OHrenbCCKUM TEXHOJIOTMYECKUNA HHCTUTYT ((usinan)
dhenepanbHOro rocy1apCTBEHHOr0 OIOKETHOTO 00pa30BaTEIbLHOIO
YUPEKJICHUS BBICIIIETO 00pa30BaHus
«CapaToBCKHM TOCYIAPCTBEHHBIN TEXHUUECKUN YHUBEPCUTET
umMmenu ['arapuna FO.A.»

Kadenpa «EcTecTBeHHbIC U MATEMATUYECKUE HAYKI

OUSNYECKAA XUMUA

VYyebHoe nocobue asisi BBIMOIHEHUS KOHTPOJIBHBIX PaboT Mo Kypcy «Dusnyeckas
XUMUs» U1 cTyieHTOB HanpasiaeHui 18.03.01 «Xumuueckas texnonorus», 18.03.02
«39HEPro u pecypcocoeperaroiye nporecchl B XMMUYECKONW TEXHOIOTUH, HEPTEXUMHH
u ouorexHosoruny», 04.03.01 «Xumus» 3a04HO0M POpMBI 00yUEHUS.
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OBIIUE METOANYECKHUE YKA3AHUSA

dusznueckas XUMHS — 3TO Hayka 00 OOIIMX 3aKOHAX, OIMpenessSIONINX
CTPOE€HHE M XHMHYECKHE IMPEBPAIICHUS BELIECTB NPH PA3IMYHBIX BHELIHUX
ycnoBusix. OHa SBISETCS OCHOBHBIM TEOPETHYECKUM (DYHIAMEHTOM COBPEMEHHOM
xumun. I[lpeameroMm @usnuecko XuUMHUU SBISIETCS OOBIACHEHHE XHMHUYECKUX
SABJICHUM Ha OCHOBE OoJiee 001X 3aKOHOB (pu3uku. M3yueHue puszndeckoil Xummun
JTA€T BO3MOKHOCTH TOHSTH 3aKOHBI XUMHUU U (DU3UKU, a TaKXKe IMPEIACKA3bIBAThH
XUMHYECKHUE SIBIICHUS U YNPABIATh UMH. [[03TOMY 3HaHWE 3TON AUCUUILIIUHBI JJIS
Oynymux OakaldaBpOB OTKpBIBACT OOJbIIME BO3MOKXHOCTU IS  PEIICHUS
pa3IMYHBIX  3a/Ja4, BCTPEYAIOLIMXCA Ha TMPOU3BOJACTBE © B  HAYYHO-
UCCIIEI0BATEIBCKON AEATENBHOCTH.

3Hanue Kypca (pU3NIECKON XUMUU HEOOXOIUMO U JIJISl YCIEIIHOTO U3YYECHUS
MOCHEeNYOIUX AUCHUIUIMH. CTyA€HTbhl IOJKHBI IMPOYHO YCBOUTH  OCHOBHBIE
3aKOHBl M TEOpUH (U3UYECKON XUMUU U OBJAJETh TEXHUKOW XHMHYECKHUX
pacyeToB; BbIPAOOTaTh HABBIKM CAMOCTOSITEIBLHOTO BBIIOJHEHUS XUMHUYECKUX
AKCIIEPUMEHTOB U 000011IeHHs HA0TI0JaeMbIX (DAKTOB.

OCHOBHO BUJl y4€OHBIX 3aHATHIA CTYJEHTOB-320YHUKOB — CAMOCTOSITEIbHAS
pabota Hax yueOHbIM MaTepuasioM. [1o kypcy gpusndeckoil XuMUU OHA COCTOUT U3:
U3yYEHUs Marepuajia 1o ydyeOHMKaM U Y4eOHbIM HOCOOMSIM; BBINOJIHEHHUS
KOHTPOJIBHBIX 3aJIaHNN; BBIIIOJIHEHHUS 71a00paTOPHOTO IIPaKTUKYMa;
WUHAUBUYAJIBHBIX KOHCYJIbTAIMI; TOCEIIECHMS JIEKIUI; CIauu SK3aMEHa.

PaGora ¢ yuyeOHmkom. M3yuarh Kypc PpEKOMEHAYETCS IO TEMaMm,
[PEeIBApPUTEIBFHO 0O3HAKOMHUBIIKCH C COJAEPKAHUEM KaKJI0OM U3 HUX IO IPOTrpaMMe.
IIpy mepBOM 4YTEHUMM HE 3aJCpXKUBAWTECh HA MAaTEMaTUYECKHUX BBIBOJAX,
COCTABJICHUM YPaBHEHUW pEakLMii; cTapalTech MOJY4YUTh OOIIee MpPEeICTaBICHUE
00 HM3MaraeMeIX BOINpOCAX, a TAKXKE OTMEYAWTE TPYJAHBIE WA HESICHBbIE MECTA.
BHumaTenbHO mNpoyMTalTe TEKCT, HamedyaTaHHbld ocoObiM mmpudrTom. Ilpu
MOBTOPHOM  H3yYE€HUU TEMbl YCBOHMTE BCE TEOPETUUYECKUE IOJOKEHHUS,
MaTeMaTUYECKHE 3aBUCUMOCTH M WX BbIBOJAbI. BHUKalNTE B CYIIHOCTh TOrO WJIH
MHOTO BOIpOCAa, @ HE MbITAWTECh 3allOMHUTH OTAENIbHbIE (DAKTBI U SBIICHHUS.
N3ydenue m000ro Bompoca Ha YpOBHE CYIIHOCTH, a HE Ha YPOBHE OTIEJIbHBIX
SABJICHUM CHOCOOCTBYEeT OoJiee TiyOOKOMYy M MPOYHOMY YCBOCHUIO Marepuaa.
YroObl myyllle 3aIOMHUTh M YCBOUTH M3y4aeMbIil MaTepuaj, Halo 00s3aTesIbHO
UMeTh padouyl0 TETpajab U 3aHOCUTH B Hee (OPMYJIMPOBKU 3aKOHOB U OCHOBHBIX
MOHATUM XUMHUHM, HOBBIE HE3HAKOMbIE TEPMHHBI W Ha3BaHWs, (QOpPMYJBl U
YPaBHEHUS pPEaKLUil, MAaTeMAaTUYECKHE 3aBUCUMOCTH U UX BBIBOJBI U T. . Bo Bcex
cllydasix, KOrJla MaTepuan MNOJJaeTcs CHUCTeMaTH3alliH, COCTaBisiiTe rpaduku,
CXEMBbI, AuarpaMmsbl, Ta0auIbl. OHM OYeHb 00JIeryaroT 3allOMUHAHUE U YMEHBIIAIOT
0o0beM KOHCHEKTHpyemMoro marepuaina. [loka TOT wiM WMHON pa3faen He YCBOEH,
NepPeXOAUTh K M3yUYECHHUIO HOBBIX pa3leioB He cieayeT. KpaTkuil KOHCIEKT Kypca
OyZeT moJie3eH MpU MOBTOPEHHM MaTepuaia B MEpPUOJ MOATOTOBKH K IK3aMEHY.
N3yuenune Kypca JOJDKHO 00S3aT€IBbHO  COMPOBOXKIATHCS  BBIMOJHEHUEM
YOPaKHEHUA W pelleHueM 3ajad (CM. CHUCOK PEKOMEHJIOBAaHHOM JIUTEpaTyphl).
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Pemienune 3agad — OAuH M3 JIyYIIMX METOJOB MPOYHOIO YCBOEHUS, MPOBEPKU M
3aKpeIJICHUs] TEOPETUUECKOTO MaTepurara.

Kontposabnblie 3amanusi. B mpoiecce uzydeHus Kypca XUMHHU CTYJICHT
JIOJKEH BBINOJHUTH KOHTPOJBHYIO pa0oTy. K BBIMOJHEHUIO KOHTPOJIBHON pabOThI
MOXHO TPUCTYHUTh TOJBKO TOT/a, KOraa OyAeT U3yuyeHa OIpejeseHHAas 4acTb
Kypca M TIIATEJBHO pa3o0paHbl pEIICHUs TMPUMEPOB, MNPUBEIACHHBIX MEPE
3a/layaMi K COOTBETCTBYIOIIUM TeMaM KOHTPOJbHBIX 3aIaHUM.

Pemienue 3aad W OTBETHl HA TEOPETUYECKHUE BOIPOCHI JTOJDKHBI OBIThH
KOPOTKO, HO Y€TKO 0OOCHOBAHBI.

[Ipu pemieHnyn 3a7ad  HYKHO TMPUBOAWTH BECh XOJl pEIICHUS WU
MaTeMaTudyeckue mnpeodpazoBaHusi. ['paduku, KOTOpble HEOOXOAMMO BBHITIOJHUTH
[0 YCIIOBUSAM 3a/Iauyd YEpTATCS Ha MUJUTMMETPOBOM Oymare WM BBITIOJHSIIOTCS B
9JICKTPOHHOM BapuaHTe B (opmate EXcel C ykazanumem Ha ocsiX KOOpAMHAT
OTJIOJKCHHBIX BEJIMYHH, COOJIFOIast MAacIITaOHOCTb.

KonTtponbsHas pabota nomkHa ObITh aKKypaTHO odopMIIEHA; JJI 3aMeYaHui
pELIeH3EHTa HAJl0 OCTAaBJISATh MOJIsI; MUCATh YETKO U SICHO; HOMEpa M yCJIOBUS 3a71a4
MepenuchiBaTh B TOM MOPSAJIKE, B KAKOM OHM yKa3aHbI B 3aJaHUU. PaboThl TOTKHBI
OBITh JaTUPOBAHBI, MOJMHUCAHBI CTYJAECHTOM M TMPEJICTABICHHI B HMHCTUTYT Ha
pELIeH3UPOBaHUE.

