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SANEXHICTb EKCEPFETUYHOIO KKA CUCTEMU KOHOUUIIOBAHHA NOBITPA
OMEPALIINHUX YACTUX KIMHAT BIJ TEMMNEPATYPU | BONTOFOBMICTY

HABKOJIULWUHBLOIO CEPEAOBULLA

Y emammi euxopucmana aémopcuvka innosayitina mamemamuina 00CIiOHUYbKA MOOeNb BNPOBAdICeHOl
YeHmpAaIbHOI NPAMOMeYIUHOI cucmemu KOHOUYIIOBAHHA NOGIMPs OnepayiiHux dyucmux KimHam. Mema
MoOeni — Komn lomepHe OyiHIo8aHHA excepeemuyHoi eghekmusnocmi 0i0uoi cucmemu KOHOUYIO8AHHS
3anexicHo 6i0 pisHUX Qaxmopis, wo enauUeamsv Ha ii pobomy, 30Kpema memnepamypu i 6010206Micmy
HABKOIUWHBLO020 cepedosuya. 3a60aKu yiti MOOeNi 6CIMAHOBIEHO 6NIUE THeMNepamypu i 8010206MiCHLY
HABKOIUWMHBLO020 cepedosuya Ha excepeemuunuti KKJ] oitouoi cucmemu KoHOuyilogauHms.

Knruosi cnosa: Excepcemuunuii 6ananc; Cucmemu xonouyiroearnns nosimps; Qucmi npumiwenns; Ex-
cepeemuyna egpexmusnicmo; Temnepamypa i 6010208MiCH HABKOIUUWHBO20 CEPEO0BUA

. BCTYII

B ocranHi necatupivds 3a KOpAOHOM 3 METOIO 3a0-
IIaJPKEHHS! €HEPTeTHIHNX PECYpCiB BEAyThCs (yHAaMEH-
TalbHI JOCHI/DKEHHS ISUTBHOCTI PSay Taiy3el, BHPOO-
HUIITB 1 TEXHOJIOTIH 13 MO3MIIA €KCEPreTUYHOT METOI0JI0-
rii [6-10, 12, 13, 15, 16]. Lls meTomonoris Oymna 06-
rpyHToBaHa y po6orax P.K. Knaysiyca, /Ix.B. I'i66ca,
XK. T'roi, A. Cromonu, . Illapryra ta P. [lerenu. Benu-
YKHA, 10 BU3HAYAE MPHUIATHICTH 10 il (pare3aaTHIiCTh)
pecypciB peuOBHHHU Ta eHeprii, Oyina Ha3BaHa E€KCEpri€ro,
a (yHKIIi, [0 BU3HAYAIOTH i 3HAYCHHS, — EKCEePreTHY-
HUMH. TepMiH «eKceprisy, 0 BU3HAYa€ NPUAATHICTD 10
nii (mpame3IaTHICTh) peCypciB PEUOBHHHU Ta €Heprii, OyB
BBeZieHUH Y 1956 porii.

VY cydacHMX TEXHOJIOTISIX, IOB’S3aHHX 3 MEPEeTBO-
PCHHSIM CHEpril, a caMe y CUCTEeMax KOHIMIIIIOBaHHS MOBi-
tps (CKII), BaxknmBe Miclie 3afiMar0Th 0OIaHAHHS 1 TIPO-
LecH, 00 €KTHBHA OIIHKA CTYIEHS €HepreTHYHOI T0CKO-
HAJIOCTI SIKHX MOXKe OyTH BCTaHOBJICHA TINGKUA Ha OCHOBI
aHaJti3y 1X eKCeproe)eKTHBHOCTI.

Jnst BceGiuHOrO BMBYEHHS 32 JIONIOMOTOIO eKcepre-
TUYHOTO aHaji3y eHeprorexHojorivamx cucteM (ETC)
TaKuX, K CHCTEMH KOHAWIIIOBaHHS IOBITPS, Ba>KJIMBO
BPaxOBYBaTH HE TiJbKH MPOLECH BCEPEINHI CUCTEMH, alle
1 MOXIIMBI BUIM B3a€MOJIii TOTOKIB CHEPTii, OB s13aHi 3
JIaHOK0 CHUCTEMOI0, 11032 1i MexkaMu. T1IEKU TaK MOKIHUBO
JIaTH TIOBHY iH)KEHEPHY OIHKY HMPHAATHOCTI 1 KOPHCHOCTI
BCiX MOTOKIB €HEprii 3a JaHWX MapaMeTpiB Ta Ha ii OCHOBI
3pOOHTH excepeemuyHul AHANi3 TEXHITHOI CUCTEMH.

