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BCTYII

3HaHHs (I3UYHOI XIMii 1a€ TEOPETHUUHY OCHOBY JUIsl BUBUEHHS XIMIUHUX
MPOLIECiB y MeTalyprii i BU3HAUEHHS LUIIXY iXHbOI iHTeHCcHikauii. BoHa €
BBEJICHHSIM Y TEOPII0 METATYyPriiHUX MPOIIECIB 1 METaJ03HABCTBO. MeToanyHi
BKa31BKM CKJIQJI€HI BiJIIOBIIHO J0 MPOTrpaMH Kypcy (Ppi3udHOI Ximii.

BuBuaiite Kypc mociiJoBHO, 3a MPOTrpamMor0 Ta MiAPYYHUKAMHU, 110 PEKO-
MeHJi0BaH1 Hk4de. OcoOMMBY yBary 3BepTaiiTe Ha 3aCBOEHHS IMOHSATH, BU3HA-
YeHb, 3aKOH1B, BUBEJICHHIO PIBHSIHB 1 HA PO3B’A3aHHs 3a1a4. KoHcnekTylTe Ma-
Tepial, 1m0 BUBYAEThCSA. PO3B’s3yliTe caMOCTIHHO TUIOBI 3a/ayi, MOTIM BHKO-
HYWTE KOHTPOJIbHY poOoTy. OpopMITtoiiTe KOHTPOJIbHY POOOTY SIK PYKOIHUC B
YUHIBCBKOMY 30IIIMUTI, HE MPUITYCKAIOUM CKOpOoYeHb. JIJIsi KOXKHOT 3aja4i HaBe-
JITh YMOBY, MOTIM PO3B'sI3aHHS 3 HEOOX1THUMH TOSICHEHHSIMU U BiAMOBIb. [lic-
71 KOYKHOI 3aJayl 3ajiuiaiTe KUlbKa pAIKIB JUIsl 3ayBaXK€Hb BUKJIanadya. Y BH-
MaJKy MTOBEPHEHHS KOHTPOJIBHOI pOOOTH Ha TOPOOKY HE BHOCHTE 3MiH IO OCHO-
BHOTO TEKCTY, & HaBOJIbTE BipHE PO3B'sI3aHHSA 3aja4l HAMPUKIHI[ 301IUTA HA HO-
BIM cTOpIHINI Mija 3arojoBkoM «PoGoTta Hamx mommikamuy». I'padiku, sKi HE0O-
X1JJTHO BUKOHYBATH 32 YMOBOIO 3aJ1aui, KpPeCcIiTh Ha MuTiMETpoBOMY nanepi. [1pu
bOMY NaM’siTaiiTe, IO po3Mip rpadika MOBUHEH OyTH HE MEHIIE apKylla 30-
muTta. Macmtab BuOupaiiTe Tak, moo BiJ TOYKHA MOYATKy KOOPJAUHAT JO iXHbO-
ro KiHIA BiJICTaHb OyJia TPOXH OUIbINE, HK PI3HUIA MDK HaHOIIBITUM 1 Hal-
MEHIITUM 3HAYE€HHSAMH KOOpJAWHAT TO4YOK. Ha ocsix koopauHAT Bif3HauyalTe ye-
pe3 piBHI IHTEpBaIn MAcIITaOHI OAUHUII (ajle He 3a[JaHi TOYKH), TOUYKH IOBUHHI
YITKO HAHOCUTHUCA Ha rpadik BIANOBIAHO A0 00paHOro Macitady 0e3 HaHeceH-
HS JOJATKOBUX JIIHIN IXHIX KoopauHaT. Touku 3'€HYHTE TUIAaBHOIO KPUBOIO Ta-
KUM YUHOM, 1100 OUIBIIICTH 13 HUX MOTpanuia Ha KpuBy a00 BOHU Oyiu OfHa-
KOBOIO MipOIO BijyiajieHl 1o oOuaBi O0ku KpuBoi. [l 3HAXOKEHHS IMOX1THOT
rpadgiuanM criocoboM Tpeba OpaTu BiTHOMICHHS (DAKTUYHHX PO3MIPIB BIAPI3KIB
(B OAMHUIIAX, 3a3HAUYCHUX IO OCAX), IO BIATHHAIOTHCSA JIOTUYHOIO HA OCSIX KO-
OpJUHAT.

SIxu1o B mpolieci BUBYEHHS KypCy BUHUKHYTH MUTaHHS, MOTPIOHO BYACHO
MIPOKOHCYJILTYBATUCS 3 BHUKJIaJadueM yCHO a00 mucbmoBo. KoHTponbHI poOOTH
BapTO BUKOHYBATH W BIAMPABIATA HA PEIEH3YBAaHHS IOCHTIJIOBHO, MICHS BU-
BUCHHSI BIJITIOBIIHUX PO3/ILIIB.

ByabsTe yBaxkH1 mpu BUOOPI KOHTPOJIBHOI poOOTH. Y 1IbOMY BUIAHHI Ha-
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BEJICH1 KOHTPOJIbHI pOOOTH TPHhOX THUIIIB:

° s cryaentiB cnenianbHocTi «JIMBAPHE BUPOBHUIITBO»3
MMOBHUM IIMKJIOM HaBYaHHS, SKI HE MAOTh CEPEAHIO CICIIaIbHY OCBITY 3a (a-
XOM 1 Oynu 3apaxoBaHi Ha MEPUIN KypcC, BUBYAIOTH (I3MYHY XIMIIO TPOTITOM
TPHOX TPUMECTPIB 1 BUKOHYIOTH JIB1 KOHTPOJIbHI POOOTH:

KOHTpoJIbHA poboTa 1 — 3aBnanns 1,2,3,4;

KOHTpOJIbHA poOoTa 2 — 3aBaaHHi 5,6,7,8,9;

o st ctynenTis cnerianbHocTi «JIMBAPHE BUPOBHUILITBOY, sxi
HABYAIOTHCS 3@ MPUCKOPEHOIO MPOTPaMOI0, MAIOTh CEPEAHIO CHEIlialbHy OCBITY
3a (paxoM 1 OynM 3apaxoBaHi Ha TPETId Kypc, BUBYAIOTh (PI3UUHY XIMIIO OJIHH
TPUMECTP 1 BUKOHYIOTh OJTHY KOHTPOJIbHY POOOTY:

KOHTpoJbHA poOoTa |1 —3aBnanns 1,2,3,4,5,7,8,9;

° st ctynenTiB cretiabHocTi «OBPOBKA METAJIIB TUCKOM»
K1 BUKOHYIOTh OJITHY KOHTPOJIbHY POOOTY:

KOHTpoJIbHA poboTa 1 — 3aBnanns 1,2,3,4,5,7,8;

Koxne 3aBganHs Mae Oarato BapiaHTiB. /st BUOOpY BapiaHTa KOPUCTYM-
Tecst TabnuIero BapiaHTiB (Tabu..1), cnuparourch Ha JB1 OCTaHHI U(pU BaIIOro
CTYJIEHTCHKOTO KBUTKA (IU(]p).

3BepHITh yBary Ha Te, 110 B TaOmMIX 2...15 Ta Tabmumsgx q0maTKiB
A...I' BIIMOBIAHO O CyYaCHUX BUMOT 3a3Ha4yeHl BEJIIMYHMHHU, TTIOMHOKEHI Ha J10-
JATKOBI MHOXKHHUKHU. Tak, HaNpuKIad, SIKIIO B 3MICTI CTOBMYMKA 3a3HAYEHO
AHagg -107 | TO 106 OJIep>KaTH BIpHE 3HAYEHHSI BEJIMYUHU, MOTPIOHO 1udpy 13

3 -3
I[bOT'O CTOBITYMKA MOMHOXHTH Ha 10° (a He Ha 107°).

Tabnuys 1
Howmep 3aBnanHs
MO T2 1731456 ] 7] 8] 09
01 01 01 01 01 01 01 01 01 01
02 02 02 02 02 02 02 02 02 02
03 03 03 03 03 03 03 03 03 03
04 04 04 04 04 04 04 04 04 04

05 05 05 05 05 05 05 05 05 05
06 06 06 06 06 06 06 06 06 06




IIpooosocenns mabauyi 1

HINDP

Howmep 3aBpanns

1 2 3 4 5 6 / 8 9
07 07 07 07 07 07 07 07 07 07
08 08 08 08 08 08 08 08 08 08
09 09 09 09 09 09 09 09 09 09
10 10 10 10 10 10 10 10 10 10
11 11 11 11 11 11 11 11 11 11
12 12 12 12 12 12 12 12 12 12
13 13 13 13 13 13 13 13 13 13
14 14 14 14 14 14 14 14 14 14
15 15 15 15 15 15 15 15 15 15
16 16 16 16 16 16 16 16 16 16
17 17 17 17 17 17 17 17 17 17
18 18 18 18 01 18 18 18 18 01
19 01 19 19 02 19 19 19 19 02
20 02 20 01 03 20 01 20 20 03
21 03 01 02 04 01 02 21 21 04
22 04 02 03 05 02 03 01 22 05
23 05 03 04 06 03 04 02 01 06
24 06 04 05 07 04 05 03 02 07
25 07 05 06 08 05 06 04 03 08
26 08 06 07 09 06 07 05 04 09
27 09 07 08 10 07 08 06 05 10
28 10 08 09 11 08 09 07 06 11
29 11 09 10 12 09 10 08 07 12
30 12 10 11 13 10 11 09 08 13
31 13 11 12 14 11 12 10 09 14
32 14 12 13 15 12 13 11 10 15
33 15 13 14 16 13 14 12 11 16
34 16 14 15 17 14 15 13 12 17
35 17 15 16 01 15 16 14 13 01
36 18 16 17 02 16 17 15 14 02
37 01 17 18 03 17 18 16 15 03
38 02 18 19 04 18 19 17 16 04
39 03 19 01 05 19 01 18 17 05
40 04 20 02 06 20 02 19 18 06
41 05 01 03 07 01 03 20 19 07
42 06 02 04 08 02 04 21 20 08
43 07 03 05 09 03 05 01 21 09
44 08 04 06 10 04 06 02 22 10
45 09 05 07 11 05 07 03 01 11
46 10 06 08 12 06 08 04 02 12




lIpooosocenns mabauyi 1

Howmep 3aBpanns
HMOP 7= 5" T3 74 [ 5 | 6 | 7 | 8 | 9
47 11 07 09 13 07 09 05 03 13
48 12 08 10 14 08 10 06 04 14
49 13 09 11 15 09 11 07 05 15
50 14 10 12 16 10 12 08 06 16
51 15 11 13 17 11 13 09 07 17
52 16 12 14 01 12 14 10 08 01
53 17 13 15 02 13 15 11 09 02
54 18 14 16 03 14 16 12 10 03
55 01 15 17 04 15 17 13 11 04
56 02 16 18 05 16 18 14 12 05
57 03 17 19 06 17 19 15 13 06
58 04 18 01 07 18 01 16 14 07
59 05 19 02 08 19 02 17 15 08
60 06 20 03 09 20 03 18 16 09
61 07 01 04 10 01 04 19 17 10
62 08 02 05 11 02 05 20 18 11
63 09 03 06 12 03 06 21 19 12
64 10 04 07 13 04 07 01 20 13
65 11 05 08 14 05 08 02 21 14
66 12 06 09 15 06 09 03 22 15
67 13 07 10 16 07 10 04 01 16
68 14 08 11 17 08 11 05 02 17
69 15 09 12 01 09 12 06 03 01
70 16 10 13 02 10 13 07 04 02
71 17 11 14 03 11 14 08 05 03
72 18 12 15 04 12 15 09 06 04
73 01 13 16 05 13 16 10 07 05
74 02 14 17 06 14 17 11 08 06
75 03 15 18 07 15 18 12 09 07
76 04 16 19 08 16 19 13 10 08
77 05 17 01 09 17 01 14 11 09
78 06 18 02 10 18 02 15 12 10
79 07 19 03 11 19 03 16 13 11
80 08 20 04 12 20 04 17 14 12
81 09 01 05 13 01 05 18 15 13
82 10 02 06 14 02 06 19 16 14
83 11 03 07 15 03 07 20 17 15
84 12 04 08 16 04 08 21 18 16
85 13 05 09 17 05 09 01 19 17
86 14 06 10 01 06 10 02 20 01




lIpooosocennus mabauyi 1

Howmep 3aBpanns
HIMOP 79 2 [ 3] 456 ] 7] 8109
88 16 08 12 03 08 12 04 22 03
89 17 09 13 04 09 13 05 01 04
90 18 10 14 05 10 14 06 02 05
91 01 11 15 06 11 15 07 03 06
92 02 12 16 07 12 16 08 04 07
93 03 13 17 08 13 17 09 05 08
94 04 14 18 09 14 18 10 06 09
95 05 15 19 10 15 19 11 07 10
96 06 16 01 11 16 01 12 08 11
97 07 17 02 12 17 02 13 09 12
98 08 18 03 13 18 03 14 10 13
99 09 19 04 14 19 04 15 11 14
00 10 20 05 15 20 05 16 12 15

1 3MICT POBOYOI IIPOI'PAMU
1.1 Bemyn
[IpeameT 1 3micT ¢i3uyuHOI XiMii, 1 OCHOBHI po3AuTH. ICTOpis PO3BUTKY
¢di13uunoi Ximii. Meroau (i3U4HOI XiMil: TepMOAMHAMIYHUM, CTATUCTUYHHUM 1
KBaHTOBO-MeXaHIYHUH. OCHOBHI MOHATTA (PI3UYHOI XIMIi: cCUCTEMa, mapaMmerp,
npotec. 3HaueHHs (P13UYHOI XiMii U1 METalyprii.
Jlitepatypa [1,c.3 —8; 2,c. 16 —31].

1.2 Ximiuna mepmoounamixa

Tlepwuti 3akon mepmoOUHAMIKU

3arajbHa XapaKTepUCTHKA TEPMOJUHAMIYHOTO MeToay. OCHOBHI MOHSAT-
1. OyHKIIT cTaHy ¥ QyHKUIT nporiecy. BHyTpilHs eHepris, eHTanbIis, Tero-
Ta, poboTa. PoboTa B i/1eanbHUX Mpoliecax: 130TePMIYHOMY, 1300apHOMY, 130X0-
pHOMY, afiabaTUYHOMY. AHAIITUYHUNA BUPa3 1 GOPMYITIOBAHHS MEPIIOTO 3aKOHY
TEPMOJIMHAMIKHU. TerI0EMHICTh. EMIIIpUYHI PIBHSAHHS 3aJIEKHOCTI TEMIOEMHOC-
Ti Big Temneparypu. Temnosi edektn Ximiuaux peakiiil. 3akoH ['ecca. Temnotu
(eHTaNBIIii) YTBOPEHHS, 3rOPSHHS, arperaTHUX MEPETBOPEHb, PO3UNHCHHS, HEH-
Tpamizaiii. Tabnuill cTaHIapTHUX 3HAYCHb CHTAJIbIINA yTBOpeHHs. OOUUCICHHS

TEIJIOBUX €(PEKTIB XIMIYHUX peaKiliil. 3aexHICTh TEMJI0BOro e(eKTy BiJ TeM-
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neparypu. PiBusanns Kipxroda.

Jliteparypa [1, c. 7 —27; 2, c. 237 —272].

pyeuii 3axon mepmoournamixu

[Ipouiecu camo0BIIbHI, 000POTHI 1 HE0OOpPOTHI. CHPSIMOBAHICTH CaMO-
JTOBUIBHUX TIpolieciB y npupoil. TepMmoarHamidyHa WMOBIpHICTh. PiBHOBara sk
HaWOIbII CTaOLIPHUI CTaH CHCTeMHU. AHAMITUYHUN BUpa3 W (HopMynroBaHHS
APYroro 3aKOHy TepMoJanHaMiku. EHTporisa sk Mipa 3B’A3aHOi €Heprii Ta K Mi-
pa XaOTUYHOCTI CUCTEMH. 3MiHA €HTPOIii B 130JbOBaHIil CUCTEMI SIK KpUTEpii
HanpsAMKy nporecy. O0uncieHHs 3MiHM €HTPOIIi B pi3HUX Mpoliecax. TepMo-
nuHaMivH1 QYHKINT ¥ 3B'S30K MK HUMU. BinbHa eHepris mpu crajomMy 00’emi
(enepris I'enpMrosbiia) 1 cTagoMy TUCKY (eHepris ['10ca) sik mipa mpaiie3aTHoO-
CTI CHCTEMH 1 SIK KpUTEpiil HanpsAMKY mpouecy. BinbHa i 3B'13ana enepris. O0-
yucieHHs eHeprii I'enbmromnbua ta eHeprii ['i0ca xiMiyHUX peakuiil. 3acTocy-
BaHHS JIPYroro 3aKOHY T€PMOJIUHAMIKHU JI0 MPOLIECIB 3MIHM arperaTHoro CTaHy:
BUITAPOBYBAHHS, CyOJiMarlii, TJIaBiICHHS, MOJMIMOP(GHUX MEPETBOPEHb. 3alexkK-
HICTh TUCKY HacH4Y€HOI mapu Bij TemrepaTypu. PiBusauus Kiaysiyca — Knanei-
poHa.

Jlitepatypa [1, c. 27 —47; 2,c¢. 273 —322].

1.3 Ximiuna pienosaca

TepMmoanHaMiuHe BUBEACHHS 3akoHY Jii Mac. KoHcraHTa piBHOBaru i
cnocoOu 11 BUpakeHHs. Po3paxyHOK CKjaay piBHOBa)XXHOI CyMIlll H BUXOIY
npoaykTy. XiMiuHI peakiiii B reTeporeHHux cucrteMax. KoHcTaHTa piBHOBaru
reTeporeHHoi peakiii. TUCK (MPY>KHICTh) TEPMIYHOI AMCOLIAIT OKCUIIB 1 Kap-
OoHatiB. PiBHSHHS 130TepMU XIMIYHOI peakiiii. BrijmB 30BHINIHIX (aKTOPiB Ha
piBHOBary peaxuii. 3ajJeXHICTh KOHCTAaHTHU PIBHOBAru BiJ TemiiepaTypu. PiB-
HSIHHS 130X0pH 1 1300apu peakuii. Terosa teopema Hepucera. [loctynat [1nan-
ka. O0uncieHHs1 a0COMIOTHUX 3HAYEHb HTpoIii. Po3paxyHOK piBHOBaAru 3a Tao-
JUISIMA CTaHJAPTHUX 3HAYCHb TepMOANHAMIYHUX (PyHKITIH. ExcriepumenTanbpHe
BU3HAYCHHS BEJIMYMHA KOHCTAHTH PIBHOBATH.

Jlitepatypa [1, c. 85 —103; 2, c. 427 — 488].

1.4 Teopia po3uunie

Pozuunu HeenexTponiTi. [lapiianehi MossapHi BenuduHu. PiBHsHHS [110-



ca — [rorema. [neansHi po3unnu. Po3BeneHi po3unHu. 3aKOHU pO3BEACHUX PO3-
yuHiB. PO3unHHICTG Ta3iB y piauHax. 3akoH ['enpi. Po3unHHICT rasiB y Mmeta-
nax. 3akoH Payns. 3akoH po3noniuny. XiMiuHUNA MOTEHI[al KOMIIOHEHTA PO3YHU-
Hy. PeansHi pozunnn. TepMoanHaMiuHa aKTUBHICTh. Bubip ctaHmapTHOro cra-
Hy. MeTou BU3HAUYCHHS aKTUBHOCTI KOMIIOHEHTIB PO3UHHY.

Jlitepatypa [1, c. 103 —127; 2, c. 345 — 394].