Ecnu koHTpoOsibHASI paboTa HE 3aUTeHa, €€ HYKHO BBITIOJIHUTH BTOPOM pa3 B
COOTBETCTBUM C YKa3aHUSIMM pELEH3EHTAa M  BBICIATh HA IOBTOPHOE
pEeleH3UpOBaHNE BMECT€ C HE 3auyTeHHOM pabotoil. VcmpaBieHus crieayer
BBIIIOJIHATh B KOHIE TETPagd, a HE B PELEH3UPOBAHHOM TekcTe. KoHTposbHas
paboTa, BBHINIOJIHEHHAass HE IO CBOEMY BapuaHTy, TMpernojaBaTeieM He
PELIEH3UPYETCS U HE 3aUUTHIBACTCHL.

JlabopaTtopHublie 3ansiTus. [l rryOokoro u3ydeHus (pU3MYECKON XUMUU
KaKk HayKd, OCHOBAaHHOM Ha DJKCIHEPUMEHTE, HEO0OXOAUMO  BBIMOJHUTH
nabopatopHbie paboThl. CTyACHTHI BBHIMIOJHSIIOT UX B MEPHOJ JIabOpaTOPHO-
AK3aMEHAIMOHHOW CECCHUU.

Koncynbranmuu. Ecnu y cTyfieHTa BO3HUKAIOT 3aTPYAHEHUS TIPU U3YUYECHUU
Kypca, clieyeT oOpalathbcsl 3a KOHCYJIbTAllMeW B MHCTUTYT K MpenojaBaTtelto,
pELEH3UPYIOLIEMY KOHTPOJbHbIE pa0oThl. KOHCYNIbTallMM MOXHO MOJYyYUTH 10
BOIIPOCAaM OPTaHHU3aIlMK CAMOCTOSITEILHOM pabOThl U MO IPYTUM OPTaHU3AIMOHHO-
METOAUYECKUM BOIIPOCAM.

Jlekuuu. B mnomompb CTyAeHTaM YUTAKOTCS JIEKIUMU [0 BaKHEUIIMM
pasznenam kypca. Jlekimu 4MTaroTCs B MEPHOJl YCTAaHOBOYHOM W J1aOOpaTOpPHO-
AK3aMEHAIMOHHOW CECCHUU.

Ik3ameH. K craue sx3aMeHa JOMYCKAIOTCS CTYJEHTHI, KOTOPHIE BBIMOJHUIN
KOHTPOJIbHBIE 3aJIaHuUs U JTa0OPATOPHBINA MPAKTUKYM.



KOHTPOJIBHBIE 3AJTIAHUSA

Kaxnplii  CTyZeHT  BBINOJHSAET  BAapUaHT  KOHTPOJBHBIX  3aJaHU,
COOTBETCTBYIOIINIA CyMMe€ JIBYX MOCJIEIHUX (P HOMEpPA CTYJECHUYECKOTO OMiieTa
(mmdpa). Hampumep, Homep cTyaeHdeckoro omiera 80594, nee nociaeanue nudpsbl
— 94, uM cooTBeTCTBYET BapuaHT 13 kaxao# 3amgaun (CMOTpU TaOIUIly BapUAHTOB
KOHTPOJIbHBIX 3a/IaHUH ).

[lepen kaxapIM 3aJaHWeM B MOCOOWMH JAIOTCS PEKOMEHIAIMA W TPUMEP
pelieHus 3a1a4u.

3aganmue 1

Pexomenganuu.

CornacHo nmepBoMy CIIJICTBHUIO 3aKkoHa 'ecca, cTaHAapTHBIN TEeIoBOM ekt
npu noctosiHHBIX P m T (crammapTHas 3HTaNIbINA) XUMHUYECKON pPEaKINH
BBIYHUCIISICTCS TAKUM 00pa3oM

(6]

AR peaaumn = ZVnpod .AH006p.np00. ~2 Vuex. 'AH006p.ucx. ’
re vV — CTeXHOMETpHYecKre KOA(D(PHUIMEHTHl MPOAYKTOB PEaKIUu («IPOJ.») H
MCXOIHBIX BELIECTB (MHICKC «HCX.»), AH’y, — CTaHIapTHBIC DHTAIBINN
00pa3oBaHus MPOIYKTOB PEAKITUN WU UCXOHBIX BEIIICCTB.

Jnsa  pelieHuss 3agayd  paccMaTpUBaeM PEAKLIMIO CTOpaHUs JaHHOIO
BemecTBa, npuHUMas AHpeaum= AH’cop. Toe AH.,p, OSHTAIbOHS CropaHus
JAHHOT'O BeliecTBa, Oepércs u3 mputoxenus 1. DHTanenus obpazoBanus CO,u
H,0O (k) HaxoguTcs B ipusioxkeHuu 2. [loacTaBisst TH 3HaUCHUSI B ypaBHEHUE J1JIsI
AHOpeaKum BBIYUCIIIEM UCKOMYIO SHTAJIBITUIO 0Opa30BaHMUS.

3agauga Nel

BoruucinTh cTaHIapTHYIO SHTAIBINIO 00pa3oBaHus coearHeHus (Tabnuna 1) mpu
298 K u P = 1,0133-10°I1a, eciy M3BECTHA €rO SHTAIBIIHS CrOPaHHS (IPHIOKEHHUE
2). llponyxktel cropanusi: CO,, Hy, No.

Tabnumna 1

Ne BEILIECTBO Ne BEIIECTBO
BapuaHTa BapuaHTa

1 CgHg (5x) 6enzon 11 C,HgO (3x) aTanon

2 CH, () Metan 12 C3HgOj3 () rmunepun

3 C,H, (1) anetriien 13 CeHsO (k) benon

4 C,H, (1) sTunen 14 C3HgO (k) aneton

3) C,Hg (1) aTan 15 CH,0, (k) MypaBbHUHas K-Ta

6 C;Hg (1) nponunen 16 C,H,0, (k) ykcycHas K-Ta

7 C3H8 (F) IIpoIIaH 17 C10H16O (K) KaM(bapa

8 CeH;N (k) anunun 18 C,H;sO, (5k) STUIICHTTTUKOJIb

9 C;Hg () Tomyon 19 C1oH2,01; (k) caxapo3a

10 CH,ON,(x) MoueBHHA 20 CyoHg (x) HadTamuu




IIpumep pewmenusi. Bapuant 20:

lano:

T=298 K

P=1,0133 -10°TIa

AH’op = -5156,78 xJIx/MOIB
AH006p.C101_18 (Kp) -?

Pemenune
Jlnst pelieHust  3a/1a4M UCIOJIb3yeM TI€pBOE CIIECTBUE U3 3aKoHa ['ecca:

AHOpeaKHHH =2V 0. ) Viex.” AH°

ALJO
npoo. AH 00p.npo 00p.ucx.

3anwuiieM ypaBHEHUE PEAKITUH:

CioHsg (xp.) + 120, (r) = 10CO; (1) + 4H,0 (k)

AHocrop (C10H8 (Kp) = [10 'AH006p (COZ(F) +4AH006p HZO ()K)] - [AH006p(C10H8 (Kp)
+ 12AH’6,0; (1)), e

AH’, - CTaHZapTHBIC TEIUIOTHI OOPa30BaHUsS COOTBETCTBYIOLINX BEIICCTB.
3uauenust H' g, 6epéM 13 Tabmuipl 3 MpriIokeHnst K MeTOIMIeCKUM yKa3aHHsIM:
AH’ 6, CO; (T) = - 393,51 kJIx/MoJ1b

AH’ 6, HyO (x) = -285,84 xJ[x/Moub

AH’5, Oz (r) =0, T.K. O, IPOCTOE BEIIECTBO

Bripa3uM cTaHIapTHYIO SHTANIBINIO 00pa30BaHus HaTaIMHA:

AHoo6p.C10H8 (KP) = [10 'AH006p (COZ(F) +4AHOo6p H20 ()K)] - [AHocr.(CloHS (Kp) +
1 2AH006p02(I‘)]

AH’.6, C1oHs (kp.) = [10-(-393,51) + 4(-285,84)] — [-5156,78 +12.0] = 78,32
kJI>k/MOJIb

Orset: AH,5, C1oHs (xp.) = 78,32 k[ x/Moib

3aganue 2

PexoMmenganuu.

CraHgapTHYIO BHYTPEHHIOIO SHEPIHIO (CTaHAAPTHBIMA TEMIOBOM 3P ekt mpu
nocTostHHBIXV U T) peakunu HaxX0AUM U3 COOTHOILICHHUS:
AHOpeaKHI/II/I = AUOpeaKHI/II/I + AnRT,
rae AN — W3MEHEHHE 4YHCia MOJIe ra3o00pa3HbIX BEIIECTB MPU MPOTEKAHUU
peakiuu (cineBa HampaBo). Eciu Bce mMapTHEPHI peakiUMU  HAxXOMSITCS B
KOH/JIEHCUPOBAaHHOM COCTOSIHUM (KMJIKOM WJIM TBEPAOM), TO MOKHO IMPHUHSATH, YTO
SHTAJIBIINS U BHYTPEHHSS DHEPTUSI PEaKIUU NPUOITKEHHO PaBHBI.

