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PEDEPAT

Kpamidikamiitna poboTta ckiagaerbes 3: 93 cTOPIHOK APYyKOBaHOTO TeKCTy, 20

pucyHkiB, 9 Tabnuip, 19 mocunane Ha JKepena.

Merta poOOTH — pO3pOOUTH Ta po3paxyBaTH CXEMHI PIIIIEHHs F'eHepaToOPiB
pi3HUX THUIIB B CKjJaal abcopOmitHux TepmoTpanchopmaropis (ATT)
aJIbTEPHATUBHUX CUCTEM KOHIUIIIIOBAHHS MOBITPA.

[IpoBeneHo niTepaTypHO-IATEHTHUN OIJISAJ 1 aHajl3 Cy4acHOI'O CTaHy
pPO3pOOOK 1 MOJAENIOBAHHS TEIUIOBHX PEXUMIB I'€HEPATOPIB PI3HUX THUIIIB B
ckiaji abcopOuiinux Tepmorpanchopmaropis (ATT).

Po3zpaxoBaHo, @ Ta  KOHCTPYKTUBHO  O(OPMIIEHO  KOHCTPYKLIi
reHeparopHux By3miB ATT 3M1€BUKOBOrO Ta KOKyXOTPYOHOTO TUITY.

[Tepenik rpadiuHoro marepiaity: KOHCTPYKIlisS 3MIEBUKOBOTO IIJIIBKOBOTO
reHepaTopa; KOHCTPYKIIS KOXYXOTpyOHOro TeHepaTopa; JeTalupoBKa
€JIEMEHTIB KOHCTPYKLIi BEPTUKAJIBHOTO IJIIBKOBOTO F€HEpaTOpa; AE€TaTupOBKa

€JIEMEHTIB KOHCTPYKIIiT KOXKYXOTpYOHOTO reHepaTopa.

KuarouoBi ciaoBa:  abcopOuiiiHuii  TepMoTpaHcPopMarop,  TEIIOBHUMA

pPO3paxyHOK TeHepaTopa, 3MIEBUKOBUM IUTIBKOBUU TE€HEPATOp, KOXKYyXOTpyOHMUI

reHepaTop, BOJoaMIauHUi po3uuH, Oe3neka.



ABSTRACT

Qualification work consists of 93 pages of printed text, 20 figures, 9 tables,

19 references.

The purpose of the work is to develop and calculate circuit solutions of
generators of various types as part of absorption thermal transformers (ATT) of
alternative air conditioning systems.

A literature and patent review and analysis of the current state of development
and modeling of thermal regimes of generators of various types as part of absorption
thermal transformers (ATT) were conducted.

The designs of generator units of ATT of coil and shell-and-tube type were
calculated and structurally designed.

List of graphic material: design of coil film generator; design of shell-and-
tube generator; detailing of design elements of vertical film generator; detailing of

design elements of shell-and-tube generator.

Keywords: absorption thermal transformer, thermal calculation of generator,

coil film generator, shell-and-tube generator, water-ammonia solution, safety
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BCTYII

[IpoGnema enepro3depexxeHHs B cucreMax koHauiionyBanss nositps (CKII)
€ KPUTHUYHO Ba)KJIMBOIO, OCKIJILKH Ha OXOJIO/DKCHHS MpuMitieHs nmpunaaae Bix 30 %
10 60 % ychoro JITHHOTO €HEPTrOCIOKMBAHHS Oy1BElb, 110 CTBOPIOE KOJIOCATIbHE
HaBaHTa)XCHHA Ha eHeprocuctemMy. B ymoBax aedinuty noty>XKHOCTEH onTuMi3alis
CKII € ro10BHUM YMHHUKOM CTaO1IbHOCTI MEPEXKI.

[Ipobnema enepro3depexxeHHs B cucreMax koHauiionyBanns nositps (CKII)
Ta BEHTWIALII ChOTOJHI Nepeuiuia 3 KaTeropii CyTo €KOHOMIYHUX NUTaHb 0
CTpaTeT1YHUX 3aBJaHb HAIlIOHAIBHOI O€3MEeKU Ta €KOJIOTIi.

3rifHO 3 AaHMMU MixHapoaHoro eHepretuuHoro areHrctBa (IEA), Ha
KOHJMIIIOHYBaHHS OynaiBens mpumagae Omuspko 20 % ycporo CBITOBOTO
CIIO’KUBaHHS eneKkTpoeHeprii. Bimitky, mia yac nikoBux temmnepatyp, CKII MoxyTh
cnoxuBaTt 10 50% eHeprii, 10 MPU3BOAMUTH 10 aBapiiiHUX BIAKIIOUEHb Mepex. B
yMOBax YKpaiHH, i€ €HeprocucTeMa 3a3Ha€ 3HAYHUX HABAHTAXXEHb, OMTUMI3AIIS
CKII € KpUTHYHO BaXKJIMBOIO.

[Ipo6iema enepro3zoepexeHHs B cucTeMax KoHauiionyBanss nositps (CKII)
€ KPUTUYHO BaKIIMBOIO, OCKIJIBKH Ha OXOJIOMKEHHS NMpuMilieHs mpunasae Big 30%
10 60% ychoro JTHHOTO €HEPrOCIIOKUBAHHS Oy IBEITb, 1[0 CTBOPIOE KOJOCAIHHE
HABAHTAKEHHA Ha eHeprocucreMy. B ymoBax nedinuty noTyKHOCTEH ONTUMI3aLis
CKII € ro10BHEM YMHHMKOM CTa0iIbHOCTI Mepexi. [1, 2, 3, 4].

OCHOBHI IPUYMHUA BUCOKOTO €HEPTOCIIOKUBAHHS .

TexHosnoriyHa 3acTapiigiCTh: BUKOPUCTAHHS HEIHBEHTApPHUX KOMIIPECOPIB
(on/off), siki moCTIHHO MPALIOIOTh HA MAKCUMAJIbHIH MOTYKHOCTI.

HaanuikoBe 0X0JI0KEHHS: BCTAHOBJICHHS 3aHUKCHOT TEMIIEpaTypu (HUKIE
22°C..24°C).

BiacyTHicTh pekynepallii: BTpaTta 0X0JIOKEHOI0 TOBITPS Yepe3 MPUILTUBHY
BEHTWJIALIO.

[lorane oOcayroByBaHHs: 3a0pynHeHi OUIBTpU Ta TEMIOOOMIHHUKU

3MYILIYIOTh CUCTEMY MPALIOBATH 1HTEHCHBHIIIIE.
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TemnnoBi NPUILIMBH: HU3bKA TEPMOI30JISLIS CTiH, JaXy Ta BIKOH OyaiBii. [2, 5,
6, 7].

EdextuBHi nuisixu BupimeHHs npobrmemu## 1. TexHiuHi Ta IHXEHEpHI
pIILICHHS.

[HBepTOpHI KOMIPECOpHU: IUIABHO PETYJIIOI0Th MOTYKHICTh, 3HUXKYIOUU
cnoxuBaHHs enektpuku Ha 30-50 %.

Mynstuzonansii VRF/VRV cuctemu: ontumizyioTh poOOTYy 3a paxyHOK
OPSIMOTO PO3IIMPEHHS] XOJIOAOAreHTy Ta BHUKIIOYCHHSI MPOMIKHUX TEIUIOHOCIIB
(BoaM).

Pexymnepartiisi Tera: BHUKOPUCTAHHS TEIJIOOOMIHHUKIB JJII OXOJIO/KCHHS
MPUILUIMBHOTO CBIKOT'O MOBITPS 38 paXyHOK BUTSKHOTO.

ExosorivuHi XoJji0/10areHTH: Mepexia Ha cydacHi ¢peoHi (Hanpukiam, R32),
sSIKi MalOTh BUIILY TEIUIOTIPOBIIHICTh Ta eHEProeeKTUBHICT. [5, 8] .

2. Oprani3aliiiiHi Ta eKCTuTyaTaIliiiHi 3aX0IH.

Kopekmist  TemmeparypHoro  peXuMy:  MiJBUIIEHHS  HaJalITyBaHb
KoHAMIioHepa Bchoro Ha 1 °C  3MeHIIye HaBaHTAXCHHS Ha CHUCTEMY
KOHUIIIOHYBaHHS Ha 4—6 %. OnTumanbHa Temneparypa: 24°C...25 °C.

Perynsipuuii cepBic: OUMIIIEHHSI BHYTPIIIHHOTO Ta 30BHIIIHBOTO OJIOKIB JB1Yl
Ha pik nigsuinye KK/ o0nagHanHs.

3axucT BiJl COHIISI: BCTAaHOBJICHHS MapkKi3, pojeT a00 TOHYyBaHHS BIKOH
3HIKY€ TETUIOBI IPUIITUBY B ipuMitieHHs Ha 70 %.

Hiune oxomnomxkenns (Free cooling): BukoprcTaHHS HIYHOTO MPOXOJIOAHOTO
BYJIMYHOTO MOBITPS JJIs1 BEHTHJIALIT O€3 YBIMKHEHHS KomIpecopa. [2, 6, 7].

CBiTOBa CHUIBHOTA PO3IJIAJIa€ BUKOPUCTAHHS MICIIEBUX aJbTEPHATHUBHUX
JOKEpeNl €HEeprii SK OJMH 13 TEpPCHEeKTHUBHUX IIISXIB BUPIMIEHHS 3pPOCTAIOYUX
npoOiem eHneprozabesnedeHHs. HeBuuepnHicTh pecypcHoi 06a3u Ta ii eKoJIoTriuHa
YICTOTa € BU3HAYAIBHUMU TIepeBaraMu 3a yMOB 3MEHIIICHHS PECYPCiB OPraHigHOTO
najgnBa Ta 3pOCTAOYMX TEMITIB 3a0pyTHEHHs JOBKULI. MiciieBa 6ioMaca € ofHUM
3 HAUO1IBII MOTY>KHHUX 1 JOCTYIHUX aJIbTEPHATUBHUX JKEpes eHeprii Ha 3eminl Y

KHUTTI CY4YaCHOTO CYCIIJIbCTBA HAMBAXKJIMBINIY pPOJb BIAITPalOTh EHEPreTHKa,
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€KOHOMIKa Ta ekoJioris. Enepreruka € BU3Ha4albHOIO, OCKUIBKM BOHA BIUIUBA€E HA
PO3BUTOK 1 EKOHOMIKH, 1 €K0JIOT1i. BoHa 3HaYHOI0 MIpOIO 00YMOBIIIOE EKOHOMIYHHM
MOTEHITan JiepkaB 1 JOOpOOyT HACENeHHS, a TaKoXX HaWOUIbIe BIUIMBAE Ha
JTOBK1JUISI, eKocUCTeMU 1 O61ocdepy 3aranoM. Byib-aK1 ekoJIoTi4HI mpooiemMu (3MiHa
KJIIMaTy, KUCJIOTHI OMajau, 3arajbHe 3a0pyJHEHHS CEpeJOBHINA TOIIO) MPSIMO YU
OTIOCEPEIKOBAHO OB’ s13aH1 3 BUPOOHUIITBOM 200 BUKOPUCTAHHSIM €HEPT1i.

Eneprernyna raigy3b CIpUYUHSIE HE TUIBKY XIMI4HI, ajie 1 1HII11 3a0pyTHEHHS .
TEIUIOBE, aepo30JbHE, EJIEKTPOMAarHiTHe, paaioaktuBHe. OTxe, He Oyne
nepeOUIbIIEHHAM Te€, W0 BHPIIMIEHHS EHEPreTUYHUX TMpodiieM O0O0YMOBIIOE
BUPIIIECHHS OCHOBHUX €KOJIOTTYHUX MpobsieM. EHepreTrka, sk rajry3b BUPOOHUIITBA,
PO3BUBAETHCS TyKE€ IIBUAKAMH TEMIIAMHU, TOMY TapaHTyBaHHS CHEPTreTUYHOI
Oe3MeKH Ta 3HKEHHS aHTPOIMOT€HHOTO BIUTMBY €HEPTeTUKH Ha TOBKIJIJIS — BAXKIIUBE
3aBJIaHHS CHOTOJICHHSI.

B nmanuit yac Bce roctpimie mnoctrae mpodiemMa OOMEKEHOCTI MaJTuBHUX
MPUPOJIHUX PECYPCiB IS IiJIeH eHeprornocTadyands. 3anaciB IPUPOIHUX KOMa-JIMH
BHUCTAYUTh 3a Pi3HUMU TigpaxyHkaMmu Ha 5...100 pokiB. KpiMm Toro, mocumatoeTscs
HeOe3MeKa MIKIVIMBOTO BIUIMBY MPOIYKTIB 3TOPSIHHSI OPraHIYHUX MaIUB Ha CKJIajl
atMocdepu, ska Bene 10 301abieHHs B Hil COz2, 1110 BUKJIMKA€E TAPHUKOBUHN e(EKT.

3 KOXHHMM pOKOM B CBITI BC€ IIUPILE PO3BUBAETHCS HETpaAULIIIHA
eHepreTuka 3 TOHOBIIOBAaHMMHU JKepernamu eneprii. Lli mkepena B mpuHIUII
MO>KYTb 3a0€3MEUNUTH JIFOACTBO €KOJOTTYHO MPUHHATHOIO EHEPTIEI0 B KIIBKOCTI, IO
Habararo mepeBHINye Haill moTpedu. 3riIHO 3 MPOrpamMor0 €BPONEHCHKOT KOMICII,
omyOrikoBaHuM B bimiii kam3i, Bxke B 2010 porri 12 % oTpumaHni Bij] TOHOBIIOBAHHX
JoKeped, 3 akux 5 % moB'si3aHi 3 HarpiBaHHAM 1 KOHIMLIOHYBaHHsAM. L{st oOcTaBuHa
CTa€ 0COOJIMBO BKIIMBUM, SKIIO BpaxyBaTH, 110 Ha I11 I[IJTl ChOTO/IHI BUTPAYAETHCS
om3pko 40 % manmuBa, MmO J00YyBaeThCA-OUIBINE, HIK HA BHUPOOJICHHS
€JIEKTPOEHEPTii 1 TPaHCIIOPT.

Buxopuctanssi cOHSYHOT eHeprii - HalOUIbIl MPOrPECUBHUN 1 €KOJOTIYHO
Oe3neyHuil crnociO OTpMMaHHSI TETJIOBOI €HEprii AJI CUCTEM OMAJICHHSI Ta rapsuoro

BOJIONOCTAYaHHs. 3aJeKHO B KJIIMAaTUYHUX YMOB 1 HIMPOTH MICIIEBOCTI, MOTIK
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COHSIYHOTO BHITPOMIHIOBaHHS Ha 3¢MHY moBepxHio ckiaaae Big 100 go 250 Br/m2.
VY nonyaeHHH yac, SIKIO Ha HEO1 HeMae XMap, HAacTa€ MiK COHSIYHOI aKTUBHOCTI,
o craHoBuTh O61u3bk0 1000 B1/m?.

[TonuT Ha peanizallito MPOEKTIB COHAYHOTO TEIJIONOCTAYaHHS B KUTIOBUX 1
rpomajcbkux paifonax B €Bpori, CIIIA 1 psfi a3iaTcbKUX KpaiH 3pOCTa€ 3 KOKHUM
rogoM. B nanuii yac nigepom 3a KUTbKICTIO BCTAHOBJICHOT MOTYKHOCTI COHSIUHUX
kosiekTopiB € Himeuunna (9785 MBT). ITotim #tnyTs Icnanis (3386 MBT), SnoHis
(2633 MBT), CIIIA (1650 MBr), ITams (1167 MBT).

CoHsiluHa eHepris OCTYIHA CIOKUBadaM MPOTATOM YChOTO POKY, BOHA Ja€
iM HE3aJIeXKHICTh BiJl OCTaYaJIbHUKA €HEPTii 1 TapaHTye MOCTIHHY pOOOTY CUCTEM
npu  OyAb-SIKHX  JKATTEBUX  OOCTaBUH, HANpHKIad, 0pU  MOTIPIICHHI
MJIATOCIIPOMOXKHOCTI ~ criokuBava. CoHsAYHI  KOJEKTOopu Oe3mymMHI 1 HE
3a0pyIHIOIOTh HABKOJUIIIHE CEPEAOBUIINE, TOMY iX MOXKHAa BCTAHOBIIOBAaTH B
KUTJIOBHUX pailOHaxX 1 AUTIYNX yCTaHOBAX.

3a JaHWMH CTaTUCTHKH, 32 MUHYJIMH PiK, 3aBASKH BCIM CBITOBUM COHSYHUM
JUKepesl eHeprii (TerioBOi Ta €JNEeKTPUYHO1), BUKHAM BYTJEKHUCIOTO Tra3zy B
aTMocdepy ckopoTwincs Ha 35 MiH. T. [Ipu 1bomy OyJi0 36KOHOMJIEHO 75 MUIH.
oapemiB Hadty (10,2 MuaH. T). Criuparourch Ha TakKi 3HAYHI MTOKa3HUKH, aHAJIITUKA
MIPOPOKYIOTH, 110 Bxke uepe3 80-90 pokiB COHIE CTAHE OCHOBHUM JIKEPEIIOM €HEPTii
Ha TUTAHETI.

Bukopuctansas TepMoTpaHc(popMaToOpiB B FeIiOCUCTEMAX TEIUIONOCTaYaHHS
JI03BOJISIE BUPIIINUTY JCKITIbKA 3a/1a4 a caMe: - 3HU3UTH TeMITepaTypy TEIIOHOCIS Ha
BXOJIl B COHSYHHMI KoJIeKTOp, 1m0 mijaBuimye oro KKJI; - miaBummTu TemioBui
NOTEHI[lal TEeIJIOHOCISI Ha BHUXOAl JO CIOXHBaya;, - BHKOPHUCTOBYBATU
TEIUIOYTUJTI3aLliI0 B JKEPEN 3 HU3bKUM TEIJIOBUM MOTEHIIATIOM.

J71st KOMOIHOBAaHUX CUCTEM TEIUIOXO0JIOA0MOCTAYaHHS KPIM OTPUMAaHHS Teria
HEOOXiIHE OTPHMAaHHSA XOJIOAY, MPH IbOMY OTPUMAaHHS XOJIOAY 3a PaxXyHOK
COHAYHOI eHeprii Moxke OyTH peasi3oBaHO 3a TOMOMOTOI0 HACTYITHUX METO/IB:

- KOMMPECIMHUM 1K, B SIKOMY OXOJIOPKCHHS 3[1HCHIOETHCSI COHSIYHOIO

MAIINHOIO;
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- a0copOI1iiiHI CUCTEMU;

- BUMIAPHE OXOJIOJKEHHS;

- pafiariiiHe OXOJIOHKCHHS.

3 yciX BUIIE3a3HAYEHHX METOJIIB OTPUMMAHHS XOJOIy 3a JOIMOMOTOI0
TelliOCUCTEM HalO1IbIIIe PO3MOBCIOIKEHHS OTpUMAaIIU abcopOriitHi
TepMOTpaHchopMaTopu, B SKUX PYIIIHHOIO CHUJIOI0 € caMma TEeIUIOBa €Hepris, IIo
yCyBa€ HEOOX1AHICTh MPOMIKHUX TePETBOPEHb CHEPTII.

OCHOBHOIO KOHCTPYKTHBHOIO OCOOJMBICTIO KOMOIHOBAaHMX T€I10CUCTEM
OMAJICHHS, Taps4oro BOJONOCTAYaHHS Ta KOHJAMIIIOBAHHS TMOBITPS, fAKI
BUKOPHCTOBYIOTHCS B HAIll Yac € BIJOKPEMJICHICTh CHCTEM TEIUIONOCTAYaHHS Ta
XOJIOIOTIOCTaYaHHs OfHA BiJ OAHOI. TakuM YMHOM BHKOPHUCTOBYETHCS HACTYITHA
MOCJIIIOBHICTh POOOTH 00JIaTHAHHS: COHSIYHUIN KOJIEKTOP Ta OaK-TEIJI0aKyMYJISITOP
B1JI IKOTO BUKOHYETHCS PO3IMOIJICHHS TEIJIa IO CHOKUBAYIB — CUCTEM OIaJICHHS,
rapsiyoro BOJIONOCTa4aHHA abo0 10 abcopOIiiiHOro TepMoTpanchopmaTopa IJis
OTPUMaHHS XOJIOZY, KWW MOTPiOEH cucTteMi KOHAMIIIIOBaHHS TOBITps. [lomiOHa
MOCHIAOBHICT POOOTH Ma€ psii HENOJIKIB, a caMe — Bia a0copOIiiiHOrO
TepMoTpaHchopmaTopa BIIBOJUTHCS BTOPUHHE TEIUIO, SKE BUKHIAETHCS B
HABKOJIUIIIHE CEPENOBUIIIE 0e3 BUKOPHCTAHHSI. AOGcopOuiitHuii
tepmotpanchopmatop (ATT), sika npu3HayeHa TIIBKU AJI1 OTPUMAHHS XOJIOAY, HE
BUKOPUCTOBYETHCS B TEPEXITHUN Ta XOJIOAHUM MEpiou, TOMY € HEOOXITHICTh
BUKOHAHHS CTEIIaTbHOTO IUPKYJIAMIHHOTO KOHTYPY ISl COHSYHUX KOJIEKTOPIB.

Po6ounm peuoBunoto B ATT ciy>kaTh pO34MHM ABOX KOMIIOHEHTIB 3 PI3HUMH
TEeMIIepaTypaMy KHUIIIHHS TPU OJHAKOBOMY THCKY. KOMIOHEHT, KUIUITYUN TpH
OUIbIII HU3BKIA TeMmeparypi, BUKOHYE (QYHKIIIO XOJIO0areHTy; IpYTrui CIy>KUThb
abcopoerToM. B o6macti temnepatyp Bin 0 o minyc 45 °C 3actocoBytotbest ATT,
Jie poO0YOI0 PEYOBUHOIO CITY>KUTh BOJHUN PO3YMH aMiaKy (XOJI0J0areHT - aMiak).

[Tpu Temneparypax oxosompkenns Buie 0 °C mepeBa)kHO BUKOPUCTOBYIOTh
ATT, 110 mpairooTh Ha BOAHOMY PO3YMHI OpOMiTy JIiTiIO (XOJI0J0areHT - BOJA).

BukopucTanHs COHSYHOI €Heprii Il OXOJOIKEHHS MPUMIIIEHb € OJTHUM 13

HAWMNEepCNEeKTUBHIIINX HampsMKIB B 1mkeHepii. Llel miaxig Mae yHIKambHY
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nepeBary: IMK COHSYHOI aKTMBHOCTI (MakCMMyM TeHepaillii eHeprii) iJealbHO
301raeThCs 3a 4acoM 13 MIKOM MOTpeOH B OXOJIOJKEHHI MOBITPs (HaMCIEKOTHIIIII
roguau Aus1). Lle 1o3Bossie CyTTEBO pO3BAHTAXUTU TPAAULINHY EICKTPUUHY
MEpEeXY BIITKY.

BuxopucTtanssi COHSUHOT €HepTii i1 OXOJOKEHHS MPUMIIICHb € OJHUM 13
HAWMNEepCNEeKTUBHIIIMX HampsMKIB B imkeHepii. Llel miaxig Mae yHIKaIbHY
nepeBary: IMK COHSYHOI aKTMBHOCTI (MakCMMyM TeHepallii eHeprii) iJeaJbHO
301raeThCs 3a 4acoM 13 MIKOM MOTPeOU B OXOJIOJKEHHI MOBITPs (HaMCIEKOTHIIIII
roguun nHA). lle 103BoJis€ CYTTE€BO PO3BAHTAXKUTU TPATUIINAHY EIECKTPUUHY
MEpPEXY BIITKY.

[cHye nBa MPUHIIUIIOBO PI3HUX METOAW BHKOPHUCTAHHS COHSYHOI €HEprii B
CKII: doroenexktpuunuii (COHSYHI TMaHeNIl + EJNEeKTPUYHUN KOHJAMIIIOHEP) Ta
TEPMOCOHSYHUM (COHSAYHI KOJIEKTOPH + TEIJIOBUMA KOHAMUIIIOHED)

1. ®oroenektprunuii metoz (Solar PV Air Conditioning)

Ile HaOUTBIIT TOMYJIIPHUM, THYYKHM Ta TEXHIYHO NMpocThii croci6. CoHsuHi
kpemuieBi maneni  (PV) BupoOmsiors  moctiviamii  ctpym  (DC),  skwmid
BUKOPUCTOBYETHCS JIJIS dKUBJICHHS KOHIUIIIOHEPA.

BapianTtu peanizariii:

. [i6punnHi cuctemu mocriiiHoro/3amiaaoro crpymy (AC/DC Hybrid):
KonmumioHep MiaKIIOYaETECI OJHOYACHO JO0 COHSYHHMX IaHelel (Hampsmy Oe3
iHBepTOopa) 1 1o Micbkoi Mepexi 220 B. Yaenn mpiopuTeT BiITaeTbcsi COHSYHIN
eHeprii. SIKmo coHig He BHCTadae (Xmapu abo Bedip), CUCTeMa aBTOMATHYHO
nobupae HeoOX1AH1 BATH 3 3arajbHOT MEPEXKi.

. AsronomHi cuctemu (Off-Grid): TlpairoroTh MOBHICTIO HE3JICKHO Bl
enekrpomepexi. [loTpedyroTh moTykHOTO OaHKy akymyisTopHux Oatapeit (AKB)
Ta KOHTPOJEPIB 3apsAy Julsl 3a0e3redyeHHs poOOTH KOHJUIIOHEpa Yy BEYipHiil Ta
HIYHUM Yac.

. Mepexesi cuctemu (On-Grid): Consuna cranmis (CEC) ckumae

€HEPrII0 B 3arajibHy MepexKy OyAUHKY, BiJI IKO1 )KUBUTHCS 3BUYAHHUIN 1THBEPTOPHUI
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KoHuIloHep. Haamuiiku eneprii BIiTKy MOKHA MpoAaBaTy 3a '"3eneHuM Tapudom”
a00 BUKOPHUCTOBYBATH JIJIS 1HIIIMX MOTPEO.

IlepeBaru:

. Bucoka HamifHICTh 1 BEIMKUM TEPMIH CIY>KOU COHSAYHMX ITaHEJICH
(monag 25 pokiB).

. [IpocTrii MOHTaX, MacIITA0OBaHICTh Ta JIETKICTh B 00CITyTrOBYyBaHHI.

. MoOXIHMBICTh BUKOPHUCTAHHS 1HBEPTOPHUX  KOHIHUIIIOHEPIB, SIKi
CIOKHMBAIOTh MaJIO €HEprii Ha HU3bKUX 00epTax.

Henomnikwu:

. Bucoka BapTicTh akyMyJIATOpHUX Oatapei (711 aBTOHOMHHUX CHUCTEM)
Ta OOMEeXeHH TepMiH iX ciyx0u (5-10 pokis).

. KKl doroenekTtpuuHux maHenerd cTaHOBUTH Onm3bko 18-22%, mio
noTpedye 3HAYHOI IO JaxXy JJIsl PO3MILIEHHS.

2. Tepmoconstunmii meron (Solar Thermal Cooling).

Ieit MeTOT BUKOPUCTOBYE HE CBITIIO, a OE3MMOCEPEIHHO TEILJIO COHIIA. 3aMICTh
dboTonaHenel BCTAHOBIIOIOTHCS COHSYHI TEpMasbHI KOJEKTOpPU (BakyyMHI abo
IJIOCK1), SIKI HarpiBarOTh TEIUJIOHOCIH (Boay abo cremialibHuii aHTUPHU3) 10
Bucokux Ttemmepatyp (70-120 °C). Ile Termio moTiM MOJAEThCS B CICIiaNbHI
XOJIOJUJIBHI MAIlIHHU.

OCHOBHI TUTI TEXHOJIOT1A:

. Ao6copomiiai ymmiepu (Absorption Chillers): 3amicte MexaHigHOTO
KOMITPECOpPa BUKOPUCTOBYETHCS XIMIYHHMM TepMoAuHaMidHUI 1ukia. Haitwacrime
3aCTOCOBYIOThCA Tapu "Boga-Opomin mitiro" (LiBr/H20) abo "amiak-Boga". Termo
BiJl COHSYHOTO KOJICKTOpAa BHITAPOBYE XOJIOJOATCHT y TeHEpaTopi, 3amyCKaruu
MPOIIEC OXOJIOKEHHS BOJY JJII CUCTEMH KOHIUIIOHYBaHHS.

. Ancop6iitai unutepu (Adsorption Chillers): BukopucroByrots TBep i
copOeHTH (HaINpUKIIaa, CUiiKareib) Ta Boay. [Ipoiiec Bi1OyBa€eThCs UKITYHO Yepe3
NOTJIMHAHHA Ta JEecOpOLii0 BOJOTH MiJ JI€I0 COHSYHOrO Tersia. BoHM MOXYTb

MpaIoBaTy BiJ HIKYKMX TemrepaTyp TeroHocis (Big 60 °C).
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. Hucikantai cucremu (Desiccant Cooling): BukopucToByroThes aiis
BeHTW L. COHSIUHE TEIUIO CYIIMTh CIEIaIbHUM POTOP 13 BOJOTOMOTIMHAYEM,
KU ocyllye TpUIIuBHE NOBITPA. [IOTIM 11e MOBITPS OXOJOMKYETHCS HUIIXOM
BUMApOBYBaHHS BOJIM (a/11a0aTUYHE OXOJIOKEHHS).

IlepeBaru:

. Hab6araro Bummii KKJ] constarnx konekropis (1o 70—-80%) mopiBHSIHO
3 (poromanensmu. s 300py Ti€l K KUIBKOCTI €Heprii MOoTpiOHO MEHIIe IOl Ha
Jaxy.

. BiacyTHICTh pyXOMUX MEXaHIYHUX KOMIIPECOPIB y uniiepax poOUTh ix
O€3ITYMHUMH Ta JOBTOBIYHUMH.

. EKONOTrIYHICTh: BUKOPUCTOBYIOTHCA MPUPOJHI XOJOJ0areHTu (Bozaa),
MOBHICTIO BIICYTHI IIKIJIJTUB1 (PEOHI.

Henomniku:

. Bucoka nouyarkoBa BapTiCTh aOCOPOIIHHOr0 001aJHaHHA (EKOHOMIYHO
BHT1JIHO TIepeBaXkKHO 17151 BeMMKUX 00'ekTiB — TPLI, roTemi, 3aBoan).

. ['poMi3akicTh cucTeMH (TOTPiIOHI TEIIOAKYMYJISITOPU, TPaAUpHI AJIs
CKHJIAHHS TeIIa).

. CknagHe TiApaBiiYHE PETYIIOBAaHHSA Ta YYTJIUBICTH J0 3aMep3aHHs
B3MMKY (ITOTpeOye 3IMBY BOAM a00 BUKOPUCTAHHS TITIKOJIEBUX CYMIIICH).

