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BCTYII

B yuboBiit niTepaTypi Bigjoma BenUKa KUIBKICTh MiIPYYHHKIB IO
kypcy «TexHiuHa TepMoauHaMiKay. Y 3B'S3Ky 3 IIUM BHHUKAIOTH IECBHI
TPYAHOLII TPW pPEKOMEHJAIil MJpyYHHWKIB, a TUM OilblIe  CKJIaTHOILI
CaMOCTIHHOI MArOTOBKU CTYJIEHTIB, OCKUIBKH B MiIPyYHUKAX HE OHAKOBO
MPONpaIbOBaHO 1 BHKIAJEHO aCMEKTH MEPETBOPEHHS TEMIOTH B POOOTY,
0COOJIMBO, IO CTOCYEThCS croeludiuHux ocobmuBocter mpodecii. Ile
MOSICHIOETHCSl 0araTOrPaHHICTIO WX IPOIECIB B 3aJ0BOJICHHI HACYITHUX
MUTaHb TEXHOJOTIH B TaJy3sfX NPOMHUCIOBOCTEH, SKi € CIOXKHBadYaMH
3aKOHOMIPHOCTEH TEPMOAMHAMIKH.

[Ipore, sk BigOMO, TEXHIYHA TEPMOAMHAMIKA € TEOPETHYHOIO
OCHOBOIO TEIJIOGHEPTeTHKH, TOMY BHOIpDKM 3 MiAPYYHUKIB, HaWOUIBII
HAOMIKeHI 10 cremiaidbHOCcTi  «TeroeHepreTnka» MpeacTaBIsIOThCS
JOIUTPHUMH, 3 TIOTJSIYy JOIMOMOTH CTYJEHTaM -TeIUIOGHEPreTHKaM B
OBOJIOJ[IHHI TEOPETHYHUMH OCHOBAaMH CBOET Tpodecii.

Meroro HamWCaHHS KOHCIEKTY JICKIIH € CcucTeMarm3ailisa i
[UJICCIPSIMOBAHICTh ~ CAMOCTIMHOI  pOOOTH  CTYACHTIB, ITOTJIHOJICHHS
TEOPETHUYHUX 3HAHb 10 JWCIUILTIHI, SKa € ONHIEI0 3 OCHOBOMOJOKHHUX B
MATOTOBI (haxiBIB 3 TEIIOCHEPTETUKH.

Marepiar, o  3aIpOIIOHOBAHO B  KOHCIIEKTI KypCy JEKIid 3
«TexHiuyHOI TepMOAMHAMIKIAY, BiAMOBiTae yuboBuM TutanaM MiHicTepcTBa
OCBITH 1 HAyKH YKpaiHH IO MiAroToBI (axiBIiB JAHOTO MPOhLIIO.

B xoncmekTi nekmiii 3 kypcy «TexHiuHa TepMOaWHAMiKa» YBECh
TEKCTOBHI MaTepiasl, piBHSHHS, (QOPMYNIH, BWCHOBKM 1 BH3HAYEHHS
MOBHICTIO B3ATI 3 MAPYYHUKIB MO Kypcy «TexHidHa TepMOAMHAMIKay,
MPEACTABICHUX Y CIUCKY BUKOPUCTAHOI JTITEPATYPH 1 HE € aBTOPCHKUMH.



TEXHIYHA TEPMOJMHAMIKA
JIEKIHS 1

1.1 OcHoOBHi MOHATTS i BU3HAYEHHA TEXHIYHOI TEPMOTHHAMIKH.
TexniuHa TepMoauHAMIKA SIK TEOPETHYHA OCHOBA TeII0CHEPTeTHKHA

Haiibinpm axtyanbHi 3aBIaHHs, SIKI BHPIIIYIOTh 3 BUKOPUCTaHHIM
TEPMOJIMHAMIKH: CTBOPEHHS JITAJIBHUX arapariB, y TOMY YHCIi KOCMIYHHX
OaraTopazoBoi Jil; MPOEKTYBaHHS TEIUIOBUX 1 ATOMHHX EIEKTPUYHHX
CTaHIi}f, MATHITOT1IPOIMHAMIYHUX TeHepaTopiB (YCTAaHOBOK JUIS TPSMOTO
MEPEeTBOPEHHSI TEIIOTH B  EICKTPUYHY CHEpril0), pO3PaxyHOK W
MPOEKTYBaHHS yCiX 0€3 BUHATKY TEIJIOBUX JBUTYHIB — MAPOBUX Ta Ta30BUX
TypOWH, pPEAKTHMBHUX 1 PAKETHUX JIBUTYHIB, JIBUTYHIB BHYTPIITHHOTO
3TOPSIHHS, KOMIIPECOPiB, CYNIMIbHUX, BUTIAPIOBATBHUX YCTAHOBOK, a TAKOXK
XOJIONWJIBHUX YCTaHOBOK ITOMIPHOTO XOJIONY, XOJOJMJIbHUX YCTaHOBOK
TITIMOOKOTO XOJIOAY, HANpPUKIIAN, Ui OJEPXKAHHS PIJKAX KHUCHIO, a30Ty,
BOJHIO, TEJIII0 Ta IHINIMX Ta3iB; MPOCKTYBaHHSI MAIIMH 1 poO3poOKa
TEXHOJIOTITYHUX TIPOIECIB B XapyoBi, XIMIYHIA 1 IHIOUX TaIIy3sx
MIPOMHUCIIOBOCTI. B TepepaxoBaHWX 3aBIAaHHSX TEPMOIUHAMIYHI IMPOIIECH
TParoTh BAXIIMBY, a iHOI 1 BU3HAYAILHY POJIb IIPH BUOOP1 KOHCTPYKITII.

1.2 TIpeameTt TexHiYHOI TepMoOIMHAMIKH i ii MeTOIH

Texniuna tepmoamunamika (TTJ/I) BuBUae 3aKoHHM TIEPETBOPEHHS
TeroBoi 1 MexaHiuHOi (poboTm) eHeprid, mo BigOyBalOThCI B
TEPMOJMHAMIYHUX CUCTEMAX 1 CYITPOBOKYIOTHCS TEIUIOBUMH e(heKTaMHu.

C110BO «TepMOarHAMIKa» MMOXOAUThH BiJ rperpkoro therme - teruro i
dynamis — cuna (cuia, sk 3aci0 y4rMHEHHS pOOOTH) i 11e MOYKE O3HAYATH —
«pyx TermmoTm». Haspa HaykM BWHHKIA B Tiepion ii 3acHyBaHHS — Ha
mouatky XIX cropivds.

IcTopuuHO TexHIYHA TEpMOIMHAMIKA CKJIAJIACh B MPOLIECI BUBUYEHHS
MOPIBHSIHO BY3bKOTO KOJia MHUTaHb, 3B'A3aHUX 3 POOOTOI0 TEMJIOBHX
IBUTYHIB, TOOTO OOJIAHAHHS, B SIKOMY 32 PaxyHOK TeEIJIOTH, LIO
BHJIUTSETHCS TIPY 3TOPSIHHI MMAJIMBA, 3/I00yBA€THCS MEXaHIYHA EHepTis.

TepMmonuHamMiuyHMI METOJ NTOCTIJDKEHHS 3aCHOBAHHMH Ha 3aKOHaX
(mouaTkax) TEPMOAWHAMIKH 1 ABJIsiE cOOOO X JIOriUHUM i MaTeMaTHYHHUN
po3BUTOK. B umcromy Buai med Meron € cTporo (peHOMeHOJOTiYHMM,
TOOTO BiH 0a3yeThCS Ha EMITIPUYHUX JAHHUX, YCTAHOBIIOE 3B'S30K TLIBKH



MDK MaKpOCKOMIYHMUMH XapaKTePUCTHKAMHU MPOLECIB 1 3aJHIIae OCTOPOHb
MOJIEKYIAPHO-KIHETUYHI YSABJICHHS MPO OyIOBY PEUOBHHH.

Tepmogunamika (T/I) npu BuB4eHHI (Qi3MYHMX SIBUI JOMYCKA€E HE
TUIbKU (DEHOMEHOJIOTIYHUN, aie 1 CTATHCTHYHHMH minxia. B apyromy
BUIQ/IKy PEYOBHHA PO3TIISAAETHCS SIK CYKYITHICTh TY’K€ BEIHKOI KUTBKOCT1
MIKpPOYaCTHHOK, IPO CTaH PEUOBHUHU CYIATH 3TITHO 3 XapaKTepoM iXHBOTO
pPyxy.

TepmonuHamika moOymoBaHa AeTYKTHBHO - YacTKH BHCHOBKIB
OTpUMaHi 13 3araJbHUX 3aKoHiB (moyartkiB). [lpuHmHMI 1OOYIOBH
TEPMOJIMHAMIKA TPOCTHH. B OCHOBY TepMoaMHaMiKuM TIOKJIaJieH1 JiBa
OCHOBHHX 3aKOHH (200, SK iHO/AI TOBOPSThH, MOYATKH), HIO YCTAHOBJICHI
JIOCHimHUM 1pIsixoM. [lepmmit 3aKOH TEPMOJMHAMIKH  XapaKTEPU3YE
KUTBKICHY CTOPOHY TIPOIIECIB TIEPETBOPEHHS €HEprii, a JApyruil 3akoH
BCTaHOBJIIOE SIKICHY CTOPOHY (CIIPSIMOBAHICTh) MPOIIECIB, SIKi BiI0yBalOTHCS
y pi3HuHHX cucTeMax.

B 3amexHocTi BiA 3ama4 JIOCHIJPKEHHS, PO3TJIAIOTH TEXHIYHY,
(dhi3nuHy, XIMIYHY TEPMOIMHAMIKY, TEPMOJMHAMIKY O10JIOTIYHHX CHCTEM i
T.A.

1.3 Tepmonunamiuna cucrema. PoGoue Tisio. 3o0BHilIHE cepenoBuine

TepmMoauHAMIYHOI0O  CHCTEMOIO HA3WBAlOTh  CYKYIHICTB
MaTepiaIbHUX TiI, a TaKOX IIOJIB, SKi 3HAXOMATHCSI B MEXaHIUHIN i
TETJIOBiH B3a€EMOIil, a TAKOK OOMIHIOIOTHCS OJTMH 3 OMHUM PEYOBHHOIO.

TepMmoauHaMIYHA CEICTEMa Ma€ TPaHMIi, SKi BiTOKPEMIIOIOTH ii Bix
HABKOIIMIHBOTO cepenoBuiia. Tina, mo He BXOMATh B TEPMOAWHAMIUHY
CHCTEMY, 3BYThCS HABKOJIMIIIHIM cepeIoBUIIEM.

TepMoguHaMiuHy CHCTEMY BiJJOKPEMIIIOIOTH Bifl HABKOIWIITHBOTO
CepelOBHIIA KOHTPOJIbHOK MOBEPXHEI0 200 000JI0HKOIO.

B camomy 3araipHOMYy BHIIAJKy CHCTEMa MOXKE€ OOMIHIOBATHCS i3
HaBKOJIMIIHIM CEPEJIOBUINEM PEYOBHHOIW  (MacooOMiHHI B3aeMomii) i
3MIACHIOBATH TEIJIOBI B3aEMOIii, SIKi MICTSITh Y 001 mepenavy TerIoTH MixK
OKpEeMHUMH TLIAMH CHCTEMH 1 MDK CHCTEeMOI 1 HaBKOJIHWIIHIM
cepenoBuiieM. Taka cucTeMa 3BeThCs BIIKPUTOIO.

Cucremn, y sKux OOMIH peuyoBHH He BigOyBaeTbCs, 3BYTHCS
3aKPUTHMHU CHCTEMAMU.

Cucrema, ska He MOXe OOMIHIOBATHCS TEIUIOTOK 3 IHIIUMHU
cucreMaMy (HAaBKOJHIIHIM CEPENOBUIIEM) 3BETHCS TeMJ0i30,Ib0BAHOK)
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abo agiabaTHOI0.

Cucrema, sika He OOMIHIOETHCS 3 30BHIIIHIM cepenoBuileM abo 3
IHIIUMH ~ CHCTEMaMH Hi €HEpri€lo, Hi PEYOBUHOIO, HA3UBAETHCS
i30/1b0BaHOI0 Y1 3AMKHYTOIO.

OOMiH eHeprieto y ¢GopMi TEIOTH ab0 poOOTH 3HIMCHIOETHCA MK
MaKpOCKOMIYHUMH TilaMH, sIKi IPUHHATO HA3MBAaTH POOOYMMH TiIaMH.
3BUYANHO, 1Ie MapH 1 ra3u.

1.4 TepmonuHaMiuHi mapaMeTpu CTaHy

BrnactuBocTi KOXKHOI TepMOJIUHAMIYHOI CHCTEMH XapaKTePU3YIOThCs
BEeIMYMHAMH,  SIKI ~ TPUHAHATO  HAa3WUBaTU TEpMOIHHAMIYHUMH
napaMeTpaMu ctany. Jlo HUX BIIHOCATHCSA: a0COIOTHA TeMmeparypa,
a0coJIOTHUI THCK, MUTOMU 00’€M, BHYTPIllIHA eHepris, IHTANbIUA i
enTpomis. [lepiri Tpu € OCHOBHUMH.

1.4.1 TepmiuHi napameTpu cTaHy

AdcosoTHa Temnepatypa (T) xapakrepu3ye TEIUIOBHI CTaH Tija,
a0o, sSIK 1HOI TOBOPSATH, CTYITIHL HATPIBY TiNa.

3 morJIsaIy MOJEKYIPHO-KIHETHYHOI Teopii Temreparypa € Miporo
IHTEHCHBHOCTI TEIUIOBOTO pPyXy MOJEKyJd, 1 UHCelnbHAa BEITWYHHA
OHO3HAYHO 3B'A3aHA 3 BEJIMUYMHOIO CEPEeTHBOI KIHETHYHOI €Heprii MOJIeKy
pedoBuHN. s igeampHOro razy 1sd (PyHKIIOHAIBHA 3aJEKHICTh
BHU3HAYAETHCA 3 PIBHSHHS

=—kT (1.1)

ae M- maca monekynu; T - abcomoTHa Temmeparypa, K; k -

" ) ) —2
nocriiHa bonmpmana, pieHa 1,38054-100 x / K; C° - cepemus
KBaJ[paTHYHA MBHUJIKICTb OCTYNAIBLHOTO PYXY MOJICKYJ,

2 2 2 .
CZ\/Cl +C, +...+C, C1, C2, Ch - LIBUIKOCTI OKPEMHX

MOJIEKYJI, 110 YTBOPIOIOTH I'a3.
3 (1.1) BuTikae, mo abCoIIOTHA TeMIlepaTypa 3aBXAW MO3UTHBHA, a
HYJIbOBE 3HaYCHH i1 BIANOBIZAAa€ CTaHy MOBHOI'O CIIOKOIO MOJIEKYIL.
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VY cucremi Cl omunuIelo BUMIipy TemrepaTyp € rpanyc KenbBina
(K).

B nanwii yac npuiimMarotecs i mxaau Ilenncis °C, ®apenreiita °F,
Peomiopa °R, Pankina °Ra.

Ab6comoTHHii THCK (P ) OOYMOBIEHHMI B3aEMOJIEI0 MOJIEKYIT
poboyoro Tijla 3 IOBEPXHEI, YMCEIBHO JOPIBHIOE CHIII, sIKa Ji€ Ha
OJIMHUIIIO TUIONII OBEPXHI Tija M0 HOPMAJISX A0 OCTAaHHBOTO.

Kinernyna Tteopisi ra3dy 3B'i3ye THCK Tina, SIKMHA 3HAXOIUTHCS B
piBHOBa3i, Hampuknaj razy abo pimuHH, Oe3mocepelHbO 13 CEepeTHBOIO
KIHETMYHOIO EHepriclo MC?/2 MHoCTymajbHOrO pyXy MOJeKya1 Tina i
CepelHIM YHCIOM iX N B OAMHHUII 00'€eMy, TOOTO PO3MIILmaE p, SK
CTATHCTHYHY BEIUYHHY

2 mc?
p=a—-nNn——:, (1.2)
3 2
1ie N - 9ECIIO MOJICKYJT B OAWHHUII 00'eMYy; - Koe(illiEHT CTUCKAJIBHOCTI.

Pospizusitors  aTtMocdepHuii Yn OapoMeTPUUYHHN THCK Py,
aOCOMIOTHUN THUCK p, MAHOMETPUYHHHN UM HAIJIMINKOBUH  Puss THCK,
PO3PIMKEHHS, 200 BAKYYM  Paax.

Crtig 3a3HaYMTH, 10 TapaMETPOM CTaHY € adcoaTHHH THCK. Came

BiH BXOJUTh y

Y ry TePMOIMHAMIUHI PIBHSIHHS
8 Pa :pu36'+panw; Pa =
R Damu — Poax
! pr=r (1.3)
e’ Sl / Ui Yy CHCTEMBI CI
< PO3MIpHICTH ~ aOCONFOTHOTO
o Q TI/ICK}\/’ ¢ Ila = H / M B
v JMAHUM dYac 3yCTpidaroThes 1
Df 4 HOSa.CI/ICTeMHi OJIMHULII
BUMIPIOBAHHS: aTM, MM PT.

Q_f CT., MM BO/. CT..
IIutommii  00’em  —
v il v P=0 (1)'i31/1qHa BEJIMYMHA, piBHA
/7777777777777 7777 BIHOIICHHIO 06’emy
Pucynoxk 1.1 PEYOBUHH 10 HOTO MacHu

V=V/m.
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(1.4)
Benunurna, 3B0pOTHSI 10 MTUTOMOMY 00’ €My, Ha3UBAETHCS TYCTHHOIO
pedoBHHH i sBIsE coboro Macy 1 M3 pobouoro Tina

(1.5)

1.4.2 Tepmiuni koedimienTn

Sx BiOMO, KOXKHUH 3 OCHOBHHX MapaMeTpiB CTaHy CUCTEMHU p, V, T
€ QyHKIIi€r0 THIUX il mapaMerpis:

p="f,(v;T); v="1,(p;T), T="f(p;v). @6

PiBusuus crany (1.6) B mudepenmianbHiil popMi MarOTh BUI:

0 00
dp:(a—pj dT +(()—pj dv:

oT ), ov )¢
00 000
dv=| 2 dp+(ﬂj dT
op ); oT ),
0 000
dT = or dp+(£j dv. (1.7)
op y ov o

B piBasaHs (1.7) BXOAWTH WICTh YACTOK IMOXiTHHUX, SIKi MOITAPHO
00OpOTHI OJTHA OJIHIM, HATIPUKIIA;

(a_p)°. o\
oT ), \op), ’
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00 00
O_p . Q =1; (1.8)
oT )y \op);
ﬂ 000 . O_T 000 _1
oT o ov b '

Koediuientn npu mudepenuianax dp, d7, dv B piBasHHIX (1.7)
HA3UBAIOTh TEPMOJAMHAMIYHUMH XapaKTepUCTUKAMu pobGodoro Tijaa. I3
mectn wactok moximaux (OP /0T), (Ov/OP )1, (0v/0T)s, (OT/OP ),

(OP /0v)r, (0/0v)p, TpHIAMAIOTH CAMOCTIlHHIT CEHC.

B sikocTI He3aIeKHUX BUOUPAIOTh YACTKOBI MOXIIHI:
op\ . (ov) . (ov
L =1 | =
or ), \op )" \oT ),
YacTkoBa moXimgHA (dv/ﬁp )T XapakTepu3ye IHTEHCHBHICTb 3MiHU

00’eMy TIpy 3MiHI THCKY B YMOBax IOCTIHHOI TeMIiepaTypd. BimHomreHHs
i€l BETWYMHU OO IOYATKOBOTO 00°’emy razy V,, y3aTe 3i 3BOPOTHIM
3HAKOM, HA3UBAETHCSA KOE(PIliEHTOM CTHCKY, TOOTO

1(ov
Wr=——| — | . (1.9
V, \9p J;

Tepmiuanii  koedirieHT (0v/0T)p XapakTepu3ye IHTEHCHUBHICTh
30LmbIIeHHS 00’ €My TIpH HArpiBaHHI MPH TOCTIHHOMY THCKY. BigHOIIEHHS
i€l BEIMYMHH IO TOYATKOBOrO0 00’eMy V,, y34T€ 31 3BOPOTHIM 3HAKOM,
Ha3WBalOTh Koe(pillieHTOM 00'€MHOr0 po3mIupeHHs, TO0TO

1(ov
o=——/——1 . (1.10)
V,\oT ),
Tepmiunmii  KoediuieHT (5p /0T)y XapakTepusye IHTEHCHUBHICTb

3MiHHU TUCKY IIPY i30XOpPHOMY HarpiBaHHi Tia. BinHomeHHs wi€l Benu4uHu
J0 TO4YaTKOBOTO THUCKY [,, Ha3WBalOTh KoedimiecHTOM THCKY a06o
KkoedinieHTOM TepMivHOI MPYKHOCTI, TOOTO
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B:i d_p . (1.11)
P, \ 0T/,
i xoedirienTH 3B's13aH1 MiXk COO0I0 B TaKHIi CIIOCIO:
O_p . O_T . Q =-1, (1.12)
oT), \ov), \op);
op ov ov
abo — | = = —, (1.13)
ot ), \op ). \oT),
Haui, 3 orasgy Ha Te, 10 a_p =B-p,; Q =U-Vy;
oT ), op );
oV
— | =a-V,.
oT ),
3HAXOIUMO
B Po(—p-Vo)=—a-v,, (1.14)
(04
ab0 0CcTaTOYHO p=——a6o oa=pB-pu-p,. (1.15)
K- Py

1.5 PiBHoBa:kHuii i HepiBHOBAXKHUI CTAHU TePMOIMHAMIYHOT
cucreMu. PiBHSIHHA cTaHy

Sxmo Bci TepMOIWHAMIYHI TapaMeTpu CTaHy NOCTiHHI B dYaci i
OJIHAKOBI y BCIX TOYKaX CHCTEMH, TO TaKMH CTAH CHUCTEMH Ha3WBAETHCS
PiBHOBa:KHUM. SIKIO MiX PI3HUMH TOYKaMH B CHUCTEMi iCHYIOTH Pi3HHII
TeMIIepaTyp, TUCKIB 1 T.I., TO BOHA € HEPIBHOBAKHOI0. Y Takii cucremi
] J€F0 TPajieHTiB TapaMeTpiB BUHUKAIOTh TIOTOKH TEIJIOTH, PEYOBHHH 1
T.IL., 10 MPAarHyTh NMOBEPHYTH i1 y cTaH piBHOBaru. JlocBin mokasye, 1o
130;IbOBaHa CHCTEMa 3 YacoM 3aBXIU NPUXOIUTh Yy CTaH PiBHOBaru i
HIKOJIM MUMOBIIBHO BUHTH 3 HBOI'O HE MOXKE.
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VY knacWyHid TEPMOAMHAMIII PO3ISAAIOTHCS TUIBKA PIBHOBaXKHI
CUCTEMH.

Hns PIBHOBaXHOT TePMOIUHAMIYHOT CUCTEMHU icHye
(yHKIIOHATBHUHE 3B'SI30K MK TapamMeTpaMHd CTaHy, SKU Ha3UBAEThCS
PiBHSIHHSIM CTaHY.

HocBin mokazye, uto o0’em V, Ttemmeparypa I © THCK P
HANMPOCTIIIMX CUCTEM, B SIKUX € Ta3W, Mapy 1 PiUHM, 3B'I3aHI TEPMIYHUM
PIBHSHHSAM CTaHy BHLY

f(p;v;T)=0. (1.16)

IcHyBaHHsT 11i€i  3aJ@KHOCTI MDK OCHOBHHMH MapaMeTpaMu
Oo0yMOBIIEHE THM, [0 BEIUYMHA KOXHOTO 3 HHX BHU3HAYAETHCS
MOJIOKEHHSAM 1 IIBUAKOCTAMH PYXy MOJIEKYJ, IO JUIS KOXKHOTO CTaHy
MAalOTh IIJTKOM BW3HAYeHi 3HA4YEHHS. PIBHSHHIO CTaHy MOXHA TMPHJIATH

HIITY hopMmy:
p=f,(v;iT); v="F,(p;T): T="f,(p;v).

Ili piBHAHHS IMOKa3ylOTh, IO 3 TPHOX OCHOBHUX ITapaMeTpPiB, SKi
BH3HAYAIOTh CTaH CHCTEMH, HE3aJeKHHUMU € JiBa  OyIb-sSKHUX.
TepmommHaMigyHU CTaH Ta3y MOXKHA BBa)KaTH BIJIOMHUM, SIKIIO 3aiaHi
3HAYeHHS JBOX HOro IMapaMmerpiB, TOMY IIO TPETiii mapamerp MOXXHA
OOYHCIHTH 3 PIBHSHHS CTaHY.

1.6 Tepmonunamiunuii npouec. PiBHOBa:kHMii i HepiBHOBaXKHMIA,
o0opoTHHIi i HeoGopoTHMII npouecu. Kpyrosi npouecu (uukam)

B pesynbTarti B3aemomii TepMOIMHAMIYHOI CHCTEMH 3 HABKOIHUIIIHIM
cepenoBuieM (TiBEEHHS /0 Tijla TEIJIOTH a00 poboTH), cTaH poOOUYOro
TiNa, OOYMOBIIEHHH MMapaMeTpaMu, 3MIHIOETbCSA. TakuM YHHOM, SIKIIIO XO4a
0 oaMH 3 TMapaMerpiB CTaHy TEPMOJMHAMIYHOI CHCTEMH 3MIHIOETHCS, TO
3MIHIOETBCS 1 CTaH CHCTEMH, TOOTO BiJIOYBA€ThCS TepMOIMHAMIMHMIA
npouec.

Orxe, Oynp-sika 3MiHA B TEPMOAWHAMIYHIM CHCTEeMi, 3B's3aHa 3i
3MiHOIO X04a O oxHOro 3 ii mapamerpiB, Ha3MBAETHCS TEPMOAUHAMIYHHM
NPoLeCcOM.

PiBHOBa;KHMM NpPoOLECOM HAa3MBAETHCA MPOLEC, SIKUH MPEICTaBISE
c00010 Oe3ynMHHY TOCIiIOBHICTh PIBHOBXKHUX CTaHIB. Y TakoMy Ipoleci
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¢i3u4HI TapamMeTpy 3MIHIOIOTHCS HECKIHUEHHO MOBUIBHO, TaK IO CHCTEMa
YBECH Yac 3HAXOJUTHCS B PIBHOBAYKHOMY CTaHI.

HepiBHOBa:KHHUM  TIpOLIECOM  HA3WBAETHCS  TEPMOIWHAMIYHHMA
MpoIleC, AKUW TPEACTaBIse COOOI TOCTIOBHICTh CTaHIB, Cepell SIKUX HE
BCi € piBHOBaXHUMH. Y HEPIBHOBKHOMY TIPOILIEC] Pi3HI YACTHHU CUCTEMH
MAaIOTh pi3Hi TeMIepaTypH, TUCKH, TYCTUHH, KOHIICHTPAIIii.

O0opoTHUM TMpPOLECOM HA3UBAETHCA IIPOLIEC, SAKUH  MOXKE
BiIOyBaTHCS B IPSIMOMY 1 3BOPOTHBOMY (ITPOTHIIEKHOMY) HAIIPSIMKax 1 mpu
TOMY TaK, III0 TP 3BOPOTHHOMY TpoIieci (TOOTO TPy 3BOPOTI 10 BUXITHOTO
CTaHy) CHCTeMa IpH 3MiHI 30BHINIHIX YMOB Y 3BOPOTHill MOCIiIOBHOCTI
MEPEeXOUTh BiJ KIHIICBOIO CTaHy J0 IOYaTKOBOI'O Yepe3 yci Ti K
PIBHOBQXKHI CTaHM, HIO 1 y BHUMAAKy MPSAMOro MpoIecy, ajle TUIbKH B
3BOPOTHHOMY TOPSAKY, O€3 MOSIBH B caMili CHCTeMi a00 B HABKOJIUIIIHbOMY
CEPEIOBUII SKMX-HEOY/Ib 3aJUIIIKOBUX KIHI[CBHX 3MiH.

Heo0opoTHuii TepMoguHAMiYHMII MpoLec — 1€ TIPOIIEC, TIPU AKOMY
B TIPSIMOMY 1 3BOPOTHBOMY HANpsIMKax CHUCTEMa HE IOBEPTAEThCS Y
BUXIIHUI CTaH.

st 6e3ynmMHHOr0 TEPETBOPEHHS TEIUIOTH B POOOTY PO3IMKHYTHI
Mporec HENPUIATHUH 1 TOBUHHUA OyTH 3aMiHEHHH 3aMKHYTHM
(kpyroBuM), Ha3BaHUM HHMKJIOM. /[ TOBTOPHOTO oOnmep>kaHHS POOOTH
HEOOXITHO TMOBEPHYTH poOOUYE TiO Yy BHUXIAHHN CTaH, TOOTO CTHUCHYTH
poboue Tijo.

Ha cruckanas pobGodoro Tima moBWHHA OyTH BHUTpadeHa poOoTa.
[Iporec cruckanHs poOodoro Tima MOTPIOHO 3MIMCHIOBATH MO IIIAXY,
BIIMIHHOMY BiJ HUIAXY IMPOILECy PO3MMPEHHS. B mpoTWBHOMY BHITamKy
cyMapHa po0OTa, OTpWMaHa B pe3yJabTaTi KPyroBOrO IIpolecy, Oyae
JOPIBHIOBATHCH HYIIO
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Tomy
IUIIX  TPOIeCy
CTHUCKaHHS
i BHOUPAETHCS
TaKuM, 1100
pobora
CTHUCKAaHHs 110
5 4 a6coangiﬁ
* 1 BenuumHI Oyna
MeHIIe po0oTH
pO3LIMPEHHS
(puc. 1.2).

PoGoue Tino posmmproerbes 1o kpuBiit (1-3-2). IIpu msoMy pobora
POBIIMPEHHS YHCETBHO HopiBHIOE 1. (1-3-2-4-5-1).

IIpommec moOBepHEHHS pOOOYOro Tia 3 KIHIIEBOTO CTaHy 2 Yy
TTOYATKOBHH CTaH 1 MoxKe 3iiCHIOBATHCS OJHUM 3 HACTYITHUX IUIAXIB:

1. ITo xpusiii cruckanus (2-3-1). Ilpu 1pomMy pobota
cruckanus (1. 2-3-1-5-4-2) Oyne nopiBHIOBATUCH POOOTI po3mmpenHs (1-
3-2-4-5-1). B pesynbrati cymapHa podora B TAKOMY KPYyroBOMY Tpolieci
JOPIBHIOE HYIIO.

2. ITo xpuBiii cruckamus (2-6-1), ska posramoBaHa Han
kpuBoto postuperns (1-3-2). Ipu pomy poboTa cruckanus (. 2-6-1-5-
4-2) Gunbie poOOTH PO3IIHPEHHS (mm.1-3-2-4-5-1). CymapHa
poboTa B TaKOMYy KpyTrOBOMY MpoIieci Oy/e HEraTHBHOIO.

3. ITo kpuBiii ctuckanHs (2-7-1), ska po3TamioBaHa HIKYE
KPHBOI PO3MIMPEHHS. Y IOMY KPYrOBOMY Tpolieci poOoTa pO3NIMPEHHS
(. 1-3-2-4-5-1) Oinbire poboTtu cruckanus (1. 2-7-1-5-4-2), a momia,
oOMeKeHa 3aMKHYTOKW KpuBOWO (1-3-2-7-1), sBisse co00K0 KOPHCHY
po6oTy LIUKIY.

Baratopa3oBo, MOBTOPIOIOYM TaKUil KPYrOBHWH TMpOIEC, MOXHA, 3a
PaxyHOK MiZIBEICHHS TEIUIOTH, OJIepKaTh OyIb-sIKYy KUIbKICTh pOOOTH.

Lukmy, B SIKMX TEIUIOTa MEPETBOPIOETHCS B MO3UTHBHY pOOOTY,

Pucynok 1.2
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HA3UBalOThCsA NMpsiMUMHU. Taki MKIKW B p, V - Jiarpami NpoOTIKarOTh MO
roauHHiil crpiani. [To npsMuXx nyKIax NpanroTh TEIUIOB] JBUTYHH.

Huknm, £Ki OpOTIKAIOTh MPOTH TOIWHHOI CTPUIKH, Ha3WBAIOTHCA
3BopoTHiMHU. B HuX poOoTa cTUCKaHHS Oinbie poOoTH po3mmpenHs. [1o
3BOPOTHIX HUKJIAX MPALIOKTh XOJIOAWIbHI MaIIUHU.

Hukimu MOoXyTh OyTH 00OPOTHHUMH i HEOOOPOTHUMHU.

OO0OpPOTHUM TEPMOAUHAMIYHUM IIUKJIOM HA3MBAETHCS IUKJ, YCi
MIPOIIECH B SIKOMY OOOPOTHI.

HeoGopoTHUM TepMOAMHAMIYHMM LHMKJIOM HA3WBAETHCS IIHMKI, B
SIKOMY X04a O OJTMH 31 CKJIaJIOBUX HOr0 MPOIIeCiB HEOOOPOTHHUH.



19

JIEKIIUA 2
2.1 Tenuora i po6ora sik ¢gopmu nepenadyi eneprii

Oynaamentanbaumu nouaTTssMu TT/] € Temnora i po6oTa.

Temnora i pobora mpeacTaBisifoTh ABi GopMu Tepenadi eHeprii iz
ofHoro Tija (abo cucremu) Jo iHmoro. OUHUIICIO BUMIPIOBAHHSI TEIIJIOTH
i podotn € JIxkoyaw, [k =H/m.

I[Ipouec podoTM — MaKpOCKOMIYHWHA, KOTPHH SBIISIE COOOIO
yrnopsiikoBaHy (opmy Tmepemadi eHeprii B pe3ynbTaTi MeXaHiqHOI
B3aemoii MakpoTit. OOOB'SI3KOBOI0 YMOBOIO MEXaHIYHOI POOOTH € 3MiHa
00’eMy po0OoUOro Tina.

[To cBOili cyTi MOHATTS TEIUIOTH OJU3bKO J0 MOHATTS POOOTH. Ajie
mporiec mnepenavi eHeprii y GopMi TENmIOTH BiJl OJHOTO Tijia JO iHIIOTrO
SBIISIE COOOI0 CYKYIHICTh MIKPOCKOIIYHUX TMporieciB (mepegada eHeprii
npu  3ITKHEHHI Moinekyn). Takum YMHOM, TeljIoTa — TIPOIlecC
MIKpO(DI3BUYHAMN, SKUH 3MIHCHIOE OOMIH CHEpri€cl0 MDK CHCTEMOI 1
HaBKOJIMIITHIM CEPEIOBUINEM Ha MOJCKYIIpHOMY piBHI. Termrora Moxe
mepemaBaTucs  abo  Oe3mocepemHIM — KOHTAKTOM — MDK  TUTaMH
(TerIONPOBIAHICTIO, KOHBEHIIIE€0), a00 Ha BiacTaHi (BUIIPOMIHIOBAHHSM),
MIPUYIOMY y BCIX BHITAIKax IEeH MPOIEC MOXIJIMBUH TUIBKU IMPU HASBHOCTI
pi3HUINI TemmepaTyp MK TimamMu. Miporo KUIBKOCTI TepenaHoi eHeprii
CITYXHTb TEIUIOTA.

Ane Ttermmmora 1 poboTa € HepiBHOmMIHHUMH (opMaMu mepemadi
eneprii. B Toit gac, sk pobora Moxke OyTu Oe3rmocepeHbO CIIPSIMOBaHa Ha
TIOTIOBHEHHSI 3armacy OyAb-iKOro BHAY eHeprii (MarHiTHOI, eleKTPHYHOI,
MOTEHIIHHOI 1 T.A.), TEIIOTa CHpPsSIMOBaHA Ha TIOMOBHEHHS TUIBKA
BHYTPIIIHBOT €HEepTii.

2.2 TepmoauHaMmika igeaJbHOro razy

Ilin imeanbHMM ra3oM  PO3YMIIOTh CYKYITHICTh MaTepiallbHUX
LUIKOM TIPYKHUX MOJEKYJ, [0 MAaiTh 3HEBAXIMBO Maii 00’eMu, sIKi
3HAXOJATHCS B CTaHI XaOTHYHOTO PyXy 1 1mo30aBiieHi cuit B3aemoii (TooTo
CHJI B3aEMHOT'O IIPUTSITAHHS 1 BiAIITOBXYBAaHH).

BinMiHHICTE pealbHOrO Ta3y Bij i1€aJIbHOTO TOJIATAE B TOMY, IO B
peaJbHOMY Trasi TI€I0 Yd 1HIIOK MIpOI0 BUSBIISIIOTHCS CHIIM MOJEKYISAPHOT
B3a€MOJii, 1 B TOMY, 10 ()aKTHYHO MOJIEKYJIM HOro 3aliMaroTh, X04a i IyxKe
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Maji, ajie [IJIKOM KOHKDPETHI KIHIIEBI TO BeMU4MHI 00’emu. Yum nami
BIZICTOATH MOJIEKYJIM ra3y ApYT Bi Apyra i 4eM MeHIIe uX JiHiiHI po3Mipu
B MOPIBHSHHI 3 BiJICTaHSIMH, SIKi BIJOKPEMIIIOIOTH iX JAPYT BiI Apyra, TUM
MEHIIIe CTAIOTh CHJIM B3a€MOJII MK HUMHM, 1 TUM CaAMUM MEHIIIE PeallbHUH
ra3 Oyjie BiZJpI3HATHUCS Bij 1J1€aILHOTO.

2.3 OcHoBHI 3aKoHH iTeaJbLHUX rasiB

3akon bBoiias - MapioTa (i3oTepmiunuii nporiec)

B 1662 p. P. boiinb , a B 1676 p. E. Mapiotr He3aliexHO OIUH Bix
OJTHOTO0 BCTAHOBWJIM JOCHIJHUM IUISIXOM 3aJIKHICTH IUTOMOr0 00’ €My
ileaTbHOT0 Ta3y BiJl 1Oro TUCKY MpH MOCTiHHIN Temnepatypi. [Ipu T=const
nuToMi 00'eMH JaHHOTO ra3zy OOpaTHO MPONOPIIKHHI HOro abCOMOTHUM
THCKaM

DV, = D,V, 3Bimku v, /v, = p, / p,. 2.1)

3akoHn I'eii-JIocaka (i300apHUiT Iporiec)

B 1802 p. XK. TI'efi-Jltocak, sKWii BHBYaB IOBO/DKEHHS Ta3iB IpH
MTOCTIfHOMY THCKY, BCTAHOBHB 3aJICKHICTh 3MIHH 00’€MY 1I€aJbHOTO Ta3y
Bim #toro Temmeparypu. Ilpmu p = const muToMi 00’eMH Ta3zy MPsSMO

nporopuiiiHi #ioro abcomoTHrM Temmneparypam v, /v, =T, /T

v/T = const . (2.2)
3akon lapas (i3oxopHuii mpouec)

B 1787 p. XK. Ilapme, sxkuif AOCHiIKyBaB PO3IIHUPEHHS Ta3iB,
BCTAHOBHB 3aKOH 3MiHM THCKY iI€aTbHOTO Ta3y BiJ 3MIiHH TeMIIepaTypu
pu moctiitHoMy 00’emi. Ilpm V=const manoi Macu razy aOCOMIOTHI THCKH
i1eaTbHOr0 Ta3y MPsIMO MPOIOPIIiiHI HOro aOCOMOTHUM TeMIlepaTypam

p,/'p,=T,/T; p/T=const. (2.3)

3akon ABoraapo

B 1811 p. A. ABoraapo BiIKpuB BaXMuBHUA uis (i3UKH 1 XiMmii
3aKOH, BIJIMOBITHO JI0 SKOTO B PIBHHX 00’€MaxX Pi3HUX ifiea]bHUX Ta3iB
MIPHU OJJHAKOBUX TEMIEPATYPi i TUCKY MICTHTHCS PIBHE YHCIIO MOJIEKY.

Le cnigye 3 MoneKyIsspHO-KiHETHUHOI Teopii rasziB. Jomyctumo, 1o
B JBOX OIHAKOBUX 00’eMax Vi =V> 1BOX pi3HUX ileaJIbHUX ra3iB
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3all0BHEHOMY Tra3oM 1, 3Haxomutbesi Ni MONEKys bOro ra3y MmpH Yucii
MOJIEKYN B OIMHHII 00'eMy, piBHOMY i, a B Apyromy o0’emi Maemo Ny i
N2. Macu MoJIeKy 1 TUCK ra3iB piBHI BiAMOBIAHO My 1 M2 i p1 1 p2.

SKmo THUCKM Ta3iB OAHAKOBi, TOOTO P1=Pz, To 3 piBHsHHA (1.2)
MaeMo
2 ome’ 2 mye,
=n, - 171 :_.nz.L_ (2.4)

3 2 3 2

I[pu onnakoBux Ttemneparypax (T:=T2) kiHeTMuHa eHepris

MOCTYMAIBHOTO PyXy MOJIEKY]I OJHAKOBa, TOOTO

me _mye;
2 2
3 ypaxyBaHHsM piBHOCTI (2.5) 3 piBHsHHS (2.4) MaeMO
N1=nNy, (26)
MHuokaun 00HuBi YacTHHU piBHOCTI (2.6) Ha 00’eM Vi= V2=V,
OZIEPKYEMO

(2.5)

nV=nV (2.7)

a00 N1 = Nz =N. (2.8)

3 3akOoHY ABOrajJpo BUIUIMBAE BAXIIMBUM HACTIIOK. Macu Ta3iB B
TepIIoMy i Ipyromy 00’emMax MOKHA BU3HAYUTH 3 BUPAKCHD

Mi=N; m;, M= N> m; . (2.9)

BigHomeHHss Mac MOJEKyl Ta3iB  mi/M; paBHO BiJHOLICHHIO

MOJIEKYJISIPHAX Mac IUX rasis U, / W, . Orxe, MOXKHA 3aMCaTH
M, /M, =uu,. (2.10)
3 mporo TrasiB, SKi 3HAXOAATHCS Y PIBHUX 00’€Max i mpu p=const i

T=const, mOpiBHIOE BiTHOIIEHHIO MOJEKYISIPHUX Mac [HUX Ta3iB.
[lepenumemo Bupas (2.10) y Buai

M, IVY(M, V)= ]
an P,/ p, =4 L, (2.11)

3BificK BUIHO, YTO BiIHOIIEHHS T'YCTHH PI3HUX iJieallbHUX Ta3iB, sKi
3HAXOMATHCSI B PIBHHX O00’€Max MpH PIBHUX THCKAaX 1 TeMIiepaTypax,
JOPIBHIOE BiJHOIIEHHIO MOJEKYISIPHUX Mac [HX Ta3iB. 3aMiHUMO
BiTHOIIIEHHA TYCTWH Ta3iB y piBHAHHI (2.11) 3BOPOTHWUM BiTHOIIEHHSM
nutoMux 00’ emiB. Toxi onepkumMo

Vz /Vl = /’ll /ﬂz qn VIH] == VZ“'Z . (212)
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OTxe, pu OAHAKOBUX (PI3UYHUX YMOBaX JHOOYTOK MUTOMOrO 00'eMy
razy Ha MOro MOJIEKYJSIPHY Macy € BelIWYHMHA TOCTiifHa, HEe 3ajJeXHa Bij
npupoju a3y - V- L = idem.

Jobyrok v-pu =V, sBusge coborw 00°e€M IMOMIO MUTOMOrO Tasy

(MonsipHHii 06'€Mm).

Y MixnHaponniii cuctemi Cl 3a OAMHUINIO KUTBKOCTI PEYOBHHH
MPUAMAETBCSI  MOJIb, ITiJl SKAM PO3YMIIOTh KUTBKICTh PEUOBHHHU B rpaMax
YHCENFHO PIBHY HOr0 MOJIEKYIISIPHIN Maci.

YcranoBneHo, mo B 1 Mo Oy/b-sIKOrO iI€aIbHOT'0 Ta3y MICTUTHCS
6,022045- 107 monexyn. Lle 3BeTbcsi 9MEIOM ABOTapo.

Ockinpku 00’eMm 1 KMOMNS iealbHOrO ra3y mpu JaHux P 1 1 He
3aJIeKHUTh BiJl IPUPOAX Ta3y, TO HOro MOXXKHA OOYMCIUTH MO OyJb-IKOMY
rasy. Tak nmpu HOY p= 101,325 k[1a=760mmMm pt.cT. 1 T=273,15 K, 00’em 1

kMo asory My, =28 kr/kmosib. Tomy 110 ryctuHa azory npu HOY
P, =1,25 kr/M®, TO Maemo Vy, = 1/N, =1/1,25=0,8 m¥xr.
OrxeV, =y vy, =l /pT2 =28-0,8 =28/1,25 = 22,4 M%xm

OJIb.
3 OCTaHHBOIO BUpa3y JIETKO BU3HAYAKOThCA P 1 V Oyab-AKOro rasy

npu HOY
v=224/u; p=pul/224. (2.13)

2.4 PiBHAHHS CTaHy ilealiIbHOT0 ra3y. YHiBepcajJbHa ra3opa crajia

Ha mincraBi 3akoniB boins-Mapiora i ['efi-JIrocaka B 1834 p.
Krnaneiipornom Oyno BuBe/IeHE PIBHSHHS CTaHY iealbHUX Ta3iB.
3 piBasans (1.1) 1 (1.2) chigye, oo
p=nkT. (2.14)
PipasiaHs (2.14) 3BeThCSI OCHOBHMM PiBHSIHHAM KiHETHYHOI Teopii
rasis.
Posrastremo 1 kr razy. 3 ornsay Ha Te, 0 B HBOMY MICTHTbCS N
Moekys i, omke N =N/ To omepkumMo
pv=NKkT. (2.15)
[ocriiny Benmuuny N k, BigHeceHy no 1 Kr rasy, mo3HayaroTb
OykBoro R 1 Ha3uBawTh razoBor Cranomw, R (Ix/(xr K)).Tomy



23

pv=RT. (2.16)
Le piBHsHHS 3BeTbesi piBHsAHHAM Kianeiipona.
[MomHoxwuBIM piBHSIHHEA (2.16) HA Macy m, ONEPXKUMO PIBHSIHHS
CTaHy ISl IOBUILHOT MacH Tazy
p V=mRT . (2.17)
Pipusans Knaneiipona nputimae yHiBepcanbHy (opMy, SKIIO Ta30BY
cTajy BiHecTH He 10 1 KT, a 1 kMoo rasy.
MHuokauu 0OMBI 4aCTUHU PiBHAHHA (2.17) Ha MOJIEKYJIAPHY Macy,
OJIEPIKUMO
pVU=HURT (2.18)
w pV,=R, T, (2.19)
ne V, -monspruii 06’eM rasy, M¥/xmonb; R 4 - YHIBEpCAJIbHA ra30Ba CTaja,

Jx/ /(kmons K).

PiBusinns (2.19) y 1874 p. orpumano /1. 1. MenneneeBum i 3BeThcs
BOHO PiBHSIHHAM cTaHy A 1kMoas rasy ado piBHIHHAM MeHaeneeBa
— Knaneiipona.

YuiBepcanbha rasosa cranma R, i3 piBusuusa (2.19) He 3anexuts

BiJl MPUPOIN PEUOBUHHU 1 TSI BCiX 1M€aabHUX Ta3iB B Oyab SKOMY CTaHI Ma€e
OIlHE 1 T€ X 3HaueHHSA. BoHa Moke OyTH po3paxoBana i3 piBHIHHA (2.19).

Tak npu HOY p=101325Ta; T =273,15K; V,=22,4 m*/xmons
R, = (101325 22,4) /273,15 =18314,2 Jlx/ (xmomb K). (2.20)

2.5 Cymimi ineanbnux razis. 3axon JlanabToHa

B TT/] uncToo pe40BMHOIO 3BETHCSI PEIOBUHA, YC1 MOJIEKYIH SKOT
oxHakoBi. CyMiI, 0 CKITATA€THCS 3 NEKUTPKOX YHCTUX PEUYOBHH, 3BEThCA
po3unHoOM. UncTUMH PEUOBHHAMH €, HATTPUKJIIA], BOJIA, €THJIOBUH CIIUPT,
a3oT, aMiak i T.1. YUCTi peyoBUHM, IO CKJIAAIOTh CYMIIIl, 3BYThCS
KOMIIOHEHTAMH.

[Ipu posrmsiai cyminieii ra3iB BUXOJATH 3 TOTO, IO CYMII iAealbHUX
rasiB, 110 HE BCTYNAIOTh B XIMIYHY B3a€MOJIIF0 OJIMH 3 OJHHMM, TaK Camo €
1JIcaTbHUM Ta30M 1 MIKOPAETHCSA TAaKUM ke 3akoHaM. [IpH bOMy KOXEH
ras, o BXOJAUTH JI0 CKJIaJly T'a30BOI CyMIllli, IOBOJAUTHCS TaK, HA4eOTO BiH
OIMH mNpH AaHiii Temmneparypi T 3aiiMae Bech 00’eM cymimr, TOOTO
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PIBHOMIpHO TMOIIMPIOETHCS MO BCHOMY O0’€My CyMimni i 3miCHIOE Ha
CTIHKU CYIWHU CBiH THCK, 3BaHHUH MAPUiaJIbHUM.

Y 1801p.  aHrmilickkuii BuYeHHMH Jl[albTOH EKCHEPUMEHTAILHO
BCTaHOBUB 3B'S30K MK HapliallbHUIMHA THCKaMH OKPEMHX Ta3iB 1 THCKOM
cymimi B 1minomy. Ilpu mocriiiHili TeMrepaTypi MOBHHH THCK CyMimIi
JEKITBbKOX Ta3iB JOPIBHIOE CyMi  IX NapIiaJbHUX THCKIB

P=2.p; (2.21)
i=1

e Pi - TUCK i-TO rasy; n - KUIbKICTh ra3iB, 10 CKJIAJal0Th Ta30BY CYMIllL.

2.6 Crnocodn 3aBIaHHA CKJIaxy cymin

lazoBa cymimn Moke OyTH 3aJaHa MAaCOBMMH, 00'€MHHMHM i
MOJIbHUMH YacTkamMu. [a3oBa cymimi, — 3aJjaHa MacOBUM CKJIaJIOM,
XapaKTepU3YEThCS MACOBHMH YaCTKAMH.

MacoBo10 4YacTKOI) KOMIIOHEHTA @i 3BEThCS BiJJHOIICHHS MacH
OKPEMOT'0 KOMITOHEHTa mMj, [0 BXOAWUTH Y CYMIII, 10 MacH BCIEl CyMmiIi
Mgy, TOOTO

g =m/M,,. (2.22)

OdeBrgHO, MO Maca Ta30BOI CYMIMIl JOPIBHIOE CyMi Mac ycix
BXIIHUX 10 HEI rasiB

n
Mcm:Z'}mizm1+m2+...+mn. (2.23)
=
BuszHaunMo cymy MacoBUX 4aCTOK OKpPEMHUX ra3iB

n

1 m m m i
— _h 2 n _n1 _1.(2.24
>, =0, +0, ++0g, == +-—2 oot =i —1.(224)
i=1 M oM M om M o M o
MacoBi 4aCTKH 4acTo 33Jaf0Thcs y BimcoTkax (%).
lazoBa cymim, 3a7aHa 00'€eMHUM CKIQJOM, XapaKTePHU3YEThCS
00'eMmanMu 4vacTkamMu. OO0'eMHa dYacTKa KOXKHOTO Ta3y BHPAKAETHCA

BiTHOIIIEHHSAM TPUBENEHOr0 00’ eMy Ta3y Vi 10 MOBHOrO 00’ €My cyMili

Vol =V IV . (2.25)



25

IIpuBenenum 3BeThcs 00’€M, IO 3aiiMaB OM KOMIOHEHT Tazy, SIKOU
Horo THCK pi 1 Temneparypa Ti ZOpiBHIOBaJIN THCKY Peyv 1 TeMIepaTypi Tey.
[lin mapuiansHuM (NpUBeAeHMM) 00’€MOM KOMMOHeHTa cymimi Vi
pPO3YMiIOTh 00’€M IIHOTO KOMIIOHEHTa, OTPUMAaHU B pe3yiabTaTi Horo
CTHCKaHHS BiJl MapiajJbHOTO THCKY 0 THCKY cyMmimi pu T = const, piBHIlI
Temrepatypi cymini Tey.

[MapuianbHuii 00’€M KOXKHOTO Tra3y BH3HAYAETHCS 33 3aKOHOM
Boitns-Mapiorra

pcml/] = pIch

V,=p,V
Ipu T = const.= Tey Pon?2 = PV an . (2.26)

pcmVn :ancm

3 piBHsHB (2.26) MaeMo

n

pcm pcm pCI’T'I

CxImaBImH OKpEMO JIiBi 1 TTpaBi YaCTHHH PiBHSIHE (2.27), 0Iep>KIMO

pitpytotp|

V, PVer v, Ve o PV (2.27)

vi+v,+...+tv, = om - (2.28)
pcm
3a 3akoHoM JlanpTOHA
pl +p2 +"‘+pn :sz :pcm
i=1
Otxe
Vi+V,+.+V, =V, . (2.29)

Cyma mapiiianbHUX 00’€MIB Tra3y, MO CKIAAa0Th CYMIlll, JOPIBHIOE
00’eMy cyMinri ra3iB (3akoH AMara).

Cyma 00'eMHUX 4YacTOK Ta3iB, IO CKJIAJNAIOTh CYMIlll, JOPiBHIOE
OIWHULI

B+t =Y =1, (2.30)
i=1

O0'eMHI YaCcTKH 4acTO 3a/1al0ThCs y BifcoTkax (%).
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lazoBa cymim, 3agaHa MOJBHHMM CKJIQJIOM, XapaKTePH3YETHCS

MOJIbHUMH 4YacTKaMu. MOJBbHOK YaCTKOK )]l 3BCTHCA BiIlHOHIeHHSI

KitbkocTi MoJieit N; po3riIsHYyTOro KOMIIOHEHTAa JI0 3arajibHOi KiJIbKOCTI
MoJiel y cymini Ney
Y=N,/N,_,. (2.31)
LlinkoM OYEBMIHO, MO CyMa MOJEH yCiX TasiB, IO CKJIaJaloTh
CyMIIl, TIOPIBHIOE 3arallbHOMY YHCITy MOJIel Ta30BOi cyMili, TOOTO

n
N,+N,+..+N,=>N,=N,, . (2.32)
i=1
CyMa MOJIBHHX YaCTOK CyMIllli Ta3iB JIOPIBHIOE OJJMHUIII

n
Y,+Y, +..+Y,=>Y, =1, (2.33)
i=1I
SKI0 BiZOMHUI MacoOBUI CKJIaJ] CyMillli, TO IO HbOMY MOYKHA 3HAUTH
i MoBHUH CKIIaA. Macu OKpeMHX Ta3iB mj 1 TOBHY Macy CyMimti Moy
MOXKHA BUPA3HUTH Yepe3 YUCIIO MOJIeH HACTYITHUM YHHOM
m,=W,N,; m,=p,N,;..; m,=u,N,.
n
M, =W,y Na, =N, + LN, + 41, N, =D W,N, . (2.34)

i=1

2.7 TennoemHicTh. MacoBa, 06'eMHa i MosisipHa TermuioeMHocTi. TenoeMHuicTh
NpH NOCTiHHUX 00°eMi i THCKY

TennoeMHICTIO 3BEThCS KUIBKICTh TEIIOTH, HEOOXITHOI I
MIJIBUIICHHS TEMIIEPATypH Tila HA OJIMH Tpaayc. TermoeMHICTh HE €
MOCTIHHOIO BEJIMYMHOIO 1 B 3arajibHOMYy BHUIIQJKy 3MIHIOETHCS 31
3MIHOIO TemrepaTypu 1 TUCKY. OTke, TeIIOEMHICTh JaHOT PEUOBUHU
€ eKCTEHCHUBHOIO BIIACTUBICTIO Tia, TOOTO YuM OLIbIlle PEYOBUHU B
JaHOMY TiTi, THUM OUIbIIE WOTO TEIUIOEMHICTh. TerIoeMHICTh
OJIMHUIIl KUTBKOCTI PEYOBUHHU 3BETHCS MUTOMOIO TEIIOEMHICTIO.
[luTomMa TEMIOEMHICTH Tia 3al€XHUTh BiJ XIMIYHOTO CKIamy,
napamMeTpiB cTaHy poOOYOoro Tijia, a TaKOoX B BHJIY IpPOLECY,B
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SAKOMY TUIy TepeNaeTbcsi TEII0Ta, OCKUIBKH Temiora € (yHKI[€ew
npouecy. PosmipricTs mutomoi TernoemMuocTi - JIx/(kr (M°, Mois) K).

B TTH po3pizHstoTs mUTOMi MacoBy cm, ([Ix/(kr K)), 00'emny cy ,
(Jox/(v° K)) i monbhy ¢ 11 (JUk/(Monb K)) TermmoemHOCTi.

I[IuTOMO MACOBOK TENMJOEMHICTIO Cm (00'€MHOIO Cy ; MOJIBHOIO
C 4 ), BigHeceHow 10 1xr rasy (1o 1M ; 10 1 KMOIIO) 3BEThCS KilbKiCTh

TEIUIOTH, SIKy HEOOXIJHO MiZBeCTH (BiIBECTH) J0 OJUHUII MacCH PEUOBHHH,
1kr (10 omuHUIE 00'eMy, 1M® ; 1o 1 kMoo PEYOBHHU), 1100 3MIHUTH HOT0O
TeMIepaTypy Ha OJUH TPayc.

3a7€KHOCTI MK IMUTOMHMM TEIUIOEMHOCTSIMH BCTAHOBIIIOIOTHCS 3
HACTYIHUX BUPAKEHb:
c:izc—”:i; c‘=c~p=ﬂ:£, c,=p-c. (235
m u p 224 v “

Po3pi3HSIOTH iCTHHHY i cepeHI0 TEII0EMHOCTI.

IcTMHHOI0O TENMJIOEMHICTIO 3BETHCS IOXINHA BiJl KUIBKOCTI TEIJIOTH,
MigBeaeHoi 10 Tida, MO TEMIeparypli IMhOTO Tijla 1 BHU3HAYAETHCS
BHPaKEHHAM

¢ —co Zim ﬂ_a_q
At—>0 AT dT

ToOTo iCTHHHA TEINIOEMHICTH Tila — II€ HOro TEINIOEMHICTH IIPH
IaHii TeMmepartypi. 3a aHaJIOTIEI0 PO3PI3HAIOTH ICTHHHY MTUTOMY (MacoBy),
iCTHHHY 00'€MHY 1 iCTHHHY MOJISIPHY TEIUIOEMHOCTI.

CepeaHb0l0 TEMJIOEMHICTIO 3BETHCS TEIUIOEMHICTH B 1HTEpBaIi
temreparyp (T2 — T1, BOHAa MO3HAYAETHCS Cm. 1IpM 3MEHIIEHHI Pi3HMIL
TeMITepaTyp CepelHs TeITIOEMHICTh HAOMMKAETHCS 0 ICTHHHOT

(2.36)

enl2 = g (T, ~T) = (e T, — e[ LL - THAT, - T)). (237)
T 0 0
B TT/] Benuke 3HaYeHHST MAalOTh TEIJIOEMHOCTI TP HAarpiBaHHI razy
B YMOBaXx MOCTIHHHUX 00’€Mi 1 THCKY.
IIuTOMOI0 i30XOPHOK0 TEMJIOEMHICTIO 3BEThCA KUIBKICTh TEIUIOTH,
SIKy HEOOXIJJHO MiJIBECTH JO poOOUOro Tiia B 130XOPHOMY IIPOIIECi 3 THM,
o6 3MiHUTH Horo Temneparypy Ha 1 K.
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o _(Q) (&
CooT dT ),

TOOTO TEIJIOEMHICTD Tijla TIpU V = CONSt JTOPIBHIOE YaCTUHHOI MOXITHOT BiJ
BHYTPILIHBOI eHeprii mo TemnepaTypi. [HIIMMHU clI0BaMH, Cy XapaKTEepU3ye
TEeMIT POCTY BHYTPIIIHBOI €Heprii B 130XOpHOMY TpoLeci 3 pOCTOM
TEeMIIepaTypH.

[uTomo10 i300apHOI0 TEMIOEMHICTIO 3BEThCSI KUIBKICTh TEIJIOTH,
SIKy HeoOXiJTHO MiBecTH 10 pobouoro Tijia B i300apHOMY MpOIIECi 3 THM,
o6 3MiHUTH #oro Temneparypy Ha 1 K.

c, = 2—; = j—; , (2.39)
P P

TOOTO TEIJIOEMHICTD TijIa TIPH P = const JIOPIBHIOE YACTHHHOI MOXIAHOT BiJ
SHTAJBIIIl TI0 TeMIepaTypi. [HIMMH CIIOBaMH, C, XapaKTEPU3Y€e TEMIT POCTY
SHTAJBIIIT B 1300apHOMY TPOIIECi 3 POCTOM TEMIIepaTypH.

, (2.38)

v
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JIEKLIISE 3

3.1 Buyrpimms eneprisi a1k GyHKIisE cTaHy po00o4oro Tijia

BuyTtpimns eneprisa mozHavaetrbess U, ii posmipricTs k.

BHyTpimHs eHepris CHCTEMH MICTHTB B COOi:

- KIHeTHYHY  €HEprilo  TOCTymalbHOro, o0epTajibHOro i
KOJIUBAJILHOTO PYXIB Y4aCTOK (MOJICKYJ);

- MOTEHI[IIHY €HEePTrir0 B3a€MOJIIT YaCTOK;

- BHYTDIIIHBOSIJIEPHY EHEPTiI0;

- EHEpriio eJIEKTPOHHUX 000JIOHOK aTOMIB.

B OuIbIIOCTI TEMIOCHEPTETUYHHUX IPOLECIB JIBI OCTAHHI CKJIAI0BI
3aMIIAI0ThCS HE3MIHHUMH. ToMy il BHYTPIillIHLOI eHepriero Oynemo
PO3YMITH €HEPTil0 XaOTHYHOrO PyXy MOJIEKYN i aToMiB, sIKa BKIIIOYAE
CHEPrif0 IOCTYMAJIbHOTO, OOEPTANIBHOrO 1 KOJHMBAJIBLHOTO PYXIiB, SK
MOJIEKYJIIPHOI'O, TaK 1 BHYTPIIIHbOMOJIEKY/ISPHOIO, a TaKOX IMMOTCHIIHHY
€HEPTil0 CHJT B3aEMOJIiT MK MOJIEKYJIaMH.

Kinernuna eHepris MoJjieKyn OOyMOBJIEHA INBHIKICTIO PyXy 1 €
OITHO3HAYHOIO (PYHKITIEIO TeMIiepaTypu. 3HAYEHHS IOTEHIIHHOI CeHeprii
00YMOBJICHO CHJIAMH B3a€MOJIi MK MOJIEKYJaMH 1, OTXKE, 3aJICKHUTH Bif
CepemHbOol BiICTaHI MK HAMHM 1 BiJ 3aiiMaHOro ra3om o0’emy V, TOOTO €
OTHO3HAYHOIO (PYHKITIEIO V.

ToMy BHYTpIIIHA €HEpTis € OIHO3HAYHOK (DYHKIIIEI0 CTaHy Tifa,
TOOTO OyIb-KHX [BOX HE3AICKHHX IMapaMeTpiB, fKi BU3HAYAIOTH LEi
CTaH:

u=fl(p, T); u=f2(v,T), u="13(p,v). (3.2)

Benmaraa U=V/m 3BeTbcs NMHUTOMOK0 BHYTPIIHHOIO €HEPri€elo i
ABIA€ COOOI0 BHYTPINIHIO €HEPril0 OJMHHUIN MACH pEUOBHHHM. Ii
po3mipHicTh J[K/KT.

OCKiNBbKY BHYTPIIIHS €Hepris € (QyHKIi€ro cTaHy Tiia, TO ii 3MiHa
AU B TepMomMHAMIYHOMY HpOIIeCi HE 3aleKUTh BiJl XapaKTepy Mpolecy,
a BU3HAYAETHCS TUTHKY MTOYATKOBHUM 1 KiHIIEBUM CTaHOM Tijla

Au=U,—U,. (3.2)

OTxe, HECKIHUEHHO Majie 30UIbLIEHHS BHYTPILIHBOT EHeprii €
MOBHUM Jdepertianom d, a 1l 3MiHa B sKOMy-HeOyab Iporieci
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2
Au,, =[du=u,-u,. (3.3)
1
BHyTpimHio eHepriro MoXXHa BUPa3uTH y BUII QyHKIIT V, T, p:
ou ou
du=| — | dT+|— | dv, (3.4a);
aT ), ov );
du= a dT + u dp, (3.46)
ot ), op ).
du= au dp+ a dv. (3.48)
op ), ov ),

B igeanpHOMY Ta3y BIICYTHI CHJIM NMPUTSHKIHHS MDK MOJIEKYJIaMH i,
OT)Ke, MOTEHIIIHA eHepTis HOT0 MOJIEKYJI JIOPIBHIOE HYNI0. TakuM 4uHOM,
miJi BHYTPIIHbOK eHepri€l ileaJibHOro0 ra3y pO3yMIilOTh TUIBKU
KIHeTHYHY €HEpTiI0 TEIJIOBHX PyXiB MoJjieKyd. OTke, BHYTPINIHS SHEPTis
ileaIbHOT0 Ta3y 3aJIeKUTh TUTBKH Bif TeMiepatypu rasy, rooro  u=f (T).

OTxe, BHYTPINIHS €HEPTiA iIeaTbHOTO Ta3y, B SKOMY BIJICYTHI CHUIH
B3a€MOIIi MK MOJIEKYJIaMH, HE 3aJICKUTh Bill 00’ €My YU THUCKY rasy:

ou ou 0
—~ | =Y, —~— | =Y,
oV J; op /-

a BH3HAYA€THCA, K BIIOMO, HOro TeMmIepaTypor, TOMY TIOXiIHa Bix
BHYTPIIIHBO1 €HEPTii i]eallbHOr0 Ta3y 1Mo TeMIepaTypi TEX € MOXigHa

) _(ou) _du
oT or dT

p |4

(3.5)

3.2 PoboTa po3umpenHs. p,V — aiarpama

3 MeXaHIKM BioMO, M0 po0OTa € KUIBKICHOW MIpOl mepenadi
€Heprii Bill OJHOTO Tija iHIIOMY IDIIXOM MEXaHIYHOro BIUMBY. Pobory
BHMIPIOIOTh TOOYTKOM CHJIH, 3 SIKOIO OJIHE TLJIO Ji€ Ha iHIe, Ha BETHYUHY
MePEMIIIeHHS TOYKH MPHUKJIAJCHHS CHIIU. BiAmOBiIHO 10 1[HOTO OJUHUIICIO
poboru € JIxx=H e m, un
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oL=F-dx, (3.6)
ne F- yzaraneHena cwia, H; Xx- y3arajapHeHa KOOpAWHAaTA.
[pumyctumo, mo 1 Kr razy, po3MUPIOIOYNCH B HUTIHAPI ITBUTYHA

(puc.3.1), nmepeminrye nopiieHs 3 T.A B T.B, mpuuomy nporec 3MiHU cTaHy
rasy B p,V — Jiarpami 300paxyeThCsl JIHIEO (1-2). Ha ememenTapHiit
AOUISHII UUISXy nopiiHs (@ — B), piBHOMY dy, 3MIiHOK THCKY MOXKHA
3HEXTyBaTH, TOMY eJeMeHTapHa po0oTa ra3y Ha Wil JiISHII cKiaxae

ol =p-dS-dy,

Je S — mIoina MmopIHs, M p — tuck rasy, [la; p S — cuia, o aie
HA [IOPLICHB.

A 3 inmoi croporn S -dy =dV .

Otxe

3

2
M Ke Ke

(3.7)

Skmo ras posmmproersess, o dv > 0 i | > 0, To6T0 poGora
POBIIMPEHHS Ta3y € BeJIMYWHA_MO3UTHBHA. SIKIIO Ta3 CTUCKYEThCs, TO dV <
01 I <0, T06T0 pobOTa CTUCKAHHS € BEJNYMHA HErATUBHA.

Banexuictes p= f(v) MokHa mpencraButu rpadiuro (puc. 3.1). 3
pUCYHKa BHIHO, IO 3aIITPUXOBAaHA IUJIONIA YHCEIHHO MOPIBHIOE POOOTi
PO3IIHPEHHS ol = pdv, OTXKe,
UIOIIA (1-2-3-4) mig mporecom

a E B
1-2 mopiBHIOE pOOOTI PO3MTUPEHHS '

I P> 10 TaKOX  BHIUIMBA€E 3

piBusHHSA (3.7).
I'padiune npencraBaeHHs i e

MpoLIeCy B CHCTEMi KOOpAMHAT P, V el

3BETHCS pO00Y0I0 Aiarpamoro.

I'padiuna inTepmperamis 2
pobotu B P, V — miarpaMi HAOYHO Pi
IOKa3ye, MO ii BETUYMHA 3aJIEKUTH ¥
Bil TOro, SKUM ULUISIXOM Ta3 '4 ‘EW‘ 3

MEPEXOTUTh 3 TIOYATKOBOTO CTAHY B
KiHIIeBUH. 31 CKa3aHOTO CIIAYE, 10 Pucynok 3.1
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poboTa, Ha BiIMiHY BiJ BHYTpIIIHBOI eHeprii, € QpyHKIi€o mpolecy i He €
¢$yHKIIEO cTany, a il qudepeniian He € TOBHUM AudipeHianom.

3.3. EnTanenisa podo4yoro tijia sk GpyHKIisI CTaHy

Tepmin enTansmisi (Big rpen. euthalpo — HarpiBaio) BBeeHUH Y
1909 p. Kamepmiar-Oneccom. B TT/] BaxxiuBYy poiib rpa€e BETHUYUHA CyMHU
BHYTpiHBO1 eHeprii U cucremu i JOOYTKY TUCKY CUCTEMH P Ha BEIHUUHY
00’eMy V cucTemH, KOTpa 3BeThcs eHTanbmiew H, Jx.

H=U+p V. (3.8)

IIutoma entanbmigs h=H/m sBise co000 €HTANBIII0 CHCTEMH, IO
MICTUTb Ikr  pedoBuHH, i
BUMIpsieTbest B JIXK/KT.

[Ilo6 kpame ycBiIOMUTH
3MICT  CHTaJbIIl,  PO3IJIAHEMO
G . F NMOBHY  €Heprivo  razy,  IIo
3HAXOQUTBCA TMiJ THCKOM P B
MATHAPAYIHIN TTOCY TN HI 3
. mopirHeM (puc.3.2).

\ 83 Tuck razy BpIiBHOBaXY€THCS
BaHTaxkeM Baroro PF. Ilromra
TTOPIITHS- F, Bucora  fioro
posramryBaHHA- y. [loBHa eHepris
E posmmpenoi cucremu, ska
CKJIQIa€ThCSl 3 Ta3y 1 TMOpPHIHS 3
BaHTaXeM, CKJIQ/IA€THCS 3
BHYTpIIIHBOIO eHeprii razy U i
MTOTEHI[IHO0 €Heprii MOPIIHS 3 BaHTakeM, PiBHOI P S Y = p V, Tak mo

E=U+pV=H, (3.9)
ne p V— XapakTepusye MOTEHIIIHY eHeprito NPOTHUTUCKY ra3y
30BHIIIHBOMY THCKY (y JaHOMY NpHKiIagi BaHTaxy G = pV), ToOTO wieH
(p V)uucenbHO A0piBHIOE POOOTI, SKY MOTPIOHO 3p00OHTH, 1100 BBECTH
00’eM Tazy 3 BaKyyMy B IIPOCTIp 3 TUCKOM P.

Orxe, eHTadbmiss OyAb-sKOi TEPMOIMHAMIYHOI CHCTEMH SIBIISIE
c000F0 CyMy BHYTPIIITHBOI €HEpTii CUCTEMH 1 IMMOTEHIIHHOI eHeprii [pkeperna
30BHILIHBOTO TUCKY.

e
—
-+

Pucynok 3.2
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Tax six BXigHi B piBHSAHHSA (3.9) BenMuuHM € QYHKIISIMUA CTaHy, TO
i cama eHTanbmis € QYHKLIEIO CTaHy 1 TOMy MoXe OyTH NpeicTaBieHa y
BUgi QyHKIii OyIb-sIKMX JABOX MapaMeTpiB CTaHy:

h=11 (p,v); h=12({pT); h=13(,T).

s peampHOro Ta3y CHTAIBISA 3aJIOKUTh BiJl THCKY 1
temmneparypu h = f (p,T). Lle Tak 3BaHe KOJIOpUCTHYHE PIBHSIHHA CTAHY
razy.

Jnst igeanbHOTO Ta3y EHTANbIHisl, SK 1 BHYTpIIIHS €HEepris, €
(YHKIIIEIO TUTBKH a0COMOTHOT TEMIIEpaTypH, TOOTO

h=u+pv=u(T)+RT=h(T). (3.10)
Pipusinna 1-ro 3axkony TTJ| y BUnmaaky, KOJH €IMHHUM BHIOM
po6oTu € poboTa po3IIHPEHHS aq =du+ pdv , 3

BpPaxoBYBaHHsM chiBBinHomennsi. pdv=d (pv) — v (dp) moxke OyTH
3anMcaHe y BH/i
og=du+pv)—-v-dp=dh-v-dp. (311
3 IILOTO CITIBBITHOIICHHS BHTIKAE, SKIO TUCK CHCTEMH 30€piracThCs
HE3MIHHHUM, TOOTO dp = 0, p = const, To TemioTa, siKa MiABEACHA B
1300apHOMY TIPOIIEC JO CHCTEMH, BUTPAYAETHCS TUTHKH Ha 3MIHY CHTAJIBITIl
JTAHOI CHCTEMU

&q, =dh. (312)

EnTanemiss imeanmpHOTO Ta3y, Tak camMoO SK 1 BHYTDIIIHS €Hepris
imeaqpHOrO  Ta3y, 3aJeKHUTh TUIBKH BiI  TEMIIEpaTypH, OTXKe:

8_p ov

3aIIMIICTHCA

[Gh] =0 ; (8—hj =0 .10 Bupaxenus (3.12) s igxeasbHOro rasy
T T

dh=c, -dT. (313)

" Iepersopenns tuny Xdy=d(Xy) — ydx 3BeThcsi HepeTBOPEHHAM
Jlexannpa.
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3.4 Ananituunmii Bupa3 I-ro 3akony TT/]

[epmmii moyarok TT/] € MaTeMaTHYHUM BUPAKEHHSM KiTbKICHOT
CTOPOHHU 3aKOHY 30epeKeHHs 1 TepeTBOPEHHs eHeprii y 3acTOCYBaHHI 10
T/l cucrem, i sBIs€ COOOK OKPEMHUH BHIIAJIOK 3arajlbHOrO 3aKOHY
30epeKeHHs 1 epEeTBOPEHHS €HEPTii CTOCOBHO JI0 TEIUIOBUX SIBUIII

Posrasinemo 3amkayty T/l cuctemy, B sikiii He BiiOyBa€eThCst OOMiHY
Macowo MiX POOOYHM TIJIOM 1 30BHIIIHIM CEPEIOBUILEM, a TAKOXK BIJICYTHI
HII B3aeMOAil MiXXK HUMH, KpiM Iepeiadi TEeIUIOTH 1 3IiHiCHEHHS pOoOOTH.
Hexaii no Tina macoro m, 06’emoM V i Temiieparyporo T, po3TamioBaHOMY
B CEpEIOBUIILI 3 JISTKMM TUCKOM P, 330BHI (BiJl 3pi3y) MiABOAUTHCS TEILIOTA

B KUIBKOCTI aq . B pesynbrati Temmnepatypa Tina 30imemmThes Ha dT, a

00’em — nHa dV. 30inbHICHHS TeMIepaTypyd CBITYATH PO BiJNMOBiIHE
30UTbIIEHHS] KIHETHMYHOI eHeprii 4YacToKk Tina (3pocTae IIBUAKICTH
MOJIEKYJISIPHOTO 1 BHYTPIlTHHOMOJICKYJIIPHOTO PYXiB).

