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BCTYII

CamocTiiiHe BUBYCHHS TUCLUUIUIIHK € OJHIEI0 3 OCHOBHUX (hOpM HaBUYaHHS
CTYJICHTIB, & BUKOHAHHS KOHTPOJIbHUX 3aBJaHb — HOT0 00OB’SI3KOBUH, IM1JICYMKOBHIA
CKJIQJTHUK.

be3nocepeHbOMy BHUKOHAHHIO POOOTH TIE€peay€e BHUBYEHHS TEOPETUYHOTO
MaTepiany 3 JAeTalIbHUM PO3IJIAIOM MPUKIAIAIB PO3B’SI3aHHS TUIOBUX JJIsi KOKHOTO
pO3AlTy 3aBlaHb. Taki MPUKIIATN HABEIEHI Ha MOYATKy BIAMOBIIHOTO PO3ALTY IUX
pexomeHamii. Po3s’s3aHHIO 3a/1a4 MEPeaylOTh KOPOTKI BIJOMOCTI 3 TEOPETHUHUX
nuTadb. Ha 1ipoMy eTari Ta mij] 9yac BUKOHAHHS 3aBJIaHHS MOXKHAa BUKOPHUCTOBYBATH
HaBYaJbHI MOCIOHWKH 3 HABEJIECHOTO B KIHIII PEKOMEHJAIlli CHUCKY JiTepaTypH.
He cnin mepexoauTy 10 BUBYEHHS HOBUX PO3ALUTIIB KYPCY, TOKHU JIETAThHO HE BUBUCHUN
nonepeaHiu.

MeTtonuuHi pekoMeHaIli BKIIYatoTh 12 po3iiiB 0 0XOIUTIOIThH MPAKTUYHO
BECh KypC AUCIUIUTIHHM, 1 IOJATKU, HEOOX1AH1 Il PO3B’sI3aHHS 3a71a4.

3azanvHi gumozu 00 0hopmaenus pooomu:

@) KOJICEH CMYOeHm BUKOHYE IHOUBLOYANbHULL 8APIAHM 3A80AHHS, U0 BION0BIOAE

— HOMepy, Ni0 AKUM CMOImb npizeulye CmyoeHma 6 MCYPHANL aAKaOemidHoi
epynu (0151 cmyoenmie 0eHHOI hopMu HABUAHHS);

— 080M OCMAHHIM YUDPaAM HOMEPA 3aNIKOBOI KHUNCKU (OJI51 CMYOeHmi6 3a04YHOTL
Gopmu HasuanHs),

0) inOugioyanvbHe 3a80aHHs NOBUHHO OYMU AKYPAMHO 0POPMIEHO 8 OKDEMOM)
3owumi, Oe B6KA3YEMbCS meMd, 6apianm, HOMep 3A80aHH:, 0008’A3K080
nepenucyemscsi 1020 3Micm 1 HAB0OUMbCA OemdalbHe pPO38 A3aHHA 3 YCiMd
OOIPYHMYBAHHAMU U MAMEMAMUYHUMU PO3PAXYHKAMU, B6I0N06I0I Maroms Oymu
CMUCTIUMU, aJle YimKO 0OIPYHMOBAHUMU.

Poboma, wo suxonana 3a yyorcum eapianmom, He nepesipsECmvCsL.

Hezapaxoeany pobomy, 6 sxiti € icmomHi NOMUIKU, NOMPIOHO BUKOHAMU
NOBMOPHO BIONOBIOHO 00 6KA3IBOK BUKIAOAYA U NOOAMU HA DEeYeH3V8AHHS PA30OM
i3 He3apaxoeaHow pobomor. Bunpaesnenns nompiono ukoHamu 8 KiHyi 30uuma, a He
8 peyeH308aHOM) MEKCMI.

3ABJIAHHAA 1
OCHOBHI IOHATTS TA 3AKOHU XIMII

OCHOBM  aTOMHO-MOJIEKYJIIDHOTO  BY€HHsSI ~ Brepuie OyJid  BUKIAJIEHI
M. B. JIoMmoHOCOBMM. B OCHOBI 1IbOrO BYEHHS JIEKUTh NPUHLMI JAUCKPETHOCTI
pEUOBUHU: OyIb-sIKa PEUOBHMHA CKIAJAETHCS 3 OKPEMHX, AYXKE MalluX YaCTHUHOK.
BiamiHHICTE MK pEeYOBMHAMHU 3yMOBJICHA BIIMIHHICTIO MK IXHIMH YaCTHHKAMH:
YaCTUHKHU OJIHIE] pEYOBUHU OJTHAKOB1, YACTUHKH PI3HUX PEYOBHH — Pi3HI.

YacTuHKM pe4oBHHH NEpeOyBaloTh y 0€3MepepBHOMY PYCI 32 OY/Ib-SIKUX YMOB.
JUis GIBIIOCTI PEYOBUH TAKUMHU YaCTUHKAMU € MOJIEKYJIH.



MouJiekya — 11e peanbHO ICHYIOYl YaCTHHKA PEYOBUHHU, KA MA€ CTAIMM CKIIaJ
1 371aTHa 30epiraTd OCHOBHI XIMIYH1 BJIACTUBOCTI IT1€i pe4OBUHHU. MOJIEKYJIH MPOCTUX
PEYOBHH CKIIAJAIOTHCS 3 aTOMIB OJTHOTO XIMIYHOTO €JIEMEHTa, a MOJIEKYJIA CKJIaTHUX
PEYOBHH — 3 aTOMIB PI3HUX €JIEMEHTIB.

ATOM — 1I¢ HaiiMEHINa, XIMIYHO HETOJiIbHA, €NEeKTPOHEHTpadbHa YaCTHHKA
XIMIYHOT'O €JIEMEHTa, sika 30epirae Horo XiMidHi BJIaCTUBOCTI.

Jlo ckitay MOJIEKYJI MOYKE BXOJIUTH Pi3HE YMCII0 aToMiB. Hampukimaa, MoieKkyu
ra3iB (KpiM iHEPTHHX) TOJIOBHHM YHMHOM CKJIQJIAIOThCS 3 JIBOX aTOMIB, @ MOJICKYJIH
O1JIKIB — 3 COTEHb THCSY aTOMIB.

Posmipn aTomiB BH3HAYAIOTHCS BEIMYMHAMH TIOPSIAKY JECATUX YaCTOK
HaromeTpa (10 °m). AOGCOMIOTHI MacH aTOMIB i MOJIEKYJN Ay:KE€ MaJi: Maca aToMa
naiinermoro enxemenra (Iigporeny) cranoButs 1,67-107 r, a Maca aroma OJHOIO
3 HaWBaxuymx eimeMmeHTiB — IlmomOymy — 3,4:107% r. 3po3ymino, M0 TakAMH
BEIMUYMHAMHU OTEPYyBaTH HE3PYYHO, TOMY Y PO3paxyHKax BHKOPHUCTOBYIOTH
HE a0COJIFOTHI 3HAUCHHS Mac aTOMIB, a BITHOCHI.

Binnocna aromua maca enementa (Ar(X)) IOpiBHIOE BIIHOIICHHIO MacH
atoma ecimemeHra g0 1/12 macum aroma Kapbomy — 12. Maca aroma *“C
JTIOPIBHIOE 19,93-10"%" xr. OgHa ABaHAALATA MAacH aToMma KapGony — 12, nopiBHIOE€:
19,93-10% _ 07 .
— 1 1,66-107“" kr, 1 mpuiiHATa 32 OJAHY ATOMHY OJMHHUIIIO MacH (a. 0. M.).

BinHocHa atomMHa Maca ejieMeHTa — II€ Maca HOro aTroMa, BUpPaXeHa
B aTOMHUX OJUHUIIAX MaCH:

m(X)

4,me)

Ar(X) =

ne m(X) — maca atoma ereMeHTa X;
m(C) — maca atoma KapOony.
1,67-10%
1,66-10%
BignocHa mosekyJsippa maca pedyoBunu (Mr) — e Maca HOro MOJIEKYJIH,
BHpaXeHa B AaTOMHUX OJUHUIISIX MacCH:

Hanpuknan, BiznocHa aromna mMaca ligporeny Ar(H) = =la. oM.

MrxY) = YD - Ay + Ar(Y):
12M(C)
Mr(X,Ye) = TXaYe) = aar(x) + bAr(Y),
12M(C)

ne Mr(XY) — BizHocHa MOJIEKyJIsipHA Maca pe4oBUHU XY
Ar(X), Ar(Y) — BigHOCHI aTOMHI MacH ejeMeHTiB X 1 Y.

Hanpuknan, Mr(H;0) = 2Ar(H) + Ar(O)=2-1+1-16 = 18.

KinpkicTh MOJIEKYJT y MaKpOCKOMIYHMX TiJaX HaA3BUYAMHO BEIIMKA, TOMY
NPUIHATO 3a3HAYaTH HeE a6con10THy KUIBKICTh aTOMIB 1 MOJEKyJ, a BlI[HOCHy
Kinpkicte Moniekyn abo aromiB y TMEBHIM pEUuOBUHI MNPHUIHATO MOPIBHIOBATU
3 KUIBKICTIO aTOMiB, 110 MicTsaThes y 0,012 kr KapOony. BigHOCHY KIJIBKICTh aTOMIB
1 MOJEKYJ Yy pPEYOBHHI XapaKTEepPHU3YIOTh (PI3UUHOI0 BEJIMYMHOIO, SIKYy HA3UBAaIOTh
KisibKicTIO peyoBuHU (N). KiJIBKICTh pEUOBHUHU BUPAKAETHCS B MOJISIX.



MoJb — 11e Taka KUTbKICTh PEUOBUHH, KA MICTUTh CTUIBKU MOJIEKYJ, aTOMIB,
HOHIB 200 I1HIIMX CTPYKTYPHHMX OJWHHUIIb, CKIIBKM MICTUThCS artoMiB y 0,012 kxr
nykiiga Kap6ony 2C.

KinpKicTh CTPYKTYpHUX OJMHUIIb, 110 MICTUTHCS B OJHOMY MOJI OyJb-SKOi
peuoBMHHM, Ha3uBarOTh 4YMcaoM ABoraapo (Na). Uwuciao ABoraapo CTaHOBUTH

6,02:10%% monb . Toi KiNbKiCTh PEYOBUHU MOKHA PO3PAXyBATH TaK:
n=N/N A

Kpim BilHOCHOI MOJEKyJIsIpHOI Macu Mr, y XiMii HIHPOKO 3aCTOCOBYIOTh
TIOHATTS «MOJISIPHA Macay.

Mouasipaoro macoro (M) Ha3MBarOTh Macy PEUOBHHH, B35ATOI Y KUIBKOCTI OJTUH

MOJIb, 11 BUpa)KarOTh B IrpaMax Ha MOJIb (T/MOJIb):
M =min.

BapTo 3ayBaxkuty, 1110 KUIbKICHO MOJIEKYJISIPHA Ta MOJISIpHA Maca OJIHAKOBI, aJjie
BIJIHOCHa MOJIEKYJIipHa Maca — Oe3po3MipHa BeJIWYMHA, a MOJSpHA Maca Mae
PO3MIPHICTh I'paM Ha MOJIb (T/MOJIB).

ExBiBajIeHT pe40BHHU — 1I€ peaibHa a00 YMOBHA YACTHHKA 111€1 pEUOBUHU, KA
B KMCJIOTHO-OCHOBHIM peakIlii 3BUIbHSAE OAUH [ '1IporeH-10H abo CrOIy4YaeThCs 3 HUM,
a B OKMCHO-BIJHOBHIH peakiii mpueaHye a00 3BUIbHSIE OUH €JIEKTPOH.

Hanpuknan, y peakii (1.1)

H2SO4 P — HSO, + H* (1.1)

1 monekyna 1H*, abo

€KBIBaJICHT 4_’ + &

ExBiBaneHT cynb(})aTHOI KHUCIOTH AOPIBHIOE 1.
A nns peakiii (1.2)

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

s femso T v A
H,SO,

ExBiBaneHT cynb(haTHOI KUCIOTH T0piBHIOE 1/2.

ToOTO €KBIBaJIEHT PEYOBMHM HE € CTAJIMM 1 3aJEXKHUTh BIJl peaKii, y sIKId 115
pevoBHHA Oepe y4yacTh.

Yucro, sike Moka3ye, Ka 4acTKa peajbHOI YACTUHKH PEYOBHHM X €KBIBaJICHTHA
omHoMmy ['imporeH-ioHy B TMEBHIM KHCIOTHO-OCHOBHIM peakilii, Ha3uBa€ThCS
(paxkTopoM exkBiBaJIeHTHOCTI pe4oBHHM X. PaKTOP €KBIBAJIEHTHOCTI — 1€ BEJIMYHUHA



O0e3po3MipHa. VY 3aralbHOMYy BHUIUIAII (AKTOp €KBIBAJEHTHOCTI pPEUYOBHMHU X
no3HavaeTbest cuMBosioM f ., (X).

Bemmunna f ., (X)X HasuBaeThcsi eKkBiBajieHTOM pedoBuHH X, abo

€KBIBaJICHTHOIO (OPMOIO pPeYOBHMHM X 1 € 3arajibHO0 (OPMOIO MO3HAYCHHS BCIX
JaCTHHOK, SIKi pearyroTh Y KUCJIOTHO-OCHOBHHUX 200 OKHMCHO-BITHOBHHX PEAKIIisX.
ExgiBaneHT — 6e3po3MipHa BeJIMUMHA.

OueBuaHO, MO (AKTOP €KBIBAJECHTHOCTI PEYOBUHU B PEAKIISAX MOXE OyTH
piBHUM a00 MeHIIUM OJUHMIN. SKIIo (akTop eKBIBaJEHTHOCTI JOpIBHIOE 1, TO
€KBIBAJICHT JICHTUYHUHN pearyrodiii YaCTHHIII.

Benmnuuny dakTtopa €KBIBaJIGHTHOCTI KHCJIOT, OCHOB, COJIEM B OOMIHHHUX
peaxiisfx y 3araibHOMY BUTJISA/II MOKHA pO3paxyBaTu 3a (OopMyJIIolo:

o (X) =% : (1.3)

e sl KHCJIOT Z — KUIBKICTh aToMmiB ['iporeHy, siki MOXyTh OyTH 3aMillIeH1
B MOJICKYJIl KHCJIOTH Ha aTOMH MeTajy (OCHOBHICTh KHCJIOTH);

JUISL OCHOB Z — 11€ KUIBKICTh TJIPOKCUIHUX TPYI, sIKI MOXKYTh OYTH 3aMIiIlleH] Ha
KHCJIOTHUH 3aJTUIIOK (KUCIOTHICTh OCHOBH);

JUIS coJiei Z TOpiBHIOE (' N, 1€ ( — 3apsi1 KaTioHa MeTaja, N — KUIbKICTh KaTIOHIB
y GopMyi codi.

Jns Bu3HaueHHS (HAKTOPIB EKBIBAJEHTHOCTI OKHCHUKIB 1 BIJIHOBHHUKIB
B OKHMCHO-BIJHOBHHMX peakKuisix 0OOB'SI3KOBO MOTPIOHO BUKOPHUCTOBYBATH CXEMY
€IEKTPOHHOTO Oamancy. Yncio Z sk peYOBUHHU B 1bOMY BUIAAKY JTOPIBHIOE YUCTY
NpUIHATUX 200 BIJAAHUX €JIEKTPOHIB MOJIEKYJIOI0 PEUOBHHH, aTOMOM a00 HOHOM.

MoJsipaa Maca pe4oBHHHM €KBiBajleHTa — II€ Maca OJJHOTO MOJIb PEYOBHHU
ekBiBasienra f_ (X)X, mo gopiBHIOE 100yTKY (hakTopa ekBiBaneHTHocti f_ (X) Ha

CKB
MOJISIPHY Macy pedoBuHH X. MoJsipHa Maca PEYOBHHHU EKBiBaJIeHTa Mae (Gopmy
sarmucy M( f,, (X)X) 1 o6uuciroeTses 3a GopmyIioro:

M(f_ X)X)= f_ (X)M(X)

CKB

CKB

CKB CKB

Hampukiaza, MosipHa Maca peYyOBHHHU C€KBIBAJICHTA CYJb(PaTHOI KHCIOTH IS
peakirii (1.2) Mae Take MO3HAYEHHS U BETUUNHY:

M( T exs(H2SO4) H2SO04)= f exs(H2S04)- M(H2SO4)

M(1/2H2S04) = 1/2-98 r/mMoinb = 49 r/MOJIb.

Kiabkicte pedoBunm exBiBasentra Nn(f (X)X) — 1e BIiZHOIICHHS Macu

CKB

PEYOBHHM JI0 MOJIIPHOI Macu MOro eKBIBAJICHTA:

n( . (X)X)=—_MX)

M(f..(X) ¢4

CKB
OnuHUIEIO KUTBKOCTI pEYOBUHU €KBIBAJICHTA € MOJIb.
Hampuknan, KUIBKICTh pPEUYOBMHU  €KBIBaJICHTa CyJb(aTHOI  KHUCIOTH

B peakiii (1.2): n(f,, (H.SOs) H,SO4)= n(1/2H,SO4) = 1 monb, ToOTO 1 MOJB
PEUYOBHMHU YMOBHO CKJIafaeThbes 3 ekBiBajeHTIB 1/2H2S0..

CKB



Ipuknan peakuii 00MiHY — 0CaKeHHHA

Na, SO, + BaCl,= BaSO4L + 2NaCl (1.5)
1 momb 1 monb
a00 1 monexyna 1 monekyna
1 monexkyna 2 Cl-ioHnu
1/2 monekymu 1C1 -ion

Y miit peakiii 0OJHOMY XJIOpUI-IOHY €KBiBaJIeHTHA 1/2 MOJIEKylIM pEeYOBHHU
HaTpiii cynbdary. OIMH XJIOPHUI-10H €KBIBAIEHTHUH oaHOMYy ['imporeH-ioHy.
Otxe, 1/2 monexymu NapSOs exBiBameHTHa omgHoMy [imporen-iony. lle mpukian,
KOJIM YMOBHA YacTWHKA MEBHOI PEYOBHUHU B MEBHIN peakiii SKMMOCH iHIIUM YUHOM
ekBiBasieHTa ogHomy Iigporen-iony. Tomi f, (Na;SO4) = 1/2, exBiBanent Na;SO,4 Mae

(Naz;SO4) NaSO4 = 1/2 NaySO4; MonsipHa Maca €KBiBaJieHTa Ma€e

dbopmy 3anucy: f_
Taky hopmy 3amnucy:
M(l/2N8.2804) = fm (N8.2804)‘M(N3.QSO4),
M(1/2Na,SO4) = 1/2-142 = 71 t/MOb.

3akoHu crexiomerpii

CrexioMeTpHUUHI 3aKOHU XiMIi HaJeXaTh 0 OCHOBHUX 3aKOHIB, TaK SIK Ha HUX
0a3yloTbCA KUIBKICHI pPO3paxyHKH Mac 1 O00'€éMIB PEYOBHH, MO O€pyTh y4acTb
y XIMIYHHX peakuisx. Jlo HuX HajlexaTh:

3akon cragocti ckaaxy (K. Ilpycr, 1797 p.): koorcna uucma peuosuna
MONEKYIAPHOL O6Y008U MaAE cmanull CKIao0, SAKUL He 3al1edcums 6i0 cnocooy ii
000ysanHsA. 3aKOH TIOIIUPIOETHCA TUIBKM HAa PEUYOBMHU MOJEKYJSIPHOI OynoBU
(manproHimn). PedoBuHM HeMoseKyspHOi OymoBU (OepTOIiIN), 0 MAIOTh ATOMHY,
HOHHY a00 MeTajeBy pEIIITKYy, OJIepkKaHl 3a PI3HUX YMOB, MOXXYTh MAaTH CTaJIHi
1 3MIHHHUH CKJIaJ.

3akon 30epe:kenHs Mmac pedoBun (M. B. Jlomonocos, A.JI. JlaBya3sbe):
3a2anbHA MACA PeHOBUH, SIKI 6CIMYNAIOMb V XIMIUHY peakyiio, OOPIBHIOE 3A2albHIll MAC]
PEevoBUH, WO YMBOPIOIOMbCSL 8HACTIOOK PeaKyi.

3akon kpaTHux BinHomeHsb (J[x. ansToH, 1808 p.): axwo 0sa enemenmu, wjo
peazyromsb Mixc cob0t, YMEOPOMb 0eKilbKA CNOAVK, MO PI3HI MACO8I KLIbKOCHI
00H020 eleMeHma, wjo CHoJy4aromvbcs 3 OOHIEI I MIEH CAMOI MACOB0I0 KIIbKICIMIO
0py2020, 8IOHOCAMbCA MidC c00010, sIK Hegenuki yini yucaa. 1lell 3aKOH CTOCY€ThCs
JUIIe TalbTOHIAIB 1 HOro 3py4YHO mpoimtocTpyBaTH Ha okcuaax Hirporeny N»O, NO,
N>O3, N2O4, N2Os. MacoBa KIJIbKICTh KHCHIO, 3’ €QHAHOIO 3 OJHAKOBOI MAacCOBOIO
KuTbKicTioO HiTporeny B okcujax, 3HaXoAThCs B CIiBBiHOMIEHH] 1:2:3:4:5.

3akon exBiBajieHTiB (1. Pixtep, 1793 p.): ximiuni enemenmu cnonyuaomscsi
OO0UH 3 OOHUM, A PEYOBUHU Peazyiomb i YMEOPIOIOMbC 8 eKBIBANEHMHUX KIIbKOCMSX.

[Tpu po3B’si3yBaHHI 3a/1a4 3py4HIIIe KOPUCTYBATUCH THITUM (HOPMYITIOBAHHSIM
3aKOHY €KBIBAJCHTIB: Macu (00’emu) peyosuwn, wo peacyioms O0OHA 3 OOHOM,
NPONOPYIUHI MOAAPHUM Macam (06 emam) IXHIX eK8i8aleHmMIB.

Hanpukinazn, npu B3aemoii peuoBuH A 1 B MokHa 3anucaru:

N(f oo (4)) = N1, (B)) .



Tomi oueBUIHO, 1110
mA) _ m(B)
M(fos()A)  M(f,(B)B)

€eKe8
abo

M(A) _ M(fue (A
m(B) M(f,,(B)B)
[ToxibHO 10 MOHATTS MOJSpHOTO 00’emy (22,4 1/MONIB) ICHYE TIOHSTTS
exBiBaaentnoro 06’emy V (f (X)) X).
ExBiBajieHTHUM 00’€MOM Ha3MBalOTh 00’€M, SIKUM 3aliMae B IIUX yMOBax
1 exBiBaJICHT JOCHIXKyBaHOI pedoBUMHU. Hampukiaa, 3a H.y. eKBIBaJCHTHUU 00’ €M
BOJIHIO PO3PaXOBYIOTh SIK V(L/2Hz) = Vi (He) - To (H2) = 22,4-1/2 = 11,2 n/moup,

a €KBIBAJICHTHHUI 00’ €M KUCHIO IOPIBHIOE V(1/40,)=22,4-1/4=56 J1/MOJIb.
Skio oJlHa 3 PEYOBUH, HANpPUKIAJ, B 3HaX0auThCs B ra3onoaiOHOMY CTaHi,
TO 3aKOH €KBIBAJICHTIB IPUUMAE BUTIISI:

m(A) _ M(f,, (HA
V(B) V(f,,(B)B)

(1.6)

€K8

(1.7)

3aKoHM ra3zoBoro CTany

3akon 00’emuux cniBBignomens (K. JI. I'eii-JIroccak, 1809): 3a oonaxosux
YM0O8 00’emu 2aszig, wo BCMYNArOmv ) peaxkyiro, BIOHOCAMbCA MIdC 00010 i 00
2a30n00iOHUX NPOOYKMI8 peaxyii sk Hegenuki Yini yucaa. SIKo piBHSAHHS peakilli Mix
razamu 300pa3uTh CXeMOK
aA +bB =cC+dD,
TO 3aKOH 00’ €MHHUX CITIBBIJHOIIEHB 3aMMHCYETHCS B TAKUHM CIIOCIO:
V(A) :V(B):V(C):V(D) = a:b:c:d,
ae a, b, ¢, d — crexiomeTpuuHi KOSOIIIEHTH.
3akon ABoraapo (1811 p.): y pienux 06 emax piznux 2azie 3a 0OHAKOBUX YMOE
(mucky i memnepamypi) MiCmumoscs 0OHAKO8E YUCTO MOAEKYIL.
Hacainku 3axkoHy ABoraapo:
1. 3a HopMasIbHUX YMOB (H. y.) 1 MOnb OyIb-sikorO rasy 3aiMae 06’em 22,4 1.
Hopmanwni ymosu (n. y.): P, =101 325 Ila ma T,=273,15 K (0 °C).
Otxe, Vv = 22,4 1/M0JTb — MOJIAPHUM 00'€éMOM a3y 3a HOpMaJIbHUX YMOB.
2. CniBBimHOIIeHHsT TycTuH (p; 1 p,) 3a OJHAKOBHX YMOB JOPIBHIOE
CIIBBIAHOIIEHHIO 1X BITHOCHUX MOJIEKYJSIPHUX 200 MOJISIPHUX Mac:
A_M
p, M,
JliticHo, B1IOMO, 1110 TYCTUHY PEYOBUHU MOKHA OOYUCIUTH 32 (HOPMYJIOIO:
p=m/V.
k110 MpoBOANTH OOYMCIICHHS ISl PEYOBUHU KUIBKICTIO 1 MOJIB, TO Maca Takoi
KUIBKOCT1 OyJie JOPIBHIOBATH MOJISIPHIN Macl PEeYOBHHH, a ii 00’€M — MOJISIPHOMY
00’emy. Y 11bomy pasi ¢popMyia JjIsi TYCTUHU IEPETBOPUTHCS HA TaKYy:
p = MI\y,.
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OCKiIbKH, 3T1THO 3 3aKOHOM ABOTaJpo, MOJISIPHI 00’ €MU ra3iB MPU OJHAKOBUX
yMOBax PiBHI, TO JUIsl BITHOIIEHHS T'YCTHH JIBOX T'a31B OJIEPKYEMO:

M,
P_VYu _ M
P2 & 2
Vi
O1xe:
A_M_p (1.8)
P, M,

BigHomenHs pi/p; mo3HadaeThecs JiTeporo D 1 Ha3WBaeTbcs BIAHOCHOKO
T'YCTHHOIO TIEPIIOTO Ta3y 3a APYTUM, Y3SITHM K CTAaHIAPTHUHN 3pa30K, STKUM 3a3BHUYAM
€ BOJICHb, KHCEHB, a00 TIOBITPS:

PiBHSIHHSI cTaHy ileajbHOro rasy. [geanbHUM Ha3uBaIOTH Ta3, ISl SIKOTO
MOKHA 3HEXTYBaTH pPO3MIpaMH MOJIEKYyJl Ta CHJIAMHU MOJIEKYJSIPHOI B3a€MOIIi.
Mosekynau B TaKOMy Ta3i CHiBYJapsOThCS 3a 3aKOHOM CIIBYIAPSIHHS MPY>XKHUX KYJIb.
l'az moxke OyTu B pI3HUX CTaHax, TOOTO Jeska Maca razy mae ob6’em V, Tuck P
1 remnepatrypy 7. Benuuunu V, P, T, 10 XapakTepu3ylOTh CTaH ra3y, Ha3UBAIOThCS
TEPMOJMHAMIYHUMU MTapaMeTPaMH.

PiBHSIHHSA cTaHy 1/1€aJbHOTO ra3y BU3HAYAE 3B’ 130K MIXK [apaMeTpamMu CUCTEMH
P, V1 T ans nocTifiHOi MacH 1i€aibHOTO Ta3y: 000YmMOK MUCKY OAHOI Macu 2a3y
Ha 00 €M, noOineHuti Ha abCONIOMHY MeMnepamypy, € 6eUYUHOI0 CIMAL0I0:

PV _RV2 a6 PV _ RV, (1.9)
T, T, T T,

ne P, V,, T, — tuck, 06’em i remmieparypa B crasi 1;
P,, V,,T,— Tuck, 06’em i Temneparypa B cCTaHi 2;
P,, V,,T,— THCK, 00 €M 1 TemnepaTypa 3a HOpMAJIbHUX YMOB.
3a HopmanbHuX yMOB (T, =273,15 K, P, = 1,013-105 I1a) ogua Mo Oy1b-sIKOTO
raszy mae 06’em Vo= 22,4-10-3 M3, [lincrapusmu 1i naui B pisasaass (1.9) orpuMyemo

3Ha4YEHHSI KOHCTaHTH R, sika € 0JJHaKoBOIO JyIst 1| MOJIb OyAb-SIKOTO Tasy.
R — ynisepcanvna eazosa cmana.

R= I:’oVo _ 1013.10°-22,4-10-3
Ty 273
Omxke st oxHOro Mojist rasy piBHsHH: (1.9) MmokHa 3anucaru sik PV =RT .

Ile piBHSHHS Ha3UBAEThCSA pisusanHam Knanetipona — Menoeneesa.
JI71st KITbKOCTI PEeUYOBUHU N:

= 8,31/ (monb-K).

PV =nRT, (1.10)
a 3 ypaxyBaHHSIM TOro, mo N = M/M ocratounuii Bupa3 pisusnus Menodercesa —
Knanetipona nabysae guensoy:

m
PV =—RT
Y (1.11)
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PiBHSIHHSI CTaHy 1A€anbHOrO ra3zy Moe€aHye B cOO1 TpH OKpemi BHMAIKu (Tpu
ra3oBl 3aKOHH, IO OMHUCYIOTH TpH 13omporiecH). Ilporecu, mo BinOyBarOThCS TPHU
CTaJIOMY 3Ha4Y€HHI OHOTO 3 mapameTpiB crany ( 7, V abo P) i3 meBHOIO CTaI0I0 Macoio
ra3y, Ha3UBaIOThCS I30Npoyecami.

3akon boiiasi — Mapiorra: 3a cmanoi memnepamypu (T = const) 06 em darnoi
macu 2asy obepHeHo nPonopyYiuHULL 00 MUCKY:

ﬁ = & abo PV =const. (1.12)

2 R
[anekcu 1 12 BianoBinaoTh ABOM pi3HUM ymoBaM. [Iporuec, mo BinOyBaeThcs
IIPU MOCTIMHIN TeMIepaTypi, Ha3UBAETHCS I30MEPMIYHUM.
3akon I'eii-JIoccaka: 3a craoro Tucky (P = const) 00’em rasy 3MiHIOETBCS
IPSIMO TIPOTIOPIIMHO a0COMIOTHIM TeMIIepaTypi:
Vi = I abo V. const . (1.13)
vV, T, T
[Ipouiec, mo BiAOYyBaeThCA TPHU MOCTIHHOMY THCKY, HA3MBAETHCS I300apHUM
(iz0bapuunum) npoyecom.
3axon lapuasn: 3a cranoro 06’emy (V = CONSt) TUCK razy 3MIHIOETHCS MPSMO
MIPOTOPIIIITHO aOCOIOTHIN TeMIeparypi:
R_T

—_—— P_
P T abo ?—const. (1.14)

2 2

[Iporec, mo BiAOYBAEThCSA MPU MOCTIMHOMY 00’€M1, HA3UBAETHCS 130XOPHUM
(i30xopuunum) npoyecom.

3akoH napuiajbHoro Tucky /lanbroHa. Y razoBux cymilax npyu HEBEIUKUX
THCKax KOXKCH ra3 Beac ceOc He3aJe)KHO Bl 1HIMNX. JJII HUX BEIMKE 3HAUCHHS Mae
MOHSTTS MapLiaIbHUX TUCKIB. [lapyianbruti muck — 11e TUCK KU YNHUB OU ra3, sKou
3aiiMaB BeCch 00’€M CyMIIII TIPH Tii camiil Temmeparypi 0e3 1HIIUX Ta3iB.

OcHOBHUI 3aKOH Ta30BUX CyMmimieil — 3akoH JlaJbTOHA: 3aeanvHuii muck
2a3080i cymiuti, AKA CKAA0AEMbCSL I3 2a318, AKI XIMIUHO He 83AEMOOIIOMb 0OUH 3 OOHUM,
00pIBHIOE CYMI NAPYIATbHUX MUCKIB 8CIX 2A318, WO 8X00AMb 8 Hei:

Psar:Pl+P2+---+Pn (115)

Ipuxaaau po3B’si3aHHA 327124

Mpukaan 1. Ckinbku Monekysn O, MicTUTBCA B 48 T KUCHIO?
Jano: Po3B’s13aHHA:

m(0;) =48 | 1. Po3paxyeMo KiJbKiCTh MOJIEH KUCHIO:

N(O,) —? n (O2) = m/M =48 r:32 r/moinb = 1,5 mMoJb,;
M(O) = 162 = 32 r/moib.
2. Po3paxy€eMo KIJIbKICTh MOJIEKYJI KUCHIO:
N(Oz) = n Na= 1,5 mon56,02:10% monekyr mosps* = 9-10%
Binnosiae: N(O2) = 910% monekyn KucHio.
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Mpuxaan 2. SAxy macy marots 70 1 a3oty 3a H. y.?

JlaHo:
V(N2) =70 n
m (Ny) —?

Po3B’s13anns.

1. Po3paxyemo KUIbKICTh MOJICH a30TYy:
n(N2) =V/V,,

ne Vy = 22,4 1/moiib — MOJISIpHUH 00’ €M;

n (N2) =V/V, =70/ 22,4 = 3,125 Mo0b.

2) Po3paxyeMo macy a3ory:

m (N2) =nM = 3,125-28 = 3,125-28 =87,5 .
Bigmosine: m (N2) = 87,5 .

Ipuxnag 3. fka KUTbKICTh PEUOBUHHU MICTUTHCS B Ta3i, SKIIO MIPH TEMIEpaTypi
240 K i mig trickom 200 kI la #ioro 06’em mopiBuioe 40 11?7

Jlano:
T=240K
P=210°Ila
V=40n1=4102m°

n—"?

Po3B’sa3anns.
BusHaunmo KiJIbKICTh PEYOBUHU N, 110 MICTUTHCS B Ta3si,
BUKOPHCTOBYIOUHM piBHSIHHI MenaeneeBa — Knaneipona

(1.10)
N= PV _ 2-10°-4.102
RT 8,31-240
Biamosigs: N = 4 MOJIb.

= 4 MOJIb.

Mpukaax 4. O0uuchiTh Macy 3aiiza, mo Mmicturbes y Depym(ll) oxcumi

Fe,O3 macoro 320 xr.

JlaHo: Po3B’s13aHHS:
M(Fe;03) = 320 kr | 1. Busnauumo kinekicts pedounu N(Fe203):
m(Fe,0,)
9 n(Fe.O,)=——2"3 -
M(Fe;03) =256 +3-16 = 160 r/moab = 0,16 Kr/mMob;
320
n(Fe,0,) =m =2-108 Mob.

2. Busnauumo n(Fe), mo mictutses B 2-10% mons Fe,Os:

1 monb Fe,O3z mictuts 2 mois Fe;
2-10° momap Fe,03 — x;

x = 4-10° Mob;

n(Fe) = 4-10° Mob.

3. Busnaunmo macy 3amiza m(Fe), mo Bignosinae 4-10° Monb
Fe: m(Fe) = M(Fe)-n(Fe); M(Fe) = 0,056 kr/moib;

m(Fe) = 0,056 kr/monb-4-10° Monb = 224 Kr.

Bignosias: m(Fe) = 224 kr.
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Mpuxaan 5. [Ipu BinHoBneHHi BoaneM 10,17 r okcuy ABOBAaJICHTHOTO METATY
yTBOpmiIocs 2,25 r BOJuM, MoJisipHa Maca ekBiBasieHTa skoi 9,00 r/monb. OOuUucHiTH
MOJISIPHI MacH €KBIBAJICHTIB OKCHIY Ta METaTy i aTOMHY Macy MeTairy. YoMy TOpiBHIOE
00’eM (H. y.) BOJIHIO, IO MPOpearyBaB y peaxiii?

JlaHo: Po3B’s13aHHS:
m(MeO) =10,17 3a 3aKOHOM €KBIBAJICHTIB PEYOBUHU B3a€EMOJIIOTH 1
m(H,0)=2,251 YTBOPIOIOTBCS B KUIBKOCTAX, IO  JIOPIBHIOIOTh
M(1/2H20) = 9 r/monb KUTBKOCTSIM 1X pEYOBHH €KBIBAJICHTIB.
1. Po3paxyemo MoIsipHy Macy eKBiBajeHTa OKcuy. Jlis

M(f., (MeO)MeO)—? ) .
[OI0 CKOPUCTYEMOCS PIBHSHHAM (1.6), 3TiIHO 3 SIKUM

M(f .. (Me)Me) -2 Macd PEYOBHH, II0 PEAryroTh MiK COOOI0, IPOTIOPIIiHHi
A(nMe—? iX MOJIIDHMM MacaM €KBiBaJICHTa:
V(H,)-? m(MeO) M(f, ,(MeO)MeO)
m(HZO) M(f;;«; (HZO)HZO) ’
M (f,., (MeO)Me0) = MOV MUn HLOVT0) 10179 _ 4o 7 1yyioy,
m(H,0) 2,25

2. JIis BU3HAYECHHS MOJISIPHOI MacH €KBIBAJIGHTA METAJly BHKOPHUCTAEMO TaKe
CITIBBITHOIIICHHS
M (f,,(MeO)MeO)=M(f,, (Me)Me)+M (f,,(0)O),
ne Me — metan; O — OKcHUreH.
Po3paxyemo mossipHy Macy ekBiBajieHTa OKCUTEHY:
M(f, . (0)O)= f_(0)-M(O)=1/2-16 =8 r/moib.

Toxi M (f, (Me)Me)= M (f. (MeO)MeO)—M(f_(0)O)=40,7-8

€KB €KB €KB

= 32,7 r/Momnb.
M(f_(Me)Me)=M (Me)-f_ (Me),
Ockinbku Metan apoBaientauii, f (Me) = 1/2.

MossipHa Maca MEeTally CTAHOBUTb:

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

Mosnsipua Maca aTomiB MeTaldy KUIBKICHO CHIBIAJa€ 3 BITHOCHOK aTOMHOO
Macoro Ta opiBHIOE 65,4 a. 0. M. Ile metan Zn.

3. Po3paxyeMo 00’eM BOJIHIO, 1110 BCTYIIUB Y PEAKITIIO.

MonsipauM 00’€MOM €KBIBaJICHTa Ha3UBAETHCSI 00 €M, SIKMI 3aliMa€ 3a IEBHUX
yMOB 1 MOJb €KBiBaJieHTa pe4OBHHH. Hampwkiasn, 3a HOpMAJIbHUX YMOB MOJISIPHHUN
00’eM ekBiBasieHTa BojHI0 fopisuioe V (1/2H,)=V(H,)-f . (H,) =22,4/2 =112 n.

