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[TEPEJIMOBA

VY TexHilli Mpoliec BUMAPIOBaHHS HA0YB MIUPOKOTO MOIMIUPEHHS, TaK K YIMAaIIO
PEYOBHMHU OTPUMYIOTH y BUTJISAI CIAOKUX BOJAHHMX PO3YUHIB, @ B TOTOBOMY IS
CIIO’KMBaHHS, 30epiranHs, a0 TPaHCIOPTY BUTJISA1, BOHU IOBUHHI OyTH 3HEBOIHEHI.

[Tpu BUmaproBaHHI 3a3BUYail 31HCHIOETHCS YACTKOBE BUIAICHHS PO3UYMHHHUKA
3 yChOro 00'eMy pPO3UMHY MPH HOrO TeMIeparypi KHUMiHHSI. ToMy BHITaprOBaHHS
MPUHIIMIIOBO BIJIPI3HSAETHCS BiJ BUMAPOBYBaHHS, fKE BiOYBAa€ThCSA 3 IMOBEPXHI
pPO3UKHY 3a OyAb-IKHX TEMIEPATyp HIKUUX 32 TEMIIEpaTypy KUIIHHS.

BumnapioBanHs TpOBOASATh B OJMHOYHUX BHIApHUX amaparax. OpjHax
HAWOUIBII moImMpeHi O0araTOKOPIyCHI BUMAPHI YCTaHOBKH, IO CKJIAJalOThCS 3
KUTbKOX BUITAPHUX amapariB ad00 KOPIYCiB.

OCHOBHMMH 3aBJAHHAMM BHUBUYCHHS TUCIUTLIIIHU « TemIOTEXHOIOTIYHI TIpoliecH

Ta YCTAaHOBKW» €.  OBOJIOAIHHA  CTYJEHTaMH METOAMKAaMU  pPO3paxyHKIB
TEIUIOTEXHOJIOTTYHUX MPOLIECIB Ta YCTAaHOBOK.

VY pe3ynbraTi BUBYEHHS TeMU «Bumaphi anapatu» nepuoro po3auty pododoi

IIporpamMu HaBYaJIbHOI1 III/ICI_II/IHJ'IiHI/I CTYACHT IIOBHUHCH

3HATH:

- OCHOBHI NMPHUHIUIMU 1 TEHACHINT Y CTBOPEHHI BUCOKOC(HEKTUBHUX BUITAPHUX
amapariB Ta YCTaHOBOK;

- PU3HAYCHHS 1 KJ1acu(iKaIlilo BUIAPHUX arapaTiB Ta BATAPHUX YCTAHOBOK;

- OCHOBH TeOpii 1 po3paxyHKy MpOLIEeCiB BUMIAPIOBAHHS,

BMITH:

- pO3paxoBYyBaTH TMapaMeTpPH CTaHy TEIUIOHOCIIB y BHIIAPHUX amaparax Ta
YCTaHOBKaX;

- pO3paxoByBaTH HEOOXIIHI BUTPATH TEIIOHOCIIB.

- BUKOHYBAaTH TEIJIOBIA Ta KOHCTPYKTHMBHIN pO3paxyHKH BUIApPHHUX amapariB
Ta YCTAaHOBOK;

- pO3paxoByBaTH F€OMETPUYHI PO3MIpH BUIIAPHUX allapaTiB Ta yCTAHOBOK.

3rilHO0 3 BUMOTAMH OCBITHBO-TIpO(EeciiiHOI  MporpamMu CTYJEHTH TOBUHHI
JNOCSTITH TAKMX KOMIIETEHTHOCTEH !

1. 3MaTHICTh 3aCTOCOBYBAaTHM CHUCTEMHMM MIAXiJl, 3HAHHS Cy4YaCHHUX
TEXHOJIOT1M Ta METOAIB MTPHU MPOEKTYBaHHI Ta EKCIUTyaTalli BUIAPHOI TEXHILI.
2. 3/MaTHICTh 3aCTOCYBATH PO3YMIHHS TMHTaHb BUKOPUCTAHHS TEXHIYHOI

JiTEepaTypu Ta HIIKUX JpKepen iHGopMallii B TETUIOEHEPTeTUYHIN TaTy3i.

Y  JgaHMX METOOUYHHUX BKa3IBKAX PO3MVIIHYTO METOAMKY pO3PAXyHKY
TPUKOPIYCHOI TPSIMOTOYHOI BUITAPHOI yCTaHOBKU. YucenbHI 3HAYCHHS BEJIWYUH,
BUKOPHUCTAHUX Y 3aBJIaHHAX, CTYJCHTH BUOMPAIOThH 3 TAOJIMIb BUXITHUX JaHUX (JIUB.
Po3nain 2) BiAMOBIAHO A0 33JaHOTO BUKJIaJJaue€M BapiaHTYy.

Koxuuit ctyneHT odopMITioe iHIUBIyaTIbHUHN 3BIT PO BUKOHAHY pOOOTY. 3BIT
Ma€ MICTUTH: IUIb POOOTH, HEOOXIJHI TEOPETHYHI BIJOMOCTI, CXEMYy BHIIAPHOI
YCTaHOBKH, TAOJIMIII pe3yIbTaTiB, OCHOBHI pO3paXyHKH Ta MOTHUBOBaH1 BUCHOBKH.



1 OCHOBHI BIIOMOCTT ITPO ITPOLIEC BUITAPFOBAHHA
1.1 BunaproBaHHS SIK TEXHOJOTTYHHUI TIPOILIEC

BumnapioBaHHsSIM Ha3MBA€THCS MPOLEC KOHIEHTPYBAHHS PO3YMHIB HEJIETKHX
PEYOBUH MPU KHUIIHHI 1 YaCTKOBOMY BHUJIAJICHHI PIAKOTO PO3YMHHHUKA Y BUTJISIIL MTApH.
[Ipu oMy, pO3UMHHA HEJETKAa PEYOBHMHA 3AJMILNAETHCS B BUIIAPHOMY armapari B
KOHIIEHTPOBAHOMY BUTJISIII.

HarpiBanHsi po34uuHy, SKUN BHUIApIOETHCS, BIJOYBA€THCS INUIAXOM Iepenayi
TEIUIOTH Yepe3 PO3LIbHY CTIHKY, KA BIJIOKPEMIIIOE TEIJIOHOCIH BiJl pO3YHHY.

Y  neskux BUPOOHHUITBAX KOHIIEHTPYBaHHS PpO3YMHIB BUKOHYIOTH IpU
0e3rnmocepeTHbOMY 3ITKHEHHI PO3YMHY 3 TOMKOBUMH Ta3aMH abo0 IHIIMMH
ra3onoAiOHUMHU TETUIOHOCISIMHU.

B  sKkocTi HarpiBaJpbHOrO0  areHTa IpH  BUIMAPIOBaHHI  MEPEBAXKHO
BUKOPHUCTOBYIOTh BOJISIHY Mapy, SIKY Ha3WBalOTh HArPiBaJIbHOIO a00 MEPBUHHOIO.

[Tapa, 1m0 yTBOPIOETHCSA MPHU BUIIAPIOBAHHI KUIUITYOTO PO3YHHY, HA3UBAETHCS
BTOPUHHOIO.

BunaproBaHHs MNpOBOASATH, SIK i aTMOC(EpHUM THUCKOM, TaK 1 T
MIIBUIIEHUM a00 3HMKEHUM THCKOM.

[Ipu BunaproBaHHI pPO3YMHY MiJ aTMOCEpHUMM THCKOM BTOpPHMHHA mHapa
BUITYCKAETHCS B aTMOCHEDY.

[Ipu BumaproBaHHI MiJ NIABUIIEHUM TUCKOM BTOPHMHHA Iapa MOXKe
BUKOPUCTOBYBATHUCS SIK HarpiBaJbHUM TEIUIOHOCIM Juisl crokuBauiB Teruia. [Ipu
BUIIAPIOBAaHHI MiJ TUCKOM IHIABUILYETbCS TEMIEpaTypa KHUIIHHSI PO3UYMHY, TOMY
3aCTOCYBAaHHS TaKOIrO CIIOCO0Y 0OMEXEHE TEMIIEpaTypor0 HarpiBaJIbHOTO TEIIOHOCIA
1 BJTACTUBOCTSIMHU PO3UHHY.

[Ipn BumaproBaHHI TiJ 3HWKEHUM THCKOM (MpU pO3PIIKEHHI) B amapari
CTBOPIOETHCS BaKyyM IUISXOM KOHJEHCAlii BTOPUHHOI Mapu B KOHICHCATOPI.
Bakyym-BunaproBaHHs J03BOJISIE 3HM3UTH TEeMIEpaTypy KHUIIIHHA pO3YHHY 1
3aCTOCOBYETHCS JIJIsl BUTIAPIOBAHHS PO3YHMHIB UyTIUBUX JI0 BUCOKOI TEMIIEPaTypH.

1.2 TlpuHnum poOOTH BUTIAPHOTO arapara 3 MPUPOTHOIO ITUPKYIISITIED

3a mpuHIUIOM poOOTH BUMApPHI amapaTd MOJUISIOTHCS Ha Oe3mepepBHO 1
MEeploIUYHO Ai0Yl. Y CBOIO Yepry BUIApHE O0JIaJHAHHS MOIUISIOTH 33 PEKUMOM
PYXy PO3UMHY Ha:

- BUTIAPHI arapaTy 3 MPUPOTHOIO ITUPKYIIAIIETO;

- BUIIApHI anapaTy 3 IPUMYCOBOIO HUPKYJISLIEIO;

- BUNIAPHI arnapaTty IIiBKOBOTO THITY.

B amapari 3 npupoaHOIO MUPKYIAIIEI0 PO3UUH HUPKYIIOE 32 paxXyHOK PI3HMII
HOrO0 TYyCTMH Yy KUI'ATUIBHUX TpyOax HarpiBajJbHOI KamMepu 1 B OIYCKHIH
HUPKYJSIIIAHIA TpyOl. Y KUM'ATWIBHUX TpyOax HarpiBajbHOI KaMepu pO3YHH
HarpiBa€eThCs 1 3aKUIAE, B PE3YJIBTATI YOTO YTBOPIOETHCS CyMmill mapu 1 piauHu. L
CyMIlIl PYXa€ThCs Bropy Mo TpyOax 1 Jajl MOTparuisie 10 cemaparopa, e Tmapa
BIJIOKpEMITIOEThCA Bl piauHu. [lapa HaIxXoauTh A0 MaponpoBOy BTOPUHHOI TapH, a



KOHIICHTPOBAHUN PO3YMH YaCTKOBO BIJBOJUTHCA 3 amapary y BHIJISAI TOTOBOTO
NPOAYKTY, YaCTKOBO HAJXOJUThH IO OMYCKHOI IUPKYJAIiNHOI TpyOW. YMOBH IJist
IUPKYJIAIil pO3UYUHY CTBOPIOIOTHCS 32 PaxXyHOK TOTO, IO BHHOCHA IUPKYJIAIiHHA
TpyOa MpaKTUYHO HE HATPIBAETHCS, a TYCTUHA PO3YHMHY B Hiil HaBara TO BHINA, HIX Y
KUM'ITUJILHUX TPyOax, sKi po3MIIlIeH] B HArpiBaJbHIN KaMepi.

