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XUMHUYECKAA TEPMOJUH

1. OcHOBHBIE IOHATHS TePpMOAUHAMHUKH

TepMonnHaMyKa W3ydaeT 3aKOHBI, KOTOPHIC ONHCHIBAIOT YHEpPreTHYE-
CKHe TPEBpAaIeHHs, COTPOBOXKIAIONINE (HU3UICCKUEC, XUMIUECKHE U Ono-
Jormdeckue nporecchl. OMHIM W3 OCHOBHBIX IOHATHH B TEPMOIMHAMHUKE
SIBIIIETCS CUCTEMA.

CucteMoil Ha3bpIBalOT TEIO WIM TPYNIY B3aUMOACUCTBYIOLIMX Tel,
(haKTUYECKH MM MBICIIEHHO BBIIENISIEMbIX M3 OKPYKaIOIIEH cpebl.

Krnaccudukanms cucreM M MX XapakTepUCTUKH. B 3aBrcuMOCTH OT 0O1-
HOPOJTHOCTH PA3INYalOT TOMOTE€HHBIE U I'€TePOT€HHBIC CCTEMBI.

l'omorenHas cucteMa — 3TO OJHOPOJAHAS CHCTEMa, B KOTOPOH HET da-
CTeH, pa3IMYarOIIUXCsA II0 CBOMCTBAM W pa3lCiCHHBIX ITOBEPXHOCTIMU
pasznena. ['OMOTEHHBIMH CHCTEMaMHU SIBIIAIOTCS, HAIpUMeEp, BO3OYX, BOAA,
HCTHHHBIC PaCTBOPEI.

lereporenHast cucreMa — 3TO Pa3sHOPOIHAS CHCTEMa, COCTOAIIAs W3
IBYX WK OoJiee 9acTeil, OTIUIAONINXCS TI0 CBOWCTBAM, MEXTy KOTOPBIMU
€CTb ITOBEPXHOCTh pa3jiena, IJie CBOMCTBA CUCTEMBI pe3ko MeHsoTed. I'e-
TEPOrCHHBIMU CUCTEMAaMU SABJIAIOTCA, HAIIPUMEDP, MOJIOKO, IICJIbHAsA KPOBb,
CMCCH BOAbI U JIbJJa, BOJABI U Macja. IIJ'I)I TE€TCPOTCHHBIX CUCTEM YacCTO HC-
NOJB3YIOT ToHsTHE «(ha3ay. B atux ciyuasx dasza paccmarpuBaercsi Kak
4acCThb reTeporeHHoﬁ CUCTEMBI, KOTOpasA UMCECT OJMHAKOBBLIC CBOMCTBa M
orpaHu4eHa rpaHuieil paszaena. Hanpumep, B Mosioke uMeroTcst Tpu (asbl:
BoJHAs (a3a, MPEICTABIIIONIAs COOON BOMHBIA PACTBOP COJICH, YTIICBOJIOB,
OETKOB M APYTHX BEMIECTB, B KOTOPOW pacIpe/eieHsl IBe apyrue (assl:
MeJIKHe KaleNbKH XKUIKAX KUPOB ¥ MATCHBKUE YACTHIKU TBEPABIX )KHUPOB.
CymecTByromue Ha 3eMile )KHUBBIE CHCTEMBI — rereporeHrnsie. OHU Beera
OTJICJICHBl OT OKpYKalomel cpeabl 000JIOYKOW, W, KPOME TOTO, BHYTPHU
KaXI0H J)KUBOW KIIETKH UMEETCs MHOXKECTBO Pa3IUYHBIX MeMOpaH — rpa-
HUIl MEXKITY €€ 4aCTiAMU.

B 3aBucuMocTu OT xapakTepa B3auMOJACICTBUS C OKPY KaloIIel cpenoi
Pa3INvaroT CUCTEMBI U30JIMPOBAHHBIC, 3aKPBITHIE U OTKPBITHIC.

W3onupoBaHHas cucTeMa XapaKTepu3yeTcs OTCYyTCTBHEM oOMeHa 3Hep-
Tuel U BEeUIECTBOM C OKpYIKaroliei cpenoil.

3akpbITasi cucreMa 0OMEHHMBAETCSl C OKPY’KAlOIeH cpesiol SHeprueH, a
00MEH BELIECTBOM HUCKJIIOYEH.

OTKpBbITast cucTeMa 0OMEHUBAETCS C OKPY)KAIOIIEeH cpesioi sHepruen un
BEILIECTBOM, a CJIeI0BATENIbHO, M MH(popMmareld. JKuBol opraHusM mpen-
CTaBIsIET COOOM OTKPBITYIO CHCTEMY, JKU3HEIEATENILHOCTh KOTOPO HEBO3-
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MOJKHa 0e3 IMOCTOSTHHOro 0OMeHa BEIECTBOM, dHepruei u nudopmanuei ¢
OKpYy’Karome cpemoil. AOGCOIOTHO H3OJMPOBAHHBIX CHCTEM B TIPUPOJE
HET.

B TepMoanHAMHKE MPHUHATO Pa3iuvaTh TPHU COCTOSHUS CHCTEMBI: PaB-
HOBECHOE, CTallHOHAPHOE U IIEPEXOTHOE.

TepMonnHaMU9YecKoe PaBHOBECHOE COCTOSHHE CHCTEMBI XapaKTEepPH3Y-
€TCS TIOCTOSTHCTBOM BCEX CBOWMCTB BO BPEMEHH B JIFOOOI TOUKE CHCTEMBI U
OTCYTCTBHEM IOTOKOB BELIECTBA W JHEPIMHU B cucteMme. TepMmonuHamuye-
CKOE PaBHOBECHOE COCTOSHHE — 3TO MPEXkJe BCEro YCTOIUMBOE COCTOSHUE
cucteMbl. /Iyl BBIBEZGHUSI CHCTEMBI U3 3TOTO COCTOSIHUSI HE0OXoauM 00-
MEH JHEprueil Win BeleCTBOM MEXAYy CUCTEMOM M OKpYyXkKarollel cpeaou.
Baxno pa3janvdatb COCTOSAHUA TEPMOAUHAMUYECCKOIO0 PABHOBECUA U XUMMU-
YECKOTO PaBHOBECHS; MOCIEIHEE BCETIa MMEeT AMHAMHYSCKUI Xapakrtep,
TaK KaK JOCTHTacTCs B Pe3yNIbTaTe BHIPABHUBAHUSA CKOPOCTEH 0OpaTHMBIX
TIPOIIECCOB.

CramnoHapHOE COCTOSHHE CHCTEMBI XapaKTepPH3yeTCs IOCTOSHCTBOM
CBOMCTB BO BPEMEHH, KOTOPOE MOACPKUBACTCA 332 CUET HEMPEPHIBHOTO
oOMeHa BEIIEeCTBOM, dHeprueid u MHPOpMaIue MeXIy CHCTEMON U OKpY-
JKarolleu cpenoil.

JUis KMBOTO OpraHu3Ma XapaKTepHO CTaI[MOHapHOE COCTOSIHUE, a He
paBHOBECHOE, O3HauaroIlee A Hero CMepTh, Tak Kak MpeKpalmarTcs Mo-
TOKHU BEIECTBA, SHEPTHH U MHGOPMAIIMK MEKIY OPraHU3MOM U OKpYKa-
o1el cpesioi, 00eCTIeUnBAIOIINE €TI0 XU3HEACITEILHOCTb.

Korga cucrema mepexoIuT M3 OJHOTO PAaBHOBECHOTO WM CTaI[HOHAp-
HOTO COCTOSHHS B IPYroe, TO OHA HAXOTUTCS B MEPEXOJHOM COCTOSHHH.
[lepexomHOE COCTOSIHUE XapaKTEPH3YeTCsI U3MEHEHHEM CBOWCTB CHCTEMBI
BO BpPEMCHH.

CocTosiHHE CHCTEMBI XapaKTepHU3yeTCsl OMpPeeICHHONH COBOKYITHOCTBIO
(U3NIECKUX ¥ XUMUYECKUX BEIMYHH, KOTOPhIE HAa3hIBAIOTCS ITapaMeTpaMu
cucteMbl. [lapamerpamu sBIsFOTCSA: Macca (M), KOJIMYECTBO BeIIeCTBa
(aucmo moeii ), o6wvem (V), Temmeparypa (t), nasienue (P), KOHIEHTpa-
s (c). 3HadeHne mapaMeTpa MOKHO M3MepATh HermocpeacTBeHHo. [lapa-
METPBI CUCTEMBI PA3ACIAIOT HA DKCTCHCUBHBIC 1 MHTCHCHUBHBIC.

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

HHTeHCuBHBIE MapaMeTpbl — MapaMeTPhl, 3HAYEHUsI KOTOPBIX HE 3aBU-
CSIT OT YHMCIIa YaCTHIl B CUCTEMeE (TeMIIepaTypa, JaBjeHne, KOHIICHTPALHs).