VYeci nporiecn B CKII nmpoxonaTe B yMOBax, sKi BH-
3HAYAIOTHCS HaBKOJHUINHIM cepemoBumieM. Lli ymoBu uu-
HATH BUpIMIAJBHUN BIUIMB Ha cnoci0 peanizauii mporecis
KOH/JMIIIIOBaHHS MOBITPs. Y IIpoliecax KOHIMIIIOBAHHS,
SIK TIPABUJIO, HABKOJIMIIIHE CEPEOBUIIE BUKOPHCTOBYETh-
Cs1 SIK TOTJIMHAY TEIUIOTH, OCKUIBKH IIeH MOTJIMHAY € MIPH-
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pomHiM. ToMy TemmepaTypa HaBKOJIHUIIHBOTO CEPEIOBH-
oja € CyTTEBHM IapaMeTpoOM IIiJl Yac TEXHIYHOTO 3MIiiic-
HEHHs TIpoleciB KOHaumiroBaHHA. OKpiM [BOTO, HABKO-
JIUIITHE 30BHIIIHE MOBITPS € HOCIEM YHCTOTO MOBITPS IS
JIIOJEN.

[TapaMeTpy HaBKOJMIIHBOTO CEPENOBHILA 3BUYANHO
JUISL IPOLIECIB KOHMIIIOBAHHS MOBITPsl MPUIHATO BBaXKa-
TH CTaJMMHU IPOTATOM MEBHOTO Yacy, aje 3arajioM BOHH €
3MIHHHMH.

Pa3zoM 3 THUM napamempu Ha8KOIUWHBO2O Ccepedo-
6uwya (30BHIOTHBOTO TOBITPs) mist oonanHaunes CKII Bu-
3HAYal0Th HE TUIBKH IapaMeTpH ix poOoTH, aje i mapa-
METpU BHYTPIIIHBOTO TIOBITPS BCEPEAWHI MPUMIIICHHS,
SIKI CBOEIO YEpPro0 BIUIMBAIOTH HA IMapaMeTpHd POOOTH
obmamaanas CKII.

Exceprernununit 6amanc s ganoi ETC, TtoGto
BIIPOBA/KCHOT aBTOPaMHU CHCTEMH KOHIHUIIFOBAaHHS IMOBi-
Tpsi ONepaliiHuX YUCTHX KIMHAT, MA€ TaKUi BUTIIS:

n
EBX = EBHX +ZDi ! (1)
i=1

ne E. — ekcepris npuBomy CKII, sika BUTpadaeThes Ha

BX
nigTpuMaHHA mpouecy, Bt; E,,, — mpupict exceprii no-
n
BITpSl Y KOHIWIIOHOBAaHUX MPHUMIIIEHHSX, BT; ZDi
i=1
cyma ekceprernynux Brpat ETC, Br.
Exkceprernuynnii 6ananc manoi ETC ckmaganu Ha
OCHOBI ii IPUHIIUIIOBOT CXeMH (PUCYHOK 1).
Bouesunp, nockonamicte ETC Ta 1i elleMeHTIB TUM
BUIIA, YyuM BUIIUK ekcepretnynuii KK/, sikuil Bu3naua-
JIM 3 eKCepreTHYHoro Oanancy, a came [6-10, 12, 13, 15-

20]:
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Pozpaxynok excepreruunoro KKJI ETC crBoproe
YMOBM ISl BUPIIICHHS IHMTaHHA EKOHOMIl IIaJMBHO-
eHepreTHIHUX pecypcis [7, 8, 11-13, 16, 18-20].

Orxe, exceprernannii KK/ ETC obpaxoByBanu 3a
¢dopmynoro (2), B AKiH YHCETHHUK € KOPHCHUM EeKcepre-
THYHAM e(peKTOM, a 3HAMEHHUK — 3aTpaTaMH eKceprii, a
omke ekceprerranmnit KK/I Bu3nauanm 3a ¢popmynoro:

E Eeq)

BUX —
n E '
3arp
EBI/IX + Z Di
i=l

EdekruBHicts poboTH Oynb-iKOi CHCTEMU KOH-
JUIIFOBAHHS TIOBITPS, SIK OyJI0 BiA3HAYCHO, 3aJICKUTH BiJ|
rapaMeTpiB HaBKOJIMIIHBOTO CEPEIOBHUINA, a CaMe TeMIIe-
patypH i BOJIOTOBMICTY 30BHIIIHBOTO HOBITPSL.

Tomy MeTor naHOi poOOTH OyIIO MOCTIAUTH BILUIUB
TEeMIepaTypu 1 BOJIOTOBMICTY 30BHIIIHBOTO TOBITPS Ha
excepretnaanii KKJI 1, BIPOBaIKEeHOI LEHTPaIbHOI

Ne = 3)

npsimoteuiitnol CKII onepaniiiHuX 4YMCTHX KiMHAT.