1.3 bararokopnycHa BUIapHa yCTaHOBKA

Y OLIBIIOCTI BUIAAKIB BUIApHI amapaTu Oe3mepepBHOI 1i KOMIIOHYIOTHCS Y
0araToKOpIyCHI BUMAapHI YCTAaHOBKHU.

Bumnapni ycTaHOBKH KJIacU(IKYyIOTh MO BIAHOCHOMY pyXy HarpiBajbHOI MapH 1
PO3UHHY, IKUI BUMAPIOETHCA:

- MPSMOTOYHI BHUMApHI yYCTAaHOBKM JUIS PO3YMHIB, IO BOJOIIIOTH BHUCOKOIO
TEMIIEpaTyPHOIO JICMIPECIELO;

- MPOTUTOYHI BHUIMApPHI YCTAHOBKHU JJIi PO3YUHIB 3 TOCTIMHO 3pPOCTAIOYOI0
B'SI3KICTIO TIPH MiABUIIEHH] X KOHIICHTpAITii;

- BUIAPHI YCTAaHOBKU 3 MapajebHUM >KUBJICHHSIM KOPIYCIB JIJIsi pO3YUHIB, SIKi
CXHWJIBHI IO KpUCTai3allii;

- BUMApHI YCTAaHOBKW 31 3MIIIAHUM UBJICHHSM KOPIIYCiB JIJIi PO3YHMHIB 3
M1JBUIIECHOIO B'A3KICTIO.

CxeMy TpUKOPITyCHOT BUIIAPHOT YCTAaHOBKHU MIPECTaBICHO Ha pUCYHKY 1.1.

Eropumna mapa

Eoma

[epeumna napa

[TomarxoEmil posTHE Korpegear

I
1
_.:_,I’

1-3 - xopmycu yCTaHOBKH; 4 - MiAIrpiBay MoYaTKOBOTO (CIa0KOT0) pO3YnHY;
S - 6apoMeTpUUHUN KOHAEHCATOP; 6 - YIOBIIIOBaY; / - BAKYyM-HacoC

Pucynok 1.1 - TpukopnycHa npsiMOTOYHA BUIIApHA YCTAHOBKA
VYcraHoBka ckiagaeTbest 3 TpboX KopmyciB. IlouaTtkoBuil po3uuH (crnaOkuit

PO3YKH), 3a3BUYaAl MOIMEPEIHbO HATPITHM O TEMMEepaTypy KUIIHHS, HAAXOAUTH 0
MEePIIOTO KOPMIYCY, 0 00IrpiBaeThcs CBIXOIO (MIEPBUHHOIO) Maporo. BropuHHa mapa



3 IBOTO KOPITyCY TMOJAEThCS B SKOCTI HArpiBajbHOI JI0 APYroro KOpmycy, A€ 3a
PaxyHOK 3HM)KEHOTO THUCKY PO3YMH KUIUTH MPHU OUIBIN HU3BKIA TeMmepaTypl, HDK Y
HEepIIOMY.

3 orisAgy Ha 3HIDKEHUA THCK B JAPYrOMy KOPIyCl PO3YMH, YyHapeHUuu y
NEepIIOMy KOpIyCi, MepeMINIyeTbCcs CaMOIUIMBOM IO JIPYroro KOpIycy, Je
OXOJIOJDKYEThCA JI0 TEeMIEpaTypu KHUIIHHA. 3a pPaxXyHOK Teruia, IO MpPU IbOMY
BUJIUJISIETHCS, YTBOPIOETHCSA JOJIATKOBO Jesika KUIBKICTh BTOPUHHOI mapu. Take
SIBUIIIE, SIKE BIJOYBAETHCS y BCIX KOPITycaxX YCTaHOBKH, KPIM TEPIIOTO, HOCUTh Ha3BY
CaMOBUIIAPOBYBAHHS PO3UHHY.

AHANIOTIYHO BHWITAPEHUW PO3YMH 3 JIPYrOrO KOPIYCY TEPEMIIIYyETHCS
CaMOTUTMBOM JI0 TPETHOTO KOPITYCy, SKHH O0OIrpiBa€Tbcsi BTOPHUHHOKIO IOPOIO 3
JPYTOTO KOPITYCY.

[TonepenHe HarpiBaHHS MOYATKOBOTO (CJIAOKOTO) PO3YMHY JO TeMIIEpaTypu
KUITIHHS B TIEPIIOMY KOPITYCl 3JIHCHIOEThCS B OKpEMOMY TiirpiBadi 4, 1o J03BOJISIE
YHUKHYTH 301IbIIIEHHS TOBEPXHI HArPiBaHHS MEPIIOT0 KOPIYCY.

Bropunna mapa 3 ocTaHHBOTO KOpIycy (y TaHOMY BHUIAAKy 3 TPETHOTO)
BIJIBOJIUTHCA B OapOMETPUYHHMI KOHJIEHCATOpP S5, Y SKOMY NpU KOHJEHCAIli mapu
B110yBa€eThCsl HEOOXIIHE PO3PIKEHH. ['a3u, 10 MOTPaIuIsioTh B YCTAaHOBKY dYepe3
HEIIUTHHICTh TPYyOOIPOBOJIIB, a TaKOX 3 Mapor0 1 OXOJOMKYBaJIbHOI BOJOK B
KOH/JICHCATOP1, BIJICMOKTYIOThCSI Uepe3 yJIOBIIIOBaY 6 BaKyyM-HAacOCOM 7.

BropunHa mapa, mo yTBOPIOETHCS B KOXXHOMY KOPIYCi, MOKE€ HE TUIBKH
MOBHICTIO TOJaBaTUCAd Ha OOIrpiBaHHS HACTYIIHOIO KOPHyCy, a ¥ 4YacTKOBO
BUKOPHCTOBYBATHUCS I TOTIEPEIHBOTO MiAIrpiBaHHS PO3YMHY, 110 HAAXOMHUTH IS
BUMNAPIOBaHHs, a00 [JJi1 IHIIMX TEXHOJOTIYHUX IIJIed, HE TMOB'I3aHUX 3
BUITAPIOBAHHSAM. BTopmHHa Tapa, $SKa BHKOPHUCTOBYETHCS  IT03aBUIIAPHOIO
YCTaHOBKOI0, HA3MBAETHCS EKCTPANaporo.



2 BUXIJIHI JAHI 1O PO3PAXYHKY

Po3paxyBatu TpUKOPIYCHY MPSMOTOYHY BHUIAPHY YCTAHOBKY 3 IPHPOIHOIO
MUAPKYJSIIIIEI0 PO3UMHY ISl KOHIICHTPYBaHHS G, KI/C BOJHOTO PO3YMHY HEIETKOT
PEYOBHHM 3 IOYATKOBOIO KOHIEHTpaliero x;, % (mac.). KiHmeBa koHIeHTpailis
pO3uuHy X, % (mac.). Po3uumH HagXoIWTh [Jii BUNAPIOBAaHHA 3 MOYATKOBOIO
TEMIIEPATYPOIO t,;, IO JOPIBHIOE TeMIepaTypi KWITIHHA PO3YMHY B MapOBOMY
IPOCTOPI MEPIIOTo KOopmycy yctaHoBkH, °C. AOGCONIOTHHIA THCK BOASHOI MapH, 0
rpie, P,;1, Ila. Bucora xum’stunbHux Tpy0 H, M. AOCOJIOTHHII THCK B
OapomMeTpuaHOMY KOHACHCATOP1 Py, [1a.

UucenpHI 3HAYEHHS BUX1IHUX BEJIMUUH MpecTaBieHo B Tabmaumi 2.1, XimiuHi
GopMylIM HENETKHX pPEYOBHH, PO3YUH SIKUX BHITAPIOETHCS, TMPEACTABICHO B
Tabnuig 2.2.

Tabmuus 2.1 - BuxigHi ga"i 10 poO3paxyHKy TPHUKOPIYCHOI BHUIApHOI
YCTaHOBKH
Homep BapianTa J;;' 11:[4’ {3;12)1‘6, {3%_6, );;' KC;%
Ila Ila
1 10,0 3,6 0,25 0,01 35,0 2,0
2 10,1 3,8 0,275 0,011 35,5 2,2
3 10,2 4,0 0,3 0,012 36,0 2,4
4 10,3 4,2 0,325 0,013 36,5 2,6
5 10,4 4,4 0,35 0,014 37,0 2,8
6 10,5 4,6 0,375 0,015 37,5 3,0
7 10,6 4.8 0,4 0,016 38,0 3,2
8 10,7 50 0,425 0,017 38,5 3,4
9 10,8 5,2 0,45 0,018 39,0 3,6
10 10,9 5,4 0,5 0,019 39,5 3,8
11 11,0 5,6 0,55 0,02 40,0 4,0
12 10,0 4,0 0,4 0,01 37 3,0
13 10,5 4,5 0,5 0,012 40 3,8
14 11,0 50 0,6 0,015 43,0 4,6




Tabmus 2.2 - Ximiuai GopMyIn HETETKUX PEYOBUH

i Po3uynnna .
Homep Bapianta Howmep Bapianta | Po3unHHA pe4oBHUHA
pedoBHHA
1 CaCl 3 K2COs
2 KOH 4 NaOH

10




3 POBPAXYHKOBA YACTHUHA TPUKOPITYCHOI
[MPSIMOTOYHOI BUTTAPHOI YCTAHOBKU

[ToBepxHIO HarpiBaHHs KOKHOTO KOPITYCY BUIIAPHOI YCTAHOBKU BU3HAYAIOTH 32
OCHOBHHUM PiBHAHHAM TeILIONEpeaadi, M2

Qn
B k, - At,’

ne Q — TeruioBe HaBaHTaKEHHs, BT;

k — xoedimient Termnonepenadi, Br/(m-K);

At — kopucHa pi3HuIg Temieparyp, °C;

Nn — HOMEp KOPIyCy BUMApHOT YCTaHOBKH.

