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BBEJIEHHUE

MeToanueckre ykazaHus PpeaHAa3HAYCHBI [T CTYJIEHTOB 1 Kypca, usy-
YAIOMUX JUCIUTIIAHBI «XuMUs» U «OO01Iast 1 HeopraHudecKasi XUMUS)

[{ens METOOUYECKHUX YKA3aHHUM - 03HAKOMUTH CTYIAEHTOB C OCHOBHBIMU
TEPMOANHAMUYECKUMU (PYHKITUSIMH, TTpaBUiiaMu Ux pacdera. [lokazaHo kak Ha
OCHOBAHUM PACCUUTAHHBIX TEPMOJAVMHAMHYECCKUX (DYHKIIUNA OMPEACIISIOT BO3-
MOKHOCTb IPOTEKAHUS ITPOLIECCOB B OIPEACIICHHBIX YCIIOBUSIX. MeToIMYeCKne
YKa3aHUs OMOTYT CTYJIEHTaM IPOBOAWUTH TEPMOXUMHUYECKUE PACUET.

Marepuan oOydarorieii mporpaMMbl pa30ouT Ha 7 pa3zienioB, MPUBEACH
paz00p TUMOBBIX MPUMEPOB, BAPUAHTHI UHAWBUAYAJIbHBIX 3aJJaHUM.

JlaHHbBIC METOAUYECKUE YKa3aHUSI MOTYT ObITh MHAMBUAYAJIbHOU ay/Iu-
TOPHON CaMOCTOATEIbHON paboOTe CTYJCHTOB, a TaK K€ B KAYECTBE MOCOOHS
JJI. BHEAYIUTOPHOU MTOATOTOBKH.
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1. OcHOBHBIC MOHATUS TEPMOTUHAMHUKH

Bce xumudeckue npouecchbl COmpoBOXKIAI0TCS IHEPreTUHIeCKUMU AP dek-
TaMH, T.€. BBIJCJICHUEM WJIA MOTJIONIEHUEM SHEPTUU B TOM WJIM UHOM BUJIEC.
Tak, B TaJIbBAHMYECKHUX DJIEMEHTAX MOJIY4aeTCs DJICKTPUUECKAst SHEPIUsl, KOTO-
pas norJiomaeTcs npu ekTposinze. CBETOBasi SHEPTUs BbIJICIACTCS IPU CBE-
yeHuu dochopa (XEeMUTIOMUHUCIICHITNS ), a TIOTJIONMICHHE CBETOBOW YHEPTUU
MIPOMCXOJIUT IIPH PA3JI0KEHUU CoJiel cepedpa B (horoMarepuanax. Mexanuue-
CKasi SHEPTUs BBIJEIIACTCS MPU B3PhIBAX, HO U B3PBIBBI MPOUCXO/ST 3a CYET Me-
XaHUYECKOTO BO3JCHUCTBUS HAa BEILIECTBO.

N3yuennem sHepreTnueckux 3G HEeKTOB XMMHUUECKUX PEaKIINA 3aHIMAET-
cs1 mepmoxumus. TepMOXUMUS — 3TO pa3jies TEPMOJIUHAMUKHU, W3YUYAIOITUN
sHEpreTHIecKre 3P heKThl Pa3TUIHBIX XUMHYCCKUX MTPOIIECCOB, HAMPABICHNE
Y [IPEeJIeIIbl UX CAMOIPOU3BOJILHOTO MPOTEKAHUS.

[To3HaKOMUMCSI C OCHOBHBIMU MOHSTUSIMU, TPUMEHSIEMBIMU B TEPMO/IU-
HaMUKE.

Tepmoounamuyeckoti cucmemot Ha3bIBaOT JI000M 0OBEKT PUPObL, CO-
CTOSIIIIMK U3 TOCTATOYHO OOJIBIIIOTO YHCIIA CTPYKTYPHBIX STUHUIL (MOJIEKYH) U
OTJICJICHHBIN OT APYIMX OOBEKTOB PEaTbHON WM BOOOpakaeMoW TpaHUIEH
pazzaena. OObEKThI MPUPOJIbl, HE BXOMSIIUE B CUCTEMY, HA3BIBAIOTCS CPedoll.
CucteMoi MOXKET OBITh PacTBOP B KOJIOE, CMECh I'a30B OIPEICIICHHOTO (BO3-
MO>KHO, MBICJICHHO BBIJICJICHHOT0) 00BhEMa, TKaHb B KPaCHJILHOM BaHHE, KYCOK
MeTajuia v T.J1.

PaznuuaroT comocennvie u cemepocennvie cucmemul. ' OMOT€HHbBIE CHC-
TEMBI COCTOSIT M3 OJHON (pa3bl (MCTMHHBIM PACTBOP, CMECh T'a30B); COCTaB,
CTPYKTypa U CBOMCTBA CUCTEMbI OJIMHAKOBBI BO BCEX MUKPOYYaCTKaX.

@da3za — 4acTb CUCTEMbI, OJTHOPOJIHASL BO BCEX TOYKAX MO XMMUYECKOMY
COCTaBY M CBOMCTBAM, U OTJCJICHHAS OT APYruX (a3 MOBEPXHOCTHIO pa3jiena.

['eTeporeHHbie CUCTEMBI COCTOSIT U3 HECKOJBKUX (pa3. Hanpumep, okcun
KaJIBITUS, XPAHAIIUHCA Ha BO3IyXe, - YeThipex(daszHas cucTeMa: KpUCTaJIbI
CaO, Ca(OH);, CaCO; wn razoBas (aza — cmech Boznyxa, CO; u H,0. Cucre-
MBI, B COCTaB KOTOPBIX BXOST BEIIESCTBA WJIM YACTHUIIbI, CHOCOOHBIE K XUMUYE-
CKOMY B3aWMOJICHCTBUIO, HA3bIBAIOTCS XUMUUECKUMU.

XVUMHUYECKHUE CUCTEMbI XapaKTEPU3YIOTCs ONPEACIICHHBIMU IMapaMeTPaMH,
KOTOPBIE Ha3bIBAIOTCA TEPMOJMHAMUYECKUMU NapameTpamu. K HUM OTHOCSTCS
temnieparypa T, naBnenue P, 00bem V, Macca m u konuentpanus C.




ITo xapakTepy oOMeHa BEIIECTBOM U SHEPrUEH C OKPYKAIOUIEH Cpenon
CUCTEMBI JIETISATCS Ha 3 TUIIA: U30JUPOBAHHbLIE, 3aKPblmble U OMKpbimbie. (PUC.
Y

Hzonuposannas cucmema — 3T0 cucTeMa, He 0OMEHHBAIOIIASCS C BHEIII-
HEW CpeJIoM HU BEIIECTBOM, HH YHEPTUECH.

-+ ;:*‘ra' VA W:Efédﬁ!- ok s O
P
?ﬂiuﬁzocm’fstununfﬂ |D°D°°|:|'=":":'-|
i O e = ] o |
o m=conste © © ° 1 oo o tee2t g
FJ0 0 o o o o B0 By 0 0 g o g o 0@
M T o 0" o £ 0lg © 0 0 o =
T T TR i -
o
a) Hzo/TMpoRaHHAA B) OTKpBITAA
CHCTEMMA Am' o CHCTeM:A

o 2 = * g ©o 0 o
o] o u] 0 a o o
o m=const® * —_1 50}

o o g o o o © 9
o o0 o Y = =

Puc. 1. PazIHIHLI¢ THIILI

6) 3aKkpeITan TePMOHHAMH e CKHX CHCTEM

CHCTEMA

3akpvimas cucmema He OOMEHHUBAETCSI CO CPEION BEIIECTBOM, HO MOXKET
OOMEHHBATHCS DHEPTHUEH.

Omxpwvimas cucmema MOXET OOMEHUBATLCS CO CPEJIOM KaK BEIIIECTBOM,
TaK M DHEPrUEH.

OnHuM K3 BaXXHEHIIINX ITOHITHU SIBISICTCS COCMOSIHUE CUCTEMbL.

I1o cocTossHMEM CHCTEMBI TIOHUMAIOT COBOKYITHOCTE CBOMCTB CUCTEMBI,
MO3BOJISIFOIINX OINPEACIUTE CUCTEMY C TOYKH 3PCHHUSI TSPMOJIMHAMHUKH.

ITepexos cucTemMbl U3 OJHOTO COCTOSIHUSA B IPYTO€ HAa3bIBACTCS npoyec-
com. I[Ipr 5TOM MOTYT U3MEHSATHCS BCE TApaMETPhI CUCTEMBI, TUOO TOJIBKO HE-
Kotopeie. Ecnu mpoiiecchl nepexojia CUCTEMbI IPOUCXOAT MTPU OCTOSHCTBE
KaKHX-TO NapaMeTPOB CUCTEMbI, TO OHU HA3bIBAKOTCSI:

a) nuzobapuueckuii (P = const),

0) uzorepmuueckuii (T = const),

B) nzoxopuueckuii (V = const),

r) uzobapHo-uzorepmuueckuii (P = const, T = const) u T.1.

TepMoauHaMuka n3ydaeT BO3MOXKHOCTH CAaMOMIPOU3BOJIBLHOIO IIEPEX0/1a
CHUCTEMBI U3 OJTHOTO COCTOSIHHSI B IPYTOE U dHEpreTudeckue 3P HeKThl ITHX Tie-
PEXO0JIOB.




TepMoIMHAMUYECKHE TAPAMETPBI, HE MO IIAFOIIUECS HETIOCPEACTBEHHBIM
U3MEPEHUSIM, HA3bIBAOTCSA yHKyusmu cocmosanus. DyHKIIMU COCTOSHUS HE
3aBUCSAT OT IIyTH MEPEXOA CUCTEMBI B IAaHHOE COCTOSIHUE. TepMOoIMHaMUye-
CKHE CBOMCTBA CHCTEMBI MOYKHO BBIPA3UTh C MIOMOIIBIO HECKOJIBKUX (PYHKITHI
coctosiHms. [Ipu paccMoTpeHnn JaHHOTO BOIPOca HAac OyayT MHTEPECOBATh
cnenyromue PyHKIUN cocTossHu: BHYTpeHHss d3Heprus U, sutansnus H, 2H-
Tponus S U XUMHUYECKUI noTeHman (3ueprus ['nooca) G.

Kaxnas cucrema — BEIIECTBO UM COBOKYITHOCTh BEIIECTB — 001aaeT
3amacoM BHyTpeHHeM sHepruu U, KOTopasi CKIIaIbIBa€TCs U3 SHEPTUU ITOCTYIIA-
TEJIBHOr0, KOJe0aTeIbHOrO U BpaIlaTeIbHOrO IBUKEHUST BXOASIIUX B €€ CO-
CTaB MOJIEKYJI, SHEPT MU JBUKCHHUS JIIEKTPOHOB U SJIEP B AaTOMAX, SHEPTUU HY-
KJIOHOB, T.€. U3 DHEPTUM BCEX BUJIOB JIBUKECHUS YACTHL, UMEIOIIUXCS B CUCTE-
Me. TOIbKO KHHETHYECKAs ¥ TOTEHIMAIbHAS SHEPTUU CUCTEMBI B LIEJIOM HE SIB-
JIAKOTCS KOMIIOHEHTAMU €€ BHYTPEHHEW SHEPTUU. BHYTpEHHss1 SHEprus 3aBu-
CHUT KaK OT BUJ|a U KOJIMYECTBA B3SITOr0 BEIIECTBA, TAK U OT YCIIOBUH €TI0 CYIIIE-
CTBOBaHUA. AOCOIIIOTHOE 3HAYCHUE BHYTpeHHEN sHeprun U BelllecTBa HEU3-
BECTHO, T.K. HEJIb3sl IPUBECTU CUCTEMY B COCTOSHHUE, JUIICHHOE DHEPIHUH.
MOXHO onpeAenuTh U3MEHEHNE BHYTPEHHEN SHEPTUU

AU = U2 — U1

rae AU — U3MEHEHHUE YHEPTUHU MPH NEPEXOIE U3 HAYAITBHOT'O COCTOSHUS

U; B xoneunoe U,. Eciu U, > Uy, To AU > 0; ecim U, < Uy, To AU <0.