Paznmuune 3KCTEHCUBHBIX U MHTEHCUBHBIX napaMeTpoOB YETKO MPOABJIIA-
eTcsl TIPH B3aUMOJEHCTBUU CHUCTEM, KOTJa 3HauUCHMsl SKCTCHCHUBHBIX Iapa-
METPOB CYMMHPYIOTCS, @ UHTEHCUBHBIX — YCPEAHAIOTCS.
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Hapsiny ¢ mapamerpamu JJisi XapaKTEPUCTUKU COCTOSIHHSI CHCTEMbI HC-
MOJI3YIOT (PYHKIIUU COCTOSIHUA. VX 3HAYEHUS] PACCUMTHIBAIOT 110 COOTBET-
CTBYIOIIUM (OpMYJIaM HCXOJsl M3 3HAYCHHUIl MapaMeTpoOB, OMHCHIBAIOIINX
JAHHOE COCTOSIHME CHCTeMbl. Takod BEIUYMHOW SBISICTCS, HAIPHUMED,
sHeprus. QYHKYUU COCMOSHUSL CUCTNEMbL — 8Ce20d IKCIMEHCUGHBLE GETIUMUHDL.

3HaYCHUS MapaMeTPOB U (PYHKIIUI COCTOSHUS CUCTEMBI OIPEIECIIAI0TCS
TOJIBKO COCTOSIHUEM CHCTEMBL. [103TOMY MpH Mepexo/ie CUCTEMbI U3 OJTHOTO
COCTOSIHUS B JIPYro€ U3MEHCHHE STHX BEJIUYHH, T. €. A HE 3aBUCHT OT MyTH
nepexoja, a OIpeesseTcs JHIb HAYaJbHbIM U KOHEYHBIM COCTOSHHUEM
CUCTEMBI (X 3HAYEHHSMH B ATUX JABYX COCTOSIHUSIX).

Iepexo cHCTEMbI M3 OJHOTO COCTOSIHHS B APYroe€ SIBISICTCS] MPOLEC-
COM.

IIpouece — 3TO Mepexo] CHCTEMbI U3 OJHOTO COCTOSIHUS B APYroe, co-
MIPOBOKAAOIIUICS HEOOPATUMBIM HIIH OOpaTUMBIM H3MCHEHHEM XOTs OBl
OJTHOTO MapaMeTpa, XapaKTePU3YIOIIEro JAHHYIO CHCTEMY.

B tepmoanHamuke nzmenenue (A) mapamerpa Wik GyHKIIUH COCTOSHUS
CHCTEMBI B Pe3yJIbTaTe MPOLECcCca BHIYUCISIOT KaK PAa3HOCTh UX 3HAYCHUI,
XapaKTePU3YIOIUX KOHEYHOE M HAYaTbHOE COCTOSIHUE CUCTEMBI.

B oTnuume OT COCTOSHHS CHCTEMBI, KOTOPOE XapaKTepHU3yeTcsl 3Hade-
HUEM MapaMeTpa Wik (QYHKIUH COCTOSHUS, XapaKTePHCTHUKOW Mpolecca
SIBISIETCSI MX M3MEHEHUE WU TIOCTOSIHCTBO.

[porecchl pa3aensgoT B 3aBUCUMOCTH OT M3MCHCHHS MapaMEeTPOB CH-
CTEMbI Ha U30TEPMUYECKHUE, H300apUICCKUE, H30XOPHUUECKHE:

HU30TePMHUUYCCKUIA ITPOIecC T = const, AT =0;
n300apHYEeCKIiA IPOIIecC p =const, Ap =0;
M30XOPUYECKUH TPOIIECC V =const, AV = 0.

Jnst onmcaHus ABMKEHUSI MaTEPHUH B JKUBBIX OpraHW3Max, 10 MHEHHIO
aBTOpa, HEOOXOAMMO 3HATh TPU BEIMYUHBI: YHEPTHIO, SHTPONHUIO W HH-
(dopmarmio.

Oueprus (E, kJ»/M0Jb) — KOJIUYECTBCHHAS Mepa HHTEHCUBHOCTH pa3-
JIMYHBIX (OPM NEepeMeIleHHs U B3aUMOJICHCTBHS YaCTHI] B CHCTEME, BKIIIO-
Yas IIepeMeIIeHAEe CUCTEMBI B LIEJIOM U €€ B3aUMO/ICHCTBHE C OKpY KaromeH
cpenoi.

B 3aBucumocTn oT OPMBI IBIXKEHHS pa3lIMualoT TEIUIOBYIO, AJIEKTPH-
YEeCKYI0, XUMHYECKYIO, SACPHYIO U APYTrHe BHIBI SHEPTHH. TepMoanHAMU-
Ka paccMaTpHBaeT MpeBpallleHle TEeMI0BOI YHEPTUu B APYyrue BUABI — Me-
XaHUYECKYI0, XUMHUYECKYIO, IEKTPUYECKYI0 U T. JA. J[BWKeHHe MaTtepuu
BKIIIOYAET IEPEMEIIEHUE YacTHll, KOTOPOE€ XapaKTepU3yeTcsl KUHEeTHde-
ckoif sueprueit (E,;), 1 B3aMMOJAEHCTBHE YaCTHUI], KOTOPOE XapaKTepH3y-
€TCsl NOTEHUUAIBHON dHeprue (£oy).
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2. BHyTpeHHsIsl 3JHeprusi CHCTeMbl, FJHTAIbINA.
IlepBblii 3aK0H TEPMOAMHAMHKH

JUis onMcaHus SHEPTeTHUECKOTO COCTOSHUS CHCTEMBI UCIOIB3YETCs €€
¢yHKIMSA cocTosHUA — BHyTpeHH: s sHeprus (U, kI>x/MoTb).

BHyTpeHHsIs1 DHEeprHs MPEACTaBIsEeT CO00H MOIHYIO YHEPTHIO CUCTEMBI,
KOTOpas paBHA CyMM€ MOTEHLIUAIbHOW M KHHETHYECKON DHEPIHH BCEX Ya-
CTHI[ 3TOW CHCTEMBI, B TOM YHCJIE Ha MOJICKYJIIPHOM, aTOMHOM U Cy0aTOM-
HOM ypoBHAX: U = Eyy + Eyor. BHYTpeHHSA 3HEPTHs BKIIOYACT MMOTEHITH-
AIBHYIO DHEPTHI0, OOYCIOBICHHYIO IOJIOKEHHEM CHCTEMBI B HMPOCTpPaH-
CTBE, U KHHETUYECKYIO SHEPTUIO ABMKEHHS BCEH CUCTEMBI B LIETOM. BHYT-
peHHsIs SHeprust — (YHKIHS COCTOSIHUS, aOCONIOTHOE 3HA4YeHHE KOTOPOid
OTIPENETINTh HEBO3MOXKHO, TaK Kak Jr00as TepMOAWHAMUYECKasl CHCTEMa
MaTepHajibHa, a MaTepus C TOYKU 3PEHHUs] ee CTPOCHHUS Heucuepraema.
OKCIEPUMEHTAIBHO MOXKHO ONPEAEINTh U3MEHEHHUE BHYTPEHHEH DHEPruu
NpU B3aUMOJIEUCTBUM CHUCTEMBI C OKpykarouieil cpenoil. [Ipu atom B3au-
MOJEHCTBHM OOMEH HEpPIueil MOXKET OCYLIECTBIATHCA B BUAE pabOTH M
TCIIJIOTHI.

PaGora — sHepreTndeckas Mepa HampaBICHHBIX (OPM JIBIKCHHS Ya-
CTHII B IPOLIECCE B3aUMOJICHCTBUS CUCTEMBI C OKPYIKaIOIlIei cpeoil.

Pabota (A) B TepMOAMHAMUKE CUUTACTCS IOJOXKUTEIBHOW, KOT/IAa OHA
COBEPILAETCS] CUCTEMOW IPOTUB BHEUIHMX CHJI OKPYKAIOLIEH Cpenbl, IIpU
9TOM BHYTPEHHSISI SHEPTHsl CUCTEMBI YMEHBIIAETCS.

TenJyioTa — >HepreTHdyeckas Mepa XaoTHYECKHX (OPM IBIDKEHHUS 4a-
CTHIl B IpOLECCe B3aUMOJCHCTBUS CHUCTEMBI C OKpYXKAIOIIEH Cpenoil.
B Tepmoannamuke TerioTa (Q) cuMTaeTcs MOJIOKHUTENBHON, €CIIH OHA CO-
o0Imaercsi cucTeMe M3 OKpYJKarolleld Cpenbl, IPH 3TOM BHYTPEHHSS SHEp-
TUA CUCTEMbI YBCINYUBACTCA.

Pabora u Tenuora ne sa61a10mca CBOWCTBAMU CHCTEMbI, 4 XapaKTe-
PM3YIOT mpouecc o0MeHa JHeprueii cucTeMbl ¢ OKpY:KaloLlel cpeaoi,
MO03TOMY HMX BEJIMYUHBI 3aBHCAT OT IMYTH NMpoOLeEcca, 0 KOTOPOMY CH-
cTeMa Mepenuia U3 OJAHOr0 COCTOSIHUS B Apyroe. TepMHUHBI «paboTa» H
«TEIUIOTa» 03HAYAIOT KaK caM MPOIECC Mepeadyy SHEPTrUuH, TaK ¥ BETHIHHY
nepeaaBaeMou Ipy 3TOM SHEPTHU.

