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BCTYII

MetoauuHi BKa3iBKM NpPHU3HAYCHI JUIsS OpraHi3aiii camMoCTiiHOiI poOoTH 3
aucuuIunH - «@DI3M4Ha  Ta KOJIOiHA XIMis» JJI1  CTYJCHTIB  CHEIlaJbHOCTI
181 «Xap4oBi TEXHOJIOT11».

MetoauyHi BKa3iBKM MICTSATh IpOrpaMy HaBYajdbHOI JMCIUIUIIHU, IEperiK
TEOPETUYHUX PO3JLIIB, Kl BIAMOBIIHO JO 3aTBEPKEHOI poOOUYOI MporpamMu He
BUKJIQJAIOThCS HA JIEKIIAX 1 BHHOCATHCS Ha CAMOCTIHHY NpOpPOOKY CTYAEHTIB,
OPUKJIATU pO3B’SI3aHHA THUMOBHX 3adad 3 (i3MYHOI Ta KOJOIAHOI Ximii, IO
CYNPOBOKYIOThCSI KOMEHTapsIMA Ta TMOSCHCHHSIMH, YMOBH 3aBIaHb IS
IHIUBITyaIBHOTO CAaMOCTIMHOTO BUKOHAHHS, TMEPENTIK MUTaHb IS MiATOTOBKH JO
KOHTPOJLHUX POOIT Ta iICIIUTY, a TAKOX CIIMCOK PEKOMEHIOBAHO1 JIITEPATyPH.

1. MIPOIT'PAMA HABYAJIbHOI JUCHMUILIIHUA

Imicmoeuii mooyav 1 — Ximiuna mepmoounamixa

Tema 1.1. OcHoBHi TOHATTA XiMiyHOI TepmoaumHamiku. I[lepmmii 3axkoH
Ttepmoaunamiku (IIpexmer i 3micT Kypey (i3uuHOi i KonoinHoi Ximii. IX 3HaveHHs
uist  GaxoBOi MIATOTOBKM MaMOyTHIX 1HXKEHEPIB-TEXHOJOTiB. TepMoJAMHAMIYHI
CHUCTEMHU 1 TEpMOJAMHAMIYHI MapaMeTpu. BHYTpIlIHS eHepris, eHTalbIis, TeIioTa i
pobora. dyHkiii craHy 1 npouecy. PiBHSHHS 1Js OOYHMCIEHHS pOOOTH, 3MIHU
€HTaJIbMI1 1 BHYTPIIIHBOI €Heprii y pi3HUX nporecax. [lepmmii 3akoH TepMOIMHAMIKA
— (opMynroBaHHs, MareMaTuyHui Bupa3. Tepmoximis. TemnoBuil edpekr. 3aKoH
I'ecca. CrangapTHuii ctad pedoBUHUA. CTaHAAPTHI €HTAJIbII YTBOPEHHS 1 3rOPSHHSA
CHOJIYK. 3aJIeKHICTh TEIJIOBOrO e(eKkTy mpouecy Big TemiepaTypu. PiBHsAHHA
Kipxrodda).

Tema 1.2. Ilpyrnii i Ttpertiii 3akoHu TepmoauHamiku (TepmoauHamivHi
npoiiecu (PIBHOBaXKH1 Ta HEPIBHOBAXKHI, CAMOJIOBIIIbHI Ta HECAMOJIOBLUIbHI). Jpyruii
3aK0H TepMoanHamiku. EHTponia. EHTpornis ik Kputepiid CpsiMOBAaHOCTI JOBIIBHUX
MpoIeCiB B 130Jp0BaHUX cucTeMax. OOYHMCIEHHS 3MIHEHHS EHTPOMili B PI3HHUX
nporuecax. [locrynar [lnanka — TpeTiit 3aKOH TEPMOJIMHAMIKH).

Tema 1.3. Kpurepii cnpsimoBaHocTi mnponeciB i ymoBH PpiBHOBarm Yy
3aKkpUTHX i BinkpuTux cucremax (OO'eqHaHuii BUpa3 MEPIIOTO 1 IPYroro 3aKOHIB
tepmoauHamiku. Eneprisa ['100ca it enepris I'enbMrosiblia sk KpUTEpii CPSIMOBAHOCTI
1 TpaHulll nepediraHHs MPOLECiB y 3aKPUTUX CUCTEMax. XapakTEPUCTHUHI (PYHKIIII.
PiBusnus ['160ca-I"enpMrosbiia. XiMiuHUM MOTEHITIAN).

Tema 1.4. Ximiuyna piBHoBara (XiMiyHa piBHOBara. 3aKOH JIIOYUX Mac.
CranpapTHa ¥ eMmipUyHI KOHCTAHTHM pPiBHOBard. PiBHAHHS 130Te€pMH XIMIYHOT
peakuii Baut-I'opda. OGuncnenns ckiaay piBHOBaXXHOI CyMillli, BUXOAY MPOIYKTY,
CTYIIEHIO TIEPETBOPEHHS, CTYINEHIO0 aucoriamnii. Brume Temneparypu Ha XIMIUHY
piBHOBary. PiBHsHHS 1300apu ¥ 130X0opH XiMiuHOI peakilii. BrumB Temmneparypu,
TUCKY 1 JJOMIIIKY 1THEPTHHUX Ta3iB HA 3CYB PIBHOBATH).

Tema 1.5. ®a3oBa piBHoBara (®a3oBa piBHOBara. ¥YMOBH TEPMOAUHAMIYHOI
piBHOBaru y Oaratoda3Hux OaraTokoMmoHeHTHUX cuctemax. [IpaBumio a3 I'i66ca.
da3oBa piBHOBara B OJHOKOMIIOHEHTHUX cucTemax. Jliarpamu crtany. PiBHSHHSA
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Knanetipona-Knaysiyca. ®a3oBi miarpamMu TBOKOMIIOHEHTHUX cucTeM. [IOHATTS 1po
G13UKO-XIMIYHHUM aHaMTI3).

Tema 1.6. Po3uunu  HeesiekTpoJaitiB. Ineanbni po3umnm  (Crnocobu
BUPKCHHS CKJIay po3uMHiB. TepMoauHaMiuHa Kiacudikarlis po3uuHiB (iJeabHi,
IPaHUYHO PO3BEJICHI, pealibHi). TUCK mapu HaJl icabHUM pO34YMHOM. 3aKkoH Payis,
Hacliaku. BigxuieHHs BiJ 3akoHY Payns sk pe3yiabTaT MIKMOJIEKYJISIPHOT B3aEMOII1
B po3urHax. KojiraTuBHi BJaCTUBOCTI PO3UYHHIB).

Tema 1.7. Po3uunu HeesieKTpoJiTiB. Peanbni po3uunn (Po3unHHICTH Ta3iB
Ta TBEpAUX T1N Yy piauHax. [liarpaMu THCK-CKIIaJ 1 TeMIepaTypa-CcKiaj JISTKUX PiJIuH.
3akonu KonoBamoBa. AseotponHi cymimii. [leperonka. Pektudikamis. [leperonka 3
BOJSIHOIO Taporo. PiBHOBara pimuHa-piguHa. B3aemMHa po34yMHHICTD piAMH. 3aKOH
po3noaury. Ekcrpakitis).

Tema 1.8. Enexkrpoximis  (Crmabki Ta cuibHl  enekTpomitd.  Teopis
SJIEKTPOTITUYHOI Aucoriarii. Teopis CHIBHUX €IeKTPOiTIB. MexaHi3M BUHUKHEHHS
CJIEKTPOJHOTO TMOTeHliany. EjexrpopymriiiHi cuid W eNeKTpOJHI TOTEHIIaIH.
PiBusinus Hepuera. Kiacudikaiist enexrposiB. Enekrpoanuii norenmian. Exexrpoau
1-ro, 2-T0, Ta30B1, OKMCHO-BITHOBHI, MEMOpaHHI Ta 10H-CENEKTUBHI. EnexTpoan s
BuMiptoBanHsa pH po3unHiB. Enextpoau nopiBHSHHSA).

3Imicmosuii moodyav 2 — Ximiuna KiHemuka

Tema 2.1. @opmanbHa kKiHeTuka (OCHOBHI TOHATTS XIMIYHOT KiHETHKH.
[IBuakicTs XiMigHOI peakilli. ExcriepuMeHTaabHl METOAW BU3HAYCHHS ITBHUIKOCTI
xiMiyHUX peakiii. KineTuuni kpuBi. 3aKOH JIIOYUX Mac — OCHOBHHUU MOCTYJAT
xiMiuHOi1 KiHeTuku. KoHcTanTa mBuakocTi. ®akTopu, 1m0 BILIMBAIOTh HA IMIBUIKICTh
peakuiifi. MonekynspHiCTb, TOpAMOoK peakiii. Emementapuuii axt. Kinetnuna
kiacudikaisg XiMigHUX peakiii. HeoOopoTHI roMoreHH1 XiMidHI peakIlii Mepiioro,
JIPYroro Ta nN-To0 TOpsAKiB. BuBeneHHs Ta aHami3 KIHETUYHUX piBHSAHB. Yac
HaIlBNEPETBOPEHHS. MeToau BHU3HAYEHHS TOPSAIAKY peakuUiid: IHTEerpajibHI Ta
nu(epeHIianbH1).

Tema 2.2. BniiuB TeMnepaTypu Ha MIBUAKICTh XiMiuHux peakuiil. Ckiaaani
ximiyni peaknii (TemneparypHuil Koe(DIIEHT MMIBUAKOCTI XIMIYHMX pEAKIIii.
[IpaBuiio Bant-T'oddda. PiBHSIHHS Appeniyca. Enepris aKTUBaIlii.
ExcrniepuMeHTanbHe BU3HAYEHHs €Heprii akTupaiii. J[BOCTOPOHHI, mapajieibHl Ta
MOCJIIJIOBHI PEaKIii MEePIIOro MOPSIKY, KIHETUYHI PIBHSHHA Ta KIHETUYHI KpHBI.
OcoOMuBOCTI KIHETHKK Ta MEXaHI3My JaHIIOroBUX peakiliii. KineTuka mporeciB 3
pPO3TATy’)KEHUM Ta HEpPO3TalyXKeHUM JaHioroM. doToxiMmiuHi peaxilii: 3aKOHH
dboToxiMii, 0COOTUBOCTI KIHETUKH).

Tewma 2.3. Kinetuka rereporeHnux npoueciB (Ctasii reTeporeHHUX peakiriil.
3aKOHOMIPHOCTI MU(Y31HHOTO MACOTIEPEHECEHHSI PEUOBHUHU 1 MOTO POJIh B KiHETHIII
reTepOTeHHNX XIMIYHUX peakiiil. 3akonu Dika. J(udy3iiHuil 1 KIHETHIHUA KOHTPOJIb
IIBUJIKOCTI peakilii. 3aJIeKHICTh MIBUIKOCTI T€TEPOr€HHMX XIMIYHHMX PpeakIiiid Bif
TeMIIepaTypu).

Tema 2.4. Karaniz  (OcoOnuMBOCTI  KIHETUKH  KaTaTITUYHUX  PEAKIIIN.
Knacudikaris katamiTiaHuX mporieciB. ['omorennuii karamiz. CyTHICTh KaTaTiTHYHOT
nii, MexaHi3MH KaTamizy. KHuCIOTHO-OCHOBHMM KaTami3. MeTaloKOMIUICKCHHM
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karamiz. @DepmeHTaTUBHUN Kartami3. ABrokaramiz. Cramii Ta 0coOJHMBOCTI
reTepPOreHHO-KaTaMTHYHUX peakilii. [[pomoTopu, 1Hr101TOPH, KaTAIITHYHA OTPYTA).

3Imicmosuii Mmooy 3 — Ilogepxnegi aguuia

Tema 3.1. Kosoinna ximisi sik Hayka mpo mnoBepxHeBi siBUIIA i (i3uKko-
XiMiYHi BJIACTHBOCTI AMCNEepCHUX cucTeM. TepMoauHaMika MOBEPXHEBOI0 IIAPY
(/IB1 o3Haku O0O'€KTIB KOJIOIAHOI XIMii — TE€TEPOreHHICTh 1 JUCHEPCHICTh, IXHS
ennictb. Knacudikamis aucnepcaux cucteM (JAC). 3arampbHa XapakTepHCTHKA
MOBEPXHEBOTO Iapy Ta Horo enepris. [loBepxHeBuit HATAT K MIpUJIO BUIBHOI €HEPrii
Ha moBepxHiI noainy $a3. PiBusaus [160ca-I"'enpmronbpia 1y MOBHOI MTOBEPXHEBOT
eHeprii).

Tewma 3.2. IloBepxHeBi ABUINA Y KOHIEHCOBAHUX cucTeMax (Brus mpupoau
PEYOBHHH, TEMIEPATypH, KPUBU3HHU TOBEPXHI HA IOBEPXHEBUI HATAT. PiBHSHHSA
Jlarmaca, KenbBina-Tomcona. Agpresis, koresis. 3MOUYyBaHHS 1 PO3TIKAHHS.
KaminspHi siBuina).

Tema 3.3. IloBepxneBa eHepris i aacopOuis (Bumau ancopOuii, 11 KiUIbKICHI
XapaKTEePUCTUKHU. 3aJIKHICTh BETUYMHHM aJCOpOIi BiJ MapaMeTpiB CHCTEMH.
[3oTepmu ancopOuii. Brumme ancopOuii Ha moBepxHEeBy eHeprito. DOyHIaMeHTaIbHE
agcopOiiitne piBHsHHA [100ca. IloBepXHEBO-aKTHBHI Ta 1HAKTUBHI PEYOBHHH.
bynosa monekyin I[TAP. [ToBepxHeBa aktuBHicTh. [IpaBuio Jlroxno-Tpayoe).

Tema 3.4. AncopOuissi Ha Mexi moaiyty po3umH — ra3 (mapa) Ta
MOJIEKYJIAPHA aJcopOliss 3 PO34YUHIB Ha TBepAid mNoBepxHi (3alexKHICTH
MOBEPXHEBOr0 HATATY BiJ KoHueHTpauli [IAP, Bu3HaueHHs ancopOiiii MOBEPXHEBO-
AKTUBHUX PEYOBUMH 1O EKCIEPUMEHTAIbHUM JaHUM. AJCOpOLiiHI pIBHAHHSA
Jleurmiopa, I'enpi, @petinanixa, BET, BusHauenus ancopOuiiinux koHctaHT [TAP.
Bmuue nipupoau ancopOeHTa, po3MipiB MOP 1 BIACTUBOCTEH KOMIIOHEHTIB PO3UYHHY
Ha MOJIEKYJISIPHY aJICOPOIIiIO0).

Tema 3.5. BUHMKHEHHsI TOABIHOr0 ejeKTpu4HOro mapy. lonna Ta
ionooOMinHa agcopOuisi (YTBOpeHHS MOABIMHOTO enekTpudHoro mapy. CyuacHi
ysaBaeHHs1 ipo OynoBy IIEII. BrnmuB mpupoau agcopOeHTa i 10HIB Ha afcopOIliio
10HIB. loHooOMiHHa ancopOuis. PiBusinHa Hikonbebkoro. loHiTH, 3acTOCyBaHHS Y
MIPOMUCJIOBOCTI, OUMIIIEHH] ITUTHOT BOJAMW Ta CTIYHUX BOJ, BOAOITIATOTOBIII).

3Imicmoeuii modynv 4 — Ompumannusa, cmiikicms, pYUHY8AHHA ma
611ACMUBOCMI OUCNEPCHUX CUCHEM

Tema 4.1. Metonm  oTpuMaHHs  Ji0(OOHMX  JUCIHEPCHHUX  CHCTEM
(ducnepryBanns 1 koHzaeHcauiss — asa nuisixu orpuMannsa J{C. Edekr PeGingepa.
3aKOHOMIPHOCTI KOHAEHcaliiHoro metony yTtBopeHHs JIC. ®i3uuHa 1 XiMidHA
KOHJIeHcarlis. bynosa miren 11o(oOHUX 3071iB).

Tema 4.2. Criiikicth i pyliHyBaHHA J1i0pOOHHX JUCIIEPCHUX CHCTEM
(YMOBH TepMOAMHAMIYHOI CTIMKOCTI JHMCIEPCHUX CHUCTeM. ArperaTuBHa 1
ceauMeHTaIiina criiikicte. ®aktopu arperatuBHoOi criiikocti JC. Koarymsiis,
daktopu, mo il BHUKJIMKAIOTh. BIUIMB €JIEKTPOJITIB Ha CTIHKICTH 30J1iB, MOPIT
koaryssiii, npasuio Hlyneie-I'apai. Kineruka koaryssiii 3a CMOIIyXOBCHKHM).



Tema 4.3. OnTHYHi BJIACTHBOCTI 1 MeTOAM JOCTIIKEHHSI TUCIEPCHUX
cucreMm (OcobmmBocti ontuyHuX BiactuBocTer JIC. Po3citoBaHHs cBiTia. PiBHSHHSA
Penes. BusHaueHHs po3MipiB 1 KOHIIGHTpaAIlli YacTMHOK JAMcCHepcHOi (a3u 3a
JIOTIOMOTOI0  yJIbTpaMiKpockormii, HedemomeTpii, TypOiqumerpii. CBiTioBa 1
eJICKTPOHHA MIKPOCKOTIis. Po3aiibHA 3/1aTHICTh MIKPOCKOTIIB).

Tema 4.4. MoJiekyJIsIpHO-KiHETUYHI i eJIEKTPUYHI BJIACTHUBOCTI
nucnepcuux cucreM (bpoyniBcbkuii pyx. PiBusiHHs EiiHiTeiina-CMOIyX0OBCHKOTO
JUIS CEepelHbOTO 3CyBY dacTUHOK. Judys3ia. BusHaueHHs po3MipiB YaCTHHOK
mucnepcHoi  ¢azu. OcoOIMBOCTI OCMOTHYHOTO THUCKY KOJIOIIHHUX  CHUCTEM.
3aKOHOMIPHOCTI CeIMMEHTAIll] y TpaBiTariiiHomMy moiii. OCHOBH CEIUMEHTAIlIHHOTO
anamizy. JludysiitHo-cenuMenTamiiiHa piBHOBara. EJeKTpokiHETHYHI sBUIA B
TUCTIEPCHUX cHUcTeMaX (enekTpodopes, eIeKTPOOCMOC, IOTEHIllaau Tewii Ta
CeIMMEHTAIll1), IXHE MPAKTUYHE 3aCTOCYBAHHS).

Tewma 4.5. Jliopinbhi TUCIIePCHI CHCTEeMH (YmoBu JIOBLJILHOTO
qucnepryBanHs. BiacTuBoCTI po34nHIB KOJOIMHUX MOBEPXHEBO-aKTUBHUX PEUYOBHH.
MiuenoytBopeHHsi. BmiuB pi3HMX YMHHUKIB Ha KPUTHYHY KOHIIEHTPAIIO
MminenoyTBopeHHsi, metonu BusHadeHHs KKM. Knacudikaris komoimaux ITAP.
3actocyBanns [1AP. T'inpodinbHo-ninodinsauit 6ananc. Pozunnu BMC sik komnoinHi
cuctemu. [Ipornec HabpsikanHus 1 po3unHeHHs: BMC).

