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XUMHUYECKAS TEPMOJUHAMMUKA.

1. OcHOBHBIE IOHATHS TCPMOAMHAMHUKHA

TepMoanHaMuKa HM3ydaeT 3aKOHBI, KOTOPBIE OIMCHIBAIOT JHEPTETHUC-
CKHE TIPEBPALICHUS, COMPOBOXKIAOMNE (HU3HIECKHE, XUMUIECKHE U OHO-
Jorndeckue mnponeccbl. OXHAM U3 OCHOBHBIX MOHSATHH B TEPMOJUHAMHKE
SIBISIETCSI CHCTEMA.

CuctemMoil Ha3bIBAIOT TENO WM TPYINY B3aWMOICHCTBYIOIIMX TEll,
(haKTUYECKH MM MBICJIEHHO BBIICJISICMbIX M3 OKPYXKAIOIIEH cpe/bl.

Krnaccudukanms cucreM M MX XapakTepUCTUKH. B 3aBrcuMOCTH OT 0O1-
HOPOJTHOCTH Pa3/IN4aloT TOMOT€HHBIE U FeTePOr€HHBIE CUCTEMBI.

I'omorenHas cucremMa — 3TO OJHOPOJAHAs CHCTEMa, B KOTOPOM HeT da-
CTeH, pa3nuyaroIuXcs 10 CBOMCTBAM U pa3JeNIeHHBIX IOBEPXHOCTIMHU
paszena. 'OMOreHHBIMU CHUCTEMAaMU SIBJISIFOTCS,, HAIIPUMEpP, BO31yX, BOJA,
UCTHUHHBIE PACTBOPHI.

I'eteporennass cucrema — 3TO Pa3HOPOAHAsl CHCTEMa, COCTOSINAs U3
IBYX Win OoJiee yacTel, OTIIMYAOIINXCS TI0 CBOMCTBaM, MEKAY KOTOPBIMA
€CTh TIOBEPXHOCTh pa3Jielia, I'/Ie CBOMCTBA CHCTEMBI PE3KO MEHsoTCs. ['e-
TEPOTCHHBIMHM CHCTEMaMH SIBIISFOTCS, HAIIPHIMEP, MOJIOKO, LEbHAsI KPOBb,
CMecH BOJIBI M JIb/IA, BOJBI M Maciya. [ reTeporeHHBIX CUCTEM YacToO HC-
NOJB3YIOT ToHsTHE «(ha3ay. B atux ciyuasx dasza paccmarpuBaercsi Kak
qacThb reTeporeHHoﬁ CHUCTEMBI, KOTOpasi MMECT OAMHAKOBBIC CBOMCTBA H
orpaHu4eHa rpaHuieil paszaena. Hanpumep, B Mosioke uMeroTcst Tpu (asbl:
BojIHAs (ha3a, MPECTABISIONIAs COOOH BOIHBINA PACTBOP COJICH, YIICBOIOB,
OEeNKOB M APYI'MX BEUIECTB, B KOTOPOIl pacrpezeseHsl JBe apyrue ¢asbl:
MEJIKHE KaIeJIbKH KUJIKUX )KUPOB U MaJIeHbKHE YaCTHIKH TBEPABIX >KHUPOB.
CymecTBylomue Ha 3eMile KUBbIE CUCTEMBI — reTeporeHHbie. OHM Bceraa
OTJEJTIEHBl OT OKPYXKAIOIIEH cpenbl 000JNOYKOH, W, KpOME TOTO, BHYTPH
Ka)XXJJOH >KMBOH KJIIETKM MMEETCs MHOXKECTBO pa3IMUHBIX MeMOpaH — rpa-
HUII MEX]y €€ JacTsIMU.

B 3aBucuMocTH OT XapakTepa B3aUMOAECHCTBHS C OKpYKarollel cpernoi
Pa3INvaroT CUCTEMBI U30JIMPOBAHHBIC, 3aKPBITHIE U OTKPBITHIC.

W3onmupoBaHHas cucTeMa XapaKTepu3yeTcss OTCYTCTBHEM OOMEHa SHep-
Tuel U BEeUIECTBOM C OKpYIKaroliei cpenoil.

3akpbiTas cucreMa OOMEHHBAETCSI ¢ OKPYKAIOIIEH Cpesloi dHEpTrHei, a
00MeH BeIIeCTBOM HCKITFOUEH.

OTKpBITast cucTeMa OOMEHHMBAETCS C OKPY’KAIOIIeH cpeoil sHeprueit u
BEIIECTBOM, & CJIEIOBATENILHO, ¥ MH(popManued. JKuBol opraHusM Ipen-
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CTaBJISIET COOOM OTKPBITYIO CHCTEMY, JKU3HEIEATENILHOCTh KOTOPOi HEBO3-
MOJKHa 0e3 IMOCTOSTHHOTrO0 0OMeHa BEIeCTBOM, dHeprueil u nudopmanuei ¢
OKpyXxaromield cpefoil. AOGCONIOTHO HM30JMPOBAHHBIX CHUCTEM B INPHPOAE
HET.

B TepMoanHAMHKE MPHUHATO Pa3iu4aTh TPU COCTOSHUS CHCTEMBI: paB-
HOBECHOE, CTallHOHAPHOE U IIEPEXOTHOE.

TepMonnHaMU9YecKoe PaBHOBECHOE COCTOSHHE CHCTEMBI XapaKTepHU3Y-
€TCs TIOCTOSTHCTBOM BCEX CBOWMCTB BO BPEMEHH B JIFOOOI TOUKE CHCTEMBI U
OTCYTCTBHEM IIOTOKOB BEIIECTBA W PHEPTHUU B CHCTeMe. TepMoanHaMude-
CKO€ PaBHOBECHOE COCTOSIHUE — 3TO TPEXK/IE BCETO YCTOHYMBOE COCTOSIHHE
CHUCTCMHEI. IIJ'I}I BBIBCICHHUSA CHUCTEMBI U3 3TOI'O COCTOAHUA HeO6XOI[I/IM 06-
MEH 3HEprueil Wi BeleCTBOM MEXAY CUCTEMOM U OKpYyXarollel cpeaou.
Baxxno pa3janvdatb COCTOSAHUA TEPMOAUHAMUYECKOIO0 PABHOBECUA U XUMMU-
YEeCKOr0 PaBHOBECHS; MOCIIEHEe BCErJa MMeeT NUHAMHYECKUH XapakTep,
Tak KaK JOCTUraeTcs B pe3ysibTaTe BBIPAaBHUBAHUSA CKOPOCTEH 0OpaTUMBIX
TIPOIIECCOB.

CranoHapHOE COCTOSHHE CHCTEMBI XapaKTepPH3yeTCs IOCTOSHCTBOM
CBOMCTB BO BPEMEHH, KOTOPOE MOJACPKUBACTCSA 33 CUET HEMPEPHIBHOTO
oOMeHa BEIIeCTBOM, dHeprueid u MHPOpMaIuel MeXIy CHCTEMON U OKpY-
JKarolieu cpenoil.

Jiis )KMBOTO OpraHM3Ma XapaKTEepPHO CTAIlIOHAPHOE COCTOSIHHE, a He
paBHOBECHOE, O3HAUAloIlee JJIsl HEr0 CMEPTh, TaK KaK MPEKpaIlaroTCcs 1o-
TOKHU BEINECTBA, SHEPTHH U MH(POPMAIIMK MEKIY OPraHU3MOM U OKpYIKa-
o1el cpesioi, 00eCTIeUnBAIOIINE €r0 KU3HEACITEILHOCTb.

Korzna cucrema nepexoJur U3 OJHOTO PaBHOBECHOTO WIIM CTal[OHAp-
HOT'O COCTOSIHUA B APYro€, TO OHa HAXOJUTCA B IEPEXOJHOM COCTOAHHUHU.
[lepexomHOE COCTOSIHUE XapaKTEPH3YeTCsI M3MEHEHHEM CBOWCTB CHCTEMBI
BO BpPEMCHH.

CocTosiHHE CHCTEMBI XapaKTepU3yeTCsl ONMpPeeICHHONH COBOKYITHOCTEIO
(U3NIeCKUX ¥ XUMUYECKUX BEIMYHH, KOTOPHIE HAa3BIBAIOTCS MapaMeTpaMu
cucteMbl. [lapamerpamu sBIsIFOTCSA: Macca (M), KOJIMYECTBO BeIIeCTBa
(aucmo moneit n), oovem (V), Temmnepatypa (t), qaBnenue (P), KOHIECHTpa-
s (c). 3HadeHne mapaMeTpa MOKHO M3MepATh HermocpeacTBeHHo. [lapa-
METPBI CUCTEMBI PA3ACTIAIOT HA DKCTCHCUBHBIC U MHTCHCHUBHBIC.

OKCTEHCHBHBIE TTApaMETPHl — MapaMeTpsl, 3HAYCHHUST KOTOPBIX MPOIop-
[IMOHAJILHBI YUCITy YacTHIl B CUCTeMe (Macca, 00bheM, KOJIMYECTBO Belle-
CTBa).

HuTeHCcHBHBIE TapaMeTphl — IapaMeTphl, 3HAUYCHHST KOTOPBIX HE 3aBH-
CAT OT YMCIIA YaCTHIl B CUCTEME (TeMIIepaTypa, JaBlIeHUe, KOHICHTPALIHS).
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Paznuune 5KCTEHCHBHBIX M MHTCHCHBHBIX IIAPAMETPOB YETKO HPOSBIS-
eTcs IpU B3aUMOJEHCTBUM CUCTEM, KOT/Ia 3HAUEHUS HKCTEHCUBHBIX Napa-
METPOB CyMMHPYIOTCSI, @ UHTEHCUBHBIX — YCPEIHSAIOTCA.