Ilepsoe nauano (unu nepevlit 3aK0H) MePMOOUHAMUKU U eCHLb 3AKOH
coxpanenun nepuu. ITOT 3aKOH BBINOJHIETCS BO BCEX SIBICHUSX NPU-
pPOIBI M TOATBEP)KAACTCS BCEM OIBITOM dYenoBedecTBa. Hu omHO M3 ero
CIEeICTBUI HE HAXOJUTCSA B MPOTHBOPEUHMHU C OIBITOM. 3aKOH COXpPaHEHUS
SHEPTHH MOATBEP)KIACT IMOJIOKEHHE THAJIEKTHYECKOr0 MaTepHalu3Ma o
BEYHOCTH U HEYHHUTOXKAEMOCTH JBH>KEHHUs, TOCKONBKY YHEPIUsl €CTh Mepa
JBUKESHHSI TIPU €T0 MPEBPAIEHUSX U3 OTHON (DOPMBI B IPYTYIO.
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TepmoanHaMuKa paccMaTpHBaeT MPEUMYIIECTBEHHO ABE (YOPMBI, B BH-
Jie KOTOPBIX COBEpILAeTCs IpEeBpallleHne YHEPriu: TeIoTy U padoty. Ilo-
3TOMYy MEPBOE HAYAJIO0 TEPMOJMHAMHUKHM M YCTAHABIMBAET COOTHOIICHHE
Mexny TeruoBol sHeprueidl (Q) m paboroit (A) mpu u3MeHeHHH oOIeit
sHeprun cuctemsl (AU). 3MeHeHne o0mieil SHepTUH CUCTEMBI BEIpaXkaeT-
cs ypaBHenueM AU = U, + U;.

W3 nocTosHCcTBa 3amaca BHYTPEHHEN SHEPTUU U30JIMPOBAHHON CUCTEMBI
HEMOCPECTBEHHO BBITEKACT: B JIIOOOM IIpoliecce M3MEHEHUE BHYTpPEHHEH
SHEPriuH KaKOH-HHUOYIb CHCTEMBI PABHO PA3HOCTH MEXIY KOJINYECTBOM
COOOIIEHHOH CHCTEME TEIUIOTHI M KOJIMYECTBOM PabOThI, COBEPIICHHOI CH-
cremoii: AU = Q — A. TlepBoe Ha4ano TEPMOJMHAMHKN MMEET HECKOJIBKO
(OpPMYIHPOBOK, OHAKO BCE OHH BBIPAXKAIOT OJHY WU Ty XK€ CYTh: HEYHH-
YTOKaEMOCTh ¥ 9KBUBAJICHTHOCTH SHEPTUH NIPH B3aUMHBIX IIEPEX0/ax pas-
JIMYHBIX BUJIOB €€ APYT B Jpyra. B u301upoeanHoll cucmeme cymma 8cex
81008 IHEP2UU eCMb GeUYUHA NOCIMOSHHAS.

VYpasuenune Q = AU + A sBisieTcst MaTeMaTHYeCKUM BBIpRKEHHEM TIep-
BOr0 Hayajla TepMOIWHAMUKH, KOTOPOE B JAHHOM CIIydac MMEET CIEAyIo-
uyo GOpMYIHPOBKY: nodgedenroe Kk cucmeme menio Q udem na ysenuue-
Hue snympennell snepeuu cucmemsvt AU u na cosepuienue eneutneti pabo-
mot A,

Ecnu w3MeHeHuWe, mpeTepreBacMoe CHCTEMOH, OECKOHEYHO Malo, TO
ypaBHEHHE IEPBOT0 Hayaja TEPMOJMHAMHKH MOXKHO 3alucaTrh B CIEIYIO-
mieM Buze: 6Q = dU + 8A, rie 6Q — 6eCKOHEUHO MaJIOe€ KOJIMYECTBO TEILIO-
TBI (3JIeMEHTapHas TEIIoTa), morjomaemoe cucremoit; dU — GeckoHeuHO
MaJloe IpupalieHre BHyTpeHHeH SHepriuu cucteMsl; OA — OECKOHEYHO Ma-
nast pabora (37eMeHTapHasi paboTa), coBeplaeMas CHCTEMOW B TOM XK€
mporecce.

ITpu mepexoje CHUCTEMBI M3 OJJHOTO COCTOSIHUSI B JIPyroe BHYTPEHHsIs
SHEPrusi B OJHHUX CIy4asX YBEIMUMBACTCS, B JIPYTMX — YMEHBIIAETCS.
B cooTBeTcTBUH ¢ 3THM H3MEHEHHE BHYTpeHHeH sHeprum AU mmeer mo-
JIOXKUTENBHBIA 3HAK WM OTpUIATeNbHBIN. [Ipu monbp30BaHNN ypaBHEHHEM
MIepBOr0 Hayajla TEPMOANHAMUKH HEOOXOAMMO, YTOOBI BCE BEIMYHMHEL,
BXOJISILIIME B 9TO YpaBHEHHUE, ObUTH BBIPOKEHBI B OJTHUX U TEX XK€ eAMHHUIIAX
SHEPTHHM; Yalle BCErO MX BBIPAXKAIOT B JLKOYISIX. CHCTEMa MOXKET Mepexo-
JITh U3 OJTHOTO COCTOSIHUSI B JPYroe pa3invHbIMH myTssMu. Ho B cooTBeT-
CTBHHU C 3aKOHOM COXpaHEHMs SHEpruu U3MEHEHHE BHYTPEHHEH SHEpruu
AU cucTeMbl He 3aBUCHT OT ITyTH MEpeXo/ja: OHO OJIMHAKOBO BO BCEX CIy-
Yasx, €ClIM OJJMHAKOBbI HAa4YaJIbHOE M KOHEYHOE COCTOsHHME cucTeMbl. Ko-
JIMYECTBO K€ TEMJIOTHI U KOJIMYECTBO PabOThl A 3aBUCAT OT ATOrO MyTH.
OpnHaxko, KaK Obl HI MEHSIMCH 3HadeHUst Q 1 A 1pu pasHbIX MyTSIX Iepexo-
Jla CHCTeMBl M3 OJJHOTO COCTOSIHMSI B JIpyroe, ux ajiredpandeckas cymma
BCET/a OIMHAKOBA, €CIIM TOJIEKO OJMHAKOBHI HayalbHOE M KOHEYHOE CO-
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cTostHMSA cucTeMbl. [lepBoe Hayano TepMOAMHAMUKH HMEET OTPOMHOE (u-
noco(ckoe 3HauUeHHEe. YTBEpXkKIash HEYHHUYTOXKaeMOCTh SHEPTHH, OHO TeM
caMbIM 00OCHOBBIBAET M HEYHHUYTOKAEMOCTh MATEPHH, TOCKOJIBKY SHEPTHSA
0e3 MaTepuH CyLIECTBOBAaTh He MOXKeT. Bo Bcex mpoueccax mpeBpalieHus
MaTepHH HEPa3phIBHO CBSI3aHbI C MPEBPAIICHIEM SHEPTHH.

3. 3axon I'ecca u ero cieacreue

Bo Bcex XMMHUYECKHX SIBICHUSIX BBIMOIHACTCS 3aKOH COXPAHEHHS HEP-
rud. COOTBETCTBEHHO M BCE 3aKOHBI TEPMOXUMHHU SIBISIOTCS CIEJCTBHEM
MIEpBOTO HAaYaJa TEPMOJHHAMHUKH.

B 1836 rogy I'. U. T'ecc ycTaHOBUI 3aKOH TEPMOXHMHU: MIENJ10801
Iphekm xumuueckux peakyuil 3aUcum moabKo Om HaA4aibHOZ0 U KO-
HEYH020 COCMOAHUA Peazupylouiux 6euiecme u He 3a6UCUM Om nymu,
no Komopomy peakyus npomekxaem. PaccMOTpUM HEKOTOPHIH 00001IeH-
HBI XUMHUYECKHI MPOLECC MPEeBpaIeHUS UCXOTHBIX BEIIECTB Ay, Aj, As...
B MPOAYKTHl peakuuu Bi, By, Bs..., KOTOPHIA MOXET OBITH OCYIICCTBIICH
Pa3IMYHBIMHE MY TSIMHU B OJIHY WM HECKOJIBKO cTaquii (puc. 2.1):

AH5
—_—
AH, AHg
AH
A1,A2,A3... ! - B1, BQ,BS...
AH; AH3

Puc. 2.1. Pasnuunblie myTH 0000MIEHHOrO XUMHYECKOTO TIPOIiecca MpeBpaIieHHs

CornacHo 3akony ['ecca, TemsioBbie 3(h(deKThl BceX 3THX peakiuil CBsi3a-
HBI CIIeyIOMUM cooTHotienuem: AH; = AH, + AHz = AH, + AHs + AHj.

DTOT 3aKOH TaKXKe SBJSIETCS YaCTHBIM CIIydaeM IepBOr0 Havaia Tep-
MOJIMHAMUKU NTPUMEHUTEIBHO K XMMHUYECKHM PEaKIusIM, MPOTEKAIOINM B
N30XOPHBIX WM M300apHBIX ycnoBusax. Tak, CO, MOXXHO IOJyYHUTh HENo-
CPEACTBEHHO, CKUTasl YIIepoA B KHCIOPOJE, WM )K€ CHavaja C)KUTraTh ero
1o CO, a 3aTeM yxe 10 yriekucioro raza. CyMmapHble TeruoBblie 3¢ ¢ex-
TBI B 000MX CITy4asix paBHBI.

C+0,— CO+1/20, AH;
CO + 1/2 Oz - COz, AHZ
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C+ 0, > COy;, AH;
AH3 =AH 1+ AHZ.

