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BCTYII

CamocTiiiHe BHUBYEHHS JUCHUIUIIHU € OJHIEI0 3 OCHOBHHMX ()OpPM HaBUYaHHS
CTYJI€HTIB, @ BUKOHAHHS KOHTPOJIbHUX 3aBJaHb — HOT0 O0OB’SI3KOBa, MIJCYMKOBa
CKJIa/10Ba YaCTUHA.

besnocepenHbOMy BUKOHAaHHIO POOOTH TMEpeAy€e BHUBYEHHS TEOPETUYHOTO
Marepiany 3 ACTaAIbHUM PO3TIISI0M MPUKIIAIIB PO3B’SI3aHHA THIIOBUX JJIsI KOKHOTO
po3auly 3aBaaHb. Taki MpUKIaaM HaBeAEHI HA MOYATKy BIAMOBIIHOTO PO3ALTY IUX
BKa3iBOK. Po3B’s13aHHIO 3314 IEPEAYIOTh KOPOTKI BIIOMOCT1 3 TEOPETUYHUX MMUTAHb.
Ha upomy etamni 1 mijJy yac BUKOHAHHS 3aBJIaHHSI MOKHA BUKOPUCTOBYBAaTH HaBYaJIbHI
NMOCIOHHMKM 3 HaBEJEHOrO B KiHI[I BKa31BOK CIHUCKY JiTepatypu. He ciin nepexonutu
710 BUBYEHHSI HOBUX PO3/AUIIB KypCy, AOKH JI€TaJbHO HE BUBYCHUI MOMEpEHIN.

MeTtonnuHi BKa3iBKM BKIIOYaOTh 11 po3aiiiB, M0 OXOIUTIOIOTH MPAKTHYHO
BECh KypC AUCHUILTIHM 1 JlogaTku, HEOOX1IH1 A7t pO3B’ I3aHHS 3a]1a4.

3azanvni umozu 00 opopmaenusn pooomu:

® KOJICEH CMYOeHm BUKOHYE I[HOUBIOYANbHULL B8apIiaHmM  3AB0AHHS, WO
gionosioae

a) Homepy, ni0 AKUM CMOimb Npi3euye CMyOeHmMa 8 MHCYPHALL AKAOeMIYHOI
epynu (01151 cmyoenmie OeHHOI hopMu HABUAHHS),

6) 0eom ocmaHHIM yYugpam Homepa 3aniKO80I KHUJICKU (0751 CMYOeHmie
3A0YHOI hopMU HABUAHHS),

® HOUGIOyaibHe 3a80AHHS NOBUHHO OYMU AKYPAMHO OPOPMIEHO 8 OKPEMOMY
3owumi, Oe BKA3YEMbCA meMda, 6apianm, HOMep 3a80aHHs, 0008°A3K060
nepenucyemsbcs 1020 3Micm i Hagooumvca OemalvbHe pO36’A3aHHA 3 ycima
OOTPYHMYBAHHAMU U MAMEMAMUYHUMU PO3PAXYHKAMU, BI0N06i0i Mmaioms Oymu
CMUCTIUMY, ale YimKO 0OIPYHMOBAHUMU.

Poboma, wo euxonana 3a uysrcum 6apiaHmom, He nepesipsacmocs.

Heszapaxosany pobomy, 6 skiil € icmomui nNOMUIKU, C1i0 GUKOHAMU NOBMOPHO
BION0BIOHO 00 6KA3I60K GuK1A0aua U Nnooamu HA pPeyeH3V8aHHs pPAa3oM 3
He3apaxoeanoio pobomoro. Bunpasenennus nompibno eukonamu 6 Kinyi 3owuma, a He
8 PeyeH308aHOM) MEKCM.

3ABJAHHS 1
OCHOBHI ITOHSTTS I 3AKOHM XIMIi

3a Temorw0 «OCHOBHI NOHATTH i 3aKOHM XiMil» CTyJdeHTaM HeOOXiIHO
OBOJIOJITH TAKMMH 3HAHHAMM:

® OCHOBHI NOHAMMA AMOMHO-MONEKVIAPHOI meopii: aTOM, MOJIEKya,
XIMIYHUN €JIEMEHT, aTOMHA Maca, MOJICKYJIsIpHa Maca, MOJib, €KBIBAJICHT PEYOBHUHH,
MOJISIpHA Maca peYOBHMHU €KBIBAJICHTA,;

® OCHOBHI 3aKOHU XiMii: 3aKOH 30€peKeHHS Macu 1 eHeprii; CTeXIOMEeTpUYHI1
3aKOHU — 3aKOH CTaJOCTi CKJaay, 3aKOH €KBIBAJICHTIB, 3aKOH KPAaTHUX BIIHOIICHB;
3aKOHU Ta30BOTO cTaHy — 3akoHW boitnsi—Mapiorra, ['eii—Jlroccaka, Illapms,
ABoragapo, 3aKOH TapIliaJbHUX THUCKIB, 00’€MHUX BiJHOIICHb. PiBHSHHS CTaHy
i1eanbHoro rasy (piBHsHHs Knanelipona — Menpeneesa).
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TeopeTnyHna yacTuHa

OCHOBM  aTOMHO-MOJIEKYJISIDHOTO  BYEHHs  BIeplie Oyiu  BUKIAICHI
M. B. JlIomoHocoBuM. B OCHOBI 1bOro BYEHHS JIEKUTh MNPUHILMII JUCKPETHOCTI
pedyoBUHM: OyIb-sIKa pEYOBUHA CKJIATAETHCS 3 OKPEMHX, AYKE MaJUX YaCTHHOK.
BinMiHHICTP MK pEYOBMHAMM 3yMOBJIEHA BIIMIHHICTIO MDK iXHIMHU YaCTHHKaMU:
YACTUHKU OJ/IHI€T pEYOBUHH OJJHAKOB1, YACTUHKU PI3HUX PEUOBUH — Pi3HI.

YacTuHKY pedoBHHM NepeOyBaloTh y 0e3MepepBHOMY pYyCi 3a OyIb-IKUX YMOB.
Jjist OUTBIIOCTI PEUOBUH TAKMMHU YaCTUHKAMU € MOJIEKYJIH.

MouJiekya — 11e peanbHO ICHYIOY1 YaCTMHKA PEYOBHHHU, SIKa MA€ CTaJIUM CKIaJ
1 31aTHA 30epiraTi OCHOBHI XIMIYH1 BJIACTUBOCTI 11i€1 peyoBUHU. MOJIEKYJIH MPOCTUX
PEYOBUH CKJIAAAIOTHCA 3 aTOMIB OJHOT'O XIMIYHOTO €J1eMEHTA, & MOJEKYIH CKIIAJHUX
PEYOBUH — 3 aTOMIB PI3HUX €JIEMEHTIB.

ATOM — 1l¢ HaiiMeHIla, XIMIYHO HEMOJAUIbHA, €JIEKTPOHEHTpaibHa YaCTUHKA
XIMIYHOI'O €JIEMEHTa, siKa 30epirae Moro XiMiyHi BIACTUBOCTI.

Jlo ckiamy MOJEKyl MOXKe BXOJWTH pi3HE uuciao artomiB. Hampukian,
MOJIEKYJIHM ra3iB (KpiM 1HEPTHHX) TOJOBHUM YHMHOM CKJIQJIalOThCA 3 JBOX aTOMIB, a
MOJIEKYJIH OUIKIB — 3 COTEHb THUCSY aTOMIB.

Po3mipyn aToMiB BHU3HAYAIOTHCS BEIMYMHAMM TOPSIAKY JECATUX YaCTOK
Harometpa (107'"Mm). AOCOMOTHI MacH aTOMIB 1 MOJIEKYJ AyXKe€ Maji: Maca aroma
nainermoro enemenrta (Iigxporeny) cranosuts 1,67-10 > r, a Maca atoma OIHOIO 3
HaliBaxunx enemeHTiB — IDmromOymy — 3,4-107 r. 3po3ymino, IO TaKAMH
BEJIMUMHAMHU OIEpPYyBaTH HE3PYYHO, TOMY VY pO3paxyHKax BHKOPHUCTOBYIOTH HE
a0COJIFOTHI 3HAYCHHS Mac aTOMIB, a BITHOCHI.

Binnocna atomna maca ejgemenTa (Ar(X)) IOpIBHIOE BIIHOIICHHIO Macu
atroma ejemeHnta 1o 1/12 macu atoma Kapbony — 12. Maca atoma “C mopiBHIO€
19,93-10 2T kr. Onna paBaHanusgTa wmacu aroma Kapbony — 12, 1opiBHIOE:
1993107 _ 1,66:10%" kr, i npuiiHsATa 32 O/JHY ATOMH

5 , , y y OJIMHMITIO MacH (a.0.M.).

BinnocHa aToMHa Maca ejileMeHTa — 1€ Maca MOro aToMma, BHpaX€Ha B
m(X)

%2 m(C

ne m(X) — maca aroMa efieMeHTa X,
m(C) — maca atoma KapOony.

aTOMHUX OUHHIIX Macu: Ar(X) =

10-27
Hanpuxknaz, BinnocHa aromua Maca Iigporeny Ar(H) = % =1 a.o.M.

BinnocHa MosexkyasipHa maca pe4yoBuHu (Mr) — e mMaca oro MoJIEKYJIH,
XY) = AHX) + Ar(Y);

HomlC

BHUpakeHa B aTOMHMX OJMHULISIX Macu: Mr(XY) =

XY)

Jpm(©)

ne Mr(XY) — BiIHOCHA MOJIEKYJISipHA Maca peuoBUHU XY
Ar(X), Ar(Y) — BIZHOCHI aTOMHI1 Macu eJeMeHTIB X 1 Y.
Hanpuknan, Mr(H,0) = 24r(H) + Ar(O)=2-1+ 116 = 18.

Mr(X,Yy) = = aAr(X) + bAr(Y),
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KinbKiCTh MOJIEKYZT Y MaKpOCKONIYHUX TUIaX HAJ3BUYAMHO BEIUKA, TOMY
NPUMHATO 3a3HayaTH HE aOCONIOTHY KUIBKICTH aTOMIB 1 MOJIEKYJ, a BIJTHOCHY.
KinpkicTe Monekysn a0o aToMiB Yy MEBHIM pPEUOBHMHI NPUUHATO MOPIBHIOBATH 3
KUIBKICTIO aTOMIB, 110 MICTATheA y 0,012 xr KapOony. BinHOCHY KUIBKICTh aTOMIB 1
MOJIEKYJ Y PEUYOBMHI XapaKTepU3ylTh (I3UUHOI0 BEIMYMHOIO, $IKYy HA3UBalOTh
KUIbKicTIO peyoBuHU (7). KiIbKICTh pEYOBUHU BUPAXKAETHCS B MOJISIX.

Moub — 11€ Taka KiJIbKICTh PEUOBHHH, SIKa MICTUTh CTUIBKA MOJIEKYJI, aTOMIB,
HOHIB a00 IHIIMX CTPYKTYpHUX OJMHHIIb, CKUIBKM MICTUThCA atomiB y 0,012 kr
nykiiga Kap6ony °C.

KibKICTh CTPYKTYpHUX OJMHHIIb, IO MICTUTHCS B OJHOMY MOJ1 OYyIb-KOI
pPEUOBHUHU, HA3WBAIOTh YMCJIAOM ABOraapo (V). Yucio ABoraapo CTaHOBHUTH

23 -1 Co
6,02:10™ monp . Toal KUIBKICTh pEUOBHUHHU MOXHA PO3PaxyBaTH TakK:
n= N/NA

KpiM BinmHOCHOT MoJieKynsipHOi Macu Mr, y XiMil HIMPOKO 3aCTOCOBYIOTh
MOHSATTS «MOJISIPHA Macay.

Mousipaor Macorwo (M) Ha3UBalOTh Macy PEYOBHHHM, B3STOI y KUIBKOCT1 OJMH
MOJIb, ii BUpaXaloTh B rpaMax Ha MOJb (I/MOJIb):

M = m/n.

Tpeba 3ayBakuTH, 110 KUTBKICHO MOJICKYJISIPHA 1 MOJISIpHA Maca OJTHAKOBI, aJie
BIJHOCHA MOJIEKYJISipHa Maca — O0e3po3MipHa BEJMYMHA, a MOJIIpHA Maca Mae
PO3MIPHICTH TpaM Ha MOJIb (I/MOJIb).

ExBiBajieHT pe4oBHHH — IIe peasbHa a00 YMOBHA YacTHUHKA L1€1 peYOBUHH,
KA B KUCIOTHO-OCHOBHIH peakilii 3BinbHse onuH [igporen - ioH a00 CIIOIYYaeThes 3
HUM, a B OKUCHO-BIIHOBHIM peakilii npueaHye a00 3BUIbHSE OAUH €JIEKTPOH.

Hanpuknan, y peaxuii (1.1)

H,SO, p— HSO, + H (1.1)

1 monekyina 1H", abo

CKBIBaJICHT o + @
H,S0, :

ExBiBaneHT cynb(haTHOI KUCIOTH TOPIBHIOE 1.
A s peaxii (1.2)

H,SO, pa— SO* + 2H" (1.2)
1 monekyna 2H"
1/2 monexynu 1H", abo

€KBIBAJICHT

H,S0, 1/2 H,80,

ExBiBaneHT cynb(haTHOI KUCTOTH T0PIBHIOE 1/2.
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ToOTo0, eKBiBaJICHT PEUOBMHH HE € CTAJIUM 1 3aJIEKUTh B peakilii, y sKid 1
pedoBuHa Oepe yJacTs.

Yucno, sKe TOKazye, sIKa YacTKa peajbHOI YAaCTUHKU pEYOBUHU X
eKBIBAJICHTHA OJHOMY IiIpOreH-ioHy B MEBHili KHCJIOTHO-OCHOBHIN peakiiii,
Ha3UBA€ETHCS PAKTOPOM eKBiBajeHTHOCTI pedoBrHHN X. DakTOp €KBIBAJIEGHTHOCTI —
e BenuyuHa Oe3po3MipHa. VY 3arajJbHOMY BUIIIANI (AKTOp €KBIBaJIEHTHOCTI
pedoBUHM X MO3HAYAETHCA CUMBOJIOM f o\ (X).

Benuuuna f (X)X Ha3uBaeTbcs eKBiBajieHTOM peyoBuHH X, abo

€KBIBAJICHTHOIO (OPMOIO PEYOBHMHU X 1 € 3arajyibHOW (OPMOIO TMO3HAYEHHS BCIX
YaCTHHOK, SIKI PearyoTh y KUCJIOTHO-OCHOBHUX a00 OKMCHO-BIIHOBHHMX PEaKIisiX.
ExBiBaneHT — 6e3po3MipHa BEJIUUHMHA.

OueBuaHO, M0 (PAKTOP E€KBIBAJIEHTHOCTI PEYOBHMHHU B pEAKIISIX MOXe OyTH
piBHUM a00 MEHIIMM OJuHULI. Ko ¢akTop €KBIBaJEHTHOCTI HOpIBHIOE 1, TO
€KBIBAJICHT 1ICHTUYHUHN pearyroyiil YaCTHUHII.

Bemuuuny ¢dakropa €KBIBaJEHTHOCTI KHCJIOT, OCHOB, COJICM B OOMIHHUX
peaxiisxX y 3araibHOMY BUTJISAII MOXHA po3paxyBaTH 3a (OpMyJIoLo:

fm(X)%, (1.3)

7€ AJsl KHCJOT Z — KUIbKICTh aroMiB ['iiporeny, siki MOKyTh OyTH 3aMillleH] B
MOJIEKYJI1 KUCJIOTH Ha aTOMU MeTany (OCHOBHICTh KHUCIIOTH);

AJAsl OCHOB z — 1€ KUIbKICTh TIAPOKCHUIHHUX TpyM, SKI MOXYTb OyTH
3aMIIIeH] Ha KUCJIOTHHUM 3aUIIOK (KHCJIOTHICTH OCHOBH);

AJIS1 coJied z JIOpPIBHIOE ¢-n, e ¢ — 3apsij KaTioHa MeTalla, 7 — KIJIbKICTh
KaTioHIB Y (hOpMYyJIi COJIL.

Jlns Bu3HayeHHS (AKTOpIiB EKBIBAJECHTHOCTI OKHCHHUKIB 1 BIIHOBHUKIB B
OKHCHO-BITHOBHHUX peakUisix 00O0B’SI3KOBO MOTPIOHO BUKOPUCTOBYBATH CXEMY
€JIEKTPOHHOTO Oasiancy. Yucio z A peuoBUHU B IIbOMY BHUIMAJKY JOPIBHIOE YUCIY
NPUIHATUX a00 BIAIAHUX €JIEKTPOHIB MOJIEKYJIOI0 pPEYOBHUHHU, aTOMOM a00 HOHOM.

MoJisipaa Maca pe4OBHHM €KBiBajJleHTa — 1€ Maca OJHOI'0 MOJb PEYOBHHHU
exBiBaienTa f, (X)X, mo aopiBHIOE 100yTKYy ¢akrtopa exkBiBaieHTHOCTI f,  (X) Ha

MOJISIpHY Macy pedoBMHHM X. MojisipHa Maca PEYOBHHHU CKBiBajieHTa Mae (hopmy
sanucy M( £, (X)X) 1 o6unciroeTbes 3a GopMyInoro:

M( foo X)X)= [ (X)-M(X)

Hamnpuxman, MonsipHa Maca ped4OBUHHM €KBIBaJeHTa CYJIb(PATHOI KUCIOTH JJIS
peakiii (1.2) mae Take mo3HAYEHHSI i BETUUUHY:

M( f exe(H2SO4) HySO4)= f exa(H2SO4)-M(H2SO4)

M(1/2H,S04) = 1/2-98 r/monb = 49 r/MOb.

Kinbkicth peuoBunu exBiBajieHTa n( f, (X)X) — 1€ BIJHOIIEHHS Macu
PEYOBHUHH JI0 MOJIIPHOI MacH MOro eKBiBaJICHTA:
m(X)
(S oo K)X)= s (1.4)
M(f (X))

OuHUIICIO KUTBKOCTI PEYOBUHU €KBIBAJICHTA € MOJIb.
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Hanpuknaa, KUIbKICTh pEYOBUHHM €KBIBaJIEHTa CYJiIb(GAaTHOI KHUCIOTH B
peakuii (1.2): n( f,, (H2SO4) HySO4)= n(1/2H,SO4) = 1Mo15b, T06TO 1 MOJIb pEYOBUHU

YMOBHO CKJIaJiaeThest 3 ekBiBasieHTIB 1/2H;SOy.
Ipuxaan peakuii 00MiHy — ocasKeHHA
Naz SO4 + B&Clz = BaSO4i + 2NaC(Cl (15)
1 Mo 1 MoaB

a00 1 monexyna 1 monekyna
1 monekynma 2 Cl - ioHun
1/2 monexynmu 1C1 - ion

VY it peakuii 0JHOMY XJIOpUI-10HY €KBIBaJIEHTHA 1/2 MOJIEKYIU PEUOBHHU
Hatpiil cynbdary. OQuH XJIOpUI-i0H ekBiBaneHTHMI oxHOMY linporen-iony. Takum
upHoM, 1/2 monekynu Na,SO, exBiBajgenTHa omHoMmy ligporen-iomy. Ile mpuxnan,
KOJIM YMOBHA YaCTHMHKA MEBHOI PEYOBMHU B MEBHIN peakili SKUMOChH 1HIIUM YHHOM
ekBiBaseHTa ogHoMy linporen-iony. Toxi f, (Na,SOy4) = 1/2,

(Na2804) Na2804=1/2 Na2804;
MOJISIpHA Maca €KBIBaJIEHTa Ma€ TaKy (opMy 3amucy:
M(1/2N32804) = fem (Na2804)-M(Na2$O4),

M(1/2Na,S04) = 1/2-142 = 71r/monb.

3akoHu crexiomerpii

exBiBasieHT Na,SO,4 mae dhopmy 3amnucy: f.

CKB

CrexioMeTprUHI 3aKOHHM XiMI1i HaJIEKaTh O OCHOBHUX 3aKOHIB, TaK K Ha
HUX 0a3yIOThCS KUTBKICHI pO3paxXyHKH Mac 1 00’ €MiB pe4OBUH, 10 O€pyTh y4acThb y
XIMIYHUX peakuisx. Jlo HUX HalexXaTb:

3akon cragocrti ckaaxy (K. Ilpycr, 1797): koowcna uwucma peuosuna
MONEKYAAPHOI 6Y008U Mae cmanuil ckiaod, sAKUU He 3aledcumsv 8i0 cnocooby ii
000y6anHs. 3aKOH TOHIMPIOETHCS TUIBKM Ha PEUYOBHHU MOJIEKYJISAPHOI OYyI0BU
(manpToHinM). PeuoBuHM HemoeKysipHOI OyoBU (OepToiau), 0 MalOTh ATOMHY,
HoHHY a00 MeTajeBy pElIiTKY, OJEp’KaHl 3a PI3HUX yMOB, MOXYTb MaTd CTaJIHUH 1
3MIHHHU CKJIa.

3akon 30epe:xkenHss mac pedoBuH (M. B. Jlomonocos, A.JI. JlaByasbe):
3a2albHA MACA PedoBUH, KL 6CMYNAOMb ) XIMIYHY peaxkyiro, OOPIBHIOE 3A2ANIbHIU
MaAci pevosut, wo ymeoponmscsi 6HACIIO0K peaKyii.

3akon kpatHux BigHomeHb (/[x. JlanvTon, 1808 p.): axwo osa eremenmu,
wo peacyromos Midc cob0w,  YMEOPIOMb 0eKiIbKA CHOJYK, MO PI3HI MACO8i
KLIbKOCMI 00HO20 eleMeHma, Wo CHOJIVYAIOMbC 3 OOHIEK | MIE JHC MACOBO0
KLIbKIiCmio Opy202o, 8iI0HOCAMbCA Midc co0010, K Hegeauxi yini yucaa. 1leh 3akoH
CTOCYETBhCSl JIMILE JAJIbTOHIMIB 1 MOro 3pyyHO MPOUTIOCTPYBATH HAa OKCHJIAaX
Hitporeny N,O, NO, N,O3, N;O4, N,Os. MacoBa KUIbKICTh KHCHIO, 3’€JTHAHOTO 3
OJIHAKOBOIO MAacoBOI0 KUIbKICTIO HirporeHy B OKcHaax, 3HaXoAsATbCi B
criBBigHOIIEHHI 1:2:3:4:5.

3akon ekBiBajgeHnTiB (Pixtep, 1793 p.): ximiuni enremenmu cnonyyaromucs
0O0UH 3 OOHUM, A Pe4OBUHU Peazyiomb i YIMEOPIOIOMbCS 8 eKGIBANeHMHUX KLIbKOCHISX.

[Ipu po3B’si3yBaHHI 3a/1a4 3py4Hillle KOPUCTYBATUCH THIIUM (POPMYITIOBAHHIM
3aKOHY €KBIBAJCHTIB: Macu (00’emu) peuosuH, wjo peazyromv O00HA 3 OOHOI0,
NPONOPYIUHI MOJIAPHUM MAcam (00 emam) ixHix eKeieanenmis:
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Hanpukinaz, npu B3aemosii peuoBuH A 1 B MokHa 3anucaru:

N fexa (A)) = 11(fore6 (B)) -

Toxi oueBUIHO, 110
mAd  m(B)

M (fr(A)A) M (f,s(B)B)

abo
m(A) _ M ([ () A) 6
m(B)  M(fes(B)B)
[loniOHO A0 MOHATTA MoOJdsipHOrO 00°emy (22,4 11/MOAB) ICHYE TOHATTA
ekBiBajieHTHOTro 00’emy V(f, (X)X).

€eK8
ExBiBaJJeHTHEUM 00’€MOM Ha3uBalOTh 00’€M, SKHH 3aiiMae B IHX
yMoBax | eKBIBaJICHT JOCIIKYyBaHOI peuoBHMHU. Hampukian, 3a H.y. €KBiBaJCHTHUM
’ — — . —
00’eM BOAHIO po3paxoBytoTs sk V(1/2H,)= V, (H,) f,.(H,) = 22,41/2 =11,2

J/MOJIb, a €KBIBAJIEHTHUHN 00’ €M KUCHIO fopiBHIOE V' (1/40,)=22,4-1/4 = 5,6 n1/mMmonb.

Skio ogHa 3 pedyOBUH, HAMpUKIad, B 3HaXoAuThCsA B ra3omoaiOHOMY CTaHi,
TO 3aKOH €KBIBaJEHTIB MPHUIIMa€e BUTIIS:

m(A) _ M(fu,(D4)
V(B)  V(f,u(B)B)

(1.7)

3aKoHHM ra3oBoro cTaHy

3akon 00’emuux cniBBigHomenb (VK. JI. I'eii-JIoccak, 1809): 3a oonaxosux
YM0o8 00°emu 2azis, wo GcmMynaomsv y peaxyiio, GIOHOCAMbCA Midc co0010 | 00
2a30n00iOHUX NPOOYKmMIi8 peakyii AK He@eauxi yini wucia. SIKU0 piBHSIHHS peakili
MDX Ta3aMu 300pa3uTH CXEMOIO
aA+bB = cC+dD,
TO 3aKOH 00’ €MHHUX CH1BBIIHOIIEHB 3aMUCYETHCS TAKUM YNHOM:
V(A) V(B):V(C): V(D)= a:b:c:d,
ne a, b, ¢, d — crexiomeTpuyHi KO€(illiEHTH.
3akon ABoraapo (1811 p.): y pienux 06 ’emax pizHux 2azié 3a 00OHAKOBUX YMO8
(mucky i memnepamypi) MiCmumoscs 0OHAKOB8E YUCTIO MOJIEKY L.
HacJuinkm 3axkony ABoraapo:
1. 3a HopManbHUX YMOB (H.Yy.) 1 MOJIb Oynb-KOTro ra3y 3aiimae o0’em 22.4 1.
Hopmanwni ymosu (n.y.): P, = 101325 Ia ma T,=273,15 K (0 "C).
Takum yunom, Vy = 22,4 1/Moiib — MOJSIpHUM 00’€MOM Ta3y 3a HOPMaJIbHUX
YMOB.
2. CniBBIAHOIIEHHS TycTMH (p; 1 p,) 3a OJHAKOBUX YMOB JIOPIBHIOE
CHIBBIIHOUIEHHIO X BIJHOCHUX MOJICKYJIIPHUX 200 MOJISIPHUX Mac:
p_M,
P, M,
JliiicHO, B1IOMO, 1110 TYCTUHY PEYOBHUHHU MOKHA OOUUCITUTH 32 (HOPMYIIOIO:
p=m/V.



Sxuo mpoBoaUTH OOYMCIEHHS AJI PEYOBHMHHM KUIbKICTIO 1 MoOnb, TO Maca
Takoi KUIBKOCTI OyJe IOpIBHIOBATH MOJSpPHIM Maci pedyoBUMHH, a ii 00’eM —
MOJISIpHOMY 00’ eMy. Y 11bOMY pa3i popmyna /uisi TYCTHHH MEPETBOPUTHCS Ha TaKy:
P = M/ VM.
OcKiIbKH, 3T1AHO 3 3aKOHOM ABOTaJpo, MOJISIpHI 00’ €MU ra3iB IPpHU OJTHAKOBUX
yMOBax piBHI, TO JJIsl BITHOIIEHHS T'YCTHH JBOX T'a31B OJAEPKYEMO:

M,
PV M,
p, My M,
Vi
OTxe,
M _p (1.8)
p, M,

BinHomenHuss p;/p, MO3HA4Ya€ThCs JITEpOol0 D 1 HA3UBAETHCA BIJHOCHOIO
I'YCTHUHOIO TEPIIOTro ra3y 3a APYTUM, Y3ITHM SIK CTAaHJAPTHUHN 3pa30K, SIKUM 3a3BUYAM
€ BOJICHb, KCEHb, a00 MOBITPS:

p=t
MZ

PiBHsiHHA cTaHy igeanbHOro rasdy. [nealbHUM Ha3MBaIOTh Ta3, AJs SKOTO
MOXHAa 3HEXTYBAaTH pO3MIpaMH MOJEKYJ1 Ta CHJIaMU MOJEKYJSPHOI B3a€MO/II.
Mouiekynu B TaKOMY Ta3i CIIBYJIApSIOTHCS 32 3aKOHOM CIIBYAAPSHHS IPYXKHUX KYJIb.
a3z Moke OyTM B pI3HUX CTaHaX, TOOTO Jeska Maca rasy mae o6’eM V, Tuck P 1
temreparypy 7. Bemmuunu V', P, T, 0 XapakTepU3yrOTh CTaH ra3y, Ha3UBarOThCS
TEPMOJIMHAMIYHUMHU MTapaMeTpaMu.

PiBHsIHHSL cTaHy iqeajdbHOr0 ra3y BH3HA4a€ 3B’SI30K MDK MapaMeTpaMu
cucreMu P, V1 T njst moCTiitHOT Macu 1J1€aJIbHOTO Ta3y: 000VmMoK Mucky 0aHoi macu
2azy Ha 06’em, noodineHull Ha aOCONIOMHY MEMNEPAMYPY, € 8ETUYUHOIO CMAION0!

BBV 0 PV Rl 0
LT T,

ne B, V,, T, — TMcK, 00’eM 1 TemnepaTypa B CTaHl1 1,
P,, V,,T,— tuck, 00’eM 1 Temneparypa B CTaHi 2;
F,, V,,T,— tick, 00’eM 1 TeMIiepaTypa 3a HOpPMaJbHUX YMOB.
3a "HopManbHUX yMoB (7, =273,15K, P, = 1,013-105 Ila) onqun monb Oynb-
SIKOTO rasy Mae 06’eM Vo = 22,4-10-3 M°. IlincraBuBmu ui gani B pisusuus (1.9)
OTPUMYEMO 3HAUYCHHS KOHCTAHTH R, sika € 0AHAKOBOIO /Uisl 1 MOJb OyAb-IKOTO Tasy.
R — ynigepcanvna 2azoea cmana:

_ RV, 1013-105-22,4-10-3
T, 273

Omxe nnst onHOro Moutst raszy piBHsHHSA (1.9) moxxHa 3anucatu sk PV = RT .
I1e piBHSHHS Ha3uBA€TbCA pigHanHAM Knaneupona — Menodeneesa.

R

= 8,31 ]x/(Momnp-K).
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JIJ1st KUTBKOCT1 pEYOBUHHU .
PV =nRT, (1.10)

a 3 ypaxyBaHHSIM TOrO, IO n=% OCTaTOYHUN BUpaA3 pieHsaHHA Menoenecea —

Knaneiipona nabysae suensaoy:

m
PV =—RT
m (1.11)

PiBHSIHHS CcTaHy 1I€aJIbHOTO ra3y MO€AHYE B OOl TPU OKpeMi BUMAAKU (TpHU
ra3oBi 3aKOHH, [0 OMHUCYIOTH TpH 13omporuiecH). [Iponecu, mo BigOyBarOThCA MpPH
CTaJOMy 3HA4Y€HH1 OJIHOTO 3 mapaMmeTpiB ctany ( 7, V aGo P) 3 MEBHOIO CTAJIO)
Macolo ra3y, Ha3uBaIOThCS i30NPoYecamu.

3akon boiinsg-Mapiorra: 3a cmanoi memnepamypu (T=const) 06’em oanoi
macu 2azy obepHeHo nponopyiuHuLl 00 MUCKY:

ﬁ=i abo PV =const. (1.12)

> A
Inpexcu 1 1 2 BinnmoBigaloTh ABOM pizHUM ymoBaM. [Ipoiiec, 1m0 BigOyBaeTbCs mpu
MOCTINHIN TeMIepaTypi, HA3UBAETbCS 30MEPMIYHUM.
3akon I'eii-JIoccaka: 3a ctanoro TUCKY (P=const) 00’eM Ta3y 3MIHIOETHCS
IPsIMO MPOTOPIIHHO aOCOTIOTHINA TeMIepaTypi:

Nohaso Lo const. (1.13)
v, T, T
[Ipouec, 1o BiAOyBa€eThCS NpPU MOCTIHHOMY THUCKY, HA3UBAETHCS I300apHUM
(i306apuuHum) npoyecom.
3akon IMlapasi: 3a cranoro 06’emy (V=const) THCK ra3y 3MIHIOETHCS MPSMO
MIPOTIOPIIIHO a0COTIOTHIN TemMmepaTypi:

5_1
5T,
[Ipomec, mo BinOyBaeThbCsl MpU TMOCTIMHOMY 00’ €Mi, HA3WBAETHCS 130XOPHUM
(i3oxopuunum) npoyecom.
3akon napuiajgbHoro Tucky JdanbTona. B razoBux cymimax npu HEBEIUKUX
TUCKaX KOXEH ra3 Beje cede He3aJaekHO BiJ IHIIMX. J[Js HUX BeJMKe 3HAYCHHS Mae
MOHATTS NaplialbHUX THUCKIB. [lapyianvHuil muck — 1€ TUCK SKUW YMHUB OW Tas,
AKOM 3aliMaB Bech 00’ €M CyMIII IPH TiK camiil Temnepatypi 0e3 iHIIKUX Ta3iB.
OcHOBHUH 3aKOH Ta30BUX cymilied — 3akoH JanabToHa: 3acanvhuti muck
2a3080i cymiuli, AKA CKIAOAEMbCA i3 2A318, AKI XIMIYHO He B3AEMOOIIOMb O00UH 3
OOHUM, OOPIBHIOE CYMI NAPYIANbHUX MUCKIB 8CIX 2A318, WO 6X00AMb 8 Hei:

L

abo — = const . (1.14)
T

P3aF:P1+P2+...+Pn (115)
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Ipukaaau po3B’A3yBaHHs 3a/1a4

Hpukaan 1. Ckuibku Mosekys O, MICTUTBCA B 48 T KUCHIO ?

Hano:
m(0,)=48r

NO,) - ?

Po3zé’azanns

1) Po3paxyemo KUIbKICTh MOJIEH KUCHIO:

n (O,)= m/ M= 48r:32r/monb=1,5M01b

M(O,)=162 = 32 r/monb

2) Po3paxyeMo KiTbKICTh MOJIEKYJ KUCHIO:

NO»)=n N= 1,5m015'6,02'10*moexyr Mons” = 9107
Bignosigs: N(O,)= 9'10* MoIeKy KHCHIO.

Hpuxaan 2. SAxy macy mae 70 11 a30Ty 3a H.y.?

Hano: Po3B’sizanns
V(N,) =70 n 1) Po3paxyeMo KUIBKICTh MOJIEH a30Ty:
m (Np) — 2 n(No) =V/V,,
ne Vy = 22,4 n/moiib — MOISIpHUH 00’ €M.
n (No)=V/Vy=70/22,4=3,125 (MomB).
2) Po3paxyeMo Macy a3oTy:
m (Ny)=nM=3,125-28 = 3,125-:28=87,5 r.
Bignosias: m (N,) = 87,5 .
Hpukaaxy 3. Ska KUIBKICTb PEUYOBMHU MICTUTBCA B Trasl, SKIIO TMpHU
temrepatypi 240 K 1 mig tTuckom 200 kIla iioro 06’em nopisntoe 40 i1?
Mano: Po3B’sizanns
T=240 K BuzHaunmo KUTBKICTh PEYOBUHU 71, IO MICTUTHCS B rasi,
P=2-10" Ia BUKOPHUCTOBYIOUM piBHSAHHS Menneneea-Knaneitpona (1.10)
V=40 1 = 410" v’ PV 2.105-4-102
n= = = 4 MOJIb.
n_7? RT 8,31-240
Biamosigs: #n = 4 MOJIb.
Ipuxkaax 4. O0uucnite Macy 3aniza, mo mictutbess B @epymy(Ill) oxcuai
Fe,O5; macoro 320 xr.
Hano: Po3p’sizanns
M(Fe;03)=320 kr 1) Buznaunmo kinbkicTh pedoBuHU n(Fe,03)
m(Fe,O
M(Fe) —? n(Fe,0,)= ﬁ.
M(Fe,03) =2-56 + 3-16 = 160 r/moib = 0,16 Kr/MOJIb.
n(Fe,0,)= éﬁ% =2:10° Mons.

2) Busnaunmo n(Fe), mo mictuthes B 2-10° Mois Fe,0s:
1 mons Fe,O3; mictuth 2M0ab Fe
2:10° moub Fe,O5 — X;
x = 4-10° Mo
n(Fe) = 4-10° moub.
3) BusHaunmo Macy 3aiiza m(Fe), mo Bixnosizae 4-10° moub
Fe: m(Fe) = M(Fe)-n(Fe); M(Fe)-= 0,056 kr/moub;
m(Fe) = 0,056 kr/mMomnb-4-10° monb = 224 Kr.
Binnogias: m(Fe) = 224 xr.
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Hpuxaan S. Ipu BigHOBIEeHH! BogHeM 10,17 r okcuay JBOBAJIEHTHOTO METaTy
yTBOpHIIocs 2,25 T BOJM, MoJisipHa Maca ekBiBasieHTa skoi 9,00 r/monbs. OO0UUCHITH
MOJISIPHI MacH €KBIBAJICHTIB OKCHIY 1 METAITy i aTOMHY Macy meTainy. Yomy OpiBHIOE
00’eM (H.y.) BOJIHIO, 110 MPOpearyBaB y peaxiiii?

Mano: Po3p’s13aHHA
m(MeO) =10,17r 3a 3aKOHOM €KBIBAJICHTIB PEUOBUHH B3a€MOJIIOTH 1
m(H,0)=225r YTBOPIOIOTKCS B KUTBKOCTSX, 1110 JOPIBHIOIOTH KUTBKOCTSAM
M(1/2H,0)=9 r/momnb iX peYOBHUH €KBIBAJICHTIB.
M. (MeO)Me0)—? 1. Po3paxyeMo MOIsIpHY Macy eKBipaﬂeHTa OKCH]LY.
o Jns uporo ckopuctyemocs piBHIHHAM (1.6),
M(f . (Me)Me) —? 3TIHO 3 SKUM MacH PEeuOBHUH, IO pearyroTh MIK
A(r)Me —? co00t0, TPOMOPILHI X MOJSAPHHM  Macam
V(H,)-? CKBIBaJICHTA:

m(MeO) M(f, (MeO)MeO)

m(H,0)  M(f,(H,0)H,0)’
m(MeO)-M(f,,(H,0)H,0) _10,17-9

m(H,0) 2,25

M(f, ,(MeO)MeO) = =40,7 r/monb.

2. 1 BU3HAYCHHS MOJISIPHOI Macu CKBIBAJICHTa METaly BHUKOPUCTAEMO TaKe
CITIBBITHOILIEHHS :

M(f.,(MeO)MeO)=M(f.,,(Me)Me)+M (f,,,(0)O),

ne Me — metan; O — OKcHUreH.
Po3paxyemo mossipHy Macy ekBiBajieHTa OKCHUIEHY:

M(f..(0)O)= f..(0)-M(0O)=1/2-16 = § r/moIb.

Toni, M(f,,(Me)Me)= M (f.,(MeO)MeO)-M (f.,(0)O)=40,7-8 = 32,7 r/mob.
M(f..(Me)Me) = M (Me)- .., (Me),

Ockinpku MeTan JBoBaieHTHUH, f,  (Me)=1/2.

MompHa Maca MCTaJly CTAHOBUTD:

MMe)=M(f.,(Me))/f..(Me)=32,7:1/2=65,4 r/monb

MornspHa Maca aToMiB MeTaly KUIBKICHO CITIBIIQJA€ 3 BIIHOCHOK aTOMHOIO
Macolo 1 1opiBHIOE 65,4 a.0.M. — 11el MeTal Zn.

3. Po3paxyemMo 00’eM BOJIHIO, IO BCTYIIUB Y PEAKIIiIO.

MousspauM 00’€MOM €KBiBaJIeHTa Ha3UBA€EThCS 00’ €M, SIKUW 3aliMa€e 3a MEeBHHUX

yMOB 1 MOJIb ekBiBaJieHTa pedoBUHH. Hampukian, 3a HOpMaJIbHUX YMOB MOJISIPHHMA
00’eM ekBiBasieHTa BoAHIO nopisHtoe V' (1/2H,)=V(H,)- f .. (H,)=22,4/2=11,2 n.

CKB

3anuiieMo 3aKOH €KBIBaJICHTIB B 00’ €eMHOMY BUPa3i:

m(Ho0 W
M(f..(H,0)H,0) V(1/2H,)

13



OTxe, 00’€M BOJIHIO, SIKUM BCTYIHB Y PEAKIIIIO:

_m@,0)-V(1/2H,) _2,25-11,2
’ M(feKB(HZO)H2O) 9

BignoBigs: M (1/2Me)=32,7 r/moib;
M(f...(MeO)MeO) =40,7 r/monb;
Ar(Me)=65,4 a.o.m.;

Vi, =2,8 1.

V, =2,8 1.

