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IepeamoBa

"TermorexHika" - 1me 00JacTh 3arajibHOl TEXHIKHM, IO JOCTIIKYE METOIN
BUPOOJICHHS, TIEPETBOPEHHS, Mepeadl Ta BUKOPUCTAHHS TEIla, a TAKOXK MPUHIUIIN
GYHKIIOHYBAaHHA  Ta  KOHCTPYKI[IHI ~ OCOOJMBOCTI  TEIUIOTEHEPYIOUMX 1
MaporeHepPyoUnX CHUCTEM, TEIUIOBUX MallluH, NpWiaaiB 1 ycrtaTkyBaHHs. Kypc
"TeruoTexHIKU" CKIATAETHCA 3 IBOX OCHOBHHUX PO3JILIIB:

1. OCHOBM  TEXHIYHOT TEPMOJMHAMIKH, fKa JIOCHIIKYE  3aKOHHU
NEPETBOPEHHA €HEeprii y pi3HUX (PI3UKO-XIMIYHHUX MPOIECcax Y MaKPOCKOMIYHUX
CHCTEMax 13 CyNpOBIAHUMH TEIJIOBUMH sIBUIIAaMHU. BoHa BKITIOUae 3arajibHy, XIMIUHY,
TEXHIYHY TEPMOJMHAMIKY Ta 1HIINI PO3JIUIM, B 3aJ€KHOCTI B MIPEIAMETY
JTIOCJITIKEHHS.

2. Teopis TermnooOMiHy, 1110 BUBYAE MPOIIECH 0€3MOBOPOTHOTO MOITHUPEHHS
TeIJia y mpocTopi.

TexHiuyHa TepMOIMHAMIKA aHAJII3y€e MMPOLIECH B3aEMHOI'O IEPETBOPEHHS TEIIA 1
poOOTH, BCTAaHOBIIOE 3B'A30K MIDK TEIUIOBUMH, MEXAaHIYHMMH 1 XIMIYHUMHU
npouecamy, 0 BiIOYBalOThCsS B TEIUIOBUX MalllMHAX 1 CUCTEMAaxX OXOJIOJKEHHs, a
TaKOX JOCHDKY€E BIJIACTUBOCTI Ta3iB 1 TapiB Yy pi3HUX yMoBax. TexHIYHa
TEPMOJMHAMIKA Ta TEOopis TEIIOOOMIHY YTBOPIOIOTH TEOPETUYHY OCHOBY UIf
BUBUYCHHS "TeroTexHiku".



1 3ATAJIBHI PEKOMEHJAILL IO MIPAKTUYHOI POBOTH 3
KYPCY "TEIIVIOTEXHIKA™

MeTa BUKIQJAaHHA KypCy — BHBYCHHS CTYJACHTaMHU OCHOBHHX 3aKOHIB
TEXHIYHOI TEPMOJMHAMIKHY 1 TEIUIONepeadl Ta BUKOPUCTAHHS 1X MPH IPOCKTYyBaHHI
TEXHOJIOTIYHOTO 00JIaIHAHHS Ta MPOIIECIB.

VY pe3ysbTari BUBYCHHS JUCIHIUTIHU CTYACHT MOBUHEH 3HATH:

- OCHOBHI 3aKOHH T€PMOIMHAMIKH;

- TEPMOIMHAMIYHI MPOTIECi;

- BIIACTUBOCTI peaJIbHUX Ta3iB;

- 3aKOHM  TeIUlomepenadi  TEIUIONPOBITHICTIO,  KOHBEKIIED  Ta
BUITPOMIHIOBAHHSIM;

- - 0COOJIMBOCTI TEPMOJIUHAMIKU BIIKPUTHX CUCTEM;

- IUKJIU TETJIOCUJIOBUX YCTAHOBOK.

CTyneHT MOBUHEH BMITH:

- KOPUCTYBATHUCh JOBIIKOBOIO JIITEPATYpPOIO TP PO3B’SA3aHHI TETUIOTEXHIYHUX
3ajiay;

- BUKOHYBATHU MPAKTHUYHI BUMIPIOBAaHHSI OCHOBHUX TEIUIO(DI3NYHUX BEIUYUH 32
JIOTIOMOT OO CTIEIIaJIbHUX MPUJIAIiB;

- BUKOHYBATH TEIUIOTEXHIYHI PO3pPaXyHKH;

- MOJICTIIOBATH TETUIOBI TIPOIECH.

Kypc "TemnorexHika" BKIIIOYa€ JEKIl, NPAKTUYHI 3aHATTS Ta CaMOCTIHHY
poOOTy HaJ BUBYEHHSM TEOPETUYHOrO Marepiany. Y KIHII CEMECTpPY CTYAECHTH
CKJIaiatoTh icnut. Kypce ckinagaeThes 3 IBOX CMHUCIOBUX MOTYJIB:

1) OCHOBM TEXHIYHOT TEPMOJUHAMIKH;

2) Teopist TEIIO0OMIHY.

3rifHO 3 KpPEIUTHO-MOJAYJIBHOIO CHCTEMOIO HAaBYaHHSA KOXXHUH MOAYJb
omiHioeThes y 100 6amiB. OmiHKa 32 MOJYJIb CKIIAAETHCS 3 OIIHOK 32 BUKOHAHHS Ta
3aXUCT 1HIUBITyAIbHUX PO3PAXYHKOBUX 3aBJIaHb Ta OI[IHKU 32 KOHTPOJIbHI pOOOTH.

OmiHKM 3a PO3paxyHKOBI pPOOOTH XapaKTEpU3yHOTh SKICTh BUKOHAHHS
pPO3paxyHKIB Ta OQOpPMIICHHS POOOTH, PIBEHh TEOPETUYHOI ITIJATOTOBKH 3 JaHOI
YACTUHU KYpCY 1 CTPOK BUKOHAHHS.

KoHTponbHa po0OTa 3 KOXHOINO MOAYJS OXOIUTIOE TOJOBHI TEOPETHYHI
MOJIOKEHHS 3 JAHOT'O PO3/ILITY KypCY 1 OCHOBHI THUITU PO3PaXyHKOBUX 3aBaHb.

2. MPAKTUYHI 3AHATTSA

2.1 TlpakTu4Hi 3aHATTS MPOBOAATHCS 3 METOIO 3aKpIIUICHHS, PO3IIMPEHHS Ta
MOTJMOJICHHS] TEOPETUYHUX 3HAHBb Ta HABUYOK, SIKI OJICPXKAB CTYJCHT HA JIEKIISX Ta
71a00paTOpPHUX 3aHATTSX, HAOYTTS BMIHHSA CaMOCTIMHO pO3B’SA3yBaTh 3ajadvi.
TeMaTnaHM TUTaH TIPAKTHYHUX 3aHATH HaBEACHO B TaOmwMIIi 1.



Tabauysa 1 — Temamuunutl nian nPaKmMudHUxX 3aHamMb

No 3MICT 3aHATTS Jlitrepatypa

1. OcHOBHI MapaMeTpu poOOUYOro Tija. [1, c.6-20;
PiBHAHHS CTaHy 1J€aJIbHUX Ta3iB. 12, ¢.3-85]
TepMoamHaMiuHI MPOIIECH.

2. BnactuBocti  peanmpHuMX Ta3iB.  hs- [1, c.36-42;
Jliarpama BOJISTHOT MapH. 12, ¢.133-163]
Po3paxyHku mpoieciB 3 pearbHUMHU [1, c.36-42;
ra3aMu. 12, ¢.133-163]

3. Po3paxyHku TermooOMiHHUX amaparis. [1,c.197-200;
Pospaxynku mukmnis ['TY ta JIB3 12, ¢.96-117]

Ha 3aHATTAX po3risiaaeThess HAWOUIbII CKIaAHUNM Martepian Kypcy. CTyneHTu
MalOTh MOXIIMBICTb OJIEpKaTH HEOOXIMHWUN JOBIAKOBHM Martepian, IOMOMOTY B
pilIeHH] 1HAUBIAYaJbHUX 3aB/IaHb TA 3aXUCTUTU KOHTPOJIbHI 3aBJAaHHS.

IIpuxaanm po3B’si3aHHA 3a71a4.

