOBXKHHI €
TypOymi3aiisi TOTOKY OuIs CTIHKM. BUKOpPUCTaHHS MIOPCTKUX
MOBEPXOHb JUIS Ta3iB MPU3BOIUTH 0 He MeHIe HiK 40 % ekoHoMii
MaTepiajgy MOBEpXHI TEIUIOOOMIHY 3a PIBHUX TiAPaBIIYHUX OINOPIB
HNOPIBHAHO 3 THaaAkuMu TpyOamu. [lyisg piIKUX TEIUIOHOCIIB
3aCTOCYBAHHSI HIOPCTKUX IOBEPXOHb TEIUIOOOMIHY €(eKTHUBHE 3a
JaMIHapHOTO peXuMy Tedii. Pe3ynabpraté IochikeHb 3aCBIIUYIOTb,
10 Koe(iLI€HT TeIUIOB11a4l 301IbIIYEThCS HE MEHIIE HIXK Y YOTUPHU
pas3u, a koedilieHT onopy TepTss — B 58 pasiB. IlepeBaramu 1010
METOJy € Te€, IO MOro 3acTOCYBaHHS HE BHUKJIMKAE TPYIHOLIB Yy
3B’A3KYy 3 PO3pPOOJIEGHUMHM METOJIaMH BUTOTOBJICHHS IIOPCTKYBAaTHX
TpyO 1 TpyO 3 KUIBLIEBUMH TypOyiizaTopaMu, 1 BOJHOYAC J1a€
MOXJIMBICTh ~ OTPUMATH  MOPIBHSHO BUCOKY  IHTEHCHU}IKaIiIO
TerI000MiHy 3 00Ky 000X TeruioHocliiB. Hemomikom € migBuieHa
3a0py/IHEHICTh, MOXXYTh BUHUKHYTH TPYIHOLI B pa3i 3MiHU BXe
ICHYI0UO1 KOHCTPYKIIi.

2 ['BUHTOBa CTPIUKOBAa BCTaBKa 3aKpy4yye IMOTIK, 110 JO3BOJISIE
po30uBaTH JIaMiHapHUM MiAMIApOK, 1HTEHCH(IKYIOUH TEIIO00MiH.
[TepeBaru pOro METOY: MPOCTOTA Y BUTOTOBJICHHI 1 yCTAaHOBJICHHI,
3HauHe 30uIbIIeHHs KoedimieHTa TertoBianavi. Hemomikom mMoskHa
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BBXKATH JIOCUTHh BHCOKE 3HAUEHHS TiIPaBIIYHOTO OTIOPY.

3 IlImexkoBa BcTaBKa 3MIHIOE TEUIIO TEIUIOHOCIS, 3aKpydye i
TypOymi3ye MOTIK OiMbII IHTEHCHMBHO, HIXK CTpPIYKOBa BCTaBKa.
ExcniepumenTanbHi JTOCITIIKEHHS pI3HHUX aBTOPIB HE
IPOJIEMOHCTPYBAJIM JKUTTE3/IATHICTh I[LOTO CIOCO0Y y 3B SI3KY 3
BHCOKMM 3HAUEHHSM TiIPaBJIidYHOTO OIMOpPYy, 1 TOPIBHIHO MAJIOIO
e()eKTUBHICTIO.

4 CdepryHi BUCTYNH 1 BUIMKH Ha CTIHKAaX KaHAJIy IMPaIIOIOTh
TaKk caMmo, SK KUIbIEBI giaparMu: CIPUYHHIOIOTH TYpOyIIi3alio
OPUCTIHKOBOTO  JIAMIHAPHOTO  Imapy, TOOTO  MOKpallylouu
TETUIOBiAIaqy. MeTO I JIETKO 3aCTOCOBHHMI Yy pEalbHUX YCTaHOBKAX,
ane JYHKH TOCTIMHO 3a0pyIHIOIOTHCS; JOBOAUTHCA 3MIHIOBATH
KOHCTPYKIIit0, TOMY TOPSZ 13 MaJiol0 eeKTHBHICTIO LIEH METOJ| CTa€e
NPAKTUYHO  HEXKUTTe3daTHUM.  EdexkTuBHICTH  3acTOCYBaHHA
HEOOXIIHO OIIHIOBAaTH OKPEMO O KOHKPETHHUX YMOB pOOOTH
oOJiafHaHHSL.

5 ChipanbHi NEpPEropojKH 3MIHIOIOTH TEUll0 MOTOKY BOM,
MOKPAIYIOTh OMUBAHHS TPYO, HiSK HE BIUIMBAIOYM HA PYX T'a3y B HUX.
[lepeBaru: pyiiHyBaHHS  3acTIMHUX 30H, pPyX TEIUIOHOCIA
NEPIEeHIUKYIAPHO TpyOdaMm 1 pyHHYBaHHS MPUKOPAOHHOTO IIapy.
Henomiku: ckilagHicTh BUTOTOBJIEHHS, OOMEKEHHS 1040 301ILIIEHHS
KoeillieHTa Teraonepeaayl, OCKUIbKU iIHTeHCHDIKaLlis B1I0OYBAETbCA
3 OOKY pIAMHH.

6 IlinbHOynakoBaHI NYy4YKH BHUTHUX TpyO 13 NONEpPEeYHUMHU
KaHaBKAMH JI03BOJISIIOTH 30UTBIIMTH TETIOBIAAa4l BCEPEANH] 1 30BHI
TpyO 3a TMOMIPHOTO 3pPOCTaHHA TiApaBiiyHOro omnopy. OCHOBHOIO
MepeBaror0 € 30UTBIICHHS TEIUIOBIAAa4l Mo oOmaBa OOKM TpyO 3a
HEBUCOKOTO 3pOCTaHHS TigpaBIidyHUX BTpaTr. Hepomikamu €
TiIBUIIIEHA 3a0pyIHEHICTh 1 CEpii03Ha 3MiHA KOHCTPYKITIi.

7 BiOparrist moBepxHi TEIIOOOMIHY MiICUITIOE TETUIOBIAAYY SIK
3a JIaMIHapHOTO, TaK 1 TypOYJIEHTHOIO peXHMY Teuli TEeIJIOHOCIS B
KaHajax. Y mporieci BiOpailii OunIaeThCs MOBEPXHS TETIO0OMIHY Bif
3a0pyIHEHb, IO JOJATKOBO CIpPHS€ IHTCHCHUBHIM Terionepeaadi.
OpHak iICHYIOTh TPYAHOIII 3aCTOCYBaHHS B PeaIbHUX YCTaHOBKAaX, a
caM€ MOXJIHMBICTh PEryJIIOBaHHS IHTEHCHBHOCTI TEIUIOOOMIHY,
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CKJIagHICTh OONaJHaHH], IO CTBOpIOE BiOpamito, BHUTpaTH
€JICKTPOCHEPrii 1 HeOe3MeKy pyHHyBaHHS KOHCTPYKIIi.

8 Jlis eNeKTpPOMAarHiTHOTO TMOJII TAaKOXX 3HAYHO MOKpAIye
TEIJIOOOMIH 3a TIEBHHUX pPEXUMIB pPyxy TerioHocis. IlepeBaru:
MO>KJIUBICTh KEPYBaHHS MPOIIECOM TEIUIOOOMIHY; BiJICYTHICTh OMOPY
MOTOKY TEIUIOHOCIS; 30epekeHHS KOHCTPYKIIii. Hemomiku: miaBuineHe
3HAYCHHS HANPYKEHOCTI MOJNSA 1 YacTOTH CTPyMy; HEOOXITHICTh
YCTaHOBJICHHS J1I0IaTKOBOT'O 1I0POroro 00JaHaHHS.

V Ttabmmmi 6.1 HaBemeHI MOXKIMBI IOKAa3HUKHU, SKI MOKHA
MOKPAIMUTH [UISXOM 3aCTOCYBaHHA TOTO YHM IHIIOTO BHUIY
iHTeHCHiKalii TErI00OMiHy, 3 SKHX OCHOBHUMH UYWHHHUKAMH €
crmiBBimHoteHHst uncen Hyccembta (NU/NUg) 1 BimHOIIECHHS
Koe(ilieHTiB MictieBoro onopy (¢/<4p) micis Ta 10 iHTeHCHiKaIrii.