Buxonatu 3aB1aHHsA
3aBpannsa 1.1

—  npu po3xnadauHi sxkoi macu (2) nampieeoi cenimpu (2NaNO;3; = 2NaNO, + O,)

VYMEOPUMbCA:
HO.Mep PedoBuna Kinbkicts HO.Mep PedoBuna Kinbkicts
BapiaHTa BapiaHTa
1 0, 112 ov’(my.) 3 NaNO, 30T
2 NaNO, 10" moub 4 0, 107!
MOJIEKYJT
— pospaxysamu macy (2) HaCmynHux pevoGuH.
HO.Mep PedoBuna KumpkicTs Ho'Mep PedoBuna Kinbkicts
BapiaHTa BapiaHTa
5 CO 2-10° 10 H,S04 1,5:10%
aTOMIB MOJIEKYJT
6 (0)3 10" momexyx 11 HBr 40 cM® (B.Y)
7 H, 56 ov° (H.y.) 12 Cl 10*" mMorexyx
8 HCI 10* morexy 13 NH; 12 o (.y.)
9 CO, 50 eM® (B.Y.) 14 H.S 4,2 1 (my.)

— pospaxysamu «Kinvkicmo amomie Cyab@ypy, wo Micmumscsi 6 HABEOEHUX
PEeUOBUHAX:

HO.Mep PedoBuna Kinbkicts HO.Mep PedoBuna Kinbkicts
BapiaHTa BapiaHTa

15 H.S 20 cM® (B.Y.) 21 Na,SOy4 28.4r
16 H,S 10T 22 MgSO4 2,41
17 Na,;SO; 0,5 monb 23 SO, 2 o (B.Y.)
18 Na,SO; 378T 24 SO; 100 cM’(m.y.)
19 H,SO4 10T 25 Al (SO4)3 3421
20 S 10 Mr

14



3apaanusa 1.2

— npu 83aEmMO0ii Memany 3 KUCIOMOW GUOLIAEMbCA 800eHb. 3a HABCOEHUMU

OAHUMU OOUUCTIUMU BIOCYMHI BEIUYUHIL.

Maca MonﬂpHa Maca
Ho'Mep verany €KBIBaJICHTA METaITy Maca H; 006’em H23
Bapianta | (Me). M (l Me), 1/ Moith m(Hy), T V(n.y.), im
z
1 0,376 8,99 — —
2 - 28 0,1 -
3 16,8 — 0,3 —
4 — 27,9 — 0,7
5 12 20,04 — —
6 2,28 — - 1,12
7 3,04 — 0,252 —
8 — 12,15 — 0,224
9 0,030 — — 0,032
10 3,0 — — 5,6
11 — 16,2 — 0,83
12 — 32,69 - 2,5

— OKCUOU MemAaly GIOHOBIIOIOMbCA B00HEM. 3a HageOeHUMU OAHUMU 0OYUCTIMD

MOJIAIPHY MACY eKgiganienma Memary, OKCUOYy Memany ma 6I0CYMHI GeTUUUHU:

M MognspHa maca MognspHa maca
aca i : ,
Ho'Mep oKCHTy €KBIBaJIEHTA €KBIBaJIEHTA Maca H, | O6’em H,
BapiaHTa T OKCHUTTY MeTany m, T V(n.y.)
’ M oy, T/ MOIIB M 4is, T/MOJIB
13 18 — — 0,4 —
14 — — 59 5 —
15 14,4 — — 0,2 —
16 36 — — — 1,12 o
17 16 — — 0,6 —
18 — 28 — — 500 cm’
19 1,8 — — — 833 cm’
20 — — 20 25 —
21 — 20 — — 10 M°
22 — — 32 — 6
23 — 40 — 12 —
24 12 — 17 — 7.9 i’
25 — 36 — — 5
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3ABJIAHHSI 2

BYJOBA ATOMA. IEPIOJJUYHUI 3AKOH JI. I. MEHJIEJIEEBA

3a Temow «bynoBa aroma. Ilepiogmunuii 3akon I. I. MenpgeseeBa»

CTYJ€HTAM HEeOOXiTHO OBOJIOAITH TAKUMU 3HAHHSIMH:

® 3aeanvHi ya6ieHHs npo 6y008y amomie — CKJaj aToMa 1 aTOMHOTO sipa,
XapaKTEePUCTUKA TTOBEIIHKU €JIEKTPOHIB B aTOMaX;

® KBaAHMOGI Yucia — Ha3BU, MO3HAYEHHsA, (IBUYHUN 3MICT, 3HAYCHHS,
B32€EMO3B’ A30K;

®  3aKOHOMIpHOCMI Gopmyeanus enNeKmMpPOHHUX 000710HOK
bacamoenexmponnux amomie — npuHnun Ilaym, mnpaBwio XyHHOa, TPUHIUII
HaliMeH1101 eHeprii (mpaBuiia KiieukoBCbKkOT0);

® ClleKMPOHHI I eJleKMpOoHocpaADiuHi Popmyau amomis,

® nepioOuYHUI 3aKOH | CMPYKmMYpa nepioouyHoi cucmemu, 03HaKa nooiy
eleMeHmie Ha S-, p-, d- i f-enemenmu,

® 3aKOHOMIPHOCHI 3MIHU XAPAKMEPUCMUK amMOMI8 8 nepiooax ma epynax—
paziyciB, eHeprii 1oHi3allii, CHOPIMHEHOCTI JO €JEeKTPOHY Ta BJIACTUBOCTEU
€JIEMEHTIB 1 MPOCTUX PEYOBUH — METAJEBI Ta HEMETAJECBl, OKHCIIIOBAJIbHO-BITHOBHI
BJIACTUBOCTI.

TeopeTnyHna yacTuHa

ATOM CKIalaeTbca 13 MPOTOHIB, HEHUTPOHIB 1 €JIEKTPOHIB. Y LEHTPl aToMa
3HAXOJIUTHCS TMIO3UTUBHO 3apsJKEHE SApPO, 110 CKIAJAETHCA 3 MPOTOHIB 1 HEUTPOHIB.
CninpHa Ha3Ba MPOTOHIB 1 HEUTPOHIB — HYKJIOHHU. SIApO OTOYEHE eNEeKTPOHHOIO
XMaporo, sika 3aiiMae OUIbIIY YaCTUHY 00’ €My.

IIpoToH — e MO3UTUBHO 3aps/IKEHa 4YaCTUHKA, Maca SIKOi TOPIBHIOE OAHIN
aTOMHIM OUHUIII MacH (a.0.M.), a 3apsii YMOBHO JIOPiBHIOE +1.

HeiiTpon — 11e enekTpoHeWTpanbHa YacTHHKA, Maca AKOi JOPIBHIOE OAHIN
aTOMHIM OJMHUIII MacH.

EnexkTpoH — 1¢ HEratMuBHO 3aps/KEHAa YaCTHHKA, Maca SKOi JOPIBHIOE
0,00054 a.0.m., a 3apsi; yMOBHO JIOPIBHIOE —1.

Snpo mae MO3UTUBHUM 3apsifl, SIKUWA JOPIBHIOE KUIBKOCTI MPOTOHIB. KiTbKICTh
NPOTOHIB Yy SAIpl aToMa BHU3HAYAETHCS TOPSAJKOBUM HOMEpPOM €JleMeHTa B
nepioInyHii cucteMi. ATOM — 1€ €JIeKTpOHEeHTpaabHa YacTUHKA. TOMY KUIBKICTb
MPOTOHIB B aTOMI 3aBXIU JOPIBHIOE KIJIBKOCTI €NEeKTpoHIB. OTke, nopsaoxkosutl
HoMep elleMenma 6Ka3ye Ha 3apso A0pa (mobmo, Ha KilbKicmb NPOMOHIB) [ HA YUCLO
€IeKMPOHIE 6 AMOMI.

Maca atoma A4 (iHaKIIe MacoOBE YUCIIO) JOPIBHIOE CYyM1 Mac yCiX YaCTHUHOK, SIK1
BXOJIATh JI0 CKJaAy aroma. BpaxoByrouw, 110 Maca e€JIeKTPOHIB MOPIBHIHO 3 MacoOlo
MPOTOHIB 1 HEUTPOHIB HE3PIBHAHHO Majla, MOXXHa BBa)kaTH, IO Maca aToMa
BHU3HAYA€THCS MACOIO MO0 MPOTOHIB 1 HEUTPOHIB.
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TakuM 4yuHOM:
A=Z+N,
ne A — MacoBe YHCIIO;
Z — 41CIo MPOTOHIB (MOPSIAKOBUN HOMEP €JIEMEHTA);
N — 4uCiI0 HEUTPOHIB.
Hanpuknan, Kaniit K:
nopsAnKoBuil Homep — 19; KuIbKiCTh NMpOTOHIB — 19; 3apsa sapa — +19; KUIBKICTD
eJeKTpoHiB — 19.

Cxnan sapa: Ckiiag aTtoma:
Z=1
Z=19 ?
/ [ A=39
PK A= "KL
19 . 19 N =20
N=39-19=20 \
c =19

Binomo, 1110 KUIbKICTh IPOTOHIB XapaKTepU3ye 3apsll Alipa 1 HAJIEKHICTh aTOMY
70 JAHOTO XIMIYHOTO ejleMeHTa. SIKIo aToMU OJHOr0 W TOro K €JIEeMEHTa MaloTh
OJIHAaKOBHMM 3apsan siapa (OAHAKOBY KUIBKICTh MPOTOHIB), ajieé pi3HY Macy (pi3He
MacoB€ YHUCJIO), iX Ha3UBaOTh i30TONAMM OJIHOTO ¥ TOrO K €JIEMEHTA.

Hanpuxian:
=238 =238 Z=28
16 A = 17 A — 18 A=
8() \A 16 8() \A 17 8() \A 18
N=28 N=9 N=10

ATOMHa Maca eJIeMEHTa B TEpIOJMYHIN CHUCTEM1 JOpPIBHIOE CEpPEIHBOMY
apu(pMETUYHOMY 3HAYEHHIO Mac BCiX MOro 130TOMIB 3 YpaxyBaHHSM iX MOIIUPEHOCTI
B IIPUPOI.

Tak, mpupomgamii Xmop — me cymim 77,35 % 3oromy 3Cl # 22,65 %
35-77,35+37-22,65 _

= 35,453.
100

XiMI4H1 BJIaCTUBOCTI BCIX 130TOIIIB OJHOIO ejieMeHTa oJHakoBl. OTke, XIMIYHI
BJIACTUBOCTI €JIEMEHTIB 3ajieXaTh BiJ 3apsay Sapa aTroMa, a He BiJ HOro aTOMHOL
Macu. 3apsj siapa aToMa — roJIoBHa XapaKTepUCTHUKA €JIEMEHTA.

XiMiuHHUIi eJIeMeHT — 1€ CYKYITHICTh aTOMIB 3 OJJHAKOBUM 3apsJIOM siapa.

Tomy mnepionnunmnii 3axkon MeHaejeeBa (HOPMYITIOIOTh TaKUM YHUHOM:
8ACMUBOCII e/leMeHmi8, A MAKONC YMEOPEHUX HUMU NPOCMUX | CKIAOHUX CHOJIYK
nepeby8aroms y nepioOUyHill 3a1eHCHOCMI 8i0 8eUUUHU 3aps0Y A0ep IXHIX amoMmis.

i3otony ;,Cl. Tomy Ar(Cl) =
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BynoBa enekTponHoi 00010k aToma. KBaHTOBI yHCcaa

EnexTpoHHa 000710HKa — 1€ CYKYIHICTh €JIEKTPOHIB B aTOMI.

CraH eJIeKTpOHIB B aTOM1 MOXHa YSBUTH Yy BHUIJIS1 €IEKTPOHHOI XMapH 3
MEBHOIO TYCTUHOIO €JIEKTPUYHOIO 3apsily B PI3HUX TOUYKAX HABKOJIO sijapa. [IpuitHsaTo
BBAXKATH, 110 €JIEKTPOH 3aiiMae opOiTanb (a He opOiry). EnekTpoHHi XMapu pizHHX
€JICKTPOHIB 3HAXOSAThCA HA PI3HUX BIJICTAHAX BIJ SApa i MalOTh pi3HY (popmy.

AtomHa opoOitaab (AQ) — reoMeTpuyHe YSBIECHHS NPO PYyX €JIEKTPOHA B
atomi. Taka ocoOnuBa Ha3Ba (He opOiTa, a opOiTanb) CBIAYKUTHL IPO Te, L0 PYyX
€JIEKTPOHA B aTOMI BIAPI3HAETHCSA Bl KJIACMYHOIO PyXy MO OpOITI ¥ omHCyeThes
3aKOHAMH KBAaHTOBOI MEXaHIKH.

AToMHa opOiTajb — Lie MPOCTip HABKOJIO siApa aromMa, B SKOMY UMOBIPHICTh
3HAXO/KEHHS €JICKTPOHA HallOu1bIn Bucoka (90-95 %).

EnekTpoHHY CTpYKTYpy 1 BIIACTUBOCTI €JNEKTPOHIB aTroMa BU3HAYAIOTh
KBaHTOBI1 YHUCJIA.

1. T'os10BHe KBAaHTOBE YHMCJIO # BU3HAYAE€ €HEPTIIO €JIEKTPOHA B aTOMI il MOXKe
Ha0yBaTH 3Ha4YeHb Bix 1 70 oo (TUIBKM I[UTi, MO3UTUBHI YKcia). YUM MeHIIe #, TUM
OUIbIIIE €Heprisg B3aEMOJIi €JIEKTPOHA 3 AAPOM (TUM OJMXKYE JO sS/pa 3HAXOAUTHCS
€JNEeKTpOoH). ENexTpoHH 3 OJHAKOBHUM 3HAYEHHSM # YTBOPIOIOTH E€HEPreTHUYHUN
piBeHb. KuIbKICTh pIBHIB, Ha SIKMX MEepeOyBalOTh €NEKTPOHH, 30Ira€ThCcsi 3 HOMEPOM
nepioyy, y SKOMY 3HaXOJUThCS €JIEMEHT y nepioanyHiil cucteMi. Homepa 1iux piBHiB
nmo3HauvawTh udpamu 1, 2, 3,4, 5, 6, 7 (piame — mirepamu K, L, M, N, O, P, Q).

2. Opb6iTaabHe (mMoOiuHe,) KBaHTOBe 4Huca0 / Bu3Hauae (Gopmy opOiTaii.
BoHo Moxe HaOyBaTu 3HA4eHb TUIBKH IUTUX uncel Big 0 1o (n — 1),

1ie n — ToJIoBHE kKBaHTOBe umcio. [=0,1,2,3... (n—1).

Kpim uncnoBux, opOiTanbHe KBAaHTOBE YUCIIO / Ma€ 1 JTITEpHI MO3HAYEHHS

Yucnose no3HaueHHs 0pOiTaIbHOro0 KBaHTOBOIO yrcia (/) 0 1 2 3 4

JlirepHe mo3HaueHHs s |p |d |f |g

EnexTpoHrn 3 OJHAKOBUM 3HA4Ye€HHSIM [/ yTBOPIOIOTH MiapiBeHb. IligpiBHI
MO3HAYAIOThCA JIiTepaMu S, p, d, f,... KiabKicTh eHepreTHYHUX MiAPIBHIB JTOPIBHIOE
HOMEpPY JaHOT0 EHEPreTUYHOro piBHS, TOOTO 3HAYEHHIO TOJIOBHOTO KBAHTOBOI'O
yycia. Tak, HAa MEPIIOMY €HEepreTUYHOMY piBHI (n = 1) € oauH miApiBeHb (s), HA
IPYroMy €HEpreTUYHOMY piBHI (7 = 2) MOKJIMBI TUIBKU JABa MiAPIBHA (s 1 p), IS
akux [ = 0 (s-miapiBens), / = 1 (p-nmiagpiBeHb), HA TpeTboMY (7 = 3) — TpU MiJPIBHS
(s, p i d 1 1.n. KiuIbKiCTh €HEpreTMYHUX MiAPIBHIB JTOPIBHIOE HOMEPY JIaHOTO
€HEPreTUYHOro PiBHS, TOOTO 3HAYEHHIO TOJIOBHOI'O KBAHTOBOTO YKCIIA 7.

[TigpiBH1 BIAPI3HSIOTHCS OIWH BiJl OJTHOT'O €HEPri€l0 3B’S3KY €JIIEKTPOHA 3
AJIPOM.

Opbimani oonozco niopieuns (I = const) maroms 00HaK08Y eHepeiio U hopmy.
s-opOitans mae chepuuny ¢opmy, p-opOiTanb Mae ¢opmy ranreni (BICIMKH), d-1
f -op6iTani MaroTh OUIBII CKIIAHI (HOPMHU.

[lo3HaueHHst opOiTani BKIIOYAE HOMEpP €HEPreTUYHOro PIBHS M JITEpPY, IO
BIJIMOB1/Ia€ 1aHOMY MizpiBHIO: 15, 3d — opOiTas.

18



TakuM YUHOM, €HEPTis CJICKTPOHA B aTOMI 3aJICKHUTh HE TUIBKU BiJl 3HAYCHHS
TOJIOBHOT'O KBAaHTOBOT'O YHWCla #, ajie ¥ BiJl 3HA4YCHHS opOiTajmbHOro yucia [. A 1e
O3HAYae, IO €Heprisi eJeKTPOHAa B aToMi BH3HAYAETHCS CYMOK 3HAYCHb
TOJIOBHOTO 1 OpOITaIbHOTO KBAHTOBUX uucen 1 + .

3. MarhiTHe KBaHTOBe YHCJIO 71, XapaKTEpPH3ye€ OPIEHTAIII0 aTOMHOI
opOiTani B MarHiTHOMy TOJli ¥ MOXE€ y MeXaxX MEBHOIO MiAPIBHSA MpUHAMaTH
3HAUEHHS LUIUX Yucen BiAg —/ 10 +/ , y TOMy 4HCIi 3HaYyeHHS Hylb. ToOTO M, 1Is
naHoro 3HadyeHHs [/ Oyne matu (2/ + 1) 3nauyens. Tax, npu [/ = 0 (e s—opOiTanb)
MoxuBe Tutbku Mm,= 0. lle o3Hayae, 1Mo s—opOiTadh Ma€e OJHAKOBY OPIEHTAIIIO
BITHOCHO TpboX oced koopauHat (puc. l,a). Ilpu [ = 1 (p—opbitans) m, Moxe
Ha0yBaTH TPbOX 3HaueHb: —1, 0, +1.

Ile o3Hayae, MO0 MOXKYTh ICHYBAaTH TpU p—opOiTaii (py, Py, P,) 3 OPIEHTALIEIO
32 KOOpAMHATHUMHU ocsiMu X, y, z (puc. 1,0). Ilpu [ = 2 (d—opOitans) m, Moxe

HaOyBaTu I’ ATh 3Ha4YeHb.—2, —1, 0, +1, +2. Ile o3Hayae, M0 MOXKE ICHYBAaTH IT’SITh
d—opOiTaneit 1 Tak nari.

s-opOiTanb Px-0pOiTanb Dy-0pOiTanb P-opOiTaIb
a 0

Pucynok 1 — 300pa>keHHs aTOMHUX OpOiTanieil: a — s-opOitanb; 6 — p-opOiTaib

MarHiTHe KBAaHTOBE YHWCJIO BHU3HA4Ya€ KUIbKICTh 3HaueHb opOiTaned Ha
HiAPIBHI, 10 JOPIBHIOE KIIBKOCTI 3HaYEHb M, .

OpOiTajibHE KBaHTOBE MarHiTHe KBaHTOBE YHCIIO Yucno opOitaneit 3 1TaHUM
qucio (/) (m,) 3HaueHHsM (2/ + 1)
0(s) 0 1
1(p) 1,0, +1 3
2 (d) -2,-1,0,+1,+2 5
3() -3,-2,-1,0+1,+2,+3 7

Op6iTani 300paxyroTh y BUTJISIAI €HEPreTUUYHUX KOMIPOK, KUIBKICTh SKUX Ha
JAHOMY TIJAPiBHI BU3HAYAETHCSA KIUIBKICTIO 3HaUYC€Hb MAarHITHOTO KBAaHTOBOT'O YHCIIa
m = 21+ 1.

19



4. CniHoBe KBaHTOBe 4YMCJIO0 mg MOXe HaOyBaTH TUIbBKM JIBOX
3HaueHb +1/2 1 —1/2. BoHM BiANOBINAaIOTH JIBOM MOKJIWBHUM 1 MPOTHIIC)KHUM OJIMH
OJIHOMY HaIlpsiIMKaM BJIACHOI'O MAarHiTHOIO MOMEHTY €JEeKTpPOHa, IO Ha3UBalOTh
CriHOM (B1J aHTJI. Spin — BepeTeHo). s mo3HaYeHHS €JIEKTPOHIB 3 PI3HUMHU CIIIHAMHU
BUKOPHCTOBYIOTH CHMBOJH: 1 1 .

OTxe, cTaH eNeKTpoHa B aTOM1 BU3HAYAETHCA 3HAYCHHSMHU BCIX YOTUPHOX
KBaHTOBHX YHMCEJl, SIKI XapaKTepU3ylThb EHEPrii0 eJIeKTpPOHa, Horo cmiH, (opmy
€JIEKTPOHHOT XMapH Ta ii OpIEHTALII0 Y TPOCTOPI.

EnexrponHni i esiekrpoHorpagiuni ¢popmyian

bynoBy enekTpoHHMX OOOJIOHOK aTOMIB 3alMCYIOTh 3a JIOIOMOTIOIO
€JIEKTPOHHUX (POpMYIL.

Exaexkrponna ¢opmysaa — ne ¢opma 3anmucy eneKTpoHHOI OyaoBH aToma
€JIEMEHTa 3 PO3MOIOM EJIEKTPOHIB 32 PIBHSIMHU 1 MPIBHIMMU.

3anuineMo eneKTpoHHy OymoBy atroMa [iporeny, npy MbOMY CKOPHCTAEMOCS
TaKko (OPMOIO 3aIUCY:

CHUMBOJI KUTBKICTh €JIEKTPOHIB Ha
€JIeMEHTa \ / ipiBHI

H 18T

miapiBeHs (THIT opOiTati)
MOPSIKOBUI / \

HOMED HOMEp €HEPreTHYHOTO PIBHS
(KLIBKICTB €CKTPOHIB) (royIoBHE KBAaHTOBE YHCJIO)

[TocniIoBHICTh 3alOBHEHHS €JIEKTPOHAMU EHEPreTUYHUX PIBHIB 1 MiJIPIBHIB
BHU3HAYA€THCA 000B’ I3KOBUMU MPABUIIAMU

1. Hpunnmun Ilayai: 6 amomi ne Mmoowce icHyeamu 080X eleKMPOHIE 3
OOHAKOBUMU 3HAYEHHAMU 6CIX YOMUPLOX Keanmogux uucen. Hacaigkom LbOro
MpaBuia € Te, 10 Ha OJIHIA opOiTaji HE MOXKe mepeOyBaTH MOHAJ JIBa €JIEKTPOHU 3
MPOTUJIEKHO CIIPSIMOBAHUMH CIIIHAMM:

— HECTIApEHUH E€JIEKTPOH;

— CHapeHl eJNeKTpPOHU (3 aHTUMapajielbHUMH a0o0 MPOTUIIEKHO
CIPSIMOBaHUMU CIIIHAMU ).

BukopucroBytoun mnpuniun Ilaymi, MokHa po3paxyBaTh MaKCHUMAaJbHY
KUIBKICTh €JIEKTPOHIB Ha €HEPreTUYHOMY PiBHI i MAPIBHI.

. . . MaxkcuMalibHa KUIBKICTh
[TinpiBens Yucno opOitaneit .
CJICKTPOHIB
s 1 2
P 3 6
d 5 10
f 7 14
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MakcumaiibHa ~ KUIBKICTb ~ €JEKTpOHIB N Ha €HEpreTMYHOMYy  PpiBHI

00UYHCITIOETHCS 32 (OPMYJIOIO:
N= 2n2,
7€ 1 — TOJIOBHE KBAaHTOBE YUCIIO.

2. llpaBuio XyHaa: cymapHe cninoge YUClO eleKmpoHié 0aH020 NiOpPiGHs.
NOBUHHO OYMU MAKCUMATLHUM.

Hanpuknan: Ha 2p—TiapiBHI MOTPIGHO PO3MICTHTH Tpu enextpoHa (2p°).
Mo:xHB1 1Ba BapiaHTH PO3MIIIEHHS:

T Il — CyMapHu# CIiH I0piBHIOE 3/2, BIANIOBIAA€E MTpaBUIy XyHA;

[ I CyMapHUW CIiH JAOpiBHIOE 1/2, He BIANOBIAa€ MpaBUITY
XyHJa.

CrabinbHOMY CTaHy €JEKTpOHa B aTOMI BIJIOBiJla€ MiHIMaJIbHE 3HAYEHHS
Horo eneprii. bynb-akuii 1HIKWI HOro cTaH € 30yTKEHUM, HECTAOUIBHUM, 3 SIKOTO
€JIEKTPOH CaMOJIOBUIBLHO MEPEXOJAUTh y CTaH 3 OUIbII HU3BKUM piBHEM eHeprii. Tomy
NOCTIO0BHICMb  3ANOBHEHHs eJIeKMPOHAMU eHEepemUudHUX pIGHI68 BU3HAUAEMbCA
npasuIoM HAUMeHUl020 3anacy enepeii. 3a MPUHIUIIOM MIHIMYMY €HEeprii nepiuMu
(Y OCHOBHOMY CTaH1 aToMa) 3alOBHIOETHCS E€JICKTPOHAMHU OpOiTaai 3 HaWMEHIIHUM
3armacoM eHeprii. Lle monoxxeHHs: yTouHI€eThCs npaBuiioM KiiedkoBChKOTO.

3. IIpaBuaa KiedKOBCbKOTO: 3AdNOBHEHHs eeKMPOHHUX NIOPIGHIE  3i
30IIbULEHHAM NOPSOKOB020 HOMEPA Amoma eiemeHma 8i00y8aemvcs 6i0 MEHUL020
3HaueHHs cymu (n + 1) 0o binbuioeo 3navenns cymu (n + [) — nepiie mpaBuio.

3a oonakosux snauenv cymu (n + 1) 3anoeuOmMbCA CNOYAMKY enepeemuiti
NIOPI6HI 3 MEHUUM 3HAYEHHAM 20JI06HO20 KBAHMOB020 YUCA N — APYTe MPABUIIO.

st Toro, mo6 HamucaTd eNeKTPOHHY (OpMyily aToMa, HEOOXIIHO 3HATH
Horo mopsAKOBUM HOMep Yy Tabinuili MenzaeneeBa (BIH BIANOBIAA€ KIIBKOCTI
€JICKTPOHIB) 1 HOMED Mepioay (BKa3zye Ha KUIbKICTh €HEPTeTUUHUX PIBHIB).

Hanpuknan, 3anumemMo enekTpoHHy Qopmyny Hitporeny (mopsiakoBuii
HOMEp ciM, mepioa — npyruit). B aromi Hitporeny 7 enekTpoHIB 3HaXOASThCA Ha
JBOX EHEPreTMYHUX PIBHAX. MM BKe 3HAaeMO, 110 Ha | pIBHI € TUIbKM OJUH
NiApiBEHb, SKUW HA3UBAETHCA  S-MIJAPIBEHb, 1 HAa HBOMY MOXYTb 3HAXOJIUTHCA
MaKCHManbHO aBa enektponn: ls°. Ha 2 piBHi € xBa migpiBus — s i p: 2s2p. Ha
IPYrOMY CHEpreTHYHOMY PiBHI HaM Tpe6a po3MICTHTH 7 — 2 = 5 eleKTpoHiB: 25°2p’.
Enextponny OynoBy aroma HiTporeny Mo’kHa 3amucaTd 3a JOIMOMOIOI0 TaKoi

dbopmynu: ;N : 157252p°.

Sy I [t]1]
2p
257
15> — rpadiyHa eleKkTpoHHa GopMya (TpU eIeKTPOHU

Ha 2p- MPIBHI PO3MIILYEMO TaK, 11100 CyMapHU# CIiH OYB MaKCUMaJbHUM ).
CknagHilie 3aloBHIOIOTBCA €JIEKTPOHHI OOOJOHKHM aTOMIB €JIEMEHTIB
YEeTBEPTOro Mepioly, KOKEH 3 IKMX MA€ YOTUPHU €HEPreTUYHUX PiBHS.
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3anuiieMo, HaNpUKIAL, €JICKTPOHHY (OpMylny 1 CXeMy eleKTPOHHOI
cTpykTypu aroma Kaitiro.
LK 15%2572p°35%3p04s!

.T.

4s1

Tl Tl6 T 3
3p

T4

3s2

Ha TperboMy eHepreTHYHOMY pIBHI € TpU HIAPIBHA: §, p 1 d, aje micis
3amoBHEHHsS 3p-opOitani 3amoBHIoBaTucs Oyae He 3d, a 4s-opbOitans. Lle
Bi1OyBaeThcs BIAMOBIAHO N0 mpaBuia KieukoBcbkoro. Crpani, s 3d-miapiBHS
(n=3,1=2), Tox cyma (n +[)=5, a nna 4s-nmapisua n=4, [ =0, omxe n +[=4.
Ockinbku  eHeprisi  4s-mipiBHS MEHIIA, HDK 3d-MiApiBHA, TO 1€ O3HAyae,
110 4s-mipiBeHb Oy/ie 3alIOBHIOBATUCS PaHIIIIe.

3 ypaxyBaHHsAM TpaBui  KIleYKOBCHKOTO MOCHIAOBHICTH 3alOBHEHHS
€JIEKTPOHAMU €HEPTreTUYHUX PIBHIB 1 MIPIBHIB aTOMIB €JIEMEHTIB Ma€ TAKUN BUTIISL:
15<25<2p<3s<3p<4s<3d<dp<5s<4d<Sp<6s<4fx5d<6p<7s<5{=6d<T7p

Ilepioguuna cuctema ejneMeHTiB (Tabauust MenaeneeBa) — kinacudikais
XIMIYHUX €JIEMEHTIB, IO JO03BOJISIE BUSIBUTH 3aJIEKHICTh IXHIX BJIACTHBOCTEH BIJ
KUTIbKOCT1 IPOTOHIB Y aroMHOMY sifpi. Crioyatky cuctema po3pobiieHa pociicbKuM
ximikom [[.I. MenaeneeBuM Ha miJicTaBl BIAKpUTOrO HUM y 1869 poIrl mepioAuuHOr0
3aKOHY 3aJIC)KHOCT1 BJIACTUBOCTEH €JIEMEHTIB Bl aTOMHOI MacH 1 € oro rpadiyHuM
BUPAKEHHSIM.

[lepionuyHa cucTemMa CKIAJAETHCS 3 MEPIOJIIB 1 TPYII.

Ilepion — 1e ropu3oHTAIBHUN psA. Ycboro B Tabiuii 7 TepioaiB.
[lepmnii, npyruit 1 tpetii mepioau (1, 2, 3) ckiamalTbesi 3 OJHOTO psAy W
Ha3UBAIOTLCA MaTUMU. 4, 5 1 6 TIeploAM CKIIAal0ThCA 13 JBOX PSAIB 1 Ha3UBAIOTHCS
BEJIUKUMH. 7 TIEP10J] CKIAAAETHCS 3 OTHOTO Ay (HEe3aKiHUSHHUI).

I'pyna — e BepTUKanbHUI CTOBIELb. YChOro BiciM rpymn. Homep rpymu
no3HayeHo pumcbkumu tudpamu (I, 11, III ...). Koxna rpyna cknamaerbes 13 ABOX
niArpyn: roioBHoi (A) 1 mo6iynoi (B).

VY ronoBHy niarpymny (A) BXOASTh €IEMEHTH MaJIUX 1 BEJIMKUX MEPIOJIiB.

VY noOiyny miarpymny (B) BXOaATh €1€MEHTH TUIbKU BEIUKUX NEPIOIIB.

Hampuxman, y mnepuiomy Tmepiofi po3TalloBaHl TUIBKM JBa €JIEMEHTH:
Tigporen i T'emiii. ¥V nepmiiii rpymi (1)

rosioBHa miarpyna (I A): H, Li, Na, K, Rb, Cs, Fr;

no6iuna nmiarpyna (I B): Cu, Ag, Au.

Po3ranryBaHHs XIMIYHOTO €J€MEHTa B MEPIOJUYHIN CHUCTEMI BU3HAYAETHCA
OyZI0BOIO aTOMa 1 HOT0 BJIACTUBOCTSIMU.

IlopsaakoBuii HOMep ejleMeHTa BU3HAYA€ 3aps] siApa aToMa M KUIbKICTb
€JICKTPOHIB.

Homep nepioay — KUIbKICTh €HEPTE€TUUHUX PIBHIB.
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Homep rpynm — KUIbKICTh €JIEKTPOHIB Y 30BHIITHBOMY €JIEKTPOHHOMY IIapi
aToMa. Ycboro rpyn BiciM. KiIbKICTh €JIEKTPOHIB Yy 30BHIIIHBOMY IIapi BCIX aTOMIB
HE OLUIbIlIE BOCBMU.

VY 3alexHOCTI Bl TOro, SIKMUA MIAPIBEHb 3alOBHIOETHCS €JIEKTPOHAMU
OCTaHHIM, €JEMEHTH MOAUIAIOTh Ha: S-eleMeHmu, p-eieMeHmu, d-enemenmu,
1 f~enemenmu (€NEKTPOHHI CIMEICTBA).

MakcumalibHa KUIBKICTh €JIEKTPOHIB Ha s-0pOiTaii — aBa. ToMy B KOXKHOMY
nepiojii € ABa s-eremenmu. MakcumanabHa KUIBKICTh €JIEKTPOHIB Ha p—opOiTaimi —
mictb. ToMy B KOXHOMY Tepiojii (KpiM MepUIoro i CbOMOTO0) € WIICTh p-eleMeHmIE.
MakcumanbHa KUIBKICTb d-esiemMeHmie — NeCsTh, f-eemenmie — YOTUPHAALSTh.
CtpykTypa MepioAM4HOI CUCTEMH E€JIEMEHTIB BU3HAYAETHCS €JIEKTPOHHOIO OYI0BOIO
aTOMIB.

Ipuxkaagu po3B’si3aHHs 32124

Hpukaax 1. Snpo atoma enemeHta Mae 16 mpoToHiB 1 16 HEWUTPOHIB.
BusHauutu: a) KUIbKICTh €JIEKTPOHIB B aToMi; 0) MOPSIKOBUN HOMEp €JIEMEHTA,
B) aTOMHY Macy eJeMEeHTa. 3amucaTd eJeKTpoHHY ¢GopMyily aToMa 1 Ha3BaTu
€JIEMEHT.

Po3p’si3anusn:

a) OCKUIbKM YHCJIO MPOTOHIB y aTOMI JIOPIBHIOE YHUCIY €JIEKTPOHIB, TO AaHUMN
€JIEMEHT MICTUTH 16 eJIeKTPOHIB;

0) 3apsan sapa JAOPIBHIOE KUTBKOCTI MPOTOHIB y aTOMIi 1 YMCENbHO BIAMNOBiNA€e
MOPSAJIKOBOMY HOMEpPY eJleMeHTa B nepioguuHiil cuctemi. OTxe, MOPSAKOBUNA HOMED
enementa — 16, e — Cynsdyp S.

B) BI/IHOCHA aTOMHAa Maca eJIieMeHTa JIOPIBHIOE CyM1 ITPOTOHIB 1 HEUTPOHIB:

Ar(S)=16+ 16 =32 (a.0.m.).

Enexrponna gopmyia Cymsbypy: 1s* 2s* 2p° 3s* 3p°.

Enextponny opOitanbs rpadiyHo 300pa)xkaloTb y BUIUIAAI KBajpara, a
CJEKTPOHU — Yy BUINIAAL CTpuUIOK. Tak, 3amMcaHa BHILE e€JeKTpOHHAa (opmyina
Cynbdypy Mae BUTIIAN:

)1t
£ 4

T 32 7
2p6

Tl
11 25>

1s2

Mpukaanx 2. BuzHauutu Miciie B IEpiOJUUHIN CUCTEMI €JIEMEHTa, aTOMU SIKOT'O

MAIOTh eIEKTPOHHY CTPYKTYpY 15°2572p°35°3p 3d’4s’.

Po3B’si3anns. Jlanuii enement 3HaxoauThes y [V nepioni, 60 oro enekTpoHu
po3minieHi Ha 4 eHepreTuyHUX piBHAX. Cyma eneKkTpoHiB — 24, 0TKe, NOPSAIKOBHIA
HOoMep eneMmenta Tex 24. Cyma enekTpoHiB 3d°4s' mopiBHIOe 6, w0 BimmoBimae
HoMepy Tpynu aaHoro enementa. Lle Xpowm (Cr).
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Buxonatu 3aBaanus

3apaanns 2.1 {11 HaBeneHUX y TaOJIMIN TTap €JIE€MEHTIB HEOOX1HO:

— CKJIACTH €JICKTPOHHI U e’eKkTpoHorpadiuni Gopmynu;

— JaTH MOPIBHSJIbHY XapaKTEPUCTUKY XIMIYHUX BJIACTUBOCTEN €JIEMEHTIB;

— BU3HAYUTH, JI0 AKOTO EJIEKTPOHHOro ciMeiicTBa (s-, p-, d-, f-) BIAHOCATHCS
€JIEMEHTH;

— BKa3aTH, SIKy BaJEHTHICTh MAIOTh 11 €JIEMEHTH B OCHOBHOMY 1 30y/I’KEHOMY
CTaHI;

— ckiactT (GOpMyJid BUIIMX OKCHIIB €JIEMEHTIB 1 BKa3aTW IXHIM XapakTep

(KuCcmoTHUM, OCHOBHUM, aMm(bOTEpHUH).
— 3a3HAYMTHU, IKUH 13 JBOX €JIEMEHTIB Ma€ OUIbIIY €JIeKTPOHETaTUBHICTD?

B?;fﬁfa Has3Ba enemenra B?;fﬁfa Has3Ba enemenra
1 Cuninid, Tutan 14 Tenyp, Monibaen
2 ®docdop, Bananiit 15 Kaniit, Kynpym
3 Xpowm, Cynedyp 16 Aprentym, Moz
4 Manran, Xnop 17 Hupxoniit, ['epmaniit
5 Apcen, Hio01it 18 Apcen, Bananiit
6 Cenen, Monibaen 19 ITpin, [amiit
7 Turan, ['epmaniit 20 bpom, Manran
8 Py0Giniit, Aprentym 21 Cynbdyp, Monibaen
9 Ckanpniit, ['amiit 22 Crponuii, [{unk
10 Bananiii, Apcen 23 Won, Texueriit
11 Amrominin, Ckaumaiit 24 Kanpmiit, [uak
12 Hatpiii, Xnop 25 Cenen, Xpom
13 bpowm, Texueniit

3apnannsa 2.2 Cepen HaBeJEHUX €JIEKTPOHHUX KOH(Irypaiiil BKa3aTh HEMOXKJIUBI.

[TosicHUTH TPUYMHY HEMOKIIUBOCTI 1X peaizallli y He30y/KeHOMY CTaH1 aToMa?

Howmep EnexTtponHi koH}iryparii Howmep EnexTtponHi kKoH}iryparii

BapiaHTa BapiaHTa
1 2d°; 4p” 14 4p; 317
2 4s; 5d° 15 4d"; 4f°
3 2d"; 3d’4s 16 4p*; 357
4 2p73s'; 3d° 17 3p’; 1d°
5 4f'" 3p° 18 2d°; 35
6 4p*; 2 19 5p'es'; 4f°
7 4s'; 4p” 20 4s"; 3d°
8 3d"; 5p° 21 3p’; 3f
9 1p°; 3d° 22 3d'; 4p®
10 1d°; 4p° 23 3d'; 41
11 3p’; 35°3p 24 217 3p°
12 2p"; 3d"4s° 25 2% 2d°
13 3f; 2p°
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3apnannsa 2.3 3a3HauuTH, y SKUX NEpiojlax, rpymnax Ta HIArpynax MnepiogudHoi
CUCTEMH MICTAThCS €JIEMEHTH, SKIIO0 BigoMa OyJoBa 30BHINIHIX EJIEKTPOHHUX
o0onoHOK artomiB. HaBecTu Ha3BM €JIEMEHTIB, BKa3aTH KUIBKICTh MPOTOHIB,
€JICKTPOHIB 1 HEUTPOHIB B aTOMaXx.

