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1 PEKOMEHJANLII 10 CAMOCTIHHOI POBOTH
HAJI KYPCOM XIMIS

CydacHuil 1H)XXEHep TMOCTIHHO 3YyCTPIYAEThCA 31 CKIAAHUMH  (Pi3UKO-
XIMIYHUMU TPOIIECaMH, 3 BJIACTUBOCTAMH OaratboxX TPaJWIIMHUX T4 HOBUX Ma-
TepiajiB, TOMYy 3HaHHA XiMii € HCOOXITHUM JJIsl TBOPUOI MISUTBHOCTI CHeIiajicTa.
3ajadero XiMIYHOI IMIITOTOBKM 1HXKEHEPA € HE TUILKU 3aCBOEHHS TEOPETUUHOTO
MaTepiany, a i npuadaHHS MPAKTHYHUX HABUKIB IJIAHYBAHHS €KCIEPUMEHTY, 1,
TOJIOBHE, BMIHHS IIPALIOBATH 3 XIMIYHOIO JIITEPATYPOIO JOBIIKOBOTO Ta TEOPETH-
YHOT'O XapakTepy.

Oco0MMBICTh HABYAHHS CTYACHTIB 3a09HOTO (paKyJIbTETy MOJIATae B HEOO-
X1IHOCT1 Mailke Bech MOTPIOHUH 3a MPOrpaMoI0 MaTepiall 3 TUCHUILUTIHA 3aCBOIO-
BaTH CaMOCTIMHO 3a IOMOMOTOIO0 MiIPYYHHKA, 10 3HAYHO CKJIaIHIIIE HI)K BUBYA-
TH Marepiai micis NpociIyXaHHs JeKUid Bukiaaada. JKuse clioBo BUKIIagaya, io-
ro METOJAMYHUI JIOCBIJ € HAKpaluM 3ac000M IMepelaHHs 3HaHb. Y JaHOMY IIO-
CIOHMKY TOCJIZIOBHO, y JIOTIYHOMY 3B’SI3Ky HaBEICHO TeMHU Kypcy «Ximis», 3
KOXHOI TEMH € MUTaHHSA, K1 MPU3HAYCH] JIOMOMOTTH CTYJIEHTY BUIUIUTH 3 T€O-
PETUYHOrO MaTepialy ToJIoBHE i 3armam’atatu. [{js O1abIn MBUAKOT Opi€HTAIlI] B
MIIPYYHUKAX Ta METOAWYHIN JIITepaTypi 0 KOKHOI TeMH HaBEJEHO BIATOBIIHI
ctopinku. Cepe peKOMEH/I0BaHOi JIITEpaTypu € JpKepena pi3HOTO PIBHS CKIIal-
HOCTI 1 00’eMy, 110 JOMOMAarae BpaxyBaTH 1HAWBIIyalbH1 MOKIIMBOCTI CTYJE€HTa
710 3aCBO€HHST HOBOTO MaTepiany. 3 KOXKHOI TeMU HaBEACHO MPUKIIAIN BUKOHAHHS
3aBlaHb a00 PO3B’s3aHHS PO3PAXYHKOBHX 3a7ad M OKpeMi 3aBJaHHS ISl caMOcC-
TIAHO1 IEPEBIPKU 3aCBOEHHS MaTepiaiy.

KpiMm Toro B nmociGHuKy € 1miaH Ja00paTOPHUX Ta MPAKTUYHUX 3aHATh. [0
KOKHOT'O PO3AUTY KpIM TEOPETUYHUX MUTAaHb PEKOMEHJIOBAHO BIIPaBU Ta 3ajiayl
IUIS CAMOCTIHHOTO BUKOHAHHS, 1€ € YK€ BaXIJIMBUM, TOMY IO TiJTbKUA MPaKTHY-
HE 3aCTOCYBAHHS OTPUMaHUX 3HAHb JOTIOMArae JI0 KiHIA 3aCBOITH BUBYEHY TEO-
pito. JIJist miATOTOBKY JI0 ICOIUTY y MOCIOHUKY CTYJIEHT 3HAiiJIe TUTAaHHS TIporpa-
MU Kypcy «XiMish».

BukoHaHHst 1abopaTopHUX pOOIT € O0OB’SI3KOBOIO YACTUHOIO MPOrpamMu
Kypcy. Jlo xoxHOT 1abopaTopHOi pO60TI/I 3a371aJIer1Ib HEOOX1THO HIILFOTYBaTI/ICH
O3HAMOMUTHUCS 3 TEOPETUUHUM MaTepianioM, METOJIMKaMH €KCIIEPUMEHTIB, 0op-
MUTH 3aroTiBKY JI0 3BITYy HACTYymHO1 (hOpMHU:

Jlaboparopna podota Ne
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Tewma: «

Hassa nocminy,

CnocrepexxenHsi | PiBHsiHHS peakuiil | BucHoBku
METO/IMKA

CryneHT, sikiii BAKOHAB yC1 HEOOX1/IHI JJaOOpaTOPHI Ta MPAKTUYHI pOOOTH,
MPOCITyXaB 3aIIaHOBaHI1 JICKI[li 1 BUKOHAB CAMOCTIMHY KOHTPOJBHY pOOOTY, MO-
e OyTH AomylieHuM 0 icnuty. baxaemo ycmixy!



2 POBOYNH TUIAH JJABOPATOPHUX TA

[IPAKTUYHUX 3AHATH 3 XIMII

Hasga TeopeTnuHi TUTAHHS JJTSI JliTepa- . Jlitepa- | dopma
. 3MICT 3aHSTh
poboTu MITOTOBKH JI0 3aHATH Typa Typa 3aHSITTS
1 2 3 4 5 6
Poboma 1 1 Topsimox poGotu B mabopa- | [3,¢.3- | TIpaxr.
Texnika na- TOpii 6]
OopaTopHUX 2 TlpaBuna TexHiku O€3MeKu
poOiT, Kilacu 3 IlpaBuma xopuctyBaHHS pea-
HEOpraHiy- KTUBAMU
HUX CITOJIYK 4 XiMIYHUH MOCYJA Ta YCTaTKy-
BaHHS
5 Kiacudikamiss HeopraHiyHUX
CIIOJTYK
Poboma 2 Knacudikaris neopraniunnx | L1, €. 7- | JlaGoparopna poGora 1. Ximiuni | [3, c. 7- JTab.
Kiacu neop- CIIOJIYK 43] BJIACTUBOCTI OKCHJIIB, OCHOB, KH- 9] pao.
TaHIYHUX Okcuau: ckimaa, Kiracudikaris, [6, c. 59- | cnor Ta comneit: IIpaxr.
CroyK. Xi- BJIACTUBOCTI, OJICPKAHHS 65] 1 BnacTuBOCTI OKCHAY KaJIbIIIFO
MI4HI BjIac- OcHoBH: cKkian, Kiracudikaris, 2 BrnacTtuBOCTI  BYIUVIEKHCIIOTO
THUBOCTI OK- BJIACTUBOCTI, OJICP>KaHHS razy
CHUJIB, T1IpO- Kucnoru: cknaa, knacugikaris, 3 BmnactuBocrti nyriB
KCHJIIB, CO- BJIACTUBOCTI, OJIEPKAHHS 4 OpepxaHHd Ta BJIACTHUBOCTI
JIen Comnt: cknan, knacudikaiisi, Bia- HEPO3YMHHUX OCHOB

CTUBOCTI, OJIEpP>KaHHS
3B’S130K MIXK KJIacamMH HEOpraHi-
YHUX CIOIYK

5 Bsaemonis KHUCIOT 3 MeTala-
MU
6 Bizaemomig 1Box conen




1 2 3 4 5 6
Poboma 3 |1 Atom, monekyna, atoMHa Ta Mo- | [1, c. 44- | Po3B’s3anHa 3amad 3 BaxiuBi- | [4,c.3- | Ilpakr.
Baxxnusimi JeKyJIsIpHa MacH 73] IIMX 3aKOHIB XiMil 26]

3aKOHU XiMii. | 2 Moib, MOJBHa Maca, MOJBHHUH | [6, C. 6-
Po3paxyHku 00’em 8, 11-
3a xiMivHAMH | 3 XiMivHA eMImipudHa popMyna 13]
dbopmynamu |4 XimiuHa peakilis. PiBHsHHA xiMmi- | [8, c. 14-
Ta piBHSHHS- YHOT peaxiii 45]
MU peakuid. |5 ExBiBaneHnt. ExBiBaseHTHa Maca
PospaxyHku |6 BusHaueHHS €KBIBAJICHTHHX Mac
3a 3aKOHOM XIMIYHUX €JIEMEHTIB Ta CKJIaJHUX
CKBIBaJICHTIB PEUYOBUH
Ta ra30BUMU | / 3aKoH 30epeKeHHS MacH Ta €He-
3aKOHaAMH prii
8 3akoH cTajocTi CKIaxy
9 3akoH eKBIBaJICHTIB

10 3akoH ABoraapo Ta HACIIIKH 3

11 PiBusiHHSA

HBOTO
Knanelipona-Men-
hi (34 (/a): |

12 Metonu BU3HAYEHHS MOJISIPHHUX

mac.




1 2 3 4 5 6
Poboma 4 |1 Snepuna monenn atoma Pesepdo- | [6, c. 14- | BukoHanHs BIIPAB Tta | [4,c.27- | IIpakr.
bynosa aro- paa 26] pO3B’si3aHHSA 3ama4 3 OyJI0BH 30]
Mmy. Ilepio- |2 Mogens aroma bopa. [loctynaru | [7, ¢. 19- | aTomMa, MepioIUYHOTO 3aKOHY Ta
JTAYHUHN 3a- bopa 41] nepioguuHiit cuctemi J[.I. Men-
KOH 3 Cyuyacna monenb OymoBu atoma. | [8, c. 55- | neneeBa
Jyani3m elneKTpoHy 105, 46-
4 KsaHTOBI yncIa 54]
5 IlpuHOMMM 3amOBHEHHS EJIEKT-
POHHUX 000JIOHOK aTOMIB
6 EnextponHi popmyiau aTomiB
[ TlepiognuHuii 3aKOH Ta MEPIOAU-
yHa cucteMa J[.I. Menpaeneesa
8 BusHaueHHs BIACTHBOCTEH elle-
MEHTIB 3a X TMOJIOKEHHSM B Tie-
ploaudHil cucTemi
9 I[IpuuymHa NMOBTOPIOBAHOCTI BJac-
TUBOCTEH XIMIYHHUX €JIEMEHTIB
Poboma 5 |1 AtomHi paaiycu, eHepris ioHi3a- | [6, c. 27- | BukoHanHsi BmopaB, po3B’s3aHHs | [4, c.31- | Ilpakr.
XiMiuHUHT I[ii, €Hepris CHOPITHEHOCTI [0 39] 3ama4 3 XIMIYHOTO 3B’SI3Ky Ta 33]
3B’SI30K Ta €JIEKTPOHY [7, c. 42- | Oym0BU MOJIEKYT
OynoBa Mo- |2 EnexTpoHeraTUBHICTH B Mepiogax 61]
JEKyIT Ta rpynax (8, c.
3 Ilpuunan Ta ymoBu yTBOpeHHs |109-148]

XIMIYHOTO 3B’ 513Ky




2

OCHOBHI XapaKTepUCTHKU XiMiy-
HOTO 3B’SI3KY: €HEPTis, JOBXKUHA.
Tunu XiMi4HOTO 3B’SI3KYy, (hopMHu
MOJIEKYJT

KoBajieHTHUM 3B’SI30K, MOro Ha-
CHUYEHICTh, HAIPaBJICHICTh, 37aT-
HICTb JI0 TIOJISIpH3alii

Pi3HOBHAM XIMIYHOTO 3B’SI3KY:
10HHUH, JOHOPHO-AKUENTOPHUM,
BOJHEBUN

Poboma 6
Tepmoximis
Ta XIMIYHA
criopigHe-
HICTb

o~

®di3uyHa CyTh EHEPreTHUYHUX
e(eKTIB y XIMIYHUX PEaAKITIAX
Baytpimns enepris. EnTtanbmis.
CranpmapTHa €HTaNbIisl YyTBOPEH-
HS

3akoH I'ecca Ta HOro HaciiaKu.
TepMoxiMIuH1 PIBHSHHS
TepMOoXiMIUHI PO3PAXYHKHU
EnTpomisi, ii 3MiHa B XIMIYHHMX
nporecax Ta GpazoBUX MEePexoaax
Enepris I'i66ca

Hampasnenicte XiMIYHUX MpoIie-
CiB, XIMIYHA CIIOPITHEHICTh

[2,c.5-
43]
[7,c. 76-
87]
[8, c.
158-162,
182-196]

Bukonanuag
pPO3paxyHKiB

TepMOIII/IHaMiLIHI/IX

[4, c. 34-
38]

IIpakr.




o)

1 2 3 4 5 6
Poboma 7 |1 T'oMoreHHi Ta reTeporeHHi peak- | [2, c. 44- | JlabopatopHna pobora 2. IlIBua-| [3,c.20- | Jlao.
XimivHa Ki- i 54] KICTh XIMIYHOT PEaKITii. 24] pao.
HETHKA 2 llIBuakicth TOMOTeHHOI XiMI4HOI | [6, c. 40- |1 BmnuB  KOHIEHTpalii  Ha [Tpakr.
peaxkiii 44] MIBUKICTH PEaKIIii
3 IBunkicth rereporeHHoi ximiu- | [7, c. 88-|2 BnnuB TemmepaTypH Ha IIBH-
HOI peakilii 97] JKICTh XIMIYHO1 peakKiiii.
4 3axoH mii mac. KoHcranTa mBuia- [8, c. Po3paxyHku 3 xiMiuHOi KiHeTuku | [4, c. 39-
KOCTI XiMI9HOT peakiii 163-172] 43]
5 3alexHICTh IMIBUIAKOCTI peakilii
BiJl TeMIlepaTypu, npaBuiio Bant-
I'odda. PiBusauus Appeniyca
Poboma 8§ |1 Peakuii 060poTHI Ta HEOOOpOTHI | [2, ¢. 55- | JTaGoparopHa pobota 3. Ximiuna | [3, c. 24- | Jlab.
XimiuHa piB- | 2 XiMiuHa piBHOBara 86] piBHOBara. Karami3 26] paod.
HoBara. Ka- |3 Koncranta ximiuHOi piBHOBard. | [6, c.40- | 1 3wmimieHHss XiMi9HOT piBHOBa- IIpakr.
Tai3 [Tpraumn Jle-Ilarense 44] ' TIpU 3MIHEHI KOHIIEHTpalii
4 Karamni3 Ta KaranizaTopu [7,c. 98- pearyounx peuoBUH
107] |2 BmumB karaiizaTopa Ha IIBH-
[8, c. JIKICTh XIMIYHO1 peaKiiii [4, c. 39-
176-181] | BukoHaHHs BIIpaB 43]
Poboma 9 |1 Po3zumnwm, ix kmacudikaris [7,c. |Po3B’si3aHHs 3amay 3 KOHUEHT- | [4, c.44- | Ilpaxr.
Pospaxynko- |2 Ilporiec posuunenHs. Enepretu- |154-182] | pamiii po3unHiB 53]
Bl 33141 3 YH1 e()eKTH PO3UYNHEHHS [8, c.
Bu3HaueHHs |3 Po3umHeHHs raszonomiOHux, pin- |205-221]
KOHIIEHTpa- KHUX Ta TBEPAUX PEUOBUH
il po3unHiB | 4 Po3unHHICTD




1T

1 2 3 4 5 6
5 KoHnueHrtpaiiii po3unHiB (BiACOT-
KOBa, MOJISIpHA, MOJISUIbHA, HOP-
MaJjibHa, MOJIbHA JIOJIS, TITP)
6 IlepepaxyHOK KOHIIEHTpaIiil
Poboma 10 |1 Po3umHmM enekTpoiiTiB, ix 0co0- | [6, c. 45- | JJabopaTtopna pobGota 4. Emekt- | [3,c.32- | JIao0.
Enextpoii- JUBOCTI 58] pOJIITUYHA Aucoriamis. [oHHO- 38] pao.
TU4HA quco- | 2 IlpuumHu enekTpomiTU4HOi au- | [7,c. | oOMiHHI peakiii IIpakr.
marsa. Peak- corjarii 169-182] |1 EnekTpomnpoBigHICTh pPO3YH-
1ii iorHOT0 |3 CTYmHiHB ENEeKTPONITUYHOI JHMCO- [8, c. HIB
0oOMiHYy miamii, 3aJexHicTh ii Bim pi3Hux |223-242] | 2 3anekHiCTh CTYIEHIO AMCOIIi-
bakTopiB artii BiJ KOHIIGHTpAIlli €JIeKT-
4 KoHcraHTa nucomianii poJITY
5 Oco0aMBOCTI CHIBHUX EJIEKTPO- 3 Peaxuii ioHHOTO OOMIHY
JITIB 4  AmboTepHi eNTeKTPOTITH.
6 Peaxiii ionHOrO OOMIHY BukonanHs Brpas [5, c. 3-6]
Poboma 11 |1 Enexktpomituuna mucorianis Bo- | [8,c. |Jlaboparopna pobota 5. J{ucomi- | [3,c.38- | Jla6.
Jucoriamis . lonHuit 10OyTOK BOJU 243-254] | auis Boau, BOAHEBUI IOKA3HHK. 45] pao.
BOJIM, BOJHe- | 2 BoaHeBHil MOKa3HUK INaponi3 coneit [Tpakr.
Bul moka3- |3 Iuaukartopu 1 3abapBiieHHA 1HIUKATOPIB B
HukK. ['iaponi3 |4 Tigponis coneit. CTymniHb Ta KOH- PI3HUX CEepeIOBHILAX
CTaHTa T1IPOJII3Y 2 Tigpomni3 coneit
5 Timposi3 4acTKOBHUH Ta TOBHUM 3 BzaeMHe MOCHIICHHS TiIpOTi-
6 IlocunmeHHs Tigpodi3y IBOX CO- 3y ABOX COJIEH
Jen 4 BrnnouB TeMmriepaTypu Ha Tij-
poutis.
BukonanHs BrpaB [5,c.7-15]
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Poooma 12 |1 CryniHb OKUCJICHHS [6, c. 66- | JlTabopaTopHa pobota 6. Oxwuc- | [3,c.45- | Jla6.
OxucmoBa- |2 EnextpoHHa Teopis OKHUCICHHS- 78] JIIOBaJIbHO-BITHOBHI peaKilii 48] pao.

JILHO- BiIHOBHCHHSI [7,c. |1 BigHOBHI BIACTUBOCTI 10HIB 3 [Tpakr.
BiHOBHI pe- | 3 HalBaknuBimii OKWCITIOBAadl Ta 199- MIHIMaAJILHUMHA CTYTICHEM
aKii BIJHOBHUKH 200] OKHUCJICHHS aTOMY
4 CknagaHHd PpIBHAHb  OKHCIIIO- [8, c. 2 OkxwuciroBajgbHl  BJIACTUBOCTI
BaJIbHO-BITHOBHUX peakiiin. Me- [255-262] 10HIB 3 MaKCHUMaJbHUM CTY-
TOJ €IEKTPOHHOTO OajaHCy TICHEM OKHCJICHHS aTOMIB.
CxknagaHHs pIBHSHB peakIii
[5, c. 16-
18]

Pob6oma 13 |1 Ilpuunnu BUHUKHEHHS monBiH-| [7,c. |JlabopaTtopna pobora 7. I'ambBa- | [3,c.48- | Jlao0.
["anbBaniu- HOrO enekTpuuHoro mapy. PiB-| 201- | HiyHUMI eneMeHT 52] pao.
HUW €JIEMEHT HOBaXKHMI enekTpofauuid moteH- | 206] |1 BumiproBanus EPC enemenTa ITpakr.

1ian [8, c. Janiens-SIko0i.
2 HopwmanbHmii BoaHeBHU eJekT- P63-284] | Po3’s3aHHs 3a1a4 [5,c. 19-
pon 25]
3 CrangapTHi €IEKTPOIHI MOTSHITI-
anu, psaa Hanpyr. @opmyna Hep-
HCTa
4 Pobota raqbBaHIYHOTO €JIEMEHTY.
Enexrpopymriita cuna
5 ®opmyna HepHcra
6 KonnenrpariiHi raJbpbBaHI4HI

CJIICMCHTHU
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7 Penokc-moTeHIiaim.
8 HampaBieHiCTh OKHCITIOBAJIBHO-
BIJIHOBHUX  pEaKIIiy. lorHO-
CJIEKTPOHHUA METOJ CKJIQJaHHs
PIBHSIHB OKHUCJTIOBAJIbHO-
BIJIHOBHUX PEAKIIII
Poboma 14 |1 Knacudikailis Kopo3sii MeTaIiB [7,c. | Jlaboparopna po6ota 8. Koposis | [3,c. 53- | Jla0.
Kopo3is 2 XimiuHa KOpO3is 239- | MerTautiB. 56] pao.
MeTaniB 3 EnextpoximiuHa KOpo3is 244] |1 BmuB yTBOpEHHS TajbBaHiy- IIpakr.
4 KucHeBa Ta BOJHEBa Jemnoiyisapu- | [8,c. HUX Map Ha KOPO3il0 MeTaly
3arris 536-542] | 2 Kopo3zis OIIMHKOBAaHOTO Ta
5 MeToau 3aXUCTy METaJiB BiJ KO- BUJTYKECHOTO 3aITi3a.
po3ii Bukonanust BmpaB 3 KOpo3ii Me-
TalliB [5, c. 33-
39]

Poooma 15 |1 Cytb enexkrponizy. AHogue oku- | [7,c. | Jlaboparopna po6Gorta 9. Enekt-| [3,c.56- | Jla6.
Enexrpomis CJICHHS Ta KaTOJIHE BiTHOBJICHHS 207- | poui3 po3unHIB COJIEH 60] pao.
po3uuHiB co- | 2 Hampyra poskiany, nepeHanpyra 211] |1 Enektpodi3 po34rHy XJIOPHITY IIpakr.

JIer 3 TlochigoBHICTH PO3PSAIKEHHS 10- [8, c. MiTl
HIB I1]1 YaC €JIEKTPOIi3y 285-294] | 2 Enektponiz po3unHy HOAMITY
4 TlepBuHHI Ta BTOPUHHI TPOIYKTH KaJIo
EJIEKTPOI3Y 3 Enexkrtpomi3 po3unHy cyibha-
Ty HaTpito
4 EnekTposi3 po34uHy CipuaHoi
KHUCIIOTH 3 MIJTHUM aHOJIOM.
BukonanHs BrpaB [5,c.26-32]
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5 Enextponi3 3 pO3YMHHNM aHOJIOM
6 3akoHU eNEKTPOI3Y
7/ TlpomucnoBe BUKOPUCTaHHSA e€Jle-
KTPOJII3Y
Poboma 16 |1 Busnauenns Tta kinacudikamis | [7,c. |JlabopaTtopna pobdora 10. Ximiu- | [3,c. 64- | JIao0.
XiMi4HI BJIa- MeTaliB, iX po3TamryBaHHS B me- | 214- | HI BIaCTUBOCTI METaliB 68] pao.
CTHUBOCTI Me- piomnuniii Tabmumi J.I. Mennme- | 224] 1 Bzaemonis meTaniB 3 KUCHEM [Tpakr.
TajiB JeeBa [8, c. HOBITPS
2 BigHoBHa axTuBHICTH MeTauiB Ta |513-524] | 2 Jlis Boau Ha MeTaau
OKHCIIIOBaJbHA BJIACTUBICTH KaTi- 3 Jlis xKCIIOT HA MeTalIn
OHIB METaJIiB 4 Jlis po3uuHIB cOJiel Ha MeTa-
3 BigHomeHHS MeTaaiB 0 KHUCHIO, JIN
BOJIHIO, KHUCJIOT, JIyT1B, COJICH 5 Jlis po3uuHiIB JIYTiB HA MeTa-
4 3acobi oTpuUMaHHS Ta OYMIICHHS .
METaiB Bukonannss BmpaB 3 XimiuHux | [5, c. 40-

BJIACTUBOCTEN METAJIIB

46]




3 TIMTAHHS POBOYOI IMTPOIPAMM JJISI IIATOTOBKU

JO ICIIUTY
No [Tutanns poOo4Oi mporpamu Jlitepatypa
1 2 3
1 | IIpenmer Ta 3amaui ximii. Marepis Ta pedoBuHa. Poib [6, c. 4-5]
BITYM3HSHUX BUCHUX Y PO3BUTKY XiMii [7, c. 5-8]
[8,c. 11-12]
2 | Posb XiMiil y pO3BUTKY Cy4acHO1 ITPOMHUCIOBOCTI [8, c. 12-13]
3 | Knacudikamis Heopraniuaux crosnyk. OKCUIU, OCHO- [1, c. 7-43]
BM, KHCIO0TH Ta coil. Ckitag, Ha3Ba, XIMIYHI BIAaCTHBO- [6, c. 59-65]
CTi, METOJIA OJICPIKAHHS [8, c. 37-42]
4 | OCHOBHI HOHATTA XIMIi: XIMIYHHUH €JIICMCHT, aTOM, MO- [1, c. 44-46]
JIeKyJia, BIJHOCHAa aTOMHA Ta MOJEKYJISIpHa MacHu. [6, c. 6-13]
Monb, MoibHa Maca. EkBiBajieHT, ekBiBajieHTHa Maca | [7,c. 12-18]
IPOCTUX TA CKIaJHUX PEUYOBUH [8, c. 18-20]
5 | OcHOBHI 3aKOHHW XiMii: 3aKOH 30epexeHHsS Mack Ta | [1,c. 56-59]
€HEeprii, CTaJoCTi CKJIaly, €KBIBAJICHTIB [6, c. 6-13]
[7,c. 12-18]
[8, c. 17-23, 29-
31]
6 | ['a3oBi 3akoHU: 00’€MHUX BigHOIIEHB, ABOraapo. Mo- [1, c. 56-60]
JbHHN 00’eM. BigHocHa ryctuHa rasis. PiBusHHA cta- | [7, c. 15-16]
Hy igeampHMX Ta3iB  (piBHSHHS  Mennaeneesa- | [8, ¢. 23-29]
Kinaneitpona). MeTtoiv BU3BHAUCHHSI MOJISIPHUX Mac
7 | Bynosa aromy. Ckman aromuux sifep. [3oromu. Cyugac- | [6, c. 16-18, 21-
HE TIOHATTS MPO XIMIYHMKA enemeHT. Mojenb aTtoma 22]
bopa-3ommepdenbna. Vsasa npo kBantu eHeprii. Ilo-| [7,c. 19-27]
HATTS XBWIBOBOI MexaHiku. [loctymatu bopa. Ilo-| [8,c. 55-66]
JIBIiHA KOPITYCKYJISIPHO-XBUJILOBA TPHUPOIA €IEKTPO-
Ha. [Ipuanun ['eiizenOepra. XapakTepucTrKa MOBEI1-
HKH €JICKTPOHIB B aTOMax
8 | KanToBo-MexaHiuHa Mojenb aromy. KBanToBi uucna. | [6, c. 18-21]
Tunu enextponuux opOitaneit. [Ipunmun Ilaymi. [Ipa- | [7, c. 27-34]
Buiia ['yana. [TocmioBHICTh 3alIOBHEHHS €ISKTPOHHUX | [8, ¢. 67-93]

piBHIB Ta miApiBHIB. EJEKTpoHHa Ta e€IEeKTPOHHO-
rpadiuna popmyia

15




1 2 3
9 | Ilepiognunmii 3akoH J[.I. Menneneea. Ilepioauuna | [6, c. 14-16, 23-
CHUCTEeMa €JIEeMEHTIB. Psiau, mepioau, Tpynu Ta Miarpy- 27]
nu. [TopsinkoBuit HOMep, Horo ¢gizudHa CyTh [7, c. 34-39]
[8, c. 46-48]
10 | [TepiognynHa 3MiHa BIACTUBOCTEH XIMIYHUX €JIEeMEHTIB | [6, c. 14-16]
y BIIIOBITHOCTI 3 €JIEKTPOHHOIO CTPYKTYpOIo aromiB. | [7, c. 39-42]
Cyuacue opmymnoBaHHS TiepiognuHOro 3akoHy. Ene- | [8, c. 48-54, 94-
prist i0Hi3alli Ta CIOPIAHEHOCTI 0 eneKTpoHa. Paniy- 98]
CH aTOMIB Ta 10HIB. EleKTpOHETaTUBHICTh €JIEMEHTIB.
MertasnieBi Ta HEMETaJlIeBl BIACTUBOCTI €JIEMEHTIB MPO-
CTUX PEYOBUH
11 | BaysleHTHICTh €JI€MEHTIB Ta XiMiuHui 3B’s130K. Edek-| [6, c. 27-28]
TUBHHI Pajiiyc aTOMIB y CIIOJIyKaxX Ta CTYIiHb OKuc- | [7, c. 42-47]
JICHHS
12 | IlpuunHa yTBOpEHHS XIMI4HOTO 3B’s13Ky. CydacHi Teo- [6, c.27]
pii XiMi4HOTO 3B’513Ky. MeTo/1 BaJICHTHUX 3B’ SI3KiB [7, c. 42-47]
[8, c. 109-118]
13 | OcHOBHI XapaKTepUCTUKH XiMiuyHOTO 3B’s13Ky. EHeprist | [6, c. 27-28]
Ta JOBXKHMHA XIMIYHOTO 3B’s13Ky. BrmactuBocti koBane- | [7, ¢. 49-53]
HTHOTO XiMi4HOTO 3B’s3Ky: Hacudenicth, moyispHicTh | [8, ¢. 113-128]
Ta MOJISIPI30BaHICTh, HAIIPABJIECHICTh
14 | Teomerpuuna ¢opma mosekyn. [iOpumusamis atom- | [6, c. 27-39]
HUX opOitaneii. loHHMIA 3B’A30K K TpaHWYHMIA Buma- | [8, c. 129-134,
JOK mossipu3aiii. JJoHOpHO-aKIenToOpHU, BOJIHEBHIA 143-148]
Ta METAJIEBUH 3B’ SI3KU
15 | ®i3uyHa CyTh €HEPreTUYHUX €(PEeKTIB XIMIYHHX MPO- [2, c. 5-9]
rieciB. OCHOBHI MOHATTA TepMoauHamiku. [lepmwmii 3a- | [7, ¢. 76-78]
KOH TepMOAMHaMIKK (MPUHIMIT 30epekeHHs eHeprii). | [8, c. 158-160]
BayTpimas enepris
16 | EdTajbmis yTBOPEHHsS Ta €HTAbINs 3ropaHHs Ximid- | [2, c. 10-14]
Hux cnonyk. Crangaptauii crad. Tepmoximivni po3s- | [7, c. 78-81, 82-
paxyHku. 3akoH ['ecca Ta HacTiAKU 83]

8, c. 161-162]

16




1 2 3

17 | Apyre nHavano TtepMmoauHamiku I[loHATTS eHTpormii. [2, c.22-27
CratuctuuHa iHTeprpertanis entpomii. Cranmaptha | [7, c. 84-86]
enTporis. Tpere Havano TepmoauHamMiku. Busznavuenns | [8, ¢. 182-191]
SHTPOTII peakuii

18 | Enepris ['i60ca — kpuTepili MOXKIMBOCTI mepediry xi- | [2, c. 28-36]
MiyHO1 peakmii. EnTanbniitauii, enTpomiinuii ¢pakropu | |7, c. 86-88]

19

20

21

22

23

24

Ta HampsMok mporecy. CrangaptHa enepris [160ca
YTBOPEHHS XIMIYHOI CITOJYKH. XiMIYHA CIIOP1IHEHICTh

['oMoreHH1 Ta TeTeporeHHl CUCTEMH 1 peakilii. Y MOBH
nepediry XiMI4HO1 peakiiii, MOJEKYJISPHICTh XiMIYHOT
peakuii

HICTh B1JI KOHLEHTpallli pearyroyux PE4YOBHH (3aKOH
Jii Mac), BIJ TeMIIepaTypu Ta HasgBHOCTI KaTaji3aTopa.
KoHncranTta mBuakocTi peakiii. [[loMoreHHui kaTami3

IBUAKICTH FETEPOreHHOI XIMIYHOI peakiii. Pi3HoBHIM
copOiii. AncopOuiitHa piBHOBara. ['ereporennuii ka-
Tali3

3BOpoTHI peakilii. XiMiyHa piBHOBara B TOMOTE€HHHUX
Ta TreTeporeHHux cucremax. KoHCTaHTa piBHOBAaru.
3B’S130K KOHCTAHTU piBHOBAaru 3 eHeprietro ['100ca xi-
MIYHOI peakilii. 3MIIIEeHHs XIMI4YHOiI piBHOBaru. IIpun-
mun Jle-IIlaTtenbe

Knacudikariist 1ucriepcHUX CUCTEM 3a CTYNEHEM JIHC-
MEPCHOCTI Ta 3a arperaTHUM CTaHOM JUCIIEPCHOI da3u
1 qucriepcHoro cepenoBuina. [{iicHI po3unHN

3acoOu BHCJIOBJICHHS KOHIIEHTpalii po34yuHiB. Po3-
yuHHICTh. [loaBiliHA TpUpoAa PIAKKUX PO3UMHIB. 3MiHA
€HTaJIbIII1 Ta eHTPOIIi IPU PO3ZYNHEHHI

8, c. 192-196]

[2, c. 45-46]

[2, c. 46-52, 61-
64]

[7, c. 88-92, 95-
97]

8, c. 163-172]

[2, c. 73-85]
[6, c. 40-43]
[7, c. 100-101]
[8,c. 172-173]

[2, c. 55-60]
[6, c. 44-45]
[7, c. 92-94,
102-104]
8, c. 176-182]

[7, c. 154-155]
[8, c. 205-210]

[6, c. 45-49]
[7, c. 156-161]
[8, c. 210-215]
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2

3

26

27

28

29

30

31

32

33

Po3unHHICTh Ta3010A10HOT PEYOBUHM Y PiAUHI. 3aKOH
I'enpi. Po3uuHHICTH piAMHU Yy piauHi. Po34uHHICTH
TBEP/Oi PEUOBUHH Y pinHI. TUCK HACUYEHOT apy HaJ
po3unHoM. 3akoHu Paymns. TemmepaTypa KumiHHS Ta
3aMep3aHHs  PO3BENCHUX PO3YHMHIB. OCMOTHYHHIMA
Tuck. 3akoH Baat-I'odda

Po3unHmM enekTposaiTiB Ta iX ocobauBocTi. BigxuneHHs
BJIACTUBOCTEH PO3YMHIB €JIEKTPOJIITIB BiJl 3aKOHIB Pa-
yisa ta Bant-T'opda. OcHoBHI nosiokeHHs Teopii ere-
KTPOJITHYHOT AUCOITiaIlii

[Ipupona npouecy enexkTpoiThyHOi Aucomiamii. [Tpu-
YyHA Ta X1J JAUCOIalli B 3aJIEKHOCTI Bl XapakTepy
XIMIYHUX 3B’SI3KIB B MOJIeKynax. Poib po3unHHuKa

CrymiHb eIeKTPOMITHYHOI aucorialii. 3anexHICTh il
BiJl pI3HOMaHITHUX (AaKTOPiB

Po3unHu cnaOkux Ta CHIBHUX €JIeKTpodiTiB. CTymiH-
yacTa Jucolliaiis ciaOkux enekTposiiTiB. KoHcTanTa
JUcolianii c1abKux eIeKTPOIITIB

lonHi piBHSHHS peakiliii. 3MIIICHHS PIBHOBAru i0HOO-
OMIHHHX peaKIlii.