2. IlepBbIii 3aKOH TEPMOAMHAMMKHU

N3meHeHne BHYTPEHHEN SHEPTUU MOKHO U3MEPUTH C TIOMOILIBIO pabombl
U menJiomul, TaK KaKk CUCTEMa MOXET OOMEHUBATHLCS C BHEIITHEH Cpeioif Belle-
CTBOM U Ji1 3Hepruen B ¢popme Teriorel Q u padotsl A. Temnora u pabora
(GYHKIUSIMU COCTOSIHHSI HE SIBJISIIOTCS,, KOO OHM CIy»KaT (popMaMu mepeaadu
SHEPTHH U CBS3aHBI C MPOLECCOM, @ HE C COCTOSTHUEM CUCTEMBI.

KonnyecTBeHHOE COOTHOLIEHHE MEK1y U3MEHEHUEM BHYTPEHHEH dHEP-
TUH, TEIUIOTON U pabOTON YCTAaHABIIUBAET Nepablll 3aKOH MePMOOUHAMUKU:

Tennoma, nodsoodumas K cucmeme pacxo0yemcs Ha NpUpaueHue 8Hyn-
peHHell S3Hepeuy U Ha pabomy cucmemuvl Had OKpYA#cawelt cpedou.

Q=AU+A

Ncxoms n3 HaOM01eHNI 32 0OMEHOM BEIIECTBOM M YHEPTHUEH B OpraHm3-
Me uyesoBeka, HeMeukuil Bpau 0. Maiiep BriepBbie c(hopMyIHpoBail NEpBbIN
3aKkoH TepMoarnHaMuKkH (1840 r) mo OTHOIMIEHHIO K OMOJIOTMYECKUM CUCTEMAaM.




B Ouonoruuecknx cucreMax TEIrioTa OObIYHO OTJAETCSl CUCTEMOM BO BHEIII-
HIOIO Cpefly, a paboTa COBEPIIAETCS CUCTEMOW 3a CUET yObLIM BHYTPEHHEH
DHEPTHH.

Poccuiickuii yuensiii I'.I'ecc (1840 r) mpuMeHuUI 3TOT 3aKOH K XUMHYE-
CKHUM peakiusaM. OKOHYATENbHBIM TOATBEPKICHUEM CTAIH DKCIIEPUMEHTANb-
HbIe paboThl anrnuickoro ¢puszuka [1.Jxoyns (1850 r).

[IepBbIil 3aKOH TEPMOJIMHAMUKY SIBIIACTCA POPMOM BBIpaXKEHUS 3aKOHA
COXPAHEHUs SHEPTUH, KOTOPBIM OTHOCUTCS K YHCITY (PyH/IaMEHTAIbHBIX 3aKO-
HOB IIpUpoAkl. Ero cnpaBeyinBoCTh 10Ka3aHa MHOIOBEKOBBIM OIBITOM Y€JI0-
BEUYECTBA.

B nepBom 3ak0HE TEpMOJMHAMUKH O] padOTON A MOIPa3yMEBAIOT CyM-
My BCEX BUIOB Pa0OTHI POTUB CHUJI, AEHUCTBYIOIINX HA CUCTEMY CO CTOPOHBI
BHEITHEHN cpeibl. ITO MOXKET OBITh pab0Ta MPOTUB CHJI BHEUTHETO AJIEKTpHUYe-
CKOT'O MOJIs1, POTUB CUJI TPaBUTALMOHHOTO MOJIS U ApYyrue BUAbI padoTsl. [Ipu
XUMUYECKUX PeaKIusix Haubosiee xapakTepHa padora A pacuupenus (AV)
[IPOTUB BHELIHETO JaBjeHUs P. A=P-AV

3. DHTAJBINA U TelI0BbIe Y deKThl peakuui

Tax kak OONBIIMHCTBO XUMUYECKUX PEAKITUI MPOXOAT MPHU OCTOSHHOM
JABJICHUH, TO ISl TEIIOTHI peakiuu (Qp) M300apHO-U30TEPMHUYECKOTO MPO-
recca (P = const, T = const) UMEIOT MECTO COOTHOIIICHMS:

Qp =AU + P-AV;

Qr = (U2-Uy) +P(V2-Vy);

Qp = (U2 + P‘Vz) - (U1 + P‘Vl);

Cymmy U + PV o6o3nauum uepe3 H, Torna: Qp = H; -H; = AH;

Bripaxxenue U + PV npencrasiser co0oii TepMOAMHAMUYECKYIO (QYHK-
LU0, KOTOPYIO Ha3bIBAKOT sHmanvhueu H.

IHmanvnus —dmo IHePeoCcoOepIHcanue CUCNEMbL, BKAIoYalouiee 6Hym-
PEHHION0 dHepauto u pabomy npomue enewinux cui. Kak u BHyTpeHHSs dHEp-
THsl, SHTAIBIUS SIBJsETCS PYyHKIMEH cocTosiHus, ee n3meHenue (AH) onpene-
JISI€TCA TOJIBKO HaYaIbHBIM U KOHEYHBIM COCTOSTHUSIMU CUCTEMBI M HE 3aBUCUT
OT IIyTH NIEPEXOA.

B n300apHO-U30TEPMUYECKOM ITPOLIECCE TEIIOTA PEAKIIUHA PABHA U3MeE-
HEHMIO SHTaJbIUU cucteMbl: Qp = AH.
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HerpynHo BUZIETH, YTO TEIJIOTA PEAKLIIUH B H30XOPHO-U30TEPMUYECKOM
nporiecce (V = const, T = const), npu kotopom AV = (, paBHa U3MEHEHUIO
BHYTpEeHHEW 3Heprum cucrtemsl: Qy = AU.

TemnoTel XUMUYECKHUX ITPOLIECCOB, NpoTeKkaromux npu P, T =constu V,T
= const, Ha3bIBAIOTCS Men108biMu 3ppexmamu. B TepMOuHAMUKE TEILJIOBbIE
3¢ (deKThl Ha3bIBAIOT YHTAIBIINEN peakuu U 06o3HavaotT AH.

XVWMHUYECKUE PEAKIUH, IPY KOTOPBIX IPOUCXOIUT YMEHBIIIEHUE SHTAITb-
nuu cuctembl (AH < 0) ¥ BO BHEIIHIOKO CPElY BBIIEIAETCS TEIUIOTA, HAa3bIBA-
I0TCSL 9K30MePMUYECKUMU.

Peakuuu, B pe3ynbTaTe KOTOpBIX dHTANBNNS Bo3pacTtaer (AH >0)u cuc-
TE€Ma MOIJIONIAET TEIIoTy (Q U3BHE, HA3BIBAKOTCS 9HOOMEPMUYECKUMU.

4. TepmoxumMu4ecKue ypaBHeHHUs

Jlist Toro, 4ToObl CpaBHUBATH HHEpreTudeckrue 3P EKTh PazTuIHBIX
MPOLIECCOB, TEIIOBBIE 3D PEKTHI ONPENEISIOT IPU CMAHOAPMHBIX YCL08UsX. 32
cTaHzapTHbIC TpuHUMaloT aaienue 100 kIla (1 6ap), remnepatypy 25°C (298
K), xonuientpanuto — 1 Mmonb/n1. Eciiu ucxo/iHbIe BEleCcTBa U MPOYKThI peak-
MY HAXOAATCA B CTAHIAPTHOM COCTOSIHUU, TO TEIIOBOM 3D PEKT XUMUYECKOU
PEaKLMU HA3bIBAETCS CMAHOAPMHOU SHMAanbnuel cucmemsvl 1 0003HaYaeTCs
AH0298 nim AHO

VYpaBHEHUS] XUMHUYECKUX PEAKIIUI C YKa3aHUEM TEIIOBOro 3(hpekra Ha-
3BIBAIOT MEPMOXUMUYECKUMU YDABHEHUAMU.

B TepMoxuMuUecKuX ypaBHEHHUSAX YKa3bIBaIOT (ha30BOE COCTOSHUE U I10-
TUMOP(DHYI0 MOJU(PUKALIMIO PEArUPYIOIIUX U O0pa3yIOIIUXCsl BEUIECTB: T -
ra3oBo€, X - JKHJIKOE, K ~-KpUCTAIIMYECKOE, T - TBEPJIOE, P - PACTBOPEHHOE U
ap. Ecin arperaTHble COCTOSHMS BEIIECTB ISl YCIOBUN PEAKIIUU OUYEBUIHBI,
Hanpumep, Oz, N, H; - tassl, A,03, CaCOj; - TBEpAbBIE BEWECTBA U T.J. NIPH
298 K, TO MX MOT'yT HE YKa3bIBaTh.

TepMmoxumuueckoe ypaBHEHUE BKIIIOYAET B ceOs TEIIOBOM A EeKT peak-
unu AH, KOTOpBIM B COBPEMEHHOM TEPMUHOJIOT AN 3AITUCHIBAIOT PSAAOM C ypaB-
HeHueM.  Hampuwmep:

CsHsix) + 7,50, = 6CO; + 3H,0 ) AH® = —3267,7 xJlx

N; + 3H; = 2NH; AH’ = — 92 4 x]Ix.

C TepMOXMMHUYECKUMHU YPABHEHUSMHU MOKHO ONIEPUPOBATH, KaK U C
anreOpanyecKuMu ypaBHEHUSIMH (CKJIaIbIBaTh, BBIYUTATh APYT U3 JIPYra,
YMHOKATh HA IOCTOSIHHYIO BEJIMYHHY U T.1.).
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TepMoxuMHUUeCcKU€e YpaBHEHUS 4acTo (HO HE BCErjaa) MPUBOISATCS AJIs
OJTHOI'O MOJISl PaCCMaTPUBAEMOr0 BEUIECTBA (ITOJIyYaEMOr0 UJIN pacXOaye-
Moro). [Ipu 3TomM Apyrue y4aCTHUKHU MPOIECCa MOTYT BXOAUTh B YpaBHEHUE
¢ IpOoOHBIMU KOd(PdUIIMEHTaMuU. DTO OMYCKAETCA, TaK KaK TEPMOXUMHUYE-
CKHE YpaBHEHHUSI ONIEPUPYIOT HE C MOJICKYJIaMH, a C MOJISIMU BEILIECTB.

5. TepMmoxuMHYecKHe pacyersbl

TeroBbie 3 PEKTh XUMUYECKUX PEAKIMI OMPEEIIOT KaK IKCIEepH-
MEHTAJIBHO, TaK U C IOMOLIBIO TEPMOXUMHYECKUX PACUETOB.