Howmep BbynoBa 30BHILIHIX Howmep BbynoBa 30BHILIHIX
BapiaHTa €JIEKTPOHHUX 000JIOHOK BapiaHTa €JIEKTPOHHUX 000JIOHOK

1 2 3 4

1 2p°3s’; 4s74p’ 14 6s°6p’; 3d'%4s'

2 3d'%s”; 6s76p’ 15 2p°3s’; 3d%s”

3 3d%s’; 5p°6s’ 16 4p°5s'; 5d'6s”

4 3s73p’; 2p°3s’ 17 6d°7s”; 4d%5s'

5 4d°5s”; 4s°4p° 18 5d°6s”; 6p°7s”

6 5d%6s”; 3p°4s” 19 4s%4p*; 3d'4s”

7 5p°6s”; 6s°6p” 20 3d%s%; 55°5p°

8 5d46s2; 44054 21 5p66s]; 5d°6s”

9 6s°6p’; 2s°2p” 22 5875p”; 6p°7s”
10 3p%4s'; 5d°6s” 23 3s73p”; 55°5p°
11 5575p”; 5d76s” 24 5d%6s”; 15725
12 4p°5s”; 3d*4s” 25 5575p'; 4d’5s”
13 3s73p’; 1s°2s'

3aBnanns 2.4 HanucaTtu enexTpoHH1 (popMysid HACTYTHUX HOHIB.

Howmep BbynoBa 30BHILIHIX Howmep BbynoBa 30BHILIHIX
BapiaHTa €JIEKTPOHHUX 000JIOHOK BapiaHTa €JIEKTPOHHUX 000JIOHOK
1 Mg™ T 14 Ca”; Te”™
2 Fe', O© 15 Mo"", F
3 Ca”",S" 16 P>, Be”
4 Mn”', Br- 17 Sc, CIr
5 Fe'', N 18 Li', F
6 Cu”',F 19 Cr',Br
7 Ba'", Cl 20 NN
8 Cr’, P 21 H', Te™
9 Pb”, I 22 Co™ ", P
10 Sn”", 0™ 23 Cl, A’
11 Mg™", CI; 24 Br; Bi'
12 N°,Na' 25 0™, Ca”"
13 NS
3ABJIAHHS 3

XIMIYHA KIHETHKA I XIMIYHA PIBHOBAT A
3a Tremo10 «XimMiuHa KiHeTHKA I XIMIYHA PIBHOBAra» CTyJAeHTaM Heo0XiITHO
OBOJIOAITH TAKMMU 3HAHHAMM:
® npeomem XiMiuHOI KiHemuKy — TOMOTEHHI 1 T€TepOreHH1 XIMIYHI peakKliii,
IIBUJIKICTh peakilii, 3aJeHICTh IIBUJKOCTI XIMIYHOI peakilii Bl KOHIEHTpaIii
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pearyrounux pedoBUMH (3akoH Aii Mac), Temmeparypu (mpaswio Bant-I'odda),
MPUCYTHOCTI KaTaai3aTopiB; EHEPrisl aKTUBAIIIi;

® XimiuHa pisHo6aza — HEOOOPOTHI I OOOPOTHI peakilii, YMOBH XIMIYHOT
piBHOBaru, KOHCTaHTa XIMIYHO1 pIBHOBAry;

o npunyun Jle Illamenve — BIUIUB 3MIHM 30BHINIHIX YMOB Ha CTaH
XIMIYHOi piBHOBaru, BuUKopuctanHs npuHiuny Jle Hlatense nmns BCTaHOBICHHS
HaIpPsIMKY 3MIIIEHHS XIMIYHOT pIBHOBAaru Mpu 3MiH1 YMOB MPOBEACHHS PEKIUU.

TeopeTnyHna yacTuHa

Poznin ximii, 1110 BUBYAE MIBUIKICTH MEPEOITy XIMIYHUX peaki(iii, HA3UBAETHCSA
XiMIYHOI0 KiHETHKOIO.

XiMiYHa KIHETUKA BUBYAE SIK TOMOT'EHHI, TaK 1 TeTePOreHH1 PeaKirii.

['omorenHi peaxiii BiAOYBalOThCS B OJHOPIAHOMY CEpeAOBHINI (TOMOTEHHIN
CUCTEMI1) B yCbOMY 00’ €M1 CUCTEMHU.

'ereporenni peakilii BiIOyBalOTbCs B  HEOJHOPIAHOMY  CEpEAOBHIII
(reTeporeHHii CUCTEMi) — MDK pPEUYOBHHAMH, sIKI MepeOyBaloTh y pPi3HHX (a3zax.
XiMi4Ha B3a€EMOJIIS y IIbOMY pa3i BiIOYBA€EThCS HA MEXKI PO3MOALTY (a3.

HIBUIKICTE peakiii XapaKTepu3yeTbcs 3MIHOIO MOJISIPHOT KOHUEHTparlii
OyIb-5IKOi 3 BUXITHUX PEUYOBUH 200 KIHIIEBUX MPOAYKTIB peakilii 3a OJUHUIIIO Yacy.

J1J1si TOMOTE€HHOT peakIlii MO>KHA 3aIUCaTH SIK:

V=t2"% =i£ [Monb/(1-¢)],
T, — T, At
ne V — MBUAKICTh PEaKIIii;
c1 1 ¢; — MOJIIpHI KOHLIEHTpalii OAHIET 3 pearyloyux PEYOBHH Y Pi3HI
MOMEHTH 4acy T; 1 T, BIAMOBIIHO.

3HaKU «+» 1 «-» BKa3ylOTh, 32 SKOI 3 PEYOBUH BHU3HAYAIOTh IIBUAKICTD
peakiii: SKIO0 3a BUXIAHOIO, TO CTaBISATh 3HAK «-» (KOHUEHTpAlisi BUXITHUX
PEYOBHH M1 dYac mepediry peakiiii 3MeHIyeTbes, Ac < 0, mpoTe MBUAKICTH 3aBXKIU
BEJIMYMHA MO3UTUBHA), SIKIIO 32 KIHLEBOIO — 3HAK «+.

HIBUIKICTH XIMIYHOI peakiii 3aJeXUTh Bl MPUPOAM PEAryrouux pPEUOBUH,
iXHBOT KOHIIEHTpallii, TeMIepaTypd, a TaKOoX Bl NPHUCYTHOCTI KaTajgizaTopa
(peuoBHHA, sIKa MPUCKOPIOE PEAKIII0, a cama MpU I[[OMY HE 3MIHIOEThCS), abo
iHridiTopy (pe4oBHHa, sIKa CIOBUILHIOE PEAKIIIIO).

3aJIeKHICTh IIBMJIKOCTI XIMIYHOI peakiii BiJ] KOHLEHTpalli pearyrunx
pEUYOBUH BU3HayaeThes 3akoHoM nii Mac (3akoH K. M. I'ympnGepra 1 II. Baare):
weuoKicms XiMiuHoI peakyii 3a cmanoi memnepamypu npsamo nponopyitna 000ymky
KOHYeHmpayiu peazylouux pedosuHn )y CMYNeHAX, Wo OOPIGHIOIOMb  IXHIM
cmexiomempuyHuM Koe@iyiecHmanm.
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Jns peakiii aA + bB — ¢C + dD 3akoH n1ii Mac MOXHa 3alucaTy Tak:

V=k[A][B],
ne [A] u [B] — MmomnsipHi KOHIIEHTpaIlli pedoBuH A 1 B;
a 1b — crexiomeTpuyHi KOePIIIEHTH;
k — xoedilieHT TPOMOPIIAHOCTI, 10 HA3UBAIOTh KOHCTAHTOK IIBUIKOCTI
peaxiii.
JIns TeTeporeHHUX peakiii y BHpa3 MIBUJIKOCTI KOHILECHTpAIS TBEPIUX
PEYOBUH HE BXOUTb.

Hanpuxnan, ans peakuii C,) + O, =CO,) mBuAKICTH peakiii 3anucyeThCs

AK:
V =k[O,]

Koncranta mBuuakocti (k) peakiii BIiANOBiTa€ IBHAKOCTI peakiii 3a
KOHIIEHTpAI[lll pearyrouux pe4oBHH, 110 JOPIBHIOIOTH 1 MOJIB/.

3 MiIBMILEHHAM TEMIIEpAaTypU WIBUIKICTh XIMIYHMX PpEaKIId 31e0UIbIIOro
3pocTae. 3rigHo 3 npaBuwioM BanTt - ['odda: npu minBuieHHi TeMmnepaTypu CUCTEMU
Ha KOXH1 10 TpamyciB HMBHAKICTh OUIBIIOCTI peakiiii 3poctae B 2-4 pasu, abo
MaTeMaTU4HO:

A
=1,
t

e Vt2 " th — MIBUAKOCTI peakilii BIAMOBIAHO 3a MOYATKOBOI #; 1 KIHIEBOI £,

1

TeMIiepaTyp;
Y — TeMIiepaTypHUi Koe(IieHT MIBUAKOCTI peakilii, KUIbKICHE 3HAYCHHS
SAKOTO MOKe OyTH IITUM 200 TpOOOBUM.

Ximiyna piBHoBara B o0opoTHMX peakmiax. OOOpoTHI peaxuii
BII0YBAIOTHCA K y MPSMOMY, TaK 1 B 3BOPOTHOMY HAMPAMKY.

aA +bB == c¢C + dD (o6opotHa peaxiiis)

aA +bB — cC + dD (npsima peaxiiis)

cC + dD — aA + bB (3BopoTHa peaxiiis)
Vap. = kip[AF[B]; Vi = kun [CI[D]".

XimiuHa piBHOBara — 11¢ Takuil CTaH CUCTEMHU, 32 SIKOTO MIBUAKOCTI MPSIMOi Ta
3BOPOTHOI PEAKIIN CTalOTh OMHAKOBUMHU (Vyp = V). KUIBKICHOIO XapaKTepHCTUKOIO
XIMI9HOT piBHOBAru € ii KOHCTaHTA.

J11st 060pOTHOT peakiii

k ke _[CTD]
k. [AT[B]

ne K — KoHCTaHTa XIMIYHOT pIBHOBAru;

[A], [B], [C], [D] - piBHOBa)xxHi KOHIeHTpalii (KOHIIEHTpaIii, 10
BCTAHOBJIIOIOTHCS B CTaH1 XIMIYHOI pIBHOBAaru) KOMIIOHEHTIB.

JUisi reTeporeHHUX peakuid y BHpa3 KOHCTAHTH PIBHOBAaru BXOJISTh
KOHIEHTpaIlli TUIbKUA TUX PEYOBUH, SIK1 epedyBatoTh y ra3oBiil abo pinkii ¢asi.
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KoncranTa XimMiuHOi pIBHOBarM BHU3HAYa€ TJIMOMHY Tepediry mporiecy B
MOMEHT JIOCATHEHHS CTaHy PIBHOBArH.

BrnuB 3MiHM 30BHINIHIX YMOB Ha CTaH XIMIYHOI pIBHOBaru BU3HAYAETHCA 32
npaBwiIoM, sike aictano Ha3By mpuHuumy Je Ilarenwe: axwo na cucmemy, wo
nepebygae y cmawi pignosacu, nooismu 3306Hi, MO 6 cucmemi 8i00)8aMUMYMbCS
3MIHU, AKI NOCAAOI0I0Mb Y10 OI0.

Ha cran XiMiuHOi piBHOBaru BIUIMBAIOTh HACTYIHI YMHHUKHU: KOHILIEHTpAIlis
pearyrounx pedyoBUH, TEMIEPaTypa, TUCK (TUIbKH JJIsl Ta30BUX CHCTEM).

BruinB koHueHTpaunii Ha ctaH piBHoBaru. 3a npuHuunom Jle Illarenbe,
J0JIaBaHHs O CUCTEMH OJIHI€T 3 BUXITHUX PEYOBHH CIPUYUHSE 3MILLEHHS PIBHOBAru
y OIK YTBOpPEHHS NpOAYKTIB peakuii, ToO0To BHpaBo (Vy, > V). JonaBanusa
MPOJYKTIB peaKilii 3Milllye piBHOBAry y O1K YTBOPEHHsSI BUXIAHUX PEYOBHH, TOOTO
BIIBO (Vi > Vip)).

BruiiuB Temnepatypu Ha ctaH piBHoBaru. 3a npuniunom Jle [larense, min
yac HarpiBaHHsS CHCTEMH, IO repedyBa€e y CTaHi PIBHOBArd, OCTaHHS 3MILIYETHCS Y
OIK TOro 3 JBOX MNPOTWJIE)KHO HAIpPaBICHUX MPOILECIB, AKUH CYNPOBOIKYETHCA
NOTJMHAHHAM TeraoTh (y OIK eHaoTepMidHOi peakuii). OXOJOMKEHHS CIpUsie
3MIIIEHHIO pIBHOBaru y OIK peakilii, sika CYNPOBOJKYETbCS BUAUICHHSIM TEIJIOTH
(ek30TepMiuHa peakilisi).

A+ B = C; +Q (—AH) — ex30TepMiyHa peaxilis;
A+ B = C; - Q (+AH) — ennoTepMiyHa peakilis

BB THCKY Ha cTaH piBHOBaru. THCK BIUIMBAE Ha CTaH piBHOBAru TUIbKH Yy
ra3oBUX CHUCTEMax, y pasl AKIIO peaklis nepedirae 31 3MIHOIO 00’€MIB pearyrdmux
PEYOBHUH Yy Ta3onoAioHomMy cTaHl. 3rigHo 3 npuHiunoMm Jle [laTenwve, migBUIleHHS
TUCKY 3yMOBIIIOE€ 3MIIIEHHA XIMIYHOi pIBHOBAru Yy HaNpsIMKy TpouLecy, SKHi
CYNPOBOJIKYETHCS 3MEHIIEHHSIM 00’€MYy (3MEHILEHHSM KUIbKOCTI MOJIEKYJ Ta3iB), a
3HM)KEHHS TUCKY — BUKJIMKA€E 3MIIICHHS PIBHOBArk y MpOTUIICKHUH OIK.

Hanpuxman, nis peakii

N2(r) + 3H2(r) <V—l'> 2NH3(F)
3.
y pa3l MiIBUIIEHHS THUCKY pIBHOBara 3MINIYETbCA y OIK 3MEHIICHHS KUIbKOCTI
MOJIEKYJI Ta3iB, TOOTO B O1K MPSAMOT peaKilii.
Ipuxkaagu po3B’si3aHHs 32124
Hpukaanx 1. Peakuis nepedirae 3a piBHssHHAM 2 NO + O, = 2NO,. Koncranra
mBuakocti 1iei peakuii npu 500°C  pmopiBaioe 0,18, BuxinHi KoHIEHTparrii
pearyrounx peuoBuH Oymu: [NOJy = 0,12 monw/a 1 [O,]p = 0,27 mons/ 1. OGUUCHITH
MOYaTKOBY HIBUJKICTH peaKIlii 1 MBUAKICTS ii, Koiau npopearysaio 40% NO.
Po3p’si3anHsa. 3rigfHo 3 OCHOBHHMM 3aKOHOM XIMIYHOI KIHETHKH BHXIJHA
IIBUJIKICTh MPSMOT peakilii JOpiBHIOE

Vo =k[NO]3-[0,]o = 0,18- 0,127+ 0,27 = 7-10”* moms(ir- ¢)”,

ne k — KoHCTaHTa MIBUJIKOCTI peaKiii.
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Ha moment, xomu mpopearyBasio 40 % NO, 3menmenHs konmeHtpauii NO
ckianae 0,12- 0,4 = 0,048 monw/n, a koHueHTpaiii O,, BIIMOBIIHO 10 CTEXIOMETPIi, —
0,024 monb/11. OTxe, MOTOYHI KOHIIEHTpALlli peareHTiB JOPIBHIOIOTh:

[NO] =[NO]y— 0,048= 0,12— 0,048=0,072 momnb/x;

[O2] = [O3 ]o— 0,024= 0,27-0,024=0,246 momnb/.

Toni moroyHa MBUAKICTE peakilii
V =Kk[NOJ* [0,] = 0,180,072 0,246= 2,3 10 monb(i1- ).

Hpukaaxy 2. IBuakicte roMmoreHHoi peakuii npu Ttemmnepatypi 10 °C
nopiBHIoe 2,36 107 Momb(1- ¢)'. BusHauTe MBUAKICTS 1€l peakiiii mpy TemmepaTypi
60 °C, k1o TemMnepaTypHuil KOeiieHT MIBUAKOCTI peakilii J0piBHIOE 2,3.

Po3B’si3anns. BiqnoBigHo 10 emmnipuyHoro npasuia Bant-I'odda mBugkicTs
peakilii mpu Temmepatypi 60°C ckianae:

V, =V, 10 2236107 2,311 52 Mo (1 -c) .

Mpukaanx 3. 'omorenna peakiiist nepedirae 3a piBHIHHAM
A+3B=C+2D.

PiBHoBaxkHi1 KoHUeHTpamii peareHtiB: [A] = 0,31 mons/m; [B] = 0,16 Mmomnw/m;
[C]= 0,22 monb/n. Koncranta piBHoBaru nopiBHioe 33,51. BusHaute piBHOBaXKHY
KOHIIEHTpalIlito peareHty D, a Tako>k BUXIiJIHI KOHILIEHTpallii pearenris A i1 B.

Po3p’sizanns. 3a 3akoHoMm fAirounx Mac ['yiapabepra-Baare koHcTaHTa
XIMIYHOT PIBHOBAru Ii€i peaxiii

2
. _[C]D]
P 3
[A]-[B]
PiBHOBa)kHa KOHIIEHTpaIlisg peareHTy D nopiBHIOE:

K,[A][B]' _ [33,51.0,31.0,16
[€] 0,22

BiamoBigHo 10 cTexioMeTpii pIBHSHHSA peakilii 3MEHIICHHS KOHIEHTpaIlii
peareHTy A B xoxal peakiiii gopiBHioe 0,22 MONB/JI, a 3MEHIIEHHS KOHIICHTpaIlli
pearenry B — 0,66 Monb/n. OTxe, BUX1IHI KOHIIEHTpAIlil LIMX PeareHTiB:

[Alo=[A] + 0,22 =0,31 + 0,22 = 0,53 mMomb/7,
[B]o=[B] + 0,66 =0,16 + 0,66 = 0,82 Moib/m.

[D]= =0,44 monp/1.

Buxonatu 3aBaanus

1. KoncranTta piBHOBar roMOreHHO1 CUCTEMHU
COg) + H2O() == COxry +Hagr
3a MEBHOI TemIiepatypu aopiBHiOe 1. OOUMCIUTH PIBHOBa)KH1 KOHIIEHTpaIlli yCix
pearyroumx  pe4yoBWH, SKmOo BuxigHli  koHueHtpauii: [CO] = 0,10 momns/m,
[H,0] = 0,40 momnb/m.

29



2. 3a3HaunTH, SKUMHM 3MiHAMU KOHUEHTpAIlll pearyrouuxX pPEYOBUH MOKHA
3CyHyTH BIpaBo piBHoBary peakiii CO, + C <= 2CO? Skum TemnoBuM e€()exToM
CynpoBoKyeThcst yTBopeHHd CO y miil peakiuii, SKIIO MiJBUILEHHS TEeMIIEpaTypu
3Millly€e piBHOBAry BIpPaBo?

3. Ipu wnarpiBanHi NO, y 3akpuTiii MOCYIMHI [0 TMEBHOI TeMIepaTypu
piBHOBara peakiii 2NO, <~ 2NO + O, BcTaHOBHMJIACS 3a HACTYITHUX KOHIICHTpAIIii:
[NO;] = 0,06 monb/n, [NO] = 0,24 monb/n, [O,] = 0,12 monb /1. 3HAWTU KOHCTAHTY
pIBHOBAru 3a 1i€i TeMnepaTypu i BuxiiHy konueHntpaiio NO.

4. Sk 3miHATBHCS WBUAKICTB peakuii 2NOy) + Oz¢) — 2NOyyy, AKIIO:

a) 30UIBLLIUTH TUCK Y CUCTEMI B 3 pasu;

0) 3MEHIIUTH 00’ €M CUCTEMH B 3pasu;

B) MiABUIIUTH KOHIeHTpaIlito NO B 3 pazu?

5. Y CKUIBKM pa3iB 3MIHUTBCS IIBUAKICTH peakuii 2A + By — AxB(y,

AKIIO:

a) KOHIICHTPALlIl0 pEYOBUHU A 30UIBIINTH B 2 pasu;

0) KOHLIEHTpAI[i}0 pEYOBUHU A 30UIBIINUTU B 8 pa3iB;

B) KOHIIEHTpAIIiI0 peuoBUHU B 30u1b1nTH B 4 pasy;

') KOHIEHTPAIIII0 peYOBUHU A 30UTBIIMTH B 2 pa3u, a KOHIIEHTPALII0 PEYOBUHU
B 3menmmtu B 2 pazu?

6. CucreMa C (pagiy T COypy <= 2CO) mepeOyBae B craHi piBHOBarw,
AH = 172,5 xJIx.
Bkaszartu:

a) sik 3MiHUTHCA BMICT CO y pIBHOBaXKHIM CyMIlll 3 NIABUIICHHSAM TeMIIepaTypu
PU HE3MIHHOMY THCKY?

0) sk 3MiHUTHCS BMICT CO y piBHOBaXHIM CyMillll 3 pOCTOM 3arajlbHOTO THUCKY
IIpY HE3MIHHINA TeMiepaTypi?

7. Piusnns peaxuii: Ny+3H, <= 2NH;. KoHuenTpaliiss pe4oBHH, 110 O€pYyTh
yuyacth y Hid: [N,] = 0,80 monw/n; [Hy] = 1,5 monw/n; [NH3;] = 0,10 monp /7.
OOGYUCIUTH KOHILICHTPAIIII0 BOJHIO i amiaky, Koy [N,] = 0,5 mouib/1.

8.V cKkilbkM pa3iB HEOOXIIHO 30UIBLIMTH KOHLIEHTpAlil0 pedyoBMHU B vy
CUCTEMI

2A¢) B = AaB,
100 Mpu 3MEHIIEHH1 KOHUEHTpalli pe4oBUHU A B 4 pa3u WIBUIKICTh IPSIMOT peaxiii
HE 3MIHMIacA?

9. BuzHaunTH, SK 3MIHUTBHCS IIBUAKICTH MPSAMOi 1 3BOPOTHOI peakUid y
3a3HAYEHUX HUKYE PIBHOBAXKHUX CUCTEMaX MpU 30UIbIIIEHHI TUCKY BIBIYL:

H, + 1, <= HI;
2NO + O, <= 2NO,.

Yu BIUIMHE Taka 3MiHA TUCKY Ha CTaH pPiIBHOBAru LIUX CUCTEM?

10. Hanmucat BUpa3 [jIs KOHCTAHTH PIBHOBAarM HACTYNMHOI T'OMOTIE€HHOT
cucremu: Np+3H, <= 2NHj;. SIK 3MiHHTBCS IIBHAKICTH MPAMOI peakilii yTBOPEHHS
amiaky, sKIIO:

a) 30UTBIIMTH KOHIEHTPAI[II0 BOJAHIO B 3 pasu;
0) 3MEHIIMTH KOHLIEHTPAIII0 a30Ty B 2 pazu?
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11. HanucaTtu Bupa3 [uisi KOHCTAHTH PIBHOBAru rOMOI€HHOI CUCTEMHU
2S0, +0, <= 2S0s.
SIK 3MIHMTBCS MIBHIKICTH NpsMOi peakuii yrBopeHHs SOs, SKIO0 30UTBLIINTH
koHieHTpailito SO, B 3 pa3u?

12. Sk BrulMHE HA CTaH PIBHOBAru peakiiii

1) 2Hy() + Oay <= 2HyO(y; AH = —483,6 x/Ix;
2) CaCO3(TB.) < CaO(TB.) +C02(F); AH =179 KI[)K:
a) MIBUIIEHHS TUCKY;

0) migBUILEHHS TeMIiepaTypu?

13. Ik 1 4Yomy mnpu 3MiHI THUCKY 3MIIIYETbCS pIBHOBara CHCTEMH
N,+3H, <= 2NHj; i He 3mingyeThes piBHoBara cucteMu No+O, 5 2NO? Hanmcatu
BHpa3 JJIsl KOHCTaHT PIBHOBArd KOXKHOT 3 PEaKii.

14. SIx 3miauThCa WBUAKICTH npamoi peakuii CO + Cl, <= COCl, skmio
koHueHtpamiss CO = 0,3 monw/n 30uTbIIMIAcA 70 1,2 MOJIB/JI, @ KOHIEHTpAIlis
Cl, = 0,2 moun/a 36uemmiacg 10 0,6 moias/n?

15. PiBaoBara peakuii 2SO,+0, <= 2SO; BcTaHOBWIACA 3a HACTYIHUX
KOHIIEHTpaliil pearytounx pedoBuH: [SO,;] = 0,1 mons /1, [O;] = 0,05 mons /m,
[SOs] = 0,9 monb/n. Po3paxyBatu, SIK 3MIHUTBCS IIBUIKICTH NPSIMOi W 3BOPOTHOT
peakIlii, Ko 3MEHIIUTH 00’ €M, SIKHM 3aiiMaloTh Ta3u, BABIYL. YM 3MICTUTHCS TIPHU
1pOMY piBHOBara? BinmoBinb JaTu Ha MiICTaBl PO3PAXYHKY.

16. Po3paxyBaTu KOHCTaHTY pIBHOBaru roMOre€HHOT CUCTEMHU

COg) + H20() == COxry +Haqr,
AKIIO PIBHOBaXKH1 KOHIEHTpamii pearytounx peudoBuH [CO] = 0,004 monb/u;
[H>O] = 0,064 mons/im; [CO,] = 0,016 monw/m; [Hy] = 0,016 monw/n. Sk BrummBae
3MiHA THCKY B CUCTEMI1 Ha CTaH XIMIYHO1 piBHOBaru?

17. HanucaTtu Bupa3 [uisi KOHCTAHTH PIBHOBArd rOMOT€HHOI CUCTEMHU

CH, + CO, <= 2CO + 2H,.
SIk BapTO 3MIHUTH TeMIepaTypy W TUCK, 100 MIABUIIMTH BuXig BogHI0? [Ipsima
peaxiiisi yTBOPEHHs BOJIHIO — €HJJOTepMIiUHa.

18. SIx BHIMHE NIABUUIEHHS TUCKY IMpPU HE3MIHHIA TeMIepaTypl Ha CTaH
PIBHOBaru Takux CUCTEM:

2HBr <= H, + Bry; -Q;
2CO +0, <= 2CO,; +0;
N2+02 < 2NO, —Q.
B sxuiit 61k 3MICTATBHCS PIBHOBAru npu MiABMILEHHI TeMrnepatypu? HamucaTtu
BUpa3 JUIs MIBUAKOCTEH MPSAMUX PEeaKiiid B KOKHIA CUCTEMI.

19. 3naiitu KoHcTauTy piBHOBaru peakmii NyO4y <= 2NO,, SKIIO BHXigHA
koHueHTpariss N,O4 cranoBwia 0,08 MOJb/1, @ 10 MOMEHTY HAacTaHHS PIBHOBaru
aucouiroBano 50 % N,Oy.

20. Y nBi mocyiMHU OJTHAKOBOi EMHOCTI BBeJIeHO: 1 Moyib Tazy A 1 2 MoJIb ra3y
B — y nmepmy, 2 monb Tazy A 1 Moabs razy B — y apyry. Temmepatypa B 000x
MOCyJIuHAaxX ofAHaKkoBa. Yu 3 0JIHAKOBOIO MIBUJIKICTIO OyJ€ MPOTIKATA peakiis MK A
u B y Tiif Ta iHII1# MOCY/IMHI B TAKUX BUMAJKaX:

a) SIKIIO BOHA OMHUCY€eThes piBHAHHAM A + B = C;
0) AKII0 BOHA ONMUCYETHCA PIBHAHHAM 2A + B =C?
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21. Sk 3MIHATBCS MIBUJIKOCT1 XIMIYHUX PEAKIIIM:
a) S¢zs) T Oar) = SOy
6) 2SOQ(F) + Oz(r) = 2SO3(F),
SKIT0 00’ €M KOXKHOI 13 CUCTEM 3MEHIIUTH B 2 pasu; 4 pazu; 3 pa3u?
22. B axuit 61k 3MICTUTBCS XIMIYHA PIBHOBAra B peakuisix:
N, + 3H, <= 2NH;; + O;
N, + 0, <= 2NO; - 0;
H, + I, <= 2HI; + Q;
3Fe + 4H,0 (nmapa) <= Fe;0,4 + 4H,; + O
32 YMOBH:
a) MiJIBUILIEHH] TEMIIEpaTypu U TUCKY;
0) 3HIKEHH1 TeMIIepaTypu U TUCKY.
23. ®ochop(V) xj0pua AUCOLIIOE MTPU HATPIBaHHI 32 PIBHSAHHAM
PC15 — PC13 + C12
3a neBHoi Temnepatypu 3 2 mosb PCls, 1mo nepedyBaroTh y 3aKpUTiil OCYIHHI
00’emom 10 11, migaaeTbes po3kiaganHio 1,5 Moab. OOUUCTUTH KOHCTAHTY PIBHOBAru
3a i€l TeMIepaTypH.

24, PiBuanns peakiii mae Bursig: 2NO + O, = 2NO,. KonnenTparlii BUXiTHUX
pedoBuH: [NO] = 0,03 monn/i1; [O,] = 0,05 Mosnb/n1. SIK 3MIHUTBCS IBUIKICTh PEAKIIii,
KO0 30UTBIIUTH KOHIEHTparito kucHio 10 0,10 monb/n kouuentpamito NO 1o
0,06 monw/n?

25 Peaxkis Mk peyoBuHamMu A 1 B Bupaxkaerscs piBHsHHAIM: A + 2B =C.
Buxinni xonneHtpanii cra”HoBisaTh: [A]p = 0,03 monw/n, [B]p =0,05 momns/m.
KoncranTa mBuakocti peakiii gopiHioe 0,4. 3HalTH MOYATKOBY HMIBUIAKICTh PeaKilii
M IIBUIKICTH peakilii Mmicjigi MEBHOr0 4Yacy, KOJM KOHLEHTpalisi pEeuoBUHU A y
cucteMi 3MeHIUTLeS Ha 0,01 Moub/I.

3ABJIAHHA 4

OCHOBHI IIOHATTA TEPMOJAUNHAMIKHA
3a Temo0 «OCHOBHI NOHATTS TEPMOAMHAMIKM» CTYJAEHTAM HeO0OXiJIHO

OBOJIOAITH TAKMMU 3HAHHAMM:

® XiMiuHa cucmema — TUIU CUCTEM (BIIKpUTA, 3aKpHUTa, 130JIbOBAHA,
HEI30JIb0BaHa); Kiacudikalig peakuid B XIMIYHIA TepMOAMHaMIIl (€K30TepMIiuHi,
EHJI0TePMIYHI, 130XOpHi, 1300apHi, 130T€pMIUH1, CaMOJIOBUIbHI);

®  MEePMOOUHAMIYHI BETUYUHU, WO XAPAKMEPU3YIoMb XIMIYHI cucmemu —
BHYTPIILIHS €HEPrisi, EHTAIbIIIS, TEeII0Ta 1 podoTa;

®  mepMOoXimis — TEPMOXIMIYHI PIBHSHHS, CTAHAAPTHI €HTAJbIIi YTBOPEHHS
pPEYOBHH, 3aKOH ['ecca Ta HOro HaCIiJIKHY;

® eHmponisa AK Mipa UMOGIpHOCMI CMAH) cucmemu, PO3PaxyHOK 3MIHH
EHTPOIIi CUCTEMHU B Pe3yibTaTl XIMIYHOI peaKiii,

o enepeia 1'ibOca, Ti 3B’S30K 3 €HTAIBIIIEIO Ta €HTPOIIIE€I0, 3MIHA EHEeprii
['100ca sik KpUTepii MOKIMBOCTI CAMOAOBIIBHOTO MPOTIKAHHS XIMIYHOTO TIPOLIECY.
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TeopeTnyHna yacTuHa

XimiyHa TepMoaMHaMiKa — II€ HayKa, [0 BUBYA€E MepeXi]] eHeprii 3 oJHiel
dbopMH B 1HIIY; €HEPreTU4Hi e(PeKTH, M0 CYNPOBOKYIOTH XIMIYHI Ta (I3U4HI
MPOLIECH; MOXJIMBICTD 1 HAIPSIMOK NEpeOiry TOro 4u iHIIOrO MPOIIeCy.

Cran cucremMu 1 3MiHH, IO BiIOyBalOThCA B HIH, XapaKTepHU3YIOTh 3a
JOTIOMOTOI0 TaK 3BaHUX TEPMOJMHAMIYHUX (YHKIINA (XapaKTepUCTHUK): BHYTPIIIHBOT
eneprii U, entansnii H, entpomnii S, eneprii ['i06ca G To1o.

Jliist OyAb-KOT0 MPOLECy CHpaBeIMBUM 3aKOH 30€peKEHHSI €Heprii:

0 =AU+ A.

Ile o3Hauae, 1m0 MiABEAEHA O CHUCTEMH TemioTa () y 3arajJilbHOMy BHUIAJKY
BUTpAYa€ThCs HAa 3MIHY 11 BHYTPIIHBO1T eHeprii AU 1 Ha BUKOHAHHS poOOTH A.

[1ing BHYTpIIHBOIO eHepriero cuctemMu U ciij po3yMiTH 3arajibHUi ii 3amac,
TOOTO E€HEpril0 MOCTYNAJIbHOTO ¥ 00epTalbHOrO0 pyXy MOJEKYd, €HEpriio
BHYTPIIIHBOMOJICKYJIIPHUX KOJMBAaHb aTOMIB 1 aTOMHHUX TpYI, EHEPrilo pyxy
€JIEKTPOHIB B aTOMax, BHYTPIIIHbOSAJIEPHY €HEPrilo, TOOTO yCl BUJIMU €HEprii, OKpiM
KIHETUYHO1 1 TMOTEHIaIbHOT eHeprii cucremMu B 1uiomy. Iling BenmumHOIO A
PO3YyMIIOTh POOOTY, IO MPOTUJIIE BCIM CHJIaM, SIKi J1OTh Ha CUCTEMY (30BHIIMIHIN
TUCK, €JIEKTPUYHE 1 MArHITHE IOJISI TOWIO).

CyMy BHYTpIIIHBO1 €Heprii 1 JoOyTKy 00’€My pEUYOBHHHM Ha 30BHIIIHIA THUCK
Ha3MBaIOTh eHTAJIBIIEI0 1 TO3HAYAIOTH JiTepOoto H:

H=U+pV.

HaykoBe 1 mpakTuuHe 3Ha4eHHS Mae€ 3MiHa eHTanbnii AH = H,— H;.

SIKuo mpu 1UbOMY BHKOHYETHCS TUIBKA POOOTAa PO3IIMPEHHS, 1 CUCTEeMa
nepedyBae 3a CTaJIoro TUCKY, To 4 = p(V, — V1) = pAV.

3BIZICM MOJKHA 3alcaTH:

AH =AU + pAV,

O, = AU + pAV = AH (Q, — Tennorta, Ky IOIJIHMHYJa CHCTEMa 33 yMOBH
CTaJIOCT1 TUCKY).

3MiHYy €HTaJbIIIi i yac nepediry pi3HUX MpoLeciB BUZHAYAIOTh TaK caMo, sK 1
3MIHY BHYTPIIIHBOI €HEprii, TUIbKM BU3HAYEHHS MPOBOJATH 33 YMOBU CTajlOCTI
TUucKy. Tak, mpu HarpiBaHH1 pEYOBUHU

AU=Q,=nCAT i AH=Q,=nCyAT,
1€ 1 — KUTbKICTh MOJIb PEUOBUHU, MOJIb;

Cy, — MOJibHa TEIJIOEMHICTh PEYOBHMHM 3a YMOBU CTajocTi 00’eMmy,
JIx/(Mons - K);
C, — MoOJIbHA TEIUIOEMHICTh PEYOBMHM 33 YMOBH CTaJlOCTI THCKY

JIx/(mons - K).

3MiHa eHTadblli y XIMIYHUX pPEaKUIAX BIAMNOBINA€ B3ATIM 3 MPOTHIICKHUM
3HAKOM BEJIMYMHI TEIJIOBOTO €deKTy peakxiiii, mo BiAOYBAEThCA 32 YMOB CTaJIOCT1
TEeMIIepaTypH 1 TUCKY.

Po3nin XiMi4yHOT TEpPMOIUHAMIKH, SKUW PO3TIIAAAE JOCHIKEHHS TEIUIOBHX
e(eKTiB, HA3UBAETHCA TEPMOXIMIEN0.
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B ocHOBI TepMOXIMIYHUX PO3paxyHKIB JeKUTh 3aK0H ['ecca:

TennoBuii edexr peakuii He 3aJIeKUTh BiI NPOMDKHUX CTajid, a
BHU3HAYA€THCS TUTBKU MOYATKOBUM 1 KIHIIEBUM CTAHOM CHUCTEMHU.

VY TepMmoxiMii mpouecu 3anucyroTh 3a JI0MOMOr0l0 TePpMOXiMiYHUX PiBHSIHbD,
10 Ha BiAMIHY B XIMIYHUX PIBHSHb JOTOBHEHI1 BKa3iBKaMH MpPO arperaTHi CTaHU
PEYOBHH 1 JaHUMHU Mpo TeroBui edekT peakuii AH. Sxmo AH > 0 (Q < 0), To
TEIJIOTa TIOTJIMHAETHCS 1 peakiis — eHgorepmiuna. Skmo AH < 0 (Q > 0), to
TEII0Ta BUUISETHCS 1 peakilis — eK30TepMidHa.

TemoBuii epekt peakiii, po3paxoBaHUN BIJHOCHO OJHOTO MOJIb CIIOJIYKH 32
temmeparypu  298.15K (25°C) i tmcky 1013251Ia (1 arM), Ha3HBAIOTH

CTAHJIAPTHUM TEIUIOBUM e(eKTOM AHS98'

CranpapTHa TEmioTa yTBOPEHHS AH19298 (f — formation) XiMi4HOT CTIOTYKH — 1I€

3MiHa eHTambIii (TeroBui edexT) y mpoueci yTBOpeHHs | MOJb IIi€l CHOTYKU 3a
cTaHAapTHUX YMOB. CTaHIapTHI TEIUIOTH YTBOPEHHS B11OM1 JIsi 6ararb0X peuoBHH.

3a 10MOMOror0 CTaHAAPTHUX TEIUIOT YTBOPEHHS MOXKHA BU3HAYUTH TETUIOBUMN
edexT peakuii. 3a CcTaHZApPTHUX YMOB 3TIIHO 3 HacaiAkoM 13 3akoHy ['ecca:
TenJI0BUil edeKT peakmili JOPIBHIOE PIZHUIII MK aireOpaiuHOI0 CyMOIO TEIUIOT
YTBOPEHHSI MPOJYKTIB peakiiii, MOMHOXKEHUX Ha CTEXIOMETPUYHI KOe(]ill€eHTH, Ta
anredpaiyHoI0 CYMOIO TEIUIOT YTBOPEHHS BHUXIJTHUX PEYOBHH, MOMHOXEHUX Ha
CTEX10METPUYH1 KOe(ILlI€EHTHU:

Y = ZniAHg 205, (IIPOZLYKTH ) — Zn]AHf 203, (BUXinHI ped. ),
i i

1€ nj — CTEXIOMETPHUYHI KOe(PII[IEHTH PIBHSHHS PEaKIIii.

Entponis S — ue TepMmoauHaMiyHa (QYHKIIS, sKa € KUIbKICHOI MIPOIO
HEBIIOPSIIKOBAHOCT1 JIaHOi cucTeMH. YuMm Oulbllla €HTpOIlis, TUM BHUIIE CTYIIHb
HEBIIOPSIIKOBAHOCTI. 3MiHY eHTporii AS B XIMIYHHUX Mpoliecax 3a CTaHJAPTHUX YMOB
00YMCITIOIOTh aHAJIOrYHO obunciaeHHo AH 3a 3akoHoM ['ecca:

ASYy = Znngg&i (mpomykrn) — Znngg&i (BuxinHi ped.),
i i

0

ne S, — cranaaptHi enTporii pedoBuH 3a 7= 298.15 K ip = 101325 Ila.

3 METOI0 BUPIIICHHS MUTAHHS PO MOXJIMBICTH Mepediry peaxiii BU3HAYalOTh
3Miny eHeprii ['106ca. 3a ymoB p = const 1 7= const AG = AH — TAS.

YMOBOI0O MOXIIMBOCTI CaMOJAOBUIBHOTO TMepediry peakuii y mOpsSMoMy
Hanpsamky € AG, 1 < 0.

Ipuxkaaau po3B’si3aHHs 32124
Hpukaanx 1. BusHauuT MOXJIHMBICTH CAMOIOBUILHOTO MEPediry peakirii
ALO; + 3S0O; = Aly(SO4); 3a cTaHmapTHUX YMOB. 3alldcaTH TEPMOXIMIYHE
PIBHSHHSL.
Po3B’si3anHs. Peakiiisi camo10BUIbHO Tiepedirae B mpsIMOMY HAIPSIMKY, SIKIIIO
AG,1<0.
AG = AH — TAS. 3a crannapTHux yMoB AG, = AH', —~TAS%, (T = 298K).