3anuiieMo 3aKOH €KBIBaJICHTIB B 00’€MHOMY BHUpPa3i:

m(H 20) — VHz
(H,0)H,0) V(L1/12H,)

€KB CKB

M (f

€KB
OTxe, 00’€M BOJIHIO, SIKUW BCTYIUB Y PEAKIIIIO:

_M(H,0)-V (1/2H,) _2,2511,2 _

Vi =M (f .. (H,0)H,0) 9

28 1

CKB
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Bigmosins: M (1/2Me)=32,7 r/mob,; M (f
Ar(Me)=65,4 a. 0. M.; VH2 =2,8 m.

(MeO)MeO) = 40,7 r/mob;

€KB

Bukxonatu 3aBaaHHsA
3ananns 1.1
IIpu posxnadanni sxoi macu (2) nampiesoi cenimpu (2NaNOz = 2NaNO; + O»)
VIMBOPUMbCSL:

Howmep PeyoBuHa KinpkicTb Howmep PewoBuna | KinbkicTh
BapiaHTa BapiaHTa
1 0, 112 am3(n. y.) 3 NaNO, 30r
2 NaNO; 103 Mo 4 0; 102
MOJIEKY

Pospaxysamu macy (2) maxux peuosun:

BI:l;)il:;Ea PedoBuna | KinbkicTh BI:;il:ZIT)a PevoBuna | KinpkicTh
5 CO 2.108 10 H,SO, 1,5'1020
aTOMIB MOJIEKYJI
6 0, 1010 11 HBr 40 cm® (1. y)
MOJICKYT
7 H, 56 nm3 (H. 12 Cl, 102
y.) MOJIEKYJI
8 HCI 10% 13 NH; 12 o3 (.
MOJIEKYJI y.)
9 CO, 50 cm® (B. 14 H,S 42 n1(H.y.)
y-)

Pospaxyeamu «xinexkicmo amomie Cyrv@ypy, wo micmumscsi 8 HABCOCHUX
PeyosUHax:

Hqup PeuoBuna | KinbkicThb Ho.Mep PeuoBuna KinpkicThb
BapiaHTa BapiaHTa
15 H,S 20 cm® (1. y.) 21 Na,SO4 284 T
16 H,S 10r 22 MgSO4 24r
17 Na,SO3 0,5 MosIb 23 SO, 2 v (H.y.)
18 Na,SO3 378T 24 SO3 100 cM¥(n.
y-)

19 H,SO, 10r 25 Al(SO4)3 34,2
20 S 10 mr
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3aBaanns 1.2

Ilpu 63aemo0ii memany 3 Kuciomow GuUOLIAEMbCs 800eHb. 3a HABeOeHUMU
OaHUMU OOUUCTUMU BIOCYMHI BETIUYUHU.

Maca Momnsapua maca
Howmep MeTany ekBiBanenTa Metany | Maca Hp O6’em Hz3
Bapianta | o ro” | v % Me), 1/ Mo m(Hy), r V(n.y.), M

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

Oxcuou memarny 6i0HOBIIOIOMbCA B00HEM. 3a HABEOEHUMU OAHUMU OOYUCTIMb
MOJIAAPHY MACY eKGI8ANEeHMA Memaiy, OKCUOy Memany ma 6i0CYMmHi 8eNUYUHU:

Monsgpna maca | MonsipHa maca ,
Maca : : O0’eMm
Hqup oKCHY €KBIBaJIEHTA €KBIBaJIEHTA Maca H» H,
BapiaHTa M. r OKCUJTY MeTay m, T V(s y)
’ M s, T/ MOTIB M s, T/MOITB T
13 18 — - 0,4 -
14 - — 59 5 -
15 14,4 — — 0,2 _
16 36 — — — 1,12 oM
17 16 - - 0,6 —
18 - 28 - - 500 cm®
19 1,8 — - - 833 cM®
20 - - 20 25 —
21 - 20 — — 10 m®
22 — — 32 — 6 om°
23 - 40 - 12 -
24 12 — 17 - 7.9 om®
25 — 36 — — 5 om°
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3ABJAHHS 2
BYJIOBA ATOMA. MEPIOJUYHUI 3AKOH JI. I. MEHJIEJICEBA

ATOM CKJIQJa€ThCs 13 MPOTOHIB, HEUTPOHIB 1 €JICKTPOHIB. Y IIEHTPI aromMa
3HAXOAMUTHCS MO3UTUBHO 3apsIPKEHE PO, 10 CKIAJAE€ThCS 3 MPOTOHIB 1 HEHTPOHIB.
CroinpHa Ha3Ba MPOTOHIB 1 HEUTPOHIB — HYKJIOHHU. SIAPO OTOUEHE ENEKTPOHHOIO
XMapolo, sKa 3aiMae OUIBITY YaCTHHY 00'eMy.

IIpoToH — 1Ie MO3UTHBHO 3apsPKEHA YaCTHHKA, Maca SKOi JTOPIBHIOE OAHIM
aTOMHIN OJIMHUII MacH (a. 0. M.), a 3apsil yMOBHO JIOpiBHIOE +1.

HeiiTpoH — 11¢ eleKTpOHEWTpalibHA YacTHHKA, Maca SIKOi JOPIBHIOE OJIHIM
aTOMHIN OJTMHUILI MacH.

EnekTpoHn — 116 HEraTMuBHO 3apsA/KEHA YaCTHHKA, Maca SKOi JOPIBHIOE
0,00054 a. 0. M., a 3apsi1 YMOBHO JIOpiBHIOE —1.

Anpo Mae MO3UTUBHUMN 3aps]l, IKUI TOPIBHIOE KUTHKOCTI MPOTOHIB. KiJIbKICTh
MIPOTOHIB Yy 7Pl aTOMa BU3HAYAETHCS MOPSAIKOBUM HOMEPOM €JIEMEHTA B MEP10ANYHIMN
cucteMi. ATOM — I1€ eNIeKTPOHENTpalibHa YaCTUHKA. TOMY KIJIbKICTh IPOTOHIB B aTOMI
3aBXU JOPIBHIOE KUIBKOCTI €NEeKTPOHIB. OTXKE, nOpsa0KosuUll HoMep eJleMeHma 8Ka3ye
Ha 3aps10 50pa (Moomo, Ha KIbKICMb NPOMOHIE) | HA YUCIO eIeKMPOHI6 8 AMOML.

Maca aroma A4 (iHaKme MacoBe YUCJIO0) JOPIBHIOE CyMl MAC YCIX YACTUHOK, SIK1
BXOJIATH J0 CKJIady aToma. BpaxoByroum, 1o maca eIeKTpOHIB MOPIBHSIHO 3 Macolo
MPOTOHIB 1 HEUTPOHIB HE3PIBHAHHO Maja, MOKHA BBa)kaTW, IIO0 Maca aroMa
BU3HAYAETHCSI MACOIO MIOr0 MPOTOHIB 1 HEUTPOHIB. OTXKeE:

A=Z+N,
e A — MacoBe YHCIIO;
Z — 91CTo POTOHIB (MOPSIAKOBUN HOMED €JIEMEHTA);
N — 9KCII0 HEUTPOHIB.

Hanpuxnan, Kamnii K:
nopsiiKoBUil HoMep — 19; KinbKicTh MPOTOHIB — 19; 3apsg sapa — +19; KITBKICTB
enexTpoHiB — 19.

Cknan anapa: CKJ'IZaI[ ai(éMa:
Z=19 / -
Vs A =39
39 K — A=39 39 K <
SN + N =20
N =39-19 = 20 \e'—19

Bimomo, 1110 KiTbKICTh MPOTOHIB XapaKTEPU3YE 3apsi sSApa Ta HAICKHICTh aTOMY
70 TIEBHOTO XIMIYHOTO eJieMeHTa. SIKIIo aToOMM OJHOTO W TOTO CaMOTO eJIeMEHTa
MarOTh OJTHAKOBUIA 3aps/l sijpa (0THAKOBY KUTBKICTh IPOTOHIB), aJie Pi3HY Macy (pi3He
MacoB€ YHCJIO), IX Ha3UBAIOTh i130TONAMM OJHOTO U TOTO CaMOTO €JIeMEHTA.
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Hanpuxknan:

Z=8 Z=8 /2:8
120 — A=16 1;0 —A=17 YO —A=18
\N:8 \N:Q \N:10

AToMHa Maca e€JIeMEHTa B TEpIOAMYHIN CHUCTEM1 JOPIBHIOE CEPEIHBOMY
apu(METUYHOMY 3HAUYCHHIO Mac BCIX MOT0 130TOMIB 3 YpaxyBaHHIM iX MOIIMPEHOCTI
B IIPUPO/IL.

Tak, mpupomuuit Xmop — me cymim 77,35 % isoromy 5Cl i 22,65 %
35-77,35+37-22,65 _

= 35,453.
100

XIMIYHI BJIACTHBOCTI BCIX 130TOITIB OJTHOTO eJIeMeHTa oJJHaKoBl. OTke, XIMIUHI
BJIACTUBOCTI €JIEMEHTIB 3aJIEXKaTh Bl 3apsAly sapa aToma, a He BiJl HOro aTOMHOI MacH.
3apsn siipa aToMa — FOJIOBHA XapaKTEPUCTHKA €IIEMEHTA.

XiMiYHMIi eJIeMeHT — 1I€ CYKYIIHICTb aTOMIB 3 OJJHAKOBUM 3aps/IOM sipa.

Tomy nepioauunmii 3axkoH MenaeneeBa (HOPMYNIIOIOTh Yy TaKui CHocio:
81ACMUBOCMI eJleMEeHMIB, A MAKOHC YMEOPEHUX HUMU NPOCMUX | CKIAOHUX CHOLYK
nepebysaoms Y nepioOUuyHIl 3a1eHCHOCMI 810 8eUHUHU 3aps0) A0ep IXHIX amoMmie.

izoromy 7 Cl. Tomy Ar(Cl) =

BynoBa ejiekTpoHHOI 000/10HKM aToMa. KBaHTOBI unciia

EnexTpoHHa 000JI0HKA — 11€ CYKYIIHICTh €JIEKTPOHIB B aTOMI.

CraH eNeKTpPOHIB B aTOMI MOJKHA YSBUTH Yy BUIJISIAI €JIEKTPOHHOI XMapu
3 TIEBHOIO TYCTHHOIO CIICKTPUYHOTO 3apsay B Pi3HUX TOUYKaX HABKOJIO sapa. [IpuitaaTo
BBAXXATH, 1110 €JIEKTPOH 3aiiMae opOiTanb (a He opOity). EnexTpoHHI XMapu pi3HUX
€JICKTPOHIB 3HAXOIATHCS HA PI3HUX BIJICTAHAX BiJ Spa ¥ MalOTh pi3HY hOpMYy.

ATomHa opbiTanb (AQO) — reoMeTpUYHE YSIBICHHS MPO PyX €IEKTPOHA B ATOMI.
Taka ocobnuBa Ha3Ba (He opOiTa, a opOiTab) CBIAYUTH MPO TE€, MO PyX EJIEKTPOHA
B aTOMI BIAPI3HAETHCS BiJ KJIACMYHOTO PYyXy IO OpOITI ¥ OMHUCYETHCS 3aKOHAMHU
KBaHTOBOI MEXaHIKH.

AToMHa opOiTaJb — 1€ TPOCTIp HABKOJO SApa aTroMa, B SIKOMY WMOBIPHICTh
3HaXOJKEHHS enekTpoHa HaiBuina (90-95 %).

EnexkTpoHHY CTpYKTypy Ta BJIACTHBOCTI €JIEKTPOHIB aToMa BHU3HAYAIOTh
KBaHTOBI YHCJIA.

1. T'o10BHe KBaHTOBE YHMCJI0 N BU3HAYAE SHEPTIIO €JICKTPOHA B aTOMI i MOXKE
HaOyBaTH 3Ha4YeHb BiA 1 10 oo (TUIBKH 1111, TO3UTUBHI yncia). Yum MeHIe N, Tum
OUbIIIe eHEepris B3a€MO/Ii €JIEKTpOHA 3 SAPOM (TUM OJMKYE O siipa 3HAXOIUTHCA
eJNEKTPOH). ENekTpoHM 3 0JJHAKOBUM 3HAUYECHHSIM N YyTBOPIOIOTH CHEPTETUIHUI PIBEHbD.
KinbkicTh piBHIB, Ha SIKUX MEpeOYyBaIOTh €JIEKTPOHH, 301ra€ThCs 3 HOMEPOM TEPiofy,
y SIKOMY 3HaxXOJUThCA €JEMEHT Yy TMepioauyHid cucrteMi. Homepa mmx piBHIB
nmo3HavaroTh mudpamu 1, 2, 3,4, 5, 6, 7 (piame — mtepamu K, L, M, N, O, P, Q).

2. OpoiTtaabHe (M0GiuHe,) KBaHTOBE YHCJIO0 | BU3Hauae popmy opOiTai. Boro
MOJKe HaO0yBaTH 3HAYCHb TUIBKH KX Yrcen Big 0 1o (n — 1),

ne N — rojgoHe kBanToBe uncio. 1 =0, 1,2, 3... (n—1).
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Kpim uucnioBux, opOitanbHe KBaHTOBE YHCIO | Mae 1 JIiTepHI TO3HAYCHHS:

YucroBe mo3HadeHHs opOiTaibHOTro KBaHTOBOTO uncia (1) 0 1 2 3 4

JlitepHe MO3HAYCHHS S p |d |f g

Enextponu 3 omHakoBuUM 3HaueHHsM | yTBOproroTh miapiBeHb. [limpiBHi
MO3HAYAIOThCs Jitepamu S, P, d, f,... KimbkicTh eHepreTHYHUX MiAPiBHIB JOPIBHIOE
HOMEpY IEBHOTO EHEPreTMYHOrO pPiBHA, TOOTO 3HAYEHHIO TOJIOBHOTO KBAaHTOBOTO
yucna. Tak, Ha mepuioMy eHepreTMuHoMmy piBHI (N = 1) € oauH mijpiBeHb (S),
Ha JIPYrOMYy €HEepPreTUHIHOMY PiBHI (N = 2) MOXJIMBI TUIBKHU JIBA MAPIBHA (S 1 P), IS
skux | = 0 (s-migpiBens), | = 1 (p-migpiBens), Ha TpeTboMy (N = 3) — TpH MIAPIBHS
(s, p i d) i Tak gami. KiapKicTh €HEPreTHUHHUX IIAPIBHIB JOPIBHIOE HOMEPY MEBHOIO
€HEPreTUYHOTr0 PiBHS, TOOTO 3HAYEHHIO TOJIOBHOTO KBAHTOBOTO YKCIIa N.

[linpiBH1 BIAPIZHSAIOTHCS OJWH BiJ OJIHOTO EHEPTri€l0 3B 53Ky €JICKTPOHA
3 AIPOM.

Opbimani 00noeo niopiens (I = const) maroms 00naxo8y enepeio ma opmy.
S-opOitanb Mae chepuuny Gopmy, p-opoOitamb Mae (opmy raHTtenmi (Bicimku), d-i
f -opGiTaii MaroTh CKIIQIHIII POPMH.

[To3HaueHHs1 opOiTail BKIIOYAE HOMEpP €HEPreTUYHOro PIBHS M JITEpy, IO
BiJINIOBiTa€ eBHOMY mipiBHIO: 1S, 3d — opOiTais.

OTxe, €Hepris eJIeKTpOoHa B aToOMi 3aJeXUTh HE TUIbKK BiJ 3HAYEHHS
TOJIOBHOTO KBAHTOBOT'O YWCIIA N, ajie W BiJ 3HA4YCHHs opOiTampbHOro ymcia l. A 1e
O3Hauae, 10 eHePrisl eJIEKTPOHA B ATOMi BU3HAYAETHCS CYMOIO 3HaYCHb TOJIOBHOTO
i1 OpOITAILHOTO KBAaHTOBMX urcea N + |.

3. MarniTHe KBaHTOBe 4HcJ0 M, XapakTepusye OpIEHTAIlI0 aTOMHOI
opOiTaii B MArHITHOMY TOJ1 ¥ MOKE€ y MEKax MEeBHOTO IMiAPIBHS NMPUAMATH 3HAYCHHS
iaux yucen Bix —| mo +l , 30kpema 3HaueHHs Hysb. ToOTO M, AT JaHOTO 3HAYCHHS

| 6yne matu (21 + 1) 3Hauens. Tak, npu | = 0 (e S-opOitanp) MoxiuBe Tinbku M, = 0.
Ile o3Hauae, mo S-opOiTalib Ma€ OJHAKOBY OPIEHTAII0 BIJHOCHO TPHOX OCEM
koopauHat (puc. 2.1, a). IIpu | = 1 (p-opGitame) M, moxke HaAOyBaTH TPHOX
3Hayens: —1, 0, +1.

ITe o3Havae, 1110 MOXKYTh ICHYBaTH TpHU P—opOiTam (Px, Py, Pz) 3 OplE€HTALIEO
3a KOOPJAMHATHUMH ocsiMu X, Y, Z (puc. 2.1, 6). Ilpu | = 2 (d-opGitans) M, moxke

HaOyBaTH 1’ sTh 3HaueHb: —2, —1, 0, +1, +2. Ile o3Hauae, MO MOXe ICHYBaTH I’ ATh
d-opbGiTaneii i Tak maii.
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S-opOiTaih Px-OpOiTah py-opOitans p-opOitaib
a 0
Pucynok 2.1 — 3o0paskeHHs1 aTOMHUX opOiTajeil: a — S-opbitains; 6 — p-opbiTans

MarHiTHe KBaHTOBE 4YHCJIO BHU3HAYa€ KUIBKICTh 3HA4Y€Hb OpOiTasie Ha
M1JIP1BHI, 110 JOPIBHIOE KIJILKOCTI 3Ha4YeHL M, .

OpbitanbHe KBaHTOBE Marsitse kBanTose uco (M, Yucno opbitaneii 3 1aHuM
yuco (1) ) ' sHayeHHsM (21 + 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

OpOitani 300paxyrOTh Y BUTJIAl €HEPreTUYHUX KOMIPOK, KUIbKICTh SIKMX Ha
MEBHOMY TIJPIBHI BU3HAYAETHCS KUIHKICTIO 3HaY€Hb MArHITHOTO KBAaHTOBOTO YHCIIA
m =2l +1.

. J ot v = rrr 435 crrFrrq
S p d f

4. CniHoBe KBaHTOBE YHCJI0 Ms MOXKe HaOyBaTH TUIbKH JBOX 3HAa4eHb +1/2 1 —
1/2. BoHu BiAMOBIIAIOTH ABOM MOKJIUBUM 1 MPOTHJICKHUM OJIMH OJTHOMY HaMpSIMKaM
BJIACHOTO MAarHiTHOrO MOMEHTY €JIeKTPOHA, 0 HA3UBAIOTh CIIHOM (BiJ aHTJI. spin —
BepeTeHo). g mo3HAayYeHHs EJNEKTPOHIB 3 PI3HUMH CIIIHAMH BUKOPHUCTOBYIOTH
cumBormm: T 1.

OTXe, CTaH €JIEKTpOHAa B aTOMI BHU3HAYAETHCS 3HAYEHHSMU BCIX YOTHUPHOX
KBAaHTOBUX YHCEN, SKI XapaKTEPHU3YIOTh CHEPTil0 E€JICKTPOHA, HOoro cImiH, (hopMmy
€JICKTPOHHOIT XMapH Ta ii OpIEHTAIIII0 Y TPOCTOPI.

EnexrTponHi i etekTpoHorpadgiuui popmyiin

BynoBy enekTpoHHUX OOOJOHOK AaTOMIB 3allUCYIOTh 32 JOMOMOIOIO

€JIEKTPOHHUX (HOPMYII.
Enextponna dopmynaa — ne ¢opma 3amnmcy ejIeKTpOHHOI OyIOBH aToma
eJIeMEHTa 3 PO3MOIJIOM €JEKTPOHIB 32 PIBHSIMHU Ta MiAPIBHIMHU.
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3anuiemMo enekTpoHHY OyaoBy aroma ['iaporeHy, mpu bOMY CKOPUCTAEMOCS

TaKoro (popMoIo 3arucy:
CUMBOJI KUTBKICTh €JIEKTPOHIB Ha

eIEMENTa / MiapiBHI
1
H 15

MiapiBeHb (TUI OpOiTai)
HOPSAIKOBHIA / \
HOMEDP HOMEp €HEPreTUYHOTO PiBHS
(KUIBKICTD €JIEKTPOHIB) (roJI0BHE KBAHTOBE YHCJIO)

[TocnigoBHICTh 3allOBHEHHS €MEKTPOHAMH EHEPreTUYHUX PIBHIB 1 MiAPIBHIB
BU3HAUYAETHCS 000B’A3KOBUMU MPAaBUIIAMHU:

Hpunuun Iayui: 6 amomi ne modice icrysamu 060x en1eKmpoHié 3 00HAKOBUMU
3HAYEHHAMU 6CIX YOMUPLOX K8aHMOoBUx yuces. HaciigkoM 1boro npaBuia € Te, o Ha
OIHIA opOiTani He MoXe MnepedyBaTH MOHAJA JBa EJIEKTPOHU 3 MPOTUIIEKHO
CHPSIMOBAaHUMHU CIIIHAMM:

— HECIIAPEHUU E€JIEKTPOH;

— CHapeHl €JNEeKTPOHU (3 aHTUIApANCIbHUMH a00 MPOTUIIEKHO
CIOPSIMOBAaHUMHU CIIIHAMHU ).

BuxopucroBytoun mnpunuun Ilaymi, MokHa po3paxyBaTh MaKCUMaJbHY
KUIBKICTb €JI€KTPOHIB HA EHEPreTUYHOMY P1BHI U MIAPIBHI.

[TigpiBeHn Yucno opOitaneit MaxkcumanbHa KiTbKICTh
eJIEKTPOHIB
S 1 2
p 3 6
d 5 10
f 7 14

MakcumanbHa KUIBKICTH  €JeKTpoHIB N Ha eHepreTM4yHoMy piBHI

00YHUCITIOETHCS 32 POPMYIIOO:
N =2n?,
7€ N — rOJIOBHE KBAaHTOBE YHCIIO.
IpaBuno I'ynpa: cymapne cninoge uucio enekmpownié 0aHo20 RNIOPIGHS

NOBUHHO OYMU MAKCUMATILHUM.

Hanpuxnan: Ha 2p-migpiBHi MOTpiGHO pO3MICTUTH TpH enekTpoHa (2p°).
Mo>kJIMBI J1Ba BapiaHTH PO3MILLEHHS:

— CyMapHHUH CIiH JopiBHIOE 3/2, BianoBigae npaswmiy ['yH7a;

8 I CYMapHUU CITIH JopiBHIOE 1/2, He BianmoBigae npasuiy ['yHaa.
CralimpHOMY CTaHy €JIEKTpOHA B aTOMi BIAMOBIJAa€ MiHIMalbHE 3HAYCHHS
roro eneprii. Byap-skuil 1HIMI HOTO CcTaH € 30y/KEHWM, HECTAOUTHhHUM, 3 SKOTO
€JIEKTPOH CaMOJIOBIJILHO TIEPEXOUTh Y CTaH 3 OUTBII HU3BKUM piBHEM eHeprii. Tomy
NOCNI006HICMb  3ANOBHEHHSI EJIeKMPOHAMU eHEePeemUYHUX pIGHI6 BU3HAYAEMbCA
NPAsUIOM HAUMEHUL020 3anacy eHepeii. 3a MPUHIUIIOM MIHIMYMY €Heprii MepImMu

20



(B OCHOBHOMY CTaHi aTOMa) 3allOBHIOETHCS €JIEKTPOHAMHU OpOiTaii 3 HaMEHIIUM
3amacoM eHeprii. Lle mojgoxxeHHs yTOUHIOEThCS paBuiioM KileukoBChKOTO.
IIpaBuia KieukoBCcbKOrO: 3aN06HEHHA e1eKMPOHHUX niopisHie
31 30i1bUEHHAM NOPSAOK0B8020 HOMEPA AMOMA eleMeHma 8i00y8aemvcs 8i0 MeHUI020
snauenns cymu (n + 1) 0o 6inbuiozo snauenns cymu (N + 1) — mepiie npasuio.
3a oonakosux 3nauenv cymu (n + 1) 3anosnOOMbCA CNOYAMK)Y eHepeemudHti
niOpi6HI 3 MEHUUM 3HAYEHHAM 20JI08HO20 KBAHMOB020 Yucia N — Ipyre IpaBuilo.
Jlyst Toro, 00 HamMCcaTH eIEKTPOHHY (HOpMYITy aToMa, He0OXiTHO 3HATH HOTO
MOPSIIKOBUI HOMEp y Tabymii MeHpeneeBa (BiH BIANOBIAAE€ KUTBKOCTI €IEKTPOHIB)
1 HOMep nepiony (BKa3zye Ha KUTbKICTh €HEPreTUYHHX PIBHIB).
Hanpuknan, 3amumemo enekTpoHHy ¢opmyny Hitporeny (mopsiakoBwuid
HOMED CiM, Tiepion — npyruii). B atomi HitporeHny 7 e1eKTpoHiB 3HaXOIATHCS HAa JTBOX
EHEePreTUYHUX PIBHAX. MU BXkKe 3Ha€EMO, 110 Ha 1 PiBHI € TIJILKU OJIMH MiJIPIBEHb, KU
HA3UBAETHCS  S-TIJPIBEHb, 1 HA HbOMY MOXYTb 3HAXOJIUTHhCS MAaKCHUMaJbHO JIBa
enexTponu: 15%. Ha 2 piBHi € 1Ba miapiBHa — S i p: 252p. Ha apyromy eHepreTHaHOMY
piBHI HaM NOTPiOHO po3micTUTH 7 — 2 =5 enekTpoHiB: 25°2p°. EnekTpoHHy Oyn0BY
aroma HiTporeny Mo)kHa 3anmcaTy 3a JOIoMoroo Takoi Gpopmymn: ;N : 1s22522p3,

(t1t]1]
Tl 203
26"
152 — rpadiuHa enexkTpoHHa Gopmyiia (TpH €IEKTPOHU

Ha 2P-TapiBHI PO3MIIIYEMO TaK, 100 CyMapHUM CITIH OyB MaKCUMAJIbHUM).
CxianHimie 3aroBHIOIOTHCA  €JIEKTPOHHI OOOJIOHKM aTOMIB  €JIEMEHTIB
YETBEPTOro MEPIoy, KOKEH 13 SIKUX Ma€ YOTUPH €HEPTeTUYHUX PIBHA. 3arUIleMo,
HaIPUKJIIAJ, eIEKTPOHHY (POpMYITy Ta CXeMy eJIEKTPOHHOI CTpYKTypH atoma Kautiro.
1 K1 1522522p°%3523p°4s?

.T.

4st

Tiiti|tl
3p6

Tl 3

332

Ha TperboMy eHepreTHUHOMY piBHI € TpW MmiapiBHA: S, P 1 d, ame micis
3alOBHEHHs 3p-op0OiTaii 3amoBHIoBaTHCs Oyae He 3d, a 4S-opoitaib. Lle BigOyBaeThes
BiMOBIIHO 10 paBuia Kineukoseskoro. Crpasai, s 3d-miapisas (N = 3, | = 2), Tox
cyma (N+1) =5, a nna 4s-miapisas N =4, | =0, omkxe N+ | =4, Ockiabku eHepris
As-migpiBHSA MeHIa, HiK 3d-miApiBHA, TO 16 O3Ha4yae, mo 4S-miapiBeHb Oyne
3aMOBHIOBATUCS PaHILIE.

3 ypaxyBaHHsSM mpaBuid KIEYKOBCHKOTO TOCIIOBHICTh 3allOBHEHHS
€JIEKTPOHAMH €HEPreTUYHUX PIBHIB 1 MIJIPIBHIB ATOMIB €JIEMEHTIB MAa€ TAKUN BUTJISI:

15<25<2p<3s<3p<4s<3d<4p<5s<4d<5p<6s<4f~bd<bp<7s<5f~6d<T7p.
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Ilepionnuna cucrema eneMeHTIiB (Tabaunsa MenaeneeBa) — knacudikaris
XIMIYHUX €JEMEHTIB, IO JO03BOJISIE BHUSIBUTH 3aJIEKHICTh iXHIX BJIACTHBOCTEH BIJ
KUTIBKOCTI TIPOTOHIB y aroMHOMY siipi. CrodaTrky cuctema po3polsieHa poCiichbKuM
ximikoM 1. I. MenaeneeBuM Ha mijicTaBl BIAKPUTOro HUM y 1869 polii nmepioAMIHOTro
3aKOHY 3aJIe)KHOCTI BIIACTUBOCTEH €JIEMEHTIB BiJl aTOMHOI MacHu Ta € Horo rpadgiyHuM
BUPAKECHHSIM.

[lepioguyHa cucTeMa CKIAIAEThCS 3 IEPIOAiB 1 TPYIL.

Ilepiox — 11e TOpU3OHTANBHUN psAl. YCchoro B Tabmuili 7 mepioais. [lepmmii,
apyruii 1 tpetit mepiogu (1, 2, 3) ckiagaroThCs 3 OJHOTO PsIy W HA3UBAIOTHCA
Manumu. 4, 5 1 6 mepiogu CKIaNalThbes 13 BOX PAIIB 1 HA3UBAIOTHCS BEIIHMKUMHU.
7 Tepio CKIaIa€ThCs 3 OJJHOTO Py (HE3aKIHUCHHHN ).

I'pyna — e BepTUKambHUI CTOBHENb. YChoro BiciM rpymn. Homep rpymm
no3HaueHo puMmcbkumu tudpamu (I, 11, 111 ...). Koxxna rpyna cknagaeTbes 13 JBOX
niArpyn: rojaoBHoi (A) 1 mo6iuHoi (B).

VY ronoBHy miarpymy (A) BXOASThH €JIEMEHTH MAJIUX 1 BEJIUKUX MEPIOJIiB.

VY no6iuny niarpymy (B) BXoaaTh €1eMEHTH TIJIbKU BEJIUKUX MEPIO/IIB.

Hampuknan, y mnepmomy Imepiol pO3TalloBaHI TUIBKKA JiBa €JIEMEHTH:
INaporen 1 'emiit. ¥ nepmmiii rpymi (I)

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

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

Po3ranryBaHHs XIMIYHOTO €JIEMEHTa B MEPIOJUYHINA CHUCTEMI BU3HAYAETHCS
OyJI0BOIO aTOMa Ta oro BIaCTUBOCTSIMHU.

IMopsaakoBuil HOMep ejeMeHTa BHU3HAYA€ 3aps] sApa aroMa il KUIbKICTb
€JIEKTPOHIB.

Homep nepioay — KUIbKICTh €HEPTE€TUUHHUX PIBHIB.

Homep rpynm — KuUIbKICTh €J1€KTPOHIB Y 30BHIIIHBOMY €JIEKTPOHHOMY ILIapi
aToma. Ycboro rpyn BiciM. KiIbKICTh €IEKTPOHIB Y 30BHIITHBOMY IIapi BCIX aTOMIB
He OUTbIIIE BOCHMH.

3aJIe’)KHO BiJ TOTO, SIKAW MiAPIBEHb 3aMOBHIOETHCS €IEKTPOHAMHU OCTaHHIM,
CNIEMCHTH TOMAUISIOTh TaK: S-eremenmu, P-eremenmu, d-eremenmu, 1 f-enemenmu
(eIeKTPOHH1 CIMEICTBA).

MakcumanbHa KiJIBKICTh €JIEKTPOHIB Ha S-opOiTaii — aBa. ToMy B KOXHOMY
nepioni € ABa S-eremenmu. MakcuManbHa KUTBKICTh €JIEKTPOHIB Ha P—opOitaii —
mricte. ToMy B KOXHOMY Iepiofi (KpiM HEpILIOro i CbOMOI0) € IIICTh P-ereMeHmis.
MaxkcuMaibHa KiIbKICTh d-etemenmie — necsith, f-eremenmie — 9oTHpHAALATS.
CTpyKTypa MEepioJUIHOI CHCTEMH €JICMEHTIB BU3HAYAETHCS CIIEKTPOHHOIO OYyI0BOIO
aTOMIB.

Ipuknaau po3B’si3aHHA 32124

Mpukaag 1. Snpo atoma enementa mae 16 mpoToHiB 1 16 HEUTPOHIB.

BusnauuTt: a) KITBKICTh €JIEKTPOHIB B aToMi; 0) MOPSIKOBUN HOMEP €JIEMEHTA;
B) aTOMHY Macy €JIeMEeHTa. 3aicaTu eIeKTPOHHY (OpMYJTy aTOMa il Ha3BaTH €JIEMEHT.
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Po3B’s13aHH4:

a) OCKIJIbKH YHUCIIO IIPOTOHIB y aTOMIi JOPIBHIOE YUCIY €JICKTPOHIB, TO JaHHM
€JIEMEHT MICTUTh 16 €JIeKTPOHIB;

0) 3apsj sapa AOPIBHIOE KIIBKOCTI IIPOTOHIB Y aTOMi H YHCEIBbHO BIIIOBIIa€e
MOPSKOBOMY HOMEPY €JIeMEHTa B MepioaudHiid cuctemi. OTxe, MOPSAKOBHIA HOMEP
enemenTa — 16, ue — Cynsdyp S;

B) BIJIHOCHA aTOMHA Maca eJIeMEHTa JIOPIBHIOE CyM1 IIPOTOHIB 1 HEUTPOHIB:

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

Enextponna gpopmyna Cymsdypy: 1s? 2s22p° 3s? 3p*.

Enextponny op6itaib rpadigao 300paxaroTh y BUTIISII KBAApaTa, a eIeKTPOHH
— y BUINIAAI CTpiyiok. Tak, 3amucana Buile enekTpoHHa ¢opmyna Cymbdypy mae
BUTJISI;

Hitit
T 4

] 5 7
2p6

11
T1 25*

1s2

Ipukaaa 2. Busnauutu Miciie B IEp10UYHIN CUCTEMI €JIEMEHTa, aTOMU SIKOTO
29029n62e22n62{541
MaloTh €JICKTPOHHY CTPYKTYpy 15°25°2p°35-3p°3d°4s-,

Po3B’si3aHHA: naHuii eneMeHT 3HaxoauThes y IV mepioni, 60 Horo enekTpoHu
po3MiiieH1 Ha 4 eHepreTuyHuX piBHAX. CyMa eleKTpoHiB — 24, OTKe, MOPSAKOBUI
HoMmep eneMenTa Tex 24. Cyma enekrponis 3d°4s! mopisHroe 6, 0 BianoBigac HOMEpPY
rpynu aadoro enementa. Ille Xpowm (Cr).

BuxkonaTtu 3aBaaHHA

3aBaanns 2.1 JIy1s HaBeIeHUX y TaOIMIN TIap €JIEMEHTIB HEOOX1THO:

— CKJIACTH €JIEKTPOHHI 1 eleKTpoHorpadiuni Gopmyiu;

— JIaTH TOPIBHSJIbHY XapaKTEPUCTUKY XIMIYHUX BJIACTUBOCTEH €IEMEHTIB,;

— BHU3HAYMTH, 0 SIKOTO €JIEKTPOHHOTO cimeictBa (S-, p-, d-, f-) HamexaTsh
€JIEMEHTH,

— BKa3aTH, Ky BaJCHTHICTh MAIOTh Il €IEMEHTU B OCHOBHOMY 1 30Y/KEHOMY
CTaHi;

— cxyactd (OpMyJM BUIIUX OKCHIIB €JIEMEHTIB 1 BKa3aTH iXHIH Xapaktep
(KUCIIOTHUMA, OCHOBHUM, aM(pOTEpHUI).

— 3a3HAYUTH, AKUH 13 JBOX €JIEMEHTIB Ma€ OUIbIILY €1eKTPOHETaTUBHICTD.
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Howmep Ha3zBa ennementa Howmep Ha3zBa enemenra
BapiaHTa BaplaHTa

1 2 3 4
1 Cumii, Tutan 14 Tenyp, Monibnen
1 2 3 4
2 docdop, Banamiii 15 Kamiit, Kynipym
3 Xpowm, Cynsdyp 16 AprenTym, Mon
4 Masnrasn, Xiop 17 Hupxoniit, ['epmaniii
3) Apcen, Hiob1i 18 Apcen, Bananiit
6 Cenen, Momni6aen 19 Itpiit, [amiit
7 Turan, ['epmaniit 20 bpom, Manran
8 Py6iniii, ApreHTyM 21 Cynbdyp, Monibnen
9 Ckanmin, ["amiin 22 Crponmiit, [uak
10 Bananiii, Apcen 23 Won, Texueniii
11 Amominiit, CKaHIif 24 Kampmin, [{uak
12 Harpiit, Xnop 25 Cenen, XpoM
13 bpowm, Texuemi

3aBnanns 2.2 Cepen HaBeJACHHX €IEKTPOHHUX KOH(Irypamii BKazaTu
HeMOkJHBI. [10SICHUTH MpUYKMHY HEMOXKIIMBOCTI iX peainizallii y He30yIKeHOMY CTaHi
aToMa.

Homep | Enextponni kondiryparmii | Homep | Enexkrponni kondirypairii

BapiaHTa BapiaHTa
1 2d3; 4p? 14 4p?; 310
2 4s®; 5d° 15 4d™; 4f°
3 2d?; 3d%4s? 16 4p*; 3s®
4 2p?3st; 3d® 17 3p°; 1d3
5 4f1; 3p8 18 2d°; 3s?
6 4p3; 2 19 5p*6st; 414
7 4st; 4p’ 20 4s* 38
8 3d*?; 5p® 21 3p°; 3f°
9 1p3; 3d® 22 3d0; 4p?
10 1d2; 4p° 23 3dt; 4f12
11 3p°®; 3s°3p! 24 213, 3p®
12 2p*; 3d04s° 25 2p°; 2d*
13 3f%; 2p°

3aBaanHs 2.3 3a3HaYNTH, Y SKHUX MIEpiojiax, rpynax Ta mArpymnax nepiognyHoi
CUCTEMH MICTATbCA €JEMEHTH, SKIIO BiJoMa OyaoBa 30BHINIHIX EJIEKTPOHHHUX
00070HOK aTomiB. HaBecT Ha3BM €JIEMEHTIB, BKa3aTH KIJIbKICTh IPOTOHIB,
€JIEKTPOHIB 1 HEUTPOHIB B aTOMax.
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Homep Bbynosa 30BHiIIHIX Howmep BbynoBa 30BHIIIHIX
BapiaHTa | CJICKTPOHHUX OOOJIOHOK | BapiaHTa | eJEeKTPOHHUX 00O0JIOHOK
1 2 3 4
1 2p°®3s?; 4s%4p® 14 6s%6p?; 3d1%4s?
2 3d*%4s2?; 6526p? 15 2p°®3s?; 3d%4s?
3 3d%4s?; 5pb6s! 16 4p%5st; 5d'6s?
4 3s23p?; 2p°3st 17 6d27s?; 4d85s!
5 Ad°5s?; 4524p° 18 5d%6s2; 6p°7s?
6 5d%6s?; 3p°4s? 19 4s24p*; 3d74s?
7 5p%6s?; 6s26p? 20 3d84s?; 5s%5p°
8 5d*6s?; 4d105s2 21 5p%6st; 5d°6s?
9 6s%6p°; 2s22p* 22 5s%5p?; 6p°7s?
10 3pP4st; 5d°6s? 23 3s%3p?; 5s25p°
11 5s%5p°; 5d'6s? 24 5d%6s?; 152252
12 4p55s?; 3d%4s? 25 5s25p?; 4d25s?
13 3s23p°; 1s22s!

