CtaTucTU4YeCKas pU3UKa (7 cemecTp).

1. TepmogunamMuveckasn cucTeMa. BuyTpennue U BHeIIHHE napaMeTpsbl
TEePMOJANHAMMYECKOH CHCTEMBI.

T/]IC — 5T0 MaKpOCKONMUYECKas CHCTeMa, KOTOpas COICPKUT OOJIBIIIOE YHCIO YacTHI] U
HaXOJUTCSl B COCTOSIHUM TJI PABHOBECHS.

Benuunnel, omnpenenseMble MOJOKEHUEM HE BXOSMIIMX B HAIly CHUCTEMY BHEIIHUX Te,
Ha3bIBAIOTCS gHewHumMu napamempamu. K HUM OTHOCATCS: 00bEM CUCTEMBI, HAPSHKEHHOCTD
CUJIOBOTO TOJIS U T.I.

Benuuunbl, ompejaessieMble COBOKYIHBIM JBHXKEHUEM M pacIpeelieHHeM B IMPOCTPAHCTBE
BXOJISIIIIUX B CUCTEMY YACTHII, HA3bIBAIOTCS 8HYmMpeHHUMu napamempamu. K HAIM OTHOCSATCA:
IJIOTHOCTH, IaBJICHUE, YHEPTHS, OJISIPU30BAHHOCTh, HAMAarHUYEHHOCTH U JP.

2. 'oMoreHHble U reTeporeHHbie cucTeMbl. @a3bl U KOMIIOHEHTHI.

T'omozennvle — 3TO TaKUE CUCTEMBI, BHYTPU KOTOPBIX CBOMCTBA U3MEHSIOTCS HEMPEPHIBHO MPU
Mepexo/ie OT OJHOTO MECTa K IPYTOMY.

l'emepocennvimu HA3bIBAIOTCSI CUCTEMBI, KOTOPBIE COCTOSIT W3 HECKOJBKUX (HU3UUIECKU
OJHOPOAHBIX, WJIM TOMOTE€HHBIX, TEJ, TaK 4YTO BHYTPHU CHUCTEM HMEIOTCS PpPa3pbIBbI
HETPEPHIBHOCTH B U3MEHEHUU UX CBOMCTB.

@aza — 310 (GUBMYECKU OIHOPOJHAS MAKPOCKOIMYECKas 4YacTh CHCTEMbI, OTJEJICHHas OT
JIPYTUX YacTel YETKO BbIJICTIEHHON IpaHUIIeH, TaK YTO OHA MOKET OBITh BBIJICJICHA U3 CUCTEMBI
MEXaHUYECKUM MYyTEM. My TOMOTEHHAsl YaCTh I€TePOreHHON CUCTEMBI, OTJEJIECHHAs OT APYTHUX
yacTel MOBEPXHOCTHIO pasjiesia, Ha KOTOPOM CKauKOM HM3MEHSIIOTCS Kakue-IuOo CBOMCTBA (U
COOTBETCTBYIOIIME UM MTapaMeTphl), Ha3bIBACTCS (PA301l.

Komnonenmot — 3T0O XMMUYECKH Pa3HbIC YaCTH CUCTEMBbI, KOJUYECTBO BEIIECTBA KOTOPBIX HE
3aBUCUT OT JPYTUX KOMIIOHEHT.

3. CocTosiHNe TepMOANHAMHYECKOT0 paBHOBecHsi. PapHoBecHbIe mponecchbl. O0paTuMblie,
HeoOpaTuMBbIe.

Cocmosinue mepmoOUHAMU4eckKo20 pagHo8ectsi — TO TaKOE COCTOSIHUE CUCTEMBI, P KOTOPOM
1pu GUKCUPOBAHHBIX BHEIIHUX MTapaMeTpax U OTCYTCTBUU MTOTOKOB CUCTEMA TIEPEXOIUT B
COCTOSIHUE, U3 KOTOPOT'O CAMONPOU3BOIBHO BBINTH HE MOXKET.

[Iponecc mepexona cUCTEMbl W3 HEPABHOBECHOTO COCTOSIHHUS B PABHOBECHOE HAa3bIBACTCA
penakcayueu, a TPOMEKYTOK BpPEMEHH, B TEUEHHE KOTOPOr0 CHCTEMa BO3BpaIllaeTCs B
COCTOSIHHE PAaBHOBECHS, HAa3bIBACTCS 6peMeHeM PelaKcayuu.

[Ipouiecc Ha3BIBAETCS pagHOGeCHbIM WU K8A3UCAMUYECKUM, €CIIA BCE MapaMeTphbl CUCTEMBI
M3MEHAIOTCS (PU3NYeCK OECKOHEYHO MEJJIEHHO, TaK YTO CHCTeMa BCE BpPEMs HAXOJUTCS B
PABHOBECHBIX COCTOSIHUSIX.

Qu3uuecku 0OECKOHEYHO MeONeHHbLIM WU pPABHOBECHbIM W3MEHEHUEM KaKoro-JInbo
nmapaMeTpa a Ha3bIBAIOT TaKOE €ro HM3MEHEHHE CO BpPEMEHEM, KOrjua CKOpOCTh da/dt
3HAYUTEIHHO MEHBIIIE CPETHEW CKOPOCTH U3MEHEHHUS 3TOr0 mapameTrpa IpHu pelakcallH; Tak,
€CJIM MPU pPeJIAKCalluK MapaMeTp a U3MEHWJICA Ha Aa, a BpeMs pelakcaly paBHO T, TO MpHU
PaBHOBECHBIX MpoIeccax

dt T

Ecnu u3menenue kakoro-nmu0o mapaMerpa a IpOUCXOJUT 32 BpeMs ¢, MEHBIIIEE WIIH PaBHOE

BPEMEHU peJIakcaIuu T (1<t), TaKk 4To
da > Aa

17/



TO TakKOW NIPOLIECC HA3bIBAECTCA HEPABHOGECHbLIM WU Hecmamuyeckum. Cam mporecc
penaKcaluu sSBISIETCS, CIEA0BATENBHO, HEPABHOBECHBIM IPOLIECCOM.