Tema Ne 1. OcHoBHI napameTpu po0040ro Tizia. PIBHSHHS cTaHy
ineaabHux rasis. TepmoannamiuHi mpouecu.

Mpukaax 1.1. Buznauutu aOGCOMIOTHUIM THCK Mapu KOTJA, SKIIO MaHOMETP
nokaszye P = 1,3 Oap, a atMmocepHHi THUCK 32 PTYTHUM OapoMeTpoM ckiiajiae 680 MM
pT. cT. ipu t = 25°C.

Piwennsa. bapoMeTpuuHui THCK HEOOX1HO nepepaxyBatu j0 0 °C:

Po=P:(1-0,0001721t) =680 (1 - 0,000172-25) = 677,1 mm pT. CT

Temnep MoHA BU3HAYUTH a0COIOTHUM TUCK Mapu Y KOTJII:

Puoe= 130000+ 677,1-133,3 = 220257 11a = 0,22 MI]a.

Ipukaax 1.2. MacoBi 101 KUCHIO Ta a30Ty B aTrMoc(hepHOMY MOBITpi
BIAMOBIAHO J0piBHIOWOTE — 0,232 1 0,768. Bu3nauntu 00’ €MHI 011 KHCHIO Ta a30TYy,
ra3oBy MOCTIMHY 1 MOJIEKYJIIPHY Macy MOBITpsI, MapiiiajdbHl TUCKU KUCHIO Ta a30Ty,
SKIIO TUCK MOBITPs 32 0apoMeTpoM ckiaaae 760 MM pT. CT.

Pimennn. ['a30Bi TOCTIHI KUCHIO Ta a30Ty 3HAXOAUMO 3a JIOJAATKOM A.
BusHauaemMo razoBy MoCTiiHY HOBITpS:

Ry =80, Ro, + 8, Ry, =0,232-259,8+ 0,768 296,8 = 287 Jia/(xr - K)

Po3paxoByeMo 00’eMHI1 10711 KOMITIOHEHTIB CyMIIIIi:



g;-R; 0,232.259,8

10, = = 0,21.
%2 Reys 287

o, 8 Ri_0.768:2968

e Ry 287 J

MonekynsapHy Macy cyMill BU3Ha4aeMO 3a GOpMYJIIOr0
n
Hey =21 - Hi =To, Mo, + TN, My, =0,21-32+0,79-28,02= 28,9 Kr/KMOTH
a 1 - - -
a60 3a popmyoro

3 3
= 8314 8 ”:2«5’,9 KI' / KMOJIb.

Heym - -
Rf:l-‘:-‘; 23 £
Busznagaemo napiiiajabHi TUCKHU:

PU: =To, -P=0,21-760=159,4 MM pT. CT.

Py, =ry, P=0,79-760=600,6 MM pPT. CT.

Hpuxnax 1.3. banod ¢ kucHem emHicTIO 20 71 3HaXOAUTHCA Mg TUCKOM 10
MIla npu 15°C. Ilicnst BUTpaTH YacTKWM KUCHIO THCK 3MeHImMBCs 10 7,6 Mlla, a
temneparypa 10 10°C. BuzHaunt Macy KHMCHIO, IKY BUTPATHIIH.

Piwennsn. BuzHauaeMo MOYATKOBY Ta KIHLIEBY Macy KHUCHIO 3a PIBHSIHHSIM
Knanelipony:

6 - 6
my= 10 -10 0,02 _ 2,673Kr; My = 7610”002 =2,067 Kr.
259,8-288 259,8-283
Takum 4YMHOM BUTpaTa KUCHIO CKJIAJaE:
Am=2,673—2,067=0,606 kr.

Ipukaan 1.4. Buznauutu ryctuny okcuay Byriento npu 20°C 1 710 MM pr.
CT., sikio pu 0°C 1 760 MM pT. cT. BoHa ckiagae 1,251 kr/mas.

Piwenna. Hanumemo piBHsiHHS KnanelpoHny A IBOX CTaHIB. 3rajaeMo, 110
I'yCTHHA — 1I€ BEJIMYMHA, siIka 000pOTHA MUTOMOMY 00’ eMy. Toal oiepKyeEMO:

P> =Py B2 5 g251. 7102 g gosom.
P, T, 760- (273 + 20)

Ipukaaa 1.5. TloBiTps 3HaXOUTHCA B 3aMKHYTIN MOCYIMHI eMHICTIO 90 11 ipu
TUucKy 8 O6ap 1 Temmepatypi 30°C. 3a paxyHOK MiABEACHHS TEMJIOTU THCK 30UTBIITUBCS
no 16 Oap. BuzHauntu KiNbKICTh MIJBEICHOI TEIUIOTH. POo3paxyHKH MpOBECTH IS
JIBOX BHWITAJIKIB: a) TEIJIOEMHICTH TOBITPS BPaxOBYBaTU HEJIHIWHE 3aJIeKHOIO BiJ
TeMriepaTtypu; ©0) TEIJIOEMHICTh TIOBITPS  BpPaxOBYBaTH  HE3aJCKHOIO  BIJ
TeMIiepaTypu. BusHaunT moxmoKy po3paxyHKy TEIJIOEMHOCTI 32 TBOMa METO/IAMH.




Piwennsn. 31 CHIBBITHOIICHHS TapaMeTpiB 130XOpHOTO Tporecy (Ta3
3HAXOJUTHCS B 3aMKHYTOMY COCY/li) BU3BHAYa€EMO KiHIIEBY TEMIIEpaTypy MOBITPSL:

P, 16 o
T,=1, —=303-—=0606K: 1, —606—-273=333"C.
2 P, P 2
Macy moBiTps, sKa 3HaXOAUTHCSA B COCY[I, BU3HA4YaeMo i3 piBHsAHHsA KiamelipoHa
(razoBa mocriiina R, mogatok A):

PV _8.10°-0,09
R-T 287303

JIns po3paxyHKy TEIJIOEMHOCTI 3a MEPIIMM METOJ0M (HEeJiHiiHA 3aJeKHICTh
B1JI TeMIIepaTypH) 3HAXOJAMMO TEIJIOEMHICTH IMOBITPS B 1HTEpBaJl TEMIEpaTyp Bij
0°C no 30°C Ta Bix 0°C go 333°C (noxgatoxk b, Tabmn. b.2)

— 30%C - — 333%C -
Colyop =0.717xIb/(xr K); Gl o~ =0,735xJa/(xr - K).

Bu3zHayaemo cepeHi0 MAacoOBY TEIUIOEMHICTh MOBITPS MPH MOCTIHHOMY 00’ €Mi
115 iHTepBaity Temreparyp Big 30 qo 333°C:

——333°C _0,735-333-0,717-30  _
,,‘jﬂﬂf = FTTEET = 0,7368 k]I

KinpkicTh TEmIoTH, SIKa IiJIBEJACHA J0 MOBITPS, TOPIBHIOE
0 =0,8278-0,7368(333— 30) = 184,8 K]

Jns po3paxyHKYy TEIUIOEMHOCTI 3a JPYTUM METOJ0M (TEIUIOEMHICTh HE
3aJIeXKITh B1Jl TEMIIEPATYPH) TEINIOEMHICTH OBITPSI pO3paXxOBYEMO 3a (HOPMYJIIOHO

— R
.‘| -_ .
k-1
["a30By mocTiitHy 3Haxoaumo 3a goaaTkoM A. IlokasHuk amgiadbatu JOpPIBHIOE
1,4 (noBiTps — ABOXaTOMHUM Ta3). PO3paxoByeMO TEMIOEMHICTD:

C 287 - 7,5 I/ (k1 - K) .

v —

1,4-1
KinbKkicTh TENI0TH, SIKY MiJBEICHO 10 TOBITPS, JOPIBHIOE

Q=08278-717,5(333—30)=179966 Tx.