Jlist BU3HAYCHHS TEIUIOBMX HaBaHTXKEHH (), KoedimieHTIB Terionepeaadi k i
KOPUCHUX pI3HULIb Temneparyp At HEOOXiIHO 3HATH PO3MOJAUT BOJHU, IO
BUITAPIOETHCSI, KOHIICHTPALlli PO3YMHIB 1 iX TeMIlepaTypu KHUIIHHSA 3a KOpPITycaMu
YCTaHOBKH.

3.1 Po3moaisn Boau, 10 BUTIAPIOETHCS

[TpoayKTHBHICTHP yCTaHOBKH IO BOMi, IO BHUIAPIOETHCS, BHU3HAYAIOTH 3
PIBHSIHHSI MaTep1aJIbHOTO OaaHcy

xl'[
W=GH-(1——),
xK

ne G, — KUIbKICTh PO3UYHHY, 1110 HAAXOAUTh HAa BUMIAPIOBaHHS, KI/C;

X — I0YaTKOBa KOHLIEHTPALlisl pO34uHy, %;

X, — KIHIIeBa KOHLEHTpaIlisl pO34uHY, %o;

W — K1abKICTh BOJIH, III0 BUIIAPIOETHCS, KI/C.

Posnozin koHIeHTpallii po34nMHy 3a KOPITyCaMU YCTAHOBKH 3aJICKUTh BIJ
CITIBBITHOIIICHHS HABAHTAXKEHb M0 BO/I1, 1110 BUMAPIOETHCS, B KOKHOMY arapari.

Ha migctaBl mpakTUYHUX JaHUX MPUHAMAIOTh, IO MPOIYKTHUBHICTH MO BOJI
PO3MOAUIAETHCS MK KOPITyCaMH BIMOBIHO 10 CITiBBIIHOIIEHHS

wy: wy,t wyg=1:1,05:1,15.
Toni, xr/c:

~ 1-w
M= 1105+ 115"

05w
W2 = 1105+ 115"
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. L15-w
141,05+ 1,15°

W3

[lepeBipka po3paxyHKy

W == W1 + WZ + W3 .
32 Busznauenusa KOHHGHTpaHif/'I PO3YHNHY, IO BHUIIAPIOETHCA

Kinmesa koHIIeHTpaIlisl po34nHy 3a Kopmycamu, %o:

GH-xH
X1 = ;

Gn — Wi

Gn'xn

XZ= )

GH_WI_WZ

Gn'xn

X3 = .
3 Gl‘I_Wl_WZ_W3

KoHuenTpaiiiss po3urHy B OCTaHHBOMY KOPIYCI X3 TMOBHHHA BIIMOBIIATH
3a/1aHiil KOHLIEHTpallli BUIAPEHOTO PO3UYHHY X,.

PesynpTaTi po3paxyHkiB 3aHOCHUMO 70 Tabnwuii 3.1.

Tabmuus 3.1 — Pe3ynbTaTu po3paxyHKy KOHIICHTpAIIii

HaliMmenyBaHHS MOKa3HUKA, PO3MIPHICTh [To3HaueHHs 3Ha4YEeHHS

[TpoIlyKTUBHICTh 32 BUXITHUM PO3UUHOM, KI/C Gy

[TouaTtkoBa KOHIIEHTpAIlis, %0 Xy

Kinnesa xonuentpartis, %o Xy

KinbkicTh BUmapeHoi Bou, Kr/c: w

y IepiomMy KOpIyci, Kr/c wy

y IpyromMy KOpItyci, Kr/c wy

y TPEThOMY KOPITYCi, KT/C w3
KinieBa KoHIIEHTpallisl PO3UYHHY:

y MepIIOoMy KOpIyci, Kr/c X1

y IpyromMy KOpIyci, Kr/c Xy

y TPEThOMY KOPITyCi, KT/C X3
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Y nepumioMy HaOJM:KeHHI 3aranbHUN Tepenaj THCKIB PO3MOAUIAIOTH MIX
KOpITyCaMU MOPiBHY.
Tuck HarpiBajbHOI MapH 1O KOpIycax ycTaHOBKH, [1a:

AP,
PHn2=PHn1_%;

AP
PHH3=PHH2_ 3331"’

ne AP, = Py;1 — Pgx 3araibHuUid  mepenaa  TUCKY ISl BUIAPHOI
yCTaHOBKH, []a.
[lepeBipsieMo THCK Mapu y 6apoMeTpUIHOMY KOHeHcaTopi, [1a

AP.
P6K= HH3_%'

Po3paxyHKM BHUKOHAaHO BIPHO, SKIIO OTPUMAaHE 3HAYEHHA THUCKY B
0apoOMETpUYHOMY KOHJIEHCATOP1 BIAMOBIA€ TOYATKOBUM JIaHUM P .

[To TaGauusIX TepMOAMHAMIYHMX BJIACTMBOCTEH BOAM 1 BOJASHOI Mapu B CTaHI
HacuueHHs [l] 3a 3HaYeHHAMM THUCKIB P,; 3HAXOAMMO BIANOBIJHI TEMIIEpPaTypH
HarpiBajJbHOI Mapu t,; 1 TEIUIOTY iX MapOyTBOPEHHS Ty,. Pe3ynpTaT po3paxyHKIB
3aHOCUMO JI0 Tabnuii 3.2.

Tabnuna 3.2 @i3uyH1 XapaKTePUCTUKUA HArpiBajJbHOI Mapu KOXKHOTO KOPIYCY
BUIIAPHO1 YCTAHOBKU

No k0 Temnepatypa Temora
2 KOpI1yCy Tuck, P, Ia £ oC ’ MMapOYTBOPECHHS,
HI Tyn»> /KT
1
2
3
bapomerprnunnit
KOHJICHCATOP

3.3 BuzHaueHHs TeMrepatyp KUIIHHS PO3YUHIB
3.3.1 IN'iapoauHamivyHa nenpecis Ta Gi3udHI XapaKTePUCTUKA BTOPUHHOT mapu

[Npponunamivuna nempecis oOyMOBJIEHa BTPATO THUCKY BTOPUHHOI Mapu Ha
MO/I0JIaHHS T1APABIIYHUX OIMOPIB MAPOMPOBOIIB MPHU MEPEXO i 3 KOPIYCYy B KOPIYC.
3a3Buyaii B pospaxynkax mpuitMaioth A”'= (0,5 ...1,5) °C na kopmyc. IIpuiimemo
ms kokHoro koprmycy A'=1,0 °C. Toami TemmepaTrypd BTOPHHHOI Tapu B
Kopnycax, °C:
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tan1 = tunz T A1
tanz = tunz + 4275
tans = tox T A3 .
Cywma rigpaBiiyHux jemnpecii, °C
LA =AY+ A) + AT,
A" =3,

[To TabmuisiX TepMOAMHAMIYHUX BJIACTMBOCTEHW BOJAM 1 BOJSHOI Mapu B CTaHi
HacuueHHs [ | ] 3a TemnepaTypor BTOPHUHHOI ITapy KOKHOTO KOPNyCy t,, BU3HAYAEMO
il TuCK P,; Ta TENmaoTy NMapOyTBOPEHHS Ty,. Pe3ynbTaTu po3paxyHKIB 3aHOCHMO JI0
Tabymm 3.3.

Tabmuus 3.3 — di3uyHI XapaKTEPUCTUKKA BTOPUHHOI MAapU KOXKHOTO KOPIYCY
BUITAPHO1 YCTAHOBKHU

: Terutora
Temneparypa | Tuck Py, | Exransmnis napu
Ne kopmiycy toC Ta i Jhx/xr MMapOyTBOPEHHS Ty,
BII? BII» I[)K/KF
1
2
3

3.3.2 Temmneparypa KHUIIHHS PO3YHMHY B MapoOBOMY MPOCTOPiI MO KOPITycax
BUIIAPHOI YCTAaHOBKU
3.3.2.1 TeopeTnyHi BiJIOMOCTI

TemnepatypHa gempeciss BogHOro po3unHy, °C, mnpu HOpPMaIbHOMY
atmochepHomy THCKY Py, = 101325 Ila

A= t, — 100, (3.1)

lie t, — TEMIeparypa KHMIiHHS PO3YMHY TIPH HOPMAJIbHOMY aTMOCHEPHOMY
TUCKY, °C, 3a71eKHO BiJl fioro koHueHTpartii (muB. [2] Tada. XXXVI).
TemmeparypHa aemnpeciss MpH THCKY BTOPHUHHOI Mapu MO KOPITycax BHITAPHOT

ycTaHoBKH, °C
2

A'—001623-L-A' 3.2
- ) TBH . 10_3 aTM ( . )

ne Ty, Ty — TEMIIEpaTypa KUIMHHAS Ta TEIUIOTa MapOYTBOPEHHS BOIAM IPH
TUCKY HaJ| KATJITYUM PO3UYMHOM (THCK BTOpUHHOI napu), K, JI>K/KT BiAMOBiIHO.
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TemmnepaTypa KHITIHHS TOYaTKOBOTO 1 KOHIIEHTPOBAHOTO (KIHIIEBOTO) PO3YHHIB
y TapOBOMY IPOCTOPi KOPITyCY BHITAPHOI YCTAHOBKU (IIPH THCKY BTOPUHHOI
napmu), °C
_ !
ty =ty + 4, (3.3)

ne ty, - TeMneparypa BTOpuHHOI napu, °C;
A" —temnepatypHa gemnpecis, °C.

3.3.2.2 Po3paxyHOk TeMriepaTypHOi aenpecii

JIJis IOYaTKOBOTO PO3UMHY 1 KOHIIEHTPOBAHMX PO3YHMHIB KOXXHOTO KOPITYCY
BUIAPHOi YCTAaHOBKM PO3PAaxXyHOK TEMIIEpaTypHOi Jempecii mpu HOPMaIbHOMY
aTMoc(epHOMY THCKY BUKOHYEMO 3a (hopmyitoro (3.1), °C:

A;TM n— tpn — 100; ;TM 1= tpl —100;
;TM 2= th — 100; ;TM 3= tpg — 100.

