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BBEJAEHHUE

duznyeckass XUMUsL — 3TO HayKa, U3ydarollas BIUSHUE Pa3TUYHBIX (AKTOPOB Ha
CBOMCTBA BEIIECTB U 3aKOHOMEPHOCTH (PUBUKO-XUMUYECKHUX MTPEBPAILICHHM.

dusnueckass XMMHsSI — HayKa O 3aKOHOMEPHOCTSIX XUMHUYECKUX IMPOLECCOB U
buznyeckux sABICHUM. [ TaBHOM 3amauell GU3MIECKON XUMHH SIBJISICTCS M3y4YCHUE U
OOBSCHEHHE OCHOBHBIX 3aKOHOMEPHOCTEH, ONpeaessioluX HaIpaBICHHOCTh
XUMHUYECKUX MPOLECCOB, CKOPOCTh MX NPOTEKAHMS, BIUSHUE CPEIbl, MPUMECEH,
W3JIyYEHUs, YCIOBHS IOJYYEHHs MAKCUMAaJIbHOIO BBIXOJA IIOJIE3HOTO IPOAYKTA.
N3ydenne pu3nveckoid XMMHH J1aeT BO3MOKHOCTh MOHATH 3aKOHBI XUMHH, a TAKKe
Npe/ICKa3bIBaTh XUMHUUYECKUE SIBJICHUS U yHpaBisaTh UMHU. CoBpeMeHHas ¢puzndeckas
XUMHUS CIIY>)KUT TEOPETUYECKHUM 00OCHOBAaHUEM XWMHUYECKOW TEXHOJIOTUH, [TO3BOJISET
pemnTh 3a7a4d 3PGEKTUBHOTO YIPABICHUS MPOU3BOJICTBOM, MHTCHCH(PHUKAIUN U
aBTOMAaTU3allUd  IPOM3BOJACTBEHHBIX  MpoueccoB.  Hampumep,  BaxHeumme
IIPOU3BOJICTBEHHBIE IIPOLIECCHI B XUMUYECKOM TEXHOJIOTMM, TAaKME€ KaK CHHTE3 H
OKHUCJICHUE aMMHaKa, KOHTAaKTHOE IOJYyYEHUE CEPHON KHUCIIOTHI, MOJYyYEHHUE ITaHOJIa
U3 MPUPOAHOTO ra3a, KpeKUHI HETH M MHOTHE JIPYrHe, OCHOBaHbI Ha pe3yJbTaTax
(U3UKO-XUMHUYECKOTO UCCIIEIOBAaHUS peaKlui, JeKalMX B OCHOBE ATHX MPOLIECCOB.
be3 3Hanus (u3nueckoil XUMUU HEBO3MOXHO PELIUTh NMPOOJIEMY CO3/1aHus BEIIECTB
C 3aJlaHHBIMU CBOWMCTBaMHM, pa3pabOTaTh HOBbIE UCTOYHHMKH TOKAa U MHOTHE APYTUE
BOIPOCHI 3(P(HEKTUBHOTO MPOU3BOJICTBA.

Pu3nvecKass XUMHUSA COCTOUT U3 HECKOJIIBKAX OCHOBHBIX PA3/ENIOB:
XHAMHUYECKask TEPMOANHAMUKA;

XHAMHUYECKUE PABHOBECHS;

@da30BbIe PABHOBECHS B OJJHO- © MHOTOKOMIIOHEHTHBIX CUCTEMAX, PACTBOPBIL;
DNEKTPOXUMUS;

XUMMYECKask KHHETHUKA;

A e

[ToBepXHOCTHBIE SIBJICHUS U aICOPOIIHSL.

KPATKHUI I/ICTOPI/I‘IECKI/II?IUO‘IEPK CTAHOBJIEHUA
OPU3NYECKOU XUMHUU

Hazpanue u omnpeneneHue coaepkaHusi (pU3MUECKOM XUMHHM BIEPBBIE JAHO
M.B. JIomonocoBbIM (1752): «®Dusnyeckass XuMus 3TO HayKa, KOTOpas JOJDKHA Ha
OCHOBAHHMM TMOJIOKEHUA U ONBITOB (PU3MYECKUX OOBACHUTH MPUYUHY TOTO, YTO
MPOUCXOJIUT YEPE3 XUMHUECKHUE ONEePAlMU B CIOKHBIX TEIax.

Baxneiiine TeopeTuyeckrue u dKCIepUMEHTalbHbIe nccaeaoBanus JIoMoHocoBa
MIPUBEIH €r0 K OTKPBITUSAM, KOTOPBIE U CeiYac He MOTEPsUIA CBOEr0 3HAUCHHUS.

M.B. JloMoHOCOB OJIM3KO MOAOLIEN K MPAaBUIBHOMY OINpPEACIICHUIO MPUHIMUIIA
COXpaHEHUs MaTEepUM M JBWKECHHS, KUHETUYECKOM NPUPOJAE TEIJIOThI, a TaKkKe
OTMETWJI HEBO3MOXXHOCTh CAaMOIIPOM3BOJIBHOTO Iepexofa TeIIoThl OT Ooiee
XOJIOMHOTO Tena K Ooyiee TEMIoMYy, YTO SIBJISIETCS B HACTOSIIEEe BpeMsl OJHOM u3



(GbopMyIMpPOBOK BTOPOTr0 Haualda TEPMOAMHAMHUKH. B TedeHHe MOCIEAYIOIEro
CTOJIETUSI MIPOBOJIUIIUCH UCCIIEIOBAHUS, HA OCHOBE KOTOPBIX ObUIO CIEIAHO MHOTO
BOXHBIX OTKpbITUH W 0000menuii. K.B. Illeene B IlIBenun (1773) u dontana Bo
Opanruu (1777) otkpelnu aacopouuto ra3os; T.E. Jlopunr B Poccun (1785) oTkphit
aacopouuto u3 pactsopoB. A.JL. JlaByasse u I1.C. Jlammac Bo @panuuu (1779-1784)
M3y4yajad TEIUIOEMKOCTH BEIIECTB U TerioBbie d(dekThl peakiuii. B Havane XIX B.
I'. JIoBu B Aurnuu u JI.OK. Tenapom Bo ®paHuuu ObUIA OTKPBITH KaTaTUTHUECKHE
peaxiun, a M.5. Bepuemuyc B IIBermnm (1835) pasBmi janee NpeicTaBICHHS O
KaTamse.

OCHOBBI 3JIEKTPOXHUMHH OBLIM 3aJI0’KE€HBI UCCIIEIOBAHUSIMU O rajJbBaHUYECKUM
AJIEMEHTaM, JICKTPOJIN3Y U MEPEHOCY TOKA B AneKkTposmrax. JI. ['aneBanu u
A. Bosbra B Utanuu coznanu B 1799 r. raneBanndeckuid 3nement. B.B. IletpoB B
Poccum (1802) oTkpsLn siBiieHue 3nekrpudeckoit xyru. T. ['porryc B Poccun B (1805)
3QJI0KUJ  OCHOBBI Teopuu siekrpoiuza. B 1800 r. I'. JI’BU BBIABHHYI
ANEKTPOXUMHUYECKYIO TEOPUIO B3aUMOJACHCTBHSI BEUIECTB: OH IIMPOKO IMPUMEHUII
AIEKTPOJIN3 JJISI XUMUUYECKUX HccienoBanuii. M. @apazeit, yueHuk /[»Bu, B 1833—
1834 rr. chopmynupoBan KOJUYECTBEHHBbIE 3aKoHbI 3ekTpoiusa. b.C. Skobu B
Poccun, pemas BOmpochl MPaKTHYECKOTO HCHOJIB30BAaHMS MpOLiEcca 3JIEKTPOJIN3a,
OTKpBUI B 1836 I. raJibBaHOIIACTHUKY.

B nepsoii nonoBune XIX B. Omarogapst tpyaam J. Janbrona B Aurmuu (1801—
1803), XK. JI. I'eii-Jlroccaka Bo ®panuuu (1802) u A. ABoraapo B Utamuu (1811),
OTKPBIBILIMX Ba)XHEHIIME 3aKOHBI Ia3000pa3HOr0 COCTOSHUS, MOJIYYHJIA IIUPOKOE
pa3BUTHE aTOMHCTHYECKHUE IpencTaBiieHus. K aToMy ke nmepuoay oTHOCSTCS pabOThI
I'. U. I'ecca (1802—1856) no TepMOXUMHUHU.

K. T'ynpnbepr u I1. Baare B Hopseruu (1864-1867), Hx.Y. I'u66¢c B CHIA
(1873—1878) pa3Bwiii TEPMOJUHAMHYECKOE YYEHHUE O XMMHYECKOM pPaBHOBECHH, a
AJL. Jle-lllatenbe Bo Dpanmuu (1884) oTkpbUT OOIMI TPUHIUI CMEIIECHUS
paBHOBeCHS MPU U3MEHEHMM BHEUTHUX YyCJIOBUU. B paboTax roijmaHACKOTO XHMHKA
A.X. Baur-I'odpda nomyunna pazButre TepMOAMHAMUYECKAS TEOPHUS XHUMHYECKOTO
paBHOBecus. OH ke pa3zpaboTai KOJIMYECTBEHHYIO TEOPHIO pa30aBIEHHBIX paCTBOPOB
(1885—1889). Ilepenoc anexTpudecTBa B pacTBOpax uccienaopaiu B ['epmanuu
N.B. T'urropd u @.B.I'. Konbpaym. [IBenckuit yuensiii C.A. AppeHunyc pa3Bui B
1883—1887 rr. Teopuro SJIEKTPOJUTHYECKOW aucconpanuu. [yOokuit cien B
pa3BuUTHM (Qu3anyeckod xumuu octaBuil A.M. bBytnepoB, co3naBmIUK TEOPHUIO
CTPOEHUSI OPTaHUYECKUX COECTMHEHUN.

Benukuit  pycckuit  xumuk .M. Mengenees  (1834-1907) otkphul
CYILIECTBOBAHHE KpUTHUYECKOM Temmeparypbl (1860), BbiBen oOlee ypaBHEHHUE
cocTtosiHus ra3oB, (1874) m pa3paboTan XUMHUYECKYIO Teopuio pacTtBopoB (1887).
J.II.  KonomanoB (1889), yuenuk MenjaeneeBa, sBIsSETCS  OJAHUM U3
OCHOBOITOJIO)KHUKOB TEOPHH PACTBOPOB.

B kxonme XIX B. Obul cAemaH psii KPYHMHBIX OTKPBHITUH B OOJACTH YYECHHS O
CTPOCHHUM BEILECTBA, KOTOPbHIE JOKA3alH CIIOXKHOCTbh CTPOEHHUS aTOMa M ChIrPaJH
OTPOMHYIO POJIb B pa3BUTUU (Pusnyueckoid Xxumuu. K HUM OTHOCSTCS OTKPBITHS
sanektpoHa K. b. Ileppenom (1895) u JIxx. Tomconom (1897), kKBaHTOBOI TPUPOIBI
ceera P. Ilmankom (1900), cymectBoBanusi cBeroBoro masienus [1.H. JleGeneBbim



(1899), uzyuenne (HaumnHasi ¢ 1898 r.) sBienuit panpuoaktuBHoctu II. Kropu wu
M. Cknonosckoii-Kropu.

[IpenonaBanue B Poccuu pusnyeckoit XuMuu Kak CaMOCTOSITENIbHON HayKH BBEIl
npod. H.H. bexeros B 1860 r. B XapbKOBCKOM YHHBEPCHUTETE.

K navanmy XX B. Qusuueckas Xumus omnpenensiiach Kak Hayka, H3ydaromas
CTPOCHHE BEUIECTBA, XUMHUYECKYI0 TEPMOJMHAMHUKY, BKIKOYAs TEPMOXUMHUIO U
Y4YEHUE O PaBHOBECHUH, PACTBOPHI, XUMHUECKYI0 KHHETHKY U JIEKTPOXUMHIO. bbuin
MPUMEHEHBl HOBBIE TEOPETUUYECKUE METOJbl M Ha TMEPBBIM IUIAH BBICTYIWIH
UCCJIEIOBAHUS CTPOEHUSI aTOMOB, MOJIEKYJI U KPUCTAJIJIOB.

HaunGonee 6ypHo B XX CTOJIETUH Pa3BUBAIIOCH YUYEHHE O CTPOCHHUU BEIECTBA, B
OCOOCHHOCTH O CTPOCHMHM aTOMOB U MOJEKyJ. KpymHbIM TOCTHXKEHHEM B 3TOM
obnacTu ObuTa sifiepHasi Teopus aToma, mpemrtokeHHas J. Pesepdopmom (1911) u
NOJIyuMBIIas PA3BUTHE B MEPBOM KOJUYECTBEHHOM TEOPUM aToMa BOJIOPOAA,
paszpaborannoi nqarckum pusukom H. bopom (1913).

HccenenoBanue npUpoabl XUMUYECKON CBA3U U CTPOCHHS MOJIEKYJ Pa3BUBAIOCH
napajuielibHO C u3ydyeHHeM crTpoeHus atoma. K Hawamy 20-X rogoB TEKYIIEro
cronetusi B. Koccens u I'.H. JIptonc pa3paboraiu OCHOBBI 3JEKTPOHHOW TEOpUU
xummudeckoit cBsizu. B.I. Taiitnepom u @. Jlonmonom (1927) Owuia pa3Bura
KBAaHTOBO-MEXaHUUYECKasl TEOPUS XUMUYECKOU CBSI3H.

Kpynueiimue oTkpbiTusi (GU3MKA B 00JIaCTH CTPOCHUS aTOMa, TEOPETUUYECKUE
METOJbl ~ KBAaHTOBOM  MEXaHUKM W  CTAaTUCTUYECKOW  (UBUKH,  HOBBIC
DKCIIEPUMEHTAJIbHbIE ~ METOJABl:  PEHTTEHOBCKHI  aHaiu3,  CHEKTPOCKOIHS,
MaCCIIEKTPOCKOIUS, MArHUTHBIE METObI, METO/I MEUYEHBIX ATOMOB U JpP. MO3BOJIUIH
(U3UKO-XUMUKAM JOOUTHhCS OOJIBIIMX YCHEXOB B HM3YYEHUU CTPOCHUS MOJEKYI,
KPUCTAJUIOB U B MO3HAHUU MPUPOJIbI XUMUYECKON CBA3H.

Bonpiioe pa3BuTHe MOJIYYHIIO YYEHHUE O CKOPOCTSIX XMMHUYECKUX PEaKIHil, T. €.
XUMUYECKasi KUHETHKA, CBSI3bIBaeMasi TEMepb KOHKPETHO C HCCIEI0BaHUSMHU
CTPOEHUSI MOJIEKYJI M ITPOYHOCTH CBSI3€M MEXKJy aTOMaMH B MoJjeKyse. BosHukim u
YCHEIIHO pa3BUBAIOTCS HOBBIE pa3fenbl (PU3NYECKONW XUMHUU: MarHeTOXUMUS,
paauaoHHasi XuMus, pu3ndecKasi XUMHUsI BBICOKOMIOJIUMEPOB, (pU3MUECKasT XUMUS
CUJIMKATOB, ra30Basi AJEKTPOXUMUS U JIP.

Kak u npyrue Hayku, pusnyeckas XUMHS U OT/ACIbHBIC €€ pa3/ieibl BO3HUKAIN
WIM HAYMHAIIA PA3BUBATHCA OCOOCHHO YCIIEUTHO B T€ MEPHUOJIbI, KOT/IA Ta WU WHas
IpaKkTUYECKass NOTPEOHOCTh BbI3bIBaJla HEOOXOAMMOCTh OBICTPOrO Pa3BUTHS KAKOM-
an00 OTpaciau MPOMBILUIEHHOCTH, a JUIsl 3TOTO pa3BUTUSL TpeOoBanach MPOYHAS
TeopeTnuyeckas ocHoBa. (PU3NYECKOW XMMUM MNPUHAJICKHUT BeAyllas poib MpH
pElIEHUM MHOTOYMCIEHHBIX MpPOOJEM, CTOALIMX TMepe]] XUMHUYECKOW HayKou W
NpaKTUKOW, Hampumep, ¢yHaameHTanbHble uccaeaoBanus H.C. KypnakoBa 1o
(bU3UKO-XMMHUYECKOMY aHaIIU3y, paboThl B 001acTH 3iekrpoxumun A.H. @pymkuHa,
co3ganue Teopun nenHbix peakmuii  H.H. CemeHoBbiM, pa3zpaboTka Teopuu
rereporeHHoro katanu3a A.A. bamanguneiM. B Hactosmiee Bpems (uznueckas
XUMHUSI — CAMOCTOSITENIbHAsI JHUCIUIUIMHA CO CBOMMH METOAaMU MCCJEAOBaHUSA M
ABJISIETCSI ~ TEOPETUYECKOW  0a30i  MPUKIAHBIX  XUMHKO-TEXHOJIOTHYECKUX
JVCLMUIUIVH.



1. XUMHNYECKAA TEPMOIUHAMUKA

Tepmommuamuka (rped.. 0Epun — «Termio», SVVOUG — «CHIIa») — paslel
(du3nYecKol XUMHM, W3YYAIOIIWKA B3aWMMHBIC NPEBPAIICHHS Pa3IUYHbIX (hopM
BUJIOB OSHEPIUH, COCTOSIHHSI PABHOBECHS, a TaKKe BO3MOXXHOCTH IPOTEKAHUS
CaMOMPOU3BOIBHBIX MTPOIECCOB.

Xumuueckasi TCPMOAMHAMHUKA H3YYAaCT MNOPCBpalliCHUA Pa3IWYHBIX BHIOB
OHCPIr'uu MpOUCXOAAMUX IIPHU IMMPOTCKAHNN XUMHYCCKHUX pCaKHHﬁ.

TepmoanHnamMuka 0a3upyeTcss Ha HECKOJIBKHMX 3aKOoHaxX (Hayajgax), U3 KOTOPBIX
BCE OCTaJbHbIE TOJIOKEHUS ATOM HAYKH MOXKHO IIOJYYHUTh ITyTEM JIOTHYECKHUX
paccyXxJaeHu. 3aKOHbI TEPMOJMHAMUKHN OBLITN PACKPBITHI M 3aTeM C(HOPMYIUPOBAHBI
B pe3yJbTaTre 0000IIeHHS YEIOBEYECKOTO OIbITA.

TepmoauHamuka, Kak Hayka Bo3HUKJIA B XIX Beke. Y UCTOKOB MOJOIOM HAyKU
CTOSLTM Takue BblAaromuecs yuenole kak Hukona Jleonapa Camu Kapno, [[keiimc
[Ipeckorr Jxoynb, Yumeam Tomcon (nopa KensBun) u Pynonsd I'oTiamd
(Knaysuyc).

Hukouist Jleonap Cann Kapuo (1796 — 1832) — dpaniry3ckuii
¢usuk u marematuk. ChIH U3BECTHOTO MOJUTHUYECKOTO ACSTENs U
maremaruka Jlazapa Kapuo u gs15 HazBanHOTO B ero yecth Caau
Kapno, B 1887—1894 rogax npe3uienta @paHiuu.

Cagn Kapno momyuwmn xopolee jaoMaiiHee oOpa3zoBaHue. B
1812 romy Onectsamie 3akoHumn Juneid Kapma Benukoro u
noctynwi B IlodMTeXHUYECKYI0 IIKOJAYy — JIydllee Ha TOT
MOMEHT ydeOHoe 3aBeacHue Dpanmuu. B 1814 romy oH eé |
3aKOHYMJI IIECThIM IO YCHEBA€MOCTH M OBl HampaBlieH B | .
HnxeHepHyto KOy B ropoae Merr, mocie 3aBepiieHus: KOTOpOi
B 1816 roxy Obu1 pacnpenien€éH B MHKEHEPHBIH MOJIK, T1€ TPOBEN
HeckoJibko JieT. B 1819 romy BeIMIpall KOHKYypC Ha 3aMelIeHHe
BakaHcuu B [nmaBHOM miTabe xopriyca B Ilapwke u mepeOpancs |
tyna. B [Napmwxke Kapro npomomkun ooydenue. [Toceman nekuu |
B CopOonne, Komnex ne ®panc, Koncepsaropuu HckycctB u \ 1
Pemécen. Tam on mo3nakomuiics ¢ xuMukoM Hukona Knemanowm, 3aHuMaBImmMes H3yquHeM ra3os.
OO61eHue ¢ HUM BbI3BaJIO HHTepec y KapHo k m3ydyeHuto nmapossix MamuH. U B 1824 rony BbIia
nepBast U eauHcTBeHHas pabora Camu KapHo — «Pa3MmblnuieHust o JBIXKYIIEH Cuie OTHS U O
MaIlInHaxX, CIIOCOOHBIX pa3BUBATH ATy cUNy» (Réflexions sur la puissance motrice du feu et sur les
machines propres a développer cette puissance). Ita paboTa CUMTACTCS OCHOBOIIOJIAraroNieH B
TepMoiMHaMuKe. B Hell OblT Mpon3BeI€H aHAIN3 CYIIECTBOBABILNX B TO BPEMs IMapOBBIX MAallluH, U
ObUTH BbIBEJIEHBI ycsIoBHs, Tipu koTopelx KIIJl mocturaer mMakcuManbHOTO 3HAaYeHHs (B MapOBBIX
mamuHax Toro BpemeHu KIIJI we mpesbiman 2 %). IloMmuMo 3TOoro tam >xe ObUIM BBEAEHBI
OCHOBHBIE TOHATHS TEPMOAMHAMUKH: HJcalbHas TEIUIOBas MalllMHA (CM. TEIJIOBas MallMHA),
uaeanbHbll mukia (cMm. uukia KaphHo), oOpaTMMocTh W HEOOpPaTUMOCTh TEPMOAMHAMUYECKHUX
IIPOLIECCOB.

B 1828 rogy Kapno octaBui BoeHHyto ciyx0y. Hecmorpst Ha To, uro 1830 romy mpou3soruia
odepenHas (hpaHIly3CKasi peBOMIOLNSA, OH MPOIOHKala MHOro paborars. Ymep Kapno B 1832 rony B
Bo3pacte 36 JEeT OT XOJIEPHI.



https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B5%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA

Hoxeitme IMpéckort Iikoyns (1818-1889) anrnmiickuii  usuk,
BHECIIMNA 3HAYUTEIBHBIN BKJIAJ B CTAHOBJIEHHWE TEPMOJIMHAMHKH.
Ponuncst B ceMbe 3aKUTOYHOTO BIIaJI€Iblia MMBOBAPEHHOTO 3aBO/IA B
Condopne 6au3 Manuectepa, MOIy4dHsl AoMallHee oOpa3oBaHUE,
OPUTOM B TEUYEHHE HECKOJbKUX JIET €ro Y4HUTeJIeM [0
SIIEMEHTAapHON MareMaTHKe, HavyajlaM XUMHU W (U3HKH ObLI
JlaJibTOH.

OnpITHEIM TyTEM 00OCHOBAJ 3aKOH COXPAaHEHMsI DHEPIHH,
YCTaHOBWJI ~ 3aKOH,  ONPEACISIIOIIMI  TEIUIOBOE  JEHCTBUE
AIIEKTPUYECKOTO TOKA, BBIYMCINI CKOPOCTh JABMXKEHUS MOJIEKYI
ra3a ¥ 3aBHUCHUMOCTb €€ OT TeMIiepaTypbl. Te€opeTHYecKHu H3ydal
OpPUPOAY TelJla U OSKCIEPUMEHTAIbHO YCTaHOBWJI €€ CBSI3b C
MEXaHHYECKON pabOTOM, YTO B pe3ysbTare MPUBEIO K KOHIICTIIHH
BCEOOIIEr0 COXPaHEHHUs HHEPruu, U obecrneymsno (HOpMYIUPOBKY
nepBoro 3akona tepmoauHamuku. CoBmectHo ¢ Tomconom (KenbBuHOM) paboTai Haj CO31aHHEM
a0COIOTHOW MIKAJNbl TeMIIepaTyphl, ONHUCAN SBJICHWE MArHUTOCTPUKIIMU, OTKPBUI CBA3b MEXKIY
TOKOM, TEKYIIUM 4epe3 MPOBOJHUK C OMPEACIEHHBIM COMPOTUBICHUEM W BBIJICISIONIUMCS TIPH
TOM KOJIMYECTBOM TemIoThl (3aKkoH [[koyns — Jlenna). Buéc 3HauuTenbHBIA BKIAJ B TEXHUKY
(U3MYECKOTO OKCIEPUMEHTA, YCOBEPIICHCTBOBAJA KOHCTPYKIHMM MHOTHX H3MEPUTEIBHBIX
puOOpPOB.

Pe3ynbrarel  3KCHEpUMEHTOB OIy0JINKOBAJ CTaTbe «O TEIUIOBOM  3ddekre
MarHUTO3JICKTPUUYECTBA U MeXaHWYeCKOM 3HaueHuu Teruiay (1843). B 1844 roay chopmynupoBan
MEePBbI BapHaHT 3aKOHA TEIIOEMKOCTH CJIOXKHBIX KPUCTALTUYECKUX TEJ, W3BECTHBIM KaK 3aKOH
Jxoyns — Komma, a 1864 romy pman ero TO4uHyH (OPMYJIUPOBKY M OKOHYATEIBHOE
HKCIIEPUMEHTAIILHOE TTOATBEPKICHUE).

OnbiTHBEIM yTeM B 1844 roay u3MepsieT TeIUIoBbIACICHUE MPU TIPOAABIMBAHUH KUJKOCTU Yepes3
y3kue TpyOKH, TeroTy mpu cxkaruu raza (1845), mozke cpaBHMBaeT 3aTpaThl HAa BpalleHUE
MEIIAIKH B XKUIKOCTH C 00pa30BaBIelics B pe3yabTare TpeHHs TeroToi (1847).

Yiibsam Tomcon, Jopa Kéabpun (1824-1907). Poauics B bendacre
(Upnanaust) B ceMbe M3BECTHOr0 MaTeMaThka. OKOHYUB KOJUIEK B
I'mazro (IHotnannus), noctynwi B KemOpuKckuii yHUBEPCUTET, 110
OKOHYAaHUM KOTOporo ortmnpaBwicsd B Ilapwx 17 CTaXXUpPOBKU B
naboparopun GppaHIry3cKoro ¢pusuka-skcrnepumentaropa A. Penso.

B 1846 r. Tomcon 3aHsn kadenpy ecCTECTBO3HAHHUS B
VYuusepcurere ['masro. OH 3aBenoBan kadeapoil ¢pu3uku B TeueHUe
53 ner, B mocinegHUE TOAbBl JKU3HU 3aHMMaJl IIOCT NPE3UJCHTA
yHHBepcuTeTa. B Kpyr  HMHTEpecoB  y4€HOIrO  BXOIMIHU
TEPMOAMHAMMKA, TUIPOAMHAMMKA, DJIEKTPOMArHeTU3M, TEOPHs
YIPYTrOCTH, TEIJIOTa, MaTeMaThKa, TeXHHMKa. EmE cTyaeHToM OH
OIyOJIMKOBaJ HECKOJIBKO cTaTel mo mpuMeHeHuto psjioB dypbe K
pa3nuyHBIM pazzenam (Gu3MkH; pa3zpaboTan MeToA «3epKajbHbBIX
M300pakeHUI JUTsl peneHus 3aa1a4 daekTpoctatuku (1846 r.).

[To3snakomuBmmce ¢ Teopemoit  Kapno, TomcoH  BbicKazanm  uae0  aOCOITIOTHOU
TepMoanHamuueckor mikanbl (1848 r.). OH chopmynupoBan BTOpOe Hayalo TEPMOJWHAMUKU
(1851 r.); 3aM0)XKMJI OCHOBBI TEOPHUM IIIEKTPOMArHUTHBIX KosiebaHuii M B 1853 1. BbIBEN
3aBHCHUMOCTh I€pHOJa COOCTBEHHBIX KOJIEOAHMII KOHTypa OT €ro €MKOCTH M HHIYKTHUBHOCTH
(popmyna Tomcona). B 1856 r. yu€Hblil OTKpBUT TpeTUil TepMOIUHAMUYECKUNA PheKT (3ddeKT
Tomcona).

TomcoH BHEC OONBIION BKJIAA B Pa3BUTHE MPAKTUYECKOTO MPUMEHEHHs HAYKU: OH ObUI IJIaBHBIM
HAy4HbIM KOHCYJIBTAHTOM IPH MPOKJIAJKe MEPBBIX TPAHCATIAHTUYECKUX Kabesel, CKOHCTPYHPOBAaJ
psI IEKTPOMETPUYECKHX M HABUTALIMOHHBIX NMpHOOpoB. M3BecTHBI uccienoBaHus ToMcoHa 1O
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TEIUIONPOBOIHOCTH, PAOOTHI 10 TEOPUHU HPUIMBOB, PACIPOCTPAHEHUIO BOJIH IO MOBEPXHOCTH, 10
TeopuH BUXpeBoro aBmxkeHus. B 1892 r. yuénomy Obu1 mokanmoBaH TUTy Jopaa Kensuna. B 1896
I. u30paH mouéTHHIM wieHoM IlerepOyprckoit akaieMun HayK.

Pynoand FOauyc Immanysias Kaaysmye (ums npu poxa. —
Pynoned Tormm6); 1822-1888 — Hemenkuit (usmk,MexaHuk u
MaTreMaTHK.

YuuBepcurerckoe obpazoanne Kiaysmyc momydwmn B bepnune.
[lepBast pabora Knaysuyca mo mMexaHH4ecKoil Teopuu Teruia Obuia
onybnukoBana B 1850 romy. B stom ke romy B ceHTsOpe OH
MOJyYWJI MIPUITIAIIEHHE Ha JIOJDKHOCTD Mpodeccopa B bepauHckyro
Koponesckyto apTuiepuiickyto nHxeHepHyto mkoay. C 1855 rona
— 3aHuMan kadenpy maremarumdeckoil ¢usuku B IlIBelnapckoii
[TonuTexHUYECKOM MIKOJE, TOTAA K€ IMOJYy4YW Ha3HAYEHUE B
yHnuBepcuteT [{ropuxa. B 1867 rogy oH mpuHsAa mpuIiianieHue Ha
JOJDKHOCTB Tpodeccopa B Bropulyprckom yHusepcurerte, a ¢ 1869
roga Ob11 mpodeccopoM B bonHe.

CrnaBy Knay3uycy co3manu ero padoThl IO TEOPETUUYECKON TEPMOJIMHAMUKE, JI0 HEro ObIBIICH B
MJIaJICHYECKOM TMepHOJe pPa3BUTHUS; JHIb Onaromapst Tpynam Kiay3uwyca, OIHOBPEMEHHO C
paboramu Jlxoyns, [enbmronbua u PeHkuHa, TepMOOMHAMHUKa IOJy4YWiIa OKOHYATEIbHYIO
pa3paboTKy.

B pabote «O mBmxymiei cuie TEIUIOTH U O 3aKOHAX, KOTOPBIE MOXKHO OTCIOJA TOIYYUTh IS
TEOPUU TEIUIOThI», omyosnkoBanHo# B 1850 r., Knaysuyc chopmynupoBan yTBepKIeHHE, KOTOPOE
MO3/IHeE Ha3Bal mennosou axcuomou: «Temmora cama coOONW HE MOMKET IMEPEXOIUTh OT Tela
XOJIOMHOTO K Tenmy ropsuemy». TeruioBas akcuoma Kiaysuyca crama mepBoil GpopMyaupoBKOM
BTOPOTr'0 Hayajia TePMOJMHAMUKH, HBIHE U3BECTHOM ceiuac Kak ghopmynuposxa Knayszuyca. B psne
MOCNEAYIOIUX padoT Mo MexaHudeckor Teopun tera Kiaysmyc yTouHUI CBOIO (OPMYITHUPOBKY
BTOPOT'0 Hayajia U J0Ka3ajl HECKOJIbKO HOBBIX TEOPEM, HOCSILUX TENEPh €ro UMs.

B 1865 r. mosiBunace pabora «O pa3inyHbIX YAOOHBIX Ul HpUMEHEHHs (opMmax BTOPOTo
HayaJla MaTeMaTU4YEeCKOM TEOPUH TEILIOThD», B KOTOpoi Kiay3myc BBEN NOHATHE BaKHEWIIEE IS
TEPMOJIMHAMUKHU SHTPOIIHH.

bnaromaps sicnoctu um3noxkenus Kiaysnyca mexaHuueckas TeOpHsl TeIUla B CaMOM Hadaje
CBOETO Pa3BUTHUS CTaja MPUMEHATHCS U K OOBSICHEHUIO SIBIEHUH U3 COBEPIIEHHO APYroi o0sacTH
HayyHoro 3HaHus. Tak, B 1867 r. ycTaHaBIMBaeTCs aHAJIOTUS MEKIY UCIApEHUEM U Pa3lIoKEHUEM
XUMHUYECKUX COECTMHEHUM.
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1.1. Ocnoenvle nonamus Xumudecko mepmoOuHaAmMuKu
Tepmoounamuueckan cucmema

TepMonnnamMuveckasi cucTeMa — 3TO 4YaCTh MPOCTPAHCTBA (MATePUAJILHOIO
MHpPA), OTAeJEeHHAass OT OKpYy:Xawiueid cpeabl BOOOpaxKaeMbIMH WIH
(pu3nyecKUMH TPAHMLIAMH, KOTOpasi MOJABEPrHYTa HU3YYEeHHI) WJIH
pPaccMOTPEHMIO.

(docmamouno uacmo 6 mepmoouHamuxe npumeHsemcs noHamue Bcenenmas, rkax
cunonum OKpyorcarouas cpeoa)

Cucmema omkpeimaa — CUCTEMa, KOTOpas MOXXET OOMEHMBATbCA C
OKpYXalollel Cpeloil Kak BEIIeCTBOM Tak M 3Heprueu. llpumepoM nomoOHOM
CUCTEMBI MOXET CIIY>KUTh OTKPBITBI CTaKaH C BOJOM.

Cucmema 3aKkpvimasn — cuictemMa, KOTopasi He MO>KET OOMEHHBATHCS BEILIECTBOM
C OKpYXalollel cpeaioi, HO MOKET OOMEHUBATHCSI IHEPTUEH, HANIPUMED, 3anasHHas
aMITyJjia C BEUIECTBOM.

Cucmema u3onuposannas — CUCTEMa, KOTOpash HE MOXKET OOMEHHMBATBCS C
OKpYXKarolIel Cpelor HU BELIECTBOM, HU dHeprueil. IIpumep: 3akpbIThili TEpMOC.
N3onupoBaHHas cucTteMa Beerja u30xopHas V=const.

TepMOI[I/IHaMH‘ICCKI/IC CHCTCMBI MOI'YyT OBITH T'OMOI'CHHBIMHU NI
T'CTCPOTCHHBIMMU.

TI'omozennasn cucmema —Meofcdy OMOENbHbLIMU YACMAMU Hem noeepxHocmu pa3defza.

I'emepozennaa (munozogaznasn) cucmema — medcoy Hacmsimu Cucmemvl echiv
Nno8epxXHOCMYb (epanuya) pazoea.

da3za — r1OMOreHHasi (OXHOPOAHAS])) YACTh TI€TEPOreHHONl CHCTEMBbI,
OrpaHUYeHHAs MOBEPXHOCTHIO pasaeJia U XapaKTepu3yoLasics
O/IMHAKOBBIMH BO BCeX TOYKAX (U3NYECKUMU U XUMHUYECKUMH CBOMCTBAMM.

[IpumepoM OMHOKOMITOHEHTHON MHOTO(A3HOW CHCTEMBI MOXET CIY)KUTh CTaKaH C
BOJIOM, B KOTOPOM HaXOMUTCS Kycouek Jpaa (Tpu (as3wl- razooOpasHas, TBEpaas,
xuakas). B kadecTBe mpumepa ogHO(pA3HON IBYXKOMIIOHEHTHOW CHUCTEMBI MOYKHO
IIPUBECTU PACTBOP IJIFOKO3BI B BOJIE.

Tepmoounamuueckue napamempol

Maxpockonuueckue mepmoouHamuyeckue napamempuvl — 370 TEPMOJUHAMUYECKUE
BEJIMYMHBI, XapaKTEPUIYIOIIUE COCTOSTHUE CUCTEMBI.

TepMO)Z[I/IHaMI/IIICCKI/IC napamMEeTpsbl ACIATCA HA IKCTCHCHBHBIC 1 HHTCHCHBHBIC.

IKkcmencugnvle (pakmopvl IKCMEHCUBHOCcmu) — OSTO TEPMOJUHAMUYECKUE
napameTpbl, BEJIMYMHA KOTOPBIX 3aBHCUT OT KOJMYECTBA BEIIECTBA CHUCTEMBI
(manpumep, Macca, OO0BEM, »dHeErpus). OKCTEHCHBHBIE NapameTpbl 00JagaroT
CBOMCTBOM aJyINTUBHOCTH (VX 3HAYEHUSI CYMMHUPYIOTCS).
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Humencuenvie  napamempuvt  (¢pakmopvl  UHMEHCUBHOCMU)  —  DMO
MepMOOUHAMUYECKUe NaAPaAMempbl, BeIUYUHA KOMOPLIX He 3A6UCUM OM MACChl
(HampuMep, Temmeparypa U AaBieHue). MOKHO OHOBPEMEHHO YBEIWYUTH Maccy U
00BEM CHUCTEMBI B JIIO0O€ YHCIIO pa3, MPH STOM TEMIIeparypa M JaBICHHUE OCTAHYTCS
MIOCTOSTHHBIMU.

BOBIMIMHCTBO YEIBHBIX BEJIMYWH, KOTOPBIE OTHECEHBI, HAIPUMEpP, K CIUHUIIC
Macchl WM 00bEeMa TaKXKe SBIISIOTCS WHTCHCUBHBIMH (KOHIICHTpAIUsS, IUIOTHOCTD,
TETUIOEMKOCTD ).

IHepeus.

Bnepsoie TepmuH suepeus Obul ucnonb3zoBaH B 1807 romy Tomacom HOnrom
B3aMEH TOHATHS orcusas cuna. YwibaMm TomcoH (jopn KenbBuH) BIiepBbIe
UCIIOb30BANl TEPMUH «KUHemuyeckas snepausi» He no3xe 1851 roga, a B 1853 romy
VYuabsiMm PeHKUH BriepBbI€ BBEN MOHATUE «HOMEHYUATIbHAS IHEPSUSL.

& DJuéprust (ap.-Tped. €véPyelo. — JEUCTBHE, NEATEIbHOCTh, CHjA, MOIIb) —
du3nyeckasi BeJIMYHHA, SIBJSIOIIASICA €IHHOH Mepoi pa3iu4HBIX (opm
ABUJKEHUSI W B3aNMMOJEHCTBUSI MaTepuu, Mepoil mepexona IBHKeHHS
MaTepuu U3 OIHUX (pOpM B Ipyrue.

& DHEPrus — TO CMOCOOHOCTH COBEpPIIATH PadoTy.
Ennnuna nzmepenus snepruun kanopus (Kair) u B cucteme CU — mxoyins (x).
1 Kan =4,18 JIx.

1.2. Buympennan 3nepeus, menaoma, paboma

BHyTpeHHHH JHEPrusi CUCTEMbI — I3TO MOJIHBIM 3amac JHEPIrum CUCTEMbI 3a
HCKJIIOUEHHEM MOTEHIUAJIbHOH OHEPIrum II0JOKCHHUA M KHHETHYECKOH
OHEPIUM ABUKCHUA CUCTEMbI KaK LE€JI0I0.

Cocrapnstoinye BHyTPEHHEN YIHEPTUM CUCTEMBI:

— KHHCTHUYCCKAast OHCPIuAd MMOCTYNIaTCJIbHOTI O, BpamaTCJIbHOTO u
K0J1€0aTeNLHOTO ABUIKCHUS MOJICKYII,

— MOTEHIMAJIbHAS DHEPTHSI B3AUMOJIECHCTBHSI AaTOMOB U MOJIEKYJI;
— BHYTPHUATOMHAsI U BHYTPUSAEPHAS SHEPTUH.

Buympennasa snepeus aensemca pynkyueii cocmoanusn cucmemol. Qynxyueri
coCmosiHus Ha3bIBACTCSl Takas MEPEMEHHas XapaKTePUCTHKA CHUCTEMBI, KOTOpas He
3aBUCUT OT NYTU MPOTEKAaHUS TPOIECCa, a 3aBUCUT TOJHKO OT HAYAIBLHOTO H
KOHEYHOTO CcOCTOSIHUS cucTteMbl. [lepen GyHKIMe# coCTOSIHUS BCeTja CTaBUTCS 3HAK
nosiHOTO Muddepenimana.

Ha ceromHsmHuii 1€Hb MOJHBIM 3a11aC BHYTPEHHEN YHEPTUU CHUCTEMBI HE MOYKET
OBITh paccuuTaH WIM H3MepeH. OgHAKO MOXHO pacCuuTaTh W HU3MEPHUTH €¢
n3menenue (AU=U,-U)).
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https://ru.wikipedia.org/wiki/%D0%AE%D0%BD%D0%B3,_%D0%A2%D0%BE%D0%BC%D0%B0%D1%81
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https://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D0%BD%D0%B5%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%8D%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%BD%D0%BA%D0%B8%D0%BD,_%D0%A3%D0%B8%D0%BB%D1%8C%D1%8F%D0%BC_%D0%94%D0%B6%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D1%82%D0%B5%D0%BD%D1%86%D0%B8%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D1%8D%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D1%8F

Temora (Q) — cmocod mnepexayd HHEPrUd MNYyTeM HEYNOPHAIAOYEHHOTO
JABHKEHUS YACTHIL.

PaGora (W) — 310 cnoco0d mnepenaum 3JHEPruM IyTeM YHOPSI0YEHHOIO
JABUKEHUS] YaCTHII.

Taxum o0pazom, TemioTa u paboTa — 3TO JBa cioco0a nepeaynd SHEPTUH.

Bue nepedauu snepecuu He cywiecmeyem HuU meniomvl U HU pPAdOMbL
Hekoppekmno ymeepxcoams, umo cucmema ooOaadaem 3anacom meniomovl u
pabomul — cucmema oonaoaem 3anacom IHepull.

B xome mnepemaum oSHepruM B BHAE TEIla OJHA CUCTEMa YCBAMBAaET
HEYIOPSIAOYECHHOCTh JBM)KEHHUS 4dacTUL Apyrou. Ilepemaya temuia mpomcxoauT 10
HACTYIUIEHHsS TEIUIOBOrO paBHOBecHs. lIpm 3TOM BbIpaBHMBAeTCs CpEnHsA
KMHETUYECKAass JHEPIUsl JBW)KEHUS YaCTHUIL, a, CIJIENO0BATENbHO, BBIPABHUBACTCS
TeMIlepaTypa B3auMOIEUCTBYOMUX cucteM (puc. 1.1-1.2).

HeynopsinoueHHoe  IBM)KEHUE  YAaCTHI[ HA3bIBAETCS  TAKXKE  TEIJIOBBIM,
XaoTUu4eckuM win OpoyHoBckuM. ([Ipo mpupomy TemgoBOro IBUKEHHUS YACTHUIL
yuTanTe B pazzaene « Temmeparypay).

Ternora u pa60Ta HC SABJIAIOTCA q)YHKIII/ISIMI/I COCTOAHUA CUCTCMBI.

Cuctema 1 Cuctema 2 Cuctema 1 Cuctema 2
(ropsiuasi) (xonogHas)

Q W
ﬁ q
Puc. 1.1. IIpu xontakte Cucrema 2 yceausaem Puc. 1.2. Cucrema 2 yceausaem
HEYMOPSAT0YEHHOCTD IBIKEHUS YaCTHUI[ YHOPSAIOYCHHOCTh (KOT€PEHTHOCTH) IBUKEHUS
Cuctemsl 1. [lpoucxomut nepegaua sHeprun B yactull Cucremsl 1. Cucrema 1l cosepiaer
¢dopme Temna ot Cuctems! 1 k Cucreme 2 padory Han CucremMoii 2

BuyTpennss sHeprusi sBisieTcs @ymxkyueli cocmoauus. Temota u paborta
SABIISIOTCS hynkyusamu nymu. Ecnu cucrema nepexonut u3 coctosinus I B cocTosinue
IT (puc. 1.3), TO u3BMeHEHUE BHYTPEHHEW SHEPTUU ONPEETACTCS TOJIKO HauyalbHbIM
U KOHEYHBIM COCTOSHHUSMH, a paboTa W TemjIoTa MOTYT OBITh JIIOOBIMHU, B
3aBUCUMOCTH OT TOTO, TI0 KAKOMY ITYTH B MPOCTPAHCTBE MPOTEKAET MPOIIECC.
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(AU, 0. WD)

U(T1p4) @

[aTan), oan. wn)) U(T2p,)

U(T,p,)-U(T, p) =AU)=AUUI)
O(I) = OUD). W(I) = W(II)

Puc. 1.3. [lepexon TepMOIMHAMUYECKOM CUCTEMBI U3 COCTOSIHUS | B cocTosiHUE 2

Bennuunbl AU, Q uw MOI'YT UMCTB KaK ITOJIOKUTCIIBHBIC, TaK 1 OTPUIATCIIBHBIC
3Ha4YCHHA.

— B TepMoauHaMuKe MOJIOKUTEIbHBIM CUUTAETCS TAaKOE€ HM3MEHEHUE SHEpruH,
KOI/Ia B pe3yJibTaTe MPOTEKaHUs Ipollecca BHYTPEHHSISI SHEPIrUs B CUCTEME
yBennuuBaetcs (TepMoauHamuyeckoe npaBuiio 3HAKOB. )

— Tennora, monydyeHHas CUCTEMOM, CUMTAECTCA MOJIOKUTEIBHOM BEIWYMHOW, A
OTJAHHAsl CUCTEMOM BO BHEIIHIOKO CPENY — OTPULIATEIIBHOM.

— Tak kak B MeXaHUKE MpHUHATA OOpaTHAas CUCTEMa 3HAKOB, TO padoTa
paclIMpeHus, CoBeplIIaeMasi CHCTEMOW HaJ BHEIIHEHW CpEllOM, CUHUTAeTCA
IIOJIOKUTEIIBHOM, a COBEpIIaemMasl HaJl CHCTEMON — OTPULATEIIbHOM.

Paznuuarot paznuunbie BUIbI pabOThl: Kak padoty pacmupenus (PdV), tak u apyrue
BUJIBI TIOJIE3HON paboThl: padOTy COBEPIIAEMYIO MPOTUB DIEKTPUUYECKUX WIU
MarHUTHBIX CHJI, pabOTy MO CO3JJaHUIO MOBEPXHOCTHU U T. II.

Tunsl padoTsl BeipaxxeHnust 14
oW

PaGora pacmmpeHuss wWiIM CKaTusi CcUCTEeMbl (paboTa oW =pdVv
pacHIMpeHus raza)
DnexTpoxuMuueckas padoTa MPOXOXKIEHUS 3apsla z uepes oW =-Edz
SYEHKY C AJICKTPUYECKUM MTOTCHIUAIOM £
PaGora co3gaHusi TOBEPXHOCTH S B CHUCTEME C OW =c dS
MTOBEPXHOCTHBIM HATSDKCHHEM O
PaGora momHATHS CUCTEMBI Maccod m Ha BBICOTY h B OW =mg dh
I'PaBUTAIMOHHOM TI0JI€ C YCKOPEHUEM CBOOOIHOTO MaJICHUS g
PaboTta pacTspkeHHs WM CKaTUSl Ha JUTMHY [ MPYXUHBI WA OW =kdl
AIIACTUYHOTO MaTepraia ¢ Kodhdummentom ynpyroctu k
MarauTtHass paboTa, TpOW3BEACHHAs HAJ BEIICCTBOM C oW =HdM
MarHUTHOM  moJispu3auued M B MAarHUTHOM  IIOJIE
HANPSKEHHOCThIO H
DnekTpudeckas pabora, Mpou3BEJEHHAs HaJ BEIIECTBOM C oW =—¢ EdP
AJIEKTPUYECKON TOJApU3auued P B DBIEKTPUYECKOM I10JIE
HaNpsHKEHHOCTBIO E
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1.3. Temnepamypa. Hynesoe nauaino mepmoouHamuku

BakapIM 3TarioM B pa3BUTHM YUYEHHUS O TEIUJIOBBIX SBJICHHUSX OBLIO BBISBICHUE
pa3Iuuusg MEXy MOHATHUSIMHU «KOJIMYECTBO TEIUIOTBHDY U «TeMmIiieparypa». llepBrim,
KTO YeTKO CGhOPMYIHPOBAI MBICIhL O HEOOXOIUMOCTH HUX pa3IHMYCHHS, ObLI
IOTJIaHICKUM yueHbI J[x. biok.

Temneparypa — 3T0 Mepa TepMOAMHAMHYECKOT0 (TEMJI0BOr0) PaBHOBECHS
MaKPOCKOMUYECKOi CHCTEMBI.

Temmeparypa sBISI€TCSI MHTCHCUBHOW BEJIMYMHOM, HE 3aBHUCSIIICA OT MAaCCHI
CUCTEMBI, T.€. TEMIIEPATypa HE 00IaaeT CBOWCTBOM aIUTUBHOCTH.

Temneparypa SABISIETCS YHCTO CTATUCTHYECKMM IIOHATHEM. [ OBOpUTH O
TEMIIEPATYPE, HAIPUMED, OAHOU MOJIEKYJIBI HE KOPPEKTHO.

«...MEpUIOM MeMnepamypbl SGIAeMcs He Camo O8UdCeHue, a XAOMuyHOCHb
9moeo  OgudiceHus.  XaomuuHOCmMb  COCMOSIHUSL — mena  onpeoesiem  e2o
memnepamypHoe cocmosiHue, u dma uoes (Komopasi énepsvie ObllA pa3pabomaua
bonvymanom), umo onpedenénnoe memnepamypHoe cocmosiHue menda 608ce He
onpeoensemcst dHepeuell O0BUNCeHUS, HO XAOMUYHOCHbIO 2MO020 OBUNCEHUS, U
A67151emcsi memM HOBbIM NOHAMUEM 8 ONUCAHUU MEeMNEPAMYPHLIX ABNEeHUL, KOMOPbIM
Mbl 00cHbL noavzosamucA...» 11.J1. Kanuna

Taxum obpazom, memnepamypa ompax3xcaem KUHEMUUECKYIO IHEPIUIO
HEeYNnOPAOOUEHHO20 (XAOMUUECKO020) 0BUNCEHUA YaCmUY (AMOMO8 U MOJIEKY]l), U3
KOMOPbIX COCMOUm 0AHHAA MEPMOOUHAMUUECKAA CUCHEMA.

B 18272 amenuiickuii 6omanux bpoyw, nabnooas 6 MUKpockon o0sudicenue
836CUICHHBIX YACMUY YBEMOYHOU NbLIbYbl 6 B00e, YCMAHOBUL XAOMUYECKULL
xapaxmep ux nepemewenus. Tooxce MOJNCHO 0bL10 HAOIOOAMb U C NLLIUHKAMU,
836eUleHHbIMU 68 8030yXe. FmenHo 3mo becnopsoounoe, xaomuueckoe nepemeujenue
8 2aze Ul HCUOKOCMU MUKPOCKONUYECKUX 838CULCHHbIX YaCMUY NOJYYUILO HA38AHUE
OpOYHOBCKO20 08UdICEHUA. DKCNEePUMEHMAIbHO Obl10 YCMAHOBIEHO, UYMO 3MO
0BUdCEHUE YCUNUBAEMCSL C NOBbIUUEHUEM MeMNepamypbl, 3aeUCUmM Om 613KOCMU
cpeovl, Om pazmepos 836euieHHbIXx uacmuy. Toavko cnycma 80 jnem smomy
Quzunueckomy seneHulo 0bLIO O0AHO Mmeopemuyeckoe o00bvsCHeHue 6 pabomax
A. Dtinwmetina u I. Cmonyxoeckoeo, Komopwsle He3a8ucumo opye om opyea
YCMAHOBUNU,  YMO  NEPEONPUYUHOU  OPOYHOBCKO2O0 — OBUJCEHUS  ABIAemCs
cyujecmeosanue 8 2aszax U JHCUOKOCMSX amoMo8 UIU MOJeKYl, KOmopwvle camu
CcOBepUIalOM — HEeNpepuleHOe — XAomuyeckoe  O08UdCEHUe,  CMAIKUBAIOMC  CO
836CULCHHBIMU  YACMUYAMU U Nepedaionm NOCAIeOHUM KOIUYECMBO OBUINCEHUS U
snepeuio. Ho 6 cuny cayuaiinoeo xapakxmepa cmonkHO8eHUL U HEYPABHOBEULEHHOCU
Y0apos co CMOPOHbL 4aACMuUy Cpeodbl N0 B36CULCHHbIM YACMUUAM U COBEPULACTNCS
NOCNIEOHUMU YROMSAHYMOE OPOYHOBCKOE 08UMCCHUE.

Takum  oOpa3oM, dYeM BbBIIIE TeMIeparypa, TEM  BBIIIE  JHEPTUS
HEYNOPSIAOUYEHHOTO (TEMJIOBOT0) JBWXKEHHS 4acTull. J[J1 OJHOATOMHBIX MOJIEKYI
(uaeanbHBIM Ta3) MOBBIMIEHUE TEMIIEPATYPhI SIBISETCS OTPAKEHUEM YBEIUYCHUS
KUHETUYECKOW DJHEPruyd MOCTYNATENIbHOTO JBWXKEHHUS MOJIeKyn. s  onHou
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MOJICKYJIbI CPCAHAA KUHCTUYCCKAA DHCPTI WA €€ ABMIKCHUA PABHA!

m 3
Ew=—kr-T=—kr-T
k=5 kg T=7kp T, (1.1)

rjae m=3 — YHUCIO0 CTENeHeW CBOOOABI MOCTYNATEJIbHOIr0 IBIKCHHUS (X, Y, Z);

2 v
ks=1,38-10> /K — mocrosuuas bombimana; T — Temmeparypa B aGCONIOTHOM
HIKAJIE.

