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AHOTAIIA

Miciopa T. O. EneproedeKTUBHICTh KOMOIHOBAaHUX CXEM OIAJICHHS, BEHTUJIALIT Ta
KOHJMITIFOBAaHHS HAa OCHOBI MOBITPSHHUX TEIIOBUX HacociB. — KBamidikariiiHa HaykoBa
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HMucepTartiist Ha 3100yTTs HAYKOBOTO CTYIEHs JAoKTOopa (itocodii 3a creriaibHICTIO
144 Tennoenepreruka. — HanionanbHuil TexHIYHUI yHIBepcuTeT YKpainu «KuiBcbkuid
noiTeXHIYHUH 1HCTUTYT iMeHi Iropst Cikopcekoro», M. Kuig, 2023.

VY Berymi gucepTanii BUCBITICHO aKTyallbHICTh TEMU JOCIII)KEHHS Ha CbOTOHIIIHIN
JIEHb Ta 3B’SI30K pOOOTH 3 HAYKOBUMHU MpoTrpaMamMu, mianamu i temamu. CopMynbOoBaHO
METY, HayKOBE 3aBJIaHHS, 00 €KT, MIPEAMET Ta METOAM JOCIIKEHHS, BUBHAYEHO HAYKOBY
HOBU3HY Ta MpPaKTHUYHE 3HAYCHHS OTPUMAHUX PE3yJbTATIB, MPEICTABICHO JaHI PO
ampoOariito jgucepranii Ta HasBHI MyOJiKamii 3 OKPECICHHAM OCOOHUCTOTO BHECKY
3n00yBaua.

VY mepmomMy po3auti JucepTailii IpoBEIeHO OIS Ta aHalll3 Cy4yaCHUX JaHUX II0J0
edexktuBHOTO 3actocyBaHHsi cucteM HVAC (omaneHHs, BEHTUJIALIS Ta KOHIUIIIOBAHHS
HOBITPs1) Ha 0a3i MOBITPSHHUX TEIJIOBHUX HACOCIB 3 JIOJATKOBUM BHUKOPHCTAHHSAM PI3HUX
HU3BKOTIOTCHIIMHUX JKEpEI TeryioTu ado xonomay. [IpoananizoBaHo CydacHi MiAXOAH Ta
aKTyaldbHl TEHJEHUIi A0 30UIbILIEHHS eHeproe(EeKTUBHOCTI TEMJIOHACOCHUX CHUCTEM,
HABEJEHO JIITepaTypHUI OrJIsij 3 MUTaHb opraHizauii Hux 3axonaiB. Ha ocHOBI mpoBeneHOro
OTJISITy BCTAHOBJICHO IEPEJIiK MUTaHb, K1 MOTPEOYIOTh O1IBII TIMOOKOTO TOCTITKEHHS.

Y npyromy pos3iii po3risSHyTO MPUHIIMIIOBY TETUIOHACOCHY CHCTEMY BEHTHIISAIII Ta
MOBITPSTHOTO OTAJICHHSI BUPOOHUYOTO MPUMIIIECHHS 3 HAJJTMIIIKOBUM BOJIOTOBUALICHHSIM, Y
SIKIH 3aCTOCOBAHO YaCTKOBY PEIMPKYJIALII0 BiANPALbOBAHOIO MOBITPS AJIs MiATPUMAHHS
3a1aHUX KOM(OpPTHUX YMOB BcepeauHi mnpuMimieHHs. [lokazaHo, 1mo HEOOXITHUM s
OTaJICHHSI JOJATKOBUM MIAITPIB IPHUIUIMBHOTO TOBITPS MOXXE OyTH BU3HAUYCHHH 4epe3
OpoCTUi KOEPIIEHT MNPOMOPLINHOCTI 10 Nepemnaay TeMmiepaTyp BcepeauHi 1 330BHI
IPUMIIICHHS, 3HAYCHHSI SKOTO BU3HAYAETHCS XapaKTePUCTUKAMU MPUMIIIEHHS 1 KPATHICTIO
noBiTpooOMiHy. [IpoBeaeHO TepMOAMHAMIYHUN aHAMI3 POOOTH CUCTEMU JIJIi BU3ZHAUCHHS

HEOOX1THUX PeXUMIB i1 poO0TH B X0m0oaHUM niepioa poky. [lokazano, 1o Ay miaATpuMaHHsS
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3aJlaHUX TEMIIEpaTypyu Ta BOJIOTOBMICTY TOBITPSI B MPUMIIIEHHI 32 PI3HUX MapaMeTpiB
JOBKULISA KOE(IIEHT PEeUUPKYJIALIi Mae 3MIHIOBAaTUCh B 3QJIEKHOCTI Bl TeMmepaTypu 1
BITHOCHOT BOJIOTOCTI arMmocdepHoro moBiTps. [lokazani rpaHuyHi MeXi 3acCTOCyBaHHS
CHUCTEeMHM, MICJSl SIKUX JUIS TiATpUMaHHS KOMGOPTHUX YMOB B MPHUMIIIEHHI HEOOXigHA
poOoTa CHUCTEMHU B pPEXKUMI KOHAMIIIOBAHHS NPUILUIMBHOrO TOBITps. OTpumani
PO3paxyHKOBI BEIMYMHU IHUTOMHX 3aTpaT 30BHINIHBOI €Heprii B JaHiil cucTeMi, SKi
XapaKTepU3yTh C€HEpreTuuHy e(EeKTHUBHICTh ii poOOTH B 3aJIeKHOCTI Bij mHapameTpiB
HaBKOJIMIITHBOTO CEPEIOBHUIIIA.

VY TpeTboMy pOo3iIi JOCTIKYIOTBCS MOKIMBOCTI 3aCTOCYBAHHS CHCTEMH BEHTHUISIT
Ta KOHJMIIIIOBAHHS 3 TEIJIOBUM HACOCOM JUIsl MIATPUMKH KOM(OPTHUX YMOB yCEpeauHI
BUPOOHUYOT 30HU B TEILTY MOPY POKY. Y 3B’S3KY 3 IUM OyJIO MPOBEIECHO TEPMOAMHAMIUYHUHN
aHaJi3 TeMIOHACOCHOI CUCTEMU 3 YaCTKOBOIO PEIUPKYJIAIIEI0 BIAMPAIIbOBAHOTO MOBITPS Ta
3MIHHOIO0 YacCTKOIO CBIKOTO 30BHIIIHBOIO MOBITps. [loTiM Oyio0 mpoBeneHO 4YHCelbHUM
aHai3 /I OIIHKM BIUIUBY 3MIH TeMIEpaTypu Ta BiIHOCHOI BOJOTOCTI HABKOJHIIHBOTO
CEpellOBUIIA Ta XapaKTEPUCTUK 00’ €KTa BEHTWIAIII Ta KOHIUIIIIOBAaHHS HAa MapameTpu
cuctemu. Lle 103BOINIIO BUSHAYUTH MOTEHIIIHI MOKIIMBOCTI II€] CUCTEMHU MIATPUMYBATH
KOM(OPTHI YMOBH Y BUpOOHUY1H 30HI. Takoxk Oys0 Mmoka3zaHo, 10 HEOOX1THEe J0/IaTKOBE
OXOJIOJUKEHHSI MPUIUIMBHOTO TMOBITPS HAa BXOJI B MNPUMILIEHHSA I 1OTped
KOHIUITIOHYBAHHS TIOBITPS MOKHA BHU3HAYUTH 32 JIOMIOMOTOI0 MPOCTOTO KoedirieHTa, 1y
PO3/UTl HaBEeJIEHO METOJUKY MOro po3paxyHKy. TerjgoHacocHa cucTeMa Mae HalOUIbIry
eHeproe()eKTUBHICTH Y 30HI HU3bKUX TEMIIEPATyp HABKOJIHUIIIHHOT'O CEPEIOBHUIIA Ta 6arato
B UOMY 3aJI&KHUTh BiJl BIAHOCHOI BOJIOTOCTI 30BHINIHHOTO TOBITps. lle cBimuuTh, 110
JOCTIKeHa CUCTEMa MiAXOAUTD JI0 3aCTOCYBaHHSA Y KpaiHax 13 TOMipHO-KOHTUHEHTAIbHUM
KJIIMaTOM.

VY derBepTOoMy PO3/iIi MPOBEACHO TEPMOJAMHAMIUHUM aHali3 TEOPETUYHOI MOl
TEIJIOHACOCHOT YCTAaHOBKM BEHTWJIALII Ta KOHJUIIIOBAHHS TOBITPSI 3 PELUPKYIISIIEIO
XOJIOAMY B 3aJIeKHOCTI BiJ MapaMeTpiB 30BHINIHHOTO TOBITPS JUIsl MATPUMAHHSA
TEMITIEPATYPHUX 1 BOJIOTICHUX YMOB Y BUPOOHUUYOMY MPUMIIICHHI B TEIJIUN TIEP10J POKY.
3a JOMOMOIOK YHCEIBHOTO aHali3y METOJIOM IMOCHIJOBHUX HAOIMKEHb BHU3HAYCHO

napaMeTpu MOBITPS B BY3JIOBUX TOYKAX CXEMU Ta OIIIHEHO il eHepreTuyHy e(heKTUBHICTD.
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Ile mO3BOJMIIO BCTAHOBUTH PEXUMHU POOOTH YCTAaHOBKHM B 3aJIe)KHOCTI BiJl MapaMeTpiB
30BHIIIHBOIO TOBITPS, XApAaKTEPUCTHK OO0 €KTIB BEHTWIALII Ta KOHJMLIIOBAHHSA Ta
HA/IXOJKEHb TETUIOTH. Byia KibKiCHO BiioOpa)xkeHa BaroMiCTh PELMPKYIISIIT XOI0Ly IS
3a0€3IeueHHs] BUCOKOI €(heKTUBHOCTI poOOTH cxemu. JlociipkeHa cucTeMa Moxke OyTu
NPUIATHOIO /Jis 3aCTOCYBaHHS B KpaiHax 3 TOMIPHUM KOHTHHEHTAIbHUM 1 BOJOTUM
TPOIIYHUM KIIIMAaTOM B YCbOMY Jlialia30Hi TeMIIepaTyp HaBKOJUIITHHOTO CEPEIOBHINA, KOJIH
00’€KTOM BEHTWJIALII BHUCTyHae BUPOOHHMYE MPUMIIICHHS 3 HEBHUCOKOK KPaTHICTIO
HOBITPOOOMIHY.

Y m’satoMy po3aiiai  OCHIIKEHO €(QEKTUBHICTh Ta PEXKUMH POOOTH MOEi
TEIJIOHACOCHOT CUCTEMU BEHTHWJIAII] Ta KOHJUIIIFOBAHHS TOBITPS 3 PEKYIEPAIIEI0 XOJOAY
BEHTWISILIMHOIO TMOBITPS B 3aJIEKHOCTI BIlJ MapaMeTpiB 30BHIIIHBOTLO IMOBITPS,
e(hEeKTUBHOCTI peKyIepallii Ta XapaKTEPUCTUK MPUMIILICHHS. 3a MPOTOTUI OyB B3SITHH 1I€X
3 BUPOOHUIITBA KOHJAUTEPCHKUX BUPOOIB, /i€ B TEITY MOPY POKY HEOOXITHO MIATPUMYBATH
TEXHOJIOTIYHUN pexXuM (TeMIlepaTypHO-BOJIOTICHUN pexum). [IpoBeneHo po3paxyHKH
METOJIOM TOCTIAOBHUX HAOMMXKEHb ISl OI[IHKU MapaMeTpiB MOBITPS y BY3JIOBUX TOUKaX
cucremu. lle 103BONMIIO BU3HAYUTH TEOPETHUYHY XOJOIMIbHY €(EKTUBHICTh CUCTEMHU Ta
JIOBEJIO TepeBard pekymnepaiii B TMOPIBHAHHI 3 PEUUPKYJSALIEI0 IS 3MEHIICHHS
CTIOKMBAaHHS E€HEeprii TEeIuioBUM HacocoM. JlocmimkeHa cucTeMa Mae HaWBHILY
eHeproeeKTUBHICTh B 00J1ACT1 BITHOCHO HU3bKUX TEMIIEPATyp 1 BITHOCHOI BOJIOTOCTI, IO
H1IXOIUTH JJIs KpaiH 3 MOMIPHO-KOHTUHEHTAIBHUM KIIMaTOM.

VY moctoMy po3AuTl BUKIAIEHO pe3yJibTaTH TEPMOJAMHAMIYHOIO aHaji3y MOJENl
TEIJIOHACOCHOT CHCTEMM BEHTHWIIAIII, KOHJMWINIOBAaHHS Ta OCYIIEHHS BHUPOOHHYOIO
OPUMILICHHS 3@ 3MIHHUX BEJIMYMH BHYTPILIIHIX HAJIXOKEHb BOJOTH Ta TEIJIOTH y NEPIoJ
NEepexiTHOT Ta TEIUIOi MOpU pOKHU. BCTaHOBIEHO Ta OLIHEHO BIUIMB peKylepauli eHeprii
BIJIMPAIIbOBAHOTO MOBITPS HA €()EKTUBHICTh CUCTEMH. Y SKOCT1 IPOTOTHUIY OYyJIO IPUHHATO
KOBaJIbCbKUI 1I€X, /1€ HEOOXIJHO MIATPUMYBATH TEXHOJIOTIYHI YMOBH (TeMmmeparypy 1
BITHOCHY BoOJIOTiCcTb). [IpuHIMI 1aHOT cXeMH MOJsArae B TOMY, II0 BUKOHYIOTbCS YMOBHU
MOCTIMHUX MapaMeTPiB MPUILUITMBHOTO MOBITPS SK IO TEMIIEpaTypi, TaK 1 10 BOJIOT'OCTI, y TOH
yac SIK B pEaJbHIM MpaKTHUILl TUIBKKM OJUH 13 NapameTpiB € LUIbOBUM (Halvacrie

teMrieparypa). Jlana oOCTaBMHa BHUKOHYETHCS CIICIIAILHOIO OpraHi3aIli€lo TOBITPSHHUX
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MOTOKIB TAaKMM YMHOM, 1100 JOCsTaNach MAKCUMaIbHO eeKTHUBHA yTHIII3AIlisl €Heprii, sSKa
Oyra 3reHepoBaHa B CUCTeMi. BCTaHOBIEHO TEOPETHUHY XOJIOIMWIbHY €(hEeKTUBHICTh TaHO1
CHUCTEMHU Ta TOKa3ajo IepeBard peKyrnepaiii eHeprii s 3HIKEHHS €Hepro3aTpar Ha
poboty cuctemu. JlaHy Mojzenb MOXHa 3aCTOCYBaTW ISl MPOEKTYBaHHS MPUILTUBHO-
BUTSDKHUX YCTAaHOBOK 13 BCTAHOBJICHMM KOHTYPOM TEIUIOBOTO HACOCA.

Y cboMOMY pO3Miii MICTUTBCS TIOPIBHSUIBHHM TEPMOJMHAMIYHUN aHali3 JBOX
HaWOIIBIIT TOMYJISAPHUX PIMICHb 3arajibHOI BEHTWIIIT Ta KOHIWIIIOBAHHS TIOBITPS:
NPUTUITUBHO-BUTSDKHUX ycTaHOBOK ([IBY), mo 6a3yioTbcs Ha BOyJAOBaHMX KOHTYpax
terioBux HacociB (TH) abo 3oBHIMHAIX KOMITpecopHO-KOoHAeHCaTopHUX Osiokax (KKbB) sk
OCHOBHUX JiKepenax eHeprii. TeopeTuyHuil aHaji3 NpoBOJUBCS 3a OJIHAKOBUX MOCTIHHUX
YMOB y XOJIOJJTHOMY PEXKHUMI1 pOOOTH B TEIUTY MOPY POKY, KOJIM HEOOXITHO OXOJIOKYBaTH
MPUIIMBHE TOBITPS. Y Pe3yibTaTl IOCTiKeHb Oyiau moOyaoBaHi rpadiku 3ajaeKHOCTen
napaMmeTpiB JABOX CUCTEM (TEMIEPATYPH Ta BOJOTOCTI MOBITPS y BY3JIOBUX TOUKAX CUCTEM,
eneproedexkruBHocTi TH a60 KKb Ta cxeM B 11i;10My) Bij mapaMeTpiB 30BHIITHBOTO MOBITPS
Ta OTPeO y BEHTWIALl Ta KOHIUIIFOBaHHI TOBITPS BCEPEINHI MPUMIIIIEHHS 32 YMOBaMU
npoekTy. JlochaipkeHi TeoOpeTUYHi MOJENl JIBOX CHUCTEM MOKHA BUKOPUCTOBYBATH ISt
OIIIHKM JIOUUIBHOCTI Ti€T UM 1HIIOI CXEMH B 3aJIe’KHOCTI BiJI MPOEKTY, a TaKOX IIiJI 4Yac
npoektyBanHs [IBY. BuxopucroByrounm paHuil aHaii3, MOXKHa TOYHO Ta €(QEKTUBHO
migiopaTu Takl peajbHI KOMIOHEHTH YCTaHOBKH, SK TEINIOOOMIHHHMKH, Kommpecop, TPB
TOILIO JJI1 BUPOOHUIITBA IPUILIUBHO-BUTSKHUX YCTAHOBOK.

Kuo4oBi cjioBa: TemioHacocHa CHUCTEMA, EHEProe(eKTUBHICTb, MOJCIIIOBAHHS,
BEHTWJISIIIA, TIOBITPSHE OMAaJEHHS, PEHUPKYJSIis, KOHIUIIIOBAHHS, XOJIOAMJIbHA
e(eKTUBHICTb, MOBITPSIHUI TEIUIOBUI HACOC, peKyIiepallis, BIHOBIIOBaHI JyKepeia eHeprii,

OCYILICHHS, IPUIUIMBHO-BUATsKHA ycTaHOBKaA, KKb.



ABSTRACT

Misiura T. O. Energy efficiency of combined heating, ventilation and air conditioning
systems based on air heat pumps. — Qualifying scientific work on the rights of the
manuscript.

The thesis on completion of the Doctor of Philosophy degree on specialty 144 — Heat
power engineering. National Technical University of Ukraine "Igor Sikorsky Kyiv
Polytechnic Institute" Ministry of Education and Science of Ukraine, Kyiv, 2023.

The introduction to the thesis highlights the relevance of the research topic today and
the connection of the work with scientific programs and plans. The goal, scientific task,
object, subject and methods of research are formulated, the scientific novelty and practical
significance of the obtained results are determined, the data on the approval of the thesis
and available publications with an outline of the personal contribution of the author are
presented.

In the first chapter of the thesis, a review and analysis of modern data on the effective
use of HVAC (heating, ventilation and air conditioning) systems based on air heat pumps
with the additional use of various low-potential sources of heat or cold is carried out. Modern
approaches and current trends to increase the energy efficiency of heat pump systems are
analyzed , and a literature review on the organization of these measures is provided. Based
on the review, a list of issues requiring deeper research was established.

In the second chapter, the basic heat pump system of ventilation and air heating of the
industrial premises with excess moisture release is considered, in which partial recirculation
of the exhaust air is used to maintain the given comfortable conditions inside the premises.
It is shown that the additional heating of supply air required for heating can be determined
through a simple coefficient of proportionality to the temperature difference inside and
outside the room, the value of which is determined by the characteristics of the room and
the frequency of air exchange. A thermodynamic analysis of the system’s operation was
carried out to determine the necessary modes of its operation in the cold period of the year.
It is shown that to maintain the specified temperature and moisture content of the air in the

room under different environmental parameters, the recirculation coefficient must change
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depending on the temperature and relative humidity of the atmospheric air. The maximum
limits of the system’s application are shown, after which the operation of the system in
supply air conditioning mode is necessary to maintain comfortable conditions in the room.
Estimated values of the specific costs of external energy in this system were obtained, which
characterize the energy efficiency of its operation depending on the environmental
parameters.

The third chapter explores the possibilities of using the ventilation and air conditioning
system with a heat pump to maintain comfortable conditions inside the production area in
the warm season. In this regard, a thermodynamic analysis of a heat pump system with
partial recirculation of exhaust air and a variable proportion of fresh outside air was
conducted. Numerical analysis was then carried out to assess the influence of changes in
temperature and relative humidity of the environment and the characteristics of the
ventilation and air conditioning facility on the system parameters. This made it possible to
determine the potential capabilities of this system to maintain comfortable conditions in the
production area. It was also shown that the required additional cooling of the supply air at
the entrance to the room for air conditioning needs can be determined using a simple
coefficient, and the method of its calculation is given in the section. The heat pump system
has the greatest energy efficiency in the zone of low ambient temperatures and largely
depends on the relative humidity of the outside air. This shows that the studied system is
suitable for use in countries with a temperate continental climate.

In the fourth chapter, a thermodynamic analysis of the theoretical model of a heat pump
ventilation and air conditioning unit with cold recirculation is carried out depending on the
parameters of the outside air for maintaining temperature and humidity conditions in the
production premises in the warm period of the year. With the help of numerical analysis by
the method of successive approximations, the parameters of the air at the nodal points of the
scheme were determined and its energy efficiency was estimated. This made it possible to
establish the operating modes of the installation depending on the parameters of the outside
air, the characteristics of the ventilation and air conditioning facilities, and the heat input.
The importance of cold recirculation to ensure high efficiency of the scheme was quantified.

The studied system can be suitable for use in countries with a moderate continental and
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humid tropical climate in the entire range of ambient temperatures, when the object of
ventilation is a production room with a low air exchange rate.

In the fifth chapter, the effectiveness, and modes of operation of the model of the heat
pump ventilation and air conditioning system with the recovery of the cold ventilation air
depending on the parameters of the outside air, the recovery efficiency and the
characteristics of the room are investigated. The workshop to produce confectionery
products was taken as the prototype, where in the warm season it is necessary to maintain
the technological regime (temperature and humidity regime). Calculations were carried out
using the method of successive approximations to estimate the air parameters at the nodal
points of the system. This made it possible to determine the theoretical cooling efficiency
of the system and proved the advantages of recovery compared to recirculation for reducing
the energy consumption of the heat pump. The studied system has the highest energy
efficiency in the region of relatively low temperatures and relative humidity, which is
suitable for countries with a temperate continental climate.

The sixth chapter presents the results of the thermodynamic analysis of the model of
the heat pump system of ventilation, air conditioning and drying of the production premises
for variable amounts of internal moisture and heat inflows during the transitional and warm
seasons. The impact of exhaust air energy recovery on system efficiency was established
and evaluated . As a prototype, a blacksmith shop was adopted, where it is necessary to
maintain technological conditions (temperature and relative humidity). The principle of this
scheme is that the conditions of constant supply air parameters are met both in terms of
temperature and humidity, while in real practice only one of the parameters is the target
(most often temperature). This circumstance is fulfilled by a special organization of air flows
in such a way as to achieve the most effective utilization of the energy that was generated
in the system. The theoretical refrigerating efficiency of this system was established and the
advantages of energy recovery for reducing energy consumption for system operation were
shown. This model can be used to design supply and exhaust systems with an installed
circuit of a heat pump.

The seventh chapter contains a comparative thermodynamic analysis of the two most

popular solutions for general ventilation and air conditioning: air-handling units (AHU)
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based on built-in circuits of heat pumps (HP) or external compressor-condenser units (CCU)
as the main energy sources. The theoretical analysis was carried out under the same constant
conditions in the cold mode of operation in the warm season, when it is necessary to cool
the supply air. As a result of the research, graphs of the dependences of the parameters of
the two systems (temperature and air humidity at the nodal points of the systems, energy
efficiency of HP or CCU and schemes as a whole) were constructed on the parameters of
the outside air and the needs for ventilation and air conditioning inside the premises
according to the project conditions. The researched theoretical models of the two systems
can be used to assess the feasibility of one or another scheme depending on the project, as
well as during the design of the AHU. Using this analysis, it is possible to select such real
plant components accurately and effectively as heat exchangers, compressors, heat pumps,
etc. to produce supply and exhaust units.

Key words: heat pump system, energy efficiency, modelling, ventilation, air heating,
recirculation, air conditioning, cooling efficiency, air heat pump, recuperation, renewable

energy sources, dehumidification, air-handling unit, CCU.
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INEPEJIIK YMOBHUX IIO3HAYEHD

YMOBHI MO3HAYECHHSA

h — nutoma eHTanbIis, KJDK/KT;

G — MacoBa BUTpaTa, KI/c;

t,T — temneparypa, °C;

K — xoedimieHT peuupKyasuii, BIiIHOCHA YacTKa MOBITPS;
¢ — koedimieHT Tpanchopmarrii TErmI0BOro HACOCA;

(0 — TeIuI0BHiA MOTIK, TEIJIOBE HABAHTAXXCHHSI, TEIUIOBA IIOTYKHICTh, KBT;

L — enexktpuyHa MOTYXHICTh, KBT;

£ — XOJIOJUIBLHUM KOC(IIIEHT;

¢ — MMATOMAa MacoBa TEIIOEMHICTh, KJ[/(kr- °C);
p — I'yCTUHA, KI/M>;

F,S — mnoma, M%;

V— 00’eMHa BUTpaTa MoBIiTps, M>/c;

W — IIBUAKICTH, M/C;

T —4ac, C;

N— KIIBKICTb, IIT.;

d — BOJIOTOBMICT TOBITPSI, I/KTc...

Inpexcn

Hwoxni:

3aqe — 3araJibHui;

6 — BUITAPHUK;

K — KOHJICHCATOpP;

K3 — Kamepa 3MiIlyBaHHS,
810X — BIJIX1THHI;

60J1 — BOJIOTQ;

Ch — CyXe NOBITpS;



600 — BOJIa;

noe — MOBITPS;

CX — CXeMa;

X0J1 — XOJIOJUIbHUH;
CyM — CyMILL;

P — PEUUPKYIISAILIS;

¥ — peKymneparop;

1 — MPUMIIICHHS;
HOM — HOMIHAJILHMI;

XJ1 — HoBepxHs Bunapauka TH.

Bepxni:

MmH — TEIJIOBUM HACOC.

CropoueHHsI

TH — TenoBuii Hacoc;

THC — TenyoHacocHa cCUCTEMa;

THY — tenoHacocHa yCTaHOBKA;

KKBb — kommpecopHo-KOHACHCAIIMHIHN OJIOK;
KK/I — xoedimieHT KOpUCHOI [ii;

K3 — xkamepa 3MilryBaHHs, KOPOTKE 3aMUKAHHS;
HVAC — heating, ventilation and air conditioning;
COP — coefficient of performance;

SCOP — seasonal coefficient of performance;
SPF — seasonal performance factor;

GSHP — ground source heat pump;

ASHP — air source heat pump;

ASHRAE — American society of heating, refrigerating and air conditioning engineers.
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BCTYII

AKTyalbHIiCTh TeMH. [IpONOHYIOTHCS NUIAXU €KOHOMIi BUUEPITHUX €HEPropecypciB
Ta 3HWKEHHS HABAaHTAXEHHS HA TPaAULIKHI TEIUION€HEPYIOUYl YCTAHOBKH 13 3aCTOCYBaHHAM
tertoBux HacociB (TH) y BeHTHIAIIT, KOHIUIIIFOBaHHI Ta TETUIONOCTavyaHHi. TermIoHacocHi
ycranoBku (THY), mo yTwmi3yroTh BIJHOBIIOBAaHI MPUPOJHI JPKepena €eHeprii Ta
HU3BKOTEMIIEPATYpPHI BTOPUHHI EHEPropecypcH il MNEPETBOPEHHS B EHEpPriio, sKa
npuaaTHa Uil MPAKTUYHOTO BUKOPUCTAHHS, HAOYJU IIMPOKOTO PO3MOBCIOHKEHHS B CBITI
[1]. EneprernuHa 3HAYUMICTh JOLUIBHOCTI I1X BIPOBAKEHHS JOBEJIEHA JI0CBIJIOM
eKCIUTyaTarlii AeCsITKIB MUIbHOHIB YCTAHOBOK PI3HOTO (PYHKI[IOHAIBHOTO MPU3HAYCHHS [2].
[Ipu oMy Ounbin HiK 75 % THY mnpamioroTe B cucTeMax TEIUIONOCTa4aHHs 00’ €KTIB
KHUTJIOBO-KOMYHAJIBHOTO IOCIIOapCTBA [3], EKOHOMIISIYM Y BEJMKIM KIJIBKOCTI Je(ILHUTHE 1
KOIITOBHE OpraHIYHE MajuBO, 3HIKYIOUM 3a0pyJHEHHS HABKOJUIIHHOTO CEpEeOBHINA
OPOIYKTaMU 3TOPSIHHS 1 TMOKpAIlyIOud YMOBH JKUTTS Ta moOyTy HaceneHHs. [Ipore
paBUJIbHE Ta €KOHOMIYHO BHIpaBaaHe BIpoBampkeHHS THY cynpoBomKyeThCcss psjioM
3a/1a4, K1 HEOOX1JHO BUPIIIUTH.

Ha cporojmHi moumryku ajabTEpPHATHBHUX JIKEPEN EHEprii € OJHMM 3 IPOBIIHUX
HaAmpsIMiB JIOCHI/DKEHb Yy TEIUIOGHEPreTulll Ta eHepro3depexkenHi [4]. B enepreruin
3 ABJISIIOTBCA HOB1 CTpaTerii 3 MiABUIIEHHS €HEProeeKTUBHOCTI Ta BIOCKOHAIIOIOTHCS
ICHYIOYl CHCTEMM TEIUIONOCTaYaHHsd, BEHTWIALII Ta KoHauuitoBaHHsA. Cam mo coO1
TEIUIOBUIM HAcoC He 3aBXJIW MOXe OyTH BUIPaBAAaHUM PIIICHHSIM, MONpPU HOTO
e(heKTUBHICTh. SIKIIO TEMJIOMOCTaYaHHS 31MCHIOETHCS JIMIIE 3a JOMOMOTOI TEIJIOBOTO
Hacoca (0e3 JOJAaTKOBMX 3axXOiB 3 TIJABUIICHHS €(EKTUBHOCTI), IIe¢ HaWJacTimie
NPU3BOIUTH /10 3HAYHUX KaIliTaJIbHUX 3aTPAT Ta BUCOKOI'O TEPMIHY OKYIHOCTI [5].

HoBu3Ha naHoi Temu nossrae B peanizauii eHeproe()eKTUBHOIO MPOEKTYBaHHS CUCTEM
HVAC 3 noiatkoBuM BKIIFOUEHHSAM Y TEIUIOHACOCHI CXEMH JDKEpelsia HU3bKOMOTEHIIIHOT
eHeprii. Takuil miaxiag J03BOJIS€ 3MEHUIMTH BUTPATH 30BHIIIHBOI €HEprii Ha TEIUIOBUMI
HACOC, 3HU3UTU HEOOXiJHY HOMIHAIBHY MOTY>KHICTh arperaTy, a TaKoX peallizye KiHIEBY
METY Cy4YacHOi €HEepreTHYHOi CTpaTerii: yTuii3aiilo «Oe3KOIITOBHOI» BiJIHOBIIOBAIBHOI

eHeprii B KOPUCHUX LLIAX.
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OCHOBHOIO 3a7a4€r0 BEHTWJIAIII € MiABUIIECHHS SKOCTI BHYTPIIIHHOTO TOBITPS
IUIIXOM 3aMiHM TMOBITpA B npuminieHHi. KpiM TOoro, mnpoumec BEHTWIALII YacTo
BUKOPUCTOBYEThCS Il MIATPUMKM TI€BHOI TEMIEpaTypd Ta BOJOTOCTI B 30HI
o0ciyroByBaHHs. 3a0e3nedueHHs1 He0OX1THOT BUTPATH MPUILIMBHOTO MOBITPSA 1 ePeKTUBHUT
HOro po3no/ii y NpUMIILEHHI € BAXKJIMBUMH BUMOTAMHU JIJIs CTBOPEHHS! KOM(POPTHUX YMOB
1 BUJaJeHHS 3a0pyAHioounx pedoBUH. OCHOBHOIO 337a4€l0 KOHJMINIOBAHHS €
aBTOMATHYHA MATPUMKA B 3aKPUTUX MPHUMIIIEHHIX BC1X a00 OKpEMHX ITapaMeTpiB MOBITPS
(TemnepaTypH, BiIHOCHOI BOJIOIOCTI, YUCTOTH, IIBUIKOCTI PyXy HOBITPSA) 3 METOIO
3a0€3MeUYeHHS] ONTUMAIBHUX MIKPOKIIMATUYHUX YMOB, HAWOUTBII CHPUSITIUBHUX IS
CaMOMOYYTTs JIIOJIEH, BEIEHHS TEXHOJIOrIYHOro mpoiecy. JocnipkeHHs: 3 e(peKTUBHOIo
3actocyBanHd THY B cuctemax HVAC € BaxXiuMBUMH, OCKUIBKM 4YacTKa CIOXKWBaHHS
€Heprii IMM EHEePreTUYHUM CEKTOpOM ckianae Oau3bko 12 % KIHIIEBOTO CIOXUBAaHHSA
eHeprii B yCboMy CBITI 1 npubanu3HO 25 % B Oaratux 4u XOJIOJHUX PETiOHAxX, TaKUX SK
€C [6].

[linTpuMaHHS BOJOTOCTI TOBITPS HAa ONTUMAJIBHOMY PIBHI TaKOX € HEB1J €EMHUM
3aBJaHHSM OaraThOoX KiiMaTUYHUX cucteM. [linBuiiieHa BOJIOriCTh HEraTUBHO BILJIMBAE HE
TUIBKK Ha 3JI0pOB’S 1 CaMOMOYYTTS JIIOJeH, ajie 1 Ha yMOBM 30epiraHHs CUPOBUHH Ta
IPOIYKLIi, 3aBakae 0araTboM TEXHOJIOTTYHUM IpoliecaM. 3aCTOCYBaHHS TEIJIOBUX HACOCIB
JO3BOJIIE OLIBII IMPOCTO 1 €KOHOMIYHO 3MIMCHIOBATH HAJIIMHUN KOHTPOJb BIJHOCHOI
BOJIOTOCTI TIOBITPS B BUPOOHUYMX TMPUMIIICHHSIX 1 HE JOMYyCKaTH KOHJEHCAIII0 BOASHOT
napy Ha BHYTPIIIHIX TTOBEPXHIX 00TOPOIKEHb [ 7].

3B’A30K po00THM 3 HAYKOBMMH NporpaMaMu, IiaHamMH, Temamu. [IpoBeneHi
JOCIIKEHHST BiANoBiaioTh 3akoHaM Ykpainun «IIpo eneproz0epexenus», «llpo
IPIOPUTETHI HANPSIMKA PO3BUTKY HAYKH 1 TEXHIKW»; BUKOHYBAJIAaCh y BIANOBIAHOCTI 10
inimiatuBHOoi HJIP «Po3poOka Ta mocnimkeHHsS pecypco30epirarouux TEXHOJOTIM Ta
OpOLECIB Y TNPOMHUCIOBINA TEIJIOEHEPTeTULl», JEpKaBHUU peecTpaliiHuid HOMEp
01110U004644; Ta moB’s3aHi 3 HAYKOBUMH JOCIIKCHHSAMH KadeIpu TEIuioBoi Ta
anpTepHaTuBHOI eHepreTnku (TAE) HamoHanbHOro TEeXHIYHOTO yHIBEpCHUTETY YKpaiHu
«KuiBCbKOTO MOJITEXHIYHOrO 1HCTUTYTY 1MmeHl Iropss CIKOpCbKOro» 3a TEMOIO:

«EKOTeXHOJIOTIT Ta TEXHOJIOTIi €Hepro30epeKECHHS.
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MeTta i 3aBaaHHsI gocjigkeHHss. MeToro gaHOT poOOTH € CIOCOOHM IIiBHINCHHS
€HEepProe(PeKTUBHOCTI MOBITPSHUX TETUIOHACOCHUX CUCTEM BEHTWIALI1, KOHJAMUIIFOBAHHS Ta
TEIUIONOCTaYaHHs. AHAI3 TEPMOJUHAMIYHOT €(PEeKTUBHOCTI TAKUX CUCTEM BiIOYBA€THCS 32
YMOBH JI0JaTKOBOT YTUJIi3a1li1 «0€3KOIITOBHUXY» HU3bKOMOTEHIIIHHUX JIXKEPEIT TeII0TH a0o
Xo0Jiony. MareMaTuuHi MOJENI CHUCTEeM JOCIHIDKYBAJIUCh JJisi BUIAJKIB OMNAJCHHS Ta
BEHTWJIAIIT Y XOJOIHUN TIEPi0Jl; KOHAMUIIIFOBAHHS MOBITPS Y BUPOOHUYMX MPUMIIICHHSX Y
TEIUIMI TepioJl; BUAAJICHHS HAIJUIIKOBOI BOJOTM 3 MPUMIIIEHHS; KOJIUM TOTpedu y
KOH/IUIIIFOBaHH1 3pOC/IH. 3HAXO)KEHHSI ONTUMAIBLHUX YMOB Ta PEXKUMIB pOOOTH YCTAHOBOK
Ta 1X MOPIBHSHHS J103BOJISIE OOMpATH HAMOUIBIT €PEeKTUBHY TEIUIOHACOCHY CHUCTEMY IS
Oy/Ib-SIKOTO MPOCKTY Ta MPU3HAYCHHSI.

J{nst AOCSITHEHHSI METH TOCT1KEHHS OyJIM BUKOHAH1 HACTYIIHI 3aBJIaHHS:

— a”am3 cydacHux cxeM HVAC Ha 6a31 MOBITPSHUX TEIJIOBUX HACOCIB 3 I0JJATKOBUM
BUKOPUCTAHHSAM PI3HUX HU3bKOMOTEHIIIHUX JKEPEI TEIUIOTH a00 XOJIOAY;

— JIOCJIIJKEHHS CIIOCO0IB 3MIHM TEMIEPAaTypPHOrO MOTEHIIIaTy 30BHIIITHEOTO MOBITPS
Ha BXO/I1 0 BUMIAPHUKA TETJIOBOTO HAcOca JIJisl MiABUIIIEHHS e(DeKTUBHOCTI;

— po3po0Ka MaTEeMAaTHYHUX MOJIEIEH TETUIOHACOCHUX CHUCTEM, X YUCENHbHUIN aHaIi3 3a
BIJIMOBIAHUX BX1JHUX MapaMeTPiB METOJIOM MOCTIJOBHUX HAOIMKECHB;

— NOPIBHSIBHUHN aHami3 qociimxenux cxeM HVAC Ha npuknaii peanbHUX 00’ €KTIB;

— po3po0Ka aITOPUTMY OIIIHKH €HEeproe()eKTUBHOCTI TEIJIOHACOCHUX YCTAaHOBOK JIJISI
POEKTYBAHHS SIK BEHTWIALIMHUX CUCTEM, TaK 1 MPUIUIMBHO-BUTSHKHUX YCTAHOBOK.

06'ekm OocniddcenHss — CUCTEMU BEHTUJIALII Ta KOHJMUIIIOBAHHS >KUTJIOBHUX Ta
BUPOOHUYUX TPUMIIICHD 32 JTOMIOMOTOI0 MPUILITUBHO-BUTSKHUX YCTAHOBOK 3 BOY/TOBAaHUM
HOBITPSHUM TEIUIOBUM HACOCOM Ta IITUMOOKOI0 YTUIII3AIIEF0 HU3bKOTIOTEHIIIIHOT TETJIOTH.

llpeomem Oocniodxcennsa — aHal3 TEPMOJMHAMIYHOI €(EKTHBHOCTI IOBITPSIHHUX
TEMJIOHACOCHUX YCTAHOBOK BEHTWJIAIII Ta KOHAMIIIOBAHHS 3 JIOAATKOBUMH JIKEpelaMU
TErI0TH ab0 XOJIOAY: MOBITPSIHE OMAJIEHHS, BEHTWJISLIS Ta KOHAMIIIIOBAHHS TOBITPS y
BIJIMOBITHO XOJOJHUM Ta TETUIMA TEPIOU POKY; 3HAXOKEHHSI ONTHMAIBHHX YMOB Ta
PEXUMIB POOOTH YCTAHOBOK Ta iX MOPIBHIHHS.

Meroan pocaigxenHsi. HaykoBo-METOAMYHY OCHOBY MPOBEACHUX JOCTIIKEHb

CKJIaM HACTYIIHI METOJM: aHali3y Ta CHHTE3y, MAaTeMaTHYHOTO Ta IMITalliifHOTO
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MOJICITIOBAHHS,  MaTeMaTU4YHOi  CTAaTUCTHKH, TEPMOJUMHAMIYHOIO  MOJIEIIOBAHHS,
dbyHIaMEHTalIbHI ~ TOJOXKEHHS  Teopli  TeruomacooOMiHy. OOpoOka  pe3ysbTaTiB
TEOPETUYHUX JOCTIIKEHb MPOBOANIIACH 3 BUKOPUCTAHHAM MaKEeTiB MPUKIATHUX MPOTpam
— Mathcad, Microsoft Excel, SolidWorks.

HaykoBa HOBU3HA pe3yNbTaTiB JOCIIIKEHHS MOJIATAE Y HACTYITHOMY:

— MPOBEJICH] JIOCHIDKEHHS 13 3a0€3MEeUeHHS BOJIOTICHOTO PEXHUMY BCEpEAUHI
OPUMIIICHh TEIUIOHACOCHUMHU cucTeMu. Ha mpakTuill Temmeparypa € OCHOBHUM
napaMeTpoM Jii TPUILTUBHOTO TMOBITPs,, a JOAATKOBE OCYHICHHS a00 3BOJIOXKEHHS
BiIOYBAIOTHCA 3a JIOMOMOTOI0 I1HIIMX MPHUCTPOiB. Y TOW dYac sIK TEIUIOBI HACOCH 3a
IpaBUJIbHOI OpraHi3allii HOTOKIB MOBITPS MOXKYTh 3a0€31e4yBaTH NapaMeTpy NPUILITUBHOTO
MOBITPS HE TUIBKH 32 TEMIIEPATYPOIO, aJl€ 1 3a BIJTHOCHOIO BOJIOTICTIO;

— MPOBEACHUI TEPMOJIMHAMIUYHUN aHalli3 e()EeKTUBHOCTI TEIIOHACOCHOI CHCTEMHU
HOBITPSIHOTO OMAJ€HHS Ta BEHTWIALINI BUPOOHUYOrO0 MPUMILIEHHS 3 YypaxyBaHHSIM
BUJIAJICHHSI 3aiiBO1 BOJIOTH. BeTaHOBICHO, 10 KOSDIIIEHT PEIUPKYJIIAIIT IS M ATPUMAaHHS
3QIaHUX TIapaMeTpiB TOBITPS B MPUMIIICHHI Ma€ 3MIHIOBATUCh B 3aJIEKHOCTI 5K BIJ
TEMIIEpaTypH, TaK 1 BIIHOCHOI BOJIOTOCTI aTMOC(EPHOTO MOBITPA.

— MPOBEACHO aHalli3u EHEeProeEeKTUBHOCTI TEIIOHACOCHUX CHUCTEM 3 PIZHUMHU
cnocob0amu yTuii3auii HU3bKOMOTEHUIMHOT €Heprii BUTSHDKHOTO MOBITPSI AJ1 BEHTUIISALIT Ta
KOHIUITIFOBaHHS MPUMIIIEHb. PO3MIISIHYTO BUNIAAKK pOOOTH CUCTEM 32 YMOB, KOJIH MOTpeOU
B KOHJMIIIOBAaHHI 3pOCIM BJABIYl, KOJW B MPUMIIICHHI TPUCYTHI HAIJUIIKOBI
BOJIOTOBH/ILJICHHS.

IIpakTH4He 3HAYEHHSI OJEPKAHUX Pe3YJbTATIB IOJIATa€ B TOMY, IO J10JAaTKOBE
KOMOIHYBaHHS MOBITPSIHUX TEIIOBUX HACOCIB 3 IHIIMMH HU3bKONOTEHIIIHHUMU JKEpETaMu
TEIJIOTH BEJI€ HE TIIBKU 0 MiABUIICHHS €(PEKTUBHOCTI pOOOTH NEPILINX, aJle MOXKE J1aBaTH
€KOHOMIIO KalliTaJOBKJIAJEHb 32 BUKOPUCTAHHS OCTAHHIX (HAMPUKIIAJ, 3MEHIICHHS IO
COHSIYHHMX KOJIEKTOPIB, TEIUIOOOMIHHUX MOBEPXOHb BUMAPHUKIB a00 KoHaeHcaTopiB TH).
Bapiantu Takux koMOiHaIii 3anexaTh Bl IPU3HAYCHHS Ta pO3TallyBaHHs OyiBii, aje B
OUTBIIOCTI BUIIAJIKIB BOHM TPHUCYTHI Ta 3aBXKAU JAlOTh CKOHOMIYHUN e(ekT Yy
JOBrOCTPOKOBIHM MEPCIIEKTHUBI.

[IpoBenenuii enepreruunnii ananiz THY B 3anexHOCTI BiJl 3MiHM TeMIIepaTypu Ta
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BIJIHOCHOI BOJIOTOCTI 30BHIITHLOTO cepeaoBuia. [lokazaHo, 1o HeoOXigHe IJIs OTaJeHHS
a00 KOHIUIIIIOBAHHS JOJIATKOBE HArpiBaHHS a00 OXOJOJKEHHS MPUIIUBHOTO TOBITPS
MOke OyTH BHU3HAYEHO 4Yepe3 MPOCTUH KOe(DIIIEHT NPOMOPUIMHOCTI 1O Mepenany
TEMIIEpaTyp 330BHI 1 BCEpEIUHI NPUMINIEHHS, 3HAYCHHS SKOTO 3aJICKUTh BIJl
TEMI0(I3UYHUX 1 FEOMETPUYHUX XAPAKTEPUCTUK IPUMIILIEHHS 1 KPATHOCTI OBITPOOOMIHY,
0 BU3HAYAETHCSA (PYHKIIIOHATHPHUM MPU3HAYEHHIM 00’ €KTa KOHAMUIIFOBAHHS, a TAKOX BIT
BHYTPIIIHIX TEIJIOBU/IIJIEHb Y TPUMIILICHHI.

Kpim TOro, 3acTocyBaHHsSI TEIJIOBUX HACOCIB [JIl KOHAMIIIOBAHHS BHUPOOHUYUX
IPUMIIICHh JO03BOJISIE€ TIOEIHYBAaTH B OAHIM YCTAaHOBII MPOLECH KOHJMIIIOBAaHHS Ta
OCYLIEHHSI MPUIUVIMBHOIO Ta YTWJII3alii BIAIPAallbOBAHOTO MOBITPS, IO POOUTH CUCTEMY
OUIBII MPOCTOI0, MOHOOJIOYHOIO Ta €KOHOMIYHOI. BHKOpHCTaHHS TEmIOBOrO Hacoca B
CHUCTEeMaX BEHTWISIT BUPOOHUYUX MPUMIIICHB J03BOJISE 3a0€3MeUUTH KOMMDOPTHI YMOBHU
mpaiii 3 IOCTaTHbO BUCOKOIO TEPMOJIUHAMIYHOIO €(hEKTUBHICTIO.

OcoOucTnii BHecok 3100yBaya. Jluceprarlisi € 3aBepIICHOI0 HAyKOBOIO IpallCio.
ABTOPOM OCOOHMCTO OTPUMAHO BC1 HAYKOBI PE3YyJIbTAaTH, SIKI HABOJASTHCS B JIUCEPTAIIHIN
po0oTi. Y IpyKOBaHUX Mpalsix, omyOJIKOBAaHUX y CIIBAaBTOPCTBI, 3400yBaueBl HaleXKaTb
TaKi pe3yJbTaTH:

— CTBOPEHHS MAaTeMAaTHYHUX MOJENEH TEIJIOHACOCHUX CHUCTEM IS TOJAJIBIIOrO
TEPMOJIMHAMIYHOTO aHaI3y;

— JIOCIIJKEHHSI POOOTH TEIJIOHACOCHOT YCTAaHOBKHM B XOJIOAHHUM MEpiof POKYy st
MOBITPSHOTO OMAJICHHS Ta BEHTWIALIL BUpoOHU4Yoro npumiiienss [8]. Ilokazano, mo nms
MiATPUMAHHS 3aIaHUX TEMIIEPAaTypH Ta BOJOTOBMICTY TMOBITPS B MPUMINIECHHI 32 PI3HUX
napaMeTpiB JOBKUUIS KOE(DIIEHT PEHUPKYIAIli Mae 3MIHIOBATUCH B 3aJ€XKHOCTI BiJl
TEMIIEpaTypH 1 BITHOCHOI BOJIOTOCTI aTMOC(EPHOIO MOBITPS;

— JTOCJIIJKEHHSI pOOOTH CUCTEMH 3a TEIUIMX YMOB ISl BEHTUJIALIT Ta KOHAUIIIFOBAHHS
BUPOOHMYOTO MPUMIIICHHS, aHalI3 OOMEXEHb CUCTEMH, MOIIYK CIOCO0IB PO3IIUPEHHS ii
niara3zony pooortu [9]. JlocaimKkyBaHa cucTeMa MiaXOIuTh 10 3aCTOCYBaHHS y KpaiHax i3
MOMIPHO-KOHTUHEHTAJILHUM KIIIMATOM;

— po3po0Ka BIOCKOHAJIEHOI CHCTEMH 3 BpaxXyBaHHSM MOMNEPEIHIX pe3yibTaTiB,

JOCTiKEHHsT 11 eHeproedeKTUBHOCTI Ta mopiBHAHHS pe3ynbrariB [10]. HocmimkeHa
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cuctemMa Moke OyTH TIPUAATHOIO JJisi 3aCTOCYBaHHSA B KpaiHax 3 IOMIPpHUM
KOHTMHEHTAJIbHUM 1 BOJIOTMM TpPOIIYHUM KJIIMaTOM B YChOMY Jlama3oHl TeMIIepaTyp
HABKOJIUIITHLOTO ~ CEPEIOBUINA, KOMH OO0 €KTOM BEHTWIAIII BHCTyIa€ BHPOOHHMYE
MIPUMIILICHHS 3 HEBUCOKOIO KPaTHICTIO TOBITPOOOMIHY;

— po3poOKa TEOPETUYHO HaAWOLIbII e(EKTUBHOI TEIUIOHACOCHOI CHUCTEMU Ta
JTOCITIDKeHHST i1 poOOTHM B yMOBax BEHTWJIALII Ta KoHAuIiroBaHHSA [11], a Takox s
OCYILIEHHS Ta KOHAMUIIIOBAaHHS MPUMIIIEHHS 3 HA/JIMITKOBUMH BOJIOTOBUIITIEHHIMU [12];

— JIOCHIJKEHHS Ta MOPIBHSHHS JIBOX PEAIbHUX CUCTEM BEHTHUJISALIT Ta KOHIUIIIFOBaHHS
3 pI3HUMHU JDKEPEJIaMH X0JI0/Ty (BHYTPIIIHINA TETUIOBUI HAcOC a00 30BHIIIHIN KOMITPECOPHO-
KoHJieHcatopHuit 0yiok) [13]. JlochmimxeHi TEOpeTHYHI MOJEIl JBOX CHUCTEM MOXHA
BUKOPHUCTOBYBATH JJIsI OLIHKH JOLIIBHOCTI Ti€1 YU 1HIIOI CXEMHU B 3QJIEKHOCTI BiJl TPOEKTY,
a TaKoX 1111 yac mpoektyBanHs [IBY;

— 00po0OKa OTPUMAHHUX PO3PAXYHKOBUX JIAHUX Ha MPEIMET BUSHAYCHHS ONITUMAIbHUX
PEXKUMIB POOOTH CHUCTEM;

— po3po0Ka METOJUKH aHalli3y €HEPreTUYHOI €(PEeKTUBHOCTI TEMIOHACOCHUX CUCTEM
PI3HHX KOMIIOHOBOK HAa OCHOB1 PiBHSIHb €HEPreTHYHHUX Ta MAaCOBUX OalaHCIB CHCTEM B
IIIJIOMY Ta X OKPEMHUX BY3JI1B.

Anpobaunia pe3yabraTiB aucepranii. OCHOBHI pe3yibTaTH HAYKOBUX JOCIIKEHb,
BUKJIAJICHUX y JUCepTaIliiHid poOoTi, Oyio mpeacTaBieHO HAa MDKHAPOIHUX HAYKOBO-
TEXHIYHUX Ta HAYKOBO-TIPAKTHMYHUX KOH(EPEHIIIsIX, 30KpeMa: MIXKHApOJAHA HAyKOBO-
npaktuyHa koH(epenuis KIII im. Irops Cikopcbkoro «CywacHi mpoOieMH HayKOBOIO
3abe3neueHas enepretukny (Kuis, 2017, 2020, 2021, 2022, 2023); Mi>kHapoHa HAYKOBO-
TeXHIYHAa KoHdepeHlliss BIHHUIBKOTO HAIIOHAJBHOTO TEXHIYHOTO  YHIBEPCUTETY
«IHHOBaIIMHI TexHoJsorli B OymiBHUUTBIY (Binauis, 2018, 2020, 2021); mixHapoaHa
HaykoBo-TexHIuHa KoH(pepeHiiss HTY «XIIl» «EnepreTudni Ta TEIIOTEXHIUHI TIPOIIECH U
yctatkyBaHHs» (XapkiB, 2020), MiXKHapoJHA HAyKOBO-TEXHIYHAa KoHQepeHiis «Actual
problems of renewable energy, construction and environmental engineering» (Ilombina,
2021), mi>xkHapoiHa HaykoBo-TexHIuHa KoH(pepeHiiss HYK «IlaHoBarii B cy1HOOy1yBaHH1
Ta okeaHoTexHIl» (Mukonais, 2021), MiKHapoiHa OHJIAH KOH(epeHlis [HCTUTYTYy

TexHiyHOi Teruodizuku «lIpobnemu Termodizuku Ta termmoeHepretukm» (Kuis, 2021).
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Pesynbrat mociimkeHb TakoX Oynu mpencrtaBieHi Ha BceeykpaiHChKOMY KOHKYpCi
«Mononp — enepreruini Ykpainu — 2019: BiAKpUTHII KOHKYpPC MOJIOJAMX €HEPreTUKIB Ta
BueHux» (Kuis, 2019), ne npeacrapiiena Ha KOHKypcl podoTa 3100y1a IpU30BE MicCIIE.

Ily6aikamii. Martepianu aucepTaniiiHoi poboTu omyOJiKoBaHO y 21 HayKOBHUX
npaigsx: 8 craTeid y HayKoBUX (haxOBUX BHUJIAHHSX (TPU CTATTI Y BUJAHHAX 1HO3EMHHUX
JiepKaB, 3 SKHX JIBI BHECEHI O MDKHapoAHOoi 0a3u Scopus, m’sTh crartedd y (haxoBuX
BUJIaHHAX YKpainu), 13 Te3 momnosijgent y 30ipHUKax MaTepiaiiB KOH(EpeHIii, 3 SKUX OJHa
y BUJIaHHI 1HO3EMHUX JIEPHKAB.

CTpykrypa i o6car aucepranii. Jlucepraiiiiina po6oTa CKIaIaETHCA 31 BCTYITY, CEMH
PO3/I1J11B, BUCHOBKIB, CIIUCKY BUKOPHUCTaHUX Jipkepe 13 105 HaliMeHyBaHb. 3araabHuii o0csr

nucepTallii ckinagae 168 cTopiHok, 62 pUCYHKH.
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PO31J1 1 OI'JIAJI I AHAJI3 JITEPATYPHOI IHOOPMAIIII

1.1 XapakTepucTuKa TeNJIOHACOCHUX TEXHOJIOTIH

OCKIIBKH TTOMHT HAa €HEPTII0 3pOCTaE, a TAKOXK y 3B SA3KY 3 OUIBIIOI0 30CEPEIHKEHICTIO
Ha BUKOPHCTAaHHI HU3BKOMOTEHIIIMHUX JDKEpen TeIJIOTH, TEIUIOBI HAacOCH CTallu
€()EeKTUBHOIO TEXHOJIOTIEI0 BIIHOBIIIOBAHOI €HEPT1i 1JIs1 Mepeadl TEMIOBOi €Heprii 3 0AHOrO
Miciisi B iHIIE. TerioBi HAacOCH BUKOPHUCTOBYIOTHCS B IUJISAX OMNAJCHHS IMPUMIIICHB,
OXOJIOJDKEHHS! PUMIIIEeHb, MAIrpiBy BoAu Tomio. CBiTOBa KiiMaTW4yHA Ta €HEpreTUYHa
nosituka 10 2030 poky BHpIlTye CKOPOTUTH BUKUIW NMAapHUKOBUX ra3iB Ha 40 %. Takum
YUHOM, 1€ 30UIBIIMIIO TTOTPEOY y BUKOPHUCTAHHI BIJHOBJIIOBAHOI Ta BTOPHUHHOI €HEpii.
TeruioBli HacocM MarOThb MOXJIMBICTE BUKOPUCTOBYBATH L0 EHEPrit0 B OyAb-SIKOMY
MOOYyTOBOMY Ta MMPOMHUCIIOBOMY 3aCTOCYBaHHI.

[Mponaxi TH y €Bpomi 3pocnu 3 7,5 MuibloHIB oguHuups y 2014 poui 10
11,8 MinpiioH1B onuuuLb y 2018 poli, npuuoMy Ha PUHKY JAOMIHYIOTh MOBITPSIHI TEIUIOBI
Hacocu (ASHP) [14]. CtumymoBanHss €C 1y BUKOPUCTAHHS BiJHOBJIIOBAHOI eHEprii
CITY>KUTh 320XOUYEHHSIM JIJI1 BIPOBAKCHHS TEXHOJIOT1H BIIHOBIIIOBAaHOI eHeprii [ 15] Takox
B YKpaiHi.

TenoB1 HaCOCH MPOJIAIOTHCS K MPUBAOIMBUI BaplaHT ISl CIIOKUBAYIB, K1 0a)KAIOTh
3aMiHUTH CHCTEMH OMNAJIEHHS Ha BUKOIHOMY HAalHBi. IX peKIaMyloTh SIK CHCTEMH, IO
3a0e3Meuyr0Th EKOHOMIIO KOIITIB, OJTHOYACHO CIIPUSIIOYN 3MEHIIICHHIO BUKH/IIB BYTJICIIO Ta
MNOKpAILEHHIO SKOCTI MicueBoro nositps. [lepexin na TH ans onaneHHs, BEHTUIALIT a00
KOHJUITIIOBAaHHS JKUTJIOBUX Ta BUPOOHUYUX TPUMIIICHb 3MEHIIUTH 3aJICKHICTh BiJl
HEBIJTHOBJIIOBAHMX JKEpEJl €Heprii, TaKuX sIK BUKOIHE MajliBO, TUM CAMHM ITiABUILYIOUU
eHepreTuyny Oesneky [16].

TeruoBi Hacocw (YHKIIOHYIOTH IIISXOM TEpenadl TEeIUIOTH 3 00JacTi 3 HUKYOIO
TEMIEPATypol0 B 00JacTh 3 BHUIIOK TEMIEpPAaTypor0, MPAIOI0YH 32 3BOPOTHHUM
uukiioMm [ 17]. e npoiiec nependayae BUKOPUCTAHHS HEBEIUKOI KIJTBKOCT1 €IEKTPOEHEPrii
JUISI IepeKavyyBaHHs XOJIOJJ0OAreHTy Yepe3 CUCTEMY ISl epeiadl TerioBoi eHeprii. Ternosi

HaCoOCHM MOXHa BHKOPHCTOBYBATHU [JIA OIIAJICHHA, BeHTI/IJISH_[i.l. Ta KOHI[I/II_[iIOBaHHH,
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OXOJIOJKEHHS Ta MIAIrpiBYy BOJAM.

Ha puc. 1.1 mokazaHo nporec MOTrJIWHAHHS TEIJIOTH 13 30BHINIHBOTO CEpeloBHUIIA
TEMJIOBUM HAaCcOCOM 1 MOJAJIbIIY ME€peaady TEII0BOI €Heprii Bojl B cucTeMi onajieHHsd. Lle
J0CATAEThCS MUIIXOM BUIIAPOBYBAHHS 0XO0JIOKYBaJIbHOI PIIMHU Y BUTIAPHUKY (300pakeHO
CUHIM KOJIbOPOM) 1 IOJIaJIbIIIOT0 CTUCHEHHSI MAPOTa30Boi CyMillli 10 O17IbII BUCOKOIO THCKY,
110 MIJBUINYE i1 TEMIIEpATypy BUILIE TEMIIEpaTypH BOJAU B CUCTEMI onlajieHHs. TerioHocii
BIJIJA€ TEIUIOTY KOHJIEHCATOPY 3 BOJSHUM OXOJOJDKEHHSM (ITO3HAYE€HUW YEpBOHUM
KOJLOPOM), CIIPUSIIOYH TIepeadl TEIJIOTH BiJl HArpiBaJbHOI MOBEPXHI 10 BOJIU B CUCTEMI

OTaJIeHHS OyIWHKY.

Puc. 1.1 — HpI/IHHI/Il'[OBa CXCMa CUCTCMHU TCIIJIOBOI'O HAcocCa.

EneproedexruBricts TH BH3HauaeThcsl HUIAXOM BigHECEHHSI KiTBKOCTI TEIJIOBO1
eHeprii, Ky BiH IOcTadae, A0 KUIBKOCTI €Heprii, siky BiH crokuBae. Ile BUMIpIOEThCS
koediuientoM npoayktuBHocTi (COP), sxkuil mpexncraBisie BIIHOLIEHHS MOTYXKHOCTI
HarpiBy abo oxojokeHHs (y KioBarax), mo 3abe3neuyerbes TH, @, 10 MOTYKHOCTI, 110
cnoxkuBaeTbess TH, W.

Ha pobGoue waBantaxkenHs TH i miaTpumkd  KoMOPTHOTO CEepeOBUIINA
IPOXKMUBAHHS 200 POOOTH BILUIMBAIOTH Pi3HI (PAKTOPH, BKIIFOUAIOUH THUII JPKEPEIa TEIUIOTH Ta
TEMJI000MIHHUKIB, KIIIMAaTU4HI YMOBH MPOTIKAHHS TEXHOJOTTYHUX MTPOLIECIB 1 NEpeOyBaHHS
JIOJICH, PI3HMIL TEMIIEpATyp MK HABKOJIUIITHIM CEPEIOBUINEM Ta BCEPEIMHI IPUMIIIICHHS.

AHani3 KJIIMaTUYHUX JIaHuX 1 noTped y eHeprocnoxkusanHi 3 2011 mo 2021 pp. [18]
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OyB BUKOPUCTAHUH ISl CTBOPEHHS MITYYHUX HallIOHAJIBHUX YaCOBHX BIAPI3KIB MOMUTY HA
teroTy Ta BianoBigHi COP mis 16 eBponelcbkux KpaiH. 3a 3BOPOTHIM IUKiIoM KapHo
COP temioBoro Hacoca 3MEHIIY€ETHCS 31 30UTBIIEHHSAM PI3HUII TEMIEPATYP MK BEPXHIM 1
HUKHIM JKEPEJIOM TeTJIOTH. BinbIuii TeMiiepaTypHUld pO3pUB MPU3BOAUTH 0 3HUIKEHHS
edextuBHOCTi TH.

Jlnst oninku poaykTuBHOCTI Belei cuctemu HVAC 3a neBHuid nepiosl BpaxoBY€EThCS
cezonHa edextuBHicth TH. lle cepennbo3Baxkene 3HaueHHs COP mpoTsiroM MOBHOIO
OTATIOBAJILHOTO CE30HY 3 ypaxyBaHHSM €(EKTUBHOCTI 32 CTAaHAAPTHUX YMOB €KCILTyaTali
Ta KUJIBKOCTI JIHIB, MPOTSATOM SIKUX IIi YMOBH BijOyBaroThcs. Llei moka3HUK BigOMUM SK
cezonHuil koedimieHt edexkruBHOocTi (SCOP) 1 103BOJSIE BHU3HAYUTU EHEPrEeTUYHE
MapKyBaHHs JUIs L{1ei exoausainy [19].