OBPATHUMBIN ITPOIJECC - mpouecc Tepexoqa TepPMOAMHAMHY. CHCTEMBI H3 OJHOTO
COCTOSIHUSL B JIPYTO€, K-PBhI MOKET MPOTEKATh KaK B MPSIMOM, TaK U B OOpaTHOM HAIpaBIICHUU
gyepe3 Te K€ MPOMEXyTOouHble cocTosiHUs. O. M. JTOJDKEH MPOTeKaTh CTOJIb MEIJIEHHO, YTOOBI
€ro MOXXHO OBLIO paccMaTpuBaTh KaK HEMPEPBIBHBIN PsJiI PAaBHOBECHBIX COCTOSHHM. ITO
03HAYaeT, UYTOo MPOIECC JOHKEH ObITh MEUIEHHBIM 110 CPABHEHUIO C MPOLIECCAMHU YCTaHOBJICHHUS
TEPMOJIMHAMH4. paBHOBecHs B JaHHOU cucreme. Ctporo rosops, O. m. Xapakrepusyercs
OECKOHEYHO MEIJIEHHBIM H3MEHEHHEM TEpMOJMHAMUY. MapaMeTpoB (IUIOTHOCTH, J1aBJICHUS,
TEMII-pbl U [Ip.), ONPEACNSIONIMX PABHOBECHE CHUCTEMbl. Takue MpoLecChl Ha3. TaKxKe
K8azucmamuyecKuMu i K8a3upaeHO8eCHbIMU.

Heobpamumuvim Ha3bIBaeTCsl MpoliecC, MPU KOTOPOM OOpaTHBIA Mepexo] cucTemsl u3 2 B 1
HEJIb35 OCYIIECTBUTH 0€3 U3MEHEHHI B OKPYKAIOIIUX TeJaxX.

4. Buyrpennss 3Heprus. Padora u remJio.

Beskas TIC coCTOUT U3 OTPOMHOIO YHCJIA YaCTUL. DHEPTUS 3TUX HEMPEPBIBHO IBUKYIIUXCS
Y B3aUMOJICUCTBYIOIIMX YacCTHUL Ha3bIBAaeTCA oHepeueu cucmemul. 11oHas 3HEPIHUsl CUCTEMBI
paszieseTcs Ha BHEIIHIOK U BHYTPEHHIOW. YacTh 3HEPIUM, COCTOSIIAs U3 SJHEPTUN JIBUKCHHUS
CHUCTEMBI KaK LEJIOT0 U MOTEHLUHMAIbHONW 3HEPTUU CUCTEMBI B II0JIE BHEITHUX CHJI, HA3bIBAETCSA
gHewnel sHepeuei. OcTallbHasi YaCTh SHEPTUU CUCTEMbI HAa3bIBACTCS GHYMPEHHEU dHep2uell.
Pabomorii Ha3piBaeTcsi 0OMEH JHEpPrUEl CUCTEMBI C OKPYKAIOIIEH Cpeol Mpu U3MEHEHUU
BHEIIHUX MapaMETPOB.

Tennomou Ha3bIBAIOT MpOIlECC OOMEHA 3HEprueil 0e3 M3MEHEHUs! BHEIIHUX MapaMeTpoOB, HO C
M3MEHEHHEM DHTPOIIHH.

5. YcaoBnas temuneparypa. Ilpoueccsr B Tepmocrare. [Ipunnun remneparypsl (HyJieBoe
HAYaJI0 TEPMOAUHAMUKH).

Omnupudeckou memnepamypor TeNa HA3bIBAIOT YCTAHOBJIEHHYIO OIBITHBIM IIyTEM MEpY
OTKJIOHEHUS TEPMOJMHAMUYECKOTO COCTOSIHUSA TENa OT COCTOSIHUS TEIUIOBOTO PaBHOBECHS C
TAIOIIHUM JIbJIOM, HAXOASIIUMCS MOl HOPMAJIbHBIM aTMOC(EPHBIM JaBICHUEM.

Temnepamypoii Ha3bIBa€TCSl BEIWYMHA, BBIPAKAIOIIASl COCTOSHHE BHYTPEHHETO JBUXKECHUS
PaBHOBECHOM CHUCTEMbBI, MMEIOLIAsi OJHO M TO K€ 3HAYEHHE y BCEX YaCTEU CII0KHOU
PABHOBECHOM CHUCTEMbI HE3aBHCHMO OT YHKCJIa YacTHUI[ B HUX M ONpeAeisieMas BHEUIHUMHU
rapameTpaMy U SHEPrueu, OTHOCSIIIMMCS K KaXKJI0W TaKOW YaCTH.

[TonoxeHnue o CyIIECTBOBAHUU TeMIIEpaTyphl Kak 0co00M (PYHKIIMU COCTOSHUSI paBHOBECHOU
CUCTEMBI SIBJISICTCSI HY1€8bIM HAUAIOM MEPMOOUHAMUKU.

Tepmocmam — T€J0 ¢ HACTOIBKO OOJIBIION TEMI0eMKOCThIO (C—>00), 4TO €ro TemiepaTrypa mnpu
TEMJI000MEHE C KaKOU-TMO0 CUCTEMOMN HE U3MEHSETCS.

3axon [ocoyna: 3HEprus UACANBHOIO ra3a, HaXOJISIIErocs: Ipyu MOCTOSHHOM TeMIEparype, He
3aBHCHUT OT 3aHMMAEMOT'0 UM 00beMa.

6. YcaoBnasi suTponus. Ilpouecco! B annadare. Il puHnun 3aTponum.

Annabat — n3ompoBaHHbINA cocyn (0Q=0)

7. AOcol0THas TeMIlepaTypa U Aa0COJMI0THAS JHTPONUA UACATBLHOIO0 rasa.

ABCOJIFOTHASA TEMIIEPATYPA - cormacHo BTOopoMy Hauyaimy TtepMmoauHamuku, 1/T -
UHTETPUPYIONIMA MHOXHUTENb IS KOJI-BAa TEIUIOTHI O0Q), TOJIYYEHHOW CHUCTEMOM TpHu JTH0O0M
oOparumoM mnporiecce, modToMy 0Q/T=dS — muddepenuuan ¢-uuu cocTosHust S (FHTPOIUN).
D10 mo3BOJSET BBECTH abc. TepMoAMHAMUY. MIKady KenbBuHA C MOMOIIBIO OOpaTHUMBIX
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TEPMOJIMHAMUY. IHUKIOB, Hanp. KapHo mukma. A. T. cBsi3aHa C SHTPONHUEN, BHYTp. dHepruen U u
00bEMoM V cooTHomienueM 1/T=(dS/dU)y.