EnextponiTnyHa aucoriainis Boau. loHHUN 100yTOK
Boau. BonneBuit nokazHuk. [IoHATTS npo iHAMKATOpU

INpapomi3 coseii. Pizni Bumagku rigpomizy. lonni Ta
MOJIEKYJISIpH1 (POPMU 3amUCy TPOIECy TiApoi3y. YMo-
BY MTOCWJICHHSI Ta 3MEHIIICHHS T1IpOJTi3y

Teopig KUCIOT Ta OCHOB. AMpoITH

[7, c. 161-166]
[8, c. 215-222]

[7, c. 169-170,
174-175]
[8, c. 223-226]

[6, c. 49-51]
[7, c. 171-174]
[8, c. 226-228]

[6, c. 51-52]
[8, c. 228-236]

[6, c. 52]
[8, c. 229-232]

[6, c. 52-53]
[8, c. 237-241]

[6, c. 53-54]
[7, c. 177-179]
[8, c. 241-254]

[6, c. 54-56]
[7, c. 179-180]

[6, c. 56-57]
[7, c. 181-183]
[8, c. 234-237]
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34 | I'pyboaucriepcHi cUCTEMHU — CyCIleH3li Ta emyinbcii, ix | [6,c. 57-
npakTuyHe BUkopucTanHd. KonoigHi po3unnu. CTpyKkTypa 59]
1 3apsa KonoigHux yacTok. Koarymsiis 1 cenuMenTanis ko- | [7, c. 186-
J0imHKMX cucTteM. ['eni Ta 3011 198]
[8, c. 295-
306, 318-
325]
35 | TBepai po3unHH, iX YTBOPEHHS, BUIH, BIACTUBOCTI [7,c. 183-
186]
36 | OkucieHHs Ta BigHOBIECHHS. OKHUCITIOBAILHO-BIIHOBHI pe- | [6, c. 66-
akii. HaliBa)KJIHBIIII OKHUCIIFOBAYl Ta BIJHOBHUKHA 74]
[7, c. 54-
59]
[8, c. 255-
263]
37 | OcuoBu enektpoximii. [IpuanHn BUHUKHEHHS eleKTpoaHo- | [6, c. 109-
ro noreHuiany. Iloasiiinuii enexktpuunuii map. IloHATTS 111]
PO €JIEKTPO/IHI MOTEHI1aTN [7,c.201-
204]
[8, c. 263-
281]
38 | Bomuesuii enextpon. CtaHgapTHi €IeKTpoHI moTeHiamm | [7, c. 204-
MeTaltiB. Ps HanpykeHb 207]
[8, c. 281-
285]
39 | I'anpBaHiuHMIA eneMeHT, Horo OyaoBa Ta podota. Enexktpo- | [7, c. 202-
pyllIiiiHa cuja rajabBaHIYHOTO eneMeHTy. PiBHsHHS HepHc- 204]
ta. KoHIEeHTpaliiiH1 e1eMeHTH [8, c.263-
270]
40 | AKyMyJIATOpPH JTy)KHI Ta KUCIIOTHI, iX OymoBa Ta pobora. | [8, c. 264,
[TanuBHi enemenTu. Enektpoximiuni renepatopu. Emekr- | 512, 513,
POXiMiuHI TIepeTBOPIOBaYi 559, 675]
41 | Penokc-oreHmiany.  HampaBneHicTh  OKHCTIOBaiIbHO- | [8, ¢. 270-
BIIHOBHUX peakilidi. MeTonu migoopy KoedillieHTIB y pea- 281]
KI[ISIX OKUCJICHHS-BIHOBJICHHS: €JIEKTPOHHMM OajlaHC, 10H-
HO-EJIEKTPOHHUI OasiaHC
42 | Cytp mpouecy enekrponizy. Ilorenmian posknany. Ilepe-| [6,c. 73-
Hanpyra. BTropunHi mpoliecu mija yac enekrposizy. EnekT- 74]
pOJTI3 PO3ILIaBIB [7,c.207-
208, 293-
294]
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3

43

44

45

46

47

48

49

50

o1

Enextpo:ni3 po3unHiB coseit. [1ocaiqoBHICTh pO3PSIKEHHS
ioHiB. EnekTponi3 3 po3YMHHUM Ta HEPO3UMHHUM aHOMa-
mu. 3akonu @apazes. [IpomuciaoBe 3HaUECHHS €IEKTPOITIZY

EnextponitnyHe oTpuMaHHS Ta padiHyBaHHA METAiB.
OcHOBHM TanbBaHIYHUX METO/IIB HAHECEHHSI METAJIEBUX TO-
KpUTh - TalbBaHOCTerid. [anbpBaHorutactuka. Emextpoxi-
MiyHa 00poOKa MeTasiB

Kopo3sis metaniB. HapogHorocnomapcbke Ta €KOHOMIYHE
3HaueHHs mpoOiemu. OCHOBHI BUIM KOPO3li Ta THIH KO-
pPO3IMHUX TOpYyIIeHb. XiIMiYHA KOpo3is. Ponb 3axucHux
TUTIBOK

EnexTpoxiMiuHa Kopo3isi. AHOAHUH MpoIlec, KaTojaHa Jie-
nonspusaiis. AtMochepHa Koposis. IpyHTOBa KOpO3is.
Kopo3is mig giero 6i1ykarouux CTpyMiB

Mertoau 3axucty Bif KoOpo3ii. Pojib 3aXMCHUX TOKPUTE.
Bubip panioHanbHUX KOHCTPYKIIM Ta MarepianiB. Enekr-
POXIMIYHI METOJU 3axXUCTy. [HribiTOpH

Knacudikariss meramiB. ®@i3uyHl Ta XIMIYHI BJIACTUBOCTI
MmeTaniB. MetaneBuil 3B’s130K. BukopucTanHs MeTaneBux
CIUIaBiB Ta MOKPUTH Y TEXHIIII

PosnoBcromkennss Ta (GopmMu 3HAXOJKEHHS METaliB y
npupoxai. Metoau 3100yBaHHS MeTamiiB i3 pya. OTpuman-
HSl YCTUX Ta TOHAIYUCTUX METAIIIB

®di3nuHi Ta XIMIYHI BIACTUBOCTI HeMmeTaliB. PosmoBcro-
JOKeHHS Ta (HOpMU ICHYBaHHSI HEMETAIIB Y TIPHUPOJI, 3aCO-
O OTpUMaHHS

IIpocTi cronayku: Tiapuau, Taliad, OKCUAM, Cyabdiau, Hi-
Tpuau, kapoiau. OcoONMBOCTI iX BIACTUBOCTEM Ta MpaK-
TUYHE 3HAYCHHS

[6, c. 74-78]
[7, c. 209-
211]

I8, c. 285-
290]

[6, c. 76-77]
[7, c. 210-
211]

I8, c. 290-
292]

[6,c. 112-
113]
[8, c. 536-
543]

[6,c. 112-
113]
[8, c. 536-
543]
[6,c. 113-
115]
[8, c. 541-
543]
[6, c. 108-
109]
[8, c. 513-
521]

[6, c. 108-
109, 111-
112]

8, c. 521-
525]

[6, c. 79-80]
[7, c. 214-
225]

[7, c. 120-
128]
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4 3AJAYU TA BIIPABU JJISI CAMOCTIMHOI IMIJITOTOBKN
CTYJEHTIB JO ICOUTY

4.1 OCHOBHI IOHATTS 1 3AKOHHU XIMII.
PO3PAXYHKMU 3A XIMIYHOIO ®OPMYJIOIO,
XIMIYHOIO PEAKII€IO, 'A3OBUMU 3AKOHAMUA

4.1.1 3aoaui 3 amomHo-moneKyaApHoi meopii
4.1.1.1 Tunoei 3a0aui 3 piniennamu

3agaya Ne 1. Buznauenus ¢opMyI XIMIYHHX CIOJYK €JIEMEHTIB 3 BUKOPH-
CTaHHSM IpaBujia B3aEMHOI HACUYYBAHOCT1 BAJICHTHOCTEH.
Ilpuknao. 3uaiitu emnipudny GopMyily OKCHAY 3ajli3a, 3HAIOYM, M0 KH-
CEHb Ma€ BaJICHTHICTH JIBa, a 3aJ1130 - TPUBAJICHTHE.
Piwennsa. 3anvcyeMo CUMBOJIM XIMIYHUX €JIEMEHTIB 1 TO3HAYAEMO PUMCh-
KHUMH [U(PpamMu BaJ€HTHOCTI €JIEMEHTIB:
relllol!
JI71st BUBHAYEHHS 1HJIEKCIB CKOPUCTAEMOCS MPABUIIOM B3a€EMHOI HACUYyBa-
HOCTI BAJICHTHOCTEI:
Bre - ire = Bo " I,
nie B — BaJIeHTHICTB;
| — IHIEKC.
3HaX0IUMO HAWMPOCTIIIE CHIBBIAHOIICHHS MIX 1HACKCAMH 3ali3a il Kuc-
HIO:

iFe - 3 =10 " 2;

IFe _2

Te) 3

Emmipuuna gopmyna okcuny 3amiza Fe,0s.

3apaua Ne 2. BuzHaueHHs BaJIGHTHOCT] XIMIYHHMX €JIE€MEHTIB y CIOJyKaX.
Hpuknao. 3naiity BaneHTHICTL a30Ty B okcuai azory N>Os. Bimomo, 1mo

BaJICHTHICTh KHCHIO IIOCTIMHA 1 JOPIBHIOE 2.
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Piwenns. 3aCT00y€MO IIpaBUIIO B3aEMHOI1 HaCI/I‘l}IBaHOCTi BAJICHTHOCTEM:
BN . l = BO : io,

:—BO.io :E:S

B ;
N IN 2

Banentricts azory B okcuai NoOs nopisuroe 5.

3agaya Ne 3. BusHaueHHs BIZHOCHOI MOJIEKY/ISPHOI MacH XiMid4HHX CIIO-
VK.
Hexaii BiC;Dy — ximiuna cromyxa,
ne B, C, D — xiMiuH1 eleMeHTH; 1, ], K — IXH1 1HAEKCH.
Toxni My B;C Dy =iAgt]ActKAD,
ne A, — BimHocHa atoMHa Maca.
Ipuknao. BusHauuTH BiJHOCHY MOJIEKYJISIPHY Macy Cyjib(ary HaTpiro
Na,SO,.
Piwenna. M r,Na,SO, = 2:Arnat LA st 4A o=
=223+ 1-32+4-16 = 142.

3apaua Ne 4. BuzHaueHHs1 MOJISIPHOT Macu XIMIYHUX CIIOJIYK 32 €eMIIpUy-
HOIO (hopMyIIO¥0.
s cnomyxu BiCjDy mMu maemo:
MBiCjDk =1 Mg+ Mc+ Kk Mp.
Ilpuknao. Buznaunut MOJIsIpHY Macy HiTpaTy Kaibilito Ca(NOj3),.
Piwenns. IVICa(NO 3)2 =1'Mcat2-Mnt6-Mo =
=140 +2-14 + 6:16 = 164 r/moub.

3agaya Ne 5. BuszHaueHHs yucia MoJied ny, 10 MICTSTHCS y MEBHIM Maci

IIPpOCTHUX 1 CKIIaIHHUX PCUHOBUH:

~m
nM—M,



J€ Ny - YACIIO MOJIb;
M — Maca p€4Y0BHHH, M,
M — monsipHa maca, r/MOJb.
Ilpuxnao 1. BuzHauuTy 9uCiio MOJIb aTOMIB y 60 T ByTJIeIto.
Piwwennsa. Mc = 12 r/monb;
Mmc 60 r

= = 5 MOJIb aTOMIB BYTJIEIIIO.

Mc 12 r/moms

Ilpuknao 2. Bu3HauuTH 4uCiIo MOJIb MOJeKys y 300 r BYrJaeKucioro ka-

Nvc =

abiiro CaCOs.

Piwennn. Mcaco, = 100 r/mois;
m 300 r

Mcacos, ~ 100 1/ moms

NM,caco; = = 3 moub Mosekya CaCOs.

3apaua Ne 6. BuzHaueHHs yuciia aTOMIB 1 MOJIEKYJI, IO MICTATHCS Y TMEB-

HIl Maci pe4OBUHMU:

_ ~m
n=nN A= M N A
J€ N — KUIBKICTh aTOMIB Y MPOCTIM PEYOBHHI YU KUIBKICTH MOJIEKYJ Y

CKJIQJHI! PEeUOBHUHI;
Na — unciio ABoraapo, Na = 6,02 - 10% momp™;
M — maca pe4oBUHH, T;
M —ii MmonsipHa Maca, r/MOJb.
Ilpuxnao 1. 3naiiTy 4ncio atoMiB y 3,2 T CIpKH.

m 3,2 .
L 602102 ymoms L =6,0210% aromis,

Piwenna. Naoyis = NA =55 =

Ilpuknao 2. 3naiitu KibKicTh Mosekyd Na,O y 6,2 T OKCuay HaTpito.

Piwenns.
# 6,21

23 -1 22
= 6,02.10 =6,02110
Mna,o AT 62r/momb MO MOTERY

Nyvonexyn =

3agauya Ne 7. BuzHaueHHs aOCOIIOTHOI Macu aTOMIB 1 MOJICKYJI:
M

Maroma (MomnekyH) = )
Na

1€ Maroma (vonexynn) — MACA aTOMa (MOJIEKYJIN), T.
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Ilpuxnao. Buznauutu macy moJiekyinu NO.
Mno 30r / moib

-23
=5-10"“"r.
Nao 6,02 10%3mom ™

Piwennsa. Myg =

4.1.1.2 3aoaui 0na camocmiitno2o piuieHHns
1 BuszHa4yMTH KUIBKICTh MOJIb M KiJIbKICTh MOJIEKYJ MarHio B 0,486 r.
2 Uwm ogHaKoBa KUTBKICTh MOJIEKYN Y 1 T BomHIO M1 y | T kucHiO ? Bignmosias mif-
TBEPIUTH BIANOBIIHUMU PO3PAXYHKAMHU.

3 PospaxyBaTi y Mo i B rpamax 2,0 - 10%° monexyn arerrneny CoH,.

4.1.2 Po3spaxyuku 3a XiMiuHow gopmynoio

4.1.2.1 Tunoei 3a0aui 3 piviennamu

3apaua Ne 1. BuzHaueHHsa Macu XIMIYHOTO €JI€MEHTa, 1110 MICTUThCS Y Tie-
BHil Maci XIMI4HO1 CTIOJTYKH.
Hexaii BiC;Dy — 3aransna ¢opmyiia XIMIYHOI CIIOTYKH, TOAI
MBiCjDk MICTUTh iMg,
MB;C;Dy MicTuTb X T B.

mp;c;D- MB

Mg, c;Dy
1€ mBiCjDk - maca xiM14Hoi cnoayku BiC;Dy, r;

Mg — Maca XIMIYHOTO eJIeMeHTa B, 1110 MicTHTBCS B Macl XIMIYHOI CIIO-
JIYKH mBiCjDk’ T.
Ilpuxnao. Buznaunt Macy KHUCHIO, IO MICTUTBCS B 148 T T1IpOKCUIY Ka-
ae1ito Ca(OH),.
Pimenns. Mcyon) , =74 r/mons;
Mo = 16 r/mMonb; 1 = 2;
_ Mca(oH), - Mo 148. 2 .16

Mo = =64 r
McaoH) , 74

24



3apaua Ne 2. BuszHaueHHs Macu XIMIYHOI CIOJYKH, 10 MICTUTh TIEBHY Ma-
Cy XIMIYHOTO €JIEMEHTA.

s crionyk 3aransHoi popmynn BiCjDy mu Maemo:

iMg mictutees B MB.c.D, ;

Mg MicTUThCS B X T BiC;Dy .

Mg - MB;c;D,
X=MgR.c. = N
BiCjDxk iMp

Ilpuknao. BuzHaunt Macy OKCHAy Mardito Mg, 1o MiCTUTb 6 T MarHiro.
Piwenna. Myo0 = 40 r/Mous;
Mg = 24 r/momnb; 1= 1;

MMmg- Mmgo 6 40
iMyg 124

=10r.

3amaya Ne 3. BuzHaueHHs BiJICOTKOBOI'O BMICTY XIMIYHOTO €JIEMEHTAa B
XIMIYHIM CTIOJIYIII.
BiacoTkoBuii BMICT XIMIYHOTO €JI€MEHTA B XIMIUHIM CHOJIYIIl — 11€ oro Ba-
roBa KUIbKICTb, 1110 MICTUThCS B 100 MacoBUX 4acTHHAX XIMIYHOT CITOJTYKH.
MBiCjDk MICTUTB 1 Mg;
100 r B;C;Dy mictuts x r B (% B).
1.100. Mp

%B =
MB;C;Dy

ne % B — BicCOTKOBHIT BMICT ejieMeHTa B.
Ilpuknao. BuszHauuTty BiJICOTKOBUI BMICT 3aii3a y Fe3Oy.
Mre,0, =232 r/Momb; Mg = 56 r/mons; i=3;
1-100- Mg, 3-100-56

%Fe = = =72,4%.
Mee.0, 232

[TomxiOHUM YMHOM MOKHA BU3HAYUTH BIJICOTKOBUM BMICT 1HIIHX €JIE€MEH-
TiB y CIIOJIYIIl, TOOTO BiJICOTKOBUM CKJIaJ CIIOJIYKH.
HeoOxinno nam'araTu, mo aus cnoayku BiCiDy

%B+%C+ % D=100 %.
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3apauya Ne 4. BuzHaueHHs XiMigHOT () OPMYJIM CIIOJIYKH Ha IMiJICTaBl BiJICOTKOBO-
T'0 BMICTY €JIEMEHTIB Yy CIIOJIYI[I Ta iX MOJIIPHOI MacH.
3 momepenHbOoi 3a7a4i BiIOMO, IO BIICOTKOBUH BMICT eleMeHTa B B Ximi-
yHill cionyni BiC;Dy Bu3HauaeThes 3a GopMyIIoro
i .100 . Mp

%B = :
MB;c;Dy

%B ' MBiCjDk
100 Mg

3BiICH 1=

Ilpuxnao. BinnosiiHO 710 pe3yiabTaTiB KUJIBKICHOTO aHAli3y HEBlJOMa CIO-
JyKa MICTUTh
% H=11,1%; % C=288,9 %.
1T monspHa mMaca fopiBHIOE 54 1/M0Ib. BusHaunTu Monekynspray Gopmyry
CTIOTTYKH.
Piwenna. HepinoMma crioiryka Mae MosieKyJsipHy popmyiy CiH;
HC- M _889-54 _
Mc - 100 12. 100 ’
“H - MciH; 11154
My - 100 1-100

j:

Takum ynnOM, MonekysipHa Gpopmyna CyHe.

3agaya Ne 5. BusHaueHHS Macu XIMIYHOI CIONYKH 3 JIOMIIIKaMH, sIKa

BMIIIIY€E TIEBHY Macy XIMIYHOTO €JIEMEHTA.

Ilpuknao. Miuepai, mo yTpumye cyibQia CBUHIO, MICTUTE 75 % Pb. fka

KUIBKICTh LIbOTO MiHepainy MicTuTh 200 r CBUHIIIO?

Pimenns. CniouaTky BU3HAYAE€ThCS Maca YUCTOI XiMiUHO1 criosiyku PbS, y

ki MicTUTBCSI 200 T CBUHIIIO:

Mpp - MPbS _ 200. 239

: = = 231 r PbsS.
i - Mpp 1. 207 '

Mpps =
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IToTiM BU3HAYAETHCS Maca pEYOBUHH 3 JOMIIIKO0, TOOTO Maca MiHEepay:

.. 0
_ m‘-IPICTOlpe‘-IOBI/IHI/I - 100% _
mpe‘{OBI/IHI/B IOMIIIKOIO ~

% puicr YUCTOIPEUOBUHU
_ Mppg- 100%  231- 100
minepany = 7506 T 75

m =308 .

3agaya Ne 6. BuznadeHHs Macu XiMIYHOTO €JI€MEHTa Yy MEBHIM Maci XiMi-

YHOT CIIOJTYKH, 1110 MICTUTh JOMIIIIKY.

Ilpuknao. Minepan repmanis MicTuTh 80 % aBookcuny repmanis GeO,.

3HalTH Macy repMaHis, o MICTUTHCA B 250 T IbOrO MiHEpaIy.

Piwennsn. Crioyatky BU3HAYAETHCA Maca JBOOKCHUIY Te€pMaHif, 10 MicC-
tuthes B 250 © MiHepay:

. 0 ..
_ mpe‘-IOBI/IHI/I 3 JOMIIIKOIO - /0 YTIpUMaHHA YMCTO1 PCHOBMHM

Muypcroi pEYOBUHH 100% J
Mytinepara - 80% 250. 80
= = =200r.
MGeO, 100% 100 r

IToTiM BU3HAYaeThCA Maca XIMIYHOTO €JIEMEHTA:
o M0, Mge 200.1.725
Ge MGeo, 104,5

=135r.

4.1.2.2 3a0aui 0152 camocmiiiHo20 piuileHHA
1 Buznauutu Macy maprasiuo B 1 T mipomto3ury, mo Mictutb 60 % MnO,
2 CKITbKH XJIOPOBOJHIO MOKHA ojiepkatu 3 20 Kr BOAHIO, SKIIO BTPaTH
BHPOOHUIITBA CKJIAIat0Th 12 %?
3 V skilt crioyiii Oi1bIe BiICOTKOBUN BMICT CBUHIIIO — Y PbO uu B PbO,?
BiamoBinp miaTBepIUTH BiMOBITHUMHU PO3PAXYHKAMHU.
4 3npaiiTu HaWmOpocCTilly Ta AiMCHY (QopMmyiy rasy, 10 Ma€ HACTYIHUHN

ckian: C - 82,76 %; H - 17,24 %. I'ycTtuHa raszy 3a noBiTpsm jaopiBHioe 2,01.
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5 Ilpu nposkaproBadHi 2,94 © KpUCTAIOTIAPATY XJIOPUIY KaJTIbIIK0 BUIIIH-
nocs 1,45 r Bonu. Cxnacta popMyIry JaHOTO KPUCTATIOTIIPATYy.

6 Ilpu cnamoBaHHi 6,2 T KpeMHEBOAHIO OTpuMaHo 12 r aBookcuay SiOs.
['ycTHa KpeMHEBOIHIO 3a MOBITPSIM A0piBHIOE 2,14. BuBectu MonekyssipHy ¢o-

PMYyI1y KPEMHEBOIHIO.

4.1.3 Pospaxyuku 3a 2azoeumu 3aKoHaAMU (HOPMAAbHI yMOBU)

4.1.3.1 Tunoesi 3a0aui 3 pinienuamu

Jlnis 3aiiicHeHHs OyAb-SIKOTO PO3paxyHKY 3a Ta30BUMHU 3aKOHAMH JJI HO-
pMajbHUX YMOB BUKOPHUCTOBYIOTHCA HACTYIHI (DOPMYJIH:

M =pVM = Diopirps *29= DH2'2

] _m_V _ Nyonexyn
MMV~ Na

ne M — monsapHa maca, I/MOJIb;
p — 'yCTHHA Tasy, I/1;
Duosirpss DH )" BIJIHOCHA T'YCTHHA 3a TOBITPSIM ¥ 3a BOJHEM;
N — KIJIBKICTh MOJIb Ta3y;
m — maca ra3sy, T;
V — 00’em rasy, i;
Vw1 — Mosisipauii 00’em, Vy = 22,414 51/moib;
Nytorexys — KUIBKICTh MOJIEKYJI rasy;

Na — uuciio ABoraapo, Na = 6,022- 10%® monp™.
BuxopuctoBytouu 111 AB1 (hOpMyYJIH, MOKHA PO3PAXyBaTH:

- KUIBKICTb MOJIEKYJI, III0 MICTSATHCS Y IEBHOMY 00’ €M1 razy;
- KUIBKICTb MOJIb, IIIO MICTSATBCS Y IEBHOMY 00’ €MI razy;

- 00’eMm, gkuil 3aiimMae eBHa Maca rasy;

- Macy MeBHOro 00’emy rasy;

- TYCTHHY Ta BIAHOCHY I'yCTHHY ra3y 3a MOJISIPHOIO Macoro rasy;
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- MOJISIpHY Macy HEBIJIOMOI'O ra3y Ha OCHOBI I'YCTHHHU a00 BIAHOCHOI T'y-

CTHHH Ta3y.

Ilpuxnao 1. 3uaiity KiIbKicTh MoJiekyl CO,, 1m0 MicTuThCs B 11,2 11 ByT-

JIEKUCIIOTO Ta3y (H.Y.).

Piwenns. v — Nymosexyr,
VM Na
_V.Na 1121 .6,02.10% yoms 1 23
Nyonexyn = Vi = 22 4 11/ vors = 3,0 - 10°° monekyJ.

Ilpuknao 2. Buznauntu yucio Mosb SO,, 110 MICTUTHCS B 3 11 CIPYHUCTOTO

rasy (H.y.).

Piwuenns. Ny =

V.  12x
Vv 22,4 n/momnb

= 0,134 mo:s.

Ilpuknao 3. 3uaiitu 00’em, skuii 3aiimae 32 T CHy (1.y.).

. \/ m.Vpm 321 22,4 n/vonb
Piwenna. — =——: \V/ = =

M V' M 16 1/ Mo

=448 1.

Ilpuknao 4. Buznauntu macy OI[H\(/)FO JTpa KUCHIO (H.Y.).
m

Piwennsa. M = W un M =pVypy,

TOMY III0 Maca OJTHOTO JIITpa — 32 BUBHAUCHHSM 1I€ TYCTUHA, P =

<[3

M 32r/vomb — 1431/
P= Vv 224r/moms Hen

TOOTO Maca OJTHOTO JiiTpa KUcHIO m = 1,43 .

Ilpuxnao 5. 3HaiiTu BITHOCHY TYCTUHY XJIOPY 3@ MOBITPSIM.

M
Cl, _Macl, 71 B
moBiPA ~ 99 99 2,45, ne My ogirps = 29 1/MOIIB.

Piwennsa. D

Ilpuknao 6. 3naiiTu MOJSIPHY Macy HEBIAOMOTO rasy, SKIIO BiJIHOCHA Tyc-
THHA HOT0 3a BOJHEM JIOPiBHIOE 22.

Piwwenna. My = D>,_<|2 -:2=22-2=44r/momb.
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Ilpuknao 7. BuzHauutu 00’eM, KU 3aiiMae 2 MOJIb BYIJIEKUCIIOTO Ta3y

(m.y.).

Piwenna. N =l:>V:VM-nM =22,4-2=448 n.

Vm

- 22
Ilpuknao 8. Buznauutu 00’°eM, sikuil 3aiiMae 5,4-10°° MoyeKkyn KHUCHIO

(m.y.). 97

] \Y nMO.HeI(yJI \VE nMOJIeKyJI 22,4 5,4-10

Piwenna. = V= = 53— =20
WM NA NA 6,02 10
4.1.4 Po3paxyHnku 3a piGHAHHAM CMAHY I0eaIbHUX 2a3i6
4.1.4.1 Tunoei 3a0aui 3 piviennamu

B ycix po3paxyHKax BHUKOPHCTOBYEThCS pIiBHAHHS Kianeipona-

Menpeneena:
pV=1000 nRT,

9u

pV=1000 m/M RT,
AKIIO 00’€M BUMIPSETbCS B JITpax, TUCK — y [lackamsax, mMaca — y rpamax,
MOJIsIpHa Maca — y TIpamMax Ha Moiib, TeMmmeparypa — y KenbBiHax, R =

8,314 Ix/(monb-K).

Ilpuxnao 1. Maca 227 mn rasy, sikuii B3sTo npu Temneparypi 37°C i npu

TacKy 730 MM pT.cT., mopiBHIOE 0,313 r. Bu3HaunT MOJIIpHY Macy IIbOTO rasy.
MRT -1000
PV

Piwenns. M =

p=973251la; V=0,227m; T=310K;

v - 0313-8314 .10°-310
97325- 0,227

Ilpuknao 2. Buznauutu o0’eMm, sikuii 3aitmae 140 r a30Ty nipu Temneparypi

= 36,5 r/mons.

32°C i mpu THCKY 2,8 aTM.
V = mRT - 1000

= oM :

Piwenns.

Mn, =28 1/monk; T=305K; p=_283710 Ila;
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_140.8314.10%. 305

283710 .28 AIn

3agauya 3. IleBHa kinmpKicTh raszy 3aiiMae o0’em 152 Ma mpu THCKY
745 MM prt.cT. 1 Temneparypi 25°C. 3HaiiTi 00’€M Ti€l K KUIBKOCTI Ta3y MpH HO-

pManbauXx ymoBax (T; =273 K; p;= 101325 Ila).

Piwennsa. pV =nRT; n = ﬂ qu N = P1 Vl;
RT RT,
PV _ iV
RT RT’

ne p, V, T — mouyatkoBi yMOBH; p1, V1, T1 — KiHIIEB1 YMOBH;
VT,
V= pVii ;
TR
p=993251la; T=298 K; V=0,152 x;

©99325. 0,152 .273
1= 298.101325

= 0,1365 5.

Ilpuknao 4. Y 3akpuTii MeTajneBiid CyAMHI 3HaXOJUThCS ra3 MpU TEMIIe-
patypi 20°C. Jlo skoi TeMIiepaTypu HEOOX1JHO HArpiTH LIeH a3, o0 301IBIIUTH
HOro TUCK y 3 paszu?

Piwenns.

pV _ piVi.
T T

p1=3p; T =293K; V;=V.
pV _3.pV 1 3

T T T T

T, =3T=3-293 =879 K, un t; = 606°C.
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4.1.5 Po3paxynuxu 3a pi@HAHHAMU XIMIYHUX PeaKuiil
4.1.5.1 Tunoei 3a0aui 3 piviennamu
3amauya 1. Hexaii 3aranpHa cxema XiMi4HOT peaxiii
aA +bB —» cC +dD,

ne A i B — BuxiHi peuoBUHH;
C 1D — npoaykTu peakiii;
a,b,c,d — xoedimieHTH.

Toxai MokHa 3arucaTH PIBHIHHS

"ma "me "mc "wo

a b ¢ d’

JIe N —KUTbKICTh MOJIb KOKHOT PEUOBHHHU, SiIKa Oepe y4acTh Y peakxiiii.

[IpurycTuMo, 1m0 KIIBKICTh JaHUX PEYOBUH BUCIOBJICHO HACTYITHUM YH-
HOM:

a) I A — KUTBKICTIO MOJIb;

0) st B — y 00’eMunx ogunuisix (to6to B — razonoioHa peuyoBrHa);

B) s C — y rpamax;

) st D — KUIBKICTIO MOJIEKYI.

Taxk sIK B1TOMO, IIIO
- vV m_ Nyonexyn
M7V M~ Ny

oziepkyeMo GhopMyITy JIsl pO3paxyHKiB 3a PIBHSHHSAM XIMIYHOI peakilii

"M,A Vg _ m¢c  MvonexynD
a V|\/| b MC C NA d

Ilpuknao 1. Bu3sHaunuTy 4uCiI0 MOJIb Byriaekucaoro razy CO,, OTpUMaHoro
B PE3YJIbTATI 3TOPSIHHS 24 T BYTJIEITIO.

Piwenns. PiBHSHHS peaxilii TOPIHHS BYTJICIIIO

C‘*’()g_> C02
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mc _ M,Cco,
Mc 1

_Mmc _24_,
nM,Coz = MC = 12 = £ MOJIb.

Ilpuknao 2. Buznauntu 00’ €M KUCHIO, HEOOX1THUN JJIs 3rOpsiHHSA 17 T
amiaxy.
Piwenna. PiBHSHHS peakilii rOpiHHS aMiaKy

4NH3 + 3()2_> 2N2 + 6H20

NNHy Vo,
AMNH, 3VM'
MNH,- 3- VM 17. 3.224
V, = = =1 :
02 4MNH3 4 .17 6,8.]1,

Ilpuknao 3. BU3HAUNTH 4YUCIO MOJIEKYJ BOJAM, IO YTBOPSTHCA MPHU 3r0-
psuHi 10 1 MeTany, H.y.
Piwenns. PiBHSHHA peakiiii TOpIHHS METaHy
CH,;+ 0O, — CO,+2H,0.

VcH . MuonexymH,0:

1 Vg 2 Np
VeH,© 2-Na 10- 2-6,02- 105 23
N vonexyn, H,0 = Vi = 224 =54-10"" monekyn.

3apaua 2. Po3paxyHKu 3a piBHSHHSM XIMIYHOI PEaKIlii 3 peakTHBOM, IO
MICTUTE JOMIIIKH.

[lepen 3Bu4atHUM pO3paxyHKOM 3a PIBHSHHSAM XIMIYHOI peakiiii BU3Ha4a-
€TbCSI KUTBKICTh UHCTOTO PEAKTHUBY.

Ilpuknao. SIky mMacy OKCUIy KajbIilO 1 SKUHA 00’€M BYIJIEKHCIIOIO Trazy
(H.y.) MOXHa OJIep>KaTh TPHU TEPMIYHOMY poskiiajneHHi 20 T BamHsIKY, M0 MicC-

TUTh 80 % KapOOoHATY KaJIbIlitO ?
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Piwenns.

) 0 ) .
a) m mperBHHH 3 IOMIIIKOK * Yo BMICTY YHCTOIPEIOBUHU
YUCTOIPECUOBUHU ’
P 100%

" _ Mpanska - %Caco3_20-80_ 6
CaCO; = 00% ="l “lr

6) CaCO3 —' > CaO + COy;

Mcaco;  Mcy0 CO,
1-Mcaco;, 1-Mco 1-Vn'

Mcacoy;” Mcao 16 .56

Mcao = =896T;
C20 Mcaco, 100 g
Ve = Mcaco;- VM 16 - 22,4 253
= = = J1.
CO2 Mcaco, 100 !

3apaua 3. Po3paxyHKH 3a pIBHSIHHSIM XIMIYHOT peaKIlii 3 HaJJIUIIKOM O/I-
HOTO 3 PEaKTHUBIB.
[Ipumnyctumo, 1o peaktuB B B3gTO y Hagmumiky, Toai ¢hopmyina s po3-
pPaxyHKIB 32 PIBHSHHSIM XIMIYHOI peakiiii Ha0yie BUIy
nMm.A < Mp S Mc _ nMOJIeKyJID
a b VM C MC dN A '

EneMeHT piBHSHHS, IO MICTUTh PEAKTUB y HAJJIUIIKY, BUKIIOUYAETHCS 3

po3paxyHKiB. Po3paxyHKU BeAyTh 32 PEAKTUBOM, B3SITOMY B HEJOMIKY. MOXIIu-

BUI TaKOX PO3PAXYHOK HAJIUIIIKY PEAKTUBY.

mHannHme peaKkTuBy mpe‘IOBI/IHI/I, B3ATa I peaKiii mpe‘lOBI/IHI/I, III0 IIpopearysaa

Ilpuknao. Buznauntu mMacy HITpaTy HATpilo, 10 YTBOPUTHCS B Pe3yJIbTaTi
B3aemoii 130 r a30THOT KUCTOTH 3 ABOMA MOJIb THAPOKCH 1A HATpito. SKkuii peak-

THUB B34TO Y HAAJIUIIKY 1 IKa Maca HaJJIMIIKY bOI'0 peaKTI/IBy?
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Piwenns. BuznayaeMo pe4oBUHY B HAJJIUIIIKY:

NaOH + HNO; — NaNO; + H,0;

NM, NaOH i - MHNo; 130
1 Mo, 63

TakuM YMHOM, a30THA KUCJIOTA B3SITA Y HAJIJIUIIIKY:

= 2,06 mMoub.