OH [aeT BO3MOXHOCTH BBIYUCIISATH TEIUIOBBIE 3((EKTH, HE MPOBOAS
XAMHYECKHX PEaKIHi. DTOT 3aKOH BBIIOJIHICTCS TakXKe B (PM3HOJIOTHU U B
Oonoxumuu. Tak, KONUYECTBO TEILIOTHI, OIYyYaeMOH OT OKHUCIICHUS IHILe-
BBIX NPOIYKTOB B OPraHU3ME B pe3yJbTaTe LIEJIOH CEPHH CIOKHBIX peak-
IUH, ¥ KOJIMYECTBO TEIUIOTHI, BEIICIAEMOE IIPU COKUT'AaHUU 3THUX BELIECTB B
KaJIOpUMETpUUECKOi OomOe, OKazalnch TOXKIECCTBEHHBIMH. B KauecTBe
MIPOJyKTa HEMOJIHOTO OKUCIICHUS OENKOB M3 OpraHu3Ma BBIAEIAETCS MOYe-
BuHA. VIMEHHO 3THUM OOBSICHSETCS, YTO MPH MOJHOM CKHUTAHHH OeNnka B
KaJOPUMETPUICCKON O0MOE TEIUIOTHI BBIICIIACTCS OOJBIIE, YeM MPHU OKHUC-
JICHHUHU €T0 B JXMUBOM OpraHU3MCE.

B TepMOXMMHYECKHX pacdeTax 4acTo IMOJNB3YHTCS CICICTBHAMH, KO-
TOpBIE HEMOCPEACTBEHHO BBITEKAIOT U3 3aKoHa ['ecca.

Cuencrue nepBoe. Ecin coBepLialoTcsi ABe peakLiM, NPHBOJISIINE
U3 pasiMYHBIX HaYaJbHBIX COCTOSHMI K OJMHAKOBBHIM KOHEYHBIM, TO Pas-
HUIIA MEXKAY TEIUIOBBIMH 3(PQEKTaMH MPEACTaBIsAEeT TEIUIoBOH 3ddekt
nepexola U3 OJHOTO HayalbHOT'O COCTOSHHMS B APYroe. DTO CIEACTBUE HC-
MOJB3YeTCs B TEPMOXUMHYECKUX pacueTax. [lonb3ysch cieacTBueM u3
3akoHa ['ecca, MOXKHO paccuuTaTh TEIUIOBbIE 3((GEKTHI epexoaa u3 OJHO-
ro aJUIOTPOITHOTO COCTOSIHUSL B jpyroe. Tak, Ipu Hepexoje OT ajiiMasa K
rpadury Beipensercs AH = —1,9 k/x/Monb; pu niepexoze ot rpadura K
anmasy noromaetcs AH = 1,9 xJ[»/MoJb.

CaencrBue BTopoe. B 1870 r. JlaBya3be u Jlamnac ycTaHOBWIIU clie-
IOYIOLUIMA 3aKOH: KOAUYECmEO Menid, Heobxooumoe Ol PAa3ioHCeHUs.
CNIOJHCHO20 Bewecmea Ha Gojee NPOCcmvle, PAGHO KOAUYECmEy menid, Gbl-
OensoweMycs npu e2o 00paz08anuu U3 NPOCHbIX 6eUleCms.

3akoH JlaByasbe — Jlamaca sIBIS€TCS YaCTHBIM CIIy4aeM 3aKOHa CO-
XPaHEeHUs YHEPIHU M UMeeT OO0JbIIOe MpaKTHUecKoe npuMeHeHune. OH BbI-
HOJTHSIETCS TIPH 00Pa30BaHUU XMMHYECKUX COSANHEHHH U3 00JIee CII0MKHBIX
BemecTB. Hanpumep, tertora o6paszosanust Li,CO3z u3 Li,O u CO, paHa
13 xJIx. Jns pasnoxenus xe oauoro moinsi Li,CO3 Ha MCXO/HBIE OKCHIBI
Li,O u CO, HeoOxoauMo 3aTpaTuTh Takxke 13 kK.

3akoH ['ecca qaeT BO3MOKHOCTD ONIPEAEINIATh TEIUIOBBIE AP PEKTH TAKUX
peaxIyii, KOTOpbIe WM HE PEai3yeMBbl, WIH HE MOTYT OBITh NPOBEICHBI
YHUCTO W O KOHIA. Ha OCHOBaHMH 3TOr0 3aKOHA C TEPMOXUMHYECKHMH
YPaBHEHUSIMH MOXKHO MPOU3BOIUTH TE XK€ JICHCTBHS, YTO M C OOBIYHBIMH
anreOpandecKMMHU ypaBHEHHSIMH.
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4. JHTpONHUSA KaK Mepa HeyNopsiI04eHHOCTH CUCTEMBI.
Bropoii 3aK0H TepMOAUHAMUKH

Hapsany ¢ sHeprueil nns XapaKTepPHCTHKU IBHXKEHHS YacCTHI[ B TEPMO-
JVHAMUKE HUCIONB3YETCs elle ofHa (DYHKIHUS COCTOSIHUS — SHTPOIHA. JH-
Tponusi (S) — TepMOAMHAMUYECKas (YHKIWS, XapaKTePU3YIOILas Mepy
HEYIMOPSAAOYEHHOCTH CUCTEMBI, T. €. HEOOHOPOMHOCTH PACIIOJIOKEHHUS U
JBIDKEHUs ee yacTull. Vi3MeHeHHe SHTPONHMU CUCTEMBI B YCIOBUSIX TEPMO-
JMHAMHUYECKH O0O0paTHMOro Ipoliecca PaBHO OTHOIICHHUIO IeperaBaeMoi
TEIUIOTHI K a0COJIIOTHOW TeMIleparype, Ipyu KOTOPOH OCYIIEeCTBISIETCS AaH-
HBI IIpolecc:

Q Jx
> T 'moms K

OHTpONHS SABIAETCS YKCTEHCUBHBIM CBOMCTBOM CHUCTEMBI, IOITOMY H3-
MEHEHHE JHTPOIIMU CHCTEMBI B pe3yjibTaTe Kakoro-JIM0o IMpolecca paBHO
Pa3HOCTH SHTPONUHU KOHEYHOTO U HAYAJIBHOTO COCTOSHHUM CHCTEMBI, He3a-
BHUCHUMO OT IyTH mporiecca: AS = Sy, — Syan-

OnwucaHue JBIKEHUS MaTepHU HEBO3MOXKHO 0€3 TaKuX TePMOJIUHAMHU-
YeCKHX XapaKTepUCTHK, KaK »Heprus u »HTponus. Ecimu sHeprus ko-
JIMYECTBEHHO XapaKTepU3yeT WHTEHCUBHOCTb [BIDKEHHS M B3aMMOJEH-
CTBHSl YaCTHIl B CUCTEME, TO SHTPOIHUS — MEPA HEYMOPSAOUEHHOCTH CUCTE-
MBI, T. €. PAaclOJIOKEHHUA U JBIKEHUS ee dacTull. M3ameHeHne sHTpomnun
(AS) B mporecce npeBpaleHs SHEPruy U3 OJHOTO BHJA B JPYroil Xapax-
TEpU3yeT BEIIMUUHY PacCesHHs SHEPTUH IPH 3TOM mnpouecce. Yem OGosplre
AS B mporecce mpeBpalieHus] 3HEPTHH U3 OJHOTO BHJA B JAPYToH, TeM
MeHbIle Kod(pdumueHt mnojesHoro nevctus (KII) storo mporecca.
Hnmenno »tuM oObsacHseTcs Hu3kui KIIJ[ mpu mpeBpamieHHH TEIUIOBOM
SHEpruM B dnekTpuueckyto (Teoperudeckuii KIT = 40 %). B To xe Bpemst
B TaJbBAHWYECKOM D3JIEMEHTE, IJe XHUMHYeCKas SHEpPTHs OKHUCIUTEIbHO-
BOCCTaHOBHUTEIHLHON peakIuy mpeBpaimaercs: B annekrpudeckyro, KI1JI mo-
xeT nocturate 98 %. B mepBoM cimydae xaoTudecknue (HOPMBI ABHKEHHS
YacTHIl HEOOXOJMMO MPEBPATHTh B HAIIPABJIEHHOE ABHXXEHUE, T. €. UIMEEM
CUJIBHOE U3MEHEHUE SHTponuu. Bo BTopoM cityuae HanpaBIEHHOE JBHXe-
HUE 3JIEKTPOHOB U MOHOB, CONPOBOXKIAIONIEE XUMUUECKYIO PEAKIIMIO, IIpe-
Bpall[aeTCsl B HANpaBJICHHOE IBIKEHHE 3apsDKEHHBIX YacTUll, T. €. ynops-
JIOYEHHOCTh JBM)KEHUSI YaCTHUIl COXPAHSETCS, U MOITOMY U3MEHEHHUE HUX
SHTPOITNH U PACCESTHUE SHEPTUH HE3HAUYNTEINHHO.