3aBnanns 2.4 Hanucatu enexkTpoHHI POpMYJIM HACTYITHUX HOHIB!

Homep BbynoBa 30BHIIIHIX Howmep BynoBa 30BHIIIHIX
BapiaHTa | CJICKTPOHHUX OOOJOHOK | BapiaHTa | eJEeKTPOHHMUX 00OJIOHOK

1 Mg?*, I- 14 Ca®"; Te*

2 Fe?*, O 15 Mo?*, F~

3 Ca?*, S* 16 P3-, Be?*

4 Mn?*, Br- 17 Sc®, CI-

5 Fed* N~ 18 Li*, F

6 Cu®*, F~ 19 Cr¥*, Br

7 Ba?*, CI- 20 A3t S*

8 Cr3*, p* 21 H*, Te*

9 Pb?*, I 22 Co?*, P*

10 Sn?*, 0% 23 Cl, APF*

11 Mg?*, CI; 24 Br: Bi®*

12 N*, Na* 25 0%, Ca*t

13 Al¥*, S=;
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3ABJIAHHA 3

XIMIYHA KIHETHKA M XIMIYHA PIBHOBAT A

Po3zain ximii, 110 BUBYA€E MIBUIKICTH NEpedIry XIMIYHUX peakilii, Ha3UBa€ThCs
XiMiYHOK0 KiHETHKOIO.

XiMiYHA KiIHETHKA BUBYAE SIK TOMOTE€HHI, TaK 1 T€TEPOTEeHHI PEaKIIii.

['oMorenH1 peaxiiii BiI0yBalOTbCSI B OJHOPIHOMY CEPEAOBHUII (TOMOTEHHiN
CHUCTEMI) B YChOMY 00'€Mi CUCTEMH.

I'eteporenni peakiii BiAOyBarOTbCSI B HEOJHOPITHOMY  CEPEIOBHIIII
(rereporeHHi cuUcTeMi) — MDK pPEUYOBHHAMH, sIKI IepeOyBaioTh y pi3HUX (Dazax.
XiMmigHa B3a€MOJis y IIbOMY pa3i BiI0YBAE€ThCS HA MEXK1 PO3MOILTY ¢a3.

[IBuAKICT, peakilii XapakTEePU3YEThCS 3MIHOIO MOJSPHOI KOHIIEHTpAIlii
OyJIb-SIKO1 3 BUX1THUX pEUOBHUH a00 KIHIIEBHX MPOAYKTIB PeaKIlii 3a OJJMHUITIO Yacy.

J171s1 TOMOTE€HHO1 peakilii MOKHa 3aMucaTy sK:

C,—C AC
V= i—rj —rj = iA_r [Monb/(11-¢)],
ne V — MBUIKICTh PEaKIii;
C1 1 C, — MOJIIpHI KOHUEHTpALIi1 OJHIET 3 pearyrounux peyoBUH y p13HI MOMEHTH 4acy
T1 1 T2 BIAIIOBIIHO.

3HaKU «+» 1 «—» BKa3yl0Th, 32 SIKOIO 3 PEYOBUH BU3HAYAIOTh IMIBUAKICTH PEAKITI:
SKIIO 32 BUX1JTHOIO, TO CTaBJIATh 3HAK «—» (KOHILIEHTpAIlisl BUX1JHUX PEUOBUH 1] 4ac
nepebiry peakmii 3MeHmyetbes, AC < 0, mpoTe MBHAKICTh 3aBXIW BEIMYMHA
MO3UTHBHA), SIKIIO 32 KIHIIEBOIO — 3HAK «+.

[IBUAKICT XIMIYHOI peakiii 3ajleXuTh Bl NPUPOAH pPEaryruuXx PEYOBHH,
iXHbOI KOHIIEHTpalli, TEeMIEpaTypu, a TaKOX BiJ MPUCYTHOCTI KaTaJi3aTopa
(peuoBMHA, SKa MPUCKOPIOE PEakilifo, a cama MPH I[bOMY HE 3MIHIOEThCS), a0o
iHrioiTopa (peyoBuHa, siKa CIIOBLIBHIOE PEAKLIIIO).

3aie’KHICTh MBHUIKOCTI XIMIYHOI pEaKIIil B1J1 KOHIIEHTPALlll pearyouux peuoBUH
BHU3HauaeThesl 3akoHOM J1i mac (3akoH K. M. I'ynpabepra 1 I1. Baare): weuokicmo
XiMiyHOT peaxyii 3a cmanoi memnepamypu npsamMo NPONOPYIUHA O0OYMKY
KOHYEeHmMpayiti  peazyiouux pedyosur y CHMYNEeHAX, WO OOpPIGHIOIOMb  IXHIM
cmexioMempuyHuUM Koe@iyicHmanm.

Jlns peakii aA + bB — cC + dD 3akoH aii Mac MOXHa 3alucaTy Tak:

V=k[AT[B]",
ne [A] u [B] — MmonsipHi KoHIIeHTpallii pedoBUH A 1 B;
a1b — crexioMeTpuyHi KOePIliE€HTH;
K — koeiIieHT TPOMOPLIHHOCTI, 1110 HA3UBaIOTh KOHCTAHTOIO IIBUIKOCTI PEaKIIil.

JIisi TeTeporeHHUX peakiiii y BUpa3 MIBUIKOCTI KOHIIEHTpAIlis TBEPIAUX
PEYOBHH HE BXOJHTb.

Hanpuknan, ns peakuii C,,) + O,y =CO,,) mBuakicts peakuii 3amucyerscs
SK.

VvV =k[O,]
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Koncranta mBuakocti (K) peakmii BimmoBimae IIBUAKOCTI — peakiii
3a KOHIIEHTpAaIlill pearyrounx pedoBHH, 10 JOPIBHIOIOTH | MOJIB/I.

3 MIABUIIEHHSIM TEMIIEpaTypH IIBUIKICTh XIMIYHMX peakIlii 31e0UIbIIOoro
3pocTae. 3riHo 3 npaBuioM Bant-I'odda: npu nigBuieHH1 TeMriepaTypyu CUCTEMU Ha
kokHi 10 TpamyciB MBHAKICTH OUIBIIOCTI peakiiiii 3pocrae B 2—4 pasu, abo
MaTeMaTHYHO:

Vt tZ_tl
Vt ’
1
ze VtZH th — IBUAKOCTI peakiii BIAMOBITHO 3a Mo4YaTKoOBOI t; 1 KiHIEBOi f

TeMIIepaTyp;
Y — TeMIepaTypHUid KOEPIIIEHT IIBHIKOCTI peakxilli, KUIbKICHE 3HaYEHHS SKOTO
MOKe OyTH LM a00 APOOOBHUM.
XimiyHa piBHOBara B 000poTHUX peakuifax. OO0OpOTHI peakiii BiI0yBalOThCA
AK Y IPSIMOMY, TaK 1 B 3BOPOTHOMY HAIPSIMKY.
aA + bB == ¢C + dD (obopoTHa peaxiris);
aA + bB — cC + dD (mpsima peakitisi);
cC + dD — aA + bB (3BopoTHa peakitis);
Vap = kip[AF[BT?; Vi = k[CIFDT”
XimiuHa piBHOBara — 1€ TaKuil CTaH CUCTEMH, 3a SIKOTO MIBUIKOCTI MIPSIMOi Ta
3BOPOTHOI peakuiil cTatoTh 0JqHaKOBUMU (Vp = V). KiIbKICHOIO XapaKTepUCTHUKOIO
XIMIYHO1 pIBHOBAru € ii KOHCTaHTA.

Jlnst o6opoTHOT peakirii
c d
K, _[CT[D]

k. [AT[B]"

ne K — koHCcTaHTa XIMIYHOT pIBHOBAry;
[A], [B], [C], [D] — piBHOBa)kHI KOHIIEHTpAIlii (KOHIIEHTpAIII, III0 BCTAHOBJIIOIOTHCS
B CTaHI1 XIMIYHOI pIBHOBAaru) KOMIIOHEHTIB.

JIIsi  TETEepOreHHUX peakiiii y BHUpa3 KOHCTAHTH pIBHOBaru BXOISTH
KOHLIEHTpali TIJIbKA TUX PEYOBUH, SIKI IepeOyBarOTh y ra3oBiil ado pijkiil ¢a3i.

KoHcraHTa XiMI4HOI piBHOBarv BU3Havae rimOuHy nepediry nporecy B MOMEHT
JIOCSITHEHHSI CTaHy PIBHOBATH.

BrnuB 3MiHM 30BHIIIHIX YMOB Ha CTaH XIMIYHOi PIBHOBAaru BU3HAYA€THCS 3a
npaBWIIOM, sike aictano Ha3py npunuumy Jle Hlareawe: saxwo ma cucmemy, wo
nepebysac y cmaui pigHo8acu, NOOIAMU 3308HI, MO & cucmemi 8i00y8aMUMYMbCS
3MIHU, SKI nocaabaoms Yy 0iio.

Ha cranm XxiMiuHOi piBHOBarWm BIUIMBAIOTh TaKl UYMHHUKH: KOHIICHTpAIliS
pearyrouux peuoBHH, TeMIepaTypa, TUCK (TUTBKH JIJIsi TA30BUX CUCTEM).

BruiuB koHuenTpaunii Ha craH piBHoBaru. 3a npuHuunom Jle Illarense,
J0JIaBaHHSI O CUCTEMH OJIHIET 3 BUX1IHUX PEUOBUH CIIPUUYUHSE 3MIIICHHS PIBHOBAru
y 01K YTBOpPEHHSI IPOAYKTIB peakiiii, To0To BipaBo (Vi > V). JlonaBaHHsS IPOAYKTIB
peakiii 3Mmillye piBHOBary y OIK YTBOPEHHS BHXIJHUX PEYOBUH, TOOTO BIIIBO
(Vs > Vip).
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BniuB Temmnepatypu Ha ctad piBHoBaru. 3a npunuunom Jle llarense, mig
yac HarpiBaHHS CHCTEMH, III0 INepeOyBae y CTaHl piBHOBArd, OCTAHHS 3MIIIYETHCS
y OIK TOTO 3 JBOX MPOTWJIEKHO HAMPABICHUX MPOIECIB, SKUM CYyNpPOBOKYETHCS
NOTJMHAHHAM TerioTh (y OiK eHaoTepMiuHOl peakuii). OXOJIODKEHHS CIpHUSIE
3MIIIEHHIO pIBHOBaru y OI1K peakilii, sika CyIpOBOJKYETHCS BHIUICHHSM TEIJIOTH
(ex30TepMiuHa peaKiisi).

A+ B — C; +Q (-AH) — exk30TepMiyHa peaKIis;
A+ B — C; - Q (+AH) — engoTepMiuHa peakiiis

BnumB THcKy Ha cTaH piBHOBaru. TUCK BIUIMBAa€ HA CTaH PIBHOBArv TUIBKU
y Ta30BUX CHCTEMaXx, Y pa3i sSKIIO peakilis rnepedirae 31 3MiHOK 00’ €MIB pearyrounx
pPEYOBHH y razonoAioHoMy crtani. 3rimHo 3 npuHnunoM Jle I[llarenwe, miaBUIICHHS
TUCKY 3YMOBIIIOE 3MIIICHHA XIMIYHOI pIBHOBarM y HANpsIMKy TMpOIeCy, SKAN
CYHPOBOJIKYETHCA 3MEHILICHHSIM 00’€My (3MEHIIEHHSAM KIUJIBKOCTI MOJIEKYJ Ta3iB),
a 3HWKEHHS TUCKY — BUKJIMKA€E 3MILIIEHHS PIBHOBArk y NpOTUJIEKHUH OIK.

Hanpuxnan, nns peakiii

Vnp.
N2(r) + 3H2(r) —— 2NH3(F)
Vi,
y pa3l MiIBUIIEHHS THUCKY pIBHOBara 3MIIIY€TbCAd y OIK 3MEHIIEHHS KUIBKOCTI
MOJIEKYJI Ta3iB, TOOTO B O1K MPSMOT peaKiiii.

Ipuxaaau po3B’si3aHHdA 327124

Ipuxaan 1. Peaxiis nepe6irae 3a piBHaHHAM 2 NO + Oy = 2NO;. Koncranra
mBuaKocT wi€ei peakiii mpu 500 °C gopisaioe 0,18. BuxigHi KOHLEHTpaLli pearyrounx
peuoBuH Oyiau: [NO]o = 0,12 monb/n 1 [Oz2]p = 0,27 Moib/1. OOUKCTITh TOYATKOBY
MIBUIKICTh PEaKIil 1 MBUAKICTS ii, komu nmpopearysano 40% NO.

Po3B’s13aHHA; 3r11HO 3 OCHOBHUM 3aKOHOM XIMIYHOI KIHETUKH BUX1JHA MIBUIKICTH
MPSIMOT peaKilii JOPIBHIOE
Vo = kK[NO]3-[02]0 = 0,18- 0,122+ 0,27 = 7-10™* moms(11- ¢) %,

ne k — koHCTaHTa MBHUAKOCTI peaKIii.

Ha mowment, komu mpopearyBano 40 % NO, 3menmenus konneHtpamii NO
cranoButh 0,12-0,4 = 0,048 monp/n1, a koHIeHTpartii Oy, BIAMOBIIHO IO CTEXiOMETPii,
— 0,024 monw/n. OTXe, MOTOYHI KOHIIEHTPAIlii peareHTiB JOPIBHIOIOTh:

[NO] = [NO], - 0,048 = 0,12 — 0,048 = 0,072 mom/m;

[02] =[02]o — 0,024 = 0,27 — 0,024 = 0,246 mob/m.

Toxi moToyHa MIBHJKICTH PeaKITii:
V = k[NOJ? [0,] = 0,18-0,0722: 0,246 = 2,3 10™* monn(1- ¢)™.
IMpukaan 2. llIBuakicte ToMoreHHoi peakirii mpu temmneparypi 10 °C nopiBHIOE
2,36 102 monb(i1- ¢)!. BusHaure mBuaKicTh wici peakuii mpu Temmeparypi 60 °C,
AKIIO TeMIIepaTypHUN KOe(DIIIEHT MIBUIKOCTI peaKiiii TOpiBHIOE 2,3.
Po3B’s13aHHA: BIANOBIAHO 10 emmipudHoro npasuia Baut-I'odda mBuaKicTh
peakuii npu Temrepatypi 60 °C cTaHOBUTS:

V, =V, &0 = 36102 2,36040010 = 1 52 mo(n -¢) .
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IMpuxnan 3. 'omorenHa peaxiiis nepedirae 3a piBHAHHAM
A+3B=C+2D.

PiBHoBaxkH1 koHIeHTpallli peareHTiB: [A] = 0,31 monw/m; [B] = 0,16 Momb/m;
[C] = 0,22 monb/n. KoHcTanTa piBHOBaru nopiBHIOE€ 33,51. BusHauTe piBHOBaXKHY
KOHIICHTpaIlito peareHTy D, a TakokK BUX1JIHI KOHIIEHTpallii peareHTiB A 1 B.

Po3B’s13aHHs: 3a 3aKk0oHOM Jitounx Mmac ['yimpaoepra — Baare koHcTaHTa XiMigHOT
PIBHOBArH IIi€l peakiii
2
K = I:C:I ] [D]

" [AYE]

PiBHOBa)kHa KOHIIEHTpallisi peareHTy D nopiBHIOE:!

_ /Kp [A][B]  [3351.0,31.0,16° _
[D]= C] = 0.22 =0, 44 monw/m.

BianoBiiHo 10 cTexioMeTpli pIBHSHHSA peakilii 3MEHIICHHS KOHIICHTpallii
peareHTy A B mporieci peakiii gopiBHIoe 0,22 MOJIB/JI, @ 3MEHIIEHHsS] KOHIIEHTpaIlli
pearenty B — 0,66 monb/n. OTxe, BUXiTHI KOHIICHTpAIIIl [INX peareHTiB:

[Alo=[A] + 0,22 =0,31 + 0,22 = 0,53 moms/7,
[Blo=[B] + 0,66 = 0,16 + 0,66 = 0,82 M0B/m.

Buxkonaru 3aBJAaHHA

1. KoncranTa piBHOBaru roMOreHHO1 CHCTEMH
COwm + HoOp) == COxry + Hay
3a TMEBHOI TeMmriepaTypu AopiBHIOE 1. OOYUCIUTH PIBHOBAXKHI KOHIIEHTpAIli ycCiX
pearyrouux  peyoBHH, sKmo BuxigHi  koHmeHTpamii:  [CO] = 0,10 mons/m,
[H20] = 0,40 momn/m.

2. 3a3HaunTH, SKUMH 3MIHAMH KOHIIEHTpAId pearyrunx pPEdoBHH MOXKHA
3cyHyTH BrpaBo piBHoBary peakiiii CO; + C <= 2CO? SxuM TEIIoBUM €(PEKTOM
CynpoBOKYeThCsl yTBOpeHHs CO y miil peakuli, SKIIO MIJBUIIEHHS TEMIIEpaTypu
3MiILy€ piBHOBAry BIPaBo?

3. Ilpu HarpiBanHi NO; y 3aKpHUTiii HOCYANHI 10 IEBHOI TEMIIEpaTypH piBHOBara
peakitii 2NO; <= 2NO + O; BcraHoBumiacs 3a TaKUX KOHIEHTPAIii:
[NO-] = 0,06 monb/n, [NO] = 0,24 mons/n, [O2] = 0,12 Monb /1. 3HAWTH KOHCTAHTY
PIBHOBAru 3a I1i€i TeMiiepaTypu i BuxigHy KoHieHtpailio NO;.

4. Sk 3miHuTHCS WBUAKICTD peakiii 2NOy + Oyry) — 2NOyy), AKLIO:

a) 30UIBIINTU TUCK y cUCTeMI B 3 pa3u;

0) 3MeHIIUTH 00’ €M CUCTEMH B 3 pasu;

B) miABUITUTH KOHIIeHTpatio NO B 3 pazu?

5. ¥V CKUIBbKM pa3iB 3MIHUTBCS MBUIAKICTb peakuli 2A) + B — AxB),

SAKIIIO:
a) KOHIICHTpALlII0 peYOBUHU A 30IBIINTH B 2 pasu;
0) KOHLIEHTpAaLi}0 pEYOBUHU A 30UIBIINTH B 8 pa3iB.;
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B) KOHIIEHTpaIlil0 pedyoBrHH B 30inbmmTH B 4 pasu;

I') KOHIIEHTpPAIlII0 peUOBUHHU A 301JIBIINTH B 2 pa3u, a KOHIICHTPAIlII0 PEYOBUHH
B 3menmuTH B 2 pazu?

6. Cucrema C (papiy + COzr) <= 2CO() mepeOyBae B CTaHi pIBHOBArH,
AH =172,5 xJIx.

Bxkazaru:

a) sik 3MiHUTBCS BMICT CO y pIBHOBa)KHIM CyMIllll 3 TJBUIIEHHSM TeMIEpaTypH
pU HE3MIHHOMY THCKY;

0) sik 3MiHUTHCS BMICT CO y piBHOBaXKHIN CyMIIIl 3 POCTOM 3arajibHOTO THUCKY
IpU HE3MIHHIN TeMmeparypi?

7. PiBusanas peakiii: No+3H, <= 2NH;. Konnenrparis pedoBuH, mo 6epyTh
yuacth y Hil: [Np] = 0,80 mons/m; [Hz] = 1,5 mons/m; [NHs] = 0,10 monp /i
OOuuncIUTH KOHIISHTPAIIiI0 BOAHIO i amiaky, Koy [N2] = 0,5 moms/.

8. ¥ ckinbKu pa3iB HEOOX1IHO 301JIBIIMTH KOHIIEHTpAIlll0 peuoBUHU B y cucremi

2Am + B = A2B,
00 MpHU 3MEHIICHH]1 KOHIIEHTpaIlli pe4oBUHU A B 4 pa3u MBUIKICTh MPSAMOT peaxiii
HE 3MIHWIacs?

9. BuzHauuTH, SK 3MIHUTHCS IIBUAKICTH TPSIMOI Ta 3BOPOTHOI peakiliit

y 3a3HAUCHUX HM)KYE PIBHOBAXKHUX CHCTEMax IMPH 301IbIICHH] TUCKY BJBIYI:
Hy+ 1, << HI;
2NO + O, <= 2NO..

Ywm BIUTMHE TaKa 3MiHA TUCKY Ha CTaH PIBHOBArMW IIMX CUCTEM?

10. Hacatn BUpa3 aiss KOHCTAaHTH PIBHOBArd TaKOi TOMOTEHHOI CHCTEMHU:
N, + 3H; <= 2NHs. SIk 3MiHUTBCSA DIBHIKICTH HPSAMOI peakiiii YTBOPEHHS aMiaky,
SIKIIO:

a) 30UIBIIMTH KOHLEHTPALII0 BOJHIO B 3 pasu;

0) 3MEHIIIMTHA KOHIICHTPAIIIIO a30Ty B 2 pa3u?

11. Hanmcatu BUpa3 ajisi KOHCTaHTH PIBHOBArd TOMOT€HHOI CUCTEMU

250, + 0, <& 2S0s.

Sk 3MIHUTBCA MIBUIKICTH NPSIMOi peakiii yrBopeHHs SOs, SKIIO 301IBIIUTH
KoHuentpaiiito SO, B 3 pa3u?

12. Sk BruIMHE Ha CTaH PIBHOBArW peakIlii

1) 2H2(r) + 02(1-) = ZHzo(r); AH = —483,6 KI[)K;

2) CaC03(TB,) = CaO(TB,) + COZ(F); AH =179 KJIx:

a) MiABUILICHHS TUCKY;

0) MiABUILEHHS TeMIiepaTypu?

13.4x 1 YoMy mpu 3MIHI THUCKY 3MIUIYe€TbCA pIBHOBAara CUCTEMHU
N,+3H, <= 2NH3 i He 3mimyerses piBHoBara cucteMu No+O; S 2NO? Hanucaru
BHpA3 JIJIs1 KOHCTAHT PIBHOBArd KOXKHOT 3 PEaKIii.

14. Sx 3miauThes mBHAKICTE mpsmoi peakmii CO + Cl, <= COCIy, skmo
konnentpamis CO = 0,3 Moaws/n 30uIbIIMIACS 10 1,2 MOJIB/JI, @ KOHIICHTpAIIisA
Cl, = 0,2 monp/n 36ubmmunacs 1o 0,6 Moas/1?

15. PiBHoBara peakiii 2SO; + O, <= 2SOz BCTaHOBWIACS 3a HACTYITHHX
KOHIIeHTpamiid pearyrounx pedoBud: [SO,] = 0,1 momw/m, [O2] = 0,05 moas /n,
[SOs] = 0,9 monw/n. Po3paxyBaTu, sSIK 3MIHUTBCS IHIBHAKICT MPsAMOI i 3BOPOTHOI
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peaxiiif, Ko 3MEHIIUTH 00’ €M, SIKUM 3aliMaroTh ra3u, BABIYl. YU 3MICTUTHCS MPH
1IbOMY piBHOBara? BiamoBijib 1aTH HA MiACTaBl PO3PaXxyHKY.

16. Po3paxyBaTu KOHCTaHTY PIBHOBAru TOMOT'€HHOI CUCTEMH

COqy + H2Oqy <= COyry + Hom,
AKIIO PIBHOBAXKHI KOHIEHTpalii pearytouux peudoBuH [CO] = 0,004 monw/m;
[H20] = 0,064 mons/it; [CO2] = 0,016 moms/it; [H2] = 0,016 momns/i1. Sk BrutMBae 3MiHa
THUCKY B CHCTEMI Ha CTaH XIMIYHOI piBHOBAaru?
17. HanmcaTtu BUpa3 a1 KOHCTAHTH PIBHOBArd TOMOT€HHOI CHCTEMU
CH; + CO, <= 2CO + 2H.,.

SIx BapTO 3MIHUTHU TEMIEPATYpPy ¥ TUCK, 00 MiABUIIUTH BuXia BogHio? [Ipsma
peaxilisi yTBOPEHHsI BOJHIO — €HJ0TEpPMIYHA.

18. flx BrUMHE TIiABUINECHHS TUCKY TPH HE3MIHHINA TeMmIiepaTypli Ha CTaH
PIBHOBAru TakMX CUCTEM:

2HBr <= H; + Bry; —Q;
2C0O + O, <= 2COy; +Q;
N2 + O, <= 2NO; -Q.

VY axuit 61k 3MICTATHCSI PIBHOBAru Mpu MiABUIICHHI Temneparypu? Hanucatu
BHpAa3 JIJIs MBUAKOCTEH MPAMUX PEakKIliid B KOKHIM CUCTEMI.

19. 3naiit koHcTaHTy piBHOBarm peakiii N;O; <= 2NO,, sKkmo BHXigHA
koHueHtpamiss N;Os cranoBuna 0,08 MOJB/J, a O MOMEHTY HAacTaHHS PiBHOBAaru
aucorttiroBasio 50 % N2Oa.

20. Y nBi mocyaIuHA OJHAKOBOT €EMHOCTI BBEICHO: | MOJIb ra3y A i 2 MOJb Ta3y
B — y nepury, 2 monbs razy A1 mons ra3zy B —y apyry. Temmnepatypa B 000X mocynnHax
oHaKoBa. Uu 3 0IHaKOBOIO MIBUAKICTIO Oyie nepediraTi peakiis Mik A u B y Tiit Ta
HIIHA MOCYANHI B TAKUX BUIMAJIKAX:

a) SIKIIO0 BOHA OMUCY€ThCs piBHSAHHAM A + B = C;

0) AKII0 BOHA OMUCYEThCS PiBHAHHAM 2A + B = C?

21. SIx 3MIHATBCS MIBUJIKOCTI XIMIYHUX PEAKIIIN:

a) Sew) + Oz) = SOy
0) 2SO0y + Ozr) = 2S03(p),
SKIT0 00’ €M KOXKHOI 13 CHCTEM 3MEHIIIUTH B 2 pa3u; 4 pa3u; 3 pa3u?

22.Y sxuii 01K 3MICTUTHCA XIMIYHA PIBHOBAra B peakIisx:

N, + 3H, <= 2NHg; +Q;
N, + O, <= 2NO; -Q;
Hz + 12 <= 2HI; +Q;
3Fe + 4H,0 (Hapa) = Fe;0,4 + 4H5; +Q
332 YMOBH:

a) MiIBUILIEHHI TeMIEepaTypH i TUCKY;

0) 3HI>KEHHI TeMIepaTypu i TUCKY.

23. ®ochop(V) xmopua JUCOIIOE MIPH HArPIBaHHI 3a PIBHAHHIM

PCls — PCl3 + Cls.

3a neBHOi Temneparypu 3 2 Mmoib PCls, mo nepeGyBaroTh y 3aKpuUTiil HOCyAHHI
00’emoM 10 11, mignaeTses po3kiaganHio 1,5 Moab. OGUUCIUTH KOHCTAHTY PIBHOBAru
3a 1i€1 TeMIepaTypHu.
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24. PipasaHs peakiii mae Burisia: 2NO + O, = 2NO,. KonneHTpartii BUXiTHAX
pedoBuH: [NO] = 0,03 momas/it; [O2] = 0,05 Monb/i1. SIk 3MIHUTBCS IIBUAKICTD PEAKIIl,
KO0 30UIBIIMTH KOHIeHTpaliro kKucHio a0 0,10 monp/n konmentpario NO
1o 0,06 moib/a?

25 Peakmis mix pedoBuHaMu A 1 B Bupaxkaetbces piBHsHHAIM: A + 2B = C.
Buxigni konnentparnii craHoBiaTth: [A]lo = 0,03 momw/n, [B]o = 0,05 momb/m.
KoncranTa mBuakocti peakiii gopiBHioe 0,4. 3HalTH MOYATKOBY IIBUJKICTh PeaKIIii
M MIBUIKICTH PEAKIIil Miciisi IEBHOTO Yacy, KOJU KOHIIEHTpAIlisl pEYOBUHU A y cUCTeMI
3MeHuThed Ha 0,01 Mob/I.
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3ABIAHHS 4
OCHOBHI NOHATTS TEPMOJMHAMIKH

XimiyHa TepMoaMHaAMiKa — 1€ HayKa, IO BUBYA€E MEpeXiJl €HEprii 3 OaHiel
dbopMu B IHINY; €HEpreTU4yHl e(EeKTH, IO CYNPOBOKYIOTh XiMIUuHI Ta (i3uuHi
IPOIIECH; MOXKJIMBICTh 1 HAIIPSAMOK MepeOiry Toro 4u iHIIOro mporiecy.

Cran cucteMud Ta 3MIiHH, IO BiIOYBalOThCS B Hil, XapaKTepH3ylOTh 3a
JIOTIOMOTOI0 TaK 3BaHUX TEPMOJWHAMIYHUX (PYHKIIIH (XapaKTEPUCTUK): BHYTPIITHHOT
eneprii U, entansmii H, entpomii S, eneprii ['i66ca G Toro.

Ji1s 6y 1p-5IKOTO MPOIIECy CIPaBETMBHI 3aKOH 30€pEKEHHS EHEPrii:

Q=AU+ A.

Ile o3Hauae, MmO miABeAEeHA O CUCTEMH Temiora Q y 3arajJibHOMY BHIIAJKY
BUTPAYAETHCS Ha 3MIHY 11 BHYTpilIHbOI eHeprii AU 1 Ha BUKoHaHHs poOoTu A.

[lin BHYTpimHBOI eHepriero cuctemu U ciig po3ymiTH 3arajibHUi ii 3amac,
TOOTO €HEprit0 MOCTYMAJIbHOTO ¥ 00epTalbHOrO pPyXy MOJEKYJd, €HEPriio
BHYTPIIIHHOMOJIEKYJISIPHUX KOJIMBaHb aTOMIB 1 aTOMHUX TpPYI, EHEPTiI0 PYyXy
CJICKTPOHIB B aTOMax, BHYTPIIIHBOSIIEPHY €HEPTii0, TOOTO yCi BUJIU €HEprii, OKpiM
KIHETUYHOI Ta TMOTEHIadbHOI eHeprii cucTteMd B Imomy. Ilix BeIMYUHOIO
A po3yMiOTh poOOTY, IO MPOTHUIIE BCIM CHUJIaM, SIK1 JIIFOTh Ha CHCTEMY (30BHIIIHIN
THCK, €JIEKTPUYHE 1 MarHiTHE MOJISl TOIIIO).

CyMy BHYTpIIIHBOI €Heprii 1 J00yTKy 00’€My PEYOBHHHM Ha 30BHILIHINA THCK
Ha3UBaIOTh EHTAJBIIIEI Ta TO3HAYAIOTH JIITEPOrO H:

H=U+pV.

Haykoge 1 mpakTuuHe 3HaueHHs Mae 3MiHa eHTanbmii AH = Hy— Hj.

SKmo mpu UbOMY BHUKOHYETHCS TIIBKM POOOTa PO3LIMPEHHS, 1 cUCTeMa
nepeOyBae 3a crajgoro Tucky, To A = p(Vz2 — Vi) = pAV.

3BiJICU MO>KHA 3aIIUCATH:

AH = AU + pAV,

Qp =AU + pAV = AH (Qp — TerioTa, sIKy HOTJIHHYJIa CHCTEMa 32 YMOBH CTaJIOCTI
THUCKY).

3MiHy eHTajbIil M Yac nepediry pi3HUX MPOIECiB BUSHAYAIOTh TaK Camo, SIK
1 3MiHYy BHYTpIIIHbOI €HEprii, TUIbKA BU3HAYECHHS MPOBOISITH 32 YMOBU CTaJOCTI
TUcKy. Tak, mpu HarpiBaHHiI pEYOBUHH

AU =Q, =nCAT i AH=Q,=nCpAT,
7€ N — KIIbKICTh MOJIb PEUYOBHUHU, MOJIb;
Cy — MOJIbHA TEMJIOEMHICTh PEYOBUHHU 32 YMOBU cTajocTi 00’ emy, Jx/(Mois - K);
Cp — MOJIbHA TETJIOEMHICTh PEYOBUHM 32 YMOBH CTalocTi TUCKY J[k/(Mob - K).
3MiHa eHTajbMii y XIMIYHUX pPEaKIIAX BIAMNOBIAA€ B3ATIM 3 MPOTHICKHUM
3HAKOM BEJIMYMHI TEIUIOBOro e(EeKTy peakilii, 10 BiI0YBAEThCS 3a YMOB CTaJIOCTI
TEMIIEpaTypU U TUCKY.

Po3pain XiMiYHOI TEpMOJMHAMIKH, SKWAW PO3TIIIAE JOCIIIKSHHS TEIUIOBHX

e(eKTiB, HA3UBAETHCS TEPMOXIMIEIO.
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B ocHOBI TepMOXiMIYHHX PO3paxyHKiB JEKHUTH 3aKoH I'ecca:

TensioBuii edekT peakuii He 3aJICKUTD BIJ] IPOMIKHUX CTa/Ilii, a BU3HAYAETHCS
TUTBKH MOYaTKOBUM 1 KIHIIEBUM CTaHOM CUCTEMHU.

VY TepMmoximii IpolecH 3aUCYIOTh 32 JI0MOMOT0I0 TePMOXiMiYHHMX PiBHSIHb,
10 Ha BIJIMIHY BiJl XIMIYHUX PIBHSHb JOTOBHEHI BKa3iBKaMU PO arperatHi CTaHH
PCUOBHH 1 JaHUMU PO TertoBuit eekt peakiii AH. ko AH > 0 (Q <0), To Temiora
HOTJIMHAETLCA 1 peakiis — enmorepmiuna. Skmo AH < 0 (Q > 0), To Temmora
BUJIIJISIETHCS 1 PEAKIlisa — eK30TepMidHa.

TermoBmii edekT peakiiii, po3paxoBaHWN BIJHOCHO OIHOTO MOJIb CITOJYKH
3a temmeparypu 298.15K (25°C) 1 tmcky 101 3251la (1 atm), Ha3uBawThH
CTAaHIAPTHUM TEILIOBHM eekToM AH Jog.

CranpapTHa TEIUIOTa YTBOPEHHS AH€298 (f — formation) XimMI4HOT CIIOJIYKH — L€
3MiHa €HTadbMli (TErIoBHM e(eKT) y mpoleci YTBOpeHHS | MoJib Ii€i CHOJNyKH
3a cTaHAapTHUX yMOB. CTaHapTHI TEIJIOTH YTBOPEHHS BiIOMI /17151 0araThb0X pEYOBHH.

3a TOTIOMOTOI0 CTaHAAPTHUX TEIUIOT YTBOPSHHS MOKHA BH3HAYUTH TEIUIOBUIN
edexT peakiii. 3a CTaHJAPTHUX YMOB 3T1IHO 3 HACHIIIKOM 13 3aKOHY ['ecca: TenJioBui
epekT peakuii JOPIBHIOE PI3HUII MDK adreOpaidyHOI0 CyMOIO TEIUIOT YTBOPEHHS
MPOJIYKTIB Peakiiii, TOMHOXXEHUX Ha CTEX1OMETPHUHI KOe(IilieHTH, Ta anredpaidaHoro
CYMOIO TEIUIOT YTBOPEHHS BHXIJIHUX PEYOBHH, MOMHOXEHUX HA CTEXIOMETPHUYHI
Koe(DilieHTH:

AHZe = > mAH? 156 (mpomyxrin) — > MAH{ g6 ; (Buxizmni peu.) ,
| 1

1€ Nj — CTEXIOMETPUYHI KOE(PIIEHTH PIBHSAHHS PEAKIIIi.

Entponiss S — me TtepmomumHamiuHa (yHKIS, SKa € KUIBKICHOIO MIipOIO
HEBMOPSAKOBAHOCTI JlaHO1 cucTeMd. YuM Oliblia €HTpOIis, TUM BHUIIE CTYIIHb
HEBITOPSAIKOBAHOCTI. 3MiHY eHTpomii AS B XiMIYHUX MPOIIECax 32 CTAHJAPTHUX YMOB
O00YHCITIOIOTh aHanorquo obuncnenHio AH 3a 3akonom ['ecca:

Soe = Zn Szgs i (mpomyxTi) ZH-SS% ; (BuxizHi ped.) ,

ne S5, — CTaHIApTHi eHTpoIIii peyoBHH 3a T = 298 15K ip = 101325 IIa.

3 METOI0 BUPILIEHHS MUTAHHS PO MOXJIMBICTh MEpeOIry peakiii BU3HAYal0Th
3MiHy eHeprii ['166ca. 3a ymoB p = const i T = const AG = AH — TAS.

YMOBOIO MOXKJIMBOCTI CAMOIOBIIBHOTO NIEPEOIry peakiiii y npsiMoMy HalpsIMKY
€ AGp,T <0.

Ipuxaaau po3B’si3aHHdA 327124

IMpukaan 1. BusHauuTi MOXKJIMBICTE CAMOJOBUIBHOTO MEPEOITy peaxitii

Al;O3; + 3503 = Alx(SO4); 3a cranmapTHHX yMOB. 3amucaTH TEPMOXIMiuHE
PIBHSIHHSL.

Po3B’s13aHHA: peakiisi caMOAOBUIBHO Mepedirae B MpsMOMY HapsIMKY, SKIIO
AGp,T <0.

AG = AH — TAS. 3a cTanaapTHUX YMOB AGY, =AHZ, ~TASS, (7 =298 K).

AH§98 AHfOZQS ( I ( ) I:AHfZQB AIZO3) + 3AHf?298 (803 ):' '

34



3rigHo 3 ganuMu Tadauui (oa. A, Tada. A.1) maemo:
AHY, =-3434-(-1675-3-395,2)=-753,3 x/Ik.
ASS, =S4 (AL, (SO,),)~[ S (AL,O,)+35%,(SO,)] = 239,2 (50,94 + 3-256,23) =

. Hox
580,43 -

AH2, =753 3k]lx; ASS, = —580,43% = _0,58 KAX

K
AGp,, =-753,3 —298-(-0,58) = —580,46 xJ[x.
AG;,< 0, TOOTO MOKIHMBHI CaMOIOBLIBHUI Iepebir peakiii y IpsSMoMy
HamnpsMKy. TepMoXiMiuHe pIBHSHHS I1€1 peakilii Mae TaKui BUTJIS/L;
A|203(K) + 3803@) = A|2(SO4)3(K); AH = —753,3 KI[)K
Bukonatu 3aB1aHHs

JI1s1 HaBeIeHNX HIDKYE PEeakiiii 00YMCIUTH 3MIHU €HTAJIbIII, EHTPOIIIi, a TAKOXK
eneprii [160ca. Uu moxyTh 3a cTaHgapTHux yMoB mipu 298 K camonoBiiIbHO
nepebirati  peakmii  y  mpsmoMmMy  Hampsmky?  (3HaueHHS — CTaHIApPTHUX
TEPMOJMHAMIYHMX BEJIMYMHU JUISI TPOCTUX PEUYOBUH 1 CHOJYyK HaBeeHI
y Ta0i. A.1, noxd. A).