[Tlix dac KOHCTpYyIOBaHHA OyIb-SIKOTO  TEMI00OMIHHOTO
o0JnasiHaHHs, MO-Teplie, OCHOBHUM 3aBIaHHIM € JOJIep>KaHHS YMOB,
SKi 3a0e3MeuyloTh ONTHUMAJIbHE CITIBBITHOIICHHS MK CTYIIEHEM
IHTEHCUBHOCTI TEMJIOOOMiHY 1 BTpaTaMM THCKY 3a BHCOKOIO
koediuieHTa TemonepeAayi. Ilo-gpyre, ouMieHHS MOBEpPXHI
TEIUI00OMiHY BiJl TEPMIYHO MIKI/UIMBUX BIJIKJIAJAeHb 1 MiHIMi3allil
Takux BinkiazeHb. llo-Tpere, HeoOXiAHO 3a0e3MeyuTH TpUBATY 1
Ha/liiHy poOOTY MOBEPXOHb TEIIO0OMIHY Ta OOJIaJJHAHHS B LIIJIOMY.
[To-ueTBepTe, TEXHOIOTISI BUPOOHHUIITBA TAKOT'O 0018 IHAHHS TOBUHHA
OyTH MakCUMAaJIbHO JICIIEBOIO 1 JIETKO 3/11HCHEHHOIO.

Y  TemnooOMIHHUX —amaparax Hepigko eQEeKTUBHUM €
BUKOPUCTAHHS BiJJpa3y JEKIIbKOX METOJIIB iIHTeHCU(IKaIli.
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Tabmuus 6.1 — IlopiBHSHHA €(QEKTHBHOCTI 3aCTOCYBAaHHS
METOIB iHTeHCcHudikaii

. L Nu/Nuo | ¢/éo
Merton inTencudikamii

A irat Re 102 - 10°

Ki . T R R R S 5
'lJ'IBI_[eBl LU 2,6 54

niadparmu LU T QL 2,7
FBI/I.HTOBa 18- 26
CTpi4KOBa 234 45

BCTaBKa

- | 1 | 220
N N/ N4 | L™ | 48

Cdepruni = r=e

BUCTYIHU 1 BUIMKH . - _\ﬁ 0,192 117

IITaexoBa BcTaBKa

Ha CTIHKax

KaHay

CripanpHi
HEePeropoiKu

2,6 1

[inpHOYIaKOBaHI
MyYKH BUTHX
Tpyo

13 MOMepEeYHUMH

2,5-3 1,5

KaHaBKaMH

Axyctrure nojie (Imy/bcarlis MOTOKIB Ta3y, 152
BiOpallisi MOBEPXHi TEIIIOOOMiHY) '

EnextpomaruiTHe moiue 2-2,5 —
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6.3 InTencugikanisa TemnyI000Miny
B aNapaTax MoBiTPSTHOTO 0X0JIOKEeHHS

Amnaparu noBiTpsiHoro oxoinokeHHs (AIIO) npusnaueni st
OXOJIOJKEHHS TIPUPOIAHOTO 1 MOMYTHOTO HATOBOTO ra3y B CUCTEMax
KOMIIPECOPHHMX CTaHIIi pI3HOTO TpPHU3HAYCHHS, a TaKOX s
OXOJIOJDKEHHS 1HIIUX Ta30MOMIOHMX 1 PIAKUX CEPEeIOBHIL y Ta30Biid,
XIMIUHIA 1 HaQTOXIMIUHIK TPOMHCIOBOCTI (puc. 6.2). OCHOBHUM
€JIEMEHTOM I[bOTO arapara € TpyOH, M0 SKUX PyXa€ThCs MOTIK, SIKUI
HeoOXiHO oxonomuTh. (OCHOBHUM 3aBIaHHSIM iHTEHCH(IKAIii
teriooominy B AIIO € pi3Hi MeTou opedpeHHs TpyoO.

Pucynok 6.2 — AnapaT NOBITPSHOTO 0XO0JIOJKEHHS

AIIO 3  no3doexcuim  opedpenHAM (puc. 6.3)
BUKOPUCTOBYIOTBCS B €HEPIreTHUIll Ha TEIUIOBUX EJIEKTPOCTAHIIIAX SIK
napoBi Ta KOHBEKLINHHI HarpiBaui, OXOJOJKyBaui 1 KOH/JEHCATOPH.
BuroroBnennss mo3noBxHBO-opeOpennx AIIO mpocte, pebpa
HAHOCATH 200 EKCTPY31€10 HAa OCHOBHIH TpyOi, a00 KPIMIsATh y BUIIIS I
U-noai6uaux pedep y3A0BXK ii TOBEPXHI 32 JOTIOMOTOI0 KOHTAKTHOTO
3BapIOBaHHS.

IcHye Benmuka pI3HOMAHITHICTE KOHCTPYKTHBHUX  (opM
MO3/I0B)KHBOTO OpeOpeHHs, KOXKHa 3 SKuX 3a0e3nedye XapaKkTepHy
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iHTeHCH(piKaIio TeruoBiIayi. Big3HadueHo, MO0 MaKCUMAIbHUI
TEIJIOBUU TIOTIK BUAUISIETHCS MPU TOBIIMHI pebep HE MEHIe HIXK
0,01 m, Bucororo He Oinmbie Hik 0,2 M, 1 KITBKICTIO pedep Bif 6 miT.
no 12 mir.

riy

Pucynok 6.3 — [1o3noB:xxHb0-00peOpena Tpyoa

Bupo6HuKM 1103/10BXKHBO-0peOpeHNX TpyO 3asBISIOTH MPO iX
BUCOKY edekTuBHIcTh. OnHak nepeBaramu Takux AIIO mopiBHSHO 3
INIAAKUMH TpyOaMu € Juiie 301IbIIeHHs TOBEpXHI Teronepeaadi. A
came, MpU TO3J0BXKHBOMY OOTIKaHHI MOTOKY Y3/J0BX Tpyou
KOEe(]IIIEHT TEIUIOBiJlaul 3MEHIIYEThCS, 3a PaXyHOK 3MEHIIEHHS
IHTEHCUBHOCT1 TEIUIOOOMIHY 4Yepe3 BIJACYTHICTh TYpOYJIEHTHOCTI.
[lpyynHOIO 1LBOMY € JaMIHAPHUA pEeXHUM pyxy TMOTOKY, IO
XapaKTEePU3YEThCS  MIAPYyBATOK TEUI€0, B  SIKOMY  BIJICYTHE
nepemillyBaHHsg. 3a BIJCYTHOCTI TypOYJIEHTHOCTI B IO30BXKHIX
TpyOax MOBITPs PO3LIAPOBYETHCA, 1 B Terjionepenayi 0epyTh y4acTh
JMIIE MPUMEXKOBI mapu. Y TOW yac K 3a MOMEPeYyHOro OOTIKaHHS
MOBEPXHS MPAIIO€ PIBHOMIPHO, ajie 3a paXyHOK CHJIbHOI TypOyJizaiii
PI3KO 3pOCTaE OMip «3a MOBITPAMY.