3agauya Ne?2

Boruucnure tersoBoi 3¢ dekT xumuyeckor peakiuu npu 298 K (tabmuua 2) u
ompenennTe, Ha CKOJIbKO TMpu 3Tod Temneparype oriauvaercs AH ot AU.
HeoOxonumble naHHbIE B3STh U3 MPUIOKEHUS 3.
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Tabmauma 2

Ne YpaBHEHUsI peakui Ne YpaBHeHUs peakuui
Bapu- Bapu-
aHTa aHTa
1 N204 = 2NO; 11 | 4NH3+50, = 6H,0 + 4NO
2 2NO + Cl, = 2NOCI 12 CCls + 4 H, = CH, + 4HCI
3 2NO; =2NO + O, 13 2S; + CH, = 2H,S + CS;
4 C,HsCl = CoH4 + HCI 14 | CO +3Hy;=CH4 + H,O
5 Co,H4 + H,O = C,Hs0H 15 Cl, + CO =COCl,
6 2Nz + 6 H,O = 4NH;3 + 30, 16 | 4HBr + O, = 2H,0 + 2Br;
7 4C0O +250,=S5,+4 CO, 17 CH4 + Br, = CH3Br + HBr
8 CO; + 4H, = CH4 + 2H,0 18 F,+ H,O=2HF+ 0O
9 CoH, + H,O = CH;COH 19 3C2H2(r): C6H6(r)
10 4H1 + O, = 2H,0 + 21, 20 | SO, + Cl, = SO,Cl,

IIpumep pemienus. Bapuanr 20:

Hano:

AHgy, =0

AHSo,, =- 296,81 2
AHSo, ¢ty = -358,70 ;fi

(o] — 0 —
AH peakuyu — ?1 AU peakuuu— 7
Pemenue

SOy(r) +Cl, (r) =S0,Cl, (1)

Jl1d pemenus 3a1a4u UCMOJIb3yeM MEPBOE CIEACTBUE U3 3aKkoHa ['ecca:
0 _ . o _ ) o

AH Pea““““_zvnpod AH 06p.npoo. 2 Vyex. AH obp.ucx.

AH’ pepann = 1+ (-358,70) — [1 - (-296,81) + 1.0] = - 61,89 Tx\moub

An=2-1=1

AU = AH’jeoxmn - ANRT

AU =-61,89—-1-8,314 - 298 =2539,46 J>x/mMoI1b

OtBet: AH ot AU otiinyaercs Ha: 2539,46 — (-61,89) = 2601,35 Ix/Moib

3aganue 3
PexomMenganuu.
M3MeHeHre SHTPOIMH BBIYHCIIAETCS 110 (hopMyJIe:
N _ QO B Q0
AS peaxunu—zvnpoa. S npoo. > Vuex. S ucx.




r7e S - CTaHJapPTHBIC SHTPOMHUM YYACTHUKOB PEAKIUU, V — CTEXHOMETPHUUYCCKHE
KO3 UITUEHTHI.
Oueprus ['n66ca G m sueprus ['enpmromnsiia F BeraucistoTes mo Gopmymam:

A G°=AH’-T AS°

°=A G+ AnRT,

riae AN— W3MEHEHHE YHCJIa MOJIeH Ta3000pa3HBIX BEIIECTB MPU MPOTECKAHHUH
peakiuu (cieBa HampaBo). BepxHuii HHIEKC «°» yKas3bIBa€T CTaHIAPTHBIE
COCTOSIHUSI YYaCTHUKOB peakuuu. Ecinu uzmenenue suepruu ['mb0ca unum sHepruu
['enbMronbila MeHbIIE HYJA, TO peakuus UAET B MPSIMOM HaIpaBJeHUU (ClieBa
HanpaBo) rpu (p, T) = const wim (V,T) = const, coOTBETCTBEHHO.

Oueprusi ['mbbca — 3TO 4YacThb BHYTpPEHHEH JHEPruHu, KOTOPYIO CHCTeMa
MOXET OTAaTh okpyxatoieit cpeze. [loaTomy e€ Ha3bIBatOT CBOOOIHOM (OCTambHas
4acTh Kak ObI 3amepTa — «cBsizaHa»). Jliis pacuéra nonb3yrorces Gopmynoi:

AG, = -RTInK,
rae AG, — cranpaptHasa sHeprus ['m60ca, K, - KoHCTaHTa paBHOBECHS.

3agaua Ne3

JUist  XUMHYEeCKOW peakiuu, yKa3aHHOW B TaOnuie 2 (Bce peakuuu
MPOTEKAIOT B Ta3oBbIX (asax), Beramciuts AS’, AG’, AF, Kp mpu T = 298 K,
MOJTB3YSICh CIIPABOYHBIMU JTAHHBIMH TAOJHIIBI 2 TPUIIOKEHUS.

CraenaTth BBIBOJIBI:

1. SIBngercs nu naHHas peakus SK30TEPMUUYECKON UM SHAOTEPMUYECKOM?
2. Kak u3meHunach SHTPOMUS CUCTEMBI MTOCIIE MPOTEKAHUS PEAKIINH?
3. [IpoTekaet 1 [aHHas peakius CaMOIPOU3BOJIHLHO MPU CTAHAAPTHBIX YCIOBUSIX ?

IIpumep pemienus. Bapuanr 19:

Jlano:

3C2H2 (F): C6H6 (F)

AH’598 CoH, (1) anetunen = 226,75 kJIx/Mob
S%9sCoH, (r) anermnen = 200,80 Jlx/mMons K
AH’598CsHs (1) Genzon = 82,93 kJ[x/MOIIb
80298 CGHG (F) OEH30I1 = 269,20 I[)K/MOJ'IB K

Pewrenue :
1. TennoBod 3p(}exT XMMHUYECKOW peakluud HAXOJUTCA C TOMOUIBI0 MEPBOTO
CHC}ICTBI/IH 3akoHa [ ‘ecca:

. o — . o
AH peaKuMM ZV}’lpO(). AH 06pnp0() Z VMCX. AH 06p_uc_x_

AH’ pearm = 82,93 — (3- 226,75) = 82,93 — 680,25 = -597,32 x/[x/mMonb
2. I3MeHeHue 3HTp0HI/II/I BbIYMCIIAETCS 110 (hOpMYJIE:

AS® peasamn Zvnpod npod_z Vucx.'soucx.



AS® o= 269,2 — (3 - 200,8) = -333,2 Jlx/momb K

3. Dneprust [1606ca G BwIuKcHsieTcs 1Mo popMyIie:
A G°=AH’-T AS°

AG°=-597,320 X4 _(-333,2 4% ).298 =-597320 + 99293,6=

MOJlIb MOJ1b
= -498026,4 JI>x/M0ab
Oueprus ['enpMronbia F Beruucisiercs no Gopmyre:
AF°=A G°+ AnRT
An=3-1=2
AF° =-498026,4 + 2 - 8,314 - 298 = -493071,256 JIx/M011b
Otser: Peakuus uaET B mpssMOM HampasjieHuu (clieBa Hampaso), T.K. A G°< 0.

3aganue 4

PexoMenganumn.

3aBUCUMOCTh TEIIOBOro 3(deKkTa peakiuu OT TeMIepaTyphl BBhIpaXKaeTCs

ypaBHeHuem Kupxrodda:

T
AHp = AH® + [, AC,dT (1)

M3MeHeHne TEII0EMKOCTH B X0/1€ XMMUYECKON pPEaKIUU:
ACH(T)= aa +abT + acT™ )
Koaddummentsr Aa, A, Ac’ onpenensitores no GopmyIe:
Ad = Zvidimponyxros) — XVii(pearerros)TAE V — CTEXMOMETPHYECKHN KODPPHUIUEHT
ypaBHEHUs peakiuu. Ab 1 Ac pacCUMTHIBAIOT aHATIOTUYHO. 3HAYCHUS Aipogyiros) X
Qj(pearcrros) CIIEMYET OPATh U3 CIIPABOYHBIX JAHHBIX.

3agaua Ned

JIJis XUMUYeCKON peakiny, YKa3aHHOW B TaOnuile 2, BBIYMCIUTH TETIIOBOM
apdext (AH), mamenenne sHTpomuu (AS), m3meHenune sHeprum [ubbca (AG) u
koHcTauTy paBHoBecus (K) mpu temnepatype T = 500 K. Onpenenuts HampaBieHHe
XUMHYECKON PEAKIIUU.

3aganue 5

Pexomenpauuu.
HeoOxoaumo wcmonb30BaTh ypaBHEHHE HM30TEPMbl XUMHUYECKOW peakiuu. Jlis
XMUMHYEeCKOH peakiiuu Buaa aA + bB = eE + rR:



AFy ;= RT - (ln ?fa:?fb - anC),

A “~B

Ce {:r
rae K¢ — xoncranra pasnosecust: Kg = —E E :
CACB
C’ — ucxonHble (HEpPAaBHOBECHBIE) KOHIIEHTPALIUH BEIIECTB;

C —paBHOBECHBIEC KOHIICHTpAIUH;
AF, ; - sueprus I'enbpMmrosibiia.