Hapsnay ¢ mapamerpaMu 171l XapaKTEpUCTUKHU COCTOSIHUSL CUCTEMBI HC-
MOJB3YIOT (QYHKIMU COCTOSTHMA. VX 3Ha4eHMs pacCUMTHIBAIOT IO COOTBET-
CTBYIOIIUM (OpMYJIaM HCXOJsl M3 3HAYCHHUIl MapaMeTpoB, OMHCHIBAIOIINX
JAaHHOE COCTOSIHUE CHUCTEMbl. Takoil BEIWYMHON SABIISETCS, HapUMED,
sHeprus. DYHKYuu COCOoAHUA CUCTHEMbL — 8Ce20d IKCIMEHCUBHBIE BENUUUHDL.

3HaveHHs MapaMeTpoB U (QYHKIHHA COCTOSHHS CHCTEMBI ONPENEISIIOTCS
TOJIBKO COCTOSIHMEM cHucTeMbl. [IoaToMy npu nepexoie CUCTEMBI U3 OAHOTO
COCTOSIHHS B APYTO€ U3MEHEHHE ITHX BEIWYMH, T. €. A HE 3aBUCHT OT IIyTH
nepexoaa, a omnpeacideTcsa JuWlib HaYaJlbHBIM U KOHCYHBIM COCTOSITHUEM
CHCTEMBI (X 3HAYCHUSAMH B OTHX JABYX COCTOSHHSX).

Hepexoa CHUCTEMBI U3 OAHOT'O COCTOSAHUA B JAPYTo€ ABJIACTCA MPOLEC-
coM.

IIponecc — 310 mepexos CUCTEMBI U3 OJHOTO COCTOSIHUS B APYToe, CO-
MIPOBOXKIAIOMINNCS HEOOPAaTUMBIM HIIM OOpaTHMBIM H3MEHEHHEM XOTS OBl
OJTHOTO IMapaMeTpa, XapaKTePU3YIOIIEro JaHHYIO CHCTEMY.

B TepmonnHamuke namenenue (A) mapamerpa Wik QyHKIUH COCTOSHUS
CHCTEMBI B pe3yJbTaTe Mpolecca BHIYUCISAIOT KaK Pa3HOCTh MX 3HAYCHUH,
XapaKTepU3yIOIUX KOHEYHOE U Ha4YaIbHOE COCTOSIHUE CHUCTEMBI.

B oTnmume oT cOCTOSHMSA CHCTEMBI, KOTOPOE XapaKTEpPHU3yeTCs 3Hade-
HHEM NapaMeTpa WM (QYHKIHMH COCTOSIHUS, XapaKTEPUCTHKOW Ipoliecca
SIBISIETCS MX M3MEHEHUE MM TIOCTOSTHCTBO.

IIporecchl pa3aensioT B 3aBUCUMOCTH OT M3MEHEHHs IapaMeTpoB CH-
CTEMBI Ha M30TEPMHUIECKHUE, U300apHIeCKue, H30XOpHUUECKHE:

HU30TePMHUUYCSCKUIA ITPOIeCcC T = const, AT =0;
n300apHYECKIiA IPOIIecC p =const, Ap =0;
M30XOPUYECKUH TPOIIECC V =const, AV = 0.

Jnst onmcaHus ABMKEHUSI MaTEPHUH B )KMBBIX OpraHW3Max, 10 MHEHHIO
aBTOpa, HEOOXOAWMO 3HATh TPU BEIMYUHBI: SHEPIHIO, SHTPOIHIO U HH-
(dopmarmio.

Oueprus (E, kJ»/M0JIb) — KOJIHYECTBCHHAS Mepa HHTEHCUBHOCTH pa3-
JIMYHBIX (OPM HEepeMEIeHHs U B3aUMOJICHCTBHS YaCTHI] B CHCTEME, BKIIIO-
yas epeMelieHne CUCTEMBI B LIEJIOM U €€ B3aUMO/JIEHCTBHE C OKpYKarolen
cpenoi.

B 3aBucumocTH oT GOpMBI IBIKEHHUS Pa3INYaiOT TEIJIOBYIO, IIEKTPH-
YECKYI0, XMMHUYECKYIO, AEPHYIO U APyTrue BUIbI dSHEPruu. TepMoanHAMU-
Ka pacCMaTpHBaeT MIPEBpAIlCHIE TEeIJIOBOI YHEPTUH B APYTHE BUABI — Me-
XaHWYECKYI0, XUMHUYECKYIO, IEKTPUUECKYI0 U T. A. J[BHXKEHHME MaTepuu
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BKIIFOYa€T IEPEMEIICHHE YaCTHIl, KOTOPOE XapaKTepH3yeTcs KHHETHUe-
ckoii suepruelt (Ey,;), 1 B3aMoOJEHCTBIE YaCTHL, KOTOPOE XapaKTepH3y-
eTCsI IOTEHIHATBHON SHepTHeH (Epy).
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2.2. BHYTpeHHSAS JHEPTUsl CUCTEMBI, JHTAIbIHUS.
IlepBblii 3aK0H TEPMOAMHAMHKH

JUis onMcaHus SHEPTeTHUECKOTO COCTOSHUS CHCTEMBI UCIIOIB3YETCs €€
¢yHKIMSA cocTosHUA — BHyTpeHH: I sHeprus (U, kI>x/MoTb).

BHyTpeHHsIs1 DHEprHs MPEACTaBIseT CO00H MOIHYIO SHEPTHIO CUCTEMBI,
KOTOpasi paBHa CyMMe€ ITOTEHINAIBHON M KWHETHYECKOH YHEPTHH BCEX Ya-
CTHI[ 3TOW CHCTEMBI, B TOM YHUCJIE Ha MOJICKYJISPHOM, aTOMHOM U Cy0aTOM-
HOM ypoBHAX: U = E,, + E,,. BHyTpeHH 3HEprus BKIIOYAET MOTECHIU-
AIBPHYIO DHEPrHI0, OOYCJIOBICHHYIO IOJIOKEHUEM CHCTEMBI B TPOCTpaH-
CTBE, M KHHETHYECKYIO SHEPTUIO ABMKEHHS BCEi CHCTEMBI B IiesIoM. BHYT-
peHHsIs SHeprust — (QYHKIHS COCTOSIHUS, aOCONIOTHOE 3HA4YeHHE KOTOPOii
OTIPENETINTh HEBO3MOXKHO, TaK Kak Jr00as TepMOAWHAMUYECKasi CHCTEMa
MaTepHalbHa, a MaTepust ¢ TOYKH 3PECHHUS €€ CTPOSHHs Heucuepraema.
DKCTepUMEHTAIBFHO MOXHO OINpPEeTUTh H3MEHEHHE BHYTPEHHEH sHeprun
IIpU B3aMMOJEHCTBUM CUCTEMBI C OKpy:Karowel cpenoi. [Ipu sTom B3au-
MOJICHCTBHM OOMEH SHEeprueil MOXeT OCYLIECTBIISITHCS B BUjae pabOThl U
TETUIOTHI.

Pagora — sHepreTuyeckasi Mepa HalpaBICHHBIX (OPM JIBIXKEHHUS Ya-
CTHII B IIPOLIECCE B3aMMOJICHCTBHS CHCTEMBI C OKPYXKAIOIIEH cpeloit.

Pabota (4) B TepMOAMHAMUKE CUMTAETCS MOJIOXKUTEIBHOM, KOTa OHa
COBEpIIAETCS CUCTEMOI IPOTHB BHEIIHMUX CHJI OKpPY’Kalolleld Cpeabl, MpH
9TOM BHYTPEHHSISI SHEPTHs CUCTEMBl YMEHBIAETCS.

Tennora — sHepreTuyeckas Mepa XaoTHYECKHX (OPM ABIKEHUS da-
CTUIl B IMpOIIECCE B3aUMOJCHCTBUS CHUCTEMBI C OKpy)Karollehd cpenoi.
B tepmopnnamuke Termora (Q) cunTaeTcs MOJIOKUTENBHON, €CII OHA CO-
o0IIaeTcsi CUCTeMe M3 OKpYIXKAroLIel Cpelibl, IIPH 3TOM BHYTPEHHsISI SHEp-
THSl CHCTEMBI YBEINYNBACTCSL.

PaboTra u TenJioTa He A614A10mca CBOWCTBAMU CHCTEMBbI, 2 XapaKTe-
PM3YIOT npouecc o0MeHa 3Heprueil cucTeMbl ¢ OKpYy:Kaloueii cpenoii,
NM03TOMY MX BeJIMYUHBI 32aBHCAT OT MYTH Npolecca, N0 KOTOPOMY CH-
cTeMa Mepenuia U3 OAHOr0 COCTOSIHUS B Apyroe. TepMHUHBI «paboTa» H
«TEIUIOTay» 03HAYAIOT KaK caM MPOIIEeCC Mepeadr SHEPTUH, TaK ¥ BETHIHHY
nepeaaBaeMou Ipy 3TOM SHEPTHU.