N\, NaOH . MHNO 4
1 1MHNo,

Po3paxyHOK 3/iiCHIOETBCS 32 PEAKTUBOM, SIKUM B3ATO B HENIOJIIKY, TOOTO
3a T1IPOOKUCOM HATPIFO:
NM,NaOH _ MNaNOj3
1 1Myao,

MNaNO 3 = NM,NaNO 3+ MNano, =2 -85 =170 T

Po3paxyHok Macu KMCIOTH, HEOOX1THOT JIs peakIiii 3 JIBOMa MOJISIMH T1/I-
POOKHUCY HATPIIO:

NM,NaOH _ MHNO;
1 1- Mpno,

MHNO 3 = "M, NaOH MHNO; =2 - 63=126 T

Po3paxyHOK Macu HaJIUIIIKY a30THOT KUCJIOTH:

mHazumLuKa - mpeqonmm, B3sTA IS peakuii mpe'-IOBI/IHI/I, 1o Ipopearysana —

=130-126=4r.

3anaua 4. Po3paxyHKH 3 TPaKTUYHUM BUXOJIOM PEAKITIi.

ITpaxTunnii BuXin peakuli Ry, — 1€ BIIHOMEHHS A1MCHOI KIIBKOCTI OTPH-
MaHOi PEYOBHHU JI0 MOT0 TEOPETUYHO MOKJIMBOI KIJIBKOCTI BIATOBITHO IO PiB-
HSHHS peaKIii

M .:«
_ nificHa
Rnp = 100 %.

Mreopernuna
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Ilpuknao 1. Otpumano 620 1 kucHIO enekTposizom 40 Monb Bojau. BuszHa-
YUTHU MPAKTUIHUA BUX1]T PEaKIIii.

Piwennn. a) Crnoyatky po3paxoBYIOTh TEOPETHUYHY Macy KHCHIO 3a PiB-
HSTHHSIM peaKIlii

2H20 - >02 +2H2;

€JIeKTPOJIi3

nm H20 _ Mo,
2 1. MO2

"M H,0 - Mo, 40. 32
Mieop = Mo, = 22 = 5 =640 .

0) BuzHauaemo npakTHUHUN BUX1] peaKIii

620
Rip = 640 -100% = 96,88%.

Ilpuxnao 2. llpaktuuHuii BUX1J] peakilii cuHTe3y amiaky nopiBHioe 30 %.
3HaiiTu Macy amiaky, oTpumaHoro 3 90 1 BOAHIO, SIKUI B3STO JJIs pPeaKIlii CUHTe-
3y (H.y.)?

Piwenna. a) 3HaX0AUMO TEOPETHYHY Macy aMiaKy:

3H; + N; «— 2NH;;

MNH,  VH, - _2-MnHg - VH, 2.19.90
2. Mg, 3-Vy' 8T 3.vy T 3.224

=4554 T.

0) 3Hax0aUMO 32 IPAKTUYHUM BUXOJIOM peaKii AIMCHY Macy aMiaKy:

Rip - Mreop 30 - 45,54
M gijicua NHy = =
Amcra T3 100 % 100

=13,66 .

4.1.5.2 3a0aui 0na camocmiiino2o piuieHHA
1 Bwusnauutu MonispHy Macy rasy, skmo 0,29 5 ioro mpu temieparypi
29°C i Treky 1,064-10° ITa (800 MM pT.cT.) MaroTh Macy 0,32 T.
2 CkinbKy MOTPIOHO B35ATU KapOOHATY KaJbIlito, 00 OTpUMAHUM TP HO-
ro po3KjaJeHH] JBOOKCHUJIOM BYIJICIIO HAIIOBHUTH OayioH eMHICcTIO 40 71 ipu Te-

mmeparypi 15°C i trcky 1,013-10° ITa?
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3 Slkuit 06°eM KucHIO, y3storo mpu 300°C i tucky 5,06-10° Ila, BuTpaTHB-
cst Ha 3ropsHHA 10 Kr kam'sHOro Byriyuig 3 yTBopeHHsIM CO,, AKIIO y BYT1LIL Mi-
ctunocs 94 % C?

4 'V enexkTpuuHiil medi 3 20 KT OKCUAY KaJbllito OyJ0 oTpuMaHo 16 Kr ka-
pOiny kanbIrito. Peakmis #ige 3a piBasaasaM CaO + 3C = CaC, + CO. Buznauutu
BUX1JT KapOiay Kajbliito i 00’eM OKCHIy ByTJIelo nmpu Temieparypi 546°C 1 tuc-
ky 1,013-10° I1a.

5 [Ilpu mpomyckaHHI HaJ KaTajgi3aTOpoOM CyMillli, IO CKJIaJa€ThCS 3
10 mons SO, 1 15 monb Oy, yrBopuiocs 8 moiib SO3z. Ckinbku Mok SO; 1 O, He

npopearyBasno?

4.2 EKBIBAJIEHT, EKBIBAJIEHTHA MACA.
3AKOH EKBIBAJIEHTIB

4.2.1 Tunoei 3a0aui 3 pivieHHAMU

3agaya 1. Bu3HauuTy €KBIBaJIEHTHI Macu METANIB y HACTYIHUX CIOJY-
kax: Na,SO,; KoMnOy4; MnO,; Mn,07; PbO,; Cr2(804)3; A|C|3

Ilpuknao. Bu3HaunuT €KBIBAJEHTHY Macy Maprasiio B OKCHl Maprasio
Mn,O5.

Piwenns. 3a XiMiuHOIO (HOPMYJIOI0 BU3HAYAEMO BAJICHTHICTh MapTaHIIIO:
Bumn = 7. TloTiM 3a GopMyiioro 1711 BUSHAUYEHHS E€KBIBAJICHTHHUX Mac XIMIYHHMX
€JIEMEHTIB 3HAXOJAMMO €KBIBAJIECHTHY Macy Maprasilto:

Emn = I\él—l\l\//llr:] = ? =79 r/monb.

3agaya 2. BusHauuTu €KBIBaJEHTHI MAacH HACTYNMHHUX XIMIYHHUX CIOJYK:
PbO,; Mn,O; Ni(OH),; Fe(OH)s; HNO,; H3PO4; CaCly; Aly(SOy)s.

Ilpuxnao. Busnauntu ekBiBasieHTHY Macy H3PO;.

Piwennsa. J1j1s KUCIOT €KBIBaJICHTHA Maca 3HAXOIUTHCS 32 (OPMYIIOI0

M

KHCJIOTHU

NH

EKI/ICJ'IOTI/I -
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Tomy 110 KUIBKICTh aTOMIB BOJHIO KHCJIOTH N, 0 O€pyTh Y4acTh y peak-
1li, He BKa3YE€ThCs, Y PO3PaXyHKOBIH (opMyii OepeThCcsi MaKCUMalbHa KUIBbKICTb

aTOMIB BOJIHIO B KHCJIOTI, 3JJaTHUX OpaTH y4acTh y peakiiii: n=3.

Mu,po, 98
En,po, =#=§=32,7 r/MOIB.

3agaya 3. OOUMCIUTH EKBIBAJICHTHY Macy MeETally, 3HAIOYH, 110 HOTO
xjopua  Mictuth  65,57% xnopy. EkBiBameHTHa Maca XJopy JOpPiBHIOE

35,45 r/Mob.

Mgy % CI % CI Ec| )
= y 3alIUIIIEMO = y
Mme % Me % Me  Epe

Piwenna. Tomy mo

% Me =100 % — % Cl = 100 — 65,57 = 34,43 %;

b % Me - D) _ 34,43 - 35,45
Me™ ocl ~ 6557

= 18,62 r/mMob.

3amaua 4. 5,2 r Metayna B3aeMoJi€ 3 3,5 T a30Ty 3 YTBOPEHHSIM HITPUY.

Sxnii e MeTaJ, sIKIo WOTo BaJIGHTHICTH JOPIBHIOE 1, a BaJICHTHICTH a30Ty — 37

Piwenna. BiAnoBiHO 10 3aKOHY €KBIBAJICHTIB

m E
Me _ =Me , EN = 4,67 7/ ™monb;
my  En
M - E 52. 4,67
Eme = W = T = 6,9 r/ moib;

M
Epe = E';"e; Mme =Eme - B; Mpe = 6.9+ 1=6,9 r/mos.

Heigomuii MeTal — JIiTiit 3 MOJISIPHOIO MACO¥0, SIKa JIOPiBHIOE 6,9 I/MOJIb.
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3amaya 5. 5 r aqrOMiHIIO B3a€MOJII€ 3 KHCHEM 3 YTBOpPEHHSIM 9,44 T oKcH-
Ay altoMiHiI0. 3HANTH €KBIBAJICHTHY Macy aJlOMIiHIIO 1 MOro BaJeHTHICTh. Bu-
3HAYUTHU XIMIYHY (OPMYITY OKCHUTY ATFOMIHIIO.

Piwennsa.
ma _ Eal
mo Eo'
ne Eqo = 8 r/mMoib;

M = Moxenay — Mar = 9,44 —5=4,44r.

Maj - EO _ 5.8
mo 444
Ximiyaa popmyna okcuay amoMinito — Al,Os.

Epn = = 9 r/monb

3apaya 6. [leBHa KUTbKICTh MeTaTy B3aeMoie 3 1,78 T cipku a6o 3 8,89 r
OpoMy. BuzHaunTu eKBiBaJIEHTHY Macy OpoMy, SKIIIO €KBIBAJICHTHA Maca CIpKU
TOpiBHIOE 16 T/MOJIB.

Piwenns. Tomy 1110 KUTBKOCTI €KBIBaJICHTHUX MacC Pearyrouux Mix co0oro
PEYOBHH pIBHI

NEMe = NEpr 1 NEMe = NEs,

OZICPKYEMO: Ng gy = Ngme = Ngs,

Mer _ o= MS
=Ng.Me = ,
Epy Eg

4

mgr- Bs _ 889 16
Mg 1,78

Tomy Epg, = = 79,9 r/ monb.

3apaua 7. fKy BaJeHTHICTh BUSIBIISE 3aJ1130, SKIIO JJII PO3YUHEHHS 5,58 T
foro HeoOXxiaHO OyJyio 7,3 T CoOJIAHI KUCTOTH. Slka dhopmylia XJI0opuy 3aiisza, o
YTBOPUTHCA?

Piwenns.
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ne  Enci= 36,5 r/monb.

558. 36,5

Fe = 27,9 r/ mons;

M M
Fe —~B = Fe — 55’8 -2
Ere 279

Epe =

dopmyna XJI0puay 3aiisa, mo yrBoputhes - FeCly.

3agaya 8. BusHauuTH KUIBKICTh COJISTHORO, OIITOBOI 1 CipuaHoi (po3Beje-
HOT) KUCJIOT, K1 HeOOX1TH1 7151 po3unHeHHs 10 T iuHKY (BaJCHTHICTH ITUHKY J0-
PIBHIOE 2).

Piwennsn. Ng 7z, = Ng gucnorn;

" ~m m-B 10. 2

= 0,31 MoJ1b.

nE,KI/ICJ'IOTI/I = 0:3 1 MOJIb,

N Miucnorn _ Miwcnorn “NH . _ NExucrorn * Miucnorn |
E xucmotu — E - M 1 KHCJIOTH — N 1
KUCJIOTH KUCJIOTH H

031365
Mpc =~ =113,

031-60
MCHacooH =~ 7 =186

. 031-98
mH2304 = 7—15,2 T.

3agaua 9. CxyacTu piBHSHHS peaKIlii B3aEMO/IIi TUAPOKCHUIA HATPIIO 3 OP-
TO(GOCHOPHOIO KUCIOTOIO, SKIIO BioMo, 1o 8 r NaOH pearytots 3 9,8 T doc-
¢dbopHOT KUCITOTH 0€3 3ATHIIIKY.

Piwenna. KucnotHicts J1yry AopiBHIO€E 1, ToMy ekBiBasieHTHa Mmaca NaOH

OyJle HaCTYITHOO:

M
ENaOH = % = 40 r/moms.
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Tomy 110 0OCHOBHICTH (hOCHOPHOT KUCIOTH JOPIBHIOE 3, TO KIJILKICTh aTO-
MiB BOJIHIO, 1110 OEpyTh y4acTh y peakiii, Moxke Oytu 1, 2 1 3. [l HanucaHHs pi-
BHSIHHS peaKilii HeoO0X1JHO BUBHAYUTH KUIbKICTh aTOMIB BOJIHIO Y (pocdopHiit

KHCIIOTi: N, 0 O€pYyTh y4acTh Y PeaKiiii.

. M NaOH . mH3PO4 .

Ng = = ;
EnaoH  En,po,
E - m .
Eppo = NaOH H,PO, _ 40 98 49 1/ Mo
3 4
M NaOH
Mu,pPo Mupo, 98
Eppo, = — -+, Np=——"—t="" =2
nNH E H,PO, 49
PiBHSIHHA XIMIYHOI peakIlii HaCTyIIHE:
2NaotH»* H3;PO, Na,HPO, + 2H,0.

4.2.2 3aoaui 0na camocmiitno2o piuieHH:A

1 Po3paxyBaTu €KBIBaJIEHTHY Macy OJIOBa, SIKIO IpH HarpiBaHHi 0,92 T
fioro B cTpyMi KHCHIO yTBOpuUThCs 1,17 T okcuay oJoBa.

2 1 xr kanito 3'ennyerses 3 0,9 T xnopy, a Takox 3 2,0 T 6poMy. 3HalTH
€KBIBJICHTHI Macu KaJiiro 1 OpoMy, SIKIIO €KBiBaJEHTHA Maca XJOpY JIOPIBHIOE
35,5 r/MOb.

3 Bu3HauMTH €KBIBAJIEHTHI MacH KUCJIOT 1 OCHOB Y HACTYITHUX PEAKIIisIX:

HNO; + Bi(OH); = Bi(OH),NO; + H,0;

H,S + NaOH = NaHS + H,0;

3Ca(OH), + 2H3PO, = Ca3(PO,), + 6H,0;

Ca(OH); + H3PO, = CaHPO, + 2H,0.

4 Bu3HauMTH €KBIBaJEHTHY Macy Metany, ko 0,035 r uboro TeXHi4HO-
ro merainy, askuit Mae 20 % momimiok (He B3a€EMOIIF0OUNX 3 KHCIIOTOI0), BUILINATIA 3
kuciotu 11,9 Mn BoaHio, 310panoro Haj Boaorw mnpu Ttemmeparypi 17°C 1 Tucky
1,03-10° Ia (274,53 MM pr.ct.). Tuck Bomsmoi mapu mpu 17°C nopiBHioe
0,193-10° I1a (14,53 MM pr.cT.).
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4.3 BYJIOBA ATOMA. IIEPIOJUYHUI 3AKOH

4.3.1 Tunoei 3adaui 3 piwiennamu

3agauva 1. fxuii ckiafn 130ToIy gﬁCr ?

Piwenna. KinbKicTh MPOTOHIB, IO MICTATHCA B sapi, Z = 24. Tak sk cyma
MPOTOHIB 1 HEUTPOHIB, 1[0 MICTATHCS B SI/AP1, JOPIBHIOE 52, TO KUIBKICTh HEUTPO-
HiB JopiBHIOE 28. EnexkTpoHHa 000J0HKA CKJIQJAETHCS 3 KUIBKOCTI €JIEKTPOHIB,
YHUCJIO SKUX JOPIBHIOE YUCITY MPOTOHIB, TOOTO 28, TOMY IIIO aTOM €IEKTPOHCUT-

pAJIBHUM.

3agaya 2. 3HalTU KUIBKICTh OpOWTaNIel, 3 HACTYIHHUM EHEPreTUYHHUM
ctanom: 5f, 2s, 3d, 4p. BuzHauuTu MakcUMallbHy KUIBKICTh €JIEKTPOHIB, 110 Xa-
PaKTEpPU3YIOTHCS IIUMHU CHEPTeTUIHUMHU CTaHAMHU.

Ilpuknao. 3HaiiT KUIBKICTh OpOUTAJICH AJIsi EHEPTeTUYHOTO cTaHy Sf.

Piwennsa. 5f — n'stuii eHepreTruHuit piBeHb — n = 5. migpiBens f (1 = 3).
[Ipu 1 = 3 marHiTHe KBaHTOBE YMCJIO HA0yBa€ 3Ha4eHb: -3, -2, -1, 0, 1, 2, 3. Ta-
KUM YUHOM, KUIBKICTh OpOuTasneil nopiBHioe 7. KoxkHa opOuTanb MOXe MICTUTH
MaKCUMAJIbHO 2 €NeKTpOoHU. MakcuMasabHa KUIBKICTh €JIEKTPOHIB, L0 XapakKTe-

PU3YIOThCSI €eHepreTUYHUM cTaHoM Sf, mopiBHIoe 14.

3agaua 3. Onwmcatu opOuUTaNb, CTaH SKOI XapaKTEPU3YETHCS HACTYIHHUM
HaO0OPOM TPbOX KBAaHTOBUX UUCEIN:
ayn=3, 1=0, m=0;
o)n=2,1=1, m=0;
B)n=4, 1=2, m=0.
Ilpuxnao. Onucatu opOUTAaIb, IKa XapaKTePU3YEThCS HACTYITHUMU KBaH-
TOBUMH ynciamMu: n =3, 1=0, m; = 0.
Piwenns. | = 0 — e s-opouranp, sika Mae chepudny KoHpirypariiro, opou-
TaJb 3HAXOJIUTHCA Ha TPETHOMY €HEPTeTUYHOMY PiBHI (3S) 1 Ma€ €IMHO MOKIIUBY

opieHTartito B mpocropi (m; = 0).
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3apauya 4. CkiacTu eJeKTPOHHY ¥ eleKTpoHHO-Tpadiuny popmynu: Ca,
Fe, Ta, Rn y He30ymkeHOMY CTaHi.
Ilpuxnao. Cxiactu eJ1eKTPOHHY Ta eJeKTpOHHO-Tpadiuny Gpopmynu Ca.

Pimennn. ,Ca 15°25°2p®3s?3p°4s?

U L Y Lt (i

1s 2s 2p 3s 3p 4s

3agaua 5. Cxiactu enexrponHi popmyin ionis: Na*, C1™, S, Fe*®, Sn*,
P° H', H .
Hpuknao. Cxnactu enexrponsi popmyaun Na™ i Cl .
Piwennn. Na* 1322822p6380
2CI™ 15°25%2p°3s23p°.

3agaua 6. JlaTy MOBHY XapaKTEPUCTUKY XIMIYHOTO €JIEMEHTA, BUXOASUH 3
HOTo MICIE3HAXO/KEHHSI B MEPIOJMYHIN CUCTEM1 XIMIYHUX €JIEMEHTIB.

Ilpuxnao. Jlati NoBHY XapaKTEpUCTUKY KPEMHIIO.

[TopsaxoBuit HOmep 14.

Yucno npoToHiB y sapi 14.

3apsn saapa +14.

Bignocna atomua maca 28.

Yuciio HEUTPOHIB y HAOUIBII PO3MOBCIOHKEHOMY 130TOM1 (%ESi) 14.

Yuciio eNeKTpoHIB B €JIEKTPOHHIM 00010HL1 14.

Uwucno eneKTpoHHUX IapiB 3.

Po3nozin enekTpoHiB B €JIEKTPOHHIN 000IOHIII:

a) 1451 15°25°2p°3s°3p°.

6)

i
g AL

Moo 7

1s
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KinpKkicTh BaJIeHTHUX €JIEKTPOHIB — 2 (HEMapH1 eJIeKTPOHHU, 110 3HAXOAATh-
Csl HA OCTAHHBOMY €HEPI€TUYHOMY PiBHI).

BanenTHicTh aToMa: a) y He30yDKEHOMY CTaH1 — 2;

0) y 30ymxeHomy ctaHi — 4.

14Si*. . .3813p3;

l 3p

3s

Micre po3ranryBaHHsI KpEMHIIO B IEPIOANYHINA CUCTEMI — KpEMHIH 3HaX0-
JTUTHCS B TPETHOMY NEPIOJII, Y TOJIOBHIN MIATPYIIl YETBEPTOIL FPYIIH.

CiMeicTBO, 10 SIKOTO BITHOCUTBCS KPEMHIN — p-CIMEMCTBO; Si - p-3JIEMEHT.

BianoBigHo 10 3Ha4YeHHS eleKTpoHeraTuBHOCTI (1,8) KpemHil € oHOYaC-
HO 1 METaJIOM 1 HEMETaJIOM, I1el XIMIYHUM €JIEMEHT 3aiiMae MPOMDKHE IOJI0KCH-
HSl MDK METajaMH 1 HEeMeTallaM1 1 BITHOCUTBHCA JI0 MEPEeXiTHUX €IEMEHTIB.

[TopiBHSIHHA €IEKTPOHETaTUBHOCTI KPEMHIIO 13 CyClaMu 3a FPYIOO Ta 3a
nepioJIoM NPU3BOAUTH /10 BUCHOBKIB:

a) 110JI0 CYCi/IIB 3a ITPYNOI0 — KPEMHIM OUIbII €IeKTPOHETaTUBHUN, YUM
repMaHdiii, ajie MEHII eJIEKTPOHEraTUBHUM, YUM BYTJICLIb;

0) 1070 CYCIJIIB 3a MEePI0OM — KPEMHIM OLIBII eJIeKTPOHETaTUBHUHN, UM

aJTIOMIH1M, ajie MEHII eJeKTpOoHeraTuBHUM, unM docdop.

4.3.2 3aoaui ona camocmiitnozo piuieHHa

1 31 cKiIBKOX MIAPIBHEN CKIAMAIOTHCA €HEPTreTUYHI PIBHI IPU HACTYITHUX
3HAQYEHHSX TOJOBHOTO KBAHTOBOroO ymucia: a)n=1;0)n=3;B)n=4;r)n=27?
HaBectn mo3HadeHHs TUITIB MiAPIBHEH 3a JOMIOMOTOIO JITED.

2 Bwu3HaYUTH KUIBKICTh OpOWTAJCH, 110 XapaKTEePU3yIOThCS HACTYITHUMU
3HAYEHHSMH TOJOBHOTO i OpOITaJIbHOTO KBAaHTOBUX uncen: a)n=1,1=2;0)n=

3,1=1;8)n=>5;1=0. HaBectn 3HaueHHS INX OPOHUTAICH 3a JOTIOMOTOIO JIITEP.
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3 SIxa KiJIbKICTh €JIEKTPOHIB MOXKE 3HAXOJUTUCS Yy HACTYIHUX €HepreThy-
HUX CTaHax: a) 2s, 0) 4p, B) 3d, r) 5f ? ChopmymroBatu npaBuia, SKUMA BU3HA-
Ya€ThCS KIJIBKICTh €JIEKTPOHIB JJAHOTO €HEPIeTUYHOTO TT1IPIBHSI.

4 Slka MakcUMalbHa €MHICTh EHEPreTHYHUX PIBHIB Tpu a) n = 1,
0)n=6, B)n=4, r)n=3,1)n=57?

5 Omnwucaru opoUTallb i €NIEKTPOHHY XMapy, CTaH SAKOTO XapaKTePU3YETHCS
KBaHTOBMMH ynciamu: a)n=3,1=0,m =0;6) n=3,1=1, m=+1; B)n=3;
| =3, m, = 0.

6 Skumu MpaBUIaMH BHU3HAUYAETHCS MOPSIOK 3aMIOBHEHHS €EKTPOHHUX
000110HOK aroMiB? KibKiCTh €leKTpoHIB B aToMi? HaBecTu enexkTpoHHI KOH(QI-
ryparii He30ymkenux aromis Br, Mn, Ge, Ti.

7 Cxinpkd B aToMi Mg: a) eJIeKTpOHIB; 0) EHepreTUYHUX PiBHIB 1 MiIpiB-
Hel? HaBecTu enekTpoHHY KOH(DIrypailito He30yKEeHOro aToMa eJIeMEHTa.

8 Hanumnits 3aranbHy GOpMyITy 30BHIIIHHOTO €JIEKTPOHHOTO APy 1HEPT-
Hux rasis (kpim He).

9 Slki emeMEHTH BiIHOCATHCA 1O S-, P-, d-cimeiictBa? Il{o 3arambHOTO y
[IUX €JIEMEHTIB?

10 Hanumiite 3aransHy ()OpMyJy 30BHIIIHBOTO €JIEKTPOHHOTO PiBHS Ta-
JIOTEHIB.

11 CxnaniTe eneKTpoHHO-TpadiuHy GopMylly aToMa eJIeMEHTa a3oTy.

12 Cknamite enekTpoHHO-rpadidyHy (OpMyIy OCTAaHHBOTO PIBHS aToma
eJIeMEeHTa: a) XJopy, 0) CipKH, B) XpOMY, I') TUTaHA.

13 Hanumiite 3aransHy (OpMyJy 30BHIIIHBOTO €JIEKTPOHHOTO PiBHS Ta-
JIOTEHIB 1 CKJIQ/ITh 3araJIbHy €JIEKTPOHHO-TpadiuHy (HOpMysTy 30BHINTHBOTO PiB-
Hs1 eneMeHTIB VI rpynu roioBHOI MiArpynu.

14 o 3araJbHOTO MarOTh €JIEKTPOHHI 0000HKH Pb, Ag 1 MM BOHU Bij-
PI3HSIOTHCA?

15 BuzHauuTh MOKJIMBI BaJECHTHOCTI €JIEMEHTIB 3a MOPSIKOBUMHU HOME-

pamu: a) 16, 6) 7, 8) 33, 1) 14, 1) 41.
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16 TIloscHiTh, YoMy (TOP MOKE BHUSBJISITH TIJIBKH MOCTIHHY BaJICHTHICTD,
sIKa JOPIBHIOE 1, a XJIOp — MepEMiHHY.
17 TlosicHITh, YOMY T€Ji 1 HEOH € ICTUHHO IHEPTHHMH Ta3aMHM, a IHIII
MOKYTh BCTYIIATH B XIMI4H1 B3a€MOIII.
18 CTpyKTypH OCTaHHBOTO IIAPY SKUX EJIEMEHTIB 300pakKeHi:
1) 252p*; 2) 3s?3p"; 3) 3d°4s%; 4) 5% ?

37 CTpyKTypH SIKHX €JIEMEHTIB 300paxKeH1 HIKYe?

1) 3s 3p; 2) 2s 2p; 3) 3d 4s?

v WUV ] i

19 ki enemeHTH MEPIOJUYHOI CUCTEMHU TTOBUHHI MaTH MOCTIHHY BaJICHT-
HICTH?

20 CkrnaaiTh €JIEKTPOHHI U eNeKTpoHHO-TpadiyHl GOPMYIIH OCTAHHIX PiB-
HIB €JIEMEHTIB 3 MOpsSAKOBUMU HOMepamu: 1) 12, 2) 20, 3) 39, 4) 48.

21 TlosicHITH, YOMY KHCEHb BUSBIIE MOCTIMHY BaJI€HTHICTh, a CIpKa — Ie-
peMiHHY?

22 VYkaxiTh MOXJIMBI BaJ€HTHOCTI eneMenTa: 1) 19, 2) 31, 3) 35.

23 Ska ¢opma eNeKTPOHHOI XMapH, IO XAPAKTEPU3YETHCA HACTYIHUM

HaOopoM kBaHTOBUX uucel: 1)n=1,1=0,m=0; 2)n=3,1=1, m=07?

4.4 XIMIYHUMA 3B’SI30K

4.4.1 Tunoei 3a0aui 3 piviennamu

3agaua 1. YkaxiTh yci MOXIIMBI BaJE€HTHOCTI /I HACTYITHUX XIMIYHUX
enemenrtiB: Br, S, Cl, Se, I, P, C, N, Si. [losicHiTh, 4OMy XIMIYHI €JIEMEHTH, 1110
3HAXOASATHCS B HEMAPHUX Tpynax MepiOAUYHOI CUCTEMH, BUSBISIOTH MEPEBAKHO
HETapH1 BaJICHTHOCTI, a B MAPHUX IPyIax — MapHi BAJIEGHTHOCTI.

Ilpuknaod. Yxaxith yci MOxJIMBI BajgeHTHOCTI 1151 Cl.

Piwennsa. CTpykTypa 30BHINIHBOTO E€JIEKTPOHHOTO MIAPY IUX EJIIEMEHTIB

HACTYIIHA:
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Cl HopManibHU CTaH:
3s 3p 3d

a5t LU B-1

30ymKeH1 CTaHu:

3s 3p 3d

asaptadt (UL ] B=3

3s 3p 3d

casspd L] B=>5

3s 3p 3d

castaptad® | L LIV B=7

Jlnst xnopy, Ak 1 471 Oy1b-IKOT0 THIIOrO XIMIYHOTO €JIEMEHTa, 10 3HaXO0-
JUTHCS B HETIAPHIN TPy, YUCIIO €NIEKTPOHIB HEMapHe, a MOCIiI0BHE TXHE 30y-
JDKEHHS J]a€ 3aBKIM HeTlapHe YUCII0 HEMapHUX eNIeKTPOHIB, TakuM YMHOM, 1XH1

BaJICHTHOCT1 OyAyTh HEMTAPHUMHU.

3amaua 2. [losicautu, yomy moiekyna PCls icuye, Toni sik mosnekyina NCls
HE ICHY€; a TaKOX IMOSICHUTH MPUYMHY HACTymHOro: moiiekyia SFg icHye, a mMo-
nexyna OFg He icaye; momekyna Cl,Os icaye, a monekyna F,Os He icHYeE.

Ilpuknao. Ilosicautu, yomy mosekyna PCls icaye, a mosnekyna NCls He ic-
HYE.

Piwenna. Monekyna NCls He MOXke ICHYBaTH, TOMY 1110 a30T Ma€ TUIbKHU 3
HETMApHUX €JICKTPOHH, K1 Tat0Th 3 XiMidHI 3B's13Kku. Po3nmaproBaHHS JIBOX S €JIEK-
TPOHIB Y MEKax JIPYyroro OCTAHHBOTO €HEPTeTUYHOTO PiBHA HEMOXKINBO. EnexT-
poHHa (opMyIia aTomMa a3oTy:

23 2p
N oast2s2p® [ UL L] V]| B=3.
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MoxnuBe icHyBaHHs MoJiekyiu NCls.

Ha ocTaHHBROMY €JIEKTPOHHOMY PiBHI B @30T1 MOKE€ 3HAXOJUTHCS J1BA €JIe-
KTPOHHUX MipiBHA. TakuM 4HHOM, HEMAE MOKIIMBOCTI 30Y/PKEHHS aTOMa a30Ty
B MEXaX ICHYIOUHUX €HEPreTUYHUX PiBHIB.

Hna docdopy KapTHHA 1HIIA, HOrO OCTaHHIN €JIeKTPOHHUH piBeHb (n=3)
Ma€ TpH eJeKTPOHHUX MiApiBHs. Y He30yKkeHoMy cTaHl ¢hochop BUSBIISIE BaJie-
HTHICTB 3, a B 30ykeHOMy — 5. Takum guHOM, (hochop MOKE YyTBOPUTH CTIOITY-
Ky PCls. Enextponna popmyna atoma docdopy:

He36ymKenuit ctan P 1s°25°2p®3s%3p°3d° B = 3;

36ymwKennii cran P 15°25°2p®3s'3p®3d’:;

3s 3p 3d

VoL y B=5.

3apaua 3. 300pa3uTu cXeMH YTBOPEHHS XIMIYHMX 3B'SI3KIB Y MOJIEKYJIax:

a) Li,, 6) Na,, B) Cl,, 1) Br,

3a METOJI0M BasieHTHUX 3B's3kiB (MB3) 1 3a MeTogoM MOJEKYJISIPHUX Op-
outaneir (MMO).

Ilpuknao. 306pa3utu cxemy YTBOPEHHS XIMIUHOTO 3B's13Ky B Li, 3a MB3 1
MMO.

Piwenna. BianoBigHO 10 METOIy BAJICHTHUX 3B'sI3KIB cXeMa MOJIEKYJH Li;
HACTYITHA:

Li - Li.

BianoBiiHo 10 MeTOMy MOJEKYJISIpPHUX OpOUTanell cxema yTBOPEHHS MO-
nexynu Lip: 2Li [255T—  Li, [(0 2s)?] + Q mpexcTaBieHa Ha MamOHKY 1.

3agaua Ne 4. PosrisHere nepekpuBaHHA: S-S, Px-Px, Py-Py, P-d 1 d-d-

opburaneil. Y SKux BUNAAKaX YTBOPATHCS G 1 T-3B'SI3KUA?

3agaya Ne 5. VkaxiTh TUNOU XIMIYHHX 3B'SI3KIB Y MOJIEKYJaX HACTYMHHUX

CIIOJIYK: NH3, C|2, st, Can, N2, Hzo, LiBr, NH4C|
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A MonexynspHi
E AToMHa opOu- S
opOuTAai JITis

| ATOMHa opou-
TaJb JITIs

| TAJIb JITIA
I

c* 2S

ZSl

: It |

| G 2S |

Mamonok 1 - Enepreruuna cxema yrBopeHHs Mosiekynu Li, 3a MMO

3agaua 6. Ykaxith 3 HacTynmHux Moyekya Be,, HBr, PCls;, BBrs, SiH,,
CCl, monexynu 3 riopuau3aniero. Skoro Tuiry ms riopuauzaitis?

Ilpuxnao. Sxuit Tun riopuauzanii B Mosexyi BeH,?

Piwenns. Y He30yKEHOMY CTaH1 €EKTpPOHHA KOHGIrypallis 30BHIIIHBO-

T'0 eJIEKTPOHHOTO piBHs HacTymHa: Be 2s°2p° B = 0.

V 36ymkeHomy crani Be* 2s'2p* L L B=2.

YTBOpeHHS JBOX 1AEHTUYHUX 3B'A3KIB 3 2 aTOMaMHU BOJIHIO BUMArae riopu-

u3arlii TUIy sp1 — q2 H Be H

=

3apaua 7. fIka hopma HACTYITHUX MOJIEKYJI:
SCIy, HI, BF;, PH3, BeH,, CF,4, NH3, H,O ?
Ilpuxnao. Slxka popma monexymu SCl,?
Piwenns. EnextponHi koHdirypariii ocransix ejaexkTponaux mapis S i Cl
HACTYITHI:
S 3s%3p* Cl 3s%3p°
3s 3p 3s 3p

W Y] B=2 [ vt 4] B=1
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Cl

v

cl Cl

(CI

Mamtonok 2 — [lepexkpuBanHs enekTpoHHUX opouTtaneit y Mmosiekym SCl,

OOuBa HecrapeHuX p-eJIeKTPOHa CIpKU OEpyTh y4acTh B YTBOPEHHI 3B's3-

KIB 13 JBOMa aTOMaMU XJIOPY, 1[0 MalOTh IO OJJHOMY HEMapHOMY P-EJIEKTPOHY U
. (0]

YTBOPIOIOTh KyTOBY Mouiekylny SCl, 3 kyTtoM o Tpoxu 3aBOUIBIIKK 90

(MaroHOK 2)

4.4.2 3aoaui ona camocmiiino2o piuieHH:A

1 BusnHauuth THI XiMidHOTO 3B'3Ky B cronykax: CaO, NF;, NaF, HCIOs;,
K>S, N2, NaOH, H,SO,.

2 VYKaxiTh, y SKIH 13 CHOJYK KOKHOI Mapu OUIbII BUpPa)KE€HA MOJISIPHICTD
3B's3Ky: a) NaCl 1 SCl,; 6) H,O 1 H,S; B) NaF 1 NaCl; r) PCl;1 AlCl3; 1) Li,O 1
BeO.