1.5 @a3zoei pienosazu ¢ 6azamoKOMnOHEHMHUX
cucmemax
OcHOBHI TOHATTA: (ha3a, KOMIOHEHT, YUCIIO CTYMNEHIB BUILHOCTI. PiBHSH-
Hs mipaBuia ¢a3 [16ca. Jliarpama cTtaHy OJJHOKOMIIOHEHTHOI cCUCTeMHU. Tepmiy-
HUI aHai3, KpUBI OXOJOKEeHHs. JlarpaMyu ABOKOMIIOHEHTHUX CHUCTEM: 13 MPO-
CTOI0 €BTEKTUKOIO; 3 OOMEXKEHOI i1 HEOOMEXKEHOI PO3UMHHICTIO Y TBEPAOMY
CTaHl; 3 YTBOPEHHSAM CTIMKUX 1 HECTIMKMX XIMIYHUX CHOJYK. TpPHUKOMIOHEHTHI
cuctemu. IIpami KypHakoBa il (pi3uko-XIMIYHUN aHATI3.
Jlitreparypa [1, c. 48 —85; 2, c. 323 - 344].

1.6 Enexmpoximisn

Po3unnu enektpounitiB. EHepris KpucTaniuHOl IpaTKU M €Hepris coJibBa-
Tauli 10HiB. CHJIbHI ¥ cIa0K1 eJIEeKTPONITH. AKTUBHICTh €JI€KTPOIITIB. [OHHA cu-
na po3uuny. Criocobu BU3HAYCHHS KOC(IIIEHTIB aKTUBHOCTI €IEKTPOITIB. [1n-
TOMAa ¥ €KBIBAJICHTHA €JIEKTPOIIPOBITHOCTI 1 IXHS 3aJI€KHICTh BiJl KOHIIEHTpAIII1.
PyxnuBicTh ioHiB. 3akoH Konbpayma. Uucna nmepenocy. [IpakTuune BUKOpuC-
TaHHS BUMIpPY €JIEKTPOIPOBIAHOCTI.. BUHUKHEHHS Pi3HULI MOTEHIIaIB Ha Ipa-
HULAX po3auty ¢asz. [loasiiiHuii enekTpuyHuil map. TepMoarHaMika rajibBaHi-
yHOro eneMeHTy. Tunu enektpoxaiB. Enxexrponni motenmianu. CTaHmapTHi mo-
TeHmiany. Psx nanpyr. Tunu ragbBaHIYHUX €JIEMEHTIB: XIMIUHI, KOHIICHTpAIIl ii-
Hi. Jludy3siitnuit moteniian. BuznaueHHss TepMOAMHAMIYHUX TTApaMETPIB M-
XOM BUMIPY €JIeKTpopyiIiiiHo1 cuiau. KiHeTuka eJeKTpoIHUX MpoIeciB. EiexT-
poui3. KonienTpauiiftHa i XiMi4yHa NOJIIpU3allis, IepeHanpyra.

Jliteparypa [1,c. 127 —195; 2, c. 516 — 625].

1.7 Ilogepxnesi asunia ma aocopouyisn
OcHOBHI BU3HaU€HHS. BIJIMB MOBEpXHEBOro IIapy Ha 3arajibHI TEPMOIU-

HaMI4H1 BJIACTUBOCTI T€TEPOr€HHUX CUCTEM. AJICOPOIIis ra3iB Ha TBEPJUX IOBE-
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pxusix. Teopist agcop6uii Jlanrmropa. AnacopOrist 13 cymini ras3iB. AjacopOris 3
po3unHiB. MosekyisipHa i akTuBOBaHa ajacopOiis. [lomimonekynsapraa aacop6-
mis. Kaninspra konaeHcariis. bygosa agcopomiiinux mapis. TertoTta aacopOirii.
Ancopbuist Ha moBepxHi piauHu. PiBHsHHS [10ca. 3anexHICTh MOBEPXHEBOTO
HATATY BiJ ckiaay po3uuny. PiBusHHS [umkoBcekoro. [loHATTS po xpomaTo-
rpadiro. [ToBepxHeBi siBUIIA B METATYPrii.

Jliteparypa [1, c. 280 — 296; 2, c. 489 — 515].

1.8 Ximiuna kinemuka ma kamaniz
Kinemuka comozennux peaxyiu

[IBuakicTe peakiiii. MoJaekyIsIpHICTh 1 TOPAJIOK peakiii. 3akoH aii Mac 1
KIHETHYHI PIBHSIHHS peakilii. KoncTanTa mBuakocti peakiii. Peakuii nepimoro,
JIPYroro W TPEThOro MOpsAKy. MeToau BU3HAYEHHS MOPSIKY peakiii. 3anex-
HICTh HMIBUAKOCTI peakiii Bia TeMrepaTypu. PiBHsHHS Apeniyca. EHepris akTu-
Bailii. Teopist akTMBHMX 31TKHEHb. JIAHITIOTOB1 peaKii.

Jliteparypa [1, c. 196 —237; 2, c. 626 — 680].

Kinemuxa cemepocennux peaxyiti

['ereporenHi peakilii B MeTaypriiHoMy BUpOOHUIITBI. bararocraiiinicTh
nporeciB. Kinetuka kpucranizaiii. CydacHa Teopisi yTBOpeHHS 3apojka. Teopis
¢aykryauii. TepMoarHaMiuHI YMOBY BUHUKHEHHS C(DEepUYHOrO 3apOJIKa.

Jliteparypa [1, c. 237 —271; 2, c. 681 —699].

Kamaniz

3aranpHl BJIACTUBOCTI KaTaii3aTopiB. I'oMoreHHuii karamnis. I'ereporen-
Hul kataini3. OCHOBHI TeOpii KaTamizy.
Jlireparypa: [1, ¢. 271 — 280; 2, c. 687 — 699].

2 BKA3IBKH OO0 BUBYEHHS OKPEMUX PO3A1JIIB

1liopo3oinu 1.2 —-1.3
BuByaroumn 3akOHU XIMIYHOI TEPMOJAMHAMIKH, 3aCBOMTE OCHOBHI MOHSTTS

i1 Bu3HaueHHA. [[0 HUX BIAHOCSATHCS: TepMOAMHAMIUHA cHUCTeMa (0JaHO- 1 Oara-
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TOKOMITOHEHTHA, TOMOTE€HHA, Te€TePOreHHa, 130JIbOBaHa, BIIKPUTA, 3aKPHUTA), 30-
BHIITHE CEpEeAOBHIIE, TePMOIUHAMIYHMKA mporec. CucTeMa XapaKTepU3YEThCs
CYKYITHICTIO KIJIBKICHUX XIMIYHMX 1 (PI3MUHHMX TOKaXYHUKIB, SKI HA3HBAIOTHCS
TEPMOJMHAMIYHAMHY TMapaMeTpaMu CTaHy CHUCTeMH (TeMmIeparypa, THCK, BHYT-
PIIITHST €HEPTisl, CHTAJIBITISA, KOHIIEHTparlis 1 iH.). [1ix yac mepexoay cucteMu Bif
MIOYaTKOBOTO JI0 KIHIIEBOTO CTaHy 3MiHa ii mapamMeTpiB CTaHy HE 3aJICKUTh BiJ
NUIAXY Tpoliecy. 3MiHa Oy/b-SIKOr0 apaMeTpy CTaHy, HAIIPUKIIA] BHYTPIIIHBOL
eneprii U, € moBHUM audepeHiiagoM, ToOTO 1HTErpajg Moro He 3aJeKUTh Bij
NUIAXy 1iHTerpyBanHs. TemnoTa it poboTa € opMaMu riepenadi eHeprii MK 30B-
HIITHIM CEPEIOBHUIIEM 1 CUCTEMOIO, BOHU BITHOCATHCS 710 TIEBHOTO MPOIIECY, 3a-
JekaTh BiJ YMOB MepeOiry mpoiecy il He MOXKyTh OyTH (DYHKIIISIMU CTaHy CHC-
TeMd. MaTeMaTHYHUI BUpa3 MEPIIOro 3aKOHY TEPMOJMHAMIKU ISl HECKIHYCH-

HO MaJIOl 3MIHH CTany CUCTCMH Ma€ BUITIAL
8q=dU +8W = dU + DdV+ W, (1)

ne OW — cymapHa po0oTa mpoTH 30BHIIIHLOTO TUCKY PdVTa iHmmx cun
OW' (Tak Ha3uBaHa KOpUCHA poOOTA).

Heo0xiaH0 3HaTH, 5IK1 POIECH HA3UBAIOTH OOOPOTHUMH 1 SIKi — HEOOOPO-
THUMU. OOOPOTHHI MPOIECH BiAOYBAE€THCS HECKIHYEHHO MOBLILHO, MPHU IILOMY
CUCTEMA MPOXOAUTH Yepe3 Psi/i pIBHOBAXKHUX CTAaHIB, 30BHIIIHI i BHYTPIIIIHI CH-
JIM BIAPI3HAIOTHCS HA HECKIHYEHHO Majly BEJIMYUHY il IPU MOBEPHEHHI CUCTEMU
y BUXIJHUHI CTaH HE 3aJUIIAETHCS HISKUX 3MIH y 30BHILIHIM CEPEAOBHILI; BIACY-
TH1 BTpatu eHeprii. ToMy B 000pOTHOMY MpolLieci 3A1HCHIOEThCSI MaKCUMalIbHA
poboTa, SKIIO0 BOHA BUPOOJISIETHCS CHUCTEMOIO HAJl 30BHIIIHIM CEPEIOBHUIIEM.
[Ipouecu, 1m0 HE MarOTh MOJIOHUX BJIACTUBOCTEN, HA3WBAIOTh HEOOOPOTHUMHU.
MoskHa po3paxyBaTH 3MIHU BIACTHBOCTEH y HEOOOPOTHOMY IPOLIECI, CKIIAJAI0-
YW PIBHSHHS JJIS1 PO3paxyHKy MapaMeTpiB CTaHy CHCTEMHU B 0OOPOTHOMY IPO-
1ecl, Kl BIIOMI B KOKHY MUTb, KO OOUBA MPOIECH BiIOYBAOTHCS BiJ TOTO
CaMoro MO4YaTKOBOT'O CTaHy JI0 TOI'O CaMOT0 KiHIIEBOTO CTaHy.

[IIo6 3po3ymiTH, sIK BIUIMBAIOTh HA CHCTEMY pi3HI (hakTOpH, MOTPIOHO
3HATH, 10 BXOJUTH A0 MOHATTS BHYTPIIIHbO1 EHEPTii CUCTEMH, a TAKOXK SHTAIb-
mii, TOB'SI3aHOI 13 BHYTPILIHBOIO EHEPT1€I0 MPOCTUM PIBHSHHSIM.

Jpyruii 3aKOH TEpPMOJUMHAMIKM 3aCTOCOBYIOTH O CHUCTEM, IO CKJIaja-
IOTBCS 13 BEJIMKOI KUJTBKOCTI YaCTOK, SIKI TMITKOPSIOTHCS 3aKOHAM CTATHCTHKH.

Jpyruii 3aK0H pO3Tsgac MUTAHHS MOXJIMBOCTI, HAMPSMKY W MEX1 TMPOTIKAHHS
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CaMOJIOBIJILHUX MPOIIECIB (CTaH piBHOBArM). [Ipu 1iboMy K KpuTepii, 1110 BU3HA-
YarOTh HAMpsIMOK 1 MEXY NPOTIKaHHS MPOIIECiB, BUKOPUCTAIOTHCS TEPMOIMHA-
MIYHI MTOTeHIiam — eHepris I'enpmronsiia A 1 enepris ['ioca G (3a ymMoBH cTa-
JIOCT1 IBOX BIJMOBITHUX MapaMeTpiB) 1 eHTPOITiS (B 130JIb0OBaHIM CUCTEMI).

Jly’ke BaKJIMBO BHBYHTH METOJM PO3PAXyHKY KOHCTAHTH PIBHOBArd, IO
Jla€ 3MOTy BU3HA4YaTH BUXIiJ MPOIYKTY peakiii. KoHcTanTa piBHOBaru mos's3ana

31 3MIHOIO TEPMOJIMHAMIYHOIO MOTEHINATy PIBHSAHHAM 130TepMu. Tak, s pea-

KIIi1
N, +3H,; —2NHj,
2
AG =RT(In ,p =B _InK,), )
PN, Ph,
ne AG — enepris ['i0ca peaxiii,
T — aBGcouroTHA TEeMIEepaTypa;
R — yHiBepcaigbHa ra3oBa CTaja;
P’ — HepiBHOBa)XHUW TPUBEICHUMN MapLIaAIbHUN TUCK BIJIMOBIIHOTO
KOMITOHEHTY;,

K, — KOHCTaHTa pIBHOBAru, BUPaXEHA Y€Pe3 MapIiiajbHl TUCKH.

B yMmoBax, xoyiu mapiiiagibHUNA THUCK KOKHOTO KOMIIOHEHTY JOpiBHIOE 1
aTmocdepi, 3MiHa eHeprii ['i0ca (cTranmapTHa XiMidHA CIIOPITHEHICTH) TOPIBHIO-
BaTUME:

AG® = - RTInK,, (3)

Sxmo nmapuianeHi TMCKU W K, BUpakaTh B mackansx, a R y mkoymax Ha
Moab-KenbBUH, TO

AG’ = 95728 An — RTInK,, (4)

e An — 3MiHa KUJIBKOCT1 MOJIEHM ra3omoIliOHUX PEYOBUH BHACIIJIOK peaK-
mii.

KonctanTa piBHOBaru mMoxke OyTH po3paxoBaHa 3a piBHSHHAMH (3) 1 (4),
SIKIIO BimoMma eneprist ['i6ca peakmii AG’. AG® peaxiiii BU3HAYA€TBCS 32 3HAUCH-
HSMH CTaHAAPTHUX eHepriit ['ibca pedyoBuH, 110 OepyTh ydacTh y peaxilii (BOHH
€ B TAOJMUISAX TEPMOJUHAMIYHUX BEJIHYUH).

Po3paxoByeThes 3a hopMynoro

AGO = Z:(AG 298)KiHu - Z:(AG 298)110({ . (5)
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BianogigHo a0 piBHsaHB ['106ca-I"enpmrobliia
AG® = AH+TAS. (6)

Jlist HaGnmokeHoT omiHKY 3HageHHs AG® MOXKHA PUITYCTHTH, IO TEIIIOE-
MHICTh CHCTEMH BHACHiJOK peakuii He 3MmiHIoeThes (AC, = 0), To6TO AH® i1 AS?
HE 3ajJeXaTh BijJ TeMmreparypu. Y I[bOMY BHIIQJIKy PO3PaXyHOK 3BOJUTHCS [0
srm3Hadenns AH® it AS? 3a crammapTHHM 3HAYCHHSM LUX (YHKIIH, y35THX 3
TaGmunp. Ko npu uboMy 3HaueHHs AG® € mye HeraTHBHHUM 4HCIOM, TO Kp
MOBUHHA OYTH BeNUKa, TOOTO piBHOBAara peakiiii MpakTHYHO MOBHICTIO 3MiIlIeHa
BOIK YTBOPEHHS MPOAYKTIB peakilii (KIHIIEBUX PEYOBHH). SIKIIO X OOUYHCIECHHS
3BOJIAT [0 BETHKUX MO3HTHBHUX 3HadeHb AG’ , To Kp Gye MaTi Manoo Belu-
YMHOIO 1 pIBHOBAra peaxiiii 3MiiieHa BOIK yTBOPEHHs TOYAaTKOBUX PEUYOBHUH.

Touni pospaxyrkn AG® i Kp mpoBosaThest 3a piBHAHHSM (6), ae Bpaxo-
ByeThCsl 3anmexuicTs AGY Bix Temmeparypr. Po3paxyHOK 3HAYHO CIIPOILYETHCS,
AKIIO CKOpUCTaTUCs MeTo1oM Thomkina — [1IBapriMana.

Pospaxynok K, craTmcTiuHMM MeTOIOM pOOHMTHCS 3a PIBHAHHAMHU (3) i
(4), ne AG® po3paxoBYeThCS 3a CyMaMH CTaHIB KiHIIEBHX i MOYATKOBHX PEHO-
BHH. SIKII0 MOTP1OHO BM3HAYaTH KOHCTAHTH PIBHOBAru ra30BUX PeEakiliil 3a BU-

COKHMX TEMIIEPATYpP, BUKOPUCTOBYETHCS TEPMOJIMHAMIUHA (DYHKIIIS

G°—H)
_2 ~Mo 7
= U
sKa Ha3WBA€TbCS IPUBEIEHOIO0 BUIBHOK eHepriero. Bona mos'asana 13 K, piB-
HSHHSM
(o] (o] (6]
RInNK, =—{ A G —H, ), AR, | (8)
T T
sxmo K, BupaxkeHa B armocgepax, abo
(0] (0] (o]
RInK, =95728An —| A G —H, + AH, : 9

T

axkmo K, Bupaxkena B mackanax. Tyt AHy = AUg — 3MiHa BHYTpIIIHBOI €HEPTii
pearyrouoi cuctemu ipu Trcky 1,01325:10° Tla Ta aGComoTHOMY HyIT Temiepa-
Typu (IOpiBHIOE anreOpaivHiil cymMi eHepriid Aucolainii yJacCHUKIB peakilii Ha
aToMu); AN — 3MiHa KUTLKOCTI MOJICH ra30moJi0HMX PEUOBHH BHACIIIIOK PEAKIIIi:
AN = Ny — Npyou-

[IIo6 po3paxysatu Kp 3a nmMu piBHSIHHSAMHU, HEOOX1THO 3HATH BEJIMYUHU

¢ynkuii (7) Ajg BCiX pearyroyux peyoBUH JaHOi XIMIYHOI peakiii il 3HaueHHs
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TEIJIOBOTO €(eKTy M€l peakilii Mpu CTaHIaPTHOMY THUCKY M aOCOIFOTHOMY HYJI.
3navyeHHs QyHkiii (7) BU3HAYAIOTH 13 CyM CTaHIB, pPO3paxOBaHUX Ha IIiJICTaBi
CHEKTPOCKOMIYHUX JaHuX. 3HaueHHs AH, BU3Ha4yaioTh 13 KaJOPUMETPUUHUX
JaHUX, CIIOTYYalouH iX 31 CIIEKTPOCKOMIYHUMHU JaHUMU. Y Cl 111 QyHKIII miapa-
XOBaHI AJisl 0aratbox rasiB MPH PI3HUX TeMIepaTypax 1 3HauUeHHS 1X HaBEACHI B
JTIOBITHAKAX.

[Ipu pimeHHi 3aBaHbh BU3HAYAIOTh 3a JIOBIKOBUMH JaHUMHU TEPIIUN 1
JIPYTUH YICHU MPaBOi YaCTUHU PIBHAHHS 8 SIK PI3HMINIO IUX (QYHKINN IS IPO-
IYKTIB peakiii i MoYyaTKOBHX PEYOBHH 1 OTIM po3paxoByroTh K, 1 K, nanoi pe-

akmi.
Po3B’s13aHHa THOBUX 33124

3amauya 1. Yomy nopiBHIO€ poboTa npu 13otepmiunoMy (T = 308K) pos-
mupeHHi Big Pi= 5-10° no P, = 1-10° Tla CyMilli, 0 CKIagaeThes 3 48 rpamin
kucHio O, Ta 2 MoJieit azoTy N,?

Po3B’sa3aHH4a

5
W =nRTIn % —35-2,303-8,314 -308lg i : igs =14,29-10°Ae,
] .

Jie KUTBKICTh MOJIH CyMIIIIi n =ng, +Ny; = 48/32 + 2 = 3,5 Moreii.

