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BCTYII

MetoauyHi BKa3iBKM IMpU3HAYEHI JUIS OpraHizarii caMoCTiMHOi poboTu 3
aucuumuniag "@i3udHa XiMisg" IS CTYAEHTIB cherianbHocTi 133 — ramyseBe
MAaIIMHOOY/TyBaHHS.

MeTtoauyHi BKa31BKH MICTSATh MPOTpaMy HaBUaJIbHOI JUCIHHUIUIIHM, MEPEITiK
TEOPETUUHUX PO3ILTIB, Kl BIAMOBIIHO JO 3aTBEP/KEHOI poOOYOi MporpamMu He
BUKJIQJIAIOTHCS Ha JIEKLIAX 1 BUHOCATHCA Ha CaMOCTIHHY MPOPOOKY CTYIEHTIB,
NPUKJIATU PO3B’SI3aHHS THIOBUX 3a/a4 3 (PI3WYHOI XiMii, IO CYIpPOBOIKYIOTHCS
KOMEHTapsIMA Ta TIOSCHCHHSIMH, YMOBH 3aBIaHb JUIsI 1HIWBIAyaJIbHOTO
CaMOCTIHHOTO BUKOHAHHSI, MIEPEITiK MUTaHb JJIs MiATOTOBKH 10 KOHTPOJIBHUX POOIT
Ta ICIIUTY, a TAKOXK CIIUCOK PEKOMEHIOBAHOI JTITepaTypH.

1. MPOT'PAMA HABYAJIbHOI JUCLUILJIIHUA

Tema 1.1 — OcHOBHI HOHATTS XIMIYHOI TepMoauHamiku. [lepmwuii 3akoH
tepmoaunamiku. ([Ipeamer 1 3mict kypey ¢izuyHoi Ximii. OCHOBHI TOHSTTS
TEPMOJIMHAMIKW: TEPMOJAMHAMIYHI CHUCTEMH, TEPMOJMHAMIYHI TMapaMeTpH,
TEpMOJIMHaMI4YHa piBHOBara, OOOPOTHI W HEOOOPOTHI TMpoIecH. BHyTpimHsa
eHeprid, Teriora 1 podota. [lepiie Hauano TepMoOAUHAMIKY, €HTANIbITISA. PiBHAHHS
Uist oOuuciaeHHsT poOOTH, 3MIHM E€HTalbMlli 1 BHYTPIIIHBOI €HEPrii y pi3HUX
npouecax. TeopeThuHi 1 eKcriepuMeHTanbH1 MeToau (i3udHoi Ximii. 3akoH [ecca.
CraHgapTHI €HTalbIlli YTBOPEHHS 1 3TOPSHHS CHOJYK. 3aJ€XKHICTh TEIJIOBOrO
e(eKTy mpouecy BiJl TEMIEPATypH. 3MiHA EHTAJIBIII 1 TEINIOEMHOCTI TPH (Ha30BUX
nepexojiax).

Tema 1.2 — Jlpyruii 3akoH TepmoauHaMiku. (TepmoauHaMiuHI mpouecu
(piBHOBa)XHI 1 HEpPIBHOBaXHI, JOBUIBHI Ta HEAOBUIbHI). Jlpyruii 3akoH
tepmonunamiku. Entpomis. PiBusuua Kiaysiyca. EnTpomist sk kpurtepiit
CIPSIMOBAHOCTI JOBUIBHHX MPOIIECIB B 130/1b0BaHUX cucTeMax. OOUUCIICHHS 3MIHH
eHTpomii B pi3HHX mnporecax. Iloctymar Ilmanka. OOuuciaeHHS aOCOJIOTHOT
SHTPOII1i PEYOBHHH Y XOJIi XIMIYHOI peaxiiii).

Tema 1.3 — Kputepii cnpsMOBaHOCTI TPOIECIB 1 yYMOBH pPIBHOBAaru.
(O6" eqnanmit BUpa3 mepiioro 1 Ipyroro Havyana tepmoanHamiku. Enepris ['166ca 1
eHepria ['enbmronbia sK KpuTepill CHOPSAMOBAHOCTI 1 TpaHULl MepediraHHs
nporeciB y 3akputux cucteMax. PiBHsHHA ['100ca-I'enpmromsbia. XimMiuyHui
noteHiian. Kpurepiii cipsMOBaHOCTI MPOLIECIB 1 YMOBU PIBHOBAaru y BIIKPUTHUX
CHUCTEMAX).

Tema 1.4 — XimiuHa piBHOBara. (3akoH pitounx wMac. CraHpapTHa i
EeMIIIPUYHI KOHCTAHTW pIBHOBAaru. PIBHSHHS 130T€pMU XIMIYHOI peakilii BaHT-
[opda. Obuucnenns ckiagy piBHOBaXKHOI CyMiIIl, BUXOAY MPOJYKTY, CTYNEHIO
NePETBOPEHHSI, CTYTIEHIO nucouianii. Brmus TeMIepaTypu Ha XIMIYHYy pIBHOBAry.
PiBHsiHHS 1300apu 1 130X0pH XiMiuHOI peakuii. Brnus TEeMIEpaTypH, THCKY 1
JIOMIIIIKYA 1HEPTHUX Tra3iB Ha 3CyB piBHOBaru. OOUMCIIEHHS KOHCTAHT PIBHOBArd i3
CTaHJAPTHUX BEJTMYHH TEPMOJAUHAMIYHUX (DYHKIIIH).



Tema 1.5 — EnextpuuHa mnpoBiaHICTh po3uuHiB. (MexaHI3M mepeHocy
CTPYMY Yy PO3UYHHAX €JIEKTPOIITIB. ElekTpruiHa mpoBiHICTh PO3UUHIB. PyXIHMBICTH
10H1B, 11 3aJIGKHICTh BiJI TeMIIepaTypH, MPUPOIU 10HIB 1 B SA3KOCTI PO3UYHMHHHKA.
3akoH He3alexHoro pyxy ioHiB Konbpayma. EnekTponpoBiiHICTh TBEpAUX Ta
PO3IUIABJIICHUX €JICKTPOJIITIB).

Tema 1.6 — PiBHOBaxHI eJeKTpojHI mporiecu. (MexaHi3M BUHUKHEHHS
enekTpogHoro mnoreHuiany. PiBusHHs Hepucra. CraHpgapTHi — €EeKTpOAHI
nmoTeHIiam 'y BoaHeBiW mkami. Kriacudikarmis enmektpomiB. Emextpomu s
BuMipioBanHa pH po3uuniB. Enextpoan mopiBHsSHHSA. B3aemHi mepeTBOpeHHS
XIMIYHOI 1 €IEeKTPOXIMIYHOI eHeprii).

Tema 1.7 — XimiyHa kiHeTuka. 3aranbHi MOHATTS. dDopmanbHa KiHETHKA.
(OcHOBHI MOHATTS XIMIYHOI KiHETHKH. TepMoauHaMi4HI Ta KIHETHMYHI KpUTepii
nepelirans XiMiyHuX peakuii. [IIBuaKicTs XIMIUHOT peakIlii: cepe/Hs Ta iICTUHHA
MIBUJIKICTh, IIBUAKICTH 32 PEYOBHHOK. EKCIepuMEHTaIbHI METOAM BU3HAYCHHS
IIBUJIKOCTI XIMIYHUX peakIliid. 3aK0H J1F0YHUX Mac — OCHOBHUM IOCTYJIAT XIMIYHOI
kiHeTuku. Koncranta mBuakocti. ®dakTtopu, 0 BIUIMBAIOTH HA MIBUJKICTh
peakiiil. Kinetnyna xinacudikariisi XiMIYHUX peaKiiii).

Tema 1.8 — BrmumB Ttemneparypu Ha IIBHIKICTh XIMIYHHMX PEaKIlii.
(ITpaBuno Baut-I'odpda. Koeditient Bant-I'odpda. PiBusuus Appeniyca. Enepris
akTHBalii. JlocaiagHe BU3HAUYEHHS €HEPrii akTUBAIlii).

2. IIEPEJIIK PO3ALJIIB, AKI HE BUKJIAJJAIOTBCS HA JIEKHIAX 1
BUHOCSTHCS HA CAMOCTIMHY NPOPOBKY CTYJEHTIB

[TpopoOka po3ainiB, ikl HE BUKIAAAI0ThCS Ha JICKIIAX:
- Jiarpamu IIJIaBKOCTI,
- PO3YMHU E€JIEKTPOJIITIB,
- Teopii XIMIYHOT KIHETHKH,
- KIHETHKA CKJIQIHUX PEaKIIii,
- KaTamis.

3. MPUKJIAJIA PO3B'SI3AHHA TUIIOBUX 3AJIAY 3 ®I3UUYHOI XIMII

3aoaua 1. Po3paxyBaTu CTaHAApTHUN 1300apHUIl Ta 130XOpHUM TEIIOBI
edektn xiMmiuHo1 peakuli a) Oz(e) + 4HCI(2) = 2Cly(2) + 2H20(2); 0) ZnO(kp) +
Ha(2) = Zn(kp) + H.O(p) 3a Temnepatypu 298 K.
Po3B’s130k
a) Jlmsa KOXXKHOTO peareHTy BUIMCYEMO 3 JOBIJIHUKA CTaHJApPTHI TEIUIOBI
eextu yrBopenns AH% yog:
Ox(r) +  4HCI(r) = 2Cly(1) + 2H,0(T)
AHY% 5, 0 -92,30 0 —241,84
k/J[>x/MoITb
CrangapTHUil 1300apHUN TEIJIOBUM eeKT XIMIYHOI peakmii (cTaHmapTHa
3MiHA EHTaJIbIli) JOPIBHIOE pi3Huyi MK CYMOIO TEIJIOT YTBOPEHHS NPOOYKMIie
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peakyii 1 CyMOIO TEIUIOT YTBOPEHHS GUXIOHUX peuosuH 3 YpaxyBaHHSIM
BIIMOBIHUX CTEXIOMETPUYHHUX KOC(ILIEHTIB K MHOXKHHUKIB:

AH%gg = (2.0 + 2-(-241,84)) — (1-0 + 4-(-92,30)) = —114,48 x/Ix/MOJb.

Bennunna termoBoro edekty Big'emMHa (3Hak '"MiHyc") — TeruioTa
BUJIUISIETBCSA, TOOTO peaKilisi eK30TepMivHa.

[30xopHuii TeruoBui edekr peakuii (3MiHY BHYTPIIIHBOI €HEprii)
PO3PaxOBYIOTh 32 PIBHSIHHSIM:

AUt = AHOT — AnRT.

Skmo T = 298 K, TO AUpgg = AHozgg — AnR-298.