Oumponus (0T rped. entropia — MOBOPOT, MPEBpAIllCHUE), MOHSATHUE, BIIEPBHIC BBEICHHOE B
TEPMOJIMHAMHUKE JUIsl  OMNpEeNeNiCHUusT Mepbl HeoOpaTUMOTo paccesHus JHepruu. B
TEpMOJIMHAMHKE TIOHATHE «3.» O0buT0 BBeneHo P. Knaysuycom (1865), KOTOpbIN MOKa3al, 4To
MIPOIECC TPEBpAICHUs TEIUIOTHI B paboTy cieayer oOmer (u3nueckor 3aKOHOMEPHOCTH -
BTOPOMY Hayaxy TepMOJAUMHAMHUKU. Ero MOXHO chOpMyIMpOBaTh CTPOTO MAaTEMATHUECKH, €CIIN
BBECTH 0CO0YI0 (PYHKITHIO COCTOSIHUS — O.

Tak, 11 TEPMOIMHAMHYECKON CHCTEMBI, COBEpIIAIONICH KBa3UCTAaTUUECKH (OECKOHEYHO
MEIJIECHHO) LHMKINYECKHI MPOIECC, B KOTOPOM CHUCTEMa IOCJIEA0BATEIbHO IMOIYy4YaeT Majble
KoJu4ecTBa TEryioThl dQ MpHM COOTBETCTBYIOIIMX 3HAYCHUSX a0CONIOTHOW Temmeparypsl T,
WHTETpaJl OT IIPUBEIACHHOTO» KoJimdecTBa TerioThl dQ/ T mo BceMy HMKITY paBeH HYIIIO

I5Q_

- =(), T. H. paBeHCcTBO Knay3uyca.

DTO PaBEHCTBO, SKBHUBAJIEHTHOE BTOPOMY Haydaly TEPMOJUHAMUKH Ji1 PABHOBECHBIX
npoueccoB, Knaysmyc momydmii, paccMaTpuBas HPOWU3BOJIBHBIA LHUKIMYECKHM IPOLECC Kak
CyMMY OY€Hb OOJIBIIOrO, B Mpejiese OECKOHEUHOT0, YUCa 3JeMEeHTapHbIX o0paTuMbix KapHo
nuKkioB. Marematudecku paBeHcTBO Kiayznyca HEOOXOAMMO U JAOCTATOYHO Uil TOTO, YTOOBI
BBIpa)KECHHE

ds = do/T

MPEACTABISIO cOo00iM monHbIM nuddepeHiman (QyHKIIMU COCTOSHUS S, Ha3BaHHOE «O.»
(muddepenmanpHOE onpeneneHue J.).

AbGcomoTHas sHTponus - S = kg [nQ); ) - cTaT. BEC — YUCIO MUKPOCKOIMUYECKUX COCTOSIHHM,
XapaKTEepU3yIOIINX JaHHOE MaKPOCKOITUYECKOE COCTOSTHUE.

8. TepMuyeckoe U KAJIOPUUYECKOE YPABHEHHUSI COCTOSIHUS.

Tepmuueckoe M KaJOPUUECKOE YPABHEHHUSA COCTOSAHUS — OTO YPAaBHEHUS, CBSI3BIBAIOLIUE
temnepaTtypy T, BHEIIHUE MapaMeTpbl @; U KaKON-IM00 paBHOBECHBI BHYTPEHHUN MapameTp
bi=fi(a,, ..., a, T).

Ecau BHyTpeHHMM napaMeTpoM sIBJIsieTcst BHyTpeHHss sueprust U=U(a,, ..., a,; T) — ypasnenue
dHep2uU UIIA KAJ10pudeckoe YpasHeHue COCMosaHUs.

Ecau BHyTpeHHUM mapamMeTpoOM SIBIISICTCS CONPSDKCHHAsT BHEITHEMY MapaMeTpy a; 0000IeHHas
cuna 4; (by=A4;), T0 ypaBHEHUS

A= Aya,y, ..., a, 1) (i=1, 2, ..., n)

Ha3bIBAKOTCS MEPMUUECKUMU YPAGHEHUAMU COCMOSHUSL.

Yucno TepMHUYECKHX U KAJOPUYECKOTO YPABHEHUW COCTOSHUS CHUCTEMbl PAaBHO YHUCIy €€
CTENEeHEeW CBOOOJIbI, T.€. YUCIY HE3aBUCUMBIX MMapaMeTPOB, XapaKTEPHU3YIOIIUX COCTOSHUE
CUCTEMBI.

Kanopuueckoe ypaBHEHUE COCTOSTHUA UI€ATIBHOTO Ta3a U ZJ.C ydT =CyT+U,.

(P + %)(V — b) = RT - ypaBHeHue Ban-aep-Baanbca — TepMUUECKOE YPAaBHEHUE COCTOSHUA.

boiiee TOUHBIMHU TEPMUUECKMMU YPABHEHHUSIMH ISl PEAJIBHOTO ra3a sIBJISIOTCS IIEPBOE U BTOPOE
ypaBHeHus urepuun



p(V-b)=RTe"™,
a
(P+WJ(V—19) =RT

a
VT

VYpasuenue beptio (P + j(V ~b)=RT.

Tepmuueckoe ypaBHEHUE COCTOSIHUS B BUpHAIbHOU (popme

B C D
V=RT| I+ —=+—+—+... |,
b ( vyl )

9. SIxoOmMan olx, v ), ero CBOiicTBa.

a(&,n)

AKOBUAH (ompenenurens koOM) — MNOMMIMHEHHBIM aHTHCUMMETPHYHBIN (DYHKIIMOHAT,
YIOBIIETBOPSIONINN YCIIOBUIO HOPMUPOBKY WJIM (DYHKIIMOHAJILHBIN ONpESIUTENb CIell. BUa,
COCTABJICHHBIN U3 YACTHBIX MPOU3BOAHBIX 1-ro mopsiaka. [lycts 3agansl m ¢-1iuid

X=Qi(ts, ooy by bttty woes ty)

i=[, 2, ..., m, AMEIONIUX YaCTHBIC IIPON3BOJHBIC 1-ro HopsaKa o MEPEeMCHHBIM &, 15, ..., I,
TOr/Aa SIKOOMaHOM ATUX (D-1IMI HA3BIBAIOT OMIPEACIIUTENb BUA
ot, ot ot
o, ot o,
o, ot o,
KpaTKo 0003HAYaeMbIii CHMBOJIOM
D(@;, @z, 0)
D(t,t,,...t,)

