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The article deals with the analysis of iso-enthalpy pro-
cesses of drying wet materials using the example of food
technology, in which the drying agent is air. A well-known
thermodynamic foundation relating to a binary mechanical
mixture of dry air and water vapor has been used to analyze
the prospects for creating closed energy circuits. Their reali-
zation is possible due to the removal from the exhaust air of
steam in condensation mode with the transfer of its thermal
potential to the thermodynamic agent of the heat pump in
the evaporator of the latter. The increase in pressure and
temperature ensures the return of the heat potential to the air
flow in the condenser. Creating a closed loop drying agent
eliminates energy losses during the iso-enthalpy drying pro-
cess that take place in traditional technologies. In such
conditions, the restoration of the drying properties of the air
stream is achieved by condensation and extraction of water
vapor, followed by the restoration of the temperature para-
meters of the air.

The purpose of the study — is the theoretical substan-
tiation of the thermodynamic feasibility of creating dryers
with closed energy circuits.

The materials and methods of the study relate to an in-
depth analysis of energy-material flows based on the laws of
thermodynamics, material and energy balances, the provi-
sions of the theory of heat and mass transfer in humid envi-
ronments. It is envisaged that the drying process is carried
out under the conditions of an isobaric process at a pressure
close to atmospheric pressure.

Results of the study: analytical material concerning the
parameters of the drying processes in a two-circuit system in
which flows of the drying agent in the presence of processes
of evaporation and condensation of water vapor and the
circuit of the heat pump are presented. The combination of
closed circuits of the drying agent and the heat pump is
proposed in the patent of Ukraine 61437 “Device for drying
malt” and allows the re-use of the potential of iso-enthalpy
drying processes at the expense of the latter's compressor
energy costs.
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MOBITPAHA CYWAPKA HA OCHOBI 3AMKHYTUX
EHEPFOMATEPIAJIbHUX KOHTYPIB

0. 0. llleuenko, O. 1. Crenaneus, C. A. Byt, B. C. Koctiox
Hayionanvuuii ynigepcumem xapuoeux mexnHonoziti

Cmammsa cmocyembcsa auanisy i30eHmMAnbNiliHux npoyecié CYULiHHi 60102UX
Mamepianie Had NPUKAAOl XAPYOBUX MEXHONOZI, 8 AKUX CYULUIbHUM A2eHMOM €
nogimps. Bidome mepmoounamiune niotpynms, o cmocyemocsa OiHAPHOT mexa-
HIYHOT CyMiuti CyXo2o nogimps i 600AHOT NApU, BUKOPUCHANE 0N AHANI3Y NePCheK-
mue CmMEOpeHHs. 3AMKHYMUX eHep2OMAMEpPIaNbHUX KOHMYPI6. L peanizayis
MONCTUBA 30 PAXYHOK GUIVYEHHS 3 6IONPAYbOEAH020 NOGIMPsS 600AHOI napu
pedxcumi KOHOeHcayil 3 nepedasanHam [i menioeozo NomeHyiany mepmooOuHa-
MIYHOMY deeHmy Meniogo20 HAcocd y 6UNAPHUKY ocmanuwboeo. I[liosuwenns 6
HbOMY MUCKY 1 memnepamypu 3abe3nevyc NnoGepHeHHs Menioeo20 NomeHyiamy
HOGIMPAHOMY HOMOKY 6 KonOeHcamopi. Cmeopents 3aMKHYIMO20 KOHMYPY CYUUTb-
HO20 a2eHma GUKIIOYAE eHepeemuyHi empamit nio 4ac i30eHmanvniliiHo2o npoyecy
CYWLiHHSA, AKI MAOMb Micye 6 mpaouyifinux MexHoI02iax. V¥ makux yMoeax 6iOH0G-
JICHHSA OCYULYBANLHUX GIACHUGOCHEH NOGIMPIAHO20 NOMOKY 00CASAEMbCS KOHOEH-
cayieio i GUIYHeHHAM BOOSHOT NAPU 3 NOOANBULUM GIOHOGHCHHAM MEMIEPAMYPHUX
napamempie nogimpsi.

Mema oocnioxcenns — meopemuyune 0OIPYHMYBAHHA MEPMOOUHAMIYHOT 00-
YinbHOCMI CMBOPEHHA CYWAPOK 13 30MKHYMUMU EeHEeP2eMUYHUMU KOHMYPAMU.
Mamepianu i memoou OocniodceHHA CMOCYIOMbC NO2IUOIEHO20 AHANISY eHepeo-
MamepianbHUX NOMOKIG HO OCHOGI 3AKOHOMIpHOCHET] MePMOOUHAMIKU, Mamepidib-
HUX ma eHepeemuyHux Danancie, nosodceHs meopii menio- i MacoONepeHeceHHs: y
gonozux cepedosunyax. Ilepedbauero, wo peanizayis npoyecy cyulinnga 30iliCHIOEMbCS
8 YMOBAX 1300apHO20 NPoYeCy 3a MUCKY, HAOIUNCEHO20 00 aMMOCPEPHO20.