Howmep BapianTa PiBHSIHHS peakiiii
1 COZ + H2 =CO+ Hzo(r)
2 CO+Cl, = COClz(F)
3 CO+3H,=CH, + Hzo(r)
4 SO, +Cl, = 802C|2(r)
5 250, + O, = 2503
6 Ca(OH), = Ca0 + H,0,
7 CaCO3 =Ca0 + CO;
8 Mg(OH)z =MgO + Hzo(r)
9 2NO; = 2NO + O,
10 ANO + 6H20(r) =4 NH; + 50,
11 2N, + 6H,Or = 4NHj3; + 30,
12 NH4Cl = NH3 + HCI
13 4HCI + O, = 2H,0,, + 2Cl,
14 2H, + CO = CH:0H,,
15 CO, +4H, =CH, + 2H20(r)
16 2C0O + SO, = 1/2S5¢y + 2CO;
17 1/2S, + 2C0O, = SO, + 2CO
18 N204 = 2N02
19 1/252@) + 2H20(r) = S0, + 2H,
20 CH3CHO(F) +H, = CszOH(F)
21 C2HsOH(y) = CoHy + HoOyy
22 Co,Heg = CoHs + Hy
23 CH; + CO, =2CO0O + 2H;
24 2C0O,=2C0O + 0O,
25 CO,+4H, =CH, + 2H20(r)
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3ABJIAHHSA 5

PO3YHUHU. CHOCOBU BUPA’)KEHHSA CKJIAAY PO3YUHIB

Po3unH — 11e romMoreHHa cHCTEMa, IO CKJIAJA€ThCS 3 JABOX a0o0 OuIbIle
KOMIIOHEHTIB, BMICT SIKHX MO’KHA 3MIHIOBaTH B TEBHUX MeEXax 0e3 MOpyIIeHHs
onHOpiaHOCTI. OJIMH 13 KOMIIOHEHTIB Ha3UBAIOTh PEYOBUHOIO, 1HIIUIA — POZUNHHUKOM.

Po3unHHICT — BIACTUBICTH PEYOBMHU PO3UYMHATUCA y BOJI ab0O IHIIOMY
PO3YUHHHKY. Y BOJI MOXYTh PO3UMHSATHUCS TBEPJi PCUOBHHH (Cijib, IyKOP), PIIAMHH
(cupT) 1 ra3omoAiOHI PeUOBHMHHU (CIPKOBOJAEHB, amiak). PO3YMHHICTD BHPaKaloOTh
Macol0 pEYOBUHH, SIKY MU JIaHiii Temneparypi MoxHa po3uHUTH B 100 r po3uynHHUKA
a00 KIJIbKICTIO PO3UMHEHOI peUOBUHHM B 1 J1 po3unHy ( MOJIB/J).

Y npuponi Hemae aOCOJIIOTHO HEPO3UMHHUX PEUOBUH. YC1 PEUOBUHU
32 PO3UYMHHICTIO y BOJAl AUIATH HAa TPU TPYyHH: JOOpPE PO3YMHHI, MajJOpPO3YMHHI,
MPaKTUYHO Hepo3unHHI. OCTaHHI HA3UBAIOTh HEPOYMHHUMH PEYOBHHAMH. SIKIIO
B 100 r Boam po3umHsE€ThCA Olblne | T peYOBHMHU, TO TaKy PEYOBHHY HA3UBAIOThH
nobpe po3umHHOIO (p). Axkmo B 100r BOAM pO3UMHAETBCS MeHIEe 1r
PEYOBHHHM — MAJIOPO3UYNHHOIO (M), AKIIO po3uuHsAeThcss MeHme 0,01 r pedoBuHn —
HEPO3YMHHOIO (H).

[Ipn po3UrMHEHHI PEYOBUH MOXYTh YTBOPUTHUCS HACH4Y€Hl, HEHACHYEeHl Ta
nepecuveHi po3unHu. Po3umH, y skomy Ha 100 r po3uMHHHMKA JOBOJIUTHCS Maca
PO3UHMHEHOI PEYOBHHH, IO JOPIBHIOE HOrO0 PO3UYMHHOCTI, HA3UBAETHCSA HACUYEHUM.
Po3unn, B sskomy Ha 100 r po3uMHHMKA NPUNIAAA€ PO3UUHEHOI PEYOBUHU MEHIIE, HIK
HOTO PO3YMHHICTH TP JaHIN TeMmMmepaTypi, Ha3UBAEThCS HeHacuueHum. Y TaKOMY
PO3YMHI TIPH TAaKUX K€ YMOBax MICTUThCA MEHIIE PO3YMHEHOT PEUOBHUHU, HIK
y HacuueHoMmy. Jls nesKkux TBEpAUX PEUYOBHH MOXKIIMBE ICHYBAaHHS MEPECHUEHUX
po3unHiB. Po3uuH, y sikomy Ha 100 T po3uMHHUKA TOBOAUTHCS POZYMHEHOI PEYOBHHU
Olnbllie, HIXK MOro pO3YMHHICTh NPH JaHI TeMIlepaTypl, HA3UBAETbCS HepecudeHuM.
[lepecudeni po3uMHUA OTPUMYIOTh OXOJIOPKEHHSIM PO3YMHIB, HACUYEHHUX MPHU OLIbIII
BHUCOKIN Temrepatypi. [lepecudeni po3unHu HecTiiiki. BOHM i1CHYIOTh TUIBKH B CTaHI
CIIOKOIO.

Cknaz po3urHy BU3HA4Ya€ KOHLIEHTPALll PO3YMHEHOT pEYOBUHU.

KonnenTpauisi pe4oBMHHM B PO34YHHi — 1€ HAaWBAXKJIMBIIIA XapaKTEPUCTHKA
OyIib-sIKOTO po3urMHy. BoHa BH3HA4ya€e BMICT PEYOBUHU B OJMHUII Macu abo 00’ eMy
po34nHYy (1HO/I1 PO3ZYMHHUKA).

IHo3HayeHHsn:

X — pO3UMHEHA PEYOBUHA;

m(X) — maca pe4oBHHHU, T;

Mp-ny — Maca PO34MHY, T;

m(Y) — Maca pO3YMHHUKA, T;

Vp-uy — 00°€M pOo3uMHY, T,

P p-ny — TYCTHHA PO34HHY, T/CM?;

N(X) — KUIbKICTh PEYOBUHU, MOJIb;

fes(X) — (hakTOp EKBIBAJICHTHOCTI PEYOBHHU;

N(fexs(X)X) — KiIBKICTH PEYOBUHU €KBIBAJICHTA, MOJIb;
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M(X) — MmonsipHa Maca pe4OBUHU, I/MOJIb;

M(fex(X)X) — MoIsipHA Maca eKBiBaJIeHTa PEYOBHHHM, I/MOJIb.

[IOITAK pexoMmeHIye BUKOPHCTOBYBAaTH KilbKa CIOCOOIB  BHUPaKCHHS
KUIBKICHOTO CKJIaJy PO3YMHIB, SKI TPYHTYIOTBCA Ha CTaJOCTI MacH pO3YHUHY,
PO3YHMHEHOI PEYOBHUHH, PO3YMHHHKA YU 00’ €MY PO3UHHY.

Cnoco0u BUpaKeHHsI KiJIbKICHOTO CKJIAy PO34YHHIB

1. MacoBa yacTka pe4oBHHH B po3uuHi — ®(X) — II¢ BIJHOIICHHS Macu
po34rHEHOi pedyoBMHU M(X), IO MICTUTHCS B PO3YWHI, JO 3arajibHOi MacH IhOTO
pO34uHY My-y. Dopma 3amucy:

a6o w(X) =

p—Hy Mp—_ny

- 100%.

OpuHuI BUMIPIOBaHHS BiMHOCHA. JlOMyCKaeThCcs BUpaXaTH MacoOBY YacCTKY
PEYOBHHM y YacTKax OJWHUINI ab0 BiAcOoTKax. ®(X), sika BUPaKEHA y BIJICOTKAX,
HA3MBAETHCS TAKOXK BIJICOTKOBOIO KOHIIEHTPALIIEIO Ta 10PiBHIOE Maci peuoBUHU B 100 1
PO3UHHY.

Hanpuxmnan, macoBa yactka peuoBuHu HoSO,4 y po3uuHi cynbhaTHOI KUCIOTH
nopiBHioe 20 %. lle o3nHauvae, mo y po3uuHi cyibdarHoi kuciotu macoro 100r
mictuThes pedoBuHa HySO,4 macoro 20 T.

2. MoJasipua KoHUeHTpauisi pe4yoBuHU X y po3umHi — C(X) Bu3Hauae
KiIBKICTh MOJIb PO3YMHEHOI PEYOBMHM, sfKa MicTHThCa B 11 (aM®) posumny;
BUPAKAETHCS yMOJIB/M3, Moie/aMS;  Momb/n.  Ha NpaKkTUIll  HalyacTilie
BHKOPUCTOBYIOTH OJMHMII MOJIE/T (MOJIB/IMS).

MossipHa KOHIIEHTpAIlisl PEYOBMHH X JIOPIBHIOE BIJHOIICHHIO KUIBKOCTI
peuyoBuHU N(X), IO MICTUTHCS B PO34HHI, 10 00'eMy IbOTO PO3UUHY (Vp-ny):

¢(X) = n(xX)_  m(X)

Vory  M(X)V,

, MOJIB/JI.

_Hy

Hanpukian, MoyispHa KOHIEHTpallis pedoBuHu Hatpiit xmopuay (NaCl)
y PO3YMHI 3aMUCY€ETHCS TaK:

c(NaCl) _ n(NaCl) m(NacCl)

Vory  M(NaC)Vp_yy

. MOJIB/IM®.

PozunH, B omHOMY JITpi SIKOTO MICTUTBCA OJUH MOJIb PO3YUHEHOI
pPEUYOBUHHU, HA3UBAETHCS OJHOMOJISIPHMM 1 mo3Hadaerbcss Ak | M. Po3uuH 3
MOJISIPHOIO KOHIICHTpaIiero pedoBHHU 0,1 MOIB/T HA3WBAETHCS JCHUMOJISIPHUM 1
rmo3HavaeTbes sk 0,1 M.

Hanpuknan: 1 M (NaOH) — ogfHOMOJISIpHU#I PO3YXH HATPIH T1IPOKCUIY;
0,1 M (NaOH) — neruMossipHAiA pO34HH HATPIH T1APOKCHUITY;
0,01 M (NaOH) — canTHUMOJIIpHHIA PO3YHH HATPIN TiIPOKCUY;
0,001 M (NaOH) — MiliMOJISIpHUIA PO3YMH HATPIN TIAPOKCUITY.

JInst mo3HayeHHs MOJISIPHOI KOHUEHTpALil PEYOBUHM 1HO/1 BUKOPHUCTOBYIOTh
KBaJpaTHI Jy>KKH, B SIKUX 3aMUCYEThCS (hOpMyJia BIAMOBIIHOT pEYOBUHHU.

Hanpuxman: [CH;COOH] = 0,01 moas/m;  [O2] = 0,1 mous/m.
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3. MoJisipHa KOHIEHTpalifd eKBiBajJleHTa y poO34uHi a00 HopMaJbHA

Z
mictutbes B 1 11 (1 am®) posumny, BHpaxaeTbes y MONB/I, MOJNBL/IM®; JOPIBHIOE

. 1 . . . .
KOHIOCHTPALIA — C(—X BHU3HAYa€ KUIbKICTb MOJIb CKBIBAJICHTIB PCYOBUHHU, IO

. . . . . 1 .
BIJHOIICHHIO KUIBKOCT1 MOJIb CKBIBAJICHTIB N (— X PCYOBHUHH, INO MICTUTHCA
z

y po3umHi, 10 00'eMy 1b0T0 PO3UUHY (Vp-ny):

1
n(tx) n| ~X
1 z 3 1 _ _\Z 3
Cc(=X)=—~4—, Mmoub/IM°, cl —X | = ———= , monn/aMm°.
z p-HY Z Vp—Hy

Loy

€Ke

(X).

Hanpuknazn, 1 cynb(aTHOI KUCIOTH MOJIIpHA KOHUEHTpallis €KBiBajeHTa
3aIACYETHCS TaK:
m(H,SO,)

¢(15H.S0, )= W {L,H50, v,y

3a pexomenaanismu [FOITAK, sikmo 1 mMonb pedyoBuHHM eKBiBajicHTa f

(X)X
posunneHo B 1 qm® posumHy, TO caMme Lell PO3YMH MOKHA Ha3BaTH HOPMAIIbHHM
PO3UYHHOM.

Po3unH, sKuii MiCTUTH | MOIb pEYOBMHM eKBiBameHTa B 1 am® (To6TO
c(f..(X)X) = 1 mMons/M®) HAa3UBAETHCS OXHOHOPMATBHHM PO3YMHOM PEUOBHHHU X,

CKB

SIKIIIO C( f . (X)X) = 0,1 mons/qM® — JENMHOPMANBEHMM DPO3YMHOM, PO3YMH
3 ¢(f.(XX) = 001 wmoms/aM® —  CAaHTMHOPMANBEHHM  PO3UUHOM,
3 ¢( f,,(X)X) = 0,001 mons/am® — MiTiHOPMATBHAM PO3YHHOM PEUOBHHHA X.

3amiCTh MO3HAYEHHS OJMHUIII BUMIPIOBAHHS KIJIbKOCTI PEUOBHUHU €KBIBaJE€HTA
MoIIb/ M orycKaeThes ckopoueHHs H a6o N, nanpukiazn 0,1 1 HC.

BukopucTaHHs TEpMIHIB «HOPMAJIbHUI» PO3YUH 1 «HOPMaJIbHA» KOHUEHTpAL1s
Ma€ CEHC JIMIIE TOJI, KOIU (paKTOp €KBIBAJICHTHOCTI MEHIIMH 3a OJUHHINO. Y THX
BUIAJIKaX, KOJIM (PAKTOp €KBIBAJIEHTHOCTI OPIBHIOE OJMHMII, CIiJ] KOPUCTYBATUCS
BUKJIIOYHO TEPMIHOM «MOJISIPHHID PO3UMH 1 MOJISIpHAa KOHIeHTpaiis. Hampukian,
st 2 M po3unny NaOH ( f,, =1) He cnin BukopuctoByBatu Bupasz 2 H NaOH.

Mix MOJIIpHOIO Ta HOPMAJIbHOIO KOHIEHTPALISIMU PEYOBMHU X Yy PO3UMHI
€ 3B SI30K:

c(f

CKB

(X)X) = fc(}&) 260 cGX)zz-c(X).

Hampuknan: 1M posumn HySO, BignoBimae 2H po3unHy HpSO,
(f,.HSO,= %), 0,06 M poszunn H,SO, Bimnosimae 0,12 H po3umny H2SO,

(f.(HSO,) =%); 0,11 pozuma KMnO, (f_ (KMnO,)= %) BigmoBigae 0,02 M
po3unHy KMnOs.
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Jlnst oOumucieHb, MOB’A3aHUX 13 B3a€EMOMIEI0 PEYOBHH B PO3UYMHAX, 3PYYHO
KOPHUCTYBAaTHCh 3aKOHOM €KBIBAJICHTIB JJISI PO3UUHIB. 00 €MU PO3YUHIE PEHOBUH, WO
B8CMYNAOMb 8 XIMIUHY PeaKkyito, 00epHeHO NPONOPYIUHI IX MOJSAPHUM KOHYEHMPAYIAM
eKsieaneHma.

G
Cl

N< |r—\<

abo ¢ -V, =¢,'V,,
aec, 1 ¢, — MOJApHAa KOHIEHTpallil €KBIBaJeHTa PEYOBHHH | 1 pPEUOBUHU 2

BIJITOBITHO, MOJIb /I,
V, 1V, — 00’emu po3unHiB peyoBuH 1 12, 1.

4. MoJSUTBHICTh pPO3YMHEHOi peyoBMHH B po3umHi b(X/Y) — BusHauae
KUIBKICTh MOJIb PEUOBMHU X, IO MICTUTHCA B | Kr' pO3YMHHUKA Y; JOPIBHIOE
BIJTHOIIICHHIO KUIBKOCTI pedoBHHU N(X), IO MICTUThCS y PO3YMHI, 10 MAacH
M po34rHHKKA Y'; BUPAKAETHCS Y MOJIB/KT.
dopma 3amnucy:
nX) __ mX)

m(Y) M(X)-m(Y) '

b(XIY) =

e m(X) — maca pe4OBHHH, T;
m(Y) — mMaca po3YMHHHKA, KT
M(X) — MoIsipHa Maca peYOBHHH, T/MOJIb

m(X)-1000

a6o b(X/Y) = M(X) m(Y) '

ae m(X) — maca pe4OBHHH, T;
m(Y) — Maca pO3YMHHUKA, T;
M(X) — MonsipHa Maca pe4OBHHH, I/MOJIb.
Hamnpuknazn, monsisHicTs HCl y BogHOMY pO34HHI 3aMTUCY€ETHCS TaK:

n(HCl) m(HCI)
m(H,0) M(HCD -m(H,0)’

b(HCUH ,0) =

MOJIB/KT.

5. TUTP PO34YHHY — II¢ Maca PEUOBMHH X, K4 MICTUTBCS B OJTHOMY CM° PO3UHHY.
dopma 3amnucy:

m(X)

v

p-uy

OnuHMLI BUMIPIOBAHHS: KI/CM3, JUIS IPaKTMYHOIO KOPHUCTYBAHHS I/CM®, I/MII
(ocTaHHSI — HECUCTEMHA).

6. MoJssipaa a60 MOJIbHA YaCTKA PO34YUHEHOI pe4oBUHH X Y PO3YHUHI — 11¢
KOHIICHTpAIlisl, IKa BUPAKEHA BITHOMIEHHSM KUIBKOCT1 PEYOBHHH X, IO MICTHUTHCS
y PO34HHI, JI0 3arajibHO1 KUTBKOCTI PEYOBHH Y po3unHi. Dopma 3anucy:

1 (X) = n(X) _ m(X)/M (X)
n(X)+n(Y) mX)/MX)+m(Y)/M(Y)’

T(X)=
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ne x(X)— momspHa ab0o MOJIbHA YAaCTKa PO3YMHEHOI peYOBUHU X ;
N(X) — KUTBKiCTh PO3YMHEHOI PEYOBHHU X, MOJTb;
N(Y) — KUTBKICTh pEYOBUHH PO3YUHHHKA Y, MOJIb.
OpnuHuUI BUMIPIOBAHHS BiTHOCHA.
JlomyCcKaeThCsl BUpAKATH MOJISIPHY a00 MOJIBHY YacTKy B TaKUX JK€ OJUHUIIX,
AK 1 MACOBY YaCTKy PO3YMHEHOT pEYOBUHHU y PO3UHHI.

Ipuxaaau po3B’si3aHHdA 327124

Hpuxnax 1. Y 320 r Boau Mictuthes 40 T Kabliii XJIOpHUIY, TYCTHHA PO3YUHY
nopisHioe 1,08 r/cm®. BuzHauTe MacoBy 4acTKy, MOJIIPHY KOHIIEHTPALIiI0 Ta MOJISIPHY
KOHIICHTPAIIiI0 €KBIBAJICHTA, MOJISUTBHICTD 1 MOJIIPHY YaCcTKY PO3UYMHEHOI PEUOBHHHU.

Po3B’s3anHA:

1. Po3paxyemMo MacoBY 4acTKy KajbLiii XJIOPHIY B PO3UHHI:

_ m(CaCl,) 40 _ 0
o(CaCl) = Cacly +mH,0) d0+320  OHi=EL %

2. Po3paxyeMo MOJISIpHY KOHIIEHTpAII0 KaJlbIiil XJOpUIYy B PO3YMHI

(c(CaCl,)):

n(CacCl,) _ m(CaCl,)

c(CaCl,) =
(CaCh) M (CaCl)V,

p-ty
m(CaCl,)=40r,
M (CaCl,)=40 + 71 = 111 r/mons,

_ My 40+320

Viony =333,3 mn =0,3333 1.
Pp-ny L
MouisipHa KOHIIEHTpAIlisl KaJIbIii XJI0PUILY
c(Cacl,)=MNCCl2) __ m(CaCly) 40 )48 0mn
oty M(CaCl,)V,,y 111-0,3333

3. Po3paxyemo MOJSpHY KOHIICHTPAII0 €KBiBaJIeHTAa KAaJIbIIH XJIOPHUITY
Y PO3UMHI:

(% cacty) - "2%h)__ mCaCly) 40
27T Vo M(1,caCl,)V,,, 111-05-0,3333

MouisipHy KOHIIEHTpAILlil0 €KBiBaJ€HTa MOXKHA PO3paxyBaTH B 1HIIMI crocio,
a came, BUKOPUCTOBYIOUH 3B’SI30K MK MOJISIPHOIO Ta HOPMAJIbHOIO KOHUEHTPALIISIMU:

CaCl) 1,08
o(35cact)- ¢ ety 1

4. Po3paxyeMO MOJISUTBHICTh KaJIbLIiM XJIOpHUAY B PO3UYHHI:

b(CaCI/ j:n(CaCIz): m(CaCl,) _ 40
H,O0)™ m(H,0) ~ M(CaCl,)-m(H,0) 111-0,32

= 2,16 monn/1.

=2,16 Monb/m.

=1,13 MOJB/KT.
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5. Po3paxyemo MonbHY a00 MOJISIpHY YacTKY KaJlbLii XJIOPUIY B PO3UMHI:

(CaCl )= n(CacCl,) _ m(CaCl,)/M (CaCl,)
X > n(CaCl,)+n(H,0) m(CaCl,)/M (CaCl,)+m(H,0)/M (H, O)
_ 40/111 _0.02

40/111+320/18

Hpuxnax 2. Y tprox ckiasiHKax MicTUThC 1Mo 100 M 0,1 M po3uunny NapSO,
ryctuHa saxoro p = 1,012 r/mn. Jlo nepmioi ckiasHku qoaanu 60 M1 BOJIH, 10 IPYroi —
10 r cyxoi peuoBuHn Na;SQg4, a 3 TpeThoi BUuapoByBaHHAM Buaammin 20 T Boau. Sk
3MIHMJIACS MacoBa YacTKa HATPiil cyabdaTy y KOKHIN CKIISHIN?

Po3B’s13aHHS: 11 BU3HAUYECHHS MacoOBOI 4acTKU BHUXiAHOTO po3unHy ®(NazSO,)
CIIOYATKy HEOOX1THO OOUUCIUTH Macy pO3UUHY My.qy 1 Macy pedoBuHU M(NaxSO4):

Mpiy = P*Vpuy = 1,012 /M - 100 vt = 101,2r;

m(Na,So,)
M (Na,SO,) -V, y
M(NaxS04) = ¢(Na;SOs) - M(Na2SO0s4) * Vpeny;
c(Na;SO4) = 0,1 Mo/,
M(NazSOy) = 142r/moib;
Vp-uy=100 ma = 0,1 1,
m(Na;SO4) =0,1-142-0,1 = 1,42 .
m(Na,So,) _ 1,42 ~0,014=14 %.

Macoga gactka BuxigHoro po3unny (Na,SO,)= m. 1012

c(Na,so,) = MOJIB/ 11,

[Ticas TOrO, SIK y IHEpIIy CKISHKY JOJWIH BOAY, Maca OTPUMAHOI'O PO3YHHY
30UIBIIMIIACS HAa BEJTUYMHY, PIBHY Macl J0JaHOI BOJIH.
m(H20) = p(H20) -V(H,0) = 1 r/ma - 60 M1 = 60 T,
TOOTO Maca MePUIOTO POZUUHY Mp.uy (1) = Mpwy + M(H,0)=10121r+60Tr=161,2T,
a MacoBa 4acTKa PEYOBHUHHU Y HHOMY:
_M(Na,S0,) _ 142 _ 5083-0,88 %

' mp-Hy(l) 161’ 2
OT)KC, y nepmm CKJ’IHHHI MaCOBa 4aCTKa COJIi SMCHIIUJIACA Y:
o _ 0,014 —1,6pask
@ 0,0088 '

Y npyriit cxnstami micas nogaBanas 10 r cyxoi peuoBunn Na,SO, 3minmnacs
1 Maca po34uHy, 1 Maca peHOBUHHU:

Mp-uy 2) = Mpwy + 10r=101,2r+10r=111,2 T, a Maca peHOBUHU B HBOMY

M(Na;SO4)) = 1,42r+10r=11,42r.

MacoBa JacTka coi y IpyroMmy po34uHi:

o, = MN8S0) ) 11,42 _ 1057 _10 27 05
’ Mp-ry(2) 111,2

MacoBa yacTka coJji y ApyroMmy po3duHi 3pociia y:
@, _0,1027

o 0,014
Maca po3unHy y TpeTii CKJISHLI Micis BUnapoByBaHHs 20 I BOAU TOPIBHIOE:
Moy 3) = Mpwy —20=101,21r-20r=81,2 1.

=7,3pa3mn.
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bepyun 1o yBaru, 1o maca pe4oBUHH HE 3MIHUIACS, 00YNCITUMO MACOBY YaCTKy
COJIl Y TPETHOMY PO3YHHI:

m(NaZSO4)(2) = m(NaZSO4)(3);

M(Na,SO,) _11,42
= =0,0175=175 %.
; mp—Hy(3) 81,2
OTXe, y TPETHOMY PO3UMHI MAaCOBa YacTKa COJIi TEX 3pOCiia y:
@y 0,0175
3_YUYLI9_ 2
» 0014 1,25pasmn.

Buxonatu 3aB1aHHs

1. SfAxkuii 06’eM po3unHy CyJb(haTHOI KUCIOTH 3 MAaCOBOIO YaCTKOIO PEYOBHUHU
®(H2S04) = 80 % irycrunoro 1,7 r/cm® noTpiGuwuit s npurorysanss 200 r po34uHy
3 MacoBoOI0 4acTkoro cyibdarHoi kucinotu ®w(H2SO4) = 10 %? Busznaute macy Bojw,
AKa HeoOX1Ha JIsl IPUTOTYBaHHS PO3UHHY.

2. Y AKifi KiTbKOCTI BOJY HEOOXITHO POZYMHHUTH 2 MOJIb HATPId XJIOpUAY, 100
OTPHMATH PO34rH 3 MacoBoro yacTkoro coii @w(NaCl) = 25 %?

3. Cxunbku Bogu noTpioHo poxatu 10 300 r po3uuHy, B SIKOMY MacoBa 4acTKa
pedoBuHU cTaHOBUTH 50 %, 00 OTpUMAaTH PO3YMH 3 MACOBOIO YAaCTKOIO PEUYOBHHH
o =15 %?

4. Po3paxyiiTe MOJSIpHY KOHLEHTpAI[i}0, MOJISIPHY KOHIIEHTPALIII0 €KBIBaJEHTa
1 MOJsUIBHICTE 16 % po3uMHy amOMIHIA XJIOpUAY, T'YCTHHA SIKOTO JIOPIBHIOE
1,149 r/cm®.

5. Po3paxyiite HaBaxKy 3aiizHoro kymnopocy (FeSO4-7H20), sika moTpibHa st
npurorysaras 100 cm® 0,05 M pozunny FeSO,?

6. Sxuit o0’em 0,3 H. pO3UMHY KHUCJIOTH TOTPIOHMIA JUIsi HEWTpamizarii
40 cm® pozuuHy nyry, mo mictuts 0,32 T NaOH?

7. Po3paxyiiTe MOJIIpHY KOHLIEHTPAL1l0, MOJISIPHY KOHIIEHTPALII0 €KBIBAJICHTA
1 MOJIbHY YacTKy oprodochaTHoi kucinotu y po3unHi 3 w(HzPO.) = 49 %. I'ycTuna
po3uuny popisHioe 1,33 r/cm?,

8. Sxwuit 00’em p03qI/IHy xsiopuaHo1 kucinotH, B sikomy o(HCI) = 35 % a ryctuna
posumny p = 1,174 r/cm®, noTpi6Guuii aus npurotysanns 500 cm® 0,1 M pozuuny HCI1?

9. 3mimamu 200 CM3 10% (p=1,11r/cM®) i 100 cm® 40 % (p = 1,43 r/em’)
po3unHiB NaOH. Pospaxyiite MossipHy 1 BIACOTKOBY KoHuUeHTpauii NaOH
B 0JICP>KaHOMY PO3YHHI.

10. fIxy macy Boau HeoOximHo noxatu 10 200 r 20 % poszunny KOH, mio6
oaepxatu 8 % pozunn KOH?

11. SIkmii 06’ eM 15 % po3umHy HaTpiii rigpokcuay ryctuHoro 1,16 r/cm® Mmoxna
npuroTyBatu 3 2 1 oro 33 % posuuny ryctuHoro 1,36 r/ cm?

12. Jlna ocamkenns y suraani AgCl ycporo cpibna, ske mictutbes B 100 cm®
pozunny AgNO3z, 3aano6unocsa 50 cm® 0,2 v pozunny HCl. BusHauTe KOHLEHTpALiIO
AgNOs B po3unHi. SIka maca ocanxy AQCl yrBopunacs?

13. 13 5 kr 20 % po3uuny mpu oxojomxeHH! Buaumiocs 500 r com. Yomy
JIOPIBHIOE TIPOIIEHTHA KOHIIEHTPAIIiSl OXOJIOHKEHOTO PO3YUHY?
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14. O6uucaNTH MOJISIPHY KOHLIEHTPALIIIO 1 MOJISIPHY KOHIIEHTPAI[1}0 €KBIBaJIEHTa
10 % posunny Al,(SOy)s. I'yctuna posunny 1,25 r/cme,

15. Jlo 3 1 10 % pozuuny HNO3 ryctunoro 1,054 r/em® nomamu 1,5 1 Boau.
Po3paxyiitTe BiICOTKOBY 1 MOJISIpHY KOHIIEHTpAIIil pO3UMHY, 1110 YTBOPUBCS.

16. Buznaute macy Boau T1a macy 60 % po3uuHy IyKpy, SIKi HEOOXiTH1 IS
npurotyBadts 600 r 20 % po3unHy LyKpy.

17. 3mimama 200 cm® 0,4 M i 200 cm® 0,2 M po3uMHIB XJIOPUIHOI KHCIOTH.
Po3paxyiiTe Macy po34MHEHOT pEYOBHHHU B OJIEP)KAHOMY PO3UHHI.

18. Sxy macy KOH neoOximuo momatu g0 200t 8 % poszunny KOH, mo6
onepxkatu 20 % po3zuun KOH?

19. Sknit 06’em 96 % poszumny H,SO; (p =1,84 r/cm®) norpiGHumit mis
npurorysantsa 200 cm® 0,05 M poszuuny H,SO4?

20. flka maca kpuctanorigpary  Aly(SO4)3-18H,0  3HamoOuThes s
npurotyBanns 1 qv° 0,1 M posuuny Aly(SO4)s?

21. Po3paxyiite macoBy yactky HNOz B 5 M po3unHi HITpaTHOI KHCIOTH.
I'yctuna posunny p = 1,16 r/em®,

22. 13 300r 10 % po3unny NaCl BunapoByBaHHsM Bunamwim 100 r Boau.
Pozpaxyiite macoBy yactky NaCl B ojepkaHOMY PO3UHHI.

23. Ha meiitpamizaniro 50 cm® 0,12 1 po3uunny ayry Butpadeno 120 cm® posunny
H,SO4. BuznauTe MoJIsIpHY 1 MOJISIpHY KOHIIEHTpallito ekBiBajieHTa HySO4 B po3uuHi.

24. Po3paxyiTe MOJIIpPHY KOHIIEHTPAIIII0 €KBIBAJICHTA 1 MOJISIPHY KOHIICHTPAIi O
H,SO, B po3uuni, ryctuna sxoro 1,052 r/em®, o(H,SO,4) = 0,08.

25. Po3paxyiiTe MOJIIpHY KOHIIEHTPAIIIIO 1 MOJIAPHY KOHIIEHTPAIIiI0 €KBIBaJICHTA
KanbLii xnopuay B 10 % pozuuni, ryctuna saxoro 1,083 r/cme.

26. B skomy 06’eMi 1 M po3uuHy 1 B sikoMy 00’eMi 1 H pO34YMHY MICTHTHCS
114r A|2(SO4)3

27. SIxi macu xpucranorigpary Hatpid cyiabdary NapS0s - 10H,O 1 Boam
noTpiOHO B3STH, 11100 OTpUMAaTH po3dyrH Macoro 71 T, y sskomy ®(NaxS04) = 0,27

3ABJIAHHS 6
PO3YMHU EJIEKTPOJIITIB. BOJHEBUM IOKA3HHK. T'IJIPOJII3 COJIEN

EnexkrpojiitaMmu Ha3uBalOThb PEUYOBUHHU, PO3UYMHM ab0 pO3IUIABU  SKUX
MIPOBOJIATH ENEKTPUIHUI CTpyM. [IpOBITHUKAMU €JIEKTPUIHOTO CTPYMY B PO3UMHAX €
MO3UTHBHO 3aps/XKeH1 (KaTiOHM) 1 HEraTUBHO 3apsiKeH1 (aHIOHW) YACTUHKU — HOHHU.
BoHu yTBOpIOIOTHCS BHACHIAOK AUCOIAIi MOJIEKYJ BIJIMOBIIHOTO EJIEKTPOJITY.
J10 eneKTpoIiTIB HAJIeXKaTh PO3YMHH KUCIIOT, OCHOB 1 COJIEH.

EnexrpojituyHa gucomialisi — mporiec pos3naay MOJICKYJ €JIeKTPONITY Ha
HOHM TiJ BIUIMBOM TIOJNSIPHUX MOJIEKYJ pO3YMHHMKA. Jlucomiamiss — Tmporiec
000poTHUH. ENEKTpONITH Pi3HOIO MIPOIO TUCOIIIOI0TH Ha HOHU. KUTbKICHO MTOBHOTY
nepebiry mporecy Iucoriallli XapakTepu3yrTh KOHCTAaHTOIO JUCOIIAIlil 1 CTyneHeM
aucomiamii o, SKU JOPIBHIOE BIIHOIIEHHIO KUIBKOCTI MOJICKYJ €JIEKTPOJITY, IO
posnajiucs Ha HoHH y po3unHi (N), 10 3araabHOI KigbkocTi Mojieky (N):

a=—.
N
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Benuunna crynens aucouianii 3aJIeXUTh BiJ MPUPOIN PO3YMHEHOT PEUOBUHU
1 MPUPOJIM PO3UYMHHHUKA, BIJI TEMIEPATypu Ta KOHIEHTpallli pO3YMHY. 3HAUYECHHS
o 3HaxoauThes B iHTEepBal 0 <o <1 a6o 0 % < a < 100 %. 3a BeJIMUUHOIO CTYIICHS
JUCOIlIalll y pO3UMHAX 3 MOJISIPHOIO KOHIIEHTpaliero ekBiBasieHTa 0,1 mMoib/n
SJIeKTpOJTiTH ToaAUIIoTh Ha cwibHI (o > 30 %) 1 cmaoki (o < 3 %). Jlo cuibHUX
CJIEKTPOJIITIB HaJeXaTh Maibke BCl PO3YUHHI COMi, JYTH, JEsKi KHCIOTH
(H2S04, HNOg3, HCI, HBr, HI, HCIO4 Tomo).

OCKUIBKY TIPOIIEC TUCOITaIli € 000POTHUM, TO JJISI HOTO, K 1 TSl OYb-SKOTO
000pOTHOTO MPOIIECY, MOXKHA 3aUCaTH KOHCTAHTY PIBHOBArH, sIka B IIbOMY BHUIAJIKY
HA3UBAEThCS KOHcmanmoio oucoyiayii K. Hanpukmna:

CH3;COOH —— H" + CH3;COO-
K :[Hj[CHSCOO‘].
8 [CH,COOH]

Benuuuna K; 3a5exXuTh TUIBKY BiJl TPUPOIN PEUOBUH 1 TEMIIEPATYPH.

JInsg cIa0KUX eJIeKTPOJITIB 3B'S130K MK MOJISIPHOIO KOHIIGHTpali€ew (¢),
CTyIEeHeM jucoriaii (o) 1 KoHCTaHToro aucortianii (K;) Mae BUTIISI:

2
K, - co
1-a

JIe ¢ — MOJISIpHA KOHIIEHTPAILlisl €JIEKTPOJIITY, MOJIB/J;
0. — CTYIIHb JIUCOLIAIL].
Lle piBHSHHS € MaTEMAaTHUYHUM BUPA30M 3aKOHY po3basnents Ocmeanvoa.
Jist  OUTbIIOCTI  CNAOKUX  E€JIEKTPOJITIB o <<l, TOMYy pIBHSHHS MOXHA
CIIPOCTHUTH:

K.~ co?, 3Bigku o0 = ,|—2 .
c

Ile piBHSHHS BHpa)ka€ 3aJICKHICTh CTYIEHS JAUCOIIAI] CIa0KOTro €IeKTPOIITY
Bil KoHIeHTpali (i3 30UIbIICHHSM KOHIICHTpAIlll PO3YMHY CTYMiHb JUCOITIAIi
EJIEKTPOJITY 3MEHIIYEThCs). [IiIBUIIIEHHST TeMIepaTypyu MPUBOIUTH 10 30UIbIIEHHS
CTYTEHS JUCOIIaIi].
JUist pO3YMHIB CHJIBHMX €JEKTPOIITIB piBHSAHHA OcCTBalibJla 3aCTOCOBYBATH
HE MOXXHa, a JUIsl XapaKTePUCTUKH BIIACTUBOCTEH IUX PO3YHHIB KOPUCTYIOTHCS
MOHSTTSIM AaKTUBHOCTI a (3aMIiCTh KOHIICHTpALIII ).
a =fc,
JI¢ a — aKTMBHICTh HOHA;
¢ — (pakTMYHA KOHIIEHTpALIis;
f — xoedirieHT akKTHBHOCTI (BHOCHTH IOMPABKy Ha B3a€EMOJIi0 TIEBHOTO HOHA
3 HaBKOJIMIITHIM CEPEOBUIIIEM).
Jiis ny»e po3baBieHux po3unHiB f~ 11a =c.
KoedirieHT akTHBHOCTI MOXKHA pO3paxyBaTH 3a PIBHIHHSAM

lg f =—0,522J1,

1€ Z — 3apsil MOHa;
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I — WioHHa cuja pO3UYWHY, SIKA BU3HAYAETHCS SIK TMOJIOBUHA CyMHU HOOYTKIB
KBaJpaTiB 3aps/IiB HOHIB Ha IXHIO KOHIICHTpAITiIO:

= %Z c’z’.

XiMiuHI peakiii, II0 BiAOYBalOTbCS B PO3UMHAX EJIEKTPOJITIB, MOXKHA
300pa)XyBaTH y BUTJISII MOJICKYJISIPHUX Ta HOHHUX PiBHSHB.

Hanpuxian:

BaCl, + Na,SO, = BaSO4{ + 2NaCl (mosexysipHe piBHSHEHs);

Ba?* + 2CI- + 2Na* + SO* = BaSO4\ + 2Na* + 2CI (moBHe #ioHHE piBHSHEHS);

Ba2* + SO? = BaSO4! (ckopouere HoHHe PiBHSHH).