An — 1e 3MiHa KUIbKOCTI Ta30mojiOHMX peareHTIB y XOJi peakIlii;
pO3paxoBYEThCS SIK PIBHUIT MK CYMOIO CTEXIOMETPUYHUX KOE(]IIIEHTIB
ra3ono/iiOHUX TMPOJYKTIB peakiii 1 CYMOI CTEXIOMETpUYHUX KOe(Illi€HTIB
ra3onoII0HUX BUX1THUX PEUOBHUH:

An=(2+2)-(1+4)=-

Tomi  AUps=AH%gs-ANR-298=-114,48-10%(-1)-8,314.298 =-112002,43
JIK/MOIb.

0) aHaJOr1YH1 PO3PaxXyHKH MIPOBOJUMO 1 IJIs LI€T peaKiii:

ZnO(xp) + Ha(r) = Zn(xp) + HO(p)
AH% 58, —349,0 0 0 285,84
kJ[>x/MoJTb

AH%gg = (1-0 + 1-(—285,84)) — (1-(-349,0) + 1-0) = +63,16 xJ[>x/MOIB.

AHO%gg > 0, 3HAYNTE TEMIOTA NOTIMHAETLCA, PEAKIIiS €HI0TEpMiUHa.

An =0 —1 = -1 (3BepHITh yBary: cepe/l MpPOAYKTIB ra30MogiOHUX PEYOBUH
HeMae (cyma koedirienTis 0), cepell BUXITHUX PEUOBUH ra3oM € Jiniie BoJieHb Hy
(cyma koedirienTis 1))

AU295=AH%gg-ANR-298=63,16-103—(-1)-8,314-298=65637,57 J1/MOIIb.

3aoaua 2. Po3paxyBaTu cTaHIapTHUH 1300apHUMN TEIUIOBUN €deKT peaxiii
CoHz (2) + 2H, (2) = CoHs (2) 3a Temmniepatypu T = 1000 K.
Po3B’s130k
I KOKHOTO peareHTy BHUIIUCYEMO 3 JOBIJIHMKA CTaHJIAPTHI TEIUIOBI
edextn yrBopeHHs AH% 108, a Takox 3HaueHHs KoediuieHTIB a, b, ¢, ¢, d y
PIBHSIHHSIX JIJISl TEMIIEPATYPHOT 3aJI€KHOCTI TETIOEMHOCTI:

CoH2 (1) + 2H; (1) = CoHs (1)
AHOf, 298, KJI)K/MOJ'IB 226,75 0 —84,67
a 23,46 21,28 4,494
b-103 85,77 3,26 182,26
c-10° - 0,502 —
c-10° 58,34 - —74,86
d-10° 15,87 - 10,8
TemnepatypHuit 298-1500 298-3000 298-1500
iHTEpBa



Po3paxoByeMo 3MiHy €HTabIli Ta BIANOBIAHUX KOEQIIIEHTIB Yy X0l
peaxiii:
AH%gg = 84,67 — (226,75 + 2-0) = -311,42 xJI»/MOb;
Aa = 4,494 — (23,46 + 2-27,28) = —73,526;
Ab = (182,26 — (85,77 + 2-3,326))-10° = 90,31-10°3;
Ac' = (0-2-0,502)-10° = -1,004-10%;
Ac = (-74,86 — (-58,34))-10° = -16,52-10°5;

Ad = (10,8 - 15,87)-10° = -5,07-10°°.

3rigHo 3 piBHsAHHAM Kipxrodda:

AH = AHY, + Aa(T — 298)+ %Ab(TZ 208 )+ %Ac(T3 — 298 )+

+Ead(Tt - 208 )-acl 1oL

4 T 298
3agana B ymoBi Temmeparypa T = 1000 K BXoauTb 10 TemmepaTypHHUX
IHTEpBaJIB BCIX peareHTiB, IJIs IKMX Y JIOBIIHUKY HaBeAeH1 KoedillieHTu a, b, ¢, ¢,

d. Tomy ix 3MiHH MO’KHA BUKOPUCTATH JUIS PO3PAXYHKY AH{

AHS, = -31142-10° + (~ 73526)- (1000 298) + % (90,31-10%)- (10007 — 2987 )+

%(— 165210 )- (L000* — 298° )+ % (-507-10)- (000" - 298*)-
~(~1,004-10°)- (ﬁ) - Zi%j — 328745

Otxe, AHY,, = —328745 JI/MOIIb.

3aoaua 3. Po3paxyBatu cTaHIapTHI 3MIHM €HTpoMii Ta eHeprii [100ca y xoai
peakiii 2CO(2) + Oz(2) = 2CO;(2) 3a Temnepatypu 298 K. 3poOutu BUCHOBOK PO
MO>KJIMBICTh CAMOJIOBUILHOTO ITPOXOJIXKEHHS 11€1 peakuii 3a CTAaHAAPTHUX YMOB.
Po3B’s130Kk
3 JOBIIHMKA BUMUCYEMO JIJIsl BCIX peareHTIB 3HAYEHHS CTaHJAPTHUX TEIUIOT
yrBopeHHs (AH% 295) Ta enTpormiii (S%gs):

2CO(T) + O2(1) = 2COy(r)
AHY% 2, -110,5 0 -393,51
kJ[>x/MoITb
S%gs, 197,4 205,03 213,6
Jx/monb-K

CraHpgapTHI 3MIHU €HTaJbIIi Ta €HTPOIMIi y XOJl peakilii BU3HAYAEMO SK
pi3HMIIO MiK cymMamu Bignosiguux 3HaueHb AH% 93 Ta S%gs mpoaykris Ta
BUXIJTHUX PEreHTIB:

AH%gg = (2-(-393,51)) — (2-(-110,5) + 0) = 566,02 (xx/MOIBb),

AS%gg = (2-213,6) — (2-197,4 + 205,03) = 172,63 (1Ix/monb-K).

CranpmapTtHy 3MiHy eHeprii ['i00ca po3paxoByeMo 3a piBHAHHsSIM [100ca-
['enpMromnpua:



AGOT = AHOT — T-ASOT.
Js  temmeparypu T =298 wmaemo AG%g3 = AH%gg — 298-AS%gs =
-566,02-10% — 298-(-172,63) = —514576,26 (JI:x/MOIB).
Ockinbkn AG%gg < 0, To caMOIOBiIbHE MPOXOKEHHS BKA3aHOI pPeakiii 3a
CTaHAAPTHUX YMOB TEPMOJAMHAMIYHO MOYKIIUBE.

3aoaua 4. [nsa ximiunoi peaxuii FeoOs(kp) + 3CO(T) = 2Fe(a) + 3COx(1)
BM3HAYUTH CTaHIApTHy 3MiHy eHeprii ['i066ca AG® 3a Temmeparypu T = 600 K,
KOPHUCTYIOUHCH piBHAHHAM ThoMkiHa-IIIBapimana.

Po3B’s130K

CrangaptHy 3MmiHy eHeprii [166ca AG® nns 10BiIBHOrO 3HAYEHHS

Temnepatrypu T MOXHa po3paxyBaTu 3a piBHAHHAM ThoMkiHa-I1IBapimana:
AGOT = AHozgg — T-AS°298 — T(A&MQ + AbM; + AcM, + AdM; + AC'M,z),
ne AH%gg, AS%gg — BimmOBiNHI cTaHIAPTHI 3MIHM €HTAJBII Ta EHTPOIi 3a
temnepatypu 298 K; Aa, Ab, Ac, Ad, AC' — 3miHu koedillieHTiB a, b, ¢, d, ¢'y
PIBHSIHHSX JUIS TEMIIEPATypPHOI 3aJIEKHOCT1 TEIUNIOEMHOCTI peareHTiB; Mo, M1, My,
Ms, M_, — BiATIOBITHI 3HAYEHHS TaOJUYHUX KOE(]IIIEHTIB, 10 3a1eKaTh TIILKHU BiJl
TEMIIepaTypH ajie He 3aJIeKaTh B/l MPUPOIU PEaKIIIi.

JIisi KO>)KHOTO peareHTy BUIHCYEMO 3 JOBIAHMKA CTaHIApTHI TEIUIOBI
epextn yrBOopeHHs AH% .95, crammaprai entpomii S%gs, a Takok 3HaYEHHS
KoedimieHTiB @, b, €, €, d y piBHSIHHSIX Ui TEMIEPaTypHOi 3aJIeKHOCTI
TEIJI0OEMHOCTI:

P Fe:Os(kp) + 3CO(r) = 2Fe(a) + 3COu(r)
03paxo AH% 59g, -821,32 -110,5 0 -393,51
ByEMO Kk JIX/MOJb
3MIHIOB 80293, 89,96 197,4 27,15 213,6
aHHA Jlx/Mone-K
eHTaJIb a 97,74 28,41 19,25 44,14
mif, b-10° 72,13 4,10 21,0 9,04
CHTPOTI c-10°5 ~12,89 0,46 - -8,53
i Ta c-108 _ — — —
B1JIIOB1 d-10° . B B B
X Temmepa-  298-1000 298-2500  298-700 2982500
Koefblm TYpPHUU
CHTIB Y 1HTepBaI
XOI1
peaKIii:

AHC%gg = (2-0 + 3-(-393,51) — (1-(-821,32) + 3:(-110,5)) = 27,71
(x1x/MOB);
AS%gg = (2-27,15 + 3-213,6) — (89,96 + 3-197.4) = 15,94 (Jx/Momnb-K);
Aa = (2-19,25 + 3-44,14) — (97,74 + 3-28,41) = —12,05;
Ab = ((2-21,0 + 3:9,04) — (72,13 + 3-4,10))-10° = -15,31-10°3;
Ac' = ((2-0 + 3-(-8,53)) — (1-(-12,89) + 3-(-0,46)))-10° = —11,32-10°;
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Ac=0; Ad=0.
Hns remnepatypu T = 600 K 3rigHo 3 tabnmuunumu nannmu Moe= 0,1962,
M1=0,0759-10%; M»=0,0303-10°; M5=0,01246-10°; M_,=0,1423-10°.
3amana temneparypa T = 600 K BxoauTe 10 TemmepaTypHUX iHTEpBaIiB
BCIX peareHTiB, JJIA SKUX Yy JIOBIIHUKY HaBeaeH1 kKoediiieHTu a, b, c'. Tomy ix

3MiHU MOXHA BUKOPUCTATH JJIS1 PO3PAXYHKY AGgy, . TaKUM YHHOM, OTPUMYEMO:

AGP00=—27,71-10%-600-15,94-600-(—12,05-0,1962+(~15,31-10°%).0,0759-10°
+ 0-0,0303-106+0-0,01246-10%+(~11,32-10%)-0,1423-10 %)=-34192 (Jl/Moub).