Haeeoeno ananimuunuii mamepian, wo cMOCYEMbCL NAPAMempie npoyecie
CYULiHHA Y OBOKOHMYPHIN cucmeMmi, 8 AKili 3a0iIHi NOMOKI CYUWUIBHOSO A2eHmd 34
HAABHOCHI NPOYeCcie 8UNAPIOBAHHS | KOHOeHcayil 600IHOT NApY MA KOHMYP Menio-
6020 Hacoca. [IoeOHan s 3aMKHYMUX KOHMYPIE CYMUTLHO20 A2eHMA | Menioeo2o
Hacoca, sxe 3a0e3neyye 0aeamoKpamme GUKOPUCTIAHHS NOMEHYIALY 130eHMANbNIHHUX
npoyecie CYMinHig 30 PAXYHOK €eHeP2eMUYHUX GUMPAM KOMIPecopd OCMAHHBLOZO,
s3anpononosarno 6 namenmi Yipainu 61437 «pucmpiti Ons cyuinHa coniooy».

Knarwuoei cinosa: cywinnia, i30eHmanvhilinuil npoyec, 30MKHYMUL KOHMYP,
Menio6Uti HACOC, KOHOEHCAYis.

Iocranoska npodemu. CHPOBUHHI MOTOKH arpOMPOMHUCIOBOTO KOMILICKCY Y
MOYATKOBOMY BUIJISLII CHHTE3VIOThCS B PE3YIbTATI B3aEMOIN Y KOI000Irax BOIH,
JIOKCHAY BYIVICIIO Ta a0lOTUYHHUX CKIAJOBHX 3a B3a€EMOJIl 3 KBAHTAMH CBITJIOBOI
eHeprii consuHoro npoMinHs. [lepebir Takux peaxiii Mae MIiCIe B PO3UHHAX BOIH,
HASBHICTh SIKOi BIAMIYAETHCA Y OUIBIIOCTI PE3yIbTATIB TAKOTO CHHTE3Y.

BomHowac TexHOMOTiAMH HEpPEpOOKH MATepiadbHUX CHPOBHHHHX IMOTOKIB HA
pi3HUX eTamax nepeadavacTbes OOMEKEHHS BMICTY Bojoru. Lle crocyerbes mpo-
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LIECIB CYLIHHS HYKPY-IICKY 1 OyKpy-padinany, ;koMy, KOPMOBUX JPLKIKIB 1 6apan
LOYKPOBUX 3aBOAIB, CONOMIB MUB3ABOIIB, KPOXMAITIO, CYXOr0 MOIIOKA, OBOMIB 1 Ppyk-
TiB To1o. Cyxapi, MaKapOHH, MACTHIIA — IE TEK MPOAYKTH NPOoLeciB cyurinHs [1].

OOMEKEHHSI BONOTOCTI XapUOBHX MPOAYKTIB BU3HAYAETHCHA MOTPEOO0 MOTOB-
JKCHHSI TCPMiHIB 30epiraHHsg 1 0COONUBOCTSAMH YMOB TPAHCHOPTYBaHHS, a BUOIP
TEXHOJOr1i CYIIIHHS 3aICKUTh BiJ Takux (aKTOpiB, SK BEITUYNHA CHPOBUHHOTO
MOTOKY, (hopMa 3B’S3KIB BOJOTH 3 MPOAYKTOM, BUJ BOJOTrOi CHPOBHHHM, I'TUOHMHA
BHJAIICHHS BOJIOTH, IIBHIKICTh 3AIHCHEHHS MPOLECY CYINIHHA T4 KOHCTPYKTHBHI
0co0NMMUBOCTI CyIIAPKH [2' 3].

VY 3HauHIl KITPKOCTI BUIAIKIB Y MpoLiecax CyH.IlHHH BHKOPHCTOBYEThCS HarplTe
MOBITPA SIK CYINMJIBHUH arcHT. biHapHa MexaHiuHa CyMimn cyxoro MOBITPA 1 BOAS-
HOI MapH HA3UBAETHCA 80102UM nogimpsm. I1oBiTps B3aramni € Ta30BOI0 CYMIIIIIO,
aje OCKINBKH CKIaJ CYXOro MOBITPS B MpoLecax CYIIIHHS € cTalimi30BaHHM, TO
HOro PO3rIAAAOTH SK iAcanbHAN ra3. Boma B cyMimm 3 MOBITPIM MOXKE ICHYBATH B
pisHuX cTtaHax. Tak, y BOJIOroMy moOBITpI BOAa y OINMBIIOCTI MPEACTABICHA V
MEPErPITOMY CTaHl, SKUH HA3HMBAIOTh HEHACUYEeHUM. 32 HASIBHOCTI Y BOJIOTOMY
MOBITPI CYXOi HACHYCHOI MapH TAKHH CTaH MA€ HA3BY HACUYEHO20, & 33 HASIBHOCTI
KpaIivH Boau ad0 KPUCTAIB JbOIAY CTAH HA3UBAKOTh nepeHacuueHum [4].