Tema 4.6. OTpuMaHHA i BJACTHBOCTI OKpeMHX BHAIB KOJIOITHHX CHCTEM
(Emynbcii, minu, aeposoni. Knacudikaiisi 3a AUCOEPCHICTh Ta KOHIEHTPALIIEIO.
Metonu oTpumanHs 1 ctadbim3anii uux cucreM. OcoOIMBOCTI PyHHYBaHHS €MYJIbCIH,
IH 1 aep030J1iB. 3anodiraHHs 3a0pyIHEHHIO HABKOJIUIITHLOTO CEPEOBHUIIA).

2. MEPEJIIK PO3A1JIB, AKI HE BUKJIAJAIOTBCS HA JIEKHIAX 1
BUHOCSTBHCS HA CAMOCTIVHY ITPOPOBKY CTYJIEHTIB

1. PiBHSHHS 17151 00YMCIEHHS pOOOTH, 3MIHU €HTAJIBITII 1 BHYTPIIIHBOT €HEPTii
y pI3HUX MpoIiecax.

2. ®a30Bi jgiarpaMu  JBOKOMIOHEHTHUX cucTeM. IloHATTS 1po ¢i3uKo-
XIMIYHUI aHai3.

3. Teopis cUIBHUX €NEKTPONITIB. MexaHi3M BHHUKHEHHS €JIEKTPOJIHOTO
noteHmiany. Enexktponun memMOpaHHI Ta  10H-CENEKTUBHI. Enektpoau s
BuMiproBaHHs pH po3unHiB. EnexTpoau mopiBHAHHS.

4, KarajiTuyHa AaKTUBHICTh Ta CEJICKTUBHICTh. [OMOTeHHUN KaTais.
KucnotHo-ocHOBHUHM KaTtami3: cnenudiyHui 1 3aranbHUil. MeTanoKOMIUIeKCHUN
katami3. @depmeHTaTMBHUNA KaTtami3. ABtTokaramiz. Cramii Ta 0COOJMBOCTI
reTepOreHHO-KaTaITUYHUX peakiiil. [[pomoTopu, 1Hr101TOpH, KaTaliTUYHA OTPYTA.

5. 3anexHicTh MOBEPXHEBOTO HATATY BiJ KoHIeHTpalli [TAP. Bruus npuponu
azcopOeHTa, po3MIpiB MOp 1 BAACTUBOCTEH KOMIIOHEHTIB PO3YMHY Ha MOJIEKYJISIPHY
a7IcopOITifo.

6. YTBOpeHHs moABiIHHOrO enexkTpuyHoro mapy. CydacHi ySBJICHHS PO
oynoBy IIEII. IoniTu, 3acTOCYyBaHHSI y IPOMHCIIOBOCTI, OUMINEHHI TUTHOI BOJM Ta
CTIYHHX BOJ, BOJOIIATOTOBIII.



7. BusHaueHHs poO3MIpIB 1 KOHIEHTpalli 4YacTHHOK aucrnepcHoi da3u 3a
JIOTIOMOTOI0  yJIbTpaMiKpockorii, Hedemomerpii, Typoiaumerpii. CaiTiaoBa 1
eJICKTPOHHA MIKpOCKOTis. Po3iipHa 31aTHICT MIKPOCKOTIIB.

8. Emynbcii, minu, aeposomi. Kiacudikaiis 3a  AUCHEPCHICTH  Ta
KOHIICHTparlliero. Meroau oTpuManHs 1 crtaOumizamii mux cucteM. OcoOauBOCTI
pyWHYBaHHS €eMyJIbCiH, IH 1 aep030J1iB. 3ano0iranHs 3a0pyIHEHHIO HAaBKOJIUIITHBOTO
CEpEeIOBUIIIA.

3. MPUKJAJIA PO3B'SI3AHHSA TUTIOBUX 3AJIAY 3 ®I3UYHOI XIMIT

3aoaua 1. PospaxyBaTu CTaHIapTHUN 1300apHUI Ta 130XOpHUN TEIJIOBI
edextu ximiuHoi peakuii a) Oz(2) + 4HCl(2) = 2Cly(2) + 2H20(2); 0) ZnO(xp) +
Hy(e) = Zn(xp) + H20O(p) 3a Temnepatypu 298 K.

Po3ze’sa30k

a) Jlig KOXXHOro peareHTy BHUIIUCYEMO 3 JOBIJHUKA CTaHAAPTHI TEIUIOBI
epextu yrBopeHHs AH% sgg:

Ox(r) +  4HCI(r) = 2Cly(1) + 2H,0(1)
AH® 203, 0 -92,30 0 241,84
kJ[>k/MOJIb

CranpapTHUi 1300apHU TETJIOBUH €(EeKT XIMIYHOI peakili (CTaHgapTHA 3MiHa
CHTaJIbIII) JIOPIBHIOE pi3HUYi MK CYMOIO TEIUJIOT YTBOPEHHSI MpoOyKmie peakyii i
CyMOIO TEIUIOT YTBOPEHHS 6UXIOHUX peyoeuH 3 ypaxyBaHHSM BIAMOBITHUX
CTEX1IOMETPUYHUX KOEPIIEHTIB K MHOKHUKIB:

AH %5 = (2:0 + 2-(—241,84)) — (1-0 + 4-(-92,30)) = —114,48 xJ[x/MOb.

Benuuuna tenioBoro egekty Bia'eMHa (3HaK "MiHyc") — TEIJIOTa BUALISIETHCS,
TOOTO peakis eK30TepMidHa.

[3oxopHuil  TemoBuil  edeKkT peakmii  (3MIHY BHYTPIIIHBOI  €HEPTii)
PO3pPaxOBYIOThH 3a PIBHSIHHSIM:

AUt = AHOT — ANRT.

Skmo T = 298 K, TO AUpgg = AH0298 — AnR-298.

An — 1e 3MiHa KUIBKOCTI Ta30NOAIOHMX pEareHTiB y XOJ1 peaKIlii;
pPO3pPaxOBYETbCA SK PI3HHUI MDK CyMOIO CTEXIOMETPHMUHHMX KOe(QIli€HTIB
ra3ono/iOHUX TPOJYKTIB peakilii 1 CYMOIO CTEXIOMETPUYHHX KOE(]IIIEHTIB
ra3onoAiOHNX BUXITHUX PEUOBHH:

An=(2+2)—-(1+4)=-1.
Tomi AU20s=AH%gs-ANR-298=-114,48-10°(-1)-8,314-298 =-112002,43 J[>/MOb.

0) aHaJOT1YH1 PO3PAXYHKHU TTPOBOUMO 1 JIJISI ITI€T PeaKilii:
ZnO(xkp) + Ha(r) = Zn(xp) + HO(p)
AHY% 28, -349,0 0 0 285,84
k/J[>x/MoITb
AH%gg = (1-0 + 1-(-285,84)) — (1-(-349,0) + 1-0) = +63,16 kJI/MOIIb.

AH%gg > 0, 3HAYNTH TEIUIOTA HOTIMHAETHCA, PEAKIlisd EH0TEpMIUHa.
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An = 0 — 1 = —1 (3BepHITh yBary: cepejl NpOJAyKTIB ra30Moai0OHMX PEYOBUH
HeMae (cyma koedimientiB 0), cepen BUXIIHMX PEYOBUH Ta3oM € juiie BojeHb Hj
(cyma koedirienTis 1))

AU9=AH%93-ANR-298=63,16-10°~(-1)-8,314-298=65637,57 JI/MOIb.

3aoaua 2. Po3paxyBaTu CTaHJApPTHUM 1300apHMl TEmJIOBUN e(eKT peakiiii
CoHz (2) + 2H, (2) = CoHs (2) 3a Temniepatypu T = 1000 K.
Po3zs’sa30k
JIJ1s1 KOKHOTO peareHTy BUITUCYEMO 3 JOBIJHUKA CTaHIAPTHI TEIUIOBI e€heKTH
yrBopeHHs AH% 298, @ Takok 3HAaUeHHS KOe]il€HTIB a, b, ¢, ¢', d y piBHAHHAX I
TEMIIEPATYPHOT 3aI€KHOCTI TEIIIOEMHOCTI:

CoH2 (1) + 2H; (1) = CoHs (1)
AHY% g, 226,75 0 —84,67
KJI>X/MOIB
a 23,46 27,28 4,494
b-10° 85,77 3,26 182,26
c-10° - 0,502 —
c-10° 58,34 _ 74,86
d-10° 15,87 — 10,8
Temneparyp-  298-1500 298-3000 298-1500

HUU 1IHTEpBaI

Po3paxoByeMo 3MiHY €HTaJbIIIT Ta BIAMOBIIHUX KOSPIIIEHTIB Y XO1 peaKIlii:
AH%gg = —84,67 — (226,75 + 2-0) = -311,42 xJI>x/Mo01b;
Aa = 4,494 — (23,46 + 2-27,28) = —73,526;
Ab = (182,26 — (85,77 + 2-3,326))-10° = 90,31-103,
Ac' = (0 —2-0,502)-10° = -1,004-105;
Ac = (-74,86 — (-58,34))-10° = -16,52-10°%;

Ad = (10,8 - 15,87)-10° = -5,07-10°°.

3rigHo 3 piBHsHHIM Kipxrodda:

AH? = AHY, + Aa(T - 298)+%Ab(T2 - 2982)+%AC(T3 — 208 )+

+lad(T —208)-acf 2oL
4 T 298
3amana B yMoBi Temmepatrypa T = 1000 K Bxomuth 10 TeMmmepaTypHHX
IHTEpBaIiB BCIX peareHTIB, /IS SIKUX Y JOBIIHUKY HaBeCHI KoedilieHTu a, b, ¢, ¢', d.

Tomy X 3MiHM MOYKHA BUKOPHCTATH JJIS1 PO3PAXyHKY AHY, "

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

%(—16,52 110°*)- (1000° — 298°) + % (-5,07-10°)- (000" - 298°)-
~(~1,004-10°)- (ﬁ) - ﬁj — 328745

OT1xe, AHY,, =—328745 JIx/MOJIb.



3aoaua 3. Po3paxyBaTu cTaHIapTHI 3MiHM eHTpormii Ta eHeprii [10606ca y xoxi
peakiii 2CO(2) + Oz(2) = 2CO;(2) 3a Temnepatypu 298 K. 3poOUtr BUCHOBOK IIPO
MOJKJIMBICTh CAaMOJIOBIIEHOTO MIPOXO/KEHHS ITi€] peakilii 3a CTaHAapTHUX YMOB.
Po3sé’a30k
3 JOBiIHWKA BHITUCYEMO ISl BCiX PEareHTIB 3HAYCHHS CTAaHIAPTHUX TEIUIOT
yrBopenHs (AHY% »0g) Ta entpormiii (S%gs):

2CO(1) + O2(1) = 2COy(1r)
AHC% 28, -110,5 0 -393,51
kJI>k/MOJIb
S8, 197,4 205,03 213,6
Jx/monb-K

CraHpgapTHi 3MIHM €HTaNbIMIl Ta EHTPOMIi y XOAl peakilii BU3HAYAEMO SIK
PI3HMIIIO MiK cCyMaMu BignoBigHux 3HadeHb AH% 298 Ta SP9g MpoyKTIB TA BUXiTHUX
PEreHTIB:

AH%gg = (2:(-393,51)) — (2:(-110,5) + 0) = 566,02 (xI/MOb),

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

CranpapTHy 3MiHYy eHeprii ['100ca po3paxoByemo 3a piBHsAHHSIM [100ca-
['enbmromnpna:

AGOT = AHOT — T-ASOT.

Jns  temmeparypu T =298 wmaemo  AG%gs = AH%g — 298-AS%gg =
-566,02-10° — 298-(-172,63) = -514576,26 ([Ix/MOIb).

Ockinbkn AG%gg < 0, To caMOJOBiILHE MPOXOKEHHs BKA3aHOI peakiii 3a
CTaHAAPTHUX YMOB TEPMOJAMHAMIYHO MOXKIIUBE.

3aoaua 4. Jns ximiunoi peakuii Fe;Os(kp) + 3CO(r) = 2Fe(a) + 3CO4(T)
BM3HAYUTH CTaHIApTHYy 3MiHy eHeprii ['i66ca AG® 3a temmeparypm T = 600 K,
KOPHUCTYIOUHCH piBHSHHAM ThomkiHa-1lIBapimana.

Po3zs’sa30x

CrangaptHy 3miHy eHeprii [i066ca AG® g 1oBinbHOro 3HadeHHA

TemriepaTypu T MokHa po3paxyBaTu 3a piBHSHHAM TromkiHa-1lIBapimana:
AGOT = AHoggg — T-AS°298 — T(A&Mo + AbM; + AcM, + AdM; + AC'M_z),

ne AH%gg, AS%gg — BiANMOBIAHI CTaHAAPTHI 3MiHM EHTAJBINI Ta €HTpOmii 3a
temneparypu 298 K; Aa, Ab, Ac, Ad, AC' — 3miHm KoedimieHTiB a, b, ¢, d, ¢' y
PIBHSIHHSIX [JIsi TEMIIEpaTypHOI 3aJIe)KHOCTI TEIUIOEMHOCTI peareHTiB; Mo, M1, My,
M3, M_, — BIZMIOBIIHI 3HAYECHHSI TAOJUYHUX KOE(PIIIEHTIB, IO 3aJeXaTh TUIBKUA BiJ
TeMIepaTypH ajie He 3aJIeKaTh BiJl IPUPOIU PEaKIIi.

JIJ1st KOKHOTO peareHTy BUITUCYEMO 3 JOBIJHUKA CTaHIAPTHI TEIUIOBI eheKTH
YTBOPEHHS AHOf’ 298, CTAHJIAPTHI €HTPOITi1 S%qg, @ TAKOXK 3HAYCHHS Koe(]iIlieHTIB a, b,
C, C', d y piBHAHHSX JUIsl TEMIIEPATYPHOI 3aJI€KHOCT] TEMIOEMHOCTI:

Fe:Os3(xp) + 3CO() = 2Fe(a) + 3CO2(r)
AH% 5g, -821,32 -110,5 0 -393,51
kJ[>k/MOJIb
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%298, 89,96 197,4 27,15 213,6
Jlx/Monn-K
a 97,74 28,41 19,25 44,14
b-10° 72,13 4,10 21,0 9,04
c-10°° -12,89 0,46 — —-8,53
c-10° - — - -
d-10° - - -
Temmnepa- 298-1000 298-2500 298-700 298-2500
TYpHUI
1HTEpBal
Po3paxoByeMo 3MiHIOBaHHSI €HTaJbIII1, EHTPOIIi Ta BIAMOBIAHUX KOE(]Iilli€HTIB
y X071 peaKItii:
AH g5 = (2-0 + 3-(-393,51) — (1-(-821,32) + 3-(-110,5)) = 27,71 (xA/Mo01b);
AS%qgg = (2-27,15 + 3-213,6) — (89,96 + 3:197,4) = 15,94 (Ix/monb-K);
Aa =(2-19,25 + 3-44,14) — (97,74 + 3-28,41) = -12,05;
Ab =((221,0 + 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°;
Ac=0; Ad=0.
Tt remmiepatypu T = 600 K 3rigao 3 Tabmmunnvm gaaumu Moo= 0,1962,
M;=0,0759-10%; M,=0,0303-10°; M3=0,01246-10% M ,=0,1423-10°.
3amana temmnepatypa T = 600 K Bxoauth 10 TeMnepaTypHUX 1HTEpBaIIiB BCIX
peareHTiB, Uil SIKUX y JOBIIHHUKY HaBeleHl koedimieHtu a, b, ¢'. Tomy ix 3miHu
MOJKHA BUKOPHCTATH JIJIS PO3PaXyHKY AGg,, . TaKMM YHHOM, OTPUMYEMO:
AG%%00=-27,71-10%-600-15,94-600-(-12,05-0,1962+(-15,31-10°%)-0,0759-10° +
0-0,0303-10°+0-0,01246-10%+(-11,32-10°)-0,1423-107°)=-34192 (JI:x/Mo01b).

3aoaua 5. JIns ximiunoi peakuii Ti(a) + 2Cly(t) = TiCla(r) 3amucaTi Bupasu
JUIi KOHCTaHT pPIBHOBaru K° Kp i K¢, Bkazatu PO3MIPHOCTI IMX BEJIWYUH Ta
po3paxyBaTu ix 3HaueHHs 3a Temneparypu T = 1000 K, skmio qys wiei remneparypu
BEJIMUYMHA CTaHAApTHOI 3MiHM eHeprii [100ca y xoal peakuii JOpiBHIOE
AGolooo = —636,664 KI[)K/MOJ'IB.

Po3zs’s30k

CrioyaTKy BU3HAYMMO 3MiHY KUTBKOCTI Ta30MOAI0HUX PEYOBUH y XOJI1 PEaKIii:
Av=1-2=-1.

Bupas s ctangapTHOT KOHCTaHTH PIBHOBArd JaHO1 peakiiii Ma€e BUTJISL;

Pric
KO _ 4

H
52
P
Cl
2
e Pri, Ta P — BIJHOCHI PIBHOBaXKHI MapLiaibHi THCKH TETPaxXJIOPULY TUTAHY

Ta XJIOpY BIAMOBIHO. CmaHOapmua KOHCMAaxwma pigHo8au 3a64#cou 6e3po3mipHa.
Bupasu s emnipudaux KoHCTaHT piBHOBaru Kp i Ke MaroTh BUDIIST:
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ae Prg,, P, Ta ETiCI4’ EC,Z — BIJNIOBIIHO PIBHOBaXKHI MapIliajdbHi THCKH Ta
PiBHOBa)KHI KOHIIEHTpAIIii TETPaxJIOPHUIy TUTAHY Ta XJIOPY.

Koncrantu pisaoBarn Kp i Kc Marots posmipaicts ITa®Y Ta (Moas/m3)A
BimnosimHo. Omke mia maHoi peakmii posmipHocti Kp i Kc ckmamarors ITat ta
(mons/M%) 2, BifmoBinHO.

Bu3zHauaemMo cTaHAapTHY KOHCTAHTY PiBHOBAru 3a PiBHIHHSIM:

0
KO = exp _AG,
RT

0 B 103
KO = exp _AG exp| — 636,664-10" | _ 1808-10%3.
RT 8,314 -1000

Emnipuuni konctanTu piBHoBaru Kp 1 K¢ po3paxoByemo 3a piBHSIHHSIMU:

Kp =KOPOS™, Ke = Kp(RT)AY.