[TopiBHsITBHA TAOIHIIT JBOX METO/IB

. ®oroenexTpuunuii (PV + TepmocoHsuHuMiIA
Kpurepii . .
Konauuionep) (KoJsiekTop + AdcopOuisn)
EdexTuBHICTH 300
exs Py Huspka (18-22%) Brcoka (60-80%)
eHeprii
Cdepa 3acTocyBaHHS Bix manux ximMHaT 1o Benukux | IlepeBaxxHO BeNMKI KOMEPITiiHI
o(icis OyniBii
CkJaiHICTh Hwuspka (mpocto mpoTHpaTu Bij Bucoka (KoHTpoJIb TUCKY,
00CITyroByBaHHs MUITY) HacoCIB, X1Mii)
BukopucranHs B3UMKY Enexrtpuxka e Ha Oyb-sKi Tenna Boza lie Ha ONAJIEHHS Ta
MpUJIaan 9u 00IrpiB I'BII
[ToyaTkoBi iHBeCTHILI] JlocTynHi (IIBUIKO Bucoxki (noBruii TepMin
JIETICBIIAIOTH) OKYITHOCT)
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[lepcriekTHBH Ta BUKJIMKU B Y KpaiHi

. Knimatnunuii norenian: [liBieHH] Ta IEHTpanbHl perioHn YKpaiHu
MaroTh UyJOBUH piBeHb iHCOIIMIT BIITKY (moHaa 1200-1400 kBt roa/m? Ha pik), 1110
pOOUTH COHSYHE KOHAUIIOHYBaHHS Ay>Ke €(heKTUBHUM.

. EnepronesanexHictb: B ymMoBax HeCTaOUIBHOTO IIEHTPai30BAHOTO
CJIEKTPOIIOCTaYaHHs TiOpuaHI Ta aBTOHOMHI PV-cucTemMu KOHIUITIOHYBaHHS
CTalOTh €IMHUM CIIOCOOOM MIATPUMYBATH KOMMDOPTHUN MIKPOKIIMAT y JKUTIIOBUX
OyIuHKaxX, CEpBEpPHUX KIMHATaX YU MEAUYHHUX 3aKJIaJ1ax.

. Oxynuicte: Hapasi ¢otoenektpuyHuii Metoj; (COHSYHI MaHenm +
IHBEpTOPHUI KOHJIUIIIOHEP) € aOCOJIIOTHUM JIiJIEpOM B YKpaiHl 3a IIBHUJIKICTIO
OKYMHOCTI (B cepeHbOoMY 4—6 pOKiB) 3aBISKH CTPIMKOMY 3/ICIICBICHHIO COHIHIX
naHeseil Ta HaKOMMMYyBayiB €HEeprii.

[IpoexktyBanus Ta ekcrutyaramiss CKII s ToproBelbHO-pPO3BaKAIBHUX
nieHTpiB (TPLI) € ogauM 13 HalickmagHimmx 3aBaanb y ramy3i HVAC (omameHHs,
BEHTWIALIS Ta KOHAMIIIOHYBaHHS). lle 3yMOBJIEHO BelMMUYE3HMMHU MacliTabaMu
OyZaiBeNlb, pI3HOMAHITHICTIO (YHKIIOHAJBHUX 30H Ta TOCTIMHOI 3MIHOIO
BHYTPIIIHIX TEMJIOBUX HABAHTAKEHb.

3 ormsaay Ha macmtabu TPLI, Butpatu Ha enepromocrauanHss CKII e
KOJIOCATbHUMHM. [[J1s1 iX onmTuUMI3allli BOPOBAIKYIOTh TaKi TEXHOJIOT1:

Pexymnepartist Tera ta Bosioru: [1oBiTpsi 3 TOProBux 3ajiB nepe/ BUKUIAHHIM
Ha BYJIMITIO BIJIJIA€ CBIM XOJI0/1 MPUIIMBHOMY rapsuoMy MOBITPIO uepe3 poOTOpHI a00
MJIACTUHYACTI pEKyIepaTopHu.

Texnomoris Free-cooling (Bimbhe oxomomkenHs): Y mepexigHi mepioan
(BecHa/0CiHB) Ta BHOY1 YMJLJIEPH BUMHUKAOTHCS.

Oxonomxkenns TPL] BimOyBaeThcsi CyTO 3a paxyHOK IMOJavi MPOXOJIOTHOTO
BYJIMYHOTO TTOBITPSI BEHTUJISITOPAMHU.

KepyBanus 3a pisaem CO: (Demand Controlled Ventilation): /laTtuwnku B
KIHOTeaTpax Ta Qya-KopTax aHadi3yloTh pIBeHb Byriekucioro rasy. Komu monaei
Majio, 00'eM BEHTWIAIII 3MEHIIyeThCs, 0 ekoHoMuTh 10 40% eHeprii Ha

M1TOTOBKY TTOBITPSI.
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Interpanis 3 cucremoro aucrnerdepusaiiii (BMS): ABromartnka B pexumi
peaJlbHOT0 Yacy BIJCTEKYE pOOOTY THCSY JATYMKIB, ONMTUMI3Y€E Tpadiku poOOTH
cucreM (Hampukiaz, nepeBoauTs TPLl B eKOHOMHHII HIYHUN pEXUM MicCIs
3aKpUTTS) Ta MOMEpeKae Mpo aBapii.

BrpoBamkeHHSI COHSYHOI €Heprii B CHCTeMax KOHIUIIOHYBaHHS TOBITPS
(CKII) ToproBenbHO-pO3BAKAIBHUX IIEHTPIB € 1JealbHUM 1H)XKCHEPHUM Ta
eKOHOMIYHMM pimeHHsIM. TPL] MaroTh AB1 yHIKaJIBHI OCOOIMBOCTI, K1 pOOIATH 1ei
CUM0103 MaKCUMAJIbHO €()EKTUBHUM:

1.  Benuuesna moma Jaxy, sika 3a3BUYail HIUUM HE 3aifHATa (OKpIM
TEXHIYHOT0 00JIaIHAHHA) 1 MIXOUTh I MacIlITa0yBaHHS COHSIYHUX CTaHIIIH.

2. 30ir mikiB HaBaHTaxeHHs: TPL[ cmoxuBae HailOubille eHeprii Ha
OXOJIOJIKEHHS caM€ B COHSIYHI Ta CIEKOTHI TOAWHM JIHS, KOJIU TeHepalis COHIYHOI
CTaHIII{ CATAa€E CBOTO MAaKCUMYyMY.

Hwxue HaBeneHO neTaJbHUN aHaji3 BaplaHTIB peaii3allii, mepeBar Ta
TEXHIYHUX HIOAHCIB TAKOTO PIIlICHHS.

Y MacmtaOHUX  KOMEpPLIMHMX OyAiBIASX COHSIYHA EHEprisi  MOXe
IHTErpyBaTUCS IBOMA PI3HUMH IIJITXaMU:

1. Mepexea CEC min Bnacue crnioxkuBanusi (On-Grid PV + Ywmiepu) —
HaiinonynsapHimmii MmeTosn

. Ax e mparrtoe: Jlax TPI[ mokpuBaeTscst TucsiuamMu (OTOCTEKTPUUHUX
COHSIYHMX TaHeneil. 3reHepoBaHW HUMH TOCTIMHUWA CTPYM Yepe3 MPOMHCIIOBI
IHBEpTOpU TIEPETBOPIOETHCS HA 3MIHHMM 1 CHPSMOBYEThCS B  3arajibHy
eJIEKTpOMEpEeXKyY Oy IiBIl.

. B3aemonis 3 CKII: Enexktpuka Bii COHIII MUTTEBO IiIXOIUIIOETHCS
HAWTIOTY)KHIIIMUMU ~ CIIOKUBAaYaMU — KOMIIPeCOpaMu YWJUIEPiB, HACOCHUMU
CTaHIIsIMU Ta MIPUBOJIAMH LICHTPAIHHUX KOHIUIIIOHEPIB.

. OcoOnuBicth: Cuctema mnpanipe 0e3 JOporux 1 TPOMI3IAKUX
aKyMyJsaTopiB. SIKIIo coHusa 3abarato — Bcsa eHepria Wae Ha pobGoty TPL]
(eckanatopu, OCBITJICHHS, CyTliepMapkeTH ). Skino xMapHa — AediluT aBTOMAaTUIHO

J0OUPAETHCS 3 MICHKOI MEPEXKI.
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2. Tepmoconsyni cucteMu (CoHsTuHI KoJiekTopu + AOCOopOIiiiHI Yniuiepu) —
[mxeHepHa anpTepHATHBA

. 3amicth (oTomaHene Ha JAaxy BCTAHOBIIOIOTh BaKyyMHI abo
BHCOKOCEJICKTUBHI IIJIOCKI COHSIYHI KOJEKTOpH. BOHM HarpiBaloTh TEIUIOHOCIH
(Bomy/anTupus) no remneparypu 85-110 °C.

. Bzaemogmis 3 CKII: T'apsiua Bozma BiJ COHIS MOJAETHCS B TEHEPATOP
abcopOriitHoro ywiiepa. 3aBASKHM XIMIYHOMY TEPMOJMHAMIYHOMY LHUKIY
(3a3BHUaii OPOMICTOIITIEBOMY ), II€ TEILIO IIEPETBOPIOETHCS HA X0J10aHY Boay (7 °C),
sKa MOTIM iJie Ha (DaHKOWMIIM B Mara3uHH.

. OcoOmnuBictb: 15 cucrema mae B 3—4 paszu Bumuii KK/I 360py eneprii
3 KBaJPaTHOI'O METpa Jaxy, HXK oTonaHen.

. 3pizanHs mikoBux HaBaHTaxkeHb (Peak Shaving): OGnenepro uacto
mTpadyroTh KOMEPIiHHI 00'€KTH 3a NEPEBUIIEHHS JIMITIB MOTYXHOCTI B TOJIMHU
niK a00 BUMAararTh BEJMKI FPOIIl 3a KYMIBIIO 10AaTKOBUX KBT. COHsIUHA cTaHU1sA
MTOBHICTIO 3aKpHBAE ICH JITHIN MK CIIOKUBAHHS KOHIUITIOHEPAMH.

. IBuaka okymuicth (s On-Grid PV): s TPLI, sxi ruratate 3a
KOMEpPIIHHUM (MIABUIICHUM) TapudoM 3a eJIeKTPOCHEPrito, TEPMIH OKYIMHOCTI
MEpEXKEeBO1 COHAYHOT CTaHIii MiJ] BJaCHE CIOKMBAHHS B Y KpaiHl CTAHOBUTH BChOT'O
3.5 - 5 pokis.

. 3umkeHHs  ekcrutyarariiiaux — Butpar  (OPEX):  Ockinbku
KOHJIUIIIOHYBaHHA (OpMye 3HAYHYy 4YaCTUHY KOMyHalbHMX TuiatexiB TPII,
BUKOPUCTaHHS OE3KOIITOBHOI €HEPrii COHIIS CYTTEBO IMiJIBUIYE PEHTAOCTHHICTh
00'eKTa Ta 3HIKYE COOIBAPTICTh OPEHIU sl Oy TUKIB.

. Mapkerunrouii  edext «Green Building»: HasBhicTh CcOHSYHOT
cranitii qo3Bossie TPL] orprmaru MixkHapoiHi ekotoriuni ceptudikatu (BREEAM,
LEED), mo mnpuBabiio€e TOMOBUX €BPONEHCHKMX Ta CBITOBHX pPHTCHICPIB
(manpuknan, H&M, Zara, IKEA), siki MarTh KOPCTKI KOPIIOPATUBHI BUMOTHU [0
€KOJIOT1YHOCTI.

BropoBamkenns: constunoro koHauiionyanus B TPLl morpebye perenbHOro

IPOPAXyHKY KUIBKOX (paKTOPIB:
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Ha MOKPIBJIIO

Bukiuk Onuc npodaemu Ilasxu BUpilICHHA
Bara consunux mnaseneil Ta | [IpoekTyBaHHS MOJETIIEHUX
OalacTHUX KOHCTPYKLIN | QTIOMIHIEBUX ~ KOHCTPYKIIIH
HasaHraxeHHs

CTBOPIOE JIOJJATKOBUM THUCK
Ha gax TPILI.

a6o Bukopuctanusi CEC sk

HaBiciB  (KapmopTiB)  Ha

BiAKpuTHX napkoskax TPLI.

EdekT BuxinHoro
JTHS

Y Heaumo BIITKY TeHeparis

COHIII MaKCHMallbHa, alie
nesiki 3oau TPII (manmpukian,
odicHl OJIOKM BCepeauH1)
3aKpUTI, TOMY CIIOKHUBaHHS

XO0JIOAY MOKE BIIACTH.

[aTEeTpaIis 3 PO3YMHOIO
BMS,
nepeHanpaBisie  HaAJIUAIIKHA
eHeprii KOMEPIIHHUN

XOJIOJI CyNepMapKeTiB  abo

CHUCTCMOIO sSgKa

Ha

3apsiaHi cTaHIll IS

€JIEKTPOMOOLITIB Ha MapKOBIII.

Ce30HHICTD I
TEPMOCOHSIYHUX
CUCTEM

Ilo

BOJOIO

poOUTH 3 TapsAyYOrO

BIl  TE€pMaJbHUX
KOJIEKTOPIB B3UMKY, KOJIU
KOHTUIIOHYBaHHS HE

noTpioHe?

[HTETpaIlis cucTeMu B KOHTYP
onasienHs TPIl aGo mimirpis
BEJIMKUX 00'eMIB BOIM A
I'BI1

BOJIOTIOCTa4aHHs) (yA-KOPTiB

CHUCTEMHU (rapsiaoro

Ta CaHBY3JIIB.

3a0e3nedyeHHs] MIKPOKJIIMATy B 3aXHCHHUX CHOpPyJax LMBUIBHOTO 3aXUCTY

(cxoBHUIaX Ta MPOTUPATIANMIAHUX YKPUTTAX) KapAUHAIBHO BIIPI3HIETHCS BiJl
MPOEKTYBaHHS 3BUYANHUX HUBIILHUX 00'e€KTiB. TyT cUCTeMH KOHAMIIIOHYBaHHS
noBitps (CKII) ta BeHTHsAMii € *)uTTEBO BaxinBumu cuctemamu (Life Support
Systems), Bix HamIHHOCTI IKUX OE3MOCEPETHBO 3aJICKUTh MOPATYHOK JIFOICH.

B ymoBax YkpaiHu, Jie 3aXUCHI CIIOPYIU BUKOPUCTOBYIOTHCS JIy>KE€ aKTUBHO,
1HXKEHEPH CTHKAIOTHCS 3 HU3KOIO CHENUMIYHUX 1 KpUTHIHHUX TTPOOIIEM.

["onoBHi npo6iemu CKII Ta BeHTHIISILIT B YKPUTTSIX:

1. Po6ora B ymoBax noBHoi repmerusanii (Pexum I11)

3rigHo 3 HopMaTtuBamu (3okpema ykpaincbkumu JIbH B.2.2-5:2023 «3axuchi
CHOpPYAM IUBUILHOTO 3aXHCTY»), CXOBHUIIA MalOTh MIATPUMYBATH TPU PEKUMHU
BEHTHJISAIIII:

. Pexxum [: Uncra BeHTHIIALIS (OUUIIICHHS B TTHITY).
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. Pexum II: ®inbrpoBeHTW SIS (OYUIIEHHS BiJ Ta30m0aA10HUX
OTPpYHHUX PEYOBHUH, OaKTEepiaIbHUX 3aC001B Ta PaJI0aKTUBHOTO TIHITY).

. Pexwum III: [ToBHa i30s11ist 3 pereHepari€ro BHYTPIIIHbOTO MOBITPS
(3aCTOCOBYETBCS MiJT Yac MOXKEK HABKOJIO CXOBHUINA a00 KPUTUYHOI 3ara30BaHOCTI).

. [Tpo6nema: YV Pexwumi 111 npurnius noBiTps 3 BYJHIIl TEPEKPUBAETHCS
B3araii. Tpaauiitai ¢peoHOB1 KOHIUIIIOHEPH JIUIIIE TAHSIIOTH MOBITPS 10 KOJTY, aje
He 31atHi Bupansatu Byriekuciauit raz (CO:2) ta Bumusatu kucenb (0O2). bes
CIELIAIbHUX PEreHEepaTUBHUX IMATPOHIB a00 OaJOHIB 3 KHCHEM JIIOJU B YKPHUTTI
MIBUJIKO 33 IUXHYThCS, HABITh SIKIIO TemrepaTypa Oyae KoM(pOpTHOIO.

2. KonocanbHi Terio- Ta BOJIOTONPUILIMBY BiJl JHOIeH

. [IpoGnema: BbomOocxoBHIIa MPOEKTYIOTHCSA IMiJI BHCOKY IILIBHICTH
3acenenHsa (mo 0.5-1 m? na moauny). Koxxna gopocna JitoiuHa B CTaHl CTpECy
Buisie 6m3pko 100-120 Bt tera i 7o 40—60 rpamiB BOJIOTH 3a TOIUHY.

. Hacmigku: 3a JiyeHl TOJAMHHA  YKpUTTA 0e3  e(EeKTUBHOTO
KOHJIUITIOHYBaHHS IIEPETBOPIOEThCS Ha "Tepmoc". TemmepaTypa CTpIMKO 3pOCTae 10
+30...+35°C, a Bomoricts nocsirae 90-100%. Lle npu3BOaANTH 10 TEIUIOBUX yAapiB
y JIt0JIell Ta yTBOPEHHS KOHJIEHCATY Ha CTiHAaX, 1110 MCye 00JIaJHaHHS Ta IPOBOAKY.

3. EneprozanexHicTb Ta aBTOHOMHICTh

. [IpobGnema: IloTyXHI KOMIIpECOPM KOHJHMIIIOHEPIB Ta MPHUBOJIU
BEHTWISITOPIB ~ CIIOKHUBAIOTH Oararo  enekrtpoeHeprii. Ilig wac oOcTpiniB
[EHTPaJII30BaHE eIEKTPOIIOCTauYaHHs Maihke 3aBK/I 3HUKAE.

. Hacnigku: ABapiifHi 1u3enb-TeHepaTOPu YKPUTTS 3MYIIICHI BUTpadaTh
3HayHy YaCTHUHY MaJliBa CyTO Ha poOOTY KOHAULIIOHEPIB. SIKIIO TeHepaTop BHiizne 3
Jaxy, YKpUTTs 3anuiutbest 6e3 nositpss. Tomy JIBH BuMarae HassBHOCTI py4HOIO
(MEeXaHIYHOTO) MPUBOAY JIJIsi BEHTHJIATOPIB, ajie 3aMyCTUTH KOHJIUIIIOHED BPYYHY
(b13MYHO HEMOXKIIUBO.

4. 3axucT Bij] yJIapHO1 XBWJI1 Ta 3aTiKaHHS BUOYXOBHUX Ta3iB

. [Tpo6nema: IloBiTpo3alipHi IIAXTH BUXOAATH HAa TOBEPXHIO 1 €

HalypasIuBIIIUM MiclleM cxoBuila. BuOyxoBa XBuisi a00 TOKCHYHI MPOIYKTH
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TOPIHHS BiJ TMOXEX IMOPYy4Y MOXKYTh NMPOHUKHYTH Yepe3 BEHTWISALINHI KaHAIH
BCEpEIUHY.

. Pimenus Ta cximamHicTh: HeoOXimHe BCTAHOBJIEHHS MAaCHUBHHUX
3aXMCHUX NPOTUBHOYXOBHX TpUCTPoiB (3VYII, MasTHUKOBI 3aXMCHI CEKIIii), sKi
ABTOMATUYHO 3aYWHSIOTHCS TiA Ji€l0 yaapHOi xBwii. L{i mpucTpoi CTBOPIOIOTH
BEJIMUE3HUI aepOJMHAMIYHHUIA OIMip, IO 3MYIIy€ BUKOPHUCTOBYBAaTH HAAMOTYKHI
BEHTHJISITOPH, K1 CIIOXKUBAIOTH I11€ O1IbIIIe EHEeprii.

5. Bucokuii piBeHb 1rymy Ta BiOpaiii

. [IpoGnema: IloTyXHI BEHTWIALIMHI yCTAaHOBKH, KOHJIMIIIOHEPH Ta
NU3€Ib-TEHEPATOPU BCTAHOBIIOIOTECA B 3aMKHYTOMY HIA3€MHOMY IPOCTOpI
OETOHHOTO OYHKEpa.

. Hacnigku: Bunukae cunbHuM Tyl Ta BiOpallisi CTiH. Y 3aMKHYTOMY
MPOCTOPI TPUBAJIUN IITyM HETATUBHO JI1€ HA TICUXIKY JIIOJIEH, sIK1 i Tak mepeOyBaroTh
y craHi ctpecy. HeoOximHO 3akiagatd CKJIagHI CUCTEMHU UIyMOTJYIIEHHS Ta
BiOpoi3o0usiii hyHIaMEeHTIB 00Ja HAHHS.

6. [Ipo6iieMa cupOCTi Ta TUTICHSIBU B TIEP10/1 TPOCTOIO

. [IpoGnema: binbiry yacTuHy yacy 60MOOCXOBHIIA CTOATH MTOPOKHIMH.
OcCKUJIBKM BOHM PO3TAIIOBaHi IiJl 3eMJIEI0, TaM NTaHy€ MPUPOIHA BOJIOTICTh 1 HU3bKA
temrepatypa (10...14 °C).

. Hacnigku: Sxmo CKII He mpaifroe B pesKuMi PerysipHOTO OCYIIIEHHS
Ta TPOBITPIOBAaHHA, (UIBTPU KOHAMUIIIOHEPIB MOKPUBAIOTHCA  ILIICHSABOIO,
3a0MBalOTHCS TPUOKOM, a METaJieBl MOBITPOIPOBOM ipKaBitoTh. Komu ykpuTTs
TEPMIHOBO 3HAJ00UTHCS, 3aIyCK TaKOi CUCTEMHU 3aHece 1H(EKIIIT B JIETeH] JItoIeH.

Jns moponaHHs IMX mpobiIeM y CydacHHX YKpaiHChKUX CXOBHUIIAX
3aCTOCOBYIOTH CITEIlIaTi30BaH1 1HKEHEPHI ITiIX0JIH:

3. OinbrpoBenTUisLIdHI arperatn (PBA): CrnewianbHi BIHCHKOBI Ta
LIMBUIbHI YCTaHOBKM (Hampukial, cepii ®BA, ®BY), sxi MmicTaTh nepeadinbrpu
(Bl BENUKOTO MHIy), TPOTHUIMJIOBI TKaHWHHI (IUIBTPU Ta BYTUIbHI (DUIBTpH-

MorJIMHaY1 (B1 XIMIYHOT Ta paaiaiiiHol 3arpo3n).
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4, ApniabaTdHE  OXOJIOJDKEHHSI  MOBITPS:  3aMICTh  €HEPrOEMHHX
(GbpeoHOBUX KOHAMITIOHEPIB 1HOA1 BUKOPUCTOBYIOTH IIPOMHUBAHHS MOBITPS BOJOIO Y
crneriagbHuX Kamepax (ckpyOepax). Lle mo3Bomsie 0XOMOaUTH MOBITPS 32 PaXyHOK
BUITAPOBYBAHHS BOJM 3 MIHIMAJIbLHUMH BUTPATaMU €JIEKTPUKH.

5.  Perenepaunis moBitpa (mns Pexxumy III): BukopucranHs XiMiuHUX
pPEUOBUH (HANPUKIAA, HAANEPOKCUAY HaTpiro abo Kamiio), siki nmorauHaroTh CO: 1
OJIHOYACHO BUILISAIOTH Ox.

6. I'epmernuni kmamanu (I'K): EnexktponpuBoil Ta pydHi 3aciiHKH 3
T'YMOBUMHM YHIUIbHIOBaYaMH, SIK1 3/1aTHI MOBHICTIO BIJICIKTU BHYTPIIIHIN MPOCTIp

OyHKepa BiJl 30BHIITHBOT'O CEPEIOBHIIIA.

Pestome nopiBHsHHS 1uBLIbHOTO TPI] Ta 60MOOCXOBHIIIA.

KonanuionyBanHsi B KonaunionyBanHusi B
Xapaxkrepucruka ARTIOMY AHIUOHY .
TPI] oomMOocCxoBHIIIi
Exonomiunuit komdopt BuxuBanns mtonei ta
['osnoBHa MmeTa
Ta TpUOYTOK 30epeKEHHS KUTTS
: besmexne BynuuHe Yacto obmexene ado
Jlxeperno nosiTpst . . ..
MOBITPS MOBHICTIO BiICIYCHE
IToryxHa MicbKa ABTOHOMHUH TU3EIIb-
Eneprozabe3nedeHHs o .
mepexa/CEC reneparop / Pyunwuii npusiz
Bumoru 1o bazogi (i kinacy AOcoinmoTHI (pamiaris,
biapTparii GA4/FT) XimMidHa 30posi, BipycH)
3axucr Bi [IpoTuBMOYXOBI1 KIanaHu
. 8 He nepenbaueno P e . Y o .
pyWHYBaHHS CTIHKICTB 10 CEHCMIKH

st cyuacnoro TPI[ B Ykpaini BukopuctaHHsi (POTOCIEKTPUUHUX TaHEeH
(PV) pa3om i3 MpOMHUCIIOBUMH YHJUIEPAMH € HAWOUIBII BUTPAIIHOK CTPATETIEH.
Taka cuctema He MOTpeOye CKIATHOTO OOCIYyrOBYBAaHHS, JIETKO IHTETPYETHCS B
ICHYIO4Y CHUCTEMY BEHTUJIALIT Ta KOHAMIIIOHYBaHHS, CYTTEBO 3HIKYE 3aJICKHICTD
Bl MICBKOI €HeproMmepexki Ta Oe3mocepelHbO TPaHCPOPMYE COHSYHY CIEKY B

KOM(pOPTHUH.
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Ha mnoyatkoBOMy eTami KOMILIEKCHOTO MPOEKTYBaHHS OyJO MNpPOBEIEHO
BIIMOBIAHI  PO3paxXyHKH Ta  BHU3HAYEHO BHUXITHI  IMapaMeTpH  CHUCTEMH
KoHAuIitoBaHHS NoBiTps Ayt TPL] 13 6oMOocxoBHIIIEM.

[IpoekT cucremu KOHaMIIIFOBaHHA TOBITpss OomOocxowuia TPLL «Pus’epay
M. Opeca. HeoOximHa XOJIOAONMPOMYKTUBHICTE CHUCTEMH KOHAMINIIOBAaHHS 3
ypaxyBanusm 10 % 3amacy - 77,2 xBr. IliniOpano oOnagHaHHS: MPUILTABHA
ycraHoBka mpoaykTuBHicTio 5000 M*/ron, yunep xonomonpoaykTuBHicTiO 80 kBT
(COP = 3,2, cioxxuBana notyxHictb 24,1 kBt), ®BY Tunmy ®BK-1 s pexumy
(b1TBTPOBEHTHUIIALLI].

XonoponpoayktuBHicTh Q,=80 kBT, Temneparypa oxonomkenus T,= 7 °C,
Temneparypa konaencaiii Tx = 36 °C .

Ha ocHoBI nmpoBeieHOro anasizy 0yJio 3alporoHOBaHO AJIbTEPHATUBHY CXEMY
CUCTEMM KOHJIMIIIIOBaHHS TIOBITPS Ha ©0a3l aOcopOLiifHuX BOJOaMIAuHHUX
tepMmoTpanchopmaropis (puc. B.1 u puc. B.2).

3aBHaHHs albTEPHATUBHOI CXeMHU 3a0e3meunT cami (QYHKIT TpaauIiitHOI
CUCTEMU KOHJIMLIFOBaHHS, TOOTO. OXOJIOI>)KEHHS Y TEIUIUI MEeP10J POKY Ta OMaJCHHS
y XOJIOJAHHWM Tiepion. Y TepexiTHUW Tepioj] OCIHb-BECHA PEalli3ye€ThbCs PEKUM
BEHTWJIAIIT 1 MPU HEOOX1AHOCTI BKJIFOYAETHCS a00 onajieHHs a00 0XOJIO0I>KEHHS.

JUiss  BupilleHHS I1UMX 3aBJaHb B  OOpOOMIOBAHMX  MPUMILIEHHAX
BCTAHOBIIOIOTHCS ankonnu 11 3 BenTuisiTopamu 13 1 TEIOOOMIHHUKYA CUCTEMU
onajieHHs 14 TakoXX 3 MOMJIMBICTIO 3a0€3MEUEHHS IUPKYJALii 3a JOMOMOTOIO
BeHTWIATOPIB 4. J[>epenoM Teruia Ta XOJIOAy B albTEPHATUBHIN CXEeMi CHCTEMHU
KOHJUITIOHYBaHHS € abcopOuiiitauii TepmoTpanchopmatop 10, skwuii, y cBOtO "epry,
BUKOPHUCTOBYE MEPEBAKHO COHSIUHY €HEPTiio AJis1 3a0€3MeYeHHs CBOET pOOOTH.

30ip COHSIYHOI €HePTii 3 MOJATBIIOI0 MoAaYeI0 10 TepMoTpanchopmaropa 10
B1I0YBA€THCS 3a JIOMOMOIOK) COHSIYHUX OaTapeil / 1 COHSYHMX KOJICKTOPIB 1 3a
JIOTIOMOT OO ITUPKYJISAIIHHUX HACOCIB 8.

Consiuni kojektopa 1 momaroTh rapsyuil TEIJIOHOCIH 4Yepe3 aKyMyJsaTop
Teria 2 abo 6e3nocepeHb0 B CUCTEMY omnajeHHs abo reHepaTop abCcopOIIHHOrO

tepmoTtpanchopmaropa 10.
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Consiuni Oatapei 7 3a0e3rneuyloTh BUPOOJIEHHS €JIEKTPUYHOI €Heprii s
(GYHKITIOHYBaHHS LUPKYJISIIHHUX HAcOCiB 8 Ta poOOTH CHUCTEMH aBTOMAaTHYHOIO
KEepyBaHHS.

JUisi MiJIBUILIEHHS €HEePreTHYHOi €(EeKTHUBHOCTI albTEPHATUBHOI CUCTEMHU
KOHJUITIIOBAHHS TIepe0ayeHl MOXJIMBOCTI aKyMyJIIOBaHHs TeIia B Oakax 2 Ta
xoJio1y B Oakax 12.

Taka TexHOJOrIA A03BOJISIE MPOBOJUTH MO-TIEpIIE, PIBHOMIPHY MOJa4y
TEIJIOBOT'O HaBaHTAXEHHA Ha TeHepaTop abcopOIiiHOro TepMoTpaHchopMaropa Ha
MPOTSA31 CBITIOBOrO JHS Ta MPH 3MiHI TIOTO/IH, a MO-Apyre, 3a0e3MeUuT podoTy Yy
BEUIpHIN Ta HIYHUH Yac 100U, KOJIM COHSYHA €HEpris BiACYTHS.

