MIHICTEPCTBO BHYTPIIIIHIX CITIPAB YKPAIHU
XAPKIBCbKUI HAIIIOHAJIbHUHM YHIBEPCUTET
BHYTPILUIHIX CIIPAB
KPEMEHYYIIbKUA JIBOTHUM KOJIEIX

Huknoea Komicia mexniuno2zo 00C1y208V6aHHA AGIAUIUNOT MEeXHIKU

TEKCT JIEKIIII

HABYAJILHOT AUCITUTUTIHI
«TepMoauHamika Ta TeIUIonepe1auay
000B’SI3KOBHX KOMITOHEHT
OCBITHBO-TIpOeciiiHOT mporpamMu nepuoro (6akaaaBpChLKOro) piBHS BUIIOT
OCBITH

272 Agiauiinui mpaHcnopm
(Texrnon102ii podim ma mexnoao02iune 001a0HAHNHA aeponopmie)

Tema 2. [lepmnii 3akoH TepMmoanHaMiku. TepMoauHAMIYHI MpoLecH B ra3ax.

Kpemenuyk 2023



3ATBEP/VKEHO CXBAJIEHO
HaykoBo-MeTOIMYHOIO PaJIOI0 MeToauuHo0 panoro

XapKiBCHKOTO HAIIOHAJIBHOTO KpemeHuybKOro JIbOTHOTO KOJIEIXKY
YHIBEPCUTETY BHYTPILIHIX CIIPaB XHYBC

[Iporokon Bix 22.02.2024 p. Ne 2 [Iporokoun Bix 17.01.2024 p. Ne 6
MNOT'OKEHO

Cek1i€ro HAyKOBO-METOIMYHOI paau
XHVYBC 3 TexHIYHUX TUCLUILIIH
[Iporokon Bix 22.02.2024 p. Ne 2

PosrnsinyTo Ha 3acijaHH1 IUKJIOBOT KOMICIT TEXHIYHOTO 0OCITyTrOBYBaHHS aBialliitHOT
TEeXHIKH, TpoToKoa Bix 12.12.2023 p. Ne 8

Po3poOnnkn:
1. Buxnaoau yukiosoi Komicii mexHiyHo20 00CIY208Y8aHHA a8iayiUHOI MexXHIKU
cneyianicm euwjoi kamezopii Aniyoxuii A.A.

Peuensenru:

3asioyeau kagedpu mexnonociii aeponopmis HayionanvHoeo asiayitinoco
yHigepcumemy, 0.m.H., npoghecop Tamapzeazin O.A.

Buknaoay yuknosoi xomicii mexuiuno2o o6Ciy208y8antsa agiayitiHoi mexHiKu
Kpemenuyyvkozo 1bomnoeo xonedxcy Xapkiecobko2o HAYioHanNbHO20
VHIgepcumeny HYmMpIWHIX cnpas, K.m.t.,c.H.c. Tsaeniu B.1I.
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Tema 2. [lepmnii 3akoH TepmoanHamiku. TepMoaguHaMivyHi Mpouecu B rasax.

Ilnan Jekuii

BHyTpilHs enepris cuctemMu;

[lepiunii 3aKOH TEPMOIUHAMIKH;

PoGora 1 Temora;

EnTanemis;

3aBaaHHs 1 METOU TOCIIHPKEHHS TEPMOIMHAMIUYHUX MPOIIECIB;
[3oTepmiunuii porec;

[306apHwMit nporec;

[30x0pHuUM mpouec;

. AniaGaTHul porec;

0.ITomiTponHi nporiecu. AHami3 MOJITPOITHUX MPOIIECIB.

SPeX_NAnbh W=

PexomenaoBana jitepatypa (0CHOBHA, JONOMIKHA),
iH(popmaniiini pecypcu B InTepHeri

OcHoBHa:
1. KotoBcekuii B. H. Texniuyna TepmMoauHamika : Teketu jgekmit, 2015. 88 c.
2. Kotoscrkuii B. H. Tenmonepenaua : Tekcru nekiii, 2015. 76 c.
JonmomixkHa:
3. bazapos L. I1. Tepmoaunnamika : nigpyasuk. 2010. 384 c.

4. Bbapanos B. M., KonskoB A. IO. Tepmonunamika 1 Termionepenava:
HaBYAJIbHUI MOCIOHUK; 2-¢ BUIaHHs, iepepoodiene. 2004. 91 c.