Otxe:
—1
Kp =1808-10%31,0133-105 ] =1,784.10% (111,
Kc =Kp(RT)™" =1,784-10%%(8,314 - 1000)" =1,483-10%? (mons/m3) L,

3aoaua 6. 3a temneparypu 823 K 3a peakuieto 2A(r)+B(r)=D(r) 3 1 momnb
pedoBuHU A 1 2 MOJb pEYOBHHU B y MOMEHT NOCSATHEHHS! PIBHOBArM YTBOPIOETHCS
0,2 mousib peuoran D. Busnauntu Kp | Kc s wiel peakiiii, sIKIo 00’eM CUCTEMH
miarpuMyroTh ctaaum V = 0,05 a3,
Po3z6’s30k
BiamosinHo 10 crexioMeTpii 1aHoi peakirii, ko yrBoproerbes 0,2 moib D, To
Ha 1€ BUTPAYAEThCA CTUIBKH K, T0O0TO 0,2 MoJb peyoBuHM B, a peyoBunu A ynBiui
oinpine — 2:0,2= 0,4 Moib. 3HAUNUTh, PIBHOBA)KHA CYyMIIIl MiCTUTh HACTYITHY KUTBKICTh
PEYOBUH:
Na=1-0,4=0,6 moap;, Ng=2—-0,2=1,8 Mmosn; Np = 0,2 MOJIb.
i po3paxyHKH 3py4HO 300pakyBaTh y TaKiid TaOIHIII:
2A(r) + B(r) = D(r)
ITouarkoBa
KUTBKICTh
PEYOBHHHU, MOJIb 1 2 0
[IpoperyBaino
pedoBuHU, MOJIL | 2.0,2=0,4 0,2 0,2
Otpumano
PEYOBUHHM MPHU
JIOCATHEHHI

piBHOBaru, mojb | 1-0,4 = 0,6 2-02=18 0+0,2=0,2
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.. : . . —~ n, = n
Tonl piBHOBaKHI KOHLIEHTpALll PEareHTIB IOPIBHIOOTH: C, :VA’ Cs :VB’
r]D

v

BupaxoByeMo 3HaUC€HHS KOHCTaHTH PiBHOBAaru:
C, _ny-VEV _ny,-V2 02005
~C:.C, V-ni-n, ni-n, 062-18
Ockinekun Ke = Kp(RT)™, me 3MiHa KiJbKOCTI Ta3omomiOHMX PEYOBHMH MJIs
naHoi peakiii AN =1— (2 + 1) = -2, To maemo:
Kp = K¢ (RT)A =7,72-10%.(8,314-823) 2 = 1,65-10 ! (T1a™2).

K =7,72-10"* (Monb/Mm3) 2,

3aoaua 7. Jlns ximiunoi peakuii 2CO(2) + Ox(e) = 2C0O(2), AH < 0,
BukopucrtoBytoun npunHuun Jle Illarense-bpayHa, nNosicHITBH, SIK BIUIMBAaE Ha
3MIIIEHHS PIBHOBAard Ta Ha PIBHOBAKHY KOHIIGHTPAIIIO MPOJIYKTIB peakiii 1
3HAYEHHS KOHCTAHTU piBHOBaru Kp:

1) nmnigBUIIEHHS TeMIepaTypd, 2) MIABUIIEHHS 3arajJbHOrO  THUCKY,
3) nmomaBaHHSA JOMIIIOK 1HEPTHOIO Tra3y J0 CHCTEMH IpPHU MIATPUMAHHI CTaJIOTO
3HA4YEHHSI 3aTaJbHOTO TUCKY.

Po3zé’sa30k

1) Hana peaxitia exzorepmiuda (AH < 0), ToOTO Teriora BUIIISETHCS, 3HAUUTD
3BOpOTHa peakuia Oyzae enporepmiyHoro (AH > 0), Tobto B HIA Temuora
nornuHaeTecs. 3rigHo 3 npuHuunoM Jle Illatenbe-bpayna npu 3pocranH1
TEMIIEpaTypy 3aBXAM MiJICHIIOEThCS MNPOTIKAHHS E€HAOTEPMIYHOrO mpouecy (1o
CYIIPOBODKYETHCSI TOTJIMHAHHSIM TEIUIOTH). TakuM YHHOM, y JaHOMY BHIIQJKy
3pOCTaHHs TeMIIepaTypH MPU3BOIUTH JO ITiACHUICHHS 3BOPOTHOI peaKiiii 1 3MIIIEeHHS
piBHOBaru JiBopy4 (y Oik BuxigHux pedoBuH). [lpu 1poMy piBHOBa)KHa
KOHIIEHTpaLisl IPOAYKTY 3MEHIIYEThCSI, KOHCTaHTa piBHOBaru Kp 3MeHIIyeThCS.

2) Jns nmaHoi peakiii 3MiHa KIJIBKOCTI Tra3omoiOHMX PEYOBHH CTAaHOBHUTH
Av=2—-(2+1)=-1<0, ToOTO peaxIlisi CyIpOBOXKYETHCSI 3MECHIIIEHHSIM KiJIbKOCTI
(1 o0’emy) raziB. 3rimHo 3 npunnunom Jle Illatense-bpayHna mpu 3pocTaHHI THUCKY
3aBXKIU TIACUIIOETHCS TPOTIKAHHS TPOIIECY, IO CYMPOBOKYETHCS 3MEHIICHHSIM
00’emMy ra3onoaiOHUX pevyoBUH. TakuM YMHOM y JAHOMY BUIAAKY 3POCTAHHS THUCKY
MPU3BOJUTH JI0 MIJCUJICHHS MPSMOTO MPOIECYy 1 3MIIIEHHS piBHOBAru npaBopyd (y
O0ik mnpoaykTiB peakiii). [lpm 1bOMYy pIBHOBaKHAa KOHIIEHTpAIlSl MPOAYKTY
301IBIIYETHCS, ale 3HAYE€HHSI KOHCTaHTH piBHOBaru Kp ne 3minioemscs.

3) JomaBaHHsI MOMIIIKK 1HEPTHOTO ra3zy MpHU MIATPUMAaHHI CTAJIOr0 3HAYEHHS
3arajJbHOTO THCKY MPHU3BOJIWUTH JO 3HIDKCHHS TMapIliaJbHUX THUCKIB YCIX Ta3iB-
peareHriB, TOOTO JO po30aBlICHHS CyMilI, 1[0 €KBIBaJEHTHE 3MEHIIECHHIO
3arajJpbHOro THUCKy. 3rigHo 3 npuHuunom Jle Hlarense-bpayna ue Oyae maru
HACJIIKOM 3CYB piBHOBAru BiiBO (y 01k BUX1AHUX pedyoBHH). [Ipu 11bOMy piBHOBa)KHA
KOHIICHTpAIlisl TPOAYKTY 3MEHIIYEThCS, @e 3Ha4YeHHS KOHCTaHTH piBHOBaru Kp we
3MIHIOEMbCA.
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3aoaua 8. 3a 30BHIIHEBOTO THUCKY P1 = 369 MM pt. ct. xmopodopm (CHCIs)
kunuth 3a T1 = 40°C, a 3a tucky P, = 755 MM pr. cr. kunuth 3a T, = 60°C.
Po3paxyBaTu MOJISIpHY Ta MUTOMY TEIUIOTY BUIIAPOBYBAHHS XJIOPO(OpMY, a TaKOXK
3MIHYy €HTpOMii IpHU BUNapOBYyBaHH1 3a Temneparypu 60°C.
Po3z6’s30k

MouisipHy TemioTy BI/InapOByBaHH;I 3HAXOJAMMO 3a PIBHSIHHSIM:

RT,T, In _8314-313 333| 755 — 31019 (JIK/MOTB).
T,-T, P1 333-313 369

(Temmniepatypu Oynu nepeBeeHi y mkany Kenbsina!).

[TuToMy TETIIOTY BHITAPOBYBAHHSI 3HAXOIMMO 32 PiBHSIHHSIM:

AHmtom = AH / M, = 31019/ 119,5 = 259,57 ([Ix/r) = 259,57-10% (Ix/x),

e M, = 119,5 r/mMmonb — MossipHa Maca XJa0podopMmy.

3MiHYy €HTpOMii y MPOIIEC] BUITAPOBYBAHHS PO3PAaXOBYEMO 3a (HOPMYJIOLO:
AH _ 31019

AS = =9315 (/Ix/monp-K
T 333 (I[ )

AH =

3aoaua 9. BuzHaunty e€0yniOCKOIIYHY MOCTIHHY BOJIM Ta TEMIEpaTypy KUIIHHS
BOJHOTO po3uuHy, 1m0 Mictuth 0,01 momp HenmeTkoi pedoBuHH y 200 r Boau 3a
crangaptHoro TUCKY (1 atm). Terutora BunapoByBanHs Boju AH=40,685 k/[x/MOJb.
Po3ze’sa30k
EOyniockoniyHy MOCTIHHY 3HaXOUMO 32 PIBHSHHSM:
_ RT¢ M, 8314-37316%-18
® " 1000AH, 1000-40,685-10°
ne Tk = 373,16 K — temneparypa KumiHHs po3unHHHUKA — Bogu (P = 1 atm),
M, — MoJisipHa Maca BoAu (T/MOJIb).
BupaxoByeMo MOJISIIbHY KOHIEHTPALIIO PO3UHHY:
m =n,/g; = 0,01/0,2 = 0,05 (MoB/KT),
1ie Ny — KUTBKICTh PO3YMHEHO1 pEYOBUHU (MOJIb), §1 — Maca pO3UMHHUKA (KT).
[linBuIlIeHHS TeMIiepaTypy KUIIHHS JOPIBHIOE!
ATk = Kg - m=0,512-0,05 = 0,0256 (K).
Toni TeMnepaTypa KUMIHHS PO3UHHY:
Tk posumny = Tr1 + ATk =373,16 +0,0256 = 373,186 (K).

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

3aoaua 10. Tuck wnacuyenoi mapu nietwioBoro edipy (CzHs)20 3a
temneparypu 293 K popisaroe 5,89-10% ITa. Busmauutu tuck napu edipy Haz
3 mac.% pozuunom anininy Co,HsNH; B edipi.
Po3zs’s30k
BBakaemo naHuii po34HH 1€AIbHUM 1 BUKOPUCTOBYEMO ISl HHOTO PIBHSHHS
Payns:
Ped) = Pe(bo (1_Xa1-l),
ne Pey — THCK mapu edipy Hax po3unHOM, Pey’ — THCK HacuueHoi mapu edipy,
Xai — MOJIPHA YaCTKa PO3YMHEHOT pEeUOBUHU (aHUTIHY).
Uepes Te, 1110 KOHIIEHTPAIIisl PO3UUHY CTaHOBUTH 3 Mac.%, To y 100 T po3unny
Mictutbes 3 T aHuniHy 1 100-3 = 97 1 edipy. Po3paxyemo KiIbKICTh PEUOBHUHU
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aHUIHY 1 eIpy: Nay = 3/45 = 0,067 (Monb), Neg, = 97/74 = 1,31 (Monb), ne 451 74 —
MOJISIPHI MacH aHUTiHY Ta edipy, BIMOBIIHO.
MonbHa yacTka aHUTIHY Y PO3YHHI:
Xan = Naul/ (N2 + Neg) = 0,067/(0,067 + 1,31) = 0,049.
Tonmi Pey =5,89-10% - (1 —0,049) = 5,60-10* (ITa).

3aodaua 11. Y Boxi pozunnumu 1 r nomimepy, onepxasmu 1 am® pozunny. 3a
temneparypu 25°C OCMOTHYHHI TUCK LOTO po3urHy cTaHOBUTH 300 [Ta. BusHauutu
CepeIHIO MOJISIPHY Macy MoJIiMepy.

Po3sé’a30k

3 hopmynu st ocmotuaHoro Tucky ©t = CRT BurumBae, mo C = w/(RT).

OTxe, MonsgpHa KoHneHTpanis posuuny C=300/(8,314-298)=0,121 (mons/m?).

Buxoauts, mo 1 M3 posunny mictuts 0,121 Monb JaHOTO MOJIMEpPY, 3HAUMTH
1 o3 — y 1000 pasiB mMenmy kinekicts, To6T0 N = 0,121-10° Mons. A 3a ymMOBOIO
3amgadi ne g=1 r nomimepy. TakuM yuHOM, MOJsipHa Maca momimepy M, = g/n =
1/0,121-10°3 = 8264 r/Mob.

3aoaua 12. KoncranTa aucorriaii ci1adkoi 0JHOOCHOBHOI KHUCIIOTH JOPIBHIOE
K=2,5-10"° (298 K). YoMy mOpiBHIOC CTYIIIHb AUCOLIALIii eNeKTpoiTy Ta pH BoxHOTO
pO3YMHY IIi€i KMCIIOTH, SKIIO KOHIeHTpawis ctanoBUTh C=0,05 Moyb/mv°,

Po3zé’a30k
3riJIHO 3 3aKOHOM po3BeieHHs OcTBalIb/a:
Ca’
1-a

OTpuMyeMO 1 pPO3B’A3yEMO PIBHSHHSL:

2,5:10°=0,050%/(1 — o),

2,5:10°-2,5-10°0 = 0,0502,

0,0502 +2,5-10°0 — 2,5-10° =0,

D =b? - 4ac = (2,5-10°)? — 4.0,05-(-2,5-107°) = 5.10°%,
~b+JD -25-10°++5.10°°

2a 2-0,05 ’

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

Bin'emue 3HaueHHs oo He Mae (iznaHoro cmucty, Tomy o.=0,022 (abo 2,2%).

[Tpu nucorriarii c1abkoi OJHOOCHOBHOI KHCJIOTH KOHIlEHTpallis ioHiB H*
nopiBatoe [H']=Co. Sk Bigomo, BoaHeBHi TmokasHMK pH s He gyxke
KOHIICHTPOBAHMX PO3YMHIB MOYKHA po3paxyBartu 3a piBHsHHsAM pH=-Ig [H*]. OTxe
pH=-Ig [H'] =-lg (Ca) = -Ig (0,05-0,022) = 2,96.

K =

3aoaua 13. (Bapiaum 1). JI7is ranbBaHIYHOTO €JIEMEHTY
Zn | Zn**(ay) || Cu?*(az) | Cu
po3paxyBatu 3HaueHHs enektpopymiiHoi cuin (EPC) mpu T=298 K, skimio
aKTUBHOCTI 10HIB y po3uuHi jgopiBHIOIOTH a;=0,01, a,=0,2, a Takox BimoMi

CTaH/apTHI eneKTpoHi notenuiamyu B%n2+7,=—0,763 B i EOCU2+|CU=+O,337 B.
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Po3zs’s30k

AHOJTHa HamiBpeakIlis (OKUCICHHS):

Zn=7Zn*+2e.
Karonna HamiBpeakiiis (BiTHOBICHHS):

Cu?*+2e=Cu.
PiBHSHHS cymMapHOT peakiii:

Zn+Cu®* £2e=Zn>*+Cu.

[ToTentian enekTpoaiB 3HAXOAMMO 3a piBHSHHSM HepHcTa:

0 RT 8,314-298
E =E +——Ina =-0,763+ ———1In0,01=-0,822(B).
zn?*|zn znt|zn  2F zn%* 2-96500 ()
0 RT B 8,314-298 B
Ec:u2+|cU = ECu2+|Cu toE Ina_ o, =0337+== 0 In0,2 =0, 316 (B).

3nauenns EPC ranpBaHIYHOTO €JIEMEHTA:

E=E,-E_= ECuz+|Cu -~ EZn2+|Zn =0,316-(-0,822)=1138(B).

3aoaua 13. (Bapiaum 2). {18 OKHCIIOBAJIbHO-BIAHOBHOTO TajbBaHIYHOTO
CIEMEHTY
Pt | Fe3*, Fe** || Cr,O7%, Cr3*, H* | Pt
po3paxyBatu 3HaueHHS enekrpopymiiHoi cuaun (EPC) mpm T=298 K, skmo
aKTHBHOCTI 10HIB Yy pPO3uMHI HOPiBHIOKOTH are3+=0,045, ar2+=0,08, acr,0,2=0,1,

acr3+=0,52, a+=0,01, ano=1. Crannapthi enexTpoHi notentiam E’ ,, c2op = 0771 B,
0 _
ECr20§‘,Cr3+,H+|Pt =1333B.
Poss’a30k
AHOJIHA HamiBpeakIlisi (OKUCIICHHS):
Fe?*=Fe’ +e.
Kartonna namiBpeakiis (BiHOBICHHS):
Cr,0, +14H*+6e=2Cr*+7H,0.
PiBHSIHHSI CymMapHOI peakiiii:
Cr,0,2+6Fe?"+14H" #6e=2Cr**+6Fe*+7H,0.
[ToTeHmian enekTpoIiB 3HaX0AUMO 3a piBHSIHHAM HepHcra:
a_ 3+ .
E 32+ =E0, +RU Rt 7774 8314:298,,0045 700 )
Fe°™" Fe Fet Fect F a_ 2+ 1-96500 0,08
Acr 02" -atﬂ
2 7 Cr3+ H 2O
14
=1,2333+ 8314-295, 01-001° _ 1,053(B).

6-96500  522.17
3Hauenusa EPC rajpBaHiuHOTO €JIEMEHTA:

E=E, -E_= ECrzog_,Cr?ﬁ’H+ - EFegﬁ’Fez+ =1,053-0,756 = 0,297 (B).
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3aoaua 14. KoncranTta mBHAKOCTI Jeskoi peakiii 4—B nopisaioe 0,05 XB *
Ckinbku pedoBuHH (y Monw/mm°) mpopearye 3a 10 XBHAMH, SKIIO [10Y9aTKOBA
xounenTpanist Cag=0,2 Momb/mm>?

Po3zg'sz0k

Po3MipHICTP KOHCTAHTH IIBHJIKOCTI B JaHOMY BHUIAJKy — 4Yac y CTeMeHl
"~1" (x81). Tomy 1e peakuis 1-ro nopsaxy. KineTnune piBHSAHHS peakuii mepmoro
MOPSIKY Ma€ BUTIISL:

k=2intae
T C A
ne k — koncranta mBUAKOCTI, Cap — MOYATKOBA KOHIIEHTpaIlis peuoBUHH A (Y
MomeHT Yacy 1=0), Ca — KOHIICHTpaIlisl peYOBHHU 4 Y MOMEHT Yacy T.
[TincTaBnsseMo YUCIIOBI 3HAYEHHS Yy KIHETUYHE PIBHSAHHSA 1 3HAX0AUMO CA!

005——In£ In0,2—InCp =0,05-10=0,5 ;
10 C

A
INCp =In0,2-0,5=-161-05=-2,11; Cp =exp(-2,11) =012 (Monw/mve).
KinbkicTh pedoBUHH, 110 MpopearyBaia (X), TOPiBHIOE PI3HUIN KOHIIEHTpAIlii

II0YaTKOBO] 1 KOHIIEHTpAallii TOTOYHO] (Ha JJAHMH MOMEHT 4acy):
X=Cao—Ca=0,2-0,12=0,08 (Mon/mm>).