AHaJIOT1YHY 3agaqy M1IBUIICHHS €HEPreTUIHO1 e(heKTUBHOCTI
QIbTEPHATUBHOI ~ CHUCTEMH  KOHAMIIIOHYBAaHHS  TOKJIMKAHUNA  BUPINIYBAaTH
pereHepaTuBHUNA TEIIIO0OMIHHHK 3, BOY/I0BaHUH B CUCTEMY COHSYHHX KOJEKTOPIB
1 Gaka-akyMyJsITOpa Termia 2.

Jlist poboTH B yMOBax HECTaOUILHOTO TEIJIOBOTO HAaBaHTaXEHHS abo TMpu
MOBHIM MOro BIACYTHOCTI (BeUipHiM 1 HIYHUN Yac A00M abo0 MmoxMypa IMorojaa) B
IbTEPHATHUBHIN CXEMI CHCTEMHU KOHIMUIIIOBaHHS MependadeHa OKpeMa pe3epBHa
cucrema nojaui teruia. ILle Moxxe OyTu ra3oBuil najibHUK a00 OyIb-IKUM THITUN BUJT
opraHiuyHoro najusa (6ioras, n1posa, Topd, NaJIuBHI OPUKETH TOIIIO).

JIist poGoTH CUCTEMU BEHTHIIALIT MepeadadeHa MPUIITMBHO-BUTSKHA CXEMa,
ska BOyZOoBaHa B TPaJuLIAHYy CHUCTEMY KOHIMIIIFOBAHHS MOBITPS 1 CKIAJAETHCS 3
MOBITPSHUX BEHTIWISITOPIB 9 Ta 16, pereHepaTuBHOTO TEIJI00OMIHHUKA MOBITPSHUX
MOTOKIB Ta CUCTEMU 3a00py Ta BiJBeaeHHs moBiTps 17 Ta 18.

Sk abcopOuiitHuii TepMOTpaHcPopMaTop PO3IISAHYTI JIBI CXEeMHU 3
niaTrckaounMu oycrep-kommpecopamu (puc. B.3 1 puc. B.4).

[Tepma cxema (puc. B.3) n03BoJise BHKOPHUCTOBYBAaTH TEIUIO HHU3BKOTO
temmnepaTtypHoro norexmiany 10 /0 C, 3a paxyHOK poOOTH MIATUCKAOYOro OycTep-
komrpecopa 10. Kommpecop 10 marniTae map XOJOOWIBHOTO areHTa (amiaky) B
KoHJieHcaTop 1 1 3a0e3nmeuye KOHACH AT JUIsl KOHJEH Callll piBeHb THCKY.

Hapani cxema He Bipi3HAETHCS BIA TPAAULIHHUX PIIICHb.



28

Puc. B.3 — Cxema ABT 3 miaruckarodum 0ycTep-KOMIIPECOPOM:

1 — reneparop; 2 — MOBITPSHUIA KOHAEHCATOP NApH aMmiaKy; 3 — JpOcesb PiAKOro amiaky; 4 —
BUTIAPHUK-TIOBITPOOXOJIODKYBaY; 5 — abcopOep; 6 — rerurooOMiHHMK cinabkoro BAP; 7 — Hacoc
MmirHoro BAP; 8 — npocens citabkoro BAP; 9 — TemmooOminHMK citabkoro i mirtHoro BAP; 10 —

OycTep-KoMIpecop KOHJeHcaTopa.

Oco0MMBO BaXJIWBO, IO B IbOMY BHUIAJKy MOXHA BUKOPHCTOBYBATH
OIOJIPKETHI COHSYHI KOJEKTOPU 3 BOJOIO SIK TEIUIOHOCIA Ta CYTTEBO CKOPOTUTH
(dh1HAaHCOBI BUTPATH.

Ipyra cxema (puc. B.4) € pO3BUTKOM anbTEPHATUBHOI CHUCTEMH
KOH uIlitoBaHHsA. BoHa mepenbadeHa 3HIKEHHS METAJIOEMHOCTI aOCOpOIIHHOIO
TepMoTpancopmaTopa 1 MIABHIIEHHAM i1 (YHKIIOHATBHUX MOXKJIUBOCTEH Y

YaCTHHI YIIPaBJIIHHS Y IIUPOKOMY Jliala30H1 mapaMeTpiB eKCILTyaTallii.
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9 I

Puc. B.4 — Cxema ABT 3 1BoMa miaTHCKalOUMMHU OyCTEP-KOMITPECOPAMHU:

1 — reneparop; 2 — MOBITPSHUIA KOHAEHCATOP NApW aMmiaky; 3 — JpOCeib PiAKOro amiaky; 4 —
BUTIAPHUK-TIOBITPOOXOJIODKYBaY; 5 — abcopOep; 6 — rerurooOMiHHMK cnabkoro BAP; 7 — Hacoc
MmirHoro BAP; 8 — npocens citabkoro BAP; 9 — TemmooOminHMK citabkoro i mirtHoro BAP; 10 —

OycTep-koMmpecop KoHaeHcaTopa; 11 — Gycrep-KkomMmnpecop BUMIAPHUKA.

Jlist mporo y cxemi abcopOiiitHoro TepMoTpancdopMaropa Ha Marictpani
MDK BUOapHUKOM 4 1 abcopOepoM 5 BCTAHOBIIOKOTH JPYTrUid MIATHCKAIOUWN
komripecop 11, sikuii cTBOpIO€E MiIBUINICHUI TUCK B abcopbepi 5.

[linBumenuii THCK abcopOIii 1o3BoJsie  1HTeHCU(IKyBaTH  MPOIECH
MacoOOMIHY IpHY MOTJIMHAHHI TTapU aMiaKy cJIa0KuUM BOJI0aMiaqyHUM PO3UYUHOM 1 TUM

CaMUM OTPUMATH MOKJIMBICTh 3HU3UTH MacorabapuTHI mapaMmeTpu 'abcopoepa 5.
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OpHi€r0 3 TO3UTUBHUX XaPAKTEPUCTUK TAKOI CXEMH € MOKJIUBICTb BUPIBHSITH
THUCK MK TeHepaTtopoM 1 1 abcopObepoM 5 Ta BUKIIFOUUTH 13 CXEMHU [UPKYIAIIAHIMI
Hacoc /.

TakuM 4MHOM y pamMKaxX KOMILUIEKCHOI poOOTH HEOOXi1THO BHUKOHATH TaKl
JIOCITIJIKEHHS:

a) po3poOUTH Ta OOTPYHTYBATH CXEMHI PIMICHHS CHUCTEM KOHJIUIIIFOBAHHS
MOBITPS,

0) po3poOuTu Ta OOIPYHTYBaTH 3aCTOCYBaHHS aKyMyJSATOpIB TeIjia Ta
XOJIOY;

B) BUBUUTH O0COOJIMBOCTI poOOTH OCHOBHUX efieMeHTiB ATT: reHepatopHOoro
By3J1a 1 abcopOepa B peXuMi MOBITPSIHOTO OXOJIOI>KEHHS;

I') BUBYUTH MHUTAHHS TEXHIKM OC3IMEKH MiJ 4ac poOOTH 3 BOJOK aMiayHUM
PO3YHMHOM Ta aMiaKkoM;

1) OOIPYHTYBaTH 1HBECTULIIHY MTPUBAOIUBICTH IPOEKTY.
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PO3JILI 1. JITEPATYPHO-IATEHTHHUM OI'JISIJT I AHAJII3
CYYACHOT' O CTAHY PO3POBOK I MOJEJIOBAHHS ATT 3
BUKOPUCTAHHSM TPAJUIIMHAX TA BIITHOBJIIOBAJIbBHUX
JIKEPEJI EHEPTII

1.1 Tepmorpancopmarop (TT)

TermoBmit  TpancpopmMaTop — 1€ YCTaHOBKA, Yy SKIH 3IHCHIOETHCS
NIEPEHECEHHS €HEePTii B1J JKepesa 3 BITHOCHO HU3bKOIO TEMIIEPATYPOIO J10 JKEepena
3 BIJIHOCHO BHMCOKOIO TEMIEPATYpPOI0 3a JIONOMOrOK poOOYOi pPEYOBUHU -
OXOJIOJIKyBaua 1 BUTpaT eHeprii. SIKIo TerioBHid TpaHC(OPMATOp CIIYKUTb
TICPEBAKHO JJIs1 BAPOOHMIITBA XOJIOY, BIH HA3UBAETHCS XOJIOIMILHUKOM (Kiac R).
k10 TeroBH TpaHCHOPMATOP CITYKUTh NEPEBAKHO JI1 BAPOOHUIITBA TEILIA, BIH
HA3MBAa€ThCS TEIUIOBUM HacocoM (kiac H). Skmo TeruioBuit Tpancdopmarop
CIIY>KUTh OJTHOYACHO JIJIi BUPOOHUIITBA 1 TEIJIa 1 XOJIOAY, TO BIH HAa3WBAETHCS
KoHiuiioHepoM (kinac RH).

O6uacTi 3aCTOCYBaHHS TEIUIOBUX TpaHC(HOpPMATOPIB:

1. Metanyprisi: BUupoOHUIITBO KUCHIO, a30Ty Ta aproHy AJI1 BUKOPUCTAHHS B
METaJTypriqyHuX Mpolecax.

2. MammaoOyayBaras: OOpoOKa cTaji XOJI00M IS TiABUIIICHHS TBEPAOCTI
Ta 3HOCOCTIHKOCTI.

3. Ximiyna mnpomucnoBicTh: OcyieHHs Tra3iB, KOHJEHCAIlld TMapis,
PO3IUICHHS CKJIQAHUX CyMIIIEH, peryJIIOBaHHS XIMIYHUX pEaKIIiil.

4. TazoBa mOpPOMHUCIOBICTh: PoO3MiJIeHHS Ta30BHX CyMIIIEH, OKUBJICHHS
IPUPOIHOTO rasy.

5. ABiamis Ta KOCMOHaBTHKA: BHUPOOHMIITBO KHCHIO Ta BOJHIO IS
pPEaKTUBHUX JBUTYHIB.

6. Enepreruka: CTBOpeHHS JIiHIH eleKTpornepeaadi 3 BAKOPUCTAHHAM e(eKTy
CBEPXIPOPO3UNHYMOCTI.

7. PamiorexHika Ta enekTpoHika: IliaTpumaHHS TemmepaTypu €JIEMEHTIB

anaparypu Npu HU3bKUX TEMIIepaTypax.
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8. XapuoBa MTPOMHCIOBICTh: 3aMOPOXYBaHHSI Ta 30epiraHHsS XapuyOBHUX
MPOJYKTIB.

9. Menunuuna: BukopuctanHs KpiOMEAUIIMHU Ta KP1OXipyprii.

Knacudikamis Ttepmorpanchopmatopi. Tpanchopmaropu (mami TT)
KIaCU(IKYyIOThCA:

- 32 MPUHIAIIOM opraHizariii podotu TT;

- 32 XapaKTepoM MPOIECiB, IO NMPOTiKaoTh y TT;

- 32 XapaKTepoM Iepediry npoleciB y yaci.

3a npuHnuoM opranizaiii po6otu - TT OyBatoTh:

- TEPMOMEXAaH14HI (HAaUMOMIMPEHIII Y TPOMHUCIOBOCTI);

- MAarHiTOKaJIOPIYHI;

- €JIEKTPOKAJIOPUYHI.

Tepmomexaniuni TT OyBaroTh:

- KOMIIPECIiiHi;

- COpOITiiiHI,

- CTPYMUHI.

Kowmmpeciiini TT 3anexHo Bi XapakTepy 3MIiHU CTaHy poOOYOro Tina
OyBalOTh:

- mapopiakicai TT (gam IIPTT) (poGoue Tino 3MiHIOE (pa3oBuil cTaH map-
piauHa);

- razopiauaHi TT (gam I'PTT) (raz-piauna);

- Ta30BI.

CopOmiitai TT. ¥V nux ycTaHOBKaxX TUCK POOOYOTO TiJIa 3MIHIOETHCS Y TIPOIIECi
copoOuii (P 3smeHmyerses) Ta aecopoOuii (P 30iabinyerhest). L{i ycraHOBKH OYBarOTh:

- abcopOIiiiHi;

- aJICOpOITiHiHI.

B a0copOuiiftHuX MammH pobdoye Tij0 MOTJIMHAETHCS PIAMHOIO.

B ancopOriitHOMy — TBEpIUM TiJIOM.

IIpomtecu copOiii Ta aecopOIii  CyNmpoOBOMKYIOTHCS IIJABEACHHSIM Ta

BIJIBEICHHSIM TEILIA.
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VY sikocTi poOounX Tijl BUKOpHCTOBYIOThCS cuctemu: NHs-H20, H.O-LiBr.

3a xapakTepoM MpoIleCiB, 10 MpoTikatoTh y TT, BoHU OyBaroTh:

- 3 TpaHCPOPMAIIIEIO MMiIBUIICHHSIM (KOJIH MiJIBOJUTHCS TEIUIOTa HU3BKOTO
MOTEHIllaly, a BIJBOAUTHCS TEIUIOTAa BHCOKOro moTeHIiany). [lo uporo kiacy
HAJIeKaTh: pePpKepaTopu, KpIOTeHHI YCTaHOBKH, TEIIOBI HACOCH, KOHAMIIIOHEPH.

- 3 PO3MICIUTIOBAIBHOIO TpaHchopmariiero (MiApO3YNHIOETECS TEIIoTa 13
CepeHIM MOTEHIIAJIOM 1 JUIUThCS Ha 2 MOTOKHU: 1 3 HU3bKUM, 2 3 IiJIBUIIICHUM
noteHiianoM). Lle — ctpymeneBi TpanchopmMaTopy — NapOEKEKTOPHI MAIIMHU (pHUC.

1.1) Ta BUXpoBi TPyOH.

Mapa \__//'
BMCOKOrO —_—
TUCKY

25-30°C

{ [

Puc. 1.1 - CtpymeneBi TpaHC(HOpMATOPH — NAPOEKEKTOPHI MAITUHHU.

3a xapakTepom rnepeoiry MmpoIeciB y dact:

- IMKJIIYHI, KOJIU TIPOLEC MMOBEPTAETHCS Y BUXIJIHY TOUKY;

- KBa3IIUKJIIYHI TIPOIIecH, poOoUe TIJI0 MICIs MPOXOAY IUKIY 3aHIIac 1en
k. Le kommpecopu, TypOiHH, TBUTYHU, BEHTHISATOPH;

- HenukJIyHI. EnexktpomarnitHi TemioBi Tpanchopmaropu. Hema poboyoro

TiJIA.
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1.2 Abcop6uiiini TepmoTpancopmaTopu

l'omoBHa BiaMiHHICTE aOcopOmiitnux TT Big HapOpITUHHHUX TIOJISATAE Y
MO>KJIMBOCTI BUKOPUCTAHHS HE €JIEKTPUYIHOI, a TeTIoBoi eneprii. [Ipuammm pobotn
— MOCIIITIOBHE 3/IIMCHEHHS TEPMOXIMIYHUX PEaKI[ii 3MiITyBaHHS (COpOIIil) Ta MOILTY
(mecopOrrii) 1BOX a0 KITBKOX pOOOUYMX KOMITOHEHTIB: KOMIIOHEHT - JICTKOKHILITYA
dpaxiis (poOounii areHT); KOMIOHEHT — Baxk4a (ppakiist (aOcopOeHT).

BukopucroByroThcsl sHine Taki poOOUl areHTH, M0 SKUX MiaiOpaHi cBoi
abcopbenTu. Tepmoximiunuii kommpecop (TXK) ckimamaerbes 3 abcopOepa (y
HbOMY 3/IIMCHIOETHCS MPOIIEC 3MIIITYBaHHs) Ta TeHeparopa (mmpoiec moaury). Cxemu
poOOTH: TIBUIIYBaTbHA; PO3UIILITIOBAIIbHA.

Y nepmioMmy BuUManky TpaHcdopMallisi Teruia Hae BIJ CEpeloBHINA 3
temrepatypoio TH no temmniepatypu TC. /s 1bOro BUKOPUCTOBYETHCS 30BHIIITHE
JoKepeno, Temneparypa skoro nopiBHioe Th. YV napyriit cxemi 10 BCTaHOBJIEHHS
NIJPO3UYUHIOETBCS POOOUYMIT MOTIK TEIUIOHOCI 3 Temmeparyporo T3, skuid
MOJUIAETHCS Ha JIBA TOTOKH: OJIMH TMOTIK MiJABUIIY€E CBOIO Temmepatypy a0 Th, a

npyruit - 3Hmkye 10 TH. 3actocoByBaHi xojl010areHTH HaBeaeH1 y taomn. 1.1.

Ta6muig 1.1 — 3acTocoByBaHI X0JIOI0ar¢HTH.

E} Po6ounii areHT AOcopOeHT BHIS)?)JZCTZZHH
1 Amiak Bona XJIY, THY
2 Bonma LiBr X1y

3 Bona NaOH, KOH, CaCl. THY

['onoBHa BUMoTa 1pu nigdopi poOOUNX KOMIIOHEHTIB: MAaKCUMaJIbHA PI3HUILIS
TEMIEPATyp HOPMAIBHOTO KUIIHHS COpPOEHTY Ta poOOYOro areHty sl JIETHIOTO

MOA1TY CyMIIIIL.

DT = THK - TH
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PA

>
T
Qs> | — — —»—IA K K
CMECE f T
H ________________________
Al iy
b
—— P A

Puc. 1.2 - Cxema TepMoTpancdopmaropa:

I' — reneparop; A — abcopbOep; H — Hacoc mist po3unna; PT — perenepatuBHUI TEIII0O0OMIHHHK;
I — nerangep; A —abcopoent; P.A — pobounii areHr.

B imeanbHili cxemi IpUBOIOM Hacoca € ABi TypOinu (netanaepu) (puc. 1.3).
B abcopbep A #ime nBa motoku: abcopOeHT 3 reHeparopa (uepe3 PT 1 JI1) ta
poOoumii areHT 3 Bunapuuka M.

B pesynbraTi 3MilmiyBaHHS — €K30T€pMIYHA peakilis, TEMIO SKOi
BIIPO3UMHYThCA A0 Jokepena 3 Temnepatyporo TC (3a3BUuail  HaBKOJIMIIIHE
cepenosuiie). Cymim nepekauyerbest HacocoM H depe3 PT renepatop aist moainy
(BUITApIOBaHHS).

Jist iboro I migpo3unHyThes 30BHINIHE Terio Qg mpu Temmneparypi Tp > Te.
B pesynbrarti noaiiay poOoYuil areHT y BUIIISIAL IApH HEe B KOHIEHCATOP, B AKOMY
B17I0yBaeThes BiagBeneHHs Teria Qx no mxepena Te, a motim 12 iine y BUlIapHUK.

VY Bunapuuky Temio Qu BigpozunHioeTbes Big HIT no poboyoro arenra 3a

temrnepatypu TH. Temnouii 6anaHc:
Qn+ Qs = Qa+ Qx (1.1)

SIk1o BTpat HEMae, TO eKCepreTHyHui OanaHc:
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Ey + Eg = EA + Exk (12)

Qn th + Qgts = (Qu + Qg) tc, (1.3)

ne t; - koeimieHT mpare3 aTHOCTI.

[Tutromi BUTpaTH Ha BUPOOHUIITBO XOJIOY:

:QB
Qy

3

H

1

TC

1 (1.4)
T

*Tlap, Op (TE)

H(H C o

Kongeucar
Puc. 1.3 - Cxema iaeasibHOi aOCOpOIIHHOT TETUIOHACOCHOT YCTAaHOBKH

(po3iiemioBalibHa cXeMa):

I' — reneparop; PT — pereneparuBuuii TeruiooominHuk. [IpuBin Hacoca — TypOiHa (ieaibHa
cxema).

B abcopbep miapo3unHIOeThCS BOAsIHA Tapa cepeaHix mapamerpiB Pc, Tc 1
abcopOeHT 3 BumapHuka M. B pesynbTaTi TepMOXIMIYHOI peakilii yTBOPIOETHCS
CYMIIlI 13 MIJBUILEHO0 TemnepaTrypoto. CyMmill HaAXOAUTh Y T€HepaTop, /i€ TEII0
CyMIillll 4epe3 MOBEPXHIO HATrPiBYy BIAAE€THCA BOJII, BHACTIIOK YOTO YTBOPIOETHCS
napa 3 MiJBUIIEHOI0 Temrepatypoto Tg > Tc > Ty, 1110 HAAXOAUTH JO CIOKHUBAYA.
BignparroBana cymimt uepes [l 1 PT npsmye y BunapHuk ajist noauty. BigaineHss
pobouoro areHty BiJ aOCOpOEHTY 3I1MCHIOETHCS 32 PaxyHOK Teria MOTOKY MapH

cepeaHix napameTpis. TermoBuii OanaHc:
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OcHOBHI BIIMIHHOCTI 17i€allbHOT CXEMH BIiJl peajbHOI: JACTaHIEPH 3aMiHEHI
pPEeTryJIIOIOUMMH BEHTWISIMU; U1 TJIBUINCHHS €(PEKTHUBHOCTI MOJLIY CYMIII Ha
BUXIJTHI KOMIIOHEHTH y CXEeMY BKJTIOUEHI TIporiec pekTudikarii Ta aqedaermaTtop; BCi
MPOIECH TEIJIOOOMIHY TIPOTIKAIOTh NPH KIHIEBUX PIZHUIAX TeMIIeparyp,
BIIMIHHHX BiJ HYJISI; ISl 3HIDKCHHS BTPAT BiJ IPOCEITIOBAHHS MEPE]] PETYTIOI0UNM
BeHTWwiIeM BcTaHoBmOIOTh OK abo PT. Cxema peanbHOi OAHOCTYMIHYACTOI

abcopoOmiitHoi XJIY HaBenena Ha puc. 1.4.

PA QK
L0 —
P
N
A :
| PE2
hE PTL
> 4 'y
PE1
Hy Qo
A {1
H A
Qgﬂ\r/ﬂap P4

Puc. 1.4 - Cxema peanibHO1 OJTHOCTYMIHYACTOI a0COPOIIHHOT X0IOUIBHOT
YCTaHOBKHU:

PK - pextudikariitna kononka; I' — renepartop; P — miniitnuii pecusep; ¢ — nedaexrop.
[Tpunuun pobotu: B adbcopOepi A MOeIHYIOTHCS pOOOUNIA areHT 1 a0COPOEHT.
B pesynabTari 3MillyBaHHS BHIAUISETHCS TEIUIO, SKE BIIPO3UYUHIOETHCA Y
HaBKOJMIIHE cepenoBuie. Cywmim, 1o yrBopuiacs, Hacocom H uepes PTI1
HarpaBisieTbcsi y BepxHio yactuHy PK. [lani BoHa caMoOmiMBOM CTIKae uepes
Hacajky ud Tapuikd. Hasyctpiu it 13 P BuxoauTh mapa poOouoro areHra 3
JOMIIIKO a0copOeHTy. B pe3ynbTaTi TEmioMacooOMIHY MIX MapOBHUM 1 PIAKUM

MOTOKaMU KOHIEHTpAllisd JETKOKUIUIAYOTO KOMIIOHEHTa (poOounii areHr) y
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MapoBOMY IIOTOIll 3pOCTa€, a MOTIK CyMIIll 3a PaxyHOK HarpiBaHHS 3HUXKYE
KOHIICHTpAI[iI0 JIETKOKUIUIIYOoro KommnoHeHTa. Ha Buxoxi i3 PK koHmeHTpartis
poGouoro areHTa ctaHOBUTH 85-90 %. /{1151 moAambIIOro OYUIIEHHS Tapu poOOYOTro
areHTa y BEPXHIA 4YaCTHHI BCTAaHOBIIOETHCS JOJATKOBUU TEIUIOOOMIHHUK —
nedaextop. Y aediaekTopi MUPKYIIOE BOAA, IO OXOJIOKYE. 3a paXyHOK YaCTKOBOI
KOHJIEHCAIlii poO0Y0Tro areHTa 3 HbOro BUALTIETHCS (hierma (3aauiiKya abcopOeHTy),
ska crikae B PK 1 mami I'. Ha Buxoi 3 gedaekTopa KOHIIEHTpaIlis poO0Yoro areHTa

cTaHoBUTH 98 %.
1.3 bpomucTOJIITIEBI YCTAHOBKHU

VY 1MX ycTaHOBKax y sIKOCTI poOOYOro areHTy BUKOPUCTOBYETHCS BOJA, a Yy
AKOCTI abcopOeHTy — LiBr. YcTaHOBKM BHKOPHCTOBYIOTHCS [UISL OJICPIKaHHS
xoJiogHoro moBiTps B cucteMax BKB 13 remnepatyporo 8-10 °C.

[ToBiTpsST OXOJIOMKYETHCA XOIOAHOIO BOIOIO, 1[0 OTPUMYETHCS Y BUTIAPHUKY
abCcopOLiTHOT YCTaHOBKH (HUXKHINA KOPIYC).

XJIY cknmamaethest 13 gBox kopmyciB  (puc. 1.5). Y  BepxHbOMY
MWTHIPUYHOMY KOPITYCl pPO3TallIOBaHUN T€HEPATOP Ta KOHACHCATOP. Y HIKHBOMY
KOpITyCl — BUITAPHUK Ta abcopOep.

VY HmwxHbOMY KoOpryci (I+A) miaTpuMyeThCsS HU3bKMI THUCK BiAMOBIIHO 10
3aJaHOl TeMIIepaTypH OXOJOKYBaJbHOI pO34YHMHY fo. Lle po3psmKeHHs, 10
BinnoBigae 1,2 - 1,4 klla, cTBOproeThCs 32 paxyHOK cOpOIlli OPOMUCTUM JIITIEM
BOJISTHOI ITapH, 10 YTBOPIOIOTHCS MPH HAAXOKEHHI BiJl CTIOKHBAaYa TETUIO1 PO3UUHY
3 TeMneparyporo tg > to.

3minryBaHHs aOCOpOEHTY Ta poOOYOTro areHTa Bij0yBaeThcst B abcopOepi, e
cinaOkuil po3uuH, 1Mo BuxoauTh 3 I, uepe3 PT mnomaerbcs Ha poO3NOAITIBHUN
rpebiHeIs abcopbepa.

Kpinkuii po3uuH, 1mo yTBOpuBCH, 3 abcopbepa Hacocom H mepekauyerbcs
yepe3 PT B renepatop /1t moAabIIoro HOro Moy .

BumnapioBanHs po3uMHY 3A1MCHIOETHCS 32 paxyHOK TeIUla MPOAYKTIB

3ropsiHHSL a00 BOJSHOI Mapu, IO MPOXOJATh >KapoBuMH TpyOamu. Ilapa
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KOHJICHCY€eThCs B K, a MOTIM HaaXoAUTh y BUIMIAPHUK. {7151 301bIIIEHHS MIITHOCTI
3pollIeHHs TPYOHUX MTy4KiB abcopOepa 1 reHepaTopa y cXeMi MPUCYTHIN BiABEICHHS
MIIHOTO po3uMHy uepe3 BeHTWIb PB3, a B reneparopi 3a gomomororo PH no

MIIIHOTO PO3YMHY IMiAMIIITYETHCS CTAOKUM.

OXOJ’IOI[)KYBEUH)H& BOJa

FT

\\ L MiHuit po3uuH
__,J'

Hapoeue Tpybu

——
_,j%ﬁ ™,
Te £ Crnabkuii p-H

PH

CEE _(';;\,7
FE2

) A

EH TR T D\l 1 1
A ]

A
FE3 FT
—[}<}—q 4 * AV A Wl

— |

Puc. 1.5 - Cxema XJIV:

BH — Boasnuii Hacoc; PH — penupkynsuiiinuit Hacoc; H — Hacoc g miniHoTO po3uuny; PI -
po3noaibHa rpediHKa.

1.4 AbcopOuiiiHi yCTAHOBKH MePioaMYHOI il

VY Tux BUNagkax, KOJW HeMae HEOOXITHOCTI Oe3rnepepBHOTO BUPOOICHHS
XO0JIO/Yy, BAKOPUCTOBYIOTh CXEMH TIEPiOIUIHOT0 BUpoOIieHHs (puc. 1.6).

VY npomy Bumnaaky GyHKIT TeHepaTopa nmoeaHani 3 pyHkiismMu adbcopoepa, a
GbyHK1IT KOHIEHCAaTopa — 3 PYHKIISIMUA BUITAPHUKA.

Bech nukn pobOTH MOAUISETHCS HaA JBa €Tamu: 3apsKaHHS YCTAHOBKU;
poOoumii mepion. 3apsiaka cxemu TpuBae 1...3 roguau Ha 100y, a podota — 21...23

I'OJWHH. VcTaHOBKA MOBHICTIO aBTOHOMHA.
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Puc. 1.6 - Cxema ycTaHOBKHU NEPIOUYHOT JTii:

P — niniiinuii pecusep; b — nednermatop.

3apsmxanus. BogoaMiaduHa cyminn 3HaXOQUThCs y reHepaTtopi. Bentuns [ —
BIJIKDUTHMA, & BEHTUJIb II — 3aKkpUTHIA.

JIo BCTaHOBJEHHS MIJIPO3UYMHIOETHCS 30BHIIIHE JjKepeno Ttemna. llapu
amiaKky, BIJOKPEMJIIOIOUMCH 1 OYHMILNAIOYKCHh B Jedaermarope, HaAXOAATh Yy
KOHJICHCATOp, 1€, OXOJIOJKYIOUHChH MiJi BIUIMBOM HABKOJHIIHBOTO CEPElOBUIIA,
CKpaIUIIOIOThCS 1 30MparoThesi B pecuBepi. [lporec 3apsipkaHHS 3aKIHUYETHCS
¢ikcali€eo noaily BOA0OAMIAa4HOTO PO3UYMHY. Y pecuBepl — amiak, y TeHepaTopl —
Boja. [Ipu bOoMy THCK y BCIX €JI€MEHTax cxeMmu € ogHakoBuM. Ilepen poGounm
nepioioM 00KIBa BEHTUJI1 3aKPUTI, JPKEPEJIo Teria BIAKIIOYAETHCS 1 Bl TeHepaTopa
BIIpO3UMHIOETHCS Qa TEIIIO B HaBKOJUIIIHE cepenoBuie. [Ipu oXomomkeHH1 TUCK
y abcopbepi 3HIKYETHCS 010 pecuBepa Ta KOHJEHCATOPA.

PobGouwnii mepion (puc. 1.6). PoOouwmii mepioj MOYMHAETHCS 3 BIAKPHUTTS
Bentwis |l. [lpu 1mpomy Tuck mepemaeThcs 3 abcopOepa y BHUIIAPHUK 1 TMpHU
JOCATHEHH1 HUM TUCKY HACHUEHHS Yy BUMAPHUKY PIAKUAN aMiak MOYMHAE KUMITH.

[Tapu poxoasTe yepe3 BeHTW b |1, 1 BiiOyBaeThCs 3MIlIyBaHHS PO3UMHY Ta

amiaxy.
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Puc. 1.6.