Jlis mosTHON XapaKTepUCTHKY JABHKCHHS YaCTHI[ B CHCTEME Hapsiiy C
SHEprueil W SHTPONHEH aBTOp CYMTAET HEOOXOIUMOH emle OIHY (QYHKIIHIO
COCTOSIHUS — MH(POPMAITHIO.
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Nudpopmanust (1) — Mepa opraHUu30BaHHOCTH CHCTEMBI, T. €. YIOPSIO-
YEHHOCTH PACIOJIOKEHUS U ABMKEHHS ee dacTul. MH(popmarms Belpaxka-
eTca B Outax, mpmuem 1 Out mHpOopMmannu sxBuBaneHTeH 10-23 JLx/K,
T. €. ABJSICTCS OYCHD MaJOH TEPMOIMHAMUYECKON BETHUNHON. DHTPOIHS U
nH(popManus SABIAIOTCA CTATUCTUYECKHIMHU XapaKTEPUCTUKAMU IBHKCHUS,
OTIMCHIBAIOLIMMH €T0 C IPOTHBOIOJIOKHBIX CTOPOH. DTO BHIHO U3 B3aHMO-
CBSI3M 3TUX BEJIWYHMH C COOTBETCTBYIOIIMMH BEPOSTHOCTSIMH JaHHOTO CO-
CTOSTHHS:

S=k-InW -1 :—klnw:klni,
w
rane W — TepMOIUHAMUYECKash BEPOSTHOCTh, PABHAS YHUCIY BO3MOMHBIX

COCTOSIHUHM CHCTEMBI TIPU 3aJaHHBIX 3HAUCHHIX DYHEPTUH, 00be-
Ma 1 yrcina gactuil (W — oueHb 0oJTbIIIast BETUIHHA);

W — MareMaTH4YecKash BEpPOSITHOCTh JAHHOTO WH()OPMAIMOHHOTO CO-
CTOSIHUS CUCTEMbI (W — OYCHb MaJasi BelIMIHHA);

k — mocrostaras bonbsivana Jx/(mMonbs-K);

R 8,314
k= =

Ny 6,02-1023:1’36 1077,

Bungumas 3KBHBaJCHTHOCTh MH(GOPMAIIMU U YHTPOIHUH MOA00HA SKBU-
BaJICHTHOCTH MaccChl U 3HEPTHH 10 3aKoHy JWHmTelHa: E = mc?. [l ca-
MOOPTraHU3YIOMIMXCS CHCTEM Hapsly C 3aKOHAMH COXPAHEHUS MaccChl,
ANEKTPUUYECKOT0 3apsa, JHEPTUH UMEET MECTO eIlle OAWH 3aKOH COXpaHe-
HUs:

I +S = const.

[Ipu TOM, KOHEUHO, 00€ BEIMYUHBI H3MEPSIOTCS B OJMHAKOBBIX CIIH-
HUIIaX, a 3HAYCHUE X CYMMBI 3aBHCHUT OT THIA CUCTEMBL. DTO COOTHOIIIE-
HHE O3HAYaeT, YTO PHTPOIMUS ecTh Mepa HemoctaTka mHpopmanuu. [Ipu
Bo3pactanud | yOpiBaeT S u Ha000poT. PHU3MUYECKIIA CMBICT STOTO 3aKOHA!
3a TONyYeHHYI0 WH(POPMALHIO0 CHCTEMa IDIATUT yMEHBIICHHUEM CBOCH JH-
TPOITHH, TOATOMY MOJIYYCHHE CHCTEMOH 000N MH(popMaIm Becerga cBsi-
3aHO C BO3pacTaHHMEM PHTPOIHUH B OKpyxaromeil cpene. JXKuBble opranus-
MBI — 3TO BBICOKOYIIOPSJOYCHHBIE CHUCTEMBI, COAEPIKaIIe KOJIOCCaIbHOE
KOJIMYEeCTBO WH(GOpPMAIMM W COOTBETCTBEHHO OOCIHEHHBIE SHTPOIHEH.
[TonsTe «uHpOpPMAIUS CHCTEMBD» TECHO CBS3aHO C €€ CTPYKTYPOH, IO-
9TOMY IEJIeCO00pa3HO IS XapaKTEPUCTHUKH COOTBETCTBYIOIINX CHCTEM
(HyKJICMHOBBIE KUCIIOTHI, OEJIKH, BOJHBIE CUCTEMBI) UCIIOIB30BaTh TEPMHH
«CTPYKTYPHO-WH(OPMAMOHHBIE CBOHCTBAY.

OpHUM U3 Ba)XKHBIX aCMEKTOB TEPMOJMHAMUKH SIBISIETCS] (POPMYIIHPOB-
Ka YCJIOBUH CaMONPOU3BOJILHOCTH NMPOTEKAaHUs JT00BIX mpoueccoB. Camo-
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MIPOM3BOJILHBIM, WJIM CIIOHTaHHBIM, SIBJISIETCS IIPOLIECC, KOTOPBIA coBepIIa-
eTca B cucteMe 0e3 3aTpaThl pabOTHI W3BHE M KOTOPHIH yMEHbBIIAeT pabo-
TOCHOCOOHOCTH CHCTEMBI ITOCJIE CBOETO 3aBEPIICHHS.

CrnenoBaTtenbHO, CaMOTIPOU3BOIBHO CHCTEMA MOJKET IIEPEXOANTH TOJb-
KO U3 MEHee YCTOHYHMBOTO COCTOSHHS B Oonee ycroiumBoe. Ha ocHoBe
MIEPBOTO 3aKOHA TEPMOJMHAMHUKH MOXHO C(OPMYIHPOBATh OAWH M3 BaXK-
HBIX NIPHHIMIIOB CaMOIPON3BOJIBHOCTH IPOTEKAHUS TPOIIECCOB B CHCTEME,
3aKJTFOYAIOLIUNCS B CTPEMJICHUM CHCTEMBI K MHHUMYMY JHEPTHH 3a CUET
BBIJICJICHUS] SHEPTUH B OKPYXKAIOUIYIO Cpey. DTOT HEPreTHYECKUi MpUH-
LU 0COOEHHO Ba)KEH JUISl MIPOCTBIX CUCTEM, KOTOpPBIE MOXKHO paccMaTpu-
BaTh KaK €JMHYI0 4yacTuiy. Hampumep, Kamist JOXIs BCEra CaMoIpoH3-
BOJIbHO MaJga€T BHU3, YMCHbIIAA IPHU 3TOM CBOIO NOTCHUHAJIbHYIO 3HEP-
THIO.

DTy KaIluio BOJBI B TO K€ BPEMsl HEOOXOJMMO PacCMaTpUBATh KaK CO-
BOKYIHOCTbH O4Y€Hb OOJIBIIIOTO YHCIIa MOJIEKYJI, KOT/Ia IPOUCXOJUT IpoIiece
ee MCIIapeHNs], NPOTEKAIONINH caMOIPON3BOJILHO, HECMOTPS Ha TO, YTO OH
SHI0TEpPMHUUECKUH (TpeOyeT MOCTyIIeHUs SHEPTUH U3 OKpYXKaromel cpe-
ap1). CremoBaTeslbHO, [UIS ONMHCAHHUSA YCIOBHHM HPOTEKAHMS CaMOIIPOM3-
BOJIBHBIX MPOMLCCCOB OJHOI'0 SHEPTECTHYCCKOTO IMPUHIUIIA HEAOCTATOYHO,
0COOEHHO B CHUCTEMax, COCTOSILIMX M3 OOJbIIOro umcia yactuil. ['JaBHOE
H3MEHEHHE, KOTOpoe MPOUCXOAUT NPU HUCHAPEHUH KaIUIH, 3aKJIF0YaeTcs B
epeEXoI€ CUCTEMBI U3 KUAKOI'O0 COCTOAHUA (C YaCTUYHO YHOPAAOYCHHBIM
COCTOSTHMEM YacTHIl) B apooOpa3Hoe, B KOTOPOM YacTHIIbI HE yropsiiode-
Hbl. TakuM 00pa3oM, Uil ONUCAHMS JBIDKEHUSI B CUCTEMaX, COJEpIKalIuX
OOJIBIIOE YHCIIO YAaCTHUIl, HEOOXOIMMO YUYHUTHIBATH HEYIOPSIOYEHHOCTD
PAacIOI0KeHHs ¥ JBWKESHUS 9THX YaCTHIL, T. €. SHTPOIHIO CHCTEMBI.

3HavyeHWe SHTPOIHMH CHUCTEMBI KaK MEpHI ¢ HEeyIOpsJ0UCHHOCTH 3aBH-
CHUT OT arperaTHOro COCTOSHHS M IPUPOJBI BEIIECTBA, TEMIIEPATYPHI, JaB-
JICHUS U CIIOXKHOCTH CHCTEMBI.

OHTpONHs BEIIECTBA B ra3000pa3HOM COCTOSIHHM OOJIbIIE, YeM SHTPO-
IIUsI €r0 B JKUAKOM COCTOSHHHM, a TIOCIIeIHIsI OOJIbIIe SHTPOIIMH 3TOTO Be-
IIECTBA B TBEPIOM COCTOSIHUU:

S:>S54> S5,
DHTPOIHUS MPOCTHIX BEIIECTB 3aBUCHUT OT WX aJUTIOTPOITHOU (DOPMBI:
S(Crpatbm) > S(Ca.nma3)l S(OZ) > S(OZ)

OHTPONUSI CUCTEMBI NPU MOBBINIEHHMH TEMIIEPaTYphl BO3pacTaeT, Tak

KaK yBEJIMYNBACTCS HEYHOPSI0YEHHOCTD JIBM)KCHHUS YaCTHIL:
ecau T4 > Tp, 10 S > S,.