Kinernuna eHeprisi BCiX 4YacTOK CKJIAJa€ BHYTPIIIHIO KiHETUYHY
CHEpriro Tijla, HeXall BOHA B Pe3yJIbTaTi MiABHIIECHHS Temieparypu Ha dT
30impmmnacs Ha dugis.

30impIIeHHsT 00’€My Tila TMPUBOAUTH IO 3MIHH B3a€EMHOIO
pO3TaIIyBaHHS MOJEKYd (BiJICTaHI MDK HHMH). Y 3arajJbHOMY BHUIIAIKY,
MDK MOJIEKYJIaMH MitOTh CHJIM B3a€EMHOTO NMPUTKIHHA. OTXKe, 30UThIICHHS
00’eMy TIPUBOAWTH, TO-TIEpIIe, M0 30UIBIIEHHSI BHYTPIIIHBOI MOTEHIIITHOT
eHeprii Tima( Hexall B pe3ynbrari 30inbineHHS 00°’eMy Ha dV BHYTpIIIHA
MOTEHIlIHA eHepris Tima 30utemmiacs Ha  dUger).Ilo-mpyre, st
30LTBIIEHHS. 00’€My, TLIO TOBHHHO 3pPOOHTH POOOTY MPOTH CHI THCKY
HaBKOJMIIHBOTO cepenoBuma( Hexall s 30utbmieHHS 00’emy Ha dV

HEOoOXiHO 3pOOUTH 30BHIIIHIO POOOTY PiBHY ol).
JUst pO3IIISIHYTOrO BUITAJKY PIBHSHHS TEIUIOBOrO OaliaHCy MOXHA
MIPECTaBUTH B HACTYIHIH dopmi

00 = (dugis + duger) + Ol . (3.14)

Hapnasni OyeMo npencTaBisTH CyMy BHYTPIIIHBOT KiHETHUHOT Uy 1
BHYTPIIIHBOT MOTEHLIHHOT dUyor €HEprii sIK BHYTPILIHIO eHeprito Tina du. 3
ypaxyBaHHSM CKa3aHOr0, OCTAaHHE CITIBBIJHOLICHHS MOYKHA TPEACTABHTH Y
BUI

oq =du+ Ol . (3.15)
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Bupaxenns (3.15) sBnsie coboro 3amuc I-ro 3axkony TT/l. ToGto
TEIUIOTa, IO MEPENAEThCS CUCTEMI, ie Ha 30UIbIICHHS 11 BHYTPIIIHBOT
eHeprii 1 Ha 3iiiCHeHHs 30BHIIIHBOT pOOOTH. [HIIMMH clTOBaMH, BHYTPILIHS
CHEPrisl CUCTEMHU 3pPOCTa€ Ha BEIMYMHY IIJABEICHOI CHUCTEMi KiIBKOCTI

TEIJIOTU 5q i 3MEHINYEThCS Ha BEIMYMHY BUPOOJCHOK CHUCTEMOIO

30BHimHBOI pobotn Ol .

Takum umHoM, I[-mit 3akom TTJl ycraHOBIIOE  KUIbKiCHI
CHIBBITHOIIEHHS! MK BUJ]AMHU €HEPTii, ajie He PO3TIIsAae YMOB, MPU SIKUX
MPOTiKa€e TePEeTBOPEHHS OJJHOTO BHJY €HEPTii B HIIIIH.

Posristaemo okpemi Bunaaku 1-ro 3axony TT/I:

a) 0Q =0, Ter006MiHy CHCTeMH 3 HABKOIMIIHIM CepelIOBHIIEM

HeMmae, TOOTO TEIIOTa 10 CHCTEMH HE MIABOAMTELCS 1 HE BIiIBOIUTHCS.
Takuit mpouiec 3BeTbesa agiadaTnuM. (s Hporo piBHSHHS (3.15) mpuiimMae
BUI

—dU =0L; (3.16)
6) OL =0, npu upoMy 06’eM Tina He 3MiHIOETBCA, TOOTO V = CONSL,

Takwuit iportec 3BeThes i30xopHuM. 11 HBOTO piBHAHHS 1-TO 3akony TT/]
MAa€ BHJT

dQ =du, (3.17)

TOOTO BCS MiABEACHA BiJl 30BHINTHLOTO CEPEMOBHUIIA TEIIIOTA BUTPAYAETHCS
Ha 301TbIIIeHHs BHYTPIIIHBO1 €Heprii Tina;

B) dU = 0, npu npOMy HeMa€e 3MiHH BHYTPIIIHBOI CHEPTii CUCTEMH,
TOOTO TeMIlepaTypa 3aJHIIacThbesl MocTiiHO. Takwii mpomec 3BeTbeA
i3orepmiunum. [ Hporo Bupakenss 1-ro 3akony TTJl mae Bua

6Q =L, (3.18)

TOOTO BCS TMABEACHA BIiJ CEPENOBHINA TEIUIOTA BHTPAYAETHCA HA
3MIACHEHHS TiJIOM POOOTH.

3.5. EHTpornis ik mapamMeTp cTaHy TePMOAMHAMIYHOI CHCTEMH

TepMmin eHTpomisi (Bim rpem. entropia — Mipa IME€pPeTBOPEHb )
BBeneHuit B 1865 porti Kimaysiycom.

[ToHATTS TIPO EHTpOIit0 OYAYEThCS HA OCHOBI HACTYITHUX PO3YMiHb.

PiBHsanHA I-ro 3aKOHY TTH, SK B1JIOMO,Ma€ BUJ

og=du+ pdv wu og=du+al.
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B upomy piBHSHHI aq HE € MOBHUM JH]epeHIiasoM, OCKIJIbKH B

NpaBy YACTHHY PIBHAHHS BXOZMTh uieH Ol, skmii He € MOBHUM
mudepeHIiiaioM, TOMy o podoTa HE € mapaMeTpoM CTaHy Tasy, a
¢yHkuiero mporecy (ToOTO 1mO0 MPOIHTErpyBaTH MpPaBy YACTHHY IIHOTO
BHUPaXCHHSI TIOTPIOHO 3HATH 3aJEXKHICTH P BiJ V, TOOTO TpOLEC, SIKHH
pobuts raz). BHacnmiok 1poro, piBHSHHS HE MOXKHA MPOIHTETPYBaTH B
IHTEpBaJi 1BOX JOBLIBHO OOPAaHUX CTaHIB rasy.

SK BiJOMO 3 MaTeMaTHKH, YCSKUU JBOYJICH MOXKHA TPEICTABUTH Y
BHJII TOBHOro audepeHiiiaga, SKII0 HOro NMOMHOXKHUTH Ha TaK 3BaHUM
IHTETPYIOUM MHOXHHK. Takum THTErPYIOYMM MHOXHHKOM LIS

eNIEeMEHTapHOI KUTBKOCTI TEIIOTH 8q e 1/T, T00TO OJIEPKYEMO
oqg du dl
— =+ (3.19)
T T T
Pigusians (3.19) MOXKHA IPEICTAaBUTH B IHIIIOMY BH/I

aq dT dv _ _

A_¢ 4R, taksx du=c,dT ,a p/T=RN(3.20)

T T v

Bupaxenus (3.20) roBopuTh mpo Te, IO 5CI/ T sBisie  coGoro

MOBHHUH qudepeniiian aesaxoi pyukiii S (TodTo 5(] /T =S) € mapamerpom

CTaHy Ta3y, OCKUIBKH BOHA 3aJI©KUTh TUIBKH Bifl ABOX MapaMeTpiB rasy i
TOMY HE 3aJI&KUTH BiJl TOrO, SKUM IIIIXOM Ta3 3 OAHOTO CTaHy IepeioB
B iHmmi. lled mapamerp craHy ra3y 3BEThCS EHTpOMi€l0 ra3y i
o3HaYa€eThes uepe3 S 1 Mae po3mipHicts /K.

EnTpomiro, BimHeceHy mo 1 Kr ra3y 3ByThb HMTOMOIO €HTPOMi€I0
rasy, nosHa4daetbes S i Bumipsietbes B JIk/(kr K).

[IpoinTerpyBaB obunsi ygactwam piBHOCTI (3.20) mo Oymp-skOoMYy
IUIAXY TIepeXoy 3i cTany | y ctaH 2, oJepKuMo

jaq/T:de=Sz—SleS. (3.21)

31 cka3aHOro OYEBMAHO, IO EHTPOIIs € (YHKUIEI0 Oyab-sKoi mapu
napamerpis crany: S = fl (p,T); S=f2 (v ,T); S=1f3(p,v ); S=14
(u,v), S=f5(h,T); it.m

TakuM YMHOM, EHTPOIII0 MOKHA BU3HAYUTH 13 PIBHAHB |-T0 3aKOHY
TTA
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aj_du pdv _dh vdp

dS=—=
T T T dT T

g5 00 T Rdv_ 4T cap

T T v pT P (3.22)
° £ 0Q dT dp .
ds={P=c (& ——R :
fes=[T e TR =e [ T-RIT

AS:Sz—SlzcvIn(—2)+R-In(—2)=cpIn(—z)—R-In(&):CVIn(&)+cpln(ﬁ)
Tl Vl Tl 1 1 Vl

B o6oporaux miportecax dS i O MaroTh OTHAKOBHi 3HAK, TOMY IO
T Mae TiIbKM MO3WTUBHUEM 3HaK. Toai NMpU MiABEACHHI TEIUIOTH 0
po6ouoro Tina OC > 0 ,enTporis 36iMbNIyeThCS, TPH BiBOMI TemoTn O
< 0  eHTpoOImis 3MEHIIYEThCS, B Mpoleci 0e3 BIABEACHHS 1 MiIBEICHHS
TEIUIOTH 6q = 0 (amiabaTHUI TIPOIIEC) EHTPOITis 3aJHINAETHCS MTOCTIHHOIO
dS=0.

TakvM 4YMHOM, TIO XapakTepy 3MIiHH EHTPOITi MOXHA CYIUTH IPO
HAMPSMOK TIPOIIECY MEPEHOCY TETUIOTH.

3 (3.21) BuTikae, 1m0 KiTBKICTh TEIUIOTH, SIKA Opajia y9acTh y TOMY

gyu iHmomy TJI mporieci mpu 3MiHi cTaHy poOodoro Tina Bix cTany 1 1o
CTaHy 2 MOYXHa BUPA3UTH TAKUM YHHOM

2
q:IT-dS. (3.23)
1

3.6 Tennoa T, S — niarpama

[lonsaTTs eHTpoIii 103BONSE BBECTH HaI3BHUaitHO 3pyuHy mist TJ1
po3paxynkiB T,S — miarpamy, Ha sikiii (sk 1 Ha p, V — miarpami) crar T/]
CHCTeMHU 300paXkyeThcs Kparkoro, a piBHOBaxkHui T/| mpomec — miHiero,
pucyHok 3.3.
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Pucynok 3.3
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JlroOuit  obopotHmii T/
mporec, 300paxeHuid y p, V —
JiarpaMi, Moxke OyTH TIEpeHECeHUH y
T, S — nmiarpamy. [Jlns nporo Tpeda
3HATH piBHSAHHA npouecy f (p, V)=0 i
3anexHicth S=f (p, V) eHTpomii Bix
napamerpie crany p i V. Jua
BIZIIIYKaHHS KpamKd TpoIecy Ha
giarpaMi IO pIBHSHHIO CTaHy 1
BiIOMMX  3Ha4YeHHsSX V 1 P
BU3HAUalOTh Temneparypy T Ta
3HAYEHHS eHTpomii S.

T, S —  opgiarpama J1ae
MIPENCTaBICHHS po KIJIBKICTB
TEIJIOTH, MiABEAEHOI YM BiIBEIEHOI
JI0 po0OYOro Tijla B Tporieci y BHJI
wioni mig npouecom (wr.1-2-2°-1").
Ile cmimye 3 piBHIHHS 5(] =TdS.

Ilo T, S — pgiarpami MOXKHA CyOUTH TaKOX TMPO HAIPSIMOK
TEIUIO00OMIHY MK JIXKEPEIOM TEIJIOTH 1 pOOOYUM TIJIOM.

Sx Bke BiA3HAYANOCH, HANPSMOK TEIJIOBOTO TOTOKY IOBHHHHA
30irarucs 3 anreOpaidHuM 3HaKoM dS, Tomy 1m0 abCoNOTHA TeMIiepaTypa
T — 3aBkau MO3WTHBHA BEWYMHA. TaKUM YMHOM, OOOPOTHHH TIporec 3i
30UIBITICHHSM SHTPOITIT HJie 3 MiABEACHHSIM TEIUIOTH, a O0OPOTHHI Mporiec
31 3MEHITICHHSM SHTPOITI1 e 3 BiABEASHHAM TEIUIOTH BiJl poOOYOro Tija.

3.7 PiBusinus Maiiepa

BinnosinHo o I-ro 3akony TT/] mist 3akpuTHX CUCTEM MaeMO

og=du+ pdv. (3.24)

3 ypaxyBanHaM criBBigHomeHHs (3.4.a) i(3.24) maemo
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du ou
0 dT -dv. 3.25
1= (dTJV {(avjfp} o

Jis i30xopHoro mportiecy (V = const) 11e piBHSIHHS MPUAMAE BH]T

8qv :(E)u) dT 3 OTJISAY Ha Te, 10 8q =C, dT , OJICPIKUMO

al
v a_ vi .

TOOTO i30XOpHa TEMJIOEMHICTh Tijla JOPIBHIOE YACTUHHOI MOXIAHOI BiJ
HOro BHYTPIMIHBOI €Heprii Mo TeMIeparypi i XapakTepH3ye TEMIT POCTY
BHYTPINIHBOT €HEprii B i30XOpPHOMY TPOIIECi 3 pOCTOM TeMIIepaTypH.

Huis  i300apHoro mpormecy (p=const) 3 piBHaHHA (3.25) i

aq
C, = d—_l_p OJIEPKYEMO, MiJICTABJISIOUN 3HAYCHHS 6q 3 piBHsHHSA (3.25) y
oq,
BupaxenHs C, = F:

cp:(i“ . (a_“j .(@_Vj; @2)
o1 ) |\av ), ot ),

[ éu ov
C,=C,+ (—) + ( ) (3.28)
\ov ), oT

Lle piBHSIHHS TTOKa3ye 3B'S30K MK Cp i1 C,. Jlna ineanbHOro rasy

BOHO 3HAYHO CIPOITYEThCs. J{iiCHO, BHYTPIIIHSA €HEepTis i1ealbHOTO Ta3y
BU3HAYAETHCS TUIBKH HOTO TEMITEpaTypoIO 1 HE 3aJIeKUTh BiJ 00’€My, TOMY



40

ou . . ov

— | =0 i xpim Toro, 3 piBHsHHs Knamneitpona p-|—| =R,

oV ); ar ),
3BIIKH

c,=¢C, +R. (3.29)

e cmiBBimHOIIEHHS 3BeThCsl piBHAHHsAM Maiiepa 1 € ofgHUM 3
ocHoBHUX B TT/I.
MHuokaun Bci wieHn piBHsSHHS (3.29) Ha MOJIEKYJSIpHY Macy A B

pe3yabTaT OACPIKUMO
p-c,—p-c,=puR=8314 xJlx/(kmoms K). (3.30)

3 1bOro pIBHSHHS BUTIKA€, IO U iJ€ajJbHUX TIa3iB PI3HUIS
MOJIbHHX TEIUIOEMKOCTEH € BeJIMYMHA IIOCTiHA, piBHA YHIBEpCaNbHIN
ra3oBiii craiii.
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JIEKIIIA 4

4.1 OcHoBHIi TepMoAMHAMIYHI MPOIECH iTeaTLHUX Ta3iB

TepmoanHamiuHuii aHaii3 OyIb-IKOi CHUCTEMH CKJIAJA€THCS 3
HACTYITHOTO:

- BUSBHTH PIBHSHHS IPOLIECY;

- BCTAHOBUTH 3B'S30K MDK IIOYAaTKOBMMH 1 KIHIEBUMH
napaMmerpaMy pobovoro Tina;

- po3paxyBaTH BEJIMYMHY POOOTH Ta 3MiHH 00’€My poOOUOro
Tija;

- po3paxyBaTH KUIBKICTh TEIJIOTH, MIiJBEACHOT IIij dac
mporecy 10 pobodoro Tija abo BiiBEACHOI Bl HBOIO, i
BEJIMYHMHY TEIJIOEMHOCTI poOOUOro TiNa;

- po3paxyBaTy BEMYHMHY 3MiHHM BHYTPIIIHBOI €HEpPrii;

- po3paxyBaTd BEMYMHY 3MiHH €HTaJbITii poO0oUoro TiNna;

- po3paxyBaTH BEIMYHMHY 3MIiHH €HTPOIIii poOodoro Tina.

4.2 TloniTponmHuii npouec

Honimponnumu npoyecamu 3BYTbCS TIPOIECH, SIKI BiTOYBaIOTHCS
TIPH TOCTIHHIA TEIIOEMHOCTI 1 SKI BUKIWKAIOTH ITIIBEICHHS TEIUIOTH IO
poGouoro Tima abo BimBEAEHHS TEIJIOTH Big HbOro. OTke, y OyIb-IKOMY
MOJIITPOITHOMY ~ TIPOIEC], PO3MOMIT TEIUIOTH MDK 3HAYEHHSAMH, SIKi
XapaKTepu3yIoTh 3MiHYy BHYTPIIIHBOI €Heprii i poboTy ra3y, 3aaumiaeTbes
HE3MIHHUM, TOOTO BiJTHOILLIEHHS

du cdT c,
— - ——-—=const.
oqg cdT ¢
e C— TMOCTilHA JUIA JAHOTO TIPOIEeCy TEIUIOEMHICTh Tra3zy abo
0S dsS
c,=T|—| , 1o6ro T ——=const.
dT

X
Hus toro, mo0 BUBECTH PIBHSAHHS OOOPOTHOTO IMOJITPOIMHOIO
IpoLeCy 11eadbHOro a3y i, CKOPUCTABUINCH 1M, MPOAHAJI3yBaTH OCHOBHI
BJIACTUBOCTI LbOTO MPOLIECY, BUKOPUCTOBYEMO 3arajibHe PIiBHSHHA 1-TO
3akony TT/l, sike BUpakae BUTpaTy TEILUIOTH B OyAb-IKOMY HpOLeCi:
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0q =cdT =c dT + pdv, (4.1)

(c—c,)-dT — pdv =0. (4.2)

CkopucraeMocs XapaKTepUCTUYHUM DIiBHSHHIM CTaHy razy p vV = R

T , npoandepeHIioBaB siKke, OTPUMAEMO p dv + v dp = RdT, T00TO

dT = (pdv + vdp) / R.

BupimmBmm  cminbHo  piBHsHHA  (4.1) 1 (4.2), oTpumaemo
(c—c,)-(pdv+vdp)/R— pdv =0.
PoskpuBmm ckoOKkH, MaeMo
c-pdv+c-vdp—c,-pdv—c, -vdp—R- pdv=0.
3rpynyBaBIIU TOJaHKH, SIKi MIiCTITh 100yTKH vdp 1 pdv, a Takox,3
orsity Ha Te, mo C, =C, + R, micist anrebpaiuHux meperBopeHs OymaeMo
matn  (C—c,)pdv+(c—c )vdp=0
PozainuBiim 110 PIBHICTh Ha (c-cv), OTPUMAEMO
(c-c,)
—2~|-pdv+v-dp=0
(c-c,)
(C - Cp )
-c,)

PozginuBmmm mro piBHICTE Ha p Vv, TICHS IHTErpyBaHHS 1 HACTYITHOTO
MTOTCHITIIOBAHHS, OTPUMAEMO:.

vy P2
n(dv/v)+dp/p=0; n-[(dv/v)+ [(dp/p)=0;

P

ITo3HauMBIIHN Yepe3 n = { } ,orpumaemo N p dv +vdp =0.

nin(v,/v,))+In(p,/ p,)=0,

3BIICH  MaeMo (V2 / Vl)n = (pl/ pz); i OCTaTOYHO
p-v" =const. (4.3)
Pipasiaass  (4.3) 3BeThCs  PIBHAHHA TONITPOITHOTO  IIPOIIECY,
c—-C
n= - NOKA3HUK MOJITPOIHN.

c—-C

v
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[Toka3HWK MONITPOIHM MOXE MPUIAMATH OY/Ib-IKE YUCEIbHE 3HAUCHHS
B MEXKax BiJi —o0 10 +00, ajie Uil JaHOTO TPOIECY BiH € BEIHMYHUHOIO

IIOCTIIHOIO.
3B's130K MiXK Tapamerpamu p, V, T, a came:
"t n-1
T v p, | "
Tl v, P,
n
n -
P, Vi T, |"?
— = = = X 4.5
P, 2 T “9
1/n i
vV, P, T, "
— = — =| = . 4.6
Vy P, Tz “9

PoGoTa moJiiTponmHoOro npouecy
Ockinmpku poboTta 3MIiHH 00°eMy Tazy B Oyab-IKOMY IIpolieci

BUpAKA€ThCs piBHSAHHAM Of = pdV, TO S TONITPOITHOTO TIPOIIECY

BiZINOBi/IHO 710 piBHSHB MONiTpOnn, Mmaemo P = P, (V, /V)" , omxe

p,Vv a2 dv 1
| = pdv= lldv — !
V{p I pllwvn . n(v v -)

1 ,py, p R
1 22 — - = -T)=
- 1(V )= l(plvl pv,)=_— (L-T.)

4.7)

nt

n-1
PV Ty BV 1_[\4) _ Py, 1_[&)2] “
n-1" T~ n-1 v, n-1 P,
KiNbKiCTh TEMJIOTH, KA MiIBOJUTHCS 0 CUCTEMH (200 BiIBOIUTHCS
BiJl HeT),y MOJITPOITHOMY MPOIIECi BUBHAYAETHCS TAKUM YNHOM:
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q=(u,-u,)+I Tak Ak du = ¢ dT i
| = n (T, =T,) , T0 omepxyemo
R R
q=c,(T, -T,) +E(T2 -Ty) :(Cv + HJ(TZ _Tl)
ane O( = cdT to6t0 q=c (T2-T1) i omxe
c(T,-T))=(c, + 11) — (T, —T,) micas meperBopeHs (3 ormsiay Ha
—nN

e, mo C, /C, =k ) maemo

R ¢ -cn+R C,—-C/)n K—n n—
c=c, + = =L ——=c,(—)=¢c,—
1-n 1-n 1-n 1-n n-1
3Bigku
n-k
q=Cv n_l(TZ _Tl):Cn(TZ _Tl)v (48)
n-k ) ) )
ne ¢, =¢C, P - TEIUIOEMHICTh 1J1€aJbHOI0 Ta3y B IOJITPOIIHOMY

TIPOIIECi.
IIpu C,, K, n=const icn= const, TOMy MOIITPONHHMIT Iporec iHOMI

BHU3HAYAIOTh, 5K ITPOIIEC 3 MIOCTIMHOIO TEIIOEMHICTIO.
3MiHa BHYTPIlIHBOT eHeprii B MOIITPOTHOMY IIpOIieci
TZ
Au=u,-u,fcdT =c,(T,-T). (4.9)
Tl
3MiHa €HTaNbIIIi B TOJITPOITHOMY TIpOIIeci

Ah=h, —h, = [c,dT =c,(T, - T,). (4.10)
Tl

3MiHa eHTpOMii B TOJIITPOIHOMY npoueci

‘ n-k, T,
AS=S,-S, =[oq/T =c, In( 2y=¢,——In=2. (411)
1 T, n-1 T
I[Ipu pyci razy B mOTOWi, poO3TalIoBYBaHa podoTra Yy
MOJITPOITHOMY IPOLIEC] TOPIBHIOE
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I, =1+py, —pv, =1+RT, —RT, =1+ R(T, - T,) (4.12)

4.3 I3oxopHuii mpouec

[Iporiec, B ssKOMy HE 3MIHIOETBCS MMUTOMHUM, a OTXKE 1 TOBHUI 00’ €M
napu abo razy, 3BeTbcs i3oxopuum. JliHis, ska 300paxye i30XOpHHI
MPOIIEC, 3BETHCS 130X0POIO.

I'padiuna iHTEpHpeTalis i30XOpPHOro Mpolecy NpeAcCTaBlIeHa Ha
pucyHky 4.1.

HocnmijpkeHHsT TIpoIleCy TPOBeNeM, KOPUCTYIOUHCH PIBHSHHIM
nomitponHoro npomecy PV = const.

st pOro. CTOCOBHO JI0 KOXKHOTO Tporiecy, OyneMO 3HaXOIUTH

XapakTepHi 3HA4YeHHA IIOKa3HHUKa

AR T MOJIITPOTIH o bopmyi

. c-c, .

2 n= Jns  130XopHOTO

c-—c,
1 npouecy ¢ = C,, omke
2
W=z TV 513 o= R

Pucynok 4.1 c,-¢, O

o6 yHUKHYTH OnIep>KaHHS
HEBU3HAYCHOCTI,IIEPETBOPUMO PIBHSIHHS IOJITPOINH, BUTATAIOUN KOPiHb N-
T'O CTymHeHs 3 000X YacTHH piBHAHHSA. Tomi omepkyeMo

1 1
p"v=p>*v=Vv=const. (4.13)
3 piBHAHB B32a€MO3BSI3KYy MDK Tmapamerpamu p, T, V B
MOJIITPOITHOMY TIPOIECi
n-1 ni
T2 _[ Vi P )"

. n-n
= = i3 ommmy Ha te, mo ——=1-1/n npu
T1 Vv, P, n

N =100, orpumaemo p2/p1=T2/T1 abo p/T = const, TOOTO B i30XOpHOMY
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MPOIECi THUCK Tra3y 3MIHIOEThCS IPSMO IMPOIOPIIIHO HOro aOCONFOTHIM
TeMIeparypi.
PoGoTta 3minm 00’eMy B i30XOpHOMY TIpolIeCi 0 IV =pdv=0, Tak
sk V= const, Todv=0.
Temora 130X0pHOro MpoIecy . Tak sk ol - 0, To 3 1-ro
. aq, =du .
3akony TTJ cminye,o q, v, To0TO BCA TiABEAECHA JO Tazy B

130XOpHOMY TPOIIECI TEIJIOTa IJIKOM BHUTPAYa€ThCS HaA 30UIBIICHHS
BHYTPIIHBOT ~ €Heprii, a BiABENEHHS TEIUIOTH CYNPOBODKYETHCS

oq, =c,dT
TZ
q,=Au, = [c,dT =c,(T,-T). (4.14)

T

3MEHIIICHHSM Au . SIx BigoMo, , TO MOYKHA 3aIUCcaTi

3MmiHa BHYTPIIIHBOI eHeprii i3oxopHoro mpomecy. Tak sk mpu
vV = const,dq, = Au
(4.14).

3MiHy eHTpomnii MOXXHA pO3paxyBaTH

§S=S,-S,=c¢,In(T,/T). (4.15)

Sxmo i30XOpHWH TpolleC TPOTIKaE B  MOTOHmI rasy, TO

v» TO 3MiHa AUV MOK€ OyTH 3Haii/leHa 3TiTHO

po3TamioByBaHa pobora * B 1bOMy MpoIieci JOpiBHIOE
va =1, + PV — PV, =V(P; — P2). (4.16)
Tak sk ly=0,vi=vo=V.

4.4 I300apHmuii mpouec

[Ipu i306apHOMY TIpOIleci BUKOHYEThCS yMoBa p = const i dp = 0.
Lleit mporiec Biamoinae 3akony I'eit-Jlrocaka (puc.4.2).
s i306apHOTO TIPOIIECY C=Cp, OTHKE
c—-C c,—-C
n=—>*=-+_"-0/R=0.
c-¢, C,—¢,
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Al A T Tomy  pv"=const, i
OCTaToOYHE pPIBHAHHA 1300apu
OIUCYETHCS PIBHSHHAM P =
const.

3 piBHSIHHS
B32€MO3B'A3KY MIXK
napamerpamu p, T,V B
MOJITPOITHOMY TpOILIeci MpH N =
0 ju1st 1300apHOTrO MPOLIECY
Pucynok 4.2 Vv T

2 _ "2
MaeMo —— = —, TOOTO B

Vl 1

ILOMY TIpOIIeci 00’ €M ra3y 3MIHIOEThLCS MPSIMO MPONOPIIHHO Horo
a0COJIOTHIN TemmepaTypi.
PoGotra 3MiHM 00’eMmy B i300apHOMy mnpoueci BH3HAYAETHCS

\'.."“

iHTerpyBaHHsaM BupaxeHHs Of = pdV, mpu p = const
\
Ip:J.pdV: p'(vz_vl):R'(Tz_Tl)- (4.17)
Vi
OTtxe, poboTa razy B i300apHOMY IIPOIIECi IO3UTHBHA TUTBKH B TOMY

BHITAJIKY, SKIIO TEMITEpaTypa razy 30UIbIIy€eTHCS.
KinbkicTh TenjoTu, ska miaBOIUTHCS Ta3y B i300apHOMY Ipoiieci

BHU3HAYAETHCA 110 POPMYIT 8q =dh- vdp , Tomy 1o dp = 0, Toxmi

oq, =dh=c dh=c (T,-T). (4.18)
3miny entanbmii AN, MoxHa 3HaliTH Tak oq =du+ pdv.
3rigHo HEPETBOPEHHS pdv=d(pv)-vdp, 3BiKH

og=du+d(pv)—vdp abo oq=dh—vdp TaK AK
oq=d(u+ pv)—vdp, sxuo dp =0, To oq, =dh,.
Orxe
oq, =dh =c (T,-T). (4.19)
3miHa BHYTPIIIHBOI eHeprii i300apHOro Mporecy

u S C, (rz _Tl) , TIpU cp = Const. (4.20)
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3MiHy eHTpoOmil 3Haii1eMO 13 HACTYITHOTO PiBHIHHS
AS = 82 — Sl = Cp |I'](T1 /Tz) — Rln( p2/ pl), Tak K p1=  (4.21)
P2, T0 Sp =cp In(T2/T1),
TOOTO TeMIepaTypHa 3aJIeKHICTh CHTPOIIi MpH i300apHOMY TMPOIIECi TEX
Mae orapu¢midnamii xapakrep, ane ockinekn Cp > C, 1o i306apa B T, S

— miarpami Hje OUTBII MOJIOr0, HIXK 130X0pa.
Aximo  i300apHUil  mpolec NPOTIKa€ B MOTOMI rasy, TO.l
po3TanioBaHa podoTa B IIbOMY IIPOIIECI JOPIBHIOE

Ipacn. =1+ PV, — PV, = 0. (4.22)

4.5 Izorepmiunnii mpouec

[Ipu i3orepmivaOMy Tiporieci BUKOHYeTbcss ymoBa dT = 0 un T =
const.

TakuM 4HMHOM,BUAHO, IO 1€ MOXKJIIMBO, KO C; =00,

Ha mimcraBi 1s0r0 MOXKHAa BH3HAYUTH N IS 130TEPMIYHOTO
poriecy
¢r—¢, 1l-c,/c; 1-¢, JRee

n= = =
¢, —-¢, 1-c,/c; 1-c, /o
OTxe, PIBHSHHSA KPHBOi, SKE BHpPaKa€ I130TEPMIUHHI Tporec B
CHCTEMi KOOpAMHAT P, V , Ma€ BU]I
pv=const um T =const. (4.23)
3B'130K MK MTapaMeTpamu ra3y s i30TepMITHOTO IPOoIecy

P,/ p, =V, 1V, 4.24)

+T TakuM  YMHOM, B
130TepMIYHOMY poreci

201 2 BimHOImIEHHS a0COJIFOTHUX
—d—a—h—e THUCKIB o0epHEeHOo

MPOMOPIIIHHO  BiTHOIIECHHIO
IMUTOMHUX 00’ €MIB.
. Ha PHUCYHKY 4.3
5 NPEACTABIEHO 130TEPMIYHHIMA

Pucynoxk 4.3
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mporece P, V- i T, S- miarpamax.

Sk 6aunmo, Ha p, V — Jiarpami, i30TepMa € piBHOOOKOFO TirepOosIor,
JUI SIKOI OCl KoopauHaT acumnTotT. A B T, S — miarpami i3orepma €
TOPHU30HTAIBHOKO MPSIMOIO.

PoGoTa 3minu 00’eMy B i30TepMiuHOMY TIpoIIeci

I = j pdv = j (RT/v)dv=RTIn(v,/v,)=RTIn(p,/ p,) @.25)

PV In(vz /V1) =PV, In( p1/ pz)
Tak sk T = const, To dT = 0 , ToMy 3MiHa BHYTPilIHbOI eHeprii
130TEPMIYHOr0 MPOIIECy
du, =c,dT =0, (4.26)
Ockinbku B i30Tepmiunomy nporeci dT = 0, To 3 1-ro 3akony TT/I

CITiIy€e, MO KUIBKICTh TEMJIO0TH, SIKa MiJIBOJAUTHCS K Ta3y B 130TEPMIYHOMY
MPoIIECi,

0q=0l; =RT In(v,/v;) =RT In( p,/ p,) (4.27)
= pVv, In(v, /v;) = pv,In( p,/ p,) =TdS , '

TOOTO yCS TEIUIOTa 130TEPMIYHOTO TPOIIECY TEPETBOPUTHCI B poOOTY
MIPOIIECY, a BHYTPIIIHS €HEepris Ta3y He MePEeTepILIIOE 3MiHU.
Tak ssx T = const, To dT = 0, ToMy 3MiHa eHTaJbIIi 130TEPMITHOTO
poriecy
dh, =c,dT =0. (4.28)

3miHa eHTpOMii i30TepMITHOTO MPOIeCy
2

AS, =S,-S,=[0q, /T =RIn(v,/v,) =R-In(p,/ p,) .(4.29)
1

Axmo i30TepMiYHHMIA Tpolec TMpOTIKAE B TMOTOI Ta3y, ToO
po3TanioByBaHa po6oTa MoXxe OyTH BU3HAUEHA B TAaKUH CITOCIO

ITpac = IT + PV — PV, = IT Tak Ak P;V; = P,V,. (4.30)
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4.6 Apia6aTHuil nponec

I[lpu apniabaTHOMY Tpolleci TeIIOOOMIH poOodoro Tima 3
HaBKOJIMIIIHIM CEpPEOBUIIEM BiJIOYBAa€ThCS TUIBKU y ¢opMmi poboTu

eHeprooobMiny, a y ¢opmi Temmotm — Hi, TOOTO pobdoue TiNO
nependavaeThbCsl  i30JIbOBAHUM  BiJl  HABKOJMINHLOI'O  CEPEIOBUIIA
i7IcaJbHOI0  TEIUIOBOKO  130JIAIIIETO. i yMOBHM BHpPaKaIOTHCH

criiBBiHomennam q =0, a omxe i O =0.
c,—C, —cC
c,—C, ~—C

P _k.

\

3 piBHSHHSA og=c,dT =c,=0=n=

OT1xe, piBHSIHHS ajiabaTH Ma€ BUJI
p -V =const, (4.31)

ne K — mokasHuk amiabatw, iHakire Ha3BaHui Koedimienrom Ilyacona,
SKAH MOXKe OyTH BUPa)KEHUH 1 3a JOMOMOT 00 piBHSHHS Maiiepa
c, c, +R R
k=—=—"——=1+—. (4.32)
C C C
Ha pucynky 4.4 npuBenenuii amiabatHuil mporec. BimmoBigHo 10
KJIACHYHOI KIHEMaTHYIHOI Teopii, TEINIOEMHICTh Ta3y HE 3alleKUTh Bill
TEMITepPaTypH, TOMY MOXKHA BBKATH, IO BEUYMHA K TAKOXK HE 3aJICKHUTh
BiJl TEMITEpaTypH 1 BU3HAYAETHCS YUCIIOM CTYMIHEH CBOOOIN MOJIEKYIIH.
st omnoatomuoro razy K = 1,67; mast mBoxatomHOro razy k =
1,40; nns tppoxaTomHoro razy k=1,29.
3B'130K MK TapaMeTpaMu CTaHy B afiadaTHOMY Tporieci

' Vv Vv

k

P Vi),
+rP 4T 5 pl V2
k-1
: T O «
CT _2 — ﬁ 2 = & .
CT. 1 -l-l V2 -I-l pl
PO POEIL (4.33)
1 | '
2 2 PoGoTa PO3LIHPEHHA
. o 00’emy  pobouoro Tima B

PucyHok 4.4 agiabaTHOMY mporeci
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T, T.

2 2 R
Iy =—|du=—c,|dT =¢,(T,-T,) =———(T, =T 4.34
=-fdu=—e JdT=e (T = T (M -To). w3

tak sk PV, = RT;; p,v, =RT, , To Mmoxna 3ammcarn

k-1
1 prl T2 plvl Vl
ls =——(pvi — P,V,) = 1——2)="t"1 g | L =
S k_l(pl 1 p2 2) k—l( Tl) k—l|: ( J :|

e e ) )]

TenJioTa agiabaTHOTO TIPOIIECY 6qs =0.

3MiHa BHYTPIIIHBOI eHeprii ajiadaTHOro mporiecy, sk ciiaye 3 1-ro
3akony TT/I dUs = —a|s . OTke, 3MiHYy BHYTPIIITHBOI €HEPrii ra3y MOXKHa

po3paxyBatu 110 (4.35).
3MiHa eHTadbIIi a1iladaTHOTO MPOIIECy

2
h, :jcpdT =c, (T, -T,) =ke, (T, -T,) =kAU = kI, . (4.36)
1
3wmina enTpomii agiabaTHoro npomuecy dS = 0.

Po3TtamoByBana po6oTa aniadaTHOrO TMpoIecy B TOTOII Ta3y
BU3HAYAETHCS

ISppac = _kIS = kCV (Tl _TZ) : (437)

4.7 Anani3 y3araJbHeHOro MOJiTPOMHOro mpouecy

JJisi BU3HaYeHHsI 3aKOHY, 0 sikomy B p, V - i T, S-giarpamax
PO3TAlIOBYIOTHCSI MOJITPONHU, $IKi BHUXOAATH 3 OJHIEI Kpankwu,
posrisineMo rpadiku 4YacTHHX mpomeciB 3MIiHHM CcTaHy TrasiB Yy
3a3HavyeHUX aiarpamax (puc. 4.5).
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3 mux rpadikiB BUAHO, MO B p, V — JiarpaMi MOJITPONH IpH
PO3IIMPEHHI Tra3y pPO3TallOBYIOThCS THUM KpYTillle, YuM OumbIne xHIil
nmokasHMK n. [lpu cTHCKaHHI Ta3y CIOCTEPIraeThCsi 3BOPOTHBA
3aKOHOMIPHICTh,III0  MOJITPONHM, SKIi BUXOIATH 3 ONHIET KpamkH,
PO3TAIIOBYIOTHCSI TUM OUTBII TOJOT0, YUM MEHIIE iX n.

3BepHEMO yBary, 1Io JiHil MPOCTUX (OKPEMHUX) MPOLECIB PO3AIISIOTH
yCi MOJKJIMBI MPOIIECH, SIKi MPOXOJATh Uepe3 Ty caMy MOYaTKOBY Kparky,
MO JACSIKUX TUTIOBUX MPUYMHAX.

I30x0pa (N = to0) mofinse Bci mpoiieck Ha JBi rpymnu. Yci mpoiecu
MOJITPONM, 10 PO3TAIIOBaHi TPaBOPYY 130XOpPH, XapaKTepH3YIOTh
PO3ILIMPEHHS Ta3y, JTBOPYY — CTUCKAHHSI.

I306apa (N=0) Takox mojijsie KPUBi BCIX MOJITPOIHUX MPOIIECIB HA
2 rpynu. KpuBi,mo po3ramoBaHi HWXYe i300apH, XapaKTepu3ylTh

MPOLIECH 3i

Ty T e 3MEHIIEHHSIM
00 THUCKY, a BHIIE
i300apn  — 3i

A =0 el 30LTBIIICHHSIM

1 THCKY.
=0 q=0

I3oTepm
a (n=1) Takox
Iff-’ CT.  posI. v b=t | o=k . MTOALIISIE BCI

* mporecd Ha 2

Pucynok 4.5 IpyIH. Vei

nporecy, 1o

pO3TaIoBaHi BHIIE i30T€PMH, MPOTIKAIOTH 31 30UTBIIEHHSIM BHYTPIIIHBOT

eHeprii (3 pocToM TeMmIiepaTypH), a HIDKYE 130TepMH - 31 3MEHIIEHHSM
BHYTPIIIHBO1 €HepTii (31 3SMEHIIEHHSIM TEMITEPATypH ).

Aniabara (n=k) moninse Bci nporecn Ha 2 rpymu. [lomitporu, mo
po3TaIoBaHi MpaBopyd aniabatv, MPOTIKAIOTh 3 MiNBEASHHSIM TEIJIOTH, a
JBOpYY 11 — 3 BiIBEICHHSAM TEILUIOTH.

Ilpu —oo<nN<0 momirpormu B p, V — Jiarpami sBISIFOTE COOOO
KpHBI, 1110 TT03HAYEH] MYHKTUPOM (puc.4.5), sSKi IpOXOIATh Yepe3 MoYaToK
KOOpAMHAT, MPUYOMY IIpH N > -1 KpUBa CHIpsIMOBaHA OIMYKJIICTIO HAaropy, a
mpu n < -1 — oImyKITiCTIO BHU3; TIpH N = | TojiTporia sBisie cO00I0 MPSIMy
JiHIO.
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Ilppy 0<N<oo momirpomu MawTh B p, vV — niarpami
rinepOoMiyHu Xapakrep.

Ha mincraBi BUKIaJeHOro BHUAHO, IO IO3UTHBHA pobOoTa Oyne
BinOyBaThCs y BCIX TONITPONHUX TMporecax, Uil SKUX T.2 Oyne
pO3TalIoByBaTHCS IpaBopy4 T.1 Ha p, V — Iiarpami.

Kinpkicte Temmotm Oyae TO3UTHUBHOIO, TOOTO BOHa Oyxe
MiIBOMUTHCS K Tazy y BCiX MOJITPOIHUX Mpolecax, A SKUX T.2 Oyne
pO3TalIOBYBaTHCS IPaBOpY4 T.1 Ha p, V — Iiarpami.

BuyTpimHs eneprist Oye 3pocTaTé AJ1s BCiX MOJITPOIHHUX MPOIECIB,
B sIKuX T.2 Oyzne po3ramoByBatucs Buine T.1 Ha T, S — miarpami.

IHonimponui npouyecu no 0coOAUGOCMAX NEPemMEOPEHHA eHep2il
ModicHa po3oumu na 3 zpynu:

Mepma rpyna 0<n<1

Mobynyemo B p, v i T, S — pmiarpamax MOJITPONHI Mpolecu 3
TPAaHUYHMMY 3HAYEHHSMH MOKAa3HWKA N JaHoi rpymu. Toxai momiTpora
posmmpenHst 1-2 1 nomitporna cTuckaHHs 1-2° mpoHIyTh BIAMOBIIHO MK
1306aporo i i30TepMOI0 pO3MIMPEHHS i cTrcKaHHs (puc.4.6).

OCKUTBKH TIPOIIECH PO3MHPEHHS mpu p = const i T = const MOXyTh
3MIMCHIOBATHCS JIMIIE 3 TMIIBEJCHHSAM TeIUIOTH, TO, INPHPOXHBO, IO
mojiiTpornia 1-2, po3raiioBaHa MK HMUMH, B T, S — miarpami mijie BIIPago,
T00TO S > Si. Temmeparypa pobodoro rasy B 1300apHOMY IIpoIieci
PO3MIMPEHHA pOCTe 1 y BCIX Mporecax pPO3MIHMPEHHS, SIKi JeXaTh HIDKYE
i300apu B p, V — giarpami, ajie BHIIE i30TepMHU PO3IMINPEHHS, TEMIIepaTypa
TakoX Oyne 3pocTtaTtd, TOMY IO TeIJIoTa, SKa MIBOTUTHCS, Oynae
BHUTpaydaTHCS KpiM poOOTH i Ha 30UTBIIIEHHS BHYTPIIHBOI eHeprii. OTxe, B
T,S - miarpami T >T1, To6T0 T2 NexuTh Brie Ti.

[IpoBoasun no T2 i30xopy 10 mepeTuHanHs 3 i3otepmoto 3 T1,

otpumaemo B T,S
T4 — niarpami
rpadiune
300pakeHHS U
Ui mpouecy 1-2
(T1=T3 1o
noOyJ0Bi, TOMY

U, =U,;=0,5
PucyHok 4.6 , mo y T,S

' |
-'ar,t:la.?au.| Ei"
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miarpami TpadidHO 300paXKyeThCs IUIOIICIO IMia i30X0poro 2-3).
TakuMm YMHOM, B MONITPONMHOMY mpoueci 1-2 Benmwumnu 1, ¢, u
OyIyTh TO3WUTHUBHI i mo piBHsHHIO 1-r0 3akomy TTJ[  orpumaemo
g=u+l.
I'padiuno pobora BHpasUTbCS SK PI3HHULSA IUION] MiJ KPUBOIO
nporiecy 1-2 ii3oxoporo 2-3 B T, S — giarpami.
Opyra rpyna 1<n < K
['panuissMU PO3TISHYTOrO BHIIAJKY MOJITPOITHUX MPOLECiB B P, V- i
T, S — nmiarpamax OynyTh i3orepma (n = 1) i amiabata (n = k). B p, v —
niarpaMi TomiTporna po3mmpeHHs 1-2 1 momiTpoma cTHCKaHHS -2’
NPONAYTh BIAMOBIZHO MDK 130TEpMOIO 1 ajiadaTol pO3IIMPEHHS 1
cruckanus  (puc.4.7). I30TepMiuHMil MpoleC  PO3MIMPEHHS  MOXKe
BiIOYBaTUCS TUIBKU 3 MIABEACHHSAM TEIUIOTH, 1 BCI MPOIIECH, PO3TAIIOBaHI
HUXKYE 130TepMHU
n 47 o pO3MIMpPEHHSA, ali€
o ek BUle  ajniabaTtu
PO3IINPEHHS,
N 1 TaKOK
V=const trl BHMaratTh
el \ MIIBOAY TEIUIOTH,
3 o 1 TiIBKM — Ha
» »  HIDKHIA TpaHumi
Pucynok 4.7 (amiabati) mporiec
PO3IIMPEHHS
Oyne BinOyBatucs 6e3 mijgBeneHns terioti. Omke, monitpona 1-2 B8 T, S -
niarpami mige BopaBo, To0To S;> Si
Temmeparypa poOodoro Tina mNpW i30TEPMIYHOMY PO3MIMPEHHI
3aJIMIIAETHCS TOCTIHHOIO, a y BCIX TpoIecax, PO3TAIIOBAHMX HHIKYE
i30TepMH, y TOMYy 4HCIi 1 B amiabaTHOMy IIpoIeci, TeMIiepaTypa
3HIDKYETBCS, TOMY IO BHYTPIIIHS €HEpPrisl B IIUX Mpolecax 3MEHIIY€EThCS.
B amiabatHomy mporeci poOoTa po3MIMpEHHS BiOYBAa€ThCS TUTBKH 3a
pPaxyHOK 3MeHIIIeHHs BHYTPIHBOI eHeprii razy. Toxi B T, S — miarpami T»
< Ty, To0TO T2 Oyne nexarn Hux4ae Ti.
[posiemm 3 T: i30xopy 1-3 mo mepermHanHsA 3 i30TepMor0 3 T,

onepxumo B T, S — miarpami rpadiune 306paxenns AU mns npouecy 1-2.

2y

Otxe, B mporeci 1-2 po6ota 1 i Temnora q 6yayTs nosutusHi, a AU -
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HEeraTHBHO, i 10 piBHAHHIO 1-ro 3akony TT/ 6ynemo matu |q| = —|Au| + |||
9K ‘q‘ + ‘AU‘ = “‘, TOOTO TpadiuHo podota ans mpouecy 1-2 BUpazUTbCs

AK CyMa ILIONI Mifl KpuBoro nporecy 1-2 (q) i isoxoporo 1-3 (AU ) . Tobto

poGota posmmpenns £ 3MiHCHIOETHCS SK 32 PAXyHOK MiABEICHHS TEILIOTH
g, TaK i 3a paXyHOK 3MEHIICHHS BHYTPIIIHBOI €Heprii.

Tpersi rpyna (k<n< o).

['panuIs MU PO3TIISIHYTOTO BUMAKY MOJTITPOITHUX MPOIIECiB B P, V- i
T, S — niarpamax Oyne agiabata n =k i i3oxopan= o . B p, v — giarpami
nojiTpona po3mupeHHs 1-2 i momitpona CcTHCKaHHS 1-2° TpoHAyTh
BIJINIOBITHO MIXK a7[iabaTor0 PO3LMIMPEHHS 1 130XOPOI0 OXOJIO/DKEHHS Ta3y i
MiK aziabaTor CTHCKAaHHS 1 130X0poro HarpiBanHs rasy (puc.4.8).

VYci mporiecu po3MMpeHHs, sSKi B P, V — jJiarpami MpoXOoJIHiIH BHIIE
ajiabaTv, BUMAaraid MiJBEJeHHS Teruotd Jo raszy (l-a 1 2-a rpyma
MOJITPOITHUX ~ TIPOLleciB), caMm  ajiabaTHUil  mpomec  PO3IIUPEHHS
saificHioeTbes npu q = 0. [Ipu 130X0pHOMY IIPOIIEC OXOIOMKEHHS ra3y, Bij
HBOTO BiBOJUTHLCS TEILIOTA, OTKE 1 BCl TPOIECH PO3MIMPEHHS Tas3y,
po3TamoBaHi MDK azfiabaTtoro 1 130X0poro, OyayTh TPOXOIUTH 3
BIABEACHHSM TEILIOTH Bif pobouoro Tina, To0TO mojitpona 1-2Ha T,S-—
Jiarpami miae BiIiBO, TOMY 110 S» < Si.

OCKINBKH TeMIIepaTypa, sK IpH aiadbaTHOMY PO3IINPEHHI, TaK i Ipu
130XOpHOMY OXOJIO[DKEHHI a3y, 3HIKYETBCSA, TO B OyIb-sIKOMY MpOIeci,
SKU BimOyBaeThCS MDK HHUMH, KIHIIEBa TemIiepaTtypa Oyne MeHine
MMOYaTKOBOi, TOOTO BHYTPINIHS €HEpris rasy B LHUX IIporecax Oyne
3meHmryBatucs i Ha T, S — miarpami 1.2 6yne Hmk4ue T.1. IIpogoBxuBmm
130X0py, fKa MPOXOJHUTH Yepe3 T.l, 0 MepeTHHaHHS 3 130TepMOIO 3 T.2 B
1.3,

P oA
4F o b= 0

n=k

n= 00

WV

Pucynok 4.8
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onepsxumo Ha T, S — miarpami rpadiune 306pasxenns AU ans npouecy 1-2
(sx moma Haj i3oxoporo 1-3). Takum uymHOM, B mporeci 1-2 pobora
PO3IIUPEHHS |pos. TO3UTHBHA, @ TEMJIOTA (posw. 1 3MIHA BHYTPIIIHBOT €HEpPrii
AU - meratusHi .

Takum gntoM, rpadidHo podoTa lposm BUpasuThes i mporecy 1-2
pisHunero miont miz izoxoporo  1-3 (AU) i min xpusoro nponecy 1-2 ().
Omxke, poOOTa lposm. 1 BiJABIA TEMIOTH ¢ Yy TPOILECi pO3MMPEHHS
3MIACHIOEThCS TUIBKM BHACJIIOK 3MEHIICHHS BHYTPIIIHBOI €Heprii rasy.
IToni0H1 rporecu CIIOCTEPIraroThCsI B
XOJIONWIIBHUX YCTAaHOBKAX.
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JIEKIIA 5
5.1 Cyts lI-ro 3akony TT/

IMepmum  3akoHoM TTJl BCTAHOBIIOIOTHCS — JIMIIE  KiUIBKICHI
CIIBBITHOIICHHS MPH B3a€EMHHX MEPETBOPEHHSX TEIUIOTH 1 pOOOTH.

30kpema, MpH TEI000MiHi MOXKHA OyII0 O IPUIYCTHUTH, IO TEIIoTa
MOXKE TIepeliaBaTHCs sSK BiJl TiIa 3 OUIBIIOK TEMIIEpaTypor A0 Tila 3
MEHIIIOK TEMIIEpaTyporo, Tak i HaBnaku. [Ipu 1pomy, 3rigHo I-ro 3akoHy
TT/l HakIaga€eThCs TUIbKK OJJHA YMOBA - 11100 KUIBKICTh TEIUIOTH, BiIaHOT
OJIHUM TiJIOM, JIOPIBHIOBAJIAa KUIBKOCTI TEIJIOTH, IPUHHATOI 1HIIUM TiJIOM.
[Ipote He Bci mpolecH peanbHO iICHYIOTb.

Posrisin muTaHe MPO MOXIIMBICTH 3IMCHEHHS TOro abo IHIIOTrO
mporiecy, Horo BIpOTiIHOTO HampsiMy, a TakoXX MeEXi HOro pO3BHUTKY €
3MICTOM JIPYTOro 3aKOHY (200 Jpyroro mov4atky) TepMOANHAMIKH.

Haii6inem 3araneaum dopmymoBannsm Il-ro 3akony TTJ moxHa
BBaXaTH (opMmyiroBaHHS, 3ampomoHoBaHe boasiManom: 7 Ilpupoma
IparHe J10 Mepexoy BiJi MEHII BIPOTiHUX CTaHIB 10 OLIbII BIpOrigHHX .

MuMOBITEHE TIEPETBOPEHHS TEINIOTH B pOOOTY B TPHUPOII HE
CIIOCTEPIra€eThbesi, BOHO MOYKE OYTH JOCSATHYTE JIMIIE TEXHIYHUMH 3aC00aMHU
npHu 3a0e3MeueHH] psay YMOB 1 HemoBHICTIO. [TicyMoByroun el JOCBiA
M. Ilmank 3amporionyBaB HactymHe QopmymroBanHs II-ro 3akomy TT/:
«HemoxmmBo moOyayBaTh TeEpIOAWYHO JiI0YY TEIUIOBY  MAIIHHY,
pe3yapTaTamMu nii 0 sfk0i OylM TUIBKH OTPUMAaHHS MEXaHidHOI poboTh i
OXOJIOKYBaHHSI JDKEPENa TeIJIOTH».

@opmymnroBanHs [lnaHka cTOCOBHO poOOTH TEIUIOBOTO JABUIYHA CIIIX
po3ymitu TakuM dumHOM. Terora mMoxe OyTH YacTKOBO IIE€pETBOpEHa Ha
poboTy InuIe 3a JOMOMOrol poOodoro Tina. JIuime YacTWHA TEIIIOTH,
ofiepaHoi poboYMM TIIOM BiJ JDKEpena, MOXE IMEPEXOAWTH B POOOTY,
iHIIIa YacTWHA HEMUHYyYE MOBUHHA BiJIaBaTHCS AEIKOMY XOJOJHOMY TiTy
(X0nMOAMIBHUKY, NpUIIMady TEMJIOTH), IO 1 € MPOLECOM, SIKUM KOMIIEHCY€E
HEMHUMOBLIBHICTH ITEPETBOPEHHS TEIIJIOTH B POOOTY.

Takum uMHOM, IS 3AIHCHEHHS HEMHUMOBLIBHOTO TIPOLECY
OTpPUMaHHs POOOTH 32 PaXyHOK TEIJIOTH, HEOOXiHI HACTYITHI YMOBH: TaxKi,
SIK HasBHICTH IOHAWMEHIIE IBOX JHKEPEIN TEIUIOTH - 3 OUTBIION i MEHIIIOK
TeMIIepaTypamH , i pobouoro Tina.

Hpyruii 3akon TTl moxHa npeacTaBuTH y GOpMi CYKYITHOCTI JIBOX
HE3aJISKHUX 3aKOHOMIPHOCTEH (4acThH).
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[lepmy wactuny nHasuBaroTh II-mM 3axonom TTJ| mis obGopoTHHX
nporeciB a00 MPUHIKIIOM iCHYBaHHsI eHTporii. Jpyry yacTuHy Ha3MBarOTh
npyrum 3akoHoM TTJl s HeoOOpOTHHX TpoleciB, ab0 MPHHIUIIOM
3pOCTaHHS EHTPOII.

o6 3'scyBaTm yMOBH, TpU SKUX 3IIHCHIOETBCS  IPOIIEC
MEPEeTBOPEHHS TEIJIOTH B poboty, 1 3pozymitu cyTh Il-ro 3akony TT/,
pPO3IJISIHEMO, SK TIOBHMHEH 3MIHIOBAaTHCS CTaH po0OYoro Tijla B Takii
Oe3repepBHO JIiI04ill MaIlNHi, SK TOPIIHEBUI TEIJIOBUH JBUTYH.

Sxuio pobode TiO 3 MOYATKOBOTO cTaHy T.A (puc.5.1) nepexoauTsb
yepe3 T.E B kiHneBuit cran — T.B, To onmepkaHa mpu 1bOMy poOOTa
BuMiproBatuMerbes mi. ABCD. Skmio pobode Tiio 3 T.B moBepHeTbes B
T.A TUM CaMUM IUIIXOM, SIKHM BOHO TIEpEeMIllyBajiocs, TO BUTpaUyeHa Ha I1e
pobora Takoxk Oyne mopiBaroBatd  monli ABCD, 1 B pe3ynbraTi

TAKOrO0  KPyroBOro

Pﬂn A =7 mporecy abo IHKITY,

pobota oyne

I \( G | JIOPIBHIOBATH 0.

L : OTxe, MOTPiOHO

l B | poboye TiJIO

Ly Ko : TIOBEPHYTH 3

% : | KiHLEBOrO CTaHy T.B

* ' He 1o 1oposi BEA, a

- - A no gopo3i  BKA,
Pucynok 5.1

TOOTO JiHISA TPOIIECY
CTUCKaHHS IIOBHHHA
pO3TaIIOBYBATUCS HIDKYE 3a JIHIIO TPOIECy PO3IMMPEHHS, ToAi poborta
posmupenas 1. AEBCD 0Oyne 6inbie po6otu cruckanus mi.BCDAK.
B pesymerati Takoro mporecy Oynme omepkaHa poOoTa,sfka JJIOpPIBHIOE
pisHHUIlI polbiT po3mupeHHs 1 cruckaHasg, ToOTo MWI.AEBCD —
m1.BCDAK=nn.AEBK.

Opnepxana pobora /kop Moxke OyTH BUKOpUCTaHa AJIsi 0OepTaHHS
MalmwH 1 MeXaHi3MiB (TOOTO y BIACHHUX MOTpedax) 1 Ha3UBa€ETHCS
KOPHCHOI0 podoToro. OTxe, KopucHa podoTa LUKIY B P, V — xiarpami
300paKy€eThCs IJIOIIEIO, KA YKIaJeHa yCepenuHi KpyroBoro mpouecy ado
LUKITY.

Sxmmo poboye TiIo B mpsMOMY LMKJI B mpoueci posmupenHs AEB
OJIepKajgo BiJg raps4oro (BHILOrO) JoKepena TEIUIOTY (i, a B Ipoleci
cruckanHs BKA Bimgmano xonmogHomy (HMKYOMY) IDKEpeNny KUIbKICTb
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TEIUIOTH (2, TO P3HUIL (i1-02=(Q, . Temnora 3HUKAE B Mepediry MUKIY B
pe3yabTaTi IEPETBOPECHHS ii B MEXaHIYHY eHepriro, To0To, BinmoBiaHo 10 I-
ro 3akony TTJI q, = / y Biggaua jgesgxoi KIUIBKOCT1 TEMIOTH

HIKUOMY JDKEpelny HeoOXimHa st TOro, mo0 3HH3UTH TeMIlepaTypy
pobodoro Tina i TUM CcaMHM 3MEHIIUTH CIIOXXHBaHHS POOOTH Ha HOro
CTHCKaHHS, TOOTO, OE3MOBOPOTHICT, BTpaT IIi€i KIIBKOCTI TEIJIOTH
(BimaHe XOJIOJHOMY JDKEpeENly) € KOMIICHCAIIIEI0 3a OTPUMaHHS KOPHUCHOT
pobotu. OCKIUIBKM B KpPYyroBOMY IMpolieci poOode Tij0 IMOBEPTAETHCSA B
nepeuHHmi cran, o AU, =0.

Takum wmaOM ,cyTh II-To 3akony TTJl B ToMy, mo Oe3mepepBHE
OTpUMaHHS pPOOOTH 3 TEMJIOTH MOXJIMBO TUTBKM 332 YMOBHM Iiepejaadi
YaCTUHH BiIIOPAHOI BiJl rapsIoro JpKepela TEIUIOTH XOJIOAHOMY JKEpey.
Takoxx moOKa3ye, IO TEIIOTa caMa COO0I0 MOXE MEPEXOJUTH JIUIIE Bij
TiJla 3 BUIIOK TEMITEPATYPOIO JIO TiJIa 3 HUXKYOK TEMIIEPATYPOIO.

B iHmmii Oik Teriora MoXe MEPEeXOAMTH JIMIIEC 33 YMOBH BHTPATH
€Heprii i3 30BHi, TOOTO, TPU HASIBHOCTI KOMITCHCAIIIHHUX ITPOIIECIB.

Y 3BOpPOTHBROMY MUK HAMpsAM BETUYMH (1 1 (2 3MIHIOETBCA Ha
3BOPOTHE, TOOTO TEIUIOTA (1 MEPEIAETHCS POOOYOMY TUTY BiJ XOJOIHOTO
JDKepema, a TeIuioTa (2  BiamaeTscs TapsdoMmy kepeny. OTxe, B
3BOPOTHHOMY ITHKJII TEIIJIOTA MEPEXOANTH BiJl XOJIOAHOTO Tija J0 rapsioro,
aje Ie TOBHHHO OOOB'A3KOBO CYIPOBOMKYBATHCA BHUTPATOI POOOTH.
3BOPOTHI ITUKJIH 3IHCHIOIOTHCS B XOJIOMIBHAX YCTAHOBKAX.

5.2 Tepmiunnii KK/l i xononuiabHuii koedinienT nukiis

HocnimxenHs Oyap-SKOro MNpsSMOro LMKIY [OKaszye, M0 s
OTPUIMAaHHS TTO3UTUBHOI POOOTH HEOOXiAHO 10 pobodoro Tima Ha AESKid
TUISHIT [AKITY TiABECTH TEIUIOTY (1 Bi/l 30BHIIIHBOTO JDKEPENa 1 BiIBECTH
Ha IHIIHA MUISHII OUKITY TEIUIOTY (2 3O0BHIMIHBOMY JDKEpENny TETUIOTH.
[Ipu npomy Ha 1nmisixy AEB pobode Tino 3poOuTh poOOTY pO3IIMPEHHS
Ipo3= . AEBCD, a na nuisixy BKA — po6Goty cruckanus lem=AKBCD.
B pesympraTi 3pmilicHeHHsS TpAMOr0 IHMKIy HA30BHI Oynae BiamaHa
MO3UTHBHA po0OTa, SIKa JOPIBHIOE PI3HUIII M POOOTOI0 PO3MIMPEHHS 1
cruckauus. List po6ora oy = lpos — lom.

CHiBBiIHOIIEHHS MDK KUIBKICTIO TEIUIOTH (1 1 (2 1 KOPHCHOIO
pobororo [xop Bu3HadaeThcst [-M 3akoHOM TT/]

Q=Q1- Q2= Uz~ Ur+ Ly (5.1)
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OCKUIbKM B LMK KIHIEBUH CTaH TijIa CHIBHAAA€ 3 IIOYaTKOBUM, TO
3MiHa BHYTPIIIHBOI €Heprii poOovoro Tiia He BinOyBaeThCs (3BaXkalouu Ha
3MIMICHEHHsI KPYroBOr'O TpOLECY 1 TOro, MO BHYTPIIIHS €HEpria €
dyHkiiero crany) i gopieHioe 0, tomy (Uz2= Uz; Uz- U1 =0)

qi- G2 =1y. (5.2)

UumM Oibliie MiZBECHA TEIUIOTA (1 1 YAM MEHIIE BiIBEJICHA (2, TUM
ObIIa KUTBKICTh TEIJIOTH MEPETBOPIOETHCS B IIMKIL B poOOTY, a OTXKE,
TUM BUIIIE e)EKTUBHICTD ITUKITY.

CryniHb JOCKOHAJIOCTI MEPETBOPEHHS TEIJIOTH B MEXaHIYHY PoOOTy
B TJl 1uuKiIl OIIHIOETBCS TEPMIYHMM KOE(II[IEHTOM KOPHCHOI i
Tepmiuaum KKJI 7, T/l uMki1y Ha3sMBae€ThCs BiIHOLIEHHA pPOOOTH,

3MIMICHEHOI B TPSIMOMY OOOPOTHOMY TEPMOAMHAMIYHOMY MUK, 10
TEIUTOTH, IiBEICHOT poOOYOMY TUTY BiJ 30BHIMIHIX JKEpEI

n=(@-0a,)/q=0/0)=1-(q/q) 63
Tepwmiunnit KK/ iy mokasye, siKy KUTBKICTh OACpPKAHOI TETUIOTH

MallliHa TEPeTBOPIOE Ha POOOTY B KOHKPETHHUX YMOBaxX  IPOTIKaHHS
igeabHOro IUKIy. YmMm OuTbIle, THM  JOCKOHAJIINE MHMKJI 1 TEIIOBa

MammHa. 3HadeHHs TepmiyHoro KKJI 3apxmu menme 1. Sxou 77, =1,

TO 260 1= o, abo (=0, Mo Ha MPAKTHUIl HE3TIMCHEHO, OCKLTBKU (1 =
00 CymnepeuuTh 30pOBOMY Ty3ny, a (2 = 0 — cynepeunts I[I-My 3akoHy
TTH.

PosrisaemMo Temep 3BOPOTHIN MUK, SKUH HMPOXOAWTH B HATIPSIMI
MPOTH TOJMHHUKOBOI CTPUIKH 1 300paXyeThest B p, V - miarpami (puc. 5.1)
1. AEBK. Posmmpenns po6o4oro Tina B bOMY UK 3IIHCHIOETECS TPU
HIDKYiA TeMmrepaTypi, HDK CTHCHEHHS i poOoTa posmmpeHHs 1. AKBM
BHUXOJUTHh MeHIIe poboTH ctuckanas 1. AEBMN.

VY 3BOPOTHROMY LHMKII Bil XOIIOAHOTO JPKEpena 3 TEeMIIepaTyporo
T> migBomuThCs 10 poOOYOro TiNla TEIIIOTa (2 1 BUTpAvyaeThesl podora ly,
0 TEePEeXOAWTh B PiBHY KUIBKICTh TEIUIOTH, SKi Pa3oM MEepeaaroThCs
rapsaomy JoKepeny 3 Temmnepatyporo T

g9, =4, +1,. (5.4)
TakuM 4YMHOM, IPH BUTPATi 330BHI pOOOTH, TEIUIOTA IEpeTiKaTHuMe
BiJl XOJIOZHOTO JKEpenia 10 rapsioro.
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CTymiHb  JIOCKOHAJOCTI  3BOPOTHHOI'O  IMKJIY  BHU3HAYAETHCS
X0JI0MUIbHUM KoedimieaTom &£ . XonomuiabHUM KOe(IlliEHT NUKIY €
BITHOIIICHHSM KUIBKOCTI TEIUIOTH (2, BINBEJACHOI B 3BOPOTHHOMY
TEPMOJMHAMIYHOMY IMKJII BiJ] OXOJO/PKYBAaHOI CHUCTEeMHU 10 pobotu [y,
BHUTPAUYCHOI B I[bOMY ITUKJI1

e=0q,/l,=0,/(q, —q,). (5.5)

XogonuabHuii KoeillieHT mokasye, 1o mepexij] TEIIOTH 3 BULIIOIO
Ha HIDKYHH PiBEHb HE € MPOIECOM MUMOBUILHHM 1 MOXKE OYTH 3/1iHCHEHUIA
JUIIE 32 HAasBHOCTI KOMIIGHCYIOUOTO TPOIECY - TEPETBOPEHHS MEBHOI
KUIBKOCTI POOOTH B TEIUIOTY, SKa IEPEJAETbCs IOTIM  rapsuoMy
TEIUIONpHUiMady pa3oM 3 TEIUIOTOM, SIKY 3a0HparoTh Yy XOJIOIHOTO
JDKEpena TerIoTH.

Ha BigMiHy BiJ [HMKIy TEIJIOBOTO JBUTYHA, XOJOAMIbHHH
koedimieHT & Moxke OyTH 1 MeHIIe 1 OibIe 1 piBHUIA 1.

5.3 Ilpsimwuii i 3BopoTHii nukau KapHo

B 1824p. ¢dpannyspkuii imkenep C. KapHo 3ampornoHyBaB LHKII
17I€aJIbHOTO TEIUIOBOTO JBUTYHA, IO CKIIANAETHCS 3 ABOX 130TE€PM 1 JBOX
amiabaT 1 mpencraBisie cOO0I0 3aMKHYTHI TIPOIleC, KU 3A1HCHIOE poboue
TUJIO 32 HASBHOCTI IBOX JDKEPEIT TEILIOTH - HarpiBada (rapsdoro mpKepena)
3 Temmeparyporo T: 1 XonmogwnpHWKa (XOJNOMHOTO JDKepena) 3
temneparypotro  To. Ilpmuomy Ti=const i To=const, ockiTbKHU
repen0avaeThCsl, MO TEIIOEMHICTh KOXKHOT'O 3 DKEPEeNT TEIUIOTH Taki
BEJHKI, 10 BiI0ip pOOOYHMM TLIOM TEIUIOTH BiJ BHILOTO JPKEpena TEIUIOTH
(BAT) i mepemaua ii Hmxdomy mxepeny teriota (H/T) mpaktuuno He
MIHSI€ X TEMITepaTypH.

Hpsavuii muxa Kapuo € HallOutbm 3aificHeHHM, B p, V —Iuarpami
300pakeHo0 Ha PUCYHKYS.Z2.

[Ipunyctumo, 1 kr poOoOYOro Tida 3HAXOAWTHCS B IWIHIPI TiX
noprmiHeM. CTIHKH TIOBHICTIO TEIUIOI30MIOIOTh LWJIHIAP, IO 3a0e3rnedye
MOKJIMBICTH 3IMCHEHHS afiabaTHOTO MpoIlecy 3MiHH cTaHy rasy. llpore, y
pasi moTpedu ra3 Moxe MPUXOMUTH B 3iTKHEHHS 3 2-Ma JDKepenamu
TEIUIOTH.

[louaTkoBuii cTan razy B p, V - miarpami Xxapakrtepusyerbes T.1 Ta
BIIMOBITHUH KPaiHbOMY JIiIBOMY TOJOXEHHIO TMMOPIIHS I[MIIIHIPY-BHINA
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MepTtBa Touka (BMT). Ilepmmii TakT nmkiy, B mepediry SKOro UWITIHAP
3HAaXOAUTHCS y KOHTakTi 3 HarpiBauem (BT ), monsirae B posmmpeHHi
ra3y. ['a3 Mae BHCOKHII THUCK, TUCHE HA MOPILIEHb, PArHY4YX BHIITOBXHYTH
foro 3 nuiiHAgpa. B pe3ynpTari MOpIIeHs MEpPEeMilyeThesl 1 KOMiHYACTHI
BaJl TIOBEPTAETHCS, 3MiCHIOWYHM poboumid Xix asuryHa. Llei Takt €
130TepMIYHMM, TIpU I1OMY, 1100 TIOAONATH TpPAarHeHHs Tra3y Jo
OXOJIOJUKCHHS IO Mipi PO3IIMPEHHS, 10 HBOTO HEOOXITHO IiBOJUTH
eHeprilo Bij HarpiBaya. Tomy maHuii eram poOOTH JBUTYHA € HE TUIBKH
poOOYMM — BiH XapaKTEepU3YEThCS TAKOX IMPOIIECOM MOTIMHAHHS Ta3oM
TeroTH, Bimiopanoi Bixg B/T.

{00 UK CTaB KOPUCHHUM, HEOOXITHO 3pOOUTH TakK, 100 HE BCS
q pobora,

Py ﬁq Tz const Ty 4 lﬂ 5 ojiepKaHa B
pobouomMy xofi,
PV<const BHUTpadajacs
Gu npu
S 0 3 MIOBEPHEHHS

| % 1 4 rasy b1 (4]
NEPBUHHUX
rmapamerpiB.
[TotpibHO
— 3HAaWTH CIIOCIO
| 3HU3UTH  THCK
razy ycepemuHi
OAJTHOpAa  Tak,
mo0 Ha craail
CTHCKaHHS Oyia
moTpibHa MeHIIa poOOTa MO 3BOPOTHHOMY BXOIKEHHIO TIOPIIHS, HDK Ha
cTanii po3mmpeHHa. OIUH 3 TaKUX CIIOCOOIB 3HU3UTH THCK Ta3y IMOJSATaE B
3HIDKEHHI HOTO TeMIepaTypH, TOOTO OXOJIOKYyBaHHI Ta3iB.