YpaBHeHHe pacCMaTpuBacTCA B YCIOBHAX ITOCTOAHCTBA COCTaBa ra3oBOM CMECH.
210 03HAa4YacT, 4TO IIOCJIC TOI'O, KaK IIpopcarupoBajIo YnCJIO MOJIEH KOMIIOHCHTOB,
PaBHOC CTCXHMOMCTPUICCKUM KOI)(b(l)I/IHHGHTaM B YpaBHCHHHU PCAKINH, HAYAJIBHBIC
KOHOCHTPpAaINH C ocrarorcsa IMPAaKTHYCCKN HCHU3MCHHBIMU. Takoe YCIIOBHUC

JOCTHUI'acTCA, €CJIIM MaCCa CMCCH I'a30B BCJINKA. Ecau IIOJIYUYCHHOC 3HAYCHHC AFV T

OKQ)KETCSl MEHbIIIE HYJISI, TO PEaKIs MOUAET B CTOPOHY O0Opa30BaHUS KOHEUHBIX
POJIYKTOB PEAKIIHH.

3agaua NeS

Koncranta paBHoBecus peakiuu H; + 1, = 2HI npu 693 K paBna 50. O6pazyercs
U WOIuA BOAOPOJ]A, €CIIM MCXOJHBbIE KOHIEHTpauu (MoJib/i1) paBHbl X Ho; y 1y;
zHI (X, y u z nansl B Tabauie 3). BeriecTBa B peakiIMOHHBIH COCY/I MMOCTYMAIOT U3
GeCKOHEUHO GONBIIMX EMKOCTeH. Moau Boaopoa BHIBOAUTCSA U3 PEaKIHOHHOIO
cocynia B EMKOCTh OECKOHEYHO OOJIBIIOT0 00bEMA.

Ta6auna 3
Ne X y z Ne X y y4
BapHaHTa BapHaHTa
1 2 5 10 11 0,5 1,5 5
2 1,5 5 5 12 1,5 2 10
3 1,5 0,25 5 13 025 |15 5
4 1 2 10 14 1 4 7
5 0,25 1,25 4 15 125 ]2,25 10
6 0,2 0,5 5 16 2,25 | 5,25 7,25
7 1 3) 9 17 1 2 3)
8 2 6 10 18 1,5 2,5 9,5
9 3 3) 10 19 0,5 3 10
10 2,5 5 8 20 2 6 10

10



IIpumep pewmenns. Bapuant 20:

Jiis xumudeckoi peakuun  aA + bB =eE + IR

H2 + |2 = 2HI
re , It e r
Cg-C
AFy 7 = RT - (lnﬁ — anC>; Ke=—ER
A B CACB
2
AR, =RT|In—HL__jnsg
2 2
8,314—""_.693K -(In100-In12-3,912)=
MOJIb -
8,314-693-(4,61—2,48—3,912):—10267,17 Ak
MOJlb
Otser: [lonyyenHnoe 3HaueHue AF,; = -10267,17 Jx/mMoib, T.e. MEHbIIE HYJIA.

Peakuust noii€t B cTOpoHy 00pa30BaHUs KOHEUHBIX MMPOYKTOB PEAKLIUH.

3aganue 6

PexoMenganumn.

Heo6xoaumo noctpouts rpaduk 3aBucumoct IgKp =f(1/T) u HaiiTu TaHreHC yria
HaKJIOHa (momycTuM, tgo) MOJyYeHHOM TpPsIMOM K OCH aOCITMCC, KaK OTHOIICHUE
MPOTUBOJICKAIIETO KaTeTa K MpujiekalieMy, B3ATbIX B €IUHUIAX H3MEpPEHUS
COOTBETCTBYIOIIMX OCEH KOOpAWHAT. Torma HSHTAIbOUS XUMHYECKOW pPEAKIHNHU
BBIYUCIISICTCS] TAKUM 00pa3oM:

AH= 2,303 Rtgo.

3agaua Ne6

3aBUCHUMOCTh KOHCTAHTBI PABHOBECHS OT TEMIIEPATypPhl PEAKIINU

2CO + 2H; = CH4 + CO, BbIpaxkaetcsi ypaBHEHUEM:

IgKp :@—2,8510_3 T +18,539+3,113-IgT

Haiitu rpadmyecku SHTAIBIINIO XUMUYECKOW PEAKITUU MIPHU 3aJaHHOU TeMIIepaType

(Tabmuma 4).
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Taomuna 4

No Temmnepatypa, "C No Temmeparypa, °C

BapuaHTa BapuaHTa
1 20 11 5
2 30 12 15
3 40 13 25
4 50 14 35
3 85 15 45
6 70 16 55
7 80 17 65
8 90 18 75
9 100 19 60
10 10 20 95

IIpumep pewmenus. Bapuaunt 20

Jlano:
2CO + 2H, = CH4 +CO,

lgK, = 11088/T — 2,85-10°>.T + 18.539 + 3-113 IgT

t°C =50

TK=323K

AH -?
Penienue

Jns pemenus noctpouMm rpadux 3asucumoctu IgK, ot 1/T.
PemnM ypaBHeHUs1, 4TOOBI ONPEIETUTh TPU 3HAUYCHUS Ing
Iycrs T1 =323 K; T, =333 K; T3=343K;
lgK; = 11088/323 — 2,85-10%.323 + 18.539 + 3-113 19323 = 59,75
lgK, = 11088/333 — 2,85-10°-333 + 18.539 + 3-113 19333 = 58,75
lgK,s = 11088/343 — 2,85-10°%.343 + 18.539 + 3-113 19343 = 57,78
Haxomum 1/T:
1/T; = 1/323 =3,0959 -10°®
1/T, = 1/333 =3,003 -10°®

1/Ts = 1/343 =2,9154 -10°3

[TocTpouM rpaduk n HalAEM 3HaUEHUE YIII0BOro KO3 puiueHTa

12

lgkp ©0
; I359,5 //
59 F
58,5
58 7
57,5
2,9 3 3,1 3,2
1/T-10°




=10944.4

tga. = 59,75-57,78 _ 197
0,00309-0,00291 0,00018

IgKp = 11?ﬁ—z,aam—?’ T +18,539+3,113-IgT

HatimenHoe 3Ha4eHUE MOJICTaBUM B YpaBHEHUE:

AH =23 -R-tga

AH=23-8,314 -10944,4 = 209281,01 JI>x/Mo0b

Otset: AH=209,3 kJ[>x/M0J1b.

3agaua Ne7

I1o 3aBMCHMOCTH 1aBJIEHUS HACBILIEHHOIO I1apa OT TEMIIEPATYPHI:

1) moctpouts rpaduk 3aBucumoctu Igp ot 1/T;

2) OmIpeneNuTh 1o TpaduKy KOOPAUHATH TPOWHOW TOYKH;

3) paccuuTaTh CPETHIOKO TEIUIOTY UCTIAPCHUS M BO3TOHKH;

4) ompenenuTh NPHONMKCHHYIO TEMIIEpaTypy KHIICHHUSI
HOPMAJIBHOM JIaBJICHUY;

BCHICCTBA IIpHU

5) ompenenuTh TEIUIOTY IUIABJICHHUS BEIIECTBA IMPH TEMIIEpaType TPOMHOU

TOYKHU;
6) ompeAenuTh YKCIO TEPMOAMHAMUYECKHX  CTCICHEH
CJIEIYIONIMX 3HAYCHUAX TEMIIEPATyPhl U JaBIICHUSA:

a) TTp.T.! pr.T.; 6) TH.T.K.! P - 1 aTM; B) TH.T.K.! pr.T'
HeoOxonumbie s pacyeTa JaHHBIE B3SITh U3 TaOJIUIIBI 5.