OHTPONUSI CUCTEMBI IIPU MOBBILICHUH JIaBJICHNS] yMEHbBIIAETCS, TaK KaK

CHIKAETCS HEYIOPS0UYCHHOCTD JIBIKEHNUS YaCTHIL:

11
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ecIu P; > Py, T0 S; < S,

OHTPONHS CHUCTEMBI C YBEIMUCHHEM €€ CIOKHOCTH IOBBIIIAETCA, TakK
KakK BO3pacTaeT YUCIIO0 BUJOB YAaCTHUI] U BAPHAHTOB UX PACIIOJIOKCHHUS.

Jnst 3HepreTHYecKOoil XapaKTepUCTHKHM BELIECTBA IPH CTAHIAPTHBIX
YCIIOBUSIX, HAapAAy CO CTAaHIApTHOW SHTAJIbIHMEH, HCIOIB3YIOT CTaHIApT-
HYIO 3HTpOIIHMIO BemecTBa S°. B oTnmume OT CTaHZAPTHOW SHTAIBINH,
CTaHAApTHAas SHTPOIHSA MPOCTHIX BEIIECTB HE paBHA HYJIIO. DHTPOIHS BCEX
BEILECTB Bcerja Ooublie Hyms. B ciydae npealibHO yrnopsiioueHHOTO KpH-
crayta mpu Temmneparype 0 K ero sutponus S = 0. 3To 1aeT €CTCCTBEHHYIO
HYJIEBYIO TOUKY OTCU€Ta Ul 3HAUEHHH ZHTPONHUH (OTCYTCTBYIOIIYIO IS
paHee paccMOTpeHHBIX (yHKIMH coctostHus U u H) 1 03BOJISIET H3MEPUTh
WJIN TEOPETUUECKH PACCUUTATh aOCONIIOTHBIE 3HaueHus sHTponuu. [loaTo-
My NIepe/i CHMBOJIOM SHTPOIIMHM BEIECTBA HE CTaBST 3HAK Aenbra (A). 3Ha-
YEHUsI SHTPOIMM ISl CTAHAAPTHBIX COCTOSHHWH BEUIECTB NPHBEICHHI B
CIPaBOYHUKAX TEPMOJUHAMHYICCKUX BEITHUHH.

M3meHeHne CTaHIApTHOW SHTPOIIMM B XMMHYECKOH peakiwu (AS°))
OTIPENETISIETCSI Pa3HOCTBIO aNreOpandeckKuX CyMM CTaHIAPTHBIX SHTPOIHH
HPOIYKTOB PEAKIMH Yj U UCXOJHBIX BEWIECTB Xj C y4€TOM COOTBETCTBYIO-
LIMX CTEXMOMETPHUYECKHX KOI()(DULIMEHTOB:

AS% =2v; 8% (Y;) = 2v;S% (X)) -

Bropoii 3ak0H (BTOpOE Hadano) TEPMOAWHAMHUKH OIPEEIsICT HalpaB-
JICHHOCTH M IIPEAEIbl IPOTEKaHUS CaMOIIPOM3BOJIBHBIX IIPOIECCOB, B TOM
yucie 1 onoxuMuuecknx. CHadasia pacCMOTPUM H30JIMPOBAHHYIO CHCTEMY,
I7Ie UCKJIFOYEeH OOMEH dHEprueil U BemecTBOM. JJomycTuM, 4To B U30JIUPO-
BaHHOW CHCTEMe HaxOASATCs JBa JIOOBIX ra3a, HalpuMep Ieluil U apro,
KOTOpbIE HE B3aMMOJICHCTBYIOT MEXIy co0oif m He nepememanbl. Ecre-
CTBEHHO, 3TH J[Ba Ta3a OyIyT CaMOIPOM3BOJBHO M HEOOPATHMO CMEIIH-
BaThCsl, & BCE CBOIMCTBA CUCTEMBI OCTAHYTCsl 0€3 M3MEHEHHSs, 38 HCKIIoYe-
HHEM €€ DHTPONHH. B NCXOIHOM COCTOSHHM CHCTEMBI, KOTJa a3kl elle He
CMEIIAJINCh, €€ PHTPONHUS S,y MEHBILE, YeM SHTPOIHS S, COCTOSHHS TO-
clle CMENIMBAaHMSA I'a30B, XapaKTePU3YIOIIET0Cs HEYNOPSIJ0YeHHOCTHIO pac-
TIOJIOKEHHS M JIBM)KEHHMS MOJEKyJ razoB. ClenoBaTelbHO, B PE3yibTaTe
CaMOTIPOU3BOJIBHOI0 HEOOPATUMOTO IIPOIIECCa B M30JMPOBAHHOW CHCTEME
ee sHTpomms Bo3pocha: AS = S, — Sy > 0.

Ha ocHoBe 3toro copmysmpoBaH BTOpPOi 3aKOH TEPMOAWHAMUKH LTS
M30JINPOBAHHBIX CHCTEM.

B u307IMpOBAaHHBIX CHUCTEMaxX CAMOIPOM3BOIBHO MOTYT COBEPIIATHCS
TOJIBKO TaKHe HeoOpaTHMBIE MPOIECCHI, IPHU KOTOPBIX SHTPOMHS CHCTEMBI
Bo3pacraer, T. e. AS > 0.
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JU1 HEeU30MMPOBAaHHBIX CHUCTEM HY)KHO YUHUTHIBATh HE TOJIBKO H3MEHE-
HHE SHTPOINH, HO ¥ M3MEHEeHue 3Hepruu. [lostomy HeoOxoanmo paccmar-
pHUBaTh JBE TCHACHIIMH, OINPEICIIIONINE HAIPaBICHUE CaMOIPOU3BOJIBHO
MIPOTEKAIOIINX ITPOIIECCOB!

1) cTpemiieHre CUCTEMBI K JOCTHXCHUIO MUHAMYMa SHEPTHH;

2) CTpeMJIEHHE CHCTEMbl K MAaKCUMyMY SHTPOIINH, T. €. K HEYNOpsI0-
YEHHOCTH.

Bce mporieccel, Ipu KOTOPBIX 3HEPTHUS B CUCTEME YMEHBILAETCs, a 3H-
TPOIUs BO3pPAacTaeT, MPOTEKA0T CaMONPOU3BOIbHO. CaMOIpPOU3BOIBHOCTD
Jpyrux TpPOLECCOB 3aBUCUT OT TOTO, Kakas W3 3TUX JBYX TEHJCHLHUMH
(sHEpreTHYECKas MK SHTPOIHITHAS) OKaxkeTcst 6osee 3 PEeKTUBHOM, Kakas
U3 3THX TPOTHBOOOPCTBYIOUIMX TEHACHIMH MOIYYUT MEpPEeBeC HaJl APYTOM.
B sTOM nposBiIsSeTCS IPOTHBOPEYNBOCTH MAaTEPHAIILHOTO MHUpA.

5. CoOoanas 3ueprus ['udoca.
DK3IProHUYecKue H IHIIProHUYECKUe MPOoIecch

Jnst  ogHO3HAYHOM (OPMYIHMPOBKM YCIOBHE TPOTEKAHUS CaMo-
MIPOM3BOJIBHBIX ITPOLIECCOB B JIOOBIX CHCTEMaxX HEOOXOJUMO BBECTH €lle
OJIHY TepMOAMHAMUYECKYIO0 (DYHKIHUIO, KOTOpasi XapakTepu3oBaia Obl OJI-
HOBPEMEHHO M YHEPreTUKY, U HEYNOPsI0YEHHOCTh JIAHHBIX cucTeM. Briep-
BbI€ TaKyl0 TepMoIuHamMu4eckyro GpyHkuuio Been [, V. ['nooe, u B namsith
00 3TOM BBIJAIOLIEMCS] aMEPHKaHCKOM yYEHOM ee Ha3Bayiu sHeprue ['uo-
Oca.

Broxnmudeckue peakiuy OOBIMHO MPOUCXOMSAT HPH N300apHO-H30Tep-
MHYECKHUX YCIOBHSX. B 3THX YCIOBHUSIX SHEPreTHIECKOE COCTOSIHIE CHCTEMBI
XapaKTepu3yeTcsl SHTAJIBIINEH, a MEpOH HEYIOPSIOYEHHOCTH CHCTEMBI Oy-
JIET TIPON3BE/ICHUE €€ PHTPOIINHU U TeMrepaTypbl. OyHKIMEH, yInThIBAIOIIECH
00e 3TN XapaKTepHCTHKH M MPOTHBOIIOJIOKHOCTh B TEHACHIUH MX M3MEHe-
HUSA TIPH CaMOIIPOM3BOJIBHBIX TIporieccax, siBisieTcst sHeprust [ ndoea G:

G=H-TS.

Oueprust ['u60ca sBisiercst 000OIEHHONW TEPMOJIUHAMHYECKOH (yHK-
LHell COCTOSIHHUSI CHCTEMbI, YUUTBHIBAIOUICH SHEPreTHKY U HEYIOpSI04eH-
HOCTBH CHCTEMBI NP H300apHO-U30TEPMHUIECKHUX yCIOBUAX. DHEpruto [ nob-
0ca Ha3BIBAIOT TaK)Ke M300apHO-U30TEPMUIECKUM ITOTSHIIHAJIOM, HFIJIH CBO-
00/THOH SHEpTHEH.