[Ipu cknagaHHi HOHHOTO PIBHSAHHS B MOJICKYJISIPHOMY CTaHi 3aJIUIIAIOTh OCA/,
CI1aOKUM €JIEKTPOJIIT 1 JIETKY CIIOIYKY, BOIY.

Hanpuxian:

NaOH + HCI = NaCl + H,O (monekymsipHe piBHSHH);

Na*+ OH + H" + CI- = Na* + CI~ + H,O (mmoBHe HioHHE piBHSHH);

OH™ + H* = H,0 (ckopoucHe HOHHE PiBHSHH);

CaCOj3 + 2HCI = CaCl; + H,0 + CO,T (MonekysipHe piBHSIHHs);

CaCO; + 2H* + 2CI = Ca?* + 2CI" + H,0 + CO,T (noBHe iionHe piBHAHHS);

CaCO; + 2H* = Ca?* + H,0 + CO,T (ckopoueHe ifoHHE piBHAHHS).

KojiraTuBHi BJIAaCTHBOCTI PO34YMHIB — 1€ BJIACTHBOCTI, fKI 3aJe€XaThb Bij
KUIBKOCT1 YaCTUHOK PO3YMHEHOI PEYOBMHU Y PO3UMHI W HE 3ajeXaThb BlJ XIMIYHOI
MIPUPOIN PO3UYNHEHOT PEUOBHHHU.

Jlo yucna KOJITaTUBHUX BIIACTUBOCTEH PO30ABJICHUX PO3UMHIB HEIETKHX
PEYOBHH BIAHOCSTH 3HUKEHHS TUCKY TIApU HAJl PO3UUHOM, TiBUIIICHHS TEMIIEpaTypu
KHUITIHHS 1 3HUKEHHS TEMIIepaTypy 3aMep3aHHsS PO3UMHIB y MOPIBHSIHHI 3 YHCTHM
PO3YMHHUKOM, OCMOTUYHUHN TUCK Y PO3UHHI.

Tuck mapu Hag po34nuHOM. TuUcCK HaAcuueHOi napu po3UUHHUKA HAO PO3UUHOM
P oopisnioe 0o6ymky tioco mucky nao uucmum po3uurHukom Py na monvny uacmky
po3uunHura 1 (3axon Payns). P = Py - 1.

Tuck mnapu poO3UMHHMKA HAJ PO3YMHOM P MeHmMH, HIXK HaJ YUCTUM
PO3YMHHUKOM Pp. PI3HUINIO MIX MM BETMYUHAMU HA3UBAIOTh 3HUNCEHHAM MUCKY
napu Hao posuunom. A P = Py —P.

BimHOIEHHST BENMWYWHU 3HWKCHHSIM THUCKY IMAapyd HAJI PO3YUHOM 0 THCKY
HACHYCHOI Mapy HaJ PO3YMHHHUKOM HA3WBAIOTh BITHOCHUM 3HWXCHHSM THCKY TapH
HaJ PO3YMHOM:

P—P AP
R R _

3aJIe’KHICTh 3HMKEHHS TUCKY NTapHU HEJIETKUX PEYOBHUH HaJl PO3UMHAMH BIiJl IXHIX
KOHLEHTpALll MIANOPSIAKOBYETbCS 3aKOHY Payusi: 6ionocne 3HudiCeHHs MUCKY
HACUYeHOoi napu po34YUHHUKA HAO PO3UUHOM OOPIGHIOE MONbHIL YaACMYi PO3UUHEHOT
DpevosuHuU.

) AP
3akoH Payins MOKHA BUpa3UTH PIBHSHHSIM 2 = X
0
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7€ (2 — MOJIbHA YacTKa PO3YMHEHOI PEYOBHUHH.

Temnepatypa 3amep3anHsi (KpucTagizanii) po34udHy BiANOBIJa€ MOMEHTY
BUJIUICHHS 3 HBOTO TEPIIOTO KpHcTaja TBepAoi (pasu (KpucTamizaiis pO3YMHHHUKA).
Temmepatypa kpucramizamii po3uMHy HIKYa, HDK TemIepaTypa KpucTamizarii
PO3YHMHHUKA.

PizHums Mk TemmepaTypamMu KpHUCTammizaiili po3uymHHHKa f, 1 po3umHy t
HA3MBAETHCS 3HIDKEHHSM TeMIIepaTypH KpUCTai3alii po3unHy:

Aty =1to—t.
3riJiHO 3 HACHIJIKOM 13 3aKoHy Payuns, suuoicenna memnepamypu kpucmanizayii
PO3YUHY NPONOPYTUHE MOJAIbHICIE POZUUHEHOT PeYOBUHU 8 POZUUHI!
Aty =ty t= iKb(X)= i-K MX)-1000
M (X)-m(Y)
ne t, — Tremreparypa KpucTajizalii YucToro po3unHHuka, °C;
t — TemnepaTypa Kpucranisaiii po3uuny, °C;
K — xpiockoniyna koHcranta (st Boau 1,86 °C/moub);
b(X) — MOJISLITBHICTD PO3YMHEHOT PEYOBHUHH, MOJIB/KT
m(X) — Maca po34MHEHOI PEUOBUHH, T;
m(Y) — Maca po3uMHHHKA, T
M(X) — MmosipHa Maca PO3YMHEHOI PEUYOBHUHU, I/MOJIb;
i —130TOHIYHMM KoepiuieHT Bant-I'odda.
[30TOHIYHUI KoediieHT BanT-I'odda BU3HAUAIOTE 32 PIBHSIHHAM:
i=1+a(k-1),
JIe 0L — CTYIIHb IUCOIIAIIIT;
k— KiJIBKICTh HOHIB, Ha K1 JTUCOIIIIOE OJTHA MOJICKYJIa SJICKTPOIITY.
Hanpuknan: Al,(SO,)s — 2A1* +3S0%, k =5.

Temneparypa KunmiHHS pO34HHY — 1€ TEMIIEPATypa, 3a K01 TUCK 1i HACUYEHOI
Mapy CTa€ TaKUM, [0 JOPIBHIOE 30BHINIHBOMY TUCKY. TeMmIiepaTypa KUliHHS PO3UUHY
BHIIA, HK TeMITepaTypa KUIIHHS YUCTOTO PO3YHMHHHKA.
Pi3Hunsg Mk TemneparypamMu KUITIHHS PO34MHy t 1 po3uMHHUKA ty Ha3UBAaETHCS
MIJBULIEHHSAM TEMIEPATYPU KUIIIHHS PO3UUHY:
At](l/ll‘[, =t- t0.
3rifHO 3 HACTIAKOM 13 3akoHy Payns TiABUIICHHS TeMIiepaTypu KHUITIHHS
PO3YHMHY TIPOIOPIIIIHE MOJISUIBHICTI PO3YMHEHOI PEUOBHUHU y PO3UYHHI:
At =t to=i _ . = m(X)-1000
kum., — L— 0 — lEb(X)— I-E——2 —
M (X)-m(Y)
ae t, — TeMriepatrypa KUIiHHS 9YUCTOTO PO3UMHHUKA, °C;
t — TemmiepaTypa KurmiHHsg po34nny, °C;
E — ebymiockomniuna koHcTanTa (s Boau 0,52 °C/monb);
b(X) — MOJISLITBEHICTD PO3YMHEHOT PEYOBHUHH, MOJIB/KT
m(X ) — Maca po34MHEHOI PEYOBHHH, T
m(Y) — Maca po3unMHHHKA, T
M(X) — MmonsspHa Maca PO3YHMHEHOT PEUYOBHUHH, I/MOJIb;
i —130ToHIuHMM KoedimieHnT Bant-I'odda.
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OcmoTuyHHUIl THCK Y po3uMHi. OcMOC — 11€ OAHOCTOPOHHS AUPY3ist MOJIEKY
PO3YMHHMKA Y PO3YMH KPi3b HAIIBIPOHUKHY MeMOpaHy, abo nudy3is po3uyMHHHKA 13
PO34YMHY 3 MECHIIIOIO KOHIICHTPAIIIEI0 Y PO3YUH 3 OUTBIIIOI0 KOHIIEHTPAIII€IO.

Tuck, sikuii TOTPIOHO TPUKIACTH O PO3YHHY, 10O OCMOC MPHUITHHHUBCH,
HA3WBAETHCS OCMOTHYHUM THCKOM.

Bant-I'opd BCTaHOBUB, IO OCMOTHYHHM THCK HE 3aJCKHTh BiJ MPUPOIH
KOMITOHEHTIB, [0 MICTATbCS Y PO3YHUHI, 1 30UIBIIYETHCS MPOMOPIIIHO KOHIIEHTpAIlil
po3unHeHoi pedoBuHU c(X) 1 Temmeparypi 1. KoedimienT mpomopuiiiHocti R — 11€
yHIBEpcaJibHa Ta30Ba CTala, OTXKeE:

Poo = i-C(X)RT = i-—MX)

— "7 RT
M (X) 'Vp_H_v klla,

ne Poo— OCMOTHYHMEN TUCK PO34MHY, Klla;
¢(X) — MoJIIipHa KOHLEHTpALisl PO3YMHEHOI PEYOBHHH, MOJIb/JI;
R — yHiBepcasibHa ra30Ba ctaa, 1o gopisHioe 8,314 JIx /(Moan-K);
T — temmneparypa, K;
mM(X) — Maca po34MHEHOI PEYOBUHU, T;
M(X) — moJsipHa Maca pO34YMHEHOI PEYOBUHU, I/MOJIb;
Vp-uy. — 00’ €M pO3UHnHYy, JI.

JMucounianis Boau. Monnuii 100yTok Boan. BogHeBuii MOKa3HUK
Uucra Bosa € qy’ke cIaOKUM eJIEKTPOJIITOM, SIKU B HE3HaYH1M Mipl TPOBOJIUTH
enexktpuuHuid ctpyM. Hacnpasai, mpu 25 °C 1i cTyniHb €JIeKTPOJITUYHOI JUCOIIALlil
nopisuroe 1,8-107°, To6T0 gucouiroe TinbKU oxHa Modekyaa 3 555 000 000 momnekys
BOJIM. Jlycolialiio BoIM MOYKHA 3aITUCaTH TaK:
— _
H,O <—— H"+ OH".
3acTocyBaBIM JI0 1€ peakilii 3aKOH MIF0YMX Mac, 3alUIIeMO PIBHSHHS JIJIs
KOHCTaHTH JUcCOILiaIlli BOIU:
N .
« LA JoH ]

* [HO]
VoHHuii 106yToK Boau ToAi Oy/1e JopiBHIOBATH
[H][OH] = K- [H20] =Ky
ockineku npu 25°C K, = 1,810, a [H,O] = m(H20) = 10002 .
M(H,0)-V(H,0) 182/ mons-1n
=55,56 monn/11, To no6yrok K [H,O] = const = 104,
[H*][OH] = 107 — ilionnuii 100yTOK BoaM

V uetimpanvromy cepedosuwyi (ancra soga) [H] = [OH] = 107 mons/m.

V kucnomy cepedosuwyi [H*] > [OH] (manpuxnan, [H*] =107, 10°, 10 mons/n).

YV ayacnomy cepedosuwi [H] < [OHT] (manpuknan, [H*] = 1078, 10 100
MOJIB/JT).

3pyuHiliie oriepyBaTH He KOHIIeHTpamisamMu HoniB H a6o OH™ (y»ke Mai a1po0oBi
4Kciia), a BiJI’€EMHUMHU JOorapupMaMu [IUX BETUYUH.
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Boonesuit noxaznuxk pH — Big’eMHHH JECSITKOBUUM Jjorapudm MOJSPHOL

KOHIIEHTpaIlii ioniB H':
pH =-Ig[H"].

T'iopokcuonuit noxkaznux POH — Bii’eMHUI NeCATKOBUN JIoTapudM MOJIAPHOL

KoHIIeHTparii ioHiB OH™:
pOH =—-Ig[OH"].

Sxmo, manpuknan, [H] = 107, To pH = —Ig10’ = 7. Tomy B HelTpasbHOMY
BOoJHOMY po3uuHi pH = 7, y kucnomy — pH < 7, y my>xHomy — pH > 7.

Bzaemo3B’s30k pH 1 pOH onucyetsces piBasauasm pH + pOH = 14,

I'inpoJi3 coJeit

CnoBo «rifpodiz» OyKBaJbHO O3HAYA€ «PO3KJIaJaHHA BOAOKO». [iapomizom
HA3MBAETHCS YCIKa B3aEMO/IIs1 PEYOBUHHU 3 BOJIOI0 OOMIHHOTO XapakTepy, Mij yac sSKoi
CKJIQJTHUKU YaCTUHU PEYOBUHU 3’ €JJHYIOTHCS 31 CKIIAJHUKAMH BOAM. [1posizyBaTucs
MOXKYTb XIMIYH1 CIIOJIYKH PI3HUX KJIACIB: COJIl, BYTJIEBOAM, OLITKU, €TEPH, SKUPH TOIIO.

INpapomni3 comni € pe3ynbTaTOM B3a€MOJIIi MOHIB COJI 3 MOJIEKYJaMU BOJIU, IO
YTBOPIOIOTH iX T1/IpaTHI OOOJIOHKH.

Peaxyis oominy misxwc tionamu po3uuneroi coi ma uoHamu 800U, 8HACIIOOK SIKOL
VMBOPIOEMBCS CAAOKUU e/IeKMPOJIIM, HA3UBAEMbCS 2I0OPONIZ0M COJIL.

binbLiicTh peakuii rigposizy — 000poTHi:

NH,Cl + HOH —— NH,OH + HCI;
Pb(NOs3); + HOH —— Pb(OH)(NO3) + HNO:s.

SIko ocHOBa YW KHUCJIOTA, IO YTBOPIOIOTH ClIb, € HE TUIBKU CIIA0KUMH
CJIEKTPOJIITaMHU, aje W MaJopO3YMHHUMHU, a00 HECTIMKMMH Ta PO3KIAJAI0ThCS
3 YTBOPEHHSIM JIETKMX TPOJYKTIB, TO B IIbOMY BHUIAAKY TIIPOJI3 coyi mepedirae
HE3BOPOTHO, HAITPUKJIA!

AlyS; + 6H,0 — 2AI(0OH)3| + 3H.S.

3aTHICTh COJICH TI1APONI3yBaTUCS 3aJCKHUTh BiJ BIACTUBOCTEH MOHIB, MO
YTBOPIOIOTH CUTb, 1 BiJI 30BHINIHIX (DaKTOpiB (TemrepaTypu, KOHIIEHTpaIlli coJi
B PO3YHHI).

Bapro nigkpecnutu, 110 coi, sSiki yTBOPEH1 CHUIbHUMH KUCJIOTaMH ¥ CHUIbBHUMH
ocuoBamu (Hampukiaa, NaCl, KNOs, BaCl,, K;SO4, NaClO,4 Tomo) He migmaroTbes
rigpomizy. [Ipu po3unHeHH] y BOJII BOHU PO3MAJAl0ThCA HAa KaTIOHM CUJIBHUX OCHOB
1 aHIOHM CWJIBHUX KHUCJIOT, SIK1 HE 37]aTHI MPU B3a€MO/IIi 3 BOJIOI0 YTBOPUTH MOJICKYJIN
caOKUX eNeKTpodiTiB. BOJHI pO3UMHM TakuxX COJIed MarOTh HEUTpalbHY PEaKIIiI0
cepenoruia (pH = 7).

I'igpoui3 3a kaTioHOM
Comni, 1o yTBOpeHI CIaOKUMH OCHOBaMH ¥ CHJIBHUMHU KHCJIOTaMH,
TAPOI3YIOTHCS 32 KATIOHOM:

NH.Cl + HOH —— NH,OH + HCI,
ab0 B TOHHOMY BUTJISIL:
NH; + HOH — NH,OH + H"; (pH< 7).
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["ixpomni3 comnelt, 10 CKIaay sIKMX BXOIATH OaraTOBaJIEHTHI KaTiOHH, mepedirae

CTYIIHYAaCTO 4Yepe3 CTali yTBOPEHHS OCHOBHUX COJIEH:
I ct. CuCl; + HOH ——= Cu(OH)CI + HClI,
Cu?* + HOH —— Cu(OH)" + H*.
II ct. Cu(OH)CI + HOH —— Cu(OH), + HCI,
Cu(OH)* + HOH ——= Cu(OH); + H*; (pH< 7).

Haxomnuuenns ioniB H™ 3Minnye piBHOBary B OiK BHXIJIHUX PEYOBUH, TOMY
T1IpoJIi3 MaiKe MOBHICTIO MPUMTMHAETHCS Ha MepuX cTaAisx. [loBHimomy rigpomizy
crpusie po30aBICHHA PO3UYMHY Ta MIiJBUIICHHS TEeMIEpaTypu. Y TaKOMy BHUIAAKY
MO’KHA BPaxOBYBATHU TiAPOJII3 1 32 APYTUM CTYIICHEM.

Boani po3uumHu cosel, yTBOPEHUX CIIa0KMMHU OCHOBaMH W CHJIBHUMHU
KHCJIOTaMH, MalOTh KUCITY peakiiito cepenopuima (pH < 7).

I'iapoi3 3a anioHoM

Comi, 1m0 YTBOpEHI ClHaOKUMHM KHUCIOTaMM 1 CHJIBHUMH OCHOBAaMH,

TIAPOMI3YIOTHCA 38 AHIOHOM:
CH3;COONa + HOH —— CH3COOH + NaOH;
a00 B HOHHOMY BUTJISIAI:
CH3;COO™ + HOH == CH3COOH + OH™ (pH > 7).

Otxe, CH3COQ™, sk MoHM c1a0K0i KUCIIOTH B3aEMOJIIIOTH 3 BOJOKO, BIATATYIOTh
BiJ1 Hel ['11poTeH 1 yTBOPIOIOTh CIA0KUI €IeKTPOJIIT (alleTaTHy KUCIIOTY).

INgpomni3 coneit, 10 ckiaay SIKMX BXOASATh OaraTOBaJICHTHI aHIOHH, mepeodirae
CTYIIHYACTO:

I ct. KoCO3 + HOH =— KHCO; + KOH,
CO? + HOH —= HCO; + OH" ; (pH> 7).
II ct. KHCO3; + HOH &—— H,CO3 + KOH,
HCO; + HOH —— H,CO; + OH; (pH > 7).
3a IpyruM CTyNeHeM TiJIpoJii3 BiA0YBa€ThCs 3HAYHO MEHILOK MIPOIO.

Bonni po3unHM cojieil, YTBOPEHUX CIaO0KUMHM KHUCJIOTaMU ¥ CHUJILHUMH
OCHOBAaMH, MalOTh JIYXHY peakiiito cepenonuiia (pH > 7).

I'inpoJi3 3a kaTioHoM i aHiOHOM

Comi, 1m0 YyTBOpPEHI CIa0KUMH OCHOBaMHU 1 CIIA0KUMH KHCJIOTaMH,
TIAPOJI3YIOTECS 1 32 KaTIOHOM, 1 3a aHiOHOM. ['ipoii3 Moxke BiIOyBaTHUCS 3HAYHOKO
MIpOIO:

CH;COONH4 + HOH ——= CH3;COOH + NH,OH.

Peakiiisi po3unHIB TaKUX COJICM 3alieKUTh BIJl BIJJHOCHOI CHUJIM KHCIOTH M
OCHOBH, SIKI yTBOpUJIUCS (B iX KOHCTAHT Aucoliallii). Po3uuH ameraty amMoHit0 Mae
HelTpabHy peakiliro cepenoruia, ockinbku K,(CH3;COOH) ~ K,(NH,OH).

Sxmo Ky(ocnoBu) > Ky(kucnoru), To pH > 7,

y Bunajaky K,(ocnosu) < K (kucinorun) — pH < 7.

KinbKicHO Ti1poJ1i3 OIIHIOIOTH 33 CTYNEHEM 1 KOHCTAHTOIO T1APOITi3Y.
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Cryninb rigpoaizy (h) MOKAa3y€e YacTKy TiIpOJI30BaHUX MOJIEKYI
1 BU3HAYA€THCS BIJHOMICHHSIM YHCIa MOJIB COJi, IO MiAJaIUCS TIAPOIIZY, 10
3arajJbHOTO 4Hciia MOJiB coii. CTymiHb TiApONi3y 3aleXKHUTh BIJ MPUPOAU COJI, ii
KOHIICHTpAIlii Ta TeMIepaTypd po3uuHy. [3 po30aBieHHSM 1 TMiABUIICHHAIM
TeMrepaTypu pPO34YMHY CTYIIHBb T1poJi3y coji 3poctae. [loBHIIE XapakTepusye
rizpoiiz koHcraHTa riapodizy (K;), ska € KOHCTaHTOIO PIBHOBarv IIOAO pPEaKIii
T1ApOIIi3Yy.

Hampuknan, mmst CH3COONa (cine yTBOpeHa CHIIBHOIO OCHOBOIO Ta CJIA0KOIO
KHCIIOTOIO), T1APOJIi3 SIKOTO BIIOYBAETHCA 3a PIBHSAHHSM:

CH3;COO™ + HOH = CH3COOH + OH",
3TiHO 3 3aKOHOM JIOYMX Mac, MOXKHA 3alucaTH KOHCTaHTy riapomizy K y Takomy
BUTJISIL

[OH’][CHSCOOH]
T [CH3COO’] '

JIOMHOKUMO 4MCENLHMK 1 3HaMeHHMK piBusEas (6.1) ma [H'], Tomi
3 ypaxyBaHHsM Toro, mo [H'][OH] = K, piBHsHHS Oyae MaTH BUIIIS;

(6.1)

K _[H*]-[OH’}[CHSCOOH]_ Ky
" [CHCOO |[H']  K,(CH,COOH)’

Jist NH4Cl (cinb yTBopeHa CHIIbHOIO KHCIIOTOO Ta ¢1a0Koi0 0cHOBOO) K, Oyne

PO3paxoBYyBaTUCH SIK K.= Ku .
" K,(NH,OH)
st CH3COONH, (cinb yTBOpeHa ci1abKUMU KHCIIOTOIO Ta OCHOBOIO) K Oyze

Ky

K,= -
POSPAXOBYBATHEA A =K (CH,COOH)-K,, (NH,OH)

Ipuxaaam po3B’si3aHHdA 327124

Mpukaax 1. OGUKCIITH KOHIIEHTPAIIIIO HOHIB Tiaporeny i 3HayeHHs pH B 0,3 M

nopisuroe 4107,
Po3B’s13aHHS: €JIEKTPOJIITUYHA JMCOIIAllsl HITPUTHOI KUCIOTH Tepedirae 3a
piBastHESIM HNO, =— H" + NO,.

Cryninp  nmucoriiariii - HITPUTHOI KHUCIIOTH, SIK CJIAOKOTO  €JIEKTPOJITY,

PO3PaxXOBYEMO 32 PIBHSHHSM:
KI[ 4 ° 10_4
= = =3,65-107.
¢ \/c(HNOZ) \/ 0,3
KonnenTpartis ionis 'igporeny B po3unHi c1abKoi HITPUTHOT KUCIIOTH
[H]= a-c(HNO,) =3,65102-0,3 =1,1-10 2 mons/n
3HaueHHs BogHeBoro nokasauka pH =-1g[H*] =-lg(1,1-102)=1,96.
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Ipuxnan 2. 3a axoi Temneparypu Oyae KpucTanizyBaTucs 5 % po3uuH HaTpii
xyopuny? BBaxkatu oo = 1, kpiockomiuna koncranta Boau K = 1,86.

Po3B’si3aHHs: 3HIDKEHHS TeMIepaTypH KpHCTaii3alii po3uuHy MpOIOpLiiHe
MOJISUTBHICTI PO3YMHEHOI PEYOBHHH B PO3UHUHI:

- —i _: 1 M(X)-1000
At = (to — 1) = i-K-b(X)= i- K A2 2PV
Jnst peaxiii NaCl — Na* + ClI5, k = 2, tomi i30ToHiuHHMH KOedilieHT

pospaxoByetbes sik i =1+ oa(k—-1)=1+1(2-1)=2.
o(NaCl) = 5%. Sxmo npuiinata Macy posuudy 100r, To m(NaCl) = 5r,
m(H.0) =100 — 5 =95 r. M(NaCl) = 58 r/mou1b.
5-1000
Aty, = 2:1,86=——"— = 3,375 °C.
P 186 58-95 ¢

Bona kpuctanizyerscs pu 0 °C, oTxe, TeMiiepaTypa KpucTalizallii po3uuHy
oyne t =0 — At, =0 —3,375=-3,375 °C.

Buxonatu 3aBJaHHA

3aBaanHs 6.1 /[y HaBeIeHUX HIDKYE PEYOBHH: a) CKJIACTH PIBHSHHS JUCOITIALIIT;
0) pospaxyBaTu CTymiHb aucorainii, pH po3uuHy, 130TOHIYHMI KOoeDIlie€HT (I
0araToOOCHOBHUX KHCJIOT PO3pPaxXyHOK MPOBOJUTH 3a KOHCTAHTOIO JAMCOIAIL] MePIIoro
CTYTICHS); B) II1  KUCJOT  pO3paxyBaTu KOHIIGHTpaIlito  HOHIB H,
JU1s1 OCHOB — MoHIB OH™.

Howmep dopmyiia Hazga Koncranta | Konuenrparis,
BapiaHTa PEYOBUHHU PEYOBUHHU JUcoITiani MOJIB/JT
3a MePIIuM
crynenem Kj
1 2 3 4 5
1 HF ¢ropunna kucnoTa 7,2:10* 0,1
2 HCOOH dopmiaTHa KucioTa 1,8-10* 0,001
3 HNO, HITPUTHA KUCJIOTa 4.10* 0,001
4 HIO; Jo1aTHA KUCJI0TA 2,310 0,01
5 HBO, mMeTaboparHa 7,5-10°10 0,01
KHCJIOTA
6 H,SO; cynb(iTHA KMCIIOTa 1,6:1072 0,1
7 HCN LiaHiIHA KUCI0Ta 7,2.10°10 0,01
8 AgOH apreHTyM T1IPOKCH]T 5,0:10°° 0,001
9 CsH4sOHCOOH | camiminatHa KMCIIOTa 1,1.10°3 0,001
10 HCIO TiMOXJIOPUTHA 5,0-10°8 0,01
KHCJIOTa
11 HsBOs opTobopaTHa 5,8-10°1° 0,01
KHCJIOTa
12 LiOH JITIH T1APOKCHT 6,8-102 0,1
13 H,S cybbiaHa KUCIOoTa 1,110 0,001
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[IponoBxkeHHA

1 2 3 4 5
14 H,CO3 KapOOHATHa KUCIIOTa 4.4.10°7 0,001
15 HBroO rimoopomiTHa 4,410 0,01

KHCJIoTa
16 H3PO, oprodocgarna 7,110 0,01
KHCJIOoTa
17 HsPOs oprodochitua 7,110 0,1
KHCJIOTa
18 H,C,0,4 OKcaJlaTHa KHUCJIOTa 5,4-10°2 0,1
19 C3;H,COOH MacJIsiHa KUCJIOTa 1,5-10° 0,01
20 CH3;COOH areTaTHa KHcjioTa 9,6-:10* 0,1
21 Pb(OH), TTIOMOYM T1IPOKCH]T 1,8-10° 0,001
22 C,HsCOOH IPOITiIOHATHA 1,3-10° 0,1
KHCJIOTa
23 CeHsCOOH OeH30aTHA KUCJI0TA 6,1.10° 0,1
24 H,TeO, TeTypaTHA KUCIIOTa 2,510 0,01
25 NH,OH aMOHIH T1IPOKCH]T 1,7-10° 0,01
3aBnanns 6.2 3a nanumu, HaBeaeHUM HIKYE (Vp.y — 00’€M po3uMHY,

m(X) — maca po3UYMHEHO1 pEeUYOBHHH, P — TYCTHHA PO3YUHY, { — TeMmeparypa po3uuHy,
0. — CTYMiHb EJICKTPOJITHYHOI TUCOILIAIl PEUYOBHHHU), PO3paxyBaTH TEMIICPATYPH
KWITIHHSA, 3aMEeP3aHHs i OCMOTHYHUM TUCK PO3UMHIB BIJIIOBIIHUX COJICH.

Howmep ®dopmyrna po3dMHEHOT | Vpuy, 1 m(X), P, a |t°C
BapianTa pedosunu (X) r r/cm®
1 3 4 5 6 7
1 CuSO, 1 31,9 1,20010,90| O
2 NaCl 2 58,44 |1,010]/0,90| 20
3 MqgCl, 3 28,5 1,020/0,90| O
4 ZnSO, 4 159,55 1,010 /0,90| 25
5 CuCl, 5 272,26 | 1,06 |090] O
6 Fe2(SO4)3 6 399,69 |1,016|0,90| 21
7 Zn(NOs); 7 132559 |1,120 (0,90 | 20
8 AgNO; 8 141,89 |1,080/0,90| 25
9 H>S04 9 88,20 |1,001|0,90| 20
10 10 365,00 |1,010]/0,90| 15
11 HNO3 9 56,70 |1,010/0,90| 20
12 BaCl, 8 166,60 11,030/0,85| O
13 NiSO,4 / 108,30 1,030 /0,95| 25
14 Pb(NOs), 6 198,70 |1,050/0,90| 20
15 5 372,77 11,020(0,95| 20
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[IponoBxeHHs

1 2 3 4 6 /
16 K2Cr,0y 4 12496 |1,100/0,80| 20
17 KI 3 498,02 |1,025|0,90| 25
18 KMnQO4 2 31,61 |1,008|0,85| 20
19 NH4NO; 1 /70,00 |1,010/090] O
20 K2CrOy4 3 58,26 |1,003{0,95| 15
21 Na,SOs 4 50,41 ]1,001|{0,90| 20
22 NH.CI 2 10,69 |[1,002|0,90| 25
23 K2COs 5 69,075 |1,001/0,9| O
24 AICl; 6 638,154 | 1,025|0,85| 20
25 ZnCl, / 95,390 |1,002|/0,90| O

3aBnanus 6.3 [l HaBeneHUX HWKYE COJICH: a) CKJIACTU PIBHSAHHS T1IPOII3Y;
0) Bkazatu 3HaueHHs pH (Ouibiie, MeHmie abo JOpiBHIOE 7) y PO3YMHI COIi;
B) pO3paxyBaTl KOHCTaHTY TIJPOJI3Y COJi, BUKOPHUCTOBYIOYM 3HAYEHHS KOHCTaHT
JHCOIaIli c1abKMX eNEeKTPOJIITIB HaBeIEeHUX Y 3aBAaHHi 6. 1.

Homep PeuoBnna Howmep PedoBuna Howmep PeuoBnna
BapiaHTa BapiaHTa BapiaHTa
1 Nas;BOs 9 NaF 17 NH,CI
2 KoS 10 NH.l 18 KCN
3 (NH,4).CO3 11 C,HsCOONa 19 CeHsCOOK
4 NaNO, 12 K3PO4 20 NH4NO;
5 Na,COs 13 LiF 21 CeH,OHCOOK
6 NaBOz 14 KF 22 K2C03
7 NH.F 15 NayS 23 K2SO3
8 N&3P04 16 N&zSOg 24 KN02
25 CH3;COONa
3ABJAAHHSA 7

OKHMCHO-BIJJTHOBHI PEAKIII{

OxucHO-BiTHOBHI peakuii — 11 peakiiii, 1110 CYPOBOIXKYIOTHCS 3MIHOIO CTYTICHIB
OKHMCHEHHS aTOMIB, 1110 BXOZSTh /10 CKJIay Pearyrounx pedoBHUH.

CTyniHb OKHCHEHHSI — 1€ YMOBHUH 3apsi] aToMa B MOJIEKYJ, OOYHCIIEHUIN
y HIPUITYIIEHH], 1110 MOJIEKYJIa CKJIAJA€ThCs 3 HOHIB 1 3arajoM eJIeKTpOHEHTpaJIbHA.

CryniHb OKHMCHEHHS, Ha BIAMIHY BI1J BaJ€HTHOCTI, MOX€ MAaTH IO3UTHUBHE,
HEraTUBHE, HYJIbOBE 1 ApoOOBe 3HaueHHs. lle 3HaueHHsS 31 3HAKOM IUIIOC YU MIHYC
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+3 -1 0
nepen apaOCbKOI0 QPO 3a3HadaeThcs Hax cumBoioMm enementa: Al, Cl, H,,
+1 -1/2
Na O, .

[Tpu mo3HaueHHi1 3apsay HOHA CIOYATKY MUIIETHCS YUCIIO, a TOTIM — 3HAK; 3apsi

floHa 3anucyroTh paBopyd Bix Heoro: Al+, Cl-.

Po3paxyHOK cTyneHsi OKUCHEHHS
[Tpu 0obuuncIeHH] CTYNEeHIB OKUCHEHHS €JIEMEHTIB BapTO MaM’sITaTH Take:
1. AnreOpaiuHa cyma CTyNEHIB OKHCHEHHS BCIX aTOMIB, II0 BXOJSTh 10 CKJIay
MOJIEKYJIH, 3aBXJM JOPIBHIOE HYJIO, a y OaraToaTOMHHX HOHAaX cyma CTYIICHIB
OKHCHEHHS BC1X aTOMIB JJOPIBHIOE 3apsAay HOHA.

2. CTymniHb OKHCHEHHS €JIEMEHTIB y TMPOCTUX PEYOBHHAX JOPIBHIOE HYIIIO:
0 0

0 0
O.,NaCl, , S.

3. ATOMHU METaJIB Y CHOIYKaxX MPOSBISIOTH MO3UTUBHUM CTYIIHb OKHCHEHHSI.

CTyniHb OKHCHEHHSA JYXXHHUX METaliB B YCIX CHOJyKax JOpiBHIOE +1,
a JIy’)KHO3eMeJIbHUX +2.

4. Cryninb okucHenHs ['igporeny gopisaioe +1 (kpim riapuaiB meraniB NaH,
BaH; tomo, e cryninb okucHenHns [igporeny —1).

5. Cryninp oxucHeHHs OKCHICHY y CIIOJNIyKax TOpiBHIOE —2. BuHATKOM €
MEePOKCUIHI CcHoiyku, e OkcureH mae cTyniHb okuclieHHs —1: HzO;, NaOp;
Haanepokcuau (—1/2): KOo; ropun okcureny (+2): OF,.

6. ®ayop B yCIX CIOIYKaX Ma€ CTYMiHb OKUCHEHHS —1.

Y 3aranbHOMY BUIIAQJIKy BEIWYMHY Ta 3HAK CTYNEHS OKHCHCHHS aTOMIB
BH3HAYaIOTh, MIOPIBHIOIYH €JICKTPOHETAaTUBHOCTI €JIEMEHTIB, SIKI BXOIATH A0 CKIIaTy
cniosiyku. HailOuibInn eJ1eKTpOHETaTUBHHUM aTOM Ma€ HETraTUBHUMN CTYMiHb OKHCIICHHS,
a aTOM 3 MEHIIIOI0 €JIEKTPOHETATUBHICTIO — MO3UTUBHUMN CTYMHb OKHCJICHHS.

OKuCHEHHS — 11 TIPOIIEC Bi/Iadi €JIEKTPOHIB aTOMOM, MOJIEKYJIO0 ab0 HOHOM,

YHACJIIIOK YOTO CTYIMHb OKUCHEHHS €JIEMEHTIB, 110 BTPATHJIA €JIEKTPOHH, 3POCTAE:
+3 0

0 —2
Al - 3e= Al S -2e=S.
ATtomu, MoJleKynH ab0 WOHM, IO BIIAAIOTh EJICKTPOHH, HA3UBAKOTHCS
BiITHOBHMKAMM, CaMi ) BOHU OKHACHIOIOTHCSI.
BigHoBJIeHHs1 — TIe TIPOIIEC MPHUETHAHHS €IEKTPOHIB aTOMOM, MOJIEKYJIOH abo
HOHOM, YHACIIJIOK YOTO CTYITIHh OKMCHEHHS €JIEMEHTIB, 1110 MPUEIHAIN €IEKTPOHH,
3MCHIITYEThCS:

+7 +2 0 -1
Mn + 5 =Mn; Cl,+2e=2Cl.
Atomu, MoJekynu abo WOHM, WO TPHUEAHYIOTH E€JIEKTPOHU, HA3HUBAIOTHCS
OKMCHHKAMH, CaMi ’K BOHH BIJTHOBJIIOIOTHCHI.
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Knacudgikanisa 0oKHCHO-BITHOBHHMX peaKIliit
1. MixxmoJsiekyasipHi peakuii — peakiiii, B SKUX €JI€MEHT OKHCHHUK 1 €JIEMEHT
BIJTHOBHUK BXOJISITh JI0 CKJIaly PI3HUX MOJIEKYJI, HATPUKJIIA:

0 +1 +2 0
Zn +HCl= ZnCl,+ H, T,
ne Zn — BigHOBHUK;, HCI — okuCcHUK.

2. BHyTpilIHBLOMOJIEKYJISIPHI peakmii — peakiiii, B AKUX €JIEMEHT-OKHUCHHUK

1 €JIEMEHT-BITHOBHUK BXOJISITh 0 OJHIET 1 TIET caMOl MOJICKYJIHM, HATIPUKJIA/;:
-3 +5 to
NH,NO,—» N,OT +H,0,
-3 . +5
N — BigHOBHHMK; N — OKHCHHK.

3. Peakuii pucnpomnopuioHyBaHHs a00 CaMOOKHMCJIEHHSI-CAMOBIIHOBJIEH
HSl — OJIMH 1 TOM cCaMHUU €JIEMEHT BIAIrpae 1 pojib OKMCHHKA, 1 POJIb BiJHOBHUKA,
HaIpUKIaI;

0 +1 -1
Cl; + 2KOH — KCIO + KCI + H0.

0

Cl, €1 BiTHOBHHKOM, 1 OKHCHHUKOM.

JIns BU3HAYEHHS CTEXIOMETPUYHHUX KOE(QILIEHTIB y PIBHSIHHAX OKHUCHO
BIJIHOBHHUX PEAKLIA BHUKOPUCTOBYIOTH METOJ €JIEKTPOHHOro OanaHcy abo MeTon
HaITIBPEAKIIii.

Aneopumm CKIA0aHHA peaxkyii Memooom ereKmpoHHO20 OANAHCY HABEOEHO
y [lpuknani 3, a memoo naniepeaxyiti pozensnymo 6 Ilpukinani 4.

Ipuxaaau po3B’si3aHHdA 327124

Hpuxaaa 1. BusHaute cTyniHb OKMCHEHHS XJI0PY B HACTYITHUX CHOJTYKAX:

Cl,0, HCI, NaCIO, KClO4, HCIO3,

Po3B’s13aHHSI: MO3HAYMMO CTYIIHb OKUCHEHHS XJI0py uepe3 x. [lam’sitaroum, 1o
CTyMiHb OKHCHEHHs [igporeHy i Jy)KHUX MeTamiB fopiBHIOE +1, OxcureHy — 2,
a CyMapHUH CTYIiHb OKUCHEHHSI OY/Ib-IKOi CIIOJYKH € HYJIbOBHUM, OAEPKUMO:

Cl,O 2x+(-2)=0 x=+1;
HCI (+1)+x=0 x=-1,;
NaClIO (+t1)+x+(-2)=0 X =+1;
KCIOs (+1)+x+4(-2)=0 X =+7;
HCIO; (+1)+x+3(-2)=0 x=+5.