CBOOOZIBI  TIpHU

Tabnumas
Bapuant TBepmoe cocTosiHue Kunkoe coctosiHue YcnoBus
T,K p, H/m® T,K p, H/m*
1 245 7999 250 23326 M =27
255 13305 255 27195 P =850:10IIa
258 17995 260 31861
259 19995 268 40293
266 23326 272 47991
2 205,0 16796 219,7 56310 M=1275
208,5 19195 2240 59985 P =600-10° ITa
209,0 22662 226,71 74650
213,0 29859 229,2 75981
216,4 35991 2314 83479
220,5 45988 232,5 87078
224.0 59985
3 230 26260 236 63315 M =52
233 31458 246 78647 P =350-10°TTa
237 39990 248 83979
240 49997 249 86645
243 58518 252,5 96942
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Bapuant TBepnoe cocTosiHue Kupnkoe cocrosiHue YcnoBus
T, K p, H/M® T, K p, H/m®
245 66650 253,5 100508
4 183,2 333,3 201 4665,5 M=64
188,0 586,5 203,7 5305 P=1000-10° ITa
196,2 1850 214 7198
199,2 3000 216 7998
203,7 5305 230,2 13328
244 21828
5 353,2 39,99 363,2 186,6 M=122
363,2 79,98 393,2 679,8 P=850-10°la
373,2 186,6 395,2 733,1
383,2 393,2 400,7 973,1
393,2 679,8 403,7 1133
408,7 1399,6
6 205,2 16796 219,2 55319 M = 127,5
208 19195 224 4 59985 P =500-10°ITa
209,2 22662 226,7 66650
213,2 29859 229,2 75981
216,4 35991 231,2 83979
220 45988 232,7 87975
224.2 59985
7 248 7998 260 23327 M =27
2544 13300 265 27190 P =800-10° I1a
258 17995 270 31860
259 19995 278 40290
260 23327 282 47990
8 248,5 7898 265 22324 M =27
2545 12302 270 23190 P =700-10° I1a
258,5 16993 275 24860
259,5 18995 280 30290
265,0 22324 285 37990
9 268 4115 269,2 500 M =18
269 4475 271,2 527 P =405-10°
270 485,5 273,2 571
271,2 527,0 275,2 655
272 563,5 278,2 762
283,2 984
299,2 1605
10 283,0 2112 269 1500 M =18
287,2 2472 271 1530 P =450-10°
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Bapuant TBepnoe cocTosiHue Kupnkoe cocrosiHue YcnoBus
T, K p, H/M® T, K p, H/m®
290,2 4859 273 1570
291,2 5272 275 1650
2922 5632 278 1760
283 2112
299 2600
11 235 2626 236,5 3315 M =52
238 3145 2465 8647 P =400-10°I1a
230 3999 2485 3979
243 4999 2495 6645
246 5851 252,5 6942
249 6665 253,5 10508
12 230,5 6262 237 6331 M =52
233,5 1453 246 7864 P =1550-10°I1a
237,0 9991 248 8397
240,5 9997 249 8664
2435 8515 252 9694
2455 6656 255 10058
13 183 333 201 4660 M=64
188 586 203 5300 P=1000-10"ITa
196 1852 214 7190
199 3015 216 7990
203 5326 230 13320
244 21820
14 353,5 390 363,5 798 M=122
363,5 798 393,5 819 P=950-10"ITa
373,5 806 395,5 833
383,5 932 400,5 973
393,5 980 403,5 1133
408,5 1399
15 2485 7990 261 23320 M =27
254,4 13301 265 24190 P =300-10"I1a
258,2 17990 272 25860
259,7 19993 278 26290
260,9 23320 286 27990
16 248 7998 260 23327 M = 64
2544 13300 265 27190 P =850-10"IIa
258 17995 270 31860
259 19995 278 40290
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Bapuant TBepnoe cocTosiHue Kupnkoe cocrosiHue YcnoBus
T, K p, H/M® T, K p, H/m®
260 23327 282 47990
17 248 7997 260 23320 M =27
255 13302 265 23329 P =800:10Ia
258 17993 270 31865
259 19995 2178 40290
265 23329 282 47995
18 248,1 7998 260,2 23327 M =52
254,4 13303 265,5 27195 | P=700-10°Ia
258,4 17995 270,7 31860
259,5 19998 278,1 40290
260,2 23327 282,8 47999
19 245 7998 262 19995 M =27
254 13300 265 27190 P =800-10Ia
259 17995 270 31860
262 19995 278 40290
268 23327 282 47990
20 268,2 401,2 269,2 505 M =18
269,2 437,2 271,2 533 P=40,5-105
270,2 475,9 273,2 573
271,2 517,2 275,2 656
272,2 553,2 278,2 760
283,2 982
299,2 1600

IIpumep pemenus. Bapuaunt 20:

1. Jlna moctpoenus rpaduka 3apucumoctu Igp ot 1/T mocuntaem naHHbIC IS
KUIKOTO ¥ TBEPJIOTO COCTOSIHUM ¥ BHECEM UX B TaOJUILY.

TBeproe cocTosiHue

T,K 1/T-10° P, [1a lgP
248 4,0323 7998 3,903

2544 3,9308 13300 4,124
258 3,8759 17995 4,255
259 3,8610 19995 4,301
260 3,8462 23327 4,368
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Kunkoe coctosane

T,K 1/T-10° P, [1a IgP

260 3,8462 23327 4,368
265 3,7736 27190 4,434
270 3,7037 31860 4,503
278 3,5971 40290 4,605
282 3,5461 47990 4,681

[To nanHBIM cTpouM rpaduk 3aBucumocTu Igp ot 1/T.
2.I1o rpaduky onpeaenM KOOpAUHATHI TPOHHOW TOUKU: HAIIPUMEDP —
lgp -4,368;  1/T - 3,8462-10°
3. Haiimem cpenHor0 TemJIOTy HWCHApPEHWs W BO3TOHKA M3 JAaHHBIX JKHIIKOTO
COCTOSIHUS 110 YPABHEHHIO
P
Orcrona = 2,3-R-Igp—2,
1
rae R = 8,31 [I»x/Moinb — yHUBEpCallbHAs Ta30Basi MOCTOSTHHAS

AH, o = 2,3-8,31-22220 1027590 _ 19 956-10° [Tx/mous
260—282 23327

Haitnem 3nauenune AH,,,, U3 JAHHBIX TBEPAOTO COCTOSHUA.

260248 23327
lg

AHyyapn. = 2,3 -8,31:27
260-248 247998

=155,29-10° Jlx/momb 155,29
AH,oy = 538,8:10° + (155,29-10°) = 694,1-10° Tx/moub/

4, OnpenenuM NPUONM3UTEIBHYIO TEMIIEpaTypy KHUIIGHHUS 1O TMPaBUILY
TpyToHa, KOTOPOE UCTOJIB3YIOT AJIs MHOTUX HEMOJISIPHBIX BEILIECTB:

TEIJIOTa UCTIAPEHUSI PU HOPMAJIbHBIX yCIIOBUSX - AH,¢, / T =21,3.

Otkyna umeem T, =~ AH,,,, /21,3 = 538,8-103 /21,3 =25295,77 K.
5. Onpenenum TEIUIOTY IUIABJIEHUSI BEIIECTBA MPU TEMIEPAType TPONUHOU
AH,,

2,3 R Ty
orkyna umeeM AH; = 2,3-R-T,,.lg P-M = 2,3-8,31-260-1g 23327-27 = 585,34-103
JIx/MOIB

Touku. Mcnions3yeM Bolpaxxkenue: g P =

6. Tepmoaunamuueckas creneHb cBoboasl mpu T = 260 K, P = 23327Ila.c
paccuuTaem no npasuiy a3 ['mdoca:
C=K-d+2,

rae C — crenenb cB000b1, K — unciio komnoneHnToB, @ — uncio ¢as.

Y Hac 4MCIO KOMIIOHEHTOB paBHO 1, B TpoiHON Touke ® =3, Torma B
Tpoiino# Touke: C=K-d+2=1-3+2=0.

AHaNOTUYHO JIeTIae€M PacueThl MPU JPYTUX yCIOBUSX, 3anaHust (0) u (B).
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3ananue 8

PexomMenganuu.

B ycnoBusx paBHOBECHsI IIPU JAHHOM TeMIEpaType KOHCTaHTa PaBHOBECHS
— IIOCTOSIHHAsI BEJIMYMHA, paBHAs OTHOUICHUIO IIPOM3BEIEHUS PAaBHOBECHBIX
KOHIIEHTpaluil (MaplyalbHbIX NABJICHHUI) MPOIYKTOB PEAKLUUU K MPOU3BEICHUIO
KOHIIEHTpaluH (MapUUaJIbHbIX JaBJICHUI) HCXOAHBIX BEIIECTB, B3SThIX B CTENEHSX,
PaBHBIX CTEXHMOMETPUUYECKUM KOIPPHUIIMEHTaM B YPaBHEHHMH XUMHUYECKOU
peaKuuu.
PaccMmoTpum pelieHre 3a1a4u Ha IpUMepe XuMudeckoil peakiuu: A + B =2C
Koncranra paBnHoBecus K, BeIpakeHHas 4Yepe3 NapUUaIbHBIE JIaBICHUS
KOMITOHEHTOB CMECH, BBIUUCIISIETCS 10 hopMyIie:
p2
Kp=5-55-

Pa P
P — mapuumanbHbple JaBiIEHUS BEUIECTB — YYACTHHKOB peakiuu. [lapuuanbHbie
PaBHOBECHBIE JAaBJICHUS paccuuThiBatoTcs 1o popmyne Jlanprona; P = Pyg,.-N, roe
N — MojpHast [0Jis, paccuMThiBaeMmas KaK OTHOUIEHME 4YMCa MOJIEH JTaHHOTO
BELIECTBA K OOIIEMY YUCIYy MOJIEH BCEX YYaCTHUKOB PEAKIMM NP PABHOBECHH.

X0/ BBIYUCICHUN MOXKET OBITh MPEACTABICH TAOIUIICH:

A B 2C
Hcxomable KoIrYecTBa MOJIEH 1 1 0
ITpopearuposaiio, KOJIMYECTBO | X/2 x/2 X
MoJIeH
PaBHOBecHBIE KOIHYECTBA MOJIEH 1-x/2 1-x/2 X

O6mee uucino monei cocrabisier (1 — x/2) + (1-x/2) + x. Ha ocHoBaHuM 3TOTrO
OajlaHca 4YucCea MOJIEH, BBIYUCISIIOTCS MapUUaibHbIE JaBJIeHUS (110 3aKOHY
JlaneToHa) M KOHCTaHTa paBHOBecHs K,

e
CTEXMOMETPUYECKUMHU KOA(PUIIMEeHTaMH Ta3000pa3HbIX BEIIECTB B MPABOU U
JIEBOM YACTSIX ypaBHEHUS pABHOBECHS;

KC — KOHCTAaHTa PaBHOBCCHA, CCIIM COCTaB paBHOBeCHOﬁ CMCCH BBIPAKCH 4YCPC3
PaBHOBCCHBIC KOHICHTPAIIHNH.

Mexny K, u K. cymecrtByer cBssh: K = , Tne AN —pa3HOCTh MEKIY

3agaua Ne8

l'azo00pa3ubie BemectBa A u B pearupyror ¢ oOpazoBanuem mnpoaykra C.
Paccunraiite K, m Kc, ecnm wucxomnele BemectBa A U B B3ATEI B
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CTEXMOMETPUYECKUX KOJIMUYECTBAX MPHU OOIIEM aBJICHUH PAaBHOBECHOW CHUCTEMBbI
5
1,0133 -10° I1a u remneparype 298 K. Konnuectso Bemectsa C = 0,35.