JUJist OTHOTO MOJIb MOJIEKYJ CpEIHSIsE KUHETHYeCKass SHEpPrus HX JIBUKEHUS
paBHa:

m 3
Ex=—R-T==R.T
K > > , (1.2)

rae R=8,314 JI/monsK — yHuBepcanpHas razoBasi TOCTOSTHHAS.

JIns MHOrOaTOMHBIX MOJIEKYJ K DHEpPrUM IOCTYNAaTEJIbHOIO JABUKECHUS
NpUOABIISIETCS DHEPIHsl BpAIATEIBLHOTO (CIIMHOBAs COCTABIISIIONIAS) JIBHXKCHMS.
JIByxaroMHas moJekysa (puc. 1) MOKET COBEpILIATh MIECTh HE3aBUCUMBIX JIBUKCHUI:
TPHU MOCTYMATENIbHBIX IBUKEHUS BAOJb ocel X, Y, Z 1 1Ba BpallleHUs] OTHOCUTEIbHO
oceit X u Y. Bpalienue OTHOCHUTEIHLHO OCH Z, Ha KOTOPOM JieKaT HEHTPhl 000MX
aTOMOB, MOXXET OBITh BO30Y)KJI€HO TOJIBKO MPH OYEHb BBICOKHUX TEMIIepaTrypax.
Kaxxnoe He3aBUCHMOE JABUKEHHE HA3bIBAECTCS CTeNeHbI0 cBOOOABI. TakuMm oOpazom,
OJTHOATOMHAsI MOJIEKyJla UMeeT 3 MOCTymHaTesibHbIe CTETIEHU CBOOOJBI, IByXaTOMHas
MOJIEKYyJIa UMEET 5 cTeneHeit cBo0obI (3 mocTynaTesbHbIe, 2 BpalllaTeIbHbIE):

3 2 5
EK:EkB'TJFEkE‘T:EkB'T- (1.3)
¥
]
A
o \U X
7z

Puc. 1.4. IloctynarenbHas 1 BpaliaTelbHasi COCTABIIAIOIINE JBUKEHHS IBYXaTOMHON
MOJIEKYJIBI

W3mepenue TeMmneparypsl 6a3upyeTcsl Ha HyJ€BOM Hadajle TePMOAMHAMHUKH.

HyneBoe Hauaio tepmoauHamukn (teopema @aynepa, 1931 r) — ecam aBa tesa
HAXOAATCHA B TEIMJOBOM PAaBHOBECHMH € TPeTbMM, TO OHH HAXOAATCH B
TEIJIOBOM PABHOBECHH JPYT C APYyroM.

JInst u3MepeHust TeMIiepaTypbl IPUMEHSAIOT YCTPOMCTBO — TepMoMeTp. OCHOBHBIM
DIIEMEHTOM TEPMOMETpA SBISIETCA TEPMOMETPUYECKOE TEJIO, HANPUMED, JIA
PTYTHOTO TEpPMOMETpa TEPMOMETPUYECKHM TEJIOM sBisieTcss pryTh. Paborta
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TEpMOMETpa  OCHOBaHAa  Ha  3aBUCHUMOCTH  OIPEAEIEHHOIO  IapameTpa
TEPMOMETPUYECKOTO TeJla OT TeMIIepaTypbl. TakuM mapameTpoM MOXKET ObITh:

— 00bEM Ta3za WIN KUAKOCTH (Ta30BbI€ U KUKOCTHBIE TEPMOMETPHI);

— BIIEKTPONPOBOAHOCTH MTPOBOJIHUKA;

— DJIEKTPOABWKYLIas CUJIa, BO3HHUKAIOWIAs I[pU HArpeBaHWU Chas JBYX
Pa3HOPOJHBIX METAJUIOB (TEpMOIIapa);

— TEOMETpPUYECKHE TMapamMeTpbl TBEPAbIX Tell (AWIATOMETPUYECKHE U
OMMeTaNTNYECKUE TEPMOMETPHI);.

— SIPKOCTbh CBEYEHHMS.

JU1st TOro, 4TOOBI ONPEAEIUTHh TEMIIEPATYPY OAHOTO TEJIA OTHOCUTEIBHO JPYroro
(T.e. OTBETUTh Ha BONPOC TEMIIEpaTypa Kakoro Teja BBIIIE, a KaKOTO HIXKE)
HEOOXOAMMO CHayaja MPUBECTH TEPMOMETP B TEINIOBOE PABHOBECHUE C MIEPBHIM TEIOM
U 3apUKCHpOBAaTh BEIMYMHY TEPMOMETPHUUYECKOTO MapaMeTpa (HampuMmep, BBICOTY
YPOBHSI PTYTH B KamWJUISIPE), @ 3aT€M MPHUBECTU B TEIJIOBOE PAaBHOBECHE CO BTOPBIM
TEJIOM W CPaBHUTh 3HAYCHUS 3a(DUKCHPOBAHHBIX MapameTpoB. Eciu ompenensembie
TEPMOMETPUYECKUE TapaMeTpbl OJMHAKOBBI, TO TeMmImeparypa Tena | paBHa
temrieparype Tena 2 (0-e Hawano tepMmoauHamuiku). Ecnu, Hampumep, BbicoTa
CTOJIOMKA PTYTU B PTYTHOM TEPMOMETpPE MPU PABHOBECHH C TIEPBBIM TEJIOM BHIIIIE,
4eM IPU PABHOBECHH CO BTOPBIM TEJIOM, TO MOKHO C/EJIaTh BBIBOJ O TOM, YTO IIEPBOE
TEJ0 ropsuee BToporo. OTHaKO TaKOM MOAXOJ K M3MEPEHUI0 TEMIIEPATyphl SBISETCS
Ka4€CTBEHHBIM.

JIns KOJIMYECTBEHHOTO W3MEPEHHsI BEIWYMHBI TEMIIEPATYPBl TEPMOMETP
(TEpMOMETPHUUECKOE TEJI0) AOHKEH OBITh MPEIBAPUTENBHO OTKAIMOPOBAH C YYETOM
IIKaJIbl TEMIIEPATYpP, B KOTOPOl HEOOXOAMMO MPOU3BECTH U3MEPEHUE TEMIIEPATYPHI.

Jlist mocTpoeHus 000 3MIUPUYECKON HIKaIbl TEMIEPATyp HCHOJB3YIOT TpU
JONYIIECHUS:

1) ena ogHOTO Tpajyca 3a/1aeTcsi BHIOOPOM YMCIICHHOTO 3HaUYCHUs BeTUYuHbl A7
MEXIy IBYMS PETICPHBIMU TEMITEPATYPHBIMH TOYKAMH — dTAJIOHAMHU TEMITEPaTyphI;

2) TOJOKEHHE TEMIEPATYPHOro HYyJs B SMIHUPUYECKUX NIKajgax sBIsSETCA
ITPOU3BOJIbHBIM;

3) npuHMMAaeTcs, 4YTO TepMOMeTpuueckas (YHKUMS JIMHEWHa B JaHHOM
WHTEpBAJIE TEMIIEPATYP.

TepMoMeTpbl KanmMOPYIOTCS MO 3TANOHY (9TajlOHaM) C U3BECTHBIMHU PETIEPHBIMU
Toukamu. Yaie BCEro pEemepHbIMU TOYKAMHU SBIISIIOTCS TeMmIeparypbl (ha3oBbIX
IIEPEXOI0B.

Ha cerogusminuii 1eHb TEMIIEpaTypy U3MEPSIOT B HECKOJIBKUX TEMIEPATyPHBIX
HIKagax:

— abcomroTHas mKaia remneparyp (mkana Kenpuna);

— mkaina Llenscus;

— mkaia GapeHreunra.

Abconromnasn wkana memnepamyp. llonarue abCONMIOTHOW Temmeparypbl OBLIO
BBeeHO YuibsimoMm TomcoHoMm (KenbBMHOM), B CBS3UM C 4eM IIKajly aOCOOTHOM
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TeMIIEpaTypbl  Ha3blBAlOT  WKanou  KempBuHA  WIM  TEPMOAMHAMHYECKOU
TeMrneparypHoi mkanoi. Enunauia abcomoTHoM Temneparypbl — kelbBuH (K).

AOcomoTHas 1IKaia TCMIICPATYpPbl HA3bBIBACTCA TAK, IIOTOMY YTO MCpa
OCHOBHOI'O COCTOAHHUSA HHIXKHCTO IIPCACiIa TCMIICPATYpPbI — a0COJIFOTHBIIM HOJIb, TO
eCTh HamOoJIee HM3Kas BO3MOXKHAS TCMIICpaTypa, IIpu KOTOpOﬁ B IIPUHIMUIIC
HCBO3MOJKXHO HU3BJICYb U3 BCUICCTBA TCINIOBYIO SHCPI'HIO.

Ulxana [envcus. llpennoxena Aungepcom Llenscuem B 1742 1. 3a Hynb
TeMIIepaTypbl Oblla HPHHATA TEMIeEpaTypa IUIaBlIeHMs nbaa, a 3a 100 °C
TeMIlepaTypa KUIIEHHsI BOJbI IPH CTaHAAPTHOM aAaBiieHMH. OJIWH rpaayc B IIKaie
[leabcusi COOTBETCTBYET OJHOMY TpaayCy B aOCONIOTHOW IKane Temieparyp. B
HACTOAIIIEe BPEMsI TeMIIepaTypa 1o uikane Llembens (t, °C) BbIpaskaeTcs B BHAE CBS3H
¢ abcomoTHo# Temneparypoii (T, K), kotopast umeeT Bu:

T=27315+t

llkana  @Dapenceuma. llpennoxxeHa HemeukuMm  yu€HbiM  ['aOpuenem
@apenreritoM B 1724 romy. B mkame @apeHrenTa TOYKa IUIABIEHHUS JIbJla PaBHA
+32°F, a touxa kumnenust Boas! +212°F (mpu crangaprHoM naBienun). IIpu 5ToM oguH
rpagyc Dapenreiita paBen 1/180 pasHoct trx Temneparyp. Juamason 0...+100°F
1o mkane MapeHreiiTa IPHMEPHO COOTBETCTBYeT auanasony -18...+38°C mo mxare
enbcusa. Honp Ha 3TOM mIKane ompenesnsercs IO TeMIIepaType 3aMep3aHus CMecu
BOJIbI, COJTH M HAIIATHIPS B cooTHomeHnH 1:1:1 (coorBercTByet nmpumepro -17,8°C), a
3a 96'F mpuHsATa HOpMAabHAs TEMIepaTypa denoBedeckoro tema. Llkamsr Llembcus u
®apenreiita nepecekarorcst mpu T = -40°C = -40F:

[°C] = g([OF] ~32)

1.4. Ilepsoe nauano mepmoouHamuKku

HepBo € Ha4yajao TECPMOJUHAMHKHA ABIISICTCSA YHUBCPCAJILHBIM 3aKOHOM
COXPAaHCHUA DHCPTUH.

CymiecTByeT HECKOJIbKO (POpMYJIMPOBOK TMEPBOrO Hayajga TEPMOAMHAMUKH,
KOTOPbIE PABHOLIEHHBI APYT IPYTy U BBITEKAIOT OJIHA U3 IPYTOi:

— B 3amKHyTOH cHcTeMe cCyMMa BcCeX BWIOB JHEpPruM IOCTOSIHHA; NPH HX
B3aMMOIIpeBpalllcHUH JHEPIUsl He TepsieTcsl U He co3aaercs BHOBb (Kuaysuyc).

— IToJiHbIi 3am1a¢ JHEPIUM B U30JIJUPOBAHHOM CUCTEME 0CTACTCH MOCTOSIHHBIM.

— Pa3Hble (popMBbI 3HEprumM mepexoAsiT APyr B APyra B CTPOro 3KBUBAJIEHTHBIX
KOJIMYeCTBaXx.

— BeuHbIdd ABUTaTe b MEPBOI0 POAA HEBO3MOXKEH, T.e. HEBO3MOKHO NMOCTPOUTDH
MAalluHYy, KOTOpas mnpou3BoAwia Obl padoTy, He 3aTpayuBas Ha 3TO
COOTBETCTBYIOLIEr0 KOJIUYECTBA IHEPTUM.

— Tenaora, coodmaemMasi cucTeMe, pacxoayeTcss Ha H3MeHeHHe BHYTpPeHHeil
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https://ru.wikipedia.org/wiki/%D0%9A%D0%B5%D0%BB%D1%8C%D0%B2%D0%B8%D0%BD
https://ru.wikipedia.org/wiki/%D0%90%D0%B1%D1%81%D0%BE%D0%BB%D1%8E%D1%82%D0%BD%D1%8B%D0%B9_%D0%BD%D1%83%D0%BB%D1%8C_%D1%82%D0%B5%D0%BC%D0%BF%D0%B5%D1%80%D0%B0%D1%82%D1%83%D1%80%D1%8B
http://ru.wikipedia.org/wiki/%D0%A6%D0%B5%D0%BB%D1%8C%D1%81%D0%B8%D0%B9,_%D0%90%D0%BD%D0%B4%D0%B5%D1%80%D1%81
https://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D1%80%D0%B5%D0%BD%D0%B3%D0%B5%D0%B9%D1%82,_%D0%93%D0%B0%D0%B1%D1%80%D0%B8%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D1%80%D0%B5%D0%BD%D0%B3%D0%B5%D0%B9%D1%82,_%D0%93%D0%B0%D0%B1%D1%80%D0%B8%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/1724_%D0%B3%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%90%D1%82%D0%BC%D0%BE%D1%81%D1%84%D0%B5%D1%80%D0%BD%D0%BE%D0%B5_%D0%B4%D0%B0%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D0%B4%D1%83%D1%81_%D0%A6%D0%B5%D0%BB%D1%8C%D1%81%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D0%B4%D1%83%D1%81_%D0%A6%D0%B5%D0%BB%D1%8C%D1%81%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D0%B2%D0%BE%D0%B5_%D0%BD%D0%B0%D1%87%D0%B0%D0%BB%D0%BE_%D1%82%D0%B5%D1%80%D0%BC%D0%BE%D0%B4%D0%B8%D0%BD%D0%B0%D0%BC%D0%B8%D0%BA%D0%B8

IHEPIUA U COBECPIICHUEC CHCTEeMOM paﬁoTbI IIPOTUB BHCIIIHUX CHUJI.

B I[I/I(i)(bepeHHI/IaJIBHOM BHUAC MATCMATHUYCCKAA 3allUCh BbIPAKCHHA IICPBOTO
Ha4daJjla TCPpMOANHAMUKU

B unTerpansHoM BuAe:

Q=AU+W (1.5)

Paccmorpum mpumeHeHue 1-To Hadanma Ha MpUMeEpe Ta3a, HaxOASIIEToCs B
IWIMHAPE TIOA HEBECOMBIM mopirHeM. [Ipm 3ToM coBepiaemas MaKCUMaJbHAs
pabota OyneT SABIAThCS PabOoTOM pacCIIMPEHHUS:

\J)
W= IPdV ’ (1.6)
Vi
HNJIN B I/IHTerpaJIBHOM BHU]IC:
W=PAV (1.7)

3anuiiem BbIpakeHue 1-ro Hayaiaa TepMOAMHAMUKH:

Q=AU+PAV (1.8)

Paccmotpum npoBeieHne npoliecca B pa3IMuHbIX YCIOBUSIX.
- H3oxopnvie ycnosus (V=const).

[Topirens HemonBIKeH (3akiuHeH). Pacimpenus ra3a nmpu cooO1eHny TerioThl Q
He npoucxomut (AV=0), pabora pacmupenus paBHa Hyiao (PAV=0). 3anumem
BbIpaXkeHue |-ro Havana:

Qy =AU (1.9)

(uanexc V y termnotsl Q 0003HaYaeT U30XOPHBIE YCIOBUSI MPOBEACHUS TIpoliecca)

Hpu U30XOPHOM npoee@eHuu npoyecca menjioma, COO6WCI€M(I}I cucmeme,
NONIHOCMbIO UJem HA U3MEHEeHUe ee 6Hymp€HH€ﬁ JHepzuu, m.e. Ha HacpesaHue
casda.

— H300apuvie ycnoeusn (P=const).

YacTh TETUIOTHI UIET HA U3MEHEHUE BHYTPEHHEHN YHEPTUH, @ YaCTh HA COBEPIIICHUE
paboTHI pacIupPEHUS:

Q=AU+PAV ; (1.10)
Q=(Uy—~U+(PV,-PV) (1.11)

[Ieperpynmupyem:
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Q=(Uy +PV,)—(U;+PV}) (1.12)

B ckobkax U, P u V sBistorcs GyHKIIUSMU COCTOSIHUS CUCTEMbl. BBeeM HOBYIO
¢yukuuio cocrosaus — IHTAJIBITNIO:

H=U+PV (1.13)

Takum 06pazom, TemioTa, coodmaemasi cucreMe, B U300apHBIX YCIOBUSAX UIECT Ha
VU3MEHEHHE SHTAJIBIINYA CUCTEMBI:

Qp=AH (1.14)

M3mMeHeHHe DSHTaIbIIMUA OTIMYAECTCS OT W3MEHEHUSA BHYTPEHHEH OJHEpPIuM Ha
BEJIMYUHY PabOThl paCUIUPEHHUS:

AH=AU+PAV_ (1.15)

BHyTpeHHﬂH IHEPTUA H IHHTAJBIIHUA HIACAJTBbHOI0O ra3a 3aBUCAT TOJIBbKO OT

TeMIeparyphbl:
(29 o2
dv )p \dP )y

— Aouadamuueckue ycaosusa (Q=0).
AU+PAV=0; (1.16)
AU=-PAV (1.17)

B aamabaruyeckux yciaoBHSX pabOTy MOXHO TOJNYYUTh 3a CUET YMEHBIICHUS
BHYTpEHHEHN sHepruu raza (oxyaxacHus). Bcio padoTy, coBepiaemMyro HaJ ra3oM,
MOKHO TIPEBPATUTH BO BHYTPEHHIOIO SHEPTUIO (HArpeTh Ia3).

— H3omepmuueckue ycnosus (AU=0).

Q=PAV (1.18)

TakuMm o00Opa3oM, B HW30TEPMHYECKHMX YCIOBHSIX COIMACHO 1-My Hayamy
TEPMOJMHAMUKHU MOKHO MOJTHOCTBIO PEBPATUTH TEIJIOTY B pabOTy M HA0OOPOT:

Q—>Wu W—oQ
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1.5. Tennoemrxocmeo

TemoeMKOCTh — 3TO KOJIUYECTBO TEIIOThbI, KOTOPOe HEOOXOAMMO COOOIIUTH
cucTeMe /IJIsl HATPEeBAHUSA €€ Ha OIMH I'PAJyC B OTCYTCTBHE 10JIe3HOI PadoThl.

«TennoeMKoCTh», KaK U «KOJIMYECTBO TEIUIOThDY — KpaliHE HEYIauyHbI€ TCPMUHBI.
OHM [10CTanuCh B HACIEJACTBO OT TEOPUHU TeMJIOPoAa, rocrnojctBoBaniieii B XVIII
BeKe. OJTa TEOpHs paccMmarpuBajia TEIUIOTy Kak 0C000€ HEBECOMOE BEIEeCTBO,
comepkamieecs B Tenax. CUuTanoch, 4TO0 OHO HE MOXKET OBITh HU CO3/IaHO, HU
yHUUYTOKE€HO. HarpeBanuwe Ten OOBACHSUIOCH YBEIWYEHHEM, a OXJAXICHUE —
YMEHBIICHHUEM COJIEPKAIIETOCS BHYTPM HHUX TEIUIOpoaa. Teopust Temiopoaa
HecocTosATelIbHA. OHAa HE MOXET OOBACHHUTH, MOYEMY OJHO U TO KE HU3MEHEHHE
BHYTPEHHEH SHEpPruu Tella MOXKHO MOJIyYUTh, MEperaBasi €My pa3HOE KOJIUYECTBO
TEIJIOTH B 3aBUCUMOCTH OT PabOThI, KOTOPYIO coBepmaeT teno. [loaTomy nuiieHo
(U3UYECKOTO CMbICTIA YTBEPXKIEHUE, YTO «B JAHHOM TEJE COAEPIKUTCS TaKOH-TO
3arac TEIIOThDY.

YineabHasi TEIUIOEMKOCTh — KOJHU4YECTBO TeILUIOThI, KOTOpPOe He00X0AMMO
co00IMTH 1 KI BemecTBa IJI HATPEBAHUS €r0 HA OJUH I'PaayCc B OTCYTCTBHE
M0JIe3HOM padoThI.

) K
Pa3MCpHOCTB YACIbHOU TCIIJIOCMKOCTH: Li:[ K:l .

MoJisipHasi TeNJI0EeMKOCTh — KOJHUYECTBO TeIIOThl, KOTOpoe He00X0anMo
coo0muTs 1 MOJBL BemecTBa /Jisi HArpeBaHHMs €ro Ha OIMH TIpPaayc B
OTCYTCTBHE MOJIe3HOI padoThI.

o Jx
Pa3zMepHOCTH MOJIIPHOM TEIJIOEMKOCTH: [—K .
MOJIb -

CMon:CyH'M. (1.19)

TeroemMkocTh ObIBaeT cpeaHedl u  ucTUHHOM. CpeaHsii TEMIOEMKOCTh
paccuuThIBaeTCs s nHTepBasa remneparyp T,-T;:

p Q
C=ﬁ. (1.20)

WctruHHas paccuuThIBAeTCS JJIS JAHHOM TeMmepaTyphl Mpu OECKOHEYHO MajioM
IIPUPALLICHUU TEMIIEPATYPHhI:

. 0
C= lim gz—Q .
AT->0T dT
B 3aBucMMocTH OT yCIOBHMH TIPOBEICHHUS IIpollecca TEIUIOEMKOCTh OBIBaeT
n3zoxopHoit (Cy) u uzobapuoii (Cp). X BeTMUMHBI OTIUYAIOTCS HA BEIMYUHY paOOTHI

pacummpenusa. s MOJAPHOM TEIUIOEMKOCTH HJI€AIbHOIO Ta3a BBIINOJHACTCS
COOTHOIIIEHNE, KOTOPOE Ha3bIBacTCs ypaBHeHueM Maiiepa:

Cp-Cy=R_ (1.21)
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TermmoeMKOCTh TIpH TTOCTOSIHHOM JAaBJICHHUH BCErAa OOJbINNE TEMJIOEMKOCTH IMPHU
MOCTOSIHHOM 00bEMe BCIIEACTBUE TOTO, YTO MPU HATPEBAHUM B U300apHBIX YCIIOBUSIX
4acTh COOOIIIAEMOro TeIula MpeBpaniaeTcsi B padoTy paciIMpeHus.

DusuuecKkull CMbICI YHUBEPCANbHOU 2a3080U NOCmosaHHOU R — smo paboma,
Komopyto cosepuiaem I monv uoeanvnozo 2aza npu Haepesanuu e2o Ha 1 K. (R=8,314
Jic/monvK).

TenmoeMKoCTh BCHICCTB 3aBHUCHUT OT TCMIICPATYPHI. I[aHHYIO 3aBUCHUMOCTD
BbIPpAXXaroT B BUAC CTCIICHHOI'O psAjda, I'IC a, b, cuc — CIIpaBOYHBIC TAHHBIC:!

Cp, =a+bT+cT? (ans oprannuecKux BEWIECTB). (1.22)
C'
Cp=a+DbT+ al (U1 HEOPTaHUYECKHX BEIIECTB). (1.23)

yHI/IBepCaJII)HOG BBIPAKCHHUC!

C,=a+bT+cT* +—
T2

(1.24)

[Ipu mpoTekaHUM XMMHYECKOW peakiuu OyJeT HaOIoIaThCsl U3MEHEHHE oOIeH
TEIUIOEMKOCTH PEAKIIMOHHON CUCTEMBI. PACCMOTPUM XMMHUYECKYIO PEAKIIUIO:

mM + nN = fF + gG;
WU3MEHEHHE MOJISIPHON N300apHOM TEMI0EMKOCTH Oy/IET paBHO:

AC, =(dC, + gC,)—(aC,, +bC,) .

C yuerom (1.24) u u3MeHeHUs COOTBETCTBYMOIIEro kodpdunuenta (Aa, Ab, Ac,
Ac') MOTy4rM U3MEHEHHE MOJISIPHOM TEMJIOEMKOCTH JIJIsl TAHHOM peaKIuu:

Aa = (da, + ga;)—(ma,, +na,) .
Ab = (db,. + gb;)—(mb,, +nb,,) .
Ac = (dc,. + gc;)—(mc,, +ncy) |

Ac'=(dc' . +gc';)—(mc,,+nc'y ) .
,  Ac'
AC, =Aa+ AbT + AcT +F _ (1.25)
Imnupuyeckue memoovl pacuéma menioémKocmu

TMononr u Iltm (1819) ycTaHOBWIM 3aKOHOMEPHOCTh, COIJIACHO KOTOPOU
MOJISIpHAsI TETUIOEMKOCTh METAJIJIOB MOCTOSIHHA M COCTABJISIET BETUUYMHY ONHM3KYI0 K

25 Jx/mMonsK:
Cge=25,2 Ix/monb-K; C;;=25,074 JIx/Monb-K;
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Cae=25,54 JIx/monb-K; Ca,=25,04 JIxx/Monb-K.

]_IJ'ISI HpI/I6JII/I)K€HHOFO pacucTa TCINIOCMKOCTH KPUCTAJIINYCCKUX BCIICCTB MOKHO
BOCIIOJIB30BaATbCA CIICAYIOIONMM IIPaBUJIOM: MOJEIpHAadA TCINIOCMKOCTL CJIOKHBIX
BCHICCTB B KPHUCTANIMYCCKOM COCTOAHMU PaBHA CYMMC MOJIAAPHBIX TEIIOEMKOCTEH
BXOAAIINX B HUX 3JICMCHTOB.

Konn u Heiiman (1831) Hamum MOJSIpHBIE TEIJIOEMKOCTH HEMETAJUIOB B
KPHUCTAJUIMYECKUX COeAUHEHUsIX npu 298K:

JJIEMEHT C H B Si O F P S

Cp, Ix/monp-K | 7,6 9,6 11,3 15,9 16,8 21,0 | 22,6 | 22,6

[Tpumep pacuera TermnoeMKOCTH cyibdara HaTpus Na,SOy:
Cp=225+22,6+4-16,8 =139,8 JIxx/mMomb-K.
OKCIIEpUMEHTAIBHOE 3HAYECHUE TEMJI0EMKOCTH cynb(ara HaTpus
KpucTaunaeckoro coctasisiet 128,1 Jhx/mons-K.

Hcxonsa m3 npaBuiia alIuTUBHOCTH, TEMJIOEMKOCTD CILJIaBa, COCTOSIIETO U3 JABYX
BELIECTB, MOXKET OBITh BHIYUCIIEHA MPUOIMKEHHO O YPaBHEHUIO:

Cp = XICPI + Xszz, (126)

rne Cpy, Cpy, — TEIUIOEMKOCTH YUCTBIX BEHIECTB; X X, — COJEpP’KAHHE BEUIECTB B
CIJIaB€, MOJILHBIC TOMIH.

Jlebail ycTaHOBWII, YTO MpU TeMIeparypax, OMU3KUX K aOCONIOTHOMY HYIIIO,
TEIUIOEMKOCTh KPUCTAIIOB, MMOCTPOCHHBIX U3 OIHOIO 3JIEMEHTA, WU JJIsl XJIOPUJIOB
OJTHOBAJICHTHBIX METAJIOB MOXKET OBITH OMUCAaHA IMITUPUUECKUM YPABHECHUEM:

C,=aT’, (1.27)
rac o — HeKOTOPaH ITIOCTOsAHHAsI.

B.B.TapacoB nmoka3zai, 4TO KpUCTAJLIbI CO CJIOUCTOW WM LEMHOW CTPYKTYPaMH,
OTIMYAIOTCSl O TEMIIEPaTypPHbIM 3aBHUCHUMOCTSIM OT KPHUCTAUIOB C TPEXMEPHOU
CTPYKTYypo#. JIJisi CIOUCTBIX CTPYKTYp (TUMA CItoabl) ypaBHeHue JleOast mpuHuUMaeT
BU/I:

2
Cy=a'T", (1.28)
rae o — Kod(PPUIUEHT, 3aBUCSIIUNA OT KOJIMYECTBA CIOEB B AJIEMEHTAPHOU sSUCHKe
CTPYKTYpbl;. T — abcontoTHas Temneparypa.

B crnydae ogHOMEpHON KPUCTAUTMUECKOW CTPYKTYpHI (THIA Kaydyka) dhopmyna
TapacoBa npuHUMaET BUA:

C,=a'T. (1.29)

JlanHoe COOTHOIIIEHHUE IIPUMEHUMO K pacu€ram TEIJI0EMKOCTU
BBICOKOMOJIEKYJISIPHBIX MTOJIMMEPHBIX CTPYKTYp B UHTEpBaje Temmeparyp 15-20 K.

TermoéMKOCTh HEOPTraHWYECKUX BBICOKOKHIISIIIIUX JKUJKOCTEH (pacrjiaBoB)
MPAKTUYECKA HE 3aBUCUT OT TEMIIEparypbl. DBeluucieHue TEIIOEMKOCTH
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BBICOKOKHUIISIIINX Heopranuueckux xkuakocreir (BeO, BeCl,, MgBr,) npoBoasT 1o
ypaBHeHuro Keu:

Cp, =32,43n, (1.30)
IJI€ N — YMCIIO aTOMOB, BXOJSIINX B MOJIEKYITY.

HpI/I OLICHKC TCIIOEMKOCTHU OpPraHUYCCKHUX BCIICCTB HUCIIOJIB3YIOT METOA aTOMHO-
TPYHIIOBBIX COCTAaBJIAHOIIHUX TGHHO@MKOCTCﬁ, IMOJIYYCHHBIX Ipu aHaJIN3¢
9KCIICPUMCHTAJIBHBIX TAHHBIX O TCIINIOCMKOCTIAX OOJIBIIOTO YHCIIA CO@I[I/IHCHI/Iﬁ

ATOMITI | oy | N 0- | 0=C{| NH, | -CeHs
rpyIma
C, x/moms*K | 4132 |58,16 | 6075  |615 |636 | 127.61

Hampumep, ucxons usz crpykrypHoit dopmyssl tonyona (CsHs-CHj), umeem:
C,=41,32+127,61= 168,93 [Ixx/mons-K.

DKCIEePUMEHTAIBHOE 3HAYEHUE TEIUIOEMKOCTH >KHIKOTO TOJIyoja COCTaBIISET
156,06 dx/Momns-K.

Pa3zpaboTka KBaHTOBOM  TEOPUHU TEIUIOEMKOCTH TBEPIOrO BEIIECTBA Obliia
BIEPBbIC NpeanpuHsaTa JUHIITERNHOM B 1907 . OCHOBHBIM JIONMYIICHUEM TEOPUH
OBUIO TO, YTO KOJEOAHUsS aTOMOB B y3JlaX KPUCTAUNIMUECKOM PEIMIETKU SBISIIOTCS
FapMOHUYECKUMHU, T.€. aTOMbl MOXHO YIOJOOUTH TapMOHUYECKHUM OCHHLIATOPaM,
KOTOpPbIE MOTYT OOMEHHMBAThCA MEXAy COOOW MOPUUSIMU SHEPrUU — KBAHTaMHU.
DWHIITENH BbIBEN (OPMYIy JIJIsl CPEIHEN SHEPTUM aTOMa B KPUCTAJIJIE U TIOKAa3aJl, 4To
yacToTa KoJieOaHMM AaroMOB 3aBUCHUT OT NpHUPOAbI TBEpHOro Tena. DyHKIuUA
TEIUIOEMKOCTH OJHWHIITEHA — O5TO YacTh TEIJIOEMKOCTH TBEPJOrO BEIIECTBA,
NpUXOJAIIAsCA HAa OJHY CTENeHb CBOOOJBI  KOJI€OATEIBbHOTO  JIBUKCHHSL.
XapakTepucTudeckas TeMmIleparypa, HCIojb3yemMass Mpu TOJO0OHBIX pacuérax,
ONPEAEISAETCS 0 CIIEKTPAJIBHBIM JaHHBIM, IO CXUMAEMOCTH WJIA PACCUUTHIBACTCS
Mo psAxy ypaBHEHUW. JlanmbHEWIee pa3BUTUE KBAHTOBAs TEOPHUS TEIUIOEMKOCTH
TBEPJIOTO Teja moyiyduia B padborax Jlebas. 3akon T-kyOoB Jlebasi moaTBepkaaeTCs
OTBITHBIMU JTAHHBIMU (CM. YpaBHeHUE 1.27).

Kunemuueckasn meopus menjioemKkocmu

CornacHO KMHETHYECKON TEOpUHU TEIJIOEMKOCTU, DHEPTHsl paclpenessieTcsl Mo
BCE CTEMEHSIM CBOOONBI JBMXKEHHUS MOJIEKYJl paBHOMepHO. M3oxopHas
TEIMJIOEMKOCTh, MPUXOIAIIASACS Ha OJHY CTENEHb CBOOOIBI paBHA:

CV :—R
2 (1.31)

O,Z[HO&TOMHBIC MOJICKYJIbI HMCIOT TpHU IIOCTYHNATCIbHBLIX CTCIICHU CBO60)IBI
(m=3) I[J'ISI MHOTOATOMHBIX MOJICKYJI K OJOHCPIrUHM IIOCTYHATCJIbHOI'O JABHXKCHMUSA
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npubOaBIsIeTCsl  DHEPrusi  KoJjebaTenTbHOTO W BpamaTelibHOTO  (CIIMHOBAs
COCTaBJIsAIOIIAs) JABIWKEHUS. J[ByxaTomHas monekyna (puc. 1.4) MOXeT coBepIiarh
IECTh HE3aBUCHUMBIX JBMKCHUI: TPU MOCTYNATEIbHBIX JIBUKEHUS BIOJb oceil X, Y,
Z; nBa BpaiieHuss oTHocutelbHOo oced X m Y. Takum o00pa3om, OmHOATOMHAas
MOJIEKYJIa UMEET TPU MOCTYIATeJbHbIC CTENEHU CBOOOBI, JIByXaTOMHas MOJICKYJa
UMeEeT 5 cTeneHeit cBo0obI (3 mocTynarebHbIe, 2 BpalliaTeabHbIe):

3 Jx
° = Cy=—R=1247—"—"—
OJTHOATOMHAsI MOJIEKYJIa m=3 V=5 MOTEK -
L
ByXaTOMHAas MOJIEKyjla ©—® m=3+2=5 C, =—R=20,78—"—"—
ABYX Y V' 2 MoK

Anomanvhule ceoiicmea Boowl. Vcxoos uz 3HaueHus MONEKVIAPHOU MACChl, 800d
donxca samepsams npu -90°C, a kunemo npu -70°C. Ho mul 3naem, umo smo He
mak. Bmopoe anomanshoe ceoiicmeo 600vi, smo memnepamypa +4°C. Hmenno
npu s5mou memnepamype 600a obnadaem Haubonvuleli niomuocmoito. menno sma
anomanusi cozoaem Komgopmubvie yCcio8us 07 yHcumenei 8000emos. UnmencusHo
nepemewascv U3-3a  pA3HOU  NIOMHOCMU, obo2awjarom ee  KUCIOPOOOM.
Cnedyrowuii ooweuzgecmuuli paxm — KpUCMANIUIVACL, 6004 PACUUPSAEMCS, d
nooasnsouee OOILUUHCINGO BeUeCME CHCUMAIOMCA. MO AHOMANbHOE CEOUCTBO
800bl, MOJdCe UMeem C80€ BadCHOe 3HaueHue — el 3auuujaem 6000eMbvl Om
HOTHO20 NpoMep3anus, cnacas om 2ubenu dcusvle opzanusmvl. Eue o0num
AHOMATILHLIM ~ CEOUCMBOM  800bl, ABIAEMCA ee menioemKocmo. YoenvHas
mennoemkocms 600vl 6 30 paz bonvwe pmymu, ¢ 10 paz 6bonvue cmanu, u
cocmasnsiem C = 4,18 Joc/e-K = 75,24 J{c/mons K. Booa wupoxo npumernsiemcs 6
Kayecmee menioHOCUMEIs.

1.6. Tepmoxumus

Tepmoxumueit — 3TO paszlesl XUMHUYECKOW TEPMOAUHAMUKH, HN3YYaAIOLIHUM
TeryIoBble AP(EKThl PA3NUUHBIX (PU3UKO-XMMHUECKUX MPOLECCOB: XHUMHYECKUX
peakuuii, pa3zoBbIX NEPEXOAOB, IPOLECCOB KPUCTAIIIN3ALUN, PACTBOPEHUS U JIp.

XuUMHUYecKasi peaklusi — 3TO MPOLECC, B KOTOPOM CHCTEMA MEPEXOJUT OT
Ha4aJIbHOTO COCTOSIHUS “peareHThl” K KOHEUHOMY COCTOSIHUIO “TIPOAYKTHI .

Tennosvim 3Ihhekmom Xumuueckoii peakyuu HA3BIBACTCHA KOJIMYECTBO
TEIJIOThI, KOTOpPOe BbIIEJAETC WJIH TMOIJIONIAeTcsl NPU HeodpaTuMOM
NPOTEKAHMU PEeAKUMU, KOIJa eIUHCTBEHHOH padoToll ABJsIETCH TOJbKO
pa6ora pacmupenus. Ilpum 3TOM TemmepaTrypbl MCXOAHBIX BelIeCTB M
MPOAYKTOB PeaAKIHH J0KHBI ObITh 0ITHHAKOBBIMMU.

Paccmorpum peakuuto:

CTB + 02 C02 .
(ucxoouvie 6-6a) (npooyxkmbot)
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JIns peakuu MOKHO 3aIMCaTh:
it u3oxopHbIX yenoBuid AU = U(npoaykrsl) - U(ucx. B-Ba); Qv = AU;
1u1st u3o0apubix yeinoBuid  AH = H(mpoayxktsr) - H(ucx. B-Ba); Qp = AH.

s uzoxoprnozo u u306apHO20 npoyecco8 — menioma npoyecca npuoopemaem
C80UCMEa DYHKYUU COCMOAHUSA, M.e. OHA He 3a8UCUm Om NYmu npoyeccad, a 3a8Ucum
MOALKO OM HAYAIbHO20 U KOHEYH020 COCMOAHUU CUCTNEMbL.

Peakuun, IIPOTEKAIOLIHE C Bbl/IeJICHHEM TEILIOTHI Ha3bIBAIOTCS
IK3OTEPMHUYECKHUMM.
Peaxnnn, [IPOTEKAIOLLIHAE c MOIJIOIEeHUEM TEIUIOTHI Ha3bIBAIOTCS
QHAOTEPMUYECKUMMU.

Ecnu BHyTpeHHsIt SHeprus (SHTAJIBNHSA) MPOIYKTOB MEHbIIE BHYTPEHHEU
DHEPrur (SHTAJBIINN) HUCXOAHBIX BEIIECTB, TO MPOUCXOAUT BBIIEIECHUE SHEPIHUHU B
BUJE Tera. V3MeHeHWe BHYTPEHHEW HSHEPrMHM W DHTAJBIIMA OTPULATEBHO —
peakums IK30TepMHYeCcKas:

U(ucx. B-Ba) > U(npoayktsl) = AU < 03
H(ucx. B-Ba) > H(nmpoayktsl) = AH < 0.

Ecnu BHyTpeHHSsii SHeprusi (dHTAJbIUS) MPOIYKTOB OOJbIlle BHYTPEHHEU
SHEPruu (PHTAJIBIINK) UCXOJHBIX BEHIECTB, TO MPOUCXOAUT TMOMIONICHUE DHEPTUU B
BUJie Terula. V3MeHeHuWe BHYTpPEHHEH SHEPrud M DHTAIBIHHA MOJ0KHUTEIbHO —
peaKIus SHI0TePMHUYECKAas:

U(ucx. B-Ba) < U(mpoaykTsl) = AU > 0;
H(ucx. B-Ba) < H(mmponyxtsl) = AH > 0.

H3006apnuiit u uzoxopuiii mennoswvie Ihhexmot

TemoBeie 3h(HEKTH U30XOPHOTO U M300aPHOTO TEIIOBBIX d(PPEKTOB, COTITACHO
1-My Hava;y TepMOIMHAMHKH, OTIIMYAIOTCS HAa BEIMYUHY PAOOThI paCITUPCHUS:

AH=AU+PAV_ (1.32)
Ecim Bce Y4aCTHHUKHA XUMHYECKON PCaKiMKM HaxoAATCs B KOHACHCHUPOBAHHOM

COCTOSIHUM (KUJKOM WJIM TBEPAOM), TO paboTa pacHIMpeHUs NPEeHEOPEKUTEIbHO
Maja - n300apHbIA U U30XOPHBIN TEIIOBbIE AP(HEKTH PABHBI IPYT IPYTY:

PAV=0 = AH=AU

Ecnim B peaknuu y4yacTBYHOT Ta3bl, TO C Y4YeTOM YypaBHEHHUS MeHpaeneepa-
Kunaneiipona, pabora pacupenust OyJeT paBHa:

PAV=An-RT (1.33)

e An — 9mo usMeHeHue Koauuecmed 2a3000pa3HbiX eeujecms 6 xooe OAHHOLL
peakyuu — OHO PpPABHO CYMMe Cmexuomempuieckux Kodgpguyuenmos y
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2a3000pA3HBIX  NPOOYKMO8 34 GbIYEMOM  CYMMbl  CIMEXUOMEMPUYECKUX
KO3 Puyuenmos y 2a3000PA3ZHBIX UCXOOHBIX BELUeCME.

An = @nl )rasm—npony KTI:I_(ZIli )FaBBI—I/ICX.B—Ba

TaxuMm 00pazom, AJis peakiluii ¢ y4acTUEM ra3oB:

AH-AU=An-RT ,,; Qp—Qy =An-RT

3axon I'ecca

TemioBoit 3pPpexT GPU3NKO-XMMHUUYECKOI0 MPOoLEcca He 3aBUCHUT OT IYTH €ro
NPOBEICHUsI, 2 3aABUCUT TOJbKO OT HAYAJHLHOIO0 M KOHEYHOIO0 COCTOSIHMS
CHCTEeMBI.

3akoH chopmynupoBan I'epmanom IMBanoBuuem I'eccom B 1840 romy. 3akon
SABJISICTCS MATEMaTUYECKUM CJICJICTBUEM MEPBOTO HaYajaa TEPMOAUHAMUKH:

CTB + 02 = C02 AHl = —393,5 I[)K

JlaHHYIO pEaKkIUi0 MOXKHO TIPOBECTH B JBE CTaAuu depe3 oOpa3oBaHUE
IIPOMEKYTOYHOTO MPoAYyKTa okcua yriepoaa (11):

Cyt+ 120, =CO AH, = -110,5 JIx

CO + 1/20, =CO, AHj = -283,0 JIx.
3anuiem 3akoH lecca 1Jist JaHHOW peaKIMu:

AH; = AH, + AH;.

3akoH ['ecca Bemonaserces :-393,5 Ix = -110,5 [Ix + (-283,0 JIx).

PaccmoTpuMm npuMeHeHHE 3akoHa l'ecca NPUMEHHUTENBHO K ONPEIAECICHUIO
TEIJIOTHl THUJpaTooOpa3oBaHusi 0Oe3BogHON conu. TemnoTy ruaparooOpa3oBaHUs
cynbdara meau(ll) paccuuThiBalOT MO TEIJIOTE PACTBOPEHMS] OE3BOAHON CONMM U
KpUCTAJUIOTHIpaTa B BOJE COMNIACHO 3akoHy I'ecca. (CxemaTH4ecku IMpoliecc
pactBopeHust 0e3BogHoi comu CuSO, MoXeT ObITh NPENCTaBIIECH CIEAYIOIIEH
CXEMOM:

AH
Cuso, ! CuSO,nH,0

+nH20 5
NG M
%2 \(\’6\

CuS0,5H,0

raie AH; — Temora pactBopenust 6e3BogHoi commm CuSQ,, Jx/monb, AH, —
TEIJIoTa THUApaTooOpa3oBaHus; AH; — Temmora pacTBOpEHHS KPHUCTALUIOTHIpaTa
CUSO4'5H20.
Cornacho 3akony ['ecca:
AH, = AH, + AH;, u AH,= AH, - AH;.
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IF'ECC TI'epman HUBanoBuu (1802 - 1850). Pycckuii XuMUK,
akamemuk IlerepOyprckoii AH (¢ 1830 r.). Pomuncs B JKenese.
Oxonumn Jlepntckuii yHUBEpCUTET (JIOKTOp MeauuuHbl, 1825 1.).
CosepuieHcTBoBall oOpa3zoBanue B CTOKIOJIbMCKOM YHHUBEPCHUTETE
(1825 r). C 1830r. — mpodeccop IlerepOyprckoro
TEXHOJIOTUYECKOTO MHCTUTYTA, B 1832-1849 1. — IleTepOyprckoro
ropHoro MHCTUTYTa. OIUH W3 OCHOBOIIOJIO)KHUKOB TEPMOXUMHMH.
3naunTenpHO panblne X. Tomcena u 1. beptio BeinBuny (1840 1)
MOJIOXKEHHE, COITIACHO KOTOPOMY BEIMYWHBI TEIUIOBBIX 3(PdeKToB
peaKuu MOTYT CIYKUTh MEpPOM XUMHYECKOro cpoactBa. OTKpbLI
(1840 r.) OCHOBHOM 3aKOH TEPMOXMMHH — 3aKOH ITOCTOSHCTBA
KOJIMYECTBa TeIjia, MO KOTOPOMY TeIUIoBOM 3ddekT peakuuu
3aBUCUT TOJIbKO OT HAYaJlbHOTO W KOHEYHOIO COCTOSHHUM
pearupymrommx BelIecTB, a HE OT KOJIMYecTBa craauii npouecca (3akoH I'ecca). Jlokazanm (1842 1),
YTO MPH CMEIICHUH HEUTPaIbHBIX COJEBBIX PACTBOPOB TEIIOBOM A(PMEKT OTCYTCTBYET (NMPABUIIO
TEPMOHEHTPAJIbHOCTH). YCTaHOBWUJ, YTO MpU HEUTpanu3zauud | MoOIb-DKBUBaJeHTa Jt00Oi
CHUJIBHOM KHUCJIOTHI CHJIbHBIM OCHOBAaHHMEM BCErJa BBIIEISAETCS OAMHAKOBOE KOJIMYECTBO TeEIuIa
AHyeiirp = -57,22 xJx/mMonb. Otkpen u onpenenui (1830-1834 r1r.) cocraB 4YeThlpex HOBBIX
MHHEpaJOB — BEpTUTA, YBapOBUTA, THaApoOopaiuTa u donbsdopruta. [pemmoxun (1833 r.) crmocod
MONTyYeHUsl Tellypa W3 TeIUlypuaa cepebpa — MHHeEpana, KOTOPbIii ObLI UM BIIEPBBIE H3Y4EH.
Nzydgan (1832 r.) okucabpl KoOanabTa. YCTAaHOBHWJI KaTaJU3UPYIOIIEe M aJICOPOIIMOHHOE CBOMCTBA
MEJKOPa3IpoOIeHHOM TuiaTuHbl. OJHUM U3 TEPBBIX M3y4yal COCTaB KaBKa3cKUX HedTei. OTKpbLI
caxapHyro kucioty. Hamucan yaeOnuk "OcHoBanus yuctor xumun" (1831 1.), BRIIEpKABIINI CEMb
u3nanuii. B ero yects Temnypun cepedpa Ha3BaH 2eccUmom.

Cneocmeus usz 3axona I'ecca

CaencrBue 1: TensoBoii 3¢deKT XMMHUYECKO peakuuu paBeH CyMMe TelJioT
o0pa3oBaHUsl NMPOAYKTOB PeaKIUM 32 BbIYETOM CYMMbI TEILIOT 00pa30BaHUA
HCXOAHBIX BELIECTB € Y4eTOM CTEXHOMETPUYECKUX KOI(P(PUIIUEHTOB:

AH:(zni'AHfi) —(Zni-AHfi)
1/poty KThI 1 /ucxon.—Ba

Jlist peakiuu aA + bB = dD + gG 3anuiem cieacTBue u3 3akoHa ['ecca:
AH = (dAHf,D + gAHf,G) — (aAHf,A + bAHf,B),
riae AHg; — Teriora 06pa3oBaHus i-T0 BEIIECTBA.

Tennomoti 06]?6130661H1/lﬂ Hassvleaemcs Koauvecmeo menjionisl, Konopoe gvloesemcs
uimu nociowaemcsi npu 06pa306aHuu 1 monv oannoco eeuecmea U3 npocmoslx
eeujecnie npu cmaﬂdapmﬂblx YC106UAX.

JIto6oit pacuer TemnmoBoro 3d@dexra mpu 3aJaHHBIX YCIOBUSAX HAYMHACTCS C
pacdera TeroBoro Addekra mnpu craHmaptHeix ycnmoBusax (T = 298 K,
P = 101325 [1a) — cmandapmmnozo mennosozo s¢pdpexma (AH»05).

IIpu pacueTe cTaHgapTHOrO TEIUIOBOTO A(deKkTa MCHOJIB3YIOTCS CTaHAapTHHIC
0
TerIoTel oOpa3zoBaHusi BewmecTB (AH'fy9g;), KOTOpBIE SABIAIOTCS CHPABOYHBIMU
BEJIMYMHAMM.
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R SO S TR SR I
AH30g =\2.0i*AHF 208, | oy sersr @i “AHE 208 e vonm

AH’ 298 = (dAHOf,z%,D + gAHOf,298,G) — (aAHOf,298,A + bAHOf,298,B)-

Pa3mepHocTu:

o1
CManoapmuas menioma obpazoeanus seuecme: [AH jﬂ .y ] _ Hoxe ;
’ MOJIb

cmexuomempuyeckue Kodgpuyuenmol nepeo 8ewecmeom 6 ypPasHeHUuu Xumuyeckou
peaxkyuu umeiom pasmepHocmy [Monv], makum oOpasom, pazmepHocms menio8o2o

aghghexma 6yoem [AH 398]: Hoxc.

CaencrBue 2: TermioBoii 3ppekT XMMHUUYECKOH peaklMd PaBeH CyMMe TeIuioT
CrOPaHMS MCXOAHBIX BELIECTB 32 BLIYETOM CYMMBbI TEILIOT CTOPAHUSA NPOAYKTOB
PeaKuMHu C y4eTOM CTeXHOMEeTPUYeCKUX KO3PPUIHMEHTOB:

AHZ(ZI]--AH ) —(Zn--AH )
! CIOp:! /ycxonB—Ba ! CIOP:! /npoty KThl

Tennomotii cecopanus HA3b18aeMCs KOIUYECMBO Menjiombl, KOMopoe 8bloensemcs npu
e3aumooeticmeuu 1 Moib OGHHO20 8ewiecmsa co CmexuoMempuiecKum Koauiecmeom
KUCOPOOa NPpU CMAHOAPMHBIX VCIIOBUSIX.

I[J'ISI pacducTa CTAaHAApPTHOI'O TCIIJIOBOI'O B(b(l)eKTa B BBIPAKXCHUC CICACTBHUA U3
3akoHa ['ecca MMOACTABJIAIOTCA CTAHAAPTHBIC TCIIJIOTEI CI'OPAHHA!

298 (Z ni ceop,298,i )ucxodue—ea (Z ni czop,298,i)np0()y,<mbl

JlaHHOE CleNCTBHME MPUMEHSETCS OOBIYHO IS pacueTa TeIIOBbIX 3(QeKToB
PEeaKIni ¢ y9aCTHEM OPraHUYCCKUX BEIICCTB.

CaencrBue 3: TenioBbie 3¢ ¢eKTbI NPAMOTro U 00PATHOTO (PU3NKO-XUMHYECKOTO
npouecca paBHbI M0 MOAYJI0, HO POTUBOMOJIO0KHBI 110 3HAKY:

— «—
AH=-AH

Ecnu npsimasi peakuusi 3K30TepMUYEcKas, TO 3Ta ke peakuus B 0OpaTHOM
HaIpaBJIEHUH — SHJOTCPMHUUECKAsL.

3aeucumocmob mennoeozo IPpexkma om memnepamypel.
3akon Kupxzoga

3aBUCUMOCTh TEIUIOBOTO d3(PQekTa XHUMHUECKOW PEaKIUh OT TeMIepaTyphl
omMchIBaeTCs 3akoHOM Kupxroda:

Temneparypubiid KO3(pPuuMeHT TemIoBoro 3pdexkra XuMU4eCKOn peaxkUuu
PaBeH M3MEHEHUI0 TENMJIOeMKOCTH CHCTeMbl, 00yCJOBJIEHHOI NPOTEeKAHUEM
NAHHOU peaKkIMH.
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dAH
. — | =ACp
Jl1is n3006apHOM peakIuu: dT Jp
(1.34)
dAU
. — | =ACy
J171s1 M30XOPHOU peaKinu: dT )y . (1.35)

Ecnu TenmoeMKoCTh CHCTEMBI B X0/€ peakiiuu OyaeT yMmeHbinarbcsi ACp < 0, TO

dAH
(—dT <0 cnenmoBaTensHO ¢ POCTOM TeMIEpaTypsl M3MEHEHHE SHTAJBINM OyIeT
P

YMEHBIIIAThCs (CTAaHOBUTHCS OTpuliarenabHee) (puc.l.5a).
Ecnu temnoeMKocTh cucTeMBbl B Xo/ie peakiuu OyaeT yBennuubarbes ACp > 0, To

dAH
[—dT >0 cnemoBaTensHO ¢ POCTOM TeMIepaTyphbl H3MEHEHHE SHTAbIIUU OyeT
P

pacTtu (CTaHOBUTHCS MOJIOKUTENIbHEE) (puc.1.5b).