Il. OMUCAHHS OF’EKTY AHAJII3Y TA IHHOBA-
HIMHOI JOCJITHULBKOI MOJEJII

MeTor0 KOHIWIIIOBAHHS TOBITPA € MIATPUMAHHS Y
JIESIKOMY OOMEXEHOMY TpocTOpi (Y MaHOMY BHIIAJIKY

y YMCTHX OIEpalliifHNX KiMHATax) NEBHUX NapaMeTpiB
TIOBITpsl. 3BUYAHHO PEryNIOBAaHHIO HiUIArae TeMIepary-
pa t, 1BiZHOCHA BOJOTICTh (, HOBITPA, a Y UUCTHX OIle-
paLifHuX KiMHaTax Ie 1ie i KOHIEHTPAIlisl YaCTHHOK Xg
y noBitpi [1-5]. Sk BimoMo BuOip BHYTPIIIHBOI TeMIiepa-
TypH {, 3aJeKHTh BiJ 30BHINIHBOI TemnepatypH t, [14].

PosrasiHeMO BHIpOBaJKEHY aBTOpaMH LEHTPATbHY
npssmoteuiitny CKII s onepanmiiHUX 4YHCTHX KiMHaT,
CXeMaTH4YHO 300paxkeHy Ha pucyHKy 1. PoGoTta takoi cu-
CTEMH 3aJISKUTh Bil JOMIHYIOUHX Y 30BHIITHBOMY Cepe-
JOBHIII yMOB, TOOTO Bi TeMIepaTypH i BOJIOTOBMICTY
30BHIIIHBOTO MOBITPs. OTXke, y TEIUMH TepioJ pPOKy
(TTIP) 30BHimHE TOBiTPs 4epe3 kimamaH 11 3abupaeTscs
LEHTPAIFHIM KOHAHIIIOHEPOM, OUHIIAEThCA Y pimbTpi 10,
Jlajli IPOXOJMTH 4Yepe3 MOBITPOHATPIBHUK 9, OXOJIOIKY-
€TBCS TA OCYIIYETHCS 32 TOJITPOIOI0 y TOBITPOOXOJIOA-
HUKY 8, CeNapyeThecsl y KpAIUICBIOBHUKY 7, @ BIITaK BEH-
TWIATOPHUM arperaroMm 6 momaeThes uepe3 (iabTp KOH-
auiioHepa 5 1 ¢unbTpu 3 Ha BXOAI y YMCTI OmnepariiHi
KiMHaTH. Bunanserscst BinmpanpboBaHe MOBITPS 3 omepa-
LWIfHAX YUCTUX IMPUMILIEHb 3 BEPXHBOI 1 HIDKHBOI 30H
BUTSDKHOIO YCTaHOBKOIO depe3 ii kiamaH 17 BUTSXKHUM
BEHTUJISITOpOM 18.

12 1
lXN " KY |
5
13 5
5 6 / il w9 n
] i P2 ] 1
2 = IV Y A | SoBuiame
P A . | nobimps
Gy = .
H{enmpamuig xonduwgionep
4
K BN Bl& o N 4
(r”', fn. Xn (‘n/ to. Xp ”Q,' th. Xp
Ly, - 102 rv‘/rmll‘ Ly, =880 #'/ 2odd) Ly, <1240 1"/ 20d)
Yame rpursinierss | | ame nporsuernst Hurme npuskaenns
z fonepatgena 1) lonepauisn 2) lonepauisn )
X - X, . X ok
g R/ 2 9 | Ig '05 2 p Iy Vs 8 X
B, |58 nipk sl AL o 5
ittt 1 _
) 17 716
: Ggyr
Bumsixrie . -
nofBiimps a' A
Bumsixvia
yemanoBra