Indopmaniiini pecypcu B iHTepHeTi:
5. URL : http:/klk.univd.edu.ua/uk/dir/177/biblioteka

6. URL : http://www.dstu.dp.ua/Portal/Data/6/29/6-29-kl76.pdf

7. URL :https://www.youtube.com/watch?v=rfOI3Pw0O194
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2 Ilepmmii 3aKOH TepMOAIHAMIKI
2.1 BHyTpimuHs eHeprisi TEePMOAMHAMIYHOI CHCTEMH

Panime #iuiocs mpo Te, 010 KOKHa TePMOAMHAMIUHA CUCTEMA BOJIOJIIE JESKOIO

BHYTpilHLOIO eHepricto U. BoHa ckimagaeTbcs iX CyMH €HEpriil: KiHETUYHOL

Em (EHEpTis Xa0OTMYHOTO TEIIOBOTO PYXy YAaCTHMHOK) i MOTeHwLilHo1 £wr (EHepris
MDKMOJIEKYJISIPHUX B3a€MOJI1 YaCTUHOK).

BuyTpimHs eHeprisi He MOB'I3aHa 3 PYXOM CHCTEMH SK IIJIOTO 1 [I€r0
30BHINIHBOTO CHJIOBOTO TOJS 1 CKJIAJA€ThCS 3 EHEPTii OKpeMHX 4YacTWH, IO
CKJIQZalI0Th CHCTEMY.
U = Ekin + Enot
ne Emor = EMB + Exim + Esa. Tyr ExiM - eHepris XiMiuHUX 3B'SI3KIB, sKa
NPOSBIISIETECA MPU TNMPOXOJKEHHI XIMIUHUX peakuid, Esng - BHyTpilIHbOsAEpHA
EHEpTisl, sIKa TPOSBISEThCA TpH simepHux peakmisx. Ckmagoi Exim 1 Esx B
TEPMOJIMHAMIKH PO3TIIAAaTH HE Oy IeMO.

ko cuctema, SIK IiIe, 10 HE PYXAETHCS, a 30BHIIIHE CUIOBE TOJIE BiICyTHE

T€ MOBHA €HEPTisl CUCTEMHU JOPIBHIOE BHYTPIIIHBOT €HEPTii:
E=U

3MiHa BHYTPIlIHBOI eHepril IpU 3MiHI CTAHY CHCTEMH.

[Ipu pi3HUX TEPMOAMHAMIYHUX IMPOLIECAX CUCTEMA OOMIHIOETHCS 3 30BHIIIHIM
CEpEIOBUIIEM TEIIOM 1 po0oTor. B pe3ynbrari mporo ii BHYTPILIHS €HEPTid
3MIHIOETHCSL.

V Bcix Gopmynax, o0 BUPAXKAIOTh NEPUINI 3aKOH TEPMOIUHAMIKH, TO3UTHBHUMHU
BBAXKAIOTHCSI TEIUIOTA, MiIBEJCHA 10 CUCTEMU (OTpPUMaHa CUCTEMOI0) 1 po0oTa,
BUPOOJICHA CAMOIO CHCTEMOIO, TOOTO BiJiBeIcHA (BiaHa) BiJl CUCTEMHU.
Skio cucreMa oTpUMye TEIUIOTY + Q, TO MU MOBHHHI OTPUMATHU BiJl CUCTEMHU
B1AMOB1AHO poOoTYy - L.
[Ipu upboMy BHYTpiIIHS eHepris cucreMu 3MiHuTucsa AU.

AU=Q-L
BianoBigHO 10 mepmioro 3akoHy TepMoAauHaMmiku (2.4) mpu HECKIHYECHHO MajioMy
npolieci 3MiHa BHYTPIIIHBO1 €Heprii 10piBHIOBATUME:
dU= dQ— AdL (2.7)

SIKII0 cTaH CUCTEMU 3MIHIOETHCS KIHIIEBUM YWHOM Bim 1 10 2, TO pi3HMIA

BHYTPIILIHIX €HEPrii B IUX TOYKAX BUPA3UTHCS, K le dU | A Bennunna ii Gyse:
faoef sa f act o

_r dU=0Q, ,—AL,, (28)

Sk Bxe Oyno CKa3aHO paHille, B KPYroBOMY IpOLieCi BHYTPIIIHS EHEepris
CHCTEMH HE 3MIHIOETHCS, OTXKE:

*dU=0  (29)



dU ¢ popuwmit

3 1bOro BWIUIMBAE, [0 MPHUPICT BHYTPIIIHBOI €HEPrii
nudepennian, a Y e QyHkiis cTaHy cucTeMH.