3agaua 2. a3 ctucHyTto amiabatmyHo Big P; = 1,844-10° Ila 1o
P, = 84,60-10°ITa, mouyarkoBa Temmeparypa T, = 291K. OGuucIuTH KiHIEBY Te-
mrepatypy T, Ta poOOTy CTUCKaHHS OJHOTO MOJIS Tasy, skio v = 1,4.

Tuck, 00’eM i TemnepaTypa Ha MOYATKY Ta KiHII afiabaTHYHOTO MPOIIECy

OB’ s13aH1 CIIBBIIHOILIECHHAMU:

PV =P, V], (10)
TV =T,V (11)
T/PT=T)P, ", (12)
Po6oTa n Monel iaeabHOrO ra3y Moke OyTH 004KCIIeHa 3a PIBHSHHSAMU:
W= nRT, 1— [ﬁ}y_l ’ (13)
y-1 \2
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y-1

W= nRT, 1_ & Y | (14)
y—-1 Py
— nR(T, —T.
W = PV —PV, _ (T, 2) (15)
v-1 y-1
Po3B’sa3anHs
1.4
3(12) T, =291(M) " _ggoE .
8460000

1,41

3(14) W= )1’4 ~ 11997 Az .

1.8,314-291 1_ 8460000
14-1 184400

3agaya 3. OOUMCIUTH CTAHJAPTHY CHTAJBIIIO YTBOPEHHS TJIIEPUHY.
Entanenis sropsiaas rainepuHy CsgHgOs; y cranmapTHUX yMOBax JOPIBHIOE
1662,24-10° JI/MOJIb; €HTATIBIIII 3rOPSHHS POCTHX PEYOBHUH:
C+0,=CO; ; AH%0g.4. o= — 393,79-10° JIx/Monb;
Hy+0,50,=H,0); AH%0g 5. 1= — 286,26:10° T/Mou.

Po3B’a3aHHs
Peakuisi yTBOpEHHs TUIILIEPUHY 13 MPOCTUX PEYOBHUH BiI0OYBAETHCA 3a PIB-
HSHHSM
3C +4H; + 1,50, = C3HgO3 ().

I3 3akonHy ['ecca BUIUIMBAE, 1110 €HTANbIISI YTBOPEHHS CIIOJIYKH JOPIBHIOE
PI3HMII MK €HTaJbIISIMU 3TOPSIHHS MMOYATKOBUX PEYOBUH M E€HTAJBIISIMU 3T0-
PSAHHA KIHIEBUX PEYOBHUH 3 YPAXyBaHHAM KOE(ILIE€HTIB Y PIBHAHHI PEaKLii:

AH’65 i = 3AH 205 5r.c + 4 AH 268 sr.112 — AH 208 31 iy
AH 55 i =[-3°393,79 —4-286,26 — (—1662,24)]-10° = —664,17-10° JTx/momb.

3apaua 4. O0UUCIUTH TEMJIOBUI eeKT peakiii
2CH4+ CO, = CH3COCH;3(r) + H,O(T)
npu Temiiepatypi S00K, skuio BijlomMi TemioBUl eeKT i€l peakilii npu Temie-
patypi 298K 1 piBHSAHHS 3anexHOCTI TermtoeMHocTi mpu Temneparypi C,= f(T).

BusHaunTy, Ha Ky BeIM4YUHY BIAPI3HAETbCA Qp Bl Qy (TemoBuil eekT peak-
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11 IPU CTaJIOMY THUCKY BiJl TEIJIOBOTO €(eKTy MpHU CTaJoMy 00’€Mi ) IPH TEM-
nepatypi S00K.

Po3B’s13aHHs

3anexHICTh TEIIOBOro e(eKTy peakilii BiJf TeMIepaTypu BUPAKAETHCS

piBusiHHsAM Kipxroda

AH = AH,_ + A3, T + Agl T? + Agz T - Aa_ll_‘z .

Jlnst Bu3HavueHHs AHy HEOOX1THO 3HATH CHTAJBIIIO PEaKIlii mpu TemIepa-

(16)

Typt T= 298K, siky 3BMuaiiHO 3HAXOIATh 31 CTAHAAPTHUX CHTAJBIIN YTBOPEHHS
CIIOJIYK.

[Tocriiini Aag, Aa; Aay 1 Aa_, BU3HAYAIOTHCS 3 PIBHSIHB 3aJICKHOCT1 TEILIO
€MHOCTE PEUOBHH-YYACHHUKIB PEaKLii Bl TEMIEPATYPH 3 YpaxXyBaHHSAM Koedi-

LIE€HTIB Y PIBHSAHHI PEaKIIii:

Co=ag, Ta;T+ a,T? + Aa,T? (17)
JUTSl IOYATKOBUX PEYOBUH 1 IPOIYKTIB PEAKIIii.
3 Tabnuii A.1 mojmatka A ©6epemo HEOOXiJIHI JJisl PillIeHHs 3a7a4l JlaHi i
3aHOCHMO 1X 10 Tabimi 2.

Tabauys 2 — Buxiowni 0aui 0151 00YUCIEeH S MEN08020 eheKmy peaKyii

0 3 Temmepa-
AH 59510 3 6 5 e
PegoBuna ag a;-10° | a,y10° | a_» 10 TYpPHUM 1H-
JIx/MoIB
tepBair, K
H,O(r) -241,84 | 30,00 | 10,71 - 0,33 | 273 -2000
CH;COCH;(r) | — 216,84 22,47 | 201,8 | —63,5 — 298 — 1500
CO, —39351 | 44,14 | 9,04 - —8,53 | 298 — 2500
CH, —-74,90 17,45 | 60,46 | 1,12 - 240 — 1500

AH 508 =3 (AH 208 )isn. — X.( AH 208 )now. =(-241,84 — 216,84 +383,51 + 2:74,90)x
x10%=74,63-10% JIx.
Ady =Y i — 80 now. = (30,00 + 22,47 — 44,14 — 2x17,45) = — 26,57.
Y5 Aay =% (10,71+201,8 — 9,04 — 2:60,46) x107° = 41,27x10°°,
Yy Aay= "4 — 63,5 — (-2-1,12)]-10°=-20,42-10"°.
Aa »,=[0,33 — (-8,53)]-10°= 8,86-10°.

3 piBusaHHA (16) Bu3Hawaemo AHy:
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AH, = AH,q, — Aa,T —A;‘lT2 —A;‘zﬂ +A‘j‘r—2 = 74,6310% — (~26,57 -298) —

—41,27-103298% — (-20,42:10°-298% ) +8,86:10°/298 = 82,4-10° JTx.

TakuM 4yuHOM, 3aJIEKHICTH TEIUIOBOTO €(EeKTy peakilii BiJ TeMIlepaTypH
BHUPA3HUTHCS:

AHr=82,4:10° — 26,57-T + 41,26:10°T* - 20,42:10 *T° + 8,86:10°T .

Buznaunmo temioBuii edekT peakiii npu remmnepatypi S00K:

AHsgo = 82,4-10° — 26,57-500+ 41,26-10~°-500° — 20,42-10°°-500° +

+8,86:10°500 " = 78,65 10°II%, a6o 78,65 xJIx.

TennoBuit eexT mpu CTalIoMy THCKY MOB'SI3aHUM 3 TEIUIOBUM €(PEKTOM
IpU cTaioMy 00’ €Mi PIBHSIHHSIM

Qp — Qu=AnRT, (18)

e AN — pi3HUIA YKcja MOJiel ra30moiOHMX KIHIICBUX PEYOBHUH 1 ra30-
MOAIOHUX TTOYATKOBUX PEYOBHH, JJIS aHOI peakmii An =2 — 3 =—1.

Qp— Qv=-1-8,314-500= - 4157 JIx.

3amaya 5. 3aleXKHICTh TEIUIOEMHOCT1 aJIOMIHIIO BiJ TEMIIEpaTypHu Bio-
Opaxkaerbcs piBHaHHAM C, = 20,670 + 12,39-10 °T Jix/(momnp-K). Temmeparypa
mnaBneHHs amrominio T,= 931,5 K, #ioro AH,,= 387000 [Ix/kr. O6uucautu: 1)
KUJIBKICTh TEIJIOTH, IO HEOOX1HA JUIS IUIABJICHHS 3 KI aJlOMIHIIO, SKHHA 3HAXO-
nuthes ipu Temmeparypi T 298 K;  2) 3miny eHTpomnii y ibOMY IpoIIeci.
Po3B’s3anHs
1) lykana TemioTa q TOPIiBHIOE CyMi TEIIOT ¢ = (1+(;, (19)
Je (i — TeIioTa, HeoOXiJHa aJjig HarpiBaHHs amomiHiio Big T moT,;
0, — TeroTa, HEOOX1JHA JIs TIJIABJIICHHS ATFOMIHIIO:
Ji=m ¢, AT; (20)
02 = m AH,, (21)
JIe m — Maca aJloMIHIIO;
C

p — CEpeJHs IMTOMa TEIJIOEMHICTD AJIFOMIHIIO;

AT — 3MmiHa TemMIeparypu;
AH,, — muTOMAa TEMJI0TA IIaBJIEHHS aJIOMIHIO.

CepeiHst MOJIBHA TETUIOEMHICTD aTIOMIHIIO.

Tig 10-3 )
N Jc,dT = 1 [20,670(o|..e @H% I_ze_ozj:
< _O 2
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=20,670 + 6,2-1073 (931,5 +298) = 28,318 JIx/(monb K).
CepenHsi mUTOMA TEIJIOEMHICTD aJTFOMIHIIO
C, =%=1048,3 JIx/(xr'K), nme 26,99 — MonbpHa Maca ajaroMi-
HIIO.
AT=T,,—-T=931,5-298 = 633,5K.
3(20) gz1=m ¢, AT =3-1048,3-633,5 = 1992-10° JIx.

3(21) o, m AH,, =3-387000 = 1161-10° .
3(19) q=qi+g= (1992 + 1161)-10° = 3153-10° k.
2) 3aranpHa 3MiHa eHTpoIii AS JOPiBHIOE CyMi JBOX 11 3MiH:
y npouect HarpiBaHHs antoMiHiio Big T 1o Ty, :
931,5

AS, =mc,In e —3.1048.3 -In 2= = 3586,7 JI/K;
T 298
y Tpolieci TJIaBJIEHHS aJIFOMIHIIO!
3
as, = Jz 1161307 1o 0 1 Tk
T, 9315

e

AS = AS; + AS,=3586,7 + 1249,1 = 4831,1 Ix/K.

3anaua 6. [luroma Terora muaBjaeHHs HadTaIIHy PU TEMIIepaTypl HOTO
mnaBneHHs T = 353,3K gopiBHIo€e 148,639-106 Jx/kr. OGUUCIUTH 3MIHY TOYKHU
TUTABNCHHS TIpH 36imbireHHi Tieky Ha 1,0133-10° IMa, KO Pi3HHMIS MHTOMEX
06’eMiB AV =V, — V(g = 0,146:10° M*/xr,

Po3B’a3aHHs

3a piBasHHsAM Knanetipona-Knaysuyca

AP _AH,
AT TAV'
5 -3
it AT = ADTAV _1,01325-10 -353,3-(2,146 107 _ 00351 K.
AH,, 148,639-10

3agaya 7. OOuucnutu 3Miny eHTanemii AH, BHyTpimHboi eneprii AU, en-
tpomii AS, eneprii ['ioca AG 1 eneprii I'enbmronsna AA, poOOTy po3LMIUPEHHS
W npu nepexoni 2,7 Kr Boau B napy npu temneparypi KUmiHHA Ty, = 373 K1
CTaHIapTHOMY THUCKy. MomnpHa Teruiota BumapoByBaHHS AH,,, HopiBHIOE

40700 Jx/moinb. BBaxkaT napy iiealbHUM ra3oM.
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Po3B’sa3aHHs

m
3mina enranemi AH = nAH,,, = "9 AH sei =ZI—2040700 = 6,105-10° [T

H,0

3MiHa BHYTPIIIHbOI €HEPTii:

AU = AH - PAV = AH - P(V, - V,).

O6’em mapu 3Ha4HO OiNIbIIE, HK 00’€M PIAMHU 1 TOMY MOXHA BBa)KaTH
V-V, =V, , a Ko napy BBa)KaTH 1JicalbHUM Ia3oM, ToO 3a (opMmyoro MeH-
neneeBa-Knaneiipona

PV, =nRT, Toni

AU = AH - PV, = AH — nRT = 6,105-10° — (2700/18)-8,314-373 =

= 5,64-10° I,

ne Kimbkicth MoiB N = M/M = 2700/18 (18 r/mons — MOITBHA Maca BOJH;)

3MiHa €HTPOITIi:

AH _ 6,105-10°
T 373
3mina eneprii ['ioca dG = VAP — S dT; B ymoBax cTajoCTi TUCKY ¥ TeM-
nepatypu dG=01AG =0.

3mina eHeprii ['enbmronbia dA = — PdV — SAT; B ymoBax cranocTti TUCKY

AS =16,37-10° JLx/K.

1 TeMInepaTypH BIIOBITHO
dA =—-PdV, i takum unaom AA = - PAV =—- PV, = - nRT.
AA =—(2700/18)-8,314-373 = — 465,2:10° JI.
Po6ota posmupenns W = — AA = 465,3-10° JIx.

3agaua 8. ['ereporenna peaxiis
3Fe +4H,0(r) = Fe30O4 + 4H,

BiJIOYBa€ThCS y MocyauHl 00’emMoM 2 mitpa. [licns mocsirHeHHsT piBHOBaru mpu
temneparypt S00K mnapimiaabHUl THUCK BOJHIO, IO YTBOPHUBCS, OPIBHIOE
1,35:10° Ia. Buznaunty: 1) K, i K; 2) Buxin BOAHIO, SKIIO MOYaTKOBUI THCK
BOAIHOT apy 1opiBHIoe 1,4-10° ITa. O6’eMoM TBEP/IOi (ha3h 3HEXTYBATH.

Po3B’s13aHHs

1) TapitiansH1 TUCKA KOHJEHCOBAHUX (Pa3 HE BXOASATH JO PIBHSHHS KOHC-

TaQHTH PIBHOBATH SIK CTaJIl BEJIUYUHU, TOMY

K'—Dﬁ'2 aal K, =—2 (22)
i Dﬁzo i J'E)Hzo
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3a XIMIYHUM PIBHSHHSIM peakilis e 6e3 3MiHU 00’ eMy 1 KiJTbKOCT1 MOJTIB
ra3oI1o/1I0HUX PEYOBHH, TOMY MPH JIOCSITHEHHI PIBHOBArM
Pino = (1,4 — 1,35)-10° = 0,05-10° I1a; Py,=1,35-10° I1a.
5
1,35 105 _270: K.= KP(RT)—An ’
0,05-10

e An — KUIBKICTh MOJIEH Ta3omoi0HMX MPOAYKTIB peakilii MIHyC KiJib-

3(22) K, =

KICTh MOJIEH Ta30T01I0HUX TIOYATKOBUX PEUOBHUH,
An=n;—-n=4-4=0, 3Bincu K. = K,=27,0.
KinpKicTh MOJICH BOJIHIO, IO YTBOPHBCS

By,V 1,35.10°.2.10°

RT 8,314 -500

6.5 1022 = 1,3 10t = 0,13 r, roe 2 — MoOJIbHA Maca BOJIHIO.

— 6,5-10% Mo, a60

3anauya 9. Koncranra pisHoBaru K, peakuii C + CO, S 2CO npu temne-
patypi 1000K mopismioe 2,02-10° I1a, a npu Temmeparypi 1200K — 6,26:10° ITa.
BusHauuTtu cepeiHe 3HaUCHHS HTAJIBIIII 11€] peakiii B TO3HAY€HOMY TeMIlepa-
TYpPHOMY 1HTEpPBaIi.

Po3B’s13aHHs

3HailieMo cepelHE 3HAUCHHS CHTaJbIIi e(EeKTy 3a piBHSIHHAM

nKee _AH(1 1) AH(T,-T,) (23)
Ky, R\, T,) R TT,
3BIJIKH
6
AH = RT, T, In Kp, :8’314 1000 12OO| 6,26-10 = 171,3-10° JIK/MOJIB.

= n
T-T, Ky 1200 -1000 2,02-10°

3anaua 10. 3ami30 i BojsHA TTapa pearyroTh 3a PIBHAHHIM
Fe + Hzo =Fe + H,.

PospaxyBatu 3a Temneparypu T = 950 K: 1) cranmapTHy 3MmiHy eHeprii
I'ibca s wiel peakuii; 2) konctanTu piBHoBaru K, i K; 3) 3miny eneprii ['i6ca,
BIJIHECEHY /IO MOYATKy peakilii, K10 MOYaTKOBI THUCKU BOASHOI MapH 1 BOJIHIO
BIIMOBITHO TOPiBHIOIOTH Py 1 Py.

Po3B’s13aHHs

3amauy BapTO PO3B’s3yBaTH 3a MeTOJI0M ThoMmKiHa-IlIBapiimMana, BiAmoBi-

JTHO IO SIKOTO CTaHAapTHA 3MiHa eHeprii ['10ca po3paxoByeThCs 3a PIBHIHHAM
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AG®= AHygg— TAS,98 — T(MoAag + MiAa; + MyAay + M yAa ), (24)
ne AHag= Y (AH208) iy —2.(AH298)10u ;
AS298= > (S298) irm — 2(S298) nious
Aag (BignmoBigHO Aag, Aay, Aa o) = Y A — 2 anou-
Benuunnu M, obuucnieHi ais pi3HUX TemrepaTyp 1 HaBeleHl B TaOmuIl
b.1 nonatka b. HeoOxiaHi a1s pimeHHs 3a1a4i gaHi 6epemMo 3 TaOIuIh 10AaTKIB
A 1b (cTop.50—53) 1 3anOCUMO A0 TabIMUII 3.

Tabnuys 3 — Buxiouni oanui 05 po3e’s3anus 3a0a4i 10

T=950K
P -| AHg'107 S x o o 0
C40BH 298 298 a a1 03 3—275 > S o|
Ha Jox/mons | JIx/(monb-K) 10 s y % »
s |5 | 2
Fe —-263,68 58,79 52,80 | 6,24 | -3,19
H> 0 130,6 27,28 | 3,26 | 0,50
0,4725|0,2238|0,1157 | 0,265
Fe 0 27,15 19,23 | 21,0 -
H,O(r) | —241,84 188,74 30,00 | 10,71 | 0,33

CranmaprHa 3MiHa eHeprii 'i6ca AG%gs pO3paxoBYeThCs 3a PiBHSHHIM
(24) na nmigcrasi qanux Tabauii b.

Kp Bu3HavaeTbes 31 crmiBBiHOMIEHHST AGgsg = 95728 An — RTInKG;

K. = Kp(RT) ™. st ganoi peaxii An =1 -1 =0, K, = K,.

3mina eneprii ['i0ca, BilHECEHA 10 TOYATKY peaKIlii, 00YMCITIOETHCS 3a Pi-
BHAHHIM 130Tepmu BauT-T'odda:

AGeso =RTINT2 _RTINK, (25)

1

1liopo3dinu 1.4 — 1.5
[Tig MOHATTSIM «PO3YMHMY» Yy IIUPOKOMY CEHCl MAalOThCsl HA YBa3l HE TLIb-
K{ PiJKiI CHCTEMH, ajie TaKOX ra3omoaiOHi (cymimri rasiB) i TBepai (TBepi po3-
yuHU a00 3MilaHl Kpuctanu). Po3unHu myxe mommpeHi B metanyprii. Lle pos-
IUTaBU YaBYHY ¥ CTaul, piJIKi IUIaKH, BOJAHI PO3YUHU COJIEH, KUCIOT 1 OCHOB, IO
3aCTOCOBYIOTHCA B TJPOMETANyprii, TBEP/Al POZUYMHU METATIB.
KinbkicHUW CKJaa poO34MHY, TOOTO KOHIIEHTpAIlisi WOro KOMIIOHEHTIB,

MOke OyTH BUPaKEHA PI3HUMH CIIOCOOaMu, HaivacTime y (i3udHii XiMii KOH-
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[IEHTPAI[i}0 BUPAXKAIOTh Y MOJIBHUX YacTKaX.