Bupobuuku pospaxoBytoTh npoekTHuii COP 3a KOHKpETHUX CTaOUIbHUX YMOB
eKCIUTyaTallii BiIMOBIAHO 0 cTaHAapTiB, Takux sk EN14511 1-4. [1i ym0oBH BU3HA4aOTh
KOMITOHEHTH CHUCTEMH Ta TPAaHWYHI YMOBH, SIKI CJiJl BpaxoByBatu mpu po3paxyHky COP.
BcranoBneHHs y3ro/pKeHUX  CTaHAApTIB  3abe3leuye  IMOCIHIIOBHICTh 1 TOJIETIIYE
MOPIBHSAHHS PE3YJIbTATIB Y PI3HUX TEIIOBUX BUNPoOyBaHHsX [20].

[Tpu MozaepHizallli TEIIOBUX HACOCIB /I 3aMiHM iCHYIOYMX cucteM omnajieHHs SPF e
HAWOLIBII pEeIeBaHTHUM TOKAa3HUKOM st oiiHku edexktuBHOCcTi [5]. SPF Britouae
CHOKMBAHHS €JEKTPUYHOI EHEprii BEHTHJIATOPOM/HACOCOM JDKEpPENa, KOMIIPECOPOM 1
KOHTPOJIEPOM, IO POOUTH MOXKJIMBUM MOTO MOPIBHSHHS 3 aJIbTEPHATUBHUMHU JIKEpeJIaMU
TEIUIOTH Ha BUKOITHOMY TaJIMB1, TAKUMH SIK KOHJICHCAI[Il{H1 Ta30B1 KOTJIH.

SPF y3romkyiorecss 3 JIMpEeKTHBOIO IOJIO BIJHOBIIOBaHOI eHeprii [21], ska
pO3paxoBye BITHOBJIIOBAHY €HEprito, 1o BUKOpUcTOByeTbcs TH, 1 BuszHauae SPF,
BKJIIOYAIOYM JOMOMIXKHI HPUBOAM JUIsl JKEpena TEIUIOTH, ajie 3a BUHSTKOM PE3E€pPBHUX
HarpiBauiB. 3rimHo 3 [upektuBoro €C 11070 BITHOBIOBAHUX JKepena TerioTu [21],
TerioBi Hacocu ToBUHHI Matu SPF > 288, mo0 Oytu kimacudikoBaHUMH SIK Ti, IIO
TeHEPYIOTh BIJHOBIIIOBaHY TEIUIOTY [5]. Ha mpoayKTHBHICTH TEIUIOBHX HACOCIB 3HAYHOIO
MIpOIO BIUTMBAIOTh YMOBH HABKOJIHUIITHBOTO CEPEIOBUINA 1 XapaKTepUCTHKU OyAiBii. OTxe,
iXHI pealbHl XapaKTEpUCTUKH MOXKYTh BIJIPIZHATHCS BIJ THX, IO CHOCTEPIralOThCS B

1ab0paTOPHUX YMOBAX, 3a3HAYCHHUX y TEXHIYHUX MACTIOPTaX BUPOOHUKIB.
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BigHoBmoBaHuMU JKEpeNaMy €HEPrii BU3HAIOTHCS aepo-, Te0- Ta TiApOTepMaibHI
mxepena [22]. OnHak, sk TiIKPEeCTIOEThCS B [S], MPOAYKTUBHICTh TETUIOHACOCHUX CHUCTEM
NMOBMHHA OyTH CIIEpIIy OIliHeHa, 00 3a0e3meunTH BiAMOBIMHICTh BU3HAYCHHSM,
BUKJIAJICHUM y TUPEKTHBAX 11010 BiTHOBIIOBAHUX JKEPET.

Hoctynni pizai tunu TH, y ToMy uucil moBiTps-BOAa, BOAA-BOAA, PO3CUI-BOJA,
BINPALIbOBAHE MOBITPS-BOAA, IMOBITPSA-MOBITPS TOLIO. TakoX NOMIMPEHI KOHQIryparii
riOpuAHUX CUCTEM, IO MOeAHYIOTh TH 3 iIcHYyroOUMMH TpaguIliiHUMU CUCTEMaMH OTTaJICHHS
a0o0 HIIMMH CUCTEMAaMH BIIHOBJIIOBAHUX JIKEPEN, TAKUMHU K (POTOeNeKTpuyHi [23].

TeroBi HacoCH «MOBITPS-BOAA» MOTJIMHAIOTH EHEPTII0 3 HABKOJIHUIIIHHOTO TOBITPSI Ta
PO3MOAUIAIOTH 11 Yepe3 TIpaBiIiyHy CUCTEMY ONAJICHHS Yepe3 CTIHHI pajiaTopu ado Tpyou
i migIoror. TeniaoBi HACOCH «IOBITPSI-MOBITPS» PO3MOALISAIOTE TEIUIOTY abo XOJo.
BcepenuHi OymiBiai 3a jporomoror moBiTpoBoaiB. Ilositpsui TH (ASHP) ocobnuBo
HIIXOASTh JUIsl KUTIOBUX a00 odicHUX Oy/iBesb 3 BUCOKOI IIUIHHICTIO 3a0yJ0BHU, €
rpyntoBi TH MoxyTh OyTH HEeMOKIHUBUMU [24], 1110 POOUTH iX IEPCHIEKTUBHUM BapiaHTOM
U cxeM MoziepHizarlii. OHak BIIMB MOpo3y Ha oBiTpsiHI TH € oOMexyrounm paktopom,
0COOJIMBO B XOJIOJIHOMY a00 BOJIOrOMY KiiMarti [25].

Ipynrosi temnosi Hacocu (GSHP), Takox Bimomi sik reorepmanbii TH, IponoHyroTs
OUTbII cTAOUIBLHY POOOTY 3aBSKU MOMIPHUM MiJ3€MHUM TemIiepatypam [26]. Pi3Hi Tunu
GSHP BkirouaroTh CHCTEMHM MIA3EMHUX TPYyOONPOBOMAIB CEPeIHbOI INMOMHU (2-3 M mo
BepTHKai) 1 3Buuaiini (1o 1 M o ropuzonTa) [27]. Oguak mioma 3emiii, HeoOXiIHa s
BCTAHOBJIEHHS, POOUTH iX HENPAKTUUYHUMU JJisi MOJEpPHi3alli B MICBKUX pailloHax 1
CTOJIMYHUX pEerioHax.

Cucremu TH, mo 0a3yroThCs Ha MIA3EMHUX BOJAX, BUKOPUCTOBYIOTh BOJY 31
CBEpAJIOBUH a00 MOBEPXHEBY BOAY SIK JDKEPEJIO TEIUIOTH B3UMKY Ta JIKEPENIO XOJIOAY JJIs
KOHIUIIIFOBaHHS BIIITKY. BiTHOCHO cTabijibHa TemMmeparypa I'pyHTOBUX BOJ| TO3BOJISIE UM
cuctemaM jgocsaratu Bunmx COP mnopiBasHo 3 ASHP. Opnak Taki npobiiemu, SK
BU3HAYCHHSI BIJMOBITHUX BOJIOWM, OIIHKA MOTEHI[IATy TEIUIOOOMIHY IO BiJIHOIICHHIO IO
BOJHUX TIOTOKIB 1 TMOTEHIIMHI MpoOJeMU OCIaHHS 3 MPOOYPEHUMH KOJIOIA3SIMU
0OMEXKYIOTh iX BUKOPUCTAHHS B MICBKUX YMOBaXx.

[ToBiTpsiHi TemwmoBi Hacocu (ASHP) e maitmommpenimum tunom TH B Ykpaini [2].
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ASHP noTpebyroTh 3Ha4HO MEHIIIE TUTIOIT TTOPIBHSIHO 3 TPYHTOBUMH TETUIOBUMH HACOCAMMU.
Ouikyerbesi, mo ASHP BimirpaBatumMyTh 3HA4Hy poJib B eleKTpudikailli omajacHHs
OyIMHKIB, 30KpeMa 4epe3 CXEeMHU MOJIepHi3allii ctapux Mickkux OyauHkiB. [Ipote B poboTi
[28] HaromyomyeThCsi Ha BHCOKHX KamiTAJIBHUX BHUTpPATax Ha MOJEPHI3AII0 ICHYIOUUX
HVAC cucrem ta Bummx ekcruryaramiiinux utparax ASHP (mopiBHSHO 3 ra3oBumMu
koTiaaMu). Tomy it 3a0e3MeUeHHs OUIKyBaHOT'O CKOPOUYEHHS BUKHU/IIB BYTJICIIO HEOOX1THE
peTenbHe YNPAaBIIHHSA TMEPEeXoaoM 10 OuIbll eHeproedeKTUBHUX cucteM. I[loTpiOHi
MOAaJIbIIN TOCTIHKEHHS 111010 BUukopucTanHs ASHP B MoiepHi30BaHUX JOMAIIIHIX YMOBaxX
1y MPOMHUCIIOBOMY 3aCTOCYBaHHi [29].

[lepexin Ha BIAHOBIIIOBaHI JpKepena TEIUIOTH HEMHUHYYE NpHU3Bele 10 30UIbILIECHHS
MONUTY Ha enekrpoeHepriro aiusa kuBieHHa TH [30]. Tomy Haa3BU4YallHO Ba)JIMBO
PO3YyMITH IX €eKCIUIyaTalliHI XapaKTEpPUCTHKH, a TaKOX MEPCHEKTUBH IMOOYTOBUX Ta
npoMucnoBux crnoxuauiB ASHP mono ixuHix cucrem. Ilo0 mocartyu uporo po3ymMiHHs,
HEOOX1/TH1 BiJMOBIIHI €KCIIEPUMEHTAJIbHI Ta TEOPETUYHI JOCIIKEHHS, IO TaI0Th OIIHKY
IPOIYKTUBHOCTI Ta pobotu cucteM ASHP B >XUTIOBUX, TPOMAACHKUX 1 MPOMHUCIOBUX

Oy[IIBJISIX, @ HE €KCIIEPUMEHTH 3 ONTHMI3allli KOHCTPYKILIM TEIJIOBUX HACOCIB.

1.2 Oriasix OCTaHHIX [JOCATHEHb 1 Mail0yTHHOr0 MOTEHUIAJY MOBITPSIHMX

TENMJIOHACOCHUX YCTAHOBOK

Ha onaneHHss Ta OXOJIOMKEHHS NPHUMILIEHb MpUNagae OUIBIIICTh MOOYTOBOTO
CIIO’KMBAHHS €Heprii B OyIIBJISIX Pa3oM 13 Tapsa4y0r0 BOAO0. Y 06araTboX KpaiHax I eHepris
BCE I1I€ OJIEP)KYETHCSA 3 BUKOITHOTO MaJIUBa, 1 OCKUIBKU KUIBKICTh BUKOITHOTO TAJMBa HE
TUIBKU 00OMEXEeHa, BOHO € €KOJIOT14HO IIKIJIMBUM uepe3 BUuBlLIbHEHHS CO2, 1110 MPU3BOIUTH
1o 3Miam kiimary [31]. Tomy 3 2012/27 €Bponelicbka JUPEKTUBA 3 €HEProePEeKTUBHOCTI
[32] miaTpUMy€ TPUHLMI yTHIII3alli MOHOBIOBAHUX Ta BTOPUHHUX JKEPEN €Heprii JJis
3a0e3MeueHHs] eHepriero kutioBoro Qoumy. lle 3HaYyHO MIABHUINKIO I1HTEpPEC [0
TEMJIOHACOCHUX CHUCTEM SIK aJbTEPHATHUBHOTO BapiaHTy OMAJEHHA Ta KOHAMIIIFOBAHHS
OPUMILIEHb Y Oy/IMHKaX.

byno mnpoBeneno Oarato poOIT 3 OCHIKEHb MOTEHIIANy EKOHOMIi CHCTEMH
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MOBITPSTHOTO TEIJIOBOTO HACOCA B IOPIBHSIHHI 3 allbTEPHATUBHUMU CUCTEMaMU OTaJICHHS Ta
KOHJUIiF0OBaHHs. BapTo BiJ3HAYNTH, 1110 BIPOBAHKEHHS TEIJIOHACOCHOT CUCTEMH Ma€ OyTH
OOTPYHTOBAHMM TSI JOCSATHEHHS BUCOKO1 €HEproeEeKTUBHOCTI, 1 HE 3aBXKI1 BCTAHOBIICHHS
TEIMJIOBOr0 Hacoca Moxe Oytu morinpHUM. Tak, Hanpukian, boiu ta iH. [33] omiHwmim, mo
KOTEI Ha MPUPOJHBOMY Ta3i, SKUHA BHUKOPHUCTOBYETHCS I CHCTEMH ONAJICHHS Ta
KOHIULIIOBaHHS TMOBITpA B o@icHid OyxiBni B CepOli, Mae BUIIMH [OKa3HUK
eHeproe(peKTUBHOCTI, 3 KPaIllOl0 €KOHOMIEI0, HIXK TEIJIOHACOCHA YCTAaHOBKA, HA Ky OyJI0
3aMiHEHO el kKoTen. [IpHunHOI0 Takoro HE3aJ0BIIBHOTO PE3yNbTaTy OyJ0 3aCTOCYBaHHS
MOBITPSHOT TETNIOHACOCHOI CUCTEMH JIJISl BOJSTHOTO OTAJICHHS MPUMIIIEHb, V SKUX HE OyJn
3aMiHEH1 ONaJlfoOBaIbHI MPWIAIM HA HU3bKOTEMIIEpaTypHi. Ha mpoTuBary oMy B iHILIOMY
nociimkernHi M. C. TopekoB Ta 1H. [34] moka3ajiu, [0 CUCTEMU 3 TEIJIOBUM HACOCOM, SIK
NpaBUJIO, € OUTBIII €KOHOMIYHO JKUTTE3AAaTHUMHU, HK KOTJIM Ha MPUPOAHHOMY Ta3i abo
npsiMe €JeKTPUYHE ONANCHHS, JUIsl OTHOCIMEMHUX OYyAMHKIB, CIMEHHUX OYyAMHKIB 3 ABOMA
CHANTBHSIMU, KJIACTEPHUX OyIUHKIB 3 5 1 8 KBApTUpAMH Ta KUTJIOBHX 0AratornoBEpXiBoOK.

[H111 MOCITIKEHHS MTOKa3alid, 10 K01 Mipu €(eKTUBHICTh ONAJICHHS TEIJIOHACOCHOIO
YCTaHOBKOIO BCEpeAUH1 Oy 11BEJIb MOXKE 3MEHIIIUTH BUKUIU TAPHUKOBUX T'a3iB 1 TOKPALIUTH
eHeproeeKTUBHICTD /IS 3aKPUTOTO CIOPTUBHOTO 3ai1y B Typeuunni. banta [35] mocminus,
10 MOPIBHSAHO 3 NOBITpstHUMU TH 3BHualiHMil KOTEN Ma€ HAMHIKYY €HeproeeKTUBHICTb.

KirouoBe 3aBaaHHs py BUOOP1 aI€KBaTHOI CUCTEMHU OIAJICHHS MOJISITa€ B TOMY, 11100
BU3HAYUTH €KOHOMIYHI MEpeBaru JJis criokuBadiB. By Ta iH. [36] moka3ainu, 1m0 nHopiBHIHO
31 3BHYAWHUMM KOTJaMU TEIUIOHACOCHI YCTAaHOBKM € EHEPreTUYHO Ta EKOHOMIYHO
TOIIILHAMH, SKIIO 1X MPaBWJIBHO CIPOCKTYBATH BIiAIMOBIIHO J0 ONATIOBAIBLHOTO MEPIOay
Ta I[IHK Ha €HEPT10 B MICIIEBOCTI.

[IpoBeneni JIbto Ta 1H. [37] AOCHIIKEHHS MOKa3aid, 110 KOMOIHALS yTHIi3alil
COHSIYHOI €HEpTii Ta MOBITPSHOIO TEIJIOBOTO HACOCA MA€ BUINY €(hEKTUBHICTh MOPIBHSIHO 3
OJTHUM TIOBITPSIHMM TEIUIOBHM HacocoM Ha mimx 20 % 3 TOYKH 30py OAMHUYHOI TETIJIOBOT
notyxHocTi Ta COP. Ongnak 1 pizHuis B eeKTUBHOCTI Oyia OUIBIIOI0 32 TeMIlepaTypu
HaBKOJUIIHBOTO cepepoBuina -5 °C y nopiBHaHHI 3 7 °C. EQeKkTUBHICTh 3a HalKpanmx
yMoB 3pocia Ha 27 %, a COP temnoBoro Hacoca miaBUIIMBCS Ha 45,5 %.

Pekymepailis TeTIOTH 3 BIAMPAIbOBAHOTO MOBITPS, IO 31HCHIOETHCS SIK aKTUBHUMH,
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TaK 1 MaCUBHUMHU CUCTEMaMHU, IIMPOKO PO3TIIANAETHCA B JiTepaTypi [33-36] 1 HaOyBaTnme
neqan OUTbIIOro 3HAYEHHS, BPaXOBYIOYHM CYBOPIII 3aKOHW Ta 3aKOHOJABCTBO. besaHT 1
CimoHcoH [38] 3a3Ha4aroTh, M0 peKyneparis TEIUVIOTH MOBITPS 1HIIUM MTOTOKOM MOBITPS
MO>KE 3MCHIIIMTH KalliTAJIbHI BUTPATH Ta CIIOKMBAHHS €HEPrii TOMOMDKHUX 00J1aTHAHb JIJIs
OTTAJICHHS T4 OXOJIOKCHHSI.

Hocnimxenns, nposenene Bamiinom Ta iH. [39], mokazano, 110 AJisl TUTIOBOTO BUMAIKY
B CTOKrosibMi yTWii3ailisi BTOPUHHOI TEIUIOTH 3a JOMOMOIOI0 TPAIUIIHHOTO TEIIOBOTO
HAcoca THUITY MOBITPSI-MOBITPSI MOXKe CTaHOBUTH 110 47 %. Llelt mokazHuk OyJI0 MOKPAIIEHO
no 65 % musxoM MOJEpHi3alii cucTeMH 3MIHOBHMKAa TEIJIOBOTO Hacoca. OKYIHICTH
JOCIIKYBaHOI CUCTEMHU CTAHOBUTUME NMPUOIU3HO 6 POKIB, IO MOXKHA BBAXKATH TPUBAIUM.

Hocmipxenns, npoeaeHe @yuui Ta 1H. [40], moka3ye IHTErpoBaHy MEXaHIUYHY
CUCTEMY BEHTWJIALII 3 TemioBUM HacocoM. Cuctema MpOJEMOHCTpYBala CepeHin
3aranbHuil kKoedimieHT edextuBHocTi COP 9,5, 8,9 1 6,6 mpu o= 0 °C, 5 °C 1 10 °C
(TemmepaTypa 30BHIIITHEOTO TTOBITPs) BiAMOB1IHO. KiJIBKICTh YTHIII30BaHOT TEIIOTH CKJIaja
86,2 %, 1110 T03BOJIMIIO 3MEHILUTH HaBaHTAXXEHHs Ha KoMIipecop 1 3podusio podboty TH me
O11b1I €PEKTUBHOIO.

Tansdenpar ta iH. [41] mocniawim aBa OCHOBHMX METOJH JIUIS 3a0€3T1ICUCHHS MOBITPS
rapHoi SIKOCTI Ta BUCOKOI €HEproe(EeKTUBHOCTI pOOOTH CUCTEM 3 TEINIOBUMH HacocaMu B
BIIPEMOHTOBAHUX KBapTUpPaX y XoJoaHOMY KiimaTi. IlumMum Meromamu € pexyneparis
TEMJIOTA 1 BCTAHOBJIEHHS TEIUIOBOIO HAcoca Ha CTOPOHI BEHTWISIIAHUX BUKHIIB
MEXaHIYHOI TMPUIUIUBHO-BUTSXKHOI CUCTEMM BeHTWIALIl. bByno BcraHoBieHO, 10
BUKOPHUCTAHHS TEIJIOBOTO HAcoca yCyBae MOTpeOy B palOHHOMY CIIOKMBaHHI TEIJIOBOI
eHeprii MpoTAToM JiTa. 3HAYCHHSI CE30HHOT e(PEKTUBHOCTI POOOTH BCI€T CHCTEMHU CKJIAJIO
3,6 B1/Bt. OnHak y gociikeHl He Ma€ >KOAHOI 3rajIki Mpo TOYHY KalliTalbHY BapTICTh
CUCTEMHU.

Hocnimxenns Jlenra ta iH. [42] Maiau Ha MET1 eKCIIEPUMEHTAJIbHE BUBYEHHS Ta OLIIHKY
poGoTu 32 TEMJIOHACOCHUX CHUCTEM [JIsl OMAJICHHS NPUMIIIEeHb. Pe3ynbTatél I1HOTO
JOCJIIDKEHHS I[1KaB1, OCKUIBKH JesKi 3po0JieH] MPOMNo3ullii 3 yAOCKOHAJICHHS YCTaHOBOK
CHpPHSIIOTH POOOTI CHCTEM 3 TEIUIOBUM HacocoM B Iiomy. lle Bkirowae 3a0e3neueHHs

BHCOKOTCMIICPATYPHUM KCPCIIOM TCILUIOTH, IIO Hepe,u6aqa€ Ba)KJIUBICTh IIPpaBHUJIBHOT'O
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po3TalryBaHHS ~ BHUMNAapHUKA. EHEproeekTHBHICTh  TAaKOX  MOXKHAa  IOKPAIUTH,
HAJIAIITYBABIIM CUCTEMY BIAMOBIAHO A0 MOTpeOd B €HEProCHOKMBAaHHI. A 3aCTOCYBaHHS
JCIEHTPAII30BaHOT CHUCTEMH MOXe OyTH OUIbIl BUTIAHUM, OCKUIBKH Tepeaada
€JIEKTPOCHEPrii Habararo Jerma Ta MPOXOJAUTh Maike 0e3 BTpaT, HiXK PO3IMOIiT Tapsdoi
BOJIM.

Crin 3a3Ha4uTH, MO TiJ Yac OTJISAAY HAyKOBOI JITEpaTypu HEYACTO MOKHA 3HAUTH
JOCJIDKEHHS, SIKI IEMOHCTPYIOTh yC1 JIaH1 BUIIPOOYyBaHb a00 TEPMOJMHAMIYHUX aHAIII31B,
TeMrnepatrypHi mpodini, noTpedy B onajeHH1 Toio. [{e ycknaaHoe BCTaHOBICHHS BUX1THUX
YMOB JIOCHTI)KCHB Ta iX aJICKBaTHY OIIHKY.

3 TEXHOJIOTIYHMM MPOTPECcOM 3BHYANHI ra30Bl KOTIU CTAIH «PO3YMHHMH» JIUIIIE
Hemno/1aBHO. «PO3yMHMIT» BITHOCUTHCS 0 CHCTEM, SIKUMH MOKHA KepyBaTH 0€31pOTOBUM
criocoO0oM 3a JOTOMOTO0 MporpamMu Ha cMapTdoHi, 0 Mae cremiaibHl po0odl QyHKITT,
TaKi SIK BUBHAUYCHHS MICIIs pO3TalllyBaHHs 1Jis 00IrpiBy Oy IuHKY, Hanpukiasa. Haibiibiior
MepPeBaror0 PO3yMHHUX CUCTEM € Te, 1[0 MEITKAHIISIM YK€ 3pDYYHO KOHTPOJIOBATH OTIAJICHHSI
npotarom AHs. TpanuiiiiiHa cucTeMa nmporpaMmyBaHHs ONaJieHHs, /e KOPUCTyBad BUOUpaE,
KOJIM OTIAJICHHSI BMUKATH YW BUMHUKATH, JTy’KE KOPCTKA 1 CIIPUIMHSIE BTPATH CHEPTii, KOJIU
BOHA HE MOTPiOHA, HATPHUKIIA/, KOJU MENIKaHIIl 3AJIMIIAI0Th OyAMHOK. BiKiItoueHHs Takoi
CUCTEMH Ta BBIMKHEHHS ii 3HOBY BUKJIMKA€ HE3PYYHOCTI. TaKMM YMHOM, BIPOBAJKEHHS
IHTENEKTyaJIbHUX CUCTEM ONAJCHHS/BEHTWNIALII Ha 0a3l TEIJIOBUX HACOCIB MOXe OyTH
171eaTbHOI0 (PYHKIIIETO, SIKa TOTEHIIIMHO MOXKE 3201 IUTH O1IbIIe eHeprii.

[lst mepeBara oco0IMBO 3Ha4YHA Yy BUMAJKY TEIJIOBUX HACOCIB 3 yTHIII3AIIEI €HEprii
BUTSDKHOTO TIOBITPS, SIKI MOXKYTh PETyJIFOBaTH IIBHUJKICTh OOMIHY MOBITPS 32 JOTIOMOTOO
3acimiHoK. lle moxke 3a0e3neuyBatu e(eKTUBHE HIYHE BEHTWISAIINHE OXOJIOHKCHHS,
3a011aJKYyI0UM KOPUCTYBAa4YEeBl €KCIUTyaTalllifHl BUTpATH Ha TEIUIOBUI HACOC SIK CUCTEMU

OXOJIOJIPKCHHS IIPOTSITOM KiJIbKOX TOJIMH, KO OYJUHOK I00PE 1301bOBAHUIM.

1.3 3Ha4yeHHS TEMJIOHACOCHHUX TEXHOJIOTiH B Y KpaiHi

Tennotry, 10 TEHEPYeETbCS B  TEIUIOHACOCHIM  yCTAHOBI, pallOHAJILHO

BHUKOPHCTOBYBATH, HacaMIepesl, y )KUTI0BO-KOMYHAJTIbHOMY CEKTOP1 €EKOHOMIKH, 7€ JOpore
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Ta nediuTHEe OpraHiyHe MajJiBO CIOXKHUBAETHCS Y BEIMYE3HUX KIIBKOCTIX. B exoHOMIII
VYkpainu 11 npobsieMu BUSBISIOTHCS OCOOJIMBO TOCTPO, TOMY IIO ISl TeHepallli TerIoTH
KOMYHQJIBHOTO TIPU3HAYEHHS, 0OCAT SKOi y 3araJlbHOMY €HEPreTHYHOMY OanaHcl KpaiHu
CTaHOBUTH OJIM3BKO 55 %, BUTpadaeTbes moHan 27 % manuBa, Mo CroXUBaeThes. [lo Toro
XK 11 TaTy3b €KOHOMIKM € HalOUIbII TEXHIYHO BIACTAJIOW 3 IIJIUM PSIIOM IpoOiieM
TEXHIYHOT'0, EKOHOMIYHOTO Ta €KOJOT14HOr0 Xapaktepy [43].

VY 2017 pomi B Ykpaini OyJii BHECEH1 3MIHM JI0 3aKOHOAaBcTBa «IIpo ambrepHaTHBHI
mokepena eHeprii» [44]. Lis nonpaBka BU3Hae, 110 TEIJIOBY €Heprito, oTpuMany Bix TH, siki
BUKOPUCTOBYIOTh aepOTEpPMalibHI, TIApOTepMabHI ab0 TeoTEepMalibHI JDKEpena, CIij
KJacu(iKyBaTH K BIJHOBJIIOBAHY €HEPIil0, SKIIO BHUXIJHA €HEPris 3HAYHO MEPEBUIILYE
NEPBUHHY €Heprito, mo crnoxuBae TH.

[ncTuTyT TexHiuHoi Terodizuku HAH VYkpainu po3poOuB METOIUKY pO3paxyHKY
yacTku eHeprii, Bupoosenoi TH [45]. Lleit po3paxyHOK Mae BUpIlIaJibHE 3HAYEHHS IS
3BiTyBaHHS mpo mnporpec nepen Eneprernunum CriBTOBapHUCTBOM IIOJO MPOCYBaHHS Ta
BUKOPHCTaHHS BIJHOBIIOBAHUX JKepen eHeprii. Ha ocHoBi oTpumanoi iH(opmariii
po3paxoBaHo BupoOHuuTBO eHeprii TH y 2021 poui na piBHl 408 I'Bt'rog abo
BCTaHOBJICHOIO TIOTYXHICTIO, eKBiBajeHTHOIO 1620 MBT.

Kpim Toro, BBeneHHs B Aito 3akony «IIpo enepretnuny edeKTUBHICTD Oy IiBeNb» [46]
y 2017 poui mepeadaydano 3axoad MIOJO0 3MEHIICHHS CIOXWUBAHHS €HEpPrii B OYIBIISIX
BianoBigHo a0 Jdupextusu 2010/31/€C [47]. 3okpema, yacTuHa 5 cTarTi 12 1OTO 3aKOHY
npy BUOOpI BapiaHTIB eHeproszade3nedyeHHs 00’ €KTiB OyJIBHMIITBA BHU3HAYAE MPIOPUTET
BUKOPHUCTAHHS BUCOKOC(DEKTUBHUX JKepen eHeprii, 30kpema TH.

MisnperioHn po3po6uB koHuemnilio «Ctparerii TepmomoiepHizaiii oyaiens 10 2050
poky» [48], sKa MIIKPECIIOE BaXXIUBICTh KOOPJHMHAIT TEPMOMOJEpPHI3allii 3 METOI0
nekapOonizariii. [e nepenbayae BUKOpUCTAHHS YUCTOT €HEPT] 3 MICIICBUX BITHOBIIFOBAHUX
JDKepen, BiAmpanboBaHoi Teriotd Ta TH 11 30H 13 HU3bKUM TETUIOBUM HAaBaHTAKCHHSM
(Takux SIK OJHOCIMEWHI OynuHKM). HaBmaku, pailoHu 3 BUCOKOIO HIUIBHICTIO MPOKUBAHHS
(HampuKIaz, 6araTOKBApTUPHI KOMIUIEKCH) PEKOMEHAYETHCS MIAKI0UaTH 10 e(EeKTUBHOI
LEHTPaTI30BaHOI CUCTEMHU OIMAJICHHS.

VY pamkax BUKOHaHHS YTOJM Ipo acomialiio Mk Ykpainorwo ta €C [49] Ta B Mexax
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patudikamii Enepretmunnm  CmiBroBapuctBoM [50] mnpuiiHiTo ab0 TOTYIOTHCS
pi3HOMaHITHI akTW. Lli akTH cHpsMoBaHI Ha TIJBUIICHHS C€HEProe(eKTUBHOCTI Ta
3MEHILEHHS] BUKOPUCTAaHHS MaTepialliB, IO MICTATh Byrienb. Cepen HUX — BIANOBIAHI
TEXHIYHI PETJIaMEHTH, 10 BU3HAYAIOTh BUMOTU €KO-IAM3alHYy IS €HEPrOoCHOKUBAIOYO1
MPOYKIIIi.

VY HamionansHOMY IUTaHi A1d 0010 PO3BUTKY BIJHOBIIOBaHOI eHepreTuku 1o 2030
POKY BU3Ha4Y€HO LIUJIb 3a0e3neuntu 35 % BiIHOBIIIOBAHOI €HEPrii B KIHIIEBOMY CIIOKMBaHH1
€HEeprii il CEeKTOpYy ONAJCHHS Ta OXOJOJKeHHSA. JloCSATHeHHS i€l LUl BUMAarae
OyniBaunTBa 35,6 ['BT HOBUX moTy)HOCTEH, y Tomy uncii 5,1 I'Bt Big TH.

[Ipobyiema CTpIMKOTO BOPOBAKEHHS TEINIOHACOCHUX TEXHOJIOT1M B YKpaiHi moJisrae
y BIIHOCHO BHMCOKOMY IIOpO31 I1HBECTHIl MOPIBHAHO 3 TPAJUUIAHUMH METOJAMHU
BUJIyYEHHS TEIUIOTH 3 BUKOIIHOTO Ta albTepHATUBHOTO mnanuBa. OJIHaK JAOBrOCTPOKOBA
€KOHOMIsl KOUITIB MepeBaxye I 6ap’epu, 0COOIMBO SKIIO B3STH JO YBaru MOTEHIlINHE
30uThIIIeHHS TTo1aTKIB HA BUKUAU CO2 Ta 00OMEXKEHY JOCTYITHICTh albTEPHATUBHUX BH/IIB
nanuBa [51].

{06 mogonaT BXigHMA 6ap’ep, BaKIMBO PO3POOUTH CUCTEMY CTUMYIIB, 30KpeMa B
CUCTEMaX OTMAJICHHS Ta OXOJOJKEHHS JIJIsl COIIaTbHUX, MEUYHUX, HAYKOBHUX, OCBITHIX Ta
IHIIUX TPOMAJCbKUX OyniBenb. HeoOXiHO CTBOPUTHU ILUIBOBI MporpaMu Jyisl 3aKjajiB
TaKUX rajay3ei, sk 0XOpOHa 3/I0pPOB’sl, HAyKa, OCBITA Ta KyJIbTypa.

OCHOBHI 3ax0/1¥ MO0 CIpHUSHHA BrpoBamkeHHss TH B Ykpaini BKIIOYArOTh:

1. CTBOpEHHsI MOBHOTO KaTajory TEXHIKO-€KOHOMIYHUX OOrpyHTyBaHb npoekTiB TH
Ha PI13HUX THUIAX 00'€KTIB.

2. 3a0XO4YEHHS HAYKOBUX JOCHIJDKEHb JUIsi pO3pOOKM OUIbII JOCTYIMHOTO Ta
e(hEeKTUBHOTO TEIMJIOHACOCHOTO OOJIaIHAHHS, SIKEe O BIAMOBIIANO CEPEAHHLOMY JOXOAY
JIOMOTOCTIOJapCTBA.

3. Po3poOky wmogneneit nepxaBHOI Ta (OHAY €HEproeeKTUBHOCTI MIATPUMKHU
npoekTiB TH.

4. O00B’s13k0Be BpaxyBaHHs BapiaHTiB TH mpu npoeKkTyBaHHI Ta pEKOHCTPYKITii Oy/1iBEIb.

5. Peamizaiito JAeMOHCTpallifHUX TMPOEKTIB 13 3acTtocyBaHHsM TH Ha 00’exTax

corianpHOi cepu.



36

6. BuB4eHHsI BUKOPHUCTAHHSI MOTEHITIATY B1IXO/IiB IPOMHUCIOBOTO0 BUPOOHHIITBA Yepe3
npoextu TH.

7. Peanizarito 1eMOHCTpALIITHIX MPOEKTIB €HEeproe()eKTUBHUX LIEHTPATI30BAaHUX CHCTEM
TeruIonocTavyaHHs Ha ocHoB1 TH y cepeHix 3a po3MipoM paiioHax MicTa.

8. BupiumieHHS NUTaHHS NPO MOMKJIUBICTh 3aCTOCYBAHHSI 3HM)KOK Ha «3€JIEHY»
enektpoeneprito ans  TH 13 3a0e3nedyeHHsM OanaHCy 1HTEpECIB  CIOKHBAuIB,
€HEProCUCTEMHU Ta JIEPKABU 3 YpaxXyBaHHSIM MOKJIMBOCTEHN peryJitoBaHHS HABAHTAKECHHS.

3rigHo 3 MixHapoaHum eHepretuyHuM areHTcTBOM (IEA), HamioHanmbpH1 ypsau
MTOBHHHI CHIBIIPAIIOBATH 3 HAI[IOHAJILHOIO MMPOMHUCIIOBICTIO, 00 1010J1aTH Oap’ epu 3 OOKY
IPOIO3HUIIIi Ta CTBOPUTH CHPUATIMBI YMOBH ISl BAPOOHUIITBA Ta MAIIMHOOY 1yBaHHS.

Icnye 3HauHuii moTeHmian s  BukopuctanHs TH sk y  mogaepnizamii
[EHTPAJI30BaHOTO0 TEIJIONOCTauYaHHd, Tak 1 B mpomucioBocTi [51]. Opnak ans
3a0€3MeUeHHs pealiCTUYHUX MEPCIEKTUB PO3BUTKY HOBUX TEXHOJOTrIH, y Tomy uncii TH,
BKpaii Ba)XIMBO BCTAaHOBUTU €(EKTHBHI PUHKOBI BIIHOCHHU HAa E€HEPIeTHMYHUX PUHKAX
Ykpainu.

Sxmo npuaAUIMTY HaJIe)KHY yBary TexHosorli TH B YkpaiHi, BOHM MOXYTb CHPUATH HE
TITBKU TIIBUINCHHIO €HEeproe(eKTUBHOCTI Ta aekapOoHi3allii eKOHOMIKH, ajie W CcTaTu
MIIIHOK0 OCHOBOIO JJII 3pPOCTaHHS BITYM3HSIHOTO MPOMHUCIOBOIO Ta MAaIIMHOOYIIBHOIO
Oi3Hecy. lleli moTeHIIal BUXOAUTH 3a MEXI 3aJI0BOJICHHS BHYTPIIIHIX NOTped, 3
MO>KJIMBOCTSIMU BUXOJly Ha 30BHIIIHI PUHKH, 0COOIMBO Ha pUHOK €C, 1€ 04IKy€EThCS, 110

NOMUT Ha ycTaHOBKU TH mepeBUIIUTE MPOIO3HUIIII0 B HACTYMTHOMY AecaTHmTTI [S1].

1.4 Orasg gociixxeHb e(EeKTHBHOIO 3aCTOCYBAHHS MOBITPSAHMX TeEMJIOBHX

HacociB B cucremax HVAC

Cnenudika Takux 00’€KTIB, K TeaTpH, KIHO, pPECTOpaHU, BUCTABKOBI ILIEHTPH,
CymnepMapKeTH, BOK3ajd, TOTeNi, JIKapHI TOIIO BHMAara€ 3HA4YHOI KUIBKOCTI BEHTHJIALI1
MOBITPS, KOJIM TPUMIIICHHS 3allOBHEHI1 JIOJbMH. BpaxoByrouu, 110 Teruie MOBITPS
KOHLEHTPY€ETbCA y BEPXHIA YaCTHHI BEJIMKUX KIMHAT, 3MIIIYIOYHM L€ MOBITPS 3 HUKHIM

XOJIOJTHUM TIOBITPSIM, SIK€ OTOUYE JIFOJICH, Ta€ BAXKIMBY MOMIIUBICTh ISl EKOHOMIT €Heprii,
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0COONMBO B ayauTOpisX 1 cynepmapkerax. Takok HEOOXITHO pEryJiioBaTH YacTOTY
MPOBITPIOBAHHS B 3aJIeKHOCTI B KIJIBKOCT1 JIFOAEH, SKI 3alOBHIOIOTH IPUMIIICHHS,
BPAaxOBYIOYH, 1[0 B CEPEAHLOMY JIKOAMHI NOTPiOHO Gimu3bko 0,005 M* cBixkoro mosiTps 3a
cekyHuy [52].

Jxepenamu temiotu ais TH y BuIieBKka3aHUX TPUMILIEHHSIX € BEHTHIISIIIHI BUKUIH,
K1 MOXYTh OyTH BHKOPHCTaHI JiJIs MiAITPiBy ab0 OXOJIO/HKEHHS CBIXKOTO TOBITPS, a B
NEesSKUX BUIMAJKaX 1 JUIs Tapsiuoro BOAOMOCTAYaHHS, SIK HAIPUKJIIAJ, y MIIICPIBI BOAU JJIs
KyXOHb y pecTopaHax. 3BUYaiiHO, BIIITKY € MOTpeda B KOHIUIIIFOBAaHHI TOBITpsi, ToMmy TH
MO>KHA BHUKOPUCTOBYBATH SIK XOJIOAWJIbHY MAIIMHY 1 SIK CMOCIO OTpPUMAaHHS OMaJICHHS.
OcraHH1{ BapiaHT MIIXOJUTH JUJISl HEBEJMKOI MOTpeOU B TEIUIOTI (Tapsya BOAA Y BaHHHUX
KIMHaTaX, KyXHSX TOIIO). Y MPOAYKTOBHX CylepMapKeTax TeIioTa BijJ] KOHIEHCATOpPIB
XOJIOAWJIBHUKIB MOXe 3a10BOJBHUTH 50-70 % mnorped B 00IrpiBi MpUMIILLEHb, alle SK
IpaBWIO IIsI TEIUIOTA MPOCTO BUAAIAETHCS B HABKOJIMIIHE CEPEOBUINE, 110 BHMAarae
J0JIaTKOBHX CITOKMBAHb TEIUIOBOI €HEPTil Bl KOTEJIIEHb Ta TEIJIOBUX Mepex [52].

3 MeToto nosermeHHs ekcruryaTanii, TH moBuHHI OyTH ClIpOEKTOBaHI Ta BUTOTOBJICHI
3 JIOCTaTHBOIO TIOTYXHICTIO /s IEHTPaJi30BaHOTO TEIJIONOCTadyaHHs 3 J100pe
130JJbOBAaHUMHU TEIUIOBUMHM MeEpEKaMU. Y SKOCTI IIKOBOIO JDKEpesla Ha 3UMY CIIiJ

BUKOPUCTOBYBATHU TPATULIHHUNA KOTEJ OMAJICHHS.

1.4.1 Teny1oHACOCHI YCTAHOBKHM /JI1 BEHTWISIII NPUMIlIIEHb

Cepen HaiiOlmbml  e(EKTUBHUX OO0’€KTIB ISl 3aCTOCYBaHHS TEIJIOHACOCHUX
TEXHOJIOT1 € CUCTEeMH BEHTWJISLII MPUMILIEHb. 3aBsSKH HEBUCOKIM PI3HULI TeMIEpaTyp
IMPUIUIMBHOTO 1 BUTSDKHOTO TOBITPS MOXKHA JIOCATTH BHUCOKOi €HEpProe(eKTUBHOCTI 3a
nomomororo TH y cucremax HVAC npu momipHUX Temmeparypax HaBKOJIHMIIHBOTO
cepenoBuma. OmHAK, KOJW TEeMIIEpaTypa HABKOJMIIHBOTO TOBITPS 3HWXKYETHCA a0o
3pocTtae, epEeKTUBHICTh MPOCTUX TEIIOHACOCHUX CHCTEM 3HAYHO 3HUXKYEThCSA [53], 1m0
MPU3BOJAUTH 10 MOTPEO 3aCTOCYBAHHS BJIOCKOHAJICHUX CUCTEM.

JloTpuMaHHS MpaBUJI OXOPOHH 37I0POB’SI BUMArae MOCTIHHOTO HAIXOKEHHS CBIYKOTO

30BHIIIHBOTO MOBITPS JUIsl MIATPUMKH SIKOCTI MOBITps B Oynismi. Lllo6 omrtumizyBatu
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CIIOKMBAHHSI €HEprii, KOPHUCHO pEeKyIlepyBaTH TEIJIOBY EHEPril0 3 BIAMPaIbOBAHOTO
noBiTpsa. CydyacHi KOHCTPYKIi 00’ €AHYIOTh MPUIUIMBHUM 1 BUTSDKHUN KaHaIWd B €IMHUN
OJIOK, TIOJIETIITYIOYX B3aEMOII0 MIXK IBOMA MOBITPSHUME NOoTOKaMu [54]. OnHak y cTapux
OyIIBIISAX HE3pYyYHE PO3TAITyBaHHS MPUILTUBHUX 1 BUTSHKHUX KaHATIIB CTBOPIOE 3HAYHY
npoOieMy JUisl peKyrepalii TeMjaoTH B CUCTeMaX BEeHTHJIALI].

Jnst Toro, mo0 mMOBITpS HEOOXIJHOI TeMIlepaTypyd HAAXOAWJIO B NPHUMIIICHHS,
BUKOPHUCTOBYIOTHCSI HAarpiBHUKH JUISl MIAITPIBY MPHUIIMBHOTO IMOBITPS B HAMMPOCTIIIUX
CUCTEMaxX BEHTWJIALII. 3aJIeKHO BiJI JKEpeia TEIIOTH HarpIBHUKK MOXYTh OYTH BOJSHUMH,
ra3oBMMH a00 eJIeKTpUYHUMH. HarpiBaHHS MOBITPS TapsSu0r0 BOJOI0 a00 €IEKTPOCHEPTIEI0
€ HaWKpallluM, OCKUIbKU Ja€ MOKJIUBICTh KOHTPOJIFOBATU TEMIEPATYPY MOBITPS TOUHIIIE.
[IpoTre BUTSHKHE MOBITPS B TAKUX CHCTEMaX HaWYacCTIIe BUIAISETHCS B HABKOJUIITHE
cepeaoBuIle 0e3 yTuimi3allii Horo eHeprii, o poOUTh €()eKTUBHICTD MOIIOHUX CUCTEM JTYKE
HU3bKOWO [43]. [ns 301ablieHHS €(QEeKTHUBHOCTI B TaKli CHCTEMU BCTAHOBJIIOIOTHCS
pekyneparopu (puc. 1.2).

Pexynepartis eHeprii Ta mogaibllia €KOHOMISI MOXYTh OYTH JOCATHYTI 3aBISKU
BUKOPHCTAHHIO BHCOKOC(DEKTMBHHMX TETUIOOOMIHHHWKIB, TaKMX SK IUTACTHHYACTI
TEIIOOOMIHHUKH, IS TOJa4di CBDKOTO HABKOJHUIITHHOTO TIOBITPS Ta peKymepaiii.
[IpunIMBHO-BUTSKHI ~ YCTaHOBKH, OCHAIlICHI  PEKYNEepaTUBHUMH  POTOPHHUMH
TEIJIOOOMIHHUKAaMH, 1 TemioHacocHuMu ycraHoBkamu (THY) Ttakox  mmpoko

BUKOPHUCTOBYIOTHCS JUIsl TOCSATHEHHS €(heKTUBHOT peKyrepallii Teraotu [S5].

Puc. 1.2 - Pi3H1 TUNM TUIACTUHYACTUX PEKYTIEPATOPIB TUITY MOBITPSA-MIOBITPS JIsI CUCTEM

BEHTIJIALII Ta KOHIUIIFOBAHHS.
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VY cutyamisx, KOJIM mOpsiMa Iepeaadya TeIsIOTH HEMOXJIUBA, BUKOPHUCTOBYIOTHCS
MOBITPSHI PEKYINepaTopu TEIUIOTH 3 MPOMIKHUM TerjloHocieM. Bubip BiAmoBigHOT
YCTAaHOBKM 3aJIEKUTh BIJ TEXHIYHHUX 1 TIFE€HIYHUX BUMOI, BKIIIOYAKOYH KOHQIrypariro
CHUCTEM IPUIUTMBHO-BUTSHKHOT BEHTHIISIII1, 3a11001TaHHS IEPEHECEHHIO 3aMmaxiB 1 MIKIJTUBUX
pPEUYOBHMH, a TaKOX CIHIBBIIHOUIEHHS O00’€My MPUILNIMBHOIO TOBITPS 10 00’ eMy
BUTSKHOTO TIOBITPS [56].

Bub6ip tumny pekyneparopa TerioTd 00yMOBIIIOETHCS OPIBHSIHHSIM BUTPAT HAa CHEPT1IO
abo exoHoMil 3 BapTicTio oOsagHaHHA. OAHUM 3 e(pEeKTUBHHUX MIAXOMAIB 10 yTHII3alli
HU3bKOIOTEHLIMHOT TEIUIOTH € BHUKOPUCTaHHS MapOKOMIPECIHHOTO XOJOAWIBHOTO
oOnagHaHHS y cucTeMaX KOHAMI[IIOBaHHS MOBITPS, 110 MPALIOITh Y PEKUMI TEIIOBOTO
Hacoca. TemioBa mnoryxHicTe THY Bu3HauaeTbcs HEOOXITHOK MPOAYKTHBHICTIO
OXOJIOKCHHS.

VY Tennwmii mepio BUKOPUCTOBYETHCS 3BOPOTHS BOJAA MICHISA CHCTEMU KOHIUIIFOBAHHS
B SIKOCTI HU3BKOIOTEHI[IHHOTO JKEpesia TEIUIOTH, SKa HaaAXOAuTh A0 BumapHuka TH. ¥V
XOJIOIHUM  TepioA Il MIAIrpIBY KOHTYPHOI BOJM CHUCTEMH  TEIUIONOCTadyaHHS
BUKOPHUCTOBY€ETbCA 00OopoTHa Bojga 3 THY. EdektuBHicTs pobOTHM Takoi cHUCTEMH B
3arajJbHOMY TEIJIOBOMY OajaHCi THIOBOTO MIANMPUEMCTBA, CTAHOBUTH MPHUOINU3HO
3,3 B1/BTt [52].

VY SKOCTI MPUKIALY PO3TISTHEMO MPUHIIMIIOBY CXEMY BEHTWJIAIII 3 peKymepaTopoM
TEIJIOTH BUTSKHOTO MOBITPs (puc. 1.3). [IpuruimBHe 30BHINITHE TOBITPS 3 TEMIIEPATYPOIO fo
OPOXOJIUTh yepe3 pekymneparop R 1 HarpiBaeThcsi (200 OXOJOIKYETHCS) 3a JOMOMOTOIO
BUTSDKHOTO TOBITpsA. TepMmiuyHa e(EeKTHUBHICTh peKymepallii B TaKUX MHPUCTPOSIX MOXKE
nocsiratu 70 % [57]. Y [58] mokazano, 110 HaBITh 32 BUCOKHMX 3HaueHb €(EKTUBHOCTI
pekyneparii TeMrepaTypa BUTSKHOTO TOBITPS HA BUXO/1 B HABKOJIMIIHE CEPEIOBUILE fcooling
NepeBUINYE #o (Y XOJTOAHY TTOPY POKY), 110 MOKA3Y€E MOXKIIUBICTh OUTBII TNIMOOKOT yTHITI3AIIIT

€HEPrii BUTSHKHOTO MOBITPS.
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t1 Vi t2 V2
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to Vo
theating Vheating
~af- Rad - -
R
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-
‘frcooling

Puc. 1.3 - IIpocrta cucreMa BEHTHIIALILT 3 BUKOPUCTAHHSM MOBITPSHOTO HArpiBHUKA 1
peKynepariero Te0oTH BEeHTUIALIMHUX BUKUAIB: OV — npumiiieHHs, R — pexyneparop,
Rad — narpiBHuk noBiTps, to, Vo — TEMIepaTrypa Ta 00’€MHa BUTPATa 30BHIIIHBOTO
MOBITPA, fcooling, Veooling — TEMIIEPATYpa Ta BUTPATA BUTSIAKHOTO MOBITPSL, theating, Vheating —
TeMIlepaTypa Ta BUTpaTa MOBITPs MICIs peKymneparopa, t, V1 — remmneparypa Ta BUTpara

NPUILIMBHOTO MOBITPA, f2, V2 — TeMIiepaTypa Ta BUTpaTa BEHTHISIIIIHHUX BUKUIIB [58].

PosrnsiHyta cuctema € MpPOCTOI0 Ta Ha MPAKTUIl PEai3yeThCA 3a JIOMOMOTOIO
MPUTUTUBHO-BUTSKHUX ycTaHOBOK ([IBVY) 3 mnactunuactumu pexyneparopamu (puc. 1.4).
Ha pucynky 300paxeno [IBY 3 mnepexpecHOTOUHHM pPEKyNepaTopoM Ta IMOBITPSIHUM
HarpiBHUKOM. Y SKOCTI JDKepelia TEIUIOTH JjIs TMOBITPSHOIO HAarpiBHMKa HaWyacTille
BUKOPHCTOBYETHCS Tapsda Bojia abo enekTpoeHepris. B ycranosmi nependadyeHo Oaiimac
yepe3 peKymneparop y BHUITQJKaX HE3HAYHOI PI3HHUIN TeMIlepaTyp MiX 30BHIIIHIM Ta
BHYTPIIIHIM MOBITPAM a00 J1JIs1 TOBHOI pEUUPKYJIALIT BEHTUISLIMHUX BUKHUIIB.

Ha puc. 1.5 nHaBeneHo cxemarnuHe 300paxkeHHa [IBY 3 pekynepauiero eneprii
BUTSDKHOTO MOBITPSL Ta KOHTYpoM TH. V¥V pekyneparopi NpUILUIMBHE MOBITPS MONEPEAHBO
HarpiBaeTbcsi (200 OXOJIOMKYEThCS) 3a paxyHOK BiaiOpaHoi Teriotu (abo Xxojody) 3
BCHTWIAIIMHUX BUKHAIB. ITicisl 1[bOT0 NPHUIUTMBHE MOBITPS JOBOIUTHCS JO HEOOXIIHOT

TeMIlepaTypH 3a paxyHOK KoHJieHcaTopa (abo Bunapuuka) TH [59].
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Puc. 1.4 - [TpuniuBHO-BUTSKHA YCTAHOBKA 3 MJIACTUHYATUM PEKYIIEPaTOpPOM Ta

MOBITPSHUM HArpiBHUKOM JJISI CUCTEM BEHTHJIAIT Ta KOHAUIIFOBAHHS.
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Puc. 1.5 - [IpuniauBHO-BUTSKHA YCTAHOBKA 3 IJIACTUHYATUM PEKYyNIEPATOPOM Ta KOHTYPOM

TEIUIOBOTO Hacoca ISl CHCTEM BEHTHIIALT Ta KOHAUIIIFOBaHHS [59].

SAx mokazano B [60], edexruBHicTh poOoT TH 3amexuTs Big Temmeparypu
HABKOJIMIIIHBOTO TOBITPS fo, aj€ TaKOX JEHI0 3HMXKYEThCS 31 30UIbIICHHIM Koe(ilieHTa
pekyneparii. OpHak BIUIMB BEIMYMHU KoedillieHTa pekymnepamii Ha 3HIKEHHS
€(EeKTUBHOCT1 CUCTEM € HE3HAYHUM. 3arajioM e(heKTUBHICTh TAKUX TEIIOHACOCHUX CUCTEM
3HAYHO TMIiJBUIIYETHCS 3a PaxyHOK BUKOPHCTAHHA SIK PEKyIleparopa, TaK 1 TEMJIOBOTO
Hacoca, y MOPIBHSHHI 3 MPOCTUMHU CUCTEMaMU BEHTWJIALIT 3 TIOBITPSIHUMHU HarpiBHUKAMU
(puc. 1.3).

Konu BUTSDKHE MOBITPST Ma€e BITHOCHO BUCOKY TEMIIEpATypy 1 HE MICTHTh IIKIITUBUX
PEYOBHUH, YaCTHHA HOTO HE BUJIASIETHCS B HABKOJIMILIHE CEPEIOBUIIIE, a IOBEPTAETHCS Ha3a

B cucTeMy BeHTWMIi. [{e BigOyBaeThCs il yac 3MIIIyBaHHS 3 YaCTKOIO CBIKOTO MOBITPS,
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0 HAAXOAWTH I 3a0e3MeUeHHs HEeOOXIMHOT BHUTPATH MPUILTUBHOTO TIOBITPS 10
npuMilieHHs. Takuit 3aXi1 IPU3BOAUTH 10 €EKOHOMIT BUTpAT HA MPUA0aHHS 1 €KCILTyaTalliio
BEHTWIALIIMHOT CHUCTEMH 3a PaxyHOK 3MEHIIEHHS MOTpeOW B HarpiBaHHI 30BHIIIHBOTO
noBiTps. Eneprisi, HeoOXiiHa i HATPiBY 30BHINIHBOTO TOBITPSI B XOJIOAHHM MIEPi0]1, MOXKE
Oytu 3MeHIeHa Ha 40 % MopiBHSAHO 31 3BUYAHUMU cucTemMamu [61].

BrniTky cucTteMH TOBITPSHOTO OXOJIO/KEHHS TaK0X INHPOKO BHUKOPUCTOBYIOTH
peuupkyssiito. Ha puc. 1.6 nokazano [1BY 3 pexyneparii€to, pelupKyJisii€r0 Ta KOHTYpOM
TH. [Ipuyomy peuupkyisiis Moxe BIIOYBaTHUCh K 110, TaK 1 nepes pekyneparopom. [Ipore
HAWOUIBIII TUIIOBUM € 3MIIITyBaHHS MOTOKIB MOBITPSA mepen pekyneparopom. OtpumMana
CyMilll 3 OUIBIIOI TEMIEPATYPOIO HIXK TeMIeparypa 30BHIIIHBOIO MOBITPs (y XOJIOJHUN
nepioj1) Jaii J0JaTKOBO HarpiBa€ThCS B PEKYNEPATOP] 3a pAXyHOK BEHTHIIALIITHUX BUKH/IIB.
[Ticnst 4oro MPUIIMBHE MOBITPSA JOTPIBAETHCS 0 3aJaHOT TeMIlepaTypy B KOHJEHCATOPI

TCIIJIOBOT'O HACoOCa.

1.4.2 Teny10HACOCHI YCTAHOBKHM JJI1 BEHTWISIII TA KOHAULIIOBAHHS NPUMIIlIEHb

VY poborti [62] Oyno mocaikeHo eHeproeeKTUBHICTh TEINIOHACOCHOI CHCTEMU IS
BEHTWJISILIT Ta KOHJIMLIIOBAaHHS MOBITPsA. B yCcTaHOBIII BUKOPUCTOBYETHCS TEIJIOBUI HAcoc,
pO3TaIIOBaHMil MMOBHICTIO 32 MEKaMU 30HU 00ciyroByBaHHs. E(DeKTUBHICTD 1I1€i cUCTEMU
KOH/IUIIIFOBaHHS MOBITPsI, 300pakeHoi Ha puC. 1.7, 3HAYHOIO MIPOIO 3aJICKUTh Bl CTYTCHS
OXOJIO/IPKEHHS 30BHIIIHBOTO TMOBITPS BiJ TeMIepaTypy HAaBKOJIWIIHHOTO CEPEOBHINA 10
TEeMIIepaTypH Ha BXO/I1 B TpuMitieHHs. L[ pi3HULIS MOKe csraTh 3HaYHUX PiBHIB, 0COOIMBO
3a BHUCOKHMX TEMIIEpaTyp HaBKOJMIIHBOTO CepeloBUIla. BiAmoBigHO, yMOBH pPOOOTH
BurnapHuka TH noripuryroTsbCsi MOpiBHSAHO, HAIPHUKIA, 31 CIUIIT-cUCTeMaMu. Pa3om 3 Tum,
cucTtema 3abe3rnevye yTUii3alio X0JI0JHOTO BIAMPallbOBAHOTO MOBITPSL, 110 MPU3BOJAUTD 10
3HIDKEHHS TeMIIepaTypH MOBITPsl Ha BUXOA1 3 KoHAeHcaTopa TH Ta mokpaiirye yMoBH HOTO

poboTH.
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Puc. 1.6 - [IpuniuBHO-BUTSKHA YCTaHOBKA 3 IUIACTUHYATUM PEKYIIEPATOPOM, 3aCIIHKAMU

s -

PELUPKYJISIIT BUTSHKHOTO TIOBITPSI Ta KOHTYPOM TEIIJIOBOTO HAcOca JUIsl CHCTEM

BEHTWJIALIT Ta KOHIUI[IFOBAHHS.

Bysno BcTaHOBIIEHO, 110 B TOPIBHSHHI 3 MPOCTUMU CILTIT-CUCTEMaMHU, K1 MPU3HAYEHI
JUIIE IS KOHAMIIIOBAHHS BHYTPIIIHBOIO TMOBITPS B NPUMINICHHSX, JaHa CXema
3a0e3neuye TakoX BEHTWIALIK HPUMILICHHS Ta XapaKTEepPU3YEThCS OUIBII BHCOKHUMH
TeMIiepaTypaMu TMOBITps Ha Buxonai 3 KonjeHcatopa TH. Tak, 3a po3paxyHKOBOI
TeMIlepaTypu TOBITps B Terumid mepion 32 °C Temmeparypa TOBITPS Ha BHXOAI 3
KOHJIeHcaTopa B cepenboMy ckianae 40 °C.

Pe3ynbTaTi po3paxyHKiB MUTOMHX 3aTpaT €HEPrii Ha BEHTUJIALIK0 1 KOHIUIIFOBaHHS
MOKa3yI0Th, M0 3a Temmneparypu 32 °C cxema mae epextuBHICTh 6,2 BT/BT.

Haitnommpenimmii MeToa miABUIIEHHS €(EeKTUBHOCTI CHUCTEM KOHMIIIIOBAHHS 3
BEHTWJISIIIIEI0 TIOBITPs mepeadavae BKIOYEHHS peKymnepaTopa i YTHIi3alii X0J0JHOTO
BIJIIIPAI[bOBAHOTO TMOBITPS, TUM CAMUM 3MEHIIYIOYM HAaBAaHTAXXEHHS Ha TEIUIOBHM HACOC.
Hwxye HaBeneHO TepMOAMHAMIYHY OIIHKY TEIJIOHACOCHOI CHUCTEMM BEHTHJIALII Ta
KOHJUITIFOBAHHS 3 PEKYIIEPaTOPOM XOJIOTY.

Cucrema, mo gociikeHa B poOoTi [63], mMpomoHye MOTEHIIaNn s MiJBUIECHHS
e(DEeKTUBHOCTI 3a PaxXyHOK peKymepaiii XOJIOJHOTO BIANPaIlbOBAHOIO TMOBITPS
(puc. 1.8). BukopucTraHHd peKylepaTopa Jae MOXJIMBICTD 3HU3UTU TEMIIEPATypy
OPUILUIMBHOTO TOBITPS HA BUMAPHUKY TEIJIOBOI'O HAcOCa, TUM CaMUM 3MEHIIUBIIU
HAaBaHTAKCHHS HA BUTIApHUK. [[e MOXIIMBO, TOMY 1110 TeMIIepaTypa MOBITPS, 110 BUXOIUTH

13 IPUMIIICHHS, MOKe OyTH 3HAYHO HIDKYOIO 32 TEMIIEpaTypy HABKOJIMIIHBOTO TOBITPS, 1
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e J03BOJISiE HOMY MOMNEPEIHbO OXOJIOPKYBAaTU IMPHUIUIMBHE TMOBITPS A0 TOTO, SIK BOHO
JOCSITHE BUIapHUKAa. Harpite >k MOBITpsS MICHS peKyneparopa HAMpaBise€TbCs B
koHAeHcatop TH 1 BHIycKaeTbcsi B HABKOJMIIHE CepeloBULIE. BuKOpucTaHH:
BIJIMTPAI[bOBAHOTO TOBITPSI MICHS pEeKymeparopa JUisi OXOJO/DKEHHS KoHaeHcatopa TH
TaKOXXK € €(QEeKTUBHUM pIIIEHHAM, OCKUIBKM HOTo TemmepaTypa Oyae HWXKYOK 3a

TEMIIEpaTypy 30BHILIHBOTO HOBITPSL.
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Puc. 1.7 — Cucrema KOHAUIIFOBAHHS MOBITPS Ta BEHTHJIAIIT HA OCHOBI TEIJIOBOT'O HAacoca:
IT — 06’ekT, 1m0 obcnyroryernesi, TH — TemnoBuit Hacoc, L — poGoTa MpUBOY TETIOBOTO
Hacoca; O — TEIJIOB1 HAJIXOXKEHHS 10 MPUMIIIEHHS; &, V; — TeMIieparypa Ta BUTpaTa
noBiTps micis Bunapauka TH; &, Vi — Temneparypa Ta BUTparta moBiTps micis
KOHJICHCATOpa; {| — TeMIlepaTypa NPUILIMBHOTO MOBITPSI; 2 — TEMIIEPATYpPa BUTSIHKHOTO

HOBITPSL; fo — TEMIIEPATYpa 30BHILIHBOTO MOBITPS.