1 — abcop6ep NH30H 3 1 Hacocom 2 miipo34MHIOETHCA 10 pekTudikaTopa 3
10 reHepaTtopa. MirHu# po3unH = pobounii areHt + abcopOeHT. Y 1.3 Ha3zycTpid
napy pyxaerbes napa. Konnentpariis NHs y mapi 30uibmiyetbest. Y renepartopi 4
PO3YUHY MiIPO3YUHYTHCS TEIUIOTA. PO3YMH 3 MIITHOTO TIEPETBOPIOETHCS HA CIIA0OKHIA
1 ctikae Ha abcopbep 1. Po3umH y reHeparopi kumuth. 3 T.3 map HaIXOIUTh
nediermarop 5, e 0XonomKyeTbes. derma, o BUALISAETHCS, TeYE Ha3yCTpid mapi.
[Ticnst woro mapa HaAXOAUTH y KOHAeHcaTop 6. 3 pinuHa 6 HaIXOIUTh B pecuBep /
(perymtoBaHHS pOOOTH YCTAaHOBKM B 3MIHHMX PEXKHMax), Jajl HAaIXOIUTh B

0X0JIO/KyBau 8 1 yepe3 apocenbHuid BeHTwib 9 Bunapuuk 10. [Tapu NHs Hagxoaste
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no abcopbepy 1, me 3piKyrThCcs 31 ciaabkum poszunHoM. Ilporec abGcopOrii
CKOpOYY€ 3MEHIICHHS THUCKY 1 JJs TMEepexoay B MIIHUH po3unH abcopbepa
BIIPO3UMHYThCA Temio. [eHeparop, KoJoHa, JfedierMarop, KOHIEHCATOD,

OXOJIOJIKEHHSI I11]1 BUCOKUM THCKOM.
1.5 Ten10BUKOPHCTOBYIOYi COHSIYHI CHCTEMHU

Ha puc. 1.7 [2] HaBeneHO cXeMy yCTaHOBKH JIJIsi OTPUMAHHS TPICHOT BOIM 3

A

aTMOC(EPHOrO MOBITPA.

| AN

Puc. 1.7 - YcranoBka i OTpUMaHHS BOJIU 3 MOBITPSHOTO OaceiHy.

3BepHEMOCS /10 OMHUCY MATeHTy (31 CKOPOYCHHSMH). YCTaHOBKAa MICTHUTh
BOA030IpHUK 1, Ha SIKOMY 3HAaXOOUTHCA AKYMYJSITOP XOJIOAY 2, Y HUXKHIA HOTO
YaCTUHI po3TamoBaHi MOBITPsHI TpyOou 3. TemnoBi TpyOu 4 TakoX 3HAXOIATHCS
OJIHUM OpEOpPEHHM KIHIEM B aKyMyJISITOpl XOJioay 2, MpHU IbOMY 1HII opeOpeHi
KIiHI[l 3HAXOIATHCS B MOBITPI.

Han akymynaropom xojomy 2 po3TalioBaHa BHUTSDKHA TpyOa 5, BcepeauHi
SAKO1 PO3TAIlIOBAaHMI HarpiBad MOBITPA 6, 3’€nIHaHWl TpyOamMu 3 COHSIYHUM

KOJIEKTOPOM 7.
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AKyMyJISITOp X0JIOAY 2 BAKOHAHUH 3 TBEPIOIO MaTepialy, 110 yTBOPIOE 00’ €M
3 BEJIMKOIO KOH/ICHCAIIIITHOO MTOBEPXHEIO 1 XOPOIIOI0 MPOHUKHICTIO JJIs TOBITPSIHUX
NOTOKiB. JIJis1 3MEHIIIEHHS BapTOCTI YCTAaHOBKHU B SIKOCTI TAKOTO MaTepialy MO>KHA
BUKOPHUCTOBYBATU II€OIHb, KPYIHY TrajbKy Ta 1HIIN MaTepiaiu, 0 CTBOPIOIOTH
MOBITPONPOHUKHY CTPYKTYPY 3 PO3BUHEHOIO TOBEPXHEI0. SKIII0 BUKOPUCTOBYBATH
JUTsl CTBOPEHHSI aKyMYJIITOpa XOJIOAY 2 TakKi Marepiaiu, K mediHb, TO MOBITPSHI
KaHaIM 3 MOXYTh OyTH BUKOHAHI Yy BHUIJISII MOPOXHUCTHX TPyO 3 OIYHUMH
OTBOpPaMHU B iXHIX CTIHKaX.

TeruoBa Tpy6a 4 sBisie coOOI0 MPUCTPIM, 3MaTHUN TMepenaBaTH BeIUKi
TEIJIOBI TMOTOKM MpU MalIMX Tepemnanax Ttemneparyp. BoHa ckiamaerbes 3
TEPMETHYHOI TPyOH, 3alIOBHEHOI PI1IKUM TEIUIOHOCIEM, SIKWW, BUIIAPOBYIOYHUCH Y
OJIHOTO KIHIIS TPYOH, MOTJIMHAE TETIOTY, @ KOHJICHCYIOUHUCH Y THIIIOTO KIiHI, BiJIa€e
ii. Takum YMHOM, NEpPEHECEHHsI TeIa 3/IMCHIOEThCS B OJHOMY HAIPSMKY.
TennonocieM Moxe OyTd Boja. BuTsbkHa TpyOa 5 Moke OyTH BUKOHAHA y BUTJIAL
JIETKOT KOHCTPYKIIii, HAPUKJIA]] KapKaca, OOTATHYTOro iiBkor. HarpiBau noBiTps
6 BHUKOHAHMU y BUTJISAII €MHOCTI 3 Marepiaiay 3 XOpOIIOK TEIUIOMPOBITHICTIO 1
3armoBHEHHM BO/1010. COHSYHUMN KOJEKTOp 7/ — 1€ IPUCTPIii JIsl HArpiBaHHS BOJIU 32
JIOTIOMOTOF0 COHSTYHOTO BHITPOMIHIOBAHHSI.

VYcraHoBKa mpalioe HACTYITHUM YMHOM. BHOY1 TemniepaTypa moBEpXHI 3eMJIl
1 TIOBITPSl MOYMHAE 3MEHIIYBATUCA 32 PaXyHOK pajiallifHOTO BHIIPOMIHIOBAHHS.
Komnu TemniepaTypa noBiTps CTa€ HUXKYE TEMIIEpaTypU B MICIII 3aKJIaICHHS TETJIOBOI
TpyOH, BIH MOUMHAE OXOJIOXKYBATH aKyMYJISITOP X0JI01y 3cepeaunu. s Toro, moo
MpoIIeC IEPEHECEHHS TEeIjIa MPOXOANB IHTCHCUBHIIIIE, YACTHHH TEIIJIOBOI TPYOH, 1110
3HAXOAATHCS B TEIJIOBOMY akKyMyJSITOpi 1 B TOBITpi, 3a0e3medeHi pedpamu.
Ockinbku B HarpiBaul MoBITps 6 3HAXOMUTHCS TEIUIa BOJA, HArpita 3a JIeHb 3a
JIOTIOMOT'OI0 COHSIYHOTO KOJIEKTOpa /, Y BUTSKHIA TpyOl S CTBOPIOETHCS MOTIK
TEIJIOrO TOBITPA. Y pe3yJibTaTi CTBOPIOETHCSA PI3HULS THUCKIB, 1 aTMoc(epHe
MOBITPS TOBITPSHUMHU KaHAJIAMH 3 HAJIXOJUTh B HIDKHIO YaCTHHY aKyMyJIsiTOpa
XOJIOAY, MiHIMAETHCSI Bropy 1 BUXOJUTh Y BUTSDKHY TpyOy 5. SIKII0 BOJOTICTH

noBiTps ctanoBuTh 100 %, TO BOnsSHA mapa, IO 3HAXOAWUTHCA B HBOMY,
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KOHJICHCY€EThCSI HA BHYTPIIIHIN MOBEPXHI aKyMyJIATOpa XOJ01y. SIKIIO BOJOTICTh
noBiTps MeHma, HibK 100 %, TO momepenHBO TOBITPS OXOJOJKYETHCA O
TEMITepaTypH, KOJIH Mapa CTa€ HACHICHOIO.

[Ipotiec koHEHCAIllT BOJSHOI MApU TPUBAE TAKOX 1 BJIEHb, TUIBKU CIIOYATKY
TeIie aTMocepHE TOBITPS OXOJOKYETHCS AKyMYJATOPOM  XOJIOAY JO
TEMITepaTypHy, KOJH TMapa, MO0 3HAXOAWTHCS B HhOMY, CTaHE HACHYCHOIO. Y ICHb
YTBOPEHHIO MOBITPSHUX MOTOKIB Yepe3 aKyMyJISITOp XOJOJYy CIpPHUSi€ TaKOX HOro
HarpiBaHHs COHSYHUMU TMPOMEHSIMHU, IO CTBOPIOE BCEPEIWHI HBHOTO TPAJIEHT
TeMriepatyp. TakuM 4uHOM, JIJIi pOOOTH YCTAHOBKU HE MOTpiOHA €HEepris, BOHA
(GyHKIIIOHYE aBTOMATHYHO 1 € €KOJIOTTYHO YHCTOIO.

OmHUM 3 MEePCIIEKTHBHUX HAMPSIMKIB MOXKE OyTH COHSYHUU UK TEIJIOBOI

mamuHu Penkina (puc. 1.8) [4].

Electricity
progygction

Boiler

Condenssar o

Expanaign dewics

Fump Turbine 1 =

Fis
Adternator

Condenser Evaporator
. )

Puc.1.8 - Kom61HoBanuii muki Penkina

e

JliBa, cmyoBa YacTWHA TpHW3HAYCHA BHKIIOYHO IS TIPHBOIY KOMIIpecopa
npaBoi yacTuHM. [IpaBa yacTWHA CXeMH MO CYTI € 3BUYAHHUM XOJIOJWJIBHUKOM.
EdexTuBHOT CHUIOBOI YacTWHM, 3aJ€XKHO Bif il KOHCTPYKTUBHUX OCOOJMBOCTEH,
Oyne B Mexax 7—15 % [16]. A enepretnuna edekruBHicts (COP) mpaBoi yacTunw,
Mo CyTi TEIUIOBOTO Hacoca, Oyae B Mexkax 2—3, TOOTO CyMapHa €HEpreTHYHA
e(eKTUBHICTh CXeMH OyJie TOCTAaTHHOIO, 00 BUKOPUCTOBYBATH 11 JJIsi BUJIJICHHS
1CTOTHOT KUTBKOCTI BOJIM 3 MOBITPs. J[0 HOro HEJ0JIKIB MOYKHA BIIHECTH JOCTATHIO

CKJIQIHICTh KOHCTPYKIIii.
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B nanuii yac € mMpOKUI CHEKTP TEXHIYHUX IMPOMO3MIIHM II0JI0 CIOCOoOiB
aOcopO1ii (morJIMHAHHS) COHAYHOT eHeprii [17].
PosrnsHemMo Ti 3 HUX, K1 374aTHI 3a0€3MEYUTH PiBEHb POOOYNX TEMIEPATyp Y
renepaTopi AXA Bix 150 no 170 °C.
3 COHAYHUX KOJIEKTOPIB 13 TETJIOHOCIEM — 11€ BaKyyMH1 COHSIYHI KOJIEKTOPH,
y TOMY YHMCII ¥ 13 BUKOPUCTaHHSM TerioBux Tpyo (puc. 1.9) [19].

TemnooOMiH 13 KOJIEKTOPOM

AL

Harpira pimuna, sika 'y
BUIJISII TTapu
HiTHIMA€THCS BIOPY

TemoBa TpyOa

Abcopbep
OxonomxeHa
KOHJIEHCOBaHa
piavHa, sKa
IOBEPTAETHCSA Bakyymuuii mpoctip
JI0 HU3Y
KymnepiBcbkuit KoiaekTop
\. 3 reizepa

Mo reizepa

BakyymoBaHa

<— TpyOHa
cucTema

Puc. 1.9 - Tunosa KOHCTPYKIis BAKYYMHHUX KOJEKTOPIB 13 TEIUIOBUMHU TPyOamMu
Y Takiii cuctemi € MOXIUBICTH Aocsartu Temmeparypu 250 °C, mpo €

OpUMHATHUAM 171 pobotn AXA.
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KonmenTpatopu coHsSYHOI eHeprii — mapaboJiiuyHI COHSYHI KOJEKTOPU —
TAaKOXX JIO3BOJISIOTH JOCITTH TPUHHATHHX 10 podbotu AXA Ttemreparyp y

redeparopi (puc.1.10) [8].

Consiune
CBITJIO:
napaJjieibHi
MIPOMEHI

[TapaGoniunmii
pedaexrop

KonekropHa TpyOKa: y
Toull (pokycy napaboJiu;
MICTUTH PIAUHY
KOJIEKTOPHOT'O KOHTYPY

Puc. 1.10 - TunoBa KOHCTPYKITis MapaObOIIYHUX KOJIEKTOPIB

[TapaGoniuauii 5x05100: 111 A3epKaJia € MapaOoTIYHUMU JIUIIIE B OJTHOMY BUMIpi
Ta YTBOPIOIOTH JIOBTUH k07100 mapabotiuHoi (opmu. Xoda po3TalryBaHHs K0I001B
MEXaHI4YHO MPOCTIIIe, HI’K CUCTEMHU JIBOBUMIPHHX Yalll, K1 BAMararoTh CKJIQIHIIINX
CUCTEM BIJICTEKEHHS, KOSDIIIEHT KOHICHTPAIIIT HUKIUH.

MexaHi3mu, K1 JO3BOJISIIOTH MapaboJIYHOMY KOHIIGHTPATOpY CIIiTyBaTH 3a
COHIIEM (CHUCTeMa CTEXKEHHs), HEOOXiaHl sl TOro, 1mMo0d MaKCHMallbHa KIJIBKICTh
COHSIYHOTO CBITJIa IOTpAILIsijia B KOHIIEHTPYIOUY CUCTEMY.

XKonobOHi cuctemMu MOXyTh OyTH OpIEHTOBAaHI TOPU3OHTAIBHO, JOBIUMU
psnamMu  abo BepTUKaIbHO. [OpHU3OHTAIBLHO OPIEHTOBAHI CHUCTEMM 3a3BUYAM

PO3TAIIOBYIOTh Y HAMPSAMKY CXiJ-3aXiJ, MO0 3MEHIIUTHA KUTHKICTh HEOOX1THOTO
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BIJICTEXXCHHS, a OTXKe, 1 BapTicTh. KpiM TOro, BEpTUKAIHHO BCTAHOBJICHI CUCTEMHU
CJIIYIOTh 32 PyXOM COHIISl IPOTATOM JIHS, 00epTar0uu HAMPSMOK 3anaJnHH.

[TapaGosniyHa TapijaKa: MPaKTUYHUM 3aCTOCYBaHHIM MapabOIiYHOl TapiJIKH €
JH3a JIXTapuKa, sIka BUKOPUCTOBYETHCS JIJIsl TIEPETBOPEHHS TOYKOBOTO JIXKEpesia
CBiTIa B mapanenbHUi  mpomidb. CnpaBemmuBo  HaBmakd.  OCKUIBKH
BUIIPOMIHIOBaHHS COHAYHOTO CBITJIa B OCHOBHOMY MapajeiibHe, BOHO MOXe OyTu
30cepe/keHe B Toulll Gokycy JiH3M. [1o cyTi, KpuXiTHY JiH3Y JIIXTapyuKa MOXKHA
BUKOPHCTOBYBAaTH SIK 3alajbHUYKY, 3aMIHUBIIM JIAMIIOYKY CHTapeTol0 Ta
HAIpaBUBIIM JIIH3y B HAMpsMKY COHI. TWN TapiryacToro KOHIEHTpaTopa i3
COHSIYHHMM B1IOMBAYE€M TaKOK MOXHA BUTOTOBUTHU, OOIIMBIIY BHYTPIIIHIO YACTUHY
KApPTOHHOI KOpPOOKHM  almtoMiHIEBOIO  (osbroro. Benuki  exkcrnepuMeHTabHI
napaboiuHl TapuIK, BIJOMI SIK TeIIOJWHM, 3[aTHI TUIABUTH CTallb, ajieé BOHU
IPAIOI0Th 3 HU3bKOIO €(EKTUBHICTIO 1 MOBUHHI OyTH MOCTIHHO BHPIBHSHI, 1100
MaTu OyJb-sIKYy IPAKTUYHY LIIHHICTb.

[TmocKi TenaoBi COHSYHI KOJEKTOPU € HAWIMOUTUPEHIIIUM THUIIOM COHSYHUX
KONEKTOpiB. IX KOHCTpYKIisl Ta eKcIUTyaTaiis NOpocTi. Benuka macTuHa 3
MOYOPHIJIOTO MaTtepially Opi€HTOBaHAa TaKMM YHMHOM, IO COHSYHA CHEPTis, sKa
najae Ha TUTACTUHY, TMOTJIMHAETHCS 1 TIEPETBOPIOETHCA HA TEIUIOBY €HEPrilo, TUM
CaMHM HarpiBaro4M IjacTuHy. [IIOCKI KONEKTOpH MaroTh MEepeBary B TOMY, IIO
BOHU TIOTJIMHAIOTHh HE JIMIIE €HEPriio, 10 HAIXOIUTh OE3MOCEPEeNIHbO BiJl JUCKA
CoHug (3BUYaiiHa 1HCOJISLIS TPOMEHIO), alle i COHSIUHY €HEpriio, sSiKa po3cisiHa B
He00 Ta BimOmTa Bix 3emuti. IIMOCKi TIacTHHYACTI TEIIOBI KOJIGKTOPH PIIKO
BIJICTeXKYIOThCS, 100 CIHIAyBaTH JEHHOMY IIUIAXY COHISI MO HeOy, OJHAK ix
CTal[lOHapHE KPIIUICHHs 3a3BU4ail 3a0e31evye HaXuJjl Ha MiBJICHb, 11100 MIHIMI3yBaTu
KyT MDK COHSYHMMH TIPOMEHSMH Ta TIOBEpXHEI omiBaHi. Haxwun mmockux
KOJIEKTOPIB Ha MiBJEHb 3a0e3neuye OUIbIINNA pIBEHb €Heprii OmiBAHI Ta Oljibliie
3arajbHOi €Heprii NMpOoTAroM yChOoro AHs. BakyymHI KOJEKTOpH MalOTh MEHIIE
TEIUIOBTPAT 1 Kpallle MPaIIOI0Th IIPU BUCOKUX TeMIeparypax. BakyyMHi KonekTopu

3a3BUYail BUTOTOBJISIOTHCS Y BUTJISIAI CKIISTHOT TPyOH, TOOTO MeTasieBoro abcopoepa,
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BCTABJICHOTO B BaKyyMHY CKJISIHY TPYOKy, 10O BUTPUMYBATU PI3HUIIO TUCKY MIXK
BaKyyMOM 1 aTMOC(EpOI0.

Jlna minBuieHHs e(eKTUBHOCTI abcopOuii COHAYHOI eHeprii MmpoTAroM

YChOTO CBITJIOBOT'O JHS 3alIPOTIOHOBAHO BUKOPUCTOBYBATH CBITIOBIIOMBHY MaHENb

3 I3epKaJbHAUMH HaOipHUMH TutacTrHamu (puc. 1.11) [9].

Bropunnuii pediextop

Tpybxa abcopbepa

Pednexrop

J ' — e

Puc. 1.11 - TunoBa KOHCTPYKIIiSi CACTEMH KOJEKTOPIB 31 3SMIHHUM KYyTOM

a0copOl11ii COHTYHUX MPOMEHIB Ha MPOTS31 CBITJIIOBOTO JIHS.

[InacTiHM MarOTh MOKJIHMBICTH OCHOBOI'O OOEpTaHHS BIAMOBITHO /10 PYXY

COHIIS HEOOCXUJIOM MPOTATOM YChOT'O CBITJIOBOTO JTHSI.
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PO3/ILJI 2. IPOEKTYBAHHSI TEHEPATOPY ABCOPBLINHOI'O
TEPMOTPAHC®OPMATOPA Y CKJIAJI AJIbTEPHATUBHOI
CUCTEMM KOHIMLIIOBAHHS ITOBITPS

I'enepaTop (abo mecopOep) abcopOiiiiiHoro TepmoTpaHchopMaropa — II€
KIIOYOBHM TETJIOOOMIHHHMM amapaT CUCTEMH, NMPU3HAYCHUA N7 BUIIAPOBYBaHHS
XOJIOJIOAreHTy 3 poO0YOTo PO3YMHY IUITXOM ITiBEACHHS 30BHIIIHBOTO Teria [1].

[TinBumeHHs eHepreTUYHoi e(QEeKTUBHOCTI TreHepaTopiB abCOpOIIHHUX
BojjoamiagHux TepMoTpanchopmaropiB (ATT) € KIFOYOBUM 3aBIAaHHSIM, OCKUIBKH
camMe Il BY30Jl CIO>KMBA€ OCHOBHY KUIBKICTh 30BHIIIHBOI TEIJIOBOI E€HEPTII.
OnTtumMizalliss poOOTH TreHepaTopa JI03BOJSE 3HAYHO 30UIBIIMTHA TETUIOBUN
koedimient (COP) Bciel cucremu.

Hwxkye HaBeneHO OCHOBHI  HampsIMKM Ta  METOAW  IiJABUIICHHS
eHeproe(eKTUBHOCTI renepaTopHoro By3na ATT.

1. TepMoaMHAMIUHA ONITUMI3ALIIS ITUKITY.

- bararoctyneneBa necopOiiisi (TeHepaTopu TMOJBIMHOIO Ta MOTPIMHOTO
edexTy):

BuxopucranHs KUIBKOX T€HEpaTopiB, IO MPAIIOIOTh MPU PI3HUX THUCKaX.
[Tapa xomooareHTy 3 reHepaTopa BUCOKOTO TUCKY BUKOPHUCTOBYETHCSA K JKEPEIIO
Terjaa JUIsl TeHeparopa HU3BKOTO THCKY. lle m03Bois€ 3MEHIIMTH BUTpaTy
30BHIIIIHLOTO TEINJIa MakKe BABIYI.

- 'muboka yTumizailisi CKUIHOTO Teria:

[aTerparis reHeparopa 3 BiJHOBIIOBAaHUMH JDKEpeIamMu eHeprii (COHsSYHI
KOJIEKTOpH) a00 BTOPUHHUMHU €HEPropecypcamu MPOMHUCIOBOCTI (BUXJIOIHI Ta3u
ra3oBux TypOiH, CKUJHA rapsiya BoJia, TEXHOJOT1YHa 1apa).

2. Y nockoHaJIeHHs MpoIieciB pekTudikaiii ta gedaermarii.

BuyTpimiHe ounnienHs mapu (cyMiiieHHs Aediermailii 3 pereHeparliero):

- OxonomxeHHsa aedaermMaropa 3AIMCHIOEThCS HE TEXHIYHOIO BOJOH 3
rpanupHi (110 TpU3BOAUTH 10 O€3MOBOPOTHOI BTPATH TEIIA), & XOJIOAHUM CIIA0KHM

pO34MHOM, SIKUH pyxaeTrbcst 3 abcopOepa. lle 103BOJsSiE MOBEPHYTH TEILIO
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neduerMariii Hazaj y LMK 1 MOMEPEIHBO MIAITPITH PO3YMH TEpe]] BXOIAOM Yy
reHepaTop.

- BuxopucTtansas BuCOKOe(hEKTUBHUX HACAIOK:

3amiHa 3acTrapuiMx Hacajok (Kiuienp Pammra) Ha cydacHl peryJsipHi
CTPYKTypOBaH1 Hacaaku abo cityacTi Tapinku. lle 3HMXKye TinpaBmiuHUN oOImip
KOJIOHH, TIOKpAIye MacOOOMIH 1 3MEHIIIy€e HEOOX1IHy BUCOTY amapary, 3HWKYIUU
TEIJIOB1 BTPaTH B HABKOJIUIIIHE CEPEIOBUIIIE.

3. Intencudikarris TermoMacooOMiHy B KU ITUIBHUKY.

ITepexin Ha MJIACTUHYACTI TETUIOOOMIHHHKU

3acTocyBaHHSA 3aMiCTh KJIIACHYHUX KOXKYXOTPYOHUX anapariB IJIACTUHYACTUX
a00 miactTuH4YaTa-peOpucTUx aecopoepiB. BoHn MaroTh 3HAUHO BUIIUI KOEPIIIEHT
temtonepenadi ($k$), menmmit BHyTpimmHii 06'eM (MoTpeOyOTH MeHIIE POGOIOTo
TiJ1a) Ta MEHIII ra0apuTH.

CrewiayibHi MOKPUTTS Ta NPO(]LIIOBaHHA TPYO:

Buxopucranus TpyO 13 MIKPOTOPUCTOIO IOBEPXHEI0 ab0 TMOB3JOBXHIM
HakaToM. lle 301bIIy€e KUIBKICTh LIEHTPIB MapOyTBOPEHHS Ta CYTTEBO IMiJABHUIILYE
Koe(DIIIEHT TETUTOBIAa4l MPY KUITIHHI BOJI0aMIaqyHOTO PO3UUHY.

4. KoHCTpYKTHBHI Ta €KCIUTyaTalliHl 3aX0/u.

SkicHa TerI0130s111sI:

['eneparop 1 pexTudikaiiiitHa KoJIOHa MPAIIOI0Th 32 HAUBUIIUX TEMIIEPATYP Y
ki (mo 150-180 °C). 3actocyBaHHS CydacHMX OaraTOIIApOBUX 130JISAMIHHIX
MaTepiaiaiB MiHIMI3y€ BTpATH TeIljIa Yepe3 CTIHKHU amnapary.

OnTuMizariisi KpaTHOCTI ITUPKYJIAIIT pO3UUHY:

Toune perymoBaHHS BHTpPaTH pPO3YMHY 3a JIOTIOMOTOK) YacTOTHE-
peryiapoBaHUX HacociB. HaamuikoBa MupKyJIsiiisi MPU3BOIUTH JI0 MIEPErpiBy 3aiBOi
MacHy pO34MHY Ta IEPEBUTPATHU €HEPTil B TEHEPATOPI.

Hwxye HaBemeHO NeTadbHUN ONMUC MPU3HAYCHHS, NPHHIMIY pPOOOTH Ta
KOHCTPYKLIi [HOTO BY3JIa.

- Po3ninenHss KOMIOHEHTIB: BuaiieHHS mapu Xo0JIoJ0areHTy (HalpuKIIal,

BOAM a00 amiaky) 3i c1aOKOTO PO3UHHY.
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- Konuentpariiss abcopOenty: IlepeTBOpeHHSI pO3BEIEHOIO PO3UMHY Ha
KOHIICHTpOBaHUM (MILIHUI) 1JI1 HOTO MOBTOPHOT'O BUKOPUCTAHHS B abcopbepi.

- [TinTpumanns Trucky: CTBOPEHHS Ta MATPUMAHHS BUCOKOTO TUCKY KOHTYPY
KoHeHcarii B cuctemi [1, 2].

[TpuHuun podoTH:

1. Tlomaua po3umny: CnaOkuil pO34YMH, HACHYCHHUU XOJOJ0AreéHTOM B
abcopOepi, mepeKauyeThCsl HACOCOM y TeHepaTop Yepe3 Terio00MiHHuK [1].

2. HarpiBanus: Y reHepaTtop MOJa€eThCS 30BHIINIHE HKEPEIIO TeIla — rapsda
BOJIa, ITapa, BUXJIOIHI Ta3u abo MoxyM'st Bijl criayitoBaHHs Tasy [3].

3. Kuninns ta BunapoByBaHHs: OCKUIBKH XOJOJ0AreHT Ma€ 3HAYHO HIDKYY
TEMIIepaTypy KHUMIHHSA, HK a0COpOEHT (HampuKIan, OpoMiJl JITIIO), BiH MOYHMHAE
aKTHUBHO BUMapoByBatucs [1, 2].

4. Posnoxain notokiB: Ilapa xonomoareHTy mifg THCKOM CHPSMOBYETHCS 0
KOHJICHCAaTOpa, a KOHIICHTPOBaHUN rapsuuii aOCOpOEHT NOBEPTAEThCS Ha3zajd B
abcopoOep [1].

KoHCTpyKTHBHI OCOOIMBOCTI.

Konctpykiiis reneparopa 3anexuTh Bin Tuiy AXM (BomoamiauHa a0o
OpOMHUCTOJIITIEBA) Ta JIXKepesia Tera;

- KoxxyxoTpyOHuii TermnooominHuk: HaliuacTima KOHCTpYKIis, € BCEpeInHI
TpyO Teue TeIIoHOCIH (mapa, rapsdya BojAa), a y MIKTPYOHOMY MPOCTOPI KUIUTH
PO3YMH.

- Pextudikariitna xomoHa: BHUKOpHUCTOBYEThCS y BOJOAMIauHUX MalTUHAX
JUTSL TOAATKOBOTO OUMIIIEHHS TTapy amiaky BiJl 3aJIUIIKIB BOJIH.

TennoBuil po3paxyHOK reHeparopa aOCOPOIINHOI XOJOAWIBHOI MalluHU
(AXM) BUKOHYETHCS Il BUBHAUEHHS TIJIONII TOBEPXHI TEMJI000MIHY, HEOOX1THOT
BUTPATH TEIUIOHOCIS Ta KIJIBKOCT1 BUITAPYBAHOT'O XOJIOI0areHTy.

Hwxkye HaBeneHO KIacH4YHy IH)KEHEPHY METOIAMKY PpO3paxyHKy, sKa
0a3yeThCsl Ha PIBHSIHHSIX MAaTEPiaIbHOTO Ta TETUIOBOTO OaTaHCIB.

Buxiani gaHi 11 po3paxyHKy.
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1. Jlns mowaTky po3paxyHKy HEOOXiJHO MaTH pe3yjbTaTH 3arajbHOro
TEIUIOBOTO PO3PAXYHKY UKy AXM:

— KUIBKICTh MapH XOJIOJ0ATreHTY, Ky HEOOX1THO OTpUMaTH (KI/c).

— KOHIIEHTpaIlis abcopOeHTY B MIITHOMY (KOHIICHTPOBAaHOMY) Ta CJIaOKOMY
po3urHax (KI/Kr).

— TeMIepaTypa KUIiHHA po3unHy B reHeparopi (°C).

— TeMIeparypa po3uuHy Ha BXOJl B reHepaTtop (MiCis pereHepaTUBHOTO
teroooMinHuka) °C.

2. Ilapamerpum TemoHOCis: ToyaTKoBa Temmeparypa Ti, KiHIEBa
temneparypa T2 (a0o THCK mapH, SKII0 BUKOPUCTOBYETHCS BOJISIHA M1apa).