3 TlosicHiTe yTBOpeHHs Monekynu HF 3 BukopucTaHHsM eneKTpoHHO-
rpaiuHUX CXEM 30BHILIHIX €JEKTPOHHUX PIBHIB BUXIAHMX aToMiB. [lokaxiTh
MPOCTOPOBE MEPEKPUBAHHS BAJCHTHUX XMap B3a€MOJIIFOYMX aToMiB. [IpopobiTh
Te k s mosiekyn: a) H,O; 6) H,S; B) PHa.

4 Sxuit Tun ribpuansanii atoma Byrieno B mosiekyii metany CH,? Vka-
KITh BeInunHy BajieHTHOro kyra HCH y monekyoti.

5 UYomy: a) monekyna AICl; mmocka, a monekyna NHj Tetpaenpuyna;
0) monekyna BeCl, niniitna, a monekyna H,O kyroBa?

6 Bwusnauuth popmynu cmonyk, 10 YTBOPSATHCS MpH B3aeMOJIi: a) ¢oc-

dopy 1 xyopy; 0) cipku 1 KUCHIO; B) (hochopy 1 KUCHIO; T) CIpKH 1 PTOPY.
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7 BusHauuTh HOpMySH CHONYK, IO YTBOPSATHCA MPHU B3AEMO/III: a) Kallb-
1ito 1 cipku; 6) HaTpito 1 pocdopy; B) JITiIO i a30Ty; T) MarHiio 1 Gpropy.

8 Binome icnyBaHHs MoJiekynu BF3. [TokaxiTs, 1110 e1eKTpoHHA KOHDIry-
partis atoma 6opa B oro He30yPKEHOMY CTaH1 HE J03BOJISIE TepeadadaT icHY-
BaHHSI II€] CTIOTYKH.

9 3ampomnonyiiTe cran ridpuaun3aii atoma 6opa, 110 MOSICHIOE YTBOPEHHS
monekynu BF3. fIka ii reomerpuuna dopma?

10 Ywu icuye monekyina B,? SIkiio Tak, TO sika KpaTHICTh 3B'sI3Ky 60p—00p?
VY 30ymxeHoMY cTaHi O0p BUSIBIISI€ BAJICHTHICTD 3. SIKuii TuT riOpuanu3arii BUsSB-
nsie 6op npu yrBopeHH1 mosekynu BCl;? Ykaxits Tun 38'a3ky B-Cl. fka ¢popma

mouekynu BCl3?

4.5 TEPMOXIMIYHI I TEPMOJNHAMIYHI PO3PAXYHKH

4.5.1 Tunoei 3a0aui 3 pivieHHAMU

3apaua 1. Po3paxyHKH 3a €HTAJIBITIEIO PEAKIIIi.

Ilpuxnao 1. Po3paxyBatu eHepreTUUHHIN eeKT XIMIYHOI peakilii B CTaH-
naptHuX ymoBax: AlO;y) + 3SOs3. —> Aly(SO,)s(). Binomi enransmii yTBoO-
PEHHS CIIOJIYK, 110 OEPYTh y4acTh Y PEaKilii:

AH0298,A|2(304)3 = — 3434 xJIx / Monb;
AH0298’A|203 = — 1675 x/Ix / moib;

AH 29850, = = 395,2 k[l / Mo
Piwenns. Entansmis 1€l peaxiiii po3paxoByeThes 3a HOpMyIIor0
AH 58 p = AH0298,AI2(SO4)3— (AH0298,A|203 + 3AH0298,303)-
AH 505 p =— 3434 +1675 + 3. 395,2 = — 5734 kJbx.

EnTanemis cucteMu B XO/1 peakilii 3MEHIIIYEThCSI, Y IbOMY BUITAJIKy €HEP-

Tisl BUIUISIETBCS, PEaKIIisl eK30TepMivHa.
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Ipuknao 2. Pozpaxysatu enranbnito peakiii CoHyipy + Hyry ™ CoHygy y
CTaHAAPTHUX YMOBAX, 3HAIOUW SHTAIBIINHU 3TOPSHHS PEUOBUH, 10 O€PYTh Y4acTh
y peaxiii:

AH 298 50,1, = — 14113 k[l / Mo,
AHozgger2 = —285,5 x/Ix / Mo,

AH 2985 1 = —1560,2 k[l / Moste.

EnTanemiro peakiii MokHa po3paxyBaTH 3a (popMyiior
AHOzgs,p = AHOzgssr,mm.pemHu— AH02983r.nponymiB?
AH0298,p = AH02983r.C2H4 +AH0298,cr.H2_ AH0298,c2H6
AH%gg ,=—14113— 2855 +1560,2 = —136,6 1 lk.

JlaHa peakiris eK30TepMivHa.

Ilpuxnao 3. Bu3sHauuTH €HTAIBINIO YTBOPEHHS METaHy, 3HAIOYH, 110 €HTa-
JIBITIST peaKIlii TOpiHHSA METaHy AHozgg’p = -804,75 ]Ik, a craHIapTHI 3HAYCHHS
sHTanenuii yreopenus CO, 1 H,O nopiBHIOIOTH BiAMOBIIHO —396 KJ[K/MOJb 1 —
241,8 xJI»x/MOTb.

Piwenna. CH4(r) + ZOZ(F) —>C02(r) + 2H20(r)-

0 _ g0 0
AH"298p = AH 2980, t2AH 298 11,0 — AH0298,CH4-
3BIIKH

AH0298,CH4 = AHOz98;co2 +2AH0298H20— AHoz98p =
= 396—2- 2418 +804,75 =— 74,85 x]Ix.

Ilpuknao 4. Sxa KIIbKICTh TeIUIa BUAULIETRCA B XOA1 ropiHHs 10 1
CIpKH, SKIIO CTaHJApPTHE 3HA4YEHHS CEHTaibMli yTBOpeHHS SO, IOpiBHIOE
-296.9 xJ>x/Monb.

Piwennsn. PiBHSHHS XIMIYHOT peakIlii TOPiHHS CIPKU:

S+ 02 EE— SOZ

EnTanemis 1€l peakiii BU3Ha4a€eThes 3a GOpMYJIOr0

AH0298p =AH0298502; AHozgsp = —296,9 xJIx
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Peaxiiis ek3oTepmivHa.

Buznagaemo KiIbKICTh TEIIa, M0 BUAUTATHCS mpu ropinHi 10 T cipku.
BianoBigHo no piBHAHHS peakiii 1 Monb mae 296,9 x/[x Terna. Ckianae-
MO TIPOTOPIIIFO:
321 S —296,9 xJIx,
10r S —x xJIx,
10T - 296,9 x/Ix

X = 321 :93KIL>K

3amaua 2. Po3paxyHOK €HTpOMIi peakIlii.

Ilpuknao. Po3paxyBatu 3MiHy €HTPOII1 CUCTEMHU B XOJ1 HACTYITHOI peak-

i
2700 + Cirpaginy — > 22Ny + COypy
CraHnapTHI 3HaYEHHS €HTPOIII PEYOBHH, K1 OEPYTh Y4acTh y peakilii Ha-
CTYIIHI:
50298, 7zno = 43,5 JIx/mons . K; Sozgglc = 5,74 JIxx /monb - K;
Sozgg,Zn = 41,59 JI)x /momnsb - K; 80298,C02 = 213,6 Ix /momb - K.
Piwenna. Po3paxyemMo eHTPOITiIO peakilii 3a (opMyJioro
A30298p = 280298np0ﬂyKTiB— %208 i |
A30298p = 50298,(302 + 259870 — (2- $%982n0 + S%208¢ );
AS%9gp = 213,6+2 - 4159 2. 435— 5,74 = 204,04 Jlxc /K.
3apaua 3. Po3paxyHok 1300apHO-130TepMIuHOTO TTOTeHIiany (eHeprii ['16-
Oca) peaxiiii.

Ilpuxnao 1. Po3paxyBatu 3MiHYy 1300apHO-130TE€pPMIYHOTO MOTEHITIATY CHC-
TEMH B CTaHJAPTHUX YMOBAX y X0/l HACTYITHOI peaKii:
Cirpagir) T CO2¢y — 2COy, AKIIO 3MIHA €HTAJBIII CUCTEMH B XOJ1 LI€T peakii
AH%5., = 175 k]I, a 3mina enrpomii AS’s, = 188,5 JIx/K (0,1885 xIx/K). Un

MO>KJIMBA JIJaHA PeakKilisd B CTAaHIapTHUX yMoBax? Skuii ii xapakrep?
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. . 0 . 0 . .
Piwennsa. IlincraBumo 3HaueHHsT AH 953 1 AS ;98 y piBHsIHHS ['1066ca:

TOI1

AG =AH - TAS, skmo T =298 K,

AG 98y = 175 - 298-188,5107° = 118,8 kJIk; AG 05, > 0.

Y cTaHgapTHUX YMOBAX Iisl PEaKIisi TEPMOIMHAMIYHO HEMOKIIHUBA.

[I{o6 BiAMOBICTH HA 3alUTAHHS, AKUW XapaKTep 1€l peakiiii 1 Y MOKIJIUBa

BOHA B OyAb-IKHUX yMOBaX, sIKI BIIPI3HSAIOTHCA BiJ CTaHAAPTHUX, HEOOX1IHO BU-

BuuTH 3Haku AH 1 AS 1ie€i peaxuii (Ta6u.1).

Takum uyMHOM, nocmigkyBaHa peakiisi, 3Hakd AH 1 AS skoi mo3uTusHi,

o0opoTHa. Bucoki TemnepaTypu CpusioTh NPOTIKAHHIO LI€1 peakili B NpIMOMY

HanpsaMKy. Peakiis, Oyiydn HEMOXKIIMBA B CTAHJAPTHUX YMOBAX, CTA€ MOKIIUBOT

[IPYA BUCOKUX TEMIIEpATypax.

Tabmuus 1 — Xapakrep peaxitii B 3aexHOCTI BiJ 3HaueHb AH 1 AS peaxkirii

3nak | 3HaK | 3HaK Xa i
AH, | AS, | AG, paKTep peaxiy
i + i Peakiiiss HeoOOpPOTHA 1 MPOTIKAE 0 KIHIS B MPSIMOMY
HaIPSIMKY
+ i + Peak1iiss HEOOOPOTHA 1 MPOTIKAE 0 KIHIIS B 3BOPOTHOMY
HaIPSIMKY
Peakuiss oGopotHa. HusbkoTeMneparypHudl pexum
- - ? COpHsi€ MPOTIKAHHIO PEaKLli B MPAMOMY HampsMKy, a
BHUCOKOTEMIIEPATYPHHUI — Y 3BOPOTHOMY HAIPSIMKY
Peakmiss obGopotHa. HwusbkoTemMmepaTypHuil pexum
+ + ? CIpHsi€ IPOTIKAHHIO PeaKIlii B 3BOPOTHOMY HAIpPSIMKY,

a BUCOKOTEMIIEPATYPHUM — Y IPSIMOMY HaIIPSIMKY

Ilpuxnao 2. Buznauutu eneprito ['166ca peakiii

3Sn(K) + ZAI(K) — BSn(K) + A|203(K) )

3HAIOYM 3HAYCHHS CTaHIAPTHUX 1300apHO-130TEPMIYHHIX MOTCHITIANIB PEUOBHH,

1o OepyTh y4acTh y peaKIlii :

AG 208 AlLO, = —1580 Kbk / Moms;
AGozgg,Sno = — 256,7 xJIx / MoJIb.
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Piwwenna. @dopmyna pana  po3paxyHky eHeprii [166ca (i300apHO-
130TEpMIYHOTO TOTEHIIlaTy) XIMIYHOI peakiii 3a 3HAa4eHHIMH 1300apHO-
130TepMIYHMX MMOTEHIIIaMIB, 110 0€pyTh YUacTh Y peakiiii peuoOBHH,:

0 — 0 0
AG 298p — >AG 298 mpoaykTiB ™ 2AG 298 puxigHux.
Jlnis nocniaxyBaHoi peakiii

AGOzgsp = AGO298A|203 ~ 3AG%985n0

3HaueHHs 1300apHO-130TEPMIYHHUX MOTEHIIAIIB MPOCTUX PEYOBHH y CTaH-
JTapTHUX YMOBaX MPUUHATI piBHUMHU ().

AGogggp =—1580— 3(—256,7) =— 809,9x/Ix; A60298peaKuﬁ <0

Y cTaHJapTHUX YMOBaX pPeakilisi TepPMOJAMHAMIYHO MOXKIIHBA.

Ilpuxnao 3. Buznauutu npuOIu3HO, MpU KM TEMIEpaTypl peaxiis
Crpagir) T HoOqy — > COyy + Hy(y cTa€e TepMOIMHAMIYHO MOXKIIMBOIO, TOOTO
BUKOHYETHCSI YMOBA Gozgg,p <0.

3aysarcenns. Nepenbadactcs, mo 3mina semmaun AS’, i AH®, Hesnauna
BIJIHOCHO 3MIHU TEMIIEPATypH, TOMY O€pEThCS:

AS°rp = AS%gp; AHr, = AH'g,

VY IiCHOCTI 1l BEJIMYUMHU HEPIBHI, TOMY AJig OUTbII TOYHHUX PO3PAXYHKIB

3HAXOJATh 3HAYCHHS ASOT,p 1 AHOT,p 3a BIANIOBIIHMMU 3aKOHAMHU.

Bigomi HacTymH1 BEIMYUHM:

AHY298c0 = —1105 Kbk /Moms;  AH 2981,0. . = — 2418/ Mos;
Sozggp = 5,7 Jlx/moms - K, SogggHzom = —188,7 Ix/moms - K;
Sogggpo = 197,4 JIx /mons - K; 50298H2 = 130,6 x/moms - K.

Piwennsn. Po3paxyeMo eHTPOIIIIO peakilii B CTaHAAPTHUX YMOBAX:

AS 508 =S 2080 + 50298H2— (S9298H,0 +S%08¢) =
= (197,4 + 130,6) — (188,7 + 5,7) = 133,6 /K = 0,134 xJx/K.

Po3paxyeMo eHTanbmito peaxiiii B CTAaHIapTHUX YMOBaX:

AHozggp = AHozggpo — AH0298H20 = —1105- (— 241,8) =131,3 kJIx.
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Enepris ['166ca peakiiii B cTaHAapTHUX YMOBaX:
AG%98p = AHY298p— TAS%298p =131,3— 298 0,134 = 91,4 xJbx.

VY cTaHgapTHUX yMOBaXxX JOCHIIKyBaHa peakilisi TEPMOIUHAMIYHO HEMOXK-
JIMBA, OJHAK BOHA 000POTHA 1 BUCOKI TEMIIEPATypH CIIPHUSIOTH MPOTIKAHHIO PEeaK-
il B IpsIMOMY HaIpsMKy. Buznagaemo mpuOIM3HO TeMIepaTypy, IpH SKiil pea-
KITiSl CTa€ TEPMOJAMHAMIYHO MOKJIMBOIO, TIPH I[bOMY O€peMo, 10 TepMOTMHAMI Y-

H1 QYHKIIIT cTaHy HE 3MIHIOIOThCS MIPH 3M1HI TeMIEpaTypu:

AH’7, = AH 05, = 131,3 kJIx;

AS°r, = AS%05, = 0,134 KJlx/Momb K;

AG’r, = Ho, — T ASr;

AGOT’p = 0,
AH;, - T AS®;, =0;
0
AH™T 131,3
T:T'p; T=""""- T=0980K.
AS®T 0,134

3amaua 4. Po3paxyHKH 3a XIMIYHOIO CIIOP1THEHICTIO.

Ilpuxnao 1. Yn MoxHA BUKOPHUCTOBYBAaTH MarHiil i oJIep>KaHHs TUTaHA
3a HACTYITHOIO PEAKITIEI0

TiClygy + 2Mggy — Tigy + 2MQgCly -

Binowmi 1300apHO-130TepMiuH1 TOTEHITIATH CTIOTYKH:

A60298,TiC|4(K) = -175,8 xJIx/mounb;
AG 298 MCl, (x) = -141,4 KJbr/morS.

Piwenns. MoxxHa TiATBEPAUTH MOXIIHBICTh PEAKIlli PO3PAXyHKOM ii eHe-
prii ['i60ca, ogHak OUIbII 3pyYHO BUKOPUCTOBYBATH MOHSTTS XIMIYHOI CHOPiJ-
HEHOCTI.

Enepris ['i60ca OiHapHOT CIIOTYKH, BiTHECEHA 10 OJUHUII XIMIYHOTO 3B'sl-
3Ky, XapaKTepu3ye XIMIUYHY CIOPIHEHICTh APYT 10 ApYyra JBOX XIMIYHUX €JeMe-

HTIB, IO YTBOPSITH XIMIYHUH 3B'S30K.
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UuMm OinbIn HeraTHBHA BeluuynHa eHeprii [160ca, BiHeceHa A0 OAMHUII
XIMIYHOTO 3B'SI3Ky OJTHOTO €JIEMEHTA 3 JACSIKUMHU 1HIIMMH €JIeMEHTaMH, TUM BHIIIE

HOTo XiMIYHA CIIOPITHEHICTh J0 IIUX €JIEMCHTIB:

0 —1414

AG”298Mg-CI = BCE =— 70,7 x]Ix/MOIb;
0 —175,8

AG%298Ti-Cl = 4 =— 43,95 kJx/MOTb .

MoxHa 3p0OUTH BHUCHOBOK, IO XiMIYHA CIOPIAHEHICTh XJIOPY O MAarHito
OUIBII BHCOKA, YAM /10 TUTaHa. TakuM unHOM, peakuis TiCl, 3 marniem Tepmo-
JTUHAMIYHO MOYJIMBA B CTAaHJAAPTHUX YMOBaX.

Ilpuxnao 2. Slkuit okcun cepesl mepepaxoBaHUX TEPMIYHO OUIBII CTaOUIb-
HU?

Bigomo HactymHe:

- 319,8 xJI>x/MoIIb;

AG%2982n0
AGozggpdo = - 226,1 kJI)x/MOb |

AGozggHgo - 58,5 xJ[>x/mMonb .

Piwenna. Tepmiuna cTablIbHICTh BU3HAYAETHCS BIAHOIICHHSIM JI0 pEaKIii

PO3KIIaTaHHS:
2MeOQ — 2Me + O,.

Oxkcup € TepMIYHO ORI CTIMKUM, SKIIO BIH MEHIII CXUJIBHUN IO peaKIii
pO3KJIaaHHS.

Benmuuunau eneprii 1'100ca oKCHUIIIB XapaKTEPU3YIOTh caMe JaHy PEeaKIliro
(3BOpOTHA peakilisi € peakili€r0 YTBOPEHHS OKCUIY 3 MPOCTUX PEUOBHH).

TakuM 94MHOM, YMM OLIBIN HEraTuBHI BeIWYMHU AG OKCHIB, TUM BOHH
TEPMIYHO OUIBIN CTIWKH. [HaKIIEe, BUKOPUCTOBYEMO MOHSTTS XIMIYHOI CITOpiTHE-
HOCTI: YuM OLTBIII HEraTUBHE 3HA4YeHHS eHepriil [160ca okcumy, BiIHECEHOI 10
OJIMHUII 3B'SI3KYy MeTaj-KHUCEHb, TUM OUIbIIE XiIMIYHA CHOPIHEHICTh METAIy 110

KHCHIO, & 3HAYUTh OKCHUJ] TEPMIYHO OUTBII CTIHKUA.
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VY BUBYEHUX OKCHAaX KUIbKICTh 3B's3kiB Me=0 0HaKOBO, 3HAYHUTh MOPIB-
HIOEMO BEJTMYMHU eHepriii [100ca caMux OKCHIIB.

[TopiBHSHHS Ja€ HACTYITHUM PE3YJIBTAT:

- TEepMIYHO O1IbIN CTIMKUN OKCHJI ITMHKY;

- TepMIYHO MEHII CTIHKHI OKCUJ PTYTI.

Bigomo, 1110 npu HarpiBaHH1 OKCHJI PTYT1 PO3KJIaIa€ThCS:

2Hg —' 5 2Hg + O,.

4.5.2 3aoaui ona camocmiiino2o piuienH:A
1 ITpu peakuii 2,1 r 3am3a 13 cipkoro Buaumnocs 3,77 k/lx remna. Po3pa-
XYyBaTH TEIUIOTY YTBOPEHHs Ccynbdiny 3ami3a FeS.

2 Bu3zHauuTH CTaHAAPTHY TEIUIOTY YTBOpeHHs PH3, BUXOas14M 3 pIBHSAHHS:

2PH3) + 40, — P20sq) + 3H20(,,) + 2360 x/Ix

AH0298, P,05 = 1492 kLK /Mo,

AH0298, HgO(p) = — 285,8 x/I>x / MOJIb.

3 Ilpwu BigHoBieHHI 12,7 v Cu ByriyuisiM (3 yrBopeHHsiM CO) MOTJIMHAETh-
cst 8,24 kJIx Terna. Suaittn AH 05 oy, K10 AH 25 co = -10,5 KJ[5K/MOIIb.
4 He 3niiicHIOI0YM 00YHCIIeHb, 3HAUTH 3HaK AS HACTYITHUX IPOIIECIB:
a) 2NH;) = Nagy + 3Hyry, 6) COyrp = COxyry;
B) HyS() + 30,1y = 2H,0;,) + 3SOyy .
5 O6unciutn AG g peakuii Fe;Osq + COn—> Fey) + COy, 3HAIO-
9, 110 AGozggFe203 =—110,3 x/Ix / mob;
AGozggpo = —1371 xJx / Monb;
AGO298,CQ2 = —394,4 x/Ix [ Mmob.

6 UYu MOXXKHA BIIHOBUTH BOJHEM MeTajM 3 HacTynmHuX okcuui: CaO, ZnO,

AlLO; ipu 298 K ?
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4.6 XIMIYHA KIHETUKA I XIMIYHA PIBHOBAT' A
4.6.1 Tunoei 3a0aui 3 pivieHHAMU

3apaua 1. Hanmucatu MmateMatuyHy opMy IIBHJIKOCTI MPSIMOI 1 3BOPOT-
HOT peaKIii:

1) 2CO + 0, «—2CO0y;

2) CO + Cl, <= COCly;

3) 250, + O, &= 2S0;.

Hpuxnao. na peaxuii 2CO + O, «— 2CO, BiANOBIAHO 70 3aKOHY il
Mac BUPAKEHHS MIBUIKOCTI PEaKIlii HACTYIHE:

vip = Ky [COF [O3],
e Kyp,— KOHCTaHTa MIBUIKOCTI MPSAMO]I peaKIlii;
[CO] i [O;] — Bimnoimgao koumentparii CO i Oy;
Vi = ki [CO2L",

JI€ V33 — KOHCTAHTA IIBUJIKOCTI 3BOPOTHOT PEaKIIii;

[CO,] — xonnentpariis CO,.

3agava 2. BU3HauuTH NOYATKOBY IIBUJIKICTh Peakiiii 3 KOHCTAHTOO IIBU-
AKOCTI psiMOT peakilii K y po3unHi, orpuManoMy 3mitmanssm 2 1 0,6 M po3uuHy
CH3COOH 13 1 1 M po3unny NH,OH.

Piwenns. PIBHSIHHS XIMIYHOI peakiiii, 110 BiA0yBa€e B CyMilli JBOX PO3UH-
HiB, HACTYIIHE:

NH,OH + CH;COOH &— NH,CH3;COO + H,0.

BianoBigHO 10 3aKOHY /i1 Mac BUPAKEHHS IIIBUJIKOCTI XIMIYHOT peaKiiii

v = K [NH4OH] [CH;COOH].

JIst BUBHAYEHHSI MIBUIKOCTI peakiii HeoOX1JHO 3HATH BEIMYMUHY KOHIEH-
tpariit peuoBun NH,OH 1 CH;COOH y mMoMeHT ixHbOTO 3MimanHs. i boro
BU3HAYUMO 00’ €M CyMIIl IBOX PO3YHHIB:

Viarar = V1 tV, =2+3=57.

3HatouM, M0 Yy BUXIJHOMY pO3YMHI OIITOBOi KHCJIOTH MICTUTHCA

0,62 = 1,2 monp CH3COOH, 3Hax011MO i1 KOHIIEHTpPAIlI0 B CYMIIIIi:
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12
]:ﬂ = 0,24 mons / 1.

CH3COOH
lcHs >

VY BHUXIIHOMY pPO34MHI THAPOKCHIA aMOHI0 MicTuTbcs 1:3 = 3 momb

NH,OH, Takium 4nHOM KOHILIEHTpAIIisl HOTO B CYMIIIIl 32 PO3PaXyHKOM CTaHOBUTH

3
[NH4OH] = % = 0,6 moms / 1.

Bu3HauaemMo 1Mo4aTkoBYy MIBUIKICTH PEaKIlii

vip = k [NH,OH] [CH;COOH] =k - 0,6 - 0,24 = 0,144 k.

3amauya Ne 3. Sk 3MIHUTBCS MBUJIKICTh MPAMOI pPEAKIIIi:

2CO + 0, <= 2CO,,
SIKIIO TUCK 30UTBIIUTH B 3 pa3u?

Piwenna. llpumyctumo, 1m0 B MOYaATKOBUH MOMEHT 0 ITIBUILNCHHS TUCKY

KOHIICHTpAIIll pearyro4ux peuyoBUH HACTYIIHI:
[CO] =4a; [O,] =h.

[IBuakicTh peakiiii BIAMOBIAHO O 3aKOHY il Mac J0 MiJBUIIEHHS TUCKY

JIOP1BHIOE:
v=k [COJ*[0,] =k @ b.

BignoBigno mo piBHsHHsA MeHnneneeBa-Knanetipona pV = nRT. Iligsu-
IIIEHHS TUCKY B 3 pa3ul MPHU3BOAUTH JO ITiIBUIICHHS KOHIIEHTPAIIil KOXXHOTO KOM-
MIOHEHTa B 3 pasu.

TakuM 4MHOM, TICHIs ABUIICHHS TUCKY KOHIIEHTpAllli pearyounx pedo-
BUH CTaHYTh PIBHUMHU:

[CO]=34a;[0,]=3h.

[IBUAKICTH peakiiii mcs MiABUIIICHHS TUCKY:

v =k [COJ* [0,] =k (3a)*3b =k 27 a°b.

[TinBuIIeHHS MIBUIKOCTI peakilii Oy/1e HaCTyITHUM:

vi k27a%b
== =07
v ka“b
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[Ipu miaBUIIIEHH] TUCKY B 3 pa3u MBUAKICTh IPSAMOI peakilii 301IbITY€EThCS
B 27 pasiB.

3amauya 4. Y CKUIbKM pa3iB 30UIBIIUTHCS MBHAKICTh PEaKIii Mpu 301J1b-
menHi Temrnepatypu 3 50 1o 90°C? TemnepaTypHuil Koedilli€HT peakilii Y 10piB-
HIOE 2,5.

Piwenna. BinnoigHo no npasuia Baut-I'odda
ty - t1 y 90-50

Vi t
—2 -, 10 . 2 =75 10 =25%=3906.
th

3agaya S. Hanucatu MareMaTWyHl BUPAKEHHS KOHCTAaHT pIBHOBAaru Ha-
CTYITHUX pEeaKLIi:
a)H, + bL«——2 2HI; 6)CO +H,0 «<— CO, + Hy;
B) Fe + COe—= Fe + CO,; 1) 2C + O,«— 2CO.
[Mpuknaau pimeHns. a) s romorennoi peakii Hy + 1, «—— 2HI
_ [HIP
C[Ha1 [0l
0) s rereporennoi peakiii Fe + CO «<— Fe + CO,

_ [COs]

“=Icor

TOMY HIO KOHHCHTpaI_Iﬁ TBEPAUX PCHOBHUH HC BXOJATL Y BUPAKCHHSA KOHCTAHTH

pIBHOBAry.

Bagmaua 6.V crani piaoBaru cucremu N, + 3H, «—= 2NH; npu nesmiii
TEMIIepaTypl KOHIICHTpAIlli PEeHYOBHH, 10 OEpyTh y4acTh Yy peakilii, HaCTyIHi:
[N2] = 0,05 monw/n. [Hz] = 0,5 monw/n. [NH3] = 0,04 monb/n. Po3paxyBaTi KOHC-
TaHTY PIBHOBAru Ili€l peakiii.

Piwenns. [NH 3 ]2

INpI[HoT®

[TincTaBUMO y BUpaKEHHsSI KOHCTAHTH PIBHOBArW 3HAYEHHS PIBHOBAXKHUX

KOHIICHTpAITi}:

61



‘- 0,042 0,016
©003- 053 003. 0125

=0,427.

3agaua 7. [l peaknii Hy + 1, <—= 2HI po3paxyBaTu KOHCTaHTY PiB-

HOBArv B CTaHJAPTHUX YMOBax.

Piwenna. Mix enepriero ['160ca 1 KOHCTaHTOIO PIBHOBAaru iCHy€ HaCTYTI-
HUI B3a€EMO3B'SI30K:

AG% = -RTInK=-2303R T lg K.

Po3paxoByeMo criouaTtky 3Ha4EHHS AGOp ;

AG0298,H| = 1,3 xJI)x/M075;

AG%g8p = 2AG%g 1 = 21,3 = 2,6 k]I

3HaX0IMMO 3HAYCHHS KOHCTAHTH PIBHOBArd PEAaKIlii B CTaHAAPTHUX YMO-
Bax (T=298 K, R = 8,31 J»/moinb-K):

AG%03,=-2,303 R T Ig K;

AGY 2.6 . 1000
298,p __ ! =~ 0,456; K = 0,35.

lg K=~ 2303RT  2303. 831.198

3agaya 8. Y skoMy HampsiMKy 3MICTHTbCSI pIBHOBara HacCTyIHUX XiMiy-
HUX pEeaKIliil:
1) a) 2H,S < 2H, + 28, AHozgg’p = 9,6 KKaJI/MOJIb;
6) N,O, +— 2NO,, AH’gg, = 15,9 kKan/Moib;
B) PCls <= PCl; + Cl,, AHxg, = -31,0 KKa/mos,
SIKIO 301JBIINTU TEMIEPATYpy?
2) a) FeCl; + 3KCNS <= Fe(CNS); + 3KClI;
6) 4HCl) + Oyp) +— 2H,0( + 2Clyy,
k1o 30umpmmTH KoHneHTparito FeCly mas peakiii a) 1 3MEHIIMTH KOHIICHTpa-
miro HyO mis peakiii 6) ?
3) a)Hy + I, & 2HI; 6)2CO + 0, «— COy;
B) 250, + O, <= 2S03; 1) 2803 «— 250, + Oy;
1) CaCOsy «— CaOyy + COyp),
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SIKIIIO 301JIBIIUTH TUCK?

Piwennsa. Cxopucraemocs npuniunom Jle [larense.

1) 36inbllIeHHsS] TeMIEpaTypy 3Millla€ XIMIYHY pIBHOBAary B HalpsIMKy €H-
JOTEPMIYHOI peaKilii, a 3SMEHILIEHHSI TEMIEePaTypu — Y HANPSIMKY €K30TepMIYHOi
peaxiii.

s peakuii 2H,Se— 2H,+ 2S, mo € engorepMmiuHoi (AHop>O), 301-
JBIICHHS TEMIIEPATypH 3MIIA€e piBHOBAra yoik mpsaMoi peakiii ( —).

2) 301bIICHHS KOHIICHTpAIIi] OJHI€T 3 pEUYOBUH, Ki OepyTh y4acTh y peak-
11ii, 3MiIae XiMiYHy piBHOBAry y OiK peakiiii, 1o 3MEHIITy€e KOHIICHTPAIIIIO ITI€l
PEYOBUHHU.

3MeHIIIeHHs] KOHILIEHTpAIlli OJIHI€T 3 pEYOBUH, SIKI OEpyTh y4acTh y peaxiiii,
3MilIAa€ XIMIYHY PIBHOBAry y 01K peakuii, o 301IbIIy€e KOHIEHTPALIIO Li€l pevyo-
BUHU.

Js peaxuii FeClz + 3KCNS < Fe(CNS); + 3KCl 306ibIIeHHsS KOH-
uentpaiii FeCls, 110 € BUX1IHOIO PEYOBUHOIO, 3MIIIAE PIBHOBAry y OIK peakiii,
10 3MEHIIIY€E 11 KOHIIEHTpAIif0, TOOTO B IPSIMOMY HampsiMKy ( —).

3) 301IbIIeHHS] TUCKY 3MIIAa€ XIMIYHY PIBHOBAry B HaIpsIMKY peakiiii, 1o
BUKJIMKA€ 3MEHIIEHHS 00’€My CUCTEMH, TOOTO y O1K peakiii 31 SMEHIIEHHSIM YH-
cj1a Ta30mo1I0HMX MOJIEKYJI.

Js peakii 2SO3 «—=2S0; + O, 36inbLIeHHs THCKY 3MilI[y€ PiBHOBAry y
01K 3BOPOTHOT peaxilii (+— ), TOMY 1110 KUIbKICTh MOJIEKYJI BUX1THUX PEYOBHH (2
Mousiekysn SO3) MEHIIE, HIXK KIIbKICTh MOJIEKYJT MPOAYKTIB peakilii (2 MOneKyIu

SO, + 1 monekyma Oy, pa3oM 3 MOJIEKYJIN).

4.6.2 3aoaui ona camocmiitnozo pinieHHA
1 Hamumcatu BUpakeHHS IIBUIKOCTI XIMIYHUX PEAKIIIH:
NH; + O, —> N, + H,0;  CO; + Cpyy —> CO;
M0 + O = MQ)O.
2 'V ckiIbKy pa3iB 3pocTe MBHAKICTb XiMI4HOL peakii C ) + 2H, = CHa,

SIKITO 3017BITUTH KOHIIEHTPAIlII0 BOJHIO B 2 pa3u ?
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3 TemnepaTypHuii KoedIIIEHT MIBUIKOCTI ACSIKOI peakiii qopiBHoe 1,5. YV
CKUJIBKU pa3iB 30UIBIIMTHCS IIBUIKICTh JAHOI peakiii Mpy MiIBUIIEHH] TeMmepa-
Typu Ha 30°C?

4 Ha ckiapKOX TpaAyciB MOTPIOHO MIABUILUTH TeMIIEpaTypy, 00 MIBU/I-
KICTh peaxirii 30inpimmiacs y 81 pas, sKmo TemneparypHuil KoeMimieHT MBHIKO-
CT1 JOpiBHIOE 37?7

5 BusHauuTH, SIK 3MIHUTHCS MIBHIKICTH MPSMOi peaxiii

250, + O, «— 2S0;,
SKIIO 3arajJbHUN TUCK Y CHCTEMI1 301IBIIUTH B 4 pa3u.

6 Hamnwucatu BUpa)k€HHS KOHCTAHTU PIBHOBArM JJIsl PEaKIIiii:

Cup) + CO, &= 2CO0; 250, + O, &= 2803,

3Fe,03 + Hy = HO\(napay+2Fe30,.