B ocHOBE TEPMOXMMHUYECKUX PACUETOB JEXKUT 3akon ['ecca (1841 r):

Tennosoti a¢hgpexm peaxyuu He 3asucum om nymu, no KOMopomy npome-
Kaem peakyus (m.e. 0m 4ucia npomedHCymoyHvlx cmaouti), a onpeoesiemcs
HAYalbHbIM U KOHEUHbIM COCMOAHUEM CUCTNEMDL.

Hanpumep, peakuys ropeHust METaHa MOXET MPOTEKATH 110 YPABHEHUIO:

CH,+20,= CO; + 2H,0r, AH’; = —802,34 xJ]x

DTy Ke peaKnio MOXKHO MPOBECTH uepe3 craanio oopazoanus CO:

CH;+3/20,= CO + 2H,0 AH, =—519,33 xJIx

CO +1/20, = CO, AH"; = —283,01 xJIx

IIpu 3TOM OKa3bIBAETCSA, YTO AH®, = AH®, + AH°3 ~CnenoBartelbHO, Te-
10BOM A(PPEKT peakinu, NPOTEKAIOIICH 10 IByM MyTsM, OJJTUHAKOB. 3aKOH
I'ecca xopomo WIIOCTPUPYETCA € TMOMOIIBIO SHTAIBIUKWHBIX JHATPAMM
(puc.2)

N3 3akonHa ['ecca BbITEKAET psiJl CIECACTBUM:

1. TertoBoit adpexT nmpssMoi peakiuu paBeH TeIIoBoMy 3D dekTy 00-

AH, x]JEx
CH,+ 20,
0
Pr1ic.2. DHTANMBITTTAA QAT PaMMa
200+
AH, CT'Op AHIIA METaHa

AH

-400+ 1
CO + 2H20m+ Y20,

-600—

CO,+2H, Oﬂ"}
-800

pPaTHOM peakUuru C MPOTUBONOI0KHBIM 3HAKOM.
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2. Ecnu B pe3yisibTare psifia MocieI0BaTEIbHBIX XUMHUYECKUX PEAKIINI
CUCTEMA MPUXOJUT B COCTOSHUE, MOJTHOCTHIO COBMAIAIONIEE C UCXOIHBIM, TO
cyMma TerioBbIX 3(PekToB 3Tux peakuuil paHa Hyr0 (AH = 0). I[Ipouec-
Chbl, B KOTOPBIX CUCTEMA IOCJIE MOCIEA0BATENBHBIX MPEBPAILICHUI BO3Bpa-
LIAETCS B UICXOJHOE COCTOSIHUE, HAa3bIBAIOTCSI KPYTOBBIMU IIPOLIECCAMU WU
yuxnamu. MeToJl HIUKJIOB IIHPOKO UCIIOJIB3YETCS B TEPMOXUMUYECKHUX pac-
yeTax. .

3. DHTANBNNS XUMUYECKON PEaKIMU paBHA CYMME SHTaIbIINI 00pa30-
BaHUSI IPOAYKTOB PEAKIIMM 3a BBIYETOM CyMMbBI SHTAJIBITHN 00pa30BaHUS
HCXOJIHBIX BEIIECTB C YIETOM CTEXHOMETPUUECKUX KO (DHUITUEHTOB.

31ech BCTpeyaeMcs ¢ MOHATHEM ''dHmanvnus oopazosanus’.

OHTaNBIKEH (TEMI0TOM) 00pa30BaHUd XUMHUYECKOrO COCAMHEHHUS Ha-
3bIBaeTCA TermaoBor A ekt peakimu oOpazoBanus 1 MoJis ITOrO COeANHE-
HUSI U3 MIPOCTHIX BEIIIECTB, B3SITHIX B UX YCTOWYHMBOM COCTOSIHUU IIPH JIaH-
HBIX YCJIOBUSIX. OOBIYHO TETIOTHI 00Pa30BaHUsl OTHOCAT K CTAHAAPTHOMY
coctosiamio, T.¢. 25°C (298 K) u 100 kI1a. CTaHgapTHBIEC SHTAIBINU 06pa-
30BaHMS XUMHYECKUX BemecTB obo3nagaorcss AH 05 (it AH), n3meps-
10TCs B KJ[>K/MOJTb ¥ IPUBOASATCS B CIIPABOYHUKAX. DHTAJBIINIO 00pa3oBa-
HUSI IPOCTBIX BEIMIECTB , yCTOM4YMBBIX Ipu 298 K u nasnenun 100 klla, npu-
HHAMAIOT PABHOM HYIIIO.

B takom ciyuae cnenctue u3 3akona ['ecca nis teroBoro s dexra
xumuueckon peakunu (AHx p.)) nmeer BUL:

— 0 0
AH(X.P.) =>AH MPOAYKTOB PEAKLIUA —— > AH UCXOJHbIX BEIIIECTB
Hcnomnb3ys 3akoH ['ecca, MOKHO pacCUUTHIBATD SHEPTUIO XUMHAYECKON

CBSI3H, DQHEPTHUIO KPUCTAJUIMYECKUX PEIIETOK, TEIUIOTHI CTOPAHUS TOIUIUB,
KaJOPUMNHOCTb IUILIU U T.]I.

Hawnbonee pacnpocTpaHEHHBIE pacU€Thl — BBIYMCICHUE TEIUIOBBIX d(-
(eKTOB (HTAJIBIHI) PEAKITUNA, YTO HEOOXOIUMO JIJIsI TEXHOJIOTHYECKUX U
HAYYHBIX LIEJIEH.

Hpumep 1. Hannmmre TepMOXUMHUYECKOE YPABHEHUE PEAKIIUN MEKITY
CO;ry 1 BOIOPOZIOM, B pe3yibTare kotopou oopasyrorcss CHyry v H;O ),
BBIUHCIIUB €€ TEII0BOM 3((EeKT Ha OCHOBE JTAHHBIX, PUBEJICHHBIX B MPU-
n0keHnU. CKOJIBKO TEIUIOTHI BBIAEIUTCSA B 3TOM PEAKIMU MIPU MTOJTyYCHUN
67,2 1 MeTaHa B IEPECUYETE HA CTAHAAPTHBIE YCIOBUS?

Pewenue. CoctaBisieM U ypaBHUBAEM XMMHUYECKYIO YacTh TPeOyrollie-
rocsi TEPMOXUMHUYECKOTIO YPAaBHEHUS:
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COz(r) + 3H2(r) = CH4(F) + ZHzo(r)
HaxoauMm B cripaBouHMKe (MPUIIOKEHHUE) CTaHIAPTHBIE TEIUIOTHI 00pa-
30BaHUs COCIMHEHNN, YYaCTBYIOIIUX B MPOLECCE:
AH® (COy 1)) =—393,51 x/Ix/mMons  AH' (CH ) = —74,85 kJIx/MoIb
AH® (H,)) = 0 xJx/Moib AH® (H,0 1)) = —241,83 xJIx/Momb
OOpaTuTe BHUMaHUE, YTO TEIUIOTa 00pa30BaHUs BOAOPOAA, KaK U BCEX
MPOCTHIX BEIIECTB B UX YCTOMYMBOM IIPU JAHHBIX YCIOBHSIX COCTOSTHUM,
paBHa Hym0. PaccunthiBaeM TeIioBou 3PGeKT peakinm:
AHxp)= YAH(mpon.) — YAH (ucx.) =
AH’(CH ) + 2AH(H,0 1)) — AH(CO1r)) —3AH (Hr)) =
—74,85 + 2(—241,83) — (—393,51) — 30 = —165,00 xI>x/MOb.
TepmoxuMHUECKOE YpaBHEHUE UMEET BU/L:
COz(r) + 3H2(r) = CH4(F) + 2H20(r); AH = —165,00 KI[)K
CornacHo 3TOMy TEpMOXHUMHUYECKOMY ypaBHEHUIO, 165,00 x/[x Ten-
JIOTBI BBIAECIUTCA NPU NOJlydeHur 1 Monb, T.€. 22,4 1 merana. KonnuectBo
TEIUIOTHI, BBIAEIMBIICHCS IPU MOJy4eHUH 67,2 J1 METaHa, HAXOAWUM U3 MPO-
MOPLINH:
22401 @ — 165,00 x/Ix 67,2:165,00
6721 —— Q x/Ix Q= = 495,00k /Ix
22,4
IIpumep 2. [Ipu cropanuu 11 stunena CoHyry (cTangapTHeie ycio-
BHUS) ¢ 00pa3zoBaHueM razoo0pa3zHoro okcua yriaepoaa (IV) u sxuakoit Boas
BoIIessiercst 63,00 k/[x TermoTel. PaccuntaiTe mo 3TUM JaHHBIM MOJIBHYO
SHTAJIBIIMIO TOPEHUS ATUJIEHA U 3AMUIIUTE TEPMOXUMHUYECKOE YPABHEHHE
peakuuu. Beruuciure snTanenuto oopazoBanust CoHary 1 cpaBHMTE TTOMTY-
YEHHOE 3HAYEHUE C JTUTEPATyPHbIMU JAHHBIMU (IIPUIIOKEHHUE).
Pewenue. CoctaBisieM U ypaBHUBAEM XMMHUYECKYIO YacTh TpeOyrollie-
rocst TEpMOXUMHUYECKOTO YPABHEHUS
C2H4(r) + 302(1) = 2C02(r) + 2H20(;[(),‘ AH =7
Co3gaBaemMoe TEPMOXMMHUUYECKOE YPABHEHHE ONMUCHIBAET ropeHue 1
MOJIb, T.€. 22,4 11 3TrsieHa. HeoOxonumyro 1 HEro MOJIbHYIO TEIUIOTY ro-
PEHUS ATUJIEHA HAXOIUM U3 MPONOPLIHH:
i — 63,00 x/Ix 22,4-63,00
22401 —— Q xJx Q= = 1410,96x/1x
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AH = -Q, TepMOXUMHUYECKOE YPABHEHUE TOPEHUS 3THJIEHA UMEET BU/L:
C2H4(r) + 302(1) = 2C02(r) + 2H20(;[(),‘ AH = -1410,96 KI[)K

Jliis pacueta sHTaIbIMKU 00pazoBanust C2H ) IpUBIEKaeM CIIEACTBUE
13 3akoHa I ‘ecca: AHx.p) = ZAH“(npon.) — ZAHO(I/ICX.).

Hcnonp3yeM HaliICHHYI0 HAMY SHTAJIBIIUIO TOPEHUS ATUJIEHA U TIPHU-
BEJICHHBIC B MPUJIOKEHUU SHTAIBIINKN 00pa30BaHus BCeX (KpoMe ITUIICHA)
YYACTHUKOB ITPOLIECCA.

—1410,96 = 2:(—393,51) + 2:(—285,84) — AH"(C:H 1)) — 30

Otcrona AH(C 2H 1)) = 52,26 xJI/Monb. ITO COBIAaeT Co 3Haue-
HUEM, IIPUBEICHHBIM B IPUJIOKEHUU U JIOKA3bIBAET ITPABUIILHOCTD HALIMX
BBIYMCIICHHAM.