TeopeTnyHo e(pEeKTUBHICTh pOOOTHU JAHOI CUCTEMH 3a PO3PAXYHKOBOI TEMIIEpaTypH
noBiTps 32 °C cranoButh 16,7 B1/BT. [IpoTe, sk 1 y monepeaHbo po3TsHYTIH CUCTEMI,
MOBITPS B IAHOMY aHaI31 € CyXuM. ¥YpaxyBaHHs TeIIO(I3UYHUX BJIIACTUBOCTEH BOJIOTOTO
MOBITPs HEOOX1AHE JJIsl OTPUMAaHHA OUTbII TOYHUX PE3yJIbTaTiB po3paxyHKy. [IpoTe nanuit

aHami3 10o0pe UTIOCTPYE 3aKOHOMIPHICTh 3HUKEHHS CIIOKUBAaHHA €HEPrii CHCTEMOI0 3
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poctom KkoedimieHnta pekyneparii. Ile 103BoJis€e BCTAHOBHTH Yy TPOILCHTHOMY
CIIBBIJTHOIIIEHHI JIOUUIBHICT, 1 BHIpAlll BiJ 3aCTOCYBaHHS PEKYIEpaTopiB pi3HOI

€(eKTHUBHOCTI.
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Puc. 1.8 — TeroHnacocHa cucTemMa BEHTHIIALIT Ta KOHAUIIFOBAaHHSI IOBITPS 3
BUKOPHCTaHHSAM pekyrnepaTopa: I1 — 00’ exT, mo obcayroByeThes; P — pexymepatop;
TH — remnoBwuit Hacoc; L — po6oTa mpuBOAY TEMIOBOTO HACOCA; fs, Vs — TEMIIEpATYpA Ta
BUTpaTa NoBITps micis Bunapuuka TH; %, Vi — TeMneparypa Ta BUTpara noBiTps MICHs
KOHJICHCATOPA; {1 — TeMITepaTypa MPUILTMBHOTO TIOBITPS; {2 — TEMIIEpaTypa BUTSHKHOTO
NOBITPS; fo, Vo — TeMIiepaTypa Ta BUTpaTa 30BHIITHBOTO MOBITPS; ty, fox — TEMIIEPATYPH

rapsyoro 1 XoJ0HOTO MOTOKIB MOBITPS MICTS peKyIeparopa.

[ToniGHI cxeMH € MIIKOM peaJbHUMH Ta PEaTi30BYIOTHCA B OYIIBISX TPOMAJCHKOTO
npu3HadeHHs. [IpoTe MOTpiOHO HArOJIOCUTH HA TOMY, IO XapaKTEPUCTHKU PEATbHHX
CHUCTEM BIJIPI3HSAIOTBCSA BiJ JOCTIDKCHHX MaTeMaTHYHUX Mojenei. Tak, Hampukia,
TOB «Incomap-Kmimar» (M. XapkiB) BUKOHAJIO CUCTEMY ONaJICHHS, BEHTWIAL1, rapsuoro
BOJIONIOCTAaYaHHS Ta KOHJMLIIOBAaHHS Ha 0a3l MOBITPSHUX TEIUIOBUX HACOCIB y TOProOBO-

. Py 3 cu . .
odicHOMy OyauHKYy 00’emom 17580 M°, po3TamoBaHOMY B IIEHTPAJIbHINA YacCTHHI MicTa
XapkoBa, e JIMITH OTPUMaHHS TEIUIOTH BiJl TEIJIOLEHTPall NPaKTUYHO BUYepnaHi [64].

VY cucremi BEHTWIALII 3acTOCOBaHA peKylepallis TEIUIOTH BHUTSHKHOTO TOBITPS 3a
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JI0TIOMOT010 BOY1I0BaHUX TEIUIOBUX HacociB. [Ipane3naTHicTh CUCTEMH Yy MOHOBAJIEGHTHOMY
peXHMI MOXJIMBA JI0 30BHIIIHKOI TemnepaTypu -19 °C. Jlns pobotu 3a OUIBII HU3BKHUX
TEMIIEpaTyp € pe3epBHUM enekTpokoren notyxHicTio 100 kBt. Cucrema mMOBHICTIO
aBTomMaTu3oBaHa. EkcmulyaTtamiiiHi BUTpaTd Ha TEIJIONOCTA4YaHHS IMOPIBHSHO 13
TPaAUIIMHOO CUCTEMOIO BiJ] TEIJIOIIEHTpal 3HMKeHO Ha 47 %.

[Tpotsarom 2012-2013 pokie TOB «BentKonn» (XapkiB) BCTaHOBWUJIO IOHAA
20 TeroBuX HacociB Tuiry ZubaDan Ha mpuBaTHUX KOTemkax [64]. He3Bakarouu Ha Te, 1110
3 Cy0’€KTUBHUX MPUYMH (BIACYTHICTh Oa)kaHHS rOCMHOJApiB PEKJIaMyBaTH YCTAaHOBKY) HE
BJAJIOCS] TPOBECTH MOHITOPUHI EKCIUIyaTali TEIIOHACOCHUX YCTAaHOBOK Y IOBHOMY
00c31, 3arajbHUl BHCHOBOK 3aMOBHHMKIB Y TOMY, LIO NpU OTPUMAHHI SIKICHOTO Ta
KOM(OPTHOro onajieHHs eKCIUTyaTallifHi BUTPaTH 3MEHIUIWINCh Y 3 — 4 pa3u MOPIBHSHO 13
CJIEKTPUYHUM ONaJeHHsM. BiiTKy BcTaHOBJIEHE 001aIHaHHS MOXKe OyTH BUKOPUCTAHE IS

KOHJIMI[IFOBaHHS MOBITPS.

1.4.3 Teny1oHACOCHI YCTAHOBKM JIJIf1 NOBITPSIHOTO ONAJICEHHSA

OcoOIMBICTIO CHCTEM MOBITPSHOTO OTIAJICHHS € BIICYTHICTH MPOMIXKHOTO TETUIOHOCIS,
[0 Ma€ sIK IepeBar, Tak 1 HEAOJIKHU. 3aBASKU IIBUIKIM LUPKYISLIi Tapsyoro mopiTps
BCEpEAUHI NPUMIILICHHS, AK€ OMAIOETHCS, IHEPUIMHICTh CUCTEM MOBITPSHOTO OMAJIEHHS
Habararo HMWXKYa 3a CHUCTEMY BOJISHOTO OMNajieHHsA. TpamuiiiiHi BOJASIHI CHUCTEMHU
nependayaloTh HArpiBaHHs CIOYATKy TEIUIOHOCIS, MOTIM MeTaleBuX TpyO, padiaTopiB i
TUIBKMA TICIS [BOTO TMOJAIBIIMKA HAarpiB MOBITPS B mpuMminieHHsX. HaBmaku, cucremu
MOBITPSTHOTO OMAJICHHS MOXYTh €(EKTHUBHO MPAIIOBATH B PEKUMI BEHTWJIAIIT Ta MaTh
OUIBII MPOCTI KOHCTPYKIIT HIK BOJSAHI cUCTEMHU. Yepe3 pyX BEIUMKUX 00’€MHUX BUTpPAT
HOBITPS BCEpPEUHI OMATIOBAIILHUX TMPUMINIEHb BUHUKAE PsIi  HEAOJIKIB CHUCTEM
NOBITpsiHOTO omnajeHHs. Cepel HUX BU3HAYalOTh MOTIpLIEHHS KOMGMOPTYy mnepeOyBaHHS
JOJIeH, PO3CIIOBAHHS MHITY, PO3MOBCIO/KCHHS OakTepii y Mexax MpPUMIIIEHb, SKi
OMAJTIOIOTHCS Ta BEHTUWIIOIOTHCS [65]. Kpim TOro, BCTaHOBJIEHHS TOBITPOIIPOBO/IiB BUMArae
OUIBIIOTO MPOCTOPY MOPIBHSIHO 3 TPYOONPOBOJAMYU CUCTEM BOISTHOTO OMAaJIeHHS [66]. YTiMm,

CUCTEMHU TIOBITPSHOTO ONAJCHHS 3 BHUKOpHCcTaHHsIM TH 3a0e3nedytoTh 3HUKEHE
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CIIO’KMBAHHS €HEPrii Ta €KOJIOTTYHICTh, OCKUIBKH ISt pOOOTH HE MOTPEOYIOTh CIIAIIOBAHHS
BHUKOITHOTO TaJIMBa Ha MICII1 €KCILTyaTaIllii.

Huxde po3rasmaroThesi BI €MEeMEHTapHI CXeMH TEIJIOHACOCHOI YCTaHOBKH IS
OTaJICHHS MPUMIIIEHB 3 YTUTI3allI€10 TeTUIOTH HABKOJIUIITHBOTO MOBITPs [67]:

- TOBITpsIHE OMajieHHd Oe3 BEeHTWJIALII, LIMPOKO BIJOME SIK CIUNT-CHUCTEMA, [I€
KOMIIPECOp, BUMApPHUK a00 KOHACHCATOP pO3TAlIOBaHI 3a MeEXaMH ONaIIOBAIBHOTO
PUMIIIICHHSI, HalyacTiIie 330BH1 OyAiBIi;

- TOBITpPSHE OMNAJCHHS 1 BEHTWIALIS NPUMIIICHHS 3 BUKOPUCTAHHSIM KOHTYPY
TEILIOBOT'O Hacoca, BcTaHoBJieHOTO B IIBY.

Ha puc. 1.9 306paxkeH0 TPUHIIMIIOBY CXEMY CIUTIT-CUCTEMU. Taki yCTAaHOBKU MOXYTh
OyTr e(EeKTUBHMMHM 332 HE3HAYHOI PI3HULII TEMIIEPATyp HArpiBaHHs MOBITPSI B MPUMILLIEHHI
Ta 3a B1JICYTHOCTI MPUTOKY 30BHIIIHKOTO MOBITPSI, 1110 HEOOX1JHO MOTIEPEAHBO MiIIrPiBaTH
710 331aHO1 TeMrepaTypu. HemomikoMm 1€l cxemu € MOrJIMHaHHs TeIUIOTH Yy Bunapuuky TH
3 30BHINIHBOTO MOBITPS, IO MOTPEOy€E HOTO OXOJIOHKEHHS 10 OUIBII HU3BKUX TEMIIEPATYD.
Ile moripmrye epexkTHBHICTH POOOTH CIUIIT-CUCTEM Yy XOJOIAHHUN TMEpioJl Ta HECE PHU3HK
oOMopoxyBaHHs BunapHuka TH, 1mo npuBOAUTH 10 HEOOXITHOCTI MEPEXOJy CUCTEMHU B
PEXUM BiATalOBaHHS.

EdextuBHicTs pobotu cucremu onaieHHs 3 TH (puc. 1.10) 3HauHO 3aNeKUTh BiJ
PI3HMII TeMIeparyp, Ha Ky HEOOXIJHO MIAIrPITH 30BHIIIHE MPUIUIMBHE MOBITPA. 3a
HU3BKUX TEMIIEPATyp HABKOJIMIIHBOTO CEPEIOBUILA 15l PI3HULIA TEMIIEPATyp € CYTTEBOIO,
3HIKYIOUM €QEeKTUBHICTH poOOTH ycTaHOBKHU. IIpoTe edekT naHoi cucTteMu mojsirae y
BUKOPUCTAaHHI TEIJIOTH BUTSKHOTO TIOBITPSl, TMM CaMHUM TIJIBUIIYIOYH TEMIEPATypPy
NOBITPS Ha BXoAl A0 BunapHuka TH 1 mnokpaimiyioud MOpOAYKTUBHICTH CHUCTEMHU
B Litomy [67].

Burie 6y110 po3risiHyTO yCTaHOBKY BEHTUJIALINT 3 peKyIepalli€ro TerIoTH (200 X0I01y)
Ta PEIUPKYJISILIEI0 BIAMPAIIbOBAHOTO MOBITPSI, SIK MOKa3aHO Ha puc. 1.6. Taka KOMIIOHOBKa
[IBY 3anumiaerbcsi akTyanbHOIO TaKOX JJIS IUICH MOBITPSHOTO OMAaJeHHS Ta BEHTHIIALIL
npuMiiieHb. [HTerpais TH 3 By3namu pekyriepaliii Ta pelupKyJisilii € HaHONTUMAIbHIIITIM

M1JIX00M J10 €(DeKTUBHOTO BUKOPUCTAHHS TEIJIOBOI €HEPrii 3 BUAAIECHOTO MOBITPs [68].
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Puc. 1.9 - Cuctema noBiTpsIHOTO ONaJICHHS 3 TEIIOBUM HACOCOM (CIUTIT-CUCTEMA):
OBO — 06’ext BeHTHIIALIT Ta onaneHHs1, TH — TeruoBwmii Hacoc, L — poGoTa kommpecopa,
Qon — BTpATH TEIJIOTH HA ONAJICHHS, fo, V' — TEMIepaTypa Ta BUTpaTa 30BHIIIHBOTO
MOBITPS, t, — TEMIIEpATypa MOBITPS MICIS BUIIAPHUKA, t1, Vx — TeMIlepaTypa Ta BUTpaTa

BUTSDKHOTO TIOBITPS; f2 — TEMIIEpaTypa NPUILTMBHOTO MOBITPSI.
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Puc. 1.10 - Cuctema noBITPSIHOTO OIMAJICHHS 3 TEIJIOBUM HACOCOM Ta YTUJII3AI[I€10
TEIJIOTH BiAnpanboBaHoro noBitps: OBO — 00’e€KT BEHTWIIALIT Ta OnajieHHs,
TH — rernoBuit Hacoc, L — po6oTa kommpecopa, Qon — BTpaTH TEILUIOTH HA OTAJICHHS,
to, Vo — TemmiepaTypa Ta BUTpaTa 30BHIIIHBOTO MOBITPS, f; — TEMIIEpATypa NOBITPS MICIIS
BUIIAPHUKA, t1, V1 — TemnepaTypa Ta BUTpaTa NPUILIMBHOIO HOBITPS;

t, V> — TemmiepaTypa Ta BUTpaTa BUTSHKHOTO MOBITPA.
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BenTunsamiitHi BUKMIW MarOTh JOCHUTh BHCOKY TeMIIeparypy s e(peKTHBHOTO
omajeHHs npuMmimieHHs 3a jgomnomoror TH [69]. ButsbkHe noBiTps HpOXOOUTh 4epes3
peKyneparop, € Nepeae YaCTUHY TEIUIOTH NPUIUIMBHINA CyMilIl TOBITPS, Ta PO3AUISETHCS
Ha JBa TOTOKHU. OJIMH MOTIK MOTPAIUISAE€ B KAMEPY 3MINTYBAaHHS IJIs1 PEIUPKYJIIAILIi, a IHIIUN
BUJAIISETHCS B HABKOJIUIITHE cepefoBuie. Taka opraHizallis CUCTEMHU 3MEHIIYE BUTPATH
eHeprii, HeoOX1IH1 JUIsl HarpiBaHHs 30BHIIIHBOr0 NoBITps B TH.

CroxvBaHHs 30BHIIIHBOI €HEPrii B Takill CHCTEMI 3HMIKYETbCS 3a PaxyHOK
nepeBakKHOI yTHITI3allli TeIUIOTH BEHTUISLIMHUX BUKUIB. JIMille 32 yMOBU BUKOPUCTAHHS
000X crmoco0iB yTwii3amii TEMJIOTH 3a JONMOMOTOI0 peKymepamii Ta penupKyIsiii

BUTS)KHOTO TIOBITPSI MOXJIMBO JOCSTHYTH HAaWBUIIMX 3HAYE€Hb €(DEKTUBHOCTI cucTeMu [68].

1.4.4 Ten10oHACOCHI YCTAHOBKM /IJIS1 OCYILIEHHSI MOBITPA

KoHTposb BOJIOTOCTI CTaB OB aKTyaIbHUM MMUTAHHSAM Y TETUIMX 1 BOJIOTUX PETi0HaX,
OCKUIbKH €Heproe(eKTUBHICTh OYIWHKIB MIBUIAKO ToKpamtyeTbess [70]. IlomboBi
BUMIPOOYBAHHS TPATUIINHUX OYyAMHKIB Yy >KapKOMY BOJIOTOMY KJIiMaTi MOKa3aiH, IO
CTaHJAapTHOTO OXOJIOKYBAJILHOTO 00JIaIHAHHS MOXKE OYTH TOCTAaTHRO JyIsl ocytieHHs [ 70].
OnHak oCTaHHI JOCIHIPKEHHS TOKa3ylTbh, L0 1€ BHUCHOBOK HE CTOCYEThCS HOBHX,
eHeproe(eKTUBHUX OyAUHKIB [71].

VY Mipy Toro, ik OyJMHKHU CTalOTh OLIbII eHEProe(PeKTUBHUMHU, HETIPSAMI MIAXOIU 10
KOHTPOJIIO BOJIOTOCTI CTalOTh MEHII J1€BUMH, OCOOJMBO B CE30HUM 3 TMOMIPHUMHU
TeMIlepaTypaMy Ta BHUCOKOIO BOJIOTICTIO, SIK BECHOIO Ta BOCEHU. B eHeproedeKTUBHUX
OyIMHKAaxX HEsSBHA TEIUIOTA BiJ] BOJOTOBHIUICHHS MEIIKAHIIIB [72] 1 BUMOTH 10 BEHTHIISIT
[73] cTatoTh OUIBII JOMIHYIOUUMHU, HIXK MOTPEOH Ha onasieHHs. OTke, OUIbIIT TPSIMUN T1IX1]
JI0 KOHTPOJIIO BOJIOTOCT1 OaykaHUM SISl BUCOKOS(EKTUBHUX OYyIMHKIB.

[TinTpriMKa BiTHOCHOI BOJIOTOCTI B Mexax OaxaHoro niamasony 50 — 60 % wmae
BUpIIIAJIbHE 3HAYCHHS, OCKUTBKY CIIOKMBAHHS €HEPT1i Ha OCYIICHHS MOKE 3HAYHO 3POCTH,
KOJIM BIAHOCHA BOJIOTICTh TEpeBUINye Iied miama3zoH [74]. JloBeneHO, 10 BUTOKHU Y
3BOPOTHIX IMOBITPONPOBOJAX KUTJIOBUX CHUCTEM KOHIMIIIOBAHHS MOBITPS B TEIUIOMY Ta

BOJIOTOMY KJIIMATi MOTIPIIYIOTh PE3YyJIbTAaTH KOHTPOJO BOJOTOCTI. Y mochipkeHHi [75]
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MIOKa3aHo, 1[0 32 YMOB BHCOKOi 30BHIIIHLOI BOJIOTOCTI 3 BUTOKOM BChoro jume 10 %
3BOPOTHBOTO TMOBITPS 3 TOPUIIIHOTO MPUMIIIEHHS TPU3BOIUTH 10 MIABUIICHHS 3HAYCHHS
KoediIieHTa IBHOT TETIOTH O1IbIIIE OAMHMUIIL. A 11€ 03HAYa€, 10 YCTAaHOBKA KOHAUIIIFOBAaHHS
HE MO€E BHUJIAJIUTH BOJIOTY 3 MOBITps. [Ipobiema mie Oisibliie yCKIaTHIOETHCS MIUTBHIMIO0
KOHCTPYKIIIEI0 HOBO30YJOBaHUX OYJIMHKIB, SIKA 3aTPUMYE BOJIOTY Ta 3MEHIIYE MPUPOIHIO
BEHTHUJIALIIIO [76].

[Ilo6 3a0e3neynTy NPUHHATHUM PIBEHb BOJIOTOCTI B MPUMIIIEHHSX, /1€ TTepe0yBalOTh
moau, crangapt ASHRAE 62.2 pekomeHaye miaATpUMYyBaTH BiJHOCHY BOJIOTICTh HUXKYE
60 % [77]. EdbexTuBHUN KOHTPOJIH BOJIOTOCTI HE TUIHKU MIABUIILYE KOM(OPT MEIIKaHIIB,
asie 1 30epirae ix 3/J0pOB’s Ta 3aXUIla€ OYIUHKY Ta MaHO B1J TAKUX MPOOJIEM, SIK PO3BUTOK
1B Ta OakTepiit [78]. 3 iHmIOro 60Ky, HEIOCTaTHIN piBEHb BOJOTOCT, HIXKYE 40 %, MOxke
CIIPUYMHUTHA TUCKOMGOPT, HAMPUKIAL CYXICTh Y TOpJl Ta HOCI JJIsI MEIIKaHIIB [76].
TpamuiifHO KOHTPOJIb BOJIOTOCTI JOCSTAETHCA 3a JOIMOMOTOI0 OCYIICHHS SK YaCTUHU
IpOIeCy CHUCTEMHM KOHJMIIIOBAaHHA TOBITpS a0o0 3a JOMOMOrOK aBTOHOMHHUX
ocymryBauiB [79]. PuUHOK 10JaTKOBOTO OCYIIEHHS TMOBITPS B 1HAYCTPii KOHIUIIIFOBaHHS
KUTJIOBUX TPHUMINIEHbh BCE M€ PO3BUBAETHCS 3aBASKA TOCTIHHOMY TEXHOJOTIYHOMY
porpecy, CIpUuYMHEHOMY MiABUIICHHSIM eHeproedekTuBHOCTI OyanHKiB [80].

Y cBitm nporpecy B TexHosnorii HVAC TtemnoBi Hacocu 3 1HBEPTOPHUMU
KOMITPECOPAMHU CTaJ HOBUM CIIOCOOOM KOHTPOJIIO BOJIOTOCTI B CHCTEMaX KOHIUIIIFOBAHHS
noBiTpsa. CUcTeMH 31 3MIHHOIO HIBUJIKICTIO POOOTH KOMIIpEcopa MOXKYTh IMpalloBaTH 3
HIDKYOI0 32 HOMIHAJIBHY TMOTYXKHICTIO OXOJIOJKEHHS, K mpaBwio, A0 30 — 40 %, o0
MIHIMI3yBaTH IHUKJIIYHI BTPATH Ta MOKPAIIUTH KOHTPOJIH BOJOTOCTI B mpuMimieHHi [81].
CuctemMu KoHAMIIIIOBaHHS TOBITPsA 3 TH mpomoHyroTh Taki mepeBaru, SK CTaOlIbHUN
KOM(}OPT y NPUMILIEHH] Ta MOKpPAILEHE OCYIIEHHS 3aBASKH OLIbIIIN TPUBAIOCTI POOOTH,
110 MPU3BOIUTH J10 30UIBIIICHHS BUAAICHHS BoJioTH [82]. 30kpema, O11bI TpuBajia podboTa
TaKMX CHCTEM B IMO€IHAHHI 3 MEHITUM ITOTOKOM OXOJIO/KYIOYOTO TOBITPS MPU3BOIUTH 10
KpaIioro 0XoJI0/KEHHS MOBITporpoBoIiB. [1i7 yac mpoXoa0 HIINX PAHKOBUX TEMIIEPATYP
Il CUCTEeMH NPAIIOIOTh HAa HUIKYOMY CIIOKMBAaHHI €HEPrii KOMIIpecopaMu, PErysoruu
CBOIO MTOTY’KHICTb 3 MMIBUIICHHSIM 30BHIIIHBOI TEMIIEPATYpH Mi3HILIE BIEHb [83].

KpiMm Toro, BKIrOYEHHS B 3BUYAiHI CUCTEMH TOKPAIIEHUX KOMIIOHEHTIB OCYIICHHS,
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TaKHUX K POTOPHI pereHepaTopu ado ancopOIiifHi ocyITyBadi MOXKE IMiJIBUIIATH 3aTHICTh
BUJIAJISITH BOJIOTY Ta JOCATTH HUXKYOTO BITHOIICHHS SIBHOI TEIJIOTH JJIsi 3aCTOCYBAaHHS 3
OLTBIIIOI0 TPUXOBAHOIO TEILIOTOO [84].

Cepen po3MISIHYTHX JOCTIIKEHb HAWOLIbIIE yBard NPUAUBIETCS BHBUYCHHIO
TEIJIOHACOCHUX CHUCTEM JUIsl OCYIICHHS MpuMilieHb 3 OaceiiHoM [85]. BiacyTHi came
TEPMOJIMHAMIUHI aHANI3U TEIUIOHACOCHUX YCTAHOBOK fAK MAaTeMaTUYHHUX MoOJeieil 31
BCTAHOBJICHHSIM TEOPETUYHUX UHUCIOBUX 3HAUYC€Hb iX €(QEKTUBHOCTEH 3a pI3HUX
BU3HAYAJILHUX TIApaMETPiB Ta YMOB BHUKOPHUCTAHHS ISl JKUTJIOBUX a00 BUPOOHHUUIHX
PUMIIICHB, /1€ TPUCYTHI HAJJTUIIIKOB] BOJIOTOBUIIICHHS.

VY poGoti [86] mochiKeHO HAWUMOMIMPEHIII CUCTeMHM KOHAMWIIIOBAHHS IS ILIeH
OCYLIEHHSl B KpUTUX OaceiiHax. Y mpuMiLIeHHSAX 3 OaceliHaMM BiJOyBAa€TbCs 1HTEHCUBHE
BUIIAPOBYBAHHS BOJIOTM 3 TOBEPXHI BOJMW, II0 BHUMAarae IMiJICPIBY Ta 3BOJOXKEHHS
30BHIIIHBOTO TIOBITPS B XOJIOIHY MOPY POKY Ta OXOJIOKCHHS Ta OCYIICHHS MPUILUITMBHOTO
MOBITPS B JKapKy MOPY POKY. 3HAYHA PI3HUIIST BOJOTOBMICTY MOBITPS B XOJIOIHUH 1 )KapKuid
nepioJii BUMAarae MOBHOTO MEPErIIsiy Mpoliecy MiArOTOBKH MOBITPs Jyisl OacelHy.

Huxue po3risiiatoTbesi TEMIOHACOCHI CUCTEMH OCYIIEHHS MPUMIIIEHB 3 OaceiiHOM Ta
HABOJATHCS PE3yJIbTaTU aHATI3y X TEPMOJAMHAMIYHOI €()EKTUBHOCTI B XOJOJHY Ta TEILTY
nopy poky. OCHOBHOIO METOIO JOCIIKEHHs Oyjia MiHIMI3allisi BUTpPAT 30BHINIHLOT €HEprii
npu 30epekeHHI KOM(POPTHUX YMOB y OaceiiHl 3a paxyHOK YTHJI13allil TEIUIOTH BUTSHKHOTO
MOBITPAI.

Ha puc. 1.11 300pakeHO TEIMJIOHACOCHO-PEKYNEPATOPHY CXEMY BEHTHJIALII Ta
OCYIIICHHS TIOBITPS B NPHUMIIIEHHI IUIABAIBHOTO OaceiiHy. 3a0e3ledeHHs IMOoNepeaHbol
yTHII3aIli1 TEIJIOTH BiAMPaIbOBAHOTO MOBITPsI B peKyIeparopi (s HarpiBy IPHUILTMBHOTO
HOBITPs) Mepea moaaudero Horo B BunapHuk TH 3MeHHIye TerioBe HaBaHTaKEHHS
BUITAPHUKA 1, BIJIMOBIJIHO, TPUBOJAUTD JI0 3MEHIIECHHS 3aTpaT €Heprii Ha MPUB1J KOMIIpecopa
TH. V cxeMi 01aTKOBO 3aCTOCOBYETHCS PELIUPKYJIALISA BiANPALbOBAHOTO MOBITPSI.

[ToBiTps, MO BUIANAETHCS 13 30HU OaceiiHy, HAIPaBISETHCS B PEKyIepaTrop, Ie
POXOJIUTh MOTO YaCTKOBE OXOJIOJKEHHS Mepe TUM, SIK MOTpanuTH y BunapHuk TH ans
ocymieHHs. [licist mporo yacTWHa BiANPAIbOBAHOTO TOBITPS HANPABIBIETHCS B KaMepy

3MINIYBaHHS, /1€ BOHO 3MINIYETHCS 3 HABKOJUIIIHIM TOBITPSIM JJisi JOCSTHEHHS TEBHOTO
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BMICTY BOJIOTH, IIO3HAYEHOTO $K i Ha BXoAl B OacediH. [lpm 1npoMy uactuHa
BIJIMIPAI[bOBAHOTO TMOBITPSA, 10 3aJUIIMIACA, BUKHAAE€TbCS B atmocdepy. OTpumana
NOBITPSIHA CYMIII MOTIM HaMpaBIs€ETbCS HA3aJ B PEKyIlepaTop, /€ BOHA HArpiBa€ThCs
TEIMJIOTOI0 TIOTOKY BIAMPAIlbOBAHOTO TMOBITPS O TEMIEPATypH, MO3HAYEHOI K fy. [licms
IILOTO TIOBITPS HAAXOIAUTH J0 KoHJeHcaropa TH, me BOHO JMOJAaTKOBO HArpiBa€eThCs 0

OakaHOi TeMITepaTypH ?1, IEPII HIK IIOBEPHYTHUCS HA3aJ[ A0 MIPUMIIIIEHHS 3 0aceiHOM.
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Puc. 1.11 — Cxema BeHTWJIALIIT Ta OCYIIEHHS MOBITPS Ha OCHOBI TEIJIOBOI'O HACOCA!

TH — rennoBuit Hacoc, L — poboTa npuBo 1y TemioBoro Hacoca, K3 — kamepa 3minryBaHHs,
P — pexynepatop, QOsox — BTpaTH TEIUIOTH HA MIJITPIB BOJU B OaceiliHl, fo, do — Temmneparypa
Ta BOJIOTOBMICT 30BHIIIIHBOTO TIOBITPS, f; — TEMIIEpATypa MOBITPSI MiCIs BUNIAPHUKA,
t1, di — Temmeparypa Ta BOJIOTOBMICT NMPUIUIMBHOTO TOBITPS, 2, d2 — TEMIIEpaTypa Ta
BOJIOTOBMICT BUTS)KHOT'O MOBITPS, tu, fox — TEMIIEPATYpA TapAYOTO 1 XOJIOIHOTO MOTOKIB

MOBITPSI MICJISI peKynepaTopa.

Po3paxyHkoBuil aHaii3 CXeMH IPOBOJIMBCS 3a JIOMOMOIOK METOJY MOCIHITOBHUX
HaOmKeHb. PosrisaaBcs pexpeartiitnuii 6aceit (fo = 30 °C, tyon = 28 °C) [87]. [lapameTpu
HABKOJIMIITHBOTO TMOBITPsl Opanucs 3a BigHOCHOI Bojiorocti 60 %. [lns Bu3HA4YeHHs
TEMIEpaTyp MOBITPS Ha BXOJI Ta BUXOJl 3 MPHUMIMIEHHS OaceiiHy BUKOPHCTOBYBAaBCS

TEIrIoBUIl OanaHc OaceifHy. 3 TEIuIOoBOro OajlaHCy 3HAXOIUBCA TEMIEpaTypHUM Iepemna
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MDK BXOJIOM Ta BUXOJIOM ITOBITPS 3 OacelHy.

VY po6oTi HaBeieH1 pe3yIbTaTH PO3PAXyHKIB BITHOCHUX BUTPAT EHEPTii B TOCIIKEH1H
TETUIOHACOCHIN CXeMi, a TaKOXX HaBOJIUTHCS MOPIBHSAHHS 11 €PEKTUBHOCTI 3 TPAAULIIHHOIO
KaJopu(pEpHOIO PEHUPKYJIALiiiHOI cxeMoro. Tak, 3a TemmepaTypd HaBKOJIHUIIHBOTIO
cepenoBuia 0 °C cxema 3 TH mae epexruBnicts 13,3 BT/BT 3a koediuienra pexynepariii
0,6 Ta mpupocty BosoroBmicty Ad = 2,0 1/klcn. EQekTUBHICTh TpaauuiiiHOi cxemu 0e3
pekymepaTopa 3a ux ymoB ckianae 4,3 B1/BT, mo Ha 67 % ripie.

BinmHOCHI eHepreTHyHi BUTPATH 3MEHIIYIOTHCS SK 3 MIJIBUINCHHSIM €(EKTHBHOCTI
pekymnepaTropa, Tak 1 31 30UIbIIEHHSIM HPHUPOCTY BOJOTOBMICTY MOBITPS MIXK BUXOJIOM 1
BXOJIOM JI0 MpUMIIIEHHs Oaceliny. Pa3om 3 TuM, po3paxyHKOBI JlaHl BKa3ylOTh Ha CIa0OKy
3aJIEKHICTh BIJHOCHUX €HEPreTUYHUX BUTPAT BiJl TEMIEPATypu HABKOJIMIIIHBOTO MOBITPS,
110 OB’ 513aHO 31 30€pEKEHHAM CHPUITIMBUX YMOB epexkTuBHOI podoTH TH He3anexHo Bia
TEeMIIEpaTypH fo.

VY xonmoaHu# nepioa BOJOTOBMICT HABKOJIMIITHBOTO TIOBITPSI, HE3aJICIKHO BiJl BITHOCHOI
BOJIOI'OCTI, 3HAYHO HHYKYUH 32 ONITUMAJIbHUNA PiBE€Hb, HEOOX1IHUM 151 KOM(OPTHUX YMOB Yy
30HI OaceitHy. Y pe3yJsbTaTi 30BHINIHE TOBITPS, IKE MOJAETHCS B MPUMIIICHHS, TOTpeOye
3BOJIOKEHHSI, IO 3J1MCHIOETBCS B KaMepl 3MIllyBaHHS NpH KHOro 3MIlIyBaHHI 3
PELUUPKYIISILIHUM TOBITPSIM.

OpHak y Ter1y mopy poKy BOJOTOBMICT B HaBKOJIHUIITHROMY TOBITP1, HABITh MPH TiH
caMiii BIJHOCHIM BOJIOIOCTI, CTa€ BULUM, HIXK Y NPUMILLIEHHI O0aceiiny. OTxe, MAr0OTOBKY
HPUILJIMBHOTO MOBITPSI HE MOKHA BUPIIIUTH TaKUM K€ YUHOM, K Y XOJIOAHY HOPY POKY,
OpOCTO 3MIHUBIIK HAmpsMOK poOouoi piguHu B TH Ta mMOMIHSBUIM poJii BUMApHUKA Ta
KoHAeHcaTopa. Takuil TpaauUIMHUM MiIXi[, SKUA BUKOPUCTOBYETHCS B CTaHJIAPTHUX
CUCTeMaxX OMNaJeHHS Ta KOHAMIIIOBAHHS TIOBITPs, MPHU3BOAUTH JI0 HEOOXITHOCTI
JOJIATKOBOr'0 MIJAICPIBY MOBITPSIHOI CyMIII TICHS OXOJIOAKEHHSI Ta OCYIICHHS, IIO
HETaTHBHO BIUIMBAE HA €HEProe(PEKTUBHICTH YCI€1 CHCTEMH.

[[lo6 BupimuUTH 110 MPOOIEMy, albTepPHATUBHUN MIIX1] Tepeadadae 0XOoJ0HKEHHS
NPUIJTUBHOTO TOBITPS y BHUIAPHUKY A0 HEOOXIAHOI TemmepaTypud Ta BCTaHOBIICHHS
JOJATKOBOTO OJIOKY [JIsi OCyIIeHHs TmoBiTpsA B OaceitHi. Ta cama cxema, sKa

BUKOPUCTOBYETHCS B XOJIOJHY TIOPY POKY, BUSBIIAE€THCS HEAOCTATHBOIO JJIs 3a0€3MeUeHHs
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HEOOX1THUX MapaMeTpiB MOBITPS B TEILTY MOPY POKY. TakuM YHMHOM, JUIsl IIbOTO HEOOX1aHA
1HIIIa CXeéMa MiATOTOBKHU TPHUIIMBHOTO TOBITPsA, sika O BiAMOBIgaIa K TEMIIEpaTypHUM
BUMOTaM, TaK 13aJiaHiil BOJIOTOCTI MOBITPS.

Y poboTi [86] mpoBeaeHO TEPMOJAMHAMIUYHHMKA aHaJi3 TEIJIOHACOCHOI CHCTEMH JIJIs
BUpPILIEHHS 3a3HadyeHoi npoOnemu. JlocmikeHa cxema KOHJMIIIOBAHHS TMOBITPSA 3
TEIJIOBUM HACOCOM HE MOTpedye MiAirpiBy NPUILNIMBHOIO TMOBITPS Ta 3aCTOCOBYE
PELUPKYJIAIII0 BUTSKHOTO IMOBITPSI IS IMABUIIIEHHS TEPMOIUHAMIYHOT €()eKTUBHOCTI.

Ha puc. 1.12 300pakeHO NPUHIMUIIOBY CXEMY CHUCTEMH KOHJIMLIIOBAHHS MOBITPS 3
TEIMJIOBUM HACOCOM Ta PEIUPKYJIALIEI0 I OaceliHy B Teruty mopy poky. Cucrema mae
KaMmepy 3MilllyBaHHsA, po3TamoBany nicias TH.

[Tpu cTabunbHIN poOOTI CUCTEMHU MOBITPSIHUM MOTIK 3 MapaMeTpaMmH 1 1 di OIA€ThCA
0 mpuMmileHHs OaceiiHy. BianpainboBaHe MOBITPS YaCTKOBO BHUBOJUTHCS B aTMocdepy
(Gsar), a pemita (Gp) 3 mapaMeTpamu £ 1 d» mogaeThes a0 Bunapuuka TH, ne BinOyBaeThCs
OXOJIOJKEHHS Ta OCYIIIEHHS MOBITPA NIISTXOM TEIUIO00OMIHY 3 XOJIO0I0ar€HTOM, 10 3MIHIOE
napameTpu NoBITPs 110 4 1 ds. Konnencarop TH 0Xx05101Ky€eThCs TOTOKOM HaBKOJIMIIIHBOTO
noBiTps (Go) 3 mapaMmeTpami fo 1 do. HacTrHa HaBKOIUIITHHOTO MOBITPs (Gk3) 3 mapameTpamu
tsinx 1 do HarpiBaeTbes B kKoHaeHcaTopi TH 1 momaerbest 1o kamepu 3mimryBanHs (K3), e
3MINIYETHCA 3 OXOJIOJPKEHUM 1 OCyIIeHUM MoBITpsAM 3 BunapHuka TH. IToTim oTpumana
CyMIIll 13 33JJaHUMU IapaMeTpamu t 1 di MocTynae B 30HY OaceliHy. YacTuHa MOBITPS 3
KoHeHcaTopa (Gsixx) BUKUIAETHCSA B aTMOC]eEpYy.

Sk 1 paHille, po3paxyHKOBUHM aHalli3 MPEICTABICHOI CXEMHU MPOBOJUBCA ISl YMOB
pekpeariiinoro Oaceiiny 3 mapamerpamu fo = 30 °C, fson = 28 °C. Ilapamerpu
HABKOJIMIITHBLOTO TNPUIUIMBHOTO TMOBITPS 3MIHIOBAIMCH Yy [lalla30HI  TeMIeparyp
to =30...42 °C npu 3Ha4eHHAX BIAHOCHOI BoJiorocti moBiTps ¢ = 50; 60; 70 %.

3a TemmepaTypu HaBKOJHUIIHLOTO cepefoBuiia 32 °C Ta MpUPOCTY BOJIOTOBMICTY
Ad = 2,0 r/kren. cxema 3 TH mae edextuBHicts 2,8 BT/BT 3a BincyTHOCTI pekyneparii. Y
po6oTi [86] mokazaHo, 1110 JaHa TEIJIOHACOCHA CHUCTeMa KOHIMITIFOBAaHHS MOBITPs OaceiHy
B TCIUIUN TEpioJ POKYy Mae HaWOLIbII BHUCOKY TEPMOIWHAMIUHY €(EKTHBHICTH SK 3a
3HAYCHHSIMH XOJIOJWIHHOTO KOe]iIll€eHTa BCI€T CXeMU, TaK 13a poOOYUM J1alla30HOM 3MIHH

TeMIIepaTypH Ta BITHOCHOI BOJIOTOCTI 30BHIIIHBOTO aTMOC(HEPHOTO MOBITPA.
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Puc. 1.12 — IIpunuunoBa cxema KOHUIIFOBaHHS MOBITPS IJIaBAJILHOTO OaceiHy 3
Y4aCTKOBOIO perupkyisiieto: K3 — kamepa 3minryBaHHs, Osox — BTPATH TEIUIOTH HA
miairpiB BoJU B 0aceiiHi, fo, do — TeMreparypa Ta BOJOTOBMICT 30BHIIITHBOTO MOBITPSI,
ts — TEMIIEpATypa MOBITPS MICIs BUIIAPHUKA, ¢, d1 — TEMIIEpaTypa Ta BOJIOTOBMICT
MPUILUIMBHOTO MOBITPS, £2, d2 — TEMIIEpaTypa Ta BOJIOTOBMICT BUTSKHOTO TOBITPS,

teinx — TEMIIEpATypa NOBITPs micist konaencaropa TH.

Ha orcanv, oanuti psio oocniodcens cmocyemuvcsi miibku cneyugiunux 3acmocysanv TH
3 baceuHamu, KOAU BOJIO2ICHUL pedcum )y NpumiujenHi € (QyHKyicio 8i0 memnepamypu
HABKOIUUWHBbO20 cepedosUuwa ma UNApos8y8anHs 3 03epkana baceiiny. Yepesz ye nocmae
3a0a4a npoeeodeHHs CneyianbHUux OO0CNHIONCEHb YCMAHOBOK 8 IHULOMY MEeMNEePamypHOMY
pedrcuMi, HIdIC pO32NAHYMI cucmemu 3 6ACetiHoM, Ut THUUMU BUXIOHUMU YMOBAMU OJis 3AUBUX
80110208uUdinens. Lle nompebye 000amko6020 ananizy cucmem, SKi Xapakxmepusyromocs

[HWUMU YMOBAMU 3A0AHHS 80JI020BUOLIEHb Y NPUMIUJEHHI.
BucHoBkuM 10 po3ainy 1 Ta mocTaHOBKA 3aBAaHb JOCiIKEHHS

[IpoBenenuii oOrjisa HAYKOBHUX pPOOIT B 00JacTi JOCTIIXKEHb JO3BOJISE 3pOOUTH
HACTYITHI BUCHOBKH:
1. CBiToBa TEHIEHINS 0 HHU3bKOBYTJEIEBOI €KOHOMIKM Ma€ Ha METI 3HIKCHHS

BUKH/IIB BYTJIEKUCIIOTO a3y JJIsl cTablmi3alii kiiMaTy Ha maHeTi. JKuTIoBo-KOMyHaIbHUN
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1 TPAHCTIOPTHUM CEKTOpU € HAMOUIBIN CKIAJHUMH IS nekapOoHizamii. OUiKyeTbes, M0
NOBITPsAHI TertoHacocH1 cuctemu (ASHP) BiirpaBaTUMyTh Baromy poJib B eleKTpudikarii
TEIUIONOCTAaYaHHsI, BEHTW AL Ta KOHAWIiIOBaHHA OyauHKiB. [IpoTe Benmuki KamiTaibHI
3aTpaTé OOYMOBIIOIOTH TOIIYKHA OLIBII €HEproeeKTUBHUX PIIIEHbh 3 00O0B’SI3KOBOIO
YTHIII3a11€10 HU3bKOMOTEHLIMHOT TEIIOTH. Y BUNIAAKY MOBITPSHUX TEIJIOBUX HACOCIB MOBa
HiJ1e Tpo €Heprio BEHTWISIIHHUX BUKHU/IIB.

2. 'V pO3rIsHYTIM JiTeparypl BIACYTHI JOCHIDKEHHS 3 CHOCOOIB ITiJBHIICHHS
eHeproe()eKTUBHOCTI BUKOPUCTAHHS TEIJIOHACOCHUX CHUCTEM JJIsl OMaJieHHS NPUMIIIECHb
pizHOro mnpusHaueHHs. [loTpeOyroTh IOCHIIKEHHS CXEMH, y SKHX 3aCTOCOBYIOTHCS
JIOJIATKOB1 CIOCOOM MIJABUIIECHHS €(EeKTUBHOCTI, Taki K PEUUPKYJALIS BEHTUISALIMHUX
BUKHMAIB. TakoX y pO3MIIHYTUX poOOTax MOBITPsA po3risaaeTbes sk cyxe. Hacmpasal x
HOBITPS € CYMIIIIIIO CyXOTro TMOBITpsI Ta BOJIOTH. HaBiThb 3a HU3BKUX TeMIlepaTyp
30BHIIIHBOI'O CEPEIOBHUILA MOBITPS 3 PI3HUM BOJIOTOBMICTOM OyJie MaTH Pi3HUN BIUIMB HA
e(eKTUBHICTh pOOOTH TEIJIOHACOCHOT YCTaHOBKH. JlaHy 00cTaBuHY HEOOX1HO BpaxyBaTu
JUTA BCiX a”Haii31B cucteM 3 TH.

3. Po3risiHyTi JOCHIIKEHHS TEIJIOHACOCHUX YCTAHOBOK JIJISi BEHTWJISLIL Ta
KOHIUITIFOBaHHS TIPUMIIIEHb TTOKa3yI0Th, 10 cxeMu 3 TH 3/1aTHI npaitoBaTH B IIUPOKOMY
Jiana3zoHl TEMIIEpaTyp 30BHIIIHBOTO MOBITPS 3@ BIJICYTHOCTI KPUTUYHHUX TEMIIEpaTyp B
konaeHcaTopl TH. IIpoTe B aHani3ax He 0yJi0 BpaxoBaHO (P13WYHI BIACTUBOCTI MOBITPS, 1O
MICTUTh B €001 BoJiOTy. SIK Oyje BCTAaHOBJICHO B MOMAJBIIUX JOCTIKEHHSX BIJHOCHA
BOJIOTICTh 30BHIIIHBOTO TMOBITPS JOCHUTh CYTTEBO OOMEXKY€E BHUKOPHCTAHHS JESIKUX
TEIIOHACOCHUX CHUCTEM 3a BUCOKUX TEMIEPATYP.

4. BicyTHICTh TEPMOJUHAMIYHOTO aHAJI3y TEIMIOHACOCHUX CUCTEM JUJISi OCYIICHHS
BUPOOHMYMX MPUMILIECHD 3 HAJUTUIIIKOBUMHU BOJIOTOBUAUICHHSIM NOTPEOy€ OUIBII IITHOOKUX
nociikenb. HeoOXi1HO po3IIISIHYTH XapaKTep BIUIMBY POCTY BOJIOTOBUALICHD HA J11alTa30H
Ta PEKUMHU EKCIUTyaTallii TEIUIOHACOCHUX YCTaHOBOK, a TaKOoX 1X eHEepreTHdHi
epeKTHBHOCTI 3a JaHUX yMOB. HasBHI JOCHIUKEHHS TEPEBAXHO CTOCYIOTHCS
KOHJIMIIIIOBaHHSI B TIPUMIMICHHSAX KPUTUX IUIABAJIBHUX OaceiiHiB, y SKUX BiAOYyBa€ThCs
IHTEHCUBHE BUIIAPOBYBAHHS BOJIOTM 3 NOBEpXHI OaceiiHy. IIpoTe rosoBHa BIAMIHHICTH

MOJIATAE Y TEXHOJIOTTYHOMY PEXHUMI POOOTH YCTAHOBKH, OCKUIHKM TPHUILTUBHE TOBITPS
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norpedye MiairpiBaHHs, y TOW dYac SK I BUPOOHUYUX TPUMINIEHb BHIAJICHHS
HAJJIUIIKOBOI BOJIOTH MTOBUHHO CYIPOBOIKYBATUCh OJHOYACHUM OXOJIO/HKEHHSIM TMOBITPS
Ha BXO/I1 1O MPUMILIEHHS.

3a pe3yJbTaTaMu MPOBEJCHOTO OTJISAY, MOTPEOYIOTh PO3BUTKY Ta aHAJI3y MUTAHHS
MIJBUIICHHS €HEProe(PEeKTUBHOCTI TEIMJOHACOCHUX CHUCTEM ONaJeHHS, BEHTWIAIII Ta
KOHJULIIOBaHHS MPUMILIEHb 3 BHYTPIIIHIM BOJIOTOBUAUIEHHSM, IO MOXe OyTH
3a0e3IeueHa CHEPTi€r0 BUTSKHOTO MOBITPs. Tomy Oynu copmoBaHi HACTYIHI 3aBAaHHS
JOCIIKEHHS:

— TPOBECTH EHEPreTUYHMMA aHami3 pPOOOTH TOBITPSHUX TEIUIOHACOCHUX CHUCTEM
BEHTWISIIT W ONaJCHHS, a TaKOX BEHTWIANII Ta KOHJMIIOBAHHA MPUMIIIEHb 3
BHYTPIIIHIMH BOJIOTOBUIIIIEHHAMH (po3aiu 2 1 3);

— JOCTIIUTHA CIOCOOM TMiJBUIICHHS €HEProe(eKTHUBHOCTI IIUX CHCTEM 3a PaXyHOK
pekyneparlii Ta peuupKyIsaUili BEHTUISALIMHUX BUKUAIB (po3auiu 4 1 5);

— BCTAHOBHUTH BIUIUB 3MIHM YMOB BOJIOTOBHJUIEHb BCEPEIHUHI TPHUMIIICHHS Ha
eHeproe(peKTUBHICTh MOBITPSHOI TEIJIOHACOCHOT YCTaHOBKH (po3/1J1 6);

— TMOPIBHATH €(EKTUBHICTb POOOTH [BOX MOBITPSAHUX TEIUIOHACOCHUX CHUCTEM 3

pi3zHEME Kepenamu xonoy: BHyTpimHIM TH 1 30BHImHIM KKbB (po3ain 7).
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PO311J1 2 TEIINIOHACOCHA CUCTEMA ITOBITPAHOI'O OITAJIEHHSA TA
BEHTWIALII BUPOBHUYOI'O MPUMIIIEHHA 3 HAJJAIIKOBUM
BOJOI'OBUAIVIEHHAM

2.1 ITocTaHOBKA 32124 JOCJTIIKeHHA

Bigomo, mo HaWOIBII NEPCHEKTUBHUM (3 TOYKH 30py €HEpProe(peKTUBHOCTI)
HanpsiMKoM 3actocyBaHHs THY € iX BUKOpUCTaHHS B cCUCTeMaxX BEHTHJISALT 1 MOBITPSHOTO
OTaJICHHSI Pi3HUX 00’€KTIB 1 0COOIMBO 00’€KTIB 3 BEIUKUMHU 00’€eMaMu MpuUMIIIeHb [3].
Oco0nuBe Micle cepell HUX 3aiiMatoTh 00’ €KTH, 10 MOTPeOYIOTh NIATPUMAHHS HE TUIbKU
3a/laHUX TEMIIEPAaTypPHHX, aJi€ 1 BOJIOTICHUI YMOB BHACIIA0K BHYTPIIIHBOIO HAIUIIKOBOTO
BOJIOrOBHIVICHHS. Takumu 00’ €KTaMU MOXKYTh OyTH 3ali TOPTiBEILHUX a00 TOPTiBEJIbHO-
pPO3BAXKAJIBHUX LIEHTPIB, CIOPTUBHUX CHOPYJA, a Tak0oX BUPOOHWYI, CKIAQJCHbKI Ta
COpPTYBaJbHI TPUMIMICHHS 3 3aJaHUM TEXHOJOTIYHUM a00 KOMQOPTHUM PEXKHUMOM.
Bunanenns 3aiiBoi BOJIOTM 3 TaKUX NPHUMIIIEHb BiIOYBA€THCA IUIIXOM BEHTHIIALII 3
BIJIIPAl[bOBAHUM BEHTHIALIIITHUM MOBITPSIM, a MIATPUMAHHS 33JaHO1 BOJIOIOCTI BCEPEINHI
OPUMILIEHHS B XOJIOAHUW TMEpioJl POKYy MOXKE JOCATaTHCh 3a PaxyHOK YacTKOBOI
PEUUPKYJIALIT BIAMPAllbOBAHOTO MOBITPS 1 MIAMIIIYBaHHS HOTO JO0 CBIKOTO MPUILIIMBHOTO
noBiTps. 3actocyBaHHs THY B Takux cucreMax 3HAYHO MiABUIILYE €HEProe(eKTUBHICTD
CUCTEMU BEHTWJIALIT 32 PaXyHOK BUKOPUCTAHHS TEIUIOTH YACTHHHU CKUIAHOTO IMOBITPS JJIS
OiIrpiBy CyMilll NPUIUIMBHOIO TMOBITPsA. TepMOAMHAMIYHUN aHali3 Takoi CHUCTEMHU
BeHTW AT OyB mpoBeaeHuil B poboti [88]. Ilpm mpomy Oyrna HaBeneHa METOAMKA 1
pe3yJbTaTH PO3PAXyHKY KOCQIIIEHTIB PEUUPKYIAIil  BiANPAIbOBAHOTO TMOBITPS, IO
3a0€3MeuyoTh 3aJJaHUil TeMIEPaTypHO-BOJOTICHUN PEXUM BCEPEIUHI BUPOOHUUYOTO
MPUMIIIEHHS TPU 3MiHI MMapaMeTpiB HABKOJMUIIHBOTO aTMOC(PEPHOTO MOBITPS, a TaAKOK
NOKa3aHa eHeproe(eKTUBHICTh Takoi cucteMu. OJHAK MPOBEECHUN aHali3 HE BPAXOBYE
J0JJaTKOB1 BUTPATH TEIJIOTH Ha OMAJICHHS MPUMIILIEHHS, 110 BIUIMBAIOTh HA TEMIIEPAaTypHUN
PEXKUM BCEPEIHHI.

Ha nanuii MOMEHT cuCTeMM 3araJilbHOOOMIHHOI BEHTWJISALIT 4acTO KOMOIHYIOThCA 3

CUCTEMaMH TIOBITPSTHOTO OTAJICHHS, K1 € HaWOLIBII THYYKHUMH, OCKUIBKH JO3BOJSIOTH
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IIBUJKO 3MIHIOBATH KUIBKICTh TEIUIOTH, IO HAAXOAUTh A0 mpuMimeHas [89]. VY
BUPOOHUYUX MPUMIIICHHSAX TaKi CUCTEMH MiABUILYIOTh CAHITAPHO-TITE€HIYHI MOKa3HUKU
MOBITPSHOTO CEPEOBUIIA, 3a0€3MEeUyIOTh PIBHOMIPHICTh PO3MOLILY TEMIEPATYp, a TAKOK
3MIHIOIOTh, OUMIIYIOTh Ta OCYIIYIOTh MOBITPs. [Ipu 11b0My crcTEMa MOBITPSTHOTO OMATICHHS
HEe OTpeOye JOAATKOBOIO JXKepesa TEIIOTH 1 I0JJaTKOBOTO 00J1aTHaHHS.

VY 3B’s3Ky 3 UM 3aMpONOHOBAHO Ta MpoaHasizoBaHo npuHiunoBy THY BenTusii Ta
MOBITPSTHOTO OMAJICHHS] BUPOOHUYOTO MPUMIIEHHS 3 HAIJTUIIKOBUM BOJIOTOBHIICHHSM Y
xoJIogHui mnepion poky. I[lokazaHo, 1110 HEOOXITHUM JJIS OMAJICHHS MOAATKOBHM MIiIITPiB
MPUILUIUBHOTO TTOBITPSI MOXKe OYTH BU3HAYEHUH Yepe3 MPOCTHI KoeDIliEHT MpOMOPIiHHOCTI
710 Tiepenajy TemIepaTyp BCepeuHI 1 330BHI NMPUMIIICHHS, 3HAYEHHS SIKOT'0 BU3HAYAETHCS
TEIUIOBUMU 1 TE€OMETPUYHHMM  XapaKTEPUCTUKaMH MPUMILIEHHS 1 KPATHICTIO
NMoBITPOOOMIHY. 3 ypaxyBaHHSIM JIOJaTKOBOTO MIAITPIBY MNPUIUIMBHOTO TIOBITPS Ha
OMaJICHHA MPUMILIEHHS NPOBEICHO TEPMOAUMHAMIYHUN aHallli3 CHCTEMH IOBITPSHOIO
omasieHHs Ta BeHTwIAli. Ilig wac anamizy nganoi THY Oyno npuiiHITO 4YacTKOBY
PELUPKYJIAIII0 BiANPAIbOBAHOTO TOBITPSA 31 3MIHHUM KOE(IIEHTOM PEHUPKYIIAIli B
3QJIEKHOCT1 Bl NapameTpiB HABKOJIMIIHBOIO CEPENOBUINA. Pe3ynbraTtoM € BH3HAYeH1
eHepreTnyHa e(eKTUBHICTH Ta pexumu podbotu THY B XxonomuHuii mepiog poxky B
3aJIEKHOCTI B1Jl TapaMeTPiB 30BHIIIHBOTO MOBITPS Ta XapaKTEPUCTUK 00’ €KTIB OMAJICHHS Ta

BEHTUIALII.

2.2 Onuc cucrteMu Ta pod04Y0Oro nmpouecy

Ha puc. 2.1 300paxkeHa MPUHIIMIIOBA CX€Ma BEHTUJIALIT Ta MOBITPSHOTO OMAJICHHA 3
YaCTKOBOIO PEUUPKYJSLIEI0 BiANpalboBaHOro mnoBiTps. [lpuHumun pobGoTu cxemu:
BIJIMPAaIbOBaHE TIOBITPS 3 MPUMIIICHHS 32 TEMIEPaTypH £, BOJIOTOBMICTY d> 1 3 MaCOBOIO
BUTPATOIO Guar PO3AUISETHCS Ha JBa NOTOKW. OAMH TOTIK 3 MacoBOw BUTparoro (o
CHpAMOBY€ETbCSL 10 BUmapHuka TH, e OXO0NOmXKyeTbcs 3 YacCTKOBOIO KOHJIEHCAIIEIO
BOJASHOI TMapu 10 TEMIIEpaTypu f; Ta BOJIOTOBMICTY dy 1 CKHJIA€THhCS B HABKOJUIIHE
cepenoBuile. Jpyruil HOTIK NOAAETHCS 10 KAMEPH 3MILITYBaHHS, 1€ 3MILIYETHCS 31 CBIKUM

aTMOoc(hepHUM MOBITPSIM 3 TEMIIEPATYPOIO fo, BOJIOIOBMICTOM do 1 MacoBOrO BUTpaToro (.
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OTtpumana cymiml HOBITPS (feym, deys, Gsar) TMICHS KaMepHu 3MILIYBaHHS CIIPSIMOBY€ETBHCS Y
kouzeHcaTop TH, 1e moBiTpst HarpiBa€eThCs 1 HA BUXO/I1 MA€ TEMIIEPATYPY /1 Ta BOJIOTOBMICT
di. TeroBuii notik Big kKoHAeHcatopa TH Qon+senr BAKOPUCTOBYETHCS AJI1 KOMIIEHCALIIT
BUTpAT TEIUIOTH Ha TOBITPSHE OMAJCHHS Ta BEHTWIIIIIO BCEPEIWHI BUPOOHUYOTO

OPUMILICHHS.

) BT :Q oI
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~ \
(7. ,‘h‘) ‘
OBO 3ar Z
4 :d, }
\
\
- . |— - _‘ i ‘
G’sar ’ hC}'M | K3 \ (TD ;hg \
lol=n
- G, :h,)
\/ - ’
los do \
\
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Puc. 2.1 — IIpunnunoBa THY BeHTUmAIIT Ta MOBITPSHOTO OMAJIEHHS 3 YaCTKOBOIO
PELUPKYJIAIIE0 BiAMpaboBaHoro moBiTps: K — konaencarop TH; B — Bumapuuk TH;
K — xommnpecop; K3 — kamepa 3minryBanns; OBO — 00’ ekT BeHTHIIALIT Ta

MOBITPSTHOTO OTAJICHHS.

Ha puc. 2.2 306paxxeHo po6ounii mporiec 3MiHU CTaHy MOBITPS B CUCTEMI BEHTHIISIIIT
Ta TOBITPSIHOTO omajeHHs B Ah-d miarpami. Touka O moOynmoBaHa 3a mapameTpaMu

HABKOJIMIIIHLOTO cepeaoBuia (¢

(V]

,h,) [90]. Touka 2 moOynoBaHa 3riiHO 3 HEOOXITHUMU
TEMIIEPATypol0 # 1 BIHOCHOK BOJIOTICTIO (92 TOBITPsI BCEPEAUHI BUPOOHUUOTO
MPUMIIICHHS, BU3HAYAETHCSA 3T1AHO 3 [91] B 3aJI€)KHOCTI BiJl TEXHOJIOTTYHOTO MTPU3HAYCHHS
npuMilieHHs. 3a s-d miarpaMor0 BU3HAYAEThCS /2. 3riIHO 3 OyIiBeIbHUMH HOpMaMu [91]
JUTSL TaHOTO MIPUMILIEHHS! TPUIMAETHCS BETMUYMHA MEPErPiBY MPUIIITUBHOTO MOBITPS Afpenr 1
Ha JIHIT 42 = const 3a #1'= £, + Af3HaxX0IUThCA TOUKa /', sika BIJIMOBIJIa€ CTaAHY NPUILTUBHOTO

MOBITPsA 3a YMOB BeHTWJIAI1. [Ipotiec /-1 300paxye 1ogaTKOBE MeperpiBaHHs MOBITPS JJIs
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3aJI0BOJICHHS IOTpeO omaneHHs. TemriepaTypa moBITps B TouIll / Ha JiHIi di = const MOXke
OyTH TIPUIHATA, BUXOJASYM 3 YMOB MPOIOPIIAHOCTI PI3HUII TEMIIEpaTyp, 10 BIAMOBIIAE
neperpiBy MOBITPS Ha BXOJ1 B IPHUMILICHHS, 1 Iepenaay TeMIepaTyp BCEpeauH] 1 330BHI
IPUMIIIEHHS, TOOTO At = t1 - t1 = K(t2 — t), e K — koedimieHT mponopuiifHOCTI, 3HAYCHHS
SIKOTO 3aJICKHUTh BiJ] XapakTepy OyAiBii 1 moTpedye Bu3HaYeHHs. BigmpaiiboBaHe moBiTps 3
napamMeTpaMu B TOYIl 2 PO3IUISETHCA HA JABa MOTOKM. OAMH MOTIK HANpaBIsSETHCA HA
PELUPKYJIALIIO 1, 3MIIIYIOYHCh 31 CBIKUM aTMOC(EPHHUM IOBITPSAM, yTBOpPIO€ B Toull C
CYMIIII TIOBITPS 3 BOJIOTOBMICTOM deyy = d1' = = d1, SKa TICHs MiAIrpiBy B KoHaeHcatopi TH
HaMpaBISETHCS B MPUMIIIIEHHS JUIS 3370BOJICHHS OTPed BEHTHIIALIT Ta omaneHHs. [Hmmi
MOTIK HAAXOAUTh N0 BumapHuka TH 1 micias OXOJIOMKEHHS B HBOMY CKHIIAE€THCS B

HABKOJIMIITHE CEPEIOBUIIE B CTaHI1, 1110 BIMOBIIa€ TOYI B.
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Puc. 2.2 — PoGounii mporiec 3MiHU CTaHy TOBITPS B CUCTEM1 BEHTHJIALT Ta MOBITPSIHOTO

OMAJIEHHA PUMILIEHHS B /1-d Jiarpami.
2.3 Tepmoaunamiunmii anajuiz THY
Buxosuu 3 anpiopHOi OLIIHKY CITIBBIIHOIICHHSI MIEPETPIBY MPHUILIIUBHOTO ITOBITPS JIJIsI

3aJI0BOJICHHS MOTpeO BUTpATH TEIJIOTH HAa ONAJEHHS 1 Mepenaay TeMIepaTryp BCepeauHi i

330BHI MPUMIIIICHHS, MOXKHA 3aIIUCaTH
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At=t —t, =K, —t,), (2.1)
ne K — koediIieHT MpOomoOpIIiHHOCTI, 10 3aJIEKUTh BiJl XapaKTEPUCTUK MPUMIIICHHS 1

notpedye MonepeaAHhOr0 BU3HAYCHHS. 3 ILI€I0 METOI0 3alHIIeMO PIBHSHHS ISl BUTpAT

TEIJIOTH HA BEHTUWIALIIO 1 ONAJICHHS

QBeHT = G3ar (h2 - ho)ﬂ (22)
Qon = G3arcp (tl - ZLl')' (23)
3 piBHsAHB (2.2) 1 (2.3) 3 ypaxyBanHsM (2.1) BurinBae

K — Qor[ (hZ _hO) ) (24)
Qe ¢, (¢, —1y)

3 iHIIoro 00Ky, BUTpATH TEIUIOTH Ha OMAJICHHS Ta BEHTWISIII0O MOKHA BUSHAUUTH SIK:

Qor[ = IZF(Q _tO)D (25)
QBeHT = GBeHT (h2 - hO)’ (26)
ne K, Br/(M*°C) — cepenniii koeQillieHT Temuonepenadi OropoKyBalbHUX

KOHCTPYKIII BAPOOHUYOTO IPUMIIIEHHS; F, M? — ILIOIIA OrOPOKYBAIBHUX KOHCTPYKIIIH,
yepe3  AKl  BIAOyBalOTbCcd  BTpaTH  TEIUIOTU B HABKOJMILHE  CEPEJOBHILE;

G

BEHT 2

KI/C — MacoBa BUTpaTa MOBITPS Ha MOTPEOU CHCTEMHU BEHTHIIALII].