Pucynok 1 — Ipunyunosa cxema enpogaodicenoi yenmpanohoi npsamomeuitinoi CKII ona onepayitinux
yucmux Kimnam: 1 — mexnonoeiune 061A0HANHHA, 2 — GUMAINCHT KAHAU Y NPUMIWYEHHSX,
3 — @inempu npuniuerozo nosimps y npumingents; 4 — npuniIueHULL ROGIMpPoONpPoeGio,
5 — @inbmp npunnugnoeo nogimps y KOHOUYioHepi; 6 — BeHMUIAMOPHULL azpe2am KOHOUYioHepa,
T — Kpanneeio6HUK KOHOUYioHepa,; 8 — nosimpoOXoa00HUK KOHOUYIOHepd;
9 — nosimponaepienux konouyionepa, 10 — ginemp 308HiIUHBbO20 NOBIMPSL Y KOHOUYIOHEDI,
11 — kranan 306HiWHbLO2O NOGIMpPs Y KoHOuyionepi, 12 — xonoourvna mawuna XM;
13 — nacoc xonoonoi 6oou XM; 14 — xomenvna ycmanoexa KY; 15 — nacoc eapsiuoi 6oou;
16 — sumsoicnuil nogimponpoeio; 17 — KIanan 6UMsNCHO20 NOGIMPSL;
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18 — senmunamopnuil acpecam UmMaANCHOI YCMAHOBKU
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Hasenemo po6oty manoi CKII y TIIP, komu Temme-
parypa t, < t,. Ha pucynky 2 npuBeneHa y cucremi Ko-
opauHar |,d HOCHiOBHICTh 3MiHM MapaMeTpiB MOBITPSL,
sIKe TIPOXOAUTH 4epe3 pi3He OOJIaJHaHHS BIPOBAIKEHOT
LEHTPAIBHOI MPAMOTEYiHOT CHCTEMH KOHIHIIIIOBAHHS
MOBITPs A1 onepaliifHux ynctux kimHar y TIIP 3a pis-
HUX MapaMeTpiB 30BHIIIHBOTO MOBITPSL.

i A
e

A dé&

Pucynok 2 — 306pasicenns npoyecie smiHu Cmauy 0J10-
2020 nosimps y oitouiti npamomeyiuniu CKII y TIIP na
1-d - diaepami
a) 02151 ymos nposedenns 0ocnioncens — t, = 30; 32°C;
ty, =25; 26°C; At; =9; 7°C;

0) 0112 ymog npogedenns docnioxcens — t, = 35; 38;
40°C; t, =27; 28; 29°C; At, =6, 5; 4°C:

311, — npoyec norimponHo2o 06pobdeHHs (0X0N00HCEeH-
Ha ma ocywysanns) nosimpa G, =G, y nogimpooxono-
OHUKY;

I 1T — npoyec nidiepisanns nosimps Gy na 1°C'y een-
MUIAMOopi ma RPUNIUGHOMY NOGIMPONPOBOIi;

IIB — npoyec acuminayii menio- i 601020HAOTUIKIG Y
YuCMuX npUMiLyeHHAx npunausHum nogimpsam Gy 3

KOHOuyionepa

VY mocnimpKeHHSIX IPUHHATO MacOBY MPOIYKTHBHICTh
CKII, mopaxoBaHy 3a HEOOXiHOIO KPaTHICTIO MOBITPO0O-
Mminy, G = 4300 kr/ron, mapameTpu 30BHILIHBOTO MOBITPS
3MIHIOBAIIUCh y Mexax: Temmeparypa t, =30-40°C; BinHo-

CHa BOJIOTICTh (, = 44-36% (BiANOBIIHO, THTOMA E€HTAJIb-

BOJIOTOBMICT 5
=60,1-83,4 x/Ix/kr), p, =
= 1010 rlla; napameTpu BHYTPIIIHBOTO MOBITPS BIAIMOBI/-
HO - t,=25-29°C;  @,=54-64% (BinuosigHoO,
d, =10,8-16,3 r/kr; |, =52,6-70,8 k/I>x/KT); pi3HULA TeM-
neparyp MiXK BHYTpILIHIM i MPUIUIMBHUM MOBITPSM 3aJe-
JKHO BiJl TEIUIOHAUIMIIKIB Yy YHUCTOMY INPHMIIICHHI, a Ta-
KOX TeMIIepaTypH 30BHIIIHBOTO TOBITPS
At =t; —t, =9,0-4,0°C; xyroBuil koediuieHT mHpouecy
acUMULALI] TEII0- 1 BOJOTOHAUIUILIKIB Yy YUCTUX MpPUMI-
LIEHHSX NPUILUIMBHUM TIOBITPSAM 3 KOHJMIIOHEpa €=
=27058-9711 x/x/KT; mMoYaTKOBa TeMIIEpaTypa XOJIO0HO-
Hocis (40% po3uuHy NMPOMUJICHIIIIKOIIO) Al TOBITPOOXO-
JIOJHUKA: tBn =9,5-15,5°C.

[MocninoBHiCTH 3MiH, SKi BiIOYBaroThCSl 3 BOJIOTHUM
TIOBITPSIM, 110 MPOXOJUTH Yepe3 pizHe 00ajgHaHHs BIPO-
BaJDKCHOI CHCTEMH KOHIUIIFOBAHHS MOBITPS, HABEACHI Ha
pucynky 2. ITobynosa Ha /-d — mgiarpami 3ampomnoHOBaHa
HaMH Ta BHKOHaHa 3rimHo 3 [11]. Tlapamerpu moBiTps y
XapaKTepHUX TOYKaX Ipolecy (PUCYHOK 2) BCTAHOBIIOBA-
JIMCh 3a 3HAUEHHSIMH BiJMOBIAHUX IapaMeTpiB I 30BHi-
ITHHOTO TMOBITPSI Ta MiAPaXOBYBAIKCH 32 BIIOMUMH aHai-
TUYHUMH 3aJISKHOCTSMHU JUIS1 BOJIOTOTO TTOBITPA.