HasgHicTs y cyMmitmn iaeanbHOi KOMOOHSHTH (TIOBITPSI) 1 peaibHOI KOMIOHCHTH
(BOAM) B KUIBKOCTI, SIKa HEC MOXKE OYTH JOBLIBHOI), CKJIQJAE MPUHIIUIIOBY BIIMIH-
HICTb MIXK BOJIOTMIM MOBITPSM T4 1ACANbHUMH Ta30BHMHU CyMilIaMu. 3a 0OMEKEHOT
KUTBKOCTI BOJSHOI MApH CYMIII HAONMKAETBCS 10 1ACATBHOI, OCKLIBKH OCTaHHS
3HAXOAUTHCI B MOMITHO po3pimkeHomy craHl. Toal 40 Hel MOXKIUBHUM € 3aCTOCY-
BaHH# 3akoHy JlaneroHa [4; 5] v dopmi:

Pa :PC.H. +Pl'[’ (1)

ae P, — armocdepruii tuck, Ila; P, — mapumiamsHUH THCK cyxoro nosiTps, Ia;

C.IL
P — mapmianeHuil THCK BOAsHOI mapwy, Ia.

VY mporecax €HEProMacoOOMIHHOTO MPOLIECY 3AIMCHIOKTHhCS TpaHChopmarii
cepeaoBHINa 31 30UTBIICHHSIM BIZHOCHOI BONOrOCTI @,> @1 W aOCOMIOTHOI BOJIO-
rocti d, > d, . I'pannuHOMY CTaHY BIAIOBIAA€ MOBHE HACHYCHHS MIPU 3HAYCHHS () =

100% 3 BiamoBigauM oxonomkeHHsIM. [loaanpine 3HUKCHHS TEMIIEPATYPH 03HAYAE
MOYATOK 1 mepelir NepexiTHOro mpouecy 3 0OMeKeHHIM 3HaueHb ¢ 1 d. OueBuaHO,
0 3a Takoi opraHizamii MPOLECIB JOCATAEThCS HAOMMKCHHS A0 BIIHOBICHHS
OCYIIYBAJIbHHUX BIACTUBOCTCH MOBITPAHOrO IMOTOKY 3 MOMKIHBICTIO CTBOPCHHS
3aMKHYTOI'O KOHTYPY, SIKHH JOTIYHO JOMOBHUTH KOHTYPOM TCINIOBOTO HACOCA.
[Tpu upoMy B MaTepianbHOMY KOHTYPI MOBITPSHOIO MOTOKY HAasBHI mpouecH ¢a-
30BHX IEPEXOAIB BUMAPOBYBAHHS 1 KOHACHCAUIi MapH 3 BIAMOBLAHUMH CHEpPre-
TUYHUMH HABAHTLKCHHSAMH, SKI JOMOBHIOIOTHCS HATPIBAHHAM 1 OXONOKCHHIM
razoBoi ¢azu. OcobmusocTi mepediriB LUX B3AEMOJIN 3HAHIIIM CBOE BigoOpa-
SKCHHS. B 3HAYHIH KITBKOCTI MOCIIIKCHb 3 MOBHOIIHHUM OOIPYHTYBAHHSM TOTO,
[0 KOHTaKTYBAHHS MDK CYIIMIBHUM arcHTOM 1 BHCYIIYBAJbHHM MAaTEpiajoM €
130CHTAIBITIHHUM TporecoM [4; 6]. OcTaHHE € IPYHTOBHOK MPUYKMHOK MEPEXOTY
JO CTBOPCHHS 3aMKHYTOTO CHEPICTUYHOIO KOHTYPY 32 PAxXyHOK VTPUMAHHS B
HBOMY MOTCHLIANY i30eHTanbmiliHOro npouecy [2; 3; 7; 8]. Ockinbpku 3aBIaHHS
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BIJHOBJICHHS OCYIIyBaJbHUX BJIACTHBOCTCH MOBITPSHOTO TMOTOKY 3I1HCHIOETHCS
MpH HOro OXOJOKEHHI 1 KOHAEHcauii mapoBoi (a3, TO BaXIUBO, OO LEH
CHEPreTHYHHH MOTIK He OYB BTPAUCHUM, ale TPaHC(HOPMOBAHUM 10 PIBHS BHCOKO-
MOTEHIIIAIBHOTO 33 PAXYHOK KOHTYPY TEILIOBOrO HAacoca 1 B KOHIEHCATOPl OCTa-
HHBOT'O MOBEPHEHUM JO MOBITPSHOrO NOTOKY [8—11].