IIpu nepexoi 3i crany 1 B cran 2 Y 3MiHIOEThCS HA BEIUUMHY:
J2 dUu=U,—- U,
1

ae: Ui i Us

- BHYTpIILIHA €HepTid B cTaHax 11 2.

Toni BigmoBigHO 10 (2.7):
0,,~-AL, ,=U,- U, (21())

Ile o3nayae, moO YacTWHA TeIJa MIJABEACHE 10 CUCTEMH BUTPAYAEThCS Ha
3IACHEHHS po0OTH, a 1HIlIA YaCTUHA HJe HA 3MiIHY BHYTPIIIHbOI €HEpPrii CUCTEMHU.

YV I3oxopuunuii mpomeci /=8S'  Tomy po6oTa pPO3IIMPEHHS IOPIBHIOE
HYJIIO, TOJ1 BC€ MiABEJCHE JI0 CUCTEMHU TEIUIO ¥JIe Ha MiABUIICHHS BHYTPINIHBOI
EHepTii CUCTEMU.
0,=U,~U,

BaacTuBocTi BHYTPilIHBOI eHepril
BuyTpimHsa eHepris, sk QyHKIIS CTaHy TEPMOJIMHAMIYHOI CHUCTEMH, MA€ TakKi
BJIACTUBOCTI:
1 .BHyTpeHH:s eHepris € 0AHO3HAYHOIO (PYHKIIEIO CTaHy TEPMOIMHAMIYHOT CHCTEMHU.
2. BHyTpilmHs €Heprisi € aJAUTUBHOI BEJIWYMHOIO - BHYTPIIIHS €HEPris CKJIAJHOI
CUCTEMH JIOPIBHIOE CyMi BHYTPIIIHIX €HEPTiH ii YaCTHH.
U=U+U,+U,*+...
3. Ilpu Oynb-sSKOMY HECKIHYEHHO MajoMy IMpoIleci 3MIHM CTaHy CHCTEMH 3MiHa
BHYTPIIIHBO1 €HEeprii CHCTEMH JOPIBHIOE:
dU= dQ-AdL
ne: 9Q - eJIeMEHTapHEe KIJIbKICTh TEIUIa, MiBEICHE 10 TEPMOJUHAMIUHOI CUCTEMH,
dL _ enemenrapna po6ota, 3/ilicHEHA CHCTEMOIO.
4. BHyTpIIIHA €HEPTisd BU3HAYAETHCA 3 TOUHICTIO JIO0 JEAKOi MOCTIMHOT BETHYNHU:

U=f (dQ — AdL)+U.

BHayTpimHs eHeprist ineanbHOro rasy.

Jlig ineanpHOTO Ta3y BHpa3 JAJs BHYTPILIHBOI €Heprii BUIIIAIa€e mpocrime. B
171ealIbHOMY Tra3i HeMa€e MDKMOJIEKYJIIPHUX B3a€EMOJIIH, TOMY
MOTEHI[IIHAa eHeprii BIACYTHS. SIKIIO B3ATH ra3 MpU HEBUCOKHUX TEMIIepaTypax, TO
SHEPri€l0 KOJIMBaHHS MOXKHA 3HEXTYBATH. TOAI:

3+o,
Umm:U +U ZATkaN,

KuH.nocm Kun.ep

a BHYTpIIIHS eHepris Oyae JOpIBHIOE:

3+o0,
ATkaN'i‘UON

Tak siK: N=€-NA-103I/I/€~NA~103=/1~R,
7
TO:



3+o, 3+o0,
UZ(TPAIURT+U.![)=(TPART+UO)G
to6TO0 U = (T)
3 piBHAHHSA BUIHO, 110 BHYTPIIIHS €HEPris 11ealbHOr0 Tra3y 3aJeXHUTb TUIbKU BiJ
TEeMIIepaTypH rasy, ajie He BiJ 00CsTy 1 TUCKY.