BinnocHa moxuOka po3paxyHKy TEIUIOEMHOCTI 3a JBOMa METOJIaMU CKJIaJIa€e

O5— 736,8—717,5 100=2.6%.
736,8
Mpukaaag 1.6. [Hositps 06’emom 0,01 M3 ipu Tucky 2 6ap 1 Temneparypi 25°C
PO3LIMPIOETHCS 10 TUCKY 1 Oap. BuzHauuTu KiHueBuii 00’eM, KIHIIEBY TEMIIEpaTypy,
poOOTYy, SIKy BUKOHYE Ta3, MiJBEEHE TEIJIO0, SKIO PO3IMIMPEHHS 31ACHIOEThCS 3a: 1)
130TepMoI0, 2) aaiabaroto, 3) MOTITPOIOO 3 MOKa3HUKOM mosiTponu N = 1,3.
Piwenns. 1) [30Tepmiude po3uupeHHs

m= =0,8278 KrI.




31 cHiBBIAHOUICHHS TApaMETPIB 130TEPMIYHOTO IPOIECY BU3HAUYAEMO KIHIIEBUI
00’eM:
. .. P 2 .
Vo=V;-=L=001-Z=002m".
5 1
[Tponec 3aiiicHioeThCS TipU T=comnst, TOMy KiHIIeBa TeMIIepaTypa JIOpPiBHIOE

MOYATKOBIH:
- — Fla e
1=1;=25C.

BusznadaeMo poOOTY 130T€pMIYHOTO MIPOLIECY PO3MIMPEHHS
r -P ]
L=PV,in—L=2.10° 0,01 In2=1386 JIx.

2
KinpkicTe migBeneHOT TETUIOTH 3TIAHO 3 TMEPIIUM 3aKOHOM TEPMOJIWHAMIKU

JIOPIBHIOE POOOTI TOMY, 1110 BHYTPIIIHS €HEPTis HE 3MIHIOEThCS

2) AniabaTHe pO3UIUPEHHS.
AniabaTHUM Ha3UBAIOTh MPOILEC, SIKUM 3IIACHIOETHCS 0€3 TEIIo0OMIHY 3

HABKOJIMIIIHIM cepenoBuineM, Tooto Q=0.
KinneBuit 06’eM BH3HAYaeMO 13 CHIBBIAHOIICHHS MapaMeTpiB mporecy (ais

JI0aTOMHOTO ra3y MOKa3HUK afiadaTu gopiBHIOE 1,4)

1

(P _

V,=V;- Pr ik _ 01209 0,016 w3
P, )

KiHHGBa TCMIICpATypa HOBITpSI 31 CHiBBiI[HOIHeHH}I ImapamMcCTpiB IIPOUCCY
f k-1 1,4-1
P,k (1
T,=T;| == i =298.| = | M 24K 1,=-29°C.
\ Py ) \ 2 '

Busnauaemo po6oTy as1abaTHOTrO MpoIecy po3IMpeHHS:

(2-10° -0,01-10° -0,016)= 46000 TTx.

1441
3) [HoniTponHe po3MIKUPEHHS.
Kinuesuit 06’eM BU3HAUYAEMO 13 CITIBBITHOIIECHHS IMapaMeTPiB MPOIIECy
1 1
( P' \n _
V, = 11 " —0,01.223 0,017 u°.
2- I
Kinmesa TemmepaTypa moBiTps 13 CITIBBIJHOIIEHHS MTapaMeTpPiB MPoIecy
n—1 1,3-1
(P; | n (11,3
T,=T; =L | " =208.|=| 2% =253K;1,=-19C.
L PJ J \ 2 /

Busnadaemo po6oTy as1abaTHOTO MpoIecy pO3MIMPEHHS:



1
L=——— (2-10° -0,01-10° -0,017)= 60939 Jix.

Busnauaemo KimbKiCTh MiBeAeHOT TemioTd (0e3 ypaxyBaHHS BIUIMBY
TeMIepaTypy Ha TeTUIOEMHICTh):

R n-k _ 287 1,3-14
Q:

. (T, —T; )= .
k-1 n-1° YT 14-1 13-1
Jlis 3akpiluleHHS MaTepialy 3aHSATTS PEKOMEHIYEThCS CaMOCTIHHO pO3-
paxysaru 3agaui Ne 1.1-1.10.

(253—-298)=10645 Ix.

3aBaHHs AJ151 CAMOCTIHHOIO PO3B’SI3aHHA.

Tema Ne 1.

3agaya 1.1. BuzHauutu nutoMuii 00’€M 1 TYCTHHY a30TY, SKILO HAJIMIIKOBUI THUCK
Puao=0,2 at, Temneparypa t=127° C, a 6apomeTpuaHuil TUCK Pamy=780 MM pT.CT.
Bionoeion: v=0,96 M3/KF, p=1,04 xr/ms.

3amaua 1.2. O6’em Byraekucioro razy npu P=5 am u t=120°C cknagae V=3 1.
[TpuBectu 00’eM a3y 10 HOpPMAJILHUX YMOB.

Bionoegios: Vu=10,1 M.

3apaua 1.3. Ilpu skiii temmeparypi ryctuHa aszory (tuck 1,5 MIla) Oyne
JIOPIBHIOBATH 3 Kr/M>?

Bionogion: t = 1412°C.

3apaya 1.4. Maca nmopoxHporo 0ajgoHa JJjig KUCHIO €eMHIcTIO 50 i1 nmopiBHIOE 80 K.
Buznauntu Macy OanoHa Mmiciisi 3allOBHEHHS HOTO KMCHEM Tipu Temnepatypi t = 20°C
1o tucky 100 Gap.

Bionogiob: m = 86,57 kr.

3apaua 1.5. YV Ganoni emuictio 80 11 3HaxoaUThCS NoBITPs M1 TuckoM 10000 xIla Ta
temrepatypi 27 °C. Ilicns BAKOPUCTaHHS YaCTUHU MOBITPS JJIsl MyCKY JBUTYHA TUCK
smeHmmBess 10 5000 klla, a temmeparypa ynana go 17°C. BusHauutu Macy
BUKOPUCTAHOTO MOBITPSL.

Bionogiov: m = 4,5 kr.

3agaua 1.6. Busnauutu aOCOMIOTHUN THUCK Yy TMApOBOMY KOTJI, SIKIIIO MaHOMETP
nokasye 2,45 6ap, a atMochepHull THCK 3a PTYTHUM OapoMeTpoMm nopiBHIOE 700 MM
pt.cT. ipu t = 20°C.

Bionogios: P = 3,38 Gap.

3apaua 1.7. Ilpuennanuii 10 Tra3oxoly NApoOBOr0 KOTJA TATOMIp TMOKa3ye
PO3pSIKEHHS, sike AopiBHIOE 80 MM BoA.cT. Bu3Hauntu abCOMOTHHUI TUCK JUMOBUX
rasiB, SIKIIO MTOKa3aHHs 6apomMetpa mipu Temieparypi 0°C nopiBHioe 770 MM pT.CT.
Bionogiov: P= 101856 Ila.

3amaya 1.8. BuszHauutu Macy KMCHIO, 1110 MICTUThCSA B OasioH1 €éMHICTIO 60 JI, K10
THUCK KHUCHIO 32 MaHOMETpoM JopiBHIOE 10,8 Oap, a mokazaHHs PTYTHOTO OapoMeTpa
— 745 mm prt.cT. ipu Temnepatrypi 25°C.

Bionogiob: m = 0,91 kr.

10



3agaya 1.9. Jlo sSKOro THUCKYy 3a MAHOMETPOM HEOOXIJHO CTHUCHYTH CYMIII, SKa
MICTUTB 3a 00’emoMm 18% , 12% 02, 70%, , 100 npu Temneparypi t=180°C 8 kr miei
cymimn 3avimamn V=4 m*? AtmochepHuit THCK B3ATH Pamn=760 MM pT.CT. TpH
temrepatypi 0°C.

Bionogios: Puao=142 klla.

3agauya 1.10. 3naiitu cepennio TeroeMHictb Cp 1 Cv’ B 1HTEpBaJIl TeMIlepaTyp Bij
11=200°C no t2=800°C s a30Ty, BBa)KaO4H, 10 3aISKHICTh C=f(1) € JTHIHHOIO.
Bionosios: Cp=1,068 xJx\(xr K), C.’=0,965 xJIx\(m° K).

Tema 2. Baactusocti peanbHux rasis. hs-/liarpama Boasinoi napu.
Po3paxyHku npouecis 3 peaJlbHUMHU ra3aMu.

Ipukaaa 2.1. BuzHauntu napameTpu BOASHOI napu, Ko Tuck P=10 Oap,
cTyminb cyxocti x=0,95.