IIpumep 3. Hanumure TepMOXUMUYECKOE YpaBHEHUE 00pa30BaHus
METaHa M3 IPOCTBIX BEUIECTB, BEIYMCIIMB SHTAIBIIAIO 3TOTO MPOLEcca U3
CHEAYIOIIMX TEPMOXUMHUYECKUX YPAaBHECHUMU:

CH4(D + 202(1) = COZ(F)+ 2H20(;1() AHl = -890,31 KI[)K (1)
C([‘PA(DHT) + Oz(r) = COz(r) AHZ = -393,51 KJI)K (2)
Hz(r) + 1/202(1) = HzO(;I() AH3 = -285,84 KI[)K (3)

CpaBHHUTE TIOJYICHHOE 3HAYCHUE C TAOJTMYHBIMY TaHHBIMH (TIPUIIOKCHHE).
Pewenue. CoctaBisieM U ypaBHUBAEM XMMHUYECKYIO YacTh TpeOyrollie-
rocst TEpMOXUMHUYECKOTO YPABHEHHUS
Caraont) + 2Hyay = CHyr) AHy = AH’(CH ) =? (4)
C TepMOXMMHUYECKUMHU YPABHEHUSMHU MOKHO ONIEPUPOBATH TaK K€,
KaK ¥ ¢ aireOpanyeckuMu. Mbl JJOJIKHBI B pe3yjIbTaTe alireOpandecKux
JNEWCTBUU C ypaBHEHUsAMHU |, 2 u 3 nomyunts ypaBHeHue 4. [ 3Toro cie-
IyET YPAaBHEHNE 3 YMHOXKUTH Ha 2, pE3yJIbTAT CI0KUTh C YPABHEHUEM 2 U
BBIYECTH YpaBHEHUE 1.

2H 0y + Oz = 2H,0 AH"(CH,)) = 2AH; + AH, - AH;
+ C([‘PAQ)HT) + Oz(r) + COz(r) AHO(CH4(F)) = 2(—285,84)
—_— CH4(D —_— 202(1) —COZ(F)— 2H20(;1() + (—393,5 1)

— (—890,31).
C([‘PAQ)HT) + 2H2(r) = CH4(D AHO(CH4(F)) - —74,88 KI[)K

9T10 COBIIAAACT CO 3HAYCHUCM, ITPUBCACHHBLIM B IIPUIJIOKCHUHN, YTO H0-
Ka3bIBACT NPABUWIBHOCTh HAIUX BBIUHMCIICHUM.
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6. DuTponMsA M ee U3BMEHEHHE NMPU XUMHYECKHX PeaKIusax

YT0o0BI OnpenennTb, NPOTEKAET JIM XUMHUYECKas PEaKUus CaMOIpOu3-
BOJIHO, HEOOXOIMMO 3HATh JBUKYIIUE CHUIIbI CAMOIPOU3BOJIBHBIX ITPOLIECCOB.

OnHOM 13 ABWKYIIMX CUJI XUMUYECKOW PEaKIUU SIBISIETCS YMEHbBILICHUE
SHTAJIBIIMH CUCTEMBI, T.€. IK30TEPMUUECKUH TEII0BOM 3(pPekT peakiuu. OmbIT
MOKa3bIBAET, YTO OOJIBIIMHCTBO CAMOIIPOU3BOJIBHBIX MTPOLIECCOB SBIISFOTCS IK-
30T€pPMUYECKUMU, T.€. COMPOBOXKAAt0TCA BbiaeneHrueM teriorsl (AH <0). On-
HAaKO U3BECTHBI U TAKKE NpoLecchl, y KOTopbsix AH >0, T.€. sHIoTepMudeckue,
KOTOPBIE, TEM HE MEHEE, TPOTEKAKOT CAMOIIPOU3BOJIBHO, HAIIPUMED, PACTBOPE-
Hue HeKoTopbix conelt (KCIl, NH,Cl v np.) B BojE.

CiienoBaTenpHO, UMEETCS M IPYTasi ABUKYILASI CUIIA CAMOIIPOU3BOJIbHBIX
IIPOLIECCOB, HE CBSI3aHHAS C SHTAJBIIHUEH. DTO CTPEMJICHHE YaCTHULL (MOJIEKYII,
HMOHOB, aTOMOB) K Xa0THYE€CKOMY JIBUYKEHHIO, & CHCTEMbI — K IIEPEX0ay U3 00-
Jiee YIOPSIAOYEHHOIO COCTOSIHUSL K MEHEE YIOPSAI0YEHHOMY.

TeHaeHInIo K HeynopsAI0YEHHOCTH XapaKTEPU3yET BEJIMYNHA, KOTOPYIO
Ha3bIBalOT sHmponus. VTak, sumponus — mepmoounamuieckas QyHKyus,
KOmMopas A6NIAemcs MepoU HEYNOPAOOUEHHOCMU 6 CUCeMe.

B kadecTBe mpuMepa pacCMOTPUM CHCTEMY U3 JBYX ra30B, HE pearu-
PYIOIIMX MEXTY OO0, HallpuMep, AproHa v rejusi, KOTopble pa3/eeHbl epe-
TOPOJIKON M HAXOJATCS MPU OAUHAKOBOW TEMIIEPATYPE U TABICHUU.

VY 1anmum neperoposiKy, He U3MEHSA IHEPTETUYECKOT0 3a11aca CUCTEMBL.
HazoBeM 3T0 (MCX0IHOE) COCTOSIHUE CUCTEMbI COCTOSTHUEM 1.

HecmoTps Ha oquHAaKOBBIE JABIIEHUS Fa30B, HAYHETCS IPOLIECC CMEIIIEe-
HUS U YEPE3 HEKOTOPOE BPEMSI MOJIEKYJIbI FEUS U aproHa OyayT paBHOMEPHO
pacnpe/iesieHbI 0 BceMy 00beMy cucteMbl. HoBoe (KOHEYHOE) COCTOSIHUE CHC-
TE€MbI HA30BEM COCTOSIHUEM 2.

OnbIT ¥ TEOPETUUECKHUE PACUETHI OKA3BIBAIOT, YTO JIBA ra3a, HE pa3je-
JIEHHBIE TIEPErOPOAKON, BCET1a CMEIINBAIOTCS, BEPOATHOCTh COCTOSIHUS | HU-
4YTOKHO Ma1a. COCTOsIHUE 2 PABHOMEPHOI'O paclpeIeeH s 00OMX Ia30B sBJIs-
eTcsi HauOoJsiee BEpOSITHBIM. TOYHO TakyKe MPU PACTBOPEHHM caxapa B BOJE
HanOoJee BEpOSITHBIM OYAET COCTOSTHUE PABHOMEPHOT'O pacipe1esICHHs MOJIe-
KYyJ caxapa B BOJE, @ ICXOJHOE COCTOsIHUE (OTIEIBHO caxap, OTJIEIbHO BOJIA)
ABJISETCSA HAUMEHEE BEPOSITHBIM. [[BYOKYIIEH CHUIION CMELLIEHUSI Fa30B WM pac-
TBOPEHHUSI caxapa sIBJISETCS TEHICHIUS Mepexojia B Haubosee BEpOITHOE CO-
CTOSIHUE.



16

DOHTponusa S — jgorapuMUIECKOE BRIPAKEHNE BEPOATHOCTH COCTOSTHHS
CUCTEMBI. S =k'InW,
rae K— nocrostHHas bonbiiMana, paBHasi OTHOIIEHUIO MOJISIPHOM Ia30BOM MO-
ctosHHOM R k unciy ABoranpo Na: k=R/NA=1,3810* /K.

W — TepMoauHamMuyeckasi BEpOSATHOCTh COCTOSIHUSI CUCTEMbI, paBHas
YUCITy MUKPOCOCTOSIHU, IPU TOMOIIM KOTOPBIX OCYIIECTBIISIETCS JAHHOE MaK-
POCOCTOSIHHE.

D710 cooTHOIIEHNE Ha3biBaeTcs (hopmyioit bonbimana. dopmyra bombir-
MaHa MO3BOJISIET TEOPETUUECKU PACCUUTATH IHTPOIUIO CUCTEMBI 10 YUCITY BO3-
MOYHBIX €€ MUKPOCOCTOSHUH. Takue pacyeThl XOpOIIO COTJIACYIOTCS € IKCIIE-
PUMEHTAJILHO ONPEACICHHBIMU BEIUYNHAMM.

Kaxk u Bce TepmogunamMudeckue GyHKIIUNA, YHTPOIHUS SIBIISETCS aI/IUTUB-
HOU (yHKIUEH, T. €€ BeJIMYMHA MTPOIOPIIMOHATIBHA pa3MepaM CUCTEMBI (Macce,
o0bemMy). O6menpuHsATas pa3MepHOCTh dHTponUn: /[xc/mons K.

OHTpOMNUS BEIIECTBA B CTAHJAPTHOM COCTOSIHUM HA3bIBACTCSI CTAH1apT-
HOM sHTpormeii S' 1 IPUBONTCS B CIPAaBOYHMKAX.

B otnuuune ot Apyrux TepMOoIUHAMUYCCKUX (PYHKITUH, MOKHO OTpee-
JIUTh HE TOJILKO U3MEHEHUE, HO U a0COIIOTHOE 3HAUEHUE SHTPOMUU. ITO BbITE-
KaeT u3 BbICKa3aHHOro B 1911 r Makcom [litankoMm mocrynara, corimacHO KOTo-
pomy:

Llpu abconromnom Hyne sHmMponus UOeAIbHO20 KPUCMALLA PABHA HYIIO.
OTOT MOCTYJAT MOJIY4YHII HA3BAHUE MPEembe2o 3aKOHA MePMOOUHAMUKU.

Yucao0 MUKPOCOCTOSHUIN KPUCTAIIIMYECKUX BEILECTB Mpu Temiepatype 0
K neBenuko. Wy = 1. [1logcraBus 310 3HaueHue B BeipaxkeHue S = K- InW, mo-
JydaeM So=0

ITo Mepe NoBBILICHUS TEMIIEPATYPBI PACTET CKOPOCTh PA3JIMYHBIX BUJIOB
JBUKECHUH YaCTHII, T.€. YUCIIO UX MUKPOCOCTOAHUN. COOTBETCTBEHHO PACTET
TEPMOJIMHAMUYECKasl BEPOITHOCTh U SHTpoNus BemecTra. [Ipu nepexone Be-
IIECTBA U3 TBEPAOrO COCTOSHUS B KUJKOE 3HAYUTEIBHO YBEJIMYMBACTCS HE-
YHOPS0YEHHOCTh U Bo3pacTaeT S3HTpomus (ASm;r). OcoOeHHO pe3ko Bo3pacTa-
€T SHTPOIHUS BEILIECTBA IIPU €T0 MEPEXOJIE U3 JKHUIKOT0 COCTOSIHUSA B Ia3000pa3-
HOC (ASKHH)

Taxk, mus Bogsl: S'kp =45,99, S’ =70,08 1 S’ra3 = 188,7 Jix/monb'K.

BceneacTBue BbICOKMX 3HAYEHU SHTPONUH ra30B, MOCIEIHUE HA3bIBAIOT
"HOCUTEJISIMU SHTPOIUHN".
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OHTpoONUs MPOCTHIX BEIIECTB SBISETCS MEPUOINUECKON (PyHKIIMEH 1Oo-
PAIKOBOIO HOMEPA DJIEMEHTA. Y BEJIMUEHHE YHUCIIA AaTOMOB B MOJIEKYJIE IIPHUBO-
JUT K YBEIUWYEHUIO SHTponuu. Hanpumep:

S’0) = 161, S%0,) =205  uS"0;) =298,8 JIxx/monbK.