Tennooominni enemenmu 3 wmunamu, HaBeeHl
Ha pUCYHKY 6.4, yacTile 3aCTOCOBYIOTh Y CHCTEMax TeII000MIHYy Ha
HaTOXIMIYHUX 3aBOJAX, /i€ TOBEPXHS MIJJAETHCS BIUIMBY YK€
arpecuBHUX CEPEIOBUII, TOMY TOBMHHI OyTH CTIMKMMH [0
arpecHBHUX MaTepiasiamu i jerko ounmary. lllumm mpuBaproroTh 3a
JIOTIOMOT 010 KOHTaKTHOTO 3BapIOBaHHS JiaMeTpabHO
NPOTUJICKHUMH TapamMyd MO0 Koiay. Takui mpouec 3BaprOBaHHS
JI03BOJIsIE KOMOIHYBaTH OyIb-SKi MaTepiaiu AJIs WHUMIB 1 TpYO.
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HIBuAKicTh Tedii MOBITPAHOTO TOTOKY B  OIIMIIOBAHO-
opeopenux AITO 3anexuTh Bij MibKpeOEpHOI BiZICTaH1 1 BACOTH pebep.
[lepenbavaeThCs, MO MUMA MOBHHHI OyTH MAaCHBHMMH JUTsl OUTBII
CTIAKOI KOHCTPYKIIii, SIK 10 MEXaHIYHHX HaBaHTAKEHb, TaK 1 J0
XIMIYHOTO BIUIMBY. 3 IIi€i MPUYMHU IJIOHIA TEII000MiHY iCTOTHO
HIDKYa, HIXK IJI0IA CIIpajJbHO-OpEOpEeHNX anapartis. Y 3B 3Ky 3 UM
iX BUKOpHCTaHHS BUIAETHCS HEAOUITEHUM.

Pucynok 6.4 — OmumnoBasi Tpyou

Takuii TeNI000MIHHHI €IEMEHT, Ha HaIll MTOTIIS, BUIIPaBAaHUN
JWIIE B OJHOMY BUMAJKY, KOJU 30BHIIIHE CEPEOBUIIE HACTUIBKU
arpecuBHe, 110 CTpiuKa abo APIT HE BUTPUMAIOTh JOBrOi B3a€EMOJIII 3
KHUCJIOTaMU ab0 JIyraMHu.

HactynHuM KpokoM y 30iIbILIEHHI TEIUIOBIAJAul CRIpanbHO-
cmpiukoeux opeopenux mpy6 CcTano 3IHUCHEHHS TOMNEPEIHbOTO
npocikaHHs crpiuku. Ilig yac HaBUBaHHA CTPIUKH (HOPMYIOTHCA
TUTACTHHU-TICITIOCTKU 3 TOCTPUMH Kpasimu (puc. 6.5). ['a30Bi moTokw,
OMHHAIOYM PO3PUBH pedep, pyHHYIOTh NOTOBILEHI MPUMEKOBI IIApH
nmoOMM3y TOBEpPXHI TEIUlonepeaavi, CTBOPIOIOYHM yMOBH  JUIA
YTBOPEHHSI BUXPOBOT'O PEXUMY Teuil B MibkpeOepHuX KaHaynax. Kpim
TOTO, 30UTBIIEHHS KUTHKOCTI TENIOCTOK MPHU3BOIUTH 10 OLIBIIOTO
PO3pUBY MPHUMEKOBOIO IIApy 1 MEpeMilllyBaHHS IOTOKY, YOTO,
HAIpUKJIaJ, HE CIOCTEPIraeThCsl 3a IMO3J0BXKHBOIO opedOpeHHs. B
pe3ynbTaTi IbOTO MiJBUIILYETHCS IHTEHCHUBHICTh TeroBiagaui. Taki
ATIO nob6pe 3apexomeHyBain cede B 0araTb0X TEIUIOBUX CHCTEMAX,
0cO0JIMBO B KOHJUIIIOHEpAX 1 EKOHOMaii3epax.

3a maHUMHU aBTOPIB, MPOCIYCHE OpPEOPEHHS XapaKTePU3y€EThCs
301IbIIEHHSIM Koe(illieHTa TeruioBianadi B cepeanbomy Ha 20 %
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00 OpeOpeHHs  CYLUIBbHOK  CTPiukKow. ExcnepuMeHTambHi
JIOCJIIJDKEHHS TMOKa3ai, MO0 KOe(IEHT TeIUIOBiAAa4l MpocidyeHol
ctpiuku Ha 10-30 % mepeBuIye aHAIOTIYHUNA MOKa3HUK CYIIIIBHOTO
CTPIYKOBOTO OpeOpeHHs, a aecpoauHamiuauii omip AIIO 3 po3pizHOi
crpiukn Bunmid Ha 20-45%. Opnak crnpobu iHTeHCHiKaIil
TeIIOBI a9l MPOCIYEHUMHU pedpaMu 3a ISTKUMH JKepeIaMu He 1aTu
BUCOKOi €()eKTHBHOCTI.

Pucynok 6.5 — OpeOGpeHHs MpOCiYeHOI0 CTPIYKOI0

€ npunymieHHs, 1o 30UTbleHHS €()eKTUBHOCTI BUHUKAE JIUIIIE
yepe3 TypOyi3amilo MOTOKy. MMOBipHO, aBTOpM HE MPOBOIMIH
PO3paxyHKiB Ta €KCHEPUMEHTIB MPO Te, SK BIUIUBAE 3MCHIICHHS
MOBEPXHI TEMJI000MIHY.

TakuM 4yuMHOM, HMOBIpPHO, BapTO 3BEPHYTH yBary, L0 SKIIO
3HalJeTbcs 1HOMHA cnocid TypOymizamii, TO KOHCTpYKLis 0e3
MPOCIYOK OTpUMAE 301TBIICHHS TeTUTOBIA1a4i Brie Hixk Ha 30 %, mpu
NOpIBHSAHHI amapariB piBHOI Macu Ta 00’emy. OnHak Te3a Mpo
1HTeHCU(IKalliI0 TEII000MIHY 32 paXyHOK TYpOYJIEHTHOCTI CyMHIBY
HEe BUKJIMKae. /l0 HEraTUBHUX YMHHHKIB BapTO BiJHECTH JOJATKOBI
TEXHOJIOTIYHI  omepamii, 0o 30UIbIIYIOTh KIHIEBY BapTICTh
YCTAHOBKH.

AIIO 3i cnipanvno-opomanum opeopennsam (puc. 6.6) MarOTh
Mally Bary 1 HEBEJNUKY UIUIbHICTb, BHUCOKY IPOHUKHICTH 1
TETUIOTIPOBITHICTh. ~ BUKOPUCTOBYIOTBCS B~ OCHOBHOMY  JUIS
MOBITPSHUX OXOJIO/KYBaydiB MAacTHJIA Ta MaJMBa, CHCTEM HarpiBaHHs
W OXOJIO/DKCHHS BOAM 1 Tapy 3a BHUCOKOTO THCKY Yy 3B’S3KY 3
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NOJIMIIECHHSIM  aepOJUHAMIYHMX 1 TEIUIOBUX  XapaKTEPUCTHK
0X0JI0/KyBaviB. PeOpa BUKOHYIOTh y BHUIVIIAI TM€TENb, IOTIM
CHipaJbHO HAKpy4YylOThb Ha Hecydyy TpyOy. KpimieHHs eremeHTIB
BHYTPIIIHBOTO 1 30BHIIIHBOTO OPEOPEHHS 3MIHCHIOIOTH MIiJIHUM
JPOTOM, MPHUIIASTHUM JI0 TPYO M SKUM HPUTIOEM. 3HAUHUM HEJTOTIKOM
€ TIBHIKE 3a0pyJIHEHHS OTBOPIB IHJIOM, ITyXOM, KOMaxaMH, IO
NPU3BOJMTH 0 3HAYHOTO MOTIPIICHHS iX TEIIOBUX XapaKTEPHCTHUK.

Pucynok 6.6 — TermooOMiHHI e1eMeHTH 3 IPOTSHUM HaKpydyBaHHIM

3a 1aHUMU JEeSKUX PO3pOOHHMKIB, Takux sk kommanii Concept
Engineering International (Iamis) i1 Sun Heat Transfer Technologies
(Immist) nmporoBo-cmipanbHe OpeOpeHHS Mae psiji  YHIKaJIbHUX
BiactuBocteil. [lo-mepimie, BUCOKHMI cTymiHb TypOyJIEHTHOCTI, IO
3MEHIIYy€e 3a0pyJaHEHHs TeruiooOMiHHOT moBepxHi. Lle TBepmkeHHs
MOXKHa JIETKO CHpPOCTYBaTW THUM, IO 3a0pyAHEHHS JApiOHUMHU
YaCTMHKaMH 3MEHIIye TYypOyJIEHTHICTh, a BENUKI (pakmii gyxe
KPUTHUYHI Ui Takoro pony amapatiB. Ilo-gpyre, TypOyJeHTHICTb,
3a0e3mevyroud  BUCOKI  KOe(IIieHTH TerwioBigAadi, IIJIBUIILYE
KOMITAaKTHICTh ~TEMJIOOOMIHHMKA, HI)K 3HM)KYE BTpPaTH THUCKY.
[To-Tpete, miama3on pobouoi TemrepaTrypu mMoxe mocsrata 290 °C.
[To-ueTBepre, MO>KJIMBICTh BUKOPUCTAHHS YHUCIEHHOT
pizHOMaHITHOCTI MaTepiamB. [lo-m’are, npoToBe opeOpeHHST MOXKHA
3aCTOCOBYBATH SIK 30BHI, TaK 1 BcepeIuHi TpyoO.