Piwennn. Kopucratounch hs-miarpamoro, 3Haxoaumo Touky 1, 110
xapakTtepusye nanuit ctan mapu (Hdomatox 2). IlpoekTyrouu ii Ha BiCh OpAMHAT,
3HAXOAMMO 3Ha4eHHs eHTanbmil h1=2675 kJx/kr. [IpoekTyroun 110 K TOYKY Ha BiCh
abciuc, 3HaxoauMo 3HadeHHs eHTporii $1=6,38 kJ[x/kr °K

Jlnsi BU3HA4YEHHS TEMIIepaTypu Mapu 3HAXOJUMO TEMIIepaTypy HACHUYCHHS
napy npu 3agaHoMy TUCKY. JlJist IIbOTO IIyKaeMO TOYKY 2 mepeThHaHHs 1300apu 10
0ap 3 BEpXHBOIO MEXOBOIO KpUBOIO. Uepes 110 Touky mpoxoauts 13otepma 180 °C;
e 1 € TeMIeparypa mapH, sfka XapakTepuzye Oyab-sSKy TOYKY B 007acTi HaCHYCHOI
napu, 10 HAJIEKUTH LI€T 1300apH.

3HaYeHHSI TUTOMOTO 00’€My 3HAXOJIUMO 3a AoroMororo hs-miarpamu v1=0,2
M3/kr (Jomatok 2). 3HaueHHs U 3HaX0AUMO 3a (popMyioro

u=h-Pv=2675000-1000000 - 0,2=2475000 J1x/xr.

IMpukaaa 2.2. BusHaunt napameTpu BOJISHOI Mapy 1 CTYMiHb ii MEperpisy,
sxmo P=20 6ap, t=350 °C.

Piwwennsn. Kopucrarounch hs-miarpamoro, 3HaXOAMMO TOYKY 3, IO
XapaKTepU3ye JaHui CTaH Iapy, Ha epeTuHaHHi i306apu 20 6ap ta i3oTrepmu 350 °C
(domarox 2). Ilpoektyroum ii Ha BiCh OpAMHAT, 3HAXOAUMO 3HAUYCHHS CHTAJBIIII
h3=3140 xJIx/kr. [IpoekTyr04H IO K TOYKY Ha BiCh aOCIHC, 3HAXOAMMO 3HAYCHHS
enrporii $3=6,95 kJIx/kr °C.

3HaYeHHs TUTOMOTO 00 ’€MYy 3HAXOJMMO 3a JOMOMOTOIO JIHIH MOCTIHOTO
00’emy v3=0,14 m3/kr. 3HaueHHs U3 3HAXOAUMO 32 (GOPMYIIO0

u=h-Pv=3140000-2000000 - 0,14=2860000 [1x/xr.

JIist BU3HAYEHHS CTYTICHS TIEPETPiBY 3HAXOIUMO TEMIIEPATypy HACHYCHHSI TIPH
3alanoMy THCKy. Lle 3HaYeHHs 130TepMHU, SIKa MPOXOAUTH Yepe3 TOUKYy 4 — TOUKY
nepeTuHanHs 1300apu 20 6ap 3 KPUBOIO HACUUYEHHSI, TOOTO KPHUBOKO CYX01 HACUYEHOI
napu. 3HaueHHs i€l isorepmu 215 °C. 3BijacH CTYIHB EPErPiBY JTOPIBHIOE

At=350-215=135 °C.

Mpukaax 2.3. 2 M° mapu pO3MIMPIOIOTECS 3a aiabaToI BiX MOYATKOBHX

napameTpiB crany P»=5 6ap 1 t»=450 °C no P«=0,01 MIlla. 3nHaiiTi 3HaYCHHS
11



SHTaJIBIIIT 1 TUTOMOTO 00’ €My B TOYATKOBOMY 1 KIHIIEBOMY CTaHaX, CTYMiHb CyXOCTI B
KIHIIEB1# TOUIIl 1 poOOTY Mapu B MPOIIECi.

Piwennsa. 3a nonomororo hs-miarpaMu 3HaX0JUMO TOYKY, IO XapaKTEPU3YE
MOYaTKOBHM cTaH mapu, — Touka S5 (Jlomarok 2). IIpoektyroun ii Ha BiCh OpAMHAT,
3HAaXOAMMO 3HaueHHs eHTanbii Ns=3375 kJK/Kr.

3HaYeHHS TUTOMOTO 00’€My 3HAXOJMMO 3a JOMOMOIOIO JIHIH MOCTIMHOTO
06’eMy V5=0,65 M/KT.

AniabatHuii mporiec Ha hs-miarpami 300paxyeTbcss BEPTUKAIBHOIO JTHIETO.
Tomy KiHIIEBY TOUKY MpoIlecy 6 3HAXOAMMO Ha IMEePEeTUHAHHI BEPTUKAIBHOI JiHI1, IKY
IpOBEJEHO 13 TOUKH S, 3 1300aporo P=0,1 Oap. IlpoekTyrounm TOuKky 6 Ha Bich
OpAMHAT, 3HAXOMMO 3HAYCHHS CHTAJIBIII B KiHIEeBil Touri he=2520 kJX/KT.

CtynmiHb CyxoCTi y KIHIIEBOMY CTaHI 3HAaXOJWMO 3a JOTIOMOTOIO JIiHIM
MOCTIHOTO cTymeHs cyxocti x6=0,97.

3Ha4YeHHs KIHIIEBOI'O MHUTOMOTO 00’€MYy 3HAXOJIMMO 3a JOMOMOTO JIiHIN
MOCTIIHOTO 00’ €My V6=15 M3/KT 1 CTyIEHS CyXOCTI1

Vk= Ve x6=150,97=14,55 m3/kr.

BHyTpilIHIO €Hepriio po3paxoByeEMO aHATITHYHO:
u»=3375000-500000-0,65=3050000 [I>x/xr.

Ux=2525000-10000-14,55=2379000 [1x/xr.
Po6ota napu y agiabatHOMY Ipolieci JOPIBHIOE 3MiHI BHYTPIITHBOT €HEprii 3
000poTHUM 3HaKOM. ToMy po3paxoByeMO 1i 3a (GOpMYJIIOIO

I; _ I/'
L=ml =-mAu=-—Iu,—u,)=—Iu, —u,):
1.1'1 1Iﬂ'
L= f?fﬁ - (3050000—2379000)= 2076923 Tk
65

Ipukaan 2.4. [leperpita napa 3 Trickom P»=100 6ap 1 Temneparyporo 600°C
npocentoeTbes 10 P«=5 Oap. BusHaumTH, SK 3MIHATHCS EHTAIbINIS, EHTPOIIA 1
MUTOMUI 00’ €M Mapu B IbOMY IPOIIECI.

Piwennn. Ilpomec  napocenmtoBaHHS  300paxyeTrbcs Ha  hs-miarpami
TOPU30HTANBHOIO JIiHIE€. [[71 BU3HAUEGHHS KIHIIEBOI TOUYKH IPOIECY IMPOBOIUMO
TrOpU30HTANB 3 TOUKHU / J0 NMEepeTUHaHHs 3 1300aporo P=5 6ap (JoxaTtox 2).

3MiHa eHTaNbMI1 NPy JPOCETIOBAHHI TOPIBHIOE HYIIIO.

EHTpomnito mouaTkoBOTO 1 KIHIIEBOTO CTAaHIB BU3HAYAEMO, IPOCKTYIOUU TOUYKHU /
1 8 Ha Bick adciuc $»=6,90 xJIx/KkrK, sx=8,28 xJ[x/krK.

AS=8,28 — 6,9=1,38 xJIx/krK.
3Ha4YeHHS MUTOMOTO 00’ €My 3HaXOUMO 3a IOMOMOTOO JIHIM MOCTIHHOTO 00’ eMy
vi=0,038 M%/xr, Vi=0,8 M*/kr.

Av=0,8 — 0,038=0,762 m’/xr.
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Ipukaanx 2.5. Ha onepxaHHs napu 3 THCKOM P=75 at BUTpad€HO TEIUIO- Ty
KUIbKicTIO 480 Kkan/kr. BuzHauuTu ctaH mapu 1 ii rycTUHY, SIKILIO Mapa OTpUMaHa 3

BOoJM 3 Temneparyporo 150°C.