Monyns $. XapakTepusyeT pacTsiKeHHUE (C)KaTue) 3JIEMEHTApHOTO 00OBbEMa MpH MEpPEeXone OT

NEPEMCHHBIX X}, X), ..., X, K ICPEMEHHBIM [}, {5, ..., Ly,
Csoticmea axkobuana:

) o(x,y) _ olx.y)_ dly.x)_o(y x).

o.m)  om.¢) agn) om.g)
olx, y)_olx,y) 8U. V) _ _
2 = . x=x(U(EN); V(En); y=y(UEN); V(En));
) e.n) oY) oEn) x=x(U(En); V(&) y=v(U(En); V(En)
g Obey) 1 dlem) ol y)
ogn) d&n) a(x,y) o n)
o(x, )
ox Ox
— — |Ox oOx
ox| _o(x,n)_|oe om| |- | ox
4 — = = = ==
) el o) Jon on[ % onToe
& on
5) Ilaroe cBoiicTBO — ypaBHeHUE coctosinud. f(X,y,z)=0
CriencTue: (z_—i]zqz;:}x@y =1



10.AnqnadaTnyeckuii mnoreHuuaj (Buyrpennsis 3JHeprusi). CoOTHOLICHHE MOJHOTHI
au(pPepeHnana 1 BHyTPEHHEH JHEPrum.
dU=0Q-6W=TdS—PdV
11. IlepBoe Ha4YaI0 TEPMOAMHAMHUKH.
IlepBoe Hayano TEPMOJAMHAMUKH YCTAHABJIMBACT: BHYTPEHHSSI SHEPIHSI CUCTEMBI SBIISETCS
OJIHO3HAYHON (PYHKIHMEH €€ COCTOSHHUS W M3MEHSETCS TOJbKO TOJ BIWSHUEM BHEIIHHUX
BO3JICUCTBUIA.
0Q=dU+S6W; Beunslil nBurareib lro poaa He 3 uiau pabOTy HEIb3sl CO3/1aTh W3 HUYETO U
MIPEBPATUTh B HUYTO.
12. TennoémkocTh. CooTHOmIEeHuEe Maiiepa.
TernoéMKoCTh onpesesnseT KOJIMUYeCTBO TeIIOThI, HEOOXOAMMOE JIJIi U3MEHEHHUS TEeMIIEPaTyphl
cuctemsl Ha 1 K.
CE6—Q
dT
13. OcHoBHbBIE TepMOAMHAMUYeCKHE Mponecchl. [TlouTponHbie mpoueccesl.
Bo3MoxHBI 5 mpo1ieccos:
o wu3otepmuueckuit (T=Const);,
e anuabatuueckuit (6Q=0);
e nonutponHbiii (C=Const);
e u3oxopHbiit (V=Const);
e u300apubiil (P=Const).
[Tpu nomutponnoMm nipouiecce C=0Q0/dT=Const u SQ=CdT (nnst anuadatHoro nporiecca C=0).
Ecnu a — BHemHui napaMeTp U A — CONPSDKEHHBIA €My CHJIOBOM MapameTp, TO o 1My Haudamy
T nnst mpoctoit cuctemsl 00 = dU+Ada. [losToMy 111 TOTUTPOIBI
CdT=C,dT+[(0U/oa)r+A]da.

; C, —Cy =R - cootHO1IEHNE Maiiepa,

Hcnonb3ys
e -8)
oa ); oT ) ,
noJiyyaem
c,-C
(C - C)dT=+2——"da.
Oa
fesr),
Ecmu C #C,, TO
dT.g_M(a_T) da =0;
C,—-C \0a),
Oto nuddepeHanbHOe ypaBHEHHE MOJIUTPOIIbI B iepeMeHHbIX T u a. Eciu u3 ypaBHeHUs
cocrossuust 1=T(A4, a) naiitu
de(a—Tj da +(8—Tj dA (**%)
oa ) , 04),

Y TIOJICTaBUTH B hopmyiny (***), Torna

(5—T) dA+CA_C(5—T) da =0.
od),  C,-C\da),

Orcrona muddepennuansaoe ypapHenue aauadarsl (C=0) 1js MpoCcTOM CUCTEMBI UMEET BHU]T




(8—T) dA ﬂ/(@_Tj da =0,
04), oa ),
rae y = C,/C,.

Vpasuenue moautpornsl pV”=Const, tae nokaszarens nonurpornst n=/C,—CJ/[Cy—C].
14. Kpyrossie npoueccol. Huka Kapno. KII/ nukaa Kapno.
KAPHO HUKJI — kpyroBoid oOpaTMMBI MHpPOLECC, COCTOSIIMN W3 T
JIBYX HW30TepMHY. M JBYX ajauabdaTuy. MpoleccoB. Brepsbie 1
paccmotpen H. JI. C. Kapno B 1824 kak wuaeanbHbId LUK IS
TEIUIOBOTO JIBUraTelisi, B K-poM pabodee BEIIECTBO MNPUBOIIT B
TETJIOBOM KOHTAKT C ABYMs TEIJIOBBIMHU pe3epByapaMu: HarpeBareiieM
(c Temm-poit Tt) u xomomawibHuKOM (¢ Temm-poit T,<T;). Ha puc.
n3obpakén K. m. nmns uaeanbHOro rasza, KOOpPAMHATAMHU CITYKHUT
naBinenue P u 06bém V. CHayama pabouee BeEIIECTBO MPUBOAAT B
TEIJIOBOM KOHTAKT C HAarpeBaTeNsiMU, a 3aTEM OHO H30TEPMHYECKHU
pacHmpsercs, mojiydass OT HarpeBaTesst Terotry oQ; U coBepliias
paboty (kpuBasi AB). Ilocne 3Toro padodee BeleCTBO pacHIMpseTCs
agnabarnuecku (kpuBas BC) u oxmaxmaercs 1o temn-pel 75. 3aTem