1-4
[ Jremmmmemeee Kongencar
T3
HepBI/HmI/I_I‘/'I X
€HEPIOHOCIH :
v\/\/\/_ 30BHIIHE
/, TIOBITPS
2 KoHieHcaT HEpBAHHONQ.
€HEpPrOHOCLS

Puc. 1. Cymmibna yCTaHOBKA 3 IBOMA 3AMKHY THMH €HEPreTHHIME KOHTYPAMIL:
1 — cymapka — BHIIAPHIK BOJIOTH, 2 — myckoBHUH MiIrpiBad HOBITPS, 3 — KOH/IEHCATOP
TEIUIOBOTO Hacoca 1 MAITpiBad MOBITPS; 4 — KOHICHCATOP BHMAPEHOI BOJIOTH 1 BUIAPHUK
TEIUIOBOIO Hacoca

CTBOPEHHA 3aMKHYTOTO KOHTYPY CVIIMIBHOTO arcHTa O3HAYAE BHKIIOUCHHS
CHEPreTHYHHUX BTPAT, a caMe: MOTCHLIATy 130CHTANBIIHHOTO MPOLECY, IO Mae
MICIIE B TPAIUIIHHUX TEXHOJOrMX cyminHs. Lle o3Havae HEOOXIAHICTh BUKOPHC-
TaHHS TCPBUHHUX CHEPrOHOCIIB NHINEC B MEPIOA MEPEXIAHOrO MPOLECY MYCKY
cucremu. B ycraneHomy pexumi MOABIHHY POIb TEPMOIUHAMIYHOTO KOMIICHCA-
TOpa BUKOHYE TEIIOBUH HAacoc, podoTa IKOro XapakTePU3VEThCA CTA0LTbHUMH Ma-
paMeTpaMH THCKY 1 TEMIEPAaTypH KOHTYPY CYIIMIBHOIO ArcHTa 1 BIACHOTO
3aMKHYTOI'O KOHTYPY 3 TEILIoXonoauneHHUM arcHToM (puc. 1). Iloxsifina pomb
TEIIIOBOrO HACOCA OB s3aHa 3 3a0e3NMEUCHHIM OCYIIYBAIbHOI 30aTHOCTI 3aMKHY-
TOTO MOBITPSIHOTO KOHTYPY.

Meta pocaigkeHHsI: TCOPETUYHE OOIPYHTYBAHHS TEPMOIMHAMIYHOI TOLIIb-
HOCT1 CHHTE3Y CYIIAPOK 13 3aMKHYTHMH CHEPTETUYHIMHU KOHTYPAMHU.

Marepianu i MeTOAH JOCITIIKCHHS CTOCYIOThCS MTOTTHOICHOTO aHAITI3y CHEPro-
MaTCpiaJ'IbHI/IX MOTOKIB Y MPOLIECaX CYLIIHHS BOIOTHX MaTepianiB 3 BUKOPHCTAHHSM
TOBITPsL B PO CYMIMIBHONO arcHTa Ha OCHOBI 3AKOHOMIPHOCTCH TEPMOIMHAMIKH,
CHEPreTHYHHUX Ta MaTepiajbHHUX OalaHCiB, Teopii Teruio- 1 MACOIIEPEHECCHHS y
BOJIOTMIX CEPEIOBHIIAX Ta 3 YPaXyBaHHAM OCOOIHBOCTCH BUAIB 3B'A3KIB BOJOTH 3
BHCYIIYBaHUMU MaTepianamu. [lepenbauaerbcs, 1mo peamizamiss CYLIIHHA 3I1H-
CHIOETBCS B YMOBAaxX 1300apHOrO MPOLIECY 33 3HAYCHHS THCKY, HAOMMIKEHOTO IO
aTMocepHOro.
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Iporecu 0X0I0KEHHST CYLIHMJIBHOTO ar¢HTa 1 KOHACHcAMli mapoBoi ¢asu Ta
MOJATBIIOrO HAIPIBAHHS TAKOX PO3TIAJAIOTHCS 32 TEPMOANHAMIYHUX MAPaMETPIB,
IO BIAMOBIAAKOTH /-d giarpami.

3aMKHYTOMY KOHTYPY TCINIOBOTO HACOCA BIABOAMTHCS POIb TEILIOXOIOTIUIBHOI
ycranoBku (TXY), zaBasku sKii CHEPreTHMYHUN MOTCHINAI 130CHTAIBIIMHOIO
MPOLIECY TMOCTIHHO JOMOBHIOETBCS IMOTCHIIANOM POOOTH HOro KoMmpecopa.
ChiBBIAHOIICHHS OCTAHHBOTO 1 BEIMYHHH CHCPrOBUTPAT 3 KOHJICHCATOM, IO
BHBOJMUTBCS 3 CHUCTCMH, OLIHIOEThCS HA OCHOBI CHEProMatepiaibHUX OalaHCIB.
IneanizoBaHuit 3aMKHYTHH KOHTYP XOJIOAUIBHOTO Ar¢HTA PO3TJISAAETHCS SIK TAKUH,
mo BignoBizae 3BopoTHoMy nukiay Kapro 3 TpaHcdopmamisamu y ckmaai ABOX
aaiabar i ABOX 130TEpM.

Cratuka MPOLECIB CYINIHHS CTOCYETHCS BHU3HAUCHHS 3B SI3KIB MDK MOYATKO-
BHMH 1 KIHIECBUMH TIapaMETPaMH PCUOBUH, SKI OEpyTh V4aCTh V CYINIHHI MpH
3aCTOCYBAHHI PIBHSAHB MATCPIaNmbHOrO 1 TemmoBoro OamaHciB. CraTuka CyIIiHHS
Ja€ 3MOTY BH3HAYATH MAcy BHIIAPEHOI BOJOIH, BUTPATH CYLIMJIBHOTO arcHTa 1
TEIIOBOL CHEPTIi.