Piwennsa. Entanpmis kumuisiaoi Boau npu temmepatypi 150 oC (tabn. 1.1
nonatka [1) ckinanae h’=632,2 kJx/Kr.
EnTanemis napu

h=h’+¢=632,2+480-4,186=2641,5 xJ{x/kr.

Bonsna mapa mpu trcky 75 ar (7,5 MIla) mMae HacTymHi XapakTEpUCTHKU

(momatok 2):
h’=1231x]x/xr; h*’=2758,6 xJIx/xr; r=1492 xJIx/xT; p’’=38,6 Kr/M°.
[MopiBHIOIOYH €HTAIBIII0 OTpUMaHOi apu h 3 eHTanbmiero cyxoi napu h”’,

BCTaHOBJIIOEMO, 1110 1I€ BOJIOTa Hapa.
CrymiHb CyXOCTI Mapy BU3HAYAEMO 32 PIBHSHHAM

h,— 2641,5-1231

X= =094
r 1492
['yctnna otprmanoi napu
"3 _
o =P 2380 106 i
T ox 0,94

- 3

Mpukaang 2.6. Y nocyauni 06’emom 0,75 M~ 3HaX0IUThCS CyXa HaCMYeHa mapa

nig tuckom 1 Mlla. Ilapa migirpiBaerbcs mpu HE3MIHHOMY OO0’€Mi, 1 HAIpPUKIHII
HarpiBaHHs ii THCK miaBUIyeThes A0 1,4 MIla. BusHauutu KijbKiCTh BUTPAUYEHOTO

Ha HarpiBaHHs TeIIa.
Piwenna. Cyxa nacuuena napa npu P=1 Mlla mae nutomuii 06’em v''=0,1945

M/kr i entansmito h''=2777,8 xJx/kr (1oxaTok 2). OKe, ii BHYTPIlIHS eHeprist
u"=h"-Py"=2777,8- 10° —10° - 0,1945=2583,3 k]I /KT .

Hanpukinii HarpiBanHs napa 0yJie neperpiTor, NpuuoMy ii eHTanbIis Oyne
nopisaioBaTH 3190 x/Ix/kr (BU3HaUeHa 3a JOIMOMOroo hs-miarpamu (o- gatok I)
JUUISL TOYKH TIepeTrHaHHs 130xopu V=0,19 Ms/kr 3 1300aporo P=14 6ap).

BryTpinHs eHepris neperpitoi napu

u=h—Py=3190-10° —1,4-10° -0,1945=2906,3 x]Jlx /¥
Maca napu B mocyauHi

4 = 0’11 = 3,35 KT

v 0,1945

Buznauaemo TemioTy, siky 0yJio BUTpaue€HO Ha HarpiBaHHs

O=m(u—-u'")=3,85-(2906,3—2583,3)=1244 x]Ix .

Jnst 3akpiiieHHsT Marteplainy 3aHATTs PEKOMEHIYETbCS CaMOCTIHHO PO3-
paxyBatu 3agaui Ne 2.1-2.8.
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3aBIaHHs 1151 CAMOCTIHHOIO PO3B’SI3aHHS.

Tema Ne 2.

3agaua 2.1. Ileperpitra BoxasHa mapa 3 mnovarkoBuM Ttuckom Pi1=0,1 MIlla i
no4aTtkoBoro TemrepaTryporo t1=230°C cTHCKa€eThCS 130TEPMIYHO A0 CTYIEHS CYXOCTi
x2=0,85. BuzHaunTu napameTpu napu B No4aTKOBOMY 1 KIHIIEBOMY CTaHaX, KUIbKICTh
BIIBEJICHOT TEIUIOTH BiJI Tapu, 3MIHY BHYTPIIIHBOI €HEprii 1 po-00Ty CTHCKY.
300pa3utu TerioBui mporec Ha hs-aiarpami.

Bionogios: P>=0,28 MIla; v1=0,23 m3/kr; v2=0,06 m3/kr; h1=2900 x]x/kr; h2=2530
kJx/kr; 0=370 x/x/kr; AU=-364 kJIx/kr; 1=594 kJK/KT.

3agaua 2.2. JIo skoro TucKy Mae OyTHu 3po0JieHe APOCETIOBAHHS MEePErpiToi BOASHOI
napu 3 modatkoBuMm THCKOM P1=10 Mlla i mouarkoBoro Temmeparypor t1=400°C,
mo6 nuroMuit o0’eMm mapu 30UIbmKBCA Yy 1,5 pasu. BusHauutu 3MeHIIEHHS
TEeMIIepaTypy MpHU APOCEITIOBaHHI, 3MIHY MUTOMOi eHTpomii 1 kr mapu. 300pa3utu
TEIJIOBUH mporiec Ha hs-nmiarpami.

Bionogios: P>=7 MIla; At=25 °C; As=0,15 x][x/xrK.

3apaua 2.3. Tuck napu nopiBHioe 4 at, mutomuii 06’em 0,421 ma/kr. Skum Oyne
MUTOMUI 00’ €M IIPU TOMY 3K TUCKY, SKIIO Mapa Oy/e cyxoro HacuueHow? SIkum Oyne
TUCK Mapy MPH TOMY K€ IMUTOMOMY 00’ €M1, IKIIO Mapa OyJie CyX0r HAaCUYCHOI?
Bionoegios: v=0,4708 m3/kr; P=0,45 MIla.

3amauva 2.4. 3amano napameTrpu BoasiHOI mapu P=6 at, S=6 k/[x/krK. Buznauutu
CTaH IapHu 1 3a I0MOMOTror0 hs-aiarpamMu 3HalTH 1i TapaMeTpH.

Bionoegios: v=0,3 m3/kr; t=155 °C; h=2425 xJI:x/xr.

3amauva 2.5. Jlns BoasiHOI mapu 3 napamerpamu P=10 at i t=220 °C BHU-3HAYUTH 3a
JOMOMOror hs-giarpamMu  €HTanbIilo, €HTPOII0, MUTOMHUN 00°eM, TeMmmepaTrypy
HAaCHUYEHHS 1 CTYIHb EPETPIBY.

Bionoeion: v=0,22 ms/kr; h=2980 xJIxx/kr; =7 x{x/xrK; t«==180 °C; At=40 °C.
3agaua 2.6. 1 Kr BOJSHOI Mapu HArpiBa€TbCsl MPU MOCTIHHOMY THUCKY. [lodyaTkoBi
napametpu mapu P=10 at, x=0,95. Kinnesa temneparypa napu t=250 °C. Buznauutu
hi, uz, v, t1, h2,v2, g, Au.

Bionogiov: h1=2680 xJx/kr; U1=2490 xJ[x/kr; vi=0,19 m3s/kr; t1=180 °C; h2=2945
kJx/kr; v2=0,23 Ma/kT; =265 xJK/Kr; AU=225 KJK/KT.

3agaua 2.7. BuszHauuTu Temio, MmO i€ Ha MEperpiB mapu B MapomneperpiBayveBi
KOTJIa, IKIIO JI0 HAJIXOJKEHHS B HHOTO mapa Mae tuck 60 0ap 1 Bojso-ricth 0,5%, a
kiHieBa temneparypa napu S00°C. 3HaiiTi Takox poOOTy napu

3amaua 2.8. IIpouec BinOyBaeThes npu He3MiHHIN 20%-1 BOJIOTOCTI Mapu Bij
NOYaTKOBOro TUCKY 1 O6ap 10 kiHueBoro 20 6ap. 3HalTH 32 BEIMYMHOIO 1 3HAKOM
TEIJIOTY, 3MIHY BHYTPIIIHbOI €HEPrii 1 poOOTy Mpouecy.

Bionoeion: q=-250,1 xJIx/xr; AU=173,5 kJIx/kr; 1=-424000 xJIx/Kr.
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Tema Ne 3. Pospaxynku Tenioo0MiHHUX anapariB. Po3paxyHku nUKJIiB
I'TY ta /IB3.