Ecnu xpuBble 3aBUCUMOCTH TEIJIOEMKOCTH MCXOAHBIX BEHIECTB U MPOAYKTOB
MepeceKaroTcsl NpH KakoW-TMOO TeMmIiieparype, TO HaOIomaeTcss JKCTpeMalibHas
3aBUCHUMOCTH TEIIOBOTO 3¢ dekTa oT Temmneparypsl (puc. 1.5¢, puc. 1.5d).

Cp
AH T

a b

Cp ACp>0 | ACp<0 Cp
AH .

c d

Puc. 1.5. Bo3MOXHBI€ ciTydan 3aBUCUMOCTH TEMIIOEMKOCTEW HCXOAHBIX BELIECTB, IPOAYKTOB
peakIMu U TerIoBoro 3pdexra ot TeMieparypbl
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st peakiuu aA + bB = dD + gG u3meHeHue n300apHO# TETUIOEMKOCTH OyIeT
paBHO:

ACp = (dCpp + gCpg) — (aCpa + bCpp).

C y4eToM CTeNeHHOU 3aBUCHMOCTHU TEMJIOEMKOCTH BEIIECTB OT TEMIIEPATYPhI

C,=a+bT+cT* +—
TZ

3aMUIIEM SMIIMPUYECKYI0 3aBHCUMOCTh M3MEHEHUS! TEINIOEMKOCTH B XOJE€ JaHHOU
pEeaKIM OT TEMIIEPATyPBhI:

AC, =Aa+Ab-T+Ac-T> + 25
T . (1.36)

Takum oOpa3zom ypaBHenune Kuproda npumer Bua:

dAH :Aa+Ab-T+Ac-T2+A—§
dr ), T

T T,
2 2 Al
AH, = AH, + [ C,dT =AH, +j(Aa+Ab-T+Ac.T2+T—§)dT

T I

[Tocne unTerpupoBanus W 3ameHbl AH; Ha cranmapTHbIi TerioBol >¢dekT
0
AH 593 monyunm ypaBHenue Kuproga B wuMHTErpajsbHOM BHAE I pacyeTa
TEIUI0BOro 3((eKTa peakuu Npu TeMIepaType OTIAMYHON OT CTaHJapTHOM:

AHY = AH %95 +Aa(T, T )+A—b(T22 ~T? }E(TS -T} )—Ac’ N
2 3 T, T

(1.37)

1.7. Bmopoe nauano mepmoounamuku

[lepBoe Hauamo TEPMOIMHAMHKH, SIBJISSACH 3aKOHOM COXPAaHEHHUS SHEPruu, He
OTBEYAET Ha BONPOC O HAIIPABICHHOCTH NMPOTEKAHUSI CAMOIIPOU3BOJIbHBIX MPOLECCOB.
Hanpumep, nepBoe Hadano nocTynupyer BO3MOKHOCTb 100%-HOrO mpeBpamieHus
TEIJIOTHl B paboTy W paboThl B TemioTy. OQHAKO B MPUPOJIE MOJTHOE MpPEBpallEHUE
TEIJIOTHl B paboOTy HE BO3MOXHO. [lepBoe Hauano AOMYCKAEeT CaMOMPOU3BOJIBHBIN
Ipoliecc Mepexojia YHEpruu B popMme Teria OT XOJOHOTO Tena K ropsueMy. OgHako
CaMOTIPOU3BOJILHBIM SIBJISIETCSI TOJIBKO OOpaTHBIN IMpolecc — OXJaXIEHUE TOpSUYEro
Tena.

BTtopoe Hauamo yka3plBaeT HAa BO3MOXKHOCTh M HAIMPABICHUE MPOTEKAHUS
CaMOTIPOU3BOJIBHBIX MPOIIECCOB B MPUPO/IE.

BTOpOC Ha49aJi0 TCPMOAMHAMHUKH YKa3bIBACT Ha CYIICCTBOBAHHWC B IIPHUPOAC
q)yHI[aMeHTaJILHOﬁ ACUMMETPHH, T.C. OAHOHAIIPABJICHHOCTH BCCX
CaMOIIPOU3BOJIbHO IMPOTCKAIOIINX IMTPOICCCOB!

— IropsA4ue TCIa CaMOIIPOU3BOJIBHO OXJIAXKAAIOTCA,
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- HprFaIOIHI/Iﬁ MAYHUK IMOCTCIICHHO IPCKpaIacT CBOC JABUKXCHUC, a4 BOT HOKOHMHﬁCH
MAYUK CAaMOIIPOU3BOJIbHO HC HAYMHACT IIOAIIPLITUBATD,

— JIBDKHHUK KaTUTCA C TOPbl CaMOIIPOU3BOJIbHO, a IIOABCM Ha IOpy Tpe6yeT 3arpar
OHCPIUH.

3nech MposBIsAETCS TO CBOMCTBO, KoTtopoe KembBuH u Knaysuyc cmormm
OTIEJIUTHh OT CBOMCTBA COXPAHEHUS SHEPTUU — NOJHOE KOIUYeCm80 IHepeul B TH000M
MPOLIECCE OONHCHO COXPAHAMbBCA, a BOT pacnpedelieHue WMEIOUIEHCS SHEPrUu
U3MeHsemcs HeoopamuMo.

BTOpOC Ha49aJi0 YKa3blBa€T Ha CCTCCTBCHHOC HaAlpaBJICHHUC, B KOTOPOM
MMPpOUCXOAUT M3MCHCHUC PACIIPCACICHHA DHCPTHUH, IIPHUYCM 3TO PACIPCACIICHUC HE
3aBUCHUT OT O6H.I€FO KOJIMICCTBA DHCPIHU.

UenoBeuecTBO JOCTATOYHO JABHO HAYYMJIOCH MPEOOPa30BLIBATh SHEPTUIO BETpa
(onepruto ComHiia) B paboTy — B JIBUDKCHUE MEJIBHUYHBIX >KEPHOBOB U KOpalJieif;
u3BiIekarb HHepruto CojiHIIAa B BHUAE TEIUIA MNPU CHKUTAHUM JPEBECHHBI WIIH
kamMeHHoro yrisa. OpHako TpeoOpa3oBaTh  TEIUIOBYIO  DHEPTHIO  (PHEPTHIO
HEYTOPSIOYCHHOTO JIBHKEHHUS YacTHIl) B padOTy B HEOOXOAMMOM KOJHYECTBE HE
3aBUCHMO OT COJIHIIA U BETPA YEJIOBECYECTBY HAydus0Ch TOJbKO B KOHIE X VIII Beka.
[lepBbIe TEIJIOBBIE MAIIIMHBI OBLIA OIPOMHBIMH M Mai03((hEeKTUBHBIMH.

Ecnu orcenesnviii wap maccoti m=Ike noouames Hao
EP=mgh=9,8 X nosepxnocmvio na evicomy h=I1 m, mo mei 3anacem &

. m =1 kr wape  NOMEHYUAIbHYI0  JHEpeuro @  Koauyecmee
— Ep=9,8 loic. Omnycmum wap. [lomenyuanvnas suepeust
l MO Mepe nadenus 6yoem nepexooumv 8 KUHEMU4ecKyo u

6 MOMEHM CMOJKHOBEHUSL C NOBEPXHOCHbIO NOJIHOCHIbBIO
npegpamumocsi 6 Heé Ex=98/ln. B momenm
Ep —Ex h=1m CMONIKHOBEHUSL C NOBEPXHOCMbIO 6CS  KUHEMU4ecKds
SHepeUsl Npespamumcs. 60 GHYmMpeHHIow dHepeuto. Eciu
oonycmums, 4mo 8csi KUHemuueckas sHepeus noudem Ha
yeenuueHue GHympeHHell dHepauu MoibKo uapa, mo e2o
Q memnepamypa  NOBbICUMCS 6ceco0  Ha 0,03 K.
- Ynopaoouennwiit xapaxmep Oesudicenus 6cex uacmuy
E«=9,8 ix wapa (paboma) npespamuicsi 6 HEYROPAOOUEHHOE
AU=9 8 (mennosoe) Osudicenue wacmuy. Taxou  npoyecc
=9,8 [k (Hanpaesnenue npespaujeHus Gopm 3SHepeuu) s6IAemcs
(AT=0,03K) CAMONPOU3BOTILHBIM U €CTNEeCTNBEHHBIM.

Ilpomexanue camonpous3gonbHo20 npoyecca 8 0OPAMHOM HANPABLEHUU ABIAENICS
He8o3MOMCHBIM. Kakx Obl mbl He Hacpesanu wap, OH He NOONpPvICHEM HAO
NOBEPXHOCBIO.

Hamuuo gynoamenmanvnas acummempus — 00jiee BHICOKOOPTaHM30BAHHAA
(¢opma cymecTBOBaHMSI JHEPIHH MOJHOCTHI0 CAMOIIPOM3BOJIbHO NMEPEXOIUT B
MeHee OPraHu30BaHHYK (opmy 3Hepruu — TemaoByw. OOpaTrHbId mpouecce
CaMOIIPOU3BOJILHO HEBO3MOXKEH.
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IIpoyeccol, komopwvie cosepwiaiomcs 6 cucmeme 06e3 6Meuamenbcmed Cco
CMOPOHbBI OKPYIHcaroujeli cpeovl, HA3bIBAIOMCSL CAMONPOU3BOIbHBIMU.

IIpoyeccwi, komopobie be3 «emeuiamenbcmea U3gHe» camu coboll co8epulamuvcsl
He MO2YMm, HA3bI8AIOMCS HECAMONPOU3ZEOTIbHBIMUL.

DOopMYyIUPOBKHU 2-TO HavaJla TEPMOAMHAMUKH

— HeBo3moskeH mpouece, eAMHCTBEHHBIN pe3yJbTaT KOTOPOI0 COCTOSI ObI B
NOIIOIEHNH TeIUIOThI OT HAarpeBaTe/isi M IOJHOIO Npeo0pa3oBaHus eé B
padory (KebBuH);

— HeBo3MoOKeH mpouece, eIHHCTBEHHBIN pe3yJbTaT KOTOPOro COCTOS Obl B
nmepexoae JHepPruM Or 0oJsiee XOJM0AHOIO Teja K 0ojiee HArperomMy TeJry
(Kiaysuyc);

— HeBo3MoOkeH BeuyHBIii ABHUTaTe/ib 2-ro0 poaa, T.e. Takas NePHOANYECKH
JAeiiCTBYIOIIAsi MAIIMHA, KOTOPasi MO3BOJISJIA ObI MOJIYYaTh PadoTy TOJBKO 32

CUeT OXJIAKAEHHsI MCTOYHAKA TEIIa.
Qi Q—W 100%
W

T5>T,
PaccmoTpum HEKOTOpBIE NPUMEPBI MPOTEKAHUS] CAMOIIPOU3BOJIBHBIX MPOLIECCOB.

i

1. Topsiuee Teno (T,) mpu koHTakTe ¢ X0M0AHBIM (T;) CaMONTPOU3BOILHO OCTHIBAET, a
XOJIOJHOE€ CaMOIPOU3BOJIbHO HarpeBaercd. TemmonepeHoc OCylIeCTBISETCS 10
MOMEHTA YCTaHOBJICHUS TEIJIOBOTO PABHOBECHUS, KOTOPBIA XapaKTepHU3yeTCs
TEMIEPATypOid, HaXOASUIEHCd MEXIy HaYalbHOM TeMIEepaTypoil ropsyero u
xonoaHoro Tena (T3):

T>T, T>T5>T,

=T (v [ n]

2. Ecniu nBa GamioHa, B KOTOPBIX ra3 HaxoAuTCA NpU pasHoMm napieHuu (P u P,)
COCIMHUTH JPYr C APYrOM, TO JaBjeHUE B OalUIOHAX BBIPOBHAETCS U CTaHET
IIPOMEKYTOUYHBIM Ps:

P,>P, P>P3>P,

©-0@
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3. Ecom nBa pactBopa ¢ pa3HOM KOHUEHTPAIMENl OJHOIO M TOrO JK€ BEIIECTBA
IIOMECTUTh B COCYI C AU(PPY3MOHHOM NEPEropoAKON WM NEPETOPOAKON C
HEOONBIIUM OTBEPCTHEM, TO UYEPE3 HEKOTOPOE BPEMsI KOHLIEHTpalMH B O0EHX
IOJIOBUHAX COCY/a BBIPOBHSIFOTCSL:

X

o
(3

S

D
s

R

@)
©

O
w

SRS

B2

B kaxaom M3 Tpex MNPUBEIACHHBIX MNPUMEPOB CaMOIPOU3BOJILHBIN MPOIECC
MpPOTEKal B CTOPOHY BbIPABHMBAHMSA (PAKTOPa MHTEHCHBHOCTH: TEMIIEPATYpHI,
JABJICHUS, KOHIEHTpalluu. PaBHOBECHIO COOTBETCTBYET OJMHAKOBOE 3HAYCHUE BCEX
WHTEHCUBHBIX apaMETPOB BO BCEX TOYKAX CUCTEMBI.

HepBoe Ha4daJl0 TCPMOIHMHAMHKH OIICPUPYCT IIOHATHCM ODHCPIHA M HC MOKCT
MMpCaAcKa3arb HAIIPABJICHHUC CAMOIIPOU3BOJILHOI'O ITPOTCKAHMWA ITpOoHccca.

B 1865 rogy Pymonsdom Kiayzuycom B Hayky ObUT BBEAEH YHUBEPCAJIbHBIN
TEPMOJIMHAMUYECKUN ITapaMeTp, KOTOPBIM IO3BOJWJ ONHMCaTh M IPEACKA3aTh
MPOTEKAaHUE BCEX CcamMoNpou3BoybHBIX mpoueccoB — IHTPOIIUSA (ap.-rpeu.
EVTpOoTio. — TOBOPOT, MPEBPAILICHUE).

IHTPOIIUA — 310 Mepa Oecniopsiika, Mepa BepOsITHOCTH CyLIeCTBOBAHMS
CHCTEMBI.

OHTponus MPONOPLUHUOHAIIBHA ~ HEYNOPSAI0YEHHOCTH, TEPMOJUHAMHYECKOMN
BEPOSTHOCTU COCTOSIHUSI CUCTEMBI. DTy CBSI3b OTpakaeT ypaBHeHHe boJsibMaHa:

S=k,-mW | (1.38)

rne ks — mnocrosHHas boasinmana; W - TepMonMHAMH4YecKas BEpPOSITHOCTD
CYLIECTBOBAHUS CUCTEMBI — HUCIO MUKPOCOCMOAHUL, ONPEOeNAIOUUX OAHHOE
MAKpOCOCMOAHUE CUCHEMDBL.

VYpaBHenue bosnbliMaHa CBSI3bIBA€T CBOMCTBA U COOBITUS MakpOMHpa CO
CTaTUCTUYECKMMH CBOMCTBAMH MUKPOMUPA.

Tak, COBOKYITHOCTb KOOPAMHAT, CKOPOCTEW M KBAHTOBBIX YPOBHEW SHEPIUU
YaCTHL] CUCTEMBI ONPEAEISIET €€ MUKPOCOCTOsIHAE. MOJIEKYJIBI ra3a, HaXO[SAIIErocs B
YCIIOBUSIX OIpenenéHHoro o0bEMa, AaBICHUS, TEMIEPATyphl, T.€. B ONMPEACIEHHOM
MAaKpOCOCTOSIHUH, MOCTOSIHHO M XaOTUYHO JBWXYTCSA, 4 MO3TOMY MHKPOCOCTOSIHUS
YEpEAYIOTCH. Yucno MHUKPOCOCTOSIHUH, COOTBETCTBYIOLINX JAHHOMY
MAaKpPOCOCTOSIHUIO CUCTEMbI, Ha3bIBACTCS TEPMOAMHAMUYECKON BEPOSTHOCTHIO.

KaxxoMy TepMOAMHAMHYECKOMY COCTOSIHUIO MOXKHO IPUIIMCATh 6EPOAMHOCb,
CBSI3aHHYIO C YHCIIOM Pa3JIMYHBIX CIOCOOOB, KOTOPHIMUA OHO MOXKET OBbITh IOCTUTHYTO
Ha MUKpoypoBHe. IIpu 3tomM uem 6onvue cnocob6os, kKomopwvimu Mmodxcem OblMb
00CMUSHYMO OaHHOe COCMOsIHUEe, mem 8blule e20 8eposimHOCmb. B cTaTncTuyeckoi
TEPMOJMHAMUKE TMPENIONaraeTcs, 4YTo Mpouecc, NPUOIMKAIOUMI CHCTEMY K
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https://ru.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B0%D1%83%D0%B7%D0%B8%D1%83%D1%81,_%D0%A0%D1%83%D0%B4%D0%BE%D0%BB%D1%8C%D1%84
https://ru.wikipedia.org/wiki/%D0%94%D1%80%D0%B5%D0%B2%D0%BD%D0%B5%D0%B3%D1%80%D0%B5%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA

COCTOAHHIO PABHOBCCHUS, COOTBETCTBYCT IICPCXOAY OT MCHCC BECPOATHBIX COCTOSIHMH K
ooiee BCPOSATHBIM. HpOIICCC, ynaﬂ;noumﬁ CUCTEMY OT COCTOSAHHA PABHOBECHA C
TOYKHU 3PCHUA CTaTUCTHUYECKOMN TCPMOOAMHAMHUKHN HC ABJIACTCA HCBO3MOXHBIM, a
IMPOCTO MCHEC BCPOATHBIM I10 CPABHCHUIO C IIPOICCCOM, BEAYITUM K PABHOBCCHUIO.

B aTOM cMbIciie 00HOpoOHOe pacnpeneseHue aTOMOB, KOTOPOE MOXKHO TaKkKe
ONPENENINTh KaK COCTOSIHUE, JOCTUIaEMOE MAaKCUMAaJIbHBIM YHCIIOM Pa3JIMYHbIX
CIIOCOOOB, SIBISETCS Haubolee Geposmuvim cocTossHueM Bcenennoi. MubiMu
CIOBAMH, MeEnn1080e pagHogecue coomeemcmeyem  Haubonee  BepOosmMHOMY
cocmosHuio Bcenennou.

Jlronsur Boabuman (1844-1906). ABctpuiickuii pu3nk
ponunca B Bene. Hayunele wunHTepechl bombiMana
OXBATBIBAJIM IOYTH Bce oOmactu ¢u3nku (U psn
obnacteii mMareMatuku). ABTOp pabOT MO MareMaTuke,
MEXaHUKe, THJIPOAMHAMUKE, TEOPUHU YIIPYIOCTH, TEOPUU
AJIEKTPOMArHUTHOIO TOJIsl, ONTUKE, TEPMOJMHAMHKE U
KMHETHYeCKOM Teopuu razoB. OpHako HauOosbliee
3HaYeHHEe UMeEIOT paboThl bonbliMaHa Mo KMHETHYECKOM
TEOpUU Ta30B M CTAaTUCTHMYECKOMY OOOCHOBAHHUIO
tepmoauHaMukd. B 1886-1872rr.  on  mpoBén
BOKHEUIIINE HCCIEAOBAaHUS B 00JaCTHM KHHETHYECKOU
TEOPUM Ta30B, BBIBEJI 3aKOH PACHpPEACIICHUS] MOJIEKYI
raza 1o ckopocTsiM, 0000muB pacupenenenus k. K. MakcBennia Ha ciyvail, korma Ha ras
JNEHCTBYIOT BHEIIHUE CUJibl (cTarucTuka bonbiiMana). @opMyna paBHOBECHOTO OOJBIIMAHOBCKOTO
pacrpeeneHus MoCcay>Kujla OCHOBOM KJIaCCHUECKOW cTaructuyeckoit ¢pusuku. B 1872 r., npumenus
CTaTUCTUYECKUE METOAbl K KHWHETUYECKOHM TEOpUU Ta30B, BbIBE OCHOBHOE KHHETHYECKOE
yYpaBHEHHE ra3oB. YCTAaHOBUJ (PyH/IaMEHTAJIbHOE COOTHOILEHUE MEXAY SHTpONUEl (PU3NUYecKOn
CHUCTEMBbl U BEPOSITHOCTBIO €€ COCTOSHUSA, JOKa3aJl CTAaTUCTUYECKHI XapakTep BTOPOro Hadasa
TEPMOJIMHAMUKH, YTO yKa3ajJ0 Ha HECOCTOSTEIbHOCTh TMIIOTE3bl «TEIIOBOM cMepTH» BceneHHOM.
bonbiMaH BrepBble NMPUMEHUI 3aKOHBI TEPMOJMHAMHMKMA K IpolieccaM H3JIydeHuss u B 1884 r.
TEOPETUYECKH BBIBEJ 3aKOH TEIJIOBOTO M3JIYyYEHHS, COIVIACHO KOTOPOMY SHEprus, u3jlydyaemas
a0COMIOTHO YEPHBIM TEJIOM, MPOMOPIIMOHATBFHA YEeTBEPTOM cTerneHn abCOoMOTHON Temmeparypsl. B
1879 1. TOT 3aKOH OBUI IKCHEpPHUMEHTANBHO ycTaHoBNeH M. CTed)aHOM M M3BECTEH Tereph Kak
3akoH Ctedana — bonbimana. )Kuzue bonbiiMana o0opBanach Tparuuecku: OH MOKOHYHII € CO00M 5
centsa06ps 1906 r. B lyuno (Mrtanus). [loxoponen B Bene. Ha Haarpobun BhICEYEHO BBIBEIEHHOE
UM 3HaMeHuToe ypaBHeHue S=k-logW.

Bgenennoe B Hayky Kiay3nycom MOHSTHE SHTPONIMHU MO3BOJIAJIO 3aIIUCATh OCHOBHYIO
U HauOoJee YHUBEPCATbHYIO (DOPMYITMPOBKY BTOPOTO Hayaaa TEPMOTMHAMUKHU:

Camonpou3Bo/IbHBIE NPOLECCHI B H30JMPOBAHHOH CHCTeMe NPOTEKAaKT B
CTOPOHY YyBeJHYeHHs] JHTPONMH, A PABHOBECHI0 COOTBETCTBYeT ee
MAaKCHMaJIbHOE 3HAYCHHE.

Takum obpazom, camonpou3’eoibHblil HPOUECC — yeeauueHue 0Oecnopaoka,
cHeneHu Heynopsa004eHHOCIU CUCH EMBbL.
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S, Ik PABHOBECUE

S=Maximum
AS=0

npotecc npouecc
CAMOTMPOWU3BOIbHbIN CAMOMNPOU3BONBLHO
HE BO3MOXEH

o 45<0

XopA (pa3BuTue) npotiecca

MaremaTu4ecku SHTPOMHS OINpenemseTcss Kak (QYHKUUS COCTOSHUS CHUCTEMBI,
paBHasg B PaBHOBECHOM IPOLIECCE KOJIMYECTBY TEIUIOTHI, COOOIMIEHHONW CHCTEME WM
OTBENEHHOM OT CUCTEMBI, OTHECEHHOMY K TEMIIEPATYPE CUCTEMBL.

M3MeHeHue SJHTPONNH — ITO NPUBEJAEHHAS TEIUIOTA:

dS=—= wm AS:g
T

(1.39)

Oumponus aeasiemcs QyHKyuel cOCMmOosIHUS CUCTEMbl, ee U3SMEHEeHUe He 3A8UCUM
om nymu npomeKkanus npoyecca.

PaccmorpumM ¢ TOYKM  3pE€HMS  U3MEHEHHs  JHTPOIIMM  IIPOLECC
CaMOITPOM3BOJIBHOTO OCTBIBAHMS TOPSYErO Tela W HarpeBaHus XoJomHoro. Ilycte
temrneparypa «ropstaero» tena cocrasisier T;=1000K, a Temneparypa «XoJ0mHOTO»
T,=100K. ITepenanum 100/Ix sHEprrM B BUAE TEIJIA OT TOPSYETO K XOJIOJHOMY TEITY
Y PaCCUUTAEM CYMMApHOE U3MEHEHUE SHTPONIUU CUCTEMBI ASy:

[FiSi000k| - Tomtoo

9HTpOHI/ISI ropsA4cro Tejia yMCHbBIINTCSA, 4 SHTPOIIUA XOJIOAHOTO YBCIINYHNTCA:

AS; _Q_~100/x __0,1I[_)K- AS, ZQZM_+1 0@

- - ’ ’

T, 1000K K T, 100K K

DHTpONUS TOPSIUETO Tela YMEHBUINIACh HA MEHBIIYIO BEJIMYUHY, YEM DHTPOIUS
XOJIOHOTO yBennumiach. Haliiem cyMmMapHO€ U3MEHEHNE DHTPOIIHH:

ASg =AS; +AS, =—0,1 K 10 K _ o9 2K
K K K

AS;s > 0 — npouecc caMmonpou3BOIbHBIM.

OOpaTHbIil mpoliecc Mepesaun Temia OT «XOJOJHOTO» K «ropsyemMy» Tely OyaeT
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COMPOBOXKIIAThCSI OTpHUIATENIbHBIM H3MeHeHueM sHrpornuu (ASy = -0,9 Jx/K;
ASy < 0) — Takol MpoLECcC CaMONPOU3BOJIILHO HEBO3MOXKEH.

Paccmorpum mponiece nonnozo (100%-HOTO) TIpeBpalieHus] TEIIOTHl B padoTy.
Otb6epem ot Harpemarens 100 J[x sHepruu B (opme Temiia U IpeBpaTUM €ro B
paborty:

CYMMapHOC HN3MCHCHHUC OSHTPOIINH 6y,Z[CT OIIPCACTIATECA H3MCHCHHC OHTPOIINH
HarpeBarTclIi:

ASy =AS, ZQZM__OJ Hx .

T, 1000K K

N3menenne sHTponuu orpuuareiabHo ASy < 0 — mponecc TEpMOAUHAMHYECKH
HEBO3MOXKEH. TakuM 00pa3oM, SIBJISIETCS HE BO3MOXHBIM IOJTHOCTBIO MPEBPATUTH
TEIJIOTY B paboTy, a BOT 0OpaTHBIN MPOLIECC MPOTEKAET CAMOIPOU3BOIBHO — JIJIsl HETO
ASs =1+0,1 JIx/K, ASs > 0.

HarpesaTenb Jliist Toro, 4TOOBI MPOIECC MPEBPAIICHHUS TEIUIOTH B

paboTy cTaj TePMOAMHAMHYECKH BO3MOXKHBIM JIOJKHO

- ASy BBITIOJIHATCS YCJIOBUE: CyMMapHasi SHTPOINUS BCEJIECHHOU

JNOJDKHA YBEJIUYMBATBCH WIM, KaK KpaWHUHN Ciydau,

Q.=100 Ox JOJKHA PABHATHCS HYINO. JUJIst 3TOro 4acTh TEIUIOTHI OT
H

HarpeBaress HaJI0 COOOIIHTH XOJIOAWIIBHUKY
(OKpyXkarolieil cpeze), a OCTaBIIYIOCS Pa3HUILy MOXKHO
O—’ W IpEeBPATUTh B padoTYy.

Q ITycts HarpeBarens Temneparypoit Ty=1000 K otnan

X Qu=100 Ix Temna pabGouemy Teny (YCTpOHCTBY

T =100K npeBpanaiieMy Termiory B pabory). Heobxomumo
X~ ASy paccunMTaTh Kakoe MUHUMAJIbHOE KOJTUYCCTBO TEIUIA HAIO0
XOTOANMABbHMK COOOMIUTH XOJIONUIBHUKY, YTOOBI CyMMapHasi SHTPOIIHS

YBCIINYHJIACD. To ecTh JOJKHO BBIIIOJIHATHCA YCIIOBHUC!

QX| QH| QX| TX|
AS~ |=|AS > >
|ASx|>|ASy|= T | TH|:>QH| TH|

Qu-Tx

>
Qx T
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HOI[CTaBI/IM HCXOOHBIC JaHHBIC:

—100,/{orc- 100K
1000K

QXZ‘ ‘210,1]9;0

Takum oOpazom, a7t TOro, 4TOOBI MPEBPATUTH TEIUIOTY B paboTy HEOOXOAMMO,
kak MuHUMYM, 10 J[k 3Heprum oTmath XOJIOAWIBHHKY. PaGoTa, KOTOpYHO MOXKHO
MOJIy4YUTh OYy/IET COCTABIIATH:

W<, -0, <100 o —10Jorc <90 e

Jlomnst TEeTIOThl, KOTOPYIO MOXKHO NMPEBPATUTh B pabOTy, KaK BUAHO, 3aBUCHUT OT
TeMIlepaTypbl HarpeBareiisi (MCTOYHMKA TEIUIOThI) U TEMIIepaTyphbl XOJIOAMIbHHKA.
UeM cunpHee OTIMYAKOTCS 3TH TEMIIEPATypbl, TEM IIOJHEE MOXKHO COBEPLIUTH
IpeBpallleHue TEIJIOTHI B padoTy.

Makcumanbhbii  kKo3(p¢puumnent mnoJesnoro aeiicreus (KILJ[) TeroBoi
MalIuHbI OyJIET PaBEH:

QH THarp — * Xon

X 100% wm KII=
H THarp

KII/I= 100%

(1.40)

Haiinem KIIJI mapoBoii TypOWHBI, KOTOpas NPUBOAUT TE€HEpATOp TOKa Ha
TEIJIOBOM  JJIEKTpPOCTAHIMU. TeMmreparypa meperpeToro Imnapa (HarpeBaTelb)
cocrasisaeT 800K, Temneparypa xononunpanka 373K:

Kyt = 20K 3K 60— 539
800K '

Hnst  neuratenss BHyTpeHHero cropanus ([BC) Temmeparypa croparoie
TOILJIMBO-BO3AYIITHOM cMecu cocTaBiisieT mpuMmepHo 3300K, a temmneparypa Ha BXOJie
B BBIITYCKHOM Koyiekrop 1400K:

3300K—-1400K

KII= 100% =56%
A 3300K RS

Opnnako peanbnbiid TernoBoit KII/ coBpemennoro JIBC cocraBnser 30-35%, a ¢
yuyerom MexaHnuyeckux norepb oommii KIIJ[ coBpemennoro JIBC cocraisier okojo
20-25%.

KnA W CTPYKTYPA PACMPE[ENEHIA NOTEPb B 1BC

MOTEPH TOMNBA

T

I

1 HE CTOPEBILEE é}
1 TONNKBO - 25% [_

-
-
e
-

MOTEPH TEMNA

A
/A\

/ \
30-35% /R

ny
NOTEPH TENNA C J

. %
i

100%

MOTEPH HOLIHOCTH

| MEXAHHYECKWE NOTEPH ) - 10-20%

nonE3Hoipgoroi| BCA MOMYUEHHAS I'IOI'IE3HA$I @}

£ BbIENUBLLE

CrOPEBLUEE TOMNUBO
75%

20%

8 ' L MOLIHOCTb MOLIHOCTb
J I )
Y~ N
TONNMBHAR TEPMORMHAMUYECKUA  MEXAHUYECKWI
JOOEKTUBHOCTb -75%  KNA -30-35% KnA - 80-90%

(" | BCE NOCTYNUBLIEE TOMNWBO
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DOHTpOIUs ABISETCS MEPON HEOOPATUMOCTH TMPEBPAILCHUS YHEPTHH, MEPOU ee
paccesHUsI, MEpOU €€ Ierpalalu.

TakuM 00pa3oM, SHTPOMUS XAPAKTEPU3YET YCIOBHUA, MPU KOTOPBIX 3armacaercs
DHEPrUs: €CJIM DHEPrusl 3amacaeTcs IpU BBICOKOM TeMmIeparype, €€ JHTPOIus
OTHOCUTEJILHO HHU3Ka, a «KauyecTBO» (CIMOCOOHOCTH MpeBpamiarbcsi B padoTy) 3TOMH
DHEPrUU, HANPOTUB, BHICOKO. C JApPyroil CTOPOHBI, €CIM TaKOE K€ KOJIMYECTBO
HHEPrUM 3amacaeTcsi Ipu HU3KOW Temreparype, TO SHTPOMUS BEIUKa, a €€ KaueCTBO
HU3Koe. EcTecTBeHHOE M3MEHEHUE — ITO MMOHMUKEHUE «KAYECTBA» SHEPTHUHU.

1.8. Cocmoanue pasnogecusn. Oopamumsie u HeoOpamumvle NPOYECcyl

Cucrema HaxoauTCa B COCTOSAHHMU TCPMOJHMHAMHWYCCKOTO PaBHOBCCHA, CCIU
SHAYCHHUC OIIMCBIBAIOMMX €€ COCTOSHHUC IIapaMCTpOB OJWHAKOBO B 1000 TOUKe
CUCTEMbI 1 OHHU OCTAIOTCA IMOCTOAHHBIMU BO BPCMCHU.

Ecan TCMIICpAaTypa, HABJICHHUC, KOJIUYCCTBO BCHICCTB B JIFO00M TOYKE CHCTEMBI
IIOCTOAHHO KW HC MH3MCHACTCA BO BPCMCHH, TO OAHOBPCMCHHO HMCET MCECTO
MCXaHHNYCCKOC, TCINIOBOC U XUMHUYICCKOC PABHOBCCHUC.

XuMHYeCKoe paBHOBecHe — JAHHAMHYECKOe. B COCTOSHUM XUMHUYECKOIO
PaBHOBECHS KOHLICHTPAIUM YYAaCTHUKOB PEaKINK (MCXOIHBIX BEIIECTB U MPOAYKTOB)
OCTAIOTCsI MOCTOSIHHBIMHU BO BPEMEHH, OJJHAKO, B CUCTEME HAOIOAAI0TCSI XUMUYECKUE
IIPEBPAILECHNS] NCXOIHBIX BEUIECTB B MPOAYKTHI U MPOAYKTOB B MCXOJIHBIC BEIECTBA.
B cocTositHMM XMMHYECKOTO PaBHOBECHS CKOPOCTH MPSMOM M OOparHOM peakuui

PaBHbI JIpYT JIPYTY.

O0parnMbIM NPOLECCOM HA3bIBAETCA TAaKOM IMPOLIECC, KOTOPBIA MOXKHO
IIPOBECTH B MPSMOM M OOpAaTHOM HAMNpaBlIE€HUAX O€3 TOro, 4roObl B CHUCTEME H
OKpY’KaIOLIEN Cpeie OCTAINCh KAKUE-IN00 N3MEHEHUS.

TepMoauHaAaMHYECKH PaBHOBECHBIM IPOLECCOM  HA3bIBAETCS  MPOLECC,
KOTOPBIA TMPOXOAUT uepe3 psii OSCKOHEYHO ONM3KUX JpYr K JPYry COCTOSHUN
PaBHOBECHS.

PaBHOBECHBIM  TIpoliecC  BCeErma
B
1y —— v, SABIIACTCSI OOPATUMBIM.

Bce tepmonuHamuueckue GyHKIMU
JUIsE 00paTUMOTO Mpolecca MPUHUMAIOT
DKCTpeMalbHble 3HadeHus. Hampumep,
pabora, coBepliaemas Mpu 0OpaTUMOM

1 \\ v, P,| Tpomecce,  HauOonmblmias  —  OHa

Ha3bIBAETCS MAaKCUMAJIbHOU pabOTOM.

,/ UToObl TIpOBECTH TMpPOIIECC O0OpPaTUMO
. . . . A €ro HaJ0 TPOBOAWTH OECKOHEYHO
¢ v b MEJIJIEHHO.

PaccmoTpum ra3 noja noprHeM, KOTOpbId HAXOAUTCSA B COCTOSIHUU A (pucyHOK). ['a3
MOJT TIOPITHEM XapakTtepusyeTcsi nasieHueM P, u oosemom V. Eciu mMb1 Oymem Ha
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MOpIIIeHb OECKOHEYHOMEIJIEHHO TMTOMENIaTh O€CKOHEYHO JIETKHE TIECUUHKH, TO CKATHE
raza Oyaer omnuceiBarbcs JauHuer AB (cunss). Ilpomecc OyaeT mDpoXoauTh
paBHOBeCHO U oOparuMo. OH OyAeT NPOXOJIUTh uepe3 psijl OECKOHEUHO ONU3KUX JIPYT
K JApyry coctossHuii paBHOBecHs. CHUMasi OECKOHEUYHO MEIJICHHO MECYMHKU MBI
IpOBEAEM €ro B 0OpaTHOM HampaBiICHUH U paboTa (YUCICHHO paBHA IUIOMIAN IO
JUHUEH) mpsMoro mporecca (cxkarus) OyaeT paBHa paboTe oOpaTHOro mpoiiecca
(pacmmpenus):

- “—
Wo6p = W06p

Ecnu BMECTO mecurHOK Ha MOpIICHb HAarpykarb Oojiee TsHKENble TPOOMHKH, TO
npoliecc CkaTusi OyJeT OMMCHIBATHCS BEpXHEH JIOMAaHOW JIMHUEH U paboTa, KOTOPYIO
HEOOXOAMMO 3aTpaTUTh HA C)KaTHe (IUIOIAb MO/ BEpXHEN JIOMaHOU JIMHUEN) B 3TOM
ciyvae Oyznet OoJibliie, 4eM MPU PAaBHOBECHOM MPOBEAEHUU IpoLecca.

Ecnu Teneps mpoBecTH mpolecc B 00OpaTHOM HalpaBlIEHUH, CHUMas APOOUHKH,
TO paboTa pacimupeHus OyJeT paBHa IUIOMIAIM MO/ HUKHEW JTOMaHOW JIMHUEH — OHa
OyzmeT MeHbllle padoThl, YeM MPHU PABHOBECHOM NPOBEACHUHU mpolecca. Pabora,
KOTOPYIO MOXKHO TOJIYYHTHh OT CHUCTEMBI MPU MPOBEACHUU MpoIlecca HEOOpaTHMO
BCErja MEHbIIIE padOThI, MOTy4YEHHOUW MPH 00paTHMOM MPOTEKaHUH IpoLiecca:

‘WHeo@v‘ < ‘W)ép‘ .

OOparuMble  TIPOLIECCHl  SIBISIIOTCS  MJIealiM3alleil  pealibHbIX  IMPOIIECCOB.
DKCNEpUMEHTAIBHO K HUM MOXXHO TPUOIHM3UTHCSA, HO HENb3s JOCTHTHYTh, TaK Kak
HEBO3MO)XHO, HapUMeEp, CO3/1aTh HEBECOMBINA MOpIlEeHb, padoTaronuil 06e3 TpeHus.
MakcumanbHast paboTa MoJiy4aeTcsi TOJIbKO B 00paTUMOM TIpoliecce. DTO O3HAYAET,
4YTO 4YeM OJNMKe CHUCTEMAa K PaBHOBECHIO, TEM OOJBIIYI0O PabOTy MOXKHO TMOJYYHTh.
[Ipu »TOoM, ueM Ommke K OOpaTUMOCTH JaHHOE HU3MEHEHHE, TEM MEJICHHEe
MpOU3BOUTCA paboTa, Tak Kak oOparuMoe pacllMpeHue, Hampumep, rasa
MIPOUCXOUT OCCKOHEYHO MEJJICHHO, XOTS U MPOU3BOIUT MAaKCUMAJILHOE KOJIMYECTBO
paboTHI.

HeoOpatumocTh u 00paTUMOCTH TIpoOIECcCa OMNPENSTSIOTCS  YCIOBUSAMH U
CI0coO0M TIPOBEACHHUS TAHHOTO Tpotiecca. Eciiu ropsiuee u XomogHOE Teja MPUBECTH
B KOHTAaKT, TO TEIJIOTa MEPEXOAUT OT TOPSUEro Tejia K XOJIOAHOMY. DTOT MpPOIecc
UJET JI0 YCTAaHOBJICHUS TEIJIOBOTO PABHOBECHSI, XapaKTEPH3yeMOTO BEIPABHUBAHHUEM
TeMIiepaTyp o00OuX Tel, U OH HEOOpaTHM.

XvUMHUUECKasi PEeaKIus B3aUMOJEHCTBUS BOAOPOJA C KHUCIOPOJAOM Oymer
HEOOpaTUMOM, €CIM €€ MPOBECTH «OOBIUYHBIM CIIOCOOOMY», HampuMmep, momxedb. Ho
Ta peakmus Oyner oOpaTMMOW, €CIM €€ MPOBECTH, HampuMep, B 0OpaTHUMO
paboTaroIeM IEKTPOXUMUIECKOM JIEMEHTE.

HeoOpatumMpie caMONpoW3BOIBHBIE TPOIECCH MPOTEKAIOT B  HAMPABJICHUH,
KOTOpO€ MPUOIMKAET CUCTEMY K COCTOSHUIO paBHOBecusi. Kpome Toro, st
MPOIIECCHl CBSA3aHbl C Tepefadyedl TeIIoThl WIM OeCHOPAI0YHBIM JIBHUKEHUEM
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MoJieKy1. B crioxxHOM mporecce eciau XoTs Obl 0JjHa cTaausl HeoOpaTuMma, TO U BECh
mporiecc B IeioM HeoOpaTuM. B peanbHBIX TIpolieccax YacTo TaKOW CcTaauei
SBIISIIOTCS TpeHUE (pa3HBIX BHUJOB), MPOIECCHI TEIUIONEpEaadn MU MaccolepeHoca
(muddy3uu, KOHBEKIIMH), B CBA3W C YeM peajbHO MPOTEKAIOIIHE MPOIEeCChl OyayT
BCer/1a HeoOpaTUMBIMHU.

Hepagencmea Knay3zuyca

HpI/I NMPOTCKAHUHU OﬁpaTI/IMbIX nmpoueccos B I/I3OJ1Hp0BaHHOﬁ CUCTEME
IHTPOIINA 0CTACTCH MOCTOSIHHOM.

Tensiora u pa6ora Ji1060ro HeOOPATUMOT0 NMPOIECCA BCET/Ia MEHbIIE TeMI0ThI
U padoThl 00PATUMOr0 MPoIEecca MEXKAY TEMHU K€ HAYAIbHBIM U KOHEYHBIM
COCTOSTHMSIMU TpoIlecca.
dQneolp < 6Qo0p unmu Queodp < Qobp;
dWneobp < dWobp win Wreoop< Wolp.
[TosTomMy paboTy B 00paTUMBIX MPOIECCaX HA3BIBAIOT MAKCUMAIbHOU PAOOMOIL:
dWobp = 6 Wmax, Wobp = Wmax.

Uem MeHbIlle paboTa, MO CPAaBHEHUIO ¢ MaKCHMAJIbHOM, TeM Oosiee HeoOpaTum
nporiecc. Ilpormeccel, KOTOpbIe MPOUCXOIAT 0€3 COBEPIICHHUS PabOTHI, HA3BIBAIOTCS
MOJTHOCTHIO HEOOPATUMBIMU.

00paTuMBIH TIpoIIece HEOOpaTUMBI MpoIeCC
dS= 6Qo6p dS> 8QHeo6p
T T
AS = QHeo6p AS> QHeOGp
T T
(Ko oo g

OObenMHEHHBIE BRIPAXKCHUS MTPEACTABIAIOT HepaBeHcTBa Kitaysmyca:

5Q 8Q
> .

ds
T’iT

(1.41)

1. I3sMeHeHue >HTpONUU PaBHO TMPUBEACHHOW TEIJIOTE, COOOIICHHOW CUCTEME
00paTUMBIM TPOIECCOM, HO OOJIbINIe MPUBEACHHOM TEIUIOTHI, COOOIEHHOM
HEOOpaTUMBIM TPOIIECCOM;

2.CymMa TpUBEACHHBIX TEIUIOT, COOOIICHHBIX CHUCTEME B JIIOOOM KPYTrOBOM
MpoIiecce, T0JbKHA OBITh MEHBIIIE WU PaBHA HYIIIO.

40



1.9. Tpemove nauano mepmoounamuxu. Ilocmynam Ilhanka

Hcxons u3 BTOporo Havasaa TepMouHaMukH, ciieayet, uro KITJ 6mms3kuit k 100%
MOXXHO TIOJYYUTb, €CIIM TEeMIIeparypa XOJOAWIbHUKA OynaeT Onu3ka abCOIIOTHOMY
HYJTIO:

T, —T
KITJ =22~ 2 100%

Haep

T,,—0K = KII/|->100%

YeM MeHbIIIE TCMIICpATypa XOJOAHUJIbBHHUKA, TCM MCHbBIICC KOJIHUYCCTBO TCIIJIOTHI
HCO6XOI[I/IMO CMYy OTHAThb, YTOOKI B pE3YIbTAaTC UIBMEHCHHUE IHTPOIIUHA BCEJICHHOM Ha
IMPOTAKCHHUU BCCTO NUKIIA OBLIO MOJIOKUTETbHBIM.

CymecTByeT npenes MOHWKEHHSI TEMIIEPATypbl. JTOT €CTECTBEHHBIN IpPENeN —
HYJb IpagycoB B abcomoTHoU mkane temneparyp: T = 0 u KI1/1=100%.

OpnHako MpU MCTOIB30BAHUU JJISI TOCTUXKEHUST aO0COTIOTHOTO HYJIS TEMITEPATypPhl
C TMOMOIIBIO XOJIOAWJIBHOW MaIIMHbI HEOOXOAMMO COBEPIIUTH O0eCKOHEYHOEe YHCIIO
IUKJIOB €€ paboThl. A 3TO HE BO3MOXHO. MOXXHO TOJIBKO MPHUOIU3UTHCA K HYIIO
TeMIeparyp, HO JOCTUTHYTh HYJIS HE BO3MOXKHO.

Tperbe HAYaJ10 TEPMOAUHAMUKHU:
— AOCOJIIOTHBIN HYJIb TEMIIEPATYPbI HETOCTUKNM
— AOCOJIIOTHBII HYJIb HEe MOKET ObITh JOCTUTHYT 32 KOHEYHOE YHUCJI0 HMKJIOB;

— Ilpu npubau:keHMH K a0COJIOTHOMY HYJII0 JHTPONHA JHOO0H PABHOBECHOM
CHCTeMbl IepecTaeT 3aBHCETh OT KAKHX-JIH00 TepMOIMHAMMYECKHX
napaMeTpoB, IPUHUMAS JJIS1 BCEX CHCTEM OJHO M TOXKe 3HAYECHMHeE.

Crioco00B MOHMKEHHS TEMIIEPaTypbl MaTEPUAILHOTO TEla UMEETCSl JOCTaTOYHO
MHOTO. MOXXHO HCHapsTh XKUIKOCTh C €ro MOBEPXHOCTH, U OHA OyleT OTHUMATh
TEIJIOTY y Teja. MOXHO pPE3KO pacCIIUpATh a3, HAXOAWBLIMICS MO BBICOKHM
nasieHueM. [logoOHbIMU MeTOoJaMu AOBOAST TEMIEpPaTypy 10 YPOBHS HECKOJIBKUX
rpaaycoB BbIlie aOCOMOTHOro Hynd. OJHAKO 4YTOOBI TMOMYYUThH MO-HACTOALLIEMY
CBEPXHHM3KHE TEMIIEpaTypbl, MPUXOAUTCS HAIOJTO MOJABEIIMBATh HE3HAYMTEIbHOE
KOJIMYECTBO aTOMOB BEILIECTBA B CUJIBHBIX AJIEKTPOCTATUYECKUX U MATHUTHBIX MOJISX.
[locne »toro '"monmBemieHHble" aTOMbl 00padaThIBAIOTCS  JIA3E€PHBIM  JIyYOM
ONPEAEIICHHON JUIMHBl BOJIHBI, KOTOPBIA CHayajla 3acTaBJsi€T aTOMbl HCITyCTHUTh
OCTaTKU PHEPIHU BO30YKICHHBIX AJIEKTPOHOB B BUJIE CBETOBBIX KBAHTOB, a 3aT€M —
pa3orHaTb aTOMbl BPO3b, Kak Obl pacHpbICKaThb MX M3 a’pO30JbHOTO OaJIOHYHKA.
VIMEHHO Tak CeroJHs Mojay4yarT TEMIEPATYPHI MOPSAKAa HECKOIBKUX HAHOKEIbBUHOB
(1K = 10 K).

Takum obpasom, meniomy MOJNCHO npespamums 6 pabomy (l-e mauano),
HOTHOCMbIO IMO MONCHO COeNaAmb MOIbKO NPU AOCONOMHOM HYjle memnepamyp (2-e
HAa4ano), 00HAKo, abCONOMHbBLU HY/Ib He O0OCMUNCUM (3-e HAUalo).
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1.10. Pacuem uzmenenus IHMpOnuU paziuiHblX HPOUECCO8
Haczpesanue meep0oozo unu y3ncuoxkozo eeuwecmea om T; 00 T,

OTIUYUTENBbHON OCOOEHHOCTHIO TMPOLIecCa HArpeBaHMUs TBEPAOTO MM >KHUJKOTO
Tena SBISAETCA TO, YTO OOBEM CHCTEMBI MEHSIETCS HE3HAYUTEIbHO, MO3TOMY €ro
MO>KHO CYUTATh OCTOSIHHBIM.

I/ICXOIDI u3 1-ro u 2-ro Hayaja TCPMOINHAMUKHA 3aITMIICM:

5
5Qp —CpdT y dS=2F
T,
4g CpdT pq_ CpdT
T °

N3MeHeHne >HTPONUM MPU HArpEBAaHUM KOHJECHCUPOBAHHBIX CHUCTEM (TBEPAOTO
WM Kuakoro tena) ot 17 1o 1»:

a) MpoIIECC MPOTEKAET MpHU MocTossHHOM o0beMe (V=const) ipu Cy = const:

T
AS=n-CyIn—=
VT

L. (1.42)
b) mporiecc nNpoTeKaeT Mpu NOoCTOSIHHOM AaBieHuu (P = const) mpu Cp = const:
T
AS=n-Cpln—2=
I (1.43)
ﬂﬂ}l pa&wulmblx npoueccoe C udeaJleblM ca3zom.
Jlis uzobaprozo npoyecca:
T V.
AS:n-CVln—2+n'R1n—2 .
T Vi (1.44)
ﬂJl}l U30XOpPHO2O npoyecca.
T P
AS=n-Cpln—2+n-Rln—-
T P (1.45)
ﬂ]lﬂ 1/!30)C0pH020 npouecca 6 u30mepmuttecxux yC]ZOGLlﬂX.'
AS:n-Rlni ‘
P, (1.46)

ﬂ]l)l 1/!306de020 npoyecca 6 usomepmudecKkux yCioBusix.

AS=n -Rlnﬁ _
Vi (1.47)
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Hzmenenue snmponuu npu 63aumHou ougghyzuu 08yx uoeaibHulx 2a308:

UToOBI BBIUMCIUTH M3MEHEHHE SHTPONUM NpU B3auMHOM Aud@dy3uu BYX Tra3os,
HY’)KHO BBIYMCIMTh HM3MEHEHHE OHTPOINUU KaXIOro M3 Ta30B MpU 0O0paTUMOM
M30TEPMHOM pPACIIMPEHUU OT HayajdbHOTO 00bema Vi unu V, 1o koneunoro (V; +
Va)

Vi+V V,+V
ASlznl-Rlng o ASz =n2-R1ng
Vi Va (1.48)
AS =AS;+AS,

Ilpouecc ¢pazoeozo npespawienusn

OTauuuTenbHON 0COOCHHOCTBIO Tporiecca (a30BOTO MEpexojia, MPOTEKAIOIIETO
o0paTumo, SIBJISETCS TO, YTO OH BCETJa MPOTEKACT IIPH MOCTOSIHHOM TeMmepaType u
AaBJICHUH.

Tak kak 310 M300apHO-U30TepMUUecKuil mpouecc (p = const u T = const), TO
W3MEHEHHE SHTPOIMU MOKHO PAaCCUUTATh M0 YPABHEHHUIO:

AH
AS =n- @.11.
Ton (1.49)
rne AHepn — Temnorel ¢azoBoro mepexona; Tep — abcoiioTHas Temmeparypa

(1)330B01“O IIepexoga, n — KOJIMYCCTBO BCIICCTBA.

I[JI?I pacucra a0COJIIOTHOI0 3HAUYCHUS OHTPOIIMH BOCIIOJIB3YCMCA CICACTBHCM H3
TPETHEIro Havajia TCPMOJNMHAMUKH — MMOCTYJIATOM Ilnanka:

JHTpONUsT MHAMBHUAYAJBLHOTO TBEPAOr0  BellecTBAa €  MAeaJbHOM
KPUCTAUIMYECKON PpeleTKol npu a0CoJIOTHOM HYyJIe TeMIleparyp PpaBHA
HYJIIO.

Iim SO =0
T—0

Takum oOpazoM, aOCOJIFOTHASI SHTPOIHUS WICAIBHOTO TBEPIOTO Teja OyeT paBHa:

T
ASt=] Codl :

0

Jlnst pacyera aOCONIOTHOW SHTPONHMM BEIIECTBA, HAXOSIIETOCS, Hampumep, B
ra3oo0pa3HOM COCTOSIHUM HEOOXOJUMO pPACCUUTATh HM3MEHEHHE DJHTPONHUU TpHU
HarpeBaHUM BEIIECTBA B TBEPJOM, JKHJIKOM M ra3000pa3HOM COCTOSIHHSIX, & TAaKKE B
npoiiecce AByX (pazoBbIX MEPEXOO0B:

TKun,

T T
w C, o dT C, dT . C, dT
ST:0+I P’"T +A7{{"”+ .f P’; +Af"””+ I—P} .