TeMneparypHy JIenpecito jis MOYaTKOBOIO PO3YMHY 1 KOHIICHTPOBAHUX
PO3YMHIB KOXXKHOTO KOPIYCY BHUIAPHOI YCTAaHOBKHM (IIPM TUCKY BTOPUHHOI IapH)
BHUKOHY€EMO 3a opmyiioro (3.2), °C:

TB2H1 TZ 1
An = 0,01623 . m ' AaTMH; 1= 0,01623 : m AV
T22 TZ
L =0,01623 - ————— A/ n=0,01623  ————- A/

1n-3 Barm2 1n—3 Satm3 -
Ty * 10 Ty * 10

Cyma TemnepaTypHUX JIeTIpeciii o Kopiycax ycTaHOBKH, °C
LA =A]+ A+ AL

3.3.2.3 Po3paxyHOk Temmeparypu I[OYaTKOBOTO PO3YMHY 1 TeMIeparyp
KHUITIHHS KOHIIEHTPOBAHUX PO3YHHIB

Po3paxyHOK Temreparypu MOYaTKOBOI'O PO3UMHY &, 1 TeMIepaTyp KUIIIHHS
KOHIICHTPOBAaHUX PO3UMHIB tx y MapOBOMY HPOCTOPI KOKHOTO KOPIYCY BUIApPHOI
YCTaHOBKH BUKOHY€EMO 3a (hopmyioro (3.3), °C:

tKl‘I =tBl‘I1+A;'[; tKl =tB1‘[1+A’;
tKZ =tBl‘I2+A’; tK3 =tBl‘[3+A,3'

PesynpTaTi po3paxyHKy TemmepaTypHOi Jempecii 1mo Kopmycax, TeMIepaTyp
MMOYAaTKOBOTO PO3YMHY Ta KOHIICHTPOBAHUX PO3YMHIB 3aHOCUMO 10 Tabmuil 3.4.
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Tabnuns 3.4 — TemmepaTypa KUMNiHHS PO3YMHY B MapoOBOMY IMPOCTOPI IO
KOpITycax BUIIAPHOI YCTAHOBKU

Ne xoprycy | Temmepartypa, | Tuck, Py, 1o 1o o
£, °C Ta Ay, °C A, °C te, °C

IHouaTkoBui
pPO34YHH

1
2
3

3.3.3 Cepenusi TeMmrieparypa KHWIIIHHS PO3YMHY Ta BU3HAYCHHS KOPHCHOI
PI3HHMII TEMIEepaTyp
3.3.3.1 TeopeTuyHi BiIOMOCTI

[Napocratnuna gemnpecis OOyYMOBJIEHA PIZHUICIO THUCKIB Y CEPEAHHOMY IO
BHUCOTI KUII'SITWIBHUX TPyO MIApy KHUILUITYOrO PO3YMHY 1 B cemapartopl amapara (B
MapoOBOMY IIPOCTOPI).

Tuck B cepegHbOMY TNEpepi3l KUIM'STWIBHUX TpyO P. KOXHOTO KOpmIycy
yCTaHOBKH, [1a

PC=PBH+O-5'pp'g'HonT: (3.5)

ne Hy,. — onTUMallbHa BHCOTa PIBHS PO3UMHY B KHUII'STWIBHUX TpyOax (Ha
MPaKTHULIl BU3HAYAETHCS IO BOJOMIPHOMY CKITY), M;

P,,, — Tuck BTOpHHHOI napu, Ila;

g — TIPUCKOPEHHS BIILHOTO TAJiHHs, M2/C;

pp — TYCTHHA PO3UHHY, IO KHITATh, KI/M°,

OnTuManbHa BUCOTA PIBHS PO3YMHY B KHUIT'ATWIBHUX TpyOax Moxe OyTH
po3paxoBaHa 3a (HopMyII0I0, M

Honr = [0,26 40,0014 - (p, — p,)] - H, (3.6)

Ji€ Py, - TYCTHHA PO3YHHY TIPU TEMIIEPATYPi KUITIHHS, Kr/M°;

Py - TYCTHHA BOAU NP TEMIIEPATYPi KMIIHHS, KI/M>;

H - BUCOTa KUIT ITHJILHHUX TPYO (muB. Ta0u. 2.1 - BuxiaHi gaHi...), M.
["ippocTtatnuna nenpecis 3a kopnycamu, °C

A=t —ty, (3.7)

ne t., - TeMIepaTypu KWIIIHHS BOJM NPH TUCKY B CEpPEAHbOMY Iepepisi

KUI'SITWIBHUX TpYO P. nanoro kopmycy, °C;
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tyy - TEMIIEpaTypa BTOPUHHOI Napu JaHOTo Kopmycy, °C.
Bu3HauuBIIM T1APOCTATUYHY JENPECiI0 BUKOHYIOTH PO3PAXYHOK CEPEeIHbOI
TEeMIIepaTypu KUIIHHS PO3UUHY, Ly, °C

=t +A +A+ A, (3.8)

tCK

ne t,, - TemmepaTrypa HarpiBajbHOI mapu IJjsi HactymHoro kopmycy, °C 1
KOPHUCHOI pi3HMII Temmneparyp, At, °C

At =ty — tepo (3.9

ne t,; - TeMIepaTypa HarpiBajibHOI Mapu it JaHOTO Kopmycy, °C.

3.3.3.2 Po3paxyHOK T1IpOCTaTHYHOI AeTpecii

Po3paxyHOK ONTHMaibHOI BHUCOTH PIBHS PO3YMHY B KHUII'SATHIBHHX TpyOax
KOPITYCiB YCTAHOBKH BUKOHYEMO 3a (hopmysioro (3.6), M:

Honr1 = [0,26 40,0014 - (p,1 — py1)] - H;
Honr2 = [0,26 40,0014 - (p, 5, — py2)] - H;
Honrs = [0,26 40,0014 - (p,5 — py3)] - H.

Po3paxyHOK I'yCTUHM BOJHUX PO3YMHIB O, TIPU BIIMOBIJHUX KOHIIEHTPALisX i
TEeMIIEpaTypax HaBeJIeHO B A0AaTKy A. ['ycTuHY Bonu p, mpu TeMrepaTypi KUITiHHS
Bu3Ha4yKTh 1o Tabsmii K.1 (quB. goxar. K). B nepiromy HaOJIMKEHHI TEMIIEpaTypy
KHITIHHS PO3YHHY NPUHHATH PiBHOT t, = ty, + A,

Tuck B cepeaHbOMY Tiepepi3l KUI'STHIBHUX TPyO P. KOXXHOTO KOpIyCy
po3paxoByemo 3a Gopmyiioro (3.5), m:

Pcl=PBn1+0'5'pp1'g'HonT1;
PC2:PBH2+0'5.pp2.g.HOHT2;

Pc3=PBH3+O'5'pp3'g'HonT3'

[To Tabnuusgx TEpMOIUHAMIYHUX BJIACTUBOCTEH BOJM 1 BOJSIHOI Mapu B CTaHi
HacuueHHs [1] 3a THCKOM B cepeHbOMY Tepepi3i KUM'ITHIBHUX TPYO P. 3HAXOAMMO
BIJITTOBI/IHI 3HAYEHHSI TETUIOTH MAPOYTBOPEHHS T, 1 TEMIIEPATYPH KUTIIHHS BOJH tp.
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Pesynbratu po3paxyHKy THCKY B CE€peIHbOMY Iepepisi KUM'SITUIbHUX TpYO P,
Ta BIAMOBIAHI 0 ITUX THCKIB 3HAYEHHS TEIJIOTH MApOYTBOPEHHs 1 TeMIlepaTypu
KUIIHHS BOJIN 3aHOCUMO 10 Tadmuil 3.5.

Tabmuis 3.5 - Temmora mapoyTBOpEHHS W TeMIieparypa KUITIHHS BOJIU B
cepeaHbOMY TEepepi3i KUI'ATHIBHUX TPYO

Terutora
Ne koprmyecy Tuck P, ITa | Temnepatypa t., ,°C IIaPOYTBOPEHHS, Ty,
JIx/KT
1
2
3

3a ¢opmyioro (3.7) BU3HAYAEMO TiIPOCTATUYHY JCIPEcito 3a Kopmycamu, °C:
__ .
A1 =leg1 — lon1s
n__ .
2= teg2 — lpn2;
n__
3= teg3 — tpn3 -
Cyma rigpoctaTiuHux genpeciii, °C

TA"=A1+A, + A

3.3.3.3 Po3paxyHOK cepeqHix TeMmMIeparyp KWUITIHHS PO3UYMHY Ta BHU3HAYCHHS
KOPHUCHOI PI3HUII TEMIIEPATYP

Cepenni  Temmeparypd  KWIIHHS ~ PO3YMHIB Y  Kopmycax  (IuB.
dopmyay (3.8)),°C:
tek1 = tunz T A1 A7 + A7
tCKZ = tHl‘I3 + A,2 + AIZI + ,2”;

texs = tex + A3 + AT + AT,

Po3paxyHKOBI KOpPHCHI PI3HHUIII TeMIlepaTyp 3a Koprycamu (Yy_NepuiomMy
Ha0JMKeHi) Bu3HadaeMo 3a popmyioro (3.9), °C:

Atl = tx-m 1 tCK 1
AtZ = tHl‘[Z - tCKZ;
At3 = tHl‘[3 - tCK 3-

3aranpHa KOpUCHA PI3HULA TEMIIEpaTyp BUMAPHOI yCTaHOBKH, °C
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[lepeBipka cymapHOi KOPUCHOI pI3HUIII TEMIIEPATYP
At =t 1 —tge— (ZA +ZA"+XZA").

Pesynbrati po3paxyHKy TemrmepaTyp KHUIIIHHS pPO3YHHIB 1 TeMIepaTypHHX
BTpaT (aemnpeciit) 3aHocuMo 10 Tadauil 3.6.

Ta6nuis 3.6 — Po3paxyHKOBI TeMIlepaTypHi TapaMeTpH 3a KOpIycamu

[TapameTp [To3naueHHs Kopnyc
1 2 3

Temnepatypna gernpecis, °C A’
I'iapocratnuna nemnpecis, °C A"
Iigponunamiuna gempecis, °C A"
Temmneparypa mo4aTKOBOTO PO3UYHHY IS ; ] i
nepiroro kopmycy, °C o
TemmepaTypa KUTIiHHS KOHIICHTPOBAHOTO "
(xiH1IEBOTO) pO3uMHY, °C K
Cepennst Temmneparypa KUIiHHS ;

CK

po3unny, °C
Po3paxyHkoBa KOpHCHA PI3HUILIS At
temrmeparyp, °C

3.4 BuzHaueHHS TEIUIOBUX HABAHTAXKEHD
3.4.1 TeopetuuHi BiIOMOCTI1

TemnepaTypa KUIIHHA KOHIIEHTPOBAHOTO (KIHIIEBOTO) PO3UYHMHY B MapOBOMY
mpocTopi (mpu TUCKY B Kopmyci), °C

ty =ty + 4,

ne A’ —TemreparypHa Iempecis A KOHIEHTPOBAHOIO (KiHIIEBOTO) PO3YUHY
MIpU THCKY BTOPUHHOT Napu B kopiryci, °C.

Temnepatypa t, - 11e TemrepaTypa KUIMHHSI PO3YMHY B Cemaparopi, Mpu sKii
KOHLIEHTPOBaHUH (KIHLIEBHI) pO3YMH BUBOAUTHCS 3 KOPIYCY YCTAHOBKHU.