3aoaua 5. J{ns ximiunoi peakiii Ti(a) + 2Cly(r) = TiCly(r) 3anucatu Bupasu
nna xoHctant piBHoBarn K° Kp i K¢, BKkazaTu po3MipHOCTI IIMX BeJMYMH Ta
po3paxyBaTh iX 3HadeHHs 3a Ttemmneparypu T = 1000 K, saxmo s i€l
TEMIIepaTypyd BeJIMYMHA CTaHAApTHOI 3MiHM eHeprii [100ca y xomi peakiii
nopisaioe AG% 000 = —636,664 KJ[/MOJB.
Po3B’s130Kk
CroyaTky BHM3HAYMMO 3MIHY KIJIBKOCTI Ta30MOJIOHUX pPEYOBHUH Y XOAi
peakiii: Av = 1-2 =1,
Bupas nis ctanaapTHOT KOHCTAaHTH PIBHOBATH JIaHOT PEaKIlli Mae BUTIISI:
I3T|CI4
B2
Cl ’
ne f’Ti% Ta 5% — BIJIHOCHI PIBHOBaXKHI MapulajbHlI TUCKU TETPAXIOPUIY

KO =

TUTaHy Ta XJOpYy BiANoBigHO. Cmandapmna KOHCMAHmMa pIGHOBACU 3ABAHCOU

Oe3po3mipHa.
Bupasu mis emmipudaux KoHCTaHT piBHOBaru Kp i Ke MaroTh BUIIISL:
Prici Cricl
Kp=—-%1 Kc= 4,
P="— cC=—=

2 2

Fal Ca
2 2

A€ Pric,, P, Ta Cryg,, Cg, — BIMIOBIZHO PiBHOBaXHI MapuiaibHi THCKH Ta

PIBHOBaKH1 KOHIICHTpAIIll TETPaXJIOPUAY TUTAHY Ta XJIOpPY.

Kouncrantu piBroBaru Kp i K¢ marors posmipricts I1a®Y ta (Mosb/m
Bignosigno. Omke M naHoi peakuii posmiprocti Kp i K¢ cknagarors Ila? Ta
(mons/M3) 2, BigmosinHO.

Bu3Hnagaemo ctaHIapTHY KOHCTAHTY PIBHOBArH 3a PiBHSHHSM:

0
KO :exp _£ .
RT

0 B 03
KO = exp _AGT exp| — 636,664 -10 =1,808-10°3.
RT 8,314-1000

Emnipuyuni konctanTu piBHOBaru Kp 1 K¢ po3paxoByemo 3a piBHSIHHSMU:

Kp = KO(PO)AV, Kc = Kp(RT) ™Y,

3) Av




Orxe:
—1
Kp = 1,808-1033(1,0133-105) =1,784-108 (11a ).
Kc =Kp(RT) ™" =1,784-1028(8,314 -1000)! =1,483-10%2 (moub/m®) L.

3aoaua 6. 3a Temmnepatypu 823 K 3a peakiiero 2A(T)+B(1)=D(r) 3 1 Momnb
peyoBHUHU A 1 2 MOJIb peUOBHHU B y MOMEHT TOCATHEHHS PIBHOBAru yTBOPIOETHCS
0,2 moab peuoBunu D. Busnauntu Kp | Ke mist i€l peakiii, SIKIIIO 00’€M CHCTEMH
miATpuMyIoTh ctamuM V = 0,05 M3,
Po3B’s130k
BianoBigHo 10 cTexioMeTpii JaHoi peakilii, ko yrBoproetbes 0,2 monb D,
TO Ha I1¢ BUTPAYAETHCA CTLIBKH K, TOOTO 0,2 MOJL peuoBUHHM B, a peuoBuHH A
ynBidi Oinpine — 2-0,2= 0,4 Moib. 3HaYUTh, PIBHOBAXXHA CYMIIll MICTUTh HACTYITHY
KUIBKICTh PEYOBHH:
Na=1-0,4=0,6 moap; ng =2 —0,2=1,8 mons; np = 0,2 MOJIb.
L1 po3paxyHKH 3py4HO 300pakyBaTh y TaKiid TaOIHIII:
2A(T) + B(r) = D(r)
ITouaTkoBa
KIJBKICTB
PEYOBUHHU, MOJIb 1 2 0
[IpoperyBaino
pedoBuHM, MOJTL | 2-0,2=0,4 0,2 0,2
Otpumano
PEYOBHHH TMIPU
JTOCSATHEHHI
piBHOBaru, moisib | 1-0,4 = 0,6 2-02=18 0+0,2=0,2

. . . . = Ny = n
Tonl piBHOBaKH1 KOHIIEHTPAILll PEAareHTIB AOPIBHIOKTE: C, =42, C, =

— n
C.=-0,
b v

BupaxoByeMo 3Hau€HHSI KOHCTaHTH PIBHOBAru:
C, _Np-VZ-V _ny-V2 02.005
C:.C, V-ni-n, n%-n, 06°18
Ockinekn Kc = Kp(RT)™Y, me 3MiHa KiJBbKOCTI ra30mogibHUX PEYOBHUH IS
naHoi peakiii AN =1— (2 + 1) = -2, To maemo:
Kp = K¢ (RT)A = 7,72.10%.(8,314-823) % = 1,65-101* (ITa™2).

K = =7,72-10"* (Monb/M3) 2,

3aoaua 7. Ins ximiunoi peakuli 2CO(e) + Oz(2) = 2COy(2), AH < 0,
BukopuctoBytoun mnpunuun Jle Illarenve-bpayHa, MOsCHITH, SK BIUIMBAE Ha
3MIIICHHS PIBHOBAard Ta Ha PIBHOBAXHY KOHIICHTPAIIID TPOIYKTIB peakiii 1
3HAYCHHS KOHCTAHTH piBHOBaru Kp:

1) migBuieHHS TeMmeparypu, 2) MIABUINCHHS 3arajibHOr0 THCKY, 3)
J0/IaBaHHS JOMIMIOK IHEPTHOTO Ta3y JO0 CHUCTEMU MpPHU MIATPUMAHHI CTaJIOTO
3HAYEHHS 3arajibHOTO THUCKY.

10



Po3B’s130K

1) Jlana peakmis ex3orepmiuna (AH < 0), To0TO TemioTa BUIIISETHCA,
3HAYMTh 3BOPOTHA peakilisa Oyae enporepmidHoro (AH > 0), To6To B HIN TeruioTa
nornuHaeTscs. 3rimHo 3 npunmunoMm Jle Illatense-bpayna mnpu 3pocTtanHi
TEMIIepaTypy 3aBXAM MIJACHIIOETHCS MPOTIKAHHS €HIAOTEPMIYHOTO Tpolecy (1110
CYNPOBO/IKYETHCSI TOTJUHAHHSAM TEIJIOTH). TakuM YMHOM, Y JAHOMY BHIMAJAKY
3pOCTaHHS TEMIlepaTypu MPHU3BOJUTH JI0 TMIJCUJIICHHS 3BOPOTHOI peakiii 1
3MIIIIEHHS piBHOBAru JiBopyd (y OiK BUXiTHUX pedoBuH). [Ipu 11soMy piBHOBaXKHA
KOHIIEHTpAIlisl TPOYKTY 3MEHIITY€EThCSI, KOHCTaHTa piBHOBAaru Kp 3MeHIITyeThCs.

2) Jlnsa maHoi peaxiiii 3MiHa KiJIBKOCTI ra30moiiOHMX PEYOBHUH CTaHOBHUTH
Av = 2 — (2 + 1) = -1 < 0, ToOTO peakIlisi CYIPOBOIKYETbCS 3MCHIICHHSIM
kubkocTi (1 00’emy) rasiB. 3rimno 3 npuninunom Jle Ilatense-bpayna npu
3pOCTaHHI  THCKY  3aBXIW  MIJACWIIOETbCS  NPOTIKAHHS  TIpolecy, IO
CYNPOBOJIKYETHCSI 3MEHIIIEHHSIM 00’ €My ra3onoAiOHUX pedyoBHUH. TakUM YUHOM Yy
JTAHOMY BHUIIAJIKy 3POCTaHHS TUCKY MPU3BOIUTH JI0 MMiJICUIICHHS MPSMOTO MPOIIECY
1 3MillleHHs1 piBHOBaru mpaBopyd (y OiK mnpoaykTiB peakiii). [lpu mpomy
PIBHOBa)KHA KOHIIEHTpAIliSl MPOAYKTY 30UIBIIYETHCS, ale 3HAYEHHS KOHCTaHTH
piBHOBaru Kp ne s3uinwoemocs.

3) JopaBaHHs [OOMIIIKM I1HEPTHOrO Ta3y NpH NIATPUMAaHHI CTaJoro
3HAUCHHS 3araJIbHOTO THCKY MPU3BOJWTH 10 3HIKCHHS MapIiaIbHUX THUCKIB yCiX
rasiB-peareHTiB, TOOTO O PO30aBJICHHS CyMIllll, 110 €KBIBaJECHTHE 3MEHIIICHHIO
3arajJbHOro TUCKY. 3rigHo 3 npuHuunoMm Jle Illarenbe-bpayna ne Oyae martu
HACJIIZIKOM 3CyB pIBHOBaru BimiBO (y OIK BuUXiZHMX pedoBuH). llpu npomy
piBHOBa)KHA KOHIIEHTpAIliSl TPOAYKTY 3MEHIIYETHCS, @le 3HAYCHHS KOHCTAHTU
piBHOBaru Kp ne sminwoemobcs.

3aoaua 8. 3a 30BHINIHBOrO TUCKY P1 = 369 MM pT. cT. x0podopm (CHCI3)
kuruth 3a T1 = 40 °C, a 3a tucky P, = 755 MM prt. ct. kumuts 3a T, = 60 °C.
Po3paxyBaTi MOJISIpHY Ta TUTOMY TEIUIOTY BUIIAPOBYBAHHS XJIOPO(HOPMY, a TAKOK
3MIHY €HTpOIIii MpU BUITAPOBYBaHHI1 3a Temrepatypu 60 °C.