3BICHO K, IIO0 METOJ IIKaBUH, 3BaKAIOYM HAa BEJUKY TUJIOILY
NOBEPXHI 1 BIAHOCHY IMPOCTOTY BHUIOTOBIEHHS. OAHaK MepIIuM
HenoJikoM € uyTiauBicTh AITO no Benukux dpakiiii 3a6pyaaenns. o
HACTYITHOTO HEIOJIIKa MOXKHA BiTHECTH CKJIAJIHICTh TEXHOJIOT1YHOTO
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BUTOTOBJICHHSI, HAHECCHHS TIPUIIOI0 1 KOHCTPYKTHBHY CIIA0KICTh JI0
30BHINIHIX MEXaHIYHMX HaBaHTaKeHb. Bim skocti  ¢ikcarrii
TEINIOOOMIHHUX ~ €JIEMEHTIB  3QJIKHUTh  MILIHICTh  KOHCTPYKIIIi.
3a3HaueHl HEIOMIKKM POOJIATH METOJ MaJONPUIATHUM Y OLIBIIOCTI
rajy3eu.

Buympiwne opeopenns cupusie 3aKpydyBaHHIO ITOTOKY, SKE
NPHU3BOAUTh JI0 PYWHYBAaHHS MPUMEXKOBOTO Iapy, MO 3MEHIIYE
TEIJIOBUH OITip, 1 MABHUIIYE MBHUAKICTH TEIUIONEepeaadi. Takuii miaxis
JI03BOJISIE 30UTBIINTH TTOBEPXHIO TETNIOOOMIHY 3 OOKY TETUIOHOCIS 3
MEHIIOK0 TeruioBiaaueto. [lopiBHsAHO 31 3BHUaiinumMu Tpydamu AIIO
3 BHYTpPIIIHIM OpeOpeHHSM MaroTh OiIbII BHCOKWH KoOe(ilieHT
TeIUIonepeaayi, SIKUH TaKoX 3aJeKUTh BiJl T€OMETPUYHOI (opMHU
pebep 1 BiacraHi MK HHMH. BHYyTpimHEe opeOpeHHs Tyxe
pPI3HOMAaHITHE, OCHOBHUMH pPI3HOBHIAMHU SIKOTO € TO3J0BXKHI a00
cipanbHi pedpa pi3HOT BUCOTH, BUCTYIH 3 HACIYKaMHM, IIOPCTKOCTI
a00 >K0JI00KH, MPUKIAIOM € TpOoAyKTH BupoOHHUITBa Noranda Metal
Industries (CIIIA), HaBeneHi Ha puCyHKY 6.7.

Pucynok 6.7 — Buytpimnabsoopebpeni Tpyou

JocmikeHHss epeKTHMBHOCTI 3aCTOCYBaHHS TaKOro BHIY
opeOpeHHs1 OyNu TePeBaXHO CIPSIMOBaHI Ha MPOOIEMH ONTUMI3aIlii
MOBEPXHI BHYTPIIIHBOTO OpeOpeHHS, 3 METOK  IMiJBUIICHHS
e(eKTUBHOCTI, 3MEHILIEHHSI PO3MIpiB 1 Baru amapariB TaKoro BUAY.
JocniguBmu KoHQIrypamio BHYTPIIIHIX pedep, BUMIPSABIIN IS
KOXKHOTO THUIy OpeOpeHHs KOe(iieHT TepTd 3a  PI3HHUX
TEMIIEpaTypHUX Jiala3oHiB, y pe3yiabTari Oylo BU3HAYEHO, IO
BHYTPIIITHE OpeOpeHHs 301IbIIIY€E TTepeIaBaHHs TeTUIa.
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BopaHouac, 3Bakaroun Ha HasgBHICTH OpeOpEHHS, BPaXxOBYIOUU
BHUCOKHUH OMIp, IIBUIKICTH MOTOKY 3HAUYHO 3HUXKYETHCS, B PE3yNbTaTi
YOro 3HIJKYETHCS W IHTEHCHUBHICTh TEIUI00OMiHy. Ha BHyTpimmHix
CTIHKaX 3r0I0OM HaKOMUYYIOThCA BIKIIAJACHHS, 110 MOXYTb OBHICTIO
NEepeKpUTH BHYTpPIIHINA mnepepi3 TpyOku. Jlo Toro >k mporuec
BUPOOHUIITBA 3HAYHO M1/IBUIILYE BAPTICTh TOTOBOTO MPOAYKTY.

3a octaHHI poku HAOyBa€ MONIMPEHHS TEXHOJOTIS HEMOBHOTO
MONIEPEYHOT0  OpeOpeHHS IUIOCKOOBaJIbHUX TpyO, ska Oyrna
po3pobiiena B Ykpaini B HTYY  «KIIl» coimeHO 3
IE3 im. €. O. [latona HAH VYkpainu. Ilpuknang takoro opeOpeHHs
HaBeJIeHUI Ha pucyHKy 6.8.

ABTOpH pPO3pPOOKHM BBaXarOTh, IO HEMae HEOOXITHOCTI
opeOpeHHs T000BUX 1 KOPMOBUX JUISTHOK IIOBEPXOHB TNIOCKOOBATLHOT
TpyOH, OCKIIBKM BOHU € TUMHU YaCTHMHAMHU, «IKi HE OepyTh y4acTi» B
TEIIO0OMiHI. VY 3B’S3Ky 3 LMM 3MEHINYETHCS Bara KOHCTPYKIIT
TEII00OMiIHHMKA, 30UIBIIYEThCA IUIOIIA TOBEpXHI pedep, ki
e(hEeKTUBHO OMHUBAIOTHCS.

Pucynok 6.8 — I[InmockooBanbHO opedpeHi Tpyou

BBaxkaeTbes, 10 3aBASKM Takii KOHCTPYKLIi BiOYyBaeTbcs
TypOyJi3allis HOTOKY, BHACHIIOK B3a€MO/IIi TIOTOKY 3 KpasiMu pedep,
YUM JOCSTA€ThCS MIJBHILEHHS 1HTEHCHBHOCTI KOHBEKTHBHOI'O
TeriooOMiHy. Takok Taka KOHCTPYKIISI BIJPI3HSAETHCS HU3BKUM
aepoIMHAMIYHUM OTIOPOM.
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6.4 3acTocyBaHHSI HOBUX KOMIIAKTHHUX THUIIB TeNJI000MiHHMX
anaparis

HaiiGinpini koedimieHTH Terionepeaadi, BAKOPUCTAHHS MacH,
00’eMy 1 KOMITAaKTHOCTI Cepell pPeKyINepaTUBHUX TEIJI000MiIHHHUKIB,
SKi 3aCTOCOBYIOTHCSI B KOMIIPECOPHHX YCTaHOBKaxX, MarTh
iactTuHYacto-pedpucti terooominauku (I1PT). IIPT € masHOIO
0araTonapoBO KOHCTPYKIIIEIO 3 TOHKOTO JIUCTOBOTO METaly, B sIKii
YEepryIOThCS KaHAIN /ISl OXOJIO/KYBAIBHOTO Ta OXOJIOKYBAJILHOTO
cepemoBuina. Y  JIOBIMX, BY3bKHX  KaHallaX  pPyXaeTbCs
OXOJIOJDKYBAJIbHE CEPEOBHUIIE, a B MEPIECHAUKYISIPHO PO3MIIIEHUX
NIMPOKHX KaHAJIaX TEePEMINIAEThCA  OXOJIOJHE TMOBITps, sKE
HATHITAETHCS BEHTUIATOPOM 3 atmochepu (puc. 6.9).