o Hukn KapHo s uaeansHOro
YCTAHABJIMBAIOT  TEIUIOBOM  KOHTAaKT €  XOJIOAWIBHUKOM M rasa Ha quarpame P-V.
M30TEPMUYECKU CKUMAIOT padodee BEIeCTBO, OTOUpas TemoTy 6Q,  Inomams ABCD uncnento
(muus CD). 3asepmaror K. 1. agmaGaTmy. ckatieM pabodero —PXeHa copepmiacnoii padore.
BemlecTBa (0Tpe30k DA), Bo3Bpaliiasi ero B MCXOIHOE COCTOsIHKE. B pe3ynbrare BHYTp. SHEPrUs
pabouero BemecTBa He U3MEHSETCA, IOATOMY MPOU3BeAEHHAS pab0Ta COOTBETCTBYET Pa3HOCTH
00 ;—060Q,. Eciu npoBoauTh mpoiiecC B 0OpaTHOM HaIlpaBJICHUH, TO, COBEpIIas padoTy, MOXKHO
nepeaarh 4acTh TEIJIOTHI OT XOJIOAMIbHUKA K HarpeBatemto (oOparnbiit K. 11.). Anamusupys K.
II., MOXHO J0Ka3aTh KapHO Teopemy O Makc, KIj TerioBeix Mamud, n=(1,-1,)/T; 310
JTI0Ka3aTeIbCTBO UCTIONIB3YIOT AJ1s1 GOPMYJIUPOBKU BTOPOTO Havyasaa TEPMOJIUHAMUKH.
Koagppuyuenmom nonesnoco oOeticmeusi 1 TEIUVIOBOIO JIBUTaTeNsl HA3bIBACTCS OTHOILIECHHUE
paboTbl W, mpou3BOAMMON MAIIMHOW 3a MK, K KOJIMYECTBY TEIJIOTHI (J;, MOIy4yaeMOMY
MAIIIMHOM 32 3TOT LUKII:

!
S}

Ql — Qz — T] - T 2

o, T
KIT[ nukna KapHo He 3aBHCHUT OT HpHUPOJLI paboOYero BeIIecTBa M MPENeSbHBIX aguadart, a
OTpeIeIIIeTCSl TOJIbKO TEMIIepaTypaMu TEIUIOOTAaTUMKa U TeronpueMuuka (1s tema Kapno).
KIIJ[ HeoOpaTuMON MaIUHBL 1e05,=W,,/Q; Menbie KIIJ[ oOpatuMoil MammHbL 1,4,=W/Q;
(BTopas tremMa KapHO): Neosp<Nop-
15. TenuioBbie U Xo00aMIbHbIe MamMHbL. MakcumanbHas padora (KIII) npousBoaumas
TeIJIOBO MAIIIMHOM.

n=w/Q,=

16. Bropoe nauasuo repmoguHiamMmuku. Papencrso Kiaysmyca.

Btopoe Hadano TepMOIMHAMUKH BBIPAKAET 3aKOH O CYIIECTBOBAHUM SHTPOMHUH Yy BCSKOU
PAaBHOBECHOM CHUCTEMbl W HEYOBIBAHHUU €€ Mpu JIIOOBIX TpoIleccax B HM30JMPOBAHHBIX H
annabaTHO M30JMPOBAHHBIX cucTeMax. Wi B TO Bpems, KaK TEIUIOTY HEJb3sl MPEeBPATUTH B
paboTy MOJHOCTHIO O3 KOMITEHCAIuU (HEBO3MOXKEH BEUHBIN JIBUTATENIb BTOPOTO pojia), padboTy
B TEIJIOTY MOKHO MIPEBPATUTh 0€3 BCAKUX KoMIleHcauil. 600=TdS.



PaBencrBo Knaysuyca §57Q =0.

17. Beenenue a0COIIOTHOM TeMIeparypbl M a0COJIIOTHON JHTPONMU, OCHOBAHHOE HA
nocryJjare Kapareoxopwu.

[Mpunuun Kapareogopu wiam mnoctynar aanabaTUYecKOM HEBO3MOMXHOCTH: B OKPECTHOCTH
J1000r0 paBHOBECHOT'O COCTOSIHUS A CYILIECTBYIOT JPYyTr€ paBHOBECHBIE MPOIIECCHI, B KOTOPHIE
HeJb3s NepenTH U3 A myTeM ainadaTHuecKoro mporecca.

18. Ilpunnun Hepucra (TpeTbe Ha4a10 TEPMOAUHAMHUKH) U CJIeCTBHE U3 HErO.
Ipunyun Hepucma: sutponus B ao0oi paBHoBecHoM TJ[ cucreme mpu T=0 He 3aBHCHT OT
Kakux-n6o nmepeMeHHbix T[] mapamMeTpoB U SBISETCS MOCTOSHHOM.
CrnencrBusi:
1) JTro6as C=0 npu T=0;

2) Tepmuueckuii K03PPUITUEHT AaBICHUSI (2—;) =( npu T=0;
v

3) Koaddunuent 00beMHOT0 paciiupeHus (Z—?j =0 npu T=0;
P

4) HemocTHKUMOCTB aOCOTIOTHOTO HYJIS,
2
CV=T(8—Sj ; if T=0 then S=0 but S=§dS =j5—Q _9 #() — MPOTUBOpEYHE.
oT ), T, T

19. TepmoauHammnyeckue K03 puuueHTHI. He3aBucumsbie TePMOAMHAMUYECKHE
KO3((pUIIHEHTDI.

20. YpaBuenne Ban-nep-Baanbca. Kpuruueckas Touka. 3aKOH COOTBETCTBEHHBIX
COCTOSIHUI.

(P + %)(V — b) = RT - ypaBHeHue Ban-nep-Baanbca

3aKOH COOTBETCTBEHHBIX COCTOSIHUM TJIACUT, YTO €CJIM ISl 2X ra30B JIBa MIPUBEICHHBIX
rapameTrpa COBNaJar0T, TO U TPETUW MPUBEICHHBIN MTApAMETP Y HUX TOKE COBMAAACT.

21. Tepmoaunamuka rasa Ban-gep-Baanbca.

22. Ilpoueccnl I'eii-JIoccaka (Paciimpenue raza B mycTory).
23. lIpouecc Txoyas-Tommncona. OxiaxaeHue ra3os.

24. TepmoauHAMHMKA MATHETHKOB.

1
dll =TdS ——HdE
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25. Bropoe Hayaj0o TepMOAMHAMHUKH /Jisi HeCTATHYeCKUX mpoueccoB. HepaBeHcTBO
Kunay3uyca. OcHOBHOe ypaBHeHHE U HEPABEHCTBO TEPMOJIUHAMHUKH.