BusnauaeTnscst BUTpara c1abKoro po3urHy, SKUil HAIXOJUTh Y TeHepaTop, Ta
MIITHOTO PO3YHHY, SKUH IMOBEPTAETHCS B abOcopoOep:

3. PiBHsAHHS TermoBOTO OaaHcy.

TeruioBe HaBaHTAKEHHS FeHEpaTopa — 1€ KUIbKICTh TEIUla, IKY HE0OX1HO
MIJBECTH BiJl 30BHIIIHBOTO JKeperna. BoHO BUTpadaeThCs HA HArpiBaHHs PO3YUHY
70 TeMIlepaTypy KHUIIIHHS, JecopOuito (pyHHyBaHHS 3B'SI3KiB) Ta BUIApOBYBaHHS
XOJIOJIOAreHTy.

4. Butpara TeraoHocIs.

3Har4YM TEIJIOBE HABAHTAKCHHS, BU3HAYAIOTh HEOOXIAHY BUTpATy Tapsyoi
BOJIM 200 MmapH.

5. Po3paxyHOK MOBEpxH1 TEMIOOOMIHY.

[Tnoma moBepxHi TpyO reHepatopa (F, M?) BHU3HAYA€ThCS 3a OCHOBHHUM
PIBHSIHHSIM TeTUIOTIepe/Iayi.

1. Cepenniit norapu@mMiyHUil TEMIEpaTypHUI HaMIp.

2. Koedimient termonepenayi (K, Br/(m?K)).

PospaxoByeTbcst Ha OCHOBI KO€(dILIEHTIB TEIIOBIAAAYl 3 OOKY TETUIOHOCIS
(o), TEpMIYHOIO OIMOPY CTIHKM TpyOM 3 3a0pyAHEHHsIM, Ta KoedilieHTa
TEIUIOBIAaul IPU KUMIHHI pO3YHHY (02).

I'enepatop (mecopbep) abCcopOIIHOTO BOJI0aM1a4HOTO

tepmoTtpanchopmaropa (ATT) — 1ie oauH 13 HAHCKIAMHIIMX Ta HAWBaXIIUBIIINX



53
amapatiB y cuctemi. Moro ronoBHa (GyHKIiS MOJArae y BHIAPOBYBAHHI aMiaky
(XomomoareHTy) 3  BOJIOAaMIaqHOTO  PO3YMHY 3a  pPaxyHOK  IIiJIBEJACHHS
BHUCOKOTEMIIEPATYPHOTO TEILIA.

OCKUIBbKM TeMIIepaTypy KUITIHHS aMiaKy Ta BOJM BIIHOCHO OJIM3bKIi, MPOIIeC
necopbuii B ATT wmae cBoi crmemudiuyHi 0COOJMBOCTI, KOHCTPYKIIO Ta
TEPMOJIMHAMIKY.

OcobauBocTi po6oyoro Tija (aMiak-Boja).

Ha BinMiHy Bij OpOMHUCTOIITIEBUX MaIlnH, 1e abcopOeHT (cinb LiBr) B3arani
HE BUIAPOBYETHCS, Y BOJOAMIAYHUX CUCTEMAaX BOJa TAKOXK € JIETIOUOI0 PEYOBHHOIO.

[Ipu kumiHHI BOAOAMIaYHOIO PO3YMHY YTBOPIOETHCS Iapa, sfKa CKIAAaeThbCs
MEPEBAKHO 3 aMiaKy, ajie MiCTUTh 3HAYHY JIOMIIIKY BoAstHOI mapu (Bix 2 % mo 10 %
3aJIe)KHO BIJ TUCKY Ta TeMIlepaTypH). SIKIo I BOJIOTa MOTPANUTh Y KOHJEHCATOp,
a MOTIM y BUIIAPHUK, BOHA MIAHIME TEMIIEPATYPY KUIIHHS XOJI0I0areHTy, 110 Pi3KO
3HU3UTh €(EKTUBHICTH ab0 B3arajal 3yNUHUTH MPOLEC OXOJIOMKEHHS. Tomy
reHepaTop BoJI0aMiagyHOTo TepMoTpaHchopMaTopa 000B'I3KOBO MPAITIOE B TAHIEMI
3 €JIeMEHTaMU OYHUIIICHHS MapH.

Knacuunuii BogoamiauHuii TeHEpaTop € KOMOIHOBaHHMM amapaToMm i
CKJIaIa€ThCS 3 TPHOX OCHOBHUX YaCTHH, 00'€THAHNX B OJJMH BEPTUKAIHHUI KOPIYC:

1. 'eneparop (KUMN'ITUIBHUK): HUXKHS YaCTUHA amapary, A€ po3TallOBaHUN
TpyOHuN my4ok. Bcepemuni TpyO mnpoxomuTh Kepeno Teruia (rapsda Boja,
BHCOKOTEMIIEpaTypHa napa, ado TOIIYHI ra3u), a B MDKTPYOHOMY MTPOCTOP1 KUIUTh
BOJl0aMiauHMi po34urH. TyT yTBOPIOETHCS MIEPBUHHA Mapa.

2. Pextmdikamiina (IUCTWIAIINHA) KOJOHA: BEPTHKAJIbHA YacTHHA HaJ
KUIT'ATUJILHUKOM, 3allOBHEHA CICHiaJbHUMHU Hacaakamu (Kiumblsimu Pamura,
[Tamst) abo tapinkamu. Hazyctpiu rapsigiit mapi, 110 MiHIMA€TbCS 3HU3Y, 3BEPXY
CTIKa€ XOJOIHMM ciiabkuii po3uuH (abo ¢uierma). BindyBaeTbcss MacooOMiH: BOjA 3
napyu KOHJCHCYEThCA 1 CTIKAa€ BHHM3, a aMmiak 13 pPO3YMHY BHUIAPOBYETHCA 1
1 THIMA€ETHCS BTOPY.

3. [HednermaTop: BepxHs YacTMHA KOJOHHM, JI€ TMapa OCTaTOYHO

OXOJIO/DKYETHCA (3a3BHUail BOJIOIO 3 TPAIMPHI a00 XOJI0JHUM po3unHOM). YacTuHa
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napy amiaky 3 3ajJMIIKaMU BOJM KOHACHCYEThCSA, YTBOpIOIOUU (diermy (piauHy,
30araueHy BOJIOI0), sSKa CTIKa€ Has3aj y KOJOHY s 3pomieHHs. Ha Buxing y
KOHJICHCATOp e MPaKTUIHO YuCTHi amiak (arcroTa 99.5-99.9%).

1. [Togauva: Cnabkuii (OaraTuii Ha aMiak) pO34MH Micis abcopOepa mijg THCKOM
MOJIA€THCS B CEPEAHIO YaCTUHY PEKTU(IKALIIHOT KOJIOHHU.

2. Kuminnsa: Crikalo4d BHHU3 Yy KHUI'SITWIBHUK, PO3YMH HarpiBaeThCs
30BHIIIIHIM TEIJIOM 1 3aKUIIAE.

3. Po3mimenHsa: 3 HWKHBOI YAaCTUHU KUIT'ATWIBHHKA BUBOIUTHCS MILHUAMN
(OimHMH Ha amiaK) PO3YMH 1 HampaBJIAe€TbCS Haszan B abcopOep. Ilapa amiaky
MIHIMA€ETbCA 4Yepe3 KOJOHY 1 JediermMarop, OYMIIY€EThCS BiJ BOJIOTHU 1 WIe B
KOHJIEHCATOp 1]l BUCOKUM TUCKOM J€COPOILIIi.

Crnenudika TEII0BOTO PO3PAXYHKY .

[Ipu po3paxyHKy BOAOAaMiaqHOI'O r€HepaTopa, OKpIM CTaHAAPTHUX PIBHAHb
Teronepeaayi, 000B'sI3KOBO pO3pax0OBYIOTh IPOIIECH MAacOOOMIHY (pekTudikaiiii):

MeTor0 Haloro KOHCTPYKTOPCHKOIO PO3PaxyHKY € BU3HAUEHHS OBEPXOHb
TermnoooMiny renepatopy ATT 1 nepBUHHE KOHCTPYIOBaHHS.

VY pospaxyHkax OyJeM0 BHKOPHCTOBYBATH PO3PaXyHKOBI1 CITiBBIHOIICHHS
crieniaibHOI JlitepatypH [5, 6].

[linBeeHHs TEMIOBOIO HABAHTAXKEHHS B T€HEPATOP B PO3PAXYHKOBIM cxemi
3JIACHIOETHCS 32 JOMOMOIOI0 LIUPKYJIIOI0YOI0 TEIUVIOHOCIS B COHIYHOMY KOJIEKTOp1
(CK). B sixocTi Teronociss CK po3riistHeMo BOAdYy.

[Tnorta moBepxHi Teriooominy (Fg) Mk rpirounM TEIJIOHOCIEM 1 KUTLISTYAM
BAP B reneparopi po3paxyemo 3 hopMyu Terionepeaadi [2]:

Qs

=, 2.1
Kat, (2.1)

Fe

ne Qg = 80000 BT — TermioBe HaBaHTa)KEHHS TE€HEPATOPA;

K — xoedimienT Teruionepeaadi Mixk MOTOKOM TpilOYOTO TEIJIOHOCIS,

B1/(M*-K);

At — cepenHbo Jorapudmiuyauii TemnepatypHuid Hamip, °C.

a0e

Koedimient remnonepenayi:
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K15 1 (22)

Oy Aew  Opap

ne a,, (a,,,) — KOEPImiEHT TemIo00MiHy CTIHKH 1 TPIOYOr0 TETUIOHOCIS

(ctinku i kumiguoro BAP), Br/(m?-K);

0., — TOBIIMHA CTIHKU (mpuiiMeMo TpyOy 20 % 2 mm);

A, — TEILIONPOBIAHICTh MaTrepialy CTIHKM (OyJeMO BHKOPUCTOBYBAaTH
HepkaBitouy Tpyoy 4 = 16 Br/(m-K).

JJis po3paxyHKy ¢, OyaeMo CiiyBaTd pekoMeHamism [6] 3a ontuMaibHOT
MIBUIKOCTI Teuil TerioHocist V=1 m/c.

[Ipu TemmniepaTypHOMY Hamopi Ha KiHISX TpyOu, 1o rpie, B 10 °C Ha Bxoai B
rerepatop matumemo 90 °C, a na Buxoxi 60 °C.

3a cepeanboro mepemnany temmeparyp (60 + 90)/2 = 75 °C 3Haxoammo
Terutodi3uvHiI BJaCTUBOCTI Boju [7]:

a) koe(imieHT TemmonpoBigHocTi A, = 0,665 B1/(M-K);

0) Koe}illieHT KiHEMATHYHOI B'A3KOCTI v, =0,39-10° M%/c;

B) uncno [Ipanarns Pr = 2,33.

Yucno Peltnonsaca

_v.d,  1.0018
vy, 036-107°

R, = 50000 > 10%,

TOOTO B TpyOi peani3yeTbCs PO3BUHEHUN TypOyJEeHTHUM IUIMH 1 A

IH)KEHEPHUX PO3paxyHKIB 3acTocyeMo hopmyiy [2]:
Nu =0,021- Re®®. Pr®* (2.3)
Nu = 0,021 - (50000 )°®-(2,35)°* =174 2

A 0,665
=Nu-L =174 2. —— =6434 2.K).
Ay d 0,018 B1/(m*-K)

6H !

JI7is 3HaXOMKEHHSI Ofy,, CKOPUCTAEMOCS PEKOMEHIOBAHOI0 (POPMYJIOI0 AJIs

po3paxyHKy kuiiHHs B TeHepaTopi ATT [2]:
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d
g, = (110 5)%% - (4t)*% d— , (2.4)

6H

I[e’ At :fcm _fs !

£ 1

— CepeaHl TeMmepaTypH CTIHKH TPYOW TETUIOHOCIS 1 KUIUISTYOTO

cm !

PO3YHHY, BiJIITOBITHO.

oy, =(1105)4%°.(85-75)"%* 0020 1639 Br/(M%K).
0,016
Toni 3 (2.2):
1
K=——5000 1 =1120Bt/(M?K).

+ +
6334 16 1639
Cepennbo norapudMidHUA TeMIIepaTypHUA HaIIp:
- At — At
A =0
In &
At

(2.5)

B HAIIIOMY BHITAJIKY 32 yMOBOI0 fnopiHioe 10 °C.

3 (2.1) muoma nmoBepxHi TeriooOMiny reneparopa ATT:

44550
F.= — 3978 M2,
1120 -10 .
JloBxuHa TpyOHu:
R 3978 ~
ls ~d . 0020+0016 =704m.
@ 7( )

2
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Puc. — I'enepatop ATT tumy «tpy0a B TpyOi»:

1 — cekuist TermooOMiHHA; 2 — BiABiA; 3 — BiABIA; 4 — IPOKIIAAKA.
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PO3/IJI 3. EKOHOMIYHE OBIPYHTYBAHHSI ITPOEKTY
EHEPITOE®EKTUBHOI CUCTEMHU KOHJIUIIOHYBAHHS TPI]
«PIB’€EPA» M. OJECA 3 BUKOPUCTAHHSAM AJIBTEPHATUBHUX
JI’KEPEJI EHEPT'II TA BOMBOCXOBUIIEM

3.1. Aunaniz BuxigHMX JaHUX Ta (OPMYBaHHS TMPOEKTY CHCTEMU

konauuionyBanus TPIL «PiB’epa»

VY cyuacHuUX yMOBaxX pO3BUTKY TOPrOBEIbHO-PO3BAXKAIBHOI IHPPACTPYKTYpHU
0cOoONMBOi  akTyallbHOCTI ~HalOyBae mNHTaHHS 3a0e3MeYeHHS KOM(OPTHOIO
MIKPOKJIIMATy y BEJIUKHUX TpPOMaJChKUX OymiBiasx. ToproBenbHO-pO3BaXKalbHI
HEHTPU HaJeXaTh JI0 OO0 €KTIB 13 MiABUIICHUM pPIBHEM €HEProCHOXUBAHHS,
OCKUIBKM JJI iX cTaOUIbHOTrO (PyHKIIOHYBaHHSA HeoOXigHa Oe3mnepepBHa poOoTa
CUCTEM KOH/IMIIIOHYBAaHHS, BEHTUJIALI1, OCBITJIEHHS, XOJIOAWIBHOTO 001 HAaHHS Ta
3HAYHOI KUIBKOCTI €JIEKTPOTEXHIYHUX MPUCTpoiB. HaliOlnblle HaBaHTa)XE€HHS Ha
CUCTEMHU KOHIUIIOHYBAHHS BUHHUKAE Y JITHIA MEPIOA, KOJU BUCOKI TEMIIEpATypu
30BHINIHBOTO TIOBITPSI Ta I1HTEHCUBHE COHSYHE BUIIPOMIHIOBAHHS CYTTEBO
30UTBIIYIOTh OOCATH TETIONPUTOKIB A0 MPUMILIEHb.

JUis  BEIMKUX  TOPrOBEJNbHO-PO3BAXKAIbHUX  IIEHTPIB  MIATPUMAHHS
HOPMAaTUBHUX [apaMETpiB MIKPOKJIIMaTy € OJHUM 13 KIIOUOBUX (PaKTOpiB
3a0e3neueHHs KoM(pOPTHUX yMOB mepeOyBaHHsS BIJIBiyBadiB 1 nepcoHaity. Bin
CTAOUTBHOCTI TEMIIEPATYpPHOTO PEXUMY 3JICKUTh HE JIMIIE PiBeHb KoMdopTy
mozieH, ane i epeKTUBHICTh (PYHKIIIOHYBAHHS TOPTOBEJILHOTO 00JIaIHAHHS, CUCTEM
OCBITJICHHS], XOJOAWJIBHUX YCTAHOBOK Ta 1HXEHEpHUX Mepex Oyaisii. Came Tomy
BIIPOBA/KCHHS CYYaCHUX €HEeProe(EeKTUBHUX CUCTEM KOHIUITIOHYBAHHS MOBITPS €
BYKJINBUM HANPSIMOM PO3BUTKY CYyYacCHHX TPOMAJICHKUX CIIOPY/L.

OO0’ exTOM IOCTIHKEHHS Y TaH1i poOOTI € TOPTOBEIbHO-PO3BAKATIBHUM IIEHTP
«PiB’epa» y micti Oneca 3 00MOOCXOBHUILIEM, JJISI SIKOTO Mepe10adacThCcsi po3pooKa
eHeproe)eKTUBHOI CUCTEMH KOHAMIIIOHYBAaHHS 13 BUKOPUCTAHHSIM aJIbTEPHATUBHUX
mxepen eneprii (puc. 3.1). OcoOnuBiCTIO JaHOTO OO’€KTa € 3HA4YHA IUIOINIA

MPUMIILICHb, BEJHUKA KIUJIBKICTh BIJBIyBa4iB, BHUCOKHH pPIBEHb BHYTPIIIHIX
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TEIUIOBUJIVICHh Ta HEOOXIAHICTh 3abe3neueHHst Oe3nepediiiHoi poOOTH cucTeM

KOH/IUIIIOHYBaHHS HaBITh Y BUIMAJIKY aBapIHHUX BIJKIIOYEHb €IEKTPOCHEPTii.

Puc. 3.1 - TPI] «PiB’epa», M. Opeca.

TPL] «PiB’epa» BkiIrOUae 3HAUYHY KUIBKICTH (PYHKI[IOHAIBHHMX 30H PI13HOTO
npu3HaueHHs (puc. 3.2).

Jlo cknagy KOMIUIEKCY BXOJATh TOPrOBEIbHI MPHUMIIICHHS, Mara3uHu,
3aKIaJd  TPOMAJCHKOTO XapuyBaHHS, pO3BaXKajbHI Ta peKpearliiiHi 30HH,
aAMIHICTPATUBHI MPUMIIICHHS, CKJIAQJChKI M TEXHIYHI NPUMILIEHHS, CaHITapHO-
TEXHIYH1 By3JI1, BEHTWJISILIIH1 KAMEpH Ta JOTMOMIKHI 1HKEeHepH1 mpumieHHs. Kpim
IIbOTO, Y T3eMHI# YacTuHi OymiBimi nepeadadeHo 00MOOCXOBHUIIE, PO3PaXOBaHE HA
TUMYacoBe nepeOyBaHHs JIFOICH 11T Yac HaJ3BUYAHUX CUTYaIliii a00 MOBITPSHUX
TPUBOT. 3Ha4yHI IUJIOLII TOPTOBEJIbHUX 3aJliB, BUKOPUCTAHHS BEJIMKHUX CKIISTHHX
dacaaiB, HasBHICTh TOTYXHHUX CHCTEM OCBITJICHHS Ta BEJIUKOI KIUIBKOCTI
eneKkTpoobaagHaHHsd (OPMYIOTh CYTTEBI TEIUIOBI HABAHTAXEHHS HAa CHUCTEMY
KOHJUIIIOHYBaHHSI.

Jlo1laTKOBUMH JIKEpeJIaMH TETUIONPUTOKIB € MOCTiiHE nepeOyBaHHs 3HAYHO1

KUTBKOCTI JIFOIEH Y MIPUMIIIEHHSAX TOPTOBEIbHO-PO3BAKAIBHOTO LIEHTPY.
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Haii0inp11i TermioBl HABAHTAXKEHHS CIIOCTEPIratoThCs y JITHIN Mepiosl POKY,

KOJIM TeMIIepaTypa 30BHIITHLOTO MOBITPs y MicTi Oneca Moske nepesuinyBatu 30 °C

[45].
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Puc. 3.2 — Ilnan TPI] «PiB’epa», m. Opeca.

HasBHicTs 60MOOCXOBHIINA CYTTEBO MIABUIILYE BUMOTH JI0 CHCTEM BEHTHUIALII1

Ta KOHJUWIIIOHYBaHHS, OCKUTBKH Yy BHITQJKy HAJ3BUYAHHUX CHUTyaIiil HEOOXiTHO

3a0e3MmeynT CTablIbHI MapaMeTpu MIKPOKIIMATy y 3aKpUTOMY MPOCTOPI 32 YMOB

TPUBAJIOro nepeOyBaHHS BEIUKOI KUIBKOCTI JIoAeH. Y Takux ymoBaxX CHCTEMa

KOH/IUIIIOHYBAaHHS BHUKOHY€ He Juile QYHKIII0 MTIATPUMAHHS KOMQOPTHOTO
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TEMIIEPATypHOTO pPEXHUMY, aje u 3abe3reuye HEOOXiTHI CaHITapHO-TIT€HIYHI
napameTpH MOBITPSHOTO CEPEIOBHUIIA.

CBiTOBa CHNUIPHOTA PO3IJISIIa€ BUKOPUCTAHHS MICHEBUX albTEPHATHBHHUX
JUKEpeNl €Heprii SK OJIMH 13 TMEpPCHEeKTHUBHUX MUISXIB BUPIIIEHHS 3pOCTalOYUX
npo0JieM eHepro3ade3nedeHHs [22]

[TormuT Ha peanizarito MPOEKTIB COHIYHOTO TEIJIOMOCTAYaHHS B KUTIOBUX 1
rpoMajchkux paitonax B €Bpori, CIIA 1 psiail a3iaTChKUX KpaiH 3pOCTa€ 3 KOKHUM
rojomM. B nmanuii yac nigepoM 3a KIJIbKICTIO BCTAHOBJICHOI MOTY>KHOCTI COHSIYHUX
kosiektopiB € Himeuunna (9785 MBT). [Totim #nyTs Icnanis (3386 MBT), SInoHist
(2633 MBT), CIIA (1650 MBT), ITanis (1167 MBT).

J1711 BUKOPUCTAHHS COHSYHO1 €Heprii B CUCTeMaX KOHAWUIIOHYBaHHS MOXYTb
3aCTOCOBYBAaTUCh PI3HI METOAM OTPUMAHHS XOJIOy, 30KpeMa KOMIIPECIiiHi,
abcopO1iitH1, BUNIApHI Ta palaliiiHl CUCTEMHU.

BriacHUKHM 1OMOTOCIIOAAPCTB Ta MIANPUEMCTBA, K1 BUPIIIWIA IHBECTYBATH B
COHAYHI €JIEKTPOCTaHLli, MOXYTh CYTTEBO 3MEHIIMTH CBOI pPaxXyHKH 3a
CJIEKTPOEHEPTi0. Y JNEAKUX BHMAAKaX HAJJIMIIOK BUPOOJICHOI €HEeprii MO)Ha
OpoAaBaTH B EJIEKTPOMEPEXKY, OTPUMYIOUM JIOJATKOBUM AOX1JM 1 IIE IIBUIIIE
OKyIarouu cBoi iHBecTuii [23].

HaiiGinpmoro nommupenHss HaOynu abcopOuiiiHi TepmMoTpaHchopmaTopu,
OCKIJTbKM BOHHM BHUKOPHUCTOBYIOTH TEIUIOBY €HEPrir0 0Oe3mocepeHbo s
BHUPOOHUIITBA XOJIOAY, IO TI03BOJISIE 3SMEHIITUTH CTIOKUBAHHS €JIEKTPOCHEPTIi.

VY cydacHHUX CHCTeMax COHSYHA EHEprisi HaKOMMYYEThCS 3a JIOTIOMOTOIO
COHAYHUX KOJIEKTOPIB 1 TEIUIOAKYMYJISITOPIB, MICIS YOrO0 BUKOPUCTOBYETHCS IJIs
pobotu abcopOiiiiHoro TepMoTpaHchopmaTopa, SKUM 3abe3reuye OTPUMAaHHS
XOJIONy JIIsl CHCTEMHU KOHAMIIIOHYBaHHS MOBITPSI.

Po60o4010 peuoBrHHOI0 a0COPOIHHOTO BO10aMIayHOTO TepMOTpaHchopmaropa
€ BOJHO-aMiauHMM PO3YMH, J€ amiaKk BUKOHYE (YHKIIIO XOJIOJOAreHTY.
BukopuctanHs Takoi CHCTEMHU € MEPCHEKTUBHUM PIMICHHSIM [JIsl TOPTOBEJbHO-
PO3BaKATBHUX LIEHTPIB, OCKIJIBKA MaKCHUMaJlbHA COHSTYHA aKTHBHICTh 301ra€eThes 3

nepio0oM HANOIIBIIIOr0 HABAHTAKEHHS HA CUCTEMY OXOJIOKEHHS TPUMIILIEHb.


https://avenston.com/articles/sun-saves-planet/

63

JUisi BUKOpUCTAaHHS COHSIYHOI €Heprii B cHUCTeMaX KOHAMIIIOHYBAHHS
3aCTOCOBYIOTBCSA [IBA OCHOBHI MIAXOJU: (DOTOENEKTPUUHUNA Ta TEPMOCOHSIUHHUU.
doToeneKTpHUUHI CUCTEMHU TNepeadayaroTh BUKOPUCTAHHS COHSYHUX MaHeNeH Aiis
BUPOOHMIITBA EJIEKTPOEHEPTii, fKa HaJall BUKOPUCTOBYETHCS I IKUBICHHS
KOHIUITIOHEPIB. TEepMOCOHSIYHI CHCTEMH BHUKOPHUCTOBYIOTH TEIUIO COHSYHOTO
BUIIPOMIHIOBaHHS I 0O€3MOCEPEAHHOr0 BUPOOHMIITBA XOJOAY 3a JIOMOMOTOIO
a0COpOLIITHMX XOJOAWIBHUX MaluH. J[Ji1 TOProBelbHO-PO3BAKAIBHUX LEHTPIB
O1IBII JOIIJILHUM € 3aCTOCYBAHHSI TEPMOCOHSIYHUX CUCTEM Ha 0a3il abcopOIiiHux
BOJl0aMiauHUX TepMoTpaHchopmaTopiB. Lle mosicHIoeTbCA BUIIMM KOe(DIlIEHTOM
BUKOPUCTAHHS COHSYHOI €Heprii, MOXKJIMBICTIO OTPUMAHHS XOJIOAY 0€3 3HAYHHMX
BUTPAT €JEKTPOEHEprii Ta e(EeKTUBHOW pPOOOTOI NpPH BEIUKUX TEIIOBHX
HAaBaHTAKEHHAX. KpiM TOro, BUKOPUCTAHHS COHAYHUX KOJICKTOPIB JO3BOJISE
3a0€3MeYNTH YaCTKOBY €HEPreTHYHy aBTOHOMHICTH O0'€KTa Ta 3HU3HUTHU
eKCIUTyaTaliiiHi BUTpaTu. 3 orisiay Ha 3HauHy miomy TPL[ «PiB’epay», BucoOki
HaBaHTAXXEHHS Ha CHCTEMY KOHIHWIIIOHYBaHHS Ta HEOOXITHICTh 3a0e3MeueHHs
pobotu OomMOOCXOBHMINA, IS peai3alii MNPOeKTy OyJo o00paHO CHCTEMY
KOHJUIIIOHYBaHHS Ha 0a3i abcopOiifHOTO BOJ0aMIaqHOTO TepMOoTpaHchopmaTopa i3
BUKOPHUCTAHHSAM COHSYHUX KOJIEKTOPIB, aKyMYJIATOPIB TEIJIa Ta XOJOIY.

Bukopucranas  eHeproe(peKTUBHMX CHCTEM  KOHIUWIIIOHYBaHHS, IO
MPAIOI0Th 13 3aJyYEHHSAM COHSIYHOI €Heprii, HabyBae OCOOJMBOTO 3HAYCHHS IS
VYkpainu. 3HauHUIl TOTEHIIaJl COHAYHOT EHEPreTUKH, XapaKTePHUN JIJIs MIBJACHHUX
obnacTeit kpainu, 30kpema OIeCbKOT0 PETiOHY, CTBOPIOE CIPUSITIUBI TIEPETyMOBU
JUISL  IHTeTpamii COHSYHUX KOJEKTOPIB Yy CHCTEeMH TEIUIONOCTAa4aHHS Ta
xoJiogonocravanus [46].

He MeHI BaXJIMBUM acleKTOM € 3a0€3MEYEeHHs] €HEPreTUYHOI CTIMKOCTI
00’€KTIB B yMOBaxX MOXJIMBHX OOMeXeHb ab0o mepeOoiB y IEHTPai30BaHOMY
eJIEKTpONOCTayaHHl. 3aCTOCYBaHHS  BIJHOBJIIOBAHUX JDKEpEN €Heprii  Jae
MOJKJIMBICTh CKOPOTUTH 3aJIeKHICTh B TPAaTUIITHUX €HEPropecypciB, 3HU3UTU
HAaBaHTAXXEHHS Ha EJIEKTPOMEPEXKl Ta IMIJBUIIUTH HAIIMHICTh (PYHKIIIOHYBaHHS

CHUCTCM KOHI[I/ILIiOHYBaHHH.
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J171s1 TOProBeIbHO-PO3BAKATBLHUX IIEHTPIB MM1ABUIIICHHS eHeproe(heKTUBHOCTI
Mae 0cCO0JIMBE 3HAYEHHsS Yepe3 BUCOKI OOCATH CHOKHUBAHHS €JIEKTPOEHEPTi,
HEOOX1MHOT [N MIATPUMAHHS ONTHUMAIbHUX MapaMEeTpiB  MIKPOKJIIMaTYy.
BrnpoBajpkeHHST  COHSYHMX  €HEPreTHYHMX  TEXHOJOTM y  TMO€IHAHHI 3
abcopOmiitHuMu TepMoTpanchopMaTopaMu JTO3BOJISIE 3MEHIITUTH EKCIUTyaTaIliiHl
BUTpAaTH, MIABUIIUTH pIBEHb EHEPreTMYHOI aBTOHOMHOCTI Ta 3a0e3nmeuuTu
3pOCTaHHs €KOHOMIYHOI €(PEKTUBHOCTI POOOTH 00’ €KTA.

[IpoekT cuctemMu KoHAULIFOBaHHS NOBITpa OomOocxoBuma TPLI «PiB’epay
M. Opeca.

HeobOximHa  XOJIOAOMPOMYKTUBHICTH ~ CHUCTEMH  KOHIUIIIIOBAaHHSA 3
ypaxyBanssm 10 % 3amacy - 77,2 xBrT.

[Tinibpano oOnajHaHHS: TPUILUIMBHA YCTaHOBKa MpoaykTuBHIcTIO 5000
m3/ro, uritep XonononpoayktusHicTio 80 kBt (COP = 3,2, ciokrBaHa OTYKHICTh
24,1 xBT), ®BY tanmy ®BK-1 nns pexumy GibTpOBEHTHIISIIII.

XonoponpoayktuHicTh Q,=80 kBT, Temneparypa oxonomkenus T,= 7 °C,
TeMriepatypa konaeHcartii T = 36 °C .

Ha ocHoBI mpoBeieHoro anamizy 0yJio 3alpornoHOBaHO AIbTEPHATUBHY CXEMY
CUCTEMM KOHJIMIIIIOBaHHS TIOBITPS Ha ©0a3l aOcopOliitHuX BOJOaAMIAYHHUX
tepmoTpaHcdopmaropis (puc. 1.1)

Sx abcopOmiitHuit  TepMOTpaHcPOpMaTOp PO3TISAHYTI JIBI CXEeMHU 3
niaTuckarounmu oycrep-kommpecopamu (puc. B.2 i puc. B.3).