Po3B’s130K

MouisipHy TEMJIOTY BUMIAPOBYBAHHS 3HAXOUMO 32 PIBHSHHSM:
RET, | Py _8314-313-333 755 _ 31019 (Jox/MOB).
T,-T, P,  333-313 369
(Temnepatypu Oynu niepeBesieHi y mkany Kenbpinal).
[TuTomMy TemIoTy BUMTAPOBYBAHHS 3HAXOAMMO 32 PIBHSIHHSIM:
AHmtom = AH/ M, =31019 /119,5 = 259,57 (Ix/r) = 259,57-10% ([x/x),
e M, = 119,5 r/monb — MonsipHa Maca xjaopodopmy.
3MiHy eHTpoMii y polieci BUIAPOBYBAHHS PO3PaXOBYEMO 3a (hOPMYJIOLO:

AH 31019

AS = — ="-=9315 (/Ix/monp-K).
T 333 (21 )

AH =

3aoaua 9. Busnauutu eOyiOCKOMIUHY TOCTIHHY BOJMU Ta TEMIIEpaTypy
KUIHHS BOJHOTO PO34uHy, 1m0 MICcTUTh 0,01 mMonb HeneTkoi pedoBuHH y 200 T
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BoaAu 3a cra"maptHoro Tucky (1 arm). Temnora BumapoByBaHHS BOJU
AHp=40,685 KJ[x/MOJIb.
Po3B’s130K
EOyniockoniyHy NOCTiIHHY 3HAXOAUMO 32 PIBHSIHHSIM:
K _ RT¢M,  8314-37316%-18
® " 1000AH, 1000-40,685-10°
ne Tk, = 373,16 K — temneparypa kuminHsa po3unHHuka — Boau (P = 1 atm),
M; — MossipHa Maca Boau (T/MOJIb).
BupaxoByeMo MOJISUIIBHY KOHIEHTPAIIIIO PO3UHHY:
m =n,/g; = 0,01/0,2 = 0,05 (MOB/KT),
Jie N2 — KUIBKICTh PO3UMHEHOT pEUOBUHHM (MOJIb), g1 — Maca pO3UMHHHUKA (KT).
[TiBUIICHHS TeMIEPaTypH KUIIHHS JTOP1BHIOE:!
ATk = Ke - m=0,512.0,05 = 0,0256 (K).
Toni TeMriepaTypa KHIIHHS PO3UMHY:
Tk posumny = Tx1 + ATk = 373,16 + 0,0256 = 373,186 (K).

=0,512 (K-kr/moup),

3aoaua 10. Tuck Hacuuenoi mnapu aietwioBoro edipy (CzHs)0 3a
temnepatypu 293 K nopisrioe 5,89-10* Tla. BusHauutu tck mapu edipy Ham 3
Mmac.% po3zunHoM anutiny CoHsNH; B edipi.

Po3B’s130K

BBaxkaemo JnaHuii pO34YMH 1JCAIBHUM 1 BUKOPHUCTOBYEMO IS HBOTO
piBHsIHHS Payns:

Pe(b = Pe(bo (1_XaH);

ne Pey — Tuck mapu edipy Hang posumHOM, Py’ — THCK HacumueHoi mapu
edi1py, Xan — MOJIbHA YaCTKa PO3YMHEHOT peUOBUHU (aHUTIHY).

Uepes Te, M0 KOHIICHTpAIllI PO3YMHY CTaHOBUTH 3 Mac.%, to y 100 r
po3unHy Mmictuthea 3 r a”utiHy 1 100-3 = 97 r edipy. Po3paxyeMo KilnbKICTh
PEYOBHHU aHUIIHY 1 ePipy: Nay = 3/45 = 0,067 (Moab), neg = 97/74 = 1,31 (moub),
ne 45 174 — MonsipHi Macu aHuTiHy Ta eQipy, BiANOBIIHO.

MonbHa yacTka aHUTIHY Y PO3YHUHI:

Xan = Naul (Naw + Neg) = 0,067/(0,067 + 1,31) = 0,049.

Toni Pey = 5,89-10% - (1 — 0,049) = 5,60-10* (ITa).

3aoaua 11. Y Boni po3unnunu 1 r momimepy, ogepxasmm 1 am° posunny. 3a
temneparypu 25 °C OCMOTMYHUN THUCK 1IbOro po3unHy craHoBuTh 300 Ila.
Bu3HauuTu cepeHio MOJISIpHY Macy MoJiMepy.

Po3B’s130K

3 popmymu s ocmotruHoro Tucky T = CRT Bumusae, mo C = 7/(RT).

Omke, MomsgpHa KoHIeHTpariss po3unny C=300/(8,314-298)=0,121
(Mons/M3).

Buxogutb, mo 1 ™3 po3unHy ™mictuth 0,121 Monp gaHoro moiiMmepy,
3gaunth 1 v — y 1000 pasiB MeHIIy KinbKicTh, T06T0 n = 0,121-10° Mons. A 3a
yMOBOIO 3aa4i e g=1 r noximepy. Takum unHOM, MOJIsIpHA Maca nojiMepy M, =
g/n =1/0,121-103 = 8264 r/Mob.

12



3aoaua 12. Koncranta nucorianii ci1a0koi OJHOOCHOBHOT KHCIIOTH
nopisaroe K=2,5-10"° (nmpu temmeparypi 298 K). Yomy mOpiBHIOE CTyIIiHB
auconiamii  enekTponity Ta pH BomHOTO po3uMHY 1i€i KHUCIOTH, SIKIIO
koHLeHTpanis cranoButh C=0,05 Mons/am>,

Po3B’s130k
3riIHO 3 3aKOHOM po3BeneHHs OcTBaIb/A:
Ca’
l-a

OTpuMy€eMO 1 po3B’A3y€EMO PiBHSHHS:

2,5:10° =0,0502/(1 — o),

2,5:10° - 2,5-10%a, = 0,050,

0,0502 + 2,5-10%0 — 2,5-10° =0,

D =b? - 4ac = (2,5-10°)? — 4.0,05-(-2,5-107°) = 5.10°8,

_—b*VD _-2510°+y510°

2a 2-0,05

a1 = 0,022, a, =-0,023.

Bin'emue 3HaueHHs o He Ma€e ¢izuaHOro cmuciy, Tomy a.=0,022 (abo 2,2%).

[Tpu gucorialii ciabkoi OJHOOCHOBHOI KHCJIOTH KOHIIeHTpamis ioHiB HY
nopiBatoe [H']=Ca. Sk Bimomo, BoaHeBWil mokasHMK pH mms He myxke
KOHIICHTPOBAHMX PO3YHMHIB MOKHA pO3paxyBaTH 3a piBHsHHAM pH=—Ig [H*]. OTxe
pH=-Ig [H"] =-lg (Ca) = —lg (0,05-0,022) = 2,96.

K =

3aoaua 13. (Bapianm 1). J1jis raibBaHIYHOTO €JIEMEHTY
Zn | Zn?*(a;) || Cu?*(a,) | Cu
po3paxyBatu 3HaueHHs enektpopymiiHoi cuimu (EPC) mpu T=298 K, skmro
aKTUBHOCTI 10HIB y po3umHi jgopiBHIOIOTH a;=0,01, a,=0,2, a Takoxx BigOMIi
CTaHIapTHi enekTpoani norenmiam E%q2+2,=—0,763 B i E°cy2+c,=+0,337 B.
Po3B’s130k
AHOJIHa HamiBpeakIisi (OKUCICHHS):
Zn=Zn**+2e.
Kartonna naniBpeakiiis (BiTHOBICHHS):
Cu?*+2e=Cu.
PiBHSIHHSI cymMapHOI peakiii:
Zn+Cu®* £2e=Zn>*+Cu.
[ToTenrian enekTpoaiB 3HaXOAUMO 3a piBHSHHSAM HepHcTa:

0 RT 8,314-298
E =E +—Ina =-0,763+ ——“"2In0,01=-0,822 (B).
n?tizn T g2+ iz 2F zn?? 296500 (B)
0 RT 8,314-298
E =E +——1Ina =0,337+———="2n0,2 =0, 316 (B).
cu®tlcu ” cutiou 2F Ut 296500 (B)

3uauenns EPC rajgpbBaHIYHOIO €JIEMEHTA:

E=E,-E_= EcU2+|cU —~ EZn2+|Zn =0,316-(-0,822)=1138(B).
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3aoaua 13. (Bapianm 2). ]Ins OKHUCTIOBAIBHO-BIIHOBHOTO TaJbBAaHIYHOTO
€JIEMEHTY
Pt | Fe3*, Fe?* || Cr,0+%, Cr¥*, H* | Pt
po3paxyBaTu 3HaueHHsS enekrpopyiniaoi cuin (EPC) mpu T=298 K, skimio
AKTMBHOCTI 10HIB Y pO34MHI JOPiBHIOIOTH are3+=0,045, ar2+=0,08, acr,0,2=0,1,

ac3+=0,52, aw+=0,01, ap,0=1. Crammaptai  €NEKTPOAHI  IIOTEHLIANIN
EO =0,771 B, E0 =1,333 B.

2 2
3t Fe?tppt Cr,0%~ cr¥t HY Pt

Po3B’s130k
AHonHa HamiBpeakiis (OKUCIEHHS):
Fe?*=Fe3 +e.
Katonna nHamiBpeakiiis (BiTHOBICHHS):
Cr,0;%+14H*+6e=2Cr**+7H,0.
PiBHSIHHSI CymMapHOI peakxiiii:
Cr,0,2 +6Fe? +14H"#6e=2Cr3*+6Fe3*+7H,0.
[ToTeHmian enekTpoIiB 3HaX0AUMO 3a piBHSIHHAM HepHcra:

a_ 3+ .
E 32+ =E0, +RT Rt 7774 8314:298,,0045_ 700 )
Fe“" Fe Fe +,Fe + F aF62+ 1-96500 0,08
Acr 02" -at4+
E. o2- C3+H+:EO 2- o3+ ++RT|n R e
cr3t HZO
14
=1,333+8’314 29,,01-001 =1,053(B)

6-96500 (522 .1'

3Hauenusa EPC rajpBaHidHOTO €JIEMEHTA:

E=E, -E_= ECrzog— . EFe?ﬁ,Fez+ =1,053-0,756 = 0,297 (B).

3aoaua 14. KoHcTaHTa MIBUAKOCTI JesKoi peakuli A —B nopisHioe 0,05 xB~
! Ckinbku peuoBunu (y monn/am®) mpopearye 3a 10 XBUIMH, SKIIO HOYATKOBA
xoruenTpamis Cao=0,2 Moib/mm>?
Po3B's130k
Po3MipHICTh KOHCTaHTH IMIBUAKOCTI B JAHOMY BHUITQJIKy — 4ac y creneni "—1"
(xs1). Tomy ne peaxuis 1-ro mopsaxy. KineTuune piBHSHHS peaxilii IIEpIIOro
MOPSIJIKY Ma€ BUTJISI:
k=1inSao
T C A
ne k — koHctanTa mBUaKOCTi, Cap — MOYATKOBA KOHIICHTpAIlisi pEYOBUHU A
(y momenT vacy 1=0), Ca — KOHIIEHTpaLlisl pCUOBHHH 4 Y MOMEHT 4acy T.
[TixcraBisgeMo qHCHOBi 3HAYCHHS Y KIHETUYHE PIBHAHHS 1 3HaX0uMO Ca’

OOS—EI % ; In0,2—InCp =0,05-10=0,5 ;

Ca
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INCp =In0,2-0,5=-1,61-0,5=-211; Ca =exp(-2,11) =0,12 (momn/mm3).
KinpkicTh peuoBMHM, 110 mpopearyBaia (X), JOPIBHIOE PI3HUII
KOHIICHTpAIlii TOYaTKOBOI 1 KOHIIEHTpAIlli MOTOYHOI (Ha TaHUH MOMEHT Yacy):
X=Cao—Ca=0,2-0,12=0,08 (Moun/mm).