CmyniHb OKUCHEHHS amoMa NO3HAYAEMbCS APpAOCLKOI0 YUPPOIO 13 3HAKOM «+»

+1 +1 +7
abo «—» i cmasumvcs Hao cumsonom ximiunoeo enemenma: Cl,O; NaClO; KCIO,;

+5
HCIO, .
Ipuxiaax 2. ki peyoBHHU 1 32 PaxXyHOK SIKMX €JIEMEHTIB BHUKOHYIOTH POJIb
OKHCHUKIB 1 BITHOBHHKIB y IIUX PEAKIIIsIX:
a) SO, + Br, + 2H,0 = 2HBr + H,SOy;
6) Cl, + HoO=HCI1 + HClO,
B) (NH4)2CY207 =N, + Cr,03 + 4H,0.
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Po3B’s13aHHS: peakiiisi a) HaJSKUTh JO PEakIiil MIKMOJIEKYJISIPHOTO
OKHCHEHHSI-BITHOBJICHHS. 3HAXOJIUMO €JIEMEHTH, 1110 3MIHIOIOTh CTYIIHb OKUCHEHHS:

+4 0 -1 +6
SO, + Br, +2H,0=2HBr +H,SO,,
CTYIiHb OKUCHEHHS 3MiHIOIOTHh Cybdyp 1 bpom.

+4 +6 +4

S-26=8S; S — BiTHOBHUK (peaKIlisi OKUCHEHHS);

0 1 0

Br, + 28 = 2Br; Br, —okucHuK (peakuis BiIHOBJICHHS).

Peakiriss 0) HajgeXuTh A0 pEaKIil JUCIPOIOPIIIOBAHHS (CaMOOKHMCHEHHS -
CaMOBITHOBJICHHS ):

0 -1 +1
Cl; +H,0=HCI + HCIO.
3anuieMo JiBi HamiBpeakIii:

0 -1
Cl, +2&=2Cl; Cl,;—okucHuk (peaxiiisi Bi/THOBJICHHS);

+
COI2 -28 = 2C1| : Cl, — BiTHOBHUK (peaKIlisi OKUCHEHHS).
C1, omHOYACHO € 1 BITHOBHUKOM, 1 OKHCHUKOM.
Peakuiss B) HaJIeXUTh A0 peakUid BHYTPILIHBOMOJIEKYJISIPHOIO OKHCHEHHS-
BIJITHOBJICHHS

-3 +6 0 +3
(N HAJ Crzo7 =N, + Cr203+4HZO.
2

3anuieMo JiBi HamiBpeakIii:
-3 0 -3 ) )
2N -6¢& = N2; N — BiTHOBHHUK (peakilisi OKUCHCHH);
+6 +3 +6 o
Cr +3¢ = Cr; Cr —oKuCHHMK (peaKilisi Bi/THOBJICHH).

Mpuxnag 3. Meronom enekmpornoco OallaHCYy PO3CTaBUTH KOe(DIIIEHTH
B PIBHSIHHI OKMCHO-BITHOBHOI peaKIIii:

P + HCIO, + H,O0=H,PO, + HCI.

Po3B’si3aHHs.

AJITOPUTM CKJIAIAHHSI PiBHSIHb METOA0M €JIeKTPOHHOI0 DajIaHCy

[Tpu ckamanH1 piBHSHB METOJIOM €JIEKTPOHHOTO OalaHCy BUXOSTh 3 TOTO, 1110
CyMa eJICKTPOHIB, sIKi OepyTh Y4acTh B peakliiii BIIHOBJICHHS, JOPIBHIOE CyMi €JICKTPOHIB,
K1 OepyTh y4acTb B peaKilii OKUICHEHHS;

ANTOPUTM CKJIaIaHHS PIBHSHB METO/IOM €JICKTPOHHOTO OaaHCy TaKui:

a) 3aIUCYIOTh CXEMY OKHCHO-BITHOBHOI PEaKIIii;

0) BU3HAYaIOTh aTOMHU €JIEMEHTIB, 5IK1 3MIHIOIOTh CB1i CTYIIHb OKUCHEHHS;

B) 3aIUCYIOTh PIBHAHHA OKHCHEHHS Ta BIJHOBJIECHHS, B SKHX PO3PAXOBYIOTh
KUIBKICTh €JICKTPOHIB, BiJJIaHUX BIJTHOBHUKOM 1 IPUETHAHHUX OKUCHUKOM,

I') 3pIBHIOIOTh  KUIBKOCTI TMPUUHATHUX 1 BIJUIAHUX €JICKTPOHIB BBEIACHHIM
MHO>XHHKIB, BUXOJISTYM 3 HAUMEHIIIOTO CIIUIBHOTO KPATHOTO, /17151 KOe(PIli€HTIB (KUIbKICTh
€JICKTPOHIB) y MpoIlecax OKUCHEHHS i BITHOBJICHHS;
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1) 3HaIeH1 Koe(ILIEHTH MiACTaBIAIOTh Y PIBHSIHHS PEakiii nepe BiANOBIIHUMU
(dhopMyamMu peUOBHH Y JiBIH 1 IpaBiii YacTHHAX;

¢) miaouparoTh KoeMIlIE€HTH IS PEIITH YIaCHUKIB PEaKIIii.

CkopurcTaeMOCs HaBEICHUM BUIIIE aJITOPUTMOM JIsi KOHKPETHOI PeaKIlii:

P + HCIO, + H,O0=H,PO, + HCI.
1. BuzHauumo e1eMeHTH, 110 3MIHWIN CTYIiHh OKUCHEHHS:
0 +5 +5 -1
P+HCIO,+H,O=H,PO, + HCI
CrymiHb OKHCHEHHS 3MiHIOI0TE Docdop 1 Xiop.

2. 3anumieMo pIBHSHHS OKHCHEHHS Ta BITHOBJICHHS, B SIKUX PO3PAXOBYIOTh
KUTBKICTh €JICKTPOHIB, BIJUTAHUX BiTHOBHUKOM 1 IPUHHATAX OKUCHUKOM:

I03 s = if 6 (peaxirist OKHCHEHHS)
S 1 30 5 (peaxiist BITHOBJICHHS)
Cl +6e = Cl

0 _ +5

P — BignoBuuk; Cl — okucHuk.

3. Po3paxyHok Koedill€HTIB y pIBHSHHI PeaKiiii.

KibKicTh  €JeKTpPOHIB, NPUUHATHX OKHWCHHUKOM TIOBHHHA JIOPIBHIOBATH
KUTBKOCTI €JIE€KTPOHIB, BIIJIAHUX BIIHOBHUKOM. TOMY 3HaXOJAUMO HallMeHule ChilbHe
Kpamue s KITBKOCT1 BUIIAHUX 1 MPUMHATUX €JIEKTPOHIB (s gucea 6 1 5 11e 4nciio
30). JdinuMo HalMeHIE CIiJIbHE KpaTHE Ha KUIBKICTh EJCKTPOHIB 1 OJCPKYEMO
MHOXHUKU — KOS(DIIIEHTH JIJIST KOKHOTO 3 piBHSAHB. OTKe, MepIiie piBHIHHS MOTPIOHO
TMOMHOXUTHU Ha 6, a Ipyre — Ha S.

4. 3nalifeHi koeQIilieHTH M1JICTaBIIIEMO B PIBHSHHS PEaKIIii:

6P +5HCIO, + H,0=6H,PO, + 5HCI.
5. [Tinbupaemo koeditieHTH AT PEIITH YYacHUKIB peakiii. [lopiBHSHHS 7iBOT
Ta MPaBOi YaCTUH PIBHSHHS MOKA3Ye€, 110 JIJIsl IOBHOTO MaTEPiaJIbHOTO OallaHCy B JIiBiH
yactuHi nepen H,O tpeba BuctaBuTH KoedimieHT 9. Tozi B ocTaTOUHOMY BUTJISIII Ma€e

MICIIE TaKe PIBHSIHHS:

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

6. [IpaBMIIbHICTH 3HAUYCHD MIAIOpaHUX KOEPIIIEHTIB MEPEBIPSIIOTH 3a OaTaHCOM
atomiB OKcureHy: B JiBiil 4acTHHI KUIbKiCTh atomiB Oxkcureny 24, y mpasiil —
Takox 24.

Ipukaan 4. MetonoM HamiBpeakilii BUBHAYUTH CTEXIOMETPUUHI KOe(DIiEHTH

B PIBHSHHI OKHCHO-BIJTHOBHOI PEaKIIii:
H,S + K,Cr,0,+ H,S0, - S + Cr,(S0,), + K,SO, + H,0.

Po3B’s13aHHs: METOJ  HamiBpeakIiii  (MOHHO-CJICKTPOHHUN  METON)
BUKOPUCTOBYIOTh JIJIsl HAITMCAHHSA OKHCHO-BIJIHOBHHMX PEakliid, sKi BiOYyBalOThCS Yy
BOAHUX po3unHax. Lleil MeTo BpaxoBye B3a€MO/III0 MK MOJEKylIaMu abo HoHamu,
AK1 peaJIbHO 1ICHYIOTh y cepeoBullli. [Ipoiiecr OkuCHEHHS Ta BIJHOBJICHHS 3aMUCYIOTh
y BUTJISIl HOHHUX HamiBpeakliid, BpaXOBYIOUH JTMCOIIAIiI0 PEYOBHH.
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3anuineMo HaBeNEHY BHILIE PEAKI[I0 B HOHHO-MOJIEKYJSIpHIA  (opwmi,
naM’ATal04yd, 110 CWIbHI €JIEKTPOJITH CJiJ 3alucyBaTH Yy BHUIVISAAl MOHIB,
a HECJICKTPOJIITH, CIa0Ki €JIEKTPOIITH, Ta3u W ocaau — y BUIVILAI MoJiekys. Tox
piBHSHHS HaOyBa€e TaKOTO BUTJISY:

H,S + K"+ Cr,02 + 2H"+ SO - S + 2Cr* + 3507+ 2K*+ SOz + H,0.
BoueBu/p, 1110 B po3unHi (y KUciioMy cepenoBuiii H*) mepebirarots nporecu
okucHenHs H,S 1o S i BigaoBnenus Cr,0% no Crs*.

3anumnieMo CXeMH X PeaKIlii:

H,S > S;
Cr,0z — 2Crs+.

YV npasunvno cknadenux peakyisax nosUHHO mamu micye 30epexCceHts K YUcid
amomis, maxK i 4ucia ereKmpudHux 3apsaoie y SUXIOHUX Deyo8UHAX [ NPOOYKMAX
peaxyit.

Tomy, nnsi 30epexeHHs mamepiaibHo2o OalaHCy CXeMa MEpIIOTO PIBHSIHHS
peaxiiii MOBUHHA MaTH TaKUW BUTJISI:

H,S — S + 2H".
JInst 3piBHIOBaHHS 3aps0i6 ¢/1i0 BiJl JIIBO1 YaCTUHU CXEMHU PIBHSIHHSI BIAHSTH JBa
€JIEKTPOHH, MICJS YOr0 CTPUIKY MOYKHA 3aMIHUTH HA 3HAK PIBHOCTI:

H,S —28=S+2H* (peakiist OKUCHEHHS).
B1THOBHHUK
Le nepiia HamiBpeakKIis.

Bapmo nam’smamu, wo 6 okucHo-6i0HO8HUX peaKyisx 6enux)y poib eidiepae
xapaxmep cepeoosuwya:

—y Kuciaomy cepedosunyi Haonuwkosi amomu Okcueeny 368°53y10mb UOHAMU
H*— na xooxcnuit naonuwxosuii amom Okcuzeny oooaroms 06a H', a 6 opyey wacmumny
piensanHs — 8i0nogiony Kintbkicmes Hy0;

—y JAYHCHOMY | HEUMPATbHOMY Cepedosuulax Haoauuwkosi amomu Okcueemy
38’°3Y10Mb 800010 — HA KONCHUU HAOIUwKosul amom Oxcuceny 000aroms MOAEKYLy
H>0, a y npomunesicnuii 6ix pieuannsa — 606iui 6invuly Kinvkicms onie OH .

Posrnsitnemo cxeMmy apyroi  HamiBpeakiii. OCKUIbKM peakiiis nepedirae
B KHCJIOMY CEpeJIOBUIII, TO CXeMa il MamepianbHo2o 0anaHCy BUTISIATUME Tak:

Cr,0% + 14H* — 2Cr3 + 7/H,0.
J11s1 3piBHIOBAHHS 3apsi/IiB JIIBOI 1 TpaBoi YacTHH Tpeba /10 J1BOT YaCTUHU CXEMHU
peakmii (3apsim +12) gomaté 6 €NEeKTpOHIB, MO0 1€ BIAMOBIAAIO 3apsay MpPaBoi
yacTuHH (+6):

Cr,0z + 14H* +68=2Cr% + 7H,O (peakuis BIIHOBIECHHSA).

OKHMCHHK
Lle npyra HamiBpeaxitisi.
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Jlyig ckaaHHs 3arajibHOTO PIBHSAHHS Tpeba CKIacTH JIiBl i MpaBi YaCTUHU 000X
PIBHSIHB, TIONEPEIHBO 3PIBHSABIIM KUIBKICTh BIJAAHUX 1 NPUHHATHX EJICKTPOHIB,
BUXOJSTYH 3 HAWMEHIIIOTO CITIJIBHOTO KPATHOTO, SIKE TOPiBHIOE 6:

H,S-2& =S + 2H* .
Cr,02 + 14H* + 68 = 2Cr®* + 7H,0 1
3H,S + Cr,0z + 14H+ — 3S + 2Cr3++ 6H" + 7H,0.

[TigibpaBmm moxiObni wienn (H*), MaemMo TOBHE HOHHO-MOJICKYJISIPHE
PIBHSIHHS:

3H,S + Cr,0z + 8H* —» 3S + 2Cr3+ 7H,0.

[lepeBipsieMO TPaBUIBHICTH CKJIQJAaHHS I[OTO PIBHSHHSA — YHCJIO aTOMIB
13apsiIiB y JIBIM 1 MpaBiil YacTUHAX PIBHSHHSA MOBUHHI OYTH OJJHAKOBUMH.

JIJ1st IbOTO MIJIPaXOBYEMO YMCIO aTOMIB KOKHOTO €JIEMEHTa B JIBIM 1 MpaBiit
yacTHUHAaX PiBHSAHHS. UMCIIO aTOMIB B JBIM 1 IpaBiii 4acTHMHAX PIBHSHHSA OJHAKOBI
(H-14, S-3, Cr-2, O-7). Cyma 3apsiiB y JIiBii 1 IpaBiii 4acTHHAX PIBHSAHHS TaKOXK
osHakoBa (+6). OTxe, MOBHE HOHHO-EJIEKTPOHHE PIBHSIHHS OKMCHO-BIAHOBHOI peaKilii
CKJIaJICHE MPaBUIILHO.

Jlonucyemo 10 aHIOHIB 1 KaTiOHIB BIJIMOBIIHI IM KaTiIOHM Ta aHIOHH, a TaKOX,
AKII0 HEOOX1HO, AJI1 TOBHOTO MaTEPI1aJIbHOTO OaJIaHCy JOMHCYEMO Y IPABY YaCTHUHY
PIBHSIHHS KaTIOHU 1 aHIOHM, K1 € Y JIiB1d YaCTUHI PIBHSAHHSA, IPOTE BIICYTH1 y MPaBiii:

3H,S + Cr,0% + 8H* —» 35S+ 2Cr3+ + 7H,0
2K* 48073 3502~ + (2K*+S07%)

[Ticns moemHaHHS BIANMOBIIHUX KATIOHIB 1 aHIOHIB OTPUMYEMO PIBHSHHS

OKHCHO-BIJJHOBHO1 peaKilii B OCTATOYHOMY BHTJISII:

3H,S + K,Cr,0, + 4H,S0,= 3S + Cr,(SO,), + K,SO, + 7H,0.

BukonaTtu 3aBaaHHA

MeTronoM eneKTpoHHOTrO OanaHcy a00 METOJOM HalliBPeaKIlii pO3CTaBUTH
KOe(]illiEeHTH Yy HaBEJSCHUX OKHCHO-BITHOBHHMX peaKIlisgX; BKa3aTH BiJHOBHUK
1 OKUCHUK; peaKIlii OKUCHEHHS Ta BITHOBJICHHS

Howmep Cxema OKMCHO-BIJTHOBHOI peakilii
BapiaHTa
1 2

1 1) KMnO4 + HCIl — Cl, + KCI + MnCl; + H,0

2) Zn + HNO; —» Zn(N03)2 + NHsNO3 + H,O

2 1) MnO; + NaNO3 + NaOH — Na;MnQ, + NaNO; + H,0
2) H,SO; + Br, + H,O — H,SO,4 + HBr

3 1) KMnO,; + H,0, + H,SO4 > MnSO,4 + O, + K,SO4 + H,O
2) FeCl, + KCIO; + HCI — FeCl; + KCI + H,O
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[IponoBxxkeHHA

1 2
4 1) K,Cr,07 + KI + H,SO, —» CI’z(SO4)3 + |, + K;SO4 + H,O
2) HBr + H,SO, — SO, + Br, + H,0O
5 1) Kl + H,0, + H,SO, — |, + H,O + Ky,SO,4
2) K,Cr,0O; + H,SO4 + H,S > S + Cr2(804)3 + K,SO4 + H,O
6 1) P+ HIO;3 + H,O — H3PO,4 + HI
2) H,.S + KMnO4 + H,SO4 —» KoSO4 + MNSO4 + S + H,O
7 1) PbO, + MnSO, + HNO; — PhSO, + Pb(NO3), + HMnO, + H,0
2) NaCrO, + H,0O, + NaOH — Na,CrO, + H,0O
8 1) MnO, + K,CO3; + KNO; > KoMnO4 + KNO, + CO»
2) Sn + H,SO4 — Sn(SO4)2 + SO, + H,0O
9 1) Na,SOs + Br, + H,O — Na,SO,4 + HBr
2) MnO, + HCI - MnCl, + Cl, + H,0
10 1) Cl, + KOH — KCI + KCIO3 + H,0
2) Pt + HNO3; + HCI — PtCl, + NO + H,0
11 1) FeSO, + HNO;3; + H,SO4 — FEz(SO4)3 + NO + H,O
2) K,Cr,07 + H,S + H,SO4 — KySO, + Cr2(804)3 +S + H,O
12 1) (NH4)2CT'207 — Ny + Cr,03 + H,0
2) Zn + H,SO4 — ZnS0O,4 + H,S + H,O
13 1) Na,SO3; + KMnOs+ H,SO4 —» K,SO4 + MnSO4 + Na,SO4 + H,0O
2) PbS + HNO3; —» PbSO, + NO; + H,0O
14 1) Mg + HNO3; —» Mg(N03)2 + N,O + H,O
2) FeSO, + KMnQO4 + H,SO4 — Fez(SO4)3 + MnSQO, + K,SO,4 + H,O
15 1) NaCrO; + Br, + NaOH — Na,CrO,4 + NaBr + H,0
2) KsMnQO,4 + Cl, > KMnO,4 + KCI
16 1) Zn + K,Cr,0O7 + H,SO, —» ZnS0O, + CI’z(SO4)3 + K»,SO,4 + H,0O
2) SO, + HBrO3; + H,O —» H,SO, + Br»
17 1) Na,SO3; + KMnO,4 + KOH — Na,S0O, + Ko:MnO,4 + H,O
2) NO + K>Cr,07 + H,SO, —» HNO; + CI’Q(SO4)3 + K»,SO4 + H,0O
18 1) HNO, + PbO, + H,SO4 - HNO3 + PhSO, + H,O
2) NaCrO; + Br, + NaOH — Na,CrO,4 + NaBr + H,O
19 1) Kl + CuCl; — I, + Cul + KCI
2) MnSO, + PbO, + HNO; - HMnO, + Pb(NO3)2 + PbSO, + H,O
20 1) H,S + H,SO, —» Sl + SO, + H,0
2) HCI + HCIO; —» C|2T + H,O
21 1) Mg + H,SO, - H»S + MgSO4 + H,0
2) HCI + KCIO; > Cl, + KCI + H,0
22 1) Kl + KNO, + H,SO, — |, + NO + K,SO4 + H,0O

2) SO, + 1, + H,O —» H,SO, + HI
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[IponoBxxkeHHA
1 2
23 1) KNO, + HCIO; - KNO3; + HCI
2) KMnO,4 + HCI — CI, + KCI + MnCl, + H,0
24 | 1) Al + NaOH + H,0 — NaAIO; + H,
2) K,Cr,0O; + FeSO, + H,SO, —» K,SO,4 + Cr2(804)3 + FEQ(SO4)3 + H,0O
25 1) Cu + H,SO4 — CuSO4 + SO, + H,0O
2) KMnO, + FeSO, + H,SO, — K,SO4 + MNSO4 + FGQ(SO4)3 + H,0O

3ABJAHHS 8

METAJIA. ®I3UYHI H XIMIUHI BJIACTUBOCTI METAJIIB

3araabHi BIZOMOCTI PO MeTaIH

Mertanu cki1aiatoTh OUIBIIICTh €IEMEHTIB MEPIOANYHOI CUCTEMU. 3 BIAKPUTUX
118 xiMiuHUX eneMeHTIB 96 — MeTanu. [cTopuyHO cKIaBcs T€OXIMIYHUM MO METaJIIB
Ha 4opHi (3ami3o Fe, mapraneus Mn, xpom Cr) 1 KOJIbOPOBI (pELITa METAIIIB).

Hacnpapai icHye Oararo kiacugikaiiiii MeTanaiB — 3aJeXHO BiJ] XapaKTepHOI
O3HaKM, SKa PO3IMIAJAEThCA (32 MOMMPEHHSIM Yy TMpUPOAl, 3a (Pi3uyHUMU
BJIacTUBOCTAMU Tomlo). IIpu mpomy oauH 1 TOM camMuii MeTan MOXeE OJHOYacCHO
HaJIeXKaTH J0 PI3HUX KIacU(PIKaIMHUX TPyI. 3 TOUKHU 30py XiMIi HAHBaKIUBILIOKO €
Kkiacudikaliisi Ha IMiJICTaBl eIeKTPOHHOI OyA0BH aToMiB. JIo MeTasiB BiTHOCATH:

—S-€JIEMEHTU — JIy’)KHI Ta JYKHO3EMEJbHI METajiu, a Takox Maruii Mg
1 bepuniit Be;

—p-enementu — Amrominiit Al, T'amiit Ga, [uaiit In, Tamniit Tl (ronoBna miarpymna
I rpynm), I'epmaniit Ge, OnoBo Sn, CBunenp Pb (romosna miarpyna IV rpymnm),
bicmyt Bi (ronosna niarpyna V rpynu), [ononiit Po (ronosna niarpyna VI rpymnn);

—d-enemenTu — enemenTH nooiuHuX miarpymn [-VIII rpyn nepionn4yHoi cucremu;

—f-enneMenTH — TaHTAHOIAM TAa AKTUHOIIU.

VYciMm MeTanaM BIacTUBI Taki 3arajbHi Qi3U4HI 03HAKH:

—13a 3BUYAHHUX YMOB YCI MeTald (3a BHUHATKOM PTYTi) € TBEpAUMU
KPUCTAIIYHUMH PEYOBUHAMM,;

— HU3bKA CJICKTPOHETATUBHICTH MOPIBHAHO 3 HEMETAJIaMU;

— METaJIEBHH OJINCK;

— BHUCOKA €JIEKTPO- Ta TETUIOMPOBIAHICTH;

— IUVTACTHYHICTH T4 KOBKICTH;

— BHCOKA TeMIlepaTypa MIaBiIeHHs (KpiM JIyKHUX METaJIIB Ta PTYTi).

Taxi coinabH1 (i3UYHI BIACTMBOCTI METaliB OOYMOBIIEHI HAsBHICTIO Y HHUX
0COOJIMBOTO THITY XIMIYHOTO 3B’SI3Ky — Memanesoeo (memaniunoco). BinbmiicTh
METaliB MalTh KPUCTATIUHY CTPYKTYPY, SKY MOXHa TPEACTaBUTH Yy BHIJISAL
KPUCTAJIYHOI TPAaTKH, Y By3JaxX SIKOi 3HaXOAAThCS aTOMU a00 MO3UTHUBHI WOHH, a B
MIKBY3JISIX — BJICHTHI €JIEKTPOHU («EJIEKTPOHHUM ra3y), K1 3A1MCHIOIOTH 3B’ 130K MK
HOHaMU 1 JIETKO TIepecyBaloThesl ycepeauHi kpuctany (puc. 8.1). HaBite HeBenmke
30y/>KeHHS PU3BOAUTD JI0 Mirpallii eneKTpoHiB. L{uM nosiCHIOEThCS BUCOKA TETLIO-

1 €JIEKTPOIIPOBIAHICTH METAIIB.
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‘ ATOM

%(Mm

Pucynok 8.1 — Kpucraniuna rpaTtka MeTaity

mex—n
eneKTpOHu

XiMi4Hi BJIACTHBOCTI MeTaJIiB
ATOMH €NEeMEHTIB-METalliB Ha 30BHIIIHHOMY €HEPI€TUYHOMY pIBHI MICTATH
HEBEJIMKY KIIbKICTh €JEKTPOHIB — BiJ OJHOTO JIO0 TpPbOX, 3piIKa — YOTHUPH.
Hamararourch HaOyTH CTiMKO1 €eKTPOHHOI KOH(DIrypallii IHepTHUX Ta3iB, METaIIuHI
€JIEMEHTH JIETKO BIIJAIOTh €JIEKTPOHH, YTBOPIOIOYU KATIOHU:
Me®-ne —— Me™
BIOHOGHUK OKUCHUK
3a cBOIMU XIMIYHUMU BIACTUBOCTSIMU BC1 METAJIH € BITHOBHUKaMU. UM MeHIIIe
€JIEKTPOHIB MICTUTBHCS HA 30BHIIIHBOMY €HEPreTUYHOMY PIBHI 1 UMM OUTBIIUHI pajalyc
aToMa, TUM JIETIIE aTOM METaJI4YHOrO €JIEMEHTA MEPETBOPIOETHCS HA BIJAMOBIIHUAN
KaTioH. 3a I[i€l NMPUYWHU, B Tepiojiax Mpu 30UIBIIECHHI 3apsay aTOMHOTO fJipa,
MeTaJi4Hl BJIACTUBOCTI 3MEHIIYIOThCS, a B TpyIax, y FOJIOBHUX MIATpymnax (3BEpXy
BHU3) — 30LJIBIITYIOTHCSI.
Pocitickkum BuenuM M. M. bekeToBUM Ha OCHOBI E€KCIIEPUMEHTAILHUX
JOCHiAIB OyB CKJIQJICHU BUTUCKYBIBHUN psn (P HANpyr) MeETamiB, SIKUAN
XapaKTepU3ye BIIHOBHY aKTUBHICTh METAIB:

Bionoeni enacmueocmi memanie 3HUNCYIOMbCA

\ 4

Li, K, Ba, Ca, Na, Mg, AlLMn, Zn,Cr, Fe, Ni, Sn, Pb, H2, Cu, Hg, Ag, Pd, Pt, Au

OKucHi en1acmusocmi 1OHIE Memalig 3p0CMaroms

»
»

Psn akTtuBHOCTEW MeTaniB J03BOJIIE NPOTHO3YBaTH  MEepedir XIMIYHHUX
peaxilii 3a y4yacTio MeTaliB:

1. 3niBa HampaBO BIAHOBHI (METaJIeBl) BIACTUBOCTI METANIB 3MEHIIYIOThCS —
HAWCUJIbHIIINM BIJHOBHHUKOM € JITIiH, a HaMCIa0IINM — 30JI0TO.

2. 3miBa HaMpaBO OKHUCHI BJIACTHBOCTI MOHIB METANIB 3pPOCTAIOTh, TOX HOH
AU®" — HalicCUITBHILIINI OKHMCHUK, a HoH Li* — Haiicnabmmii OKUCHHUK.

3. Metanu (kpiM JyXHHUX 1 Jy’)KHO3EMEJIbHUX) BUTICHSAIOTh HACTYIHI B PSAY
METaJId 3 BOJHHUX PO3UMHIB iX coiyie. Hampukmnazn, 3a1i30 MOXKe BHTICHATH MiJb
3 PO3YMHIB ii COJICI:

Fe + CuSO; — FeSO4 + Cu,
npote Cu 3aimizo 3 FeSO,4 BuTicHATH HE Oye.
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binbm akTUBHI JTyXKHI 1 JTy’KHO3EMEIbHI METalIH, 3aHYpPEHI B PO3YUHU COJIEH
IHIIUX MeTajiB, OyayTh pearyBatu 0e31mocepeaHbo 3 BOJIOKO.

4, MeTanu, 110 CTOSTh y Psi/Il HAIIPYT JIiBiII€ BOJHIO, 3/1aTHI BUTICHITH HOTO
3 PO34YMHIB PO30aBIIEHUX KUCIIOT (KPIM KHUCIOT-OKHCIIIOBAYiB):

3 KHCIOTAaMU — CWJILHUMHU OKHUCHUKAMH METaIU pearyrotb HC3aJIC’KHO BiI[ X

MOJIOKEHHST B PNy AaKTUBHOCTI, TPU IIbOMY BIJIHOBIIOETHCS HE BOJCHbD,
a KACJIOTOYTBOPIOBAJIbHUI €JIEMEHT:

Cu+ 4HN03K0HH,: CU(N03)2 + 2N02T + 2H,0,
Cu + 2H,SO k0, = CuSO4 + SO,71 + 2H,0.

Memanu 6i0 nimito 00 AUIOMIHIIO NPULHAMO B8ANCAMU CUNLHUMU AOO
AKMUBHUMU BIOHOBHUKAMU, 810 MUMAHY 00 NIIOMOYMY — BIOHOBHUKAMU CEPEeOHbOl
aKmusHocmi, a po3smawio8aui y psoi Hanpye nicisi B00HI0 — CLAOKUMU aOO
MANOAKMUBHUMU BIOHOBHUKAMUL.

Mertanu 31aTH1 pearyBaTy 3 HEMeTallaMH, BOJIOK0, KUCJIOTaMHU 1 COJIAMH. Y BCIX
[UX BUMAJKaX METaJU € BIJIHOBHUKAMH, BOHU OKUCIIIOIOTHCS.

1. B3aemonisi MerajiiB 3 ejleMeHTamMu—HeMmeTajdamMu (F) 3 yTBOPCHHSIM
BIIMOBITHOT O1HAPHOT CIIOJIYKH 3T1JTHO 3 CXEMOIO:

0 0 +n -m
mMe + nE — Me,, E ,.

JlerkicTh B3a€eMOJii 3aJ€XKUTh BiJ BIAHOBHOI 3JJaTHOCTI METAJly Ta OKHCHOI
AKTUBHOCTI HEMETay — YMM 3HAYHIIITUMU BOHU €, TUM JIETIIE BiJIOYBAETHCS B3AEMO/I1sl.
VY Tabnuii 2 HaBeeH] peakilii B3a€MO/Iii METaITiB 3 HEMETaIaMHu.

Tabmuig 2 — B3aemoisg MeTaniB 3 HEMeETaJIaMU

Pearent PiBHsIHHA peakiii [IpoaykT Mertainu, 1o pearyrorb
Bogenr | 2Na+ H; — 2NaH INapun Meramu |A 1 IIA rpyn
(oxpim Be)
Kucenn 2Ca + O, — 2Ca0 Oxcun VYei, kpim 30710Ta,
4Al + 30, — 2A1,04 Oxcun cpibia Ta MIaATHHOBUX
2K + O; — KOs Ilepokcun | MetaniB (TJIATHHOIIN)
Xiop Zn + Cl,— ZnCl, Xnopua Yeci
2Au + 3Cl,— 2AuCl;
Cipka Fe + S— FeS Cynbdig VYei, kpim 3050Ta i
IUTATUHOIIIB
A3oT 6Na + N, — 2NazN Hitpung JIyxH1, Ty KHO3E€MEIbHI,
2Al + N, — 2AIN Marfin
®ochop |3Ca+ 2P— CaszP docdin binpmiicts
Byraeus Mg + 2C — Mg(C, Kap6in Binemiicts
4Al + 3C— AlCs
Kpewmuiii | 2Ca + Si— Ca,Si Cuninun | BigermicTs
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2. B3aemonist MeTaJIiB i3 BOI0IO:

a) aKmueHi METalH, 10 3HAXOJAThCA B POy aKTUBHOCTI MeTaliB a0 Mg,
pearyroTh 3 BOJIOIO 3 YTBOPEHHSIM JIYT1B Ta BOJHIO:

2Na + 2H,0 — 2NaOH + Ho1;

0) MeTanu cepeonwvoi akTUBHOCTI Bif Al g0 H; pearyroTs 13 BOJ0I0 B OLIBII

KOPCTKUX YMOBax (HaIpHUKJIIaJl, IPU HArpiBaHH1) 3 YTBOPEHHSIM OKCHJIIB 1 BOJIHIO:
to
Pb + H,O™ PbO + Hy;

B) Ma/I0aKmMueHi METaH, skl MICTATbCs Tichs Hp B psiay Hampyr Mertalis, 13

BOJIOIO HE PEaryroTh Hi 3a SIKUX YMOB.
3. Bzaemooia memanie i3 kuciromamu

[IpoxyKkTy B3aEMOIii METaJIIB 3 KUCIOTaMHU 3aJI€KaTh BiJl aKTUBHOCT1 METaIly,
BUJTY 1 KOHIIEHTPAIIi1 KUCJIOTH, TEMIIEPATyPH.

Kucnotu yMOBHO MOXKHA PO3MOAUIMTU HA JIBI TPYIIU:

| epyna — kucnoTy, MO MarOTh HEBUCOKY OKHCTIOBANBHY 31aTtHicTh: HCI, HBT,
HI, H,SO,(pos6.), H3PO4, H,S, CH;COOH. ¥V nux okucHukom € ionn H'. Ilpu

B321€M011ﬁ MUX KHUCJIOT 3 MCTaJIaMH YTBOPIOIOTBLC:A coJll | BI/IIIiJIiICTBCiI BOACHLb:
Zn + 2HCI— ZnCl,+ H, T,

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

3 KHCIIOTaMU TIEPIOi TPYIU pearyrTh METANIH, 110 CTOATh B PSITy aKTUBHOCTI
JBIIIE BOJHIO.

Mertanu, siKi MatOTh 3MIHHUL CTYTIIHb OKUCHEHHS, XJIOPUAHOIO Ta PO30aBICHOIO
Cyab(aTHOI KHCIOTaAMH OKHCHIOIOTHCS, K TMPABUIO, [0 HUMCYUX CTYIICHIB
OKMCHEHHS1, HAPHMKJIAJ, 3a1i30 Fe okucHIoeThes 10 Fe?*, a me mo Fed':

Fe + HySO4(p036.) = FeSO4+ H1 .

[ImroMOyM TpakTUYHO HE B3aEMOJIE 3 XJIOPHUIHOIO Ta PO30ABICHOIO
Cynb(aTHOO KHUCIOTaMHU, OCKITBKM Ha WOTO TOBEPXHI YTBOPIOETHCS IIUIbHA
HEpO34YMHHA IUTIBKA XJIopuay abo cynbdary miromoymy(Il).

Il epyna — KMCIOTH, 1IO0 BOJIOJIIOTH BHUCOKOIO OKHCIIIOBAJIHHOIO 37ATHICTIO:
HNO3(po36.), HNO;3; (konir.), HpSO4 (koHIL.). YV 1uMX KHCIOTaX OKHUCHUKAMH €
KUCJIOTOYTBOPIOKOUNN €JIEMEHT.

YV KOHIEHTPOBaHiil cyab(aTHill KMCI0TI OKHCHUKOM ¢ cyibdar-ion SO,

B sskoMy Cynb(yp 3HAXOAUTHCSA B CTYNEHI OKMUCHEHHs +6. 3aJIe’)KHO BiJ aKTUBHOCTI
-2
MeTany, cyib(paTHa KUCIOTa MOXE BIJIHOBIIOBATHCS 10 TimporeH cymbdiny H, S,

) +4
cipku S a6o cynppyp(IV) oxcuny S O,:

a) y pe3ysbTaTi B3aEMOIIi aKkmusHUX METajIiB 3 KOHIIEHTPOBAHOIO CYJIb(aTHOIO
KHCJIOTOI YTBOPIOIOTHCS Cijib, BOJA 1 IepeBakHO H)S:

8Na + 5H,S0,(xort) = 4Na,SO,+ H,S T + 4H,0 .

0) MeTanu cepeoHboi aKTUBHOCTI BIJIHOBIIIOIOTh KOHLEHTPOBAaHY CyJb(paTHY
KHCJIOTY TEPEBaKHO JI0 CIPKH:

3Zn + 4H,580, (xor.) = 3ZnSO, + SV + 4H,0.

64



B) MAI0AKMU6HI METAIA BiTHOBIIOIOTh KOHIIEHTPOBAHY CYJIb(ATHY KHCIOTY
nepeBaxHo 10 SO ,, HaNpUKIAI:

Cu + 2H,S0, (xorn.) = CuSO, + SO, T+ 2H,0.

T') METAIH 3MiHHOI BaJCHTHOCTI KOHLEHTPOBAHOIO CYIb()AaTHOI KHCIOTOIO
OKHCHIOIOTBCS, K TIPABUIIO, JI0 BUILIOTO CTYIICHSI OKUCHEHHS, HATPUKJIA/;

3Sn + 8H,S0, (xorm.) = 3Sn(SO,), + 2S+ + 8H,0.

brnaropomni MeTtamu 3 KOHIIGHTPOBAHOK CYJIb(AaTHOK KHCIOTOK HE
B3aEMOJIIIOTH Hi 32 IKHUX YMOB.

Meramu (Al, Fe, Cr, Ni, Ti, V Ta iH.) 3a 3BU4YallHUX yYMOB HE B3aEMOJIIOTH
3 KOHIICHTPOBAHOK CYyJIb()aTHOK KHCIOTOK (MacuBYIOThCs). ToMy, HalpuKIaj,
KOHIICHTPOBaHY CyJb(paTHy KHCIOTy MOXKHa 30epiraTh B €MKOCTSIX 13 3BHYAMHOI
HEJIETOBAHOI CTalll.

Yum nigiwe 8 psoi Hanpye 3HAXOOUMbCL Memai, Mum NOGHiuLEe 8I0HOBIIOEMbCSL

cynbghamua Kucioma.