ABropammu Oynma CTBOpEHa IHHOBaIlilfHA OCHiA-
HHUIIbKa MaTeMaTH4Ha MOJENb BIPOBAPKEHOI CHCTEMH
KOH/IMIIFOBAHHS TIOBITPS JUIS KOMII FOTEPHOTO OIliHIO-
BaHHJ 11 eKcepreTUUHOT epEeKTHBHOCTI 3aJIeKHO BiJl Pi3HUX
rapameTpiB 30BHIIIHBOTO 1 BHYTPIIIHHOTO HOBITPS Ta pi3-
HUILI TeMIepaTyp MK BHYTPIIIHIM 1 MPUIUIUBHUM IOBIT-
psAM. 3aBISAKH Iill MOJeNi OTPUMAaHO PE3YyIbTATH JOCIi-
JUKEHB, AKi 3BelleH] y Tadmuio 1.

Exceprernunnit KKJI, sxuit xapakrepmsye edek-
THBHICTH POOOTH BIPOBA/DKEHOI LEHTPAIBHOI IPSIMO-
Te4iifHOI CHCTEMM KOHIMIIIOBaHHS OIEepaliiHUX YHCTHX
kimHar y TIIP, Busnauamu 3a dopmynoro (3), y skiid

E,.x = En — Eg — 3MeHIIeHHs exceprii KOHANLIOHOBaHO-

st d, =11,7-16,8 r/kr;

0apoMeTpUYHHN  THCK

TO TOBITPS Y YUCTHX KiMHATAaX KapIiOJNOTIYHUX OIepariiii-
HHUX (KOPHCHO BHKOpHCTaHa ekceprii), Br; £y 1 Ep —
BIJIIOBIJTHO, €KCEPTisl IPUILIMBHOTO 1 BHYTPIIIHBOTO TOBI-
Tpst y 4MCTHX KimHarax, Br; Dpg =Ep —E; — Brpara
eKceprii MOBITPsl y TOBITPOOXOJIONHUKY KOHIMIIOHEPA,
Br; B, i E; — Binnosinso, excepris oGpo0ioBaHOro
MOBITPS HA BUXOJI Ta BXO/i (30BHIIIHBOTO TIOBITPS) Y IIO-
BITPOOXOJOJAHUK KOHAMLIOHepa, BT, Dy = Ey —Ey —
BTpaTa eKceprii MoBiTps Mmix yac HOro TPaHCIIOPTYBAHHS Y
MIPUIDTBHUX TOBiTporpoBoaax i BeHTmsiTopi CKII, B
Ey, 1 Ep — BiAnoBiHO, excepris MOBITPsL Ha BXOAL y
MIPUILTUBHUN BEHTUIISITOP KOHAUIIIOHEPA Ta BUXOJI 3 TPH-
IUIMBHUX MOBITPONPOBOMIB y dUHCTI KiMHaTH, BT
D,.. =Eg —E; — BTpatu exceprii 3 BUTSDKHUM KOHIUIIi-
OHOBAaHMM IMOBITPAM 3 YMCTHX KimHat, BT, Dy o

BTparta eKceprii 3 NPUIUIMBHUM BEHTHIATOPOM KOHIUIIO-
Hepa, Bt; D, ,ur — BTpaTa €Kceprii 3 BEHTHIATOPOM

BUTSDKHOI ycTaHoBKH, B1; Dy — BTpara exceprii 3 xoio-
JUIIFHOIO MAITMHOIO IICHTPAIFHOTO KOHAMIIOHepa, BT.
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Ta6auns 1 — [TapameTpr TOUOK, sIKi XapaKTEepU3yIOTh CTaH BOJIOTOTO TOBITPSI i yac poOOTH BIIPOBAHKEHOI IIEHTPATLHOT

npsimotediitHoi CKII 3 pekyrniepaTHBHIM MOBITPOOXOJIOIHUKOM TOBITpONpoAyKTUBHICTIO 4300 Kr/rox

IMuToma . Binrocna TMuToma
Touku Ha Temnepatypa . Bounorosmicr . .
Id . . t °C CHTAJIbIIS d o/ BOJIOT1CTh CeKCepris
— niarpami : I, kTx/kr » T/KT ¢, % e, KJK/Kr
3(0) 30-40 50,3-83,4 7,9-16,8 30-44 0,0-0,0
I, 15,0-24,0 32,3-64,7 6,7-15,8 63-84 0,4038-0,4421
I 16,0-25,0 33,0-65,4 6,7-15,8 59-79 0,3527-0,3882
25-29 43,0-70,8 7,0-16,3 35-64 0,0497-0,2059

OTmxe, 3aranpHi BTpatu ekceprii y aitouiit CKII BusHaga-
JIM TaK:
n
z Di = DHO + Dl'lll'l + DBI/IT +
i1 (4)
+ an.BeHT + DBMT.BeHT + DXM! Br.