Nrak, 3HTpONMS BO3paCTAET C YBEJIMYECHUEM JBHXKEHHUS YaCTHIL: ITPU Ha-
IrpPEBaHUM, UCTIAPEHUH, IUIABJICHUH, PACIIMPEHUN T'a30B, IIPU YBEJIUUCHUH pPa3-
MEpOB MOJIEKYJ BellecTBa. [Iporeccsl, CBA3aHHBIE C YIOPSA0YEHUEM CUCTEMBI:
OXJIQXKJAEHUE, KOHJCHCALIMS, KPUCTAJUIN3aLIHsl, CKATHE, YMEHBIICHHE 00beMa
ra3oB B PEaKIMU U T.J1. — BEAYT K YMEHbBIICHUIO YHTPOIHH.

W3MeHeHne S3HTPOITUH B X0/I€ XUMUYECKON PEeaKITui MOYKHO OIIEHUTH 03
pacdeTa, €CJIM B XOJI¢ PEaKIu U3MeHseTCsa 00hEM ra3oB. Hampumep:

C(TB) + COz(r) = 2C0(r) AV >0 AS >0

Nz(r) +3H2(r) =2NH3(F) AV <0 AS <0

PacueT u3MeHEeHUs SHTPONUH B X0/1€ XUMHUECKON PEAKIIMU MOYKHO MPO-
BECTH, UCIIOJIB3YsI TOT (PAKT, 4YTO SHTPOMUS, KAK M SHTAJIBITNS, SIBIACTCS DYHK-
LIUEU COCTOSIHUS, T.€. €€ U3MEHEHUE (AS) 3aBUCHUT TOJIBKO OT HAYAJILHOTO (S1) U
KOHEUYHOTrO (S2) COCTOSIHUM CUCTEMBI M HE 3aBUCHUT OT ITyTH IpoIlecca.

IHmMponus peakyuu pasgna cymme 3HmMponul npooyKmos peaxyuu 3a 6bi-
Yemom CyMmbl IHMPONUU UCXOOHBIX BEULECE C YUemOM CINEeXUOMEMPUYECKUX
K03¢huyuenmos:

ASxp. = ZSOHP. — ZSOI/ICX.

Hayka Bbimensier B 0coObli KIIacC u3oauposanHvle cucmemvl. B HHUX
MOYHO IMPOrHO3UPOBATH HAMPABJIECHHUE CAMOIIPOU3BOJILHOTO MMPOTEKAHUS TIPO-
1ecca TOJIBKO MO0 U3MEHEHUIO SHTPOIIUH, UCTIOJIb3YSI 8MOPOU 3AKOH MePpMOOU-
HAMUKU, KOTOPBIA TJIACUT:_B M30JIMPOBAHHBIX CUCTEMAax CAMONPOU3BOJBHO
IIPOTEKAIOT TOJIKO TAKHE MPOLIECCHI, KOTOPBIE COMPOBOMKAAKOTCS BO3pACTaHUEM
sHTponuu (AS > 0).

OnHaKko peaibHbIE CUCTEMBI, B KOTOPBIX MPOTEKAIOT XUMUYECKUE PEaK-
IIMY, He OBIBAIOT N30JIMPOBAHHBIC, TAK KAK OHU BCETJIa 0OMEHHUBAIOTCS SHEPTH-
el (MM PHEPTHEN U BEIIECTBOM) C OKpYXarollei cpenoi. s aTux cucrem,
T.€. 3aKPBITHIX WU OTKPBITHIX, HU U3MEHEHUE SHTPOMUHU, HU U3MEHEHUE DH-
TaJbIINU 10 OTJAEIBHOCTH HE MOXKET CIY>KUTh KPUTEPUEM CaMOIIPOU3BOIBLHO-
CTH ITpoliecca.
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7. XumMuuyeckuii moreHuuasa (Heprusi ['mooca)
U HANMPABJIEHHOCTh XUMHUYECKUX PeaKIuid.

B xumuueckux mpoiieccax MposiBISFOTCS JBE TEHICHIUU:

a) cTpemyieHHEe K 00pa30BaHUIO MIPOUYHBIX CBSI3EH MEXY YaCTUIIAMU, K
BO3HUKHOBEHHUIO 00JI€E CJI0KHBIX BEIIECTB, YTO COMPOBOXK/IACTCS BbIACTICHUEM
SHEPIuy;

0) cTpemJieHrE K Pa3beAMHEHUIO YaCTHII, K OECIIOPSAIKY, XapaKTepUu3ye-
MO€E BO3paCTaHUEM IHTPOIIUH.

[lepBast TeHIEHIIMS XapaKTEPUIYETCS IHMANbNUUHBIM PAKmMOpoM TIPO-
11ecca M KoJau4ecTBeHHO BhIpaxkaercs yepe3 AH (xIx/moinb). Bropas Tennen-
1S XapaKTEPUIYETCS IHMPONUUHBIM (PaKmOopoM U KOTUYECTBEHHO BbIPAYKAECT-
cs BenmnunHot TAS ([Ix/Monb). 3T (akTophl, B3STHIE IO OTIETBLHOCTH, HE
MOT'YT OBITh KPUTEPUEM CAMOIIPOU3BOJILHOCTH TCUEHUSI XUMUYECKUX PEAKITHIA.
Takum kputepuem siBnserca xumuueckuii nomenyuan G — snepeus I'uboca
MpOoLIEeCCa, COCTaBICHHBIA U3 SHTAIBIIUUHOTO U SHTPONUIHOTO (aKTOPOB IO
YPaBHEHHUIO: AG = AH - TAS

Ha pucyHnke 3 npuBeieHbI COOTHOIIEHHS MEKTy BAXKHEUILIMMU TEPMOIU-
HAMHYECKUMHU PYHKIUSMH B U300apHO-U30TEPMHUUECKUX MPOLECCAX.

XYUMHUYECKUN TOTeHIAT — 3Heprus [ moOca CayKUT KpuTeprueM caMmo-
MIPOU3BOJILHOIO MPOTEKAHUSI XMMUYECKOW PEAKIMU B M300apHO-U30TEPMHU-
YECKHX, T.€ OOBIYHBIX JIJI1 XUMUYECKUX PEAKIUH, yCIOBHUAX. OHA UMEET TaKKe
HA3BaHUS — C80000HAs SHEPeUsl, U300APHO-U30MEPMULECKULI NOMEHYUAIL.

LIpu nocmosancmee memnepamypul u 0AGNEHUS XUMUUECKUE DeaKYUU MO-
2YMm CamMONpPOU3BOIbHO NPOMEKAmMb MOJIbKO 8 MAKOM HANpasieHuu, npu Komo-
pom xumuueckuu nomenyuan cucmemol ymenvuiaemces (AG < 0).

VYBenmuuenue suepruu ' nooca (AG > 0) yka3piBaeT Ha HEBO3MOXKHOCTH
CaMONPOU3BOJIBHOTO TPOTEKAHUS PSIMOTO MTPOLIECCA B IAHHBIX YCJIOBHSX U Ha
MPUHIUIHAIBHYIO BO3MOXHOCTb OCYIIECTBICHUSI 00paTHOTO Mpoliecca.

AH

AU | P-AV

T-AS | AG

Prc. 3. CxemMa COOTHOINCHIE BAEHEHIIITX
TePMOTHHAMHYE CKHX (YHRITHI
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Creyet 4eTKo NpeiCcTaBIsATh ce0e, YTO TEPMOJUHAMHUYECKAST BO3MOXK-
HocTh Tiporiecca (AG < 0) He rapaHTUPYET peabHYIO €r0 OCYIIECTBUMOCTb,
KOTOpasi 3aBUCUT OT MHOTHUX JIOIMOJHUTEIBHBIX (PAKTOPOB (arperaTrHoro co-
CTOSIHUS BELIECTB, XapaKTepa KOHTAKTA MEXY HUMHU, BETUYNHBI SHEPTUU aK-
TUBALIMY, HAIMYHS WIIA OTCYTCTBUS Katanu3a u T.1.). OTHaKO TepMOJNHAMH-
YECKHI1 3aIIpeET Ha CaMONPOU3BOJIbHOE ITpoTekanue mporecca (AG > 0) ogHo-
3HAYHO YKa3bIBACT, UYTO HU MOJOOPOM KaTalan3aTopa, HU YBEIIMYCHUEM TIEpe-
MEILMBaHUs U APYTUMU MEPAMHU, HE 3aTParuBarOIMMHU SJHEPTETUKY UCXOIHOTO
Y KOHEYHOI'0 COCTOSIHUM CUCTEMBI, OCYLIIECTBUTH MPOLIECC HU 32 KAKOE BPEMS
HE yJ1acTesl.

CocTosiHue XMMHYECKOT 0 PABHOBECHSI XapaKTEPU3YETCSI MUHUMYMOM XU-
MUYECKOT0 MnoTeHImana — 3ueprun ['mb0ca cucremsl. B Touke paBHOBecus
AG =0, BCAKOE MAKPOCKOITMYECKOE OTKIIOHEHUE OT PABHOBECHUS KaK B CTOPOHY
PsIMOTO, TaK U OOPATHOIO MPOIIecca COMPOBOKIACTCS YBEIMUECHUEM XUMUYC-
ckoro noreHuuana cucteMsl (AG > 0). [IoaToMy U3 COCTOSIHUSI pABHOBECHS HE
MOT'YT IPOTEKaTh HU MPSMOW, HU OOPATHBIN MPOLECCHI.

Kak u octanbHble TEpMOAMHAMHUYECKUE QYHKINH, SHeprus [ mo0ca sBiis-
eTcsl PyHKUMENH COCTOSIHUS, T.€. €€ u3MeHeHue (AG) 3aBUCHUT TOJIBKO OT Ha-
yabHOro (AG1) 1 KoHEUHOTO (AG2) COCTOSIHUI CHUCTEMBI U HE 3aBUCHUT OT ITyTH
npouecca. [ToaTomy aHeprus 'n66ca XuMUUeCKOW peakIiy ONPeIesieTcs Kak
Pa3HOCTh MEXKJLy CYMMO sHepruit 'n66ca 00pa3oBaHusl MPOIYKTOB PEAKIIUU
32 BEIYETOM CyMMBI 3Hepruii ['mb6ca o0pa3oBaHus KCXOAHBIX BEMIECTB C y4e-
TOM CTEXHOMETPUYECKUX KO DUIIMEHTOB:

AGx.p. = ZAG np, — ZAG ucx,

ITo aToit hopMye onpenensieTcs u3MeHeHue suepruu ['mooca xummye-
CKHMX pE€aKUUi B CTaHIapTHBIX YCI0BUsX (1pu Temneparype 298 K), ¢ ucnosb-
30BaHUEM CTaHAAPTHBIX d3HEPTUil [ MOOca 00pa3oBaHUsI XUMHUUECKHX BEIIECTB
(AG"198), KOTOpBIE IPUBOJIATCS B CIIPABOYHUKAX (CM. IIPHIIOMKEHHE).

Ipumep 5. Berunciiure uameHenue suepruu ['md0oca 1151 peakiuu, mnpo-
TEKAIOLIEH 110 YPAaBHEHUIO Hyr + COyr) = COry + HyOpk). ~ Moxer
JIM 3Ta peakKUus NPOTEKaTh CAMONPOU3BOJIBHO MPU CTAHIAPTHBIX YCIOBUSX?