[TogoGHO ApYrMM TEpMOAMHAMHYECKMM NapamerpaMm M (QYHKLHUSIM, Xa-
PaKTepH3YIOLIMM COCTOSIHUE CHCTEMBbI, n3MeHeHue sHepruu ['mbbca B pe-
3ynbTaTe JII000T0 Iporecca ONpeieNseTcs TOIbKO KOHEYHBIM U HaYaJIbHBIM
COCTOSTHHEM CHUCTEMBI, He3aBHCUMO OT IyTH Tporiecca: AG = Gyoy — G
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Jnst MOJHOW 3HEpPreTHYeCKOH XapaKTepHCTHKH BEIecTBa IIPH CTaH-
JApTHBIX YCIOBUSX HCIIONB3YIOT CTaHAApTHYIO 3Hepruro ['mbbca obpaso-
BaHus BemecTBa AG®, 3HaUeHNE KOTOPOIl TaHO B CIIPAaBOYHOH JIUTEPAType.
JJi IpOCTHIX BEIIECTB B TEPMOIMHAMHYECKH YCTOWYHMBOH (opme cTaH-
napTHas 3Heprus ['mb0ca ux oOpa3oBaHMS YCIOBHO NPUHSITA paBHOU HY-
mo. smenenne saeprin ['nb60ca B pe3ynbraTe XUMHIECKON peakIuu MpH
CTaHAAPTHBIX YCIOBHAX BEIUHCIIAIOT IO CIEAYIOMEMY YPaBHEHHIO:

AG% =2v;AG® (Y;) — 2V, AG® (X)),
rne AG%(Yj), 4G%(X;) — crannapTHsle SHepruu I'n66ca NPOAYKTOB peak-
1uH Yj U HCXOJHBIX BEIECTB X;;
Vj M Vi — COOTBETCTBYIOIIME CTEXHOMETPHUYECKHE KOI(D(ULUUEHTH B
YpaBHEHHH XUMHYECKOH PEaKIHu.

N3menenue sHeprun ['mb0ca a1 OMOXUMHUUECKUX MPOIECCOB B YCIIO-
BUAX, OTJIMYHBIX OT CTAHAAPTHBLIX, MOXHO pacCUUTaTb Ha OCHOBE OKCIIC-
PUMEHTANBHBIX 3HaYeHUA AH 1 AS 111 3THX MPOIIECCOB [0 YPABHCHHUIO:

AG = AH - TAS,
rae AH — xapakTepus3yeT IOJHOE M3MEHEHHE SHEprHHM CHUCTEMBI IpH p,
T = const m oTpaxxaeT CTPEMJICHHE CHCTEMbl K MHHUMYMY
SHEPTHH;
TAS — xapakTepu3yeT Ty 4acTb 3HEPIHH, KOTOPYIO HEJIb3s NPEBPATUTH
B pa0OTy, W OTpakaeT CTPEMJICHHE CHCTEMBI K MaKCUMyMY
HEYNOPSA0UYCHHOCTH;
AG — xapakTepusyeT Ty 9acTh S3HEPI'HH, KOTOPYIO MOYKHO IIPEBPAaTUTh B
paboTy, U SBIISETCS TEPMOANHAMUYECKHM KPUTEPUEM BO3MOXK-
HOCTH CaMOIIPOM3BOJILHOTO IPOTEKAHUSI JIFOOBIX MPOLIECCOB PU
p, T =const.

Bropoii 3aKOH TEPMOIUHAMUKU ISl JHOOBIX CHUCTEM (HOPMYIUPYETCS
CIIEAYIOIMM 00pa3oM: B CHCTEMe NP MOCTOSIHHOW TeMIlepaType U JaBiie-
HUM CaMOITPOU3BOJIBHO MOTYT COBCPIIATHCA TOJBKO TaKUE MPOICCCHI, B
pe3ynbpTaTe KOTOpHIX 3Heprus ['mdoca ymensimaercs, T. €. AGyyy < AGuq,
mwm AG < 0.

Takum 00pazoM, B COOTBETCTBHH CO BTOPHIM 3aKOHOM TE€PMOJIMHAMHUKA
camonpousBosbHO (AG, < 0) NpOTeKarT BCE SK30TEPMHYECKUE PEaKLUK
(AH, < 0) npu mo6oii TeMIepaType, €CIIM OHH CONPOBOXKIAIOTCS YBEIHUEHHU-
eM sHTporH (AS; > 0). Dunorepmudeckue peakuuu (AH, > 0), corpoBox-
JAIOIIUECs] yMEHbIIeHHEM dHTponu (AS, < 0), HE MOTYT IPOTEKaTh CaMO-
MPOU3BOJILHO IIPH JII000H TeMImeparype, Tak Kak B 3TUX cinydasx AG, > 0.

brnoxmmuaeckue pe€aKkunr, COMPOBOXIAOMINECA YMCHBIICHUEM JHEP-
rud ['nb0ca, HAa3BIBAIOT IK3IPOHUUECKUMU PEAKUUAMU, OHH MOTYT CO-
BEpIIAThCS CAMOINIPOU3BOJIbHO. EciM B TeueHne 3K39proHMYeCcKOil peakiuu
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sHeprust ' mb6ca TONbKO MOHMKAETCS, TO TaKasl peakiys MPOTEKaeT B JlaH-
HBIX YCJIOBHAX CaMOIIPOM3BOJIBHO M HeoOpaTumo. IHIpzoHuueckue pe-
akyuu TpeOYIOT TOABOAA YHEPTUH, Tak kKak AGp > 0.

6. BuoxumMuyeckue acneKThl OCHOBHBIX IPUHUHUIIOB TEPMOAMHAMHUKH.
ConpsizkeHHbIE peaKIuu

I'maBHast ocoOeHHOCTH MPOTEKaHUA 00PATHMBIX OMOXMMHUYECKUX peax-
LU 3aKIII0YaeTcss B CTPEMIIGHHH JIOCTHYb JHHAMHYECKOTO pPaBHOBECHS,
TaK KaK 3TO COCTOSIHHE BO3HUKAET M IMOJJICPKUBAECTCS BCIEICTBUE MPOTE-
KaHUS Peakuii B IBYX MPOTHUBOIOIOKHBIX HAMPABICHHUIX C OJJMHAKOBBIMH
CKOpOCTAMH V = V. Takoe cocTosiHIE Ha3bIBACTCSI XUMUYECKHUM PaBHOBECH-
eM. PaccmoTpuMm, Kak m3MeHsieTcs SHeprus ['mb0ca cucteMsl, B KOTOPOIi
YCTaHaBIIMBACTCS XUMHYECKOE paBHOBecHe. B 3TOM ciyyae M3MCEHEHHE
sHeprun ['mb0ca B cHCTEMe XapaKTepu3yeTcsl HaTMYieM MUHHMyMa, KOTO-
PBIi COOTBETCTBYET COCTOSIHHIO XMMHYECKOro paBHOBecHs. K aToMy paB-
HOBECHOMY COCTOSTHHIO BO3MOJKEH MOAXOJ KaK CO CTOPOHBI HCXOIHBIX Be-
mtectB (AG < 0), Tak u co cTOpoHbI PoayKTOB peaknuu (AG < 0).

Takum oOpa3zoM, B cilyyae MpOTEKaHHs OOPAaTHMBIX pEaklMi cucTeMa
CaMOTIPOU3BOJIBHO MPHUXOAUT K COCTOSIHUIO XMMHYECKOTO PaBHOBECHS, U3
KOTOpOI'0 OHa 0e3 BHEIIHEro BO3JECHCTBHS HE MOXKET BBIUTH, MOCKOIBKY
9TO Tpedyer yBenuueHus Hepruu [ uooca.

Xumuueckoe u ouoxumuueckoe pasHoGecHoe COCMOAHUE CUCHIEMbL
Xxapaxkmepusyemcsa:

1) pasencmeom ckopocmeii npsimoil u obpamnot peaxyuti (V = V);

2) snepeemuueckoti ebicoonocmuio (G = min);

3) omcymemeuem usmeHenuil 6eaUNUR NAPamMempos u GYHKYuil cocmo-
sHusL cucmembl: Konyenmpayuu peazenmog (Ac; = 0), sumanvnuu (AH = 0),
anmponuu (AS = 0) u suepeuu I'ub6oca (AG = 0).

ITOCKOJIBKY B COCTOSHUM XMMHYECKOTO PABHOBECHUS CHCTEMa JOCTHIaeT
MHUHUMAaJIbHO BO3MOHOTO 3HaueHusi sHepruu ['nubb6ca, To peakius, KOTO-
past MPUBOJUT B JJAHHBIX YCIIOBHUIX K COCTOSTHHIO PaBHOBECHsI, BCET/Ia MPO-
TeKaeT caMOIPOU3BOJILHO. bitaromapst 3Toif 0COOEHHOCTH 0OpaTUMBIX TIPO-
1eCCOB OOJIBLUIMHCTBO OMOXMMHYECKHX pEakiMi, MPOTEKAIOUIUX B Opra-
HU3ME, 00paTUMBIL.