IIpoBenene JOCTIIKEHHS Cy4aCHUX TEXHOJIOT1i COHSIYHOIO
KOHJUITIOHYBaHHs 3acBimunio, mo st TPIl «PiB'epa» Haitbinpm ehekTHBHUM
PIILICHHSIM € BUKOPUCTaHHS aOCOPOIIIMHOT0 BOJI0aMiaqHOTo TepMoTpaHchopMaTopa
B KOMIUJIEKCI 13 COHSYHUMH KOJEKTOpPAMH Ta CHUCTEMaMH aKyMYJIIOBaHHS Terlia 1
XOJIOTy.

Take TexHiyHe pillleHHs 3a0e3leuye palioHalbHE BUKOPUCTAHHS €HEepTii
COHSYHOTO BHUIPOMIHIOBAHHS IS MOKPUTTA MOTPeO Yy KOHIUIIIOHYBAaHHI MOBITPA,
IO CIHpHUS€ 3MEHIICHHIO CIOXKMBaHHS €JIEKTPUYHOI €Heprii Ta CKOPOYEHHIO

eKCIUTyaTal[liHIX BUTpAT.
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BaxnuBoio rmepeBaror  3amporiOHOBAHOI CHUCTEMH € 1i  3/JaTHICTh
MIITPUMYBATH CTaOUIBHI MTapaMeTpU MIKPOKIIIMATY SIK 1]l Yac 3BUYaiiHOi poOOTH
TOPTOBEIHHO-PO3BAKAIBLHOTO IIEHTPY, TaK 1 B TIEpio1 eKCcIuTyaTallii 0oMO0CXOBHIIA
3a HaJ[3BUYAHUX 0OCTaBUH.

Buxopuctanus axkymyJsSTOpiB Tella Ta XOJIOAY MiJABHUILYE HaAIMHICTD
¢dbyHKIIiOHYBaHHSI O0JIaHaHHs, 3a0e3neduye Oe3NMepepBHICTh POOOTH CHUCTEMHU Ta
cripusie 011 €()eKTUBHOMY PO3IOJIIITY €HEPTeTUUHHUX PECYPCIB.

Takum YWHOM, 3ampomOHOBaHA CHUCTEMa KOHJWIIOHYBaHHS Ha OCHOBI
abcopO11iiTHOro BoI0aMiagyHOTO TePpMOTpaHchopMaTopa MOBHOKO MIPOIO BIIMOBI A€
CYy4yaCHUM BHMMOTaM IIOJ0 €HEProe(eKTUBHOCTI, €KOJIOTTYHOCTI Ta €HEPreTUYHOI
HE3JIEAKHOCTI.

Peanizaiis [aHOTO TMPOEKTY CTBOPIOE MEPEAYMOBH JUIs MJABUIIECHHS
€(PEKTUBHOCTI BUKOPUCTaHHS €HEPreTUYHUX PECYpCiB Ta 3HMKEHHS BHUTpPAT Ha

eKCILTyaTalio 00'eKTa.

3.2. SWOT-anani3 Ta eKo0JIOro-eKOHOMiYHi MepeBaru BIPOBAIKEHHS
eHeproeeKTMBHOI CHCTEMH KOHAMUIOHYBAHHA 3  aAJbTePHATHUBHUMHU

JKepeIaMu eHepril

Y cy4acHMX YMOBax pO3BUTKY C€HEPIeTHYHOI Tajy3i Ta TOCTIHHOTO
NIJBUIIEHHS  BapTOCTI  €HEPreTMYHUX  PECYpCiB  MUTAHHA  MIJBUIIEHHS
eHeproeeKTUBHOCTI CHCTEM KOHAMUIIIOHYBaHHS HaOyBa€ OCOOIMBO Ba)KJIMBOTO
3HAYCHHS.

st BEITUKHUX TOPTOBEJILHO-PO3BAKAITBHIX IIEHTPIB CUCTEMU
KOH/IUITIOHYBAaHHS HAJIEKaTh J0 HAMOUIBI €HEPrOEMHUX E€JIEMEHTIB 1HKEHEPHOTO
3a0e3neueHHs OyJiBil, OCKUIBKM caMe€ BOHM 3a0€3MeuyloTh MiATPUMaHHS
KOM(OPTHUX TapaMeTpiB MIKPOKIIMATY y TPHUMIMICHHSIX 13 BEIHKOIO KUIBKICTIO
B1JIB1TyBauyiB.

3uauni miromi TPILI, Bemmka KIJBKICTh OCBITIIOBAJILHOTO O0JIaJHAHHS,

CKJISTHUX (hpacajiB, TOPTOBENbHOI TEXHIKM Ta MOCTINHI TEIJIONPUTOKH (HOPMYIOTH
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BHUCOKI HaBAaHTAXXCHHS HAa CUCTEMM OXOJIOMKEHHS, 10 MPU3BOJIUTH 10 3HAYHOTO
CIIO’KMBAHHS €JIEKTPOEHEPTii.

[Ticnss oOrpyHTyBaHHS Ta BHOOpPY TEXHIYHOTO pillIEeHHS HEOOX1THO
MpPOaHa3yBaTH MEPCIEKTUBU  BIPOBA/KEHHS €HEProeeKTUBHOI  CHUCTEMHU
KOHJUIIIOHYBaHHS HAa OCHOBI BUKOPUCTAHHS aJIbTepHATUBHUX JKEPEIT EHEeprii.

Jliist poro pomibHO 3actocyBat SWOT-anani3, sKuii € OqHUM 13 HAWO1TBII
¢(DEeKTUBHUX 1HCTPYMEHTIB CTPATEridyHOI OIIHKKA Ta Ja€ MOXKJIWBICTh BU3HAYWUTHU
nepeBarn i HEJOJIKH 3allPpOMOHOBAHOTO IMPOEKTY, & TAKOXK BUSBUTH 30BHIIIHI
dakropu, 10 MOXKYTh CIIPUSATH HOTO peaizallii abo CTBOPIOBATH NIEBHI PUHKHU.

AKTyalbHICTh BIOPOBAKCHHS TaKUX CHCTEM 3yMOBJIEHAa MOCTIHHUM
3pOCTaHHSIM I[IH Ha EHEPropecypcH, HEOOXIAHICTIO TMIABUILCHHS PIBHA
eHeproeeKTUBHOCTI Oy/iBeldb, a TaKOX AaKTUBHUM PO3BUTKOM TEXHOJOTIN
BiJTHOBJIIOBAHOI €HEPTETHUKH.

BukopuctaHHs COHSYHOI €Heprii y MO€AHaHHI 13 Cy4aCHHMMH CHCTEMaMu
aKyMyJTIOBaHHS TeIJla Ta XOJOAY JIO3BOJSIE 3HU3UTH EHEPrOCIIOKHBAHHS,
M1JBUIIUTH aBTOHOMHICTh 00'€KTa Ta CKOPOTUTH €KCILTyaTalliiiHi BUTPaTH.

3 METOI0 OIlIHKM TMEPCHEeKTUB peajizaiii 3amporoHOBAaHOI CHCTEMH
xoHauuionyBanHa TPl «PiB'epa» nmpoBegeHo SWOT-anani3, pe3ynbTaTH SKOTO
HaBeJeHo B Tabm. 3.1.

Pesynbrati mpoBeneHOT0 aHaily MiATBEPKYIOTh HASBHICTh 3HAYHUX
MEPCTICKTUB  PO3BUTKY CHEProe(PEeKTUBHUX CHUCTEM KOHIUIIIOHYBaHHS, IO
00yMOBJIEHO aKTUBHUM BHKOPUCTAHHSM BITHOBJIIOBAHUX JKEPEJT EHEPTii, CyuaCHUX
CHCTEM aBTOMATH3allil Ta TEXHOJIOT1 aKyMyIIOBaHHS €Heprii.

BongHouac BOpoBa/KeHHST TaKuX pillleHh TOB’Si3aHE 3 HEOOX1JIHICTIO
BpaxyBaHHs (DIHAHCOBHX, TEXHIYHUX 1 OpraHi3alliifHIX YUHHUKIB PU3HUKY.

VY 3B’s3ky 3 UM Jo1IbHUM € npoBeneHHss SWOT-ananizy 6e3mnocepenHno
TS TIpO€EKTY cucteMu kouauiionyBanHs TPI «PiB'epa» m. Oneca 3 MeTOI0 OIIHKH
HOro CHUJIBHHMX 1 CIa0KHX CTOPIH, a TaKOXX MOMKJIMBOCTEW 1 3arpo3 30BHIIIHBOTO

cepeoBUIIa, pe3yIbTaTH SKOTO HaBeeHO B TabmuIll 3.2.
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Tabmuus 3.1 — SWOT-anani3 po3BUTKY CHCTEM KOHIUIIIOHYBaHHS Ta

aJIBTepHaTI/IBHO.l. CHCPI'CTHUKU.

CuibHi ctoponu (S)

Caadki croponu (W)

3pocTaHHA ONUTY Ha

eHeproepeKTUBHI CUCTEMU

Bucoka BapTiCTh Cy4acHHX CHUCTEM

Po3BUTOK TEXHOIOT11 BUKOPUCTAHHS

COHSIYHO1 eHeprii

3aNexHICTh B IMIIOPTHOTO

o0JIaTHaHHSA

[nTerpartis 3 anbTepHATUBHUMU

JpKepeaamMu eHeprii

3HauHe CHCPIOCIIO)KMBAHHA

Buxopucrtanus smart-TeXHONOT1H

[Totpeba y kBamiikoBaHOMY

nepcoHali

[linBuIIEHHS eHeproe(PeKTUBHOCTI

oOJTagHaHHA

[Totpeba y kBami(ikoBaHUX Kaapax

Po3BuTOK «3€1€HO0r0 6y,Z[iBHI/I]_ITBa>)

CKJ'Ia,Z[HiCTI) MOHTA)Xy CHUCTCM

Benukuit Bubip o0agHaHHs Ha

PUHKY

3a1eXKHICTD Bl KJIIIMaTUYHUX YMOB

MoxauBocti (O)

3arpo3su (T)

JlepkaBHa miATpUMKa

eHeproe(peKTUBHOCTI

KonvBaHHs BaIOTHUX KYpCiB

[Tomrynspuzartist «3eIeHUX»

TEXHOJIOT1HA

ExoHomMiuHa HeCTAOUILHICTH

[Tommpenns smart-building

TEXHOJIOTTHA

3MiHa 3aKOHOIABCTBA

3pOoCTaHHs MONUTY Ha

eHeproedeKTUBHI Oy/IiBII1

[TocuneHHst KOHKYpEHTTii

Buxopucranus akyMmyssiTopiB
eHeprii

MoxnuBi iepeboi mocTadaHHs
oOnagHaHHS

Po3BuTOK cUCTEM aBTOHOMHOT'O
eHeproszabes3neyeHHs

TexHiuH1 HECTTPaBHOCTI 00Ia HAHHS

JI>xepeno: po3po0IeHO aBTOPOM
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Tabmuus 3.2 — SWOT-Matpuiis NpoekTy €HeproedEeKTUBHOI CHCTEMU

kouauiionyBanHs TPL «PiB’epa» M. Oneca

O-MoxauBocTi

1. Bucokuii piBeHb COHSYHOT 1HCOJIALIIT B M.
Oneca.

2. PO3BHTOK TEXHOJIOT1i COHSIIHOTO
TETUIOTIOCTAYaHHSI

3. Y I0CKOHAJIEHHS] CUCTEM HAKOTTMYCHHS
eHeprii.

4. Jlep>kaBHa MiITPUMKA €HEProeeKTUBHIX
MIPOEKTIB.

5. Ionmynspusaris «3eIeHIX» TEXHOIIOTIH.

6. 3pocTaHHA ONHUTY Ha eHeproedeKTUBHI
OyiBIIi.

T-3arpo3u
1. EkoHOoMi4YHa HECTaOUTBHICTb.
2. KonBaHHS BaTIOTHUX KYPCiB.
3. 3pocTaHHs BapTOCTI 00JIaTHAHHS.
4. MoxnuBi niepedoi mocTayanHs
KOMIUICKTYFOUHX.
5. HecripusaTinuBi moroiHi yMOBH.

S-CuabHi cTopoHH
1. BukopucTtaHHs COHAYHO]
eHeprii TUTS
XOJIOY.
2. 3HWXKEHHS
€JIeKTpOeHeprii

crioxkuBanHA[OIeCH.

TCILJIa Ta XO0JIOAY.

aBTOHOMHOCTI TPL]

1. Makcumainbhe
BUPOOHMLITBABUKOPHCTaHHS COHSIUHOI eHepriijo0'ekTa o nepedois
3aBJISIKM KJIIMAaTHYHUM YMOBaM

2. CkopoueHHs BUTpAT Ha

3. HasBHIiCTh aKyMyJSATODPIBEIEKTPOEHEPTIIO.
[TinBueHHs

4. Tligsumienns enepreruyHoieHeproedextuHocti TPII.

3. IligBuIIeHHS IHBECTUIIINHOT

SO ST

1. ITigBuIiLieHHS CTIMKOCTI

€JIEKTPOIIOCTAauYaHHSI.
2.3MeHIICHHS BIUIUBY
BpoctaHHs Tapu]iB Ha
€JIEKTPOCHEPTIIO.
3.3HWKEHHS 3aJI€KHOCTI B
[IEHTPaJII30BaHUX CHEPTOMEPEIX.
4.3abe3nedeHHs cTablIbHOT

1. CknagnicTh iHTErparii
CHCTEMU.

2. HeoOxiaHiCTh
creriaii30BaHoro o01a HaHH,.

3. Ilotpeba y
KBaTi(hiIKOBAHOMY TTEPCOHAITI.

4. YacTKoBa 3aJIEKHICTD BIJI
COHSIYHOTO BUIIPOMIHIOBAHHS.

eHeprii.

1. KoMmneHcariist BACOKHX
IHBECTHUIIIHUX BUTpPAT 3a
[PaXyHOK JIep>KaBHOI MiATPUMKH.

2. BukopucTaHHs Cy4acHUX
CHCTEM aBTOMAaTH3aIii 1y
OTMTUMI3aIli] eKCIUTyaTarii.

3. [linBumenHs epeKTUBHOCTI
CHUCTEMH 3aBJISIKH PO3BHUTKY
TEXHOIOT1H HaKOMMYEHHS

4. CKopoueHHs
eKCIUTyaTaliiHUX BUTpAT y
TTOBFOCTPOKOBIH NMepCIIEeKTUBI.

5. [linBumenns kBamidikarii
MEepCOHATy IpU BIPOBAKECHHI
HOBMX TEXHOJIOT1H.

S. MoskiuBocTi  poGOTHIPHBAOIMBOCTI 00'€KTA. poboT GoMOOCXOBHIIA B
OoMOOCXOBHINIa TIPU aBaplitHUX KpU30BUX YMOBaX.
BIIKITIOUEHHSX. 5.Minimizailist pu3uKiB

6. 3MeHIICHHS HaBaHTAXCHHS] MPOCTOI0 CHCTEMH
Ha €JIEKTPOMEPEXKY. KOH/IUI{IOHYBaHHS.

7. EkonoriuHa Oe3NEYHICTH
CHCTEMH.

W-Cnabki croponu WO WT

1. Pu3uk 3017bII€HHS TEPMIHY
OKYITHOCTI 4epe3
MOIOPOXKYAHHS 00JIaHAHHS.

2. 3HMWKeHHS eeKTHUBHOCTI
CHCTEMH 32 HECTIPUATIMBUX
MOTOTHAX YMOB.

3. Pusuk TexHiyHUX
HECIPABHOCTEN CKJIaTHOTO
001a THAHHS.

JIxepeno: po3poOJIeHO aBTOPOM
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Pesynbratu nposenenoro SWOT-ananizy Aat0Th 3MOT'Y KOMILIEKCHO OL[IHUTH
MEPCHEKTUBU peallizallii IPOeKTy eHeproeeKTUBHOI CUCTEMHU KOHJIMIIOHYBaHHS
TPL] «PiB'epa» ™. Opeca, mo Oa3yeTbcsi Ha BUKOPUCTaHHI abCOPOIIHHOTO
BOJIOAMIAYHOTO  TepMOTpaHCc(hOpMaTopa, COHSYHUX KOJIGKTOPIB Ta CHUCTEM
aKyMYJTIOBaHHS TEIUIOBOI €HEPTii.

OtpumaHi pe3ylnbTaTd CBiTYaTh MPO HASBHICTP BAaroMUX TEXHIYHUX,
CKOHOMIYHMX Ta CKOJIOTIYHUX IIepeBar, SKI MIATBEP/UKYIOTh JOLUIBHICTh
BITPOBA)KCHHS 3alIPOIIOHOBAHOTO piteHHs. OHI€I0 3 KIIFOYOBUX MEPEBAT MPOEKTY
€ 3asrydeHHs eHeprii CoHIs 115 3a0e3MedeHHs MPOIECiB KOHAUIIOHYBAaHHS TOBITPS
[47]. BukopucTaHHsI COHSYHMX KOJEKTOPIB J03BOJISIE 3MEHIIUTH 3aJIEKHICTh Bij
TPAAUIIAHUX JIPKEPENl EHEprii Ta CKOPOTUTH OOCATH CHOKMBAHHS €JIEKTPOEHEPTIi.
BaxxnuBy posib TakoXX BIAITPalOTh aKyMYJSITOPHU TEIUIa Ta XOJIOMY, SIKI CHPHUSIOTH
OUIBII PALIOHAILHOMY BHKOPUCTAaHHIO E€HEPreTUYHUX PECYpPCIB 1 MiJIBUILYIOThH
CTAaOUIBHICTh (PYHKI[IOHYBaHHS cHcTeMH. KpiM Toro, 3amporoHOBaHE pIIIEHHS
3a0e3rneuye MiJBUIICHHS PIBHS EHEPreTMYHOI aBTOHOMHOCTI TOPTOBEIBHO-
PO3BAKAIBHOTO IIEHTPY Ta CTBOPIOE MOXJIUBICTh MIATPUMAHHS HEOOX1THUX
napameTpiB MIKpOKIJIIMaTy B OOMOOCXOBHII y pa3i mepeOoiB 13 IEeHTpaTi30BaHUM
€JIEKTPOTIOCTAYaHHSIM.

CrnpuaTIMBUMU YMHHUKAMM JJIs peajizaiii IPOeKTy BUCTYHAIOTh 30BHIIIHI
MOXJMBOCTI. Hacammepen me mnpupogHo-kiaimMarnuHi ymoBu M. Opeca, K1
XapaKTepU3YIOThCS JOCTAaTHIM PIBHEM COHSYHOI 1HCOJALII sl €(EeKTUBHOTO
BUKOPUCTAHHS COHSYHOI eHeprii. BaxinBe 3HaYeHHSI TaKOXXK MalOTh IMONAJbIINNA
PO3BUTOK TEXHOJIOT1 HAKOMTUYEHHS €HEePrii, MOMUPEHHS Smart-CUCTeM yIpaBIIiHHS
1HKEHEPHOIO0 1HPPACTPYKTYPOIO Ta 3POCTAHHS IHTEpECY 10 €Heproe(eKTUBHUX 1
eKOJIOTIYHO Oe3meuHux OymiBenb. Y Mipy 3pOCTaHHS 3aHEMOKOEHHS IO/0 3MIHU
KJIIMaTy Ta eKoJioriyHoi crTikocTi komnaHis Trane Technologies crana
NEPIIONPOXIAHUKOM Y raimy3i ekonoriyHo yuctux pimens HVAC. Komnanis Bkiana
3Ha4HI KOIITH Y JOCHIDKEHHS Ta PO3pPOOKU [JIsl CTBOPEHHS €Heproe(eKTUBHHUX
MPOYKTIB, K1 MIHIMI3YIOTh BIUTMB Ha HABKOJIMUIITHE CEPEIOBUIIE 32 MAKCUMAJIbHOI

IPOAYKTUBHOCTI [24].


https://evroprom.com/ua/novosti-i-stati-ua/trane-technologies-novatorski-innovaczi%D1%97-v-galuzi-klimat-kontrolyu/
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CyKyIHICTh 3a3Ha4eHUX (DAKTOPIB CTBOPIOE IMEPEIYMOBU JJIs YCIIIIHOTO
BIIPOBA/P)KEHHS CyYaCHUX TEXHOJIOT1M KOHIUIIIOHYBAaHHS HA OCHOBI1 B1JIHOBITIOBAHUX
JoKepen eHeprii. Pasowm 13 mepeBaramu HeoOXiTHO BpaXxoBYBaTH 1 IEBHI O0OMEKCHHS
npoekty. Jlo HUX HajekaTh 3HA4HI KamiTajdbHI BKJIAJCHHS Ha [MOYATKOBOMY €TaIll
peaizaiii, CKJIaTHICTh 1HTErpalii OKpEMUX €JIEMEHTIB CUCTEMH Ta HEOOXiTHICTh
3aydyeHHsS CIELIaiCTiB BiAMOBIAHOI KBamidikamii ams i1 0oOCIyroByBaHHS.
JonarkoBuM (haKTOPOM € YaCTKOBA 3aJICKHICTh €()eKTUBHOCTI pOOOTH 00J1a THAHHSI
BIl PpIBHA COHSYHOIO BUIPOMIHIOBAaHHS, IO MOTpeOye BUKOPUCTAHHS
aKyMYJTIOIOYMX TPUCTPOIB I MIATPUMAHHS CTaOUIHbHOCTI (DyHKIIOHYBaHHS
cuctemu. Ha edexkTuBHICTD peanizailii IpOeKTy MOXKYTh BIUTUBATH TAKOX 30BHIIIIHI
pusuku. Cepen HUX CIIJI BIJI3HAUUTH E€KOHOMIYHY HECTaOlIbHICTh, KOJIMBAHHS
BaJIOTHUX  KypCiB, MOXJHMBE IIJIBUIIEHHS BapTocTi  OOJaJHAHHS  Ta
KOMILUTCKTYIOUMX, & TAKOXK pU3UK BUHUKHECHHS TEXHIYHUX HecrpaBHOCTeH. OqHaK
3aCTOCYBaHHS Cy4acHUX 3aC001B aBTOMAaTH30BaHOTO KOHTPOJIIO Ta MOHITOPUHTY Ja€
3MOT'Y CBOEYACHO BUSBIIATU BIIXWICHHS B pPoOOTI OOJNIagHAHHS Ta 3MEHIIYBaTH
WMOBIPHICTh BUHUKHEHHS aBapiiHUX cuTyauii [48].

Otxe, pesynbratt SWOT-aHamizy miATBEPIKYIOTh TEPCHEKTUBHICTD
BIIPOBA/XKEHHS eHeproeeKTuBHOi cucteMu kKoHauuioHyBaHHs TPI[ «Pis'epa» 3
BUKOPUCTAHHSIM COHSYHOI eHeprii. Peamizailis 3amporoHOBAHOTO  IPOEKTY
COPUATUME TIABUIICHHIO EHEPreTUYHOI HE3aleKHOCTI 00'€KTa, CKOPOYCHHIO
BUTpAT Ha €HEPropecypcH, MOKPAIICHHIO €KOJIOTTYHUX XapaKTEepUCTUK OyIIBIl Ta
3a0e3neueHHI0 0e3nepe0iiHoT POOOTH KPUTHYHO BaXKJIMBUX 30H.

Y IOBrocTpOKOBIM NEPCHEKTHBI 1€ JO3BOJUTH IMJABHIIUTH €(PEKTHUBHICTH
eKCIUTyaTallii ~ TOPTrOBEIBHO-PO3BAKAIBHOTO  IIEHTPY Ta  3MIIHUTH  HWOTO

IHBECTHIIIITHY PUBAOJIUBICTb.

3.3. Po3paxyHok iHBeCTHHiHHMX BHTPAT Ta OW[iIHKA €KOHOMIYHOL

eeKTHBHOCTI BIPOBaKeHHs cucTeMu KOHAuIioHyBanHusa TPII «PiB’epa»

Ha ocHOBI mpoBeieHOT0 aHami3y Ta OOIPyHTYBAaHHS TEXHIYHOTO PIIICHHS AJIs

TPIl «PiB'epa» M. Oneca Oymo oOpaHO CHUCTEMY TEIUIOXOJIOAOMOCTAUYaHHS, IO
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0a3yeThCs Ha BUKOPHUCTAHHI abcopO1iitHOTO BOJI0AM1auYHOTO
TepMoTpaHchopMaTopa, COHTIYHUX KOJIEKTOPIB Ta aKyMYJISITOPIB TEIJIa 1 XOJIOY.

3amporoHoBaHa cxema mepeadadyae BHUKOPHUCTAHHS COHSYHOI €Heprii auis
3a0e3neueHHs MoTped CUCTeMH KOHAMIIIOHYBAaHHS Ta CIPsIMOBaHa Ha M1JBUIICHHS
eHeproe()eKTUBHOCTI H EHEePreTUYHOI aBTOHOMHOCTI 00'exTa. BiamoBigHO A0
po3po0IIeHOT cxeMu OyII0 BUSHAYEHO CKJIa] OCHOBHOTO 00JIaTHAHHS Ta chopMOBaHO
Mepesik eIeMEeHTIB CUCTeMH, HeOOXIMHUX s 1i peamizamii. Lle mae MOXIHMBICTD
MEepPEeNTH 10 OLIHKU KamiTaJIbHUX BUTPAT, BU3HAYEHHS €KOHOMIUHHMX MOKA3HUKIB Ta
MOJIATIBIIIOT0 aHaMI3y 1HBECTHIINHOI JOIUIBHOCTI MpOeKTy. BapTicTh oCHOBHOTO

06HaIIHaHH51 CHCTCMH I(OHI[I/I]_IiOHYBaHHH HaBCICHO B Tabi. 3.3.

Tabmuus 3.4 — Ilepenik HeoOX1qHOrO OOJATHAHHS IS OXOJIOMXKYBaJIbHO-

OTOILTIOIYOi ycTaHOBKM Ha 06a3i ATH 3 OycTep-koMipecopom

O6aHanHs Baprictb, | Kinbkict | BapricTs,
OJ1. TPH. b IPH.

KonexTop coHssuHmit 10000 120 mr | 1 200 000
Comnsuni O6aTapei 2000 10 20 000
Bongoamiaunmii ATT 2 000 000 1 mr 2 000 000
Tpy6u marictpanshi d=30Mm 50 S0 m 2 500
Temnoizonsiist Tpyona d=30mm 10 S0m 500
Hacoc nupkynsminaui 5000 2 T 10 000
BenTuiib 3anipauii 100 10 mT 1 000
[I1e6iHp 300 10 Ton 3000
Po3zcon s cucreM akyMyssSITOpiB Teruia i
XOJIOAY, CUCTEMHU KOHIUIIIOBAHHS MPUMILIEHHS 100 200 n 20 000
(arTH(PU3)
Igl‘([)};;)O(SMIHHI/II/I areHt (BOAHUI pO3UMH aMiaKy 50 100 1 5 000
Bentunarop moBiTpsHUi 2000 8 mT 16 000
TCHJ'IOI.BOJ'I}IHII/IHI MaTepianu A aKyMyJsITOpiB 100 50 o0 5 000
TEIUIA 1 XOJI0ay
beron 50 200 kr 10 000
[Ticok 200 1T 200
Cucrema aBTOMaTUYHOTO KepyBaHHs 10 000 1 mr 10 000
Bceboro 3298 200

JI>xepeno: po3paxoBaHO aBTOPOM




Bceworo mu maemo 3 298 200 rpH Ha 00s1aiHaHHS 1 MaTepialiy JJjIs HAIIO1
YCTaHOBKHU.

Honano e po6oTy o MoHTaxy 1 ycranosii B po3mipi 300 000 rpa. Ta
OTPUMAEMO:

3298 200 + 300 000 = 3 598 200 rp=.

[Hopmarris o0 BXiAHUX JaHUX 32 KOMILIEKCHOIO pOOOTOI0:

1. Cuctema 103BOJISIE EKOHOMUTH 6 MICSAIIB B TEIUIMM MEPioJl POKy, 3
CepeIMHU KBITHS JI0 CEpEIMHU KOBTHsI, Ha koHauIlitoBanHs TPIL] «PiB’epa» B
M. Onecn, Ta 5 MICAIIB Ha OMAJCHHI B XOJOJHHMH TEpioj, 3 JUCTOMNAIa IO
Oepe3eHb.

Po3paxyeMo eKOHOMiIO KOIITIB HA KOHAUIIFOBAHHS JJIs TEIUIOr0 NEPioTy
POKYy.

Bxigni pgani: 1 konpuiioHep Ha 0a3l MapOKOMMPECIHHOI MaIluHU 3
KomrpecopoM Tuiy Bitzer xomomonpoaykruBaicTio 80 kBT 1 enexTpudHOIO
NOTYXHICTIO 28 KBT.

Ha punky Takiii kommpecop komtye 523 000 rpH.

Tapud na enextpoeneprirto Ha TpaBeHb 2026 ckmamae — 6,00
rpH./KBT'TOJ, OT’)K€ MM Ma€EMO HACTYITHY €KOHOMIIO Ha J100Y:

6,00 -(28:6:24) = 24192 rpH./n00y.

BusHaunmMo eKOHOMIIO 3a 5 MICAIIB 3 ypaxXyBaHHSM TOTO, IO

KoHuITioHep Oyae mpaitoBatd 30 110 Ha MiCSIIIb:
24192-5 -30 = 3 628 800 rpH./ce30H.

OTxe, MM MaEMO EKOHOMIIO 3a TEIUIMM CE30H POKYy 3a paxyHOK
BUKOPHCTAHHS COHSYHHX KOJICKTOPIB, aKyMYJIATOPIB XOJIOAY Ta CHCTEMHU
KoHUIIFOBaHHA Ha 0a31 ATT.

2. Po3paxyeMo €KOHOMIiI0 3a pPaxXyHOK BHUKOPHUCTAaHHS COHSYHHX
KOJIEKTOPIB B XOJIOAHUHN TIeP10 IJIs ONaJICHHS MPUMIIIICHHS:

BxigHi gaHi 1011 pO3paxyHKY 3 BHKOPUCTAaHHSIM Ta30BOI YCTaHOBKH

BUTpavaeThbcs 95 kyOa ra3y B roauHy, Tapud Ha ra3 B Oaeci Ha TpaBeHb 2026 —

72



73
7,96 rpu./M® 3a posmoain rasy (momaemo Tapud 3a HOCTayaHHs Tasy i
orpumaemo 9,96 rpH.), OT’KE MU MaEMO HACTYITHY €KOHOMIIO Ha J100Y:
9,96-95-30 = 28 386 rpH./100Yy.

Tenep po3paxyeMo €KOHOMIIO 3a S5 MICAIIB XOJIOAHOTO TMEPIOAY POKY 3

ypaxyBaHHSM TOTO 110 onajieHHs HeoOxiaHe 30 mHIB Ha MICSIIb:
28 386 -5-30 =4 257 900 rpH./ce30H.

Otxe, Mmu MaeMo ekoHOMIIO B 4 257 900 rpH. 3a XOJIOAHUHN CE30H POKY 3a
paxyHOK BHUKOPUCTAaHHS COHSYHHX KOJEKTOPiB, aKyMyJsTOpYy Teria Jis
OTTaJICHHS MPUMIIIEHHS.