Pucynox 6.9 — Cxema I[1PT

Konctpykuis IIPT Binpi3HseTbecss Hacammepen OyI0BOIO
pobounx kaHamiB. OCHOBHI PI3HOBUAMU POOOUYMX KaHAJIB TaKi:

1 PoGoui kaHamu QOPMYIOThCS IUIOCKUMH, TaK 3BaHUMH
MIPOCTAaBKOBUMH JIMCTaMH 1 OpycKaMM, po3MilllEHUMHU Ha nepudepii
muctiB (puc. 6.10). Mix Opyckamu 1 JucTaM# po3MillieHa roppoBaHa
cTpiuka (Hacamka), sKa YTBOPIOE TEIJIOOOMIHHY TOBEPXHIO.
3’eHaHUI 3a JIOMOMOIOI0 MasHHSA Ha0lp MepeNiyeHux Jeranen
YTBOPIOE CEPIIEBHHY TEIJIOOOMIHHUKA — TUIACTHHYACTO-PEOPUCTHI
enemeHt (ITPE) (puc. 6.10).

2 Po0Goui kaHanmu (GopMyIOTHCS 13 MITAMIOBAaHUX JIUCTIB, IO
YTBOPIOIOTH Y 3’€THAHHI Mi’K CO000 200 3 TIIOCKUM JIUCTOM POOOUUit
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kaHan 0e3 OpyckiB (puc. 6.11). YV upoMy pasi OpycKH BCTAHOBIIOIOTb
JMILIE A7 YTBOPEHHs KaHAJIB I OXOJIOJHOTO MOBITPS (XOJIOIHUX
KaHaJIIB).

3 Po0Ooui kanam GOpMYIOTHCS 13 IITAMIIOBAaHUX JIUCTIB, B SIKUX
nepeadaveHi OTBOPH Il YTBOPEHUX BOyIoBaHUX KoJeKkTopiB. Topiti
KaHAJIIB 1 TOBEPXHI HABKOJIO OTBOPIB I'€PMETH3YIOTH 3a JOIIOMOTOIO
MITAMIIOBAaHUX AeTanel — ckoO, Kineub. KoaekTop yTBOpIO€ThCS i
yac nasaus [IPE (puc. 6.12).

4 Po6oui kaHanmu (HOPMYIOTHCS 13 IITAMIIOBAHHX JIUCTIB 3
OTBOpaMH, BIJOOPTOBYBAaHHSM IO TMEPUMETPYy 1 KUIBLIEBUMH
BUCTYIIaMH HABKOJIO OTBOpIB, SIKI MiJ] Yac CKJIQJAAHHS Ta TasHHS
YTBOPIOIOTH BOYZOBaHI KOJIGKTOPH 1 3a0e3Me4yloTh TepMETHUYHICTh
ycix 3’enHanb (puc. 6.13).

5 Po6oui kananu GopMyIOThCs 3rOPTAHHIM METANIEBOT CTPIUKU
JUIE YTBOPEHHSI TUIOCKOI TpYyOKH, B SKiii PO3MILIYEThCS Hacajka
rapsiyoro kaHaiy. [10370BXkHIM IIOB IJIOCKOI TPYOKH YTBOPHOETHCS
niJ] Yac masHHSA 3 €IHaHHAM y HamycK. KiHIl IMJIOCKUX TpyOOK
PO3MILIYIOTHCS B Ma3ax LTaMIIOBaHOI KOJEKTOPHOT iacTuH. Cxema
[1PE 3 TakuMu KaHaiaMu IOKa3aHa Ha pUCYHKY 6.14, a 30BHINIHIN
BUTJISA — HAa pUCyHKY 6.15. Bucota kananiB 7 B Takux [IPT — B Mexax
2—4 wmwm, mmpura (D) — mo 80 mm; noBxuHa KaHamiB (H) —
500-600 mwm; Bucora ITPT (W) nopisaioe 300-400 mm.

i
= e
= = %\
A
X =

Pucynok 6.10 — AnmrominieBuii  PucyHok 6.11 — Cxema po6odoro
nasauii [1PT i3 Opyckamu kanany IIPE 3i mrammnoBanoro
Ha niepudepii kKaHaTiB MMPOCTABKOBOT'O JIUCTA
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Pucynok 6.12 — Craneamii [IPT  Pucynok 6.13 — Cxema I1PT 3i
31 IITAMIIOBAaHUX MTPOCTABKOBUX IITAMIIOBAaHUMH ITPOCTABKOBUMHU
JUCTIB 13 BOYJJOBaHUMHU JaucTaMu Ut GOpMyBaHHS

KOJIEKTOpaMH BOYJJIOBAaHOT'O KOJIEKTOPA

TNV
R

Pucynok 6.14 — Cxema I[1PT Pucynok 6.15 —I1PE 3
3 IJIOCKUMU TPYOKaMH, TUTOCKUMH TPYOKaMH SIK poOodi
c(OPMOBAaHUMH 3 TOHKOI KaHau, copMoBaHi
CTPIUKH 3 TOHKOI CTPIYKH

6 PobGoui kaHamu GOPMYIOTBCS 3 TIJIOCKHX ATIOMIHIEBUX
TpyOOK. Ycepenuni TpyOku uisi 3a0e3medeHHs] MIITHOCTI MaloTh
no370BXkHI pedpa. Taki TpyOKM BUTOTOBISIFOTH eKcTpysiero. Kinii
TPYOOK PO3MIIIYIOTHCS B Ma3ax MITAMIIOBaHUX KOJIEKTOPHUX IJIACTUH
(puc. 6.16).

Bubip xoHCTpyKIIii po60YOT0 KaHATY JJIsi 0XOJIO0KYBaIBHOTO
cepefoBuINa 3anexuTh Bix mnpusHaueHHs [IPT, poGodoro THCKY,
TETJIOBOT MOTYXKHOCTI 1 TEXHOJOTIYHUX MOXJIMBOCTEH BUPOOHMIITBA.
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st popmyBaHHS poOOYHMX KaHAIIB 3aCTOCOBYIOTh METAJIEBI CTPIUKHU
Ta JUCTH TOBIMHOIO 0,25—1 MM, a Ter1o00MiHHY ropoBaHy HaCaAKy
BUTOTOBJISIIOTH 31 cTpiuku ToBIHOIO 0,15-0,3 Mm. Posmipu IIPE — B
mexax 50-150 mm x 200-600 mm x 400-1 200 MM 1 3ajiexarb BiI
teroBoi moTyxHocti IIPT Ta po3mipiB poOo4oi KamepH medi, Ky
3aCTOCOBYIOTH JJIsl TAsSTHHSI.

T
; H
1
7 I
7 |
7 I
7 |
i I
7 ]
7 I
H Ik ] o
Pucynok 6.16 — Pucynok 6.17 — Cxema I[IPT
AmominieBuii [1PT 3 IPUBAPEHUMH KOJIEKTOpaMU

3 IVIOCKUMH TPYOKamMH

VY Tux BuUmajakax, KLU0 MiJl yac HasHHS (OPMYETbCS JIHLIE
cepueBnHa terooOMinanka — I[IPE, go Hporo 3a pomomororo
3BapIOBaHHS 3 OOKY KaHAIIB Ul OXOJIO/XKYBaJbHOI'O CEPEOBHUIIA
HPUETHYIOTH KOJIEKTOpH (KpuiikH) (puc. 6.17). 3a Heooxiguocti [IPE
3a JIOMOMOTOK 3BaplOBaHHA MOXKHa 3’€HaTH B OJOKM JUIs
301bIeHHs po3mipis [1PT.