OxucHHUKOM B HiTpaTHiii Kuc0Ti € HiTpar-ionn NOj 3 Hitporenom B cTyneHi

OKUCHEHHA +5. Y pe3ynbTari B3a€MOJii METajiB 3 HITPATHOIO KUCJIOTOIO BOJICHb HE
BUNILIsIETBCA. HiTpaTHa KHCIIOTa OKHCHIOE YCI METalld, 3a BUHATKOM CaMuX
HeakTHUBHUX (Au, Pt). ¥V pesynbrari peakiiii yTBOPIOIOTHCS CLib, BOJA 1 MPOAYKTH
-3 0 +1 +2 +3 +4
BigHoBneHHa Hitporeny(+5): NHj;,N2, N2O, NO,HNO,, NO,. Binphuuii
aMOHIaK HE BHJIUISIETBCS, OCKIIBKM BIH B3a€EMOJII€ 3 HITPATHOIO  KHUCJOTOIO,
YTBOPIOIOYM HITPAT aMOHIIO:
NHs;+ HNO3; = NH4NO3

VY pesynbrari B3aEMOJIl METAJB 13 KOHYEHMPOBaHO_HITPATHOI KHCIIOTOIO
(30-60 % HNOs3) npoxykrom BigHoBieHHs HNOj3 € nepeBakHo HiTporeH(IV) okcun,
HE3aJIC)KHO BiJ] MPUPOIU METaTy, HAIPUKJIIA:

Mg + 4HNOj3 (kon1r.) = Mg(NOs3), + 2NO,1 + 2H0,
Zn + 4HNOs(konir.) = Zn(NOs)2 + 2NO,T + 2H,0.

Mertanu 3MiHHO1 BaJIEHTHOCTI T1]] 4ac B3a€MO/I1i 3 KOHIICHTPOBAHOIO HITPATHOIO
KHCJIOTOFO OKHCHIOIOTHCS JI0 BUIIIOTO CTYTICHSI OKHCHEHHS. MeTau, siKi OKUCHIOIOTHCS
710 CTYNIEHSI OKUCHEHHS 14 1 BUILIE, YTBOPIOIOTH KUCIOTH a00 okcuan. Hanpukinan:

Sn + 4HN03(KOHH) = H,SnO; + 4NO, T + H,0,
2Sh + 1OHN03(KOHL[.) = Sh,0Os5 + 1ON02T + 5H,0.

VY KOHLIEHTpOBaHIN HITPATHINA KHUCIOTI MAaCUBYIOTHCA aIOMIHIN, XpOM, 3ali3o0,
HIKeJlb, KOOAIbT, TUTAH 1 AesKl 1HII MeTanu. [Ticas oOpoOKH HITPATHOIO KUCIOTORO 1
METaju HEe B3a€EMOJIIOTH 1 3 1HIIIMMH KUCIOTaAMHU.

VY pe3ynbTaTi B3aEMO/I1i METaNIB 3 p036asieHor HITPATHOIO KACIOTOO MPOTYKT
il BIAHOBJICHHS 3aJICKHUTHh BiJ] BITHOBHUX BJIIACTHBOCTEH METally: UMM aKTHUBHIIIUI
MeTaJjl, TUM OLITBIIIO0 MipPOO BITHOBIIOETHCS HITpaTHA KUCIIOTA.

Axmueni MEeTaau BIHOBJIOIOTh PO30aBieHy HITPATHY KHUCIOTY MaKCHMAalbHO,
TOOTO yTBOPIOETHCS ciib, Boga 1 NH4NOs3, Hanpukia:

8K + 10HNO3(p036.) = 8KNO3z + NH4sNO3z + 3H,0.
Mertanu cepednboi aKTUBHOCTI T1J] Yac B3a€MOJIIi 3 pPO30aBICHOI0 HITPATHOIO
KHCJIOTOIO YTBOPIOIOTH Clb, BOAYy 1 a3oT abo N»O. YuMm miBimie MeTaa B IbOMY
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iHTepBaNi (4yMM OmK4e 10 aIOMIHIIO), TUM WMOBIpHIIIE YTBOPEHHS a3o0Ty,
HaANPUKIIAI;

5Mn + 12HNO3(p036.) = 5SMn(NOs), + N1 + 6H,0

4Cd + 10HNO3(p036.) = 4Cd(NO3)2 + N2OT + SH20

Manoaxmueni MeTany mij 4yac B3a€MO/IIi 3 p030aBICHOIO HITPATHOK KHUCIIOTOIO
YTBOPIOIOTH CLIb, BOAY 1 okcua HiTporeny(Il), Hanpukma:

3Cu + 8HNO3(po36.) = 3Cu(NOs), + 2NO7T + 4H,0.

Aje piBHSHHS peakiiid y IHUX MPHUKIaJaXx € YMOBHMMH, OCKUIBKH HACIpaB.i
BUXOJUTH cyMill cnoiayk Hitporeny. Kpim Toro, 4uM BHIIOIO € aKTHBHICTh METAIy
1 HIOKYOIO0 KOHIICHTpAIlis KHCJIOTH, THM HIDKYUM € CTYIiHb OKMCHEHHS Hitporeny
B TOMY MPOAYKTI, IKOTO YTBOPIOIOTHCA OUIbIIE BiJ] 1HIIINX.

4. B3aeMoJis MeTaJiB i3 COJISIMH
binbin akTUBHI MeTanM 37aTHI BUTICHSATU MEHII aKTHUBHI 3 BOJHHUX PO3UYHHIB
iXHIX coJei:
Fe + CuSO, = FeSO,+ Cu,
Zn + FeCl,= ZnCl,+ Fe,

Cu+FeSO, =#.
Bukonaru 3aBJaHHA

3aBaanns 8.1 3M1HCHITH IEPETBOPEHHS:

Howmep Cxema nepeTBOpeHb

BapiaHTa
1 Be — Be(Cl, - Be(OH), — Na,[Be(OH),] = BeSO,
2 Ca = Ca(OH), = CaCO5; — Ca(HCO3),
3 Ba =» BaO = Ba(OH), = BaCO; = BaO
4 Li - Li,O —» LiOH - Li,SO,
3) Fe - FeO - Fe(Cl, - Fe(OH), = Fe(OH)Cl - FeC(Cl,
6 Co — CoCl, » Co(OH), — Co(OH)4
7 Cu - CuO - CuS0O, — Cu(OH), = CuCl,
8 Ca = Ca(OH), = CaCO5; — Ca0 - CaCl,
9 Ni = Ni(NO3), — Ni(OH), = Ni(OH),
10 Mg —» Mg0O - MgCl, - Mg(OH), - MgS0,
11 Al - Al,0; - AlCl; — AlI(OH); = Na[Al(OH),]
12 FeSO, — Fe = Fe,0; = FeCl; = Fe(OH),
13 Sr - Sr(OH), = SrCO; — SrSO,
14 Zn0 - ZnCl, —» Zn(OH), = Na,[Zn(OH), ]
15 Fe — Fe(Cl, - Fe(OH), —» Fe(OH); - NaFeO,
16 Al - Al,(S04); = Al(OH); = NalAl(OH),]
17 Cd - Cd(NO3), = Cd(OH), = CdSO,
18 MgCO; —» Mg0O —» MgCl, - Mg(OH), —» MgS0,
19 Ba —» BaO — Ba(OH), —» BaCO; — Ba(HCO5),
20 ZnCO; —» ZnCl, - Zn(OH), — Na,[Zn(0OH),]
21 Ca =» Ca0 = Ca(OH), —» CaCO; — Ca(HCO5),
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Howmep Cxema nepeTBOpeHb
BapiaHTa
22 Al = AlCl; - Al(OH); — Al,05; = NaAlO,
23 Fe — FeCl; » Fe(OH); - Fe,0; = Fe
24 ZnCl, - Zn(OH), — Zn0 - Zn(NO3),
25 Cu - CuCl, -» Cu(OH), —» CuS0O, — Cu

3ABJAHHSI 9
EJEKTPOJHI TOTEHIIAJIN. TAJIbBAHIYHI EJIEMEHTH

Eaexrpoani norenuiagau. MexaHi3M iXx BUHMKHEHHS

bisblIicTh METaNlIB MalOTh KPUCTAIIYHY CTPYKTYPY, SIKY MOXHa MPEACTaBUTH
y BUIVISIAI KPUCTANMIYHOI IPAaTKH, y BYy3/JaX $AKOI 3HAaXOIAThCS IO3UTUBHI WOHH,
a B MDKBY3JIaX — BJICHTHI €JIEKTPOHU («EJIEKTPOHHUII ra3y), Kl 3[1HCHIOIOTh 3B’ 130K
MK HOHAMHU 1 JIETKO TIepECYBalOThCS BCepearHi kKpuctaiy (puc. 8.1).

VYci Meranu OUIBIIOD YHM MEHILOK MIPOI PO3YHMHSIIOTBECA y BOIL. SKIIO
3aHYPUTH METAJIEBY IUIACTUHKY Y BOAY, TO TO3UTUBHO 3apsA>KEH1 KaTIOHH METaly, SIK1
3HAaXOJAThCS Y MOBEPXHEBOMY LIapi METANy, TAPaTyIOThCs MOJIIPHUMH MOJIEKYJIaMU
BOAM W TMEpexXoAsTb y po3uuH. Y pe3yiabTaTl IOBEpXHS MeTaly HalyBae
HAJUIMIIKOBOIO HETAaTUBHOIO 3apsly, & PO3YHMH JOBKOJA METAy — IIO3UTHBHOTIO.
['inpaToBaHi MO3UTHBHI KaTIOHM METally €JIEKTPOCTaTUYHO MPUTIATYIOThCS 0
HETaTUBHO 3aps/PKEHOT MIIACTUHKH, B PE3YJIbTATI YOTO Ha MEXI «METal — PlIuHaY
YTBOPIOETHCS noOdgitinuii enexkmpuyunuit wiap (IIEII), 110 XapakTepru3yeThCs JESIKOI0
PI3HMIICIO €JIEKTPOCTATUYHUX MOTEeHIaniB. Yepe3 nedkuil yac MK IJIACTUHOIO Ta
PO3YMHOM BCTaHOBIIIOETHCS OKUCHO-8IOHOBHA pIBHOBa2a: KUIbKICTh MWOHIB, K1
3QJIMIIIAIOTH TPaTKy METaly, IOPIBHIOE KIIBKOCTI MOHIB, sIKI TOBEPTAIOTHCS HA METaJ:

Me +mH,0 < Me(H,0)p + né

MeTan Meran
PO34nH

abo crpoIeHo Me =—= Me" + ne

[Ipu 3aHypeHHI MeTajiB B PO3UYMHMU iX COJIE€H, TaKOX BUHUKAE TMOJBIMHHIA
CJCKTPUYHUNA I1ap, aje 3aJeKHO BIiJ aKTUBHOCTI METANIB MOKJIMBI JBa PI3HUX
MeXaHi3MHU Horo yrBopeHHs (puc. 9.1,a):

1. Jlna akmusnux metaniB (Mg, Al, Fe, Zn), siki mMaioThb BHCOKI BiJHOBHI
BJIACTUBOCTI, MEpPEBaKa€ MpsiMa PEeakIlisi, BHACTIZOK YOTO IUIACTUHU ITUX METalliB
3apsHKAIThCS HeraTHBHO (puc. 3,a).

2. ns manoaxmusnux metanis (Cu, Hg, Ag, Au), ski MaloTh HaJA3BUYANHO
c1alKi BiJIHOBIIIOBAJIBHI BIACTHBOCTI, a ix kaTionu (Bignosizno Cu?*, Hg?*, Ag*, Au®),
HaBITAKH, MAIOTh BUCOKY OKMCHIOBAJIBHY 3/IaTHICTh, OLIBIII XapaKTEPHUM € 3BOPOTHHM
MpoLIeC — KaTIOHW METANIB 13 PO3UYMHY NEPEXOASATh Ha IJIACTUHKY, BIHOBIIOIOUYNCH
1 OCa/DKYHOYHMCh Ha Hii. BHaAcCTiIOK HBOro IIacTHHA 3apsKAa€ThCs IMO3HTHBHO,
a KOHLIEHTpaIlisl KaTiOHIB O11s1 Hel cTae HabaraTo MEHIIO, HIK B 00’eMi po3uuny. I3
i€i TPUYUHU PO3YUH Ol MOBEpPXHI HaOyBa€ HETaTUBHOTO 3apsiay 3a PaxyHOK
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HAJJIMIIKY aHioHIB. OTKe, Ha MEX1 MOILTy MeTal-po3uuH Takoxk BuHukae [IEILI
(puc. 9.1,0).

In Cu
—4- -[= g A
B i ~k
__"'_" = Ik | —
- C|+- _ -
A+ + '+"'-|'-
T ZnSOu — T CuSOs —
a 6

Pucynox 9.1 — Cxema BUHUKHEHHS TIOJIBINHOTO €JIEKTPUYHOTO MIApy Ha MEXK1 MOALTY
Meman — po3yuUH:
a — aKmueHi MeTanu; 0 — Mal0aKmueHi MeTalIu

[ToTeHiian, 1m0 BCTAHOBIIOETHCS B YMOBAaxX PIBHOBArW €JIEKTPOJHOI peakxilii,
HAa3UBAETHCS PIBHOBAKHUM €JICKTPOAHUM MOTEHIIAJIOM.

Pi3Humio (cTpuOOK) MOTEHUMANIB y TPaHUYHOMY IIapl, IO BHHHUKAE MIXK
METaJIOM 1 P1IKOI0 a30t0, HA3UBAIOTh €/1eKMPOOHUM NOMEHUIATIOM, TKUI MAE TIEBHE
3HAYEHHS JJIs1 KOKHOI OKMCHO-BIJIHOBHOI IapH, L0 CKJIAJAEThCS 3 METAly 1 WOHY

poro metany. [loTeHiian Metamy B po3uMHI HOTO COJl 3aIUCYIOTh SIK (Pf\/IenJr /Me

(y uncensHuky — okucHeHa (opma metany (Me"), y 3HaMeHHHMKY — BigHOBIEHA
¢dopma iioHa (Me), pucka — moBepxHs po3auny). IloTeHuiany npunucyoTs TOM 3HaK,
KWW BUHUKA€E Ha METaJl B MOJABIMHOMY €JIEKTPUYHOMY IIapi.

AOCOIOTHI 3HaYEHHS MOTEHLIAJIIB BU3HAYUTH HEMOXJIMBO, TOMY BU3HAYaIOTh
iX BIJIHOCHI 3HAYE€HHS, MOPIBHIOIOYM 3 TMOTEHIAJIOM CTAaHAAPTHOTO EJIEeKTPOo/a.
CrangapTHuM 00paHO 600HesUll e1eKmpood, TOTEHIIANl SKOTO YMOBHO MPUNHHATHIA
PIBHUM HYJIIO.

Cmanoapmuuii  e1eKmpoOHUil NOMEHUIan Memasuy (l)?vlenJr /IMe— e

MOTEHI[1al, SKUH BUHUKAE MPU 3aHYPEHHI METaly B PO3YMH, B IKOMY KOHLIEHTpaIis
(axTUBHICTH) IOHIB MeTaly piBHA | MoJb/11. BusHauaeThCs cCTaHIapTHUM €JIEKTPOTHUN
noTeHIian 3a cranaaptaux ymoB (T = 298K, P = 101,3 kIla) nromo cranmapTHOTro
BOJHEBOI'O €JIEKTPO/a.

Po3sramoByroun MeTanu B MOPSAKY 30UIBIICHHS X CTAaHJAPTHUX €JIEKTPOTHUX
MOTEHITIAMIB, OJICPKYIOTh  e1eKmpPOXiMiuHUil pad Hanpyz memanie (pao

CMAHOAPMHUX e1eKMPOOHUX NOMEHUIANIB).
Li+/Li K+/K Caz*/Ca Mgz/Mg AlI/Al  Mnz/Mn Zn*/Zn  Fe2+/[Fe Cd2+/Cd

-3,02 -2,92 -2,87 -2,34 -1,67 -1,05 -0,76 -0,44 -0,40
Co**/Co  Snz+/Sp Pbz/Pb  H,/2H+  Cu?/Cu Ag+/Ag Pt2r/Pt  Au*|Au
-0.28 0,14 0,13 0 +0,34 +0,80 +120  +149

3 aHaIi3y 1BOTO PSAy BUILIUBAE JEKIIbKA BAXKIUBUX 6UCHOBKIB:

— YMM MEHIIIa anredpaiuHa BeTuYrHa €JIEKTPOAHOTO MOTEHITATy MeTaly, TUM
BHUIIA BiJTHOBJIIOIOYA 3/IaTHICTh aTOMIB METaJy 1 TUM HIKYa OKMCHIOBAJIbHA 3/1aTHICTh
HWOro MOHIB;
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— MeTanu, SKi po3MmimieHi y psai Hampyr a0 Hp, BUTICHSIOTH BOJCHH 3
kucinor-ueokucHukiBs  (HCl, H3PO,, CH3COOH, po3senena H;SO, Tomo.),
HaAIIPUKJIA;

Zn + 2HCl— ZnClL,+H, T;

— MeTanu (KpiM JY>KHUX 1 Jy’)KHO3EMEJIbHUX) BHUTICHSIOTh HACTYIIHI B DSy

MeTaju 3 BOAHUX PO3YMHIB iX COJICH, HAMPUKIIAT;

Zn + CuSO, - ZnS0O,+ Cu;

Benuuuny enekTpogHOro TOTEHIaly MeTaly MOXHa po3paxyBaTu 3a
piBHsiHHAM HepHcTa:

RT
=° +—1In[Me™ A
(pMen+/Me (PMen+/Me nF 1’1[ ¢ ]’ (9 )
ae @° — CTaHJAPTHUN €JIEKTPOIHUM MOTEHIaI MeTany, B;

Men+/Me
R — yHiBepcasibHa razoBa ctaia, o nopiBHioe 8,31 JIx/(Monb-K);
T — remneparypa,K;
F — crama ®@apanes, mo gopiBaioe 96 485,35 Ki/moib;
N — KIJIBKICTh €JIEKTPOHIB, SIKi O€PYTh Yy4acTh B €JIEKTPOXIMIYHOMY MPOIIECI;
[Me™] — monsipHa KOHIIeHTpallisi HOHA B PO3YHHI.
Sxmo B piBastHAES (10.1) migcTaBuTH YMCIOBl 3HaUeHHS KOHCTAHT R, F 1 mepeiitu
BiJl HATYpaJbHUX JIOTapu(PMIB 10 AecATKOBHX, TO ipu T = 298 K oTpumaemo
0,059
¢ =0 e - Ig[Me]. (9.2)
I3 piBusHHsS HepHcra BUIIMBa€, 1m0 Mpu 301IBIIEHHI KOHIIGHTpAIlli HOHIB
MeTajgy B PO3YMHI €JEKTPOJHUN MOTEHINa 3MINIYEThCS B MO3UTUBHUM OiK, a mpu
3MEHIIICHHI — y HeraTuBHUN. TOMy €JIeKTpOJHI1 MOTEHIlaJu OJHOr0 W TOr0 Camoro
MeTaJy MOXYTh 3aJ€KHO BJ KOHIIEHTpalii Horo HOHIB MaTW pi3HI 3HAYCHHS.
Ha upomy rpyHTy€eThCsl p0OOTa KOHIICHTPAIIMHUX TaJlbBaHIYHUX €JIEMEHTIB.

Men+/Me

TI'anveaniuni enemenmu

T'anveaniunumu enemenmamu Ha3UBAIOTHLCS PUCTPOI, B IKUX XIMIUHA €HEPTis
OKHCHO-BIJJTHOBHUX PEAKIIiH, 1110 BIIOYBAIOTHCS B HUX, IEPETBOPIOETHCS B €IICKTPUUHY.
Hist Oynb-AKOTO TadbBaHIYHOTO €JIEMEHTAa 3aCHOBaHA Ha MPOTIKAHHI B HBOMY
MPOCTOPOBO PO3AIIEHUX OKHUCHO-BIJTHOBHUX PEAKIIIM.

VY HaWmpocTiioMy BHUNAAKY XIMIYHMA TajdbBaHIYHUN €JIEMEHT CKJIaJa€ThCs
3 IBOX PI3HUX €1eKmpooie — METAICBUX TUIACTHH, 3aHYPEHUX Y PO3UMHHU iXHIX COJIEH.
Enextponu 3’eaHani uepe3 BOJbTMETP METAICBUM TIPOBITHUKOM.

EnexTpon, Ha sKOMY BiIOYBAa€ThCsl pEaKI[isi OKUCHEHHS, HA3UBAETHCSI AHOAOM.
Enextpon, Ha sikoMy BiI0yBa€ThCsl peakilisi BIIHOBJICHHS, HA3UBAETHCSI KATOI0M.

1l]o6 susnauumu, sAKull eleKmpoo y 2alb8AHIUHOMY eleMeHmi 8idiepac pob
amooa, a AKul —Kamooda, HeoOXiOHO NOPIGHAMU 3HAUEHHS eNeKMPOOHUX NOMEHYIAIE
BIONOBIOHUX eIeKMPOXIMIUHUX CUCTIEM.

AHOJIOM € €IeKTPO/I, BATOTOBJICHH 3 O17IbIII aKTUBHOTO METAITYy, CIICKTPOIHUIN
MTOTEHIIIAJI SKOTO Ma€ OUIbII BiJ’€MHE 3HAYCHHS. AHOJ — HETaTUBHHM EIIEKTPO/I,
y CXeMax rajbBaHIYHHX €JIEMCHTIB BiH MO3HAYA€ThCS 3HAKOM MiHyc (—)A.
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Karoaom € enekTpona, BATOTOBJIEHUN 3 MEHIII aKTUBHOI'O METAJy, EJIEKTPOJHUN
MOTEHIIaJ SIKOro Mae OUIBII JIoAaTHE 3HaueHHs. KaTon — MO3UTUBHUIN €JeKTpO/l, BiH
03HaYa€eThCs 3HakoM 1o K(+).

[IpukimaoM HaMBIIOMINIOTO TajbBaHIYHOTO €JIEMEHTAa € MiAHO-ITUHKOBHUI
eqieMeHT abo enemeHT SkoO1 — JlaHiens, 10 CKIAJa€eThCs 3 LIMHKOBOTO €JIEKTPOLY,
3aHYpEeHOro y BOJHUN po3uuH ZnSO4 1 MITHOTO €JIEKTPOAa, 3aHYpPEHOrO B PO3UMH
CuSOq4. [l 3amobiraHHs THEpeMilllyBaHHsS PO3YMHU PO3JLJICHI HaiBIPOHUKHOIO
MOPYBATOIO MEPETUHKOI-MEMOPAHOI0, Yepe3 Ky MOXKYTh MPOXOJUTH TUIBKU HOHH.
YacTo 3aMicTh IEPETHHKH 3aCTOCOBYEThHCS U-TIOIIOHUH €TeKTPOTITHYHUN (COTHOBHUH )
MICTOK, 3allOBHEHUH arap-arapoMm (pOCIHMHHA >KEJEeNoJiOHa PEeYOBHHA), 3MIIIAHUM
3 KCl. Bin cTBOpIO€ KOHTakT MIX JBOMa po3uMHaMHU. MeTaneBi MPOBIIHUKH, IO
3'€THYIOTh €JIEKTPOIH 3 BOJIBTMETPOM, 3aMHUKAIOTh 30BHIIIHII €EKTPUYHUAN JTAHIIIOT.

[lepen moyaTkoM poOOTH TAIBLBAHIYHOTO €JIEMEHTa B 000X pO3UMHAaX KIJIbKICTh
KaTIOHIB YITKO BIJIMOBiJAa€ KUJIBKOCTI aHioHIB. IIpu poOOTI rajpBaHIYHOTO €JIeMEHTa
B IIpHaHOAHMI po3unH ZnSO4 O€3yNUMHHO HAIXOAATh KaTioHHM Zn?*, BHACIIZOK YOTO
BiH NOBMHEH 3aps/KATHCS IIO3UTUBHO. 3 iHIoro 60Ky, kationn Cu?*, mo MicTaThcs
y MPUKATOJTHOMY PO3YHHI, IEPEMINIYIOThCS J0 KaToJa 1 BIIHOBIIOIOTHCS HA HHOMY,
TOMY 32 paXyHOK HaJUTHIITKOBOI, HECKOMITEHCOBaHOI KijIbKOCTi OHIB SO 11e#t po3uuH
Mae 3apspkaTics HeratuBHO. OJIHAK HAclpaBlil LBOTO HE B1IOYBAETHCS, OCKIIBKH
eJIEKTPOHEHTPANIbHICTh PO3UMHIB 3a0e3mnedyerhesi nepexofom HoniB SO%  yepes
COJIbOBUM MICTOK (ab0 dYepe3 mopyBaTy HEpeTHHKY-MeMOpaHy) 3 IPHUKATOIHOIO
MpPOCTOPY B NPUAHOJHUM, TOMAl SK HAIJIUIIKOBI KATIOHM HABIAKU PYXalOThCS
y MPOTHJICKHOMY HAMPSAMKY.

Pucynok 4 — I'anbBaniunmii eneMenT ko061 — Jlaniens

[TopiBHIOUM TOTEHITIATM METaIiB (P%n2+ 7Zn= -0,76 B i(p?:u2+ Icu = +0,34 B

OYEBUHO, 1[0 B IIMHKOBO-M1JHOMY TaJIbBAHIYHOMY €JIeMeHTI Zn — aHo, a Cu —Karto.
SKI110 30BHINIHIA JIAHIIOT 3aMKHYTH, TO Ha aHOJIl MOYHEThCS MPOIEC OKUCHEHHS
mMHKY: ZN° - 28 — Zn?+. Karionn ZN?* mocTynoBo OyIyTh NMEPEXOIUTH B PO3UHH,
a IIMHKOBUHM €JIEKTPOJ IOYHE 3apsKaTHCS HeraTuBHO. HakomudeHi Ha aHoi
€JIEKTPOHU OYIyTh MEPETIKaTH MO 30BHIIIHBOMY MPOBIAHUKY Ha MIJHUN KaTOJ, 110
MpUBEIE 10 BigHOBICHHS HoHiB Cu?t: Cuzt+ 28 — Cu®.
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CymapHna peakiris, 1o XapakTepu3ye poOOTy IMHKOBO-MiTHOTO €JIECMEHTA MOXKE
OyTH OTpUMaHa IIISAXOM ajJreOpaidHoOro CKIaJaHHs JBOX PEAKIIi, 10 MPOTIKAIOTh HA
CIIEKTPOIax:

(5)A: Zn®(18.) — 28 = Zn**(po3u.) | 1 (peakiiiss OKUCHEHHs)
(HK: Cu?*(posu.) + 28 = Cu®(1B.) | 1 (peaxuis BigHOBICHHS)
Zn%+ Cu?* = Zn?*+ Cu°,
MonekynspHe XiMiuHE PIBHSIHHS €IeKTPOTHUX MPOLECIB:
Zn° + CuSO4 — ZnSO,4 + CLC,

OTxe, 3a paxyHOK MPOTIKaHHS I[i€l OKUCHO-BIJHOBHOi XIMIYHOI peaKIii
B IIMHKOBO-MIJIHOMY TaJIbBaHIYHOMY €JIEMEHTI YTBOPIOEThCS O€3MEpEepBHUN TOTIK
eIeKTpOHIB (eNekTpuuHuil cTtpyMm). Lleit mporec BiOyBaTUMEThCS JOTH, JIOKH
HE PO3UYUHUTHCS BECh ITUHK, 200 He Oyne BuKopuctana Bes ciib CUSOa.

Cxema rajbBaHi4YHOIO ejieMeHTa. /[ mo3HaYeHHs rajJbBaHIYHUX EJIEMEHTIB
9JaCTO BUKOPUCTOBYETHCS CUMBOJIIYHHN 3aITUC — CXEMY, IO HAJI3BUYANWHO CIIPOIIIYE 1X
onwuc. Tak MUHKOBO-MITHOTO TaJIbBAaHIYHOTO €JIEeMEHTa, 300pakKeHOT0 Ha PUCYHKY 3,
MO>KHA 3aITMCaTH y BUTIISAI CXEMH:

(-)A Zn | ZnSO4 || CuSO4 | Cu K (+).

3miBa 3aBKIM 3amucyeTbea aHox Zn|ZnSO, (abo Zn|Zn?*) — mHeraTuBHUIA
enektpon (-)A , Ha sIKOMY BiTOYBa€eThCs Tpoliec OKUCiIeHHs. [IpaBopyd 3anmucyeTbes
karos CuSO4|Cu (abo Cu?*|Cu) — mosutusHuii enexrpon K(+), Ha skomy BinbyBacThes
nportiec BiHOBJIEHHS. OHIEI0 BEPTUKATHHOI PUCKOIO MO3HAYAETHCS MEXa MOJLITY
MIXK €JIEKTPOJIOM 1 PO3UMHOM COJIl, B SIKAW BiH 3aHYPEHHUIA, a JBOMA — MK PO3UHMHAMU
conieil. Enexmpopywiiina cuna ransaniuHoro enementa (EPC) nopiBHIoe pi3HuII
MOTEHI1ATIB €JIEKTPOIB, 0 TOTO K BiJl OUIBII MO3UTUBHOTO MOTEHIIATY BIAHIMAIOTh
O11bII HETATUBHUIA:

EPC = (PK_ (Pa5
€ @x — PIBHOBOXHUHN €JEKTPOAHUN TOTEHIIA]l KaTojla, (¢, — PIBHOBAXKHUHU
eleKTpoaHui moreHmian aHoma. Opunuusg Bumipy EPC — Bometu (B).

EnexTpopymriifHa cuiia TalbBaHIYHOTO €JIEMEHTA 3aBKIH MMO3UTHBHA.

Posrnsnytuii Bumie enemeHt ko001 — JlaHiens BIAHOCHUTBCS N0 XIMIYHUX
raJibBaHIYHUX eJIeMeHTIB, Y sskux EPC BuHMKae BHACHIIOK Pi3HOT XIMIYHOT MPUPOIU
€JICKTPO/IIB Ta XIMIYHUX MTEPETBOPEHH KOMIIOHEHTIB CUCTEMHU.

[TormupeHi TakoX KoHyeHmpayitini TadbBaHIYHI €JIEMEHTH, SKi IMOoOymaoBaHi
3 OJIHAKOBHUX €JIEKTPOIB, 3aHYPEHUX Y PO3ZUMHU OJHOIO 1 TOTO K CAMOTO €JIEKTPOJITY
PI3HOI KOHIIEHTpaIlli. ¥ TaKuX TaJbBaHIYHUX EJIEMEHTaX JHKEPEJIOM EIeKTPUYHOI
EHEprii € eHepris MePEeHOCY PEYOBUHH 3 PO3UMHY 3 OUIBIIOI KOHIICHTPAIlIE€I0 HOHIB
y PO3YMH 3 MEHIIOI KOHIICHTpAIli€l0. AHOJOM y KOHIICHTpAIlIMHUX €JIEMEHTax €
CICKTPOJ, 3aHYPEHUH B CICKTPOJIT 3 MEHIIOK KOHIICHTpAIli€l0, a KaToJAOM —
€JIEKTPO, 3aHYPEHUN B EJEKTPOJIT 3 OUIBIIOK KOHIIEHTpAIli€l0. Y CXeMax TaKuX
€JIeMEHTIB 000B’3KOBO 3a3HAYAIOTHCSI KOHIEHTpAILIll pO3UMHIB COJIEH.

[IpukimaoM KOHILEHTPAIIMHOTO TallbBAaHIYHOTO MOXE OyTH  €JIEMEHT,
CKJIaJICHUH 13 IBOX CPIOHUX €JIEKTPO/IIB:

() A Ag| AgNO3(0,001M) || AgNO3(0,1M) | Ag K(+).
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Enextpon, 3anypenuii y po30aBieHuil po34HH, HaJICUJIa€ B HHOTO HOHU cpibia
1 3apsypKaeThCcsl HeTaTUBHO. Ha enektpoi, 3aHypeHOMY B KOHIICHTPOBaHHUI PO3YHH,
floHHU cpibiia 0CaKYIOTHCS, 3aps/KAI0YU HOTO TO3UTHBHO, TOOTO Ha 000X eIEKTPOIax
17TyTh TIPOLIECH B HAIIPsIMi BUPIBHIOBAHHS KOHIICHTpAITIH.

Ipuxaaau po3B’si3aHHdA 327124

IMpukaan 1. Po3paxyiiTe e1eKTpoIHUN MOTEHITIAT MarHil0, SIKAWA 3aHypeHUI
y 0,01 M po3unn MgSO, .
Po3B’si3aHHA:  pO3paxyHOK  €JEKTPOJHOTO  MOTEHLIaly  3A1HCHIOIOTh
3a piBHsHHSAM HepHcra:
0 =%+
Mg2+ /Mg
Ipukaag 2. CkiacTu cXeMy rajibBaHIYHOTO €JIEMEHTA, B SIKOMY €JIEKTPOIaMH €
3aji3Ha IUJIacTMHA, 3aHypeHa y po3uuH ¢epym(Il) cympdary 3 MomsipHOIO
KoHueHTpauiero 0,1 Monb/n, 1 MiJHa IJIACTUHKA, 3aHypeHa y po3uuH Kynpym(Il)
XJIOpUay 3 MoJisspHOIO0 KouieHTpatieo 0,01 Mmonw/n. Skuit metan Oyae aHOIOM,
aKkui — katonoM? HamucaTu piBHSHHS OKHCHO-BIIHOBHHMX PEakKIliii Ha €JIEKTPOJIax
1 Bu3Hauntu EPC.
Po3B’s13aHHsA:
1. BuzHayaemo aHOJI 1 KaToOJ;:

(po =-0,44 B; (po =+0,34 B. O4eBusHO, 10 B 3aJ13HO-MIIHOMY
Fe2* [Fe Cu?t /Cu

raJibBaHIYHOMY eJieMeHTi Fe — anox, a Cu — kaToj. 3anuIieMo cXxeMmy rajibBaHIYHOTO
eJIeMeHTa:

Ilg[Mg2+]=-2,36 +

0,059 190,01 = -2,422 B.
n

0,059
2

(-)A Fe | FeSO4 (0,1M) || CuCl; (0,01M) | Cu K (+).
OKMCHO-BIJIHOBHI pPeakilii Ha eeKTPOIaAX:
(-)A: Fe® —2&=Fe? ) ‘
(HK: Cu?* +2e=Cu°
Fe + CuCl, » FeCl,+ Cu
2. EnextpopyriiiHy cuily rajJbBaHIYHOTO €JIeMEHTa PO3PaXOBYIOTh SIK

1
1

E = — el - .
P ™ Pa (PCu2+ /ICu (PFe2+ IFe’
0 0,059 _ _ i
Perion =P T2 1g0,01=0,34-0,059=0,281B;
[0) — P +O,0590’1:_0,44_0,0295:_0,4105 B:
Fe?*/Fe Fe2t/Fe

E =0,281—(-0,4105) = 0,6915 B~ 0,69 B

Buxkonaru 3aBaaHHs
3aBaanusa 9.1
— CKJIACTHM CXE€MY raJbBaHIYHOTO €JIEMEHTA 13 3a3HaYCHUX EJIEKTPO/IIB;
— BKa3aTH aHOJI 1 KaTOJI;

72



— HaIMcaTH PIBHSAHHS OKMCHO-BIAHOBHUX PEaKIlii Ha aHO1, KaTo/1 Ta CyMapHO1
peaxIii;

— Bu3HauuTH EPC ranbBaHIYHOTO €J1€MEHTA,

— YKa3aTu HaNpsIMOK PyXy €JIEKTPOHIB Y 30BHIIIHBOMY KOJIi.

Howmep HalimenyBaHHs KonnenTtpariis HOHIB METaliB y
BapiaHTa METAaJiB PO34MHI, MOJIB/TI
1 2 3
1 Minp, adroMiHii c(Cu?") = 0,01; c(Al**) = 0,001
2 3aii30, anroMiHil c(Fe?) =1; c(Al**) = 0,01
3 Ko6anbT, CBUHELD c(Co?") = 0,01;c(Pb?)=0,01
4 OJ10B0O, MarHii c(Sn?") =0,1; c(Mg?") =1
5 3aii30, HIKEIb c(Fe?*) = 0,01; ¢(Ni**) = 0,001
6 [IMHK, CBUHELb c(Zn?*) = 0,01; ¢(Pb?*) = 0,001
7 OJ10BO, MapraHelb ¢(Sn?*) = 0,01; c(Mn?") = 1
8 Maruiii, cCBUHELS c(Mg?") = 1; ¢(Pb?*) = 0,01
9 [uHK, HiKeb ¢(zZn?*) = 0,01; ¢(Ni**) = 0,001
10 Maprasens, 3aJ1i30 c(Mn?*) =0,01; c(Fe*") =1
11 O510BO, HiKeJb c(Sn?*) = 0,01; ¢(Ni**) = 0,01
12 CBuHEIb, Mib c(Pb?") =0,01; ¢(Cu?") = 0,000 1
13 I{uHK, Migb c(Zn?*) =0,01; ¢(Cu?*) =0,001
14 Cpib10, MaHTaH c(Ag?) = 1; ¢(Zn?") = 0,01
15 Hikenb, marHii c(Ni?*) = 0,01; ¢(Mg?*") =1
16 [uuK, cpibio c(Zn*) =1; ¢(Ag*) =0,1
17 OJ10BO, IIUHK c(Sn?*) =0,01; ¢(Zn**) = 0,01
18 Hikenb, amoMiHii c(Ni#") = 1; ¢(Al**) = 0,001
19 3aiizo, HUHK c(Fe*) =0,01; ¢(Zn**) =1
20 Minb, 0J10BO c(Cu?*) = 1; ¢(Sn®*) = 0,01
21 [uHK, K0OGaIbT c(Zn?) =0,01; ¢(Co*") =1
22 O510BO, CBHHELD c(Sn?*) = 1; ¢(Pb?") = 0,01
23 Kobaibt, amomiHii c(Co?") = 0,01; c(Al**) = 0,001
24 Hikxenp, Maruii c(Ni?") = 1; ¢(Mg?*) = 0,01
25 Mapraselns, 0J10BO c(Mn?*) = 1; ¢(Sn?*) = 0,01

3ABJIAHHA 10
KOPO3Is1 METAJIIB. 3AXMCT BIJ KOPO3Ii

Kopo3isa — camoodosinonuii npoyec pyinysanns memanié abo cniagié Ha ix
OCHOBI Ni0 0i€10 HABKOIUUHBO2O cepedosuyd. YHACHTIIOK KOPO3ii MeTal MepexXoIUTh
B OKHCHEHMM CTaH 1 BTpaya€ XapakTepHl /i1 HbOTO MEXaHIYHI BJIACTHBOCTI.
Kopos3is — 11e XiMiYHUN OKUCHO-BIJHOBHUM MPOIIEC.
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Kopos3iitni npouecu knacu@pikyoTh 3a pi3HUMU O3HAKaAMHU:

— 3a MEXaHI3MOM peakIlii B3aeMOJIl MeTaja 3 CepelOBHUINEM (XIMIYHA Ta
eJIEKTpOXiMIYHA KOPO3is);

— 32 YMOBaMH MPOTIKaHHSA (Ta30Ba KOPO3isl, KOPO3is B piAMHAX-HEEICKTPOIITaX,
KOpO3isl Y BOJIHMX PO3UHMHAX €JIEKTPOJITIB, aTMOc(epHa Kopo3is, aepalliiiHa Kopo3is,
miJ3eMHa KOpO3is, KOpo3is M JIi€r0 OJyKalouux CTPYMIB, KOPO3is 1] MEXaHIYHOIO
HaIpyTo10);

— 3a XapakTepoM KOpPO3IMHHUX pyilHyBaHb: pIBHOMIpHA, HEPIBHOMIpHA,
CTPYKTYypHO—BHOOpYa,  IUIIMaMH,  BUpa3kamMH, MITTIHT  abo0  TOYKaMmH,
MEXKPHCTAJUTMTHA, TPAHCKPUCTAIUIUTHA a00 HOXKOBA.