MacoBa Butpara nositps G,

BCHT

Maxke OyTH po3paxoBaHa B 3aJIEKHOCTI Bl 00’ emy

BUPOOHMYOrO TpuMinieHHsT V 1 KoeodiuieHTa NOBITPOOOMIHY K l/ron, 3a

pUM .00 7

CH1BBIIHOIIECHHIM

Kno
GBeHT = pl‘IVHpI/IM 3608 ? (27)

JI€ Pn, KI/M> — I'YCTHHA HOBITpSI.
I3 BigHomeHHs (2.5) 1 (2.6) 3 ypaxyBanHaMm (2.7) Bupas mna Q. / Q... MOXHA
3aMmucaTH siK
Q..  3600KF(t,—t,)
Qe PuosV o (s = 1y)’

Toni, Bupa3 st KoedilieHTa NPONOPLUIMHOCTI 32 PIBHAHHAM (2.4) 3 ypaxyBaHHAM

(2.8)

(2.8) npuiitmae BUTIS
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K 3600KF . (2.9)
PuCoK o6V,

m.00" mpum

Takum uynHOM, KoediUieHT mnponopuiiHocTi K B piBHSAHHI (2.1) Moxe OyTH
MONEPEIHBO BU3HAYEHHI Yepe3 reOMETPHUYHI 1 TEIUIO(13UYH] XapaKTEepUCTUKH Oy 1B (K
00’eKTa OMaJIeHHS 1 BEHTWIALII) 1 KpaTHICTh TOBITPOOOMIHY, IO BHU3HAYAETHCS
(GyHKLIOHATBHUM NPU3HAYECHHSIM 00’ €KTa Terionocradyantsa. Tum caMmuM 13 piBHSHHSA (2.1)
MOKe OyTH BU3HauY€HA TeMIIepaTypa MPUILTMBHOTO MOBITPS HA BXO/Il B MPUMIIIEHHS.

TepMmoguHaMiyHUN aHaNli3 CHUCTEMHM, IO PO3IIISIIAETHCS, BUKOHYETHCS HA OCHOBI
MOTEPEAHHOT0 BH3HAYEHHS TEPMOJMHAMIYHOTO CTaHy i€l CHCTEMHU 3a MNPUIHATHX
BUXIJTHUX TapaMeTpiB TOBITPS BCEPEAMHI NPHUMIMICHHS Ta B 3aJEKHOCTI Bl 3MIHU
napaMeTpiB 30BHIIIHBOIO aTMOC(HEpPHOro TMOBITPsA. Y CBOK YEepry CTaH JaHOi CUCTEMU
BEHTWJISILII Ta MOBITPSHOI'O OMAJECHHS 3aJIEKUTh B1J MOKH L0 HEBIJIOMHUX I[apaMeTpiB
MOBITPA Yy 11 BY3/710BUX Toukax. JIJisi JaHOT CHCTEMHU HEBIJOMUMHU MapamMeTpaMu € YacTKa
MOTOKY BiAMPAIbOBAHOTO MOBITPS, IO HANPABISETHCS HA PEIUPKYISAII0, TeMIepaTypa
noBiTps michss K3 penupKynsmiitHoro i CBIXOro arMoc(epHOTO IMOBITPsA, TeMIeparypa
noBiTps Ticas BumapHuka TH, a Takox BelWyWHA EJIEKTPUYHOI MOTY>KHOCTI, SKa
M1JIBOJIUTHCS 1O TpUBOAY Komrpecopa TH. BinmoBiiHi 3aleKHOCTI IJis LIUX HapameTpiB
MOXYTh OyTH BHM3HA4Y€HI 3 PIBHSHb TEIJIOBOI'O Ta MaTeplaJbHOr0 OajJaHCIB SIK OKPEMHX
€JIEMEHTIB CUCTEMH, TaK 1 CUCTEMH B LIJIOMY.

JloJis MOTOKY BiIMPaIlbOBAHOTO TOBITPSI, 1[0 HAMPABIISETHCSA HA PEIUPKYIIALII0, MOKE
OyTH BU3HAYCHA 13 PIBHSHHS MaTepiaabHOro 0anancy Bojoru s K3, ske Mae BUTIIsAL

Gydy+God, =G, d (2.10)

3ar cym?

ne Gy, G,, G

3ar 2

KI/C — MacoBl BUTPAaTH CBIXKOT'0, PELMPKYJSALIMHOIO 1 3arajibHOTO

MOTOKIB NOBITPst; d,, d,, d_, , T/Klc.n. — BOJOTOBMICTH BiJIOBITHUX ITOTOKIB MOBITPs. 3

CyM °
ypaxyBaHHSM TOTO, IO BOJIOTOBMICT cyMimni moBiTps micias K3 wmae BigmoBimaTu

BOJIOTOBMICTY NPHILIMBHOIO MOBITPs HA BXOJ B pUMillleHHs, T00TO d, = d,, koediienT

penupkysmii Kp, 10 BU3HAYAEThCS 3 piBHAHHS (2.10), MOXKHA 3amucaTH K

— Gp :dl_do.
PG, d,-d,

3ar

2.11)
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EnTanemis cymimi noBiTps Ha Buxoni 3 K3 Bu3HayaeThCs 13 pIBHSHHS TEIJIOBOTO
6amancy K3 ananoriuaum cnocobom
Gy + G, hy =G, hy,,, (2.12)

3BIJIKH

s = o + Ky = ). (2.13)

Jlnst BU3HAYEHHS EHTaJbIli TOBITPS Ha Buxoll 3 BunapHuka TH moxe OyTu

BUKOPHUCTaHE PIBHSHHA eHepreTudHoro 6amancy TH
0.=0,.+L. (2.14)
Cknanosi piBHSHHS (2.14) BU3HAYAIOTHCS TaK:

TEIJIOBUM MOTIK, BiJIBEICHUH B1J1 KoHAeHcaTopa TH

O =G, (h —hy,); (2.15)
TETJIOBHUH MOTIK, MiABEACHUM 10 BunapHuka TH
Opin = G 1=K )(h, — h); (2.16)
3aTpaTy 30BHINIHBOI €JIEKTPUIHOI eHeprii Ha kommnpecop TH
L =0/ (@1 (2.17)

[Ticns gestkux MaTeMaTUYHUX MIEPETBOPEHb BUPA3 /JIsi BU3HAUEHHS €HTAJIbIII1 MOBITPS

Ha BUXO0/1 3 Bunapuuka TH npuiimae BUrisg

7 =h2—(h‘_h°w)“’_1, (2.18)

’ (1-K,)) ¢

ne ¢ — koediuient Tpancopmauii TH; 5 — eHranbmisg NHOBITPA HAa BXOAl JIO

BUPOOHUYOTO NPUMIILIEHHS.

EHTanemo /A 3 JOCTaTHBOK TOYHICTIO MOXKHA BHU3HAUYUTH 3a HACTYIIHOIO
PO3paxyHKOBOIO (POPMYIIOFO 17151 BOJIOTOTO MOBITPst [90]

h =1-1,+(2500+1,9¢,)d, -10™". (2.19)

Koediuient tpancdopmarnii remiotu TH ¢ 3 ypaxyBaHHSIM TEMI0BUX HEOOOPOTHOCTEM

y BUIIapHUKY Ta KoHAeHcaTtopl TH BU3HauaeThCs 3a CIIBBIIHOIIEHHIM

1
_ 2.20
¢ 27341, = A, (220)

273+t + At
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1ie 1, — TEMIepaTypa BiANpaIbOBAaHOTO MOBITPs Ha BuXxoAl 3 Bunapuuka TH, °C; ¢ —
TeMIiepaTypa noBiTps Ha Buxoji 3 kouaeHcatopa TH, °C; Af; — Temneparypuuii nepenaj
MIDK TOTOKaMH BIANPAI[bOBAHOTO MOBITPS Ta XOJIOJUIBHOIO areHTa Ha BUXO/I1 3 BUIIAPHUKA
TH, °C; Atx — TemmepaTypHUl Miepenaji MK MOTOKAMHU XOJIOJWJIHHOTO areHTa 1 MOBITpPSI B
CUCTEM1 BEHTWIALII Ta omnajeHHs Ha Buxol 3 KoHaeHcatopa TH, °C. V mireparypi
HABOJSTBHCS YMCIIOBI 3HAUEHHS TEMIIEPATypHHUX MEpEenajiB y KOHIAEHCATOpl 1 BUMAPHUKY
st TH tuny «moBiTpst — moBitps». 3rigHo 3 [92] mis KoHAeHcaTtopa 1 BunmapHuka TH
MOKHA NpUUHATH At = Atz = 10 °C.

3aTpaTy 30BHINIHBOI €JIEKTPUYHOI €HepTii Ha nmpuBia Komrpecopa TH MoxyTh OyTu
BU3HAYEHI 3 PIBHSHHS €HEPTE€TUYHOTO OaJIaHCy BCIEI CXEMHU, 1110 MA€E BUTIIA

O+ L, =0, + 0 (2.21)
3BIJIKH
L =(0, =) + O = G 1= K )(h, = hy) + G, e K(1, = 1) (2.22)
Akmio niBy 1 mpaBy YacTUHM PIBHSHHA (2.22) NMOAUIMTH Ha 3arajbHY KUIBKICTh
TEIJIOTH, IO BUTPAYAETHCS HA MIATOTOBKY MPUILIMBHOTO TMOBITPS B MPOCTHX CHUCTEMax
BEHTHJIALIIT Ta MOBITpSIHOTO onayieHHs 6e3 TH

Qon+BeHT = G3ar (h2 - hO) + GsaGCK(tZ - t0)9 (223)

TO MUTOMA XapaKTEPUCTHKA 3aTPAT 30BHIIIHBOI €JIEKTPUYHOI EHEPTrii Ha BUPOOJICHHS
oauHUIl Terioth B THY BeHTHIIAMLIT Ta MOBITPSHOTO OMNMaJeHHS 31 3MIHHOK YaCTKOBOIO
PELUPKYJISILIEI0 BIAMPAI[bOBAHOTO MOBITPSI MPUKMA€E BUTIISA

= (1-K,)(h, —hy) +c,K(1, - 1) .
(hy —hy)+ ¢, K(t, —1,)

(2.24)

2.4 Pe3yJbTaT po3paxyHKiB

PospaxynkoBuii anamiz mapamerpiB THY BeHTHiAIil Ta MOBITPSHOTO OMAJICHHS
BUKOHAHO JIJI1 TUTIOBOTO BHPOOHMYOTO MPHUMIIICHHS 3 BOJOTOBUIUICHHAM. SIK MPOTOTHIT
OyB 0OpaHuii BUPOOHHUYMH 11eX KOHAUTEPChKOi hadpuku «Pomen» B M. Arorun [88]. s

3a0e31eueHHs] KOM(DOPTHUX YMOB pOOOTH B IPUMIIIEHHI 11eXy OyJId BCTAHOBJICHI HACTYIIHI
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napaMeTpu BHYTPIITHBOTO MOBITPs [91]: TemnepaTypa B npuminieHHi = 18 °C; BiqHocHa
BOJIOTICTh MOBITPsI B puMillieHH1 (2 = 50 %; neperpiB NpUILTUBHOTO MOBITPS AJI CUCTEMHU
BEHTWIIALIT Afgerr = 3 °C.

3a 3amaHuX yMOB OyJI0O BU3HAUE€HO BOJIOTOBMICT TOBITPSI Ha BXOJ1 1 BUXOMl 3
IpUMIIIEHHS, TOOTO B Toukax [/ 1 2 miarpaMu poOodoro mpoiiecy Ha puc. 2.2: di =
=5,3 1/Kren. 1 d2= 6,5 T/Krc .

YucenbHul aHami3 13 BAKOPUCTAHHAM cHiBBigHOIIEHB (2.11), (2.13), (2.18) — (2.20) 1
(2.24) meTo1I0M MOCTITOBHUX HAOIMKEHB J1a€ 3MOTY OI[IHUTHU BIUIMB 3MIHH TEMIIEpaTypu
Ta BITHOCHOI BOJIOTOCT1 HABKOJIMIIIHBOI'O CEPEIOBUILA, XapPAKTEPUCTUKH 00’ €KTY OTIAJICHHS
Ta BEHTWIALIL K Ha MapaMeTpu CUCTEMU (Temmeparypa MOBITpsl Ha BUXOJl 3 BUIIAPHUKA
TH, xoedimient Tpancdopmariii TH, koedimieHT perupKyasiii BiAMpabOBaHOTO MTOBITPS),
Tak 1 Ha TepMOAMHAMIYHY €(EKTHUBHICTh 3aCTOCYBaHHS JAHOI CHUCTEMHU OIAJIEHHSA Ta
BEHTHUJIAIII.

ANTOPUTM 1TEpallifHOTO UKy HACTYITHUMN: 3aJ]al0ThCsl 3HAUCHHS BeJIMYUH K, fo, Qo.
3a fo 1 Qo 3 h-d giarpamu Bu3HauatoThes do 1 ho. Po3paxoByeTbest BenmunHa Kp 32 GopMyIioro
(2.11). Bu3HauaeTbCs MUTOMA EHTANbBIIS TMOBITPSAHOI CyMimni Acyw 3 piBHSHHS (2.13).
Heo0xinHa Temneparypa NpuIIMBHOTO MOBITPS #1 3HAXOAUThCsA 3 popmyiu (2.1), a nutoma
eHTanwmist A1 — 3 dopmynu (2.19). V nepuiomy HaOAMKEHHI NPUIAMAETHCS IOBLIbHE
3HAQYCHHS TeMIepaTypu MOBITps micis BunapHuka TH 7 1 po3paxoByeTbest Koe]ilieHT
tpanchopmaiii Teriotu TH ¢ 3a piBHsiHHIM (2.20). [Jani BU3HAYa€ThCS MUTOMA €HTAIbIIIA
hs 3a popmyoro (2.18). BukopucroBytouu A-d qiarpamy, y ToUIl nepetuny /s i ¢o = 100 %
3HAXOAUTHCS TEMIIEPATYpa ¢z Ta MOPIBHIOETHCSA 3 PaHillle NPUUHIATUM 1i 3HaUeHHsIM. [Tepartis
MOBTOPIOETHCS, MTOKHU BIIHOCHA MOXMOKA MK MOYATKOBUM Ta KIHIICBUM 3HAUYCHHSIMU 3 HE
oyne cranoButu 0,5 %. 3a piBHAHHAM (2.24) OIIIHIOETHCA BEIUYMHA NMHUTOMHUX 3aTpat
30BHIIIHBOI €HEPrii Ha BUpOOJIeHHs oaquHull Teriotu B THY /.

[Tpu BubGoOpi Benmnunnu K BpaxoBaHa Taka o0ctaBuHa. 3a piBHSIHHS (2.9) nist oOpaHOro
BUPOOHUYOTO MPUMIILIEHHS BCTaHOBJEHO, 1110 K = 0,15 (BiIHOIIEHHS TEIJIOTH HA OTAJICHHS
10 TEIUIOTM Ha BEHTWIALI0). OTpuMaHe 3HAYEHHS BIAMOBINAE MIMCHOCTI, OCKIIBKH ISt
Oy/iBesb BUPOOHUYOTO Ta TPOMAJICHKOTO MPU3HAYEHb BUTPATU TEIUIOTH HAa BEHTHIISIIIIO

MOXYTh y J€KUIbKa pa3 MepeBULILYyBaTH BIJIMOBIIHI BUTPATU TEILUIOTH Ha onayieHHs [93]. ¥V
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3B’SI3Ky 3 IIUM B HaBEJICHOMY HW)K4Y€ aHali31 B3STO HACTYIHI 3HaueHHA Koedimienta K =
0,05; 0,1; 0,15; 0,2; 0,25; 0,3.

Ha puc. 2.3, a-6 nHaBeaeHno rpadiyti 3a1eKHOCTI TEMIIEpaTypH MOBITPS HA BUXOJI 3
Burnapuuka TH #; Big TeMniepaTypu Ta BiTHOCHOI BOJIOTOCTI HABKOJIHUIITHHOTO CEPEOBHINA 1
pi3HMX 3HayeHb BenuuuHU K (& = f (fo, @o, K)). BunHo, 1o B ycboMy J11ana3oHi 3MiHU
30BHIIIHIX [apaMeTpiB TEMIIepaTypa MOBITPS HAa BUXOAl 3 BUIMAPHUKA MaiKe BIAMOBIIAE
TEMIIEpaTypl 30BHILIHBOTO CEpPEAOBUINA fo Ta HAOIMKYETbCA 1O HEl 31 3pOCTaHHAM
BIJIHOCHOI BOJIOTOCTI (o (puc. 2.3, a). MoxHa nobauutu, 10 31 3MEHILICHHSIM TOTped
TEIUIOTH Ha OMajieHHs, TOOTO 31 3MEHIICHHSIM BEJIUYMHU K, TemrepaTrypa f, npuiiMaTume
3HAYHO BHUIIMK pIBEHb HIDXK TemImeparypa aTrMoc(epHOro IMOBITpsA, IO MPHUBEAE 0
HoJIETIEHNX YMOB poboTtu noBiTpstHoro TH y xomoauuit nepiog poky 1 3a0e3meuuTh JOCUTh

BHUCOKI 3HaueHHs KoedirieHTiB Tpanchopmaritii TH (puc. 2.3, 6).

t, t, = f(to), K = 0.15 t, t, = f(t;), ¢ = 80%

AN

-25 a

20 a5 0 5 0 5 10 15 20 5 0 5 0 s 10 15
a) 0)

Puc. 2.3 — 3anexHicTh TeMIepaTypu MoBiTps Ha BUxo/i 3 BunapHuka TH Bin
TEeMIIEpaTypH Ta BIIHOCHOI BOJIOTOCT1 HABKOJIMIIIHHOTO CEPEOBUIINA 1 BeTUYUHU K:
a) K=0,15; 1-5 — @o =50 %; 60 %; 70 %; 80 %; 90 %;

0) o =80 %; 1-6 — K =0,05; 0,1; 0,15; 0,2; 0,25; 0,3.

Ha puc. 2.4, a-6 naBeneno rpadiuni 3ayexHocTi koedimienta Tpanchopmariii TH ¢

(COP) Bix Temmeparypu Ta BIIHOCHOI BOJOTOCTI HABKOJIMIIIHBOTO CEPEIOBHINA 1 PI3HUX



68

3raueHb BenuunHu K (COP = £ (%, o, K)). 3nauenns COP cBimuaTh npo CipusTINBI yMOBH
podoru TH B ychoMy miama3oHi 3MIHHM TEMIIEpaTypd Ta BIJHOCHOI BOJIOT'OCTI
HABKOJIMIIIHLOTO cepepoBumia (puc. 2.4, a). HaBith 3a HalO1IbII HECHPUSATIUBUX YMOB,
komu to = -20 °C, o= 80 %, K = 0,3, COP TH 3naxoauthcs Ha piBHI 2,4 oj1.

BaxxnnBoro XapaKTepUCTHKOIO JAHOI CHUCTEMH € 4YacTKa MOTOKY BiAMpPalbOBaHOTO
HOBITPSI Ha BUXOJl 3 NPUMIIIECHHS, SIKa HAIpPaBJSIETbCS HAa PELMPKYJsALI0. BinmosinHi
PO3paxyHKOB1 JaHi JuIs KoedilieHTa 3MiHHOT YaCTKOBOI PEIUPKYIIALIL, 1[0 OTpUMaHI 3a

piBHsiHHSM (2.11), HaBeneHi Ha puc. 2.5.

CoP COP = f(t;), K=0.15 CoP COP = f(t;), ¢ = 80%
6.0 1 6.0 1

25

2.0 2.0
-20 -15 -10 -5 0 5 10 15 -20 -15 -10 -5 0 5 10 15

a) 0)
Puc. 2.4 — 3anexHictb koediuienta Tpancpopmaiii TH Big mapameTpiB HaBKOJIUIITHBOTO
cepenopuia i Benmuunnau K: a) K= 0,15; 1-5 — @o = 50 %; 60 %; 70 %; 80 %; 90 %;
0) @o =80 %; 1-6 - K=0,05; 0,1; 0,15; 0,2; 0,25; 0,3.

Sx BuaHO 3 TpadikiB, KOSPIIIEHT PEIUPKYIIALIL 111 BAKOHAHHS YMOBH MIATPUMaHHS
3a/laHuX KOM(OPTHUX MapaMeTpiB MOBITPS B IPUMIIIECHHI MA€ 3MIHIOBATHCH B 3aJIEKHOCTI
SK Bil TEMIIepaTypd, TakK 1 BIJHOCHOI BOJIOTOCTI aTtMocdepHoro TOBITps. Tomy
npoektyBaHHs THY BeHTWIALIT Ta NOBITPSHOTO OMAaJ€HHS 3 YaCTKOBOIO PELUPKYIISAIIEI0
BIJIIIPAIl[bOBAHOTO TOBITPSI 32 TMOCTIMHOrO 3HAa4YeHHS Koe(dillieHTa peuupKysIsmii, y
BIIMMOBIAHOCTI 10 MeTOoAMKHU [91], € HEe MpaBWIBHUM, OCKUIBKHA CHCTEMa B IIbOMY pa3i He

NO3BOJIUTH 3a0€3MEUYUTH 3aJaHUX YMOB Yy TIPUMIIIEHHI 3a 3MIHM [apaMeTpiB
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HaBKOJIMITHLOTO cepefoBuia. Ciij TaKoK BIIMITUTH, 110 JJaHA CHUCTEMa, SIKa pO3paxoBaHa
Ha PEXXUM POOOTH B XOJOAHUHN Tiepioa poky (MiIIrpiBaHHS Ta 3BOJIOKEHHS MOBITPS), Mae
CBO1 OOMeKeHHs. 3 puc. 2.5 BUIHO, IO B 3aJIEKHOCTI B1J BITHOCHOI BOJIOTOCTI ICHYE€ JiesiKa
KpUTUYHA TEeMIepaTypa 3O0BHINIHHOTO TIOBITPS, 3a SIKOT KOE(DIIEHT PEeIUpKyIIsIii
3MCHIIYEThCSA 10 HyJsA. lle o3Hauae, mo 3a MABUIICHHS TEMIIEpaTypH aTMOCHEPHOTO
NOBITPS BHILE KpUTUUYHOro 3HaueHHd THY y nanomy omepamiiiHOMy pexuMi HE 3MOKE
3a0e3rmeuynT KOM(OPTHUX YMOB B IPUMIIICHH] BHACHIJIOK HAJIXOJKEHHsS HaJIMIPHOI
BOJIOTY 3 HABKOJIMIIIHBOTO cepeloBuIla. Taka cuTyallis Ma€e Miclie TO/i, KOJU BOJIOTOBMICT
30BHIIIHBOTO TOBITPS MEPEBUIILYE 3aJaHUI BOJIOTOBMICT MPUILTUBHOTO TIOBITPs B TOUIIl /

(puc. 2.2).

1.0

09 2

02 3y
0.1 2

0.0 ty
20 15 10 -5 0 5 10 15

Puc. 2.5 — 3anexHictb koedilieHTa 3MIHHOI YaCTKOBOI PELUPKYJIALII Bl MapaMeTpiB

HaBKOJIMIIIHBOTO cepeaoBuia: 1-5 — @o = 50 %; 60 %; 70 %; 80 %; 90 %.

3aJIeKHICTh KPUTUYHOI TEMIIEPATYPH 30BHIIIHBOIO MOBITPS BiJ BIJHOCHOI BOJIOIOCTI
3a MPUUHATUX Ta MOXIMBHUX BUXIIHMX JaHUX IpejacTaBieHa Ha puc. 2.6. 3HaueHHS
KPUTUYHOI Temneparypu OyayTh 3MIHIOBAaTHUCS B 3aJIEKHOCTI BiJl BOJIOTOBMICTY
OPUILUIMBHOTO TOBITPS 1, ane 1l 3MIHM OyAyTh HEBEJIMKI, OCKUIbKM [lalla30H 3MIHU
KOM(QOpPTHUX YMOB Y BHUPOOHMYMX MPHUMIILIEHHAX He3HauHuil. BaxmmBo Te, 110
IpEe/CTaBlIeHa 3aJIEKHICTh SIBJISIE COOOI0 T'PaHUYHY MEXY 3aCTOCYBAaHHS JIaHOI CHCTEMHU
BEHTWJISIIIT Ta MOBITPSHOTO OMAJICHHA, SIKa OPIEHTOBaHAa Ha POOOTY B XOJIOAHHUM TMEpioj

POKY 1 3/1aTHA MIATPUMYBAaTU KOM(GOPTHI YMOBH B NMPUMIILIEHHI 33 PaXyHOK MiJAIrpiBaHHS 1
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3BOJIOKCHHS TIPUIUIMBHOTO TOBITPS. 32 NMEPEBUIICHHS TPAHUYHUX 3HAYEHb TEMIIEPATypH
aTMoc(epHOro MOBITPs HEOOXiHA MPUHIIMIIOBA 3MiHA CHCTEMH 3 MEPEXOJ0M B PEXKUM
KOHJUITIIOBaHHS, y SKOMY 3a0€3Medy€eThCs OXOJIO/KCHHS 1 OCYIICHHS MPUILTABHOTO
MOBITPSI.

tORP t(h\'p = f(q))

Wb N 1 o0

¢
40 50 60 70 80 90 100

Puc. 2.6 — 3anexxHicTh KpUTHYHOT TeMIIepaTypH aTMOCHEpPHOTO MOBITPSI BiJl BITHOCHOT

Bosiorocti: 1-3 —t2 =18 °C; 20 °C; 22 °C.

Ha ocHOBiI uuncenpbHOro aHami3dy cmiBBiIHOIIEHHS (2.24) moOyaoBaHO TrpadivHi
3JIEKHOCTI MUTOMMX 3aTpaT 30BHIIIHBOI €HEprii Ha BUPOOJEHHS OJUHULI TEIJIOTH Ha
CUCTEMY BEHTHJIALIIT Ta MOBITPSHOTO OMAJICHHS BiJl TEMIEPATYpPH Ta BIAHOCHOIT BOJIOTOCTI
HABKOJIMIIIHBOTO CEpeIOBUIA 1 pi3HUX 3HadYeHb BenuuuHu K ([ = f (to, @o, K)) (puc. 2.7,
a-0). SIx BumHO 3 rpadikiB, TEIUIOHACOCHA CHCTEMa BEHTUJIALIIT Ta MOBITPSIHOTO OMAJICHHS 31
3MIHHOIO YacCTKOBOIO PELMPKYJALIE€I0 BIANPAIbOBAHOIO TOBITPSI XapaKTEpHU3y€EThCs
MaJUMHU 3HAYEHHSIMHU MMUTOMHUX 3aTpaT 30BHINIHBOI €HEprii, sIKI B 30HI HU3bKUX 3HAYCHb
TEMIIEpaTypy MOBKULIA MaiXe HE 3alieaTh BiJ] MapaMeTpiB aTMOC(HEPHOro MOBITPS 1
3pOCTal0Th B 30H1 JoJaTHHX Temmeparyp. OcTraHHs oOCTaBHMHA IOB’si3aHa 3 POCTOM
BOJIOTOBMICTY aTMOC(EPHOro MOBITPs 1 PI3KUM 3MEHIIEHHSAM KOe(IlleHTa PELUPKYJIALIL
JUISL THATPUMAHHS KOMGOPTHUX YMOB Y MPUMIIICHHI, a 3HAYUTh 31 3MCHIICHHSIM MOTOKY
YTHJII30BaHOI TEIUIOTH BIANPALbOBAHOIO TMOBITPSA. Y MLUJIOMY BHCOKa €HEpreTuyHa
€(EeKTUBHICTh PO3TJISHYTOI CUCTEMH TOB’A3aHa 3 BUTIAHUMM TEMIIEPAaTYpHUMH YMOBaMU

pob6otu TH, mo 3a6e3neuyoTh BUCOKI 3HaYeHHsS KoedilieHTa TpaHchopmalli, a Takox 3
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YTHIII3AII€I0 TETJIOTH BIANIPAIIbOBAHOTO TMOBITPS 32 PaXyHOK YaCTKOBOI pemupKyJsmii. 13
CITIBCTaBJICHHSI 3 BIJIMIOBIIHOIO CUCTEMOIO BeHTHJIALIT (puc. 2.7, a, kpusi 6-10, poboTa [88])
BUJTHO, ITI0 JIOJJaTKOBI BUTPATH 30BHIIITHKOI €HEPTii HA OMaJICHHS 3pPOCTAIOTh 3 ITOHUKEHHSIM
TEMIIEPATypHd 30BHIINIHBOTO IIOBITPS, IO TIIOB’SI3aHO 3 HEOOXITHICTIO ITiIBUIICHHS
TEMIIEpATypH MPUILTUBHOTO MOBITPSI HA BXO1 B IPUMIIIEHHS 1 BIAMOBITHUM 3MEHILICHHSIM

koegiuienta tpanchopmanii TH.

1 1=1(t,), K=0.15 1 1=1(t,), ¢ =80%

3 4
‘R\

1 2

3 1 2 3 4 5 6

L
=]
Ln
—
=1
—
Lh

-20 -15 -10 -5 0 5 10 15 -20 -15 -10

Puc. 2.7 — 3anexxHicTb NMTOMHUX 3aTpaT 30BHILIHBOI €HEPT1i B1Jl MapaMeTpiB
HABKOJIMIIHBOTO cepenoBuia 1 Bennunau K: a) K =0,15; 1-5 — @o = 50 %; 60 %; 70 %; 80

%; 90 %; 6) @o =80 %; 1-6 — K =0,05; 0,1; 0,15; 0,2; 0,25; 0,3.

BucHoBku 10 po3ainy 2

1. Ilokazano, MO0 HEOOXIMHWIA ISl OMAJEHHS JOJATKOBHM MiAIrpiB MPHUILUITMBHOTO
MOBITPS Ha BXOJ[l B MPUMIIICHHS MOXX€ OyTH BU3HAUCHUN 4Yepe3 MPOCTUM KOoeDillieHT
MPOMOPLIMHOCTI 0 Tepernaay TeMmreparyp BCepeAuHl 1 330BHI MPUMIIICHHS, 3HAYCHHS
SAKOTO 3aJICKUTh BiJ TEIUIO(QI3MUHUX 1 TEOMETPUYHHMX XAPAKTEPUCTUK MPUMILICHHS 1
KpPaTHOCTI MOBITPOOOMIHY, II0 BH3HAYA€THCS (PYHKIIOHAJBHUM IMPU3HAYEHHSM 00’ €KTa
TETUIONOCTAYaHHS.

2. HeoOximumii my1si miATpUMaHHS KOMGOPTHUX YMOB KOEQIIIEHT PEeIUPKYJIISIii

BIJIIIPAI[bOBAHOTO BEHTHJIALIITHOTO TOBITPS HE 3aJIKUTh Bl XapaKTEPUCTUK MOBITPSIHOTO
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OMAJICHHA, a 3aJICKUTh TIIBKH BiJl TapaMmeTpiB 30BHIIIHHOTO aTMOC(EpPHOTO MOBITPS 1
3a/IaHUX MapaMeTPiB BCEPEANHI TPUMIIIEHHS.

3. Po3risHyTa cucTemMa MOBITPSHOTO ONAJI€HHS 1 BEHTWIALII B NPHUMIMICHHIX 3
HAQ/JTMIIKOBUM BOJIOTOBUUICHHAM MOX€E 3a0€3MeYUTH MIATPUMAHHS 3aJaHUX YMOB
BCEpEANHI MPUMIIIEHHS B XOJOJHUN 1 TEIJIMH NEPIoJl POKY TUIBKH J10 AESIKOT KPUTUUHOL
TEMIIEpaTypyu 30BHIIIHBOIO AaTMOC(EPHOIrO TMOBITPS, 3HAYEHHS SKOI 3aJI€KHUTh BIJ
B1JIHOCHOI BOJIOTOCTI 30BHIIITHBOTO MOBITPSI 1 3aJaHUX MapaMeTPiB BCEPEIUHI MPUMIIIICHHS,
micJIsE 4oro cucremMa Mae OyTH TiepeBelieHa B PEKMM KOHAWIIIOBAHHS TMPHUILIMBHOTO
MOBITPSL.

4. Jana cucrema MIATPUMAHHS TEMIEPATYypPHO-BOJOTICHUX YMOB BCEpEeIauH1
OPUMIIICHHS XapaKTEPHU3Y€EThCSI BUCOKOK E€HEPreTUYHOI €(EKTUBHICTIO B IIMPOKOMY
Jiara3oHi  SK  HapamMeTpiB  30BHIIIHBOTO TOBITPSA, TaK 1 IapaMeTpiB 00’ €KTa
TerionocTayanHs (koe@iuieHT K), 1110 NOB’s13aHO 3 BUTIAHUMU TEMIEPATYPHUMHU YMOBAMHU
pob6otu TH, siki 3a6e3medyroTh BUCOKI 3HAYCHHS KoedimieHTa Tpancdopmaiiii, a Takox 3
YTHIII3AI€I0 TETIOTH BIANPAlbOBAHOIO BEHTUISIIIHHOTO MOBITPS 32 PaXyHOK YaCTKOBOL

PELUPKYJISILII.
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PO3AILI 3 TEIIOHACOCHA CHUHCTEMA BEHTWIALIL TA
KOHANIIIOBAHHSA BUPOBHHUYOI'O ITPUMIIIEHHA 3 HAJJIMIIKOBUM
BOJOI'OBUAIVIEHHAM

3.1 ITocTanoBKa 3a/1a4 JOCJTITKeHHSA

Bunanenns 3aiiBoi BOJIOTM 3 NpPHUMIINICHb Bi1IOYBA€ThCSA IIISXOM BEHTUIIALIL, a
MIATPUMAHHS 33JaHuX [apameTpiB (TeMIepaTypd 1 BOJOrOCTI) MOBITPS BCEPEIHHI
PUMIIICHHS B TETUTUHN P10 POKY MOXKE JOCITaTUCh 32 PaXyHOK IMOMEePEAHBOT MATOTOBKU
OPUILUIMBHOTO TMOBITPS B TEIJIOHACOCHIM ycTaHOBLI [94]. 3acToCyBaHHS TEMJIOHACOCHUX
ycraHoBok (THY) B Takux cucremax mae CBOi OCOOJMBOCTI, OCKIJIBKH OCYIICHE MICIIs
Bunapurka TH moBiTps moTpeOye migirpiBy 10 3aJaHOi TeMmIepaTypd Ha BXOJIl B
OPUMILICHHS, SKUH MOKe OyTH OpraHi3oBaHUM pi3HUMU HUIAXaMu. OAHUM 3 TaKUX ILJISAX1B
€ 3MIITyBaHHS 0XO0JIO/pKeHoro B Bunapuuky TH i1 Harpitoro B konmencaropi TH moTokis
noBiTps. EHeproedekTUBHICTh TaKOi TEIUIOHACOCHOT CXEMHU MIJBUIILYETHCS 32 PaXyHOK
YaCTKOBOI PELIUPKYJISIIT BIAIPAIbOBAHOTO MOBITPS 1, TAKUM YHHOM, BHACII1JIOK YaCTKOBOI
yTuiizamii xonoay, mo BupoOiserbess THY. Opnak BukoHanuwii B poOoTi [95] anamis
nepegdavyae poOOTy CXeMHU B YMOBAaX TIJIbKM BEHTWISII NpUMIIIEeHHS 0€3 HaIXOMKCHHS
TEMJIOTA Yepe3 OropoKYyBalbHI KOHCTPYKIIi Ta BHYTPINIHIX TEIUIOBUIIICHb, TOOTO B
yMOBax 0€3 KOHIMI[IFOBAaHHS IMOBITPS.

V¥ 3B’s13Ky 3 UM 3alIPOIIOHOBAHO Ta MpoaHaizoBaHo npuHIunoBy THY BenTusiii ta
KOHIUITIFOBaHHSI BUPOOHWYOTO MPUMIIIEHHS 3 HA/UTUITKOBUM BOJIOTOBUIUICHHSIM Y TETUIAN
nepiosl poky. [lns 3a0e3neueHHs 3aaHuX MMapaMeTpiB MOBITPS BCEPEAUHI MPUMILICHHS 3
ypaxyBaHHSIM BHYTPIIIHIX TEIJIOBUAUICHh 1 HAJIXO/IKEHb TEIUIOTH Yepe3 30BHIIHI
OTOPOJDKEHHSI pO3p00JieHa METOAMKA PO3PAXyHKY HEOOXIAHOTO IMEepPeoX0I0 KEHHS
npuriuBHOro mnoBiTps. I[lokazanHo, 1o HeoOXigHE Il KOHIWIIIOBAHHS JOJATKOBE
MEPEOXOJIOPKCHHSI TPUIUIMBHOTO TIOBITPSI MOXXE€ OyTH BH3HAYEHO 4dYepe3 MPOCTUM
Koe(iIleHT MpOMOPIIAHOCTI J0 Mepenaay TeMmIepaTyp 330BHI 1 BCEpEAUHI MPUMIIICHHS,
3HAYCHHS SKOTO BHU3HAYAETHCS TEIUIOBUMH 1 TEOMETPHUYHHMH XapaKTePUCTUKAMH

OPUMIIICHHS, KPAaTHICTIO TMOBITPOOOMIHY Ta BHYTPIMIHIMH TEIUIOBUIUICHHSIMU B
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OpUMILIEHH]. 3 ypaxyBaHHIM J0AaTKOBOI'O MEPEOXOJIOKEHHs MPUIUIMBHOTO MOBITPS Ha
KOHJUIIFOBaHHS MIPUMILIEHHS MMPOBEACHO TepMoarHamiuHuil anani3 THY, meroro sikoro €
BU3HAYCHHS TMapaMmeTpiB MOBITPSA B BY3JIOBHX TOYKAX CXEMU Ta yMOB 3a0€3MEUYCHHS
napamMeTpiB MIPUILIUBHOTO MTOBITPS 32 PaXyHOK 3MiHU IMOTOKIB PEHUPKYJISIIIIHHOTO 1 CBIKOTO
noBiTps. Pe3ynpraToM poOOTH B ILJIOMY € BH3HAa4Y€HI €HEpPreTMYHa €QEeKTUBHICTh Ta
pexumu poobotn THY B Termii nmepioa poky B 3aJie:KHOCTI BiJl TapaMeTPiB 30BHIIITHHOTO

MOBITPS Ta XapaKTEPUCTHK 00’ €KTIB BEHTUJIALIT Ta KOHUIIIFOBAHHS.

3.2 Onuc cucteMu Ta po6O40ro Nmpouecy

Ha puc. 3.1 300pakeHa NPUHLMIOBA CXE€Ma BEHTWIALII Ta KOHIWIIIOBaHHS 3
YaCTKOBOKO PEIMUPKYJISIIEI0 BiAMPAIbOBAHOTO TMOBITPSI Ta 31 3MIHHOK YaCTKOK CBIXKOTO
30BHIINIHBOTO MOBITPs. [IpuHIMI pOOOTH CXEMU: CBIKE 30BHIIIHE MTOBITPS 3 TEMIIEPATYPOIO
fo, BOJIOTOBMICTOM do 1 MacoBor BHTparor Go mocrymae a0 Bumapauka TH, nae
OXOJIOJDKYETHCA 3 YaCTKOBOIO KOHJECHCAIIEI0 BOASHOI Mapu [0 TeMIeparypu f; Ta
BOJIOTOBMICTY ds. BianpanboBaHe NOBITPS 3 MPUMILIEHHS 32 TEMIIEPATYPH f2, BOJIOTOBMICTY
d> 1 3 MacoBOO BUTPATO Gisar HAAXOIUTH 0 KOHAeHcaTtopa TH, me HarpiBaeThecs 1 Ha
BUXOJIl Ma€ TEMIEPATYpPy feixx 3 MOCTIMHUM BOJOTOBMICTOM db. Harpite BiampanboBaHe
MOBITPS PO3AUTIETLCSA HA JIBA MMOTOKH: OJMH IMOTIK 3 MAaCOBOIO BUTPaTO Go CKUAAETHCS B
HABKOJIMIITHE CEPEIOBHILE; APYTHM MOTIK MoJMaeThes a0 kamepu 3mimryBaHHs (K3), ne
3MILIYETHCS 3 OXOJIOHPKEHUM 30BHIIIHIM NOBITPSIM Micist Bunapauka TH. Otpumana cymim
noBIiTps (t1, di, Gsar) micist K3 cripsMOBY€ETHCSI 10 BUPOOHUYOTO MPUMIIICHHS IS IJIeH
BEHTWISIII Ta KOHIUIIIOBaHHS (Il KOMIEHCAlli HaIXO/KeHb TEIJIOTH 4Yepe3

OrOPOJKEHHS Ta BHYTPIIIHIX TEIUIOBUIIIEHB).
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Puc. 3.1 — Ilpunuunosa THY BeHTUIIALIT Ta KOHAMLIIOBAHHS MOBITPS B IPUMIIICHHI]
3 HQUIUIIKOBUM BoJIOTOBUAIIEHHAM: Kry — KoHzencatop TH; B — Bumapuauk TH;
K — xommpecop; K3 — kamepa 3mimryBanus; OBK — 00’ ekt BeHTHIIALIT Ta

KOH/IUIIIFOBaHHS TTOBITPS.

Ha puc. 3.2 306paxeno poGounii mpoIiec 3MiHU CTaHy TMOBITPS B CHCTEMi BEHTHIIAILI1
Ta KOHJMIIFOBAHHS TpUMIIIEHHS B /i-d miarpami. Touka O moOyioBaHa 3a mapameTpamu

HABKOJIMIIHBOrO cepepoBuma (¢ ,4 ) [90]. Touka 2 noOynoBaHa 3riJHO 3 HEOOX1IHUMHU

TEMIIEPATypOl0 # 1 BIJIHOCHOK BOJIOTICTIO (2 TIOBITPsI BCEPEAUHI BUPOOHUUOTO
MPUMIILICHHS, BU3HAYAETHCSA 3TiAHO 3 [91] B 3a11€)KHOCTI BiJl TEXHOJIOTTYHOTO MTPU3HAYCHHS
npuMillieHHs. 3a s-d niarpaMor0 BU3HAYAETHCS /2. 3riHO 3 OyIiBeIbHUMU HOpMaMu [91]
JUTS TaHOTO MIPUMILIEHHS! TPUIMAETHCS BEJIMUYMHA MEPErPiBY MPUILITUBHOTO MOBITPS Afpenr 1
Ha JiHIT h2 = const 3a ' = f + Afgenr 3HAXOJIUTHCS TOUYKA /', sIKa BIJATIOBIJIA€ CTaHY
OPUILUIMBHOTO TOBITPs 3a ymoB BeHTwiAmii. [lepexim ['-I 300paxye m0aaTKoOBe
NIEPEOXOJIOKCHHS TIOBITPS IS 3aJ0BOJICHHS TMOTPeO KOHIWINIOBAHHS. TeMIepaTypa
noBiTpsA B Toullli / Ha JiHIT di' = const Moe OyTH NpPUNHATA, BUXOASYA 3 YMOB
MPOMOPLIMHOCTI PI3HUII TEMIIEPATYP, 110 BiJIMOBIAA€ TEPEOXOTIOKEHHIO TTOBITPS HA BXO/I1
B IPUMILIEHHA, 1 Nepenaay TeMIlepaTyp 330BHI 1 BCEpEIWHl IPUMILIEHHSA, TOOTO
At=tr—t1 = K(to — 12), ne K — koedilieHT MPOMOPIIIHHOCTI, 3HAYSHHS SKOTO 3aJI€KUTh BiJ
30BHIIIHIX Ta BHYTPIIIHIX HATXOKEHb TEIJIOTH. BiampariboBaHe MOBITPS 3 TapaMeTpaMu

B TOYII1 2 MIIrpiBaeThes B KoHAeHcaTopl TH 10 TeMnepaTypH fsixx 3@ CTAI0r0 BOJIOTOBMICTY
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d>. OHa yacTiHA TOBITPS BUAAISETHCS B HABKOJIMIIHE CEPEIOBUIIE, 1HINA 3MINIYETHCS 3
OXO0JIOJUKEHUM y BUNapHUKy TH 30BHIIIHIM NOBITpsIM (TOYKa B), yTBOPIOOYM B TOYI /
CYMIII IOBITPSL 3 BOJIOTOBMICTOM d1' = di Ta TEMIEPATypOIO f1, sKa HAIPABIIAETHCS B
OPUMILIEHHS JJs 3aJ0BOJIEHHsS MOTpeOd BeHTWIALII Ta KoHauuitoBaHHs. [Ipouec /-2

BIJIMOBIJA€ pOOOYOMY MPOIIECY 3MIHU CTaHy MOBITPS BCEPEANHI IPUMIILIEHHS.

h

pinx| .
h, =const

N — y
i, =const

—9=100%

~
ohe T

—

~N
Y
hy=const

AN

|
|
+ A
| I
| |
|
| \
|
|

|
|
~ I
|
|

d d

0

[
|
dB dl dl :dBi:[X

Puc. 3.2 — PoOounii nporiec 3MiHU CTaHy MOBITPS B CUCTEMI BEHTHIISILIIT Ta

KOH/IUIIIFOBaHHS IPUMIIICHHS B /i-d iarpami.
3.3 MeToanka BU3HAYEHHS TEMIIEPATYPH NPUILJIMBHOTO MOBITPS

Buxoasuu 3 anpiopHOi OLIHKK CHIBBIAHOUIECHHS MEPEOXOJOKEHHS MPUILIMBHOTO
HOBITPS ISl 3aJI0BOJICHHS MOTpe0d KOHAMIIIOBAHHS 1 Mepenaay TeMIlepatyp 330BHI 1
BCEpEIMHI MPUMIIIICHHS, MOYKHA 3aITUCATH

At=t,—t,=K(t, - t,), (3.1)

ne K — xoedillieHT mpOomopUiIMHOCTI, 3HAYEHHS SIKOTO 3aJIeKUTh B1J] 30BHINIHIX Ta
BHYTPIIIHIX HAAXOHKEHb TETUIOTH.

3 iHIIOT0 OOKY MEPEOXO0JIOKCHHS IPUTTMBHOTO MOBITPsE Al MOKHA TIPEJCTABUTH SIK

At = At + At (3.2)

ne At,, At,, °C — nepeoxoJIOMKECHHS NPUIUIMBHOIO IIOBITPSA UIA KOMIIEHCAI]
1° 29
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30BHIIIHIX Ta BHYTPINIHIX HAAXOIKEHb TETUIOTH BiAMOBIIHO.

IlepeoxonokeHHsT Af, MOXHa 3alKMcaTd 3a aHayoriero o piBHsAHHA (3.1), a A,

MO’KHA BUPA3UTHU 3 PIBHAHHS ISl BUTPAT TEIUIOTH HAa KOHAMIIIOBAHHS (JJi1 KOMIIEHCAIIlT

BHYTPIIIHIX TEIUIOBUAUIEHB). 3 ypaxXyBaHHAM LIbOro piBHIHHA (3.2) npuiiMae BUTIISIA

At =K (g —1,) + Lo (3.3)

3arcp

ne K1 — koedilieHT NponopIiiHOCTI, 110 3aJI€KUTh B/l XapaKTEPUCTHK MPUMIIICHHS 1
noTpedye NonepeIHbOro BU3HAUECHHH.

[IpupiBusaBmn piBHAHHA (3.1) 1 (3.3) Ta po3AUIMBIIM iX Ha PI3HULIO TEMIIEPATYP
(t, —t,), OTPUMAEMO HACTYIIHE

K=K, +K,. (3.4)

ne K, = O, (3.5)
G3arcp (tO - t2)

3 MeTor BU3HAYEHHs KoedilieHTta K 3amuiieMo piBHSHHSA N7l BUTPAT TEIUJIOTH HA

BEHTHIJIAIIIO 1 HA KOHUIIFOBaHHS (JIJI1 KOMIIEHCAII1 30BHINTHIX HAAXO/KEHb TETIOTH )
Oserr = G (hy — ), (3.6)
Orom = GSaGC (4 — ). (3.7)
3 piBHsAHB (3.6) 1 (3.7) 3 ypaXyBaHHSM IONIEPETHBO BU3HAYCHOTO MEPEOXOJI0KCHHS

Af, BUILIMBAE

K = QKOHJJ (hO — hl) (38)

1 .
QBeHT Cp (tO B tZ)

3 iHmoro 00Ky, HaAXOHKCHHS TEIUIOTH 4Yepe3 30BHIIIHI OTOPOJDKEHHS Ta BUTPATH

TCIINIOTH Ha BGHTI/IHHHiIO MOJXHA BU3HAUYUTH AK:

QKOHZ[ = EF(tO - t2)’ (39)
QBeHT = GBCHT (hO - hl)’ (3 1 0)
ne K, Br/(m>-°C) — cepemniil koeQillieHT Temonepenadi OropoKyBalbHHX

KOHCTPYKILi BUPOOHMYOr0 MPUMILIEHHs; F', M — III0IIa OrOPOKYBAIbHUX KOHCTPYKIIiH,
gyepes SIK1 B110YBarOTHCS HAJIXOKEHHS TEIUIOTU hi (o) PUMIILICHHS;

G,

BEHT

KI/C — MacoBa BUTpaTa MOBITPS HA BEHTUJISIIIO.
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MacoBa Butpara noBitps G, MOxe OyTH po3paxoBaHa B 3aJIEKHOCTI Bif 00’ eMy

BCHT

BUPOOHMUYOTO TpPUMIIICHHS V. M°, i koediuienta noeirpooominy K l/ron, 3a

NpUM ° .06 °

CHIBBIIHOIIEHHAM

Kn.o
GBeHT :pHI/HpI/IM 3608 2 (311)

1€ Pn, KI/M> — I'YCTHHA HOBITPA.

I3 Bignomenns (3.9) i (3.10) 3 ypaxysaunam (3.11) Bupas ana Q. / O,... MOXKHa

3aIIucaTu sAK

QKOHZl — 3600EFU0 — tz) (3 12)

QBeHT ann.06I/anM (hO - hl) -

Toni, Bupa3 s koedilieHTa MpOnopLiHOCTI 3a piBHSIHHAM (3.8) 3 ypaxyBaHHSIM

(3.12) mpuiimae BUTIISA

K = 3600KF . (3.13)
pncpK V

.06 npum

Takum uymHOM, KoOedimieHT mnpomnopuiHocTi K B piBHsSHHI (3.1) Moxe OyTH
nonepeHb0 BU3HAUCHUU yepe3 koediuieHTH K1 K2, sKI B CBOIO Uepry BHU3HAYAIOThHCS
4yepe3 reOMEeTpHUYHI 1 TEII0(}i13UYHI XapaKTepUCTUKH OyaIBII 1 KPAaTHICTh MOBITPOOOMIHY,
10 3aJICKHUTh BiJl (DYHKI[IOHATBLHOTO MPU3HAYEHHS 00’ €KTa KOHIWIIFOBaHHS (KoediIlieHT
K1), a Takox 4yepe3 BHYTpIlIHI TEIIOBUAUIEHHS (KoediuieHT K2). TuMm camuM 13 piBHSHHS

(3.1) mo>xe OyTH BU3HAUEHA TEMIIEpATypa {1 TIPUILIUBHOTO TOBITPSI HA BXO/I1 B MPUMIIIEHHS.

3.4 Tepmoaunamivynmii anauaiz THY

TepMoauHaMIYHUN aHaNlI3 CUCTEMHM, IO PO3IJISIAETHCA, BUKOHYETHCS HAa OCHOBI
MOTIEPETHFOTO BHU3HAYCHHS TEPMOJMHAMIYHOTO CTaHY IIi€1 CHCTEeMH 3a NPUWHSITHX
BUXIJIHUX MapaMeTpiB TMOBITPS BCEPEAMHI MPUMIIICHHS Ta B 3aJCKHOCTI BiJ 3MIHHU
napaMeTpiB 30BHIIIHBOIO aTMOC(HEpPHOro MOBITPsA. Y CBOK YEPry CTaH JaHOI CUCTEMU
BEHTWJIAIIT Ta KOHAMUIIIIOBAHHS TOBITPS 3aJICKUTH BiJl TIOKK IO HEBIJIOMUX MapaMeTpiB

noBITps y ii By370BHX Toukax. [[ns maHOi cucTeMH HEBIAOMHMMM MapaMeTpaMu € J0Js
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MOTOKY CBI?KOTO 30BHIIITHBOTO MOBITPS, 1110 HAMPaBIAE€ThCA HA BuniapHuk TH, Temriepatypu
MOBITPS TIC/IS BUMNApHWKA Ta KoHAeHcatopa TH, a Tako BeIMYMHA XOJIOAMIBHOTO
KoedimieHTa Bciei cxemu. BiamoBifHi 3aleXHOCTI AN IHUX MapaMeTpiB MOXYTb OyTH
BHU3HAYEHI 3 PIBHSAHb TEIUIOBOIO Ta MaTepiaibHOrO OallaHCIB K OKPEMHUX EJIEMEHTIB
CUCTEMH, TaK 1 CHCTEMH B IIJIOMY.

EnTanbmis cBiXKOro 30BHINTHROTO MOBITPS Micis Bunapauka TH Moxxe Oyt BU3HaUYeHa
13 piBHSIHHS eHepreTuyHoro Oanancy st K3, sike Mae BUrisig

Gh +G.h. =G_h, (3.14)

K3' "BiIX 3ar

e G,, G, G, , KI/c — MacoBl BUTPATHU CBI)KOT'0, YACTKH HArPITOr0 BiANPalibOBAaHOIO

K3 2 3ar ?

1 3araJpHOTrO MOTOKIB MOBITPS; A, h

ines M s KJDK/KIen, — €HTaNbIIl BIAMOBIAHUX ITOTOKIB
HOBITPSL.

Po3ninuBium niBy Ta npaBy yacTUHHU piBHSHHSA (3.14) Ha Benuuuny G

3ar ?

OTPUMAEMO
KOhB—l_(l_KO)hBiI[X :h’l’ (315)

ne K, —JacTka CBIXKOI0 30BHIIIHBOIO MOBITPS HA NOTPEOU BEHTUJIALLI].

Exrtansnito /i, , 1m0 BU3Ha4aeThed 3 piBHAHHSA (3.15), MOKHA 3anMcaTH K

_h-(-K,)

hB
K

Bimx (3.16)

0
Bonoroemict cB13k0ro 30BHIIIHBOTIO MOBITPS micist Bunapuuka TH MokHa Bupa3uTtu 3

piBHHHHH MaTepiaHBHOFO 6anchy BOJIOTH JJIA BCl€l CXCMHU, IKC Ma€ BUIJIAL

G,(d,-d)+Gd,=Gd,+G,(d,—d,). (3.17)
Po3ninuBiuy By Ta npaBy 4acTHHHU piBHAHHA (3.17) Ha Benmuuny G, , HICHA PALY
EPETBOPEHb OTPUMAEMO
K (d. — —
dB :do_ O(dO d2)+(d2 dl) (318)

K,
Temneparypa Ha Buxoni 3 BunapHuka TH, 7, Moxxe OyTH BU3Hau€Ha 3a JIOIIOMOIO0
h-d niarpamu Bosiororo nositps Ha jiiHii =100% B Toumi ii nepetuny 3 A, ado d, .

J1y1st BU3HAYEHHS YaCTKHU CBI)KOTO 30BHIIIHHOTO MOBITPS HA MOTPEOU BEHTUIIALIIT MOXKE

OyTH BUKOpUCTaHE PIBHAHHS eHepreTuyHoro Oanancy TH
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Q=0 + L. (3.19)
CxuanoBi piBHsHHS (3.19) BU3HAUAIOTHCS TaK:

TEIJIOBUM MOTIK, BiJIBeACHUH BiJl KoHAeHcaTopa TH

O, = G (M = y); (3.20)
TETJTIOBUM MOTIK, MiJABeACHUH 10 Bunapauka TH
Oy = Go(hy = h); (3.21)
3aTpaT 30BHILIHBOI €JIEKTPUYHOI eHeprii Ha komnpecop TH
Lo=0, /8 (3.22)

ne € — xosnoawibHui Koedimient TH.

[Ticns neskuX MaTeMaTHYHUX MEPETBOPEHb BUPA3 Il BUSHAYCHHS YACTKU CBIKOTO

30BHIIIHBOTO MOBITPS HA TOTPEeOU BEHTUJIALIT MpUIMaE BUTIIS

ho —h
K,=—tx 2 Pw (3.23)
hy—h, € +1

EdextuBnicTh podoTn TH, sikuii B pexxuMi KOHAMITIFOBAHHS TMPAIIOE SIK XOJOAUIbHA

MaIIfHa, MOKHA B JAHOMY BHIIJIKy OLIIHUTH BEIMUYMHOIO XOJIOAUIBHOTO Koedimienta TH

_ 1 3.24
Cm T 27341, +AL 5.24)

~1
273 +1, — AL,

1€ 1, — TeMIiepaTypa CBIXKOTO 30BHIIIHBOTO MOBITPs Ha BUXOA1 3 BunapHuka TH, °C;
teinx — TEMIIEpATypa BIANPAIIbOBAHOIO MOBITPS HAa BUXO0A1 3 KoHaeHcatopa TH, °C; Aty —
TeMIIepaTypHUH Meperaj] Mi>k TOTOKaMH 30BHIIIHBOTO TTOBITPSI Ta XOJIOAMIBHOTO areHTa Ha
Buxoji 3 Bunapuuka TH, °C; Atc — TemneparypHuii nepenaj Mix NOTOKaMH XOJIOJAUIBHOTO
are’Ta 1 BIANpPAllbOBAHOrO MOBITPS Ha Buxonal 3 KoHaeHcatopa TH, °C. V¥V mirepatypi
HABOJSATHCS YMCIIOBI 3HAYCHHS TEMIIEPATypHUX TEPernajiB y KOHACHCATOPl 1 BUIIAPHUKY
st TH tuny «moBiTpst — moBiTps». 3riiHO 3 [96] mis koHaeHcatopa 1 Bumapuuka TH
MO>KHA NpUHHATUH Aty = Ats= 10 °C.

EnTanbnis BiAnpanboBaHOTO MOBITPsI HA BUXOA1 3 KoHJeHcaTopa TH Bu3HauaeThes 3
PIBHSIHHSI €HEPreTUYHOro OanaHCy JId BCI€l CXEMH, SIK€ 3 ypaxyBaHHSM HaJIXOKEHb
TEIJIOTA Ma€ BUTJISIT

Ghy+L +0...=Gh

OHI BigX *

(3.25)
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PospinmuBimin miBy Ta mpaBy 4YacTMHM piBHAHHA (3.25) Ha BesmuumHy G, Ta

BpaxyBaBIlK piBHAHHA (3.1) B O, ., MCIA pALy IEPETBOPEHL OTPUMAEMO

K(t, —1
o+ (g — by &R )
€ K

TH 0

h (3.26)

Bigx

Temneparypa Ha BHXOJ1 3 KoHAeHcatopa TH, ¢

BIOX ?

MOke OyTH BHU3HauY€Ha 3a

JIOTIOMOT 010 /i-d JiarpamMu BOJIOTOTO TMOBITPS. B TOYI[l MEPETHHY /. 3 BOJOTOBMICTOM

BiIX
BCEpEAMHI IPUMILIECHHS d, .

Enranemito /4, 3 JOCTaTHbOK TOYHICTIO MOXKHa BHU3HAYUTHU 33 PO3PAaXyHKOBOIO
dbopmyioro (2.19).

XonoamnbHu# koedimieHT TH, gk 1 koedimieHT TpaHcopmarliii TeIIOTH, 3aJIEKUTh
TUIBKA Bl yMOB pobotu camoro TH, ToOTO Bix TemmeparypHOro piBHS HPOLECIB
TEMI000MiHY, III0 TPOXOIATh y BUMAPHUKY 1 KoHAeHcatopi TH. Tomy nns xapakrepuctuku
edextuBHOCTI poOoTH Bciei THY BeHTUnAlil Ta KOHAMIIIIOBAHHSA OUIBII JIOLIJIBHO

BUKOPUCTATH KOMIUIEKCHUHN TMOKAa3HUK (XOJOMUIBHUN KOEQILIEHT BCI€T CXEMH), SIKUN

MOJXHa IPpCACTaBUTH HACTYITHUM YNHOM

€ :&, (3.27)

ne Q. ,» KBT — X0onoauibHa IOTYKHICTb, 10 BUPOOJIAETBCA HA BXOJ1 Yy BUPOOHHYE
npuMinieHHs. BoHa BU3HauaeThCs K

Oron = G (hy — Iy). (3.28)

3 ypaxyBanusm piBHsHB (3.21), (3.22) Ta (3.28), Bupas (3.27) MoKHa 3amucaTH

HAaCTyIITHUM YHMHOM

g, = falh=h) (3.29)
Ko (ho o hB)

3.5 Pe3ysabTaT po3paxyHKiB

PospaxynkoBuii ananiz mapamerpiB THY BeHTumsIii Ta KOHAUIIIIOBAHHS MOBITPS

BUKOHAHO AJIsI THIIOBOI'O BI/IpO6HI/I‘{0I‘O l'IpI/IMiH.ICHH}I 3 BOJ'IOI“OBI/II[iJIeHHSIM. Sk IIPOTOTHUII
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OyB oOpaHuii BUpPOOHWYMI 11eX KOHAUTEpChKOi Pabpuku «Pomen» B KuiBchkiit oOmacti
[88]. st 3a0e3neueHHs KoM(pOPTHUX YMOB poOOTH B MPUMIILIEHHI LIeXy OyJii BCTAHOBJIEH1
HACTYIHI IapaMeTpy BHYTPIIIHBOr0 NOBITPs [91]: TeMnepaTypa B npumitienHi » = 18 °C;
BIJIHOCHA BOJIOTICTb MOBITPS B puMilieHH1 @2 = 50 %; neperpiB NpUILIMBHOTO MOBITPS JIs
CUCTEMH BEHTHIIALIT Algenr = 3 °C.

3a 3amaHuX yMOB OyJIO BH3HAUYE€HO BOJIOTOBMICT TOBITPS Ha BXOJ1 1 BUXOHl 3
OpUMIIIeHHs,, TOOTO B Toukax / 1 2 miarpamu poOodoro mporecy Ha puc. 3.2:
d\= 5,3 F/KFc,n_ 1 do= 6,5 F/KFc.n_.

UucenpHuil aHami3 13 BUKOPUCTAHHAM chiBBigHOIIEHD (3.16), (3.20), (3.23), (3.24),
(3.26), (2.19) 1 (3.29) meTO10M MOCIITIOBHUX HAOJUKEHb JA€ 3MOTY OI[IHUTH BIUIUB 3MIHU
TEeMIIepaTypyd Ta BIJHOCHOI BOJIOTOCTI HABKOJUIIHBOTO CEPEAOBMINA, XapaKTEPUCTUKU
00’€KTYy BEHTHJIALII Ta KOHIUIIFOBAHHS K HAa TTapaMeTpH CUCTEMU (TeMIiepaTypa MmoBIiTps
Ha BHUXOJl 3 BUIIApHUKA Ta KoHJeHcaTopa TH, "acTka CBIXOrO 30BHIIIHBOTO MOBITPA,
xonoauibHui koediuieHT TH), Tak 1 HAa TepMoaMHaMIuHy €(EKTHUBHICTH 3aCTOCYBAaHHS
JTAHO1 CUCTEMH BEHTUJIALI1 Ta KOHIUIIIFOBAHHS.