VY 3B’53Ky 3 BUKIAACHHUM 3BEPHEMOCS A0 TPATULIIHHUX CIIOCOOIB CYLIIHHS Ta X
MaTeMaTHuHHX ¢Gopmamizauii. [Iponec 3 oxHOpa3oOBMM BHUKOPHUCTAHHIM IOBITPS
HA3UBAIOTh OCHOBHUM a00 HOPMAalbHHM TpouecoM. [HIm BapiaHTH BiApPi3HSAIOTHCS
croco0aMu TMABSACHHS TCILIOTH AQ CYLIHJIBHOTO arcHTa abo BHMAAKAM 3 PELUP-
KYJISLIE YaCTHHH BiAMPAbOBAHOIO XOJOAWIBHOIO arcHTa. Im Bigmosizarots
CHCTEMH 3 MPOLECAaMH CYLIIHHA 3 AOJATKOBUM MiJIrPiBaHHAM MOBITPSA B CYLIHIb-
Hill KamMepi, CHCTEMH 3 MPOMIKHUM MiIrpIBAaHHIM MOBITPS a00 CYIIAPKH 3 YaCTKO-
BHUM MOBCPHCHHAM BiAnpanbsoBaHoro mopirpsa. OcTaHHEe Jae MOXKIHBICTE 0OpoG-
JATH MaTepiany, IO BUTPUMYIOTh CVINIHHS JMIIC Y BOJOTOMY TOBITPI, a TAKOXK
BECTH CYLIMIBHHUH MPOLICC 32 HE3HAYHOI PI3HHLI TEMIICPATYp MOBITPS HA BXOAI B
CYLIAapKy 1 Ha BUXOAI 3 Hed.

TepMomuHamMivHa JOCKOHAMICTh CYIIHIBHOI YCTAHOBKH OI[HIOETHCS KUTBKICTHO
TEIIIOTH, SKY HEOOXIAHO BBECTH B Kanopudep A HArpiBaHHS MOBITPSHOTO MO-
TOKY [T BUITAPOBYBaHHA | Xr BoOTH [6]:

o= 10 i, @
Xy — X
ae I, Ta I, — BIANOBLAHO, EHTAIBIII MOBITPSHOIO MOTOKY CYMIIHHS 1 IOBITPS HA
BXO0Jl1 B kKaiopudep; x, Ta X, — BIAMNOBITHO, KIHIEBUH 1 TOYATKOBHI BOJIOTOBMICT.

Henonikom HaBeaeHOI 3al€KHOCTI € Te, IO BOHA XApPaKTCPH3YE CHCTEMY B
LIJIOMY, & HE Ma€ BKA31BOK LIOJO IIJIHOBOTO 3aBAAHHS MpoLecy cyuriHHs. Jocko-
HATICTh OCTAHHBOTO 3ampornoHoBaHO [4; 6] ouinoBaru BeauunHow KK/ cymmie-
HOI YCTAHOBKHU:

_r(xn-x)
T'l - ] ] > (3)
1~ 4o
Jae ¥ — TemioTa (ha3oBOro mepexoay BOAH (IIPUXOBAHA TEIUIOTA BHUIIAPOBYBAHHS),
kJlx/kr. 3HadeHHs v Ta [, TMPONOHYETHCS BHU3HAYATH NPH TEMIIEPATYPI IOBITPS

+15°C.
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IcHyrOU1 cripodu YAOCKOHANCHHS CYIIMIBHHUX MPOLECIB, V TOMY YHCII HA PiBHI
3MIACHCHHST SHEPreTHyHOi pekynepauii, npuszsoaste a0 migsumicaas KKJI Ha
10...15%.

[Topanpmi MipKyBaHHS OB SKEMO 3 BUTpaTaMu aOCONEOTHO CYXOT'0 MOBITPS Ha
BHCYIIYBAHHS

L=——— xr 4)

JIe W — KUIBKICTb BOJIOTH, IO BUAAIIETHCS, K.
[TuTomi BUTpATH HOBITPS CKIAAAKOTE!