Pewenue: Berancimm AGx.p,) — KPUTEPHUI CAMOIPOU3BOIBHOIO IPOTE-
KaHUS MPOILECCOB. Tak KaK peub UJIET O CTAHAAPTHBIX YCIOBUSIX, TO AJIs pacye-
Ta AG(x.p.) IPOLIE BCErO BOCIOIB30BATHCS COOTHOIIEHUEM

AGx.p),. = ZG’np. — ZG ucx.
Bemmunabl AG® COOTBETCTBYIOIIMX BEIIECTB BO3BMEM U3 TIPHIIOKEHHMSL.
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AGx.p). = AG*(COry) + AG"(H:0 1)) — AG"(Hor)) — AG*(CO:ry) =

—137,27 + (—237,19) — 0 — (— 394,38) = + 19,92 x/Ix.

Tak xak AG > 0, To JaHHas peakuus IPU CTaHJAPTHBIX YCIOBUSAX HE MO-
KET CaMOITPOU3BOJIBHO MPOTEKATh.

B 3aBuCMMOCTH OT TeMmepaTyphl, HAPABICHUE CAMOMPOU3BOJIBHOIO
MPOTEKAHUS XMMHYECKUX PEAKIUA MOKET MEHATHCA.

B dopmyne AG = AH — TAS nepsas yactb (AH) Ha3bpiBaeTcs onmans-
nutinbil pakmop peaxyuu. Korma AH < 0, 3TOoT BKIJIag cCiocoOCTBYET camo-
ITPOU3BOJIBHOMY IIPOTEKAHMIO Iporecca. OH MaJlo MEHAETCS C TEMIEPATYPOH.
Bropas gacts (T*AS ) sumponutinsiii hakmop. CaMOIIpOU3BOILHOMY TTPOTE-
KaHMIO MPoIlecca COCOOCTBYET MOBBIIICHUE TEMIIEPATYPbI PU MOJTOKUTEb-
HOM M3MEHEHUU SHTponuu (AS > 0) u noHmxkeHue Temmneparyps ipu AS < 0.
Korna sHTanbnuiiHbIi U SHTPONUUHBIN (AKTOPBI JEHCTBYIOT B MPOTUBOIIO-
JIO’KHBIX HaIPaBIICHUSIX, BCETJa UMEETCS TEMIIEPATYpa, TPU KOTOPOM OHU paB-
HbI 10 BesimuuHe. [Ipu aToit temneparype AG = 0 1 uMeeT MeCTo xumuueckoe
pasHosecue.

IHpumep 6. Berancnure, npu Kakon TEMIIEPATYPE HAYHETCSA AUCCOLMALINS
neHraxjopuaa pocdopa, mpoTeKaronias no ypaBHEHUIO

PCI5(F) = PClg(r) + Clz(r).
Pewenue: Korna HauyHeTCs: IUccoOUUalMs TEHTaxaopuaa pocopa, B CHCTEME
ycranosurcs pasHosecue PClsq) < PClsq) + Clyry. 1 HaM HyKHO HalTU TEM-
neparypy, npu kotopoit AGx.p,) = 0. 111 3T0ro BOCrosb3yemcsi COOTHOLIEHH-
eM AGx.p) = AHx.p) — TASx.p.),. [Ipy AGx.p)=0
AHx p,
AHxp) = TASx.p, T=

ASx.p)
Bemmuunst AHx p, 1 ASx p. HalijieM U3 ypaBHEHUH (DYHKITHI COCTOSHHSL:

AHx p. = SAH npog. — ZAH nex s ASx.p. = 28’ pon. — Z8%ucx.

AHx p. = AH'(PCl3 1)) + AH'(Cly)) — AH(PCls)) W3 priioxeHus:
AHx p. = —306,35 + 0 — (—398,94) = 92,59 k]I
ASx.p. = S’(PCls 1) + S (Clyi)) — S (PClsy) W3 npuinoxenus:
ASxp = 311,66 +222,95 — 352,71 = 181,90 JIx/K = 0,18190 kJIx/K
AHx p. 92,59

T= = =509 K
ASxp, 0,18190
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CnenoBarensHO, nipu Temneparype ~ 509 K ycranoBurcs paBHOBeCHE.
Beiiie aTo# TemnepaTtypsl OyaeT TOMUHUPOBATH MPOIIECC TUCCOITUAITIH TICHTA-
xjopuaa gpocdopa, HUKE — MPOLECC ero 00pa3zoBaHMUS.

WHJNBUIY AJILHBIE 3AJIAHUS

3aganue Ne 1.

A. Hanmmure TEpMOXMMHUYECKOE YPABHEHHE PEAKLIMK 00pa30BaHUs KpUCTAI-
JIMYECKOro XJIopuaa aMMoHus nipu B3aumoneuctsuu NHsiyu HCl ), BbI-
YUCJIUB SHTAIBIINIO PEAKIUHU U3 TaHHBIX NPHIOKEHUA. CKOIBKO TEMIOTHI
BBIJICTIUTCSI, €CJIM B pEAKIIUK ObLIO U3pacxooBaHo 10 1 ammuaka?

b. ITpu cropanuu li anetunena C,H ) (H. y.) ¢ 00pa30BaHUEM MTAPOB BOJIBI U

okcuja yraepoaa (IV) Beigensiercs 56,056 k/[x tennorsl. Paccunraiite o
STUM JaHHBIM MOJIbHYIO SHTAJIBIINIO TOPEHUS ALIETUIIEHA U 3AITUILINTE TEp-
MOXUMHUYECKOE YPABHEHUE PEAKIINN. BBIUUCIINTE SHTANBIINIO 00pa30BaHUs
Csz(r).

B. 3anuirre TepMOXUMUYECKOE YPABHEHUE O0OPa30BAHMS THIPOKCH]IA KaJlb-
1Y U3 TPOCTHIX BELIECTB, BEIYUCINB SHTAIBIIUIO ATOr0 NpoLecca U3 clie-
TYIOUIUX TEPMOXUMHUYECKUX YPABHCHUM:

Ctl(T) + 2H20(;1() = Cd(OFI)z(T) + Hz(r) AHl = —414,80 KI[)K
2Ctl(T) + Oz(r) = ZCth(T) AHZ = —1271,20 KI[)K

CdO(T) + HzO(;I() = Ca(OPI)z(T) AH3 = —65,06 KJI)K

I'. Hanummre TepMoxuMuyeckoe ypaBHeHue peakunu Mmexy CO ) v BOIopo-
70M, B pe3yiibTare kotopoit 0opaszytorcst CH gy u H>O ) BHIYUCIINB €€ Ter-
J0BOM (D PEKT HA OCHOBE JJAHHBIX, PUBEJICHHBIX B MPHI0KEHUH. CKOJIBKO
TEIUTIOTHI BBIAEIUTCS B 3TOM PEAKLMU IPU NOJy4eHUu 67,2 11 MmeTaHa?

. Ilpy nonydyeHnn 3KBUBAIEHTHOM MacChl TUAPOKcH A Kanbuus u3 CaO x) u
H;0 ) Boinensercs 32,53 x/Ix termnorsl. Haiinure orcroaa TeniaoBoi 3¢-
(eKT nonyyeHus | MOJab THAPOKCHIA KAJIbIUS, 3AMUIIUTE TEPMOXUMUYE-
CKO€ YpaBHEHHE 3TOM PEAKIIMK U BBIYUCIUTE SHTAIBIINIO 00Pa30BaHUS OK-
cua KaJbLHsl.

E. Hanumure TepMoxuMuueckoe ypaBHeHHe 00pazoBanus okcuza azora (IV)
U3 NPOCTHIX BEMIECTB, BBIYMUCIUB SHTAIBIIMIO 3TOT0 MPOLECCa U3 CIIETYIO-
MX TEPMOXUMHUYECKUX YPAaBHCHUM:
4]VH3(F) + 302(r) = 2M(F) + 6H20(;1() AH; = —1530,28 KJx
2]VH3(F) + 2,502(r) = ZNO(F) + 3H20(;1() AH,; = —584,40 KJx
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NO(F) + 0,502(r) = NOz(r) AH3 = —56,52 KJI)K

K. Hanumure TEpMOXMMHAYECKOE YPAaBHEHHE PEAKIIMM BOCCTAHOBJICHHSI TBEP-
noro okcuza xxenesa (II1) meTanauiyeckum aTtOMUHUEM, BBIYUCIIUB €€ Tell-
J10BOM (P PEKT MO JaHHBIM, TPUBEACHHBIM B MPUIIOKEHUH. CKOJIBKO TETLIO-
ThI BBIICJIUTCS TIPU 3TOM PEAKLINH, €CJIM ObLIO monyyeHo 335,1 r xene3a?

3. [Ipu cropanuu li ammuaka NH;q) (H.y.), B pe3yJbTaTe KOTOPOro 00paszy-
I0TCs Ta3000pa3HBIN a30T U )KUAKAs Bofa, Beiaensiercs 17,08 kJ[k TerioTsl.
Haiinure oTcrofa SHTaIbINIO TOPEeHHs | MOJIb aMMuUaka, 3aluiImnTe TEPMO-
XUMUYECKOE YPABHEHUE 3TOW PEAKIIMU U BBIYUCIIUTE SHTAIBIINIO 00pa3oBa-
Hust NHs .

N. Hanumure TepMoXxuMuueckoe ypaBHeHue o0pazoBanus okcua azota (1I)
U3 NPOCTHIX BEMIECTB, BBIYMCIUB SHTAIBIIMIO 3TOT0 MPOLECCa U3 CIIETYIO-
MX TEPMOXUMHUYECKUX YPAaBHCHUMU:
4]VH3(F) + 302(r) = 2M(F) + 6H20(;1() AH; = —1530,28 KJx
4]VH3(F) + 502(r) = 4N0(r) + 6H20(;1() AH,; =—1168,80 KJx

K. 1o maHHBIM NMIPUI0KEHHS BRIYUCINTE TEMI0BOM A()PEKT U HATTUIITUTE TEP-
MOXMMHYECKOE ypaBHEeHHE ropenus 1 monsb 3trana C>Hg), B pe3yaprare
KOTOPOIo 00pa3yroTcs napbl BOABI M AUOKCU] yriiepoaa. CKOJIBKO TEMIOTHI
BBIJICJIATCS TIPH cropanuy | M° 5TaHa?

JI. IIpu cropanuu 11,5 r atunosoro cnupra C2HsOH k), B pe3ynbTaTe KOTOPO-
ro o0pasyrorcs napsl Boabl U COz ), Beiaensercs 308,73 k/[x TemioTsl.
Boruncnure otcrona TerioBoi 3G GeKT peakiuy roperust 1 Monb cnupra,
3aMUIIMTE TEPMOXUMHUECKOE YPABHEHUE U BBIYMCIUTE SHTAIBITIO 00pa3o-
Banusa C zH 50H (oK)

M. Hanuinre TepMOXUMUYECKOE ypaBHEHHE 00pa30BaHusI OKCHIA YTiiepo/ia
(IV) 13 mpocThIX BEIIECTB, BHIYMCINUB SHTAIBIIAIO 3TOT0 Mpoliecca U3 cie-
IYIOUIUX TEPMOXUMHUYECKUX YPABHCHUM:

F8304(T) + C([‘PAQ)HT) = CO(]*) + SFBO(T) AHl = 207,04 KI[)K
2C0(r) + Oz(r) = 2C02(r) AHZ = —566,02 KI[)K
6F80(T) + Oz(r) = 2F8304(T) AH3 = —635,08 KJI)K

H. ITo nanHbIM MPUIIOKEHUS BEIUUCTUTE TEIUIOBOU (D (PEKT U 3aIUIIUTE TEP-
MOXHMHYECKOE YPaBHEHHE PEAKIIUU FOPEHUSI MeTaHa ¢ oOpazoBanuem CO;
n H>0 ;x. CKOJIBKO TEIUIOTHI BBIAEIUTCA NpU cropannu 44,8 1 MeTaHa

O. IIpu cropanuu 11 cepoBogoposa (H. y.) ¢ o0pazoBanueM SO ). 1 KUAKOM
BOJIbI BeIAesseTcs 25,115 k/Ix Temiorel. BeaucianTe oTCrO1a TEILJIOBOM
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s ekt peakunn ropenust 1 monb HS ) v 3a0UILINTE TEPMOXUMHUYECKOE
ypaBHeHHe. Brruucnure sHTansnuio oopasosanus HaSr).