0 nu T Kun T

ni. Kun
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1.11. Tepmoounamuueckue pynkuyuu

bonpmMHCTBO IMponueccCoB XUMHYECKOM TE€XHOJIOTUH IMPOTCKAIOT IIPHU IMTOCTOAHHOM
JaBJICHUU U TCMIICPATYpPC, €CIIKM OHHU IIPOBOAATCA B OTKPBITBIX allllapaTax, WK IIPpHU
ITOCTOSTHHOM 00BbeME U TCMIICPATYPC, €CIIN OHU IIPOBOIATCA B 3dKPBITHIX aIlllapaTax,
HaIllpuMCpP, B aBTOKJIABAX. B Takux PCAIBHBIX YCIOBUAX IIPOBCACHHUA IIPOLICCCA
(SaKpBITLIX N OTKPBITBIX CI/ICTeMaX) HU3MCHCHHUC OSHTPOIIMHM HE MOKCT IIPCACKA3aThb
HanpaBJICHHOCTb U COCTOSTHUC PABHOBCCHA ITPOLCCCA.

[ToBeneHne BCAKOM TEPMOJUHAMUAYECKON CUCTEMbI TOAUUHSETCS IEUCTBUIO ABYX
(GaKTOpPOB: IHTAJBNUITHOI0, HAMPABJSIONIETO CUCTEMY B CTOPOHY MHUHHMYyMa
TEIUIOBOM 3HEPTUU U IHTPONMUHUHOI0, OTPAXKAIOIIETO JBUXKEHUE CUCTEMBI B CTOPOHY
MaKCUMAJIbHOM  MakKCUMajbHOrOo  Oecrnopsjika, B CTOPOHY MaKCHUMAaJIbHOU
BEPOSITHOCTH €€ CYILIECTBOBAHUS, B CTOPOHY YMEHBIIECHHS KauecTBa 3HEpruu. Ecin
JJIs. M30JIMPOBAHHBIX CHUCTEM KPUTEPUEM MPOTEKaHMs TMpoliecca OYyIeT CIYKUTh
yBenuueHue SHTponuu AS>0, TO JJis 3aKPBITBIX M OTKPBITBIX CHCTEM HEOOXOIMMO
YUYUTBIBATh JEUCTBUE ABYX 3TUX (PAKTOPOB.

CrnocoOHOCTh CUCTEMBI COBEpPIIATh PAadOTy SBISAETCA OJHUM U3 KpPUTEPHUEB
BO3MOKHOCTH MPOTEKAHUS CAMOIIPOU3BOJIBHBIX IPOLIECCOB:

W>(0 — caMOonpOn3BOJIBHBIN MTPOLECC;
W<0 — HECAMOITPOU3BOJIBHBIN MTPOLECC;
W=0 — cocTosiHuE TEPMOAMHAMUYECKOTO PABHOBECHSI.
CornacHo 1-my Hagairy TEpMOIMHAMUKHU:
o0Q=dU+sW ‘

ComacHo 2-My Hayainy TEPMOJUHAMUKU:

dsz%Q = TdS>5Q

W — nonnas paboTa. oHa CKIIaapIBaeTCsi M3 moJiesHo padoTel (W’) u paboTh
pacmmpenus (pAV):

OW=0W'+PdV .

llone3nas paboma — 6cs paboma, cosepuiaemas CUCmemMou 3a UCKIIOYeHUeM
pabomsl pacuiupenus.

OObeMHUM ypaBHECHHS:

TdS>dU+PdV+oW' . (1.50)

[leperpynnupyeM U MOAy4YuM OObeIMHEHHOE ypaBHeHHMe l-ro u 2-ro Hayanl
TEPMOJMHAMUKH:

OW'<TdS—dU—-PdV W'<STAS-AU-PAV |

WJIM B MHTCTPAJIbHOM BUJIC

Ecnu mpomecc mpoBoauTh 00paTuMo, TO MOXHO TOIYYHUTHh MAKCUMALILHYIO
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MOJIC3HYIO padoTy:

SW'nax=TdS-dU—-PdV | yyy B unrerpamsrom Buge | W max=TAS—AU—PAV(

PaccMmoTpum paznuuHblie ciiydan MpoBEACHUS Mpolecca.
1. M30xopHO-u303HTpONHBIE yeaoBus (V, S = const = AV=0 u AS=0).

B M30XOpHBIX yCIOBHUSAX NOJHAsA padoTa paBHA
noniesHot  pabore(W’=W), Txk. paborta
pacmpenus He BoinosHsercss PAV=0.

OObequHEHHOE YpaBHEHUE TPUMET BUJI:

AU>0

AU<0
PABHOBECVIE SW<—-dU
\ AU=0 711
| Wax=—AU
npouecc U npouecc
Y i CAMOINPOWN3BOIIbHO

CAMONPOVISBONBHBIV mn HE BO3MOXEH KpHTepHeM leOTeKaHI/IH caMo-
NPOM3BOJILHOIO Ipolecca B  H30XOPHO-
Xon (passuTie) npolecea M309HTPONMHBIX YCI0BHSX ABJISETCS

yMeHbllleHHe BHYTpPeHHei dyHepruu cuctemsbl (AU<O0).

B maHHBIX YCIOBHSIX TMPOIECC TPOTEKAET B CTOPOHY 3K30TEPMUYECKOIO
HU30XOPHOT0 TerIoBoro 3ddekra.

B cocrosinuu paBaoBecus AU=0.

2. N300apHo-u3o3HTponHbIe yeaoBus (P, S = const = AS=0).
OObeuHEHHOE YpaBHEHUE TPUMET BU/I:

dW'<—-dU-PdV

W hax=—AU-PAV

C yaerom Toro0, ut0 AU+PAV=AH nonxy4yum:

H OW'<—-dH
' —_—
W' ax=—AH
Kpurepuem NMPOTEeKAHUA camo-
NMPOU3BOJBHOIO Mpolecca B M300apHO-
PABHOBECHE
\ AH=0 K U309HTPONHBIX  YCJAOBHAX  ABJIACTCH
AH<0 AH>0  yMEHBIIEHHE JHTAJBIHMH  CHCTEMbI
npouecc H npowecc (AH<0).
CAMOIMPOW3BOSbHbLIN min  CAMOINPOWM3BOITbHO
HE BO3MOXEH B manHBIX  yCIIOBMAX ~— Ipouecc

MPOTEKAET B CTOPOHY IK30TEPMHUYECKOIO

X0pA (pa3BuTre) npouecca
uzodapHoro temwioBoro dddekra. B

coctosinuu paBHoBecust AH=0).
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3. U3oxopHo-uzorepmudeckue yciaopus (V, T = const).

OObeuHEHHOE YpaBHEHUE TPUMET BUJI:
OW <TdS-dU
Winax=TAS-AU

C y4ETOM TOTO, 4TO
PABHOBECME AU=U;-U; 1 AS=S; =S moiy4unm:
TN i (G Winax=(TS, ~T$)~(U, ~U))
npotiecc npotece Wiax=—1(Us =TS))—(U; -T$))] :

CAMOIPOW3BONbHbIV Fmin CAMOIMPOU3BOJIbHO

HE BO3MOXEH
BBGI[GM HOBYIO TCPMOANHAMUYCCKYIO

xoA (passuTue) npouecca q)YHKLII/IIOZ
F — wu30xXopHO-M30TepMUYECKHH TMOTEHHUAJ] WM JSHeprusi [eabmroabua

(cBoOOaHAs Y HeprHs ['eIbMIoIbIIA)

Takum o0Opa3zoMm, KpUTEpUEM MPOTEKAHUS
Winax = -AF CaMOIIPOM3BOJIBHOIO  Ipoliecca B H30XOPHO-
U30TEPMHUUYECKUX YCIOBUAX (3aKpbITas CHCTEMA)
ABIIAETCS U3MEHEHUE dHepruu [enbmronba:

obpatmmo

1 2 SW < —dF
HeobpaTnmo
W <-AF
W < -AF W_. =—-AF

CamMonpon3BONBHBIM ~ NPOLECC B M30XOPHO-U30TEPMUYECKUX  YCIOBHSX
IIPOTEKAET, TAKUM 00pa3oM, B CTOPOHY YMEHbILICHUS SHEPTHH [ eabMrobiia.

AF<0 — nporiecc caMOnpoOu3BOJIbHBIN;
AF>0 — npor1iecc HECaMOIIPOU3BOJIHHBIN;

B cocTosHMM paBHOBECHS B H30XOPHO-M30TEPMUUYECKUX YCIOBHUSX JHEPTHUS
['enpMronplia cTpeMUTCS K MUHUMalbHOMY 3HaueHuto: F — min u AF = 0.

Takum o00pa3zomM, n3meHeHue 3Heprun ['eabMroabIa paBHO MaKCHMAJIbLHOM
MOJIE3HON padoTe, KOTOPYHO MOXKHO TIOIYYUTh B H30XOPHO-U30TEPMUUYECKUX
YCJIOBUSIX ITPOTEKAHUS PEAKLIUH.
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G

CAMOMPOW3BONbHbIN Gmin CAMOMPOW3BONbLHO

4. N306apuo-uzorepmudeckue ycaosus (P, T = const).

OObenuHEeHHOE YpaBHEHUE TPUMET BUJL:
OW'<TdS—-dU-PdV
W' ax=TAS—AU-PAV '

max

C y4etoM Toro, 4To
U+PV=H; AH=H, -H; u AS=S, -5, IMOJIyYHUM:

7’%@0 Winax=(TS; —=TS))—(H, —H;)
W' nax=—1(H, =TSy)—(H; -TS))] .

PABHOBECVIE
AG=0
AG<0 l

npouece npouecc

HE BOSMOXEH BBeneM HOBYIO TEPMOAMHAMUYECKYIO

(OYHKIHIO:
G=H-TS

xop4 (pa3suTue) npouecca

G — n300apHO-M30TePMUYECKHIT MOTEHIUAJ WK 3Heprusa I'md606ca (cBodoaHas
yHeprus I'mooca).

Takum o00pa3oMm, KpUTEpUEM MPOTEKAHUS
Wmax =-AG CaMOIIPOM3BOJILHOTO TIpoIlecca B HM300apHO-
U30TEPMHUECKUX YCIOBUSX (OTKPBITAas CHCTEMA)
ABIIAETCS M3MeHeHue sHeprun ['mboca:

2 oW'< —-dG
W' -AG
W < -AG W'max -AG .

obpatnmo

HeobpaTnmo

CaMonpou3BOJIbHBIA MPOLECC B M300apHO-U30TEPMHUUECKUX MPOTEKAET, TAKUM

00pa3oMm, B CTOPOHY YMEHbILICHHS SJHEPTUH | enbMrosbia:

AG<0 — nporiecc caMONpOr3BOIbHBIN;
AG>0 — nporiecc HE cCaMOTIPOU3BOJILHBIN;
B coctosinuu paBHoBecus: G — min u AG = 0.

N3menenne 3Hepruu I'mb0ca — 570 MakcuMajibHasi MoJie3Hast padora,

KOTOPYTO MOKHO INOJIYUUTD OT pPCaKIHU, IMPOTCKArOIICIo B I/I306apH0-
HN30TCPMUICCKUX YCIIOBUAX.

Ypaenenue I'uooa-I'envmzonvua.

OnHuM W3 BBIJAIONIMXCSA JOCTbKeHUM Jko3aisa-Yunanma I'mb0ca sBnsercs To,

9TO OH IIEPCHEC BTOPOC HAYAJIO TCPMOAHMHAMUKN Had XUMHUYCCKUC ITPOLCCChHI.
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Jxo3zaiin Yunapn 'MBBC (1839 — 1903) AmepukaHckuii
¢busuk u maremaruk. Ponumncs B Hero-XeliBene, mrar KOHHEKTHKYT.
On oxonun1 Menbckuii yHUBEpCHTET.

B 18661869 rr. ['u66¢ nponomxui odopazoBanrie B CopooHHE U
Komnex ne ®@panc B Ilapmxke, B bepnunckom u I'eiinensoeprckom
ynuBepcuteTax. [locine Bo3Bpamienus B Hrpro-XelBeH BO3IIaBUII
Kaeapy MareMaTHueckol (u3MKH MelrhCKoro yHHBEPCHTETA W
3aHUMaJ e€ 10 KOHIIA KU3HU.

[lepyto pabory B obmactu TepMoauHamMuKH [n6OC
npeacrtabml KoHHEKTHKyTCKOWM akagemuu Hayk B 1872 r. Ona
Ha3bIBajach «l'paduueckue MeTOb B TEPMOANHAMHUKE KHUIKOCTEH
u OblIa TMOCBAIEHA METOAY OSHTPONHUMHBIX Iuarpamm. Merton
NO3BOJST  Tpa)UYecKH NPEACTaBUTh BCE TEPMOJMHAMUYECKHUE
CBOMCTBa BelleCTBA U ChIrpai OOJIBIIYIO POJIb B TEXHUYECKOM
TepMoarHaMuke. [ MOOC pa3BMIl CBOM UIeH B cieayrouie pabore —
«MeTopl TEOMETPUUYECKOTO MPEICTABICHHS] TEPMOAMHAMUYECKUX CBOMCTB BELIECTB MPH IMOMOIIU
noBepxHoctei» (1873), BBens TpEXMEpHBIE AUArpaMMBbl COCTOSIHUSI M IOJYYHB COOTHOIIICHHE
MEX1y BHYTPEHHEH SHEepruei CUCTEMBbI, SHTPOIUEH U 00bEMOM.

B 1874—1878 rr. 'n66¢ omybnukoBan Tpakrar «O paBHOBECHH reTEPOr€HHBIX BEIIECTBY, UIACH
KOTOPOTO JIETJIM B OCHOBY XMMHUYECKOW TepMonuHaMuku. B Hem ['HOOC M310KUIT 0OIIYI0O TEOPHIO
TEPMOAMHAMUYECKOTO PAaBHOBECHS M METOJ TEPMOAMHAMHYECKUX IMOTEHIIHAIIOB, CHOPMYIUPOBAI
npaBwiio a3 (HbIHE HOCALIEe €ro HMs), MOCTPOMJIT OOIIYI0 TEOpPUI0 TOBEPXHOCTHBIX U
AIIEKTPOXUMHUYECKUX SIBICHHUM, OOOOMIMI TPUHIMII SHTPONUH, TPUMEHSS BTOPOE HAYAIIO
TEPMOJMHAMUKH K MIMPOKOMY KpYyry IIPOILECCOB U BbIBeNl (PyHIaMEHTaJIbHOE YpaBHEHHE,
YCTAHABIMBAIOIIEE CBA3b MEXKIAYy BHYTPEHHEH DJHEPrHMed TEepMOAMHAMUYECKONM CHUCTEMBI H
TEPMOIMHAMUYECKUMHU TMOTeHuuanamu. [lomydyeHHble MM ypaBHEHHS MO3BOJISUIM OINPEACISATh
HalpaBJIeHUEe XUMHUYECKUX PEAKIMHA M YCIOBHS PABHOBECHs JJISi CMeceil 000 CII0KHOCTH, a
TaKKe JJIsl TeTePOreHHBIX CUCTEM.

C ero wuMeHeM CBs3aHbl TaKWE TIOHATHUS, Kak «mapagokc [ub0ca», «KaHOHUYECKOE,
MHUKPOKQaHOHHYECKOEe M OOoJsblIoe KaHOHMYEeCcKoe pacrpeneneHus ['mb0cay, «ancopOLnOHHOE
ypaBHeHue ['mbOca», «ypaBHeHue [mb6bca — [rorema» u ap. B Tpymax ['mb0ca nposiBuinch
3aMeydaTesbHO TOYHasl JIOTHKA M TIIATEIbHOCTh B OT/ENKE pe3yibTaroB. B ero paborax 1o cux mnop
He 0OHApYKEHO HU OJJHOW OIIMOKH, BCE €r0 UAEH COXPAHUIIUCh B COBPEMEHHOW HayKe.

CooTHOIIIEHUSI, KOTOPBIE MOKA3BIBAIOT, KAKyl0 MAaKCUMAJIbHYIO TTOJIE3HYIO padoTy
MOXXHO TIOJYYUTh OT XUMHUYECKOM peakIMu Ha3bIBalOTCA ypaBHeHUs MU [mOOca-
I'eapMmromneia:

AG=AH-TAS

Kak cnenyer w3 2-ro Hayana TEpMOAWHAMHUKH, TOJIBKO 4YacTh TEIUIOTHI
(MpUMEHUTENFHO K XUMUYECKOW PEaKIMU - TEIIOBOro 3QeKTa) MOXKHO MPEBPaTUTh
B paboty. Jlpyrast 4yacTe 10JKHA ObITh OTAAaHA OKpYXKAOIIEH cpele Ui TOro, 4ToObl
DHTPONMS BCEICHHOW YBEJIMYWIACh. TOJBKO B 3TOM CIIy4ae OT PEAKLUU MOXKHO
HOJIY4UTh paboTY, a CIIE€A0BaTENbHO, peaklus Oy/1eT NPOoTeKaTh CaMOIIPOU3BOJIBHO:
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AH

AG TAS

TAS — cBsi3aHHas TeMJIOTA, T.. Ta JOJSI SK30TEPMHUUYECKOTO TETUIOBOTO A (deKTa,
KOTOpasi He MOXET ObITh MpeBpallieHa B padoTy.

N3menenune sneprun ['mb0Oca oTnmdaeTcst OT U3MEHEHUsS dHEpruu | enmpMrombiia
Ha BEJIMYMHY PabOTHI PaCIIUPECHUS:

AG=AF+PAV
AG=AF+AnRT|

(1.52)

C yuerom (1.15) m (1.52) nomydaem TrpaUUECKOE€ COOTHOIIEHUE MEXKIY
BOKHEUITUMU TEPMOTUHAMUYECKUMH (PYHKIIUSIMHU:

PAV | AU .
€—>| € >
PAV AF TAS

«—>l< > | <€ >
) AG UTAS .

B 3aBucummoctn or TOro, kak m3MeHsAOTCI AH m AS BO3MOXHO HECKOJIBKO
CJTy4aeB MPOTEKAHUS PEAKIIUU:

1. Peakuuﬂ IKzomepmuiueckan, npomeKkaem ¢ ygeiudenue Inmponuu.

AH < 0 u AS > 0 = Bo Bcem amanazone temmneparyp AG < 0 — peaxknwus
IIPOTEKAET CaMOIIPOU3BOJIBHO.

2. Peamum 9H00mepmuuec1<aﬂ, npomexKaem C YMEHbUICHUEM IHMPONRUU.

AH > 0 u AS < 0 = Bo Bcem amana3zoHe temmneparyp AG > 0 — peakuus He
MIPOTEKAET CAMOIIPOU3BOJIBHO.

3. Peakuusa 3H0omepmuueckas, npomexkaem ¢ poCmom IHMpPonuu:

AH > 0 u AS > 0 = peakuus nporekaer camonpou3BoibHo AG < 0, ecnu

AS AS
— p€aKnuid CTAaHOBUTCA TCPMOANMHAMNYCCKH HEBO3MOXKHOM.

T> ; mpu T< U3MEHEHHE dHeprun [ mb0ca CTaHOBUTCS MOJIOKUTEIHHBIM

4. Peakuuﬂ IKzomepmuueckas, npomexkaem C YMEHbUieHUuem IHmponuu.

AH
AH < 0uAS <0 = nopu T> Ag| H3MEHEHUE SHEpruu ['n66ca cranoBUTCS

IOJOXHUTCIBbHBIM — pPCaKOUusd CTAHOBHUTCA TCPMOINMHAMHNYCCKH HCBO3MO)KHOI>'I;
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r[pHT<

AH o
—| p€aKnuA IIPOTEKACT CaMOIIPON3BOJBHO AG<0 -8B JaHHOU obnacTu
5| P p p

TEMIIEPATyp YMEHBUICHHE SHTPONHUU KOMIICHCUPYETCS BBIACICHHEM TEIla B
OKPYKAIOIIYIO CPENy, YTO MPUBOJUT K CYMMapHOMY POCTY 3HTponuu BceneHHoi
U JIEJIACT PEAKIUIO TEPMOJANHAMUYECKH BO3MOXKHOM.

Pacuem uszmenenusn snepeuu I'uooca

[Ipubnuxennsiii pacuer AG Uil XUMUYECKOM peakuuu TMpu 3aJaHHOU
TeMIepaType NPOBOAUTCS MO JIBYM MPUOIMKEHUSIM YIIHXa.

1-e nmpubamkeHne YaMxa OCHOBAHO Ha JONYIIEHWH, YTO NPHU MPOTEKAHUH
XUMHUYECKOM pEeaKIUu TEeIIOeMKOCTh cucteMbl He wu3Mensercs ACp=0. Pacuer
IPOBOJIUTCS. HA OCHOBAaHUH JIaHHBIX O CTAHJAPTHOM TEIUIOBOM 3((PeKTe U N3MEHEHUHN
CTaHJAPTHOM HTPOIIUH, B COOTBETCTBHUE C YPABHEHUEM:

0_ 0 0
AG, = AH ;o —TAS, ¢ (1.53)

2-e npuOIMKeHHe YJIHMXa OCHOBAaHO Ha JOMYLIEHWHM, YTO IPU NPOTEKAHWUU
XUMUYECKOW PEaKIMM H3MEHEHUE TEIUIOEMKOCTH CHUCTEMBI HE 3aBUCUT OT
temneparypsl ACp=Aa=const:

AGp =AH 0 —T - ASys—Aa-T-M,, (1.54)

rne Aa — usmMeHeHne KorpQuIueHTa @ SMIUPUIECKON 3aBUCUMOCTH TEIIOEMKOCTH
OT TeMIeparypbl IJs pearupyromux BemecTB; My — Ko3(ppuuueHT, 3aBUCSIINANA
TOJIBKO OT TEMITEPATyphI:

Camblii TouHbIH pacder AG’r MOXHO IPOBECTH C IIOMOIIBIO YpPAaBHEHHs
Témkuna-IlIBapumana:

AG) = AHy ~T - ASSy—T(Aa- My +Ab-M, + Ac-M, +Ac"M _,),  (1.55)

riae My, My, M,, M_, — xoaddurnentsl ypaBaenus Témkuna-IlIBapiiMana, KoTopbie
3aBUCAT TOJIBKO OT TEMIIEPATYPHI:

T 298,15
= + -

o=In 1
298,15 T

", 29815 298]15"

M, = ,eoen#0
nn+l) (m+DT n

1.12. Xumuueckuit nomenuyuan

XUMHUYECKAN  TIOTEHUHMAN  SABJAETCS  BAKHEUIIEHM  TEPMOAUHAMUYECKOMU
XapaKTEPUCTUKOW NHANBUAYAIBHOTO BEIECTBA B MHOIOKOMIIOHEHTHOW CUCTEME.
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Ecau B CUCTCMY BBOIATCA (I/IJII/I BbIBOI[?[TC?[) KaKHC-TO BCIICCTBA NJIN B CUCTCEMC
IMPOUCXOAUT XMMHNUYCCKaAsA PCAKIUiA, TO TCPMOJHMHAMHUYCCKUC CBOMCTBA CUCTEMBI U,
H, Fum G HU3MCHAIOTCA, TaK KaK IIpU 3TOM IPOUCXOIUT IICPCPACIIPCACIICHUC
KOJIMYCCTB OTACJIBHBIX KOMIIOHCHTOB. B 06HICM ClIydac OHO COIIPpOBOKIACTCA
HN3MCHCHUEM DHCPIrur CUCTCMBEI.

PaCCMOTpI/IM, HaIIpUMCpP, HU3MCHCHUC OHCPIHHU FH66C&, Koraga OHa MABJIICTCA
q)YHKHI/Ieﬁ HC TOJIBKO TCMIICPATYPhI U AABJICHUA, HO U KOJIUYCCTBA PCAI'CHTOB:

G:f(Pa T, ng, ny, ..., ni)'
rac ny, n, — KOJIN4YCCTBA BEIICCTB, MOJIb.

YactHas npousBoaHas »Heprum ['mbOca mo KoJW4yecTBY (B MOJb) JIAHHOIO
BemecTBa (mpu moctossHHBIX P, T M KojaudecTBaX OCTANbHBIX KOMIIOHEHTOB)
Ha3bIBAECTCSI XUMMYECKUM MOTEeHMATIOM:

£

Hi= o,

P,T,nj

(1.56)

Xumuueckuii norennuas (I'mo6o6c, 1875) i-ro KOMINOHEHTa paBeH MPUPAIICHUIO
sHeprumn ['mb6ca mpu 1006aBIECHUN OJTHOTO MOJISI ATOTO KOMIIOHEHTA MPU MOCTOSIHHOM
TeMreparype M JaBJICHHUH K HACTOJBKO OOJBIIOMY KOJMYECTBY CHUCTEMBI, YTOOBI
COCTAaB €€ NMPAKTHYECKU HE N3MEHSICS.

Tak kak XUMHYECKHUM ITOTSHIIMAJI BCErjJa OTHOCHUTCS K 1 MOJIb KOMIIOHEHTA, TO
€ro BEeJIMYNHA HE 3aBUCUT OT OOIIEr0 KOJIUUECTBA BEIIECTB B CUCTEME. XUMUUYECKUI
MOoTeHIIUAN — (haKTOp MHTECHCUBHOCTH.

XUMHAYECKUM TOTEHLMAT HAa3bIBAIOT €IlI€ NapUHAAIBHOM MOJIBHOM JHEprueu
['ub0ca, mockonbKy mocienHss Oepercs npu mnoctossHHbIX P u T (kak u nmpyrue
napIraibHbIC BETUYUHBI 110 ONPEIEICHHIO):

1 =G

IIpr mocTosHCTBE MdaBleHUS M TeMmIeparypbl (M300apHO-M30TEPMHUYCCKUMA
nporiecc) sHepruss ['mbOca cucTeMbl CKIaabIBaeTCsS W3 4YacTed, OOYCIOBICHHBIX
KOMIIOHCHTaMHU JJAaHHOW CHCTEMBI:

G=2 nju;

Jist 1 MONb YHCTOrO BEMIECTBA XWMHUYCCKHH IMOTCHITMAT PABEH MOJSPHOMY
3Ha4YeHuto dHepruu ['mboca:

G=p

XUMUYECKUI MOTEHIAN 3TO JBWXKYIAsl CUJIa B SIBJICHMSX MEPEHOCA BEIIECTBA.
Taxoil nepeHoc MPOUCXOAUT NpU (Ha30BbIX MEPEX0JaX U MPU XUMHUECKU PEAKITHIX.
Paboty mepenoca i-ro kommoHeHTa 3anucbiBaloT dG=pdn; . ng xumudeckoi
peakuuu B LEJOM HPOUCXOAMT B3aMMOCBA3aHHOE M3MEHEHHE MacCc BCeX
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KOMIIOHCHTOB, IIO3TOMY ITOJIHAA pa60Ta NEPpEMCIICHNA MACC 3alIMIICTCA KaK:

dG=2 pidn; (1.57)

[Ipu nporekanuu ¢Ga3oBbBIX MPEBPALIEHUNA BEIIECTBO CaMOIPOU3BOJIBHO
nepexoauT u3 (as3bl, B KOTOPOH €ro XMMUYECKU MoTeHIHal Oonblie, B a3y, e
€ro XMMHYECKHI TMOTEHIMad MeEHbIle. PaBHOBECHIO COOTBETCTBYET PAaBEHCTBO
XUMHUYECKUX TTOTCHI[MAJIOB KOMIIOHEHTA B (ha3ax:

> pf
——>|

dasa o dasa f3

IIpu ycranoBienun B cucreme pasHoBecus dGpr = 0. Iloaromy, ycnoBue
paBHOBECHA B CUCTEME C IEPEMEHHBIM YMCIIOM MOJIEH, TPU MOCTOSHHBIX MMapaMeTpax
nportiecca (p u T), onpenensieTcss paBeHCTBOM:

dn; ), =0
(ZPH 1)P,T (1.58)
XHUMMYECKUM MOTEHIMAI UACAIbHOI0O ra3a 3aBUCHUT OT JIaBJICHUSI:
0 —
. =W, +RTInP

P

rae ) — CTaH#apTHBIH XUMHYecKuil motenmman mpu P° = 101325 Ia; I_J:F —

OTHOCUTCJIBHOC JAaBJICHUC.

B cMecu peanbHBIX Ta30B ypaBHEHHUS 3aBHCHUMOCTH JaBJICHHUS M 0oO0bema Oosee
TPOMO3JKA W HEYTOOHBI JJIs MCIOJb30BaHuUA. bojiee mpocToil crmoco0 BeIYMUCICHUS
XUMUYECKOTO TIOTCHIMAIa OT JaBicHus mnpemaoxui Jlprouc. OH MpemioxuI
COXpPaHHUTh BHJ 3aBUCHMOCTH XHMHYECKOIO IIOTEHIIMAJla pPeaJbHOTO Ta3a oOT
JIaBJICHUS TaKOM JKe, KaK M IS MACaIbHOIO Ta3a, HO BMECTO JaBJICHHUS MCIT0JIb30BaTh
HEKOTOPYIO PACUCTHYIO BEIWYHHY, 3aBUCAINYIO OT JAaBJICHHUS, KOTOPYIO OH Ha3Bal
Gyeumuenocmo (1emyuecms).

Dyzumuenocmo (f;) — eenuuuna, cesazannasn ¢ peanvhvim oasnenuem (f; =y;P; ),
KOMOPYI HYIHCHO NOOCMABUMb 6 6blpadceHue O XUMUYEeCKO20 NOMeHYUuald
UOeanbHo20 2a3a 6mMecmo O0aGleHUs, 4YmooObl NOIYYUMb 3HAUEHUEe XUMUYECKO20
NOMEHYUALA PeailbHO20 2a3a:

W= ].Lio +RTInf;

; (1.60)

_fi
-
f;
craHjapTHas (YrMTHMBHOCTL PEaJbHOrO TIa3a, KOTopas CYMTaeTCs PaBHOM
CTAHIAPTHOMY JaBJICHHIO.

QOYTrUTUBHOCTh MMEET TAKYKO K€ Pa3MEPHOCTb, KaK M JABJICHHUE, 3aBHUCUT OT

£ 0_po
rge fi OTHOCUTEJbHAsT (PYTUTUBHOCTH peanbHOrOo raza; fj =P '=101251la —
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TEeMITepaTyphl, aBJICHUS W COCTaBa ra3oBod cMecu. Koadduiment GyrutuBHOCTH
(y;) — 6e3pa3mepHas BeJIMUMHA.

DYruTUBHOCTH MOXKET OBITh KaK MECHBIIE JABJICHUS, TaK U OOJIbIIE JaBICHUS, TO
ecTh KOod(h(PHUIHMEHT (YrUTUBHOCTA MOXKET OBITh MEHBINC CIWHUIBI U HAMHOTO
oonpmie emuHUNBl. K HMCMOMB30BaHMIO (PYTHTUBHOCTA BMECTO MapIAATBLHOTO
TABJICHUS TPUXOAUTCS TpHOeraTh TpPH BBICOKUX JABJICHUSAX, HANpPUMEp, IPH
nasienusx 5—10 MIIa (50-100 atm). KoaddunmenTsl GyruTUBHOCTH ONPEACTIAIOTCS
IKCIIEPUMEHTAIBHO.

Memoowt pacuéma pycumuenocmu u korpguyuenma gyzumusnocmu 9YUCTHIX
ra3oB MOXKHO pa3/ieNuTh Ha TpaduuecKue U aHATUTUYECKUE.

K rpaduyeckum meTonamMm OTHOCSTCS:

— pacu€T (QYrUTUBHOCTH PEAbHOIO Ta3a MO 3KCIEPUMEHTAIbHBIM JIAHHBIM 00
ero o0béme V mipu paznuunbix gasieHusix P. B koopaunarax P-V cTpost uzorepmbl
JUISl pealbHOTO U MJICAIBHOTO ra30B, HAYMHAsI OT HU3KOrO JaBieHus P; 1o naBneHus
P, mpu koTopoM HE0OXOAMMO OmpeneauTh (GYyruTUBHOCTH. [lnmomans, 3akimrouéHHas
MEK]Iy dTUMU JIUHUSMHU, TIO3BOJISIET BBIYUCIUTE Belnuuny f npu nasnenuu P;

— pacy€Tr (PyrUTUBHOCTH YUCTOro (MHAMBUAYAJIBHOIO) ra3a MO BEIUYHHE O —
OTKJIOHEHHUSI JKCIIEPUMEHTAJIBbHOTO 00bEéMa V., peaJlbHOro ra3a OT HEaIbHOIOo
(V= RT/P). Benmuunnaa o onpenensieTcs 1o COOTHOLIEHHIO:

a=E—Vm
P

Crpost rpaduk B KoopuHaTax o — P rnpu 3a1aHHON TeMIiepaType U OnpeesioT

P
IUIONIAab MEXIY KPMBOW M OCBIO abCLMCC, KOTOpas paBHAa HMHTErpaily L a-dP.

[Tocre aTor0 UCIOIB3YIOT hOPMYITY
RTInf=RT P a-dP.

OTKYJIa JIETKO MOYKHO OTIPEIEITUTH f.

AHanmuTU4YecKre METONbI 1Jisi pacuéra (yruTUBHOCTH YMCTOTO Ta3a BKIIOYAIOT B
cebst ucnonb3oBaHue ypaBHeHuit Ban-nmep-Baanwca, beptio, burtu-bpumxmena, a
TaK)K€ TaKW€ TOHATHUS, KaK KPUTHYECKOe COCTOSIHME M HEKOTOPBIE TMOCTOSHHBIE,
Ha3bIBa€Mble BHUPHAJBHBIMM KOI(PPUUIMEHTAMM, 3aBHUCSIIMMH HE TOJBKO OT
MIPUPOJIBI Ta3a, HO U OT TeMIiieparypbl. Pacuér pyruTHBHOCTH YMCTOTO raza mpoBOJST
TaKk)kK€ C WCIIOJIb30BAHMEM METO/Ila COOTBETCTBEHHBIX COCTOSIHMI (MeTona
HrproToHA), 3aKITIOYAONMIErOCs B TOM, YTO YpPaBHEHHE COCTOSIHUS PEATbHOTO raza B
0006mEnHoN dopme, eciu V, P, T OynyT BeIpakeHbl B J0JSX KPUTUUECKUX BEITMUHUH
(Tak Ha3bIBacMbIC TMPHUBEICHHBIM O0BEM, MPHUBEICHHOE IABJICHUE W TPUBEIACHHAS
TeMITepaTypa) He JOJDKHBI COACPKaTh WHIUBUTYATbHBIX TTOCTOSHHBIX, 3aBUCSIIINX OT
npupoabl raza. Tak, B METOJE COOTBETCTBEHHBIX COCTOSSHHM YTBEP)KIACTCS, UTO
HEKOTOPHIE M3 TEPMOJUHAMUYCCKUX CBOWCTB BEIISCTB MPH OJWHAKOBBIX 3HAYCHHSX
MPUBEACHHBIX IMAPAMETPOB JIOJDKHBI OBITh OJMHAKOBBIMH. METO COOTBETCTBEHHBIX
COCTOSIHUM TIO3BOJISIET JIETKO OMPEesTh KOd(PPUIueHTsl PyruTUBHOCTH, a TaKXe U
(YTrUTUBHOCTD, €CITM U3BECTHBI KPUTHUECKAs TEMIIEPATypa U JaBJICHHE.
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2. XHMHYECKOE PABHOBECHE

[Ipy npoTekaHUM  XUMHUYECKOM  peakIuu  4Yepe3  HEKOTOpoe  Bpems
YCTaHABJIMBAETCS PAaBHOBECHOE COCTOSIHUE (XMMHUYECKOE PABHOBECHE), KOIJa YHCIIO
MOJIEKYJI BEILIECTB, COCTABISIONIMX XUMUUYECKYIO CUCTEMY, MEPECTaéT U3MEHATHCA U
OCTaETCsl MOCTOSIHHBIM BO BPEMEHU MPU HEU3MEHHBIX BHEUTHUX YCIOBHSIX.

XVMMHUYECKOE pAaBHOBECHE SIBISICTCS OuHamuyeckum. B COCTOSHUM paBHOBECHS
XUMUYECKHE TPEBpAICHUs] TPOTEKAIOT OJHOBPEMEHHO B IPOTHBOIOJIOKHBIX
HaIIpaBJICHUSIX C OMHAKOBOM CKOPOCTHIO. [Ipr 3TOM KOHIIEHTpaIuy BCEX YYaCTHUKOB
peaknuu (MCXOIHBIX BEIIECTB M MPOIYKTOB) OCTAIOTCS TOCTOSTHHBIMU BO BPEMEHH.

XHUMHUYECKOE PABHOBECUE SIBISETCS HOOBUNCHBIM — BCSIKOE BHEIIHEE BIHMSIHUE HA
CUCTEMY TIPUBOJUT K HW3MEHCHHIO COCTOSHHUS PAaBHOBECHOW CHCTeMBbl. [lpu
MPEKPAILCHUY BHEITHEr0 BO3JEHCTBUSI CHUCTEMa BO3BPAIlacTCi B CBOE HCXOAHOE
COCTOSIHUE.

CocrosiHue paBHOBECHS TAaHHOW XMUMHUYECKON PEAKIIUU MOXKET OBITh IOCTUTHYTO
IIPU MPOTEKAHUU PEAKIIUHU C ABYX MPOTHUBOMOJIOKHBIX CTOPOH:

paBHOBecue
; >y .
100% 100%
ncx. B-Ba NpoayKTbI

B 3aBucMMOCTH OT TOJOKEHUSI COCTOSHUS PABHOBECHS MOXKHO BBIIECIUTH 4
ciy4das (puc. 1):

paBHoBecue AG<0 paBHoBecue AG<<0
: Y . Y
100% 100% 100% 100%
WCX. B-Ba NPOAYKTBl  )cx. B-Ba NPOAYKTbI

PaBHOBECHE CMEILIEHO B CTOPOHY
IIPOAYKTOB peakuuu. Beixon mponykra
s Takux peakuuit BIT>50%

PaBHOBECHE MPAKTUYECKU MTOJHOCTHIO
CMEILEHO B CTOPOHY MPOJYKTOB PEAKIIUU.
BI1—100%. Takue peakuuu siBASIOTCS
HEOOPaTUMBIMHU.

paBHoBecne AG>0
paBHoBecue AG>>0

[ v i 4
(o] (o] bl :
100% 100% 100% 100%
ncx. B-Ba NPOAYKTbI
ncx. B-Ba NPOOYKTHI

PaBHOBECHE CMENIEHO B CTOPOHY
VCXOJIHBIX BELIECTB. BrIxox npoaykra
u1s Takux peakiuii BI1<50%

PaBHOBECHE PAKTUYECKU TTOJIHOCTHIO
CMEIIEHO B CTOPOHY MCXOJHBIX BEIIECTB.
BIT—0%. O Takux peakuusx roBopsir,
YTO OHU He NpPomeKaom

Puc.2.1 Cnyyan mnonoXeHHs COCTOSHUSI DPAaBHOBECHS W BbIXOJA IMPOIYKTOB peakUuu B
3aBUCHMOCTH OT BEIMUYMHBI U 3Haka AG nponecca.
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PaccmoTpum peakuuio cuHTe3a aMmmuaka. [lycTh MCXOHBIE BEIIECTBA BCTYMAIOT
B pEaklMio B cTexuomeTrpuueckux konudectBax (3 mons H, u 1 mons N,). Uepes
OTIPE/ICIICHHBI MPOMEKYTOK BPEMEHHU PEaKIMsl JOCTUTHET COCTOSHHSI PaBHOBECHS
(puc.2). OcobeHHOCTh TaHHOM peakiuu cocTouT B ToM, uto BII<100%. PaBHOBECHas
CMEChH COJICPXKHT, KaK MPOIYKT peaKkIMu aMMHUaK, TaKk U UCXOJHbIE BellecTBa (a30T U
Bozopox). [locne gocTmkeHus paBHOBECHsS] COCTAaB PEAKIIMOHHON CMECH IMepecTaer
U3MEHSThCS.

n, Monb 3H, + Ny =2NH,
3 YcnoBus cuHTe3a: T=4OOOC; P=30 MlMa
- / PaBHoBecHbIN Bbixog NH; = 50%
@ . |pasHosecue
5 2. 1< —
8 . a
s 1 H2 5
é: \ 1 <_8
1 =
& 1 : NHs. 2
= / ! 9
=) . N, &
[l «—| O
. &
' g
0 L =

Bpemsl

Puc.2.2 N3menenne xonuentpanuid ucxoausix Bemiects (H, u N,) u nponykroB (NHsz ) B xozme
peaKiuy CHHTE3a aMMHaKa

3AKOH JEUCTBYIOIIUX MACC. "B coCTOSSHUHM PABHOBECHSI OTHOIIEHHUE
Npoun3BeieHNsI PABHOBECHBIX KOHUEHTPAUMH MPOAYKTOB K TMPOU3BEIEHUI0
PABHOBECHBIX KOHIIEHTPAIUII UCXOHBIX BEIIECTB, B3SITHIX B CTENEHSIX, PABHbBIX

CTEXHOMETPUYECKUM KoIPpPuumueHTam, ecTb BeJIMYHUHA T[OCTOSTHHAsI, OHA
HazpiBaerca KOHCTAHTOU PABHOBECUS".

Hnst peakuun aA + bB = dD + {F 3anuch 3akoHa A€MCTBYIOIIMX Macc Oyner
HMMETh CIEIYIOIINI BU;

d ~f
k- D CE
C3 -Ch (2.1)

IIpn manHOM Temmeparype KOHCTAHTa PAaBHOBECHS He 3aBHCHUT OT HCXOIHOIO
WJIM PABHOBECHOTO COCTaBa PEAKLMOHHON CMECH.

KonctaHTa paBHOBECHS 3aBHCHT OT TEMIIEPATyphbl U CIIOCO0a 3aMKCh YpPaBHEHUS
peakuuu. Hampumep, ypaBHeHHe peakiuu 00pa3oBaHus HOJOBOIOPOIa MOKET OBITH
3aMMcaHo ABYMsI ClIOCOOaMu:

s peakuuu Hy + I, = 2HI 3anuch KOHCTaHTBI paBHOBECUS UMEET BU/L:

2

K — HI ‘
! c, -C,° (2.2)

2 12
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st peakiuu Y2H, + 141, = HI 3anuce koHCTaHTHI paBHOBECHUSI UMEET BU/I;

2:

RO 23)

Takum obpazom, K; =K35 wm K, =K

2.1. Cnocoowt eviparxcenus KOHCHMAHmM PAGHOBECUA

aA+bB : dD + fF (2.4)

1. CrannaprHas koncTanTa pasHosecus (K°).

CTaHI[apTHaH KOHCTAaHTa PaBHOBCCHA BbIPpAKACTCA YCPE3 OTHOCHUTCIBHOC

napiuaIbHOe JaBjIeHIe KOMIIOHEHTOB B paBHOBECHOM cMecH Pi.

— P — P
Pi=——|Amm.\lum P; =———— |ba
101325 Ha[ ] 10° Ha[ p]
—d —f
o PD-PF
K :—a —b 2.5
PA-PB (2:3)

OtHocuTenbHOE JaBieHuE Oe3pa3MepHas BeauuuHa. Takum  oOpasom,
CTaHapTHas KOHCTaHTa paBHOBecHsI Oe3pa3MepHa.

2.Koncranta paBHoBecus (Kp), KoTopas BbIpaxkeHa uepe3 NaplLHaIbHbIE
JABJICHUSI Ta30B B paBHOBECHOM cMecH (P;):

pE

K
" papp 2.6)

PasmepHocTth Kp 3aBUCHT OT 3anncu ypaBHEHUS XUMHUECKOW PEAKLIAHN:
An
[Kp =)™,

e A n — 3mo uzMeHeHue YUcia Moab 2aA3000PA3HbIX eujecms 8 X00e OaHHOU
peaxkyuu — OHO PasHO CyMMe CMeXUoOMempuieckux Koagouyuenmos y 2azo00pa3nvlx

NPOOYKMOB 3a  GbIYEMOM  CYMMbl  CMEXUOMEeMPUYECKUx Kodgduyuenmos y
2a3000paA3HBIX UCXOOHBIX BeUyeCMS.

An= (Zni )I‘aSLI—HpO)Iy KTHI @ni )FaSBI—I/ICX.B—Ba

B 3anucm KP INPUHUMAIOT YYaCTHC TOJBKO BCIHICCTBA, KOTOPBLIC HAXOAATCA B
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ra3o00pa3HoOM COCTOSTHUMU.

KP CBs3aHa CO CTaHIIapTHOP'I KOHCTAQHTOM PaBHOBCCHUA CIICAYIOIINM COOTHOIICHUCM:
Kp=K’(101325ITa)*" | 2.7)

3.Koncranta paBHOoBecus (K¢), koropas BbIpakeHa 4epe3 MOJISIPHBIE
KOHIIEHTPALIMK BEIIECTB B paBHOBECHOH cmecH (C;):

d ~f
_Cp-Ck

K=
ci .Ch (2.8)

PasmepHocTh K¢ 3aBUCHT OT 3anucy ypaBHEHHMS] XUMAYECKOW PEAKIIUNA U arperaTHoro
COCTOSIHMSI Y4YaCTBYIOIIMX B peakuuu BemecTB. Ha mpakTuke, eciau BCe yYaCTHUKH
pEaKIMK HAXOAATCS B KOHJEHCUPOBAHHOM COCTOSIHUU (Hampumep, B pacTBOpE), TO B
3anmucu K¢ MNpHHHMAIOT ydacTHE KOHIEHTPAUWH PACTBOPEHHBIX BEUIECTB, H
pa3MepHOCTh OyIET UMETh BUJL:

Av
MOJIb

[Kc)= 3 .

(2.9)

rae AV — 2mo uzMeHeHue yucia Molb eeuecms (PACMBOPEHHbIX 8euecms) 8 xo0e
OaHHOU peaxkyuu — OHO PABHO CYMME CMEeXUOMempPUUecKux Kodghguyuenmos y
NPOOYKMO8 34 8blUemoM CYMMbl CMEXUOMEMPUUECKUX KOIPPUyuenmos y ucxoouvix
seujecms.

Ecnu peakius mpoTekaeT ¢ y9acTHEeM Ta30B, TO B 3amucH K mpuHUMAIOT ydacTue
KOHIIEHTPAILIUK ra3000pa3HbIX BEIIECTB U €€ Pa3MEPHOCTh Oy/eT:

An
MOJIb

Kel= 3

[Tpu sTom Kp u K¢ OynyT cBsizaHbl APYyT € APYTOM CIEAYIOIMIMMHU COOTHOILIEHUEM:
A
Kp=Kc-(RT)™ (2.10)

4. Koncranta paBHoBecus (K,), koTopasi BeIpakeHa 4epe3 KOJUYECTBA BEIIECTB
(B MOJIb) B paBHOBECHOM cmecH (n;):

ha b 2.11)
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PasmepHOCTSB:

K, |= (mom )™

n

K, ]|=(momw)" |

I/IJ'II/I[ n

5.Koncranta paBHoBecus (Ky), KoTopas BbIpakeHa 4Yepe3 MOJIbHBIE JOJU
BEILECTB B PABHOBECHOM cMecH (X;):

d f
XN X
K D AF

X
x4 -x3 (2.12)

MounbHast 1075 (X;) — 3TO OTHOIIIEHUE KOJMYECTBA TAHHOTO BEIIECTBa (B MOJIb) K
CyMME KOJIMYECTB BEUIECTB B CUCTEME:

n;
Xi =
N

MonwHas nosns 6e3pasMepHa, cienoBarenbHo K, — 6e3pazmepHa.

KX CBsA3aHa C HCKOTOPBIMHU APYIMMH KOHCTAHTAMH PABHOBCCHA CICAYIOIIHMMHU
COOTHOLICHUSIMMU

K. =K
x W , Te P — oO1iee naBieHne B CHCTEME B MOMEHT paBHOBECHS,
K. o
K, = W’ rie Z C, - CyMMa MOJISIPHBIX KOHIIEHTpAllMH BEIISCTB B
i

PABHOBECHOM CHCTEME.

Eciu An =0, To K’=Kp=K=K,=K,.

2.2. Ypaeunenue uzomepmolt Banm-I'ogpgha

[TycTh B cucTeMe MpOTEeKaeT XMMHUUECKasl peakiiysi, B KOTOPOH BCE pearupyrome
BEILIECTBA SIBJIIOTCS Fa3aMu:

aA+bB_dD+fF

3anuiiem BBIPAXKCHUC KOHCTAHTBI PaBHOBCCHA YCPE3 PABHOBCCHBIC ITaPLUAJIBHBIC
JaBICHUA F33006p213HI)IX Y4aCTHHUKOB PCAKIINH:

d pf
KP:PD'PF
PA PR

3anuiiem BBIPAKCHUC HO,Z[O6HO€ npeaplAymemMy, 0OJHaKO, BMCCTO PaBHOBCCHBIX
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JABJICHU B HEro OyayT BXOIWUTh JaBJICHUS Ta30B PEAKIMOHHOM CMECHU HE
HaXOJSIIEHCS B COCTOSHMM XMMHUYECKOTO paBHOBecus. Hampumep, Mbl cmemanu
razel A, B, D, F B nIpou3BOJIbHOM COOTHOIIEHUM W HMX MHaplHUaJbHbIC JABJICHUS B
CMECH COCTaBIISIOT P/A, P/B, P/D u P’ F.

/d p/f
/ _Pp -Pg

/a_p/b

PP

3anuieM ypaBHeHue uzorepmbl Bant-IT'odda mis nzodapHO-n30TEpMUYECKUX
YCIIOBHM NPOTEKaHUSI XUMUYECKON PEAKIIUHN:

AGp =RTInKp-RTInKp o1

2

AGT — 510 M3MeHenne dHeprun I'ub0ca, OTHECEHHOE K HAYaly peaki(iy UK K
J1000MY COCTOSIHUIO PEAKIIMOHHOM CHUCTEMbI BHE COCTOSIHUSI PABHOBECHSI.

AGT — XHMH4YeCKOe CpOACTBO, T.€. CIOCOOHOCTH BEINECTB BCTYIATh B
XHMHYECKYIO PEAKIUIO APYT C APYIOM B JAHHBIX YCIOBHSIX MIPOBENAECHUS MPOLIECCA.

HpOTCKaHI/Ie CaMOIIPOU3BOJIBHOTO ITponecca B CHUCTECMC IIPOXOAUT B CTOPOHY

yMeHbIIeHns cBoGonHoi sueprun [u66ca wim Tenmbmromsua (AG, <0;AF, <0),

‘—Iepe3 OHpeI[eJ'ICHHBIﬁ IIPpOMCIKYTOK BPCMCHH CBO6OIIHaSI OHCPIUsd CHUCTCMBI
AJOCTUTAaCT CBOCIO MHUHHUMAJIBHOI'O 3HAYCHHUA W HACTYIIACT COCTOAHUC PABHOBCCHA

(AG, =0 AF, =0),.

N3 ypaBHEHUST U30TEPMBbI XUMUYECKOM peakiuu (2.13) ciaeayer, 4To BeITUYHHA U
3HAK M3MEHEHHMs dHepruu I m60ca Peakiii 3aBUCAT OT OTHOCHTENbHBIX BenndanH K p
nu Kp.

Paccmorpum Tpu coyyas:

1. K'p<Kjp, cnenosarensno AGp<0 — IPOIIECC MPOTEKACT B MPSIMOM

HaIpaBJIeHNN;

2. K'p = Kp, cnienoBarensro AGT =0 — peakiust JOCTHIIA COCTOSHHS

pPaBHOBECHS;

3.  K'p>Kp, cnenosarensio AGT >0 — mpomecc mpoTekaet B 06paTHOM

HarpaBJIeHUN.

YeMm oTpuIIaTENIBHEN WM TOJIOKUTEIIBHEW 3HAYECHUE AG , TEM JajbllI¢ OT

COCTOSIHUSI PABHOBECHS HAXOIUTCS JAHHAS XUMUYECKasl PEaKIIHs.
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I o o .o
PA,PB,PD,PF - UCX. COCTan

/
Kp<Kp 11 AG,<0

/ I o o
P,=Pg=Pp=P=1atm.
: AG;<0
G : \ G=Gmin
AGy | AG=0

0 : . K/ K T, npoa.
AG‘T AG-(I)-<O : : PP /
y 1 !
0 20 40 60 80 100
100% wucx. > | < 0% wuncx.
0% npoga. 100% npoga.

Puc. 2.3. Usmenenue snepruu [ub6ca B cucreMe mpu MPOTEKaHWU XUMHUYECKOH peakiuu, B
KOTOPOH BCE pearupyronye BenecTBa HaXOAATCs B Ta3000pa3HOM COCTOSIHUU:

aA+bB 5 dD + fF.

Takum 00pa3oM, IMpU MOMOIIM YPAaBHEHUS H30TEPMbl XUMHUYECKON peaKIuu
MO@HO pPAacCyYeTHBIM IIyTEM IPEIACKa3aTh HAIIPABICHHUE PEAKLIHH, €CIM H3BECTHBI
KOHCTAaHTa PABHOBECHS PEAKIINH Y HAYAJIBHOE COAEP>KaHNE KOMIIOHEHTOB B CHCTEME.