Jpyrast 0cOOEHHOCTh OMOXMMHYECKUX MPOLIECCOB, MPOTEKAIOIINX B Op-
raHu3Me, 3aKJI0YaeTcss B UX MHOTOCTAIMHHOCTH, TaK KaK BEPOSTHOCTb
00paTUMOro NPOTEKAHHUS OTICIBbHOM CTaquu 3HAYUTENBHO BBILIE, YeM BCe-
TO Tpolecca B IIEIOM. JTO 00BSCHIETCS TEM, YTO Pa3HUIA MEXIY BEIHYHU-
HaMH Gpq U Gy U1 KOKAOW OTACIBHOW CTaAWM OOBIYHO HEBEJIUKA
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( | AGpl < 10 k/Ix/mMonb). OOpaTUMOCTDh OTAEIBHBIX CTaaUi OMOXUMHYe-
CKHUX IIPOIIECCOB MO3BOJISIET KMBOMY OPTaHU3MY JIETKO PETYIMPOBAaTh CHH-
T€3 TEX WM WHBIX COCAMHCHHH B 3aBUCHMOCTH OT MOTPEOHOCTH M TEM Ca-
MBIM TIOJIACPKUBATH CTAMOHAPHOE COCTOSTHHE.

CranmoHapHOE COCTOSHHE U1 JKHBOTO OPTaHM3Ma XapaKTepU3yeTcs
MIOCTOSTHCTBOM €T0 TEPMOAWHAMUYECKHX BEIHMYMH W HEH3MEHHOCTHIO BO
BPEMEHH CKOPOCTEH IMOCTYNJIEHUS M yAaleHHs BellecTB M 3Heprud. He-
CMOTpsI Ha TOCTOSHCTBO TEPMOJAMHAMHUYECKHX BEJIMYHH, OHH HE HMEIOT
PaBHOBECHBIX 3HA4EHUIl B 3TOM cocTosiHUU. buosorudeckoe pa3sBurue op-
raHu3Ma BO3MOXHO TOJBKO B CHCTEME, HaXOIfIIeHCs B CTallMOHAPHOM
COCTOSIHHH, HO JIaIeKOM OT paBHOBecHs. VIMEHHO CTallMOHApHOE HEpaBHO-
BECHOE COCTOSIHUE JKMBOM MAaTe€pUM IO3BOJIIET €d ONTUMHU3UPOBATh CBOU
XapaKTEPUCTHUKU U HBOIOLOHUPOBATh BO BpeMeHHU. TepMoanHaMudecKas
0COOCHHOCTh CTallMOHAPHOTO COCTOSIHUSL OTKPBITHIX CHCTEM BIIEPBBIC
cthopmynupoana U. P. [Ipuroxxusasm (1946).

B omkpueimoii cucmeme ¢ cmayuOHApHOM COCHIOAHUU RPUPOCH IH-
mponuu ¢ eounuuyy epemenu AS/At npunumaem munumanvhoe nono-
JircumenvHoe 3navenue 011 OaHHbIX ycioeuil, m. e. AS/At — min.

ITockonbKy 3HTpONHS SBISETCS MEpOM AErpafallii, UM pacCesHUs
sHepruy, npuHuun IIpuroxuHa NpUBOAUT K BaXKHEHMIIEMY 3aKJIIOUYEHUIO:
NIPU CTAllMOHAPHOM COCTOSTHHU paccestHue sHepruu [ nb6ca oTKphITON cH-
CTEeMOH OKa3bIBAE€TCSI MUHUMAIILHBIM.

7. IlousiTue 0 roMeocrase

TepMomnHaMu4Yeckne OCOOCHHOCTH OTKPBITBHIX CHCTEM, XapaKTepHBIC
JUIL JKUBOTO OpTaHU3Ma, OOBSCHSIOT €ro YCTOHYHMBOCTB, IO3BOJSIONIYIO
€My B TEUCHHE MHOTHX JIET COXPAHATH ONpEICICHHBI YPOBEHb paboOTO-
CrocoOHOCTH, a TaKKe OTHOCHUTEIBHOE IMOCTOSTHCTBO BHYTPEHHEH Cpensl,
HA3bIBAEMOE B OHOJIOTHH 20MEOCMAZOM.

T'omeocma3 — OTHOCUTENIBHOE JTWHAMHYECKOE MOCTOSHCTBO COCTaBa M
CBOWCTB BHYTPEHHEH CcpeJibl Oprannima, 00yCIIOBIMBAOIIEE YCTONUYNBOCTD
ero (pU3HOIOTHIECKUX ()YHKITHH.

B dopmupoBannM M moAAep)KaHUM COCTOSIHHS IOMeocTa3a OOJIBIIYIO
pOJIb UTpaeT 00paTUMOCTh OOJIBIITMHCTBA OMOXHUMHUYECKUX MPOIECCOB. DTH
IIPOLIECCH] BCEr/Ia IPOTEKAIOT CAaMOIPOU3BOIBHO B HAIPABIEHUH JTOCTUXKE-
HUSI paBHOBECHS, HO, KaK MPaBUJIO, B OPTaHU3ME OHU €r0 He JOCTHUTaloT, a
TOJIBKO TNPHUBOJAT K JOCTI)KEHHIO HEOOXOJIMMOTO COOTHOIICHMS MEXIY
KOHEYHBIMU M HMCXOJHBIMHM TPOJYKTaMH peaklWu, NpOTeKaroue camo-
IIPOU3BOJIBHO IPU JIAHHBIX YCIOBUAX. DTO MPOMUCXOAMUT WM 3a CYET HUC-
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MOJIb30BAHUS MPOJYKTOB PEAKIMH, MPOTEKAIOIIEH CaMOMPOU3BOJIBHO B
JPYruX MpOoIeccax, WK 3a CUYET M3MEHCHHs YCIIOBUI B JIaHHOW CHUCTEMe.
Tak, cuctema, IPUONIMKAOIIASACS K XUMUYECKOMY PAaBHOBECHIO, MEPEHO-
CHUTCSl OPIaHU3MOM B JPYTHE YCIOBHUS, MPU KOTOPBIX K COCTOSHHIO XUMHU-
YEeCKOTO PaBHOBECHSI IPUBOUT OOpaTHAs PEAKI[HSL.

TakuM 00pa3oMm, OpraHU3M HCIOJNB3YEeT B CBOCH JKHU3HEICSTEIbHOCTH
o0OpaTrMble OMOXMMHUYECKUE MPOIECChl U UX CTPEMIICHHE K COCTOSHHIO
XHMHUYECKOTO PABHOBECHSI, HO HE JOMYCKAET HACTYIIEHHs YCTOUYHUBOTO BO
BpPEMEHM XUMUYECKOTO PABHOBECHS, TaK KaK 3TO COCTOSIHUE MPUBEAET K
rubenu opraHu3Ma. B To jxe BpeMsi COCTOSIHHE TOMEOCTa3a MoAIePKUBAET-
cs 3a cueT OanaHca, T. €. He0OXOAUMOTO COOTHOIICHHS MEXIY KOMIIOHCH-
TaMHU C MPOTUBOIOJIOKHBIMU (aHTArOHUCTHYECKHMHU) CBOWcTBaMH. Tak, B
OCHOBE TOMEOCTa3a OpraHU3Ma HaXOIATCS CJeAYIOL[He XHMUYECKHe U
(u3nKo-xuMHYecKHe OANAHCBI: KHCIOTHO-OCHOBHBIHM, OKHCIHUTEIHHO-
BOCCTAHOBUTEIbHBIN, METAIO-IUTAHAHBIN, TUAPODUILHO-TUTO(UITBHBIH,
BOJTHO-3JIEKTPOJIUTHBIA. B COBpeMEHHO# TUTEpaType MOHATHS «OanaHcy u
«rOMEO0CTa3» YaCTO UCIIONIB3YIOTCSI KAK CHHOHUMBI.

OCHOBHBIE TIOJIOKEHUSI, CIIEYIOIIHE U3 3aKOHOB TEPMOANHAMUKH:

- paSBI/ITI/Ie CUCTCMBI HpOI/ICXO[[I/IT 10 BJIUSIHHUEM Z[ByX TeH}IeHHI/Iﬁ —
CTPEMJICHUS. K MUHUMYMY 3HEPIMM U K MAKCUMYMY SHTPOIIUY;

- 9K39PrOHMYECKUE PEAKI[MH B OPraHU3ME MTPOTEKAIOT CAMONPOU3BOIIb-
HO, Tak Kak AGp < 0;

- SHJPPrOHUYECKUE PEAKIMU TPeOYIOT MOJABOJAA JHEPIMH, TaK Kak
AGp > 0;

- COCTOSIHME PaBHOBECHUsI B OOPAaTHMBIX MPOIECCaX C MO3MIHUA TEPMO-
JMHAMUKU XapakTepu3yercs BoipaxenueM AG = 0 u sABIseTCS YHEpreTuye-
CKH CaMbIM BBITOIHBIM, Tak Kak G = min;

- OHOJIOTHYECKHE CHCTEMbI B CTAI[MOHAPHOM COCTOSHHU XapaKTepHU3y-
10TCsl BhipaxkeHueM AS/AT — min, a B COOTBETCTBHH C 3aKOHOM COXpaHe-
Hust S + | = CONSt ayst )KUBBIX CUCTEM JIOJDKHA OBIThH CIIPABEIMBA 3aKOHO-
MmepHocTh Al/AT — max (B mpemenax cOOMIOICHHS MPUBEACHHOTO 3aKOHA
coxpanenus). IIpyu 3TOM OHOJOTHYECKHE CUCTEMBI OPraHH3Ma JAJEKH OT
COCTOSITHUA paBHOBeCI/ISI, YTO ITO3BOJJIACT UM OHTI/IMI/I3I/IpoBaTB CBOU xapalc—
TepI/ICTI/IKI/I nu 3BOH}OHI/IOHI/IpOBaTB BO BpeMCHI/I.
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