TenoBi HaBaHTaKEHHS 32 KOPIYCaMH YCTAaHOBKH:

Ql =Dy Tyy1 = 1,03 - [Wl ) (iBl'Il —Cg- tKl) - Gn "Cp (tKl'I - tKl)]; (310)

w» '(iBHZ_CB'tKZ)_ . (3 11)

= Wi Tyn2 = 1,03 ' !
Q2 1 2 —(Gy —Wq) 1 " (b1 — ty2)
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W3+ (iBH3 _CB'tK3) -

—(Gyg—wy —wy) "¢y (E2 — t 3)]’ (3.12)

Q3 =w, " Ty3 =103

ne D; - BuTpara NEpBUHHOI (HArpiBaJbHOI) Mapy B TMEPIIOMY KOPIYCi
yYCTaHOBKH, KI/C;

1,03 — koeiLi€eHT, 110 BpaXxOBY€E BTPATH TEILJIa B 30BHIIIHE CEPETOBUIIIE;

G, — BUTpaTa PO3UMHY 3 MOYATKOBOIO KOHIICHTPAIUEIO X, AKUH HAIXOAUTD 10
MEPIIOro KOPIYCY YCTaHOBKH, KI/C;

ty ; - TOYATKOBA TEeMIIepaTypa pO3UnHY, SKH HAIXOAUTh JI0 MEPIIOTO KOPITYCY
ycranoBkH, °C (muB. Tad.1. 3.6);

C; - THATOMa TEIUIOEMHICTh PO3YMHY NpPHU MOro MOYATKOBIA TeMIeparypi
ty m Jok/(kr-K) (po3paxyHOK BHKOHYETHCS JIJISl TIOYATKOBOT KOHIICHTpAILlli PO3YUHY
Xy, SKUH HaJIXOUTh JIO MEPIIOro KOPITyCy YCTaHOBKH, (IMB. 10aaToK B));

C1,C; — THTOMI TEIJIOEMHOCTI PO3YMHIB BIAMOBIAHO TpH TeMIEpaTrypax
KHUIIHHS KOHIIEHTPOBAHOTO (KIHIIEBOTO) PO3UYMHY ., MEPIIOro 1 JIPyroro KOPMycCiB,
JIx/(xr-K) (po3paxyHOK BUKOHYETHCS ISl KiHIICBOI KOHIIEHTpAIll PO3UMHY JaHOTO
koprycy X, (muB. 1ogaTok B));

¢y, — TtemwioemHictb Boau, Jk/(kr-K) (po3paxyHOK BHKOHYETHCS IPH
TeMrepaTypi KUIIHHS KOHIEHTPOBAHOTrO (KIHIIEBOTO) PO3UUHY t, AAHOTO KOPIYCY,
(muB. nomatok K)).

PiBHsIHHS GaniaHCy BUITAPHOT YCTAaHOBKH MO BO/II

W=w,+ w, + wy, (3.13)

€ Wi, Wy, W3 - KUIBKICTh BHUIAPIOBAHOI BOAM BIAMNOBIAHO Yy MEpPUIOMY,
APyroMy 1 TpETbOMY KOpIycax, Kr/c.

3.4.2 Po3paxyHOK TEITIOBUX HABAHTAKEHb

Po3p’si3annst cucremu piBHsHb (3.10) — (3.12) BHKOHyeTbCS y Takii
MOCJI1IOBHOCTI:

1. ITo xoprycax yCTaHOBKM BUKOHYETHCSI PO3PAXYHOK:

1) koedilieHTIB BUITApOBYBaHHS

Tun 1 Thn 2 Thn 3
G =T U= A3=7T" ;o (314)
lgm1—Cp'tx1 lgn 2—Cp'tx 2 lgn3—Cp'lk 3

2) koedinienTiB camoBunapoByBaHHs, (Kr-K)/Ix

ﬂl — ten—tk1 ,82 — tx1—tk2 B3 — tk2—tk3 (3’15)

. ) . ] . -
lgm1—Cp'ltx1 lgm2—Cp'ltk 2 lgn3—Cp'tx 3

2. 3 ypaxyBanusam cmiBBigHomeHb (3.14), (3.15) cucrema piBasap (3.10) —
(3.12) Moxe OyTH mpecTaBiIeHa Y BUTIISI:

20



W1=D1'0(1'T]+GH'CH'ﬁ1; (316)

wy =wy a1+ (G —wy) - c1° B, (3.17)
W3 =Wy a3 N+ (G —wy —wy) ¢z B, (3.18)
e n = = 0,97 - 4dacTka TEmIOTH, KA KOPUCHO BHUKOPHUCTOBYETHCS B

KOpITyCi BI/IHale(’)ql'SYCTaHOBKI/I.
3. JI71s1 KOYKHOTO KOPIYCY YCTaHOBKH PO3PaXyEMO:
1) koedimieHTH z:
( Z1 =011
{ z; =271 (az N —¢1 - Ba) ; (3.19)
kZ3 =zy(ag n—cy"P3) =212 B3
2) xoediIieHTH Y, KI/C
( Y1 =Gy ¢y Py
% Yo=Gy c1 Bty (azn—cy-f2) - (3.20)
k)@ =Gy Pst+ Y@z n—c-B3) —y1C2° P

4. 3 ypaxyBanusm cmiBigHomeHb (3.19), (3.20) cucrema pisHb (3,16) —
(3.18) Moske OyTH TpeCTaBICHA y BHIJISIII:

w; =Dy -z, +y5; (3.21)

wy, =D; -z, + y,; (3.22)

w3 =Dy " z3 +ys. (3.23)
5. [Noznaunmo

Z =2+ 2z, + z3, (3.24)

Y=y,+y,+y;. (3.25)

6. Bukonaemo nomaBanns piBHsHb (3.21) — (3.23). 3 ypaxyBaHHSIM PiBHSHHS
Oanmancy BumapHoi ycraHoBkd mo Boai (3.13) i cmieBiaHomeHs (3.24), (3.25)
OTPUMAEMO

W=D,-Z+Y,
3BIJIKH
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7. Po3paxyBaBuIM BUTpaTH HarpiBajbHOI mapu JUisl mepuioro kopmycy D; 3
piBHsHb (3.21) - (3.23) oTpuMy€eMO MPOIYKTUBHICTH KOPITYCiB YCTaHOBKH I10 BOJI W1,
Wy, Wy 1 gam 3a piBHsHHaMH (3.10) - (3.12) ocraTouHO BHKOHYEMO PO3PaxyHOK
TEIUIOBUX HABAHTAXKEHb 32 KOPITyCaMH YCTaHOBKHU:

Q1 =Dy " Tyn1; Q2 = W1 " Tyn 2; Wy " Tyn 3-
YTOUHIOEMO KOHIIEHTpAIIIl pO3YHHY 110 Kopirycax, %o:

G, xq . _ G, xq ' _ G, Xy
; X2 = ; X3 =

x1=

Gn_Wl GH_WI_WZ

3.5 Buznadennst koe(ilieHTIB TeIUIonepeaayi
3.5.1 TeopeTnuHi BiZOMOCTI

KoedimienT Temnonepenayi Juisi KOXKHOTO KOPITYCY YCTaHOBKHU PO3PaxOBY€EThCS
3a (POPMYJIOKO JJIsl TIOCKOI Gararomaposoi cTinku, Br/(M%K)

1
k= 1 T N 1 (3.26)
aKOHﬂ TepM aKI/Il'I
€  (you; — KOE(DIUIEHT TEmIOBiANadl Bl HarpiBaabHOi Imapu, IO

xoHjeHcyeThes, Br/(M%K);

Ay — KOEDILICHT TEIUIOBiAAAYl 10 KMILISYOro po3uuny, Br/(M*K);

R epn — CyMapHUi TEPMIYHUIA OMIip OaraToniapoBoi CTIHKH, (m?K)/BT.

CymapHuil TepMIYHUEA OTIP Ryepy AOPIBHIOE TEPMIYHOMY OIOPY CTIHKH TPYOH
1 Hakumy. TepMiuHuii onip 3a0pyAHEHB 3 OOKY MMapu HE BPaXOBYEMO.

[IpuiimaeTses:

- TOBUIMHA CTIHKM Ta TEIUIOMPOBIAHICTE Tpyou &, = 2 MM
Aer = 25,1 B1/(M°K);

- TOBHIMHA Ta TEIUIONPOBIAHICTh Imapy HakUmy O,,= 0,5 MM,
Ayax = 2 Br/(mK). Toai cymapHuii Tepmidnuii omip gopisaioe, (M K)/Bt

b

R — % + aHaK
e /1CT AHaK.

KoedimieHT TemioBiamadi Bij HarpiBajbHOI MapH, IO KOHIEHCYETHCA, 0

(3.27)

CTiHKM KUII’STUIBHOI TpyOu, B/(M?-K)
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2
p H, ' THH ' g —_ —
Uonp = 1,21~ AKOHA “( 2 )0'33 "q 033, = AKOH.EL "q 033, (3.28)

KOHJ Hypr

JI€ ¢ - TATOME TETUIOBE HABAHTAXKEHHS TAHOTO KOPITyCy, B1/M?;

Tyn TEIUIOTa KOHJEHCAlll HarpiBaJIbHOI Mapu Uil JaHOro  KOpIyCy
(muB. TaduI. 3.2), JIK/KT;

H,, — onTHMajbHa BUCOTA PIBHS PO3YMHY B KUIT'ATUIBHUX TPyOax /Ui JaHOTO
KOPITYCY, M;

Pxonns Axong Mxong - BIANIOBIAHO T'YCTHHA, TEILIONPOBIIHICTL Ta JAWHAMiYHA
B’SI3KICTh KOHJIEHCATy MpHU TeMIepaTypl KOHJEHcAllll HarpiBaJbHOI mapu t, IS
JAaHOTO Kopmycy (auB. noaaTok K);

g — TIPUCKOPEHHS BiJILHOTO TaJIiHHs, M2/C.