Benukuii BIIMB Ha BIACTHBOCTI PO3YMHY MAOTh MIKMOJICKYJISIPHI CHITH
B3a€EMOJIi1 MO0 KOMITOHEHTIB, SIKI MalOTh K XIMIYHY, TaK 1 (GI3UYHY IPUPOJY.
TepMoanHaMiyHi1 BJIACTUBOCTI PO3UMHIB XapaKTEPHU3YIOThCS TUMU K MapameT-
pamu (S, U, H, A, G), 10 # 4mcTi pedOBUHH, ajie TYT HEOOXITHO BPaxOBYBaTH
94acTKy, BHECCHY KOKHUM KOMIIOHEHTOM JI0 Ti€i ab0 1HIIOI BIaCTUBOCTI PO34HU-
Hy. Lls1 XapakTepucTrKa Ha3MBAEThCS MAPIiaIbHOI MOJBHOIO BEJIMYNHOIO 1 BU-
pakaeThCsl K YaCTUHHA TMOXiHA BiJl €EKCTEHCUBHOI BJIACTUBOCTI (ha3u 3a Macoro
JaHOTO KOMIIOHEHTA 32 YMOBH CTaJOCTI BIAMOBITHUX MapaMeTpiB 1 MacH 1HIIHUX
KOMIOHEHTiB. Hanpukinaz, mapiianbHUii MOJBHUI 00’ €M MEpIIOr0 KOMIIOHEHTA
(SIKIIO CUCTeMa MICTHTh | KOMIIOHEHTIB) MPH CTAJIOCTI THCKY 1 TeMIepaTypi Bi-

100pa3uThCsl PIBHIHHSIM
oV

on, b TN,

(26)

<l

,n3....ni

[TapuianbHa MobHaA eHepris ['10ca Ha3UBaAETHCA XIMIYHUM MOTEHIIAIOM 1
MTO3HAYAETHCA |L.

[ToTpiOHO BMiTH BUBOAMTH piBHSAHHSA [10ca-/{rorema, siki BCTAHOBIIIOIOTh
3B'SI30K NapLiajJbHUX MOJIbHUX BEJIMYHUH 31 CKJIaI0M PO3UYHHY.

[Tpu po3risal po3UMHHOCTI ra3iB y piAMHAX 3BEPHITH yBary Ha 0COOJIMBO-
CT1 IPOLIECY PO3UYMHEHHS ra3iB y MeTalax 1 HOTO 3aJIeXKHICTh BiJl TEMIIEpATypH i
THUCKY.

Tpeba noOpe 3HATH 3aKOHU 1]1€ajbHUX PO3UYMHIB (PO3BEAEHUX 1 JOBEpILIE-
HUX), TOMY 1[0 B METaNyprii B psiji BUMAJIKIB PO3IIJIaBU METAJIIB 1 IIJIaKiB OyBa-
I0Th OJM3bK1 32 BJIACTUBOCTAMHM JI0 17I€AIbHUX PO3YMHIB, 1 XIMIYHI peakiiii, 1o
BIIOYBAIOThCA Y HUX, MOXKHA y MEBHUX MEXaX pO3IJISIAaTH, 3aCTOCOBYIOUHU 3a-
KOHH 1/ICJIbHUX PO3YMHIB.

Ha npaktuii Haifuacriiie 3ycTpiyaloThesl peajibHl pO3YMHU, BIACTUBOCTI
SKUX 3HAYHO BIIXWUISIIOTBHCS BiJI BJIACTHBOCTEH 1JIcalIbHMX PO3YMHIB. BuBumnte
MPUYMHU LIUX BIIXWIEHb, a TAKOK METOIM, SIKI 3aCTOCOBYIOTBCS JUJISl PO3PaxyH-
Ky BJIACTMBOCTEH peaIbHMX PO3UMHIB; YCBIJIOMTE CYTHICTh MOHSTTS TEPMOU-
HaMIYHOI aKTUBHOCT1, BBEJICHHSI SIKOi 3aMICTh KOHIIEHTpaIlli KOMIIOHEHTa pO3-
YUHY B PIBHSHHS 7S 1I€alTbHUX CUCTEM POOUTH iX MPUAATHUMHU IO PO3TIISIHY-
TUX peaTbHUX PO3YHMHIB; 3aCBOWUTE MOHSITTS JIETIOUOCTI ((PYriTUBHOCTH), IO Ta-

KOX YBOJUTBHCSA 3aMICTh MapIiaIbHOTO THUCKY Ta3y (Mapu) KOMIIOHEHTa B PiB-
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HSIHHSA HAUMPOCTIIIMX CHCTEM, 11100 pO3paxoByBaTH 3a HUMHU BIACTUBOCTI pea-
JBHUX po34MHIB. O3HallomMTecs 31 cnmocobamMu BU3HAYEHHS aKTUBHOCTI KOMIIO-
HEHTIB PO3YHHY.

[Ipu BuBueHHI (pa30BOi piBHOBarm B 0araTOKOMIOHEHTHHX CHCTEMax
0CO0JIMBY yBary 3BEpHITh Ha 3aKOH PO3MOJLITY JIaHOT PEYOBHHU MIX JBOMa a-
3aMu. SIKIIO 119 peyoBUHA (TPETi KOMIIOHEHT) PO3UYMHAETHCA B 000X (hazax, TO
PO3MO/ILI HOTro 3a JOCSATHEHHSIM PIBHOBAru IMiJIKOPSETHCA NIEBHOMY 3aKOHY: BiJl-
HOIIICHHS KOHIIEHTpaIlii iioro B 1- i1 2-# (a3ax € BEIMUYUHOIO CTAJIONO 1 HE 3aJle-
KHUTh B KUIBKOCTI PEUOBUHH 1 BiJ MPUCYTHOCTI B PO3YMHI IHIIMX PEUOBHUH.

Taxk, sIKII10 MOJIIpHA Maca PO3UYMHEHOI PpEYOBUHHU OJIHAKOBa B 000X (hazax, To
K= % , (27)
2

ne K — koedimieHT po3noaily, BIH 3aJ€KUTh BIJ MPUPOIN BCIX TPHOX
KOMITOHEHTIB 1 BiJl Temneparypu; C; — KOHIIEHTpAIlisl TPEThOr0 KOMIIOHEHTA B
nepiriit gasi; C, — KOHUEHTpalis TPETbOro KOMIIOHEHTA B ApyTiil ¢a3i.

3aKOoH pO3MOJLUTY MA€ JJIsl METATYPTiiHUX MPOIIECIB BEJIMKE 3HAYCHHS, 5K
TEOpEeTUYHE, TaK 1 MpakTU4YHe. YaByH 1 NUIAKHU, CTAJb 1 IUIAKH SIBJISIOTH COOOI0
piaki ¢a3u, Mo HEe 3MINIYIOThCS, MIXK SKUMHU PO3MOJUICHI Pi3HI PEYOBUHH, IO
PO3UMHAIOTHCS B HUX. Ha 11bOoMy 3aKOH1 3aCHOBaHUI Mpoliec M030aBIEeHHS pPO3-
MJIABJICHUX METAJIIB BiJ] MIKIJJIMBUX JOMIIIOK, sIKI BUTSTAIOTHCS 3 METaly U Tie-
pPEBOIATHCS B po3IuiaBiieH! nutakd. [Ipoiiec 30HHOT TIAaBKM TaKOK 3aCHOBaHUI
Ha 3aKOHI1 PO3IMOJLTY.

BuB4eHHS piBHOBAr y CKJIQHUX T€TEPOrCHHUX CHCTEMaX IPYHTYEThCS Ha
MeToI1 (P13MKO-XIMIYHOTO aHaJi3y, KOJU JOCHIKYEThCS 3alIeKHICTh (PI3UUHUX
BJIACTUBOCTEM CUCTEMH BiJ ii XIMIYHOIO CKJIaAy i yMOB icHyBaHH4. [Ipu mipomy
IIMPOKO  3aCTOCOBYEThbCS  rpadiyHe 300pa)K€HHS  3aJIEKHOCTI  «CKIIA[-
BJIACTUBICTDHY.

[lepmr Hi>X O3HAHOMUTHCS 13 TIPABWIIOM (ha3 — OCHOBHUM IPABUIIOM, SIKO-
MY TIIKOPSIIOTHCS PIBHOBA)XHI TETEPOTEHHI CHCTEMH — 3aCBOMTE MOHATTS «da-
3a», «KOMIIOHEHT», «CTYIHb BUIBHOCTI»; 3BEPHITh yBary Ha Te, U0 ¢asza He €
MOHATTSAM, aJICKBAaTHUM IOHATTIO arperaTHOro CTaHy. B OJHOKOMITOHEHTHHUX
CUCTEMax MOXYTh IMepedyBaTH y piBHOBa31 /Bl ()a3u OJTHAKOBOTO arperaTHOTO
CTaHy, HaIlPUKJIAJ Cipka MOHOKJIIHIYHA — Cipka pomOiuHa, Boja — O6en3oi. [lpu

BUBEJICHHI TpaBmiia (a3 moTpiOHO mam'aTaTd, 10 YMOBOIO XIMIYHOI piBHOBAru
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0araToKOMIIOHEHTHOI 0araTtoda3HOl CUCTEMHU € PIBHICTh XIMIYHOTO MOTEHIIATY
JUISL KOYKHOTO KOMITOHEHTa B KOHiH ¢azi. Uucno crymneniB BuibHOCTI C BU3HA-
Ya€eThCS KIJTBKICTIO He3alle)KHUX KOMMOHEHTIB K, kibkicTio a3 @ 1 KUIbKICTIO
30BHIIIHIX (aKTOPIB N, 10 BIUIMBAIOTh Ha PIBHOBAry CUCTEMH:

C=K-® +n. (28)

JI1s HEKOHAECHCOBAHOI CUCTEMHU, Ha SKY 13 30BHIIIHIX ()aKTOPIB BILIMBA-
I0Th THCK 1 TeMIiepatypa, n = 2. BiIblIicTh MeTaTyprifiHUX MpolieciB BiaOyBa-
€ThCS B KOHJCHCOBAHMX CHCTEMax B 1300apHUX yMoBax, To06To n = 1, Tomi
C=K-0®+1.

BuBuuTte 3a migpyuaukom [1] Bci TvmM aiarpaM piBHOBAaru JBOKOMITOHEH-
THUX CHUCTEM, SIKI TIPH KPHUCTaJi3allii YTBOPIOIOTh MPOCTY €BTEKTUKY, YTBOPIO-
I0Th CTIMKI ¥ HECTINKI XIMIYHI CTIOJIYKH, TBEPAl PO3UMHU 3 HEOOMEKEHOIO i 00-
MEXEHOI PO3YMHHICTIO. [ToTpiOHO YITKO YSBISATU COO1, K BiIOYBAETHCS MPO-
1eC KpHucTali3alii eBTeKTUYHOrO CIUIaBy (F€T€pOreHHa CUCTEMA) 1 TBEPAUX PO3-
YuHIB 200 3MIIIaHUX KPUCTaJIB (TOMOT€HHA CUCTeMa). XiMiyHa CIOJyKa YTBO-
PIOETHCS HE Ha OCHOBI BAJICHTHOCTEH BXIJIHHUX JO HBOTO €JIEMEHTIB, (hopmyia
HOT0 PO3paxOBY€ETHCS, BUXOJIAYH 31 CKIIAy, IPU AKOMY BiI0YBa€ThCsA MOTO KPU-
cTai3aris.

TpeOa HaBUMTHCS YWTATU JlarpaMH IUIABKOCTI PI3HUX OIHAPHHUX CHUCTEM,
YMITH BU3HAYaTH B OyJb-AKii TOYLl Ha Jiarpami KUIbKICTh KOMIIOHEHTIB, KUIb-
KICTh ¥ ckian ¢a3, BaroBe BiTHOIICHHS (a3 (3a IpaBUIOM Ba)ess); YUCIIO CTY-
NEeH1B BUTLHOCTI (3a mpaBuiioM (a3). [Ipu oMy B KOXKHOMY OKpPEMOMY BUTIAI-
Ky: C = 0 (cucrema HouBapiantHa), C = 1 (cucrema MoHoBapiantHa), C = 2 (cu-
cteMa OiBapiaHTHA), 3po0ITh BIJAMOBIJHUNA BUCHOBOK IMPO MOKJIMBOCTI 3MIHU
AKOT0-HEOyb TapamMeTpy 0€3 NOpPYIIEHHS pIBHOBAarM CUCTEMH.

[ToTpiOHO BMITH BM3HAYaTU HA Jiarpami CTaHy METAJIEBOi CUCTEMHU TEM-
neparypy no4yaTky ¥ KiHIS pIBHOBaXXHOI KpUCTai3allli ado TuiaBjieHHs, Oy 1yBa-
TH KPWB1 OXOJIOJKEHHS ISl OYy/b-SKOTO CKJIaay cucTteMu. Tpeba Takoxk 3HATH,

Ha T1JICTaB1 IKUX €KCIIEPUMEHTAIBHUX JaHUX OYyIOThCS Pi3HI JllarpaMu.

Po3B’si3aHHS THUTIOBUX 3324
3agaua 11. 3a KpUBUMU OXOJIOKEHHS JIJII CUCTEMHU «30JI0TO-TIJIATUHA
(puc. 1) mobymyBaTu Jiarpamy «CKJIaa-TeMIiepaTypay 1 BUSHAUUTH: 1) mpu sSKii
TEeMIIepaTypl MOYHE KPUCTAII3YBATUCS piJIKa CUCTEMA, 1110 MICTUTh 75% muiatu-

HU; 2) TIpH SKil TeMIepaTypi cucTeMa 3aTBepi€ MOBHICTIO (TIPU JTy’Ke TOBiIb-
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HOMY OXOJIOJIPKEHHI); 3) SIKWH CKJIaJ] IePIINX KPUCTAJIB, 1110 YTBOPWIKCS; 4) sKa
KUIBKICTh 30J10Ta U TUIATUHU Oyje y TBEPAOMY M PIAKOMY CTaHaX MPHU OXOJIO-
JokeHH1 3 Kr 1poro criaBy jgo temmeparypu 1830K; 5) sxoro ckiamy Oyzae
OCTaHHS Kparuisg piIKOro po3IUiaBy.

Po3B’sa3aHHs

Ha mijgcraBi KpuBUX 0XO0JIO/KEHHS Oy yeMo JaiarpaMmy IiaBkocTi (puc. 1).

1 2 3 4 3)
T,K
‘ kv b v b
2000] 2000 |
Y N
1900+ 1900
18001 1800 -
1700 - 1700 =F---oen- Y 4 L] i
1600- 1600 / 5 i
1500 - 1500 ! |
1400 UV e A i
N o i
1300 - 11300 I |
0 20 40 60 80 100
Pt, macoBuiit % —*
2 6
a — Kpusi oxonooowcenns 6 — Miacpama nnagkocmi

Pucynok 1 — Cucmema «3010mo - niamunay

Kpusa 1 (auB. puc 1,a) BiAnoBigae 0XOJOKEHHIO YUCTOTO 30j0Ta. [Ipu
temriepatypi 1337K Ha kpuBiif criocTepiracThCcsl TEMIIEpaTypHa 3yMHHKA, 110 Bi-
JNOBIAA€E TEMIIEpaTypl MIaBlieHHs (KpucTaiizamii). YucTi pedoBUHU KpUCTaTi-
3YIOTBCS TIPH CTaNi TeMIeparypi, TOKK Bcs pinka (a3a HE EPEeTBOPUTHCS Ha
TBepy. Ha oci opaunar (puc. 1,0), 110 BiAMOBIAa€ YUCTOMY 30JI0TY, Bi3HAYAE-
Mo 1110 TouKy (N).

Kpusa 2 (quB. puc. 1,a) BiAIOBiga€e OXOJIOIKEHHIO CUCTEMH, 1110 CKJIaaa-
etbest 3 20% Pt 1 80% Au. Ilpu temneparypi 1567K cniocrepiraerbcsi 3SMEHIICH-
HS IIBUAKOCTI OXOJIOKECHHS, IO MOSICHIOETHCS BUIUICHHSIM TEIJIOTH TIJIaBJICH-

HS TIPU KpUCTaJI3aIli 3Mimanux KpucTamiB. OgHaK Ha Tid K€ KPUBIM MpPU TEM-
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neparypi 1405K crnoctepiraeTbcsi 3HOBY 301TBbIIEHHS IIBUIKOCTI OXOIOKEHHS.
[Tpu wiéi TemmepaTypi 3aKiHUY€ThCS KPUCTaNi3allisl 1 OJalbllIe 3HUKEHHS TEM-
nepaTrypH BIAIOBIAA€ OXOJIOIKEHHIO TBEPJIOTO PO3UHHY.

Ha oci opaunar, mo BignoBigae ckinany 20% Pt (muB. puc. 1, 6), Bigkia-
naemo T 1567K (touka a), ToOTO TemmepaTypy IMOYAaTKy KpHCTaai3amii i
T 1405K (touka b) — Temmeparypy kiHIs kpucramizamii. AHAJIOTIYHO 3HAXOIH-
MO TOYKH, I1I0 BIJIMOBIJAIOTH 1HIIMM CKJIafaMm. 3'€IHABIIN CIIOYATKY BCl TOUKH
MMOYATKy KpHCTai3allii, MOTIM BCl TOYKH KIHISA KPHCTai3arlii, OJep>KHUMO JBi
KPHBI, IO CXOMSITHCS B TOUKAX IJIABJICHHS YUCTUX PEYOBHH.

Ha otpumanomy rpadiky Buie JiHii NmM cucrema nepedyBae B piKo-
My cTaHi, Hrk4e JiHii NkM — y TBepaomy, Misk kpuBumMu NmM 1 NkM uactuna
CUCTEMHU Tepernuia y TBEpAU CTaH, a YaCTHHA 3ayuimiacs piakoro. Kinbkicts
pEYOBHH, MO TepeOyBalOTh y PIIKOMY i TBEpAOMY CTaHAX, BU3HAYAETHCS 3a
IIPABUIIOM BaXKEJIs.

1 Kpucram3zauis po3miaBy, mo Mictutb 75% Pt, mouneTscs npu Temie-
patypi 1935K (nuB. puc.1,0, nepetunanus JiHii ckiaagxy 75% MIaTUHU 13 KPHU-
Boro NmM).

2 Kpucranizaiiisi 3aKiHYATbCSI, KOJIM CKJIaJ TBepoi (a3u Oyae JOpiBHIO-
BaTH CKJaay BUXITHOI pikoi ¢azu, To0TO npu Temmeparypi 1688K (quB. puc.
1,0, nepetunanHs JiHii ckiany 75% mnatunu 13 kpuBoro NkM).

3 CxJaj mepuioro KpucTtaily BU3HAYA€EMO 32 TOYKOIO MEPETHUHAHHS 130Te-
pMH TTOYaTKy KpucTamiizanii i3 kpuBoto NkM (touka K). [lepmmii kpucran Mic-
TUTh 90% MIaTuHM.