3aoaua 15. Peaxuiss A—>B nepwoco mnopsnky. 3a 10 cekyHn peakiis
npoxoauth Ha 20%. IIpoTsrom sxoro vacy 15 peaxiiis npoxoautsb Ha 60%?
Po3B’s130K
3a 10 cekyHna peakiiis npoxoautb Ha 20%, 11e 3HAYUTh, 110 3AIMIIAETHCS
100%—20%=80% Bia mo4aTKOBOI KOHIIEHTpAIlii, TOOTO IMOTOYHA KOHIIEHTpAIlls Ha
naunii MomeHT yacy Ca=0,8Cag, 1e Cag — MOYaTKOBA KOHIIEHTpALIiSI PEUOBUHU A.
[TigcTaBndroun 11e 3HAYEHHS y KIHETUYHE PIBHSHHS PEAKIiil nepuioco MOPSAKY,
3HAXOJAMMO KOHCTAHTY IIBUIKOCTI:
k:1|nm:1|nﬂ:i|
T C A T 0,8C A0 10
Peakmiss mpoxoaute Ha 60% — 11¢ 3HAYUTh, 1m0 3anumaerbes 100%—
60%=40% Bigx NOYATKOBOI KOHIIEHTpaIlli, TOOTO MOTOYHA KOHIICHTpAIlis
Ca=0,4Cpo. IlimcraBisiemo 11 3HAYEHHS Y KIHETHYHE PIBHSHHS 1, 3HAIOUU
KOHCTaHTY IIBHJIKOCTI, 3HAXOAMMO Yac T.

1 ﬂ; 0,022:1In0—14; T=41,65 (¢).

1
— =0,022(c?
08 (c™).

0,022 ==In
T O’4CAO T )

3aoaua 16. IIna peakiii A — B oTpumaHa 3aJIKHICTh KOHIICHTpAIli
pedoBHHH A BiJ 4acy, 110 MPOMIIIOB 3 MOMEHTY MOYATKY PEaKilii:

Ta, XB 0 1150 2050 3600
Ca, mons/nm® | 0,500 0,375 0,300 0,202
SAxuii mopsAOK Ii€l peakilii 1 YoMy TOPIBHIOE KOHCTAHTA MIBUKOCTI?
Po3B’s130K

3amauy pO3B’SI3yEMO METOJOM MIACTAHOBKHU. SIKIIO MPUIYCTUTH, IO
MOPSIJIOK  PeaKIii nepmnﬁ (n=1), To cmpaBenMBe KIHETHYHE DPIBHSHHS peakilii

. Cao N
NepIIOro MOpsAKy: K= In C, AKIIO X TOPSIIOK peakuii apyruéi (n=2), TO
T A
KIHETHYHE PIBHSHHS Ma€ BHIJISI; kzl 11y X pIBHSAHHIX Kk —
©\Ca Cao

KOHCTaHTa MBUAKOCTI, Ca — MOTOYHA KOHIICHTPALlisl pEYOBUHU A Yy MOMEHT 4acy T
3 moyarky peakilii, Cap — moyaTkoBa (BUXiJHa) KOHIIEHTpaLis A.

Po3paxyeMo 3a MMM KIHETUMHUMH PIBHAHHSIMHU KOHCTAHTH MIBUAKOCTI JJIs
KOXHOTO MOMeHTy qacy.
Hisn=1: k== I Cro __1 In0500
T C, 1150 0,375
1. C 1 In 0,500

k = =In—A0
t C, 2050 0,300

=25-10" (x87Y),

=2,49-10" (x87}),
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k=TinCao o1 4,0500 2,52-10 (xBY).

t C, 3600 0,202
Insn=2: k=2t 1 t 1 =58-10 (monb tam3xB ),

t\C, C. ) 115010375 0500

PORE S S t 1 =6,5-10"* (Monp 1am3xBY),
t({Ch Cu 2050 0,300 0,500

PO DS S R L 1 )_go.10* (Mo tamixBY).
T\ C, C. ) 360000202 0500

3HaueHHs! KOHCTAHTU IMIBUAKOCTI, pO3paxoBaHi 3a PIBHSHHAM JJISl TEPIIOTO
NOPSAAKY, TMPAKTUYHO cTajdi (BOHM "KOJMMBAIOTHCA' OUIA MEBHOIO CEPEAHBOTO
3HAUCHHSA, 1 BIAXWIECHHS OOYMOBIICHI, OYEBUIHO, IOXHMOKAMU BH3HAYCHHS
KOHIIEHTpaIlli Ta po3paxyHKiB). A OT "KOHCTaHTHU" IIBUIKOCTi, pO3paxoBaHi 3a
PIBHSHHSM JJIs1 JPYTOTO MOPSIKY, MOHOTOHHO 3pOCTAalOTh — KOHCTaHTa TakK cede
"moBoautu" He Moxe. Omxke mnopsgok peakmii nepwwuu: n=1. Cepenne
apu(MeTryHe 3HaU€HHSI KOHCTAHTH LIBUAKOCTI:

k=(2,5-10%+2,49-10%+2,52-104)/3=2,5-10* (xB1).

3aoaua 17. Po3p’s3atu 3a0auy 16 rpadiuyHUM METOAOM.
Po3B’s130k

Jns  po3B’si3aHHS  MONEpeAHbOi 3ajgadi  rpadiuHuM  METOJOoM Tpeda
noOyayBatu rpadiku y koopauHaTax InCa, t 1 1/Ca, 1. Axmo npsma miHisA
BUXOJNUTHh B KoopauHaTax InCa, T, TO peakiis mepmoro mopsaky. SKmo mpsma
JiHIS BUXOJIUTHh B KoopauHatax 1/Ca, T, TO peakiiisi APyroro mopsjaky. TaHreHc
KyTa HaxXwIy BIJMOBIIHOI MPSMOi JOPIBHIOE KOHCTAHTI MIBUAKOCTI PEaKIIii.

J1J1s1 KO)KHOTO MOMEHTY 4acy po3paxyeMo 3HaueHHs InCa 1 1/Ca!

TA, XB 0 1150 2050 3600
Ca, Moss/M° 0,500 0,375 0,300 0,202
INCa —0,69 —0,98 -1,2 -1,6
1/Ca 2 2,67 3,33 4,95
Bbyayemo rpadiku y BKazaHUX KOOpAMHATAX:
011ncy, °1 1cy
a 4 |
-1
b « o 24
2 ‘ ‘ : : ‘ ‘ ‘ ‘
0 1000 2000 3000 4000 O 1000 2000 3000 4000
T,C

T, €
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Sk BunHO, B koopauHaTax InCa, T oTpuMaHa npsiMa JiiHis, 110 CBIIYUTH MPO
NepIIMiA TOPSIOK peakilii. KoHCTaHTy MIBUAKOCTI 3HAXOAMMO SIK TaHTCHC KyTa
HaXUITy 11€T TPSIMOT JTHIT:

K = tgo. = ab/bc = (~0,69—(~1,60))/(3600-0) ~ 2,5-10* (x5%).

3aoaua 18. ]lns meBHOi XiMiuHOI peakiii 3a Temneparypu T:=393 K
KOHCTAaHTa MIBUAKOCTI popiBHioe k1=4,02.10% ¢!, a 3a temneparypu T,=413 K
KOHCTAHTa IBUAKOCTI A0piBHIOE k,=1,98-107 ¢!, BusHauuTu eHepriio akTUBALlii i
NIepeICKCIIOHCHITIHUI MHOYKHUK B piBHSHHI AppeHiyca. Po3paxyBaTu KOHCTaHTY
mBuKkocTi 3a Temnepatypu T3=400 K. Po3paxyBatu temmnepaTypHuii Koe]irieHT
IIBUJIKOCTI B 1HTepBalli Temnepatyp Bia T1 10 To.

Po3B’s130k
Eneprito akTuBallii Mo’kHa po3paxyBaTy 3a PiBHIHHIM:

_ RTiTy Ink—2 _8,314-393-413 In 1,98-10_3

T2 — Tl kl 413-393 402 - ]_0_4
107,577 (x1>x/MOB).

[lepenekCrOHEHIIMHUNA MHOXHUK 3HAaXOJUMO 3 PIBHAHHS AppeHiyca,

3aIlIMCaHOIo ¥y BHFJI}IIIi:
A=Kk- exp(ij :
RT

J{nst po3paxyHKy MiICTAaBUMO Y 11€ piBHSIHHS 3Ha4eHHs T1 1 Ki:

3
A=Kk-exp E 4,02-10"% exp 107577107 8-10%0 (c¢b).
RT 8,314 -393

(ITpumiTka: sxmo mactaBuTd T2 1 Kz, TO, OYEBHUIHO, BUXOJHUTH TaKe XK
3HAUCHHA A — IIEpEBIPTE 1€ CAMOCTIHHO!).

Koncranty mBuakocti 3a temneparypu T13=400 K pospaxoByemo 3a
piBHSHHSIM AppeHiyca:

3
kg =A-exp| - B ) _g.100exp| ~ 200771071 2950074 (o).
RT; 8,314 400

TemnepaTypHuil Koe(ilieHT IBUIKOCTI Y B IHTepBaJl Temmepatyp Bia T1 10
T, po3paxoByemo 3a piBHSHHAM npaBuiia Baut-I'odda:

-1 413-393

ko o . 1981073 10
& — ; —_4 = 'y
Ky 4,02-10

E

=107577 (x/momb) =

© 4,925=7y2; y=./4,925 =222,
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4. 3ABJIAHHSI IJISI IHAUBIJTY ATBHOI'O CAMOCTIMHOI'O
BUKOHAHHA

Jomawne po3paxynukoee 3ae60anunsn No 1

298 K.

ta K¢ npu 298 K.

Jlns 3amanoi peakiii (Ta6:. 1) BUBHAYUTH:
1. CranmapTHuil 1300apHUN Ta 130XOpHUI TEIJIOBI €PEKTU 3a TeMIepaTypu

2. CrangapTHy 3MiHy eHTpomii 3a Temnepatypu 298 K.
3. CrannmaptHy 3MmiHy eHeprii ['160ca 3a remmepartypu 298 K.
4. CrangaptHy KoHCTaHTy piBHOBaru K°, emmipuani konctantu piBHOBaru Kp

5. SIkuM YMHOM BIUIMBAE MIJBUIICHHS TeMIIEpaTypH Ta 30UIBIICHHS THCKY Ha
3HAYEHHs KOHCTAaHTH pIBHOBAaru Ta Ha BUXIA NPOAYKTIB peakiii (BiAMOBIIb

JeTaIbHO OOTPYHTYBATH, KopucTytrouuch npuniunom Jle llarense-bpayna).