Ilepsoe nauano (unu nepevtit 3aK0H) MEPMOOUHAMUKU U €CHLb 3AKOH
coxpanenusa nepeuu. ITOT 3aKOH BBIIOJIHAETCS BO BCEX SIBICHUSX NPU-



I .
= T gy
YupexaeHue o6pazosanusn RN n .- I
«Benopycckan rocyaapersentan il ) TR
» v TpyAosoro KpacHoro Snamenu 1 M N e k D e
& o = 2

CEeNBbCKOXOIANCTBEHHAN aKAAEMNA»  [www

pOIBI M MOATBEPXKIAECTCS BCEM OMNBITOM dYeloBedecTBa. Hu omHO M3 ero
CIECTBUH HE HAXOJUTCSA B MPOTHBOPEUYHMHU C OIBITOM. 3aKOH COXPaHEHUS
SHEPrHH MOATBEPXKIACT MOIOKCHHE IUANICKTHYECKOr0 MaTepHaIn3Ma O
BEYHOCTH U HEYHUYTOXKAEMOCTH JABHKECHUs, TOCKOJIbKY HEPIHs €CTh Mepa
JBYDKCHUS TIPU €T0 MPEBPALICHUSIX U3 0JHOI (hOPMBI B APYTYIO.

TepMoanHaMuKa paccMaTpHBaeT MPEUMYIIECTBEHHO 1Be (OPMBI, B BU-
Jie KOTOPBIX COBEPIIAETCS IMPEBPAICHNE YHEPTUH: TEIUIOTy U padoty. Ilo-
9TOMY IEpBOE HAyaJl0 TEPMOJUMHAMUKHM M YCTaHABIUBAE€T COOTHOIICHME
MexIy TerutoBoi sHeprueii (Q) m paboroit (A) mpu uU3MeHeHWH OOIeit
sHeprun cuctemsl (AU). M3meHeHne oOleil sHEprun CUCTEMBbI BhIpaXkaeT-
cs ypasaenuem AU = U, + U;.

W3 nocrosHCcTBa 3anaca BHYTPEHHEH SHEPTUU U30JIMPOBAHHON CUCTEMBI
HETIOCPECTBEHHO BBITEKACT: B JIIOOOM IIpoIiecce M3MEHEHHE BHYTpPEHHEH
SHEPriuM KakKOH-HUOYIb CHCTEMBI PABHO PA3HOCTH MEXAY KOJINYECTBOM
COOOIIEHHOW CHCTEME TETUIOTHI M KOJIMYECTBOM PaOOTHI, COBEPIICHHO CH-
cremoii: AU = Q — A. [lepBoe Havano TepMOJMHAMHKUA UMEET HECKOJIBKO
(OpPMyITHPOBOK, OJHAKO BCE OHHM BBIPAXKAIOT OAHY M Ty XK€ CYTh: HEYHH-
YTOKAaEMOCTh M S9KBUBAJICHTHOCTh SHEPTUH IIPH B3aUMHBIX IIEPEX0/ax pas-
JIMYHBIX BUJAOB €€ APYT B Apyra. B uzonuposannou cucmeme cymma 6cex
81008 IHEpIUU eCMb GeIUYUHA NOCMOSHHAS.

VYpasuenue Q = AU + A sBisieTcst MaTeMaTH4eCKUM BBIpRKEHHEM TIep-
BOr0 Hayajla TEpMOIWHAMUKH, KOTOPOE B JAHHOM CIIydae MMEET CJIEAyIO-
myto GOPMYIUPOBKY: nodgederHoe k cucmeme menno Q uoem na ysenuye-
Hue snympennell snepeuu cucmemvt AU u na cosepuienue enewtneti pabo-
mot A,

Ecnu w3MeHeHuWe, mpeTepreBaeMoe CHCTEMOH, OECKOHEYHO Mallo, TO
ypaBHEHHE MEPBOT0 Hayaja TEPMOAMHAMHKH MOXKHO 3alucaTh B CIEIyIO-
miem Buze: 6Q = dU + 8A, rie 6Q — 6eCKOHEUHO MaJIOe€ KOJIMYECTBO TEILIO-
TBI (3JIeMEHTapHast TEIIoTa), morjiomaemoe cucremoii; dU — GeckoHeuHO
MaJloe IpupalieHre BHyTpeHHeH SHepriun cucteMsl; OA — OECKOHEYHO Ma-
nasi pabora (37aeMeHTapHas pabora), coBeplaeMas CHCTEMOW B TOM e
mporecce.

IIpu mepexone CUCTEMBI U3 OJHOTO COCTOSIHHS B JPYroe BHYTPEHHSSA
SHEPrusi B OJHHMX CIy4asX YBEJIMYMBACTCS, B JPYTMX — YMEHBIIAETCS.
B cooTBeTcTBUM ¢ 3THM W3MEHEHHE BHYTpeHHeH sHeprum AU mmeer mo-
JIOXKUTENbHBIA 3HAK MM OTpUIATeNbHBIN. [Ipu monp30BaHNN ypaBHEHHEM
MIEPBOTO Hadajga TEPMOJMHAMUKH HEOOXOAWMO, YTOOBI BCE BEIWYHHBL,
BXO/ISIIIIME B 3TO YpaBHEHHUE, ObUTH BBIPKEHBI B OJTHUX U TEX XK€ €AMHHUIAX
SHEPIHH; Yallle BCETO MX BBIPAXKAIOT B DKOYILIX. CHCTEMa MOXET Iepexo-
JIMTH U3 OJTHOTO COCTOSIHUS B PYroe pa3indHbIMH IMyTssMu. Ho B cooTBeT-
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CTBUM C 3aKOHOM COXPAaHECHUs SHEPrHd W3MEHEHHE BHYTPEHHEH JHEpIruu
AU cucTeMbl HE 3aBUCHT OT ITyTH Iepexojja: OHO OJMHAKOBO BO BCEX CIIy-
YasX, €CJIM OAWHAKOBHI HayaJbHOE M KOHEYHOE COCTOSIHHE chcTeMbl. Ko-
JIMYECTBO K€ TEMJIOTHI U KOJIMYECTBO PabOThl A 3aBUCAT OT ATOrO IYTH.
Opnako, Kak ObI HI MEHUTNCH 3HaueHUA Q U A TpH pa3HBIX IMyTIX Mepexo-
Jla CHCTEMBl M3 OJHOTO COCTOSIHUSI B JIpyroe, Ux ajaredpandeckas cymMma
BCEra OAMHAKOBA, €CIM TOJHKO OAWHAKOBHI HAYAJIbHOE M KOHEYHOE CO-
cTosiHMS cucTteMbl. [lepBoe Havyano TepMOAMHAMHMKU MMEET OrpoMHOe (u-
nocodckoe 3HaYCHHE. YTBEpiKAas HEYHHYTOXKAEMOCTh SHEPIHH, OHO TEM
caMbIM 00OCHOBBIBAET M HEYHHUYTOXKAaEMOCTh MaTEPHH, TOCKOJIBKY SHEPIHS
0e3 MaTepuH CyLIECTBOBAaTh HE MOXeET. Bo BceX mpomneccax MmpeBpanieHus
MaTepru HEPA3PLIBHO CBA3AHbI C IIPCBPAIICHUEM DHEPTUH.

2.3. 3axon I'ecca u ero cieacrsue

Bo Bcex XMMHUYECKHX SIBIEHUSIX BBIMOIHACTCS 3aKOH COXPAaHEHHs SHEp-
run. COOTBETCTBEHHO M BCE 3aKOHBI TEPMOXHMUH SIBISIOTCS CIEICTBHEM
MIEpBOTO HAYaJIa TEPMOJHHAMHUKH.

B 1836 rogy I'. U. T'ecc ycTaHOBUI 3aKOH TEPMOXHMHU: MIENJ10801
Iphekm xumuueckux peakyuil 3auUcum moabKo Om HaA4aibHOZ0 U KO-
HEYH020 COCMOAHUA Peazupylouiux 6eu|ecme u He 3a6UCUM Om nymu,
no Komopomy peakyus npomekxaem. PaccMOTpUM HEKOTOPHIH 0000IIeH-
HBI XUMHUYECKHI MPOLECC MPEeBpaIIeHUs] UCXOAHBIX BEIECTB Ay, A,, As...
B MPOAYKTHI peakuuu Bi, By, Bs..., KOTOPHIA MOXET OBITH OCYIICCTBIICH
Pa3IMYHBIMHK Iy TSIMHA B OJIHY WJIH HECKOJIBKO cTaauii (puc. 2.1):

AHs
—_—
AHy AHg
AH
A1,A2,A3... ! Ly B1, BQ,BS...
AH; AHj

Puc. 2.1. Paznuusblie myTH 0000MIEHHOT0 XUMHYECKOTO TIPOIIEcca MPEBPAICHHS
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Cornacuo 3akoHy ['ecca, TeruioBbie A3(PEKThI BCEX ITHX PEaKIUil CBsA3a-
HBI ClieyomuM cooTHomenueMm: AH; = AH, + AHz = AH, + AHs + AH;.
OTOT 3aKOH TaKXe SBJISETCS YaCTHBIM CIydaeM IIepBOTO Hayaja Tep-
MOJVHAMHKU MPUMEHNUTEIBHO K XMMHUYECKIM PEAKIUSIM, MPOTEKAIOIINM B
M30XOPHBIX WK N300apHBIX ycnoBusax. Tak, CO; MOXKHO TOJIYYHTH HETO-
CPEACTBEHHO, CKUTas YIIEpPOA B KHCIOPOJE, WM )K€ CHa4aaa C)KUTaTh €ro
1o CO, a 3aTeMm yxe A0 yriekucaoro raza. CyMMmapHbIe TeIIOBEIE dPdek-
TBI B 000HX CITy4asix paBHBI.
C+0,— CO+1/202, AH,
CO+1/2 0, — CO,; AH,
C+ 0, > COy;, AH;
AH. 3= AH 1+ AHz.