[poro MokHa AOCATTH BKJIIOYMBIIM B IUKJI CTafilo agiabaTHOro
MPOLIECY PO3LINPEHHS. Tomy icrorHum eranom ais uukiny Kapho €
«PO3MHUKAHHS» TEMJIOBOTO KOHTAKTY 3 HarpiBadeM, IepIl HIX MOPIIEHb
BUSIBUTBLCS TTOBHICTIO BHCYHYTHM (T.2 Ha PUCYHKY 5.2). Komiruactuit
BaJl IPOJIOBXKY€E IOBEpTAaTHCS, a Ta3 - poswmmpioBaTcs. Ilpore Temep ue
posumpeHHs: BinOyBaeThcs afiadaTHO, Tak IO NMPH LBOMY MajaroTh SK
TUCK, TaK 1 TeMmIiepatypa rasy, i BiH IPUXOIUTh B CTaH, BiAMOBIIHHUHA T.3.
Cranis po3mMpeHHs Big T.2 10 T.3. TaKOX € PoOOYMM XOAOM, MPOTE

4
A
T= const ya,

Pucynok 5.2
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Terep BUKOPHUCTOBYETHCS CHEPTis, siKa 3amaceHa B CaMOMYy rasi, OCKUIbKH
BiH BK€ HE MOKe MIOMOBHIOBATH i 32 paXyHOK HarpiBaya.

Hani cmin moOYMHATH TIOBEpHEHHS Tra3y A0 IOYaTKOBOTO CTaHY.
[Nepmmii kpok nossirae y BCyBaHHI MOPIIHS B IJTIHJP i 3MEHIIEHH] 00'eMy
razy 70 TEepBUHHOro 3HaudeHHs. Ha mpomy erami (Bim T.3 10 T.4)
HEOOXiTHO 3pO0UTH poOOTY, Ui YOro CNiJi HPUBECTH ra3 3HOBY B
TEIUIOBUH KOHTAKT (ajie I[bOro pa3y 3 XOJOJWJIBHUKOM), II00,HACKIIBKU
MOKJIMBO, 3HU3UTH THUCK (& OTXE 1 3MEHIITUTH POOOTY MO CTUCKAHHIO ra3sy).
[To mipi BcyBaHHS MOPIIHS Ta3 HATPIBAETHCS, TPOTE 3aBJSIKU TEMJIOBOMY
KOHTaKTy 3 XOJIOJWJIBHUKOM TeMIlepaTypa rasy MiATPHUMYEThCS HHU3BKOIO,
OCKUIBKY HaJMIpHA SHEPTis MEPEeXOAUTh BiJl ra3y J0 XOJIOIUIbHHKA.

B pesynbrati cruckanns mnorpamisiemo B T.4. Temep o0'em rasy
CTaB Maii’ke TaKuM ke, K 1 B IOYaTKOBOMY CTaHi, IIPOTE TEMIIepaTypa razy
3HM3MIacs. Tomy, Tepil HiXK KOJNIHYACTHH Basl 3pOOWTH MOBHHUH 00epT,
MOPYIIMMO TEIUIOBHA KOHTAKT IMIIHIpa 3 XOJNOJMILHUKOM 1 JlaMo
MOKJIMBICTh TEMIIEpaTypi Ta3y 3pOCTH 3a pPaxyHOK pPOOOTH, IO
3MIACHIOETHCS HAJ HUM B MPOILIECI a1ia0aTHOr0 CTUCKAHHSA. SIKIO0 MOMEHT
repepuBaHHsA  amiadaTHOTO CTHCKaHHS BUOpaHWH  TPaBHIIBHO, TO
3aBepIalbHIA MOMEHT BXOJPKEHHSI TIOPIIHS HE TUTBKH CTUCHE Ta3 JIo Horo
TIEPBUHHOTO 00'eMy, ajie 1 Harpie Horo 3HOB JI0 MIOYATKOBOI TEMITEpaTypH.

BaxumBo, 1o BAanmocs He TUIBKM 3aMKHYTH IIMKJI, TTOBEPHYBIIN
MOPIICHh B TIOYATKOBE IOJIOXKEHHS, aje 1 ONEpKAaTH MPH IbOMY MEBHY
MO3UTHBHY poOoty. llocmimoBHICTE TporeciB craja MUKIIYHOI0, MPOTE
Ternep BOHA CcTaja Iie i KOPUCHOIO 3 TIOTJISAY BUKOHAHHS POOOTH.

3po3ymino, pobora B mukii Kapro /y B p,V-muarpamMi BUMipIOETHCS
mwr.(1-2-3-4-1), obmexenoro mBoma izorepmamu 1-2 i 3-4 i m;BoMa
amiabatamm 2-3 i 4-1, KOpHCHa TeIOTa (y B T,S-nmarpamme
BUMIPIOETHCS TUIOIICIO MPIMOKYTHHKA (1-2-3-4).

Busznaunmo s nporo uukiny ioro repmiunumii KK/I.

Sk Bxe HarojaoUIyBanocs

q9,=49, —49, =1,.

Buxonsgun 3 piBHSAHB KUIBKOCTI TEIJIOTH, IO MiABOAWUTHCS (11O
BiJIBOIUTHCS) IO CUCTEMH B 130TEPMIYHOMY ITPOIIECi, MAEMO
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d, =RT,In(v,/v,); q, = RT,In(v,/v,).

PiBusinast (5.3) g tepmiwnoro KKJI numkmy KaphHo moxHa
MPEACTABUTH B HACTYITHOMY BHIJISI

(7, =1- (qz /ql) =1- (rz ’ In(VS/V4))/(T1 ’ In(vz /V1) , (5.7)

3 piBHSIHB CIIBBIIHOIIEHHS MMapaMerpiB B agiabaTHOMY mpotieci 2-3 i
4-1, cninye, 10

VIV, =T IT) i v, Iy, =(T,/T,)<.

OTxe, MaEMO
v, /v, =V, /v, a6o VIV, =V, IV, i In(vslva)=In(v2/vy)
3 mporo OTPUMYEMO

n =1-(T,/T,). (5.8)

3 dhopmynu (5.8) BUXOIUTE:
1. 7, 3zanexuTe BUKIIOYHO BIJ TEMIIEPATypU TapsdOro
JDKepena 1 Bix TemrepaTypH XOJIOIMIIbHUKA;
2. 17, 30LIBLIYETHCS TPH 3POCTAHHI TEMIEPATYpH TIapsdoro
okepena Ti 1 Ipu 3MEHIIEHHI TeMITepaTypy XOJOAMIBHAKA
T2,
3. 1, 3axau MeHme 1,0, ocKUIbKHM Lie Moriao 6 OyTu e
pu T2/T1=0, ame T1=00 cymepeunTs 30POBOMY TIIY31y, a
T>=0 cynepeunts [I-my 3axony TTU;
4. n, npu T:=T, piBHuii 0, MO yka3ye Ha HEMOMKIUBICTH
MIEPETBOPEHHS TEIUIOTH B POOOTY, SIKIIO BCi TiJla CUCTEMH
MalwTh OJHAKOBY TeMIIepaTypy, TOOTO 3HaxXOISIThCcd B
TEIIOBii piBHOBA3I.
Hukn KapHO € erajoHOM MpH OIHII JOCKOHAJOCTI Oyab-sIKHUX
LUKIIB TEIUIOBUX JBUTYHIB, OCKUIbKA ITMKI KapHO BCTaHOBIIOE MEXY
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MEPEeTBOPEHHS TEIJIOTH B POOOTY B TEIUIOBHX JBUTYHaxX NpU 3aJaHOMY
TEeMIIepaTypHOMY iHTEpBaJIi.

3BoporHii ki KapHo

VsBumMo cobi Ternep, mo uuki Kapao posrnsHyrtuii panime (puc.5.2)
3MIACHIOEThCS B 3BOPOTHIM MOCHTIIOBHOCTI. PoGoue Tiio 3 MOYaTKOBOro
crany T.1 azniabaTHO pO3IMUPIOEThCT A0 T.4, pani poboue TiloO
PO3IIUPIOETHCSA O CTaHy T.3 1 HOMY IpH I[bOMY BiJl HUXYOrO JKepena
(XoNmomuIbHKMKA) MIABOAMUTHCS TEIUIOTa (. Bixg crany T.3 mig Jgiero
30BHIIIHIX CHJI po0OYe TUIO CIIOYATKY ajiadaTHO CTUCKAETHCS JI0 CTaHy
T.2, TIOTIM i30TE€PMIYHO CTUCKAETHCS A0 CTaHy T.l 1 PU LBOMY BiJl HLOTO
BIJIBOJIUTHLCS TEILIOTA (1 10 BEPXHBOrO (rapsyoro) JuKepena.

B npoMy BHIasiKky moBHa poOOTa IUKITY HEraTHBHA i CKJIAJA€ThCS 3
cymapHoi HeraTHBHOi (i OUNBIIOI 32 aOCONIOTHOIO BEIHYMHOIO) POOOTH
CTHCKaHHS 1 3 CyMmMapHOi MO3MTHMBHOI (i MeHImOl 3a aOCONIOTHOIO
BEIIMYMHOK) poboTn po3mmpenHs. Lle o3Havae, mo pobdora 3/iHCHIOETHCS
30BHIIIHIMA CHJIaMH 1 TIEPETBOPUTHCA B TEIUIOTY, IO CIIOYATKy
cripuiiMaeTbcss poOOYMUM TIIOM, a TIOTIM TEPEIAEThCS HUM BEPXHBOMY
mwkepery. TakuM YuHOM, Ha BIAMIHY BiJ MPpsAMOro 1ukiry KapHo 3BOpOTHIiA
3MIACHIOETHCS 3a PAXyHOK 30BHIIIHBOI POOOTH.

3 IpHUBENEHOT0 aHai3y BUTIKA€ HACTYITHE:

1. mis 3BopoTHhOro mUKIy KapHo xapakTepHe Te, IO
po0oYOMY TLTY MiJBOJUTHCS TEILIOTA MEHIIIE, HiX BiJl HHOTO
BIJIBOJIUTHCS,
2. pobora, 10 3OIACHIOETHCS 30BHIIIHIM  CEPEIOBUIICM,
MEPETBOPIOETLCST B TEIJIOTY, IO CIPHUAMAETHCS POOOUNM
TUIOM;
3. TemnoTa, o BinOMUPAEThCS Bill XOIOMAHOTO KEpEna, pa3oM 3
TEMJIOTO0, OICPXKAHOK B PE3yJbTaTi MEPETBOPCHHS B Hel
30BHIIIHBOI POOOTH CTHUCKaHHS (amiabaTHuii mporec 3-4),
MEPENAETHCS TapsIuOMy JDKEPEy.
3BopotHili 1uka KapHO € igeanbHUM IUKIOM XOJOJMIBHHUX
MaIimH. B 1[bOMy BHIaJKy OCHOBHUM MPH3HAYCHHSIM IUKITY € OTPUMAaHHS
MOXJIMBO OUTBIIOTO  XOJOMMIIBHOTO eeKTy, TOOTO MaKCHMalbHOI
KUTBKOCT1 TETUIOTH, BiJIBEIEHOI BiJl OXONO/KYBAaHOTO CEPENOBHUIA, IPH
MiHIMaJIbHIA BUTpaTi poboTH.
JJ1s OLIHKH XOJOMIIBHOTO e(DEeKTY IUKITY CIYXHUTh BiTHOIIECHHS
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£=q, /(qz _ql) :qzllu : (5.9)
Uum Oinbiie 1ed koedilieHT, THM BHIIE €KOHOMIYHICTh IIUKITY
e=(9,/q9,)—-1=(T,/T) -1 (5.10)

5.4 PereneparuBHuii y3aranbHenuii nuks Kapno

SAx Bimomo, HaiiBuimi Tepmivanii KK/ npu 3ampanux temmepaTtypax
T1 i T2 mae nukn Kapno. Ipore, Toit xe camuit KK/ MmoxxHa onepxaTu B
TaK 3BaHOMY pereHepaTHBHOMY IHKII, IO OMHCYETHCS JBOMA 130TepMaMu
1-2 1 3-4 3 remneparypamu T1 1 T2 i nBoma nomitponamu 2-3 i 4-1, skmio
YCTAHOBKY  JIOIOBHHTH  TNPUCTPOEM,  HAa3BaAHUM  PETEHEPATOPOM.
[Ipu3HavyeHHs: pereHepaTopa-NmOrJIHHATA
Opd  HECKIHUYEHHO  Maiid  pi3HUI
TEMIIEpaTyp TEIUIOTY PO3LIUPEHHS, SKa
XapakTepu3yeThes Bimpizkom 2-3, a
TaKOX TOBEPTATH Ha3aJ poO0UOMY TLTY

[
|
|
|
4 435 0 TEIJIOTY B Tporeci cTuckaHHs 4-1
! o | ! : (puc.5.3).
n — = Ockimpknn  kpuBi  2-3 1 4-1
9 #2007 6 . . .
p 53 eKBignucTanTHi, TO II.(2-6-7-3-2) i 1L
HCYHOK . (1-8-9-4-1) piBHi MiK €060, TOOTO

KIIBKICTh TEIJIOTH, IO BIAJA€ThCI B
iporieci 2-3, JOPIBHIOE KUTBKOCTI TEIJIOTH, IO MiTBOAUTECS B Tiporieci 4-1.

YcraHOBKa MPAIfoe HACTYITHIM YHHOM

Ha mmsxy 1-2 poGode Tinno omepKye Bif Jpkepena TEIIoTy i PiBHY
w1.(1-2-6-8-1). Ha mwwixy 2-3 Ttino Bigmae pereHepaTtopy TeILIOTY ¢, ,,
piBHY m1.(2-3-7-6-2), motiM Ha nutIixy 3-4 Bimmae TEIOTY (2, piBHY L (3-
7-9-4-3) i Ha 3aKiHYEHHs LUKy OJEPXKYE Bill pereHeparTopa TEILIOTY,sIKa
nopisaroe 1. (1-8-9-4-1).

Takum yMHOM, TeIUIOTa, IO BIAJAETHCS pEreHepaTopy Ha MUIIXY 2-
3,1IOBHICTIO TOBEPTA€ThCA TLTy Ha muIAXy 4-1, i, OTKe, Ha BeCch IMKI
BHTPAYAETHCA KUTBKICTh TETUIOTH (1, IO i B 1wk KapHo (1-2-5-10-1) i
BiJIIA€THCS XONOMHOMY JDKEPETy Ta Y KUIBKICTh (2, IO 1 Y BKa3aHOMY
mukt Kapao (1-2-5-10-1) 60 mn.(3-7-9-4-3) piBaa mi.(5-6-8-10-5). [Tpu
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piBHOCTI q1 1 q2 11 000X LUKIIB (1-2-3-4) i (1-2-5-10) ix poGotH i
KK Texx OyayTh OMTHAKOBUMH, OCKUTBKH

Tha-2-5-10) = 1- (Tz / T1) : (5.12)

Crynine pereHepailii Bu3HauaeThcs BimHomeHHs M IuL.(1-8-9-4) i
. (2-6-7-3). SIkio i riomli piBHi, TO pereHepailis Ha3UBAETHCS TOBHOIO.
SIKIIIO Hi , TO HEITOBHOIO.

PerenepatuHuii nmkn OyB Brepine 3amporoHoBaHuilt B 1827 p. i
Mi3HIlIe 3aCTOCOBAHMN B MOBITpSHOMY ABHTYHi. [loBIiTpsiHI JBUTYHU 3
psily IPUYMH PO3MOBCIOKEHHS He oniepkaiu. [IpuHIuMm ke pereHeparii 3
YCITIXOM 3aCTOCOBYETHCSI B CyYaCHHX TEIUIOBHX JBUTYHAX 1 METAIYPriiHUX
neyax. B ocTaHHbOMY BHIAJKy Ta3H, IO BIIXOJSATH, IPOMYCKAIOTh Yepe3
pereHepaTUBHY KaMmepy 1 HarpiBaroTh Ierly, YKIaJieHy B Hill KJIiTKaMu.
[oriM ra3u mepeMHKalrOTh Ha IHIOIY TaKy K Kamepy, a uepe3 Iepury y
3BOPOTHHOMY HAaIpsIMi IIPOITYCKAIOTh TIOBITPS, SKE IONAETHCA B MU 1
MMIBUILYE TIPH TPOXOII Yepe3 KaMepy CBOIO TeMIIepaTypy 3a pPaxyHOK
TEIUIOTH HAaCaKH.
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JIEKHIA 6
6.1 Maremarnunuii Bupa3 II-3axony TT/]

Jas oboporHoro mukiay Kapuo maemo

n=1-(9,/q)=1-(T,/T).
3B1ILKI/I(q1/T) (qle)a6o(q1/T) (C]Z/T) 0.

BpaxoByroun, 1m0 Temyora (1 TO3WTHBHA, a Temwiora (2
HEraTuBHA, 3aMUIIeMO

(q1/T1)+(q2/T2):O a6oZC]/T=0. (6.1)

Lle MoXHA NMPUITYCTUTH, SAKIIO MiA (2 PO3yMITH HE aOCONIOTHY
KUIBKICTh TEIUIOTH,SIKY Bimgae  pobodye TiIO  XONOJWIBHUKY 3
Temnepatypoto 7>, a ¥oro anreOpaiuHe 3HAUEHHS SKE HETaTHUBHE.

Bignomennss /T Ha3MBa€ThCs 3BENCHOI TEIUIOTOM. 3 PIBHSIHHS
(6.1) Buxomuth, moO B obopoTrHOMy muKiai KapHo anrebpaiuna cyma
3BEZIEHOT TEIJIOTH JOPIBHIOE HYIIIO.

HeBaxxko mokaszaTu, mo piBHICTH (6.1) cupaBemimBa HE TUTBKH TS
mukry Kapno, ane i s OyIb-gKoro 0O0pOTHOTO ITUKIY. 3 IIEI0 METOIO
po3rIIHEMO B P, V - miarpami JOBUTAHUH 00OpOTHHH IWKI  (puc.
6.1).ITpoBeieMO BENHMKY KiTbKiCTh OJM3BKO pO3TANIOBAHUX amiabar, sKi
po3i0'toTh  MOBIMPHWN MK HAa HECKIHYEHHO BENUKY KUIBKICTB
enementapuux 1ukmiB  (e-f-g-h), (fF-m-n-g) i 1.1, Koken Ttakmii
eIIEeMEHTApHUN IHKJI CKJIANAETHCSA 3 IBOX aniadaT i ABOX EIEeMEHTapHUX

BIJIPi3KiB KOHTypa JTAHOTO

Py MKTy. 3BaKam4d Ha
HECKIHYEHHO Mail
IIOBXAHU LUX
BiJPi3KiB,3MiHU
TEeMITepaTypH 10
HUM TaK caMo

HECKIHYEHHO MaJll.

OTxe, B Mexax Il
BIJJPI3KM MOXXKHA BBa)KaTH
i30TepMamMu, a IWKIH -
€IIEMEHTapHUMH ITUKIaAMH
Kapno. Cykymna  gis

i |/

Pucynok 6.1
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eNleMEeHTapHUX [UKIIiB OZHAKOBa 3 Ji€to KpyroBoro nukiy ABCD.

PoGora posummpenns mo anpiabati f-g nwmkmy( e-f-g-h) nopisHroe
pobori cruckanHs mo amiadati g-f mmkay( f-m-n-g). Takum YuHOM,
ajiabaTHI TPOIECH KiHEIhb KIHIEM HE BIUIMBAIOTh HAa BEJIUYMHY POOOTH,
TEIIOTa * IiJ 4Yac [UX MNPOIECIB HE MiJABOAUTHCA 1 HE BiIBOIUTHCS.
CymapHa Jis €JIEMEHTApHMX LUKIIB 3BOIUTHCS 1O CYKYNHOI il
ereMeHTapHux nporecis e-f, f-n, n-g, g-h i 1. a., TOOTO OAHAKOBO 3 Ji€TO
Kpyrosoro mnporecy no koutypy ABCD.

Jdnst  KOXXKHOTO — eleMeHTapHoro Iukiy KapHo chpaBeminBo
cruiBBimHomeHHst (6.1). IlizcymoByroun Ii CIIBBITHOIIEGHHS JUIS BCiX
eNleMEeHTapHUX IUKIIIB, JUIS JAHOTO JIOBUTLHOTO UKITY OEPKUMO

n
2. Aq, /T, =0 6.2)
i=1

y MECXKax s HeCKineHHO BCJIIMKOT'O 4YHCIIA IIUX eHeMeHTapHI/IX

KB, T00TO s 1Ky ABCD 1 |im Zn:Aqi IT = iaq/‘r .
i=1

Pozpaxyroun (6.2), Mmaemo
feq/T =0. 6.3)

Bigomo, sKIo iHTErpan 1mo 3aMKHYTOMY KOHTYPY JOPIBHIOE HYIIIO,
TO TIiAIHTErpaJbHUA BHpa3 € MOBHUM JudepeHIliaioM Aeskoi (yHKIil
CTaHy S, HA3WBAETHCS EHTPOIIEI0, TOOTO

dS=0q/T a0 6q=TdS. (6.4)
Leit Bupas, omepxkanuit Kmaziycom B 1834r, € mateMaTHIHHM
Bupa3oMm Il 3akoHy TepMoAMHAMIKH [UIT OOOPOTHOTO MHUKITY 1 HA3WBAETHCS
nepmnM inTerpajsom Kaasiyca.
Jdas HeoOopoTrHoro uukiay  tepmivauit KK wmenme, Hix
tepmiuanii KKJI nukmy Kapao, To6TO
q2 T2 q2 ql
Nt HeoO<nt 006. 3BigKu —=) —= ato _> JE—
T, T, T,
BpaxoByroun, mo Teruiora 2 - BeIMYMHA HeraTHBHA (anreOpaiuHe
3HAUeHHS TEIUIOTH (2, M0 BiABOIWTHCSA, HETAaTHUBHE), HEPiBHICTH (6.5)
MOXHA MPEACTABUTH y BUTIISAL

(6.5)
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(6,/T)+(0/T)O0 w0 20/T(O. @

s HepiBHICTH TIOKA3ye, MO anredpaiuHa cyma MPHUBEACHUX TEIUIOT
Ui HeoOopoTHoro mukiy KapHo MeHIne Hyns, TOOTO €  BEIMYHMHOO
HETaTHBHOIO.

JlJis MOBUIBHOrO HEOOOPOTHOTO LHMKITY, CKJIAJICHOIO 3 HECKIHUCHHO
BEJIMKOI KITBKOCTI HEOOOPOTHUX €TeMEHTAPHUX IHKIIIB, MAEMO

§(20q/T)O. 6.7)
s HepiBHiCTh € MaremMaTWyHuM Bupazom Il-ro 3akomy TTJ| mis
JIOBUTBHOTO HEOOOPOTHOrO0 NHUKIY 1 HAa3WBAEThCS APYIMM iHTerpaiom

Knaziyca. VYzaranbHIoOUM mpHBefeHI MIpKyBaHHs JUis OOOPOTHHX 1
HEOOOPOTHUX KPYTOBHX IMPOIECIB, MOXKHA HAIIMCATH

f@q/T)<0, (6.8)

Jle 3HaK PIBHOCTI BITHOCHTHCS IO OOOPOTHUX MUKIIB, 1 € aHAJITHYHUM
Bupasom II-ro 3akony TT/.

PiBusaEs (6.8) TmOKasye, IO TPHUPICT EHTPOIMIi 3MIHIOETHCS
00epHEHOIIPOITOPITIHO 10 Temmnepatypu. OTxe, EHTPOITisS MOOIYHO depes
TEMITEpaTypy XapakTepu3y€e€ KUIBKICTh TEIUIOTH, SKa MOXE OyTH
MepeTBOpeHa B poOOTy, TOOTO ii MOHATTA TICHO MeperuTiTaeTbes 3 cyTTio 11-
ro 3akoHy TT/l, 10 BCTaHOBIIOE YMOBH, IIPU SIKUX B TEIJIOBUX ABUTYHAX
MOKJIMBHH MEPEXi/ TEIIOTH B POOOTY.

6.2 O6'ennani piBusiHHs I-ro i II-ro 3akoHiB TepMonuHamMiku

SAx Bimomo, anamitnyao Il 3axkon TT]l BupakaeTbcs B HACTYITHOMY

BUTITAOL
dS >0q/T as TdS>0q. (6.9)
Binomo, mo BinnmosimgHo 1Mo piBHsAHHS [-ro 3akony TT/{
oq=du+al. (6.10)

[lincraBumo 3HaYeHHS O 3 LIUX BUPA3iB BIAMOBIAHO B PIBHAHHA
(6.9), onepxxumo

TdS >du + pdv (6.11)
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Le cmiBBimHOIIEHHS] HA3UBA€ETHCS 00'€AHAHUM PiBHAHHAM I-ro i
II-ro 3axkoniB TTH. Hanami Mu 3acTocoByBaTUMO IIi PiBHSHHSI TOJIOBHUM
YHHOM JJIsl CHCTEM, [0 3HAXOJAITHhCS B PIBHOBa)XXHOMY cTaHi. JIis Takux
cucreM oO'eqHane piBHsAHHA [-ro i Il-ro 3axoniB TT] MoxHa 3amucaTu
TaKUM YHHOM

TdS=du+ pdv. (6.12)

6.3 3mina enTpomnii B He000POTHNX TEPMOAMHAMIYHHUX MpoIecax
i301b0BaHUX CHCTEM

PosrisiHeMo MpUHIMIIOBY BiAMIHHICTH HEOOOPOTHUX MPOIECIB Bij
00OpOTHHX Ha MPUKIAJ PO3IMIUPEHHS Ta3y B MITIHAPI IMiJ] TIOPIIHEM (pHC.
6.2), 1110 oepIKye TEILIOTY ( Bi JDKeperia 3 TEMIIEpaTyporo T1 1 3aificHIoe

poboty MPOTH

30BHIIIHBOI CUaH P,
\ 1o YTPUMYE
T ' TIOPLIEHE.

Posmmpenns
Oynme 000pOTHUM
i (piBHOBa)KHHIM)

o

T, — d e m TUIBKA B TOMY
—_— L—V,_ BUIIA/IKY, SIKTTIO
Pucynok 6.2 Ttemmeparypa razy T

JIOPIBHIOE
temnepatypi mxepena T1 (T = T1), 30BHImHES cuna P mopiBHIOE THCKY Ta3y
Ha nopuieHs P = pF i npu posmmpenHi ra3y HeMae Hi 30BHIIIHBOTO, Hi
BHYTPIIHBOTO TepTs. PoboTa po3mupeHHs ra3y B IIbOMY BHIIQAKY

piBHa aqoﬁp = P - dv, a 3MiHa eHTpomii pobodoro Tina B

Takomy mponeci dSobp = 0 q/ T.

HeBukoHaHHs x04a OU OfIHIET 3 BKA3aHUX YMOB POOHTH PO3LIMPEHHS
ra3zy HeoOOpoTHHM. SIKIO OE3MOBOPOTHICTh BUKIIMKAHA TEPTSAM TOPIIHS 00
CTIHKM HWIIiHApa, TO podoTa 0 |, 0 3iliCHIOETHCSA MPOTH 30BHIMIHBOT
cuii P, BUSBISIEThCS MeEHIIIe, HiX p'dv, OCKUJIbKH YacTUHA 11 BUTPAYAEThCS
Ha TIOJIOJAHHS TEPTA 1 IePeXoanTh B Temiory O qmp. Boua crpuiiMaeThes
ra3oM pa3oM 3 TMiJBEACHOI TEIJIOTOK (, BHACTINOK YOro 3pOCTaHHA
entpomii rasy B HeoboporHoMy mpormeci dS =(0q + Oqmp) T
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BUSIBIISIETHCSI OLbIIe, HXK B 00OPOTHOMY MpPH Tili e KITbKOCTI MiABEAEHOT
Biz joKepena TerwiotH O q . OTxke, 3MiHA eHTpoIii Beiel JaHOi cucTeMu B
pe3ynbTaTi 3MiHCHEHHS IUKITY JOPiBHIOE

AS,, =AS,  +AS  +AS, =q,/T,—q/T,. (613)

cum 2op.ucm pa.m. xor.ucr.

Leii cTan cipaBeqiuBuil i Oyab-IKUX 00OPOTHUX 1 HEOOOPOTHUX
LUKJIB, 10 3IIACHIOIOTHCS MK JIBOMA JDKEPEIaMH TEIUIOTH.

3pocTaHHs eHTPOIIi CHCTEMH MTPH HEOOOPOTHHX TPOIIEcax MOB'SI3aHO
3 TUM, 10 EHTPOIMIs PoOOYOro Tijia 3a IMKII HE 3MIHIOEThLCS, @ 3MCHIIICHHS
SHTPOMIl TapsYux JpKepen MeEHIIe 3a aOCONIOTHOKW BEIMYHMHOK, HIK
301TBIIEHHS EHTPOITIT XOJOJHUX JKEPEN TEIIOTH.

TakuM 4YWHOM, B pe3yNbTaTi 3AIHCHEHHS HEOOOPOTHOrO IHKITY
SHTPOIIsl 130JIbOBAHOT CUCTEMH 3POCTAE

dScucm > 0.

Taxum 4rHOM, siKi O MpOIecH HE MPOTIKaIK B 130JIbOBaHIN cUCTEMI,

ii eHTpOIis He MOXKE 3MEHIITYBATHCS

ds,.. =0, (6.14)

cucm
TYT 3HaK PIBHOCTI BiAMIOBimae 0OOPOTHHUM TIpoOIlecaM, a 3HAK HEPIBHOCTI -
HEOOOPOTHUM.

3BiACH CiAye BaKJIWBHM BHUCHOBOK - 130JbOBaHA CHCTEMA, IO
JOCATIIa PIBHOBAKHOTO CTaHy, HaJalll B IbOMY CTaHi 1 mepebyBae, TOOTO €
He3mibHOIO 110 MHUMOBUTRHOI 3MiHM cTaHy. HacmpaBmi, Oyab-sxuit
MHMOBUTRHUN TIpOIleC € HeOOOpPOTHHUM 1, OTXKE, MPOTIKAE i3 3pOCTaHHIM
earpomii. [Ipore eHTpomis i301p0BaHOI CHCTEMH Ma€ MaKCHMyM B CTaHI
piBHOBard, OT)Ke, B pIBHOBaXHIH 130JbOBAaHIH CHCTEMiI HEMOXKIUBI
MHMOBIITbHI TIPOIIECH.

TakuM 9rHOM, MUMOBLITBHI TIPOIIECH MTPOJOBKYIOTHCS B 130JI6OBaHii
CHUCTEeMI JI0 THX TIip, TOKH EHTPOIMis CHCTEMH HE JOCATHE MaKCHMYyMY.
[licns pocsATHEHHA CTaHy pIBHOBarW, SKid BIAMOBiZa€ MaKCHMAIBHO
MOXKJIMBE JUIsl TAaHOT CUCTEMH 3HA4eHHs eHTPOIlii, MUMOBLIbHI TPOIECH B
CHCTeMI IPUITHHSIOTHCS 1 ccTeMa repe0yBa€e B CTaHi piIBHOBATH.
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JIEKLIISL 7

7.1 Bupoonunrso podoru. Kopucua podora. MakcnmanbsHa podoTa.
MakcuMajibHa KOPUCHA podoTa

SAxio poboye TUTO 3HAXOAMTHCA B CTaHI, BIAMIHHOMY Bil TOTO,
KOTpHil BOHO Ma€ MpH MapaMeTpax HaBKOJHMIIHBOTO CepemoBHINa (TOOTO
CHUCTeMa HE 3HAXOJUTHCA B PIBHOBA3i), TO B NMPHUHIMII II¢ poOOYEe TLIO
MOK€ BUKOHYBATH POOOTY.

[3omboBaHa cucTeMa MOXKE BHUKOHYBATH POOOTY TUIBKH B TOMY
BHITAJIKy, KOJIM BOHA HE 3HAXOIUTHCS B IIUIKOM PiBHOBaXHOMY cTaHi. 11100
i30JIbOBaHa CHUCTEMa, €JIMHUM BHJIOM pPOOOTH $KOI MOKe OyTu pobora
PO3IIMPEHHS, MOTJIa BHUKOHYBAaTH pOOOTYy, HEoOXimHO, mo0 THCKA abo
TEMITepaTypy Pi3HUX Till, SKi BXOJIATH B 1[I0 CUCTEMY, He Oyl abCONIOTHO
OJTHAKOBI.

B cucremi, sika ckIamaeTbcs 3 TUT 3 PI3HUMU TUCKAMH, BiJCYTHS
MeXaHiYHa piBHOBara. Km0 B cHCTeMi MAalOThCA TUIa 3 PISHAMH
TeMIiepaTypaMd, TO B HIH BIICYTHS TepMiuHa piBHOBara (TeIIoBa
piBHOBara).

ITo wMipi BupoOHHUIITBA poOOTH, 130/IbOBaHA CHCTEMa Oyne
HaOmwKaThcs 10 pPIBHOBAXKHOTO CcTaHy. JlomycTmmo, IO 130JIbOBaHA
CHCTEMa CKIIAJIAEThCS 3 HABKOJIMIITHBOTO CEPEIOBUINA, TEMITEPAaTypa 1 TUCK
SIKOT TTPAKTHYHO 3AJUIIAIOTHCS HE3MIHHUMH, 1 CTHCHYTOT'O TIOBITPSI, III0 Ma€
Ty X TeMIIepaTypy, IO 1 HABKOJIUIIHE CEPEIOBHUINE, aje OUIbII BHCOKUI
THCK, TOOTO B HASBHOCTI MEXAHIYHO HEPIBHOBAXKHHMA 1 TEPMIdYHO
piBHOBakHMI cranm. llomiOHa cucTeMa MOXXKE€ BHKOHYBAaTH pOOOTY,
HaIPUKIIA, TIepEMIIyI0YH TTOPIIEHb B IMUJIIHAPI JOTH, ITOKH THUCK TOBITPS
HE 3HU3HUTHCS JI0 TUCKY HABKOIUIIIHLOT'O CEPEIOBUINA, TOOTO MOKU CHCTEMA
HE TIpuiiJic B MEXaHI4YHy PiBHOBArYy.

SkIo B cHUCTeMi MaroThCs ABa JpKepera TEeIUIOTH, SIKi MaroTh Pi3Hi
TEeMITEpaTypH, i podoue TiIO, MOYATKOBUH CTaH SKOTO 3HAYCHHS HE Ma€, TO
MH MaeMO CIpaBy 3 TEPMOJUHAMIYHOK HEPIBHOBAXKHOIO CHCTEMOIO, IO
MOYE BUKOHATH POOOTY, HANPUKJIIA]], IUITXOM KiJTbKapa3oBOro MOBTOPCHHS
pobounm tinom nukiry KapHo. B pesynbrarti 3aiticHenHs mukiry KapHo He
TUIBKH BHSABIIIETHCA 3poOJieHa BigoMa po0OTa, aje TaKOXK I[LIKOM
BH3HAUEHA KUIBKICTh TEIUIOTH MEePENAEThCs BiJl JpKepesia 3 OLTbIT BUCOKOO
TEMIIEpPaTypoIO 110 JpKepena 3 OUIbII HU3BKOI. AJle B pe3yibTaTi Takoro
nepexony TEIIOTH, TEMIIepaTypa rapsioro Jukepeia Oyne 3HHKYBaTHCA, a
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XOJIONHOTO — MIABHUILYBAaTUCS. 3 YacoM TeMIepaTypu DKEpen TerIoTH
3pO0IATHCA OAHAKOBHMH, CHCTEMa JTOCSTHE TEPMOAMHAMIUHOI piBHOBArY, i
oJiajibIlie BUPOOHHUIITBO POOOTH CTaAHE HEMOXKIIMBUM.

TakuM 4YHHOM, BUPOOHUIITBO POOOTH 130TbOBAHOK CHCTEMOIO
MOXIJIMBO TUIBKH B MPOIIECi IEPEXOAY CHCTEMU 3 HEPIBHOBAYKHOTO CTaHY B
piBHOBaXHWH. 3pobieHa poOOTa 3aleKHUTh, SK BIIOMO, Bill XapakTepy
MpoIIecy Mepexoy CUCTEMHU A0 PiBHOBakHOTO crany. OTke, Ui O0OyTKY
pobotu maneko He Oailayxke, SKUM IUIIXOM CHUCTEMa IEePEXOIUTh 3
HEpIBHOBaYKHOTO CTaHY B PIBHOBa)KHHH.

HomycTiMo  3HOBY, IO B HAImIOMy  PO3MOPSUDKEHHI Ma€eThCs
TEPMIYHO HEPIBHOBa)KHA CHCTEMa, SIKa CKJIAJAa€ThCs 3 JIBOX JDKepel
TEIJIOTH, WI0 MaloTh pi3HI Temmeparypu 1 poOoui Tima. Temnora
MepenaeTbesi OE3MOCepPeIHbO Bl Tapsdoro JpKepena J0 XOJOJHOTO,
MUHAOUU pobode Tio. B pe3ynbraTi Takoro mpoiecy, TeMrepaTypH ycix
TII CHCTEMH CTaHYTh OJJHAKOBUMHM, CHCTEMa BUSBUTHCS B CTaHI TEPMIYHOL
piBHOBary, a Hisikoi poOdoTH B3aram He Oyje 3pobseno. [loxiGHui mporec
TEII000MIHY, SKHH TPUBOAWTH 1O BHUPIBHIOBAHHSA TeMIiepaTyp O3
BUPOOHHIITBA POOOTH, OOOB'I3KOBO TIOBHHHUM BimOyBaTHCS MPHU KiHIICBii
PI3HHII TeMITepaTyp, TOOTO HEOOOPOTHHO.

Hapnakn, wMakcumanbHa poOOTa TIPU TEPEXOAi CHUCTEMH Bil
TEPMIYHO HEPIBHOBAXXHOTO CTaHY B PIBHOBOXHHHM MOXXKe OyTH OTpHMaHa B
pe3ynbpTaTi KilbKapa3oBoro 3iaicHeHHS poboduM TimoMm nukiny Kapao, B
SIKOMY HaiOUIbIIa TeMmmepaTypa po00doro Tijla JOPIBHIOE TeMIiepaTypi
rapsioro Jpkeperna, a HalMeHIIa TeMIlepaTypa — TeMIIepaTypi XOJIOJHOrO
JDKepena, TOOTO B pe3yNbTaTi 3AIMCHEHHS TUTBKMA IUJIKOM OOOpPOTHUX
TIPOIIECIB.

Sxmo i30MpOBaHA CUCTEMA MEXaHIYHO HEPIBHOBaXKHA, TO B IIBOMY
BHUITAJKy HaiOumpma poboTa, SKy MOXHA OJepKaTh TpU Mepexoii 3
MEeXaHIYHO HEPIBHOBAXHOTO CTaHy B PIBHOBAXKHUI, MOXe OyTH OTpHMaHa
B pe3ysbTaTi 3ilCHEHHS MUTKOM 0o0opoTHHUX mporeciB. [IpencraBumo, mo
poboTa BUPOOJNISAETHCS 32 JIOMOMOTOI TMOPIIHEBOT MOBITPSIHOT MAIUHH.
SIcHo, 110 HalOLIbIIA poOOTa 6yz[e OTpHUMaHa y BHIAJKY BiJICYTHOCTI TEPTs
MDK TIOPIIIHEM 1 CTIHKaMH LWIIHApPA MAlWHUA. AJlle TepTs sBISE COOOIO
TUTIOBUI HEOOOPOTHHUH TIpoIIeC.

TakuM YMHOM, MU TIPUAIIUTA IO JIBOX JY’KE BAXKITMBUX BUCHOBKIB:

1. [3omboBaHa cucTemMa 34aTHa A0 BUPOOHHULTBA POOOTH
TUIBKM Yy BUNAJKY, KOJM BOHA 3HAXOAWUTHCS B HEPIBHOB)XXKHOMY CTaHI.
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[licns  mocsirHeHHsT PIBHOB&)XHOI'O CTaHy Mpamne3faTHICTh CHUCTEMH
BUSIBIISIETHCSI BUUEPIIAHOIO.

2. Hdnst onepkaHHs HaMOUTBIIOT MOXIMBOI POOOTH IpH
Mepexo/li CUCTEMH 3 HEPIBHOBAXXHOTO CTaHy B PIBHOBaXKHHM, MOTPIOHO,
00 yci mpoiiecy, sSKi NPOTIKaITh B CHCTEMI, Oy IIUJTKOM 000POTHI.

Busnaunmo Temep OLTBII YITKO TMOHATTS KOPHUCHOI podoTH,
MaKCHMAJIBLHOI PO0OTH i MAKCMMAJILHOI KOPHCHOI PO0OTH, sIKa MOXE
OyTH 3po0JIeHa PO3TIIAHYTOK CUCTeMOr. CripoOyeEMO YHUCEIbHO BU3HAYUTH
MaKCUMaJIbHY KOPUCHY pOOOTY, SIKy MOXE 3pOOMTH CHUCTEMa, YH, SK 1HOJI
TOBOPSITh,  BU3HAYUMO  Mpalle3laTHICTh  CUCTEMH. Y  HaIOMY
POBIIOPS/KEHHI Ma€ThCsl 130JIbOBaHa CHCTEMa, SIKa CKIQJa€ThCs 3
HaBKOJIMIIIHBOTO CEPEIOBUINA 1 JeIKoro Tijla abo CYKYHHOCTI Tiji, SKi
MAaIOTh BiJIMiHHI BiJ] C€peOBUINA TUCK P 1 Temrepatypy T (4 OJHMH 3 IUX
rapamerpiB). Take Tino abo rpymy TiUT OyaeMO Ha3MBAaTH HaJai
JiKepesioM podoTH.

VY HepiBHOBaXHill 130JIbOBaHil crcTeMi poboTa BUPOOISETHCS MPU
3MiHI CTaHy JpKepena poOOTH B MPOIECi BCTAHOBJICHHS pPIiBHOBAard B ITiH
cuctemi. IlosHaummo mro pobory L. Yactuna miei poboru Oynme
3aTpayvaTHCs Ha CTHUCKAaHHS HAaBKOJIMIIHBOTO cepeoBuIna. Tak sk cucTema
i30mboBaHa, TO 1ii 00’€éM € TOCTIHHWM, TOMY 30UNBIIEHHS HOTO
(posumpenns) na Bemmunay AV B mporieci BCTaHOBIIGHHS PiBHOBATH B
CHCTeMI MOXKE BifOyBaTHCA TUTBKM 32 pPaxyHOK 3MEHIICHHS Ha Ty X
semmunay AV 06°eMy HAaBKOTHIIHBOrO CepeIoBHIIA.

PoGoTy, BHTpaueHy Ha CTHCKAaHHS HaBKOJIHUIIHBOTO CEpEJOBHUINA
(TIpoTH CHIT TUCKY CEpEeIOBHUIIA Po), TO3HAUNMO Lo.

OCKiNBKM YacTHHA POOOTH, BHPOOIIEHOI B MPOIECi BCTAHOBIICHHS
piBHOBarn B i307bOBaHiil cucTemi, 3aBkmu Oyne BHUTpadaTHUCS Ha
CTUCKAHHS HaBKOJIMIIHBOTO CEPEIOBHINA, TO, OTXKE, BUKOPHCTOBYBATH 3a
CBOIM pO3CYJIOM MH MOXXEMO He BCIO 3pobieHy pobdoty L, a Tinpku Ty ii
YacTHHY, IO 3aJHMIIA€ThCA 32 BUHATKOM Lo. L{fo wactuny 3poGienoi
pPOOOTH YMOBHMOCS HA3UBATH KOPHUCHOIO POGOTOIO

I—Kop: L- I—O. (71)

Sk  yxe Big3Hayamocs, SKIO Tepexii cucreMud 3
HEpPIBHOBO)XHOTO CTaHy B  PIBHOBAXHUN  3AIHCHIOETBCA  3a
JOTIOMOTOI0 OOOpPOTHHX MPOIECiB, TO B IIbOMY BHUMIAJAKY CHCTEMa
3poOUTh HaWHOUIBIY MOXIMBY B JaHUX YMOBax poOoTy (ToOTO
3pobneHa pobota Oyae MakcuManbHOIO). Tak SK yCl peanbHi
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NpoIecH BUSBISIIOTbCS B OUIbIIIA Y B MEHIIIH  CTyHiHI
HEOOOPOTHUMHM, TO MaKCHMallbHa poOOTa CHUCTEMM € HEIOCSIKHOIO
Mexo10. OpHak Ui MOPIBHSHHS CTYIIIHI JOCKOHAJOCTI IPOIECiB
OJlepKaHHSA POOOTH, TMOHATTA PO TOMIOHY MEXY BHUSIBISIETHCS

KOpUCHUM. MakcumaiibHy poOOTy cHCTEMH TO3Ha4uMo Lmakc.
MAKC.

MaxkcumanbHa KopucHa pobota — “°P°  (mpaie3aTHICTh CUCTEMH)

— 1Ie, 3a aHaiorieo 3 piBHAHHAM (7.1), "yacTMHA MaKCUMAaJIbHOL

poOoTH, 3a BHUHATKOM poOOTH, LI0 BHUTPAayeHa HAa CTUCKAHHSA

HAaBKOJIMIIHBOT'O CEPEAOBHUIIIA

MaAkKce.

Loy, = Lue—Lo. (7.2)
MaAKe.
Kop.

Homyctumo, 1o Temreparypa To 1 THCK po HAaBKOJUIIHBOTO
cepenoBuiia He3MiHHI. [ToyaTkoBi mapamerpu pkepena podoru: p, V, T, U,
S, H. KinrieBi napamerpu mKepeina poOoTH: Pk, Vi, Tk Uk, Sk, Hk. KiHiesi
napaMeTpl HaBKOJMITHBOTO CEPENOBHINA: Pox, Voxr, Tox, Uok Sox, Hox.
[Ipugomy px= po i Tx= To.

CymapHa BHYTpIIIHS CHEPril CHCTEMH B  IIOYaTKOBOMY,
HEpIBHOBaXHOMY CTaHi

Busznauunmo L

CymapHa BHYTpIIIHS €HEpTisl CHCTEMH B KiHIIEBOMY PIBHOBaXHOMY
CTaHi

cuc

Kk _
U —Uk+L%k. (7.4)

Tak gk po3risiHyTa CHCTEMa II0 BH3HAYEHHIO € 130JIbOBAaHOIO
(0 Qeue.=0), T0 3 piBHsHH 1-r0 3akony TT]] ciiaye, mo pobora Moxe OyTr
3po0JieHa CHCTEMOIO TUIBKM 32 PaxyHOK 3MEHIIeHHS ii BHYTPIMIHBOI
eHeprii

L=U -U’ . (7.5)
3 ypaxyBarssaMm (7.3) 1 (7.4) onepxxyemo
L=(U + Ug) — (Uk+ Ug)=(U — U)+(Uo — Uow). (7.6)

Alle MDX JKepenoM poOOTH 1 HaBKOJUILHIM CEPEIOBHILIEM MOXKE
ICHYBaTH TEIUIOOOMIiH, KpIM TOTO, JPKEPEno poOOTH MOXKe poOUTH POOOTY
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HaJ| cepeioBUIIeM (IPOTH TUCKY cepenoBuina). [losnauumo Q, - Temiory,
nepenaHy JKepenoM podotu cepenoBuiyy, a Lo — pobory, 3poGieHy
JDKepenoM po0oTH Haj cepepoBuiieM. BimnosinHo mo 1-ro 3akony TT/]

Uok — Uo=Q2*Lo . (7.7)
Tak sIk THCK cepeaoBHILa Po 33 YMOBOIO HE3MIHHUH, TO
Lo= po(VK—V). (78)

OCKiTbKU pO3IIISTHYTa CHCTEMa € i30JbOBaHOI0, il CyMapHUH 00’e€M
MOCTIHHUK 1, OTXKe, 3MiHA O00’€My OJHiI€T 4YacCTHMHHM IIi€i CHUCTEeMH-
CepelloBHIa JIOPIBHIOE 1O BEIMYWHI (I MPOTHMIIEKHO 3a 3HAKOM) 3MiHi
— po0oTa CTUCKaHHS HABKOJIMITHBOTO CEpeoBUINa — Qirypye 3mina o0’ emy
mkepena poboru (Vi — V), a He HaBkoimmHbOro cepemosuina (Vo — Vy.

Toni, 3minroroun 3HaK y (7.7) 1 migcrasisitoun Lo 3 (7.8), orpumaemo

Uo— Upe= - szpo(VKfV). (7.9)

MMincraBisitoun 3uaueHHst (Uo — Uog 3 piBusaES (7.9) y (7.6),

OTPUMAEMO
L=(U-U)-Q2—po(Vk—V). (7.10)

Termmora, mepemana Bim [OKepena poOOTH  HABKOJUIITHHOMY
CEPEIOBHUITY, MOPIBHIOE, OYEBHUAHO, TOOYTKY HE3MIHHOI TeMIIepaTypH
cepenosuiiia To 1 30U1bIIEHHIO eHTpOIIIT cepenoBuiia (Sox — So), TOOTO

Q2= To(Sok — So). (7.11)

[ligcrapmsaroun 3HaueHHs Q: 3 piBHsHHA (7.11) y piBasHHES (7.10),

OTPUMAEMO
L= (U fUK)fTo(Sokao) —po(VK—V). (7.12)

PiBusaHs (7.12) mae 3HaYeHHS KOPHUCHOI Po00TH, sKa 3pobieHa
130JIbOBAaHOI0 CHUCTEMOI0 TIPH TMEPeXOAi 3 HEpPIBHOBAXXHOTO CTaHy B
piBHOBaxkHMH. Tomy 110 3 yciel 3pobiaeHoi poOOTH BigHIMAETbCA 11 YacTHHA
po(VK — V), sika BuTpaueHa Ha CTHCKAaHHsS HABKOJMIIHBOIO CEPEIOBHIIA i,
OTXKe, He MOXKe OYTH BUKOPHCTaHA 32 HAIIUM PO3CY/IOM.

Hdus  Toro, mo0 3HAHTH MAKCHMAJIbHY KOPHCHY podoTy
(mpame3gaTHiCTh)  130IbOBAHOI  CHUCTEMH, HEOOXiHO CKOpHUCTATHCA
MOJIOKEHHSM PO T€, MI0 B PE3yJabTaTi MPOTIKAHHSI OOOPOTHUX MPOIIECIB
SHTPOIIiS 130JbOBAHOI CHCTEMH HE 3MIHIOETHCS. 3BIICH CIimye, MO 3
ypaxyBaHHSM aJUTHUBHOCTI €HTPOIii, SKIIO EHTPOMis JKepena poOOTH
3MeHIIyeThes Ha (S — SK), TO eHTPOITisl cepeIoBHIIa TOBHHHA 3POCTH Ha T
X 3Ha4YeHHS1, TOOTO 11 0OOPOTHUX MPOLECIB

Soc—So=S — S.. (7.13)
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[MigcraBmsaroun  (7.13) 'y (7.12) onmepXUMO BHpPaKEHHS IS
MaKCHUMaJIbHOT KOPUCHOI pOOOTH 130IbOBaHOI CUCTEMHU

L= (U-U)-To(S-S)—po(Vi— V). (7.14)

SAx BumHo 3 (7.14), MakcumanbHa KOpHUCHa po0OOTa CHCTEMHU
OJTHO3HAYHO BU3HAUYAETHCS MOYATKOBUMH NapaMeTpaMH JDKepena poOoTH i
rapaMeTpaMy HaBKOJIMIITHBOTO CEpEIOBUIIL

7.2 TlonsitTsi mpo ekceprito. PiBusinus I'oi-Cronosn

Tepmin «ekcepris» B 1956p. BBiB torocnaBcekuil ydenuit 3.Panr,
YTBOPEHHH BiH 13 IPEIBKUX KOPEHIB «EKC» - 30BHIIIHIN 1 «epr» - podoTa,

TS
MakcuManbHy KOpHCHY poboty (mpame3fatHicts) B cydacHid TT/]

o . MakKe.
IIPUMHATO HAa3suBaTHU €KCEPriclo. B JaHOMY BHIIaJAKY BCIMYHHA LKOp. -

11 eKCepris pKepena podoTH, M0 3HAXOAUTHCS B 00°eMi V 1 TO3HAYAETHCS
Ev. Takum uynHOM:
Ev=(U-Uxk)—To(S —Sk) — po(Vk — V). (7.15)
3BifcH ciimye, 10, SKIO MapaMeTPH HABKOJIHUIITHHOTO CEpPEIOBHINA
3a/aHi, TO eKCePril MOXXKHA pO3TIAIaTH K (PYyHKIiI0 cTaHy Po6oYoro
Tina.

3a aHaNori€l0 3 TOHATTAM PO MaKCHMalbHY KOPHUCHY pOOOTY
130Mp0BaHOl  cHUCTeMH  (TIpare3gaTHOCTi), BBOAWUTHCS IOHATTS  IIPO
TIparne3gaTHICTh TEILIOTH.

Skmo B 1307bOBaHINA CHCTEMI, SKa CKIATAETBCS 3 ITBOX JDKEpEN
terutotu 3 Temnepatyporo T11 Tz (T1>T») i pobodoro Tina, rapsde mKepeno
BiJIa€ (1 TEIUIOTH, TO MaKCHMallbHA PO0O0Ta, sIKa MOXKe OyTH OTpUMaHa Bij
i€l TerwioTH, sBIsE co0or pobdory obopotHoro mwmkiny KapHo,
3milicHroBanoro B iHrepBami temmeparyp (Ti — Tz. Ha npakrwii
HaMararoTbcs 3a0e3neduTH piBHICTH To= To.

OTxe, Wi TPaNE3NaTHICTIO TEIUIOTH, SKa 3BEThCS EKCEprieio
TEIJIOTH €q, PO3YMIEThCI MaKCHMallbHa KOPHUCHA PO00Ta, SKY MOMKIIHBO
OTPUMATH BiJ TEIUIOTH (1 TpU TeMmmepaTypi rapsdoro mxepena Ti 3a
YMOBH, IO XOJIOIHE JPKEPETIO TEIIOTH 3HAXOIUTHCS B TEPMIiUHiil piBHOBa3i
3 HaBKOJHIIHIM cepenoBuiieM, T = To, ToOTO
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e = —p g =hlo [ To]
q ~ ‘wop T 77T;< QI - T ql - T ql , (716)
~ 1 1
ne Ny = (T1 =T, )/ T, - tepmiunuit KKJ[ uuxy Kapho.

[Migkpecnumo mie pa3, IO eKCeprii 1€ — MaKCUMallbHa MOXKIIHBA
KOpHCHA po0OTa, SIKY MOKE 3pOOUTH i30IbOBaHA CHCTEMA, SIKIIO MPOIIECH,
IO BEYTh JI0 BCTAHOBIICHHS PIBHOBArd B I[iii CUCTEMi, OyAyTh MpPOTIKaTH
00opoTHBO (Tpane3naTHicTh cucremu). A Ly, — e pobora, siKy Moxe
3pOOMTH Ta K CHCTeMa Yy BHUIAJAKYy HEOOOPOTHOCTI WpOIECiB, IO
MPOTIKalOTh B Hill. PI3HUIM WX BEIWYHMH SIBISIE COOO BTpATy eKceprii
(mparme3naTHOCTi) CHUCTEMH BHACHIJOK HEOOOPOTHOCTI TPOIIECiB, IO
MPOTIKAIOTh Y Hil

Lop — L’,‘:;ZC' = (U2—U1) —To(Soc— So) — po (V=V.) — (U2— Uz) + To(S —

S +po(V -V =
=To(S*SK)*(SOK*So) = TO . AS

cuc’
ne  AS - 3miHa enTpormii cucremu.

cuc

SIk BimoMoO

IKOp - ql - qz = qj_ _To : ASXM.- (717)

Entponist rapstuoro mxepena TEIJIOTH 3MEHIIYETHCS, TOMY ILIO L€
JDKEpeNo TEIUTOTY Biae, a EHTPOIIis XOJOMHOTO JDKepena 30UIbIIyeThCs.
Tak sk mpu 00OPOTHOCTI BCIX MPOIIECIB, IO MPOTIKAIOTh B 130JhOBaHIN
CHCTeMi, CyMapHa €HTPOMis i€l CHCTEMH He 3MIHIOETHCS, TO 30UIBIICHHS
SHTpOMil XOJOOHOro JuKepena TewIoTH ASy,; IMOBHHHO IOPiBHIOBATH
3MEHIIIEHHIO EHTPOIII] rapsiaoro pxepena AS 4y .

Ockinbku  O0OpPOTHICTH  yCIX TIPOIECiB, $Ki TPOTIKAIOTh B
: .\, . . ™
130/IbOBaHIN CHCTEMI, BIANOBIJA€ BUNAAKY OfepxkaHHs Ly, - eKceprii
TEIJIOTH €, TO U IBOr0 BHINAAKY 3 YpaxyBaHHSAM AS;op= ASion.,
onepxyemo 3 (7.17)

eq = QI - TO ) ASeap. : (718)
3 piBasians (7.18) 1 (7.17) omepxyemo
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e, — L., =To(AS —AS, ). (7.19)

OckinbKy, SIK YK€ BiI3HAYaII0Cs, CHTPOITist poO0Yoro Tijia B UK He

3MiHIO€TBCA, TO, oueBuaHo, mo pisauna Bemuumn (AS  —AS, pi)
SIBIISIE COOOI0 3MiHY SHTPOITIl BCi€T pO3MIIIHYTOT 130JIbOBAaHOT CHCTEMH

ASCMC. = (ASXOJ'I. - AS (7'20)

3 ypaxyBaHHSIM [BOTO CIHIBBiIHOUIEHHS, oxaepxkyemo 3 (7.17)
PIBHSHHS /sl BTpPAaTH €KCeprii TEMIOTH BHACTIOK HEOOOPOTHOCTI
MpOIIeCiB, MIO TNPOTIKAIOTh Yy PO3MNISAHYTIH 130/bOBaHId cHUCTeMi, B
HACTYITHOMY BH/Ii

eap. ) :

e, — L, =T, (AS,,.). (7.21)

q Kop.

e piBasiHHA 3BeThes piBHsAHHAM ['10i-CTomosim 1o  iMmeHi
¢paniyspkoro ¢izuka M. ['foi, sikuii Briepiie BUBIB 1ie piBHSHHS B 1889
potii, 1 cioBainbkoro TermaorexHika A. CTomoiu, sIKUil Brepiie 3acTOCyBaB
IIe PIBHSHHS JJIsS BUPIMICHHS TEXHIYHUX 3amad. lle piBHSIHHS 3HAXOIUTH
IIMPOKE 3aCTOCYBaHHSA IpH aHali3i e(OEKTHBHOCTI POOOTH TEILIOBUX
YCTaHOBOK.

Piusaas ['roi-Ctomonmu poskpuBae (Gi3WIHUE 3MICT  €HTPOITi.
BusBnserscs, mo HEOOOPOTHI MPOIECH NepexoAy TeIUIoTH 3 OlIbmI
BHCOKOTO Ha OUTbII HU3BKAU TeMIEpaTypHHH PiBEHb CYMPOBOIKYIOTHCA
BTPATOIO TPaIe3qaTHOCTI, TOOTO Merpasaiero eHeprii Ti€l CHCTeMH, B SKiit
BOHH BiIOYBaIOTHCS, a BIANIOBiAHE 3POCTAHHS EHTPOIIl MPOMOPIIIHO i
BTpATI Mpame3aaTHOCTi.

Brpaty ekceprii mosHadarore D ( aucumaiis) — po3CitoBaHHS
eHeprii, To0To

D=T,-45,. (7.22)

TakuM YMHOM, EHTPOIII0 MOXXHA PO3IJIATH SK Mapamerp CTaHy
3aMKHYTOi CHCTE€MU, 30UIBIIEHHS SKOTO € KUIbKICHOIO MIpOI BTpaTH
Mpame3aTHOCTI CHCTEMH, WI0 Ma€ MiCle IpU TNPOTIKaHHI B HIH
HEO0OOPOTHHUX TPOIIECIB.
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JIEKHIA 8
8.1 TepmomuHaMiuHi MpouecH B peaJbHNUX ra3ax i mapi

Pipusinnsa crany igeanbHoro razy OyJi0 OTPUMaHO B
NpUNylieHHi, MO0 MOJIEKYJIU € NPYKHUMH KYJIbKaMH, PyX SIKHX
niakopsieTbes 3akonam HeloTona, Misk HUMU BiICYTHI cuimM B3aemoii,
a 00’em, 3aiiMaHUil MoJIeKyJIaMH, He3HAYHUI Yy MOPiBHAHHI 3 00’€eMoM
razdy. Ognak B npupoai ineaJbLHNX ra3ie He icHye.

PeanbHi raszu, Ha BiMiHY BiJ iIealbHUX, CKIIAQAAIOTHCS 3 MOJEKYII
KIHIIEBOTO 00’€MYy 1 3B's3aHi MiXK COOOI0 cujiaMu B3aemozil. B 3amexHocTi
BiJl YMOB , peaJibHi T'a3d MOXYTh MIEPEXOIUTH B PIAKUI 4M TBEPAHN CTaHHU.
Cunm B3aeMOJil JyXe BENHKI y TBEPAUX 1 PIAKUX T 1 JIOCUTHh BENUKI Y
rasis, OJIM3bKHX JIO ITEPEXO/IY 3 ra30MOAI0HOr0 y PIAKKEI CTaH.

[Iporsarom TpuBanoro dYacy BBaXKaylocs, IO BCi Ta3W CTPOrO
miKopsitoThest  piBHsAHHIO Kunameiipona. Ane Bxe nHampukinni XVIII
cromiTTsi, a moTiM y 20-x pokax XIX CTOMTTS eKCIepUMEHTAabHI
TOCIIDKCHHST 3 TIEPEBIPKU IIHOTO DPIBHSHHS ITOKA3aJld, IO ITOBODKCHHS
peaNpbHUX Ta3iB ICTOTHO BINPI3HAETHCA BiX imeanbHOro rasy. Ilpudomy
BiIMIHHICTh BJIACTUBOCTEH PEAILHOTO Tra3y Bij i€aTbHOTO 30LTBIIYETHCS
31 3HIKEHHSAM TEMIIepaTypH 1 MIABUIIICHHSIM TUCKY.

8.2 PiBHsAHHS cTaHy peanbHoro rasy. PiBusnns Ban-nep-Baanbca

Opnieto 3 mepmmx cnpod y 1 oOmacti Oyma po3poOka
romwrafacekoro ¢isnka H.Ban-mep-Baanmsca B 1873 p.. Lle piBHAHHSA BiH
oJlepaB Ha OCHOBI KiHETHYHOI Teopil rasiB. 3 ormsay Ha 00’eM caMux
MOJIEKYI i CHITM B3a€MOJIi1 MK HUMH, PIBHSAHHS Ma€ HACTYITHHH BH/T

[p+(@/v®))- (v—b)=R-T, (8.1)

ne a i b - xoHcTaHTH, sIKi TOpS 3 TA30BOO CTAIOK XapaKTEPH3YHOTh
IHAMBITyallbHI BJIaCTUBOCTI pedoBHHH. J[J1s1 TaHOTO Ta3y BOHU IOCTIlHI.
OnHe BHIIpaBIEHHS BpaxoBye 00’€M, HENOCTYIHUH UL pyXy
MOJIEKYJT B CHITy KiHIIEBOTO 00’€MY CaMHX MOJIEKYII 1 HasiBHOCTI B3a€MOIii
MDK HUMH. [Ipu 6e3MexHOMY CTHCKaHHI rasy, Horo o0’em OyJe nparHyTu
HE /10 HyJA, SK B iZIeaIbHOMY Ta3i, a 10 IeIKOro rpaHuYHO Majoro o0’emy
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b. Bennuuna b 6inbiie cymapHOro 00’eMy MOJEKYJ, TOMY IO B 3B'SI3KY 3
HASBHICTIO CHJI BIIUTOBXYBAaHHS, SIKi BUHUKAIOTh IIPU IXHBOMY 30JIMKEHHI,
MOJIEKYJIM Ta3y NpH HOro CTUCKAaHHI HE MOXYTh OyTH JOBEIEHI 10
3iTKHEeHHs. Bennuwmna b € cymapHuM 00’eMoM chepUIHHUX OOOJIOHOK, Y
MEXI SIKMX HEe MOXYTh MPOHUKHYTH 1HII MOJEKYINH, 1 CKIIaJa€e MpUOIU3HO
MOYETBEPHEHHUH 00’ €M caMUX MOJIEKYJ. Y 3B'SI3KYy 3 MM B PIBHSHHS CTaHY
BapTO BBOAUTH HE MIOBHMI 00’eM ra3y V, a juiie ButbHHIA 00°eM (V - ).
[Hme BUMpaBiIeHHS 3BEThCsS BHYTPIIIHIM THCKOM i BPaxOBY€ CHIIN
B3a€EMHOT'0 TSDKIHHS, IO AilOTh Yy HAMPSMKY JIii 30BHIIIHBOTO THCKY 1 SIKOU
30UIBIIYIOTh HOro Ha JesKy J0AaTKOBY BEIMYMHY. BBaxkarouw, M0
BHYTPIIIHIA THCK Ta3y 3MIHIOETBCS MPOMOPIIHO KBaJIpaTy T'YCTHHH abo
00EpHEHO MPOIOPIIIIHO KBaIpaTy MUTOMOI0 00’eMy rasy, Ban-nep-Baasnbc

o o . 2 . . .
NPUAHSB MOro pIBHUM al/ve. Ile BimHOMIEHHS AJI PIAKUX TUT MA€ BEJIUKE

3HAYCHHS (HAPUKIIAM, A1 BOIU BOHO mpu 20 °c cknagae 1050 MIla), mst
ra3iB uepe3 Malli CHJIM 34ellICHHS BOHO JIy>Ke mMaje. ToMy, 30BHIIIHIN THCK,
ITiJ] SIKUM 3HAXOJAUTHCS PiJiHA, HE BIUIMBAE Ha 11 00°€M, 1 piIMHY BBAXKAIOTh
MPAKTHYHO HECTHCIUBOIO.

B raszax uepes mamicts a/ V? 30BHILLIHii THCK JIerko 3MiHIoe ixHiil
00’eM.

Takum umHOM, piBHSHHS BaH-mep-Baambca — BpaxoBye peainbHi
BIIACTHBOCTI Ta3y — HAasABHICTh MDKMOJIEKYISIPHUX B3a€EMOMIA y rasax i
BIIACHHH 00’ €M MOIEKYIL.

8.3 [IpuBenene piBHsHHs Ban-nep-Baanbca. 3akon BinnoBigHux craHis.
Kputnuni napameTpu pe4oBUHHU

Ocob6mmBo mikaBe piBHsAHHSA Ban-mep-Baamsca (8.1) TuM, mo BoHO
SIKICHO BimoOpakae TONOBHY OCOONIMBICTH pEANBbHUX Ta3iB — 3JaTHICTh
MEPEXOIUTH 3a MEBHUX YMOB y pinkuil craH. IloscHEeHHS 1IbOr0 MOXIIUBO,
SIKIIIO TIEPETBOPUTH HOTO B PIBHSHHS 3-TO CTyIEHs BiqHOCHO V. J[ist mporo
B piBHsHHI (8.1) pO3KTI/I€M0 B JIiBil 4aCTHHI TyKKA

p+(@/v?)]-(v—b)=RT;
pv—pb+a/v—(ab/v?)=RT.

. . . 2 . .
IloMHOXUBIIIN 06I/IZ[B1 CTOPOHHU PIBHOCT1 HA Vii PO3AUIMBIINA Ha p ,

OJIEPXKYEMO ITiCTIS IPUBEACHHS MOIOHUX YJICHIB
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V' —V*(RT/p)+(al/p)-v—(ab)/ p=0. (82

OTpumaHe piBHSHHS Ma€ TpU KOpeHi, TOOTO WpU 3aJaHuX
napamerpax p i T TyT MOXKIIUBI TpY BUMAJKH: ONUH KOPiHb MIHCHU 1 1Ba
ySABHHUX; YCi TpU KOPEHi AiHCHI 1 pi3Hi; yci TpU KOpeHi AilCHI 1 piBHI.

Hnst  BusiBieHHs  (PI3BMYHOTO  3MICTY OTPHUMaHUX BHCHOBKIB
pO3LIITHEMO B CHCTeMi P, V -KOOpIWHAT 130TepMH, MOOYJI0BaHi IO
piBHsiHHIO Ban-znep-Baanbca, 1is pisHux temnepatyp (puc. 8.1).

3 pucynky 8.1 BUIHO, 1110 BUJI i30TE€PM 3MIHIOETHCS B 3aJISKHOCTI BiJ
TEeMIIepaTypH.

Hepuwiuii
6UNADOK Ma€ Miclle TIPU
BHCOKUX TEMIIEpaTypax,
KOIIM 130T€PMH MalOTh
BUJ rinepOoIigHOro
xapaxkTepy (HampukIia,
miHitr 1-2). Y 1mpomy

BHIIAJIKY KOXKHOMY
THCKY BIZIITOBITA€
LIJIKOM BU3HAYEHMI
MMUTOMHUM 00’eMm

(HampwKIam, THCKY P g

BIZIIOBIIAE HUTOMHUHA

00’eM Va). Le
3HAYEHHS IIUTOMOI'0
00’eMy 1 € milicHUM KopeHeM piBHSHHS (8.1), 000€ X MHUMHUX KOpPEHS B
IbOMY BHITAJIKY (DI3MYHOrO 3MICTy HE MAlOTh 1 TTOBHHHI OYTH BiJKHHYTI.
Tino B 11bOMy BHIIAIKY TIPH Oy/Ib-SIKIX
TUCKax 3HaXOAWUTHCS B ra30M0AI0HOMY CTaHi.
e Tax 3BaHi HagKpUTHYHI i30Tepmu Ban-nep-BaanbciBcbkoro

Pucynoxk 8.1

razy, T00to i3orepmu ipu T >T

/Jpyzuit unadok mae micie Ipu MOPIBHIHO HU3BKUX TEMIIEpaTypax,
KOJM 130T€pMH MAloTh JIBa MEpEeruHu (Hanpukian JiHis 3-4). Lle Tak 3Bana

IOKpATHYHA 00jacTh, v Akid T < T . Ha i3oTrepmax o1HOMY 3HAYEHHIO
Kp
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THUCKY P BIANOBIa€ TPU 3HAYCHHS MUTOMOrO 00’€My (HANPHUKIAA, THCKY

p , BIINOBINAIOTH NUTOMI 00’€MHU V4 , V, , V¢ ), AKi 1 € TpbOMA AlliCHUMU

i pidaumMu  KopeHsmu piBHsHHS (8.1). insaka (3-b) Bimnosimae
130TePMIYHOMY CTUCKaHHIO TiJla, K¢ 3HAXOIUTHCS B ra30Mo01i0HOMY CTaHi,
OpUYOMY B Kpamii b BOHO B)XKEe MOYHMHAE MEPEXONUTH B PIAKAH CTaH.
Kpanka d BigmoBimae TakoMy CTaHy, KOIM BOHO BXE IJIKOM
MEepPEeTBOPUIIOCS B PiAMHY, y BiINOBimHICTH 3 uuM ninsinka(d-4) ssise
co0010 i30TepMiuHe CTUCKaHHS pianHu. Kpamka ¢ BiAmoBiia€ IPOMiXKHOMY
nBodasHomy crany Ttina. [linsHka kpuBoi (b-f) BigmoBimae Hectilikomy
CTaHy MEePEOXOJIO/PKEHOI mapH, a auisHka( d-€), TaKoK HEeCTIHKOMY CTaHy
neperpitoi pigmau. o x crocyerbes aiisiaku (e-f), To Bona B3araii
(Gi3MYHOrO 3MICTY HE Ma€, OCKUIBKHM B JIHCHOCTI IPH 130TEPMIYHOMY
CTHCKaHHI TUIO TEPEeXOAWTh 3 TAa30MOAIOHOrO B pIAKHNA CTaH TIpH
MOCTIHHOMY THCKY, TOOTO 110 ropu3oHTanbHii Jinii (D-d).

Tpemiii eunadox Mae Miclie IIpH LIJIKOM BHU3HAYEHIH LISl KOXKHOTO
TiJla TeMIepaTypi, KOJIH T. b i d, 30mmwKa4YUCh 3 MiABUIICHHIM
TeMIepaTypH, 3IMBalOTECS B omHy T. K, B sKkiii Mae wmicue mneperuH
BINMOBITHOI 130TE€pMH, NPUUOMY IOTHYHA 1O HEl B MM Todmi Mae

ropu3oHTanbHuA Hanpamok. Jlna isorepmu T=T 4, XapakTepHa HasgBHICTH

Toukn meperuHy K, y sxiif muromi o6’emm V{ , Vp , V¢ 30irarorbcs,

TOOTO TpH MIHCHI KOPEHI PIBHI.

Hinsuxy( d-e) 1 (f-b) mHa i30Tepmax MOKHAa BIATBOPUTH
EKCIIEPUMEHTAIBPHO TUTBKH I «YHACTUX» PIOUH 1 Tapu, 3 SIKUX
MOTIEPEIHBO BUITyUYCHE TOBITPS 1 uncTi goMmimmku. JlinsHka (d-€) Bixmosigae
MeTacTabimbHOMY CTaHy piguHH (meperpita pimuHa). PimuHy, 3 sKOi
BHJTy4YeH1 pO3UMHEHI B Hil Ta3u, IpH CIOKIHHOMY HarpiBaHHi 0e3 KOIWBaHb
y mocyauHi MokHa meperpiBatd. CTaH Teperpitoi pimuHU HECTIHKUi.
Haiimenmie 30yproBaHHS (CTPYIIYBaHHS) BUKJIMKAE BCKUIAHHS 1 Tepexif
nporiecy Ha Jiniro (d-b). dinsuka (f-b) Biamosigae meracrabiisHOMY CTaHy
napu (TIepeoXosIo/PKeHa T1apa). ExcniepuMeHTaNbHO HOr0 MOXKHA
oJlepKaTH, SKIIO OYUCTHTH Tapy BiJl MOPOIIMH 1 iHIKX 3a0pyIHEHb,
HaBKOJIO  SIKMX  IOYMHAIOTH  YTBOPIOBATHCS  KpAleIbKH  PiIUHU.
KonpgeHcanist 3arpumyerbes, 1 mapa mnepeHacuuyerbes. CraH mapu Ha
ninsai (f-b) Takox Hecrtilikuii. [TosiBa Oyab-sSKUX IEHTPIB KOHACHCAIIT
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MIBUKO BUKJIMKAE PO3IIApyBaHHS Mapu Ha JBi (a3u, B pe3ynbTaTi 4oro
npotec nepexoauts Ha JiHito (d-b). Touku Ha minsuui (e-c-f) i3oTepmu
eKCIIEpUMEHTAJIbHO 3HAWTH HE BAAETHCSL.