PaccmoTpuMm citydaii, Korja HCXOJHBIC KOHIIGHTpAIlMM BCEX pPEarupyroImux
BEIIIECTB paBHBI 1 atmMocdepe:

P/A = P/B = P/D = P/F =1 aTM.,
Torpa:
K/p: 1 I/Ill’l(K/p): O,

Y YpaBHEHHE U30TEPMBI (C YUETOM MPHUBEACHUS B COOTBETCTBUE aTtM. U [la) mpumer
BUJI;

AG$=-RT-In[Kp-(101325TTa) "] (2.14)
0 _ 0
AGQf — CTAaHJAAPTHOE CPOACTBO WJM CTaHaapTHasi Heprust ['mbG0ca; K’ -

CTaHJapTHas KOHCTaHTa paBHoBecus. C ydeToM craHmapTHOMl sHepruu ['ubOca
YPaBHEHHUE U30TEPMBbI IPUHUMAET BUL:
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Takum 00pa3zoM, CTaHAAPTHOE CPOJCTBO (cTaHmapTHas 3Heprus ['mbbca) — 31O
U3MEHEHHe »HHeprun [mbbOca g yclnoBU, KOrJa B PEAKUIHOHHOM CHCTEME
INPUCYTCTBYIOT Ta3000pa3HbIe HCXOJHBIE BEIIECTBA W MPOAYKTHl C HaplUaIbHBIM
napiieHreM 1 atM. (cMoTpu puc. 3).

CranpaptHoit »Hepruedt ['mG0ca ymoOHO TMOJIB30BATHCA ISl MPUOIUKEHHON
OLICHKM  HAampaBlieHUS  MPOTEKAHWS  pEaKIuH WIA I [peAcKa3aHus
TEPMOJMHAMHYECKON BO3MOXKHOCTH €€ MPOTEKAaHUs B JIAHHOM HAIPaBICHUH, €CIIH
HaYaJIbHBIC PEATbHBIC YCIOBUS MPH MPOTEKAHUHU PEAKIINH HE CHIIBHO OTIMYAIOTCS OT
ctangapTHbIX (101325 Tla u 298 K).

[IpakTUyecku ¢ JOCTaTOYHO OOJBIION BEPOSATHOCTHIO MOKHO CUUTATh, YTO: €CIIU
AG®g < -40 kJ>x/M0JIb, TO peakiys TEPMOJUHAMUYECKH BO3MOXKHA; ecii AG g >
+40 xJ[%/MOJb, TO peakiusi TEPMOAMHAMUYECKH 3ampelieHa; eciu 3HaueHue AG g
HaXOJUTCST B HMHTEpBAJC MEXAY ATUMHU JBYMS 3HAYCHUSMH, TO HYXKHO CJHENIATh
TOYHBIM pacyeT Mo MOJHOMY ypaBHEHUIO n3otepMbl Bant-I'odda (2.13).

JIng  peakuui, DOPOTEKAIONIMX B  H30XOPHO-U30TEPMUYECKUX  YCIIOBHSIX,
HaIpUMep, JUIsl peakivil B pacTBope ypaBHeHHE u30oTepMbl Bant-I'odda nmeer Bua:

/
AFp =RTInK¢ -RTInK ¢ 2.17)

/d ~/f
K/C_CD -Cg Ko xe!
U - c=—2—2
F,Z[e C{Aa'cgb nu CaA‘C% .

2.3. Ypaenenue uzooapvt Banm-Iopgha. Brusnue memnepamypul na cocmosanue
PasHosecus XumudecKoul peakyuu

Ha cocrosiHue paBHOBECHSI CHUCTEMBI MOXXHO OKa3blBaTh BIIMSIHUE, W3MEHSS
BHEIIHUE YycJIoBUS. OCHOBHBIMH (paKTOpaMU BIIMSIHUSI Ha PABHOBECUE XWMHYECKOM
peakIuu SABJISIETCS TeMIeparypa, olliee JAaBjIeHHWE B CUCTEME, HaJIMunue UHEPTHBIX
ra3os.

KonnuecTBeHHO BIMSIHUE TEMIIEPATYpPbl HA COCTOSHUE PABHOBECHUS BBIPAXKAETCS
ypaBHeHHEM U300apbl Bant-I'odda:

dlnKp) AH

dT  Jp RT2 (2.18)

JInsi M30XOPHBIX YCIOBUM TPOBEACHUS pPEaKIMd MOXKHO 3alucaTh ypaBHEHHUE
M30XOPBI:
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dInK ¢ AU

dT )y RT? (2.19)

ECHI/I peaKHI/IH ABJIACTCA 3HI[OT€pMI/III€CKOI7I (HpOTeKaeT C IIOIIOIICHUEM TCIlJIA,
danP
dT

paBHOBecHsI OyJleT pacTH U paBHOBecHe OyleT CMEIIAThCS B CTOPOHY MPOTYKTOB
peakiuu. Bexox npoaykros 6ynet pactu (AH>0 = TT = KpT u BIIT):

AH>0), T0 ( j >0 crenoBareNibHO MPH MOBBINIEHHH TEMIIEPATYPhl KOHCTAHTa
P

peakuunst aHgotTepmmyeckasa AH>0
paBHOBecune-1 paBHoOBecue-2

100% T2>Ty 100%
UCX. B-Ba NPOAYKThI .

dInK
s sx30oTepMudeckoil peakumu (BblgeneHue Temna, AH<O) ( dTPj <0,
P

CJIEIOBATENIbHO TMPU TIOBBIIMICHUH TEMIEpPaTypbl KOHCTAHTa paBHOBecUs Oyner
YMEHBIIAThCsI, pAaBHOBECHE OYy/IEeT CMEIIAThCsl B CTOPOHY MCXOJIHBIX BEIIECTB, BBIXOJ
npoxykTa peakuun Oyaer ymensinatbes (AH<0 = TT = Kpd u BITL):

peakuma ak3otepmuyeckass AH<O0
paBHOBecue-2 paBHoBecue-1

100% T,>T,  100%
nCX. B-Ba NPOAYKTbI

Ha npaktuke ypaBHeHHE N300apbl (M30XOPhl) MPUMEHSIOT B UHTETPAIIbHOM BH/IE.
[Ipn MHTErpupOBaHHM OIPEAEIICHHBIM HWHTErpajoM IOJIy4YaeM, TaK Ha3bIBAEMOE,
ypaBHEHUE U300aphl 17151 ABYX TEMIEPATYp:

Ky _AH(T,-T))
K, RT,-T; | (2.20)

3nas temnoBoil 3ddext peakuuu (AH) m KoHCTaHTy paBHOBECHS TPHU OIHOMN
TEMITepaType MOYKHO PACCUMTATh KOHCTAHTY PaBHOBECHS JIJISl APYTON TEMIIEpaTyphl.

[Ipr wHTErpupOBaHUM HEOIPEAECIEHHBIM HWHTErPAJIOM IOJYYarOT YpPaBHEHHUE
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n300apbl (M30XOPHI) B IUHEITHOM BUJIE:

AH 1
InK=———-—+const
R T . (2.21)

['paduueckas 3aBUCUMOCTD, MOCTpOeHHAs B koopauHaTax InK-1/T, npencrasnser
AH

co00¥ IpsSIMYI0, YIIIOBOH KO3 GUIIUEHT KOTOPOH paBeH "R

2.4. Bhusnue oasnenus Ha cocmoAaHue pasnoeecus Xumuueckou peaxkuuu

Ecnu B peakuuu NpUHUMAOT ydacTHe Ta3bl (MIeajbHbIE Ta3bl), TO BEJIMYHUHA
KOHCTaHTBbl paBHOBecHuss Kp He Oyner 3aBuceTh OT OOLIEro AaBICHHS B CHUCTEME
(CBOMCTBO KOHCTaHThI PAaBHOBECHS), OJJHAKO, IIPU 3TOM OylET 3aBUCETh OT JIABJICHUS
Kx, T.e. Oyner u3MeHsAThCS COCTaB paBHOBECHOW cMmecu. BinsHue obmiero gaBieHus
Ha COCTOSIHHE PaBHOBECHsI BbIpaxkaeTcsl ypaBHeHUeM I nanka:

dInKy An dInK x AV
dP )y P |uH dP Jr RT

Cea3p Ky m o0miero naBiieHHST MOXKET OBITh BBIpa)K€HAa M3 CBSA3HM KOHCTAHT
paBHoBecus Kp u Ky:

Kp
PAn .

KX:

311ech BOBMOXKHBI TPH CITydasi:

1. Peaknusi mpoTekaeT ¢ yBEIMYEHHEM YHKCIIa MOJb Ta3000pa3HbIX BEIIECTB
(An>0 u AV>0). B 3TOoM cily4ae MOBBIIIEHUE OOIIET0 JABICHUS CMEIIAET
paBHOBECHE B CTOPOHY MCXOAHBIX BemecTB (Kx ymenpmiaercs):

An>0 n AV>0
paBHOBecKe-2 paBHoOBecue-1
P> pt Py
v < —
100% P,>P, 100%
ncx. B-Ba NPOAYKTbI

2.Peaknusi mpoTeKaeT C YMEHBIIEHUEM YHWCIa MOJb Ta3000pa3HbIX BEIIECTB
(An<0 u AV<0). B sTOoM ciiy4yae MOBBIIIEHHE OOIIETO JaBICHUS CMEIAET
paBHOBECHE B CTOPOHY NpoAykToB peakunu (Kx u BII pactyr):
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An<0 n AV<0

paBHoBecue-1 paBHOBeCKHE-2
P P
1__ Pt 2
: A 2
100% P,>P, 100%
ncx. B-Ba NPOAYKThI

3. Peakuus mpoTtekaeT 0e3 U3MEHEHHUs Yiclia MOJIb Ta3000pa3HbIX BemlecTB (An=0
u AV=0). B stom ciydyae noBbllIeHHE OOLIETO0 AABJICHUS HE BIMSIET Ha
paBHoBecue peakiuu (Kx u BII He uamensrorcs).

2.5. Bausanue npucymcmeusa UHEPmHbBIX 2A306 HA COCMOAHUE pABHOBGeCUA
Xumuueckou peaxkuyuu

B naHHOM cnydyae moj TEPMUHOM «HHEPTHBIE Ta3bDy MOHUMAIOT JIOOBIE Ta3bl,
KOTOPBIE HE IPUHUMAIOT YYaCTHE B TAHHOW XWUMHUYECKON PEAKIINH.

BBenenre nHEPTHBIX ra30B AEHCTBYET MOI00OHO MOHMXKEHUIO OOIIETO AaBICHUS:

1. Peaknusi mpoTekaeT C YBEIMYEHHEM YHCIA MOJb Ta3000pa3HbIX BEIIECTB
(An>0 u AV>0). B sTroM cnydae BBEIEHHE HHEPTHBIX TIa30B CMEIIAET
paBHOBECHE B CTOpOHY IpoaykToB peakuuu (BII pacrer);

2.Peakuys NpOTEKaeT C YMEHbBIIEHHWEM 4YHUCJIa MOJb Ta3000pa3HbIX BEILECTB
(An<0 m AV<0). B sTrom cnydae BBEIEHHE HHEPTHBIX Ta30B CMEIIACT
paBHOBeCHE B CTOPOHY UCXOAHBIX BemecTB (BII ymenbiaercs);

3. Peaknus mporekaeT 6€3 U3MEHEHHS YKCiia MOJIb ra3000pa3HbIX BemiecTB (An=0
n AV=0). B sTomM BBeieHHME HHEPTHBIX Ta30B HE BIUSAET HAa PAaBHOBECHUE
peakiuu (BII He usmensiercs).

2.6. IIpunyun Jle lllamenve-bpayna

[TpuHIUTT TO3BOJISIET KAYECTBEHHO TpE/cKa3aTh JACHCTBUE PA3NIMUHBIX (PAKTOPOB
Ha COCTOSIHUE PaBHOBECHSI.

"Ecam Ha cucTeMy, KOTOpasi HAXOAUTCA B COCTOSIHUM JUHAMUYECKOIO
(MOABMKHOI0) PaBHOBECUS IMOAEHCTBOBATH HM3BHE, TO CHCTEMa CMECTUT
paBHOBeCHE B CTOPOHY KOMIeHCAUMM (YMEHbIIECHHS) JAHHOIO BHELIHEIo
BO3/1eiicTBHs."

[Mpunuun Obu1 chopmynuposan Jle [larense B 1884 rogy u B 1887 rogy Obin
o6ocHoBaH HeMenkuM puznkoM Kapimom depaunangom bpaynom (1850 - 1918).

NHpIMK cTOBaMHM: €CJIM HarpeBaTh PaBHOBECHYIO CUCTEMY (ITOJBOAUTH TEIUIOTY),
TO CUCTEMA CMECTUT CBOE PABHOBECHE B CTOPOHY ASHIAOTEPMHUYECKOTO MpOLECCa, T.€.
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npolecca, MPOTEKAIOWEro C IMONIOIIEHHMEeM TeIuloThl. Eciau moBelate oOuiee
JIaBJICHUE PABHOBECHOM CUCTEMBI, TO PABHOBECHE CMECTUTCS] B CTOPOHY YMEHBILECHUS
KOJIMYECTBa Tra3000pa3HbIX BEIIECTB, YTOOBI CKOMIIEHCUPOBaTh IIOBBIIICHHUE
JIABJICHUS.

Anpu Jlyn Jle Hlarenne (1850 - 1936). @paniy3ckuii husuko-
XUMHK 1 MeTamioBen. Pomuncs 8 oktsiopst 1850 B [Napmxke. Yuwics B
Komne:xx Pomman B Ilapmwke wu B IlomuTexHUYeCKOW  IIKOJIE.
OOpazoBanue 3aBepimmi B 1872 B Briciieir ropHoi mikone. Paboran
rOpHbIM HMHXeHepoM B Aipkupe u besancone. C 1877 mo 1919 —
npodeccop Ilapmkckoil BbICIIelH TropHOH IKojibl, ¢ 1898 mo 1907 -
npodeccop kadenprr odmer xumun B Komnex ne ®panc, ¢1907 mo
1925 - mpodeccop INaprkckoro yHuBepcuTeTa. BOIBIIUHCTBO paboT
Jle Illarense cBsi3aHBI C pEIICHHEM MPUKIATHBIX Tpodiem. B 1881
coBmectHO ¢ M.bepmio u ®.Mannapom OH 3aHSAJICA HUCCICIOBAaHMEM
IPOIIECCOB BOCIUIAMEHEHHUS, TOPEHHs W B3pbIBA. DTH HCCIIEAOBAHUS
MPUBEIN €ro K CO3JAaHUI0 OPUTMHAJIBHOTO CIIOC00a OmpenesieHus TEIUIOEMKOCTEH Ta30B MpH
BBICOKUX TeMmIieparypax. M3ydas mpouecchl, NpOTEKaIIKUE B JJOMEHHBIX M€4YaX, U CTAJIKUBASCh C
HEOOXOMMOCTBHIO U3MEPEHHS BBICOKMX TemIieparyp, oH B 1886 pa3zpaborayn mpocToil M TOYHBIHA
MUPOMETP, ONTUYECKUN MPUOOp, HU3MEPSIONUIUN TeMIlepaTypy pPAaCKaJICHHBIX Tell IO IBETy HX
cBeueHus. Jlelllarense ycoBepiieHCTBOBAI METOJUKY MCCIIEA0BAaHUS METAIOB U CIUIABOB U CO37all
MeTaorpaguueckuii Mukpockon (1897), ¢ momMouip0 KOTOPOro MOXKHO OBLIO M3y4aTh CTPOCHUE
Henpo3pauHblx 00bekToB. B 1884 cdopmynupoBan NpuHUUI JAMHAMUYECKOIO DPABHOBECHS,
HOCSILIMHI Tenepb ero umsl.

Paccmorpum neiictBus npunuuna Jle-lllatense Ha mpumepe peakuuu CUHTE3A
aMMUaKa.

Peakuusi cuHTe3a ammuaka sipisiercst sk3orepmuueckon (AH<0) u mporekaet ¢
YMEHBIIICHUEM KOJUYECTBa ra3000pa3Hbix BeniecTB (An<0):

3H,+N, 2 2NH,; AH . = —92k/oic; An=2—(3+1) =2

C Touxku 3peHus tepmoauHamuku (nmpunuun Jle-lllarenbe) BbIXOA MNpoAyKTa
HK30TEPMUYECKON pEeakIUu (aMMMaKa) MOBBIIIACTCS C MOHMKEHHEM TEMIIeparyphl,
OIHAKO MPHU 3TOM PE3KO YMEHBIIAETCS CKOPOCTh PEAKIMU, U KaK CJEICTBUE, 001Ias
IPOU3BOAUTEIBHOCTh KOJIOHHBI CHUHTEe3a. Heo0XomumMo OTMETHThb, UTO Mpolecc
CHUHTE3a aMMHUaKa BEIyT B NPUCYTCTBUU T'E€TEPOrEHHOTIO JKEJIE3HOI0 Karajau3aropa,
ONTUMAaJIbHAS TeMIieparypa paboThl KoToporo Haxoautcs B uHTepBasie 400 — 500 °C.
[loBbIlIeHHE [aBIEHUS B CHCTEME MPUBOAUT K CABUTY PABHOBECHS B CTOPOHY
NpoAyKTa — amMMmuaka. [lo3ToMy HIyT Ha KOMIIPOMMCC: BBIXOZ MPOIAYKTa MpHU
MOBBIIICHUH TEMIIEPATyphl MAJACT, HO 3aTO PE3KO YMEHbBIIAETCS BPEMS TOCTUXKEHUS
PAaBHOBECHOW KOHIICHTPALMU. YUHUTHIBas TOT (DAKT, YTO pPEaKIMsl CUHTE3a aMMHUaKa
oOparnMa, TOJHOTO TNPEBpPAIEHUS a30Ta W BOAOPOJAa B aMMHaK 3a BpeMs HX
OJHOKPATHOTO IMPOXOXKICHUS 4epe3 ammapar He npoucxonuT. [ns Gornee moiaHOro
UCIIOJIb30BAHUSL PEAareHTOB INPUMEHSIOT MHOTOKPaTHYH LHPKYJSLHIO  a30To-
BOJIOPOJIHOM CMECH 4Yepe3 KOJIOHHY CHHTe3a. Bce COBpEMEHHBIE CXEMbI CHUHTE3a
aMMUaKa SBIIIOTCS  LUPKYSIUOHHBIMU, NIPEIyCMaTpPUBAIOLIMMU  BbIICIICHUE
aMMHaKa M BO3BpalCHUE HENPOpPEarupoBaBIIEH a30TO-BOJOPOIHOM CMECH B LUKII
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CHHTC3a.

AFpeFaTBI HJ1 CHHTC3a aMMHUAKAa B 3aBUCHUMOCTH OT IIPUMCHACMOI'O HOaBJICHHUA
MOJXHO pa3acCiINTb HA TPH I'PYIIIIBL:

1. Huskoro naemenust (10-15 MIla) u cpaBHHUTENIBHO HM3KON TeMIIEpaTypbl
(400°C), B xadecTBe Karajlu3aropa MPUMEHSUIM KOMIUIEKCHYIO COJib, COJEPKAILYIO
IIMaHU] JKeje3a, BRIX0 aMMHuaKka cocTaBisa 8-13%;

2. Cpennero nasnenus (25-40 MIla) u temneparypst 420-500°C, npumeHsOT
TIJIABJICHBIN KEJIE3HBIN KaTAIN3aTop;

3. Bricokoro maBnenusi (50-100 MIIa), kotopbie ObUIM pacHpOCTPAHEHBI B
cepenrHe XX CTOJETHS U 00€CIIeUnBaId BBICOKYIO, (10 40%) cTeneHp npeBpanieHus
a30TO-BOJAOPOAHOM CMECH B aMMHaK.

Haubonee pacnpocTpaH€HHBIM Ha CETOAHSIIHUNA JEHb SIBISETCA CIOCOO
MOJIyYCHHS] aMMUaKa [IPU CPETHUX J1aBJICHUSX.

% 700 Tak, ©Ha puc 2.4 wpuBencHa
- N
g§ \ 3aBUCHUMOCTh KOJIMUECTBA aMMHaKa B
w s 8 N PaBHOBECHOM CMECH OT JaBJICHUS H
§§ o N temneparypsl npouecca. [Ipu T=450°C
< S \Fé = u P=10 MIla B paBHOBECHOW Ta30BOM
g3 A%, | \&
s & \\ e cMmecHu coaepxkures Bcero 16% NHi, npu
>3 o
N § N \ napieHun 30 MIIa paBHOBECHBINM BBIXO]
SS 2 Ny aMMHaKa yxe cocCTaBisieT 36%, a mpu
= \\ ’
7 é.: : 100 MIIa — 70%. E—Io BIIMSIHUE JTABJICHUS
2600 30; 400 500 600 700 Ha (PaKTUYECKUH  BBIXOJ aMMHaka
mypa,” o .
A pomypE, b XapaKTepu3yeTcs 3aTyXalolleil KpHUBOii,
Puc.2 4. KonnuecTBo aMMuaka B paBHOBECHOM [I03TOMY [PUMEHATh OYEHBb BBICOKUE
CMECH B 3aBUCHUMOCTHU OT IABJICHUS U ,I[aBJ_IeHI/IH HYKOHOMHUYECKU u

TeMIIepatypel Hiporiecca TCXHOJIOI'MYCCKHU HCBBITOAHO.

2.7. I'emepozennvie xumuueckue pagHogecus

I'eTepOreHHbIMM  XMMHWYECKMMHU PABHOBECHSAMHU HAa3bIBAIOTCS PaBHOBECHBIC
COCTOSIHMSI /ISl peakUuil MeX/y BeIIeCTBAMM, HaXOJAIIMMUCS B PAa3IUYHBIX (ha3zax.
Ecnu npu 3TO0M KOHJAEHCHpOBaHHBIE (a3bl SBIAIOTCS YUCTHIMU WHJMBUIYaJbHBIMU
BEILIECTBAMHU, TO JABJICHUE HACBIIIEHHOIO IIapa JTUX BEIIECTB MOYKHO CUUTAThH
3aBUCAIIHAM TOJBKO OT TEMIIEPATYPHI.

[IpuMepoM reTepoTreHHBIX PEeaKIUidi MOTYT CIY)KHUTh PEaKIIUU BOCCTAHOBIICHUS
OKCHJIOB MeTajuioB BonopoaoM i CO, peakuus OKUCICHUS YIIEpoAa, pa3ioxKeHus
KapOOHATOB U MHOTHE JIPyTHE:

FeO(;) + CO = Fe(p,) + CO;
CaCOjz(zp) = CaOyy) + CO,
C+0,=C0,

CuOgy) + Hy = Cugyyy + HyOgr,).

Ecan Tra3bl, YHACTBYIOIINC B PCAKIUAX IMOAYUHAIOTCA 3daKOHAM HACAJIBHBIX I'a30B
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(HU3KME [1aBJIEHUS), TO KOHCTAHTbl PABHOBECUSI PEAKIMH BBIPAXKAIOT Yepes3
IapLuaibHbIC TaBICHUS I'a30B:

K, = PC02 :
Feo
K, =PC02;
K,= Pco2
PO2 ’
K,= PHZO
By

Heo0xonumo orMeruTh, 4TO B 3anucd Kp NpUHHUMAKOT y4YacTHe TOJBKO
napuMajgbHbie JaBJICHUSA Ia3000pa3HbIX BELECTB.

B cnydae pasnmokeHHss TBEpAOro BellecTBa ¢ 0Opa3oBaHHEM TIa3000pa3HBIX
MPOYKTOB KOHCTaHTa PaBHOBECHs paBHA MapIMalbHOMY JIaBJICHHIO ra3000pa3HOro
MPOJIyKTa — ATO JABJIEHHE HA3bIBACTCS JABICHHUEM JIUCCOIIMAIIMM U OHO IOCTOSHHO
JUISL JAHHOM TeMITepaTyphl:

Cu(OH);(5) = CuOyyyy + HyOr,)

K, :PH2O-

Temneparypa, npu KOTOpOM naBieHue aucconmauuu pasHo 101325 Ila,
Ha3bIBACTCA TeMIeparypod pasioxkeHusi. Hamnpumep, 3anuch KOHCTaHTHI
paBHOBECHS Ul PEAKIMl pa3nokeHuss KapOOHATOB KajbIMs, MarHus, CTPOHIHUSA
3aIACHIBAETCS OIMHAKOBO:

K, :Pcoz,

HO BenuuuHa €€ pasnuyaercd, T.K. xumudeckue noreHuuanbl CaCOsqy) U CaOyy);
MgCOs g 1 MgCaOyyg), STCO3 (15 U S1O(r) pa3IUUHBL, COOTBETCTBEHHO U U3MEHEHHE
sHeprun ['mb6ca niist Takux peakiuii Oy/IeT TakKe Pa3InIHbIM.

3. ®PA3OBBIE PABHOBECHA

BemecrtBa, o0pa3zyonie TEpMOIUHAMUYECKYIO CHUCTEMY, MOTYT HaXOAWThCS B
TpEX  arperaTHbIX  COCTOSHHSIX: TBEPAOM, SKHAKOM U  Tra3000pa3HOM.
TepmonnHaMudeckass CHCTEMA, BHYTPUM KOTOPOM HET TMOBEPXHOCTEM paslena,
OTIEJISIIOIIMX pPa3Hble MO CBOMCTBAM YAaCTH CHUCTEM, HA3bIBACTCSI TOMOTCHHOM
cucreMoii. [Ipumepsl TakMX CUCTEM: CMECh T'a30B, HCTUHHBIE PACTBOPBI, KPUCTAILIBI
VH/IMBUIYaJIbHBIX BELIECTB, TBEPABIE PACTBOPBL. TepMOAMHAMUYECKAS] CHUCTEMA,
COCTOSIIIIAsl W3 PA3JIUYHBIX [0 CBOMM CBOMCTBAM YACTEH, T.€. BHYTPU KOTOPOH
MMEIOTCS TIOBEPXHOCTHU pa3zena, OTACISIOIINE Pa3Hble IO CBOMCTBAM YaCTH CHCTEM,
Ha3bIBAETCS TreTeporeHHoil cucremoi. [Ipumepamu TakuxX CHUCTEM MOTYT OBITh:
CMECh HECKOJBKUX KPHUCTAINIMYECKUX BEIIECTB, HACHIIICHHBIE PACTBOPHI COJEHU B
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BOJIC, CMECh HEPaCTBOPUMBIX JIPYT B JIPYyTe KUIKOCTEH (OEH30JI-BOjIa), TOIYON U €TO0
nap. I'ereporeHnasi cucreMa COCTOUT U3 OTAENIbHBIX (a3.

[Ipu ompeneneHHON TeMmeparype BEIIECTBO MEPEXOAUT M3 OAHOTO arperarHoro
cocTosiHug B japyroe. Takue mepexoabl MPOTEKArOT 03 M3MEHEHHS XMMHYECKOIro
COCTaBa, U Ha3bIBacTCs (Pa3oBbIM NepexoxamMu Wik (pa3oBbIMH MPeBPALICHUSIMH.

@a30BbIe TMPEBpAILCHHS] MOTYT IPOTEKATh KAaK B PABHOBECHBIX, TaK U B
HEPABHOBECHBIX YCJIOBUAX. EciM paccMaTpuBaeTcsi TETEPOTr€HHAs CHCTEMA, B
KOTOpOM HET XHMHYECKOTro, a HMEIOTCS JHUIIb (a30Bble MEPEXoAbl, TO TpHU
MOCTOSTHHOM Temriepatype u nasieHuu (T, P = const) B cucrteMme ycTaHaBIMBAETCS
¢azoBoe paBHoBecue. B cocrossHuM (ha30BOr0 paBHOBECHS B CHUCTEME OCTAlOTCS
MOCTOSTHHBIMU Macchl (KoiuuecTBa) paBHOBeCHBIX (a3. Ecnu, Hampumep, Bona mnpu
OIPEAEIICHHON TeMIIEparype HCIAPSETCS W3 OTKPBITOIO COCYZa, TO TaKOM Mpouecc
(dazoBoro nepexoga OyAeT NPOTEKAaTh B HEPABHOBECHBIX YCJIOBHAX JI0 TEX MOP, MOKA
HE MCYE3HET IMocienHss Kamisg Bojbl. Eciu cocyn OyaeT 3akpbIThIM, TO B CHUCTEME
4yepe3 ONPEIECIICHHOE BpPEMsI YCTAaHOBHUTCS PAaBHOBECHE: HAJ TOBEPXHOCTBIO BOBI
YCTAHOBUTCSL OIpPEACIICHHAs KOHLEHTPALMS €€ MapoB, KOTOpas XapaKTepu3yeTcs
BEJIMYMHOMN JTaBJICHUS HachIeHHoro napa (P ;).

CornacHo OpeHdecty, (a30Bblii Nepexoq NePBOro poaa — pPaBHOBECHBIN
Iepexol BeUlecTBA M3 OJHOW (pa3pl B Jpyryro, IpH KOTOPOM CKauKoOOpa3HO
M3MEHSIOTCS MePBbIE TPOU3BOIHBIE OT SHepruu ['Md6ca mo Temmneparype u JaBJICHUIO
(3HTpOIHUS U 00BEM), HAIPUMED, KUNIEHUE KUAKOCTU. B Takux cucreMax BO3ZMOXKHO
CYLIECTBOBAHUE METACTAOWIbHBIX COCTOSHHMM, Hampumep, IepeoxXIaxIeHHON
XKUaKkocTu. B ciydae paBHOBecHOTO ()a30BOro mepexoaa BEIecTBa U3 OAHOU ¢a3bl B
JIPYTryl0, B KOTOPOM CKauykKoOOpa3HOE HM3MEHEHHUE MPETEPHEBAIOT TOJIBKO BTOPbIE
Nnpou3BoaHbIe OT 3Heprun ['MbOca Mo Temmneparype U JaBlICHUIO, T.€ MpU (Pa30BOM
nepexoje BTOPOI0 pojaa CKaukooOpa3HO M3MEHSETCS TEIUIOEMKOCTh, KOd(DPUIMEeHT
00BEMHOI0 paciupeHus, cxumaemoctb. [[ns ¢da3oBoro mepexoma BTOpOro pojaa
HEBO3MO)XHO CYIIIECTBOBAHHE METACTAOMIILHBIX COCTOSIHHM, Kaxkjaas (aza MOXKeT
CYIIECTBOBAaTh TOJIBKO B OIPEACNEHHON TeMIepaTypHOU 00JacTH, Hampumep,
NEPEXO/1 )KUJKOTO Iesiis B CBEPXTEKydee COCTOSIHUE, )KeJe3a U3 (peppoMarHuTHOTO B
napaMarHUTHOE COCTOSIHME, MeTalljla U3 OOBIYHOTO B CBEPXIIPOBOJISIIEE COCTOSTHUE.

Paznuyaror cnenytomie Gpa3zoBbie IEPEXO/IbI:

Teepnas ¢aza — xuakocts, AH>0 Kunkocts — TBepaas daza, AH<0
(nnaenenue) (kpucmannuzayus)
Kunkocts — ra3 (nap), AH>0 I'a3 (map) — xuakocts, AH<0
(ucnapenue, kunenue) (konoencauus)
Teepnas daza— ra3 (map), AH>0 I'a3 (map) — TBepnas daza, AH<0
(cyonumayus, 60320HKa) (Oecyonumayus)

TBepnas daza-a <> TBepaas ¢asza-f
(nonumopghuvie npespawienus)

HpOHCCCBI IJIABJICHUA, HCIIAPCHUS U Cyﬁ.]II/IMaIII/II/I IMPOTCKAIOT C IMOITIOIIICHUCM
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Teria (PHAOTEPMUUYECKUE), a TMPOLECChl KPHUCTAIN3ANMU, KOHJAEHCAIUM U
Aecy0IMMAaNMU CONTPOBOXKIAIOTCS BbIICJIEHUEM TeIlia (3K30TEPMUYECKHUE).

@da30Bble PABHOBECUS XapaKTEPU3YIOTCS YHCJIOM KOMIIOHEHTOB, (a3 u
TEePMOIAMHAMHYECKHX CTeneHeil cB00OIbI.

Yucao ¢pa3 (P) — 4KUCI0 TOMOTEHHBIX (OXHOPOAHBIX) YACTEH reTepPOreHHOM
CHCTEeMbl, OTrPaHUYEHBIX IOBEPXHOCTBHIO pa3ieja M XapaKTepH3YIOIIUXCSH
0/IMHAKOBBLIMHU BO BCeX TOYKAX (PU3MUYECKMMHU U XUMHYECKHUMH CBOMCTBAMHU.

KomnoHeHTOM Ha3bIBaeTCsl TaKasi XMMHYECKH OqHOpOIHAasT COoCTaBJAAIOIIIAA
JaCTb CHUCTEMBI, KOTOpPast MOKET ObITh BblACJICcHA N3 CHCTEMbI M
CymecrBoBaTb BHE Heé.

Yucaom KOMIIOHEHTOB (K) HA3bLIBaeTCH HAaUMEHbIIIee YHUCJI0
HHAMBUIYAJbHBIX XUMHYECKHUX BellleCTB, KOTOPbIX HE00X0AUMO U I0CTATOYHO
JJIs 00pa3oBaHus Bcex (pa3 paBHOBECHOM CHCTEMBI.

Heobxonumo pasznuuate 00Iee YMCIO UHIUBUAYATIbHBIX XUMUUYECKHUX BEIIECCTB,
BXOJSIIIMX B KaKylr-JIMOO CHUCTEMy M HaWMEHbBIIIEE WX YHCJIO0, HEOOXOIMMOE IS
o0pa3oBaHUs ATON CUCTEMBI.

Yuciio KOMIIOHEHTOB HE PaBHO YHCIY COCTAaBJIAIOIINX YyacTed JHIIb B TeEX
Clydasax, Korga MCXKAY IIOCICIHHMHU IIPOUCXOAAT XHUMHYCCKHUC B3aI/IMOII€I‘/JICTBI/IH
(peaKI_II/II/I) N YCTAaHABJIMBACTCA PABHOBCCHC. B sTtom ClIydac 4YHUCJI0 KOMIIOHCHTOB
PaBHO 4YHCIIY COCTABJIAIOIINX YacTed CHUCTEMBbI MHUHYC 4YHCIIO ypaBHCHHﬁ,
CBA3BIBAIOIIMX KOHLCHTpAIMU COCTAaBJIAIOIINX yacTe IIPpU pPaBHOBCCHUMU. B »Tom
CIyda€ 4YHCJIO KOMIIOHCHTOB BCCIrJla MCHbBIIC 4YHCJIa BCHICCTB B paBHOBeCHOﬁ
CHUCTEMC.

s peakiuu 2HI ” H, +1, MOXHO 3amucath JIBa yPaBHEHHUS:

P, P
=2 yp =P

P 2 H, I,
PHI
cinenoBarenbHo K =3 — 2 = 1 — >tum koMmnoHeHTOM sBisercd HI.

Jlnst peaxtmu H, +1, 7 2HI MOXHO 3amucarhb TOJIbKO OHO YPaBHEHHE

2
_ PHI

PR

P

cienoBarenbHo K=3 —-1=2-5310 Hy 1 L.

[To yucny KOMIIOHEHTOB CHUCTEMbI JEISATCA Ha OJHOKOMIOHEHTHbhle (K=1),
nByxkomrnoneHTHeie (K=2), Tpexxomnonentasie (K=3) u T.71.

TepMoauHaMHUUYECKOH CTeNeHbIO ¢BO0OAbI WM BapuaHTHOCTHIO (C) cucreMbl
HA3bIBACTCHA YHUCJI0 MapaMeTpoB (TeMmeparypa, /JaBJIeHHE...), KOTOpbIe
MOKHO MEHSITb HE3aBHCHMMO JPYr OT APYyra, He M3MEHsIA MPHU ITOM YUCIA U
BH/Ja (pa3 B cucTEMeE.
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Jlnst  cucTeMbl, HaAXOMAMIEHCS B COCTOSHUM (Da30BOTO PABHOBECHS YHCIIO
TEPMOJUHAMUYECKUX CTEMEHEeW CBOOOIbI CBSI3BIBAETCS C YHCIOM HE3aBUCUMBIX
KOMITOHEHTOB U YMCIIOM PaBHOBECHBIX (a3 COOTHOIICHHEM, KOTOPOE Ha3bIBAETCS
npasunom gasz ['uboca.

IIpaBuwio ¢a3 I'm6odca (1876 r.): umciao cremeHeid CBOOOABI PABHOBECHOI
TEPMOIMHAMHNYECKOIl CHCTEMbI, HA KOTOPYI0 M3 BHEIIHUX (aKTOpPOB BJIUsIeT
TOJLKO TeMIlepaTypa M JaBJieHUHe, PABHO YMCJIY He3aBHCHUMbIX KOMIIOHEHTOB
MUHYC 4110 (a3 IIIIC IBAa:

|\C=[(—q5+2. (3.1)

Ecim Ha cucteMy MBI MOXEM BJIHSATh, U3MEHSSI N BHEIMHUX (DAKTOPOB, TO
npaBuwiIo a3 MOXKHO 3amucarh B 0oJiee YHUBEPCAIBHOM BHJIE:

|‘C:R_@+”. (3.2)

Hanpumep, ecnm cuctema HaxoauTCS B aBTOKJIABE, TO HA HEE MOXHO BIIUATH,
M3MEHSISI, HE3aBUCHUMO JIpYT OT JApyra, JBa IMapaMmeTpa — TEeMIEpaTypy U IaBJICHHUE.
[Ipu 5ToM n = 2. Eciin cuctema HaxoJUTCS B OTKPBITOM COCYAE, TO Mbl MOKEM BIIUSITh
Ha Hee, U3MEHSIS TOJILKO OJIMH MapaMeTp — TeMIeparypy (HarpeBasi WM oXJaxmias), a
BTOpOil (HaBieHWe) OyaeT TMOCTOSTHEH U OydeT OmNpenensiThCsa arMocpepHbIM
napiieHneM. B atom ciryqae n = 1.

B 3aBucHMOCTH OT Ynciia cTeneHeil CBOOOIBI CUCTEMBI OBIBAIOT:
— HouBapuanTHbIMU (C = 0);
— moHoBapuaHnTHbME (C = 1);
— OMBapUaHTHBIMU WK TuBapuaHTHeIME (C = 2).

3.1. ﬂuazpaMMbt COCMOAHUS 00OHOKOMNOHEHMHOU CUCHEMDbL

JIroboe (a3oBoe mpeBpalieHUE MPOTEKAeT TOJBKO TIPU  COOTIOACHUU
ONPENENICHHBIX YCI0BUNM. Da30BbIM NEPEXO] XAPAKTEPUIYETCSA CBOEU TEMIIEPATypoOi,
3aBUCSLIEH OT IPUPO/IBI BEIIECTBA U BHELIHETO JABIICHHUS.

I'paduueckas 3aBUCUMOCTh TemrnepaTyphl ()a30BbIX MPEBPAILEHUN OT JABICHUS
U1 MHIAWBHUIYAJbHOTO XUMHYECKOIO BEIIECTBA HOCHUT HA3BAaHHUE «IUArpPaMMBI
COCTOSIHUSI OTHOKOMIIOHEHTHOM CHUCTEMBD».

JI11 OMHOKOMITOHEHTHOM CUCTEMBbI, HA KOTOPYIO BO3ACHCTBYIOT HE3ABUCUMO JIPYT
OT JIpyra JiBa rnapamerpa, npasuio (a3 ['md0ca Oynet umeTh BU:

C=1-®+2 yiiu C=3-P,

Jlist OONBIIMHCTBA BEHIECTB BHJ JIMarpaMMbl COCTOSHUSI HOCUT XapakTep,
KOTOPBIN NPUBEAEH Ha pUC. 1.
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Puc.3.1 Tunuusblii BUA AMarpaMMbl COCTOSHUSI OTHOKOMITOHEHTHOM CUCTEMBbI

Jluanu Ha auarpamme OA, OB, OC sBusitoTcs TpaHuIlaMu Tpex obriacTeil, B
KOTOPBIX CHCTEMa HaXOJUTCSI B TOMOT€HHOM cOCTOsiHUU (D=1):

ob6nacts COA — cucreMa mpecTaBiseT TBEPAYIO (KpUCTALTUYECKYIO) da3y;

obmacte AOB — cucrema HaXOJUTCSA B JKUAKOM arpCraTHoM COCTOSAHUU,

obnacts COB — cucrema Haxonutcs B BUje napa (rasza).

Ha munusx OA, OB, OC cucrema rereporeHHa (®=2), 3nech HaOIIOIAIOTCS
¢azoBbIe epexoap! Win (a3oBbie PAaBHOBECHS:

— muHUsA AO — 3TO TMHMS NJ1aBICHUS;

— muHUsA CO — 3TO IMHUS BO3TOHKHU;

— nmuang OB — 3T0 TUHUS KUTIEHUS.

3.2. Ocobennocmu npoyeccoé KuneHnus, 60320HKU U NJ1A6/1eHUS

Kunenue

Kunenue »10 mporecc (SBICHHE) MHTEHCHUBHOTO
NpeBpalleHuss  JKUJIKOCTH B Map, KOTOPOE
MPOUCXOIUT HE TOJBKO C TMOBEPXHOCTH, HO U U3
oObema KkuakocTH. Kumenwe compoBoXkIaeTCs
XapaKTepHBIM 3BYKOM W BBIJCICHHEM TIapa U3
obbema kuakoctu (Oyprnenuem). Kumenuwe, kak u
UCTIapeHue, SBISIETCS OOHUM M3  CIOCOOOB
napooOpazoBaHusi. B ommume OT wucnapeHus,
KAIICHHE  MOXET  IPOHMCXOAUTh  JIUIIb  TIPH

onpeAeN€HHON Temneparype W JapieHuu. Vcmapenue HaOmomaeTcss mpu JIH0OOH
TEeMIlepaType CYLIECTBOBAaHUS KUIKOCTH, HO TOJBKO C €€ IMOBEPXHOCTH (3epKaiia
*KugakocTr ). OOpaTHBIN MpOoIecC NCTIAPEHUIO Ha3bIBaeTCs "KOHACH A"

chapenue u KOH()@HCCIL]Uﬂ — HEepPABHOBECHblE npoyeccyl, OHU npoucxodﬂm 00
mex nop, NnokKa He YCmaHoeumcs JIOKAJIbHOE pasHoesecue (€CJZLI ycmaﬂoeumc;i),
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https://ru.wikipedia.org/wiki/%D0%98%D1%81%D0%BF%D0%B0%D1%80%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BC%D0%BF%D0%B5%D1%80%D0%B0%D1%82%D1%83%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%94%D0%B0%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/w/index.php?title=%D0%9D%D0%B5%D1%80%D0%B0%D0%B2%D0%BD%D0%BE%D0%B2%D0%B5%D1%81%D0%BD%D1%8B%D0%B9_%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D1%81%D1%81&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=%D0%9B%D0%BE%D0%BA%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5_%D1%80%D0%B0%D0%B2%D0%BD%D0%BE%D0%B2%D0%B5%D1%81%D0%B8%D0%B5&action=edit&redlink=1

NPUYEM IHCUOKOCb MOMCEM NOHOCMBIO UCNAPUMBCA, WU e NPUUMU 8 PABHOBECUe
CO CBOUM NAPOM, KO20A U3 IHCUOKOCHMU GbIXOOUM CHIONbKO JHCe MOAEK)VI, CKOIbKO
6o38pawjaemcsa. Ilap, Haxodawuiica 6 pagHoGecuu ¢ HCUOKOCMbIO HA3bIBACMCA
"HacviyenHbIM napom” u xapaxkmepuzyemcs c60UM NAPYUANbHLIM OABLEHUEM.

YciioBue KHIIEHHSI SKHAKOCTH: SKHIAKOCTh KHIINT, KoIaga JaBJICHHE ¢€¢€
HACBIIMICHHBIX NMAPOB CTAHOBUTCHA PABHBIM BHCIIIHEMY /1aBJICHUIO.

PaCCMOTpI/IM muanio OB Ha AuarpaMmMce COCTOAHUA, KOTOpad ABJEICTCA
3aBUCHUMOCTBI0O JaBJCHHUS HACBIINCHHOTO IMapa KUAKO0CTH 0T TEMIIEPpaTypPhbI:

P

BH

HA,1

ITycts TeMneparypa xkuakoctu T, a BHemHee gaBieHue Ppy. IIpu Temneparype
T, IaBneHue HaACBHIILIEHHOIO Mapa HaJ MOBEPXHOCTBIO JKUIKOCTH COCTABISIET Pyy;.
Kunkocts mpu JaHHOW TeMmIiepaType HE KHUIIUT, T.K. HE BBIMOJHSICTCS YCJIOBHUE
xkuneHus (Pyn<Ppy). 14 TOro 4roObl *KUAKOCTh Hadajaa KUIETh HEOOXOOUMO €€
HarpeTh. HarpeBanue OyaeT NPUBOAUTH K YBEIUYCHHUIO JABJICHUS HACBIIICHHOTO
napa >kujkoctu. [Ipu HarpeBaHuM JaBiIeHUE HACBIIICHHOTO Mapa OyJeT ABUTaThCs U3
toukn 1 mo auHuu OB (mo crpenkam). Kak Toiapko JaBieHHE HACBIIIEHHOTO Mapa
CTaHET PAaBHBIM BHEIIHEMY HaBICHUIO Py ,=Ppy xuakocts 3axkunur. Temneparypa
kuneHus oyneT Typr.

Takum o0pa3zom, juauss OB orpaxkaer 3aBHCHMMOCTb, C OJAHOW CTOPOHBI,
JABJEHUS HACBIINIEHHOT0 MAapa KUAKOCTH OT TeMIleparypbl, a ¢ JApyroi
CTOPOHBbI, 3aBHCHMOCTb TeMIIEPATYpPbl KHIICHUSl JKUAKOCTH OT BHEIIHEro
JAaBJICHHUS.

Tak kak ¢ pOCTOM TeMmmeparypbl s BCEX BELIECTB B KUJIKOM COCTOSHUH
HAONIOIACTCSl  YBEJIIMYEHUE BEJIMYMHBI JIABIICHUSI HACHIIICHHOTO Tapa, TO U
TeMreparypa KUMeHus: yBeITUIMBACTCS C POCTOM BHEIIHETO JaBJICHUS.

Cybaumauusn (60320HKa)

CyOnmuManiusi — TIepexoi BEIIecTBa W3 TBEPIOTO arperaTHOro COCTOSHUS
HETMOCPECTBEHHO (MUHYS KHAKOE) B Ta3000pa3zHoe. OOpaTHBIN Mpoiiecc Ha3bIBACTCS
necyomuMaliiei.

CyOnuMariys BO MHOTOM CXO)Ka C IPOIECCOM KHMITCHHS W UCTApEHUS JKHIKOCTH.
[ToBepXHOCTHBIE MOJICKYJIBI TBEPJOTO BEIIECTBA MOTYT IEPEXOIUTH B Ta3000pa3HOE
COCTOSIHUE TIpH JII000# Temmeparype.
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800 T Taxoii nporecc Ha3bIBACTCS
jzﬁgwmr_‘w?’fg ' : cyOnuManue uin ucrnapeHueM ¢ TBEpIOoi

T - | moeepxnoctu. Ilpm  sTOM  mpomecc

fo 4= XapaKkTepu3yeTcss HHU3KOW CKOPOCTBIO U
SIBJISICTCS HE PABHOBECHBIM.

CyOnumaiisi ¢ BBICOKOW CKOPOCTHIO
(aHaOr  KUMEHHWs) TMPOTEKaeT, KOorna
PO 1t i L _ JIaBJICHUE HACBIIICHHOTO Mapa HaJl TBEPAOi

8 0 0 B MOBCPXHOCTHIO ~ CTAHOBHTCS  PaBHBIM
200 210 220 ?I?gnj;‘; ;ZOT;;‘;,ZQ 280 290 30 pyemmHeMy JaBieHuio. Hanpuwmep, s

BOZIBI B (hOpME JIbJa, HAXOSIIETOCS MPH
Puc. 3.2 JIlnarpaMMa COCTOSIHUS BOZBI IIPH Temmneparype 260K (—130C) cyOIMManys
HHBKUX JIABJICHHAX 1 TeMuepatypax HAYMHAETCA IIPU [OHIKEHUM BHEIIHETO

~
(=]
S

(o2}
o
o

(42
(=]
o

=
o
S

w
o
o

HaeneHue, lMNa
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S

nasnenus g0 200 ITa (puc. 2).

Ha nuarpamme cocTosiHMSI OJHOKOMIIOHEHTHOM cucrembl OC — JIMHUA
Cy0oJuManuM  OTPakaeT 3aBUCHUMOCTb, € OJHOW CTOPOHBI, JAaBJICHHS
HACBHIIIEHHOI0 Mapa HA/J TBEPAOil MOBEPXHOCTHIO OT TeMIEPATYyphbl, a ¢ APYyroi
CTOPOHBI, 3aBUCUMOCTDH TEMIIEPATYPbI CYOJIMMAIIMUA OT BHELITHET0 JABJIECHUSA.

Temneparypa cyOnuMaIui yBeJIMUUBACTCS C MOBBIIIEHUEM BHEIIIHETO JIaBJICHHMS.

Ilhaenenue

IlnaBiaeHne — 370 mpouecc MPEBpAIICHUs] TBEPIOTO arperarHoro COCTOSHUS B
xkuakoe. [lnaBreHwe HayMHAETCs, KOTAa JOCTUTAETCA PABEHCTBO JIABJICHUI
HACBIIIIEHHOTO TIapa HaJ JKUJKUM U TBEPHAbIM arperarHbIMU COCTOSTHUSIMHU BEIIECTRBA.
[Iporniecc 0OpaTHbIi MIABIEHUIO HA3BIBACTCS KPHUCTAJJIN3AIUA.

JIns mojaBmsitOIIEro OOJBIIMHCTBA BEIIECTB TMOBBIIMICHUE OOIIEro JJaBICHUS
NPUBOAUT K POCTYy TeMmIepaTyphl IuIaBieHUs BemiectBa (uHuUs AQO uMmeeT
MOJIOKUTENbHBIM HAKJIOH), a /i1 HeOONbIIOro 4YHucia BEHIeCTB HaOmoaaercs
aHOMaJIbHAsl 3aBUCUMOCTh TEMIIEPaTyphl TUIABJICHHS OT BHEIIHETO JaBlICHUsS (JIMHUS
AO mnMeeT OoTpULIaTeNIbHBIA HAKIIOH) — C POCTOM JIaBJICHHS] TEMIIEpATypa IJIABICHUS
ymeHblaercs. K TakuM BemecTBaM OTHOCHUTCS BOJIA, CBUHEL, TAJUIMM, BUCMYT U Jp.:

P P

a 7]

Puc. 3.3 HopmanwHas (a) u anomanbHas (0) 3aBUCUMOCTb TEMIIEPaTyphl TUIABIECHUS OT
BHemHero nasieHus (Jimaus AO)
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Pa3nuiia B xapakrepe 3aBUCUMOCTH TeMIEpaTyphl IUIABIEHUS OT BHEIIHETrO
napiaeHust (quHus AQ) cBsi3aHa C WM3MEHEHHMEM MOJSPHOro oObeMa BEIIeCTBA B
npoiiecce miapiaeHus. OJIHaKO U3MEHEHUE MOJISIPHBIX OObEMOB SBIISETCS BHEIIHUM
MPOSIBIICHUEM OCOOEHHOCTEH TOro WJIM MHOTO BEUIECTBA. /leudstcyuieii cunou 6cex
dazosvix npeepawienuii u ux 3a6UCUMOCMb OM GHEUIHUX YCIA06UIL C6A3AHA C
U3MEHEHUEeM XUMUYECKUX NOMEHUUA1068 KOMNOHEHMO08, HAX00AUWUXCA 6 PA3HBIX
dazax u acpecamuvix cocmoaHusx.

CaMompon3BOJIBHBIC ~ MPOIECCHl  MPOTEKAIOT B CTOPOHY  YMEHBIIICHUS
XUMHUYECKOTO TIOTeHIInana komnonenTa (). [lpu manHON Temmeparype U JaBlieHUN
YCTOWYUBBIM arperaTHbIM COCTOSTHUEM BeEIIEeCTBa OyleT TO, B KOTOPOM XUMHUYECKHMA
MOTEHIINAJT BemIeCcTBa Oy/eT MeHbIie (puc. 4):

OaBneHue P1

1)
TB:iZI'Iap
P ‘
A B H Hap< Mg
- L [ My Mg 3 Ooaacte Ilapa
5 Oobaactb 3
5 Teepaoro
E Y
Pyt----------; T T
C ; ;
Y ¥ Y 6
T, T T, T
. AaBnexune P,
a 1) | ‘
i Hl’[ap<‘uTB; H)K)
Ooaacth
Mapa
p“TB< (u)K; H Hap) i
Puc. 3.4 OOmwmii Bua ¢a3oBoi gUATPAMMBbI OoaacTh .
~ “}K<‘uTB’ p'l'[ap) 1
OJJTHOKOMIIOHEHTHOM cucTeMbl (a), oOsiacTu Teepnoro :
CYLIECTBOBAHUS  BEIIECTBA B Pa3IMYHBIX Obmacts
6 Kuakocru !
arperaTrHeIX COCTOsIHUIX (0,B) ; i \Map
T2 T3 T
6

[TycTh OMHOKOMITOHEHTHAsI CHCTeMa, HAXOAUTCs Npu nasieHuu P. B oOmactu
temneparyp otrpuuareiabHee T, (T < T;) XxuMHYeCKH MOTEHIIMAT KOMIIOHEHTa B
TBEPAOM AarperarHoM COCTOSSHMM MEHBILIE, Y€M B Ta3000pasHOM (Ut < Wpap) —
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BEILIECTBO HAXOAUTCA B TBEPAOM (KPUCTAUIMYECKOM) COCTOSIHUU. Tak, mnpu
temmneparypax nonoxutenabHee T (T > T|) XuMuuecKuii MOTEHIIMAT KOMIIOHEHTa B
BHUJIC Ta3a MEHBILE, YEM B TBEPIOM arperaTHOM COCTOSHUU (Mjp < [s) — BELIECTBO
HaxonuTcs B razoo0pa3zHom coctosuud. [Ipu temneparype T, HaGmonaercs Gpa3zoBblit
nepexoq win (azoBoe paBHoBecue TB<«>Ilap. T, — Temmneparypa cyOaumanuu wiu
BO3TOHKU.