Ipuxknax 3.1. BuzHauutu mBUIAKICTH BUTIKaHHS a30Ty, skimo Pi1 = 70 ar,
P>=45 at, 11=50°C.
Piwenna. 31axoquMo BIIHOIIIEHHS KIHIIEBOT'O 1 IOYaTKOBOI'O THCKIB:

P, 45
B==:
1

=22 20,64,
[TopiBHIOEMO #i0TO 3 Bip, siKE AopiBHIOE 0,528, Tak SK a30T € ABOATOMHHUM
razoM. Tax sk f>fxp, TO MBUAKICTh BU3HAYAEMO 32 PIBHIHHSIM

I

k-1
\ K

L]

(= ||2LP11'1 1—[£
\‘l k_j -‘Pj' }

[Tutomuit 00’em Bu3HauaeMo 3 piBHAHHA Knaneiipona

1323
1-1:“1: 296,8-32 _— 0,014\ /KT .

Py 70.0,981-10°
Po3paxoByeMoO HMIBUJIKICTb:
! o 0,286
| s (45
o= 1227 20.0.981.10° .0,014x 1—] u |

\l 70

=280 Mm/c.

3

Ipukaan 3.2. [leperpita Bogsna napa npu P1=100 at 1 t1=500°C BuTikae 10
cepenoBuia 3 P>=2 ar. Burpara napu G=3 kr/c. BusHauutu mBUIKICTh BU- TIKAHHS
1 TUIOITY Tepepizy HACAIKH.

Piwienna. BuzHauaeMo, sike coOmiIo Tpeba B3ATH I JAHOTO BHUMIAAKY
BUTIKaHHs. Tak sk

P, 2 _
ﬁ:—":—‘i.ﬁﬁ}} :0,54ﬂ
Py 100
TO JUI1 TIOBHOTO BHKOPUCTAHHS TOTEHIIHHOI eHeprii mapu Tpeda B3STH COILIO

JlaBajs.
3a gomomoror hs-miarpamMu O BHTIKAHHS 3a afiadaTor0 BH3HAYAEMO

SHTAJNIBIII] Mapy y MOYATKOBOMY 1 KIHIIEBOMY CTaHaX:
Ny =3375KIK/KT; Iy = 2500K K/ KT.
3HaX0IUMO MIBUIKICTh BUTIKAHHA

w=44,76:/3375-2500=1324 m/c.

JIy1st BUX1THOTO TIepepi3y 3HAXO0IUMO:
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Vo=v"2x,=08-0905=0,724 MEIKI‘.
[11011a BUX1HOTO Miepepi3y BU3HAYAEMO 32 PIBHSIHHIM

Gv 3-0,724
f=22= = 0,00164 m”.
(0] 1324
3anmana Butpara napu G — MakcumanbHa. Benmuuna fyin BU3HaYa€THCS 32

PIBHSHHSIM

GVKp:fMinKp ,
710 SIKOTO T1CTaBJICHO 3HAYEHHS KPUTHUUHOTO Mepepizy, abo 3a piBHIHHAM

G
S iin = | -
| y P
|2 k | 2 k-1 ﬂ
\“k+1\k+1) v,
y skoMy f=fuin, a G=Gumax.
Po3paxoByeMo fuin:
3
Sstin = | 2 =0,00027 M
| ) - :
, 133 (2 1331 100-0,981-10°
\"1.33+1.1,33+1) 0,33

Mpuxkaax 3.3. IloBiTps 3 pe3epByapy 3 mnocTiiHuM TuUckoM 100 OGap 1
TemiiepaTyporo 150C BuTikae 10 armocdepu uepes TpyOKy 3 BHYTPIIIHIM J1aMETPOM
10 mm. Bu3HauMTH WIBUAKICTH BUTIKAHHS MOBITPS 1 MOro CEKyHAHY BHUTpATY.
3oBHIMHIA THCK aopiBHIOE 1 ©Oap. Ilpouec po3mmMpeHHs MOBITPS BBaXKATU
aala0aTHUM.

Piwenns. BuznauaeMo BeIMUUHY f 1 OPIBHIOEMO 11 3 KPUTUYHUM 3HAUEHHSIM
JUTSI TIOBITPSL:

1

P,
22 ~0,528.
4 P, 100 < Pip

[IBuAKICTH BUTIKAHHS Oy/1e KPUTUIHOIO 1 BUBHAYAETHCS 32 PIBHSIHHAM

Oxp \/ZLRTI 22— 14 -287-288=310 m/c.
k+1 1,4

BuzHauuB 1ionly nepeTuHy corvia 1 MOYaTKOBUM MUTOMHI 00’€M MOBITPs
PO3paxOBYEMO CEKYHIHY BUTpATY:
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_md®  3,14-0,01°

F=— = 0,0000785 M* ;
. _RT; 287 '28';?:0,0032? Y.
Py 100 10°

|I 2
/ T 5
| ' _ ) -

Gax =0,00007854/2 L4 | : ]1’4 ! 'M=LSF KT/C.

' \"14+1 1451, 0.00827

J11st 3aKpiIrIeHHST MaTepiany 3aHITTS PeKOMCHIYETHCS CAMOCTIHHO BUPIIIATH
3amaul Ne 3.1-3.3.

3aBaHHs AJ151 CAMOCTIHHOIO PO3B’SI3aHHS.

Tema Ne 3.

3amaya 3.1. BusHauWTH KUIBKICTh IIJIBEJACHOTO 1 BIJBEIEHOr0 TEMIa, POOOTYy
CTUCHEHHS, poOOTYy pO3IHpeHHs, KopucHy pobory 1 KKJI mukny mnonepeaHboi
3anaui. [TopiBaaru KK/ nanoro nukiny 3 KK/ mukny KapHo, o npoTikae B TiM ke
IHTepBal TeMreparyp. Bu3HauMTH TakoXX MOTYKHICTb, SKIINO BU-TpaTH MOBITps 10
Kr/rof. [IpuitHATH, 1II0 TETIOEMHICTD € TTOCTIHHOIO.

Bionogiov: q1=1230 xJIx/kr; (2=570 x/[x/kr; podorta ctucHeHas 1=301 xJ[k/kr;
pobota posmupenns =962 xJx/kr; 1,=282000 x/{x/xr; N=110 xBt; t=0,538; mis
nukiny Kapao nt=0,856; A=37%.

3apava 3.2. BusHauuTu nmapaMeTpu TOYOK, KUTBKICTh IIJBEICHOrO 1 BIJI-BEACHOTO
tera, KKJI, poboTy mMKiIy 1 MOTYXHICTh HpU BUTPATI MOBITPSA 5 KI/C TEPMIYHOIO
nukiy I'TY 3 migBeneHHsSM TEIIOTH NpH MOCTIMHOMY THCKY, sikimo P1=0,93 Oap,
t1=27°C, valv2=1,5, P2/P1=4, poboue Tijo — cyxe moBitps, TemmoemHocti Cp i Cv
NPUIHATH TOCTIHHUMH.

Bionoegios: v1=0,923 wma/kr; P1=0,93 6ap; T1=300 K; v2=0,342 wma3/kr; P2=3,73 6ap;
T>=444 K; v3=0,513 wma/kr; P3=3,73 Oap; T3=666 K; v4=1,385 wma/kr; P+=0,95 Gap;
T+=450 K; q1=223 xJIx/kr; 92=151 xJx/xr; 1=72 x]x/xr; N=360 kBT.

3apaua 3.3. g mukny ['TY 3 migBeneHHSM TEIUIOTH TPH TMOCTIMHHOMY 00’ €Mi
BU3HAYHUTH NTApaMETPU TOYOK, KUIbKICTh miaBeaeHoro Teruia, KK 1 moTyxHicTh npu
BuTpati nositps 3 kr/c, skmo P1=0,98 6ap, 1= 20,C, P1=0,98 0Gap, ti= 20°C,
P>/P1=3, pobGoue Tijio — cyxe MmoBiTps, TemtoeMHoCTI Cp1 Cv IPUUHATH MOCTIHHUMH,
rnokasuuk amiadbaru k=1,4.

Bionogios: P1=098 06ap; Th=293 K; vi=0,857 wma/kr; P2=2,94 06ap;, T=401 K;
v2=0,392 ms/kr; P3=2,94 Gap; T3=682 K; v3=0,392 ms/kr; Ps=0,98 Oap; T4=426 K;
v4=1,2 ma/kr; 1=201 xJ[x/xr; 11t=0,333; N=200 kBT.
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3araJibHi BUMOTH 10 BUKOHAHHS PO3PaXyHKOBHUX 3aB/IaHb.