4 Tlpu OXOJOJKEHHI CUCTEMH, 10 MICTUThL /5% TIaTUHU, 10 TeMIepaTy-
pu 1833K maca TBeps10i pe4OBHHH TaK BIJHOCHUTHCS JI0 MAacH PIIKOi peUOBUHH,
SK IUICYe mn BIJHOCHUTHCS A0 mieda nk. 3Harouu, 110 3arajbHa Maca CHCTEMU
3 KT Ta MO3HAYMBIIN Macy KPUCTAIIYHOI PEYOBUHU SIK X, CKJIAJIEMO MPOTIOPIIIIO
W OJIEPKUMO MacCy pO3ILIABY:

L:m—k; x = 1,57 xr,
3—-X mn
TOOTO Bara TBepoi dha3u nopiBHIOE 1,57 K.

Ho cknany TBepaoi ¢azu Bxoauth 90% miatuHu, OTKe, KIJTbKICTh METAITIB
y TBepaoMy posuuni ckiuazue: 1,57-0,90 = 1,413 xr Pti11,57-0,10 = 0,157 kr Au.

VY piakomy crani 3anumatees 3 — 1,57 = 1,43 kr cay. Jlo ckimany pi-
koi (a3u BXxoauth 55% mmatuam, omxke, 1,43-0,55 = 0,787 xr Pt 1 1,43-0,45 =
0,643 xr Au.
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5 Ckian OCTaHHIX 3ajJHIIKIB PIAKOTO PO3IUIaBy 3HAXOIMMO 3a NEPETH-
HaHHSM 130T€pPMH KIHII KpHUCTaTi3alii i3 kpuBoto NmM (Touka ¢). Bin MicTUTh
36% nnatunu. Bech npoiiec kpuctanizaili Ha pUCyHKY 1, 6 BiA3HAYEHO CTpiiI-

KaMH.

3amaya 12. Ha ocHOBI KpHBHX OXOJIOJDKEHHSI CHCTEMH «QJIFOMIHIM-
KpeMHii» (puc. 2,a) moOyayiTe aiarpamy «Ckiaa-TeMIieparypay. 3a aiarpaMmoro
BU3HAuTe: 1) TemmepaTypy Mo4yaTKy KpHUCTajizallis CUCTEMH, 10 MICTUTh 60%
KpEMHiI0; 2) sika KIJIbKICTh TBEpJ0i (ha3u yTBOPUTHCS MPH OXOJIOMKEHHI 2 KT
cuctemu, o Mictutb 60% kpemHito no temmneparypu 1173K; 3) skuit kommo-
HeHT Oyze mepexoauTu y TBepAy ¢asy; 4) Temmneparypy 3aKiHUCHHS KpHCTalli-
3arii; 5) KUl CKJIaJ OCTaHHIX 3aJMIIKIB P1JKOTO PO3ILIABY.
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Pucynok 2 — Cucmema «aniominiu - KpemHiuy
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Po3B’s13aHHs

Ha ocHOBI KpuBHX OXOJOJKEHHSI OyJlyEMO Jllarpamy «CKJaj — Temiepa-
Typa» CHUCTEMH «AIIOMIHIN-KpeMHii» (puc. 2, 0). [Ipu kpucTamizaiii 4ucToro
KpeMHi0 (KprBa OXOJIOMKEHHI 1) crocTepiraeTbesi TeMneparypHa 3yIuHKa TPy
temrepatypi 1693K (tremneparypa ruaBieHHst kpemHito). Lo Temmeparypy, mo
BIJIMOBIA€ YUCTOMY KPEMHIIO, BIJIKJIaJaEMO Ha OC1 opJMHaT (IuB. puc. 2, 6). Ha
KpUBIH OXOJIOJDKEHHS, IO BIJMOBIAAE CUCTEMI, sika MICTUTh 80% KpeMHiro,
(muB. puc. 2, a, kpuBa 2) npu temiepatypi 1605K crocrepiraerbcsi 3MEHIIICHHS
IIIBUKOCTI 0X0J0/KeHHS. [Ipu 11boMy 13 cHCTeMH MOYHWHAE BUITAIATH Y BUTIISI
KPHUCTaJIIB YHUCTUN KPEeMHIi, a piaka (asza 30arauyerbcsa amominiem. [lpu 306i-
JBIICHH] 3MICTY QJIIOMIHIIO TeMIeparypa IUIABJICHHS CHUCTEMU 3MEHIIIYEThCS.
[Tpu oxonomxkenHi g0 Temneparypu 845K Ha kpuBiil 2 criocTepiraeTbes TeMIie-
paTypHa 3ynuHKa (TOpU30HTaIbHA IJIOMIAJIKA), M1/ Yac SKOi BCS CHUCTEMa Iepe-
XOJIUTh y TBEPAUI CTaH, yTBOPIOKOYM ABl (pa3u y BUIIISAI CyMillll KPUCTANIIB
antoMiHiio U kpemHito. Lle kpucranizyerbcsi eBTekTrka. OOMABI PI3HOBUAH KPH-
CTaNiB J00pEe MOMITHI ITiJT MIKPOCKOIIOM.

[Tpu oxomnomkeHH1 cuctemMu, o Mictuth 40% kpemHito (kpuBa 4), 3MiHa
IIIBUJIKOCT1 OXOJIOJKEHHSI CIIocTepiraeTbes Bxke mpu temreparypi 1300K, a ro-
pPU30OHTaNIbHA IUIOIIAJIKA YTBOPIOETHCS MPHU T K€ TEMIEpaTypl, sIK 1 Ha KpUBIH
2, Tooto npu Temneparypi 845K. ¥V npoMmy BUNaJKy 13 CUCTEMH TaKOK KPUCTa-
J3YETHCS €BTEKTHKA. 3a THIIMX PIBHUX YMOB JIOBXHHA TOPU30HTAIBHOI TIIOMIA-
JIKUA TIPOTOPITiiHA KUTBKOCTI TEIJIOTH, 110 BUAUISETHCS MIPU KPUCTai3allli eBTe-
KTUKH, & OCKUIbKU CKJIaJl €BTEKTHKU CTAJIUN, TO IOBKMHA TOPU30OHTAIILHOI TLIO-
1[aIKK TIPOMOPILIiiiHA KITBKOCTI €BTEKTUKH, [0 KPUCTAII3YETHCS.

[Ipu oxonomxkeHHi cucteMu, o MicTuth 10% KpemHi0 (KpuBa 0XOJIO-
JDKEHHS 5) CIIOCTEPIraEThCsl TEMIIEpaTypHa 3ynuHKa mpu temmepatypi 845K, sk
i1 y mornepeaHix BUMAAKaX; MpU [IbOMY JOBXKHUHA IUIONIAIKK MaKCUMAaJIbHA, TOMY
10 Il CUCTEMa BIJIOBIIa€ €BTEKTUYHOMY ckiany. [Ipu 0XonompkeHHI YiucToro
AIIOMIHIIO CIIOCTEPITAa€EThCS TEMIIepaTypHa 3yMUHKa pu Temneparypi 952K, mo
BIJIMOBIJIA€ TEMIEPATYPI MJIABJIIEHHS YUCTOT0 aNIOMIHIIO (KpuBa 7).

[IpomoBxyroun MOOYMOBY JiarpaMu «CKJIaa — TeMIepatrypa» (IuB.
puc. 2, 6) 3a BciMa KpUBUMHU OXOJIOJPKCHHS, 3'€THABIN TOYKH MOYATKY KPUCTa-
Ji3arfii, oJIepKUMO JIBl KPHBI; TOYKH KIHIIS KpHCTaTi3aIii BCIX CHCTEM JICXKaTh
Ha MpsIMid, mapayiesibHIN ocl abcIuc, sKa BiMOBIIa€ €BTEKTUYHINA TeMIlepaTypi.

JIiHii moyaTKy KpucTai3alii Ha3uBaIOThCS JIHISIMU JIKBIAYCY, JiHIS KIHUA KPU-
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cTajizarllii — JiHis coyiayca. Tpu JiHIT IepeTUHAIOTLCS B OJHINA TaK 3BaHIN eBTe-
kTuuHii Touri E. Buime kpuBux nikBimycy y 30H1 | cuctema nepedyBae B pij-
KoMy cTaHi. ¥Y 30Hi Il criBICHYIOTh KpUCTAJIM aJIFOMIHIIO i PO3ILIaB, CKIaj IKOTO
IpU KOKHINA TeMIEepaTypl BU3HAYAETHCSA TOUKOIO MEPETHHAHHS JTAHOI 130TepMU
i3 kpuBoro NE (Touka mepeTnHaHHS MMPOEKTYETHCS HA Bich ckiaay). Y 3oHi 111
TaKOX CIIBICHYIOTH AB1 (Da3u: KpUCTadu KPEMHIIO ¥ po3IuiaB 000X MeTaliB. Y
30H1 [V cuctema nepedyBae y TBepJIOMY CTaHI1 1 CKJIaIa€ThCA 3 KPUCTAIIB KPEM-
HII0O Ta KpUCTaNIB antoMiHiio. OXOJIOJKEHHsSI CyMIllll MOKa3aHO Ha Jiarpami
CTpUIKaMHU.

BiamoBimMo Ha mOCTaBIeHI B YMOBI MUTAHHS TOCI1TOBHO.

1 Kpucramnizaiis cymiiii, mo MicTuTh 60% KpeMHito (KprBa 0XOJIOIKEH-
Hs1 3), mo4HeThCs npu Temriepatypi 1475K.

2 Ilpu O0XO0JIOMKEHHI CUCTEMHU, IO MICTUTH 60% KpemHito, 10 TeMIeparTy-
pu 1173K nesika KiIbKICTh KPEMHIIO BUJISETHCSA Y BUTIISA1 KpUcTamiB. i BU-
3HAYEHHS KUIbKOCTI TBEPIOI U PIAKOI (pa3 3aCTOCOBYETHCS MPABHUIIO BAXKEIS: Ba-
ra KpucCTaliB KPEMHIIO TaK BIJHOCHUTHCS J0O Baru piakoi dasm, sk Biapizok CK
BIIHOCUTHCS 70 Bijipizka KY. SIkio Bara cucteMu 2 KT, a Bara KpUCTaJIIB KpPEeM-
HiI0 X KT, TO (BuMiptotoun noBxkuHy Bijpi3kiB CK ta KY y macmrab6i oci ab6-
1UC):

R 0,85, x=0,92 «r.
2—-X 40

TakuM yuHOM cucTema ckiaaaeTbes 3 0,92 Kr KpUCTATIYHOTO KPEMHIIO Ta
2 —0,92 = 1,08 xr po3miaBy 000X MeTaiB.

3 VY tBepay a3y nepexoauTh KpeMHil (SK KOMIIOHEHT, HA/UTUIIIKOBHI Bi-
JTHOCHO €BTEKTUYHOIO CKJIAy), 1 po3IuiaB OyJe 30arauyBaTucs aqtOMIHIEM.

4 Kpucranizalisi 3aKiIHYUThCS 32 EBTEKTUYHO1 TeMIiepatypu, Tooto 845K.

5 Cknag OCTaHHIX 3alUIIKIB PIOAKOrO pO3IUIaBy BIAMNOBIAAE TOYII
C (= 26% kpemHir0).

3apava 13. Po3uunHicTh Hony B cipkoByriieni (npu temmnepatypi 298K)
C1=200,6 /1, a B Boai — C, = 0,340 1/11. 4 niTpa BOASHOTO PO3YMHY 3 KOHIICHT-
pauieto 0,3r/11 Moy 300BTY€eThCs 3 2 JiTpaMu CipkoByrJIelo. CKITbKU WOy Tie-

PEHIIIO B CIPKOBYTIICIH?
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Po3B’s13aHHs
KoeditieHT po3noainy oy MK CIPKOBYTJIEIIEM 1 BOJIOIO
C, 2006

K=—1=2""_590
C, 0,340

Hexaii y cipkoByrienp nepeinsio X r #oay, Toal Horo piBHOBakHa KOH-

IEHTpaIlisl Y CIpKOBYTJIEIII:
o X
C, =—-r/n,

Y Boai micTriiocs Woxy mo excrpakiii 0,3-4 = 1,2 r omy, mcis eKCTpak-
1ii 3amummiocs (1,2—x) T #oxy, a HOro piBHOBa)KHA KOHIIGHTpAITlisS Y BOJII JA0OPi-
BHIOE:

. 1,2-0
C,=— 1/
4
.~ C, 4x0
Tomi E=—"1=—""-—-=590,
C, 2€2-6_
3BiAKM X = 1,194 r. Takum ynHOM CIpKOBOJIHEM ekcTparoBaHo 1,194 r iony, a

BO/I1 3anuimioch 1,2 — 1,194 = 0,006 r iioxy.

1liopo30in 1.6

[I{o6 3p03yMiTH CYTHICTb MPOLIECY PO3UYMHEHHS I YTBOPEHHS 10HIB y pO3-
YUHI, MOTPIOHO 3HATH, L0 1M MPOIIEC 3aBK AU CYMPOBOIKYETHCS COJIbBATAIIIEIO
a0o rijipaTali€ro, K0 POZYMHHUKOM € Bojia. PO3UMHEHHS X TBEPAUX PEUOBUH,
KpIM TOT0, CYIPOBOKYETHCS TAKOK MPOLIECOM PYHHYBaHHS KPUCTAIIYHUX Ipa-
TOK.

3BEpHITh yBary Ha 3HAKU €HEPrii coyibBaTallli i €Heprii KpUCTAIIYHUX
rpatok. [1lo0 Matu ysBy npo BEJIMUMHU ITUX CHEPTETUUHUX €(PEKTIB, TOPIBHIMUTE
iX 3 BEJINYMHAMU TEIUIOBUX €(DEKTIB peaKiiiii.

BuBuatoun nmuToMy H €KBIBaJICHTHY €JEKTPOINPOBITHOCTI, BIUIUB HAa HUX
pi3HEX (aKTOPIB, YCBIIOMTE, 10 BEIMYUHY MTUTOMOI i €KBIBAJICHTHOI €JIEKTPO-
IPOBIIHOCTEN PI3HUX €IEKTPOJIITIB BU3HAYAIOTh: BAJEHTHICTh 10HIB, iXHS a0Cco-
JIIOTHA MIBUJIKICTD 1 KUTBKICTh 10HIB B OJIMHUIN 00'eMy (y BUITQJAKY ITUTOMOI €Jie-
KTPOMPOBITHOCTI) 1 B 00 €M1, 1110 MICTUTh €KBIBAJICHT €JIEKTPOJITY, (Y BUNAAKY
€KBIBaJICHTHOI €JIEKTPOIPOBIAHOCTI). TO/al CTaHE 3pO3yMIJIUM BIUIMB HA MMUTOMY

1 eKBIBAJICHTHY €JICKTPOIPOBIAHOCTI: PO3MIpy pajiyca i0HA, CTYNEeHs COJbBa-
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Talli, IPUPOIU POIUMHHHUKA, TEMIIEPATYpPH, KOHIEHTpAIlli €JIEKTPOJIITY, B'I3KOC-
Ti po3uuHy 1 (0COOJIMBO y BUMAJKY CHIBHHUX CJIEKTPOJIITIB) HAABHOCTI €JIEKTPOC-
TATUYHOI B3a€EMO/III MI’K 10HaMHM, 110 TPU3BOJAUTH JI0 YTBOPEHHS 10HHUX aTMOC-
dep. YcBimomMTe MOHATTS PyXJIUBOCTI 10HIB, YUCET MEPEHOCY ¥ 3B'I3KYy MK HU-
M.

Heo06xigHo mam'staTy, 110 B PO3ILIABICHUX COJISX 1 IIJJaKaX sIBUIIE TiJipa-
Tallii BIZICYTHE, TOMY PajJilyCH PI3HUX 10HIB, @ OTXKe, 1 iXHI PyXJIHMBOCTI, TOMITHO
BIJIPI3HSIIOTHCS OJIMH BiJl OJIHOTO, Y TOM Yac K y BOASHUX PO3YMHAX 1€ PO3XO-
JUKEHHS B PYyXOMOCTSIX i0HiB Maje (3a BuHATKoM ioniB H' i OH"), ockinekn Bci
10HM TiApaToBaHi ¥ po3Mmipu ix mpubau3HO oaHakoBi. Lle moB's3aHo 3 TUM, 110
CTYMiHb TiApaTallii TuM OLIbIINE, YUM MEHIIE pajiyc 10Ha, 1, OT)KE, YUM CHJIbHI-
I1I€ HAMPY>KEHICTh HOr0 eeKTPOCTATUYHOTO TTOJIS.

[Ipu BUBYEHHI rajbBaHIYHUX €JIEMEHTIB 3BEpPHITH yBary Ha Te, 110 Pi3HH-
1 MOTEHIaNIB 3aBXIM BUHUKAE HA MEXI1 PO3MOJAULY JABOX MPOBIAHUKIB TOTO
caMoro abo pi3HOro poiy.

VYcBiioMTE PO3XOJKEHHSI MK TOHSTTSIMH «IOTEHIIAl Ha MEX1 MeTa-
po34rH» (a0COIOTHE 3HAYECHHSI MTOTEHITIANY) 1 «eJIEKTPOHUM TOTEHIA» — MO-
TEHI[1aJl, BUMIPIOBAHUN BiJIHOCHO CTaHIapTHOTO BOJHEBOTO €NeKTpoay. Buko-
pucrtoByiite popmyny Hepcra

RT 0,059
(0= (Pog + 7F Ina,, .. ~ (Pogg + . lga,,q. - (29)

HeoOxi1HO 03HaOMUTHUCS 13 MPUUHSATOI KIacu(DiKall€ro eIeKTPOIIB 1
PI3HHX THUIIIB rajIbBaHIYHUX €JIEMEHTIB.

[ToTpiOHO 3p0O3yMITH, 11O B OCHOBI POOOTH rajbBaHIYHOTO €JIEMEHTA Jie-
KUTh PEAKIlisl OKUCIICHHS-BITHOBJICHHS, ajié BOHA MPOCTOPOBO PO3[iJcHA TaK,
110 MPOIEC OKUCJIEHHS BiIOYBAETHCS HA OJHOMY €JIEKTPOAl (aHO1), a TpoIecC
BIIHOBJIEHHSI — Ha 1HIIOMY (KaToni). BuBeneHHIO pIBHSHHS IS PO3PAXYHKIB
CIIEKTPOHMX MOTEHIiamB 1 enekrpopyriinoi cuan (EPC) Oyap-sikoro raabBa-
HIYHOTO €JIEMEHTA IMOBUHEH IepeyBaTH 3aIllC PIBHAHHS XIMIYHOI peaxilii, 1o
BiJI0YBA€THCS B HHOMY.

HeoOxigHo 3HaTH MeTO[ 1 cxeMy BuMIpy enekrponposinHocti it EPC ra-
JbBAaHIYHUX EJIEMEHTIB, @ TAKOK 3aCTOCYBaHHS MOTEHIIIOMETPUYHUX METOMIB
JUTsl BU3Ha4YeHHsT pH-po34nHiIB, aKTUBHOCTI 10HIB PO3YMHIB, BU3HAYCHHS TEPMO-

JTUHAMIYHUX ITapaMeTpiB XIMIYHUX PEAKIIii.
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Po3B’s3aHHST THUIIOBUX 3agad

3apaua 14. OO6UUCTUTH ENEKTPOPYILIIHHY CUITY €JIeMEHTa
Cd|Cd**(a = 0,0053)||Ag*(a = 0,078)|Ag.

Hanucatu piBHSHHS peakilii, 0 BiIOyBa€eThCs B raibBaHIYHOMY €JIEMEH-
T1, BU3BHAYMTH 3MiHYy eHeprii ['i0ca mpu il peakiiii B yMoBax IOBHOI 00OPOTHO-
CTI Ta 3a yMOBH cTajniocTi TucKy U Temneparypu (T = 298 K). CranaaptHi enek-
TPOJIHI TOTEHITIaU CPIOHOTO M KaJaMI€BOTO €JIEKTPOJIB JOPIBHIOIOTH BIAINOBII-
HO: Qagiagr = 10,799 B; @caicaz+ = 0,402 B.