4.7 KOHUEHTPALISA PO3YUHIB. PO3UYNHU HEEJEKTPOJIITIB.
PO3YNHHICTD

4.7.1 Tunoei 3a0aui 3 piviennamu

3agaua 1. Po3paxyHKH 3a BIICOTKOBOIO KOHLEHTPALIEI0 PO3YUHIB.
dopmyiia, 0 BUpaXKae BIICOTKOAY KOHIICHTPAIII0 PO3YUHY:

m
C o= P 900 0,
M 503y

J€ Mpeqopmy — MACa PO3UMHEHOI PEYOBHHU;
Mposamsy — MAca PO34YMHY,
Mposumy = Mpewosunn T Mposunmmmca -
Ilpuknao 1. Po3paxyBatu BiICOTKOBY KOHIICHTPAIlIIO PO3UUHY, OTPUMaHO-
ro po3zurHeHHsAM 80 1 mykpy B 160 r Boau.

=m +m =80 +160 = 240 r.

80
% = —100 = 0
C% 240100 33,3%.
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Ilpuknao 2. Po3paxyBaTu Macy MoBapeHOi COJIi 1 BOAM, 1110 HEOOX1THO B35I-

] A1 npurotyBanud 250 r 2,5 %-ro po3uuHy.

el
Piwenna. m _ Mpozunny C/O-

—— " =6,25T.

100
MU0 = Mposamy ~ MNacl = 250 6,25 =24375 1.

MNaCl =

Ilpuknao 3. Po3paxyBaTu KOHIIEHTPAIII0 PO3YUHY, OTPUMAHOTO 3MillIaH-

M 300 1 10 %-ro po3uuny xmopoBoAHto 1 400 r 20 %-ro po3unHy XJIOPOBO-

HIO.

Pimennsi. Busznauaemo macy po3zunnenoi HCl y koxxHOMY po3unHi:

o LT L _300-10
IHe 100% 100 !
m — mzpoquHy' C% — 400 . 20 _ 80 .

2Hcl 100 % 100 '

[Ticnst 3MinryBaHHS
Mect = Miner + Moy =30 +80=110T;
Mposamay = M posaury T M2 posauny = 300 +400 = 700 .
Bu3HayaeMO KOHLIEHTpALII0 OTPUMAHOTO PO3YUHY:
Cop= Mpycy - 100 % :110- 100
Mpozauny 700

=15,7 %.

Ilpuxnao 4. SIxa KOHLIEHTpAIlIA CIpYaHOT KHCIOTH B PO3YWHI, OTPUMAHOMY
3minryBanHsIM 200 r 10 %-ro po3uuny cipuanoi kuciotd 1 100 5 %-ro po3unny
cynbdaty HaTpito ?

Piwenna. Maca OTpUMaHOTO PO3YMHY BU3HAYAETHCS K CyMa Mac 3Millia-

HUX PO3YUHIB:

mp03'-mny =m pO34MHYy + my pO34MHY =200+ 100 =300 I

N Mgy - €% 200 10
H2%04 7 100  ~ 100

Jlami BU3HaYUMO KOHIICHTPAIIIIO CIpUYaHOi KUCIOTH B OTPUMAHOMY PO3YHHI:

=20r.
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My,so 20
—2°-4 100 %= ——100 = 6,67 %.

M osarmy 300

3agaua 2. Po3paxyHKH 32 MOJIIPHOIO KOHIIEHTpAII€0 (MOJISIPHICTIO) PO3-

C%=

yuHy. @opMyna 1 po3paxyHKy MOJISPHOCTH PO3UUHY

Mpesonma - 1000
C= , MOJIB / 11,
MperBmm -V

ne C — MOJSPHICTh PO3YHHY, MOJIB/ I,
Mpeuopumn — MAaCa PO3YMHEHOI PEYOBUHH, T;
M, euosmu — MOJISIPHA Maca PO3YMHEHOI PEYOBHHU, I/MOJIb;
V — 00’eM, MJI; SIKIIO 00’€M BUPAXAEThCS Yy JITPax, TOAl y (popMyiil 3HUKAE
koedirient 1000.
Ipukaaa 1. Ska maca cipyaHoi KUCIOTH HEOOX1HA JJIsl TOTYBaHHSA 2 JI
2-MOJIIpOTO PO3UUHY ?
Piwenna. MH,50, — 98 r/moms;

mpC‘IOBI/IHI/I =C Mpe‘{OBI/IHI/I Vpo3q1/IHy;

MH,50, =2:98:2=392r.
Ilpuxnao 2. 250 ma pozuuny mictath 7 T KOH. Slka MoJIIpHICTH LIBOTO PO-
34nHYy?

Piwennsa. Moy = 56 T/MOIIB;

o - Mkon * 1000 _ 71000

= = 0,5 Moms /1.
Moy  56-250 = oubtd

3amaua 3. Po3paxyHKu 32 HOpMAJIBHOK KOHIIEHTPAIIE€I0 (HOPMAJIBHICTIO)
PO3UHHY.
JI71st po3paxyHKy HOPMaJIbHOCTI CKOPUCTAEMOCS HACTYITHOIO (hOPMYJIOH0

M pesopmn - 1000
C, =

3 . exB/ 1,
PEYOBHHU
ne Cy,— HopMasibHA KOHIICHTpAIlisl PO3YHHY, €KB/J;
Epeuonunn — EKBIBAJICHTHA Maca PO3YMHEHOI PEYOBUHH, MOJIB/II.
Ilpuknao. Slka maca docdopHOi KUCIOTH HEOOX1HA JJISI TOTYBaHHS 2 JI

0,1 H po3unny?

Mu,p0, 98
EH3PO4 = % :66? = 32,7 F/MOJ'IB;



Piwenns.

mpe'{OBI/IHI/I = CH Epe‘lOBI/IHI/I V (H);

mH3p04 =01.32,7. 2=654r.

3agaua 4. Po3paxyHKu 3 pO3BEICHHS PO3UUHIB.

Busenemo dopmyny 1isi po3paxyHKIB MPU PO3BEACHHI PO3UUHIB, BPaxo-
BYIOYHM, 10 KOHIIEHTpAL[iSl SIK BUXIJHOTO, TaK 1 IPUTOTOBJIEHOIO PO3UMHIB MOXKE
OyTu BUpaxkeHa 0ynb-skuM 3acobom (C %, C, Cy), a TakoK BUXOISYH 3 TOTO, IO
IIPU PO3BEICHHI PO3YMHIB, Maca PO3YMHEHOI PEYOBUHU 3aJIUIIAETHCS OCTIMHOLO.

J171st po3unHy, KOHIIEHTpAIli SKOTO BUPAKEHA Y BIJICOTKAX,

a C % M peqopmmm

mpe‘{OBI/H{I/I - 100% J
Tak sK m =V p , TO
m _ C % Vp03q1/IHy Ppozuimy
PEYOBHHH 100% ,

1€ Pposauny — T'YCTHHA PO3YUHY, I/MJI.
JI1st MOJIsipHOT KOHILIEHTpallii

C M peqoBI/IHI/IV]-poquHy
m =
peuoBHHU 1000

Jlns HopMaTbHOT KOHIIEHTpAIIii

~ CH EperBI/IHI/}/ZpoquHy
Mpeqopuan = 1000

JIopiBHIOEMO TIpaBi YaCTUHU PIBHSHD:

C% VpoquHy Pposunny _ C MperBHHHV1p03qHHy _ Cy EperBI/IHI/}/meqHHy
100% 1000 1000
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Ilpuknao. Cxinpku MUTUNTPIB 98 %-TO pO3YMHY CipUaHOi KHUCIOTH
(p = 1,84 r/mn) HeoOxinuo 1yt rotyBanHsA 300 mMi1 3 H po3uuHY 111€1 KUCTOTH?

Piwenns. CxopucTaeTbes MepUIO0 YaCTUHOIO BUIIE HABEJACHOTO PIBHIHHS
IUI KOHIIEHTPOBAHOTO BUXITHOTO PO3YMHY KUCIOTH 1 TPETHOIO YACTUHOIO — JIJIS
MIPUTOTYBAHHS PO3BEICHOTO PO3YHHY CIpUaHOi KHUCIIOTH:

C% V1p03qHHypp03qHHy _ Cu EperBHHHVZposqtu
100% - 1000 !

ne C % =98 %;
C, = 3 eks/m;
V| posauny — HEBIIOMHUH 00’ €M BUX1HOTO PO3YHHY;
V3 posanny = 300 MIT;

En,s0, = 49 r/mons.

CH E H 2504 V2po3qHHy100%

C% 1000 Pposumy

3Bincu leosany =

' ©3.49.300. 100
Iposmy = 98 1000 . 1,84

= 24,46 m.

3amaya 5. Po3paxyHku 3a mepexoJioM BiJi OJHOTO 3ac00y BHUpPaKCHHS
KOHIIEHTpAIlii JaHOTO PO3YMHY A0 1HIIIOTO.

[Tpu mepexoi BiJ OJIHIET KOHIIGHTpAIIll JAHOTO PO3YHMHY JI0 1HIIOT 3aJIH-
IIAIOTHCS MOCTIMHUMU HE TIJILKU Maca pO3YMHEHOI pEYOBUHU, ajie i 00’ eM po3-

YUHY, TOOTO

Vposanny = V1 posmmy = V2 posunny

[Tonepenusa popmyiia HaOyBa€e HACTYITHOTO BUY:

C% Pposumny _ C Mpe‘—IOBI/IHI/I _ Chx Epeuosunn
100 % 1000 B 1000
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Ilpuxnao. Buznauutu MOISIPHICTB 36,5 %-r0o po3uuHy COJISHOT KUCIOTH
(p=1,18 r/mm).
Piwenns. CxopucTaeMoCh MEPIIOIO 1 APYTOI0 YACTUHOK OCTAaHHBOTO PIB-

HSHHS 1 BHUBCACMO BUPAXKCHHA OJISI BUSHAYCHHS MOJIAPHOCTH!

c- C% Pposuannyl000 36,5 - 118 - 1000
~ 100 %My 1000 - 36,5

= 11,8 mons / .

3amaya 6. Po3paxyHku 3a 3akoHamu Payns. Tuck mapu po3BeeHOTO po3-
YUHY.
3a 3akoHOM Payns 3HMKEHHSI THCKY napu Ap HaJ pO3YMHOM MPSIMO IPO-
MOPLIIHO MOJIBHIHN YacTLl PO3YMHEHOI PEYOBUHH:
Ap=p’iN,
71e p°1 — THCK MapH 9MCTOTO PO3YMHHAKA;

N — MoJIbHA YaCTKa PO3YMHEHOI PEYOBHHH,

N = n Mpe‘-IOBI/IHI/I
+ 1
n MperBI/IHI/I n Mpo3qI/IHHHKa
JI€ N —KUIBKICTh MOJIb.
Ap =p°1 —p1,

1€ P1 — TUCK MMApHU PO3YMHHUKA HAJl PO3YUHOM.

3BiacH pol —p1 = p01 N;, p1= p01 (1 -N).

Ilpuxknao. Bu3HauuTu TUCK HACHMYEHOI MApU PO3YUHY, SIKUA MICTUTH 45 T
rmoko3u (CgH1206) vy 720 T Boam mpu 25°C. Tuck Hacu4eHOi mapu BOJU MPHU
25°C nopieaioe 3153,4 Ila.

Piwennsa. Po3paxoByeMO MOJIBHY YaCTKy PO3UMHEHOI pEYOBHUHM:
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My,0 720

n = = =40 ;

M.H20 My,0 18 r/momb Mo
mC6H1206 45 r

n = = = 0,25 ;

M,CeH1206 McgH,,0s 180 1/ momb Mo
NMM,C.H. 0 0,25

N = o 1z 6 = ——— = 0,0062.

CgH1206 NM.H,0 +nM’C6H1206 0,25+ 40

Bu3nauaemo THCK Imapuv BOAMW HalZl pO3HHMHOM:

p1=p% (1-N) = 31534 (1-0,0062) = 3133,8 Ila.

3agaua 7. Po3paxyHKH IIOA0 3HUKECHHS TEMIEPATypH 3aMeEp3aHHS PO3-
YUHIB.
3a 3ak0oHOM Payiisi 3HM>KEHHS TEMIIEPATYPU 3aMEP3aHHS IPSIMO ITPOTHOpP-
L1AHO MOJISTIHOT KOHIEHTpALIll pO3UYUHY
At =K Cp,
ne Ky - kpiockomniyHa MmocTiHa BOH;

Ci- MOJIsiIIbHA KOHUEHTpAIisl pO34rHY (KIJIbKICTh MOJb PO3UYMHEHOI PEUOBH-
mpeqoqmm

HuU — ——— B 1000 r po3unHHUKA),
MperBHHI/I
M pesopsrn 1000
Cm =
Mpe‘-IOBI/IHI/I mpOS‘IPIHHIdKﬂ
3Bizncu - Ky M peqopmm 1000

M

PECHOBHUHA m PO34YMHHHKA

Ilpuknao. Po3paxyBatu Temiepatypy 3amep3aHHs 3 %-To BOJASIHOTO PO3-
yuny etunenriikomo (HOCH; — CH,OH), K, = 1,853.
Piwenna. Busenemo dopmyiy sl Iepexoay BiJ BIICOTKOBOI KOHIIEHTpa-

Iii 0 MOJISUTBHOCT1 PO3YHHY.
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HIB:

J{ns1 B1ICOTKOBOT KOHIICHTpAIIi1

_ C% mp03qI/IHy
mperBHHI/I_ 100 %

JI1st MOJISTBHOCTI

C m M P GLIOBI/IHIInpOSHI/IHHI/IKa.

mperBI/IHI/I: 1000 ’
C % mpOS‘lI/IHy_ Cm Mpe“IOBI/IHIInpO?)‘-II/IHHI/IKa
_ 100% 1000
3BlACH
C % 1000 mpo3qHHy
Cm

100 % MperBI/IHI/I mp03qnﬂnm<a

SIKIO NPUMHATH Mygsquny 3@ 100%, TOM Mposuymmma = 100% — C %.

C %1000
Mpe‘-IOBI/IHI/I(]‘OO %-C %).

3HAX0IUMO MOJISIbHICTh PO3TJIIHYTOIO PO3YUHY:

3. 1000 _3-1000

Cn = =
M Mc,H,0,00-3)  62. 97

= 0,5 mois /1000 T po3unHHMKA

Po3paxyeMo 3HWKEHHS TeMIlepaTypy 3aMep3aHHs PO3UHHY:
At=K,Cp = 1,853-0,5=0,92°.
TemnepaTypa 3aMep3aHHs BOASIHOTO PO3YUHY

t,= tH,0 - At=0-0,92 =-0,92°C.

3apaua 8. Po3paxyHku 1010 MiJIBUILEHHS TEMIEPATYPH KUIIIHHS PO3YH-

1000 Mpeuopn
€ M !

pedosnrn * M pozunnmika

ne At — MiJBUILIEHHS TEMIIEpaTypu;

K. — ebymniockoniyHa KOHCTaHTA.
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Ilpuknao. Po3paxyBatu temnepatypy kumiHHsg 0,1 MOJSpHOr0 BOJHOTO
po3unny rimokosu. K, = 0,516.
Piwenna. ®opmyna s nMepexoay BiJl MOJSPHOI KOHIICHTpAIli 10 MOJIs-

JBHOT

1000 C

Cpy = -
m 1000 pp03‘{I/IHy ! C Mpe‘-IOBI/IHI/I

Tomy 110 po34HH pO3BEaCHHMIA, TO OepeMo
p=1r/mmn,

TOJI1

_1000- 01
1000+ 01- 180
McgH,,04 =180 1/moms.

Cm = 0,102 momp /1000 1 p03YMHHMKA ;

Busznayaemo miJIBUILIEHHS TEMIIEpaTypy KUITIHHS PO3YUHY:
At=K, Cy, =0,516:0,102 = 0,053°.
TemnepaTypa KUIMIHHS [IOTO PO3YUHY

— — — 0
b= tamp,0 +At=100+ 0,053 = 100,053°C.

3agaua 9. Po3paxyHKH 3a pO3UHMHHICTIO TBEPAUX PEUOBUH y PIAUHAX.

OcHoBHa (opmyna Juisi BUPAKEHHSI PO3YMHHOCTI TBEPJIOT PEUOBUHU B Pi-

JINHI
m
t _ "Mpozu. pevoBurn
RperBmm T m 100,
PO3YMHHKKA
t : Y N
ne R peuopunu — PO3YMHHICTS PEHOBHHH MY NaHil TeMNepaTypi;

Mposs. pevosmn — MAKCHMAJIBHO MOXKJIMBA KUIBKICTh PEYOBUHM, PO3UMHEHOI B
100 r po3urHHUKA MPU JTaHiN TeMIieparypi, I.
Ipuxnao 1. JIns npurotyBands HacudeHoro pozunny KCl npu 40°C y3s-

T0 50 r Boau 1 20 r KCl. fka po3zunnnicts KCl y Boai npu ganiit temnepatypi ?

Piwenna. RA0 Mkcl

20
KCl = 100 = % 100 = 40 r/100 r H5O.

MH,0
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Ilpuknao 2. 'Y 300 r rapsiuoi Boau pozunHeHo 219 r K,Cr,0;. 3naiitu ma-
cy kpuctamiB K,Cr,0O;, oTpuMaHuX MpH OXOJOHKEHHI Tapsyoro pPO34YHHY 0
20°C. Bigomo, 1o poszunnHicte K,Cr,0; mpu 20°C nopisatoe 13,1 r Ha 100 1
BOJIH.

Piwennsn. Busnavyaemo, ckitbku Moxke Oyt pozunneno K,Cr,O; y 300 T

Bojiu ipu 20°C:

m

20 _ "KyCrh0Oy

RK2Cr07 = o 100,
MH,0
BIJIK1JIA

20

_ Mp,0 Ri,er,0, 300 131 203

MK,Cr07 = 100 =100 T

Maca kpucrainiB — 11e Pi3HULS Macl pO3UMHEHO1 PEYOBUHHU B TapsyoMy po-
34MHI Ta MACH PO3UYMHEHOI PEUOBUHU B OXOJIOJKEHOMY PO3UHHI:

Mepuer = 219 — 39,3 = 179,7 (1)

4.7.2 3aoaui 0na camocmiitnoz2o piieHH

1 Ckunbku FeCls mictutbes B 20 M 40 %-ro po3uuHy, T'yCTHHA SIKOTO
1,133 r/mn? Slka moJisipHa KOHIIEHTpAILlisl pO3UUHY?

2 Ckinbku rpamiB FeSO4 7H,0 moxHa ogepxkatu 3 1 11 12 %-10 po3unny
6e3BonHOI coni FeSO,, ryctuna sxoro 1,122 r/em® ?

3 Ckinwsku rpamiB CuSO, mictutbes B 10,0 Mt 0,2 M po3uuny ? Ska ioro
HOPMAJIbHICTbH?

4 Po3paxyBaTh MOJIAPHICTH 1 HOPMaJbHICTh 5 %-r0 po3unny H3PO,, ryc-
TUHA SIKOTO fopiBHIOE 1,027 r/™m.

5 Ckinpku MuTTITPIB 0,5 H pO3UKHY Jyry NOTPiOHO, 0O OCATUTH Y BU/II
Cu(OH), ycto mifp, 110 mictuthes B 15 mit 1,2 1 pozuuny CuCl, ?

6 IIpu 25°C pozuunnicts NaCl nopisatoe 36,0 r y 100 r Bonu. Bupazutu
y BIJICOTKaX KOHIIEHTPALIl0 HACUYEHOT'0 PO3YMHY COJII.

7 Sxuii 06’em 92 % cipuaHoi KUCIOTH, TycThHA siKoi 1,83 r/em®, BapTO

B3ATH JJ1s ToTyBaHHs 3 11 0,5 H po3uuny?
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8 V¥V 50 r 6enzony po3uuneHo 1,6 r Hadraniny. TemnepaTypa 3amMep3aHHs
OTPUMAHOr0 po34uHy HopiBHIOE 4,2°C. Bu3HauuTH MONEKYJSIpHY Macy HadTai-
HY, SIKIIO TeMmIepaTypa IUiaBieHHs OeH3oiy nopiBHIOE 5,5°C, a KpiocKoIiyHa
KOHCTaHTa OeH301y — 5,2,

9 Xnopodopm kurmuth npu Temneparypi 61,2°C. Po3uuH, 1mo MicTUTH
1,9 r xkamdopu B 50 1 x10podopMy, Kunuth npu temmnepatypi 62,17°C. Pozpaxy-
BaTU MOJICKYJISIpHY Macy Kam(popH, SKII0 e0yTi0CKOMiYHa KOHCTaHTa XJI0podo-
pMy AopiBHIOE 3,88.

10 Maemo 10 %-ii po3una metanory CH3;OH 1 10 %-ii po3unH eTanomy
C,HsOH. fAxwuii 3 nux po3uuHiB Oy/Je 3aMep3aTy Npu OUTbII HU3BKIM TeMmepary-
pi?

11 Po3paxyBaTh OCMOTHYHUN THCK PO3YMHY, IO MICTUTh 16 T LyKpy
C12H2,011 y 350 r Bom nipu 20°C. HIiTbHICTS PO3YMHY JIOPIBHIOE OTMHUIII.

12 YoMy AOpIBHIOE TUCK HEHACUYEHOI Mapu HaJ pPO3YMHOM, IO MICTUTH
0,2 moinb 1ykpy B 450 r Boau nipu 20°C, K0 TUCK Napy HAaJ YUCTOK BOIOKO
nipu 20°C nopisrioe 2,3-10° ITa (17,5 MM pr. c1) ?

13 Yu npu omgHakoBiii Temrepatypi OynyTh 3amep3atu 10 %-ii po3unH

MypamuHoi kuciaotu 1 10 %-it po3uuH o1ToBoi KUCIOTH ?

4.8 EJIEKTPOJITUYHA JUCOIIAILIISA
4.8.1 Tunoegi 3a0aui 3 pivieHHAMU
3apaua 1. Bkazatu enexrpoditu cepen HacTynHux peuoBuH: NaCl, KOH,
C,HsOH, CH3;COOH, C¢H;,04, CgHg, HBT.
Piwenna. JIo eIeKTpONITIB BIIHOCIATHCS OCHOBHU, KHCIOTH 1 com. Cepen
nepeniyeHux Buie peuoBuH enekrpoitamu €: KOH — ocnosa, CH3;COOH 1 HBr
— xucnotu 1 NaCl — cifb.

3apaua 2. Cepen HaCTyIMHUX €JICKTPOJITIB yYKa3aTH CUIIBHI Ta CJIa0Ki ee-

KTpOJ'IiTI/II CaCl,, H,SO,, H3PO,, HF, Cr2(804)3, Ca(OH)g, CU(OH)z, KHCO;3,
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Na,HPO,, CuOHCI, Fe(OH),Br. Hanncatu piBHSHHS €JIEKTPOJIITHYHOI AUCOIlia-
mii.

Piwenna. Ilpu HanvcanH1 piBHSAHb €JICKTPOJITHYHOL TUCOLIAIT KOPHUCTY-
IOThCSI HACTYITHUMH TPABUIIAMH:

1 JIyist CHIIBHUX €IEKTPOJIITIB YMOBHO IMHIIEMO OJIHY CTPLIKY (—).

Hanpuknan: FeCl; — Fe** + 3C1.

2 Jlns cnabKuX 1 cepeiHIX eNEeKTPOJIITIB MUIIIEMO Bl CTPIJIKHA Y 3BOPOTHHUX

HanpsiMkax ( == ). [lucomiamis nux eneKTposiTiB ImpoTikae cxigyacto. Hampu-
knag: H,COs<= H'+ HCO; ;
HCO; == H +CO5" .
Jlucorriairisi KUCJIMX 1 OCHOBHMX COJIeH BiJIOYBA€THCSI TAKUM YHMHOM:
Na,HPO, — 2Na" + HPO,”; HPO,” == H"+PO,%;
Fe(OH),Br — Fe(OH)** + Br_; Fe(OH)," == FeOH* + OH ;
Fe(OH)* = Fe* + OH .

3agaya 3. Hamucatu mareMaTWdHe BHpPaKCHHsSI KOHCTAHT JUCOIiAIii Ha-
crynuux pedoBud: HaPO,4, Mg(OH),, Fe(OH)3;, HCN, H,S, NH,OH.
Piwennsn. lucomiariss Mg(OH), mportikae cximuacto. st KOKHOI CTyIiHI

3aMMIIeMO BUPAKEHHSI KOHCTAHTH JUCOLIAIIIi:

[MgOH"] [OH ]
[Mg(OH),]

Mg(OH), == MgOH" +OH ; K! =

_ Mg®*1[oHT]

MgOH* = Mg® +OH ; K!!
g g [MgOH+]

J{nst cymapHOTO PiBHSIHHS JUCOIIAIIIT CITAaOKOTO €IEeKTPOJITY
Mg(OH), = Mg*" + 20H  BupaxeHHs KOHCTAHTH AUCOLIALii OyIe HACTYIHM:

_[Mg**][OH" ]

_ | I
=R = T IMg(oH,)]
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Bamaua 4. SIka konuentpamis ionis Cl i Ca®* y 0,1 M po3uuni CaCl,,
skiro crynine aucorrianii CaCl, 0,65 (65 %) ?

Piwenna. Ctyniab AucoIialii BUBHAYA€ThC 32 POPMYIIOI0

3 Cl‘lpOI[I/IC.MOJI .
= —C ,
ne C — MossipHa KOHIICHTpAIlis PO3YNHEHUX MOJIEKYJI, 3B1JICH
Cnpo;mc.Mon. =a C
KoHrenTpaitis 10HIB BU3HAYAETHCA 3a (HOPMYJIOO
CiOHiB: n Cnpozmc.Mon.’
JI€ N —KUIBKICTh 10HIB, 1110 YTBOPATHCS 3 1 MOJIEKYJIH.
Takum 4nHOM,

CiOHiB: na C:

Cep2+ = No-Ceacr, (N =1);
CCa2+ =1.-0,65-01=0,065 mous/

CCI = n-ObCCac|2 (n =2),

CCI =2-0,65- 01=0,13 moms /.

3agaya 5. YV sKoMy 3 pO3YMHIB KOHIIEHTpAILlisl 10HIB BOJHIO BHILE: Y
0,001M po3urai HNO3, un y 1 M po3unni CH;COOH?

Piwenna. ]Ins CUIBHUX ENEKTPOJITIB PO3PAXYHOK KOHIIEHTpalli 10HIB
3IMCHIOIOTH 3a CTYMEHEM Aucolianii. ¥ TOBITHUKY 3 XIMil 3HaXOJUMO CTYMiHb
nucorriaiii 0,001 M pozunny HNOs!

o=0,95;

Ciow= n0a C;

[H']=1:0,95-0,001 = 0,00095 Monb/1 = 9,5-10™ mMoub/i.

Jlnst cnmaOKuX eNeKTPOIIITIB pO3paxyHOK KOHIIEHTpAIlil 10HIB 31MCHIOIOTH
32 KOHCTAHTOIO JIUCOITiaIlii.

VY n0BITHUKY 3 XiMii 3HAXOAMMO KOHCTAHTY JAMCOIIallii OIITOBOI KUCIOTH:

_ 5.
Ky, cHacooH =175 - 107
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CH;COOH == CH3;COO +H";

[CH3COO™][H™]
K =3
%, CHCOOH [CH3COOH]

Tomy mo [CH;COO™ | = [H'] (Monexyna CH;COOH nae piBHY KilbKiCTh
10HIB), TO
ACH3COOH ™ rcH cooA]

ne [CH3COOH] — piBHOBa)kHA KOHIICHTPAIIsl MOJIEKY, 1110 HE ITPOIMCOIIIFOBAIIH.

AJjie ToMy 110 KOHCTaHTa JUCOINAI] — Jy>Ke Majla BEIMYMHA, TO KOHILIEHT-
pali€ro MOJIEKYJ, [0 HE MPOJIUCOLIIOBAIM, MOKHA 3HEXTYBATH 1 B3ATH KOHIICHT-
parito MOJIEKYJ, [0 HE MPOJAUCOLIIOBAIHN, PIBHOIO KOHIIEHTPAIIl1 PO3YHMHEHOI pe-
YOBUHU, TOOTO KOHIIEHTpAIlIl MOJIEKYJI, BHECEHUX JI0 PO3UYHHY.

3 nonepeaHboi PopMyIi 3HAXOAUMO:
[H"1= /Ky cHzcoon [CH3COOH] ;

[H*]=175-10° 1 =418 103 wom /n

TakuMm YMHOM, Yy JaHOMY PO3YMHI OLTOBOI KHCIIOTH, HE3BAXAKOUW Ha Te,

. . . + . .
1110 BOHA ci1a0ka, KoHIeHTpallis ioHiB H™ Buie, HiX y 1anomy po3unni HNO:s.

3amaua 6. Po3paxysaTtu koHnentpaniio ionis H' y 0,4 M posuuni H,S.

Pimenns. Qucomianis H,S BinOyBaeTbes B ABa eTanu:

H,S == H' + HS K'in,s =87 105

HS” == H'+S” K us =12-107°

KoHieHTpartisi 10HIB BOAHIO, 110 YTBOPIOETHCA 3a MEPIIOK0 CTAIIEI0 TUCO-
miamii, y 6arato pa3iB BHIIE KOHIICHTpAIlli 10HIB, IO YTBOPIOETHCS 3a IPYTOIO
CTaJII€10, TOMY 110 3a TIEPIIIOI0 CTAIEI0 AUCOIalis HabaraTo IHTCHCUBHIIIE, HIXK
3a ApPYyToro (JIMB. BEJIMYMHUA KOHCTAHT AMCOLIALIi). 3 1i€l IPUUYUHUA PO3PAXYHOK

KOHIICHTpAIIi 10HIB 3IHCHIOIOTh 32 KOHCTaHTOIO JUCOITIAI] IePIIoi cTamii:
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_[H'1[HS ]

|
ks =,

SAxmo 3HexTyBaTH TUM (haKTOM, 110 HE3HAYHA yacTuHa 1oHIB HS™ mucorri-

I0€ 32 JAPYTOI0 CTaJi€l0, Yy pe3yJbTaTi 4oro KOHIEeHTpallis ioHiB HS™ He3HawuHO
. . . + . +

3MCHIIIYEThCS, a KOHIICHTpallisg ioHiB H™ He3HauHO 30iibIIyeThCs, TOOTO [H'] =

[HS™], To Mmo>xHa 3anucaTu:

[H"]°

I —
RS = s)

3BlICH

H* 1=K 1h,s [HoS]

[H+] :\/8,7' 1078 0,4 =187- 10™* moub /1.

3amaua 7. PospaxyBatu koHcTaHTy aucortiamii HCN, skio ctymisb i qu-
comarii, mopisaroe 0,00007 y 0,1 M po3uuHi.
Piwenns. HCN = H" + CN ~.

2
BianoBigHo 10 piBHSHHS K = a” - C 3HAXOJUMO 3HAYE€HHS KOHCTAaHTH
— 1 -a
IUcoLiarii:
~0,00007%. 01

K. = =49.1010
27 1. 0,00007 !

3apauva 8. Hanucatu MonexkyssipHi i 10HH1 pIBHSIHHS HACTYITHHUX 10HOOO-
MIHHHUX PEaKITIH:
1) H,S + NaOH — ; 2) Ba(OH), + H,SO, — ;
3) Fe(OH); + HNO3; — ; 4) CaCl, + Na,SO4— ;
5) H,SO, + KOH — 6) Pb(NO3), + Kl— ;
7) Na;HPO, + NaOH — ; 8) Al(OH),Cl + KOH — ;
9) Al(OH),Cl + HCI — ; 10) Zn(OH), + NaOH — .
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Piwennsa. CnioyaTky 3amuCyeTbCs PIBHSHHS PEaKili B MOJEKYISIPHOMY
BH/II.
JIns HamucaHHs PiBHSHHS 10HOOOMIHHOI peakilii B 10HHOMY BHJII MOJIEKY-
JM 9M 10HH, SIKI € MaJIOJAUCOIIHOBAHUMU, 3aMHUCYIOTh SIK €JUHE II1JI€, TOA1 K MO-
JICKYJIM CUJIBHUX €JEKTPOJITIB 3aMUCYIOTh Y BU/I1 10HIB, 3 SKUX BOHU CKJIAAAI0Th-
cs. 3amucaHe B TAKOMY BU/I1 PIBHSIHHS 10HOOOMIHHOT peakiiii sBJisie COO0I0 MOBHE
10HHE PIBHSHHS. BUKIIOYMBIIM 3 LIOTO PIBHSAHHS 10HH, 110 HE OEpyTh y4acTb y
caMOMYy 10HOOOMIHHOMY MPOIIEC], OJICPKYIOTh KOPOTKE 10HHE PIBHSAHHS 10HOOO-
MIHHO]T peaxiii.
KopoTke 10HHE pIBHSHHS 10HOOOMIHHOI peakxiiii € BUPA)KEHHAM PEaTbHOrO
poriecy, 10 BiI0yBa€ B PO3UHHI.
1 H,S +2NaOH — 2H,0 + Na,S — monekynsipHe piBHSIHHS;
H,S + 2Na*" + 20H™ — 2H,0 + 2Na" + S* — noBHe ioHHE PIBHSHHS,
H,S + 20H™ — 2H,0 + S% — KOpoTKe i0HHE PiBHSHHSL.
2 Al(OH),Cl + KOH — Al(OH); + KCI;
Al(OH)," + CI" + K" + OH™ — Al(OH); + K" + CT;
Al(OH)," + OH™ — Al(OH); .

4.8.2 3aoaui ona camocmiiitnozo pinieHns

1 Bxazatu enektpomitu cepen HacTymaux pedoBuH: KOH, CaCl,, CH3;0OH,
HNO;, C;HsCOOH, C1,H2,011, ZnSO4, Ba(OH),.

2 Bwusnaumtu cepen enekTpousiTiB cuibHI 1 cmadki: HpSiOz, NaOH,
Ca(NOg),, H,S, CH;COOH, AlI(OH);3;, KH,PO,, CuUOHCI, Na,SO,4, NH,OH.

3 Hamwmcatu maremarnuHe BHpa)X€HHS KOHCTAHTH JUCOINAIl] HACTYITHUX
peuoBuH: H,COjz, ZN(OH),, Na,HPO,.

4 Crynins aucomiarii onroBoi kucnotn CH3;COOH y 2 M po3uuHi nipu
18°C nopisnioe 0,004. Pospaxysatu konuenTpauito ionis CH;COO i H' y pos-
YUHI.

5 B ckinpkox paszip konuenTpauis ionis H' y 1 u posunni HNO; (o =

82%) Oinbie, HIXK y 1 H po3uuni H,SO, (o = 51%)?
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6 Koncranta mucoriarii a30THCTOi KHCI0TH opiBHIOE 5,1-10™. Po3paxy-
Batu ctymiHb aucorriaiii HNO; y ii 0,01 M po3uuHi 1 KOHIIEHTpAIlilo 10HIB BO-
HIO.

7 BusHauuTH CTYIIHB AMcoLialii i KoHmenTpamiro ionis OH y 0,11 pos-
anai NH,OH (K, = 1,77-107).

8 Hamucatn MoJeKyJsspHI Ta 10HHI PIBHSHHS HACTYIMHUX 10HOOOMIHHHX

peaKIiii:

CuSO4 +H,S —»; CH3;COOH + KOH —»;  KCN + H,SO, —;
Fe(OH),NO; + HNO3 —; (NH,4),SO, + NaOH —;
Fe(OH);NO; + KOH —; NaHCO; + NaOH —.