3. IHAUBIAY AJIBHI PO3PAXYHKOBI 3AB/IAHHSA

KoxeH cTymeHT Mae BUKOHATH I1HIWBIAYajdbHI PO3PAaxXyHKOBI pOOOTH 3TigHO 3
BaplaHTOM, SIKUM HaJaeThcs BHKIanadeM. OLIHKa 32 KOXXHY poOOTYy CKJIaJa€eThes 3 TPhOX

YaCTHH:
1.
2.
3.

4.

MICTUTH TaKl J{aHi:

O1iHKa 32 SKICTh PO3paxyHKIB Ta 0(hOpMIICHHS POOOTH.

O1iHKa 32 CTPOK BUKOHAHHS POOOTH.

OuiHka 3a 3axuUCT poOOTH, SIKUM BKIIOYAE TMIEPEBIPKY pPIBHS 3aCBOEHHS
TEOPETUYHOI0 MaTepially 3a TEMOIO.
3axuCT pO3PaxXyHKOBUX POOIT 3IMCHIOETBCSA MiJ Yac NPAKTUYHUX 3aHATH 32
JIOIIOMOT' OO TECTIB.
InnuBinyansHi pobOTH MaroTh OyTH O(OpMIIEHI HAa OKPEMHMX apKyllax Hamnepy i

[1pi3BuiLe Ta rpyna cTyeHTa.
Howmep BapianTa, sikuil 3a/1a€ThCS BUKIIAJAUEM.
OO6rpyHTyBaHHS BUOOPY (hOpMYI 17151 pO3paXyHKIB.

OnuHUII BUMIPIOBAHHS YCIX BEJTUYHH.
Ctpok nogaHHs poOOTH, BCTAHOBJIEHUN BUKJIA1ayeM.

Jlist nonoMoru y BUKOHaHHI 1HAMBIAYaIbHUX pOOIT B MOCIOHUKY HaBEJAEH1 IPUKIAIN
po3B's3aHHA 3a1a4. Lle qonomarae cTyneHTaM Kpaiie 3aCBOITH MaTepiall Kypcy.

BBakaroun TEmI0eMHICTh T'a3iB JIHIHHO 3aJIEKHOIO BiJ TEMIIEPATypH, BUSHAUNUTH:
- mapaMeTpH ra3y B OYaTKOBOMY Ta KiHneBomy crasi (P, V, T),

3aBaannsa Ne 1 TepmoanHaMivHi mpouecu igeajJbHUX rasis.

- 3MiHYy BHYTPIIIIHBOI eHeprii Ta enTpomii (AU, AS),
- poboTy po3mmpeHHs L,

- TEIUIOTY, fKa Oepe y4JacTh y mporeci, Q.

[Tobynysatu mpouiec Ha PV- ta TS-giarpamax.
[TpumiTka. [Ipu BUKoHaHHI 3aBJaHHS TOTPIOHO BUKOPUCTOBYBATH JaHi AOJATKIB 1

Ta 2.
Buxiani nani HaBeneHo B ta0mum 31.
Tabnuys 3.1. — Buxioni oani ons 3a80amms 1.
ITepma P Hpyra
unlq)pa la3 Mﬁa m, KT un@pa [Tpomec t;, °C ty, °C
BapiaHTy BapiaHTa
0 0O, 1 2 0 [30x0pHUI 2400 400
1 N, 4 5 1 [300apHwMii 2200 300
2 H,O 2 10 2 Amiabaramii | 2000 300
3 N, 3 4 3 [30x0pHUI 1800 500
4 CO 5 6 4 [306apHMit 1600 400
5 CO, 6 8 5 AniaGarauii | 1700 100
6 N, 8 3 6 [30x0pHUI 1900 200
7 H,O 10 12 7 Apiabarauit | 2100 500
8 0O, 12 7 8 [300apHwMit 2300 300
9 CO 7 9 9 [30x0pHMH 1500 100
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3aBnanns Ne 2. hs-/liarpama Boasinoi napu. J[pocenroBaHHsl.

Boasna mapa mae mouatkoBi mapamerpu P1 = 5 MIla ta x1 = 0,9. Bona

HArpiBa€eThCs MPU MOCTIHHOMY THCKY 10 TeMIEpaTrypH t2, a mOTIM JpPOCENIOEThCS 10

tucky Pa3. IIpu Tucky P3napa nonanae 1o cora JlaBais, e po3MIUPIOETHCS 10 TUCKY

Ps= 5 klIla.

Kopucrtyrouuncs hs-giarpamoro, BA3HAYUTH:

- KUTBKICTh TEIUIOTH, SIKY HEOOXITHO MiJBECTH N0 TapH JJII HarpiBaHHA il 70

TeMneparypu t2;

- 3MIHY BHYTPIIIHBOI €HEPrii Ha KO)KHOMY €Tarli;

- KIHIIEBY TeMIiepaTypy {3 B mporeci JpocetoBaHHS;

- KIHIICBI ITapaMeTPpHU Ta MBHUAKICTh HA BUXO/I1 13 COILIA;

- BUTPATy NapHu MpH po3upeHHi Bia P3 1o Pa.

Yci npouiecu modyayBaT Ha hs-miarpami.

BuxiaHi qadi HaBegeHo B Ta0aui 3.2.

Tabnuys 3.2. — Buxioni oani

[lepma [1moma

un.q)pa l\/liﬂa Hepep.i3y coruia HPB};FPEE;II/IT(EN :52(’:
BapiaHTa fmin, cM

0 1,4 10 0 300

1 1,3 20 1 330

2 1,2 30 2 370

3 1,1 40 3 400

4 1,0 50 4 420

5 0,9 60 5 460

6 0,8 70 6 500

7 0,7 80 7 570

8 0,6 90 8 550

9 0,5 100 9 600
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Taomung A.1 — @13uyHI BIIaCTUBOCTI AESIKUX ra3iB

Jlonmatok 1.

BimnocHa l'azoBa | I'ycTuHa
l'as XimiuHa popMyIta | MOJIEKYJIsSIpHA Maca, | MOCTiiHa, | Ta3y,
KI'/KMOJIb JIx/(xr-K) | kr/m3

Hirporen N2 28 296,8 1,250
Amiak N Hs 17 488,2 0,771
AnmTnneH CoH, 26 320 1,171
benson CeHs 78,1 106 -
byran CsHz1o 58,1 143 2,673
Boneunn H, 2 41243 0,090
Bojsna mapa H,O 18 461,6 0,804
JIBOOKHC a30Ty NO, 46 181 -
JIBookuc Byraemo | CO, 44 189 1,977
JIBOOKHC CipKH SO, 64,1 130 2,93
Etaun C,Hs 30,1 277 1,36
Etnnen C,Ha4 28,1 297 1,26
Kucensn O, 32 259,8 1,429
MeTtan CHa4 16 519 0,72
OK#HC BYTJICIIO CO 28 296,8 1,250
[ToBiTps - 28,96 287 1,293
[Tponan CsHs 44,1 189 2,02
ITponuiieH CsHs 42,1 198 1,91
CipKOBOJICHb H,S 34,1 244 1,54
XJ10p Cl, 70,9 117 3,22
Apron Ar 40 208,2 4
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HomaToxk 2.

hs-Iliarpama BoJIsTHOT mapw.
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Homartok 3.
Ta6mus 1.1 - Cyxa Hacu4deHa napa i Boja Ha KpUBUIM HacH4YeHHs (Y 3aJIeKHOCTI BiJg

TeMIepaTypu)
o s » h’, h”, r, s’ s”,
6°C P, Mila ViM3/kr | v M3/ | p ki3 kJx/kr kJx/kr kx/kr | kx/krK | xJlx/xkrK

0 0,0006108 | 0,0010002 | 206,3 0,004847 | O 2500,8 2500,8 0 9,1644
10 0,0012271 | 0,0010004 | 106,42 0,009398 | 42,04 2519,2 24773 0,1511 8,8995
20 0,002337 | 0,0010018 | 57,84 0,01729 | 83,9 2537,2 24534 0,2964 8,6663
30 0,004241 | 0,0010044 | 32,93 0,03036 | 125,69 2555,6 2430 0,4367 8,4523
40 0,007375 | 0,0010079 | 19,55 0,05115 | 167,51 2573,6 2406,1 0,5723 8,256