3aoaua 15. Peakuis A—>B nepwoco mnopsaky. 3a 10 cexkyHn peakuis

npoxoauth Ha 20%. IIpoTsarom sxoro vacy s peaxuis npoxoautsb Ha 60%?
Po3zé’s30Kx

3a 10 cexyna peakuis npoxoauth Ha 20%, 1e 3HAYUTH, IO 3ATUIIAETHCA
100%—20%=80% Bia MOYaTKOBOi KOHIIEHTpAIlii, TOOTO MOTOYHA KOHIICHTpAllis Ha
nanuii MoMeHT dacy Ca=0,8Cao, ne Cao — MoYaTKoBa KOHIICHTpAIlisS PEYOBUHU A.
[lincTaBnstoun 1€ 3HAYEHHS y KIHETHYHE PIBHSHHSA PEAKIiN nepuioeo TMOPSAKY,
3HaXOJIMMO KOHCTaHTY IIBUIKOCTI:
k=tinCao 1, Cao 1, i—oozz(cl)

T Cao 1 08Cpp 10 0,8

Peakrist mpoxoauts Ha 60% — 11€ 3HAUMTH, 110 3anumaeTbes 100%—60%=40%
Bil TMOYATKOBOI KOHIEHTpamii, To0To moTtoyHa KoHmeHTpalis Ca=0,4Cao.
[lincTaBisieMo 1€ 3HaYCHHS Y KIHETUYHE PIBHSHHS 1, 3HAIOYM KOHCTAHTY LIBUAKOCTI,
3HAXOJ1MO 4ac T.

0022=21n-CA0 . 0022 - llni; 1=41,65 (c).

T 0’4CA0 T y

3aoaua 16. JIns peakuii A — B oTpuMaHa 3aJ1€KHICTh KOHIIEHTPAllli pe4OBUHU

A Bij yacy, 1110 IPOUIIOB 3 MOMEHTY MOYaTKy PeaKIii:
Ta, XB 0 1150 2050 3600
Ca, mosis/mm® | 0,500 0,375 0,300 0,202

SAxuii MOpsIAOK 1i€] peakilii 1 YoMy TOPIBHIOE KOHCTaHTa MIBUJIKOCTI?
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Po3zs’s30k
3amadqy po3B’A3y€EMO METOJOM TiJICTAHOBKU. SIKIIIO MPHUITYCTUTH, IO MOPSIOK
peakiii Hepmm"l (n=1), To cmpaBeaIMBE KIHETHMYHE PIBHSHHS pPEakIlii IMepIioro

_ 4 C A0 o _ .
nopsaky: K= In C AKIIO K MOPSIOK peakuii Apyruil (n=2), TO KIHETHUYHE
T A
PIBHSHHS Ma€ BHIJISI: kzl 1 1)y IIUX PIBHAHHAX K — KOHCTaHTa
©\Ca Cao

mBUAKOCTI, Ca — MOTOYHA KOHIIGHTpAIliS PEUOBMHU A y MOMEHT Yacy T 3 MOYaTKy
peaxirii, Cap — TOYaTKOBa (BHUXiIHA) KOHIIEHTpAIlis A.

Po3paxyemo 3a mMMH KIHETUYHUMH PIBHSHHSIMH KOHCTAHTU IIBUAKOCTI JIS
KO’KHOTO MOMeHTy qacy.

Hmuin=1: k== LipCao o 11,0500 =25-10" (x87Y),
T C, 1150 0,375
k=LinSao 1 0500 45 104 (xpY),
Tt C, 2050 0,300
k=tipSro o 110500555 10 (xpY).
Tt C, 3600 0,202
st n = 2: k=l 1t t 1 =58-10"* (momb 1am3xBY),
T({Ch Cuo 1150( 0,375 0,500
ki1 1 ! L J_65.10¢ (monb 1am3xBY),
T(Ch Cu 20501 0,300 0,500
k=t Lot t 1 1 =8,2-10* (mMonpb ‘am3xBY).
t\C, C. ) 36000202 0,500

3HauYeHHsS] KOHCTAHTU IIBUAKOCTI, PO3PAaxXOBaHl 3a PIBHSAHHSAM AJIA NEPIIOrO
NOPSJIKY, NPaKkTUYHO cTajll (BOHM "KONMBAIOTHCS Ol TEBHOIO CEPEAHBOrO
3HAQYEeHHS, 1 BIIXWICHHS OOYMOBJIEHI, OYEBUJIHO, TMOXMOKaMH BHU3HAYCHHS
KOHLIEHTpalli Ta pPO3paxyHKiB). A OT "KOHCTaHTH" WIBUIKOCTI, pO3paxoBaHl 3a
PIBHSIHHSIM JJIsi IPYroro MOpsAKY, MOHOTOHHO 3POCTalOTh — KOHCTAHTa Tak cede
"moBoauTu" He Moxke. OTxke mopsaok peakiii nepwuii: n=1. Cepeane apupmMeTudHe
3HAYEHHS KOHCTAHTHU IIBUAKOCTI:

k=(2,5-10+2,49-104+2,52.104)/3=2,5-10"* (x5°).

3aoaua 17. Po3B’s13atu 3adauy 16 rpadiuHUM METOJOM.
Po3z6’s30k
JInst po3B’si3aHHS IONIEPEHBOT 3a/1a4i rpadiyHUM MeToI0M Tpeba molOyayBaTu
rpadiku 'y koopaumHaTax InCa, T 1 1/Ca, t. Sxuio mnpsma JiHIS BUXOAWTH B
koopauHatax InCa, T, To peakxiiis Nepuoro NopsaKy. SAKmo npsMa JiHis BUXOAUTH B

koopauHarax 1/Ca, T, TO peakuiss Ipyroro MmopsiaKy. TaHTeHC KyTa HaxXuily
BIJIMOBIAHOT IPSIMOT TOPIBHIOE KOHCTAHTI IIBUKOCTI peaKIii.
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J1J1s KOXKHOTO MOMEHTY Yacy po3paxyemo 3HadeHHs InCp 1 1/Ca:

Ta, XB 0 1150 2050 3600
Ca, MOJIB/ iM® 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
Bbynyemo rpadiku y BkazaHUX KOOpAMHATAX:
071 1nc, 1 1cy
a 4 ]
1
b « e 24
2 ‘ ‘ ‘ : ‘ ‘ ‘ ‘
0 1000 2000 3000 4000 O 1000 2000 3000 4000
1,¢ T, C

Sk BunHO, B koopauHaTax InCpa, T oTpuMaHa mpsiMa JIiHIA, 10 CBIAYHUTH IIPO
nepmuii mopsiiok peakiii. KoHCTaHTy HIBUIKOCTI 3HAXOAMMO SK TaHTEHC KyTa
HAXWIY II€T OpsIMOT JIHIi:

K =tga = ab/bc = (-0,69-(-1,60))/(3600-0) ~ 2,5-10 % (x1).

3aoaua 18. JIns neBHOi XiMiyHOT peakirii 3a Temmnepatypu T1=393 K koHcTaHTa
wsuakocti gopiBrHioe kij=4,02-10* ¢!, a 3a temnepatrypu T,=413 K koHcTaHTa
WBUAKOCTI  JopiBHIOE kp=1,98-10° ¢!, Busmauntn eHepriro akTmBamii i
NePEeICKCIOHCHIIINHUN MHOXXKHUK B PiBHSIHHI AppeHiyca. Po3paxyBaTth KOHCTaHTY
mBuakocTi 3a Temneparypu T3=400 K. PospaxyBatu TemmepaTypHuii KoedimieHT
HIBUIKOCTI B IHTEepBaii Temneparyp Big Tq1 g0 To.

Poss’a30k
EnHepriro akTuBallii MOKHa PO3paxyBaTH 3a PIBHAHHSIM:

RTyT, . ko 8314.393-413, 198-10°3
=12 |n-2- In
T2 - T]_ k]_ 413-393 4,02 .10_4

107,577 (xx/Momnb).
[lepenexkcrnoHEHIIIHHUNA MHOKHUK 3HaXOAUMO 3 DIBHSIHHS AppeHiyca,

3alMCaHOT0 Y BUTJISAL
E
A=Kk-expl — |.
RT
Jl1s po3paxyHKy MiACTaBUMO Y 1€ piBHSIHHS 3Ha4eHHs T1 1 Ky:

3
A=k- eXp(R—ETj =4,02-107% exp(107’577 10 J =8.1010 (¢Y).

E

=107577 (JIx/mMomb) =

8,314 -393

(Mpumirka: skmo migcraButu Ty 1 kp, TO, OYEBHOAHO, BHXOIUTH TaKe XK
3HAUYEHHA A — TIEpEBIPTE 1€ CAMOCTIHHO!).
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Koncranty mBuakocti 3a temmeparypu T3=400 K pospaxoByemo 3a
pIBHSIHHAM AppeHiyca:

3
kg =A-exp| - B ) g.100exp| - 200771071205 0074 (o).
RT3 8,314 - 400

Temnepatypuuit koedillieHT MBHUAKOCTI Y B 1HTEpBaIl TemnepaTyp Bia Ti 10
T, po3paxoByemo 3a piBHSHHSAM npasuia Bant-I'ododa:
-1 413-393
vy 10 :4925=y?; y=./4925=222.

ky %o . 198:107°
kg " 4,02.107

4. IPUKJIAJIU PO3B'SI3AHHSA TUITIOBUX 3AJIAY 3 KOJIOITHOI XIMII

3aoaua 1. Po3paxyBaTu NUTOMY MOBEPXHIO CPEPUUHUX KpamnelbOK PIIUHU
(y m?/m® i M%/kT), a TakoX JiaMeTp KpamesboK, SKIIO TyCTHHA pimmau 13,54 r/cm®,
JUCIIEpCHICTD Kpanenbok 0,5 MKM 2,
Po3zé'azox
JlucniepcHICTh — 1€ BEJIMYMHA, 1110 00EPHEHO MPOTOPIliiiHA Po3MIpy (AiamMeTpy)

YaCTHHKHM. OT}KC, z[iaMeTp KpaIICJIbOK:

dg=t__ 1 6:2-10‘6 (M).
D 0510
[lutomMa mOBEpXHA — 1€ BIJHOIICHHS 3arajbHOi MOBEpxHI (a3u a0 ii

3arajgbHOro o0’emy (abo macm). J{ns yacTUHOK cheprudHOi POpPMU MUTOMY MOBEPXHIO
3HAXOMASTH 32 (OpMyJIaMu:
6

= =3-10° ()
2.10”

Syt =6D =

oo

abo
6 6

Stur ==
dp 2.107%.1354.10°

= 2216 (MY/kr).

3aoaua 2. OGUUCIUTH TUTOMY IOBEPXHIO 30510 Cynbdiny apceHy As,Ss,
CepelHii laMeTp YaCTUHOK JucnepcHoi (as3u sikoro aopiBHioe d=60 HM, a TycTUHA
p=3,43 r/em® (Biznosigs Hagatn B M%/M3 i M%/KT).
Po3zg’azok
[IuToMa moBepxHs — 11€ BIIHOIIEHHS ILJIOIII MOBEPXHI A0 00’ eMy dazu abo 10
il macu. OTxe:

2
SM=§=4’” _3_6__ 6 _ 08 m2d),
vV 4 3 r d g0.107°
r
3
2
g, —>-> _ 4w _3_6_ 96 £ =2,92-10% (w¥/xr).
m pV 4.3, TP dp 60-1077-343-10
3
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3aoaua 3. OTpumaHa 3aJ1€KHICTh MOBEPXHEBOTO HATATY PIIKOTO METaHOIY BiJl

TeMIIepaTypu:
T,K 2173 303 323 333
c-103, Jlx/m? 24,5 21,8 20,1 19,3
Bu3HaunTH NOBHY BHYTPIIIHIO €HEPT1IO Ta EHTPOIII0 MOBEPXHEBOTO MIAPY.
Po3zs'szox
bynyemo rpadik 3a1eXHOCTI MOBEPXHEBOTO HATATY BiJl TEMIIEPaTypH.
5103, Mx/m2
26
24 ¢
22 ¢
20 ¢
18 ‘
280 300 320 340
T.K

BusznagaemMo TaHreHC KyTa HAXUITy OTPUMAHOI MPAMOi JiHIi:

 (245-19,3)-1073
333-273

OT1xe, TeMIrepaTypHuil KOeiIi€HT MOBEPXHEBOTO HATATY JTOPIBHIOE:

(a—"j = —tgo.=-8,67-107° (Jx/(M?K)).
P

tgo. ~8,67-107°.

oT
3rigHo 3 piBHsAHHSM ['160ca-I" enpmromnsiia ais moBHOT moBepxHeBoi eneprii Us:

Ug =G—T(a—6j .
oT Jp

VY 1e piBHAHHS MOXXHa TMIJICTAaBUTU OyJb-sfKe 3HAUCHHA Temmeparypu T i
BIMOBIIHUN 1 TOBEpXHEBHH HATAr © (are 6 JHCOOHOMY pas3i He MOXMCHA
niocmasnsamu cepeoui 3navenns!!!). IlincraBumo "nepun” 3nadenHs T 1 o 3 Tabmuin
JTAHUX:

Us =24,51073-273-(-867-1075)=0,048 (Tlaciwd)
(MpumiTka: SKOI0 MICTaBUTH Oy/Ab-sAKYy IHINY Tapy BIAMOBIJIHUX 3HAYCHb
MIOBEPXHEBOTO HATATY 1 TEMIEpaTypH, TO BUXOJUTH TaKe >k 3HAUEHHS — MEPEeBIpTe 1ie

CaMOCTIHHO!)
EnTporis moBepXHEBOTO IIapy BU3HAYAETHCS 3 PIBHSHHSIM:

__(9°) _g67.10°5 2.
Ss = (aij 8,67-107° (Jlx/(M2K)).
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3aoaua 4. Po3paxyBatu poOOTy aaresii y cucTeMi pTyTh/CKJIO, SKILO KpalloBU
kyr 0=130°, a moBepxHeBuii HaTar pryri 6=475 mJ[x/mM?> (Temmeparypa 293 K).
Busznauntu xoedilieHT po3TiKaHHS PTYTI HA CKIIL.
Po3zg'azok
Poboty aaresii Bu3HauaeMo 3a piBHsSHHIM [[onpe-tOnra:
W, =o(1+cos0),
OTXe,
W, = 475(1+ c0s130° )= 170 (m[Ix/m?).
KoedittieHT po3TikaHHS 0O0YHCIIOEMO 3a JOTIOMOTOI0 PiIBHSIHHS:
f =W, - W,
ne Wy =26 — pobota koresii.
Maewmo:
f=170-2-475=-780 (m/Ix/m?).
Ockinbku <0, TO pTyTh HE PO3TIKAETHCS HA CKIII.

3aoaua 5. BuzHauuTHM HAUIMIIKOBHA THCK y KpaluIMHAX BOJU pPajalyCcoM
0,2 MKM, a TakO)X PIBHOBAXHMI THCK IMapu HaJ TaKUMHU KpaIUIsIMH, SKIIO MpU
TemnepaTypi 293 K nosepxHeBuii Hatar Boau nopiBHIOE 6=72,7 MJI:x/M?, 1i rycTHHa
p=0,998 r/cM®, a THCK mapu HaJ IIOCKOIO MoBepxHer Ps=2338 Ila.
Po3zé'azox
3HaX0IUMO HAIJIMIIKOBUHM TUCK 3a JOMIOMOTOI0 piBHSIHHS Jlamaca:

26 2:72,7-107°

r o 0210°
PiBHOBa)XHMII THUCK HaJ BUKPHUBICHOIO TMOBEpXHEO P MoO)XHa 3HANTH,
BUKOPUCTOBYIOUM piBHSAHHS TomcoHa (KenbBiHa):
P _ 20V
P RTr '
ne Ps — piBHOBaXHUI THCK HaJl IJIOCKOI TOBEpXxHEK, R — yHiBepcaibHa
razoBa nocriitHa, T — Temneparypa, r — pajlyC KpUBU3HHU, Vi — MOJSPHUI 00’eM
PEYOBUHH.
Mossipauii 060’eM 3HaX0AMMO 3a MOJIsipHOHO Macoro Boau (M,=18 r/Mob

=18-10"3 kr/moub) Ta ii rycruno p=0,998 r/cMm®=998 kr/m3;
M, 18.1073

p 998
[TpoBoMO OOUYHUCIICHHS:

-3 -5
In£:2 72,7-10 ~-18-10 :5’372'10_3’

Ps  8314.293.0,2-107°
P

P exp(5,372.1073) =1,005, —— =1,005,
P 2338

AP =727000 (ITa).

V= =1,8-10" (M%/MouB).

P =2338.1,005= 2350 (I1a).
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3aoaua 6. [Tpn BuMiproBaHH1 aacopO1ii BOJIM HA CHITIKAresli OTpUMaH1 TaKi JaHi:

P-102, Ila 3,04 7,12 14,03 17,77
A, MOJB/KT 4,44 9,22 13,22 14,89
Bu3HauuTi KOHCTaHTH Yy PIBHSHHS 130TepMHu afcopOrtii Jiearmropa.
Po3zs'azox
PiBHsHHS 130TepMu asicopO1tii JIenrmiopa B JiHIHHIA (opMi Ma€e TaKUil BUTIISA:
P 1 1

— = 4+ = P
A AK A,
. . P -
L[e plBHﬂHHH pr{MOI JI1H11 B KOOp):[I/IHaTaX Z,P ., TAHI'CHC KyTa HaXI/IHy I1€1

IpsIMOi IOPIBHIOE 1 , a JOBXKMHA BIJPI3Ka, IKMI BIITUHAE HA OC1 OPAMHAT s IIpsIMa,

A
nopiBHiOE _ 1
ALK
OGunCIOeMO 3Ha4eHHs! P U1 KOYKHOT eKCIIEpUMEHTAIBHOT TOUKH Ta OyJIyeMo rpadik:
A
P, I1a 304 772 1403 1777
P 68,47 83,73 106,13 119,34
A
P/A
140
120 ¢
100
80
60 ¢
0 500 1000 1500 2000
P, MNa
3 rpadika  3HAXOAUMO, IO TAHMEHC  KyTa  HaXWwily  MOPSIMOi
tgo = 119,34-6847 _ 0,0345, a moBxkuHa Biapi3Ka, SKUH BiITHHAE HA OCI OpJIMHAT 115
1777-304 ’

psiMa, TIOPIBHIOE ap=58.

OTtxe, Aiztga:0,0345, 3BIAKM MakCUMalibHe (TpaHUYHE) 3HAYEHHS
o0

1
aacopomii A, =———=28,96 (MoONb/KT); a
ACOPRH *0,0345 ( ) A K

1 1

A,dp 2896-58

=ap =58, 3BIICHM KOHCTaHTa

=5,95-10"% (Ia%).

azicopO1iitHOi piBHOBaru JopiBHioe K =
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3aoaua 7. BuxopuctoByroun piBHsHHs 130Tepmu BET, Bu3HauuTH nuromy
MOBEPXHIO aJICOPOCHTY 3a 130T€PMOIO afCcOpOITii a30Ty:
P/Ps 0,0288 0,050 0,110 0,136
A, MOJIB/KT 2,16 2,39 2,86 3,02
Hzﬂoma, Ky 3aliMae oJHa MOJIEKYyJa a30Ty B aJCOpOLIMHOMY Iapi, JOPIBHIOE
0,16 am~.