KoedimienT TemmoBiggayl Bifg CTIHKA TpyOM A0 KHUIUISTYOIO PO3YHMHY Y
BEPTHKAIBHKUX TPyOax Ipu Horo npupoHii mupkymsnii, Br/(m? K)

. )2
Pp " *p )033. 4067 = 4 - q%67, (3.29)

Ay b (Mp -, - T
7€ ¢ - INTOME TEIIOBE HABAHTAXKEHHS JaHOTO KOpIycy, Br/m?;

T, — abcomtoTHA cepeliHs TeMIlepaTypa KUMHHS PO3YUHY JI JaHOTO KOPITYyCY
(zuB. TAda. 3.6), K;

Pps Hp, /1p, 0, — BIIMOBIAHO TYCTHWHA, JAWHAMIYHA B’SI3KICTh, MHTOMA
TEIJIOEMHICTh, TEIUIONPOBIIHICTh T4 MOBEPXHEBUI HATAT PO3UMHY IIPU TEMIEpaTypi
KUIIIHHST B CEPEIHbOMY TMEpepi3l KUM'STUIBHUX TPyO ¢, MJaHOTO KOPITyCy
(po3paxynok quB. noxatku A, b, I', /1, E);

b — xoediIti€eHT.

3HadyeHHs KoediieHTY b BU3HAYAIOTH 3a (DOPMYIIOI0

p -0,67
b=0.075-[1+10-(—"— ) ] (3.30)
Pn
ne p, - TyCTMHA BOJSHOI Mapu TMpU THUCKY B CEPEIHbOMY Iepepisi

KUN'ATUIBHUX TpYO P. manoro xopmycy (P. aus. Tau. 3.5), kr/ve,
3 ypaxyBanasMm piBHsHb (3.28) 1 (3.29) Bupa3 (3.26) mis koedimienTa
Terionepeaayi Ha0y 1€ BUTIISITY

I = 1
N 1 1 ’
=033 t Rrepu + A qoo7

AKOHA "q
a MMUTOME TEIUIOBE HAaBaHTaKeHHs (|, B1/m?
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ke Af = At
L S R
AKOHA ’ q_0'33 repH AKPIH ' q0'67

ne At — KoprCHa Pi3HUL TeMIIepaTyp JaHOTO KOPITYCy yCTaHOBKH, °C.

OcTtanHiit BUpa3 Moxe OyTH IEPETBOPEHO J10 BUTIISILY

1 1
+ Ryepy + ————
AKOH,EL . q—0,33 TepM AKHH . q0,67

q- = At,

3BIIKHU

- q1'33 + RTepM q+ ' q0'33 — At =

AKOH AKI/IH

3.5.2 Po3paxyHok koedillieHTa Teronepeaadi

(3.31)

st KOKHOTO KOPIYCY BHITAPHOI YCTAaHOBKM 3a BIJIOMUMH 3HAYCHHSIMU
TEeMIIepaTypyd HarpiBajbHOI Tapu 1 CEPEHbOI TEeMIIepaTypyu KHUIIHHSA POZUYUHY
BUKOHYEMO PO3pPaxyHOK TEIUIO(PI3UYHUX BIIACTUBOCTEW KOHJEHCATy, HarpiBajbHOI
Mapy 1 KUIJITYOro po3unHy. Pe3ynpraTtu po3paxyHKy 3aHOCUMO /10 Tabuuii 3.7.

Tabmui 3.7 — @13u4H1 BIACTUBOCTI MaPiB 1 KUIITYUX PO3UYHHIB Y CEPETHROMY

nepepi3l KUl ATWIbHUX TPYO MO KOPIycax BUIAPHOIT YCTaHOBKHU

[TapameTp 1 xopriyc | 2 xopmyc

3 xopryc

Tuck HarpiBanbHoi napu P, I1a

Temmneparypa koHAeHcaril
HarpiBaJIbHOi apH t,,, °C

['ycTvHA KOHAEHCATY Pycoy . Kr/M°

TennonpoBiHICTE KOHAEHCATY Ayoy,, BT/(M-K)

JluHami4Ha B’A3KICTh KOHIEHCATY Uiy, 11a-C

Tuck mapu y cepeaabomy mnepepisi Tpyo P., Ila

Tennora napoyrBopeHHs 7., JIK/kr

CepenHs Temneparypa KUIIHHS
pO34uuHY t, °C

['ycruna posuuny p,,, Kr/m°

TemtonpoBinHicTs po3unny A,, Br/(m-K)

TemnoemHicTh po3uuHy ¢, BT/(kr-K)

Jlunamivna B’S3KICTh PO3UYUHY [, [Ta-c-

[TosepxHeBuit HaTAT 0, H/M

I'ycTuHa mapu npu TUCKY B CEpeAHbOMY epepisi
KMI'STHJIBHUX TPYO Py, KT/M°
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BusHnauenHs koedilieHTa Tersonepenayi BUKOHYETbCSI OKPEMO JIJIsI KOKHOIQ
KOPIYCY BUNIAPHOI YCTAHOBKHU B HACTYIHIN MOCI1JOBHOCTI:

1. 3a popmynamu (3.27) - (3.30) po3paxoBYyIOThCS: CyMapHUH TEPMIYHHUN OTIIp
CTIHKM KUI'ATHIILHOT TPYOU Riepy, KOEPIMIEHTH Ayopp 1 Ageyrp-

2. Bukonyetncs rpadiune pimeHHs piBHAHHA (3.31) npu 1boMy, JIiBY YaCTHHY
PIBHSIHHS TO3HAUYKUMO uyepe3 V-

- B TiepIIoMy HaOJMKEHHI 3a/1al0ThCs 3HAYEHHSM MMUTOMOTO TETUIOBOTO
HaBaHTKEHHSA (' 1 BU3HAYaIOTh BennuuHy ¥’ 3a dhopmyroro, °C

l_IJI

1 .q’ 1,33
AKOH

+ RTepM ) q, +

AKI/IH

.q' %33 — At

B cuctemi koopaunat ¥ -  6yayemo Touky Ne 1 (amB. puc. 3.1);

I

pa

w

e

N

/ 2/(g"=17000,

=

[ea)
(@)

/ P =161)
00 10000 /moo 18000 22

D00

'
[N

d

'
N

/ 1. 1(q'=10000,

JliBa yvacrtuna piBusinns (3.31) ¥, °C
w o

"=-1.91)

|
IS

ITuToMe Ten10Be HABAHTAKEHHs (|, B1/M?

Pucynok 3.1 - I'padiude BU3HAUCHHS MUTOMOTO TETUIOBOTO HAaBaHTAXKCHHS

- y IpyroMy HaOJMKEHHI 3a/Iaf0ThCS 3HAUEHHSM IMMTOMOTO TEIIOBOTO
HaBaHTakeHHA ("' 1 BU3Ha4arTh BenuuuHy ¥" 3a popmyioro, °C

q]’l

1
AKOH

-q" 133 ¢ RTepM q" +

AKI/II'I

Lq" 033 — At

B cucremi koopaunar ¥ -  6yayemo Touky Ne 2 (auB. puc. 3.1);

- yepe3 Toukd Ne 1 1 Ne 2 mpoBonumo npsiMy JiHIIO. Y TOYLl MEPETUHY LI€T
NpsMUNA 3 BICCIO a0CIMC BHU3HAYAEMO IIyKaHy BEJIMYMHY MUTOMOTO TEIMIOBOIO
HABAHTAKEHHA JJAHOTO KOPITyCy (.
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3. PospaxyHok koedilieHTa Temonepeaadl BHKOHYEMO 3a (hOpMYIIOIO,
B1/(M*K)

ne At - KOpHCHA PI3HMISL TEMIIEpaTyp KOPIYCy, KU po3paxoByeTbes, °C,
(muB. Tad.1. 3.6).

3.6 Po3nozin KopHCHii pi3HUII TEMIEPATyp

Po3nozin KopucHOT pi3HUII TEMIEPATYpP 32 YMOBOIO BUIAPIOBAHHS PO3YHMHY B

YCTaHOBLII 3 OJHAKOBOIO TOBEPXHEIO HArpiBaHHsA BCIX KOPIYCiB BHKOHYEMO 3a
dbopmynamu, °C:

k
Aty = Aty - — %
ne XAt — cymapHa KOpUCHA PI3HUILS TEMIIEpaTyp BUMAapHOi ycTaHOBKH, °C
[lepeBipka cymapHOi KOPUCHOT Pi3HULII TEMIIEPATyp YCTaHOBKH, °C

[ToBepxHs HAarpiBy KOPIYCiB YCTAHOBKH, M

k1 ) Atl kz - Atz k3 b At3

KopucHi pi3HuIll Temrneparyp, skl po3paxoBaHi B NEPIIOMY HAONMKEHHI (AUB.

Taba. 3.6), 1 KOpUCHI PI3HMIN TeMIEpaTyp, sKi PO3MOAUIEHI 3 YMOBH pPIBHOCTI
MOBEPXOHb HArpiBy KOPITYCiB, MpeAcTaBiieHi B Tabmuii 3.8.

Tabmuus 3.8 — KopucHi pi3HUII TeMIepaTyp

Kopmnycn 1 2 3

Po3paxyHKkoBiI KOpHCHI
pi3HuIll Temnepatyp At, °C

KopucHi piznuti remmepartyp,
K1 po3nojaiieHi, At, °C
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3.7 KopuryBaHHs napaMeTpiB pO34uHY 1 apiB MO KOPITycaxX yCTaHOBKU

Sk BugHO 3 TabauIll 3.8 po3MOAUICHI KOPUCHI PI3HUII TeMIepaTyp (3a YMOBOIO
PIBHOCTI ITOBEPXOHBb HATrpIBaHHA) 1 po3paxoBaHi (3 YMOBH PIBHOTO Mepenaay TUCKY B
KOpITycax) 3HAYHO BiJIPI3HSAIOTHCS. Y 3B'SI3KY 3 UM TMPOBOJUTHCS KOPHUTYBAHHS
napaMeTpiB pPO3YMHY 1 MapiB MO KOpIycaxX YCTaHOBKH. [Ipu oMy HpHuiiMaroThbCs
JOIYINEHHS. PO PIBHICTH TemrepaTypHux Brpar (mempeciit) A', A", u A'’, sk B
NEepIIOMY, TaK 1 B IpyroMy HaOJM>KEHHI.