2.2 Tlepunii 3aKOH TEPMOAIHAMIKI

B ocHOBI mepmioro 3akoHy TEpPMOIMHAMIKK O€3M0CepeIHbO JICKHUTh 3aKOH
30€peKEHHS 1 MEPETBOPEHHS €HEpTii, SIKWA MOXHA 3aCTOCYBaTH JO BCIX SBHIII
PUPOIH.

Enepris - me ¢opma pyxy marepii. Y npuponi BuUIiB eHepriii Oarato.
Hampuknaa: kiHeTMuHa eHepris, MOB'S3aHa 3 PyXOM Tila; €NEKTPUYHA EHEpris,
MOB'I3aHa 3 PYXOM EINEKTPUYHUX 3aps/iiB; BHYTPILIHSA €HEpris, IOB'I3aHa 3
MOJIEKYJISIPHOIO PYXOM 1 T. [T ..

Enepris ogHO3HAUHO BU3HAYAETHCS CTAaHOM Tia. BoHa Moxke B pe3yibTari
B3a€MO/I1T TeJI IEPETBOPIOBATHUCS 3 OJTHOTO BUAY B IHIIHI.

B 130;mboBaHiii cUCTeMi CyMa BCIX BHJIIB €HEpriii € BeJMYMHA MOCTiiiHA YU
1HaKIIe:

Enepeia izonvoeanoi cucmemu npu 0y0v-AKux, uio 6iodyearomvca 6 Hill
npouecu, He 3MIHIOEMbCA, MOOMO eHeP2ia He SHUWYEMbCA | He CHEOPIOEMbCA.

JlaHe TBepXKEHHS 1 € 3aKOH 30€peKeHHs 1 IEPETBOPEHHs eHeprii abo mepinii
3aKOH TEPMOJIMHAMIKHU.

BinmoBinHO 10 mepmioro 3akoHy TEPMOJIMHAMIKM €HEpris MpU IMepexoil 3
OJIHOTO BHUJY B IHIIMIA HE 3MIHIOETbCS. 30KpeMa, 3a JIOMOMOIOI0 E€KCIEpHUMEHTIB
BHU3HAUCHO, 10 ICHYE MEXaHIYHUM €KBIBAJICHT MEPEX0/y MEXaHIYHOI eHeprii B 1HIII
BUIU eHeprid. Hampukinaza, sSKI0 eHepris meperaeThes TUTYy Y BUTIIAAI TEIUIa, TO
MexaHIuHa po0oTa, BUpOOJIeHA TIJIOM 3a PaXyHOK IEPETBOPEHHS €HEPriil TOPIBHIOE:

1
L==0 (1)

1_
ne: 4 426,45 ¢rm / KKl - MEXaHIUHU CKBIBAJIEHT OJIMHUILI TEIUJIOTH;

4 _ temnoBoi exsiBanent. A = 0,002345 kxan / Krm
NO3HAYMMO Yepe3 © 1MoBHY eHeprilo i3071b0BAHOI0 TEPMOIMHAMIYHOT CUCTEMH.
Toni BiAMOBITHO A0 MEPIIOTO 3aKOHY TEPMOJUHAMIKH I €HEPris HE 3MIHIOETHCS 3
4acoM:
E= const , (2.2)
a00 pI3HMIII €HEPT1H KIHIIEBOTO 1 MOYaTKOBOTO CTaHIB CUCTEMH JIOPIBHIOE:

E,~E=0
[lepmuii  3akOH TEpPMOJAWHAMIKHM € pe3yJbTaT Yy3arallbHEHHS  YHUCJICHHHX
CIIOCTEPEIKEHb 1 EKCIEPUMEHTIB, SKHH CTBEpIXKY€E, IO TemJ0Ta, MOBiIOMJIeHa
cucreMi B Oyb-siIKOMY Ipoueci, iiie Ha MiIBUIICHHS 1l BHYTPIIIHBOI eHeprii i Ha
30iliCHEHHS CHCTEMOI0 POOOTH NPOTH 30BHILIHIX CHJIL.