@% <dS; TdS=dU+Y Ada, ;

i=1



26. Tepmoannamuveckue  noreHuuasabl.  IlpeoOpasoBanme  Jle:kangpa.  Merton
TEPMOAMHAMMYECKUX PYHKIMH.

TepMmoauHnamuue
HezaBucumeie CornpspkeHHbBIE
[Torenuunan CKUE Ha3zBanue
MepEMEHHBIC NepEMEHHbBIC
COOTHOIIICHUS
= g_g ©o| er|  ep
U=E.U dU=TdS—PdV: V.S v oy __or AnuabaTudeckuit
B _a_U oVig oS\, IMOTEHIAT
oVl
__oF ; N3orepmuueckuii
oT oS OP
F=U-TS | dF=-SdT-PdV; V,T ' — = MO TCHIIA T
_OF oVl|, OT|, | cBoOOaHAs SHEPrHs
- _5 , ['enpMrosbia
= 2_]; | et v
H=U+PV | dH=TdS+VdP; S,P g LA is DHTALIHA HITH
- 8_H OP|g OS|p TennmoBas GyHKIHSA
OP |
__9G| .
G=U-TS+PV | dG=—SdT+VdP; orl,” | os| _ov H‘I’;;‘t‘;‘ggol;lfgi"a
—H-TS LP = oG OPlp T SHTAJIBIINSA
OP|,
27. YpaBHeHust MakcseJia. (OcHoBHBIE aupdepenunaabHbIe YpPaBHEHUS

TEPMOAMHAMUKH).

28. CBoOoanass 3Heprusi I'eabmrogabna. (M3orepMuYeckuid NOTEHIHAN). YpaBHeHHe
I'mooca-I'ebmroabua.

U=F-T (2—?] - YpaBHenue I'uooca-I'eabmrosbna
v

29. Duraabnus (TensioBasi pyHKIUS, TEII0COAEPKAHNIE).
PU3NYECKUAN CMBICI YHTAIIBIIUY — SHEPTUs PACIIUPEHHONW CUCTEMBI. ]
Pemwras 3amauy o rpyse, HOMENIEHHOM Ha COCYJ C ra3oM, IoJIy4aeM

cooTHouenue s Hekotoporo T/II, sBnstonierocss BHyTpEHHEN SHEPrUen v
paciupeHHol cuctemsl. M3 mpeoOpazoBanuii JIexxanapa HaxoauM, 4TO
ATOT NOTEHIMAJ — SHTAJIBITHS.

H=U+p*s*h=U+p*V

ras

30. ITorenuuan I'n66ca. (M300apuyecknii MOTEHUAI)

31. CuctemMa ¢ mepeMeHHbIM KOJMYECTBOM BemlecTBa. BoJblioil TepmMoauHAMU4YeCKHH
norenuuaa 'm6oca.

dU=TdS-PdV-pdN




Q=F—uN — 6onbiioi T/l motenuman;
32. XuMH4YeCcKHii MOTeHIHAJ.
BBoaurcs B 3anaue o T/IC ¢ mepeMeHHBIM YUCJIOM YacCTHII.
B stont 3anaue IlepBoe Hayano T/l u3mMeHseTCA: MICTOYHUKOM SHEPTUH B CUCTEMY TaKkKE MOYKET
OBITH pe3epByap 4acTull (CUCTEMA OTKPHITA).
n

6Q = AU+ oW — ) N,

i=1
['ne |; - sHEpPrUsl, KOTOPYIO HY>KHO MIPHJIOKHUTH K CUCTEME ISl TOTO, YTOOBI YHUCIIO YACTHI]
copta 1 u3MeHmioch Ha dN. [ - XumMudeckuit norennuai. lMmeer pasmepHocTh
[PHeprus/dactuinal. XuM. NOTCHIIMAI SBISKETCS aJJIUTUBHON BETMYUHOM.

33. Teopema I'm66ca-/lrorema.
U=TS-PV-uN; SdT-VdP+Ndu=0
34. IIpouecchl BbIpaBHUBAaHKMSA. 3AKOH BO3PACTAHMS IHTPOIUH.

35. Berpeunast auggysus aByx rasos. [lapagoxe I'm00ca.

[Tapanoxc 3akiro4aeTcst B TOM, 4TO MPHU NPUBEACHUN B KOHTAKT JIByX COCYJIOB C OJTHUM U TEM
K€ ra30M SHTPOIIUS PE3YIBTUPYIOLIEN CUCTEMBI JIOJIKHA BBIPOCTH.

Pemienne napagokca B TOM, YTO BBIPAKEHHUE UCIIOJIB3YEMOE HAMHU JIJI1 SHTPOIIUU HE SABISETCA
AU TUBHBIM.

Cunras suTponuio 171t N Moieli raza moxydaem GopMmyity

NR
S=——In(TV’™) + BN — NR +InN
"Pl‘_

HpI/I HpI/IBeI[eHI/H/I B KOHTAKT ABYX COC}’I[OB C razamMu HOquaeM
V, +V, V, + 1,
M=S_Si_52 =N1R*IHT+N2R*EHT

1 2

>0

36. YcioBue paBHOBECUS M YCTOMYMBOCTH TEPMOTUHAMUYECKHX CHCTEM.
37. JkcTpeMasibHbIE CBOIICTBA TEPMOAMHAMUYECKUX PyHKIMIA.

38. OcHOBHbBIE TEPMOAUHAMUYECKHE HepaBeHCTBA. (BbiBO).

C,>Cp>0,

dp <0

dvi,

39. PaBHoBecue ¢as.

da3za — ¢pu3MUecKH OJJHOPOAHAS YaCTh BEIIECTBA, OTACICHHAS OT APYTHX YacTell 4eTKO
BBIPAKECHHOW T'PAHULIEH.

B cocrosinuu dazosoro paBuoBecust T/[I1 ['m60ca nmMeeT MUHUMYM.

dG = —SdT + Vdp + p,dN, + p,dN, =0

JlocTuraercss MUHMUMYM IPH yCIOBUHU p,V=const.

[Ipu da3oBbIX MpeBpalIeHUsIX 00IIee KOJIUIECTBO BEIIECTBA HE MEHSETCH.

N, + N, =N = const => dN, = —dN,;

Homyuaem ycnosue misa THII I'n66¢ca dG, » = (1y — po)dN;

VYcnoBue paBHOBecHs (a3 UMEET BUJ fl; = M, ,I]€ U-XUMUYECKHUI OTSHIIUAIL.
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40. ®a3oBble Nepexoabl MEPBOro poaa.

®da30BbIM TEPEXOJOM 7-0TO TOpsyika 1o DpeHdecTy Ha3zbIBaeTCs Tako (.M., MPU KOTOPOM
(a30BbIl TOTEHIIMAJI U BCE €r0 MPOU3BOIHBIC SBISIOTCS HENPEPHIBHBIMU, a N-51 HE SIBIISETCSA
HETPEPHIBHOM.