AJTOPUTM 1TEpALIIHHOTO UKy HACTYITHUMN: 33at0ThCsl 3HAYEHHS BeNTUYMH K, fo, (o. 3a
fo1 Qo 3 h-d niarpaMu BU3HAYarOThCS do 1 o. Y TiepiioMmy HaONMMKEHHI TPUHMAETHCS TOBLUIbHE
3HaueHHs BennuuHu Ko. Bu3HadaeThcsi BONOTOBMICT MOBITPs micisa BumapHuka TH dy 3
piBasiHHS  (3.18). BuxopucroByrouun h-d pgiarpamy, y TOYIl TEPETUHY ds 1 Qo =
= 100 % 3HaxXOIATHCS TeMIepaTypa f 1 MUTOMA CHTANbIIA /s Y TMEPIIOMY HaOIMKEHHI
NPUIMAETHCS  JTOBUTbHE 3HAYCHHS TEMIMEPATypu Ileixx Ta PO3PAXOBYETHCS BEITUYHMHA
xonoauibHoro Koedimienta TH & 3a popmynoro (3.24). 3 piBHsaHHS (3.26) BU3HAYAETHCA
MATOMA EHTANBMIS /sixx 1 32 /-d J1arpaMor0 B TOYIl NEPETUHY /ginx 1 d2 3HAXOJUTHCS HOBE
3HAYEHHS TEMIEPATYPU Lpinx, IKE MOPIBHIOETHCS 3 MOMEPEIHBO TPUUHATUM. Y TOUHEHHS fpink
IIPOJIOBXKYEThCS, TMOKU BiHOCHA moxubOka He cranoButuMme 0 %. HeoOximHa temmeparypa
MPUILTUBHOTO MOBITPSI ¢1 3HAXOAUTHCS 3 popmyiu (3.1), a muroma eHTanbis 21 — 3 hopMyiu
(2.19). Jami BU3HA4YA€THCSA MMTOMA EHTAJbIISA /s 32 hopmysioro (3.16). BukopucroByrouu A-
d miarpamy, y Toulli nepetuny /s 1 o = 100 % 3HaX0aUTHCS TEMIlepaTypa f; Ta BOJOTOBMICT
ds. Tlicnma mpOro yTOUYHIOETHCS €m 3a (GopMmynow (3.24) 3 ypaxyBaHHSM HOBHUX 3Hau€Hb

BIANOBIAHUX TNapaMerpiB. 3a (opmyrnoro (3.23) BuzHayaeTbca Ko Ta TMOPIBHIOETHCS 3
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MIOTIEPETHBO IPUMHATUM 3HAUEHHSM. [Tepartisi HOBTOPIOETHCS, MOKU BITHOCHA MOXHOKa MIXK
MOYATKOBUM Ta KiHIIEBUM 3HaueHHAMH Ko He Oyzae cranoButu 0,5 %. 3a piBHsiHHAM (3.29)
OIIHIOETHCS BEJIMYMHA XOJIOIUIBLHOTO KOE(DIIIEHTA BCIET CXEMU Ecx.

[Ipu BuOOpi BenmuumHu K BpaxoBaHa Taka oOcTaBuHA. 3a piBHAHHAM (3.4) 1 3
ypaxyBaHHsM (3.13) 1151 06paHOro BUpOOHUYOTO MPUMIILIEHHS! BCTAaHOBJIEHO, 110 K = 0,23
(BIAHOIIIEHHS HAAXO/PKEHb TEIUIOTH 10 TMPUMIIIEHHS 10 TEeIUIOTHU Ha BEHTHJISIIIO).
OTtpuMaHe 3HAYCHHS BIJIMOBIAA€ IMCHOCTI, OCKUIBKU JJis OyJiBelIh BHUPOOHHUYOIO Ta
TPOMAJICHKOTO TPU3HAYEHh BUTPATH TEIJIOTH HA BEHTWIAII0 MOXYTh y JEKUIbKa pa3s
NIEPEBUIIYBATH BIATOBIIHI TEIIOBI MIPUTOKHU [93]. ¥V 3B’S3Ky 3 IMM B HaBEACHOMY HIDKUC
aHaJsi31 B35ATO HACTYMHI 3Ha4YeHHs koedimienta K = 0,1; 0,2; 0,3; 0,4; 0,5.

Ha puc. 3.3, a-0 HaBeneHo rpadiuHi 3a1€KHOCTI TEMIIEPATyp MOBITPSHUX IMOTOKIB Ha
BUXO/I1 3 KOHEHCATOPA fpixx TA BUNIApHUKA £, TH BiJ TeMiiepaTypu Ta BiIHOCHOT BOJIOT'OCTI
HABKOJIMIITHBOTO CEPEJOBUINA 1 PI3HUX 3HAYeHb BEMUYUHU K (teinx, tz = f (fo, Qo, K)).
Temnepatrypu tsinxx OOMEKYIOTHCS KPUTUIHUM 3HAYCHHSIM TEMIIEPaTypH, 32 SIKOi MOKIIUBA
HOpMalnibHa poOoTa KoHaeHcaTopa TH. Buano, 1m0 yMOBHM BUKOPHMCTAaHHS JaHOI CXEMU
MOTIPITYIOTHCS 31 301IBIIEHHSM BiTHOCHOT BOJIOTOCT1 HABKOJIUIITHLOTO cepeioBuIa. Takum
YUHOM, Jlara3oH 3aCTOCYBaHHS JaHOI cXeMu ckianae: Big fo = 25 °C (po = 80 %) no
to = 33 °C (9o = 40 %). lle BucyBae TBepKEeHHs Tpo Te, 1o AaHa THY npuaatHa s
BUKOPUCTAaHHA y KpaiHaxX 3 MOMIPHUM KOHTHMHEHTAJIbHUM KiiMaTtoM (Ykpaina, [lombimia,
Crnogakis). Temneparypu £ 3a to > 25 °C maiixe He 3a1eXaTh BiJl BIIHOCHOT BOJIOTOCTI (o
Ta TEMIIEPATyPH fo HABKOJIMIIIHBOT'O CEPEIOBUINA Ta CTAHOBIATH B cepeanbomy 4 °C. IIpore
PI3HHIIS MK HUIMH THM OUTbIIIA, YAM HUKY1 3HAYEHHS (o Ta fo.

BaxxnmnBoro XxapakTEpUCTHKOIO JAHOI CHCTEMH € YacTKa IMOTOKY CBIYKOTO 30BHIIITHHOTO
HOBITPS Ha BXOAl B cucreMy Ko, sika HampaBisieTbest Ha BunapHuk TH. BinmosigHi
PO3paxyHKOB1 JaHi JJI1 3MIHHOI YaCTKH CBIPKOTO TMOBITPS, [0 OTPUMaHi1 3a PIBHSIHHAM

(3.23), HaBezeHi Ha puc. 3.4.
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i by thine € = T (tg; @p; K =0.3) toize b toio B = T (tg5 0 =50 % ; K)

70.0 70.0

60.0 60.0

50.0 50.0
40.0 40.0

30.0 1 300

20.0 20.0

10.0 10.0

———————

0.0 ] 0.0 .

-10.0 -10.0
10NN 87 6
-20.0 ty -20.0 ty
18 20 22 24 26 28 30 32 34 36 38 40 42 18 20 22 24 26 28 30 32 34 36 38 40 42
a) 0)

Puc. 3.3 — 3anexxHocTi TeMIeparyp MOBITPSIHUX IOTOKIB HAa BUXO/1 3 KOHAEHCATOpa Ta
BunapHuka TH Bix TeMnepaTypu Ta BiTHOCHOI BOJIOTOCTI HABKOJUIIHBOTO CEPEIOBHUIIIA
(a) 1 BennuuHu K (0): a) K= 0,3; 1-5 (feinx) — @o = 40 % — 80 %; 6-10 (¢:) — @o == 40 % —

80 %; 6) @o =50 %; 1-5 (teixx) — K =0,1 -0,5; 6-10 (t:) - K= 0,1 -0,5.

K, Ky =1 (ty; @3 K=0.3) K, Ky =1 (t;; ¢, =50 %; K)
1.0 1.0
0.9 0.9
08 08
0.7 0.7
0.6 0.6
05 05
04 0.4
03 03
02 b 02 t
18 20 22 24 26 28 30 32 34 36 38 40 42 18 20 22 24 26 28 30 32 34 36 38 40 42
a) 0)

Puc. 3.4 — 3anexxHicTh 3MIHHOI YaCTKH CBI)KOT'O 30BHIIIHHOTO TOBITPS BiJ MapamMeTpiB
HaBKOJIMIIHLOTO cepenoBuila (a) 1 Benuuunu K (0): a) K=10,3; 1-5 — o =

=40 % — 80 %; 6) go = 50 %; 1-5— K =0,1 — 0,5.
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SAx BumHO 3 rpadikiB, 3MiHHA YacTKa CBDKOTO TOBITPS i BUKOHAHHS yMOBU
OiATPUMAaHHS 3aJJaHUX KOM(OPTHUX MMapaMeTpiB MOBITPS B MPUMIILIEHHI Ma€ 3MIHIOBATUCH
B 3QJIEKHOCTI SIK B1Jl TEeMIIEpaTypH fo, TaK 1 BITHOCHOT BOJIOTOCTI (pp ATMOC(HEPHOTO MOBITPSI.
3a MmocTIAHOI TeMmIepaTypu fo moTrpeda y CBIKOMY MOBITP1 3pOcCTa€e 31 30UIBIICHHSIM SK
B1JIHOCHOI BOJIOTOCTI (o, TaK 1 BeIMYMHU K, TOOTO HAIXO/KEHb TEIIOTH JI0 MPUMIIICHHS.
3a 301IBIIECHHS (o, 3pOCTAE EHTANBIIIS /0. Lle mpu3BOaUTE 10 301IIbIIIEHHS TEMIIEPATYPH Lpinx
BIJIMPAaIbOBAHOTO MOBITPs Miciist KoHaeHcaropa TH. Y pesynbrari 1o K3 HagxoauTs Oiiblia
YacTKa CBIKOIO IMOBITPSA 3a BUINOI BIJHOCHOI BOJIOTOCTI (0. Tomy mpoextyBanHs THY
BCHTWJIAIT Ta KOHIWIIIFOBAaHHS TIOBITPS Ma€ 3IIMCHIOBATUCA 3a YMOBH 3MIHHOTO
HAJXOKEHHSI CBIKOTO MOBITPS, OCKUIBKA B IHIIOMY BHIIQJIKy CHUCTEMa HE J103BOJIUTH
3a0e3MeUYnTH 33JaHUX YMOB Yy MPUMILNIEHHI 3a 3MIHM MapaMeTpiB HABKOJIMUIIHBOIO
CEpeIOBHUIIIA.

Ha ocHOBI1 uncenbHOro aHaii3y chiBBiiHOMIEHb (3.24) 1 (3.29) nobynoBano rpadiuni
3IeKHOCTI XomoamnbHUX KoedimieHTiB TH ta THY BeHTHIANil Ta KOHIUIIIOBAaHHS BiJl
TEeMIIepaTypy Ta BIAHOCHOI BOJIOTOCTI HABKOJMIIHBOTO CEPElOBUINA 1 PI3HUX 3HAYEHD

Benmmuuan K (€ = f (to, ®o, K)) (puc. 3.5, a-6). Xomommipauii koedimienTr TH

TH’SCX
XapaKTEepPU3y€eTbCsd BUCOKMMH 3HAYCHHSIMH B 00JIacTi MOMIpHHUX Temmepartyp f = 20 —
30 °C, 3HaYHO 3HMKYIOYHCH 3 ii MOJIAJIBIIMM POCTOM, a TAKOX 31 301IBIICHHSIM BIIHOCHO1
BOJIOTOCTI (o. 3 rpadikiB BUIHO, 1110 eHeproedekTuBHICThL naHoi THY gocsrae HaitOiibmmx
3HAUYEHb TAKOXX B 30HI HU3BKUX TEMIEPATyp MOBKULIS 1 3HAYHOI MIpOI0 3aJEKHUTh BiJ
BIJIHOCHOI BOJIOTOCTI aTMOC(EpHOTO MOBITPSA. 3HAYEHHS XOJOAMIBHUX KOe(]IIIEHTIB MaJIO
3aJIeXaTh Bl XapaKTEPUCTHUKUA NPHUMIMICHHS, TOOTO BEIMYMHH K, B yCbOMY Jllala3oHi
Temieparyp t. Y uinomy posriasiayta THY mMoske maTi BUCOKY eHepreTuyHy e(heKTUBHICTD
3a i 3aCTOCYBAaHHS B IOMIPHHUX HIMPOTaX.

Crin TakoX BIAMITUTH, 110 IaHA CUCTEMA, SIKa pO3paxoBaHa Ha peXKUM pOOOTH B TETUIHA
nepiosl poky (OXOJO/KEHHS Ta OCYIICHHS 30BHIIIHBOTO CBIXOTO TOBITpPs), Ma€ CBOi
oOmexenHs. Ha puc. 3.6 HaBeneHo J1Ba poOOYMX Mpouecu 3MiHM cTaHy nositps B THY
BEHTWIAIII Ta TOBITpsHOTO omajieHHs (a) Ta THY BenTwmsamii ta xoHauiiroBaHHS (0).
[Tepmmit nporec oTpuMaHo B pe3yiibrari aHamzy THY mins manoro o6’ekra B XOJIOIHUN

nepios poky. Pe3ynbraTtu 1poro aHamizy HaBeAeHO B [4]. 3riHO 3 HUMH B 3aJ€XKHOCTI Bijl
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BIJTHOCHOT BOJIOTOCTI (o ICHYE JIesIKa KpUTUYHA TeMIIepaTypa 30BHIIIHBOTO TOBITPS Zo, BUIIIE
skoi THY B omeparniiinoMy pexumi (a) He 3MOxke 3a0e3neduuTu KOMGOPTHHX YMOB B
OPUMIIIEHH] BHACTIAOK HAJXOJDKEHHS HAJAMIPHOI BOJIOTM 3 HAaBKOJMIIHBOIO CEPENOBULIA.
Taxka curyariis Ma€ MicIie TO/I1, KOJIU BOJIOTOBMICT 30BHIIITHBOTO MTOBITPS MEPEBUIIYE 33 JaHUN
BOJIOTOBMICT TIPUILUIMBHOTO MOBITPs B To4Ill /, ToOTO do > di = 5,3 1/Kren (puc. 3.6, a). 3a
NEPEBUILICHHSI TPAaHWYHUX 3HAYECHb TEMIepaTypu arMochepHoro MOBITPs HEOOX1gHA
NPUHILIMIIOBA 3MIHA CHUCTEMH 3 TIEPEXOJIOM B pEXKUM KOHJHUIIIOBAHHS, Y SKOMY
3a0e3neuy€eThesl OXOIOMKEHHS 1 OCYIIEHHS IPUILTUBHOTO MOBITPsL. Pe3ynpTaTom BUpiIIEHHS
1iei mpoosiemu € qana THY BeHTWIIAMIT Ta KOHIUIIIFOBAHHS, POOOYHIA ITPOIIEC SIKOT HABEACHO
Ha puc. 3.2 Ta puc. 3.6, 6. 3rigHo 3 puc. 3.6, 6 TPAaHUYHOIO YMOBOIO 3aCTOCYBaHHSI JaHOI
cxemu Oyzie cuTyanisi, KOJIM €HTAJbIIs 30BHIIIHBOTO MOBITPSI CTAHE HHKYOIKO 332 €HTAJIBIII0

CYMIIII MOBITPs B TO4I /, TOOTO ho < h1 = 34.7 xJIk/Kren (puc. 3.6, 0).

L5}
42

a) 0)

Puc. 3.5 — 3anexnicTh xonoauinbHuX KoedimieHTiB TH Ta cxemu B 1ij1oMy Bij mapameTpiB

HaBKOJIMIIHBOTO cepenoBuia (a) i Benmuuunu K (0): a) K=10,3; 1-5 (g,,) — o =40 % —
80 %; 6-10 (&, ) — o =40 % — 80 %; 6) o =50 %; 1-5(¢_,)—-K=0,1-0,5;
6-10 (¢, )—K=0,1-0,5.
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Puc. 3.6 — Poboui nporecu 3Minu crany noBiTpst B THY BeHTHIISALIT Ta NOBITPSIHOIO

onaneHHs (a) ta THY Bentwisinii Ta konauiliroBanus (0).

3.6 BucHoBKH 10 po3aiay 3

1. Iloxazano, 110 HEOOXiJAHE IS KOHIWIIIIOBAHHS JOJATKOBE OXOJOKCHHS
OPUILUIMBHOTO MOBITPS HAa BXOZl B MPUMILIEHHS MOXe OyTH BHU3HAUYE€HO 4epe3 MpOCTUi
Koe(ILIEHT MPONOPLIMHOCTI 10 Mepenaay TeMIepaTyp 330BHI 1 BCEpeauHI MPUMILIECHHS,
3HAUEHHS SKOr0 3aJeKUTh BiJ TEIIO(PI3UYHUX 1 TEOMETPUYHUX XapaKTEPUCTHUK
OpPUMIIIEHHS 1 KpaTHOCTI TOBITPOOOMIHY, 110 BH3HAYAE€ThCS (DYHKIIIOHATEHUM
MPU3HAYCHHSIM O00’€KTa KOHJMIIIOBAHHS, a TAKOX BiJ BHYTPIIIHIX TEIUJIOBUAUICHb Y
OPUMIIICHHI.

2. PosrnsHyTa cucTeMa BEHTWISIT Ta KOHAMWIIIOBAHHS B MPUMIIICHHAX 3
HA/JIUITKOBUM BOJIOTOBUIUICHHSIM MOXeE 3a0€3Me4YuTH MIATPUMAaHHS 3aJaHUX YMOB
BCEpENHI MPUMIIIEHHS B TEIUJINI MEPioJl pOKY 10 ACSKUX MOMIPHUX 3HAYEHb IMapaMeTpiB
30BHIIIHBOIO aTMOC(EPHOr0 MOBITPs, NOAANbLIE 30UIBIICHHS SKUX OOMEXY€EThCS
MaKCUMaJIbHOIO TeMIIepaTypOr0 CKUIHOTO MOBITPS Micis koHaeHcaTopa TH.

3. Jlama cucrema MIATPUMAHHS TEMIIEPATYpHO-BOJIOTICHUX YMOB BCEpeIuHI
NPUMIIICHHS Ma€e HaWBUIIY €HEeProe(EeKTUBHICTh B 30H1 BI/IHOCHO HEBUCOKHUX TEMIIEpATyp
JTOBKLIIA 1 3HAYHOIO MIPOIO 3aJIC)KUTh BijJ BiAHOCHOT BOJIOTOCTi aTMochepHOro moBiTps. Lle
BHUCYBAa€ TBEPIKEHHS PO Te, 1110 1a”a cxemMa THY npuaatHa 1y BUKOpUCTaHHS Y KpalHax

3 HOMipHI/IM KOHTHHEHTAJILHUM KJIIMATOM.
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PO31T 4 BHUCOKOE®EKTUBHA TEIIVIOHACOCHA CHCTEMA
BEHTUJISAIII TA KOHJUIIIOBAHHSI BUPOBHUUYOI'O NMPUMIIIEHHA 3
PEIUPKYJIALIEIO BEHTUWIALIAHOIO MTOBITPA

4.1 ITocTaHOBKA 32124 JOCJTITKeHHA

Y poborti [9] Oymo BukOHAHO TepMmoauHaMiuHui aHamizs THY BeHtwismii Ta
KOH/IMIIIFOBaHHS MOBITPsI BUPOOHUYOTO MPHUMIIIEHHS y TETIUI Mepio POKY, METOIO SIKOTO
Oynu BU3HAYCHHS MapaMeTpPiB MOBITPS B BY3JOBUX TOUKAX CXEMH, OIlIHKA €HEPreTUIHOL
e(eKTUBHOCTI Ta BCTAHOBJEHHS pexkuMiB podbotn THY B 3anexHOCTI BiJ mapaMerpiB
30BHIIIHBOIO MOBITPS TA XaPAKTEPUCTUK 00’ €KTIB BEHTHJIALIT Ta KOHIULIFOBAHHS.

[Tonepeaus cxema 3abe3nedyBaia MOTPEON y BEHTUJIALIT Ta KOHIUIIIFOBaHH] MOBITPS
IUISIXOM 3MIHHOTO HAJXOJKEHHSI CBIKOTO MOBITpS. AHaNI3 CXEeMH IOKaszaB, IO 3a
MOCTIMHOI TeMmmepaTypu HaBKOJUIIIHBOTO CEPENOBHUINA fo MOTpeda y CBDXOMY TMOBITPI
3pocTae 31 30UIBIIECHHSAM HOTO BIJHOCHOI BOJIOTOCTI (o Ta BenuyuHu K, sKa
BUKOPHCTOBYETbCA JJISl PO3PAaXxyHKY HEOOXITHOTO TEepPEOXOJIOMKEHHSI MPHUILUIMBHOTO
MOBITPS Ha BXOJl JO MNPUMIIIEHHS MJI KOMIIGHCallli TEerIOBUX HaAXOMKeHb. Take
3pOCTaHHsl MPU3BOAUTH J10 30UIBIIEHHS TEMIIEPAaTypH BiANPAlbOBAHOIO MOBITPS MICIH
KoHsieHcatopa TH tsinx. Y pe3yabTati A1sl 3a10BOJICHHS MOTPeO HeoOXigHa OlIbIla JacTKa
CBDKOTO TIOBITPS 3a BHUIIOI BIJHOCHOI BOJIOTOCTI (0. JlaHa oOcTaBuHA TMOTIpIIyE
TEMIIEpaTypHI YMOBU HOpMaiibHOI poOotn TH, oCkUIbKM Temmeparypu MHOBITpsI MICII
KOHJIEHCATOpa JOCITAI0Th KPUTUYHUX 3HAYEHDb 3a HU3BKUX TEMIIEPATyp HABKOJMIIHBOTO
cepeaoBHUIIA fo.

3anponoHOBaHa B JTAHOMY JOCHIIP)KEHHI CXeMa Ma€ BUCOKY €()EKTHUBHICTb 3a OLIbLINX
3HAUY€Hb BIAHOCHOI BOJIOTOCTI (o Ta TEMIEpPaTypH fp HABKOJMIIHBOIO CEPEJOBHINA 3a
pPaxyHOK BHMCOKOro KoeQili€eHTa peuupKyssiii BeHTusuiiHoro mnositps K, = 0,8.
[TinBumieHHs e(eKTUBHOCTI BiOyBa€eThCs TOMY, IO uepe3 BumapHuk TH HagxoauTh
OlIbIIa YacTKa MOBITPS 3 MPHUMIIIEHHS B CYMIIlll 31 CBIXKUM MOBITPSAM. Y IIbOMY BUIAIKY
mapaMeTpH i€l Cyminm OyayTh OJM3BKUMH JI0 TAPAMETPIiB caMe BiAIMPaIlbOBAHOTO MOBITPS

B IIIMPOKOMY JTiara3oHi 3MiHH IMapaMeTpiB HABKOJUITHLOTO CEPEIOBHUIIA.
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Ile o3nauae, 1o TemioBuii moTik Bunapuuka TH Tex Oyne 3MiHIOBAaTUCH HE CYTTEBO.
Uepes 11e MOXKHa peali3yBaTu poOOTYy CXEMHU TaKUM YHUHOM, 11100 BOJIOTOBMICT MOBITPS Ha
BUXO/I1 3 BUIIAPHUKA OYB MOCTITHUM 1 pIBHUM HEOOX1JTHOMY BOJIOTOBMICTY MOBITPS Ha BXOI1
1o npuminieHHs di. Tofl 11e moBiTpsl JOCTaTHRO Oy e MiAITPITH J0 3aAaHO0T TEMIIEpaTypH ¢
y MOBEPXHEBOMY TEIUIOOOMIHHUKY, HANPUKIIAJ, pEKyIepaTopl, BAKOPUCTOBYIOUH MOBITPS
micis KouaeHcatopa TH B IKOCTI rapsiaoro TEMIOHOCIHS.

PesynbraroM naHOTO MOCHIJKEHHS € BHU3HAUYEHI €HepreTuyHa e(eKTUBHICTh Ta
napaMeTpu MOBITps y By3JdoBux Toukax HoBoi THY B Ttemumii mepiog poky. s
MPOBENICHHS PO3paxyHKIB OyJI0 BHKOPHCTAHO MOMEPEIHbO pO3podiieHy B poboTti [9]
METOJUKY BH3HAUEHHS HEOOXiTHOTO TEPEOXOJOKCHHS MPUILIMBHOTO TOBITPSA s
KOMIICHCAIlli BHYTPIIIHIX TEMJIOBUILIEHb 1 HAAXO/KEHb TEIUIOTH Yepe3 30BHIIIHI

OTOPOJKCHHS TTpUMIIIeHHS (KoeimieHT K).

4.2 Onuc cucTteMu Ta po60OYOro nmpouecy

Ha puc. 4.1 300pakeHa NPUHLMIOBA CXE€Ma BEHTWIALII Ta KOHIWIIIOBaHHS 3
PELUPKYJIAIIED BIAMPAIbOBAHOTO MOBITPS Ta 31 3MIHHOIO YaCTKOI CBIYKOTO 30BHIIIHBOTO
noBiTps. [lpuHiun poOOTHM cxeMu: JABa MOTOKM CBIKOIO 30BHIIIHBOIO TMOBITPS 3
TEMIIEPaTypoIO fo, BOJOTOBMICTOM do 1 MacoBUMH BUTparamu Gp Ta Go MOCTYIAKOTh 10
nepIoi Ta APYroi Kamep 3MIMIyBaHHS BIAMOBIIHO, /€ 3MIIIYIOTHCSA 3 JIBOMa IMOTOKaMHU
BIJITPAI[bOBAHOT0 MTOBITPS 3 IPUMIIIEHHS 32 TEMIIEPATYPHU f2, BOJIOTOBMICTY d2 1 3 MACOBUMHU
Butpatamu Go 1a G, BinnoBigHo. Takum yuHOM, Ha Buxoal 3 K3 oTpumyroThcs cymimri
HOBITPS 3 OJJHAKOBUMHM MAaCOBUMH BUTpaTaMHU, sIKI PiBHI HEOOX1JHINA BUTpPATI MOBITPS AJIs
3a10BOJICHHS MTOTPeO BEHTUWIAMLI] Gaar. CyMIII TOBITPS MICIS MEPIIOT KaMepy 3MIITyBaHHS
(K3:) 3a TemmepaTypu fc1 1 BOJIOTOBMICTY dci HAaaXOAMTb 1O KoHJeHcaropa TH, ne
HArpiBa€ThCs 1 HA BUXO/II MA€ TEMIEPATYPY fi 3@ MOCTIHHOTO BOJOroBMicTy. CyMilll MOBITPS
micis apyroi kamepu 3minryBanHs (K32) 3a TeMmiepaTyp #c2 1 BOJIOTOBMICTY dc2 HAIXOAUTh
no BumapHuka TH, 1e 0XO0NOIKyeThbcs 3 YaCTKOBOIO KOHACHCAIEID BOMASIHOI Map 0
TEMIIEPATYPH £ TA 3a]aHOTO TEXHOJIOTIYHUMH YMOBaMU BOJIOTOBMICTY di. OOUABA MOTOKH

CIPSIMOBYIOTBCSL [0 PEKyNeparopa, y SIKOMY BiJOYBa€TbCsl HarpiBaHHS MOTOKY MOBITPS
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ICJIsl BUMTAPHUKA JI0 33/1aHOi TEMIIEpaTypH {1 3a PaXyHOK TEIJIOTH TOBITpPsI, HATPITOTO B
kongeHcaToplt TH. Ilpormec TennooOMiHy MpOXOAUThH 3a MOCTIMHHUX BOJIOTOBMICTIB 000X
noBiTpssHUX mOTOKIB. Harpita cymim mnoBitps (f1, di, Gsa) TiCHA peKymepaTopa
CIIPSIMOBY€THCSI 10 BUPOOHHYOTO MPUMIIICHHS JIJIs [JIEH BEHTUJIALIT Ta KOHIUIIIFOBaHHS
(s komMmeHcauli HaAXOKeHb TEIJIOTH Yepe3 OrOpPO/KEHHsS Ta BHYTPILIHIX TEIIO- 1

BOJIOTOBH/IIJICHB ).

Puc. 4.1 — IlpunuunoBa THY BeHTUIALIT Ta KOHAUIIIOBAHHS MOBITPS B TPUMIIICHHI:
K. — konnencarop TH; B — Bunapuuk TH; K — komnpecop; K31 — nepia kamepa
3mimyBanHs; K32 — apyra kamepa 3mimryBanus; P — pekyneparop; OBK — 006’ ekt

BEHTWJISIIIT Ta KOHIUI[IFOBAaHHS MOBITPSI.

Ha puc. 4.2 306paxkeHo poOGouwnii mporiec 3MiHU CTaHy MOBITPSI B CUCTEMI BEHTHIISIIT
Ta KOHJIMIIFOBaHHS MpuMimieHHs B A-d miarpami. Touka O moOyaoBaHa 3a mapameTpamu

HABKOJIMIIHBOrO cepenosumia (¢,,4,) [90]. Touka 2 moOynoBaHa 3riiHO 3 HEOOX1IHUMHU

TEMIIEpaTypol0 {2 1 BIJHOCHOIO BOJIOTICTIO (2 TOBITPS BCEpPEAMHI BUPOOHUYOTO
OPUMIIICHHS, BU3BHAYAETHCA 3T1IHO 3 [91] B 3a1€XKHOCTI BiJl TEXHOJIOTTYHOTO MPU3HAYCHHS
npumitieHHs. 3a /-d aiarpaMoro BU3SHAYA€ThCs /2. 3TiHO 3 OyAiBeIbHUMU HOpMaMu [91]
JUTSL TAHOTO TIPUMIIIIEHHS! TPUMMAETHCS BETMYUHA MEPErPiBY MPUTUTUBHOTO TOBITPS Afpenr 1
Ha JIHII /A2 = const 3a tir = f2 + Afsenr 3HAXOAUTHCS TOYKA /', sIKa BIAINOBIJNAE CTaHy

OPUILUIMBHOTO TOBITPs 3a ymoB BeHTwisAmii. Ilepexim [7'-I 300paxye m0JaTKOBE
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MEPEOXOJIOKCHHST TOBITPS Il 3aJI0BOJICHHSI MOTpeO KOHAMIIIIOBaHHS. Temmeparypa
noBiTps B Toull / Ha JiHIT di' = const Moxke OyTH MNpuUNHATA, BUXOASYA 3 YMOB
MPOMOPLIMHOCTI PI3HUIII TEMIIEPATYP, IO BiJINOBIAA€ NEPEOXOTOIKEHHIO TOBITPS HA BXO/I1
B NpPUMINIEHHS, 1 Mepenaay TeMIlepaTyp 330BHI 1 BCEpPEIWHI NPHUMIIIEHHS, TOOTO
At=tr—t1 = K(to — t2), ne K — xoedilieHT nponopiiiHOCTI, 3HAUEHHS IKOTO 3aJICKUTh BiJl
30BHINIHIX Ta BHYTPIIIHIX HAIXO/PKCHb TEIIOTH. ONHC METOIUKH PO3PaxyHKY TaHOTO
koedirieHTa BUKIaaeHO y poOoTi [9]. BianpamnbsoBane moBiTps 3 mapaMmeTpaMu B ToUIll 2
PO3ILIAETHCS HA JBa MOTOKU Ta 3MINIYETHCS 3 JIBOMA MOTOKAMU CBIXKOTO 30BHIIIHBOTO
noBITps 3 mapamerpamu B Toulli Oy aBox K3 (Touku ¢ 1 ¢2). OuH NOTIK HOBITPSIHOT CyMiIlIi
nigirpiBaeTbes B kouaencaropi TH no teMnepaTypu £ 3a cTanoro BoJIOTOBMICTY dc1 (TOUKa
K), a IHIIUNA TOTIK OXOJOJIKYEThCs Y BUapHuky TH 3 4acTKOBOIO KOHJIEHCAI[IEI0 BOJSHOI
napu (Touka B). OX0J0MKEHUH MOTIK MOBITPSI HArpiBa€ThCs y PEKYIEpaTopl 3a CTAJIOTrO
3aJIaHOTO BOJIOTOBMICTY d1 IO TEMIIEPATypPH ¢1 32 PaXyHOK rapsgoro MOTOKY MOBITPS MiCsA
KoHjieHcaTopa. [ligirpiTa cyMilll MOBITPsI HAMPABIAETHCSA B IPUMIIIICHHS IS 33]0BOJICHHS
noTped BEHTWIIALIT Ta KoHAUIIIoBaHHs. [Iporiec /-2 BiamoBigae poO04oOMy MPOIECy 3MIHU

CTaHy MOBITPS BCEPEAUHI TPUMILICHHS.

h
al
h )
[ o
(| i hg =const
hi T p=100%
hr | | }
| L
| | |
a | o
4y
dy=d, dyd =d=d_d d

Puc. 4.2 — PoGounii ripoiiec 3MiHU CTaHy MOBITPS B CUCTEMI BEHTHJIALIIT Ta

KOHJIUIIIIOBaHHS MPUMIIICHHS B /-d miarpami.
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4.3 Tepmoaunamiunmii anajuiz THY

TepMoauHaMIYHUN aHAI3 CHUCTEMH, IO PO3IJISIAETHCA, BUKOHYETHCS Ha OCHOBI
NOMEePEeIHHOT0 BHU3HAYEHHS TEPMOJMHAMIYHOIO CTaHy IIl€] CUCTEMHU 3a NPUUHATHX
BUXIJHUX MapaMeTpiB MOBITPsI BCEPEAMHI NPHUMIIICHHS Ta B 3aJE€KHOCTI BiJ 3MIHU
mapaMeTpiB 30BHIIMIHBOTO aTMOC(EPHOTO MOBITPA. Y CBOIO YEpry CTaH JaHOI CHCTEMHU
BEHTHWJIAIIT Ta KOHJUIIIIOBAHHS TOBITPsI 3aJ€KUTh B MOKHU IO HEBIJOMUX TapameTpiB
NOBITPA Y 11 BYy3JIOBUX TOYKax. /{7 TaHOi cUCTEMU HEBIJOMUMHM NapaMeTpaMU € YacTKU
MOTOKIB BiANPAIIbOBAHOTO Ta CBIYKOT'0 30BHIMIHBOTO TIOBITPSI, IO HAMPaBIJIAIOTHCA 10 K31 Ta
K3, remnepatypu noBiTps micisa koraeHcatopa TH Ta pekyneparopa, a TakoX BeTHYHUHA
XOJIOAWJIBHOTO KOE(ILI€HTa BCi€l cXeMU. BIamoBigHI 3al€KHOCTI I LIMX MHapaMeTpiB
MOXYTh OyTH BHM3HA4Y€HI 3 PIBHSHb TEIJIOBOI'O Ta MaTeplaJbHOr0 OajaHCIB SIK OKPEMHX
€JIEMEHTIB CUCTEMHU, TaK 1 CUCTEMU B LIJIOMY.

3a MpUHOUIIOM POOOTH CXEeMU MOBITPs Ticis BumapHuka TH mimgirpiBaeThest y
peKyrneparopi 10 HeoOX1THOT TeMIieparypHu ¢1 3a piBHsHHIM (3.1). Lleit mporiec nporikae 3a
IOCTIITHOTO BOJIOTOBMICTY, SIKW/ MIOBHHEH BIAMOBIIATH 3a/1aHOMY 3HAUYEHHIO d1. OCKUIbKU
y BHUIIAPHUKY OXOJIO/DKEHHS IMOBITPS MPOTIKAE 32 YaCTKOBOI KOHJEHCAIlli BOASHOI mapH,

TEMIIEpaTypy Ta EHTAJIBIIIO MTOBITPS HA BUXOAIL, £, 1 /i, MOKHA BU3HAYUTH 3a JOIIOMOIOIO
h-d niarpamu Bosiororo nositps Ha niHii @ = 100 % B To4wl ii nepeTuny 3 d,.
Entanbnii cymimeit noBitps micas K31 1 K32 MoxHa BU3HAUUTH 3 PIBHSHD

€HEePreTUIHOT0 OaaHCy NI KaMep 3MIITyBaHHs, K1 BIAMOBIAHO MalOTh BUTJISIT

3ar’“cl»

4.1)

3ar

hy, (4.2)

kr /C — MacoBl BUTPAaTH CBIXOTO, BIAMPAIIbOBAHOIO 1 3arajJibHOTO

3ar ’

ne G, Gp, G

HOTOKIB MOBITPS; A, K., , KK/KIcn — eHTanbmii NoBITpsiHUX cyMmimed micns K3.

cl> "Tc2»

PozninuBiny niBi Ta ipaBl yacTUHU piBHAHBE (4.1) 1(4.2) Ha BenuunHy G

3ar ?

OTPUMAEMO

PIBHSHHS JUI BU3HAYEHHA €HTaNbIIN /i 1 &,

h

C
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hy, = Kph2 + Kyhy, 4.4)
ne K, K, —4acTKu peUpKyJIsIIiHOTO BiNPAILOBAHOIO T CBKOTO 30BHIIIHBOTO MOBITPSL
Ha TIOTpeOr BEHTHJIALLI.

3a mpuHUOMIIOM poOOoTH cxeMu Ha Buxonl 3 K3 oTpumyroTecs cywimil HOBITPS 3
O/JIHAKOBUMH MAacCOBUMH BHUTpaTaMM, SKI PIBHI HEOOXIAHIA BHUTpATi TMOBITPS HJIs

3aJ10BOJIEHHS TOTPEO BEHTHIISIIT Gaar. TOOTO MOBUHHA BUKOHYBATUCh TaKa yMOBaA
K,+K,=1 (4.5)
BosoroBmicTi cymimieil moBITps micias KaMmep 3MillyBaHHA d, 1 d, MOXHa

BU3HAYUTH 13 PIBHAHB MaTepiaabHoro 6anancy st K3

Gody + Gydy = Gyyd,yy, (4.6)

Gody + Gody = Gyprd - 4.7)

Po3ninuBuiu niBi Ta paBi 4acTHHY PiBHAHB (4.6) 1(4.7) Ha BenuuuHy G, , OTPUMAEMO
PIBHSIHHS JIJIs1 BA3HAYCHHS BOJIOTOBMICTIB

do =K dy+ Kyd,, (4.8)

dy =K,d) + Kd,. (4.9)

JUId BU3HA4YEHHS €HTaJbIIII CyMilll MOBITPs micist KonaeHcatopa TH, 4, Moxe OyTu
BUKOPHUCTAHE PIBHSAHHA eHepreTuuHoro d6amancy TH
QKOH)I = QBI/II'[ + LK' (4 1 O)

Cknanosi piBHsHHS (4.10) BU3HAYAIOTHCS TakK:

TEIJIOBUM MOTIK, BiJIBeICHUH BiJ1 KoHaeHcaTopa TH

Ocona = Gaar (e = 1) (4.11)
TEIUJIOBUI MOTIK, MiABeACHU 10 BunapHuka TH
Qo = Caar (g = 1) (4.12)
3aTpaTy 30BHINIHBOI €JIEKTPUIHOI eHeprii Ha kommnpecop TH
Ly = Opn / E1u5 (4.13)

ne € — xosnoauwnbHui koedimient TH.

[Ticns ACAKUX MATCMATUYHUX IICPCTBOPCHL BHPA3 MJISI BU3HAYCHHA CHTaIBITIT hK
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MIPUIMAE BUTJISI

hK = hcl + (h02 - hB)STH—H' (414)
€

TH

Temneparypa Ha Buxon1 3 konaeHcaropa TH, ¢, Moxe OyTn BU3Ha4YeHa 3a JOIIOMOT 010
h-d niarpamMu BOJIOTOTO MOBITPS B TOULI IIEPETHHY /_ 3 BoaorosMicToM micisa K3y d.; .
EdekruBHicTh pobotu TH, saxuil B pexxuMi KOHAUIIIOBAHHS MPALIOE K XOJIOAWIbHA

MalluHa, MOKHA B JAaHOMY BHUIMAJIKy OLIHUTH BETMYMHOIO XOIOAMIbHOro Koedinienta TH

_ ! 4.15
8TH_273+tK+AtK_ ’ (#.15)

1
273 +t, — At

1€ t; — TEeMIIepaTypa CyMilli MoBITPps Ha BUuxoi 3 Bunapuuka TH, °C; # — Temnepatypa
cyminn moBiTpst Ha Buxoi 3 KoHaeHcaTopa TH, °C; At, — TemneparypHuil nepemnan Mix
MOTOKaMM TIOBITPSL Ta XOJOJWJIBHOrO areHTa Ha Buxoji 3 BumapHuka TH, °C; Af —
TEMIIEpaTypHUN Iepenaj MK IMOTOKaMU XOJIOJWIBHOTO areHTa 1 MOBITPS Ha BUXOMl 3
konzaencaropa TH, °C. V nitepaTypi HaBOASTHCS YMCIOBI 3HAUEHHS TEMIIEPATYPHUX
nepenajaiB y KoHiaeHcaTopl 1 BunapHuky Juist TH tuny «moBiTpst — moBiTps». 3riHO 3 [96]
11 KoHJleHcaTopa 1 Bunapuuka TH moxxua npuiiasatu At= Atz= 10 °C.

Entanenito /4 3 JOCTaTHbOK TOYHICTIO MOKHA BHU3HAYUTU 33 PO3PAXyHKOBOIO
dbopmyioro (2.19).

EnTtanbmis oxonomkeHoi cymimi mMoBiTps Ha BUXOAI 3 pekymeparopa, /1,

BU3HAYAETHCS 3 PIBHAHHS €HEprobdanaHcy pekymneparopa. 3 ypaxyBaHHSIM TOTO, III0 MacOBi
BUTpaTu noBiTpsaHux cymimei nicist K31 1 K32 ogHakoBi, piBHAHHSA Ma€ HACTYITHUN BUTJISA
he+h,=h+h. (4.16)

TakuMm 4uHOM, €HTAJBMISA /i, BU3HAYAETHCS SIK
h.=h +h,—h. (4.17)
3 1HIIOTO OOKY, eHTalbMit0 cyMimi noBiTps micas K32 MoxxHa BUpAa3uTH 3 PIBHSHHS
E€HEePreTUYHOro OajaHCy JUIsl BCi€l CXEMHU, sIKe 3 ypaxyBaHHSM 30BHIIIHIX 1 BHYTPIIIHIX

HaAXOI>KCHDb TCIIJIOTH, QK , Ma€ BUT'JIA

LK + Goho + Gpho + QI( = G3arhr‘ (4.18)
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PospimuBmm niBy Ta mnpaBy 4YacTuHM piBHAHHA (4.18) Ha Benmmuuny G, Ta

BpaxyBaBIM piBHAHHA (3.1) B O, , micns psily IepeTBOPEHb OTPUMAEMO
hey =| b = hy = Kty — 1) | + . (4.19)

Sxio mapamMeTpu y BY3JIOBUX TOYKaxX CHCTEMM BHU3HAYE€HO MPABHWIBHO, TO YHCIIOBI

3HAQ4YEHHs €HTalbIIl /,, OTpUMaHIi 3a JONOMOror piBHAHB (4.4) Ta (4.19), MaroTe OyTH

PIBHUMH.

XonogunsHuil koedimienT TH, sk 1 koediwieHT TpaHchopmali TEITOTH, 3aJIEXKUTh
TUIBKU BiJl yMOB pobOotu camoro TH, TOOTO Bijg TeMIepaTypHOTO PiBHS IPOIIECIB
TEMI000MIHY, IO IPOXOAATh y BUIAPHUKY 1 KoHAeHcatopl TH. Tomy nis xapakrepucTuku
eekTuBHOCTI pobOoTh Bciei THY BeHTMmAmii Ta KOHAMIIIIOBAHHS OUIBII JTOLIIBHO
BUKOPHUCTATH KOMILJIEKCHUN TOKa3HUK (XOJIOJUILHUM KOE(ILIEHT BCIET CXEMH), SKUU

MOJKHa NpeaACTaBUTU HACTYITHUM YHHOM

%ng%ﬁ, (4.20)

K

ne Q.. , KBT — xonoauibHa NOTYKHICTb, 10 BUPOOJISETbCA HA BXOZl Yy BUPOOHHUYE

npuminieHHs. Bona Bu3HauaeThcs K
onn = G3ar (hO - hl) (421)
3 ypaxyBaHHsM piBHSHB (4.12) 1 (4.13) Bupas (4.22) MOKHA 3amucaTy HACTYITHUM

YHMHOM

—¢ o —h (4.22)

€ .
TH
hC2 - hB

CX

4.4 Pe3ynbTaTu po3paxyHKiB

Po3paxynkoBuii anami3z napamerpiB THY BeHTWIALII Ta KOHIWLIIOBAaHHS TOBITPS
BUKOHAHO JUISI TUTIOBOTO BUPOOHUYOTO MPUMIIMICHHS 3 BOJIOTOBHIUICHHSM. SIK MPOTOTHIT
OyB oOpaHuil BUPOOHMYMI 1IeX KOHAUTepchkoi (pabpuxu «Pomren» B KuiBchkiit o0macTi
[88]. Jlmst 3a0e3neuenHs KoM(pOPTHUX YMOB pOOOTH B IPUMIIICHHI 11eXy OyJId BCTAHOBJIEH1

HACTYIIHI TapaMeTpu BHYTPIITHLOTO MOBITPs [91]: TemmiepaTypa B mpumitienHi » = 18 °C;



96
BiJTHOCHA BOJIOTICTh MOBITPS B puMitieHH1 @2 = 50 %; meperpiB MpUILIMBHOTO MOBITPS IS
CUCTEeMH BEHTWIIALIT Atgenr = 3 °C.

3a 3amaHuX yMOB OyJI0O BU3HAUYE€HO BOJIOTOBMICT TMOBITPSI Ha BXOJ1 1 BUXOMl 3
NpUMIIIEHHs, TOOTO B To4ykax [/ 1 2 mgiarpamu pobOoyoro mporecy Ha puc. 4.2:
di1=5,31/Kren 1 d2= 6,5 r/KTc .

UucenbHuil aHali3 13 BUKOPUCTAHHSAM CIiBBiTHOIICHD (4.3), (4.4), (4.8), (4.9), (4.14),
(4.15), (4.17), (4.19) 1 (4.22) MmeTOAOM TMOCIITOBHUX HAOJUXKEHD JIa€ 3MOTY OI[IHUTU BILUIMB
3MIHM  TeMIepaTypd Ta BIJHOCHOI  BOJIOTOCTI  HABKOJMIIHBOTO  CEpEJOBUIIA,
XapaKTEePUCTUKU OO0’ €KTYy BEHTWIISII] Ta KOHJMIIIIOBAaHHA K HA IMapaMeTpu CHCTEMH
(Temmeparypa TOBITPS Ha BUXOAl 3 KoHaeHcaropa TH 1 pekymeparopa, XOJ0oAWJIbHUN
koepimient TH), Tak 1 Ha TepMOAMHAMIYHY €(QEKTHUBHICTh 3aCTOCYBAaHHS JAHOI CUCTEMH
BEHTWISALIT Ta KOHIUIIFOBAHHS.

AJTropUTM iTepaliiHOro UMUKy HACTYITHUM: 3a/1al0Thcs 3HaYeHHsI BenuuH K, Kp, to, Qo.
3a fo 1 Qo 3 h-d miarpamu BU3Ha4arOThCA do 1 ho. 3a Gopmynamu (4.3), (4.4), (4.8), (4.9)
pPO3paxoBYyIOTbCA 3HAU€HHS /e, hc2, dei, de2 BIANOBLAHO. Y THepHIOMY HaOJIMKEHHI
MIPUIMAETHCS TOBUIbHE 3HAUEHHS TEMIIEPATYPH fx, PO3PAXOBYETHCS BETUMUMHA XOJIOAUIIBHOTO
koedimienta TH & 3a ¢popmyroro (4.15) ta BusHauaeTses hic 3 h-d miarpamu. HeoOxinHa
TeMIlepaTypa NPUILTUBHOTO TOBITPSI ¢1 3HAXOAUThCs 3 popmyiu (3.1), a muToMa eHTabIIIs /)
— 3 ¢dopmynu (2.19). 3a piBHgHHAIM (4.17) pO3paxoBY€TbCS MHUTOMA EHTAJbISA /A Ta
YTOUHIOETHCS 3HAYEHHS IIUTOMOI €HTambMIi /2 3a popmynoro (4.19). Ilotim 3a piBHSIHHAM
(4.14) BU3HAYAETHCS NMUTOMA EHTAIBIISA /ix Ta MOPIBHIOETHCA 3 MONEPEIHBO NPUUHIATHUM
3HAYCHHSIM. ITepallisi MOBTOPIOETHCS, ITOKH BITHOCHA MOXHUOKA MiXkK IMOYATKOBHUM Ta KiHIIEBUM
3HaueHHSIMU /K He Oyne cranoButu 0,5 %. Jlami 3a h-d nmiarpamoro BHU3HAYAETHCS
TEMIIepaTypa t« 1 po3paxoBYEThCS KOSDILIEHT €. 32 PIBHAHHSM (4.22) OLIHIOETHCS BEINYHHA
XOJIOWJIBHOTO Koe(iIlieHTa BCIET CXEMH Ecx.

[Tpu BuOOp1 BenuunHu K BpaxoBaHa Taka OOCTaBMHA. 3a HABEIEHOIO y poOoTi [9]
METOJIUKOI0 JUIsi 0OpaHOTO BUPOOHWUYOrO0 NPHUMIIICHHS BcTaHoBIeHO, mo K = 0,23
(BITHOIIICHHSI HAJIXO/DKEHb TEIUIOTH 10 NPHUMINIEHHS [0 TEIJIOTH Ha BEHTHUJIALIIO).
OTpuMane 3HaAYEHHS BIAMOBITAE AIMCHOCTI, OCKUTbKH Ui OyZiBenb BUPOOHHYOTO Ta

TPOMAJICHKOTO TMPU3HAYEHb BUTPATH TEIJIOTH HA BEHTWJIAIII0 MOXYTh y JEKUJIbKa pas



97
TIEPEBUIIYBATH BIAMOBIIHI TEIIOBI IPUTOKHU [93]. ¥V 3B’S3Ky 3 IMM B HaBEJACHOMY HIKUC
aHaJsi31 B35ATO HACTYMHI 3HaYeHHs Koediuienta K = 0,1; 0,3; 0,5.
Ha puc. 4.3, a-6 HaBeneHo rpadivni 3a1eKHOCTI TeMIIepaTyp NOBITPSIHUX MOTOKIB HA
BHXOJIi 3 KOHJIEHCATOpa f 1 BUnapHuka t; TH Ta pekymepartopa ¢ (puc. 4.3, a), a Takox

3a1eXHOCTI XonoauabHuX KoedinientiB TH € ta THY € BeHTMWIALI Ta KOHIUIIIOBAHHS

(puc. 4.3, 6) BiA TeMreparypu fo Ta BIIHOCHOI BOJOTOCTI (o = 50 %) HABKOJIMIIIHHOTO
cepenoBuina, koedimientra K = 0,3 1 3HaueHs koedimieaTa peuupkyiasaiii Ky = 0 — 0,8 (fsiux,

ts, €., €, = f (to, o = 50 %, K = 0,3)). Kpusi 1 ta 6 Ha 000X pUCyHKax BIANOBIIAOTH

TH ?

BUIAJIKY, KOJIM PEHUPKYJISAIISA BIACYTHS, ToOTO Kp = 0.

TH?

to to t =1 (to; Kp3 @9 =50 %; K=10.3) Erm Eox £
. ~ B .

£, = (1t K5 0y =50 %; K=10.3)
I

’

S . 8.0

50 +
40
30 +

20 -

Puc. 4.3 — 3anexxHoCTI TeMIiepaTyp NOBITPSHUX MOTOKIB HA BUXO/1 3 KOHJEHCATOpa Ta
Bunapurka TH 1 pekyneparopa (a), 3aiexHocTi XomoamwibHuX KoedimientiB TH Ta cxemu
B LIII0MY (0) Bi TeMIepaTypH, BIIHOCHOI BOJIOTOCTI (po = 50 %) HaBKOJMIIHBOTO
cepenoBuina, Benuunau K = 0,3 1 koedinienta perupkynaiii Kp: a) 1-5 (£); 6-10 (%);
11 (%) -K,=0;0,2;0,4; 0,6;0,8; 0) 1-5 (¢_,); 6-10 (¢, ) — K, = 0; 0,2; 0,4; 0,6; 0,8.

Temneparypu # OOMEXYIOTbCI KPUTUYHMM 3HAYEHHSM TEMIEpPaTypH, 3a SKOi
MOKJIMBa HOpMaibHa pobota koHmencaropa TH # = 70 °C. BugHo, mo yMOBH
BUKOPUCTAHHSA JAaHOI CXEMH [OKpAIIYIOThCA 31  30UIBLIEHHSM  PELMPKYJIALIi

BiANpanpoBaHoro mnoBiTps. Tak, 3a K, = 0,8 cxema 37gaTHa MNOpauUOBaTH M0
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to =38 °C. Temnieparypa 0X0JIOKEHOTO B PEKYIIEPATOPI MOBITPSI £, MiIBULITYIOTHCS 3 POCTOM
fo, OCKUIBKH 3HMXKYETBCS ¢1, TOOTO MOTpeda B OLIbII XOJ0JHOMY HOBITpi. TemmnepaTypu #; He
3anexarb BiJ fo Ta Kp 3riiHO 3 NpuiHATUM poOounm npouecom THY 1 cTaHOBIATH B
cepeaaboMy 4 °C.

3 puc. 4.3, 6 BUaHO, 1110 eHeproedextuBHicTh nanoi THY 3poctae 31 30UIbIICHHSM £ 1
K. 3a 3HIKEeHHS penupKysili K, Temrnepatypu fo, IpH sSIKuX €(eKTUBHICTh MAaKCUMAJIbHA,
TaKOX 3HUKYIOThCS. [10TIM eeKTUBHICTh MOCTYNMOBO 3HMXKYETHCS 3 pocToM fo. [Ipore 3a
K, =0,8 edextuBHicTb ipu o = 40 °C Bce 11e 3poctae. Lle cBiuuTh npo Te, 110 JaHa MOJIEIb
THY wmoxe OyTd TUpHUIATHOIO MJisi 3aCTOCYBaHHA B KpaiHaxX 3 TMOMIPHHM CYXHM
KOHTHUHEHTaJbHUM KiiMaToM (Ykpaina, [Tonbuia, Yexis) B ycboMy Jiana3oHi TeMIEparyp
HABKOJIMIITHBOTO  CEPE/IOBUINA, KOJM OO0 €KTOM BEHTWISIT BUCTYNAe BUPOOHHUYE
MPUMIIIICHHS 3 HEBUCOKOIO KPATHICTIO TTOBITPOOOMIHY.

Ha puc. 4.5, a-6 HaBezeHo rpadiyuHi 3aJ1€KHOCTI TEMIIEpaTyp MOBITPSIHUX MMOTOKIB Ha
BUXOJIl 3 KOHJACHCATOpa f, BUMApHUKA f, TH 1 pexymeparopa t Bin TeMiepaTypu fo Ta
BIJTHOCHOI BOJIOTOCTI (oo HABKOJUIIHbOrO cepenoBuia (puc. 4.5 (a) K = 0,3; K, = 0,8) 1
pi3HuX 3HaueHb BenuuuHU K (puc. 4.5 (0) @o = 50 %; K, = 0,8). Temneparypu f Tex
OOMEXYIOTbCS KPUTUYHUM 3HAYCHHSIM TEeMIepaTypu Ta 3pOCTalOTh 31 30UIbLICHHSIM
BIJIHOCHOI BOJIOTOCT1 (o. 32 @o = 70 % KpuTHUHA TemnepaTypa HacTaHe ipu o = 36 °C. Lle
O3Hayae, MO0 JIaHa CXEMa Ma€ CIPUSATINBI MOKa3HUKHU TaKOX JUIsI BOJIOTOTO >KapKOTO
kiiMary. TemmepaTypu f; HE 3aj1earh Bl BIJIHOCHOI BOJIOTOCTI (oo Ta TEMIIEPATYpPH fo 1
CTaHOBJIATH B cepeanboMy 4 °C. 30UIbLICHHA TEeMIIEpaTypu f BKa3ye Ha 3MEHIIECHHS
TETUIOBOTO TOTOKY ISl HAarpiBaHHS MPUIUITMBHOTO TMOBITPS 0 33JaHOI TeMIiepatypu ti. 3a
JAHOTO PpOOOYOro MpOIECy TeMIeparypa f« HE 3aJeKHUTh Bl BEIWYUMHU K, OCKIIBKH B
pO3paxyHKax MNpPUHAMAETHCS MOCTIMHE 3HAYEHHS TEMIEpaTypu IMOBITPS HA BHUXOIl 3
npumimieHust © = 18 °C. ToOTo cxema po3risfacTbcs B CTAIIOHAPHOMY PEXKHUMI, KOJIU
TEIJIOBl HAJXOHKEHHS HE 3MIHIOIOThCSA B 4aci. 3a 30uIbleHHs BeJuunHUA K, TOOTO THpH
OUTHIIMX HAJXO/KEHHSX TEIJIOTH, TeMIepaTypa ¢, Takox Oymae 3pocratu. Kpusi 51 10 Ha
puc. 4.5 (a), a Takox 2 1 6 Ha puc. 4.5 (0) OMUCYIOTh BIJACYTHICTb PEHUPKYJIALIT MOBITPS Ta

BKA3yIOTh Ha Pi13Ke MOTIPIICHHS TEMIIEPATYPHOTo pexxumy podotu THY.
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tot, to £ = (t; s K=0.3; K, =0.8) to t, to t. =1 (t; K5 @) =50 %; K, = 0.8)

60 +

50 +

40 -

40 +

30 + 30 +

20 - 20 +

0 —t— —t T i, 0 : R ¢
16 18 20 22 24 26 28 30 32 34 36 38 40 42 16 18 20 22 24 26 28 30 32 34 36 38 40 42

a) 0)

Puc. 4.5 — 3anexxHOCTi TeMIieparyp MoBITPSHUX MOTOKIB HAa BUXO/Ii 3 KOHJACHCATOpa Ta
Buniaparka TH i1 pekymeparopa Bij TeMneparypy Ta BiITHOCHOI BOJIOTOCTI HABKOJIMIITHBOTO
cepenoBuina, Benuunau K 1 koeditienta perupkyismii Kp = 0,8: a) K =0,3: 1-4 (%),
6-9 (&), 11 (ts) — o =40 %; 50 %; 60 %; 70 %; 5 (t), 10 (&) — K, = 0;

0) o =50 %: 1 (%), 3-5 (%), 7 (ts) — K =0,1; 0,3; 0,5; 2 (¢), 6 () — Kp = 0.

Ha ocHoBi uncenpHOTO aHami3y criiBBigHOMEHS (4.15) 1(4.22) Ha puc. 4.6 moOy10BaHO

rpadiuHl 3anexHOCTi xomonmwibHux KoedimientiB TH € ta THY € BenTmmAmi Tta

KOHJULIIOBaHHS BIJ TEMIIEpaTypu fo Ta BIJIHOCHOI BOJIOTOCTI (o HABKOJHMIIHBOIO
cepenoBuia (puc. 4.6, a) Ta pi3HUX 3Ha4eHb BenuuuHu K (puc. 4.6, 6). 3 rpadikiB BUIHO,

mo e”eproedexruBHicTs naHoi THY € 3pocrae 31 30UIBLIEHHSAM (o, OCKIIBKM Olibllna

YaCTHHA 30BHIIIIHBOTO TIOBITPsI MOTpAILIse 10 KoHAeHcatopa TH, a Ha BUTTapHUK HAAXOAUTh
NOBITPsIHA CyMIlI 3 MapaMmeTpaMu OJM3bKUMHU 0 MapaMeTpiB B Touli 2 (auB. puc. 4.2).
ToOTo 3pocTaHHs €HTaNbIIl 30BHIMIHBOTO MOBITPS /o HE CYTTEBO BIUIMBAE Ha TEIUIOBE
HaBaHTaXeHHs BUMapHuka TH, 1m0 cBimuuTh PO €(hEeKTUBHY PEIUPKYIISIIIIO XOJI0Y, SIKUN
BUPOOJISETHCSA CUCTEMOI0. 3pOCTaHHS BeMWYMHU K BKa3zye Ha Te, 10 3pocTae morpeda y
OUTBIN XOJIOJTHOMY TOBITP1 JJISI IIUJIEH KOHAUIIIOBAHHS, TOMY €(EeKTUBHICTh CXEMHU TaKOK
miABUIIY€EThCSI. OCKUTBKH TEMIIEPATYPH f« 1 1 € MOCTINHUMH 32 JAHOTO POOOYOro MPOILIECy,
TO €, HE 3aJeXKUTh Bl BennduHU K, TOOTO B1Jl XapakTepuCTUKH npuMiiieHHs. Kpusi 5, 10
(a)12, 6 (6) omUCYIOTH BIICYTHICTH PEIUPKYJIAIIT MOBITPS Ta BKa3yIOTh Ha P13Ke MOTIPIIEHHS

edpextuBHOCTI podotn THY.
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== B B = T (tg3 @ps K= 0-33I K,=038) Erus Fex & £ex = T (g3 K3 0 = 50 %; K, = 0.8)

Puc. 4.6 — 3anexunocTi XomoamwibHuX KoedimientiB TH Ta cxemu B 1ijioMy BiJl
TEMIIEPaTyPH Ta BIJIHOCHOI BOJIOTOCTI HABKOJIUIITHBOTO CEPEIOBUINA, BETUIHHU K 1
koeinienrta peunpkyssuii Kp = 0,8: a) K=0,3: 1-4 (¢_,), 6-9 (., ) — 9o =40 %;
50 %; 60 %; 70 %; 5 (£,,), 10 (e, ) — Kp = 0; 6) @0 =50 %: 1 (&), 3-5 (g, ) —
K=0,1;0,3;0,5;2(e,), 6 (e,)—Kp=0.

4.5 BucHoBKH 10 po3aiay 4

1. Amgamiz panoi THY BeHTwisamii Ta KOHAMIIIOBAHHA I10Ka3aB BaroMicTh
PELUPKYJIAIIT XONOay I 3a0e3ledeHHs BHCOKOI e(PEKTHMBHOCTI pOOOTH CXEeMH B
IIMPOKOMY J1ana3oHl TEMIEPATyp 1 BITHOCHUX BOJIOTOCTEN HABKOJIMILIHBOIO CEPEIOBUIIIA.
TeopeTnuHO MakcHUMalibHa €(QEKTUBHICTh CXEMH CTaHOBUTH OJU3BKO &8 0Of., IO
BiI0YBa€ThCs 3a HaWripmuXx yMoB: fo =40 °C; @o = 70 %. 3011bIIEHHS TEIUIOBUX MPUTOKIB
3YMOBJIIOE JI0 1€ OUTBIN €(hEKTUBHOI PEIUPKYIIAIIT XOI0ay, TaK SK JJIsI KOHIUIIFOBaHHS
noTpeOyeThest ORI HU3bKa TeMIIepaTypa MPUILITUBHOTO TTOBITPSI.

2. Bucoka xononunpHa epexktuBHicTh THY B ycboMy TemmeparypHOMy Aiana3oHi
CBIIYUTH MPO MOKPAIIEHHS] YMOB pOOOTH KOHJAEHCATOpa, TOOTO TeMIepaTypH MOBITPsS Ha
BUXO/Il 3 HHOT'O JIOCATAIOTh KPUTHYHHUX 3HAYEHBb 32 BUIIUX TEMIEPATyp HABKOJHUIIHBOTO
cepeZIoBUIIA B TIOPIBHIHHI 31 CXEMO¥O, 1110 OyJia po3riisHyTa B poooTi [9].