Q=AU+L
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Posrmsinemo Temep aniabaTHy cuctemMy. Y TMOpPIBHSHHI 3 3aMKHYTOIO
CUCTEMOI0O BOHa MOK€ OOMIHIOBAaTHCS 3 3O0BHIIIHIM CEPEIOBUIIEM MEXaHIYHOT
eHepriero. B mboMy BUNAAKy IPHU MEPEXO0/Ai CUCTEMHU 3 OJHOTO B 1HIIMI CTaH, BOHA
6yne 3milicHIoBaTH PObOTY, AKa NOPiBHIOE YOYTKy MOBHOI eHeprii cucremu £17 £

abo:
E,—-E=—-AL (2.3)

BiuHuii ABUTYH TEpIIOro poay.

3BiJICH BUIUIMBA€ BU3HAUCHHS BIYHOTO JIBUT'YHA MEPILIOTO POY:
ye OBUSYH, AKUU MOdice BUPOONAMU NOZUMUBHY pobomy 0e3 0YO0b-aKuxX 3MiH
308HIUHBO2O CepedosuUYd.

Skio TepMoIMHaMiYHa CUCTEMA TTOBHICTIO HE 3aMKHYTa, TO BOHA MOXE B3aEMOIISITH
13 30BHIIIHIM CEPEJOBUINEM SIK MEXaHIUHO1, TaK TEIJIOBOIO EHEPTI€I0 Ta 3MiHA TTOBHOL
€Heprii CUCTEMH JI0OPIBHIOBATHUME:
E,-E=0-AL (2.4)
Q=AU+L

HoBenemo 1e. TepmMoamHamigyHa cuCcTeMa 3HAXOJUTHCS B HABKOJIHMIIHbOMY
30BHIITHLOMY CEPEIOBHIII 1 SBJsIE CO00I0 CKiIaaHy cuctemy. OOpa3HO ysSBIMO, 1110
HAWIPOCTIIIa TEPMOJUHAMIYHA CUCTEMA, IO CKJIAMAETHCA 3 LUJIIHApA, MOPIIHS 1
ra3y, 3HaxoauThcs B KimHari. [Ipuyomy, ng ckiagHa cuctema € aaiadaTHoIo.
[To3HaunMO TOBHY €HEPril0 CKIAAHOI CHUCTEMH uepes ET g MOBHY €HEPTiI0
30BHIIIHBOTO cepenouma - £ . Toxi:
E,—E =-AL (2.3)
s

abo:
(E2+E2')_(E1 +E1): - AL

Hagenene Buiie piBHSIHHSA MOYKHA MEPENHUCATH y BUTJIISIL:
E,—E,=E —E,—AL

L BinmOyBaeThca caMoi TEpMOAMHAMIYHOI CHCTEMOIO, a

(El'_ Ez)

Tyt 30BHIIHA poboTa

HE 30BHINIHIM CepeloBHIeM. To/i crajl MOBHOT €HEepTii CKIaJHOI CUCTEMU
SIBJIsIE COOOI0 EHEPT1I0 B3AEMO/IIT CHCTEMHU 3
30BHIIIHIM CEpelOBUIIEM, BIAMIHHY BiJl MeXaHI4uHOi, TOOTO pobotu. Lls enepris
MO>Ke OyTH TUIbKHU TEIJIOBOT, 1 HiAKU 1HIIUI. Tomy:
E—E,=0

3aMiHUBIIM B TIONEPEIHbOMY pIBHSHHI PI3HULA €Hepriii dyepes 0,
OTpUMAEMO DIBHSAHHSA (2.4), siKe MpeAcTaBiige cOOOK0 aHANITUYHHMA BHUpa3 MEPIIOTO
3aKOHY TEPMOJUHAMIKH.

2.3Po6ora u Temora
Po3srasinemo kpyroBuii mporiec 3MiHU CTaHy TEPMOJIUHAMIYHOI CUCTEMH.



Bin cknanaeThest B mepexoi cucteMa 31 ctany 1 B 2 1 MOBEpHEHHIO CUCTEMH 31
ctany 2 B 1. KoxeH 3 nux npoiieciB nepexoy Moxe OyTH HE3BOPOTHIM.

Tak sk cucTtema MOBEPTAETHCS B IOYATKOBHUM CTaH, TO MOBHA €HEPTisl CUCTEMHU
He 3MintoeTbes. Tobro: L2~ £=0 , Tonai BinmoBiiHO 10 piBHAHHS (2.4):
O—AL=0 (2 5)

a6o 2= AL | Ile osmauae, mo npu Oyab-SKOMY KPyroBOMY IIPOIECi 3MiHM CTaHy
CUCTEMU TIOBHA EHEPrisi HE 3MIHIOEThCS, a poOoTa, 3JIHCHEHAa CHUCTEMOIO,
IPOBOAUTHCS 33 PAXYHOK TEILIA, IMiABEACHOTO i3 30BHIIIHLOTO CEPEIOBUILA.