L 1
(=—=——— kJIx/kr. 3)
WX, - X
Pexxum miaroroBku moBiTps morpeOye HarpiBaHHs B Kajgopudepl 1 cympo-
BODKYETBCS CTAJIMM 3HAYCHHSIM BOJIOTOBMICTY, OTXKE X; = X,, A€ X, — BOJOrO-

BMICT 30BHIIIHBOTO MOBITPS, TOMY MUTOM1 BUTPATH MOBITPSL:

(= I _ 1000 , kKJbK/xr . (6)
X, =%  dy—d,

OTmxe, MOBITPIHUU MOTIK BHKOHY€ (dyHKLIO MaTepiaanoro HOCISl TIapOBOi
dazn 1 OZHOYACHO PONb HOCIS CHEPreTUYHOro moreHuiany. BiH koHTakrye 3
BOJIOTMIM MaTepiajaoM: HOMY HE JOJA€ThCH AOAATKOBOI CHEprii 1 BiH HE BTpayae
npuBHeceHoi TemnoTH. Ilpn npoMy MaroTh Micue eHeproMarepianbHi TpaHchop-
Mauii, 3a SKHUX KUIbKICTh TEIUIOTH, WO BTPAvae MOBITPS B NPOLIECI CYINIHHS,
JOPIBHIOE KITBKOCTI TEIJIOTH, IIO MOBEPTAETHCH HA33A Y MOBITPS 3 BUIMAPYBAHOKO
Bosiororo. CamMe ToMy B 1I€aAIBHIN CyIIAPIll MPOLIEC CYIIIHHS € 130CHTAIbIIHHNAM.,

Enranemis Bosororo moitpst | BU3HAYAETHCST CyMOKO CHTAIbMIN 1 Kr cyxoro
MOBITPA 1 d KT BOASHOI apH:

=i, +di,. (7)
JI1s1 HEeHACHUCHOT O TIOBITPSI CHTAJIBIIIO PO3PAXOBYIOTh 33 BUPA3OM:
I=cg™t+(r+cp™t)d =cg"t+d (2500+1,931), (8)

ae ¥ = 2500 x/lx/kr — tennoTa napoyreopeHHs Boxu mpu f = 0°C; d — macoBuit

BOTOTOBMICT, d = m,, /M, , T BOMSHOI HApu/KT CyXOro HOBiIps, ¢, = LOxhi/(xr-K) —

C.IL >
1306apuuHa MacoBa TETMIOEMHICTb CyXoro mosiTps; ¢, = 1,93 xJlx/(kr-K) — Te-

IJIOEMKICTh MIEPErpiToi mapu.
J/1s1 HACHYIEHOTO BOJIOrOro MOBITPS 3AICKHICTD (2) TpaHCHOPMYETHCS 10 BUAY:

I=c"t+d, (2500+1,93¢), 9
Ae d, — KIUIBKICTh CyXOi HACHYEHOI Mapu.
Macoso- eHepreTHqHHﬁ KOHTYP  BIAMOBIZHO 10O YMOB (MH—) Bi;[o6pa>1<ye

TPOLIEC, B SKOMY MOBITPS MIEPEAAE CBOIO TEILIOTY BOJOTIH (pakuii MaTeplany, SKa
HarpiBa€eThCs 1 BUNAPOBYETHCA. Y TBOPCHA MMapa 3 TEIUIOM, OJCPKaHUM BiJ MOBITPSI,
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3MIMIYVEThC 3 HUM, 3a0€3MCUVIOUM CTane 3HAYUCHHS CHTANBII B CHCTEMI 3a
3MCHIICHHS TeMOeparypu. SKINO MOBITPS HA BXOAI B CYIIHWJIBHY KaMepy Mae
mapameTpu 4, d,, ¢ 1 BIATIOBLAHO HA BUXOAl — f,, d,, (2, TO IIPH LBOMY MAaEMO
CHIBB1AHOLIECHHS

L<ti,dy>dy; 92> @11, =11, (10)
€ @1 1 ¢, — BIAMOBIAHI 3HAYCHHS BITHOCHOI BOJIOTOCTI.

AL
I 5

d

d, d,

Puc. 2. IIponecn oxos0KkeHHAS i ocynTyBanns noBiTps B giarpami I-d

3 HABEACHOTO BHILIUBAE, IO B MPOLECAX CYIIIHHS BIAOYBAETHCS MEPESPO3MOILT
CHEPreTMYHHUX TMOTCHLIANIB MDK IX MarepialbHUMH HOCIIMH 33 HAasSBHOCTI
($hazoBOro mepexoay, KU € MPUIHHOK Ha3BaHUX TpaHchopmarii. Pazom 3 Tum
BUKOHAHHS YMOBH { =i, =cons! TPHUBOAUTH OO BUCHOBKY IIPO JOLLUIBHICT
BIJHOBJICHHSI OCYINYBAJbHOI 3JATHOCTI 3aJITHOTO MOBITPSHOIO MOTOKY 31
30CPESKEHHSIM B HBOMY CHCPreTUYHOrO moTeHmiany. OueBUAHO, IO MOBCPHCHHS
MCPBUHHOI OCYIIYBANIbHOI 3AATHOCTI IMOB S3aHO 3 BHIYYCHHSM 3 HBOIO MApOBOL
daszu B pexumi il wxonxaeHcamii. Lle o3Havae HEOOXIAHICTH OXOJOTKCHHS
CCpENOBHIIA IO TOYKH POCH 1 MOJANBIIOTO OXOJIOMKCHHS 32 BIAHOCHOI BOJOrOCTI
¢ = 1. BukoHaHHs Takoro mpouecy Mae BiZOYBaTHUCH B KOHACHCATOPI 3 TEILIOBA-
BEACHHSIM JO MPOMIKHOTO TCILIOBOrO arcHTa, siIkuil nepelysae B craaii (a3oBoro
nepexony kumiHH. TepMmoauHamivuHi TpanchopManii HOBITPSHO-IAPOBOTO CEPERO-
BuIma BlroOpaxkeHi Ha puc. 2. OxonomkeHHS B mpoueci 1-2 mpu 3HaueHHI d
MPUBOIUTH [0 TOYKH POCH, & MOAAJIBING OXOJOMKEHHS 10 ToukHd 3. Ilpu mpomy
BUITyUICHHS 1apoBoi ¢a3u CTaHOBUTH PI3HULIO d, —d; . [lponec 3—4 (marpiBanH:)
3MIHIOE TEMITEPATYPy CEPEIOBHINA A0 3HAYCHHS f,, OJHAK BUMTH HAa IOBTOPEHHS
npouecy 1-2 MOXIHBO TUIBKH HArpiBaHHIM A0 3HAUCHHS /5 (TOUKa 5 Ha mepeTuHi
BepTuKam 3—4 1 eHTanemii 7 ). TakuM 4rHOM, peXKUMY OCYLIYBAHHS 1 BLAHOBICHHS