OH 1aeT BO3MOXXKHOCTh BBIYUCISTH TEIUIOBbIE 3(deKThl, HEe TPOBOJISL
XMMHUUYECKHX peaKluil. DTOT 3aKOH BBINOJIHSAETCS TaKKe B (DU3UOJIIOTHH U B
Oonoxumun. Tak, KOJIMYECTBO TEIJIOTHI, MIOJIy4aeMOW OT OKHCIICHHS THIIe-
BBIX IPOAYKTOB B OpPraHM3ME B pe3yJbTaTe IEJIOH CEpHH CIOXKHBIX peak-
IIUH, 1 KOJTMYECTBO TEIUIOTHI, BBIAEISIEMOE NIPH CXKUTAHUH 3THX BEIIECTB B
KaJIOpUMETpUUecKoil OomOe, OKazalnch TOXKICCTBEHHBIMH. B KadecTse
MIPOJyKTa HEIIOJHOTO OKUCIICHUS OENKOB M3 OpraHW3Ma BBIAEIACTCS MOYe-
BuHA. VIMEHHO 3THM OOBSACHSETCS, YTO NPH IMOJHOM CXXHUTaHMM Oenka B
KaJIOpUMETPUUECKON OG0MOE TEIUIOTHI BBIIENIETCS OOIbIIE, YEM MPU OKHC-
JICHUH €T0 B )KHBOM OpraHu3Me.

B TepMOXMMHUYECKHX pacyerax 4acTo MOJIb3YIOTCS CIEJICTBUSMH, KO-
TOpBIE HETOCPEICTBEHHO BHITEKAIOT U3 3aKoHa ['ecca.

CneacrBue nepsoe. Eciu coBepmatorcst iBe peakiyy, IPUBOASIINE
U3 Pa3IMYHBIX HAYaJbHBIX COCTOSHUH K OJJMHAKOBBIM KOHEYHBIM, TO pa3-
HUIIA MEXKAY TEIUIOBBIMH 3(PQEKTaMH MPEACTaBIsAeT TeIuIoBo 3ddekr
repexo/ia U3 OJHOTO HAYAJIBHOTO COCTOSIHUS B JIpyroe. DTO CIeJICTBHE UC-
MOJIb3YeTCsl B TEPMOXHUMHYECKHX pacuerax. [lonp3ysch cieicTBueM u3
3akoHa ['ecca, MOXHO paccuuTaTh TEIUIOBBIE 3()(EKTHl epexoa U3 OaHO-
IO aUIOTPOITHOTO COCTOSIHUS B Apyroe. Tak, IpH mepexoiie OT ajiMasa K
rpadury Beigensercs AH = —1,9 k/x/Moib; Ipu mepexojie oT rpadura K
anMasy noromaercs AH = 1,9 xJIx/mMob.

CaeacrBue BTopoe. B 1870 r. JlaBya3se u Jlamnac ycTaHOBWIIU Clie-
OYIOIUANA 3aKOH: KOAUYeCmBO Menid, HeobXo0umoe Ol Pa3iodCenus
CII0JICHO20 Gewjecmea Ha OoJlee npocmole, paGHO KOAUYeCmey menid, Gbl-
oensaouemycs npu e2o 00pa306aHuu U3 NPOCMbIX GeUecms.

3akoH JlaBya3se — Jlatutaca sBISIETCS 9aCTHBIM CIy49aeM 3aKOHa CO-
XpaHEHHs] SHEPTUH U UMeeT 0oJblIoe MpakTHieckoe npuMenenne. OH BbI-
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MOJIHSAETCS TIPH 00Pa30BaHUM XUMHUUECKUX COETMHEHHUI U3 60see CI0KHBIX
BemiectB. Hanpumep, tertora obpaszosanust Li,CO;z u3 Li,O u CO, paHa
13 xJIx. J{ns pasnoxxenust xe oauoro moisi Li,CO3 Ha MCXOHBIE OKCH/IBI
Li,O u CO, HeoOxoaumo 3aTpatuth Takke 13 kJDK.

3akoH ['ecca maeT BO3MOXHOCTD OTIPEENATh TEIUIOBBIC APPEKTH TAKUX
peakiuii, KOTOpble WK HE pealr3yeMbl, WIH HE MOTYT ObITh MPOBEICHBI
YUCTO M 10 KOHIA. Ha OCHOBaHMH 3TOTO 3aKOHA C TEPMOXHUMHUYECKHUMHU
YPaBHEHHUSIMH MOXXHO TPOHM3BOIMUTH T€ ke JCUCTBHS, YTO U C OOBIYHBIMH
anredpanvIecKuMH ypaBHEHHUSIMH.

2.4. DHTpONMS KaK Mepa HEYNOPAA04YeHHOCTH CUCTEMBI.
Bropoii 3aK0H TepMOAUHAMUKH

Hapsiny ¢ sHeprueil ans xapakTepUCTUKU ABUKCHUS YACTHUI[ B TEPMO-
JMHAMUKE HMCIIOJIB3YeTCsl ellle o1Ha (YHKIHS COCTOSIHUSI — SHTPONHS. JH-
Tponus (S) — TepMoaMHaAMHYecKas (YHKIHUS, XapaKTEepU3YyOIias Mepy
HEYMOPSAAOYCHHOCTH CHUCTEMBI, T. €. HCOTHOPOJHOCTH PACIIOJIOKEHUS U
IBIDKEHUS ee JacTull. VI3MeHeHrne SHTPOIHU CHCTEMBI B YCIOBUSIX TEPMO-
JUHAMUYECKA OOpaTHMOTO IIpollecca paBHO OTHOUICHHIO TepemaBacMoin
TEIUIOTHI K a0CONFOTHOW TeMIepaType, Py KOTOPOH OCYIIECTBISETCS NaH-
HBIN npouecc:

Q Jx
> T "momb-K '

DHTPOMUS SABISETCS SKCTEHCUBHBIM CBOHCTBOM CHUCTEMBI, IIOOTOMY H3-
MEHEHHE SHTPOIUHU CHCTEMBI B pe3yJbTaTe KaKoro-imbo mporecca paBHO
Pa3HOCTH SHTPOIUH KOHEYHOTO W HAYAIBHOTO COCTOSHHUM CHCTEMBI, He3a-
BHUCHUMO OT IyTH mporiecca: AS = Sy, — Syaa-

Ornrcanue JBWKEHUST MaTepUU HEBO3MOXKHO 0€3 TaKMX TepMOJIMHAMH-
YECKUX XapaKTePUCTUK, KaK DHEPrusi W SHTponus. Eciam sHeprus Ko-
JMYECTBCHHO XapaKTepU3yeT WHTCHCHUBHOCTh IBIDKCHUS WM B3aWMOJCH-
CTBHS YaCTHI[ B CHCTEME, TO SHTPOIHS — Mepa HEYIMOPSA0OYCHHOCTH CHCTe-
MBI, T. €. PacloJOXEHUs U JBIKEHUS ee yacTull. Vi3MeHeHue >HTponuu
(AS) B mporiecce npeBpallieHus SHEPTUH U3 OJHOTO BUJIA B JPYTOM Xapak-
TEpU3yeT BEIIMUUHY PacCesHHs SHEPTUH IPH 3TOM mnpouecce. Yem Gosplre
AS B mporecce NpeBpalieHUs] SHEPTHMU U3 OJHOTO BHIA B JAPYroM, TeM
MeHble kodpdunment monesHoro aevictBust (KII) sToro mporecca.
Wmenno stum obObscHsercs Hu3kui KIIJ mpu mpeBpamieHMH TEIUIOBOH
SHEepruu B dnekTpuueckyto (Teoperuueckuii KIT = 40 %). B To xe Bpemst
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B TIbBAaHWYECKOM 3JIEMEHTE, TJe XUMHYECKash SHEPrusi OKHCIUTEIbHO-
BOCCTaHOBHTENILHOM peakiuy mnpeBpamiaercs B snekrpudeckyro, KI1J mo-
xeT gocturath 98 %. B mepBom ciydae xaotuueckue (HOpPMBI ABHIKECHHS
JaCTHI] HEOOXOJMMO MPEBPATHTh B HANIPABICHHOE IABIXCHHUE, T. €. HIMEEM
CHIIbHOE U3MEHEHHE SHTPONHHU. Bo BTOpOM ciiydae HampaBlIEHHOE JBIIKE-
HHE 3JIEKTPOHOB M HOHOB, COMPOBOKAAIOIIEE XUMUIECKYIO PEaKIuio, Tpe-
BpaIlaeTCs B HAINPABICHHOE NBIDKCHUE 3apSDKCHHBIX YACTHIL, T. €. YHOpS-
JOYEHHOCTh ABIDKCHHUS YacCTHUI] COXPAHSETCS, W MO3TOMY H3MCHEHHE HX
SHTPOINH U PacCesTHUE SHEPTUH HE3HAUUTEIBHO.

Jnst TIOJTHOM XapaKTepUCTUKY JBM)KEHHS YacTHIl B CHCTEME Hapsy ¢
SHEpruel W SHTPONHEH aBTOp CYMTAET HEOOXOAMMOU elle OAHY (GYHKINIO
COCTOSTHHSL — HH(POPMALHIO.