Biunuii ABUTYH ApYyroro poay:
ye O0B8USYH, AKUL MOdCe BUPOONIAMU NO3UMUGHY pobomy 6e3 AKO0i-HeOYOb 3MIiHU
BHYMPIUHBO20 Ccepedosuya, moomo ece nidgedene menio SUMpPA4amucs Ha pooomy
be3 empam.
Q=L

HiticHo, Hexahi Q- AL=0, a Q- AL{0.ton1Q{AL , To6To poOOTH TPOBOIUTHCS
OibIlle, HIXK MMiIBOJUTHCS TEIUIA. 3HAYUTh YaCTHMHA MEXaHIYHO1 €HEepTii, 3a paxXyHOK
SKOT TPOBOJUTHCS POOOTa, BUHUKAE Hi3BiAKU. Lle cymepeuntsh mepmioMy 3aKoHY
TepMouHaMikH. OTxe, BIYHUHN ABUTYH MEPIIOro POy HE MOXKE ICHYBaTH.

VY Tomy BHNaJKy, KOJM MPOLIEC HE3aMKHYTOTO, TO YacTHWHA TEIja OTpUMaHe
CHUCTEMOIO JIe Ha T1IBUIIIEHHS TOBHOI EHEPT1l CUCTEMHU.
BinmoBigHo 10 3aKOHY 30€pexeHHs €Heprii Temio, OTPUMAaHE CHUCTEMOIO OJHO
yOyTKYy TOBHOI €HEprii HaBKOJHUIITHLOTO CEPEIOBHUIIA.
E—E,=Q ,

atak sk €= Al g kpyroBux mpouecis, TO MOKHA 3aITUCATH:
E,—E,=AL

s
TOOTO poboTa, BUPOOJIEHA CHUCTEMOIO B KPYrOBOMY IMpOIIECi, JOPIBHIOE YOYTKY
eHeprii  30BHIMHBOTO cepenoBuiia. CTBOPIOETHCS BpPaKEHHSA, IO EHEepris
TEPMOJMHAMIYHOT CUCTEMU 3AJIUIIAETHCS 0€3 3MiH, a poO0Ta 3MIMCHIOETHCS TIIBKHU 32
PaxyHOK €Heprii 30BHINIHBOTO CEpeloBHIa a00 3a PaxXyHOK 3MIHU 30BHIIIHHOTO
CepeIOBHIIIA.

Kpim mporo, sIKIio 3MiHIOBaTH CTaH TEPMOJUHAMIYHOI CUCTEMHU BiJl IESIKOTO
BUXIJIHOTO CTaHy | 70 KiHIIEBOTO CTaHy 2, TO BIAMOBIAHO 70 piBHSAHHS (2.5) MOXHA
sarmmcati: €12~ ALi2 | PisHuns Misk MOrIMHYTHM CHCTEMOIO TEIUIOM i JIOCKOHAIOT ii
po0oTOIO MpU mepexo/i 31 cTaHy | B cTaH 2 He 3aJeXUTh BiJl HUIAXY NEPEXO1y:

0, ,—AL,_,=const
JIEKLIIS 5
Enranbmist



9

EnTanbnis - TepMoaMHAMiYHUI MOTeHIia, TOOTO 1e TA eHepris, AKa J0CTyIHA
JJISA IepeTBOPeHH B TemioTy npu nesuux T i P.

VsaBiMo, mo TUIO ab0 TepMOJAMHAMIYHA CHCTEMa BBOJUTHCS B 30BHIIIHIO
cepeay, TUCK skoi P . Toni 1 cucrema BUTICHUTH 13 30BHINIHBOTO CEpPEIOBHUIIA
obcar, piBHMI 00'emy cucremu. s 1bOro HEOOXITHO BHKOHATH pOOOTY
BUIUTOBXYBaHHS: P'-V, Slka mepenaeTrbcsl 30BHIINIHBOMY CEPEIOBUINI Yy BUIJIAII
MOTEHIIHHOT EHepTii.