Tabmuns 1

M Peakuisn M Peakuisn
eap. eap.
1 4CO +2H20(r) = CH4 + 3CO2 16 3C2H2 — CgHe(r)
2CoH2 + 3H20(1) — (CH3)2CO(r) +
2 2CH4 + O2 —» 2CH30OH(T) 17 COj + 2H,
3 CHs + O2 > HCHO + H2O(r) 18 CeHe(r) + 4H2 — H-CsH14(T)
4 2CH4 + 302 —» 2HCOOH(1) + 19 CsHs —> CoHa + CHa
2H>0(1)
5) CHs + CO2 —» 2CO + 2H; 20 CsHg —»> C3Hs + H>
6 2CH4 + O2 —» 2CO + 4H; 21 2C3Hg — C3He + CoHs + CHa4
7 CH4+ 02 —» CO + H20(1) + Hz 22 CsHs + O2 > CH3CHO + HCHO
8 2CH4 + 2NH3 + 302 — 2HCN + 23 4CH3NHa2(r) + 1102 — 4NO2 +
6H20(1) 4HCOOH(r) + 6H20(1)

9 C(rpadir) + 2H2— CHg4 24 CeHe(r) + 3H2 — nukio-CeHaiz(T)
10 CH4 + 2H20(1) —> CO2 + 4H; 25 CeHe(r) + Cl2 — CeHsCl(T) + HCI
11 2CH4 — CoHs + 2H> 26 H-CgH14(T) > CeHe(r) + 4H2
12 C2Hs + 202 - 2HCOOH(r) 27 4HCI + Oz = 2H20(1) + 2CI2
13 CoH2 + Hy > CoHa 28 2H; + 2CO = CH4 + CO2
14 CoH2 + 2H20(r) —> 2CO + 3H> 29 2H2 + CO2 = CHOH + H20
15 CoH2 +2C0O2 — 4CO + Hy 30 C2He = C2Hs + H2
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Jomawne po3paxyukoee 3aeoannsn Ne 2
J1st eeKTpOoXiMIYHOTO eyieMeHTa (Tabiauis 2, ynuciia i KOXKHUM BUJIOM 10HIB

BIJIMOBIIAI0Th AKTUBHOCTI BIJIMOBIAHOTO peareHTy) i Temieparypu T = 298 K:

1. 3anucaty piBHSHHS peakilii, 1o BiAOyBalOThCS Ha KaToJl, aHOMl Ta
raJibBaHIYHOMY €JIEMEHTI Y LIIJIOMY;

2. O6uncnutu ctangapTHe 3HaueHHs EPC;

3. O0uuCNIUTH CTaHJAPTHY KOHCTAHTY PIBHOBAru €JEKTPOXIMIYHOI peakKiiii;

4. OOYMCIATH eJEKTPOJHI TOTCHIIAJIM TIIBEJIEMEHTIB TPHU 3aJaHUX
AKTUBHOCTSX 10HIB;

5. PospaxyBatu EPC rambBaHIYHOTO eleMEHTa MpPH 3aJaHUX aKTHUBHOCTSIX
10HiB.

CrangapTHi eNeKTPOHI MOTEHIIAIN JIJIsl PO3PAXYHKY BI3bMITh Y JTOBITHUKY
[KpaTkuii crpaBOYHUK (PU3UKO-XUMUYECKUX BEIMYUH| @60 y METOAMYHUX
BkaziBkax Ne 1395 uu iHII1# JOBIAKOBIN JITEpATYPI.

Ta0anig 2
M Enexmpoximiunuii enemenm M Enexmpoximiunuii enemenm
eap. eap.
1 |pPt|SOZ, S,02,0H | Cr*, Cr* |Pt 16 |pt|Fe®, Fe* | S,0%, SOZ |Pt
01 002 01 005 001 030 01 0,002 0,002
2 [pPt|U*, U* |Sn*, Sn* |Pt 17 |Pt|Fe(CN)¥, Fe(CN)«+ || UO;, U™, H*|Pt
0,32 0,12 0,17 0,44 0,01 002 0,24 0,03 0,001
3 [Pt |Cr¥, Cr® | V¥, V¥ |Pt 18 | pt|S,0%, S,0% || Ce*, Ce™|Pt
02 0,05 03 0,2 0,01 002 0,03 0,07
4 Pt |13, I'||Ce*, Ce* |Pt 19 |Pt|Sn*, Sn® |[MnO;, Mn*, H* |Pt
0102 007 008 0,01 002 005 001 0,01
S [Pt|Cu®, Cu® ||TI*, TI*|Pt 20 | Pt|SO%, S,05,0H" || MnO;, MnO,, OH" | Pt
01 02 04 03 03 05 0002 001 1 0,003
6 |Pt|UO2", UO; | Ce*, Ce* |Pt 21 | pt|ClO;,CIO;, OH || Co*,Co* |Pt
001 002 002 0,002 0,16 0,14 0,003 0,2 0,1
7 [Pt|U*, U* || Co*, Co* |Pt 22 |pt|Ce*, Ce™ ||S,0%,S0% | Pt
0,023 0,01 0,003 0,001 0,1 0,04 0,003 0,02
8 |Pt|Sn*", Sn* ||CIO, CI', OH|Pt 23 |pt|U*, U ||V*, V¥ Pt
0,12 0,14 0,26 0,34 0,03 0,32 0,06 0,07 0,01
9 |pPt|U*, U* | Ce*, Ce™|Pt 24 \Pt|H", H, | Cu*, Cu"|Pt
0,03 0,02 0,06 0,04 01 lamm 004 0,003
10 |pt|S, 07, S,0% || ClO;, ClO,, OH [Pt | 25 |Pt|SO%, SOZ,0OH || TI*, TI*|Pt
006 004 003 0,02 0,07 0,01 0,02 0,005 0,04 0,03
11 |Pt| Fe(CN)Z, Fe(CN){ || Ce*", Ce® |Pt 26 |pt|Cr®, Cr* |MnO;, Mn?*, H"|Pt
0,02 0,05 0,009 0,01 006 002 002 0115 0,008
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12 |pt|Fe®, Fe? | Cr,0,%, Cr*, H*|Pt |27 |Pt|Sn*, Sn? ||Cr,0,%, Cr*, H* |Pt
0,03 0,14 0,15 0,01 0,2 02 0,04 006 0,14 0,001
13 |pt|Fe*, Fe? || TI*, TI*|Pt 28 |Pt|H*, H, | S,0F, SOZ|Pt
0,03 0114 0,15 0,01 0,01 2amm 0,05 0,007
4 Iptjcr*, cr® || sn*, Sn*|Pt 29 [pt|V¥, V¥ |ITI*, TI'|Pt
03 0,2 0,002 0,03 0,032 0,026 0,06 0,02
15 ptIv¥, v | Pu*, Pu®|Pt 30 [PV, V& | TI*, TI*|Pt
03 0,2 0,002 0,03 0,01 0,02 0,07 0,08

Jlomawine pos3paxynkoee 3ag0anns Ne 3

3a 3HAYEHHSAMU KOHCTAaHT IIBHJKOCTI XIMIYHOI peaklii MNOpu JABOX
TeMIiiepaTypax (Tadi. 3) BUBHAYUTH:

1. Enepriro aktuBaiiii.

2. llepenexcrnoHeHIIHHNI MHOXKHUK Y PIBHSIHHI AppeHiyca.

3. KoHcTanty mBHIKOCTI 3a TemnepaTypu Ts.

4. KinbkicTh BHXIAHOI PEYOBHHM, BUTPAYEHOI 3a 4Yac T (XB), SKIIO
II0YaTKOBA KOHLEHTpawis gopisHioe Co (Monbs/nm®) (Temnepatypa Ts).

5. TemnepatypHuil KoeQilI€HT MBUAKOCTI PEakilii B IHTEPBaJl TEMIIEpATyp
B1a T1 mo To.

(BaranbHMil MOPSAOK peakiii JOpiBHIOE n. PO3MIPHICTE KOHCTaHT
IIBHIKOCTI JUIS PEAKIIIN MEPIIOro MOPSIAKY — XB™, IS PEAKIiH APYroro MmopsaKy —
xB L. am3-monp?).

Tabmuis 3
Ne Peakuis T1, K K1, Tz, K ko T3, K| =t Co
1] He+ Bnr2:—2> ZHBr | 5745 | 00856 | 4972 | 000036 | 4832 | 60 | 0,09
2 | Hp+ Ban:2 ZHBr | 5507 | 00150 | 5246 | 00026 | 5682 | 10 | 01
3 H +n'2:_2’ 2HI 5090 | 00015 | 6720 | 00568 | 6482 | 28 | 2,83
4 H +n'2=_2’ 2HI 6830 | 00659 | 7160 | 0375 | 6932 | 27 | 183
S5 2HI ::sz t 12 456,2 | 0,942:10 | 700,0 | 0,00310 | 923,2 | 17 | 2,38
6 2HI ::sz + 12 628,4 |0,809-10%| 7804 | 0,059 | 9762 | 18 | 1,87
7 2NO ;’:’\'22 *O02 | 15950 | 47059 | 12514 | 1073 | 14232 | 45 | 2,83
8 | 2NO ?:sz *202 | og50 | 672 | 11650 | 9770 |10582| 65 | 1,75
9 | N20s — r']\'iol“ +050z2 | 9995 0,002 2882 | 0,475.10° | 3382 | 32 | 0,93
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10