Touka K 3BeThCsl KpUTHYHOK TOYKOK, a BiANOBIIHI ili mapaMeTpu

Prp +Vip » Ty, 3BYTHCS KPHTHYHHUMH IApAMETPAMU.

Kputnuna temmepatypa, icHyBaHHA sikoi Oyno Bigkputo B 1861p.
J.I. MenneneeBuM, XapakTepu3y€eThCS TUM, IO IPU TEMIIEPATYpaX BULIE 11
HEMOXKJIBO MUISTXOM i30T€PMIYHOTO CTHCKaHHS JIOMOTTHCS TIEPEXOY ra3y
B PiIKUii cTaH.

AHaNITHYHO yMOBH KPUTHYHOIO CTaHy Tila BHPaKalOThCs
PIBHSHHSIMHU:

82
P) _o : 8VE =0. (8.3)
oV T T

Ilepme 3 HUX TOKa3zye, IO KpUTHYHA i30TepMa B T. K Mae
TOPU3OHTANBHY IOTUYHY, APYyTe — 0 i3oTepma Mae B T.K meperus.

BukoprcroByroun 11i piBHSHHS pa3oM 3 PIBHSHHSMH CTaHy, MOXKHA
BU3HAYNTH 3HAYEHHS KPUTHYHUX [TApaMeTPiB CTaHy Tazy.

CrocoBHO 10 piBHsAHHS Ban-nmep-Baannca, KpUTHYHI mapameTpu
BH3HAYAIOTHCS TAKIM YHHOM.

B piBasaHI (8.1) 3amummMo mepeMiHHY p y JiBi dacTwHi, a
MepeMiHHy V TiepeHeceMOo B IIPaBY YaCTHHY

p=(R-T)/(v-b)-(a/v*);
Judepentiroroun 1ie BUpakeHHs 110 V, Ta BBaXkarouw, o T=const, i
NPUPIBHIOIOYN OTPUMAaHE BUPAKEHHS /10 HyJIs

P —L+§:O. (8.4)
o). (v=b)* Vv

BusHayaemo aApyry moxiiHy i TeX NpUPIBHIOEMO 1i 10 HyIs
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op :ﬂ—(s—azo. (8.5)
v’ ). (v—-b)’ V'

Jnst 3HAXOKEHHSI KPUTUYHUX MApaMeTPiB BapPTO BUPIMIUTH CHUTLHO
Tpu piusauns (8.1), (8.4), (8.5). IlpencraBuBIIN ABa OCTAHHIX PIBHIHHS Y
BUII:

2a_ RT 32 RT

VP (v—h)? Vi (v=h)®
[ToriM, pO3AUIMBIIM TeEpiIe 3 HUX HA Jpyre, OICPKHMO

vi-2a RT-(v-b°)

3a-v*  (Vv—b)’-RT

a6o 2v =3v - 3b i, omke

V,,=3b. (8.6)
[TincTaBuBIIM OTpUMaHe 3HAYECHHS B (8.4), 0ZIepKUMO
2a RT  RT
27-b° (3b—-b)? 4b?’
3BigKu
8a
Tp="——. 8.7
® 27-b-R &1

Jamni, miacrapnsoun B piBHAHHA (8.1) 3HalIeHI 3HAYCHHA Vgp 1

T xp , onepxyemo

a 8a
4 |.@3-b)=22,
[p+9b2 J( )=

a

T 270

3BIIKLIA

P, (8.8)
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8.4 p, T —niarpama npu ¢a3oBux mepexonax piamHu i razy

Bigomo, mo Oyap-sika pedoBMHA B 3aJEXKHOCTI BiJ THCKY 1
TeMIIEpaTypy MOXKE 3HAXOJWUTHUCS B PI3HUX arperaTHux craHax (asax):
razonojfionomy, piakomy i TBepaomy. PedoBMHHM B DPi3HHX arperaTHHX
CTaHaX MaloTh pi3HI BIACTHBOCTI, IO OOYMOBIIOIOTHCS XapakTepoM
MDKMOJIEKYJIsIpHOi B3aemonii. [lepexisy pedoBUHH 3 OIHOI'O arperaTHoro
CTaHy B iHIIUH, CIIBICHYIOUHH 3 MEpIINM, 3BeThcid (PA30BUM MEPEXOI0M
a60 ¢a30BMM NepPeTBOPEHHSIM.

BigmiHHOIO pucor0 (a30BHX IEPEXOdiB € CTPUOKOMOAIOHa 3MiHa
T'YCTUHH, TIUTOMOI EHTPOIii i IHIIMX BJIACTHBOCTEH pPEUOBHH. ®da3oBi
Mepexoy MOXKYTh MPOXOAUTH 3 MOTIMHAHHAM a00 BUJIUICHHSIM TEIUIOTH.
[epexin pevoBunm 3 ofHiei haszu B iHITY, KUl BiOyBaeThes pu T=const
1 p=const 70 TOBHOrO 3HUKHEHHS IIi€l (a3u, 3BEThCS PIBHOBAKHUM
(¢azoBuM mepexomoM.  PiBHOBakHHMI CTaH TEPMOIMHAMIYHOI CHCTEMH,
SKUN CKIIQA€ThCsl 3 JBOX UM OUTHIIOTO 4wcia (a3, 3BeTbCs (Pa30BOIO
piBHOBAaroxo.

®dazoBuid Tepeximy 3 PIOKOrOo YW Ta3onomiOHOro CTaHy B
KPUCTAJIYHUI 3BEThCA KpHUCTadi3amielo, a 3BOpOTHIM Tmepexim i3
KPUCTAJIYHOTO CTAaHy B PIAKHH — MNJIaBJeHHSIM, a Oe3MoCepenHb0 B
ra3ononioHuil  (mapornomiOHui) 3BeThCs CcyOJdiMamicro, a 3BOPOTHIM
nepexin — gecydaimaniero.

= DazoBuii
P s Mepexil pPEYOBHHU 3
! ¥ piAKoro cra"y B CTaH
a napu 3BEThCS
P1 I NapOTBOPEHHsIM, a
3BOPOTHIN Tmepexiny 3
naponofibHOro cTaHy
B piakwmit (vm
KPUCTAJIIYHAN) -

KOH/IeH caIli€lo.
/ z L Ha pucynky 8.2
npuBeaena p,I —
- JiarpaMa cTaHy BOJM 3
Ta T HAaHECEHUMH Ha Hel

Pucynok 8.2 KpUBUMU (hazoBux
nepexoiB. 3 pUCYHKY

TE CTdH

F:
&  TApoBHE cTaH
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8.2 Bumno, mo kpusi AB, AK, AJl moxminstote p, T — miarpamy Ha Tpu
obnacri:

1 — obnacTh piakoro crany (Boaa);

2 — obJyacTh MaporoaiOHOro cTany (mapa);

3 — obyacTh TBEPAOro CTaHy — JIi/I.

Kpusa AB xapakrepusye piBHOBaXHHW CTaH pifikoi i TBepaoi ¢as.
Bona BH3Hau4a€ 3aJeKHICTh TEMIIEPATYPH IJIABJICHHS Bi THCKY 1 pO3iIsie
obimacti TBepAoro 1 pigkoro craHiB. ll1 kpuBa 3BEThCS KPHBOIO
TJIABJIEHHA.

KpuBa AK sBise coboro KpuBy KWIIHHA (KOHJEHcAIlil), sKa
XapakTepu3ye CTaH Pinkoi i mapoBoi (a3, TOOTO 3aJEKHICTh MK THCKOM
HacuueHol mapu i1 Temmepartyporo kumiHHS p=f (ts). KpuBy kumiHHs
3BHYAHO HA3WBaIOTh KPUBOI a00 JiHicro HacmuenHs. Jlinis AJl, sika €
KpPHBOIO cyOmiMallii, XxapakTepu3ye piBHOBXXHHU CTaH TBEpPAOI i MapoBoi
¢da3, TOOTO 3aNeXKHICTP MK THCKOM HACHYEHOI Mapu 1 TeMIepaTyporo
cyomimamii i cyomimarii p=f (ts). Toukn Ha mili KpUBiH BIANOBITAIOTH
nBodasHii cucTeMi JIi - mapa.

Touka A TiepeTHMHaHHS TPHOX KPUBUX (ha30BOi PIBHOBArMW SBIISIE
€000 MOTPiiiHy TOYKY, y sKiii OIHOYACHO CIIBICHYIOTh TpU (a3u: Boja,
mapa i mig. Bug xpuBux AB, AK i AJl i ixHe posramryBanHsa Ha p,T —
JiarpaMi 3aJIeKUTh Bill TIPUPOIU PEUOBHHH. J[1s BOaM KpuiBa IUIABIICHHS
AB, BHacmifoK ii aHOMaJIbHUX BJIACTUBOCTEHM, Ma€ HaxuJj BIIBO, TOOTO 3
MiABUIICHHSIM TUCKY TEMIIEpaTypa IUIABJICHHS JIbOLY 3MEHIIYEThCSL.

Kpim Toro, Ha pucyHky 8.2 moka3aHo, SIK 3MIHIOETBCS CTaH
PEYOBMHM, SAKIIO il HATPITH TPU TOCTIHHOMY THCKY p1 (p1> pa). [306apa
(p1-a-B-I) XapakTepu3ye MpoLEeC Mepexoy TBEPIOi PEUYOBHHH B MEPErpiTy
napy. Ha nminstHi i300apu  (pi-a) BigOyBa€ThCsi HArpiBaHHS TBEPAOT
pedoBuHH. B Touri (a) Ha kpuBiil miaBneHHs AB BOHa mepeTBOpIOETHCS B
pimuny. Temmepatypa, mpu sIKiii 3IiliCHIOETBCS 1€ (ha3oBe TIEpEeTBOPEHHS,
3BETHCS TEMMEPATYPOI0 MJIABJIEHHS, a KUTBKICTh MiJBENEHOI TEIIOTH —
MUTOMOIKO TEIJIOTOI0 TJIaBJeHHs. Binpizok i300apu (a-B) xapakrepusye
mpolec HarpiBaHHs pigvHU. Y Toumi (B), po3ramoBaHoi Ha Kpusiid AK,
pianHa mepeTBoproeThes B mapy. llogameine mpocyBaHHS 1Mo i300api Bix
Kpankd (B) 0 Kpamku (J) BiOBifja€ HarpiBaHHIO mapd. Y Kpamiii (1)
3HaXOAUTHCS Meperpira napa.

3 p, T — giarpamu BuzmHO, mo KpuBa HacuueHHs AK y BepxHii
YacTUHI 3aKiHUYeTbCs KpUTH4HOI Toukoro K. Buine kputnunoi Toukm
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Mepexia 3 PiIKoro CTaHy B mapy BiOyBaeThcs O€3MOCEPEIHBO, MUHAIOYH
cTaito JBo(ha3HOro CTaHy.

3 i€l x giarpamu BUAHO, o npu T>TKp HiSKUM 130TepMiYHUM
CTHCKAaHHSIM HEMOXXJIMBO TIEPEBECTH Mapy B piAWHY. SIKIIO HarpiBaHHS
TBEpOi PEUOBMHU MPOBOAUTH 1O i300api( pz-e-M) (p2<pa), TO TpH
temmeparypi T, (kpamka e Ha KpuBiii AJ]) peuoBHHa NEPEXOAMTH i3
TBEPJIOr0 CTaHy B TAa30MOIOHNH, MUHAIOUH PiIUHY.

Ha pucynky 8.3 npuBeneHi ¢a3oBi ctanu pedoBuHu Bp, V-, T, V -,
p, S-1iT, S — miarpamax. Ha nux miarpamax o0nacTh piBHOBaru aBox ¢as
300pakyeThCs HE OfHIE0 JiHIE0, Ak y p,T — miarpami, a sBiise coOOO
BIAMOBIIHI  IUIOIIl  JiarpaMd, PO3ZAUICHI  JIHIAMH, SKi  3BYTbCA
NPUTPAHIYHUMHU KPHBUMH.

Ha npuBeneHux niarpamax:

Pucynok 8.3

- obmacte 1 sBisie coboro TBepay (hasy;

- 00macTh 2 — piBHOBaXHUM CTaH TBEP/OI 1 pinkoi ¢as;

- 0bmacthb 3 — pinky dasy;

- 0bnacth 4 — piBHOBXHHM CTaH PiAKOi i Ta30onmoaioHO1 da3;

- 0bmacthb 5 — razononioHy ¢asy;

- obnacth 6 — piBHOBaXHHI cTaH TBEPIOI 1 razomomioHoi das.

Biapizok( 6-c-1) — cTaH, KUl BiANOBiga€e MOTPiHIi TOYIl, TOOTO B
p,v-;T,v—;p,S-; T, S — miarpamax moTpiliHa TOYKa BUSBISAETHCS
PO3TOPHYTOIO B JIIHIIO.

Touka K € KpUTUYHOIO TOYKOK0 PEUOBHUHH.

Jlinii (c-K) 1 (K-1) — miBoro i mpaBoO NPHUIPaHIYHUMH KPUBHMH
nBodasHoi obmacti pinmaa — map. Jlinis (c-K) 3BeThcss mpurpaHiuHoio
KpUBOIO pinMHU. B KoXHIH Kpammi wiei KpUBOI pigHMHA 3HAXOAWUTHCA B
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PiBHOBAa3i 31 CBOEI0 HACHYEHOIO Mapol0, MacoBa YacTKa PiAUHU JOPIBHIOE
OUHMUIII.

Hacuuena napa_— 1e napa, sika 3HaXOIUTHCS B PIBHOBRKHOMY CTaHi
3 piAMHOIO, 3 siKoi BoHa yTBOopmiacs. Kpusa (K-1) — mpurpaniuna kpusa
napu. B koxHii Kpammi Ii€i KpuBOi MacoBa YacTKa Mapu JOPIBHIOE
OJUHUILII.

Binpizku( 6-m) i (c-H) — kpuBi ABodazHOI oOnacTi TBepaa haza —
pinrHa (KpUBa NJIABJIEHHS).

Binpizku( a-0) i (n-i )— xpuBi aBodazHoi obnacti TBepaa dasa — nap
(kpuBa cy6Jimanii).
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JIEKLIISI 9

9.1 T'omorenHi i rereporeHHi TepMoIMHAMIYHI CHCTEMH

T'omoreHHOI0 HA3MBAIOTH TAKY CHCTEMY, XIMIUYHHMHA cKian i ¢i3uyHi
BJIACTUBOCTI SIKO1 Y BCiX ii YaCTMHAX OTHAKOBI 200 3MiHIOIOTHCSI OE3yTUHHO
(0e3 cTpubOka) Bij OJHIET TOYKU CHCTEMH JIO IHIIOI, a TaKOXK MK OyIb-
SIKMMJ YaCTHHAMH SIKOi HeMae ToBepxHi po3ziny. [Ipukiagom romoreHHoi
CHCTEMH MOXKE CITY)XHTH CyMIlI Ta3iB, PiIKUI 1 TBEpIUil pO3UMHH, & TAKOK
Oy/b-sIKe XIMIYHO OJHOPIIHE TLIO.

IeTeporeHHOI0 HA3WBAIOTH CUCTEMY, SKa CKIAJA€ThCs 3 JIBOX 1
OUTBII TOMOTeHHUX oOyacTell a00 CKJIAJAa€ThCsl 3 OKpPeMHUX obnacreid,
PO3MEKOBaHHX ITOBEPXHSIMH PO3JILITY.

Tomorenni obnacti B TeTeporeHHidl cucTeMi 3BYThcs (ha3aMu.
Koxna ¢aza Bijjinena Bii CyciJHbOT TIOBEPXHEIO PO3JIUTY, TIPH TEPEeXoi
yepe3 SAKy CTPHOKOMOIIOHO 3MIHIOIOTHCS XIMIYHA CHONyKa abo (i3udHi
BJIACTHBOCTI pe4oBHHU. [IpHKIIa0M TeTepOreHHOI CHCTEMH MOXKE CITYKHUTH
BOJIa 3 JILOJIOM, IO IIJIaBa€ B Hild.

I'omorenna cuctema i KokHa (haza TeTEPOTCHHOI CHCTEMH MOXYTh
CKJIQJaTUCS 3 OIHIET UM JTEKIIPKOX YACTUX PEIOBHH.

I'omorenna cucrema abo (aza rereporeHHOi CHCTEMH, sKa
CKIIQIA€THCSI 3 JIGKUTBKOX YHCTHX PEYOBHH, 3BETHCS PO3YHHOM 2abo
CyMilIITITIO.

VYci 9ncTi peYOBHHH 1 PO3YMHH MOXKYTh 3HAXOAWUTHCSH B TPHOX
arperaTHUX CTaHax: ra3onoAiOHOMY, PIIKOMY 1 TBepAOMY.

9.2 YmoBu piBHoBaru npu ¢a3zosomy nepexoni. [Ipasuio ¢a3 I'iooca

CraH piBHOBaru — e Takui CTaH, A0 SKOTO MPH JAHWX 30BHIIIHIX
YMOBax Iparae TepMOINHAMIYHA CUCTEMA.

Cran criiikoi piBHOBaru (cTaliIbHUII CTaH) XapaKTEpHUIl THM,
IO SIKIIO SIKUM-HEOY b 30BHIITHIM BILTHBOM BHUBECTH 3 HHOTO PO3IIIHYTY
CHUCTeMy, a TIOTIM 3HSTH 1€l 30BHINIHIA BIUTMB, TO CHCTEMa cama
MTOBEPHETHCSI Y BUXITHUI CTaH PIBHOBATH.

Axmo cucreMmy, sika 3HaAXOIOWTHCA B CTaHI HeCTiiiKkoi piBHOBaru
(n1a0libHA piBHOBAra) 3 HbOI'O BUBECTH, TO BOHA BKE€ HE MOBEPHETHCA Y
BUXIIHUH CTaH, a mepelje B cTaH CTilikoi piBHoBaru. HaBite myxe mani
30BHIIIIHI BIUTUBU BUBOJATH CUCTEMY 3 JIAOLILHOTO CTaHY.
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Hapemri, cran mono criiikoi piBHoBarn (MeractabinbHuii cTtan) —
LIe CTaH, B SKOMY CHCTEMa MOX€E 3HaXOIUTHCS MPOTATOM TPUBAJIOrO 4acy,
npuyoMy claOKi 30BHIMIHI BIUTMBH (30ypIOBaHHS), IO BUKIHMKAIOThH
HEBENHKi BiIXUJICHHS CUCTEMH BiJl METacTabUILHOI'O CTaHy, HE IPUBOIATh
70 Tiepexony B iHImuMi craH. [licns Toro, sik Takuii 30BHIIIHIN BIJIMB Oye
3HATHUH, CCTEMa MOBEPHETHCS Y BUXIAHUN MeTacTaOUIbHUN CTaH.

PosrisiHeMo i301b0BaHy CHCTEMY, sIKa CKJIalaeTbes 3 NBOX abo
Outbme (a3. YcTaHOBHMO il TaKoi CHCTEMH 3arajbHi YMOBH (ha30BOi
piBHOBary.

[MpunycTumo, 10 cucTeMa CKJIaJaEThCsl 3 ABOX mmigcuctem 1 1 2,
HaIPUKJIA]] MIOCYAMH ITOCTIHHOTO 00°eMy V 3 iJieaJIbHO TEII0I30JIbOBAHUMU
CTiHKaMH, BpaxyeMo, II0 PEYOBHMHA B MIJCUCTEMaX 3HAXOAUTHCS B JIBOX
pi3HUX (a3zax, HANPHUKIAA, Yy HIKHIA YacTHHI TOCYIUHH 3HAXOIUTHCS
BOJla, 2 Yy BepxHii — BousHa mapa. [IpuuomMy KUIBKICTh PEYOBHHU B
MiZICHCTEMaX MOYKe MIHATHCS BHACIIIIOK Tepexoay 3 ojHiel pa3u B iHILy.

Taky cucreMy, 3 oryisiiy Ha Te, o Veuc = const, m = const, U =
const, MOKHa YSIBUTH CO01, 3aIIMCABIITH IJIs HEl HACTYITHI BHPAXKCHHS:

V=V1+V2 (9.2);
m=ml+m2 (9.2);
U=U1+U2, (9.3)

ne iHgekcu 1 1 2 BIZHOCATHCS BIAMOBIMHO 10 1-011 2-01 das.
Tak sik cucrema 13051b0BaHa, TO BUXO/UTH:

dvi=-dVv2 (9.4)
dml=-dm2 (9.5)
dul= - du2. (9.6)

Panimme Oymo BCTaHOBJIEHO, 110 B CTaHI TEPMOAMHAMIYHOI PiBHOBATH
EHTPOIiST  130IbOBAHOI cucTeMH 30epirae TOCTiliHE (MaKCHMallbHE
3HAUYeHHs ), TOOTO B CTaHi PIBHOBaru

dS =o. (9.7)

OCKiHBKI/I eHTpOHiH € AaJUTHBHOKO BCINMYHMHOK, CTOCOBHO 10
PO3IIIAHYTOI'O BUIIAJIKY
S=S1+S2 (9.8)
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1 OT)Ke

dS = dS1+dS2 =0, (9.9)

3HaliieMo BHpaKeHHS JJisi MOBHOro audepeHIiana eHTporii
migcucremu 1. B posrmsgHyTid migcucTeMi eHTpomist mincucremu S1 o€
¢yHKIier0 He TinbkH 00’eMy V1 migcucremu 1 BHyTpimHbo1 eHeprii Ul,
ae 1 KiTIbKOCTI pedyoBHHH B mifcuctemi ml, tobro  S1=f (V1, UL, ml).
V BIANOBIAHICTG 3 UM

1 1

. S ) 1 [ 3S j p as} u
Sk BimoMoO: | — == | — =— | — ==
U )ynw T \OV )y, T om)yy T

ne M - XIMIYHAWA TOTeHIian abo i300apHOo-130TepMivHUI MoTeHIian (BiH

ds,=| ol du+| B lave[ S| m,
ou Vimy ov. Upm M, ViU (910)

JIO3BOJISIE  PO3paxyBaTH 3MiHY XapaKTEpUCTHUUHOI (YHKIT Oyab-saKol
CHUCTEMHU TIPH 3MiH1 KUTLKOCTI PEYOBUHHU B CHCTEMI)

u=h—ST.
3 ypaxyBaHHSIM NHWX CHiBBiAHOmEHs BupakeHHS (9.10) 3m00yBae
HAaCTYIIHUI BUJ

ds, = 2 du, + P av — A dm
DR e

1

9.11)
1

AHAJNOTIYHO 3HAXOANMO MTOBHUH A (epeHIrian eHTponii miacucTeMn

ds, :Tidu2+%dv2 ~Legm, |
2 2 2 (9.12)
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3 Bupaxenb (9.9), (9.11) i (9.12) 3 ypaxyBaHHSIM CITIBBIJHOIICHB
(9.4) ... (9.6) maemo

1 1 p, P M H
S dU, | 22— dv - ££—£2 |dm =0
(Tl Tz ] ' (Tl Tz j ' [Tl TZ J rnl (913)

Ock
impku  gudepeniann  dV1, dUl, dml B3aemMHO He3anexHi, TO s
BUKoHaHHS (9.13) HeoOXximHO, MI00 JOPIBHIOBAM HYJIO CIHIBMHOXXHHUKH
npu mudepennianax dV1, dU1, dml, To6To mo6:

1 1

———1=0, 9.14);
14 019
(& - &] =0, (9.15);
Tl TZ
(&_&jzo. 019
Tl T2

3BIAKH OEPKYEMO HACTYITHI YMOBH:

T1=To, (9.17);
p1=7p2, (9.18);
M=, (9.19)

Takum uywmHOM, SKIOIO 1BI (a3u 3HAXOAAThCA B pIBHOBa3i, TO
TeMITepaTypH, THUCKH 1 XiMiuHI moTeHmiamu mux (a3 piBHI MK coO0Of0.
PiBricTh XiMiYHMX TMOTeHIiaNiB (a3 o3HAYae, IO B YMOBax piBHOBArd
MATOMI eHeprii y ¢a3ax piBHi.

3 ymoB pisHoBaru (9.17) ... (9.19)cmiaye, 110, SIKIIO B CHCTEMI, sIKa
CKJIAZIA€ThCS 3 AEKLTBKOX (pa3, Oyzae crocTepiraTiucs piBHOBaXHUH CTaH, TO
BOHHU HE JaI0Th MOXJIMBOCTI BUPILIUTH, CKUTBKH (a3 MOXKYTb 3HAXOAUTHCS
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MiX cO0O0 B piBHOBa3i. BinmoBijp Ha 1¢ MUTaHHSA Jae TMpaBujo ¢a3
I'i6dca. [Ipasuno ¢as, ycranosnene ['i60OcoM, BU3HAYA€E 3aJICKHICTD MK
YHCIIOM HE3aJIGKHUX MapaMeTpiB CUCTEMH B CTaHi piBHOBaru, 4yuciom ¢as
1 YUCITOM KOMITOHEHTIB cucteMHu. Lle mpaBusio 3anmucyeThbes y BUII

N=n-¢p+2, (9.20)
ne N — 4ncino He3alneKHUX NmapaMeTpiB (MIEpEeMiHHHUX) CUCTEMH, N — YUCIIO
KOMITOHEHTIB CUCTEMH, () - YHCJIO a3 y CUCTEMI.

Benmunna N 3BeThCsSl TaKOXK YMCIOM TEPMOJAMHAMIYHUX CTYMiHeH
cBoOoau cucremu. BoHa mokasye, sKe 4HCIIO MapaMeTpiB CHCTEMH, sKa
3HAXOJUThCS B CTaHI PIBHOBArd, MOXKHA 3MIHUTHU JIOBUIBHO, HE 3MIHIOIOYH
npu 1mpomy umcia ¢a3z y cucreMi. OdeBujHO, BenmuunHa N 3aBXKIN
MO3UTUBHA, MPHYOMY BOHA MOXKe OyTH piBHOIO Hymo, To6TO N2> 0. Jlns
OJTHOKOMITOHEHTHOT CHCTEMH, IO CKIIAJA€ThCS 3 OfHIET (ha3u, 3HAXOIMMO
N=2. lle o3Hauae, 110 CTaH NMPOCTUX OMHOPIAHMX cUCTeM (ileanbHMIA ra3,
OJTHOPIJIHA PIIMHA) BU3HAYAETHCS JBOMA HE3ISKHUMH MTapaMeTPaMu.

Jlyis 6araTOKOMIIOHEHTHMX CHCTEM YHCJIO CTYIHEH CBOOOIU MOXKE
Oyt OLIBIIE ABOX, 1 JJI BU3HAYUCHHS CTaHy, KPiM JBOX TEPMOIWHAMIUHHUX
rmapaMeTpiB HEOOXiMHO 3HATH KOHIICHTpaIlii KOMITOHEHTIB. 3 PIBHSIHHSI
(9.20) BuaHO, 110 31 36iMBIIEHHAM Uricaa a3 y cucTeMi, N — 3MEHIITYETHCH,
TOOTO YHCIO0 BUIBHWUX IMapaMeTpiB, SKi BapilOIOTHCS,3MCHIIYETHCS.
[IpaBuiio (a3 BUKOHYETHCS IS BCIX MOMKJIMBUX CHCTEM, HE IUBIISTYHCH HA
MHHAIOYi B HUX (Da30Bi MEPETBOPEHHS 1 XiMITHI peakilii, BOHO CIIPaBEIINBO
IUTS PEYOBHH Y OyIb-SIKUX arperaTHUX CTaHaX.

B ymoBax piBHOBarm TepMOIWHAMIYHOI CHCTEMH TNpaBuiio (a3
['i066ca 3anmcyeTbes y BUai

p=Nn+2, (9.21)

9.3 IlapoyTBopeHHS i KOHIeHcaList

VYci rasum € mapamu SKoi-HeOyAb pPEUOBHMHH, TOMY HPHHITUIIOBOI
PI3HHUIII MDK TOHSATTSMH Ta3y 1 mapu Hemae. BopasHa mapa € peasbHUM
ra3oM i IIMPOKO BHKOPHCTOBYETHCS B PI3HHX Tally3sX MPOMHUCIOBOCTI,
TOJIOBHUM YMHOM, SIK TETUIOHOCIH B TEIUIOOOMIHHHX amapaTax i sk podode
TIJIO B MAPOCHIIOBUX YCTaHOBKaX. Lle 00yMOBITIOETHCS BETMKMMU 3ariacaMu
BOJIM 1 HEWIKIUIMBICTIO il U1 310pOB'a MoAUHU. BonsiHa mapa BUXOOUTD Y
Mpolieci BUMapy BOAM IPHU MiIBEIEHHI A0 HEl TeIUIOTH.

ITapoyTBOpeHHSIM 3BETHCS MPOLEC NIEPEXOLY PIIUHH B Hapy.
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Bunapom 3Berbcs TapoyTBOpEHHs, IO BigOyBaeThCS TUIBKH 3
MOBEPXHI PimuHM 1 mpu Oynb-sKii TemrepaTypi. IHTeHCHBHICTH BUHApy
3aJIeKUTD Bijl IPUPOAN PIIMHU 1 TEMITepaTypH.

Kuninusam 3BeTbcsi NapOyTBOPEHHS y BCili Maci piivHU.

[Ipomec mepeTBOpeHHS Mapud B PiAWHY, SKAH 3OIMCHIOETBCSA IPH
BimiOpaHHI BiJl HBOTO TEIUIOTH 1 KOTPHUH € TMPOIECOM, 3BOPOTHIM
MapoyTBOPEHHIO, 3BEThCs KOHAeHcamier. lLleii mpormec, Takok sK 1
MapoyTBOPEHHSI, BiIOYBAa€TLCS MPH MOCTIHHINA TeMIepaTypi, Ko Oyae p =
const.

CyOJiManiero 3BeThCs TPOIEC TMEPEX0ay PEUOBHHU 3 TBEPAOIO
CTaHy Oe3I0CepPeIHbO B Mapy.

[Iportec, 3BOpOTHINM mporecy cyOmiMailii, TOOTO TpoIEec HEPeXoay
napu 0e3nocepeHb0 y TBEPJIMiA CTaH, 3BEThCs  AecydaiManiero.

Hacuuyena mapa. [lpu Bunapi piiuHu B OOMEXEHOMY 00’eMi
OJIHOYACHO BiJIOYBA€ETHCS 1 3BOPOTHIN MpOIieC, TOOTO SBUIIE CKPAMNJIEHHS.
I[Mlo w™ipi Bumapy 1 3amoBHEHHS WApOI0 MPOCTOPY HAJ[ DIJHHOI,
3MEHIYEThCSI IHTCHCHBHICTh BHIAPY 1 30UIBIIYETHCS IHTEHCHUBHICTH
3BOPOTHBOI'0 HOMY ITpOLIECY HOBEPHEHHS MOJIEKYJI 3 ApOBOTO IPOCTOPY B
pinuHy. B gesxuit MOMEHT, KOJMH IIBHUIKICTH KOHJIEHCAIll CTaHE PIBHOIO
IIBUIKOCT BUIApPy, B CHUCTEMi HacTae AMHaMiyHa piBHoBara. [Ipu nmpomy
CTaHl YHCIIO MOJIEKYJ, sSKi BHIITAIOTh 3 PiAuHH, Oyae MOpiBHIOBATH YUCITY
MOJIEKYJ, SKi TIOBEPTAOThCA B Hel 3 mapoBoro mpocropy. OTxke, y
MapoBOMY TPOCTOPi MPHU IIOMY PIBHOBAXHOMY CTaHi Oyie 3HaXOIUTHCS
MOXJIMBE MaKCHMallbHEe 4HciIo Monekyn. Ilapa mpu mpoMmy crani Mae
MaKCHMaJbHy TYCTHHY 1 3BeTbcs HacM4eHow. [1ix HacnyeHo po3yMiloTh
mapy, sika 3HaXOIWUTHCS B PIBHOB)XXHOMY CTaHi i3 PiAMHOIO, 3 SIKOI BOHA
yrBopmiacs. Hacudena mapa mae temmeparypy, ska € QyHKLIEIO ii THCKY,
PIBHOTO THCKY CepeloBHINa, B sKii BimOyBaeThcs mporec KumiHHA. [lpm
30uTpIIeHH] 00’€My HacW4YeHOi Tapd TpH TOCTIHHIA TeMIeparypi
BimOyBa€ThCH Tepexil NesKoi KUTBKOCTI PIIMHA B Mapy, MPH 3MEHIICHHI K
00’eMy TIpW TOCTiIHHINA TeMIlepaTypi — Iepexin mapu B piAWHY, ane SK y
MEepIIOMY, TaK 1 B IPyroMy BHUIAJKaX THCK HapH 3aJTUIIAETHCS TOCTIHHIM.

Cyxa Hacu4eHa mapa BUXOIUTH NIpU BuUmapi Bciel pianHu. O0’eM i
Temreparypa cyxoi mapu € (yHKUiIMH THCKy. BHacmimok mporo, craxn
cyxoi mapu BH3HAYAETHCS OJHUM IapaMeTpOM, HANpPHKIaa, THUCKOM abo
TEMIIEPaTypOIO.

Bosiora HacuuyeHa mapa, 110 BUXOOUTH NPH HEMOBHOMY BHUIMapi
pimmHM, € cymimmioo napu 3 ApiOHUMM  KpamenbKaMmy —PiJuHH, 10
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POBIIOBCIO/KEHI PIBHOMIPHO TIO BChOMY 00’€My 1 3HaXOIsThcs B HEl y
3Ba)KEHOMY CTaHi.

MacoBa yacTka Cyxoi Hapu y BOJIOTIH mapi 3BEThCS CTYMiHHIO
cyxocTti ab0 MacoBHUM MAapOBMICTOM 1 MMO3HA4YaeThCd depe3 X. Macosa
YacTka pIOMHA Y BOJOTIH Tapi 3BEThCA CTYHNIHHIO BOJIOTOCTI 1
no3Havyaetbest y. OueBumHo, mo y=1-x. CTymiHb CyXocTi i1 CTyIiHb
BOJIOTOCT1 BUPAXarTh a00 y YaCcTKaxX OAMHHUII, a00 y BiJICOTKAX.

s cyxoi mapu x = 1, a uist Bomu x = 0. B mpotieci napoyTBOpeHHs
CTYIIHb CYXOCTI Hapy MOCTYIIOBO 30UIBIIYETHCS BT HYJIS 10 OMHHIIL.

[Mpu migBeneHHi 10 cyxoi Mapy TEIUIOTH TPW TOCTIHHOMY THCKY,
Temmeparypa ii Oyzae 30uibinyBaTcs. [lapa, onepxyBaHa B I[bOMY IIPOIIECi,
3BETHCS Meperpiroro.

Ockinpku TUTOMHIA 00°€M Tieperpitoi mapu OuIbIe MHUTOMOTO
00’eMy HacuW4eHOI mapu (ToMy mo p = const, tmep > tH), TO TyCTHHA
Meperpitoi mapu MeHIlle TYCTHHHA HacHueHol mapu. Tomy meperpira mapa €
HeHacuueHow. Ilo cBOiM (I3WYHMM BJIACTUBOCTSM Ieperpira Imapa
HaOMIKAETHCSA IO 1€adbHOro Ta3y 1 THM OUThINE, YAM BHINE CTYHIHB il
Teperpiny.

9.4 p,v —aiarpama
BOASIHOI apu

Posrmstemo
0COOJIMBOCTI  TPOIIECY
napoytBopeHHs. Hexait
B ATIHAPI
3HAXOOUThCI 1 KT BOOM

Pep

MIPH TEMIIEPATypi 0°c,
Ha IIOBEPXHIO SKOi 3a
JIOTIOMOTOI0  TIOPIITHSI
JIi€ TIOCTIMHHUIA THUCK P.
O0’eM BoOAHW, SAKUH
3HAXOIUTHCS i
— MOPITHEM JIOPiBHIOE
! MUTOMOMY 00’€My TIpH
-

0°C, nosHaunmo yepes
Pucynox 9.1 Vg (V) = 0,001m/xr).
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Bynemo BBakaTH [71s1 CHIPOLIEHHS, IO BOJA € MPAaKTUYHO HECTHUCIMBOIO
. . o s L 0 0 :
pinuHOIO 1 Mae HalOibIy mineHicTs pu 0° C, a He pu 4~ C (TouHimIe
0 . . . . . .
3,98" C). [Ipu HarpiBaHHI HMITIHApA 1 Tepefadi TEIIOTH BOI, TEMIIepaTypa

ii Oyne migBHIIyBaTHCS, 00’€M 3pOCTaTH, i MPH AOCATHEHHI t = t, , IO
BiZnoBiiae p = pl, BOAa 3aKUMUTh 1 TOYHETHCS TAPOYBOPCHHS.

VYci 3MiHM cTaHy pigvHU 1 mapu OyaeMo Big3HadaTd B p, V -
KoopauHarax (puc. 9.1).

[pomec yTBOpeHHs Teperpitoi mapu Hpu p=const CKIAJAETbCs 3
TPHOX MOCIIITOBHO 31HCHIOBAHUX (hi3UYHUX MPOLIECIB:

- NAIrpiB piAMHU J0 TEMIIEPATypH tH;

- NapOTBOPEHHS IpH tH = CONSt;

- meperpiB  map, SKHH  CYMPOBO/KYETHCS  IMiJBHIICHHIM
TEeMITepaTypH.

Ipu p = pl um mporiecam B p, V — aiarpami BiIIOBIIAIOTh BiIPi3KH
(a-a)',(a’-a"),(@"-m). B inrepBam mix Toukamm a' i a' TemmepaTypa
Oyne mocTiitHoro 1 piBHOO tH] 1 Mapa Oy/e BOJIOror0, MPUIOMY ONFDKYE 110
T.a' crymine cyxocti ii Oyzme menmre (x , = 0), ay T.a", sxa Bigmoinae
cTaHy cyxoi mapu, X = 1. SIKmio mporiec mapoyTBOpEeHHS Oyae WTH Tpu

. N l
Olnbm  BUCOKOMY TUCKY (p2 > pl), 10 00’e¢M BOmM V,NPaKTUYHO
3aIUIITUTHCS HE3MIHHHM.

O6’em V', sAKMil BiANOBiZac KUILIAYiHA BOMi, TPOXM 3OLIBLIATHCS

17 L .
(V, >V, ), Tomy mwo ta2 > tul, a 06’em V, <V, ockinbku mpouec
MapoyTBOPEHHSI TpW OLIBII BUCOKOMY THCKY 1 BHCOKIH TeMIieparypi
npoTikae O0inbIn iHTeHCHBHO. OTXE, TP 3POCTaHHI TUCKY PI3HUII 00’ €MiB
l . . . . .
(V' —=V,) (eigpisox (b’ —Db)) 3Ginbmyerscs, a pisHuus 06’emis

OV" — V' (igpisox (b —b")) 3menmmyeThCs. AHaoriuHa KapTHHA Gyje i
TOJi, KOJIM TPOLIEC NMapOyTBOPEHHS We mpu OuTbmIoMy THCKY (ps > P2;
Vé > Vg; V: <V:, Tomy 1o tH3 > tr2). HasBHICTH OHHO3HAYHOI

3aNIOKHOCTI MK p 1 tH BU3HAa4Ya€ CTaH CyXol mapu i Kurisdoi Bomu. [lns
BOJIOTO1 Tapy MOTPiOHO 3HATH IIIE CTYITIHb CYXOCTi X.
SAxmo Ha pucyHKy 9.1 3'eqHaTH TOYKHM 3 OJHUM i JBOMA IITPUXaMHU,

AKi JIeKaTh Ha i300apax pi3HMX THMCKIiB, ofepkuMo Jinii (& —b —C );
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(a'=b'—=c') ;(a” —=b" —c"), kokHa 3 SKUX Ma€ LIJKOM BH3HAUEHE
3HaueHHs. Hampuknan, minis (a-b-C) Bupakae 3aJeKHICTH MTHTOMOrO
00’eMy BOIM TIPU 0°C, Bix THcKy. BoHa maiike piBHOOKHA OCi OpJMHAT,
TOMY I1I0 BOJIa — NPAKTUYHO HecTHCuBa pinuna. Jlinis (8’ —b' —c') nmae
3aJIeKHICTh MUTOMOTO 00’ €My KUIUIAYOI BOIU Bin TUCKy. Llst miHis 3BeThest

HIDKHBOIO TIPUTPaHiYHO KpuBOKW. B p, V — miarpami I KpuBa
BIIOKpEMIIFOE  00JIacTh BOAM Biag oOmacti HacuueHol mnapu. JliHis

(a" —b" —c") nokasye 3anexHicth mMTOMOro 06’€My CyXxOi mapH Bij
THUCKY 1 3BEThCSl BEPXHBOI0 MPUTPAHIYHOI0 KPUBOK. BoHa Bigokpemiroe
00JacTb HaCHUYEHOI apy Bij 00nacTi meperpitoi (HeHaCHUEHOT) mapu.

Touka 3ycTpidi NPHUTPaHIYHUX KPUBUX 3BETHCS KPHTHYHOIO
Toukow K. Ils Touka BiANoBimae NEIKOMY TPaHUYHOMY KPHTHYHOMY
CTaHy PEUOBHMHH, KOJH BIJICYTHE PO3XOJPKEHHS MK piIMHOIO 1 maporo. B
il ToYmi BiACYTHS JiNsSHKA TMporecy napoyTBopeHHs. [lapamerpu
PEYOBHHU TIPH [ILOMY CTaHi 3BYThCS KPUTHYHMMU. Hanpukman, aiist Boau
pk = 22,1145 Mlla; Tk = 647,266 K; vk = 0,003147 Me/kr;

Kputnuna Ttemmeparypa €  MakCHMalbHOIO  TEMIIEPaTypoOIO
HacuueHoi mapu. [Ipu TemmepaTypi BUIEe KPUTHIHOI MOKYTh 3HAXOTUTHCS
JMIIe meperpita mapa i ra3. Brepiie moHATTS Mpo KPUTHYHY TeMIEpaTypy
Oyno mano B 1860 p. I.I. MennenceuM. BiH Bu3HaumB ii gK Taky
TeMIepartypy, BUIIE AKOI ra3 He MOXKe OyTH TepeBeNeHNH y piluHy, KU
OU BHCOKHII THCK IO HROTO HE OyB NMPUKJIIAICHHH.

He 3aB>xmu, ogHak, Iporec mapoyTBOPEHHS BiOyBa€eThCS TaK, SK 1€
MOKa3aHO Ha PUCYHKY 9.2. SKIo Boma ovMIeHa Biff MEXaHIYHUX JOMIIIOK
1 pO3YMHEHHWX B HIA Ta3iB, MAPOYTBOPEHHS MOXKE TMOYATHCS TPH
temreparypi Bumie TH (iHomi Ha (15...20 K)) uepe3 BiACyTHICTh ICHTpIB
mapoyTBopeHHs. Taka Boma 3BEThCsSI MepPerpiToro. 3 iHIIOI CTOPOHH, TPU
MBUAKOMY 1300apHOMY OXOJIO/PKEHHI Ieperpitoi mapu KOHIEHcarlis ii
MOXKE ToYaTHCS He mpu TH, a TmpH TPOXHW OUTBINI HHU3BKIH TemIepaTypi.
Taka mapa 3BeThCs MEPeOX0JI0IKEHOI0 UM nepecuyeHor0. [Ipu BupimenHi
MATaHHSI, B KOMY arperaTHOMY CTaHi MOXYTh OyTH pedoBuHU ( mlapa abo
Boma) mipu 3amanmx p i T, piVv, T iV, moTpiOHO 3aBXIU MaTH Ha yBasi
HACTYITHE:

- Ipu p = const  Juist eperpiroi mapu V, > VY iT,>Tu (puc.
9.1);

st Boy, HaBmaku V<V’ i T <T;
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-mpu T = const s meperpitoi napu v, > VY Pe < PH;

s o V< Vi pn > pH.

3HaOUYM 1Ii CHIBBIIHOMICHHS 1 KOPUCTYIOYHMCh TaONMIISIMU JUIS
HACHUEHOI MapH, MOJKHA 3aBK1 BU3HAUNTH, y SKUH 13 TphOX obnacreid 1, 2
yn 3 (puc. 9.1) 3HaxX0mUTHCS podoue TiIo 3 3aJaHUMHU TIapaMeTpaMu, TOOTO
4y € piauHor (0oOmactk 1), HacuueHow (00macTh 2) UM THEpPerpiToro
(obnacThb 3) maporo.

Jnst HankpuTU4HOi 00MacTi 3a IMOBIPHY TPaHUIIO «BOJAa — Tapa»
YMOBHO MPUHAMAIOTh KpUTHYHY 130TepMy (IITPHUX- MyHKTHpHA KpuBa). [Ipu
LOMY JIIBOPYY 1 MpaBOpyd Bij Ii€i i30T€pMH pPEUOBUHA 3HAXOMMUTHCSA B
onHO(a3HOMYy TOMOIN€HHOMY CTaHi, BOJIOAIIOYM, Hampukiam, y T.Y
BIIACTUBOCTSIMU PiJJUHU, & B T.Z — BIACTUBOCTSIMU TIapH.
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JIEKLIUSA 10

10.1 OcHoBHi mapamMeTpu cTaHy BOAM i BOASIHOI mapn

OcHoeHIi napamempu cmany 600u

Sk 3BicHo, muTomuii 06'em Bomu mpu 0 °C i pisHMX THCKax
OJTHAKOBHH 1 TOPIBHIOE 0,001 MY/KT.

[lpu TemmepaTypax HacHYeHHsI 1 pi3HMX THCKax MHUTOMHHA 00’€M
BOIM 3MIiHIOEThCA Yy By3bKOMY miamasoni - Bim 0,001 m¥kr (t = 0 °C i
p«=610,8 Tla) 10 0,003147 M%/xr (t, = t. = 374,116 °C i p. = p« = 22,1145
MITa).

B TT/] nutomi eHTanbIIisi, CHTPOIiS 1 BHYTPIIIHS €HEprist BOAU B
notpiiHii Touni ( p = 610,8 Ila, T = 273,16 °C) npuiiMaroThCcs piBHUMU
HyJ10, T00TO ho = 0; So = 01 Vo=0.

KinbkicTh TEIIOTH,II0 HEOOXigHa JUIs HarpiBaHHs | Kr BOIW BiX
temmepatypu 0 °C 10 Temnepatypu Kumings ts, °C, TIpH MOCTiHOMY THCKY,
3BETHCS ITUTOMOIO TEIJIOTOI0 BOAM. Bemnumna i1 BU3HaYaeThCs o popmyiti

g =c,(t,—t)=ct,, (10.1)

Je €, - cepenHs i300apHa TEIUIOEMHICTh BOIM B IHTEPBAIi TEMIIEpaTyp

Bin 0 °C o ts, °C.
BinmoBinHO 10 mepioro 3aKoHY TEPMOAMHAMIKH

'

oe U - BHYTPIIIHS €HEepris PiouHH TMPH TEMIIEpaTypi KHITIHHS; I -
poboTa po3mMpeHHsT TMpH p = const B IpoIeci HarpiBaHHS PiIAWHUA 0
TeMITepaTypH KHUITiHHSL.

PoGoTa po3mmpeHHs BU3HAYA€THCS TAKAM YHHOM

I'=p(v =v). (103)
3 ypaxyBanusamM piBHsAHHS (10.3), piBusaas (10.2) npuiiMae Bux
g =u —u,+p(v—v,). (10.4)
Tak sk u, =0, T0
g =u +p(v-v,). (10.5)

PobGora posmmpeHHs MOMiTHa MpU BEIMKUX TUCKax. Tomy Yy
BHUIIA/IKy TIOMIPHHUX TUCKIB MOKHA IPUHHATH



102

I'=pK -v,)=~0.
Toni piBasnHs (10.5) mepeTBOpUTHCS 10 BUAY

q =u. (10.6)
3BijicH BHJIHO, 1[0 BHYTPILIHS €HEPris BOAU MPUOIU3HO JOPIBHIOE 11
nuToMiil Ternori. HerouicTs mpu omymieHHI # ~ q' npu p = 3 Mlla

cxinanae 0,06 %, a mpu tucky 10 Mlla - 0,33 %. Enranbmis Boau npu
TeMIepaTypl KUIIHHSI BU3HAYAETHCS 110 (GOpMyITi

h =hy+q, (10.7)
ne

hy = u, + pv,. (10.8)

IIpy HEBHCOKMX THCKaX JUIsl BOIM MOXKHA 3aIlicaTh h =~ q ~u.B

pificHocTi A > g > u . 3MiHa eHTPOIIii PiqMHI BU3HAYAETHCS PIBHAHHIM

T, oo
: ¢ d ¢ dl
AS:S—&:j—i:j%——, (10.9)
T
273 273
e S - SHTPOIIiSl PIAMHM TIPH TEMIIEpaTypi KHITIHHS, c;- MacoBa

TETJIOEMHICTD PIIMHY; TS - TeMIepaTypa KUTiHHS PiAHHH.
Slkmo npnitnata ¢, =const, 10 3 ypaxyBammam S, =0

OTPUMAEMO

T
S = In —— . 10.10
“No73 (1010)

0 ! .
Hns Bomm 1o Temnepatyp (100...120) 'C' ¢, npubmusHO fopiBHIOE

4,19 xJIx/(xr K) i piasaas (10.10) mpuitmae Bug

, T
S' =419 —— (10.11)
273

OcHoeni napamempu cmany cyxoi Hacuuenoi napu
Cyxa HacuueHa Tapa XapaKTepU3YeTbCS TUCKOM p  abo

Temneparyporo [ . IIpomec mocTymoBoro mepexoay piIMHH B CyXy
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HACHUEHY Mapy NpH MOCTIMHUX THUCKaX 1 Temmeparypi 300pa)KeHHH Ha

I
pucynky 9.1 Bigpiskom (4 — 4 ). KilbKiCTh TEIJIOTH,IO BHTpayeHa B
BOMY TIpOIleCi Ha MepeTBOpEHHs | Kr BOIW IpU TeMIlepaTypi KHITiHHS B
CyXy HacH4eHy Iapy, 3BETbCS MUTOMOIO TEIIOTOK MapOyTBOPEHHS ! .

Termora mMapoyTBOpEHHsT LIIKOM  BH3HAYA€TBCS  THUCKOM abo
TEMIIepPaTypoIo.
PiBustans [-ro 3akony TTJI mst nporiecy (a —a' ) Mae Buj
r=u —u +1 =u —u +pv —v) (10.12)
qu
r=h"—h, (10.13)

Jie U - BHYTpIIIHsI €HepTisi cyXxoi HackuueHoi mapu; [ - poboTa po3HmImpeHHs
NP TIOCTIHHOMY THCKY B TPOIECi MapOyTBOPEHHS; A - EHTaJbIIsE CyXOi
HACUYEHOI MapH.

PisHuis BHYTpImHIX eHeprii Au =u —u , sika BUTPAYaeThCs Ha
po0OTy TPOTH BHYTPIIIHIX CHJI, 3BETbCS BHYTPIIHBOK TEMJIOTOKO
NapoyTBOPEHHS 1 TO3HAYAETHCA OYKBOIO O

p=Uu —u. (10.14)

KiNbKiCTh TEMIOTH, 1110 3aTpadeHa Ha pobOTy PO3IMPEHHs [ MpoTh
30BHIIHIX CHJI, TOPIBHIOE

I'=pv —v)=y, (10.15)
1 3B€THCS 30BHINTHBOIO TEIUIOTOO MTAPOYTBOPEHHS.
TakuM ynHOM

r=p+y. (10.16)
Enranbiis cyxoi HacHueHol mapu BuzHadaeThes 3 piBHsHHs (10.13)
h =h +r. (10.16-a)

Benmunnn r i [ OpUBOAATBCS B TAaOJNMISIX HACHYEHOI MapH, a
L., h 00YHCITIOITHCS IO IPUBEICHUM BHUIle GopMyax.

BHyTpinss eHepria cyxoi Hacu4eHoi napu Mo)ke OyTH BU3HaYCHa MO
HACTYIHUM (QopMyrax:

u =u+p; (10.17)
u =h —pv. (10.18)
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3uauenHs h ,h ,r,v ,v 0OepyTbcsi 3 TaONMIb HACHYEHOI MMapH.

36inbIIeHHs eHTPOMii B mpoleci mapoTBOpeHHs (d —a ) BH3HAYAETHCS
(dhopmyior0

AS=S"-S =r/T. (10.19)

3BiZIKM EHTpOIis CyXOi HACHYEHOI Mapu BU3HAYAETHCS HACTYITHUM
PIBHSHHSAM

§=S+L=dm,n + L (10.20)
T 7 \273) T

N N

YucenpHi 3HadeHHsSs S 1 S NpUBOIATECS B TaOMMIAX HACHIEHOT
rapu, TOMY IpH pO3paxyHKax ix OepyTh 3 TaOIHIIb.

OcHoeHi napamempu cmany nepezpimoi napu

[leperpita mapa XapaKTepH3YEThCS MPU 3aJaHOMY THCKY OLIbII
BHCOKOIO TEMIIepaTypol, HDK HacuveHa mapa. BupoOnserbcs BoHA y
CIIeIiaTbHOMY arapaTi — IeperpiBHUKY 3 BOJIOTO1 Mapw MpH ITiABEACHHI 10
Hel geskoi KiUTbKOCTI Termiotw. lleperpita mapa 1o CBOIM  (i3MYHHM
BJIACTUBOCTSIM HAOJIMKAETHCS JI0 1/1€aJIbHOTO ra3y i TUM OLIbIIIe, YMM BHILEC
CTYITiHb 11 IeperpiBy.

Cran meperpitoi mapm Tak caMo, K 1 Tra3y, BU3HAYA€ThCS IBOMA
mapamerpamu: p, T; v, T um p, v. B Mipy neperpiBy cyxoi Hacu4eHoi mapu
i TemmepaTypa, MUTOMHUN 00'€eM, €HTAJBIIISI 1 €HTPOITiS 30UTBITYIOTHCA, a
TYCTHHA 3MeHIIyeThes. KimpKicTh TEoTH, 1m0 HeoOXiaHa Ay HarpiBaHHS
I xr cyxoi HacuueHOi mapu p = const 10 TeMiepaTypu t, BU3HAYAE€THCA
hopmymoro

T,

q, :fcpdT

T,

s

(10.21)
qnu

q, :Cpm(T; _Ts)v

ac Cp- 1ICTUHHA TCIUIOEMHICTh MEPErpiTOl Mapu Ipu p = const; Cpm -

cepenHsl TEMJIOEMHICTh Ieperpiroi mapu mpu p = const B iHTepBai
TemIepaTyp Bif f, Jo t.
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BenuuuHa ¢, 3BEThCS TENUIOTOIO MeperpiBy. [i MOXHA BU3HAYNTH

TakoX 3 piBHsAHHS [-r0 3akony TT/]

q,=u,—u +1, =u,—u +pv,—v) (10.22)

qn
q,=h,—h", (10.23)
ne [ =p(v,—Vv)- pobora posmmpeHHs B i300apHOMy mpoLeCi
neperpisy mapu; U, — u - 3mina BHYTPIIIHBOI eHeprii B mporeci
HeperpiBy; / - eHTablIs meperpiroi mapu; h' -enrtanbmis cyxoi

HACUYEHOI MapH.
EnTanemis neperpitoi napu BiAmoBiaHo a0 piHsHb (10.23), (10.16-
a) 1(10.21) nopiBHro€E

7,
h,=h+q,=h+r+[c,dl (10.24)
Ts

qu
h,=h+r+c,(T,—-T,). (10.25)

EnTansmis meperpitoi mapu h 3BeThCs TEMI0TOIO MePerpiToi mapm.
BuyTpimHs eHepris meperpiToi mapu u BU3HAYAETHCS 3 3arayibHOL
(hopMymH IS eHTATBITI{

u =h —pv, (10.26)
1e Vv, - IUTOMUH 00'eM Ieperpiroi napH.
3MiHa eHTpoIIii B MPOIleci meperpiBy cyxoi HaCHUEHOI mapu (Tporec
a - x) pu p=const

AS =S —S"=T%=]ﬁc
n 1T

T,

s

dr, T,
o7 ety

3BizcH 3HaAXOAMMO EHTPOIIIIO MEPErpiToi napu



. ¢ dT ,
S, =8"+[c,Sr=8+2+c,, 2
T, N N N
it (10.27)
SnZS"+5m]n£z4,19]n L, +5m1n£
T 273 ™ T

N N

OcHoeHi napamempu cmany 8010201 Hacu4eHoi napu
Bosora Hacuuena mapa — 1e CyMilll, sika MpeJCcTaBisie cO00k0 mapy
31 3Ba)KEHMMHM B HIill KpamnenbkaMu piinHU. TOMy 3HaueHHS MUTOMOTO

00'eMy BOJIOTOI MapHu Vx 3HAXOISAThCS MDK 3HAYSHHSIMH V 1 V 1 3aeXaTh
BiJl THCKY 1 CTYIIHI CyXOCTi rmapu X. BifmoBinHoO 10 npaBuiia aauTHBHOCTI,
MUTOMHUI 00'€M BOJIOrOi HACHYEHOT IIapH JIOPIBHIOE CyMi 00'€MIB X KT CyX Ol
nap# i (1-X) Kr KHIJIS901 pituHd, TOOTO
v.=xv +(1-x)v
49U (10.28)
v.=v+x(v —v).

Cran BOJNIOTOi HAcWMYEHOI TapH  XapaKTePU3YETHCS  TBOMA
rmapaMeTpaMu: THCKOM ( abo TeMIiepaTypor0 HaCHYEHHS MPH I[bOMY THCKY)
1 CTYIiHHIO CyXOCTi X.

Pisaums v —v  Bupaxae 30utbmieHHS 00'€eMy Tapu B TpoIeci
MapoTBOpeHHs TpH p=const. KoykHOMY THCKY HacHueHHs (YM TeMmepartypi

KUIIiHHS) BiIOBITAOTH IIITKOM BU3HAYEHI 3HAYCHHS TUTOMUX 00'€MIB V i

v . Ilpn Mammx THUCKaX MUTOMHI 00'€éeM Cyxoi HacH4YeHOi mapu B Oararto
pasiB Oinpmie muUTOMOro 00'eMy BOmu. ToMy TpHM HEBHCOKHX THCKax
(amxue 3 MIla) i Bemukux crymiHax cyxocti (x = 0,8) o6'emom Bomu (1-

X)- V' MoXHa 3HextyBaTh. Toxi 3 piHgHHA (10.30) BUAHO, 110

V. EX-V, (10.29)
TOOTO TUTOMHUIN 00'€éeM BOJOrOi HACHYEHOI MMapu MPHOIN3HO IOPIBHIOE
NOOYTKY TTUTOMOr0 00'€éMy CyX0i MapH TOro * THCKY Ha CTYIIHb CyXOCTI.
I'yctuna Bonoroi napu BU3HaYa€eThCs O GopMyITi
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1 1 '
p=—=—r = (10.30)
\% Vv - X X

X

3BificKk BHJAHO, 10 TYCTHHA BOJIOTOi Mapu MPHOIM3HO JOPIBHIOE
BiJJTHOILICHHIO TYCTHHH CyXOi apy A0 CTYIiHI CYXOCTi.

EnTanbmis Bomoroi mapu BU3HAYAETHCS 32 MPABHIOM aJWTHBHOCTI
PIBHSHHSAM

h, = h+x(h —h). (10.31)
3 ypaxyBanHsaM BupaxeHHd (10.16-a) maemo
h,=h+x-r. (10.32)
BHyTpimHst eHepris BoJIOroi Hapy BU3HAYAETHCS MO PIBHSAHHIO
u =x-u +(1-x)u. (10.33)

3 ypaxyBanusMm cmiBBigHomeHHs (10.17), piBusaas  (10.33)
MEPETBOPUTHCS 10 BUILY

u =x(u +p)+(1-xu =u +x-p. (10.34)
3 iHmoro OOKy, ISl BOJIOTOI IMapH, K 1 Ui OyAb-SKOTO CTaHy
PEYOBUHU, CIIPABEIINBA 3aJICKHICTh

h.=u_+ pv._.
3Bigcu
u,=h —pv,_. (10.35)
EnTpomiro BOmOroi mapu MOXKHA BH3HAYUTH 33 IIPaBHJIAMH
aJIMTUBHOCTI

S =xS+(1-x)S =x(S" -S)+S".  (1036)

3 ypaxyBauasaM piBHsEb (10.11) i (10.19) Bupaxenns (10.36) mae
BH/

S =8+ e m L (10.37)
T P273 T,

VY BupaxenHi (10.36) nepumidi 10JaHOK XapaKTepu3ye 30UIbIICHHS
EHTPOIIi{ IpH HarpiBaHHI 1 KT PiUHU 10 TEMIIEPATypy KUTIIHHS, APYTHA —
301IBIIEHHS EHTPOIIIi IPU BUMAPi X KT PiAUHH.

3 Bupasis (10.28), (10.31) i (10.36) 3HAXOMMMO
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x:vx—v' :hx—h' _ S -8 .
v-v h-h S-S
PiBasinast (10.38) moxe OyTH OCHOBOIO sl TOOYZOBH JIiHIK
MOCTIMHOT CyXOCTi X Mapu B Oy/b-sKUX Jiarpamax.
Teruora mapoTBOPEHHS BOJIOrOi Mapyd BH3HAYAETHCS HACTYITHUMH
CITIBBIAHOIIEHHSIMH:

r,=Xr, p.=X-p;, Y. =XY. (10.39)

3unavenuss  u ,u,h h,v,v,r,S,S npuBogsThcs B TaOIMIIX

(10.38)

HacudeHoi mapu, a V., 0,9 ,U N 7,  Nerko BU3HAYAIOTEC IO

MPUBEICHUM BHIIE POpPMYIIax.
10.2 T, S — miarpama BoasiHoOl mapu

B p,v-1 T, S— miarpamMax KoxHa TOYKa 300pa’kye BU3HAUYCHHI
CTaH Tija, TOMY KOXHIHA TOYIll OAHIE] AiarpaMy BiIIOBiZa€ BU3HAUYCHA
Touka iHmIOi. IlepeHecemMo MO TOYKax Mmporec MapoTBOPEHHS 3 P, V —
miarpamu mipu p = const 'y T, S — miarpamy, pucynok 10.1. Ockimbku
eaTpomito pimman npu 0 °C mpuilMacMoO yMOBHO PiBHIM HYJIO, TO
touka (a) BT, S — miarpami Oyze po3ranioBaHa Ha BiCl OpJIMHAT Ha
273, 15 K Bumie abcomornoro Hynsa. Harpisanus Boau Bix 0 °C 1o

Pucynok 10.1
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TEMIEpaTypu HAaCHYEHHs f,, - Ipolec a—a BinOyaeTbcs 3a

S

3aKOHOM JlorapuMiuHOi KpuBoi (piBHsHEs 10.11). S = ¢, In 73

[pouec mapoTBopeHHs MpH ty1=CONSt 300pakyeThCsI TOPU3OHTAILIIO

. r
, IPHYOMYy JIOBXKHHA Biapizka a- a’ =8-S/ = —.

H
[eperpiB mapu mpu pi=const XapaKTEPU3YEThCS JIOrapUPMIYHOIO
niniero a’-11, moGymoBamoi mo 3anexnocti (10.27). Ipu nbomy i3o6apa s
neperpitoi mapu a’-n BuXomuTH GinbuI KpyTa, Hik i300apa pinMHH, sAKa

a- a

oS c

p
OlIbIlle, OCKUTBKM TeMmIlepaTrypa IeperpiToi mapu BHINE i TEIUIOEMHICTh
HWKYe, HIK Y pIIMHY.

3 piBrstab (10.11) i (10.27) Buaso Takoxk, mio i306apu a-a' i a’-1
CBOEIO OITYKITICTIO B T, S — miarpami OyayTh 3BepHEHI 10 oci abcmwmc. B
T, S — miarpami roromi, posramoBani mix i3obapamu a-a/, a-a’, a’-x,

. . T T
HarpiBaeThCcs, a-a’, TOMYy IO 1 KyTOBHH KOe]iIlieHT (— =—
p

OyIyTh BUMIPIOBATH BIAMOBITHO TEILIOTY: PiAWHH q', MTapOTBOPEHHS T 1
neperpiBy  ¢,,,. 3 3ictaBnenns piBHOCTEH I = (@-a)T, i

r-xX= (a' —a,)T, BuTiKae, WO CTYNiHb CYXOCTi MapH X MPH JAEIKOMY
JIOBITBHOMY CTaHi (aX) MOYKe OyTH BH3HAYEHA 110 T, S — miarpami
K BiZHOIICHHS Bifpi3KiB a’-a, i a™-a”, To6TO
x=t %
a —a

[Ipu GidbIT BUCOKMX THUCKAX P2 > P11 p3> p2 1300apu mapoOTBOPEHHS
i mapomeperpiBaHHs pO3TAlIYIOThCA BiANMOBIAHO BHIIe i306apu a’-a'-n.
Touxu (B) i (c) 6yayTs 36iratmcs 3 Toukoro (a) sk Bimmopimi t=0 °C, a
i300apu pimuHU OyAyTh HAKIANATHCS OJHA Ha IHIIY, OCKUIBKH BOHU
BHpaXaroTbcss omHUM piBHAHHAM (10.11), 3 Tiero nwme pi3HHIE, M0
Touka (y') 6yne Buute Touku (a'), Tomy mo Ty > Ty i Touka (3') Gye Bue
touku (Y), ockinmbku Ty2 > Ty Binpisku 8-y" i 3'-3" 6ynyrs Binmosizao
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MeHe Biapiska a’-a”, Tomy mo AS =S -8 = - 3 MiABULICHHSIM TUCKY
H

3MEHIIYEThCS SK 338 PaXyHOK 3HIKEHHS T, TaK 1 32 paXyHOK ITiIBUIICHHS
Tn. 3'ennasmmm Touku (a), (b), (¢) i 1. o i kpanxu ("), (b)), (¢, ...,
OZIEPKMMO BIJIMOBITHO HUKHIO | BEPXHIO npurpanivni kpusi (puc. 10.1).
[lepernHanns 1ux KpuBux Jjgac KputuuHy Touky (K). Mix
MPUTPAHIYHUMH KPUBHMH PO3TAIIOBYETHCS 00JACTh BOJIOTOi MAapH.
OO6nacte mpaBopyd 1 BHUIIE BEPXHBOI MPUTpPaHIYHOI KpuBOi (x=1)
BIJTHOCUTBCSI 70 meperpiroi mapu, a o0jacTe JIBOPYY HIKHBOI
MPUTPAHIYHOI KPUBOI — 11€ 00J1aCTh PiAMHH.

B o6nacti Bonoroi napu OymyroTh KpHBi MOCTIHHOI CTYIIIHI CyXOCTi X
= 0,8; 0,6; 0,4, 0,2. 1li xpuBi BUXOAATH MAIJICHHSIM TI'OPU30HTAIBHUX
BIJIpI3KIB MDK MPHUTPaHIYHAMH KPUBUMH Ha pIiBHE 4YHCIO YacTHH 1
HACTYITHOKO CIIOTYKOIO TOYOK OJJHAKOBUX PO3MOILIIB.

HeoOxinHO Big3HAa4YMTH, 110 1300apu B 00JacTi Meperpiroi mapu €,
CTPOTrO TOBOPSYH, €KBIAMCTAHTHUMH KPUBUMH, TOMY 10 Cpm meperpiroi
Tapy 3aJISKATH BiI THCKY, TIPO III0 OYII0 CKa3aHOo paHiIle.

[30x0pu B 0071aCTi BOJIOrOf Mapu SABJSIOTH COOOI0 KPHBI, CIIPSIMOBaHI
OITYKJTICTIO HAropy, a B 00JIaCTi MEPErpiToi Mapu 130X0pH MAIOTh XapakTep,
aHAJIOTIYHMH 1300apaM, ajie BOHH KPYTIIe OCTaHHIX.

10.3 h, S — niarpama BoasiHoi mapu

Jid mpaKTUYHUX TEIUIOBHUX PO3PAaXyHKIB MapOBHUX IPOIECIB OLIBII
3pyuHoro B mopiBasHHI 3 T, S — miarpamoro € h, S — miarpama. Ha miit
JiarpaMi OpAMHATaMH CIY)KaTh 3HAYCHHS eHTaubmid h, a abcrmcamm —
BEIMYWHU SHTPOMii S.

OcHoBHa mepeBara i€l giarpamu Ha BiaMiHy Big T, S — miarpamu,
10 OCOOJIMBO BUSBIISIETHCS TIPH PI3HUX PO3paxyHKaX, MOJIATAE B TOMY, IO

B h, S — KoopMHaTax BeMMYMHA G ,T,(,,,, @ TAKOK h,h 1 edranemis

MeperpiToi mapu 300paxKyeThCsl JHIMHUMHA Bipi3KaMHy, a HE IUIOMAMH, K
y cucremi koopaunat T, S.

[opsimok mobymoBu h, S — miarpamMu aHANOTIYHWA BUKIAJICHOMY
uuie st T, S — miarpamu. Ha Hel Takok HAHOCATBCSI MPUTPaHiuHI KPUBi
BOIM 1 MapH, KpUBI MOCTIHHMX THCKIB, CTYNiHEH CyXocTi 1 Temmeparyp.
Koopnunaramu Touok it HIKHBOI HOpurpaHiyHoi kpuBoi (x=0) €
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semmunan b’ i S/, w1 Bepxmpoi (x=1) — W' i S”. Jlna touok 3 ommakosum
THUCKOM, LIO JIeKaThb Ha MPUTPaHIYHUX KPUBHUX, BIICTaHb MO BEpTHKAIi

JOpiBHIOE h—h=r , a  BiACTaHb 1O  TOPH3OHTANI

s -5 =" SIKmo 1i ToukH, HanpuKiaj (B) i (c), 3'€HATH MPSIMOIO, TO
H

OZIepXKHUMO 1300apy 1 oJHOYAacHO i30TepMy HacuueHoi mapu (puc. 10.2).

HaHi ans moOy0BY MPUTPAHIYHUX KPUBHUX OEPYTh Y TAOIHUISX.

3 pucynky 10.2 orpumyemo Be/Bc =HM/HO = (T X/ Tu)/(t/Tu)=x,
TOOTO aHaJIOTiYHO Aiarpamam p, v i T, S cTymiHb cyxocTi Bosioroi mapu B h,
S — iarpami  BH3HAYaeThcs BIJHONIEHHSM Bipi3ka i300apu  Mix
MPUKOPJIOHHUMHU KPUBHMH. TOMYy KpHBI IIOCTIHHOiI CTYmHiHI CyXOCTi
OyaytoTh Tak camo, sk 1 B T, S — miarpami, HUISIXOM JUIEHHS Bipi3KiB
1300ap MK MPUTPaHIYHUMY KPUBHMHU HA PIBHE YMCIIO YACTHH 1 CIIOIYKOFO
OJTHOMMEHHHUX TOYOK PO3MOALIOM (X1, X2, X31T.1I.).

Bigpizku i300ap B 00jacTi BOJOroi mapu € ciabo po30LKHUMH
NpSIMAMH TIOXHJIUMH JiHIIMHA. B obmacti meperpitoi mapm i300apu
MTHIMAIOTBCS 3J1iBa HAIpaBo, Oyaydd TPOXH KPYTIIIE MPSAMOIIHIHHOL
1300apu HACMYCHOI IMapH, 1 3BepHEHI onyKiIicTio BHU3. [lomiOHMit XapakTep
iX TIpoTikaHHsA TiATBEpIKYEThCA hopmynoro T = (Oh/0s),, .

s ¢opmyna mo3Bonsie BU3HAYMTH TAHTCHC KyTa JOTHYHOI J0
i300apu 3 BicClo aOcHHmC 1 MOKa3ye, M0 el KyT 3alIeKUTh BT TeMIIepaTypH
mapu (30UTBIIyEThCA TIpH 11 3pocTaHHi), OTXKe, 1 1300apu OyIyTh KPUBUMH,
SIK1 TTTHIMAIOTHCSI 3TiBa HAIIPABO, 1 3 OMYKITICTIO, 3BEPHEHOO BHHU3.

B obmacti x Bomoroi mapm i300apa — mpsiMa JiHIS, TOMY IO
T = const i Haxwmi ii 10 oci aOCIYC BH3HAYAETHCS TEMIIEPATYPOIO MapH

(unM OinbIIe TeMIepaTypa, THM KpyTilie i300apa).

[IpuBenena ¢opmyna mokasye TakoX, MO 1300apu MapOTBOPEHHS
IJIaBHO TMEPEXOsITh B 1300apu MaporeperpiBaHHs, MPUUOMY, SIKIIO
MPONOBXKUTH Tepuly i300apy, To BoHa Oyzne AOTHYHOIO 0 APYroi.
OcCkimbKM KyT Haxuily JOTHYHUX B Mipy 30UIbLIEHHA TeMIepaTypu
3pocTae, i300apu meperpitoi napu pi3HUX TUCKIB SBIISIOTH COOOF0 pO30iXKHI
KpHBI JiHIl.

3a MoJaToK KOOpAWHAT MPUUMAETHCS CTaH BOAW B TOTPIHHIN TOYIII,
ne h=0; S=0. Tomy npurpaniusa kpusa piguaun OK BUXOAUTH 3 MOYATKY
koopauHat. OOUABI NpUTpaHidHi KPUBi CXOAATHCS B KpUTHYHIHN T. K.
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[3oTepMu meperpiToi mapu TakoX MIAHIMAIOTBCA3 3 JIBOPYY
MpaBopy4, aje HabaraTo MOJIOKHCTO, HiX i300apu. Ilimiiom i30Tepm
3MEHIIYEThCA B Mipy iX BifIaJieHHS BiJi BEPXHBOI IMPUTPAHIYHOI KPUBOI, 1
BOHHM aCHMNTOTHYHO HAONIKAIOTHCS 10 TOPU3OHTAJeH, Oyayqn 3BEpHEH1
OIYKJIICTIO Haropy. Takuil xapakTep 300pakeHHs 130TepM 00yMOBIIIOETHCSI
TUM, IO MO Mipi BiJJIaJeHHsS Bif 00JIaCTI HACHUYEHHs Ieperpira mapa
HAOMIDKAETBCS 10 CBOIM BIACTHBOCTSAM JO il€alibHOrO Taszy, a JyIs
iIeabHOr0 Ta3y, SIK BUJHO 3 hopMynn h=c, T eHTaJbIlisl 3aJeKUTh TUIBKH
BiJl TeMIIepaTypH, ToOTO JiHii t=const 0JHOYACHO € JiHisiMH h = const.