CkilaieMo €KOHOMIIO 3a TEIUIMHA Ta XOJOJHUH CE30H, Ta OTPUMAEMO
€KOHOMIIO 3a pIK:

3628 800 +4 257900 = 7 886 700 rpH./pik.

BigniMmeMo BHUTpaueHy €JIEKTPOEHEPTil0 Ha poOOTy [BOX HACOCIB
notyxHicTio 1,0 kBT, 3 ypaxyBaHHSIM TOTO, III0 PO3YHHY HEOOX1THO MOCTIHHO
[IUPKYJIFOBATU B YCTAHOBII, a 1€ 24 roauHu Ha 100y, 365 nHIB Ha PiK, OTXKE:

1-2-24- 365 -6.00 = 105 120 rpH./pik.

[TepepaxyemMo ekOHOMiIO Ha PIK 3 ypaxyBaHHSIM IOCTIHHOT poOOTH 2

HACOCIB JIJIA LIUPKYJIFOBaHHS po3coity B cuctemi ¢ ATT:
7886 700 — 105 120 = 7 788 580 rpu./pik.

OTxe MM MaEMO HENOTaHy EKOHOMIIO KOIITIB 3a PIK BUKOPUCTAHHS
aKyMyJISITOpDIB TeIla 1 XOJIOAY 3 BHUKOPHCTAHHSIM COHSYHOI €Heprii Ta
TEMIIEpaTypPHOTO MOTEHITIATy aTMOC(HEPHOTO TOBITPS.

TepMiH OKYMHOCTI 1HHOBALIMHOT TEXHOJIOT1i CTAHOBUTH

3298 200 : 7 788 580 = 0, 4238 poky. To6To 155 nHiB.

[IpoBeneHi po3paxyHKH TMOKa3yHOTh MEPCHEKTUBY BUKOPHUCTAHHS Yy CKJIajl
CUCTEMHM KOHIMWIIIIOBAHHS TIOBITPS ajdbTEPHATUBHOTO JDKEpesia XOJIoAay -
abcopO1iitHoro TepMoTpaHcopMaropa 3 BUKOPHUCTAHHSIM COHSIYHOI €HEprii Ta
aKyMyJISITOPIB TEIJIa Ta XOJIOAY.

OTpuMaHi pe3yiabTaTh PO3PAXYHKIB MIATBEPUKYIOTh BHUCOKY E€KOHOMIYHY

C(I)CKTI/IBHiCTB BIIPOBA/’KCHHSA CHCTECMH TCIUIOXOJOAOIIOCTAYAHHS Ha OCHOBI
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abcopOI11iifHOTO TepMOTpaHCcPopMaTOpa 3 BUKOPUCTAHHSAM COHSYHHMX KOJIEKTOPIB Ta
aKyMYJISITOPIB TEILIa 1 XOJIOY.

3aranbpHa BapTicTh OOMagHAHHS Ta MarepianiB ctaHOoBUTH 3 298 200 rpH., a 3
ypaxyBaHHAM BHUTpPAT HAa MOHTaX 1 IMyCKOHAJIAro/pKyBalibHi poOOOTH 00CsT
novaTtkoBux iHBecTHI# ckiagae 3 598 200 rpH.

[TpoBeneHa oriHka €eKOHOMIYHOI €()eKTUBHOCTI TTOKa3aja, 1o 3ampornoHOBaHA
cucteMa 3a0e3nedye 3HayHE CKOPOUEHHS BUTPAT HA E€HEPropecypcu MPOTIroM
poky. ExoHOMIUHMI €deKT HOCATAEThCSA 3a PaxyHOK 3MEHIICHHS CITIOKHUBAaHHS
CJIEKTPOCHEPT1i Ha KOHJHUIIIOHYBAaHHA TIOBITpSI y TEIUIMM TepioJl pOKy Ta
BUKOPUCTAHHS COHSYHOI €HEprii IJisi MOKPUTTS MOTped OMajeHHS Y XOJOIHUN
ce30H. 3araibHH 00csr piuHoi ekoHomii ctanoBuTh / 886 700 rpu. Ilicmsa
BpaxyBaHHS BUTpAT €JIEKTPOEHEPTii Ha poOOTy IUPKYJISIIHHUX HACOCIB YHUCTUN
piunnii ekoHomiunuii edekt ckmamae 7 788 580 rpH. PospaxoBanHuii TepmiH
OKYITHOCTI iHBeCcTHLIii cTaHOBHUTH 0,42 poky, abo mpubmauzno 155 aib, Mo cBIiIIUTH
PO BUCOKWW PIBEHb 1HBECTHUIIIMHOI MPUBAOIUBOCTI MPOEKTY Ta €(EKTHUBHICTH
3aMpPONOHOBAHOIO TEXHIYHOTO PIILIEHHS.

OtpumaHi  pe3yJbTaTd  MIATBEPKYIOTh  JIOIUIBHICTE  3aCTOCYBaHHS
abcopO1iitHoro TepMoTpaHchopmMaTopa y KOMILUIEKC] 13 COHTYHUMU KOJIEKTOpaMu
Ta CUCTEeMaMU aKyMYJIFOBaHHS TEILJIOBO1 1 XOJIOJUIBLHOI €HEeprii i 3a0e3MeueHHs
noTpe6 OyjaiBesah B OMAJICHHI Ta KOHJAWIIOHYBaHHI. TakuM YHUHOM, peati3allis
3aIPONOHOBAHOTO TPOEKTY CHPHUATUME 3HIDKCHHIO EKCIUTyaTalliiHuX BUTpAT,
CKOPOYEHHIO CIIOKUBAHHS TPAAMIIINHUX EHEePropecypciB, IiIBUIICHHIO PiBHS
CHEepProe()eKTUBHOCTI Ta EHEPreTHYHOI He3aIe)KHOCT1 00'€KTa.

KpiMm Toro, BHUKOpHWCTaHHS BIJIHOBJIIOBAaHMX JDKEpPENI €HEprii BIANOBIIA€E
CydyaCHMM TMPUHIUMIIAM CTaJOr0 PO3BUTKY Ta PAaIllOHATLHOTO BUKOPUCTAHHS

MaJTMBHO-CHEPTETUYHUX PECYPCIB.
3.4. BucHoBKM 10 po3aiay 3

VY TperroMy po3aii poOOTH BUKOHAHO EKOHOMIUHE OOTPYHTYBAHHS MPOEKTY

eHeproe@exkTuBHOi cucteMu kKoHauiioHyBanHs TPI[ «PuB’epa» M. Opneca 3
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BUKOPHUCTAHHSAM aJIbTEPHATHUBHUX JDKEpeN eHeprii Ta 6bomOocxoBuiieM. Ha ocHOBI
aHaJi3y TEXHIYHMX XapaKTePHUCTHK 00’€KTa Ta YMOB HOTo eKcIulyartarlii oOpaHo
ONTUMAaJbHE TEXHIYHE PIIICHHS, K€ Nepeadadac BUKOPHUCTAHHS aOCOpOLiifHOTO
BOJI0aMI1a4HOT0 TepMOTpaHchopMaTopa, COHSIYHUX KOJIEKTOPIB, @ TAKOXK CHUCTEM
aKyMYJIIOBaHHS TEIUIa 1 XOJOIY.

VY xoxi AocHiIKEHHS CPOPMOBAHO MPUHIIUIIOBY CXEMY COHSYHOI CHCTEMHU
KOHJIUITIOHYBaHHS Ta ONAaJeHHs, 37aTHOI 3a0e3lnedyBaTH HEOOXiAHI MapaMeTpu
MIKPOKJIIMATY SIK y NPUMIIIEHHAX TOPrOBEJIbHO-PO3BAXKAIBHOIO LIEHTPY, TaK 1 B
O00MOOCXOBHILII.

ITpoBenennit SWOT-anani3 103BOJMB OIIHUTH IEPEBard Ta HEIOIIKH
3aIPONOHOBAHOIO MPOEKTY, a TAKOX BU3HAUYUTH OCHOBHI 30BHIIIHI YMHHHUKH, L0
BIUTMBAIOTh Ha €(PEKTUBHICTH Horo peanizaiii. OTpuMaHi pe3yJabTaTH 3aCBIIUHIN
3HAYHUW TOTCHIiaJl BUKOPHCTAaHHS COHSYHOI  €Heprii JId  3HWKEHHS
€HEProCHOKUBAHHS Ta MiJABUIIECHHS PIBHS €HEPreTUYHOI aBTOHOMHOCTI 00’€KTa.
ExonomiuHi pO3paxyHKH 1 TBEPAUIN JIOIIJIbHICTD BIPOBA/KCHHS
3aIPOINIOHOBAHO1 CUCTEMHU.

3aranpHuit 00csr iHBecTuIli ctanHoBUTh 3 598 200 rpH., a ouiKyBaHUHN PIUHHIA
exoHoMiuHUI edexT mocsrae 7 788 580 rpH. 3a Takux yMOB TE€pPMiH OKYMHOCTI
npoekty ckianae 0,42 poxy, MmO CBIAYUTH MPO WOTO BHUCOKY EKOHOMIUHY
e(eKTUBHICTb Ta IHBECTUIIIMHY TPUBAOIUBICTb.

Otxe, peamizaiis 3alpONOHOBAHOTIO MPOEKTY CIHPHUSATUME IIJIBHUILEHHIO
eHeproeeKTUBHOCTI TOPTOBEIBHO-PO3BAKAIBHOTO IIEHTPY, 3SMEHIIICHHIO BUTPAT Ha
eHEepropecypcH, 3a0e3nedeHHI0 OUTBIIN0I €HEPreTUYHOI HEe3aJIeKHOCTI 00’ €KTa Ta
CTBOPEHHIO HAJIECKHUX YMOB (DYHKI[IOHYBaHHS OOMOOCXOBHIIA. 3alpOIOHOBAHE
TEXHIYHE PIIIEHHS BIJMOBITA€ CYYaCHUM TEHACHIIISIM PO3BUTKY €HEPTOOIIATHUX

TEXHOJIOT1M Ta MPUHIUIIAM CTaJIOr0 PO3BUTKY
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PO3/ILT 4. OXOPOHA TIPAIII TA IOKAPHOI HEBE3IEKHU ITPU
POBOTI XOJIOAUJIBHOI YCTAHOBKHU 3 BUKOPUCTAHHSM
BOJOAMIAYHUX CYMIIII

KO)KGH, XTO IIpalro€ 3 BOOATHUM aM1aKOM ITOBUHEH I[O6p€ 3HATH OCHOBHI HOT0
BJIACTHBOCTI 1 CTpOTro A0TPUMYBATUCA BCTAHOBJICHUX IIPaBUJI IIOBOIKCHHS 3 HUM,

30epiranHs, TPAaHCHOPTYBAHHS, BIJIITYCKY CIIOKUBAaYaM.
4.1 ®izuko-xiMiuHi BJACTHBOCTI BOJHOI0 aMiaky

Bonnuii amiax - 11€ po34MH ra3onoAi0HOro amiaky B BOJIi. XapaKTepHi O3HAKU
- 0e30apBHA 200 >KOBTYBaTa PiIMHA 3 PI3KUM 3aIIaXOM.

Boanuii amiak BUITYCKA€THCS JIBOX COPTIB, SIKI MalOTh Taki (Hi3UKO-XIMIUH1

MTOKa3HUKH.
o % > 5 O Hanmipawuit
= > 'S § IMput=15°C % = THCK 34
5 g = Sa: TEMIIEPATYyPH,

< = o
a .S = on & g ar
SI= ) o =y
=" | £ | & 5 2
2. .
. I% = IUTOMa HI/IT?MI/II/I = 3 40°C | 50 °C
Bara 00’em
1 25,0 20,0 0,910 1,091 —b56 0,15 0,65
2 20,0 16,5 0,925 1,081 —33 — 0,10

Bomgnuii amiak, He3Ba)Kal0uM Ha BEJIMKUH BMICT B HBOMY BOJH, MOXKE
3aMep3aTH TIIBKA TpU JOyXKEe HU3BKIA Temmeparypi. Temmeparypa 3amep3aHHS
BOJHOTO aMiaKy 3aJ€KUTh BiJl KOHLEHTpAIlli B HbOMY aMiaky: rnpu yrpumansi 10 %
amiaky po34mH 3amep3ae mpu Temneparypi minyc 12 °C, npu 20 % amiaky - npu
Mminyc 33 °C, a ipu 25 % - npu Minyc 56 °C. Po3uuHHICTH amiaky y BOJI Npu
3BHUAHUX TEMIIepaTypax MJy»Xe BHCOKAa 1 3MEHIIYETbCS 3 MIABUILIECHHSAM

temneparypu. Huspka temneparypa 3amep3anas 25 % BogHoro amiaky (- 56 °C)

JIO3BOJISIE€ 30€epiraTv 1 MepeBO3UTH MOro B Oy/b-SKUX pailoHaX. 31 3MIHOIO BMICTY
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aMiaKy, a OT)Ke 1 a30Ty, 3MIHIOEThCSI 1 TUTOMA Bara BOJAHOTO amiaky. Bumiproroun
HOT0 32 JOTIOMOT 010 apeoMeTpa, MOKHA KOHTPOIIOBATH SKICTh BOJHOTO amiaky.

[Toka3HUK TUTOMOI 00CATY HO3BOJISIE PO3PAXOBYBAaTHU OOCST LUCTEPH IS
30epiranHs BogHOro amiaky. Bonnuii amiak npu temnepatypi 10 200C nmpakTUYHO
HE CTBOpIOE THUCKY. I[lpu Oinbll BUCOKIN TemmepaTypi BUHHKae HE3HAUHE
IiABUIICHHA TUCKY. [IpyXHICTh apiB BOJHOTO amiaKy, sika HaBiTh IPU TEMIEpaTypl
witoc 5 °C cranoButh jumie 0,65 aT HAIMIIIKOBOIO THUCKY, J03BOJIIE 30epiratu
BOJAHUI amiak B TEPMETUYHO 3aKPUTUX 3BUYAHHUX CTaJEBUX IMCTEPHAX, SKI
3aCTOCOBYIOTBHCS JJIs NAIBHOTO.

AMiak IOCUTh JIETKO BUMIAPOBYETHCS 3 BOJHOTO PO3UMHY, 0€3 TOMITHOI 3M1HU
o0csry, TOMYy TIpU TPaHCIIOPTYBaHHI, 30epiraHHi, epearuBax 3 MUCTEPH 1 BHECCHHS
no0puBa HEOOXITHO 3a0e3neuyBaTh Te€PMETUYHICTh pe3epByapiB, MepeaOaunBIIN
IpU IIbOMY IIOCTAaHOBKY Ha HHUX 3alMO0DKHUX (IUXaJIbHHMX) KJIAMaHIB, a TAKOX
CTEXXHUTH 32 CIPABHICTIO apMaTypH 1 IUIAHTIB .

[Ilo6 He pomycTUTH BTpAT amMiaky IMpU TMepeKadyyBaHHI, B MPOEKTaX
NPUPEUKOBUX CKJIAIB MependayeHa Tak 3BaHa «ra3oBa OOB'SI3Ka» €MHOCTEM, siKa
3'€JIHy€ ra30B1 IPOCTUP HAIIOBHIOBAHOI 1 CHOPOKHSAETHCS EMHOCTEN. 3aBASIKU LIbOMY
aMiaK He BUAUIEThCSA B aTMOC(epy 1 He BUHUKAE 3a0pYyTHEHOCT1 MPOCTOPY OJIU3BKO
€EMHOCTEH. Y Hacocax, apMarypi Ta 1HIIOMY OOJIaJIHaHHI 1 MPUJIaJax AJisi BOJHOTO
amiaky He MO>XHa BHKOPHUCTOBYBATU JETall 3 Miji 1 11 CIJIaBiB, TaK SK Mif JI€I0
MOCTIMHO BUJIUISIOTHCS Mapy amiaky MiJib 1 ii CIJIaBH MiAIAI0ThCS MBUAKOT KOPO3ii.
Tomy Hacocu 1 apMaTypa NOBHHHI OyTH BUTOTOBJIEHI 31 cTaji a0 YaByHY.

Jlist mepekadyBaHHS PIAKAX a30THUX JOOPUB 3aCTOCOBYIOTHCS PE3UHO-

TKaHWHHI IIJIAHTH.
4.2 OcHOBHi YMOBHU TPaHCIIOPTYBaHHs i 30epiraHHsl BOIHOI0 aMiaKy

1. 106 3Hu3UTH 1OTPeOYy B METAJTOEMHOCTI OOJagHAHHS IS
TPaHCHOPTYBaHH:I, 30€piraHHs Ta BHECEHHS B TPYHTY BOJHOTO aMiaky, pallioHaIbHO
BUKOPHCTOBYBAaTH TPAHCIOPTHI 3aco0M 1 €MHOCTI, 3aBO3HTHU 1 3aCTOCOBYBATU

BOJHUM aMiak CJiJi KOHIIEHTPOBAHO, CTOCOBHO JIO 30H PO3TalllyBaHHs 3aBO/IIB-



78
nocrayaiabHUKiB. [lepeBo3uTH BOAHUN amiak 3aji3HUICI0 HA BEJIMKI BIJCTaHI
HEBUT1IHO. Y IMX 30HAX 1 00JIACTSAX MMOBUHHI BUAUIATUCS PalloHU 1 TOCMOIapCTBa,
Jie BOJHHMM aMiaK 3aCTOCOBYETHCS B BEIMKHX KITBKOCTSAX 1 Ha SIKOMOTA OUTBIIIMA
TUJIOII, IO JIO3BOJIUTH MOJIIIIUTA HAMOUIbII TTOBHE 1 pallloHAIbHE BUKOPUCTAHHS
oOnaHaHHS, ABTOTPAHCIIOPTY Ta MAIIIHH.

2. Benuuesne 3HadueHHS B OpraHi3allii 3aCTOCYBaHHS BOJHOTO aMmiakKy rpae
OYJIIBHUIITBO CKJIQJCBKMX €MHOCTEH MpH CTaHIIAX 3aTi3HHUIL 1 IPUCTAHAX, B
paarocmax i KOJTOCIax B 30HAX 1 palloHax, J¢ MIaHy€EThCs 3aCTOCYBAHHS BOJTHOTO
amiaKy, a TaK0XX MPUA0aHHS TPAHCTIOPTHUX 3aC001B 1 MAIITMH JJIsl BHECEHHS TOOPUB.
Po3mipu pa3oBHX €éMHOCTEH PEKOMEHIYETHhCS BH3HAYAaTH CTOCOBHO JO MICIIEBHX
YMOB 3 PO3paxyHKy, B cepeaabomy, Ha 50-60 % Bim 3arambHOTO 00CATY
IJJAHOBAHOT'O PIYHOTO 3aBE3E€HHS BOJHOTO aMiaKy, MPH IIbOMY IMMPUPEHKOBI EMHOCTI
MOBUHHI cKitagaTu npubmuszao 15-20 %, a emuicTh B rociogapctBax 35-40 %.

Busznaunt po3Mmip NpUPEHKOBUX CKIAJICBKUX €MHOCTEW Mg 30epiraHHs

BOJTHOTO aMiaKy MOXHa, KOPUCTYIOUHCh HACTYITHOIO (pOpMYyJI0F0:

X

KP-0,91-0,93
ne B — 00’eM pe3epByapiB BCIX NPUPEUKOBUX CKIIAIIB, M?;
X — o0cAr piyHOTO 3aBE3€HHS BOJIHOTO aMiaky, T;

KP — kpaTHicTh 3alI0BHEHHSI EMHOCTEHN MPUPEUKOBUX CKIIAJIB MIPOTITOM

POKY;

0,91 — nmutoma Bara 25 % BomHoro amiaky npu Temmepatypi = + 20 °C,
/M3,

0,93 — wMmakcuManbHUM BIJICOTOK 3allOBHEHHS pe3epByapiB BOAHUM
amMi1aKoM.

Po3mipu mpupeiikoBUX €MHOCTEH 3ajie’KaTh Bl KPATHOCTI iX 3allOBHEHHSI.
SIK1mo pUHHATH KpaTHICTh 3aIIOBHEHHS €MHOCTEH JOPIBHIOE 3, TOM1, HAIIPHKJIIA],

st 125000 T. BomHOTO amiaky, CHOKMBAHOTO 3a PIK B JTaHOMY paioHi, Oyne
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noTpiOHO MOOyAyBaTH MPUPEHKOBUX CKJIAJIIB 13 3arajbHOI0 €EMHICTIO pe3epByapiB

piBHii 125000.
4.3 TokCHYHICTH 32CTOCOBYBAHHX 200 0/IepP:KYBAHUX PEYOBUH

VY nocniKyBaHO1 XOJIOAWIbHIN yCTaHOBII BUKOPUCTOBYETHCS BOI0AMIauyHUX
cymim. Boma HeTokcmuHa. Y CBOIO Yepry amiak - TOKCHYHA CHOJyKa. Amiak
HeOe3MeUYHN TPU BUTOKY MOTO B HABKOJIMIIIHE CEPEOBHUIIIE.

[Tapu amiaky B koHueHrtparii 0,7 MI/J BUKIMKAIOTh CHJIBHE IOJpa3HEHHS
ouell 1 BEPXHIX AUXAJIbHUX LIISAXIB. 3 ABIAETHCS TINEPEMIs CIM30BUX OOOJIOHOK
o4eii 1 HOCOTJIOTKH, Kalllelib, OJIIOBOTA.

binb1i1 BUCOK1 KOHIIEHTpAIIli aMiaKy BUKIMKAIOTh HAOPSIK r'y0 1 KOH IOHKTHBIT,
TUMYACOBY CJIINOTY, TSDKKICTb y TPYASX, Kalleldb 3 MIHUCTOI MOKpPOTOIO, IL1aHO3,
Taxikapiio.

Moxe HacTynuTu ac(ikcis BHACTIOK OMIKy Ta HaOpsKy ropTaHi. Uepes
K1UJIbKa TOAMH 1HOJII PO3BUBAETHCS HAOPSK JIETEHIB.

CmeprenbHa /1032 BOJHUX PO3YMHIB aMiaky MpW MpuUiioMi Bcepeauny 25-50
vt st 10 % pozumny 1 10-15 mo gust 25 % pozumny. I'/IK amiaky B moBiTpi

BUpoOHNUMX npumitiens 0,02 mr/im.

4.4 Knacudikanis  BHpoOHMUTBA 32  CTyneHeM  BHOYXOBOI,

BUOYXOMOKE:KHOI Ta noxkexxkHoi HeOe3neku 3rinno OHTII24-86

[ToxxerxoHeOe3meuyHoi 30HOK HA3WBAIOTh MPOCTIp BCEpeaWHI 1 30BHI
MPUMIIIEHHS (30BHIIIHBOI YCTAHOBKH a00 O17151 HET), B MeXax sIKOTro abo epioJuyHO
BiJI0YBAETHCSI KPYTOBOPOT TOPIOYNX PEUOBHUH.

[TigmprueMCTBO 3 BUKOPUCTAHHSAM aMmiaKy BIJHOCHTHCS J0 Kareropii «by -
BUOYXOMOXKEKOHEOE3MEUYHUX  MIANPUEMCTBO  (TaKOX  CIOAM  BIJHOCSTHCS
MITPUEMCTBA BUPOOHHUIITBA aMiaKy).

Ile o3Hayae, 110 B MOBITP1 BHYTPIIIHIX MPUMIIIEHH MOXE HAKOTTUIYBATHUCS
amiak, KM Mae MmaHC pi3ko BUOYyXHYTH. [lpyu 1bOMY HaAJUIIKOBUNA THUCK Y

IpUMIIIEHHI MOXe ckiacTu Bix S klla.
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4.5 3abe3nevyeHHsi BUOYX00e3MeKH eKkcIuryaTanii 00J1aJHaHHA

OcHOBHI TpUHIIUIK BUOYXOOE3MEKH YHIBEpCajbHI y BCIX KpaiHax CBITY.
Bonu 3acHoBani Ha pexomeHnamisix MixnapogHoi Enextporexniunoi Kowicii
(MEK), sxa 3ampornoHyBaja METOJIM TEPEeBIPKU amapaTypu pajilo3B’si3Ky Ha
BIJIMOBITHICTh IIMM BUMOTaM 1 METOAM 1i cepTHdikamii BiAMOBIIHUM IIEHTPaM Y
€ppomi 1 B CIIA. | xoua cTanmapTu B pi3HHUX KpaiHax MarOTh pi3Hi, MIAXOAH 1
MeToaM Kiacuikalii y HUX IpakTH4YHO 30iratoteesa. CaMe ToMy, SIKIIO arnaparypa
Ma€e TpPUCBOEHUN cepTudikauiiinuM ueHtpom €spornu  abo CIIA  kiac
BUOYXO03aXHUIIEHOCT1, MPOUIIOBIIY B HUX BIJMOBIJIHY MEPEBIPKY, 1€ JA€ IiJICTaBy
BBaXKATH, 10 JIaHA amapaTypa YCIIIIHO Mpoie cepTudikaiio B Oyab-sKiid KpaiHi
cBity. HeoOXiIHO mMiAKpecIuTH, [0 OTPUMAaHHS POCIACBKOro ceprudikara €
000B’SI3KOBUM, HE3AJICKHO B1J HASIBHOCTI cepTU(]PIKATH MI>KHAPOTHOTO 3pa3Ka.

PiBHI BHOYXO3aXMILEHICTh €JIEKTPOOOJIaHAHHS MaloTh B KIacH(ikaiii
mo3Hauenus 2, 110:

1. PiBens 2 - enexkTpooOaqHaHHsI ITiIBUIICHOT HAIIMHOCTI MPOTH BUOYXY: B
HbOMY BHOYX03aXHCT 3a0€311eUy€eThCs TUIBKM B HOPMAJIbHOMY PEXUMI POOOTH;

2. PiBenp 1 - BuOyxoOe3neuHe eneKTpooOIaHaHHs: BHOYXO03aXHIICHICTh
3a0e3MeuyeThCsl K MPU HOPMAIbHHMX pEXHMax poOOTH, Tak 1 NPU HUMOBIPHHX
MOIIKOJIKEHHSX, 1110 3aJIeXaTh B1Jl yMOB €KCILTyaTallii, KpiM MOIIKOIKEHb 3ac00I1B,
110 320€3MeYyI0Th BUOYX03aXUIIICHICTh;

3. PiBenb 0 - ocob6nmBo BUOyx006e3neuHe 00J1aJHaHHs, B SIKOMY 3aCTOCOBAaHI

creliaibHI 3aX0/U 1 3aC00M 3aXHCTy BiJ BUOYXY.
4.6 MeTtoau 3a6e3neyeHHsi BUOyxo0e3neKkH 00/1aJHAHHSA

IcHye kimpka MeTOAIB 3a0e3MeueHHs] BUOYX00e3NeKH, MeTa IKUX — 3amo0IrTu
MOJKJIMBOCTI KOHTAKTy BHYTPIIIHIX 1CKPOYTBOPIOIOYOTO a00 TEIIOBHUILISIOUMX
€JIEMEHTIB amapaTypud 3 30BHIIIHBOI BUOYXOHEOE3NEUHUM CepeoBUIlEeM, abo
MEPEeNIKO/KaTH BHUXOJY HA30BHI BHUOYXY, SKWM BUHUK BCEpPEAWHI 30BHIIIHBOI

OOOJIOHKH amapaTypH IIISTXOM HOTo JIoKami3alii:
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1. nokauizariisi, a00 CTpUMYyBaHHsI BUOYXY - 3a11001TaHHS MOIMIMPEHHIO BUOYXY
3a MEK1 000JIOHKH;

2. 1307111151, 00 TepMETH3AIlis - 3ATMBKAa KOMIIAYH/IOM, JIAKOM, TTiATPUMAaHHS
BHUCOKOTO THCKY BCEpeIuHI OOOJOHKH TMPOMYBKOIO OOJaJHAHHS CTHCHEHUM
MOBITPSAM 200 1HEPTHUM Ta30M;

3. 3amoBHEHHS OOOJIOHKM KBapLIOBUM IIICKOM, 3aHYpeHHS OOJaJHaHHS B
MacJIo, IO 3aCTOCOBYETHCS, HAMPUKIIAI, I 0OOMOTOK TpaHC(HOPMATOPIB;

4. 3ano0iranHs, ab0 OOMEXEHHS EJEKTPUYHOI 1 TEeIIOBOi €Heprii, IIo
BUJUISIETCA - 3aCTOCYBaHHS B METOJl 3aXUCTY «ICKpOOE3MEUHOro €IeKTPUYHOTO
KOJIa».

VY eBporneiickkiil kinacu@ikalilii HApO3UYMHYThCS JeTaji3allis 3aCTOCOBAHOTO B
oOnajHaHH1 TUITY BUOYX03aXUCTy (BOHA BU3HAETHCS B OyAb-sKii Kpaini €Bpomnu 1
3yCTpI4a€eThes B cepTU(ikaTax Ha BUOYX03aXHILEHE 00JIaTHAHHS):

1. d - BUOyXOHETIpOHUKHA 00OJIOHKA;

2. € - maBuUIleHa Oe3IeKa;

3. 1a - ickpobOe3neune enekrpuuHe koyio (Zone 0 — BuOyxoHeOe3meuHa
aTMocdepa);

4. ib - ickpoOesmeune enektpuyne kojo (Zone 1 — BuOyxoHeOe3medHa
aTMoc(epa, HallpuKJIaJ, Y BUMAJIKaxX aBapii);

5. h - repmeTruna 1305111,

6. M - repMeTH3aIlis;

7.0 - BIACYTHICTb ICKPOYTBOPEHHS;

8. p - MeTO/ MiABUIIICHOTO THUCKY;

9. g - 3aMO0BHEHHS MOPOIIIKOM;

10. s - cnenzaxucr.
4.7 Kareropii BuOyxone0e3ne4HocTi cyminri

B icnyrouiii knacudikaiii nepeadadeni asi kareropii: |1 1.
Kareropis | Bu3Hauae Bumoru 10 o0gaHaHHA, IPU3HAYEHOTO ISl pOOOTH B

niaxTax 1 pyJHUKax, e € HeOe3rneka BUOyXy pyJHUKOBOTO METaHYy.
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Jlo xareropii |l BigHOCUTBCS 0018 AHAHHS, SIKE BUKOPUCTOBYETHCS JJIs1 pOOOTH
B YMOBaX MOXJIMBOTO YTBOPEHHS MPOMHCIOBUX BHOYXOHEOE3NMEUHUX CyMillien
rasiB i CyCIIeH3iH.

Icayrore Tpu miakareropii kareropii Il, 1A, IIB, 1IC. Koxna nactymHa
KaTeropisi BKI0Yae (MOKE 3aMIHUTH) MOMEPEIHI0, TOOTO, KaTteropis C € BUIIOH 1
BIJIMTOBI/Ia€ BUMOTaM ycix kareropiii - A, B 1 C. Bona, Takum 4uHOM, € HAlOLIBIII
«CYBOpOD».