OcnoBuum  By3nom IIPT € Joro cepuesuna IIPE.
bararomapoBuii maker, 310paHMil 13 TOHKOCTIHHHMX JeTaJieH,
3’equyeThest y By3oa IIPE 3a monmomororo BHCOKOTEMIEPATypHOTO
nasHHsA. BopHowac masHHA € €IMHO MOXIIMBHM CIIOCOOOM
BurotoBineHHs [IPE, ockineku wmaibke yci 3’eananns [IPE e
3akputuMu. KepyBaHHS Ta Bi3yaJIbHUM KOHTPOJb 3a YTBOPEHHSIM
3’eIHaHb € HegocTynHUM. L1 oOcTaBiMHAa BUMarae BUCOKOi TOYHOCTI
BUKOHAHHS BCIX TEXHOJIOTIYHHMX OMNEpaliil Mix Yac CKIaJaHHs Ta
JOJIepKAHHS PEKUMIB ITPOLECY NasHHS. 3HAUYLIICTh IPOLIECy MasTHHSA
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y ctBopenHi [IPE moxna oninutu Takum npukiaaom. [IPE posmipom
150 mm % 400 MM x 850 MM, IIO CKJIAMA€ThCs 3 pOOOYMX KaHATIB
BHCOTOIO 3 MM 1 IPHJIETIIUX J0 HBOTO XOJIOJHUX KaHATIB BHCOTOIO
11 mm (puc. 6.2), 3’ennyethess 12 500 masauMu mBamu. J{oBxkuHa
MasHUX LIBIiB CTaHOBUTH 2 258 M, a ix mioma — 33 075 cm?. Skmio
BpaxyBaTH Te, IO IMasHHSA € TPYINOBUM CIOCOOOM OOpOOJICHHS, 1 B
KamMepi medi i 9yac masHHs 0JHOo4YacHO MicTsthest Aecsatku [IPE, To
32 TPOJYKTHBHICTIO 3 IIUM IPOLIECOM HE MOXKE 3PIBHATHUCS >KOJICH
croci6 3BaproBanHs. BaxkiuBuM € mie ogHa nepesara nasaas. Y [IPE
NepeBaXkaloTh TaBpOBi 3’ €qHaHHs. BioMo, 1110 ’KOJ00HUK Y TaBpi HE
€ KOHIIEHTPATOPOM HAINpYTH MpH chiBBigHOmEHHI R > 25, ne R —
paaiyc ranTeni, S — TOBIIMHA CTIHKM TaBpa. OCKUIBKM TaBpOBIi
3’eqnands B [IPE yrBopeni crpiukoro toBmmHO0 0,15-0,3 MM, a
paaiyc ®oJ00HuKa, cPOPMOBAHOTO PO3ILIABICHUM MIPUIIOEM 1] JI€I0
kanusipaux  cwi, gopiBHoe 0,3-0,5mm, To TIPE € Hanifinoro
KOHCTPYKIII€I0, 10 HE pyHHYETHCS MMiJ1 Yac BiOparrii.

TeruioBy  edektuBHicte [IPT  3abe3neuye  po3BuUHEHA
TEII000MiHHA MMOBEPXHs 3 TOPPOBAHOT METaJIeBOI CTPIUKH (HacaKa),
npUIasiHa JI0 JIMCTIB FapsiuuX 1 XOJ0AHUX KaHawtiB (puc. 6.18).

Pucynox 6.18 — 30BHimIHIN BUIIIS HACAAKU 3 TOPPOBAHOT CTPIUKU

Sk XapakTepUCTUKH HacaJku, KpiM (OpMHU 1 T€OMETPHUUHUX
pO3MipiB, 3aCTOCOBYIOTh €KBIBAJICHTHHM JiaMeTp 1 KOMIAKTHICTh
noBepxHi. EKBiBaJIeHTHHH JiaMeTp 3aCTOCOBYIOTh Y pa3i pO3paxyHKY
termoooMiny B IIPT. Ilim wac BuW3HaueHHA YHCEN MOAIOHOCTI
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HEOOXiTHO BBOJUTH BU3HAYAJNbHWHA JHIAHUN po3mip. [lis
IUTACTHHYACTO-PEOPUCTUX TIOBEPXOHb 3a BU3HAYAJIBHHHA pPO3MIp
GepyTh eKBiBaJeHTHHMH miamerp. MoOro BH3HAYAIOTH 3a TAKOIO
dbopmyIoro:

1€ Uexs — CKBIBAICHTHHIA JiaMeTp, M;
Fc — noma BiTbHOTO Mepepi3y OJHOTO KaHaly, M2
F — m1omia moBHOT OBEpXHi TEMIO0OMiHY OHOTO KaHATY, M2,
L — po6oya noBxrHA MOBEPXHI TEINIOOOMIHY B KaHaJi.

[Ipaktnuno Bucora kaHamB IIPT — B mexax 3-12wmm, a
EKBIBAJICHTHUH JiaMeTp — BIAMOBITHO 2—5 MM. ONITUMAIBHHMN TTepepi3
KaHaJliB BHUOMpAIOTh 3 YMOBU 3a0€3MEUEHHS MaKCUMaJbHOI'O
TEIUIO3HIMaHHA 3a (piKCOBaHMX BTpAT Ha omip. s JOBrux KaHaliB
(L/D > 100) 3nHauenHs uyuciaa Hyccembta NU Omu3BKE 10
MiHiMaibHOTO. ¥ ITPT KOMIpecopHUX YCTaHOBOK, SIKI OXOJIOKYIOTh
rasg 1 MacTWIO, Omip HeBenuKud. Y 1ux Bunaakax uuciao Nu
NPaKTUYHO HE 3aJeKUTh BiJ MBUAKOCTI. ToMy BH3HAYaIbHUM
(bakTOopoM BHOOpPY ONTUMAJILHOTO NEpepi3y KaHally € IHTEHCUBHICTh
TEIJIOOOMIHY HE3aJie)KHO BiJl BIAMOBITHOTO KoedilliEHTa OMopY,
OCKIUJIBKU Tepernaj TUCKY 3aBXIU MOXHa 30al1aHCyBaTH 3a PaxyHOK
3MEHIICHHS IBUJIKOCTI TIOTOKY, SKIIIO HEMAaE 0COOIMBUX BUMOT.

[TopiBHIOIOYM KaHAIM TPUKYTHOTO, KPYIJIOTO 1 MPSIMOKYTHOTO
npodiTF0 BCTAHOBJICHO, IO KaHaj MPSMOKYTHOTO TMepepizy Mae
ictotHi nepeBaru Nua = 2,7: Nuo = 3,66; Nup = 7,5.

Sk 1HOIy XapakTepUCTUKY B3ATO KOMIIAKTHICTh MOBEpPXHI
nacaaku (M%/m°). BoHa BU3Haua€ MLIIONLY HOBEPXHi 1aHOT Hacamku (M%)
B OJHOMY KyOiYHOMY MeTpi 00’eéMy KaHally, B SKOMY BOHa
po3MimieHa. BogHodac BpaxoByeThCs 1 IUIOIIA TPOCTABKOBOTO JIUCTA
KaHaly, KUK 3 000X CTOpiH OOMEXye HacajJKy MO BHCOTI. Ko
HAcaJika BCTAaHOBIIOETHCS B KilbKa MmapiB, ii 0OOMEXKye IHUCT
MPOKJIAJKM MDK IIapamMu. Y TaKoMy pasi BpaxOBYIOTh IUIOILY
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npokianky. Ilmoma TermooOMiHHOI MOBEpXHI y pa3i 30UIbLICHHS
KUIBKOCT1 MIapiB y KaHail 30UIbIIYETHCSA, a KOMIIAKTHICTh HE
3MIHIOETHCS, OCKUIBKH BOHA 3aJIe)KHTh JIMIIEC BiJ] TEOMETPUYHHX
PO3MipiB Mpo IO HACAIKH.

['odpyBaHHS CTpiYKM BUKOHYETHCS JIBOMAa crocobamMu —
MIPOKATyBaHHSAM MK MPOQIILHUMHU POJIUKAMH 1 IITAMITYBaHHSIM.