Po3ze's30k
PiBusHHS 130TepMu ancopoO1tii BET B minHilHIN dhopmi Ma€e TaKuil BUTIIS;
P
P _ 1 C-1P.
P A.,C A,C P
Al o0 00 S
Ps
. . P
3riIHO 3 UM PIBHSIHHAM, IIpsiMa, TOOYI0BaHa B KOOpAMHATAX P poMac
Al1-P |
Ps
TaHT'€HC KyTa Haxwiy, piBHmi C-1, a noBkuHa Biapi3ka, SIKHH BiATHHAa€ Ha OCI
A,C
OpJIMHAT IS IpsAMa, JOPIBHIOE 1
A,C
Kopucrtyrournch HaBeICHHMH B yMOBI EKCIEPUMEHTAIBHUMHU JTaHUMH,
P

OOYHCIIIOEMO 3HAYEHHS  pg Ta Oynyemo rpadik 13orepmu azacop6Oiii bBET B

JHIAHINA QopMi:
P
Ps

0,0288 0,050 0,110 0,136

Ps KT/MOJIb

B 0,014 0,022 0,043 0,052
A[l—P]

, Kr/MoNb

0,04 ¢

0,02

0,00 0,05 0,10 0,15
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3 rpadika  3HAXOAMMO, IO TAHMEHC  KyTa  Haxwily  MNpsAMOi
,_ 00520014
0,136 -0,0288

npsima, gopiBHIOE ag ~ 0,004.

— 0,354, a TIOBKMHA BiJpi3Ka, KUK BIITHHAE HA OCI OpJUHAT IIS

— o1
Otxe, =tga=0,354 1 =ap =0,004.
- AC
MI/I OTpI/IMaJIH CI/ICTeMy JABOX piBHfIHB 3 ABOMaA 3MiHHI/IMI/I:
C-1_4354
AC |
1 0004
A_C

Po3B’s13y€emMo 1110 cucTeMy 1 OTpUMYEMO OCTaTOUHO KoedirieHTu B piBHsAHHI BET:
A, =279 Mons/kr, C = §9,5.
[TuToma moBepxHs aicOpPOEHTY BU3HAYAETHCS 32 PIBHSIHHSIM:
Str = AN aSp =2,79-6,02-1023.0,16-10718 = 268732 (m2/xr),
ne Na — uucno ABorajipo, So — IJIoIa, Ky 3aiiMae oJHa MOJeKyJja ajacopoary
B ajcopOuiiinomy mapi (M?).

3aoaua 8. 2 n 0,05 H. BomHoro posuumny BaCl, 3HecomoTh HUIIXOM
MPOIMYCKaHHS MOro d4epe3 10HOOOMiIHHI KOJOHKH. CKUIBKM TpaMiB KaTIOHITY 1
aHIOHITY HEOOXITHO MJIA IIbOTO, SKIIO IMOBHa oOMiHHa eMHIcTh (IIOE) mopiBHIOE
2 MT-€KB/T 1 JIJIsl KATOHITY, 1 JIJIs1 aHIOHITY?
Po3zg'azox
J1J1s 3HECOJICHHSI PO3YMH COJIi CJIIJT POIYCTUTH Yepe3 KaTioHIiT y H'-popwmi:
2[R+ +Ba?+ (R}, BaZ* +2H*,
a MOTIM MpomycTUTH Yepe3 aHioHiT B OH -popmi:
(R+)OH‘ +CI™ @(R+)cr +OH™.
Kinskicts peuoBunu BaCl, nopiBHIOE:
Nexg = V-CNn =2:0,05=0,1 r-exs.

Ockinpku [1O€ = —*8 10 maca i karioHiTy, i aHioHITY Oy/€ CTAHOBUTH:
m

m = 0,1 r-exs/2-107 r-exs/r = 50 .

3aoaua 9. BuszHauuTH pajiyCc YaCTMHOK T1APO30JI0, SIKIIO CEpeaHId 3CYB
gactuHkH 3a 210 c ckimamae 18,4 mxMm. Temnepatypa 293 K, B's3kicTh cepeoBuIIa
103 ITa-c.
Po3zs'azok
Bennuuna cepennboro 3cyBy moB'sizana 3 koedirmientom audysii Gopmynoro
Elinmrelina-CMOIyXOBCHKOTO:

A2 = 2Dr.
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3HaxoauMo KoedirieHT audysii:
A (184-107%)?

21 2-210
Koeopiuient audysii mnop's3anuii 3 paglycoM YacTHMHKH I PIBHIHHSIM
Eitnmireitna-Croxkca:

~8,06-10713 (m2/c).

D= KT ,
Brnr
ne k=1,38-10% JI/K — nocriiina Boneimana, T — Temmeparypa, 1 — B'3KiCTh
CEpEIOBHIIA.
OOuuCcII0EMO pajilyCc YaCTHHOK:

KT 1,38-10723.293

- _ =2,66-10"" (m).
6mD  6.314.1073.8,06.10 13

r

3aoaua 10. Yactuaku OGEHTOHITY 3 pajiycoMm r=0,6 MKM OCIJJal0OTh Y BOJIHOMY
cepeosumi (ryctuna 1,0 r/em®) min mielo cuii TsoKiHHA. BU3HaumMTH 4yac, 3a SKuii
yacTHHKA npoige max 20 cM, fSKkmo ryctuHa OeHrtoHiTy 2,1 r/cm®, a B'askicTs
cepenosuma 2-1073 Ia-c.
Po3zs'sazox
PiBHSIHHA 178  IIBHJIKOCTI  CeIMMEHTAalll C(QEepuYHUX YACTHHOK Y
rpaBiTaliiHOMY MO (i1 €0 CUITU TSKIHHS) Take:

U= 2g(p —po)r? ,
O
ne g=9,81 m/c? — NpPHUCKOPEHHS BUIBLHOrO MAfiHHSA, p — I'yCTUHA PEUYOBHHH
YACTUHOK (JucnepcHoi (pa3u), po — TyCTHUHA AUCTIEPCIHHOTO CepeoBUIIA, I — PalIlyC
YaCTUHOK, 1] — B’SI3KICTh CEPEIOBHIIIA.
[TpoBoMo oOpaxyHKH, TiepeBoAsiun BCi po3mipHocTi y Cl:

-6
4 — 2-981(2100-1000). (0,6-10 )2

9.2.1073
3HaXoOUMO 4Yac T, 3a SKMW YaCTMHKA mOpouae nuisix AX, 3a JOMNOMOTOIO
€JIEMEHTAPHOIO PIBHSHHS JIs1 IIBUAKOCTI PyXY:

AX AX  20.1072
=— o> ==
T U  4316-10

=4,316-107" (w/c).

u = 463392 (c) ~ 128 (rox).

3aoaua 11. Po3paxyBaTd OCMOTHYHMMA THUCK TiApo3oio SiO; 3 KOHIICHTPAIEIO
20 mac.% npu Temmneparypi 293 K, SKII0 MMTOMA MOBEPXHS YaCTUHOK S;n=2,7-10° M/kT.
['ycruna mucriepcHoi (asu p=2,2 T/cM°, TyCTHHA IMCTIEPCIHHOrO cepeioBria =1 r/em’.
Po3zs'sazox
OCMOTHYHUM TUCK 3HAXOUMO 3a (HOPMYJIOHO:
7= VKT = KT,
m

J€ V — KOHIIeHTpamis JacTuHOK (B 1 M3

301110), k — mocriiiHa boisbiimana,
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T — Temmeparypa, ¢ — KOHUEHTpamis aucnepcHoi dasu (kr/m®), m — maca ommiei
YaCTUHKHU JUCIEPCHOI (ha3u.

3HaXOAUMO MacoBY KOHIIEHTpalilo aucrepcHoi ¢asu (y kr/m®). Jns mporo
CKOPHUCTAEMOCS JaHUMHU MPO MAcOBY 4YacTKy 30it0: 20% — 1e o3Hayae, mo B 1 Kr
307110 MicTuThes 0,2 kr aucnepcHoi dasu 1 0,8 Kr aucrepciifHoro cepenoBuina. Toi
Ma€eMO:

me My Mg _ 0,2
V Vg +Veep my mcel,/ oy 08
o T bo 22.108  /1.10°

Macy cheprdHoi YaCTUHKA MOXKHA OOUYHCIIMTHU 32 €JIEMEHTapHOI (OPMYIIO0
(MOMHOXXHBIITK 00'€M Ha TYCTUHY):

c= — 2245 (xr/m3).

1 3
m==rd

6 P
Jliis yacTuHOK chepuuHoi GopMHU JllaMeTp MOB'sI3aHUI 3 MUTOMOIO TIOBEPXHEIO
HACTYNHOIO (opmynoro (auB. Bume 3amadi Ne 1, 2 3 xomoimHoi ximii: S, =
P

: 6
Tomi d =——). Omxe:
Str P
m 361 _ 36-314 :1’19_10_21 (xT).

T3 2
St P (27105 2.2 10%f
Takum YMHOM, O0YHCITIOEMO OCMOTHYHHM THUCK 30JI10:

2245 23

3aoaua 12. OcMOTUYHUN THUCK JESKOTO TiApOo30Jit0 craHoBUTH 15 Ila mpu
temrepatypi 15°C. Skum Oyae OCMOTHYHUN THUCK I[HOTO 30J10, SIKIIO TEMIEpaTypy
nigBuiutu 10 30°C?
Posé'sizok
OCMOTHYHMI THUCK 30JI10 MPSAMO MPOTOPIIIHHUIN TeMIeparypi:

%
n=vkT = —RT.
NA
OTxe, MaEMO Take CHIBBIIHOUIEHHS JJIsl OJJHOTO 1 TOTO K 30J10 32 ABOX PI3HHUX
TeMIlepaTyp:
m_T2
mp T
TakuMm 4YMHOM, OTPUMYEMO:

T 273+30
2 _15.20°97 9

T[Z :Tcl-—_

=1578 (Ila).
T 273+15
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3aoaua 13. Po3paxyBatu €NeKTPOKIHETMYHUIN MOTEHILIIad MOBEPXHI YaCTUHOK
OCHTOHITOBO1 TJIMHU, SKIIO TIPU eJeKTpodope3l Il YaCTUHKM 3a 15 XBWIMH
3MINIYIOThCS HAa 6 MM y HamnpsiMmi aHony. Hanpyra mixx enekrpoaamu 100 B, BiacTanb
MDK eJIeKTpoaaMu 25 CM, BIIHOCHA JieIeKTpUYHA MPOHUKHICTh cepemoBuia €=78,2,
B'sA3KicTh cepenosuma N=8,94-10~ ITa-c.

Po3zs'szox

PiBusinus ['enbmrombia-CMoOIyX0BCHKOTO i €NeKTpodope3y Mae HACTYITHHM

BUTJISI:
nu
ggeE’

ne & — CNeKTPOKIHETMYHHM IOTEHINald, U — MIBHJKICTh PYXy YacCTHHOK,
€=8,85-10"? ®/M — enexTpuuna crana (3acTapila Ha3Ba — JiCJEKTPUYHA
IPOHUKHICTh BaKyyMy), E — Hanpy>KeHiCTh €1eKTPUYHOTO MOJIS.
3HAX0IMMO IIBUJKICTh PyXy YaCTUHOK Ha MIJCTaBl BEJIMYMHU MPOUIEHOTO 32
JaHUM yac IUIsXy:
,_Ax_6-107°
T 15-60
3HaxXoAMMO HaNpPYKEHICTh €IEKTPUYHOTO MOJIs K BIIHOUIEHHS HAIPYTH MIXK
€JIEKTPOAaMHU JI0 BIJICTAHI MK HUMHU:
VvV 100
E=Y - "
L 025
OO4YHCITIOEMO E€JEKTPOKIHETUYHHUIM MMOTEHI1ad 3a pIBHAHHAM ['enbmrosnbiia-
CMOJITyXOBCBKOTO:

=6,67-107° (m/c).

=400 (B/m).

894-1074.6,67-107°

8,85-10712.78,2-400

OCKUJIbKM YaCTUHKH PYXalThCS y HAMPSMKY aHoay (TOOTO, MO3UTHBHOTO

CIEKTPOAY), TO BOHHU 3apspKeHl HeraTuBHO. OTXKe, OCTaTOYHO, eIEeKTPOKIHeTUYHUN
noTeHian gopisHoe £=—0,0215 B.

=0,0215 (B).

3aoaua 14. 1lpu nocTtaTHRO MOBLILHOMY BBEJIEHHI BOJAHOTO po3unHy AgNO3
(xonnenTpauis 0,015 moms/nm3, 06'em 0,020 mm°) y posumn Nal (koHUIEHTparis
0,025 wmons/mm3, o0'em 0,025 M%) moxkmmBe yrBOpeHHs 30m0 Agl. 3anmumiTh
dbopMyITy Millesu 307T1O.
Po3zg’azok
PiBHsiHHS peakiiii y MOJIEKYJISIpHi Ta MOBHIH 1 CKOpOYEHii 10HHIN (opMax:
AgNO; + Nal — Agld + NaNO;
Ag* + NOs; + Na* + |- — Agll + Na* + NOs~
Agt+1I-— Agd
Ockisibku B ocan Bunajnae Agl, To came BiH OyJe ckiiafgaTi TBepay ¢dasy 30I710.
Bianosinno no npaswia @asinca-Ilanera, Ha MOBEpXHI KPUCTAIIYHOT PEIIITKH
Agl mMoxyTh aacopOyBarucs abo ionu Ag' (y umanky Hammuimky AgNOs), ado
ionn " (y Bunaaky Haamumky Nal). OOuuciaumo, KM ke eNeKTPOJIT B JaHOMY
BUTIAKY Y HAJTUIIIKY.

28



Kinekicts peuoBunn AgNQOj3 ckianae:

Nagnog = C-V =0,015-0,020 = 0,0003 moub.
Kinekicts peuoBunu Nal cknanae:

Nnat = C-V = 0,025-0,025 = 0,000625 momb.
Orxe, y Hapuymmiky Nal. Tomy, Ha noBepxHi Agl OyayTh agcopOyBaTHCs 10HU

I, a npotrionamu OyayTh ioHn Na®.
[Tumemo GopMyIty Mileau 30:10:
{m[Agl]-nl~-(n—x)Na*}xNa*

3aoaua 15. 3anuuiite GopMyIH MilET 30JB, IO YTBOPIOIOTHCA 32 XIMIYHOIO
peaxkiiero BaCl, + Na;SO4 — ..., y HAIIUMIITKY KOKHOTO 3 KOMITOHEHTIB.
Po3B's130k
PiBHSIHHS peakuii y MOJIEKYJISIpHIM Ta MOBHIH 1 CKOpOYEHiH 10HHIN (opMax:
BaCl, + Na,SO; — BaSO4 + 2NaCl
Ba?* + 2CI~ + 2Na* + SO,> — BaSO4) + 2Na* +2ClI-
Ba?* + S04 — BaSOsd
Ockinbku B ocaj Bumnajgae BaSOy, To came BiH Oyzie ckiianaTi TBepay (asy 30I1to.
BianosinHo no npaswia @asinca-Ilanera, Ha MOBEPXHI KPUCTAIIYHOT PEIIITKH
BaSO, moxyTs ancopOysaTtucs abo iomm Ba?* (y Bumagky Hammmky BaCly), a6o
ionn SO4% (y Bunazaxky Hammiky NapySOy).
BianosinHo, y mepmomy BUNaAky npotuioHamu Oyayte Cl, a y apyromy
Bunanky — Na'.
3anumeMo (GopMyJId MILETU 30710
— uis Bunaaky Haamiky BaCly:
{m[BaS0O4]-nBa?*-2(n—x)CI-}2xCI-
— 1S BUTIaAKy HAIIKY NapSOy:
{m[BaS0,]-nSO,*-2(n—x)Na*}2xNa*

3aoaua 16. llpu BUBYEHHI KIHETMKHM Koaryjsmii BojgHoro 3omwo Agl
koarynsiatoM K»SO,4 oTpumanu Taki ekcriepuMeHTaIbH1 JaHi:

T, C 0 40 200 280

vs-1071 2,69 2,49 2,04 1,85
(t — gac, vz — KOHIIEHTpAIIisl YaCTHHOK B OJMHHIII 00'eMY).
Bu3HauuTH Yac MOJOBMHHOI KOAryJjsilii Ta AOCTIAHE 3HAYEHHS KOHCTAHTU

MIBUIKOCTI IIBHUJKOI Koaryismii. OOYMCHITE TEOpEeTHUYHE 3HAYEHHS KOHCTAHTU

HIBUIKOCTI IIBUIKOI Koaryisiii 3a temneparypu T=283 K 1 B’s3K0ocTi cepenoBulia

n=1,308-10"3 I1a i nopiBHsiiTE 3 TOCIiIHUM 3HAYEHHAM, 3pO0OITH BUCHOBOK.

Po3zg’azok
PiBustHHSI CMOITYXOBCHKOTO IS IIIBUKOI KOATYJISIIT Y JTiHIAHIA (hopMi Mae BUTJISII:

% T
014,
% 0
1€ Vo — KOHIIGHTpAILlis YaCTHHOK Yy TOYaTkoBUW MoMmeHT 4acy (t=0); vz —

KOHIIEHTpAIlisl YACTUHOK Y MEBHUN MOMEHT 4acy T; O — yac MOJOBUHHOI KOAryJIALii.
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[ToOymoBa rpadika y kKoopauHaTax Vo/Vs, T Ja€ IpsIMy JIiHIO, sKa BIITHHAE HA
OCl OpJMHAT BIJIPI30K 3 JOBXHHOIO 1 (OAMHUIIA) MPU HYJIHOBOMY 3HA4€HHI Hacy. A
KOTaHT€HC KyTa HaXWJIy L€l MPpsMO1 JOPIBHIOE BEJIMUHKHI 0.