IIpu naBnenun P, kapTuHa HEMHOro cioxHee. B oOmactu Temmeparyp
orpuniarenibiee T, (T < T,) XuMHUecKHil MOTEHIHMAT KOMIIOHEHTa B TBEPIOM
arperaTHoM COCTOSHMM MEHBIIE, Y€M B Ia3000pa3sHOM M KHIKOM M1y < (Wrrap; M) —
BEIIECTBO HAXOIUTCS B TBEPIOM (KpPHUCTAIIMYECKOM) cocTosHuM. B olmactu
temmneparyp oT T, mo Tz (T, < T < T3) Xumuuyeckuid MOTEHI[MA KOMIIOHEHTa B
’KMJIKOM arperaTHOM COCTOSIHUU MEHBIIIE, YEM B ra3000pa3sHOM U TBEPIAOM Lk < (Miiap;
W1s) — BELIECTBO HAXOIUTCA B KHUJAKOM COCTOsSHUM. B obmactu Ttemmeparyp
nonoxutensaee Tz (T > T;) xumMuueckuil NOTEHIMAI KOMIIOHEHTa B ra3000pa3HOM
arperaTHOM COCTOSIHUM MEHBIIE, YEM B TBEPAOM U KHUIKOM [y < (Hrs; Wx) —
BEILIECTBO HaxoAuTCs B BHiae mnapa. Temmeparypa T, sBasercs temmeparypoi
IJIaBJIEHUs, a T3 — TemMnepaTypo KUIEHUS KUIKOCTH.

3.3. luazpamma cocmoanusn 600wt

[Tonnas AuarpamMma COCTOSIHUSI BOABI UMEET BUJI, IPUBEACHHBIN Ha puc. 3.5 (och
JaBJICHUM MpUBEICHA B JJorapu(pMudecKon mkae):

1012

T 1 T
Ceepxkputnyeckas
|
XXUAKOCTb

10°

Bopa |-

' 647.3K
: 22,1 Mra
108

Kpumudeckaa moyka

[aeneHue, Na
)
=5

: TpoliHas mo4ka
273.16 K

/ 610 Ma nap

nep| /

1 7

0 100 200 300 400 500 600 700 800 900 1000
TemnepaTtypa, K

103

Puc. 3.5 [lonnast nuarpamma COCTOSTHUS BOJBI

B o6nactu BBICOKMX JaBICHUN M HU3KUX TEMIIEPATyp HAOIIOMAIOTCSA pa3IuvHbIC
nonmuMopgHBIE CcOCcTOsSHUST Boabl B Buae (asza JI€n (oOo3HaueHBI PUMCKUMU
nudpamu). Beero HacuuteiBaeTcs 15 KpUCTaIMYECKUX MOIUMDHUKAIIAN JIb/IA:

75



daza

XapaKTepI/ICTI/IKI/I TBEPAOTO JibAa

2

JIén I,

OOBIYHBIN TeKcaroHaJMbHBIA KpucTayumueckuit néx. Ilpaktmyeckm Bech €N Ha 3emire
OTHOCHTCS KO JIBAY |, ¥ TONBKO OY€HB MaJiasi 4acTh — KO JbAY L.

JIEn I,

MeTtacTaOMIBbHBIA KyOUYeCKU KPUCTAJUTMIECKUH JEM. ATOMBI KACIOPO/Aa PACTIONOKEHBI KaK
B KPHUCTAUIMYECKOW pemérke anMmasa. Ero mosmywaroT mpu Temmeparype B AMana3oHe OT
—133°C mo —123°C, ou ocraérca ycroitumBbeiM 10 —73°C, a mpu JanbHEHIIeM Harpese
nepexonut B €A 1. OH n3peaka BcTpedaeTcst B BEPXHUX CIOSX aTMOC(eps

JIén 1T

TpuroHambHBI KPHUCTAIUTUYECKUI JIEN C BBICOKOYHOPSIOUYEHHOW CTpyKTypoir. OOpa3zyercs
mo npga I, mpu cxaruu u Ttemmeparypax oT —83°C mo —63°C. Ilpu HarpeBe OH
npeobOpasyercs B néx 111

JIgn 11T

TeTparoHajabHbI KPUCTAIMUECKUU JIEN, KOTOPHIA BO3HUKAET MPHU OXJIAKICHUH BOJIBI J10
—23°C u pasmenun 300 Mlla. Ero mmotHOCTH OoOnbINe, YeM y BOABI, HO OH HaWMEHEe
IUTOTHBIN U3 BCEX Pa3HOBUIHOCTEMN JIbJIa B 30HE BBICOKUX JABJICHUN

Jen IV

MeTacTaOUIbHBIN TPUTOHATIBHBIN JIE

JIén V

MOHOKIMHHBIN KpUCTaUIMuecKud néa. Bo3Hukaer mpu oxnaxaeHuu Boabl 1o —20°C u
nmasnennn 500 Mlla. O6mamaer camoill CIOXHOW CTPYKTYpOW IO CPaBHEHHIO CO BCEMH
JOPYTUMH MOAU(UKAIASIMH.

JIén VI

TerparonanpHblli KpucTayuueckuit 1€n. OOpasyercs NmpH oxJaxaeHUU Bombl 10 —3°C u
nasieHuu 1,1 I'Tla. B vém nposBisieTcs nebaeBckas penakcanus

JIén VII

Kybuueckas mogndpukanusa. Hapymeno pacnonoxkenue aroMoB Bogopona. Bornopoassie cBsizu
00pasyroT ABE B3aUMOIPOHUKAIOIINE PEIIETKH

JIEn VIII

bonee ynopsimoueHnblii Bapuant npjaa VII rme atombl BoAopona 3aHUMAKOT, OYEBUIHO,
(ukcupoBaHHble nonokeHus. Oopasyercs u3 sbaa VII npu ero oxnaxaenuu Hiwke 5°C

JIEn IX

TerparonansHas meractaduinbHas moxudukanus. [locrenenno obpasyerca u3 npaa Il npu
ero oxnaxaeHuu or —65°C mo —108°C, crabunen npu Ttemneparype Himwke —133°C wu
nasnenusx mexay 200 u 400 MITa. Ero miotHocts 1,16 1/cM?

JIén X

CuMMeTpuuHBId JEN ¢ YHOPSJIOYECHHBIM PACIHOJIMKEHHEM NpOTOHOB. OOpasyercs mpu
nasiaenusx 70 I'Tla

JIén X1

PomOuueckas HU3KOTCMIICpATypHAsI PaBHOBCECHAA (I)OPMa TCKCaroHaJlbHOI'O JbJa. SBnsercs
CCTHCTOIJICKTPUKOM.

JIén XII

TerparoHanbHas MeTacTaOMIIbHAS TUIOTHAS KpUCTAIUTHYecKas Mofudukaius. Habnronaercs B
¢dazoBoM mpocTpaHcTBe Jbaa V U baa VI. MoKHO TOJTydUTh HarpeBaHueM aMop(HOTO JibJia
BBICOKOM M1oTHOCTH OT —196°C no npumeprno —90°C n npu nasnenun 8§10 MIla

JIén XIII

MOHOKITHHHAS KPUCTAITHYECKAsT PA3HOBUIHOCTE. [loydaeTcs Npy OXJIaKCHUU BOJBI HIDKE
—143°C u paBnenuu 500 MIla. PazHoBUAHOCTH JIbJIa V C YIIOPSIIOYCHHBIM PACTIOIOKECHHEM
MIPOTOHOB

JIEn XIV

PomOnueckas kpucTtayudeckas pasHOBUAHOCTH. Ilomydaercss mpu Temieparype HIDKE
—155°C u pasnenun 1,2 I'Tla. PasnoBugHOoCTh nb11a XII ¢ ynopsiioueHHBIM pacloaokKeHHEM
IIPOTOHOB

JIEn XV

[IceBmopomOuyeckass KpUCTaIIMYecKass pPa3sHOBUAHOCTH Jbla VI ¢ ymopsmoueHHBIM
pPacHojIOKEHUEM MPOTOHOB. MOXXKHO MOJNYYHTh NMYTEM MEAJIEHHOTO OXJaXJIeHus Jpaa VI
npumepHo 10 —143°C u nasnenun 0,8-1,5 I'Tla

IIpu temmeparype 374°C (647 K) u nmaBnenun 22,064 Mlla (218 arm.) Boga
[IPOXOJUT KPUTHYECKYK TO4YKY. B 3TON TOYKE IUIOTHOCTH U JpPyrue CBOWCTBA
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https://ru.wikipedia.org/wiki/%D0%9B%D1%91%D0%B4_Ih
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BA%D1%81%D0%B0%D0%B3%D0%BE%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D0%BD%D0%B3%D0%BE%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9B%D1%91%D0%B4_Ic
https://ru.wikipedia.org/wiki/%D0%9A%D1%83%D0%B1%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%81%D0%B8%D0%BD%D0%B3%D0%BE%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B8%D1%81%D1%82%D0%B0%D0%BB%D0%BB%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%80%D0%B5%D1%88%D1%91%D1%82%D0%BA%D0%B0#.D0.A0.D0.B5.D1.88.D1.91.D1.82.D0.BA.D0.B0_.D0.B0.D0.BB.D0.BC.D0.B0.D0.B7.D0.B0
https://ru.wikipedia.org/wiki/%D0%90%D1%82%D0%BC%D0%BE%D1%81%D1%84%D0%B5%D1%80%D0%B0_%D0%97%D0%B5%D0%BC%D0%BB%D0%B8
https://ru.wikipedia.org/wiki/%D0%9B%D1%91%D0%B4_II
https://ru.wikipedia.org/wiki/%D0%A2%D1%80%D0%B8%D0%B3%D0%BE%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D0%BD%D0%B3%D0%BE%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9B%D1%91%D0%B4_III
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D1%82%D1%80%D0%B0%D0%B3%D0%BE%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D0%BD%D0%B3%D0%BE%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D1%81%D0%BA%D0%B0%D0%BB%D1%8C_(%D0%B5%D0%B4%D0%B8%D0%BD%D0%B8%D1%86%D0%B0_%D0%B8%D0%B7%D0%BC%D0%B5%D1%80%D0%B5%D0%BD%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%9B%D1%91%D0%B4_IV
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%B0%D1%81%D1%82%D0%B0%D0%B1%D0%B8%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5_%D1%81%D0%BE%D1%81%D1%82%D0%BE%D1%8F%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9B%D1%91%D0%B4_V
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BD%D0%BE%D0%BA%D0%BB%D0%B8%D0%BD%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D0%BD%D0%B3%D0%BE%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9B%D1%91%D0%B4_VI
https://ru.wikipedia.org/w/index.php?title=%D0%94%D0%B5%D0%B1%D0%B0%D0%B5%D0%B2%D1%81%D0%BA%D0%B0%D1%8F_%D1%80%D0%B5%D0%BB%D0%B0%D0%BA%D1%81%D0%B0%D1%86%D0%B8%D1%8F&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%9B%D1%91%D0%B4_VII
https://ru.wikipedia.org/wiki/%D0%9B%D1%91%D0%B4_VIII
https://ru.wikipedia.org/wiki/%D0%9B%D1%91%D0%B4_IX_(%D0%B3%D0%B8%D0%B4%D1%80%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%9B%D1%91%D0%B4_X
https://ru.wikipedia.org/wiki/%D0%9B%D1%91%D0%B4_XI
https://ru.wikipedia.org/wiki/%D0%A0%D0%BE%D0%BC%D0%B1%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%81%D0%B8%D0%BD%D0%B3%D0%BE%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D0%B3%D0%BD%D0%B5%D1%82%D0%BE%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D0%BA
https://ru.wikipedia.org/wiki/%D0%9B%D1%91%D0%B4_XII
https://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B7%D0%BE%D0%B2%D0%B0%D1%8F_%D0%B4%D0%B8%D0%B0%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%9B%D1%91%D0%B4_XIII
https://ru.wikipedia.org/wiki/%D0%9B%D1%91%D0%B4_XIV
https://ru.wikipedia.org/wiki/%D0%9B%D1%91%D0%B4_XV
https://ru.wikipedia.org/wiki/%D0%9A%D0%B5%D0%BB%D1%8C%D0%B2%D0%B8%D0%BD
https://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D1%81%D0%BA%D0%B0%D0%BB%D1%8C_(%D0%B5%D0%B4%D0%B8%D0%BD%D0%B8%D1%86%D0%B0_%D0%B8%D0%B7%D0%BC%D0%B5%D1%80%D0%B5%D0%BD%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%90%D1%82%D0%BC%D0%BE%D1%81%D1%84%D0%B5%D1%80%D0%B0_(%D0%B5%D0%B4%D0%B8%D0%BD%D0%B8%D1%86%D0%B0_%D0%B8%D0%B7%D0%BC%D0%B5%D1%80%D0%B5%D0%BD%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B8%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%82%D0%BE%D1%87%D0%BA%D0%B0_(%D1%82%D0%B5%D1%80%D0%BC%D0%BE%D0%B4%D0%B8%D0%BD%D0%B0%D0%BC%D0%B8%D0%BA%D0%B0)

XKUJKOW W Ta3000pa3HOM BOJBI COBMAAarOT. [Ipu Oonee BHICOKOM MaBICHUM W/WIIA
TEMIIEpaType Mcue3aeT pa3HUIla MEXAY KHIKOW BOJAOW M BOASHBIM THapom. Takoe
arperaTHoe COCTOSTHUE HAa3bIBAIOT «CBEPXKPUTHUECKAS KUTKOCTh).

PaccMoTpuM cxeMaTHYeCKylo JuarpaMMmy COCTOSHHUS BOABI B OOJIACTH HHU3KHX
napieHuit (puc. 6). [Ipumenum npasmwio (a3 ['n66ca u BeIICHUM (PU3HUECKUI CMBICIT
qHCIia TePMOJUHAMHYECKIX CTETICHEH CBOOOIBI.

C=1-0+2 647,3 K
P 22,1 MMa
nén, XKupkas
BoAa
101325 Ma
4
3
: 2/
~ [0=2
®=1 o c=1
C=2
610 MNa <
=3 Na
C=0 P
273,16 K 373K T

Puc.3.6 CxemaTndeckas JuarpaMma COCTOAHHA BOAbI B 00/1aCTH HU3KHUX JaBICHUM

Kaxnoe peanpHO CyliecTByronmiee COCTOSHUE CUCTEMBl HAa JauarpamMmme
COCTOSIHUSA M300pakaeTcs Tak Ha3bIBaeMOW (UIYPATUBHOM TOYKOM.

duryparuBHas TOYKa Ha JUarpaMMe COCTOSTHUSI OTMHMCBIBACTCS C TOYKHU 3PEHUS
CJIEIYIOIINX ITApAMETPOB:

— qucio koMnoHeHToB (K);

—yncio ¢asz, Haxoadmuxcs B papHoBecuu (D);

— BUJI U COCTaB PaBHOBECHBIX (Pa3;

— YUCJIO CTeTeHEeN CBOOOIBI.

PaccmoTpum cBOMCTBA BOJIBI B Pa3HBIX 00JIACTAX AUArPaMMBbI.
st toukn 1. K=1: Boga; ®=1: n€q; C=1-1+2 =2:

Yucnio TepMouHaMUYECKUX cTeneHeit cBodoabl C = 2 (OuBapuaHTHAsI CUCTEMA),
TOBOPUT OT TOM, YTO B JaHHOM TOYKE MOXXHO HE3aBHUCHMO Apyr OT japyra (B
HEKOTOPBIX Mpeaenax) U3MEHATh OAHOBPEMEHHO ABA MapaMerpa (Temmeparypy H
JIaBJICHNE) HE MEHSS TP 3TOM YKciia U BUaa (das.

PaccMoTpuM ¢purypatuBHyro TOUKy Ha JMHMU — TOUuKy 2. B Touke 2. K=1: Boaa;
@ =2 (kunkas Boga +map); C=1-2+2=1.

Yucno TtepmoauHamuueckux creneHeil cBobonpt C = 1 (MOHOBapuaHTHas

7


https://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B5%D1%80%D1%85%D0%BA%D1%80%D0%B8%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%B6%D0%B8%D0%B4%D0%BA%D0%BE%D1%81%D1%82%D1%8C

CUCTE€MAa), TOBOPUT OT TOM, YTO B JIAaHHOM TOYKE MOXKHO H3MEHSATHh TOJIBKO OJWH
napaMeTp u3 ABYX (WJIM TEMIIEpaTypy WIM JaBJIEHUE), a BTOPOW MapamMeTp JOHKEH
OBITHh CTPOTO OMpEJICICHHBIM, HHAa4Ye MCUE3HET OJ[Ha W3 PaBHOBECHBIX (ha3.
Hamnpumep, eciii MbI TIOBBICUM JIaBJICHUE, a TEMIIEpaTypy 3aUKCUpPyeM, TO UCUE3HET
daza-nap (cucrema MomajaeT B TOUKY 3; CHUCTEeMa IepecTaHeT KumeTh). s Toro
YTOOBI TP MOBBIIICHUH JaBICHUS B PAaBHOBECHH OCTaBaJIMCh JIBE (a3l (KHUIKOCTH +
map) HeoOXOUMO U3MEHUTh TeMIiepaTypy (MOBBICUTH €€). CHcTeMa IMOMaieT B TOUKY
4, TAe KUTEHUE KUAKOCTH OyJeT MPOI0JKATHCS.

OoHnum u3 ceoticme hazo8wvlx nepexo0o08 s6aemcs mo, 4mo 6 npoyecce ¢azo8020
npespawjenusi memnepamypa Cucmembvl YCMAHAGIUBAEMCS «ABMOMAMUYECKU) 6
3a8UCUMOCMU OM HEeUHe20 0A6IeHUS.

Hampumep, ecim Boma KHINMT MpPU BHENIHEM JAaBiieHHMH 760 MMpT.CT mpu
TEMIIEpaType 100°C, To MIpU TOBBIIICHUM JIaBJICHUS B JABa pasza (1o 1520 Mmprt.cT)
Boa OyeT KumeTs yike mpu temneparype 120°C.

brnaromapss mOCTOSIHCTBY TeMmeparypbl KHUIEHUsS MpU 33aJaHHOM JaBJICHUU,
W3MEHEHHE DHTAJIBIIUU B MpOLleCCe KUMEHUS (TErIOTy KUIEHMs) MHOT/Aa Ha3bIBAIOT
CKPBITOIl TeIUIOTOH MapooOpa3oBaHMs KWIAKOCTH (yCTapeBIllee Ha3BaHUE).
[Ipouiecc kumeHust SBISETCS DHIOTEPMUUYECKUM U TpeOyeT COOOIICHHE KHUIISIIeH
KUJKOCTH DHEPTUU B BUJE TeIUIa (PJIEKTPUYECKUN HarpeBaTelb, ra3oBas ropeiika u
T.7.). OnHAaKO HarpeBaHUWE CUCTEMbI B MPOIECCE KUIECHUSI HE MPUBOAUT K POCTY €€
temrepatypsl! CooOlmaeMass OT HarpeBarensi TEIUIOTa «CKPbIBA€TCS» BHYTPH
cucteMbl. Ha camoM jerne 371ech BBINONHSETCS 3aKOH COXPAHEHMS] SHEPIMU — BCA
MOJIBOAMMAsI TEIJIOTA PACXOyeTCsl Ha MpoIecc napooodpa3zoBaHusi. YeM MHTEHCUBHEE
HarpeBaHue (BBIIIE CKOPOCTh MOJIBOJAA TEIJIa), TEM WHTCHCUBHEE KHUIEHUE (BBIIIEC
CKOpPOCTb TapO0Opa30BaAHMS).

Tpoiinass Touka Boabl (Touka O: T = 273,16 K, P = 6101la) sBusercs
YHUKAQJIBHBIM COCTOSIHUEM, MPHU KOTOPOM B PABHOBECHUU OAHOBPEMEHHO HAXOJIUTCS
Tpu (a3wl: néx, xxuakas Boaa u map. Cucrema sisisiercsa HoupapuantHoit (C = 0). O1o
O3HAYaeT, 4YTO Mbl HE€ MOXEM H3MEHUTh HHM OJHOTO IlapaMeTpa HE HapylIUB
paBHOBecHs Tpex ¢a3s!

3.4. Ypasnuenue Knaneipona-Knayzuyca

3aBucuMocCTh Temreparyp (Ha3oBOro Imnepexoga OT JaBICHHS, a TaKke
3aBUCUMOCTh JIaBJICHUS HACBHIIIEHHOTO TMapa OT TeMIlepaTyphl BBIpaXKaeTCs
ypaBHeHuem Knaneripona-Knaysuyca:

dP  AH
dT  T-AVy (3.3)

rae AH — temora ¢a3zoBoro nepexona, KOTopas HE 3aBUCHT OT JaBJICHUS, a 3aBUCUT
OT TpUPOABI BellecTBa W BHia (azoBoro mepexoma; T — Temmeparypa (a3zoBOTO
nepexona; AVy — U3MEHEHHE MOJSIPHOro o0beMa CUCTEMBI B Ipoliecce (pa3zoBoro
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dP
IIpECBpaAlICHUA; E — IIpOU3BOJHasA, KOTOpad YHCICHHO paBHa YITIOBOMY

K03 PUITMEHTY KacaTeIbHOU, MPOBEACHHON B MaHHOW Touke 3aBucuMmoctu P = f(T)
(puc. 7):

T

dP

Puc 3.7 Onpenenenue npou3BOIHOM E rpadguyeckuM MeTo0M

Mousipabiii 00beM (Vy) — 3T0 00beM, 3aHMMaeMmblii 1 MOb BelecTBa B
JTAHHOM arperaTHoM COCTOSIHUM.

3HaK DPOM3BOAHOM YKAa3plBa€T HAa XapakTep 3aBHCUMOCTH TEMIIEPATyphl

(1)330BOI’0 nmepexoga OT OdaBJICHHA. Ecau d£>0, TO C YBCIHMUYCHUCM JaBJICHUA
dT

Temreparypa (asooro mepexoga Bospactaer. Ecmu 9P .. T0 ¢ yBemmuennem
dT

JaBJIeHUS TeMmeparypa (pazoBoro rnepexojia yMEHbIIIACTCS.

., dP o
B cBoro o4yepcab 3HAaK IIPOU3BOAHOU d_T ONMpCACILACTCA IIpaBOM  YaCTBIO

ypaBHeHus: Knaneiipona-Knaysunyca. /[ npoueccoB kunenust 1 BO3ronku AH > 0 u
dp

AV > 0, cnemoBarenbHO < . (), CIEIOBATEIBHO TMPU MOBBIIICHUN JABJICHUSA
dT
TeMIIepaTypbl KUTICHUSI ¥ BO3TOHKH Bceraa OyayT YBEIIMUUBATHCS.
Jlist mopamisiroriero OONBIIMHCTBA BemiecTB mporiece muasieHus (AHp, > 0)
COINIPOBOXKJIAETCSl yBEIMYEeHHEM MOJIpHOro ooveMa (Vi s < Ve, AVM > 0).
[ToBblllIeHNE TaBICHUS] IPUBOIUT K POCTY TEMIIEPATYPHI TIJIaBICHUS.

Ecnu npu niaBieHUH MOJIIpHBIA 00beM cucTeMbl yMeHbIAaeTCst (V. 1. > Vvixun
AVy < 0), TO TOBBIIIEHUE JABJICHUS TPUBOAUT K YMEHBIICHHUIO TEMIIEpPaTyphl
IJIaBJICHUA. [OBOpPSAT, 4YTO Takue BEIIECTBA KPUCTAJUIM3YIOTCA C YBEJIUYCHUEM
oObema. Takasi 3aKOHOMEPHOCTH HaOIIOMaeTcst A IS BOMBI, CBUHIIA, BUCMYTA,
rajuis. Boga npu 3aMep3aHuM pa3phlBacT CTEKJISIHHBIM COCYH, a JIed IIaBaeT IO
ITOBEPXHOCTH KUJIKOU BOJIBI.

Jist mporieccoB mapooOpa3oBaHUSA—KOHACHCAITUN U CyOIMMaIiiu—1eCcyoIuMaIuu
1€ Vmap. >> VMoxux (Kp.), MOJSIPHBIM 00BEMOM TBEPIOTO WU SKUAKOTO arperaTHbIX
COCTOSIHUI MOXHO IpeHeOpeub: AVy = Vv - Vo xp) ® VM. JUI1 HaeanpHoro
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o R-T
raza Wjiu mnapa CoriaCHO YpaBHCHHUIO MCHHCHCCB&-KH&HCHPOH& Vum :T .

Torma, ypaBHenue Knanelpona-Knay3snyca g mMpoLECCOB KUIIEHUS U
CyOJIMMalMi MO>KHO 3aIUCATh B CIEAYIOIIEM BHUJIE:

dnP _ AH
dT  R-T?} (3.4)

JUIss  OpakTUYEeCKOro  MPUMEHEHHMs] 3TO  yYpaBHEHUE  HUHTETPUPYIOT B
MPENNONIOKEHUH, YTO TEIIoTa (ha30BOT0 IMepexo/ia B y3KOM MHTEpBaje TeMIIeparyp
HE 3aBUCHUT OT Temriieparypsl. llomydaror ypaBHeHue Knaneipona-Knaysuyca mis
JIBYX TeMIIeparyp AJis MPOLECCOB KUTIEHUS U CyOIMMaIIUu:

ln& _AH (T, -T,
P R | T, T )| (3.5)

VYpaBHEHUE MOXET OBITh MCIOJIB30BAHO JJI MPUOIMKEHHOTO pacyeTa TEeIIoThl
KUIIEHUS MO 3HadyeHusiM Temieparyp kunenust (T u T;) U COOTBETCTBYIOIIUX UM
napienusm (P u P»)

Ecmu ypaBuenne Knanelipona-Knay3uyca npouHTErpupoBaTh HEONPEAECIEHHBIM
MHTETPAJIOM, TO IIOJy4aeM HHTErpalibHOoe ypaBHeHue Kanelpona-Knaysuyca B
JIUHEUHOM 8UOe:

AH 1

lan—?-¥+const. (3.6)

[IpyuBeneHHBIM ypaBHEHHUEM IIOJIB3YIOTCS TIPU OMPEACIICHUH TEIJIOThI KUTICHHS
(cyonumarun) rpaduyecKuM MeToaoM. JJIs 3TOro SKCIeprMEHTalbHBIC JIaHHBIC
3aBUCHUMOCTH TEMIIepaTyphbl, HampuMep, KUICHUS OT JIaBJIICHHUS IIPEACTABISIOT B
rpa¢pyeckoM  BHAE B TaK  Ha3bIlBa€MBIX  JIMHEHWHBIX  KOOpJWHATaX.
DKCIepUMEHTAIbHBIC JaHHBIC MPEJCTaBISIOT B IpadUueCKOM BHJE B KOOPJIWHATAX:

lnP—l
T:

MonsipHyto  TEIJIOTy  NapooOpa3oBaHMsl  KUAKOCTH  HAXOOAT  IyTEM
MaTeMaTuueckod 0O0pabOTKM HSKCHEPUMEHTAIbHOW 3aBUCMMOCTH TEMIIEpaTypbl
KUIEHUS UCCIIETYEMON KUIKOCTH OT JIABJICHUS:

InP,—InP
AH =-R-—*—— (3.7)

T, T,
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InP

1T 1T

—l=

Puc. 3. 8 Onpenenenne MOJSIpHON TEIIOTHI TApo0Opa30BaHUsI )KUIKOCTH TpaduuecKuM
METOIOM

3.5. Tepmuueckuii ananus

TEPMUYECKHA AHAJIU3 — 5To MeTon HcCIeI0BaHMS (H3HKO-XUMHUECKHX
U XUMHUYECKUX IPOIECCOB, OCHOBAHHBIM HA PErHCTpallMu TEIJIOBLIX 3((DHEKTOB,
COMPOBOXKIAIOIINUX MTPEBPAIICHUS BEIIECTB.

YacTto TepMHUUYECKMN aHAIN3 OCHOBAaH HA aHAJIW3E, TAK HA3bIBAEMbBIX, KPHBBIX
OXJIQXKICHUS UM KPUBBIX HarpeBaHMUs.

Temneparypa P=const C=K-®+1

Kpusas
oXnaxaeHns

Bpemsi

KpuByto oxyaxaeHus WM HarpeBaHUs MOJYYalOT OMNbBITHBIM IyTeM IIpu
MOCTOSIHHOM JaBjieHuM. [Ipu 3anmucu KpUBBIX U3MEHSIETCS TOJIBKO OJIMH MapameTp —
temreparypa. [IpaBuio ¢a3z ['md6ca npu 3ToM NpUHUMAET CIACAYIOIUNA BUI:

C=K-d+1.

KpuBbIMH OXJIQXKICHHSI HA3bIBAIOTCSA KPHBBIC, H300pa)KarolIue 3aBUCUMOCTH
TEeMITepaTypbl CHCTEMBI OT BPEMEHH OXJIXACHUS. J[JI1 3TOro 4nucTOE BEIICCTBO HIIH
CMECH BEIIECTB OMPEICICHHOTO COCTaBa HATPEBAIOT 0 JKUAKOTO COCTOSHUS, a 3aTeEM
HETMPEPHIBHO M PABHOMEPHO OXJIAXKIAIOT, (DUKCUPYSI TeMIIepaTypy CHUCTEMBI uepes
paBHBIE IPOMEKYTKH BpeMeHH. [lomyueHHbIe JaHHbIe N300paKatoTCs B BUJE KPUBOH,
MOCTPOCHHOM B KoopauHarax «remmeparypa (T) — Bpems (t)».
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C=K-®+1

Temneparypa

T, |--
T b\ NG K=1;0=2;C=0
T, [-----
K=1;0=1;C=1

Bpemsi

Puc.3.9. Tunuunble BuIbl KpUBBIX oxJaxaeHus: IuiaBHas (I), xpuBas ¢ ABymMs ToukaMu
neperu6a (II) u kpusast ¢ ropuzonTanbHbIM yaacTkoM (I1I)

KpuBble OXJaXIeHUS MOTYT HWMETh pa3jIUYHBIA BHUJ; B OJHHUX CIIyYasx
MOJIy4arOTCsl TIPOCThIE KPUBBIEC, B APYTUX — CIOXKHBIE. PaznuyatoT Tpu mpocTteifime
KpUBbBIC OXJIAKJEHUS: TUIaBHYIO (KpuBas [), KpuBylo ¢ JAByMs TOYKaMH Ieperuda
(xpuBas II) 1 kpuByIO C rOpU30HTAILHBIM yuacTkoM (kpusast I1I).

AHaIM3 KPUBBIX OXJAXICHHS OCHOBAaH Ha IMPUHIMIIE HENPEPHIBHOCTH U
npuniuie coorsetctBus H. C. KypHakosa.

I[IpuHOMI HeNMpPepbLIBHOCTH: MPH HeNPEePbIBHOM HW3MEHEHHMH MapaMeTpoB
CHCTEMbI CBOIICTBA ee OTAeJbLHBIX ()a3 U3MEHSIOTCH TAKKe HeNpepbIBHO, HO
JUIIb 10 TeX MOP, MOKA He U3MEHUTCS Yuca0 win Buja ¢pa3. llpu nosisjieHuu
HOBBIX MJIM MCYe3HOBEHHMH UMEBIIMXCA (Pa3 CBOICTBA CHCTEMbl U3MEHSIIOTCSH
CKAaYK000pa3Ho.

IIpuHOMI CcOOTBETCTBUSA: KaxXI0H (a3oBoii accoumanuu, Haxoaseicss B
JAHHOHM cHcTeMe B PABHOBECHM, Ha JAUAarpaMMe OTBe4daeT OMNpeesIeHHbI
reoMeTpu4ecKkuu odpas.

C y4eToM 3THX NPUHIUIIOB PACCMOTPUM MPUBEICHHbBIE KPUBBIE:

Kpusas 1 — Temmeparypa mpu OXJaXIEHHWU CHCTEMbI CHIDKAETCS TIJIaBHO, 0€3
CKauKOB, CIJIEJIOBAaT€IbHO, B JAHHOM TEMIIEpaTypHOM HHTEpBalie B CHCTEME HE
MPOUCXOAUT (PA30BBIX MPEBPAIICHHIA, COTTPOBOXKIAFOIIMXCS TETUIOBBIM A (HEKTOM.

Kpusas Il — 10 Touku 1 uaeT oxnakJaeHUE CUCTEMBbI (YUCIO0 CTeneHeld CBOOObBI
C=2); B Touke 1 (mpu T,) HaOmrOmaeTcs W3JIOM, YTO CBHUCTEIBCTBYET O Hadale
dha3o0BOro mpeBpallleHus, COMPOBOXKIAIONIETOCS BbIJCICHHEM Tera. M3aom
COMPOBOXIAETCSI H3MEHEHHEM 4YMcia creneHed cBoooael ¢ C=2 mna C=I.
Temneparypa mpojofKaeT CHUXKATbCs, HO Oosee memyieHHo. B Touke 2 (mpu T)
BBIJICJICHUE TeIjia MpeKpalaeTcs, MOATOMY KpuBas BHOBb CTAHOBUTCS MEHeEe
nosioroit. Yuciio creneneit cBoOoabl cHOBa yBenuunBaeTcs 10 C=2. CrnenoBaTeibHO,
npu Temreparype T, sk3orepmuueckoe (a3oBo€ MPEeBpallleHHE Hayaaoch, pu T,
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3aKOHYMNJIOCH.

Kpusas III — 10 ropu3oHTanbHOrO ydyacTka oxjaxkaeHue uaer miaBHo (C=l1),
3ateM B Touke 3 (mpu T3) mpoucxogut (a3oBoe NpeBpaIlCHHE C BBIJICICHHEM
OOJIBILIOTO KOJMYECTBAa TEIUIA, JOCTATOYHOIO [UIsl IOJIHOM KOMIIEHCAallud Teria
orBopuMoro. Ilpum »ToM cucrema craHoBurca HOHBapuaHtHa (C=0) u ¢as3oBoe
IIpEeBpalICHNE HAYMHAETCS U 3aKaHYMBAeTCs IpU OAHOU U Tol ke Temmeparype (Ts),
KOTOpasi OCTAaeTcsl MOCTOSHHOM 10 T€X MOp, MOKa 3TO IPEBPAIICHUE HE 3aKOHUUTCS.
3areM OXJaXXJI€HHE CUCTEMBbI MPOJOJIKAETCS, CUCTEMAa CTAHOBUTCSI MOHOBapHAHTHOM
(OmBapHaHTHOIN) U TeMIepaTypa CHUXKACTCS IJIABHO.

PaccMoTpuM MoCTpoeHUE qUarpaMMbl COCTOSIHUSI OTHOKOMIIOHEHTHOW CHCTEMBI
no KpuBbIM HarpeBaHusi (puc.3.10). Ilomyuum KpuBblE HarpeBaHus BEIIECTBA B
TBepaon (aze mpm pasnuuHbIXx AaBieHmsX (puc.3.10a). Hamecem momydeHHBIC
XapaKTEepPUCTUYECKUE TEMIIEparypbl Ha KOOpAMHATHYIO IiockocTh P-T (puc.3.100)
3aT€M COEJUHUM TOYKHM IUIABHBIMU JIMHUAMU U TOJIYYUM JUarpaMMmy COCTOSIHUS
OJTHOKOMITOHEHTHOM cuctembl (puc.3.10B):

Temneparypa

Bpemsi

P
I L .
Pyf- ? fffffffffffffffff ]
I + e
oy 6 \
le
T, T Ts T T T T, T 0T T T T

Puc.3.10 TlocTtpoeHue nmarpamMmbl COCTOSIHUSI OJIHOKOMIIOHEHTHOM CHCTEMBI IO KPHUBBIM
HarpeBaHus (a) ¥ 1Mo MOTYyYSHHBIM XapaKTEPUCTUIECKUM Temmeparypam (0, B).
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3.6. uanmuomponnvie u MOHOMPONHBLE NPEBPAUCHUS

Kpucramnel pa3nmuyHbix MOAUGPUKAIMKA OJHOTO H TOrO0 KE KOMIIOHEHTA
OTINYAIOTCS PUBNKO-XUMHUECKAMHU CBOMCTBAMH M MPECTABIIAIOT COOOM pa3InIHbIC
TBepAble (a3pl. B3auMHBIE TpeBpamieHusT 3TUX MOAM(HKAIMN HAa3BIBAIOTCSA
NOIUMOPHHBIMU TIEPEXOJIAMU U OTHOCATCS K (hazo8bim nepexodam nepeozo pood.

Koraga ogHo u TO e BeIIECTBO CIIOCOOHO CYIIECTBOBATH B BUJE JBYX WIIU
HECKOJBKHX KPUCTAUIMUECKNX (opmax, WM KaK WX HA3bIBAIOT, MOJUMOPQHBIX
mMonupukammsx. B pe3ymprare  MOMMMOP(HOTO  MPEBpPALICHUS  aTOMBI
KPUCTAJUIMYECKOTO TENa, MMEIOIIEro KPUCTAUIMYECKYIO PEMIETKY OJHOTO THIIA,
nepecTpanBaloOTCs TakKUM 00pa3oMm, 4YTO oOpa3yercs KpUCTAJUIMUecKas peméTka
npyroro tuma. [lomumopdHyo MoauduKanuioo, yCTOWYUBYIO MpH 0ojiee HU3KOU
Temrneparype sl OONBIIMHCTBA METAIJIOB MPUHATO 00O03HAUaTh @, Mpu Oojee
BbICOKOU — P, mamee - y. M3BecTHbl moauMopdHbIE MPEeBpAIICHUs IJ1 METaJJIOB:
Fe,©Fe,, Ti«>Tig, Mn«>Mnge>Mn,<>Mn;, Sn,«>Sng u 1.1 Iloaumopdnoe
IpEeBpallleHHe MPOTEKAET BCJIEACTBHE TOrO, 4YTO O0Opa3oBaHUE HOBOW (pa3bl
CONMPOBOXKJAAETCS yMeHbIIeHueM »sHeprun [nb0ca. B  ycnoBusx paBHOBecus
noJuMoppHOE  MpEeBpalleHUEe MPOTEKAaeT TMpU  TMOCTOSHHOM  TeMIlepaType
(KpuTHUYECKasi TOYKA) U CONPOBOXKIAAETCS BBIJICICHUEM TEIUIOTHI, €CJIA IPEBPAILICHUE
UAET TP OXJAXJICHUH, UM MOTJIOMIEHHEM TEIUIOThI B cilydyae HarpeBa. Kak u mpu
KPUCTAJUTH3AIMN U3 KUJIKOUN (a3bl, 4TOOBI OTMMOP(PHOE MpeBpalieHue MIpoTeKaro,
HY’)KHO HEKOTOpO€ MepeoxyaxaAeHue (WM NEeperpeB) OTHOCUTEIBHO PaBHOBECHOM
TEeMIIepaTyphl i1 BOBHUKHOBEHUSI Pa3HOCTH 3Hepruil 'mbOca Mexy MCXOTHOU U
oOpasyromeiics HOBOM  Mmomudukanusmu. Takum  oOpa3oMm, HOIUMOPQHOE
MpEBpAIllEHUE TI0 CBOEMY MEXaHU3MY — KPUCTAJUIM3AIMOHHBIN  MpOIIECC,
OCYIIECTBIISIEMBIN MyTEM 00pa30BaHMs 3apOJIbINIe HOBOHM (ha3bl U MOCIETYIOIIETO
ux pocta. [Ipy momuMopdHOM TpeBpalleHUH KPUCTALIBI HOBOW (a3bl pacTyT B
pe3ysbTaTe B3aMMOCBSI3aHHBIX TMEPEX0J0B yepe3 rpanuily (a3. OTpbIBasCh OT
peméTtkn  oaHou (as3pl, Hampumep, [, aTOMbl TOOJAMHOYKE WU TPYyHIaMU
MPUCOETUHAIOTCS K pEIIETKe HOBOM (ha3bl o, U, KaK CIEACTBUE, IpaHUlA 3€pHA O.-
Moau(dUKAIIUKM TIEPEIBUTACTCS B CTOPOHY 3epHa P-moaudukanuu. B pesynbraTte
NoJIMMOP(GHOTO MpeBpalleHusi 00pa3yloTCsd HOBBbIE KpUCTAUIMUECKHE 3EpHA,
UMEIOIINE pYrue pazmep U GopMy, cam IpoLecc COMPOBOKAAETCI CKAYKOOOpa3HbIM
W3MEHEHUEM CBOMCTB: 3JIEKTPO- U TEIUIONPOBOAHOCTH, TETNIOEMKOCTH, MATHUTHBIX U
MEXAHUYECKUX CBOWCTB.

Ecnu npeBpanieHne B TOUKE MEPEX01a MOKET CaMOIIPOU3BOIIBHO IIPOTEKATh Kak
B MpSMOM, TaK U B OOpAaTHOM HampaBlEHUAX, TO TAKOM MEpexoja Ha3bIBaeTCs
SHAHTUOTPOMHBIM.

DHaHTUOTPOIIHbIE MPEBPALICHHS XapaKTEPHbI ISl HOTUMOP(HBIX MOAUPUKAIIUI
cepbl — pomMOuueckoi (Sp) U MOHOKIMHHOHM (Sy), T.€. TOIUMOP(HOE TPEBpAIICHUE
opu KOTOPOM JaHHAasg KpHUCTAJUIMYECKas MOAu(UKALUg NPU U3MEHEHUH BHEUTHUX
ycioBui (P unu T) nmepexoaut B Apyryro mMojudukanyioo, a Ipd BOCCTAHOBIIEHUU
NPeKHUX YCIOBUW TMpeBpallaeTcs B HMCXOAHYIO (opMy. DHAHTHOTPOIHbBIE
npeBpalleHust — 00paTUMBI.
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Obpa3oBanue HOBbIX (a3 B CHCTEME NPUBOIAUT K MOSBICHUIO HA JHUarpaMMme
COCTOSIHUS JIOTIOJHUTENBHBIX KPHUBBIX JIBYX(a3HbIX paBHOBecuid. Ha Hell mmerorcs
JVHUU:

AB — mnonumopdHOoe mpeBpalieHue poMOWYECKOM B MOHOKIMHHYIO Cepy
(Sp>Sw);

AD — n1MHHSA BO3TOHKH POMOMYECKOM CEPBI (Sp<>Stiap);
BE — nunus nnaBnienus pomouueckoi cepsl (Sp<>Sx);
BC — nunHus nnaBieHus MOHOKIUHHOM cepbl (Sy<>Sx);
AC — InHKS BO3TOHKH MOHOKIIMHHOM CEPBI (Sp<>Stiap);
CK — nuHus KUNIEHNS JKUIKON CEPBI (Syc¢>Srrap)-

Ha nuarpamme wumeroTcss deTbipe 007acTH, OTBEUYAIOIIME YCTOWYHUBOMY
CYILIECTBOBAaHMIO YETBIPEX (a3 cepbl: MapooOpazsHOU (Sip), KUAKOH (Sx) U OBYX
Kpuctaumueckux (Sp U Sy). st 3Toi CUCTEMBI YHCIIO TPOMHBIX TOUEK — TPU: TOUKA
A (Stiap <>Sm <>Sp), Touka B (S <>Sm «<>Sp) ¥ Touka C (Siap >S5 <>Swm)-

[Ipy M3MEHEHUM BHENIHUX YCJIOBUN MOHOKJIMHHAs CEpa MOXKET MEPEXOAUThH B
poMOHMYECKyI0, a poMOrUecKasi B MOHOKJIMHHYIO.

P E
153°C: 1,3.10%Ma

Puc.3.11. JIlnarpamma cOoCTOSIHUS CEpBI

Jpyrum npuMepoM IHAHTHOTPOITHOIO TEPEX0/1a SIBISIETCS IPEeBpallieHne 0eI0ro
ojioBa -Sn (TeTparoHangbHas pelieTka) B CEpoe OJO0BO 0-Sn (KyOMdecKasi pelieTka).
IIpu HOpPMAJIHOM JABICHHUM TOUKa MpeBpamieHus Haxoaures npu 13,2°C Bbime 9ot
TEeMIIepaTypbl YCTOMYHMBO Oelioe 0J0BO, a HUXE — cepoe. Takum oOpazoMm, Oenoe
OJIOBO HaXOIMUTCS MPU TEMIIEPATYPE HUKE +13,2°C B MeTacTaGHIBHOM COCTOSIHUHU U
COXpaHSETCS B STOM COCTOSHUM 4pe3BblYailHO qoiro. OgHAKo JOCTaTOYHO TOTO,
YTOOBI Ha OJIOBSIHHBIM MpEaMET TMonana HeOOobIas MbIIMHKA Cepoil MoaupUKaIiiy,
YTOOBl HaYaJICid MPOLECC MPEBPALLEHUS, KOTOPbI MPOUCXOAUT C YBEITUYCHHUEM
oObema Ha 25,6% u BeneT K paspyuieHuto npenmera. OaHa MoaupUKanys mepexoanuT
B JPYryl0 TeM GbICTpee, 4eM HIKe TeMIeparypa okpyxkaromeii cpenst. Ipn -33°C
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CKOPOCTh TMPEBPAICHUI CTAaHOBUTCS MakCUMalibHOW. OIOBO Tpeckaercss H
MpeBpaIlaeTCs B HOPOIIIOK.

Takoe siBIeHHE Ha3BaJlM «OJIOBSHHOM YyMOM», KOTOpas B CBO€ BpeMsl OCTaBUJIA
«TpaKTHUpPHI 0€3 JI0KEK U MHUCOK, a CoJJIaT 0e3 MMyTOBUID.

Ig(P, Ma)

6enoe onoso

Sn (nap)

T T T T T T T T T T T T T T
-200 0 200 400 600 800 1000 1200
0
T, C
Puc.3.12 lnarpaMma cOCTOSIHHUS 0JI0Ba (METAJUTMYECKOE OJIOBO UMEET TeMIIepaTypy IJIaBICHUS

231,84°C u HOPMAaJIbHYIO TEMIIEPATYpPy KUIICHUS 2362°C, ero napbl OKPAIICHBI B TOIYOOU UITH
cepo-rony0oii 11BeT).

O6pasers ooBa (99,9%), kotopsrii xpanmics mpu -40°C
Hnmepecnvie ghaxmor:

«OnoesaHuas uymay nocayxcuna npuuyunou eubenu 6 1912 o awnenutickot
axcneouyuu nod pykosoocmeom Pobepma Cxomma, uanpasenennoi x FOdxcnomy
nomocy. Ilymewecmeennuxu no2ubau Ha o0OpAMHOM NYyMu U3-34 OMCYMCMEBUS.
monausa. Cocyobl ¢ KepOCUHOM HAYAIU meyb, MaK KaK Oenoe 01080, KOMOPbIM OHU
ObLIU NPONASIHYL, KHE BbIOEPIHCATIO MOPO3A» U PACCLINANOCS.

B auseape 1868 200a 6onvwias napmus ciumkos on08a Ovblla OMNpPaAGiIeHd U3
Pommepoama eaconamu no owcenesnou oopoce 6 Mockgy. Caumku 6 Mockae
0Ka3anucCh 0OpPaAMUBUUMUCS 8 Cepblli NOPOULOK BCIe0CMEUEe YPE3BbIUAUHO HUZKOU
memnepamypotl cmossuiell mozoa 8 Mockee (- -35°C).

O nooobunom cayuae coobwaem ucmopusi Mockosckoeo zocyoapcmea XVI e.:
00HadCObl U3 Apxaneenvcka 6 Mockgy 051 yapckou KazHvl ObLIO OMNPABIEHO
HECKOJIbKO AWUKO8 AH2IULCKOU ON0BAHHOU NOCYObl: On100a, mucku, mapeiku. Ilo
npubvimuu 6 Mockey 6 AuUKaAx OKa3aucs cepulii «Mycopy.

C onossanHOU YyyMOU panyy3vl C643b18aI0OM OOHY U3 NPUYUH HOPAICEHUS aApMUU
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Hanoneona 6 Poccuu sumou 1812 200a. Bce nyzosuyvl ma mymoupax conoam
HAaNoneoH0BCKOU apmuu ObLIU U320MosieHbl Uz benozo onosa. Ha cunbnom mopose
OHU PACCLINANUCH, COLOAMbL HAYATU MEP3HYMb, YAl 60eoU 0yX, HAYAIUCL DONIE3HU.

[TonumopdHbie peBpallieHus, IPU KOTOPHIX CaMOMPOU3BOIBHBIN MEPEX0]l OTHON
MeTacTaOuiIbHOM  MoauduKalMu B JIPYTyl0  BO3MOXKEH, a  OOpaTHBIM
CaMOTIPOM3BOJILHBIN TIEpeXo[, HE OCYUIECTBUM, HA3bIBAIOTCS MOHOTPONHBIMHU
nepexogamu.

Paccmorpum MoHOTpomHBIC TIpeBpamieHus Ha npumepe docdopa (puc. 13).
OnemenTapHbii  pochop TPU HOPMATBHBIX YCIOBHUSX CYIIECTBYET B BHIC
HECKOJIbKUX YCTOMYMBBIX aJUIOTPONMUYECKUX MoAuduKammii: Oenblid, KpacCHBIH,
4EpHBIN 1 MeTauueckuit pocdop. [lpu cTangapTHRIX YCIOBUSX YCTOWYMBBI TOJIBKO
TpU aoTponuueckux wmoaudurkanuu docdopa (Hanpumep, Oenbiii  Pocdop
TEPMOJIMHAMUYECKN HEYCTOMYMB (KBA3UCTAILIMOHAPHOE COCTOSIHME) U MEPEXOAMUT CO
BPEMEHEM IIPU HOPMAJIbHBIX YCIOBUSX B KpacHbIi Gocdop).

KpacHbii P ycTonumBhbIn

P

Benbii P HeycT.  ‘Tepeoxn. XK
1

1 P
I'p

/ KpacH

X

Lol
]
\

7

docchop Map

naoobpasHbI
nepechbiLLEeHHbI

T T, T
417 K 862 K

Puc.3.13 [Inarpamma cocrosaus dochopa

benebiit hocdop, MOXKHO MOTYUUTh, OBICTPO OXJIAKIAS KUJIKOCTH O TEMIIEPATYp,
menblinx Tp. Yxe npu Temmneparype T, AOMKHO HavyaTrbcs 0Opa3zoBaHUE KPACHOTO
dbochopa (ycroitumBas mMomudukanus). ITO, OAHAKO, MEIJICHHBIA MPOIECC.
KunakocTs TpomoOIKaeT CyNmIecTBOBATh U OXJaxknmaercs 10 T, TIe CTaHOBUTHCS
BO3MOXHBIM €€ mpeBpaimieHue B Oenbiit  dochop. benbrit dochop memiaeHHO
npeBpaiaercs B 0ojiee TEPMOIMHAMUYECKH YCTOMUYMBYIO MOIUMUKAINIO (KPaCHBIN
dochop). CxopocTs TpeBpalieHuss HEPABHOBECHOM (a3bl B PaBHOBECHYIO MOXKET
ObITh OueHb Masioi. dakTudecku, HepaBHOBecHas (¢aza (Oenbrit P) cranoBuTCs
Kunemuuecku cmadunorou. Ilomyuuts Oenbiii dochop U3 KpPaCHOTO HEIb3s,
MOCKOJIBKY TaKOW MPOIECC SBISAETCS TEPMOAMHAMHYECKH HEBO3ZMOXKHBIM.
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4. THAI'PAMMDbBI COCTOAHHA /IBYX KOMIIOHEHTHBIX CUCTEM

ArperatHoe cocTosiHME (a3, HAXOASIIMUXCSI B PABHOBECHHM, MOXET OBITH
pa3nuuHbIM. PaccmoTpum - cienyromue  BUABI  AuUarpaMM B PaBHOBECHBIX
JBYXKOMIIOHEHTHBIX CUCTEMaX:

— meepoas (haza — AHCUOKOCMb (0UaAzpamma naaeKocmu);
— JICUOKOCHb — JHCUOKOCMD (OUAZPAMMA 63AUMHOUL PACM BOPUMOCHIU HCUOKOCMEIL ),
— nap (eaz) — HcuOKocms (OUaZPAMMAa KUREHUA).

B cnydyae KOHAEHCHUPOBAHHBIX CHUCTEM (TBEPAOE—KUIAKOCTb WM KUIKOCTh—
KUJIKOCTh), U3MEHEHHUE JaBJICHUS B CUCTEME MaJIO BIIMSIET HA COCTOSIHUE PAaBHOBECHS,
MIO3TOMY MOKHO OTPAaHWYMUTHCS aHAJU30M JUarpaMM TEMIIEpaTypa-cocTaB (Takoro
TUIA JUAarpaMMbl pacCMaTpHUBAIOTCS I PaBHOBECHIl B PAacTBOpax M pacIliaBax).
Eciu xe B cucreme mmeercs mapoBas ¢aza, TO JaBlCHHE OKa3bIBae€T CUIBHOE
BJIUSIHUE HA (pa30BbIE PABHOBECHS, U TOTJIa HEOOXOAMMO aHAIM3UPOBATH HE TOJBKO
JMarpaMMbl COCTaB—TeMIIEpaTypa npu P=const, HO U AUarpamMMbl COCTaB—IaBIICHUE
nipu T=const.