Po3B’ga3aHHs

Buxopasuu 31 3Ha4eHb CTaHJAPTHUX EJIEKTPOTHUX TOTEHIIIaiB, BBaXKa€-
MO, 1[0 HETaTUBHUM €JIEKTPOJIOM (aHO/I0M) Oyje KaaMi€BUN €IEKTPOJ, Ha HbO-
My B110yBa€ThCs MPOIEC OKUCICHHS ¥ Mepexij] 10HIB KaJMil0 Y PO3UHH:

A(-): Cd = Cd** + 2e. (a)

Ha mo3utuBHOMY CcpiOHOMY eeKTpoi (KaTto/l) OyayTh BiAHOBIIOBATUCS

10HU cpiba:
K(+): Ag' +e=Ag. (0)

[TomHoxuBIIM piBHSHHA (0) HA 2 1 CKJIABIIM WOTO 3 PIBHSIHH:AM (a), oJiep-

YKUMO PIBHSIHHS peakiii, 10 BiA0YBa€ThCA B ralbBaHIYHOMY €JIEMEHTI:
Cd + 2Ag" = Cd** + 2Ag.
Enexrpopymriitny cuiy E enemenTa po3paxyeMo 3a piBHIHHSIM
RT

(a0 RT 0 _
E= ((pAg/Ag+ +--2308108, . j— ((pcmd 2 52303198 . ) -

=(0,799 + 0,059Ig 0,078) — (-0,402 + 0,059/21g0,0053) = 1,1992 B.
[Tozutusnmit 3Hak EPC Binmosinae HeraTuBHIN 3MiHI eHeprii ['i0ca, Ky
po3paxyemMo 3a GopMyIIOr0
AG = - zFE = —2:96,5-10>1,1992 = 231,4x10° J>x/mM0115,
ne F — crana ®apanes; F = 96,5% 10° Kin/7kB;
Z — KUIBKICTb EJIEKTPOHIB, fKI O€pyTh y4acTb B €JIEKTPOXIMIYHOMY

IIPOIIECI.
3agaua 15. O0UMCIUTH KOHCTAHTY PIBHOBAru peakuii
ZnSO4+ Cd = CdSO, + Zn

npu TemrepaTtypl 298K, sKio craHmapTHI €IeKTPOJHI MOTEHIladu JOPIBHIO-
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0Th: @9 5. =-0762B; (2 =—0,402B.

Po3B’s13aHHs
Taka peaxiiist BIIOyBa€ThCs B TAJIbBAHIYHOMY €JIEMEHTI
Zn|Zn*||Cd*|Cd.

O6uncmumo EPC 1poro enemMeHTy B CTaHIapTHUX YMOBaX:

E = @cq — 9zn = -0,402 —(-0,762) = 0,360 B.

Koncranra piBHoBaru mnos's3ana 3 EPC ranbBaHIYHOrO ejieMEHTa CIiB-
BITHOIIEHHAM

_nFE _2.96,5-10%.0,360

*RT 8,314-298

In K = 28,1042; K,=e 812 =1597-10%.

Iliopo3zoin 1.7

[ToBepxHeBi sBUINA BIAITPaIOTh OUIBIIY POJIb Y PI3HHUX MpOIlecax, M0 Biji-
OyBalOTbCs y T€TEPOTreHHUX CHUCTEMaxX, Kl 4acTO 3yCTPI4arOThCsl B METAIyprii.
BuByatoum 1eil po3zii, 3aCBOMTE CYTHICTh NMOHITh «IIOBEPXHEBUM HATSI», «all-
copOitisi». TIoBepXHEBHii HATAT BU3HAYAETHCS POGOTOIO CTBOpeHHsS | M” mOBep-
XxH1 AaHoi a3y, 1o 0O0YMOBIEHO OCOOJMBUMH YMOBaMHU ICHYBAaHHS MOJIEKYI
MOBEPXHEBOIO IIapy, 5Kl 3a3HAIOTh MPUTATAHHS 3 OOKY MOJEKYJ BHYTPIIIHIX
mIapiB  CUJIbHINIE (HANPUKIIAT, MOJICKYJIU PIAKOi ¢da3u B CUCTEMI «pPiAMHA —
rasy), Hix 3 00Ky MoJIeKy (a3u, 1110 MeXye (HapuKIIaI, MOBITPS).

[ToBepXHEBUI HATAT CIOCTEPIraeThCA HE TIABKA Ha MEX1 PIIKOi i raszo-
noi0Ho1 ¢a3, aje i Ha MOBEPXHAX PO3MOITY TBEPAUX TIJ 3 Ta30M 1 PIAUHOIO.
Tak, y mporiecax kpucTaiizalli caMme HasBHICTIO BEJTUKOI IIOBEPXHEBOT €HEPTii B
3apoAKy HOBOI (a3u MOXHA MOSICHUTU HOTO TEPMOJUHAMIYHY HECTIUKICTh 1 PO-
00Ta, MoOB'sI3aHa 3 BUHUKHEHHSAM 3apOJIKa, 3aJICKUTH BiJl TOBEPXHEBOTO HATATY
Ha MEXI «3apOJ0K KPUCTATy-CEPEIOBHIILCY.

AncopOrtist — 11€ MABUIICHHS] KOHIICHTpAaIlii TaHOTO KOMITIOHEHTa B MOBe-
PXHEBOMY IIapi B TIOPIBHIHHI 3 HOTO KOHIIEHTpAIlI€I0 B 00’ eMi po3uuny. Po3r-
JISTHBTE 3aJIEKHICTh TIOBEPXHEBOI'O HATATY BiJ BIACTUBOCTEM PO3UMHEHOI peyo-
BUHU, 1110 MOK€ MaTH OLIbIINI a00 MEHILIWKA MOBEPXHEBUM HATAT Yy MOPIBHSIHHI
3 PO3YMHHUKOM 1 3aJI€KHO BiJl IbOTO Oy/I€ MiABUIILYBAaTH a00 3HUKYBATH MOBEP-
XHEBUH HATAT Ha MEXi (a3s.

3a migpyunukoM [1] BuBUiTh: piBHsSHHs ['10ca, iK€ BCTAHOBJIIOE 3aJIE€K-
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HICTh a7copOIii BiJI KOHIIEHTpallli PO3YMHY i MOBEPXHEBOI aKTUBHOCTI 1 € OJI-
HUM 3 OCHOBHHX PIBHSIHb B 00JIACTI BUCHHSI IIPO TMOBEPXHEBI SIBUIIA; PIBHSHHS
JlanrMiopa i1 MOHOMOJIEKYJIIPHOI acopOIlii Ha TBEpAOMY aJACOpOEHTI; pPiB-
HstHHS [TIUITKOBCHKOT0, 1110 BCTAHOBIIIOE 3B'SI30K TIOBEPXHEBOTO HATATY PO3UYUHY
3 KOHIICHTPAIIIEI0 ¥ MOBEPXHEBUM HATATOM PO3YMHHHMKA. BETWKWil BIIMB Ha
BJIACTUBOCTI TBEPIUX TLI 1 MPOIIECH, 110 BiAOYBAIOTHCS y HUX, MalOTh MOBEPX-
HEBI SBUIA. Y MeTajlaX ICHY€E HE TUIbKHM 30BHIIIHS MOBEPXHS, ajie i BHYTPILIHSA
— MeXI1 MK 3epHamMu. Ha 1iux mMexax MOXKyTh aacopOyBaTHCS HEBEJHKI KIJTbKO-
CTi HasSBHHUX JOMIIIOK, IO ICTOTHO BIUIMBAE HA BIIACTUBOCTI METay a00 CIUIaBY:
TaK, aJcopOIlisl TUCAYHMX YaCTOK BIJICOTKA OJIOBA PI3KO 3HMXKYE MIIHICTH XKa-

POMIITHUX CIUIABIB MPU BUCOKIiM TemMmeparypi.
Po3B’s13aHHS TUIIOBUX 33124

3apaua 16. BuznaunTy oy, 0 MPHUITAIa€e HA OJHY MOJIEKYITy 130Mac-
JITHOT KUCJIOTH Ha MOBEPXHI PO3MOJLTY «BOJASHHUM PO3UMH 130MACISTHOT KHUCIOTH
— TOBIiTPsI», SIKIIO TpaHuYHa axcopOuis [, = 5,42-10° moms/m?.
Po3B’s13aHHs
[Tnoma, o npumnamae Ha OHY MOJICKYJTy KUCIIOTH:
1 1
A ,-N, 542-107-6,02-10

ne N —uncio ABorajzipo; N = 6,02 10% monp .

3,06:107° M2,

3apava 17. Buznauutu nopucticte W neomnity Mmapku 4A, sSKIIO BiAOMO,
o npu ancopOuii Ha Hbomy CO, npu temmnepatypi 290K oTpumani Taki aaHi
3asieskHOCTI aacopoii I' Bix Tucky P:
I-10°, moms/r 3,64 3,83 3,94 4,10 4,19 4,27
P-10%, a 3,32 6,65 13,33 26,66 40,00 66,50

Tuck HacuueHoi napu Ps = 2,37-106 ITa. MosbHUIE 00’eM ancopOoOBaHOl
peyoBuHu V = 35,4 1/M0b.
Po3B’s13anHsA

J171st BUBHaYEHHS MOPUCTOCTI BUKOPUCTAEMO piBHSIHHSA JlyOiHiHa
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[Ticnst morapudmyBaHHs piBHAHHS HaOyBae JNiHIMHOT (OpMHU:
~ wW P,
InA=Ilg——-RTlIg—=.
J \Y J P

s moOynoBu Tpadika 3HAXOIUMO HEOOXITHI NaHi, sIKI 3aHOCHMO [0

tabmuil 4.

Tabauysa 4 — Buxioui oaui 0ns nobyoosu epaghika

% 713 356 177 89,0 59,3 35,6
Ig% 2,85 2,95 2,50 1,95 1,77 1,55
lgl’ —2,44 —2,42 —2,41 -2,39 —-2,38 -2,37

bynyemo rpadik 3anexxnocti 1gl” Bin 1gPs/P, Binknanaroun Benuuunnu lg I’

. . W . .
u IgPs/P Bin nyns. I3 rpadika 3HaX0quMO BenU4YUHY Ig IVE sIKa TOPIBHIOE B1ApI1-
3Ky, 10 BIATHHAE MPSMY Ha OC1 OpJAMHAT:
w _
|gﬂ= 226 —=55.10"%;
\Y; V

W =V-5510°%=3545510"°=0,195 n/kr.

3apaya 18. Bigmomi koHcTaHTH piBHSHHS [ILIMITKOBCHKOTO ISl BOJSTHOTO
pO3uMHY BalepiaHOBOi KHCIOTH mpu Temmepatypi 273 K: a = 14,72-10°
b =10,4. Ilpu sxiit koHueHTpauii C MOBEpXHEBUI HATIT G pO3YHHY Oy/i€ CTAHOBH-
™ 52,1 1073 H/m, sixiio nmoBepxHeBuid HaTsT Boau ipu 273K 6o = 75,49- 10° H/m.

PiBasinas [1IumkoBCchKkOro BiioOpakae 3aJI€KHICTh TTOBEPXHEBOTO HATSTY
BiJl KOHIIEHTpAIIll pO3UHHY:

o =6p—a In(1+bC).

Po3p’g3anns

3 piBHsaHHS [IIUIIKOBCHKOTO 3HAAEMO:
~c _ (7549-521)-10°
a 1472107
1+bC = e +°* =4,899.

In(L+ bC) = 20 = 1,589, 3pinku
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Toni N = 489-1 4899-1
b 10,4

=0,375 MoJIB/11.

3agaya 19. 3HaiiTu moBepXHEBY aKTUBHICTh MACISIHOI KMCIOTH Ha MEXI
BOJSIHOTO PO34YMHY 3 MOBITpsiM mipu Temneparypi 293K 1 konuentpauii C =
0,15 MoB/1, BUKOPUCTOBYIOYHM €KCIIEPUMEHTAIbHI JaH1 3aJIeKHOCTI TTOBEpXHE-
BOT'0 HATATY BiJ KOHIIEHTpalii (Taba. 5). Buznauntu agcopOirito MacasHOi KKC-
JIOTU Ha MOBEPXHI «PO3YUH-TIOBITPSI.

Tabnuys 5 — 3anescHicms n08epxHe8020 HaMsA2y 810 KOHYEeHmpayii

6x10°, H/m | 74,01 69,51 64,30 59,85 51,09 44,00
C, monb/n 0,00 0,021 0,050 0,104 0,246 0,489

Po3B’sa3aHHg

do

[loBepXxHEBY AKTUBHICTh , ~ MOXHAa BU3HAYUTH TpaiuyHUM METOIOM.

dC
bynyemo rpadik 3anexunocti ¢ Big C (puc. 3).

c-10°H/m

70

60

50

40 | | | | |
0,1 0,2 0,3 0,4 0,5
Konyeumpayis, monw/n

Pucynok 3 — I paghix 3anesxcrnocmi nogepxneeoeo namsey

810 KOHYEeHMpayii MacisaHol Kuciomu
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Jlo oTprMaHOi KpUBOi MPOBOJUMO JOTHYHY B TOYIIll 3a7aHOT KOHLIEHTpAIlil
3 . .
C = 0,15 xmonb/m”. IloBepxHEeBa aKTUBHICTh OyJie TIOPIBHIOBAaTH TaHTEHCY KyTa
HaxwWIy ik JOTUYHIN 10 oci abCIuc:

do _a_ (62-49)-10°

== =-59.10"
dC b 0,27 -0,05

AnicopOrrito 3HaiiieMo 3a piBHIHHAM ['10ca:

Ao C 0o 015 541904y _36.10 % /6.

RT dC  8314-293

1liopo3oin 1.8

Ha BiamiHy BiJ XIMIYHOiI TEpMOJAMHAMIKH, 1[0 BHBYA€ CTAH PIBHOBArW,
XIMIYHa KIHETHKA PO3TJSJa€e MBUAKICTh XIMIYHUX PEAKIId 1 BIUIMB HA HEl Pi3-
HuX ¢aktopiB. Lli nuTaHHsS Mae BaXXJIMBE MPAKTUYHE 3HAYEHHS JIJIST XIMIYHOI Te-
XHOJIOT1i ¥ MeTayprii, TOMy 110 BIAKPUBAE MOXJIUBICTh 1IHTEHCU]IKaIlii BUPOO-
HUIITBA.

O3znaliomMTecss 3 OCHOBHUMHU MOHATTSIMU KIHETHUKH (IIBUAKICTh PEaKIIli,
KOHCTaHTa IIBUJIKOCTI, MOJEKYJISIPHICTh 1 MOPSIOK peakilii), 13 KiacugikaIiero
XIMIYHUX peakIliii (peakiii mepioro, Ipyroro, TPETHOTO MOPSIKiB). Po3risHbTe
OCHOBHI TOJIOEHHSI TEOpid XIMIYHOT KIHETUKH — Teopii ApeHiyca, Teopii nepe-
X1JHOTO CTaHy, KiIbKICHOI Teopii jaHIforoux peakiiii Cemenoa. Oco0nuBy
yBary 3BEpHITh Ha KIHETHKY T'€TEepOr€HHUX MpPOLECIB. Yl peakiii, mo BiaOyBa-
IOThCSl y MPOLIeCi BUPOOHUIITBA METATIB 1 CIUJIaBIB, 4 TAKOX MPH 1X TEPMIUHIN 1
MEeXaHIuHIi 00poOIIli, € reTepOreHHUMHU. Y TETEPOreHHUX PeaKIlisix, 10 BiI0y-
BaIOTHCS Ha TOBEPXHI TBEPJUX T, IMIBUIKICTh peakilii BIIHOCATHh J0 OJWHUIII
Macu abo 00’eMy TBepnoi ¢dasu, a y BUMAAKY piakux abo TBepaux (a3 mpu Bi-
JOMI1il MOBEPXH1 — JI0 OJJMHULII TOBEPXHI PO3MOALTY.

BinMminHa puica reTeporeHHHX MpolleciB — iX OaraTocTaliiiHicTh. BuBunte
CTajli reTepOreHHUX IMPOLECIB, YCBIAOMTE CYTHICTh MOHATH «Macolepenaday,
«koedimienT Macomepenadi». OCKUIBKM MEXaHi3M 1 IIBHJIKICTb T'€TEPOreHHOI
peakini BU3HAYAETHCS HAWOUIBIN MOBIIBHOIO (JIIMITYIOUOIO) CTAMI€l0, TO IYXKE
BaYKJIMBO 3HATH, HA MIJCTaBl IKUX CKCIECPUMCHTAIBHHUX JTAHUX MOYKHA BU3HAYH-
TH JIIMITYIOUY CTaJlif0 TeTeporeHHoi peakiii. I{e m103BONMUTh 3HaXOAUTH J1HOBI
3axX0Au JUIsl IPUCKOPEHHS mporiecy. [Ipu BUBUEHHI TE€TEPOTCHHUX PEaKIliid Bax-

JMBE MICIIe TOBUHHI TOCICTH TOTIOXIMIYHI PEaKIlii, Ikl XapaKTEePU3yIOThCS TUM,
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10 XIMIYHI TIEPETBOPEHHS TMOB's13aH1 3 (a30BUMHU NEPETBOPEHHSIMH Y TBEPAOMY
cTaHl. 3a MIAPYYHUKOM TO3HAHOMTECS 3 JOCIIIKEHHSIMHU B 11K Taiy3i (podotu
UYepnora, Kypatomonsa i iH.).

Po3rnsHbTe MUTaHHS KIHETUKH KpHUCTali3alii, sKi BiIIIPalOTh BaXKIUBY
POJIb TIPHU BUTOTOBJIEHHI CcTajdl. SIKICTh CTaji B 3HAYHIM Mipi BUBHAYAEThCS Xapa-
KTEPOM 1 MIBUKICTIO KpUCTaIi3allii piJIkoi cTami.

3 oAy Ha Te, M0 B OUIBIIOCTI XIMIYHMX BUPOOHMIITB peakiiii BiOyBa-
IOTBCSL Y TIPUCYTHOCTI KaTaji3aTopiB, pO3TJsSHbTE HABYAHHS MPO KaTami3, BIUIUB

KaTaji3aTopiB Ha €HEPrio aKTUBAllli i Ha pIBHOBArY.

Po3B’s13aHHA TUIIOBUX 3aj1a4

3apaua 20. Posknananus N,Os — peakilisi mepiioro nopsjiKy, KOHCTaHTa
mBuAKOCTI sikoi popisrioe 0,002 xB ' mpu Temmepatypi 300 K. BusHaunty, cki-
nbkH B1J1COTKIB N,Os po3KIIaIeThCs 3a JIB1 TOJMHH.

Po3p’g3anns

KoHcraHnTa mBUAKOCTI peakilii mepiioro Mopsaky, sk BUAHO 3 PIBHSHHS

k==In—22, (30)
t C

HE 3aJIeKUTh Bl croco0y BUpa3y KOHUeHTpauli. [IpuiiMemMo nmo4yaTkoBy KOHIIE-
Hrpamnito Co= 100%, Toxai kinmnesa konmeHrpaiis C = (100—x), ae X — KiJIbKICTh

Bij1coTKIB N,Os , 1110 po3KiaaeThes 3a yac t = 120 xB.

3 piBasaas (30) In Co =kt= In LO~ =0,002:-120=10,24 ,
C 100-0
T06TO LO~ =402 =1271;
100-06

3B1aKM X = 21,38%.