3. llana teoperuuyna moaens THY moxke OyTu MpUIaTHOIO JJIsi 3aCTOCYBaHHS SIK B
KpaiHaxX 3 TMOMIPHUM CYXHM KOHTHHEHTAJbHUM KIIMATOM, TaK 1 3 BOJIOTMM TPOIIYHHUM
KJIIMaTOM B YCbOMY JI1aNa3oHl TeMIIEpaTyp HaBKOJMIIHBOTO CEPEIOBHINA, KOIH 00’ €KTOM
BEHTUJIALIT BHUCTyIIa€ BUPOOHWYE TMPHUMIIIEHHS 3 HEBHCOKOK KPATHICTIO IMOBITPOOOMIHY

(ex, ckJaj, MalluHHE BIIIIJICHHS).
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PO3AL1I 5 JOCJIKEHHSA EHEPTETUYHOI E®EKTHUBHOCTI
TEIIJIOHACOCHOI CHUCTEMHM BEHTWIAIII TA KOHJIUIIIOBAHHS
BUPOGHUYOI'O MPUMIILIEHHS 3 PEKYIEPAILIIEIO BEHTUWISALIHHOTO
IHHOBITPA

5.1 IlocTaHoBKAa 32424 AOCTIKeHHSA

3acrocyBanns THY B cucremax BEHTWIAII] Ta KOHAMIIIOBAHHS MOBITPS mOTpelye
0COOJIMBOTO MIAXO/y, OCKUIbKH OCyleHe Ticis BunapHuka TH 30BHINIHE YHCTE MOBITPS
HEOOX1JHO MIIIrpiBaTH 10 3a/1aH01 TEMIIEPATypH Ha BX0/11 B mpuMiteHHs [65]. Lleit nmpouec
MOke OyTH OpraHi30BaHUM PI3HUMU HUISIXamMu. Y po0OoTi [9] mpoBeaeHO TepMOIUHAMIYHUN
anamiz THY, y skiif 1OCATHEHHS 3aJIaHUX MMapaMeTPiB MPUILIUBHOTO MOBITPS BiAOYBaEThCs
3a paxyHOK 3MIIIyBaHHS O0X0JIOJKeHoro B BunapHuky TH 1 Harpitoro B konnencaropi TH
noTokiB moBiTpsi. EHeproedexktuBHicTh Takoi THY miaBuUIIy€eThCs 3a paxyHOK 4acTKOBOI
PELUPKYJIALIT  BIAMPAIlbOBAHOTO TOBITPS, TOOTO BHACIIIOK YaCcTKOBOI YTHIII3aIlll
BHUPOOJIEHOT 0 XOJIOY.

Pazom 3 TuUM iCHye TPHUHIMIOBA MOKJIUBICTh MOJANBIIOTO  IT1ABUIICHHS
eHeproe()eKTUBHOCTI TAaKOI CHCTEMH 32 PaXyHOK IOMNEPEIHbOI pPEeKymHepalii XOoJoay
BIJIMPAIbOBAHOTO TOBITPSA JUISI  OXOJOJPKEHHS CBDKOrO aTMOC(EpHOro TOBITPSI.
OuikyBaHuM e(eKTOM BiJ] peKyrepallii XoJ0ay € 3HUKEHHSI HAaBaHTAXXEHHS HA BUIIAPHUK
TH, i, Ak HacmiOK, 3MEHIIEHHS POOOTH KOMIIpecopa Ta MiJBUIICHHS EHEPreTHYHOT
epexktuBHOCTI pobotn THY B minmomy. OmHak mpu I[bOMY MIiAITPIB B peKyIepaTopi
PELUPKYJIAILIIHOTO MOBITPSI, 110 TOCTynae B KoHjaeHcarop TH, € ooMmexyrouum pakrtopom,
OCKIJIbKH MOY€ IPUBECTH J0 MIJABUILEHHS TEMIIEPATypH MOBITPS MICIs KOHAEHCATOpa, SKa
HE TTOBMHHA MEPEBUIIYBAaTH KPUTUUHUX 3HAUCHb (01u3bK0 60 °C) niis 3anmo0iraHHs BUXOTY
3 naxy obnagHanHs TH [96]. ToMy nmuTaHHs 3acTOCYBaHHS peKyInepaTopa XoJIoAy B Takii
TEMJIOHACOCHIN CUCTEMI MOTPEOYy€E CIEMiaIbHOTO TOCIIIKEHHS.

PesynpraTomM poOOTH € BU3HAUCHI eHepreTUYHa €()EKTUBHICTH Ta PEKUMHU POOOTH
THY B rtemnuii nepiof poKy B 3aJ€XKHOCTI BIJ IapaMeTpiB 30BHIIIHbOTO MOBITPS,

e(eKTHUBHOCTI TMpOIeCy peKymnepaiii Ta XapaKTepUCTUK OO0 €KTIB BEHTWIAIIT Ta
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KoHauIlitoBaHHs.  Po3poOineno  teopermuny wmoxenr THY ta  mpoBemeno  ii
TEPMOJIMHAMIYHUN aHaJi3 1711 BU3HAYEHHS TapaMeTPiB MOBITPS B BY3JIOBUX TOUKAX CXEMH

Ta YMOB 3a0€3I1€YEHHs TapaMeTPiB IPUILIUBHOIO ITOBITPS.

5.2 Onuc cucreMu Ta pod0Y0ro npouecy

Ha puc. 5.1 300pakeHa TPHUHIIMIIOBA CXEMa BEHTWISALIT Ta KOHAMIIIOBAHHS 3
peKyIepallieo BIAMPAlbOBAHOTO MOBITPSI Ta 31 3MIHHOK YaCTKOKO CBIKOTO 30BHIIIHBOTO
noBiTps. [lpuHIMI poOOTH CXeMH: CBDXKE 30BHIIIHE TOBITPS 3 TEMIEPATyporo fo,
BOJIOTOBMICTOM do 1 MACOBOIO BUTPATOIO (o IOCTYIIAE 10 PEKYIIEPATOPA, 1€ OXOJIOIHKYETHCS
32 MOCTIMHOrO BOJIOTOBMICTY JI0 TEMIIEPATYpPH fox 3@ PAXyHOK XOJIOAY BEHTHIISLIMHUX
BUKH/IIB 3 TPUMIIIEHHS 3 TEMIIEPATYPOIO f2, BOJIOTOBMICTOM 2 1 MaCOBOIO BUTPATOIO Giar.
OxoJ0/)KeHe 30BHIIIHE TOBITPS HANPABISIEThCS 10 BUnapHuka TH, 1e 0xXomomKyeThes 3
YaCTKOBOIO KOHJICHCAITIEIO BOASHOI IMapH JI0 TEMIIEPATYPH £z Ta BOJOTOBMICTY dp. [lizmirpiTe
BIJIIIpaI[bOBAHE MOBITPS MICIIs PEKYNepaTopa 3a TEMIIEPATYPH fy Ta CTAJIOTO BOJIOTOBMICTY
HAJIXOIUTh A0 KoHJeHcatopa TH, ne HarpiBaeTbcsl 1 Ha BHXOJl Ma€ TEMIEpPATypy f 3
HE3MIHHUM BOJIOTOBMICTOM d>. Harpite BianpanboBaHe MOBITPS PO3AUISETHCS Ha JBa
MOTOKH: OAWH TOTIK 3 MAacOBOIO BUTPATOI0 Go CKUIAETHCS B HABKOJHUIITHE CEPEIOBHIIC;
JIpYTU#l MOTIK ToJaeThes 10 kamepu 3minryBanHs (K3), ne 3mimnyerbes 3 0XOJIOMKEHUM
30BHIIIIHIM MOBITPsM Ticis Bunapauka TH. Otpumana cymimn noBitps (¢1, di, Gsar) TiCHS
K3 cnopsimoByeTbest 10 BHPOOHMYOTO TPHUMIIMICHHS JUIsl [UIeH BEHTWIAIIT Ta
KOHJUIIOBaHHS ([UIsI KOMIIEHCallli HaJAXOMKEHb TEIUIOTH 4Yepe3 OropOJKEHHS Ta
BHYTPIIIHIX TEIUIOBUILIEHB).

Ha puc. 5.2 300paxxeHo poOounii mporec 3MiHU CTaHy MOBITPS B CUCTEMI BEHTHUIISIIIT
Ta KOHAMIIIOBAHHS TIpUMIIeHHS B /h-d miarpami. Touka O moOynoBaHa 3a mapameTrpaMu
HABKOJUIIHBOro cepepoBuma (¢, ,h ) [90]. Touka 2 moOynoBaHa 3rigHO 3 HEOOXI1IHUMH
TEMIIEPATypoOl0 # 1 BIHOCHOK BOJIOTICTIO (2 TOBITPSI BCEPEIUHI BUPOOHUUOTO
MPUMIIICHHS, BU3HAYAETHCA 3TiAHO 3 [91] B 3a]I€)KHOCTI BiJl TEXHOJIOTTYHOTO MTPU3HAYCHHS
npuMilieHHs. 3a s-d piarpaMor0 BU3HAYAEThCS /2. 3riIHO 3 OyIiBeIbHUMH HOpMaMu [91]

JUTSL TAHOTO TPUMIIIIEHHS! TPUMMA€EThCs BEIMYHUHA MEPErPIBY MPUIUTUBHOTO MOBITPS Afpenr
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Puc. 5.1 — IlpunuunoBa THY BeHTUIALIT Ta KOHAULIIOBAHHS MOBITPS B IPUMILICHH] 3
pekyrnepairiero BeHTUIiHHOro noBiTps: K — konaencarop TH; B — Bunapauk TH;
K — xommpecop; K3 — kamepa 3mimryBanns; P — pexyneparop; OBK — 00’ ekt BeHTHIISILIIT

Ta KOHJIMITIFOBAaHHS ITOBITPSI.

1 Ha JiHIT Ay = const 3a f1' = t» + Afgenr 3HAXOUTHCS TOUKA /', sIKa BIAMOBIJAE CTaHY
OPUILUIMBHOTO TOBITPSI 32 YMOB BEHTHWJIALIT JUIsl BUAANECHHS 3aiiBoi Bosioru. Ilepexin 7'-1
300pakye  JIOJATKOBE  IEPEOXOJIOJDKEHHS  TOBITPSA IS 3a70BOJICHHS  IOTped
KOHuIitoBaHHs. TemmnepaTypa moBitps B Toulll / Ha JiHii di = const Moxke OyTH IpUITHSTA,
BUXOJIS1YM 3 YMOB ITPOMOPLIHHOCTI PI3HULI TEMIEPATYP, 1110 BIANOBIIAE IEPEOXOIOKEHHIO
MOBITPS HA BXO/I1 B IPUMIIIEHHS, 1 Iepenay TeMIiepaTyp 330BHI 1 BCepeIuH1 IPUMIIICHHSI,
T00TO At =t1— t1 = K(t0 — 12), e K — xoedilieHT NpOonopLiiHOCTI, 3HAYESHHS SIKOTO 3aJI€KHUTh
BiJl 3OBHIIIHIX Ta BHYTPIIIHIX HAAXO/KEHb TEIUIOTH. BiampambsoBaHe TOBITPA 3
napaMeTpaMu B TOYLll 2 MIAIrpIBa€TbCsl B peKylepaTopi A0 TEMIIEpaTypH fy 3a CTaJIOro
BOJIOTOBMICTY d>. [ToTiM 11e# MOTIK HAIXOIUTh 10 KOoHIeHcaTopa TH, ne migirpiBaeTbes 10
TEMIIEPATYpPH f« 32 MOCTIHHOTO BOJIOTOBMICTY. OJHa YacTHHA MOBITPS BUAAISETHCS B
HABKOJIMIIHE CEPEAOBUILE, 1HIIA 3MIIIYETHCS 3 OXOJOIKEHUM y pEKyIepaTopl, a MoTiM y
Bunapuuky TH 30BHIIIHIM MOBITpsIM (TOYKK OX 1 B BIAMOBIHO), YTBOPIOKOYH B TOUIll /
CyMilll TIOBITPS 3 BOJOTOBMICTOM di' = di Ta TEMIEPATYpOIO fi, KA HANpaBIAE€TbCS B
IPUMIIICHHS IS 3aJI0BOJICHHS MOTpeOd BEHTWIAIII Ta KoHmuiliroBaHHA. Ilpomec /-2

BIJIMOB1Aa€ poOOYOMY TIPOIIECY 3MIHM CTaHy MOBITPS BCEPEIMHI MPUMIIIICHHS.
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Puc. 5.2 — PoGouwnii riporiec 3MiHU CTaHy MOBITPS B CUCTEM1 BEHTHIISIIIT Ta

KOH/IUIIIFOBaHHS MPUMIIIICHHS B /i-d [iarpami.

5.3 Tepmoaunamiunuii anamiiz THY

[IpoBenenns Tepmoaunamiynoro ananizy THY nepenbauae monepeaHe BUSHaA4CHHS 1i
TEPMOJIMHAMIYHOTO CTaHy 3a NPUHHATUX BUXIIHUX @apaMmMeTpiB MOBITPS BCEPEIHHI
NPUMILIEHHS Ta B 3aJE€KHOCTI Bl 3MIHHMX @apaMeTpiB 30BHIIIHBOTO CEpEIOBUIIA
(Temmnepatypa Ta BosioroBmicT noBitpsi). Cran THY BeHTUIIALIT Ta KOHIUIIFOBAHHS MMOBITPS
3aJICKUTH BiJl HEBIJOMHUX MapaMeTpPiB MOBITPs y i By3J0BUX Toukax. JIJis maHOT cHCTeMH
HEBIJIOMMMHU IapaMeTpamMu € J0Js IOTOKY CBIKOIO 30BHIIIHBOIO IOBITPS, WIO
HarpaBisieTbcsl Ha BunapHuk TH, TemmepaTypu mNOBITpS MICHS peKylepaTopa, MHICIs
BUIIApHUKA Ta KoHJeHcaropa TH, a Takox Beau4uHa XOJOJUIBHOTO KoedilieHTa BCiel
cxemu. PIBHSIHHS TEIUIOBOTO Ta MaTepiaJbHOTO OajlaHCIB OKPEMUX €JIEMEHTIB CUCTEMU Ta
CUCTEMHU B IIJIOMY JI03BOJISIIOTH BU3HAYUTH 3AJICKHOCTI JUISI [IUX TTapaMeTpiB.

Temneparypu MOBITPSHUX MOTOKIB MICIsl PeKyNepaTopa MOKHa BU3HAYUTH 3 BUPaA3y
JUTSL OLIIHKH Moro e(heKTUBHOCTI [93]

t, —t

abo m, = X (5.1)
to_tz to _tz

ne n. — KoediuieHT eheKTUBHOCTI pekymneparopa; ., f,, °C — Temmeparypu

H? [0
BIJIMMOBI1HO HArpIiTOr0 BEHTHJISAIIMHOTO Ta OXOJIO0PKEHOT'0 30BHIIIHHOTO TTOBITPSI.

3 (5.1) Bupasu i Temneparyp ¢, 1 £ MarOTh HACTYITHUH BUIIIAA
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tH :t2+nr(t0_t2)9 (52)

L =1y _nr(to _tz)'

EnTtanemii /s 1 hox BU3HAYAKOTHCA 3 A-d aiarpaMu B TOYKaX IEPETUHY BiIMOBIIHHUX
KPUBUX TEMIIEPATyp Ta BOJIOTOBMICTIB BEHTUJISIIHHOTO (fy X d2) Ta 30BHIIIHBOTO MOBITPS
(tox % dbo).

EnTansIist cBi>XKOro 30BHINTHBOTO OBITPS micis BunapHuka TH Moxe OyTu BU3HaAUeHa

13 pIBHSIHHS TeTuioBoro 6amancy s K3, ske Mae BUTIIAL

GOhB + Gphx = Gsarh’I’ (53)

ne G,, Gp, G

3ar ?

KI/C — MacOB1 BUTPATU CBIXKOTO, YACTKH HATPITOTO BiAMPAI[LOBAHOTO
1 3arajgbHOrO MOTOKIB MOBITPs; A, h_, h, KJ[K/Klcn — €HTalbIIl BIANOBIAHUX IOTOKIB
MOBITPSL.

PozpinuBiim iBy Ta mpaBy 4acTUHU piBHSAHHA (5.3) Ha BenmuuuHy G

3ar ?

Koh, + (1= Koh, = h, (5.4)

OTpUMAEMO

ne K, —4acTka CBIKOrO 30BHIIIHBOIO MOBITPS HA MOTPEOU BEHTHIIALLII.

Toni, enTanemito A, , O BU3HAYAETHCS 3 PIBHAHHA (5.4), MOJKHA 3alIUCATH K

=" _(11; Kok, (5.5)

Bosorosmict cBI3KOT0 30BHIIIHBOIO MOBITPS micist Bunapuuka TH mMoxxHa Bupazurtu 3

PIBHSIHHSI MaTepiaJIbHOTO OanaHCy BOJOTH AJIA BCIET CXEMHU, SIKE Ma€ BUTJIIS

G, (d,—d))+Gyd, = Gyd, + Gy(d, - d,). (5.6)
Po3pinmuBmn 1By Ta npaBy 4acTUHM piBHAHHA (5.6) Ha BemmuuHy G, , TICIA PRy
IIEPETBOPEHb OTPUMAEMO
d =d,- d, ~d, (5.7)
K,

Temneparypa Ha Buxoni 3 BunapHuka TH, 7, Moxxe OyTu BU3HaueHa 3a JIOIIOMOTOO
h-d niarpamu Bosiororo noitps Ha JdiHii @ = 100% B Touwi ii nepetuny 3 4, abo d, .

YacTka CBI’)KOTO 30BHIITHBOTO MOBITPS HA TOTPEOM BEHTUJIALIT MOXKe OyTH BU3HAaUCHA

13 piBHSIHHS eHepreTuyHoro 6anancy TH
QK = QBHH + LK‘ (58)

CknanoBi piBHSHHS (5.8) BU3HAYAIOTHCS TaK:
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TEIJIOBUM MOTIK, BiJIBeICHUH B1Jl KoHaeHcaTopa TH

O, = G (B = 1,); (5.9)
TEIJIOBUI MOTIK, MiABEACHUM 10 BunapHuka TH
O = Gy (h — 1,); (5.10)
3aTpaTH 30BHIIIHBOI CICKTPUYHOT eHeprii Ha kommpecop TH
L= O/ &1 (5.11)

ne € — xonoaunbHu koedimient TH.

I3 piBHsiHHA (5.8) 3 ypaxyBan"sMm (5.9) — (5.11) micns Aeskux MaTeMaTUYHUX
NIePETBOPEHb BHUpPA3 I BU3HAYCHHS YaCTKH CBDKOT'O 30BHINIHBOTO IOBITPS IpUiiMae

BUTJISI

K - h.—h, ¢

0

™ 5.12
h,—h e +1 ( )

Edextunicts pobotu TH, sxuii B peskuMi KOHAULIIOBAHHS MPAIIOE K XOJOIUIbHA

MaIllliHa, MOYKHA B JIAHOMY BHIAKY OI[IHUTH BEJIMYMHOIO XOJOAMIBHOTO Koedirienta TH

1
= 5.13
Eon 273+t + At G-13)

1
273+t — At

1€ t, — TEeMIIepaTypa CBIKOTO 30BHILIHBOIO NOBITPs Ha BUXoAl 3 Bunapuuka TH, °C; #
— TeMmueparypa BIANpPalbOBAaHOTO NOBITPs Ha Buxoll 3 KonaeHcaropa TH, °C; A# —
TEeMIIepaTypHUI Meperajl Mi>k IOTOKAMH 30BHIIIHBOTO TIOBITPSI TA XOJIOAWIBHOIO areHTa Ha
Buxoi 3 Bunapuuka TH, °C; At« — TemnepatypHuii mepemnaj Mix MOTOKaMH XOJIOAMIBHOTO
are’ra 1 BIAIPabOBAaHOTO MOBITPS Ha BuxoAl 3 KoHaeHcatopa TH, °C. ¥V mitepatypi
HABOJSATHCS YMCIIOBI 3HAUEHHS TEMIIEpATypHUX IMEpernajiB y KOHAEHCATOpl 1 BUMAPHUKY
s TH tuny «moBiTpst — noBitps». 3rigHo 3 [91] mis koHAeHcaTtopa 1 BunmapHuka TH
MOKHA NpUUHATH At = Atz = 10 °C.

EnTanbnis BiANpanboBaHOTO MOBITPS HA BUXO/1 3 KoHJeHcaTopa TH BU3HavaeThes 3
PIBHSIHHSI €HEPreTUYHOro OanaHCy NIl BCIEl CXeMU

Gyhy+ L.+ 0. =Gh. (5.14)

OHJ{

PosninmuBmm niBy Ta mnpaBy 4acTMHM piBHAHHA (5.14) Ha Bemmuumny G, Ta

BpaxyBaBlH piBHAHHA (3.1) B O, , HICHA psily IEPETBOPEHb OTPUMAEMO

oHJI ’
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1 N c,K(t, —t,)
g K,

TH

ho=h+(h, —h) (5.15)

Temneparypa Ha Buxoni 3 koHaeHcaropa TH, ¢, Moxe OyTu BU3Ha4YeHa 3a 10IIOMOT 010
h-d nmiarpaMu BOJIOTOTO IOBITPSI B TOYLl MEPETUHY /_ 3 BOJOTNOBMICTOM BCEPEIMHI
INPUMIIIEHHS d, .

EHranenito /4 3 JOCTaTHbOK TOYHICTIO MOXKHa BHU3HAYUTU 33 PO3PAaXyHKOBOIO
dbopmyroro (2.19).

XonoaunsHuil koedinieHT TH, sk 1 koedimieHT TpanchopMallii TEMI0TH, 3aJICKHUTH
TUIBKA BiJ yMOB pobotu camoro TH, ToOTO Bim TemmepaTypHOro piBHSA TMPOIECIB
TEMI000MiHY, III0 TPOXOIATh y BUMAPHUKY 1 KoHAeHcatopl TH. Tomy nins xapakrepucTuku
edekTuBHOCTI pobOoTh Bciei THY BeHTHmAmii Ta KOHAMIIIIOBAHHS OUIBII JTOLIIBHO
BUKOPHUCTATH KOMIUIEKCHUN TOKa3HUK (XOJIOJUILHUM KOE(ILIEHT BClET CXEMH), SKUU

MOJKHa IPpCACTAaBUTH HACTYIITHUM YHMHOM

€ :%, (5.16)

ne Q... , KBT — Xo104uiIbHa NOTYKHICTb, 110 BUPOOJIIETHCS HA BXOJ1 y BUPOOHHUYE
MPUMILIEHHS 1 BUBHAYAETHCS K
Oron = G (hy = ). (5.17)
3 ypaxyBanHsaM piBHsHB (5.17) ta (5.10), (5.11) Bupa3z (5.16) moxHa 3anucaTu
HACTYITHUM YHHOM
_ Eu(ly—h)

R : 5.18
“~K.(h —h) (5.18)

5.4 Pe3yabTaTu po3paxyHKiB

PospaxynkoBuii ananiz mapamerpiB THY BukoOHaHO sl TUIOBOTO BHUPOOHHUYOTO
MNPUMIIICHHS 3 3alaHUM TEXHOJIOTIYHUM PEXKUMOM. Y SKOCTI HPOTOTHUILY OOpaHO
BUPOOHWYHMH 11X KoHauTepchbkoi (abpuxku «Pomen» B KwuiBchkiit oOmacti [88]. s
3a0e3nedyeHHst KoOMPOPTHUX YMOB pOOOTH B MPUMIILIEHHI LIeXy OyJId BCTAHOBJIEH1 HACTYIIHI
napaMeTpu BHYTPIITHBOTO MOBITPs [91]: TemmnepaTypa B nmpuminieHHi £, = 18 °C; BiqHOCHa

BOJIOTICTh MOBITPsI B puMillieHH1 (2 = 50 %; neperpiB NpUILTUBHOTO MOBITPS AJI CUCTEMHU
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BEHTHIISIIT Afgerr = 3 °C.

3a 3amaHWX yMOB OyJ0 BH3HAYEHO BOJOTOBMICT TMOBITPS HA BXOJI 1 BHUXOMI 3
NpUMIIIEHHs, TOOTO B TOoYkax [/ 1 2 jgiarpamu poOo4oro rmporecy Ha puc. 5.2:
di1=5,31/Kren 1 d2=6,5 r/KTc .

UwucenbHMit aHaMI3 13 BAKOPUCTAHHSM CHiBBIAHOMIEHB (5.2), (5.5), (5.7), (5.12), (5.13),
(5.15) 1 (5.18) mMeromoM IMOCTITOBHUX HAOJMKEHb J1a€ 3MOTY OIIHUTH BIUITMB 3MIHU
TEMIIEpaTypd Ta BIJIHOCHOI BOJIOTOCTI HAaBKOJIMIIHBOTO CEpPeloBHUINA, €()EKTUBHOCTI
peKkymepariii, XapakTepUCTHKU 00’ €KTy BEHTWJIAIIT Ta KOHAMUIIIIOBAHHS K Ha IMapaMeTpu
cucteMu (Temmeparypa MOBITPS Ha BHUXOJl 3 BUMNAapHHMKA Ta KoHJeHcaTopa TH, wacTka
CBI’KOT'O 30BHILIHBOT'O MOBITPS, XOJOAWIbHUIM KoedimienT TH), Tak 1 Ha TepMOAUHAMIYHY
e(eKTUBHICTh 3aCTOCYBAaHHSA JJAHOT CUCTEMH BEHTHJIALIT Ta KOHAUIIFOBAaHHS.

AJNTOPUTM 1TEPALIITHOTO IUKITY HACTYITHU: 33al0ThCsl 3HAUCHHSI BEIMUUH K, fo, (o, 1r.
3a f 1 Qo 3 h-d niarpamu BU3HA4arOThes do 1 ho. Y mepiioMy HaOJIMKEHHI NMPUIMAETHCS
JOBUTbHE 3HAYEHHS BeTuInHU Ko. 3a popmyrnamu (5.2) 00UMCTIOIOTECS TEMIIEPATYPH fi 1 Lox,
BIJIMOBIJIHI MHUTOMI E€HTaNIbMIl BU3HA4yaloThcsl 3 h-d miarpamu. HeoOximHa Temmeparypa
PUILTUBHOTO MOBITPSI ¢1 3HAXO0AUTHCA 3 popmyiu (3.1), a nuTomMa eHrtasbmis /71 — 3 Gopmynu
(2.19). 3a piBHAHHAM (5.7) pOo3paxOBY€ETHCS BOJIOTOBMICT dy Ta BU3HAYAIOTHCS 1, 1 /s 3 h-d
miarpamu. Y mepuioMy HaOJMWKEHHI MPUAMAEThbCs JOBUILHE 3HAUEHHS TEMIIEpaTypH f« Ta
PO3paxoBYEThCS BeMWYMHA XOJ0auabHOTO Koedimienta TH &n 3a dopmynoro (5.13). 3
piBHsIHHSA (5.15) BU3HAUa€ThCs MUTOMA EHTANbIIs /i 1 3 A-d JllarpamMor0 3HaXOJUThCSI HOBE
3HAYEHHSI TEMIEPATYPU Ik, SIKE TOPIBHIOETHCS 3 TMOMEPEIHBO NMPUUHATAM. Y TOUHEHHS f«
OPOAOBXKYEThCA, MOKH BIJHOCHAa MoxuOka He craHoButuMe 0 %. 3a piBHsHHIM (5.5)
pO3paxoOBYEThCS EHTAJbIISA Ay 1 BU3HAYAIOTHCA fz 1 dp 3 h-d miarpamu. Ilicns mworo
YTOUHIOETHCS € 32 (popmyroro (5.13) 3 ypaxyBaHHSIM HOBUX 3Ha4€Hb BIIIOBIIHUX
napametpiB. 3a ¢dopmynoro (5.12) Bu3HauaeTbCsi Ko Ta MOPIBHIOETHCS 3 IMONEPEIHBO
NPUIHATAM 3HaYEHHSM. [Tepailisi TOBTOPIOETHCA, TTOKH BIJHOCHA TTOXHUOKA MK MMOYaTKOBUM
Ta KiHIIEBUM 3HaueHHAMU Ko He Oynae craHoButu 0,5 %. 3a piBHsHHAM (5.18) OIliHIOETHCS
BEJTMYMHA XOJIOJUIBHOTO KOE(IIIEHTA BCIET CXEMU Ecx.

Jns epexTUBHOCTI pekyrepallii NpuiHATO HacTymHi 3HayeHHs N = 0; 0,4; 0,6; 0,8.

[Ipuuomy Bunanok, koiau 1. = 0, Bianosigae THY, siky posriasHyto B po0oTi [9], ToOTO
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BEHTHJIAIIIS Ta KOHIMIIFOBAHHS MOBITPS 0€3 MONepeIHb0l peKyIeparrii Xoao1y.

[Tpu BuOOp1 BennunHu K BpaxoBaHa Taka OOCTaBHMHA. 3a HABEIEHOIO y poOoTI [9]
METOJMKOI0 JUIsi OOpaHOro BUPOOHMYOrO0 NPHUMIIIEHHS BcTaHoBiIeHO, mo K = 0,23
(BITHOIIICHHSI HAJIXO/PKEHb TEIUIOTH 0 NPHUMIIIEHHS [0 TEIUIOTH Ha BEHTUJIALIIO).
OTpumaHe 3HAY€HHs BIANOBINA€ MIMCHOCTI, OCKUIbKM JiJIsi OyAiBEIb BHPOOHHYOIO Ta
TPOMAJICHKOTO MPU3HAYEHb BUTPATH TEIUIOTH HA BEHTWIALIID MOXYTh Y JEKIJIbKa pa3iB
MIePEBUIIYBATH BIAMOBIIHI TEIJIOBI IPUTOKHU [93]. ¥V 3B’S3Ky 3 IMM B HaBEJACHOMY HIKUE
aHaTi31 B3sATO HACTYITHI 3Ha4YeHHs koedirienta K = 0,1; 0,3; 0,5.

Ha puc. 5.3, a-B HaBeieHo rpadiyHi 3aJIeKHOCTI TeMIIepaTyp MOBITPSHUX MOTOKIB HA
BUXOJI 3 KOHJEHCAaTopa f« Ta BUMApHHWKAa f; TH Big TemmepaTypu HaBKOJHUIIHBOTO
Cepe/ioBUIIIa Ta BIJHOCHOI BOJIOTOCTI 30BHIIIHBOrO MOBITPs (a), BenuunHU K (0) 1
koe(dimienta pexynepaiii (B) (f, t = f (to, @o, K, Mr)). Temneparypu tx 0OMEXKYIOThCS
KPUTHYHUM 3HAYEHHSIM TeMIIepaTypH, 3a sIKOT MOXJIMBAa HOpMallbHA poOO0Ta KOHAEHCATOpa
TH. BunHo, 1m0 yMOBH BHUKOPUCTaHHS JaHOI CXEMHU TOTIPIIYIOTHCS 31 30UIBIICHHSIM
BIJTHOCHOI BOJIOTOCT1 HaBKOJIUIIIHBOTO cepeoBuia. Jliana3oH 3acTOCyBaHHS J1aHOT CXEMHU
ckianae: Bif fo =27 °C (@o = 80 %) 1o to = 34 °C (po = 40 %), mo Ha 1-2 °C mmpiie, HIK Yy
BUMaKy Oe3 pekyneparii [9]. Temnepatypu £ 3a to > 20 °C maiixe He 3aieXarh BiJl
BIZJTHOCHOI BOJIOTOCTI (o Ta TEMIIEPATypH f) HABKOJIHUIIHBOTO CEPEIOBHILA Ta CTAHOBIATH B
cepenabomy 6 °C. BukopucranHs pekynepaiiii Ma€ HaiOUTBIIHI TO3UTUBHUH BITUB caMe Ha
Temneparypu miciig Bunapauka TH #, y TOM yac SK rpaHd4H1 3HAUYEHHS TeMIIepaTyp Micis
koHzaeHcaropa TH # maiixke He3MiHHI. TakuM 4YMHOM, perioHOM BHKOpUcTaHHs AaHoi THY,
gK 1 B po0oTi [9], € kpaiHu 3 TOMIpHUM KOHTHHEHTAJILHUM KiliMaToM (YKpaina, YropiuHa,
PyMmyHist) 3 HU3bKUMU 3HAYEHHSMH B1JIHOCHOI BOJIOTOCTI MOBITPSI.

BaxnnBoio xapakTepUCTHKOIO JAHOI CUCTEMH € YaCTKa MOTOKY CBIKOTO 30BHIIITHBOTO
MOBITpS Ha BXOoJ1 B cucrtemy Ko, sika HampaBiisieThcss Ha BumnapHuk TH. BigmosimHi
PO3paxyHKOBI JIaHi JJi 3MIHHOI YacTKH CBIXKOrO MOBITPSI, 110 OTPUMAaHI 32 PIBHSIHHIM

(5.12), naBeaeni Ha puc. 5.4.
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Puc. 5.3 — 3anmexHocTi TemmepaTyp HOBITPSHUX

NOTOKIB Ha BUXOJl 3 KOHJEHCATOpa Ta BUIAPHUKA
TH Bix Temmneparypu HaBKOJMIIHLOTO CEPEIOBHUIIA
Ta BIJIHOCHOI BOJIOIOCTI 30BHIIIHBOIO TMOBITPs (a),
BemuunH K (0) 1 koedimieHnta pexynepauii (B):
a) K=031mn:=0,8: 1-4 (t) — @o = 40 %, 50 %,
60 %, 70 %; 5 (&) — @0 = 50 % 1 = 0; 6-9 (%) —
@0 =40 % — 70 %; 10 () — @0 = 50 % 1 nr = 0;
0) po=50% in.=0,8: 1-3 (&) — K=10,1; 0,3; 0,5;
4 (t)—-K=031in=0;5-7(tz) —K=0,1;0,3; 0,5;
8(t) —K=0311n:=0;B) =50 % 1K =0,3:
1-4 () —m:=0,8; 0,6; 0,4; 0; 5-8 (z) — M = 0,8; 0,6;
0.4; 0.

3 rpadikiB BHIHO, IO YacTKa CBIKOTO TOBITPA I MIATPUMAHHS 3aJaHUX

KOM(DOPTHUX MapaMeTpiB MOBITPS B MPUMIIIEHHI Ma€ 3MIHIOBATUCh B 3aJI€KHOCTI SK BiJl

TEMIIEPATYPH fo, TAK 1 BIZTHOCHOI BOJIOI'OCTI (99 HABKOJIUIIIHEOTO CEPEIOBUINA. 3a MOCTIHHOT
M

TEeMIIepaTypH fo moTpeda y CBIXKOMY IMOBITP1 3pOCTa€ 31 30UTbIISHHSM BIIHOCHOI BOJIOTOCTI

o, KoedimieHTa pekymnepamii 1 Ta BeaIWYuHH K, TOOTO HAAXOMKEHb TEIJIOTH M0

npuMillleHHs. 3a 30UIbIICHHST (o, 3pocTae eHTanbiis fo. Ile, a Takoxx OUIBII TIMOOKa

yTHIII3a1isl X0JIOAY BEHTHIALIIITHOTO MOBITPS Y peKyIepaTopl, IPU3BOIUTE 0 301IbILIECHHS

TEMIIEpaTypH f BIAMPAIbOBAHOTO MOBITPs micist koHaencaropa TH. ¥V pesynbrarti 1o K3

HAJXOJUTh OLIbIlIa YacTKa CBIKOTO TMOBITPS 3a BUIIOI BIJHOCHOI BOJIOTOCTI (o. Tomy

npoektyBaHHs THY BeHTWIISILIT Ta KOHAMIIIIOBAHHS MOBITPS Ma€ 3/11MCHIOBATUCA 3a YMOBU
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3MIHHOTO HAJXOJKEHHS CBIKOTO TOBITPS, OCKUIBKM B 1HIIIOMY BHUNAQJKy CHCTEMa HE
3a0€3MeUYnTh 3aJJaHOT0 TEXHOJIOTIYHOTO PEXKUMY BCEPEIMHI NPUMIMICHHS 3a 3MIHU
napaMeTpiB HABKOJUIIHBOTO CEPEAOBHINA. 3arajioM BUKOPUCTAHHS peKynepanii 3011p1rye
YaCTKY CBIKOTO TOBITPS B 3arajibHii BUTPATI OBITPAI.

K Ko =1 (t; @9 =50 %; K; n,.= 0.8)
K, Ky =f(t; @3 K=0.3;1,=0.8) 1.0
1.0

0.9
0.9 =

" 08
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a) 0

. Ko = £t 00 = 50 % K= 0.3 1) Puc. 5.4 — 3anexHOCTI 3MIHHOI YaCTKUA CBIKOTO

1.0 . . .
30BHIIIHBOIO  IIOBITPS Bl  TEMIIEPATYpHU

0.9

os HAaBKOJIMIIHBOTO  CCPCOAOBHUIIIA Ta BiI[HOCHO‘l‘

07 BOJIOTOCTI 30BHIIHBOTO MOBITPS (@), BeMMUrHU K

06 (0) 1 koedimienTa pexynepaiii (B): a) K = 0,3 1
Nr=0,8: 1-4 —po =40 % — 70 %; 5 — o =50 % 1
0 N-=20;6)p0o=50%1in.=0,8:1-3-K=0,1;0,3;
02 v 0,54-K=031n=0;B)po=50%1K=0,3:

16 18 20 22 24 26 28 30 32 34 36 38 40 42

B) 1-4 —m,=0,8; 0,6; 0,4; 0.

0.5

0.4

Ha ocHoBi uncensHOrO anamizy criBBigHomeHb (5.13) 1 (5.18) mobynoBano rpadivudi
3aJIeKHOCTI XonoauinbHuX koedimieHTiB TH ta THY BeHTHISIIT Ta KOHAMUIIFOBAHHS Bij
TEMIIEpaTypyd Ta BIJIHOCHOI BOJIOTOCTI HAaBKOJHMIIHBOTO CepefoBuINa, KoedirieHTa
pekynepanii 1 pi3HUX 3Ha4eHb BennuuHu K (g, ,e.. = f (to, o, K, Mr)) (puc. 5.5 — 5.6).
XonogunbHuil koedimienT TH XapakrepusyeTbcs BUIIMMHU 3HAYEHHSMU B 00acTi
nomipaux Temneparyp f = 20 — 30 °C y nopiBHsSIHHI 31 CXeMOI0 0e3 peKyIrepailii XoJo.1y.
[IpoTe 3 moganbIIMM 3pOCTAaHHSM fo Ta (P BUIHO 3HAYHE MaiHHS edeKkTuBHOCTI podotn TH
(puc. 5.5).
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Puc. 5.5 — 3ajexHOCTI XOJOAUIBHOTO
koeditieHTa TH BiJl TEMIIEPATYpHU

HaBKOJIMIITHEOTO CEPENIOBUINIA Ta BiTHOCHOI
BOJIOTOCTI 30BHIIIHBOTO TOBITPS (@), BEIMUUHA
K (0) 1 koediuienta pexyneparii (B): a) K = 0,3
1M =0,8:1-4 — o =40 % — 70 %; 5 — o =
50 % 1m:=0; 6) o =50 % 1 = 0,8: 1-3 —
K =20,1;03 054 -K=031n =0
B) oo =50 % 1 K =0,3: 1-4 — n. = 0,8; 0,6;

" 04;0.

3 rpadikiB Ha puc. 5.6 BumHO, MmO eHeproedekTuBHICT, manoi THY mocsrae

HaWOLIBIINX 3HAYEHb TAKOXX B 30HI BIIHOCHO HU3BKUX TEMIMEPATyp MOBKIUIS 1 3HAYHOIO

MIpOIO 3aJI€KHUTh BiJ BIJHOCHOI BOJOTOCTI aTrMOC(EepHOro MOBITPS Ta €PEKTUBHOCTI

nporiecy pekyrnepairii. 3HaueHHS XOJOJWIbHUX KOE(III€HTIB CXEMH Majo 3ajekaTh BiJl

XapaKTEePUCTUKU MPUMIIIEHHS, TOOTO BeIMYMHU K, B yChbOMY Jialla30H1 TEMIIEpaTyp fo.

VY 1inoMy MOKHA 3a3HAYUTH, IO TIOTIEPETHS PEeKyTepallis X0JI0ay BiAIPabOBaHOTO

MOBITPA ISl OXOJIO/PKEHHSI CBDKOIO aTMOC(EpHOro TMOBITPS CYTTEBO IIIJIBHIILYE

eHeproeeKTUBHICTh BCI€I TETUIOHACOCHOI CXEMH BEHTWJIAIII 1 KOHIUIIIIOBAHHS IS

MiATpUMaHHSI KOM(POPTHUX YMOB B BUPOOHHUOMY ITPUMIILIEHH] 3 BOJIOTOBHIICHHSIM.
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Eex Eex =f(t0; Pos K= 0'3; n= 0'8) Eex Eex =f(t0; P = 50 %; K; n= 0'8)
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Puc. 5.6 — 3amexHOCTI XOJOJUILHOIO
Koe(ilieHTa BCi€l CXeMHU BiJ TeMIIepaTypu
HABKOJIMIITHROTO ~ CEPE/IOBHINA Ta BIAHOCHOI
BOJIOTOCTI 30BHIIIHBOIO MOBITPA (a), BEIMYUHU
K (0) 1 koedimienTa pekynepauii (B): a) K=0,3 1
Nr=0,8:1-4—po=40%—70 %;5—0o=50%1
N:=0;0) po=50%11n.=0,8:1-3-K=0,1; 0,3;
054 -K=031n=20;B) g =50 % i
0032 0 36 % w0 K=0,3:1-4-n,=0,8; 0,6; 0,4; 0.

16 18 20 22 24 26

28
B)

5.5 BucHOBKHM 10 po3ainay 5

1. Ananiz ganoi THY BeHTHISIIIT Ta KOHIUIIIIOBaHHS TMOKa3aB MepeBaru peKyneparii
X0JIOy, Y TIOPIBHSIHHI 31 CXeMOI0 B poOoTi [9], miis 3abe3meueHHs] BUIIOTO XO0JIOUILHOTO
KoedilieHTa cxeMu B poOOYOMY Jiana3oHi TeMIepaTyp HaBKOJUIIHHOTO CEPEIOBUIINA 3a
PO3MVIAHYTUX 3HAYEHb BIJHOCHOI BOJIOTOCTI 30BHIIIHBOTO MOBITpA. TeopeTudHO
MaKCHUMaJIbHa €()eKTUBHICTh CXEMH CTAaHOBUTH OJU3BKO 4 0. (32 KPUTHYHUX TEMIIEPaTyp
noBITps micis koHaeHcaropa TH npu mapamerpax 30BHIIIHBOTO MOBITPS fo = 32-34 °C 1
@o =40-50 %).

2. PosrnsnyTta cucrema BEHTWISIIT Ta KOHAMIIIOBAHHS B NPUMIIICHHSX, €
noTpeOy€eThCsl MATPUMAHHS TEXHOJIOTTYHOTO PEXUMY (TEMIEepaTypH Ta BOJOTOBMICTY) B
TEIUIMM TepioJl pOKy, MOKe €(EeKTHBHO MpAIfOBATH JO JESKUX TMOMIPHUX 3HAYCHb
mapaMeTpiB 30BHINIHBOTO CEPEOBUINA, MOMAIBINE 30UTBIICHHS SKUX OOMEXKYEThCS
MaKCHMAaJIBHOIO TEMIIEPaTypOI0 CKUIHOTO MOBITPS Micis KoHaeHcaTopa TH.

3. Hana THY wmae HaliBuily eHeproe(eKTUBHICTh B 30HI BIJHOCHO HEBHCOKHX
TeMIiepatyp AOBKULISA fo = 28 °C 1 BigHOCHO1 BoJiorocTi o = 50 %. Lle roBopuTh npo 1€, 10
Taka cxema THY npupatHa st BUKOPUCTAaHHS y KpaiHaxX 3 MOMIPHUM KOHTHHEHTAJIbHUM
KJIIMAaToOM, SIKOMY MpUTaMaHHI1 HU3bK1 BITHOCHI BOJIOTOCTI TIOBITPSI.
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PO31J1 6 AHAJII3 BIIVIMBY 3MIHHN BHYTPIIHIHIX BOJTOI'OBUAIVIEHD
HA POBOTY TEIIJIOHACOCHOI YCTAHOBKHU JJs1 OCYIIEHHS TA
KOHANIIIOBAHHSA BUPOBHNYOI'O ITPUMILIEHHSA

6.1 IlocTaHOBKA 32124 JOCTiKeHHSA

HapnmumikoBa Bojiora € OAHIE€I0 3 TOJOBHUX TMPUYMH TOLIKOKEHHS 1 pyHHYBaHHS
OyniBens [97], 0coOMMBO B YKpaiHCHKMX YMOBAX, KOJHM BOJIOT1 CTiHHM TIiJ JI€I0 HU3BKHUX
TEMIepaTyp 3aMep3ar0Th, Yy pe3yJbTaTi Yoro OETOH 1 MerisHa KIajka CXWIbHI 0
PO3TPiCKyBaHHs, M0 MPU3BOAUTH J0 MEPEIUYACHOTO BUXOMY CHOpyX 3 jdaxy. He HacTinbku
KaTacTpo(iuHi, ajie, THM HE MEHIL, 3Ha4YHI HACIIIKK HaJIMIPHOI BOJIOTOCTI MAalOTh MiCLI€ IPH
30epiraHHi pi3HOTO poy MaTepiaiB 1 BUpoOiB. JIJis BCiX MaTepiaiiB ICHY€E CTaH, Y IKOMY BOHH
3HaXOJAThCA B PIBHOBA31 3 HABKOJIMILHIM cepeloBuiLieM. HaituacTiiie KoJimBaHHS BOJIOTOCTI €
€IMHAM a00 HAMOUIBII BaXKJIMBUM YHMHHHMKOM, IO BHUKJIMKAE€ HECTAOUIBHICTH BIACTHBOCTEH
MmaTtepianis [98].

Bigomi Tpu ocHOBHI MeTOI1 OOPOTHOM 3 HAUIMIIIKOBOO BOJIOTICTIO TIOBITPSI BCEPEANHI
OyIiBeNb 1 COPYA: aCUMUIALIS, aacopOIlis Ta koHaeHcalis [99]. OcranHiit € ogHUM 13
HANUOUIbII MOIIMPEHUX B MPUIITMBHO-BEHTWISLINHUX YCTaHOBKAaX, OCKIJIbBKHU € BIJHOCHO
IPOCTHM y BUKOHAHHI Ta 00CITyrOBYyBaHHI, HE MOTpeOye pereHepairii abo 3aMiHU COPOEHTIB
Ta JI03BOJISIE TOCSATATH BUCOKOI €Heproe()eKTUBHOCTI 32 PAXyHOK BCTAHOBJIEHOT'O KOHTYPY
teruioBoro Hacoca (TH). Taki temonacocHi ycranoBku (THY) € BucokoeexkTuBHUMU Ta
Opy TMPaBUILHOMY TPOCKTYBaHHI 3MEHIIYIOTh CIIOKHWBAaHHS TEPBUHHOI €Heprii 1o
BIJIHOIIIEHHIO 70 TpaauuiiHux cuctem [100].

Y poGoti [11] posrmsimaerbess THY BeHTWISANIT Ta KOHAMIIIIOBAHHS BUPOOHHYOTO
MPUMIILEHHS. 3 PeKyNepalicl0 BEeHTHJALIMHOIO MOBITPsS. Ii KOMIIOHOBKA € THIOBOIO Ta
BUKOPHUCTOBY€EThCsSl Oararbma BUpoOHMKamu THY y Tomy wmcmi sl 1iied OCyLIEHHS.
[TpunIMI Ta MepeBara JaHO1 CXEMH TOJISTa€E B TOMY, 1[0 BUKOHYIOThCSI YMOBHU 30€pEKCHHS
MOCTIMHUX MMapaMeTpPiB MPUIUTMBHOTO MOBITPSI SIK IO TEMIIEPATYPi, TaK 1 MO BOJIOTOCTI, Y TOU
yac SK B pEAJbHIA MNpakTULl TUIBKA OAMH 13 IMapaMeTpiB € IUIbOBUM (HalyacTiie

Temriepatypa). JlaHWi nNpUHOMI peaTi3yeThCs JBOMA croco0aMu: abo JT0JaTKOBUM
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30BHIIIHIM JDKEPEIOM EHEPrii y BWIJISII EJIEKTPUYHOTO YW PIIMHHOTO HarpiBada, abo
CHEIIaTbHOK OpraHi3alli€l0 TOBITPSHUX IIOTOKIB TAaKUM YHHOM, II00 Jocsraiach
MaKCUMalibHO e()eKTHBHA YTWIII3allisl eHeprii, sika Oyna 3reHepoBaHa B cuctemi. Y poOoTi
JOCIIIKY€EThCSI cCaMe OCTaHHIN CIoci0.

3 TepMOAMHAMIYHOTO aHajizy Ouibll mpoctoi cxemu [9] BuaHo, mo gana THY e
HAOUThIT e()EeKTUBHOIO MJii BUKOPUCTAHHS y KpaiHax 3 MOMIPHUM KOHTUHEHTAJIbHHUM
KJIIMaTOM, SIKOMY MpUTaMaHHI HU3bKI BIAHOCHI Bojiorocti noBiTps (40 %) Ta HEBHCOKI
po3paxyHKoBi 3HaueHHs TemiiepaTyp (32 °C). Taki napameTpu HaBKOJUIITHLOTO CEPEOBUIIA
IIIJIKOM BIJIIOBIIAIOTH KJIIMATy YKpaiHH B TEILTY ITOPY POKY.

VY nanomy pozaui OyJsio mpoaHadi3oBaHO POOOTY JaHOT CUCTEMHU Ta BU3HAYEHO ii
€HEepProe(PEeKTUBHICTh HE TUIBKH JJI BEHTUJISLII Ta KOHAUIIIOBAHHS, ajie 1 Ji1 OCYIICHHS

BUPOOHUYHUX MPUMIIIEHB 31 3MIHHUMHA YMOBAaMH BOJIOTOBHIIJICHHS.

6.2 Onuc cucreMu Ta pod04YOro Mpoiecy

Ha puc. 6.1 300pakeHa MpUHIIAIIOBA CXeMa BEHTUJIAI1, KOHIUITIFOBAHHS Ta OCYTIICHHS
3 peKyIepalicro BiANpabOBaHOTO MOBITPS Ta 31 3MIHHOIO YaCTKOI CBIXKOT'O 30BHIITHBOTO
noBiTpsa. I[IpuHIUI poOGOTHM CXeMU: CBIKE 30BHIIIHE TMOBITPSI 3 TEMIEPATyporO fo,
BOJIOTOBMICTOM do 1 MACOBOIO BUTPATOIO (o TIOCTYTIAE IO PEKYTEPATOPA, 1€ OXOJIOHKYETHCSA
32 TOCTIMHOTO BOJIOTOBMICTY 10 TEMIIEPATypPU fox 32 PAXyHOK XOJIOAY BEHTHIISAIIAHUX
BUKH/IIB 3 IPUMIIIECHHS 3 TEMIIEPATYPOIO 2, BOJIOIOBMICTOM d2 1 MACOBOIO BUTPATOIO Giar.
Oxo0nopKeHe 30BHILIHE MOBITPsI HaIlpaBisieTbes 10 BunapHuka TH, ge oxonomkyeThes 3
YaCTKOBOIO KOHEHCAIIEI0 BOASHOI MapH 10 TEMIEPATYPH £z Ta BOJOTOBMICTY dp. [lizirpiTe
BIJIIPAl[bOBAHE MOBITPS MICIISA PEKYNEPAaTOpPa 38 TEMIIEPATYPH fy Ta CTAJIOTO BOJIOTOBMICTY
HAAXOAUTh A0 KoHaeHcatopa TH, ge HarpiBaeTbcs 1 Ha BUXOJI Ma€ TeMIEpaTypy f« 3
HE3MIHHUM BOJIOTOBMICTOM db. Harpite BigmpaiiboBaHe MHOBITPS PO3AUIAETHCA HA JiBa
IOTOKU: OJUH MOTIK 3 MacoBOIO BUTPaTOI (Go CKUIAETHCS B HABKOJUIIHE CEPEOBHILE;
JIPYTUi TOTIK TOAAEThCs 10 Kamepu 3minryBaHHs (K3), me 3MilryeTbest 3 0X0J0HKEHUM
30BHIIIHIM MOBITpsAM Iicias BunapHuka TH. Otpumana cymim noBitps (#1, di, Gsar) micis

K3 cpsMoByeTbes 10 BUPOOHUYOTO MPUMIIICHHS TS UJICH BEHTHIIAL1, KOHIUIIFOBAaHHS
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(s KOMITeHcallli HaAXOJKEHb TEIUIOTH 4Yepe3 Oropo/UKEHHS Ta BHYTPIIIHIX

TEIJIOBU/IJICHD) Ta BUAAICHHS 3aiiBOT BOJIOTH 3 IPUMIIIIEHHS.

Puc. 6.1 — [IpunnunoBa THY BeHTUmAIT, KOHIUIIFOBAHHS Ta OCYIICHHS TOBITPS B
MPUMIILICHH] 3 peKyIepalier BeHTWIIIHHOro moBiTps: K — konaencarop TH;
B. — Bunapuuk TH; K — komnpecop; K3 — kamepa 3minryBanus; P — pekyneparop;

OBK — 00’€KT BEeHTWIIAIIIT Ta KOHAUIIFOBAaHHS TOBITPSI.

Ha puc. 6.2 306paxkxeHo poOounii mpoiiec 3MiHU CTaHy MOBITPSI B CUCTEM1 BEHTHIISILI,
KOHJIMIIIIOBaHHSI Ta OCYIIEHHS TOBITpsA B h-d nmiarpami. Touka O moOyaoBaHa 3a
napaMeTpaMH HaBKOJIUIIHLOTO cepeaoBuia (fo, s0) [90]. Touka 2 moOyaoBaHa 3riiHO 3
HEOOXITHUMHU TEMIEPaTypor0 f» 1 BIJIHOCHOK BOJIOTICTIO (2 TIOBITPS BCEpPEIUHI
BUPOOHUYOTO NPUMIIIEHHS, BA3HAYAETHCS 3T1HO 3 [91] B 3a1€KHOCTI Bii TEXHOJIOTTYHOTO
OPU3HAYEHHS MPUMILIEHHA. 3a /-d J1arpaMor0 BHU3HAYAETHCS /2. 3TIAHO 3 BEIMYHUHOIO
BHYTPIIIHIX BOJIOTOBUAUICHh Ta BEJIMYMHOK 00’€MHUX BUTPAT MOBITPS IS aCUMUISINT
BOJIOTM BM3HAYAETHhCSI HEOOXIJHE 3HAUEHHS BOJOTOBMICTY MPHUIUIMBHOTO MOBITPA d1 1 Ha
JiH1T A2 = const 3a d1 3HAXOUTHCA TOUKa /', sika BIAMOBIA€ CTaHy MPUILTUBHOTO TOBITPSI 32
YMOB BEHTWIALII AJig BUAaNCHHs 3aiiBoi Bosoru. Ilepexim /-1 300paxye nomaTkoBe
MIEPEOXOJIOKCHHSI TIOBITPSI 711 3aI0BOJICHHS TTOTPe0 KOHIUITiFOBaHHS, TOOTO J0JAaTKOBE
MIePEOXOJI0/DKCHHS Il KOMITCHCAIlli 30BHIMIHIX 1 BHYTPINIHIX TETUIOBUX HAJIXOJKEHb.

Temneparypa noBiTps B Toulll / Ha JiHIi d1' = const Moxe OyTH NPUITHATA, BUXOASUYH 3 YMOB
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IPOTIOPLIMHOCTI PI3HUII TEMIIEPATyP, IO BiJIIOBI A€ IEPEOXOI0KCHHIO TTOBITPS HA BXO/T1
B IIPUMIILICHHS, 1 IEpenaay TEMIIepaTyp 330BHI 1 BCepeIMHI MPUMIIICHHS, TOOTO At = t1' — 1
= K(to — 12), ne K — xoedirieHT NponopiinHOCTI, 3HAYCHHS SKOTO 3aJICKUTh BiJl 30BHIIIHIX
Ta BHYTPIIIHIX HAAXOKEHb TEIJIOTH. BiAmnpanboBaHe MoBiTps 3 mapaMmerpamMu B Toulll 2
HIITPIBAETHCS B pEKyIIepaTopl A0 TEMIEPATYPH ty 38 CTATIOT0 BOJIOTOBMICTY d». [loTiM 1iei
NOTIK HAAXOAWTH 10 KoHJeHcatopa TH, ne migirpiBaeTbcst OO0 TeMIlepaTypu fc 3a
nocTiitHoro BoJsioroBmicty. Iliciigs KOHIEHcaTopa OJlHa YacTHMHA MOBITPS BUIAISETHCS B
HABKOJIUIITHE CEPEJOBUIIE, 1HIIA 3MINTYETHCS 3 OXOJOKEHUM y peKyIepaTopi, a MmoTiM y
BunapHuky TH 30BHIIIHIM MOBITPSAM (TOYKH OX 1 B BIANOBIAHO), YTBOPIOIOYU B TOYIN /
CYMIII IOBITPS. 3 BOJIOTOBMICTOM d1' = di Ta TEMIEPATYypOIO f1, SIKA HAIPABISIETHCA B
OPUMIIICHHS JIs 3aJ0BOJICHHS TOTpe0d BeHTWIAli Ta KoHauuitoBaHHs. [lpouec /-2

BIZINIOBi/1a€ poOOYOMY MPOIIeCy 3MIHU CTaHy MOBITPS BCEPEANHI MPUMIILIEHHS.

h
K
A
¢
A O &
?‘/” B “h, =const
in;/’:x
I W e
hEo==—" —p=100%
tl
1y
s,
‘ | np<const
L s | | | \\ |
* ! ! \
I N
| | | AN |
N :
|
d, d d=d, d, d

Puc. 6.2 — PoGounii mporiec 3MiHU CTaHy TOBITPSI B CUCTEM1 BEHTHIIAIIT Ta

KOH/IUIIIFOBaHHS IPUMIIIEHHS B /i-d niarpami.

6.3 Tepmoaunamiunmii anajuiz THY

[IpoBenenns repmoaunamigHoro ananizy THY nepenbauae monepenHe BU3BHaUYCHHS 11

TEPMOJIMHAMIYHOTO CTaHy 3a NPUUHATUX BHUXIIHUX NapameTpiB MOBITPS BCEPEAUHI

OPUMIIICHHS Ta B 3aJIEKHOCTI BiJ] 3MIHHUX TapaMeTpiB 30BHINIHHOTO CEpPEOBUIIA
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(TemnepaTypa Ta BiTHOCHA BOJIOTICTh MOBiTps ). Ctan THY BeHTWIISAIIT, KOHIUIIIFOBaHHS Ta
OCYLIEHHS MOBITPS 3aJIEKUTh BiJ HEBIJOMHX MapaMeTpPiB MOBITPA Y ii BY3JOBHX TOYKaX.
JUist n1aHoi cHCTeMHM HEBIJIOMHMH INapaMeTpaMH € J0Js MOTOKY CBIKOIO 30BHIIIHBOTO
HOBITPS, 1110 HANpaBisAeThcsl Ha BUunapHuk TH, Temnepatypu noBiTps micist pekyneparopa,
micis BUNApHHUKA Ta KoHJeHcaTopa TH, a Takox BenmuyuHa XOJIOAWJIBHOrO KoedilieHTa
BCi€i cxeMu. PIBHAHHS TETUIOBOTO Ta MaTEPlaJIbHOTO OAJTaHCIB OKPEMHX €JIEMEHTIB CUCTEMU
Ta CUCTEMH B LIIJIOMY JI03BOJISIFOTh BU3HAUMTH 3aJI€KHOCTI IS LIMX [TapaMeTpiB.

Temneparypu NOBITPSIHUX MOTOKIB IICIIs PEKyNepaTopa MOKHA BU3HAYUTH 3 BUPA3y

JUTSL OIIIHKH Moro eeKTUBHOCTI [93]

t
abo M, =——-, (6.1)

e M — KoediuieHT edeKkTUBHOCTI pekymeparopa; ¢, 7, , °C — Temmeparypu

BIJIMMOBIHO HArpiTOT0 BEHTHJISAILIMHOTO Ta OXOJIO0PKEHOT'0 30BHIIIHHOTO TTOBITPSI.

3 (5.1) Bupasu i Temreparyp ¢, 1 £, MarOTh HACTYIIHUH BUTIIA]
t,=t,+n,(t, —1,), (6.2)
lox =0o =M (to _tz)-

EnTtanemii /s 1 hox BUBHAYAKOTHCS 3 A-d alarpaMu B TOYKaX MEPETUHY BiAMOBITHUX
KPUBUX TEMIIEPATyp Ta BOJOTOBMICTIB BEHTUISLIHHOTO (y X d2) Ta 30BHILIHBOTO MOBITPS
(tox X do).

PiBHsSHHS 1J1s1 BUBHAUECHHS €HTAJIBIIT CB1YKOTO 30BHIIIHHOTO TOBITPS MICIIsl BUIIAPHHUKA

TH mosxe Oyt BU3HaUYe€Ha 13 piBHSIHHS TeII0BOro danancy aia K3, sike mae BUTIIs

GOhB + Gth - G3arhl’ (63)

IS G()s Gpa G

ar » KI/C — MacCOB1 BUTPATU CBIXKOT'0, YACTKU HArpPITOro B1AIPAlbOBAHOI'O
1 3arajgbHOrO IOTOKIB MOBITPS; k., h ., h, KIK/KIcn — €HTaJbIIi BIIIOBIIHUX IOTOKIB
MOBITPSL.

PozninuBinm By Ta mpaBy 4acTUHU piBHAHHS (6.3) HA BenuuuHy G

3ar 2

OTPUMAEMO
K +(1—K,)h =h, (6.4)

ne K, —4acTKa CBIKOIO 30BHIIIHBOIO MOBITPs HA MOTPEOU BEHTHIIALLII.
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Topni, entanenito 4 , 1110 BU3HAYA€TbCA 3 PIBHAHHA (6.4), MOJKHA 3aIIUCATH K

_ hl B (1 B KO)hK
B KO ¢

h (6.5)

BonoroeMict cB13k0ro 30BHIIIHBOIO MOBITPS Micis Bunapuuka TH MoxxHa BUpazutu 3
PIBHSIHHSI MaTepiaJIbHOTO OaaHCy BOJIOTH JJIA BCIET CXEMHU, SIKE Ma€ BUTJIS

G, (d, —d)+Gyd, =Gyd, + Gy(d, —d,). (6.6)

Po3ninuBim niBy Ta IpaBy 4acTHHU PiBHAHHA (6.60) Ha BenuuuHy G, , MICISA PALY

[IEPETBOPEHb OTPUMAEMO
d,=d,-——1. (6.7)

Temneparypa Ha Buxoni 3 BunapHuka TH, 7., Moxxe OyTu BU3Hau€Ha 3a JIOIIOMOTOIO
h-d niarpamu Bosiororo nositps Ha diHii ¢ = 100% B To4wi ii nepetuny 3 4, ado d .
YacTka CBIXKOTO 30BHIIIHBOIO MOBITPSl HA NOTPEOU BEHTUIISALIT MOXKe OyTH BU3HAYEHA

13 piBHSIHHS eHepreTuyHoro 0anancy TH
QK = QBPIH + LK (68)
CknanoBi piBHSHHS (6.8) BU3HAYAIOTHCS TaK:

TETJIOBUH MOTIK, BiABeACHUN BiJ KoHAeHCcaTopa TH

O, = G (B =) (6.9)
TETJIOBHUH MOTIK, MiABEACHUM 10 BunapHuka TH
Qo = Gy (g = 1,); (6.10)
3aTpaTH 30BHIIIHBOI CICKTPUYHOT eHepTii Ha kommpecop TH
L= O/ 815 (6.11)

ae €, — xonoauiabHuil koedinient TH.