Nudpopmanust (1) — Mepa opraHW30BaHHOCTH CHCTEMBI, T. €. YIOPSIO-
YEHHOCTH PACIOJIOKEHUsI U JABWKEHHs ee 4yactui. MHpopmaius Beipaxka-
ercst B Outax, npuueMm 1 Out mHpopmauuu skBuBanenteH 10-23 JHx/K,
T. €. ABISIETCSA OYEHb MaJIOd TEPMOJUHAMUYECKOH BETMUYHMHON. DHTPONNS U
nH(popManus SABISIOTCS CTATUCTUYECKUMHU XapaKTEPUCTUKAMHM IBHKCHUS,
OTIMCHIBAIOLIMMH €TO C IPOTHBOIOJIOKHBIX CTOPOH. DTO BHIHO U3 B3aHMO-
CBSI3M 3TUX BEJIWYHMH C COOTBETCTBYIOIIMMH BEPOSTHOCTSIMH JaHHOTO CO-
CTOSTHHS:

S=k-InW-I :—kInW:kIni,
w

rre W — TepMonmHaMuueckas BEPOSTHOCTb, paBHAs YHCIY BO3MOXKHBIX
COCTOSIHWH CHCTEMBI NP 3aJaHHBIX 3HAUECHHAX SHEpPTuH, 00be-
Ma u yncia gactur (W — oueHp GobIIast BEIMYMHA);
W — MareMaTH4yecKasi BEpOSITHOCTh JaHHOTO WH(OPMAIMOHHOTO CO-
CTOSIHHSI CUCTEMBI (W — OY€Hb Majiasi BETHYHHA);
k — mocrosiunast bospimana JIx/(mos-K);

Ao B 136102,

k=
Ny 602103

BunnMas sKBUBaJICHTHOCTh MHGOPMALMK U YHTPOMHUH MOA0OHA SKBH-
BaJICHTHOCTH MacChl U DHEPrHH 1O 3aKOHy OWHmrTelHa: E = mc?. [l ca-
MOOPraHU3YIOIIMUXCSI CHCTEM Hapsily C 3aKOHAMH COXPAaHEHUS MaccChl,
ANEKTPUUYECKOrO 3apsfa, JHEPTUM UMEET MECTO €Ille OAMH 3aKOH COXpaHe-
HUS:

I +S = const.

[Ipu 3TOM, KOHEYHO, 00€ BEIIMYWHBI MU3MEPSIIOTCS B OJMHAKOBBIX €/IH-

HUIIaX, a 3HAYCHUE X CYMMBI 3aBHCHT OT THIa CUCTEMBI. DTO COOTHOIIE-

10
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HHE O3HaYaeT, YTO IHTPOIHMS €CcTh Mepa Henoctarka uHpopmauuu. [Ipu
Bo3pactanuu | yOsiBaeT S 1 Ha000pOT. PU3UYECKUI CMBICI 3TOTO 3aKOHA!
3a MOJYYEHHYI0 MH(MOPMAIMIO CUCTEMa IUIATHT YMEHbIIEHHEM CBOEH IH-
TPOIUH, NIOATOMY IIOJyYCHHE CHCTEMOIl 000l MHpOpMALUK BCeraa CBs-
3aHO ¢ BO3pacTaHHWEM SHTPOIMH B OKpyaromieil cpexe. JKuBble opranms-
MBI — 3TO BBICOKOYIIOPSIOYECHHBIC CHCTEMBI, COICpIKallie KOJIOCCAIBHOE
KOJIMYECTBO HMH(POPMAIMH ¥ COOTBETCTBEHHO OOEIHECHHBIE 3HTPOIHCH.
Ionsatre «uH(GOpPMAIHS CHCTEMBI» TECHO CBA3aHO C €€ CTPYKTYpOM, Mo-
9TOMY LeJecOo00pasHO IS XapaKTepPUCTUKH COOTBETCTBYIOIIUX CHCTEM
(HyKJICHHOBBIE KUCIIOTHI, OEJIKH, BOJAHBIE CUCTEMBI) UCIIOIB30BaTh TEPMUH
«CTPYKTYPHO-WH(OPMALMOHHBIE CBOHCTBAY.

OIHMM M3 BaXKHBIX ACTMEKTOB TEPMOJMHAMHUKH SIBISCTCS (POPMYITUPOB-
Ka YCIIOBHH CaMONPOU3BOJILHOCTH MPOTEKaHUs J00BIX npoueccoB. Camo-
MPOU3BOJIbHBIM, WJIN CIIOHTAHHBIM, SBJIACTCA MPOLECC, KOTOpI;Iﬁ coBEpiia-
eTcsi B cucteMe 0e3 3aTparhl paboThl M3BHE M KOTOPBII yMeHbIIAaeT pado-
TOCIIOCOOHOCTH CHCTEMBI IOCIIE CBOETO 3aBSPILCHHUSL.

CrienoBaTeNIbHO, CaMOIIPOM3BOJIBHO CHCTEMa MOXET HEePEeXOIUTh TOJb-
KO W3 MEHee YCTOWYMBOTO COCTOSIHHS B Ooyiee ycroiunmBoe. Ha ocHoBe
MEPBOro 3aKOHA TEPMOJIMHAMHUKH MOXXHO c(HOPMYIHPOBATH OJHMH M3 BaXK-
HBIX IPHHIMIOB CaMOIIPOM3BOJIBHOCTH MPOTEKAaHHs POLIECCOB B CUCTEME,
3aKITIOYAIONIMIACS B CTPEMIICHHH CHCTEMBl K MHHHMYMY JHEPIUH 33 CUET
BBIJICTICHUS SHEPTHH B OKPY’KAIOIIYIO Cpely. DTOT SHEPreTUIeCKUi pUH-
LI 0COOEHHO BaXKEH JUISl IIPOCTBIX CUCTEM, KOTOpPbIE MOXKHO paccMaTpu-
BaTh KaK €JMHYI0 4yacTuiy. Hampumep, Karmist JOXIs BCerja CaMoIpou3-
BOJIbHO MaJga€T BHU3, YMCHbUIAA IPHU 3TOM CBOIO NMOTCHUHUAJBbHYIO 3HEP-
THIO.

DTy KaIuIo BOABI B TO XK€ BpeMsi HEOOXOIMMO paccMaTpHBaTh KaK CO-
BOKYITHOCTb O4€HBb OOJIBLIIOTO YHCIIa MOJICKYJI, KOTJ[a MPOUCXOIUT HPOLECC
ee HCIApeHUs], IPOTEKAIOIINI CaMOIPOM3BOJILHO, HECMOTPS. HA TO, YTO OH
SHIOTEPMHUYECKHH (TpeOyeT MOCTYIUICHHUs SHEPTHH U3 OKpYKaroliei cpe-
apl). CiemoBaTesbHO, ISl ONMMCAHMS YCIOBHH NPOTEKAHUS CaMOIPOU3-
BOJIBHBIX MPOLIECCOB OJHOTO IHEPrEeTHYECKOro NPHHIUIA HEIOCTATOYHO,
0COOEHHO B CHCTEMax, COCTOSIIMX M3 OOJBIIOro uucia yactull. ['JaBHOE
U3MCHCHHEC, KOTOPOEC MPOUCXOAUT MNP UCIAPCHUHN KaIlIk, 3aKIII0YaCTCAd B
ePEX0A€ CUCTEMBI U3 KXUAKOI'O0 COCTOAHUA (C YaCTUYHO YIOPAAOYCHHBIM
COCTOSIHUEM YaCTHII) B Tap0ooOpa3HOe, B KOTOPOM YaCTHIIBI HE YIOpsa0Ye-
Hel. Takum o6pa30M, JUIL OITMCaHUsA ABWXXCHHA B CUCTEMaXx, COACpKAIINX
OOJIBILIOE YHUCIO YaCTHIl, HEOOXOIUMO YUYUTHIBATH HEYMOPSIOYCHHOCTD
PAacIIoI0KEHHS ¥ JIBMXKESHUS 9THX YaCTHIL, T. €. SHTPOIHIO CUCTEMBI.

11
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3Ha4YeHHEe SHTPONUU CUCTEMBI KaK MEpHI €e HEeYNOPsA0UEHHOCTH 3aBU-
CUT OT arperaTHOr0 COCTOSIHUS M MPUPOIBI BELECTBA, TeMIEepaTyphl, AaB-
JICHUS U CIIOXKHOCTU CHCTEMBI.

OHTpoNHs BEMIeCTBa B ra3000pa3HOM COCTOSIHUH OOIIBINIE, YeM SHTPO-
MU €TO B )KUIKOM COCTOSIHHH, 8 TIOCIETHSS OOJBbINe SHTPOIHH ITOTO Be-
IIECTBA B TBEPIOM COCTOSIHUU:

Sp> S > Si.
OHTPONHS MPOCTHIX BEIIECTB 3aBUCUT OT UX AITIOTPOITHOM (popMEI:
S(Crpatbm‘) > S(CaﬂMas)l S(OZ) > S(OZ)

OHTpONMsS CUCTEMBI IIPU MOBBIIIEHUU TEMIIepaTyphl BO3pacTaeT, Tak

KaK yBEJIMYMBACTCS HEYOPSAA0UEHHOCTh JBM)KEHHUS YaCTHIL!
ecnu Ty > T, 10 S; > S,

OHTpPONHMs CUCTEMBI IIPU MOBBILICHUN JaBJIEHUs YMEHbIIAeTcs, TaK Kak
CHIDKAETCS HEYNOPSI0UEHHOCTh IBM)KEHUS YaCTHUIL:

ecnu P > Py, TO S <S,.