SIK KOHKPETHO BH3HAYAIIM BEIUYHMHH, IO BXOIATH y
¢dopmyny (3) nomauno y [19, 20].

I1l. PE3YJIbTATH JOCJIIIHUIILKOI POBOTH

Ha ocHOBI nocnizpkeHb, MPOBEJEHNX HaMH Ha 1HHO-
Balifigii MartemMaTWuHii Moxemi mis Bkasanoi CKII,
OTpUMaHO 3ajnexHicTh ekcepreruunoro KKJI n. Bix ma-

pamertpiB 30BHimHbOro (t,, d,) MOBITPS 32 Pi3HUX BHYT-
pimmHix (t,, ¢,) mapameTpiB Ta pisHHLI TeMImepaTyp At
MDK BHYTpILIHIM 1 IPUIUIMBHUM TOBITPSIM, SIKi ITOJaHi Ha
PHCYHKY 3.

2,60 \
2,40 \
2,20

Ne 2,00
1,80
1,60
1,40 \
25 30 35 40 45

t,, °C
Pucynok 3 — 3anescnicmo excepeemuunozo KK/
Ne 6NPOBAOICEHOT YEHMPATLHOT NPAMOMEUIIHOT
CKII onepayitinux yucmux KiMHam
3 PeKynepamugHumM nogimpooxoi00HUKOM NOGImMpo-
npoodykmuenicmio 4300 ke/200 6i0 memnepamypu i, i
80710206 MICMY 308HIUIHbO20 NOBIMPSL.

1 psio ¢ — dg =7,9-13,9 e/ke; 2 pso m — 8,7-14,9;
3 pso A —9,6-15,4; 4 psao «— 10,6-15,8;
5pso %—11,7-16,8
(3anescuicms 8i0 60710208Micmy 05 8CIX P08
00HAK08a)
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AHaNi3yloun OTpHUMaHi [aHi IOCIiKEHb Ha pPH-
CyHKy 3 1y Tabmumi 1, MO)KHa IiATH TaKWX BHCHOBKIB. 3a
IEBHOI TEMIEpaTypu HAaBKOJMIIHBOTO cepemoBuina t,

(30BHINIHBOTO TOBITPSI) 3POCTaHHSA BOJIOTOBMICTY 30BHI-
IIHBOTO TOBITPst 0, HE NMPU3BOIAMTH N0 3MIiHU 3HAYEHHS
excepretnunoro KK/ 7, smposamxenoi CKII. Tooro,
3HaveHHA ekcepreruynoro KKJI 7, Bnposamxkenoi CKII
3aJIeKHUTh TUIBKHU BiJl TEMIEPaTypH 30BHIIIHBOTO MOBITPS
t, Ta pisHuui Temmeparyp MiK BHYTPIIIHIM i NPHILINB-
HHM NOBITpsM At =t, —t .

3arajpHe 3pOCTaHHS TEMIIEPaTypH 30BHIIIHBOTO I10-
sitpst T, Bix 30 g0 40°C, To6TO B 1,33 pasu, mpu3BOAUTH
JI0 3HAYHOT'O 3MEHIIECHHS 3Ha4eHHs ekceprernaHoro KKJ|
1, Bix 2,56 no 1,48, Tobto B 1,73 pasu abo Ha 73%. Ha
Hally JyMKy L€ IOB’S3aHO HE CTUIBKH 31 3POCTaHHAM
TeMIIepaTypH 30BHIIIHBOTO TMOBITPs {,, 5K 3 oHOYaCHHUM
3MEHIIICHHSIM PI3HHIIl TeMIlepaTyp MiK BHYTPIIIHIM i
npurueaaM moBitpsim At =1, —t Bix 9,0 1o 4,0°C,
T00TO B 2,25 pasu abo Ha 125%. Tomy BIpoBapKeHy CH-

CTeMY KOHJMIIIIOBaHHS MOBITPsI 0a)kKaHO BUKOPHCTOBYBa-
TH 32 HWKYMX TEMIIEPATyp 30BHIILIHBOTO TOBITPs, a came,

nanpukmag {, =30°C, ta 3 skoMora HallBHILOIO Pi3HHIICIO
TEMIepaTyp MK BHYTPIIIHIM i NPUILIUBHUM MOBITPSIM
At =t —t , sanpuxmag, At =9,0°C, wo nacts mo-
JKITUBICTh OTPUMATH HakBuIuil excepretuanuii KKJI 77,

= 2,56, a 3HAYUTH OTPUMATH CKOHOMIYHO HAHBUT1THIIIHIA
BapiaHT BUKOPHUCTAHHS BIIPOBA/DKEHOI CHUCTEMHU KOH[H-
LiFOBaHHS MOBITPSL.