4.9 BOOJHEBUI MMOKA3HUK. JOBYTOK PO3YMHHOCTI.
T'1APOJII3 COJIEN
4.9.1 Tunoei 3aoaui 3 pimiennamu
3agaua 1. Po3paxyHKH 3a BOZHEBUM ITOKa3HUKOM pH.
Ipuknao 1. Slxe 3uagennst pH po3unny, koHmeHrtparist ionisB OH  skoro
JIOPIBHIOE 10 misn/m ?
. gt
Pimenna. Ky,o =[H J[OH ],
Kh,o 1074

Binkima [H'] = [OH™ ] = 109 =10 wonb /1,

pH = -Ig[H"] = -1g(10°) =5,

an pOH =-1g OH =-1g(10°) = 9;

p+pOH=14 =p=14-pOH=14-9=5.

Ilpuxnao 2. SIxa KOHLIEHTpAllid 10HIB BOJHIO i 10HIB TJIPOKCHIIY PO3YUHY,
pH sikoro nopisntoe 10,3 ?

Piwenna. pH = - Ig[H"].

Ig[H™] = -pH =-10,3.
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3a TabnuisiMu Jorapu@miB 3HAXOIUMO: [H'] = 5,01-10'11 MOJIB/JI.
Towmy mo [H'] [OH ] = 10", Busnauaemo [OH ]:

Knoo 10
[H*] 501. 10
Ilpuxnao 3. Buznauutu pH po34nHiB CUIBHUX €IIEKTPOITITIB:
a) 0,1 monsiproro po3zunny HNO; (a0 = 0,92; £=0,79);

0) 0,01 monsipuoro po3zunny KOH (a = 0,93; f=0,90).

[OH™ ]= =2-10™* moms / 1.

Piwenns. 1) Ina 0,1 monsipHoro pozunny HNOj3 3Hax011M0:
[H]
o= ,
[HNO3]

JIe 0 — CTYITHB JUCOITaIIii;
[H'] = o [HNO3] = 0,92:0,1 = 0,092 mMos/m.
[ToTim BU3HAYaeEMO
a=fc,
JIe @ — aKTUBHICTb, TOOTO KOHIIEHTpAIIIsl 10HIB, 1[0 BUSIBJISIETHCS;
C — peayibHa KOHIICHTpAILIis;
f — KoeilieHT aKTUBHOCTI, U1 JyXe po3BeAcHUX po3uuHiB f — 1, Tomi
a=c.
AKTHUBHICTb 10HIB BOJHIO 3HAXOJIUMO 3a (hOPMYJIOI0
a .+ = f[H+] =0,79- 0,092 = 0,0727 monsw/mn.
Buznauaemo pH po3unHy, nprudoMy 3aMicTh peajibHOI KOHIIEHTpaIlli BUKO-
PUCTOBYEMO aKTHBHICTB:

pH=-Ig a .+ = —1g 0,0727 =114,

2) Ans 0,01 monsipaoro po3unny KOH

_[OH T.
%~ [KOH] ’
[OH ]=0,01-0,93 = 0,0093 momn/i;
Aoy = f [OH ]=0,90- 0,0093 = 0,00837 wmos / i;

POH = -1g agy- = — g 0,00837 = 2,077,
pH =14 — pOH = 14 — 2,077 = 11,927.
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Ilpuknao 4. Buznauutu pH 0,6 momsiproro po3unny HCIO (K, = 3,2- 10'8).
Piwenns. Jlns cnaOKoTo €NEKTPONITY po3paxyHOK pH 3aiiicHIOEThCS 3a

BEJIMYMHOIO KOHCTaHTU nucorianii K;. Tomy 1110 BeIMUMHU KOHIIEHTpALIHN TyxKe

MaJl, aKTUBHICTh a —> C.

HCIO <—= H'+CIO;

_[HT][CI07].

+ _ —
KeHclo =" [H1=I[CIO ]

TOI
AHCIO ™ rheioy

ne [HCIO] — piBHOBaXkHa KOHLIEHTpaLisl, OAHAK Y 3B'A3KY 31 CJA0KOI0 IHUCOIIalli-
€10 OepyTh ii PiBHOIO J0 3arajbHOI KOHIEHTPAIlil MOJEKYJ KUCIOTH, K JHCOIIi-
HOBaHMX, TaK 1 HE JUCOIIHOBAHMX.

[HCIO] = 0,6 moub/m;

[H*]= /K roio [HCIO] = /3,2 - 108+ 0,6 =139 - 10°* moms /1

p=-lgH"=-lg 1,39-10" = 3,857.

3apaua 2. PospaxyBaru 100yTok po3unHHOCTI (/IP).

Ilpuxnao 1. Po3zpaxysatu 100yTok pozunHHocti Mg(OH),, skiio ioro po-
3YMHHICTD TOpiBHIOE 6,4-107 /1.

Piwennsa. ]I BUpaxeHHs! pO3YMHHOCTI MAJIOPO3UMHHUX PEYOBUH Hailua-
CTIIIE€ BUKOPUCTOBYIOTHCS JIBa 3aCO0U 11 BUPAKEHHSI.

1 Po3unHHICTH y TpaMax Ha JIITP PO3UUHY

_ Mpeuoprm 1000
Rm = v
PO3UHHY

ne Ry, — po3unHHICTh pEUOBHHM, I/II;
Mpeuopunn — MACA PO3YMHEHOI PEYOBUHHY, T

V posummy — 00’ €M PO3UHHY, MIL
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Toxal KOHIEHTpaIlisd SKOTO-HEOyab 10Ha PO3YMHEHOI PEUYOBMHM BH3HAua-

€ThCS 32 (HOPMYIIOTO .
Rm |

C= M
ne M — MossipHa Maca 10Ha, T/MOJIb;
| — iHJIeKC i0Ha Y (OPMYII.
2 PO34MHHICTH MOJICKYJI PO3YMHEHOT PCUOBHHHU Y MOJIb HA JIITP PO3UUHY
mpe‘lOBI/H-I ' 1000

M Vpo3tn/1Hy ’

RM:

ne Ry — po34nHHICTH, MOJIB/II.

Toni koHUEHTpanis OyJp SKOro 10Ha PO3UYMHEHOI PEYOBMHU BU3HAYAETHCS
3a hopMyJIOI0
C=Rpyl.

VY naniit 3apaui po3unHHicTh Mg(OH), Bupaxkena B rpamax Ha JiTp. Po3-

paxyeMo KoHIeHTpauio iomie Mg®* Ta iomiB OH y HacuueHOMy po3umHi

Mg(OH),:

: 3
R 6,4-10". 1 _
[M92+] = ml =11-10"* wmoms/m;
Mmg(oH 58
: 3
Ry 6,4- 107 2 _
[OH ] = m = =22-10 4 Mo /1.
Mmg(oH) , 58

3HalineMo 100yTok pozunHHOCTI Mg(OH),:
Mg(OH), Mg®* + 20H ; =
APMgoH), = [Mg”*][OH™1%;
P Mmg(oH)y, =11+ 10%(22-10%)? =53 1072

Ilpuknad 2. Bu3HauuTH KOHIEHTpalil0 i0HIB Ag’ 1 pO3UMHHICTH

Ag.,CrO4, BupaxkeHy B Trpamax Ha JITp HacudeHoro po3unHy Ag,CrO,

(IH)A92CFO4 = 9.10_12)'
Piwennsa. Ag,Cry, == 2Ag" + Crs%

P ag,cro, = [Ag*1° [CrO42].
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Bi3zbMeMO KOHIIEHTpaIlito [Cr4'2] piBHOIO X, TOIl [Ag+] = 2X, ToMy 110
mucomianis oxHiei Monexymu Ag,CrO, mae omut ion CrO,? i aBa ionn Ag”.
— 2 _ 3.
I[PAgzcrO4 - X(ZX) =4X7;
JIP pg,cro, =9 1074, 4x®=9. 107

-12
_39-107" _ . -4
X= 4 =131- 10 MOJIB/T

[CrO472]= 1,31:10" moms/m; [Ag] = 2,62:10™ Mo/
Bu3naummMo po34MHHICTH COJII B TpamMax Ha JITp:
C- IVlAg 2CrOy

i )

Rm,Ag 2CFO4 =

ne C — KoHIIeHTpallisl Oyib SIKOTO 10Ha;

| — Jioro iHIeKc.

[Ag*IMag,cro,  2,62. 1074, 332
Rm,Ag,cro, = 5 = 5 =0,0435r/ 1.

Ilpuknao 3. Y sikoMy HalpsiMKy 3MillleHa piBHOBara HacTYIMHHUX 10HOO0-
MIHHHMX PeaKLiii:

CaCO; + Na,SO, =—= CaS0,| + Na,COg;

AgCl + KI =—= Agl| + KCI ?

Piwennsa. Po3rnssHeMO 3CyB PIBHOBard Ha MPUKIIALl OCTaHHBOI pEakIili.
PiBHOBara 10HOOOMIHHUX pEakKIliii 32 Y4acTIO MAJOPO3YMHHUX PEUOBUH 3MIIIIEHA
y 01K yTBOPEHHS PEYOBHHH 3 MEHIIINM JT00YTKOM PO3YMHHOCTI:

JIPpgci = 1,56:107%  JIPag = 1,5-107%.

PiBHOBara manoi peakiii 3mimeHa y 6ik yrBopenus Agl, tomy mo Agl mo-
CUJIa€ B PO3YMH MeHIIe uuclo ioniB Ag', unm AgCl:

AgCl + KI == Agl + KCI.

3apaua 3. Hanmcatu MoOJIeKyJspHI ¥ 10HHI PIBHSHHS TIAPOII3y HACTYTI-
Hux coseii: CH;COONa, NaCN, K3PO,4, NH4CI, Aly(SO4)s, NH4NO,4, Na,COs,
Al,S;, KCI, FeSO,. Yka3atu xapakrep cepeloBHINA BOIIHUX PO3YUHIB IIHX CO-

JIen.
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Ilpuknaou piwensy. CriouaTky BUZHAYAETHCS IPUPOA COJIL.

Comi, yTBOpeHi C1a0KO OCHOBOIO 1 CHJIBHOIO KHUCJIOTOIO 1, HABIAKH, - CH-
JILHOIO OCHOBOIO 1 CJTA0KOI0 KHCIIOTOI0, MiAaI0ThCS YaCTKOBOMY T1ApoJIi3y, y 0i-
JBIIOCTI BUMIAAKIB TIEPEBAXXHO 3a | cTymeHeM, Mpu 1bOMY B PIBHSHHI TiIpOJIi3Y
CTaBJIATHCS JAB1 CTPUIKH B MPOTHIICKHUX HampsMKax ( =— ), O[O0 BKa3ylOTh Ha
HE3Ha4YHE MPOTIKAHHS T1IPOi3y.

Cinb, yTBOpEHa CHUJIBHOIO OCHOBOIO 1 CHJIBHOIO KHUCJIOTOIO, T1IPOJIi3y HE
M11a€THCS.

Jlyia HanmucaHHS 10HHOTO PIBHAHHSA T1APOIII3Y 3aCTOCOBYIOThH TIXK IMpaBUIIA,
110 1 NPU HANMKMCAHHI 10HHUX PIBHSIHBb OYJb-IKUX 10HOOOMIHHUX pEeaKIliii: Majo-
JUCOIIIIOBaH1 MOJIEKYJIM YU 10HH 3aIllUCYIOTh Y HE3MIHHOMY BHU/II, TO/1 SIK MOJIe-
KYJIM CHJIBHUX €JIEKTPOJIITIB 3alIUCYIOTh Y BU/1 10HIB.

1 NaCN — ciib, yTBOpeHa CHIIBHOIO OCHOBOIO 1 CIIA0KOI0 KHUCIIOTOIO:

NaCN + H,O<=—= NaOH + HCN;
Na"+ CN~ + H,0 == Na'+ OH + HCN;
CN +H,O<+—= HCN + OH ; p > 7, cepenoBHILE TyXKHE.

2 Na,CO; — cinp, yTBOpeHa CHUIIBHOIO OCHOBOIO 1 cJ1a0KOi TBOOCHOBHOIO
KHCIIOTOIO.

["apomni3 mpoTikae nepeBaxkHo 3a [ crynenem:

Na,CO3; + H,O =—= NaHCO; + NaOH;

2Na" + CO;” + H,0 === Na" +HCO; +Na'+OH ;

CO;* + H,0 ===HCO; +OH ;

p > 7, cepenoBuIIE TyKHE.

3a Il crymeneM riipodii3 IpakTUYHO HE MPOTIKA€E, PIBHOBAra CUILHO 3Mi-
III€HA BJIIBO:

NaHCO3; + H,0 <<= NaOH + H,COg;

Na" + HCO; <—= Na’+ OH + H,CO;3;

HCO; +H,0 <—— OH + H,COs;;

p > 7, cepenoBuiiie c1abKo JTy>KHE.
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3 NH;NO; — cinb, yTBOpeHa CUIIBHOIO KUCIOTOIO 1 CJTA0KOK OCHOBOIO:

NH4NO;z+ H,O = NH;OH + HNO;;

NH;"+ NO; + H,0 =—= NH,OH +H"+ NO; ;

NH," + H,O == NH,OH + H"; p < 7, cepenoBue Kuce.

4 FeSO,4 — cinb, yTBOPEHA CHIIBHOKO KHCIIOTOIO 1 CIIA0KOI0 JBOKHUCIOTHOIO
OCHOBOIO.

["iapomni3 mpoTikae nmepeBakHo 3a | cTynenem:

2FeSO, + 2H,0 === (FeOH),SO, + H,S0,;

2Fe*" + 280,47 + 2H,0 === 2FeOH" + SO,” + 2H" + SO,*;

Fe?* + H,0 == FeOH" + H"; p <7, cepenoBuie Kucie.

3a II cryneneM rifposi3 NpakTUYHO HE MPOTIKAE, PIBHOBAra CUJIHHO 3Mi-
III€HA BJIBO:

(FeOH),SO,4 + 2H,0 <—=— 2Fe(OH); + H,SOy;

2FeOH" + SO, % + 2H,0 <= 2Fe(OH), + 2H" + SO,*;

FeOH" + H,0 <—= Fe(OH), + H"; p <7, cepenosuiie c1abko KHCIIE.

5 Al,S; — cinb, yTBOpeHa ¢1abK00 OCHOBOIO 1 CJIA0KOI0 KHCIIOTOXO.

[linmaeTbcst TOBHOMY T1APOTIZY:

Al,S; + 6H,0 — 2AI(OH); + 3H,ST;

2AIF + 35 + 6H,0 — 2AI(OH);| + 3H,S1 ;

p =7, cepenoBuiiie 0JIU3bKO JO0 HEUTPAJIBHOTO.

6 NaCl — cinp, yrBopeHa CHIIBHOIO KHCIIOTOIO 1 CHIILHOKO OCHOBOKO HE T1]1-
pomizyto: NaCl + H,O —; pH = 7, cepenoBuliie HelTpaabHe.

3apaua 4. Po3paxyBaTu KOHCTaHTy Tifpoini3y 1 pH BoasgHHX po34nHIB Ha-
CTYIIHUX COJICH:

a) 0,2 M po3unn CH3COONa,;

0) 0,05 M po3uun NH4CI.

Piwennsn. 1) JIns comni, yTBOPEHOIO CITA0KOIO KUCJIOTOIO 1 CUIILHOIO OCHO-

BOIO,
KH,0

Kh :K

I, KHCIIOTH
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3HaX0IUMO B JIOBITHUKY:

5.
Kycn,coon =175 107
1014

———=571-10"°.
1,75 - 10

Kh,CH;COONa =

BupakeHHs1 KOHCTaHTH T1APOTI3Y:
[CH3COOH][OH]
[CH;COO]

Kh,cHscoONa =

CH;COONa + H,0 == CH,COOH + NaOH;
CH;COO ™ + H,0 == CH,COOH + OH .
Tomy mo [CH;COOH] = [OH ], Te

[OH]*
[CH3CO0]’

Kh,cHscoONa =

[OH™1=/Kn,cHycoona [CH3COOT;
\/Kh,CchOONa [CH3COO ]

[H'1=

[Mpunyctupmm, mo citb CH3COONa gucoriroe IIJIKOM, 3aMiCTh
[CH3;COO ] migcrasisemo [CH;COONa]:
[CH3;COONa] = 0,2 mos/i;

10—14
J5.71-10710 . 02

[H*]= =0,93 - 107 moms / ;

pH=-lg [H*]=-1g9,3-10"°=9,03.

2) st comi, yTBOPEHOIO CHIIBHOIO KHUCJIOTOIO 1 CJTAOKOI0 OCHOBOIO,
KH,0

Kh =2

K ]I, OCHOBH

3HaXO0AMMO B JIOBITHUKY:
KﬂﬂNH4OH = 1,79 . 10_5;
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KHZO

1,NH,OH

— - -10.
Kh NH,Cl = 3¢ =559 .10710;
NH,CI + H,O == NH,OH + HCI;

NH," + H,O == NH,OH + H",

Bupas KOHCTaHTH T1aposi3y Ma€e BU

Kh,NH 4CI = [NH{OH][H]
e [NHs 1

Tak six [NH,OH] = [H], To

[H']?

M' [H*1= \/Kh,NH4C|[NHZ]_

Kh,NH,CI =
[punyctusmy, mo cine NH,Cl auconiroe minkom, 3amicts [NH,'] mimc-
taBysiemo [NH4CI]
NH,Cl = 0,05 mons/m;

[H']= \/5,59- 1019, 0,05 =5,29 . 107 moms /

p=-lg[H+] =-1g 5,29-10° = 5,28.

3amaya 5. Hanmcatu piBHSHHS CHOUIBHOTO TIiApOJII3y ABOX COJICH:
A|2(804)3 1 Na2C03.

Piwenna. Tomy 1o gani coii nporuiekuoro tuny — Aly(SOg4); yTBOpeHa
CJ1a0KOI0 OCHOBOIO 1 CHJIBHOIO KHCTOTOI0, a Na,CO; yTBOpeHa CHIIBHOIO OCHO-
BOIO 1 CJTA0KOIO0 KMCJIOTOIO, TO MPH PO3YMHEHHI Y BOJI BOHU JAlOTh Pi3HY peak-
1110 PO3YMHIB:

| A" + H,O=AIOH* + H*, p<7;

| COs* + H,0 ==HCO; +OH , p>7.

[Tpu 31MBaHHI PO3YMHIB BIIOYBA€THCS B3aEMHA HEUTpaizalis:

H"+ OH — H,0. Lle 3mintye 06uasi piBHOBATH BIIPABO 1 CTAIOTh MOKIIH-

BUMU HACTYIHI CTaJli T1Ipoizy:
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Il AIOH* + H,0 == AI(OH)," + H';

Il HCO; +H,0 = H,CO;+OH ;

11l AI(OH)," + H,0 = AI(OH);+ H".

VY miacymKy BiiOyBa€eThCs MOBHUM T1IpOTI3:

2AI** + 350, + 6Na* + 3CO;” + 3H,0 —

— 2AI(OH); + 3H,CO; + 6Na’ + 350,%;

2AI** + 3CO5% + 3H,0 — 2AI(OH); + 3H,CO;3, pH=~ 7.

4.9.2 3aoaui ona camocmiiino2o piuieHH:A

1 Po3uuH nyry y BOAl MICTUTh TIAPOKCHUI-I0H Yy KOHIIEHTpaIlli
2,5-10"° Moutb/11. 3HANHTH KOHIIEHTPAIIi0 BOXHEBUX i0HIB Y po3unHi i pH.

2 Yomy popisHioe pH 0,01 M po3uuny consiHOi KUCA0TH?

3 pH po3uuny 4,4. BusHauuTH KOHIIEHTPAI[IIO 10HIB BOJIHIO.

4 Slka KOHLEHTpauid TiIPOKCHUI-10HIB y po3uuHi, pH siKkoro aopiBHIO€E
10,87

5 Pozpaxysatu pH 0,01 H po3unHy OLITOBOi KUCIOTH, CTYIIHb JUCOIAIT
AKO1 B pO3uuH1 JopiBHIOE 4,2 %.

6 Poszpaxysaru JIP mns AgCl, sikmio BioMo, o 1 J1 HaCHYEHOTO PO3UNHY
ripu 20°C mictuts 0,0016 T AgCl.

7 JIP Pbl, npu kimHatHiii Temmeparypi nopisroe 1,4-10°. Pospaxysatu
PO3YMHHICTH COJII TIPH 111i TeMIIepaTypi 1 KOHIIEHTPAIIiF0 KOXHOTO 3 ii 10HIB y Ha-
CUYEHOMY PO3UHMHI.

8 V sxoMy HampsIMKy 3MillleHa piBHOBara B HaCTyIMHUX 10HOOOMIHHUX pe-
aKIIAX:

CaCO3| +2KF == CaF, + K,COsg;

PbCl, + Na,SO, == PbSO,| + 2NaCl?

9 Hanucatu MonekyysipHi i 10HHI PIBHSIHHS T1JIpOJIi3y HACTYIHUX COJICH:
NaNO3z, Zn(NOs3),, LisPOy, Cr,Ss, Al (SO3)s, Fe(SO4)s, NH,CI.

10 Po3zpaxyBaTu KOHCTaHTY TiJipodiizy 1 pH BOASHUX PO3YMHIB HACTYITHUX

COJIEU:
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a) 0,1 M posunn KCN (K | yeN= 4,7-10™);

0) 2 M pozuun Pb(NO3); (Klﬂ,pb(OH)ZZ 9,6:10™).

11 3menmienHs ado 301IbIISHHS T1IPOJII3Y IiaHIy HATPilO0 BUKJIUKAE J10-
JIATOK JI0 PO3YMHY: a) KUCIIOTH, 0) JIYTy, B) XJIOPUIY aMOHII0?

12 3a BenuunHoio pH po3paxyBaTu MOJSIpHY KOHIEHTpAIlil0, KOHCTAHTY 1
CTYMIHB T1JIPOJII3Yy COJICH:

a) NH,Cl, sxmo pH = 5,62; 6) NH4NO;3, sxmo pH = 6,12.

13 HamwmcaTu piBHSHHS peakiiiii CIijbHOTO T1POJIi3y HACTYITHUX COJIEH:

Fex(SO,4); + K,CO3 + HO — AICI; + Na,S + H,0 — ;

Ca(NO3); + K,S + H,O — .

4.10 OKUCJIOBAJIBHO-BIJTHOBHI PEAKIIII (OBP)

4.10.1 Tunoei 3a0aui 3 piviennamu

3apnaua 1. BusHauuTu CTymiHb OKHUCIIOBaHHS a30Ty B HACTYIHHUX MOJe-
Kynax Ta ionax: Ny, NHsz, NH,", HNO;, NO; , NO, .

Piwennn. Ilpyu BU3HAYEHHI CTYNEHS OKUCITIOBAHHS €JIEMEHTa KOPHUCTYE-
MOCS TIPABUJIOM: CyMa CTYIIE€HIB OKMCIIIOBAHHSI BCIX €JIEMEHTIB JOPIBHIOE 3apsiny
qacTKH (11 MoJiekysu 0, a i71st 10Ha — 3apsJl 10HA).

Bigomo, 1110 cTymniHb OKHCIIFOBaHHS BOAHIO JOPIBHIOE +1, a CTYITIHL OKHC-
JIIOBaHHS KUCHIO IOPIBHIOE -2 (KpiM MEPEKICHUX CIOYK).

0 . .
N,~ — CTymiHb OKHCITIOBAHHS a30Ty J0piBHIOE .

-3+ . )
[N3 Hl 3]0 - CTYMiHb OKUCIIIOBAHHS 30Ty AOPIBHIOE -3.
[Ns-ll-|1 ]+ - CTYIIIHb OKUCITIOBaHHS a30Ty JOPIBHIOE -3.

4

+1x -2
[H N O 3]0 - CTyHiHb OKHCJIFOBaHHSA a30TY JOPIBHIOE +5.

Hnst HNO3 ckinageMo piBHSHHS:
+1+x+3(-2) = 0;

x =+5 (ctyminb okucmoBands N 'y HNOg);
+5-2

1- - CTYIiHb OKUCIIOBAHHS a30Ty JIOPIBHIOE +5.
[N O3] y y 10p
*l'\fé 1. CTYIiHb OKHCJIFOBaHHS a30Ty JAOPiBHIOE +3.
[NO2]
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3amaya 2. BU3HauuTH CTYIIHb OKHUCIIIOBAHHS BCIX €JIEMEHTIB, 1110 BXOISATh

10 ckiaay HacTymHux motiekyit: K,Cr,O7, KMnOy,.

+1 x -2
Piwenns. Ko Cry Oy
2(+1)+2x+7(-2) =0, X = 16;
+1 x -2
KM nO4
+1+x+4(-2)=0, X =+7.

3apaua 3. 3HaliTu cepea HaBEACHUX PEUYOBHH TaKi, KOTPl MOXYTh BUKO-
HYBaTH POJIb: TUIbKU OKHUCIIIOBaYa; TUILKMA BIJIHOBHHMKA; OKHUCIIOBaYa Ta BIJHOB-
HUKA.

Ilpuknao. 3rpynyBati pe4OBUHU 3a 3IaTHICTIO iX BUKOHYBaTH BU3HAYEHY
pois B OB peakuisix: FeCl,, FeCls, O, H,, HNO3z;, HNO,, KNO,, KMnOQ,, KI,
H,S, Zn, CIZ, HCI, MnO..

Piwennsa. CxopucTaeMocs HACTYITHUM MPABUIIOM: MOJIEKYJIU, aTOMU SIKUX
MOKYTb JIMILIE MIJBUILIYBAaTH CBOI CTYIIE€HI OKUCIIOBAHHS, BIAITPAlOTh POJb TUIb-
KW BiTHOBHHUKIB; MOJICKYJIH, aTOMH SKHUX MOXKYTh JIUIIIE 3HI)KYBATH CBO1 CTYIECHI
OKHUCJIIOBAHHS, BIIITPAIOTh POJb TIIBKH OKHCIIIOBAYiB; MOJIEKYJH, aTOMH SIKHX
MOXXYTh I1JIBUIIYBAaTH 1 3HM)KYBAaTHU CBOI CTYNEHI OKWCIIOBaHHS, MOXYTh BIAIT-

paBaTy pPoJib SIK OKHCIIIOBAYIB, TaK 1 Ei_}IHOBHI/II_(FiSB.

+3
Ti1pKH OKHCTIOBAYL — 08, KMnOy, HN Og, FeClsj.
+
TinbKM BIZHOBHUKH — HZO, Kl'l, HZS'Z, ZnO, FeCl,.
+3 +3 +4 +1-1

Oxucmosaui i BigHoBHUKH — HN Oo, KN O,, MnO,, HCI.

[Ipo KOXHY peuoBHHY HEOOXI1JIHO aT AOKIaAHe noscHeHHs. Hampukian,
HCI - 1 okucnroBay, 1 BiIHOBHUK, TOMY IO H +1le=H"- MPOIIEC BIAHOBJICHHS
(H* - okucmrosau); CI” — 1le = CI° — mporec okucmoanns (Cl™ - BigHOBHHK).

Taxum arrom HC okucroBau 3a paxyuok H' i BimHOBHEK 32 paxyHok Cl .
y y

3anaua 4. 3pisasatu OB peaxiiii METOI0OM €IEKTPOHHOTO OaslaHCy.

Ilpuknao 1. KMn,O+ H,S + H,SO, —.

Piwennn. 1 Cepen pedoBuH, 10 OEpyTh y4acTh y peaKIlii, 3HAXOIUMO
OKHCJIIOBAY 1 BIJHOBHUK.

Y KMnO, Mapraseiib BUSIBIIS€ CBIl MaKCUMaIbHUI CTYIIHb OKUCIIOBAHHS

(+7), To6TO BiH MOKE OYTH TUIBKH OKHCITIOBAYEM.
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Y H,S cipka BuUsBISE CBifi MiHIMAJIBHUN CTYMiHb OKHCIIOBAaHHA (-2),
TOOTO BOHA MO€ OyTH TIJIbKH BITHOBHUKOM.

H,SO, y 1iit peakiiii mpu3HaueHa Jjisi CTBOPEHHS KHUCIIOTO CepeOBHIIA:
+7
KMI’]O4 + st + H2804 —>
OKHCIIIOBAY ~ BIJHOBHHK  CEPEIOBHIIIE
2 'V Bumajaky BIJCYTHOCTI IPOAYKTIB peakilii BU3HAYAEMO LI MPOAYKTH,

IPYHTYIOUMCh Ha 3HAHHI CTYIICHIB OKHCIIFOBAaHHS €JIEMEHTIB 1 XIMIYHHUX BJIACTH-
BOCTEH peyOBUH, 1110 OEPYTh Y4acTh y PEaKIiii.
. . +2
VY kucnaomy cepegoBuii KMnO, BimHOBII0E€THCA 10 Mn ™ °, a H,S okuco-

etbest 10 S°. Kpim toro, yrBopsathes K,S0, i H,O:
+7 -2 +2
KMnOy + Hy S + HpSO4 ->MnSO4 + sO + K>SO, + H5,O.
3 CxiagaemMo €JEeKTpPOHHUN OaslaHC BIAMOBIIHO O 3aKOHY 30€peKeHHS

3apsany (YMCIIO €JIEKTPOHIB, MPUHHATUX OKUCIIOBauYeM, MOBUHHE JOPIBHIOBATH
YUCITY €JIEKTPOHIB, BIIAHUX BIIHOBHUKOM):

+ .
2 [+5¢ | Mnt!T +5e — Mn*? — BimHOBICHHS
OKHCIIOBAY

5| -2¢ S'2 -2e > SO - OKHCJICHHS
B1IHOBHHK

4 Po3scTaBisieMoO BIAMOBITHI KOSPIIIEHTH TEpPE] OKUCITIOBAYEM 1 BITHOB-
HUKOM JIO 1 TTICIIS peaKIlii:

2KMnO, + 5H,S + H,SO, — 2MnSO, + 5S + K,SO, + H,0.

5 3piBHIOEMO YKCIIO aTOMIB METAIIB, 1110 HE OEPYTh YYacTh y BIJHOBJICHHI.
VY naniit peakuii ue atomu K, uncino sikux yxe 3piBHSIHE.
6 3pIBHIOEMO KHMCIIOTHI 3QJIMIIKH, 1110 HE OEpYTh Y4acTh y BIIHOBJIEHHI. Y

TaHIA peakIrii 1e SO4‘2:
2KMnQOy + 5H,S + 3H,SO, — 2MnSO, + 5S + K,SO, + H,0.
7 3piBHIOEMO YHCIIO aTOMIB BOIHIO:
2KMnO, + 5H,S + 3H,SO, — 2MnSO, + 5S + K,SO, + 8H,0.

8 IlepeBipseMO YHCIIO aTOMIB KHCHIO.
SKI0 YKMCIIO0 aTOMIB KMCHIO HE 3PIBHSIHO, IOMUJIKY B PIBHSIHHI BapTo MO-

YUHATHU IIYKATH 3 MEPIIOro eTaIry.
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Hpumad 2. FeS, + O, — Fe, 03 + SO.,.
+2 -1 0 +3 -2 +4 -2
FESZ + 02 —)ESZ 03 + S 02.

11| +4e O, +4e 20

OKHUCJIXOBa4

FeZt - 1e —» Fe3*
4 |-1le 1
2S -10e —» 25*4

BITHOBHHK

Piwenns.

4FeS, + 11 O, — 2Fe,03 + 8S0,.

Ilpuknao 3. Cl, + KOH — KCIO+ KCI + H,0.

0o = 2+ +1+1 -2 +1 -1
Piwmenna. Cl,” + KO H->KClI O + KCI + H,O

okucmosau: CI°—e=CI" | 1
siquosuuk: CI1°+e=CI? 1
Cl, + 2KOH = KCIO + KCI + H,0.

[le peaxitis TUCTIPONIOPIIIOHYBAHHS.

4.10.2 3aoauii enpaeu 011 camocmiino20 pileHHA

1 BusHauuTH CTYyMiHH OKUCITIOBAHHS CIPKM B HACTYMHHX crioykax: SOo,
H,S, Na,SO3, H,SO,, Al,S3, SO3, Cry(SO4)s, NaS,0s.

2 3piBaaru OB peakiiii MeTog0M €IEeKTPOHHOTO OajaHCy, BKA3aTH OKHC-
JIIOBAY 1 BIIHOBHUK, BU3HAUUTH, SIK1 3 HUX MOXHA BIJTHECTH JI0 PEAKIIN JUCIIPO-
MOPIIIOHYBAaHHS, BHYTPIIIHBOMOJEKYJSIPHOTO YU MIKMOJIEKYJIIPHOTO OKHUCIIO-
BaHHS-B1THOBJICHHS

a) Cl, + KOH — KCl0O; + KCI + H,0;

0) (NHy4).Cr,0; — Cr,05; + N, + H,0;

B) CuS +HNO;3; — Cu(NOs), + NO + H,SO,4 + H,0;

r) KMnO4 + NO; + H,O — KNO3; + MnO, + KOH.
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4.11 XIMIYHI JIKEPEJIA IOCTIMHOI'O CTPYMY.
EJEKTPOXIMIYHI PO3PAXYHKHN
4.11.1 Tunoei 3a0aui 3 piviennamu
3agaya 1. BusHaueHHs 34aTHOCTI 10HIB 1 MOJEKYJ MPOCTUX 1 CKIATHUX
PEUYOBMH BUCTYIMATH B POJII OKUCIIOBAa4Ya YU BITHOBHMKA 32 BEJIMUYWHAMHU EJIECKT-
POAHUX MOTEHINaNiB (peaokc-moTeHmiani, OB-moteHiamis).
Ilpuxnao 1. Cepen HIDKYE TIEpETTYCHUX METATIB 3HAUTHU Ti, KOTPI MOXKYTh
BITHOBUTH KAT10H HIKEIFO Ni*: Mg, Al, Cu, Ag.
Piwenna. Bunuinemo 3Hau€HHS CTaHIAPTHUX EJIEKTPOJHUX MOTEHITIANIB

TAHUX METAJIIB:
EOMqg2*mg® = -2.37 B; ECAp+/Al = -1,66 B;
EONi2+/Ni0 =-0,25 B; EOCU2+/CUO = +0,337 B;
E%Agt/ag® = +0,799 B.

Tomy mo Mg i Al maroTh OUIbIII HU3BKI €IEKTPOAHI MOTEHIAmU, YuM Ni,

TOMY BOHH € OUTBIII CHJIBHUMHU BIITHOBHUKAMH B IMOPIBHSIHHI 3 HIKEJIEM:
Mg° + Ni** = Mg* + Ni’; Cu® + Ni¥* —— ;

2AI° + 3Ni** = 2APF" + 3Ni%  Ag° + Ni** ——

Ilpuxnao 2. Cepen HUKYE NEpETIYCHUX KaTIOHIB METaJIIB 3HAUTH Ti, KOTPi
MOXKYTh OKHUCIUTH IIHHK: Mg+2, Pb*?, Cu™.
Piwenna. BiAnoBiHO 10 psay HAIPYT METaiB
E%cu*2/cu® = +0,337 B; E%pp+2/pp0 = -0,126 B;
EoZn+2/Zn0 = -0,76 B; EOMg+2/MgO = -237B
CBuHelb 1 MiJb MalOTh CTaHAAPTHI €JIEKTPOJIHI MOTEHIIAIIM BHUILE, HIK
I[UHK.
TakuM YMHOM, KaTIiOH MIJi 1 KaTiOH CBUHIIO € OKHCJIIOBaYaMy O1JIbII CH-

: : 2.
JNBHEMH, YMM KaTiOH IIUHKY, 1 OyIyTh OKHCcIIOBaTH Zn° 10 Zn*>:

Ccu?+2zn® » cu’+2zn% P+ 2zn° —» P’ + zn*?
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Mg* + Zn——.
Ilpuknao 3. Slk 3MiHUTBCS BiTHOBHA aKTUBHICTh ITMHKY, SKIIO HOTO 3aHY-
putu (ipu T = 298 K) y po3uun HiTpaty 1iuHKy KoH1eHtpaiii 0,0001 Moms/m ?