DHTpONHS CHCTEMBI C yBEIHMUYCHHEM €€ CIIO)KHOCTH IOBBIIIACTCS, TaK
KaK BO3pacTaeT YHCJIO BUIOB YaCTHIl M BAPHAHTOB UX PACIOIO0KEHUS.

Jiisi SHepreTHYecKoil XapaKTepHUCTHKH BEIIECTBA NPHU CTAHAAPTHBIX
YCIIOBHSIX, HAPAMy CO CTaHIAPTHON JHTANBIHNCH, WCIIONB3YIOT CTaHAAPT-
HYI0 SHTPONHIO BemecTBa S°. B oTnmume OT CTaHOApTHOH SHTAIBINH,
CTaHJapTHAsI SHTPOIHS MPOCTHIX BEUIECTB HE PaBHA HYJIO. DHTPOIHUS BCEX
BEIIECTB Bcerza Oofbie HyNsd. B ciydae upeanbHO yrmopsI0u4e€HHOTO KpH-
crayuta mpu Temmneparype 0 K ero sutporus S = 0. DT0 1aeT €CTECTBEHHYIO
HYJIEBYIO TOYKY OTCUETa Ul 3HAUYEHHH PHTPONHM (OTCYTCTBYIOIIYIO IS
paHee paccMOTpeHHBIX QyHKIMHA cocTossHus U u H) 1 MO3BOJISIET U3MEPUTH
WJIN TEOPETUUECKH PACCUUTATh aOCONIIOTHBIE 3HaueHHs: HTponuu. [loaTo-
My TIepell CHMBOJIOM SHTPOIINHU BEIIECTBA HE CTABAT 3HAaK jaeibra (A). 3Ha-
YeHWsl SHTPOIUHU ISl CTAHJAPTHBIX COCTOSHHUHA BEIIECTB INPHBEICHBI B
CIPaBOYHUKAX TEPMOTUHAMUYICCKAX BEITHUUH.

M3meHeHHe CTaHIAPTHOW SHTPOIIMM B XMMHYECKOH peakiuu (AS°)
OTIpEeNIeIIeTCS. Pa3HOCTHIO aNreOpamdecKuX CyMM CTaHOAPTHBIX SHTPOIHN
HPOYKTOB PEAKIMH Yj U UCXOJHBIX BEWIECTB Xj C y4€TOM COOTBETCTBYIO-
[IUX CTEXHUOMETPUIECKUX KOI(D(DUIINEHTOB:

AS®% =289 (V) -2V Se (X))

BTtopoii 3akoH (BTOpoe Hadano) TEPMOJWHAMHUKHN OTPEeNseT Halpas-
JICHHOCTb W INpeJeNbl NPOTEKAHUS CaMOIMPOU3BOIBHBIX MPOLECCOB, B TOM
yucie u onoxuMuueckux. CHavasia pacCMOTPUM H30JIMPOBAHHYIO CHCTEMY,
IJIe UCKIIIOUeH OOMEH 3Heprueil u BemecTBoM. JlomycTum, 4To B H30JIMPO-
BaHHOW CHCTEME HaXOJITCs JIBa JIIOOBIX Ta3a, HAIpUMEp TelIUil U aproH,

12
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KOTOpBIC HE B3aMMOJICHCTBYIOT MEXAy COOOl M He mepememaHbl. Ecte-
CTBCHHO, 3TH JIBa Ta3a OYIyT CaMOIPOM3BOJBHO M HEOOPATUMO CMEIIU-
BaThCs, a BCC CBOWCTBA CHCTEMBI OCTAaHYTCs 0€3 M3MEHCHHUsI, 33 MUCKIIOYe-
HHEM e¢ YHTPONHUHU. B UCXOAHOM COCTOSIHHMM CHCTEMBI, KOT/Ia T'a3bl elie He
CMEIIAJIHCh, €€ YHTPOMUS Sy, MEHBIILIE, YeM SHTPOIHS S, COCTOSHHS TO-
clie CMELIMBAHMS Ia30B, XapaKTePHU3YIOIIEroCs HEYMOPSIJ0YeHHOCTHIO pac-
MOJIOKEHHST U JIBWKEHHS MOJEKys ra3oB. CleqoBaTelbHO, B PE3yNbTaTe
CaMOTIPOU3BOJIBHOIO HEOOPATUMOTO IIPOIIECCa B M3OJUPOBAHHOW CHCTEME
ee sHTpomms Bo3pociua: AS = Sy — Sy > 0.

Ha ocHoBe 3TOr0 chopMyIHpoBaH BTOPOH 3aKOH TCPMOTUHAMUKHU IS
I/I3OHI/IpOBaHHI>IX CUCTEM.

B I/I3OJII/IpOBaHHI)IX CUCTEMAX CaMOHpOI/I?;BOJ'H)HO MOFyT COBepHIaTI)Cﬂ
TOJIbKO TaKhe HEOOpaTHMBIC MPOIECChI, TIPU KOTOPBIX HTPOIHS CHCTEMBI
Bo3pacraer, T. e. AS > 0.

Z[J'IH HeI/ISOJII/IpOBaHHI)IX CUCTEM Hy)KHO y‘-II/ITbIBaTI) HC TOJIBKO U3MCHC-
HHE SHTPOIHH, HO ¥ U3MEHEeHHUE dHepruu. [103ToMy HEOOXOAUMO paccMart-
pHUBaTh JBe TCHACHIIMH, OMPEICISIONINE HANPABICHUE CaMOIPOU3BOIBHO
MPOTEKAIONIUX MPOIECCOB:

1) cTpemiieHHE CUCTEMBI K JOCTHKCHUIO MUHUMYMa SHEPTHH;

2) cTpeMJIeHHE CHUCTeMbl K MAKCUMYMY HTPOIUH, T. €. K HEyMOpsIo0-
YEHHOCTH.

Bce Hpoueccm, HpI/I KOTOpLIX 3Heprm[ B CUCTEMC yMeHI)HIaeTCSI, a dH-
TPOIHUSI BO3pPACTaeT, MPOTEKAIOT CAaMONPOH3BOJIbHO. CaMOIPOU3BOIBHOCTh
JIPYyTUX TMpPOIECCOB 3aBUCHUT OT TOr0, Kakas U3 3THUX JABYX TEHACHIUH
(sHepreTHUecKas WM SHTPONUITHAN) OKaKeTCs Ooiee S PEKTUBHOM, Kakas
13 THX MPOTUBOOOPCTBYIOIMINUX TEHACHIIUN MOTYYUT MEpeBeC HaJ APYTOi.
B 3TOM nposIBIISIETCS TPOTUBOPEUUBOCTH MATEPUAILHOTO MHUPA.

2.5. CoOoanasi yneprus ['mo6oca.
IK3IProHUYecKue u IHIIProHUYECKHe MPOoIecch

Jnst  OoJHO3HAYHOM (OPMYIHMPOBKM YCIOBHE TPOTEKAHHUS CamMo-
MIPOU3BOJIBHBIX IPOIIECCOB B JIIOOBIX CHCTEMax HEOOXOAWMO BBECTH €Il
OJIHy TEPMOIMHAMHUUYECKYIO (YHKIHIO, KOTOpas XapaKTepu3oBana OBl O]
HOBPEMEHHO ¥ SHEPTeTHKY, M HEYIOPIIOYCHHOCTh JaHHBIX CUCTEeM. Brep-
BbIE TAKyI0 TePMOJHMHAMUYECKyro ¢pyHKuuio Beexn [. Y. I'm6bc, B maMaTh
00 3TOM BBIJAIOIIEMCS] aMEPUKAaHCKOM YYEHOM ee Ha3BaiW >Heprueit I nb-
Oca.
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Bruoxumudeckue peakiuyu OOBIMHO MPOUCXOMSAT NPH H300apHO-H30TEp-
MHYECKHUX YCIOBHSX. B 3THX YCIOBUSX SHEPreTHIECKOE COCTOSIHUE CUCTEMBI
XapaKTepu3yeTcsl YHTAJBIINEH, a MEpOH HEYIOPsIOYEHHOCTH CHUCTEMBI OY-
JIET IPOU3BEICHUE €€ SHTPONUU U TeMIepaTypbl. DyHKIMEH, yIUThIBatOILIEH
00e 3TN XapaKTEePHCTHKN W MPOTHBOIOIOKHOCTh B TCHACHIUH MX M3MCHE-
HUS TIPY CaMOIPOM3BOIIFHEIX TIpoIieccax, ABiIseTcs 3Heprus [ ndoca G:

G=H-TS.

Oneprus [m06ca sBiseTcss 0000MIEHHONH TEPMOIMHAMUYECKOH (QYHK-
IIMEH COCTOSHHUS CHCTEMBI, YUUTBHIBAIOIIEH SHEPIETHKY M HEYHOPSIOYCH-
HOCTh CUCTEMBI IIPH M300apHO-U30TEPMUYECKUX YCIOBUIX. DHepruto [ 'uo-
0ca Ha3bIBAIOT TAKXkKe M300apHO-M30TEPMUIECKUM TTOTEHIMAIOM, HIH CBO-
00/IHOM SHEPTHUCH.