Bapto 3BepHyTH yBary (pucyHOK 3), IIO 3a TemIie-
patypu 30BHimHBOTO NOBiTPA t, Bixg 30 mo 32°C maemo

OJIUH 3aKoH 3MiHu excepreruynoro KK/ 7, , a 3a Temme-
patypu 30BHimHb0r0 NoBiTps t, Bix 32 no 40°C — iHmmii.

[le MOXJIMBO TOSICHUTH THM, IO TeMIlepaTypa BHYTpIill-
HBOTO TOBITPSI Y YNCTOMY NPHUMIIIEHHI IPUHMAETHCS T10-
pi3HOMY 110 TeMIepaTypu 30BHIIIHBOIO  MOBITPs
t, =30°C 1 micng Hei. ToMy 1i 3MiHU PO3IJIAHEMO OKpe-
MO.

OTxe, 3pOCTaHHS TEeMIEepaTypH 30BHIIIHHOTO MOBi-

tpst T, Big 30 go 32°C, to6ro B 1,07 pasu, mpu3BOAHUTH 10



Po3sgin 2. EHepreTuka Ta eHepro3bepexeHHst

3HAYHOTO 3MCHIICHHS 3Ha4eHHs ekceprermyHoro KKJI
n. Bix 2,56 mo 2,01, To6to B 1,27 pasu abo Ha 27%. Pa-
30M 3 THM CEpelIHs MIBUAKICTh 3MIHH €KCePreTHYHOTO
KK 77, Ha uiii mo4atkoBiii s Aﬂe/ At, crano-
Buth 0,275 1/°C.

BinmoBimHO 3pocTaHHS TeMIepaTypd 30BHIIIHBOTO

noBitps t, Bix 32 o 40°C, to6T0 B 1,25 pasu, mpusso-

JUTH 10 3MCHIICHHA 3HAYCHHA CKCECPIrCTUIHOIO KKZ[ Ue

Bix 2,01 mo 1,48, Tobro 1,36 pa3m abo Ha 36%. B Toii ca-
MUH 9ac cepeqHs MBUAKICTh 3MiHN ekcepreTuanoro KK/
7, Ha uiit nimsani A7, /At3 ctaHoButs 0,066 1/°C, mo
B 4,17 pa3u menmie, T00To Ha 317%, HiX Ha MOYATKOBIH
ITUTSTHIN.

3ajeXHOCTI, HAaBEJeHI Ha PUCYHKY 3, OTpHMaHi Ha-
MU Y BUIIS] aHAUTITHYHUX (GopMyIt 11 TeMneparyp 30B-

Himnporo noitps {, = 30-32°C:
1. =10,81-0,275-t,, (5)
a g t, = 32-40°C:

ne =0,6509-t, —0,0099-t> ~8,6769.  (6)

MaxkcumanpHa MOXHOKa pO3paxyHKIiB 3a (HOpMyYIIOr0
(5) cranoButs 0% i 3a popmynoro (6) — 2,7%.

3HAUYNTh EKCEpreTHYHHH aHajli3 BIPOBAIKEHOT
LIEHTPAIBHOI TPAMOTEUIHHOT CHCTEMH KOHIHUI[IFOBAHHS
MOBITPSl ONEpaLiifHNX YWUCTUX KIMHAT BUKOHAHMH Ha
CTBOPCHIN aBTOpPaMHU IHHOBAIifHIA MaTeMaTHYHIN TOCTi-
JTHHIBKIF MOJET AaB MOXJIMBICTH IPYHTOBHO OLIHUTH
3anexxHicTh exceprernuHoro KKJI m, wmiel cucremu Bif

napameTpiB 30BHimHbOrO (t,, dg) HOBITPSL 32 PI3HUX
BHYTpIIHIX (t,, ¢4 ) MapamMeTpiB Ta pi3HAILI TEMIEPATyp

At MiX BHYTpILIHIM 1 IPUIJIMBHUM MOBITPSIM.