[30xopu B h, S — miarpami Takox OyaylOTh IO TOYKaX 3a JOTOMOIOI0
TaOJNUIb BOASHOI Mapv, 1 BOHU SIBJISAIOTH COOOI KpHUBI, aHAJOTIUHI
i300apaM, ane siki MaroTh OUIbII KpyTud BuruH. OOOpoTHa amiabara B
koopauHarax h, S (tak camo sk i B 7, S — miarpami) 306paxxyeTbest IPSIMOIO
BEPTUKAIBHOIO JiHIEI0 (S = const), 10 JyKe 3pyYHO, i BUKOPHCTOBYETHCS
MIPH PO3PaXyHKAX MAPOCHIOBUX YCTAHOBOK.

OueBHIHO TAKOXK, 110 KUTbKICTh TEIJIOTH, KA MiIBOAUTHCS JI0 Mapu
B 1300apHOMY TIpoIieci, Oyae BUMIPSATUCS PI3HHUICIO OpIWHAT KIHIEBOI 1
To4aTKOBOI TOHOK nporecy (g, = h, —hy).

Takum umboM, B h, S — giarpami 1Mo IOJOXKEHHIO TOYKH, SKa

BIITOBIa€ AEIKOMY CTaHy ITapH, MOJKHA JITKO BH3HAYUTH 3HAYCHHS BCIX
napamerpis uiei mapu p,v,T,h,S .
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JIEKIIA 11

11.1 OcHoBHi TepMoaMHAMIYHI MpoLeCH BOAAHOI TAPH

Ha npaxTuiii MOXXyTh 3ycTpiuaTHCs apOBi MPOIIECH, SKi MPOTIKAIOTh
B obnacti abo Boioroi HacwueHoi mapu, abo B 00JacTi meperpiToi mapw,
a00 Tak, 10 OJHA 4YacTHMHA TPOIECY MPOTiKae B 00JacTi BOJOroi
HaCHYEHOT, a iHIIIa — B 00J1aCTi MeperpiToi nmapu.

s anamizy poOOTHM NapOCHJIOBHX YCTAaHOBOK BEJIUKE 3HAYCHHS
MalOTh 130XOpHUH, i300apHMH, i30TepMiuHMi 1 ajiabaTHHH MpPOIECH.
Bigpizku 1 — 1"1 1" — 2 Ha pucyHKax BiIHOCSATBCS JI0 BUTIAJIKIB MIPOTiKAHHS
mporieciB 0e3 3MIHM arperaTHoro CraHy mapu: Ha Biapisky 1 — 1" mapa
3aJIMIIAETHCS BOJIOrOK0 HACHUYEHOI0, a Ha Bipi3ky 1" — 2 — meperpiroro.
Binpizok 1 — 2 BianoBigae BUMAIKy MPOTIKAHHS MPOIECY, B SKOMY Mapa
MEPEXOIUTh 3 HACHYEHOT'O CTaHy B TIEPErPITHH.

I3oxopuuii npoyec

Isoxopuva p,v—, T,S— 1 h, S— giarpamax mpeacraBiicHi Ha
pucynky 11.1.

I3oxopauit mpomec Ha p-V miarpami (puc. 11.1.a) 300paxyerbes
Bimpi3koM BepTHKabHOI mpsmoi 1-2, a Ha T, S miarpami (puc. 11.1.6) —
KPUBOIO JIiHI€I0, fKa B OOJACTi BOJIOTOi MapH HaNpaBlieHa OITYKIiCTIO
Bropy, a B 00J1acTi meperpiToi mapu — OmyKiIicTio BHU3. B h, S- miarpami
(puc.11.1.8) i30x0pa B 001aCTi BOJIOrOI Hapy € KPUBOIO, BEIEMHU OJIN3BKOIO0
0 TpSAMOi IOXWJIOiI, a B O00JIaCTi Teperpiroi Iapu, HaIpPaBICHOIO
omyKiIicTIO BHU3. [IprnuoMy Ha mmx nmiarpamax i30XOpW HaXWIJIEHI JTeKiTbKa
KpyTille 3a i300apwu.

Ha T, S — miarpami i30x0pH, sIKi IEPETHHAIOTH MPUTPAHIYHY KPUBY
mapu, He MOXYTh IEPETHHATH NPUTPaHIYHY KPUBY PIAWHH, OCKITBKH
3aBXIu mUTOMHE 00'eM pimuHU (X = () MeHIme mUToMoro o0'eMy cyxoi
Hacu4eHoi mapu (x = 1).

3 pucysky 11.1.a BuaHO, 1m0 A7 BCIiX 130XOpHUX MPOLECiB B 00J1aCTi
BOJIOTO1 Tapyd MOXJIMBI 2 BUHAAKH: V < V. (O€ Vip — MATOMHNA 00'€M B
KPUTHYHIN TOYUI); V > Vip.

[Ipu minBeneHHi TEmJIOTH A0 BOJIOroi Hapu B MEPILIOMY BHIAJAKY
(mpouec a-0) BinOyBaeTbcs 3MEHILEHHS CTYIIHI CyXOCTi BOJIOrOi Hapu i B
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TOYIl 0 MepeTuHY i30X0pH 3 MPUTPAHIYHOI KPUBOIO PIAMHM BOJIOra Mapa
MOBHICTIO NTEPETBOPIOETHCSI HA BOLY.

IIpu mpomy Temmeparypa i THCK HiABUIIYIOTBCS. TemriepaTypa B
ToYIl 0 MOPIBHIOE TeMIepaTypi KUIIHHSA BOAH NpU THCKY pO. IlinBenenHs
TEIUIOTH K BOJIOTIH mMapi B OPyroMy BUOAIKy V > Vi, (mpomec 1 — 2)
MPUBOIUTH J0 MiJBUIICHHS CTYIIHI CyXOCTi BOioroi mapu. B Toumi 1" map
crae cyxuMm HacuyeHuM. [lojamnble mifBEAEHHS TEMJIOTH BHKIHMKAE HOTO
neperpis.

TakuMm YMHOM, B 130XOPHOMY HPOIIECI KLIBKICTh TEMJIOTH (, ,, 11O
MiZIBOMUTHCS JI0 TIApH, BUTPAYAEThCS HA 3MiHY MOro BHYTPIIIHIM eHeprii,
TOOTO

q,,=u, —u, (11.1)
abo

ql—Z = (hz - pzv) - (h1 - plv) = (hz - hl) - V( pz - pl) . (11-2)

Ha T, S—miarpammi KUIBKICTH TEIIOTH (, , 300paxacTbes

3aIITPUXOBAHOIO TUIOIIEIO.

[Ipu rpadigaoMy Meromi po3paxyHKy, BEITHYHWHH, SIKI BXOISATH Yy
dopmyny (11.2), 3Haxomsate mo h, S —miarpami. Ilpu po3paxyHKOBOMY
meroni BenmnunHu 1t (11.2) 004HCIno0Th 32 BiAMOBiTHUMH (GopMyIaMu.

F T . h \;21,

r=1

Pucynok 11.1
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. o !
EnTanemniro Bosoroi napu BU3HAYalOTh hx =h"+x-r.

Bemnuuan h' i r OepyTh 3 Tabmuup BOJOroi mapu IJisi THCKY Pi.
Crymiab cyxocTi mapu X =Vx /V' 3Haxomats Tak: V' OepyTb 3 TabauIlb
BOJIOTOI TapuW 3a THCKOM  pi1, a VX 33JaHO 332 YMOBOIO 3aBJaHHs
MOJIOKEHHSIM Toukd 1. 3HaueHHs eHtanbmii hy (puc. 11.1.B) Geperbes 3
TaOJIUIb TIEperpiToi mapu.

IBobapuuii npoyec

Ha pucynky 11.2 npusenenuit i306apumii mponec B p, V—, T, S — i
h, S — miarpamax.

Sk BumHO, Ha p, V — miarpami (puc.11.2.a), i300apa 300pa)kaeThcs
TOPU30HTANBHOIO TPSIMOIO 1-2. B obnacti Boioroi HacW4eHoi MmapH
i300apa € omHOUYacHO i i3oTepMmoro. [Ipu migBeaEHHI TEIIOTH 10 BOJOrOl
HACHYEHOI MapH, CTYIiHb CyXOCTi il 30UIBIIYEThCS 1 BOJOra mapa Npu
t=const IepexoJUTh B CYXy HACHUYEHY Mapy, a IMOTiM B TIEPErpiTy.

Ha T, S — miarpami (puc.11.2.6) B o6yiacTi BOJIOroi HaCHUCHOI Hapu
i300apa TaKoX IPEACTABISIETHCS TMPSMOI0 TOPHU30HTAILHOIO JIHIEI0, a y
obmacti meperpitoi mapm — KpuBOWO 1"-2, sKa MigHIMAETHCA BTOpYy 1
HaIpaBJicHa OITYKJIICTIO BHH3.

Ha h, S — giarpami (pmc. 11.2.B) i300apa B obOmacTi Bojoroi
HACHYEHOI Mapy MPEACTABIISIE MPSIMY NOXWITY, IO IEPEeTHHAE MPUTPAHITHI
KpuBi pigwHH 1 mapu. B o0macti meperpitoi mapu BOHa IMEPEXOAWTH B
KpHUBY, 00€pHEHY OITYKJIICTIO BHU3.

KinpkicTp TemnoTy, Mo miIBoIuThCS 10 Tapu B 1300apHOMY TpOIIeci,
PO3PaXOBYETHCS 32 PIBHAHHAM

q=hy—hs, (11.3)

Ha T, S — miarpami st KimbKicTh TOPIBHIOE 3aIITPUXOBaHiH Turomti 1-
2-S>-S3, aHa h, S — miarpami — pi3HUI OpaUHAT TOUOK 2 1 1.

Pobota mpomecy

li2 = Q12 — (Uz-Up) = p (V2 — V1) . (11.4)

B p, v — miarpami pobora po3MHpEHHS] JIOPIBHIOE TUIOMI ITiJ
1300apot0,TO0TO, 3aITPUXOBaHIN TUIOIII TPSIMOKYTHUKA 1-2-V2- V1.

3MiHa BHYTPIIIHBOI €Heprii napu

Au=u,—-u,=(h,—pv,)—(h —pv,)=h,—h — p(v, —v,). (11.5)
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s mpouecy, o MpoTikae y 00JacTi BOJIOroi mapu npu p=const, 3a
piBasaEAM (10.30),MaeM0

v, =V+X (V'-V') ;5 v, = VX, (V'-VY).
3BiacH 3HAXOIUMO
X, =X-(v, =Vv)/(v, —V). (11.6)
HexTytoun mutomuM 00'eMoM pimuHu V' y 3B'SI3KY 3 THM, IIO
Vi>>V’ 1 Vo>>V’ | onepkyeMo
X, =X - (v,/v,), (11.7)
e V' i V' BHU3HAYaIOTHhCA 3a TAONMIISIMA HACHYCHOI Mapu NpU 3aJaHOMY
p=const.

T T »

: [ ] L ] | ]
Vv Vi VU 5 S8 &

Pucynok 11.2

Bemmuwnn hy, hi, V2, vi mis (11.5) Busmauarotes abo mo h, S —
miarpami, abo 3a BigHOBiGHUMH (OpMyIamMH, MAPOBHMH TaOIHIISIMH.
Hampukian, 3Ha4eHHS €HTaJbIii BOJOroi mapu hi  BH3HAYA€THCS 1O
dhopmymi

h,=h+x-r,
ne x =V, /V", a 3Hauenns h', r, V"' 6epyThb 3 TaOIHIb BOJIOrOl napu; hy, Vo st
(11.5) — 3 TabauIb IIEPETPITOI MAPH.
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t=const

/4

W

w¥

a) 6) B)
Pucynok 11.3

I3omepmiunuii npoyec

I3orepmiunmii mportec B p, V—; T, S —; h, S —miarpamax 300pakeHwii
Ha pucyHky 11.3.

SAx BugHO 3 P, V — miarpamu (puc. 11.3.a) i3oTepma B 00s1acTi BOJIOrol
mapu 300pa’kaeTbCs BiIPI3KOM TOPU3OHTAIBHOI MPSAMOI, SIKa OTHOYACHO €
1300aporo. B obmacti meperpitoi mapu BOHA MEPEXOAUTH B TIEpOOTIUHY
KpHUBY, TIOJIOTIITY, HDK piBHOOIYHA TirepOona (i3oTepma ifeaIbHOro rasy).
B T, S — pniarpami (puc.11.3.6) i30TepMidHMII IIPOIEC ITOBHICTIO
300pa’kaeThbes BiPi3KOM TOPU30HTAIBHOI psiMoi. B h, S — miarpami (pwuc.
11.3.8) i3orepMa B 00jacTi BOJIOrOi IapH € MPSAMOIO ITOXHIIOIL, sKa
OITHOYACHO € 1300aporo; B 00acTi meperpiToi mapm — KpuBa, HallpaBiIcHA
omykiicTio Bropy. Lls kpwBa migHIMaeThCs 31iBa HAmpaBo i y Mipy
BiIasieHHs BiJ MPUTPAHIYHOI KPHBOI TTAPH, aCHMIITOTA HAOIIMKAETHCS IO
TOPHU30HTATI.

Kinpkicte Temmotn, migBemeHa M0 | Kr mapu B i30TepMivHOMY
riporieci 1 — 2 (po3umipeHHs mapy), BU3HAYAETHCS 32 (hOPMYIIO0

Q. =T(Sz _81)- (11.8)

B T,S — giarpami KibKIiCTh TEIIOTH (1-2 JOPIBHIOE 3aIITPUXOBAHIN
IO MPSAMOKYTHHKA  S1-1-2-S».

Heo0OximHO Bin3HAYMTH, IO JJISL BOASHOL IapH, 5K 1 Ui OyIb-IKOTO
peanbHOro ra3y, BHYTPILIHS eHepris B npoteci npu T=const Ha BigMiHY Bix
BHYTPIIIHBOT €Heprii iJeajbHOro razy 3MIHIOETHCS YHACHiIOK 3MiHH
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MOTEHIIHHOI eHeprii Cui B3aeMOJIl MK MoOJeKyJaMu. ToMy MOXHa
3amnmucaTu

Au=u, —u, =(h, = p,v,) - (h, = p,v,)=h, =h - (p,v, - p,v,) - (11.9)
P0oGoTa po3IHpeHHs TAPH BU3HAYAETHCA 32 PIBHIHHAM

l=q-Au :T(Sz - Sl)_[ (hz - h1)+(p2V2 - plvl) ] (11.10)

BenuurHu, 1m0 BXOIATh B Ii PIBHSAHHS, MOXHA 3HaWTH 1o h,S —
Jiarpami.

Aoiabamnuit npoyec

a) 6) B)
Pucynok 11.4

Ha pucynky 11.4 npuBenenuit agiabatauii npomec B p, V—; T, S —;
h, S —miarpamax.

PiBHOBaXXHMIT axiabaTHUIT poIIec MPOTIKa€e MPH MOCTIHHINA EHTPOITi,
tomy Ha T, S 1 h, S —mi-arpamax azmiabaté 300pakar0Thcs Bipi3KOM
MIPSIMOI JTiHi{.

3 pucynky 11.4.a BuzaHO, 110 IpHU a7iabaTHOMY PO3LIMPEHHI BOJIOTa
mapa abo 3BOJOXKYEThCS a00 MiCYIIYETHCS 3aJIKHO BiJ TOro , Oimkde
JI0 SIKOi MPUTPAHIYHOI KPUBOi (PiMHU 200 Mmapu) po3TanioBaHa MOYaTKOBA
TOYKa. 3HAa4YeHHS IMOKa3HMKa ajaiabaTé pi3Hi Ans meperpitoi Ta BOJIOroi
HacuueHoi mapu. B obnacti Bonoroi HacudeHoi mapu, MOKa3HUK afiadatu
BHU3HAYAETHCA 32 (HOPMYJIIO0
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k=1,035+0,1x. (11.11)
[IpudoMy 3HaYeHHS CTYIMiHI CYXOCTi X BOJIOTOI IMapu TpH HOro
PO3IIMPEHHI MPUHAMAEThCS B IOYATKOBOMY, a TpU CTUCKaHHI - B

KIHIIEBOMY CTaHi Mpolecy.

Hnst aniabaTy, 1m0 MOYMHAETHCS a00 3aKIHUYETHCS HA TPUTPAHIuHIHA
KkpuBiit mapu (x = 1), k=1,135.

Jnst apiabaT, MOBHICTIO PO3TAIIOBaHOI B 00JacTi MeperpiToi napw,
k=1,3. Tomy, B p, V — Aiarpami Ha IpUTPaHiYHIli KpUBIH mapu agiabata Mae
neperuH (Touka 1"puc. 11.4.a).

OckinbKy 3HAYCHHsS MOKa3HUKa K € cepenHiMu i HAOIMKEHUMH, TO
OpH TOYHUX PO3paXyHKax HUMH KOPHCTYBAaTHUCS HE MOXKHA. TOYHHH
PO3paxyHOK ajJlia0aTHUX IMPOIECIB MPOBOAUTHCSA 3a JOMOMOI'OI TAOJIHIb.
AniabaTa neperpiToi BOASHOI apH, MoaiOHO 70 aaiadaTy ieaabHOoro rasy,
HAJIEKHUTH JIO CIMEHCTBA TIONITPOITHUX KpUBUX. ToMy, 710 Hel 3aCTOCOBHI Ti
dhopMyH 111 00UKCIIEHHS pOOOTH, SIKI BUTIKAIOTh 3 PIBHSHHS, a caMe

n-1

L, =(pv,/(n-D-[1-(p,/p)" | (112

st agiabatHoro mporecy (i2—=0. OTke, Ha miacTaBi 1-ro 3aKoHY
TT]] poboTa agiabaTHOTO IPOIECY BU3HAYAETHCS 13 CIIBBIIHOMICHHS

|1,2 =-Au=U, —U, = (h1 - p1V1) - (hz - pzvz) = h1 - hz - (p1 17 pzvz) (1113)
3MiHa BHYTPIIIHBOT eHepTii

Au = (hz - pzvz) - (h1 - p1V1) . (11.14)
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JIEKIISA 12

12.1 OcHoBHi XapaKkTepHCTHKH BOJIOTOT0 MOBIiTPSI

MexaHiuHHI 3B'I30K CYXOro MOBITPSI 3 BOJSHOIO MApor0 Ha3iBaeTcs
BOJIOTUM MOBIiTPAM, 200 JIETrKO-NapoBOI0 CyMillIIIIO.

Bonore noBitps moTpiOHO po3riAgaTy SK Pi3HOBUJ IA30BOi CyMIillli.
e mOsICHIOETBCS THM, MO MpHU aTMOCPEpHOMY THCKY B iHTepBali

0
TeMIieparyp, oOMexxeHOMY 3HH3Y TeMIepaTyporo 3Bu4HO He Hik4de -50 ° C,
cyxe HOBITpst Moxke OyTH TilbkM B Tasomomiobnomy crani, Toai sk H,O

3yCTpIYa€ThCs Y BUIJISAL Mapu, piavHu a0o TBepaoi a3y 3ajeKHO Bij
TEMITepaTypH CYMIllli 1 MOXKe BUTIAJIATH 13 CyMIIII.

Posrisimaroun Bonore moBITPs SIK OKPEMUN BUITAJIOK Ta30BOi CYMIIII
BBRXAIOYM, IO NPU TOPIBHSAHO HEBHUCOKOMY THCKY, IO NPEACTaBIISIE
iHTepec JUTS MPAKTUKHU, BOJSHA Tapa HAOJIMKAETHCS 32 BIACTHBOCTSIMH JIO
1JleaTbHOTr0 Ta3y, 3a 3aKOHOM JlaJdbTOHY, THCK BOJOIOrO MOBITPS MOXXHA
3alHCaTH SIK CyMy

P.. =P, + P, (12.1)

ne P, — tuck Bojororo moBiTps; P, —mapmialbHUN THCK CyXOro

6 c.6
noBitps; ), — napuiaabHUK TUCK BOASHOI IapH.

MakcuMaNnbHAM MapIiiadbHAN THUCK BOASHOI Tapu TpH 3aJaHil
TeMIepaTypi Ha3MBA€TbCA THCKOM HACHMYEHHS 1 TIO3HAYAa€ThCA PS.
BenmuarHa pPS BomsHOI Mapu y BOJIOTOMY MOBITPI BH3HAYAETHCS TUTBKH
TEMIEPaTypOIO CYMIIll 1 He 3aJIKHUThH BiJl TUCKY CYMIIII p.

Jis BU3HAYEHHS CTaHy IMAapH, IO MICTUTHCS B TOBITPi, MOTPIOHO
3HATH TEMNEpaTypy 1 mapuiadbHUA THCK I1i€] mapu. Temmeparypor TOYKH
POCH HA3MBAETHCS TEMIIEpaTypa, MO SKOi MOTPIOHO OXOJOAWUTH IpU
MTOCTIHHOMY THCKY TIOBITpSI, {00 BOHO CTaJI0 HACHYCHIIM.

OCHOBHMMHU XapaKTEpHUCTUKAMH BOJIOIOT'O IOBITPSl € alCOIOTHA i
BiTHOCHA BOJIOT'OCTi,BOJIOTOMICTKICTb 1 CTYIIiHb HACHYECHHS.

AOCOJIIOTHOKO BOJIOTICTIO TIOBITPSI HA3WBAETHCA KUIBKICTH BOJSHOL
mapH, Kr, 10 MicTHThCS B 1 Ky0.M BoJIOroro moBirps. BpaxoByrouw, mo
BOJIOTE TIOBITPS € Ta30BOI0 CYMIIIIIO, 00'€M Mapu B CyMIilli JTOPIBHIOE
00'emy Bci€l cymili, oTKe, aOCOTIOTHA BOJIOTICTh MOXKE OYTH BUpakeHa y
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BHIJISIZII IUTEHOCTI MapH Pn g CYMIIII TIpU CBOEMY MapIiaJbHOMY THCKY
pH 1 TemIiepaTypi cyminri

D=m/V,=m IV =p,. (12.2)

BinHOCHOI0 BOJIOTICTIO TOBITPST HA3MBAETHCS BiIHOMICHHS JIHCHOI

abcoMOTHOI  BONOTOCTi MOBITPA O, [0 MAaKCHMaJbHO MOXKIJIUBOI

a0COIOTHOT BOJIOTOCTI MOBITPS MPH Til JKe TeMIepaTypi
wzpn/ps:D/ps :pn/ps’ (123)
ne P, - IWUIBHICTH Cyxoi 1 HacudeHnoi mapu; P, P, - Biznosigno

napiiaJbHUI THCK.
CuisBigHomenHs (12.3) crnpaBemvBo, SKIIO MOXXHA BBa)KaTH, IO
napa piIvHY € iIealIbHUM T'a30M ax JIO CTaHy Hach4eHHs. [Ipu npomy:

P, =P (R, -T): pg=p MR, -T), (12.4)
ne R, - rasosa crana napu.

3HaveHHS (0 MOXKHA BUPaKATH B JIOJISAX OAWHUII a00 y BiICOTKAX.

BoJioromicTkicTs d BoMOroro moBiTps — Ii¢ BIAHOIICHHS Macd m
BOJISHOI TMapH, IO MICTHTHCS Yy BOJIOTOMY IOBITPi, O MAacH m CyXOro
TIOBITPS

d=(m,/m_)=(p,/p ). (12.5)
BOJIOT'OMICTKICTh d BUMIPIOETHCS B KI/KT C.B. 00 T/KT C.B. .

Benmnunna d BH3Ha4Yae Macy mapd, 10 MICTUThCS B 1 Kr' Cyxoro
roBiTps a6o B (1+d) xr Bomororo moBiTps. Bemwmannaa Bomoromictkocti d

BU3HAYAETHCSA TAaKUM YMHOM: BU3HAYAlO4M O, 1 .. 3 PIBHAHHA CTaHy 1

MIJCTaBIAIOYM 1X 3HAUeHHS B piBHAHHS (12.5), onepxyemo

d — /Lln ) pn — Py pn . Rc.(;.T — 287 . pn

M, P,  Pes :RnT p.. 462

ae [, - MOJEKYJISIPHI MacHu CyXoro IoBiTps 1 BoasHOI mapu. OCKiuIbKU

. (12.6)

C.6.

M. . =28,96 xr/monsb; w,=18,016 kr/mMomnb, TO, miAcTaBIA0YH iX B (12.6) 3

ypaxyBanasMm (12.1) oxgepxyemo

d=0622-[p,/(p,, — p.) (12.7)
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TOOTO 13 30UTBIIEHHSIM MapUiaIbHOrO THUCKY Mapd p BOJIOTOMICTKicTh d
301TBIIYETHCS.

12.2 IlinbHicTh, TUTOMA Ta30Ba CTAJa BOJOIOro MOBiTPS

BukopucraBmm 3Bu4aiiHe paBUIIO CyMillleid, BUZHAYMMO HIUTHHICTH
P, , BOJIOTOro MOBITPS K CyMy LIUIBHOCTI CyXOro MOBITpsL O, 1 BOJAHOL

napu p,
Pos= Pt Pos; (12.8)
P =P (R, -T)+p, /(R -T). (12.9)

Bpaxosytoun, mo R, =287 [bicl/(ke.K); R, =462 /o l(xke.K),

piBasaEg (12.9), BUKopucroByroun piBHsSHHS (12.1) i (12.3), MoxHa
MIEPETBOPUTH JIO BUTIISTY

— pC.R. + pn. —
R.T RT

LI I —p_+
RC-R-T Rcs.T RnT -
(p, /T)HA/R, -1/R )=

Pss. B=p., +P,}=

p., —132-107°-(p,IT); (12.10)
pc-g-ﬂC.(f. pn.lLll’l.
= + = + =
pg.g. pC@ pn. R/J T R/j T
B Heo _ pnll’lc_g_ + Pnﬂn. - + pn (ILln. _ILlc.g.) —

Ry T R/, T Rﬂ T Pes. R,, T
p. —132-107-(p,. /T).
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Ockinbku 1, =18,016  «kr/xmoms, ., =28,96  kr/kmons,
R, =8314,2 Jix/( kmons K),

d=p,/p.,=pIRT)-(R,T)p., =
(287p,)/(462p,) =0,622[p, /(B - p,)]

OcTaTo4HO MaEMO

p.. =P, (R, -T)=0,00132[(p- p,)/T], (211
3BijicM BUJHO, IIO HIUILHICTH BOJIOTOTrO MOBITPS JIIHIHHO 3aJISKUTh
BIJI BITHOCHOI BOJIOI'OCTI.

3aIeKHICTh MIUIBHOCTI O, , BOJOTOro MOBITPs BiJl BOJIOIOMICTKOCTI

BH3HauaThes 3 Bupasy (12.5) 1 (12.10)

P, =(p,1d)-A+d). (12.12)
BusHaunMo Terep razoBy cTajgy BoJororo mosirpsi R. BiamosinHo
JI0 PIBHSHHS
Re.e. = gc.e. : Rc.@. + gn. : Rn.’ (1213)
ra3oBy MOCTIHHY BOJIOTOr0 MOBITPS MOXKHA PO3paxyBaTH, 3HAIOYH MAaCOBHMA
CKJIaJ 1 Ta30Bi CTaJli CyXOTro MOBITPS 1 BOASHOI MapH.
Macogi 101 cyXoro moBiTpst i BOASHOI Tapy BIAIOBIAHO PiBHI

g =1/(1+d); g, =d/1+d) (@214

C.6.
Otike, 3 ypaxyBaHHSIM BKAa3aHHX BHIIe BeJUYUH, PiBHSHHSA
ra3oBoi CTaJIO1 BOJIOIOro NMoBiTPs 3anuIIeTbCsA Y BUTJISAI

R,., =(287 +462d)/(1+d). (12.15)

12.3 Tenno€eMHICTD i eHTAJIbIiS BOJIOTOro MoBiTpst

[306apHa TemnoeMHICTH BOJIOTOro MOBITPS PO3PAXOBYETHCS K CyMa
TerIoeMHOCTEH 1 Kr cyxoro moBitps i d Kr BogsiHOT mapu

CpB.B_ = CPC_B_ + Cpn_d ' (1215)

ne i Cpn - IUTOMI TEMJIOEMHOCTI MPU MOCTIHHOMY THCKY CYXOro HOBITpA 1

BOJSHOI MTapH.
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B nabmwkenux T/l po3paxyHkax, MOB'I3aHHUX 3 BOJOTUM HOBITPSIM,
MOXHA MPUAHSTH:

C 0., = 1,00 kJIx/(xr K)=const; C
Tomi C, ~ =1,00+1,93d.

Takoxk, SK 1 TEMJIOEMHICTb, PO3PaxXOBYETHCS EHTAJbINS BOJIOIOTO
MOBITPS

o, = 1,93 kJlx/(xr K)=const.

H,. =h,+d-h . (12.17)
EnTanenmis 1 Kr cyXxoro noBitps

h,=C, -t. (12.18)
Jlst intepsaiy temneparyp Bix 0°C o 100°C C,., =1 xllx/ (kr

K). 3 ypaxyBaHHSM IIOTO y BKa3aHOMY JIialta3oHi TeMIepaTyp

h, =1-t. (12.19)

C.

EnTanemis meperpitoi BoAsHOI Mapw MpH TeMIiepaTypi t 1 THCKY P
PO3paxoBYETHCS 32 POPMYIIO0

n

h, =7,+[C,, -dT+ [(dt/dp), -dp,  (12.20)
0 Py

0.
ne I, - mpuxoBaHa Terora mapotBopenns mpu t= 0 C; CPH_—

TEIUIOEMHICTD BOJSTHOT TapH.

OcTanHii T0JaHOK BU3HAYAE 3MIHY €HTAJbIIII 3 TiIBUIEHASIM THCKY
Ha i30TepMi t.

Posrnspatoun mapy sk iea’dbHUE Tas3, Ui SKOro Cp 1 h He 3anexatsb
BiJ THCKY, piBHAHHA (12.20) MOXHA 3amicaTd y BUTIISII

h =r+c, -t, (12.21)



125

[luTroMa  TEIOEMHICTH  BOIAHOI  mapu JIOPiBHIOE

Cp =~ 1,93 k/Pic (ke - K). Temnmora maporsopennst mpu t=0 °C

nopiBatoe  I'=2501 x/[x/kr. 3 ypaxyBaHHSM LUX 3HAau€Hb 3 PIBHSHHS

(12.21) maemo, k/Ix/kr

h, =2501+1,93t. (12.22)

Iicast mincranoBku B piBHsHHs (12.17) 3Hauens h, i h 3 piBHsHb
(12.19) 1 (12.22) BoHO mpuiime Buriisi, kKJDHx/Kr

H,, =t+d(2501+193t). (12.23)
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JIEKIISA 13
13.1 PiBHSHHS MepPLIOro 3aKOHY TEPMOAUHAMIKH /ISl MOTOKY

Hdorenep My po3rNsiAanyl TUIBKHM CHCTEMH, PEUOBHHA B SIKUM HE
nepeMimianacs (SK Iije) y MPOCTOpi; OMHAK BapTO IMIIKPECIUTH, IO
nepumit 3akoH TTJ] mae 3aranpHHUN XapakTep 1 ClpaBeAIMBHHA Ui Oyab-
SIKHX CHCTEM — i HEPYXOMUX 1 THX, SIKi pyXatOThCsl.

PosrisiHemo Tewito piamHU abo razy B KaHaii JIOBUIBHOI (OpMHU.
PosrisiHeMo Jmie OMHOMIpHI CTaliOHApHI MOTOKH, y SKHX IMapaMeTpu
3aJIeKaTh TUIBKH BiJl OJHIET KOOPJIWHATH, sKa 30IraeThCs 3 HANPAMKOM
BEKTOpa IIBUJKOCTI, 1 HE 3aJIeXKaTh BiJ 4Yacy.

YMoOBa HEPO3PUBHOCTI Teuil B TakUX IIOTOKAax IIOJSIrae B
OJITHAKOBOCT1 MacoBOI BUTPATH M poOOUOro Tifia B OyAb-IKOMY ITepeTHHI

-C
m =—— = const.
%

PosrnsiHemo TepMoaMHAMIUHY CHUCTEMY, NPEACTaBICHY HAa PUCYHKY

13.1. Tyr immekcu 1 1 Il BigHOCHMMO [0 [BOX IEPETHUHIB IIOTOKY.

[Mpoanamnizyemo, 3 HOro CKIANAETHCS JUISL MOTOKY (irypyroda B IBOMY

PIBHSIHHI BEITUIMHA pobotu, sKa BHpOOJICHA

MMOTOKOM Tasy,sikuii pyxaerscs. llo TpybompoBomy I pobGodue Timo 3

mapamerpamu T1, P1, V1 TIOJA€ThCS 31 MIBUAKICTIO C1 Y TEMIIOMEXaHIYHUI
arperart 2 (nBUTYH, TypOiHa, ITaporeHepaTop,KOMIPEcop i T.1I.).

Koxen 1xr pobodoro Tima ofep)kye BiJ 30BHIIIHBOTO DKEpelna

, TEIIOTY ( 1 BHPOOISIE

IS TEXHIYHY poboty

q Lrexw, HaIpUKJaj,

| MIPUBOJISIYU B PYX POTOP

B T q’ - g TypOiHM, a  TOTIM
! ;"'_'_'_' %a T _'“:_ BUJIATISAETHCS qepe3
| BHUXJIOITHHUNA TIATPyOOK 3

‘ 31 MIBUIKICTIO c2,
Tremn I Mawouu mnapamerpu T2,

I 1 p2, Vv2.  Kopucuy
Pucynok 13.1 poboTy TMOTOKY, SIKY

3
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3OIMCHIOE BiH HajJ 30BHIMIHIM 00'€KTOM 3a JONOMOTOI0 PYXJIMBHUX
€JIEMEHTIB arperary, Ha3MBarOTh TEXHIYHOIO POOOTOIO.

Buginumo 06'em pobodoro tina Mk nepermHamu I i I, 3aminumo
U0 BIIKUHYTUX YaCTHH MOTOKY BiJTIOBITHUMH CHJIAMH.

Busnaunmo poborty, siky 3aiiicHIoe oTok. s Toro, mob BBecTH B
JUISTHKY, SIKa PO3TIISAAEThCS, Yepe3 MepeTuH | B OAMHUII0 Yacy MOPIIio
razy (pimuHH) Macol M, MOTpPiOHO 3aTpaTHTH JesKy poOoTy, sKa
BUTPAYa€ThCS HA Te, MO0 BUINTOBXHYTH 3 PO3TISHYTOI AUISHKH KaHaTy
TaKy X MOPIIIO Ta3y i 3BUILBHUTH THM CaMHM Miclie JijIsl HOBOI MOpIIii rasy,
mo HaaxomuTh. OCKilbkH pi=const, KokeH 1kr poOOYOro Tijla MOXKeE
3aifHATH 00'eM V1 JIMIIIE IPU BUTPATi pOOOTH, PiBHOT

Iem :_pl'vl'

[Migxpecnaumo 1me pas, 1o | . e po6oTa BIITOBXYBAHHS, SKY

[ex 228
MOTPiIOHO MIIBECTH JIO PO3TILIHYTOI MOPITiT Tasy M, 00 «BIITOBXHYTH» 1i B
PO3IIISIHYTY JIiISHKY KaHaimy depe3 mepetud Fi llpomy mporwmie cuina
THCKY Ta3y, IO BXE 3HAXOMUTHCS B PO3TIISHYTIA AUISHIN KaHATY, sKa IO
a0CONMIOTHIN BENWYWHI TEXK JOPIBHIOE pPi1, aje CIpSIMOBaHA HA3yCTpPid
MOTOKY , BOHA TIEPENIKO/HKAE PyXY HAIIOTO TIIOTETUYHOrO ITOPIIIHSI.

st Toro, o6 BuWTH B TpyOOompomix 3, pobode TiI0 MOBHHHO
BHUINTOBXHYTH 3 HBOTO TaKy X KUIBKICTh po0OdYOro Tiia, SKe paHile
3HAXOMWJIOCS B HBOMY, IEPeOOpPOBIIM THCK P2, TOOTO KOkeH 1 KT,
3aiimMaroun  00'eM V,, TIOBUHHUH 3pOOWTH BH3HA4YeHY pPOOOTY
BUIITOBXYBaHHS

Isum - pZVZ '

CrpaBai, OCKUTBKH depe3 TMepeTHH | y po3rnsHyTy AiNSHKY KaHaTy
YK€ «BIITOBXHYTa» IOPIisS Ta3dy Macor M, BIiAMOBIAHO A0 MPUHIIHITY
HEPO3PUBHOCTI OYEBHIHO, IO Taka >K TOPIs Tra3y MOBHHHA OyTH
«BHINTOBXHYTa» 3 PO3TIISIHYTO! MUISTHKH KaHaimy depe3 meperuH . fAxoi-
HeOyab AOAATKOBOI POOOTH JUIS MPOIITOBXYBAaHHS raszy uepe3 neperus lI
3aTpayatd He MNOTpiOHO — uepe3 meperuH Il raz mpomToBXyeThbes 3a
paxyHOK Ti€i po0OoTH, fKa BHTpaueHa Ha BIUTOBXYBAaHHSA rasy uepes
nepetuH 1. OnHak ras, sKMA BUXOOUTH depe3 nepetuH I, y cBoro uepry,
pobutes poboTy, sfKa BHTPAYa€ThCS HA NPOLITOBXYBAHHA a3y, SIKHMA
3amoBHIOE KaHan 3a mnepernHoM II. Came ns pobora 1 Ha3MBaeThCS
Po00TOI0 BUIITOBXYBAHHSI.
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3 (13.1) BugHO, WO MpM TPOTIKAHHI razy 3 BUTPATOd M uepes
JUISTHKY KaHaly MK J0BUTbHO oOpaHumu nepernnamu [ i I 3a ogunwmIo
yacy BigOyBaeThCsl poOOTa, sika JAOpiBHIOE aireOpaidnii cymi poOOTH

I Ky poOHWTH TOpHIEHH 2, 1 podoTH I sKa BUPOOJIIETHCS Hall

suuL> euL >

MopuIHEM (HSI po60Ta 3BETHCs pOﬁOTOlO HpOl[ITOBxyBaHHﬂ)
Inpomm - Igm + I@um - p2v2 - plvl'

PoGoTa mpomToBXyBaHHSI — Iepilia YacTHHA POOOTH, SIKY pOOHTH
TMOTIK.

Hami, Ko mBUAKICTh IOTOKY B TiepetuHi 11 (c2) Biapi3HIETHCS Bij
IBUAKOCTI B meperwHi 1 (C1), TO yacTMHAa pPOOOTH PO3IIMPEHHS Oyae
BUTpadyeHa Ha 30UTbIICHHS KIHETUYHOI eHeprii pobo4yoro Tina B IOTOII,
piBHY

2 2
Al =(c212)—(c212).

Ile — npyra ckiagoBa yacTHHA POOOTH, KA 3MIHCHIOETHCS TIOTOKOM.

Sxmo nepernnu I 1 11 po3ramoBani Ha pi3HIA BUCOTI (BIAMOBITHO Z1
1 Z), To moBuHHa OyTH BHUTpadeHa pobOOTa I TOTO, MO0 IMMiTHATH
pO3TIIAHYTY Tmopmito rasy 3 Zi go Zp. llg pobora nmopiBHIOE 3MiHi
TIOTEHITIIHOI eHepTii mopIii ra3y Macow M

Inom = g(ZZ - Zl)

Ile — TpeTs ckIagoBa YacTHHA POOOTH, KA 3MIHCHIOETHCS IIOTOKOM.

B 3aranpHOMY BHIAAKY TOTIK MOXE€ TaKOX POOWUTH iHINI BUAH
pobotn Ha nUTAXy MK mepernHamu KaHarmy I i I, Hampuxitan, obepratu
Komeco TypOiHM, abo, SKIIO 1€ MOTIK EeNEeKTPONPOBIAHOT pPITUHU B
MIOTIEpEeYHOMY MAarHiTHOMY TIOJ, BiJIaBaTH EINEKTPOSHEPTiI0 B 30BHIIIHIN
JAHITIOT BHACTIJOK MarHiToguHaMmidyHOro edekty i 1.0 Yci mi Buam

poOOTH, IO 3BYTHCS TEXHIYHOI POOOTOI, TIO3HAYNMO |mex” TexHiuHa

pobora MOXXe He TUTbKHM BilOMpaTHCs BiJ MOTOKY, ajie MiABOJUTHCS IO
MOTOKY. MOXKHA TIPUBECTH TMPHKIAJW, 3BOPOTHI HA3BAHWUM: MOTIK MOXE
HATHITATUCS BIIIIEHTPOBHUM HACOCOM, MEPEKAuyBATUCS EIEKTPOMATHITHUM
HACOCOM 1 T.JI.

Texuiuna podora ) mexn € YETBEPTOIO CKIIAJIOBOIO YaCTUHOKO POOOTH,

SIKY pOOHUTB MOTIK.
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Hapemri, m’TOr0 CKJIaI0BOI0 YaCTHHOK POOOTH TOTOKY € poOoTa,
sIKa 3aTPAYYEThCSA Ha MOJOJIAHHS CHUJI TEPTS HA CTiHKax KaHaiy. [To3Haummo

110 POOOTY lmp :

Otxe, poboTa, 1m0 poOUTH MOTIK rasy, (PIAMHU), SIKUH PyXa€eThCs, B

3araJilHOMy BUIIAJKY 3alIUCYETHCA TaAKUM YUHOM
2

L, =m(p, — pu) + (2 = 2) +mg(Z, ~Z) + L., + L

‘mexH mp

qn
c; ¢
Il*Z = (p2v2 - plvl) + m(?z _?l) + g(ZZ - Zl) + Im&\"H + Imp )
Mincrasnsroun 1i criBimHomenHs (13.7) 1 (13.8) B piBHsiHHA [-TO
3aKOHY TEPMOJIUHAMIKH, OTPUMAEMO
c; ¢
Q.,=U,-U)+m(p,v, — pv,) + m(?—j) +mg(Z,-2,)+L,,., +L

‘mexn ‘mp !

qn
2 2

c: ¢
g, =, —u)+m(p,yv, — pV,)+ m(?2 —?1) +mg(z,—z)+1 _ + Imp.

B mudepenttianpHiit hopMi 11e piBHIHHS 3aITUINECTHCS Y BUII
dg =du + d(pv) + cdc + gdz + dl,ex + dl,p.

3 ypaxyBaHHAM TOTO, 0 h =u + p V, oTpuMaemMo

= (0 —h)+ (F =) 19z~ 2) 1, +1,,

dg =dh + cdc + gdz + dl e + dl,yp.

Pipastans (13.12) i (13.13) sBASIOTH COOOIO 3aITUC MEPIIOT0 3aKOHY
TePMOJAMHAMIKH /ISl HOTOKY.

[lopiBHsieMo Temep mudepeHiianeHe piBHSHHS [-ro 3axomy TT/,
3amycaHe B CaMOMY 3arajbHOMY BHI JUISl JOBUTBHOT CUCTEMH, 3 OKPEMHUM
BUTIAJIKOM LOTO PIBHSHHS JJIS TIOTOKY. [lepmre 3 nuX piBHSHB, SK
BIJIOMO, Ma€ BU/I

dg = du + pdv;
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apyre —
dg = du + d(pv) + cdc + gdz + dl,ex + dlyp.

Bapro maTu Ha yBa3i, mo piBHsHHS (13.14) HanucaHo AN BUNAIKY,
KOJTM €JMHUM BHJIOM POOOTH € poboTa pO3IIMpEHHS.

Jani BaJIMBO TOMITUTH, IO B BHUMAJKy TeYii 3 TepTAM, poOoTa
MOTOKY, 3aTpavarouvch Ha TOAOJAHHS TEPTS, LIIKOM IEePETBOPIOETHCS B
TEIIOTY, IO CHPUHMAETHCS TOTOKOM. TOMy BelTMYMHA ( Y JIBii 4acTUHI
criBinHomens (13.14) i (13.15), npu Tedii 3 TepTsIM SBJIsSE COOOI CyMy
TEIJIOTH, SIKa MiJIBOAUTHCS JI0 MOTOKY 330BHI (TIO3HAYUMO il (s05), 1 TETIOTH
TEPTS Gp

q = qsoB + qu.
Toni piBasiaHs (13.14) 1 (13.15) MoxHa mepenucaTd B HACTYITHOMY

BU1

dQgsos + dgwp = du + pdv;

dQgsos + dgwp = du + d(pv) + cdc + gdz + dlex, + Al

ToMy 110 Teruiota tepts gopiBaioe podoti Tepts dqmp=dly, TO 1mi
BenmuuHU y Bupasi (13.18) B3aeMHO 3HUIIYIOTHCS 1 BOHO 37100yBa€ BUJ
d0:0s = du + d(pv) + cdc + gdz + dlexn

YW, 10 T€ K came

d0:0: = dh + cdc + gdz + dlex .

VY pieasaHi (13.17) BenmmuuHa dqq, 30epiraeTscs, TOMy IO BOHA €
JIUTIIE OJTHIEFO 31 CKIIAJIOBUX YaCTHH POOOTH po3MMpeHHs pdyv.

Ilo cBoiit cyri piBasHHsS (13.14) i (13.15) imeHTHYHI — BOHH
BHpaXXalOTh TMEPIINi 3akoH TepMomuHamiku. Ha mifi migcraBi mMoxHA
JOPIBHATH TpaBi YACTUHH WX PIBHSHB 1 ITICTIS TIEPETBOPEHh MAEMO

pdv = d(pv) + cdc + gdz + dlex + dlp.
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e cmiBBimHOIIEHHS MOKa3ye, IO poOOTa, sfKa BHUTPAYAETbCS HA
MPOIITOBXYBaHHs MOTOKY, d(pv), Ha 3MiHY KiHETHYHOI eHeprii MOToKy, cdc,
Ha 3MiHYy MOTEHI[IHOI eHepril MoToKy, gdz, Ha nmogonanHs cui TepTs, dlp,
i TexHiuHa po6oTa, Alyex,Bi0OYBAIOTHCS 3@ PAXYHOK POOOTH PO3IIMPEHHS
ra3y (4u piiuHH), IO PyXaETHCS B MOTOLI, pdVv.

[HmMMK croBaMHM BUpa3 TEPIIOTO 3aKOHY TEPMOAWHAMIKH IS
MOTOKY MOXHa C(POpMYIIOBATH B TAKUM YHUHOM: Menaoma nideeoenda 00
HOMOKY po004020 mina 3306Hi, GUMPAYACMbCA HA 30L1bUIEHHA
eHmanwnii podoouozo mina, euUPOOHUYMEO meEXHIUHOT pobomu i
30inbUIeHHA KiHemuyHoi i nomeHyiliHol eHepeill NOMOKY.

13.2 Conna i nudy3opu

Comia 1 gudy3opu — choemianbHO crnpodiIbOBaHI  KaHAJH,
MpHU3HAYEH] JIJIsl PUCKOPEHHs abo raibMyBaHHS MOTOKY. TexHiuHa poboTa
B HUX HE BiZIOYBa€ThCS, TOMY 32 YMOBH T'OPH30HTAJIBHOIO BUTIKAHHS
gdz =0 nepumii 3akon TT/J] 1y1st TOTOKY MOKHA 3alMCATH Y BUJI

c2
8qmm = dh + d ? .

3 iHmoro 00Ky, 10 00'eMy poOOYOro Tijia, MO PyXA€THCSA B IOTOII],
3aCTOCOBHHUH TaKOX 1 Bupa3 neproro 3akony 1T /] ans 3akpurtoi cucremu

aqb’()(ﬂ'tlu = dh _Vdp *
JlopiBHSBITIH IpaBi YaCTHHHU ABOX OCTAHHIX PIBHSAHB, OIEPIKUMO
cdc =—vdp.

3 (13.24) Buano, mo dc i dp 3aBkau MarOTh MPOTHICKHI 3HAKH.
OTxe, 30UIbIIEHHS MBUAKOCTI Tedil B kaHami (dc >0) MOXIIMBO JHIIE TTPH
3MeHIIeHHI THCKy B HboMy (dp<0). HaBmakwu, ranpmyBaHHS 1OTOKY (dc<0)
CYIIPOBOJIKYETHCS 301TbIIIEHHAM TUCKY (dp >0).

Kananu, B skux BigOyBaeThCs PpO3TiH Ta3y, 3BYTHCSA CONJIAMM.
Kananu, npu3HaveHi Juis raibMyBaHHsI IOTOKY, 3BYThCs TU(y30pamMu.

Tomy 1110 TOBXKHHA coria i qudy30pa HEeBeIrKa, a MBUIKICTh TUIHHY
CEepeoBUIIAa B HUX JIOCUTh BHUCOKA, TO TEIJIOOOMIH MiX CTIHKAMHU KaHATY 1
CEpEOBHUIIEM MPH MaJOMy 4Yaci iX MPOXOKEHHS HACTUILKM HE3HAYHHI,
mo B OUTBIIOCTI BWIAJAKIB IM MOXHA 3HEBAXHTH 1 BBAXKAaTH IIPOIIEC
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BUTIKaHHs aJiabaTHUM (qw*‘f”’” B ) . Ilpn upoMy pIBHSHHS TEPIIOTO
3akony TT/I mus moToky npuiiMae BUI
2 2
6 —4

“o%=hoh,

OTke, MPUCKOPEHHS aia0aTHOrO MOTOKY BiOYBA€ETHCS 32 PAXYHOK
3MEHILICHHS EHTalbIil, a TaJbMyBaHHsS IIOTOKY BHUKJIHMKAE 30UIbIICHHS
SHTaJbIIIi.

13.3 Burikanns 3i 3By:kyrouorocs comia.llIBuakicTs rasy

[IBuakicTh Ta3y Ha BXOII B COIUIO MO3HAYUMO 4epe3 Ci. Bbyaemo
BB@XaTH, 10 THUCK ra3y Ha BHXOIl i3 coma Py qOpiBHIOE THCKY
CEpEOBUIIA, Y SIKE BUTIKAE Ta3.

Pospaxynok conna 3600umbcs 10 BU3HAYCHHS MBUAKOCTI 1 BUTPATH
ra3y Ha BHXO[I 3 HbOrO, ILIOII MONEPEYHOro MEPETHHA 1 MPABUILHOMY
BHOOpY #oro Gpopmu.

Bigmosigno po piBusaEs (13.25)

(022_012)/2:h1_h2

MaeMo

C, =+2(h —h,)+c? .

BubepeMo mocuTh BEMWKY IUION[Yy BXIHOTO MEPETHHY COILIA, TOMI

=0 1
c,=+/2(h —h,) =./2Ah,

ne Ahy=h —h,=u, —u, +(p,v, —p,v,) - PpO3TaLIOBYBaHMIi

aziabaTHHIA TeruToneperna.
Jua ineampHOrO Ta3y 3MiHAa BHYTPINIHBOI €HEpTii B amiabaTHOMY

1
nporieci (U1-Uz) o0urcIroeThes mo gopmyini [ = -1 (p,v,—p,v,), TOMY

1 k
Ah, :E(plvl —Pyvy)H(pv, —pyvy) :E(plvl -p,v,)(13.28)

Tom
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2k 2k p,v
C.=|—(pV.—-pDV)= — .pv|1-T22
2 k_l(pl 1 p2 2) k—l pl 1 prl

: . ko_ k
Bignosigno o p,v, = p,vV, MaeMo

i
n p

vy /vy =(p [ py)* = p_z

1

k1 P} (13.29)

2k p, | & 2k p, |k
= py|1-| 2| = [ZRT 1| 2
L I LAY

3BiAKM  BHUTIKA€, 10 IIBUAKICTh BHTIKAHHS  BH3HAYAE€THCS
rmapamMeTpamu ras3y Pi, Vi Ha BXOZI B COIUIO 1 OO THICK P2 HA BHXOI abo
pisHmIero enTanbmiin Ahy Ha Bxomi i Buxozi i3 comna. Kpim Toro BuaHO, 10
MIBUIKICTh BUTIKAHHS C2 POCTE 31 30UIBIICHHSAM TIOYaTKOBOI TEMIIEPATypH
razy Ti 1 3a IHIUX PIBHUX YMOB OyJie MaTH BENWKY BEIWUNHY JJIS OLTBII
JIETKHX Ta3iB 3 BETMKAM 3HAYEHHSM Ta30Boi cTamnoi R.

[Ipu BuTikaHHI Ta3y y BakyyM (P2 = 0) mBUAKICTh BUTIKaHHS Oyme
MaKCHUMAaITbHOIO

Cro = Zva
e k-1"" (13.30)

13.4 Butpara ra3y npu BUTiKaHHi 3i 3By:KyI040rocsi comnjia

MacoBa BHUTpaTa Trasy M dYepe3 COIUIO, IO BUPAKAEThCS B KI/C,
BU3HAYAETHCS 13 CITIBBIIHOLICHH S
m=(F,-c,)/v,, (13.31)
ne F, — momna BUXiZHOTO HepeTHHy comna, M2
[MuTomuii 00'eM Vo BU3HAUYA€ETHCS 13 PIBHAHHS agiabaTu
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K K
PV, =PV

TOOTO

1
_ k
V, =V, - (p/ p,)" (13.32)
[ligcTaBistoun 3HAYCHHS MUTOMOro o00'eMy V2 1 MIBUAKICTBH

BuTikanHs c2 3 piBasHHA (13.29) B piBHsHHS Hepo3puBHocTi (13.31),
OZIEPKHUMO

x|

m:(levl)'(p?_/pl) )

'\/2'(k/(k—1)' Ve[ 1-(p2/ py) kk_l}

(13.33)
abo

m:Fz\/z'(k/(k_l))‘(pllv1)’ (pZ/pl) _(p2/p1)kk+l}-

=N

3 upaszy (13.33) BuxomuTh, II0 MacoBa CEKyHIHA BHTpaTa
i1eaTbHOTO Ta3y MPHU BUTIKAHHI 3aJIKATH BiJ TUIONII BUXIIHOTO TIEPETHHY
COIUIA,BIIACTUBOCTEH 1 TIOYATKOBHX IIapaMmerpiB rasy, CTYIiHI HOro
posmmmpenHs. 3rinHo piHsHHS (13.33) mobynoBana kpuBa 1-K-0 Ha
pucynky13.2.

[Ipu p,=p: BUTpaTa Tazy OOPIBHIOE HYIIO. [3 3MEHIIEHHSIM THCKY
CepeloBUIla P2 BUTpATa Ta3y 30UIBIIYETHCS 1 JOCATAE MAKCUMAIBEHOTO

3HAYEHHS IPU /p. = . Ilpu nomansmioMy 3MeHIIEHHI BiJIHOIIEHHS
2 1 kp

- P,/ p, 3HAYEHHS m,

k po3paxoBaHe o dhopmymi

I 2 (13.33), 3meHmyeThCs, 1 TpH
. [ P, / P, =0 crae piBHUM HyII0.

& : Pﬂ-'r]?' 1 [opiBHsHHS OIHCaHO1

0 ¥ 3aJIeKHOCTI 3

.-5 kp 1 eKCIIEPUMEHTAIbHUMU  IaHUMU

Pucynok 13.2 mokazano, mo mist [, <pa/ pl
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<l pe3ynbTaTH MOBHICTIO CHiBNAaAamTh, a anst 0< p2 /pl <ﬂ K Bonm
PO3XOAATHCSL.

st Toro, o0 MOSICHUTH 110 PO3OKHICTE TEOPil 3 eKCIIEPUMEHTOM,
A.Cen-Benan B 1839 p. BUCYHYB TilmoTe3y mpo Te, 110 B 3BY’)KEHHOMY COILTi
HEMOXXJIMBO OZCPKATH THUCK Ta3y HWKUYMH 32 AesSKE KPUTHYHE 3HAYCHHS
Pip, IO BINIOBIIA€ MAKCUMAIBHIM BUTpATI ra3y 4yepe3 comio. SIk ou Mu He
3HIDKYBQJIM THCK P2 CEPENOBUINA, J€ BiAOYBAaEThCS BUTIKAHHS, THCK Ha
BHXO/Ii 3 COTJIA 3ATMIIAETHCS TIOCTIHHUM 1 PIBHUM Pyyp.

Hns TOTO, o0 3HANTH MaKCUMYM dyHKIii

m=f(p,/p)="Ff(H) (1333) npu p: =const, siamosimoro
3HAYEHHS ﬂkp, Bi3bMEMO TIEpIITY MOXIIHY BiJl BUPa3y B KBJAPATHUX JIyIKKaX
1 IpUpIBHAEMO 11 HYIIIO
a
dp,

k+1 k+1

2 k+d 2 2, L]
|:(p2/p1)k _(pzlpl) X j|:k'(p2/p1)k _(k+l)/k(p2/p1) “ =0

3BiaKu
K
Bo =P,/ p)=(2/(k+1), (13.34)

TOOTO BIJHOIIEHHA KPUTHYHOTO THUCKY HA BHUXOII P2=Pxp IO THUCKY
TIepe COIUIOM i € TIOCTiIHHA BEIMYMHA, 3aJIeKHA BiJl TOKa3HHUKA aiabarTu,
T00TO Bim mpupomau pobouoro Tina. s ommoatomuoro razy k=1,67 i

ﬂkp =0,49. lnst mBoaTOMHOrO rasdy i meperpitoi Boasuoi mapu k=1,4 i
ﬂkp =0,528. lis1 TphOXaTOMHOTO Ta3y i meperpiroi BoasHoi mapu k=1,29 i
ﬂkp = 0,546 . Takum duwHOM, 3MiHa HEBENWKa, TOMY IS OIIHHUX

PO3paxyHKiB MO>KHA TPUHHSATH ﬂkp =0,5.

13.5 MakcumalibHa BUTPATa ra3y 4epe3 3BY:KYI0Ue€ecs COIIO0

MakcuManbHy BUTpATy ra3y Ipu KPUTHYHOMY 3HAYEHH1 ﬂKp MOXHA

Bu3HaunTH 3 piBHAHHS (13.33), SKIIO B HBOrO MiJICTaBUTH 3HAYCHHS
(13.34)
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B. = @Ik +D)

Toni

1
m, = F(W\/Zk Ik+2)-(p,/v,)-(2/(k+1))** . (13.35)
MaxkcumansHa BUTpaTa BU3HAYAETHLCA CTAHOM TIa3y Ha BHXO}Ii 3
COIIa, TUIONIEI0 BUXiTHOro mepepTuHy coruia F i nokasHukom ajxiabatn

ra3y, ToOTO HOro MpUPOJIO0 ,a TAKOXK MMOYATKOBUMH MapaMeTpaMHu ra3y pi,
v

.-
13.6 MakcuMajIbHA IIBUAKICTHL BUTIKAHH S

MakcuMaibHy MIBHKICTh BUTIKaHHS 3Haiaemo 3 piBHsHHA (13.29),

mizicTaBuBi B Hboro 3amicts P,/ P, ioro Bimmoinme 3HauenHs

B, =[2/(k +1]i5.

k k4
k-1 K

. = |2ki(k-1)- py, -|1-2/(k +1)

Makc

[Ticnst mepeTBOpeHb, OCTATOYHO MAEMO

C,..=~2kI(k+1)-pyv, . (13.36)

13.7 KpuTn4Ha IBHAKICTh BUTIKAHHS

KpuTndHa mBHIKICT BCTAHOBIIOETHCS B YCTI COIUTA TIPH BUTIKAaHHI
B HABKOJIMIITHE CEPEIOBHUIIE 3 THCKOM, PIBHUM ab0 HIDKYE KpUTHUYHOrO. Ii
MOKHa BH3HauuTH 3 piBHAHHS (13.36), MiACTaBHBIIM B HBHOTO 3aMICTh

3HayeHHa ~ V,  HOro 3HaYeHHA 13 CIIBBIJHOIIEGHHS IIapaMeTpiB B

agiabaTHOMY TIporeci
1
K

v,=v,_-(p,/p)"



137

1
k

3aMIHIOIOYH BiJHOUICHHS (pr / pl) 3 piBusHas  (13.34), 3Bigku

k
v, =V, - (2U(K + 1)

k
Ananoriyno P, = P, 1(2/(k +1))E.

ITincraBnsroun 3HaueHHs V, i 3HadenHs P, y dopmyny (13.36),

Co =K Py Ve - (13.37)
3 kypcy (i3MKH BiOMO, IO JK- pkp Vy,=a e MIBUKICTH

PO3ITOBCIOJKEHHS 3BYKY B CEPEIOBHIII 3 MTAPAMETPAMH P=Pxp 1 V=Vip .
TakyM YMHOM, KPUTHUYHA IIBUAKICTh Ta3y MPH BUTIKaHHI JOPIBHIOE
MICIIeBI IIBHIKOCTI 3BYKY y BHXIZHOMY IiepeTwHi cormta. Came g
oOcTaBHHA TIOSCHIOE, YOMY B 3BY)KCHHOMY COIUII Ta3 HE MOXe
PO3IIMPHUTHCS JO THCKY MEHIIE KPUTHYHOTrO, a IIBHJAKICTH HE MOXKeE
TIEPEBUIINTH KPUTHYHY, 1 3’SICOBYIOTBCS «IHUBHOCTI» B XapakTepi

OJIEPIKUMO

3IEKHOCTI M= f(ﬁ) (pmc.13.2). HacnopaBzi, y BHCHOBKY pPiBHSHHS

Jlanmaca murst IIBUAKOCTI 3BYKY BKa3aHO, IO OyAb-sike ciabke 30ypeHHs, ¥
TOMY YHCII 1 3MiHa THCKY, PO3IOBCIOKYETHCSA Y CTUCHYTOMY CEpeIOBHIII
13 3BYKOBOFO MIBUJKICTIO.

Skmo B AesKMid MOMEHT 4Yacy THUCK rasy 3a COIUIOM p2 JEIIo
3MEHIIUTH, TO XBWJIS PO3PSAAKH PO3MOBCIOOUTHCS Y3IOBXK IIOTOKY B
HanpsAMi, NPOTHICKHOMY HampsMy BHUTIKaHHS IOTOKY; Y3IOBX COIUIA
BCTAHOBUTHCS HOBHUH PO3MOALT TUCKY (IIPH TOMY XK, IIIO 1 paHilie, 3HaYeHH]
TUCKy Ta3y Tepell COIUIOM p1), 1 MBHAKICT 3pocte. [lpm mpomy ciix
3a3HAYUTH, L0 XBWJISL PO3PILIKEHHS PO3MOBCIOMKYBATUMETHCS Y3II0BXK
COILIA 13 BIIHOCHOIO IIBUIKICTIO a-C.

I[Ipu MOAJBIIOMY 3HMKEHHI TUCKY CEPENOBHILNA HUKYE P' , XBHIISA
PO3PSIIKK HE 3MOXKE PO3MOBCIOAUTHUCS Y3[OBXK COIJIA, OCKUIBKY i1 BiIHOCHA
MBUAKICT a-c OyJie piBHA HYJIIO BHACIIJOK TOTO, IO B I[bOMY BHITAJIKY
c=a. Hisgkoro mepepo3moily THCKY Y3IOBX He BigOymerbcs, 1 He
JMBIITYNCH HA TE, IO THCK CEPEAOBHILA 32 COIUIOM 3HU3MBCS, MIBHJKICTD
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BUTIKaHHS 3QJIMIIMTHCS TONEPEIHBOI0, PIBHOIO MICLIEBil MIBUAKOCTI 3BYKY
Ha BUXOJi 3 coIlIa.

Tomy mpu 0< B < f3, BuTpaTa rasy uepes COIIO 3aJIUIIAETHCA

MOCTIHHOO, PIBHOKO My,
13.8 Amnani3 mpoginio kanaxy conia

OCHOBOIO ISl BUBEACHHS 3arajbHUX 3aKOHOMIPHOCTEH pyXxy
pobodoro Tina B coruiax i Audy3opax € piBHIHHS HEPO3PUBHOCTI OTOKY
m=F c/v=const . (13.38)
Jlorapudmyroun #oro, ogepxxumo In F + In 3 — In v =const, a micns
ndepeHIiFoBaHHS

dF/F +dc/c—dv/v=0. (13.39)

OnepxaHe pIBHAHHS € PIBHIHHSAM HEPO3PUBHOCTI TIOTOKY B
nudepeHIiiaibHii hopmi.

Tak ,morapudmyroun piBHIHHS amiabatu pv : =const, omepkyeMo In
p T kIn v = const, a micisa audepeHiiroBaHHS

dp/ p+k - (dv/v)=0, seizu dv/v =-dp/p. (13.40)

3 iHIIO1 CTOPOHU, PO3MUTHBINN PIBHSIHHS HA 2 I amiadaTHOI Tedil
rasiB B KaHaJax cdc = - vdp, MaEMO

dc/c =- v-dp/c®. (13.41)

[ligcraBmsroun  omepkani Bupasu (13.40), (13.41) B piBHSIHHS

Hepo3puBHOCTI MOoTOKY (13.38), 3HaX0AMMO

dF/F =dv/v -dc/c=- dp/k-p
abo
dF/F=((k-p-v—-c®)/(k-p-c?))-dp. (13.42)
Toni

dF/F=(@*-c?)/(k-p-c?). (13.43)

JlocuTh HArJISITHOKO XapaKTEPUCTUKOK CTaHy IMOTOKY B Oyb-SKOMY
MEePEeTUHI KaHaly € BiTHOIICHHS HOro IIBUIKOCTI B JAHOMY IEPETHHI 110
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MicCIIeBO1 IBUAKOCTI 3BYKY a. Lle BigHOMmEHHSI Ha3uBaeThCs yncjaoMm Maxa
i mozHavaeTbcs Ma. 3HauenHs Ma < 1 BiANOBiZalOTh pyxy MOTOKY 3
JO3BYKOBUMH IIBUJKOCTSAMH, a 3HaueHHI Ma > 1 — 3 HaJI3BYKOBHMH
HIBUAKOCTSIMH.

BBonstun uricno Maxa B piBHsiHHS (13.43), ocTaTO4HO MaEMO

dF/F =(/k)- (/Ma® -1)-(dp/ p).  (13.44)

Januii BHpa3 BCTAHOBJIIOE 3aJEKHICTH 3MIHM THCKY  BilI
reOMETPUYHOT (POPMHU KaHAJy i MOKa3ye, MO MPU JO3BYKOBUX IIBUIAKOCTIX
(Ma < 1) ans moHmxkeHHs THCKY (dp < 0) kaHal MOBHHEH 3BY)KYBaTHCS, &
JUIS  TIiJABHMIIEHHS HOro po3muproBatucs. Ilpu pyci TOTOKY 3
HaJ3BYKOBMUMH MIBHAKOCTAMU (Ma > 1) KapTHHaA BHUXOAWUTH 3BOPOTHHOIO:
o0 THUCK 3HWKYBABCS, KAHAJ IOBUHEH PO3IIUPIOBATUCS, JUIS MTiIBUIICHHS
THUCKY — HABIaKH, 3BY)KyBaTHCSL.

PosrisiHyre mokasye, 1m0 3MiHAa TUCKY 1 MIBHJKOCTI TOTOKY
CTBOPIOETHCS MPOTHIIEKHOIO TI€I0 TEOMETPUYHOI (popMH KaHAITy Ha TOTIK B
3QJIEKHOCTI BiJl TOrO, Y BiIOYyBa€ThCA WOTO PyX B JIO3BYKOBIM UM
HaJ3BYKOBiIM oOmactsx. lle TMOMOKEHHS HOCHUTh HA3By 3aKOHY
reoMeTpHMYHOI0 00CPHEHHSI BILIUBY.
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JIEKIISA 14
14.1 [pocearoBaHHs ra3iB i mapn

Sxmo B TpyOONpPOBOAL HA MUISAXY PYXY ra3dy 4 MapH 3yCTpidaeThes
MiCIleBE 3BY)KEHHS, TO BHACIIIOK OIMOpIB, II0 BUHHUKAIOTH MPU TaKOMY
3BY)KEHHI, THCK P2 32 MICIIEM 3BYXXCHHS 3aBXKIM MEHIIE THUCKY pi1, IO
3HaxoauThcst 10 Hboro  (puc.14.1). Ilporec 3MeHIIEHHS THUCKY, B

pe3yabTaTi SKOro HEMae Hi
30UTBIICHHS KiHETUYHOT
eHeprii, Hi 3MiACHEHHS
C, Tc?XHquo'i po60TI/1Z i 0e3
HiJIBEZICHHST YU  BiJBE/ICHHS
TETJIOTH, HA3UBAETHCS
afniabaTHUM
JIPOCETIOBAHHSAM, abo
M’ATTAM (Taxox
peayKyBaHHAM abo
rajibMyBaHHSAM).

Bynb-axuii KpaH,
BEHTWJIb, 3aCyBKa, KJAMaH i
5 3 IHIII MicueBi omopu, IO
3MEHIIYIOTh TIPOXiTHUN
h I MIePETHH TpyOOIIpOBOLY,
Tl BUKJINKA€E APOCENTIOBAHHS Ta3y
- = 9p mapu i, OTKe, NaJiHHA
THCKy. [HOmI npocemroBaHHS
CTIeIiaTbHO BBOANUTHCS B UK

Pucynox 14.1 pobotn  Tiei 9m  iHOION

MallyHU. Hanpuxknan,

HUTSIXOM JPOCEITIOBaHHS ITapy Nepe BXOJAOM B MApOBi TYpOIHU PEryioTh
MOTYXXHICTh; aHAJIOTYHUM mpolec 31iiCHIOEThCA 1 B KapOropaTopHux B3,
7€ TIOTY)KHICTh PETrYIIOETHCS 3MIHOIO TTOJIOKEHHS JPOCENBHOI 3aciiHKH
kapOroparopa. JlpocemtoBaHHS Tra3iB 1 TapiB BUKOPUCTOBYETHCS IS
3HWDKEHHS X THCKY B CIICHIQJIbHUX DPENyLiHHUX KIarmaHax, [0 IIHPOKO
BUKOPUCTOBYIOTHCS B CHCTEMAX TeILIO- i Napo- ras3onocTayaHHs pi3HHX
MiAPUEMCTB, a TAKOX 1 B XOJIOAWJIBHIM TEXHILI A1 OTPUMAaHHS HU3BKHX

PV TI'I' Pa W
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TeMmmepatyp 1 3piDKyBaHHA ra3iB LUIIXOM iX  0araToKpaTHOTO
JPOCENIOBAHHS.

®dizuuyHe ysBIEHHS NpPO MNAAIHHS THCKY 32 MICIEBUM OIMOPOM
00yMOBJICHE IUCHUIIALIEI0 (PO3CISIHHSIM) €Heprii MOTOKY, [0 BUTPAYaE€ThCs
HA MMOI0JaHHSA IILOTO MICIIEBOTO OIOpY.

[Mpu npocentoBanHi BTpata THCKY ( P1 - P2 ) THM OlTbIIA, YUM MEHILA
BIHOCHA IUIOIIA 3BY)KEHHS. 3a BIJICYTHOCTI TEIUIOOOMIHY BiJIIOBIiIHO
piBasHHO (13.25) MaTHMEMO

hi—he=1/2" (C2 —c?),
ne hi, ho— enranenii rasy B neperunax I-1 i I1-11.

SIk mpaBmIo, 3MiHA MIBUAKOCTI (C2 — C1) MPHU OJJHAKOBOMY IEpPETHUHI
TpyOM 110 1 micist JiagparMd € HE3HAYHOK 1 HE MOXKHA 3HEXTYBATH.
Tomy, B pe3ynbTati M’SITTSl €HTAJIbITIS a3y JI0 3BY)KEHHS 1 IICIIsi HhOrO Mae
OJlHE 1 Te K 3Ha4yeHHs, TooTo h; = h;.

JocmipkeHHsST TIPOIIeCy JAPOCENIOBAHHS IOKa3ye TaKoXK, IO TPH
MPOXOJIi Yepe3 3BY)KEHHs IBUJIKICTh MOTOKY B IIBOMY MiCIli 3pOcCTae, a
THCK Tajgae 10 p' B HAMBYKYOMY MiCIli MOTOKY, IO 3HAXOMMTHCA Ha
HEBEIMKIN BIJICTaHI 3a 3BY)KCHHSIM KaHaIYy.

3BHUUaiiHO, ONEp)KaHWHA TPUPICT KIHETHYHOI eHeprii CcTpyMeHs 3a
HasiBHOCTI Audy30pa MOKHa Oysio O IepeBEeCTH B MOTEHIIHHY CHEpriio i
MM TIiAHATA THCK A0 mepBuHHOro pi1. IlpoTe BimcytHicTs amdy3opa
BHKIIIOYA€ TAKUM 3BOPOTHIA Tpollec, a OuTbIla YacTHHA MPHPOCTY
KIHETHYHOI eHeprii i3-3a HasBHOCTI BHXPOBHUX pYyXiB 3a 3BYKEHHM
MePETHHOM IIEPEXOUTD B TEIUIOTY, KA CIIPUHMAETHCS ApOI0 (Ta30M).

OcraHHe X, SK BiIOMO, TOB'SA3aHO 13 30UTBIIEHHSIM CHTPOIMIi, 1
poboye TiNO HE TMOBEPTAETHCS 1O NMEPBHHHOTO CTaHy, HE JHUBISYUCH Ha
PIBHICTh MIBHAKOCTEH 1 eHTambmii. Bce me mpu3BOIUTH IO TOTO, IO
MPOIEC JPOCENMOBaHHs, OyOydw TO CyTi ajniabaTHUM, € THIIOBUM
HEOOOPOTHIM TPOIIECOM.

Edexr ppocemtoBaHHs B imeadbHOMY Ta3i HE BHUSABISETHCAL
Hanpuxknan, ymoa(h: = hy) st ieanbHOro rasy npuBOAUTD 10 BUCHOBKY,
II0 TeMITepaTypa TaKoXK He 3MIHIOETbCS, TOOTO (T1= T2), ocKijbKH
SHTAJIBITIS 11€aTPHOTO Ta3y € OTHO3HAYHOK (PYHKITIEIO TEMITepaTypH.

h2 — h1 = Cpm ' (Tz —Tl).
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Ha T, S -nmiarpami
(puc.14.2) sBume M ATTA
i7IeaIbHOT'0 ra3y MOXe OyTH
MPEJCTaBICHO ToYKaMu 1 1 2,
IKI  JIeKaTb Ha  OOHIN
ropu3oHTai, ockinbku (T1 =
T2 ). He MoxxHa BBaXaTH, 110
04 BIIPI30K  i30Tepmu 1-2
Ay % BIATIOBIIA€ nporecy
- &2 JIpOCENTIOBaHHS  razy, 00
TUIBKKM KpaiHi Toukm 1 1 2
XapakTepu3ylOTh CTaH Tazy
SK PIBHOBRXHWH, a BCl NMPOMDKHI TOYKH HE BIAMOBINAIOTH JIHCHOMY
mporiecy, Mo 3IMCHIOEThCS HaJl razoM. Tomy JiHis 1-2 mpoBeneHa Ha
pucynky 14.2 nyHkrupom. JlilicHo, mpu ajiabaTHOMY Mpolleci B MICIl
3BY)KEHHSI MPOXIHOTO MEPETHHY MIBUJIKICTh MOTOKY 3pPOCTa€ BiIMOBITHO
mo piBHsHHSA (13.25) 3a paxyHOK eHTalbIli, a 3HAYUThH, TEMIIEpaTypa
3MEHIIYETHCA.