[Tpu dazoBbix nmepexonax 1 poia CKauoK UCTIBITHIBAIOT YHTPOIUS, MOJISIPHBIN OOBEM U T II.

[Ipu da3zoBbIx mepexonax 2 poja CKauoK UCTIBITHIBAIOT TEIJIOEMKOCTh, KOA(PPHUITUESHT
TEIJIOBOTO pacIIupeHusi, KO3PPUIIMEHTHI CKaTUS U T 1.

[Tpumepsr:

1 posa — mepexoIbl JKUIKOE-Ta3000pa3HOE, )KUIKOS-TBEPI0E€ COCTOSHUS

2 pona — (heppOMarHUTHOC-TTAPAMarHUTHOE COCTOSTHUSI.

41. Ypasuenue Knaitnepona-Kinaysuyca. (BoiBon).
KJIIATIEMPOHA - KJIAY3UYCA VYPABHEHME - BhlpakaeT CBf3b HAKJIOHA KPUBOH
paBHOBecHs JIByX (a3 ¢ TemioTod (a3zoBoro mepexoaa W M3MeHeHHEM (Pa3oBOro oOBEMA.
Cornacuo K.-K. y., B1oib KprBOil (a30BOT0 paBHOBECHS

dp _ L,

ar  1(v,-V,)
rae L;; - ya. teriorta gazoBoro nepexoja 1-»-2 (ucnapenusi, iiaBjieHus, cyonumanuu), Vy-V; -
CKa4oK 00béMa, V,-V; - ya. (MonbHbIE) 00bEMBI a3, T - abc. Temn-pa, p - AaBJICHUE.
K.-K. y. sBasiercs cnenctBueM o0uiero ycioBusi paBHoBecus a3z ['mb0ca - paBeHCTBA UX XUM.
MOTEHIUANOB (L;=[i;) U3 K-pOro CleAyeT, 4TO BAOJb KPUBOM paBHOBecHs (pa3 BBHIMOIHSAETCS
PaBEHCTBO

dp _ S, =5,
dr V,-V,
rae S,-S; - cKadok 3HTponuu npu (pa3zoBoMm mepexofe 1->2; CKauoK 3HTPONUM CBSI3aH C

TEIUIOTOM mepexoia cootHomenueM: L;,=(S,-S;)T. N3 K.-K. y. cnenyet, uro Temn-pa gpa3oBoro
nepexoja U3MEHSETCS ¢ JAaBJIEHUEM COTJIaCHO YP-HHIO

dr _(V,-v,)r
dp L,
42. IIpaBuio MakcBesia 1Jis ypaBHeHusi Ban-nep-BaaJbca.
,f\"}" S1=Sy
' 43. MpunuMn Je-lllaTenne - Bpayna.

(KayecTBeHHBIN aHAJIN3)
Cucrema pearupyeT Ha BHEIIHEE BO3JCHCTBHE

BO3HUKHOBEHHUEM BHYTPEHHHX IIPOLIECCOB,
MPENATCTBYIOLIMX BHEIIHEMY BO3E€HCTBHUIO.
. — = 44, PaBHoBecue TpéX ¢a3.
) 5; 3, J Cucrema ypaBHEHUN

4

Ha ::pi T] = H3 {:pJ T]

Onpenensier TpoiHyto Touky. s Boael T=273+0,0078K, p=0,006 atm. B kputnueckou
TOYKE UCUE3AI0T pa3INuus MexXy pazamu. J[Jiss HEKOTOPHIX BEIIECTB (Teauid) TPOMHOM TOUKH
HE CYILIECTBYET.

i@ T) =u(p,T)
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45. MeracTa0uiibHbIE COCTOSIHUA. SIBJICHUSA Neperpesa v NnepeoxJiaxIaeHusl.
MeracTabuinbHOE - COCTOSIHUE HEYCTOMYMBOIO paBHOBECUS (PU3NYECKON CUCTEMBI, B KOTOPOM
CUCTEMA MOKET HAXOIUTHCS IIIUTEINBHOE BPEMSI.

MeTtacTaOuiabHbIE COCTOSIHHUSI COOTBETCTBYIOT OJTHOMY U3 MUHUMYMOB TEPMOJMHAMHYECKOTO
MOTEHLIMajla CUCTEMBI ITPH 33/1aHHBIX BHEUTHUX YCIOBHUSAX. Y CTOWYMBOMY (CTaOMIBHOMY)
COCTOSIHUIO OTBEYAET caMblil ri1y0okuii MUHUMYM. OJTHOPOAHAS CHCTEMA B METACTa0MIBHOM
COCTOSIHHH Y/IOBJIETBOPSIET YCIOBUSM YCTOMYHMBOCTH PaBHOBECUS TepMoanHamMuueckoro Cp >
Cy>0,(dP/dV)r<0, 0THOCUTEIIBHO MaJIbIX BO3MYIIICHUH (U3HMUECKUX ITapaMETPOB
(3HTpOINH, IIIOTHOCTH U 1p.). [Ipu 1ocTaTOYHO GOIBIMIMX BO3MYLICHUSIX CUCTEMA MEPEXOIUT B
a0COJIFOTHO YCTOMUYHUBOE COCTOSIHUE. bOMbION Ki1acc MeTacTaOMIIBHBIX COCTOSTHUN CBSI3aH C
(da3zoBbIMHU IiepexoaMu 1-ro poaa (KpUCTaIUT «+KHUJIKOCTb «—Ta3).

BBoautcs nonosHUTENbHAS SHEPTUS TPAHMIIBI Pa3iena MEeXy (pazaMu, Tak 4To

F=F,+F +ao.

Ananornuno gas TJII 'u66ca G = Ny, + Ny, + aco

@®a30BbIe NEPEXOBI POUCXOAAT HE MTHOBEHHO, & C BOSHUKHOBEHUEM 3apOIBIIIEN MAJION

(da3bl. YcioBue npotekanus nepexoaa L>>a, rae a — mocTosiHHAs PEUIETKH.
T 1

Tt —

Nopz L
Ecnu npucyTcTByIOT puMecH, To X L > R, 1 MeTacTabMIBHOC COCTOSIHUE HE HAOJI01aeTCsl.