Ta0mura 6

No Peakuus No Peakuus
BapuUaHTa BapHuaHTa

1 A+B=1/2C 11 A+B=3C

2 12A+B=C 12 1/3A+B=3C

3 3A+B=2C 13 3A+B=1/2C

4 2A +1/2B=2C 14 3A+12B=C

5 2A +3B=3C 15 12A+12B=C

6 A+ B=C 16 3JA+B=C

7 A+2B=C 17 A+3B=C

8 A+2B=1/2C 18 2A+B=C

9 A+3B=C 19 12A+B=1/2C

10 A+2B=3C 20 2A +1/2B=3C

IIpumep pemenusi. Bapuant 20:

ITo ypaBuenuto 2A + 1/2B = 3ComnpenensemM KoiaudecTBO BemlectBa A u B B
MOMEHT PaBHOBECHS:

n (C)= 10,35 MoJb/JT — 110 YCIOBHIO 3a1a4n

Nipopear. (A) = 0’33?'2 =0,233monv/ n

Nupopear. (B) = &3'0’5 —0,0583m016/ 1

Noass, (A) =2 — 0,233 = 1,767
Noass. (B) = 0,5 — 0,0583 = 0,4417

Onpenenum MoJsipHbI€ 1071 ra3oB A, B u C B MOMEHT paBHOBECHS:
1,767

NA) = 176750.aa1770.35 00
_ 0,4417 ~

N(B) = 1,767+0,4417+0,35 0173

N(C) = 0,35 —0,137

1,767+0,4417+0,35

OnpenenuM napiyaibHble JaBjieHus u3 ypaBHenus Jlanptona P, =P,.-N
P(A)=1,0133 - 10> 0,691 = 0,700 - 10°I1a

P(B)=1,0133 - 100,173 =0,175 - 10°I1a

P(C)=1,0133 - 10> 0,137 = 0,139 - 10°Ia

[ToncraBum 3HadeHus B popmyiy u onpenenum K,
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3
s 0,1393.101°

K = = _
PP 2-R0% (0,70010%(0,175.10°)
2,7-10°.10" 2.7.10%
O 491010 O 418-102*5 = O 205.101215 213,17-100,5 =41’ 65
K
K. onpenensem o popmyie: Ke = _P
c (RT)AH
An :3—2’5:0’5
41,65 41,65
= ! — u — 7
¢ (8,314-298)0‘5 49,775 0.83
Ortser: K, = 41,65; K. = 0,837
3ananue 9

PexomMenaanum.
PaBHOBecHbIE KOMMYecTBa peareHToB U mpoaykToB peakuunC,HsOH + CH3;COOH
= CH3COOC,Hs + H,0O BbIYuCsAIOTCS TaKUM 00pa3oMm:

e gucno monen s3¢pupa CHzCOOC,HsNn,g = x

® YKCJIO MOJIEH BOJIbI Npomer = X
[ ]
o _ 100
e yucio mounei cnimpra C,HsOH ng, = -Xx
o _ 100
e ypciio mojier kuciaorel CH;COOH [ — —Xx,

Kuci

rae M — MoJieKyJisipHast Macca COOTBETCTBYIOIIETO MAPTHEPA.

PaBHOBECHbIE = KOHIIEHTpAal[MM  PEarecHTOB W  NPOJYKTOB  pEaKUUU
IPONOPUUOHAIIBHBI YKCIIaM MOJIe N, TOCKOJIbKY BCE OHH OTHOCSITCS K OZHOMY
obmemy o0bEMy. [loaTOMY KOHCTaHTa paBHOBECHS MOXKET OBITh MpECTaBlICHA

n ‘N
3¢h  600bI
K,=—————
Nen  Nicuen
TaK: x2

K. =
¢ {100 _XJ'[ 100 _xj
MCI’Z MK'MC]Z

9T0 YPaBHCHHC CIICAYCT pCIINTb OTHOCHUTCIIBHO X.
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3agaua Ne9

KoncranTa paBaoBecus peakiuu C,HsOH + CH3COOH = CH3COOC,Hs + H,O
paBHa a (Tabnuma 7). CKoabKo 3¢upa MOIyIUTCs, €CIIM B HCXOIHON CMECH B3STh 6

I' 3TaHOJIa U C T YKCYCHOﬁ KHCJIOTHI?

4= x?
3.62—3,84X + X2
4 x?

©3,62-3.84x+ X2
14,48-15,36X +4x2 = X2
3x2 —15.36x+14,48=0

5

[TosryueHo KBagpaTHOE ypaBHEHHUE BUJA!

ax’+bx+c=0
X1 ¥ X2 — KOPHU YpaBHCHHS;

_—b+\/b2—4ac
X, =

1 2a
« :—b— b2—4ac
2 2a

60 *

Tabnuua 7
Ne a 6 c Ne 6 c
BapHaHTa BapHaHTa
1 10 120 140 11 39 140 110
2 2 140 120 12 42 120 130
3 6 110 130 13 45 130 110
4 1 110 150 14 52 150 110
5 2,5 115 130 15 55 130 115
6 2,4 120 150 16 60 150 120
7 5 125 140 17 65 140 125
8 8 150 130 18 61 130 150
9 3 120 110 19 7 110 120
10 50 135 15 20 4 100 100
IIpumep pemenus. Bapuaunt 20:
M(C,;HsOH) = 46 r/monb
M (CH;COOH) = 60 r/monb
2
IToncraBuM naHHbIC B ypaBHEHUE K, = al 100
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_ 2 _ 15,36 + —15,362—4~3-14,48
‘ b-++vb?—4ac _ \/( ) _387

' 2a 2-3
b—b?—dac 15,36-(-15,36)° —4-3-14,48 Lo
X2: = =4,
2a 2.3

Bo3pmém X = 1,25
e uaycino monaei 3¢pupa CHzCOOC,HsNn,y, = x

® YHCIIO MOJIEH BOABI  Npopy = X

o 1
e yucno moueit cnupta C,HsOH ng; = %—x

. 100
e uycio Moieit kuciiotel CH;COOH Nyer: = —X

MKI/ICJI.
N, = 3,87
Nep. = 2,17 — 3,87 =-1,7 - He NOAXOIUT
N,y = 1,25
Nep. = 2,17 —-1,25=0,92
Ngen- = 1,67 — 1,25 = 0,42
C,Hs0H + CH3;COOH = CH3;COOC,Hs + H,O
0,92 monb 1,25 monb
42321 110r

1.25 moist CH;COOC,Hs cocraBasger 110 1.
OtBert: kosmuecTBo CH3;COOC,Hs5 coctaBisger 110 .

3aganue 10

PexoMenpanum.
Pacyd . . .dP _ AH
acu€r Benéred 1o ypasHennro Knanernpona-Kiaysnyca: T IAY

rae AH - sHTansnus $pazoBoro nepexoja.

3agauya NelO

JlaBlieHHE Tapa HEKOTOPOro BemiecTBa mpu Temrmepartype t°C mmeeT crieayronrue
3HaueHus (tabmuna 8). OmnpenenuTs Tpa@UuecKd MOJSPHYIO SHTAJBIHUIO
UCTIApEHUS ¥ TEMIIePaTypy KUTICHUS.

TaOmumna 8
Ne t°C P, Ia Ne t°C P, Ia
BapUaHTA BAPHAHTA
1 15 1704,9 11 0 24533,0
30 4245,2 15 38265,0
45 9583,2 20 57731,0
60 19916,0 30 84633,0
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Ne t°C P, Ia No t°C P, Ila
BAPHUAHTA BAPHMAHTA
2 1 1704,9 12 5 14553,0
15 4245,2 10 28265,0
25 9587,2 20 47631,0
35 18916,0 35 74633,0
3 25 1555,5 13 10 1668,2
30 4335,3 30 41459
55 9591,4 40 9763,3
65 19651,0 50 19616,0
4 10 17652,0 14 0 24433,0
30 4405,2 30 37265,0
40 9579,5 40 56731,0
50 19935,1 60 94033,0
15 1712,6 15 10 24533,0
35 4123,9 20 38265,0
40 9432,5 30 57731,0
65 19987,0 40 84633,0
6 15 1678,2 16 0 17652,0
30 4345,9 25 4105,2
45 9563,3 45 9579,5
60 19916,0 60 19935,1
7 35 1704,9 17 4 1678,2
50 4245,2 10 4345,9
65 9583,2 25 9563,3
70 19916,0 30 19916,0
8 20 1704,9 18 2 24533,0
30 42452 12 38265,0
45 9583,2 22 57731,0
60 19916,0 32 84633,0
9 20 1704,9 19 7 24533,0
35 42452 15 38265,0
55 9583,2 25 57731,0
60 19916,0 40 84633,0
10 15 1704,9 20 0 24533,0
30 4245,2 10 38265,0
45 9583,2 20 57731,0
75 19916,0 30 84633,0
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IIpumep pewmenus. Bapuant 20:

3aBUCHUMOCTH AAaBJICHUS HACBIIICHHOI'O IMapad OT TEMIICPATYPBI OIIPCACIIACTCA

ypaBHeHuem Kianelipona-Knaysuyca: %—T:% rae AH - sHTanenus ¢ha3oBOro
nepexojia. B nanHo# 3a1a4e pacCMOTPHUM Iap, Kak WacalbHBIM Ta3 U mpeodpazyem
din P AH

a(*/¢) R

OTcroa moyy4aercs, 4To SHTaIbIUsA (a3oBOro mepexoja (neneHHas Ha R),
€CTh TAHT'EHC YIJIa HaKJIOHa rpaduka B koopauHatax INP mo ocu opawnar u 1/t 1o
ocH a0cIucc.

ypaBHeHue Knaneitpona-Kiay3uyca B BeIpaKeHHE:

3aBMCUMMOCTb AaBreHUA HaCbILWEeHHOro
napa ot Temnepatypbl

11,6

12 ~
T 101,&13 .
104 >~
o E—
3,2 3,3 3,4 3,5 3,6 3,7

1T

Jlns perieHus 3Toi 3amauyn nmoctpouM rpaduk 3asucumoctu INP ot 1/T oOpatHOit
TEMIIepaTyphl M0 TAHTEHCY yria HaKJIOHa STOM JIMHUU K OCH a0CITUCC.