AH 3, = AHY, (AL (SO,), )=[ AH s (ALO; ) +3AH, (SO;) | -
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3rinHo 3 nanumu tabnui (donarok, Tad. 2) maeMo:

AHS  =—3434— (1675 —3:395,2) = 7533 k]l.
ASS, =S89, ( Al, (504)3)_[5598 (ALO,)+385,(SO,)| =239,2 +50,94 + 3-256,23) =
— 580,43 8%
P
AHY, =753 3x]lic; ASY, =—580,43 22 — ¢ 58 KK

K K
AG),, =—753,3 —298:(—0,58) = —580,46 xJ{x.
AG,,< 0, TOOTO MOXIMBUU CaMOAOBUILHUN Tepedir peakiii y npsaMomy

HanpsaMKy. TepMoximMidHe piBHSHHS 11€1 peakilii Ma€ HaCTyITHUMN BUTIISI:
A1203(K) + 3SO3(F) = AIQ(SO4)3(K); AH = —753,3 KI[)K

Bukxonatu 3aB1aHHsA
JIns HaBeNEHMX HUXKYE PEaKIliid OOYUCIUTH 3MIHM EHTaIbIi, EHTpomii, a
Takox eHeprii ['i66ca. Un MOXyTh 3a cTaHAapTHUX yMOB npu 298 K camo0BUIBEHO
nepebiraTu  peakiii 'y nOpsMoMy — HampsaMmky? — (3HaueHHS  CTaHJApTHUX
TEPMOJMHAMIYHUX BEJIMYMHH IS MPOCTUX PEUYOBHH 1 CIOJYK HaBENCH1 Y TaOHIl

Honatky).

Howmep BapianTa PiBHsIHHS peakiiii
1 CO,+H,; =CO + HQO(F)
2 CO+ChL= COCIQ(F)
3 CO +3H, =CH4 + HZO(F)
4 SO, +Cl, = SOQCIQ(F)
5 2S0, + O, = 2S0;
6 Ca(OH)2 =CaO + HZO(F)
7 CaCOj; = CaO + CO,
8 Mg(OH), = MgO + H,O
9 2NO, = 2NO + O,
10 4NO + 6H20(r) =4 NH; + 50,
11 2N, + 6H,Or = 4NH; + 30,
12 NH4Cl=NH; + HCI
13 4HCI + 0, = 2H,0,, + 2CL,
14 2H2 + CO = CH3OH(F)
15 C02 + 4H2 = CH4 + 2H20(r)
16 2C0 + SO; = 1285 + 2CO;
17 1/2S2 + 2C0O, = SO, + 2CO
18 N204 = 2N02
19 1/2Sz(r) + 2H20(r) =S0O, +2H,
20 CH3CHO(F) + Hz = CszOH(r)
21 CszOH(r) = CoHy4 + HQO(F)
22 C2H6 = C2H4 + H2
23 CH4 + C02 = 2CO + 2H2
24 2C0O, =2CO + O,
25 C02 + 4H2 = CH4 + 2H20(r)
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3ABJIAHHA 5

PO3YUHHU. CTIOCOBU BUPAKEHHSA CKUIAAY PO3YUHIB
3a Ttemor0 «Po3unnu. Crioco0u BHpPaKeHHH CKJIAAY PO3YHMHIBY» CTyJIeHTaM
HEeOOXi/THO OBOJIOAITH TAKUMH 3HAHHAMMU:
® 3aeanbHa XaApakmepucmuka po3YuHié — PO3YMH 1 MOro KOMIIOHEHTH;
PO3UMHHICTB, 1i 3aJIEKHICTh BiA pi3HUX (GAKTOPIB; KiIacH]IKallisl pPO3UMUHIB 32
arperaTHUM CTaHOM pPO3YMHEHOI pPEYOBHMHU 1 PO3UYMHHMKA, 32 PO3UMHHICTIO
PEUYOBUHHM; (PI3UKO-XIMIYHA CYTh MPOLECY POZUYNHEHHS;
® Cnocodou eupasiceHHs KoHyenmpayii pevyoeuHu 6 po3uuHi — MacoBa
4yacTKa, MOJISIpHA, MOJSpHA KOHIIHTpallisl €KBIBAJEHTa, MOJSIIBHICTh, MOJIbHA
YacTKa;
® GMIHHA NPOBOOUMU PO3PAXYHKU
® Ha nepexi] BiJl OJIHOTO CIIOCO0Y BUPAKEHHS KOHIIEHTpALi 10 1HILIOTO;
® HAa TMPUTOTYBaHHS PO3UYMHY 3a/JaHOi KOHIIEHTpalii MeToa0M
PO3YMHEHHS YUCTOI PEUOBUHU 200 p0o30aBIEHHSM BOJOIO JAHOTO PO3UUHY;
e 00YHMCIIEHHS KOHIIEHTpALli PO3UYUHY, OTPUMAHOT0 3MIIIYBaHHIM JIBOX
PO3YMHIB 3 BIIOMOIO KOHLIEHTPAIIEIO;
® 3aKOH eKgiBaleHmié 011 peakyil 6 po3uuHax — OOYUCIICHHS
KOHIEHTpallli KucaoTu abo Jyry 3a pe3ylbTaTaMd KHCJIOTHO-OCHOBHOI'O
TUTPYBAHHS; IPOBEJICHHS CTEXIOMETPUUYHUX PO3PAXYHKIB.

TeopeTnyHa yacTuHa

Po3uun — 1ie roMoreHHa cucTema, IO CKIAJa€eThCs 3 JABOX abo Oiiblie
KOMIIOHEHTIB, BMICT SIKMX MO>KHa 3MIHIOBAaTM B NEBHUX Mexax 0e3 MOpyUIeHH:
onHopimHocTi. OpuH 13 KOMIIOHEHTIB HA3MBalOTh PEYOBHHOIO, I1HIIUHA —
PO3UMHHHUKOM.

Po3uuHHICTP — BIACTUBICTh PEYOBMHU POZUMHATUCA Yy BOAl abo IHIIOMY
PO3UMHHUKY. Y BOJ1 MOXYTh PO3UMHSTHCS TBEPAl PEUOBUHU (CLIb, IYKOP), PIAMHU
(cupt) 1 ra3omoniOHI pedyoBHHM (CIPKOBOJEHb, amiak). PO3UMHHICTH BUpPaXXaloTh
Macol0 pPEYOBMHHM, SKy TpH JaHii Temmeparypi MoxHa po3unHutd B 100 T
PO3YMHHHMKA 200 KUIBKICTIO PO3YMHEHOT peUOBUHU B 1 J1 po3unHy (MOJB/M).

VY mpupoai HeMae aOCOJIIOTHO HEPO3UMHHUX peyoBUH. Bcei peyoBuHU 110
PO3YMHHOCTI y BOJI JUISATh HA TpU TPyNH: A0OpEe pPO3UMHHI, MaJOPO3YMHHI,
MPaKTUYHO Hepo3unMHHI. OCTaHH1 HA3UBAIOTh HEPO3ZUYMHHUMHU PEUYOBMHAMU. SKIIO B
100 r Boau po3uuHs€ThCA OUIbIIE 1 T peYOBUHU, TO TAKy PEUOBUHA Ha3UBAIOTh 100pe
po3uunHOIO (p). Skmo B 100T BOAM PO3YMHSAETHCS MEHIIE 1T pPEUYOBUHH —
MaJoOpO34MHHOIO (M), sKImO po3uuHserbess MeHme 0,01 pedoBuHM —
HEPO3YMHHOIO (H).

[Ipy po3uMHEHHI PEYOBHH MOXYTh YTBOPUTHUCS HACHUYEHI, HEHAaCHUYEeH1 Ta
nepecudeHi po3uuHu. Po3umH, B skomy Ha 100 r po3uMHHHMKA JOBOJUTHCS Maca
PO3YMHEHOI PEYOBHHH, 110 JOPIBHIOE MOr0 PO3UMHHOCTI, HA3UBAETHCS HACUUEHUM.
Po3uun, B sxomy Ha 100 r po3uMHHMKA MPUIIAJAE POZUUHEHOT PEYOBUHH MEHIIIE, HIK
HOro pO3YMHHICTh NpPH JaHIM TeMIepaTrypi, HA3UBAETbCS HEHACUYEHUM. Y TaKOMY
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PO3YMHI MPU TAKUX K€ YMOBaX MICTUTHCS MEHIIE PO3YMHEHOI PEYOBUHU, HIK B
HacuyeHoMy. [l JesKuX TBEpAUX PEYOBMH MOXIJIMBE ICHYBaHHS MEPECUUYCHHUX
po3unHiB. Po3uuH, B sskomy Ha 100 r po3urMHHUKA TOBOJAUTHCS POZUMHEHOI PEYOBUHU
OuIbIle, HDK MOro PO3YMHHICTh MPH JIaHId TeMIlepaTypl, HA3UBAETHCS nepecUyeHUM.
[lepecuueni po3uyuHU OTPUMYIOTH OXOJIOJKEHHSIM PO3YMHIB, HACHYEHHUX MPHU OUIBII
BHUCOKIN Temriepatypi. [lepecudeni po3unHu HecTiiiki. BoHM iICHYIOTh TIIBKHM B CTaH1
CIIOKOIO.

Ckuazl po3uMHy BU3HA4Ya€ KOHLEHTpPAIIsl PO3YMHEHOT PpEYOBHHH.

KonuenTpauisi peyoBHHH B PO34HHI — II€¢ HallBaXJIMBIIIA XapaKTepUCTHUKA
OyIb-aKOTO po3unHy. BoHa BHM3HaYae BMICT PEUOBMHHU B OJMHHUII Macu abo 00’emy
po3uMHY (1HOJ1 PO3UMHHUKA).

Ilo3HayeHnus:

X — po3unHEHa PEYOBUHA;

m(X) — Maca pe4oBHUHH, T;

Myp-yy, — MAca PO34YHHY, T;

m(Y) — Maca po34YMHHUKA, T;

Vp-uy — 00’ €M pO3uHHYy, II;

P p-ny — TYCTHHA PO3YHHY, I/ oM

n(X) — KUTbKICTh PEUOBUHU, MOJIb;

Jfexa(X) — pakTop €KBIBANIEHTHOCT1 pEYOBUHU;

N(fexe(X)X) — KUIBKICTh PEYOBUHH €KBIBAJICHTA, MOJIb;

M(X) — MonsipHa Maca pe4OBUHHU, I/MOJIb;

M(fexe(X)X) — MOIIIpHA Maca €KBIBaJIE€HTa PEUYOBUHU, I/MOJIb.

I[IOITAK pexomeHaye BHUKOPUCTOBYBaTHM KiJIbKa CIIOCOOIB  BUpaKCHHS
KUIbKICHOTO CKJIaJly PO3YMHIB, $IKI TIPYHTYIOTbCSI Ha CTaJlOCTI Macu pO3YHUHY,
PO3YMHEHOI PEYOBUHH, PO3YMHHUKA YU 00’ €MY PO3UUHY.

Cnoco0u BpaskeHHS KiJIBKICHOT0 CKJIaAy PO34HHIB

1. MacoBa yacTka pe4yoBHHH B Ppo3uMHi — ®(X) — 1€ BiAHOIICHHS Macu
PO3UMHEHOI peyoBUHU m(X), IO MICTUTHCS B PO3YMHI, J0 3arajibHOi MacH ILbOTrO
PO3UYUHY M.y, POpMa 3a1IUCY:

o(X) =X 360 wox)=").100 %.
m m

p-HY p—Hy

OpuHuis BUMIpIOBaHHSA BigHOCHA. J[OMyCKaeThCcs BUpaXaTH MAacOBY YaCTKY
PEUYOBMHHU Y YacTKaxX OJAMHUIN a0o0 BimcoTkax. ®(X), sika BHpakeHA Yy BiJCOTKax
HA3MBAETHCS TaKOXk BIJCOTKOBOIO KOHIIEHTpAII€I0 M JIOPIBHIOE MAacli pEYOBUHU B
100 r po3unny.

Hanpuxman, macoBa yactka pedoBunu H,SO, y po3uuHi cynbhaTHOI KUCIOTH
nopiBHtoe 20 %. lle o3Hauae, mo y po3uuHi cynbhatHoi kuciaotu Macor 100 T
Mictuthest pedoBuna H,SO4 macoro 20 r.

2. Monsipua KoHUeHTpaulisi pe4yoBUHH X y po3uuHi — c(X) Bu3Hauae
KUTBKICTh MOJIb PO3YMHEHOI PEUOBHHH, SKa MICTHTBCS B 171 (M) PO3UHHY;
BUP@XAETBCA  y MONB/M>, MOJNB/IM’; Monb/1. Ha mpaktuii — HaiiuacTimre
BHKOPUCTOBYIOTh OJMHHII MOJB/T (MOJIB/IM’).
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MomnsipHa KOHIIEHTpaIlis pPEeYoBMHU X JIOPIBHIOE BIJHOIICHHIO KUIBKOCTI
pedoBuHH 71(X), IO MICTUTHCS B PO3UUHI, 10 00’ €My LBOT0 po3uHuHY (Vpy):

_nX)__ mX)
c(X)= 7 =7 XV MOJIB/I.

Hanpuknaa, MonsipHa KOHLEHTpauis pedoBuHu HaTpil xjopuay (NaCl) y
PO3YMHI 3aITUCYETHCS TAKUM YUHOM:
¢(NaCl) = n(NaCl)  m(NaCl)

= , MOJIB/ZIM”.
MX)V,_,

p-ny

Po3uuH, B 0JHOMY JIITp1 SKOTO MICTUTHCS OJMH MOJIb PO3YMHEHOI pEUOBUHHU,
HA3MBAETHCS OJHOMOJISIPHMM 1 TMo3HayaeTbesi sk 1 M. Po3uumn 3 MoussipHOIO
KOHIIeHTpalli€elo peyoBUHU 0,1 MOJB/1I Ha3UBAETHCA ACIUMOJISPHUM 1 MMO3HAYAETHCS
sk 0,1 M.

Hanpuknaa: 1 M (NaOH) — ogHoMonsipHU# pO34rH HATPill T1IPOKCUAY;
0,1 M (NaOH) — neuumonsipHuil po3unH HATPIH TIPOKCUIY;
0,01 M (NaOH) — caHTUMOSIpHUI pO3YMH HATPIM TIPOKCHUIY:;
0,001 M (NaOH) — MminiMoIsipHUIA PO3YHH HATPIN T1IAPOKCUTTY.

JIisi To3HA4YEeHHsSI MOJIIPHOI KOHIIEHTpallli PeYOBUHU 1HOJII BUKOPUCTOBYIOTh
KBaJIpaTHI AY>KKH, B SIKUX 3aMUCYETHCS (hopMysia BIMOBIIHOT pEYOBUHHU.

Hanpuxmnan: [CH;COOH] = 0,01 monvs/i;  [O;] = 0,1 Mons/m.
3. MoasipHa KOHLEHTpalisi eKBiBajJieHTa y po3uuHi a00 HOpMaJbHA

. 1 . . . .
KOHIEHTpaImla — C(—X] BH3HAYaA€ KUIBKICTb MOJb CKBIBAJICHTIB PCYOBUHHU, IO
z

. 3 3 .
MicTuThest B 1 11 (1 1M°) poO3uMHY, BUPAXKAETHCS y MOJB/J, MOJB/IM’; JOPIBHIOE

. . . . . 1 .
BIJHOIIICHHIO KUIBKOCT1 MOJIb C€KBIBAJICHTIB n (— X] PC€YOBHUHH, IO MICTUTHCA Y
z

po3unHi, 10 06’eMy 1pOro posunny (V,_,, ):

1
1 ”(lX) 3 1 n(sz 3
c(=X)=—=%—, Mmoas/aM", c|l—X | =——<% , Monn/Im’.
z p-HYy z Vp—Hy
1
- = feke (X) :

z
Hanpuknan, mis cynbaTHOi KHUCIOTH MOJSpHA KOHIIEHTpAllis €KBiBaJeHTa
3aIlUCYETHCA TaK:
m(H,SO0,)

1 _
Varso)- M(}5HSO, ),

3a pekomennauismu [FOITAK, skmo 1 Moiab peyoBUHU €KBiBajieHTa f,

CKB

(X)X
po3uMHEHO B 1 IM° PO3YMHY, TO caMe Iei PO3YMH MOXKHA HA3BATH HOPMATbHHM
PO3UHHOM.

Po3umH, sKkuii MicTHTh | MOIb PEYOBMHM eKBiBaleHTa B 1 aM> (TO6TO
c(f.(X)X) =1 MOJIB/ZIM’) HA3MBAETHCS OTHOHOPMAILHHM PO3YMHOM PEYOBHHH X,
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akmo ¢ f,,(X)X) = 0,1 MOIB/IM° —  JCHMHOPMAIBHHM pPO3YMHOM, PO3UMH 3
c( f..(X)X) = 0,01 MOJIB/IM° — CAHTHHOPMAIBLHHM PO3YMHOM, 3 c(foX)X) =

= 0,001 MOMB/AM’ — MiTIHOPMATEHEM PO3YUHOM PEIOBHHHU X.

3amicTh MO3HAYEHHS OAMHUIII BUMIPIOBAHHS KUIBKOCTI pEUOBMHU €KBIBaJeHTa
MOJIB/IM® JIONTYCKA€ThCS CKOpOUeHHs H. a60 N, nanpukmnaz 0,1 u HCL.

BukopucranHs TEpMiHIB «HOPMaIbHUI» PO3YUH 1 KHOPMaJIbHA)» KOHIEHTpPAL1s
Ma€ CEHC JIUIIE TOJI, KoM (paKTOp €KBIBAJICHTHOCTI MEHIIMH 3a OJMHUINO. Y THX
BUIA/IKaX, KOJIU (PaKTOp €KBIBAJICHTHOCT1 JOPIBHIOE OJMHUII, CIiJ KOPUCTYBATUCS
BUKJIIOYHO TEPMIHOM «MOJISIPHMID» PO3YMH 1 MOJIIpHA KOHIEeHTpauis. Hampuknan,
st 2M poszunny NaOH ( £, =1) He ciin BukopuctoByBatu Bupas 2H NaOH.

CKB
MiK MOJSIPHOIO 1 HOPMaJIbHOIO KOHLEHTpALIsIMU PEeYOBMHU X y PO3UMHI €
2
3B’A30K:

c(X) 1

c(fm(X)X)zm abo c;X =z-c(X).

Hampuxman: 1M posunn H,SO, BigmoBimae 2 H. po3uuny H,SOy
(ﬂKB(H2$O4):%); 0,06 M pozunn H,SO, Bignmosimae 0,12 H. po3umny H,SO,

(fouH;80)=15); 0,1 1. posums KMnOy (f,,(KMnO,)= 1£)sinnosinae 0,02 M

po3unny KMnO,.

Jlnst oOuuciieHb, MOB’SI3aHUX 13 B3a€EMOJIIEI0 PEYOBHMH B PO3YMHAX, 3PYUHO
KOPHUCTYBATHCh 3aKOHOM €KBIBAJICHTIB JJI1 PO3UUHIB: 00 €MU PO3YUHIE PEYOBUH, WO
BCMYNAOMb 8 XIMIUHY peaxyito, 00epHeHo NPONOPYIUHI iX MOIAPHUM KOHYEHMPAYIaM
eKelealeHma:
c2
G

IS

abo ¢V =c¢,V,,
ne ¢, 1 ¢, — MOJSIpHAa KOHLEHTpallid €KBIBaJEHTa PEYOBMHM | 1 peUOBUHHU 2

BIZMOBITHO, MOJIb /T
V.1V, — 00’emu po3unHiB pe4oBuH 1 12, 1.

4. MouasiibHICTh PO34YHMHEHOI pe4yoBMHM B po3uuHi H(X/Y) — Bu3Hauae
KUIbKICTh MOJb PEYOBHMHU X, IIO MICTUThCA B 1 Kr po3uMHHHUKA Y; JIOPIBHIOE
BIIHOIIEHHIO KUIBKOCTI PEeYoBHHHU #(X), IO MICTUTBCS Y PO3YMHI, JO Macu m
PO3UMHHUKA Y; BUPAKAETHCS Yy MOJIB/KT.
dopwma 3amnucy:
nX)  mX)

m(Y) MX)-m(Y)’

b(X/Y) =
ne m(X)— maca pe4oBHHH, T;

m(Y) — Maca po34yMHHUKA, KT;
M(X) — MmonsipHa Maca pe4OBUHHU, I/MOJIb
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m(X)-1000

a6o b(X/Y) = MX)-mY)’

ne m(X)— maca pe4oBHHH, T;
m(Y) — Maca po34YMHHUKA, T;
M(X) — MonsipHa Maca pe4OBUHHU, I/MOJIb.
Hanpuxnan, monsbHicTs HCl y BomHOMY pO34nHI 3aITUCYETHCSA TaK:

n(HCI) m(HCI)

b(HCVH,0) = m(H,0) M (HC)-m(H,0)’

MOJIB/KT.

5. THTp PO3YMHY — Ii¢ Maca PeyOBHHH X, SKA MICTUTBCA B OZHOMY CM>
pO3YUHY.

dopwma 3amnucy:
m(X)
ARk

p-Hy

T(X) =

OJMHAUII BHMIpPIOBAHHS: KI/CM’, JUIs MIPAKTUYHOTO KOPUCTYBAHHS I/CM°, T/MJI
(ocTaHHS — HECUCTEMHA).

6. MoJusipHa a00 MOJIbHA YaCTKA PO3YMHEHOI Pe4OBUHM X y PO3YMHI — 1€
KOHIIEHTpaIlisl, IKa BUPa)K€HA BIIHOUIEHHSM KUIBKOCT1 peHOBUHU X, IO MICTUTHCS Y
PO34MHI, JI0 3arajbHOI KUIBKOCT1 pedoBUH Yy po3unHi. Dopma 3amnucy:

(X)= nX) _ m(X)/ M (X)
X2)= n(X)+n(Y) mX)/MX)+m(Y)/ M)’
ne  y(X)— mossipHa a60 MOJIbHA YaCTKa PO3UMHEHOT pEUOBUHH X ;
n(X) — KUTbKICTh PO3YMHEHOT pEYOBUHU X, MOJIb;
n(Y) — KUTbKICTh pEYOBUHU PO3UMHHUKA Y, MOJIb.
OnuHulsl BUMIPIOBaHHS BiJTHOCHA.

JlonyckaeTbest BUpaXXaTH MOJIAPHY 200 MOJIbHY YaCTKY B TaKHX K€ OJUHULIAX,

SK 1 MACOBY YacCTKy PO3YMHEHOT PEYOBUHU Y PO3UYHUHI.

Hpuxkaanx 1. B 320 r Bogu mictuthes 40 r Kaybliil XJI0puay, TyCTUHA PO3UUHY
. 3 . .
nopieHioe 1,08 r/cm”. BusHaute MacoBy 4acTKy, MOJISIpPHY KOHIIEHTPAIIIO 1 MOJISIPHY
KOHIIEHTPAI[1}0 €KBIBAJIEHTA, MOJISIBHICTD 1 MOJISIPHY YaCTKY PO3YMHEHO1 peUYOBUHHU.

Po3p’si3anusn:
1. po3paxyemMo MacoBYy YacTKy KaJbIIiil XJIOpUIY B PO3UHUHI:
o(CaCl) = —mCaCl) 40 411 1119,

m(CaCl,)+m(H,0) 40+320
2. Po3paxyeMo MOJISIpHY KOHIIEHTpaIlito Kaybiliil xmopuay B po3unHi (c(CaCl,)):
n(CaCl,)  m(CaCl,)
 M(CaCl,)V,

c(CaCl,) = .
p-Hy -Hy
ne m(CaCl,)=40r;
M (CaCl,)=40+ 71 =111 r/mous;
v Mpuy _ 40+320
i 1,08

Pp-ny

=333,3 mu = 0,3333 1.
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MomnsipHa KOHIIEHTpAIlis KaJbIii XJIOPUIY

c(CaCl,) = n(CaCly) = m(CaCly) = 40 =1,08 mob/m.
oy M(CaCly)V,,, 111-0,3333
3. Po3paxyeMo MoJIsipHY KOHIIEHTPAILIII0 €KBIBAJICHTA KaIbIii XJIOPUIY B PO3UMHI:
n( 15 CaCl,) m(CaCl,) 40
o( 14 CaCl,)=—~/2 = 2 = = 2,16 MOJIB/11.
é Vp—Hy M(%CaCIZ)'Vp_Hy 1110,50,3333

MouisipHy KOHIIEHTpALlil0 €KBIBaJIEHTa MOKHA PO3paxyBaTH B IHIIUHU crociO, a

CcaM¢, BUKOPUCTOBYIOYH 3B’ 130K MIX MOJIIPHOIO Ta HOPMAJIBHOIO KOHI_IeHTpaI_IiHMI/I:
1/ cacl ) —_c(CaCl) 1,08
R A (T N

4. Po3paxyeMo MOJISUTBHICTh KaJbIlii XJIOPUIY B PO3UUHI:
m(CacCl,) 40

CaCl n(CacCl,)
b / ): ) _ - ~1,13 /KT.
( H,0)™ 7(H,0) _ M(CaCL)-m(HtLO) 111-0,32 MOIBACT
5) Po3paxyeMo MOJIbHY a00 MOJISIPHY YacTKY KaJlbI[iil XJIOPHIY B PO3UHHI:

=2,16 monn/mI.

(CaCl,)= n(CaCl,) _ m(CaCl,)/M (CaCl,) _

X »’" n(CaCl,)+n(H,0) m(CaCl,)/M(CaCl,)+m(H,0)/M (H,0)
40/111

_40/111+320/18_0’02'

Mpuxaan 2. Y tppox ckiassHKax MicTUThCA 10 100 M 0,1M poszunny Na,SOy
ryctuHa sikoro p = 1,012 r/mi. Jlo nepmoi ckistHky gojaanu 60 M Boau, 10 IPyroi —
10 r cyxoi pewoBunn Na,SO4 , a 3 TpeTbOi BUMAPOBYBAHHAM BUAaIWIn 20 T BOJIM.

Sk 3MiHMIIacsl MacoBa YacTKa HATpid Ccylb(aTy y KOKHIN CKISHIN?
Po3p’sizanns. [l BU3HAUYEHHS MAacoBOi YAacTKM BHUXIJIHOTO PO3YUHY

®(Na,SO4) cnoyaTtky HEOOX1THO OOYMCIUTH MaCy PO3UUHY M,y 1 Macy pe4OBHHH
m(Na2$O4):

Mpyy = P*Vpuy = 1,012 /M1 - 100 M = 101,2r;
m(Na,S0,)
M (Na,SO,) -V 4y
m(Nast4) = c(Na2$O4) : M(Na2804) : Vp-Hy-
c(Na,SO4) = 0,1 momnb/1,
M(Na,SO,4) = 142r/momb,
Vouy=100 M = 0,1 1,
m(Na;SO4)=0,1-142-0,1=1,42T.
m(Na,S0,) _ 1,42

Macosa uacTka BUXiHOro po3uuny ®(Na,SO,)= 013
m ;
p-Hy

c¢(Na,S0,) = MOJIB/II,

=0,014=14 %.

[Ticas Toro, ik y mepuly CKISHKY JOJWIM BOJY, Maca OTPUMAHOTO PO3YUHY
30UIBIIMIIACS HA BEJIMYMHY, PIBHY Maci J0JIaHO1 BOJIM:

m(H,0) = p(H;0) -V(H,0) =1 r/mi - 60 mn = 60 1,
TOOTO Maca MEPUIOro PO3YUHY Myp.yy (1) = Mpyy + m(H,O0) =101,2r+60r=161,2T,
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a4 MaCOBa 9aCTKa PCYOBUHU Y HBOMY:

: m 161,2
OTxe, y nepiiil CKIISHIII MacOBa YacTKa COJI1 3MEHIIMIACS Y:
o _ 0,014
— = =1,6pa3u.
o, 0,0088 P

VY npyriit ckisHni micnst gogaBanHs 10 v cyxoi peuoBunn Na,SO, 3MiHuMIace 1
Maca po34yHHy, 1 Maca peuOBUHMU:
Mpy ()= Mpyy T 100 =101,21r+10r= 111,21, a Maca pe4OBHHU B HLOMY
m(Na,SO4)) =1,42r+10r=11,42r.
MacoBa yacTka coil y Apyromy po3uuHI:
o, =M@, S0,y 11,42

=0,1027=10,27 %

A VI )
MacoBa yacTka cojii y IpyroMy po3duHi 3pocia y:
D _0,1027 _ 7,3 pa3u
o 0,014 '

Maca po3urHy y TpeTii CKJIsIHIII micis BumapoByBaHHs 20 T BOJU JTOPIBHIOE:

Mpoy 3) = Mpy — 20 = 101,21 -20T = 81,2 r.
bepyuu no yBaru, 1o maca pe4oBUHHU HE 3MIHUJIACSA, OOYUCIMMO MAaCOBY YaCTKY COJI1
y TPETbOMY PO3UHHI:

m(Na2804)(2) = m(Na2804)(3)
_m(Na,SO,) 5 11,42

1) =0,0175=1L75 %
3 M, ) 81,2
OTxe, y TpeTbOMY PO3YHHI MAaCOBa YacTKa COJIi TeK 3pocia y:
@; _0,0175
-3 =" ¥ =
® = 0,014 1,25 pasm.

Bukonaru 3aBIaHHs

1. Sxuii 06’eM po3uuHy Cynb(aTHOI KUCIOTH 3 MACOBOIO YACTKOIO PEYOBUHU
o(H,SO04) =80% 1 ryctunoro 1,7 r/mn motpiOnuit ans npuroryBanus 200 r
PO34YMHY 3 MacoBOI 4YacTKOW cyibdatHoi kuciaotu o(H,SO4) = 10 %? Busnaute
Macy BOJIY, sIka HEOOX1/IHa JUIsl IPUTOTYBAHHS PO3UUHY.

2. B skiif KUIBKOCTI BOJIM HEOOX1THO PO3UUHHUTH 2 MOJIb HATPil XJIOpHUIy, 1100
OTPUMATH PO3YHH 3 MacoBoro yactkoro coii ®(NaCl) =25 %?

3. Ckinbku Boau Tpeda nomatu 10 300 r po3dnHy, B SKOMY MacoBa 4YacTKa
pedoBUHM cTaHOBUTH 50 %, 1100 OTpUMATH PO3UYMH 3 MAaCOBOIO YACTKOIO PEUOBUHU
®=15 %?

4. Po3paxyiiTe MOJSIpHY KOHUEHTpAI[il0, MOJISIPHY KOHIIEHTPAIIIIO0 €KBiBaJeHTa
1 MOJSUIBHICTH 16 % po3uMHy aiioMiHIM XJIOpUAY, TyCTHHA SKOTO JOPIBHIOE
1,149 r/em’,
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5. Po3paxyiite HaBaxky 3anizHoro kymnopocy (FeSO4-7H,0), sxa motpiOHa s
npurorysanns 100 cm® 0,05M posunny FeSO4?

6. SIkuit 06’eM 0,3 H. PO3YMHY KHMCIOTH TOTPiOHH 11s1 HefiTpamizarii 40 cm
po3uMHY ayry, mo mMictuTh 0,32 r NaOH?

7. Po3paxyiiTe MOJISIpHY KOHILIEHTPAIlil0, MOJISIPHY KOHIICHTPAILlll0 €KBIBAJIEHTA
1 MOJIBHY YacTKy opTodocdaTHoi kuciaotu y po3unHi 3 w(H3;PO,) = 49 %. ['yctuna
posunHy gopisHioe 1,33 r/cm’.

8. Sxuit 00’eM po3unHy xJOpHAHOI Kuciaotd, B sikomy o(HCl) = 35% a
ryctuHa po3uuny p = 1,174 r/mn, mnotpiOHuii s mpurotyBanHs 500 cv® 0,1M
po3unny HCI?

9. 3mimamm 200 cm® 10 % (p=1,11r/em’) i 100 cm® 40 % (p = 1,43 r/em’)
po3unHiB NaOH. Po3spaxyiite MomsipHy 1 mnpoueHtHy koHmeHTpauii NaOH B
0JIep>KaHOMY PO3UHMHI.

10. Sxy macy Boau HeoOximHO momatu go 2001 20 % pozunny KOH, mio6
onepxatu 8 % pozunH KOH?

11. SAxuit 06’em 15 % po3unHy HaTpii riApoKcUy ryctuHoro 1,16 r/min MmoxHa
npurotyBatu 3 2 1 ioro 33 % po3uuny ryctuHoro 1,36 r/mn?

12. Jlns ocamkenns y urasai AgCl yeporo cpibia, sike mictutbest B 100 e
pozunny AgNOs, 3rago6mnocst 50 cm 0,2  posunny HCI. BusHauTe KOHIEHTpAIIiiO
AgNOj; B po3unHi. fka maca ocany AgCl yrBopunacs?

13. I3 5kr 20 % po3uuny npu oxonomkeHH1 Buautmwiocs 500 r comi. Yomy
JIOPIBHIOE MPOIEHTHA KOHIIEHTPAIlisl OXOJIOKEHOT'O PO3YNHY?

14. O6uncauTH  MOJIAPHY  KOHUEHTpPALII0 1 MOJSIPHY  KOHILIEHTpAIilo
exBiBanenta 10 % pozunny Al(SOy)s. I'yctuna pozunny 1,25 r/em’.

15. o 31 10 % po3zunny HNOj; ryctunoro 1,054 r/cm ponmanu 1,5 m1 Boaw.
Po3paxyiiTe MpoLEHTHY 1 MOJIAPHY KOHIIEHTpALlli pO3YMHY, 10 YTBOPUBCSI.

16. Buznaure macy Bogu Ta 60 % po3uumHy IyKpy, $KI HEOOXITHI s
npurotyBadHsa 600 r 20 % po3uuHy LyKpy.

17. 3mimamu 200 cm® 0,4M i 200 cm® 0,2M pO3UHHIB XIOPHAHOI KHCIOTH.
Po3zpaxyiiTe Macy po3uMHEHOT peYOBUHU B OJICPKAHOMY PO3UHHI.

18. Sxy macy KOH neoOxigno momatu no 200t 8 % poszunny KOH, mio6
onepxatu 20 % po3zunn KOH?

19. Sdxuit 06°em 96 % posumny H,SO4 (p= 1,84 r/cm’) moTpibHmi st
npurotyBanHs 200 oM’ 0,05M pozuuny H,SO4?

20. dxka wMaca kpucrtamoriapaty Al (SO4);-18H,O  3HamoOutTbest  juist
npurorysanns 1 qm° 0,1M pozunny Aly(SO4)s?

21. Po3paxyiite macoBy udactky HNO; B 5SM po34uuHi HITpaTHOI KHUCIIOTH.
I'yctiHa posunny p = 1,16 r/em’.

22. I3 300r 10 % po3unny NaCl BunapoByBanHsM Bujamwiu 100 r Boau.
Pospaxyiite MacoBy yactky NaCl B omepkaHoMy po34HHI.
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23. Ha meiitpanizamito 50 cMv® 0,12 H posumHy ayry BuTpauexo 120 cm’
po3uuny H,SO,4. BuznauTte MossipHy 1 MOJISIpHY KOHIIeHTpallito ekBiBasieHTa H,SO4 B
PO3YHHI.

24. PozpaxyiiTe = MOJISIpHY  KOHLIEHTpalil0  €KBIBAJIEHTa 1  MOJSIPHY
koHueHTpaiito H,SO,4 B po3uuHi, ryctuna sikoro 1,052 F/CM3, o(H,SO,4) = 0,08.

25. PozpaxyiiTe MOJIIpHY KOHIIEHTpallil0 1 MOJSPHY KOHIICHTPALIIO
eKBiBaneHTa Kaubliit x1opuay B 10 % posunni, ryctuna sxoro 1,083 r/em’.

26. B saxomy 006’emi 1M po3unHy 1 B siIkoMy 00’€Mi 1H pO3UMHY MICTHTBCS
114r AIQ(SO4)3

27. dxi macu kpuctanoriapary Hatpii cynbdary Na,S04 - 10H,O 1 Boau Tpeba
B3SITH, 11100 OTpuMaTu po3urH mMacorw 71 r, B skomy ®(Na,S04) = 0,27
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3ABJIAHHS 6

PO3YHHMU EJJEKTPOJITIB. BOJHEBUI MMOKA3HUK. TTAPOJI3 COJIEN

3a Tremo10 «Po3unHM ejieKTpoaiTiB. BonHeBnii mokaznuk. I'inpoais comnein»
CTYJ€HTAM HEeOOXiTHO OBOJIOAITH TAKUMU 3HAHHSMHU:

®  PO3YUHU eNeKMPONimie — eINEKTPOIITH, EJICKTPOJITUYHA JUCOIliaIlis,
CXEMM JucoIlialli KHUCIOT, OCHOB, COJI€H, KUIbKICHI XapaKTEPUCTHKU MpPOLECY
EJIEKTPOIITUYHOI JUCOIlialii, iX B3a€EMO3B 30K 1 CIIOCOOM PO3PaXyHKY; 3aJ€XKHICTh
CTYINEHs AMCOLialii BiJl NMPUPOAM PEYOBHUH, IXHBOI KOHUEHTpAIlli, TeMIepaTypH,
3aKkOoH po3BeleHHa OcTBanibla; 10HOOOMIHHI peakilii B PO3YMHAX E€JEKTPOJIITIB;
CWIbHI 1 clla0Ki eJ1eKTPOJIITH, CTaH CHIIBHUX €JEKTPOJITIB Y PO3UMHI, iXHINA YSIBHUN
CTYIIHb IUCOIIAIT; MOHATTS MPO aKTUBHY KOHIIEHTPAIIil0 i KOe(illiEHT aKTUBHOCTI;

®  KOM2AMUGHI 6AACMUBOCMI PO3YUHIE eneKmpoaimieé — TOHATTA MPO
130TOHIYHUNA KOE(DIIIEHT; 3HUKEHHS THCKY HACUYEHOI Mapu PO3UYMHY, I1IBUILIECHHS
TEeMIIepaTypu KHUIIHHSA 1 3HWKEHHS TEeMIEepaTypd 3aMep3aHHs pPO3YHMHY, OCMOC,
OCMOTHUYHHUM THUCK;

® GOOHesUll NOKA3HUK — JHACOINaIlis BOAM, HOHHUN J0OYTOK BOMM,
BoaHeBuM mnoka3sHuK (pH), 3Hauenns pH y HeWTpanbHUX, KUCIAMX 1 JYXKHUX
pO34YMHAX, PO3PAXyHOK BOJHEBOTO TokasHuka (pH) po3unHIB CHIBHUX 1 CIAOKUX
€JICKTPOJIITIB;

e Cidponiz conei — TiIPONI3 COJed PI3HOTO CKJIaAy, KUIbKICHI
XapaKTEPUCTUKU TPOIECY TIAPOJI3y, iX B3a€EMO3B’S30K 1 CIOCOOM PO3PaXyHKY;
(dakTopy, 110 BIUIMBAIOTH HAa CTYIMIHb T1IPOII3y, 3aJE€KHICTh KOHCTAHTH T1APOJII3Y
COJIl BiJ] CWJIM KUCJIOTH W OCHOBH, SIKI YTBOPIOIOTH CLIb; PO3PaXyHOK KOHCTaHTHU
riIpoizy.

TeopeTnyHa yacTuHa

EnekTposiitaMu Ha3WBalOTh pPEUOBHHH, PO3YMHH abO0 pO3IUIABH SIKUX
MIPOBOJIATh EICKTPUIHHM CTpyM. [IpOBiTHUKAMHU E€JICKTPUYHOTO CTPYMY B PO3YHHAX €
MO3UTUBHO 3aps/IKeH]1 (KaTiOHM) 1 HETaTUBHO 3apsKeH1 (aHIOHU) YACTUHKU — HOHM.
BoHu yTBOPIOIOTHCSI BHACHIIOK JUCOIlIAI] MOJIEKYJ BIAMOBIIHOTO €IEKTPOITY. Jlo
€JICKTPOJIITIB HaJIe)KaTh PO3UYMHU KUCIIOT, OCHOB 1 COJISH.

EnexTposiTuuHa aucomiamiss — mporec po3maay MOJEKYN €JIeKTPOJITy Ha
HOHM TiJ BIUIMBOM TOJSPHUX MOJIEKYyJ po3uMHHMKA. Jlucomiamis — mporec
o0opoTHHI. EnekTposiTi pi3HOIO0 MIpOI0 JUCOLII0I0TH Ha HOoHHU. KiTbKICHO TOBHOTY
nepediry mporecy Aucorianii XapakTepu3yoTh KOHCTAHTOK JUCOIAIlii 1 CTyneHeM
aucomiamii o, SKU TOPIBHIOE BIAHOIICHHIO KUTBKOCTI MOJIEKYJ €JIEKTPOJITY, IO
po3manucs Ha HOHM Y po3uuHi (), 10 3aralibHOi KUTBKOCT1 MOJIEKY (N):

o=—.
N

BennuuHa cTyneHs gucoIiamii 3ajeXuTh BiJl MPUPOIN POZYMHEHOT PEUYOBUHH 1
MPUPOAN PO3UYMHHMKA, BiJl TEMIIEpaTypyd Ta KOHIICHTpallii po3uuHy. 3HAYCHHS O
3HaxoauThes B 1HTEpBaIl 0 < a <1 a6o 0% < a < 100 %. 3a BEIUYMHOIO CTYNEHA
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aucolianii 'y po3dMHaX 3 MOJSPHOIO KOHIIEHTpauiero ekBiBajgeHTa 0,1 Monb/n
EJEKTPOJITH MOAUIAIOThL Ha cuiibHI (a0 > 30 %) 1 cnabki (a0 < 3 %). o cuibHUX
€JIEKTPOJIITIB HaJNEKaTh Maike BCl PO3YMHHI coiii, Jyrd, Aeski KUcaoTu (HpSOu,
HNO;, HCI1, HBr, HI, HCIO, Tomo).