[lepimmit xopmyc:

- TeMmmeparypa HarpiBajdbHOI mapu t,;q HEPIIOrO KOPIYCYy BIJIMOBIIAE
BapiaHTy 3aBJIaHHS Ha PO3pPaxXyHOK BUIIAPHOI YCTAHOBKH,

- cepeHs TeEMIlepaTypa KUIiHHS po3uuny, °C
tex1 = tun1 — Aty;

ne At; - posnojiiieHa KOPHCHA PI3HUIT TEMIEpaTyp MEpIIoro kopmycy (ams.
Taou. 3.8), °C;

- TeMIepaTypa BTOpUHHOI napu, °C
tBl‘Il CK1 (A, + A )

Jlpyruit kopnyc:

- TeMIiepaTypa HarpiBaiabHoi nmapu, °C

_ nr,
tHl‘IZ - tBl‘Il A1,

- cepeHs TeMIepaTypa KumiHHs po3uuny, °C

tCKZ = HHZ Atz:

ne At, - po3MojiJieHa KOpUCHA PI3HUI TeMIlepaTyp APyroro kopmnycy (ams.
Taou. 3.8), °C;

- TeMIepaTypa BTOpUHHOI napu, °C
tBl‘[ 2 = CKZ (AZ AIZI)

Tpetii kopryc:

- TeMIiepaTypa HarpiBaiabHoi mapu, °C

I,
tx-m3 Bl'[2 A

27



- cepeliHs TeMIepaTypa KUMiHHA po3uuny, °C
teks = lunsz — AtB;

ne Ats - posnojiieHa KOpHUCHA Pi3HUI TeMIIepaTyp TPeThoro Kopiycy (amB.
Taou. 3.8), °C;

- TeMIlepaTypa BTOpUHHOI mapu, °C
tpn3 = ek — (Aé + AIBI)

bapoMeTpuYHNN KOHIEHCATOD:

- TeMIIepaTypa KOHACHcaIlii mapu B KoHAeHcaTopi, °C
_ "
t61< - tBl‘I3 _AS .

[To TabmuusgX TEpMOAMHAMIYHMX BJIACTHBOCTEW BOJAM 1 BOJSHOI Mapu B CTaHI
Hacu4ueHHs [1] 3a temnepaTtypamu napiB t,,, tgy;, tgx BU3HAYaeMo ix TUCK By, By,

Pg,. Pe3ynbpTaTi TEmIOBOro po3paxyHKy BUIAPHOI YCTAHOBKU 3aHOCHUMO J10 TabJIuIIl
3.9.

Tabnuns 3.9 — PesynbraTu TEIOBOTO PO3PaxyHKY, sIKI CKOPHUTOBaHI 3 YMOBU
PIBHOCTI TOBEPXOHB HArpiBaHHS KOPIYCIB BUMIAPHOI YCTAHOBKH

[To3na- Kopnyc Konpnen-
[Tapamerp
YEHHS 1 2 3 caTop

KinbKicTh BUNIapeHO1 BOAM, KI/C w -
CkopuroBaHa KiHIIeBa KOHIICHTpAITis X
posunny, %
Koedoiuient rennonepenayi, Bt/ (MZ‘K) k -
Po3nozinena kopucHa pi3HULSA At
temneparyp, °C
T[loBepxHs HATPiBAHHS, M F -
Cepennst TeMineparypa KMIIHHS

o Lok )
po3unny, °C

. o
Temneparypa BropunHoi napu, °C (-
Tuck BropuHHOI napu, [1a P, -
. - o
Temmneparypa HarpiBaibHOi napu, °C tun
Tuck BropuHHOI napu, [1a B, -
. . o -

Temneparypa HarpiBasibHOI mapu, °C -
Tuck HarpiBansHOi Hapu, [1a B,y -
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Honmatox A

['yctuHa po34nHiB

['yctuna posuuHiB @ B mianasoni temnepatyp (0-200) °C po3paxoByeTbes 3a
popmyioro, Kkr/m*

lgp =lgpy,0 + (ag+ a;-t+a, t7)-X, (A.1)
1€ Py, o - TYCTHHA BOJIY IIPH 3aJIaHIi TEMIIEpATypi, Kr/Mm°;
X — KOHIIEHTpaIlis pO3YMHEHOI pEYOBUHH, KT PEYOBUHU/KT PO3UHHY;

t — remnieparypa, °C;
g, 04, 0,- KOEQIUieHTH (IpeacTaBIeHo B Tabmuml A.1).

I'ycTHHA BOIH P, o PO3PAXOBYETHCS 3a 3ANIECKHICTIO, KI/M>
Pr,0 = 1000—0,062-t— 0,00355- t?, (A.2)

Tabmuus A.1 — KoeditieHTd st po3paxyHKy T'YCTHHH 3a PiBHSHHSM (A.1) B
inTepBani remneparyp (0-200) °C

Posumina a, - 10* a, 108 —a,-10°

peUOBHHA
BaCl, 3848,19 788,60 411,55
caCl, 3518,10 463,51 270,30
KoCOs 3658,27 489,43 274,16
KOH 3589,98 406,64 271,68
MgCl; 3372,00 791,13 324,26
NaCl 2889,19 614,36 447,68
NaOH 3937,43 370,31 271,64
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Ipukaaa. HeoOxigHo pospaxyBatm rycTtuHy posunny NaOH
koHieHTpariero X = 0,1 kr/kr npu 70 °C.

3a popmyioro (A.2) pospaxoByemo ryctuny Boau npu 70 °C, xkr/m®

Pu,0 = 1000—0,062-70—0,00355- 707 = 978,265,

3a Tabimrero A.1 3HaX0UMO 3HAYCHHS KOS(IIIEHTIB Uy, A4, A5:
ao=3937,43-10"% a1 =370,31-10%  a,=-271,64-10%,
3a opmyioro (A.1) pospaxoByemo ryctuny pozuuny npu 70 °C, kr/m®:
A=1gp=1g978,265+[3937,43-107* +
+ 37031-107%-70— 271,64-107%-70°]-0,1 = 3,031;

p=10"=1074.
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Jlonatok b
. :
B’sa3kicTh pO34unHIB

B’si3kicTh po3unHiB [ B aiamazoHi temmepatyp (0-200) °C po3paxoByeTbes 3a
dbopmymoro, [1a-c

lg#:lgHHzﬂ+{:dD+ dl't+d2't2]'X, (Bl)

1e [ - TuHAMIYHAA KoeilieHT B’ sI3K0CTI po3uuny, Ila-c;

Hp,o - JOUHAMIYHMA ~ KOeQINIEHT B’A3KOCTI  BOAM IPH  3aJaHii
temneparypi, I1a-c;

X — KOHIIEHTpaLisl PO3YMHHOI PEUOBUHU, KI' PEUOBUHU/KI PO3YUHY;

t — remnieparypa, °C;

dg,d4,d,- koedimientu (peacrasieHo B Tabwui b.1).

JuHamiuHui KO€(DILIEHT B I3KOCTI BOAM M, 0, [1a-c

Hi,o = 0,59849- (43,252 + t) 1542, (B.2)

Tabmuus b.1 — Koediuientn aig po3paxyHky B’si3kocTi 3a piBHsAHHAM (b.1) B
iHTepBaii Temnepatyp (0-200) °C

Posunrra dy - 10 d,-10* d,-10°

pEUOBHHA
BaCl, 46,49 42,40 103,45
CaCl, 148,28 113,30 -3648,23
K.CO; 146,67 4,80 245,24
KOH 118,70 17,06 -1098,35
MgCl, 217,86 38,25 4170,79
NaCl 89,22 17,96 45,46
NaOH 347,89 122,35 544,64
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Ipukaag. HeoOximHo pospaxyBatm B’si3kicth po3umny BaCl, 3
koHieHTparieto X = 0,2 kr/kr npu 60 °C.

3a ¢opmynoro (b.2) po3paxoByemMo AMHAMIYHHM KOEQILIEHT B’A3KOCTI BOJIU
npu 60 °C, I1a-c

Kuo = 0,59849- (43,252 + 60)"1°%2 =4,688-107°.
3a Tabmunero b.1 3Haxoaumo 3HadeHHs KoedimienTis dy, d,, d,:
do=46,49-102;,  d;=42,40-10%  dy=-103,45-10".
3a ¢opmyoro (b.1) pospaxoByemo B’ s3kicTh po3unny mipu 60 °C, [Ta-c:
A=lgu=1g4,688-10~*+
+ [46,49-107% + 42,40-107*-60—103,45-107°-60°]- 0,2 = —3,185;

1 =10 = 6,531-10%,
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Jonatox B

TemmoeMHICTh PO3UMHIB

[luToMa TEMIOEMHICTH PO3YMHIB € B aAlamazoHi Temmepatyp (0-200) °C
po3paxoByeThCs 3a popmyioro, Jx/(kr-K)

c=cyot+ o+ i X+ fi-t+fi-t7)X, (B.1)

Jie € — MUTOMa TeIIOEMHICTh po3uuny, JIx/(kr-K);
Ch,o - IATOMA TEIJIOEMHICTH BOJM NIPH 3aiaHiii Temnepatypi, Jx/(kr-K);

X — KOHLIEHTpalid PO3YMHEHOI pEYOBUHH, KI' pEYOBUHU/KI PO3UHHY;
t — remneparypa, °C;

fo, fi, o, 5 - koedinientu (npencrasneno B tabmuni B.1).

IInToMa TEMIOEMHICTE BOJM €y, 0, JIK/ (k1K)

Cu,o = 4223,6 + 2,476 t-1g(t/100). (B.2)

Tabmuug B.1 — KoediuieHTr 17151 po3paxyHKy TUTOMOI TEIUIOEMHOCTI PO3YUHY
3a piBHsHHAM (B.1) B iHTepBaii Temnepatyp (0-200) °C

Po3unnHa

PEYOBHHA —fo fi f —fy - 10°
BaCl, 5341,08 2602,96 6,43 10,93
CacCl, 6497,23 5563,05 6,36 17,92
K.CO; 5086,14 2161,24 6,62 5,51
KOH 5343,49 2356,87 10,43 4,76
MgCl, 6530,30 4804,79 5,64 19,79
NaCl 5479,43 7878,33 3,14 23,35
NaOH 5297,21 6942,68 14,84 14,15
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IIpukaaa. HeoOXiTHO PO3paxyBaTH MUTOMY TeIJIOEMHICTh po3unHy KOH 3

koHueHTpariero X = 0,065 kr/kr npu 32 °C.

3a dopmynor (B.2) po3paxoByeMo MUTOMY TeIUIOEMHICTh Bogu npu 32 °C,

JUx/(kr-K)
Cu,o = 4223,6 +2,476-32-1g(32/100) = 4184,4.
3a Tabmuuero B.1 3naxoaumo 3HaueHns koedinientis fo, fi, £, f:
fo=-5343,49; f,=2356,87; f,=10,43; f3=-4,76103,

3a ¢opmymoro (B.1) po3paxoByeMO MUTOMY TEIUIOEMHICTh PO3YUHY
32 °C, JIx/(kr-K)

c=41844+ (—5343,49+ 2356,87- 0,065+

+1043-32— —4,76-107%-32%)- 0,065 = 3868,4.
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Honatok I'

TennonpoBiAHICTH PO3UHHIB

KoedoiuienT remnonposigHocTi po3unnHy A, B1/(Mm'K), B miama3oni Temmnepatyp
(0-200) °C

AZAHZO'EI_J‘E'X), (I.1)

ne A — KoedilieHT TEIUIONMPOBIIHOCTI PO3YMHY MPH 3adaHiil TeMmmeparypi,
Bt/(mK);
An, 0 - TEILIONPOBINHICTH BOAM IPH 3a/aHiil Temneparypi, Bt/(mK);

X — KOHIIEHTpaIlisd pO3YMHEHOI PEYOBUHH, KI' PEYOBUHU/KT PO3UHHY;
t — remnieparypa, °C;

- xoedirienT (mpencraieHo B tabmmii I'.1).