I3 piBHsiHHA (6.8) 3 ypaxyBanHsM (6.9) — (6.11) micns AeskuxX MaTeMaTUYHUX
NIePETBOPEHb BHUpPA3 11 BU3HAYCHHS YaCTKH CBDKOT'O 30BHINIHBOTO IIOBITPSI IpUiiMae

BUT IS

% :hK—hH €

0

-, 6.12
h,—h ¢ +1 ( )
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EdexruBnicts pobotu TH, sxuii B pexxuMi KOHAUIIIOBAHHS MPAIIOE K XOJOAMIbHA

MallliHa, MOYKHA B JITAHOMY BUMAJKY OI[IHUTH BEJIMYMHOIO XOJOAMILHOTO Koeditienta TH

1
THT T3+t + AL 1
273+t — At

g (6.13)

1€ t, — TeMIIepaTypa CBIKOTO 30BHIIIHBOTO NOBITPs Ha BUxoi 3 Bunapuuka TH, °C; #
— TeMmIeparypa BIANpalbOBAaHOTO MOBITPs Ha BUXoJl 3 koHaeHcaropa TH, °C; Af —
TEMIIepaTypHUH Mepenal Mi>k TOTOKaMH 30BHIITHHOTO TIOBITPS Ta XOJIOAUIHLHOTO areHTa Ha
Buxoi 3 Bunapuuka TH, °C; At« — TemnepatypHuii mepemnaj Mix MOTOKaMH XOJIOAMIBHOTO
areHTa 1 BIAIpaIbOBAaHOrO IMOBITPs Ha BHXOJ1 3 KoHaeHcaropa TH, °C. ¥V miteparypi
HABOJSATBHCS YMCIIOBI 3HAUEHHS TEMIIEPATypHUX IMEpenajiB y KOHIAEHCATOpl 1 BUMAPHUKY
st TH tumy «moBiTpst — moBiTpsi». 3rimHo 3 [96] mis xkoHaeHcaropa 1 Bunmapauka TH
MOHa NPUUHATH At = Ats= 10 °C.
EnTanbnis BiANpanbOBaHOIO MOBITPSI HA BUXO/1 3 KoHJeHcaTopa TH BU3HavaeThes 3
PIBHSIHHSI €HEPIreTUYHOT0 OajlaHCy ISl BCIET CXeMHU
Golty + Ly + Oy = Gl (6.14)

OHJT

PosnimuBimm By Ta mnpaBy 4acTMHM piBHAHHA (6.14) nHa Bemmumny G, Ta

BpaxyBaBIlu piBHAHHA (3.1) B Q__ , micias psily NEPETBOPEHb OTPUMAEMO

L, c,K(t,~t,)
€ K, ‘

TH

ho=h+(h_ —h) (6.15)

Temneparypa Ha Buxon1 3 konaeHcaropa TH, 7, Moxe OyTu BU3Ha4YeHa 3a 1OIIOMOT OO
h-d piarpamMm BOJIOrOro IOBITPS B TOYLl INEPETUHY /3 BOJOTOBMICTOM BCEpEIUHI
IPUMIIIECHHS d, .

EHTanemito % 3 JOCTaTHBOK TOYHICTIO MOKHAa BHU3HAYUTU 33 PO3PaXyHKOBOIO
dbopmyioro (2.19).

XonogunsHuil koedimienT TH, sk 1 koediwieHT TpaHchopmaLli TEIIOTH, 3aJIEXKUTh
TUTIBKU BiJT yMOB pobOotu camoro TH, ToOTO Bijg TeMIepaTypHOTO PiBHS IIPOIIECIB

TEMI000MIHY, IO TPOXOAATh y BUMApHUKY 1 KoHAeHcaTtopl TH. Tomy nns xapakrepucTuku

edektuBHOCTI pobOoTh Bciei THY BeHTMmAmii Ta KOHAMIIIIOBAHHS OUIBII JTOLIIBHO
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BUKOPUCTAaTH KOMIUIEKCHUHN TOKAa3HUK (XOJOMUIBHUN KOEQILIEHT BCI€T CXEMH), SIKUU

MOJXHa IIPEACTAaBUTH HACTYITHUM YMHOM
Ex =7, 0 (6.16)

ne Q... KBT — XxojnoquipHa MOTYKHICTh, IO BUPOOJIAETHCS HA BXOAl Y BUPOOHHYE
MPUMIILIECHHS 1 BU3HAYAETHCSA SIK
Oron = Guoe (g = ). (6.17)
3 ypaxyBaHHsM piBHsAHb (6.17) Ta (6.10), (6.11) Bupa3 (6.16) moxkHa 3amucaTtu
HACTYITHUM YHHOM

_ &y (hO — hl)

£, = . 6.18
) KO(hOX_hB) ( )

6.4 PesyabTaTu po3paxyHKiB

PospaxynkoBuii anami3z mapametpiB THY BuKOHaHO [j1 THIOBOTO BUPOOHHUYOTO
MPUMIIIICHHS 3 3JaHIM TEXHOJIOTTYHUM PEKUMOM. SIK TPOTOTHUIT 0OpPaHO KOBATBCHKHIM 11EX
oJtHOTO 3 mianpueMcTB B KuiBchkiit obmacTi. [ 3a0e3neuenHss KoMm(pOpTHUX YMOB pOOOTH
B MPUMIILEHHI [IeXy OyJii BCTaHOBJIEH1 HACTYIHI MapaMeTpu BHYTPILIHBOTO MOBITps [91]:
TeMIlepaTypa B npuMmilieHHi 2= 19 °C; BigHOCHa BOJIOTICTb MOBITPS B IpUMIlIeHH] @2 = 50
%; 3a KUIbKICTIO BOJIOTH, III0 BUJUISETHCS B 1IEXY, Ta BUTPATOIO MOBITPS OyB BU3HAUCHUN
Jiara3oH 3MiHU TPUPOCTY BojoroBmicTy noBiTps Ad = 0,5; 1,0; 1,5; 2,0 r/kre.n.

3a 3amaHuX yMOB OyJi0 BHM3HAY€HO BOJIOTOBMICTH TOBITPS Ha BXOJ1 1 BUXOJl 3
IpUMIILEHHS, TOOTO B Toukax / 1 2 niarpamu pobodoro npotecy Ha puc. 6.2: di = 6,4; 5,9;
5,4;4,9 r/xren 1 d2= 6,9 T/Krcn.

UucenpHuii aHas13 13 BAKOPUCTAHHAM CIIBBIIHOIIEHB (6.2), (6.5), (6.7), (6.12), (6.13),
(6.15) 1 (6.18) MeTogOM MOCIIIOBHUX HAOIMKEHb JA€ 3MOTY OIIIHUTH BIUIMB 3MIiHU
TEMIIEpaTypyd Ta BIJHOCHOI BOJIOTOCTI HABKOJHUIIHBOTO CEpPEOBHINA, €(EKTHUBHOCTI
pekyrmepariii, XapaKTepUCTUKH OO0 €KTy BEHTWIAIII Ta KOHIUWIIIOBAHHS, a TaKOX
BHYTPIIIHIX BOJIOTOBU/ILJIEHB SIK HA MapaMeTPU CUCTEMH (TeMIepaTypa MOBITPsI HA BUXO/I

3 BUIIApHUKa Ta KoHjaeHcaTopa TH, gacTka CBIKOTO 30BHIIIHLOTO MOBITPS, XOJOAUIBHUN
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koedimient TH), Tak 1 Ha TepMoauHaMIuHy €()EKTUBHICTh 3aCTOCYBaHHS JaHOT CHCTEMHU
BEHTWJISIII1, KOHIUIIIFOBaHHS Ta OCYIIICHHS.

ANTropUTM 1TEpALIHHOrO LUKIY MOAIOHWN 10 aJrOpuTMy 3 po3auty 5. Y naHomy
BUMAAKY JOJATKOBO 33JIA€THCS 3HAUECHHS BEJIMYMHU 3MIHU IPUPOCTY BOJIOTOBMICTY MOBITPS
Ad BcepeyHi MPUMIIICHHS.

Jlst ortinku eheKTUBHOCTI peKyTepallii OyJiu MpoBeeH1 po3paxyHKH O€3 peKyrepaTopa
(mr = 0) 1 3 pekyneparopoM, koiu M, = 0,8. IIpu BuOOpi BenmunHM K BpaxoBaHa Taka
oOctaBuHA. 3a HaBEACHOI y poOoTi [9] MeTomukor misi 0OpaHOTO BUPOOHUYOTO
OPUMIILIEHHSI PO3paxoBaHO K 3a CEpeHbOI0 KUIBKICTIO TEIJIOBUAUIEHb, IO CTAaHOBUTH
K = 0,2 (BiIHOIIEHHS 30BHIIIHIX Ta BHYTPIIIHIX HAJAXOJKEHb TEIUIOTH 10 MPUMIIIEHHS 10
TEIJIOTU Ha BEHTWIISAIII0). Uepes Te, 1110 BHYTPIIIHI TETUIOBUILIEHHS MOXKYTh 3MIHIOBATHUCH B
IMPOKOMY Jlana3oHi, 3Ha4eHHs Ui K npuiinaro HactynHi: 0,2 1 0,4.

Ha puc. 6.3, a-6 HaBegeHo rpadivHi 3aJIKHOCTI TEMIIEpaTyp MOBITPSIHUX MOTOKIB HA
BUXOJI 3 KOHJEHcAaTtopa f« Ta BUMApHHWKa f; TH Big TemmepaTypu HaBKOJHUIIHBOTO
CEpelOBHUILA Ta BIIHOCHOI BOJIOTOCTI 30BHIIIHBOIO MOBITPS (@) 1 MPUPOCTY BOJIOTOBMICTY
noBiTps (0) (tx, ts = f (to, ®o, Ad, K, n)). TemrnepaTypu tx 0OMEXYIOTHCS KPUTHUYHUM
3HAYEHHSM TEMIIEpaTypH, 3a AKOI MOXJIMBA HOpMajbHa poboTa koHaeHcaTtopa TH. Buano,
0 yYMOBU BHUKOPUCTAHHS JaHOI CXEMHU MOTIPIIYIOTHCA 31 30UIBIICHHSM BITHOCHOI
BOJIOT'OCTI HABKOJUIIHHOTO cepeAoBHINa. J{iama3oH 3acTOCYyBaHHS JIaHOI CXEMH CKJIAJa€:
Bi11 fo = 26 °C (9o = 80 %) 1o fo = 34 °C (po = 40 %). Temnepatypu £, 3a to > 24 °C maiixke
HE 3aJIe’KaTh B1J BITHOCHOI BOJIOTOCTI (o Ta TEMIIEPATYPH fo HABKOJIMIIIHBOTO CEPEIOBUIIIA
Ta CTaHOBJIATH B cepeanbomy 6 °C. Kpusi 4 1 9 (a) nokazyroTh BUMAJ0K, KOJIHU peKymnepartis
BifcyTHS. SIK BHUIHO, BHKOPWUCTAHHS pEKymeparii Mae MO3WUTUBHUN BIUIMB SK Ha
TemiiepaTypu miciig Bunapuuka TH #; (ix migBumienns va 3 °C), Tak 1 Ha TeMIepaTypu HicIs
kouaencaropa TH # (ix 3menmenHs Ha 3-5 °C). 30UIbLICHHS TEIJIOBUX MPHUTOKIB Y
npumitierHi (kpuBi 5 1 10, a) maibke He BIUIMBAIOTh HA TEMIEPATYPH f; Ta MiJIBHUIYIOTH
TEeMIIEpaTypH t« y cepeanbomy Ha 2-3 °C. Ha puc. 6.3, 6 mokazaHo, 1110 31 301IbIIICHHSIM
BHYTPIIIHIX BOJOTOBUIUIEHb HEOOXIAHE OUIbLIE OCYLIEHHS 30BHIIIHBOIO MOBITpPs. Sk
HACJIJIOK, TEMIIEPATYPH fx 3HUKYIOThCS, a TEMIEPATYPH #x 30UIbIIYIOThCS. JJ1 BITHOCHOT

BOJIOT'OCT1 30BHIIIHBOTO TOBITPST @o = 40 % cuctema 3/1aTHa MpaOBaTH MPAKTUYHO B
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yChOMY Jiama3oHi TeMreparyp. TakuM 4YMHOM, perioHoM BuKopucTaHHs nanoi THY e
KpaiHd 3 TMOMIPHUM KOHTHHEHTAJIbHUM KJIIMAaTOM 3 HU3BKMMH 3HAYCHHSIMH BiTHOCHOI

BOJIOI'OCTI MOBITPSI.

Loty teoty=f (s @os Ad=1; K=0.2;1,=0.8) Loty b t,=f(ty; @y=40 %;Ad; K=0.2;,=0.8)
70.0 — 70.0

60.0
50.0

40.0

30.0

20.0 20.0

10.0 10.0

0.0 Py et ‘ 0.0 ‘ /(\’A\(
oo N\L 00
8 17 \6 \s
-20.0 t -20.0 f
16 18 20 22 24 26 28 30 32 34 20 b%) 2 26 28 30 32 34
a) 0)

Puc. 6.3 — 3anexxHocTi TeMIiepaTyp MOBITPSHUX IMOTOKIB HA BUXOJI1 3 KOHJEHCATOpa Ta
Burnapuuka TH Bix TeMnepaTypu Ta BiTHOCHOI BOJIOTOCTI 30BHIIIHBOTO MOBITPS (),
BEJIMYMHU NMPUPOCTY BOJIOTOBMICTY TTOBITPpsI Ad (6): a) Ad = 1 r/kren, K=0,2 11, =0,8:
1-3 (&) — @o =40 %, 60 %, 80 %; 4 (tx) — 9o =40 % 1M =0; 5 (&) — o =40 % 1 K= 0,4;
6-8 (1) — @0 =40 % — 80 %; 9 (ts) —90=40 % in:=0; 10 (tr) — o =40 % 1 K= 0,4
0) o =40 %, K=0,21n,=0,8: 1-4 () — Ad=0,5; 1,0; 1,5; 2,0 r/KTcn;

5-8 (ts) — Ad=0,5;1,0; 1,5; 2,0 r/krc.n,

Baxxn1Boro XapakTepUCTUKOIO 1aHOT CUCTEMH € YacTKa IMOTOKY CBIXKOTO 30BHIIIHBOTO
HOBITPS Ha BXOJl B cucreMy Ko, sika HampaBisieTbesi Ha BunapHuk TH. BinmosinHi
pPO3paxyHKOB1 JaHi JJi1 3MIHHOI YacTKM CBIKOIO MOBITPSl, 110 OTPHUMAaHI 32 PIBHSIHHIM
(6.12), naBeneni Ha puc. 6.4. 3 rpadikiB BHUIHO, IO YacTKa CBIKOTO TOBITPS s
OiATPUMAaHHS 3aJJaHuX KOM(OPTHUX MapaMeTpiB MOBITPS B MPUMIILIEHHI Ma€ 3MIHIOBATUCH
B 3aJIE)KHOCT1 SK BIJ TeMMEpaTypu fo, TaK 1 BIJHOCHOI BOJIOTOCTI (o HABKOJMIIHHOTO
cepelloBUIA. 3a TMOCTIMHOI TemmepaTypH f MoTpeda y CBIXOMY IMOBITp1 3pocTae 3i

301IBIIEHHSAM B1THOCHOI BOJIOTOCTI (o, Koe(imieHTa peKymeparii 1. Ta Benuunau K, To0To
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HAJIXO/DKEHb TEIIOTH JI0 MPHUMIIEHHS. 3a 30UIbIICHHS (o, 3pocTae eHTanbmis /o. Lle, a
TaKOX OUIbII TJIMOOKA yTWII3alis XOJOAYy BEHTWIALIMHOrO TOBITPS y pPEKymHeparopi,
OPU3BOAUTh 10 30UIBILIEHHS TEMIIEpAaTypU fc BIANPALbOBAHOIO MOBITPS  MICIA
koHseHcaropa TH. V pesynbsrari 10 K3 HagxoauTh Oisibllla 4yacTKa CBIKOTO TOBITPS 3a
BUIIOI BITHOCHOI BOJIOrocTi (. Tomy npoekryBanHs THY BeHTHIIALIT Ta KOHIULIIFOBAHHS
MOBITPS Ma€ 3/I1MCHIOBATHUCS 32 YMOBH 3MIHHOTO HA/IXO/KEHHSI CBIXKOTO MOBITPS, OCKIIBKU
B IHIIIOMY BHUIIJIKy CUCTeMa He 3a0€3MeUUTh 3a/IaHOT'0 TEXHOJIOTTYHOTO PEKUMY BCEPEIUHI
IPUMIIICHHS 3a 3MiHU TTapaMeTpiB HABKOJUIITHHOTO CEPEOBUINA. 301TBIICHHS TPUPOCTY
BOJIOTOBMICTY TIOBiTps (puc. 6.4, 6) MPU3BOAWTHL JI0 HEOOXITHOCTI 3MEHIICHHS YaCcTKU
CBIKOTO TOBITPs (30UIBIICHHS PEUUPKYJIALII), 10 TOB’S3aHO 3 OUIbII 1HTEHCUBHUM

OCYLIEHHSIM MOBITPS Y BUIIAPHUKY 1, IK HACJI1JI0K, 3MEHIIEHHSIM HOro TeMIepaTypH.

K, Ky=f(ty; 9p3Ad=1; K=0.2; 1, = 0.8) K, Ko = f (t; 9o = 40 %; Ad; K= 0.2; 1, = 0.8)
1.0 1.0

0.9
0.8
0.7
0.6
0.5
0.4

0.3

0.2

0.1 fy 0.1 t
16 18 20 22 24 26 28 30 32 34 20 22 24 26 28 30 32 34

a) 0)

Puc. 6.4 — 3anexxHoCTi 3MIHHOI YaCTKU CBI>XKOTO 30BHINIHBOTO MOBITPS BiJl TEMIIEPATYPH Ta
BIJTHOCHO1 BOJIOTOCT1 30BHIIIIHBOTO MOBITPS (&), BETMYHMHH IPUPOCTY BOJIOTOBMICTY TTOBITPS
Ad (6): a) Ad=1 t/kTen, K=0,211:=0,8: 1-3 — o =40 % — 80 %;4 —po=40 % i1, =0;
5—-00=40%1K=0,4;06) po=40%,K=0,21n,=0,8: 1-4-Ad=0,5; 1,0; 1,5;

2,0 r/kren; S—@o=40%1m:=0;6 —@o =40 % 1 K=0,4.

Ha ocHoBi uncenbHOro anamzy cmiBBiaHOmEHb (6.13) 1 (6.18) moOGynoBano rpadiuni

3anekHOCTI XonomwibHux KoedimieHTiB TH ta THY BeHTWIALIi, KOHAMIIIOBAHHS Ta
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OCYIIEHHS BIJ] TEMIIEpaTypd Ta BIJHOCHOI BOJIOTOCTI HAaBKOJMIIHBOTO CEPEIOBHIIIA,

KoedilieHTa pexynepallii, pi3HUX 3HaueHb BenmuuH K 1 Ad (g, ,,e., = f (to, ¢o, Ad, K, 1))

(puc. 6.5 — 6.6). Xomonunbauii koedirieHT TH 3Ha4YHO 3HMKYETHCS 3 POCTOM BiTHOCHOI
BOJIOTOCTI 30BHIIIHBOIO TOBITPST Ta BEJIUYMHU HPUPOCTY BOJOTOBMICTY MOBITpS.

3acTocyBaHHs peKynepaii niaBuiye epekTuBHICTh TH.

& e =f (5 Qo5 Ad=1; K=0.2; 1, = 0.8) & ey =f (3 @9 =40 %; Ad; K=0.2;m, = 0.8)
6.0
55
5.0
4.5
4.0
3.5
3.0
25
2.0
L5
1.0 1.0
0.5 0.5

0.0 L) ty
16 18 20 22 24 26 28 30 32 34 20 22 24 26 28 30 32 34

a) 0)

Puc. 6.5 — 3anexnocti xomoaunsHoro Koedimienra TH Bix TemnepaTypu Ta BiTHOCHOT

BOJIOTOCTI 30BHIITHBOTO MOBITPS (@), BEJIMYUHHU IPUPOCTY BOJIOTOBMICTY MOBITps Ad (0):
a) Ad=1r1/kren, K=0,21M:=0,8: 1-3 — @o =40 % — 80 %; 4 — o =40 % in: = 0;
5—90=40%1K=0,4;6) po=40 %, K=0,21n.=0,8: 1-4 —Ad =0,5; 1,0; 1,5;
2,01/Kren; S—@o=40%1inM:=0;6 —po=40% 1 K=0,4.

3 rpadikiB Ha puc. 6.6 BuaHO, 10 eHeproedekTuBHICTH naHoi THY nocsrae
HaWOIIBIINX 3HAYCHb TAKOXXK B 30HI BIIHOCHO HU3BKHUX TEMIIEPATyp MOBKIUISA 1 3HAYHOIO
MIpOIO 3aJI€KUTh BiJI BITHOCHOT BOJIOTOCTI aTMOC(EpHOro MOBITPs, €PEKTUBHOCTI IPOIIECY
peKyrnepailii Ta ToTpeOu B OCYIIICHH] NPUMIIICHHS. 3HAUYCHHS XOJIOUIBHUX KOS(DIIIEHTIB
CXEMH MaJjo 3aJIeKaTh Bl XapaKTEPUCTUKU MPUMILIEHHS, TOOTO BeIWYuHU K, B yChOMY

Jiara3oHi TeMIeparyp fo.
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Puc. 6.6 — 3anexxHocTi X0JIOAMIBHOTO KOe(ILIEHTA BCIET CXEMHU BlJ] TEMIIEPATYpH Ta
BIJTHOCHO1 BOJIOTOCTI 30BHIIIHBOTO MOBITPS (&), BETMYUHH IIPUPOCTY BOJIOTOBMICTY TOBITPSI
Ad (0): a) Ad=1 r/kren, K=0,211n:,=0,8: 1-3 —@o =40 % — 80 %; 4 — o =40 % 1, = 0;
5-00=40%1K=0,4;6) po=40%,K=0,21in.=0,8: 1-4 - Ad=0,5; 1,0; 1,5; 2,0 1/Krc n.

6.5 BucHoBku 10 po3aiiay 6

1. JocmimkeHa TemJIOHAaCOCHa CHUCTEMa 3/aTHA TNPAIlOBaTH 32 PO3pPaxyHKOBOI
temreparypu 32 °C npu BIJHOCH1H BOJOTOCTI HABKOJUIITHBOTO MOBITPs 40 % Ta BeIuyuHuU
BHYTPIIIHIX BOJOTOBUIICHD Ad = 1 T/KTcy. 301nbieHHs BiMHOCHOI Bosiorocti 10 60 %
CYNPOBOKYEThCS TOTIPUIEHHSM TEMIIEpaTypHUX YMOB Ha KonzaeHcatopt TH 1, sk
HACJII/I0K, 3HWKEHHSIM MaKCHUMAaJIbHOI po00U0i TeMIiepaTypy HaBKOJIUIIHBOTO TOBITPS 10
28 °C. 3 miABUIIEHHSM BHYTPIIIHIX BOJOTOBUJILICHb BJBi4i, TOOTO 3a Ad = 1 T/Krcn,
TeMIlepaTypHUi Jiana3oH poOoTu cuctemu 3HU3UThes Ha 1 °C.

2. Y niama3oni BimHOCHUX BoJioroctedt moBitps 40 — 60 % Ta 3a BHYTpIIIHIX
BOJIOTOBUALIEHD Ad = 1 T/KIc.n. cepeans epeKTuBHICTh poOoTu cxemu ckianae 3,1 BT/Bt 3a
po3paxyHkoBoi Temrieparypu 32 °C. 3a BigHOCHO1 Bojiorocti 40 % 301IbIICHAS BHY TPIITHIX
BOJIOTOBHJIJICHb BJIBIY1 MPU3BOIUTH 0 MaAiHHA €(EeKTUBHOCTI poboTu cuctemu Ha 20 %.
VYTim 1ie 3HaueHHs €(pEeKTUBHOCTI € 3aJOBUIBLHUM Ta ckianae 3 B1/BrT.

3. Anami3 manoi THY mnokazaB mepeBaru pexymepaiii XoJIOAy i 3a0e3MeueHHS

BUILIOTO XOJOAWIBHOTO KoedillieHTa cXeMu B poOoYoMy Jiana3oHi TemmepaTryp
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HaBKOJIMIITHBOTO CEPEOBUILA 32 PO3TJISHYTHUX 3HAYeHb BIAHOCHOI BOJIOTOCT1 30BHIIIHBOTO
HOBITPS Ta BETMYMHU MPUPOCTY BOJIOTOBMICTY MOBITPsA. Tak, 3a BIACYTHOCTI peKyneparii
nagiHHsA €()eKTUBHOCTI CUCTEMU CKJIaJac B cepeaHromy 36 %.

4. Jlana cxema € HailOUIbII €(DEKTUBHOIO ISl BUKOPUCTAHHS y KpaiHax 3 MOMIPHUM
KOHTMHEHTAJIbHUM KIIIMATOM, SIKOMY MpPHUTAMaHHI HU3bKI BIJHOCHI BOJIOTOCTI MOBITPS
(40 — 50 %) Ta meBHCOKI po3paxyHkoBi 3HadeHHs Temmeparyp (32 °C). Ilpuyomy
MOKAa3HUKU €(PEKTUBHOCTI CUCTEMM TPHU 30UIBIICHHI BHYTPIIIHIX BOJOTOBHUAICHb BIBIUI
MOPIBHSHO 3 PO3PAXyHKOBUM 3HAUEHHSM 3aTMIIAIOTHCS 33JJ0BUIBHUMU ISl 3aCTOCYBAaHHS
nanoi THY nmis misieid ocymneHHsS NPUMIIICHb 31 3MIHHUMH YMOBaMH BOJIOTOBHIIJICHB

ycepeauHi.
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PO31J1 7 IIEPEBATI' TA EKOHOMIYHICTDH NTPUIIVIMBHO-BUTAKHUX
YCTAHOBOK HA OCHOBI TEILJIOBOI'O HACOCA JIJI1 BEHTUJISIIIL TA
KOHJIUIIIOBAHHS MOBITPA B KOMEPHIMHOMY I MPOMUCJOBOMY
CEKTOPAX

7.1 IlocTaHOBKA 3224 AOCTIIKeHHSA

BinmpanpoBana eHepris y BEHTWBALIMHUX CHCTEMaxX BHHUKAE Yepe3 PIZHULIO0 MIK
TEMIIEPaTypOI0 CBDKOTO 30BHIIIHBOTO TIOBITPS Ta TEMIIEPATypOlO TMOBITPS BCEpEIUHI
npuMilieHHd. B3uMmKy Temreparypa 30BHIIIHBOIO MOBITPS HMXKYA 3a KIMHATHY, a BIITKY
Bula. Ha manuii MOMEHT MPOBENIEHO PsiJl JOCIIKEHb 1 3pO00JICHO BUCHOBKH, IO 3aXO1H 3
yTHIII3aIii BiJIIPAIlbOBAHOTO BEHTHJIALIIMHOTO TMOBITPS € MEPCIIEKTUBHUMHM JUISI TEXHOJOTIH
HVAC [101]. Mapniana ta Piddar [102] npuiinuin A0 BHUCHOBKY, II0 MaKCHMajbHa
yTUIi30BaHa TerwioTa craHoBwia 134 Bt (22 % Bix 3aranbHOTO CHOXHBAHHS €HEPrii) 3a
pizHuii Temreparyp 4,3 °C B ycTaHOBII 3 TUIACTMHYATUM PEKyNeparopoM. [Hmmii BuI
pekynepaliii TerIoTH, 3a A01oMororo Teraooro Hacoca (TH), y cucteMi BEHTHIISIIIT KIIaCHUX
MIPUMIIIIEHb IITIKOJIA OYJIU OJTHOYACHO JociipkeHl Banrom Ta iH. [103]. PesynbraTtu mokasanm,
I0 E€HEeProcnoXMBaHHA IIKUIbHOI OyniBial OyJi0 3MEHILIEHO, a SKICTh MOBITPS B KJIaci
TIOKpAIIHIIACS.

Ha cborojHi ykpaiHChbKHM pUHOK CUCTEM BEHTHIIALIIT Ta KOHAUIIIFOBAHHS MPEICTaBICHUN
JIBOMa HalOUIbLI OITYJIIPHUMH PILLIEHHSMU: IPUILTUBHO-BUTSLHKHUMU yeTaHoBKkamu (I1IBY), y
SKUX JKEPEIOM XOJIOAY BUCTYMAIOTh 200 30BHIMIHIN KOMIPECOPHO-KOHIEHCATOPHUIN OJIOK
(KKB) (puc. 7.1), abo BHyTpiiHii KOHTYp TerioBoro Hacoca (TH) (puc. 7.4). Ilpuyomy niepiiie
pIlIEHHSI € HAOLIBII PO3MOBCIOPKEHNUM, OCKUIBKH JIO3BOJISIE 3€KOHOMHUTHU HA KaliTaJIbHUX
3arpaTax 1 He moTpedye OUIbII CKJIATHOTO IIPOLECy IPOEKTYBaHHSA Ta, SK HACIIIOK,
BupoOHuITBa. [Ipore rojsoBuum Hemomnikom [IBY 3 KKb € BijncyTHiCTh TMOOKOI yTHmi3alii
SHEepTii BiANpaboBaHOTO MOBITPS, y nopiBHsHHI 3 [IBY 3 TH. HaTtoMicTh B Takux ycTaHOBKaxX
B17I0YBAETHCS JIMILIE YACTKOBA YTHITI3A11is €HEPTii 3a PaXyHOK PEKyIepaTopa, o € JIUIIE OJHUM
13 3aXO/1B JUIsl CTBOPEHHSI EHEPreTUYHO €PEKTUBHOI CHCTEMMU.

Jlna 3aganux 3a mpoekToM ToTped y KoHmuiitoBaHHi oompaerbess KKb BupoOHUKa
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Hisense HominanmpHOO mOTYXHIicTIO 40 kBT: Momens AVWT-136HKFSE (puc. 7.1). B
arperaTi BCTAHOBJICHO | KOMIIpecop iHBEpTOPHOTO THUITY, KWW 3[IaTCH IIABHO PETYJIIOBATH
CBOIO TOTYKHICTh B 3aJISKHOCTI B moTped y KoHauIiroBaHHi. [Ipore icHye oOMexeHHs B
MiHIMaJIbHIN TIOTY>KHOCTI KOMIIPECOpa, sika CTaHOBUTH 50 % BiJ HOMIHAJIBHOT MOTY>KHOCTI.
[Ticns nmocsirnennst miei mexxi KKb Oyne mnpamoBatn B peskumi  «on/offy, To6TO 3
NEPIOIMYHUMHU BIJKITFOYEHHSIMU KOMIIPECOpa Ta, SK HACHIJOK, MyJhCAIISIMH TeMIepaTyp
MIPUILTABHOTO MOBITPs. Takuii pesxkuM poOOTH HE 3aI0BUIBHUIM, TaK K y MPUMIIIICHHI MOXKYTh
BUHUKATH BEJIMKI PI3HUII Temrieparyp. Uepes 1ie po3paxyHKH MPOBOIIUCH IO TEMIEpPaTyp

HABKOJIMIITHBOTO cepeioBuina, 3a sskux KKb nmounnae mpaitoBatu B pesxumi «on/off.

U s Mogenb 30BHILHLOro AVWT-136HKFSE
r 7 6noka:
HomiHanbHa HomiHanbHa
= XONoAoNPOAYKTUBHICTb 40 TennonpoayKTUBHICTb
- (kW) (kW)
Hisense : =
Hi-FLEX E HomiHanbHe 10,39 HominansHe 10,9
E@HeprocrnoXuBaHHsA Mig, ©eHeprocrnoXwBaHHA Nif
- yac oxonogxeHHs (kW) yac HarpisaHHa (kW)
“ L e - EER 3,81 COoP 1,94

“ ! ‘ Bara (kg) 270 Twn XxonopoareHTy R410A

. . =, [abaputi (BxLLXM) (mm) 1730x1210x750

Puc. 7.1 — 3oBnimHi# Burisia oopanoi moaeni KKb Ta TexHiuH1 XxapakTepUCTUKY.

Cxema miaxmodenHs 3oBHiHboro KKb nmo TIBY 300paxkena na puc. 7.2. KKb
MIKITIOYAlOTh 32 JOMOMOroio  (peoHompoBomiB a0 Termwmooominanka [IBY  uepes
TepMoperyorounii BeHTWIb (TPB), sikuii ¢y XuTh 17151 3HKEHHSI TUCKY (PpEOoHY Micist Horo
kouzeHcailii B KKb. Cxema 31aTHa TakoXk MpaItoBaTi B PEBEPCHOMY PEXHMI, KOJIU € TIOTpeda
B OMAJICHH] PUMIIIEHb.

Ha puc. 7.3 300pakeHO KpecieHHs MPUILUIMBHO-BUTSHKHOI YCTAaHOBKU, CIPOEKTOBAHOI
JUIsL 3a1aHOro mpoekTy. Y [IBY BcTaHOBIEHMM IUIACTUHYATUN PEKYNEPATOp Ul JOAATKOBOL

yTHJII3aIlii eHeprii BUTSKHOTO TTOBITPSI.
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Puc. 7.3 — Kpecnenns [IBY, cnpoekToBaHO1 32 yMOBaMH MPOEKTY.

VY Bunazaky [IBY 3 BOynoBanum TH (puc. 7.4) MoxxiuBa OUTBII THYyYKa KOMIUICKTAIIis,
HANpUKJIaJ, JBa KOMIIPECOPHU 3aMicTh OJHOr0. YUepe3 Te 10 Taki YCTAaHOBKHM HaW4acTiIle
BUTOTOBJISIIOTHCS 111 KO’KHE 3aMOBJICHHS 1HIUBIIyaJIbHO, 11€ TO3BOJISIE 1/1€aTbHO HAIAIITYBATH
ix poOOTYy B yChOMY HEOOX1IHOMY TEMIIEPAaTypHO-BOJIOTICHOMY JAiara3oHi 3 MaKCUMaJIbHOIO
edeKTUBHICTIO cucTemu 3arajoM. Y To dac cepiiHicte KKb Ta mepeBara Hux4oi 1iHU 1
npoctotu rotoBoro pimenns ([IBY 1 KKb) nag motpeboro B Ouibil epekTUBHINA cxemi
konauuitoBanHA (IIBY 1 TH) € yacto BUpiIIaTbHUM KPUTEPIEM [T 3aMOBHHUKIB.

Ha puc. 7.5 300paxeno kpecnenns [IBY 3 xontypom TH 3a ymoBamu mpoekry. B
YCTAHOBIIl BHKOPUCTOBYETHCS IUIACTHHYATHIA pEKyneparop Juid yTWI3alli  XOJoay

BEHTUJISILIIHHOTO TIOBITPAI.
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Puc. 7.5 — Kpecnenns [1BY 3 TH, cripoeKTOBaHO1 32 yMOBaMU IPOEKTY.

VY Bunaaky 3acrocyBaHHs KKb cymicHo 3 TIBY mis xoHmuiitoBanHst (Ta OCYIICHHS)
MPUMIILIEHHS TUTaHHS TeMIIepaTypH MOBITPSI MICIS KOHJIEHCATOPa HE € HACTIIIbKU CYTTEBUM Y
nopiBusiHHI 3 [IBY 3 TH. Amxe B KKb BuTpaTa moBiTpsi Ha 0XOJIOKEHHS KOHIEHCATOPA €
3MIHHOIO BEJIMYMHOIO Ta MOXE B JIEKUIbKA pa3iB NMEPEBUIIYBATH BUTPATY BUTSKHOTO TIOBITPS
B [IBY 3 TH, 110 nmpoxoauTs uepe3 KOHAEHCATOp BCEPEANHI CaMOi YCTaHOBKH. 31 301IbILICHHAM
PEIMPKYJIALIT MOBITPS BUTPAaTa BUTSHKHOTO TMOBITPsL OyJie 3MEHIITYBaTUCh, 10 MPU3BEIE 0
HEMHHYYOTO 30UTBIIICHHS TEMITEPaTypy BUTSDKHOTO TTOBITPS, SIKa MOYKE JTOCSATTH KPUTHIHHUX
temnepatyp 60 — 70 °C. 3a Ttakux Ttemmeparyp koHtyp TH Oyzme mnpamioBatu y
EKCTPEMAIbHOMY J11aIla30Hi.

Jlana oOcraBuHa BiAOYBa€ThCS dYepe3 Te, IO 3HUKEHHS BHUTpPATH TOBITPS 4Yepes

KoHgeHcaTop TH mpu3BOAWTH 10 3HIKEHHS MIBUAKOCTI MOJICKYJ TOBITPS, IO MPOXOJSATH
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yepe3 Hporo. OQHOYACHO 3pOCTae TemrepaTypa TpyOOK Ta pedep KOHJeHcaTopa, TOMY IO
TeMIepaTypa KOHACHCAIli MiIBUILIKIACS. 3HUKEHHSI BUTPATH MOBITPS 3a CTAJIOr0 TEIIOBOTO
MOTOKY OOYMOBIIIO€ 3pPOCTAaHHSI MIAIpiBY MOBITPS, 1 HOro TemmepaTypa Ha BHUXOAI 3
KOHJIEHCATOPA IT1IBUIIY €THCSI.

VY nanomy JOCTiIKEHHI OCTABJIEHO 3aBJIaHHs MPOBECTH TEPMOIMHAMIYHHM aHAI3 IBOX
cucteM [1BY 3 KKb a6o TH i nopiBHsTH iX eHeproed)eKTUBHOCTI Ha MPUKJIIa/ll BAPOOHHUYOTO
MPUMIIICHHS, y SKOMY HEOOX1/IHI BEHTHJIALISA Ta KOHIUIIFOBAHHS IS MATPUMAHHS 33JJaHUX
32 IMPOEKTOM KJIIMaTMYHUX YMOB BCEpeAMHI. BNpoBa/UKEHHsS Takoro aHajlizy Imij 4ac
npoekTyBanHs cucteM HV AC 103BouTh, TO-TIEpIiie, HAOUHO MPOIEMOHCTPYBATH, sIKa 31 CXEM
€ OLTBILI BUTIPABAAHOIO JUI1 KOHKPETHOTO POEKTY B JIOBIOTPUBAII IEPCIIEKTUBI Ta, O-APYTE,
CTaHe OCHOBOIO Ui MOJAJBIIOro OUIBII TOYHOro mporecy npoektyBaHHs [IBY, mo

nepeoadae BuOip o0IaHaHHS, IPOTpaMyBaHHS AJITOPUTMY POOOTH YCTAaHOBKHU TOIIIO.

7.2 Onuc cucrem 3 KKb (a) a6o TH (0) Ta podouux npouecis

Ha puc. 7.6, a-6 moka3zaHi IpUHIIUIIOB] CX€MHU BEHTHJISIIIT 1 KOHIUIIIFOBAaHHS MOBITPSI 3
pPEeKyIepallie€ro Ta PEIUPKYIALIEI0 BIATPAIIbOBAHOTO TOBITPs. BIIMIHHOCTSMHU ITUX CXEM €
JoKepeno xonony. Y cxemi Ha puc. 7.6 (a) mkepenom xosnoay Buctynae KKbB i1 BiH
3HAXOAWTHCS 330BHI mpuMinieHHs. [lepeHoc TemoTu BinOyBaeThcs MO (HPEOHOBUM
TpyOompoBoaam, min’eaHanuM g0 BumapHuka [IBY. Cxema na puc. 7.6 (6) HaBOAUTH
BUIIAJI0K, KOJIM BECh (PPEOHOBUI KOHTYp 3HaxoAuThCs BeepeauHi [IBY. Ilpunuun pobotu
CXEM: CBIKE 30BHILIHE MOBITPS 3 TEMIIEPATYPOIO fo, BIAIHOCHOIO BOJIOTICTIO (P9 1 MaCOBOIO
BUTpatoto Go HAAXOAWTh B pPEKyHepaTop, J€ OXOJIOMKYETbCA TMpPH TMOCTIHHOMY
BOJIOTOBMICTI /IO TEMIEPATypU fox 3@ PAXYHOK XOJOJHUX BEHTHIALIINHUX BHUKHUIIB 3
OPUMIIICHHS 32 TEeMIEpaTypH f2, BOJOTOBMICTY d> 1 MacoBoi BUTpatu Go. OX0JI0mKEeHE
30BHIIIHE TIOBITpSI HampaBiseThcsi y Kkamepy 3mimyBanHg (K3), me g0 mosiTps
MMIITY€ThCS PEIUPKYIIALiiHEe MOoBITps 3 mpuminieHHs. [ligminryBanHs BinOyBa€eThCs y
3MIHHUX MPOMOPLIAX ABOX THUMIB MOBITPsS AN €()EeKTUBHOI pOoOOTH CXEMHU B YCHOMY
miamazoni temneparyp. Jani cymim noBitps notpamisie 1o Bumnapauka KKb a6o TH, ne
OXOJIOJIKYETHCS 3 YaCTKOBOIO KOHJICHCAIIIEI0 BOJIOTH JIO TEMIIEPATyPH ¢1 1 BOJIOTOBMICTY d].
OTpuMaHa TIOBITpSIHA CYMIII Jajli HaNpaBlISEThCA Y BUPOOHWYE TMPUMIIICHHS s
BEHTWISIIT Ta KOHAMIIIOBAHHS (i1 KOMIIEHcAllll HaIXOJKEHHS TEIUIOTH uepes
OTOPOJDKEHHSI Ta BHYTPIIMIHIX TEIUIOBHAUIEHb). Harpite BiampanboBaHe IMOBITPS MicCis
pekymepaTopa Mpu TeMIlepaTypi fy 1 MOCTIHHOMY BMICTI BOJIOTH y BHUIAJKy CXeMU (a)
BUKHUJAETHCS B 30BHIIIHE CEPEIOBUIIE, BTpPAYalOyu MOTEHLIAN €HEprii, sIKHW 1€ MO>KHa
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BUKOPHUCTATH: TEMIEpAaTypa BEHTWISLIMHUX BUKHJIIB YaCTO MAa€ HUXKYY TEMIEparypy 3a
HABKOJUIIHE cepenoBuile. JlaHa oOcTaBMHAa BpaxoBYeThCs B cxemi (0), KOJU MOBITPS
HAJXOIUTh 10 KoHAeHcaTopa TH, ne HarpiBaeThes 1 Ha BUXO/1 Ma€ TeMNeparypy . Ilicns
[ILOT'O TIOBITPSI BUAAIAETHCS 3 YCTAHOBKH.

B f
| /. G QK
| 3ar
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| OBK
|
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to (00 : |
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Puc. 7.6 — Ilpunnumnosi [IBY BeHTUmAIIT Ta KOHAUITIFOBAaHHS TIOBITPS B IPUMIIICHH] 3

peKynepaliero Ta peHUpKyJIALIeEr0 BEeHTIILITHOro noBiTps 3 30BHIIHIM KKb (a) abo
BHyTpimHIM TH (6): Kkks / Kt — konnencarop KKb / TH; Bkks / Btu — Bunapuauk KKb /
TH; K — xomnpecop; K3 — kamepa 3mimyBanus; P — pexyneparop; OBK — 06’ ekt
BEHTHWJISIIT Ta KOHIMUI[IFOBAaHHS MTOBITPS.

Ha puc. 7.7, a-0 300paxkeHO poOOYlI MPOIECHM 3MIHU CTaHy IMOBITPSI B CHCTEMI
BEHTWJIAIIT Ta KOHJMIIIIOBAaHHS TpUMIIIEHHS B A-d pgiarpami. Touka O moOyjoBaHa 3a

napaMeTpaMH HaBKOJIMIITHLOTO cepeaoBuiia (fo, do) [90]. Touka 2 moOymoBaHa 3riiHO 3
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HEOOXITHUMHU TEMIEPAaTypor ¢ 1 BIJIHOCHOK BOJIOTICTIO (2 TIOBITPS BCEpPEIMHI
OPUMIIICHHS, BUBHAYAETHCA 3T1IHO 3 [91] B 3a1€XKHOCTI BiJl TEXHOJIOTTYHOT'O MPU3HAYCHHS
npumiiieHHs. Touka /' BiANOBIIae CTaHy NPUIIMBHOTO MOBITPS 32 YMOB JIMIIE BEHTUJIALI]
OPUMIIICHHS U1 BUJAJICHHS 3aliBOi BOJIOTM, METOJMKAa BU3HAYEHHs omucaHa B [12].
[lepexin 1'-1 300paxye 1oAaTKOBE NEPEOXOJIOMKEHHS MOBITPSI JIs1 3a/I0BOJICHHS TIOTPEO
KOHJUITIIOBaHHS TMPUMIIICHHS. TemmepaTrypy MOBITpS B ToYlll / B 3aJeXHOCTI BijJ
BHYTPIIIHIX TETUIOBU/IIJICHB Ta TEIJIOBUX MPUTOKIB 330BHI MOKHA PO3PAXyBaTH JJIs1 BCbOTO
Jlana3oHy TeMIIEPaTyp HaBKOJIUIIHBOIO CEPENOBUILA, METOJIUKY PO3PAXYHKY BUKIIAJECHO B
[9]. BinmparpoBaHe moBiTps 3 mapaMeTpaMu B TOYIN 2 MOJUTSIETHCS HA JIBA MMOTOKU: OJIUH
NOTIK MIJICPIBAETHCSA B PEKYNEpPaTopi 10 TEMIIEPATypH fy 3a CTAJIOr0 BOJIOTOBMICTY d2, a
noTiM ab0 BUKHUJAEThCS Ha30BHI (a) abo mocrtymnae 1o koHjaencaropa TH (0), micns voro
TaKOX BHUAANSAETHCA. Jpyruil moOTiK MOBITPS MIAMIIIYETHCS JI0 OXOJOMIKEHOTO IICIs
peKymnepaTopa 30BHIIIHBOTO CBI)KOT'O MOBITPS, YTBOPIOOUM cyMil y Touli C Ha aiarpami.
IToTiM 11 3arajbHa BHTpaTa MPHUILIMBHOTO IMOBITPS HAAXOAUTH J0 Bumapuuka TH, ne
OXOJIOJDKYETHCA /10 33IaHO1 TEMIIEPATYPH ¢1 3 HACTKOBOIO KOHJIEHCalli€l0 Bojoru. Touka /
BIJIIIOBIJA€ CTaHYy IPUIUIMBHOTO IOBITPS 3 BOJOTOBMICTOM d| Ta TEMIEPATYpPOIO f1, SIKE
HAIPaBJISIETHCS B MPUMILIECHHS JUIsl 33JJ0BOJICHHS MMOTPeO BEHTHJIALII Ta KOHAMIIFOBAHHS.
[Ipouec /-2 BignoBigae po60YOMyY MPOLECY 3MIHU CTaHy MOBITPS BCEPEAUHI TPUMIILICHHS.
VY naHnoMy BUMAJKY MPOIIEC MTOKa3ye 3BOJIOKEHHS Ta IiAIrpiBaHHS MOBITPS Yepe3 HasBHICTh

TETJIOBUX HAJXOJ/KCHb Ta BUIJICHb BOJIOTH BCEPEANHI TPUMIIIICHHS.
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d, d, =d_ d. d d

Puc. 7.7 — PoGoui poriecu 3MiHU CTaHy TOBITPS B CUCTEMAaxX BEHTHIISIT Ta

koHuiitoBanHs npuMitieHHs 3 KKb (a) abo TH (0) B 4-d niarpami.

7.3 Tepmoannamiunuii anaJjis [IBY 3 KKb (a) ado TH (0)

3 MeTor npoBeneHHs aHamizy cxem [IBY HeoOXigHO BU3HAYUTHU iX TEPMOIUHAMIYHI
CTaHU 3a poOOYMX MapaMeTpiB MOBITPsI B MPUMILIEHH] B 3aJI€KHOCTI BIJ TaKuX (PaKTopis,
SK: TEMIEpaTypa Ta BOJOTOBMICT 30BHIIIHHOTO MOBITPS, BHYTPIIIHI T 30BHIIIHI TEIJIOBI
HAJIXOJDKCHHS, BHYTPIIIHI BUAUICHHS BOJIOTH. 31 cBoro Ooky ctaH I[IBY Bentwmsmii Ta
KOHJULIFOBaHHS 3aJI€KUTh B1J HEBIJOMUX ITApAMETPIB MOBITPS y 1X BY3JIOBUX TOUKax. Jlis
JAaHUX CHUCTEM HEBIJJOMHMH IapaMeTpamMHu € TeMIEepaTypH MOBITPS MICIS PeKymneparopa,
micias kamepu 3MimryBanHs, nicas BunapHuka KKb (a) abo TH Tta xonaencaropa TH (6),
e¢pextuBHIcTh KKb a60 TH, a Takox BETUUMHU XOJIOAWIBHUX KOE(DILIEHTIB CXEM 3arajoM.
PiBHSIHHSA TEIJIOBOTO Ta MaTepiaibHOTO OAlaHCIB OKPEMHUX €JIEMEHTIB CUCTEM Ta CUCTEM B
[IJIOMY JO03BOJISIIOTh BH3HAUUTHU 3aJI€KHOCTI I [MX TMapameTpiB 1 SK pe3ysbTar
TEOPETUYHO PO3paxyBaTh €(PEeKTUBHICTh POOOTH CUCTEM 32 3a/IaHUX YMOB MPOEKTY.

Temneparypu MOBITPSHUX MOTOKIB MICII peKyNepaTopa MOKHA BUBHAYUTH 3 PIBHSAHHS

€()EeKTUBHOCTI IJIACTUHYATOr0 IPOTUTOYHOIO pexyneparopa [93]
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t, —t, t,—t

H

S =——=abo N, =—", 7.1
! lhy—1, ! =1, 7D

le M. — TepMIYHUA KOe]InieHT eQEKTUBHOCTI PEKymeparopa; f, , ¢

(o)
o> C — TeMmeparypu
BIJIMOB1HO HArpiTOr0 BEHTUJISAIIMHOTO Ta OXOJIOPKEHOT'0 30BHIIIHHOTO TTOBITPSI.

3 (7.1) MmokHa OTpUMaTH BUPA3H AJIs TEMIIEPATYp £, 1 7,
t,=t,+n,(t, —1,), (7.2)
Lox = 1o _nr(to _tz)-

EnTtaneii /s 1 hox BU3HAYAIOTHCA 3 A-d jJiarpaMu B TOYKaX IEPETUHY BiAMOBIIHHUX
KPUBUX TEMIIEPATyp Ta BOJOTOBMICTIB BEHTUISILIMHOTO (fy X d2) Ta 30BHIIIHBOTO MOBITPS
(tox % dbo).

EnTanemniro cymimni npuruimBHoro noBiTps nepen Bunapaukom KKb (a) ao TH (06)

MO’KHA BU3HAYUTH 13 PIBHAHHS TeIIoBoro Oanancy misa K3, sike mae BUTIsig

Gh+Gh =G, h (7.3)

3ar’ ‘cym?

ne G,, G,, G

3ar 2

KI/C — MacOB1 BUTPATH PEUUPKYIISIIHHOTO, CBIXXOTO 1 3arajJbHOTO MOTOKIB

HOBITPS; hy, A, h_..., KJI/KTc.n, — €HTANBIII] BiJIIOBIJHUX TTOTOKIB MOBITPAL.

(o) CyM >

PozninuBiim niBy Ta npaBy yactuHu piBHSIHHSA (7.3) Ha Benuuuny G

3ar ?

hcyM - (1 - KO)h2 + K0h0x9 (74)

OTPUMAEMO

ne K, —4acTKa CBI)KOTO 30BHIIIHBOIO MOBITPS HA MOTPEOU BEHTUIIALLI.

3a ananoriero 3 piBHAHHAMU 7.3 1 7.4 3 pIBHAHHA MaTepialbHOTO OanaHCy
BU3HAYAETHCS BOJIOTOBMICT cyMit noBiTps nicias K3. Orpumanuii BUpas 1uist BOJIOTOBMICTY
dC

o MA€ BUTTIS

dcyM :(I_KO)d2 +K0d0x' (75)

TemmnepaTypa NpUIIMBHOTO MOBITPS] BA3HAYAETHCS 32 METOAMKOIO, OITMCAHOIO B [9],
3 ypaxyBaHHAM 3HaueHHs K, koe]ilieHTa mponopiiiHOCTI, 110 3aJ€KUTh B1JI 30BHIIIHIX Ta
BHYTPIIIHIX HAaAXOMKeHb TeIuIoTH. Lleil mMoKa3HWK JOJAaTKOBO pPO3PaxoOBYETHCA B
3QJIEKHOCTI Bl 3aJaHUX NapaMeTpIiB MPOEKTY: KOHCTPYKUIMHUX OCOOIMBOCTEH

MPUMIIIEHHS, BHYTPIIIHIX TEIJIOBUIIEHb, KoedilieHTa moBiTpooOMiHy ToIo. Bupas nis
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{, Ma€ HACTYIIHUI BUTIIAN
L=t —K(t, 1), (7.6)
1€ t, — TemIeparypa HOBITpsi, HEOOXIAHOIO JuIle AJIs BEHTWIALIl NpUMIIIEHHS Oe3
BpaxyBaHHs MOTPEO HA KOHIUIIIFOBAHHS.
BosorosMict Ta eHTasbIisl CyMilll MPUIUIMBHOTO MOBITPS MICHAS OXOJOJKEHHS Y
BunapHuky KKb (a) abo TH (0) no 3apaHoi Temniepatypu ¢, BU3HA4alOTHCS 33 JOIIOMOT OO
h-d niarpaMu Ta pIBHSHB CTaHy BOJIOroro mnoBiTps. g po3paxyHKIB 3rigHO 3 [54]

TEMIIEpaTypa IMOBEPXHI BUIApHHUKA ¢ npuiimMaetsca 5 °C. IlapriansHuil THCK BOASHOI
napu OuId MOBEPXHI BUIIAPHUKA p BHU3HAYAETHCA 3a /i-d J1arpamMoro 3a TEMIIEPATYpH £,

ta ctaHOBUTH 870 Ila. 3 [104] BONOroBMICT Ta €HTaIbIIS MOBITPS MOOJMU3Y IMOBEPXHI
BUIIAPHUKA PO3PaXOBYIOTHCS 3a HACTYMTHUMH (HOpMyIaMu

_0,622p
Y L013-10° - p_

(7.7)

h, =1-t,+(2500+1,9¢ )d 10", (7.8)

X1 )
BuxopucroByroun h-d piarpaMmy, BU3HAYa€TbCsl €HTAIbIISA MPUILNIMBHOIO MOBITPS

h,, oxonomxeHoro micis BunapHuka KKb (a) abo TH (0). BoaoroBMicT npuIuimBHOro

HIOBITPSL d, pO3paxoOBY€ETHCS 3a POPMYIIOLO, SIKY MOKHA BUPA3UTH 3 piBHAHHA (7.8)

h—1-t
—_1 0% (7.9)
2500 +1,9¢,

1

Jnsa cxemu 3 TH (0) momaTkoBO BHU3HAYAIOTHCSA MapaMeTpU TMOBITPS MICHs
koHsieHcaropa TH. ExTanbmis BiAmpai0BaHOTO MOBITPS 3 IPUMIIIEHHS T1CIIs HarpiBaHHS
B KOHJICHCATOP1 MOKe OyTH BU3HAYEHA 13 PIBHAHHS eHepreTuyHoro o6amancy TH

O, = Qo + Ly (7.10)

o piBasiaHs (7.10) BXOAATh HACTYITHI BETUYNHU:

- TETUIOBHH TOTIK, BiABEJIeHNH Big KoHAeHcaTopa TH

0, =Gy(h,~h,); (7.11)

- TEIJIOBUH NOTIK, NiABEACHU 10 BunapHuka TH

Opin = G (B — ), (7.12)
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- BUTPATH 30BHINIHBOI €JIEKTPUIHOI eHeprii Ha kommnpecop TH

L =0,/ €m> (7.13)

Ie €y — XosnoauwnbHui koedinient TH.

3 (7.10), BpaxoByroum (7.11) — (7.13), Bupa3 s BHU3HAUCHHS EHTAJbIIT

BIJIMPAIbOBAHOTO MOBITPs micias koHaeHcaropa TH npuiimae Burisijg

h =h + (hcyM _hI)STHJrl.
K, €TH

(7.14)

EdekruBHicTs pobotn TH, skuii B pexxuMi KOHAUIIIOBAHHS MPALIOE K XOJIOANIbHA
MallliHa, OI[IHIOETHCS BEJIMYMHOIO XOJOAMIbHOTO Koedimienta TH

e — 1 (7.15)
™ 273+zK+AtK_1’

273+t — A,

e 1 — TeMIepaTypa CyMilli OXOJIOIKEHOTO IPUILNIMBHOTO MOBITPS HA BUXO/I1 3 BUITAPHUKA
TH mnepen mnorpamnsHHsM y mnpuminiersas, °C; # — TeMIeparypa Harpitoro
BIJIIIPAIlbOBAHOTO TOBITPsI HAa BuXoAl 3 KouaeHcatopa TH, °C; Af, — TemmeparypHHiA
nepenaj MiXk MOTOKaMHU MOBITPSI Ta XOJOMWIBHOIO areHTa Ha Buxo/i 3 Bunapauka TH, °C;
At — TeMIiepaTypHHil nepenaj MiX MOTOKAMH XOJOJWIBHOIO areHTa 1 BIANPalbOBAHOIO
noBITPps Ha BUX0/1 3 KoHaeHcaTopa TH, °C. 3rigHo 3 [96] mist KOHIEHCaTOpa 1 BUITAPHHUKA
TH tumy «moBiTps — TOBITPS» MOXHA MPUHHATH HACTYIHI YHCIIOBI 3HAYEHHS
TeMIlepaTypHux nepenajuiB A= A, = 10 °C.

Temneparypa Ha Buxonl 3 koHjeHcaropa TH ¢ BusHauaeTbca 3 h-d niarpamu
BOJIOTOTO MOBITPS B TOULl IIEPETHHY /3 BOJOTOBMICTOM BCEPEAUHI NPUMILIEHHS d, .

Ha Bigminy Bix cxemu 3 TH (0), y cxemi 3 KKb (a) BianpanpoBaHe moBITps Micis
MIAICPIBAaHHSA Y PEKYNEpATOpl BiAPa3y BUJAISAETHCSA 3 CACTEMHU B HABKOJIMILIHE CEPEIOBHULIIE.
VY manoMy mOCHiKEeHHI 3a MpoekToM Oyiio obpano B skocti npototuity KKb BupoOHuiTBa
Hisense. EdexkTuBHICTH poOOTH 30BHIIIHBOTO OJIOKY BHM3HAYA€THCS 3a JOIMOMOIOIO
KEpIBHUIITBA 3 MOHTaxy Ta ekcruryatanii [105], y sskomy nipeacraBiieHi podoui Tabiuill 3
HAaBEJEHUMHU TapamMeTpaMH TMOTYKHOCTI, 1m0 crnoxuBaerbes KKb, 3a pizHux
TEMIIEPaTYpHUX PEXKUMIB Ta B 3aJIEKHOCTI BiJ HEOOX1IHOI XOJOMUIBHOT MOTYKHOCTI ISl

KOH/IMIIIFOBAHHS TTOBITPS B IPUMIIIEHHI.
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Ha puc. 7.8 HaBeaeno npukiazn gaHoi Tabmumi ais oopanoi moaem KKb. TyT O, kBT,
BIJIMOB1a€ HEOOX1THIM XOJIOAMIbHIN MOTYKHOCT1 KOHAUIIFOBaHHS; P, KBT, — MOTY>KHOCTI,
aka cnoxubaerbcsi KKb; 7, °C, — Ttemmeparypl 30BHIIIHBOTO MOBITPS 33 CYXUM

tepmomerpom; T;, °C, — TemmnepaTypl BHYTPIIIHbOIO MPUILUIMBHOTO MOBITPS 32 BOJIOTHM

TECPMOMECTPOM.
Combination | - 14.00 16.00 18.00 19.00 20.00 22.00 23.00 24.00
fi%) Q P a P a P Q P Q P Q P Q P Q P

27.24 519 3234 530 3745 5.40 40.00 5.46 40.97 572 4254 582 4439 593 4584 6.04

2724 5.39 3234 549 3745 563 40.00 569 41486 6.11 4254 6.29 4439 648 4584 6.58

5
0 27.24 530 3234 5.41 3745 553 40.00 559 4124 593 4254 6.08 4439 623 4584 6.34
4
7

2724 545 3234 556 3745 L 40.00 576 4162 6.24 4254 6.45 4439 6.66 4584 6.77

10 27.24 559 32.34 571 3745 585 40.00 5.96 41.79 6.32 4254 6.51 4439 6.69 4584 6.79

12 27.24 568 32.34 581 3745 594 40.00 6.09 4169 6.38 4247 6.54 4422 6.71 45.60 6.81

14 27.24 577 32.34 591 3745 6.03 40.00 6.22 41.59 6.43 4240 6.58 4405 6.73 45.36 6.83

16 27.24 587 32.34 6.01 3745 6.12 40.00 6.35 41.49 6.49 42.34 6.62 43.88 6.74 45.12 6.85

18 27.24 596 32.34 6.11 3745 6.21 40.00 6.48 41.40 6.55 4227 6.66 4371 6.76 4488 6.87

20 27.24 6.20 32.34 6.49 3745 6.72 40.00 6.94 41.30 7.056 4220 713 43.54 i 44 64 7.29
22 27.24 6.45 3234 6.86 3745 7.24 40.00 740 41.20 7.56 4214 7.61 4337 7.66 44 40 7.70

24 27.24 6.69 3234 7.23 3745 7.75 40.00 7.86 4110 8.06 42.07 8.08 4320 8.10 4416 8.12

25 2724 6.81 3234 741 37.45 8.01 40.00 8109 41.05 832 42.04 8.32 4312 8.32 4404 833

100% 26 27.24 6.98 3234 7.60 3745 821 40.00 8.32 41.01 8.52 42.00 853 43.03 863 4392 8.54
28 27.24 7.32 32.34 7.97 3745 8.61 40.00 8.78 4091 P.94 41.94 8.95 42 86 8.95 43.68 8.95
30 27.24 7.66 32.34 8.34 3745 9.01 40.00 9.24 40.81 9.35 41.87 9.36 4269 9.36 43.44 9.37

32 27.24 8.00 32.34 8.71 3745 9.41 40.00 9.70 40.71 a9.77 41.80 9.78 4253 9.78 43.20 9.78

34 27.24 8.34 32.34 9.08 3745 9.81 40.00 10.16 4062 10.19 41.74 10.19 42.36 10.20 4296 10.20

35 27.24 851 32.34 9.26 3745 10.01 40.00 10.39 4057 10.39 41.70 10.40 4227 1041 42.84 10.41

36 26.86 852 3215 9.28 3722 10.08 3924 10.42 40.32 10.53 4145 10.54 42.02 10.54 4258 10.54

38 26.10 8.52 31.76 9.30 36.77 10.16 3772 10.49 30.84 10.79 40.95 10.80 41.51 10.81 42.07 10.82

40 25.33 8.52 31.37 9.32 36.32 10.25 36.44 10.87 39.35 11.06 4045 11.07 41.00 11.08 41.55 11.09

43 23.84 8.52 28.95 9.35 33.52 10.39 34.52 11.45 36.31 11.46 37.33 11.47 37.83 1148 3834 11.49

46 2234 8.55 26.52 9.38 3071 10.42 3321 11.46 3327 11.46 3420 11.47 3466 1148 3513 11.49

48 19.89 852 2361 927 2711 10.08 3012 11.13 3063 1124 30.86 11.26 3128 11.28 31.70 11.30

50 17.98 8.42 2119 9.26 2472 9.82 2632 10.41 27.08 10.50 2752 10.57 27.90 10.63 2827 10.69

52 16.07 8.31 18.76 9.25 2172 958 2252 9.70 2353 977 2419 9.87 2452 9.97 2485 10.08

Puc. 7.8 — PoOoua Tabnuiis s BU3HaA4eHHs criokuBaHHs enekTpoeneprii KKb
B 3QJICKHOCTI BiJ] TEMIIEPATYPHUX PEKUMIB Ta HEOOX1THOT

XOJIOAUIBHOT TOTYKHOCT1 KOHAUIIIOBaHHs [105].