[TogoOHO APYrMM TEpMOAMHAMHYECKMM Napamerpam M (YHKLHUSIM, Xa-
PaKTepH3YIOLIMM COCTOSIHUE CHCTEeMbI, W3MEHeHue sHepruu ['mbdca B pe-
3ynbTare JI000To Mpolecca ONpeeNsieTcs TOJIbKO KOHEYHbIM U Ha4aJIbHBIM
COCTOSIHHEM CHCTEMBI, He3aBHCUMO OT IyTH npomuecca: AG = Gy — G

Jnst TOTHOW 3HEpPreTHYECKOM XapaKTepHCTHKH BEIECTBA ITPH CTaH-
JAapTHBIX YCJIOBHSAX HCIOJNB3YIOT CTaHAApTHYIO 3Hepruro I'mbbca obpazo-
BaHMA BemecTBa AG®, 3HaueHNE KOTOPOH 1aHO B CIIPaBOYHOMN JIUTEpaType.
Jlnst IpOCTBIX BEIIECTB B TEPMOAMHAMUYECKH YCTOWYMBOH (opMe CTaH-
JapTHast sHeprus ['mb0ca nx oOpa3oBaHMS yCIOBHO NPHHATA PaBHOHM Hy-
mo. M3menenune sneprun ['u60ca B pe3ysbrare XMMHUYECKON PEaKLUK PH
CTaHAaPTHBIX YCIOBHSX BBIYHUCIISIOT 110 CIEAYIOIEMY YPaBHEHHIO:

AG®, =2VAGe (Y)) -2 vAGe (X))
rae AG’(Y;j), 4G(Xi) — cranmaptable sHeprun I'n66ca mpoxyKTOB peax-
MU Yj U HCXOJHBIX BEIECTB X;;
Vj M Vi — COOTBETCTBYIOIIME CTEXHOMETPHUUYECKHE KOI(D(UIUEHTH B
YpaBHEHHH XUMHYECKOH PeaKIHy.

W3menenne >neprun ['mb6ca ast OMOXMMHYECKHX ITPOLIECCOB B YCIIO-
BUSIX, OTJIMYHBIX OT CTAHAAPTHBIX, MOXKHO PAacCUMTATh HA OCHOBE 3KCIIe-
PUMEHTANBHBIX 3HaYCHUA AH 1 AS 11 3THX MPOIIECCOB [0 YPABHCHHUIO:

AG = AH - TAS,
rae AH — xapakTepusyeT MOJHOE W3MEHEHHE DHEPIHMH CHCTeMbI MpH p,
T = const u oTpakaeT CTPEMJICHUE CHUCTEMbl K MHUHHUMYMY
SHEPTHH;
TAS — xapakTepu3yeT Ty 4acTb 3HEPIHH, KOTOPYIO HEJIb3s PEBPATUTh
B pa0boTy, M OTpakaeT CTPEMJICHHE CHCTEMBI K MaKCUMyMY
HEYNOPs0UYCHHOCTH;

14
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AG — xapakTepusyeT Ty 4acTh SJHEPI'HH, KOTOPYIO MOYKHO IIPEBPATUTh B
paboty, U sBIsSETCS TEPMOAMHAMUYECKHM KPHUTEPUEM BO3MOXK-
HOCTH CaMOIIPOU3BOJILHOTO IPOTEKAHUSI JIIOOBIX MPOLIECCOB NPU
p, T =const.

Bropoii 3aK0H TepMOOWHAMHKU AJSL JIOOBIX CHCTEM (OpMyIHpYeTCs
CIIEAYIONMMM 00pa3oM: B CHCTEME IPH MOCTOSIHHON TEMIlepaType U JaBiie-
HUHM CaMOIPON3BOJIHHO MOTYT COBEPIIATHCS TOJNBKO TAKHUE IIPOIECCHI, B
pe3ynbpTaTe KOTOpHIX 3Heprus ['mboca ymensmaercs, T. €. AGyyy < AGyuy,
mwm AG < 0.

Takum 00pazoM, B COOTBETCTBHU CO BTOPHIM 3aKOHOM TE€PMOMHAMHUKU
camonpou3BonbHO (AG, < 0) MPOTEKarT BCE IK30TEPMHUECKUE PEaKIHU
(AH, < 0) mpu mo6oii TeMIepaType, ecili OHU CONPOBOXKAAOTCS YBEINIEHNU-
em suTpornu (AS, > 0). DunoTepmuueckue peakuuu (AH, > 0), conpoBox-
Jaroluecs: yMeHsliieHneM 3HTponuu (AS, < 0), He MOT'YT IIPOTEKaTh CaMo-
MIPOM3BOJILHO MPH JI000I TeMIieparype, Tak Kak B 3Tux ciydasx AG, > 0.

Broxumuueckne peakiuy, CONMPOBOXKAAIOIINECS YMEHBIICHHEM SHEp-
run ['n06ca, Ha3BIBAIOT IK3IPZOHUUECKUMU PEAKYUAMU, OHU MOTYT CO-
BEpIIAThCS CaMONIPOU3BOJIBHO. Ecin B TeueHne 3K33proHMYECKOM peakun
sHeprust ' mb6ca TONbKO MOHMKAETCS, TO TaKasl peakiys MPOTEKaeT B JlaH-
HBIX YCJIOBHSAX CaMOIIPOM3BOJBHO M HEOOpaTHMO. JHOIpzonuuecKue pe-
akyuu TpeOYIOT TOABOAA YHEPTuH, Tak kKak AGp > 0.

2.6. BuoxumMu4eckue acleKThl 0CHOBHLIX MNPUHIHUIIOB TEPMOAUHAMUKHU.
COl'lpﬂ)KeHHbIe peakuuu

I'maBHast 0COOEHHOCTh MPOTEKAHUS 0OPATHUMBIX OMOXUMHUYECKUX Peak-
LU 3aKJII0YaeTcss B CTPEMIIEHHH JIOCTHYb AWHAMHUYECKOTO pPaBHOBECHS,
TaK KaK 3TO COCTOSIHHE BO3HMKAET M IMOJJICPKUBACTCS BCIECTBUE MPOTE-
KaHHs peakiii B ABYX NPOTHUBOMOJIOKHBIX HAIIPABICHUSX C OJNHAKOBBIMH
CKOpOCTAMH V = V. Takoe cocTosiHIE Ha3bIBAECTCSI XUMUYECKIM PaBHOBECH-
eM. PaccmoTpuM, kak m3Mensiercst sHeprus ['m66ca cucteMbl, B KOTOPOH
yCTaHaBIMBAeTCs XMMHMYECKOE paBHOBecHe. B 3ToMm ciywae m3MeHeHue
sHeprun ['m66ca B cucTeMe XxapakTepu3yeTcs HaIMIieM MHHUMYMa, KOTO-
PBIHf COOTBETCTBYET COCTOSIHHIO XMMHUYECKOro paBHoBecus. K atomy pas-
HOBECHOMY COCTOSIHHIO BO3MOXKEH ITOJAXOJ] KaK CO CTOPOHBI MCXOIHBIX Be-
mrects (AG < 0), Tak ¥ CO CTOPOHBI MPoayKTOB peakimu (AG < 0).

Takum oOpa3om, B cirydae MPOTEKaHUS OOpPATUMBIX PEaKIUil cucTeMa
CaMOIIPOU3BOJIFHO MPHUXOIUT K COCTOSHUIO XMMHUYECKOTO PABHOBECHS, U3
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KOTOpOI'o OHa 0e3 BHEIIHEro BO3JECHWCTBHS HE MOXKET BBINTH, MOCKOJBKY
9TO TpedyeT yBenuueHus sHepruu [ uooca.

Xumuueckoe u ouoxumuueckoe pasHoGecHoe COCMOAHUE CUCHIEMbL
xapaxkmepusyemcsa:

1) pasencmesom ckopocmeii npamoi u o6pamnuoii peaxyuii (V = V);

2) snepeemuueckoil evicoonocmoio (G = min);

3) omcymemauem usmenenuil 6eaULUN NAPAMempos u QyHKyuil cocmo-
Anus cucmemsl. kKonyenmpayuu peazenmos (Ac; = 0), sumanonuu (AH = 0),
onmponuu (AS = 0) u snepeuu I'u66ca (AG = 0).

[TockonbKy B COCTOSITHUM XUMHYECKOTO PABHOBECHS CHCTEMa JIOCTUTAET
MHHHMAaJIbHO BO3MOKHOTO 3HaueHus dHepruu [nbOca, TO peakius, KOTo-
past MPUBOJUT B JJAHHBIX YCIOBHUIX K COCTOSHHIO PaBHOBECHSI, BCET/1a MPO-
TEKaeT CaMOMNPOM3BOJIBHO. bitaromaps 3Toit 0cCOOCHHOCTH 00OPATUMBIX TPO-
1eccoB OOJBUIMHCTBO OMOXMMHYECKHX pEaklMi, MPOTEKAIOMUX B Opra-
HHU3MeE, 00pPaTUMBL.

Hpyrast 0COGEHHOCTh OHOXUMHYECKUX MPOLECCOB, MPOTEKAIONIUX B Op-
raHu3Me, 3aKJIF0YaeTCs B MX MHOTOCTAJMHHOCTH, TaK KaK BEPOSTHOCTH
00paTUMOro MPOTEKAHUsI OTACIBHON CTAJMU 3HAYUTENIBHO BBIIIE, YeM BCe-
o Tpolecca B IelIoM. ITO 00BACHIETCS TEM, YTO PA3HUIA MEXIY BETHYH-
HaMU G,y U Gyoy IS KOKAOW OTACHbHOW CTafuM OOBIYHO HEBEIHKa
(| AGp| < 10 kJ[x/Monb). OGPATHMOCTD OTAETBHEIX CTAHIA OHOXHMHYC-
CKHUX ITPOIIECCOB MO3BOJISIET JKMBOMY OPraHU3MY JIETKO PEryJIHpOBaTh CHUH-
T€3 TeX WJIM WHBIX COCJMHEHHUH B 3aBUCMOCTH OT MOTPEOHOCTH U TEM Ca-
MBIM MOJIIEPIKUBATH CTALIMOHAPHOE COCTOSHHE.