[Ticns 1boro, Mo Mipi Mepexoay 30BHINTHLOI KIHETUIHOI eHeprii B
TEIJIOTY, TEeMIIepaTypa Ta3y IMJIBHINYETHCS, 1 Ha NEIKOMY BiIJaJeHI Bif
MICII 3BY)KEHHS, JIe Tepedir MOTOKY CTa€ CTaIlioHApHUM, TeMIiepaTypa
JOCSTA€E CBOTO IMMEPBUHHOIO 3HAUCHHS. TaKuM YMHOM, TIHCHHUM TPOIEC Mixk
Toukamu 1 i 2 mporTikae mpu 3MIHHAX 3HAYeHHAX h it, 1 TOMy HETPaBHUIBHO
PO3IIIAAATH MPOIIEC JPOCETIOBAHHS SIK Tiporiec pu  h = const 1 Ha3UBaTH
HOT0 130€HTANBITIHHUM.

@®izuvHa CyTh e(peKTy IPOCENIOBaHHA peallbHOro ra3y abo mapw
MOJISITA€ B HACTYITHOMY.

Ha mincrasi piBaocti  h; = hy MoxkHa 3amucatu

Ur+pr Vi=Uz2+p2 V2 (14.2)

Pucynok 14.2

abo
Up—Uz=pP2 V2 —P1 V1. (14.2)
3BiAKM BUTIKae, 10 poOOTa MPOIITOBXYBAHHS 3AIHCHIOETHCS 3a
pPaxyHOK 3MEHIICHHS BHYTPINIHBOT €Heprii peajbHOro rasy abo mapw.
BHyTpilHS eHeprisi peaJibHOr0 rasy CKIaJaeThcs 3 JBOX YACTHH: 3
KiHeTHYHOI ((YHKIIiSI TeMIepaTypH) i TOTEHIIIHHOI (PYHKITisI TemMIepaTypu
i 00'emy).
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B Oimpmocti BuUmanakiB (MpakTHYHHUX), TPOLEC IPOCETIOBAHHS
MPOXOIUTH 32 PaXyHOK BUTPATH POOOTH MPOIITOBXYBAHHS (P2 V2 — P1 Vi),
10 3yMOBITIOE 301IbLIEHHS] BHYTPIIIHBOI eHeprii ra3y abo mapH.

3anexHO Bifl CHIBBIJHOIICHHS aOCONMIOTHUX 3HAYEHb MPUPOCTY
pOOOTH TPOIITOBXYBAaHHS, MOTEHIIHHOI YaCTHHW BHYTPIMIHBOI eHeprii i
KiHETHYHOI YACTHHHU BHYTPIIIHBOT €Heprii MOXKJIMBI HACTYITHI BUITAIKH:

- pobora mpomToBxyBaHHSA (P2 © V2 — P1 * Vi) 32 abOCOTIOTHUM
3HaYeHHSIM MEHINA TPUPOCTY MOTEHIIMHOI YaCTUHHM BHYTPILIHBOI €Heprii,
B IIMX yYMOBaX KIHETUYHA YaCTHHA BHYTPIIIHBOI €Heprii 3MEeHNIYeThCs,
TOMY TeMIIepaTypa ra3y 3HHXKYETbCS T2<Ty

- pobora mpomToBxyBaHHS (P2 © V2 — P1 * Vi) 32 abOCOMIOTHHM
3HAYEeHHSIM OUbIIa IPUPOCTY MOTEHIIHHOT YaCTHHH BHYTPIIIHBOI €Heprii,
HAJUTUIIOK pOOOTH BUTPAUYAETHCS HA 30UIBIIICHHS KIHETUYHOI eHeprii, ToMy
TeMmIepaTypa rasy 3pocrae T2>Ty;

- SKII0 poboTa TPOIITOBXYBaHHS (P2 © V2 — P1 Vi ) JIOPIBHIOE
MPHUPOCTY TOTEHIIHHOT YacTWHW BHYTPIMIHBOI €Heprii, TO KiHETU4Ha
JacTMHA BHYTPIMIHROI €Heprii rasy, a oOTke, 1 HOro TtemMIieparypa,
3aJIMILIAI0THCS HE3MIHHUMHU T>=Tu

SBuiLe, IpU IKOMY TeMIIepaTypa peajbHOro rasy A0 Ipoceis 1 micis
HBOTO 3aiumracTbes HeaMinHow (T2 = T1), Ha3uBaeThCs iHBepCie rasy, a
TeMIiepaTypa, Tpd SKIH IIe  sSBHUIIEC BIAOYBA€ThCSA, HA3HUBAIOTHh
TeMIepaTyporo inBepcii i mo3Ha4aroTh Tiy.

TakuM YMHOM, TIPW APOCETIOBAHHI pealbHUX Ta3iB CHTAJBITIS IS
MMOYATKOBMX 1 KIiHIIEBMX 3HAYEHb 3aJHUIIAcThes moctiiinoro (hy = hp), ame
eHTpomis 1 00'eM 30IMBIIYIOTBCSA, THCK TMagae, a TeMIepaTypa MOoXe
3MEHIIYBaTHUCS, 30UTbITYyBaTHCS 200 K B OKPEMOMY BHITAKy 3aTHIIATHCS
MOCTIMHOIO.

14.2 JIndepenuianbHuii apoceabHuii egext

3MiHa TemmepaTypu piAMH 1 peanbHUX rasiB mpu agiabaTHOMY
JPOCENOBaHHI BIlepiie Oylla BCTAaHOBIIEHA JociigamMu BueHHX Jlxoyns i
Tomcona B 1852 p. i HazuBaeThes edexkTom koyas-Tomcona.
Hocnigamu  Ixoyns-Tomcona Oyiao BCTaHOBJIGHO, IO B MPOLECi
JPOCEIIOBaHHS NPH 3MiHI THCKY ra3y Ha HECKIHUEHHO Mally BenuuuHy dp
BiOyBa€THCSI HECKIHUEHHO MaJia 3MiHa TeMIlepaTypu
dTh = andp. (14.3)



144

Bemnunna on ,mo gopiBHioe mnoxiaHiii (dT/dp)s, HazuBaeThcs
audepenuiatbHuM ApoceJsHHM edexkTomM abo edextom I:koyns-
Tomcona. BoHa xapakrepusye IBUAKICTh 3MIHH TEMIIEPATypH Ta3y MpH
3MiHi TUCKY B Pe3yJbTaTi afiabaTHOro APOCETIOBAHHSI.

3Ha4YeHHS Oy MOXKHA BH3HAYHUTH 3 PIBHSIHHSA

dh=cpdT — [T (dv/dT),—v] dp,
sike Jutst ipotiecy aApocentoBanus (dh =0) mae Buriszg
(dT/dp)n =1 /cp [T (dv/dT)p— V] = o . (14.4)

3 piBusanHsa (14.4) BugHO, 10 JUISI BU3HAYEHHS 3HAYCHHS
nrdepeHialbHOro  JIpocenbHOro  eheKkTy  on  HEeoOXiqHO  3HATH
TEIJIOEMHICTh Cp 1 PIBHSHHS CTaHy PEYOBHHHU, 3 SKOTO MOXKHA 3HANTH
noxinay (dv/dT),,

PiBusinns (14.4) € cripaBemIuBUM J71st Oyb-SIKHX PEYOBHH.

[Ipoananizyemo 11 piBHsAHHSA. OCKUIBKH TEIUIOEMHICTh 3aBXKIU
Oinbie Hys (cp > (), a mpu ApocentoBaHHI TUCK 3MeHIyeTbest (dp <0), To
anreOpaiuHuil 3HaK JM(EpeHIiaIbHOro0 IPOCeIbHOr0 eeKTy, a 3HAYUTh i
dT, Bu3HayaTUMyThCs 3HAKOM Benuuuan T (dv/dT)p,— V.

[Tpn npOMy MOKIINBI TPH BUINAIKU:

T (dv/dT),—v>0; T (dv/dT),—v<0; T (dv/dT),—v=0. (14.5)

B pasi, komu T (dv/dT),— v =0, an =0, dT = 0 i agpocenbHMit edexT
HE crocTepiracTbcs. HeBakko IOKazaTH, M0 OCTAHHE Ma€ MICIe IS
ieaTpHIX Ta3iB, IO MiAKOPSIOTHCS PIBHAHHIO cTaHy pV = RT.

Juns ineanpHOTO Ta3y

@v/dT), =v/T. (14.6)

[TincTaBnsroun Bupas (14.6) B pisasHHS (14.4),  omepuMo

(dT/dp)n =0,
TOOTO i7]ealTbHUH Ta3 JpOcenroe 0e3 3MIiHU TeMITePaTypH.

SIK ByKe HaroJOUIYBaJIOCs, IS pEaIbHUX ra3iB JpOCeNbHUN e(eKT He
PIBHUH HYIIO 1 MOXKE TIPUHAMATH TOJATHE YH BiJl’€MHE 3HAYCHHS.

Axmo (dv/dT), < v/ T, To on < 0, TOOTO mOpocenbHUil ehekT €
HeratTuBHUM. B mpomy Bumanky dT > 0, To0TO B mporeci ApocentoBaHHs
TeMIIepaTypa PeuOBUHH 3POCTAE.

Axmo x (dv/dT), > v / T, to on > 0 (apocenbHuil edpext
nosutuBHuM). llpm mpomy  dT < 0, TobTO TemmepaTypa ApOCETHOBaHOI
PEYOBHHHU 3MEHIITYBaTHMETHCS.

ExcrniepuMeHTanbHO BCTAHOBIIEHO, LIO JUI OJHIET 1 Ti€l K pedoBUHU
3HaK Olh MOKE OYTH PI3HUM B Pi3HUX OOJIACTSIX CTaHy.
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JIEKHIIA 15
15.1 TIpucTpiii i npuHIMN Po0OTH MOPIIHEBUX KOMIPeECOpiB

CTucHyTE TOBITPS, IO OACPKYETHCS 33 JOIMOMOIOK KOMITPECOPIB,
IIMPOKO 3aCTOCOBYETHCS B PI3HHUX Tajly3sX HAPOIHOI'O MOCIOapCTBa.

KoMnpecopHuMu MaliMHAMH Ha3WBAIOTHCS MAIMHHU, MPU3HAYCHI
JUTSL CTUCHEHHS 1 TIepeMillleHHs Ta3iB.

KoHcTpyKkTHBHA cXeMa OJHOCTYIICHEBOI'0 KOMIIpECOpa Moka3aHa Ha
pucyHnky 15.1.

-
[

[
[

‘\
|
|
JET T

7
1 — mumiaap; 2 — mopIIeHs; 3 — MTOK; 4 —KperIkond; 5 —

maTyH; 6 — KpUBOIIIHII; 7 — HarHITAJILHUH KammaH; 8
— BCMOKTYBAQJIbHHUH KJIATIaH.
Pucynok 15.1

IMopieHb Mae Ba KpaiHi MOJIOKEHHS, MO HA3UBAKOTHCS BEPXHBOIO 1
HKHBOIO MepTBUMH Toukamu (BMT i HMT). Biagcranp mik mumu
MOJIOKCHHSMH, TTOMHOXKCHA Ha TUIONIY TOPIIHS, HAa3MBAEThCS POOOUUM

00'eMoM Vh muminapa. O0'eM MK MOpIIHEM 1 KPULIKOK LUIIHApPA MPH
KpailHbOMYy BHYTPILIHHOMY ITOJIOKEHHI MOPIIHS HA3WUBAETHCS LIKIUIMBUM
IIPOCTOPOM VO . 3Bu4HO V, = (0 04 — 0,1)\/h .

BinHomenHst 06'eMy BCMOKTYBaHOTO Ta3y V6 (V6 - 00'eM rasy, 10

(aKTHYHO TOCTyNae B LWIIHAP 1 BiH MeHIIE pododoro o0'eMy uuiiHapa)
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J0 00'eMy, 10 ONKCYE TIOPIICHD, Vh Ha3UBAETHCS  00'€MHUM
KoeginieHTOM
A, =V, 1V, (15.1)
3HMKEHHS ToJa4i  KOMIIpecopa TMOB'A3aHO 3  BiJCYTHICTIO
TrepMETHYHOCTI IIIiHAPa (MOXKIIMBI BUTOKHU Ta3y) B MPOIIECi BCMOKTYBaHHS
Ta 3 IHIIMMJ MPUYMHAMH, 1 B IJIOMY XapaKTEepU3YEThCS Koe(inieHTOM
noxavi

A=V, IV, (15.2)
ne Vs, VT - IificHa 1 TeOpeTUYHA Mojiaya KOMIIPecopa.
V;=F-S-n,=V, -n,, (15.3)

2 S - Xim mopmHs, M; Mo - YaCTOTa OOEPTAHHS

ne F - momma moprmHs, M
Baly.

1=0,6...0,85.

Jlst  30UIBIICHHS TIOZayi IMOPITHEBUX KOMIIPECOPIiB HEOOXiaHO
30UIBITYBATH PO3MIPH ITMITIHAPIB 1 TTOPITHIB, BHACIIIOK YOTO 3pOCTAE CHJIA
iHepHil 3BOPOTHHO-TIOCTYNMAJFHAX Mac MAIlMHA. 1OMy TIOPIIHEBI
KOMIIPECOPH MPOCKTYIOTh 3 JOCUTh HU3bKUMU YacTOTaMH OOCpTaHHS Baly.
3 TEXHOJOTIYHWX IIO3WINK IToAady IMOPITHEBOTO KOMIIpecopa, piBHY 3,5
M%/c, Il BBaKATH FPAaHUYHOIO.

Ipuniwn gii mopurEeBoro kommpecopa (puc. 15.2)

B mumiagpi 1 pyxaerbes mopiieHbp 2, IO 3IIHCHIOE 3BOPOTHBO-
noctynanbHuil pyx. llpm pyci mopmHs 3miBa HampaBo BiAOyBaeThCA
BCMOKTYBaHHS pPo0Oodoro Tina (mpW IbOMY KJamaH 3 BiOKPUTHN) TPH
MPAKTUYIHO MOCTIHHOMY THCKY.30KpeMa, SIKIIO B KOMIIPECOPI CTHCKAETHCS
aTMoc¢epHe TOBITPs, TO MPOTITOM TPOIIECY BCMOKTYBAaHHS TUCK MOBITPS B
OWTIHAPI Memo ’Hkde 3a atMocdepHwuit. [licist Toro, Sk mopiieHs miiae 10

4 5 / IPaBOTr0 KPaHBOTO TOJIOKEHHS,
/ poLec BCMOKTYBaHHS

3aKiHYUThCA, KJIaraH 3

3 | IR 4 3aKPHUETHCS 1 TIOPIICHH ITOYHE

P pyxaTtucs y 3BOPOTHHOMY
| o HampsaMi - crpaBa HamiBo. THCK
[ razy B IWJIIHAPI MiABUIIYETHCS.
[ - Komm  Ttuck TrTasy  jmocsrHe
Pucynok 15.2 3HauYeHHS, 10 Oynme  Jemo
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MIEPEBUIIYBATH THUCK B pe3epByapi, KyJH MONAETHCS Ta3, TOJI BIIKPUETHCS
KJanaH 4 1 CTUCHYTHH ra3 Hafil/e 10 bOTO PE3epPBY

15.2 TepmommHamiunmii aHATI3 iZeaTbHOr0 KOMIIpecopa

Ineamizariist kommpecopa i #1oro poOOTH MOJIATAE B HACTYITHOMY:

- TEOMETPUYHHUI 00'eM WHMIIIHApPa KOMIpecopa piBHUK poOouOMY
00'eMy (BiICYTHI# WIKIIJTUBUI TPOCTIp);

- BIICYTHE TepTsi, TOOTO BUTpATH poOOTU Ha TEPTs PiBHI HYJIIO;

- BIICYTHI BTpaTu poOOTH Ha JPOCETIOBAHHA B KJIallaHaX.

IneanbHa iHOWKATOpPHA jiarpaMa KOMIIpECOpa IpENCTaBjiIcHa Ha
pucynky 15.3. Ilpu pyci mopiiHs 3J1iBa HalpaBO THUCK rasy B IHIHIPI |
3MEHINYEThCS 1 KJIAnmaH 3 BiJKPUBAETHCS, BiJIOYBAa€ThCS HATIOBHEHHS
HWITHApa Ta30oM Tpu

p = const piBHOMY
p1. Toukal Bignosigae
MOJIOKEHHIO TIOPIIHS B
MATHAPI  KOMIIpecopa,
KOJMH  BeCh  IHJIIHID
3aIIOBHEHU I ra3oM
HHU3BKOTO THCKY. O0'em

- — rasy npu nsomy V, .
0 v, v, v, v v,

Pucynok 15.3 _ Kpusa _1'2
(2°;27;2""")  Bigmosimae
Hpolecy CTHCKaHHS Tra3y
B KOMIIpEcOopi BiX THCKY p1 IO p» TPU 3aYWHEHWX BCMOKTYBAILHOMY 1
HarHiTaIPHOMY KiIamaHax. B T.2 mpomec cTHCKaHHS 3aKiHYYe€ThCS - ra3
JocsATae 3aaHOTO THCKY pr. O0'eM raszy B KiHIII MPOIECY CTHCKAHHS V2
(v2',v2 ",V2" ), T.2 BiamoBizae MOMEHTY BIIKPUTTS HarHITAILHOTO KiaraHa.
Jlimia  2-3 BignoBimae mporecy BUINTOBXYBaHHS Ta3y 3 I[WIHIpa B
pe3epByap BHCOKOro THCKY (peciBep). Lls mpsimMa Ha3uBaeThCs JTHIEIO
HarHitanas. B nporeci 2-3 KUTBKICTh Ta3y, 10 3HAXOAUTHCSA B MHIIIHAPI,
3MEHIIY€eThCs Bi va (V2',V2 V2 ) 110 Hyust. Touka 4 BiANOBIAE BIAKPHUTTIO
BCMOKTYBaJIbHOTO KJIamaHa, a mpsma 4-1 300pakae mporec HaroBHEHHS
muiIiHApa ra3oM (mpsiMa BCMOKTyBaHHs). TyT o0'eM razy B ummiHApi
301IBIIYETHCS Bl HYJIS A0 Vi.
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Crix 3a3HaunTH, IO JIiHIT BCMOKTYBaHHs 4-1 1 HarHitaHHs 2-3 HE €
TEPMOJMHAMIYHUMH TPOIECAMHU, OCKUIBKM TapaMeTpu CTaHy poO0Yoro
TijIa B HUX 3QJIMILAIOTECS HE3MIHHUMMU.

3 pucynky 15.3 BuHO, 10 MUTOMa POOOTa, IO BUTPAYAETHCS Ha
CTHCKaHHS | KT Ta3y B OHOCTYIICHEBOMY KOMIIPECODI, 110 300pakeHa ILI.
1-2-3-4, € anreOpaiyHOIO CYMOIO ILIOII

mwi. 1-2-3-4 = . 2-3-0-5 + 1. 2-5-6-1 - . 0-4-1-6,
ne . 2-3-0-5 = lo.3 = |- po6oTa BUIITOBXYBaHHSA; TIT. 2-5-6-1= l1= |,
- podora cruckanusi; i 0-4-1-6= l;1= l,- podoTa BCcMOKTYBaHHS;
TOOTO
I = Il-2 + |2-3 = |4-l = Icm + Ieum - Iec . (154)

Po6ora li2 = . ,110 BUTpavaeThess Ha CTHCKAHHS | KT MOBITPS B

nporieci 1-2, BU3HAYAE€THCS TAKIM YHHOM
\/
0, =0, =[pdv. (15.5)

Vl
Bennuuna pob6otu £, , 3aBKIM HEraTMBHA, OCKUILKH pOGOTA

sniticHroeThest Haz rasoMm, i omke £ 5 (0.

Po6ora lp3= law, 10 3OIMCHIOETBCA Hajx Ta3oM B Tpomeci 2-3,
O0YHCITIOETHCS 32 CITIBBIIHOMICHHSIM

Vs

1 93 — l som — J. pdV, OCKLUIBKH B TIporieci 2-3 THCK p2=const, To
V2

l 23 =P, (V3 -V, ) =—pP,V,, ockinpku

v, =0. (15.6)
Bemuunna poGotu £, 5 HeraTMBHA, OCKINBKH BOHA 3IiHCHIOETBCS

HaJg ra3om.

Po6ora Bemoktysanus £, =/ .
Vy

.~ B 1poneci 4-1

/ g = I pdV . Llst poGoTa MO3UTHBHA, OCKLTBKH 3HIHCHIOETHCS
Vl

ra3oM.
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Vy
(., =|pdv=p,(v,—V,)= pV,.ocximxn vV, =0. (157)
Vi

Bpaxosyroun (15.4), (15.6), (15.7) , piBasuus (15.3) npuiimae
BUTJISIA

Vi
(=0 ,+0l,,—C,, =[pdv—py,+pV,, (158
V2

st poboTa € TeXHIYHOK POOOTOI CTUCKAHHS.
PiBasnast  (15.8) wMoxkHa meperBoputH. ToMmy — 3acTocyeMo

nepersopenns Jlexanapa pdV =d ( pV) - Vdp .

Toni iHTerpan y Bupasi (15.8) MokHa 3anucaT y BUIIISII
\Z p,
[ pdv=(p,v, — p,v,)— [vdp. (15.9)
Vi Py

IlincTaBnsroun 3HadeHHs iHTerpana (15.9) B piBasaaa (15.6),
OJIEPIKUMO

)
¢=—{vdp. (15.10)
Py

3 pisasEb (15.8) i (15.4) BugHO, mo TexHiuHa pobota £ icTOTHO
BinpisHseTbes Bix £ 1_p - BJIaCHE POOOTH CTHCKaHHS ra3y B KOMIPECOP.
HeoOximHo Bim3HayuTH, IO poOOTa { weraTWBHA, OCKIIbKH IS

CTHCKaHHS Ta3y B KOMIIpecopi HEOOXiTHO BHUTPATUTH pPOOOTY, MIO
MiJBOUTHCS BiJl 30BHIIIHBOTO JHKEpena.

15.3 BniiuB xapakTepy npouecy CTHCKAHHSI HAa BeJIHYMHY POOOTH, LI0
BUTPAYAETHCA HA NPHBIA KoMIIpecopa

[Ipy KOHCTpYIOBaHHI KOMIIpecopa HEOOXiJIHO OpraHi3yBaTH IIHKII
KOMITpecopa Tak, 11100:
a) po0OoTa, IO BUTPAYAEThCSA B IUKII Ha CTUCKAHHS Ta3y Bijl THCKY

P, 1o p2, Oyna MiHIManIbHOIO;
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0) Temmeparypa rasy IiClii CTHCKaHHS Oylia HE Jy)KE€ BHCOKOI 1
HUKUYOIO 32 TEMIIepaTypy 3aliMaHHS MACTHJI, BKUBAHUX ISl 3MallyBaHHS
BHYTPILIHIX CTIHOK UJIIHApA.

[Ipomec cTHckaHHsS Tra3y B KOMIIpECOpi MOXHa 3iHCHIOBATH
3aJIOKHO B CTYNiHI OXOJO/DKYBaHHS IHMJIIHApPA, TOOTO BiJA YMOB
TEIIO0OMIHY MK POOOYMM TUIOM 1 CTIHKaMM HWJIIHApa 1Mo : ajiadari,
130TepMi 1 MOMITPOIIi.

Hacnpagni, mponecn cTuckaHHs WAyTh 1o momitpori po" = Const,ae
MOKa3HUK TOJITPOITM 3aJI€KHO Bijl IHTEHCUBHOCTI BIJIBEJICHHS TEIUIOTH BiJ
rasy, 10 CTHCKA€EThCSI B KOMIIPECOP1i, JOPIBHIOE:

- B OXOJIOJDKYBAHUX KOMIIPECOPAX 3HAXOAUTHCA B MEXaX k>n>1;
- B HEOXOJIOJKYBaHUX (BIIIEHTPOBUX, OCLOBHX) KOMIIPECOpaX BEIHMYMHA
k<n.

OTtxe, pobOTa, MO BUTPAYAETHCS HA CTUCKaHHA | Kr TIOBITpS B
OJTHOCTYIIEHEBOMY KOMIIPECOpi, BU3HaYa€eThcs 1o Gopmyiti (15.8)

A
I =pv; + [ pdv—p,v,.
Vi
A
e iHTerpan J pdv=1, , 3amexHo Bil XapakTepy IMpoIecy CTHCKaHHSI
vy
MpUiiMae HACTYITHI 3HAYSHHS .
- 130TepMiYHE CTUCKaHHs (pv = plvl)
\
lo 2y = j pdv— p,V, (15.11)
Vi

- azgiabaTHe CTUCKAaHHS (pv" = plvf )

vy E .
o s = | PV =~k ~D)(pv, ~ pvy) = ~(WI(k ~1) pw{(pz/ p) ¥ -1 (1512)
- TIONITPOITHE CTHCKaHHS ( pvn = plvl“ )
iz = [ POV= @ -D)(p.v, ~ pv,) =~ -1) plvl[( /) -1 (1913)

3 ypaxyBanHsM BupasiB (15.11...15.13) i piBHsAHHSA (15_.8) MOBHA
po0oTa OJTHOCTYIIEHEBOTO KOMITPECOpa BU3HAYAETHCS TAKUM YHHOM:
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a) [z3omepmiune cmuckaums (plvl = p2V2)

|, =pVv, +RT,-In(p,/ p,) - p,v, =RT, -In(p, / p,). (15.14)

3 BupasiB (15.11) i (15.14) BuTikae, 1mo podOTa, 10 BUTPAYAETHCS Ha
MIPHBIiJ KOMIpecopa, piBHA poOOTi i30TepMIYHOTO CTUCKAHHSI.

KinbkicTh TEIIOTH, IO BIIBOAWUTHCSA Bim 1 Kr ijeanbHOro rasy B
MPOIIEC] HOTr0 CTUCKAHHS B 130TEPMIYHOMY ITPOIIECi

g =l =RT.In(p,/p,). (15.15)
6) Adiabamne cmuckanms
Iks =PV - (l/(k _1))(pzvz - plvl)_ PV, = _(k /(k _l))(pzvz - plvl):

— (k/(k 1) plvl[( 0,/ —1}

3 pieasaEs (15.12) 1 (15.16) BugHO, mO0 pobOTa Ha MPUBIA
komripecopa B K pa3 6inbiie podoTr amiabaTHOrO CTHCKAHHS

e =Kl o - (15.17)

(15.16)

B) [lomiTpormHe cTHCKaHHS
1

1 n -
"= pv - L (pv. - pv)—pv =— o) 1] (15.18)
K = PV n _1(pzvz p1V1) p.v, n_1 pN{( P, p1) :|

3 piBasaEL (15.13) 1 (15.18) BMaHO, mo poboTa HAa TPUBIT
koMmIipecopa B 1 pa3 Ouiblire poOOTH MONITPOITHOT'O CTUCKAHHS

Il? =N- I(l—2)n . (1519)

KinpkicTe TernoTu, mo BigBOAWTHCSA Bim 1 Kr imeampbHOro rasy B
MIPOIIEC] MOMITPOITHOTO CTHCKAHHS, MOYKHA OOYHCITUTH 3 PIBHSHHS

qr =c, -[(n-K)(n-D)]-(T,-T,). (15.20)
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JIEKIIA 16
16.1 MiiicHa (peajibHAa) iHAMKATOPHA aiarpaMa KOMIIpecopa

Jificha iHaMKaTopHa jiarpama Kkommpecopa (puc. 16.1)
BIIPI3HAETHCSA BiJl TCOPETUYHOI TUM, IO BHACIIJIOK OMOPY, IO HATAETHCS
KJIaTrlaHaM¥ BITyCKaHHS i HATHITAIBHOTO MPOXO/SIYOMY Ta3y, BCMOKTYBaHHS
BiIOYBA€ETHCS MPU TUCKY Ta3zy B MWIIHAPI, MEHIIOMY 32 TUCK CEpElOBHIIA,
3 SKOTO0 TOXOJWUTh BCMOKTYBaHHs, a THUCK CTHCJOro rady B HWJIIHJpPI
KOMIIpecopa T[OBHHEH OyTH Jielio Oulblle, THCKAa B HarHiTaJbHOMY
TpyOOmpoBO/Ii.

Kpim Toro, mo6 3ano0irtu ymapy mopuHs o0 TOpIEBY KpHUIIKY,
HeoOXiIHA HASBHICTH HIKIIJIMBOTO MPOCTOPY,00’€M SKOI'O MOXKE CKJIaJlaTH
(4...10) % Bim mnoBHOro oO0'emy 1uTiHApa. [licnms  3akiHYeHHs

BHUINITOBXYBaHHSI
P 3 o - rasy, B

S .o HIKiTTUBOMY

MpoCTOpi

kL Ry S KoMIIpecopa

h . 3QJIMIIAETHCS
‘\ \'\\ R -  crucnmif ras. Tlpu
Pl N2 3BOPOTHBOMY pycCi
R < HIOPIIHS, 110
Ap,] VN, . SQJIMIIMBCS y

11z gy
P : — Z _ IpOCTOPI, ras
Y PO3IIUPSETECS, a

\‘ ‘\ BCMOKTYBaHHSA

N HOBOI MopIii rasy

N MOYNHAETHCSA
Ap | p.. 4 ~\ .\ | TUIBKM TOZI, KOJIM
5 D D S ' THCK  razy B
i OWIHIPI ~ CTaHe
. HIKYAM 3a
o, Ve ) " armocdepuuii. Ha

v, HOYaTKY
PucyHok 16.1 BCMOKTYBaHHS,

o0'eMm. 110
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3HAaXOAUTHCS B NIIIHPI 3aJIMILIKOBOTO Ta3y, CKIAAae
v, :Vgp [(p1 T1)/( pz Tz)] (16.1)
OTxe B HWTIHAP MPH NOAATBIIOMY PYCi MOPIIHS MOCTyMae 00'eM
rasy, pisauid(V — V), mo no maci piBHO (V - Vo) p1 [ RT1, xr. Takum

YMHOM, HAsBHICTh WIKI[UIMBOTO MPOCTOPY 3MEHINY€E KUIbKICTh rasy,
BCMOKTYBaHOTO B IIWJIIHAP, 1 THM  CaMHM 3HW)KYE NPOIYKTUBHICTbH
MOPIITHEBOTI'0 KOMIpecopa.

3MeHIIeHHS MPOIYKTHBHOCTI MOPIIIHEBOT0 KOMITpecopa
xapakrepusyeThest 00'eMmunm KK

2, = W=V (v, ~v,) = (v, ]v,), (16.2)

Ie Vo - 00'€M MIKIJIMBOTO MPOCTOPY, Va - 00'€M 3aJIUIIKOBOIO rasy MpH
TeMIepaTypi 1 THCKY BCMOKTYBaHHA. [l peasbHUX TOPLIHEBUX
kommpecopis (0,7...0,9).

Omxe, cruciae poboYe TLMO, IO 3AIUIIMIOCS B IIKIIIHBOMY
rpoctopi (Vo), TIPH 3BOPOTHHEOMY PYCi TOPIIHSI MOJITPOITHO PO3MIUPSETHCS
(minig 3-4). BcMokTyBaHHS Ta3y B KOMIIPECOp IOYHMHAETHCS B TOUIl 4,
KOJIM THUCK CTHCKAaHHS rasy, IO 3allOBHUB 00'€M MIKIIJIMBOT'O IPOCTOPY,
3MEHIIUTHCS TPU PO3IMIMPEHHI 0 TUCKY HABKOIHUIIHLOTO CEPEOBUIIA P1.
HacmpaBni mpoiiec BCMOKTYBaHHS BiIOyBaTHMETHCSI TPH THCKY HIDKYE

P, Ba Bemuuuny AP, oGymMOBieHy pO3pIIKEHHSAM B IWJIIHAPI depe3

ec’
HACOCHY [0 X0y TIOPIITHS.

Hanami, mpu xoai mopmrHs B HampsiMi I0 KPHUIIKH, Ta3 MOJITPOITHO
ctuckaerbes (miHisA 1-2). SIKmo THCK B ra3ompoBofi ad0 pecuBepi, Kyau
3aKavyeTbcs pobode TiNOo, MPUUHATH PIBHUM pz, TO MPOIEC CTHUCKAHHS
moBuHeH OyB Ow 3akiHumTHCS B TOoumi 2. Ilpore BHacmimok BTpar,
AQHAJIOTIYHMX IO XapaKTepy BTpaTaM IPH BCMOKTYBaHHI, THCK B I[MIIIHAPI
MTOBHHEH OyTH OiNbINe P2, 1 TOMY MPOLIEC BHUINTOBXYBAHHS CTHUCIIOTO ra3y
300paxkaeTbest  JiHiEIO (2-a-3). 3amTpuxoBaHa IUIONIA iHIMKATOPHOL
miarpamu, obmexeHa KpuBoro( 2-a-3) i mpsAMOi, BIAMOBIAHOI THCKY po,
XapakTepu3ye B IIEBHOMY MacIiTadi BTpaTtd poOOTH npu HarHitaHHi. [Ticis
3aKiHUEHHS TPOIIECY BUIITOBXYBaHHS ra3y (2-a-3) B HIKiIJTMBOMY ITPOCTOPi
3aJMILAE€TBCS  CTHCIAMH ra3 1 Jajgl  pO3TJSIHYTI  paHille MpomecH
MTOBTOPIOIOTHCA.
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I3 30iIBIIEHHSIM THCKY CTHUCIIOTO Tasy Big p2 10 p2', p2", p2"'
MPONYKTUBHICTh KOMIIPECOpa 3HUKYETHCS, OCKUTBKM 3MEHIIYETHCS 00'€M,
BIJMOBIIHUI TIpoOIleCy BCMOKTYBAaHHSI, 1 B MEXKi, KOJNW JIiHIS CTUCKaHHS
TepeTHe JiHilo, 1O TPoXoauTh yepe3 BMT (p2 = p2 ), BCMOKTYBAaHHS Ta3y
B IIWJIIHAP KOMITpecopa MPUIHUHAEThCA (Touka | criBmagae 3 TOYKOIO 4).
Jlinist HarHiTaHHs (2-a-3) MEPeTBOPIOEThCS HA TOYKY. B 1bOMy BUMaaKy
BBaXKaIOTh, 1110 KOMITPECOp MOYMHAE MPAIFOBATH caM Ha ceOe.

I'pannune 3HaYCHHS BITHOUICHHS p2/p1, IPU SKOMY 4Yepe3 HasBHICTh
IIKIJUTHBOTO ~ MPOCTOPY  NPUIHMHSAETHCS ~ BCMOKTYBAaHHS — TIOBITpS,
BHU3HAYAETHCS 3 PIBHOCTI

p2/ P, =(V1/V2)n :[(Vo +Vh)/Vo]n :[1+ (Vh /Vo)]n- (16.3)

16.2 BbaraTocTyneHeBHii KOMIIpecop

BaratoctyneneBi KOMIpecopM €  CYKYyIHICTIO  JI€KLTBKOX
TIOCITIIOBHO TIPAITIOIOYNX OJHOCTYIEHEBUX KOMIIPECOPIB 3 TMPOMDKHHM
OXOJIOJKYBAHHSIM Ta3y, IO CTUCKAETHCA, MK CTYIEHSIMHU.

Ha pucynky 16.2 npuBeneHa IpUHIIMIIOBA CXeMa TPUCTYIICHEBOTO
KOMIIpecopa.

PobGoui mporiecu B p, v - 1 T, S - miarpamax (misg imeanbHOTO
KOMIIpecopa) MpecTaBieHi Ha pucyHKy 16.3

) ) L

NN NN

TIIIiid

BN NN

I, I, I - cryneni ctucHeHHs; 1, 2 - MPOMIDXKHI XOIOAUITBHUKA
Pucynok 16.2
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T

Pucynok 16.3

Kpamnkwu 1, 2, 3, 4, 5, 6, Ha giarpaMax BiZHOCATHCS O OJHUX 1 THX Ke
CTaHiB.

I'a3 BCMOKTYEThCA B LAMHAP HU3bKOro THcKy mpomec 0-1 (I -
MIePIINH IFUTIHIP) TP THCKY P1 1 CTUCKAETHCS IO TOJITPOIi 1- 2 10 THCKY
P2, 3 SIKAM TIOCTYTIa€ B TIepIIuii xomonuiasHUK (1), me mo i300api p2 = const
OXOJIOMKYETBCS IO TeMmIepaTypu Touku 3 (mpudomy 71 = 7T3) BHACTIIOK
Biadi TEIIOTH BOIW, OMHBAIOUOi 3MIHOBHK, 1 MPH BOMY 3MEHIIYIOYH

cBiif 00'eM Ha BemuumHy AV =V, —V,. lleli mporec OXOIOIKyBaHHS

300paka€ThCsl TOPU3OHTAIBHUM BiapizkoM 2-3. Touka 3 IEKUTH TaK camo,
sk 1 Touka 1 Ha i3orepmi( 1-3-5-7).

ITnomma (0-1-2-a) Bu3Ha4yae poOOTY, IO 3aTpadeHa Ha CTHCKAHH ra3y
B IEpIIOMY CTYIEHI KOMIIpecopa. 3 IEpIIOro XOJOIWIBHUKA IOBITPs
CTaHy TOYKM 3 BCMOKTYETbCS B JPYrdil LWIIHAP OpU THCKY p2 1
CTHUCKA€ThCs B HbOMY Mo mojitpomi (3-4) mo Tucky ps. Ham crimye
OXONO/DKYBaHHSI IO i300api  ps =const B XONOMWIBHUKY (2) 10
temneparypu Ts (mpudomy 71 = T3 = Ts i3 3MEHIIEHHSIM 00'€My Ha
BEIIMYNHY AV=V4 — V. IIpouec BTOPMHHOTO OXONOKYBaHHSI €

BifpiskoM ropu3oHTami (4-5). Touka 5 nexuth Ha i3orepmi (1-3-5-7).
[Tnoma (a-3-4-b) Bu3Hawae poOOTY CTUCKAaHHS Tazy B JPYroMy CTYIIEHi
KOMIIpecopa.
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3 xomonwibHUKA (2) MOBITPsI CTaHy TOYKH 5 BCMOKTyeThes B 111 -
mIHHAp, Ae no momitpori (5-6) cTHckaeTbes 10 HEOOXiTHOTO THUCKY pr.
[Tnomma( b - 5-6 — 3) Bu3Ha4ae poOOTY CTHUCKaHHS ra3y B TPEThbOMY CTYIICHI
KOMIIpecopa.

SIkbu mporec CTHCKaHHS 37ikicHIOBaBcs 1o i3otepmi (1-3-5-7), 1o
pobora cruckanHs Oyna 0 MmiHimMansHOO, 1e mioma (0-1-3-5-7-c-0). Tlpu
cruckanHi no anxiabati (1-10) poboTa cTUCKaHHS MaKCUMasbHa, 1€ TUIOIa
(0-1-10-c-0). TIIpm cruckaHHI B OJHOCTYIICHEBOMY KOMIIPECOpi 10
nomitporti (1-9) Benuunna podotr BuzHauaeThes miomero ( 0-1-9-¢-0).

Pobora TpucTyneHeBoro KoMrpecopa Mpy TMOJITPOITHOM CTUCKaHHI
ra3y B KOXHOMY cCTyreHi BusHadaeThes miomero (0-1-2-3-4-5-6-¢-0).
3amTpuxoBaHa IUIONIA JIA€ BUTPAIl B TEXHIYHIM poOOTI Biji 3aCTOCYBaHHS
TPHUCTYIIEHEBOTO CTHCKaHHS. UMM OuIbIle YUCIO CTYIEHIB CTUCKaHHS i
XOJOJMJIbHUKIB, MPOMDKHHX OXOJIO/DKYBadiB, TUM OJIMKYE IMPOIEC 0
130TEePMIYHOT0, OCKLIBKU TP 1IboMY JlamaHa JiHist (1-2-3-4-5-6) i Tak maii
HAOIMKAETHCS JI0 KpUBOI i30TepMiuHOro cruckauus ( 1-3-5-7).

B 7, S — miarpami (1-2); (3-4); (5-6) € momitpomaMu CTHCKaHHSLIIIO
onMCaHi pIiBHAHHAMU THIy PV' = CONSt, MOKa3HMUK MOJITPONM MOXKHA
BBakatn mocriiauM. Jlinii (2-3);(4-5);(6-7) sBigmoBimaroTe i300apHOMY
BIJIBEJICHHIO TEILJIOTH.

ITnoma( a-2-1-b); mmoma (d-4-3-¢); maoma( k-6-5-c) BHU3HAYAIOTH
TEIUIOTY, BiABEIEHY BiI ra3y IMpH IONITPOITHOMY CTHUCKaHHI B OKPEMHX
IHJIIHIPaX KOMIIpecopa.

ITnoma( e-3-2-a); mmomma (c-5-4-d); mmoma (f-7-6-x) BHU3HAYAIOTH
TEIUIOTY, BiABEEHY BiA Ta3y mUpu i300apHOMY OXOJOMKyBaHHL. IIpm
OIHAKOBUX TEMIIEpaTypax ra3y IpH BXOJI B IMIIIHAPU Komripecopa 71 = T3
= 75 i OMHAKOBUX TeMIIepaTypax ra3y npu Buxofi 3 mwtiHapiB T = Ts= T
nonitporu (1-2); (3-4);( 5-6) exsuaucrantri (dS/dT =idem) i mmoma(
a-2-1-3) = mwiowi( e-4-3-¢) = miomi( k-6-5-c) Oyzne piBHUMH MK COOOIO.
3BificM BHTIKa€, MO B XOMOMMIBHUKAX BiJl Ta3y MPU p=const BiTBOJUTHCS
OIHA 1 Ta K KUIBKICTH TEIJIOTH.

PoGoty ©OaraTocTyneHeBOro KoMmIpecopa IparHyTh OpraHi3yBaTH
TakK, o0 3a0e3nmedyBaIncs:

- TIOBHE OXOJO/KYBaHHS Ta3y B YCIX XOJNIOJWJIbHUKAX, TOOTO
TeMIeparypy rasy JIOBOASATH JI0 TIOYATKOBOI TeMIlepaTypu 11, sIKY BiH MaB
[IPH BXOJIi B EepLIMid CTYMiHb T1 = 73 = Ts;
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- OHAKOBa KiHIIEBa TeMIlepaTypa CTHCKaHHS raszy y BCiX CTYIEHSX,
o 3a0e3nevye B yCix HWITIHApaxX HafiiHi yMoBU A mMactuna 1> = Tg4 =
Te;

- OJHAKOBI TTOKa3HUKH MOJITPOIl CTUCKAHHSI Yy BCIX HUMTIHApaX.

[lpu BUKOHAHHI IIMX YMOB Mepenagd THCKY (BiIHOCHHHU KiHIIEBOTO
THUCKY JI0 TIOYaTKOBOTO, p1/p2) Y BCIX CTYNEHSAX OYAyTh OIHAKOBI, TOOTO

P,/ p,=(T,/T)",
P,/ p,=(T,/T)"* =(T,/T)", (16.4)
P/ p =(T,/T)* =(T,/T)".

3riguo (16.4) cmigye
P2/p1 = palps = pelps = 7, (16.5)

Jie 7T - CTYHIHb IMIBUIIEHHS TUCKY Y KOXKHOMY CTyIE€HI KOMIIpecopa.
I3 criBBigHOMEHHS (16.5) cnimye, mo

7t =P, Py PP Py Ps) -
OCKUTEKH P2 = P3 1 Pa= Ps, TO
zd= Pe! P1 =Pl Py (16.6)

n=3/p,!p, . (16.7)

Awuasoriuauii BHCHOBOK MOXE Oyt OTpUMAaHHH TUIS
OaraTocTyneHeBoro Kommpecopa 3 OyIb-sKOK KUTbKIiCTIO MUTiHAPIB. [Ipu
KUTBKOCT1 AJIHAPIB (CTYIIEHIB) m

r=x/p.1p,. . (16.8)

3BIIKH MaEMO: p, =p, 7, p4=p3'7r=pg'7f=p1'7fzi

3BigKu

3
Pe=Ps 7t =P, 7 =P, 7", TOOTO TUCKK p2, ps, Ps 3POCTAIOTH 32

3aKOHOM T'€OMETPUYHOI porpecii i3 3HAMEHHUKOM P.
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s BusHaueHHs 00'eMiB V3, Vs, BU3HAYAIOUMX PO3MIPH IMITIHIPIB
OKpPEMUX CTYICHIB, MIPKYEMO TaKUM YHHOM:

OCKiIBKH TeMIlepaTypu B Toukax 1, 3, 5 oanakoBi, To0TO 771 = T3 =
T’s, MOKHa 3amucaTtH, 10 P1° Vi = P3° V3= Ps-Vs.

3 1[LOT'0 CITIBBIHOIIECHHS BUXOIUTD, 1[0

v, =V, -(p,/p,)=Vv,-(p,/p,)=V, 7 ; (16.9)

V5=V3-(p3/p5)=V3-(p3/p4)=V1/7Z'2, (16.10)

1 Tak jmani , ToOTO 00'€eMH IMJIIHJPIB OaraTocTyrneHeBoro KoMmmpecopa Vi,
V3, Vs i Tak pani YTBOPIOIOTh T'E€OMETPHYHY TIPOTPECifo, IO
3MEHIIIY€EThCS, 13 3HAMEHHUKOM 1/7.

O0'eMu Vo, V4, Vg BH3HAYAIOTH 13 CHIBBIAHOIIEHD

P, 'Vln =P, 'V;
abo (16.12)

1

1 1
Vv, :Vl(pllpz)H =v,-@A/7z").

OCKiNBKH TeMIiepaTypu B Todkax 2, 4, 6 omHakoBi, To0To To =T4 =
Te, TO MOKHA 3amucaTH, IO

Py -V, =Py Vs = Ps Vs
3 mpOro piBHAHHA BUXOAUTH, IO

n+1l

v, =V, -(p,/p,)=V, - (p,/p,)=V,-WUrx"); (16.12)

2n+l

V, =V, -(p,/p,)=V, - (p./ )=V, =V, -IL(zx " ).(16.13)
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s BU3HAYCHHS 3arajbHOI POOOTH,IIO

3aTpayeHa Ha TPHBIT

0araToCTyNeHEeBOro KOMIIpecopa, HEOOXIAHO MiJCyMyBaTh pPOOOTH, IO
3aTpayeHi Ha CTHUCKAHHS ra3y Mo OKPEeMHUX CTYIEHIX

nt
n p—

I| :n/(n_l)' p1'V1|:(p2/p1)

n-1 Bl

-1

I|| =n/(n—1)' p3 'V3|:(p4/p3)

n-1

1

I||| =n/(n-1)- Ps 'V5|:(p5/ ps)

n-1

1} =n/(n-1)- RT1|:71-n _1} :(16.14)

—ni(n-1). RT{HT _1}: (16.15)

n-1

=n/(n-1)- RT{;Z” —1} .(16.16)

Ockinbku T1=T3=T5 1 MOKa3HUKH TONITPOIIM OJHAKOBI ISl BCIX

crymenis, To ;= 1; =l

[MoBHa uTOMa PoOOTA CTUCKAHHS M-CTYIIEHEBOIO KOMIIpecopa

l=m-[n/(n-1)] p

KinpkicTh TEmnoTH, L0 BigiliMaHa

muminapax Q. i mpm

nt
n

1° Vl|:( pz / pl) _1}' (16'17)

Bi Ta3y NIpW CTHCKaHHI B

HOr0 OXOJOKYBaHHI B MPOMDKHHX

XOJOAMIFHUKAX, MOXKHA 3HAHTH 1O BiOMHUX (OPMYIIax ISl MOJITPOITHOTO

Ta 1300apHOTO MPOIIECiB

Q. =m-c,(T, -T,)=m-c,[(n-k)/(n-D]-(T,

Qxiﬂ =m-

ne T,=T,

~T,), (16.18)
Cp(TZ _Tl)’

" (16.19)
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JEKLUST 17

17.1 Tepmonunamiuynmii aHaxi3 OMKJIIB ABUTYHIB BHYTPillIHHOrO
3rOpsIHHS

TennoBuMH JIBUTYHAMH BHYTpilIHbOro 3ropsinas (AB3)
HA3UBAIOTh TEIJIOBI IBUTYHU, OCHOBHUMH €IEMEHTAMHU KOHCTPYKIIii SIKUX €
LATIHJP 13 TOPIITHEM.

Mopmaeri B3 mo xapaktepy pod0oYoro HUKIY MOAUISIOTHCS Ha
JBUTYHW IIBUAKOTO 3TOPSHHS 3 ICKPOBUM 3alalifOBaHHSM MaJIWBHO-
MOBITPSAHOI ~ CyMimni 1 JBUTYHHM  IOCTYNOBOTO  3TOPSIHHS, IO
XapaKTePU3YIOThCS CaMO3aNallOBaHHIM MaBa.

Jlo [BUTYHIB IIBUAKOTO 3rOPSIHHS  BiHOCHUTHCS OLIBINICTH
JBUTYHIB, IO TPAIIOIOTh Ha Ta30Mo/i0HOMY TalliBi, a B OCHOBHOMY -
KapOIOpaTopHi JBUTYHH, 10 TPAIIOIOTh Ha OEH3MHI 1 raci.

Jlo JBWTYHIB MOCTYNOBOTO 3rOPSIHHSA BiJJHOCATHCS JM3ENTi, IO
MPAIIOIOTh Ha COJISAPOBIM omil (IMMIBUIKOXIMHI JU3€Ti) YW HAa BaKKHUX
MOTOPHHUX TaJIMBax (TUXOXITHI JU3EII).

Kpim Toro, mopmseBi JIB3 kiacudikylOTbCs 10 HACTYIIHHM
O3HaKaM!

- 1m0 cmocoby  3miMCHEHHS po0OYOro ITUKIY: YOTHPUTAKTHI,
IBOTAKTHI (TAaKTOM JIBUTYHA HAa3WBAETHCS YACTHUHA ITHKITY, IO BiAOYBaEThCA
TIpH TIEpEMIIIEHH] TTOPIITHS 3 OMHOT0 KPaHHBOTO TIOJI0KEHHS B 1HIIIE),

- TIO0 CII0cO0y CYMIIIOYTBOPEHHS 1 3amayieHHs pobodoi cymimri: i3
30BHIMIHIM CYMIIIOYTBOPEHHSM 1 3alalieHHsM TalMBa BiX iCKpH
(xapOropaTopHi, ra30Bi); i3 BHYTPIIIHIM CYMIIIOyTBOPEHHSM 1 3amajeHHsIM
TaJfBa BiJl CTHCKY (Iu3eri 0e3KOMIPEecOpHi i KOMITPECOPHi);

- 110 POy TTaJIUBa;: Ti, IO MPAIIOIOTH Ha Ta30M01i0HOMY ITaiBi Ta Ti,
110 TPAOOTh HA PiTKOMY TTaJINBI;

- TI0 TPHU3HAYECHHIO: CTaIliOHApHI, TEepecyBHi, aBTOTPAaKTOPHI,
CYZHOBI, U151 3aJIi3HUYHOTO TPAHCIIOPTY;

- 10 KOHCTPYKTHBHOMY BHKOHAHHIO: 3 BEPTUKAJbHUM 1
TOPU30HTAIBHUM PO3TALIYBaHHAM LMJIIHIPIB; 3 PO3TALyBaHHSIM LMIIHAPIB
mig kyrom (V-o0pasni, W-o0pasHi, 3ipkornoniOHi, 3 allO3UTUBHUM
pO3TalryBaHHIM IUJIIHIIPIB).
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17.2 Kpyrosuii npouec Kapno B /1B3

3 orismy Ha Te, 0 TUCK poOoYoro Tila ycepeauHi ABUTYHA cArae
(3...10) MIIa, a TemmepaTypu poOOYOro Tijla MEPEBHUINYIOTH KPUTHUHY,
poboue TiI0 MOXKHA PO3IIISLIATH SIK 11eaJIbHUMN Ta3.

Brnacue xaxyun, JIB3 He mpalioroTh 1Mo KpyroBUx Ipoliecax, TOMY
IO Ta30MoAi0HI MPOAYKTH 3rOPSHHS, PO3LMIMPHUBILUCH 1 BiAaBIIK poOOTY
Ha KOJIIHOBaJI, BUJIAJIAIOTHCA 3 JIBUT'YHA, & HA IXHE MICIIC HAJIXOAUTh CBiKa
MOpIis TalbHOI CyMilli, B pPe3yabTaTi HACTYIMHOTO MPOIECY 3TOpSHHS
JIOKOPIHHO 3MIHIOE CBOIO CITONYKY. 3MiHa XiMi4HOI CIIOJYKH poOoUoro Tija
BiIOyBa€ThCSl TUTBKM B OJHOMY HAmpsMKy, a came, MajbHa CyMill
MEPEXOIUTh B MPOJYKTH 3TOPSHHS; MOBEPHEHHSI K MPOAYKTIB 3rOpsSHHS B
MIEPBICHUN CTaH MaJbHOI CyMilll MPaKTUYHO He 3jiiicHeHHe. ToMy MoXkHA
YMOBHO TOBOPHTH TIpo KpyroBuii mporec /B3, skmo He Opatu a0 yBaru
XIMi9H1 3MiHU (Ta30Bi CTajmi TalbHOI CyMilll 1 TPOJYKTIB 3TOPSHHS
HE3HAYHO BIAPI3HAIOTHCSA OJIHA Bifl OIHOT).

3 TeopermdHoi TOYKH 30py B JIB3, SK i B yCSAKOMY TEILIOBOMY
IBUTYHI, OakaHo 3mificHeHHs nwWKIy KapHOo, B HmIHCHOCTI X BIiH
BUSIBIIIETHCS HEMIPAKTHYHKUM 3 HACTYIHHX IpHUYMH. BHacHiIoOK He3HauHOI
pI3HHIII B Haxwi i30oTepM 1 azmiabar mis Ta3iB NMpU BEIUKIA Pi3HMII

temneparyp T1 (15°C )i T, (/ 800°C ), 3ailicHroBanoi B JIB3, miarpama

LUKy B P,V-IiarpaMi BUXOIUTh CHJIBHO PO3TATHYTOI 1 y BEPTHKAIHHOMY, 1

y TOPH30HTAIBHOMY HANpsMKaX, TOOTO LHUKJI 3B'I3aHUN 3 BEIUKHUMHU

THCKaMH 1 00’€MaMu, y 9OMy MOXKHA TTepeKoHaTHCs 13 pucyHkal7.l.
Po6ora mukny Kapro (1-2-3-4) nopiBHioe

1%
0, =R(T,-T,)n-2, (17.1)
Vi
ne v, /v, - CTyIiHb i30TepMIYHOr0 PO3LINPEHHS, [ afiabaTu 2-3
k-1 k
T Tk T k-1
R B e T TN (N (17.2)

T, 2 T,



k
T. k-1
o PPz (17.3);
P, P\ T,

&

7. Ykt
0=R(T, - T, )n %[—Zj . (17.4)

3 1

4 T,=const

>V
Pucynok 17.1

3 0CTaHHBOTO PIBHAHHA CIifye, 0 Po6oTa £ MO3UTHBHA TINHKU B
TOMY BHIIQJIKY, SIKIIIO BHPa3, SIKUH JIorapuMyeThCS B KBIPATHUX Jy’KKaX,

OlIbIlIe OOUHUII, TOOTO AKIIO
k
T k-1
L2 (—IJ . (17.5)

ps \ T,
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Jlns  TpakTHYHUX, BHKOPHCTOBYBAHHX Yy CYYaCHHMX JBHUTYHAX
3HaueHb [; =1800°C; l, =15°C i P, =0,] MIla npn k = 1,33

onepxyemo P, =288 MIla 3 (17.5), mo a1 peanbHOro ABHTyHa
HepeallbHO, TOMY IO MakcuMmaibHe 3HaueHHs B JIB3 He mepeBumiye 10
MIla.3 inmoro 6oky, mu maemo p,v, =RT, i p,v; =RT,; i oTxe,

npu p, =288 Mlla.

v 01 2073

a

Vv, _&. 288 _ 400

TakuM 4YMHOM, B yMOBaxX HAIOr0 NPHKIaga, poboue TIIO
PO3LIUPIOETHCSA B IBUTYHI B 400 pasiB; y IIHCHHX XKe
JBUTYHAX 3arallbHUW CTYIiHb DPO3IIUPEHHS 3BHYANHO HE IIepeBHIILYE
(16...20). Crymeni posmmpenus mopsaka 400 3B's3amHi 3 gyxe
TPOMIZAKUMU IHIIHAPAMH, 10 HE BiIMOBIMAIOTH MOTY)KHOCTI TBUTYHA, 1
T IBUIIYIOTh HOT'0 BapTiCTh.

Tomy Ans 3HMKEHHS MaKCHMaJIbHUX THUCKIB 1 OJIEpXKAHHS MEHIIOTr0
CTYIICHS PO3IIWPEHHS, IMiTBEACHHS TEIUIOTH BiA HarpiBada 10 poOOYoro
TiJIa 1 BiAmadya TEIUIOTH XOJIOMWIBHUKY, BiIOYBAIOTHCS HE B 130TEPMIUYHUX
mporecax, Ak y mukii KapHo, a B mpomecax i30xopHoMy, i300apHOMY i
3MIIMIaHOMY- 3 130XOPHOT'O Ta 1300apHOTO.

BigmosimHo 1o mporo, muknm mopmHeBux JIB3 mo xapakrtepy
MiZBEIEHHS TEIIOTH 10 poOOYOro Tiia MOXKHA PO3AUTUTH HAa HACTYITHI TPH
TpyIu:

- OUKI 13 MmiaBeAeHHsM Temiotn mo i3oxopi. [lwxm Ortro
(Himeuunna, 1876 r);

- OUKI i3 MigBeNeHHSAM Temmotd mo i300api. Lwkn duzens
(Himeuunna, 1895 r);

- mmKa 31 3MimanuM miaBeneHHsM Tterotn. llukim Tpinknepa
(Pocis, 1904 ).

Bignaua Tennotm XonogHOMY JUKeEpelny (, Yy BCIX LMX IHMKIaX

3MIACHIOETHCS TLTBKH B 130XOPHOMY IIPOIIECI.
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17.3 IlpucTpiii i mpuauun xii B3

[punnumoBa cxema JIB3 mpencraBneHa Ha puCyHKY 17.2.
OcnoauM enementoMm JIB3 € nmminap 4 3 mopmseM 5,  3'eqHaHuM 3a
JIOTIOMOT' 0F0 KPUBOLIMITHO-IIATYHHOTO ~ MEXaHi3My 3  30BHILIHIM
cnoxuBadyeM poOotu. LmmiHap (4 ONOK UWITIHAPIB) MOHTYETHCS Ha
BEepXHIM vacTWHI Kaprepa 1, 3BepXy B3aKpUTUH KpPUIIKOIO, Yy SKil
BCTaHOBJICHI BITYCKHHH 2 1 BUIYCKHHH 3 KJIamaHW 1 eleKTpUYHA CBida
3anantoBaHHs 8 (B KapOHOpaTOPHOMY 1 ra30BOMY JBUTYHaX) uu (opcyHKa
(B musemi). B 3acopouxkoBoMy mpocTOpi MiMiHApa 1 HOro TroJiBKax
IIUPKYITIOE OXOJIO/KYBaJIbHA PiNHA.

B kapTepi MOHTY€ETBCSI KOJMIHYATHI BaJ, KPUBOIIUI 7, SIKHA PyXJIUBO
3'eZIHaHUI 13 mIaTyHOM 6. BepxHs roliBKa maryHa 34JeHOBaHa 3 MOPITHEM
5, 110 pOOUTH MPSAMONIHIHHI 3BOPOTHHO-TTOCTYIATIBHAN PYX Y HUATIHJPI.

Kpim ocHOBHHX

8
2 J[ 3 JleTanel IBUTYH Ma€ psif
\i ‘L/ TOTIOMIXKHUX MEXAHI3MIB

BMT \74 ;
! JUTS TTOIadi MmajanBa
1 .
: (maMBHI HACOCH,
? 5 3MilllyBaJIbHi IPUCTPOI,
T UTBTPH, TIAJTUBHI OaKH
HMT dubpi, :

PETYIATOP), 3MAIEHHS
(MacsHi HacocH, GUTBTPH,
MacsHi 0aku,

6  MaceIbHHUYKH),
OXOJIOMKCHHS (BOASHI
HacOCH, BOIIHI OaKu,

1 papniaTopn) i i mpUCTpOi,
HEOoOXiTHi 151 HoTo

_________ 00CITyrOByBaHHS.

7 JlomomixkHI MEXaHI3MH
MPUBOMATHCS B PYX Bijl
KOJIIHYATOrO BaJa.

Kpaiini nonoxxeHHs

Pucynok 17.2 TIOPIIIHS Ha3UBAKOTh

BE€PXHBOK) MEPTBOIO
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To4uK010 (BMT) i HmxHbOI0 MepTBOIO TOuKkor (HMT). Xin mopuHs Bin
BMT no HMT na3uBatoTh TakToM. O0’€M, ONMMCYBaHU MOPIIHEM 33 OJUH
Xij, € podoYuM 00’€MOM IUJIIHIPA,

2
v, =(nD’/4)-5 .
ae D - Jiamerp HUIiHApa, M; S - xin TIOPIIIHS, M.
Cyma pobounx 00’€MiB yCiX IIIIHAPIB JBUTYHA B JIITpaX Ha3UBaIOTh

Jgitpaxem aBuryna. O0’eM MK mopirHeM, sikAi 3HaxomuTbess y BMT, i
KPHILIKOIO IWIHJpPa 3BEThCsi IIKIIJIMBHM MNPOCTOPOM abo 00 eMoM

KaMepu 3ropsinHst i nosHadaerses V). IoBHUii 06'€M o0xHOrO
HUJIiHApPa
V,=V,+V,,
ne
Vv, =(0,04-0,1),. (17.6)
Bignomnienus
e=V, [Vy=1+V,/V,), (17.7)

HA3UBAETHCS CTYNMEHEM CTHCKY.

Amnaniz pobodoro mnukiy JIB3 3BHuaitHO poOIATH 3a TOIIOMOTOIO
IHAMKATOPHOI JiarpaM#, Ha sKii rpagidHo 300pakeHa 3aJIeKHICTh TUCKY B
OWTIHIPI Bi 00 €My, 3aHATOTO ra30oM, YH MTOJIOKEHHS TTOPIITHS.

17.4 Nivicuuii i ineanbHuil MK i3 migBeJeHHSAM TeIJIOTH NPH
noctilinomy 06°emi.  I{uxa OTro

Ingukaropui giarpamum nwmkimy OTTO TpeAcTaBleHi: [ilicHa Ha
pucynky 17.3; imeanbHa p, V - miarpama Ha pucyHky 17.4; T,S - miarpama
Ha pucyHKy 17.5.

B takux mBuryHax, siKi Hpariol0Th 0 UKy OTTO, 32CTOCOBYIOTHCS
nmerki mamuBa: pigki (OeH3uwH, Tac) 1 razonofiOHI (TeHepaTOpHUH,
CBITWUIBHUU Ta3). PobouumM TUIOM € TamuBHO-TIOBITpSHA CYMIIl Ha
MMOYATKOBUX AUISHKAX IHKITY i Ta30M0/i0HI TPOAYKTH 3TOPSHHS HA HIINX
TUITSTHKAX UKy,

I rakt. Ilopuens 2 pobuts y /IB3 3BOpOTHBO-IIOCTYNAIBHUH PYX B
mtiaapi 1. B mpoueci (a-1) mopuiens pyxaerbesi Bnpaso (Tooto Bim BMT
1o HMT) i1 yepe3 BCMOKTYBaNbHM KinamaH 5 B UWIHAP 1 HagXoouThb
najbHa Cymim. Y mpaBoMy KpaHBOMY ITOJIOXKEHHI NPOLEC 3allOBHEHHS
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UUITIHAPA MajJbHOK CYMIIIIIO MPUITUHIETHCS, BCMOKTYBAJIHUM KIamaH 5
3aKpUBAETHCS 1 MOPIICHb IOYMHAE pyxaTucs BiiBo (Tooto Bim HMT no
BMT).

II Takr. B mponeci 1-2 nmanbHa cymill B OWTIHAPI CTUCKAETHCA, 1

THCK 3poctae Bin [, 10 p2 . B miBoMy KpalHBOMY TMOJOXEHHI
MajgbHa CYMIII 3amairoeThCsl Bill EINEKTPUYHOT cBiui 4. [lanpHa
CyMIIl ~ 3ropsi€ TPAKTUYHO  MHTTEBO,  MOpIIEHb  HE  BCTUTAE

MEPEMICTUTHCS 1 TOMY MPUIYCTUMO INPHUAHITH, IO BECh IPOIIEC
HiZBeJIeHHs TemIoTH BinOyBaethes mpu V = CONSt B mpomeci 2-3
3MIHIOETBCSL HE TUTBKM THCK 1 Temmeparypa, ajlie i XiMi4Ha CHOIyKa
poGoyoro Tina. TUCK y MMITIHAPI 3pOCTAE BiJ P2 1O Pa.

III Takr. [{ami nopiieHs nepemiiiaerses Brpapo (todto Bix BMT no

A pA ThA

i

3

Pucynok 17.3 Pucynok 17.4 Pucynok 17.5

HMT), BuKoHYyIOUH MIPH IHOMY POOOTY PO3MIMPEHHS, TPUIOMY THUCK Taae
Biml p3 M0 ps. B kpaitnbomy miBomy momoxkeHHi (HMT) 3a momomororo
CHEeMiaJbHOT0 TPUCTPOIO BiNKPUBAETHCS BHUXJIONHHWKA KiamaH 3 1 THCK B

LMJTIHIP] 3HUKYETCA N0 TUCKY [Jg, IO Tpoxu mepeBuinye aTMOCchepHHi

(mportec 4-5), mpu 1BOMY YacTHHA MPOAYKTIB 3TOPSHHS BHXOAUTH 3
OUJTiHApA.

IV Takr. IlotiM mopmienp pyxaerscs BiiBo (To0TO Bim HMT mo
BMT), BUIITOBXYyIOUM 3 MWJIIHIpA Yepe3 BiIKPUTUN BUXIIONMHUHN KiamaH 3
YaCTUHY HPOIYKTIB 3TOPSHHS, L0 3ajJMIIMINCS. B KpailHbOMy JiBOMY
monokeHHi (BMT) mopmHs BuxiOnmHMI KiamaH 3  3aKpUBa€eThCS 1
BIIKpUBAETHCS KiallaH BCMOKTYBAaHHSA 5, IO Ja€ AOCTYIl B LUMIIHAP HOBOL
nopuii majgpHOI cymimni (3a HpPOLECOM BHUXJIONY IOYMHAETHCA IPOLEC
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BCMOKTYBaHHS, B pPe3yJbTaTi 4Oro i 3AIHCHIOETBbCS Oe33ynmuHHA pobdoTa
JIBUTYHA).

Ha pucynky 17.3 BuaHO, IO THCK Yy IWIIHAPI B TNpoIeci
BCMOKTYBaHHS (a-1) TpOXW HIDKYE, a B MPOIECi BUINTOBXyBaHHs (mporiec
(5-a)) Ttpoxu Bumie armochepHoro. OcraHHE  OOYMOBIIOETHCS
aepoJMHAaMIYHMM OMNOPOM KiamaHiB 5 i1 3, 1 maTpyOkiB, sKi MHiJBOAATH
poGoue Tijo.

Ineanbuuit ki OtT0 B p, V - (puc. 17.4) i T, S - miarpamax (puc.
17.5) ckmamaeThcs 3 HACTYNHUX THporeciB: 1-2 - agiabaTHE CTHCKaHHS
po0oYoro TiNa B MUIIHAPI; 2-3 - MiABEACHHS TEIUIOTH Ipu V = CONSt ; 3-4
- amiabaTHE PO3MIMPEHHs pobouoro Tina; 4-1- BiABEICHHS TEILIOTH MPH
Vv = const .

Tepmonunamiunnii  KKJ[ umkny OTro Bu3HauvaeThes gk 1),

TEIJIOBOI'O JIBUT'YHA

n, =1- 2_2, (17.8)
1

KimbKiCTh TEIIIOTH, sIKa MiABOIUTHCS O poOOYOro Tijia B IIPOIlECi

2-3 (1)

KifbKiCTh TEIUTIOTH, 10 BiZIBOMUTHCS B i30X0pHOMY Tiporieci 4-1 (qz)
q,—c,(T,-T)). (17.10)

KinpkicTe TEmoTn ¢; 1 ¢, MOXKHA BH3HAYMTH 4Y€pe3 IapaMeTpu
uukny. 3 miero Merowo Bupasumo Temmeparypu 1,, I i T, uepes
Temneparypy 1, i mapamerpu umkmy € i A. eE=V; / V, -CTymiHb
ania6aTHOro cTHCKAHHA, A = )2 / P, - CTYNiHb NiIBUIEHHS THCKY.

Posrnsinemo agiabatauit mporec 1-2
k-1
L_[n =

3BIIKA

T,=T,-g"" (17.12)
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Juis i30xopHOTo Mmporiecy 2-3, MaeMo

EZ&:li
T, p,
3BIIKH
T,=T, A=T,-L-g"". (17.12)

s aniabaTHOrO TIporiecy 3-4, MaEMO

k—1 k-1
7, (v H _ 1
k—1"
T, v, v, €

TOMY 10 V3 = V,, 3BIIKH

1

T4:T3F:T1'7\,. (17.13)
[Mincraisitoun criBBignomenus (17.11)...(17.13) y Bupasu (17.9) i

(17.10), omepxyemo:

q,:cv(TI-k-s""—J}-sk"):cv-T,-s""(X—I); (17.14)
g, =c (T, A=T))=c,-T,(~1). (17.15)

[MincraBistoun  Bupaxenuss (17.14) i (17.15) y Bupas (17.8),
3HAXOJMMO
c, - T,(L—1) I
n; =]- 1 :]_ﬁ' (17.16)
c, T, -e"'(L—1) €
3 Bupazy (17.16) suaHo, mo tepmivanit KK/ nukmy OTTo 3amexuTs
BiJl CTyNiHI CTHCKaHHA poOodoro Tuna &£ (KOHCTPYKLil ABUTYHA) 1

TnokasHuKa amiabatu K poGodoro Tima mukmy. Bix cTymimi migBuMImeHHs

THCKY A B i30xopHOMYy mpoueci 2-3 Tepmiummii KKJI He 3anexuts. B
NEepIINX JBUTYHAX BHYTPIIIHBOTO 3TOPSHHS NpH V = CONS! € ckianana
yeboro (2...2,5), a B cydacHHX JBUTYHAX BOHA J0XOMuTh 110 (7...12).
Cryninb CTUCKaHHS 00MEXY€EThCS TEMIIEPATyPOIO
caMo3anaJlloBaHHs NanbHOI cymimi. [Ipm BHCOKMX CTYMIHSX CTHCKaHHS
3HAYHO MiJBUILYETbCA TeMIlepaTypa 1 TUCK HaNpHKIHLI cTUcKaHHS. Tak,
OpH JeAKUX 3HA4YeHHSIX &€ dYacTo me 10 npuxoay mnopuHs y BMT



169

BinOyBa€eThCs 3amajeHHsl cyMmili, ToOTO aeroHamis. [Ipu npomy mporec
3TOPSIHHSL TIOPYIIYEThCS, MOTY)XKHICTh JABHWIYHA MAJa€, BUTpaTa MajivBa
3pocrtae. ToMy KOXHOMY BHIYy IlajMBa BIANOBIZa€ CBOSI CTYIIiHb
CTHCKaHHS. BenmuunHa cTymiHi CTHCKaHHS 3aJIGKUTH Bifl SKOCTI MajauBa i
MiJBUIIYETHCA 3 TMOJIMIICHHSM aHTUACTOHALIMHUX BIACTUBOCTEH, SIKi
XapaKTePU3YIOThCS OKTAHOBUM YHCIIOM.

PoGora UKy BU3HAYAETHCS TAKUM YHHOM

] 1
ly=a0-4,=q;n,=¢, T-e ' (A-1 I=— | @

3 mpOro BHUpa3y BHIHO, IO POOOTa, OAepKyBaHa 3a UK, 3aJICKUThH
Bi/l OYATKOBOI TemmepaTypy 1 i mapamerpis mukiy € i A.
CepenHill HIUKATOPHUHN THCK BU3HAYAETHCSI TAKAM YHHOM

fw pz(ﬂ_l) 1
.= = 1- . 17.18
e iy ()| L (719
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JIEKLIIS 18

18.1 Huxau AB3 i3 miaBeneHHAM TeIUIOTH MPH NOCTiiHOMY THCKY. Lk
Jnzenst

CTymiHb CTHCKaHHS £ B UKl MOYKHA MiABHIIUTH, SKIIO CTUCKATH
HE TOPIOYYy CYMIIl, a YHCTE MOBITPS, a MOTIM B KiHIIl MPOLECY CTHCKAHHS
BBOJIMTH B IIWITIHJP PiJIKe NANIMBO (MAIbHE).

PozninbHEe CTHCKaHHS TMOBITPS 1 PIAKOro TManvMBa BUKIIOYAE
camo3aiiMaHHs 1 JI03BOJISIE OJIEP)KYBATH BUCOKI CTYITiHI CTUCKaHHS. THUCK B
KiHti cruckanns mopsaka (3,0 ... 4,0) MIla ta temmepatypa ( 600...800)
OC. Cryninb cTUCKaHHS B Takux ABuryHax & =(14...18).