Kak Oput0 mokazaHo BbIlIe, (pa3oBOe paBHOBECHE OJIHOKOMIIOHEHTHBIX CHUCTEM
3aBUCHUT OT JIBYX MAapameTpoB (TeMIlepaTypsl U AaBieHusA) u P—T — nuarpamma s
HUX MOXET OBbITh M300pakeHa Ha TuiockocTd. Ho ecnu cucteMa coiepKuT JBa
KoMIioHeHTa (A u B), To ee COCTOsHME 3aBHCHUT €Ille€ M OT cocTaBa. J[nsi moiHoU
XapaKTepPUCTUKU TaKOW CHCTEMbl HEOOXOJMMO, KpOME JABJICHHS M TEeMIEpaTyphl,
3HATH €Il[€ COCTaB CUCTEMBI (KOHLIEHTPALUIO OJHOTO U3 KOMIIOHEHTOB).

JIs TaKUX CUCTEM, TJI€ YUCIO KOMIIOHEHTOB K=2 (A u B) u 4ucio mapameTpoB
n=2 (T u P), npaBuiio ¢a3 ['md6ca (C = K — ® + n) npuHUMaeT BUJ:

C=2-D+2.

IIpu uncne a3z @=1 uucno creneneit ceodoasl C=3 (7, P, cocmas).

JlnarpaMmMa COCTOSTHUSL IBYXKOMIIOHEHTHON CHCTEMBI TOJDKHA OBITh TIOCTPOCHA B
MPOCTPAHCTBEHHBIX KOOPANHATAX (JaBJICHUE - TEMIIEpATypa - COCTaB), YTO HEYAO0HO
JUTSL TIPAKTUYECKOTO HCTOJIb30BaHUs. [109TOMy OOBIYHO paccMaTpUBAIOT TUIOCKUE
JarpaMMbl COCTaB — TeMIEepaTypa U COCTaB — JABJIEHUE, KOTOPbIE MPEIACTABIISIOT
co0oi1 ceueHust 00bEeMHOM TuarpamMmbl ipu P=const unu T=const.

B u300apHBIX WU U30TEPMHUYECKUX YCIOBHUSX n=1 U yCIOBHas BapHaHTHOCTH

CHUCTEMBI, B COOTBETCTBHUU C TIpaBWiIoM (ha3 ['mb0ca, onpenaensercs ypaBHCHUEM:
C=2-d+1

4.1. Ocnogwbl ananuza ouazpamm coCmoAHUA 08YXKOMHOHEHMHBIX CUCHIEM

C mnomompto (Ha30BOM JaUArpaMMBl MOKHO OXapaKTEPH30BaTh COCTOSHUC
CUCTEMBI TPU JIOOOM B3aMMHOM COOTHOIIIEHWM KOMIIOHEHTOB B HEW H Jt0OOH
TEMIIepaType B yKa3aHHOM Ha JAuarpaMMe JIUara3oHe: OMPEIeIUTh YHCIO U COCTaB
Bcex (a3, COCTaBISIOMIUX CHUCTEMY TMpU JaHHOW TemIeparype, TNpencKa3arh
MOBEJCHUE CHUCTEMBI TMPH HM3MEHEHWU TEMIEpaTyphl, OINPEACIUTh COOTHOIICHUE
MeXIy Maccamu (pa3, Kor/ia CucTeMa HaXxOIUTCs B IByX(a3HOH 00acTu.

Hcxons W3 TpUHIOMIA COOTBETCTBHS, YTO «KaXJIOW (ha30BOM acCOIMAIINH,
HAXOASIICHCS B JaHHOM CHCTEME B PAaBHOBECHM, HAa JuUarpaMMe OTBEYAET
OTpEICNICHHbI TeOMEeTpUYeCKuil o0pas», TO JIMHUU Ha JUarpamMMme COCTOSIHHS
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S2

O3HAYAIOT TOSBJICHWE WM HWcue3HoBeHHe (a3. Hampumep, eciu B3SITh CUCTEMY
OTPEJICICHHOTO COCTaBa M U3MEHATh €€ TeMIlepaTypy, TO IMpHU Iepexojae uepes
JUHUIO OYyIyT Hcuye3aTh CTapble WM TMOSABIATHCA HOBBIE ¢das3bpl. Ecim nuHUS
orpaHhyeHa (MMeeTCsl IepeceueHue ¢ APyrod JuHueH, (HaKTUYECKH, JIMHUHU HE
MePECEKaIOTCs, a CXOAATCSA B TOUKE), TO B 3TOH TOUKE, MPEICTABISIONIEH cOO0M ee
rpaHuIly, cucremMa He OyaeT o0jagarh CTENeHAMH CBOOOABI, T.e. Oyner
HOHBapHaHTHOU. Bce ckazaHHOE KacaeTcs, MO CYTH, TOJIBKO HAaKJIOHHBIX JIMHUM Ha
quarpaMMe, KOTOpble M 00J1alafoT OHOM CTENEeHbI0 CBOOOABI. | OpH30HTAIBHBIE
JMHUU 3TOM CTENEHbIO CBOOOJBI HE OO0NANAI0T — HA TOPU3OHTAIBHON JIMHUU
CHUCTEMa HOHBapHaHTHA.

JInst aHanmu3a CBOMCTB HEKOTOPOU CUCTEMBI ONPEICTIEHHOIO COCTaBa HEOOX0IUMO

Ha JIMarpaMMe IPOBECTH BEPTUKAIBHYIO JIMHUIO, XapPAaKTEPU3YIOLIYIO 3aJaHHBIN
COCTaB (COOTHOILIEHHWE MEXIy KOMIIOHEHTaMH). Takas JIMHHUS Ha3bIBAaeTCsA
uzonnemon. JIBurasch 1O H30ILJIETE BBEPX WM BHHU3 Mbl OyAeM IOJIydaTh
@ueypamuenvie mouky CyleCTBOBAHUS CUCTEMbI IIPU HEKOTOPBIX TEMIIEpaTypax.

MoxHO BBIACIUTL TPHU OCHOBHBIX THIIA (bPIpraTI/IBHBIX TOUYCK Ha AUarpaMmax

cocrosinug (puc.l).
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Puc. 4.1 OcHOBHBIE TUTIBI (PUTYPATUBHBIX TOUYEK HA IHAarpaMMax COCTOSHUS
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Tun 1. Touka neXHUT Ha TIOJIE pacTBOpa (3TO MOXKET OBITH Map, pacIiaB, PacCTBOP
KUJKAW WM TBEPHAbIA pacTBOp). DTO O3HayaeT, yTo cuctema romoreHHas (d=I1)
COCTOMT M3 OJHOU (pa3bl M cocTOsIHUE 3TOU (pa3bl (€€ cocTaB U TeMmIleparypy) Oyner
XapaKTepu3oBaTh cama paccMmarpuBaemas ¢urypatuBHas Touka. s 1.1 cocras
oynet L1 (30%B u 70%A), a remneparypa T;.

Tun II. Touka nexut Ha nByxdaznom nose (O=2). B atom ciaydyae, paBHOBeCHE
Mexay (pazaMu OMUCHIBACTCS ABYMSI TOYKAMHU C TOMOIIbIO HOABI (KOHHO/bI).

Hooa (xonnooa) — smo ompe3ok, npogedenHbvlll uepe3 GueypamueHyio mouxy,
napanienbHulil OCU COCMAasa U COeOUHAIOWUL TUHUU PABHOBECHBIX (ha3 (HOO0a Modikcem
maxaice 8bIXO0UMb U3 PUSYPAMUBHOL MOYKU,).

OTHU JBE JIMHUHW, OTPAHUYMBAIOIIME TOJIE CJIEBAa U CIpPaBa, U XapaKTEPU3YIOT
COCTaB JIBYX (a3 HaxXOSAIINXCS B PABHOBECHHU:

— JUIA JUarpaMM IJIaBKOCTH 3TO JIMHUU CONUOYCA U TUKEUOYCA;
— JUIA TUarpaMM KUTIEHUS — 3TO JIMHUM Napa N HCUOKOCHU.

CrneoBarenbHO, MPOEKIMHA HAa OCh COCTaBa JIBYX TOYEK IEPECEUEHHSI HOJIbI C
STUMHU JIMHUSMU M YKOXKYT COCTaB JBYX (a3, HaXOJSIIUXCS B PABHOBECUM TpU
naHHOM Temneparype. Kakue nuMeHHO (asbl, HAXOJATCS B PAaBHOBECHU IPHU JAHHOM
TeMIIEpaType, MOKaXYT CIUIOUIHBIE MO PACTBOPOB, HA TPAHULIE KOTOPBIX JIEXKAT ITH
TOYKH.

JUts touku II. CipaBa HaXOAUTCS JTMHUS JIMKBHIyCa — OHA XapaKTEPU3yeT COCTaB
PaBHOBECHOM >XKUIKOM (a3a, a cieBa — JUHUS coyuyca (71 JAHHOW TuarpaMmbl OHa
COBIIAJIaeT ¢ Ochio Temrmepatyp). [Iposenem Hoxy MN 1 OnyCTUM MPOEKIIMU U3 TOYEK
M u N Ha ock cocrasa.

[Tonyuum coctaB pacmiaBa — L2 (55%B u 45%A) u coctaB TBepa0il ¢aszpl — S2
(100%A — kpucTamisl A).

Tun III. Touka NEXUT HA TOPU3OHTAIBHOM TpsiMO. B 3TOM ciiywae, cuctema
Oyznet cocrosTh U3 Tpex ¢a3 (P=3) u paBHOBecHe B HEH OYJET OMUCHIBATHCA TPEMs
TOYKaMU. HaliT 3TH TOYKHM OYEHB JIETKO IO MEPECEUCHUIO TOM JIMHUU C APYTHUMU
auHusMu (puc. 1a,0).

Jlnsi mpuBeneHHOTo mpuMepa Hona, mpoBeneHHas uepe3 Touky I (KF)
nepeceKaeT JEeBYIO JIMHUIO coluayca B Touke K, mpaByto nuHUI0 conumyca B Touke F,
a TUHUIO TuKBHUAyca - B Touke O. Hampumep, st puc la mpoeknuu Ha oCh COCTaBa
JAI0T HAM COCTaBbl PaBHOBECHBIX (pa3: pactuiaB, coctaBa L3; TBepmas dasza, cocraBa
S2 (100% A) u tBepnas daza, cocraBa S3 (100% B) .B ciyuae puc. 16 npoekiuu Ha
OChb COCTaBa JAlOT COCTaBbl paBHOBECHBIX (pa3: pacmias, coctaBa L3; TBepaas da3sa,
coctaBa S3 u TBepaas ¢asa, coctara S4.

B mporecce kpuctammzanun U3MEHseTCs U KOHIeHTpalus a3 (Harmpumep, u3
YKUJIKOCTU BBIJIEIISIOTCS KPUCTAILIBI OHOTO M3 KOMIIOHEHTOB) M KOJIMYECTBO KaXKI0M
da3pl (MpU KPUCTATUTU3AIMHN KOJIWYECTBO TBEPAOU (a3bl yBETUUUBACTCS, a KHUIKOM-
yMEHbBIIaeTcs). B COOTBETCTBUM C TIEPBBIM TMOJIOKEHUEM TIPAaBHIIa OTPE3KOB: «UTOOBI
OTIPECIUTh KOHIIEHTpPAIlMd KOMIIOHEHTOB B (a3ax, depe3 JaHHYI TOYKY,
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XapaKTEPU3YIOILYI0 COCTOSIHUE CHCTEMBI, IPOBOAST TOPU3OHTAJIBHYIO JHHHUIO 0
NEpPEeCeUeHUs] C JIMHUSIMH, OTPAHUYMBAIOIIMMHU JAHHYIO 00JacTh; MPOEKIHMH TOYEK
NepecevyeHusl Ha OCh KOHIIEHTpAIUi MMOKa3bIBalOT cOCTaBhl (ha3y. BTropoe nmonoxenue
npaBuia OTPEe3KOB: «Jlisi TOro, 4YTOOBI OMpPENETUTh KOJUYECTBEHHOE COOTHOIICHUE
a3, depe3 3alaHHYIO TOYKY NPOBOAST TOPU3OHTAIbHYIO JHHHUIO. OTpe3kd 3TOH
JIMHUU MEXY 33JJaHHON TOYKOW M TOYKaMH, OMPEJEIISIIONIMMHU COCTaBbl (a3, 00paTHO
MPOMOPIIMOHANIBHBI KOJTMYECTBAM 3THX (ha3y.

Taxkum obpazom, 6 coomeemcmeuu ¢ RPAGUIOM pbluaza, huzypamuenas mouxka
K oerum nposedennyro uepes3 Hee Hody MN HnHa ompesku ooOpamuo
NPONOPUUOHATIbHBIE KOUUECm8am (maccam) (haz, HaXOOAWUXCA 8 IMOIL mOoUKe.

C momompio ¢urypatuBHOW Touku K u mpoBemeHHOU dYepe3 Hee Hombl MN
MOKHO ONpEJEIUTh COOTHOIIEHHE Macc (KoindecTB) (a3 B JAHHOW TOYKE, a 3Has
0OIIIyI0 Maccy CUCTEMBI PacCCUMTATh MAacCy Kax a0 paBHOBeCcHOH (a3bl (puc. 4.2).

T pacnnas (L)
ca
y\.Y\V“(BV\
S
s\"‘@
+ o)
Kp.oo + L oS
M K N
TB: Kp.aL
\
0 20 40 60 80 100
A m k n B

Puc. 4.2 IIpumeHeHue npaBuiia pelyara K iuarpaMme COCTOSIHUS
CornacHo npaBWily pelyara 3amnuiieM:

mpacnﬂaea _ KN _ n—k
MK k-m

m

meepooil

OTpe30K, MpUMBIKAIONIEH K 00JacCTH TBEPAOrO COCTOSHHUS, OTBEYAECT 3a MaccCy
pacruiaBa, a OTPE30K, MPUMBIKAIONIMI K 00JIacTM paciijlaBa, OTBEUAET 3a Maccy
TBEpIOH (pa3sbl.

3nas obmryto Maccy cucTeMBl  (Mycmene = Mpacnnasa T Minsepooi)  MOMKHO
paccumMTaTh Maccy Kaxoi ¢asbl.

[IpaBuno0 OTpPE3KOB B JABOWHBIX JHarpaMmax MOKHO TPUMEHSATH TOJILKO B
nByxQa3Hbix obnactsax. BHyTpu onHodasHoi obmactu mo0as TOYKa XapaKTEePHU3yeT
e€ KOHIIEHTpAIMio, a KOrjJa B CHUCTEME B PAaBHOBECHHM HaXOASATCS TpH (asbl
(purypaTtuBHas TOYKa JIGKAT HA TOPU3OHTAIBHOW JIMHUHM), ONPEICITUTh
COOTHOIIIEHHE MAacC MEXIy 3TUMH (azaMH, HUCXOAsl W3 JAUMArpaMMbl COCTOSHUS,
HEJb3SI.
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4.2. ﬂuazpaMMbl njaaekocmu 03yx KOMRNOHEHMmMHbILX cucmem

BI/II[ auarpaMmbl  IINIABKOCTH 3aBUCUT OT B3aMMHOM PaCTBOPUMOCTH
KOMITIOHCHTOB B KPHUCTAJULIMYCCKOM H KUIAKOM COCTOSHHAX. B KNIKOM COCTOsAHHNH
CHUCTEMBI B OOJIBIITMHCTBE ClIydacB I'OMOI'CHHEIL. Ho B KPpUCTATIIIMICCKOM COCTOASHHUUN
OHHU MOTI'YT OBITH IIOJIHOCTHIO HE PaCTBOpPUMBI AOPYI' B JApPYIC, IIOJHOCTBIO HJIN
YaCTUYHO pPaCTBOPUMBI, MOI'YT O6p&30BI)IBaTL YCTOfI‘II/IBLIG NI H€y0TOﬁqHBBI€
XUMHUYICCKUC COCANHCHM A, MOT'YT IIPCTCPIICBATD HOJ'II/IMOpCbHBIC IIpCBpalICHUA.

PaccMoTpuM 5 OCHOBHBIX THIIOB JHArpaMM IUIABKOCTH JIBYXKOMITOHEHTHBIX
cucreMm (puc.4.3):

1. JlmarpaMmma mjiaBKOCTH BEILIECTB HE 00pa3yrolux TBEpAbIX pacTBOpoB (I pona);

2. [ImarpaMma cOCTOSIHHSI I CIUIABOB C HEOTPAHWUYECHHOW PACTBOPUMOCTBIO B
TBepAoM coctosauu (II pona);

3. JluarpamMma cOCTOSIHMSI JIJIsl CIJIABOB C OTPAaHUYEHHOM pacCTBOPUMOCTBIO B
tBepaoM coctossauu (111 pozga);

4. JluarpamMma COCTOSIHUS JJIsl CIUIaBOB 00pa3yIoluX YCTOWYMBBIE XUMUUECKHUE
coenunenus (IV pona);

5. JluarpamMma cOCTOSTHUS JIJ1s CINIABOB OOPA3yIOLINX HEYCTOMUNBbBIE XUMUYECKUE
coenunenus (IV pona).

pacnnas (L)

pacnnas (L)

pacnnas (L)

o

i
Kp.o
kp.A + kp.B Kp.ow + Kp.p

v T v v T v T v v
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100

A B A B A B
1 (I pona) 2 (Il pona) 3 (III pona)
T pacnnas (L) T
pacnnas (L) /
p/ Kp.B+L
Kp.M + L kp. A+L Kp.M + L
Kp.A+L kp.M
+kp.B
Kkp.A+kp.M Kkp.M+kp.B Kkp.A+kp.M
0 20 40y 60 80 100 0 20 40 60 80 100
A B A Mo B
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Puc.4.3 OcHOBHBIC TUIIBI AuarpamMm IJIaBKOCTU IBYXKOMIIOHCHTHBIX CUCTEM
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lpyeue nazeanus ouazcpammol:

AUHAT'PAMMA IIVTABKOCTH BEIIIECTB HE OBPA3YIOILITUX
TBEP/IbIX PACTBOPOB (I pooa)

I[I/IarpaMMa IIJIaBKOCTH H€H30M0p(1)HO IJ1aBAIIMUXCA BCHICCTB,

I[HarpaMMa COCTOSAHUA AJIA CIIJIIaBOB, O6p&3y10HII/IX MCXaHUYCCKHUC CMCCHU U3

YUCTBIX KOMIIOHCHTOB,

JlmarpaMMBbl IIJIaBKOCTH € POCTON IBTEKTHKOM.

N3omMopdusm — moaHOE 01001Me aTOMHO-KPUCTAITHIECKOTO CTPOCHUS U (hOpMBI
KPUCTAJIOB BemecTB. M3oMopdu3M BO3MOXKEH MPH OJIMHAKOBBIX KOOPIMHAITMOHHBIX
YHCJIaX aTOMOB, a B KOBAJICHTHBIX COCITMHEHUSAX TIPU TOXKICCTBEHHOW KOH(PUTYPAIHH

CBA3EU.

N3omopdubie BemiecTBa €MOCOOHBI 3aMellaTh aTOMbl B KPUCTAJTUYECKHUX
pemetkax (KP) npyr apyra. Takue BemecTBa 00pa3yroT TBEpAbIE PACTBOPHI.

HewnszoMmopdHbie BemecTBa Tak CHIBHO OTIMYAIOTCS TUIIOM M IapaMeTpaMu
CBOMX KPUCTAJUIMYECKUX PEUIETOK, YTO HEe CMOCOOHBI 3aMEIIaTh aTOMBI JIPYT JIpyra B
y3nax KP. Heuzomopdubie BemecTBa He 00pa3yloT TBEP/bIX pacTBOpoB. B TBepmom
COCTOSIHUM OHHM 00pa3yroT MEXaHUYECKYI0 CMECh KPUCTANIOB KOMITOHEHTOB.

Knaccuueckumu Hen30MOpP(PHO-TUIABAIIMMUCS cUCTeMaMu sBIsiIoTcst Pb-Sb; Al-
Be; Au-Tl; Sb-Ge; LiCl-KCl; BaO-CaO.
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Puc.4.4 ITpumepsl HenzomopdHo-massuxcs cucteMm Pb-Sb u Al-Be;

108
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o0pa3yronx TBEPAbIX PACTBOPOB M MHUKPOCTPYKTYpPhl K HEH TMPUBEIEHHI Ha

(puc.4.5):
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Puc.4.5 O0muii BUI AuarpaMMbl TUTAaBKOCTH HEM30MOP(HO-TIIABAIINXCS BEIISCTB

Jlunna DOE - nHasplBaeTcs nMHHEW JMKBHUAYcCa. Bplie JIMHUK JIMKBHIyCA
CUCTEMa HaXOJUTCA TMOJHOCTBhIO B BHJE paciuiaBa. Ilpu oxnaxkaeHuu pacijiaBa Ha
JMHUY JIMKBUAYCAa HAUYMHAETCS KpUCTAJUIM3alus (MOSBISIOTCS MEPBbIE KPUCTAILIIBI
TBepAOH (pa3el). JIMHUS NMKBHIyCA YKa3bIBAE€T HA COCTAB PABHOBECHOM KUAKON (ha3bl
(pacmiaBa) B T€TEpPOT€HHOM CUCTEME paCIlIaB + KPUCTAJLIbI.

Jlunuu AD, KF u BE (AD u BE HakmanbiBaloTcsi Ha OCH TeMIieparyp)
COCTABJISIIOT JIMHUIO coJiuayca. [1og 3 TuMU JIMHUAMU CUCTEMA HAXOAUTCS ITOJTHOCTHEO
B TBepJIOM cocTosiHuu. JIunuu conmuayca (B gaHHoM ciydae AD u BE) yka3piBator Ha
COCTaB PaBHOBECHOM TBEP/10H (ha3bl B TETEPOTCHHON CUCTEME PACIIAB + KPUCTAILIBI.

B o6mactu KOD cuctema rereporeHHa u cocTouT u3 paciiana (L) u kpuctamion
BEIllECTBA A.

B o6nactu FOE cuctema rereporenna u coctout u3 paciasa (L) u kpuctamion
BellecTna B.

[lon nunmeit sprektvku (KF) cucrema rereporeHHa M MpPEACTaBIAET COOOM
MEXaHUYECKYI CMECh KPUCTAJIJIOB BEIIECTBA A U BellecTBa B.

JIunus KF — nunus sBTekTHKM (Tped. eutektos — nerkomiaBsuuics) — JUHUS
rapajuliesibHasi OCH COCTABOB M IIPOXOAMUT 4epe3 IBTeKTH4YecKyro Touky O. Cocras,
COOTBETCTBYIOIINM TOUKE O HA3bIBACTCSA IBTEKTUYECKUM COCTABOM.

JItobast Touka Ha JuHUM 3BTEeKTUKU KF Xapakrepusyercs HaimuuueM Tpex (as:
Kp.A, kp.B 1 pacmiiaBa 3BTeKTH4€CKOI0 COCTaBa.

TBepaass cucreMa 3BTEKTHYECKOIO COCTAaBa XapaKTEpU3yeTCsl MUHHUMAJIBHON
TeMIiepaTypoi 1uiaBieHus. IIpu 3TOM Temmeparypa Hadaja IJIaBICHUS OCTAETCS
NOCTOSHHOM (M MHUHUMAJbHOW) BIUIOTH JO OJHOBPEMEHHOIO HWCYE3HOBEHUS
MOCJIETHUX TBEPABIX KpUCTAUIOB A U B. DBTeKTHUECKas TeMIepaTypa ropazio HUXe
TEMIEpaTyp IUIABJICHHUs] YUCTBHIX KOMMOHEHTOB. Hampumep, mist cucremsl Pb-Sb
TeMIiepaTypa IJIaBJIeHUsl CIulaBa 3BTeKkTHueckoro cocraBa (13% Sb u 87% Pb)
cocrasmsier 240°C, xots Temmeparypa masienus cuauna 327°C, a cypsmsr 631°C.
Hna cucrembl K-Na Ttemmeparypa miaBieHMs CIUIaBa 3BTEKTUYECKOIO COCTaBa
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(22,7% Na u 77,3% K) cocrapmsier -13,5°C, B To BpeMsi Kak TeMIepaTypa [IaBICHHs
HaTpus +97,80C, a Kaus +63,70C.

N3  pacmmaBa  SBTEKTHYECKOTO  COCTaBa  OOHOBPEMEHHO  HAUYMWHAIOT
KpUcTaJuI30BaThes BemiecTBa A u B. Cuctema 3BTEKTUYECKOTO COCTaBa BeAET cels
NoJIOOHO OJTHOKOMIIOHEHTHOM — Ha KPUBOM OXJIQXACHUS WIM HarpeBaHus
HAONIOaeTCs  TOJNBKO  OJHA  XapaKTepUCTHUECKas  IUJIOMIAJKa  IOCTOSHHOU
TEeMIIepaTypHhl.

HpI/IMep aHaJIM3a JuarpaMmsl IIJIaBKOCTH HCI/ISOMOp(l)HO I1aBAIMUXCA BCIICCTB

T C=2-0+1 T
o1
TI'In,A pacnnas (L)
b=1
T 2
2 Trns
[ ]
L + kp.A I
3 !
D \ .
®=2 : !
4 L\
T, K :
) .0 ]
Kp.A + kp.B ‘:.5 ®=2 ;7
L] 9 L] é L] é L]
0 20 L1 40 L3g0 L4 80 100
A B

coctaB B, % —

Toukal. Cucrema romorennas (O=1): pacrmas, coctaBa L1 (30%B u 70%A);

Yucno TepmoanHamMudeckux crerneneit ceodonpl C =2 — 1 + 1 = 2 — cucrema
OuBapuaHTHa (MBI MOXKEM H3MEHATH TEMIIEpaTypy W COCTaB HE MCHSSA IPH ITOM
qucia ¥ BUJIa PaBHOBECHBIX (a3).

Touka 2. V3 pacrniaBa HaYMHAIOT MOSBIISATHCS TIEPBbIE KPUCTAIUIBI BEIIECTBA A.
Cuctema cranoButcs rereporeHtoit (O=2): kp.A + pacmias, coctaBa L/ (T.K. Macca
TBepAod (a3el B T.2 HHUYTOXKHO MaJla, TO COCTaB pacijlaBa MPAKTUYCCKH HE
WU3MEHSICTCS TI0 CpaBHEHHUE C T.1).

Uucno tepmoauHaMudeckux creneneit ceodonsl C =2 — 2 + 1 = 1 — cucrema
MOHOBapUMaHTHA (JIaHHOM TemIeparype OyleT COOTBETCTBOBATh OIPEACICHHBIM
COCTaB CUCTEMBbI 1 HA00OPOT).

Touka 3. B 1.2 u3 paciiiaBa HadaJ M MOSBISATHCS TEPBbIC KPUCTAILIBI BEIISCTBA
A. Tlo mepe oxnaKACHHS M3 paciulaBa Macca KPUCTaUIOB A pacTeT, a paciliaB
oOoraraercs BemecTsoM B.

B 1.3 B paBHOBecun Haxoastcs ae ¢asbl (D=2): xpuctamisl A (100%A) u
pacmas, coctaBa L3 (56%B u 44%A).

(s ompenenenusi coctaBa paBHOBECHBIX (Da3 MpoBeAEeM yepe3 TOUKY 3 HOAY
DE. 13 Touek nepecedeHus HOJbI C JIMHUEW JTUKBUAYca U conuayca (u3 touek D u E)
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IOCTPOMM IIPOEKIUHU HA OCh COCTABA.)

UYucno creneneit ceoboapl C =2 — 2 +1 = 1. CuctemMa MOHOBapHaHTHA — MOXKHO
MEHSThH TOJIBKO OJIMH TapameTp, HallpuMep, TeMIIepaTypy, a COCTaB U COOTHOIIICHHE
KoJInuecTB (Macc) (a3 OyaeT cTporo omnpeieIeHHBIM.

Touka 4. [Ipu oxJax1eHUU CUCTEMBI IO TEMIIEPATYPhI, COOTBETCTBYIONICH T.4 U3
paciiiaBa HauuHnaemcsa Kpucmaniauzayusa eeuwjecmea B w  mponomxaercs
KpUCTaJUTM3allKs BellecTna A.

B paBaoBecuu nHaxomutcs 3 daszer: kpuctammiel A (100%A), xpuctamisr B
(100%B) u pacnnas, coctaBa L4 (68%B u 32%A).

[IpoBenem uepe3 touky 4 Honmy KF, koropas mpoxomutr yepe3d Touky O u
COEIMHAET NUHUMU conuayca. M3 Toukn O moCTpoMM MPOEKIHUI0 HA OCh COCTaBa —
coctaB pacimuiaBa L4: 68%B u 32%A.

C =2 -3 +1 =0 — cucrema HOHBapuaHTHa. Ha KpuBOil oxjaxneHus Oyner
HAOIIONAThCs TUIOIIAJKAa TEMIEpPaTypbl — BCE OTBOAMMOE TEIUIO KOMIEHCHPYETCS
BBIJICIISIFOLIEICS TEIUIOTOW KPUCTAJUIM3alliA KOMIIOHEHTOB A 1 B.

Touka 5. Kak TOJIbKO MCUE3HET IMOCICOHAA KaIllId pacCilyiaBa CUCTEMA, COCTOAIIAA
N3 CMCCH KpUCTAJIJIOB A u B naunnaet OXJIAXKIaTbCA.

B 1.5 uncno ¢az ®=2: kp.A u kp.B; C = 1 — cucrema MOHOBapHaHTHa.

KpI/ICTaJIJ'II/BaI_IH}I paciiiaBa, COCTAaB KOTOPOI'O HAXOAUTCA IIPaBCC ISBTCKTHUKHU
IIPOTCKACT AaHAJIOINMYHO OIIMCAHHOMY CJIy4ar0 OJIA TOYKH 1, OOHAaKO, 3ICCh IICPBBIMHU
MOABATCA KPHUCTAIBI BEUICCTBA B, a KpUCTAJUJIbl BCIICCTBA A mosBSTCS TOJBKO IIpH
AOCTMIKCHHHN TCMIICPATYPbl 9BTCKTHKH.

PaccMOoTpuM KpUCTAIM3alMIO paciuiaBa 3BTEKTUYECKOro cocrara (T.6). 31ech
cucrema romorenHas @=1: pacmas, cocraBa L4. IIpu oxnaxkaeHuun paciuiaBa npu
temrneparype T, (Touka »5BTeKTUKM ) M3 HEro OJHOBPEMEHHO HAaYUHAETCS
Kpuctayumsanns Bemectsa A u B. Temmeparypa ocTtaercss MOCTOSHHOW IOKa HE
VCYE3HET MOCIEAHAS Kalulsl paciulaBa 3BTEKTHUECKOIro cocrasa. Jlajee mporucxXoauT
OXJIAXKJICHUE CUCTEMBI O TEMIIEPATYPBI, COOTBETCTBYIOLIEH TOUYKE /.

Ha puc.4.6 mnokazaH TOpPUHUOUI  [OCTPOCHHS  AMArpaMm  IUIABKOCTHU
JIByXKOMIIOHEHTHBIX CUCTEM I10 KPUBBIM OXJIaXACHUS. [Ipy MeAJIECHHOM OXJIaXXI€HUH
paciiaBa 3a/laHHOTO MCXOJHOTO COCTaBa Ha KPUBBIX OXJIaKIEHHUS HaOII0NaroTCs
XapaKTEPUCTUYECKUE YYaCTKW M TOYKM (mepenomsl). Hanmnume Takux y4dacTKOB H
U3JIOMOB CBSI3aHO C H3MEHEHHE YHUCJIa TEPMOJUHAMHYECKUX CTENEeHEeH CBOOOIBI.
Ecnu cucrtema u3 OuBapuantHOM (C=2) CTaHOBUTCSI MOMHOBApHMAHTHOH, TO Ha
KPUBOM OXJaXJI€HUS HaONIONAeTCsd H3JI0M, TEeMIIeparypa KOTOPro COOTBETCTBYET
TOYKE Ha JMHUM JUKBUyca. Ecnu cuctema ctaHoBuTCa HOHBapuaHTHoM (C=0), To Ha
KPUBOM OXJIAKJEHUS HaOMoAaeTcsl IUIOMIAJKK TeMmreparypbl. Takue TIIOIAIKu
COOTBETCTBYIOT TeMIIepaTypaM IIJIaBJI€HUS] YUCThIX KOMIOHEHTOB A u B, a Taxxke
JIMHUSIM 3BTEKTHUKHU.
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Puc.4.6 HpI/IHIII/IH MMOCTPOCHUA AUarpamMm IIaBKOCTHU JABYXKOMIIOHCHTHBIX CUCTEM 1O KPHUBBIM
OXJIAXKIACHUA

JUig crutaBoB, OOpasyOIUX MEXAHMUYECKYI0 CMECh, XapaKTepHA JHMKBALUA —
XUMUYECKasi HEOJHOPOAHOCTb, CBSI3aHHAs C PA3JIMYHOM IUIOTHOCTBIO BEIIECTB B
MOMEHT KpHUcTau3anui. OHa MposIBIsieTCs IpH OOJIBIION pa3HUIIE B YIEIBHOM BECE
(motHOCTH). ITpH MenIEeHHOM OXJaXKJIeHUU OOJIee TSKEIbIi KOMIIOHEHT OCENAeT Ha
JTHO COCYJ1a, I71€ MPOTEKAET KPUCTAJUIU3ALIMSL.

[IpumepoM amarpammbl ¢ OpOCTOWM 3BTEKTUKON siBisiercs: cuctema H,O-KCl
(puc.7). Ilpu 273 K pactBopumocts KCI B Boge 21,9% (touka a). Ilpu 381,6 K u
101325 Ila nacweimenubii pactBop KCl, comepxkammit 36,5% comnm, 3akumaer,
MO3TOMY JalbHEHIHM Xon KpuBoil EaB obOpwiBaercsa. Ilpu cmemenun napaa (wim
cHera) ¢ kpuctasiamu KCI nex HaunMHaeT TasiTh, COJb PACTBOPSIETCS B BOJAE U NPHU
JIOCTaTOYHOM KOJIMYECTBE JIbJIa U COJIU 00pazyeTcs TpexdasHas cucTtemMa, CoCTosIIas
u3 nbjaa, kpuctamwioB KCI u pactsopa KCl. B Tpexda3znoii cucreme unciio creneHen
cB000bI paBHO C = 3 — 3 = (. TakuMm 00pazom, Tpu ¢pa3bl MOTYT CYLIECTBOBAThH MpHU
sBTEeKTHYEcKoi Temrepatype 262,3 K u cocraBe pactopa 19,8% KCI. Jlo Tex mop,
MOKa B CHCTEME B pPABHOBECHM HAXOJATCA Tpu (a3bl, B pPaBHOBECHOW CMecCHU
noaaepkuBaeTca temmeparypa 262,3 K, 4To mo3BossieT NpPUMEHSTh €€ B Ka4eCTBE
OXJIaXKJarollel CMECH.
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Puc. 4.7 [lnarpamma cocrostaust cucremsl H,O-KCl (mpocrast 3BTeKTHKA)

JAHAT'PAMMA IIVIABKOCTH BEIIIECTB, HEOI' PAHUHYEHHO
PACTBOPHUMBIX B TBEP/[OM COCTOAHHH (1I pooa)
/pyeue nazeanus ouacpammol:
JuarpamMmma u30MOp(pHO MIIABAIIUXCS BEIIECTB.

Jluarpamma cOCTOSTHUSA JIJIsl CIJIABOB, 00a KOMIIOHEHTA KOTOPHIX HEOrPAaHUYEHHO
PacTBOPUMBI B TBEPJIOM U KUIKOM COCTOSIHUSIX U HE 00pa3yloT XUMHUUYECKUX
COEJIMHEHUMN.

Takoro Tuma guarpaMMbl XapaKTE€pPHBI JIJIS BEHIECTB, OJM3KUX MO XUMHUYECKON
MPUPOJIE ¥ CTPOCHHUIO KPUCTATUTMUECKUX PEIIETOK — JIJIsl H30MOP(MHBIX BEIIECTB.

[Tpumepamu nzomopdubix cuctem sBisttotcst Au-Ag; Cu-Ni; Cu-Pt; AgCl-NaCl.

Au,% (no macce)
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T T T T T T T — K
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x 100
1050 ,1‘ ////1/
A = 1200
A/ 064,871
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Puc.4.8 lnarpamma cocrostuus uzomopHoii cucremsl Au-Agu Cu-Ni

Hekotopsie MeTaibl (5kene30, KOOaNbT, HUKENb) OTINYAOTCS CenU(DUUEeCKUMU
MarHUTHbIMM ~ CBOWMCTBAMM,  HallpUMEpP,  CIIOCOOHOCTBIO  HaMarHUYMBAThCS.
MaruuTHoe TpeBpallleHHe HWMeeT psJl OCOOEHHOCTEH: MAarHUTHbIE CBOWMCTBA
MOCTENEHHO MaJIaloT M0 Mepe NMPUONMKEHUs K TOUKE MPEBpALIeHUs, U 3Ta TOUKA HE
OTBEYAET CKAauKOOOpa3HOMY HW3MEHEHHUIO CBOMCTB, MAarHMUTHOE IpEBpallleHHE He
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MMEET TEeMIEPATypPHOTrO TUCTEPE3UCa, a YBEIUYECHHE CKOPOCTH OXJIAXKICHUS HE
CHW)KAeT TeMIlepaTypbl TMpeBpalieHus. W3MeHsIoTCs MHOTUE 3JIEKTPUYECKHE,
TEIJIOBbIE CBOMCTBA CHUCTEMbl, HO MAarHUTHBIE MPEBPAIICHUS HE COMPOBOXKIAIOTCS
nepeKpucTauiM3anueil — o0pa3oBaHUEM HOBBIX 3€PEH U W3MEHEHHEM PEIIETKH.
CornacHO COBPEMEHHBIM TMPEACTABICHUSIM TMPU MArHUTHBIX MPEBPAIICHUSIX
MPOUCXOAUT U3MEHEHHWE HE B KPUCTAUNIMYECKOM CTPYKType MeTallla, a BO
B3aMMOJICHCTBUM BHEIIHUX U BHYTPEHHUX AJIEKTPOHHBIX 000JI0UYEK aTOMOB.

Ecnm ke mapaMeTpsl KpUCTANIMYECKUX PEIIETOK WM CBOMCTBA BEIIECTB OoJiee
pe3Ko OTIMYAIOTCA JApPYr OT Jpyra, TO Ha JAMarpaMMax MOTYT HaOmIoAaThes
MuHUMyMBI (cuctemMa Au-Cu; Au-Ni) (puc.8), mubo Makcumymbl (cuctema Mn-
Mn;C). Cormacuo mnepBomy mpaBuiy [ub0ca-Po3ebyma TBEpBI pacTBOp TI0
CPaBHEHUIO C XUIKUM PACTBOPOM, HAXOIAIIMMCS C HUIM B PaBHOBECHHU, OOrade TeM
KOMITOHCHTOM, TpUOaBICHUE KOTOPOTO K pacIuiaBy IMOBBIIIACT TEMIIEpaTypy Hadasa
KpucTaum3anuu TBEpHoro pactopa. Ilo Bropomy mpasuiry ['m66ca-Pozebyma B
TOYKaX MaKCUMyMa U MHUHHUMYMa KPUBBIX TEMIIEpaTyp IUIaBICHUS TBEP/BIN pacTBOP
U HaXOJIAIIMUCSA C HUM B PAaBHOBECHH >KUJIKHUM pacIijiaB UMEIOT OJIMHAKOBBIN COCTaB.

Ni, % (na macce)

70304050 65 70 _ 60 90 Au,bec.%o 05 1 20 3040 50607080 100
c s | T i El [’ % T T T =T LIt
1065°) 11;55;1
1050 Y / 1400 7
\\ i 300 7
PN 7.
N 4 X // Z
950 >§\\ 1% 1200 A—
¥+ I~ 9707 = sy ) 7/ /
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Puc.4.9 lnarpamma cocrostuus uzomopHoii cucremsl Au-Cu u Au-Ni

OcobOeHHocThIO AaHHOU cucTemsl (puc.4.10) sBaseTcs 10, 4TO0 002 KOMIIOHEHTA
HEOTPAHUYEHHO PpACTBOPSIOTCA B JKUAKOM M TBEPAOM COCTOSHUSX, MOITOMY
BO3MOXKHO CYIIECTBOBaHHME TOJNBKO NBYX (a3: kumkoro pactBopa (L) m tBEpHOTO
pactBopa o. CremoBarenbHO, Tpéx (a3 ObITh HE MOXKET, KpUCTALIM3ALUS TPU
MOCTOSTHHOW TeMIlepaType He HaOM0IaeTCs U TOPU3OHTAIBHON JIMHUN Ha TUarpaMmme
HET, a W3 paclulaBa HAUYMHAIOT TIOSABIATHCS KPHUCTAUIBI  TBEpAOH  (asbl,
npencTaBisomme cobo TBepabii pactBop A B B umnmu B B A (dasa a).
Brienstonuecss KpUCTaibl TBEPAOTO PpacTBOpa HUMEIOT IEPEMEHHBIH COCTaB,
3aBHUCSIIUN OT TeMrieparypsl. [Ipu GeCKOHEUHO MEAIEHHOM OXJaKIECHUH MPOLECCHI
muddy3un B xunkoit u TBEPMON (azax (oO0néMHas auddys3us), a TaKKe MPOIECCHI
B3auMHON muddysun mexay Humu (MexdazHas auddys3us) HUMEIOT CKOPOCTH,
COMOCTAaBUMBbIE CO CKOPOCTBIO IIpolLecca KPHUCTAJUIM3AIMH, IIO3TOMY COCTaB
KPUCTAJJIOB BBIpaBHHUBAETCS. B 3THX yClIOBHSX CIUIaB MocCIie 3aTBepAeBaHUs Oyner
COCTOSITh W3 OJHOPOAHBIX KPUCTAUTUYECKUX 3E€pEH TBEPAOTO pacTBOpa 0, COCTaB
KOTOPOTO PaBeH COCTaBY HMCXOAHOTO paciuiaBa. Ha KpHBBIX OXJaXIEHUS CHCTEM,
cofepkamux oba komrnoHeHTa A u B HaOmomaroTcsi TONBKO NEpEeruObl (U3JI0MBI).
[Tnomanku Ha KpPUBBIX OXJAXICHUS XapaKTePHBI TONBKO ISl KPUCTAJUIA3AIHNU
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YUCTbIX KOMIIOHCHTOB.

T + T
pacnnas (L) X I
®=1;C=2 \——~/ ~—~ T/ ]
Kp.OL
o=1; C=2 ‘
0 20 40 60 80 100 BpeMsi
A cocTtaB B, % — B

Puc. 4.10 O6mwuit Buj nuarpaMMbl H30MOP(HO TUIABSIINXCS BEIIECTB M XapaKTEPHbIE KPUBbIC
OXJIaXKICHUS

Ilpumep ananusza ouazpammol na1ABKOCMU UZOMOPPHO NAABAULUXCA

eeuiecme.
T T
T
pacnnas (L) 1 fn.B
®=1; C=2
) ®=2; C=1
3 L + kp.aL
4
TI'In.A 5

0 L4 20 'L34'0 é; 60  S380S2 100
A B

coctaB B, % —

Touka 1. Cucrema romorensas (®=1): pacmias, cocraBa L1 (50%A uu 50% B).
Yucno creneneit cBoboabl C=2 — 1+ 1 =2 — cucrema OuBapuaHTHa.

Touka 2. B nanHo# Touke U3 paciiaBa MOSBISIOTCS MEPBbIE KPUCTAILIBI (ha3bl a,
KOTOpasi MpeacTaBiseTr co0oil TBepAbld pactBop A B B. [l onpenenenus: cocrasa
PaBHOBECHBIX (pa3 MPOBEAEM M3 TOUKM 2 HOAY WM TOCTPOUM MPOEKUUU C JHUHHUM
coluayca M JHKBHyca Ha och cocTtaBoB. Cocrtas xuakon dasel L1 (50%A u 50%
B), a coctaB tBepmoit S2 (86%B u 14% A).

Cucrema MoHoBapuantHa C=2 -2+ 1 = 1.

Touka 3. [lo Mepe oxJIaXKJeHUSI CUCTEMBI YBETUYMBAETCS Macca TBepAou (asbl,
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POCT KPHUCTAJUIOB COMPOBOXKIAETCS M3MEHEHHWEM XMMHUYECKOIO COCTaBa KpHUCTaJLa
MO JIMHUM COJUAYyca (CHUHHUE CTpPEJIKH), a >KUJKas (aza U3MEHSEeT CBOW COCTaB IO
JUHUU JIMKBUIYyca (KpacHble CTpesku). Takum o0pa3oM, XUMHUYECKHH COCTaB IO
CEUCHHMIO KpHUCTAJUIOB OyleT TMEepeMEHHBIM: I[IeHTpajibHas 4YacTh oOoraiieHa
KOMIIOHEHTOM ¢ OoJbllIel TemIeparypod IUIaBieHHs, a nepudepus 3epHa —
KOMIIOHEHTOM C MEHbIIEH TeMIepaTypoil IiaBieHus. OJTO SIBJICHUE Ha3bIBACTCA
BHYTPUKPHUCTAUIMYECKON JMKBalueil. JTo SIBICHHE XapaKTEpPHO JJIsl CIUIABOB C
JAHHBIM THUIIOM JTMarpaMM COCTOSTHHUSI.

B 1.3 cucrema rereporenna (d=2): kpucramisl a, coctaBa S3 (76% B u 24%A) u
pacmas, coctaBa L3 (33%B u 67%A).

Cucrema moHoBapuantHa C=2 -2+ 1 = 1.

Touka 4. B 3T0if TOUKe McUe3aeT MOCISAHSS Karutsl paciiaBa. Pacmias oborameH
MAaKCHMaJIbHO KOMIIOHEHTOM C MUHUMAJIbHON TEMIEPaTypOu IUIABIECHUS.

Cucrema rereporenna (®=2): xkpucrtamibl a, coctaBa S4 (50% B u 50%A) u
pacmuiaB, coctaBa L4 (12%B u 88%A).

Cucrema MoHoBapuanTHAa C =2 -2+ 1 = 1.

Touka 5. CucteMa HaXOAUTCA MOJHOCTHIO B TBEPJAOM COCTOSTHUM M TIPEJCTABISACT
coboli TBepIbIit pacTBOD - pa3y a, coctaBa 50%A u 50%B.

JAUAI'PAMMA IVIABKOCTH BEIIIECTB OT'PAHHYEHHO
PACTBOPHUMBIX B TBEP/I[OM COCTOAIHHUH (111 pooa)

PaccMmoTpeHHble paHee auarpaMMbl OTHOCSTCS K JBYM MpPEACNIbHBIM CiIydasMm
MOJIHOM HEPACTBOPUMOCTH M MOJHON pacTBOPUMOCTH KOMIIOHEHTOB JIpYT B Ipyre B
KpPUCTAJUIMYECKOM COCTOSTHUU. [TpoMekyTOUHOE T0JI0KEHUE MEXTY HUMU 3aHUMAIOT
JMarpaMMbl MJIABKOCTH OTPAHUYEHHO PACTBOPUMBIX B TBEPJIOM COCTOSTHUU BEIIECTB.
Cucrembl Takoro tumna upesBblyaiiHo pacnpoctpanensl: Ag-Cu; Cd-Zn; Cd-Bi; Bi—
Pb, Sn-Pb; Cu—Al, CaO-MgO u mHorue npyrue.

ca, % (no mucce) Zn,% (no macce)
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Puc.4.11. [InarpamMmbl TIJIaBKOCTH OTPAaHMYEHHO PpACTBOPUMBIX B TBEPAOM COCTOSIHUU
BemectB: Ag-Cu; Cd-Zn; Sn-Pb.

B oOmiem Buae amarpamMma IUIABKOCTH OTPAHMYEHHO PACTBOPUMBIX B TBEPIOM
COCTOSIHUU BEMIECTB (C 0Opa30BaHWEM TBEPABIX PACTBOPOB) U MUKPOCTPYKTYPHI K
Hel mpuBeneHbl Ha (puc.12). Jlng cucteM MaHHOTO BHAa o00a KOMIIOHEHTA
HEOIPAHUYEHHO PACTBOPUMBI B JKHIKOM COCTOSIHUM M OTPAaHUYEHHO B TBEPJIOM, HE
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00pa3yoT XUMHUYECKUX COCTUHEHHM, TPUCYTCTBYIOT (ha3bl: >KUIKOCTb, oL U 3 da3a:
0L - TBEPJIbIF PaCTBOP KOMIOHEHTA B B A;
BB - TBepaBIif pacTBOp KoMIOHEHTa A B B.

B o1olt cucreme He oOpasyroTcs Qasbl, NPEICTaBISAIONIME COOON YHCThIC
KOMITOHEHTHI. VI3 KHUIKOCTH MOTYT BBIJCIATHCS TOIBKO TBEpABIC pacTBOpHl @ U . B
TBEPAOM COCTOSIHUU IIPEIEIbHAasi pACTBOPUMOCTh KOMIIOHEHTa B B A omnpenensercs
nuHuer GM, a npenenbHast pacCTBOPUMOCTh KOMIIOHEHTA A B B - nunuei FN.

T

P pacnnas (L)

Kp.o. + Kp.p O
60 80 F 100

A B

Puc.4.12 TunuuHbld BUJ AUArpaMMbl TUIABKOCTH OTPAHHMYEHHO PACTBOPHUMBIX B TBEPIIOM
COCTOSTHUU BEIIECTB (C 00pa3oBaHUEM TBEPABIX PACTBOPOB) U MUKPOCTPYKTYPHI K HEl

Tak, B obmactu orpanndyeHHoi nuHued AGMP — cucrema romoreHHasi: TBepAbId
pactBop B B A (daza o). B o6mactu BFNK — cuctema romoreHnHasi: TBepblii pacTBOp
A B B (a3za B).

B o6nactax orpanumuenHsix quHusIMuE MPO u OKN — cucrtema rereporeHHas: u
npencrasisier coboi pacmiaB U Kpuctauibl ¢assl o (obnacte MPO) u pacmiaB u
kpuctamibl ¢assl B (o6macte OKN). Huxe nunun GMNF — cucrema reteporennas,
MpEACTaBIsET COO0M MEXaHMYECKYI0 CMECh KpUCTAILIOB (a3 o u 3.

T

Puc.4.13 Jlmarpamma TIJQBKOCTH  JIByXKOMIIOHEHTHOM CHUCTEMBI C  OrPaHUYEHHOU
PacTBOPUMOCTBIO BELIECTB B TBEPJAOM COCTOSIHUU U XapaKTEPHbIE KPUBBIE OXJIAKICHUS
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B 3aBucumoctu oOT HCXOOAHOTO COCTaBa pacilylaBa MOXHO BBbIACIMTL TPU
OCHOBHBIX THIIa KPUBBIX OXJIAKACHUA:

1. CocraB pacruiaBa HaxoauTcs JieBee Touku M win npaBee Touku N. Cucrema
BeZIET ce0sl Kak cuctemMa U30Mop(pHO IuiaBsmuxcs Bemects. [Ipu oxnaxaenun
pacriaBa J0 TeMIEpaTypbl, COOTBETCTBYIOILEH JIMHUN JIUKBUYCAa HAUNHAETCS
kpuctamm3anus ¢assl o (T.1). Ha kpuBoii oxnaxkaeHus: HaOIoAaeTCs U3JI0M.
OxJaxk/IeHue CUCTEMBI COMTPOBOXKIACTCS YBEIMYCHHUEM MacChl TBEPIOil (ha3bl.
Ha nuuuum conmmayca (T.2) ucuesaer nociaeAHss Kamid paciuiaBa. Ha xpuBoit
OXJIaXJAECHHUs HaOIromaeTcss BTOpoil mepenoM. Jlajee cienyer oxjaxIeHue
TBEPJON (a3bl oL JO MEPECEUEHUsl ¢ HWKHEN BETBBIO JIMHUU conuayca (T.3).
Ha xpuBoii oxnakneHust HaOMromaeTcss TPETUH U3JIOM. 31eCh U3 TBEpAOH (pa3wl
0L B pe3yJbTaTe peKpUCTaUIM3aliK MOSIBIIAETCS TBepaas daza f.