CranmoHapHOe COCTOSHHME JUIS JKUBOI'O OpraHU3Ma XapaKTepu3yeTcs
MOCTOSTHCTBOM €r0 TEPMOAMHAMUYECKHX BEJIMYHMH W HEU3MEHHOCTHIO BO
BPEMEHU CKOPOCTEH MOCTYIJICHUS W yJAaleHHs BelllecTB M dHepruu. He-
CMOTpSl Ha TMOCTOSIHCTBO TEPMOJUHAMHYECKUX BEJIMYHMH, OHH HE HMEIOT
PABHOBECHBIX 3HAYCHUI B 3TOM COCTOSHHUU. Brojornueckoe pa3Butue op-
raHu3Ma BO3MOXXHO TOJBKO B CHCTEME, HAXOISIICUCS B CTAI[MOHAPHOM
COCTOSTHHH, HO JIaJIeKOM OT paBHOBecHs. VIMEHHO cTalMoOHApHOE HEPaBHO-
BECHOE COCTOSIHUE JKUBOW MATEPHUH MO3BOJISET €l ONTUMH3UPOBATH CBOH
XapaKTEePUCTUKU U IBOJIIOLHOHUPOBATh BO BpeMeHu. TepMoanHaMuueckas
0COOEHHOCTh CTAIlMOHAPHOTO COCTOSIHUSI OTKPBITHIX CHCTEM BIIEPBbIC
cthopmynuposana U. P. [Ipuroxxunasmv (1946).

B omkpweimoit cucmeme ¢ cmayuoHapHom cCOCMOAHUU RPUPOCH IH-
mponuu ¢ eounuuy epemenu AS/At npunumaem munumaivhoe noino-
Jcumenvnoe 3snauenue 0 OaHHbLX ycoesuil, m. e. AS/At — min.
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HOCKOJ’ILKy OHTpONUSA SABJISACTCA Mepoﬁ Acrpalald, WJIN PaCCCAHUA
OHCPIruuv, NpUHIUII Hpnrom/ma MMPUBOJAUT K Ba)KHeﬁIHeMy 3aKJIIIOUCHHIO:
npu CTAalMOHAPHOM COCTOSAHHUU PACCEAHUC SHCPIUU I'u66ca OTKpLITOﬁ CH-
CTEeMOI OKa3bIBACTCSI MUHUMAIIbHBIM.

2.7. IlousiTHe 0 TOMeoOCTAa3e

TepmoanHaMuUecKHe OCOOEHHOCTH OTKPBITBIX CHCTEM, XapaKTEpHBIC
IUIsL KMBOTO OPTaHU3Ma, OOBSICHSIOT €r0 YCTOWYHBOCTH, IO3BOJLIOLIYIO
€My B T€UEHHE MHOTHX JIET COXPAHSTH ONpE/ENCHHBIH ypOBeHb paboTo-
CHOCOOHOCTH, a TaKk)Ke OTHOCHUTEJBHOE IOCTOSIHCTBO BHYTPEHHEH Cpelsl,
Ha3bIBaEMOE B OMOJIOTHH 20Me0CMAa30M.

T'omeocma3 — OTHOCUTENIBHOE JTUHAMHYECKOE MOCTOSHCTBO COCTaBa U
CBOWCTB BHYTPEHHEH CcpeJibl OprannimMa, 00yCIIOBINBAOIIEE YCTONYNBOCTD
ero (PU3HOJIOrMYECKUX (HYHKIHH.

B ¢dopmupoBaHuM M TOANEPKAaHWU COCTOSHUSI TOMEOCTa3a OOJBIIYIO
POJb UrpaeT 0OpaTUMOCTh OONBIIMHCTBA ONOXMMHUYECKHUX TPOIECCOB. DTH
TIPOLIECCHI BCErja MPOTEKAIOT CAaMONIPOM3BOJIGHO B HAIPaBICHUH JIOCTHIKE-
HUSI paBHOBECHS, HO, KaK MPaBUJIO, B OPTaHU3ME OHH €r0 HE JAOCTHUTraioT, a
TOJIBKO TIPUBOJAT K JOCTIDKEHHIO HEOOXOIMMOTO COOTHOIICHHS MEXIY
KOHEYHBIMH W HCXOJHBIMH TPOIYKTAMH PEaKIUH, MPOTEKalomeil camo-
MIPOU3BOJIBHO IIPH JIAaHHBIX YCIOBUAX. DTO MPOMCXOAWUT WM 3a CYET HC-
MIOJIF30BAHMS TPOIYKTOB PEAKIUH, IPOTEKAIONIeH CaMOIpPOU3BOIBHO B
JpYTUX IMpoleccax, WK 3a CUeT U3MEHEHHUS yCJIOBUI B JaHHOW CHCTEME.
Tak, cucrema, mpuOMMKAOMASACT K XMMUYECKOMY PaBHOBECHIO, NEPEHO-
CUTCS OPTaHM3MOM B JPYTHE YCIOBHSA, IPU KOTOPHIX K COCTOSHHIO XUMHU-
YEeCKOT0 paBHOBECHUS IPUBOJUT 0OpaTHAast PEaKIIHs.

TakuM 00pa3oMm, OpraHM3M HCIHOJNB3YET B CBOEH >KH3HEIESTEILHOCTH
oOpaTuMble OMOXMMHYECKHE TPOIECCHl U MX CTPEMIICHHE K COCTOSHHIO
XMMHUYECKOTO PaBHOBECHS, HO HE JOIyCKAeT HACTYIUICHHs yCTOWYNBOTO BO
BPEMEHH XHMHYECKOTO PaBHOBECHS, TaK KaK 3TO COCTOSHUE IPUBENET K
rudenu opraHu3Ma. B To jxe BpeMsi cocTosiHIE roMeocTasa IMoAIepKUBaeT-
cs 3a cueT OamaHca, T. €. He0OXOAMMOTrO COOTHOIICHHSI MEXITY KOMITOHEH-
TaMH C MPOTHBOIOJIOXHBIMHA (@HTArOHUCTHYECKIMHU) CBOWCTBaMH. Tak, B
OCHOBE I'OMEOCTa3a OpraHW3Ma HAXOIATCA cjelylolue XMMUYecKHe U
(pusuko-xuMnyeckue OajJaHChI: KHUCIOTHO-OCHOBHBIH, OKHCIHTEIBHO-
BOCCTAHOBHTEJIbHBIN, METAIJIO-TUTaHIHbIN, THIPO(GUIEHO-TAIIO(PHUIBHEIH,
BOJ/IHO-2JIEKTPOJIUTHBIN. B cOBpeMeHHOM JnTepaType MOHATHS «OajlaHc» U
«TOME0CTa3» 4acTO UCIONB3YIOTCS KAK CHHOHUMBI.
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OCHOBHBIE NIOJI0XKEHUS, CIEAYIONIE U3 3aKOHOB TEPMOJUHAMUKU!

- pa3BUTHE CHUCTEMBI INPOMCXOIUT IOJ BIMSHHMEM ABYX TEHICHLUN —
CTPEMIIEHUS] K MUHUMYMY 9HEPIUU U K MAaKCUMYMY SHTPOIHUH;

- 9K39PrOHMYECKNE PEAKIMH B OPTaHU3ME IIPOTEKAIOT CAMONIPOU3BOIb-
HO, Tak kKak AGp < 0;

- SHIPPTOHWYECKUE PEaKIHWu TPeOyIoT IOJBOJA 3HEPIHH, TaK Kak
AGp > 0;

- COCTOSIHME PaBHOBECHSI B OOPAaTHMBIX IPOIEccax C MO3HIUH TEPMO-
IMHAMHUKH XapakTepusyercs BoipaxeHHeM AG = 0 U gBisieTcs SHepreTye-
CKH CaMbIM BBITOJIHBIM, TaK kKak G = min;

- OMOJIOTHYECKUE CUCTEMBI B CTAIMOHAPHOM COCTOSHMM XapaKTepu3y-
F0TCs BhIpaxkeHHeM AS/AT — Min, a B COOTBETCTBUH C 3aKOHOM COXpaHe-
HUst S + | = CONSt Ayst )KUBBIX CUCTEM JIOJDKHA OBITH CIIpaBeAIMBa 3aKOHO-
MepHOCTh Al/AT — max (B mpemenax cOOMIOCHHS MPUBEACHHOTO 3aKOHA
coxpaneHus). IIpu 3ToM OMOJOTHYECKHE CUCTEMBI OpraHU3Ma JAJeKd OT
COCTOSTHHSI PaBHOBECHS, YTO IO3BOJISIET UM ONTHMH3HMPOBATH CBOM Xapak-
TEPUCTUKH 1 3BOJIIOIIMOHNPOBATH BO BPEMEHH.

18
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CocraButenu
Moanyonas Onbra BaanumupoBHa
Kosanesa HMpuna Bnagumuposna
MoxoBa Enena BnagumupoBna
IaruroBa Mapuna HukonaesHa
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