Pinke manmBo B mmimiHAp 1 momaetscs uepe3 ¢opcyHKy 4 B
JpiOHOPO3MUIIEHOMY BHIJISIII B KiHINI TIporiecy cruckanHs (puc. 18.1).
PosnmimoBaHHs ManvBa MPOBOJMTHCS CTHCIHM TIOBITPSAM Y JOMOMIKHOMY
kommpecopi mpum  TtHcky (5,0 ... 6,00 MIla. CrymiHe CTHCKaHHS
BHOMpPAETRLCS Tak, Mo0 TeMIiepaTypa IMOBITPS B IMIIHIPI Oyia BHIIOIO 3a
TeMIIepaTypy camo3aiiMaHHs MajuBa.

q1
F 2 3 P 21ll3

R — — 5

4’ 1" g =canst
2 1 a
Pucynok 18.1 Pucynok 18.2
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Jlis BBEICHHS B HWJIIHAP JBUTYHA HEOOXIJHOT KUIBKOCTI TayiMBa
MOTPIOEH SKHUICh Yac, MPOTITOM SIKOT'O MOPIICHb HE 3aIMINAETHCS HA MICII.
Hocsaraysim BMT, BiH mounHae nepeminiatucs Hazag g0 HMT. Tomy
oAbl MOPIii MajauBa, BIPUCKYBaHHI 3 POPCYHKH 3aiiMaIOThCS BKE Bill
HAsSBHUX BOTHHII TOPIHHS, 3TrOPaTUMYTh B YyMOBax 30UIBIIYIOYOTOCS
00'eMy i, TOMY, MaiKe MOCTIMHOTO TUCKY.

Jauwmii 1Mk 37AiCHIOETBCS TakuM 4uHOM. B mporeci( a-1) B
UWITHAP JIBUTYHA BCMOKTYETBCS arMocdepHe moBiTps; 1-2- mporec
a71abaTHOTO CTHCKAaHHS TMOBITPS B IMJIIHAPI JO THCKY p2; 2-3 — mpolec
MiZIBEACHHS TEIIOTH Tpu P = const; 3-4-nporiec aaiabaTHOro po3IIUPEHHS
NPOJYKTIB 3ropsiHHs; 4-5-miporiec i30X0pHOro BifiBeAeHHs TerioTu; (5-b) —
BHIITOBXYBaHHS IPOAYKTIB 3rOPsIHHS 3 [IWJIIHApA IBUTYHA B aTMochepy.

Ineanpuuit 1ukn Jusens (puc. 18.2) ckinamaerscs 3 ABOX ajiadar
(amiabaTu cruckanHs 1-2 i amiabatu po3mupenHs 3-4), i3006apu 2-3, mo
SKii BIiAOYBa€ThCS MIABEACHHS TEIJIOTH (1 BiJ Tapsdyoro pkepena, i
i30xopu 4-1, 1Mo sKiif BiOYBa€ThCS BIABEICHHS TEIUIOTH (2 JO XOJIOJHOIO
IpKepena (HaBKOJIHMIIHBLOTO CEPEIOBHIIA).

ITapamerpamu, 1110 XapaKkTepu3yrOTh TUKN Ju3ens, €:

- 0 =V3/ V2 — cTyniHB TIONEPENHBOr0 1300apHOr0 PO3IIMPEHHS;

- &= V1l V2 — cTymiHb a1iabaTHOrO CTHCKAHHS;

- 0= Va4l V3— cTymiHb amiabaTHOTrO PO3IINPEHHS.

Tepmiuanit KKJI tmkimy 3 migBemeHHSM TeIDIOTH Tpu P = CONSt
BHU3HAYAETHCA 11O (PopMyIi

7, =1- q, /q1 (18.1)
Temmora (1, IO MIBOAUTHECSA IO i300api 2-3, BHU3HAYAETHCS 3
BHpa3y

J1=Cp (T3-T2). (18.2)
Termmora (2, 110 BiTBOIUTHCS 1O i130X0pi 4-1, BU3HAYAETHCS

02=Cv(T4-T1). (18 .3)
Termorn (1 1 (2 BU3HAUYAIOTHCS Yepe3 MapaMmeTpu IUKITYy & p 1

temneparypy 711:
- g agiabaru 1-2

T,/T, =(v, /Vz)kf1 =gt
3BigKH

T, =T,e“", (18.4)
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- s i300apu 2-3
TIT,=\,1v, )=p;

3Biaku
T.=T,-p=ple; (18.5)
- 1 agiabaru 3-4
TIT, =, /v,) " =(v,/v)". (18.6)

Benuuubu p, € 1 O 3B'd3aHi CIIBBIIHOIICHHIM

o=V, Iv,=v, /v, =((v,-V,)I(v,-Vv)))=¢lp. (187

Toni
T,IT,=(pl &),
abo (18.8)
T,=T,-p.

IMigcrasnsroun Bupasu (18.4) ... (18.8) y Bupasu (18.2) i (18.3),
OJIEPIKYEMO

h=c,T1&(po-1); (18.9)

Qe=cvT1(o1). (18.10)

[Tigcrasmsaroun Bupa3 (18.9) ta (18.10) y Bupa3 (18.1) mia 7 nuxiy,
3HaXOJUMO

k k
c. p1 1 (p-9 (18.11)

=1 © g =
i C,, gk—l(g 1) k 8;«1(9 1)

3 Bupazy (18.11) BuaHO, MO 77t TUKITY 3 MiBEICHHSIM TEIIOTH IPpHA
= const 3anexuTh Bim 3-X mapaMmerpiB: CTyIiHI CTUCKAaHHS & CTYIIiHI
TIOTIePEeTHFOTO POIIUPEHHS P 1 TIOKa3HHKa amiadaTh pobodoro Tija, Imio
3niticHioe mukit. [Ipu 3pocTanHi cTymiHi cTHCKaHHS 77; 30iUmbIIyeThCs. [Ipu
30LTBIIIEHH] CTYITiHI MTONEPEAHBOTO PO3IIUPEHHAS O - 3MEHIITYETHCS.

Ha pucynky 18.3 BuaHO, moO TpH PIBHOCTI IIION[ BiABEAEHOL
TEII0TH (2 = o (6-1-4-5), 1, Oyne Oinblia y HUKIL 3 OLIBIIOKO
CTYIIHHIO CTHCKaHHS, OCKUIBKM IUIOHIa Horo KopucHoi pobOotu Oyne

Oinblla, HDK y IBUTYHA 3 MEHIIOK CTYyMiHHIO cTuckauHs. [lioma (1-7-8-4
)> (o 1-2-3-4).
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PobGora nuxiy 3

T g MiJABENEHHAM TEILIOTH
. npu  p = const
p-_r:ll'ﬂns BU3HAYAECTECA  TaKHM
T 3 YHUHOM
4
2
! 3
E 5

Pucynoxk 18.3

1 p“1| @s1a)
kgk_l ,O—l

CepenHiii IHIUKATOPHUH THCK B I[bOMY IIMKJII BHU3HAYAETHCS
BHPa30M

l, P& k-1 K
- B 2N _1)—( 1) H18.14)
P ke e D

l, =7 =CT: g (p-1)| 1

3Bincu BuaHO,m0 P, 30LTBIIYETHCS MHpH 3pocTaHHi & 1 p. B

nuknax JIB3 maroTe wmicme BTpaTH eHeprii depe3  “HEMOpO3MIHMpEHHS
rasis.

18.2 Huxau AB3 3i 3mimanum ninBeaenuam Temioru. Hukn Tpinkiaepa

Henonikom auryHna J{uzenst B nopiBHsHHI 3 ABUTYHOM OTTO €:

- HasBHICTH KOMIpEcopa JUls PO3IWIIOBAHHS PIJAKOro ITajHuBa, Ha
poboty sikoro Butpayaetses (6...10) % 3aranpHOI HOTYKHOCTI ABUTYHA;

- CKJIQJIHI IPUCTPOI HAcoca 1 POPCYHKH;

- BIJHOCHa THUXOXIJHICTh, OOYMOBJIEHA TIIOBUIBHUM 3TOPSHHSIM
MajanBa.
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B 1904p. pociicekuii  imxenep [.B.Tpinknep moOynyBas
OE3KOMIIPECOPHUI JBUTYH BHCOKOIO THCKY, IO MPANIO€ MO IMKIY 31
3MIIIaHUM MiIBEACHHSM TEIJIOTH IpU P = CONSt i v = const.

HeoOximHO BiA3HAYMTH, IO JIBUTYH 31 3MIIIAHUM ITiIBEACHHSIM
TEIUIOTH HE MOTPe0ye KOMIIPECOpa BHCOKOTO THCKY ISl PO3MHIIIOBaHHS
pizkoro mnanuBa. Po3mmiioBaHHS ~— piIKOrO TaiuBa MPOBOAMUTHCS 32
JIOTIOMOTOI0  MeXaHIYHMX (OpPCyHOK. Pimke manMBO MOMA€EThCS IO
tdopcyrok Hacocom mipu TUCKY ( 3,0...4,0) MITa.

B upomy nBuryHi (puc.18.4) po3mmiIOBaHHS PIAKOrO TaIMBa
BiOyBaeThCs B Tepeakamepi 4, sika BCTAHOBJIOETHCS y BEPXHiM 4acTHHI
mumiHapa 1 i crodydeHa 3 pobouuM 00'eMOM LWITIHApa OJHHM abo
JCKITbKOMa BY3bKMMH KaHasaMu 7. CTHCKaHHS TOBITPS, 3MiHCHIOETHCS
Tak caMo, SIK 1 B KOMIIPECOPHHX JBHUTYHaX, JIO TEMIIeparyp, IIo
3abe3mneuyroTh camo3aiimanHs nanmmea ( mporec 1-2, puc.18.5).

Ilpouec 3mimenns ¢ nepedkamepi NPOTIKAE TaKMM 4YUHOM. Pimke

5 7. B —
LN T T

e - “__:_J,-'\J,E
4/” y e = )
a 7 1

Pucynok 18.4

MajJuBO TIOAAETHCA B Iepenkamepy depe3 ¢(opcynky 5. B mpomeci
CTUCKAHHS, TUCK MOBITPS IJIIHAPI 1 pocTe MBUIIIE, HDK B IepeaKaMepi
4. 3a paxyHOK Di3HHUIII THCKYy BHHHKA€ IOTIK MOBITpsA 3 IwitiHApa | B
nepenkamepy 4, SKUH BUKOPUCTOBYETHCS JUIS DPO3IMIIOBAHHS PIIKOTO
nayMBa, sSKe BIPUCKYEThCS B mepeakamepy. [Ipw oMy yTBOPIOETHCS
OHOpiHA CyMIIll, IO 3TOpsi€ B IIepeaKamMepi NpH TOCTIHHOMY 00'eMi
(mpomec 2-3). Tuck B mepeakamepi 3pocTae, i HAMPSIM MOTOKY 3MIiHIOETHCS
CyMIlII TIPOJYKTIB 3ropsi€, a HE3ropijia mapa rnajusa, o Mae TeMIepaTypy
(1500...1800) OC, cmpsMOBYEThCS 3 TepeaKaMepd B MWIHID, [
BiOyBa€eThCA iX mepeMimryBaHHS i JoropanHs. B pesynbraTi mopiieHb
nepeMillaeThCsl 3J1iBa HAampaBO Npu THCKYy p = const. [licis Toro, sk
CHATIOETHCS TAJMBO, BiAOYBaeThCs ajaiadaTHE PpO3MIMPEHHS MPOAYKTIB
sropsiHHs (1iporec4-5). IToTiM mpoayKTH 3rOpsSIHHS BUBOASATHCS 3 LIHIIIHIPA.

Huko 31 3MilIaHUM MiABEEHHSM TEIUIOTH CKIIAAA€THCS 3 HACTYITHUX
MPOLIECIB:
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Pl 3 WY 4 T
_’
_>
2I
|
! 5
! —
[ —
! —
! 1
! 1
I 1
v2 vl v
Pucynok 18.5

1-2-agiabaTHE CTUCKAHHS I10- BITPS;

2-3-i30x0pHe nigBenaeHHs temaoru (, ;

3-4-i300apHe MiABEACHHS TEIUIOTH ;

4-5-aniabatre PO3IIHPEHHS MIPOIYKTIiB 3TOPSHHSI,
5-1-130xopHe BigBeneHHs Temiotu (, .

[limBemeHHs TEIUTOTH (1 B UK 31 3MIMMTAaHUM MIABEACHHSIM TEILIOTH

3MIACHIOEThCA CHOYATKy Mo i30xopi 2-3, a moriM mo i300api 3-4.
[Napamerpamm, MmO XapakTepU3YIOTh MUK 31 3MIMIaHUM IiJABEJCHHIM
TEIIOTH, €:
- £=Vi1/ V2 — cTyniHb a1iabaTHOrO CTHCKAHHS,
- A = p3/ p2 — cTYHiHB i30XOPHOTO MTiIBUIIIEHHS THCKY;
- p = Va/ V3— cTyminb nornepeansoro (i300apHOro) po3mMpeHHs.
Tepmiuanii KK/ miukoty 31 3MilTanuM MigBEIEHHIM TEIIOTH
n=1-q/q, (18.15)
Temmora, w0 BigBOmWUTBCA MO 130Xxopi S5-1, BHU3HaUYaETHCA
CHIBBIIHOIIEHHIM
02=Cv(Ts-T1) , (18.16)
TOJIi, SIK TEIIOTa (1 CKIANAEThCS 3 TEMJIOTH, IO TMiIBOJUTHCS B I30XOPHOMY
nporeci 2-3, 1 TEMI0TH, 10 MABOAUTHCS B 1300apHOMY mporeci 3-4
Q1= Qv+ Qap. (18.17)
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OueBnaHoO,

qlv =C.(Ts-T)) . (18.18)
qlp =Cp (T4 B T3)

[MincraBisitoun 3HAYeHHS TEMWIOTH Civ 1 Qi y Bupas (18.15),
OZIEPAKYEMO

s =1- (Ts _Tl) /[(Ts _Tz) + k(T4 _T3)]. (18.19)

Bupazumo T», T3, T4 1 Ts yepe3 remmneparypy Ti i mapamerpu
MKy gepes & A, p
- 1 agiabary 1-2

TIT, =(v,/v,) =TT, =T, (1820

- uis i30xopu 2-3

T,/T,=p,/p,=4: (18.21)

1 1 - . 2

- g amiabatu 4-5

TIT, =(v, /Vs?_l = [(\)4 'VSV/(V3 7\/1)] = (p/&‘)k_l. (1§.23)
3B1OKH
T.=T. (1) :Tl'é‘kl'ﬂ“'pk '(pk_llé‘k_l) :Tl'ﬂ'Pk' (18.24)

[Tigcrapnsroun Bupas (18.20) ... (18.24) y Bupaszu (18.16) i (18.17),

OJZICPKYEMO
q.=cT.&" |[(A-D+ki(p-D)] (18.25)

q, =C,T, [(l - p" —1)]- (18.26)
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IMincrasnsroun Bupasu (18.25) i (18.26) y Bupasz g 7:  (18.15),
OZIEPXKYEMO

1 Ap'1 (18.27)
& (A-D)+kA(p-)

77t:1_

3 bOT0 PIBHSAHHS BUXOAUTh, IO 7} 3MIIIAHOTO IUKITY, K 7} IHUKIIIB
3 130XOpHMUM 1 1300apHHM TiIBEACHHIM TEIIOTH, 3poctae i3
30iTbIIeHHSIM & [3 30imblIeHHIM p e 3menmyetbes. Ipu A =1
3MIIIaHUH [TUKIT TIEPETBOPIOETHCS B IIWKII 3 TIIBEICHHIM TEIUIOTH TIPU p =
const, a Iipu P =1 NMEPETBOPIOETHCAETHCS B IIUKIT 3 MIJABEACHHSIM TEILUIOTH
npu V = const. Tlpu mbomy piBHsiHHEA (18.27) mepexoauTh BiMOBIIHO B
piBasHHES (18.23) 1 (18.11). JI7st TaKMX IBUTYHIB 3BHYAHO MPUAMAIOTH &£ =
(10...14); A =(1,2...1,7); p=(1,1...15).

Pobora 1uKITy BUBHAYAETBCS BHPA30M

S fi 1 g ) 82
1, =07, =, T2 (A-D+kA(p-D)] (1 gk—l(ﬂ,—l)+kﬂ,(p—1)J
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JIEKLIUS 19

19.1 Iuxau razoryp6innux ycranosok (I'TY)

I'TY Ha3zuBaloTbhcs TEMJIOCHEPTeTHYHI MPUCTPOI, B SIKUX POOOYHUM
TIIOM € Ta30MOiOHI MPOAYKTH 3ropsHHS HanuBa (200 iHII Ta3W, HArpiTi
TUM a00 IHIIMM crocoOoM), a poOOYMM ABHTYHOM € ra3oBa TypOiHa. [TY
MOXKYTh IMPAIIOBATH IO IMKJIAX 3rOPSHHS MaJMBa MPU MOCTIHHUX 00'eMi 1
THUCKY.

Ha pucynky 19.1 300paxkeHa npuniumnoBa cxema podoru ['TY, mo
CKJIAJIA€ThCs 13 3'€IHAHMX 3araibHUM BasioM razoBoi TypOinu (I'T)- 1,
HarHiTaua (KOMIIpecopa)- 2, eNeKTPHYHOro reHeparopa- 3 i MycKOBOTO
CIIEKTPOJBUTYHA- 4, KAMEPU 3rOPsHHSA -5, Hacoca -6 1 majuBHOro Oaka- 7
(U1 pigKOro MaNnBa).

B ideanvnomy euoi
poooui npoyecu I'TY
BiZI0y- BaIOTHCS TAKUM
YHHOM.

[ToBiTpst 3
OTOYYI0YOr0
CepeloBUIIa, 3aCMOKTY-
€ThCSI HATHITa4YeM,
CTHCKAETHCA 10
HEOOX1THOT'O THUCKY i
MTOJTAETHCS B Kamepy 3ropsHHs. Tyau  momaeTbes pinke abo ra3onoione
TaJINBO, SIKE TaM 1 3ropsie.

[IpoxgykTn 3ropsHHS TpHW HEOOXIAHIN Temmeparypi, PeryibOBaHIl
KUTBKICTIO TIOBITPS (SIK€ TIOMA€THCS 3 BEIUKAM HAIUIAIIKOM, TI00
3a0e3meunTy MPUHHATHI TEMIIEPATYPH MPOIYKTIB 3rOPSHHS), MOCTYMAOThH
nmo comen I'T, me ix eHepris B mporeci amiabaTHOrO BHUTIKAHHS
MEPETBOPIOETECS B KIHETHYHY. BwuTikarodi i3 comenm CTpyMeHi,
MOTPAIUIAIOTh HA JIONATi TYpOiHH, Jie KIHETHYHA €HEepris ra3y BUTPAYAEThCS
Ha 00epTaHHs Bajly YCTAHOBKH 1 EPENAETHCS EIEKTPUUHOMY I'€HEpaTopy.
Tyt mexaniuna eHeprist ( eHepris oOepTaHHsS Bally) NEPETBOPIOETHCS B
CNIEKTPUYHY.

Ha mincraBi BucnoBneHoro, Mmoxkaa Hanucata st I'TY HactymHui
0aJaHC MOTY>KHOCTI

Pucynok 19.1

Nam‘ = Nk + N(?AZA + NH
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3BIIKH
Ne.z.z Nz.m. - NK - NH y (191)

ne — N.,, moryxHuicte I'TY; N« — moTyxHicTh kKommpecopa; N.. —
MOTYXHICTh €NIeKTPUUYHOTO TeHepatopa; N, — MOTyXHicTh Hacoca.

19.2 IneanwHuii mukia ['TY 3 migBeaeHHAM TEIJIOTH MpPH P = CONSt

Heit tukn 8 P,V- i T,S - niarpamax 306paxkenuii Ha pucyHky
19.2. Iukn cKIaa€ThCsl 3 HACTYITHUX MPOIIECIB:

1-2—asiabaTHe CTUCKAHHS TOBITPS B HArHITAYi;
2-3-i300apHe migBeneHHs TermioTu Ji B KtbKocTi  Cp(Tz — T2);

Pa 511 4 T A
3 4
st
5 P_;cﬂn 5
3
6
2
1 6 ﬁ
.-'V _.-S

Pucynox 19.2

3-4—aniabaTHe pO3MMPEHHS MPOIAYKTIB 3TOPSHHS B COIIaX  Ta30BO1
TypOiHH;

4-1-i300apHuii mporec, B SKOMY BiJl poO0OYOro Tina BiIBOIUTHCA
TeroTa B KiIbKocTi Cp(T4— T1).

[Tapamerpu nukmy:

- [ = p2p1 — CTyniHb WiABWINEHHS THUCKY IpH aniadar HOMY
CTHCKaHHI B KOMIIPECcopi;

- p =V3/V; — CTymiHb MONEPETHHOTO 1300apPHOIO PO3MIMPEHHS B
KaMepi 3ropsiHHS,

- £ = V1/V2 — cTyniHb a1iabaTHOr0 CTUCKAHHS B KOMIIPECOPI.

Tepmiunmii KK/ Bu3HauaeThCsl TAKUM YHHOM

n=1-0qz2/ Q. (19.2)
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Sx Bigomo, 7v Oyae pI3HHM, 3aJeXHO BiJ TMPOLECY CTUCKAHHS
TOBITPSL B KOMITIPECOPi, SKMH Moxe OyTH ajiabaTHUM, I30TEPMIYHUM 1
MOJITPOITHHM.

Posrnsaemo mukn I'TY i3 minmBomoM TemioTu (i mpu P = CONSt st
BHITAJIKy a]ia0aTHOrO CTUCKaHHS MOBITPS Y KOMITPECOPI.

KinbkicTh TemioTy, 10 BiABOAUTLCS B i300apHOMY poreci 4-1

gz = Cp(T4 - Tl). (193)

KinpkicTe TemioTH, MO0 MiABOAMTBCA J0 pobdOYoro Tina B

i300apHOMY mporieci 2-3

g1 = Cp(Ts — Tz). (19.4)
[Migcrapistoun 3HaueHHs J; i O B piusaHHs (18.2), onepxyemo
=1-[(T, -T)/(T,-T,))]. (19.5)

Bupazumo temmnieparypu 7>, 731 T4 9epe3 OYaTKOBY TeMIIEpaTypy
T11 mapamerpu nukiy f3ta p:
a)ms agiabaru 1-2

ket k-1
LIT=(p,/p) " iT,=T,p (19.6)
0)m1st 1300apu 2-3, BPaXOBYIOUH IO p3 = P2 1 pa= p1, OIIEPIKYEMO
k-1
TIT,=v,Iv,=p; T,=T,-p=T,-p-B*; (19.7)
B)ts amiabatu 3-4
k-1 k-1
T4/T (p4/p3)k _(pllpz)k ;
k- k-1 k-
T4:T3/:Bk :Tl'ﬂk ',0'(1/,3k)=T1-,0. (19.8)
[Migcrasmsroun Bupasu (19.6) ... (19.8) B Bupazu (19.2) ... (19.4),
3HAXOJUMO

k-1
0,=C,T,8 ¥ (p-1); (19.9)
,=¢,T,(p-1); (19.10)
k-1

n,=1-(q,/q,)=1-U/B*)=1-1/"), (9.11)
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ae € = V1/Vo — cTyniHb a/1iabaTHOr0 CTHCKAHHS B KOMITPECOPI.

3 Bupasy (19.11) Bugno, mo 7x ['TY 3 migBeIcHHSIM TEIUIOTH TIPH P
= const i amiabaTHOMY CTHCKaHHI TOBITPS B KOMIPECOPi BHU3HAYAETHCS
CTYIHHIO TIiIBWIIEHHS TUCKY TpH agiabaTHOMy CTHUCKaHHi [ 1
MOKAa3HUKOM ajiadaTd K TMPOAYKTIB 3TOPsIHHSA, TOOTO 77t 3aJIXHUTH Bil
pobotu kommpecopa. Uum Oinbliie MOKAa3HUK aaiadatv K i 4uM Olibiie
3Ha4YeHHS f, TUM OLIbIIE 7};.

19.3 Peaapni uukau I'TY

Peanbui muxim ['TY Bigpi3HSIOTBCS BN i€aJIbHUX THM, IO B
TIMCHUX IMKJIaX BPaXOBYIOThCS HEMUHYY1 TEIIOBI BTPATH.

Ha pucynky 19.3
MOKAa3aHU peaJbHUN UKII
I'TY, mo nporikae i3
BTpaTaMHU. CruckaHHs
TIOBITpPsI BiIOYBA€ETHCS HE IO
13oenTporni 1-2, sk 1e Oymno
P PO3MIISAL  17€aTbHOTO
UKy, a 3 BTpaTamH TeIia,
mo Jeskid mojitpomi 1-2'.

P . s Brpatm y  xommpecopi
55, 5.5, ; 3BUYANHO OLIIHIOKOTh
Pucynoxk 19.3 amiabatamm  KKJI,  sxwmii
BH3HAYAIOTh 1O (opMyi,

BBaYKar04w, 110 ¢, = CONSt

n=(T,~T)/(TI-T,). (19.12)

To'— T = (T2 —To) 1. (19.13)

Jlinis 2'-3 BimoOpakae i300apHUi MpOIEC MMiIBEIASHHS TEILIOTH IO

nukiy. Tuck B Toumi 2’ [emo BUIIMKA TUCKY Tepea Ta30BOK TYpPOiHOO B

Toulli 3, BHACTINOK TiAPAaBIMYHWUX BTpaT B Kamepi J3TOpSHHA U
KOMYHIKaIlisX.

Posmmpennss pobodoro Tina B ra3oBili TypOiHi 3IiHCHIOETBCS 3

BTpaTaMH 1, 3TiHO 3 MM, BiOOPa)Ka€ThCs MAEIKOI0 IMOINiTpornow 3-4'.

—

I.\LI

3BiAKHU
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Brpatu Temnmotm B Ta30Biii TypOiHI XapakTepH3YIOTbCS BiAHOCHUM
BHyTpimHiM KK/, skuif npu npunymeHHi, mo C, = CONSt, BU3HAYAIOTh 110
dbopmyi
Noi = (T3 - T4')/(T3 - T4), (1914)
3BiIKH
T3 — T4'=T]0i (T3 — T4). (1915)
Terora BigBOAUTHCS 3 LUKIY B i300apHOMY mporeci 4'-1.
Tepmiunmii KK/ I'TY 6yne piBaunit

n.=(,—0,)/q,, (19.16)
e g =Cp (Ts—T2'); 02 =Cp (T4 —Ta).
Kopucna pobora

l, =0—0, :Cp[(Ts_Tzl )-(r. _Tl)]ch[(Ts -1, )- () 1)) (19.17)
= Cp[T3 A-T, /T g =Ty /7, - (T, /T, _1)]

Ockinpku JiHISA 1-2 BimoOpaxkae 130eHTPOITHUH TIPOITEC

L ke
k k

T2/Tl=T3/T4=(p2/p1) :ﬂ :ﬂm (19.18)
e m= (k-1)/k.
[licns mincranoBku y dopmymny (19.17), mo ciyxuTe s
BH3HAYEHHS KOPHCHOI poOoTH, 3Ha4YeHb 13 hopmymnu (19.18), orpumaemo

]

F— - 770, e - (ﬂ’”—l)}: (19.19)

T

(252

Hns I'TY BenmuuunuM Cp, T1, Mk 1 Moi MOXKHA BBaXKAaTH HOCTIHHUMH 1y
3B'SI3Ky 3 IIMM BBa)KaTH, 110 BelM4nHa podotH |, € pynkuiero BenmnunH Ts i
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i B™, TooTo Iy = (T3, B™). 3rigHo 3
UM, JUTSE KOOKHOTO 3Ha4YeHHs T3,
SIKOMY BIJTOBIZa€ IIITKOM TICBHA
CTYIIHb  MiABHIICHHS  THUCKY
MOBITPSI B KOMIIPECOpi, MOXHA
noOyIyBaTH KPHBY 3aJISKHOCTI
4 =T(B").

Pozrnsinemo Xapakxrep

Takol KPUBOI Il JIOBUIBHO

A" BuOpaHoro 3HAYEHHA Ts.
Pucynox 19.4 [Momitimo, 1O piBHSHHS wi€l

KPMBOI B  JBOX  BHITQJKax

o0epTaeTeCs B HyJIh, a caMe:

mpu " =11 npu " =(T3 /T1)'770i *1], . 3 LBOro MOXHa 3pOOUTH

BHCHOBOK, III0 B iHTEpBalli MK IIMMHK 3HAYEHHSAMH, UIA |, € MakcuMaibHe

3HaYeHHs i, oTke, kpusa |, = f(B™) Mae npubIM3HO BULIIA, TOKa3aHUI Ha

pucyaky 19.4.Jlinist (-2-3-4) € KpuBOIO MaKCHMalbHHMX 3HadeHb |, mis

pi3HUX 3HayeHb Ts. 3HalieMo BHpa3, IO CIYXUTh JJisi BU3HAYCHHS
MaKCHMaJIbHOTO 3HaueHHs l,, 110 BiAmoBimae 3amaHiii Temmeparypi Ts.

T
Tjnoi

[punycrumo, mo " = X i n =a toxi Bupas (19.19) mpuiime
k

BUTIIAL

Iu ( 1)(7 1) (19.20)
Tk

Jia BU3HAaUYSHHS] MaKCUMYyMY ITi€l QYHKIIi MPUPIBHIEMO M0 HYMS ii
MOXiZHY, BIAKMHYBIIH MPH I[bOMY IOCTIHHY BETHUYHHY CpTi/Mk 1 micis
MepeTBOPEHb OTPUMAEMO

ST (gn g o) 4| ST (pn gy
77k (:Bont 1 ﬂo::,t - 77k (ﬂont 1) (1921)

mex
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i TOMY
n = ImaXIQl . (1922)

19.4 Huxka I'TY 3 migBeaeHHAM TEIUIOTH NpH P = CONSt i perenepamiero

B I'TY OCHOBHMMH € BTpaTH TEIUIOTH 3 BIIXIIHUMHU ra3aMu i3
TypOinu. Ha pucynky 19.5 300pakeHa npuniumnoBa cxema I'TY, B skiit
TEIJIOTY BIAXiHUX Ta3iB YaCTKOBO BHKOPUCTOBYIOTH JUIS HAarpiBaHHS
CTHCIIOrO MOBITps. Takuii MUK HA3UBAIOTh pereHepaTHBHUM.

1-noBiTpsIHUIA KOMIIPECOP;

2-nayMBHAN KoMIpecop (Hacoc); 3-razoBa TypOiHa;

4-eleKTpUIHMI TeHepaTop;

B >

—
/1/'_{ 3:@
\ ]

Pucynok 19.5

5-kamepa 3ropsHHS;

6-perenepaTop;

7-TIyCKOBHH €JIEKTPOIBUTYH.

SAx BugHO 3 pucyHKy19.5,  BiAXimHI ra3u micis razoBoi TypOiHH 3
MPSAMYIOTh Y pererepaTop 6, Jie BOHH IIIITpiBalOTh CTUCIE TOBITPA (Bifg
temrnepatrypu T2 mo Ts), B pe3yNbTaTi 4Oro BiAXifgHI rasu
oxonomkytotecst (Binm Ts mo Te) 1 BHacmimok mporo KKJ[ ycranoBku
migBumryetbess. Benwmunna migBummeHHs KKJ[ 3anmexuTts Binm 3MiHH
TeMITepaTypH MOBITPS i Ta3iB, UM TaK 3BaHOI CTYIEHI pereHepairii.

Tepmonunamiuamii uukn I'TY i3 3ropsHHSAM nanuBa npu P = const i
3 pEreHepaIi€r0 TeIJIOTH CKIAJaeThCs 3 HACTYIHUX MpolieciB (i1eanpHuit
IIHKI):



185

1-2- mporec cTUCKaHHs HOBITPSL B KOMIIPECOPI, SIKH MOKe OyTH SIK
130TepMIYHHUM, TaK i a/lia0aTHUM;

2-5-1300apHuil MiAirpiB NOBITPS B pereHepaTopi;

5-3-i300apHuii mpouec MiABENCHHS TEIJIOTH B Kamepi 3TOpsIHHS 3a
PaxyHOK 3TOpsIHHS NaJINBa;

3-4-amiabaTHe PO3MIMPEHHS ra3iB B TYpOiHi;

4-6-1300apHe 0XO0JI0/DKYBAaHHS POOOUOro Tijia B pereHeparopi;

6-1-i300apHa Bigyaya pPoOOYMM TUIOM TEIUIOTH HABKOJIUIIHHOMY
CEepeNoBHIITY.

Ha T,S- miarpami Teruiora, 1o BiIa€ThCs MPOIYKTaMHU 3rOPSHHS Ha
s i300apu 4-6 (mmoma c-6-4-d-c) migBOAMTBECA B pereHeparopi
CTHCJIOMY TOBITPIO Ha JIUISHII u300apu 2-5.

FI
d2 5 3 T
i 4
5 e
i
Pucynok 19.6

Perenepamis Oyae MOBHOIO, SKIIO OXOJIOMKYBAHHS TMPOAYKTIB
3TOpPSHHSL B pereHepaTopi BimOyBaeTbCs O TEMIIEpaTypH IMOBITPS, IO
mocrymae B Hboro, To0To Bim Ts = T4 q0 Te = T2. Ilpu mpoMy KiNBKIiCTB
TEIIOTH, 0 CIPUHHATA TOBITPSAM B pereHeparTopi, PiBHIETHCA KiTBKOCTi
TEIUTIOTH, 10 BiJTA€THCA B HHOMY IIPOTYKTAMH 3TOPSHHS

Cp(TS _TZ):Cp(T4 _Te)- (19.23)
pu C, = const maemo
Ts—To = Ts— Ts. (19.24)
KinbkicTp mifBe1eHOT TEMIOTH B IUKJIi 3 TIOBHOKO PEreHepaIliero
01 = Cp(T3— Ts)= cp(T3 — Ta). (19.25)
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KinbkicTh TEIUIOTH, IO BIABOAUTHECI B ILHUKIL 3 IMOBHOIO
pereHepariero

g2 = Cp(Ta—Tl)Zcp(Tz—Tl), (1926)
TOI1
77t:1_ & =1- M _ (19.27)
q, (Ts _T4)

3rimmo (19.6) ... (19.8)
k-1

k-1
_ Kk ~T Rk
T,=T.pB k. T,=Tp
Tepmiunnii KK/] 3 moBHOO perenepariero

n=1-T,-T,). (19.28)

3 mporo BUpa3zy BHIHO, IO 7, [ TY mnpm p = const 3 moBHOIO
pereHeparliero TEmIoTH 1 afiabaTHUM CTHCKAHHSAM IOBITPS B KOMIIpECOpi
3QJICKUTEH BiJl TEMIEPATypH razy B KiHII aaiabaTHOTO po3MHUpeHHS s i1
MOYaTKOBOI TeMIIEpaTypH razy 71.

IIpore moOBHa pereHepamiss TEMJIOTH NPAKTUYHO HEMOXKINBA
BHACJIZIOK OOMEXKCHHMX PO3MIPIB pereHepaTopiB 1 HAsSBHOCTI KIHIICBOI
pI3HHIII TeMIlepaTypd MDK IIOTOKaMH Ta3y, IO HarpiBaroOThCI i
OXOJIO/DKYIOTHCS. 3BUYAHO,TOBITPS,III0 HATPIBAETHCS B PETEHEPATOpPi, Mae
Temnepatypy 77, Aemo MeHmy, HDK 75, a OXOJNOMKYBaHI Ta3u —
Temnepatypy 7s, OUIBII BUCOKY, HIX 76.

[ToBHOTA perenepartii TEMIOTH BU3HAYAETHCS CTYIIEHEM pereHepartii,
TOOTO BiIHOIIEHHSM TEIUIOTH, IKa (PAKTUIHO BUKOPHCTOBYETHCS B MPOIIEC]
pereneparii (porec 2-5), 10 TEIUIOTH, BIATIOBIAHOT MOXKIHBOMY TIepernany
temrepaTyp Bin s o 1>

o=[T, -T)IT,-T,)]. (19.29)
BusznaunMo 1), IUKITy 3 HETIOBHOO pereHepaiieto. Bennunaa crymiHi
pereHepariii 3aJeXUTh Bifl KOHCTPYKIIii TEMIOOOMIHHHKA a00 BiJl BEIMYUHU
poboUMX MOBEPXOHB TEIJIO0OMIHHUKA (pereneparopa). YUum Ounbiie o, THM
TOBHIIIE B MHWKII 3IHCHIOETBCS pereHeparliss i TUM OUIBIIOK MIpOo
BHKOPHCTOBYEThCS TEIIOTA BignpanboBaHux ra3iB. [lpu o= 0 ycraHoBka
mpamioe 0e3 pereHepauii, nmpu MoBHiM pereHepauii 77 = 15 i o = 1.
3HayeHHs © 3MIHIOEThCS B Mexkax Big 0,5 10 0,7.
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Busnauumo 1, yuxay 3 nenognoro pezenepayicio
KinbkicTe mizBemeHol TEIIOTH (i1 B [HUKII 3 HEIOBHOIO
pereHepariero BU3HaAYMMO TaK
L = Cp(T3 - T7)= Cp(T3 - Tz) - Cp(T7 - Tz) (1930)
abo
L = Cp[(Te, — Tz) — G(Ts— Tz)] . (1931)
KinekicTe BigBemeHOi TEMIOTH (2 B 1bOMY HUKII Ha (2 = Cp(T7-T2)
MeHIIIe HiK B UK 0e3 pereHepariii, ToOTo
Q2 = Cp(T4 - Tl) - Cp(T7 - T2)= Cp[(T4 - Tl) - G(Ts - Tz)] , (1932)

TOII

—1— T,-T—o(Ts-T,) . (19.33)
T;-T,—o(T5-T,)

BupasuBum temneparypu T2, T3 Ta, Ts, uepe3 Ti 1 mapamerpu
LUKy, OTPUMAEMO

h

k-1 2x-1
K

y=B* —oly=p ¥ ) (19:39
xk—1 k-1 2x-1

B« (y-f < )-oly-f ©)

n,=1-

ne y=1T1s/T>

19.5 Huxa I'TY 3 migBeaeHHsiM TermyioTd mpu P = CONSt i izorepmiunumM
CTHCKAHHSIM MOBITPS B KOMIIpecopi

B mpomy Bumanky (puc. 19.7) Temnora Big pobodoro Tima o
XOJOAMIFHUKA BiTBOMUTHUMETHCS 1 B i300apHOMY miporieci 4-1 (1. B-1-4-¢),
i B i3orepmiuHOMy mpomeci ctuckanHs 1-2 (twr. a-2-1-). Ilpm mpomy
KUTBKICTh TEIUIOTH, IO BiIBOAUTHCS B i300apHOMY mporieci 4-1, cknanae

02"= Cp(Ta — Ty), (19.35)
a KUTBKICTh TEIUIOTH, IO BiIBOJUTHCA B i30TepMivHOMY miporieci 1-2, Oyne
Q2”= RTlln(pz /pl), (1936)

Takum unHOM, B CyMi

02=02"+02""=Cp(T4—T1)+RT1In(p2/ps. (19.37)
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X KinbkicTb
P T ; TEIJIOTH, 1[0
f MiABOAUTHCS 10
P=const poboyoro Tina B
1300apHOMY Mporieci
2-3
P=const
P » %4
1
v a [ C s
Pucynoxk 19.7
qr = Cp(Ts — T2) . (19.38)

[TincTaBnsroun 111 3HAYCHHS (1 1 (2 B 3arajbHE CITIBBITHOIICHHS IS
Tr, OTPEMAEMO

=1- a, /q1 =1- |_Cp(T4 _Tl) +R 'T1 In( p2/ pl)J/Cp (T3 _Tz) : (1939)
Po3ginmuBIIM YHMCENBHUK 1 3HAMEHHHK IIPAaBOi YAaCTHHH IIHOTO
piBHSHHSA HA C,71 , BpaxoByrouH, mo 71=1> i TO ,IIO AJIS i€aqT-HOrO Tazy

R/Cp =(Cp —CV)/Cp =(k —=1)/k, orpumaemo

=1-0q,/q,=1-c,(T, -T,) + (k =1 /k-In(p, / p,)|/c, (T, - T,)- (19.40)
Bpaxoyroun, mo V, / V,=p,a npu p =const (mporec 2-3)

A /V2 =T3 /T2 =pP; p3/ P, = [ B aniabatHomMy mpomeci 3-4
k-1
T4 /T (p4/ p3) K 260 e K came (OCKUTBKH p3 = p2 1 pr = pa)

T, /T, = (pllpz)k
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[MigcraBnsroun ix 3HaveHHst B piBHAHHS (19.40) i BpaxoByrouH, 110
k-1 k-1

T, /T3 = (pl/ [2)2)T =1/ﬂ7, OTPUMAEMO

L S
_(,Bm lj+ " In g

Bk 8"
=1- 1= =. (19.41)
3
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JIEKLIISI 20

20.1 Huka I'TY i3 3ropsinasaM npu p=const, 3 pereHepamicio TemioTu i 3
i30TepMiYHMM CTHCKAHHSAM NOBITPS

Taxwuii nukn 300paxkenuit B T, S- miarpami Ha pucynky 20.1. [pu
HAasBHOCTI pereHepailii TerioTa, 1o BiIBOAUTHCA, Ha IUIAHII 5-6 i300apu
p2 = const, MIBOJUTBECS A0 PoOOUOro Tia Ha AUIIHIN 2-3 i300apu pi=
const (omke, y T, S -miarpami . (C-6-5-d-C ) mopisuioe 1. (a-2-3-b-a)).
Lle#t mpoiiec CUMBOIIYHO ITOKa3aHUMN CTPILIKOIO.

Termora, 1110 MABOIUTHCS B I[bOMY LUK

A =¢,(Ts-T). oy

Temnora, 1110 BIABOJUTHCS

q, = I:QT1 In( P, / pl) ,(202)
+C p (TG - Tl)

Kinpkicte  TemiaoTru, 10
BIABOAMTHCA 13  rasamu, IO
BIJIITPAITIOBAJIA, MOJKHA BH3HAUUTH
HACTYITHUM YHHOM, MAalO4d Ha
yBas3i, 0

Pucynok 20.1

Cp(T3 _Tz): Cp(TS _Te)i
Cp(TG _Tl): Cp(Ts _Tl)_cp(TS _Te).
:Cp(TS _Tl)_cp(TS _TZ) ,
9, =RT,In(p,/ p,)+¢,(T,-T,)-c,(T,-T,).

(20.3)

Tepmiuanii KK/ Tenep moxke OyTr BU3HaYSHH TPOCTO
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n —1- RTlln(pZ/p1)+Cp(T5 _Tl)_Cp(T3_T2) (20.4)
= . .
C, (T4 - Ta )
PozpinuBimm uncenbHUK 1 3HaMeHHUK piBHsHHA (20.4) Ha c,T1 i
BpaxyBaBu, o T1= T2, onxepxumo

4 ((k=1)7k)-In(p,/p)
T e, (T, =Ty ¢, (T, - T,)
ne R/c =(c, —c,)/c,.

le,(T,-T,), (20.5)

ITo3nayaroun BimHOmIEHH [, / p,=p i T, / T, =y, smaiinemo
Terep, YoMy piBHI BiTHOIIEHHS Temreparyp y piBHsHHI (20.5), 3 oy Ha
T€, 10 /O=V4/V3 =T, /T3, TO.II

T IT, =(Ts/T,)- (T, /T3)- (T, /T,) =

k-1 k-1

:(pslp4)7'p'7:(p1/p2)7'p'7: (20.6)
k-1
=(p-NIp*
T T, =(T, -T.)T, -T,). 207)

17

3amintoroun B piBHAHHI (20.5) mus BITHOIIEHHS THCKIB 1

TEeMITepaTyp yepes B Py OJICPIKYEMO

k-1 Py
Tlnﬂ+ T k—ll k-1
pr " p-p
(e pY =7 oy -0
g (p-1)

I3 1ipOrO CHIiBBiTHONIEHHS BUHO, 1[0 YMM OLUTBIIE 3HAYEHHS ) , IO
XapaKTepU3ye pereHepalito, TUM BUIIE 7}, .

[Ipu rpaHnYHOMY 3HAYEHHI CTYMiHI pereHeparii c=1

Y ex :Ts/Tz :T5/T1-
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Ilpu wpomy Bcg  TemjoTa  Ta3iB, IO  BiANpaIlOBaIH,
BHUKOPUCTOBYETHCS JUISl MIAIrpiBy MOBITpsA. Taky pereHepainilo Ha3MBalOTh
noBHow. OYEBHAHO, IO L BUMANOK MOXKE MaTH JIMIIE TEOPETHYHE
3HA4YeHHS, TOMy IO NpPU HYJIBOBIH PIi3HUII TeMmIrepatyp MK ra3amu i
MOBITPAM, [0 Mayno O Micle MpH TMOBHIA pereHepaii, HEMOXJIUBUH
TerooOMiH B pereHepatopi. B T, S- giarpami mmkn i3 TOBHOIO
pereHepari€io npencTaBieHuid Ha pUcyHKY 20.2.

3po3ymino, o tromia ( a-2-3-b-a) mopisuioe miomi  (c-1-5-d-c).

B 1mpomy BHIaAKy CTyHiHb MorepenHsoro po3mmuperHs npu Ts=Ts
k-1

CKJIaJIE o T_T._ [F’Ajk _ ﬂ% - (20.9)
T3 T5 p5
ITincraBnsgroun e
A 4 BUpaxeHHs B piBHsHHS (20.8),
MaeMo
3 5
[
|
|
2 | !
b ! I -
a c h +1 Bl
Pucynok 20.2
k-1 k-1 k-1 k-1
g T'”ﬂ BK —p K i T'”ﬁ . (20.10)

hemAT (= VA= E [=
7max[ﬂk —1J ﬂk(ﬁk —] J’m(ﬂk —1]
OCKiIbKM ~ TPaHMYHMA  CTYNiHb pereHepaiii JaHoro UKy

BUPAXKAETHCA YEPE3 )/, =T5 / T1 , to T]i Taxoro wmkmy moxe Gyru

Oe3nocepeqHbO BU3HAUCHUH TEMIIEpaTyporo KiHI po3mrperHs Ts, To0To
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™ =1-[((k-D/K)-In Al (TITYB* ~1). @oiy

Yum Buia remmepatypa Ts, TUM BiJIIOBIHO BHUIIE 77t LUKITY.
PoGora, BupoOnena B mukni I'TY, Oyme omHielo U Ti€w X IpH

HasIBHOCTI perenepaiiii i 6e3 uei. L{s pobdora | 300paxkaerbes . (1-2-3-

Y
4-5-1), Tomi sAK TemaOTa (1, IO IMIBOJUTHCA B IHUKII, Oyae y BHINAIKY
UKy 6e3 perenepamii 300paxkatucst 1. (a-2-3-4-5-d-a), a y BUmaaky
UKy 3 perenepartiero mi. (0-3-4-5-d-b).

Tax six 77, =0, /0,, 3 Bpaxysaunsam Toro, mo mi. (b-3-4-5-d-b)
MeHII 3a 1. (a-2-3-4-5-d-a), ciigye, WO 77; ISl pEreHepaTUBHOIO LUKILY
BHIIIE, HDXK JUIS LUKy O€3 pereHeparii.

20.2 Uukn I'TY 3 migBeaeHHsIM TemioTH mpu V = CONSt

Cxema yCTaHOBKHU IpeAcCTaBiieHa Ha pucyHky 20.3 , a HUKI- Ha
pucysky 20.4.

l-razoBa TypOiHa; 2-KOMIIpecop; 3-TaNMBHHNA Hacoc; 4-Kepyrouui

KJIaTlaH CTHUCIIOrO MOBITPS; 5- ManuBHUI KilamaH; 6- eNeKTpUYHa CBiva;

7- comoBmWil kinamaH; 8- kamepa 3ropsHHS, 9- coruoBmii kaHawm, 10-

nonaTku TypOinu; 11- Bumycknuit matpyOok; 12- enekTporeneparop.
Pucynok 20.3



194

Pa T 4
3 3
9,

2
2 4

1 ) !

q4 .
a) v b}
Pucynok 20.4

Komnpecop 2 momae crtuciie MOBITpS Yepe3 pecuBep 1 Kepyrouui
kimanad 4 B xamepy 3ropsHHS 8. IlanmuBo momaeThcst B KaMmepy 3TOpSHHS
HacocoM 3  uepe3 (QopcyHky (kmamadH) 5. EnektpuuyHa cBida 6
BHKOPHCTOBYETRCS [T 3alajeHHs manuBa. s 3aiiiCHeHHs 3TOPSHHS MPH
V = CONSt B kamepi 3ropsiHHS BCTAHOBIIIOETHCS TPU KJIAllaHU: MAJTUBHHM 5,
noBITpstHUH 4 1 corutoBmid 7. Ilpw 3ropsiHHI TajwmBa BCi KJIallaHWd 3aKPHTI.
[Ticns 3ropsHHSA TanWBa KiamaH 7 BIAKPUBAETHCS 1 MPOAYKTH 3TOPSHHS
HalpaBIIOTECS B COIUIOBHM KaHanm 9 Ha Jjomatku TypOirm 10, me
PO3LIUPIOIOTECS 10 KIHIIEBOIO THCKY 1 4Yepe3 BHIYCKHHUH matpybok 11
BHUKH/IAIOTHCS B HABKOJIHUIITHE CEPEIOBHIIIE.

1 -2 — agiabaTHE CTUCKAHHS IOBITPS B KOMIIPECOPI;
2 — 3 — mijBeieHHs TeMmIoTH (; mpu V = CONSt ;
3 —4 — aniabaTHe PO3IMUPEHHS MTPOAYKTIB 3rOPSIHHS,
4 —1—sBinBix (, npu P =const.
OCHOBHHUMH TIapaMeTpaMU IHKITY €:
A= P, / P, — crymnine 130X0pHOro MiJBUIEHHS TUCKY;

-p= P, / P, — cTyninp miJBUINEHHS TUCKY B KOMIIPECOPI.

Tepmiunnii K. K. J[. ukiny BU3Ha4aeThCs B TAKUN CIIOCIO

n, =1-(a,/q,). (20.12)
KinpkicTs nigBeeHoi Termnoty J; B npoueci 2 - 3 CTaHOBUTH
o =¢,(T3 - T,). (20.13)

KinpkicTs BiiBesieHOi Temnotu (|, B nporeci 4 - 1 cTaHOBUTH
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0, =C, (T, —Ty). (20.14)

3BigKH
n.=1-(c,(T, - T,)/c,(T,-T,)=1-k(T, -T,)/(T,-T,)-  (20.15)
Bupasumo temneparypu T,, T;, T, uepes mouaTkoBy Temiepatypy

T, i mapamerpu nuKiy:

T, = (P /Ry =gl 2016)
T, =T, .B(kfl)/k; '
Ts/Tz = Ps/Pz =4;

T,=T,-A=T,- g*V*. 2 040
3 2 1 :
Bpaxosytoun,mo P, = P,,
TA/TS = (p4/ ps)(kil)/k = (p4/ Ps )(kil)/k =
=((p./ P)- (P, 1 po)) V' =
1 . 1
ﬂ(k—l)/k ﬂ(k_l)/k )
3BigKu
T =T /i(k—l)/k (k-1)/k ) _

= (T1 Ig(k_l)/k . ﬂ)/( A1)k ﬂ(k—l)/k ):Tl/lj/k.
IlifcTaBisl0O4M OTPUMaHI 3HAYCHHsS Temmepatyp l,, I3 i T, y

BUpaxXeHHsA (y, (,, 7], , OACPKYEMO:!
g, =C, [(Tl 'ﬂ(kil)/k '/1)_ (Tl 'ﬂ(kil)/k )]:
=c,-T,- p*Y*(1-1) !
q,=c, (T, & -T)=c, - T,(# -1);  (20.20)

(20.19)
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k
A
¢, T, (1)

A1 |
YD
Ha T, S - nmiarpami (puc.20.4.b) 77, nuxny I'TY 3 migsenennsam

7 =1
(20.21)

TEeIToTH Ipu V = CONSt BU3HaYaeThCs y Takuii crociod
n,=(0,-0,)/q,=
_ n1.(5-2-3-6)-nn.(5-1-4-6)

na.(5-2-3-6)
_ nn(1-2-3-4)
n1.(5-2-3-6)

Sk Oaummo, 7], 3aNeKUTh Bil CTYHiHI NiJBULIEHHS THCKY B
kommpecopi 3, mokasHuka amiabatm K poGovoro Tima i migBuINEHHS
THCKY 7T TP 3TOPSHHI MAJIMBa B KaMepi 3rOPSHHS.

1, 3pocrac 31 30LIBLIEHHAM CTYIIHI IIABUIIEHHS THUCKY B
Kommpecopi 3 i cTymiHi i30XOpPHOrO MiABUIIEHHS THCKY 7T B KaMmepi
3TOPSIHHS.

20.3 MopiBusinnst nukiis ['TY

Ipu pissocti =P,/ P,; T. =T, i kinuesoi remmeparypu
HaNpUKIHII TpoIecy MmiaBeAeHHS 1 3 pucyHky 20.5. a - BumHO, 1O

m, >,

Ie BuxoauTh 3 TOrO, 1O B MK (1-2-3-4) 3 migBeaeHHAM TEIIOTH
npu  V=const cepeAHbOIHTErpaibHa Temmepatypa Tiv BHIIe, a
CepeHbOIHTErpaibHa BiIBOAY TEIoTH Toy HUXKYE, HiK B ukii (1-2-5-6) 3
migBeneHHsAM Ttemiotn npu p=const. Tobro. T1>T1p @ Ta<Tzp . Omxe

o) ep .
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Pucynok 20.5

B muknax pisai = p2/ P,, Ty, =T, Q2=mn (a-1-5-b-a), qu
= mn.(a-2-3-b-a) Ginbine HiK  qip = (1. a-2-4-b-a).

Orxe, 77tv>77tp (puc. 20.5. b).
[pu piBHOCTI Tmax=T3 ; Tmin=T1; 0= (a-1-4-b-a) 77tp>77tV .

B ki 3 i306apHuM miaseneHHsMm qip (S b = &) OimpIre, HIK B
1

P,

LMKII 3 130XOPHUM MIBOAOM TEIUIOTH  (uv ( f, = —=). KpiM Toro, qu =
1
wr.( a-2-3-b-a) menma, Hik qip= 1. (2-5-3-b-a).
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JIEKHIA 21
21.1 TlpHoumoBa cxeMa MAPOCUJIOBOI YCTAHOBKH

TermocumoBi cranuii y Ham 4ac naroTh Oinbiie Hix 80 % eHeprii.

Y  mapocuiIoBHX ~ YCTAaHOBKAaxX MPOAYKTH 3TOPSHHS — TajiBa
Oe3rnocepeHbO HE OepyTh ydacTi B POOOYOMY IIHMKIi, BOHH € JIUIIC
JDKEpPENIOM TEIJIOTH, 8 POOOYMM TUIOM CIYXKHTh Tapa Oyab-fKol piliuHH,
HaW4acTile BOIM.

[MpunnumoBa cxemMa HAWOPOCTIIOl MapOCHIOBOI  YCTaHOBKH

MoKa3aHa Ha pucyHKy 21.1.

>t

3 xotna (1) HacuyeHa mapa
HQIXOJIUTh Y Taporieperpisady, je
BOHa IeperpiBaerhes, 1 1O
TpyOOBOAY TIpsIMy€ B TApOBHH
JBUTYH, B SIKOMY BiJIOyBa€ThCs
IEPeTBOPEHHs.  TEIUIOTH  Ha
pobory. 3amexHO Bim THIY
MapoBOr0 JBUTYHa 1 CIOCOOY

i BUKOPUCTAHHS napw, o
A : BiMIIpaIfioBajia, THUCK IIi€l mapu
Ry HAIIPUKIHII 1 pO3IMTHUPEHAS MOXKE
1 - mapoBwuii xorerm; 2 - OyTH pi3HHM.

mmaporeperpisad; 3 - mapona IIpu wpomy MOXIHBI

TypOiHa; 4 - renepatop; 5 - HACTYITHI BUMAJKH:
KoHIeHcaTop; 6 - Hacoc; 7 — - THCK napu
TOIIKA. HANPUKIHII 11 pO3MMPEHHAS BUIIE

atmocdeproro (0,2 ... 0,5) Mlla
1 mapa, IO BiAMpaImoBaia B MAaIIMHI, BAKOPHUCTOBYETHCS TSI 3aI0BOJICHHS
moTped CrnoXXruBava TEIIOTH;

- pO3IIMpEHHS Mapud B MalIMHI BiIOyBa€TbCs 10 THCKY, 3HAYHO
HIKYOr0o, HDK atMochepHmil (KOHIEHCalilHI YCTaHOBKH). B mbomy
BUIAJKYy 32 MalIMHAMH BCTaHOBJIOIOTBHCS CIIEHiaJIbHI TEIUIOOOMIHHUKH —
KOHJIGHCATOpH, B SKHX Iapa, IO BiIIpalfoBana, NEPETBOPIOETHCS B
KOHJICHCAT, [0 MepeKavyeThCsl HACOCOM HasaJl JI0 KOTJa.
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21.2 TlapoBwmii uuka Kapno

Bukopucranus poboyoro Tina, 1O 3MIHIOE TPOTATOM UKy CBid
arperaTHuil cTaH, IO3BOJISE 3/IMCHIOBATH Ha MPaKTHI UK KapHo.

Y BUIIAAKY TMOTOKY pPEYOBHMHH, TEXHIYHO HaWOUIbII TpocTile
3MIACHEHHUM IPOLIECOM ITiJIBEJICHHS 200 BiJIBEJICHHS TEIUIOTH € i300apHHiA
nporec. Panime Oynu po3risiHyTi YMOBH NMPOTIKaHHS MPOIIECY ITi/IBEACHHS
abo BiJBEJCHHS TEIJIOTH MpU MOCTiHIA Temmeparypi. lle - mpomec
($ha30BOro mepexoay YHUCTOI PEYOBMHU 3 PIJKOr0 B Ta30IOJIOHUN CTaH.
3BijicM BUTIKAE, 1110, SIKIIIO BUKOPUCTOBYBATH BOJIOTY Mapy K podoue Tio i
3MIACHIOBATH MLHWKJ, IO CKIAIA€ThCs 3 JBOX 1300ap (SKI TakoK €
i30TepMamMHu), To 1ie 1 Oyae nuki KapHo.

BumMoru, SkuM IOBUHHI 33JIOBOJILHSTH POOOYE TLIO, BU3HAYAIOTHCS 3
OJIHOTO OOKY MapaMerpamMH HaBKOJHUIIHBOTO CEPElOBUINA, a 3 IHIIOTO -
rnapaMerpaMu CaMoro pooovoro Tijia, sIKi MOYKHA BBa)KAaTH JOCSHKHUMHU Ha
Cy4acHOMY PiBHI TEXHIKH.

Bepxunoro Mexero TeMrepaTypy pododoro Tijia, 0 BU3HAYAETHCS 3
YMOBH MIITHOCTI MeTally IIpH TPHUBAJIOMY BIUIMBI HAa HBOTO BHCOKHX
TeMIIEpaTyp, B Halll yaCc MOXKHA BBaXKaTH TEMIIEPaTypy OJIHM3BKO 650° C.
1106 mpw 1iK TemIepaTypi TEII0Ta MapOyTBOPEHHS Oyiia JOCHUThH BEJIHKA,
KpUTHYHA TeMIlepaTypa poOOYoro Tijia MOBHHHA OyTH 3HAYHO BHIIE 32 HEi

(BapTo 3rajatu, MO B Mipy

HAOIMKEHHS TeMIIepaTypu
3 BOJIOTO1 TIApW JIO0 KPUTHYHOL,
TeIIoTa [IapOYTBOPEHHS
/ 3MEHILY€ETHCS, @ MPH KPUTHYHINA
o — TEeMIIepaTypi TOPIBHIOE HYIIIO).
1 P OnpHodacHO TUCK
HaCHYCHHS Ha BEpXHIH
TEMIIEpaTypHiii MeXi TOBHHEH
4 OyTH HIKYe, TOMy IO poOoTa
5 YCTaHOBKHU IIPH BHCOKOMY THCKY
MOB’sI3aHA 3  YCKJIAOHEHHSM 1l
>_‘\ KOHCTpyKWii. B  nHam qac
s BBAXKAETbCA, MO 3  IBOTO
Pucynok 21.2 nornsigy, OOMEKyBalbHUM €

THCK Onm3bpko 30 MITa.
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PedoBuH, ki O 3aI0BOJBHSUIM TIEpEPAXOBAHUM BHMOTaM, B TIPUPOI
He icHye. Haiibinbie MiAXOMUTh 32 CBOIMH  TEIUIO(I3UYHUMHU
BJIACTUBOCTSIMHM BOJISIHA Tapa.

Cxema TeIIOCUIIOBOI YCTAaHOBKH, B SIKIH 3MIHCHIOETBCS 1TUKI KapHo
3 BOJIOT'OI0 TIAPOI0, TIPENICTABIICHUI Ha PUCYHKY 21.2.

B mapoBwuii koren 1 HaAXOQUTh BOJOra BOJSHA Mapa Majoi CTYIIiHI
cyxocti X . BHacmizok 3ropsiHHS HaavBa B TOMNI KOTJA (BYTiIIs, Masyr,
MPUPOIHUI ra3, TOIIO), O BOJIOrOl Mapu MiJBOAUTHCS TEILJIOTA, 1 CTYIIHb
CYXOCTI TapH MiJBUIIYETbCA 0 3HA4YEHHS X, OJU3BKOrO 10 OJUHHIIL.
[Iporec minBeAeHHS TEIUIOTH B KOTJ BiZIOYBA€THCS MPH MOCTIHHOMY THCKY
p: i mpu mocrtiiHiA Temmnepatypi Ti. 3 KOTia map HagXOOUTh y TapoBY
TypOiny 2. [lpm posmmpeHHi B TypOiHI TOTIK MapH OJEpKye 3HAYHY
KiHeTHYHY eHeprito. Ha yomatkax poOoduoro kosieca TypOiHM Iisi €HEPTis

Pucynok 21.3

MIEPETBOPIOETECS B KIHETHYHY €HEprilo oOepTaHHS poOodoro komeca i
MIOTIM 3a JIOTIOMOT OO0 eNIEKTPOreHepaTopa 3 B eeKTPOSHEPTIIO.

Ha Buxomi 3 TypOiHM Bomora mapa Mae THCK P2 1 BiIIOBiTHY
temmepatypy T». Jlani mapa HagxonuTh y KOHIIEHCATOP 4 - TETUIOOOMIHHUIK,
B SKOMY 3a JIONIOMOTOI0 OXOJIOJUKYIOYOi BOAW BiJ TapH BiBOAMUTHCS
TEIIoTa, 1 mapa KOHJAEHCYEThCA. BHACHIZOK MBOro CTYIHB CYXOCTi Maph
3MEHIIYETHCS.

[Mpomec  BiABeAECHHS TEIUIOTH BiI TMapu B KOHJEHCATOpI
3IIACHIOETHCS 32 YMOBH P = const.

[Ticns xkoHZeHcaTopa BoJOra napa HaJXOJUTh B KOMIIpecop 5, B
SKOMY BOHa aJiabaTHO CTHCKA€ThCS 10 TUCKY pi. IloTiM Bomora mapa
3HOBY HaJXOIUTh B KOTEJI, 1 IUKJ 3aMHUKAETHCS.
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Hukn Kapro nacuuenoi mapu (puc.21.3.) ckinagaeTbes 3 HACTYITHUX

MPOLIECIB:
1-2 -nponec apiadaTHOrO PO3MIMPEHHS apy B TypOiHi 10 TUCKY P2;
2-3 - i300apHO—i30TepMiuHE BigBENEHHS TEIUIOTH  Cp y
KOHJICHCATOPI;

3-4 - aniabaTHE CTUCKAHHS KOHJCHCATY B KOMIIPECOPI.

4-1 - i300apHO-i30TepMiuHE MiABEACHHS TEIJIOTH (1 O Mapu B
KOTJIi.

BinBeneHHs TEIJIOTH B KOHJIGHCATOPI BiMOYBA€ThCS JOTH, JOKH
BOJIOTa Tapa He JOCSATHE TAaKOr'o CTaHy , B pE3YJIbTaTi SKOTO P CTHCKAHHI
nmo afiabati 3 - 4 cymim Bojau i mapu i3 crany (T.3) mepeiijie MOBHICTIO B
piakwuii craH (T.4);

Tepmiunnii K.K.JI. oboporHoro mumkiny KapHo BH3Ha9aeThcs 3a
dhopmyoro

nt=1-(q2/q1)= 1- (T2/T1) (21.1)

Kputnuna Temneparypa Boaum jiopiBHIOE 374,15 °c, TOMY
TIOPIBHSHO HEBCIMKUN TeMIlepa- TYpHUH iHTepBan MiX HWKHBOIO (T2 =
25° C) 1 Bepxuborw (He Hmxue T1=( 340 ... 350)c> C) TemMrieparypaMu
nukiry. [ oboporHOro nmukiry KapHo, 110 34iiCHIOETRCS y BOJIOTi# TIapi

ne =1- (25 +27315)/(350 + 27315)=0,52.  (21.2)

B napocunoBux ycraHoBkax Huki KapHO He 3acTOCOByeTbcs 3
HACTYIHHUX MPUYUH:

1. B nukni KapHo koHzieHcallis mapy B i30TepMidHOMY mporieci 2 - 3
3MIACHIOEThCA HENOBHICTIO, TOMY B afiabaTHomy mpomeci 3 - 4
CTHUCKA€ThCS HE BOJA, a BOJIOTA Tapa, sSIKa Ma€ MOPIBHIHO BEITUKHHA 00’ €M.
Komnpecop mist cTHCKaHHS BOJOTOi Mapy 3 MaJdM THCKOM 1 BEITMKHMH
OUTOMUMH 00’€éMaMH € TpoMi3akuM. Ha cruckaHHs Bojoroi mnapu
BUTPAYAETHCS BIJHOCHO BEIHMKa poOOTa, 110 jJopiBHIoe mront (N -4 - 3 —
m).

OxpiM TOro, BUTpaTH POOOTH HA CTHCKAaHHS 30UIBIIYIOTHCS HpU
MiJBUIICHH] MMOYAaTKOBUX MapaMmerpiB mapu pi i1 Ti1 abo 3MeHmeHHI
KiHIIeBUX mapamerpiB pz2i Te.

Tak Hampukiaj, npy 30UIbIIEHH] TOYaTKOBUX mapamerpiB p1i T1 10
napamerpiB B T.1' pobora, 10 BUTpAYaeThCs HA CTUCKAHHS BOJIOTOI Mapw,
qucenbHO AopiBHIOE Twiomi ( N'-4'-3'-m’), i sk BHAHO 3 pUCYHKY 21.3,
mwioma ( Nn-4-3-m) wmenme rwiomi  (N'-4'-3'-m’). Omxe, HE3BaXKAOYM HA
30UTBbIIEHHS T TpH 30UTBIICHHI IMMOYATKOBUX 1 3MEHIIEHHI KiHIEBUX
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nmapaMmerpiB  poOOYOro TiNa, EKOHOMiYHA €(EKTUBHICTh BUKOPUCTAHHS
TEIJIOTH B YCTaHOBII 3MEHIIYeThbCs. Lle moB's3aHO 3 BIAHOCHO BEIMKUM
00’€MOM KOMIIpecopa, HasBHICTIO MIKiJTMBUX MPOCTOPIB 1 MiIBUIICHHI
BTpar. TakuM 4YMHOM, NpPAKTUYHO 3HELIHIOIOTHCS TIepeBard MapoBOi
YCTaHOBKH, 1110 Tpaltoe o nukiry Kapao.

2. Ilpm poboTi 3 BOJOrol MNapol BiAOYBAa€TbCS MEXaHIYHE
3HOILCHHS JIONATOK OCTAaHHIX IMIA0JiB TypOiHM 1 KOMITpecopa KparuisiMd
Boau. [loTik mapu BUSBISAETBCS Ta30JUHAMIYHO HEJOCKOHAIMM 1
BigHocHui K.K.JI. ycraHOBKM 3MeHITyeThes. BennunHa Horo BU3HAYa€ThCs
PIBHSHHSAM

Ni=Nt Noi - (21.3)

Opnak, nukia KapHo 30epirae TeopernyHe 3HA4YEHHS, SIK €TaJOHHUHN

UK, IO MA€ MAKCUMAJIbHUH 1)t B 33IaHOMY TEMIIEPATYPHOMY iHTEpPBATI.

21.3 TeopernuHuii nuky naporyp6inHoi ycranoBku IITY (uukn Penkina)

ITepepaxoBaHi BHUINE HEMONTIKA MApPOCHUIIOBOI YCTAaHOBKH, B SKid
3MIMCHIOEThCST MUK KapHO 3 BOJNIOTOI0 mapor, MOXKYTh OYTH YacTKOBO
YCYHEHI, SKIIO BiTBEICHHS TEIUIOTH BiJ BOJIOTOI Mapu B KOHAEHCATOPI
poOUTH MOTH, JOKH BCS TIapa MOBHICTIO HE CKOHACHCYETHCS.

B mpomy BHMajKy CTHCKaHHIO Bif THUCKY p2 OO pi1 HiisArae He
BOJIOTA Mapa MaJjoi MIILHOCTI, a Boxa. B MOpIiBHAHHI 3 MUTOMUM 00’ €MOM
BoJioroi mapu B T.3 (muBHTHCH T,
S - nmiarpamy Ha pucyHky 21.3)
MUTOMHAHA 00’€M BOOM  JOCHTH
Majmid, a il  CTHUCKYBaHICTh
HEBEIMKa B  TOPIBHAHHI  3i
CTHCKYBaHICTIO BOJIOToi mapu. J[ms
y TepeMilIeHHs BOAH 3
KOHJIEHCaTopa B  KOTel 3
OIHOYACHUM  IMABUINECHHAM i1
THUCKY 3aCTOCOBYIOTHCS HE
KOMIIPECOPH, a HACOCH, KOMITaKTHI
1 TIPOCTi, IO CHOXHUBAIOTH JIOCHUTH
MaJio eHeprii.

Takunii LIUKJI MalKe
OJTHOYACHO  3allPONOHYBAIHA
M'ATUAECATUX poKax X1X

ad

i

@

Pucynok 21.4
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cronmitrs ¢izuku Penkin ta Kiaysiyc. 3a3Buvaii Leld MK Ha3WBaIOTh
nukJjoM Penkina.

Cxema TEIUIOCHIIOBOT YCTAHOBKHM 13 1MKIOM Penkina (puc. 21.4)
aHAJIOTIYHAa CXEMI YCTaHOBKHM, IO 300pakeHa Ha pUCYHKY 21.2, 3 Ti€w
JIUIIIE PI3HUIICIO, 110 B CXEMi YCTAHOBKH, III0 MpAIOE 10 UKy PeHkina, 5
— HE KOMIIPECOP BOJIOrOi Mapu, a BOASHUN HACOC.

Cyxa HacHueHa napa 3 mapaMerpaMu Pi,T1 HAAXOAMTH i3 TAPOBOI0O
kotna 1 y TypOiHy 2, ne aaiabaTHO PO3UIMPSIETHCS Bill THCKY P1 10 THCKY
p2. [licns  TypOiHM BoJIOra mapa 3 mnapamerpamu pz, T2 HaJIXOIUTh Y
KOHJIeHCaTop 4, Jie TIOBHICTIO KOHJCHCYEThCS TpU p = CONSt 1 BiIMOBIHIN
Temreparypi. JKuBHIIBHA BOJA 3a JIOIIOMOTOK HAacoca 5 CTHUCKAETHCA [0
THUCKY p1, IO JIOPIBHIOE THCKY B TIAPOBOMY KOTII, 1 TIOAA€ThCS B KOTEI.

[Tapamerpu BoaM Ha BXOHOi B KOTEN - p: ,T2. V¥V mapoBoMy KOTIi
i
B -
Po=const
a 3
. = —— w=const
=

Pucynok 21.5

XKUBWJIbHA BOIA 3MIIIYEThCS 3 KUIUITYOIO BOAOKD, HArpiBaeTecsl 10
TeMITepaTypH KHUITIHHS 1 BUTIAPOBYETHCS.

HeoOximHo Big3HA4UMTH, MO0 BHACTIAOK PI3KOr0 3MEHIIEHHS
MUTOMOr0 00’ €My Hapu, 10 HAAXOAUTh Y KOHIEHCATOP, IPH [1EPETBOPEHH
Woro B pimkmii CcTaH |y  KOHJIEHCATOpi YTBOPHUTHCA
BaKyyM.

AOCONIOTHHI THCK Yy KOHJIEHCATOpPaxHE IEPEBHIIYE (0,004 ...
0,005) MIla. Bakyym 103BOJIsI€ 3IilICHIOBATH O1IbII TIIMOOKE PO3IIAPEHHS
poboyoro Tiia B MapoBUX TypOiHaX.

Hukn Penkina 3 HacudeHoro maporo B p, V i T, S — miarpamax
MIPECTABIIEHUH HAa PUCYHKY 21.5.

Hukn PenkiHa 3 HACHYEHOIO MAapoOK0 CKIAJAETHCS 3 HACTYIMHUX
MPOLIECIB:
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4-1 - mpoluec NapOyTBOPEHHSI B KOTJIi IIPH MOCTIHHUM TUCKY;

1-2 - mporec aniabaTHOTrO pO3MIKMPEHHS Mapy B TypOiHi;

2-2’- mpoliec KOHAEHCcaIlil BOJIOroi Mapu 3 THCKOM P2 Y KOHACHCATOPI
3 BiJBEJICHHAM TEIUIOTHU 32 JOTIOMOTOI0 OXOJIO/KYIOUOi BOJIH;

2'-3 — npotiec a1iabaTHOrO CTUCKAHHS BOAW B HACOCI BiJl TUCKY P2 10
THCKY P1;

3-4 — mpotiec migBEICHHS TEIIOTH A0 BOJH 3 THCKOM pP1 Y IApOBOMY
KOTJIi J10 BiAMOBiMHOI TemmnepaTypu kuninHa. JliHist 3-4 300paxye 3MiHY
TEeMIIepaTypy BOAW TP HArpiBaHHI B KOTJII BiJi TeMIepaTypu B
KOHJICHCATOPI JI0 TEMIIEpaTypy KUTIIHHSL

Josxwuna Biapizka 2'-3 B T, S — giarpami jocuth Mana. SIk BijoMo, B
obacrti pigunau i300apu B T, S — miarpami npoxoasTh Ayke OJU3bKO OIHA
BiJl ofHOI. 3aBISKU I[bOMY IIPH I30€HTPOITHOMY CTHUCKaHHI BOIH, IIO
nepedyBae mpu Temieparypi 25 °C i mig THCKOM HaCHHYeHHs 3,1 klla
(0,032atn), mo tucky 29400 xlla (300 aTm) TemrepaTypa BOIN 3pOCTA€E
MeHI Hixk Ha 1° C, 1 MOXKHa BBaXkaTH, 110 B 00JIaCTI PiAMHU 1300apy BOAM
MPAKTHYHO 30IrafoTHCS 3 JIBOIO NMPUTPAHIYHOI KPUBOIO, TOMY HaidacTirie
npu 300paxkenHi nmukiay Penkina B T, S — miarpami i306apu B o0macTi
piAMHKA 300paXkylOTh pa3oM 3 JIBOI MPHUIPAaHIYHOW KPHUBOK. Maia
JIOBJKMHA Bifipi3ka 2'-3 CBITYHUTH PO HEBEIHMKY POOOTY, IO BUTPATAETHCS
HAacocOM Ha CTHCKaHHS Boaw. Maja poOoTa CTHCKaHHS B TIOPIBHSHHI 3
po6OTOI0, 1110 BUPOOJISETHCS BOASHOK IIApOK0 B MPOLIEC po3mpeHHs 1-2
€ BKJIMBOIO TIepeBaroro mukiny PeHkina.