3apaua 21. V ckuibkM pa3iB 3pOCTa€ MIBUAKICTh PEAKIil MPH iBULIEHH]
temrepatypu Big T; = 298K mo T, = 373 K, skuio eHepris aktuBarii peakiii
nopisHioe 125,61-10° Ix/mois?

Po3B’s13aHHs

[IBuAKICTH peakxilli 3pOCcTa€ 3 MiABUIICHHIM TEMIEPaTypu B CTUIBKHU XK
pasiB, y CKUIbKH pa3iB 3pOCTa€ KOHCTaHTa MBUAKOCTI. OTKe, I BIAMOBIAI Ha

MUTAaHHSA TOTPiOHO 3HaNTH BimHOmeHHS Ko/K; 3 piBHSHHS ApeHiyca:
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=10194,

k, R\T, T,
10670 kofky = €91 =2 67-10%.

nke _E(1 1)_12561.10°-(373—298)
8,314 -298-373

[IBuakicTe peaxirii 3pocte B 26700 pasib.

3 3ABJJAHHSA J1s1 KOHTPOJIBHUX POBIT

3ABJJAHHA 1

Bapianr 1. 2 r nositpa HarpiBatoTbea Bl 273K no 300K mpu Tucky
1,0133-10° ITa. I'ycTHHA MOBITPS 32 HOPMATBHUX YMOB HOpiBHIOE 1,29 /1. O6-
YUCJIUTH POOOTY PO3LIUPEHHS.

Bapiant 2. 28 r a3ory, Y34TOro IMpU [OYAaTKOBOMY THUCKY
P, = 1,0133-10°IIa, cTHCKYIOTH i30TepMiuHO (Temmeparypa 313 K) no 06’emy
V,= 13 niTpiB. 3HaliTH KiHLIEBUI TUCK P, 1 poOOTY CTUCKYBaHHS.

BapianTt 3. Jlo AKo0i Temnepatypu OXOJIOHE MOBITps, IO NepedyBae npu
TtemriepaTtypi 273 K, ko agiabatudHo 3011bIHUTH 00’ eM yaBIYl? y=1,4.

Bapianr 4. I'a3 3aiimae 06’em V; = 5 1 npu T, = 300 K. [Ticna agiabaru-
gHOTro posmupeHHs V, = 6,02 1. O6unciutu KiHieBy temiepatypy T, 1 poOoTy,
31IICHEHY OJTHUM MOJIEM Ta3y, skio ¥ = 1,4.

BapianT 5. fIka KUIBKICTh TEIJIOTH BUAUIAIACA MPHU 130TEPMIYHOMY
(T = 300 K) cruckyBanui 1 M° igeampHOTrO razy, y3sTOro IMpU THUCKY
P =1,0133-10° I1a, sixmo 06’em #oro 3menmuBces y 10 pa3ip?

Bapiant 6. IloBiTps, y3sare npu T; = 313 K, cruckyerbes aaiabaTUIHO
Big 1,0133-10° go 35-10° Ila. Busnauutu KiHIEBY TemIiiepatypy T, sKiio y =
1,4,

BapianT 7. 15 M MOBITPSI CTUCKAIOTh aJ11a0aTUYHO BiJT 9,4-104 hi (e} 6,1-105
[Ta. O6uncauTH 00’€M MOBITPS MICHS CTUCKYBaHHS U 371HCHEHY POOOTY, SKIIO
vy =14.

Bapiant 8. 12 kr azory 13orepmiuno (T = 273 K) po3mmproroTbesi Bij
5,07-10° 1o 2,53-105 [Ta. 3naiitu pobOTY, 3/1IIICHEHY ra30M.

Bapiant 9. 1 M razy, y3saroro mpu T; =300 Ku P; = 1,0133-10° Ia, axi-
abaTHUYHO CTUCKAtOTh 0 1/10 yacTku HOro nepBicHOro 00’emMy. 3HAUTH KIHIEBY

Temriepatypy T, 1 3a1licHeny poboty. y = 1,66.
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Bapiant 10. 4 kr xucHio, y3sroro npu P;=1,0133-10° ITa, i3otepmiuno (T
= 293 K) po3mmprorThcs A0 5,5-kpaTHOro 00’ eMy. OOUUCIUTH KIHIIEBUN THCK
P, 1 poGoty, 37aiiicHEHY Ta30M.

Bapianr 11. 20 M 17IeaIbHOTO Ta3y CTUCKAIOTh a1a0aTUYHO Bij 0,9-105
10 8,2-10° ITa. BusHaunTe 06’eM micis CTUCKYBaHHS W BUTpPA4YeHY POOOTY. Y =
1,4.

Bapiant 12. 8 M° mositps cruckaiots i3otepmiuno (T = 298 K) Bix
1,2-10° g0 8,1-10° [Ta. BusHauuTtu 06’€M MiCIIs CTUCKYBAHHS i 34ilCHEHY po6o-
Ty.

Bapiant 13. 1 kr nositps, y3sroro mpu T; = 303 K u P; = 1,52:10° IIa,
PO3IIMPIOETHCS amiadaTuyHo a0 P, = 1,0133-10° Ila. 3uaiitu KIHIIEBY TeMIIepa-
Typy T 1 cTyniHp po3mmpeHHs, ko y = 1,4, a MoisipHa Maca MOBITPs JOPIB-
HIo€ 28,9 1/MOJIb.

Bapiant 14. ['a3 3aiimae 06’em V; = 1 M° mpu Trcky Py = 10,13-10° Ia.
[Ticns amiabaruyHoro posmupeHHs P, = 1,0133-10° Ia. OGUMCANTH KiHIEBHIA
00’eM V; 1 poboTy, 3111iiCHEHY razom. Y = 1.4.

BapianT 15. 2 r xucHio, y3sroro mpu T; = 273 K u P, = 1,0133-10° I1a,
CTUCKaIOTh 10 00’eMy 0,75 5. BusHauuTH poOOTY CTUCKYBaHHS, SKIIO KHCEHb,
CTUCKY€EThCS: 1) 130TepMiuHO; 2) agiabaTudHo, ¥ = 1,4.

Bapiant 16. 10 nitpis mositps, y3sroro mpu Py = 1,0133-10° ITa, crrcka-
10Th amiabatuuno 10 P, = 5,065-10° Tla. O6uucauTu KiHnesuii 06’em V, i BU-
TpadeHy pooory, ko y = 1,4.

BapianT 17. 1 M° reito, y3sroro mpu Ticky P; = 1,0133-10° ITa, posum-
PIOETHCS 130TepMIUHO J10 P, = 10*ITa (T = 273 K). 3naiitu 31iCHEHY poOOTYy i
KUIBKICTh MiABEIEHOI 0 ra3y TEIUIOTH.

Bapiant 18. Busnauutu: 1) poboTy, HEOOXiAHY s 130TEPMIYHOTO
(T = 288 K) cruckyBaHHs 6 T KMCHIO Bif 00’eMmy V1= 20 11 10 06’emy V, =1 1;
2) po6oTy, 3M1CHEHY Tra30M, SIKIIO BiH a/11a0aTUYHO PO3LIMPIOETHCS Big 00’ €My
V, 10 06’emy Vi.

3ABJIAHHA 2
OO6uncnuTu TermnoBui edext peakiii (Tadiu. 6) npu temneparypi T, K110
BIJIOM1 CTaHAAPTHI €HTAJIbIi YTBOPEHHS PEYOBUH, 1110 OEPYTh Y4acTh y peaKilii i
PIBHSIHHS 3aJIEXKHOCTI TemnoeMHocTi Bif Temneparypu C, = f(T) (aus. Tabmn.. nona-
Tka A). BusHaunTH, HacCKUIbKM Npu LiM Temmeparypl BiapizHseTbes Qp Big Qy
(TerioBuid eeKT peaxiii Mpu CTaIOMy THUCKY BiJl TEIJIOBOTO €pEeKTy MpH cTa-

J0My 00’ €Mi).
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Tabnuys 6 — Buxioui oawi 015 3a680aHHs 2

Bapiant Peaxmis T,K
1 2 3
1 2H, + CO = CH3;0H(1) 500
2 4HCI + O, = 2H,0(1) + 2Cl, 600
3 NH4Cl(xp) = NH3 + HCI 500
4 2N, + 6H,0(r) = 4NH; + 30, 1200
5 4ANO + 6H,0(r) = 4NH; + 50, 800
6 2NO, =2NO + O, 500
7 Mg(OH), = MgO + H,O(r) 400
8 CaCO3; = CaO + CO, 700
9 N,O4 = 2NO, 400
10 Ca(OH), = CaO + H,0O(r) 350
11 ¥5S, + 2H,0(r) = SO, + 2H, 900
12 S, +2C0O, = SO, + 2CO 800
13 250, + O, = 2S03(1) 600
14 SO, + Cl, = SO,Cl,(1) 400
15 CO + 3H, = CH4 + H,O(1) 900
16 4CO + 250, = Sy(1) + 4CO, 700
17 CO + Cl, = COCly(r) 400
18 CO, + H, = CO+ H,O(r) 900
19 CO; + 4H, = CH,4 + 2H,0(1) 800

20 2C0O,=2C0O0 + 0O, 500

Temneparypa niaaBiaeHHsI pe4oBUHU T; 1 HOro muTOMa TEIMJI0TA MIIABJICH-
s AH,, HaBeneHi B Tabmuil /. O0uncautu: 1) KUIbKICTh TETUIOTH, HEOOX1THOT
JUTSL TUTABJICHHST M KT PeYOBUHU, 10 TiepeOyBae mpu temmepatypi T; 2) 3miny

EHTpOIITii B TIpolieci HarpiBanHs i miaBieHHsa. KoedimieHTn B piBHAHHI 3aeXk-

3ABJIAHHA 3

HOCTI TEIUIOEMHOCTI BiJ] TeMITepaTypH HaBeaeHi B Ta0muili A.l qogaTka A).
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Tabnuys 1 — Buxioui oaui 015 3a80anHs 3

Bapiant PeuoBuna m, KT T,K T...K | AH,,, xJ[x/kr
1 Zn (Kp) 10,0 293 692,5 113,1
2 Mg (xp) 2,0 298 923 1948
3 Ag (xp) 0,05 291 1234 104,5
4 Bi (kp) 0,7 300 544 54,5
5 Cu (xp) 1,0 298 1356 214,0
6 Pb (xp) 5,0 273 600 23,5
7 Sn (O1uit) 0,06 290 505 60,7
8 I, (xp) 0,02 298 386 15,9
9 Cd (xp) 2,0 298 594 57,4
10 Cr (xp) 12,0 300 1823 418,0
11 Au (xp) 0,01 298 1336 66,6
12 Sb (kp) 0,25 296 903 163,0
13 Fe—a 5,0 298 1806 270,0
14 Pt (xp) 0,05 288 2042 114,0
15 S (MOHOKIT) 1,5 293 392 45,3
16 NaClI (xp) 20,0 298 1073 517,0
17 NaOH(kp) 15,0 300 595 160,0
18 H,0 (xp) 30,0 253 273 345,0
19 Co (xp) 0,5 291 1723 281,8

3ABJAAHHA 4

1 Ha niacraBi JaHUX MO TEMMEPATYPYy MOYATKY KpHCTaIi3alli JBOKOM-
MOHEHTHOT cuctemu (Tabdn. 8) moOynyiiTe miarpamy ¢a3oBOro cTaHy (Iiarpamy
M1aBKocTi) cuctemu A — b.

2 BusHauuTe THI OTPUMAHO] Jiarpamu.

3 YkaxiTh ¢a30Bi CKJIaIA B KOXKHIN 30H1 JllarpaMH.

4 HakpecniTh BCl TUIIM KPUBUX OXOJIOXKEHHS, MOXKJIMBI y JaHIi CUCTEMI.
VYkaxiTh, IKUM CKJIaJlaM Ha Jlarpami Il KpUBi BiIMOBIAAOTh.

5 Tlpu skit Temmeparypi OYHE KPUCTATI3yBAaTHCS PO3IUIAB, 10 MICTUTh
90% peuoBunu b? Ilpu sxiii TemmepaTypi BiH 3aKpPUCTaNI3Y€ThCS MOBHICTIO?

Sxuii ckitan nepmmx KPUCTATIB, 1110 YTBOPUITHCS ?
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6 Ilpu saxiii TeMnepaTypl MOYHE TUIABUTHUCS CIUIaB, 0 MIicTUTh 20% pe-

yoBuHUu b? Ilpm skiit Temmnepatypl BiH pO3IUIAaBUTHCSA MOBHICTIO? SIKUi CKiaf

NEePIIUX Kpamneib po3IjiaBy?

Tabnuysa 8 — Buxioui oani 05 3ae0anns 4

B?_ Ha- 3anexHICTh TeMIepaTypu noyatky kpucranizauii T Big BmicTy
pi- | Cucrema | pame- o
KOMITOHEHTa B (Barosi BiJICOTKH)
aHT TpH
L A -Si B,% 0 15 27 42 55 63 85 9 | 100
B-Mg T,K | 1693 | 1510 | 1473 | 1223 | 1323 | 1373 | 1173 | 918 | 923
5 A—-Mg | B% 0 10 34 45 60 82 89 95 | 100
B-Ni | T,K | 923 | 893 | 785 | 1043 | 1210 | 1418 | 1355 | 1573 | 1725
3 A —Ni B,% 0 16 32 40 58 65 73 90 | 100
B-Al | T,K | 1725 | 1643 | 1913 | 1873 | 1423 | 1333 | 1133 | 903 | 932
A A-Mg | B% 0 20 30 66 75 82 90 97 | 100
B —Pb T,K | 923 | 900 | 850 | 733 | 798 | 823 | 673 | 523 | 600
5 A-Mn | B% 0 5 11 21 30 40 51 80 | 100
B -Si T,K | 1523 | 1473 | 1348 | 1589 | 1553 | 1493 | 1409 | 1623 | 1693
6 A-Cu | B% 0 8 9 18 25 43 70 90 | 100
B-Mg | T,K | 1358 | 1173 | 1003 | 1070 | 828 | 843 | 758 | 853 | 923
- A-Zn | B% 0 1,7 20 40 54 68 72 80 | 100
B-Sb | T,K | 692 | 673 | 773 | 813 | 836 | 810 | 793 | 778 | 903
8 A—-Mo | B% 0 10 19 40 54 65 79 90 | 100
B-Ca | T,K | 923 | 873 | 791 | 943 | 993 | 903 | 718 | 983 | 1123
9 A-7Zn | B% 0 3,3 10 15 20 49 60 80 | 100
B-Mg | T,K | 692 | 641 | 838 | 868 | 843 | 619 | 703 | 858 | 923
10 A-Sb | B% 0 4 15 23 40 50 61 85 | 100
B-Mg | T,K | 903 | 867 | 1123 | 1234 | 1093 | 1005 | 899 | 903 | 923
1 A-Al B,% 0 21 35 45 55 63 67 85 | 100
B-Mg | T,K | 932 | 823 | 728 | 732 | 736 | 725 | 714 | 848 | 923
12 A-Sb | B% 0 3 12 32 47 56 65 80 | 100
B-Ni | T,JO | 903 | 885 | 1173 | 1333 | 1345 | 1443 | 1373 | 1575 | 1725
13 A-Al B,% 0 10 20 27 40 55 70 85 | 100
B-Th | T,K | 932 | 925 | 917 | 909 | 1150 | 1392 | 1634 | 1876 | 2118
14 A-Co | B% 0 15 20 26 33 54 59 62 | 100
B —Si T,K | 1765 | 1473 | 1600 | 1523 | 1668 | 1486 | 1583 | 1509 | 1693
15 A-Cd | B% 0 7,6 26 43 54 65 75 85 | 100
B-Sb | T,K | 595 | 563 | 672 | 728 | 724 | 718 | 771 | 823 | 903

IIpooosocenns mabauyi 8
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Bé_ Ha- 3anexxHICTh TeMIepaTypu noyatky kpucranizauii T Bix BmicTy
pi- | Cucrema | pame- o
KOMITOHEeHTa B (Barosi BiICOTKH)
aHT TpHU
16 A-Cu | B% 0 10 15 29 40 50 73 85 | 100
B-Ce | T,K | 1356 | 1173 | 1028 | 1208 | 1191 | 1073 | 873 | 688 | 913
17 A-Al B,% 0 7,6 15 28 50 65 76 90 | 100
B-Ce | T,K | 932 | 815 | 1273 | 1733 | 1473 | 1323 | 1173 | 893 | 913
18 A-Mg | B% 0 10 20 39 57 72 88 98 | 100
B -Sn T,K | 923 | 913 | 880 | 838 | 973 | 1058 | 723 | 483 | 505
19 A-Ca; B,% 0 10 25 35 40 55 67 90 | 100
B-KCl | T,K |1043 | 978 | 780 | 1022 | 1027 | 961 | 873 | 1021 | 1049
3ABJAHHA 5

BapianTu 1 — 10 (ta6mn. 9). KoedirieHT po3mmoaiay Hoay MiXK YOTHPHXJIO-

PUCTUM BYTJIEILIEM 1 BOJI0IO JopiBHIOE 85,5 (298 K). Skuit 06’eM yoTHpUXIIOpHUC-

TOI'0 BYTJICTIO H€06XiIIHO BHKOPHUCTATH, HIO6H IJBIXOM OOJHOKPATHOI'O CKCTpa-

3 o .
I'YBaHHS BUTAI'TH 3 0,5 M BOJJAHOI'O pO34YHHY a% BCBHOIO noay, o MiICTUTLCA B

HbOMY?

Tabnuys 9 — Buxioui oani ons 3aedanns 5 (eapianmu 1 — 10)

BapianT | 1

2

3

4

5

6

7

8

9

10

a, % |999

99

95

90

85

80

76

71

66

60

BapianTu 11 —20 (ta6s. 10). KoedirieHT po3noaiay JUMOHHOT KHCIOTH

M1 BOJIOIO ¥ eipom nopiBHIoE 155 (298 K). Sxuit 06’em Boan HEOOXITHO BU-

3 .
KOPHUCTATH, 100 MIISTXOM OJHOKPATHOTO €KCTparyBaHHs BUTITTH 3 1 M~ edipHo-

ro po34rHy a% BCi€l KUCJIOTH, 1110 MICTUTHCSA B HBOMY?

Tabnuys 10 — Buxioni oani ons 3a60annsn 5 (eapianmu 11 — 20)

Bapiant | 11 12 13 14 15 16 17 18 19 20
a, % 27 36 | 45 50 61 74 | 84 92 98 | 995
3ABJIAHHA 6
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[TuTomuit omip po3urMHy PeUOBUHH A, 110 Ma€ KOHIeHTpalio C npu TeM-

nepatypi 298 K, nopiBHto€e p. PyxJiMBOCTI 10HIB JOPIBHIOIOTH A4+ ¥ A_ . BuzHauu-

TH €KBIBAJICHTHY €JICKTPOIPOBIAHICTh PO3UUHY IMPHU 33J]aHOMY ¥ HECKIHUYEHHO-

My po3BezieHHI. Uncna nepeHocy 10HiB HaBeeHi B Tabmuii 11.