OckUTbKH MpOIIEeC TUCOLIaIlli € 000pPOTHUM, TO JJISl HBOTO, SIK 1 711 OYAb-SKOTO
000pPOTHOTO TIPOIIECY, MOXKHA 3aMUCATH KOHCTAHTY PIBHOBAry, sika B IIbOMY BHUIIAJIKY
HA3UBAEThCS KOHcmanmoro oucoyiayii K,. Hanpukna:

CH;COOH &« H + CH;CO0O"
[H'J[CH,CO0 |
*~ [CH,COOH]

Benmuuuna K 3aJ1e:)KUTh TUIBKY Bl MPUPOAU PEUOBHH 1 TEMIIEPATYPH.

JIns cia0KuX eJIeKTPOJITIB 3B’S30K MDK MOJISIPHOIO KOHIIEHTpaliew (c),
CTyNeHeM Jucoltiaii (o) 1 KOHCTaHTOIo aucotianii (K,;) Mae BUTIIS;

_co?
1-a’

a

JIe ¢ — MOJIApHA KOHIIEHTpAIIsl eJIEKTPOJIITY, MOJIB/JI;
0, — CTYIIHb JIUCOLIAIi.
Lle piBHSHHS € MaTeMaTHYHUM BUPA30M 3aKOHY po3baesients Ocmeanvoa.
Jist  O6utbliocTi  CaOKUX — €NEKTPONdITIB  a<<l, TOMy pIBHSHHSI MOXHA

CIIPOCTUTH:
2 K
K,=ca’, 3810k O = 7’1

Ile piBHSIHHSI BUpa)Ka€ 3aJIKHICTh CTYNEHS JUCOIIAIlii CTa0KOro €JIEKTPOJITY
Bil KOHIEHTparii (i3 30UIbIICHHSIM KOHIIEHTpaIlli PO3YMHY CTYyMHIHb JUCOIlIAIll]
EJIEKTPONITY 3MEHIIYyeThes ). [liABUIIEHHST TeMnepaTypyu NPUBOIUTH 10 30UTbIICHHS
CTYyTEHS JUCOITiallii.

JlJist pO34MHIB CUJIBHUX €JeKTPOJIITIB piBHSAHHS OCTBalib/la 3aCTOCOBYBAaTH HE
MOXXHa, a JJIi XapaKTepUCTHKU BIIACTMBOCTEH IIMX PO3UYMHIB KOPUCTYIOTHCS
MOHATTSIM AKTUBHOCTI @ (3aMICTh KOHIIEHTpALII] ).

a=fc,

JIe @ — aKTUBHICTb HOHA;

¢ — aKTUYHA KOHIIEHTpAIlis;

f — koe(dilieHT aKTUBHOCTI (BHOCHUTH MOIpPABKY Ha B3a€EMOJII0 TMEBHOTO

HOHa 3 HAaBKOJIUIIIHIM CEPEIOBUIIIEM).
Jlist iy>xe po30aBieHUX po3uuHiB f~ 1 1a = c.
KoediieHT akTUBHOCT1 MOKHA PO3paxyBaT 3a PIBHSIHHIM

lg £=-0,52V1,

1€ z — 3aps] HOHA,

I — VioHHa cuja pPO34YMHY, KA BU3HAYAETHCS SK IMOJIOBUHA CYMHU JOOYTKIB
KBaJIpaTiB 3apsi/iiB HOHIB Ha IXHIO KOHIIEHTPAILIIIO:

Izézi:cfzf.
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XiMIuHI peakiii, Mo BiAOYBalOTbCA B PO3UYMHAX EJEKTPOJITIB, MOKHA
300pa)KyBaTH y BUTJISI1 MOJIEKYJISIPHUX T4 HOHHUX PIBHSHb.

Hanpuxnan:

BaCl, + Na,SO, = BaSO4~L + 2NaCl (monexysipHe piBHSHHS);

Ba>+2CI + 2Na’ +SO?> = BaSO, + 2Na" + 2CI (noBHe ii0HHE PiBHAHHS);

Ba®" + SO? = BaSO44 (ckopoueHe iioHHe piBHAHHS).

[Ipu ckiaganHi HOHHOTO PIBHSHHSA B MOJIEKYJSIPHOMY CTaH1 3aJIMIIAIOTh OCal,
CIaOKUN eNEKTPOJIIT 1 JIETKY CIIOIYKY, BOIY.

Hanpuxian:

NaOH + HCI = NaCl + H,O (monekynsipHe piBHSHHS);

Na'+ OH + H +Cl =Na' + Cl + H,O (noBHe ifoHHE PiBHAHHSA);

OH + H" = H,O (ckopoueHe ifoHHE PiBHAHHS).

CaCOj; + 2HCI = CaCl, + H,0 + CO,T (MonekysipHe piBHSHHs);

CaCO; + 2H" + 2CI" = Ca* + 2CI" + H,0 + CO,T (moBHE HOHHE PIBHAHHS);

CaCO; + 2H" = Ca®>" + H,0 + CO,T (ckopouene itonHe piBHAHHS).

KoniraTuBHi BJacTHBOCTI pO3YMHIB — II€ BJIACTHBOCTI, SIK1 3aJI€KaTh BiJ
KUTBKOCT1 YaCTUHOK PO3YMHEHOI PEYOBHMHU Yy PO3UYMHI 1 HE 3ajexkaTh BiJ XIMIYHOI
IPUPOAN PO3ZUYUHEHOT PEUOBUHHU.

Jlo 4Kcia KOMIraTUBHUX BIACTUBOCTEH po030aBICHUX PO3UYMHIB HEJIETKUX
PEUYOBUH BIAHOCATH 3HWKEHHS THUCKY TMapud HaJ PO3YMHOM, IIIBUIICHHS
TEeMIIepaTypy KUIIHHS 1 3HUKEHHS TeMIIepaTypy 3aMep3aHHsl pO3UMHIB Y MOPIBHSAHHI
3 YUCTUM PO3UUHHHUKOM, OCMOTHYHHUM TUCK y PO3UHHI.

Tuck napu Hag po3uuHoOM. TucK HacuyeHoi napu po3UUHHUKA HAO PO3UUHOM
P oopignioe 006ymky 11020 mucky Hao Yucmum po3uuHHUKoM Py na monvhy yacmky
posuunnuxa ), (3axon Payns): P=Fy- y;.

Tuck mapu po3uyMHHHMKA HAJ PO3YMHOM P MeEHIIWA, HDK HaJ YUCTUM
PO3YMHHUKOM Py. Pi3HUIIO MK ITUMU BEJIMUYMHAMH HA3UBAIOTH 3HUNCEHHAM MUCKY
napu Hao posuunom: AP = Fy—P.

BiIIHOH_IeHHSI BCIIMYMHU 3HWKXCHHAM THUCKY IIApU Had PO3YMHOM JO THUCKY
HacCHYEHO1 mapu Had PO3YMHHUKOM HA3UBANOTb BiI[HOCHI/IM SHWXCHHAM THCKY IIdpH
HaJl pO3YNHOM:

Py—P AP
N

3aleKHICTh 3HUKEHHS THCKY IIapd HCJICTKHUX PCYOBHWH HaAJ PO3UYHMHAMHU BiII
IXHIX KOHI_ICHTpaI_III/I HlI[HOprI[KOBy€TBC5I 3aKOHY Pay.lm‘ GIOHOCHE 3HUIICEHHS muckKky
Hacu4yeHnoi napu po3i4uHHUKa Hao PO3HUHOM OOPZGHiOC MONbHIU LlaCWH/ﬂ p03quHeH01

PEeHOBUHU.

. AP
3akoH Payis MOXKHA BUPA3UTH PIBHAHHAM —— = ),

0
1€ ), — MOJIbHA YaCTKa PO3UYMHEHOI PEUOBUHHU.
Temnepatypa 3aMmep3anHHsi (KpucTaji3aiii) po3uuHy BiJIIOBia€ MOMEHTY
BUJIUICHHS 3 HHOTO MEPIIOro KpucTtana TBepaoi (asu (Kpucramnizallis po3dyMHHUKA).
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Temneparypa Kkpucrtamizaimii po3uyMHY HIKYa, HDK TeMIeparypa KpucTaiizarii
PO3YMHHUKA.

Pi3Hui MK TemmeparypaMH KpucTaii3alii pO3YMHHHUKA f, 1 PO3YUHY 1

HA3MBAETHCS 3HMKEHHSIM TeMIepaTypy KpucTatizalli po3urHy:
At =ty — 1.
3riJIHO 3 HACIIAKOM 13 3aKOHY Payns, 3nuoicenus memnepamypu xpucmanizayii
DPO3YUHY NPONOPYILIHE MOJAILHICMIT POZYUHEHOT PeUOBUHU 8 DO3UUHI!
At = to—1=i-K-b(X)=i-K m(X)-1000
M (X)-m(Y)
11e ¢, — TeMIIepaTypa KpHCTai3allii Y4ncToro po3ynHHMKa, 'C;
{ — TeMIiepaTypa KpucTaisaiii posuuny, "C;
K — kpiockoriuna koucranTa (st Boau 1,86 °C/Mos);
b(X) — MOJISUTBHICTD PO3YMHEHOI PEUOBUHU, MOJIB/KT;
m(X) — Maca po34MHEHOI pEYOBUHH, T}
m(Y) — Maca po3UMHHUKA, T;
M(X) — momnsipHa Maca pO3YMHEHOI pEYOBUHU, I/MOJIb;
i — 13oToHIuHM KoediienT Bant-I'odda.

[30TOHIYHMIT KoediieHT BanT-I'odda Bu3HaYatOTh 32 PIBHAHHSIM:

i=l+o(k—1),

JIe 0. — CTYIIHb JUCOITIaIIii;

k— KUTBKICTh MOHIB, Ha SIK1 TMCOLIIOE OJTHA MOJICKYJIa €JIEKTPOJIITY.

Hanpuknan: Al(SOs); — 2AI + 380>, k=5,

Temneparypa KHMIIHHA PO34YMHY — II€ TEMIeparypa, 3a SKOI THCK Ii
HACMYEHOI Mapu CTa€ TaKUM, IO JOPIBHIOE 30BHINIHBOMY THCKY. Temmeparypa
KUITIHHS pO3YMHY BHUIIA, HIK TeMIlepaTypa KUIIHHSA YUCTOrO0 PO3YMHHUKA.

Pi3HuI MK TemnepaTypaMu KUIIHHS PO3YMHY / 1 pPO3YUHHUKA £, HA3UBAETHCSA
MIABUIICHHSAM TEMIIEPATYPU KUIIHHS PO3UUHY:

AtKI/Il‘I.. =t—.
3rigHoO 3 HACHIIAKOM 13 3aKOoHY Payns NiABUILIEHHS TeMIepaTypu KHUIIHHSA
PO3UHMHY IPOMOPLIHHE MOJISUIBHICTI PO3UMHEHOI PEUOBUHU Y PO3UMHI:
At = 1 — o = i-E-b(X)= i- EZHR)1000
M (X)-m(Y)
1e 1, — TeMIepaTypa KUIHHS YHCTOr0 PO3YMHHKKA, "C;
{ — TeMIiepaTypa KUImiHHs po3unny, 'C;
E — ebyniockoniuna korcTanta (1t Bogu 0,52 °C/monb);
b(X) — MOJISUTBHICT PO3YMHEHOI PEUOBUHU, MOJIB/KT;
m(X ) — Maca pO3UMHEHOI pEYOBUHH, T;
m(Y) — Maca po3UMHHUKA, T;
M(X) — monsspHa Maca pO3YMHEHOI pEYOBUHU, I/MOJIb;
i — 13oToHIYHU KoediienT Bant-I'odda.

OcMmoTn4HMI THCK Yy po3uuHi. OcMOC — 1€ OJJHOCTOPOHHS AU Y31 MOJIEKYII
PO3UYMHHMKA Y PO3YMH KPi3b HAIMIBIPOHUKHY MeMOpaHy, ado audy3is po3uMHHUKA 13
PO3YMHY 3 MEHIIIOI0 KOHIIEHTPAIIEI0 Y PO3UMH 3 OUTBIIOK KOHIICHTPAIIIETO.
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TI/ICK, SIKUH CJIiI[ NpuKiIaCTu A0 PO34YUHY, ]_I_[O6 OCMOC TIPUIIMHUBCA,

HA3UBAETHCS OCMOTHYHUM THCKOM.
Banut-I'opd BcTaHoBHB, IO OCMOTHMYHHMI THUCK HE 3aJ€XKHUTh Bl MPUPOIU

KOMITOHEHTIB, 1110 MICTATHCS Y PO34YUHI, 1 30UIBIIYETHCS MPONOPLIMHO KOHUIEHTpAIli

po3urHeHoi pedoBuHH c(X) 1 Temneparypi 7. KoedimienT nponopuiiHocTi R — 11e

YHIBEpCaJlbHA ra3oBa cTaja, OTKe:

Poow = i-c(X)-R-T = i-—"1X)

__"MA) RT «Ila,
M(X) : Vp—Hy

ne Py,,— OCMOTHUYHUU TUCK PO34MHY, Klla;
¢(X) — MoJsipHa KOHIEHTpALIsl PO3UYMHEHOI PEYOBUHU, MOJIb/JI;
R — yHiBepcanbHa ra3ona craia, 1mo gopisHioe 8,314 Ix /(monb-K);
T — rtemmneparypa, K;
m(X) — Maca po34MHEHO1 pEYOBUHHU, T
M(X) — monsapHa Maca po34YMHEHOI pEYOBUHHU, T/ MOJIb;
Vpouy. — 00’ €M pO34HHY, 1.

Juconianis Boau. Honnmii 106yTok Boau. BoxHeBuii mokazHUK
Yucra BoJa € 1yxe ClIa0KUM €JIEKTPOJIITOM, SIKUH B HE3HAUHIM Mip1 MPOBOAUTH
enektpuuHuit ctpyMm. Hacnpaai, mpu 25 °C 1i cTyniHb €JeKTPOTITUYHOI Jucolialii
nopiuioe 1,8-107, To6T0 Aucomitoe TiMBKH 0HA MONEKyIa 3 555 000 000 MomeKy
BOAM. Jlucoliallito BoAX MOKHA 3alIMCaTH TAKUM YHHOM:

H,0 &= H' + OH.
3actocyBaBIIM 10 1€ peakilii 3aKOH MIF0YMX Mac, 3alMIIeMO PIBHSIHHS JIJIs
KOHCTAHTH JUCOLIAIl] BOIHU:
. _[Hjfon]

o [HO]
Wonnuii n00yTOK BOJIU TOJI1 Oy/ie JOPIBHIOBATH
[H'][OH] =K, [H,0] =K,
m(H,0) _ 10002
M(H,0)-V(H,0) 182/ morv-1xa
=55,56 Mounb/1, To 106yToK K, [H,0] = const= 10",

ockimeku mpu 25°C K, = 1,810, a [H,0] =

[H'][OH ] = 10" - lionHmii A00YTOK BOIU

Y netimpansromy cepedosuwyi (arcta Boga) [H']=[OH ] = 10" mons/.
Y kuciomy cepedosuwi [H']> [OH | (sampuxmam, [H]=107°, 107, 10* momns/n).
Y nyorcromy cepedosuwyi [H] < [OH | (wampuxian, [H']= 10", 107, 10" momns/n).

3pyuHile omepyBaTH He KoHIeHTpauismu Hoie HW a6o OH (myxe Maii
ApoOOoBi UKCIa), a BiJ’ €MHUMHU JIorapru(MaMu 1TUX BETUIHH.

Boonesuii noxaznuxk pH — Big’eMHUIl JECATKOBHM JIoTapudM MOJISIPHOI
KOHIIEHTpAIlil HOHIB H":

pH =-Ig[H'].
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T'iopoxkcuonuit nokaznux pOH — Bi’eMHMIA IeCATKOBUI Jorapudm MOJISIpHOL

KOHIeHTpalii oHiB OH:
pOH =-Ig|OH].

Skmo, Hanpukian, [H'] = 10", to pH = —1gl0’ = 7. ToMy B HefiTpagbHOMY
BoiHOMY po3uuHi pH =7, B kucnomy — pH < 7, B myxuomy — pH > 7.

B3aemo3B’si30k pH 1 pOH onucyetses piBusiuasim pH + pOH = 14.

I'igpoJi3 coseit

CnoBo «rimponiz» OyKBaJIbHO O3HAauae «po3KiajaHHs Bojow». [igposizom
HA3MBAETHCS YCSKA B3a€EMOJIS PEYOBMHHM 3 BOJOI0 OOMIHHOTO Xapakrepy, i 4ac
AKOI1 CKJIQJIOBI YACTUHU PEYOBUHU 3’ €IHYIOTHCS 31 CKJIAQJOBUMHU YAaCTHUHAMH BOJM.
['ppomnizyBaTUCS MOXYTh XIMIYHI CIIOJYKH PI3HMX KJIAciB: COJIl, BYIJIEBOJHU, OLIKH,
eTepH, KUPHU TOILIO.

[Npgpomni3 coni € pe3ynbTaToM B3a€MOJIi HOHIB COJII 3 MOJEKYJIaMH BOAH, IO
YTBOPIOIOTH iX TAPAaTHI O0OJIOHKH.

Peaxyis oominy mixc ionamu pozuunenoi coni ma tUoHAMU 800U, BHACIIOOK
AKOI YMBOPHOEMBCS CIAOKUU eNeKmPoim, HA3UBAEMbCS 2IOPOLI30M COJL.

binbuiicTe peaxiiii rigpoiaizy — 000poTHi:

NH4Cl + HOH &—— NH4OH + HCI;
Pb(NOs), + HOH == Pb(OH)(NOs) + HNO:s.

SIKII0 OCHOBa YW KHCJIOTa, 110 YTBOPIOIOTH CiUIb, € HE TUIBKH CIA0KUMU
€JIEKTPOJIITaMH, ajie ¥ MaJOpO3UMHHHMHU, ab0 HECTIMKMMH 1 PO3KIATAIOThCA 3
YTBOPEHHSAM JIETKUX MPOJYKTIB, TO B I[bOMY BHIAJKYy TIAPOII3 CcOJl mepedirae
HE3BOPOTHO, HANIPUKJIIAA:

Alzs_g + 6H20 —> 2A1(OH)3l + 3st

31aTHICTh COJIEM TiApOJIi3yBaTUCS 3aJ€KUTh BiJl BIACTUBOCTEH MOHIB, IO
YTBOPIOIOTh Cllb, 1 BiJ 30BHIMIHIX (haKTOpIB (TeMIepaTypHu, KOHIIEHTpalii coJii B
PO34YMHI).

Crnig miAKpecIuTH, 1O COJl, K1 YTBOPEHI CUIBHUMHU KHCIOTaMU 1 CUJIbHUMU
ocHoBamu (Hanpukiaa, NaCl, KNOj;, BaCl,, K,SO,4, NaClO4 To1io) He miaaarThes
rigpoinizy. Ilpu po3unHeHH1 y Bo/l BOHU PO3MaJal0ThCs HA KaTIOHU CHIIBHUX OCHOB 1
aHIOHM CUJIBHUX KHUCJIOT, SIKI HE 37aTHI MPU B3a€EMO/IIi 3 BOJAOIO YTBOPUTH MOJEKYJIU
caOKuX eNeKTpoiTiB. BoaH1 po3uMHM TakuX cCoJied MaroTh HEUTpalbHY PEaKIliio
cepenosuiia (pH = 7).

I'igpoJii3 3a kaTioHOM

Comi, 1O yTBOpeHI CJIaOKUMHU OCHOBaAaMHU 1 CHJIBHUMHU KHCIOTaMH,
riIPOJII3YIOTHCS 32 KATIOHOM:

NH4Cl+ HOH —— NH4,OH + HCl,
a00 B HOHHOMY BUIJISIAIL:
NH; + HOH — NH,OH + H" ; (pH< 7).
[Nnppomni3 coneit, 10 ckiany SIKUX BXOASATh OaraToBajJeHTHI KaTIOHH, mepedirae
CTYIIHYACTO Yepe3 CTaJ(li yTBOPEHHSI OCHOBHUX COJIEH:
I ct. CuCl, + HOH —— Cu(OH)CI + HCI,

Cu”" + HOH = Cu(OH)" + H".
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IT ct. Cu(OH)Cl + HOH ——= Cu(OH), + HCI;
Cu(OH)" + HOH = Cu(OH), + H; (pH< 7).

HakonuuenHs Honis H' 3mimrye piBHOBary B 6ik BHMXiJHHX PEUOBMH, TOMY
riIpoJii3 MaiXke MOBHICTIO MPUIUHSAETHCA HA MepIuX CcTajiix. buibll moBHOMY
riIpoJi3y crpuse po30aBICHHS PO3UMHY 1 MIABUIICHHS TeMmOeparypu. Y TakoMmy
BUIIAJIKy MO>KHA BPaXOBYBAaTH T1IPOJIi3 132 JPYTHM CTYIICHEM.

Boani po3uMHM coneil, YTBOpPEHHX CIA0KMMH OCHOBAaMU 1 CHUJIBHUMU
KHCIIOTaMH, MalOTh KHCIy peakilito cepenosuina (pH < 7).

I'igpoJii3 32 anioHoM

Comi, 1O YTBOpEHI CJIAaOKUMHU KHUCIOTaMU 1 CHJIBHUMH OCHOBaMH,
T1IPOJII3YIOTHCS 32 AaHIOHOM:

CH;COONa + HOH & CH;COOH + NaOH;

a00 B HOHHOMY BUIJISIAL:

CH;COO + HOH & CH;COOH + OH (pH > 7).

Otxe, CH;COO, sk #oHm cl1aOKOI KHCJIOTH B3aEMOIIIOTH 3 BOJIOIO,
BIITATYIOTh BiJ HEi ['1IporeH 1 yTBOPIOIOThH CIA0KU €1eKTPOJIIT (alleTaTHy KUCIIOTY).

[Nppomni3 conei, 10 CKIaQy SIKUX BXOJASTH OaraTOBaJIEHTHI aHIOHH, mepedirae
CTYIIHYACTO:

I ct. K,CO3 + HOH & KHCO; + KOH,
CO; + HOH == HCO; + OH ; (pH>7).
IT ct. KHCO3; + HOH &—— H,CO; + KOH,
HCO; + HOH &— H,CO; + OH ; (pH > 7).

3a IpyruM CTyMEeHEM TiJIpoii3 BiI0YBa€ThCs 3HAYHO MEHILOI0 MIPOIO.

Boani po3unHM coisield, YTBOPEHHMX CIAa0OKMMH KHUCIOTaMH 1 CHUJIBHUMHU
OCHOBaMHM, MAIOTh JIyHY peakiiito cepenosuia (pH > 7).

I'igpoJii3 3a kaTiOHOM i aHiOHOM

Comi, 1m0 yTBOpEeHI CJIAa0OKMMH OCHOBaMH 1 CJIAOKUMU KHUCIOTaMHU,
T1IPOJII3YIOTHCS 1 3@ KaTiOHOM, 1 3a aHiOHOM. ['iposi3 MoXxe BiIOyBaTHCS 3HAYHOIO
MIPOIO:

CH;COONH4 + HOH == CH;COOH + NH4OH.

Peakitis po3unHIB TakuWX COJEH 3aJIeKUTh BiJ BIAHOCHOI CHJIM KHUCIIOTH 1
OCHOBH, SIK1 yTBOpUJIMCS (BiJ iX KOHCTAHT Aucouianii). Po3uuH aneraty aMoHi0 Mae
HeWTpanbHy peakiito cepenonuiia, ockiibku K (CH;COOH) = K (NH,OH).

Axmo K, (ocnosun) > K (kucnotu), To pH > 7,

y Bunaaky K (ocnosn) < Ky(kucinorun) — pH < 7.

KinbKicHO TipoJi3 OIiHIOIOTh 32 CTYIEHEM 1 KOHCTAaHTOIO T1APOIi3y.

Crynminb riapouaizy (#)  1okazye 4YacTKy TIAPOTI30BaHUX MOJEKYNI 1
BU3HAYAETHCS BIIHOIIEHHSM 4YHCIAa MOJIB COJI, IO MIAJAIUCsA TiIpoJi3y, 10
3arajbHOro umciia ModiB coui. CTymiHb T1IpoJii3y 3aleXUTh BiJ NPUPOAM COJ1, ii
KOHIICHTpAIllii 1 TeMmImepatypu po3duHy. I3 pos0OaBieHHSM 1 MiJBUIICHHSIM
TEeMIIepaTypu PpO3YMHY CTYIIHb TiIpoii3y coiii 3poctae. IloBHime xapakTepusye
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riponi3 KoHeTaHTa rigpodisy (K.), sika € KOHCTaHTOIO0 PIBHOBArd BIIHOCHO peaKIiii
riIpoizy.

Hanpuxmnan, nns CH;COONa (ciib yTBOpEeHa CUIIBHOIO OCHOBOIO 1 CJIAOKOIO
KHCIIOTOIO), TIAPOIII3 SIKOTO BiIOYBAETHCS 3 PIBHSIHHSIM:

CH3;COO + HOH & CH;3;COOH + OH’,
3TIHO 3 3aKOHOM JIIIOUMX Mac, MOXHa 3allicaTh KOHCTaHTy Tinponidy K. y takomy
BUTJISL:
[OH" |[CH,COOH]

K= [CH,COO ] .1)

JIOMHOKUMO 4YHCEIBHUK 1 3HaMeHHUK piBHsHHa (7.1) ma [H'], Ttomi 3
ypaxyBauHsaM Toro, mo [H' J[OH] = K, piBHSHH: 6ye MaTH BUIJIS:

_[H"]-[OH"|[CH,COOH] K,
" [CHCOO |[H']  K,(CH,COOH)’
st NH4Cl (cinmp yTBOpeHa CHIIBHOIO KHUCIOTORO 1 cJ1abkoto ocHOBOMW) K Oyre
— KW
© K,(NH,OH)
s CH;COONH, (cinb yTBOpeHa cllaOKUMHU KHCJIOTOI0 1 ocHOBOW) K. Oyne

K
K,= \ '
POPAXOBYBATHEAN ™" K (CH,COOH) K , (NH,OH)

pO3paxoByBaTUCH 5K K

Ipuxkaagu po3B’si3aHHs 32124
Hpuxaaxg 1. OOuucHiTh KOHUEHTpALil0 HOHIB TIigporeHy 1 3HaueHHs pH
B 0,3M po3uMHi HITPUTHOI KHCIOTH, fKIIO 3a Temmeparypu 25 °C KoHCTaHTa

......

Po3p’si3anns. EnexTponiTuyHa aucoliiallisi HITPUTHOI KUCJIOTH Tepedirae 3a
. + _
piBHsHHAM HNO, —— H + NO;.
Cryninp  gucoriamii  HITPUTHOI KUCJIOTH, SIK CJIAOKOrO  €JIeKTPOJITY,
PO3pPaxoOBYEMO 3a PIBHSIHHSIM:

K 4-10° 2
a:\/c(Hl\?Oz):\/ 0.3 =3,65-107.
Konuenrpariss i#oHiB ['igporeHy B po3uuHI CJHa0KOi HITPUTHOI KHUCIOTH
[H]= a-c(HNO,) =3,65107%-0,3=1,1-10 > Mous/ 1
3HaueHHs BOAHEBOro mokasunka pH = - Ig[H'] = - 1g(l,1-107)= 1,96.

Mpuxaan 2. 3a saxoi Temneparypu O0yae KpuctaiizyBaTucs 5 % po3uuH HaTpii
xyopuay? Braxatu o = 1, kpiockomniuyHa koHcTaHTa Boau K = 1,86.

Po3p’si3aHHA. 3HIKEHHS TEMIIEpaTypu KpHUCTali3alii po3urMHy IpOMopliiHe
MOJISUTBHICTI PO3UYMHEHOT pEYOBUHU B PO3UHMHI:
: : X)-1000
Aty = (tg — t) = iK-b(X)= - K X)1000
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Hns peakmii NaCl — Na" + CI', k = 2, tomi i30TOHIYHHI Koe(]IIlieHT
po3paxoByeTbesa sik i=1+ak—1)=1+12-1)=2.
o(NaCl) = 5 %. Sdxmo npuitHatu macy po3uuny 100r, To m(NaCl) = 5,
m(H,0) =100 — 5 =95 r. M(NaCl) = 58 r/mob.
5-1000 0
At = 2-1,86—58.95 =3,375"C.
Boxa kpucramizyersest mpu 0 °C, oTke, TeMieparypa KpHCTaTi3alii po3dHHY

oyne t=0— Aty =0—3,375=-3,375 °C.

Buxonatu 3aBaaHHs

3aBnanns 6.1 [lig HaBeneHUX HIDKYE PEUYOBHMH: a) CKJIACTU PIBHSAHHSA
aucolianii; 0) po3paxyBatu CTYIIHb qucolianli, pH po3unHy, 130TOHIYHUNA KOE(DILI€HT
(st 6araTOOCHOBHUX KHCJIOT PO3pPaxXyHOK MPOBOJUTH 32 KOHCTAHTOIO JHCOIalii
TEepIIOro CTyHeHs); B) JUld KUCIOT po3paxyBaTH KOHLEHTpalito ionis H', s ocHOB —

monis OH .

Koncranra
Homep dopmyra Hazga mucotrianii 3a | KonmenTparris,
BapiaHTa pEYOBUHU pEYOBUHU MEPIIUM MOJIb/JT
cryneHem K
1 HF dbTopuaHa KUCIOTA 7,2-107* 0,1
2 HCOOH dopmiaTHa kucioTa 1,810 0,001
3 HNO, HITPUTHA KHCJIOTA 4107 0,001
4 HIO; MoJaTHa KUCJIOTa 2,3-10’” 0,01
5 HBO, MeTabopaTHa KHCI0Ta 7,5-1071° 0,01
6 H,SO; cynb(diTHA KHUCIOTA 1,610 0,1
7 HCN 1iaHiHa KUCI0Ta 7,2-1071° 0,01
8 AgOH apreHTyM TiIPOKCHI 5,0-107 0,001
9 C¢H4sOHCOOH casilijaTHa KUCIOTA 1,1-107 0,001
10 HCIO TiMoXJI0pUTHA KUCIIOTA 5,0-10°° 0,01
11 H;BO; opTO6OpaTHA KUCIOTA 5,8-1071° 0,01
12 LiOH JTIH rigpokcu 6,8-107 0,1
13 H.S cyabdinHa KucioTa 1,110 0,001
14 H,COs KapOoOHaTHA KHUCTIOTa 4,41 0’ 0,001
15 HBrO rinoOpoMiITHa KHCI0Ta 44107 0,01
16 H;PO, opTodochaTHa KMCIOTA 7,1-107 0,01
17 H;PO; opTodochirHa KucIoTa 7,1-107 0,1
18 H,C,0q4 OKcajlaTHa KMCJIOTa 5,4-107 0,1
19 C;H,COOH MacJIsIHa KUCJIOTa 1,5-1 07 0,01
20 CH;COOH aleTaTHa KHCiIoTa 9,6-10°* 0,1
21 Pb(OH), TTIOMOYM T1IPOKCH/T 1,8-107 0,001
22 C,Hs;COOH MPOTMIOHATHA KUCIIOTA 1,3-1 0 0,1
23 C¢HsCOOH OeH30aTHa KHCIIOTA 6,1-10° 0,1
24 H,TeOq4 TeJUTypaTHa KUCIIOTa 2,5-1 0 0,01
25 NH,OH aMOHIH TiIpOKCH 1,7-107° 0,01
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3apnanns 6.2 3a naHuMH, HaBeIeHUM HUXKYE (Vpuy — 00’ €M posunny, m(X) —
Maca po3YMHEHOI PEUYOBUHHU, P — I'YCTHHA PO3UUHY, ! — TEMIlepaTypa po3yuHY, O —
CTYIIHb €JIEKTPOIITUYHOI AUCOLIAIlT pEYOBUHU), pO3PAXyBaTH TEMIEPATypPH KUITIHHS,
3aMep3aHHs 1 OCMOTUYHUNA TUCK PO3YMHIB BIAMOBIHUX COJEH.

HO.Mep pi?-III)/II\I/I-I}g:IZCl)I Vo, m(X), P, 3 a ,°C

BaplaHTa - 1 r r/cMm
1 CuSO4 1 31,9 1,200 0,90 0
2 NaCl 2 58,44 1,010 0,90 20
3 MgCl, 3 28,5 1,020 0,90 0
4 ZnSO4 4 159,55 1,010 0,90 25
5 CuCl 5 272,26 1,06 0,90 0
6 Fey(SO4)3 6 399,69 1,016 0,90 21
7 Zn(NO3), 7 1325,59 1,120 0,90 20
8 AgNO; 8 141,89 1,080 0,90 25
9 H,SO4 9 88,20 1,001 0,90 20
10 HCl 10 365,00 1,010 0,90 15
11 HNO3 9 56,70 1,010 0,90 20
12 BaCl, 8 166,60 1,030 0,85 0
13 NiSO4 7 108,30 1,030 0,95 25
14 Pb(NO3), 6 198,70 1,050 0,90 20
15 KCl 5 372,77 1,020 0,95 20
16 K>Cr,04 4 124,96 1,100 0,80 20
17 KI 3 498,02 1,025 0,90 25
18 KMnO4 2 31,61 1,008 0,85 20
19 NH4NO3 1 70,00 1,010 0,90 0
20 K>CrOy4 3 58,26 1,003 0,95 15
21 NaxSO3 4 50,41 1,001 0,90 20
22 NH4Cl 2 10,69 1,002 0,90 25
23 K>COs 5 69,075 1,001 0,95 0
24 AlCl3 6 638,154 1,025 0,85 20
25 ZnCl, 7 95,390 1,002 0,90 0
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3aBaanns 6.3 /{151 HaBeACHUX HUKYE COJICH: ) CKIIAaCTH PIBHSHHS T1pOII3y;
0) Bkaszatu 3HaueHHs pH (Ouibine, MeHiie abo JOpIBHIOE 7) y PO3YMHI COJi;
B) pO3paxyBaTH KOHCTAHTY TiAPOJI3Y COJIi, BUKOPUCTOBYIOUM 3HAYCHHS KOHCTaHT
JUcolIialii c1abKuX eeKTPOJIITIB HABEIEHUX Y 3aB/iaHH1 6. 1.

Howmep Bapianta | PeuoBuna Hqup PeyoBnHa Hqup PeyoBnna
BaplaHTa BaplaHTa
1 Na3;BO; 9 NaF 17 NH,4Cl
2 K,oS 10 NHyl 18 KCN
3 (NH4),COs 11 C,HsCOONa 19 CcHsCOOK
4 NaNO, 12 K;POy4 20 NH4NO;
5 Na,CO; 13 LiF 21 CcH4OHCOOK
6 NaBO; 14 KF 22 K>COs
7 NH4F 15 Na,S 23 K»S0;
8 Na3PO4 16 NaZS 03 24 I(NOQ
25 CH3COONa
3ABJAHHS 7

OKHCHO-BIJJHOBHI PEAKII{

3a Temo10 «OKHCHO-BIITHOBHI peakuii» CTyAeHTAM HEOOXiIHO OBOJIOAITH
TAKUMM 3HAHHAMU:
® CmYniHb OKUCHEHHS eleMeHmi8, Npoyecu OKUCHEHHS | BIOHOBNEHHS,
HAUBANCIUBIULI OKUCHUKU T BIOHOBHUKU,
®  OKUCHO-8I0HOBHI peakyii, ix Kiacugixayis,
®  GUBHAYEHHS CMexXioMempuyHux Koe@piyicHmie 6 OKUCHO-8IOHOBHUX
Peaxyisix MemoooM eNeKmpOHHO20 OALAHCY Ma MemOoOOM HANi8peaxyil.

TeopeTnyHna yacTuHa

OKHCHO-BiTHOBHI peakuii — 1ie peakilli, 0 CYIPOBOKYIOTHCS 3MIHOIO
CTYIEHIB OKUCHEHHSI aTOMIB, 1110 BXOJISITh JIO CKJIay pearyrouux peuoBUH.

CTyniHb OKMCHEHHS — IIe¢ YMOBHHI 3apsiJ aToMa B MOJIEKYJIl, OOUHUCIECHUHN y
MPUMYLIEHHI, 10 MOJIEKYJIA CKIJIAJJA€ThCS 3 HOHIB 1 B IJIOMY €JIEKTPOHEUTpasIbHa.

CTyniHb OKMCHEHHS, Ha BIIMIHY BIiJ BaJ€HTHOCTi, MOX€ MAaTH IO3UTHUBHE,
HEeraTHBHE, HYJIbOBE 1 IpoOOBe 3HAaueHHA. Lle 3HaYeHHsS 31 3HAKOM IUIIOC YU MIHYC

+3 -1
HCpCII apa6cm<0}o I_II/I(I)pOIO 3a3HAY4Ya€ThbCAd HaJd CHMBOJIOM CIICMCHTA: Al, Cl,

0 +1-1/2
H,,NaO,.

[Ipu mo3HaudeHH1 3apsay HOHA CMOYATKY HUIIEThCS YMCIO, a MOTIM — 3HAK; 3apsj

MOHa 3anmucyroTh IpaBopy4 Bia Hboro: Al3+, Cl-.
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Po3paxyHOK cTyneHsi OKUCHEHHS

[Tpu oOurcneHH1 CTYNEeHIB OKMCHEHHS €JIEMEHTIB CJIiJT [1aM’ SITaTH, II0:

1. AnreOpaiuyHa cyMa CTyNeHIB OKUCHEHHSI BCIX aTOMIB, 1110 BXOJSATh 10 CKJIAy
MOJIEKYJIM, 3aBXAH JOPIBHIOE HYNIO, a y 0araToaTOMHHUX HOHax cyma CTYIEHIB
OKHMCHEHHS BC1X aTOMIB JIOPIBHIOE 3apsiay HOHA.

2. CTyniHb OKHCHEHHS €JIEMEHTIB y MPOCTUX PEYOBHHAX JOPIBHIOE HYIIIO:

0 0 0 0
O,,Na,(, , S.

3. ATOMU METaJIB Y CIIOIyKaxX MPOSBISIOTH MO3UTUBHUM CTYIIHb OKMCHEHHSI.

CTyniHb OKHCHEHHS JYXXHUX METaliB B YCiX CHOdyKax JopiBHIOE +1, a
TyKHO3EMEIbHUX +2.

4. Crynins okucHeHHs [igporeny nopisnroe +1 (kpiM rizpuais metanis NaH,
BaH, Tomo, e cryninb okucHenns [igporeny —1).

5. Cryninp okucHeHHs1 OKCUTEHY Yy CHOJIyKax JIOpiBHIOE —2. BunsaTkoMm €
MEPOKCUJIHI cronyku, nae OxcureH mae cryniHb okuciieHHs —1: H,O,, Na,Op;
Haanepokcunu (—1/2): KO,; dropun oxcureny (+2): OF..

6. dyop B yCixX CIONYKax Ma€ CTyMiHb OKMCHEHHS -1.

VY 3aranbHOMY BHUIAJKY BEJIUYMHY Ta 3HAK CTYNEHS OKHUCHEHHS AaTOMIB
BHU3HAYAIOTh, MOPIBHIOIOYM €JIEKTPOHETaTUBHOCTI €JIEMEHTIB, SIKI BXOJATH J0 CKJIaay
cnosiyku. HaliGuibI e1eKTpOHETaTUBHUNM aTOM Ma€ HEraTUBHUM CTYIiHb OKUCIIEHHS,
a aTOM 3 MEHIIIOIO €JIEKTPOHETATUBHICTIO — MO3UTUBHUHN CTYIIHb OKHCIICHHS.