V. BACHOBKH

Bukopucrana cTBopeHa aBTopamu iHHOBalliliHa Ma-
TEMaTHYHa  JIOCHIJHHUIbKA  MOJENb  BIIPOBAKEHOT
[EHTPAIBHOI TPAMOTEUIHHOT CHCTEMH KOHIUI[IFOBAHHS
MOBITPS OMEpalifHNX YHUCTHX KIMHAT, IO Jaia MOXITH-
BiCTh  KOMIT'IOTEPHOTO  OI[IHIOBaHHA 1l  €Hepro-
e(eKTUBHOCTI Ha 0cHOBI ekceprernuHoro KKJI r, 3aie-
’KHO BiJ| pi3HMX (DaKTOpIB, 110 BIUIMBAIOTH Ha 1i poOoTY,
30KpeMa MapamMeTpiB 30BHIIIHBOTO ( t3,d3) [20]. Hage-

JieHo 3anexHicTh ekcepreruunoro KKJI m, Bnposajpke-

HOI IIEHTPaJIbHOT MPSIMOTEUiHHOT CUCTEMH KOHIMIIIOBaH-
HS TIOBITpPS OTEpalifHUX YUCTHX KIMHAT 3 PEKyIepaTHB-
HUM  TOBITPOOXOJIOAHUKOM  HOBITPONPOAYKTHBHICTIO

4300 xr/rox Bix mapamerpis 30BHIIIHBOTO (t,, d3) TIOBIT-
ps 3a pi3HUX BHYTpimHixX (1, , ¢, ) mapameTpiB Ta pi3HULI
Temrepatyp At, MK BHYTPIIIHIM i IPUIUIMBHUM IIOBIT-

psAM, KM TOKa3aB, M0 MaKCHMaJbHI 3HAYEHHS eKcepre-
trnaaoro KKJI miei CKII gocsirae 3a BiTHOCHO HIKYHX
TEMITepaTyp HaBKOIUIITHBOTO CEPEIOBHIIIA.

ITokazano, mo Brposamkeny CKII mns 3abesre-
YeHHsI MIKpPOKJIIMary B OIEpaliifHUX YUCTUX KiMHAaTax
OIIa/IHIIIIe BUKOPUCTOBYBATH 3a TEMIIEPATYpP 30BHIITHHOTO
noBitps t, < 35°C, Ta 3 sIKOMOra BHUIIOIO PI3HMILIEIO TeMIIe-

patyp MDK BHYTpIIUHIM 1 TPUIUIMBHUM IOBITPSM
At, >6,0°C, mo JacTb MOXJIMBICTD OTPUMATH BUCOKHH
excepretnunuit KKI 7, >1,93, a 3HauuTh oTpuMaTH

€KOHOMIYHO BWTIIHHH BapiaHT BUKOPHCTAHHS BIpPOBa-
JDKEHOT CHCTEMH KOHAWIIIOBaHHS TOBITps. BapTo Bin3Ha-
YUTH, IO BIUTMB BOJOTOBMICTY O, 30BHIIIHBOTO MOBITpS

Ha 3HaueHHA ekcepreTnaroro KK/ miei CKII BincyTHii.
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THE DEPENDENCE OF THE EXERGETIC OUTPUT-INPUT RATIO OF AIR CONDITIONING
SYSTEM FOR OPERATING CLEANROOMS ON TEMPERATURE AND MOISTURE CONTENT

OF OUTDOOR AIR

In modern technologies, which are related to energy transformation, namely in air conditioning systems, important
places are occupied by equipment and processes, the objective estimation of value of its energy perfection can be defined

only on the basis of analysis of its exergy effectiveness.

Innovation mathematical research model, created by the authors, of the implemented central straight flow air condi-

tioning system for operating cleanrooms was used, which gave opportunity to make computer estimation of its energy ef-
fectiveness by the virtue of exergetic output-input ratio depending on different factors, which have influence on its work, in
particular on parameters of outdoor air (tyy, doyt )-

The dependence of exergetic output-input ratio of implemented central straight flow air conditioning system with
recuperative air cooler and air productivity that is 4300 kg/hr for operating cleanrooms on parameters of outdoor
(tout»doyt ) air by different indoor parameters (tj, , d;, ) and on temperature difference At between indoor and sup-
plied air was presented. This dependence showed that the exergetic output-input ratio of the system gains its maximum
by lower temperatures of outdoor air.

It was shown that for providing the microclimate in operating cleanrooms the implemented central air conditioning
system, with the aim of energy saving, should be used by temperature of outdoor air t,;; <35°C and by higher (as much as

possible) temperature difference between indoor and supplied air At; > 6,0°C. This will give the opportunity to get a high
exergetic output-input ratio ., > 7,93, which means to get the most economical variant of exploitation of the imple-
mented air conditioning system. It is worth to mention that moisture content d,  of outdoor air has no influence on
exergetic output-input ratio of this air conditioning system.

Keywords: Exergetic balance; Air conditioning systems; Cleanrooms; Exergetic efficiency; Temperature and moisture
content of outdoor air
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