Tabnuys 11 — Buxioni oani ons 3a60anis 6

Bapianr | PewoBuna A M - M C, monb/a1 | p, OMxMm
OM *M°/KeKB

1 HF 35,0 5,4 0,1 3,53
2 HCI 35,0 7,55 0,05 0,501
1 2 3 4 5 6

3 HI 35,0 7,69 0,02 1,22
4 HCN 35,0 7,8 0,03 5840
5 HNO, 35,0 6,2 0,01 13,4
6 HNO; 35,0 7,05 0,005 4,90
7 HOCI1 35,0 5,0 0,1 927
8 HCOOH 35,0 1,2 0,03 10,3
9 CH;COOH 35,0 4,1 0,05 27,6
10 CH3;COONa 51 4,1 0,02 6,18
11 KBrO; 7,35 5,6 0,1 0,98
12 KCNS 7,45 6,55 0,02 7,46
13 CH3COOK 7,45 4,1 0,01 9,22
14 CeHgsCOOH 35,0 3,3 0,01 10,4
15 NaBrO; 5,01 5,6 0,05 2,21
16 HIO; 35,0 4,2 0,01 2,78
17 C,HsCOOH 35,0 3,3 0,1 19,8
18 CeHgOH 35,0 3,3 0,03 14500
19 | (CHa),CeHeOH| 350 3,1 0,05 1670

3ABJIAHHSI 7

O6uucnite EPC raneBaniunoro enxemenTa mpu temmepatypi 298 K. Ha-

OUIIITh PIBHSHHS peakilii, 1o BiAOyBa€ThCA B TalbBAHIYHOMY €JIEMEHTI

(Tabn. 12). Buznaure 3miHy eHeprii ['10ca nmpu npoTikaHHI L€] peakiiii B yMoBax
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MOBHOI 00OOPOTHOCTI MPHU CTAJIOMY TUCKY i Temmeparypi 298 K. OGuuciiTe KOH-
CTaHTy pIBHOBAru peaxiiii, o BiJIOyBa€TbCs B TajbBaHIYHOMY €JIEMEHTI. 3Ha-

YEHHS CTaHJAApTHUX MOTEHINaIiB HaBeAeH] B 1oaaTKy I,

Tabnuys 12 — Buxioni oawi ons 3a60amms

Bapiant ["anpBaHIYHMM €EeMEHT
1 |zZn/zn** (a=0,0005) // Cu* (a=0,5)/Cu
2 Ag/Ag+ (a=0,017) /I Ag+ (a=0,128 / Ag
3  |Zn/2Zn" (a=0,009)// Pb** (a=0,38) /Pb
4 Ni / Ni** (a = 0,024) // Cu** (a=0,072) /Cu
5 Cd/ Cd™ (a=0,015) |// Sn** (a = 0,046) / Sn
6 Pb / Pb* (a = 0,008) // Cu** (a=0,039) / Cu
7 |zn/zn** (a=0,004) // Zn"* (a=0,022)/ Zn
8 Cd/ Cd** (a=0,018) // Cu™ (a=0,004) / Cu
9 Cd Cd** (a=0,025) // Pb** (a=0,012) / Pb
10  [Sn/Sn** (a=0,081)// Cu”* (a=0,24)/Cu
11 |Zn/zZn** (a=0,015) // Cd** (a = 0,035)/ Cd
12 |Zn/Zn** (a=0,031)// Ag' (a=0,017)/ Ag
13 |Cd/Cd* (a=0,008) // Ag* (a=0,038) / Ag
14  |Cu/Cu* (a=0,006) // Cu™ (a=0,021)/Cu
15  |Cd Cd** (a=0,004) // Cd** (a=0,020)/ Cd
16  |Zn/Zn** (a=0,018)// Zn** (a=0,031)/ Zn
17  |Ni/Ni** (a=0,015) // Ni** (a = 0,042) / Ni
18  |Sn/Sn** (a=0,003) // Sn** (a=0,023) / Sn
19 |Ni|Ni**%a=0,035) // Ag* (a =0,073) / Ag
20 [Sn/Sn* (a=0,014) // Ag* (a=0,131) / Ag
21  |CuCu* (a=0,016)// Ag* (a=0,395)/ Ag

3ABJAHHSI 8

Bapiantn 1 —10 (ta6s. 13). KoHcTaHTa mMBHIKOCTI Peakiiii Jpyroro mo-
PAAKY
CH;COOC,Hs; + NaOH —CH3;COONa + C,Hs0H

nopiBaioe 0,09 51/(Monb-c). CKUTBKH BIJICOTKIB MOYATKOBOTO e(ipy mpopearye 3a
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gac 1, K10 MOYaTKOBI KOHILEHTpAIIil T1POKCUIY HaTpito Ta edipy OJHAKOBI 1

NOpiBHIOIOTH C?

Tabnuys 13 — Buxioni oani ons 3as0anns 8 (sapianmu 1 — 10)

Bapiant 1 2 3 4 5 6 7 8 9 10
t,c 30 | 400 | 60 | 90 | 600 | 300 | 150 | 500 | 700 | 100
C,moms/n | 01 | 05|06 | 08 |0,02|0,07| 04 | 0,2 |0,03|0,09

BapianTtn 11 —22 (ta6n. 14). KoHcTanTa IIBUAKOCTI ACSIKOT peakilii mep-
IIIOTO MOPSJIKY JTOPIBHIOE 3,5-1041 ¢ 1.CKillbKH BiZCOTKIB BHXimHOI pEYOBUHU
pO3KIIaJeThes 3a yac U1 cKUTbKU Oyie MOTpiOHO Yacy Jist po3kiagaHHs 95% Bu-

X1AHO1 pe4OBUHU?

Tabnuys 14 — Buxioni oani ons 3ae0anns S(eapianmu 11 — 22)

BapianT |11 |12 |13 |14 |15 16 | 17 | 18 | 19 | 20 | 21 | 22
t, C 40 |50 | 75| 65|97 | 120 | 190 | 230 | 285 | 315 | 350 | 450

3ABJIAHHA 9

VY tabnumi 15 HaBeneHI 3HAYCHHS KOHCTaHTH MmBUAKOCTI Ky Ky peakii
npu temrnepatypax Ty 1 T, BianoBigHo. OOUKCIIITH EHEPTII0 aKTUBALII 1€ pea-
KII11, 3HAUTH KOHCTaHTY MIBUAKOCTI TIpHu Temmeparypi Ts.

Tabnuys 15 — Buxioui oawi 05 3a60ams 5

Bapi- ,
PeaKum Tl, K k1 Tg, K k2 Tg, K
aHT
1 2 3 4 5 6 7
1 H, + Br,—2HBr 574 0,0856 497 | 0,00036 | 483
2 H, + Br,—2HBr 550 0,0159 524 | 0,0026 | 568
3 H, + |, — 2HI 599 0,00146 679 | 0,0568 | 648

IIpooosoicenns mabauyils
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4 H, + I, — 2HI 633 0,0659 | 716 | 0,375 | 693
5 2HI > H, + I, 456 | 9,42x107 | 700 | 0,0031 | 923
6 2HI > H, + I, 628 | 8,09x10° | 780 | 0,1059 | 976
7 2NO — N, + O, 1525 | 47058 | 1251 | 1073 | 1423
8 2N,O — 2N, + O, 986 6,72 1165 | 977 | 1053
9 N,Os5 — N,O, +%40, 298 0,0203 | 288 |0,00475| 388
10 PH; — 5P, + 3/2H, 953 0,0183 | 918 | 0,0038 | 988
11 SO,Cl, —S0,+Cl, 552 | 6,09x10° | 593 |0,00132 | 688
12 CO+H,0 —CO,; +H, 288 | 0,00031 | 313 |0,00815 | 303
13 COCl, -CO+Cl, 655 0,0053 | 745 | 0,0676 | 698
14 | (CH,); >CH,CH=CH, | 833 | 0,00687 | 923 | 0,146 | 956
15 C,HsONa+CHjl 273 0,0336 | 303 | 2,125 | 288
—C,HsOCH3+Nal
16 CH,CICOOH+H,0 — 353 | 2,22x10™ | 403 |0,00273 | 423
CH,OHCOOH+HCI
17 C1oH»04;+H,0 — 298 0,765 328 | 355 | 313
CeH1,06+ CsH1205
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JOJATKH
HomaTok A

Tabnuya A.1 — OcHosHi mepMoOOUHAMIYHI KOHCMAHMU PEYOBUH

Y CMaHOapmHux ymMoeax

Tennoemuicts, x/(Momb-K),

AHozgg 0 o ' Temnepa-
Pewosnna | x10°, S0, |Kkoediuientu piBusaus C,=f(T) TypHHit if-
JIx/(moib/K) - a,
JIx/MOITh a | ar107 | ar10° L 105 | TePBaT, K
1 2 3 4 5 6 7 8
Al 0 28,31 20,67 1239 | - — 298-933
Adxp) 0 42,69 2397 | 5,28 | -0,25| — | 273-1234
Al ) 0 47,45 23,67 | 5,19 — — | 2731200
Biwp) 0 56,90 18,79 | 2259 | - — 298-544
Crpagin) 0 5,74 17,15 | 4,27 | -8,79 | — | 298-2300
CaOgy, | —635,1 39,70 49,63 | 452 | 695| - | 298-1800
CaCOsypy | —1206 92,90 1045 | 21,92 |-25,94| - | 298-1200
Ca(OH),qp)| —986,2 83,40 105,2 | 12,0 | =190 | - 298-600
Cd, 0 51,76 22,22 1230 | - — 273-594
Cly 0 223,10 36,72 | 1,05 | -252 | - | 273-1500
Co 0 — 19,76 (18,00 - — -
COy -110,5 197,40 28,41 | 410 | 0,46 | — | 298-2500
COyy |—393,51| 213,60 4414 | 9,04 | 853 | - | 298-2500
COClyy) | —223,0 289,20 67,16 |12,121| -9,03 | — | 298-1000
COS | —137,2 231,50 48,12 | 8,45 | -8,20 | — | 298-1800
Crup) 0 23,76 24,43 | 9,87 — — | 298-1823
CUp) 0 33,30 22,64 | 6,28 — — | 298-1356
CuCly, | —134,7 91,60 43,90 | 40,60 | - — 273-695
Few 0 27,15 19,25 | 21,10 | - — 298-700
Ho 0 130,60 27,28 | 3,26 | 0,502 | - 298-300
HCl —92,30 188,70 26,43 | 4,60 | 1,09 — | 298-2000
H,Oq | 241,84 | 188,74 30,00 | 10,71 | 0,33 — | 298-2500
HyOpin | —285,84 69,96 - - - - -
HyOupy | —291,85 39,33 -0,197 (140,16, - — 273
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IIpoooesoicenns mabauyi A.1

1 2 3 4 5 6 8
HoSe | —20,15 | 20564 | 2937 | 1540 | - 298-1800
L2 0 116,73 | 40,12 | 4979 | - 298-387
M0 0 3255 | 2230 | 10,64 | —0,42 298-923
Mg.y |-60124| 2694 | 4259 | 7,28 | —6,19 298-1100
Mg(OH)z | —924,66 | 63,14 | 5456 | 6611 | - 298-600
Nz 0 19150 | 27,84 | 427 | - 298-2500
NHs,, | —46,19 | 19250 | 29,80 | 2548 | —1,67 298-1800
NH.Clp |-31539| 9456 | 4937 | 1339 | - 298-458
NO, | 9037 | 210,62 | 29,58 | 3,85 | —0,59 298-2500
NOx, | 33,89 | 24045 | 4293 | 854 | 6,74 298-2000
N.Oir) | 937 | 30430 | 83,89 | 39,75 | -14,90 298-1000
NaCle, |-41090| 72,36 | 4594 | 1632 | - 289-1073
NaOH | —4266 | 64,18 | 7,34 | 1250 | 13,38 298-566
TIPO,,) 0 20503 | 31,46 | 3,39 | -3,77 298-3000
Pboe) 0 649 | 2393 | 870 | - 273-600
PbCla | —359,1 | 13640 | 66,78 | 3347 | - 298-700
Pbey | -9428 | 91,20 | 37,32 | 1679 | - 298-900
Pt(kp) 0 41,80 | 2402 | 561 | - 298-1800
Sa0) 1291 | 227,70 | 3611 | 1,09 | -352 273-2000
Spout) 0 31,88 | 14,98 | 2611 | - 273-368
Stwoon) 0.3 3255 | 1490 | 29,08 | - 368-392
by 0 4569 | 2310 | 7,28 | - 298-903
SN G 0 51,40 | 1849 | 2636 | - 273-505
SOy | —296,9 | 248,10 | 47,73 | 7,17 | 8,54 298-1800
SOy, |-39546| 25641 | 57,36 | 26,88 | 13,06 273-900
SO.Cly,, |-343,50| 312,35 | 5376 | 7955 | - 298-500
Sap | -581,15| 5233 | 73,94 | 10,05 | 21,06 273-1373
Sney | —77.87 | 9881 | 5066 | 691 | - 273-1153
ZNto) 0 4159 | 22,38 | 1004 | - 273-693
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IIpooosoicenns mabauyi A.1

1 2 3 4 3) 6 7 8
CHar —74,90 | 186,32 | 17,46 | 60,46 | — | —1,12 | 298-1500
CH3BIH, | 295,47 | 282,22 | 20,43 | 103,75 | — | —24,66 | 300-700
CH;COH,, | —166,47 | 265,87 | 31,07 | 121,54 | — | -36,60 | 298-1500
CoHyry 52,32 219,61 | 4,20 | 154,70 | — | -31,15 | 298-1500
C,HsOH,, | —235,48 | 282,20 | 20,71 | 205,53 | — | 99,88 | 300-1500
C,Hg(1) —84,73 | 229,65 | 4,49 | 182,39 | — | —74,91 | 298-1500
Honaroxk b

Tabnuys b.1 — Benuuunu M 0ns obyucienns mepmooOuHamMiyHux yHkyit

3a memoodom Tvomxuna - [llleapymana

T M M;-10°° M,10° M 10
300 0,0000 0,0000 0,0000 0,0000
400 0,0392 0,0130 0,0043 0,0364
500 0,1133 0,0407 0,0149 0,0916
600 0,1962 0,0759 0,0303 0,1423
700 0,2794 0,1153 0,0498 0,1853
800 0,3597 0,1574 0,0733 0,2213
900 0,4361 0,2012 0,1004 0,2521
1000 0,5088 0,2463 0,1134 0,2783
1100 0,5765 0,2922 0,1652 0,2988
1200 0,6410 0,3389 0,2029 0,3176
1300 0,7019 0,8360 0,2440 0,3340
1400 0,7595 0,4336 0,2886 ,03484
1500 0,8141 0,4814 0,3362 0,3610
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Tabnuys B.1 — 3nauenns gynxyii —

Honarox B

G%—H)

KOHCMAHM PIBHOBAU 2A308UX PeaKyill
npu memnepamypax 298 — 1500 K

i Al ) Ons obyucnenns

PeuoBu- - G”—Hy , JoK/(Momb*K) Al
x10°2,
ma 298 500 800 1000 1500 | Ix/momnb
1 2 3 4 5 6 7
Cr 212,76 230,07 246,45 254,40 269,08 0
Crpagin) 2,11 4,61 8,71 11,34 17,23 0
Cl, 192,20 208,57 224,25 231,94 246,27 0
F, 173,08 188,71 203,64 211,05 224,05 0
H, 102,18 116,92 130,48 136,96 148,90 0
I, 226,68 244,57 261,37 269,47 284,40 0
\ P 162,42 177,47 191,28 197,93 210,39 0
ITPO, 175,93 191,06 205,17 212,09 225,11 0
S 201,83 216,20 230,60 237,81 251,48 0
3 168,47 183,53 197,37 204,08 216,64 | -113,88
3, 182,26 199,44 217,16 226,41 244,69 | —393,26
COCl, 240,43 264,33 290,82 304,40 | 330,91 | -215,93
CS; 202,02 221,89 242,49 253,11 273,67 | -16,19
HBr 169,58 184,61 198,36 204,99 217,37 | 51,58
HCI 157,81 172,82 186,52 193,11 205,35 | 92,14
HF 144,84 159,78 173,42 179,93 191,90 | -268,57
HI 177,45 192,48 206,30 213,00 225,55 -4,15
H,ITPO | 155,51 172,77 188,84 196,74 211,85 | -238,91
H,S 172,71 198,78 206,35 214,65 230,82 | —82,06
NH; 158,97 176,82 194,45 203,65 222,17 | -39,22
NO 179,82 195,63 210,02 216,97 229,93 89,97
NO; 205,68 224,19 242,43 251,83 270,21 36,26
SO, 212.71 231.76 250.87 260.67 279.66 | —358.94
SO; 217,78 240,06 264,06 276,84 | 302,17 | -453,95
CCly 252,12 285,56 321,75 340,62 377,10 | -101,28
CHCl; 248,24 275,52 305,43 321,41 353,09 | 99,41
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IIpoooesoicenns mabauyi B.1

1 2 3 4 5 6 7
HCHO | 185,16 203,09 220,96 230,54 250,25 | -112,14
CHsCI | 199,45 218,66 239,53 251,04 275,18 | 78,45

CH,4 152,59 170,53 189,11 199,31 220,94 | —66,96
CH30H | 201,37 222,34 244,97 257,65 — —-190,38
cH, 167,25 186,26 206,91 218,03 240,75 | 227,14
C,Hy 183,98 203,79 226,32 239,18 266,77 59,61
CsHs 221,54 248,19 280,49 299,45 230,70 35,14
CsHg 220,62 250,24 287,61 310,03 359,24 | —79,55
C4Hs 227,86 258,95 298,07 321,00 370,37 | 125,95
C4Hg 247,90 282,50 325,60 351,16 406,96 21,65
C/Hyo | 244,93 284,14 333,17 362,33 426,95 | —97,98
CeHs 221,46 252,04 294,30 320,37 378,44 99,91
CeHi, | 298,23 373,37 483,88 383,21 690,79 | 84,31

Jomarok I

Jooamok I' — Cmandapmui enexkmpooui nomeHyianu y 600HUX POZYUHAX

npu memnepamypi 298 K

Enektpon Enextpoana peakitis Eggs, B
EnexTpoau, 000pOTHI 00 KaTiOHa
Rb*/Rb Rb* +e S Rb —2.925
K*/K K'+e5 K ~2,925
Ba”*/Ba Ba”" +2e 5 Ba —2,906
Ca”/Ca Ca®+2e 5 Ca —2,866
Na‘/Na Na"+e S Na -2,714
Mg**/Mg Mg* +2e 5 Mg ~2,363
AIF*IAl AlP*+3e 5 Al ~1,662
Mn?*/Mn Mn?* + 2e 5 Mn ~1,180
Zn**1Zn Zn** +2e 5 Zn -0,763
cr¥/Cr Cr*+3e 5 Cr —0,744
Fe®*/Fe Fe” +2e 5 Fe ~0,440
Cd**/Cd Cd** +2e 5 Cd —0,403
Co*ICo Co* +2e 5 Co ~0,277
Ni**/Ni Ni** + 2e 5 Ni -0,250
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IIpooosocenns madauyi I'.1

Enexrpon Enexrponna peakitis E298, B
Sn**/Sn Sn** +2e 5 Sn -0,136
Pb**/Pb Pb** + 2e 5 Pb -0,126

H*/H,(Pt) H +e$S % H, 0,000
Cu”*/Cu Cu™ +2e S5 Cu +0,337
Cu*/Cu Cu"+eSCu +0,521

Hg,**/2Hg Hg,” + 2e 5 2Hg +0,798
Ag’/Ag Ag'+e S Ag +0,799
Hg**/Hg Hg" + 2e S Hg +0,854
Pt*/Pt Pt™" + 2e 5 Pt +1,19
Au®/Au Au® +3e S Au +1,50

EnexTpoau, 000poTHI 010 aHIOHA

SIS* S+2 55" ~0,447

1,/21 I, +2e 521 +0,536
Br,/2Br- Br, + 2e 5 2Br- +1,065

O, + 2H,0/40H" O, + 2H,0 + 4e S 40H" +1,227
Cl,,CI” Cl, +2e 5 2CI° +1,359
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