OKuHCHEeHHS — 11 TIPOLIEC Bi/1aul eJIEKTPOHIB aTOMOM, MOJIEKYJIOI0 a00 HOHOM,

YHaCJIiIIOK qoro CTYHiH]':» OKHMCHCHHA CHCMCHTiB, IO BTPATUJIN CIICKTPOHU, 3pOCTAEC:
0

0 +3 -2
Al - 38 = Al; S -2e=S.
ATOMI/I, MOIJICKYJIAU abo ﬁOHH, 110 Bi,Z[I[aIOTB CJICKTPOHH, HAa3HBarOTbCA
BiI[HOBHI/IKaMI/I, caMi K BOHM OKHCHIOIOThCS.
BigHoBiaeHHs1 — 118 mponcc MnmpueaHaHHsg GJ'IGKTPOHiB aTOMOM, MOJICKYJIOIO abo
ﬁOHOM, YHaCJIiIIOK q0ro CTyrIiHB OKHCHCHHA eJ'IeMeHTiB, 1o 1nmpueaHalin CJICKTPOHMU,
SMCHINYETLCA:

+7 +2 0 -1
Mn + 58 =Mn; Cl,+2e=2Cl.
Atomu, Mosiekyau ab0 HOHM, WO TPHUENHYIOTH EJIEKTPOHHU, Ha3UBAIOTHCS
OKMCHHMKAMM, CaMi ’K BOHH BIJIHOBJIIOIOTHCS.
Kunacudikaunisi OKHCHO-BITHOBHHUX peaKIliid:
o MixMousiekyJsApHi peakumii — peakiii, B AKUX €JIEMEHT OKHUCHHUK 1 €JIEMEHT

BiIIHOBHI/IK BXOIATH JO CKIIaay piSHI/IX MOJICKYJ, HAIIPUKJIIAI:
0 +1

+2 0
Zn+HCl= ZnClL+ H, T,
ne Zn — BigHoBHUK; HCI — OKHUCHUK.
o BHyTpimiHbOMOJIEKYJSPHI peakuii — peakxiii, B SKUX €JIEMEHT-OKUCHUK 1

€JIEMEHT-BIIHOBHUK BXOJSATh /10 OJHIET 1 TIET 5K MOJICKYJIH, HATTPUKIIA/;
3 45 0
NH,NO,—» N,0T +H,0,
-3 +5
N — BifHOBHHMK; N — OKHCHHK.
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o Peakuii nucnponopuionyBaHHss 200 CAMOOKHUCJIEHHSI-CAMOBIITHOBJICHHS —
OJIMH 1 TOM K€ eJIeMEHT BIAIrPa€ 1 poib OKUCHUKA, 1 POJIb BITHOBHUKA, HATIPUKIIA]:

0 +1 -1
Cl, + 2KOH —» KCI10 + KCI + H,0.

0

Cl, € 1 BITHOBHHKOM, 1 OKHCHHUKOM.

JUisi BU3HAYEHHS CTEXIOMETPUYHUX KOE(QILIEHTIB B PIBHAHHAX OKHUCHO-
BITHOBHUX peEaKI[iii BUKOPUCTOBYIOTh METOJI €JIEKTPOHHOTO OanaHcy abo MeTo[
HaIlIBpEeaKIIii.

Aneopumm cknadaunns peaxyii Memooom eneKmpoHHO20 OANaHCY HABEOEeHO 6
[Mpuknani 3, a memoo nanispeaxyiu posensinymo 6 Ilpukinanui 4.

Ipuxkaagu po3B’si3aHHs 32124
Hpuxaaa 1. Busnaute cTyniHb OKUCHEHHS XJI0PY B HACTYIHUX CHOJTYKAX:
CLO, HCI, NaCIO, KClO4, HCIO;,
Po3p’si3anns. [To3HaunMo cTymiHb OKUCHEHHS XJI0py depe3 x. [lam’statroun, mio
CTYIIiHb OKHMCHEHHs lifporeHy i JyKHUX MeTaliB fopiBuioe +1, Okcureny — 2, a
CyMapHHUH CTYMIHb OKUCHEHHS OY/b-SKOi CIIOIYKH € HYJIbOBUM, OJICPKUMO:

CLO 2x+(-2)=0 x=+1;
HCI +1)+x=0 x=-1;
NaClO (+1)+x+(-2)=0 x=+1;
KClIO, (+1)+x+4(-2)=0 x=+7,
HCIO; (+1)+x+3(-2)=0 x=+5.
CmyniHb OKUCHEHHs amoma NO3HAYAEMbCA apadCbLKow Yu@dporo 13 3HAKOM — «+»

+1 +1 +7
abo «-» i cmasumocs HA0 cumeonom ximiunoeo eremenma.: ClL, O; NaClO,; KCIO,,

+5

HCIO; .

Ipuknax 2. SIki pedoBUHM 1 3a PAaxXyHOK SIKMX €JIEMEHTIB BHUKOHYIOTH POJIb
OKHCHHMKIB 1 BITHOBHHKIB y IIUX PEAKIIISIX:

a) SOz+BI'2+2H20 =2HBr + HzSO4 )

6) Clz + HQO =HCI1 + HClO,

B) (N H4)2CI'207 = N2+CI'203+4H20.

Po3p’si3anns. Peakiis a) HalekKUTh JO Ppeakiii  MIKMOJEKYJSIPHOTO
OKHCHEHHSI-BITHOBJICHHS. 3HAXOIMMO €JIEMEHTH, 1110 3MIHIOIOTh CTYMIHh OKUCHEHHS:

+4 0 -1 +6
SO, + Br, +2H,0=2HBr +H,SO,,

CTYIIHb OKUCHEHHS 3M1HIOIOTH Cynbdyp 1 bpom.
+4 +6 +4
S -28 =8S; S — BITHOBHUK (peakxilisi OKUCHEHHS);
0 -1 0
Br, +2¢& = 2Br; Br, — okucHUK (peakiiisi BiITHOBJICHHS).
Peakuiss 0) HaleXuTh 10 peaklid IUCTIPOMNOPIIIOBAHHS (CAMOOKHUCHEHHS-
CaMOBITHOBJICHHS ):

-1 1
Cl, + H,O=HCl + HCIO.
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3anuiemMo J1B1 HalliBpeaKIlii:

0 -1
Cl, +2&8=2Cl; Cl,—okucHuK (peakiiis BITHOBJICHHS);

Col2 -28=2 (+311; Cl, — BIAHOBHUK (peaKIlisi OKUCHEHH).
C1, ogHOYACHO € 1 BITHOBHUKOM, 1 OKUCHHKOM.

Peakiiiss B) HajnexuTh 10 peakiid BHYTPIITHHOMOJICKYJISIPHOTO OKHCHEHHS —
BIJTHOBJICHHS

-3 +6 0 +3
(NI‘L] Cr; 07 =N, + Cn; O3+4H20.
2

3anuiemMo J1B1 HaliBpeaKIlii:
3 0 -3
2N -6& = N2; N —BIIHOBHMK (peaxiisi OKUCHEHHS);
+3 +6
Cr +38 = Cr; Cr —okuCHUK (peakilisi BITHOBJICHHS).

Ipuknaax 3. MetogoM enekmponHoeo OallaHCy PO3CTABUTH KOEQIIIEHTH B
PIBHSIHH1 OKUCHO-BIJTHOBHOI PEaKIIii:

P+ HCIO, + H,0 =H,PO, + HCIL.

Po3p’si3anHs

AJITOPUTM CKJIAIAHHS PiBHSIHb METOJAOM €JIEKTPOHHOI0 0a1aHCy

[Ipu ckiaaHH1 piBHSHB METOJIOM €JIEKTPOHHOTO OallaHCy BUXOASTH 3 TOTO, 1110

CyMa EeJIeKTpOHIB, fKi OepyTh y4acThb B peakilii BIIHOBJIEHHS, JIOPIBHIOE CYyMi
€JIEKTPOHIB, sIK1 OEPYTh Y4aCTh B PEAKI[il OKUCHEHHS,

AJNTOpUTM CKJIaJIaHHS PIBHSHb METOJIOM €JIEKTPOHHOT0 OaaHCy TaKui:

a) 3aMUCYIOTh CXEMY OKHMCHO-BIIHOBHOT PEaKIIii;

0) BU3HAYaI0Th ATOMHU €JIEMEHTIB, SIK1 3MIHIOIOTh CBIi CTYMIHh OKUCHEHHS;

B) 3aIUCYIOTh PIBHSHHSA OKHCHEHHS Ta BIJHOBJICHHS, B SKUX PO3PAXOBYIOThH
KUIBKICTh €JI€KTPOHIB, BIJIAHUX BIAHOBHUKOM 1 IPUETHAHHUX OKUCHUKOM;

I) 3pIBHIOIOTh KUIBKOCTI MPUMHATUX 1 BUIJIAHUX €JIEKTPOHIB BBEACHHSAM
MHOXKHUKIB, BUXOASYM 3 HANMEHIIOrO CHUIBHOIO KpaTHOTO, MJisi KOE(QIIIEHTIB
(KUIBKICTB €JIEKTPOHIB) y Mpolecax OKUCHEHHS i BIAHOBJICHHS;

1) 3HaiieHl Koe(illeHTH MIACTABISIOT, Yy PIBHAHHS  peakuii  mepen
BIAMOBITHUMH (DOpMYJIaMU PEUOBHUH Y JIIBIH 1 ITpaBiil YacTUHAX.

€) miI0MpParoTh KOeMIIEHTH I PEITH YYACHUKIB pPEaKIIii.

CkopucTaeMocsi HABEJICHUM BHIIE aJITOPUTMOM JJIsi KOHKPETHOI peaKIii:

P+ HCIO, + H,0 =H,PO, +HCL.
1. Buznaunmo CJIICMCHTH, IO 3MIHWIA CTyHiHB OKHCHCHHA

0 +5 +5 -1
P+HCIO, +H,0=H,PO, + HCI
Cryniab OkuCHEHHs 3MiHIOI0Th Docdop 1 Xitop.

58



2. 3anMIeMo piBHSIHHSA OKHCHEHHS 1 BIHOBIICHHS, B SIKHX PO3PaxOBYIOTh
KUTBKICTh eJIeKTpOHlB BIITAHUX BIJTHOBHUKOM 1 TPUHHATHX OKUCHUKOM:
i 6 (peaxirisi OKUCHEHHS )
P -5¢ =P 30

+5 -1 . .
Cl+68 = Cl 5 (peaxiiist BITHOBJICHHS )

+5
P — BIIHOBHUK; Cl — OKHCHHUK.

3. Po3paxyHok Koe(]iIlEHTIB y pIBHSHHI peaKiii.

KinbKICTh  €lEeKTpPOHIB, MNPUHHATUX OKHWCHHUKOM TIOBUHHA JOPIBHIOBATH
KUIBKOCTI €JICKTPOHIB, BIIJIaHNX BITHOBHUKOM. TOMY 3HAXOJMMO HAliMEHUle CRilbHe
Kpamue sl KUIBKOCTI BIIJAHUX 1 NMPUUHATHX €JNEKTPOHIB (s uucen 6 1 5 me
gucio 30). JlinuMo HaliMeHIle CHUIbHE KpaTHE Ha KUIBKICTh EJEKTPOHIB 1
OJIEP)KYEMO MHOKHHUKM — KOE(IIIEHTH M1 KOXHOTO 3 piBHAHBb. OTxe, mepiie
PIBHSIHHS MMOTPIOHO MOMHOXUTH Ha 6, a Ipyre — Ha 5.

4. 3HaiiieH1 koedIieHTH MiCTABISIEMO B PIBHSHHS PEaKIlii

6P+5HCIO; + H,O=6H,PO, + 5HCIL
5. [TinOupaemo koedilieHTH U1 PEIITH YYacHUKIB peakiii. [lopiBHsSHHS J11BOT 1
MpaBoi YACTUH PIBHSIHHS MOKa3ye, 10 ISl TIOBHOTO MaTepiaibHOro OanaHcy B JIBid
yactuHi nepen H,O tpeba BucraButu koedimieHT 9. Toni B ocTaTOUHOMY BUIJISII

MAa€ MICIE TaKe PIBHSIHHS:

6P+ 5HCIO, + 9H,0 = 6H, PO, + SHCL.

6. IIpaBIIIbHICTH 3HAYEHDb MIAI0paHUX KOE(IIEHTIB NEPEBIPSIIOTH 3a O0aJaHCOM
atomiB OKcuUTeHy: B JiBIM 4YacTHHI KUIBKICTh aToMiB Oxcureny 24, y mpaBid —
TaKox 24.

Ipuxaan 4. MeTooM HamiBpeakiliii BA3BHAYUTH CTEXIOMETPUYHI KOeDIi€HTH
B PIBHSIHHI OKMCHO-B1JIHOBHO1 PEaKIIii:

H,S +K,Cr,0,+ H,SO, - S + Cr,(SO,), + K,SO, + H,0.

Po3p’sizannsi. Meton — HamiBpeakiiii  (HOHHO-CJIICKTPOHHUH  METON)
BUKOPHUCTOBYIOTH JIJISI HAITMCAHHS OKHUCHO-BITHOBHUX pEakIlid, Kl BiAOYBalOThCS Y
BOAHMX po3unHax. Llell MeToa BpaxoBye B3a€MOII0 MK MOJIEKyJIaMH a00 HOHaMH,
AKl peaJlbHO  ICHYIOTh y cepenoBuli. Ilponecun OKHCHEHHS Ta BIIHOBJIEHHS
3aMMCYIOTh Y BUTJISLI1 HOHHUX HAMIBpeakilii, BpaXOBYIOUH JIUCOLIAIII0 PEYOBHH.

3anuiieMo HaBeIEeHY BHILIE peakililo B HOHHO-MOJIEKYJSIpHIA  dopmi,
nam’sTaloud, IO CWJIbHI €JEKTPOJITH CIiJl 3alucyBaTH Yy BUIJSAAl HOHIB, a
HEEJEeKTPOJITH, CJa0Ki €JIEKTPOJITH, Ta3u 1 OCaau — y BUIVISAL MOJEKyl. Tox
piBHSHHS HA0yBa€ TaKOTrO BUTIISAY:

H,S+ K"+ Cr,0% + 2H"+ SO - S + 2Cr* + 3503+ 2K+ SO*+ H,0.
BoueBup, 1m0 B po3unHi (y Kuciaomy cepeaoBuili H') mpoTikatoTs mpoiecu
okucHenHs H,S 1o S 1 BinHOBneHHs Cr,0% go Cr3+.

3anuiieMo CXeMH IUX PeakIlii:

H,S - S;
Cr,0% - 2Cr3.
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YV npasunvno cknadenux peakyiax noguHHo mamu micye 30epedceHHs K Yucia
amomie, maxk i 4ucia ereKmpudHux 3apsoié y SUXIOHUX PedO8UHAX I NPOOYKMAax
peaxyii.

Tomy, s 30epexeHHs mamepianrbHo2o OallaHCy CXeMa IMEpUIOr0 PIBHAHHS
peakilii MOBUHHA MaTH TaKUH BUTJIS/L;

H,S - S+2H".

Jlnst 3piBHIOBaHHS 3aps0dié cio BiJl JIIBOT YaCTHMHU CXEMU PIBHSHHS BITHATH
JIBa €JIEKTPOHHU, MICIIS YOTO CTPLIKY MOXKHA 3aMIHUTH Ha 3HAK PIBHOCTI:
H,S -28=S+2H" (peakuis OKUCHEHHS).
BiJTHOBHHK
[e nepiia HamiBpeakIlis.
Cnio nam’smamu, wo 8 OKUCHO-BIOHOBHUX peaKyisx 6eluxy poib 6idiepae
xapaxmep cepedosuwua:

o Y Kuciomy cepeoosumi Haonuwkosi amomu OKkcueeny 36°s13y10mb UOHAMU
H'— na xoxcnuii naonuwxosuti amom Oxcuceny oodaromv déa H', a & Opyey
yacmuHy pieHaHHSA — 8i0N0GIOHY KinbKicmb H,0;

o Y JIYHCHOMY | HEUMPATbHOMY cepedosunax Haonuuxkosi amomu OKcueeny
38 'A3Y10Mb 800010 — HA KONHCHUL Haoauwkosutl amom OkcuzeHy 000aroms MOJEK)Ly
H>0, a y npomunescnuii 6ix pieHsanHs — 6086iui Oinbuty Kinvkicms onie OH .

Posrnsinemo cxemy napyroi HamiBpeakiii. OCKUIbKM peakilisi nepeOirae B
KHCJIOMY CEpEeJIOBHUIN, TO cXema ii mamepianbrHoco OallaHCy BUIISIAATUME TaKUM
YUHOM:

Cr,0% + 14H* — 2Cr* + 7H,0.

Jlist 3piBHIOBaHHS 3apsiiiB JIIBOi 1 MpaBoi 4acTUH Tpebda 10 JIIBOI YaCTHHH
cxemu peakiii (3apsn +12) nogatu 6 e1eKTpoHiB, 100 1€ BIAMOBIAANO 3apsiay MpaBoi
gacTuHu (+6):

Cr,0% + 14H" +6€ =2Cr* + 7TH,O (peakuis BiTHOBICHHS).

OKHCHHK
Ile npyra HamiBpeakItis.

Jlist ckinafgaHHs 3arajJbHOTO PIBHAHHS Tpeda CKIAcTH JIIBI W MpaBl YaCTHHU
000X pIBHSHB, MONEPEIHBO 3PIBHABIIN KUTBKICTh BIAAAHUX 1 IPUMHATUX €JIEKTPOHIB,
BUXOJIYM 3 HAMMEHILIOTO CIUJILHOTO KPaTHOTO, sIKE TOPIBHIOE 6:

H,S-28 =S + 2H+ 3
Cr,0% + 14H* + 68 = 2Cr**+ 7H,O 6 1
3H,S + Cr,0% + 14H* —» 3S +2Cr**+ 6H" + 7H,O.
[Tini6paBmu moai16H1 yieHu ( H* ), MaeMo 1oBHE MOH - MOJIEKYJISIpHE PIBHSAHHS:
3H,S + Cr,0% + 8H* = 3S +2Cr3+ 7H,O0.

[lepeBipsieMO TPaBWIBHICTh CKJIAJaHHS LBOTO PIBHSAHHS — YHUCIO aTOMIB 1
3apsA/iB y JIiBIM 1 MpaBiil yacTUHAX PIBHSAHHA MOBUHHI OyTH OJHAKOBHUMHU.

JI1s1 1bOT0 MIAPaXOBYEMO YMCIIO aTOMIB KOKHOTO €JIeMEHTa B JIIBIM 1 MpaBiit
yacTHMHAX PIBHAHHA. YMCIIO aTOMIB B JIIBIM 1 MpaBiii 4acTMHAX PIBHSHHSA OJHAKOBI
(H-14, S-3, Cr-2, O-7). Cyma 3apsiiB y JdiBid 1 mpaBiii yacTUHAX PIBHAHHS TaKOX
onHakoBa (+6). OTxe, MOBHE WOHHO-E€JIEKTPOHHE PIBHSIHHSI OKHCHO-BIIHOBHOI
peaxiiii cKia/ieHe MPaBUIIbHO.
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Jlonucyemo 10 aHIOHIB 1 KaTiOHIB BIJAMOBIAHI IM KaTIOHW Ta aHIOHH, a TaKOX,
AKIIO HEOOXIHO, JJisi TIOBHOTO MaTepilaJibHOrO OajaHCy JOMHCYEMO Yy TPaBy
YaCTHHY PIBHSHHS KaTIOHM 1 aHIOHHU, SIK1 € y JIIBIA YaCTUHI PIBHAHHS, IPOTE BIACYTHI
y MpaBiid:

3H,S + Cr,0% + 8H* — 3S+2Cr* + 7H,0
2K*  4S03- 3S02- + (2K"+S02-)
[Ticns moegHaHHS BIANOBIAHMX KaTiOHIB 1 aHIOHIB OTPUMYEMO PIBHSHHS OKHCHO-

B1JIHOBHOT peaKilii B OCTATOUHOMY BUTJISI/II:
3H,S + K,Cr,0, +4H,SO,= 3S + Cr,(SO,), + K,SO, + 7H,0.

Buxonatu 3aB1aHHsA

MetogoMm eleKTpOoHHOro Oajlancy ab0 METOJIOM HaIliBpeakKiliii po3CTaBUTU
Koe(illieHTH Yy HaBEICHMX OKHCHO-BITHOBHMX pEaKIlifAX; BKa3aTH BIJTHOBHHUK 1
OKHCHUK; PeaKI(ii OKUCHEHHS 1 BITHOBJICHHS:

Howmep BapianTa CxeMa OKHCHO-BITHOBHOI peaxirii

1 2

1 1) KMnOy4 + HC1 — Cl, +KC1 + MnCl, + H,O
2) Zn + HNO3; — Zn(NOs), + NH4sNOs +H,O

2 1) MnO, + NaNO; + NaOH — Na,MnO, + NaNO, +H,0
2) H,SO; + Br; + H,O — H,SO4 +HBr

3 1) KMnOy4 + H,0, + H,SO4 — MnSO;4 + O, + K;,SO4 + HO
2) FeCl, +KCl105; + HCI — FeCl; +KC1+ H,O

4 1) KxCr,O7 +KI + H2SO4 — Cra(SO04)s + I, +KSO4 + H,O
2) HBr + H,SO4 — SO, + Br; + H,O

5 1) KI + H,O;, + H,SO4 — I, + HO + K,SO4
2) KxCryO7 + HaSO4 + HaS — S+ Cra(S04);3 + K2SO4 + H2O

6 1) P+ HIO; + H,O — H3PO4 +HI
2) H,S + KMnOy4 +H,SO4 — K;SO4 + MnSO4 + S + H,O

7 1) PbO; + MnSO4 +HNO3; — PbSO4 +Pb(NO3), +HMnO4 +H,O
2) NaCrO; + H,0, +NaOH — Na,CrO4 +H,O

8 1) MnO; +K,CO3 +KNO; — K,;MnO4 +KNO, +CO,
2) Sn +H,SO4 — Sn(S04); + SO, +H,0

9 1) Na,SOs +Br, +H,O — Na,SO,4 + HBr
2) MnO, +HCl — MnCl, + CL, + H,O

10 1) Cl, +KOH — KCI + KCIOs +H,0
2) Pt + HNOs+ HCI — PtCly + NO +H,O

11 1) FeSO4 + HNO; +H,SO4 — Fey(SO4); +NO + H,O
2) KxCrO7 + HaS +H2S04 — KoSO4 +Cra(SO4)3 +S + H,O
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[TponoBxeHHs TaOIMIT

1 2
12 1) (NH4),Cr,07 — N, +Cr,03 + H,O
2) Zn + H,SO4 — ZnSO4 + H,S + H,O
13 1) Na,SO; + KMnO4+ H,SO4 — K>SOy + MnSO4 + NaSO4 + H,O
2) PbS + HNO3; — PbSO4 + NO, +H,0
14 1) Mg + HNO3; — Mg(NOs), +N,O +H,O
2) FeSO4 + KMnOy4 + H,SO4 — Fe(SO4)3 +MnSO4 + K,SO4 +H,0O
15 1) NaCrO; + Br; + NaOH — Na,CrO,4 + NaBr + H,O
2) KoyMnOy4 + Cl, - KMnO,4 +KCl
16 1) Zn + K»Cr,07 +H2SO04 — ZnSO4 + Cr(SO4)3 +K2SO4 + H,0
2) SO, +HBrO; +H,O — H,SO4 + Br,
17 1) Na,SO3; +KMnO4 +KOH — Na,S04 + K;MnOy4 + H,O
2) NO + K»Cr,07 + H2SO4 — HNO; + Cr(SO4)3 + K2SO4 + H,O
18 1) HNO; + PbO; +H,SO4 — HNOs +PbSO4 + H,O
2) NaCrO; +Br; + NaOH — Na,CrO4 + NaBr +H,O
19 1) KI + CuCl, — I, +Cul +KC1
2) MnSO4 +PbO; +HNO; — HMnOy4 +Pb(NOs), + PbSO4 +H,0O
20 1) H,S+H,S04 — S|+ SO, + H,O
2) HCl + HCIO; — CL1 + H,0
21 1) Mg + H,SO4 — H,S + MgSO,4 +H,0
2) HC1 +KCIO3 — CL+KCI+H,0
22 1) KI + KNO; + H,SO4 — I + NO + K,SO4 +H,O
2) SO, + 1, + H,O — H,SO4 + HI
23 1) KNO, + HCIO; — KNO; +HCl
2) KMnO; + HCl — Cl, + KC1 + MnCL + H,0
24 1) Al + NaOH + H,O — NaAlO, + H,
2) K»Cr,07 + FeSO4 + H,SO4 — KuSO4 + Cra(SO4)s + Fex(SO4)s + HO
25 1) Cu +H,SO4 — CuSO4 +S0O; + H,0

2) KMnO4 + FeSO4 + H;SO4 — K»SO4 + MnSOy4 + FGQ(SO4)3 + H,O

3ABJIAHHA 8

METAJIA. ®I3UYHI 1 XIMIYHI BJACTUBOCTI METAJIIB

3a
Heo0XiaH

memanie

TeMOo0 «MeTtanu. @i3u4Hi i XiMIiYHI BJACTUBOCTI MeTAJIIB» CTyJAeHTaAM
0 OBOJIOXITH TAKUMH 3HAHHAMH:

® 3qeanvHi 8i0OMOCMI NPO Memanu, Klacu@ikayis Memanie, po3miujeHHs.
V nepioouyHiu cucmemi,

® ocobaugocmi  O6y008U  amomie  Memanis, MemAaliyHUull 38 530K,

xapaxmepui (i3uyHi ma XiMiuHi 61ACMUBOCI Memanis, pso Hanpye Memaiis.
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3araabHi BizoMocTi mpo meTaan

Mertanu cki1afaloTh OUIBIIICTh €IEMEHTIB NMEePIOAMYHOT CUCTEMU. 3 BIAKPUTUX
118 ximiyHMX eneMeHTiB 96 — Metanu. I[CTOPUYHO CKJIaBCS TEOXIMIYHUMA TOILT
MeTaliB Ha 4opHi (3ami3o Fe, mapranenus Mn, xpom Cr) 1 KOJIbOpOBI (pelita MeTaiiB).

Hacnpapai icHye Oarato kiacudikaiiii MeTaaiB — 3aJIeKHO B XapaKTepHOT
O3HaKM, fAKa PO3TIAJAEThCS (32 TMOIIMPEHHAM Yy TMPUPOAl, 3a (PI3UYHUMU
BJIACTUBOCTSAMHU ToIo). Ilpu mpoMy oauH 1 TOW caMuil MeTall MOXE OJIHOYacHO
HaJEeXaTu 0 Pi3HUX KiIacu(ikauiiHUX rpym. 3 TOUKHU 30py XiMii HAHBaKIHUBILIOKO €
Kyacudikallis Ha MmicTaBl eIeKTPOHHOI Oy0BU aToMiB. [0 MeTaliB BITHOCSTh:

® S-CIIEMEHTH — JIYXKHI Ta JY>KHO3EMeJIbHI MeTalid, a Tako MarHiii Mg i
bepuniii Be;

o p-ciementd — AmomiHid Al, Tamit Ga, Immiit In, Tamiit Tl (romosHa
niarpyna Il rpymm), I'epmaniit Ge, OnoBo Sn, CBunenps Pb (romosna minrpyma IV
rpynu), bicmyt Bi (ronoBua miarpyna V rpynu), [lononiit Po (ronosna minrpymna VI
rpyImm);

o d-enementn — enemenTd noOiyHuUXx niArpyn I[-VIII rpyn mnepiogmunoi
CUCTEMU;

e f-eleMEHTH — JIAHTAHOIAU 1 aKTUHOIIH.

JJist BCiX MeTajiB XapakTepHi Taki 3arajibHi (pi3u4yHi 03HAKM:

® 332 3BUYAlHUX YMOB Yycl MeTaJd (32 BHUHATKOM PTYTi) € TBEPIAUMHU
KPUCTATIYHUMH PEYOBUHAMU;

® HU3bKA €JIEKTPOHETATUBHICTH MOPIBHAHO 3 HEMETAJIAMU;

e MeTaJIeBUI OJINCK;

® BHCOKa EJIEKTPO- Ta TEIUIONPOBIIHICTS;

® [UIACTHYHICTH Ta KOBKICTb;

® BHCOKa TeMIlepaTypa IJIaBiIeHHs (KpIM JIYKHUX METAIIB Ta PTYTI).

Taki cnibHI (I3UMYHI BIACTHBOCTI METajiB OOYMOBJIIEHI HASBHICTIO y HHUX
O0COOJIMBOTO THUNY XIMIYHOTO 3B’SI3KYy — Memanesoz2o (memaniynoco). BiabniicTh
METaJiB MaloTh KPHUCTAIIYHY CTPYKTYpY, SKy MOXHa TNPEICTaBUTH Y BUIJISI
KPUCTAIIYHOI TPaTKU, Y BY3JaX SIKOT 3HAXOJATHCA aTOMHM a00 MO3UTHBHI HOHHU, a B
MDKBY3JISIX — BaJICHTHI €JIEKTPOHU («ENEKTPOHHUM ra3y), siKi 3I1HCHIOIOTH 3B’S30K
MDK HOHAMH 1 JIETKO NEpPeCcyBalOThCs ycepeauHi kpucTtainy (puc. 2). HaBiTh HeBenmnke
30yKEHHS IPU3BOIUTH J0 MITrpallii eneKTpoHiB. [{[uM mosicCHIOEThCS BUCOKA TEILIO- 1
€JIEKTPOIPOBIAHICTh METAIIIB.

Pucynok 2 — Kpucraniuna rparka MeTairy
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XiMIYHi BJJACTHBOCTI MeTAJIIB
ATOMM €JIeMEHTIB-METaJliB Ha 30BHIIIHbOMY E€HEPreTUYHOMY PIBHI MICTATH
HEBEJIMKY KUIBKICTh €JIEKTPOHIB — BiJ OJHOTO 10 TpPbOX, 3piIKa — YOTUPH.
Hamaratouuce HaOyTH CTiMKO1 €J1eKTPOHHOI KOH(Irypallii iIHepTHUX Ta3iB, METalluHI
€JIEMEHTH JIETKO BIAJAAI0Th €JIEKTPOHHU, YTBOPIOIOYH KaTIOHHU:

Me? — né <& Ment

BIOHOBHUK OKUCHUK

3a cBOIMH XIMIYHHMH BJIACTUBOCTSIMH BCl METAJIM € BIJHOBHUKaMH. Yum
MEHIIE €JIEKTPOHIB MICTUTHCS HA 30BHIIIHbOMY €HEPIeTUYHOMY PIiBHI 1 YUM OUIbIINN
paalyc aroMa, THM JIermie aTOM METaJIYHOro €JIEeMEHTa MEepPEeTBOPIOETHCS Ha
BIJIMOBIHUHN KaTiOH. 3a i€l IPUYUHY, B Meplojiax MpH 30UIbIICHH] 3apsly aTOMHOIO
A5lpa, METAJIYH1 BJIACTMBOCTI 3MEHIIYIOThCS, a B TpylHax, B TOJIOBHUX MIArpynax
(3BepXy BHU3) — 30UIBIIYIOTHCS.

Pociiicekkum  BueHuM M. M. bekeToBUM Ha OCHOBI €KCIIEPUMEHTaTbHUX
AaochifiB OyB CKIaJeHUW BUTUCKYBIBHUHN psn (psn Hampyr) MeTaliB, SKAN
XapaKTepu3ye BIIHOBHY aKTUBHICTh METAIIB:

BionogHni enacmueocmi memasie 3HUNCYIOMbCA

v

Li, K, Ba, Ca, Na, Mg, ALLMn, Zn,Cr, Fe, Ni, Sn, Pb, H,, Cu, Hg, Ag, Pd, Pt, Au

OKucHi e1acmugocmi iOHI6 Memalié 3pO0CMaromo

»
>

Pan akTtuBHOCTEW MeTaniB J03BOJISE MPOTHO3YBAaTH  Mepedir XiIMIYHUX
peaxilii 3a y4yacTiO MeTaliB:

1. 3niBa HampaBo BiAHOBHI (MeTajeBi) BIACTHUBOCTI METaiB 3MEHIIYIOThCS —
HaNCHJIBHIIIMM BIJTHOBHUKOM € JIITIH, a HAaliCJIaOIIIUM — 30JI0TO;

2.3niBa HampaBO OKHUCHI BJIACTHUBOCTI WOHIB METalIB 3pOCTalOTh, TOX
iion Au’" — camuii crnbHUI OKHCHUK, a oH Li — Halica0mmii OKUCHHUK;

3. Mertanu (KpiM Jy>KHUX 1 JY>KHO3€MEJIbHUX) BUTICHSAIOTh HACTYIIHI B PAIY
MeTaJau 3 BOJAHMX PO3YMHIB iX coneil. Hampukian, 3ami3o Moke BUTICHATH MiAb 3
PO3YMHIB ii COJIEH:

Fe+CuSO, = FeSO,+Cu,
npote Cu 3anmzo 3 FeSO, BuricHsATH HE Oyze.

binbin akTUBHI JyXHI 1 JIY)KHO3EMEJIbHI METalld, 3aHYpEHI B PO3YUHU COJICH
IHIINX MeTajiB, OyayTh pearyBaTu 0€3Mmocepe/IHb0 3 BOAOIO.

4. Metanu, 1110 CTOAThH Y Psi/ii HANPYT JiBillle BOJAHIO, 3/1aTHI BUTICHATH HOTO 3
PO34MHIB PO30aBIEHUX KUCIOT (KPIM KUCIOT-OKUCITIOBAYIB):

Zn+H,S0, — ZnSO,+H, T
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3 KHCI0TaMU — CHUJILHUMH OKHMCHHKAaMH METaJlu pearyroTb HE3aJICIKHO BiI[ ix
IIOJIOKCHHA B pPAOY aKTI/IBHOCTi, npun nOboOMYy BiI[HOBJIIO€TBC$[ HC BOJCHbL, a
KI/ICJIOTOYTBOPIOIO"II/Iﬁ CJIICMCHT:

Cu + 4HNOj;koni.= Cu(NOs), +2NO,T + 2H,0,
Cu + 2H,SOq4kon1. = CuSO4 + SO,1 + 2H,0.

Memanu 610 nimito 00 aNOMIHIIO NPULIHAMO 88ANCAMU CUTLHUMU AOO AKMUBHUMU
BIOHOBHUKAMU, 810 MUMAHY 00 NAIOMOYMY — GIOHOBHUKAMU CePeOHbOi aKMuUBHOCMI,
a posmawio8ani y psaodi Hanpye Nicasi B00HIO — CIAOKUMU aO0 MAI0AKMUBHUMU
BIOHOBHUKAMU.

Mertanu 31aTHI pearyBaTu 3 HEMeTajJlaMU, BOJIOK0, KUCIOTaMU 1 COMISIMH. Y BCiX
[IMX BUIMAJIKaX METATH € BITHOBHUKAMH, BOHU OKHUCITIOIOTHCS.

1. B3aemonis mertaniB 3 ejneMeHTamMmu—HeMmeTanamu (E) 3 yTBOPEHHAM
BIIMOB1IHOT O1HAPHOT CHIOJIYKH 3T1AHO 3 CXEMOIO:

0 0 +n —-m
mMe + nE — Men E, .

Jlerkicth B3aeMoiii 3aJ€XHUTh BiJl BIIIHOBHOI 3JaTHOCTI MeTajdy Ta OKHCHOI
aKTUBHOCTI HEMETaJly — 4YUM 3HAYHIIIUMH BOHHM €, THUM JIerIie BIJOYBAETHCS
B3aemo/iisi. B Tabnuili 2 HaBeeH1 peakilii B3aeEMO/I1i METaliB 3 HEMETaJIaMHU.

Tabnuis 2 — B3aemoiis MeTaniB 3 HEMeTaaaMu

Pearenr PiBHsiHHS peakuil Ipoaykr MeTtaJn, 0 pearyoThb
Bonens 2Na+H, — 2NaH IMopun Meraim IA u 1A rpyn
(oxpim Be).
Kucenn 2Cat+0O,; — 2Ca0 Oxkcun VYeci, kpim 30510Ta, cpibia Ta
4A1+30;, — 2A1,05 Oxcupg IUIATHHOBUX METAJIIB
2K+0; — K0, ITepokcun (TuTaTuHOI M)
Xmop Zn+Cl,— ZnCl, Xnopun VYei
2Au+3ClL— 2AuCl;
Cipka Fe+S— FeS Cynbdin ¥Yci, kpiM 307J10Ta 1
IUIATHHOIIIB
Aot 6Na+N, — 2Na3N Hirpun JlyxHi, Ty’)KHO3EMENbHI,
2A1+ N, — 2AIN MAarsin
Docdop 3Ca+2P— Ca;P, Docdhin binpuiicTs
Byrnens Mg+2C — MgC, Kapb6in binpuiicts
4A1+3C— AlC;
Kpemmniit 2Ca+Si— Ca;,Si Cuninun butbmricts

2. B3aemonis meTaJiiB 3 BOAOIO
a) AkmueHi MeTalu, 1O 3HAXOATHCS B PSALY aKTUBHOCTI MeTaliB 10 Mg, pearyioTs 3
BOJIOIO 3 YTBOPEHHSIM JIYT1B Ta BOJHIO:

2Na + 2H,0 — 2NaOH + H,1;
0) metanu cepedHvoi akTuBHOCTI Bim Al mo H, pearyioTp 13 BOJ0OIO B OUIBII
KOPCTKUX yMOBaX (HapHUKiIaa, MPU HarpiBaHHi) 3 YTBOPEHHSAM OKCHU[IIB i BOJHIO:
to
Pb + H,0 = PbO + Hy;

B) MA/I0AKMUGHI METAJIH, SIK1 MICTAThCA Ticias Hp B psay Hampyr meTaiiB, 3 BOJIOIO
HE pearyroTh Hi 3a SKUX YMOB.
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3. B3aemooin memanie 3 kuciomamu
[TponykTu B3aemMoii METaliB 3 KUCIOTAMHU 3aJIeKaTh BiJl aKTUBHOCT1 MeTamy,
BU]Y 1 KOHIICHTPAIIli KUCJIOTH, TEMIIEPATYPHU.
Kucnoru yMOBHO MOXKHA PO3JLIUTH Ha 2 TPYIIU:
[ epyna — xucnoTH, 10 MarTh HEBUCOKY OKucToBaiIbHY 3aaTHICTh: HCI, HBr, HI,
H,SO, (po36.) , H;PO4, H,S, CH;COOH. B HUX OKUCHUKOM € HOHH H'. TIpu B3aemonii

OUX KUCJIOT 3 MCTaJIaMH YTBOPIOIOTHCA COJIL ! BI/II[iJ'ISI€TBC$[ BOICHBb:
Zn+2HCl - ZnCl,+H, T,

Ni +H,S0,(po36.) = NiSO,+H, T.

3 KHCIIOTaMU MEPIIoT TPYIH PearyroTh METAIH, IO CTOATh B PAAY aKTHBHOCTI
JIBIIIE BOIHIO.

Mertanu, siki MalOTh 3MiHHUI CTYIIHb OKUCHEHHS, XJIOPUIHOIO 1 pO30aBICHOIO
CyJlb(aTHOIO KHUCIOTAMU OKHUCHIOIOTHCS, SK TIPaBUJIO, 10 HUMCUUX CTYIEHIB
OKHCHEHHS, HAIPUKJIIaJl, 3a1i30 Fe OKHCHIOETBCS /10 Fe*, a He no Fe™:

Fe + H,SO4(p036.) = FeSO,+ H,1 .

[[1toMOyM MpakTUYHO HE B3AEMOJAIE 3 XJOPUIHOK 1 PO30aBIIEHOIO
Cyab(}aTHOI KHCIOTaMH, OCKIIBKM Ha HWOro IOBEPXHI YTBOPIOETHCS IIUJIbHA
HEpPO34YMHHA IIJTiBKa XJopuay abo cynbsdary maromoymy(Il).

Il 2pyna — KUCIOTH, 10 BOJOJIIOTH BHCOKOIO OKHCIIIOBAJIBHOIO 3JaTHICTIO:
HNOs;(p036.), HNO; (xon1.), H;SO4 (koHi.). B 1mux KucioTax OKHUCHHUKAMU €
KHCJIOTOYTBOPIOIOUHM €JIEMEHT.