Piwenna. Cxopucraemocs ¢popmynoro Heprcra

0,058
E=E%+——Ig[Me""];
0,058
_ =0 +2

ZnJ’ZIZn0 -E o +2/200 I
0
E = -0,76 B:

Zn+2/Zno

n =2, TOMy 110 Zn’—2e — Zn+2;
[Zn*?] = [Zn(NOs),], i =1, o Gepemo piBHOWO 1,
[Zn**]=0,0001 moms/x;

0,058

E° -0,76 + TIgOOOOl——O76 012=-088B.

Bucnoeok. 3 po3BeficHHSIM pO3YMHY BIJIHOBHA aKTHUBHICTH 3POCTA€E, TOMY

1o GJIeKTPOI[HI/Iﬁ HOTeHI_IiaJ'I SHUIKYETBCA.

Ilpuknao 4. Cepen HKYE TEpENIYECHUX YACTOK YKaXITh HAaWOUIBII CHIIb-

HUM okucmoBad. L1 yacTku 6epyTh y4acTh y HACTYITHUX HallBpEaKIisaX:

Cl, (Cl, +2e — 2CI) E%g = 1,36 B;
Cr,0;% (Cr,0;%+ 14H" + 6e — 2Cr™ + 7TH,0)  E%g =1,33 B;
cr (Cr™ +3e —» Cr’) E%g =-0,74 B;

MnO, (MnO, +8H'+5e - Mn”+4H,0) E’os=151B;

MnO, (MnO, +4H,0 +3e > MnO, +40H") E’%g=0,6B.

Piwennsa. HailO1np CUIBHUN OKHUCIIOBAY TOM, KOTpHUM Mae HailOuibie
3HAYCHHS PEOKC-TIOTCHITIATY EOOB. Takum € anion MnO, y KuCIIOMy cepeso-
BHIIIL.

Ilpuxnao 5. Po3paxyBaTu peJOKC-TIOTEHITIAN HAIIBPEAKITii:

(MnO, +8H" +5e — Mn* + 4H,0),

SIKIIIO CTaHAAPTHUMN E° os = 1,51 B, a koHIeHTpaIlii 10HIB IOPIBHIOIOTh:
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[MnO, ]=0,1 mons/ni;  [Mn*?]= 0,001 mosb/x.
Pimenns. Cxopucraemocs Gopmynoro HepHcra st po3paxyHKy pemnoKc-

[IOTEHII1AJIIB:
0,058 [OX]

n 9 [Red]
Tomy 110 piBHSIHHS €IEKTPOIHOI HAIiBPEaKIli —

MnO, +8H" +5e — Mn*?+4H,0, 10 n=5;

0
Eoxred= = E oxiRed T

—1ri1+18
_ -0 0,058, [MnO4 ]J[H ]°
Evnogmn*2 = B Mnogmn ™2+ [Mn*2]

npu pH = 3 KoHIeHTpatist mpoToHis gopisaioe - [H*] = 10™ moms/m;

0,058 107 (10%)®

E =151+ l
5 9 1073

MnO,/Mn*2

0,058 .
=151+ =2 Ig 10 22 = 1,255 B,

Bucnoeok. B ymoBax, 10 BIJIPI3HSIOTHCA BiJl CTaHJAPTHUX, OKUCITIOBAIb-

Ha 3/1aTHICTh aHioHa MnQOy4 3MIHIOEThCS (Y TaHOMY BHMIAIKY - 3MEHIITYETHCS ).

3apaua 2. Buznauenns Hanpsimky OB peakuii.

Ilpuknao 1. Buznauntu, yu Mmoxxua okucautu FeSO, 1o Fey(SOy4)s 3a mo-
momoroto  K,Cr,O; y KuCIOMy CEepemoBUIlI TpH CTaHAAPTHUX yMOBax
(C = 1momp/n, T = 298 K) BiAIOBIIHO 10 PIBHSIHHS PEaKIIii:

FeSO, + KyCr,07 + HySO, — Fey(SOy)s + Cry(S0,)3 + KySO4 + HL0.

Piwennsa. 3anucyeMo CKOpOUYEHE 10HHE PIBHSHHS JaHOI peaKIii:

Fe’ + Cr,0;” + H" —»Fe® + Cr’" + H,0.

CkiajaeMo HaIiBpeakIlii, 3aMiCYIOUd Yy JIIBIA YacTUHI OKUCIEH1 GopMu
KOXKHOT 3 PEUOBHH, a TIPABOPYY - BiTHOBJIEHI (JOPMU, 1 3HAXOAUMO 32 TAOIUIIEIO
CTaHJapTHI EOOB:

6| Fe** + ¢+ Fe™* E’p = 0,77 B (BigHOBHHK)

1|Cr0;” + 14H" + 6+ 2Cr* + TH,0  E%pg = 1,33 B (oxucimoBau).
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3a BenmunHOK E° GLIBIN CHIBHUM OKHCIIIOBAYEM € 10H Cr2072' , @ OLJIBIII
CHJIGHEM BiZHOBHUKOM — i0H Fe**, oTxke, BOHM GyIyTh pearyBaTi OJHH 3 OXHHM i
ix 3anucyroTh y niBid yacTuHi OB peakiii.

3anucyeMo 10HHE PIBHSHHS PEaKIIil 3 ypaxXyBaHHSIM MHOKHUKIB:

6Fe” + Cr,0,” + 14H" = 6Fe®" + 2Cr>" + 7H,0.

Cku1ajiaeMo MOJIEKYJISIpHE PIBHSHHS:

6FeSO, + K,Cr,0; + 7TH,SO, = 3F92(SO4)3 + Cr2(804)3 + K,SO, + 7H,0.

Ilpuknao 2. 3a nanuMu HaMiBPEaKIiIMU CKJIACTH 10HHE 1 MOJIEKYJISIpHE Pi-
BHsHHA OB peakiiii:

MnO,~ + 8H" + 5¢ 5 Mn** + 4H,0, E’op=1,5 B;

I, +2e =21, E’os = 0,536 B.

Piwennsn. Ponb okucioBaya Oyne BUKOHYyBaTu okucieHa ¢opma (I mamis-
peaxiiisi), a poiib BiTHOBHMKA — BiiHOBIIeHa ¢opma (II HamiBpeaxiris).

2|MnO,” + 8H" + 5e €= Mn*" + 4H,0, E’%pg= 1,5 B (okucioBau);

501, +2e<+=2I", E’og = 0,536 B (BiZHOBHHK)

-—

Cki1aiaeMo 10HHE i MOJIEKYJIIpHE PIBHAHHS, MM1110paBIIY IPOTUIOHU:
2MnO,~+ 16H" + 10 I" = 2Mn** + 8H,0 + 5 I,;
2KMnO, + 10 KI + 8H,S0,4 = 2MnSO, + 5 |, + 8H,0 + 6K,S0O,.

3apaua 3. Po3paxyBaTu eneKkTpoJHUI MOTEHIlIAN TaIbBaHIYHOI MTApH: PO-
3unH AgBr (Haciaennii mpn 298 K)/Ag’.

Piwenna. BusHayaeMo KOHLEHTpALiIO i0HIB Ag' y HACHYEHOMY PO3UMHI
AgBr. [Ins ui€i MeTH B TOBIAHUKY 3HAXOAUMO PO3YMHHICTh AgBr:

Rm.ager = 8,8:10"" Mo/

Taxum unnom, [Ag*] = 8,810 mos/m.

JI7151 pO3paxyHKy eIeKTPOLHOTrO MOTEHIialy raapBanidHoi mapu AgBr/Ag’,
KOTPIif BiAmoBizae emexTponna HamiBpeakuis Ag’ + 1& — Ag’, ckopucraemocs

piBHsiHHSIM HepHcTa

£ _ g0 N 0,058
A9+/A90 - Agt/ad n

Ig [Ag*] (n=1).
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VY NOBIAHHUKY 3HAXOIUMO: = v 0 = 0,799 B.
Ag /Ag
0 0,058 _7
E =0,799+——1988.10"" =0,799 - 0,331 = 0,448 B.
Agh/ad 1

3agaua 4. Po3paxyBaTu eNeKTpOPYIIIHHY CHUTY FaJIbBAaHIYHOTO €JIEMEHTA,
0 CKJIAMA€Thes 3 MiJTHO1 T1acTuHH, 3aHypeHoi B 0,001 M pozunn CuSQO,, 1 mar-
Hi€BO1 Tu1acTuHMU, 3aHypeHoi B 0,0001 M po3uun MgSO, npu T = 298 K.

Pimennsn. Hacammiepen, po3paxyeMo €JIEKTPOAHI MOTEHIIATH MiJTHOTO 1

MarHi€BOro €JIeKTPO/IiB 3a piBHSAHHIM HepHcra:

e _ EO 0,058
cu?*icu® ~ cu?*icu® n

lg [Cu®*],

0 . =0337B, n=2, tomy mo Cu?* +2e 5 Cu’;
Cu“'/Cu
[Cu™1=0,001 momb/m.
[TpunyctuBmm, MO AMCOLIAIS PO3BEIECHOTO PO3YMHY COJI MOBHA (o0 =
1,0), po3paxyemMo eneKTpOAHUN MTOTEHITIAT MIJIi:
e ~ 0337+ 0,058 lg 0,001 =0,337 - 0,087 = 0,25 B.

cu?*/cud 2
_ 0 0,058 2+,
Evgzrmgo = E MgZ*/MgP t—5 Mg

n=2, tomy mo Mg” +2e S Mg’

[Mg*]=0,0001 mosb/m.

[TpunycTuBmM, 1Mo AMCOLIALIS PO3BEACHOIO PO3YMHY COJI MOBHA, PO3
paxyeMo eJIeKTPOIHUM MOTEHI[ia] MarHito:

0,058
E

=-237+ lg 0,0001=-2,37-012 =-2,49 B.

Po3paxyeMo enexTpopyiniiHy CHIy TaJbBaHIYHOTO elieMeHTa 3a (popmy-

JIOKO
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EPC= Eur - Eanox = Eox - ERed:

Ponp kaToza BUKOHYE €JEKTPO, SIKUH Ma€ OUIbII BUCOKHM €IEKTPOIHUMN
NOTEHIaN, y TaHOMY BUIAAKY 1€ - MIIHUNA eNeKkTpo1. Toll 3HaX0AuMO:
EPC= E 2+/0,0 - EMgz+ Mg = 025 —(-2.49)=2.74B.

3apaua 5. Cxiractu 1Ba TaJbBaHIYHHUX €JIEMEHTH: MITHUMA €JIEKTPOJ Bifir-
pa€ poJib Karojaa; MIHUU €JIEKTPOJ Biairpae poib aHoja. CKIacTH CXEMHU IHX
rajJibBaHIYHUX €JIEMEHTIB 1 HaKMCaTH MPOLIECH, 10 BiAOYBAIOTHCSA HA KATO/1 U Ha
aHO/I.

Piwenna. 1 MinHuii enexTpo] BiIITpae pojb KaToAa, SIKIIO eIeKTPOIHHIMA
MOTEHI1aJI FaJIbBAHIYHOI MapH Cu®*/Cu° Brie €JICKTPOAHOTO MOTEHIIIATy aHO/A.

Takum 4MHOM, MIAOUpPAEMO IS Ii€i MeTU Oy/Ab-sKy TaJlbBaHIYHY Mapy,
€JIEKTPOJHUIN MOTEHLIA SKOi HUKYE €JIEKTPOIHOTO MOTEHIIAY MIJHOTO €JIeKT-
poxa, Hanpukiax, Fe’*/Fe:
E y2+/og0 = * 0-337 B; = or o= 044B.

3ani3Huil e1eKTPO BUKOHYE CTOCOBHO MITHOTO €JIEKTPO/Ia POJIb aHO/A.

CxeMa OTpUMAaHOTO TaJIbBAaHIYHOTO €JIEMEHTA HACTYyIHA!

Fe’/Fe”*//ICu”*/CU’.

[Iporiecu, 1m0 BiAOYBaIOThCS Ha €JIEKTPOJaX:

(K) Cu®*+2&8 — Cu’ — BigHOBICHHS;

(A) Fe®-28 — Fe® — oxucieHHs.

2 MigHuii eJeKTPOoI Biirpae poiab aHoa, SKIIO JJIsS KaTojaa miaiopaHa Ta-
Ka TajbBaHIYHA Tapa, JICKTPOJAHUN MOTEHIaN SKOi BUIIIE EJIEKTPOJIHOTO MOTEH-
niany mapu Cu”*/Cu°, manpukan, Ag*/Ag":

0  =0799B.

Ag+/Ag
Cxema OTPUMAHOTO rajibBaHIvYHa €JIEMEHTA HaCTyIIHaA:

Cu®*/Cu’IAg AP

[Tporuecu, 110 BiiOyBarOTHCS Ha €IEKTPOIax:
(K) Ag'+1e — Ag’;

(A) Cu’-28 — Cu*".
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3apaua 6. Pozpaxysaru EPC cBUHIIEBOTO aKyMyJsiTOpa, 110 CKJIAIA€ThCS
13 ImecTH OAaHOK, 3'€THAHUX MOCJITOBHO.

Piwennsn. Po3paxyemo EPC onniei 6anku cBUHIIEBOrO akymysstopa. [Ipu
O3PSI aKyMyJIsTOpa BiOYBaIOTHCS HACTYITHI MPOIIECH:

cymaprmit — Pb + PbO, + 2H,S0, > 2PbS0, + 2H,0;

na katomi — (K) PbO, + 28 + 4H* + SO, — PbhSO, + 2H,0;

Ha amomi —(A) Pb— 28+ SO,” — PbSO;, .

JI71s1 KO’KHOI 3 €JIeKTPOJHUX HAIMiIBpEakiiid 3HaXOAUMO B JOBIIHHUKY 3Ha-
YEeHHSI CTAaHJAPTHUX EJICKTPOIHUX MOTEHIIIATIB:

E’uion = -0,356 B;

Elr =+1,68 B;

EPC =E%. — Eluox = 1,68 —(-0,356) =2,04 B.

EnextpopymiiifHa cuiia MIECTH MOCHIIOBHO 3'€THAaHUX OaHOK Oyne TopiB-
HIOBATH

EPC=2,04-6=12,24 B.

4.11.2 3aoaui 0151 camocmiiino20 piuieHHA

1 V skomy HampsiMKy OyAyTh MEpEMIIIATUCA €JIEKTPOHU JIPOTOM, WIO
3'€IHY€ TOTIOCH TaJIbBaHIYHUX CJIICMCHTIB:

1) Mg/Mg(NO5),//Pb(NO3),/Pb:  2) Pb/Pb(NOs),//Cu(NO3),/Cu:

3) Cu/Cu(NO5),//AgNOs/Ag ?

2 PospaxyBatu DPC ranbpBaHIYHOTO €JE€MEHTAa, YTBOPEHOTO HIKEIEBUM
enexktpoaom, 3anypeHuM y 0,1 M po3uun NiSOy, 1 MiIHUM €JIEKTPOJIOM, 3aHype-
HUM y 0,2 M po3unn CuSO,. Bupazutu MoJIeKyJIsspHUM Ta 10HHUM PIBHSHHSMU
PEaxIIiro, 1o Bi0yBAETHCS P POOOTI TATLBAHIYHOTO €JIEMEHTA.

3 CkiacTu ABa rajJbBaHIYHUX €JIEMEHTA, B OJIHOMY 3 IKUX HIKEJIb OyB Ou
KaToJI0M, a B iHIIIOMY — aHOJI0M. Hamucatu piBHSHHS peakiiii, o Bi0yBarOThCS

pHu poOOTI WX €IeMEHTIB, Yka3aTu Bennuuny EPC nipu cranmapTHUX ymMOBax.
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4 PospaxyBatu EPC ranpBaHigyHOTO eleMeHTa, y skoMy npu 298 K ycra-
HOBHyacs piHoBara: Fe + 2Ag" — Fe?" + 2Ag, skimo [F62+] = 10 mounb/x,
[Ag*] = 10" moms/n.

5 BU3HAYMTH KOHIEHTpawio ioHiB Cu®*y posumHi, sikuio mpu 298 K EPC
raJIbBaHIYHOTO €JIEMEHTA, Y SKOMY YCTaHOBHWJIACS PIBHOBAra:

Zn + Cu*" 5 Zn®* + Cu,

nopierroe 1,16 B, a [Zn®*] = 10 mous/x.

4.12 EJJEKTPOJII3 PO3YUHIB I PO3IIJIABIB EJIEKTPOJIITIB.
3AKOHMU EJIEKTPOJII3Y
4.12.1 Tunoei 3a0aui 3 piviennamu

3apaua 1. Onucatu aHOJHUHM 1 KATOJHUMN TIPOLIECH €TIEKTPOIII3Yy PO3ILIaBIB
HacTynmHux ioHHUX crosryk: KBr, LiCl, CaF,, Al,O3, NaBr.

Ilpuxnao 1. 3anvcaty piBHSHHS MPOIIECIB, 10 BiOYBAIOTHCA MPU €IEKT-
pouizi posmiaBy KBr.

Piwenna. Y po3iuiaBieHiid Maci BiIOyBa€ThCsl TEpMiYHA 10HHA JAUCOIAIS
I1€1 PEUOBUHHU:

KBr (po3mnas) — K'+ Br™.

[Ipouecu, 1o BiAOyBatOTHCS Ha €IEKTPOAaX, HACTYIIHI:

(K-) 2K"+2e¢ — 2K°- BigHOBICHHS Ha KaTOi;

(A+) 2Br  —2e — Bry; — okuciaeHHs Ha aHO/II.

Cymapnuii nporiec:

2KBr — > 2K + B,

Ilpuknao 2. OnucaTu TPoILECH, 110 BiIOYBAIOTHCS MPU €IIEKTPOJIi31 pO3II-
naBy Al,Os.

Piwennsa. Vioro TEepMIYHA 10HHA JTUCOITIAIIis:

4A1,05 — 4A1"° + 4A105°,

(K-) 4AI"+12¢ — 4A1°%;

(A+) 4A105° - 12¢ — 2A1,05 + 30,.
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Cymapnuii npoiiec

2A1,0; —PX 4Al + 30,

3agaya 2. OnucaTé aHOIHUHM 1 KATOJHHUM MPOIECH €JIEKTPOIIi3y BOAHHUX
PO3YMHIB 10HHUX crionyK (enektpoau ineptHi): HBr, H,SO,, KOH, AgNO;, KBr,
Ca(NOs),, CuCl,. IMossicHUTH TPOIECH, 1110 BiI0OYBAIOTHCS, 3aCTOCOBYIOYH ITOTEH-
iaJIy pO3KIJIAJIaHHS 1 TPABUJIIO MOPSAKY PO3PSIKH YACTOK MIPH €NEKTPOITI3L.

Ilpuknao 1. SIx npotikae enexktpoi3 po3unny HBr ?

Piwenna. Ilpu enexTpoJiizi po34rHIB BapTO BPaXxOBYBaTH JAUCOITIAIIIO BO-
nu. Enexrpomituuna nucomianis HBr:

HBr S H' +Br.

EnexTponiTuyHa nucoriiaisi BOJIU:

H,O0 S H + OH".

[To3uTHUBHO 3apsKEeH1 YacTKU (KaTIOHM) HAMPAaBIIAIOTHCS 10 KaToja, a He-
raTUBHO 3aps/KEH1 YaCTKU (aHIOHH) - IO aHOJA:

(K-) H'

(A+) Br,OH".

Ha xatoni BinOyBaeTbesl BigHOBIEHHS KaTioHiB H, a Ha aHOMi — OKHCITIO-
BAHHS Ti€l YaCTKH, BIJHOBHI BJIACTHBOCTI KO HAWOIMBII CUJIBHI, TOOTO YAaCTKH,
10 Ma€ HANO1IBII HU3BKUM IMOTEHITIAN pO3KIadaHHs, TaKO YacTKO € Br-, Tomy
111(0)

Eposkn,Br- = 1,09 B;

Ep031<n,OH' = 1,7B.

TakuM 4YMHOM, OKHCIIOIOThCA i0HU Br :

(K-) 2H" +2e — Hy;

(A+) 2Br —2e — Br.

CymapHuii nporec OHBr——— H, + Br,.
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Ilpuknao 2. HanucaTu piBHSIHHS NPOIIECIB, 110 BiAOYBAIOTHCS MPH €JICKT-
poumizi pozuuny H,SO,.
Piwenna. Yactku B po3unHi HACTYIIHI:
H,S0,. — 2H" + SO,;
H,O0 S H +OH".
(K-) H'
(A+) OH", SO,”.
Eposcnon = 1,7 B;
Ep03I<J1. 0; =2,7B.
OxucinroBaTucs Ha aHoA1 MoBUHHI aHloHW OH™, aje ToMy 110 iXHS KOHIICH-

Tpalisi B CUJIbHO KHUCIOMY CEPEIOBHUILI Ty>KE€ HU3bKA, TO JIHCHO OKUCIIOIOTHCS

MOJICKYJIM BOIHU:
(K-) 4H" +4e — 2H,;
(A+) 2H,0-—4e — O, +4H".

Cymapnuii npouec 2H,0 L JLEN 2H, + O,.

Ilpuknao 3. Hanucaty piBHSHHSA MPOIIECIB, 10 BiAOYBaIOTHCS TIPH €IEKT-

pouizi pozunny KOH.

Piwmenna. KOH — K'+OH;

H,05 H' + OH;

(K-) K, H

(A+) OH .

Ha xaroxi BimOyBa€eThCsl BITHOBJICHHS Ti€l YaCTKU, OKUCITIOBAIbHI BIACTH-
BOCTI SIKOi HAMO1IBIIT CUJIbHI, TOOTO YaCTKH, 110 Ma€ HAaWBUIIMI MOTEHIIAT PO3K-
JaaHHS.

3BHYAHO TMOTEHITIaT PO3KIaJAaHHS Ha KaToJi BH3HAYAIOTH y KOXKHOMY
KOHKPETHOMY BHUITAJIKy 3 YpaXyBaHHSIM KOHIICHTpAIlil 4aCTOK 1 IepeHANpPyTH, 1110

3aJIeKUTH BiJl Oaratbox PakTopiB i, 30KpeMa, BiJl MaTepially eJIeKTPoa.
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ITepenanpyra BuaiieHHda mertaniB mana (1 — 0), 3a BunsaTKOM Fe 1 Ni
(Meeni = 0,1 - 0,3 B). IIpumyckaemo, mo koHueHTpauis ioHiB OH™ nopiBHIOE
10" Moib/11, i 3HAXOMMMO B HOCIIIKYBAaHOMY BHIIA/KY y BOASHOMY PO3UHHI YTy

KOHIICHTpAITi0 10HIB H":

.~ 1o0t4 13
[H] = — = 10" momns/m.
100
Po3paxoByeMO eleKTpoAHH MOoTeHIian ratppadiyHoi napu 2H /Hy:
0 0,058 +-2 0,058
E =E + lg[H =—— .26=-0,754 B.
2H™H, 2H* IHy n 9 (H] 2

HagiTh 3 ypaxyBaHHSIM HaiOUIBIIOI MEpEeHANPYrd BHUAUICHHS BOJHIO HA
ceuHI (N E|b2 = 1,23 B) npu BUKOpPUCTaHHI CBUHIIEBOTO KaToO/1a MOTEHITial PO3K-

Ja7aHHs BOJAHIO Oy/J1€ HACTYITHUM:

Eposkn =E—M;
ne E — enextponuuii noteniian, B; 1 — nepenamnpyra, B.
iH -0,754 - 1,23 =-1,984 B,

CraHgapTHUI €NeKTPOJHUN MOTEHITIaN KaIlto EK+ K — ~2,98 B, noro no-
TEHIlIaJl pO3KiIafaHHg Oyjae ONMM3bKUI 10 CTaHAApTHOTO TMOTEHINaTy 4epe3 He-
3HAYHY BEIMYHUHY TIEPCHATPYTH.

Takum unHOM, Ha KaTo/11 Oy/i€ BITHOBIIIOBATHUCS 10H BOJTHIO.

VY 3araJibHOMY BUNAJKYy, IPHU €JIEKTPOJII3l 3 ypaxXyBaHHSAM NEpeHanpyru
BUJIUICHHSI BOJIHIO, BOJICHb MOXE 3HAXOJUTHUCS B Pl Hapyr mMeTaiiB Mix Al 1
Mn, Tomy, 3 BOASIHUX PO3YHMHIB HE MOXKYTh OYTH BITHOBJICHI METaJH, SIKI pO3Ta-
[IOBaH1 Ha MOYATKY pSAly HANpyr MeTajiB (Jy>KHI Ta JIyro-3eMelbHI MeTajau 10
Al BKITFOUHO).

Uepe3 HU3BKY KOHIIGHTPAIlIO 10HIB BOJHIO BIIHOBICHHIO MiISITAIOTh Y
TIACHOCTI MOJICKYJIA BOJIU:

(K-) 4H,0 +4e — 2H, + 40H";

(A+) 40H -4e¢ — O, + 2H,0.
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Cymapawii mporec 2H,0 — TR 5 2H, + 0,

Ilpuknao 4. Hanucatu piBHSHHS IPOIIECIB, 110 BiAOYBAIOTHCS MPH €JICKT-
podizi BogHoro po3uuny AgNOs.

Piwenna. AGNO; — Ag’ + NO; ;

H,O0 S H++ OH™;

(K-) Ag’, H", BimHoBneHHIO mijsrae ioH cpi6ia, TOMy IO HOTro TIOTEH-
IiaJT pO3KJIalaHHs BUIIE, HIXK Y BOJIHIO:

0

E Ag+/Agoz 0,799 B.

JIns HeUTpaIbHOrO cepeloBUIIA [H+] =107 MOJIB/JI;
E2H+/H2 =-0,41 B,
AKIIO BpaxyBaTH MEpeHanpyry, TO MOTEHIliaN Po3KIagaHHs BOJHIO Oye Ie HU-
KUe.

(A+) NOjz, OH", noBuHHI mijaraTa enekrpoiizy anionn OH™, tomy 1o
EpaSJI,OH_ = 197 Ba Ep -3: 290 Bp

o3, NO

TOOTO Epa3n,OH' < E .
po3ki,NO3

VY nmidicHOCTI OKHUCHIOWThCS Mojekynn HyO depe3 HU3BKY KOHIIEHTPAIIIO
anionis OH™; [OH™] = 10" mouns/x:

(K-)  4Ag" +4e — 4Ag° — BiJTHOBJICHHS;

(A+) 2H,0 —4e — O, + 4H" — oxucmoBaHHs;

4H" + 4NO3~ — 4HNO; — BTOPMHHUIA TIPOLIEC.

Cymapnuii iporiec — 4AgNO; + 2H,0 ———2% 5 4Ag° + O+ 4HNO;.

Ilpuknao 5. Hanucaty piBHSHHS MPOIIECIB, 10 BiJOYBAIOTHCS MIPH €IIEKT-
podizi BogHoro po3uuny KBr.

Piwennsa. KBr — K + Br’;

H,O S H" + OH7;
>E

+ + - +
(K-) K, H", BimHoBmoetscst H', TOMYy 1110 Eposm,H+ KK
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VY niicHOCTI BIAHOBIIOIOTHCS MosieKynu H,O dyepe3 HU3bKy KOHIICHTpAIlio
ionis H' y Boi.
(A+) Br,OH",

Tomy 1o E Eposm Ol * TO OKHCITIOIOThCS aHioHu Br .

po3kiBr

(K-) 2H,0 +2e — H;+20H™ — BigHOBICHHS;
2K'+20H" — 2KOH - BTOpUHHHI IIpoIIEC;

(A+) 2Br —2e¢ — Br, — OKHMCJIFOBAHHSI.

Cymapnmnii npouec — 2KBr + 2H,0 S L Br, + 2KOH + H..

Ilpuxnao 6. Hanucaty piBHSIHHA MPOIIECIB, 10 BiAOYBaIOTHCS TIPHU €IEKT-
podizi BogHoro po3unny Ca(NOj3),.

Piwenns. Ca(NO;), — Ca™ +2NO3;

H,O S H'+ OH;

(K-) Ca™, H', tomy wio Ep TO TIOBMHHI BiHOB-

>E

+ +
o3xLH ca*?/ca®’
moatucs ionn H', ane yepes iXHIO HU3bKY KOHIIEHTpALIIO Y BOJi €IEKTPOIi3y
M1JJIATAI0Th MOJICKYJIH BOJIH.

(A+) NO3;~, OH", Tomy mo E , TO PO3KJIAJIat0Th-

po3kiL,OH" < Epo3KJ1,N03'
cst ionu OH™, a Tounime, monekynu H,O 3a mpuunHoro, 110 Oysia HaBeaeHa pa-
HIIIIE.
(K-) 4H,0 +4e¢ — 2H,+40H";
2Ca™?+40H — 2Ca(OH),;
(A+) 2H,0 —4e — O, +4H";
4H" + 4NO;” — 4HNOs..

Cymapnuii nporiec:
2Ca(NO3), + 6H,0 ——P 5 2H, + O, + 2Ca(OH), + 4HNOs.

Ilpuknao 7. Hanucaty piBHSHHS MPOIIECIB, M0 BIOYBAIOTHCS TP €IICKT-

pouizi BojiHOTro po3unny CuCl,.
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Piwenns. CuCl, — Cu*+2CI;

H,OSH +H;

(K-) Cu*, H*, enexrpornisy, 6e3yMOBHO, mumsraioTh Kationn Cu*;
(A+) CI', OH", enextpomnizy mimyaraiots anionu Cl

(K-) Cu+2e — Cu%

(A+) 2CI"—2e — Cl,.

Cymapnuii poriec — CuCl, — TP, cu’+ Cly.

3agaya 3. HamucaTtu piBHSHHS TPOIECIB, IO BiOYBArOTHCS MPH €JIEKT-

pOJII31 BOAHKMX PO3YHHIB €JIEKTPOIITIB 3 PO3YUNHHUM aHOJIOM.

Ilpuknao. 3anucatu piBHAHHS EJIEKTPOJHHUX IPOIIECIB, 10 MPOTIKAIOThH

IIPH €JIEKTPOi31 BOgHOro po3unHy CuSO,4 3 MITHUM aHOAOM.

MI/I1.

Piwenna. Y sogaomy poszunni CuSO, maemo:
CuSO, — Cu'*+S0,%;

H,0 S H + OH;

(K-) Cu*? H;

(A+) SO,?% OH", Cu® (vacTku MaTepiany aHOa).

Ha kaToni BimOyBa€eThCs BITHOBICHHS 10HIB MIJIi:

E > E X
poskmH™ cu*?/cu®
Ha aHO/1 — OKUCJIEHHS MIJ1:

2 >2B,

Eposm,OH' =17 B,

E = 0,377 B.
cu*?/cy®

VY Mial HaWHWKYIHHN eTeKTPOAHMIN MOTEHIIIall, TOMY OKHUCITIOETHCS MiJlb:
(K-) Cu?+2e — Cu’
(A+) Cu’—2¢ — Cu’

EpO3KJ'I,SO4

BuBueHmii mpoiiec eNeKTposizy € MPOMUCIOBUM METOJ0M padiHyBaHHS
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3agaua 4. Po3paxyBaT TE€OpPETUUHY HANpyry pO3KJIaJaHHs PO3UHHY elie-
KTPOJIITY MEBHOT KOHIIEHTpAIIIi.

IIpuknao. PospaxyBaTH TEOpeTHYHY Hanpyry pos3kiaagaHHSI U poscreop)
0,01 M pozuuny HCI.

Pimenns. Teopetnuna Hampyra poskiaganHs — e EPC rampBaHigHOTO
eJIEMEHTa 3 MPOTHIIC)KHUM HANPSIMKOM CTPYMY, IO YTBOPIOETHCS MiJ] Yac eNeKT-
pomizy. Enextpoani mpouecu npu enekrpomizi HCI taki xk, sk y monepeaHiil 3a-
ayi:

(K-) 2H"+2e — Hy;

(A+) 2ClI"-2e — Cl,.

Takum yMHOM, Ma€ Miclie yTBOPEHHS ralbBaHIYHOTO eJIEMEHTA:

karog (<) Cl,/2CI"//2H'/H, (+) anon

Po3paxyemo peoKc-moTeHIialIi KOKHOI TrajbBaHIYHOI MapH:

0 0,058 +2
E2H+/H2 =E oty TN lg [H"]%,

E°  =00B, "%
2H /H»

[H]=[HCI], i=1.

JUTsl cipoliieHHs: 6epemo o = 1.
[H']=0,01 mons/x;

[CI"]= 0,01 momb/m.
0,058

_ 2 _
E oy, = 00+ = — 1g001% = - 0116 B.
0,058 _
- =gY " Ig [CI" 1%, n=2.
Cl,/2Cl Clp/2Cr n
= = 1,359 B.
Clp/2Cr
B 0,058 5
Ecy o = 1359+~ 19 001" =124 B,

Uposinreop = EPC = Ear — Banon = 1,243 + 0,116 = 1,359 B.
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3aoaua 5. llpoBectu po3paxyHKH 3a 3aKOHAMU €JIEKTPOJII3Y.

Ilpuknao. Yepes Bogsuuii po3unH xjopuay miai (II) mpomyckarooTs moc-

TIHHUHN CTpyM cujoro 3 A Ha mpoTs3i 6 roguH. BusHauutu macy Miji, 10 yTBO-

PUTHCS Ha KaToJi, 1 00’ €M XJIOPY, SIKW BUIITUTHCSA Ha aHOAI (H.y.), SIKIIIO BUXIJ

3a CTpyMOM JopiBHIOE 75 %.

Piwennsa. Enexrpoani npouecu enekrpoiizy CuCly:
(K-) Cu?+2e — Cu%
(A+) 2CI" — 2e — Cl,.

BiamosinHo 10 06'eqHanoi ¢popmynu 3akoHiB Dapaaes

_E|TRi
96487
Ecy | TR 3177 3-6-3600 - 0,75
My = —M L - =16 1;
u 06487 06487 !
Ve - ITRiVi _3.6.3600.224.075__
Cl2 ™ n opa87 ~ 2 . 96487 Iaie

4.12.2 3aoauii enpaeu 011 camocCmiiiH020 PiuleHHA
1 3anmcaTu KaToOAHI i aHOJHI POLECH EIEKTPOJII3Y BOASHUX PO3YMHIB:
a) NaCl Ha ByribHOMY aHO/Ii;
0) Cu(NO3),; Ha TITATHHOBOMY aHO/Ii;
B) ZnSO4 Ha IMHKOBOMY aHO/I;
r) CaCl, Ha ByriapHOMY aHO/II;

1) CuSQOy4, KCIl, HNO; onHOYacHO Ha BYTUIBHUX €JIEKTPOIaX.

2 Enextpoiii3 po3urHy cyib(haTy UUHKY TPOBOJWIM 3 HEPOZUMHHUM aHO-

JOM TPOTSATOM 6,7 TOAMH, Y pe3ysbTaTi 4Y0ro BUALTUIOCA 5,6 J1 KUCHIO, OOMIpIO-

BaHOTO NpH H.y. Po3paxyBaru cuily CTpyMy 1 KUJIBKICTh BUCAKEHOTO IIUHKY MPHU

BUX011 1oro 3a ctpymom 70 %.