NMOBHA eHeprisi po3mupeHoi abo CKJIaJAHOI CUCTEMU B IIbOMY BUIAIKY Oyne
JIOPIBHIOE CyM1 BHYTPIIIHBbOT €HEPTii CUCTEMH 1 MOTEHIIIIHOT eHeprii P’ -V :

E*=U+ APV

3MiHa THCKY 30BHILIHBOTO CepeaoBHIia Big " no P+dP IpUBEJIE JI0 3MIHH 1
MOTEHIIHOT EHepTii a, OTXKe, 1 TOBHOK €HEPrii Ha BEUYUHY VdP' .

Skimo TepMoaMHaAMiIYHA CHUCTEMa 3HAXOAUTHCS B PIBHOBA3l 3 30BHINIHIM
CEpPEZOBHUIIIEM, TO THCK 30BHIIIHBOTO CEPEIOBHINA JTOPIBHIOE THCKY cHcTeMu: =P
1
E*"=U+ APV

Jlany cyMy eHepriii mo3Ha4anTh yepes

I=U+APV (2.11)

ne A - TeIUIOBUN €KBIBaJICHT CUCTEMH.

Buyrpimns enepris cucremn U ¢ QyHkumiero cramy cucremm, a Thck | -
napamMerp, sikuii xapakrepusye cran cucremu. Tomy 7 € Takox pynkmnicio crany
CHCTEMH, | HA3UBAKTH II B TEPMOJAMHAMIKH €HTAJbIIII.

Jliig 1300apHOrO mpoliecy 3MiHa €HTajbIli JOPIBHIOE KUIBKOCTI MiBEICHUN B
Mpo1Iec Tera:
0,=1,-1,
JloBeaemo 11¢e.
BianoBigHO 10 mepmioro 3aKOHy TEPMOJIMHAMIKHU:
dQ= dU+APdV
Tenep npoauddepennupyem BupaxeHHs s earanbmii (2.11):
dI=dU+4 «(PV \{)=dU+ 4 (PdV+VdP)
3BimKy: dU+APdV= dI— AVdP
OTXKeE:

dQ= dI— AVdP (2.12)

A npu dP=0 a6o P=const .
dQ=dl
IIpouHTErpHpOBaAB, OTPUMAEMO:

fao-f a

abo:
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Op=L-1, (2.13)
110 1 TOTPiIOHO OYJI0 TOBECTH.

3Biick  BUIUIMBAaE, W0  SKIIO  1300apHUl  mporec  BiMOYBaEeThCs
TEIUIOU30JIMPOBAHHONW CHUCTEMOIO, TOOTO dQ=0 ' To enTampmist cucremu Oyne
3QITMIIATHICS BETNYMUHOO TocTiiHoto; 9150 j /= const

BJIACTHBOCTI €HTAJbIIil

EnTanbmisg, sk 1 BHYTPIIIHA €HEPris CUCTeMH, € (QYHKIIEW cTaHy. Tomy i
MpUTaAMaHHI Ti % BJIACTUBOCTI, 110 1 BHYTPIIIHLO1 €Heprii T €:

1.EnTanbmis € 0JHO3HAYHOIO (PYHKIIIE€I0 CTaHy TEPMOJAMHAMIYHOT CHCTEMH.
2.EHTanbmis € aIuTUBHOIO BEJIMYHUHOIO:

I=1+1,+1,+-

3. JIy1st HECKIHUEHHO MaJIOTO MPOIIECY 3MiHA €HTAJIbII{ OHO:

dI= dQ+AVdP

4 .ExTanbiis BU3HAYAETHCI 3 TOYHICTIO 0 JE€SKOI IIOCTIHHOI BEIMYNHU:

I =J'(dQ+AVdP)+IO

EnTanbnis ineaJbHoro rasy

Bupa3s qy1st eHtanbmii i1eaqbHOTO ra3y 3HaXO0IUTHCS 32 AHAJIOTIEIO 3
BHYTPIIIHBOIO €HEPTI€I0, SIKIIO BiIOMI PIBHAHHS CTaHY 1/1€aJIbHOTO rasy i
BHpAa3 JUIsl BHYTPIIIHBO1 €Heprii.