OBUHCITIOEMO 3HAYCHHS O TS KOMKHOTO MOMEHTY dacy (Vo=2,69-10% uactunox/re):
\Y%
, 0 40 200 280
1 1,08 1,32 1,45
bynyemo rpadik B koopauHaTax Yo T
\Y%

v /v

14 ¢

1,2 ¢

1,0 ¢

0 100 200 300
T, ¢
3HaxXoAMMO KOTAaHTEHC KyTa Haxwiy IMi€i mpsiMoi (BIJHOIICHHS JIOBXKUHU
CYMDKHOTO KaTETy JI0 JIOBKUHU MPOTUIICKHOTO KATETY):
280-0
——=622,2.
1,45-1
UYac nonoBuHHOI Koaryssii 6 = ctg o = 622,2 c.
KoHcTaHTy MIBHAKOCTI KOATYIISIIT 3HAXOAATh 32 PIBHSHHSM:

1 1 _
k=—= = =5,97-10718 (m3/c).
vob  2,69-10°"-622,2

TeopeTrnyHe 3HAYE€HHS] KOHCTAHTHU MIBUIKOCTI MIBUAKOT KOATYJIALIT 3HAXOAUMO
3a JIOMOMOTOI0 PIBHSHHS:

_ 8kgT 8-138-10723.283
3n 3-1308-1073

ctgo =

Kk

=755.107%8 (M),

ne kg — mocriitna BonbiMana.
TeopernyHe 3HAYEHHS KOHCTAaHTH IIBUJKOCTI MpPaKTUYHO 30iraerbcs 3

00paxoBaHUM 3a CEKCIIEPUMEHTAIbHUMHU MaHUMHU. OTXKe, KOaryssiis € IIBHUAKOI i
M1IKOPIOETHCS Teopii CMOITYyXOBCHKOTO.
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3aoaua 17. Po3paxyBaTH dYac TIOJOBHHHOI KOAryJisillli aepo3oyo 3
aucnepcHicTio 5 MM ! i koHnenTpanicio 1,5-107 kr/m3, KO KOHCTaHTa IIBUAKOCTI

IBHAKOI Koarysmii 3a CmonyxosckkuM fopiBaioe 3-1071% M%/c. I'yctuny wacTuHOK
aep030JII0 BBaXKAaTH piBHOIO 2,2 r/cM?,

Po3zg'azok
KoHcTanTa mBuakocTi Koaryssiiii 3a Teopiero CMOTyXOBCBKOTO:
1
K=—-.
Voe
Tonai yac mOOBUHHOT KOATYJISIIIIT MOXKHA 3HANTH 3a PIBHAHHSM:
1
0=—o.
Vok

Heo06xigHo Tenep po3paxyBaTy KOHIICHTPAIlIIO YaCTUHOK B OJMHUIII 00'€MY Vo.
JliaMeTp 4aCTUHKH:

1 1 _

—= =2.107" (m).
D 5.10%°

d=

O06'eM chepruHOi YACTUHKHU:

3 73
Vq=ﬂnr3:ﬂn(gj 25.3,14.[2'120 J —419.107%1 (m3).

3 312) 3
3araibHUHN 00'€M YaCTHUHOK, 110 MPUXOAUTHCS Ha OJMHHUIIIO 00'eMY aep030JI1o0:
c 15107

Vo =— = - =682-10"" (W*hv).
p22-10
KoHnuenTtpanis (KUTbKICTh) YaCTUHOK B OAMHMUII 00'€eMy aepo30JIto:
-7
_ Viar _ 6,82-10 21 1628 10t
Vo 419-10°

OTxe, yac OJIOBUHHOT KOAryJIsLli MOKHA 3HAWTH 32 PIBHSHHSM:

Vo

1 1

e = =
vok 1628-1014.3.10716

=205 (c).

5. 3ABJJAHHSA JJ151 IHIUBIIYAJIBHOI'O CAMOCTIMHOI'O
BUKOHAHHA

Jomawne po3paxynukoee 3ae0annsn Ne 1

Jlst peakiiii A (tabm. 5.1) BU3HauUTH:

1. CranmapTHuii 1300apHUI Ta 130XOpHUI TEIUIOBI edekT 3a Temmeparypu 298 K.

2. CranmapTHuii 1300apHUil TemioBuid eekT 3a Temmneparypu T.

3. CrannmapTtHy 3MiHY eHTporii 3a Temneparypu 298 K.

4. CrangaptHy 3MiHy eHeprii ['100ca (cTaHAapTHY XIMIYHY CHOPITHEHICTh) 3a
temneparypu 298 K.
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5. CranpmapTHy XIMIYHY CHOpPIAHEHICTh TNpH 3adaHid temmepatypi T (3a
piBHsiHHSIM ThomkiHa-IIIBapiMaHa).

6. CtangapTHy KoHCTaHTy piBHOBard K° Ta eMmipuuHi KOHCTAHTH pPiBHOBAru
Kp 1 K¢ ipu Temmneparypi T.

7. SIkuM YHMHOM BIUIMBA€E IMiJIBUINECHHS TEeMIEpaTypH, 30UIBIICHHS THCKY,
JI0JTaBaHHs IHEPTHUX ra3iB HAa 3HAUEHHS KOHCTAHTU PIBHOBArW Ta Ha BUXiJ MPOAYKTIB
peakiii  (BIAMOBIAL  JIETAJIBHO  OOIPYHTYBAaTH, KOPUCTYIOUHCH  MPHUHIIAIIOM
Jle lllatenne-bpayna).

Tabmug 5.1

Ne . Ne .

Peakuist A T,K Peakuis A T,K
Bap. Bap.
1 | 4C0O +2H,0(r) — CHs +3CO, | 1000 | 16 3C2H2 — CsHs(r) 500
2C2Hz + 3H20(r) —
2 2CH4 + O2 > 2CH30H(r) 800 17 (CH3)2CO(r) + CO + 2Hs 700
3 CH4 + O2 - HCHO + H20(1) 900 18 CeHe(r) + 4H2 — H-CeH14(T) 500
4 | 2CHa+30252HCOOHM) + | g5 | 19 CaHe — CoHa + CHq 400
2H0(r)
5 CHs+CO2 - 2CO + 2H; 400 20 CsHs — CsHe + H2 500
6 2CH4+ 02 —» 2CO + 4H2 1100 21 2C3Hg — C3He + CoHg + CH4 400
7 | CHa+ 02— CO + HO(r) + Hz | 1000 | 22 CaHo + O;E’H%WCHO ¥ 600
2CH4 + 2NH3 + 302 —» 2HCN 4CH3NH2(r) + 1102 —» 4NO2 +
8 + 6H20(r) 1000 | 23 AHCOOH(r) + 6H,0(r) 400
. CeHe(r) + 3H2 — nmkito-
+

9 C(rpadit) + 2Ho— CHs 800 24 CoHun(r) 500
10 | CHa+2H:0(r) —> COz+4H, | 400 | 25 | CoHe(m)+ k> CoHsCI) | 400
11 2CH4 — CaHa + 2H; 500 | 26 | H-CeHu(r) —> CeHs(r)+4H, | 500
12 CoHs + 202 — 2HCOOH(r) 700 27 4HCI + Oz = 2H20(1) + 2Cl2 400
13 CoHz + Hy > CoH4 600 28 2H, + 2CO =CH4 + CO 600
14 CoH2 + 2H20(1) —» 2C0O + 3H2 340 29 2H; + CO2 = CHOH + H20 700
15 CoHz + 2CO2 — 4CO + H2 310 30 C2Hs = CoHs + H2 900

Jomawne po3paxyunkoee 3aeoannsn Ne 2

3a 3HAYCHHAMH KOHCTAaHT INBUAKOCTI XIMIYHOI peakmii TIpu JBOX
TeMriepaTypax (Tadi. 5.2) BU3HAUUTH:

1. EHeprito akTuBartii.

2. IlepenexcrnoHeHIIMHUI MHOXHUK Yy PIBHSIHHI AppeHiyca.

3. KoHcTanTy mBHAKOCTI 3a Temneparypu Ts.

4. KinbKiCcTh BUX1THOI PEYOBHHH, BUTPAYEHOI 3a 9ac T (XB), SAKIIO MOYATKOBA
KoHLeHTpanis gopisHioe Co (Moab/nm®) (TeMnepaTypa mopisHoe Ts).
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5. TemnepatrypHuil koe(illieHT HIBUAKOCTI peakiii B 1HTEpBaJll TEMIIEpaTyp
Bix T1 1o To.

6. Y CKUIBKH pa3iB 3pOCTEe MIBUIAKICTh PEaKIIii, SKIIO IMiJIBUIIUTH TEMIEPaTypy
Bix T Ha 35°.

(3aranpHull MOPAIOK peakxilii TOopiBHIOE n. PO3MIpHICTP KOHCTAHT HMIBHUAKOCTI
IS peakuiii MepuIoro IOpSAKy — XB ., IS peakliii Apyroro IOpSAKy — XB
Lve-monp ).

Tabmurs 5.2

No Peakuis T1, K K1, T2, K ko T, K| = Co
1 Ha + Bnr2:—2> 2HBr 574,5 0,0856 497,2 | 0,00036 | 4832 | 60 | 0,09
2 Hz + Bnr2:—2> ZHBr 5507 | 00159 | 5246 | 00026 | 5682 | 10 | 01
3 H. +n'2:—2> 2HI 5990 | 00015 | 6720 | 00568 | 6482 | 28 | 2,83
4 Hz +n'2:—2> 2H 6830 | 00659 | 7160 | 0375 | 6932 | 27 | 1,83
S 2HI ::sz + 456,2 | 0,942.10° | 700,0 | 0,00310 | 9232 | 17 | 2,38
6 2HI ::sz + 12 6284 | 0,809-10* | 7804 | 01059 | 9762 | 18 | 1,87
! 2NO ;’:'\'22 + 02 15252 | 47059 | 12514 | 1073 | 14232 | 45 | 2,83
8 2NO ;)=N22 + 202 986,0 6,72 11650 | 9770 | 10582 | 65 | 1,75
9 | NOs— NeOer0502 | 982 | 0002 | 2882 |04r510°| 3382 | 32 | 093
10| PHs— ?]'5:; *L5H2 | 9535 | 00183 | 9182 | 00038 | 9882 | 80 | 087
11| so.Ch n—>:5102 *Cl 15500 | 0600104 | 5932 |0132102| 6882 | 35 | 25

12 KCIOs + 6FeSO4 +
3H2S04 — KCI +

2832 1,00 3052 7.15 3832 | 35 | 167
3Fe2(S04)3 + 3H20
n=1
13 1 o+ H,0 > CO, + H:0
s 288.2 0,31.10°3 3132 | 0,00815 | 3032 | 89 | 385

14| cocl,— co+cCl

n=1 655,0 0,53-102 7450 | 67,6-10% | 698,2 | 104,5 0,8

15 CoHsONa + CHsl —»
CoHs0CH3 + Nal 273,3 0,0336 303,2 2,125 288,2 10 0,87
n=2

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
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[Tponossxenns Tabmu. 5.2

17 | CH2CICOOH + H,0 —»
CH2OHCOOH + HCI 353,2 0,222-10* 403,2 0,00237 423,2 26 0,50
n=2

18 | CH3sCO2C2Hs + NaOH —> | 2826 2,307 318,1 | 21,65 | 3432 | 15 | 0,95

CH3CO2Na + C2Hs0OH
n=2

19 CH3CO2CH3 + H,O0 —» 298,2 0,653-10° 308,2 | 1,663-10°| 313,2 25 1,60
CH3CO2H + CH30H
n=2

20 CH3CO,CH3; + H,O —» 298,2 16,09-10° 308,2 |37,84-10%| 3232 80 2,96
CH3COzH + CH30OH
n=2

21 CH3CO2C2Hs + H.O — 273,2 2,056-10° 313,2 [109,4-10°| 298,2 67 3,55
CH3CO2H + CoHs0OH
n=2

22 2CH20 + NaOH — 323,2 5,5-10° 358,2 | 294,0-10°| 338,2 5 0,5
HCO:Na + CH30OH
n=2

23 (CH3)2S04 + Nal — 273,2 0,029 298,2 1,04 2658 | 100 | 3,89
CHal + Na(CHz3)SO4
n=2

24 | CeHsCH,Br + C,H-OH —> | 2982 1,44 3382 | 201 | 3182 | 90 | 267
CsHsCH20C2Hs + HBr
n=2

25 | CuHzOwm + HO — | 2982 0,765 3282 | 355 | 3132 | 15 | 185
CsH1206 + CsH1206
n=1

Jlomawne po3paxyunkoee 3aeoanna Ne 3

[Ipn mocTtaTHRO MOBUIBHOMY BBEIECHHI pPO3YMHY pEeYOBMHU B (KOHLEHTparis
Cp, 00'eM Vp) y po3unH peuoBuHU A (koHueHTpailiss Ca, 00'eM V,) MOXIUBE
yTBOPEHHS 301110 (Tadu. 5.3).

1) HaBeniTh piBHAHHS XIMIYHOI peakuUli y MOJEKYJSPHii, 10HHIA MOBHIN 1
10HHII CKOpoueHI ¢opmax; po3paxylTe, sKa pEUOBUMHA B35Ta Yy HAIJIUIIKY;
3aMUIITH POPMYITY MILIETTH 30JTIO.

2) BkaxiTh, 10 AKOTO MOJIOCY OyayTh MpSMyBaTH YaCTUHKHU 30JI0 Yy TIOJI
MOCTIHOTO €NEeKTPUYHOTO cTpymMy? Sk HazuBaeThes 1ie sBuie? OOUUCTITH, 3 KOO
MIBUAKICTIO (MM/XB) OyIyTh TEpECyBaTHCS YACTUHKH 30JII0, SIKIIO JICJICKTPUYHA
NPOHUKHICTE cepenoBuina € = 80,1, B'a3kicTh cepenonuia 1 = 0,001 Ila-c, Bigcrans
MK enektpogamu 40 cm, Hampyra Ha enektpogax gopiBHioe (N-50) B,
CJIEKTPOKIHETHUHUH moTeHmian (mo moayo) aopiBHioe & = (350-5:N) mB (me N —
HoMmep Barioro BapianTty).

3) Hakpecnith cxemy OyIOBM MOJBIMHOIO €JIEKTPUYHOIO IIapy, IO
YTBOPUTHCSI HAa TMOBEPXHI YACTUHKHU 30J110, MOKAXITh 1 MOSICHITH X1 3aJ€XKHOCTI
"MmoTeHIia — BiICTaHb BiJl TBepaoi (a3u". Hapucyiite sik 3MIHUTBCS X1J] 3aJI€KHOCTI
"MoTeHITIa — BiJICTaHb BiJ TBep0i (ha3u" mpu 3pOCTaHHI I0HHOT CHIIA PO3UYHHY.
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Tadomurs 5.3

BJ:; A Ca, MOJIB/TT Va, MIT B Cg, MOJIB/T VB, M1
1 NiCl; 0,09 84 Li,S 0,04 50
2 Pb(NO3). 0,068 60 KOH 0,05 30
3 H2S04 0,015 50 BaCl; 0,02 47
4 SnCl, 0,059 60 K2S 0,038 44
5 MgCl» 0,02 24 NaOH 0,057 70
6 NH4CNS 0,025 80 AgNOs 0,05 68
7 (NHa4)2S 0,045 95 AgNO3 0,094 45
8 CaCl2 0,03 53 H2S04 0,095 96
9 BaCl» 0,035 50 K2SO4 0,067 34
10 BeCl» 0,04 67 NH4OH 0,08 60
11 AgNO3 0,040 70 HCI 0,023 70
12 AlICl3 0,05 40 NaOH 0,035 73
13 K2CrO4 0,064 65 AgNO3 0,03 64
14 Nal 0,15 1,0 AgNOs3 0,095 98
15 MnCl1; 0,03 78 NaOH 0,04 45
16 ZnCl; 0,063 50 K2S 0,047 62
17 MnCl, 0,089 64 K2S 0,098 10
18 FeCls 0,034 58 NaOH 0,08 35
19 K2S04 0,07 30 Ba(NOs)2 0,034 63
20 CoCl» 0,064 65 K2S 0,075 25
21 Hgo(NO3):2 0,047 96 H2S04 0,075 60
22 AgNO3 0,075 69 H2S 0,02 41
23 CdCl12 0,07 85 HS 0,053 52
24 CrCls 0,055 36 KOH 0,073 20
25 FeCl3s 0,06 37 Ca(OH); 0,01 12

Jlomawne po3paxyunkoee 3aeoannsn Ne 4

[Tpu BUBYEHHI KIHETUKH KOATYJIAILII 30J110, OJIEPKAHOTO BIAMOBIAHO 0 YMOBH
3a0aui Ne 3, IEBHUM KOAryJISIHTOM OTPUMAaJi €KCIEPUMEHTAJIbHI J]aHl, HaBEICHI y
1ab1. 5.4 (Vs — cymMapHa KinbKicTh yacTHHOK y 1 M3 30110).

1) Bkaxith, Big 3apsay KaTIOHIB UM aHIOHIB OyJI€ 3aJIeKaTh MOPIr KOaryJsiii?
OO0epiTh HANOUIBII €KOHOMIYHHMIA KOAryJsTOp 3 MOIJIALY HaWMEHIIOi HOTro BUTpATH
(y Momp) 3 HactymHoro psay 3amnpomoHoBaHux pedoBuH: AlCl;, NaCl, NaySO..
Bianosinb 00rpyHTYHTE 32 1OMOMOTOIO BIJIMOBITHOTO MIPaBUiIA.

2) I'padiyHUM METOJOM BCTAHOBITH MOXJIMBICTh 3aCTOCYBaHHS PIBHSHHS
CMOJIyXOBCBKOIO JI0 IaHOT'O MPOLIECY.

3) Busnaure yac MOJOBUHHOI KOAryJsIlii 1 KOHCTAHTY HIBUAKOCTI KOAryJsIii
3a eKCIIEPUMEHTAILHUMU JTaHUMU.

4) OOuYMCIITh TCOPETHYHE 3HAYCHHS KOHCTAHTH IIBHJKOCTI IIBHUIKOI
xoarynsuii 3a temneparypu T (nmB. Tabn.) i B'sskocti cepegosuma 1-107° Ila i
MOPIBHSIMTE 3 KO0 TOCTIAHUM 3HAYEHHSIM, 3p00ITh BUCHOBOK.