PH3; — 0,5P, + 1,5H>
n=1

953,2

0,0183

918,2

0,0038

988,2

80

0,87

11

SO,Cly; — SO, + Cly
n=1

552,2

0,609-10*

593,2

0,132:102

688,2

35

2,5

12

KCIO3 + 6FeS0O4 +
3H2S04 — KCI +
3Fe2(S04)3 + 3H0
n=1

283,2

1,00

305,2

7,15

383,2

35

1,67

13

CO+H)O—>CO, +
H-.O
n=2

288,2

0,31.10°

313,2

0,00815

303,2

89

3,85

14

COCl, > CO +Cly
n=1

655,0

0,53:10*

745,0

67,6:102

698,2

104,5

0,8

15

CoHsONa + CHsl —»
C2HsOCHs + Nal
n=2

273,3

0,0336

303,2

2,125

288,2

10

0,87

16

CH2(OH)CH.CI + KOH
_>
CH2(OH)CH.0H + KClI
n=2

297,7

0,68

316,8

5,23

303,2

18

0,96

17

CH2CICOOH + H.0 —
CH20HCOOH + HCI
n=2

353,2

0,222-10*

403,2

0,00237

423,2

26

0,50

18

CH3CO,C2Hs + NaOH
— CH3CO2Na +
C2HsOH
n=2

282,6

2,307

318,1

21,65

343,2

15

0,95

19

CH3CO2CH3 + H.O —»
CH3CO2H + CH30H
n=2

298,2

0,653-10°

308,2

1,663-10°

313,2

25

1,60

20

CH3CO2CH;3 + H.O —»
CH3CO2H + CH30H
n=2

298,2

16,09-10°3

308,2

37,84-10°3

323,2

80

2,96

21

CH3CO2C2Hs + H.0 —
CH3COzH + C2Hs0H
n=2

273,2

2,056-10°

313,2

109,4-10°

298,2

67

3,55

22

2CH20 + NaOH —»
HCO:Na + CH30OH
n=2

323,2

5,5-10°3

358,2

294,0-10°

338,2

0,5

23

(CH3)2SO4 + Nal —»
CHal + Na(CH3)SO4
n=2

273,2

0,029

298,2

1,04

265,8

100

3,89

24

CsHsCH2Br + C2HsOH
%
CsHsCH20C2Hs + HBr
n=2

298,2

1,44

338,2

2,01

318,2

90

2,67

25

C12H22011 + H20 —
CesH1206 + CsH1206
n=1

298,2

0,765

328,2

35,5

313,2

15

1,85
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26 | N20s — N204 + 0,502

n=1 298 0,003 300 0,005 338,2 10 0,33

27 | PHz — 0,5P; + 1,5H>

n=1 953 0,018 925 0,0041 988 75 0,7

28 | SO.Cl, > SO, + Cl»

n=1 552 0,6-10* 598 0,2 688 15 0,5

29 KCIO3 + 6FeSO4 +
3H2SO4 — KCI +
3Fe2(S0O4)3 + 3H20
n=1

283 1,00 315 8,1 383 10 1,01

30 | CO+H,O—-CO,+
H-.O 288 3.10* 313 0,0081 310 50 0,92
n=2

5. HEPEJIK IUTAHB JJI51 HIATOTOBKHU 1O KOHTPOJBHOI
POBOTHU TA 3AJIIKY

1. Ilo Take TepmonuHamiuHa cuctema? Kiacudikamis TepMOIUHAMIYHUX
CUCTEM.

2. Hamumiite MaTeMaTWuyHUl BUpa3 1-TO MOYATKy TEPMOAMHAMIKH Y
nudepeHIianbHIil Ta 1HTErpajgbHid QopMax. SIKI BEIMYMHHU Yy IUX PIBHSAHHAX €
byHKIISIMU CTaHy?

3. Ilo Take TeroTa i podoTa?

4. lllo Take BHYTpIIIHS €HEPTid TEPMOAUHAMIYHOI cCTeMH? UM € BHYTPIIIHS
eHeprig PyHKINE cTany?

5. lllo Take eHTambIIIA TEPMOAUHAMIYHOI CUCTEMU?

6. Harumnite opmMyity, 110 MoB'a3ye€ Mik COOOI0 €HTaJbIIII0 Ta BHYTPIIIHIO
CHEPTiI0 TEPMOJUHAMIYHOI CHCTEMU. UM € TertoTa mporecy (QpyHKI€r cTany?

7. o Take muTOoMa Ta MOJSpHA TEIVIOEMHOCTI? PO3MIpHOCTI LIMX BEIUYUH.
Sxi pIBHSHHS BHUKOPUCTOBYIOTH [UJISi ONMUCY 3aJIKHOCTI TEIJIOEMHOCTI BiJ
TeMneparypu?

8. Illo Take icTMHA 1 cepemHs TeIIoeMHICTh? 3anumiiTe Bupas 1t Cp Ta Cy.
Ha sky BenuuuHy BIIPI3HSIOTHCA Mk co00to 3HaueHHs Cp Ta Cy Uil 14€alIbHUX
rasiB?

9. lllo Take craHgapTHA TEIUIOTa YTBOPEHHS XIMIYHOI CITOTYKH?

10. Chopmymroiite 3akoH ['ecca. SIki HACI KK BUTUIMBAIOTH 3 HHOTO?

11. Illo Take TemnoBuil edekT XimMiyHOI peakiiii? Ski peakilii Ha3MBaIOThH
€K30- 1 EHA0TePMIYHUMU?

12. PiBusanns Kipxrodda y nudepenmianbhiii popmi Ta HOro aHamis.

13. Chopmymroiite qpyruii 3aKOH TEPMOTMHAMIKH.

14. 3anumniTe MaTeMaTHYHUNA BUpPA3 JPYroro 3aKOHY TEPMOJIUHAMIKH IS
PIBHOB)XKHOTO Ta HEPIBHOBAXXHOTO MPOLECIB, IO MPOXOASATh Y 130JbOBaHIN
CUCTEMLI.

15.3a saxumu QopmynaMu OOYMCIIOIOTH 3MIHY EHTpOINIi y Mpoleci: a)
HarpiBaHHs (OXOJIOJKEHHS) pPeYOBUHHU, 0) (ha30BOro nepeTBOpeHHs, B) 1300apHO-
130TEPMIYHOIO 3MIITYBaHHS 1€aJIbHUX Ta31B?
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16. [lo Take xapakTepucTuuHi Ppynkuii? HaBeaiTe npukiagm.

17. Kputepii camMOJI0BUILHOTO MPOTIKAHHS MPOIECY Ta CTaHy PIBHOBaru y
130JIbOBaHIN TEPMOJAMHAMIYHIN CUCTEMI.

18. lIlo € kpuTepieM CaMOJOBLIBHOIO TMPOTIKAHHS IIPOIECY Y 3aKPHUTIH
TepMOIUHaMIuHIN cuctemi a) 3a cranux T 1 P, 6) 3a ctamux T 1V?

19. Slkuii TepMOIMHAMIYHUN TOTEHINAI CJIiJI BUOpaTH y poOJl KPHUTEPiIo
CIPSIMOBAHOCTI peEakKilii, SKII0O BOHA MPOXOJUTh 3a CTAJOTO THUCKY Ta CTajoi
temnepatrypu? fIka yMoBa caMOOBUIBHOTO MPOXO/KEHHS MPOIIECy, BUPaKEHa 3a
JIOTIOMOTOFO ITHOTO TIOTEHITIATY?

20. Slkuit TepMOIWHAMIYHMNA TIOTCHINAT CJiJ BHOpaTH y POJIi KPHUTEPIO
CHPSMOBAHOCTI peakKilii, sIKIII0 BOHA MPOXOJUTH Y 3aKPUTOMY aBTOKJaB1 (V=const)
3a cTtayioi Temmepatypu? Slka ymMoBa CaMOJOBUILHOTO TMPOXOHKCHHS IPOIIECY,
BHpa)KeHa 3a JOMOMOI0I0 IIbOT0 OTEHIlIaTy?

21. 3anumiite piBHsAHHA ['160ca-I enpmrobIia.

22.1llo Take TepMoaWMHaMIuHIA  moTeHIian? HaBenmith  npukiIaau
TEPMOIMHAMIYHHUX ITOTCHITIATIB.

23. Copmymoiite noctynar [Inanka (TpeTiit 3aKOH TEPMOIMHAMIKH).

24. llo Take xiMiuyHWMM moOTeHIan? 3a KO (OPMYIOK PO3PaXxOBYIOTH
XIMIYHUI TOTEHLIal KOMIIOHEHTY Yy cyMimn iaeanbHux rasiB? Illo Take
CTaHJIAPTHUN XIMIYHUM MMOTEHITian?

25. 3anuuniTh BHpa3 3aKOHY MII0OYMX Mac Ui Ta3odasHoi XIMIYHOI peakiii
aA+bB=cC+dD. BkaxiTs po3miprocti korcTanT piBHoBaru K°, Kp, Kc. 3anmmits
dbopmyiu, K1 3B’ A3yI0Th M COOOI0 3HaUCHHSI ITUX KOHCTAHT pIBHOBAru. Bij skux
YUHHUKIB 3aJICKUTh 3HAYEHHSI KOHCTaHT PIBHOBArU JJIs 171€aIbHOT Ta30BO1 CyMillli?

26. 3anumIiTh i IPOKOMEHTYHTE PiBHIHHS 130T€PMH XIMIYHOI peaKilii.

27. PiBusiHHS 1300apu # 130Xx0pu XiMIUHOT peakii B nudepeHmiansHi hopmi,
ix aHami3.

28. PiBHsHHS 1300apu 1 130X0pH XIMIYHOI peakilii B iHTerpaibHiil hopmi. Sk,
KOPHUCTYIOUHCH [IUMH PIBHSIHHAMHU, TPaPIYHO BU3HAYUTH TEIUIOBUHN e(EeKT XIMIUHOT
peakirii?

29. Cpopmymoiite  mpunnun  Jle  [latense-bpayna.  Kopucrtyrouunch
npuniunom Jle Illarenve-bpayHa, mosiCHITh, SIK BIUTMBA€ Ha PIBHOBXHHUM BHXI1]
MPOAYKTY eK30TepMiuHoi peakiii 2NO(2)+02(2)=2NOy(2): 1) migBUIlEeHHS
3arajbHOrO TUCKY Y CUCTEMI, 2) MiJIBUILIEHHS TEMIIEPATyPH.

30. IIlo Ttake (¢ha3a, KOMIOHEHT Ta YHCIO TEPMOAMHAMIUYHUX CTYIICHIB
cBobou? Ipasuino ¢a3 I'i66ca.

31. 3anumite piBHsAHHS Kianeiipona-Knaysiyca Ta mpoananizyite WoOro st
IPOIIECY TITaBJICHHS.

32. Slkuit Burisan npuiimae piBHsiHHA Knaneiipona-Kinaysiyca ang mpoiieciB
BUIMMAPOBYBaHHSA Ta cyOmimaiiii pedoBuHu? KoOpuCTyrOUHCh NHM PIBHSIHHSM,
MOSICHIT, SIK 3JICKUTh TEMIIepaTypa KUIIHHS P1IUHA BiJT TUCKY.

33. HapucyiiTe cxemMaTH4HO JiarpaMy CTaHy Boju. BkaxiTh Ha il miarpami
noJie mapy, PIAWHH, TBEPAOrO JIbOJAY; KPWBI BHIIAPOBYBAaHHS, BO3TOHKH Ta
raieHHs. [1{o Take morpiiiHa Touka?

34. o take po3unn? CriocoOu BUPaKEHHS X KOHIIEHTpAIliH.
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35. Cpopmymroiite 3akon Payns. o Take igeanbri po3unHu? ki mpuauHU
BIIXUJICHHSI B1J] 3aKOHY Pays?

36. SIki BM 3Ha€TE KOJITaTUBHI BJIACTUBOCTI po3unHIB? 3a skuMu GhopmyIamMu
OOYHUCITIOIOTh TMIJIBUILIEHHS TEMIIEpaTypy KHUIIIHHS Ta 3aMEp3aHHs PO3YMHIB,
OCMOTUYHUHN TUCK PO3UHHIB?