Makpockonnueckui napaMmeTp L HaXOOUTCSA U3 COOTHOLLICHUS

46. 3apoabium xxuaKoii ¢Gas3sbl B rase.
47. da3oBble epexoa BTOPOro poaa. YpasHenue Jpendecra.

48. TepMoanHaMHuKa CBEPXIPOBOAHUKOB.
dG*=-SdT+VdP-VMdH
®opmyna Pytrepca 115 ckauka TEMII0OEMKOCTH Y CBEPXIIPOBOJHUKA U OOBIYHOTO METaLIa

2
CS—CH:E(aHKj
4\ oT ),

49. MHorokomnoHeHTHble cucremsl. IlIpaBuia ¢as.
[IpaBuna ¢a3 ['mub60ca r<2+n, rae n — 4UCI0 KOMIIOHEHT, ¥ — KOJIMYECTBO (a3
KonnuecTBo HE3aBUCUMBIX IEPEMEHHBIX N=2-r+n
50. XuMu4eckoe paBHOBecHe B OJJTHOPOJIHOI cucTeMe. 3aKOH JAeiCTBYIOIIUX MAaCC.
OTHollIeHHE TPOU3BEACHUS CTENEHEW KOHUEHTpAlUi BEIIECTB, BCTYHAIOUIUX B PEAKIHUIO, K
MIPOU3BEJICHUIO CTENEHEH KOHIIEHTPALMA BELIECTB, MOABISIIONIMXCS B pE3yJbTaTe peakiuu, C
MOKa3aTeNIIMU, PAaBHBIMU COOTBETCTBYIOUIUM CTEXHMOMETPUYECKUM KOIP(PULMEHTaM, €CTh
BEJIMYMHA MOCTOSIHHAS [IPU TIOCTOSIHHBIX TEMIIEPATypE U JaBJICHUU.
-2Vi

[[¢'=p " exp _kLTZVi.u()i(T) =K(Tp);

1 1

V; — 4MCJIa MOJIEKYJ BEIIECTB B PEAKLMU UM CTEXUOMETPUUECKUE KO (DUIIMEHTHI

¢; — KOHLEHTpalHus I-To ras3a

p — o0l1iee TaBJICHUE CMECU

51. JlokainbHoe paBHOBecHe. OCHOBHOE YPABHEHNE HEPABHOBECHON TEPMOJINHAMUKH

n
Tds=du+pdv->)_ u,c; - OCHOBHOE ypaBHEHHE HEpaBHOBECHOI T/
i=1
U — JIOKaJIbHas TNIOTHOCTh BHYTPEHHEH aHEprun
V — yAeIbHBIN 00beM
11



S — JIOKaJIbHasl SHTPOIHUS
Bce BenMunHbI — JOKaNIbHO PaBHOBECHbBIE * *
52. YpaBHeHue 0aj1aHCa M 3aKOHbI COXPAHEHUSA

n
Tds=du+pdv—->) u,c; - OCHOBHOE ypaBHEHHE HepaBHOBeCHOM T/
i=1

Io; % = —diva +0, - yp-¢ OanaHca

Iz — nnomnocms nOMO20 NOMOKA IKCMEHCUBHOU Geludunbl B(X,y,z,t)=pb,

P - NJIOMHOCMb Beujecmad

b — 3nauenue senuuunvl B, omnecennoe k macce

Op — UsmMeHeHue B 3a cuém ee ucmounukog , omuecenHoe K 00bemy u 8pemMeHtu.

53. CootHowenue B3aumHocTH OHcarepa u npunuun Kropu

CootHomenue B3auMHocTH OHcarepa: mOTOK cBsi3aH ¢ T/ cuinaMu TMHEWMHBIM COOTHOIIEHUEM

n
1= ZLl.kX i » TA€ Ly — KuHeTnueckui ko3duuueHr.
k=1
Liy=Ly;i
Ipunyun Kwopu: «notok n T/l cuia, KOTOpasi BBI3BIBAET ATOT MOTOK HMEIOT OJWMHAKOBBIN
TEH30PHBIN BUJI (XapaKkTep)»
54. Ilpunnun Oucarepa, npunuun Ipuroxxkuna

o, X)=>_1,X, - npouzeodcmeo sumponuu,

i=1

] n
X X)== > Ly X, X, 20;
2 ik

a n

1= ? = 2Ly Xy,
oX
i k=1
Bapuanwmonnsiit npunyun Oncazepa: nyist AEACTBUTENBHO MIPOUCXOIAIIETO B CUCTEME MpoLIEcca
BBIPAKCHUE
pS +div Is~p(X, X)=o(l, X)~p(X, X);

MMeeT MaKCUMYM IO CPaBHEHHMIO CO BCEMHU BUPTYaJbHBIMH HEOOPATHUMBIMH IPOIECCAMH C
TEMU K€ MOTOKAMU, HO PA3JIUYHBIMU CONPSIKEHHBIMUA UM CWJIaMU. Bapbupyst 3TO BbIpaKeHUE
10 CWJIaM X; IIpU MOCTOSIHHBIX TOTOKAX /; MoJly4aeM

Slo(l, X)— o, )= 31X, -1 3 1, XX, | =

i=1 ik=1 7

n n n n
=D 10X, = 2 Ly X, 06X, =3 | [, = D Ly X, X,

i=1 i k=1 i=1 k=1

Yo mpu UCHOIB30BaHUH IMHEHHBIX 3aKOHOB IMPUBOINT K YCIIOBUIO DKCTPEMyMa
6( (03 —(p) [:0.
IIpunyun MakcuMyMa TPOM3BOACTBA JHTPONUU [Ipucosicuna: CTAlMOHAPHOE COCTOSHHE
CHCTEMBI, B KOTOPOI IPOUCXOAUT HEOOPATUMBII IPOIIECC, XapAKTEPU3YETCS TEM, YTO CKOPOCTh
BO3HHUKHOBEHHUS SHTPOIMHM MMEET MHHHMAJIBHOE 3HAYEHHE MPH JAHHBIX BHEIIHMX YCIIOBHSIX,
IPEMSITCTBYIONINX JOCTHKCHHIO CHCTEMOIN PaBHOBECHOT'O COCTOSIHUS.
=L, X;"+2L ;X Xo+L,,X5">0
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[56/&’)(2])(1 :2(L21X] +L22X2) :2[2:0,
YTO SIBJISIETCS YCIIOBUEM 3KCTPEMYyMa.
55. YuuBepcaiabHblil KpuTepui 3BoJrounu [ieicaopga — Ipuroxuna

P».
ot
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