OCYIIYBAJIbHHUX BJIACTHBOCTCH MOBITPS BIANOBIJA€ LUK YV paMKax CYKYITHOCTI
mporeciB 1-2-3-4-5-1. B i#ioro ckmaai i3oeHTanmpmiiinuii mpouec 5—1, i300a-
puuHi oxomomxkeHHs 1-2 1 xoHaeHcauis 2-3 mapooi ¢asu, i300apuyuHe Harpi-
BaHHA 3—4-5.
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Touwi 1 BiAMOBIAAE BUXIA MOBITPO-MAPOBOI CYMILIN 38 MEKI CYIIHIBHOI KAMEPH
1 mepexig B TemiooOMiHHUK-KOHACHCaTop. [umiHka 1-2 BimoOpaxkye pexum
OXOJIOIPKEHHS 3 TEIUIOBIABEAEHHAM B KUIBKOCTI:

O, =" (t, — 1), kJLx/xr. (11)
Ha mimanimg 2—3 TenaoBlABEASHHS CKIAIE:
O, 3= (t, — 1) +r(d, —d, ), xJlx/xr. (12)

BoHO cynpoBOMKY€ETBCS BIABSACHHIM KOHACHCATY.
Cyma 3HaueHb TENIOBUX MOTeHIamB (J;, , 1 (O, ; CIPUMMAETHCA TMPOMIKHUM

TCIUIOBUM arc¢HTOM TEPMOJAMHAMIYHOTO TpaHchopmaropa (TEILIOBOTO HACOCA) B
pexkumi daszosoro nepexony. CTUCKaHHS OACP:KaHOI ra30Boi (a3u B MEXaHIYHOMY
KoMIIpecopi ado B abcopOLiIHHOMY TEIIIOBOMY Hacocl MiABUINYE ii Temmepatypy. B
KOHJCHCATOP1 TEMIOBOrO HAcoca 3AIHCHIOETBCS HATPIBAHHS MOBITPSHOTO MOTOKY B
pexKUMI KOHICHCALI] MPOMIDKHOTO TEIoBoro arcHTa. L[l B3aemonii 1 HarpiBaHHIO
MOBITPSHOTO MOTOKY BiAMOBIAAE BiAPI30K 3—5 3 MareMaTUYHHM BiIOOPAKCHHIM Y

dopwmi:
Qs s =cy" (1 —t3) . KJr/xr. (13)

JlocsirHEHHSI TeMIEpPaTypu f; O3HAYA€ BUXIJ HA 130¢HTanemio 7 . Bemmumna
TCIUTOBIABEACHHS, 1[0 JOCATAETHCS Y BUMAPHUKY TCILTIOXOJOIUIPHOI YCTAHOBKH:

Oy =G 2+0, 5+ ’”(dl _d4) , KJLx/kr. (14)

TeopeTHyuHa KITBKICTh TEIIOTH, IO MEPEAAETHCS MOBITPSHOMY HOTOKY B KOH-
JEHCATOPI TEIUTOXOTOAMIBHOI YCTAHOBKH:

Qéxy = T.X.Y. + fKOM = Q172 + Q273 +r (dl - d4) + fKOM > KH}K/KF’ (15)

ae [ oy — Pobota xommpecopa TXY.