I1. Hanumure TepMOXuMHYECKOE YpaBHEHUE 00pa3oBaHus okcuaa xkesnesa (1)
U3 NPOCTHIX BEMIECTB, BBIYMUCIUB SHTAIBIIMIO 3TOT0 MPOLECCa U3 CIIECIYIO-
MX TEPMOXUMHUYECCKUX YPAaBHCHUMU:

FBO(T) + CO(]*) = Fe(]() + COz(r) AHl = 16,49 KI[)K
2C0(r) + Oz(r) = 2C02(r) AHZ = —566,02 KI[)K

P. ITonyuenue BoasiHoro ra3a (CO + H3) uner no ypaBaenuto: Cep) + H>0 o) =
CO + H;. CocTaBbTe IO JAHHBIM NPUJIOKEHUS TEPMOXUMHAYECKOE YpaBHE-
HUE NIOJTy4YE€HHS BOISHOrO ra3za. CKOJBKO pacxoayeTcs Tera Mpy noryJe-
uuu 1 M° BogsHoro rasa npu 0°C u 760 MM pr.cT.?

C. ITpu cropanuu 1 r 6en3ona CeHgpxy ¢ 00pa3oBaHnEM YIIIEKHCIIOTO ra3a u
YKMJKOW BOAbI BbiAeseTca TeIioThl 41,89 k/Ix. Paccuuraiite 1o 3Tum
JTAHHBIM MOJIbHYIO SHTAJIBITHIO CTOPAaHMsI OCH30J1a 1 3aIHUIIIATE TEPMOXUMU-
yecKoe ypaBHeHue. Beruncaure sHTanbsnmio oopazoBanus 6en3ona CoHegx).

T. PaccuuTaiiTe no JaHHBIM MPUIOKEHUS MOJIBHYIO SHTAIBIINIO TOPEHUS Me-
TaHa ¢ oopazoBanueMm CO; 1 napoB BojJbl. Hanuimure TepMOXUMHUYECKOE
ypaBHeHHe peakimn. CKONBKO TEIUIOTHl BBIACTHTCS NPH CKUTaHMH | M
merana ipu 17°C u 750 mm pm. cm.

Y. Ilpu cxxurannn 100 i1 stana C:Hgry (H.y.) 10 CO2zq) ¥ )KUIKOH BOJBI BbI-
nenunock 6963,7 k. Ternorel. PaccunTanTe no 3TMM JaHHBIM MOJIBHYEO
SHTAJIBITUIO TOPEHUS TAHA U 3aMUIIINTE TEPMOXUMUYECKOE YPAaBHEHHE pe-
akuuu. Beraucnure sHTanbIU0 00pa3oBaHUs dTaHa.

@. IIpu cxxUraHUM HEKOTOPOT'O KOJUYECTBA Cepbl MOIU(PHUKAIIMN MOHOKIIUH-
HOU S yonoxn,) € 00pazoBanueM SO, Boiaenuiiocsk 73,88 kJk Tema u no-
ayuniiock 5,60 11.80; (1.y.). HaiinuTe oTcrofa SHTAJIBINIO Cropanusi 1 MoJb
Cepbl MOHOKJIMHHOM U 3aMMIINUTE TEPMOXUMHUYECKOE YPABHEHUE PEAKITIH.
Boruncnure sHTanbnuo 00pa3oBaHUS S yonoxr,)-

3aganue Ne 2.
A. Brraucnure u 00bsICHUTE U3MEHEHHUE SHTPOIUH ISl PEAKIIUHN:
2CH4(F) = Csz(r) + 3H2(r).
b. a) Beruncnure u 00bsICHUTE U3MEHEHHUE SHTPOITUU IS PEAKIINH:
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Cirraonr + 021 = COyry. 6) [louemy niporiecc HENOJIHOTO CrOPaHUS YIJIe-
pona o ypaBHeHu0: 2Crpaout) + O20ry = 2CO(r) conpoBokaaeTCs 00Ib-
[IUM YBEIUYEHUEM SHTPOIHH.

B. Berancnute v 00bsICHUTE U3MEHEHHE SHTPOIUH ITPU NEPEXOIE BOABI B Iap U
rpadura B aimas.

I'. CpenaiiTe npOrHO3 U3BMEHEHUS SHTPOIUU ISl pEAKIUK ITOTYy4YECHUS U3 MPO-
cThIX BeliecTB okcu10B azota (II) u azora (IV). PaccuuTaiite AS B 3THX pe-
aKIUAX [0 JAHHBIM IpHIoKeHHs. OOBICHUTE, TOYEMY PE3KO PA3INYAIOTCS
Yy HUX BEJINYUHBI AS .

. Peaxkuus ropenuss mertaHona nporekaer no ypaBHeHuwo: CH3;0H ) +
17051y = COyry + 2H 0 ). Beiunciure 1 00bSICHATE U3MEHEHHE SHTPO-
Uu B 3TOM nporiecce. OObsiICHUTE, KaK OyAET OTIIMYAThCS OT HAWJICHHOM
BEJIMYMHA U3MEHEHHMS SHTPOIHMHU ITPU MOJIYUEHUU 110 ITOM PEAKIUU KUIKOU
BOJBI?

E. PaccuurtaB nusmenenue suTponuu B peakuuu 2NOzq) <> N20 ) 1 yIUTBI-
Bas, 4TO NO(y okpauieH, a V20 yr) 0ecuBETEH, MPEACKAKUTE, YCUIIUTCS
nim ocitabeer okpacka B cuctreme NO,—N;04 ¢ pOCTOM TEMIEPATYPHI.

K. I'openue anerunena: CoHyqy + 2,500y = 2CO;q) + H>O ). Beruncnure n
OOBSCHUTE U3MEHEHHE YHTPOIHH B 3TOM Tiporiecce. Oriennre, Kak Oyner
OTJINYATHCSI U3MEHEHHE SHTPOIUH IPH MOJTYYEHHUH 10 TOW pEaKLIUH KHUT-
KOU BOJBI.

3. Beruucinte u3MeHEeHUE SHTPOIUHU JJIS PEAKIIUH MOTYYCHHs KapOua Kalib-
ous: CdO(]{) + 3C(]"PAQ)HT) = CdCz(]() + CO(F). OO0OBACHUTE U3SMEHEHHUE DH-
TPOIIMH B 3TOM MIPOLIECCE.

N. Beruucnure M3MEHEHUE HTPOIMHM JIJI1 PEAKIIMU TOpEHUsl OOpOBOI0OPOIA,
nporekaroiei no ypasueuuto: BoHeiry + 3020 = B203k) + 3H0). O0b-
SICHUTE U3MEHEHHUE SHTPOIIUHU B 3TOM Mporiecce. OueHuTe, Kak OyaeT OTIu-
YaThCs BEIMYMHA U3MEHEHUS SHTPOIIHUH [TPU MOJTYUYEHHUH T10 3TON pPEaKLNU
JKUJIKOU BOJIEI.

K. Brruncnure n3MeHEHHE SHTPONUH B CTAHAAPTHBIX YCIOBUSX JIJISI pEaKUU
TOPEHMS BOIOPOA, MPOTEKarouen 1o ypasaenuto: Hyiry + 72050y = H>O 1.

OOBsicCHUTE U3MEHEHUE SHTPONUHU B 3TOM Iporiecce. OLeHuTe, Kak oyer
OTJINYATHCS U3MEHEHHUE SHTPOINMHU [IPU MOTYUYEHUH IO ITOM PEAKLIMH KU -
KOU BOJBI.



25

JI. Berunciaure n3MEHEHHE SHTPOIUH B CTAHAAPTHBIX YCIIOBUSIX I PEAKLUU:
NH ;) + HCl iy = NH Cl ). O0BsICHUTE U3MEHEHUE SHTPOIUH B 3TOM IPO-
ecce.

M. Karasintrueckoe OKMCIEHUE aMMHAKa BbIPAXKAETCS YPABHEHUEM
4NH; )+ 50,0 = 4NO 1y + 6 H>0 ). Berancnute u 00bsICHUTE U3MEHEHHUE
SHTPONUU B ATOM Mporiecce. OueHnuTe, Kak OyJeT OTINYaThCs OT Hal1eH-
HOI BEJIMYMHA U3MEHEHUS SHTPONUU MPU MOJYYEHUHU IO 3TOM peaklHu
JKUJIKOU BOJIEL.

H. Peakuus ropenns amMmuaka Boipaxaercs ypasaenueM: 4NHz ) + 30, =
2Nzary + 6HO0 ). Beruncnure 1 00bSICHUTE U3MEHEHUE SHTPOIIUU B 3TOM
nporuecce. OueHnure, Kak OyAeT OTINYaThCs OT HAWJCHHOM BeJTMYMHA U3Me-
HEHUS SHTPONUU IIPHU MOJIYYEHHUH MO 3TON pEaKUUU KHUJIKOW BOJIBI.

O. Brruncnure u 00bICHUTE U3MEHEHHE SHTPONHH B MPOLIECCE PA3IOKEHUS
ammmuaka 2NH. 3 = M(r) + 3H 2(I)»

I1. Bperuncnure M3MEHEHUE SHTPONUHU JJI PEAKLIMU TOPEHUS CEPOBOAOPOA:
2H,S ) + 3020y = 2H,0 1) + 280;1). O0BsICHUTE U3BMEHEHUE SHTPOIIUU B
sTOoM Tiporiecce. OLeHnTe, Kak OyAeT OTINYaThCs OT HalWIEHHOM BeTMYnHA
M3MEHEHUS SHTPONUU IIPU MOJIYYEHUH IO 3TOM PEAKLIMH KUIKON BOJBIL.

P. Beruucinre n3MeHEHUE SHTPOIUU [T PEAKLIMU OKUCIIEHUS XJIOPOBOIOPOAA:
4HCIl iy + Oy = 2CL ). + 2H;0 ). O0BsCHUTE U3BMEHEHUE SHTPOIUU B
sTOoM Tiporiecce. OLeHnTe, Kak OyAeT OTINYaThCs OT HAaWIEHHOM BeTMYnHa
WU3MEHEHHUS SHTPONUU MTPHU MOJYYEHHUH 110 3TOM pEaKLUH KHUIKON BOJIBI.