50 0,012335 | 0,0010121 | 12,05 0,08302 | 209,3 2591,6 2382,3 0,7038 8,0751
60 0,01992 0,0010171 | 7,678 0.1302 251,12 2609,2 2358 0,8311 7,9084
70 0,03116 0,0010228 | 5,045 0,1982 292,99 2626,4 2333,3 0,955 7,7544
80 0,4736 0,001029 | 3,409 0,2933 334,94 2643,1 2308,2 1,0752 7,6116
90 0,07011 0,0010359 | 2,361 0,4235 376,98 2659,5 22825 1,1924 7,4785
100 0,10132 0,0010435 | 1,673 0,5977 4191 2675,8 2256,7 1,3071 7,3545
120 0,19854 0,0010603 | 0,8917 1,122 503,7 2706,3 2202,7 1,5278 7,1289
140 0,3614 0,0010798 | 0,5087 1,966 589,1 2734 21449 1,7392 6,9304
160 0,618 0,0011021 | 0,3068 3,259 675,3 2757,8 2082,5 1,9427 6,7508
180 1,0027 0,0011275 | 0,1939 5,157 763,3 27784 2015,1 2,1395 6,5858
200 1,555 0,0011565 | 0,1272 7,863 852,4 2793 1940,6 2,3308 6,4318
220 2,3202 0,0011900 | 0,08606 | 11,62 943,7 2801,4 1857,7 2,5179 6,2848
240 3,348 0,0012291 | 0,05967 | 16,76 1037,5 2803,1 1765,6 2,7022 6,1425
260 4,694 0,0012755 | 0,04215 | 23,72 1135 2796,4 1661,3 2,8851 6,0014
280 6,419 0,0013321 | 0,03013 | 33,19 1236,8 2779,6 15428 3,0685 5,8573
300 8,592 0,0014036 | 0,02164 | 46,21 1344.8 2749,1 1404,3 3,2548 5,7049
320 11,28 0,001499 | 0,01545 | 64,74 1462 2699,6 1237,6 3,4495 5,5354
330 12,864 0,001562 | 0,01297 | 77,09 1526,1 2665,7 1139,6 3,5521 5,4412
340 14,608 0,001639 | 0,01078 | 92,77 1594,8 2621,8 1027 3,6605 5,3361
350 16,537 0,001741 | 0,008805 | 113,6 1671,4 2564,6 893 3,7786 5,2117
360 18,674 0,001894 | 0,006943 | 144,1 1761,4 24811 719,7 3,9163 5,053

370 21,053 0,00222 0,00493 | 202,4 1892,4 2330,8 438,4 4,1135 4,7951
474 22,087 0,0028 0,00347 | 288 2031,9 2147 114,7 4,3258 4,5029
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Honatoxk 4.
Ta6mus J1.2 - Cyxa Hacu4deHa napa i Bojia Ha KpUBHM Hacu4ueHHs (Y 3aJIe)KHOCTI Bij

THUCKY)

o v, v, , h’, h”, r, s, s”,
P, Mlla |, "C M3/KT M3/Kr Krl/)M3 kx/kr | xx/xkr | xJbr/kr | kJx/krK | kx/krK
0,002 17,486 | 0,001 67,24 0,0149 | 734 2533,1 | 2459,7 | 0,2603 | 8,7227
0,004 29,95 0,001 34,93 0,0286 | 121,33 | 2553,7 |2432,3 | 0,4225 | 8,4737
0,006 36,17 0,001 23,77 0,0421 | 151,49 | 2567,1 | 24156 | 0,5209 | 8,3297
0,008 41,53 0,001 18,13 0,0552 | 173,89 | 2576,4 | 24025 | 0,5919 | 8,2273
0,010 45,82 0,001 14,7 0,0681 |191,84 |2583,9 |2392,1 |0,6496 | 8,1494
0,020 60,08 0,001 7,652 0,1307 | 251,48 | 2609,2 |2357,7 |0,8324 | 7,9075
0,03 69,12 0,001 5,232 0,1911 | 289,3 2624,6 | 23353 |0,9441 | 7,7673
0,04 75,87 0,001 3,999 0,2501 | 317,62 | 2636,3 |2318,7 |1,0261 | 7,671
0,05 81,33 0,001 3,243 0,3083 | 340,53 | 2645,2 |2304,7 |1,0912 | 7,5923
0,06 85,94 0,001 2,734 0,3658 | 359,9 2653,1 | 2293,2 | 1,1453 | 7,5313
0,08 93,5 0,001 2,089 0,4787 | 391,75 | 2665,3 | 22735 |1,2331 | 7,4342
0,10 99,62 0,001 1,696 0,5896 | 417,47 | 26749 |22575 |1,3026 | 7,3579
0,12 104,8 0,001 1,43 0,6992 | 439,34 | 2683 2243,6 | 1,361 7,2972
0,16 113,31 | 0,0011 | 1,092 0,916 475,41 | 2696,3 | 2220,8 | 1,455 7,2017
0,2 120,23 | 0,0011 | 0,886 1,129 504,74 | 2706,8 | 2202 1,5306 | 7,1279
0,3 133,54 | 0,0011 | 0,6055 | 1,652 561,7 27255 |2163,8 |1,6716 | 6,9922
0,4 143,62 | 0,0011 |0,4623 | 2,163 604,3 2738,7 | 21341 |1,7766 | 6,8969
0,5 151,84 | 0,0011 |0,3749 | 2,667 640,1 2748,9 | 2108,7 |1,8605 | 6,8221
0,6 158,84 | 0,0011 | 0,3156 | 3,169 670,6 2756,9 | 2086,3 | 1,9311 | 6,7609
1 179,88 | 0,0011 |0,1945 | 5,143 762,4 2777,8 | 20153 | 2,1383 | 6,5867
2 212,36 | 0,0012 | 0,0996 | 10,04 908,6 2799,2 |1890,7 |2,4471 |6,3411
3 233,83 |0,0012 | 0,0666 | 15,01 1009,4 | 2803,1 |1794,7 | 2,6455 | 6,1859
4 250,33 | 0,0013 | 0,0498 | 20,09 1087,5 | 2800,6 |1713,2 | 2,7965 | 6,0689
5 263,91 |0,0013 | 0,0394 | 25,39 1154,2 | 2793,9 | 1639,6 | 2,921 5,9739
6 275,56 | 0,0013 | 0,0324 | 30,84 12139 | 2784,4 | 1570,5 | 3,0276 | 5,8894
7 285,8 0,0014 | 0,0274 | 36,53 1267,6 | 2772,3 | 1504,7 | 3,1221 |5,8143
8 29498 |0,0014 |0,0235 |4252 1317,3 | 2758,6 |1441,2 | 3,2079 | 5,7448
9 303,31 | 0,0014 |0,0205 | 48,8 13639 | 2742,6 |1378,8 | 3,2866 | 5,6783
10 310,96 | 0,0015 | 0,018 55,47 14079 | 2724,8 |1316,9 | 3,3601 | 5,6147
11 318,04 | 0,0015 | 0,016 62,62 1450,2 | 2705,2 | 1255 3,4297 | 5,5528
12 324,64 | 0,0015 |0,0143 | 70,15 1491,1 | 2684,6 | 11935 | 3,4966 | 5,493
13 330,81 | 0,0016 |0,0128 | 78,22 1531,3 | 2662,3 | 1131,1 | 3,5606 | 5,4333
14 330,63 | 0,0016 |0,0115 | 87,04 1570,8 | 2637,9 | 1067 3,6233 | 5,3731
16 347,32 | 0,0017 |0,0093 | 107,3 1649,6 | 2581,7 | 932,1 3,7456 | 5,2478
18 356,96 | 0,0018 | 0,0075 | 133,2 1732,2 | 2510,6 | 778,4 3,8708 | 5,1054
20 365,71 | 0,002 0,0059 |170,5 1826,8 | 2410,3 | 583,4 40147 | 4,928
22 373,7 0,0027 | 0,0037 |272,5 2016 2168 152 4,303 4,591
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