V KOHIEeHTPOBaHiil cyjabdaTHiii KucioTi okucHukoM € cynbdar-ion SOT, B
skomy Cynb(dyp 3HAXOIUTHCS B CTYMEHI OKHUCHEHHS +6. 3aJIeKHO BiJi aKTMBHOCTI
)

MeTally, cysb(aTHa KHCIOTa MOXE BITHOBIIOBATHUCA [0 TiaporeH cynbdpinyH, S,

+4
CIpKH S 60 cynspyp(IV) okcuny SO, :
a) B pe3yJbTaTi B3aEMOJIII aKmueHux METaJIB 3 KOHIEHTPOBAHOIO CYIb()AaTHOIO
KHCJIOTOIO YTBOPIOIOTHCS Cillb, BoJa 1 mepeBaxkHo H,S:
8Na + 5H,SO ,(xonw.) = 4Na,SO,+ H,S T +4H,0 ;
0) MeTanu cepedHboi AKTUBHOCTI BITHOBIIOIOTH KOHIIEHTPOBaHY CylIb(aTHY
KHCJIOTY TIEPEBaXKHO J0 CIPKHU:

3Zn + 4H,S0, (xoun.) = 3ZnSO, + S¥ + 4H,0;
B) MAIOAKMUGHi METANIM BITHOBIIOIOTH KOHIIEHTPOBAHY CYyJIb(ATHY KHCIOTY
nepeBaxHo 10 SO ,, HalpuKIaz:
Cu + 2H,S0, (xorn.) = CuSO, + SO, T+ 2H,0;
I') METAIU 3MiHHOI BaJICHTHOCT1 KOHIIEHTPOBAHOK CYJIb()ATHOI KHUCIOTOIO
OKHUCHIOIOTHCA, K IIPABUIJIO, 1O BUIIOTO CTYIICHA OKUCHCHHSA, HAIIPUKJIAI:

3Sn + 8H,S0, (korn.) = 3Sn(S0, ), +2S¥ + 8H,0.

brnaropogHi MeTanm 3 KOHIIGHTPOBAHOIO CYJIh(ATHOK KHUCJIOTOK HE
B3a€EMOJIIOTH Hi 32 SIKUX YMOB.
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Meranu (Al, Fe, Cr, Ni, Ti, V Ta iH.) 3a 3BUYallHUX YMOB HE B3a€MOJIIOTH 3
KOHIIEHTPOBAHOIO CYIb(AaTHOIO KHUCIOTOI (MACUBYIOThCs). Tomy, HampHKiIa,
KOHIICHTPOBaHY CyJb(aTHy KHUCIOTY MOKHa 30epiraTd B €MKOCTSAX 13 3BHYANHOT
HEJIEeTrOBaHO1 CTaJIl.

Yum nigiute 6 psadi Hanpye 3HAXOOUMbC Memall, MUM NOGHIUEe 8IOHOBIIOEMbCS
cyabgamua Kucioma.

OxucHukoM B HiTpaTHiii KucaoTi € HiTpar — 10oHM NOj3 3 Hirporenom B

CTYINEH1 OKMCHEHHs +5. B pe3ynbrari B3aemojii MeTaniB 3 HITPATHOI KHCIOTOIO
BOJICHb HE BUAUIIEThCS. HiTpaTHa KMCIIOTa OKUCHIOE YC1 METaNH, 382 BUHATKOM CaMHX
HeakTUBHUX (Au, Pt). B pesynbTaTi peakiii yTBOPIOIOTbCS Cllb, BOJA 1 MPOIYKTH
-3 0 +1 +2 +3 +4
BigHoBNeHHs Hirporeny(+5): NHj;,N2, N2O, NO,HNO,, NO,. BinbHuii
aMOHIaK HE€ BHUJIUIAETHCS, OCKUIBKM BIH B3a€MOJI€ 3 HITPAaTHOI  KHUCJIOTOIO,
YTBOPIOIOYH HITPAT aMOHIIO:
NH3 + HNO3 = NH4NO3

B pe3ynbrari B3aemojii MeTaliB 3 KOHYEHMPOBAHOK HITPATHOIO KHUCIOTOIO
(30-60 % HNO;) mponykrom BimHoBieHHs HNO; € nepeBaxkno HiTporeH(IV) okcun,
HE3aJIEKHO BiJI MPUPOIN METaly, HallpUKIaI:

Mg + 4HNOj; (konir.) = Mg(NOs), + 2NO,1 + 2H,0,
Zn + 4HNOjs(koH11.) = Zn(NOs), + 2NO,1 + 2H,0.

Metanu 3MIHHOi BaJEHTHOCTI MiA dYac B3aeMOJli 3 KOHIICHTPOBAHOIO
HITPATHOIO KHUCIOTOI OKHUCHIOIOTHCS J0 BUIIOTO CTYNEHs OKUCHEHHs. Metanu, siKi
OKHUCHIOIOTBCS 10 CTYIIEHSI OKUCHEHHS +4 1 BUIllE, YTBOPIOIOTh KUCIOTH a00 OKCHJIH.
Hanpuxian:

Sn + 4HNO;(kon1t.) = H,SnO3 + 4NO, 1 + H,0,
2Sb + 10HNO3(KOHI_I) = Sb205 + IONOQT + 5H20
VY KOHIEHTPOBAHIM HITPAaTHIA KUCIOTI NACUBYIOTHCS aNIOMIHIN, XpOM, 3aii3o0,
HIKEJb, KOOAIBbT, TUTAH 1 JesAKI 1HII MeTanu. [licist oOpoOKU HITPATHOI KHCIOTOIO
111 METaJIM HE B3a€EMO/IIIOTH 1 3 IHITMMU KUCJIOTAMHU.
VY pe3ynbTati B3aEMOJIIi METAIIIB 3 p030A6IeHO HITPATHOIO KUCIOTOIO MPOAYKT
il BITHOBJIEHHS 3aJIe)KUTh BiJ] BIIHOBHUX BJIACTUBOCTEH MeTajly: YUM aKTHUBHIIIUN
MeTaj, TUM B OUTBIIIN Mip1 BIAHOBIIOETHCS HITPATHA KUCIIOTA.
Axmueni MeTajau BIAHOBIIOIOTH PO30aBIIEHY HITPATHY KHCIOTY MaKCUMAalbHO,
TOOTO YTBOPIOETHCS CLib, Boga 1 NH4NO;, Hanpuxnan:
8K + 10HNO3(p036) = 8KNO3 + NH4NO3 + 3H20
Meranu cepednboi akTUBHOCTI MiJ Yac B3a€MO/IIi 3 po30aBIIEHOI0 HITPATHOIO
KHCJIOTOIO YTBOPIOIOTH CLIb, BOAY 1 a30T abo N,O. Uum miBime Metan B I[bOMY
iHTepBayl (4uM OJMK4e 10 alIOMIHIIO), THUM WMOBIpHIIIE YTBOPEHHS a3o0Ty,
HaIPUKIaA:
5Mn + 12HNO3(p036) = SMI'I(NO3)2 + NQT + 6H20

4Cd + 10HNO3(p036) = 4Cd(NO3)2 + Non + 5H20
Manoaxmueni MeTany Iija 4ac B3a€MOJIIi 3 po30aBICHOIO HITPATHOK KUCIOTOIO
YTBOPIOIOTH Ciib, BOAY 1 okcua HiTporeny(ll), Hanpuxman:
3Cu + 8HNOj3(po36.) = 3Cu(NO;), + 2NO?T + 4H,0.
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Ane pIBHAHHS peakliil y LUX MPUKIAJaX € YMOBHHUMHM, OCKUIBKM HacHpaBAl
BUXOJIUTH cymill criodyk Hitporeny. [IpyyoMy, 4uM BHILOIO € aKTUBHICTh METaNy 1
HUKYOI0 KOHLEHTpAIis KUCIOTH, TUM HMXKYUM € CTYMHiHb OKMCHeHHs Hitporeny B
TOMY MPOAYKTI, SIKOTO YTBOPIOIOTHCS OUIbIIE BiJ| IHIIUX.

4. Bzaemonis MeraJiB i3 coasiMu
butbm akTMBHI MeTaldW 3/JaTHI BHUTICHATH MEHII aKTHUBHI 3 BOJHUX PO3YMHIB iX
COJICH:
Fe + CuSO, =FeSO,+ Cu,

Zn + FeCl,= ZnCl, + Fe,
Cu+FeSO, #.

Buxonatu 3aBaanus

3aBaanHs 8.1 31iACHITH IEPETBOPEHHS:

Howmep Cxema nepeTBOpeHb
BapianTa
1 Be — BeCl, - Be(OH), — Na,[Be(OH),]— BeSO,
2 Ca — Ca(OH), — CaCO, — Ca(HCO,),
3 Ba — BaO — Ba(OH), —» BaCO, —» BaO
4 Li— Li,0 - LiOH — Li,S0,
5 Fe - FeO — FeCl, - Fe(OH), —» Fe(OH)Cl — FeCl,
6 Co — CoCl, — Co(OH), — Co(OH),
7 Cu— CuO — CuSO, — Cu(OH), — CuCl,
8 Ca — Ca(OH), — CaCO, — CaO — CaCl,
9 Ni— Ni(NO, ), = Ni(OH), — Ni(OH),
10 Mg — MgO —» MgCl, -» Mg(OH), - MgSO,
11 Al ALO, - AICL, —> AI(OH), — Na[AI(OH),]
12 FeSO, —» Fe — Fe, O, — FeCl, —» Fe(OH),
13 Sr — Sr(OH), — SrCO, — SrSO,
14 ZnO — ZnCl, - Zn(OH), — Na,[Zn(OH), ]
15 Fe — FeCl, - Fe(OH), —» Fe(OH), - NaFeO,
16 Al— AL (SO,), - Al(OH), — Na[Al(OH), ]
17 Cd — Cd(NO,), — Cd(OH), — CdSO,
18 MgCO, - MgO — MgCl, - Mg(OH), - MgSO,
19 Ba — BaO — Ba(OH), —» BaCO, — Ba(HCO,),
20 ZnCO, — ZnCl, — Zn(OH), — Na,[Zn(OH), ]
21 Ca — CaO — Ca(OH), — CaCO, — Ca(HCO,),
22 Al— AICIL, — AI(OH), — Al,0; — NaAlO,
23 Fe — FeCl, - Fe(OH), — Fe,0, - Fe
24 ZnCl, - Zn(OH), —» ZnO — Zn(NO,),
25 Cu - CuCl, > Cu(OH), - CuSO, — Cu

68



3ABJAHHS 9

EJEKTPOIHI HIOTEHUIAJINA. 'AJIBBAHIYHI EJIEMEHTHU

3a temo10 «EjgekTpoani norenuianu. 'anbBaHivYHI eJleMeHTH» CTyJIeHTAM

HEeOOXi/THO OBOJIOAITH TAKUMH 3HAHHAMMU:

® noHAmMmMs Npo eNeKmpoOHi nomenyianiu — MEXaHI3M BHUHUKHEHHS
CJIEKTPOAHUX TMOTEHLIaniB, OyJ0Ba MOJABIMHOIO E€IEKTPUYHOrO IIapy Ha MeEXi
MeTald — po34uMH, piBHAHHA  HepHcTa, BOAHEBUIl  €NEKTPOJ, CTaHAAPTHUMN
eJIEKTPOAHUI MOTEHIIIal, PsIi CTAHJAPTHUX €JIEKTPOIHUX MOTEHII1aiB;

® 2anvb8aHiuHi eleMeHmy — MPUHIMIN J1i TaJbBaHIYHUX EJIEMEHTIB, 3aIKC
CXEMH TaJIbBaHIYHOIO €JEeMEHTa, PIBHAHHS EJIEKTPOJAHMX MPOLECiB, XIMIYHI Ta
KOHIEHTpAaI[iiHl TaJbBaHIYHI €JIEMEHTH, €JEKTPOpYIIiiHa Cuja TajJlbBaHIYHOIO
€JIEMEHTA.

TeopeTnyHna yacTuHa
Enexrpoani morenuiaan. MexaHi3m iX BUHMKHEHHSI

Binpuricte MeTaiB MarOTh KPUCTATIYHY CTPYKTYPY, AKY MOKHA MIPEICTABUTH Yy
BUTIISAI KPHUCTAJiYHOI TPATKH, Y BY3Jax SKOI 3HAXOASTHCA MO3UTHBHI HOHHU, a B
MDKBY3J1aX — BaJICHTHI €JIEKTPOHU («EJIEKTPOHHMI ra3»), AKi 3AIHCHIOIOTH 3B’S30K
MDK HOHaMH 1 JIETKO MepeCcyBarOThCs BCEPEIUHI KpucTaiy (puc. 2).

VYci metanu OUIBIIO YW MEHIIOK MIPOK PO3UYMHAIOTBCA Y BOIL. SIKIIO
3aHYpPUTH METajeBYy IUIACTUHKY Y BOJY, TO MO3UTHUBHO 3apsAJKEHI KaTIOHU MeTaiy,
Kl 3HAXOJATbCA Yy TOBEPXHEBOMY IIapli MeTany, TIAPaTyIOTbCS MOJSIPHUMHU
MOJIEKYJIaMU BOJM 1 EPEXOASITh Y PO3UUH. Y pe3yJbTaTi MOBEpXHs MeTaly HabyBae
HAJUIMIIIKOBOI'O HETaTUBHOIO 3apsly, a PO3YMH JOBKOJA METaly — IMO3UTHUBHOTO.
[gpaToBaHi MO3UTHBHI KaTIOHM METaly €JIEKTPOCTATUYHO MPUTATYIOTHCA 10
HEraTUBHO 3aps/IP)KEHO1 IUIACTUHKH, B PE3YJIbTaTl YOTO Ha MEXI «MeTall — plANHA»
YTBOPIOETbCS noodgitinuii  eaekmpuunuit wap (IIEII), mo XapakrepuszyeTbecs
JESKOI0 PI3HUIICIO EJEKTPOCTaTUYHUX MOoTeHIianiB. Yepe3 paeskuid yac Mix
IUTACTUHOIO 1 PO3YMHOM BCTAHOBIIOETHCS OKUCHO-8IOHOBHA pPi6HO6A2A. KUIBKICTD
MOHIB, SIK1 3aJUIIAIOTh TPATKy METaJy, JOPIBHIOE KIJIbKOCTI HOHIB, SIK1 TOBEPTAIOTHCS
Ha MeTa:

Me +mH20 e MC(HQO)?S + né
METal MeTal
PO3YHH

n+
abo CHpOIIEHO Me & Me + né

[Ipu 3aHypeHHI METaJiB B PO3YMHU I1X COJICH, TAKOXXK BUHUKAE TMOABIMHHUI
CJCKTPUYHUN Iap, aje 3aJIeKHO Bl aKTUBHOCTI METAJIIB MOXIIHMBI JBa PI3HUX
MeXaH13MHU HOro yTBopeHHs (puc. 3):

o Jlna axmuenux metamiB (Mg, Al, Fe, Zn), ski MarTh BHUCOKI BIIHOBHI
BJIACTUBOCTI, MEpeBa)ka€ MpsiMa peakilisi, BHACIIIOK YOTO IUIACTUHU IUX MeETajiB
3apsIIKAIOTHCS HETaTUBHO (puc. 3,a).

69



o Jlna manoaxmusnux wmetanie  (Cu, Hg, Ag, Au), sKi MawTh
HaJI3BHYaiiHO cJ1a0Ki BIIHOBIIOBAJbHI BIIACTUBOCTI, a iX KaTIOHHW (BiAMOBIIHO Cu2+,
Hg™', Ag’, Au’"), HaBmaku, MaioTh BHCOKY OKHCHIOBAIbHY 3JaTHICTb, OLTBLI
XapaKTepHUM € 3BOPOTHHUI MpOIEC — KaTIOHU METANIB 13 PO3YMHY MEpPEXOoJiTh Ha
IUTACTUHKY, BITHOBIIOIOUHCH 1 OCa/PKYIOUMCh Ha Hi. BHacimigok 1bOro miacTuHa
3apsAIKAETHCS TO3UTHBHO, a KOHIIGHTpAllisl KaTioHIB Ouls Hei crae HabaraTo
MEHIIOI0, HDK B 00°eMi po3uuHy. 3 Ili€l NPUYMHU PO3YMH OISl MOBEpXHI HabyBae
HEraTUBHOTO 3apsly 3a paXyHOK HAJJUIIKY aHIOHIB. TakuM 4MHOM, Ha MEXI MOJLTY
MeTa-po3unH Takox BuHuKkae [1IEHI (puc. 3,0).

In Cu
—+|- -4~ — =+ -
B e L o L
_I' = Il H-—
I -
T ZnSOu — T CuSOi —
a 6

Pucynok 3 — Cxema BUHUKHEHHSI TIOJIBIHHOTO €JIEKTPUYHOIO IIapy
Ha MEX1 MOJLTY Meman — pO3YUH.
a — akmueHi MeTanu;, 0 — MaroaKkmueni METAJIN.

[loTeHiian, 1m0 BCTAHOBJIIOETHCA B yMOBaX PIBHOBAru €JIEKTPOAHOI peakiiii,
HA3UBAETHCS PiIBHOBAKHUM €JIeKTPOAHUM MOTEHIiaI0M.

PizHuiro (ctpuOoK) MOTEHIMANIB Yy TPaHUYHOMY IIapl, 110 BUHUKAE MIX
METaJIOM 1 piAKor0 (ha30r0, HAa3UBAIOTh €1EeKMPOOHUM NOMEHUIAA0M, SKUH Mae
ME€BHE 3HAYEHHS JIsI KOXKHOT OKMCHO-BIIHOBHOI Mapu, IO CKJIAAAEThCS 3 METay 1
HoHy mporo Mertany. [loTeHimian meTtany B pO3uMHI MOro CoJi 3alUCYIOTh SIK

0
Oy en+ /Me (B YHMCENBHUKY— OKHCHEHA (popMma Meraiy (Me™), B 3HAMEHHHKY —

BiHOBIIeHa ¢opma ioHa (Me), pucka—noBepxHs posairy). IloTenmiany
MIPUTIUCYIOTh TOM 3HAK, SIKMM BUHUKAE HA METaJll B MOJIBITHOMY €JIEKTPUYHOMY IIapi.

AOGCOIOTHI 3HAYEHHS MOTEHIIAIIB BU3HAYUTH HEMOXJIMBO, TOMY BU3HAYAIOTh
iX BITHOCHI 3HAYE€HHs, MOPIBHIOIOUM 3 TMOTEHIIAJIOM CTAHJAPTHOTO EJIEeKTPOo/Ia.
CranmapTHUM OOpaHO 600Hesuil e1eKmpood, MOTCHIlIAal SIKOT0 YMOBHO MPHUHHSATHMA
PIBHUM HYIIIO.

~ ~ * 0
Cmanoapmuuii  enekmpoonuii  nomenyian memany Qyny\o— 1€

MOTEHIIIaJl, KU BUHUKAE MPU 3aHYPEHHI METAly B PO3UMH, B IKOMY KOHIEHTpaIlis
(axTUBHICTb) WOHIB MeTaldy piBHa | Monb/n. Bu3HadaeTbcs CcTaHAAPTHUN
eJNeKTpOAHUIN moTeHmian 3a crangaptHux ymoB (T=298K, P=101,3 klla) monmo
CTaHJAPTHOT'O BOJHEBOT'O €JIEKTPOJIA.
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Po3ramoByroun MeTanu B MOPSAKY 30UTBIICHHS 1X CTaHAAPTHUX E€JIEKTPOIHUX
MOTEHITIANIB, OJICPKYIOTh eAeKMPOXIMIYHUIL pad Hanpye Mmemanie (pao

CMAHOAPMHUX e1eKMPOOHUX NOMEHUIAIE):
Li*/Li K+/K Ca>/Ca Mg*/Mg AlP*/Al Mn?>*/Mn  Zn*/Zn  Fe2/Fe  (Cd?*/Cd

-3,02 2,92 -2.,87 -2,34 1,67 -1,05 -0,76 -0,44 -0,40
Co>/Co  Sn2*/Sn  Pb2/Pb H,/2H*  Cu>*/Cu Ag+/Ag Pt2t/Pt Au*|Au
-0.28 -0,14 20,13 0 +0,34  +0,80 1120 149

3 aHai3y UbOTO PSAY BUILTMBAE JEKUIbKA BAXKIUBUX 6UCHOBKIG:

® YUM MEHIIA airedpaiyHa BeJIMYMHA €JIEKTPOIHOTO MOTEHIIaly MEeTaly, TUM
BUIA BIJHOBIIOIOYA 3JATHICTh aTOMIB MeTaly 1 THM HHIXKYa OKHCHIOBaJIbHA
3JATHICTH HOTO HOHIB;

e MeTaiM, fKi po3MilieHi y psal Hampyr a0 H,, BHUTICHSIOTH BOJEHb 3
kucinor-ueokucHukis  (HCIL, H;PO,, CH3;COOH, possenena H,SO4 To1110),
HaIPUKJIAA:

Zn+2HCl - ZnCl,+H, T;

e MeTaiM (KpiM JYKHHUX 1 JY’)KHO3EMEJIbHUX) BUTICHSIIOTh HACTYIHI B Py
MeTajM 3 BOJAHUX PO3YMHIB iX COJEH, HAMPUKIIA;
Zn+CuSO, = ZnSO,+Cu;

BenuunHy eneKkTpogHOro MOTEHLally MeTally MOXKHa po3paxyBaTH 3a
piBHsAHHSIM HepHcra:

RT
0] =@’ +—In[Me""], (10.1)
Men+/Me Ment/Me pF
ae @° — CTaHAAPTHUMN €JIeKTPOIHUN MOTEHIIaN MeTay, B;
Ment /Me

R — yHiBepcanbHa ra3ona craia, 1mo gopisHtoe 8,31 J[x/(Monb-K);
T — remneparypa,K;
F — crana ®apanes, mo gopisHtoe 96485,35 Ki/Moinb;
n— KUIBKICTh €JIEKTPOHIB, $Ki O€pyTh YyYacThb B EIEKTPOXIMIYHOMY
poIiect;
[Me"'] — MomsipHa KOHIIEHTpAIlis HOHA B PO3YMHI.
Sxuro B piBHsHHA (10.1) migcTaBUTH 4KCiIOB1 3HaUeHHS KOHCTAHT R, F 1 mepeiitu
BiJl HATypaJbHUX JIOTapU(MIB J0 NeCATKOBUX, TO Ipu T= 298K oTpumaemo
=@’ +wlg[Men+], (10.2)

Men+ /Me n

¢

I3 piBHanHs HepHcTa BuruinBae, 10 Npu 30UTBIIEHHI KOHUEHTpalii HOHIB
MeTally B PO3YMHI €JEKTPOJHUN IMOTEHINa]d 3MIIIYEThCA B MO3UTUBHUN OIK, a TIpH
3MEHILIEHHI — Y HeraTUBHUN. ToMy eNneKTpoiHI MOTEHIIIaId OJTHOTO 1 TOTO K METaly
MOXXYTh 3aJ€XKHO B KOHUEHTpallli ioro HOHIB Martu pi3H1 3HayeHHs. Ha mpomy
IPYHTY€ETbCA poOOTa KOHUEHTPALIIHUX ralbBaHIYHUX €JIEMEHTIB.

Ment/Me

TI'anveaniuni enemenmu
T'anveaniunumu enemenmamu HaA3UBAIOTHCA NPUCTPOI, B SAKUX XIMIYHA
€HEprisi OKMCHO-BIIHOBHMX pEakiliid, 10 BiOyBalOTbCS B HUX, NEPETBOPIOETHCS B
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enexktpuuny. [lis Oynb-sIKOro rajibBaHIYHOTO €JIEMEHTa 3aCHOBaHA Ha MPOTIKaHHI B
HBOMY MPOCTOPOBO PO3LICHUX OKHCHO-BIIHOBHUX PEaKIii.

VY HalimpocTimoMy BUIMAJAKY XIMIYHHMMA TaJdbBaHIYHUN €JIEMEHT CKJIAJa€ThCs 3
JIBOX PI3HUX e1eKmpooié — METAJEeBUX IJIACTUH, 3aHYPEHUX Y PO3YMHU IXHIX COJEil.
EnexTponu 3’eaHaH1 uepe3 BOIBTMETP METAIEBUM MPOBITHUKOM.

EnexTpon, Ha skoMy BiIOYBA€ThCS pEaKIlisi OKUCHEHHS, HA3UBAETHCA AHOAOM.
Enextpon, Ha sikomy Bi10OyBa€eThCs peakilisi BIAHOBICHHS, HA3UBAETHCS KATOIO0M.

Ll]o6 euzHauumu, axuil eleKmpoo y 2alb8aAHIYHOM) eleMeHmi 8idiepac po.b
anooa, a AKull — Kamooda, HeoOXiOHO NOPIGHAMU 3HAYEHHS eleKMPOOHUX NOMEHYIAli8
BIONOBIOHUX eJleKMPOXIMIYHUX CUCTIEM.

AHOJI0M € €JIEKTPO/I, BATOTOBJICHUM 3 OLIBII AaKTUBHOT'O METANy, €JIEKTPOIHU I
MOTEHIIIAJl IKOrO Ma€ OUIbII BiJ’€MHE 3HAYEHHsS. AHOJ — HEraTUBHUMN €NEKTpPO, Y
CXeMax rajibBaHIYHUX €JIEMEHTIB BiH IMO3HAYAETHCS 3HAKOM MIHYC (-)A.

Karomom € enekrpon, BHUIOTOBIEHMH 3 MEHII AaKTUBHOTO MeTamy,
EJIEKTPOAHUI MOTEHIIa SIKOTO Ma€ OUIbII JoAaTHE 3HaueHHs. KaTon — mo3uTuBHUM
€JIEKTPO/JI, BIH MTO3HAaYa€ThCs 3HaKOM TuTtoc K (+).

[IpukiamoM HaMBIOMIIIOTO TaJlbBAaHIYHOTO €JEMEHTa € MIiTHO-IIMHKOBHI
eneMeHT abo enemeHT Sko6i-JlaHiens, MO CKIAJAEThCS 3 LIMHKOBOTO €JIEKTPOAY,
3aHypeHOro y BOJHUN po3uuH ZnSO4 1 MIAHOTO €JIEKTPOJa, 3aHYPEHOI'0 B PO3YMH
CuSO,4. [ns 3amobiraHHs mepeMilllyBaHHS PO3YMHHU PO3JLJIEHI HaMiBIPOHUKHOIO
MOPYBATOI0 MEPETUHKOIO-MEMOPAHOIO0, Yepe3 Ky MOXKYTh MPOXOJUTHU TUIbKU HOHH.
Yacto 3aMmICTh TMEpPEeTUHKH 3aCTOCOBYeTbCs  U-MoAiOHUNA  €JIeKTPOTITHUHUM
(comboBHIl) MICTOK, 3allOBHEHUN arap-arapoM (pOCiIMHHA jKellernoAiOHa pedyoBUHA),
smimanuM 3 KCIl. BiH cTBOpro€e KOHTaKT MDK JBOMa po3uumHamMu. Meranesi
MPOBIIHUKYU, IO 3 €IHYIOTh EJEKTPOAM 3 BOJBTMETPOM, 3aMHUKAIOTh 30BHILIHIN
EJNEKTPUYHUHN JTAHITIOT.

[lepen moyaTkoM poOOTH rajibBaHIYHOTO €JIEMEHTa B 000X pO3UYMHAX KIIBKICTh
KaT10HIB YITKO BIAMOBI/IA€ KUIBKOCTI aH10HIB. [Ipy poOOTI rajJpBaHIvHOIO €JI€MEHTa B
npuaHOAHMI po3unH ZnSO, Ge3ymMHHO HAIXOMATh KATiOHH Zn', BHACIIZOK 4Oro
BiH MMOBUHEH 3apsJKATUCS MO3UTUBHO. 3 1HIIOT0 OOKY, KaTiOHH Cu2+, IO MICTSTHCS
y NMPUKATOJHOMY PO3YMHI, IEPEMIIIYIOTHCS A0 KAaToJa 1 BIIHOBIIOIOTHCS HA HHOMY,
TOMY 32 pPaxyHOK HaJJIMIIKOBOi, HECKOMIIEHCOBAaHOI KUIbKOCTI HOHIB SO} 1ei

pO3YuH Mae 3apsjpkaTucs HeratuBHO. OJHAK HacmpaBli LIbOTO HE BiIOyBaeThCH,
OCKUIBKH €JEKTPOHEHTPaNbHICTh PO3UMHIB 3a0€3MeUyeThCs NMEepeXoaoM HoHiB SO%
yepe3 COJIbOBHUH MICTOK (a0o depe3 TopyBaTy TIEPETHHKY-MEMOpaHy) 3
MIPUKATOJHOTO TPOCTOPY B MPHAHOIHMM, TOAI SK HAJJIMIIKOBI KAaTIOHM HaBIaKH
PYXarThCs Y IPOTHIIC)KHOMY HAIMPSIMKY.

72



Pucynok 4 — I'anbBaniunuii enement Axo0i—/laniens

[TopiBHIOYM TIOTEHIIAIIM METaiB (p%112+ 7n= " 0,76 B i(p%uer cu= T 0,34 B

OYEBHUIHO, 10 B IIMHKOBO-MIJHOMY TaJIbBaHIYHOMY ejleMeHTI Zn — aHoj, a Cu —
KaToJ. SIKIO 3OBHINIHIA JIAHIIOT 3aMKHYTH, TO Ha aHOAl TMOYHEThCS  IPOIIEC
OKHMCHEHHS ITMHKY: Zn°-2€ — Zn2+. KarioHu Zn?" MoCTYNoOBO OYIyTh MEPEXOIUTH
B PO3YMH, a IIMHKOBUM €JEKTPOJ MOYHE 3aps/KAaTHCS HeraTuBHO. HakomuueHni Ha
aHOJlI €JIEKTPOHM OynyTh MEpEeTIKaTH IO 30BHINIHHLOMY MPOBIIHUKY Ha MITHUN
KaToJl, 10 MpuBeje A0 BimHOBICHHS HoHIB Cu?t : Cu?t+2g — Cu®.

CyMmapHa peakilig, 110 XapakTepu3ye poOOTy IIMHKOBO-MIJHOTO €JIEMEHTa
MOXxe OyTH OTpHMaHa IUIAXOM aireOpaidHoOro CKIAJaHHS JBOX pEakIlid, Mo
MPOTIKAIOTh HA €JIEKTPOIaX:

(-)A: Zn’(1B.) - 28 = Zn*'(po3u.) | 1 (peakuis OKHCHEHHS)
(HK: Cu*(po3u.) +2&8=Cu’(B.) |1 (peaxitis BITHOBJICHHS )
Zn’+Cu* = Zn2++Cu0,
MounekynsipHe XiMIYHE PIBHSIHHS €JIEKTPOJHUX MPOIIECIB:
Zn’ + CuSO4 — ZnSO, +Cu’.

TakuM 4YMHOM, 3a pPaxyHOK MPOTIKAHHS IIi€] OKUCHO-BIJHOBHOI XIMIYHOIi
peaxiiii B [IMHKOBO-MIJJHOMY TajibBaHIYHOMY €JIEMEHT1 YTBOPIOEThCS Oe3nepepBHUM
MOTIK €JIeKTPOHIB (eNeKTpuyHuit ctpyMm). Lleit mpouec BinOyBaTUMETbCA JOTH, TOKU
HE PO3YMHUTHCS BECh IMHK, a00 He Oyne BukopucTaHa Bcs ciib CuSOy.

CxeMa rajbBaHiuHOro ejieMeHnTa. J[J1s Mo3HauYeHHS rajJlbBaHIYHUX €JICMEHTIB
4acTO BUKOPUCTOBYETHCSI CUMBOJIIUHUIN 3aITUC — CXEMY, 110 HaI3BUYAITHO CIIPOIIYE 1X
onuc. Tak IMMHKOBO-MIHOTO TaJIbBAaHIYHOTO €JIEMEHTa, 300pa)KeHOr0 Ha PUCYHKY 3,
MO>KHA 3aITUCATH Y BUTJISIA1 CXEMU:

(A Zn | ZnSOy4 || CuSO4 | CuK (+).

3miBa 3aBxmM 3amucyetbes anox Zn|ZnSO, (abo Zn|Zn®") — HeraTHBHHIR
enexTpoa (-)A , Ha IKOMY BIZIOYBa€eThCs Mpolec okucieHHs. [IpaBopyd 3anucyerbes
katog CuSO4Cu (a6o Cu’’|Cu) — mnosuruBHmii enekrpogy K(+), Ha sKOMy
BIIOYBa€ThCs MpoIeC BIAHOBIECHHS. OJIHIEI0 BEPTUKAIBHOIO PUCKOIO MO3HAYAETHCSA
MeXa MOJUTy MDK €JIeKTPOJIOM 1 PO3UMHOM COJIi, B SIKMM BiH 3aHYpeHHH, a IBOMa —
MDK po3uunHamu cojiei. Enexmpopywiiina cuna ranpBaniunoro enementa (EPC)
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JOPIBHIOE PI3HUII TOTEHIIANIB €NeKTPOMAIB, MPUYOMY BIJl OUIBII MO3UTHUBHOIO
MOTEHIIIaJly BITHIMAIOTh OUTbII HEraTUBHUM:

EPC= - ,,
e @y — PIBHOBOXHUU EJIEKTPOJHHUIN MOTEHIAN Karoda, (¢, — PIBHOBaXKHHI
eNeKTpOAHUN TmoTeHIian aHonxa. Opununsg Bumipy EPC — Boaetu (B).

EnexTpopyiiiiHa cuiia rajibBaHIYHOTO €JI€MEHTa 3aBXK/I1 MTO3UTHBHA.

Posrnsnytuii  Bumie enemeHT Sko6i-JlaHienst BITHOCUTBCS MO XIMIUHUX
raJIbBaHIYHUX €JIeMEHTIB, Yy sikux EPC BuHMKae BHACIIOK Pi3HOT XIMIYHOT MPUPOIU
€JIEKTPO/IIB Ta XIMIYHUX MIEPETBOPEHb KOMIIOHEHTIB CUCTEMHU.

[TommpeHi TakoX KoHyeHmpayitiHi TadbBaHIYHI €JIEMEHTH, SKi MOOyJA0BaHi 3
OJIHAKOBHX €JIEKTPO/IB, 3aHYPEHUX Y PO3YUHU OJHOTO 1 TOTO 5K CAMOTO €JIEKTPOJIITY
pi3HOi KOHLIeHTpalii. B Takux TranbBaHIYHUX €JIEMEHTax JKEPEJIOM eJNeKTPUYHOT
EHEprii € EHEPTis IePEHOCY PEUOBUHH 3 PO3UUHY 3 OUIBIIIO KOHIICHTPAIIIEIO HOHIB B
PO3YMH 3 MEHILIOI KOHIIEHTpali€l0. AHOAOM B KOHLEHTpALIMHUX €JIEMEHTaX €
€JIEKTPOJ, 3aHYPEHUIl B €JIEKTPOJIT 3 MEHLIOI KOHLEHTpAII€lo, a KaToAOM —
€JIEKTPO/I, 3aHYPEHUN B E€JEKTPOIIT 3 OUIBIIOK KOHIICHTpAIli€l0. Y CXeMax TaKuxX
€JIEMEHTIB 000B’ I3KOBO 3a3HAYAIOTHCS] KOHIIEHTPAIl1l pO3YMHIB CONEH.

[IpuknagoM KOHIEHTPALIMHOrO TalbBaHIYHOIO MOXKE OYyTH  E€JEMEHT,
CKJIaZICHUH 13 ABOX CPIOHUX €JIEKTPOIIB:

(—) A Ag| AgNO;(0,001M) || AgNO; (0,1M) | Ag K(+).

Enextpon, 3anypeHuil y po30aBieHuil po3unH, HaJCUJIa€ B HHOTO HOHU cpibia
1 3apsKaeThesl HeraTuBHO. Ha enexTpo/il, 3aHypeHOMY B KOHLIEHTPOBaHUN PO3YMH,
HoHU cpibjia OCaKYIOThCS, 3apsKaloud MHOro IMO3UTHUBHO, TOOTO Ha 000X
eJIEKTpoAaX 1IyTh MPOLECH B HANIPSIMI BUPIBHIOBAHHS KOHIIEHTPAILI1H.

Ilpukiaaau po3B’A3aHHA 32124
Ipuxaan 1. Po3paxyiiTe eaekTpoaHUi MOTEHIIAl MarHilo, SKUN 3aHypeHHU I
y 0,01 M po3zunn MgSO, .
Po3B’si3anHs. Po3paxyHOK eJEeKTPOJHOTO TOTEHLialy 3A1MCHIOITh 3a
piBHsAHHSIM HepHcra:

Ig[Mg>]=-2,36+

0.059 0’(;59 1g0,01=-2,422 B.

Hpukaanx 2. CkinacTy cXemMy rajibBaHIYHOTO €JIEMEHTA, B IKOMY €JIEKTpOoJaMu
€ 3aJi3Ha IUlacThHa, 3aHypeHa y po3uuH ¢depyM(ll) cynasdary 3 MomspHOIO
KoHueHTpalieo 0,1 Moab/n, 1 MigHa MJIAacCTUHKA, 3aHypeHa y po3uuH Kynpym(Il)
xJopuny 3 MossipHOoro KoHueHtpauiero 0,01 monw/n. Sxkuit metan Oyae aHOAOM,
AKUi — kaTomoM? Hamucatu piBHSHHS OKMCHO-BITHOBHHX PEakIliii Ha eJeKTpoJax 1
Bu3Hauntu EPC.

Po3p’sa3anuda. 1. Busnayaemo anos 1 kaTox:

0 =— 0,44 B; (po =+ 0,34 B. OueBugHo, mo B 3alli3HO-
Fe2*/Fe Cu?"/Cu

MIJHOMY TaibBaHIYHOMY eneMmeHTl Fe — anon, a Cu — karoxa. 3amuiieMo cxemy
raJIbBaHIYHOTO €JIEMEHTA!
(-)A Fe | FeSO4 (0,1M) || CuCl, (0,01M) | Cu K (+).
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OKHCHO-BITHOBHI peakxilii Ha eJIeKTPoIax:

(-)A: Fe’ —2&=Fe*"
(HK: Cu*" + 28 = Cu’

: |

1
1

Fe +CuCl, = FeCl,+Cu

2. EnexTpopyiiiiiHy culy rajJbBaHI4HOTO €JIEMEHTa PO3PaXOBYIOTh K

0,059
— (a0 ’
(PCu2+/Cu o (PCu2+/Cu +

Ly L 0.0
(pFe2+/Fe o (PF62+/Fe

3aBaannsa 9.1:

E: vy — Dy =
(Peao. (Pal. (pC

uZ+,Cu

b

(pFez+/Fe

1g0,01=0,34-0,059=0,281B;

0,1=-0,44-0,0295=- 0,4105 B.

E =0,281-(~0,4105)=0,6915 B~ 0,69 B

Buxonatu 3aBaanus

® CKJIAaCTHU CXCMY raJlbBaHIYHOI'O €JIEMEHTA 13 3a3HAaYCHUX GHCKTPOI[iB;
® BKa3aTu aHOJ 1 KaTod,

® HamucaTH PIBHAHHS OKMCHO-BITHOBHHUX PEaKIliii HAa aHO[1, KaTOJll Ta CyMapHOi

peaxiii;

e Bu3Hauutu EPC rajnBaHIYHOrO €JIE€MEHTA;
® yKa3aTU HAMPSIMOK PYXYy €JIEKTPOHIB Y 30BHIIITHBOMY KOJII.

sy | Himanverwin | KOMSTT ol vt
1 2 3
1 Mizb, almoMiHiit c(Cu”™) =0,01; ¢(A") = 0,001
2 3ani30, anoMiHii c(Fe™) =1; ¢(A’") = 0,01
3 Ko6asbT, CBUHEIb ¢(Co” ") =0,01;¢(Pb” )= 10,01
4 OnoBo, MarHiit c(Sn"M) =0,1; c(Mg™) =1
5 3a1i30, HiKelIb c(Fe™)=0,01; ¢(Ni"") = 0,001
6 LIMHK, CBHHEIb c(Zn”") =0,01; ¢(Pb" ") = 0,001
7 On0BO, MapraHerp c(Sn*") =0,01; c(Mn™) = 1
8 Marsiii, cCBUHELb c(Mg") =1; ¢(Pb" ") = 0,01
9 LIMHK, HiKeITb c(Zn”") =0,01; ¢(Ni* ") = 0,001
10 Maprasers, 3a71i30 c(Mn”") =0,01; ¢(Fe’) = 1
11 O10BO, HiKeTb c(Sn"") =0,01; ¢(Ni* ) = 0,01
12 CBHUHEIb, Mizb c(Pb") = 0,01; ¢(Cu™) = 0,0001
13 L{MHK, MiIb c(Zn") =0,01; ¢(Cu”") = 0,001
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[TponoBxxeHHsT TaOIUITL

1 2 3

14 Cpi6m0, MaHran c(Ag) = 1; ¢(Zn™) = 0,01

15 Hikenp, Marsiit c(Ni"") =0,01; c(Mg™") =1

16 L{uHK, cpi6ino c(Zn)=1; c(Ag) =0,1

17 OJI0BO, LIUHK e(Sn”") =0,01; ¢(Zn" ) = 0,01
18 Hiketb, anoMiiit c(Ni"") = 1; ¢«(AF") = 0,001
19 3ami30, IMHK c(Fe™)=0,01; c(Zn™) =1

20 Mins, 010BO c(Cu™) =1; ¢(Sn"") = 0,01
21 [{unk, K0OAIBT c(Zn™) =0,01; ¢(Co” ) =1
22 OnoBo, CBHHEITH c(Sn’) =1; ¢(Pb" ") = 0,01

23 KoGaIbT, amoMiHiit ¢(Co™) =0,01; ¢c(A") = 0,001
24 Hikeb, MarHiit c(Ni"") = 1; ¢«(Mg™) = 0,01
25 Maprase1is, 0JI0BO c(Mn”) =1; ¢(Sn”™) = 0,01
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3ABJAHHS 10
KOPO3ISI METAJIIB. 3AXUCT BIJI KOPO3I{

3a temoro «Kopo3sis merasiB. 3axucTt Big KOpoO3iD» CTyaeHTAaM HeOOXiIHO

OBOJIOAITH TAKMMU 3HAHHAMM:

® KOopo3ia Memanie — TUIM KOPO3il (XIMIUHa, €JIeKTPOXIMiuHa: aTMOchepHa
KOpO3isi, KOHTaKTHa KOpO3if, KOpO3ii Yy BOJIOTOMY TpPYHTI, KOpO3is Wi AI€I0
«OnmyKar4ux» CTpyMmiB), (HakTopw, M0 BIUIMBAIOTh HA IHTEHCHBHICTH KOPO3ii
(3a0pyIHEHICTh MOBITPSI, TOMIIIIKH, 1[0 MICTATHCS B METajax, CTaH NMOBEPXHI MeTalIa,
HEpIBHOMIpHA aepallis, HasBHICTh rajdbBaHONAPH, 1[0 BUHUKAE MPU KOHTAKTI BOX
METaliB), aKTUBATOPU KOPO3Ii;

® Memoou 3axucmy Memaiuié 8i0 Kopo3ii — 3aXWUCHI1 MOKPUTTS (MeTajeBi,
HEMeTaseBl), 3MiHa KOPO31MHOr0 cepeoBuIlla, 3aCTOCYBaHHS 1HTIOITOPIB KOPO3ii,
EJIEKTPOXIMIYHI METO/IU, JIETYBaHHS.