VY tabnuii 6.2 HaBeeH1 XapaKTepUCTHKH HACAKH, TO(PYBaHHS
SKOi BHUKOHYETbCS B pa3i MEPEeMIIICHHS CTPIYKKM dYepe3 Tmapy
npodiIBHAX POJIHKIB.

Tabmuus 6.2 — XapakTepucThka Hacaiakd, CPOPMOBAHOI
NPOKAaTyBaHHIM POJIMKAMH

Tun TpuxyrtHa | Tpuxkyrna | EBosibBeHTHA Asouiaposa | JBowaposa
HacaJIKu TpUKYTHAa | TpukyTHa
24 (4 . 56
I'eomerpuuni @ < " h <
pO3MipH, MM 4 /\Q % v I
Kowmakrhicts [ g1 1342 1021 1813 1342
[TOBEpXHi, M“/M]
EKBIBAICHTHIH] () 00197 | 0 0027 0,00362 0,00192 | 0,0027
JaMeTp, M

[TigBUIIEHHS] KOMITAKTHOCTI HacaJku 301uibliye epeKTUBHICTh
Ter1oo0MiHy. KoMIakTHICTh MIABUIIYETHCS B pa3l 3MEHILEHHS
BiZicTaHl MiX rodppamu. OnHak mijg 4yac (GOpMyBaHHS HACAAKH 3
METaJeBOi CTPIYKM MPOKATYBaHHSIM pOJIMKaMH KPOK HAaKaTKU
0OMEXY€EThCSI TOMMYCTUMUMH po3MipaMu npodiiro ix 3y0iB. Po3mip
3y0iB 01711 OCHOBH POJIMKIB YCTAHOBIIIOETHCS 3 ypaxyBaHHSIM MILHOCTI
MmeTtany ponukiB. Tomy 3a3BH4ail Kpok roppu Hacagku OUIBIIUHN BiJ
Bucotn Todpu (tadmn. 6.2). Kpim toro, ¢opma mpodiaro HacaakH,
chopMOBaHOi MpPOKAaTyBaHHSAM, MOKe OyTH JIUIIE TPUKYTHOIO abo
€BOJILBEHTHOIO.

Jis KaHamiB OXOJOAHOTO CepeloBHINA (XOJOIHUX KaHANTIB)
HeoOXi/THa Hacajaka 3 BUCOTOW rodpu Outbme HDK 10 MM. Y 11boMy
pa3i 3aCTOCOBYIOTh KiJIbKa Hap POJMKIB A YUIUIBHEHHS TOdp
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Hacaaku. Ha croeriasibHUX cTaHax Iepiia mapa pojukiB, 3i0paHa 3
npodiTbOBaHUX 3y0YacTHX ITUCKIB, 3a0e3medye TeoMeTpito rodp.
[odppi MOoxHA HagaTH XBHILSICTOCTI, Ha TOBEPXHSIX rodp MOKHA
chopmyBatu cepoinanpHi Buctynu. HactynHi aBi abo Tpu mapu
POJIMKIB 32 PaxyHOK Pi3HUII KPOKIB 3y0iB BUPOOJSIOTH CTYIIHYACTE
3MilIeHHST Togp M0 HEOOXIMHOTO PO3Mipy KpPOKY. 3a HasBHOCTI
ONMYKJIIMX MAUISHOK Yy KaHajlaX XBWIACTOI HAcaJKd YTBOPIOIOTHCS
aepoarMHaMiuHi podim, SKi KepyrTh MOTOKOM moBiTps. IIpocrimry
aepoauHaMiuyHy (GOpMy KaHAIIB OTPHUMYIOTh y pasi HMEepEeTHCKAHHS
rpebeniB rodp. Taky dopmy Hacaaku OTPUMYIOTH MiJ Yac
NPOKATyBaHHS OJHIEIO Maporo NpodiIboBaHUX PONIKKIB (Tabd. 6.3).

VIiJIbHEHHS 3a KPOKOM HAcCaJIKM 3 HEBEIMKOIO BHUCOTOIO Todp
3a JIOTIOMOTOI0 POJIMKIB peai3yBaTh Ha MPAaKTHII CKIAIHO.
VYiuiapHeHy Hacaaky (opMylOTh InTammyBaHHsAM. Ha creniaibHoMmy
npeci 3a JOTMOMOT OO IITaMITiB KPOK 32 KPOKOM ()OPMYIOTh TPHKYTHY,
OPsIMOKYTHY 1 TpaneuienoAiony 3a ¢dopmoro Hacaaky (Tabn. 6.4). ¥V
LITAMIIOBaHOI Hacagku (QOpMYIOTh KPOK pO3MIPOM MEHIIUM BiJ
Bucotu rodp. Llum mocsraerbes HalOIbIa KOMIAKTHICTG. [1ia yac
MITAMIyBaHHS MOXJIMBE (OPMYBaHHS HAacaJKH 3 MPIMOKYTHUM
npodiseM, WO TaKOX JO3BOJIAE€ MiJBUIIUTH IHTEHCUBHICTb
TETJIO00MIHY.

Y pa3i mepewmilieHHs TEMJIOHOCIIB y KaHallaX HacaJKH,
BUTOTOBJICHOT 3 METAJIeBOi CTPIYKU MPOKATYBAHHSIM POJHKAMH a00
HITaMIyBaHHAM, (OPMYIOThCS CTiHKI JaMiHapHI MTOTOKHU. TenaooOMiH
TUISHOK, TPWJIETIMX JI0 TOBEPXHI HACAAKH, 3 SAPOM TIOTOKY
BiZIOYBa€THCS 32 PAXyHOK TETJIONPOBIAHOCTI TEIUIOHOCISA. Y poOoUmx
(rapsiunx) kanamax IIPT, B AKMX mnepeMillyeTbCs TEIIOHOCIH 13
HU3BKOIO TEIUIONPOBIIHICTIO, HACAIKA 3 TJIaJIKOI0 IOBEPXHEIO 3HUKYE
e(eKTUBHICTh TeII000MiHy. PyliHyBaHHS TJaMiHapHOTO KOHTaKTHOTO
mIapy JO03BOJSIE AaKTHUBHO 1HTEHCH(IKYBaTH TEIIOOOMiH. VY
HITAMIIOBAHOI HACaJKU 31 CTPIYKM MOKHA CTBOPUTHU TYpOyJIE€HTHUI
HOTIK, PO3AUIAIOUM CTPiuKy rodp. Y po3aieHid cTpiulli MOKHA
chopMyBaTH >kamto3l abo 3pYLMIUTH CTIHKY TOoQpH i PO3PUBY
KOHTAKTHOTO LIapy Ta YTBOPEHHs 3aBUXpEHHS (Tabu. 6.5).
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Tabmuus 6.3 — XapakTepucTHka HaCaJKH,

chopMoBaHOi

MIPOKaTyBaHHSM POJIMKAMU 3 YVIIUILHEHHM 1 1eopMariiero rodpp

Tun Hacagku TpukyTHa XBuUIsICTa 5 Hel;gfﬁg;:;HﬂM
LN
['eomeTpuuna
XapaKTePHUCTHKA, [ =
MM ¥
: 5
B, b
et C .
NN Pt Ty
NSNS <D<
dopma rodp LLECEadiadds —<—<—<T>
e, <D<
e ——<—<T>
h B b
KOMHaK'THICZ:TLS 883 1813
MOBEPXHi, M°/M
ExBiBanmenTHuit 00042 0.00192
JiaMeTp, M ’ ’

Tabmuns 6.4 — XapakTepucTrKa IMITaMITOBAaHOT HACAIKU

IIpsimo- [Ipsimo-
Tun Hacanku TpuxkytHa TpukytHa | TpuxyrHa KyTHA KyTHA
I'eomerpruHi /\ gm /\éé < FAN {Sco \_41 |_6¢_
po3mipu, MM <2 4,_2,
Kowmmaxthicts |5 174 1963 1675 1450 1300
MOBEPXHi, M“/M
ExsiBanentamit | g 55155 000174 | 0,00207 | 0,00244 | 0,00275
J1aMeTp, M
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Tabmuns 6.5 — XapakrepucTHKa INTaMIIOBAHOT PO3AUIECHOT
HaCaJIKU

Tumn Hacagku Tpanenienoniona

I'eomerpuyna

Sar
LS55

XapakTepuc-
THUKa, MM

®opma rodp

KomnakrtHicTh
MOBEPXHI, 1 306 781
M2/M3

ExBiBasIeHTHHI 0,00278 0,00482

JIiameTp, M

TypOymizamis  MOTOKY  B’A3KOi  PIAMHK 3 MAaJOI0
TEIUIONIPOBIIHICTIO ~ JT03BOJIsIE  IHTEHCU(IKYBaTH  TEIJIOOOMIH
y 2-2,5 pa3a TOpIBHSHO 3 JIaMiHApPHUM ITOTOKOM. Po3mineHHs 3i
3CYBOM CTiHOK TO(p iICTOTHO IHTEHCU(IKYE TEIIOOOMIH 1 B Ta30BOMY
moToIi. 3aMiHa TJHAAKOT HACagKW, PO3IIICHOK 13 3CYBOM Y
noBiTpsHoMy Kanami [IPT, mo3Bossie 3MEHIIMTH CIiBBITHOIICHHS
L/D 320 1o 1,68.