37. ChopmymroiiTe niepiuii Ta Apyruii 3akonu KoHoBasoga.

38. HaBeniTh cxeMaTH4HO JlarpamMy CTaHy Jis OlHApHUX JICTKUX CyMIIIeH y
KOOpJIMHATAX TeMIepaTypa KUMHHS — CKJIaI IJIs i/1eaTbHOTO PO3UYHUHY Ta MOSICHITh
ii.

39. HaBeniTh cxemMaTuyHO Jiarpamy CTaHy Juisl OlHApHHUX JIETKHX CyMilIed y
KOOpJIMHATAX TeMIIepaTypa KUIIHHS — CKJIaJ JJIs 3HAYHUX BIIXUICHb PO3YUHY BiJ
3akony Payns ta mosicuiTs ii. [l{o Take azeoTpornHa Touka? a3eoTpornHa cymi?

40. Sxi Tunu GiHAPHUX PIIKUX CyMilIel 3 OOMEKEHOI0 PO3YMHHICTIO OJHA B
OJIHIM MOXyTh OyTH? HaBeaiTh TUIIOBI AlarpaMu cTaHy "TemriepaTypa — ckiana'’.

41. 3anumiiTh 1 MOSICHITH 3aK0oH posnoniuny. Illo Take exkcrtparyBanusa? Jlns
4Oro BOHO BUKOPUCTOBY€ETHCA?

42. Bin skux (axTopiB 3aJI€KUTh PO3YMHHICTH ra3iB Ta TBEPAUX PEUOBHH Y
pinunax? PiBusuus ['enpi ta Hlpenepa.

43. ChopMyInroiiTe OCHOBHI MOJIOKEHHS TEOPli €NEeKTPOTITUUHOI TUCOITIaLIIi.
[TosicHITB, UMM BIJIPI3HAIOTHCS CHUJIbHI Ta CJIa0K1 €JICKTPOTITH.

44. 1lo Take CTyHiHb EJIEKTPOJITHYHOI AHUCOLIalli, KOHCTaHTa IHUCOLaIli?
3anuunTh pIBHSIHHS 3aKOHY po3BefeHHs OcTBanbaa.

45. lonnuii 1oOyTOK BOJAW. BOJHEBMI MOKa3HMK KHCJIOTHOCTI CEpeaOBHUIIA
pH. IIlo Take Kucmne, HEUTpaIbHE TA JIyKHE CEPEAOBUILIE?

46.11lo Take ranbpBaHIYHMK elleMeHT, aHox, karon? Illo Take
enextpopyuiiiina cwia (EPC) ranbpBaHiuHOTO enieMeHTa? 3amuiliTh pPIBHSIHHS
3aniexkHocTi EPC Big akTUBHOCTI 10HIB, IO O€pyTh y4acTh Yy EJIEKTPOXIMIUHIN
peaxirii (piBasiHHS HepHcTa).

47.1llo Take e€JIEKTPOJHHMM TOTCHINIAl Ta CTAHJAAPTHHM EJICKTPOIHUI
MOTeHI[ian?

48. 1o Take eNneKTpoaM MEPIIOro, APYroro poay, OKHCHIOBAJIbHO-BIIHOBHI,
ra3zoBi enekTpoau? HaBemiTh KOHKPETHI NMPUKIAAH, 3alUIIITh IS HUX PIBHSIHHS
Hepncra.

49. [Ilo Ha3WBAETHCHA MIBUAKICTIO XIMIYHOI peakiii? Y SKuX OJUHUIIX
BUMIPIOIOTH IIBUJIKICTh TOMOT€HHOI XIMIYHOI peaKiii?

50. dns peakii aA + bB — ¢C + dD (a, b, ¢, d — BiamoBiaHi cTeXioMeTpHUHI
Koe(iIlieHTH) 3aIUIITh PIBHIHHS IS IIBHIKOCTI XIMIYHOI peakIlii Ta MIBHIKOCTI
3a KO’KHOIO PEYOBHHOIO.

51. fIki dakTOpH BIUIMBAIOTH HA MIBUJIKICTH XIMIYHOI peaKiiii?

52. SIx GopMyTIOETHCS OCHOBHUH MOCTYJIAT XIMIYHOT KIHETUKH?

53. SIkmii Hi3UYHMI CMHCIT Ma€ KOHCTAHTA IIBUJIKOCTI XIMIYHOI peakmii? fka
PO3MIPHICTh KOHCTAHTH HIBUIKOCTI XIMIYHOI peakiiii?

54. SIxi ¢gakTopu BIUIMBAIOTh HA BEJIWYMHY KOHCTAHTH IIBHUIKOCTI XIMIYHOI
peakiiii?

24



55.1llo0  Ha3uBalOTh  MOJEKYJSPHICTIO  XiMiuHOI  peakmii?  Yomy
MOJIEKYJISIPHICTh XIMIYHMX peakilii He MepeBHIlye Tphox? B skux Bumagkax
MOJIEKYJISIPHICTD 1 MMOPSAIOK peaKiii 301raroTbesi?

56. [Ilo Take MexanizMm XximiuHoi peakiii? Illo Take emeMeHTapHa crajis
XIMIYHOT peakIiii?

S57. 3anuiiTh KIHETUYHE PIBHSHHS JUIsl HEOOOPOTHOI peakilii 1-ro mopsaaky B
nudepeHIiaapHii Ta 1HTErpalbHi ¢Qopmi. BkaxiTeh po3MIpHICTh KOHCTAaHTH
IITBUIKOCTI.

58. 3anumiTe KiHETUYHE PIBHSAHHS N1 HEOOOPOTHOI peakiii 2-ro MOpsAAKY y
nudepeHuiaabHiil Gopmi.

59. 3anuiTh KIHETUYHE PIBHSAHHS 711 HEOOOPOTHOI peakiiii 2-ro MOpsIKY B
iHTerpanpHii hopmi.

60. Ik rpadiuHO BHU3HAYUMUTH 3HAYCHHS KOHCTAHTH IIBHUIKOCTI HEOOOPOTHOI
peakiii: a) 1-ro nopsaky, 6) 2-ro nopsaky?

61. llo o3nHayae TepmiH '"wyac HamiBnepeTBopeHHsA"? Sk HOro MoxHa
po3paxyBatu Jyisl peakiliit 1-ro, 2-ro nopsakis?

62. 3anuiiTh piBHSHHA AppeHiyca sl 3aJIeKHOCTI KOHCTAHTHU IIBUAKOCTI
XIMIYHOI peakIlii BiJ Temneparypu. BkaxiTh Ha3BH BEIWYHMH, SKI BXOISATH JI0
[HOTO PIBHSHHSA, Ta iX PO3MIPHOCTI.

63. [llo Take eHepris akTuBaIii XiMiuyHOi peakmii? Ha oCHOBI SKHX
EKCIIEPUMEHTAILHUX JIAHUX 1 SKUM YHHOM MOKHA pO3paxyBaTH 3HAYCHHS CHEPTil
aKTUBAIi?

64. Ik  popmymoeTscss mpaBwio Banat-T'opda ams  TemmepaTypHOi
3aJIEKHOCTI  IIBHJKOCTI  XIMIYHOI  peakmii? Jusg sSkuX peakuid BOHO
BUKOPUCTOBYETHCS?

65. Ha ocHOBI fKHX EKCIIEpUMEHTAIbHUX JaHUX 1 SKUM YHHOM MOXKHA
po3paxyBaTH 3HAYCHHS C€HEPrii aKkTHUBAIlli Ta MEPEACKCIIOHCHIIIHHOTO MHOXKHHKA
rpadiyHIM METOI0M?

66. Sxuit BUrISIL Mae rpadik 3aJI€KHOCTI Jorapudma KOHCTAHTH IIBUAKOCTI
ximiunoi peakuii Big T1? [1lo MokHa BU3HAYNTH 3a UM rpadikom?

67. HapucyiiTe eHepreTuyHy jiarpaMmy XIMIYHOI peakilii 1 TMOSACHITH, SK
TEIJIOBUHM e(eKT XiMIYHOI peakilii MOB’sI3aHU 3 CHEeprisIMH aKTUBAIlll MPSAMOI Ta
000pOTHOT peaKIliii.

68. Sxi peaxwii Ha3uBaOThCA cknagHUMuU? IX Kmacudikanis.

69. SIki peakmii Ha3wBaOTH JIaHMIOTOBUMH? Ha3BiTh OCHOBHI CTamii
JIAHIIFOTOBOI1 peakilii Ha MPUKJIal B3aEMOJIT XJIOPY 1 BOJHIO.

70. SlkuMu  OCOOJMBOCTSIMU ~ XapaKTEPU3YEThCS  KIHETHMKA JIAHIFOTOBHUX
XIMIYHUX peaKIIiii?

71.Ilo Take JAHIIOTOBI pEakilii 3 HEPO3Tady>KCHUM 1 PO3TATYyKECHUM
naHIroramu? HaBeniTh KOHKPETHI MPUKIIA]TH.

72. Hapucyiite rpadik 3aJI€KHOCTI IIBHIKOCTI PO3Tay>KEHOI JIAHIFOTOBOI
peakiii BiI THCKYy Ta TPOKOMEHTyWTe Horo. Bim doro 3amexaTh TpaHUII
CHaJlaxXyBaHHS Y PO3TATYKEHUX JIAHITFOTOBUX PEaKIIIsIX?
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73. Hapucyiite aiarpamy, 1o UIIOCTPY€ 3aJI€KHICTh HIBUAKOCTI PO3TaTyKeHO1
JAHIIOTOBOI peakiii Big TuUcky Ta Temnepatypu? Illo Take miBocTpiB
CliaJlaXyBaHHS?

74. SIxi peakiii HasuBaroTh (QoToxiMiyHUMHU? Ha3BiTh 0COOJMBOCTI ITHX
peakiiii. Chopmystonte 3aK0OHU POTOXIMII.

75. o Take katamiz? Ha3BiTh OCHOBHI OCOOJIMBOCTI KaTaJITUYHUX PEaKIIIH.
Kinacudikariis kaTaaiTHYHUX TTPOIIECIB.

76. 1lo Take karanizaTop XiMiuHOI peakiii? Sk 3MiHIOETbCS €HEePrii aKTUBaLii
peaxiiii mpy BBEJICHHI KaTaxi3aTopa 10 CHCTEMU?

77.1llo Take rereporeHHa xiMmiuyHa peakiisi? Ha3BiTh 0COOIMBOCTI KIHETUKU
Ta CTaJlli reTeporeHHux nporiecis. JliMiTyBaiabHa (IIBUAKICTHBU3HAYAIBHA) CTA IS

78. 1llo Ha3zuBaeTbcsa mporecoM aAudys3ii? 3anuimTh MaTeMaTUYHHWA BUPA3
nepioro 3akoHy dika. Bi sKux YMHHHKIB 1 K 3aJI€KUTh MBUIKICTD JUQPY3ii?
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