Exransmis mapu Ha BEHXOZi 3 KoTaa B T.1 mopiBHIOE hi, a eHTambIIis
mapyd Ha BXOIi B KoHIeHcaTop B T. 2 mopiBuioe h, . Exranemis Bogu Ha
BHXOJI 3 KOHZeHcaTopa B T.2° mopiHroe h'; .

Pobora mHacoca Lu. = (wr. a-B-3-2'). KopucHa pobora B MK

PenkiHa TOpiBHIOE w1 (2'-3-4-1-2).
Tepmiuanii K.K./]. nukiny Bu3HagaeThes 32 piBHAHHSIM
ne=1-(0,/0,) -(9, - 9,)/ 0, - (21.4)

Termmora (1 B UK MIBOIUTHCS TPH TOCTIHHOMY THCKY B
mporiecax:

3 - 4 - mixgirpiB BoM A0 TeMITepaTypy KUITIHHS B KOTJI;

4 -1 - mapoyTBOPEHHS B KOTJII.

Hdus 1xr mapu (1 JOpiBHIOE DI3HUIN eHTanmbIii KiHmeBoi T.1 i
ITOYATKOBOI T.3 TOYOK ITPOIECY.
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h=h1—hs (21.5)
Binsenenns Ternotu (2 BigOyBaeThcs B KOHJIGHCATOPI Mo i300api 2-
2’, oTKe
G2=h2—h". (21.6)
[MigcraBnsaroun Bupazu (21.5) 1 (21.6) B piasaaas  (21.4),
otpumyemo, ne i=h
(=)= (i3 —1,)

(i, ~ig) ~ (i, ~i;) _

ne = (21.7)

Tepmiunnii K.K./]. MO)XHA BU3HAYMTH TAKUM K€ YHHOM 3 PIBHSHHS
ne =ly/q,, (21.8)
Ie |u — poboTa IUKITY.

KopucHa po6oTa 1{ukiy J0piBHIOE Pi3HMII POOOTH HapOBOi TypOiHU
1 pobOTH, 10 BUTpaUCHA Ha MPUBIJ HAcoca
|H = |Typ - IHac . (219)

PoboTa mapoBoi TypOiHM JOPIBHIOE 3MCHIICHHIO €TalIbIIii B MPOLeci
1-2
| p=h1—h; . (21.10)
[Ipu agiabaTHOMY CTHCKaHHI BOAM B HAacoci 1 momadi i B KOTen
BHUTpAYaEThCs podoTa

| wae=hs—h’2. (21.11)

Toni
o= 1= e = (ha—hy)-(hs—hy). (21.12)
3 iHmoro Ooky, po0oTa, 0 BHTpadyeHa Ha NPHUBII Hacoca IPH
aziabaTHOMY CTHCKaHHI 1 P MOCTIHHOMY 00’ €Mi, BU3HAYAETHCS K

' Py
l..=h—h, =[v-dp=v-(p,—p,). (2113
P2

' o N~ i
ae V - nuromuil 06’eM BOaM Ha JIiHIi HACMYEHHS IPU THCKY P, .

Tom
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77t:Lzlmﬂ)—lﬂac:(hl_hZ)_V’.(pl_pZ). (2114)

G, G, hl o hs
Pisuuusa eranemiii  (hy —hy) cranoButs mpubmusno 3*10° JIx/kr, a
wien V' - (p1 - pz)- npu6mzuo (10...20)*10°  Jlx/kr, HaBith s

YCTaHOBOK BHCOKOT'O THCKY. TOMy BEIHUHMHOIO poOOTH Hacoca, BHACHIITOK
ii MasIoCTi B MOPIBHSAHHI 3 POOOTOI TYpOiHU, MOYKHA 3HEBAKUTH.

Toni h1 = h; i Bupa3 (21.14) naOyze BUTISIILY
n = (h, —h)/(h, —h,). (27.15)
Tepmiunnii K. K. JI. mukny Penkina menme K.K.JI. mukmy Kapro
MIpY OJJHAKOBHX MMOYATKOBHX MapaMeTpax napu. B nuxii Kapuo termora i
BUTPAYAETHCS TUTBKK HA MPOIIEC MAPOYTBOPEHHS, a B MK PeHKiHa BoHA

BUTPAYAETHCS SK HA MAPOYTBOPEHHS, TaK 1 HA MiJIrpiB XKUBHJILHOI BOJAU B
nporieci 3-4, TOOTO

q=r+c, -(T,-T,). (21.16)

3 pucynkiB 21.3 i 21.5 BuaHo mo poboTa Hacoca 3HAYHO MEHIIE

poboTu Kommpecopa B mapoBomy Itukii KapHo | con >>| e . 3amina
nukiy KapHo mmkiom PenkiHa 3Ha9HO 30UTBIIye pOOOTY MHKIY 3a
paxyHOK 3MEHIIEHHS poOOTH Ha MPHBiI KoMIpecopa. Tak, y HapoCHIOBHX
YCTaHOBKaXx, IIO MPAIoTh Mo nukiny Penkina i muximy Kapao mpm tix
caMUX TTOYaTKOBUX Tapamerpax mapu ki Penkina mae B 1,5 pas3u Oinbiie
poboTH, Hi’K TapOCHIIOBa YCTaHOBKA 13 IikiioM KapHo.

3 MiABUIIEHHSM I10YaTKOBOI TEMIIEpaTypH HACHYEHOI TMapH Mt
nukiy 3pocrae. OmHaK TPH TeMIEpaTypi TMOHAT (180...190)OC (mpu
(1,0...1,2) MIla) mnoganblie IIBUIICHHS [OYATKOBOI TeMIIEpaTypu
BHUKJIMKA€E Pi3Ke 30UIBIIEHHST TUCKY HapH i HOro KiHIEBOi BOJIIOTOCTi B T.2,
0 TIOTIPIIy€E eKCIUTyaTamito TypOiH. [HImui 1uisx minBUIIEHHS Mt IUKITY
Penkina, mo mo3Boisie 6e3 30UIbIIEHHST TOYaTKOBOTO THUCKY MMapH IMiTHATH
CEpEIHIO TeMIlepaTypy IiJBEJCHHS TEIUIOTH B LMK, 1€ - 3aCTOCYBAaHHS
Teperpiroi mapmu.

B Hamr wac temnepatypa neperpiBy mapu nocsrae (600 ...650)c> C.
OxpiM TOro, meperpiB mapu NPU3BOOUTH [0 3MEHIIEHHS KiHLEBOI
BoOJIOrocTi.3BHYaitHO M MKy Penkina - (30 ... 40) %.
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JIEKIIISA 22
22.1 Iuxxa Penxina 3 meperpitom napoio

Hnst toro, mo6 30impmmtn tepmiunnii K.K.JI mukmy Penkina,
3aCTOCOBYIOTh TEpPErpiB Hapu y CIHCIiaIbHOMY €IIEMEHTI KOTJia -
naporneperpiBauy (puc.22.1), ae mapa HarpiBaeTbcs 10 TEMIIEPATYPH,IIO
MEpEBHIIyE TEMIIEpPaTypy HACHUYECHHS IPH JAHOMY THCKY. Y IIbOMY
BUIQJIKy CEepelHsl TemIepatypa IiJBEJACHHS TeIUIOTH 30UTbIIYEThCS B
MOPIBHSIHHI 3 TEMIIEpaTypolo  TiJBENEHHS TeIUIOTH B  IHUKII 0e3
neperpiBy, orxke, tepmiunuii K.K.JI mukimy 3pocrae.

=i 5 L)

zl T2 2| 2 ‘.{lﬂmﬂ

L

3 b \_,u ] b
Pucynok 22.1

B muxmi 3 meperpiBoM mpoliec po3mmpeHHs napu B TypOiHi 1-2
3MIACHIOETHCA J0 THUCKY P2, Ta 3aKIHIYEThCS BeepeauHi qBoda3Hoi obmacTi
B paiioHi OLTBII BHCOKUX CTYITIHENW CYXOCTi, HK IS IUKITY Oe3 Teperpiny.
3aBASKd LBbOMY YMOBH pPOOOTH HPOTOYHOT YacTHHH TypOiHH
BHSIBJIAFOTBCS  OUTBIN JIETKUMHU, 1 SIK HACIIIOK, MiJBUIIYIOTHCS BHYTPILTHIN
BigHocHU#M K.K./I. Typ6iHU Moi 1 BHyTpimmHii K.K./I. nukmy ;.

Hukn Penkina 3 meperpiToro maporo BifpizHAEThCS Bix nukiry KapHo,
TOMYy 10 i300apw B OONACTI Teperpitoi mapu Ha BigMiHy Bix i300ap B
obnacti HacuYeHol apu, He 30iraroThes 3 i30TepMaMH.

Hukn PenkiHa 3 meperpiTor0 Mapor0 CKIAAAETbCS 3 HACTYIHHUX
MPOLIECIB:
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3-4 - marpiBaHHs BOOM B KOTJI JIO TEMIEPaTypy KHUITIHHS 3 TUCKOM
P1;

4-5 - mapoyTBOpEHHS B KOTJIi 3 THCKOM D1,

5-1 - meperpiB napu;

1-2 - apiabaTHe po3MIMpPEHHS Mapu B TYpOiHi;

2-2' - KOHJIEHCAllis TTapy B KOHACHCATOP1 3 TUCKOM P2 = CONSt;

2'-3 - CTUCKaHHSI BOJAW B HACOCI.

Tennora (; B UMK MiIBOAMTHCA OPH P1= const Ha JAUIAHKAX: 3-
4;4-5; 5-1.

Temora q2 B HUKII BiBOAUTHCS Y UK Penkina B mporeci 2-2'
IIpH P2 = CONSt.

Po6ota nukiy Bu3HavaeThes mwi. (2'-3-4-5-1-2-2).

Sk Bimomo, KUIBKICTh TEIUIOTH, TiABEAEHOI (BIABEICHOI) B
1300apHOMY TPOILIECI, JOPIBHIOE PI3HUIIl EHTaJbIIH poOoYoro Tia Ha
[MOYATKY 1 HAIIPUKIHIII ITPOIIECY

1= h1- hs; 02=hz2- h7'. (22.1)

Tepmiunnii K.K.JI. nuxiry

U (q1 - qz)/ql = [(hl - hs) - (hz - h;)]/(hl - hs) (22.2)

SIKm0 THUCK MeHme Pup/3 , TO BCi i300apu B 007acTi piavHU
MIPOXOIATH TOCUTH OJIM3HKO ONHA BiJ OJTHOTI @ 1 10 HIKHBOI TPHUTPaHITHOT
KpuBoi, Tomy 1. ( 2'-3-4-2") nyxe maa.

TakyM 4YWHOM, IMKJI Iapo- CHIIOBOT YCTAaHOBKH TIPH He-
BEITMKHUX THCKaX mapu Ha p, V- 1 T, S — miarpami 300paxkae-TbCcs TakK, SIK
[0Ka3aHO Ha PUCYHKY 22.2.

Py

L 3

W 5
Pucynok 22.2
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ExoHOMIiYHICTP MApoBOro IHMKIY TaKOX  XapaKTepPU3YETbCS
BUTpPATOIO mapu d 1 TEIUVIOTH 1, IO BHTPAYAETHCS Ha OAMHUIIO POOOTH
(1IM/Ix). TeopeTnyHa MacoBa MUTOMa BUTpaTa napu B kr Ha 1 MJx

d,.,, =100/1, =1000/(h, —h,), (28.3)

meop

22.2 Bnaus mapaMeTpiB napu Ha BeJuunHy Tepmiunoro K. K. JI. nukiy
Penkina

Amnaniz tepmivnoro K.K.JI. muxiny Penkina mokasye, mo 77,

MapOCHJIOBOT  YCTAHOBKH 3POCTAE MPH 30UIBIICHHI MOYaTKOBOTO THCKY 1
MOYaTKOBOI TEMIIepaTypu Mapu Ta 3HIKEHHI KIHIEBOIO THUCKY Mapu B
KOHJIEHCATOPI.

Bnnaue nouamkoeozo mucky napu

Amnanizyroun 1uki Penkina (puc. 22.3) Juis pi3HUX 3HAYCHb THCKY
p1, mpu T1= const i p2 = const, MoXa 3pOOUTH HACTYITHI BUCHOBKH:

- UM BHIIE TUCK P1, TUM OLIBITIE CTYITIHD 3aIIOBHEHHS IIUKITY 1 BUIIE
cepefHs TeMIepaTypa MiIBEeAeHHS TEIUIOTH;

- 31 30UTBIIICHHSIMHU TUCKY P1, 3@ TAKOI CaMOi TEMIIEpaTypH Meperpiny,
BOJIOTICTh TIApPH HAa BUXOI 3 TypOiHH 3pOCTaE.

Tomy mpm 30UTBIIEHHI IMOYATKOBOTO THCKY TIapu HEOOXiTHO
30LTBITYBATH 1 TEMIEpaTypy mapu mepex TypOiHor. 3 (puc. 22.3) BHIHO,
M0 TiABHUINEHHS THCKY AP P1, IIPH T1 = const i p2= const IPU3BOAUTH

T A 10 MIABUIIEHHSA 7], UK.

T, 1 3  pucyHky 22.3
BUHO,III0 YMM BHIIE THUCK
napu pi, i Temmeparypa Ty,

THM BHIIC BCIHYMHA 7],

nukny Penkina. OTxke, s

HiABUINEHHA T}, UKITY

Penxina (puc. 22.2)
HEeoOXigHO 301IBIITYBATH
MOYATKOBI MapamMeTpu Mapu

- Temmepar T1 Ta THCK
Pucynok 22.3 p1. pALYPY
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Bruiue noyaTkoBoi TeMiiepaTypu mapu
3 pucynky 22.4. BuaHo, mo 7], uukny PeHkiHa 3 miIBHILEHHAM

TEeMIIepaTypH MEperpiBy mapu MpH TaKOMY X THCKY 30UIBIIYETHCS, TOMY
110 3POCTAE CePEIHS TeMITepaTypa MiJABSICHHS TCIUIOTH B IUKIII.

Ha pucynky 22.4 mokasaHa 3aleXHICTh 7], 1ukiny PeHkina Bin

MmoyaTkoBoi Temrepatypu Ti1 11 mouyaTkoBoro Tucky pi=16670 xlla
(170atu) i THcky mapu B koHzmeHcatopi p>=4 klla (0,04atu). 3 pucyHKy

BH/JIHO, 10 31 30iIbIEHHAM TemnepaTypu T1, 7], 36imburyeThes. Kpim Toro,

npH 30UIbIIEHH] TOYaTKOBOT TeMrepatypy napu Ti, 3MEHIIYEThCS TUTOMA
Butpata mnapu. OjHaK WiIBUIICHHS TIOYaTKOBOI TeMIIEpaTypH MapH
OOMEXYEThCSl BIACTUBOCTSIMH MeTally. B Halll 4ac BUKOPHCTOBYEThCS TTapa
T 3 TEMIIepaTypow Jio
650° C.
BrumB kiHmeBoro
THUCKY B KOHZEHCATOP1
I[Ipu mocTiHHUX
3HAQYEHHSAX IOYaTKOBHX
mapamerpiB mapu Tp =
const i p1 = const
3MEHILEHHA KIHIIEBOTO
THCKYy B KOHAEHCATOPi
NPU3BOINUTH 70
Pucynok 22.4 MIJABUIUEHHS 1], LMKy,
TOMy IIO B IBOMY
BUNAJKYy 3pOCTa€ TEeMIEpPaTypHUIl iHTepBan muKIy. JIIs 3MeHIICHHS

KIHIIEBOTO THUCKY P2 Ha BUXOAl Mapy 3 TypOIHH CTBOPIOIOTh BaKyyM 3a
JOTIOMOTOI0 KOHJIGHCATOpa.

en

Ha pucynky 22.5 nokaszaHa 3anexHicTh 7], nuxiay Penkina Bin

TUCKY P2. I'padix moOymoBaHO Ay modYaTKOBUX MapamerpiB p1 = klla
(170arn) i T1= 550 °C.

3a3BUuUail B TEIUIOCHJIOBUX  YCTAaHOBKax THUCK Y KOHJEHCATOpi
BHU3HAYAETHCS TEMITEPATYpPOIO OXOJIOKYI0uoi Boau 1 jopiBHIoE (3,5
...4,0)xITa ((0,035...0,04)atn).

Tuck 4 xlla Bigmosimae temnepatypi T = 28,6 °C. Ilonmanbiie
3HIKEHHSI THCKY P2 B KOHJeHcaTopi HegouuibHe. Tak, mpu Thcky 3 klla
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9 (0,03atn)
H TeMIiepaTypa
HacudeHHs Boau T2
\ = 23,8 °C, a npwm
o, tucky 2 klla -Tz =
'-.._,._‘H 17,2 °C, tomy
— PI3HUIIS TeMIIepaTyp
0,440 napu, 110
0,2 0,6 1 1.4 P, kMa KOHJIEHCYE, i
OXOJIODKYIOUO1
Pucynok 22.5 BOIM CTa€ 3aHajATO
MaJIoro. Ile
MPHU3BOAUTH JI0 30UIbIIEHHS pO3MIpiB  KoHjaeHcatopa. [lpm Mammx
3HAYCHHSX TUCKY P2 3pOCTa€ MUTOMHUH 00’€M TapH, MO HAJAXOAUTH B
KOHJICHCATOP,0TXKe 30UIBIIYIOTHCS PO3MIPHM  KOHJIEHCATOpPAa 1 OCTaHHIX
mabaie TypOiHu. 3a3BUYall JUIs IHTEHCHBHOI'O TEIUIOOOMIHY PI3HUILA

TeMIepaTyp Mapu W OXONOMKYHdoi BOAW TIOBUHHA OyTH HE MEHIIe
(10...15) °C.

0,4

22.3. Ly i3 npoMiskHUM neperpiBoM napu

Hacamniepen BapTo mOMITHTH, 110 UK PeHKiHA B YMCTOMY BHTJISII
IIPU BUCOKHX, @ THM OUTbIlle HAaJBHCOKHX MOYATKOBHX IapaMerpax HapH
(10 MlIla) 3miiiCHUTH HEMOXXJIMBO 3 Ti€l MPHYWHHW, IO BOJOTICTH TapH
HaIPUKIHII PO3MIMPEHHS] HAJAMIPHO BHCOKA (K BiZIOMO, CTYITIHb BOJIOT'OCTI
mapu Ha Buxomi 3 TypOiHm Bume (13...14) % He momyckaeThcs B
TEIIOCHJIOBUX YCTaHOBKAaX 3 TMApOBUMH TypOiHamH), i yMOBH pPOOOTH
JIONIATOK OCTaHHIX IMA0INiB TypOiHM CTAarOTh AyKe BaXKKUMH. Kpamembku
BOJIOTH, III0 3HAXOMATHCS B MOTOII MapH, BUKIMKAIOTh €PO3iF0 poOOUMX
MIOBEPXOHB JIONATOK, 1 JIOMATKHU IIBHU/KO BUXOIATH i3 JIay.

OpHuM 3i coco0iB, MO JO3BOJSIFOTh 3HWU3WTH BOJIOTICTH TIApPU HA
BUXOAI 3 TypOiHH, € meperpiB mapu. 3acTOCyBaHHS IEperpiBy mnapu
npu3BonuTh 10 30iumbmeHHs TtepmiyHoro K.K.J[. mukiny i omHOYacHO
3pymrye B T, S- miarpami TOuKy, IO BiAIIOBifa€ CTaHy mapw Ha BHUXOI 3
TypOiHH B 001aCTh OUTBII BUCOKUX CTYITIHEH CYXOCTi.
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Ha pucynky 22.6 HaBeneHa MPUHIMIIOBA CXeMa MMapOCUIIOBOL
YCTaHOBKH 13 BTOPUHHHM TieperpiBoM napu. B Takux ycraHoBkax TypOiHa
MPEJCTABJICHA Y BUTJIAII JBOX OKPEMUX TypOiH: BUCOKOTO 3 Ta HU3BKOIO 5
THCKIB. 3a3BUuail O0OMJBI TYpOiHU 1 eIEKTpOreHepaTop 6 po3TalIOBYOThHCS
Ha OJIHOMY Bally. BTOpuWHHMI TieperpiB mapu MOXKHa TMPOBOIUTH Ta3aMu
abo roctporo naporo. [IoBHe po3MIMpeHHs! MapH BiJ TUCKY P1 A0 THCKY P2
pO30MBaOTh Ha JiBa 200 KiJIbKa IHTEPBAJIB, KOXKHUN 3 SKUX 3iHCHIOETHCS
B OKpeMHX cekuisix TypOinm. [leperpitra mapa 3 mnapomeperpiBava 2
HAJXOAMUTH B TypOiHY BUCOKOTO THUCKY 3, Jie pO3LIMPIOETHCS M0 ajiadati 10
TUCKY p2. [licns TypOiHM map HaIXoOmUTh y IeperpiBad 4 st MOBTOPHOTO
neperpiBy npu pec = const. Ilorim mapa mnpsmye B TypOiHy 5, ae
PO3IIMPIOETHCST IO THCKY
B KOHJICHCATOPI.

Ha pucynky 22.7
2 % ITOKa3aHO LUKJT

, 5__/ MIapOCHIIOBOL YCTaHOBKH 3
%74 ﬂu) OJTHUM . MPOMDKHUM
3 N neperpiBoM B p, v-, T, S -
i h, S - giarpamax.
T.1 BiMOBia€
IIOYAaTKOBOMY CTaHy
?_C neperpitoi mapm; T. 2 -
— KIHIIEBOMY CTaHy HapH 3a
@ - TypOiHOIO TiCIs
PucyHok 22.6 BTOPMHHOTO  IIEPETPIBY;
T.2'-BinoBigana 0
KIHIIEBOMY CTaHy TapH
Py BiZICYTHOCTI BTOpMHHOrO TeperpiBy; mporec (1-2') - mnoBHOMY

PO3IINPEHHIO MapH, SKOW BOHO 3IIMCHIOBANIOCS B OAHIN CEKIii TypOiHH, a
nportec (1-1 )ra (d-2) - mOCHiZIOBHOMY PO3NIMPEHHIO TMapd B OKPEMHX
CeKI[isX TypOiHM 13 MPOMDKHUM MEPErpiBoM, MPOIECcOM SKOTro Oyxe IiHis

(c-d). B pesynbrarti BTOPUHHOI'O TIeperpiBaHHA CTYIIiHBb CYXOCTi
30LTBITY€ETHCS BiXl X'2 710 Xa. IIpu 3acrocyBaHHI OJHOTO TOBTOPHOTO
neperpiBy tepmiunnii K.K.Jl. nukny migBuiiyetscs Ha (2...3) %. I3

30LTBIIEHHSAM YHCIIa TPOMDKHUX meperpieiB, Tepmiunmii K.K.JI. 3pocrae
me Oimbme.  [lpu Tucky, OnMM3bKOMY 10 KPUTHYHOIO 1 HAaJKPUTHYHOTO,
1HO/I1 3aCTOCOBYIOTH JIBa 1 OUIbILE IPOMKHUX HEPErPIBH.



213

[D_

?\.
)

3
v M- S
Pucynok 22.7

KiUTBbKICTh TEIOTH (1, IO MABOAWTHCS IO TAPH B MUK, TOPIBHIOE

CyMi TerioTH q'1 1 Q'2, SIKi Ma€ mapa B MapoBOMY KOTJi 1 Y BTOPHHHOMY
neperpiBady:

q'1=hi—hs; q"1=h¢—he, qi=q'1+ q"1=( h1—hs) + (ha—hc) . (22.4)

Temora, 1110 BiIBOAXUTLCS Bij apH B KOHAEHCATOPI B mpotieci 2-3,
= h2—hs (22.5)
Pisauign temmot (Qi — Q2 )0 TIEPETBOPIOETHCS B PoOOTY
JIOPIBHIOE

C=q1— g2 =[(h1—hs) + (ha— he) - (h2—hs)], (22.6)
abo qi— Q2 = (h1 —he) + (ha —h2) = h1 —hy,
ae hi 1 h, - agiaGaTHe nagiHHA TEIUIOTH B NEPIIiH 1 Apyriil TypOiHax.

Tepmiuanit K.K./I. nukmy i3 [OpOMDKHMM TIeperpiBoM — mapu
BU3HAYAETHCS 3 BUPA3Y

ql_q2:(h1_hc)+(hd_h2): hl_hZ '
a, (h, —h))+(hy—=h,) h —-hy+(h,—-h,)

(22.7)

Tepmiuanii K.K./I. mukiy i3 1BOMa MpoMi>KHUMH TIEperpiBaMu mapu

h+h"+h"
(hl _h3)+(hd _hc)+(he _hn) ,

n= (22.8)
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MacoBa Butpata napu Ha 1MJ[x npu 3acTocyBaHHI OZHOTO i3 ABOX
BTOPHHHUX TIEPETPIBiB BU3HAYAETHCS 32 (popMynaMu:

d =1000/(h, —h,); d =1000/(h’' +h" +h"). (22.9)

Takum ymHOM MacoBa BuTpata mapu d i3 30UIBLIEHHSM YHKCIA
MPOMDKHHX TIEPErpiBiB Mapu 3HHKYETHCS.
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JIEKLUS 23

23.1 Iuxyia X0JIOOWIBHUX YCTAHOBOK i TepMoTpancdopmaTopiB

OXxono/pKeHHsT  TiT [0 TEMIepaTypd HIDKYE TeMIepaTypu
HaBKOJIMIIIHBOTO CEPEAOBUINA 1 MIATpUMKAa IX B OXOJOKEHOMY CTaHi
MPOTATOM TPHUBAJIOTO Yacy CTAHOBISTH OCHOBHE 3aBJaHHS XOJOAWIBHOT
TexHiku. J{ns 6araTb0X BHPOOHHUIITB TaKe OXOJOKEHHS Pi3HHX PEUOBHH,
a00, sk HOro Ha3WBaIOTh, BUPOOHMIITBO XOJIOAY, € HEBIIEMHOIO YaCTHHOO
TEXHOJIOTTYHUX mporneciB. B moOyTi i Ha TpaHcmopTi, npu 30epiraHHi i
TPaHCIOPTYBaHHI MPOAYKTIB, Ui CTBOPEHHS ,,IIITYYHOTO MIiKpOKITiMaTy”
(KOHIMIIIOHYBaHHS TIOBITPs1), NP OYJIBHHUIITBI PI3HOTO POAY MiJI3eMHHUX
CHOPY/DKEHb  (3aMOPOXKYBaHHS TPYHTY) BUPOOHHIITBO XOJOAY OJIEPIKAI0
IIMPOKE TTOITUPEHHS.

TerioBi MamwHM, MPHU3HAYEH] Ui 3HWKEHHSI TeMIepaTypu Tl y
MOPIBHSIHHI 3 TEMIIEPATYPOIO HABKOJIUIIHBOTO CepeIoBUIIa 1 Oe3mepepBHOT
MITPUMKA ~ Ii€i  TeMImepaTypW,  Ha3WBAIOTHCA  XOJOAUJIbHUMH
ycraHoBkaMmu. Lli » MammHM, 110 BUKOPHUCTOBYIOTHCS JUISA IiIBUIICHHS
TEeMIEPaTypHOTO piBHS HABKOJMIIHBOTO CEPEOBUINA, HA3MBAIOTHCS
TpaHc(hopMaTopamMu Tema0TH, 00 TeNJIOBHMH HACOCAMH.

3a7eKHO Bim TEMIepaTypH, IO TOBHHHA OYTH JOCATHYTa IIPH
OXOJIOJDKEHHI, PO3PI3HAIOTH XOJO0AMJIbHI YCTAHOBKH MOMIPHOTO X001y
(remneparypa 5o -70 °C) i yctaHOBKH rju60KOro xonoay (Temmeparypa
10 — 200 °C 1 HmKye).

3a pi3HOBHAAMH poOOYOrO Tila (XOJIOMOAreHTa) XOJOIMUIIBHI
YCTaHOBKM TONUISIOThCS Ha moBiTpsiHi 1 mapoBi. B ocrasHix, sk
XONIOZI0AreHT, BHKOPUCTOBYIOTBCS IMApU  PI3HUX  HU3BKOKHILIAIIMX
PEYOBHMH, HAMIPHUKIIA, aMiaKy, (ppeoHis.

VY CTaHOBKH, B SIKHX €HEpPTisl UL OJep>KaHHS XOJIOIY BUTPAYAETHCS Y
BHUIJISIII MeXaHIdHOI pPOOOTM Ha TPUBII KOMIIpECOpa, HA3UBAIOTHCS
KOMIPECOPHUMHM, a YCTAHOBKHM, B SIKUX €HEpPris BUTPAYAETHCS Y BUTIISII
TEIJIOTH Ha TEPMOXIMIYHY KOMITpECio, abcopOuiliHuMMU.

XoNmonuiTbHI YCTAHOBKY 1 TEIUIOBI HACOCH MPAIIOIOTH 110 3BOPOTHIM
KPYrOBHM IporiecaM abo IHKJIaM.

Jlo po6ouux TiJl, MO 3aCTOCOBYIOTHCSI B XOJOIMIBHHX YCTaHOBKAX,
NpeA'sBISETECS  Psil  OCOONMBUX BHMOT, BHACIHIIOK 4YOro 3HAYHO
CKOPOYYETHCS YUCIIO0 MOXKIIMBUX XOJIOJOATr€HTIB!
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- TUCK HACHYCHMX MapiB XOJOI0areHTa, 10 BiIIOBiIa€ HEOOXiTHUM
TeMIeparypam, MOBHHEH OyTH BuIlle aTMOc(epHOro adbo ONM3BKHM [0
HBOT'O, TOMY IO JIerme OOpOTHUCS 3 BHUTOKOM XOJOJOAareHTa, HiDK 3
MiZIcCOCOM TOBITPS IMpH Bakyymi. MeHII 3a iHIIUX XOJOAOAreHTIB Il
BHMMO31 BIAMOBIZA€E CipyacTHii aHTiApu, 1o npu temnepatypi -10 °C mae
tuck 0,101 MIla. ITincoc moBiTpst HEOakaH MO HACTYITHUX MPUYNHAX:

1) noripirye Temonepeaayy MK XOJIOI0areHTOM 1 OXOJIOKYIOYUM
CEpPEIOBHUIIIEM B KOHICHCATOPI Ta MK XOJIOJI0Ar€HTOM 1 OXOJIOKYBAaHUM
CEpeNOBHIIEM Y BUIIAPHUKY;

2)  MiCTHTH BOASHI TapH, SKi MOXYTh 3amep3aTd B TpyOKax
BUIApHUKa ab0 PO3YMHATUCS B MacTHIIaX, [IO 3MAllylOTh  KOMIIpecop, i
MiIBUIYBaTH TEMIIEPATYpPy 3aMep3aHHs MacTUIIa;

3) migBumrye poOOYHMiA THUCK 1 BHUKIMKAE HAJAMIPHY BHUTPATy
eIIEKTPOEHEPrii, 1110 HeoOXiHa /IS IPUBOIA KOMIIPECopa;

- HeOaxaHW BUCOKHH THCK MapH MpH TeMIepaTypi KOHJEHcalli,
TOMY IO TMOTpiOHA OUIbIIA IMUILHICTH 3'€IHAHb, MO0 YHUKHYTH BUTOKY
xonmomoareHTta. [liii BuMo3i moraHo 3amoBoibHs€e CQOz, y SKOrO TIpH
t = -10°C p, =2,64Mlla;

- XOJIOIWIIBHI areHTH MTOBUHHI MaTH BEJIMKY TEIUIOTY MapOTBOPEHHS,
TOMY IO BOHAa BHU3HAYa€ XOJIOAOBHPOOHHUITBO B ITaPOKOMIIPECOPHUX
ycTaHOBKax. MeHII 3a iHIMMX Iiif BUMO3i 33J0BOJBHSIOTh BYTJIEKHUCIAN
ras i ppeonu;

- po0Oounii THCK XOJNOMOATeHTIB TMPH TEeMIIepaTypi,lI0 3BHYANHO
BUKOpUCTOBYEThCs Ha mpakTuil (Binx -30 °C mo +30 °C), noBuneH OyTh
3HAQYHO HIKYe KpuTH4yHOro. KpuTnyna TtemmepaTypa NOBHHHa OyTH
Brucokor. Llifi BUMO31 HEMOCTATHHO 3aJOBOJIGHSE BYTJICKHCIHUNA Ta3, y

SIKOT'O th =31,35°C. Buxomurs, fKmIO B KOHJAEHCATOpI Oyse

OXOJIO/IXKYI0Ya Bojia 3 TeMiepatypoto Bumie 31,35 °C, o CO. Hikonu He
CKOHJIGHCYEThCS. I3 i€l NpPUYMHM XOJOAWJIBHI YCTAHOBKH, B SIKHX
BUKOpUCTOBYeTbcs COz, TpaliolOTh MO OCOOJUBUM, OUIBLI CKIAJAHUM
LIUKJIaM, HDK 3BHYaiiHi;

- XOIIOJI0areHTH He TIOBWHHI MaTH KOPOAMPYIOUi BIIACTHUBOCTI 1
YTBOPIOBATH 13 MACTHJIAMHU XIMiYHI CITOJIYKH, IIIO MOPYIIYIOTH HOPMAJIBbHY
po0OoTy MamuHY;
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- XOJIOOAreéHTM HE TOBHWHHI  INKJIMBO  BIUIMBAaTH  Ha
OOCJIyTOBYIOUMI TEPCOHANl TPH HEMUHYYMX HA TMPAKTHUI[l HEBEIUKUX
BUTOKAaX iXHBOI IApHU.

Sx BIIOMO, IIMPOKE 3aCTOCYBaHHS B SKOCTI XOJIOJOArcHTIB
ofnepxanu (ppeoHM — TaNOimHI TOXIiJAHI HACHYCHUX BYIJICBOJHIB

CmH »110 OTPUMaHi HUIAXOM 3aMiHM aTOMIB BOJHIO aTOMAaMH XJIOpY 1
ropy.

B Texnini uepe3 BeNWKy pi3HOMaHITHICTH (PEOHIB 1 CKIATHOTO
IXHBOrO HaWMEHYBaHHA BCTAaHOBJEHAa yMOBHA YHCJIOBa CHUCTEMa
MMO3HAYEHHS, BIAIOBIAHO O SKOI KOXKHE 3'€JHAHHS 3aJI€KHO Bix XIMIYHOT
dopmyan mae cBoe uucio. CroyaTkKy THUIIYTh IUGPH, [0 YMOBHO
ITO3HAYAIOTh
BYTJICBO/ICHbD,
MOXIJHUM  SIKOIO €
naHuit  gpeon. s

MeTany 1e 1, mis
srana - 11, s
mporrany -21 1 T. &
TTotim, SIKIIIO B
3'eJHAHHI €
He3aMIIeH1 aTOMH
BOJHIO, YHCIIO ix
JOHAEThCI OO0  IUX
Pucynok 23.1 udp. Hani  no

OTpUMaHOi cymMu abo
JI0 TIEPBICHOTO YHUCIa
(SKmIo BCi aToMH BOJHIO B 3'€THAHHI 3aMillleHi) JOMUCYIOTH (a He
JOJAI0Th) Y BUTIISAII HACTYITHOTO 3HaKa UGy, 10 BHPaXKae YHCIO aATOMIB
¢dTopy. Tak omepKyrOTh MO3HAYCHHS:
¢peon -11 3amicts MoHOpTOpTpUXIOpMeTaH CFCl3;
¢peon -12 3amicts qudropauxmopmeran  CF2Cly;
¢bpeon -22 3amicts qudropmonoxiopmeran CHFCI;
¢peon -114 3amicts Terpadropauxioperan CoF4Cly;
bpeon -142 3amicts mudropmonoxioperan  CoHzF2Cl.
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23.2 Iuka moBiTPsIHOI X0I0IMIIBHOI YCTAHOBKH

[NoBiTpsiHa XONOAMIBHA yCTaHOBKA Oyja OMHUM 3 TEPIIUX THIIIB
XOJIONUIIBHUX YCTAHOBOK, SIKY 3aCTOCYBaJIM Ha MPAKTHULIL.

Ha pucynky 23.1 HaBeieHa TMPHHIMIIOBA CXeMa IOBITPSHOI
xonoaunsHoi MammHu (ITXM).

IToBiTps 3 Tuckom [); Haxxomuth y gaeranzaep 1, ne aniabaTHo

posmmproeTbes 1o ninil 1 — 2 (puc. 23.2) g0 tucky [, i poOuTh TpH

IbOMY POOOTY, IO BIIJAETHCS JIETAHJIEPOM, 30BHIIIHBOMY CIIOKHBA4EBI

phﬁ1 S, 4 *.T 4

= b
Pucynok 23.2

(HampuKIIam, TEHepaTopy eNeKTPUYHOTO CTPyMy). PO3MIMpeHHS MOBITpS
CYIIPOBOIIKYETHCS 3HWKEHHAM Horo temnepatypu Big Ti mo Tz Ilortim
BiH HAaJIXOJHUTh B OXONOMKYEMUi 00’eM 2 (pedprkepaTop) , ie Bimdupae
TEMIOTY BiJ 00'€KTa ,I0 OXONOKYEThCA IpU P, = CONSt 1o minii 2 — 3.

BizgBeneHHs TEIJIOTH BiJ OXOJOIKYBAEMOTO 00’€My MOXKIIHBO
TUTBKM B TOMY BHIIAJKYy, SIKIIO TEMIIepaTypa HOBITPS HPOTSITOM BCHOTO
i300apHOrO TpoIecy BigOOpYy TemIoTH Oyjae MEHINa, HiK TeMIepaTypa
OXOJIOJPKYBAEMOT'O 00’ €MYy.
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B mpunuuni Temmnepatypa MOBITps Ha BUXOII i3 OXOJOKYBaEMOTO
00’emy T3 Moxe 3pIBHATHCS 3 TEMIIEPAaTypOIO OXOJOKyeMux Tiin.Ha
MpaKTUIl JK BOHA 3aBXJW TPOXU HWKYUE Iiei Temmeparypu. Tyt
BiIOYBA€ThCS MiIBUIIICHHS TeMIlepaTypu noBitps Big T2 mo Ta.

[To BUXOMy 3 OXOJIOJKYBAEMOTO 00’€MY TIOBITpSI HAINPABISETHCS B
komrpecop 3 (B OCHOBHOMY 3aCTOCOBYIOTHCS TypOOKOMIIpECOpH), e

Horo tuck miaBumyeThca Bin [P, g0 P, (umpu mpomy Temmeparypa

noBitps 3pocrae Bim Tz mo Tis) mo amiabari 3 — 4. CrucHyre
KOMIIPECOPOM TOBITPS HAJIXOJUTh B OXono/kyBad 4. OXxonomKyBay
SBIISiE COOO0 TEMIIOOOMIHHHK TOBEPXHEBOTO THITY, B SKOMY TeMIlepaTypa
MOBITPS 3HMKYETHCS BHACIJIOK BiJZladui TEIJIOTH OXOJIOMKYIOUii BOJI, 1110
IUPKYIIIOE Yepe3 OXOJNIOJDKYBad. B MpuHIMII TemrepaTypa TOBITps Ha
BHUXO/I 3 OXONo[KkyBaua Ti Moke OyTH SIK 3aBrofiHO OJNHM3BKOIO J0
TEMIIepaTypy OXOJIOJDKYIOUOi BOJHU, OJHAK Ha MPAKTUIIl TeMmIepaTypa
TOBITPS 3aBXK/IM TPOXH BUIIIE TEMITEPATYPH OXOJOMKYIo4oi Boau. [Iporec
B OXOJIO/KyBaui BiOyBaeThca ipu ), = const .

3 pucynky 23.2 BumHo, mo (3 — 4 — 1) - 1e JiHIS CTHCKaHHS
moBitpst, a (1 —2 — 3) - 1e minia posmmpenusa. Po6ora, mo 3aTpadyeHa Ha
MPHBII KOMIIpeCcopa, 300paKy€eThCs wr(m-4-3-m).
Omxe, poOora,mo0 3arpadeHa B Iukm  [IXM, |u , 300paxKxyeTbcs

mwi. (1 -2 —-3-4-1). IIporec B KOMIIpecopi Moxe 3aiiicHIOBaTUCS 260 110
amiabari, abo 1o i3oTepmi, abo Mo momiTponi 3 MoKasHHKOM 1< n < k.
[Ipu ToMy caMoMy BiTHOIIIEHHI THCKIB p1/ p2 HaWOULTBIIE 30UTBITICHHS
TeMIepaTypH Ta3y B KOMIIPECOpi Mae MicCIle MpHU afiadaTHOMY CTHCKaHHI.
TeroBinBeneHHs Bix TOBITPS IHTEHCHU(IKYEThCS TPH  30UIBIIEHHI
TEeMITepaTypHOro TMepenaay MK MOBITpsAM 1 Bogoro. OpHax, mpu 3amaHii
TeMITepaTypi OXOJIO/KYIOUOi BOMW 30UTBIIEHHS TEMIEpaTypH TOBITPA
CHpUYMHSIE 30UTBIIICHAS BUTPATH POOOTH.

B T, S — piarpami Termuora (,, mo BigBOmUTECA i3
OXOJIO/DKYBAEMOT0 00’emy, 300paxyerbess 1r.(a — 2 — 3 — B — a).Pobora,
0 3aTPavyeThCs B LUK |u -mt (1 -2-3-4-1) i remrora, mo

BiIa€ThCs 0X0N0uKyBady (], mopisHIOE I (1-a-B-4-1).

Tuck nositpss y IIXM 3BHuaiiHO HeBenuKe (SIK MPaBUIIO, HE BHUILE
500 kI1a).
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Tenmora (],, mo BiAOUpAETHCA MHOBITPAM 13 OXOJOIKYBAEMOIO
00’eMy B i300apHOMY TIporieci 2 - 3, TOPIBHIOE

q,=h,—h,, (23.1)

a Teriora (,, WO BiAJAETbCA MOBITPAM OXONOMXKYIOUId BOII B

XOJIONWIBHUKY  (TapsiuoMy JpKepeny) B i300apHomy mpoueci 4 — 1,
JOPIBHIOE

q,=h,—h,. (23.2)

3 ormsiy Ha Te, IO B OXOJOMKYBaJbHOMY 00’€Mi Temmeparypa

3HAYHO BHIIE KpUTHYHOI Temneparypu noBitpst ( - 140,7 °C ab6o 132,3 K),

MOBITPS. MOYKHA BBAXKATH 1/I€alIbHUM T'a30M 3 MOCTIHOIO TEIIOEMHICTIO.
Tomy 3 (23.1)1(23.2), maemo

qzch'(Ts_Tz); q1:Cp'(T4 _T1)-
[MlincraBnsroun wi 3HaveHHs (), i 0, B piBHAHHA a4
XOnoAauIbHOTro Koedinieaty & mukny [IXM, maemo
‘9:(T3 _Tz)/[(T4 _Tl)_(TS _Tz)]- (23.3)
k-1
BinnopigHo 10 piBHAHHS T2 / T1 = (p2 / pl) K, Maemo A

amiabatHoro mporecy 3—4
k-1

T,/T,=(p,/p,) " (23.4)
1 aHAJIOTTYHO JyIs aaiabaTHoro mporecy 1 —2
k-1
TIT,=(p,/p,) " . (23.5)
Ockinbku a4 1300apHux mpouecis 4 —1 1 2 -3 Pp,=pP, 1
P, =P;, T10i3(23.4) 1 (23.5) oueBnmHO, 111(0)
T /T, =T,IT,. (23.6)
3 ypaxyBaHHSM I[bOTO CITIBBIHOIIEHHS HEBAa)KKO MOKa3aTH, 110
[T, =TT, =T,))T,/T,. (23.7)

[Migcrapmsiroun  (23.7) B (23.4), onepxyemo

e=1/((T,/T,)-1) (23.8)
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abo, Te k& came
e=T,I(T,-T,), (23.9)
3mintoroun B (23.8) To/T2 3a momomororo piBHsHHSA (23.6),
OJIEPIKYEMO BHPAXKEHHS Uil XONoJuiIbHOro Koedinienra mukny [IXM y
BUTJIAII
k-1 -1

e=(p,/p,)* —1| . (23.10)

[lo 30BHIMHBOMY BUTIISAY piBHSHHS (23.9) 306iraetbest 3 piBHAHHIM

XOJOJAWILHOTO Koe(dilieHTa JuUisi 3BOPOTHHOIO XOJIOAMUJIBHOIO IHKITY

Kapno. OpHak 1151 o/i0OHICTh

T YUCTO 3OBHIIIHS TOMY,IIO ¥

.t 3BopoTHhOMY nukii Kapao T»

4 — IIe TeMmeparypa, piBHa B

MexXi TemmepaTypi

. 1 s OXOJIOKYEMOTO 00’eMy, TO,Z[i,

K SIK B IIUKIL IIXM T,

% 2 3HaYHO HUX4Ye (B LbOMY

3 MUK~ TeMIiepaTypa T,

2 JIOPIBHIOE B MEXI TeMIIepaTypi

T3). 3Bigcw BUTIKae, MO TPH

5 TOMYy caMOMy 3HaueHHI 11

a h Eans XOJIONUITEHAN KoedirieHT

Pucynoxk 23.3 3BopoTHhOro 1ukiy Kapao

BUIIIC 3a XOJIOMITbHU T

koedimient mukny [IXM. ILle

BunHO 3 T,S -miarpamu Ha pucyHKy 23.3, Ha sKiif 300pakeHi 3AilCHIOBaHI

B TOMy caMoMy iHTepBaji Temmepatyp Binx Ti g0 T, 3BOpOTHIi UK
Kapuo (1 —2k—3-3k-1) imuxn [IXM (1 -2-3-4-1).

Ax BuaHO 13 miel miarpamu, B mukimi [IXM BigOupaerbcs MeHIe
TEIIOTH, YUM Y 3BOpOTHROMY ik KapHo (BimnmoBimHo mi. (a-2-3-B -
a) i . (a-2Kk-3-B-a),apobora, mo 3aTpauena B mukti [IXM mr. (1 -
2-3-4-1),6inbie, HiX y 3B0poTHROMY 1K Kapwo . (1 - 2k - 3 - 3K -
1).

OTtxe, npu ofHid 1 TiK xe BuTpati podotn IIXM Mae 3HA4HO
MEHIY XOJIOJONPOAYKTHBHICTb, HIX YCTAHOBKA, B SKIA 3OIMCHIOETHCS
3BopotHii nuka KapHo. Tomy IIXM BuMarae BETMKUX BUTPAT HOBITPSI.
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Hemomiku, 1110 BIACTHBI MUKy MOBITPSIHOT XOJIOMUIBHOT YCTAHOBKH,
BH3HAYAIOTHCSA THM, IO MPOLECH Bi0OOPY TEIUIOTH 3 OXOJOIKYBAEMOTO
00’eMy 1 Biiadi MOBITPSM TEILJIOTH B OXOJIOJPKYBaYi 3IHCHIOIOTHCS HE TI0
i30TepMi, a o 1300api. B mpoMy BumamKy cepedHs TeMIeparypa
BiZBEEHHSA TEIUIOTH B IIUKII TOZ’Z , BuaBieTbes Bume Ti, a cepenns

!
. Tcp T
TemIiepaTypa miasenenns remord | o - - mmwxue 1, . OweBuano, mo B

muakni [IXM semuuwaun 12 1 T2

ome oo OyaAyTh TUM OJIMKYE BiIMOBIIHO
po T1i To, uum «Byxue» uumkny T, S-miarpami, TOGTO UMM MeHIIE
MEePEOXOJIOPKEHE TMOBITPs, MO0 BUXOAUTH 13 JeTaHIepa, y MOPIBHSIHHI 3
OXOJIO[DKYBAEMHUM 00’€MOM, IHIIMMH CJIIOBAMH, YMM MEHIIA PI3HHUILA T, —
Ta.

Ha T,S-niarpami ( puc. 23.3) 300paxeni na mukmu [IXM: (1-2-3-
4-1)i (1 -2 -3~ 4 — 1), mo 37iiCHIOIOTECA B TOMY CaMOMY iHTepBai
temmepatyp (Mik Ti i Tz). 3 miei giarpaMm OueBHIHO, MO BETHYHMHA
T[:fg i T Z’ 5, Y Olmbm «By3pkomy» mukmi (1 — 2 — 3 — 1) Gmmxde
BimmoBizHo mo Ti i T2, uuM B «ampokomy» 1wk (1 -2 —3 —4—1).

OTxe, UMM «BYXXYe» IIMKI, TUM BHILE 3HAYCHHS XOJOJMIHLHOTO
koedimienta. Tpebda, ogHaK, MaTH Ha yBa3i, IO «3BYKEHHD» ITUKITY (TOOTO

3MeHmeHHs pi3HUII T2 - T2) NPHBOMMTH, SK INIPABHIO, JO TOTO, IO
3MEHIIYEThCI  KUTBKICTh  TEIMJIOTH (,, mo BigbupaeTbca 3

OXOJIODKYBAEMOTO 00’€My 3a OOWH IUKI. TakuM 4YHHOM, XOda
XOJMOOUIBLHANW THKJI 1 CTa€ TEOPETUIHO OUTBIT e(pEeKTHBHUM, aje It
3abe3medends Komumuboi (ak B mwkmi (1 - 2 - 3 - 4 - 1)
XOJOJOMPOAYKTUBHOCTI HEOOXiTHO 30UThIIyBaTH BHUTpATy IMOBITPS B
KOHTYpi ycTaHOBKHM. KpiM TOro, HE3BOPOTHICTh pealbHUX IMPOIIECIB
aziabaTHOTO CTHCKAaHHS 1 PO3IIMPEHHS B pealbHI YCTaHOBII pPOOWTH
3HAYHO OUTHINHIA HEraTUBHUH BIUIMB HA «BY3BKHID) ITHKIL
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JIEKIIISA 24

24.1 TMKJ MapoKOMIIPECOPHOI X0J0IHJIbHOI yCTAHOBKH

Binpm BurigHi 1 3py4Hi, B TOPIBHAHHI 3 TOBITPSHUMH, TapOBi
KOMIIPECOPHI  XOJIOAWJIbHI YCTAaHOBKH, IO JO3BOJISAIOTH B  00JacTi
HAacHYCHOI TMapu 3IMCHUTH 130TEepMiYHE BIiJBEJICHHS 1 IIiABEICHHS
TEIJIOTH, IO BiIOMPAETBCS y OXOJNOMKYBaJbHOTO CEpeloBHINA, 1
HAOMM3UTH XOJMOAUIBHHAN UK 10 3BOPOTHHOTO UKy KapHo.

3niiCHUTH B XOJIOAWIbHIM YCTAHOBIII IJBEJACHHS 1 BiJBEIACHHS
TEIJIOTH TIO 130TepMax BJACTBCS B TOMY BHUMAJAKY, SKIIO B SKOCTI
XO0JIOJIOAareHTa BHUKOPUCTOBYETHCS BoJlora  mapa  SIKOi-HeOyIb
JIETKOKMILISAYO! PiIMHU, TOOTO PiAMHU, y SAKOI TeMIepaTypa KHIHHSA IIPH
atMochepHOMY THCKY MEHIIAa 32 TeMIepaTypy HaBKOJIHIIHBOTO

CepenIoBHIIA ('[S <20°C). V napokoMnpecopHHX XoJOXHJILHHX

ycranoBkax ([TKXYV) 3niiicHIOIOThCS, B OCHOBHOMY, Ti % HPOILIECH, IO 1 Y
I[IXM.  PoboumMm TimoM  (XOJOMOAarceHTOM)  TaKHUX YCTAHOBOK €
JIETKOKUIUISAYl  PIAMHM: amiak, BYTJCKUCIIOTa, CIpYaCTHH aHTiApu,
(hTOPOXITOPITOXiMHI HAWTIPOCTIMMX BYTJIACBOAHIB Ta iHmI.  HaiiOimbme
3acToCyBaHHSA MaroTh amiak i ppeonn. B ITIKXY na Bigminy Bim IIXM
3aMiCTh JeTaHZepa 3aCTOCOBYEThCA JIPOCENbHUN (pPEeqyKIIHNI) BEHTHII,
3a JIONIOMOI'OI0 SIKOTO PETYJIOIOTh TEMIIEPATypy B OXOJIODKYBAEMOMY
00’eMi, 3MIHOIO CTyIEHS BIOKPUTTA penykiiiiHoro BeHTWIA. llpomec
aZiadaTHOTO JPOCENIOBaHHS CYHPOBOIKYETHCS 3POCTaHHSAM EHTPOMii
JPOCEITIOI0Y0i PEUYOBHHH, IPU [TLOMY CHTAIIBITISI PSUOBHHH HE 3MIHIOETHCS.
[IKXY mnpexncraBnena Ha pucyHky 24.1 i
TMIPaIoe y TaKUid crocio.

CrucHena B kommpecopi 3 10

THUCKY P, Bomora  (cyxa) mapa
HaIXOINUTh B KOHJICHCATOP
(oxomomkyBad) 2, e 3a paxyHOK Bijiadi
TEIUIOTH, OXOJIOJKYBAITEHOMY
CepeoBHUIITY, BiIOyBa€eThC IOBHA
KoHeHcallist napu. [Iporec konmeHcaii

BinOyBaeThca 1o i300api-izorepmi 4 — 1

(S - . 24.2).
Pucynok 24.1 (prc :
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Pimuna 3 kompmencatopa mpu THcKy [, i Temmeparypi Ti
MPOXOJUTh Yepe3 OPOCENbHUN BEHTWNIb 1, e BOHA JPOCEIIOETHCS 0
ticky [),. Tuck P, BubupaeTbcs TakuMm, 100 BiANOBIJHA LILOMY THUCKY

Temreparypa HachdeHHS T, Oyma TpOXH HIDKYAa  TeMIIEpaTypH
0XO0J0/DKyBaeMoro o0’emy. Ilporec napocenroBaHHs y BeHTWII 1 €
HeobopotHiM 1 Ha T, S- miarpami 300pakyeTbcs yMOBHOIO JiHiero 1 — 2
(puc. 24.2.a).

[Micnst  ApocenbHOrO BEHTHJIS BOJOra Tlapa HANpaBISETbCA Y
BUITAPHUK 4, ne 3a paxyHOK TEIUIOTH,II0 BiIOMpAaEThCs  BiX
OXOJIO/KYIOUHMX TiJI, BMIillIEHA B HHOMY pillMHA BUIAPOBYETHCS, CTYIIHb
CYXOCTI BOJIOTOT IIapH IPH 1IbOMY 3pocTae. 1300apHO-130TepMiuHUI MpoIieC
MiJBEACHHS TEIUIOTH JI0 XO0JI0I0areHTy y BUIAPHUKY 300paKy€eThCs JTHIEH0

&) E)
T k T k 3
Tj_ - - T], - -
I3, I~
T AL ! T Al
2 | —TQ—I ] 2 | | |
I [
I I I I
P | |
5 L 1 5 | | | &
L 2 3 [T [4]
Pucynok 24.2

2 — 3. 3 BUNapHHWKA Tap BHCOKOTO CTYIIHI CyXOCTi HAIPaBISIETHCS B
KomIpecop 3, ie aniabaTHO CTHCKA€ThCA Bifl THCKY [, 10 THCKY P .

B IIKXYVY , 3amexxHo Bif cTaHy Mapwd, IO BUXOIHUTH i3 KOMIIPECOPA,
MOJKJIMBI HACTYITHI IIUKITH: - -
Ha Hacu4eHii mapi (puc. 24.2. a);

- Ha BoJioriii mapi (puc.24.2. 0);

- Ha meperpiriii mapi (puc.24.2. B).

3 Kxommpecopa mapa HampaBIsSETbCS B KOHAEHcaTop 4, 1 IHMKI
3aMHKAETHCSL.

Hukn( 1 — 2 — 3 — 4), HaBenenuit Ha puc. 24.2, BiIpPI3HAETHCS Bif
3BopoTHboro mukiny Kapuo (1 — A — 3 — 4) tum, mo npouec 1 — 2
OXOJIOIKEHHS XoJloJ0oareHTa Big remneparypu Ti1 g0 T2 BigOyBaeTbcs 1o
HeoOOpoTHIN aniabaTi B ApocelbHOMY BeHTHII, a B mukii KapHo mo
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o0opoTHill amiabati 1 — A B merannepi. KiuTbKICTh TEIOTH 9, , 10
BIIOMPAETHCS  BiJ OXOJO/DKYBAHOIO JUKEpena, B  IHMKII I[IKXY

300paxkyeTbcss 1. (2 — 2 — 3 — B — a), a KUIBKICTh TEIUIOTH 9, , 110
BiOupaeThcsa y 3BopoTHhOMY LUK KapHo nopiBHioe 1. (3 — A -3 — B —
¢). 3 pucynky 24.2.a BugHo, mo W 3—A-33-3)>m. (a—-2-3-B—
a). Brpara xyiamonpoayKTHBHOCTI BiJl 3aMiHM JeTaHAEpa PEAyKIIHHUM
BEHTHJIEM BH3HaYaeThcsl . (A —2 —a —3— A). KinbkicTh TEI0TH, 1110
nepeaHa B KOHJCHCATOP1 OXOJIOKYIOUOMY CEPEIOBUIILY IPU MOCTIHHOMY
THUCKY, IOPIBHIOE

9,=m1(4-1-2—a—6—4)=h, —h,

TermoTa, M0 MABOAUTECA JO XOJOJOATEHTY B OXOIIOLKYBAHOMY
00’€KTi, JOpIBHIOE

q,=m(2-3-6-a—-2)=h,—h,=T,-(S,-S,).

B muxm IIKXY pobora,io 3aTpadeHa Ha MPHBIA KoMIpecopa 3,
JIOPIBHIOE
IK’()M = h4 - h3
OCKUTEKH B TIPOIIECI JIPOCCTIOBAHHS h1 = hz, TO pobota, M0
3aTpadeHa B ITUKJII, TOPIBHIOE POOOTI KOMIIpecopa, TOOTO

| =1, =h,—h,

[TincTaBisgroun 3HAYECHHSA |u i (, BpiBHAHHA

KoM

£=q,/1, =(h, —h,)/(h, —=h,) =T,(S, - S,)/(h, =h,).  (24.)
Ha edexruBHICTh XOMOMMIBPHIX YCTAHOBOK BIUIMBAIOTH BIACTUBOCTI
xonojoareHTa. 3 Bupasy (24.1) BuUIHO, IO XONOJONPOTYKTHBHICTH TUM
BUIIE, YUM OiIbIIa PI3HHUIIS SHTPOITIH (S3 - Sz)- PizHuIs (S3 - 82 )
TUM OUTbIlIa, UMM  «IIUPIIE»  IUKJI, TOOTO YWM OUIbIIE PI3HHUIA
(S, = 9S).
[Ipruomy



226

S,-S,=r/T, (24.2)
Je [ —ITUTOMa TEIUIoTa MapOTBOPEHHS XO0J0d0areHTa npu Temmeparypi Ti.

TakuM 4MHOM, TPH MOCTIHHIA BUTpATi XOJIOJ0AreHTa B YCTAaHOBII
XOJIOJOMPOAYKTUBHICTh IUKIY TUM BHIIA, YMM OUIbIIA MHTOMA TEILIOTA
MapOTBOPEHHS XOJOAOAreHTa TpH BEpXHid TemmepaTypi mumkimy. OTKe,
BeIMYMHA T  MOXE OYTHM BHKOPUCTaHa, SK KPUTEpill ISl OLIHKH
XOJIOJIOAreHTa.

KXY 3aCTOCOBYIOTBCSL JUISL  OFICpKAHHS 1 MIATPAMKH B
0x0JI0/DKyBaeMoMy 00’emi Temmepatyp Big 0 °C mo -120 °C, a iHomi i
HWwk4e. HmkHs TemmepaTypa mukiay T2 3aJa€Thesl MPH NMPOCKTYBaHHI
3aJI©KHO BiJ TMPHU3HAYEHHS XOJOJWJIBHOI YCTAaHOBKH, BEpPXHS T
BHU3HAYAETHCS TEMIIEPATYpPOIO OXOJO/DKYIOUOl BOJM, IO HAIXOAHUTH Y
KOHJIEHCATOpP. 3BUYAWHO TeMIIepaTypa OXOJOKYH0UO0l BOAM 3MIHIOETHCS B
mexax Big 0 °C no +30 °C.

o xonomoarentiB g [IKXY BHCyBarOTh HACTYITHI BUMOTH:

- XOJIOJI0Ar€HT IOBMHEH MATH MOXJIMBO OUIBIINY IHMTOMY TEIUIOTY
MapOTBOPEHHS T;

- THCK HaCHYEHOI Mapy XOJIOAOAreHTa MPpH HIDKHIA Temmepatypi T»
Mae OyTH BHUIIE aTMOC(PEpHOro, TOMY IO B IbOMY BHUIQJKY JIErmie
YCYHYTH BUTIK XOJIOJJ0arcHTa, HK IiJCMOKTYBAHHS TOBITPS TIPH BaKyyMi.
[lomamanHs TOBITPSI 1 BOJOTH B XOJIOJOATEHT IOTIPIIye TEIIoNepeaady.
Kpim Toro, Boiora Moxxke 3aMep3aTs PU HA3BKii TeMIIepaTypi;

- XOJIOIOAreHTH MOBWHHI OyTH HETOKCHYHHMH, XIMIYHO CTIHKUMH 1
HE B3a€MOJIISTH 3 KOHCTPYKIIIHHUMH MaTepiajJamu.

I[IKXY wMarTh mepeBard Iepel MOBITPSHAMH. Y HHX OUIBII
BHCOKHI1 XONOMMIBHUN KOe(illieHT 1 OibIna XoIogonpoayKTUBHICTE. KpiM
TOr'0, BOHM KOMIIAKTHIIII Ta OUIBII JEIIeEB].

24.2 AocopOuiiiHi X0J0IUIbHI MAIIIMHA

OcHOBHOIO TepeBaror0 afcopOUiHHUX XO0JOJIMIBHUX YCTAHOBOK
(AXY) y nopiBHSHHI 3 KOMIPECOPHUMH € BUKOPUCTaHHA 1JIs1 BAPOOHULITBA
XOJIONy HE eNeKTPUYHOI, a TemaoBOi eHeprii HU3BKOro 1 CeperHbOro
MIOTEHITiaiB, Ky MOXXHA OJIEPYKATH BiJl BOASHOI MapH, IO BiAOUpPaeThCA,
HaNpUKIaL, 3 TYpOIHHM Ha TEIJIOEIEKTPOLEHTPAISX.

B aGcopOuiiHuX XOJOAWIBHHUX YCTaHOBKaxX BHKOPHUCTOBYETHCS
siBUIIIE a0copOIii Mapy po34rHOM.
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AOCOpOIIi€l0 HAa3UBAETHCA 3JATHICTh JESIKUX TUT 3a TEBHUX YMOB
MOTJIMHATH 1HIII Tija.

B AXY cam mpuHIUN TEpEHOCY TEIUIOTH 3 OUThII HU3BKOIO Ha
OUIBII BUCOKHMI TeMIlepaTypHHUH pPiBeHb iCTOTHO BiIPI3HSAETHCS BiJ BCIX
POBTIIIHYTHX paHillle.

PoGouoto peuoBnnoo B AXY € OiHapHH pO34YHH, TOOTO CyMIll,
IO CKJIAJAEThCS 13 JBOX MOBHICTIO PO3UYMHHUX JAPYT Yy JPY31 PEHOBHH,
OpHYOMY IIi PEYOBMHU MAIOTh PI3KO pi3HI TeMIepaTypu KUIIiHHS.
PedoBrHA 3 MEHIIIOK TEMIIEPATYPOIO KHITIHHS € X0J0IUJILHUM areHToM, a
3 OUIBIIIE BUCOKOK TEMITEPATYPOIO KUIIIHHSI — a0COPOEHTOM.

Pobora ycraHOBKM OCHOBaHa Ha TOMY, MO KOHIIEHTpAIlis
XOJIONWJIBHOTO areHTa B KUIUITYOMY PO3YMHI 3HAYHO HIKYE, HIK Y
HaCHYEHI1I napi OO
PO3YHHY IIPH TOMY K€ THCKY.

Is BJIIACTUBICTH
OiHapHUX pO3UNHIB
BimoOpaka€Thcsl Ha (ha3oBii
miarpami (puc. 24.3), B sKil
M0  TOPWU3OHTAJIBHIA  Bicl
BiKJIa/ICH1 KOHITEHTpaIIil
xonomwibHoro arenta (C),

a IO BEpPTUKANBHIA Bici —

temmepatypu (1) .

Touku 1 i 2
BIJNIOBITAaIOTh TEMITEpATypam
KUMIHHS BIZHOCHO YHCTOTO
abCcopOeHTy 1 YuCTOro XomoauiabHoro areHty. Hwkns kpuBa (1 - a — 2)
BIMOBiZae cTaHaM piakoi ¢asu, a BepxHs kpuBa (1 - B - 2 ) Biamosigae
razonomiOHii (a3l (HacwdeHil mapi) TpW PIBHOBOKHOMY CHiBiCHYBaHHI
000x (a3. Inakire kaxyuu, kpuBa (1 -a—2) sBiste€ COOOO JTIHIIO KHITIHHS
PO3YHHY TPH JaHOMY THUCKY, a KpuBa (1 - B — 2) mnpencraBisie JiHIO
KOHJIEHCAIlil HAaCHYeHOI TapHy.

Hexail cran kuruisiuoi pigMHM PO3YMHY 300paxyerbcsi T.A Ha
kpuBiii (1 - a — 2). Toni cran mapw, 1o nepedyBae 3 HEIO B PiBHOBA3i,
xapakrepusyerbcs T.B Ha kpuBiii (1 - B — 2), TOOTO IIpU KUITIHHI pO3YHHY
3 KOHLEHTpALI€I0 JETKOKUIITHoro komoneHTa (C) yTBOPHUTBCS mapa, 1o
Ma€ B MOPIBHSIHHI 3 BUXIAHUM PO3YMHOM OLTBII BHUCOKY KOHLEHTPALIIO

Pucynok 24.3
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nerkokursaoro kommonenta (C') SIkuio y BMMapHHKY, MOMIIIEHOMY B
OXOJIO/KYBAEMOMY MPUMIIIEHHI  (XOJNOAWIBHIA KaMepi), YTBOPUTHCS
HACHUYEHa TMapa 3 BHCOKOK KOHIIGHTpALi€I0 (C'), CTaH SKOTO
300paxyeTbcss  T. Bi, TO 1 mapa Moxe mepeOyBaTH B piBHOBa3i 3
PIAMHOO, 110 Ma€ KOHIICHTPAIIIIO (Cl). CTOCOBHO PIIMHU 3 MEHIIOIO

oxn. Bona

2
8 1 v
o E
17
B £
oxn. Eona
LA
Pucynok 24.4

KOHIIEHTPAITIEF0 (C2 < C1) , IO KUNUTH TIpu Temmneparypi 1, , s mapa e

MePEeoXOIO/DKEHOI0. ToMy IpH 3iTKHEHHI 1X TIOYHEThCs KOHACHCAIsl TapH,
HaCIIIKOM sIKoi OyJe MOoBHE MOriWHaHHSA (a0copOIlisi) mapu piguHORO.
[Ipu mpomy Temora KOHAEHcAlii OyJe BHUIUIATUCS TpPHU TeMIepaTypi

pimaan 1, Ginbw Bucokoi, Hix Temneparypa mapu . B pesymbrati

Oyzne BinOyBaTucsi mepexif TEIUIOTH Bil Tina MeHII HarpiToro (mapa
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BHCOKOI KOHIEHTpamii) Ao Tima Oinpll  Harpitomy (pianHa HHU3BKOI
KOHIIEHTpaIii).

Y BianmoBigHocti 3 II-m 3akonom TTJl 1el mpoliec MOBHUHEH
CYNPOBOIXKYBATUCS JISSIKUM KOMIICHCYIOUMM TpoiiecoM. B AXY Takum
MPOIECOM €  MepexiJ AeAKOi KUIbKOCTI TEIUIOTH BiA Tina 3 OUIbII
BHCOKOIO TemIepaTyporw, HiX 1, 70 Tima, 3 OUIBII HHU3BKOKO
TeMIIEpaTypo,  TOOTO  mepemava  JEAKOi  KUIBKOCTI  TEIUIOTH
HABKOJITUIIHEOMY CEPEIOBUIITY.

[MpunnumoBa cxema HaWmpocrimoi AXY  mpeicraBieHa  Ha
pUCyYHKy 24.4.

Bumnap BomoamiadHOro pO34YMHY 3 KOHIIGHTPAIEI aMiaky Xk
BinOyBaeThest B maporenepartopi [II' (1) mpu THCKy px 1 Temmepatypi Ti.

IIpu npoMy Ha Hpouec BUNApy BUTPAYa€Thes KUIbKICTh Temiotn (, mo

MIJBOJUTHCS TapsS4uM TEIUIOHOCIEM. HU3KOKUILISYMM  KOMITIOHEHTOM
po3unHy € amiak. ToMy M0 mMapijiaJibHUH THCK BOASHOI TapH Haj
PO3UMHOM IIpM TEMIIepaTypax, IO MalTh MiClle B MaporeHeparopi
HEBEINHK, 3 PO3UMHY NMPAKTHYHO BHAUTIETHCS Maike 4ricTa amiadHa mapa.

B xompmencaropi 2 mpu mocTiiHOMY THCKY [, =const i

temnepartypi T1, oTpuMaHa mapa nepeTBOPIOETHCS B PiAMHY, a TEIUIOTA, L0
BUJAUTHIACS B TIPOIleCi KOHJCHCAIlil, CIPUHAMAETLCS OXOIOHKYIOUOI0
BO010.B penykiiiiHoMy BEeHTHIII 3 THCK PIIKOTO aMiaky 3HMKYETHCS IO

THCKY B abcopbepi 6 P, < P,, B SKOMy KOHLEHTpALis PO3YHHY
nigrpumyetbess Ha piBai X, 2 X, . Leit mpomec CympoBOMWKYETHCS
3HIKEHHSIM TemriepatypH Bifg T1 mo Te. Ilicns mporo Bomora mapa amiaxy,
IO yTBOpHJAcs, HAaIXOAWTh y BHUNApHUK 4, ne ii CTymiHb CyXoCTi
30utpIyeThea 10 oamHMui.  Kinmekicte Temmotm (,, HeoOXimHe s
MPOTIKaHHS TMPOLECY BHUMAPY, MIJBOAUTH IO BHIIAPHWUKA Bil T, IO
repe0yBarOTh B XOJMOIIIbHIN KaMmepi 5.

IToriM oTprMaHa Yy BHIAPHUKY CyXa HacH4YeHa Tmapa IpH
temmepaTypi T2 1 THCKY pa HaJIXOJUTh B TIApPOBUil mpocTip abcopbepa 6.
Abcopbep 3anmoBHEHMH pO3YMHOM amiaky. OTpuMaHa i3 IBOTO PO3YUHY
napa, nepedysae mig THCKOM [J, 1 Mae OLIbII BMCOKY TEMIIEPATYPy, HiK

mapa, MO HAJIMNUIA 3 BHUMApHUKA. TOMy, BiIIOBITHO 1O YETBEPTOI
BIIACTHBOCTI PO3YHHIB, XOJOJHA TIapa MOTJIMHAETHCS POo3UMHOM. Termiora
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a0copOI1ii, MO BHUIUIAETHCS TPU IILOMY, BiIBOIUTHCS OXOJOIKYIOUO0
BOJIOIO.

B mpormeci poGoTu XONOMWIBHOI MallWMHU, B TMAaporeHeparopi i
abcopOepi MIATPUMYETHCS JAEIKUN TIOCTIHHUI piBEeHb KOHIEHTpAIil
po3uuHiB. I3 11i€ro MeToro 3 abcopOepa 6 30araueHuil amiakoM PO3YMH 3a
JIOTIOMOT'OI0 Hacoca 7 Y MEBHIM KUTBKOCTI ITOJAETHCSI B TaporeHeparop 1.

OpHOYaCcHO PO3YMH amiaky, 30iIHEHUI BHACITIIOK BUIIAPIOBAHHS, 3
naporeHeparopa |  HampaBisieTbCSl B peNyKUIWHWUN BEeHTHIL 8,

JPOCENOEThCS Bifl TUCKY [, 10 Tucky [J, i HagxomuTh B abcopbep 6.

Leit 30inHEHUH PO3YMH MO CBOIX BJIACTUBOCTSX OJIM3BKHI JO BOJAU, TOMY
Horo TemrepaTypa B IPOIIECI JPOCETIOBAHHS 3QJIUINIAETHCA MPAKTUIHO
MOCTIHOIO 1 pIBHOW TeMmmepaTypi B maporeHepatopi Ti. Tuck B

naporeHeparopi [J, BiamoBilae TeMmepaTypi OXONOJKYHO4Oi BOAM B

KOHJIEHCATOpl, y TOW uac ak tack P, B abcopbepi BiJIOBiAA€

TEeMITepaTypi B XOIOAUIbHINA Kamepi.

Ha Bimminy Bim  IIKXY  pomp Kommpecopa TYT BHKOHYE
abcopOmiitamit By3oi. BiH ckiramaetbes 3 maporeHeparopa - 1, abcopbepa -
6, Hacoca - 7 1 penmykiiiHOro BeHTWIS - 8. TakuM YWHOM, 3aMiCTh
MeXaHI4HOi poOOTH, HEOOXITHOI Ha IPHUBII KOMIIpECcOopa, B aOCOpOIiHiiM
MalllHi ~ BUKOPHCTOBYETHCS  PI3HWALA  TEMIIEpaTyp rapsdoro (B
rmaporeHeparopi) ixomomHoro (B abcopOepi) mKeper TEIIOTH.
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