Takum unHOM, epextuBHICTH poboTH KKb po3paxoByeThes 3a HACTYITHOIO (POPMYIIOIO

_ Qs (7.16)

€
KKb >
P

ne P, kBT — motyxHicTh, mo cnoxkuBaetbesi KKb, Bu3HawaeTbest 3 poOounx Tabauilh s

obpanoro arperary [105]; Oy, KBT — HeoOxinHa xonoguiabHa notyxkHicTs KKb mnd

OXOJIOJKEHHS TIPUILTMBHOTO MOBITPS JI0 33/IaHUX MTapaMeTPiB, BUBHAYAETHCS K

QKKB = G3ar (hcyM - hl) (717)
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XonogunpHi koedimientn KKb (a) abo TH (6) 3anexarp nuiie Bii yMOB POOOTH
BIJIMOBIJHUX XOJIOJWIBHUX KOHTYpPiB, TOOTO BIJ TEMIEpPAaTypHUX PIBHIB MPOLECIB
TETI000MIHY, SIKi IPOTIKaIOTh y BumapHukax i konaencaropax KKb (a) abo TH (6). Tomy
JUIS XapaKTepUCTHKU eheKTUBHOCTI poOoTu Bciei [IBY BeHTWIAIIT Ta KOHIMIIIIOBaHHS

JOpEYHillle BUKOPUCTOBYBAaTH XOJIOAWJIBHUN KOE(ILIEHT BCIEI CXeMU g_ , KU MOXKHA

npeAcTaBUTH HacTynmHUM yuHoM BianosigHo aiisg KKb (a) ta TH (0)

QXOH
€, ==, 7.18
X P ( )
QXO.H
g = oo 7.19
C L ( )

ne Q.. KBT — XonmoaunbHa NOTYKHICTb, 110 BUPOOJS€TbCA HAa BXOAI y BHPOOHHUE
OPUMIIICHHS 1 BUBHAYAETHCS K

Oron = Guae (g = ). (7.20)

3 ypaxyBaHHsM piBHsIHB (7.20), (7.16) 1 (7.17) nns cxemu (a) Ta (7.20), (7.12) 1 (7.13)

mutst cxemu (0) Bupasu (7.18) ta (7.19) MokHa BiJIMOBITHO 3aMMCATH HACTYITHUM YHHOM

hy—h
ox ho _]11 KKB > (7.21)
cyM 1
:M _ (7.22)

Amnamiz po6ornm aBox cucrem I[IBY mnpoBeneHo miig TEXHIYHOTO MPUMIIICHHS
aeporiopry «KuiB-XynssHu» 3 3agaHUMM  BHYTPIIIHIMHM [AapaMeTpaMH MOBITPS, SIKI
HEOOX1AHO miATpuMyBaTU: Temmeparypa £, = 19 °C; BigHOCHa BOJOTrICTh MOBITPS B
mianazoHi @2 = 50 — 75 %. 30BHIIIHI Ta BHYTPIIIHI TEIJIOBUAUICHHS 3a MPOEKTOM
CTAHOBJIATH BIAMOBIAHO 5 1 3,5 kBT, BUAIIEHHS BOJIOTH B MPUMIIIEHHI CKIagae 5,4 Kr/To/I.
Jlst epeKTUBHOCTI peKynepauii IpuiHATO HacTylHi 3HaueHHd 1, = 0; 0,6; 0,8.

KoedimienT nponopiiitHocTi K BU3HAYAETHCS 32 HABEJACHOI y po0oTi [ 12] MeToIMKO0
U1 00paHoro mpuMiiieHHs Ta ctaHoBuTh K = 0,15, [ BenmuunHa nokasye BiTHOIICHHS

HaAXOIKCHb TCIIJIOTH OO0 HpI/IMiH_IeHHH A0 TCIUIOTH, AKY H€O6XiI[HO BUAAJIUTU 3
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IPUILUIUBHOTO MOBITPS 17151 MOTped BeHTusALii. i Oy 1iBesib TEXHIYHOTO Ta TPOMaJICEKOTO
pU3HAYCHHS HAJIUIITKOBA TEIIJIOTA 3 BEHTUIISIIIEID MOXKE Y ICKITIbKA Pa3iB MEPEBUITYBATH
BIIMOBIAHI TerioBl mpuToku [93]. ¥V 3B’SA3Ky 3 UMM aHali3 BUKOHYBaBCS 3a 3HAYEHb
koedimienta K =0,1510,3. To6To OyB po3rasiHyTHI BUIAaI0K poboTH cucteM (a) 1 (0), Koau
HAJIXOKEHHS TEIUIOTH 301IBIIMIINCEH BABIYI.

3a YMOB MPOEKTY BCTAHOBIIOETHCS HEOOXITHA PI3HUIl BOJIOTOBMICTIB MPUILTUBHOTO
di Ta BUTSDKHOTO TOBITPS d2, JUISI KOHTPOJIIO BIJIHOCHOI BOJIOTOCTI TMOBITPS BCEPEAMHI
OPUMIIICHHS B MEax 3agaHoro aiamna3ony @2 = 50 — 75 %. g pisuuusa Ad = d» — di
ctaHoBUTh 0,91 1/Kren. Takoxk po3risHyTO BUMAIOK poOoTu cxem (a) 1 (6), xoiu
BOJIOTOBU/IIJIEHHS B MPUMIILIEHHI 3pOCIH BABIY1, TOOTO 3a Ad = 1,7 I/Krc.

Po3paxyHkoBuii aHasi3 13 BUKOpUCTaHHSAM piBHSAHG (7.2), (7.4) — (7.9), (7.14) — (7.22)
METOJIOM TIOCHIJOBHUX HAaOJMKEeHb [a€ 3MOTY OLIHUTH BIUIMB 3MIHM IapaMeTpiB
HABKOJIMIIHBOTO CEpPEeAOBUINA, €(PEKTHUBHOCTI pPEKyHepalii, XapaKTEPUCTHKU OO0 €KTY
BEHTUJIAIIT Ta KOHUIIFOBAHHS K Ha TTapaMeTPy CUCTEM (TeMmIiepaTypa MOBITpsS Ha BUXO/II
3 BumnapHuka ta konjaeHcaropa KKb abo TH, xononunsuunii koediient KKb a6o TH), Tak
1 Ha TEPMOJAMHAMIYHY €()EKTHUBHICTh 3aCTOCYBAaHHS CUCTEM BEHTWIISILIT T4 KOHIHUIIIFOBAHHS.

AJNTopUTM iTepaliiHOr0 UKy HACTYITHUM: 3a/1at0Thcs 3Ha4eHHs! BennuuH K, Ko, to, o,
Nr. 32 fo 1 Qo 3 h-d AlarpamMu BuU3HA4YaKOTHCS do 1 ho. 3a dhopmynamu (7.2) 0OUUCITIOIOTHCS
TemMriepaTypu t. (s cucremu 3 TH) 1 Zox, BIATIOBITHI MUTOMI €HTAJIBITII BU3HAYAKOTHCS 3 /i-d
miarpamu. 3a piBHSHHAMHU (7.4) 1 (7.5) 0OUNCTIOIOTHCS BIAMOBIIHO MUTOMA CHTAIBIIIS Acyy 1
BOJIOTOBMICT dcyy. HeoOXimHa TemmepaTypa NpPUIUIMBHOTO TMOBITPS #1 3HAXOJUTHCA 3
dopmymu (3.1). Po3paxoByrOThCS BOJIOTOBMICT Ta ITUTOMA CHTAJIBITIS MIOBITPs 017151 TTOBEPXHI
unapauka TH 3a popmynamu (7.7) 1 (7.8) BignoiaHo. [Iutoma eHTanbmis /11 BUBHAYAETHCS
3a h-d nmiarpamoro, a BOJIOTOBMICT d| BUpakaeTbes 3 piBHsHHA (7.8). [ns cxemu 3 TH
0OYHUCITIOETHCA JOJATKOBO CHTAJIBINIS MICHs KOHAeHcaTtopa /i 3a dopmyinoro (7.14) Tta
3HaXOAUThCSl Temneparypa t« 3 h-d nmiarpamu. XonoaunbHi koedimientu TH ta KKb
BU3HaualoThCs 3a Gopmynamu (7.15) 1 (7.16) BignosinHo. 3a piBusHHAMU (7.21) 1 (7.22)

OIIHIOIOTHCS BEJTUYMHH XOJIOIMIBHUX KoedilieHTiB cxeM & 3 TH ta KKb BigmosiaHo.
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7.4 Pesyabratu anauaidy cucremu IIBY 3 KKb

Ha puc. 7.9 300paxeno xonoauinbny edextuBHicTh KKb ¢ .. B 3aJIe)KHOCTI BiJT yMOB

KKBb
HABKOJIMIITHBOTO CEPEOBUINA: TEMIIepaTypu fy Ta BIHOCHOI BOJIOTOCTI MOBITPA (o, 3a
peuupKyIsiii  BeHTWsIiiHOro moitpa 60 %, koediuienta K = 0,15 (koedimieHT
POTOPIIMHOCTI, 3HAYCHHS SKOTO 3aJICKUTh BiJl 30BHIIIHIX Ta BHYTPIIIHIX HAJAXOKCHb
TEIJIOTH ), KoedirieHTa pekynepartii n. = 0,6 Ta BHyTPIIIHIX BOJOTOBUILICHD Y TPUMIIICHHI,
AK1 BU3HAYAIOTHCS 32 PI3HULEIO BOJIOIOBMICTIB IPUILUIMBHOTO Ta BUTSKHOTO MOBITPSA Ta

cknanaroTh Ad = 0,9 r/Kren.

EKKE exis = (tos Pos Ky =0.4;1,.=0.6; K= 0.15; Ad =0.9)
55

5.0

4.5

4.0

3.5

3.0

Puc. 7.9 — 3anexnocTti xonoaunsHoi epexkrruBHocTi KKbB Bij Temneparypu f Ta BIIHOCHOT
BOJIOTOCTI (9o 30BHIIIHBOTO MOBITPSI, YaCTKU CBIXOT0 MOBITPs Ko = 0,4, KoedinieHTa
K = 0,15, xoedimienra pexynepariii 1. = 0,6 1 BHYTpIIIHIX BOJOTOBUAICHb

Ad = 0,9 r/kren: 1-3 — @o = 40, 45, 50 %; 4-5 — o =50 % 1 Ko = 0,7; 1,0.

31 3pocranusaM Qo edpextuBHicTh KKb Takox 3poctae. 3a ymoBaMu 3ajaui, Ajisi TOTO
o0 3aI0BOJIFHUTH TOTPeOM B KOHAMIIIIOBaHHI HEOOXiTHA PO3paxyHKOBa TeMIeparypa
MPUILUIUBHOTO TOBITPS Mae ctaHoBUTH 14 °C. 31 30UIBIICHHSIM (o 3POCTA€ BOJIOTOBMICT
MOBITPS, TOMY MiJ] Yac OXOJOKEHHS 0JJHAKOBOI KUIBKOCTI MOBITPS P13HOTO BOJIOTOBMICTY
EHTANBIIIST OUTBIII BOJIOTOTO TOBITPS 32 OJHAKOBOI TemrepaTypu Oyzae Oumbmioro. Yepes

OUTBIITY PIZHUINIO CHTAIBIINA MK BXOJIOM Ta BUXOJIOM BUIApHUKA HEOOXI1THA MOTY>KHICTh
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Q... Oyzne OunbIIO0 11 Bosorimoro nosiTps. IIpore 3a nanumu BupoOHuka KKb Hisense

[105] BignmoBigH1 3aTpaTH 30BHINTHLOT €HEPTii Ha KOMIIPECOP 3POCTAIOTh HE CYTTEBO.

Ha puc. 7.10 (a) 3a pixcoBanoro 3HaueHHS @ = 45 % IOKa3aHO 3aJE€KHICTD €, Bl

YacTKU CBIXOro MoBiTps Ko B CyMilll NPUIUIMBHOTO MOBITPs. BIACYTHICTh peLMPKYJIALIL
(a00 BHKOpPHUCTAaHHS TUIBKM 30BHIIIHBOTO MOBITPS) € €(PEKTUBHOK JMILIE 33 HHU3BKHX
TEMIEPaTyp, KOJU PI3HULSL MDK TeMIlepaTypamMH 30BHIIIHBOTO Ta BUTSDKHOIO MOBITPS
He3HauyHa. 3a Temmeparypu 25 °C HacTynmae MOMEHT, KOJU OUlbIll €(PEKTHUBHUM €
BIIPOBA/KCHHSI pelMpKyJysiii moBitps. [lepeBara B penupkyssiii € 3aBXId, TOMY
0OMEXXEHHSIM € JIMIIE CaHITapHI Ta BUPOOHWY1 HOPMU B KOKHOMY KOHKPETHOMY BHUIIAJIKY.
JU1st rpoMaiIcbKUX MPUMILLIEHB 1€ 3HAYEHHS B cepeHboMY ckianae 35 %.

['padix 5 (6) 300pakye cutyarito, KOJIM BHYTPIIIHI BOJIOTOBUIICHHS B PUMIIICHHI
30ubmIMCh yaBiui. [lpu 1mpomy BinOynocs He3HauHe mnokpaunieHHss pobotu KKBb.
OckiJIBKM TeMIlepaTypa BOJIOTOI0 TEPMOMETPA y BUTSKHOTO MOBITPS 301IbIIMIIACH (Yepe3
3pOCTaHHs BOJIOTOBUJUIEHb) 3MEHIIMJIACh PIZHUISL TEMIEpAaTyp 30BHIIIHBOTO Ta
BHYTPIIIHBOIO MOBITPS. 3a o0OepHEHMM ULUKIOM KapHO eQeKTUBHICTh XOJOAUIBHOI

MAIIMHH TIPU [[bOMY 3POCTAE.

tas  Exxs =f (to3 9o =45 %3 Ko; n, = 0.6; K = 0.15; Ad = 0.9) aaws eggp =S (f3 @9 =45 %05 Ko; = 0.6; K= 0.15; Ad =1.7)
5.5 5.5

5.0 5.0

- 45

4.5

4.0 1 2 3 40 L) 2 3

35 35

1,
3.0 f 3.0 (]

a) 0)
Puc. 7.10 — 3anexnocti xonoauibHoi epextuBHocTi KKbB Big Temneparypu #o Ta
BIJIHOCHOT BOJIOTOCTI (o = 45 % 30BHIIIHKOr0 MOBITPs, Koedimienta K = 0,15, koediiienra
pekynepaiiii 1; = 0,6 1 BHyTpiuHix BojoroBuauienb Ad = 0,9 r/kren. (a) 1 Ad = 1,7 r/kre.n.

(6): 1-3—Ko=0,4,0,7, 1,0; 4 — Ko = 0,7 i ¢o = 50 %.



144

Ha puc. 7.11 — 7.12 300paxyroTbcsl 3aJIEKHOCTI KoedilieHTa e()EeKTUBHOCTI BCiel

CXEMH g, TOOTO BIJHOIIEHHS HEOOX1JHOT X0JIOJUIIbHOI TOTYKHOCTI 10 3aTPaT 30BHIIIHBOT

eHeprii st poO0TH KOMIIpecopa.
Ha puc. 7.11 s 3anexHicTs nokazana juist 3HaueHb o = 40 — 50 %. I3 3pocTanHsM @

HEOOX1JJHA XOJIOAWIbHA MOTYXKHICTh O, =~ Oyjae 30UIbIIyBaTHCh, IPU ILOMY €(DEKTUBHICTb

KKb Ttakox 3poctae. MakcumaibHa €(QEeKTHUBHICTh, SKYy MOXKHAa OTPUMATH 3a TaKOIO
cxemor, ckiagae 9,5 BT/BT B po3paxyHKOBOMY [liala3oHi TeMIEpaTyp 30BHIINIHBOTO
noBiTps. [Ipore MOTpPiOHO HArOJIOCUTH Ha TOMY, IO MPOIEC KOHIUIIIOBAHHS B I[OMY
BUIIAJKy IPOXOJHUTH 3 peuupkyssimiero 60 % Ta H0JaTKOBOI pEKyIepauiero TEIIoTH
noBITPs 3 epeKTuBHICTIO N = 0,6. Ha prCyHKY TaK0>X TOKa3aHO, HACKUIHKY CUIIbHO BILTUBAE
Ha €(PEeKTUBHICTh 3MEHILEHHS PEUUPKYJISLIT TOBITPs. 32 MOBHOI BIICYTHOCTI PELIUPKYJISALIIL
(kpuBa 5) edexTHBHICTH cxeMu Oyne ckmagaté Omu3bko 5 BT/BT (32 po3paxyHKOBOI
Temrepatypu fo = 32 °C), maitxe 50 % BTpaTu KOPUCHOT €Heprii, 0 MOKHA YTUIII3YBATH.

Kpusi Ha puc. 7.12 mokasyroTh 3aJIeXKHOCTI € BlJ 4aCTKH CBLKOrO MOBITpA Ko B

OPUILUIMBHOMY MOBITPI1 3@ PI3HUX 3HAYEHb BHYTPIIIHIX BOOroBuAneHb Ad = 0,9 r/Kren. (a)
1 Ad = 1,7 t/kren. (0). Sk 1 y Bunagky koedimienta epexruBaocti KKb mpoctexyerses
Kpaia €eKTUBHICTh YCI€l CXEMH 3 BIJICYTHICTIO PEIUPKYJIALI 32 HU3bKUX TEeMIIEpaTyp
30BHINIHBOTO TOBITpA. [IpoTe 31 30iIbIICHHAM pI3HUII TEMIIEpaTyp 30BHIIIHBOTO Ta
BHYTPIIIHBOTO TIOBITPS PEHUPKYJSAIis € e(QeKTUBHINOW. 3O0IbIIEHHS BHYTPIIIHIX
BOJIOTOBHU/IJIEHb HETaTUBHO BIUIMBA€E Ha €(PEKTUBHICTH YCi€l CXeMHU dYepe3 MiJBUILEHHS
EHTaNIbBMIT BeHTWIsALIMHOTO moBiTpsa. Lls pizuuns ckimanae 6mmssko 8 % 3a fo = 32 °C,
@0 =45 % Ta Ko =0,4.

3a pI3HMX 3HAY€Hb BHYTPILIHIX BOJIOTONPHUTOKIB PE3yibTaTH OyAYyThb BIJIPI3HITHUCH,
tomy 1o y K3 eHTanbmis Ta BOJIOTOBMICT cymili Oyjae 3pocTaTd 4epe3 OUTbI BOJIOTE
peuupKyJsiiiiHe noBiTps. Yepe3 OUIbITY KOHIIEHTPAIII0 BOJIOTH €HTAJIbITISI 0XOJI0)KEHOTO
miciIsl BHUIAPHUKA MPUILNTUBHOTO TMOBITPS Oyae Takoxk Ouibimoro. BigmosimHo 31
30UIBIICHHSIM CHTAJIBIIT TMPHUIIMBHOTO TOBITPS HEOOXITHICTh B KOHJIUIIIIOBaHHI CTa€e

MEHIIOK, BeIM4MHA (Q  3HWKyeTbesa. Uepes Le BinOyBaeThCs NaAiHHA €(PEKTHBHOCTI

CXEMU.
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Eex € =f (25 @03 Ky =0.4; .= 0.6; K= 0.15; Ad = 0.9)
10.0

fy

34

Puc. 7.11 — 3anexxHoCTi X0I0uIbHOI €PEKTUBHOCTI CXEMU Bl TEMIIEPATYPH fo Ta
BITHOCHO1 BOJIOTOCTI (oo 30BHILIHBOTO MOBITPSI, YACTKH CBIKOTO 1moBiTps Ko = 0,4,
koediuienta K = 0,15, koedimienta pexyneparii n: = 0,6 1 BHyTpilIHIX BOJIOTOBUAIICHB

Ad = 0,9 r/kren: 1-3 — @o =40, 45, 50 %; 4-5 — o =50 % 1 Ko = 0,7; 1,0.

Eex € =f (ty; 99 =45 %5 K3 1, = 0.6; K = 0.15; Ad = 0.9) £ex Eex =f (tg5 @9 =45 %3 Ko; 1, = 0.6; K= 0.15; Ad = 1.7)

10.0 10.0

9.5 9.5

9.0 9.0 L 2 3

8.5 8.5

8.0 8.0

75 7.5

7.0 7.0

6.5 6.5

6.0 6.0

55 55

5.0 5.0

4.5 45

4.0 4.0

3.5 35

3.0 . 3.0

25 ’ 25 b

18 34 18 20 22 24 26 28 30 32 34
a) 0)

Puc. 7.12 — 3aye:xHOCT1 X0JI0IMIIbHOT €PEKTUBHOCTI CXEMHU BiJ TEMIIEPATYPH fo Ta
BiJTHOCHOT BOJIOTOCTI (o = 45 % 30BHIIIHKOTO MOBITPs, Koedirmienta K = 0,15, koedirienta
pekymepartii 1 = 0,6 1 BHyTpimHiX BojgoroBuaiieHb Ad = 0,9 r/kren. (a) 1 Ad = 1,7 r/Kren.

(6): 1-3—Ko=1,0, 0,7, 0,4; 4 — Ko =0,7 i 9o =50 %.
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7.5 Pe3yabratu ananizy cucremu [IBY 3 TH

VYV IIBY 3 TH BaxxnuBoI0 € TEMIIEpaTypa MOBITPS HA BUXO/1 3 KOHAeHcaTopa By3na TH.
3a3Buyaii komrnpecopu Takux TH mpaiioroTs 3 BukopuctanasM ppeony R410A B skocTi
po060UOi piguHU. XapaKTEPUCTUKH IILOTO PPEOHY MOKHA MOOAYUTH HA Jiarpami poOo4oro
crany ¢peony (puc. 7.13). 3a temmepatrypu 60 °C kommpecop Oyae MpaifoBaTH y
KPUTUYHUX YMOBax, THCK (peoHy craHoButume Onu3bko 40 OGap. Tomy mig uac
POEKTYBaHHS YCTaHOBOK 3 TH, sikvil BUKOPUCTOBYE BUTSKHE MOBITPSI B SIKOCTI JKepesia
TEIMJIOTH, HEOOXITHO MPABWJIBHO HAJAIITYBATH MOTO alTOPUTM POOOTH 3a PI3HUX yMOB

30BHIIIHBOTO CEPEJOBUINA JJIsI 33/I0BOJICHHS OTPeO Y BEHTUJIALIT Ta KOHAMIIIOBAHHI 3a

IIPOEKTOM.
2N
\\K
40.00 R410A Ref':Patel-Teja equation and DuPont SUVA 9100 QY
o . DTU, Department of Energy Engineering ] P — 60 <
= sin [kJ/(kg K)]. v in [m"3/kg]. T in [°C] i A / " \ 0.
Cd M.J. Skovrup & H.J.H Knudsen. 23-01-25 0 [ / ! / s
— ol 4 / + ]
S 30.00 ] T L
= I /:' { / { ‘ \
g {40 /_/ - S
/! Ty
o & / / 7
20.00 ¥ | ‘ } :
! . P . /

SN

10.00 I A AL F A
9.00 Enthalpy [kJ/kg] ‘l /17 A=

Puc. 7.13 — log(P)-h niarpama po6odoro ctany ¢ppeony R410A

Ha puc. 7.14 — 7.15 300paxkeHO 3aJeKHOCTI TeMIlepaTyp MPUILTUBHOTO 1 (200 £3) Ta
BUTSDKHOTO TOBITPS #« BiJl TeMIIepaTypu fo Ta BoJorocti @o (40, 45, 50 %) 30BHIIIHBOTO
noBiTps, epekTuBHOCTI pekynepatopa (0; 0,6; 0.8), yacTku cBixkoro noitps Ko = 0,4 (abo
petnupkyismii 60 %), koedimieara K = 0,15 Ta BHYTpIIIHIMH BOJIOTOBUJIUJICHHSIMH B
npumiiieHH1 Ad = 0,9 r/kre.q. JlonatkoBo aiist o = 50 % HaBeeHO KPUBI 3a 1HIITUX 3HAYEHb
peuupkysiii, a came: 301 0 %.

3a 3pocTaHHA (o B cHCTeMy OyJe MOTPAIuIATH OLIbII BOJIOTE IMOBITPS 3 BUIIUM
3HAUEHHSAM eHTaJbIii. SIK HacaigoK, Oye 3pOCTaTh Pi3HULIS EHTAJBIIINA Ha BXO/I1 Ta BUXO/I
3 BUIIAPHHUKA, 110 MpPHU3BEIE IO 3POCTaHHS MOTYKHOCTI KOMIIpecopa. Y pe3yJbTaTi Ha

KOH/JICHCATOp1 HEOOX1THO BIIBOJUTH OUIBIIIE TEIJIOBOI €HEPT1i. 32 HE3MIHHOTO MOBITPSHOTO



147
HOTOKY 31 30UIBILIEHHSM (o TEMIIEpATypa fx 3pOCTaTUME.

Buxopucranns pekyneparopa B [IBY mae no3utuBHMil €eKT Ta 103BOJIAE PO3LIUPUTH
Mex1 poOoTu ycranoBku Ha 1 °C: 3 28 g0 29 °C temrepaTypu 30BHILIHBOTO MOBITPS 3a
@0 = 50 %. binbm epextuBHUl pexyneparop ao3Boiisge nocsirHyta 30 °C mist pobotu
KoMIipecopa 3 perupkysiiero 60 %. Tooto numie 40 % 3aranbHOTO MOTOKY MOBITPs Oy1e

HAJIXOJIUTH Ha OXOJIOJKEHHS KoHIeHcaTopa TH.

tot,  toty=f (% 095 Ky=0.4;,= 0.6; K= 0.15; Ad = 0.9)
70.0

60.0
50.0
40.0

30.0

20.0

10.0 ‘ ‘ ‘ ‘ ‘ | | C
18 20 22 24 26 28 30 32 34

Puc. 7.14 — 3anexxHoCTI TEMIEpaTyp NPUILTUBHOIO #; Ta BUTSKHOTO MOBITPS #x B1JT
TEMITepaTypH fo Ta BIAIHOCHOI BOJIOTOCTI (P9 30BHIIITHBOTO MOBITPSI, YACTKU CBIXKOTO MOBITPS
Ko = 0,4, koediuienta K = 0,15, xoediuienra pexynepaiii 1, = 0,6 1 BHyTpillIHIX
BosoroBuauieHb Ad = 0,9 r/kren: 1-3 — @o = 40, 45, 50 %; 4-5 — @o =50 % 1. = 0; 0,8;
6-7—90=350%1Ko=0,7; 1,0; 8 — te.

[Ipore Takuii pexum poOOTH € He Oa)kaHWUM, 1 TOMY PIIICHHSIM 1€l MpoOIeMH €
3MCHIIICHHSI PEITUPKYJIALIi, TOOTO 3MEHIIICHHS TEMIIEPATyPH fx 32 paXyHOK O1IbIIIOI MaCOBOT
BUTpaTH Yepe3 KoHaeHcaTop. [lokpameHHs ctany poOOTH i po3paxyHKOBOI TEMIIEpaTypH
30BHINTHBOTO TOBITPs 32 °C mocsaraeTbesl 3a 3MEHIICHHS PEHMPKYJIAIii BABIYI, TOOTO 10
30 % (xpuBa 6).

Temneparypa ¢ (a00 ;) BUBHAUAETHCSA 32 YMOBAMU MPOEKTY Ta € MPIOPUTETHOIO TIiJT

yac poOOTH ycTaHOBKH. /[aHa TemIiepaTypa 3HMKYETBCS 3 POCTOM o 1o IIOB’s13aHO 31
>
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30UTBIIIEHHSIM TETIJIOBUX HAXOJKEHB 330BHI.

Oxpemo Ha puc. 7.15 (a) 3a o = 45 % mnoka3zaHo, K Pi3HI 3HAYEHHS PELUUPKYJIALIi
BIUIMBAIOTh Ha TemrnepaTrypy f. Ha mpomy  rpadiky IITPUXOBAHOK KPHUBOIO HABEJIEHO
BUIIAJIOK, KOJIM BCEPEAMHI MPUMIIIEHHS BOJIOTOBWIAUICHHS 30UIBIINIOCH BIBIYUl, TOOTO 3
0,9 r/kren 10 1,7 1/Kren. Uepe3 30UIbIIEHHS] BOJOTH HEOOXigHA XOJOAWIbHA MOTYXKHICTh
TaKOX 3pOCTE, IO MPU3BEJIE 10 POCTY TEMIEPATYPH f¢, Y JAHOMY BUNAAKY Ha 2 °C, 1110 TaKOX
0OMEXHUTH J1ana3oH podoTu cxemu 3 30 1o 28 °C Temneparypu 30BHIITHBOTO TOBITPSI.

oty bty =f(to; 9o = 45 Y%; Ko3 0= 0.6; K = 0.15; Ad = 0.9) toty  tota=f(ts; @ =45 %; Ko; 1,= 0.6; K = 0.3; Ad = 0.9)
70.0 . 70.0 .
60.0 60.0
50.0

40.0

30.0

10.0 : : : : : i i b 10.0 i i | | | | | )
18 20 22 24 26 28 30 32 34 18 20 22 24 26 28 30 32 34

a) 0)

Puc. 7.15 — 3anexxHoCTI TEMIEpaTyp NPUILTUBHOIO #; Ta BUTSHKHOTO MOBITPSA #x B1JT
TEMIIepaTypH fo Ta BIIHOCHOT BOJIOTOCTI (o = 45 % 30BHIIIHBOTO MOBITPS, YACTKHU CBIKOTO
noBitTps Ko, koedimienta K = 0,15 (a) 1 0,3 (0), koedimienta pexymneparii n: = 0,6 1
BHYTpIIIHIX BojoroBuaiienb Ad = 0,9 r/kren: a) 1-3 - Ko=0,4,0,7,1,0;4—-Ko=0,41
Ad=1,7 t/kren; S —1;06) 1-3 - Ko=0,4,0,7,1,0;4-5—-Ko=0,711m,=0; 0,8; 6 — t.

Byrno mpoBeneHo po3paxyHKH 32 YMOBH, 110 HEOOXIIHICTh B KOHAMIIIFOBAHHI 3pOcia
BABIYl (puc. 7.15, 0). LIs o6cTaBuHAa BpaXOBYETHCS PO3PAXYHKOBUM KoedillieHToM K, sIKuid
B JIAHMX po3paxyHKax cTaHoBUTH 0,3. Lleil koe]ileHT po3paxoBY€eThCA B 3AJIEKHOCTI Bij
JaHUX TPOEKTY BEHTWIALII Ta KOHJWIIIOBAHHS Ta BKJIIOYA€E KOMIIOHEHTH BHYTPILIHIX
TEIJIOBU/IJICHb BiJ] OCBITJICHHS, IPWJIAQAIB TOIIO Ta HAJXOJKEHb TEIUIOTH 330BHI 4epe3
OrOpoIKeHHS. 3a 3HaUYeHHS Qo = 45 % Ta Temnepatypu fo = 32 °C BUIHO, 110 CXEMA MOXKE

IPAIfOBATH JIUIIIE 32 BICYTHOCTI PEIUPKYJIIALIi, KOJIM B puMilieHHs noctadaerbes 100 %
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cBDKOTO TOBITPs. Lle roBopuTh mpo Te, 10 3a7aHOi 3a MPOEKTOM BUTPATH TOBITPS HA
BEHTWJISII[II0 HEIOCTaTHBO, 1100 0XxosoauTu KoHaeHcatop TH. PimieHHsIM € 3011bIIeHHS
BUTPATU MPUIUITMBHOTO MOBITPS, IO HE 3aBXKAU MOXKE OyTH JOUUTFHUM ISl TPOEKTy. AGO

BUKOPHUCTAHHS 1HIIOT KOHCTPYKIIiI YCTAaHOBKH, K 300pakeHo Ha puc. 7.16.

HB BB
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i T
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Puc. 7.16 — [IpunimBHO-BUTSHKHA YCTAHOBKA 31 3017IBIIICHOI0 BUTPATOIO MOBITPS Yepe3

KoHJieHcatop TH 1151 cieKOTHUX perioHiB.

EdexruBnaicte TH B 3amekHOCTI Bif CTaHy 30BHIIIHHOTO CEPEIOBHUINA Ta IHIIHUX
napameTpiB 300paxkeHo Ha puc. 7.17 — 7.18. I'padiku Ha puc. 7.17 MOKa3yrOTh 3aJIEKHICTh
B111 Po =40 — 50 % 3a peunpkyssaii 60 %. [Ipu 30151bIIE€HHT BOJIOTOCT1 30BHIIIHBOTO NOBITPS
epexktuBHicTh TH mamae Heznauno. [Ipore kpuBi 4-5 UIIOCTPYIOTH CHTYaIlil0, KOJIU
peuupkyJsiis 3meHmmwiack A0 30 1 0 % BiAMOBIAHO, IO Ma€ 3HAYHO OUIBIINMK BIUIUB Ha
edextuBHicTh TH. I'padiku Ha puc. 7.18 (a) nmokazytors edextuBHicTh TH 3a BChOro
nianazoHy 3MmiH Ko, TOOTO YacTKM CBIKOTO TMOBITPS B CHUCTEMI. 3a PO3PaXyHKOBOI
temrepatypu fo = 32 °C ta @o = 45 % Btparu B edexktuBHocti TH Mix Ko = 1 Ta
Ko=0,4 ckmagarotb 23 %, mix Ko = 0,7 Ta Ko = 0,4 — 16%.

Ha puc. 7.18 (a) Takox mokaszaHo BB pekynepariii B cuctemi [IBY 3 TH (kpuBi 4-
5), mo mae 12 % mpupocty B edektuBHOCTI podotn TH (3a koedimienta pekymepartii
N = 0,6). 30unbiieHHs e(QEeKTUBHOCTI peKymeparopa JTa€ HEBUCOKE 30UIbIICHHS
e eKTUBHOCTI, uie 4 %.

Kpusa 6 na puc. 7.18 (a) HaBeieHa 1Jisi MOPIBHSIHHS BIUIUBY BUIIIOTO BOJIOTOBUIICHHS

BCEPEANHI IPUMIILIEHHS, Y JAaHOMY BUIAAKY OPU 1X 30UIbIIeHH] B ABa pa3u: 3 0,9 r/Krcn. 10
9 b
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1,7 t/kren. EdextuBnicte TH 3HmkyeThcsi HecyTTeBO, numie Ha 3 %. 3HMKEHHSA
e(eKTUBHOCTI B1IOYyBAa€ThCA 32 PAXYHOK NIJIBUILIEHHS TEMIEpaTypu MOBITPS MicCIs
koHaencaropa TH, 1m0 € HacmiiKoM 301IbIIEHHS €HTAJBIIIT BEHTHIIALIIMHOTO MOBITPS uepe3

BUIIlY IHTEHCUBHICTh YTBOPEHHS BOJIOTH BCEPEIUHI MPUMIIIICHHS.

€ € =f (to; @3 Ko=0.4;1,=0.6; K= 0.15; Ad = 0.9)
10.5
10.0

9.5 o
9.0 -
8.5
8.0
7.5
7.0
6.5
6.0
5.5
5.0
45
4.0
3.5

3.0 ‘ ‘ ‘ ‘ ‘ | | b
18 20 22 24 26 28 30 32 34

Puc. 7.17 — 3anexunocTi xonoauinbHoi epextuBHocTi TH Bix TemmepaTypu fo Ta BiIHOCHO1
BOJIOTOCTI (99 30BHIIITHBOTO TOBITPSI, YaCTKU CBIXKOTO MOBITPs Ko = 0,4, KOoediiieHTa
K= 0,15, koedimierta pexynepariii 1, = 0,6 1 BHyTpIlIHIX BOJOTOBUIIJICHb

Ad = 0,9 r/kren: 1-3 — @o =40, 45, 50 %; 4-5 — 0o =50 % 1 Ko =0,7; 1,0.

[Ilo6 noka3zatu BIUIMB 30UIBLIEHHS TEIUIOBUX HAAXOHKEHb JO MPUMIIIEHHS Ta
BHYTPIIIHIX TEIJIOBUAUIEHb B HHOMY, OyJi0 30UIbiieHO KoedimieHT K BIBidYi, TOOTO 10
3HaueHHs 0,3. BiamoBigHl pe3yibTaTH poO3paxyHKiB 300pakeHo Ha puc. 7.18 (0).
Crocrepiraetbes maninus edpexktuBHocti TH B cepenmnpomy Ha 21 %. 3aramom naHa
CUCTEMA MiIOUPAETHCS 1HAUBINYATBHO 32 MOTPeOaMH KOXKHOTO IMPOEKTY, TOMY BXKE Ha
cTajil madopy MOBHHHI 3aKIaJaTHCh aKTyasjbHI JaHI HEOOXIJHUX MapaMeTpiB CHUCTEMH.
PerynioBaHHs Takux CHCTEM BigOYBAa€ThCS BUKIIOYHO B MEXaxX BHU3HAUEHOTO poOOYOro
Jliana3oHy 1 He peKOMEHI0BaHE Il BUKOPUCTAHHSA MPU 3pOCTaHH] NOTped y BEHTHIIALIIT Ta

KOH/IUIFOBAHHI.
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. & =f (to; 99=45% Ky; 1,=0.6; K= 0.15; Ad =0.9) € & =f (to; 99=45% Ky; 1,=0.6; K= 0.3; Ad = 0.9)
10.50
10.00

9.50
9.00
8.50
8.00
7.50
7.00
6.50
6.00
5.50
5.00
4.50
4.00
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3.00

0

18 34

a) 0)

Puc. 7.18 — 3anexunocTi xonoaunbHoi epextuBHocTi TH Bi TemmepaTypu fo Ta BiIHOCHO1

BOJIOTOCTI o= 45 % 30BHIIIHBOTO MOBITPS, YaCTKHU CBIKOTO MOBITPpst Ko, KoedirieHTa
K=0,15(a)10,3 (6), koedimieHnTa pexynepariii . = 0,6 1 BHyTpIIIHIX BOJOTOBUIIICHb

Ad =09 r/kren: 1-3-Ko=0,4,0,7,1,0; 4-5-Ko=0,71n:=0; 0,8; 6 — Ad = 1,7 r/krcn..

EdexTuBHicTh BCi€l cxeMd € HaWOUIbII  BaXXJIUMBUM  MapameTpoM ISt
TEPMOJIMHAMIYHOIO TOPIBHSAHHS CXEM BEHTWIALII Ta KOHAULIIOBaHHA. JlaHa BenuuuHa
MOKa3ye HACKUIbKK e(EeKTHUBHIIIE KOXKHA CXeMa MOKe 3abe3leuyBaTh HEOOX1JTHI YMOBHU
IMPUTUITMBHOTO TIOBITPS 32 OJWHUIII0 BUKOpPUCTaHOI eHeprii. EHepris pobotu xommpecopa
Ma€ HaOUIbII CyTTEBUM BKJIAJ B 3arayibHe eHeprocmnoxuBanus [IBY.

Kpusi 3anexxnocrei € Bif fo, moOynoBani 3a 3Ha4eHb @o = 40 — 50 %, Ko = 0,4

(peumpkyiisitis 60 %), 300paxkeHo Ha puc. 7.19. BuaHo, 1mo cxema Mae 3arajom JOCUTh

BHCOKE 3HaYeHHs e()EKTHBHOCTI €_, K€ MPUIMae MaKkCHMallbHe 3HayeHHs 9,65 B1/Bt B

niama3oni Temmepatyp fo =24 — 27 °C. 31 3pocTaHHIM Qo e()EeKTUBHICTH Oy/1€ 3MEHIIIYBAaTUCh
yepe3 IMiJABUIIEHHS CHTaJbIi TOBITPSAHUX IOTOKIB BCEPEAMHI CHCTEMH SIK HACIII0K
30uUTbLIEHHST BojorocTi moBiTps. Ilpu 1boMy 3a pI3HMX 3HA4Y€Hb (o €PEKTUBHICTh
3MEHIIYEThCS He3HA4HO: Bia 5 10 10 %.

Ha npomy >k pUCYHKY JE€MOHCTPYEThHCS BIUTUB peKymepaiii Ha e(peKTUBHICTh BCI€l

cxeMu. Bukopucranus pekyrneparopa 3 cepeIHIMU MOKa3HUKaMU Koe]ilieHTa peKymneparii
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0,6 mae mHa 23 % BuUNLy e(DEKTUBHICTH CUCTEMHU, TOOTO Ha 23 % HMKYE CIOKUBAHHS
enexktpoeHneprii. Pexymneparop 3 edpexrusnictio 0,8 macte me 10 % ekoHoMii, 110 3arajioMm

ckaazae 33 % eKoHOMIi BUTpAT €JIEKTPOEHEPTii.

ey Ecx =f (%3 093 K= 0.4;m,= 0.6; K= 0.15; Ad = 0.9)
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11.0
10.5
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55
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18 20 22 24 26 28 30 34
Puc. 7.19 — 3anexHocTi X0M01u1bHOT €PEKTUBHOCTI CXEMU Bl TEMIIEPATYPH fo Ta
B1JIHOCHOT BOJIOTOCTI (09 30BHIIIHBOIO MOBITPS, YACTKHU CBIkOro noBiTps Ko = 0,4,
koepimienta K = 0,15, koediuienta pexyneparii n: = 0,6 1 BHyTPILIHIX BOJIOIOBUILIEHD

Ad = 0,9 r/kTen: 1-3 — o = 40, 45, 50 %; 4-5 — o =50 % i 1, = 0; 0,8.

Kpusi Ha puc. 7.20 (a) mokasywTh, 110 MaKCHMaJbHOI €(PEKTUBHOCTI 3a PI3HUX
3HAuYEHb o cXeMa HaOyBa€ MPU PEryJIIOBaHHI BUTPAT PEIUPKYJIALIIMHOTO MOBITPS B CyMilln
MPUIUIMBHOIO MOBITPs. 32 BUCOKHUX TEMIEPATYp PELUHUPKYJIALIA Mae OyTH HalOLIBLION,
0OMEXYIOUHChH CaHITAPHO-TITIEHIYHIMH HOPMaMH a00 1HITUMHU yMOBaMU. 3a PEIUPKYJIISAIIil
60 % edexTuBHICTh Oyne BHILOIO Ha 20 % B MOPIBHSHHI 3 1i BIICYTHICTIO.

Kpusa 4 Ha puc. 7.20 (a) BIANOBIJAE YMOBAaM, KOJIA BHYTPIIIHI BOJIOTOBUAUIECHHS
30UTBIIMIIUCH BABIYl, TOOTO 3 0,9 I/KTen 10 1,7 I/Klen. Y 1IbOMY BUNMAAKY €()EKTUBHICTD
cxemMu Oyne HIK4YO0I0 Ha 15 %, yTiM 3aUIIUTHCS IOCUTh BUCOKOIO 3arajioM, CTaHOBJISUU
8 B1/BT.

J171s1 TOpiBHSAHHS BIUIMBY BHYTPIIIHIX Ta 30BHIIIHIX TETUIONPUTOKIB MOOYI0BAaHO KPHUBI
Ha puc. 7.20 (6) 3a xoedimienta K = 0,3, To6T0 B 1Ba pasu Ounpmmmmu. EdextuBHicTh npu

1IbOMY 3MeHIUThCs 10 5,6 B1/BT, Ha 33 %. Y npomy Bumaaky cxemMa He Oyjae MaTu
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BUIIPABIAHOTO €(eKTy, MiJ Taki YMOBH HEOOXiJHa yCTaHOBKA 3 IHIIMMHU TMapamMeTpamH,

HAIPUKJIaa, OIBIIO BUTPATOIO MPUILIIMBHOTO TOBITPSL.

ey £y = f (to3 ©9=45% Ko; n,= 0.6; K = 0.15; Ad = 0.9) £ex €y = f (83 §=45% Ky; 1= 0.6; K= 0.3; Ad=0.9)
12.00 12.00
11.50 11.50
11.00 11.00
10.50 10.50
10.00 10.00
9.00 9.00 —
.50 8.50

8.00 8.00
7.50 7.50

7.00 7.00

50 630
6.00 ’

5.50 :(5)8
5.00 )

4.50 4.50
X 4.00
4.00

3.50
3.50 3.00

3.00 250 t
2.50 ‘ ‘ ‘ ‘ ‘ ‘ ‘ 10 18 20 22 24 26 28 30 32 34

a) 0)
Puc. 7.20 — 3anexH0CTi X0MOUIbHOI €PEKTUBHOCTI CXEMU Bl TEMIIEPATYPH fo Ta
BIJIHOCHOI BOJIOTOCTI (o= 45 % 30BHIIIHBOrO MOBITPS, YACTKU CBI>KOT0 MOBITPS Ko,
koepimienta K = 0,15 (a) 1 0,3 (0), koediuienra pexyneparii n: = 0,6 1 BHyTpilIHIX
BojoroBuauieHb Ad = 0,9 r/kren: 1-3 - Ko=0,4,0,7,1,0; 4 — Ad=1,7 r/krcn.

7.6 BucHoBKHM 10 po3aiay 7

1. IIBY 3 BOynoBanum koHTypoM TH € Outbmn eextuBHMMH B nopiBHAHHI 3 [IBY 3
soBHIHIM KKB. ¥V cepeqaromy [1BY 3 TH Ha 9 % MaroTs Buiy edekTuBHICTE poboTH. Lle
JOCSTAaeThCA 32 PAXyHOK JOJATKOBOI YTWJIi3alii TEMJIOTH BEHTUJISIUIMHOIO MOBITPS B
koHTypi TH. Kpim 1poro, ycraHOBKM € KOMIAKTHUMHU Ta MOTPEOyIOTh MiHIMAJIbHUX
MOHTaXXHUX POOIT.

2. Yepes crany Butpary nositpsa B [IBY 3 TH, B nopiBususi 3 [IBY 3 KKb, Bunukae
OoOMEXEHHS 3a TEMIEepaTypor TMOBITpA Ticias KoHmeHcaropa TH, BoHa He Mae
nepesuiryBatu 60 °C. PeryntoBaHHs 10CATAETHCS 3MEHIIEHHSIM PELMPKYJIAIIT, sSIK HACH1I0K
3MEHILECHHSIM €()EKTUBHOCTI. 3a PO3PAXyHKOBHUX IMapaMETpiB CXe€Ma 3JaTHa IMpaloBaTH
edextuBHO npu 30 % peunpkysuii, ehekTuBHICTh ckiangae 7,5 B1/Bt, mo Ha 12 % Hikue

3a perupkysii 60 % (8,5 B1/Br). ns nopiBasuus [1BY 3 KKb npu 30 % peuupxyssii
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Mae epekTuBHICTh 6,2 BT/BT 1 mpu 60 % penumpkymsii — 8,7 B1/Br.

3. st 3MeHUIeHHsT co01BapTOCTI MPUIUIMBHO-BUTSKHUX YCTAaHOBOK 3 KOHTYypoMm TH
PEKOMEHYEThCSI BAKOPHUCTOBYBATH PEKYIIEPATOPH 3 CEPEAHIMU MOKa3HUKaMU KOE(ILI€HTa
pekynepaiiii Ha piBHi 0,6. binbin eekTUBHI 1 K HACTIIOK OUIBII JOPOXKYl peKynepaTopH 3
koedimieHToM pekynepauii 0,8 1 BUIlE AaTyTh HEBUCOKUUA TPHUPICT y €PEKTUBHOCTI
cucTemu, y cepeaabomy 5 %. [IpoTe moBHa BiICYTHICTh peKyIepallli TeIIOTH BUTSKHOTO
MOBITPS NPU3BEIE 10 3HIKEHHS epekTuBHOCTEN Ha 26 %.

4. 1IBY 3 KKBb kpaite cripaBisitoTbCsl y CBOEMY HOMIHAIBHOMY PEXUMI poOOTH, TOOTO
3a po3paxyHkoBoi Temmnepatypu 32 °C. Taka Temmneparypa He € JOBrOTPHBAIOI0, 1 BXKE 3a
30 °C IIBY 3 TH crae edekTusHimorw. 3a 26 °C 1 pizaui ckianae 13 %.

5. KKb o0uparoTbcsi 3 MOJEIBHOTO pAly 32 pO3PaXyHKOBOIO MOTYKHICTIO, TOMY Mij
yac HaaMipHOTo 30UtbineHHs moTpedu B xonoxai [IBY 3 KKb mMoxyTh mokpuTu nojaBiiiHe
30UTbLIECHHS TETUIONPUTOKIB 32 PAXyHOK MPUIIMHEHHA peuupKysuii. E¢pextuBHicTs poOoTH

cXeMHu 3HHU3HUThCS 10 5,5 B1/BT, Ha 15 %.
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BUCHOBKMH

Huceprariiiina po6oTa MPUCBSYEHA JOCHIKECHHIO €HEProe(PeKTUBHOCTI MOBITPSHUX
TEMJIOHACOCHUX CHUCTEM [UJIi KOHJHWIIIOBAHHS, BEHTWISAIII, OCYIICHHS Ta OMaJICHHS
OPUMILIEHb 3 HAJIMIIKOBUMH BOJIOTOBUAUICHHSIMH B TEIUIUNA Ta XOJOJHUN MEPIOU POKY.
VY nporieci BUKOHaHHS POOOTH OTPUMAHO HACTYITHI HAYKOBO-TIPAKTUYHI BUCHOBKH:

1. JocnmipkeHa TeIJIOHACOCHA CHUCTEMa IMOBITPSHOTO OMNAJCHHS  BCEPENIMHI
OPUMILIEHHS 3 PO3AUTY 2 XapaKTepU3Y€EThCS BUCOKOI €HEPTreTHYHOI €(EKTUBHICTIO B
MIMPOKOMY J1afa3oHi SK MapaMeTpiB 30BHIIMIHBOTO TOBITPS, TaK 1 mapameTpiB 00’ €kTa
TerionocTayanHs (koediuieHT K), 1110 NOB’s13aHO 3 BUTIAHUMU TEMIEPATYPHUMHU YMOBAMHU
pobotn TH Ta yTwmizamiero TEIIOTH BIANPAlbOBAHOTO BEHTWISALIMHOIO MOBITPA 3a
PaxyHOK YacCTKOBOI perupKyiiii. J{is 3a0e3nedueHHs 3aJaHux TeMIepaTypHO-BOJIOTICHUX
napaMeTpiB y CHCTEMI 3 HAJJIMIIKOBUMH BOJIOTOBUIJIEHHSIMH HEOOX1JHA 3MiHHA
PELUPKYJISIS BEHTWISIIIIHHUX BUKHUIIB Y 3aJ€KHOCTI BiJl MapaMeTpiB HABKOJUITHHOTO
cepenoBumia. IlinTpuManHs 3aJaHUX TMapaMETPIB 3a MOCTIHHOIO 3HaueHHs KoedilieHTa
PEIUPKYJISIT HEMOKIIUBE JJI TEIUIOHACOCHUX CHCTEM TOJIIOHUX KOMITOHOBOK. CepenHe
3HauY€HHS e(PEKTUBHOCTI CXeMH CTaHOBUTH 8 BT/BT y Temneparypuomy aianazoni -10 / +8
°C 3a BigHocHOI Bosorocti 80 %.

2. Ilimx wac pocmipkeHb OyJlI0 BCTAaHOBJICHO, IO HEOOXITHUM JUIS OITAJICHHS
JOJIaTKOBUIM MIJIrpiB Ta JJI1 KOHAMIIIOBAHHS JOJATKOBE OXOJIOJKEHHS MPUILTUBHOIO
NOBITPS Ha BXOJl B MPHUMIIICHHA MOXXe OyTH BH3HAU€HO 4Yepe3 MPOCTUH KOeQilie€HT
MPOIOPIIIHOCTI 10 TIepenaay TeMIepaTyp 330BHI 1 BcepeauHi mpuMinieHHs (KoedimieHt
K). Woro 3HauyeHHs 3aleXHTh BiJ TEIIO(I3MYHMX i TEOMETPHUHHX XapaKTEPUCTHK
OPUMIIIEHHS 1 KpPaTHOCTI MOBITPOOOMIHY, sIKa& BHM3HAYaeThCcsl (YHKIIOHAJIBHUM
npU3HAYEHHSIM 00’ €KTa TEIJIONOCTayaHHsl a00 KOHIUIIFOBAHHS.

3. Ilpocta cxeMa BEHTWISIT Ta KOHAMIIIOBAHHS 3 PO3AUTY 3 MOXKE MpaIOBAaTH 0
po3paxyHkoBoi Temmeparypu 32 °C TUIbKM 3a IIOHWKEHOI BIJIHOCHOI BOJIOTOCTI
30BHIIHBbOTO cepeponuina 40 %. Halikpamie cxema nokasye cede 3a tremmnepatypu 28 °C.
Yepes rinobanbHe MOTEIUTIHHSA JITO B YKpaiHi cTae OUIbLI dKapKUM 3 OUIBIIOI TPUBAIICTIO

AaHOMAJIBHO BHUCOKUX Temmeparyp ToBITpsa. J[laHa cxema He 3MOXe 3a0e3meunTH
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KOHJUITIFOBaHHS B yChOMY Jlala3oHi TeMIeparyp. Y TaKOMy BHUIIAJKy 3aCTOCOBYIOTHCS
BHYTPIIIHI KJIIMaTH4HI CUCTEMH, Takl AK (haHKOWIM abo HACTIHHI KOHAUIIOHepH. Taka
IPaKTHKa € HAaBITh PEKOMEHJOBAHOI0, OCKUIBbKH rosioBHE npu3HaueHHs THY e Bentumsis,
a HaJallITyBaHHA HEOOXIAHOrO0 MIKPOKJIIMATy Kpalle BUKOHYBAaTH MPU3HAYECHUMU
cuctemamu. Tomy pociimpkena THY moxke OyTu epeKkTHBHO 3acCTOCOBaHa y KpaiHax 3
MOMIPHUM KOHTHHEHTAJIBHUM KIIMAaTOM, TaKUMH SK YKpaiHa, 3a YMOBU TNPUCYTHOCTI
HU3BKOIOTEHIIIMHOTO JKepena eHeprii y BUIJISAAl BEHTWIALIMHUX BUKUIIB. KoedimieHT
PELUPKYJIAMIT [ BUKOHAHHS YMOBHM MIATPUMAaHHS 3aJaHUX KOMGOPTHUX MapaMmeTpiB
MOBITPS B TPHUMIMICHHI Ma€ 3MIHIOBATUCh B 3aJIEKHOCTI SIK BiJl TeMIlepaTypH, TaK 1
BITHOCHOI BOJIOTOCTI aTMOC(EpHOro MOBITpA. 3a MOCTIMHOTO 3HAYEHHs KoeQillieHTa
PELUPKYJISLIT CUCTEMA HE J03BOJIUTH 3a0€3MEUUTH 33JaHUX YMOB Yy MPUMILLIEHHI 32 3MIHU
napaMmeTpiB HaBKOJUIIHBOTO cepenoBuiia. CepenHe 3Ha4YeHHS €QEKTHUBHOCTI CXEMHU
ctaHoBUTh 2,9 BT/BT 3a po3paxyHKOBOi TeMmIiiepaTypu 30BHIIIHbOro moBiTps 32 °C.
[lepeBaroro qaHoi cCUCTEMH € TPOCTOTA KOHCTPYKIIii, TOMY 3aTpaTH Ha ii peasnizallito Oy 1y Th
HEBHCOKMMH B TIOpiBHSAHHI 3 1HmUAMH gociimpkenumu THY. Taki ycranoBku THY
HaNOUIbIIE MIIXOAATH 151 HOOYTOBUX CIIOKUBAYIB Ta JOMOIOCIIOAAPCTB.

4. OcoOIMBICTIO CXEMU 3 perupKyJsiicto moBitps 10 TH 3 po3ainy 4 € BuMoru ao
MaKCHUMAaJIbHOI YTUJII3a1li1 €Heprii BUKUHOTO MOBITPS LIISXOM petupKyJsuii. Lle nominbHo
JUIsT BUPOOHMYMX TMPUMIIIEHh 3 HEBUCOKOIO KPATHICTIO MOBITPOOOMIHY B KpaiHax 3
MOMIPHUM CYXUM KOHTHHEHTAJIBHUM a00 BOJIOTUM TPOIIIYHUM KJIIMaTOM. 3a pEeHUPKYIISIT
80 % pobota cucremu moxiuBa 10 34 °C 3 eHeproeekTUBHICTIO BCiel cxemu 6,3 B1/Br
pu Qo = 50 %, 3 moganpmuM poctom epektuBHOCTI 10 7 BT/BT ipu @o = 70 %. 3umkenHs
peuupkyssaiii 10 60 % npuszBoauTh 10 NagiHHS eDeKTUBHOCTI Ha 28 %. 3MiHHA YacTKa
CBIJKOTO TOBITPSI 111 BUKOHAHHSI YMOBHU NIATPUMAaHHS 33JaHUX KOM(POPTHUX MapaMeTpiB
MOBITPS B NPHUMIIICHHI Ma€ 3MIHIOBATUCh B 3JICKHOCTI K BIJ TeMIEpaTypH, TakK 1
BITHOCHOI BOJIOrOCTI aTMOC(pepHOro moBITPsA. ToMy BEHTWJIALIA Ta KOHIWLIIOBAHHS
MOBITPS Ma€ 3/I1MCHIOBATHUCS 32 YMOBU 3MIHHOTO HA/IXO/KEHHSI CBIXKOTO MOBITPS, OCKIJIBKU
B 1HIIIOMY BHUIIQJIKy CUCTEMa HE JI03BOJUTH 3a0€3MEeUNTH 33JJaHUX YMOB y MPUMIIIEHHI 32
3MIiHM NapaMETPIB HABKOJMIIHBOIO CEPEJOBUIIA. Y MOPIBHSAHHI 3 MONEPEAHBOIO CXEMOIO

BHCOKa XonoauwibHa edekTuBHicTh THY B ychoMy TemmepaTypHO-BOJIOTICHOMY Jiana3oHi
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30BHIIIHBOTO TOBITPSl CBIMYUTH MPO TOKPAIICHHS YMOB POOOTH KOHJEHCATOpa, TOOTO
TEMIIepaTypy TOBITPS Ha BHXOl 3 HBOTO JOCATAIOTH KPUTHYHHUX 3HAYCHH 3a BHIIUX
TEMIIEpaTyp HaBKOJUIIHBOIO cepefoBuiia. Lle Hagae cxeml OUIBLIOT MPAaKTUYHOCTI Ta
yHIBEpCAJIbHOCT1 y 3acrocyBaHHi. [IpoTe depe3 ckiaaHi yYMOBHM 3MIIIyBaHHS TMOTOKIB
MOBITPS JlaHa CHCTEMa € HaWOUIbII CKJIQJHOI0 B peasizallii Jjisi cepiiHOro BUPOOHMIITRA.
Taky cuctemy HEOOX1THO TPOEKTYBATH 1HAUBIAYATBHO i1 KOKHUM MTPOEKT.

5. Hocaimkena cxeMa 3 peKylepalicro BEeHTWISAIIMHUX BUKUAIB 3 PO3AUTY S5 371aTHA
IpalroBaTh 3a BUCOKUX TemrepaTyp 28 — 32 °C rta BigHocHUX Bojorocteil 40 — 60 %
30BHIIIHHOTO TIOBITPSI, 110 BIAMOBiNA€ TEIIOMY Mepioay B YKpaiHi. 3a po3paxyHKOBOI
temrneparypu 32 °C cepeaHe 3HaueHHs €(QEKTUBHOCTI CXEMU B Jl1ama3oHl BiJHOCHOI
Bosiorocti 40 — 60 % cranoButh 4 B1/BT, 1m0 Ha 27 % edexruBHie 3a nepury cxemy. Le
B1I0YBA€ThCS 32 paxyHOK JOJATKOBOI PeKyIepallii X0a0/1y BeHTHUISAIIHHIX BUKHUIIB.

6. CuctemMa 3 pekyImepalicro 37aTHa MpaIfoBaTH IJs IIJIeH OCYIIECHHS TMOBITPS Y
BUPOOHMYOMY NPHUMIIIEHH] 32 3MIHHUX yMOB BHYTDIIIHIX BOJIOTOBUJIIEHD (po3ain 6). Ii
OCOOJIMBICTD TMOJIATAE B TOMY, 1[0 BUKOHYIOThCS YMOBH 30€peKEHHS MOCTIHHUX IMapaMeTpiB
NPUILTMBHOTO MOBITPS SIK MO TEMIIEpaTypl, TaK 1 MO BOJIOTOCTI, Y TOM 4ac K B peajbHii
MPaKTUIll TUIBKA OJIMH 13 TlapaMeTpiB € IUIhOBUM (HalyacTillle TeMIieparypa). 3a
30UTbLIEHHSI BOJIOTOBHJUIEHHS B MPUMIIIEHHI BJABIYl BiJ PO3PaxXyHKOBOTO 3HAYCHHS
e(eKTUBHICTh CHCTEMH 3HHU3UThCA Ha 22 %, ctaHoBmsium 2,9 BT/BT mpu Temmepatypi
3oBHIIHbOrO MoBITPs 32 °C Ta Bosorocti 40 %. Cepenns edexruBHicTh THY ckianae
3,6 B1/BT. Sk 1 B Bumaaky cxemu 0e3 pekynepauii gana THY Mae mpocty KOHCTPYKIIito,
0 JIO3BOJISIE CTBOPUTH CEpiiiHE BUPOOHMITBO TaKUX YCTAaHOBOK 3 ITJIBUIICHOIO
epekTuBHICTIO. ['0JIOBHE BHUKOPHUCTAaHHS MependayeHo MOOYTOBUMHM CIOKMBAayaMU Ta
00’ €KTaM# TPOMaJICHKOTO MPU3HAYCHHSI.

7. Ilpoenene nopiBHsHHS cxeM THY 3 3actocyBanusam 3oBHimHb0ro KKb Ta cxemu
3 TH y po3auti 7 nokaszano, mo cxema 3 KKb mae HaliBuily eHeproeeKkTHBHICTb
(8,8 BT/BT) B HOMiIHaJIbHOMY PEKHUMI POOOTH 32 pO3paXyHKOBOI TEMIEPATYPH 30BHIIMIHBOTO
cepenoBuiia 32 °C. Bucoki 3HaueHHs €PEeKTUBHOCTI JOCITaIOThCS 32 PaXyHOK peKymeparii
Ta JOCUTh BUCOKIN penupKyJsaiii (y nanomy Bunaaxky 60 %) BEeHTUIALINHUX BUKUIIB. AJie

SIKIIIO PO3TIISAATH YBECH Jiana3oH TeMIepaTyp 30BHIITHEOTO MOBITPsI, TO mocmimkena THY
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3 TH mae xparii mapaMmeTpu, Mpamrodd i3 cepeaHboro egektuBHicTIO 9,2 BT/BT, mo Ha
9 % Bumie. 3a cepennix Temmeparyp 24 — 28 °C cxema 3 TH nposiBisie cebe Haiikpare,
matoun epextuBHICTh 10 BT/BT, m10 Ha 19 % BHe, Hixk y cuctemi 3 KKb. Ycranoska 3 TH
€ HalOLIpIT ePEeKTUBHOIO B cepeaHbOMY 3a ce30H y nopiBHsIHHI 3 KKb, ockinbku mikoBi
BHCOKI TeMIIepaTypu MOBITPS HE € MOCTIMHUMH 1 CEPEIHS TEMIIEpATypa 3a CE30H HUXKYA. 3a
ux temrnepatryp nociimkena THY 3 TH mae naiiBunty edextuBnicts 9,7 B1/BT.

8. Jlnst 3MeHIIeHHs: co01BapTOCTI MPUIUTMBHO-BUTSKHUX YCTAaHOBOK 3 KOHTypom TH
PEKOMEHTYEThCSI BAKOPUCTOBYBATH PEKYIIEPATOPH 3 CEPEIHIMU MOKA3HUKAMU KoedilieHTa
pekymnepaitii Ha piBHI 60 %. bibm edhekTrBHI 1 AK HACHIOK OUIBII TOPOT1 pEKyNepaTopu 3
koegiuienToM pekynepauii 80 % 1 BuIle AaayTh HEBUCOKHM MPUPICT y €PEKTUBHOCTI
CUCTEMH, y cepeaHboMy S5 %. [IpoTe moBHa BiICYTHICTh peKymneparli TeIIOTH BUTSKHOIO

HOBITPsI IPU3BEE 10 3HIKEHHS e(heKTUBHOCTEH B cepeHboMy Ha 30 %.
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