P, Ila 24533,0 38265,0 57731,0 84633,0 101325,0
T,.K 273,15 283,15 293,15 303,15

Onpenemum INP u 1/T

InP 10,11 10,55 10,96 11,35 11,53
1T 3,66:107 3,53-10° 3,41-10° 3,30-10°

OnpenenuM rpaguyecku TemrepaTypy KUIMEHHUs BoAbl. MI3BECTHO, YTO KHUIKOCTh

KUITUT TOT/a, KOTJa JaBJicHUue €€ apoB CPaBHICTCS C BHEITHUM JABJICHUCM.
P(C4H100) = 101325 ITa. Omnpenenum InP. InP = 11,526.
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Haiiném Ha rpaduke 3Ty TOUKy M OT HEE OMYCTHUM MEPIEHIUKYJIApP Ha OCh X.

Ompenemnm X, X = 3,23-107 ; 1/T=3,23-10°  T=1/3,23-10°=309,6°K.
309,6 - 273 = 36,60 — TeMIIepaTypa KUIEHUs 3aJaHHOTO BEIeCTBA
dInP: 12,40 12,40 _AH
d (1) 3,65-10° 3,65-10° R
t
- 12,40-8,314 _ 1 Hore
AH = 3,65-10° 2,82:10 MOJIb

OteeT: AH,e. = 2,82-10* Tx/mons, T = 36,6°C
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IMpuiaoxenus

Taomauna 1.
CranpapTHas 3HTanbNUsA Cropanus coeaguHenuii npu 298 K.
IMpomyxtel cropanust COyry, HoO (s, Nor.
Coenunenue AHC, xJIx/monb | CoenrHenue AH®,
kJ[>k/MOJIb
CHy (1) meTan -890,31 CH,O, (k) w™ypaBbuHas | -256,48
KHCJIOTa
C,H; (r) anetnnen -1299,63 C,H4O, (k) ykcycHas | -873,75
KHCIIOTa
C,H, (1) aTunen -1410,97 C,HgO, () satunenrimkons | -1192,88
C,Hg (1) oTan -1559,88 C3HgO (k) aneton -1789,79
C3;Hg(r) nponunen -2058,53 C3HgOj3 (k) rmunepus -1664,40
C;Hg (1) H-nponan -2202,00 CsHgO (xp.) benon -3063,52
CsHg (k) 6en3ou -3267,70 C10H160 (xp.) kambapa -5904,00
C;Hg (k) Tomyon -3910,28 C1,H,,011 (kp.) caxapo3sa -5648,00
CyoHg (xp.) | -5156,78 CH4ON;, (xp.) ModyeBHHA -634,30
HaTaIuH
CH,40 (:x) meTano -126,64 CeH7N anummn -3396,20
C,Hg0 () sTanon -1366,91
Taoauna 2

TepmoanHamuueckue yHKIIMA HEKOTOPBIX MPOCTHIX BEIIECTB U COSTUHECHUM
npu 298 K AHgg — cTanmapTHas SHTanbnMsi o0pa3oBaHusi, S°yg — cTaHmapTHas

SHTPONHUS U cg 295~ CTAHJIAPTHBIE 3HAYEHUS DHTPOIIMU U U300apHOH TEIIOEMKOCTH

BeniecTna mpu 298 K.
Tennoemkocts [B JIx/(Mons * K)| mpu Temneparype T B ykazanHOM B Tabiuie
MHTEpBaJe TEMIEPATYP BbIpaKaeTCsl yPaBHEHUSIMU:

CY =a+bT+c/T? WM C) =a+bT+cT?

BCH_ICCTBO AH0298’ Soggg’ Jbx/mone- K
kJx/mMonb | JIx/Monb: a b-10° ¢'107 c-10°
K
Al,O; kopyHnn | -1675,00 | 50,94 114,56 | 12,89 -34,31 |-
(xp.)
Al(SOu)s ) | -3434 23920 |3663 |62,6 1116 |-
Br, 30,92 |24535 |3720 |071 119 |-
C (rpadwur) 0 5,74 17,167 |4271 |-8,794 |-
CH, (r) meTan -74,85 186,19 17,464 | 60,502 - 1,118
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BCIHCCTBO AHogggy 80298, Jx/monb: K

kJlx/Monb | JIk/Momb a b-10° ¢ 107 c-10°

K

C,Ha(1) 226,75 200,80 23,476 | 85,820 - -58,333
aleTUJICH
C,Hy(r) aTunen | 52,28 219,40 4,199 154,701 |- -81,148
C,Hg (r) aTan -84,67 229,40 4,497 -182,390 | - -74,910
C3Hg (1) mponan | -103,90 | 269,90 -4,802 |307,531 |- -160,274
C4Ha(r) 304,60 279,37 - - - -
BUHIWIAIICTUIICH
C4H1o(T) -124,70 | 310,00 0,469 385,38 -198,38 | 39,97
H-OyTaH
C4H10(x) -147,70 | 230,96 -6,84 409,64 -220,55 | 45,74
H-OyTaH
CeHe(ox) 6en3on | 49,04 173,20 59,50 255,02 - -
CgHe (r) Oenzon | 82,93 269,20 -33,923 | 472,210 | - -298,21
CeH1o(T) -123,01 | 298,20 -51,72 | 598,8 -230,0 |-
[UKJIOTEKCaH
C,HsClI(r) -105,00 | 274,80 13,07 188,5 -71,94 | -
XJIOPUCTBIN
ATUI
CH3NO; (1) -714,42 220,30 - - - -
C,H/NO(x) -274 47 | - - - - -
MOHO3TaHOJIa-
MU
CH40O(1) -295,477 | 282,224 | 20,432 |103,754 |- -24,657
METaHOJI
C,HgO(1) -235,30 | 282,00 20,709 | 205,527 |- -99,881
ATAHOJ
C,HgO(x) -277,60 |160,70 106,601 | -165,805 | - 575,712
ATAHOJI
C3HgO(x) -318,70 | 180,00 - - - -
M30IPOIUIIO-
BBIM CIIUPT
C4HgO(x) -238,74 | 256,86 - - - -
OyTaHaJIb
CsH100(x) -300,20 | 206,00 - - - -
IIUKJIOTICHTAHOJI
CH,04(1) -376,70 | 251,60 19,4 112,8 -47,5 -
MypaBbUHAs
KHCIIOTA
C,H404(1) -437,40 | 293,50 21,272 193,272 |- -76,831
YKCYCHast
KHCJIOTa
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BCIHCCTBO AHogggy 80298, Jx/monb: K
kJx/Monb | JIK/MOIIb: a b-10° c'107° c-10°
K
C,H40,(x) -484,90 | 159,80 54,860 | - - -
YKCYCHas
KHCJI0Ta
C3H40,(1) -336,23 | 311,01 - - - -
aKpHUIIOBas
KHCJIOTa
C3HeOx(1) -409,61 | 320,00 - - - -
METHJIAIETaT
C4HgO,(x) -469,55 | 259,41 - - - -
STUJIALIETAT
CO () -110,50 | 197,40 27,634 |5,024 - -
CO; (1) -393,51 | 213,00 44,173 19,044 -8,541 | -
CaC, (xp.) -62,70 70,30 68,62 11,88 -8,66 -
CaCl, (xp.) -785,80 | 113,80 71,88 12.72 -2,5 -
CaO (xp.) -633,10 | 39,70 48,862 | 4,522 -6,532 |-
Ca(OH), (xp.) |-987,295 | 76,203 84,577 |- - -
Cl, () 0 223,108 | 36,720 | 1,047 -2,525 |-
F, (1) 0 202,90 34,69 1,84 -3,35 -
H, (1) 0 130,680 | 27,28 3,26 0,502 -
HBr -35,98 198,40 26,15 5,86 1,09 -
Taoauna 3

HexoTopbie Gpu3nKo-XUMHUYECKHE KOHCTAHThI

ABoraapo uncio, Na

6,022-10%momp-1

ATOMHas eJMHHUIIa MacChl (Macca u30Tona yriepoaa -12),a.e.m.

1,661-10%'kr

Bonbnmana mocrosaHas, K

1,381-10** /K

I[I/IBJ'IeKTpI/I‘IeCKaSI MMPOHNIACMOCTE BAKyyMa, &,

8,854.10" ®d/m

HopwmanbHoe naBnenne

1,013-10° Ia

O06BEM 1 MoJISI MIeaIbHOTO Ta3a MPH H.Y.