Cykynnicts 3ane:kuocteit (4)—(6) 1 (11)-(15) aae 3mory BU3HAYUTH aACPOAM-
HaMIYHI MapaMeTpH BEHTHIATOpA IS 3a0C3MEUCHHS HEOOXIAHOTO MOBITPSHOTO
MOTOKY 1 TEPMOAWHAMIYHI MapaMeTpu TEIIOXOMOIMIBHOI YCTAaHOBKU. Pexxumu
pobOTH CHCTEMH BH3HAYAIOTHCS MOTPIOHOK AMHAMIKOIO BHIYYCHHS BOJOTH. 32
YMOBH HEIECPECPBHOrO MPOLIECY CYLIIHHS MAa€ MICHE HAONMKCHHS A0 YCTAJICHUX 1
cTaOlni30BaHUX 3HAYCHb MApaMETPiB, 4 B YMOBAX LMKIIYHHUX MHPOLECIB BUHUKAE
HCOOXITHICTh V BIATOBIAHUX KOPESLIISX MOBITPSIHUX MOTOKIB 1 TCPMOTUHAMIMHHUX
napametpiB podoru TXY. CyuacHl MOKIHBOCTI TEXHIYHOrO 3a0C3MCUCHHS JA0Th
3MOT'y 3I1HCHIOBATH HPOrPaMOBAHE PEIYIIOBAHHA CHCTEMH ab0 B PEKHUMax Here-
PEPBHOTO KOHTPOJIIO TA BIMOBITHUX KOPSISIIIH.

[loeananHs 3aMKHYTHX KOHTYPIB CYIIHMJIBHOTO arcHTa 1 TEIUIOBOIO HACOCA
3aMponoHOBaHO B mateHTl Ykpainu 61437 [12], axuii cTOCYETBCS MPUCTPOIO IS
CYLIIHHS COJOAY, X0o4ua Horo (i3udyHa CyTh BiANOBLIAE IMHPOKOMY MEPENIKY TEX-
HoJoriyHux mpouecis. ®opmyna BuHaxoay chopmynbosana Tak: «[Ipuctpiit mns
CYLIIHHA CONOAY, WO CKIAJAEThCA 3 CYLIAPKH, TEILIOTeHeparopa, Kamopudepa,
TEIOOOMIHHHKA 1 BEHTHIATOPIB, SKHH BIAPI3HAETHCS THM, IO KOHTYP CYLIHIIb-
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MEXAHIYHA TA EJIEKTPHYHA TH/KEHEPIA

HOro arcHTa BUKOHAHO 3aMKHYTHUM 3 BKIHUCHHAM A0 HBOTO BUIIAPHUKA 1 KOH-
ACHCATOPA TCIJIOBOI'O HACOCA».

BMCHOBKM

I3ocHTanpmiitamit, a0 agiadaTHUI OpPOLEC CYLIIHHS BOJOTOrO0 MAaTepialy
MOBITPSHUM CYIIHJIBHUM arcHTOM O3HAUYa€ JOLIIBHICT CTBOPCHHS 3aMKHYTOTO
CHEProMaTepialbHOrO KOHTYPY, METOO SIKOTO € 3MCHIICHHS CHEPreTHYHUX BUTpPAT
32 pPaxyHOK BITHOBJICHHS OCYINYBAJbHHUX BIACTHBOCTCH TMOBITPS HA OCHOBI
BHKOPUCTAHHSI TCPMOAMHAMIUYHUX MCPETBOPIOBAYIB V (OpPMi TEIIOBHX HACOCIB.
Taka pekynepauiliHa cucTeMa MPUIATHA A1 POOOTH 3 CYLIAPKAMH HEIEPEPBHOI 1
nukIiyHoI aii. BukopucranHs TennmoBoro Hacoca 3a0e3neUye BiAHOBICHHS OCYIIY-
BaJIbHUX BJACTUBOCTCH 3aMKHYTOI'O MOBITPSHOTO MOTOKY 32 PAXYHOK KOHACHCAL]
napoBoi (asu B peKUMI OXOJOMKCHHS 1 MOJANBIIOrO HArpiBaHHs. Pe3yiapratom
Takoi B3aeMofii 1BoX KOHTYpiB € Maitke 100% moBepHEHHS B CUCTEMY CHEPreTHY-
HOTO MOTCHLIaNy 3 AOAATKOBHM JOMOBHCHHAM 33 PaXyHOK POOOTH KOMIpEcopa
TEMIOBOTO HACOCA.

[Nepeximuuii mpouec MycKy CHCTEMH 3IIHCHIOETBCS 3 BUKOPUCTAHHIM HCPBHH-
HOTO CHEPrOHOCIS B IMYCKOBOMY MiJIrpiBayl HArpiBaHHSAM IOBITPS, INO HASBHC B
KkOHTYpl. CHINTBHOIO PUCOI0 KOJKHOTO 3 ABOX KOHTYPIB € mepedir B HUX (a30BUX
MEPEXOIB BHMAPOBYBAHHA-KOHICHCALI, 10 BHU3HAYAE€ BHCOKEC CHEPICTUYHEC Ha-
BAaHTKCHHA IX MaTepialbHUX HOCIIB HA PIBHSAX, SKI BIATIOBIJAIOTh TEILIOBUM TPV-
Gam. EHepreTvuHl BUTPaTH HA CHCTEMY BH3HAYAKOTHCHA 3a0E€3MEUCHHSAM POOOTH
BEHTH/IATOPIB 1 KOMIpEcopa TEIJIOBOrO Hacoca.

HacrynHuii eran JOCHiKEHHS MOB'SI3aHUH 3 PO3POOKOI0 TEXHIYHOTO MPOCKTY.
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