3 Po3paxyBaTtu TeopeTHUHY Hamnpyry po3kiany 2 H po3uuny H,SO,.
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4.13 KOPO3IsA METAJIIB. METOIU 3AXUCTY
METAJIIB BIJI KOPO3II
4.13.1 Tunoei 3a0aui 3 piwvienuamu

3agaya 1. 3ami3Ha TUIacTUHKA 3aHYPIOETHCS B po3BenaeHuil pozunn HCL
Croctepiraerbcs BUIIIICHHS BOJIHIO 3 ii MOBEpXHI. SIKIIO TOTOPKHYTUCS JO L€l
IUTACTUHKUA MIJHUM JPOTOM, BOJEHb MOYMHAE BUIUISATUCS 3 MOBEPXHI MIJTHOTO
IPOTY, X04a 3aJ1i30 MPOJOBKYE POZUUHATUCS, TPUIOMY OUTBIN 1HTEHCUBHO. [lo-
SACHUTH 1Ie siBuile. Hamucatu xaToaHuii 1 aHOAHHMM TPOLECH ENEeKTPOXIMIYHOI
KOpo3ii. YKa3aTu mpoayKT KOpPO3ii.

Piwenna. llpu 3anypenHi 3aii3H0i miactuaku B po3urH HCI BinOyBaeThcs
rereporedHa OB peaxitis:

Fe’ + 2HCI — FeCl,+ H, 1.

[Ipu TOopKaHHi 3a13a MIJII0 YTBOPUTHCS KOPOTKO3aMKHEHUH TrajbBaHid-
HUM €JIEMEHT, 10 CKJIAIA€ThCS 3 3a13HOT0 1 MIJTHOTO €JIEKTPO/IIB, 3aHYPEHUX Y
PO3YHMH €NeKTPOITy. MiHUN eNeKTpOo/I BIIIrpae pojb KaTojia, TOMY 1110 BiH Mae
O1IbII BUCOKHM €JIEKTPOIHMM MoTeHIIal. Ha kaTo/1i MOBUHEH MPOTIKATH MPOIIEC
BIJIHOBJICHHS, @ HA aHOJ1 — 3aJI13H1# TUIACTUHIII — IPOLIEC OKUCTIOBAHHS:

(A) Fe’-2& — Fe*.

Takum ynHOM, 3271130 TPOJOBKYE POSUUHSITHUCS, MPUUOMY IIBUIKICTH €JIe-
KTPOXIMIYHOIO MPOIIECY BUILE, HI’K IIBUAKICTh 3BUYANHOT0 OKHCIIIOBAJIBHO-
BIJIHOBHOTO TIPOIIECY.

Ha katoni BigOyBaeThcs Aenospu3sailisi, TOOTO MpOLEeC BIAHOBICHHS Haj-
JIUIIKOM €JIEKTPOHIB, Oy/Ib-SIKUX YaCTOK, Kl HA3UBAIOTHCS JENOJIIPU3ATOPOM.

VY kucnomy cepesoBUIII POJib IEMONSIpU3aTOpa TPatoTh KaTIOHU BOJTHIO.

(K) 2H"+28 — H1.

TakuM 9MHOM, BOJICHb BUAUISETHCS 3 TTOBEPXHI MiJll, HE3BAXKAIOUM Ha BiJI-
cytHicTh B3aemoii HCI 3 uero. [Ipoaykr koposii — FeCl,.

3amava 2. /[Bi miacTUHKM — OJIHA 3ajli3HA, a 1HILIAa MarHieBa — 3aHypeH1 po-
3IUTHHO B PO3BEACHY COJITHY KHCIOTY. Illo 3MiHUTBCS, KO 3'eAHATH OOMABI

IJITACTUHKH ?
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Piwenna. O0uBI MIIACTUHKH, 110 3HAXOAATHCS Okpemo B po3BeeHit HCI,
OynyTh pearyBaTy 3 HEIO 3 BUIUICHHSM BOJHIO, TOMY 110 Fe 1 Mg 3HaxoasThes y
Pl HAIIPYT J10 BOJHIO:

Fe + 2HCl — FeCl, + H,1;

Mg + 2HCl — MgCl, + H,1.

[Ipu 00'eqHaHHI TUTACTUH YTBOPIOETHCS KOPOTKO3AMKHEHHUM rajibBaHIYHUN
€JIEMEHT, 1 MPOTIKA€E €IEKTPOXiMIUHA KOpo3is. MarHiil, Oy ayun OUTbII aKTUBHUM
MeTaJioM, BiJiirpae pojb aHoja. Ha aHoi Bi10yBa€eThCs MPOIIEC OKUCTIOBAHHS:

(A) Mg’-28 — Mg*.

Ha xatoxi — 3ami3Hiil muactuHill — Oyae BiAOyBaTHCS BOJHEBA JCTOJISIPU-
samig: (K) 2H' +2& — Hy1.

TakuM 4MHOM, NP 31TKHEHHI JBOX IUIACTHH CHOCTEPIraeThCsl MOCHIICHHS
BUJIIJICHHST BOJHIO 3 TIOBEPXHI 3aJli3a, X04a pyHHYBaHHS 3a1i3a Pi3KO 3MEHIITY€Th-
Csl, @ aKTUBI3Y€EThCSI MPOIEC PYWHYBAHHS MAarHi€BOi MJIaCTUHU. BuineHHs BOAHIO
3 MOBEPXHI MAarHito pi3KO 3MEHIIYETHCS.

3apaua 3. KiagyTh B OJJHY CKJISIHKY, 1[0 MICTUTh COJIbOBUN PO3YMH, [ITMa-
TOYOK YUCTOTO 3aj113a, @ B IHIIY CKIISIHKY, 1110 MICTUTh TOW CaMHil COJIBLOBUI pO3-
YWH, IIMAaTOYOK 3aj1i3a, 3'€THAHMI 31 IIMAaTOYKOM CBUHI[IO. B 00MIB1 CKISTHKH €
JOCTYTI KMCHIO TIOBITPs. Yepes KiJIbKa JHIB BU3HAYAIOTh KOHIIEHTpPAIIIF0 10H1B 3a-
Ji3a B 000X CKJISIHKAxX. Y sIKif CKJISIHIII KOHIICHTpAIlisl 10H1B 3aji3a Oyje OiibIie ?

Piwenns. Kucenb po34nHSIETHCS Y BOASHOMY PO34uHI. 3a1i30, 3aHYpEHE B
COJIbOBUM PO3YMH, Y MIPUCYTHOCTI PO3UMHEHOIO KHCHIO OyJe MiJaBaTUcs KOpo-
311, X04a 1 MOBUIBHO, TOMY IO 3aJ1130 YKCTE, @ YHCTI METAJIM MOBUILHO KOPOAY-
I0Th (3BHUYaiHO MPUCYTHICTH JOMIIIOK Y 3aji31 (4aByHi) pi3KO 301JIbIIYy€E HIBU/I-
KICTh KOPO3ii).

[Ipoiiec kopo3ii YUCTOTO 3ajTi3a MOKHA HABECTH HACTYITHOKO CXEMOIO:

4Fe + 30, + 6H,0 — 4Fe(OH)s,

ne Fe(OH)s;,— oiMH 13 KOMIIOHEHTIB 1pKI.
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3ami30 B KOHTAKTI 3 MEHIIl aKTUBHUM CBHUHIIEM BiJirpae pojb aHojAA 1 M-
JSITa€ eIeKTPOXIMIUHOT KOPO3ii 3 KHCHEBOIO JICTIONSIPU3ALII€l0 Ha CBUHIIEBOMY Ka-
TOMI:

(K) O;+2H,0 + 48 — 40H;

(A) Fe’-28 — Fe™;

Fe?* + 20H™ — Fe(OH),.

Fe(OH), nerxo okucmoeTses 10 Fe(OH); Takum dunHOM, TPOIYKTOM KO-
po3ii € Fe(OH)s:

4F€(OH)2 + 0, +2H,0 — 4Fe(OH)3

[IIBUAKICTh €1EKTPOXIMIYHOT KOPO3ii Habarato BUIIE MIBUAKOCTI XIMIYHO1
KOpO3ii, TOMY B CKJISIHIII, III0 MICTUTB 3aj1130, 3'€JHAHE 31 CBUHIIEM, KOHIICHTpAITis
ioniB 3amiza Fe®* Gyme Buie, HIXK y CKISHII 3 YHCTHM 3a7Ti30M.

3agaua 4. OnucaTu Npolecu eIeKTPOXIMIYHOT KOpOo3ii, 110 MPOTIKAI0Th

Ha OIIMHKOBAHOMY 3aJIi31 IIPU HAsIBHOCTI TPIIIMH y 3aXHUCHOMY IIIapi:

a) Y KUCJIOMY CE€pEe/IOBHIII];

0) y HEeHTpaJbHOMY CEPEAOBHII B MIPHUCYTHOCTI KHCHIO.

Piwenna. Ilokputts 3aj1i3a IUHKOM BITHOCUTBHCS 10 aHOJHUX TTOKPUTh,
TOMY 1110 METaJI MOKPUTTS OUIBII AKTUBHUH, HI’K METaJl, 0 3aXUIIAEThCS. Y BU-
NajKy MPOTIKAHHS €IEKTPOXIMIYHOI KOPO31i MeTas MOKPUTTSI BIAITPa€e pojib aHO-
na.

VY kuciaoMmy cepefioBHIIl Ha MOBEPXHI Karoja, TOOTO Ha MOBEPXHI 3aii3a,
MIPOTIKA€ BOJHEBA JICTIONSIPUA3AITIS:

(K) 2H"+2& — H,1;

A)  Zn°-28 — Zn*.

VY HelTpaJlbHOMY CepellOBHUIII B MPUCYTHOCTI KUCHIO Ha MOBEPXHI Karoaa
(3aimi3a) mpoTiKa€e KHCHEBA JICTIOSPU3ALIis:

(K) O;+2H,0+48 — 40H7;

(A) Zn’-28 — Zn*.

I[IpoxyKTOM KOPO3ii, 10 yTBOPIOETHCS 3a peakticto Zn°" + 20H™ — Zn(OH),, €

TUJPOKCHU] IIUHKY.
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3amaya 5. Onucatu NpolecH eNeKTPOXIMIYHOT KOPO3ii, K1 BIIOYBaIOThCS
Ha XPOMOBAaHOMY 3aJ1i31 IPH HASIBHOCTI TPILLIUH Y 3aXUCHOMY IIapi:

a) Y KUCJIOMY CEpEJIOBHIII];

0) y HEeHTpaTbHOMY CEpEIOBHILI B IPUCYTHOCTI KHUCHIO.

Pimwennsn. IToxkpuTTs 3aji3a XpOMOM BiTHOCUTKCS 0 KATOJHUX MMOKPUTb,
TOMY 10 METaJl MOKPUTTSI MEHIII AKTUBHUM, HI’K METaJ, [0 3aXUIIAEThCA. Y BU-
najJKy MPOTIKaHHS eNEKTPOXIMIYHOT KOpO3ii MEHIIT aKTUBHHUM METal BiAirpae
poJib KaToja. MeTall, 0 3aXUIIAETHCS, BIIITPAE POJIb aHO/Ia, TOOTO MiAIA€ThCS
PYMHYBAHHIO.

VY kucnomy cepeoBHILI HA MOBEPXHI KaTo/1a, TOOTO Ha MOBEPXHI XpOMY,
IPOTIKa€e BOJIHEBA ACTIOSPU3ALIIS:

(K) 2H"+2& — H,1;

(A) Fe’-28 — Fe*.

VY HellTpanbHOMY CepeloBUIIl B MPUCYTHOCTI KUCHIO Ha MOBEPXHI KaToja
(Xpomy) IpOTIKAE KUCHEBA JENOJIAPU3ALIIS:

(K) O;+2H,0+4e — 40H;

(A) Fe’-28 — Fe*".

[TpoaykTom kopo3ii € Fe(OH),, 1110 yTBOPIOETHCS 3a peaKii€lo:

Fe’* + 20H™ — Fe(OH),,
Ha nositpi Fe(OH), oxucntoerscst 1o Fe(OH)s:
4Fe(OH)2 + 0O, +2H,0 — 4F€(OH)3

3amaya 6. [loscHuTH, YOMY B CTaJIeBii Cy/MHI 3acTiiiHa 30HA MiAAA€THCS
IHTEHCUBHIN KOpO3ii (HEUTpajgbHE CEPEeOBUILE B MPUCYTHOCTI KUCHIO MOBITPSA),
TOJI SIK Y IMHKOBIHM CyJIMHI, HABMIAKH, 3aCTIifHA 30HA MiIAETHCS KOPO3ii B HE3HA-
YHOMY CTYTEHI.

Piwenns. IHTEHCUBHICTD (IIBUAKICTB) €IEKTPOXIMIYHOI KOPO31i 3aJIeKUTh
BiT EPC KOpOTKO3aMKHEHOTO €JIeMEeHTa, 0 YTBOPUTHCS. UM Oiibllie BeIUYnHA
EPC, Tum Oib1I IHTEHCUBHA €JIEKTPOXIMIYHA KOPO3is.

Jlnst enextpoximiuHoi kKopo3ii EPC po3paxoByeTbcs aHAJIOTTYHO pO3paxy-

HKy EPC ranpBaHIuYHOTO eleMeHTa:

113



EPC =E; — EaHon:
ne E; — eNeKTpoaHuil MOTeHIIIa eIeKTPOIHOT HAliBpEeaKIlii Nemosipu3atii;
Eanon— CIEKTPOIHUI TOTEHITIA METaIy, IO MiATAEThCA PYHHYBAHHIO.
Jy1st eneKTpoAHOI HaImiBPEaKIlii KHCHEBOI IETIOSIpHU3aIlii:
0, +2H,0 +4e — 40H

0,058 .  [05]
0 2

= + .
EKaT Kar 4 I [OI I_ ]4

VY 30HI1, sKa miAnagae ImiJl BIUIUB KUCHIO, €IEKTPOJHUM MOTEHITal KaTo-
HUX JIJISTHOK Oy7ie BUINE, HiX Y 3aCTiiHINA 30H1 (KOHIICHTPAIlisI KUCHIO B PO3YHHI
3HAXOAUTHCS B YUCENBbHUKY). TakuMm unHOM, y noyaTkoBuii MomeHT EPC Mmikpo-
raJIbBAHOCJIEMEHTIB y 30H1, 10 MiUIArae BIUIUBY KUCHIO, Oyzae Buie, HixXK EPC
MIKPOTaJIbBAHOEJIEMEHTIB y 3aCTIMHIA 30H1, 1 TOMY KOpPO3isl aHOJAHUX JIISHOK Y
30HaxX, 10 NIUIAraloTh BIUIMBY KUCHIO, Oy/ie 3Ha4HO0. L Kopo3ist B Mo4aTKOBUI
MOMEHT IIPU3BOJUTH 10 HakonuueHHs aHioHiB OH™ 3a peakiiero:

0, + 2H,0 + 4e — 40H",

T00TO 70 30UTBIIeHHST pH. BioMO, 1110 B JTy’KHOMY CepeIOBUIIII 3a1130 acUBY-
€Thcsl. TakuM YMHOM, Y HACTYITHUH MOMEHT KOPO3is B 30HaX, MO0 MiAJIATalOTh
BIUTMBY KHCHIO, IPUMHUHSIETHCSA, TOJI SK y 3aCTIHHUX 30HaX BOHA MPOIOBKYETHCS.
Tomy 3acTiifHi 30HU CTaJIEBUX CYAMH IMiIAI0ThCsI IHTEHCUBHINM KOPO3Ii.

VY cyauH1 3 UIMHKY KOpPO3isl 30H, IO MIAJSATalOTh BIUIMBY KHUCHIO, 3aBXKIH
Oyzae ny’e IHTEHCUBHOIO, TOMY IIIO JIy>)KHE CepeZOBUIIE HE MacCUBYE LIMHK, a Ha-
BIIAKH, CIIPUSE KOTO PYNHYBAHHIO:
/n + 2NaOH — NaQZI’lOz + HZT

B manomy pasi 3acTiiiHa 30Ha KOpo3ii MiAa€ThCsl MEHIIE, HIXK Ta, 110 aePYETHCSI.

4.13.2 3aoaui 012 camocmiiiHo20 piuieHHA
1 VYV sxkomy BUMaaky Kopo3sis 3aimiza Oyje MpOTIKaTU IHTCHCUBHIIIE: MPHU
YILIKOJIPKEHHI MOKPUTTS JIyZPKEHOTO 3a113a YU OLIMHKOBAHOTO?
2 Miap HE BUTUCKYE BOJCHB 3 Po3BefieHUX Kuciaot. Yomy? OaHak, sSKIIo 10

M1JIHOT MJIACTUHKH, 3aHYPEHOT Y KUCIIOTY, JOTOPKHYTUCS IUHKOBOIO, TO Ha MIiJIi
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MOYMHAETHCS OypXJIMBE BUAUICHHS BOAHIO. [10SICHUTH 1ie sIBUIIE, CKIABIIU PiB-
HSTHHSI aHOJTHOTO 1 KaTOIHOTO MPOIIECIB.

3 Sxuio Ha cTajeBui IMpeIMeT HaHEeCTU KpaIlIio BOJHU, TO KOPO3ii mijjaa-
€TBCSI CEPENHSA, a HE 30BHINIHSA YaCTHHA 3MOUYEHOTO MeTamy. [licias BucuxaHHsS
Kparuii B 1l TIEHTpi 3'IBISEThCA TUIsIMA ipki. YuM 11e MokHA mosicHUTH ? Slka mi-
JISTHKa METally, 110 3HAXOAUTHCS MiJl KpaIwielo BOAM, € aHOJIOM 1 sIKa € KaTogom?
CkacTvl piBHSHHS BiJITOBITHUX MPOIIECIB.

4 'V po34dH COJISIHOI KUCJIOTH 3aHYPWJIM IIMHKOBY IUIACTHHKY, YaCTKOBO
BKPUTY HIKeJIeM. Y SIKOMY BHUIAIKY MPOIEeC KOPO3il LIMHKY Bi0YBA€THCS 1HTEH-
CUBHIIIE ?

5 Slkuit MeTana MOXe CIIY>KHUTH TPOTEKTOPOM IIPH 3aXUCTI 3alii3a BiJl KOpO-
311 y BogHoMY po3unHi 3 pH = 10 npu xoHTakTi 3 noBiTpsaM ? Hanucatu piBHIHHS
peaxiiiil TaHuX MpPOIECIB.

6 AmOMIHIA CKIICTICHUH 3 Mijaro. Skuit 3 MeTaiiB Oy/e miamgaBaTucs Ko-
po3ii y kucioMy cepeaoBuili? CkiIacTu CXemy rajbBaHIYHOTO €JIEMEHTa, IO
YTBOPHUTHCS TIpH 1boMy. Pospaxysat EPC i AG%gg 1IBOTO €eMEHTa IPH CTaH-

JApTHUX YMOBax.

4.14 XIMIYHI BJACTUBOCTI METAJIIB
4.14.1 Tunoei 3a0aui 3 piviennamu

3agmauya 1. Hanucatu piBHSHHS peakiii OKHCIIIOBAaHHS HACTYMHHX JIyX-
Hux mertanis: Li, Na, K — B armocdepi moBiTpst mpu 3BUYalHIi Ta BUCOKIN TEeM-
neparypax.

Piwennsa. JlyxHi MeTanu 3HaxX0IAThCs HA MOYATKY pAly HAIPYT METAaIB.
Tax sik BOHM € HalO1JIbIIT AKTUBHUMHU, TO BOHHU JIETKO OKHCITIOIOTHCSI KHCHEM I10-
BITpsI BXKE MPH 3BUYAMHUX TemriepaTypax. OmHaK JIJIsl KO>KHOTO 3 3a3HaUYEHUX Me-
TaJiB € cBoi 0co0MMBOCTI. JIiTiH Bxke MpU 3BUYAHHUX TeMIIEpaTypax pearye sik 3
KHCHEM TIOBITPS, TaK 1 3 IPYTUM KOMIIOHEHTOM TIOBITPS - a30TOM, 3 YTBOPECHHSIM

BIJIMOBIAHO OKCUAY W HITPUIY JITiIO:
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4Li + O, — 2Li,0;

6Li + N, — 2Li3N.

[Tpu BUCOKMX TeMIepaTypax 3aMiCTh OKCHAY JITi0O YTBOPUTHCS MEPOKCH]T
JITIIO:

2Li + O, — 2L1,0,.

Hartpiii: a) npu 3BUYaiiHii TemMnepaTypi —

4Na + O, — 2Na,0;

0) Mpu BUCOKUX TeMIIepaTypax —

2Na + O, — Na,0O, (mepokcus HATPiIO);

6Na + N, — 2NazN.

Kamiii:  a) npu 3BU4aiiHiil TemMneparypi —

4K, + O, — 2K;0;

0) Mpu BUCOKHUX TeMIeparypax —

2K + O, — K;04 (cynepokcu Kairo);

6K + N, — 2K3N.

3agaua 2. [pyHTYIOUMCH Ha 3HAHHAX 3arajlbHUX XiMiUHMX BIACTHBOCTEH

METaJiB, HAllMCATH PIBHSAHHA HACTYITHUX XIMIYHUX PEaKI[iN:

l) Fe+02—>; 8) Mg+ HNOg -,
¢ JTy’Ke po3Be]
2) Fe +0, —; 9) Cu+ H,SO4 — ;
KOHIJ
3) Al+H,0—; 10) Mg + H,SO, — ;
t KOHI]
4) Fe + H,0 ——; 11) Al + NaOH + H,0 — ;
5 Cu+0,+H,0—; 12) Be + NaOH — ;
6) Mn+ HCIl —; 13) Zn + Pb(NO3), — .
7) Hg+HNO; — ;
KOHIJ

Piwennsa. 1) 4Fe + 30, — 2Fe,03;
2) 3Fe + 20, SELEN FesOy;
3) 2Al + 6H,0 — 2AI(OH); + 3H;

116



4) 3Fe + 4H,0 —' 5 Fe;0, + 4H;;

5) EnexktpoxiMiuyHa KOpo3isi Mifli 3 KUCHEBOIO JCTIONSAPU3ALIIEIO:
(A) 2Cu - 48 — 2Cu*",

(K) O, + 2H,0 +4& — 40H;

2Cu + O, + 2H,0 —2Cu(OH),;

6) Mn + 2HCI — MnCl; + Hy1;

7) Hg + 4II-<|A}I{93 — Hg(NO3), + 2NO,1 + 2H,0;

8) 4Mg + 10 HNO; — 4Mg(NO3), + NH;NO; + 3H,0;

Jy)Ke PO3BEN

9) Cu + 2HI%§H(L)I4 — CuSQO4+ SO,71 + 2H,0;

10) 4Mg + 5H,S04 — 4MgSO, + H,S1 + 4H,0;

11) 2Al + 2N<’§1<E)DHIEII + 6H,0O — 2Na[Al(OH),] + 3H,1;
12) Be + 2NaOH — Na,BeO; + H,1;

13) n+ Pb(NOg)Z — Pbl + Zn(N03)2.

3agaua 3. 3 AKMMU 3 HaCTYNHHUX PEYOBHH MOKe pearyBatu pryTh: HCI,
HNO ;, NaOH, AgNOs, CuCl, ?
pogBe}?’imeHHﬂ. HCl+Hg __, ;
8 HN03 + 6Hg — 3Hg2(N03)2 + 2NO + 4H20,
po3Bea
NaOH + Hg -+ ;
2AgNO; + Hg — Hg(NO3), + 2Ag;

CuCl, + Hg = .

3amaua 4. Cepen metaniB Na, Ca, Mg, Al, Zn 3HaiiTu HalOLIbII 1 HAM-
MEHII CUJIbHUI BITHOBHUK:

a) Y BOJHUX CEpPEeIOBUIIAX;

0) y HEBOJIHUX CepeOBHUIIIAX.

Piwenns. Y BOTHUX CEPEAOBUINAX KUTbKICHOIO XapaKTEPUCTUKOIO BIJTHO-

BHHX BJIACTUBOCTEH METaJly € BEJIMYMHA HOTO EJIEKTPOHOTO MOTEHIIIAITY.
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I[JISI I[OCJ'Ii,Z[)KYBaHI/IX METaJjliB BEITUYNHHU CTaHAAPTHUX CJICKTPOAHUX IIO0TEC-

HIT1aJ11B HACTYIIHI:
0 0

ECa”/(?a0 =-2,875B; ENa"L/NaO =-2,71B;
EO =-2,37 B; £0 =-1,66 B;

Ma” M= 0,76 B. AT IAI°
EZJ,12+/Zn0

Haiibinbin HU3bKUM €NEKTPOAHUHN MOTEHINaN y KaJbI[ifo, 1€ O3HA4ae, 1110
BiH HAMOUTBII CHUTPHHUM BIJHOBHUK y BOJIHUX CEPEIOBHINAX, a HAMOUTBIIT BUCOKUN
€JEKTPOJHUHN MOTEHIIIAN Y IIMHKY, TOMY BiH HalO1IbIIl cJIa0KUi BITHOBHUK Cepel
nepesiyeHnX MEeTaliB.

VY HEBOJHUX CEpEeNOBUILIAX KUIbKICHOK XapaKTEPUCTUKOIO BIAHOBHHUX BJa-
CTUBOCTEH METally € BEeJIMUMHA HOTO €HEePrii 10H13aIli1.

Benuunnau eHepriil ioHi3a1il JaHuX METaIiB 3HAaX0IUMO B JIOBIAHUKY:

Ei,Na =5,14¢eB; Ejal =598¢B; Eica=6,11¢B;
Eimg =9.39¢B; Ejz3=9.39¢B.

Haii0inb11 HU3bKa eHepris 10H13aiil (10H13aIMHUN MOTEHIlian) y HaTPio —
HaAWIY>KYOro BiJIHOBHUKA 3 MEPEPAXOBAHUX METAJB, HAMOUIbII BUCOKA €HEPTis
10H13alli Yy IUHKY — CaMOro c1labKOTo BITHOBHHUKA.

3agaua S. CknacTd i 3piBHSTH 32 JOTIOMOIOO €JIEKTpOHHOT0 Obanancy OB
peaxiii.

Piwenna. Huxye HaBOJSATHCS PIBHSHHS BXKE CKJIQJICHUX 1 3pIBHSHUX pea-
KIT1i:

l) Cu+ 4 HNO; — CU(NOg)z + 2NO, + 2H,0;

KOHII

2) 3Cu + 8 HNO; - 3CU(N03)2 + 2NO + 4H,0;
po3Bes

3) 3V+ 5HNO; — 3HVO;+5NO + H,0;
KOHI[

4)  3Sn+ 8HNO; — 3Sn(NOs), + 2NO + 4H,0;

po3Ben

5) Sn+ 4 HN03 - HzSﬂOg + 4N02 + H20,

KOHIT
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6) 3Tc+ 7HNO3; — 3HTcO,+ 7NO + 2H,0;

KOHII

7) Pb+ 4 HN03 — Pb(NOg)z + 2N02 + 2H20,

KOHII

8) Hg+ 4HNO;  — Hg(NOs), + 2NO, + 2H,0;

KOHII

po3Bexn

10) W+ 2HNO; + 8HF — Ho[WF¢] + 2NO + 4H;0;

11)  Ti+ 6HF — H,TiFs + 2H,1;

12)  3Ti+ 4HNO; + 18HF — 3H,[TiFs] + 4NO + 8H,0;

13)  3Zr + 4HNO; + 18HCI —3H,[ZrCl¢] + 4NO + 8H,0;

14) 3Pt + 4HNO; + 12HCI — 3PtCl, + 4NO + 8H,0;

15)  Au+ HNO; + 4HCl — H[AuCl,] + NO + 2H,0;

16)  Cr+ 3NaNO; + 2NaOH — Na,CrO, + 3NaNO, + H,0;
17) Mo + 3NaNO; + 2NaOH — Na,MoO, + 3NaNO, + H,0;
18)  4Nb + 50, + 12KOH — 4K;NbO, + 6H,0:

19)  Os + KCIO; + 2NaOH — Na,0s0, + KCI + H,0;

20)  Pb + 2KOH + 2H,0 — K,[Pb(OH),] + H,1;

21)  Ge + 2KOH + 2H,0, — K,[Ge(OH)s];

22)  5Zn+2KMnO,+8H,S0, — 5ZnSO;, + K,SO, + 2MnSO, + 8H,0:

23)  4Au+ O, + 8KCN + 2H,0 — 4K[Au(CN),] + 4KOH.

3agaya 6. SIkuM METOJIOM MOKHA OTPUMATH METAJICBUN MarHii ?
Piwenns. Martiii — 1€ 1y’ke aKTUBHHM MeTas, HOro eJIeKTPOJHUIA TTOTCH-
an
0
E
MarHiit MO>kHa OTpUMATH €JIEKTPOJII30M, ajie HE BOJHUX PO3YHHIB COJICH

=-2,37 B.

MarHisi, a eJIEKTPOJI130M PO3ILIABIB HOTO COJiel, HAPUKJIIA, €JIEKTPOJI130M PO3II-

naBy MgCly:
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MgCl, — Mg** + 2CI7;

(K) Mg* +2& > Mg";

(A) 2CI'-2& — Clp.

Marsiii TakoX Moke OyTH OTPUMAaHHUI METAJIOTEPMIEIO TPU BUKOPUCTAHH1
Oyab-sIKOTO MeTaly, XIMiYHa CHOPIAHEHICTh SIKOTO JI0 aToma, 3 SIKUM BiH Oyne

3B'sI3aHUM, BHIIE, HDK Y MarHiro, HalpuKJIa;

MgCl, + 2Na —' > Mg + 2NaCl.

I[OBCI[GMO MOKJIUBICTD BHUKOPHUCTAHHA Na:
AGZQS MgCI - '141,4 KI[)K/MOHB;
AGS9gNacl = -384.5 klla/mons;

0 _oxe0 0 _
AG29g p = 2AG 298 Nacl ~AG 298, Mgcl, =
= 2(-384,5) + 141,4 = -627,6 kJIx.

0 . :
Tomy 110 Anggp < 0, TO peakilisi TEpMOJMHAMIYHO MOXJIMBa. MeTalie-
BUW HATpi MOke OyTH BUKOPUCTAHUN JJISI OJIEpKAHHS METaJeBOTO MarHiro 3

MgCl,.

3amaua 7. [Ipu 3minryBaHHI pO3IUIABICHUX Mac MarHito i CBUHIIIO YTBO-
pUThCS IHTEpMETANEeBa CIOJYyKa, 1110 MicTUTh 81 % Pb. fka ii popmyna ?
Piwenns. Mg,Pby — popmyna B 3aransHOMY BUI IHTEPMETaNEBOI CHOITY-
ku. KoediieHTu X 1y 3HaX0IMMO HACTYITHUM YHHOM:
«: % Mg % Pb
Y- Mmg Mpp

xiy=22. 8L 1650301221,
YT 2432072

dopmyria inTepmeraneBoi crionyku — Mg,Pb.
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3amaya 8. /11 BU3HAUEHHS BiJICOTKOBOI'O BMICTY CpiOjia B cTapiii MOHETI
po3unnunn 0,3 r miei monetu B koHueHtpoBaHiii HNOj. [loTim 3 oTpumanoro
PO34YMHY Cpibiia OcaauiIn PO3YHMHOM COJIIHOI KUciIoTH y Buji ocany AgCl. Maca
ocany nopiBaioe 0,199 r. Sxuit BMicT cpibia y MoHeTi ?

Piwennsn. PiBHSIHHA XIMIYHUX pEaKIIiil, M0 BiOYBAIOTHCS B X011 aHATI3Y,

HACTYIIHI:

Ag+2 I;(I(!}I{O3 — AgNO3 + NO,T + H,0;

AgNO; + HuCl — AgCl] + HNO:s.

BiamoBimHO 10 piBHSHB ITUX ABOX peakiliii 1 Mons Ag yTBOpuUTh 1 MOJIB

AgCI.

Po3paxyemo macy cpibina, mo Bianosigae 0,199 r AgCl:

N Magel © Mag 0,199 -108
AST Mag | 1435

=015r.

Po3paxyemo BiJICOTOK BMICTy Cpi0Jia y MOHETI:

Mpg- 100% 015 100

MOHCTHU 0’30

%Ag = = 50 %.

4.14.2 3aoaui 0na camocmiiiHo20 piuieHHA

1 Cknactu MOJEKyJIsIpHE 1 CKOpOUEHE 10HHE PIBHSIHHS B3a€MOJIIi pO3Bee-
HOI a30THOI KHUCIIOTH 3 METaJaMM: MIIII0, IIMHKOM, KaJIbIIIEM.

2 Hamucatu MoJeKyJsipHI ¥ 10HHI PIBHSHHS B3a€MO/IIi KOHIIEHTPOBAHOL
CIpyaHOI KHCJIOTH 3 METaJlaMH: MIJI0, aJloMiHIEM, 3aii30M. BkazaTu ymMoBu
MPOTIKAHHS PEAKITIH.

3 3 sgxkuMmH 3 peyoBMH MOke pearyBatu amominiii: NaOH, H,0O, HCI,

Ca(NOs),, CuSQy, I, S ? Ckinactu piBHSIHHS MOXJIMBHX PEAKIIiii.
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4 Po3rairyBaTd J1aHi METaJIM Y MOCIJOBHOCTI 3MEHIIIEHHS BIJJHOBHOI aK-
TUBHOCTI y BogHOMY cepenosuiii: Cu, Zn, Fe, Sn, Hg, Ca, Mg, Au, Na.

5 Yu moxxkHa otpumaTtu Ni ( E?\"2+ N -0,25 B) Takumu 3aco0amu: 1UIS-

/
XOM €JIEKTPOJII3y BOJHOTO PO3UMHY; KapOoTepMiero; amoMoTepmieo? Binmosias
MiATBEPAUTH HEOOX1THIMH pO3paxyHKaMHU.

6 BuszHaunTH BiICOTKOBMM CKJIaJ CyMiIl, sIka YTBOPEHA 3 TOPOIIKIB aJTto-
MIHII0, MarHiiO 1 MICKY, SKIIO BiJOMO, IO TIpH 00poOIll 2,5 T cyMilli pO3YHHOM
inkoro Hatpy BuausieTses 1,12 1 H; (H.y.), a mpu 00po0I11i Takoi K KIJTBKOCTI Cy-
MIIIIl COJITHOI KUCJIOTOIO — 2,24 71 BOJHIO.

7 Ilpu B3aemopii 8 r cymini 3aji3a 1 Marxito i3 COJISTHOIO KHUCJIOTOIO BU/II-
munocs 4,48 1 Hy (1.y.). CKUTbKM TpaMiB 3ai1i3a 1 Mardito MiCTUJIOCS B CyMiIii?

8 HamucaTu piBHAHHS peakxiiiii, 3a JOIMOMOIOI0 SKUX MOHA 3I1MCHUTH
NIEPETBOPEHHS:

FesO, — Fe — FeCl, — Fe(OH), — FeOHNO; — FG(N03)2.

9 V pozunn AgNOj; 3anypeHa MijHa I1acTUHKa Macoro 9,547 r. Uepes ne-
AKUW Yac MIacTUHKA Oylia BUMHSTA 3 PO3UMHY, IPOMUTA, BUCYIIIEHA W 3Ba)KEHA.
Maca ii gopiBHtoBana 9,983 r. Ckiabku cpibia BUAUTHIOCS HA TUTACTUHII ?

10 Ckinpku noTpiOHO 34 %-ro po3unHy a30THOI kuciaoTH (p = 1,21 r/mn)

st po3urHeHHs 100 r cpibma ?
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