2.CocraB paciuiaBa HaxonuTcss Mexay Toukamu M u N. 3xecws cucrema Bener
cedd Kak cUCTeMa HEM30MOP(HO IIaBAuIuxcs BemiecTB. llpu oxnaxneHun
pacruiaBa 10 TEMIIEpaTypbl, COOTBETCTBYIOIEH JIMHUY JIUKBHYCAa HAUHUHAETCS
kpuctaumsanusa $as3sl o (T.4) uinu ¢assl B (eciu UCXOMHBIN COCTaB JIECKUT
Mexay toukamu O u N). Ha kpuBoi oxjnaxaceHUss HAOIIOTAETCs HU3JIOM.
OxJ1a’kIeHue CUCTEMBI COITPOBOXK/IAETCS YBEJIMUYEHUEM MACChl TBEPIOH (pa3bl.
[Ipu oxyaxxaeHUM CUCTEMBI 10 TeMIEparypsl (T.5), COOTBETCTBYIOLIEH JIMHUH
sBTekTUKH (MN) U3 pacriaBa HauMHAETCS KpUCTaJUIM3alusa TBepAon (assl 3
(uu o, ecIu MUCXOMHBIN cocTaB paciuiaBa Jexan Mexay Toukamu O u N). B
T.5 cucTeMa COCTOUT U3 TpeX (a3: KPUCTAIJIOB O, KPUCTAIJIOB 3 U paciuiaBa,
ABTEKTUYECKOTO cocraBa. CucreMa HOHBapuaHTHA. Ha KpHBOU OXJIaKaeHUs
HaOromaeTcsl miomaaka (3aaep:kka) temmeparypbl. Kak TONbKO HCYE3HET
MOCJENHss] Kalii pacilaBa, TBEpJas CUCTEMA M3 MEXaHMYECKOW CMecH
KpPUCTAJUJIOB Ol U [3 HAYHET OXJIaXAaThCsl.

3.PacnimaB »BTEKTHUEKOro cocraBa. lIpu oOxJaxIeHMM Takoro pacruiaBa
OJTHOBpPEMEHHAs! KpucTaum3aius TBepaon $has3el o u 3 HaunHaeTcs B Touke O.
CucreMa HOHBapUaHTHA, TOATOMY Ha KPUBOM OXJIKJICHUS HAOJIIOAeTCs OJTHA
TLJTOIIA/IKA.
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Hpumep anausa 0ua2paMMbt niaaseKkocmu 0Cpanuv4eHno pacmeopumblx 6
meepdom cocmosiHuUu eeuiecme

I. Oxnaxknenue u3 To4ku 1 B TOUKY 7:

T C=2-0+1

pacnnas (L)

— B
Kp.au i+ KP.B | © N\
Py A

v /yy

¥
0 MGhLT o0 a0 o 8o /fF100
a2 A 613 1?4 L3 L4 ﬂ6,BT7 B

Touka 1. Cuctrema romorennas (d=1): pacmnas, coctaBa L1 (12%B u 88%A).
Cucrema 6uBapuantHa C=2-1+1=2.

Touka. 2. B Touke 2 W3 pacruiaBa TMOSIBISIFOTCS TEPBbIE KPUCTALIBI (Pa3bl ol
Cuctema rereporennas (d=2): kpucramisl o, coctaBa o2 (98%A u 2%B) u pacmias,
coctaBa L1 (12%B u 88%A). Cucrema monoBapuantHas C=2-2+1=1.

Touka 3. [1o Mepe oxnaxaeHus Macca KpUCTaJUIOB PACTET, U TOBEPXHOCTh 3€PEH
KPUCTAJUIOB MEHSET CBOM COCTaB (BHYTPHUKPHUCTAINYEeCKas JukBanus). Cuctema

rereporentas (d=2): kpuctamisl o, coctaBa a3 (95%A u 5%B) u pacnias, cocrasa
L3 (43%B u 57%A). Cuctema moroBapuantHas C=2-2+1=1.

Touxka 4. B Touke 4 wcue3aer mnocinegHsas kKamwis pacmiaBa. Cucrema
rereporeHHas (d=2): kpucraiusl o, cocraBa ucxoaHoro pacmiasa L1=a4 (88%A u
12%B) u pacmiaB MakcuMalibHO oOoralieHHbId KoMmnoHeHToM B, cocrasa L4 (59%B
u 41%A). Cucrema moHoBapuanTHas C=2-2+1=1.

Touka 5. B touke 5 cucrema romorenHas (®d=1): kpucrtamisl o, cocraBa o4
(88%A u 12%B). Cucrema 6uBapuantHa C=2-1+1=2.

Touka 6. B Touke 6 HaunHaeTcs pekpucTauU3alus U u3 (asbl o BBIACIAIOTCA
nepevte xpuctamibl ¢a3sl . Cuctema rereporenHa (P=2): kpucrtamibl (as3bl o,
coctaBa 04 (88%A u 12%B) u xpuctamisl dassl 3, coctaBa 6 (92%B u 8%A).
Cucrema MoHoBapuaHTHas C=2-2+1=1.
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Touka 7. Ilo Mepe OXJIaKICHUS MPONOJDKAECTCA PEKPUCTAUIM3ALNAS U
YBEJIIMYUBAECTCS Macca KpUCTAIoB (a3bl 3. OAHOBPEMEHHO HM3MEHSETCS COCTaB
kpuctaiioB o. Cucrema rereporeHHa (D=2): xkpuctamisl ¢asbl o, cocraBa o7
(91%A u 9%B) u xpucramisl daser B, coctaBa B7 (94%B u 6%A). Cucrema
MoHoBapuaHTHas C=2-2+1=1.

II. Oxuaxnaenue u3 T04YKH 1 B TOUKY S:
T C=2-¢+1

P 1o

pacnnas (L)

B © - .
L o L)

S T T T A
0 1G1a3 25\ 40 60\ '\ 80\ [F100
AaZ a5 oA L1 L3 L4 4 55 B

Touka 1. Cucrema romorensast (®=1): pacmnas, cocrtaBa L1 (60%A u 40%B).
Cucrema 6uBapuantHa C=2-1+1=2.

Touka. 2. B Touke 2 u3 pacruiaBa TMOSBISIOTCS MEPBbIE KpUCTALIbl (a3bl o.
Cucrema rereporertas (O=2): kpuctauisl o, coctaBa o2 (96%A u 4%B) u pacmias,
coctaBa L1 (40%B u 60%A). Cuctema monoBapuantHas C=2-2+1=1.

Touka 3. Ilo mepe oxnaxaeHHss Macca KpUCTALIOB o pacteT. Cucrema

rereporenHas (d=2): kpucraiisl o, coctaBa a3 (85%A u 15%B) u pacmnas, cocraBa
L3 (63%B u 47%A). Cuctema moroBapuantHas C=2-2+1=1.

Touka 4. B Touke 4 W3 pacruiaBa HauMHaeTCs KpuUcTawm3anuss ¢asbl 3 u
pojobKaeTcsl KpucTtawmsarus ¢asbl o.. Cuctema rereporernas (O=3): KpUCTaIUTIBI
o, coctaBa a4 (79%A u 21%B), xpucramisl 3, cocraBa 4 (17%A u 83%B) u
pacriiaB, 3BTeKTH4eckoro cocraBa L4 (68%B u 32%A). Cucrema HOHBapUaHTHas
C=2-2+1=0 — nyomaaka TeMIrepaTypbl Ha KPUBOW OXJIAXKICHHUS O MCUYE3HOBEHUS
pacriasa.

Touka. 5. IIpun oxnaxaeHHM NPOUCXONUT PEKPUCTAUIA3ALUSA C U3MEHECHHEM
coctaBa kpuctawioB oo u . Cucrema rereporeHHa (DP=2): kpucramibl $as3pl o ,
coctaBa a5 (90%A u 10%B) u kpuctamisl dassl 3, cocraBa BS (93%B u 7%A).
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Cucrema moHoBapuantHast C=2-2+1=1.
III. Oxuaxnaenue u3 T04KH 1 B TOUKy 3:
T C=2-0+1

P
pacnnas (L)

s — )
T T T T v. lv T v
o G} 2§\ 40 60 | e  [F100

A a3 a2 H pz  p3 B

Touka 1. Cuctema romorensasi (d=1): pacmiaB, 3BTeKTHYECKOro coctaBa L1
(32%A u 68%B). Cuctema 6uBapuantHa C=2-1+1=2.

Touka 2. B Touke 4 u3 paciuiaBa HAYMHAETCS OJHOBPEMEHHAs KPUCTAIIU3ALUSA
da3el a u dassel . Cucrema rereporennas (O=3): kpuctaiuibl o, coctaBa a2 (79%A
u 21%B), xpuctamis 3, coctaBa 2 (17%A u 83%B) u pacmiaB, 3BTeKTHY€CKOT0
coctaBa L4 (68%B u 32%A). Cucrema nonBapuantHas C=2-2+1=0 — momaaka
TEMIIepaTypbl Ha KPUBOM OXJIaXKJIEHUS 1O UCYE3HOBEHHMSI pacIljiaBa.

Touka. 3. Ilpu oxNaxIeHUM MPOUCXOIUT PEKPUCTAIUIM3AIMA C W3MEHEHHEM
coctaBa kpuctawioB oo u . Cucrema rereporeHHa (DP=2): kpucramibl das3sl o ,
coctaBa a3 (90%A u 10%B) u kpuctamisl dassr 3, cocraBa B3 (93%B u 7%A).
Cucrema MoHoBapuanTHast C=2-2+1=1.

JTHATPAMMA INTABKOCTH BEII[ECTB OFPA3YIOII[HX YCTOHYHUBOE
XUMHYECKOE COEAUHEHHUE (1V pooa)

pyeoe nazeanue ouacpammul. Jlnarpamma COCTOSTHUSI CUCTEMBI C 00pa30BaHUEM
XUMHUYECKUX COCTMHEHUN TUIABSAIIUXCS KOHTPYIHTHO.

B cucremax Takoro tuma ob6a KOMIIOHEHTa MPU OMPEIEICHHOM COOTHOLICHUH
00pasyroT OJHO MJIM HECKOJBKO YCTOMYMBBIX XMMHYECKHMX coeluHEeHMH Thuna A,B,
(coennaeHne M) co CcBOEM COOCTBEHHOM KpPHCTAJUIMYECKON pemieTko. JlaHHBIC
COCIMHEHHUs SBISIOTCS YCTOMYMBBIMU IPU HAarpeBaHUM [0 TEMIIEparypbl HX
IaBieHus. B 3ToM ciydae Ha guarpaMMe COCTOSIHMS MOSIBISIETCS BEpPTUKAJIbHAs
JIMHUS, COOTBETCTBYIOIIAS COACPHKAHUIO KOMIIOHEHTOB B XMMHUYECKOM COEAMHEHUH,
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BEPXHAA TOYKA, KOTOPOM COOTBETCTBYET TEMIIEPATypE IUIABIECHUS XHMHYECKOTO
coequHeHMs. Buja MakcMMyma Ha KPHUBOM IUIABKOCTH XHMMHMYECKOTO COEIMHEHUS
3aBMCHUT OT CTEIICHH €T0 AUCCOLMALNY ITPU TEMIIEPATypE IUIABIEHHUS 110 CXEME:
—
AB, S xA +yB

CucteMbl mojo0HOTrO THMHa 00pa3yroT MHorue BemiecTBa: Mg-Pb; Mg-Cu; Mg-
Ge; Zn-Mg; Mg-Ca; S10,-Ca0; Si0,-Al,03 u ap.

L(xp) E
o 90 ——
& e ém ; Mg, Cas 650
L - 700 —
1160 N ¢ 608
/ N\ * = AN / / . Mg, P &
1000 600 & {{5;
A s 95" %m 4—-[,—‘” N e\ g s £
00 o 4 g
£ - : i I 7| = g \
300 / : \ e § 400 : A &57 o § g i
AL \| /] #5e O aw 1|14, a7 0, % ] | P
;gg IH.F ! FTE I | & Jog tazze
san P 1 b ; : z
P § e i Mg Ge-5ef wol &, L 200 ila
g 10 20 J0 4§ 5060 70 &0 37 148 0 20 .4 60 & b1} ¢ 20 wf 60 B0 10 %
Mg —=% e Ge Y Kumuud, % coemad -

Puc.4.14 [Iuarpammbl T[JIaBKOCTH BEIECTB, OOpa3ylIIUX YCTOMYMBOE XHUMHUYECKOE
coenunenue: Mg-Ge; Mg-Ca; Mg-Pb

Yem Oomblie CTENEHb JUCCOLMALNN XUMUYECKOTO COCTUHEHMS MPHU IIABICHUH,
TeM 0oJiee MOJIOTUM SIBJISIETCSI 3TOT MAaKCUMyM. UeM MeHbIIe CTEeNeHb AUCCOLMALNN
XUMHUYECKOIO COEMHEHMs, TEM OCTpEe MaKCUMyM Ha KpUBOM IUIaBlIeHUA. B npenerne,
KOTZa CTEleHb JUCCOLMALMM paBHA HYII0, pPaauyC KpPUBHU3HBI JIMKBHUIYCA
IIPEBpAIaeTCs B HyJb, YTO OTBEYAET OCTPOMY MAKCUMyMy. Touka, OTBEYarolas
HEUCCOLIMUPOBAHHOMY XUMHUYECKOMY COCAUHEHHUIO, HA3bIBACTCS CHHIYJIAPHOM WU
AAJbTOHOBCKON TOYKOM. XapaKTepHOM OCOOCHHOCTBbIO CHHIYISIPHBIX TOYEK
ABJIIETCS TO, YTO MPU U3MEHEHHH YCIIOBUW paBHOBECHS (B YACTHOCTH, TEMIIEPATYPhI
WIM JaBICHHS) OTBEYAIOUIMH MM COCTaB He Wu3MeHsercs. Eciu 0003HauuTh
coenunenne ABy (M), To namarpaMMa pasIeNuTCa HAa JBE 4YacTH, KOTOPBIE
AHAJIOTHUYHBI YK€ PACCMOTPEHHBIM JMarpaMMam, 3a UCKIFOYEHNEM TOTO, YTO OJIMH U3
KOMIIOHEHTOB SIBJIIETCSI XMMUYECKUM COEIMHEHHEM. Ecnu ke KoMIoHeHTsl A u B
00pa3yloT HECKOJIbKO XMMHUYECKUX COCAMHEHUN, IMIIABALIMXCS KOHTPYIHTHO, Ha

JrarpaMMme ITUIaBKOCTH  KaKJIOMY XHMHUUYECKOMY COCIMHECHUIO OTBEYAE€T CBOU
MAaKCHUMYM.
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Hpumep anaausa ouazpaMMbl niaeKocmu KOHZPYIHMHO NIAGAUUXCA

eeuiecme
T M
T pacnnas (L) nn,
Tnn,M
Kp.M + L
Kp.A+L
Kp.A+kp.M
0 20 40 M 60 L7 L3805 100
A B

Toukal. Cuctema roMoreHHas, HaxoAuTCs B Buje paciuiaBa (P=1): pacmias,
coctaBa L1 (30%B u 70%A),

Yucno tepmoguHaMuyeckux creneHed ceoboapl C =2 — 1 + 1 = 2 — cuctema
OuBapHaHTHA.

Touka 2. 13 pacryiaBa HAYMHAIOT MOSIBISTHCA MEPBbIE KPUCTAIIBI YCTOMYMBOTO
xuMuueckoro coenuHenuss M. Cucrema craHoButcs rereporeHHon (@=2): kp.M +
pacruiaB, coctaBa L/ (T.K. Macca TBepAoil (pa3bl B T.2 HUYTOXKHO Malia, TO COCTaB
pacruiaBa MPaKTHYECKU HE U3MEHSETCS 10 CpaBHEHuE C T.1).

Yucno TepmoarHaMudeckux crernenei ceodonpl C =2 — 2 + 1 = 1 — cucrema
MOHOBapHMaHTHA (JIaHHOM TemIeparype OyleT COOTBETCTBOBATh OIPEACICHHBIM
COCTaB CUCTEMBI 1 HA00OPOT).

Touka 3. B paBHOBecun HaxomsaTcs nBe ¢asbl (P=2): KpucTaIbl YCTOMYHUBOIO
XMMHUYECKOTo coenHeHus M u pacmias, coctaBa L3.

UYucno creneneit cBobonpl C =2 — 2 +1 = 1. Cucrema MOHOBapHaHTHA.

Touka 4. U3 pacnaBa HauvMHAeTCs KpUCTaUIM3alusa BemectBa B wu
MPOIOJIKAETCS KPUCTAIUIA3ALIMS COeTUHEHNE M.

B paBHoBecun Haxomutcs 3 ¢aspl: Kpuctamuibl M, kpuctamisl B u pacmias,
ABTEKTHUYECKOTO cocTaBa L4.

C=2-3+1=0 - cucrema HOHBapUaHTHA.

Touka 5. Cucrtema rereporeHHass (D=2) COCTOUT M3 MEXAHUYECKON CMecH
KpUCTAJUIOB YCTOWYMBOIO XHMMHYECKOro coeauHeHus M u BewmectBa B. Cucrema
MoHoBapuaHTHa (C = 1).
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Cucrema coctaBa M BemeT ce0si Kak OTHOKOMIOHEHTHas. [lpu oxnmaxaeHun
paciiaBa M Ha KpUBOM OXJIOKJICHHS HaAOMIOgaeTcs OfHa IUIoNaaka, o0ycIoBIeHHAs
KpUCTAJUIU3alUe yCTOMYMBOTO Xumudeckoro coeaumHeHus. [IpaBuno ¢a3z ['nbOca
1A cucteMbl coctaBa M umeer B C=1— @ +1.

JAHAT'PAMMA IIVIABKOCTH BEIIIECTB OBPA3YROIITUX
HEYCTOHYHBOE XHMHYECKOE COEJUHEHHE (IV pooa)

/pyzoe nazeanue ouazpammul. Jlnarpamma COCTOSIHUSL CUCTEMBI C 00pa30BaHUEM
XUMHUYECKUX COCAMHEHUM, MIIABSIIINXCS HMHKOHTPYIHTHO;

B cucremax Takoro Tuma ob6a KOMIIOHEHTa MPHU OMPEIACICEHHOM COOTHOIIECHUH
00pasyroT OJHO MM HECKONBKO coenuHeHui thna AB, (coenunenne M) co cBoeil
COOCTBEHHOM KpHUCTAJUIMYECKOM PEIIETKOM, KOTOpBIE SBISIIOTCS HEYCTONYMBBIMU:
IIPU UX HAIPEBaHUU €LIE O TEMIIEPATYPhI TUIABICHUS OHU PA3JIaraloTCsl Ha UCXOAHBIC
KOMIIOHEHTHI A u B.

Temneparypa, BbIIIE KOTOPOM HEYCTOMYUBOE XUMHYECKOE COCAUHEHHE
paznaraercsi, HaszbiBaeTcsi Temieparypoil meputekTuku (Tp). Korma pu
OXJIQXKJCHUU TEMIIEpaTypa CUCTEMBI CTAHET PaBHOU Tp, KPUCTAUIMYECKOE BENIECTBO
A( unu B) BCTyOUT B MNEPUTCKTUUECKYIO PEAKIMIO C BeIIeCTBOM B (uiu A),
CoJIepKalllUMCsl B JKHUIKOM (hase, B pe3yabTare 4ero oOpa3yeTrcsi XUMHUUYECKOe
coequHenne M.

P, % (no macce) Na, % (no macce)
0 )20 30 40 S0 0 70 80 90 100 20 30 40 50 60 70 80 90 100
T T
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Puc.15. JluarpaMMbl TJIaBKOCTH CHUCTEM C O0Opa30BaHUEM XHWMUYECKUX COEJUHEHMH,
IUIABSIIIMXCSA NHKOHTPY?HTHO : Au-Pb; K-Na
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Hpumep anauusza OuazpaMMbl njiaeKkocmu UHKOHZPDYIHMHO N1AGAULUXCA
eeuiecme

T C=2-®+1 T

pacnnas (L)

A+L :
® P Kp.M +1
Kp.A+kp.M H S -
, YN Wy
0 20 40 60 !\ L1go 100
L5 413
A L6 L5 M 5

Toukal. Cuctema roMoreHHas, HaxoAuTCs B Buje paciuiaBa (P=1): pacmias,
coctaBa L1 (74%B u 26%A),

Yucno tepmoauHaMuyeckux creneHed coboapl C =2 — 1 + 1 = 2 — cucrema
OuBapHUaHTHA.

Touka 2. M3 pacruiaBa HaUMHAIOT MOSBIIATHCS MEPBbIE KPUCTAUIBI BenlecTBa B.
Cucrema cranoButcs rereporeHHoi (@=2): kp.B + pacnnas, cocrasa L.

Yucno TepmoanHamMudeckux crernenet ceodonpl C =2 — 2 + 1 = 1 — cucrema
MOHOBapHaHTHA.

Touka 3. B paBHOBecun HaxoasTcs nBe (as3wl (O=2): kpuctamwibl BemecTsa B u
pacmiaB, coctaBa L3 (68%B u 32%A).

Yucno creneneit ceodoas C =2 —2 +1 = 1. Cucrtema MOHOBapuaHTHa.

Touka 4. V3 pacniaBa HauyMHAETCA NMPEBpAICHUE KPUCTAJJIOB BellecTBa B B
KpUCTaJJIBI HEYCTOMYMBOTO XUMUUYECcKoe coenruHeHuss M (Huxe nuauu PN B cucreme
KpucTtamioB B Her).

Touka P — mepurektnueckass touka; auHUsA PN — nuHuA neputexktuku. Huoke
IIEPUTEKTUYEKOM  TEeMIleparypbl  CTAaHOBUTCS  BO3MOXXHBIM  CYLIECTBOBAaHUSA
XUMHUYECKOTO COeIMHEHUs M.

B paBHoBecun Haxomutcs 3 ¢aspl: Kpuctamuibl M, kpuctamuisl B u pacrmas,
ABTEKTHYECKOTO cocTaBa L4 (66%B u 34%A).

C=2-3+1 =0 - cucrema HOHBapUaHTHA.

Touka 5. B paBHOBecuu Haxonsatcs e ¢asbl (O=2): KpUCTALTBI HEYCTOMYHNBOTO
XHMHYECKOro coenHeHus M u pacmias, coctaBa LS5 (48%B u 52%A).

Yucno creneneit ceoboapt C =2 —2 +1 = 1. Cuctema MOHOBapuaHTHA.
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Touka 6. I3 pacraBa HauMHaeTcs KpHUCTALIM3AalMs BemecTBa A U
IPOIOJIKAETCS] KpUCTAJUIM3ALMS cOeAMHEHnE M.

B paBHOBecnn Haxomutcs 3 (as3pl: KpHCTaUIbl M, KpHCTAUTBl A M pacIliaB,
ABTEKTUYECKOTO cocTaBa L6 (45%B u 55%A).

C=2-3+1 =0 - cucrema HOHBapuaHTHa.

Touka 7. Cucrtema rereporeHHas (d=2) COCTOMT U3 MEXaHUYECKOM CMecCH
KPUCTAJVIOB YCTOMYMBOTO XHMHYECKOTO coenuHeHuss M um BemiectBa A. Cucrema
MoHoBapuanTtHa (C = 1).

JTHATPAMMA B3AHMHOH PACTBOPHMOCTH OT PAHUYEHO
PACTBOPHUMbBIX BELIIECTB

MHorue BeniecTsa MIMET OTPaHUYEHHYIO B3aUMHYIO PACTBOPUMOCTD B TBEPAOM
COCTOSIHMM, U B HEKOTOPOM HHTEpBaje TemrepaTryp oOpa3yloT ABe (a3bl TBEPIBIX
pactBopoB (cMoTpu Bbimie jguarpammy Cu-Ni wiaum  Juarpammbl  [JIaBKOCTH
OTPaHUYECHHO PACTBOPUMBIX B TBEPAOM COCTOSIHHH BEIIECTB).

Jlpyrue BemecTra XxapakTepu3yrOTCs OTPaHUYCHHON B3aUMHOW PaCcTBOPUMOCTHIO
B JKHJIKOM COCTOSIHHH, 00pa3yroT ABe (a3bl, HACBIIICHHBIX PACTBOPOB JIPYT B APYyTe
IIPU JAHHOM TeMIIeparype.

[Ipu HEKOTOpOW TeMIIepaType - KpUmMuuecKkou memnepamype pacmeopeHus —
MPOUCXOJIUT TIOJHOE B3aMMHOE pACTBOPEHHE KOMIIOHEHTOB. Temmeparypy, Ipu
KOTOPOMl  MPOMCXOJUT TMOJHOE B3aUMHOE  PAcCTBOPEHUE  KOMIIOHEHTOB B
MHOTOKOMITOHEHTHOM CHUCTEME Ha3bIBAIOT TeMmepaTypoi JukBauuu (1at. liquatio —
pazkmxeHue, iasieHne). CHCTEeMBbI U3 ABYX OTPAaHUYEHO PACTBOPUMBIX JKUIKOCTEH,
B3aMMHasi PAaCTBOPHUMOCTH KOTOPBIX BO3pAacTaeT C TOBBIMICHUEM TEMIIEPATypHI,
Ha3BIBAIOTCSI CUCTEMaMU C gepxHell kpumudeckot memnepamypoti (BKT), nanpumep,
aHWIMH-BOA, (PeHOI-BOA.

Cucrembl, B KOTOPBIX B3aUMHAsl pACTBOPUMOCTD YBEIMUUBACTCS C YMEHBIIICHUEM
TEMIEPATYphl, HA3bIBAIOTCS CHUCTEMAaMU C HUMCHEU KPUMUYecKol memnepamypoll
(HKT), nanpumep, IMATUIIAMUH — BOJIa, TPUITUIIAMUH — BOJIA.

K cucremam, koropsie umeror ognoBpemeHHO BKT u HKT otHOCATCA: HUKOTHUH—
BOJA, BOJIa — METUJIITUIIKETOH.

[Ipy  u3MeHeHMM  TeMmIepaTypbl  MPOUCXOJUT  U3MEHEHHE  B3aMMHOMN
pacTBOPUMOCTH BelecTB. Bo3MoxkHbI TpH citydast (puc.15):

— TIOBBILICHUE TEMIEPATypbl BEAECT K YBEIWUYCHUIO B3aMMHOW PaCTBOPUMOCTHU
KUJIKOCTH,

— B3aWMHas paCTBOPHUMOCTDb YBCIMUYUBACTCA C IOHUKCHUEM TCMIICPATYPEI;

— B3aWMHas paCTBOPHUMOCTDb )KH)IKOCTCﬁ YBCIIMYNBACTCA U C IMOBLIIICHUCM, U C
IMMOHWXCHHUECM TCMIICPATYPhI.
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Puc.4.15 /lnarpaMmbl COCTOSTHUSI CUCTEM:
a) HUKOTMH—BOJIA C BEpXHEN M HUKHEH KPUTUUECKOW TeMIlepaTypoil pacTBOpEHus;
0) TpUATUIAMMH — BOJIa C HUYKHEN KPUTUYECKOW TEMIIepaTypoil paCTBOPEHNUS;

B) (eHOJ-BO/IA C BEPXHEH KPUTHUECKOM TEMIIEPaTypoil pacTBOPEHHUS.

Eciu rpapuyeckn u300pa3uTh 3aBUCUMOCTh COCTaBa CJIOEB OrPAaHUYEHHO
PacCTBOPHUMBIX KUIKOCTEN OT TEMIEPATYphl, TO HA JUArPaMME COCTOSHUS MOTYyYUTCS
KpUBas, pa3lesolas TOMOTEHHYI0 U TIeTeporeHHyro ooOnactu. Takas KpuBas
Ha3bIBACTCSI KPUBOM pPACCIOCHWS] WJIM KPUBOW JMKBanuu. Jlro6as Touka BHE
3alITPUXOBAaHHOM 00NAacTH OTBEYAaeT TOMOTEHHOM (OIHOCIIONHON) CcHCTEME.
3amTpuxoBaHHas 00JI1aCTh OTBEYAET FE€TEPOTrE€HHON CUCTEME.

T T T
BKT T T

0
A

0 100 0 20 40 60 80 100 0 20
B A b. B A

80 100

Puc.4.16 TunuynHble cUCTEMBI C OIPaHUYEHHONW B3aMMHONM PAacCTBOPUMOCTBIO JKUJKOCTEH: a —
CUCTEMa C BEpXHEW KpUTHUYECKOM TeMIepaTypol pacTBOpeHHUs; b — cucreMa ¢ HIDKHEH

KPUTUYECKOH Temmeparypoil pactBopeHus; d — cuctema ¢ BepxHeM M HW)KHEH KpUTHYECKOU
TEMIIEpaTypOU pacTBOPEHUS

Toukn Ha KpHUBOH pacCIOCHHS XapaKTEPHU3YIOT COCTaBbl COIPSKCHHBIX
(paBHOBECHBIX) (as3.
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Ilpumep ananuza ouazpammol cucmemsl ¢ 02pAHUYEHHOU 63AUMHOL
pacmeopumocmaio Hcuoxocmei

T BKT T
®=1

3 2

%
\ .
T\
A\
6

S

QurypatuBHas TOYKa | Ha pHCYHKE YKa3blBa€T HA TO, YTO CHCTEMA
cymmapuoro coctaa C (30 % B u 70 % A), B3stas npu Ttemmeparype T,
OpeACTaBisgeT COOOH TeTEpPOreHHYH CHUCTEMY, COCTOSILYI0 M3 HACBILIEHHOTO
pactBopa B B A, cocrapa al (15 % B, 85 % A) u paBHOBECHOTO ¢ HUM HACBHIIIIEHHOTO
pactBopa A B B, cocrasa bl (80 % B, 20 % A).

[Ipu mMOBBIIIEHUH TeMIIEpaTypbl CHUCTEMBbI (T.2) YyBEJIUYMBACTCS B3aUMHAas
pacTBOpUMOCTh KOMHOHEHTOB A um B. B T.2 cucrema rereporeHHas, COCTOUT U3
HaChIIIEHHOTO pacTBopa B B A, coctaa a2 (23 % B, 77 % A) u paBHOBECHOTO C HUM
HachIeHHoro pacteopa A B B, coctaBa b2 (69 % B, 31 % A).

[Ipu nanbpHelIEM HArpeBaHUM MTPOUCXOIUT CONMXKEHUE COCTABOB COMPSIKEHHBIX
pactBopoB. IIpu Ttemmneparype T; HpPOUCXOAWT MOJHOE B3aUMHOE PACTBOPEHHE
KOMIIOHEHTOB.

Cucrema B Touke | u Touke 4 Oyner XapakTepuU30BaThbCs HAIMYMEM JBYX (a3
oJIMHaKoBOro coctana (al u bl), onHaKo, cUCTEMBI OYyT OTIUYATHCSI COOTHOLIEHUEM
Macc (a3 (1Mo mpaBuTy pblyara).

Jlns ompeneneHUs] TOJIOKEHUST KPUTHYECKOM TOYKM Ha IOJOOHOM auarpamme
npuMensietca npaBuio B.D.AnekceeBa, CONIACHO KOTOPOMY CEpPEIWHBI HOJ,
PACIONIOKEHHBIX MEXK]Ty TOUKaMU, U300paKAIOIIIUMHU COCTaBbl PABHOBECHBIX KUIKUX
da3z, nexar Ha OIHON MPSAMOM, UAYIIEH OT KPUTUYECKON Toukd. (s GonmbImmHCTBA
CHUCTEM TaKas JINHUS HE NEPIECHINKYJIIPHA OCU COCTaBA.

Hamuuune BKT wmum HKT 3aBucut or TtermioBoro 3ddexra pacTBOPUMOCTH
paccMarpuBaeMbIX OKUIAKOCTeH. Eciu B3auMHOE pacTBOPEHUE COIPOBOXKIACTCS
MOIVIOIICHUEM Tera (HaoTepMuueckuit mporece, AH>0), To B cucteme OyzieT UMETh
MECTb BEPXHsS KpUTHYECKas Temneparypa. Eciau B3aumMHOE pacTBOpeHHE
COMPOBOXKIAETCA BBIACICHUEM TEIUIOTHI (3K30TepMuueckuid npouecc, AH<0), To B
cucTeMe OyJIeT UMETh MECTh HWXKHAS KpuTHueckas temneparypa. lns cuctem ¢ BKT
u HKT (HMKOTMH-BOJA) MpPU H3MEHEHUU TEMIIEpaTyphbl TEMaoBol 3(P(HEKT MEHseT
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CBOU XapakTep.

TPEXKOMIIOHEHTHBIE CUCTEMbBI
Cnocoo0vl evipasxicenus cocmaeos 6 mpexKOMnOHEeHMHbIX CUCIEMAX

JIns  TPEeXKOMIIOHEHTHOW CHCTEMbI, Ha PaBHOBECHE KOTOPOH BIHSIOT TOJIBKO
TEeMIeparypa, JaBICHHE M KOHIICHTpAIMM KOMIIOHEHTOB, mpaBuio a3 [ubbca
BBIPAKAETCSI COOTHOIIICHUEM:

C=5- .

Takum o00pa3oM, B TPEXKOMIOHEHTHOW CHCTEME OJHOBPEMEHHO MOTYT
HAXOJUThCS HE OoJiee mATU (a3, a MaKCUMaJIbHasl BEPOSTHOCTh CUCTEMBI paBHa 4.

B TpexxommnonenTHoi cucteme nipu P = const, comtacHo npaBuiy ¢a3z ['nd0ca,
MaKCUMaJibHOE 4uciio cocymiecTByromux a3 cocrapisier 4 (C=3 - d + 1 =0). B
o0acTH CyIIeCTBOBaHMUSI OJHOM TrOMOTeHHOM ¢a3bl cuctema TpuBapuantHa C = 3.
[ToaTOMY JUIs1 MOCTPOECHUS TUArpaMMbl COCTOSIHUSI HEOOXOAUMBI TPU OCH KOOPJIUHAT,
M0 KOTOPBIM MOXHO OBbLJIO OBl OTKJIAJbIBATh TEMIIEPATYPhl U KOHIIEHTPAIIMN KaKUX-
anb0 JBYX U3 TpPEX KOMIIOHEHTOB. JTO, OJIHAKO, HEYIOOHO H3-3a TOTO, YTO
KOHIICHTPALIMIO TPEThEro KOMIIOHEHTA HaJ0 OMNpEeAeNATh MO pa3HOCTH. UToObI
u30exarb OATOro, JUIA BBIPAKEHHUS COCTaBa HCHOJB3YIOT PaBHOCTOPOHHUMN
TPEYTOJIbHUK, Ha CTOPOHAX KOTOPOTO OTKJIAILIBAIOTCS KOHIICHTPAIIMH KOMITOHEHTOB.
Takol TpeyroTbHUK HA3bIBAIOT KOHIEHTPAIIMOHHBIM.

BepmmHbl TpeyrojibHUKa COOTBETCTBYIOT YMCTBIM BemectBamM A, B u C, T.e. ux
CTONPOLEHTHOMY COJEPKAHHIO WIIM MOJISIPHBIM JOJIIM, paBHbIM eaunune. Kaxnas u3
PaBHBIX CTOPOH TPEYTOJbHHMKA IPEACTABISAET COCTABBI TPEX JBYXKOMIIOHEHTHBIX
cucteM 4 - B, A - Cu B - C. Ot croponbl 00b14HO Aenstcs Ha 100 mau 10 paBHBIX
yacteil. JItobast Touka BHYTpH TPEYrOJIbHUKA OTPaKaeT COCTaB CUCTEMbI B MaCCOBBIX
% (W1 MOJISIPHBIX JTOJISIX).

CymecTtByeT JBa crioco0a BEIPaXCHHSI COCTaBa TPEXKOMIIOHEHTHOW CHCTEMBI Ha
KOHIICHTPAIIMOHHOM TpeyroyibHuKe: MeToa ['mobca u meron Pozebyma. Oba merona
OCHOBaHBI Ha CBOMCTBaX PaBHOCTOPOHHETO TPEYrOJIbHHKA.

Meton I'mooca

Meton OCHOBaH Ha TOM CBOMCTBE
PAaBHOCTOPOHHEIO TPEYrojibHUKa, 4YTO CyMMa
MEePIIECHIUKYIISIPOB, OMYIIEHHBIX U3 000N TOUKHU
BHYTPU TPEYTrOJIbHUKA Ha €ro CTOPOHBI, paBHA
BbICOTE h. DTOT OTpe30K (BHICOTA) COOTBETCTBYET
100% xakoro-nu6o koMmoHeHTa. Hampumep, mis
TOUKHU M CyMMa MIePIICHIUKYIISIPOB
hs+hg+hc=h=100%.

114



Meton Pozedyma

B nmanmnom cmoco6e 3a 100% mnpuHMMaIOT
CTOPOHY TPEYrOJIbHHKA U HAHOCAT CETKY JMHHIMA,
napajuieNibHbIX  KaxJaod  ctopoHe. Cymma
OTPE3KOB TaKUX JIMHUM, HUCXOMSIIUX H3IaHHOU
Touku M ¥ KOHYAIOUIUMXCS Ha CTOpPOHAax
TPEYTrOJbHUKA €CTh IIOCTOSIHHAsl  BEJIMYHWHA,
paBHas Jro0oi u3 cropoH. Ha puc. 4.14 stu
JUHUM TIOKa3aHbl MyHKTUpOM. Jljisi BeIOpaHHOMU
TOUKH [4+Iz+1-=1=100%.

b = XA§Z_B = XB;Z_C =Xc
) [ [

I[I/IanaMMa COCTOAHUA TpeXKOMHOHeHTHOfI CHUCTEMBI HE MOXET OBITh
MMpcacCTaBJICHA HA INIOCKOCTHU OAKC IIPU IIOCTOAHHOM AABJICHHWH, TAK KdK TCMIICpATypa
JOJDKHA OTKJIAABIBATBECS HA KOOPAMHATHOM OCH, IEPICHIMKYISIPHOM IIOCKOCTH
KOHICHTPAINOHHOI'O TPCYT'OJIbHUKA.

Ha puc.4.17 npeacraBieHa mpocTeilinas oObeMHas AuarpaMMa COCTOSHUS
TPEXKOMIIOHEHTHON CHUCTEMBI, B KOTOPOW KOMIIOHEHTHI HEOTPAHUYEHHO PACTBOPHUMBI
JIpyr B Jpyre B KUJKOM COCTOSSHUM M COBCEM HEpacTBOpUMBI B TBepaoM. OnHa
SBJISIETCS aQHAJIOTOM JUarpamMMbl JIBYXKOMIIOHEHTHOW CHCTEMBI [€pBOrO THIIA.
I'padrueckre n300pa>keHUsI BCEX COCTOSTHUM CUCTEMbI HaXOJATCS B MPU3MaTHYECKOM
pocTpaHCTBE. B €ro OCHOBaHMM HAXOIUTCS KOHIICHTPAIIMOHHBIM TPEYTroOJIbHUK, K
CTOpOHAM KOTOPOTO TMEPIEeHAUKYISIPHbI OOKOBBIE TUIOCKOCTH. Kaxmas Takas
MJIOCKOCTh, MO BEPTUKAIBHBIM KOOPJMHATaM KOTOPOM OTKJIaJbIBA€TCS TEeMIeparypa,
MIPENICTaBIsACT COOOM aMarpaMMy COCTOSIHHMSI OJHOM M3 TpPEX JABYXKOMITOHEHTHBIX
cucteM. Tpu KpuBOJMHEHHBbIC TOBEpPXHOCTH AeFEe,, BeEe; u Ce,Ee; ABIAOTCA
MOBEPXHOCTSAMH JIMKBHAYC. OHHM TPEACTABISIIOT TEOMETPUYECKHUE MECTa TOYEK,
COOTBETCTBYIOIIMX COCTaBaM U TeMmIlepaTypaM, IpPU KOTOPBIX W3 OJHOPOJHOM
KUJKOCTU (pacIljlaBa) HAYMHAETCSI KPUCTAIIIU3AIUs YACTHIX KOMIOHEHTOB A, B k C
COOTBETCTBeHHO. [IyHKTHpHBIE KpuBbIe e F, eoE u e;E 00pa3oBaHbl mepeceueHrneM
JIByX CMEXHBIX MOBEPXHOCTEH M OTPAX)arT W3MEHEHHs] KOHIICHTpalluu pacIlulasa,
HACBIIIIEHHOT'O OJTHOBPEMEHHO JIByMsI KOMIIOHEHTAMU NIPU U3MEHEHUHU TeMIIepaTyphl.
Hanpumep, kpuBasi e;E NOKa3bIBAET MU3MEHEHHUE COCTaBa TPOMHOIO paciuiaBa Ipu
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pPaBHOBECHH C KpHUCTaulaMU A U B Npu U3MEHEHUU TEMIEpATypbl, HAIPUMEp, NpH
OXJIKJIEHUU. OTy KPUBYKO MOMKHO TaKK€ pacCMaTpUBaTh KaK OIMCBHIBAIOLLYIO
IIOHM>KCHHUE TEMIIEpaTypbl KPUCTAIUIN3ALMY JBOMHON IBTEKTUKH A-B B 3aBUCUMOCTH
OT KOHLEHTPALUU J00aBIsIEMOro TpeTbero komnonenra C.

Tpu momoOHbIE ApYyr ApPYry Kpusble e FE,
e esE mepecekaroTcss B TOUke F,
COOTBETCTBYIOIIEH PABHOBECHUIO pacIljiaBa C
kpuctasiamu A, B u C, Tak kak 31eck
CYIIECTBYIOT 4eThipe (as3pl, TO COIIACHO
npaBmity a3 [ubbca uucino creneHeit
cBoOoap! paBHo HyI0 (C=3-4+1=0). B
TOYke FE  TPOHUCXOAMT  KpUCTAJUIM3ALUs

TPOMHOMN DBTEKTHKHU, cocTosIen u3
koMnoHeHTOB A, B m C. Ilpu HaGmoneHun
CTPYKTYPBI TaKoH BTECKTUKH 101

MHUKPOCKOTIOM BUJHBI OTHOCUTEIBHO KPYIHBIC
kpuctaibl A4, B u C U CMeCh MEIKUX
KPUCTAJUIMKOB ~ 3THX €  KOMIIOHEHTOB,

oOpa3oBaBIIasACs npu 3aTBEpAEBaHUN
TPOWHOTO OBTEKTUYECKOTO paciuiasa,
Pric. 4.17 JluarpamMma IIaBKoCTH MPOUCXOJIUBIIETO ©€3 H3MEHEHHS COCTaBa.
CHCTEMBI H3 TPEX KOMIIOHEHTOB, He [TogoOHbIE TPONHBIE U YETBEPHBIE SBTEKTUKU
00pa3yomnux XUMUYECKUX COSAMHEHUI TaKUX MCTAJJIOB, KakK Pb, Bi, Sn, Cd,
1 TBEPABIX PaCTBOPOB, npu P = const UCIOJB3YyIOT B KauyeCTBe  IIPUIIOEB U

JICTKOITTTAaBKHX CIIJIaBOB.

CmaB Byna Bi (50%), Pb (25%), Sn (12,5%), Cd (12,5%) nnaButcs npu 68,7°C
U TIPEACTABIISCT COOOM YETBEPHYIO ABTEKTHKY.
TpexkoMrioHeHTHass cucrtema, coxaepxkamas Bi (52,5%), Pb(32,0%) wu

Sn (15,5%), ob6pasyer mpotinyro s6mexkmuxy (cmnaB Po3se), koropas sBiaseTcs
HanOoJIee JIeTKOIJIaBKOM CUCTEMOM ¢ TeMIeparypoi rmiaasiaeHus 96°C:
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A c Ceuennsi 00bEMHON JOUarpaMMbl  TOPU3OHTAJIbHBIMU
IJIOCKOCTSIMM  JAIOT HM30TEPMUYECKHE pPa3pe3bl Jauarpamm
TPOMHBIX CHUCTEM, T.€. OTpa)XaroT (pa30Bble PAaBHOBECHsS IPHU
OJTHOM TMOCTOSIHHOM Temmeparype. Hanmpumep, Takoe ceueHue
IarpaMMbl, TPHUBEACHHON BbIlIE, MpuU TeMmieparype 1
nmokazaHo B Buae TpeyroidbHuka ABC. KpuBasg xy Ha 3TOM
P PUCYHKE €CTh ceueHue noBepXHOCTU Ce,Ee; TOPU30HTAIBHOM
IUIOCKOCTBIO. KpuBonunennsii TPEYTOJIbHUK xyC
OTrpaHUYMBAET 00JIACTh ABYX(PA3HOTO PAaBHOBECHUS MEXIY PACIIaBOM U KpUCTaJJIaMU
C. Bre 3TOTO TpeyroibHHUKA CyIIECTBYIOT JUIIb OMHOPOIHBIE paciuiaBbl. [Ipu Gomnee
HU3KUX Temreparypax (Hmwxke Touek A W B) U3 pacmiiaBa HauWHAETCA
KpUCTAJIU3AlIASI KOMIIOHEHTOB A ¥ B, U Ha TOPU3OHTAJIBHBIX CEUCHUSX MOSBIISIIOTCS
nByx(daszubie obractu, mpuieraromue K ocsiMm A4’ u BB’. Ouu nonoOusl obnactu xyC.
[lo mepe mNOHMXKEHUA TeMIepaTyphl MNPOTSHKEHHOCTh BCEX TpeX JBYyX(asHbIX
oOnacteit yBennuuBaeTcsi. Hakonell, pu temneparype Tp OHM CMBIKAIOTCS, 00pa3ys
IJIOCKOCTh TPOWMHOM SBTEKTHKUM abc WIM IUIOCKOCTh conuayc. Himke sToi
TeMIIepaTyphbl Kuakas (aza He CYIIECTBYET.

LTy el ot Ha pucyHke mnpexacrtaBieHa TpolHas auarpaMmma
v COCTOsAHHA Ha IINIOCKOCTH. 3IIGCI> Ha IIPOCKOHAX
4 HOBerHOCTCﬁ KpuCTalJIn3alluu KOMIIOHCHTOB

» - TJ

7
\v"‘
. (4ie\Ee Ay, BieEesB,, CieyEesC)). HaHECEHBI H30TEPMEL,
-

é m €5 noAoOHbBIE Xy TIPU pa3HbIX Temmeparypax. C moMoIIbIo

S ATOr0 PUCYHKA MOYXHO MPOCIEAUTH 3a MPEBpaIlCHUSIMU

AV OpyU  OXJAXICHUH (WM HarpeBaHWU) KaKOro-ianbdo
cruiaBa, Hanipumep, ipu 11, T, u T3, korga T > T, > 1.

Pacmeopumocms meepovix men 6 yncuokocmu. Ypaenernue Illpeoepa

PacTBOpHUMOCTBIO TBEPAOTO BELIECTBA B KUJKOCTH HA3BIBACTCS KOHLECHTPALMUSA
HACBIIIIEHHOTO PAaCTBOPA, HAXOIAIIETOCS B pAaBHOBECHH C TBEPI0H (ha3oii Mpu JaHHOU
TeMIeparype.

PacTtBoprMOCTh TBEPIBIX TEJ B JKUAKOCTIX 3aBUCUT OT IPUPOJBI pACTBOPSIEMOTO
BEIIECTBA, PAaCTBOPUTENS, TEMIIEpPATypbl, AABICHUS, NPUCYTCTBUS B PacTBOpE
MIOCTOPOHHUX BEILIECTB, OCOOEHHO 3JIEKTPOIUTOB.

PacTBOpUMOCTh TBEpIBIX BELIECTB B JKUAKHUX PACTBOPUTENSAX OIKMCHIBAETCS
JarpaMMou ¢ pocTou ABTeKTUKOM. [IpaBas BeTBb nuHnn nukBuayca OE saBnsercs
KpPUBOM TEMIIEPATYPHOU 3aBUCUMOCTH PAaCTBOPUMOCTHU BEIIECTBA B B pacTBOPHUTEIIE
A. s pactBopumoctu KCl B Bojie TuHMEN pacTBOpUMOCTU OynieT nuHus EB:
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PactBop (L)
T K

)

370

330
L

+ kp.B

Hac

290

(0] 1. 3BTEKTUKMU

d=2 Kp.A + kp.B

0 20 40 60 80 100 H.D
A coctaB B, % — B ?

AHanmuTUYeCKH BUJ JIMHUM JIMKBUAYca omuchiBaeTcs ypaBHeHuem lllpenepa.
Hpyrumu cinoBamu, ypaBHenue Illpenepa omuchiBaeT BIMSIHHUE TEeMIEpaTyphl Ha
COCTaB XHUJKOCTU B accouuauuu Ly, TKp.B (HachIIEHHBIN pPacTBOpP — KPUCTAILIBI
YUCTOTO KOMIIOHEHTA).

B BHJIe COOTHOIICHHS
AH
In X, =——22+const
R

ypaBHEHHUE ObUIO BIEpPBBIC BBIBEACHO pycckuM (usuko-xumukom W.D.I1lpenepom
(1890). B nuddepennmansHoM BUe ypaBHEHUE UMEET CICAYIOIIUNA BUI:

dinX,,. AH,
dT R-T?

Jlannoe ypaBHenue Illpenepa omnmuaercs ot ypaBHeHus Knanenpona-
Krnay3uyca TeM, 4TO BMECTO J1aBJIEHUs HACBILIEHHOTO Mapa UCHapseMoro BEUIeCTBa B
HEro BXOAMUT KOHIEHTpPALMsS PACTBOPSEMOIO BEIECTBA B HACBIIIEHHOM pPacTBOPE
XHac, @ BMECTO TEIUIOTHI UCTIAPEHUs1 — menioma naaénenusi AH,, TOTOMy 4TO Kak
OpyU  pacTBOPEHUH, TAaK M NpPU IUIABJIEHUHM MPOUCXOJAUT  pa3pyllICHHE
Kpuctammyeckon pemerku. CornacHo ypaBHenuto Illpenepa, 3aBUCHMOCTH
jorapudMa KOHIICHTPAIIMM HACHIIIIEHHOTO pacTBopa OT OOpaTHOM TemmepaTyphbl
JOJDKHA HOCUTh JTUHEHHBIN XapakTep, YriioBoi KOA(P(GUIIMEHT 3TOU MPSIMOM JTOJKEH
OBITh TPOMOPIMOHAJICH TEIJIOTE IUIABJIEHUS PACTBOPEHHOrO BemiecTBa. M3 3TOro
YpaBHEHHUS BBITEKAIOT JIBA CJICJICTBUSI:

1) yeM BbIlIIE Temmeparypa, TeM OOJbIIE PACTBOPUMOCTHh TBEPJBIX BEIIECTB B
KUJIKOCTSIX;

2) 4YCM BBIIIC TCEMIICpATypa IUIABJICHUSA WKW TCIUIOTA IUIABJIICHUS TBEPAOTO
BCIICCTBA, TEM MCHBIIC €T0 pAaCTBOPUMOCTD B JKUIAKOCTSIX.

Ecnu npoananusupoBars ypaBHeHue lllpenepa B MHTErpaJIbHOM BHJIE IS IBYX
TEeMIIepaTyp:
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— AHH7(T — TIZH)
Hac RTTHU .

In X

TO pAacTBOPUMOCTb C TOBBIIIEHUEM TEMIIEPATyphl JOJDKHA BO3pacTaTbh W Ul
pa3MuYHBIX PACTBOPHUTENCH TpU OJAMHAKOBOM TeMmmepaTrype MAOobKHa  ObITh
oJMHAKOBOM. [leficTBuTEeNbHO, yeM Oounbiie 7, TeM MeHbIle pa3HocTh (7-1.) U TeM
omwke K Hymto nXy,., a Xy, 0mmwke k enuauie. Hao6opot, yem 6omnbiie 7numu AH.,
TeM OOJIbIlIe OTpULIATEIbHAS BEIMYNHA TPOU3BeaeHUs AH , (T —T,,), T.€. TeM OOJIbLIe

no aOCOJMIOTHOMY 3HAUYEHUIO OTpullaTesbHas BenuuuHa [nXpy,. U TEM MEHbIIE,
COOTBETCTBEHHO, BETUUMHA X7,

OnHako B JNEHCTBUTEIBHOCTH PACTBOPUMOCTH TBEPHABIX BEIIECTB B JKUIKOCTSIX
OYEHb CHUJIBHO 3aBHCHUT OT MPHUPOIbl PACTBOPUTENIE U HE Il BCEX BELIECTB
yBeIMYUBaeTCs Npu HarpeBaHuu. CrnemaHHoe mnpu BbeiBoAe ypaBHeHus lllpenepa
JOMYIIEHUE O TOM, YTO TEIIOBbIe 3P(HEKTHl MPOIECCOB PACTBOPECHUS U TUIABJICHUS
OJIMHAKOBBI, CIPABEMJIUBO JIMIIb JJISI HEMHOTOYMCICHHBIX CHCTEM C HIICAIBHOU
PacTBOPUMOCTBIO (Hampumep, Mg cUcTeMbl OeH3os — audenwn). B HenpealbHBIX
CUCTEMaX TEIJIOThl PACTBOPEHUS OMPEACISIIOTCS HE TOJBKO TEIIOBBIM 3(derkToM
pa3pylieHus KPUCTALUIMYECKON pEelIeTKH PacTBOPSAEMOro BEIIECTBA; TYT OOJbIIOE
BIIMSIHUE OKa3bIBAIOT CHJIBI B3aUMOJICHCTBUSI MEX]Yy YacTUIIAMU PAaCTBOPEHHOTO
BEILIECTBA M MOJIEKYJIaMH pacTBopUTelisl (conbBaramusi). B pesynbraTe cymmapHbIi
TEII0BOM 3(P(EKT MOXKET OBITh MOJOXKHUTEIBHBIM, OTPUIATEIBHBIM WM PaBHBIM
HYJIIO, W TI0ATOMY pAacTBOPUMOCTh TIPU YBEIMYCHUU TEMIEPATYPhl MOXKET
YBEIIMYUBATBCS, YMEHBIIATHCS WM OCTaBaThbCsl IOYTH HEU3MEHHOM, YTO H
MOATBEPAKAACTCA  IKCIEPUMEHTAIbHO. B ciyyae  HeWAEaIbHBIX  CHCTEM
PacTBOPUMOCTD YJIOBIIETBOPUTENIBHO ONMUCHIBAETCS ypaBHeHUeM lllpenepa TonbKO B
00JIaCTH COCTABOB, MPUMBIKAIOIINUX K HAYaITy JIMHUH JIMKBUIYCA.
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