C. Boiuucnure u 00bSICHUTE U3MEHEHHE SYHTPOIUY [IPH MOJIYYCHUU TUOKCUA
a3oTa. ZNO(F) + Oz(r) = ZNOZ(F).

T. Paccuuranite uamenenue surponuu B cucreMe Capaonr) + COqy) — 2CO o,
OOBsicHUTE, Ky/1a CMECTHTCS] PABHOBECHE C POCTOM TEMIIEPATYPHL: a) B CTO-
pony oOpa3oBanusi CO; 0) B cropoHy oopazoBanust CO;

Y. Peakuus ropenuns stiiieHa nporekaer no ypasHenuro: CoHyry + 300 =
2CO0;yr) + 2H,0 ). Boruncnure v 00bICHUTE U3MEHEHUE SHTPOIUHU B 3TOM
npouecce. OueHnure, Kak OyAeT OTINYaThCs OT HAWJCHHOM BeJTMYMHA U3ME-
HEHUS SHTPONUU IIPU MOJIYYEHUH 110 dTOM PEaKLIUH KUIKON BObBI

®. Bprunciure u o0bsicHUTE AS B mpouecce pasiioKeHus u3BectHaka Ca-
COg(]() = CaO(]() + COz(r)

3aganue Ne 3
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A. Tlpoananu3upyite SHTATBIUUHBIA U SHTPONUNHBIA (HaKTOPBI B peakluu
FeO + Cu=Cu0O + Fe. Bo3MoxHa 11 3Ta peakus npy H. y.? MoxxHO 11
no00paTh TEMIIEPATYPY, BBILIE UM HUXKE KOTOPOU peaklys TEPMOJUHA-
MHUYECKHU ObLIa ObI pa3pelieHa?

b. IIpu kakux TemnepaTypax BO3MOKHO CAMOIIPOU3BOJIbHOE IPOTEKAHUE PE-
AKIIUU 2C0(r) + 2H2(r) = CH4(F) + COZ(F)?

B. IIpu kakoil TemriepaType MEHSETCSl HANpPABJIEHUE MPOLECCA B CUCTEME:
4HCl ) + Oy = 2H,0 1y + 2Clyr)? X110p MM KUCIOPOJ SAIBIISIETCS O0Jee
CUJIBHBIM OKHUCJIUTEJIEM IPH H. y.?

I'. TTons3ysch cTanaapTHEIMA BemunHaMu AG® XxuMudecknx BemecTs (IIpH-
noxenue), Beranciaute AG peakuuit: PbOy) + Pb ) = 2PbO x) n SnOzx) +
Sn k) =25n0 k). Kakue crenenu okuciaeHus 00Jiee XapakTepHbI Il CBUHIIA
1 0s10Ba?

. Ilpu kakux temreparypax BO3MOXKEH ITpoLecc BoccranoBieHus Fez;0y 1o
ypaBHeHutO: Fes0yx) + CO ) =3FeO k) + COz)? Bo3MOXHA 11 3Ta peak-
LU [IPY CTaHJIAPTHBIX YCIOBUSX?

E. B 30-x rogax XX Beka npu NpOMBIILJIEHHOM OCBOCHUHU alleTUIICHA ObLIH
4acThl CiIy4yau B3pbIBa cxkaroro anetuieHa C,H,ry r3-3a caMonpon3BOJIib-
HOT'O pacriaja ero Ha coctapirsttomue 3neMeHTol: Capaonn 1 Ho). 11oue-
My BO3MOKEH IpoLEecC pacnaaa aueruieHa? MoeT 1 B3pbIBaThCs 0100~
HbIM 00pa3om 3t1ad C>Hg),? BeiBoI MOATBEpAUTE PACUETOM.

K. Ilpoananu3upyiTe SHTATBIUNHBIN U SHTPOIMUNUHBIN (HaKTOPBI B peaKluu
nosryaeHust MypasbuHoro ansaerunaa HCOryno peakuun: COr) + Hyny =
H,CO() Bosmoxna iu 3ta peakums npu H.y.? [Ipu kakux remmneparypax
peakius TEpMOJUHAMUYECKU pa3penieHa? PeanbHo Jau OCyIIECTBUTH 3TY
PEAKIIMIO MPU ITUX YCIOBUSAX ?

3. PaccuutaB AG peakiuii, HailauTe, Kakue u3 kapoonaton: BeCO;, CaCO;
i BaCO;3; — MOHO NIOJIyYUTh 110 PEAKIIMU B3aUMOIEHCTBUS COOTBETCT-
ByrOIuX okcuaoB ¢ CO, tipu H.y.? Kakas peakuus uaet Haubosee sHep-
TUYHO?

. IIpu kakux Temneparypax BO3MOXKEH IIPOLIECC BOCCTAHOBIEHUS: Fe Oz +
3H2(r) = ZFe(]() + 3H20(r)?

K. Ilpu kakux TemriepaTypax CTaHET BO3MOXHBIM NPOTEKAHUE PEAKIUU:
WO;wx) + 3Crraonry = Wy + 3COr)?

JI. A3oTHOE yoOpeHrne — HUTpaT aMMOHUS IPU HEOCTOPOXKHOM OO pallieHuu
(WK YMBIIUIEHHO) MOXKET CaMOITPOM3BOJIBHO B3PbIBATHCSA MO PEAKLIUU
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NH4NO3i) = N20r) + 2H,0 ). MOXxeT 11 caMmOnpOU3BOIIBHO pa3iiaraTbCs
xsopug aMMmonus 110 peakun NH4Cl) = NH; ) + HClr)? OTBeT nokaxu-
T€, COITOCTABUB 11 00euX peakiuii BeauuuHbl AG.

M. Ilpu Kakux TeEMIIEparypax XJIOp MOXKET pas3jaraTb BOAY IO YPaBHEHHIO:
2Chary + 2H,0q) = O+ 4HClp)? 11oueMy NOBBILIEHUE TEMIIEPATYPHL
CIIOCOOCTBYET ATOMY ITpolieccy?

H. Boccranosinenue Fe;Q4 BOIopo1oM poTeKaeT 1o ypaBHEHUIO: Fez0 i) +
4H ;) =3Fewx) + 4H,0 ). 1Ipn xakux TemnepaTtypax BO3MOKHA 3Ta PEaAK-
aus?

O. I[Ipu kakux Temreparypax IpoLecC TUCCOLUALUN XJIOPUCTOTO AMMOHHSI 1O
ypaBHenuto: NHCl) = NH;rry + HCl )y ctaner npeobnanarommm? Maet
JI OH IIPU CTAHAAPTHBIX YCIOBUAX?

I1. IIpu kakux TemMnepaTypax BO3MOXEH IIPOLIECC ITOJTyUYCHUS TUTAHA 10 PEaK-
auun. TiOz(]() + ZC(]"PAQ)HT) = Ti(]() + ZCO(F)?

P. MOHO JI1 TOYYUTh IIPH H. y. Kucnopod 1o peakuusam: 2Ch ) + 2H,0 ) =
02(1)."‘ 4HCI(F) 51 2F2(r) + 2H20(r) = 02(1)."‘ 4HF(F)? Ha ocroBannmn ImoJry-
YEHHBIX JaHHBIX pacnonoxure F,, Cl; u O; B psif 110 OKUCISAIOLIEN CITIO-
COOHOCTH TIPH H.Y.

C. ITons3ysch cTangapTHEIME BeanunHaMu AG” XUMHYECKUX BelecTs (Ipu-
J'IO)KGHI/IG), Beruncinte AG peaKuHﬁ: Fe203(K) + Fe(]() = 3F€0(]{) 51 PbOz(]()
+ Pb) = 2PbO ). Kakue crenenu okuciaeHus 00see XapaKTepHbI IS Ke-
Jie3a U CBUHIIA?

T. IIpu kakux Temreparypax BO3MOKHO CAMOIIPOU3BOJIbHOE IMPOTEKAHUE IIPO-
mecca ZNO(F) + Oz(r) = ZNOZ(F)?

Y. IIpu kakux Temneparypax HaYMHAETCS BOCCTaHOBJEHHUE kene3a Fe, 0z +
3C(]"PAQ)HT) = ZFe(]() + 3C0?

®. [Ipu KaKuX TEMIIEpATypax HAYUHAECTCA BOCCTAHOBIIEHUE xkeue3a Fe;Oyx) +
4Cirpaonr = 3Fex) +4CO?



IIpunoxenue

CranpaprTHble SHTAnbIUU obpasoBarus (AH';eg), aGCoMIOTHBIE SHTPOIUH
(S%598) 1 sHeprun I'n66ca o6pazoanust (AG'208) HEKOTOPHIX BEIIECTB.

BemectBo AH",3, S%50s, AG',93,
KJ5K/M0J1b Jlx/moab K KJ’K/M0J1b
ALOsx —1669,80 50,90 —1580,0
BaO —558,1 70,3 —528.,40
BaCOj;x —1218,8 112,1 —1138,80
BeO ) —610,9 14,10 —581,61
BeCOjsx —982 67,29 —944.75
B>0;x —1254 80,8 —1193,7
B>Hg ) 38,5 232.0 89,6
Cmas) 1,83 2,36 2,83
Carraonr 0 5,09 0
CH,r) —74,85 186,19 —50,79
CHy ) 226,80 200,82 209,20
CH 52,26 219,45 68,10
C)Hgr) —84,67 229,50 —32,90
CsHsin 49,0 172,8 124,5
CH;OH —201,17 2377 —161,88
CH;0H —238,6 126,80 —166,1
C,H;0H —277,60 160,70 —174,80
H;CO —115,90 220,1 —110,0
CO) —110,5 197,91 —137,27
COyr) —393,51 213,65 —394,38
CaOx —6335,6 38,10 —604,20
Ca(OH) 3 —986,50 76,1 —896,96
CaCOsx) —1206,87 92,8 —1128,75
CaCy —62,8 70,0 —67,8
Chay 0 222,95 0
Cu(]() 0 33,32 0
CuOy —155,2 43,52 —127,2
Foor 0 202.9 0
Fe(]() 0 27,2 0
FBO(]{) —266,52 54 —244,3
Fe;05x) —822,2 89,96 —740,3
Fe;0 4k —1117,1 146,4 —1014,2
Hr 0 130,59 0
HF —268.,6 173,52 —270,7
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BemecTBo AH"93, S"20s, AG"9s,
K/:x/M01b Jx/mMoab K K/2x/M01b
HCl —92.31 186,68 —95,26
H>;0 —241,83 188,72 —228.,59
H,0 ;1 —285,84 69,94 —237,19
H>S ) —20,15 205,64 —33.,02
NaF —573,6 51,3 —543,3
NaCly, —411,1 72,12 —384,03
Noin 0 191,49 0
NH;) —46,19 192,50 —16,64
NH Cl g —315,39 94,5 —203,88
NH/NO;i) —365.4 151,0 —183,8
N>O 81,6 219.9 104,2
NO 90,37 210,20 86,69
NO; 33,85 240,46 51,84
N2O0 1) 9,66 304,3 98,29
O 0 205,03 0
Pb 0 64,8
PbO —219,3 66,2 —189,1
PbO ;i) —276,6 74,89 —219,0
PCl; oy —306,35 311,66 —286,27
PClsy —398.,94 352,71 —324,63
Sroms) 0 31,90 0
Saronoxm 0,38 32,6 0,188
SO —296.,9 2481 —300,2
Sn(]() 0 51,6
SnOx) —286,0 56,5 —256,9
Sn0zx —580,8 52,3 —519.,9
Tig 0 30,7 0
TiO;x) —943.9 50,3 —888,6
|/ 4 0 32,7 0
WO;«x —842.,70 75,90 —763,80
Zng 0 41,63 0
Zn0x —350,6 43,64 —318,2
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