Koeoiuienr TemmonposignocTi Boau 4 #, 0, BT/(MK)

s, 0= 0,5545+0,00246- t — 0,00001184 - t2. (I'.2)

Tabmuus I'.1 — Koedimientn nms po3paxyHkKy KoedilieHTa TerIonpOBITHOCTI
po3uuny 3a piBHsHHAM (I'.1) B iHTepBani Temnepatyp (0-200) °C

oo p-10° Posua 5107
BaCl, 141,68 MgCl, 493,17
CaCl, 69,74 NaOH -128,84
K2CO3 180,14 NacCl 156,97
KOH 130,74 Na,COs3 143,84

Ipukaaa. HeoOxigHo po3paxyBaTé KOEQILIEHT TEIUIONPOBIIHOCTI PO3YUHY
MgCl; 3 konnenTpariiero X = 0,02 xr/kr npu 73 °C.
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3a ¢opmynoro (I'.2) po3paxoByeMo KOe(IIi€EHT TEIIOMPOBITHOCTI BOAMU MPHU
73 °C, B1/(M'K)

Au,o=0,5545+0,00246-73 —0,00001184- 73* = 0,671.

3a Tabmuuero I'.1 3HaX0muMo 3Ha49eHHs koedimienta $=493,17-107,
3a gopmynoro (I'.1) po3paxoByeMo Koe(diliEHT TEMJIOMPOBITHOCTI PO3UYUHY
npu 73 °C, B1/(M-K)

A=0,671-(1-493,17-1072-0,02) = 0,6644.
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Honatok /]
AKTUBHICTBH BOJIH

AKTHUBHICTb BOJY B PO3UHHI BU3HAYAETHCS 32 (HOPMYIIOIO

N
R

lgaw=(F—|—Q-§) ” (4.1)

1€ @y — AKTUBHICTh BO/JIH;

F, Q, K - koedimieHTH,

t — remnieparypa, °C;

N - KOHIIEHTpaIlid PO3YMHEHOI PEYOBHHH, [0 BUPAXKEHA B MOJIb PEYOBUHU Ha

1000 MOIb pO3YMHHUKA, MOJIB/KMOJIb.

KonnenTpartis po3unHeHoi pedoBUHUA N, MOJIb/KMOJIb

12020X

N = (A4.2)

CoM(1-XY

ne X — KOHIIEHTpaIlisl PO3YMHEHOI PEUOBUHH, KT PEUOBUHH/KT PO3UUHY;
M — MonexynsgpHa Maca po34MHEHOI peuoBUHU (AuB. Tabm. J[.1), Kr.
Koedimientu F, Q po3paxoByroThcs 3a popMynamu

F=fo+fi-t+h-t7, Q=qo+q, t+qy-t% (113)

ne fo, fi, fo —xoedimientn (nus. Tabm. J1.1);
Q0:91,42, K - xoedimientn — (nuB. Tabm. I1.2).

Ipukaan. HeoOxigHo po3paxysatu akTuBHICTH Boau y po3uwni NaCl - H,0 3

koHreHTpariero X = 0,2 kr/kr npu 25 °C.

3a ¢opmymamu  (/.3) 3Haxommmo koedimientn F wm Q s NacCl,

BUKOPUCTOBYIOUM AaHi Tadmuus .11 J1.2:

M =05844; fy=-1473-10%  f,=0,01-10%  f,=-0,0011-10;
0o =-1438-10%, 1 =4,307-10% @, =-0,0009-10; K=2;
F=(-1473 +0.01-25 - 0.0011-25%)-10° = -1,4734-10°3,
Q =(-1438 +4,307-25 - 0.0009-25%)-10® = -1,3309-10°°.
3a ¢opmyoro ([1.2) po3paxoByemo koHieHTpariio N
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N =—=222992 _ 77088

58,44-(1-0,2)

3a ¢popmynoro ([1.1) po3paxoByeMO aKTUBHICTh BOJAM B PO3UHMHI

?‘?‘,088) 77,088

A=lga, = (—1,4?34- 1073 —1,3309-10>- > >

— —0,076564
a,, = 104 = 0,8384

Ta6mus JI.1 — MonekysipHa Maca pO3UMHEHOI PEYOBUHU 1 KOEQIIIEHTH IS

po3paxyHKy BenuuuHu F 3a piBusaasaM (.3)

o |y | 1 | fe10f | 10
BaCl, 208,24 800,0 0 0
CaCl, 110,98 839,0 32,9 -0,2
K,CO3 138,2 475,25 13,25 -0,113
KOH 56,11 1736,0 4,64 -0,0121
MgCl, 95,21 496,0 20,6 -0,31
NaCl 58,44 1473,0 -0,01 0,0011
NaOH 40,0 1239,0 7,1 -0,0292
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Tabmuma /1.2 — Koedimient K 1 koedimienTn mjs po3paxyHky BenmnuuHu Q 3a
piBHsHHAM (/1.3)

BaCl, 0 0 0 1
CaCl, 2919,0 -52,3 0,271 1
K,CO3 1239,0 -12,477 0,0849 1
KOH 24464 -14,331 0,0335 2
MgCl, 4107,0 -47,0 0,365 1
NaCl 1438,0 -4,307 0,0009 2
NaOH 2599,0 -21,53 0,0506 2
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Honatok E
[ToBepxHeBUI HATST

[ToBepxHeBUit HATAT PO3UNHY 0, H/M, po3paxoByeThecs 3a GOPMYIIO0
g=0,+0,049-(1—a,,), (E.1)

1€ 0p — IOBEPXHEBUH HATAT Boau, H/M;

aw — aKTUBHICTb BOJH Y PO3YHHI.

[ToBepxHeBuUil HATAT BOJAW MpU JaHIN TemrepaTypl pO3paxOBYETHCS 3a TAKOIO
3aJIeKHICTIO

g, = 7,56662-107% —1,42939-107*-t —2,52178- 1077 - t%, (E.2)
ne —t — remneparypa, °C.

Ipukaan. HeoOxinHo po3paxysaru nosepxuesuii Hatsar pozunny NaCl - H, 0
3 KoHILeHTpauiero X= 0,2 kr/kr npu 25 °C.

Po3paxyHOK akTUBHOCTI BoaM @y y po3unHi NaCl - H, 0 nusuce y nomatky .

3a ¢opmynoro (E.2) po3paxoByeMo moBepXHEBUM HATAT Boau, H/M

g, =7,56662-107% —1,42939-107*-25—2,52178-1077 - 25% =
=7,19351- 1072,

3a ¢popmyioro (E.1) po3paxoByemMo moBepxHEeBUil HATAT po3unHy, H/m

¢ =7,19351-10"%+0,049- (1 —0,8384) = 7,9855- 1072,
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Taomug K.1 — ®@i3uuni BIaCTUBOCTI BOJAU HA JIiHIT HACUYECHHS

Honatok K

t,°C | p-10° Ia | p, kr/m® | i, kIx/xr | Cp, Jx/(xr-K) | A-102, Br/(m'K) (T\;I;/()Ii’ # 1;[:;(_)2’ v-10%, M%/c | B-10% 1/K | ¢-10%H/m Pr
1 2 3 4 5 6 7 8 9 10 11 12
0 1,013 999,9 0 4,212 55,1 13,1 1788 1,789 —0,63 756,4 13,67
10 1,013 999,7 42,04 4,191 57,4 13,7 1306 1,306 +0,70 741,6 9,52
20 1,013 998,2 83,91 4,183 59,9 14,3 1004 1,006 1,82 726,9 7,02
30 1,013 995,7 125,7 4,174 61,8 14,9 801,5 0,805 3,21 712,2 5,42
40 1,013 992,2 167,5 4,174 63,5 15,3 653,3 0,659 3,87 696,5 4,31
50 1,013 988,1 209,3 4,174 64,8 15,7 549,4 0,556 4,49 676,9 3,54
60 1,013 983,1 251,1 4,179 65,9 16,0 469,9 0,478 511 662,2 2,98
70 1,013 977,8 293,0 4,187 66,8 16,3 406,1 0,415 5,70 643,5 2,55
80 1,013 971,8 355,0 4,195 67,4 16,6 355,1 0,365 6,32 625,9 2,21
90 1,013 965,3 377,0 4,208 68,0 16,8 314,9 0,326 6,95 607,2 1,95
100 1,013 958,4 4191 4,220 68,3 16,9 282,5 0,295 7,52 588,6 1,75
110 1,43 951,0 461,4 4,233 68,5 17,0 259,0 0,272 8,08 569,0 1,60
120 1,98 943,1 503,7 4,250 68,6 17,1 237,4 0,252 8,64 548,4 1,47
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[Tpomoxenus Tadbmmmi K.1

1 2 3 4 5 6 7 8 9 10 11 12
130 2,70 934,8 546,4 4,266 68,6 17,2 217,8 0,233 9,19 528,8 1,36
140 3,61 926,1 589,1 4,287 68,5 17,2 201,1 0,217 9,72 507,2 1,26
150 4,76 917,0 632,2 4,313 68,4 17,3 186,4 0,203 10,3 486,6 1,17
160 6,18 907,0 975,4 4,346 68,3 17,3 173,6 0,191 10,7 466,0 1,10
170 7,92 897,3 719,3 4,380 67,9 17,3 162,8 0,181 11,3 443,4 1,05
180 10,03 886,9 763,3 4,417 67,4 17,2 153,0 0,173 11,9 422.,8 1,00
190 12,55 876,0 807,8 4,459 67,0 17,1 1442 0,165 12,6 400,2 0,96
200 15,55 863,0 852,5 4,505 66,3 17,0 136,4 0,158 13,3 376,7 0,93
210 19,08 852,8 897,7 4,555 65,5 16,9 130,5 0,153 14,1 354,1 0,91
220 23,20 840,3 943,7 4,614 64,5 16,6 124,6 0,148 14,8 331,6 0,89
230 27,98 827,3 990,2 4,681 63,7 16,4 119,7 0,145 15,9 310,0 0,88
240 33,48 813,6 1037,5 4,756 62,8 16,2 114,8 0,141 16,8 285,5 0,87
250 39,78 799,0 1085,7 4,844 61,8 15,9 109,9 0,137 18,1 261,9 0,86
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