TeopeTnyHna yacTuHa

Kopo3is — camooosinbnuii npoyec pyuinyeanns memanie abo cniasie Ha ix
OCHOGI Ni0 0i€10 HABKOIUUHBO20 cepedosuya. BHacIinok Kopo3ii MeTall epexouTh
B OKHCHEHHUW CTaH 1 BTpaya€e XapakTepHl i HbOIO MEXaHIYHI BJIACTHUBOCTI.
Kopo3ist — 11e XiMi4HUI OKMCHO-BITHOBHUH TPOIIEC.

Kopoz3iitni npouecu ki1acu@ikyoTh 3a pi3HUMHU 03HAKAMM:

® 32 MEXaHI3MOM peakiliii B3aeMoOJii MeTajia 3 CepeJoBHIIEM (XiMiuHa Ta
EJIEKTPOXIMIYHA KOPO3is);

® 332 yMOBaMU IMpOTiIKaHHsA (ra3oBa KOpoO3isi, KOpO3ii B  piAUHAX-
HEEJIEKTPOJITaX, KOpo3is y BOJAHUX PO3UMHAX EJIEKTPOIITIB, aTMoc(hepHa Kopo3isd,
aepailiifHa KOpo3is, MiJ3eMHa KOpO3is, KOpo3isi MiA MAi€0 OJyKaloduX CTPYMIB,
KOPO3is M1l MEXaHIYHOIO HAIMPYTOI0);

® 32 XapakTEepoM KOpO3IMHUX pyHHYBaHb: pPIBHOMIpHA, HEPIBHOMIpPHA,
CTPYKTYpHO-BUOOpUA, IJIIMaMH, BHpA3KaMH, MITTIHT abo0  TouKamH,
MEXKPUCTAIUIMTHA, TPAHCKPUCTAIIIUTHA 200 HOXKOBA.

Tunu koposii

Ximiuna Kopo3zia — 1ie Tpolec pyHHYBaHHS METaJliB 32 PaxXyHOK XIMIYHOI
B3a€EMOJIIi METaJleBOi IMOBEPXHI 3 HABKOJMUIIHIM CEpPEJOBMILEM, SIKUA HE
CYNPOBO/IKYETHCS BUHUKHEHHSIM  €JIEKTPOXIMIYHUX  (€JIEKTPOJHUX) MPOIECIB
Ha Mexi1 ¢a3. HaltuacTiiie 11e OKUCHEHHS METalliB CyXMMH Ta3aMU — OKHUCHUKAMH
(O,, Cl,, SO,, NO, To01110), TOMY TaKy KOPO3iI0 I[¢ HA3UBAIOTh 2a306010. J10 XIMI4HOT
KOpPO3ii BIIHOCATH 1 KOPO31I0 B pO3UMHAX HeeleKTpouiTiB. Lleit Bua kopo3ii mpoTikae,
B OCHOBHOMY, PIBHOMIPHO MO BCiil moBepxHI MeTany. B 3B’s3ky 3 mHM XiMidHa
KOpO3isl MEHII HeOe3leyHa, HDK eJIeKTpoxiMiyHa. TUIMOBUM MNPUKIAIOM XIMIYHOI
KOpPO31i € OKUCHEHHSI METaliB B aTMOC(epi CyXoro KUCHIO:

4Fe + 302 = 2F6203.

EnextpoximiuHna kopo3sis — 11e npoiec pyHyBaHHS METaNiB, KU BUHUKAE

IPU X KOHTAKT1 3 PO3UMHAMHU €JIEKTPOJIITIB 3 BAHUKHEHHSIM €JIEKTPUYHOTO CTPYMY.
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PyitnyBaHHs1 MeTally BiIOYBa€ThCs 3a PaXyHOK YTBOPEHHS Ha MOTO MOBEpPXHi
raJibBaH14HUX Nap ( MIKpOraJIbBaHIYHUX €JIEMEHTIB).

[IpyunHOI0 YTBOpPEHHS KOPOTKO3aMKHEHMX MIKPOTaIbBaHIYHUX €JIEMEHTIB
MOKE CITY>KUTHU:

e HaSIBHICTH JOMIIIOK B METaJl;

® CHEpreTMYHa HEOJHOPIAHICTH MOro MOBEpPXHi, 110 BHUKIHUKaHa
HEOJHOPIAHICTIO XIMIYHOTO a0o (a3oBoro ckiagy SK camMoro Meranay, TakK 1
HABKOJIMIITHBOTO KOPO31IHOTO cepeIoBUIIIa;

® MeXaHIYHUU CTaH MeTay.

HasiBHICTh eHepreTnyHoi HEOJHOPIAHOCTI HAa CYCIAHIX AUISHKAaX MeTajeBol
MOBEPXHI MPHU3BOJAUTH 10 TOrO, L0 AUISHKA 3 OLIBII HETaTMBHUM €JIEKTPOJHUM
IMOTEHIIAJIOM CTa€ aHOAOM, a 3 OUIBII TO3UTHBHUM — KaTOJIOM.

Ha anoxai BimOyBa€eThCs OKMCIICHHS 1 pPO3UMHEHHS (pyHHYBaHHS) METaly 3a
CXEMOIO:

(-)A: Me = Me" +ne.

EnexTpoHu , 110 3alMIIMIMCA B MeTall, MepeMilllaloThCs 3 aHOJa Ha KaTo[
(OLTBII MO3UTUBHO MOJSPU30BaHA JUISTHKA) 1 0epyTh y4acTh B MPOILIEC] BIAHOBICHHS
(+) K: Ox + ne = Red.

PeuoBunm-okucHuku (OX), sKI BIJHOBIIOIOTHCS HA KaTOAHUX JUISHKAX
HA3UBAIOTLCS 0enoiapu3amopamu, a peakilis ix BiTHOBICHHS — 0enoisapu3ayicio.

Haii6uipin nomupeHuMu OKUCHUKaMU (JenoJiipu3aTopamMu) HaBKOJUIITHBOTO
CEpelloBUILA € MOJIEKYJIM PO3YMHEHOro y BOAl KHCHIO (O,), caMl MOJIEKYIH BOJIH
(H,O) i xarionu rigporeny (H™). 3a3Buuaii, y kopo3iiiHOMy cepeoBHILli NPHCYTHI
BC1 TpU jAenojsipuzaropa. Skuil 3 HUX OyJe BU3HAYATH Mepedir KaATOJAHOTO MPOIECy
3QJICKUTH BiJ] CITIBBITHOIIIEHHS 1X KOHIICHTpAIIIH.

Po3pi3HsAOTh NBa BUIM TPOLECIB JENOispu3aili — 3 BUIUICHHSIM BOJIHIO
(BozHEBA Jemnosipy3aliis) 1 HOTJIMHAHHAM KHCHIO (KUCHEBA JIETOIspU3aliis).

Boonesa oenonapuszauia

BoaneBa pnenonsipusariisi CynpoOBOIKYETbCS BIAHOBICHHSAM Ha KaTOJHUX
IUISHKAX BOHIO.

YV kucnomy i neuimpanvnomy cepedosuwi (pH < 7) nenoisipusallis NpoTiKae 3a
y4dacTio HoHIB ['iiporeny:

(H)K:2H +2e=H,1.

[loTeniian, M0 BiMOBIIAE I[LOMY €JIEKTPOJIHOMY IMPOIIECY, PO3PAXOBYIOThH SIK
¢ =-0,059-pH. OueBungno, mo uyum Buie pH, THM MeHIIA KUIBKICTH METaiB
MIIAETHCS KOPO3ii:

o sxio pH = 0 (cunvro xucne cepeoosuwe), To P= 0B — kopoayoTh yci
MeETaJjH, 10 MICTSTHCS B PSAAY HAIPYT JIIBILIE BOAHIO (BiJ JITIIO 10 CBUHIIIO);

o sxuio pH = 7 (neumpanvne cepedosuwye), o @°=-0,059-pH= -0,059.7 =
=-0,413 B.

3a Takux ymMoB HoHu ['igporeHy, mjo MIicTAThCSA y BOAl a00 B HEUTpalbHOMY

BOJAHOMY CEpE/JOBHILI, MOXYTb OKHCIIOBaTH TUIBKA Ti METald, 3HAYEHHS
noTeHuianiB  skux wMeHmi 3a -0,413 B, T00TO MeTanu Big MOYaTKy psay
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€JEKTPOXIMIYHUX MOTEHITIATIB J0 KaAMil0. A OCKUIbKH KaJaMiil 1 MeTaH, sIKi CTOSITh
opyd 3 HUM Y PsJii HAMpYyr MeTajiB, MalOTh Ha CBOii MOBEPXHI 3aXHCHY OKCUIHY
TUTIBKY — BOHM HE 3/1aTH1 OKHCHIOBaTUCA 10Hamu ['iaporeny.

BopaneBa penonsipu3aiiisi IpOTiKae y THX BHITAIKaX, KOJH JOCTYN KUCHIO, SIK
OUTBIII CHMJIBHOTO OKHCIIOBaua, M0 MOBEpXHI MeTany oOmexenuid. Lle moxe matu
MICIIE T/l TOBCTHM IIapOM BOJU a00 B KHCIUX PO3UMHAX, B IKUX PO3UYMHHICTH KUCHIO
yKe HU3bKA.

Kucneea oenonapusayin

KucneBa nenosnspu3zaiiisi 00yMOBIi€Ha BIAHOBJIEHHSM aTMOC(EPHOro KHUCHIO,
PO3YMHEHOTO0 B KOpo3iiiHOMY cepenoBuiil. Koposis wmeraniB 3 KHCHEBOIO
JENOJIIpU3alli€l0 € HalOUIbII MOLIMPEeHa Yy MpICHIA Ta MOPCHKIA BOMAl, COITBOBHUX
po3unHax, y 3eMJl Ta Bojiorid atmocdepi noBiTps. Cxema KMCHEBOI Jenospu3aiii
CYTTEBO 3aJIeXUTh Bi pH cepenoBuia.

Y HacU4eHOMY KHUCHEM HeumpaivHoMy [ JayicHomy cepedosuwyi (pH>7)
JETNoJIsIpU3allisi TPOTIKAE 32 YYACTIO KUCHIO 1 BOJIU:

(+) K: O, + 2H,0 + 4e=40H".

VY HacudeHOMY KUCHEM Kuciomy cepeodosuwyi (pH< 7) nemomnspuzaiiis npoTikae

3 y4acTIO KUCHIO 1 #oHiB [igporeny:
(+) K: O, + 4H" + 4e = 2H,0.
B 060x Bumagkax norexuian katogHoi peakuii ¢ . = 1,23 - 0,059pH.

Po3rnsiHeMo 3 BUTIaJKU KUCHEBOT JIEMOIpU3allii y pi3HUX CepeOBHIIAX:

e skiio pH = 14 (cuibHO JTy)KHE cepeIOBUIIE), TO

¢, = 1,23 -0,059pH= 1,23 - 0,059x 14 = 0,404 B
e sikio pH = 7 (HeliTpanbHe cepeOBHUILE), TO
¢, = 1,23-0,059pH= 1,23 - 0,059x7 = 0,817 B
e sikio pH = 0 (cuibHO KHUCIIE cepeOBUILE), TO
¢, = 1,23-0,059pH= 1,23 - 0,059x0=1,23 B

BoueBuap, 1mo KoOpo3isi 3 KHCHEBOIO JACMOJSAPHU3aLI€l0 € HalOUIbII
HEOE3MEeYHOI B KHUCIOMY CEepeloBUIIl (IIsI HABEJECHOTO MPUKIAAY PO3UYMHEHUN Y
BOJIi KICEHb MOXE OKHCIIOBATH METaJH, MOTEHIian skux meHme 1,23 B). ¥V mpomy
BUTIAJKY KOPOJAYIOTh MPAKTUYHO yCi METaIH, 32 BUHSITKOM 30JI0Ta.

OkpiM TOro, CIil MIAKPECIUTH, 10 3arajioM KOpo3isi 3 KHCHEBOIO
JENOJIIPU3al€l0 € 3HAYHO OUlbll HEeOEe3MeYHOl, HIXK KOpo3id 3 BOAHEBOIO
JETOJISIPU3AIIIE€I0 — KOPOJYE 3HAUYHO OUThINA KUTBKICTh METAIB.

Jlo enexTpoxiMiyHOI KOpo3ii BITHOCSATH aTMOC(EepHY, KOHTAKTHY KOpPO3iIO,
KOPO3110 y BOJIOTOMY TPYHTI.

ATMocdepHa KOpoO3isi — OKHCHEHHSI METaJliB KUCHEM, PO3UMHEHUM Y BOJISHIN
TUTIBIIL, SIKA YTBOPIOETHCS BHACIOK KOHACHCAIli BOAM Ha MOBEPXHI METAIY.
Posrasinemo cxemy arMocdepHoi Kopo3ii 4aByHY 1 CTai:

(-)A Fe | O,, H,O | Fe;C K (+) — mikporajibBaHomnapa.
(-)A: Fe® — 28 — Fe*" 4|2
(+)K: O, +2H,0 + 48 - 40H 1
2Fe + O, + 2H20 —> 2FC(OH)2
4Fe(OH),+0,+2H,0 — 4Fe(OH),

2FC(OH)3 — F6203 . 3H20(ip>1<a)-
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KontakTHa KOpO3ifl BiIOYBAa€THCS, KOJIU B EJIEKTPOJIITUYHOMY CEpEIOBHIII
KOHTaKTYIOTh Pi3HI MeTanu. PosriasiHemMo, Hamnpukiiaa, KOHTaKTHY KOpO3il0 3ajiza 1
MiZl B KucioMy cepenoBuill (-)A Fe | H | Cu K(+). 3anizo, sk OUIbII aKTUBHUHN
MeTai, Oyae aHOJIOM, Ha HboMY Oyzie BiIOyBaTHCs peakilis OKUCHEHHs (pyHHYBaHHS )
3aji3a, a Miab, SIK MEHII aKTUBHUW MeTaj, OyJe KaroAoM, Ha HbOMY Oyne
B110yBaTUCS peakxilisi BITHOBICHHS (JIeToJsipy3allis ) HOHIB I'1IpOreHy:

(-)A: Fe® — 28 — Fe*" 5|1
(HK: 2H" + 28 - H, 1
Fe + 2H" — Fe* + Hy?
Fe + H,SO; — FeSO, +H, T

[IIBUAKICTH KOHTAKTHOT KOPO31i TUM OLIbIlIa, YUM OUIbIIA PI3HUILI MOTEHIIIATIB

KOHTaKTYIOUUX METAJIIB.

Kopo3zis y Bosioromy rpyHri
(5A Feyus | Oz, HyO | rpyHT | Oy, HyO [Fegepx K (1)

Hezaxumieni metaniuHi KOHCTPYKIi, 3ariau0iieHl y BOJOTMH TPYHT (Omopw,
TpyOu, nerani (GyHAAMEHTIB), WIBHUIKO PYHHYIOTbCS. [IpUYMHOIO €NEeKTPOXIMIYHOT
KOpO3ii € HepiBHOMIpHa aeparllisi 3ariu0JIeHOi YacTUHU KOHCTpyKuii. bimxue 10
MOBEPXHI KOHUEHTpAIllsl KUCHIO B TIPYHTOBIM BOJI BHINA, OTKE YTBOPIOETHCS
KOHIIEHTpalliiiHa TajlbBaHI4YHA Mapa.

PeyoBuHU, SKI MPUCKOPIOIOTH KOPO3iI0 METaliB, HA3UBAIOTh aKMUSAMOpaMU
xoposii (C1°, O,, H', OH)).

EnexTpoximMiyHy KOpO3it0, KpIM IHEPTHUX MAOMIIIOK, MOXYTb BHUKIHKATH
EJIEKTPUYHI CTPYMHU CTOPOHHIX pkepen (Omykatoui cTtpymu). biykatoumit ctpym,
MOTPAIUISIOUN B MiJ36MHY METaleBy KOHCTPYKI[IIO, IPOXOIUTh MO Hil; Ta 4acTUHA
KOHCTPYKIIii, B IKY BXOJUTh CTPYM, BIJIIrpa€e pojib KaToJa, a MPOTHIIE)KHA YaCTUHA
KOHCTPYKIIii 3a3Ha€ Kopo3ii (BOHA — aHO[).

MeToau 3axucTy MeTaJiB BiJl KOPO3ii

Cy4acHMil 3aXUCT METaJIIB BiJ KOPO3ii 0a3yeThCa Ha TAKMX METOAAX:

® TIJBULIECHHS XIMIYHOTO OMOPY KOHCTPYKIIMHUX MaTepialis,;

® 1301511151 MOBEPXHI METAJy Bl arpECUBHOTO CEPEAOBHUILIA;

® TIOHI)KEHHS arpECUBHOCTI BUPOOHUYOTO CEPEIOBHUIIIA;

® 3HIDKEHHS KOpO3li HaKJIaJaHHSM 30BHIIIHBOTO CTPYMY (€IeKTPOXIMIUHUN
3aXHCT).

[Iupoko 3acTOCOBYIOTh TaKl OCHOBHI BHUJU 3aXHUCTY METAJIEBUX KOHCTPYKIIIH
B1Jl KOpPO3ii:

1. Cmeopenns cnnagie 3 aHMUKOPO3IUHUMU 61ACMUBOCMAMYU — OIUH 3
HaWBXJIMBIMIUX HANpsIMKIB OOpOTHOM MPOTH KOpPO3iiiHUX BTpaT. BBemenunsm 1o
ckiagy ctani 6au3bko 12 % xpoMy a00yBalOTh HEp)KaBilOUy CTallb, CTIMKY MPOTH
Kopo3ii. J[o6aBku Hiket0, KOOATbTY 1 MiJll MOCWIIOIOTh AHTUKOPO31iH1 BJIACTUBOCTI
CTaJll, OCKUIbKU MiIBUIIYETHCA CXWIBHICTH CILIaBIB A0 nacupaiii. [lepcnekTuBHUM €
TaKOX Mepexil y psAl KOHCTPYKIIN Bl METAJIEBUX JO XIMIYHO CTIMKUX MaTepialiB
(TIacTUyH1 BUCOKOMOJIIMEPHI MaTepiaiu, CKJI0, KepaMika Ta 1H.).
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2. 3axucui nokpumms — 1307511 TOBEPXHI METalliB BiJ arpecUBHOrO
CepelloBUIIa ULUISIXOM HAHECEHHs HeMEeTallyHuX (JakoapOHUX, KepaMiyHUX,
IUTACTHKIB TOIIO) Ta METAIIUYHUX MOKPUTD, SIKI MOKYTh OyTH aHOAHUMHU 1 KATOJAHUMH.

Kamooni noxpumms HaHOCSTH 3 METaNliB, SKI MalOTh OUIBIIUN E€IEKTPOIHUMN
noTeHiias (MEHII AaKTUBHI) y JaHOMYy CEpelOBHUIIl, HDK OCHOBHUU MeTal,
HaIpUKIIaJ, OJIOB’SHE TOKPUTTS Ha TMOBEPXHI 3aiiza (;ydacene 3anizo). Ilpote
HE3HAYHE MOPYIICHHS CYLUUIBHOCTI MOKPHUTTS pOOJIATH MOr0 HAaBITh IIKJIUBUM. Y
MICLIE TOPYUIEHHSI CYLUIBHOCTI MOKPHUTTS TPOHUKAE arpecuBHE CEpEeAOBHILE 1
YTBOPIOETHCS TajibBaHIYHA Mapa, B SKi OCHOBHUU MeTan (3al1i30) BUKOHYE pOJIb
aHoJla i MBUJKO pYHHY€ETHCS, KATOJAOM CTA€ OJIOBO, HA IKOMY IMOYMHAE B1IOyBaTUCS
BITHOBJICHHS JETOJSPU3aTOPA:

(-)A Fe | Oy, H,O | Sn K (+)
(-)A: Fe® — 28 — Fe*" 4|2
(+)K: O, +2H,0 + 48 - 40H 1
2Fe + O, + 2H,0 — 2Fe(OH),
Kpim oiioBa, ik KaTOJIHI MOKPHUTTS, BUKOPUCTOBYIOTh TaKOX Mijlb, HIKEIb Ta I1HIII
MeTaju.

AHOOHI nokpumms HaHOCATb 3 METAJB, SIKI MalOTh MEHIIMHI eIeKTPOIHHIM
noTeHIial (OUTbII aKTUBHI) B IAHOMY CEpe/IOBUII, HK OCHOBHUN MeTal. J[is Takoro
MOKPUTTSI HE NPUMHUHSIETHCS HABITH MICHS MOpYHIEHHS Horo uuticHocTi. CyTHICTb
3aXUCTY METAJIEBUX BUPOOIB aHOJIHUM MOKPUTTSM IOJISTAE B TOMY, 11O B CEPEIOBUIIII
caMe TIOKPHUTTS CTa€ aHOJAOM 1 pPYHHYeThCA. B pa3i MOMIKOMKEHHS TMOKPUTTA
BUHUKAIOTh TajbBaHIUYHI MapH, B SKUX METajl BHUPOOY BUKOHYE POJb KaTola 1 HE
pyiinyeThcs. Hampuknan, mist 3aimiza TakdM — TOKPUTTAM € UUHK (oyunkosame
3ai30):

(—)A /n | 02, HQO | Fe K (+)

(-)A: Zn® — 28 - Zn*" 4|2

(+)K: O, +2H,0 + 48 - 40H 1
271" + 0, + 2H,0 — 2Zn(OH),

[{uHKOB1 MOKPUTTS IMPOKO BUKOPUCTOBYIOTH JIJISl 3aXUCTY TPYO, pe3epByapiB
BiJI Jii BOJIM Ta rapsyuX pPivH.

MeraneBl  MOKPUTTS  PO3AUIAIOTBCA  TaKOX  3a  cCHocoboMm  ix
OTpUMaHHS (€JIEKTPONITUYHE OCAJKCHHs, XIMIUHE OCAKCHHS, Tapsde 1 XOJOJHE
HaHeceHHs, TepMoudy3iitHa 00poOKa, MeTasi3allis HAIUJICHHSM).

3. 3mina cknady azpecugrnozo cepedoguwya, 3acmocy8ants iHeibimopie Koposii.

[Ipuknagamu Takoi OOpPOOKM MOXYTh CIYKUTH: HeUTpamizamis abo
3HEKUCHEHHSI KOpPO31MHMX CEpelOBHIL, a TaKOoX 3aCTOCYBaHHS PIZHOTO pOAY
1HT101TOP1B KOPO3Ii.

Ineibimopamu Kopo3ii Ha3UBaIOTh PEUOBMHH, HEBEJIMKI JTO0ABKH SIKUX 10
KOPO31I{HOTO CepelloBUIlla CHOBUIBHIOIOTH KOpo3ito MeTamiB. Hailtuacrime 1e
OpraHivyHi peYOBUHU — aMiHH, YPOTPOIiH, popmaitiH To1o. Jlis 1HribiTOpiB Mnossrae B
TOMY, 1110 Ha MOBEPXHI METajla BOHU YTBOPIOIOTh aJCOPOLINHY IUJIIBKY, SIKa 130JII0€
MeTaJl BiJl CEpEeIOBHIIL.
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4. Enexmpoximiuni memoou — NIpOTEKTOPHUMN Ta KATOJIHUM 3aXUCT.

[IInssxom kaTtogHOi ab0 aHOMHOI MOJsApHU3aIlli Bil CTOPOHHBOTO JIKEpesa
CTpyMy a0o0 TpHEIHAHHSAM JI0 KOHCTPYKIii, IO 3aXHUIIAETHbCS, MPOTEKTOPIB,
MOTEHIIIAJI METaly 3MIIYETHCS O 3HAYEHB, IPU SIKUX CHUJIBHO CIIOBUIBHIOETHCS 200
MOBHICTIO MPUITUHAETHCA KOPO3Iis.

CyTb nmpomexkmopHozo 3axucmy TONSITa€ B TOMY, WO A0 O0’€KTa 3aXUCTy
MPOBIIHUKOM MPUEAHYIOTH IPOTEKTOP — JIUCT 13 OUIbIN akTUBHOrO Metany (Mg, Al).
B pe3ynbrari yTBOpPIOETHCS rajbBaHIYHA Mapa, B AKIA MeTajieBa KOHCTPYKLi Oyne
KaToJOM, a MOBUIBHO OyJ€ OKHCIIOBATUCHh MpoTeKkTop. IIpoTexkTopoM 3axumiarorhb
00’€KTH BiJ KOpOo3ii Ha BiACTaHAX 10 S50 M.

[Ipu katogHOMY 3axHCTI 00’€KT CIHOJIy4alOTh MPOBIJHUKOM 3 HETaTHBHHUM
MOJIFOCOM JKepesia MOCTIMHOIO CTPYMY HEBEIMKO1 HAMPYTH, a TMO3UTUBHUN TOJIIOC
3a3eMJIIOIOTh 200 CIOJIy4aroTh 31 IIMAaTKOM MeTanoOpyxTy. Paniyc naii kaToaHoro
3axucty gocsirae 2000 m.

Buxonatu 3aBaanus

3HauenHs cmaHOapmMHUX e1eKmpoOHUX NOMeHYianie HageoeHi 8 JJooamky

3aBnanns 10.1:

1. 3 MeTor0 3aXMCTy BiJ KOpO3ii IIMHKOBUI BHUPIO MOKPHUIIA OJIOBOM. Slke 11e
MOKPUTTS: aHOJHE 4K KaTtojaHe? HanumiiTe piBHSHHS aTMoc(epHOi KOpo3ii JaHOro
BUPOOY NpHU MOPYUIEHHI HITICHOCTI MOKPUTTH.

2. Sk BIUIMBAa€ KOHTAKT OJIOBA 3 IIMHKOM, CBMHIEM 1 MIJJI0 Ha HIBUIKICTbH
KOpO3ii 0JI0Ba B KUCIMX po3uMHax? Y SKOMY BHMAJAKy IMIBUAKICTb KOpPO3il 0JIOBa
CHIOBUIbHIOETHCA? KOHTAKT 3 SIKUM 13 METajIiB 30UIbIIIY€E MIBUKICTh KOPO3ii 0J10Ba?

3. Hikenb 3HaxoIuTbCs B KOHTaKTI 3 30J0TOM Yy BOJIOTOMY THOBITI,
HACUYCHOMY CIpKOBOJHEM. SIkuii MeTan miggactbes koposii? CKIaaiTh eIeKTPOHHI
PIBHSIHHSI KQTOJHOTO 1 aHOHOTO MPOILIECiB, 10 MPOTIKAIOTh MPHU KOPO3ii MeTaly.

4. Jlerans BUTOTOBJIEHA 31 CILIABY, /10 CKJIALY SIKOTO BXOJSITh AIFOMIHIN 1 XPOM.
Slkuii 3 KOMIIOHEHTIB CIUIaBy OyJe pyHHYBaTUCS MpU EJIEKTPOXIMIYHOI KOpPO3ii?
BinmoBine miaTBEpAiTh PIBHSHHAMHU AHOJHOTO 1 KaTOAHOrO Mpolecy KOpo3ii B
BOJIOTOMY MOBITPI.

5. Uu MoxHa 3’€IHYBaTU JIOMIHIEBI JIUCTH MIAHUMHU 3akiienkamu? ONUIIITh
KOpO3i10 JaHoi napu MeTaiiB y BogHomy pos3unHi CuCl,.

6. Y po3uMH XJOPUIHOT KUCIOTH 3aHYPHJIM LIMHKOBY IUIACTMHKY 1 HUHKOBY
IUTACTUHKY YaCTKOBO MOKPUTY MIJJAI0. Y SKOMY BHUIAJIKY KOPO3is IIMHKY MPOTIKAE
iHTeHcuBHie? Yomy? OnuuriTe nporec Kopo3ii B 000X BUIMAIKAX.

7. 3anizHuil BUPIO MOKPWIA MIJAI0. SKe 11e MOKPUTTS — aHOJHE YM KaToJHEe?
Yomy? CkiamiTh €JIEKTPOHHI PIBHSAHHS aHOAHOTO 1 KaTOAHOT'O IIPOIECIB KOPO3il
OTO BHUPOOY MpU PyHHYBaHHI MOKPUTTSA y XJIOPHUAHIA KUCIOTI. SIKI TPOIYyKTU
KOpPO3ii yTBOPIOIOTHCS?

8. Onuiriteh aTMOCc(EepHY KOpPO3il0 OLMHKOBAHOTO 3aili3a MPU YACTKOBOMY
MOPYIICHH] LIUTICHOCTI MOKPUTTS Y BOJIOTOMY MOBITPI.
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9. OnuiiTh KOPO3110 JYHPKEHOrO 3ajli3a y BUIMAJKY YaCTKOBOTO IMOPYIIEHHS
IIJTICHOCTI MMOKPUTTS B cepenoBuili 3 pH = 4.

10. HaBeniTe mpukiaad MeTany, HNPUIATHOTO JJISi MPOTEKTOPHOIO 3aXUCTY
Hikemo. HamumiTe piBHSAHHS €JNEeKTPOXIMIYHOI KOpO3ii B CEpPEeAOBHILI BOJIOTO
MOBITPSL.

11. CntaB MICTUTBH 3ai30 1 HiKedb. SKkuii 3 Ha3BaHMX KOMIIOHEHTIB Oyje
pyiinyBatucs y Boji, HacuueHid CO,? HaBeniTh piBHSHHS aHOAHOTO 1 KaTOIHOTO
MPOLIECIB.

12. 3anmizo mokputo XpoMmoM. Skuil 3 MeTaniB Oyne KOpoJayBaTH B pasi
MOPYIICHHsS] TTOBEPXHEBOTO IIapy MOKPUTTS B aTMoc(epi MPOMUCIOBOTO paiioHy, 1€
BOJIOT€ TIOBITpS MICTUTh, 30kpema, kapOoH(IV) okcuza, cynbedypy(IV) oxcun,
cipkoBojieHb? CKJIaJliTh CXeMH BIMOBIIHUX XIMIYHUX PEAKITIH.

13. 3 MeTo10 3aXUCTy BiJ KOpO3ii 3a113HUNA BUPIO MOKpHIIK KOOANbTOM. SIKe 11e
MOKPUTTS: aHOJHE 4K KaTtojaHe? HanumiiTe piBHSHHS aTMoc(epHOi KOpo3ii JaHOro
BUPOOY NpHU MOPYUIEHHI HITICHOCT] MOKPUTTH.

14. leranp 3po0ieHa 31 CIUIaBy, J0 CKJIaAy SIKOTO BXOJUTH MarHiil i HiKelb.
Slkuii 3 KOMIIOHEHTIB CIUIaBy OyJe pyHHYBaTUCS MpU EJIEKTPOXIMIYHOI KOpPO3ii?
BinnmoBine miATBEpAITh PIBHAHHSAMH AHOAHOTO 1 KATOJHOTO MPOLECY KOpo3li:
a) y KUCJIOMY CepeZIoBHIIi; 0) y BOJIOTOMY MOBITPI.

15. CrtaB MICTUTh OJIOBO 1 IMHK. SIKMl 3 Ha3BaHUX KOMIIOHEHTIB Oyje
pyiiHyBatucs rpu atMocdepHiil kopo3ii? HaBeaiTh piBHSHHS aHOJHOTO 1 KaTOJAHOIO
MPOLIECIB.

16. Slke mokpuTTA: HikeleBe ab0 IMHKOBE HAJIWHINIE 3aXUCTUThH 3aTI3HUI
BUp10 BiA Kopo3ii? Yomy? Hanuimiite piBHSHHS KOPO3ii B KHCIOMY CEpEIOBUIII s
000X BHITQJKIB.

17. 3 meToro 3axMcTy BiJ KOpO3ii 3aii3HUI BHUPIO MOKpUIU MarHieMm. fke 1e
MOKPUTTS: aHOJIHE UM KaToaHe? HanuiiTe piBHSHHS aHOJHOTO 1 KaTOAHOTO MPOIIECIB
KOpO3ii Mpu MOPYIICHH] IUTICHOCTI MOKPUTTS 32 YMOBHU, IO BUPIO 3HAXOAUTHCS B
BOAHOMY po3urHi ZnSOy.

18. Sk mporikae atMocepHa koposis JymkeHoi miai? CkiaaiTh €IeKTPOHHI
PIBHSIHHSI @aHOJTHOTO 1 KATOJTHOT'O TIPOILIECIB.

19. [losicHiTh, YoMy HeOakaHUW KOHTAKT aJTIOMIHIEBUX 1 MIJHUX TPOBOJIB B
€JIEKTPUYHUX JIAHIIIOTaX, IO MPaIlO0Th Y BOJIOroMy moBitpi? ONuUIIiTh IpoLecH, 110
MPOTIKAIOTh MPH I[LOMY.

20. Slke MOKPUTTA: MO30JI04Y€HE a00 IMHKOBE HAAINHIINIE 3aXUCTUTh 3aJlI3HUN
BUp10 BiA Kopo3ii? Yomy? Hanumiite piBHSHHS KOPO3ii B KHCIOMY CEpEIOBUIINI s
000X BHITQJKIB.

21. Migp He BUTICHSA€E BOJEHb 3 XJIOPUAHOI KUCIOTH, aje SIKIIO JI0 IIMATOYKa
MiJ[l JOTOPKHYTHCS 3aJi3HUM JIPOTUKOM, TO Ha Miji MOYMHAE OYPXIJIUBO BUILISATUCA
BojieHb. Yomy? HanumiiTe e1eKTpoHH1 pIBHSIHHS.

22. Kinpka 3ali3HUX IUJIACTUH TOKPUIW JJIA 3aXUCTy BiA KOpO3ii cpibiioM,
MIJITI0, HIKEJIeM, IIMHKOM, OJIOBOM. BKaKiTh aHOMHI 1 KaTOJAH1 MOKPUTTA. ONHUIIITH
MPOLIECH, IO MPOTIKAIOTH MPU KOPO31i MOCPIOIEHOro 3aii3a y BUIMAJIKY YaCTKOBOIO
MOPYIICHHS I[UTICHOCT1 MOKPUTTS Y KUCIIOMY CEPEIOBHUIILL.
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23. CmyiaB MICTUTH XpOM 1 Mifgb. SKuil 3 Ha3BaHMX KOMIIOHEHTIB Oyne
pyiiHyBaTucs npu aTMocdepHoi kopo3ii? HaBeniTh piBHSIHHS aHOJHOTO 1 KaTOJAHOIO
MPOLIECIB.

24. Jletanb 3po6iieHa 31 CIUIaBy, 0 CKJIAAy SIKOT'O BXOASTH IIUHK 1 MiJb. SIKUi 3
KOMIIOHEHTIB CIUIaBy Oyne pyHHyBaTHUCS MPHU €JIEKTPOXIMIYHOI Kopo3ii? Biamosiab
MIATBEPAITh PIBHSHHAMM aHOJHOTO 1 KaTOJHOIO MPOIeCy KOpo3ii B CepeAOoBHIII
3 pH = 3.

25. YoMy 4YacTUHU alIOMIHIEBUX BHUPOOIB HE MOXHA 3 €JIHYBAaTH MIJHUMHU
3akienkamMu? CKiIaAiTh €JICKTPOHHI PIBHAHHS aHOJHOTO 1 KaTOJHOTO IPOIIECIB
KOpO3ii y HEUTpaIbHOMY CepeoBHUILI. Kl TPOIYKTH KOPO3ii yTBOPIOIOTHCS ?
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JIOJIATKM

JlomaTtoxk A

Tabmumg A.1 — CtanaapTHI TEPMOJIMHAMIYHI BEJIMYUHU JUIsl IPOCTUX PEYOBHH 1

cnonyk (AH

t20s— CTAHJAPTHI €HTANbII] yTBOPEHHS, S5, — CTAHAAPTHI EHTPOIIIi)
PeuoBuna AH 5, KIIK/MOb | S5, Jlk/MonbK
Ch 0 223,0
CO -110,5 197,4
COu) 393,51 213,6
COCly -223,0 289,2
CaCO3(T) -1206 92,9
CaOy 2635,1 39,7
Ca(OH)s 29862 83,4
o) 0 130,6
HClg 292,30 186,7
H,0) -241,84 188,74
MgOq, ~601,24 26,94
Mg(OH)z(T) -924,66 63 , 14
Not 0 191,5
NH3(p -46,19 192,5
NH,Clp 315,39 94,56
NOg 90,37 210,62
NO»p) 33,89 240,45
N2Os) 9,37 304,3
Oo) 0 205,03
Saow) 129,1 2217,7
SOx) -296,9 248,1
SO.Ch, 1358,7 3113
SOs) 23952 256,23
CH 74,85 186,19
CoHa 52,28 2194
CoHs( -84,67 229.5
CsHetr 82,03 269,2
CeHia) -123,1 298,2
CH;0H,, 201,2 2397
C,H;OH 2353 282,0
CH;CHOy -166,0 264,2
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Tabnuus A.2 — CranapTHi eIeKTpOAH1 TOTeHIaH ( (PO) y BOJHHUX pPO3YMHAX
npu 25°C

Enexrpoa E’B Enexrpoa E’B
Li"/Li -3,02 Co”"/Co -0,28
Rb'/Rb -2,99 Ni*'/Ni -0,25
K'/K 2,92 Sn**/Sn -0,14
Ba”'/Ba -2,90 Pb”'/Pb -0,13
Sr*" /Sr -2,89 H/'/,H, 0,00
Ca”/Ca -2,87 Sb”/Sb +0,20
Na'/Na 2,71 Bi’/Bi +0,23
La’/La 2,37 Cu”'/Cu +0,34
Mg* /Mg -2,34 Cu'/Cu +0,52
AP7/AL -1,67 Ag'/Ag +0,80
Mn”/Mn -1,05 Pd*"/Pd +0,83
Zn”/Zn -0,76 Hg™'/Hg +0,86
Cr’'/Cr -0,71 Pt* /Pt +1,20
Fe*'/Fe -0,44 Au’'/Au +1,49
cd™/cd -0,40
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Tabnuus A.3 — Tabiuisg po3YMHHOCTI KUCJIOT, OCHOB 1 cOJeil y BOA1

= Karionn
=
£
= + + Na* + 2+ 2+ 2+ 2+ 2+ 2+ 2+ 2+ Co™" 2+ 2+ 2+ 3+ 3+ 3+
< H" | NHj K | Al Mg Ca Sr Ba Zn Cu Sn Pb NPt | Mn Cd™ | Fe& | Fe©" | Al Cr
OH - P P - M M M P H H H H H H H | H|H | H]|H
F P P P P H H H H H H P H M M P H | H| M| M
Clr P P P | H P P P P P P P M P P P P P P P
Br P P P | H P P P P P P P M P P P P P P P
I P P P | H P P P P P - P H P P P P - P P
S P - P | H - - P P H H H H H H H | H | - - -
SO;~ P P | H H H H H H H - H H H H | H| - - -
SO;” P P P | M P M H H P P P H P P P P P P P
NO} p P P P P P P P P P - P P P P P P P P
CO;~ p p p M M H H H H - - H H H H H - - -
SiO5” H - P | H H H H H H - - H H H H | H|H | H]|H
PO} P H H H H H H H H H H H | H | H H
CH,COO™ | p P P P P P P P - P P P P P - P -

Ilpumimka. P — posuunsemocsa y 600i, M — mano posuunsemocsi, H — ne posuunsemvcs, npoKpecieHHA — He ICHYE

abo y 600HOMY PO34UHI PO3NAOAEMbCSL
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