35



Tabmuus 5.4

BJ:;';. T, K ExcnepumenTanbHi nani
1 293 | 1,c 0 40 60 120 160 200 240
ve-10%4 15 13,5 115 8,15 6,82 5,85 4,12
2 298 | 1.c 0 40 140 200 280 340 400
ve-1014 2,69 2,49 2,17 2,04 1,85 1,75 1,52
3 303 |1, 0 60 120 260 360 400 440
ve-1024 5,22 4,96 4,48 2,92 2,5 2,37 2,04
4 308 | T, 0 50 125 200 300 400 500
ve-1024 20,2 19,1 15,04 9,54 5,66 2,45 0,21
5 293 | 1,c 0 25 100 180 240 300 360
ve-1014 20,26 16,25 9,05 6,27 5,14 4,35 3,78
6 298 | 1,c 0 60 140 300 360 420 500
ve-1024 10,5 8,2 5,65 3,68 2,28 1,93 1,01
7 313 | 1, 0, 40 80 120 160 220 300
ve-1024 15,1 11,12 8,88 7,44 6,3 5,17 4,57
8 318 | 1,c 0 60 140 200 280 360 410
ve-10%4 5,20 4,35 3,65 3,26 2,82 2,51 2,05
9 293 |1, 0 80 160 240 320 400 480
ve-1024 2,12 2,35 2,12 1,95 1,79 1,65 1,43
10 298 | 1,c 0 100 160 200 350 380 420
ve-1024 10,5 6,44 5,3 4,75 3,56 3,16 2,98
11 323 |1, 0 60 120 180 220 300 360
ve-10%4 2,69 2,44 2,24 2,07 1,99 1,89 1,81
12 328 | 1,c 0 60 100 140 220 320 380
ve-1024 20,1 11,54 9,02 7,40 5,46 4,12 3,68
13 293 | 1,c 0 60 100 140 200 300 400
ve-10714 15,0 10,0 8,11 6,82 5,49 4,17 2,96
14 333 |1, 0 60 100 300 360 460 520
ve-1014 2,7 2,54 2,28 1,58 1,41 1,22 0,94
15 298 | 1,c 0 40 160 260 350 450 500
ve-1024 20,2 13,47 6,82 4,81 3,88 3,16 2,78
16 293 | 1.c 0 80 120 240 340 400 480
ve-10714 10,5 7,0 6,0 4,25 3,24 3,04 2,71
17 338 | 1, 0 60 240 360 480 600 800
ve-1024 5,22 4,35 2,83 2,30 1,95 1,68 1,15
18 343 | 1,¢ 0 100 140 220 280 320 400
ve-10714 20,3 9,02 7,45 5,48 4,59 4,18 3,20
19 293 | 1.c 0 60 120 260 360 400 500
ve-1024 5,23 4,18 3,84 2,92 2,50 2,37 2,11
20 348 | 1.c 0 40 80 120 160 200 260
ve-1024 15,0 13,5 10,2 8,15 6,82 5,85 4,53
21 298 |1, 0 60 120 180 220 300 380
ve-1014 2,7 2,44 2,24 2,07 1,99 1,82 1,65
22 313 |1, 0 60 140 300 360 420 480
ve-1024 10,5 8,2 5,65 3,68 2,28 2,03 1,88
23 293 | 1. 0 60 120 180 220 300 380
ve-1014 2,69 2,45 2,23 2,09 1,97 1,83 1,64
24 328 | 1,¢ 0 25 100 180 240 300 360
ve-1024 20,30 16,25 9,07 6,27 5,14 4,35 3,57
25 298 | T.c 0 40 80 120 160 200 240
ve-1024 15,0 13,5 10,2 8,15 6,2 5,85 5,45




6. HEPEJIIK IIMTAHDb AJI HNIATOTOBKU 10 KOHTPOJIBHUX POBIT
TA ICIIMTY

7 TETPAMECTP, ®I3H9YHA XIMIA

1. [Ilo Take TtepmoauHamiuHa cucteMa? Kiacudikaiis TepMOaMHAMIYHUX
CUCTEM.

2. Hanumiite MaTteMaTuyHWi Bupa3 1-ro moyaTKy TEpMOAMHAMIKH Yy
nudepeHLianbHiil Ta 1HTerpanbHId ¢Qopmax. SKi BEIMYMHM Yy LMX PIBHAHHAX €
byHKIISIMU CTaHy?

3. Ilo Take TermmoTa i poboTa?

4. [llo Take BHYTPIUIHS €HEPTris TePMOAMHAMIYHOI cucTtemMu? Uu € BHYTPIIIHS
eHeprist GyHKIIE€I0 CTany?

5. lllo Take eHTamBIIIA TEPMOAUHAMIYHOI CUCTEMU?

6. Harumnite opmyny, mo moB'sizye MK COOOI0 €HTANBIII0 Ta BHYTPIIIHIO
EHeprilo TepMOJAMHAMIYHOI cucTeMu. UM € TemioTa rnpouecy QpyHKII€0 cTany?

7. lllo Take muTOMa Ta MOJIsIpHA TEIIOEMHOCTI? Po3mipHOCTI uX BenuuuH. SKi
PIBHSIHHSI BUKOPUCTOBYIOTH JIJIS OITUCY 3aJIEKHOCTI TEIJIOEMHOCTI BIJ TEeMIIEpaTypu?

8. lllo Take icTuHa 1 cepenns TerioeMHicTh? 3anuinith Bupa3 mais Cp ta Cy. Ha
Ky BEJIMYUHY BIAPIZHAIOTHCS Mik co00to 3HaueHHs Cp Ta Cy 14 1/1eadbHuX rasiB?

9. o Take cTaHAapTHA TEIUIOTAa YTBOPEHHS XIMIYHOI CITOTYKHU?

10. Cdopmymroiite 3akoH ['ecca. ki HACTIIKK BUILTUBAIOTH 3 HHOTO?

11. Ilo Take TeroBuid ePeKT XIMIYHOI peakiii? ki peakuli Ha3UBAIOTh €K30- 1
CHIO0TEPMIYHUMU?

12. Pipasans Kipxrodda y nudepentiianbhiii hopmi Ta iioro anamis.

13. ChopmymioiiTe Apyruii 3aKOH TEPMOJAUHAMIKH.

14. 3anumniTe MaTeMaTUYHUN BHpa3 JAPYroro 3aKOHY TEPMOJMWHAMIKK JIJIs
PIBHOBa)KHOTO Ta HEPIBHOBAKHOTO MPOIIECIB, IO MPOXOAATH Y 130JbOBaHINA CUCTEMI.

15.3a sxkumu ¢dopmyaaMu OOUYMCIIOIOTH 3MIHY EHTPOMii y TMpoIeci: a)
HarpiBaHHs (OXOJIO/DKEHHS) peuoBUHHU, 0) ($a30BOro MepeTBOpPEeHHs, B) 1300apHO-
130T€pMIYHOTO 3MIITyBaHHS 1/IeaTbHUX ra3iB?

16. Illo Take xapakrepuctuuni QyHkIii? HaBenith npukiagu.

17. Kputepii camMoIOBUIFHOTO MPOTIKAHHS TPOIECYy Ta CTaHy pPIBHOBAaru y
130J1bOBaHIN TEPMOJUHAMIYHIA CUCTEMI.

18. llo € xpuTepieM CcaMOIOBLIBHOTO TMPOTIKAHHS TPOIECY Y 3aKpUTIH
TepMOJAUHAaMIuHIN cuctemi a) 3a cranux T 1 P, 6) 3a ctamux T 1V?

19. flkuit TepMOAMHAMIYHMI TIOTEHIIAJl CJIJT BUOpAaTH y pOJl KPUTEPIIO
CIPSMOBAHOCTI peakKilii, SKII0O BOHA MPOXOJUTh 3a CTAJIOTO THCKYy Ta CTaJol
Temmneparypu? Slka ymMoBa caMOJOBUIRHOTO MPOXOHKCHHS TPOIECY, BHUpaXKeHa 3a
JIOTIOMOTOFO ITLOTO TIOTEHITIAITY?

20. Slkuit TepMOAWMHAMIYHUN TIOTEHINAN CJiJ] BUOpAaTH y POJl KPUTEPIIO
CIIPSIMOBAHOCTI PEAaKIIii, AKIIO0 BOHA MPOXOIUTh Y 3aKPUTOMY aBTOKIIaBi (V=const) 3a
crajoi Temmneparypu? Ska ymMoBa CaMOJOBUIBHOTO TMPOXOMKEHHS IPOIIECY,
BHpa)K€Ha 3a JOMOMOI0I0 1IbOr0 OTEHI1aTy?

21. 3anumiite piBHSHHS ['100ca-I enpMrombIia.
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22.1llo Ttake  TepMmoAMHAMIuHIA  moTeHIan?  HaBemiTb  mpukiIagu
TEPMOJMHAMIYHMX MMOTEHIATIB.

23. Chopmymroiite moctyinar [lnanka (TpeTiii 3aK0OH TEPMOAMHAMIKH ).

24. 1lo Take ximiyHMM mnoTeHmian? 3a sKoo0 (HOpMYNOI0 PO3PaXOBYIOThH
XIMIYHUM TOTEHITIa]l KOMIIOHEHTY y cyMili iaeanbHux rasziB? Il{o Take cranmapTHUMA
XIMIYHAM ITOTEHI1aT?

25. 3anuiiTh BUpA3 3aKOHY MAIIOYMX Mac s Tra3o¢a3Hoi XIMIYHOI peaxiii
aA+bB=cC+dD. Bkaxite posmipaocti koncrant pisHoBaru K° Kp, Kc. 3ammmiTs
dbopmyH, sIKi 3B’S3YIOTh MiXK CO000 3HAYCHHS ITUX KOHCTAHT piBHOBarw. Bij skmx
YUHHUKIB 3aJIC)KUTh 3HAYE€HHS KOHCTAHT PIBHOBArW JJIS 171€alibHOT ra30BO1 CyMiIi?

26. 3anuIiTh 1 IPOKOMEHTYHTE PiBHIHHS 130T€PMH XIMIYHOI peaKilii.

27. PiBHsiHHS 1300apu i 130X0pH XIMIYHOI peakiii B audepeniianbhi popmi, iX
aHais3.

28. PiBHsHHS 1300apu 1 130X0pH XIMIYHOI peakilii B iHTerpayibHii dopmi. Ak,
KOPUCTYIOUHCHh LIUMU PIBHAHHSIMH, Tpa(iqHO BU3HAYUTH TEIUIOBUN €dEeKT XIMIYHOi
peakirii?

29. Copmymoitte npuniun Jle [llatense-bpayna. Kopuctyrounch npyUHIIMIIOM
Jle [larenwe-bpayHa, MOSACHITH, SIK BIUIMBAa€ Ha PIBHOBAXHUN BUXIJ MPOAYKTY
ex3otepMiuHoi peakiii 2NO(2)+0z(2)=2NO,(2): 1) niiBUILIEHHS 3arajJbHOTO TUCKY Y
cucTeMi, 2) MiJIBUILIEHHS TEMIIEpaTypHu.

30. Ilo Take ¢aza, KOMIIOHEHT Ta YUCIO TEPMOJUHAMIYHUX CTYMEHIB CBOOOIN?
[TpaBuno a3 ['100ca.

31. 3anmumnite piBHAHHA Knaneiipona-Knaysiyca Ta mpoanamizyiTe #oro s
MPOIIECY TUTABJICHHS.

32. dxuii Burnan npuiimae piBHAHHA Krnaneipona-Knaysiyca mis mporiecis
BUIMAPOBYBaHHs Ta cyoOmmalii pedoBuHU? KopHCTylOUMCh UMM PIBHSHHSAM,
MOSICHITB, SIK 3JISKUTh TEMIIepaTypa KUITIHHS P1IUHU BiJ TUCKY.

33. HapucyiiTe cxeMaTuyHO AiarpaMmy CTaHy BOAM. BkaxiTh Ha miil miarpami
nojie TMapy, pIAMHU, TBEPAOrO JbOAY; KPHUBI BUIAPOBYBaHHS, BO3TOHKH Ta
raBieHHs. [1{o Take motpiiiHa Touka?

34. o Ttake po3unn? CriocoOu BUPaKEHHS X KOHIIEHTpAIliH.

35. Cpopmymroiite 3axkoH Payns. Illo Take igeanbni po3unHH? SIKI TpUYMHU
BIIXUJICHHS BiJ 3aKOHY Payis?

36. fki BM 3HA€TEe KOJIraTUBHI BIACTUBOCTI po3umHIB? 3a SAKUMH (HOpMyIaMu
OOYHUCIIOITh MIJBUIIEHHA TEMIEpaTypyd KHUIIHHA Ta 3aMep3aHHs pO3YHUHIB,
OCMOTHUYHUN TUCK PO3YUHIB?

37. CopmymroiiTe nepiuii Ta Apyruii 3akoHu KoHosasosa.

38. HaBeniTh cxeMaTuyHO AlarpaMmy CTaHy JUisi OlHApHUX JIETKUX CyMIIIed y
KOOpAMHATAX TeMIlepaTypa KUIMiHHS — CKIIa TS 1/1eaThbHOTO PO3UMHY Ta TOSICHITS ii.

39. HaBeniTh cxeMaTHYHO Alarpamy cTaHy g OlHapHMX JIETKUX CyMIIIEH y
KOOpJIMHATaX TeMIlepaTypa KUIHHS — CKJIaJa JJIS 3HAYHUX BIJIXWUJICHH PO3YUHY BiJl
3akony Payns ta mosicHiTh i. Lo Take azeorponna Touka? azeoTponHa cymim?

40. SIxi Tunu OGIHAPHHUX PIAKUX CyMIlIeld 3 OOMEXEHOI PO3UYMHHICTIO OJHA B
OJIHI MOXYTh OyTH? HaBeniTh TUTIOBI AlarpaMu cTaHy "TemriepaTypa — ckiam'.
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41. 3anmumiiTh 1 MOSACHITH 3aK0H po3noAaiury. [{o Take exctparyBanna? s qoro
BOHO BUKOPHUCTOBYETHCS?

42. Bin sxux (akTopiB 3aJeKUTh PO3YMHHICTH Ta3iB Ta TBEPAUX PEYOBUH Yy
pinunax? PiBusaHs ['enpi Ta lpexaepa.

43. ChopmyiroiTe OCHOBHI TOJOXKEHHS TEOpii €JIEKTPOJITUYHOI JUCOITiaLIi].
[TosiCHITh, UMM BIJIPI3HAIOTHCS CUJIbHI Ta CJIa0Ki €JICKTPOTITH.

44, llo Take CTYINIHBb EJEKTPOJITHYHOI Jucoliarii, KOHCTaHTa JHcCOoIiaIi?
3anuiniTh piBHSIHHS 3aKOHY po3BeneHHs: OcTBaib/a.

45. lonanii 10OyTOK Boau. BogHeBUi MOKa3HUK KUCIOTHOCTI cepemoBuima pH.
o Take kucie, HEUTpaAIbHE Ta JIy>)KHE CEpeIOBUIIE?

46. 1o Take rampBaHIYHHI eneMeHT, aHoJ, katon? Illo Take emexTpopymriiiHa
cuna (EPC) rampBaniuHoro enementa? 3amumiiTh piBHSHHS 3anexHocTi EPC Bin
aKTUBHOCTI 10HIB, IO OEpyTh ydYacTh y eJIEKTPOXIMIUHIA peakiii (piBHSHHS
Hepncra).

47.1llo Take eNEKTPOJHMM TIOTCHINAT Ta CTaHJAPTHUM EJIEKTPOIHHM
MOTeHIT1an?

48. llo Take eneKTpoad MEPIIOTO, APYroro pojy, OKHCHIOBAIHHO-BIIHOBHI,
razoBi enekTpoau? HaBemiTh KOHKPETHI NMPHUKIAAH, 3alUIIITh JJII HUX PIBHSHHS
HepHcra.

49. [llo Ha3uBaeTbCs MIBUIKICTIO XIMIYHOI peakiii? VY SKUX OJUHUIIX
BUMIPIOIOTh NIBUJKICTh TOMOTE€HHOT XIMIYHOI peakuii?

50. st peakmii aA + bB — ¢C + dD (a, b, ¢, d — BiamoBigHi cTexioMeTpUYHi
KOe(iIlIEHTH) 3aIUIIITh PIBHSHHS JUIS MIBUJKOCTI XIMIYHOI peakIlii Ta MBHUIKOCTI 3a
KOXXHOIO PEUOBHHOIO.

51. Ski dakTOpH BIUIMBAIOTH HA MIBUJIKICTH XIMIYHOI peaKiiii?

52. SIk GopMyTIOETHCS OCHOBHHUM MOCTYNIAT XIMIYHOT KIHETUKH?

53. SIxkuit G13MUHUN CMHCIT Ma€ KOHCTaHTa IIBHJKOCTI XiMIYHOI peakmii? Ska
PO3MIPHICTh KOHCTAHTH MIBUAKOCTI XIMIYHOI peaKiiii?

54. SIxi (axTopu BIUIMBAaIOTh HA BEJIWYMHY KOHCTAHTH IIBHUIKOCTI XIMIYHOI
peakirii?

55. [Ilo Ha3MBarOTh MOJIEKYJISIPHICTIO XIMIYHOI peakuii? YoMy MONEKyISIPHICTb
XIMIYHUX peakiliii He mnepeBHIlye TpboxX? B SKMX BHUMaIKaX MOJEKYJAPHICTH 1
MOPSIIOK peakxiii 301raroTecs?

56. Illo Take wmexani3m ximiuHOoi peakmii? Illo Take ememenTapHa cramis
XIMIYHOT peaKIrii?

57. 3amumiiTh KiHETUYHE PIBHSHHA 1T HEOOOPOTHOI peakiii 1-ro mopsaky B
nudepeHIianbHid  Ta 1HTerpanbHIH (opmi. BraxiTe po3MIPHICTE KOHCTAHTH
IIBUIKOCTI.

58. 3amumiiTh KiHETUYHE PIBHSHHA N1 HEOOOPOTHOI peakilii 2-ro MOPSIKY y
nudepeHIianbHii Gopmi.

59. 3amumiiTh KiHETUYHE PIBHSHHS 1T HEOOOPOTHOI peakilii 2-ro MOPSIKY B
1HTerpabHIN hopMmi.

60. Sk rpadiuHO BH3HAYWUTU 3HAYEHHS KOHCTAHTHU IIBUAKOCTI HEOOOPOTHOL
peakiii: a) 1-ro nopsaaky, 0) 2-ro nopsaky?
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61.lllo o3Hauae TepmiH '"wac HamiBreperBopeHHs"? Sk Horo MokHa
po3paxyBaTH JyIs peakiiiil 1-ro, 2-ro mopsakin?

62. 3anuiiTh piBHSHHA AppeHiyca JUisl 3aJIeKHOCTI KOHCTAHTU IIBHAKOCTI
XIMIYHOI peakilii Bij TemnepaTypu. BkaxiTh Ha3BU BEJIIMYUH, SIKI BXOJATH JIO 1IbOTO
PIBHSIHHS, Ta X PO3MIPHOCTI.

63. lllo Take eHeprigs akTuBalii XiMiuyHOT peakiii? Ha ocHOBI sKuX
EKCIIEPUMEHTAJIbHUX JaHHUX 1 SIKUM YMHOM MOKHA pO3paxyBaTH 3HAUEHHS E€Heprii
aKTUBAarIi?

64. Ax dopmymoeTsest npaBuno Bant-I'odda nns temmepaTypHOi 3a1€KHOCTI
MIBUAKOCTI XIMI4HOT peakuii? [y SKuX peakiiiii BOHO BAKOPUCTOBYETHCS?

65. Ha ocHOBI SKHX EKCHEpUMEHTAIbHUX JaHUX 1 SKAM UYHHOM MOXKHA
po3paxyBaTH 3HAYCHHS CHEPrii akTWBaIil Ta MEPEICKCIOHCHIIITHOTO MHOMKHHKA
rpadiuauM mMeToaoM?

66. Sxuit Burmsg mae rpadik 3anexHOCTI jorapudmMa KOHCTAHTH IIBHUJKOCTI
ximiunoi peakuii Big T-1? I1lo MokHa BU3HAYMTH 3a 1M rpadikom?