5+
I=(%ART+IJ)G

2.5. 3aBaaHHS ¥ METOJM JOCIII)KEHHS TEPMOIHAMIYHIX TIPOIIECiB

BianoBigHO [0 TeEpIIoro 3akOoHYy TEPMOJWHAMIKK TEIUIO, IMiJBEICHE 0
TEPMOJIMHAMIYHOI CHCTEMHM, Hae Ha MiABHMILEHHS ii BHYTPIIIHBOI €Heprii 1 Ha
BUPOOHULITBO POOOTH:
dQ= dU+AdL

PoGota moxe OyTu npeacTaBieHa B JBOX BUIAX:
dL=PdV . j dL= - VdP
3aiexHo BiJ TOro, sika pobOTa BUKOHYETHCS, BUpA3 JJIsl MEPIIOT0 3aKOHY Oyje
BUIJISIATH:
dQ= dU+APdV
dQ= dI— AVdP
k1o mopsa 3 poOoTOI0, MOB'A3aHOI0 31 3MIHOIO 00CATY, 3/11MCHIOEThCS poboTa 1 6e3
3MiHU 00CSTY B 3a3Ha4Y€H1 BUPA3H JIOAACTHCS JOIATKOBHM UJICH:
dQ= dU+APdV +dL, (2.14)
dQ=dI-AVdP+dL, (2.15)

HageneHi piBHAHHSA € 3arajJbHUMHU BUpa3aMu IMEPIIOTO 3aKOHY TEPMOIUHAMIKH
ISt 0OOPOTHUX MPOIIECIB 3MIHU CTaHY CUCTEMHU.

AHaJITHYHI BUPa3H Ui TEIUIOEMHOCTEH Tijia
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AHaNITUYHI BUpa3u i1 TEpHIOro 3aKOHY TEPMOJAMHAMIKH MOXYTh OyTH
BUKOPHCTAHI JI BUBEICHHS BUPa3iB TeroemHocreii tina ¢ i Cr |

Binnosinxo o (1.13):

0. . o0
Cp=()ps G =

oT oT
Po3rasinemo piBHOBaXHMI Mpolec HArpiBy Tina. B SKOCTI He3aleXHHUX MapaMeTpiB
Bi3bMeMO o00car 1 Temmneparypy. KimpkicTh Terua miABeAeHE A0 Tula MpHU
HeckiHuenHo Manomy npoueci i 447 9 BinnosinHo 10 (2.14):
dQ= dU+APdV

Cv Oopisnioe noxionoi 6id0 emympiwnboi enep2ii no

ToOTO - TEIIOEMHICTH
memnepamypi npu 7= "t j e dhynryiero 6io napamempie 7 i T .

I[Ipy BUBEIEHHI BUpa3y IS TEIUIOEMHOCTI Cr CKOpHCTAaEMOCS He3aIeKHUMH
napamMeTpaMu TeMIIEPaTypPOO 1 THCKOM.

BianogigHo no piBHsHHSA (2.15) Maemo:
dQ= dI— AVdP

TemnoemMHicTh ifeaJbHOTO ra3zy

B imeanpbHOMY Ta3i BIACYTHI CHJIM MOJIEKYJISIPHOI B3a€MOJIi Ta KIHLIEBHMA
PO3MIp MOJIEKYJ, IO XapakTEepPU3YIOTh TaKl MapaMmerpu, K oOcsr i THUCK. Tomy
teroemMuocti # i € € (yHKUIAMH TiNBKM TeMMepaTypH, TaK SK BHYTPILIHS
SHepris MepecTae 3ajexaT BiJ 00csry:

oU
(aV)T
oU ou
a OTXKEC. (—), =(——
(aT)P (aT)V

3 piBHSIHHS CTaHy JUJIS 11€aJIbHOTO ra3y B MUTOMHMX OJIMHUISIX MAEMO:
P-v=R-T;
a00 MO’KHA 3aIHCATH:
ov v

(a_T)P = ?

— = const
P
PiBHSIHHSI mepIIoro 3aKOHy TEPMOJIMHAMIKH BiIMOBIIHO A0 (2.14):
dq= du+ APdv
Otkyna: ¢, =c, + AR uu
cp—c, = AR (2.23) rme A4 - TemnoBOM SKBUBAJICHT
Ile piBHSHHS HaA3MBaIOTh PIBHAHHAM Maiiepa. BoHO moka3ye 3B'S30K Mix

Cp
[TuTOMA TEIUIOEMHICTD, @ TAKOK, 1O ¢, HA BeIM4uHy R