22,41 nm° (1)

[Tnanka mocTostHHAas, h

6,626-10 JIx-c

CkopocTh CBETa B BaKyyMe, C

2,998-10%wm/c

TeMneparypa miaBlieHHs JbJa NPU HOPMaJbHOM naBieHuw, | 273,15 K

(0°C)

YHuBepcanbHas razoBasi mocTosiHHasi, R 8,314 JIx/(momnp-K)
YckopeHue cBOOOHOT0 najeHus, 9,807 m/c?

dapanes yucio, F

9,648-10* Kn/momb

28




IIpunoxenue 4

OcHOBHBIE CBOWCTBA JIOrapu(hMOB

Jlorapudmom gucima N Mo oCHOBaHHMIO @ Ha3BIBAETCS MMOKA3aTelh CTEIEHH X,
B KOTOPYIO HYKHO BO3BECTH a, YTOOBI MOTYIUTh 9nciio N.

O6o3nauenue log,N = X. 3ammcp l0g;N = X coBeprieHHO paBHO3HAYHA
sammcu a* = N.

Hampuwmep, 10g,8 = 3, Tax xak 2° = 8.

Yucna a (ocHoBanme jorapupma) m N ("4ucio) MOXHO Oparh IEIBIMH U
IpPOOHBIMH, HO HENPEMEHHO TIOJIOKUTEIBHBIMUA, €CITH MBI XOTHM, YTOOBI
norapudMbI OBLITH TEHCTBUTEIIBHBIMA YMCITAMH.

Camu >xe jorapudMbl MOTYT OBITh U OTpHUIATEIbHBIMH. OTpHUIIATEIbHBIC
sorapudMbl CTOJIb e BaKHBI Ha MTPAKTUKE, KaK U MOJIOKHUTEIIbHbIC.

Eciu 3a ocHoBanue sorapumMoB B3STO YUCIO, OOJbIIEE €IUHULIBI
(manpumep, uymcio 10), To Oosblliee YUCIO HMEET OONBIIUNA Jorapudm.
Jlorapudmbl yucesn, OOJbIUIUX EIUHUIIBI, TOJIOKHUTEIIbHBI, MEHBIIUX EIUHUIIBI —
orpunarenabHbl. Jlorapudm eauHUIBI TPU JTIOOOM OCHOBAaHUM pPaBEH HYIIIO.
Jlorapudwm ymcia, paBHOTO OCHOBAaHUIO, BCETJa €CTh 1 (B IeCATUYHBIX Jorapudmax
lg 10 =1).

Jlocapugpm npoussedenus pasen cymme 102apupmo8 coMHOICUmeneu:

log (ab) = log a + log b)

Jloeapugm uyacmmuoco pasen nocapugmy Oeaumozo 6e3 nocapugma
oenumensi:
a
b

Jlocapugpm cmenenu pasen npoussedeHur0 nokazamens CmeneHu Ha
noeapugpm eé ocnosanus: loga™ =mloga.

log-=loga-logb

Jlozapugm xopusa pasen yacmmomy om OeneHust 102apu@dma noOKOPeHHO20

yucaa na noxasamens kopus:logWa = IO% .

Jlocapupm cymmol He pasen cymme no2apugmos: neawvss emecmo log(a+b)=
loga + logb.

Jlorapudmel, B3ATbIE 10 OCHOBAaHHIO € Ha3bIBAIOTCS HATypaJIbHBIMU
norapudmamu. Bmecro l0geX mpunsito nucats Inx . € =2,71828047

3amuch 10g.x = N coBepIIeHHO paBHO3HAYHA 3aIHCH € = X.
Hampuwmep, Ink = 3; e® =k; 2,71828047° = k.
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OcuoBublie equauiisl CU

Ipuioxenue S

BEJINYHHA HAaMCHOBAHHE 0003HaUYCHHUE
OCHOBHBIC CAUHHUIIBI
JUIMHA MeTp M
Macca KIJIOTpaMM KT
BpeMs CEeKYyHJIa c
KOJIMYECTBO BellecTBa* MOJIb MOJIb
TeMITepaTypa TEPMOINHAMHICCKAs KEJIbBUH K
CHUJIa JIEKTPUUIECKOTO TOKa aMmriep A
CHJIa CBETa KaHJiena KII
JIOTTOTHUTEIbHBIC €IUHHUIBI
TJTOCKUM yTOJI paauaH pan
TEJIECHBIN yTOJI cTepajuaH cp

e ompenenecaue CU:"Moav — smo koauuecmeo eewecmea, 8 KOMOPOM

COdep.?fCLll’l’lC}l CMOJIbKO HA36AHHbLIX eduHuu,

CKOJIbKO COOGprCMWlC}l

amomos 6 0.012 xz usomona *C". MokKHO CKa3aTh WHa4e, MOJIb — 3TO
KOJIMYECTBO BEIECTBA, B KOTOpoM coaepkutcs Np (uuciao Asoranapo)
CIAVHMI] BEIICCTBA, KOTOPBIC IOJKHBI OBITH SCHO yKa3aHbl. Hampumep, B
KauyeCTBE €IMHMUII BEIIECTBA MOTYT PacCMaTpUBaThCs (DOPMYJIbHBIC ¢IMHUIIBI
AICl;, 1/3AIClI;, xommtekcsl (CH3COOH), , HOHBI, 2JIEKTPOHBI U T.].

[TpownsBoanbie enunuibl CU

Ipuioxenne 6

HexoTopreie mpousBoubie equnuiibl CU, nMerorniue coOCTBEeHHbIE HAUMEHOBAHUS
(HE BKJIFOUEHBI TE€, YTO UMEIOT OTHOIIIEHHE K MATHUTHOMY TOJIFO M padallMOHHON

aAKTUBHOCTH)

BEJIMYMHA enuanna CU BbIpakeHue uepes apyrue ea. CU
HauUMEH 0003Ha4 OCHOBHBIC JPYTHUE TIPOU3BOTHBIE
OBaHUE CHHE

a1 noreHuman, DJC, Boasr B kr-M/(A-c®)  x/Kn; Br/A

HaIpsHKCHUE,

MOILHOCTb BATT Bt M2-kr/cd Tlx/c

4acToTa repi I'y ¢t

SHeprus, pabora, wxoymb | JIk Kr-M7/c? H'm, Ma'm®, Kn'B

KOJI-BO TETIJIOTHI

30



BeJIMYMHA enunuua CU BEIpakeHHe uepes apyrue e, CU
HauMeH 0003Hay OCHOBHBIE IPYTHE IPOU3BOTHBIE
OBaHHE CHHE

KOJI-BO JICKTPUYECTBA KylnoH  Ki c-A Jx/B

cuia HptoTOH H Krm/c? Jox/v; TTa-m?; Kit-B/m

5J1. COPOTHBIIEHUE  OM Om kr-M/(A%c®)  B/A

JaBIIEHNE nackanb Ila kr/(m-c?) H/™ Tox/v®

3J1. TIPOBOIMMOCTb cumenc Cwm A’Sl(xrm®)  A/B; Om Y Dlc

31, EMKOCTb dapan @ AxcM(xrm?)  Ko/B; Ko/ JTx; JTw/B°

Hekotopslie gecsituunbie (A0IbHBIE U KPaTHBIC) MPUCTAaBKHU K equnuiiam CU

MHOKUTEJIb TPHUCTaBKa O0O3HAYCHHE | MHOKUTEh  IIPUCTAaBKa 0003HAUYCHUE
10t JIEeIH- i 10 JIeKa- na
102 CaHTH- c 10° IeKTO- r
10°3 MUJLJIH- M 10° KHWJIO- K
10°° MHKpO- MK 10° Mera- M
10°° HaHO- H 10° rura- r
102 MTHAKO- | 10" Tepa- T

Enunnaunuel, e Bxongmue B CU, HO ucnonbs3yemsele Hapany ceaununam CHU

BEJIMYMHA HaNMEHOBaHUE o6o3naueH nepeona B CU
ue
BpeMsl MUHYTa MUH 60 c
qac yunmyac 3600 c
CYTKH CyT 86400 c
JaBJICHUE Oap Oap 10° Ia
JUTAHA AHTCTPEM A 10°% M, 0.1 M
Macca aTOMHasi  €JWMHMIA a.C.M. 1.66054-107 kr
MAacCChI
JATbTOH Da 1.66054-10 %" kr
TOHHA T 10°% kr
00BEM JIATP hi 10°3 M3, 1 om®
MUJUTATATD MJT 10°m°, 1 o’
TeMIepaTypa rpaayc °C (9 +273.15) K
Llenbcus
YTOJT TIOCKHHA rpamgyc ° (/180) pan
MUHYTa ' (m/10800) pan
CeKyHJIa " (1/648000) pan
SHEPrus ANEKTPOH-BOJIBT 5B 1.60219-10"° JI
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HekoTtopeie eauHHIIBI H3MEpEeHMs, MPUMEHSBIIMECS B (DU3HUECKONH XHUMHUU
MPOLJION MpakKkTHUKe, U He BXxoAsaume B CU

32

BEJTMYMHA HauMeHOBaHue oOo3HayeHue nepeBoja B CU
cuia JMHA JTUH 10°H
DHEPIHUs, pabora, »pr pr 107 ik
KOJIMYECTBO TEIJIOTHI

KaJIOpUst KaJl 4.1868 Ix
BSI3KOCTH nyas I13 0.1 ITa-c

CaHTHITya3 cll3 10 ITa-c, 1 mlIa-c
JUIMHA MHKPOH MK 10°® M, 1 MKM
JIaBJICHUE atMocdepa aT™M 101325 I1a

buzny.

MWUIAMETP MM PT. CT. 133.322 [1a

PTYTHOTO

cToJI0a

TOPp TOPp 133.322 I1a
JTUTOJILHBIA MOMEHT nebait J| 3.33564-10°Kn-m
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