Kareropii BuOyxoHe0e3neqHOCTI CyMilll AETaTi3yIOThCA B 3aJI€KHOCTI Bij

TEeMIIepaTypy caMO3aiiMaHHs BUOYXOHEOE3MEYHUX ra3iB 1 CyMillIeH.

['pyna cymimni Temmeparypa camocnanaxyBaHHs, °C
T, binsie 450
T, Bix 300 mo 450
T, Bin 200 no 300
T, Bin 135 no 200
Ts Bix 100 mo 135
Te Bix 85 no 100

Awmiak BiHOCUTBCS 110 Kateropii HA.
4.8 BunpoOyBaHHsI CyAUH, IPAIIOIOYHX i THCKOM

[Ipu rigpaBmiyHOMYy BHUMpPOOYBaHHI Ha MIIHICTh, CTOPOHA HAarHITAHHS
(KOHJIEHCATOPH, pecHBEepy 1 T.J.) TIOBHHHA BUTPUMATH HAJIUIIKOBHA THUCK B
po3mipi P = 25 xr/cmM?, a cTopoHa BCMOKTYBaHHS (BHUITApHUK, abOcopOep,
MUPKYJSIIAHUYT 1 ApeHaXHUN pecuBepH, Tomo) P = 20 kr/cm?.

[Ipu noBiTpstHOMY BHUNpPOOYBaHHI (HAa IIIJIBHICTE) CTOPOHA HATrHITAHHS
MOBUHHA BUTPUMATU HAATUIIKOBUM THCK P = 20 kr/cM?, a cTOpOHA BCMOKTYBaHHS,
B cBOO uepry P = 16 kr/cm?>.

Po3paxyHkoBuUM THUCKOM Ppos, € MaKCUMaNIBHUI pOOOYMIA TUCK.
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Amnapat (mocyanHa) BBaXa€ThCS TAKUM, 1110 BUTPUMAB BUIPOOYBAHHS, SIKILO
HE BUABUTHLCS O3HAK PO3PHUBY, MPOMYCKY amiaKy, 3aJUIIKOBUX JaepopMalliid micis
BUIIPOOYBaHHS.

BiguyBatouu amapar noBiTpsIHUM TUCKOM, BXKUBAIOTh 3aX0/11B 00€PEKHOCTI.

BeHTuib Ha HalOBHIOBAHOMY TPYOOIIPOBO/I BiJl JKEpesIa TUCKY 1 MAHOMETpa
BUBOJIATH 32 MEXI NMPUMINIECHHS, B SKOMY 3HaXOJWUTHCS BUMPOOYBaHUU amapar
(mocyuHa), a 00CITYyroBYIOUHN IMEPCOHANI BUBOIATH B O€3MeUHE MICIIE.

Tuck moBITpS MITHIMAIOTH MOCTYMOBO, OTJISAI0OYM MPH LBOMY BI3yaJIbHO
amapartu JijIsl BUSIBIICHHA Jiehopmartiil.

OcTaTo4yHuii Oorjsij anapariB MPOBOJATH 32 POOOYOTO TUCKY 1 MOEAHYIOTH 3
BUNPOOYBAHHSIM Ha MIIHICTb.

3aKiHYMBIIM ~ BUNPOOYBaHHS  CTUCHEHUM  MOBITPSAM,  BUKOHYIOTb
BaKyyMyBaHHS cUCTeMU. BoHa 3amumraeTses i BaKyyMoM npotarom 18 roaus, min

TUCKOM piBHUM 40 MM. pT. cT. TUCK (DIKCYIOTH KOXKHY TOJUHY.
4.9 MeToau BU3HAYEHHSA Micllb BUTOKIB X0J10AMJIbHOIO areHTy

OpHi€lo 3 HaWCKIAIHIMIKX 3aBAaHb MPU OOCIYyrOBYBaHHI T€PMETUYHUX
CHUCTEM € TIONIyK MICISl BUTOKY XOJOJIOareHTy. BHUTIK MOke BUHUKHYTU SK B
TpyOONpPOBOIi, TaK 1 B OyJb-IKOMY 3 KOMIIOHEHTIB CHUCTE€MH, JOCTYI JO SIKOTO
yTpyAHEeHUN a00 HaBiTh HEMOXJIUBUH. [OIyK BUTOKY MOXE 3a)KaJaTH BEJIMKUX
3yCHWJIb, MiJ] YaCc BUKOHAHHS JAHOTO BUAY POOIT MOXKHA OyTH BIIEBHEHUM, IO BUTIK

X0JIOJI0OAreHTY BUHUKIIA B €IMHOMY MICIII.
4.9.1 BusiBjieHHsI BUTOKY 32 JIONIOMOT 010 MIUJILHOTO PO3YHHY

MunbHUI pPO3YMH 3aCTOCOBYETHCSI B TOMY BHUIAAKY, KOJU 3 BHCOKHUM
CTYIIEHEM HMOBIPHOCTI BigoMa 0OJacTh BUHUKHEHHS BUTOKY. Hampukinazg, us
00J1acTh BU3HAUEHA CJIEKTPOHHUM TE€YOLTYKAueM.

[Tpuknan: MOHTaXKHUK 3aMIHIOE KOMIIOHEHT CUCTEMH 1 3HA€, IO B KOHTYPI
icHye BUTIK 1/ a00 crocTepirae 3a0pyAHEHHS AUISHKA MaclioM. Y 1[bOMY BHIAIKY

AOPCYHO CKOPUCTATUCA CaMC MUJIBHUM PO3YNHOM.
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JlaHuif MeTOJ1 BUSIBIICHHS] BUTOKIB € HAWOUIBII MTPOCTUM 1 JISIIEBUM.

Ha cyuyacHOMy puHKY € BeJMKa KIJIbKICTh MIJIBHUX po3uMHiB. [leski daxisiri
BUTOTOBIIIIOTh BJIacHI po34nHU. OKpeMi BUAM PO3UMHIB TPOJAIOTHCS PA3oM 3
MOMa3KoOM, 1HIII 3a0e3MeUyYI0ThCA CIIeIialbHUMU TaMIIOHaMH (BOUPAIOTh KYJIbKH Ha
XKOPCTKOMY JpOTi, NPUKPUTI KoBmaukoM). I[IeBHI po3unHM BHPOOISIOTHCA 3
PO3MIIIIOBaYEM JIJIsl HAHECEHHS Ha JUISHKY CHCTEMH 3a KOPOTKHM MPOMIKOK 4acy,
110 € He3aMepeyHoIo repeBaroro. Hemomik po3nuiitoBadiB MOJISrae B TOMY, 1110 MiCIs
IPOBENECHHS POOIT HEOOX1HO Yac JJIsl OUMILEHHS TPyOONpOBOIIB a00 KOMIIOHEHTIB
TepMETUYHOTO KOHTYPY. Jl0 NeIKuX BUIB MIJIBHUX PO3UYHMHIB JOJAIOTh aHTU(DPU3,
KU HE 3aMep3a€ Ha OXOJIOHKEHUX MOBepXHsiX. Oco0IMBI MIIIbHI PO3YMHU MAIOTh
JOCUTh HHU3bKY IIUIBHICTH, IO JA€ MOXJIMBICTh BUABUTH MIKPOCKOIIYHI BHUTOKY
XO0JIOJJOareHTy.

Oco0MBOCTI 3aCTOCYBaHHSI MUJIBHOTO PO3UKHY.

1. Skiio TUCK B CUCTEMI HEAOCTAaTHHO ISl BU3HAYEHHS MICIISI IPOTIKAHHS,
MOXHA, BIJKauaBIIM XOJIOJOAreHT 3 CHUCTEMHM, 3alIOBHUTH i1 cyXuM a3oToMm. Lls
poLEeIypa JA03BOJIMTH 3a0IIAJUTH Yac 1 MOJIETHIMTh MOIIYK MicUs BUTOKY. Kpim
TOTO, B ICSIKUX BUMAAKaX BUXOJIUTh 3 CHCTEMH a30T CTBOPIOE IIIyM 1 BKa3y€e Ha MiCIIe
MPOTIKAHHS.

2. Ilig yac moOIIyKy BUTOKY 3a00pOHSIETHCS MMiJIBUIYBAaTH TUCK B CHUCTEMI
BUIIE MEX, BCTAHOBJIEHUX BUPOOHUKOM. PIB€Hh MaKCUMAIILHO JIOITYCTUMOTO TUCKY
BKa3y€ThCs Ha TaOJMWYIIl, sSIKa BCTAHOBIIOEThCS Oe3MocepeiHbO Ha arperarti. SKIio
IUX JIaHUX HEMAae€, TO CJiJ BUXOIUTH 3 TOTO, IO THUCK 3a3BWYail HE MOBHUHHA
nepesuiryBaTtu 10 Gap.

3. MusbHHI pO3YMH JOPEYHO 3aCTOCOBYBAaTH y BUMAAKaX, KOJH MOPYY 3
XOJIOWJIBHOIO CUCTEMOIO BUHUKAIOTh MACIISTHI TIJISIMU, 1O CBIYaTh PO MPOTIKAHHS

B MICIIIX X ITOSIBU.
4.9.2 MeToa 3aHypeHHSsI B BOLY

I{aHHﬁ MCTOZ 3aCTOCOBYETHLCA B TOMY BHIIAZIKY, KOJIM CUCTCMA € JOCHUTb

KOMIMAaKTHO (HampUKiIad, MOOyTORI MPUCTPOI ISl OXOJIOKEHHS 1 KOHIUIIIFOBaHHS
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MOBITPSA) 1 3 HET MOXKIJIMBO BUTATTA BUMArae nepeBipku enemeHT. L{el eneMeHT ciin
repMETU3yBaTH, 3alIOBHUTA CyXHM a30TOM ITiJI TUCKOM i 3aHypUTH B €MHICTh 3

BOZI010. MicIle BUTOKY BU3HAYAETHCS IO TOMY, IO 3’ SIBIATUMYThHCS OyJIbOAITKH.
4.9.3 Ilopaau o0 3aCTOCYBAaHHS METOAY 3aHYPEHHS B BOIY

1. ¥V Bomy MOXKHa 10J1aTH MUIOYUH 3aci0, SIKU 3HU3UTH MMOBEPXHEBUIN HATST
1 HE TOMYCTUTh MPUJIUIIAHHS OyIH0AIIOK 10 TOBEPXHI KOMIIOHEHTIB.

2. Inoni rapsiua BoJia B €MHOCTI JIO3BOJISIE MIJIBUILUTH TUCK XOJIOAOAreHTY
yCepelMHl KOMIIOHEHTa CUCTEeMHU abo0 TpyOu. OgHak mpu BUKOPUCTaHHI CyXOro
a30Ty L€l 3axiJ BUSBUTHCA HECPEKTUBHOIO, TAK SIK THUCK a30Ty 30UIbLIYETHCS

HE3HAYHO.
4.9.4 Tanoignuii Teyemykay

Tedenrykau BUsIBIIsIE HABITh Takl Majl BUTOKY, sik 150 rpamiB Ha pik. PoGoTa
rajloiIHOTO TEYellykad 3acHOBaHA HAa TMPHUHIUII TMPOIMYCKaHHS TOBITPS dYepes
MIJTHUN €JIEMEHT, SIKMil HarpiBa€ThCsl BYTJIEBOJAHEBUM MAJIMBOM. SIKIIO B MOBITPI
MPUCYTHI TIApH XOJIOJOAreHTY, TOJyM’si B BIKOHII TEUEIIyKad 3MIHIOE KOIIp 3
CHUHBOI0 HA 3EJICHUMN.

Takuii mpuiag MEHI Yy TJIIMBHUH 1 O1bII HeOe3MeuHuid (BIIKpUTE TIOJIyM s),
HIXK €NIEKTPOHHUHN Teuelrykad.

[Ipn BHUKOpPUCTaHHI TaJOIAHOTO TeYelIyKaya MOKE€ BHHUKHYTH Taka
CUTYALlisl: TPU PO3KJIaIaHH1 X0JI0J0areHTy BUIUISIIOTHCS OTPYHHI T'a3H, K1 MOXYTb

HETaTHBHO BIUTMHYTH Ha 3JI0POB’S JIFOINHHU.
4.9.5 MeToa NpoHUKa040ro (papoHnKa

Ile merox monaBaHHS B CUCTeMy OapBHHUKA, SKUH BHCTYNHTb Ha MICII
MPOTIKAHHS Yepe3 MEBHY KUIBKICTh Yacy.

[cHyI0Th TakOX ynbTpadioneToBl OAPBHUKH AJIS MOIIYKY MICIS BUTOKY, ajie
BOHM BUMararoTh OUIbLI JOPOrOro yCTaTKyBaHHS:

1. VasTpadionerosa namia;
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2. YnerpadiosneToBuii 6apBHUK;

3. 3acobu 3akauyBaHHS OapBHMKAa B CHCTEMY, IO MEPEIIKOKAIOTh
MOTIaJaHHIO BOJIOTH 1 IOBITPA.

Jlanuii MeToJl BUSBIICHHS BUMAara€ TPHUBAJIOro Mepiofy dYacy, TOMY IO
3aKauyaHW# B cucTeMy OapBHUK HE Biipa3y JOCSTA€ MiCl BUTOKY 1 CTA€ IOMITHUM
MOHTaKHHKA.

Y OulbmIOCTI BHUIMAJAKIB I METOJ 3aCTOCOBYETHCS B  CHCTEMax
aBTOMOOUJIFHOTO KOHIUIIFOBAHHS.

[Topanu 110,10 BUKOPUCTAHHS METOAY MTPOHUKAIOUOTO OapBHUKA!

1. ¥V repMeTuyHiii CUCTEMI OXOJOJKEHHS OapBHUKA MOXKYTh BBa)KaTHCS
3a0pyIHIOIOYMMH PEYOBHMHAMH, & B XOJIl iX 3aKadyBaHHS B HEl MOKE MOTPAITUTH
Bosiora. HaBiTh HeBeNnMKa KUIBKICTh OapBHUKA MOXKE HEraTHMBHO MO3HAYUTHUCS HA
TPUBAJIOCTI CITY>KOU CUCTEMHU.

2. Jlaamit MeTo[1 3aiiMae GaraTo 4acy, Tak sk OapBHHK ITPOHHUKAE YePe3 MiCIIe
BUTOKY 4epe3 KiTbKa roAuH abo AHiB. J1Jis 3aCTOCYBaHHS IIOTO METOTY HEOOX1THO
MaTh JOCTYIl JI0 BCIX KOMIIOHEHTIB CHCTEMH, M0 oOMexye cdepy Horo

3aCTOCYBaHHS.
4.9.6 MeTtoa nepeBipKu cHCTEMH il THUCKOM

Le#t meTon monsirae B MiJBUINEHHI THCKY B KOHTYpi cuctemu (He Buiie 10
0ap) NUIAXOM 3aKauyBaHHS CyXOro a3oTy (0€3 KHUCHIO).

Uepe3 aeskuil MPOMDKOK Yacy CJiJ NEPEeBIPUTH CUCTEMY Ha MpPEaMET
3HWKEHHS P1BHS TUCKY (MAHOMETP BUCOKOTO TUCKY). YuM BHIIE TUCK, TUM ILIBUJIIIIE
MO>KHA BUSIBUTH BUTIK.

[1ix yac NolIyKy BUTOKY XOJOJOAreHTY 3a00pOHSAETHCS MMIIBUIILYBATH TUCK B
CUCTEMI TTOHA/T BCTAHOBJICHI BUPOOHUKOM OOMEKEHb.

Henonik 1mporo Meroay BHSBIEHHS BHUTOKIB TOJISITA€E B TOMY, IO BIH
3aCTOCOBYETBCSI JIMIIE I CHUCTEM, SIKI MOKHA BIJKIIOUUTH Ha JACIKUN dac

(3a3BrUaii Ha Hi4 a00 JOBIIIE).
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[To3UTUBHMM MOMEHTOM 3aCTOCYBAaHHS I[LOTO METO/Y € BUCOKA MMOBIPHICTb
BUSIBJICHHS ITPOTIKaHHS B CUCTEMI 3a paxyHOK (DIKCYBaHHS 3HIKCHHS PIBHS THCKY B
TePMETUYHOMY KOHTYPI.

Henomniku metony:

1. Ile#t meTon MO3BOJISIE BU3HAUMTH TUIHKW HASBHICTH MPOTIKAHHA, a HE ii
MicCII€.

2. Metoj miABUINICHHS TUCKY TPYJIOMICTKHUH, aje B JASSAKUX BUITQJIKaX BIH €
€IMHO MOKJIMBUM CIIOCOOOM BH3HAYUTH BUTIK. 3a3BUYail BIH 3aCTOCOBYETHCS MPU
BIJICYTHOCTI JIOCTYITy JI0 KOMIIOHEHTIB CHCTEMH, € IMOBIPHO BHHHUK BHTIK.
Hampuknaza: npuxoBaHa JiHIS X0JI0/I0areHTy, BMOHTOBAaHUI B CTIHY KOHJIEHCATOP
abo Bunapuuk. [IpeacraBnenuii MeTon mMae Ha yBasi 130JII0BAHHS KOMIIOHEHTa (a
TaKOXX TepMETH3allisl 1 3aKayyBaHHS CyXOro a3oTy), /¢ IMOBIPHO BHUHHUK BHTIK
XO0JIOJIOAreHTy, BIJl 1HIIOI YAaCTUHM CUCTeMH. Jlaji BUKOHYETHCSI OINMMCAHA BHIIE
nporenypa. [lIBunke 3HKEHHS THCKY O3HA4Ya€ HAsSBHICTh CEPHO3HOI BHUTOKY B
KOMITOHEHT] a00 yacTHUHU cucTteMu. [[oBlIbHE 3HM)KEHHS BKa3ye Ha HE3HAUYHY BUTIK.
Axmo piBeHb THCKY 3aJMIIAETHCS IMOCTIHHUM, TO 3HAYHWTh, M0 KOMIIOHCHT
CIIPaBHUU.

[eit MmeToa MOXkKE CKOPOTUTHU Yac pOoOIT TUILKK B TOMY BUIAJIKY, SIKIIO 1CHYE
MO>KJIMBICTh BIAKIIOYEHHS! CUCTEMH Ha TpUBaIUid TepMiH. [1iciisg BUSBIEHHS BUTOKY
CIi OIIHUTH MOXJIMBICTh PEMOHTY. SIKIIIO €IeMEHT He MiJIsIrae peMOHTY, HOTo
cii 3amiHuTH. llepeximHuk mans TpyO 1 MIBHMAKO3 €MHI 3’€HYyBayl JAOMNOMOXYThb
330IAJUTH Yac. IX MOHA IIBHAKO MiJ €IHATH 10 YAaCTMHU CHUCTEMH, fKa Oyia

130J1b0BaHA, 1110 JOTIOMOKE€ YHUKHYTH MEXaHIYHUX a00 MasHuX 3 €IHAHb.
4.9.7 EnekTpoHHi Teyemykayi

Enextponni Ttedemrykadi € HalOuUbl e()EKTUBHUMH 1 JIO3BOJIAIOTH
MaKCHUMAaJIbHO YIiTKO 1 IIBUAKO BU3HAYNTH MICIIe BUTOKY XOJI0I0areHTy. Takuii BT
MPUCTPOIB BUKOPUCTOBYETHCSI B TOMY BHITAJIKY, KOJIH Mepe10adyBaHe MicIle BUTOKY

HEB1OMO.
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ITicas BusiBiIEeHHA o0jacTi po3repMeTH3alii HAHOCUTHCS MUJIBHUI PO3YMH.
3acToCyBaHHs €IEKTPOHHMX TeEuellyKayiB, Ha Kajb, oOOMexeHa. Bonu
3aCTOCOBYIOTBCA JIMIIE B THX BHUIAJKaX, KOJM CHCTEMa NpAIlOE€ Ha
xynopdropsyrieni (XDPB) ta rugpoxiaopdropyrepoaax (I'XDVY).

[Topanu 11010 BUKOPUCTAHHS €JIEKTPOHHOIO JETEKTOPA IIYKAEMO.

1. He pekoMeHIyeThCSI BUKOPUCTOBYBATH €JIEKTPOHHUI Tedellykad, SKIIO
cucrema npairtoe He Ha XDY abo [ XDV xonmogoareHrax.

2. 11100 BU3HAYMTH MOXKIMBICTh BUKOPHCTAHHS JECTEKTOpa LIYKAEMO, CIif
O3HAaHOMUTHCS 3 HOTO XapaKTEPUCTUKAMMU.

3. Okcun Byriemtoo (CO2) 1 cOMPT HEraTUBHO BIUIMBAIOTh HA YYTIUBICThH
OUIBIIOCT] ENEKTPOHHUX TeuelykayiB. llepen BUKOpPHUCTaHHSIM MpuiIamy CIij
NEPEKOHATHUCS Y BIJICYyTHOCTI LIMX PEYOBHH B MOBITP1. BaknuBe 3ayBakKeHHS:

bararo enekTpoHHI TeyellyKadiB HE PEKOMEHIY€ETbCS BUKOPUCTOBYBATH B
atMoc(epi, 0 MICTUTh roproul raszu. JlaTuuk mnpantoe Mpu AykKe BUCOKIN
temneparypi. KOHTakT natymka 3 najibHUM ra3oM NpU3BOJIUTH 10 BUOYXY.

1. Sxuo nepeadavyBaHuid BUTIK MaJIMid, HOro 00JacTh MOXKHA 130JIF0BATH HA
JesKUi 4Yac 3 THM, 1100 TaM BUpOCia KOHLEHTpalis xojogoareHTy. IIponenypa
3MIIMCHIOETHCS HACTYITHUM YHHOM:

2. O6epHyTH Micie nependadyBaHOi MPOTIKaHHS 1en0(haHoM 1, TIOJABIIH
XOJIOJIOAreHT MiJl MiBUILIEHUM TUCKOM, MIOYEKaTH JIEIKUI Jac.

3. IloTim mpopizaTu mMakeT 3HU3Y 1 3 JOMOMOTOIO JETEKTOpa Teuelrykada

NEPEBIPUTH, YU € TaM XOJIOJ0AreHT.
4.9.8 YabTpa3ByKoBi Teuemykaui

YapTpa3ByKOBI Teuellykaul 3 SBUJIMCS B XOJOJWIbHINM MPOMHUCIOBOCTI
BIJIHOCHO HEJIaBHO.

BoHu sBIISIOTE COO0I0 IPUCTPOT, SIKI TOCHITIOIOTh 3BYKH, SIKI JTIOJUHA TTOYYTH
HE MOXKE.

binbmiicTh Takux yIOBIIOBAYiB JT03BOJISIIOTh MOHTQ)XHMKA UYyTH 3BYK, IO

BUHHUKAE HABITH MPU MaJliil BUTOKY.
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[Ipouienypa Moxe OyTH €QEKTUBHOIO TUTLKM B TOMY BHITaJKy, KOJH B
MPUMIILICHH] MOBHICTIO BIJICYTHI CTOPOHHI 3BYKH. SIK MpaBUIJIO, TOMOTTUCS MTOBHOI
IIyMOi30JiALii TpH TPOBEACHHI poOIT HEMOXIHWBO, TOMY BHUKOPHCTAaHHS
yJIBTPa3ByKOBUX TEUEIIyKadiB CHIIBHO OOMEKEHA.

Ywum BUIIE THCK B CUCTEMI, TUM OUIBIIIE IIIAHCIB BUSBUTH (TIOYYTH) BHUTIK.

3acTocyBaHHS  yJIBTPa3BYKOBOTO  JETEKTOpa TeYellykadya CXOXe 3
BUKOPHUCTAHHSM €JICKTPOHHOTO 32 OJJHUM BHHSTKOM.

Horo eexTHBHICTH HAGAraTO BHIIE, SKIIO B SKOCTI poOOYOro CepeoBHUINA
I1]] TACKOM BUKOPHUCTOBYETHCS CyXU 30T, TaK sIK HOTO MUTOMA Bara HUX4e, HIXK Y
X0JI010areHTy. ToMy a30T BUNIAPOBYETHCS 3 CUCTEMU LIBU/IIIIE, 1 TEUEIIyKay JETKO

BUSIBJISIE IPOTIKAHHS.
4.10 IMopsinok MpoBeeHHS IHCTPYKTAKY NMPO 3aX01H Oe3NeKu

BianoBiHO A0 YMHHOTO 3aKOHOJIABCTBA PO OpTaHi3allilo poOOTH 3 OXOPOHU
mpari, aJMiHICTpallisl palloHHUX 1 00JacHUX 00'€HAHb, CKJIAIB 1 TPAHCIOPTHUX
oprasizaiiiif 3000B's13aHa TPOBOJIUTH THCTPYKTAXK MPALIOIOYUX 3 BOJHUM amMiakoM
1o 0e3ne4YHuM NnpuioMaM poOOTH.

[HCTpyKTaX MOBUHEH MPOBOJUTHCS:

a) y pasi JIOMycKy /10 poOOTH Ha CKiaiax, 0a3ax, Ha TPAHCIOPTI, TPU POOOTI;

0) npu 3a1iCHEHHI (axiBISIMU KOHTPOJIIO 32 BUKOHAHHSM pPOOOTH IO
30epiraHHio, TPAaHCTIOPTYBAHHIO BOJHOTO aMmiaKy (IMOBCSKICHHUMN THCTPYKTAX).

[licns mpoBeneHHS 1HCTPYKTaXYy NOpPH BUAAYl JOPYYEHHS 3alOBHIOETHCS
KapTKa, B SIKIM 3aIUCYIOTHCA BIJIOMOCTI TIPO MPOBEACHHS 1HCTpyKTaxiB. KapTka
30epiraeTbcsi B 0COOOBIM crmpaBi mpariBHUKa. [Ipo mpoBeneHHs IHCTPYKTaxy Ha
poboyomy wMmicui mae OyTH 3adikcoBaHa B KypHajl peecTpalii MNpOBEIECHUX

THCTPYKTaxXIB.
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BUCHOBKHA

VY kBamigikamiiiHiii poOoTi OakanaBpa Oyl0 poO3paxoBaHO 1 po3poOIEHO
KOHCTPYKIlii Te€HEepaTopiB B CKJIaJl albTEPHATHBHOI CHUCTEMH KOHIUIIFOBAHHS
MOBITPps Ha 0a31 abcopOLIMHUX TepMOTpaHCHOPMATOPIB.

BinmoBigHO 10 1b0r0 OyJI0 BHUPIMIEHO TMOCTABJICHI 3aBJaHHS 1 OTPUMAaHO
HACTYIIHI Pe3yJIbTaTH.

Merta poOOTH — pO3pOOUTH Ta po3paxyBaTH CXEMHI PIIIIEHHs TeHEepaTOPiB
pI3HMX THUIIB B cKiaal abcopOuiiitHux TtepMoTpancopmatopiB (ATT)
IbTEPHATUBHUX CUCTEM KOHIUIIFOBAHHS MOBITPSI.

[IpoBeneHo niTepaTypHO-IATEHTHUN OIJISAJ 1 aHajl3 Cy4acHOIO CTaHy
pPO3pOOOK 1 MOJAENIOBAHHS TEIUIOBHX PEXUMIB I'€HEPATOPIB PI3HUX THUIIIB B
ckiaji abcopOuiinux Tepmorpanchopmaropis (ATT).

Po3paxoBaHo, @ Ta  KOHCTPYKTHMBHO  O(QOPMJIEHO  KOHCTPYKIIii
reHeparopHux By3miB ATT 3M1€BUKOBOrO Ta KOKyXOTPYOHOTO TUITY.

BukoHaHo TexHIKO-€KOHOMIUHMM aHam3 mnepcrnektuBHux ATT 3
KOMOIHOBaHMM BUKOPUCTaHHSIM TPAAUIIMHUX Ta BIJHOBIIOBAIBHUX JIKEPEI
eHeprii.

[TpoBenernit SWOT-anami3 [03BOJIMB OILIHWTH TEpeBaru Ta HEIOJIKH
3aMpOIOHOBAHOTO MPOEKTY, @ TAKOXK BU3HAYUTH OCHOBHI 30BHIIIHI YMHHUKH, IO
BIUTMBAIOTh Ha €(PEKTUBHICTH HOro peanizailii. OTpuMaHi pe3yJabTaTH 3aCBITUHIN
3HAYHUWA MOTEHLIAl BUKOPUCTAHHS  COHSYHOI  €Heprii g 3HUKEHHS
CHEPTrOCTIOKUBAHHS Ta TMIJABUIICHHS PIBHS €HEPreTUYHOI aBTOHOMHOCTI 00’€KTa.
Exonomiuni pPO3paxyHKHU 1 TBEPANIN JIOIIUTbHICTh BIPOBA/KCHHS
3aIPOIMOHOBAHO1 CUCTEMHU.

3aransHuit 00csT iHBecTuIli ctanoBUTh 3 598 200 rpH., a ouiKyBaHUHN PIUHHIMA
ekoHOMIUHMI edekT aocarae / 788 580 rpH. 3a Takux yMOB TEpMiH OKYIHOCTI
npoekty cknagae 0,42 poky, IO CBIAYUTH MPO HMOr0 BHUCOKY EKOHOMIYHY
e(EKTUBHICTb Ta IHBECTHUIIMHY MPUBAOIUBICTb.

Otxe, peamizailisi 3alpOINOHOBAHOTIO MPOEKTY CIPUSTUME IiJIBUILIEHHIO

eHeproe()eKTUBHOCTI TOPrOBEIbHO-PO3BAKAIBHOTO LIEHTPY, 3MEHIICHHIO BUTPAT Ha
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eHepropecypcH, 3a0e3nedeHHI0 OUIbIIOI eHePreTHYHOT HE3aJIeKHOCTI 00’ €KTa Ta
CTBOPEHHIO HaJIOKHUX yMOB (YHKIIOHYBaHHS OomOOcxoBHIIa. 3arporoHOBaHE
TEXHIUHE PIIICHHS BIAMOBITAE Cy4YaCHUM TEHJEHIISIM PO3BUTKY €HEPTOOIIaHUX
TEXHOJIOTi} Ta MPUHIUIIAM CTaJIOTO PO3BUTKY

Po3po6ieno 3axonu 3 OXOpPOHHU Mpalll Ta MOXKapHOi HeOe3MeKu Mpu podoTi
ATT 3 BUKOpPHUCTaHHSM BOJI0AMIaYHHUX CYMIIII.

3a  JOCHIKEHHAM  MPOEKTY  pO3pOOKH  aJbTEPHATUBHUX  CHUCTEM
KOHJIMI[IIOBaHHA HA  OCHOBI  aOcopOuiitHux  TepMoTpaHchopMaropiB 3
BUKOPHUCTAHHSAM aJbTEPHATUBHUX JDKEPET €HEPrii, pe3yibTaTh €KCIIEPTHUX OLIIHOK
J03BOJISIIOTh PEKOMEHIyBaTH IPOEKT 10 BIIPOBA/KEHHS Ta BU3HAYalOTh MOro

e(EeKTUBHICTh HA JOCTaTHHOMY PIBHI.
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