67. Hapucyiite eHepreTM4Hy JiarpamMy XIMIYHOI peakilii 1 TOSACHITh, SK
TEIUIOBUHM e(eKT XIMIYHOI peakilii MOB’s3aHUM 3 EHEprisiIMU aKTUBallli MpsSMOi Ta
000POTHOT pEaKIii.

68. SIki peakiii HA3UBAIOTHCS CKJIATHUMHU? Ix Kiacudikaris.

69. SIki peak1iii Ha3UBalOTh JaHIIOroBUMU? Ha3BiTh OCHOBHI CTajii JaHIIOTOBOI
peakiii Ha MpUKIaal B3aEMOII1 XJIOPY 1 BOJHIO.

70. SAlxuMu 0COOTUBOCTSIMH XapaKTEPU3y€EThCsl KIHETUKA JIAHITIOTOBUX XIMIYHUX
peakiii?

71.1llo Take JAHLIOTOBI peakuli 3 HEPO3TAIY)KEHUM 1 PpO3raidyKeHUM
naHioraMu? HaBeniTh KOHKPETHI MPUKIIA]IH.

72. Hapucyiite rpadik 3aJeKHOCTI MIBUAKOCTI PO3TaTyKEHOi JIaHIFOTOBOI
peakiii BiJ THCKYy Ta TMPOKOMEHTyWTe Woro. Bim dYoro 3amexarb TpaHHII
criajaXyBaHHS Y pO3TalyKEHUX JIAHITFOTOBUX PEaKIIisix?

73. Hapucyiite miarpaMmy, 10 UTFOCTPYE 3aJE€XKHICTh IMIBHJIKOCTI PO3TaTy>KEHOI
JIAHITIOTOBOT peakIlii BiJ TUCKY Ta Temneparypu? 11lo Take miBOCTpiB criasiaxyBaHHs?

74. SIxi peakmii HasuBarOTh (QotoxiMiuHUMU? Ha3BiTh 0COOIMBOCTI HHX
peakiiii. ChopmyioiTe 3aKkoHN (OTOXIMIi.

75. lllo Take karami3? Ha3BiTh OCHOBHI OCOOJMBOCTI KaTaTiTUYHUX pPEaKIIiil.
Krnacugikanis KaTaliTHYHUX TPOLECIB.

76. Illo Take kaTtamizaTop XiMI4HOI peakiiii? SIK 3MIHIOETBhCS €Heprii akTHUBaIlii
peaxiiii npu BBEJEHHI KaTajizaTopa 0 CUCTEMU?

77. o Take reTeporeHHa xiMmiuHa peakuisi? Ha3BiTb 0COOJIMBOCTI KIHETUKH Ta
CTaJil reTeporeHHux npouecis. JliMiTyBanpHa (IIBUAKICTbBU3HAYAIbHA) CTAIIS.

78. 1o HasuBaeTbcs mpouecoM Audy3li? 3anuuiTe MaTeMaTUYHUN BHpa3
nepioro 3akoHy dika. Bij SKUX YMHHHKIB 1 K 3aJ€KUTh MBUAKICTh UG Y31i?
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8 TETPAMECTP, KOJIOLTHA XIMIA

1. o Take aucnepcHa cucrema? O3HaAKU JUCTIEPCHUX CUCTEM.

2. Illo Take aucHepCHICTh 1 TUTOMA TTOBEpXHs? BUBEAITh pIBHAHHS, IO 3B SA3Yy€
MUTOMY MOBEPXHIO 1 AUCIEPCHICTD JIsl CHEPUUHUX YACTHHOK.

3. 3a IKUMH O3HAKaMU KJIACU(DIKYIOTh JUCTIEPCHI CUCTEMHU?

4, Knacudikariiss TUCIIEPCHUX CUCTEM 3a arperaTHUM CTaHOM JAUCIEpcHOi (as3u 1
JUCTIEPCIHHOTO CepeIOBHUIIIA.

5. Ilo Take BiTbHOAUCHEPCHI Ta 3B'si3aHoaucriepcHi cuctemu? Kracudikarris
JTUCTIEPCHUX CHUCTEM 32 PO3MIPOM YAaCTHHOK (3a AUCIIEPCHICTIO).

6. [llo Take moBepXxHEBUI HATAT? Horo ¢bi13uaHmiA cMUCH. B SIKUX OAWHUISIX BiH
BUMIPIOETHCS?

7. SIk TOBEpXHEBUW HATAT 3aJICKUTH BiJ MPUPOIU PEUOBHHH, IO YTBOPIOE
MOBEPXHIO (MI>KMOJIEKYJISIPHOT B3a€EMO/T11)?

8. SIk 1 YoMy 3aJeXUTh MOBEPXHEBUM HATAT piAvH BiA Temneparypu? Illo Take
TeMIlepaTypHUN KOe(DIIIEHT MOBEPXHEBOTO HATATY?

9. 3anumiitk piBHsAHHS ['160ca-I"epMronbIa 411 TOBHOT TOBEPXHEBOI EHEPTi.

10. Sk BIIMBa€e KpWMBHU3HA MOBEPXHI 1 MPUPOJIA PIAUHY HA ii BHYTPIIIHIN TUCK?
3anuiiTh Ta MPOKOMEHTYWTE piBHSIHHS Jlamaca.

11. ki npuyuHU TITHATTA (OMyCKaHHS) pPIAMH Yy Kanuisipax? 3anuinThb
piBHsHHS JKiopeHa.

12. 3anumriTe 1 npoKoMeHTyiTe piBHAHHA ToMmcoHa-KemnpBiHa.

13. lllo Ha3mBaroTh amcopOitier0? Knacudikamis agcopomiitaux mporecis. 1o
Take afcopOeHT 1 ajicopoat?

14. Illo Take nmoBepxHeBa akTuBHICTH? Illo Take moBepxHeBo-akTUBHI (IIAP) 1
MOBEPXHEBO-1HAKTUBHI peuoBUHM? bynosa monekyin [IAP (HaBeniTh npukiiaam).

15. I3otepma ancop6biii ['eHpi (3anummiTh pPIBHSHHA 130TE€pMH Ta 300pa3iTh
rpadiuno). [Ipu axkux ymoBax BUKOHYEThCS MPU afcopOIii 3akoH ['enpi?

16. OcHoBHI ToJIOKeHHS afcopOIiiiHoi Teopii Jlenrmiopa. PiBHsiHHS 1 Tpadik
130Tepmu JIeHrMIOpa B 3araiibHii (HETIHIHHINA) Ta JiHIHHIT popMax.

17. 3anumnite emmipuuHe anacopOiiiiHe piBHAHHS DpeitHmuixa. Y  sSKUX
BUIAJIKaX MOTO BUKOPUCTOBYIOTH? Sk rpadiuyHO BHU3HAUUTH KOHCTAHTU B I[bOMY
piBHSIHHI?

18. OcunogHni nonoxenns teopii BET. PiBusanHs 1 rpadik i3orepmu BET.

19. Axwmit 3Hak Mae 3miHa eHeprii [1006ca mpu amcopOrii? Skuit 3HAK Mae
TEIJIOBUH eeKT Mpu aacopoOiii (1€ eK30TEpMIYHUIA YU eHA0TEpMIYHUI npolec)?

20. [Ilo Take anresis 1 koresis? Illo Take pobOoTa anresii 1 koresii 1 3a
JIOTIOMOT OO SIKMX PIBHSIHB iX MOXKHA 00UUCIUTU?

21. 1o Take 3mouyBaHHsA? Lllo Take kpailoBuii kyT 3MouyBanHs? HaBeniTe
piBHsHHS FOHTa.

22. Oxapaktepusyiite TriapodiibHi 1 TigpodoOHI moBepxHI. K MOXKHa
BIUTUHYTH HA 3MOYYBaHHS IMOBEPXHi?

23. Sk 3amuCcy€eThCcsl YMOBA PO3TIKAHHS PIUHU TIO0 TTOBEPXHI TBEPJOTO TiIa abo
1H101 pimuHu? SIK po3paxyBaT KOeQIIi€HT PO3TIKAHHS?
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24. TlosicHITh, SIK OyIyTh OPIEHTYBATUCS MOJIEKYIH alipaTUYHUX CHOUPTIB (2o
KHCJIOT) TpU afacopOrrii ixX: a) 3 BOJAHUX PO3UYMHIB Ha aKTHUBOBAaHOMY ByTiuLIl, 0) 3
BOJIHUX PO3YMHIB Ha MEXK1 PO3YMH/TIOBITPS.

25. OcobnuBocTi aacopOiii 10HIB 13 po3unHiB. [IpaBuna dasuca-Ilanerra.

26. JliotponHi psaau. Posramyiite ionm Ba?, Na', Fe®, Cs' y mnopsuky
3pOCTaHHS IXHBO1 aJCOPOIIIHOT 3JaTHOCTI.

27. lllo Take 1oH00OMiHHI1 ancopOeHTH? bynosa 1oHiTIB. Knacudikaiis i0HITIB.

28. Illo cranoBnsaTh coboro ioniTu? HaBeaiTh mpuKIiIag peakiiii iI0HHOTO OOMiHY
Ha KaTiOHITI 1 aHIOHITI.

29. Illo Take obminHa eMHICTh 10oHITY? 1[0 Ha3MBaIOTH MOBHOIO 1 TUHAMIYHOIO
OOMIHHOIO €MHICTIO 10HITY Ta sIK iX Bu3Ha4aroTh? Oaunuii BumiproBanus [10€ i
JIO€. Yomy BinpizusroThes 3Hauenus [10€ (COE€) 1 JOE?

30. 3anuuiTh 1 MOSICHITH piBHAHHA HiKOIBCHKOTO.

31. Enexrpokinetnyni sBuima. PiBHsaHHS ['enbMronsiia-CMOITyXOBCHKOTO IS
eNeKTpodope3y 1 EIEKTPOOCMOCY.

32. 1o Take OpoyHiBchkuii pyx? 1llo € mpuuunoto ioro BunukHeHHs? [l{o take
cepenHiil kBajpaTUYHUi 3cyB? SIK, BUMIPSBIIUA HOr0, BUBHAYUTU PO3MIP KOJOITHOI
YaCTUHKU?

33. SIk MOKHA BU3HAYUTHU PO3MIP JUCIIEPCHUX YACTUHOK a00 iX KOHIEHTpAIiI0
y J11030JI1X 32 OCMOTHYHUM THCKOM?

34.3a sKuM pIBHAHHAM OOYHCIIOIOTH Koe(imieHT audy3ii YacTHHOK B
KOJIOiMHUX cucteMax? B skux cucremax koediuieHT audysii BHILE: Y KOJIOITHUX
CHUCTEMAax 4d B ICTUHHHMX po3urHax? Yomy?

35. Iudysiiino-cequmenTalliifHa piBHOBara B 305X, TIIICOMETPUYHUIN 3aKOH.
ki nucnepcH1 CUCTEMU TIKOPIOIOTHCS I[bOMY 3aKOHY?

36. ki cunu it0Th Ha cPepuyHy YaCTHHKY, 110 CEAMMEHTYE B TPaBiTaIlITHOMY
noi? Busenite hopmymy J1s MIBUAKOCTI CEAMMEHTAITI1.

37. HammumniTe piBHSHHS JJIs MIBHAKOCTI CEIMMEHTAIlli B TpaBiTAllIHHOMY ITOJII.
3MIHCHHSAM SIKMX IMapaMeTpiB CHCTEMH MOJKHA 3MIHIOBATH IIBHAKICTH OCAKESHHS
YaCTUHKU?

38. Jlsis1 4oro BUKOPUCTOBYIOTH CEUMEHTaIHUN aHani3? Ha sikoMy piBHsAHHI
IPYHTYEThCS 1Iei1 aHai3?

39.3a gKOI O03HAKOKW MHUCIEPCHI CHUCTEMH pO3MOAUISIOTh Ha J10QoOHI 1
moduabHI? YUM MOSCHIOETHCS CaMOJIOBLIBHE 3pOCTaHHS MIX(pa3HOI MOBEPXHI MpU
YTBOPEHHI JIIO(QIIbHUX AUCTIEPCHUX CUCTEM?

40. SIlxkumu MeTolaMHM OTPUMYIOTH J10(oOHI aucnepcHi cucremu? Hapemitsb
TIPUKIIA]IH.

41.Ha mo BuTpadaeTrhcsi poOoTa Mpu po3apiOHEHHI MatepianiB? B domy
noJIArae CyTHicTh eexty Pebinaepa (aacopOiiiiHe 3HUKEHHS MILIHOCTI Ti1)?

42. SIxi  QakTtopw CHPUSIIOTH YTBOPEHHIO OUIBII JpiOHMX YACTUHOK TIPH
KOHJICHCAI[IHHOMY METO/Il yTBOPEHHS JTUCTIEPCHUX CUCTEM?

43. Chopmymoiite mpaBuio DasHca-Ilanera 1 Buxopucraite #Horo s
HanmMCcaHHs (OPMYJH MILENHU 30J10, 110 YTBOPIOETHCS B PE3yJbTaTi B3aeMoOii y
BomHOMY po3umHi 3a peakiiero: AgNO3;+KCl—... y Hammmky KOXHOTO 3
KOMIIOHEHTIB.
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44. TepmonuHaMiyHi 1 KiHETUYHI (DaKTOPH CTIMKOCTI JIOPOOHUX NUCHEPCHUX
cucteM. [lepeniunTh iX 1 KOPOTKO OXapaKTEepU3YyHTeE.

45. Ha3BiTh BUAM CTIMKOCTI AUCIEPCHUX cUCTEM 3a Kiacudikamiero [leckopa. B
oMy TMIOJIAra€ BIAMIHHICTE MDK JIOGUIBHUMH 1 J10)OOHUMH  KOJIOITHUMU
cucremamu?

46. Illo Take koarymsiis, KOaJeCIeHIIis, 130TepMidHa Mmeperonka, GhIoKysIis,
nenTusania?

47.Yum o0OyMOBJIEHAa arperaTuBHa HECTIHKICTh JO(QOOHHX TUCHIEPCHUX
cuctem? SIKi mpoIiecu caMOI0BLILHO MTPOXOATh B IIMX CUCTEMaX?

48. OCHOBHI TOJIOKEHHS TEOPii MBHUIKOI Koarysiiii CMOIyXOBCHKOTO.

49. HamumniTe  pIBHAHHS — JJI  IIBUAKOCTI  KOAryJsmii  3a  TEOPI€ro
CmomnyxoBcbkoro. [1lo Take yac moJOBHHHOI Koarynsuii? Sk MOXHa BU3HAUYUTH 4Yac
MOJIOBUHHOI KOAryJsiii? Ik BU3HAUNTH KOHCTAHTY MIBUKOCTI IIBUKOT KOATyJIALii?

50. o Take nopir koary:siii? Chopmymroiite mpasuio Llynsie-T"apmai.

51. YactuHku 3010 3apsijpkeHl HeratuBHO. [lOpiBHSNMTE BENMYMHU TOPOTiB
MBUJKOT Koaryini, mo BukiukaiTh enekTpoiitd CsCl 1 AlCls. Biamosigs
MOSICHITb.

52. SIki icHyIOTH crmocoOu 3axucty JiopOoOHMX 30J1B BiJl Koarynsmii? ki
PEYOBUHM HaifyacTillle BUKOPUCTOBYIOTh Y POJII CTa01Ii3aTOPIB 3011B7

53. Onumrits edext Tingansa. PiBasuus Penes 1 fioro anamis.

54. BukopucToByrouM piBHSAHHS Pernes, mosicHITh, YoMy HEOO Mae ONaKWTHUN
KOJIIp.

55. IIlo Take onanecueHuis? Yum 3yMoBIEHE 1€ SIBUIIE?

56. UM  ynbTpamikKpOCKOIl  BIAPI3HSAETHCS  BiJl 3BUYANHOTO  ONTUYHOTO
MIKpOcKomna?

S57.YuM BH3HAYAETHhCS MiHIMaIbHUN po3Mip o00’ekTa (pO3pi3HIOBAJIbHA
3JIaTHICTD), SIKUW MOKHA CIIOCTEPIraTv y CBITIOBOMY MiKpockori? Yomy mpubIm3HO
JIOPIBHIOE 1151 BeJIMUMHA?

58. Homy po3finbHa 3/1aTHICTh €IEKTPOHHOI MIKPOCKOTIIT BUIIA, HI)K B CBITJIOBIN
MIKPOCKOITIi?

59. Yum TypOuaimeTpis BiApi3HseTbca Bin HedemomeTpii? [ns BU3HAYEHHS
SAKUX XapaKTEPUCTUK JUCTIEPCHUX CUCTEM BUKOPUCTOBYIOTH Il METOIU?

60. Knacudikarmiss [TAP. Hapucyiite MOXIHBI BapiaHTH BUTJISY 3aJ€KHOCTI
MOBEPXHEBOTO HATATY po3unHy BiJ KoHUeHTpauii [IAP. Io Take KKM?

61. II{o Take KKM? Metoau BusHauenHss KKM.

62. Ha 4omy r1pyHTyeThcs BukopuctanHsi I[IAP y skocti crabimizaropis
JTUcIiepcHUX cuctemM? B uoMy mosisirae MexaHi3M MUI0UOi Jii po3uuHiB [TAP?

63. o Take rigpodinsHo-ninodusaui 6ananc? Yucna ['JIb.

64. SIxe siBUIIE Ha3UBAIOTh cosroOUTIZaIicr0? Yum oOymoRieHe 11ie siBuie? ke
MPaKTUYHE 3HAYEHHS I[bOTO SBHINA?

65. [llo Ttake BucokomoinekymsipHa crnoinyka (BMC), momimep? Illo Take
HaOpSIKaHHS, CTEMHb HAOPSIKaHHS?

66. 3amumiiTe B nudepeHIaibHii 1 1HTerpaibHiid hopmMax KiHETUYHE PIBHSHHSA
JUTSI TIpoIiecy HaOpsSKaHHS.
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67. lkuM YMHOM MOXXHAa BH3HAUUTH KOHCTAHTY IIBUIKOCTI HaOpsAKaHHS
noiimMepy? Sk 1 YoMy BIUIMBAE TeMIlepaTypa Ha IIBUIKICTh HAOpsSKaHHS?

68. [llo Take i3oenexkTpuyHa Touka? Sk 1 yomy BrumBae pH po3unHy Ha
MaKCUMaJbHUM CTYyHmiHb HAOpSAKAHHA Omax (Hapucyiite rpadik)? Bignosinb
MOSICHUTH.

69. Illo Take emynbcig? 1o Take mpsiMa 1 3BOpoTHA eMybCii? SIkum crmocodom
cTabumi3yIoTh emynbcii? Knacudikaiiis eMynbeiii 3a KOHIEHTPALIELO.

70. Ilo take mina? Yum miHa BiJPi3HAETHCS BiA Ta3oBOi eMyinbcii? OCHOBHI
BJIACTUBOCTI II1H.

71. lllo Take aepo3osb? Knacudikariis aepo30iB.
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