30BHILIHINA BUITISA PO3LTIEHOI HACAIKU 31 3CYHYTUMHU CTIHKaMU
HaBeJIeHO Ha pUCYHKY 6.19. [lns dhopMyBaHHS pO3IiNICHOT, pO3IiIeHOT
3 YTBOPEHHSIM JKaJT031, pO3/LIEHO] 31 3CYBOM YaCTHHU ro(pH MoTpiOHi
CreriaJibHi BUCOKOTOYHI IIITaMITH, CIEMialli30oBaHl TMPECH 1 CTaHHW.
Heo6xiaHo 3a3Ha4MTH, 110 NPOJYKTUBHICTH INTAaMITyBaHHS HAcaJKu
HEBHCOKA.
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Pucynok 6.19 — Hacazaka 3 po3niieHUMH 3CyHYTUMHU Trodpamu

CDOpMYBaHH}I onHoro kpoky rodp tpusae 0,5-1 c. Kpim Toro,
Hacagka 31 criagHuM mpodiseM QOpPMYETbCS B OCHOBHOMY 3
QIIOMIHIEBUX 1 MIJHMX CTpI4OK, IO MalOTh HHU3bKY MIIHICTb.
HITammyBaHHS TaKoi HACaIKH 31 CTAJIEBOI CTPIYKH € CKIIaTHUM.

Jeski npoOiremMu BHUIOTOBJICHHS €(QEKTHBHOI Hacaaku 3
PO3IITIEHOI0 TOBEpPXHEI TO(p BHUPIMIYETHCS 3a  JOMOMOTOIO
NPOKaTyBaHHS MK MNPOQIIbHUMHU POJMKAMM CMYTH 3 METaleBoi
JIpOTsHOI TKaHOi ciTKU. Hacagky popMyroTh 13 CITKH, BUTOTOBIIEHOT 3
ToHKOro aApoty (O6mm3pko 0,3-0,4 MM), 0 J03BOJIIE OTPUMATH
NPUMEXOBUH IIap HEBEIMKOi TOBHIMHUA. KpiM TOro, B CITKOBHX
Hacajgkax npu uduciax PeiHonbiaca Re >S5 (1o mpakTHUHO 3aBXAU
Ma€e MiClle B Ta300XOJIOJKyBauax) CIIOCTEPIraloTbCsl BIJIPHUB
JaMiHapHOTO MTPUMEKOBOTO IIapy 1 YTBOPEHHS BUXOPIB 32 KOPMOBOIO
YaCTUHOIO JIpoTy. Manuil aiamerp ApOTY, Ha SIKOMY YTBOPIOETHCS
TOHKHI MPUMEKOBUH 11ap, BIAPUB MIPUMEKOBOTO IIAPY 3 YTBOPEHHAM
BHUXOpIB 3yMOBIIIOIOTh BHUCOKY TEIUIOBIIJauy CITKOBUX Hacaiok. I3
3011bIIEHHSIM yuciia PeifHonbaca BUXOpH MEPIOUYHO BiIPUBAIOTHCS
BiJl JIPOTY 1 HECYTbCS MOTOKOM PITUHH, L0 TaKOXX IHTEHCH]IKYye
TEIIoBiAgady rodpoBaHux Hacalaok 13 citku. Kpim Toro,
BUTOTOBJIEHHS HAcagKM 13 CITKH Ma€ ICTOTHI TEXHOJIOTIYHI Ta
KOHCTPYKTUBHI mepeBaru. CiTka BHUIOTOBISIETbCA 3 KOMIpKaMu
pI3HOTO po3Mipy 1 3 JpOTy pI3HOrO JiamMeTpa 3 BYIJIELEBOi Ta
HEepXKaBilo4oi CTaji, IO J03BOJISE 3IMCHUTH palliOHATbHUN BUOIp
koHcTpykIii [IPT. BomHowac ciTka siBiisse COOOIO TEXHOJIOTTYHHIMA
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MaTepian Juist GOpMyBaHHS HACAIKU HEOOX1THUX PO3MIPIB IS PI3HUX
CEpEIOBUIIl 32  JIOTIOMOTOK)  BHUCOKOIIPOAYKTUBHOTO  IPOIECY
NpPOKATYBaHHS  pOJIMKAMH  HA  TOPIBHAHO  HECKIAJHOMY
TEXHOJIOTTYHOMY OOJIaTHaHHI.

MertaneBa TKaHa CiTKa € HOBUM MaTepianoMm it (hOpMyBaHHS
terrooOMinHOi moBepxHi B [IPT. KoHcTpykiisi miieTeHol CITKH He
JI03BOJISIE TOYHO TepenaTd npodias 3yda HAKaTHUX POJHUKIB, TOMY
peanbHO Tpo(ib HAcaAKW 13 CITKM Ma€ HE MpsAMI JIHIT CTOpPiH, a
pamiycHi KpHBi, IO IUIABHO MEPEXOMATh OJHA B OnHY. Pamiyc Ha
BEPIIMHAX rO(p CTAHOBUTH HE MEHIIIE HIK 5 MM.
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KoHTpoabHi nUTaHHSA

1 Knacudikamiss TemmooOMIHHUX amapariB 3a  CIocoOoM
nepeaaBaHHs TerJa.

2 Kunacuoikanis Tenao0OMiHHHX armapariB 3a NPU3HAYCHHSIM.

3 Krnacudikaris Ternii000MiHHUX anapaTtiB 3a KOHCTPYKITIEIO.

4 PexomeHpmarnii 3 BHOOpY TEIIOOOMIHHOTO amaparta Jyis
KOMIIPECOPHOT CUCTEMH.

5 OcHoBHI  3aBmaHHA  iHTEHCH(iKalii  TpomeciB Yy
TEII00OMIHHUX anapaTax.

6 AxtuBHI Meroau  iHTeHcH(ikamii — TErIOOOMiHY Y
KOXKYXOTPYOHHMX TEIUIOOOMIHHUX araparax.

7 TlacuBHi Meroam  iHTeHcH(ikamii  TemI0OOOMiHYy Y
KOXKYXOTPYOHHX TEIUIOOOMIHHUX araparax.

8 InrteHcudikamis TErIOOOMiHY B amaparax MOBITPSHOTO
OXOJIOJKEHHS.

9 IlnactuHYacTO-peOPHCTI TEIIOOOMIHHUKY SIK OJIMH 13 BHIIB
KOMITAKTHUX TEIUIOOOMIHHHUKIB.

10 PizHOBHIHM KOHCTPYKIIN IJIACTUHYACTO-PEeOPUCTUX
TETI00OMIHHUKIB.

11 PissoBumn HacagoK MJIACTUHYACTO-PEOPUCTUX
TEIIOOOMIHHHUX araparis.

12 TexHonorii BUTOTOBJICHHS pI3HHX BHUIIB  HACAJOK
IUIACTUHYACTO-PEOPUCTUX TEINIOOOMIHHUX anapaTiB.
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