Tunm kopo3sii

Ximiuna kopozia — 1€ TpolleC PyWHYBaHHS METAIIB 3a PaXyHOK XIMIYHOL
B3a€EMOJIIi  METaJeBOi  TMOBEPXHI 3  HABKOJMIIHIM  CEPEOBHUINEM,  SKHM
HE CYNPOBODKYETHCS BHHUKHEHHSAM EJIEKTPOXIMIYHUX (€JIEKTPOJHMX) TMPOIECIB
Ha Mexi1 ¢a3. HaifyacTime e OKHMCHEHHS METalliB CyXMMHU Ta3aMU — OKHUCHUKAMHU
(O, Cly, SO,, NO; To1110), TOMY TaKy KOpPO3ii0 Ilie Ha3UBaIOTh 2a3060t0. J10 XiMIYHOT
KOpO31i HAJIeKUTh 1 KOPO3isl B po3uMHaX HeeleKTpomiTiB. Llel Bua kopo3ii nepeodirae,
3a3BUYai, PIBHOMIPHO IO BCIM MOBEPXHI MeTally. Y 3B’A3KY 3 IIMM XIMIYHa KOPO3id
MEHIII HeOe3NeyHa, HIXK eJEKTPOXiMiuHa. TUMOBUM MPHUKIAIOM XIMIYHOI KOpO3ii €
OKHCHEHHSI METaJIIB B aTMOC(epi CyXOro KUCHIO:

4Fe + 30, = 2Fe,0s;.

EnexTpoxiMiuHa KOpO3is — i€ Mpolec pyHHYBaHHS METaliB, KUl BUHUKAE
MIPH X KOHTAKTI 3 PO3UMHAMH EJICKTPOJIITIB 3 BAHUKHEHHSM €JIEKTPUIHOTO CTPYMY.

PyitnyBaHHs1 MeTaily BiIOyBa€eThCs 32 paxyHOK YTBOPEHHS Ha HOro MOBEPXHI
raJibBaHIYHUX Map ( MIKpOrajabBaHIYHUX €JIEMEHTIB).

[IpnurHOIO YTBOpPEHHS KOPOTKO3aMKHEHHMX MIKPOTAJIbBAHIYHUX €JIEMEHTIB

MOXKe OyTH :
— HasIBHICTH JOMIIIOK B METAJI;
— GHEpreTUYHA  HEOJHOPIJHICT,  HMOTO  TOBEpPXHI, M0  BUKJIMKaHA

HEOJHOPIAHICTIO XiMiYHOro abo (a30BOro CKiIagy SK C€aMOro MeTaly, Tak
1 HABKOJIMIITHLOTO KOPO31MHOTO CEPEeIOBHIIA;

— MEXaHIYHHUM CTaH MeTay.

HasiBHICTh eHepreTHYHOI HEOJHOPIAHOCTI Ha CYCIIHIX JUISHKaX METaJIeBO1
MOBEPXHI MPU3BOJAUTH 0 TOTO, IO AUISHKA 3 OUIbII HETaTUBHUM E€JIEKTPOJIHUM
IMOTEHI[IaJIOM CTa€ aHOJOM, a 3 OLIBII ITO3UTUBHUM — KaTOJIOM.

Ha anoni BiOyBa€eThCs OKHUCIEHHS 1 PO3UMHEHHS (pyWHYBaHHS) MeETally
3a CXEMOIO:

(-)A: Me = Me"™ + ne .

Enextponu , 1Mo 3ayIMIIMAINACS B METali, IEePEMIMAOThCI 3 aHOJa Ha KaToJ

(617TBIIT TO3UTUBHO TOJISIPU30BaHA JISTHKA) 1 OEpyTh y4acTh B MPOIIEC BITHOBICHHS:
(+)K: Ox + ne = Red.

PeyoBunn-okucuuku (OX), sKi BIZHOBIIOIOTHCSA HA KAaTOMAHHMX iISHKAaX

Ha3UBAIOTHCS 0enoaapu3amopamit, a peaKilis ix BITHOBICHHS — 0enoasapu3ayicro.
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HalimommpeHimyMu  OKUCHUKAMHU  (JETOJApU3aTopaMu)  HaBKOJUIITHBOTO
Cepe/IOBUINA € MOJICKYJIM po3drHeHoro y Boji kucHio (O2), cami MOJIEKYJIM BOAH
(H20) i xaTionu rigporeny (H"). 3a3Buyaii, y KOpo3itHOMY CEpEIOBHIII PUCYTHI BCI
TpU Jenojisipu3aTopa. Skuii 3 HUX OyJe BU3HAYaTH TMEpedir KaTOAHOTO MPOIECY
3QJICKUTH BiJl CITIBBITHOIIIEHHS 1X KOHIICHTpAIlIH.

Po3pi3HAOTE J1Ba BUAM TPOLECIB JEMOisApHU3aiii — 3 BHJAUICHHSIM BOJIHIO
(BogHEBA JIETIONSpU3aIlis) 1 MOTJIMHAHHSAM KUCHIO (KHCHEBA JCTOJISIpU3allis).

Booneea oenonapuszauin

BoaneBa nemosisspu3zallisi CympOBOJKYETHCS BiTHOBICHHSIM Ha KaTOIHHUX
IUISTHKAX BOIHIO.

V kucnomy i netimpanvrnomy cepedosuwi (pH < 7) nenonsipusallis MpoTikae 3a
y4dacTio HoHiB ['i1poreny:

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

[ToTeHmian, 1Mo BIAMNOBIJAE IIBOMY EJIEKTPOAHOMY IIPOIIECY, PO3PaAXOBYIOTh

ak @ =-0,059-pH . Ouepnmno, mo uum Bume pH, THM MeHIIA KiJbKiCTh METasiB

M1JITA€THCST KOPO3ii:

— sxkuo pH = 0 (cunvno kucne cepeoosuwe), To P= 0B — kopoayroTs yci
METaJH, 110 MICTATHCA B PAAY HAIPYT JiBIIIE BOAHIO (B1J JIITIIO 10 CBUHLIO);

— sxmwo pH = 7 (netimpanvne cepedosuwe), To ¢°=-0,059-pH= -0,059.7=
=-0,413 B.

3a Takux yMOB #oHHM ['igporeHy, mo MiCTATbCA Y BOAI a00 B HEUTPATLHOMY
BOJTHOMY CEPEJIOBHII, MOKYTh OKUCIIFOBATH TUIbKHU T1 METaJIU, 3HAYCHHSI MOTEHITIaIiB
akux MeHmi 3a -0,413 B, To0TO MeTamu Bif MOYATKy pAAY EJIEKTPOXIMIYHUX
MOTEHI[IaMIB 10 KaJMil0. A OCKIJIbKH KaJMiil 1 METaJId, SIK1 CTOSATh OPYY 3 HUM Y Psiai
HaIpyT METaJliB, MaIOTh HA CBOIl MOBEPXHI 3aXUCHY OKCUJIHY IUIIBKY — BOHU HE 3/aTHI
OKHCHIOBATHCS 10HaMHu ['1Iporeny.

BoaneBa gemnomsipuzariisi MpoTiKae y THX BUMAAKaX, KOJU JOCTYN KHCHIO, SIK
OLIBIII CHJIBHOTO OKUCIIIOBAYa, 10 TOBEPXHI MeTary oomexeHui. L{e moke maTu Miciie
T1]] TOBCTUM IIIapOM BOJM 200 B KUCITUX PO3YMHAX, B AKUX PO3UYMHHICTD KUCHIO JTy)KE
HU3bKA.

Kucnesa oenonapusauin

KucneBa nemnossipuzariisi 0OyMOBII€Ha BiJHOBJICHHSIM aTMOC(HEPHOTO KHCHIO,
PO3YMHEHOTO B KOpo3iiiHOMYy cepenoBulii. Kopo3is MeramiB 3 KHCHEBOIO
JENOJIAPU3ALIEI0 € HAMOUIbII MOLIMpeHa Yy MpICHIA Ta MOPCHKIA BOAl, COJBOBUX
po34uMHax, y 3eMJi Ta BoJorid armocdepi noBiTps. CxeMa KUCHEBOI Jenosipu3ariii
CYTTEBO 3ajexkuTh Big pH cepenosuina.

VY HacHYEHOMY KHCHEM HeumpanbHoMy ma JyxicHomy cepedosuwi (pH> 7)
JEToIsIpU3allisl MPOTIKAE 3a YYaCTIO KUCHIO 1 BOJIU:

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

Y HacHYCHOMY KHCHEM Kuciomy cepedosuwi (pH< 7) nemonspusariist mpoTtikae

3a y4acTIO KUCHIO 1 foHiB ['iiporeny:
(H)K: Oz + 4H" + 4e = 2H:0.
B 060x Bumagkax moTeHIian karoaHoi peakmii ¢, = 1,23 - 0,059pH.
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Po3risiHeMo Tpu BUNIAJAKK KUCHEBOT JIENOJISIpHU3allii y pI3HUX CepeIoBUIIax:

— sxmio pH = 14 (cuiabpHO JIy)KHE CepeIOBHUIIE), TO
¢, =1,23-0,059pH=1,23-0,059 - 14 = 0,404 B

— skmio pH = 7 (HelTpanbHe cepeoBUILE), TO
¢, =123-0,059pH=1,23-0,059-7=0,817B

— sxmio pH = 0 (cunbHO KHCIIE CepeIOBHIIE), TO
¢ =1,23-0,059pH=1,23-0,059-0=1,23 B

BoueBup, 110 Kopo3is 3 KUCHEBOIO JENOJSPHU3AIIIEI0 € HAHOUIBIT HEOE3MEYHOI0
B KHUCJIOMY CEpPEAOBHII (151 HABEIEHOTO MPHUKJIAy PO3YMHEHUN Y BO/1 KUCEHb MOXKE
OKHCIIIOBaTH METaJH, MOTeHIal Akux MeHIe 1,23 B). YV upomy BUMaaKy KOPOAYIOTh
MPAKTUYHO YC1 METaJH, 32 BUHSATKOM 30JI0Ta.

OxpiM TOro, ciniJ MiAKPECIUTH, IO 3arajJoM KOpo3isi 3 KHUCHEBOIO
JENOJIAPU3ALIEI0 € 3HAaYyHO OUIbII HEOE3MEeYHOW, HIK KOpO3is 3 BOJHEBOIO
JIENOJIAPU3AIIEI0 — KOPOJIYE 3HAYHO OLbIIA KIJTbKICTh METAIIB.

Jlo enexTpoxiMiyHOI KOpo3li HaJEeKUTh aTMoc(pepHa, KOHTAaKTHA KOpPO3is,
KOpO3isl y BOJIOTOMY TPYHTI.

ATMoOcdepHa KOPO3ifl — OKUCHEHHSI METAJIIB KUCHEM, PO3YHHEHUM Yy BOJISHIN
TUTIBIII, SIKa YTBOPIOETHCS BHACIIOK KOHJIEHCAIllT BOAM HA MIOBEPXHI METAIYy.
Posrasiuemo cxemy atmocdepHoi Kopo3ii yaByHY 1 CTali:

(-)A Fe | Oz, H,0 | FesC K (+) — mikporaisBaHomnapa.
(-)A: Fe® — 28 — Fe?* ‘ 4 ‘ 2
(HK: O2 + 2H,0 + 48 — 40H- 1
2Fe + Oz + 2H,0 — 2Fe(OH):
4Fe(OH),+0,+2H,0 — 4Fe(OH),

2F€(OH)3 - F6203°3H20(ip>1<a)-

KonrakTHa KOpO3is BiOYyBa€ThCS, KOJIU B E€JIEKTPOJITUYHOMY CEPEIOBHIII
KOHTAaKTYIOTh Pi3HI MeTaiu. Po3rjisiHeMo, HampuKkiIaa, KOHTAaKTHY KOpO3i0 3ai3a
i Migi B kuciomy cepenoBuini (—)A Fe | H* | Cu K(+). 3amizo, six OimbII aKTUBHUN
MeTaj, OyJe aHO/I0M, Ha HbOMY OyJie B1IOyBaTUCS peaKIilisi OKUCHEHHS (pyilHyBaHHS)
3aJ1i3a, a MiJib, SIK MEHIII aKTUBHUI MeTal, OyJie KaToJA0M, Ha HboMy Oyze BiAOyBaTucs
peaxiis BIJHOBJICHHS (Ienosipyu3aliisi ) HOHIB T1IpOreHy:

(9)A: Fe? — 28 — Fe?* ‘ 5 ‘ 1
(H)K: 2H" + 28 > H> 1
Fe + 2H* —> Fe*" + H,1
Fe + H;SO, — FeSO4 + H, T

[IBMAKICTH KOHTAKTHOI KOPO31i TUM O171bI11a, YUM O1NIbIIIA PI3HULIS TOTEHIIIATIB

KOHTaKTYIOUHUX METaiB.

Kopo3sis y Bostoromy rpyHri
(—)A Fe.us | 05, H,O | TPYHT | 0., H,O |F€Bepx K (+)
Hezaxumieni MertanmiuHi  KOHCTPYKIIi, 3ariauOiaeHi y BOJOTHM TPYHT
(omopu, TpyOu, neranmi (QyHIAMEHTIB), IIBUAKO pYyHHYIOThCA. [IpuumHoIO
EJIEKTPOXIMIYHOT KOPO3ii € HEpIBHOMIpHA aeparlisi 3ariau6IeH0T YaCTUHH KOHCTPYKITIT.
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brnwxue 10 TOBEpXHI KOHLEHTpalis KHCHIO B TIPYHTOBIM BOJI BHUIIA, OTKE
YTBOPIOETHCS KOHIICHTpAIliifHa raJibBaHivyHa Tapa.

PedoBuHH, SKi MPUCKOPIOIOTH KOPO3iI0 METAaJiB, HA3UBAIOTh AKMUBAMOPAMU
koposii (C1°, Oz, H*, OH).

EnextpoxiMiuHy KOpO3it0, KpiM IHEPTHHX JIOMIIIOK, MOXXYTh BHKJIMKATH
€JIEKTPUYHI CTPYMH CTOPOHHIX jkepen (Onmykarodi crpymu). baykarouwmii cTpywm,
NOTPAIUISAIOYN B MiA3€MHY METalleBy KOHCTPYKIIiIO, MPOXOAUTH IO Hiif; Ta YacTHHA
KOHCTPYKIIi, B SIKYy BXOJUTh CTPYM, BIJIrpa€ poJib KaToja, a MPOTUIICKHA YAaCTHHA
KOHCTPYKIIIi 3a3Ha€ KOpo3ii (BOHA — aHON).

Meroau 3axucTy MeTaJiB Bil KOPO3ii

CyuacHuit 3aXUCT METaNIB BiJ KOpPO3ii 0a3y€eThCs HA TAKMX METOJAX:

— NIABUIIEHHS XIMIYHOTO ONOPY KOHCTPYKILIIHUX MaTepiaiis;

— 130J1111151 TOBEPXHI METAJTy BiJl arpECUBHOTO CEPEIOBHUIIIA;

— MOHMKEHHSI arpECUBHOCTI BUPOOHUYOTO CEPEIOBUIIIA;

— 3HIDKEHHS KOPO3il HaKJIaJaHHSIM 30BHIIIHBOTO CTPyMY (€IEKTPOXIMIUHUN
3aXHCT).

[IupoKo 3aCTOCOBYIOTH TaKl OCHOBHI BHJU 3aXHUCTy METAJIEBUX KOHCTPYKLIN
B1JT KOPO3ii:

1. Cmeopenns cnnagie 3 aHMUKOPO3IIUHUMU —BLACMUBOCMAMU — OJHH
3 HAMBa)XJIMBIIIMX HAIMpPSAMKIB OOpOTHOM MPOTH KOPO3iiiHMX BTpar. BBeaeHHsIM 10
ckiagy crail Omu3bko 12 % xpomy A00yBarOTh HEpKaBlIOUy CTallb, CTIMKY IPOTH
Kopo3ii. JJoMilKy HiKeNto, Ko0anbTy W Mil NOCHIIOIOTh aHTUKOPO31iHI BIAaCTUBOCTI
CTaJjl, OCKUIbKH MiJIBUIIY€ETHCS CXWIBHICTh CIUIaBIB 10 macuBaiii. [lepcrnekTuBHUM €
TaKOX Mepexia y psAAl KOHCTPYKIIN Bl METAJIEBUX JI0 XIMIYHO CTIMKMX MaTepialliB
(TTacTUYH1 BUCOKOIOJIIMEPHI MaTepiajiu, CKJIO, KepaMika Ta iH.).

2. 3axucni nokpumms — 1307111 TIOBEPXHI METaNiB BiJ arpecUBHOTO
CEpelloBUIlla MUISIXOM HAHECEHHS HeMeTalmiyHux (J1akogapOHUX, KepaMiuyHUX,
MJIACTHKIB TOIIO) Ta METATIYHUX MOKPHUTh, SIKI MOXKYTh OyTH aHOJHUMU 1 KATOTHUMHU.

Kamooui nokpumms HaHOCSTH 3 METaJIB, SIKI MalOTh OUTBIIUN €JIEKTPOTHUIMA
MOTEHITia] (MEHIII aKTUBHI) Y IEBHOMY CEPEIOBHIII, HI’>K OCHOBHUI METaJl, HAIIPUKJIIA],
OJIOB’SIHE TIOKPUTTS Ha MOBEpPXHI 3amiza (zyodscene 3anizo). IlpoTe He3HayHe
MOPYIICHHS CYIIIJILHOCTI TMOKPHUTTS POOJSATH MOro HaBiTh IIKIJIMBUM. Y MicCIle
MOPYIIEHHS CYIUIBHOCTI TOKPUTTSI TPOHUKAE arpeCUBHE CEPEIOBUIIIE 1 YTBOPIOETHCS
rajibBaHiuHa Mapa, B SKiii OCHOBHHI MeTai (3a1i30) BUKOHYE POJIb aHOJa W IIBUIKO
PYUHYETBCS, KaTOJIOM CTa€ OJIOBO, Ha SKOMY IOYMHAE BiJOyBaTHCS BiJIHOBJICHHS
JenoJIsIpu3aTopa:

(-)AFe| Oz, HO|SnK ()
(-)A: Fe? — 28 — Fe?* 4 2
(+)K: Oz + 2H,0 + 48 — 40H- 1

2Fe + Oz + 2H,0 —> 2Fe(OH)2
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Kpim onoBa, ik KaTO/IH1 MOKPUTTSI BUKOPUCTOBYIOTH TAKOXK Mi/ib, HIKEJb Ta 1HIII
METaH.

AHOOHI noxpumms HaHOCATH 3 METAJIB, SKI MalOTh MEHIIUNA €JIeKTPOIHUM
noTeHItial (O1IbII aKTUBH1) B IEBHOMY CEPEJIOBHIII, HI)K OCHOBHUM MeTa. [[is Takoro
MOKPUTTS HE NPUIHHSIETHCS HABITH MICHIA MOPYHIEHHS Horo IiigicHocTi. CyTHICTB
3aXUCTY METAJICBUX BUPOOIB aHOHUM MOKPUTTSM TOJISATAE B TOMY, 11O B CEPETOBUIII
camMe TMOKPHUTTS CTa€ aHOJOM 1 PYWHYETbCS. Y pa3i MOMIKOHKCHHS MOKPHUTTS
BUHHUKAIOTh TalbBaHIYHI TapW, B SKUX MeTajdl BUPOOYy BHKOHYE pOJb KaToma W
HE pyWHYyeThcsa. Hampukman, ams  3amiza  TakuM — TOKPHTTSIM €  ITUHK
(ouunrosane 3anizo):

(-)A Zn | Oz, H,O | Fe K (+)

(5)A: Zn® — 28 = Zn?* 4 2

(H)K: O2 + 2H,0 + 48 — 40H 1
2Zn° + O, + 2H,0 — 2Zn(OH):

[{uHKOBI HOKPUTTS MIMPOKO BUKOPUCTOBYIOTH JJIsl 3aXUCTY TPYO, pe3epByapiB
B1JT Jii BOJIM Ta rapsyux piauH.

MertaneBi  MOKPUTTS  PO3JAUIAIOTBCS ~ TaKOX 32 CIOCOOOM  iX
OTPUMAaHHS (€JIEKTPOJITUYHE OCAHKEHHS, XIMIYHE OCAQ/KEHHsI, TapAdye 1 XOJOJHE
HaHeCEeHHs, TepMoAndy3iitHa 00poOKa, MeTali3allisl HAUJIECHHSIM).

3. 3mina cknady acpecusHoco cepedosuyd, 3acmocy8anis iH2ibimopie Kopo3sii.

[Ipuknagamu Takoi OOpPOOKM MOXYTh CIYKUTH: HeEUTpamzamis abo
3HEKMCHEHHA KOPO3IMHUX CEpeNOBHUII, a TaK0X 3aCTOCYBaHHS pIZHOTO pPOLIY
1HT101TOP1B KOPO3Ii.

Ineibimopamu kopo3ii Ha3UBalOTh PEYOBHMHM, HEBEIHKI JI00ABKH SIKUX
70 KOpO3IMHOTO CEepe/IOBHINA CIOBLILHIOIOTH KOpPO3ito MeramniB. Haltwactime e
OpraHiyHl pe4yOBUHU — aMiHH, ypOTpoIriH, Gpopmainin Tomo. [is iHri6iTOpIB Mossrae
B TOMY, III0 Ha MOBEPXHI METaJla BOHU yTBOPIOIOThH aJICOPOILIIIHY IUTIBKY, SIKa 130JI0€
MeTaJl BiJl CEPEIOBHIIL.

4. Enekmpoximiuni memoou — MPOTEKTOPHUMN Ta KaTOJIHUMA 3aXHUCT.

[nsixoM KaTogHO1 @00 aHOAHOI MOJIIPU3ALL] BiJI CTOPOHHBOT'O JKEPEIIa CTPyMY
a00 MpUETHAHHAM A0 KOHCTPYKIIi1, 0 3aXUIIAETHCS, MPOTEKTOPIB, MOTEHIIIAI METATy
3MINIYETBCA [0 3HAa4Y€Hb, MpPHU SKUX CHUIBHO CIHOBUIBHIOETECA a00 MOBHICTIO
MPUIUHSAETHCSA KOPO3isi.

CyTb npomexmopuo2o 3axucmy TIOJSITaE B TOMY, IO O 00’€KTa 3aXHUCTY
MPOBIAHUKOM MPUEAHYIOTh TPOTEKTOP — JIUCT 13 OUTbII akTUBHOTO MeTany (Mg, Al).
VY pe3ynbTaTi YTBOPIOETHCS TajibBaHIYHA Napa, B SKiil MeTaneBa KOHCTPYKIis Oyje
KaTo/J0M, a TMOBUIBHO OyJieé OKHCIIOBATUCH MPOTeKTOp. [IpoTeKTOpOoM 3axMILAIOTh
00’€KTH BiJl KOpO3ii Ha BiJCcTaHIX 10 S0 M.

[Ipn katogHOMY 3aXUCTI 00’€KT CIOJYYalOTh MPOBITHUKOM 3 HETAaTUBHUM
MOJIFOCOM JDXKepesia MOCTIMHOrO CTpyMy HEBEJIMKOI HAmpyrd, a MO3UTHUBHHI MOJIIOC
3a3eMIIIOIOTh a00 CHOJYyYaroTh 31 HIMaTKoM MeTanoOpyxTy. Paniyc aii xaTomHOTro
3axucty gocsrae 2 000 m.
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BukonaTtu 3aBaaHHSA

3nauenHs cmanoapmHux enekmpoOHUX NOmeHyianie HageoeHi 8 000amky A
(mabn. A.2)

3apaannsa 10.1

1.3 MeTor0 3aXUCTy BiJ KOpO3li UHKOBUI BHUPIO MOKPHIM OJIOBOM. SIKe 11e
MOKPUTTA: aHOJAHE 4yu KaTogHe? Hamummith piBHSAHHS aTMoc]epHOi KOpo3ii JaHOTO
BUPOOY MPH MOPYIICHHI HUTICHOCTI TOKPHUTTA.

2. SIK BIIIMBa€ KOHTAKT OJIOBA 3 IIMHKOM, CBHHIIEM 1 MIJUII0 Ha IIBUIKICTH
KOpO3ii 0JloBa B KHUCIUX po3unHax? Y sKOMY BHUMAJIKY IIBUIKICTH KOpO3il 0J0Ba
CIOBUIbHIOETHCS? KOHTAKT 3 IKUM 13 METajIiB 301/IbIIY€E MIBUAKICTh KOPO3ii 010Ba?

3. Hikenb 3HaXOUTHCSI B KOHTAKTI 3 30JI0TOM Y BOJIOTOMY MOBITP1, HAICHUCHOMY
cipkoBojHeM. Skuii MeTan miamactbess Kopo3ii? CKIIauiTh €JeKTPOHHI PIBHSHHS
KaTOJIHOTO 1 aHOJTHOTO MPOIIECIB, IO MPOTIKAIOTH MPU KOPO3ii MeTaTy.

4. Jlerans BUTOTOBJIEHA 31 CIUIABY, JI0 CKJIaay SIKOTO BXOJSTh aJIOMIHIHM 1 XpOM.
Slkuii 3 KOMIIOHEHTIB CIUIaBYy OyJe pyWHYBAaTHCS MpPHU EJIEKTPOXIMIYHOI KOpO3ii?
BignoBige mATBEpAIT, PIBHSIHHSAMH aHOJHOTO 1 KaTOJHOIO TMpollecy Koposii
y BOJIOTOMY THOBITPI.

5. Uu MoxHa 3’€IHYBaTH aJIIOMIHIEB] JIMCTU MIJIHUMU 3akjenkamMu? OmunIiTh
KOpPO3i10 JIJaHO1 napu MeTaliB y BogHoMY po3unHi CuCly.

6. Y po3umH XJOPHUIHOT KHCIOTH 3aHYPWJIA IMHKOBY IUTACTHHKY 1 ITMHKOBY
IJIACTUHKY YaCTKOBO TMOKPHUTY MIII0. Y SKOMY BHITAJIKy KOPO3is ITMHKY TPOTIKa€e
iHTeHcuBHIIIE? Yomy? OnuiiTh npouec Koposii B 000X BUNIAJKAX.

7. 3ani3Huil BUpIO MOKPWIHM MIA0. SIKe 11e TOKPUTTS — aHOJIHE YU KaTojHE?
Yomy? CxagiTe €IeKTPOHH1 PIBHSHHS aHOTHOTO 1 KATOAHOTO MIPOIIECIB KOPO3ii I[LOT0
BUpOOY mpu pyHHYBaHHI MOKPUTTS Yy XJOPUIHINA KUCIOTI. SIKi MPOAYKTH KOpO3ii
YTBOPIOKOTHCS?

8. Onumrite atMochepHy KOPO3il0 OIMHKOBAHOTO 3aii3a MPH YaCTKOBOMY
MOPYIICHH] IIUTICHOCTI MMOKPUTTS Y BOJIOTOMY MOBITPI.

9. OnumiiTe KOPO3i0 JYHKEHOTO 3alli3a Y BUIAIKy YaCTKOBOTO IMOPYIICHHS
LUTICHOCTI MOKPUTTSL B cepenonuiili 3 pH = 4.

10. HaeniTh mpukIagu MeTaly, MPUAATHOTO ISl MPOTEKTOPHOTO 3aXHUCTY
HiKen0. Hanuiite piBHAHHS €JIE€KTPOXIMIYHOT KOPO3ii B CEPEAOBHILI BOJIOTO MOBITPSI.

11. Cniap MICTUTBH 3adi30 1 Hikedb. SKuil 3 Ha3BaHMX KOMIIOHEHTIB Oyje
pyiiHyBatucs y Boji, HacuueHii CO,? HaBeniTh piBHSHHS aHOJHOTO 1 KaTOJIHOTO
MPOIIECIB.

12. 3anizo mokputo xpomoM. Skuii 3 MeramiB Oyae KOpoAyBaTH B pasi
MOPYIICHHST TTOBEPXHEBOTO APy MOKPHUTTS B aTMOc(epi MPOMHUCIOBOTO pailoHy, Je
BOJIOTE TMOBITPs MicTUTh, 30KpeMa, kapOoH(IV) oxcunm, cymsdhypy(lV) okcun,
cipkoBoJieHb? CKIIaIiTh CXeMHU BIAMOBIAHUX XIMIYHUX PEAKITIH.

13. 3 MeTor0 3aXUCTy BiJ KOPO3ii 3aTi3HUI BUPIO TOKPHIIA KOOATBTOM. SIKe 11e
MOKPUTTS. aHOJHE 4K KaTonHe? HamumriTe piBHSHHSA aTMOchepHOi KOpo3ii JaHOTO
BUPOOY IIPU MOPYIIECHHI LUTICHOCTI TOKPUTTSL.
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14. [letans 3pobiieHa 31 CIUiaBy, A0 CKJIaAy SKOTO BXOAUTh Martiil 1 HiKesb.
SAxuil 3 KOMIOHEHTIB CIIaBy OyJe pyHHYBaTHCS MNP EJIEKTPOXIMIYHOI KOPO3ii?
BianoBige miaATBEpITH PIBHAHHAMH aHOJHOTO Ta KaTOJHOTO IIPOIECYy KOpO3ii:
a) y KUCJIOMY Ce€peJIOBHII; 0) y BOJIOrOMY MOBITPI.

15. CritaB MICTHTH OJIOBO 1 IMHK. SIKWii 3 Ha3BaHUX KOMIIOHEHTIB Oyje
pyiiHyBaTuCcs npu atMocdepHiid kopo3ii? HaBeaiTs piBHSIHHS aHOAHOTO 1 KaTOJHOIO
IIPOIIECIB.

16. SIxe moKpUTTA: HiKeneBe a00 IMHKOBE HAIMHIIIE 3aXUCTUTh 3aJ113HUI BUPIO
BiJl Kopo3ii? Yomy? HanmumiiTh piBHSHHS KOpPO3ii B KUCIOMY CEpelOBHUII Al 000X
BHIIAIKIB.

17. 3 MeTor0 3aXUCTy BiA KOPO3ii 3aii3HUN BUPIO MOKpWIM MarHieM. Ske 1e
MTOKPUTTS. aHOJHE UM KaToAaHe? HanumiiTe piBHSIHHS aHOAHOTO 1 KATOTHOTO MIPOIIECIB
KOpO3ii NpW TOPYUIEHHI IUTICHOCTI MOKPUTTS 3a YMOBH, IO BHUPIO 3HAXOJIUTHCS
y BoJiHOMY po3uuHi ZNSO4.

18. Sk nepebirae atMocdepHa Kopo3is JymkeHoi miai? CkiIaaiTe eneKTpoOHH1
PIBHSIHHSI @HOJTHOTO 1 KaTOJAHOTO MPOIIECIB.

19. IlosicHiTh, YOMY HeOaKaHWN KOHTAKT aJIOMIHIEBHX 1 MIJIHMX MPOBO/IIB
B CJIEKTPUYHUX JIAHITIOraX, 10 MPaIlOI0Th Yy BOJOroMy moBiTpi? ONUIIITH MPOIIECH,
10 MPOTIKAIOTh MPHU I[OMY.

20. SIke MOKpUTTS: Mo30JI0ueHe a0 ITUHKOBE HAJIMHIIIEC 3aXMCTUTh 3aTi3HUI
BUpIO BiJ KOopo3ii? Yomy? HanuuniTh piBHSHHS KOPO3ii B KHCIOMY CEpEIOBUIII s
000X BHUIAJIKIB.

21. Minp HEe BUTICHSE BOJACHB 3 XJOPUAHOI KUCJIOTH, aje SIKIIO JI0 IIMAaTO4YKa
MIJIl JOTOPKHYTHUCS 3aJl13HUM JPOTHUKOM, TO Ha MiJll MOYMHAE OYPXJIMBO BUALISATHCS
BojicHb. Yomy? Hanmumiite enekTpoHH1 piBHSHHS.

22. Kinpka 3aji3HMX IUIACTHH TOKPWIM IS 3aXHCTy BiJ KOpo3ii cpiOiiom,
MIJIJIFO, HIKEJIeM, [IMHKOM, OJIOBOM. BKaXiTh aHOAHI 1 KaTOAHI MOKPUTTA. ONUIIITH
MIPOIIECH, 10 BiJOYBAIOTHCS MPHU KOPO3ii MOCPIOIEHOTO 3ajli3a Y BUMAIKy YaCTKOBOTO
MOPYIICHHS IITICHOCTI MOKPUTTS y KUCIIOMY CEPEIOBHIIII.

23. CrutaB MICTHTh XpOM 1 Miab. Skuii 3 Ha3BaHMX KOMIIOHEHTIB Oyge
pyiiHyBatucs npu atMochepHoi kopo3ii? HaBeaiTh piBHSHHS aHOMHOTO 1 KaTOJHOTO
MIPOIIECIB.

24. Jlerans 3pobiieHa 31 CIjiaBy, A0 CKJIAAy SIKOTO BXOJSTH IUHK 1 Mifb. Skuii
3 KOMIIOHEHTIB CIUIaBy OyJle pyHHYBaTUCS MPU €IEKTPOXIMIYHOI KOopo31i? Binmnosinb
MIATBEPAITh PIBHSAHHAMHM QHOJHOIO 1 KaTOJHOIO MpOIecy KOpo3ii B CepeoBHIII
3pH =3.

25. YoMy 4YacTHHM aJIOMIHIEBUX BHpPOOIB HE MOXXHA 3’€HYBaTH MIJIHUMHU
3aksenkaMu? CKIagiTh €JICKTPOHHI PIBHSHHS aHOIHOTO 1 KATOAHOTO MPOIIECiB KOPO3ii
y HEUTpallbHOMY cepeoBUII. SKi MPOAYKTH KOPO31i yTBOPIOIOTHCS?
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3ABJIAHHA 11
I'’TPO'EHKAPBOHU

HpI/IKJ'I an 1. I{aﬁTe Ha3BU TaKHM  CIIOJIYKaM 34 CHCTCMATHUYHOIO

HOMCHKIJIATYPORO:
CHs H CHj

CH3—C—CH,—CH; H3C—C—C==C(CH;), HC=C—C—C;Hs

CHj CH3;H CH;
Po3B’si3anHs
1. O6upaeMo HAMIOBIINI JIAHITIOT Ta HYMEPYEMO HOTO.
CH;
1 9 3 4

CH3—C—CH,—CHj

CHs

Baxnugo, mo6 3amicHuku (y oMy Bunaaky — 181 CHs-rpymu) 3HaXoIuInuch
ot aromiB KapOony 3 HaiimeHmmMu HoMmepamMu (TOOTO, NPOHYMepPyBaTH
Y 3BOPOTHOMY HANIPSIMKY Oy/e HeBipHO).

VY Ha3Bl CHOJYKM BKazyemo, npu sikomy atomi KapOoHy 3HaxoasiThes
3aMICHUKH, 1 SIKI came (MEeTWiI-, €TWI-, XJIOp- TOHIO0). SIKIO € KiJIbKa OJHAKOBHUX
3aMICHUKIB (SIK y IbOMY BHUIIJIKy JBa METWJA), iX Ha3By BKa3ylOTb JIMIIE OJUH pa3,
a iX KUIBKICTh (OJUH, 1Ba, TPH, YOTHUPH ...) IEPEAAIOTh npedikcaMu «au» (ado «mi»),
«TPU», KTETPaY... ¥ KOHKPETHOMY MPHUKJIa/li Ha3Ba MOBUHHA MICTUTHU «2,2-TUMETHID».
Jam noTpiOHO J0/1aT HAa3BYy OCHOBHOTO JIAHIIIOTA, B TAHOMY BUMAJKY 11€ — OyTaH.
To6T0, MOBHA Ha3Ba CMIONYKU — 2,2-AUMETHJIOYTAH.

2)
H
CHg H
2,4-nmuMeTHIIIEeHT-2-€H.
3)

CHs,
HC=C—C—C,Hs

CH;
3,3-IuMeTHIIIEeHT-1-1H.
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Ipukaan 2. J[ng HaBeACHOI HIDKYE CIONYKH HAIUIIITh PEAKIII0 B3a€EMOJIIT
3 Cl; (maBemiTh BCi MOXUIMBI 130MEpHM MOHOXJIOPYBaHHS), JaWTe Ha3By BCIM

PCUHOBHUHAM.
CHg—CH—CHZ—CHg

CHjy
Po3B’si3aHHs.
hv — CH-CH.—
CH;—CH-CH,—CH3 + Cl, CH,—CH-CH,—CH; |
CH, -HCI Cl  CH;
2-MeTHII0YTaH 2-meTHa-1-x710pOyTAH
Cl
CH;—CH-CH—CH; " CH3;—CH-CH,—CH, + CH;—C—CH,—CH;
CH; Cl CH; Cl CHj,
3-meTuI-2-XJ10pO0yTaH 3-meTui-1-xj10p0yTan 2-MeTHI-2-XJ10pOyTaH
BpaxyBatu Take: 1) rajoreHyBaHHS allkaHIB — paJWKaJbHUIl mpouec,

2) KaTani3yeTbCs ONPOMiHEHHSIM; 3) € HeCeJIeKTUBHUM TIPOIECOM, TOOTO B peakiii
3a3BUYail YTBOPIOETHCS CyMilll i30MepiB.

Hpukaan 3. 3anucatu peakiito npueanannas HoO o nponeny.

Po3B’si3aHHs.
H,O0/H"
CH3_CH:CH2 - CH3_CH_CH3
t
nponen-1 OH

MPoONAaHoI-2
BaxxnuBo BpaxyBaTu Take: 1) 10 KOKHOI OpraHiyHOi peakuii Tpedba HABOAMTH
ymoBu mnposenennsi; 2) npueaHanHs H,O ta HCI, HBr — lonnuii mpouec Ta
KaTalI3y€e€TbCAd KUCIOTAMM 1 HarpiBaHHsAM; 3) peakiis BIIOYBA€eThCS 3a NMPaBHUJIOM
MapkoBHuukoBa — nipuenHanns H ine 10 0isism rigporenizoBanoro atoma Kapoony
(TOoOTO y TaHOMY BHUIIAJIKy YTBOPIOETHCS MPOMaH-2-0J1, a He Tporan-1-om).

BukoHaTtu 3aBaaHHA

No 1 A) maiiTe Ha3BU TaKUM CITOJTyKaM 3a CUCTEMAaTHYHO HOMEHKJIATYyPOIO:

H H CyHs (|3H3
H3C—C|3—C—CH2—C—CH3 H3C |C (|3—<:(CH3)2
CHj3 CHj H CHz H

|
H3C_(|:_CEC_CH3
CHj
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b) 300pa3iTh cTpyKTYpHi GOpPMYIIH MOJIEKYJI:
1) 3-etrn-5,6-qumeTHITeNnT-3-€H;

2) 2,3,4-TpUMETHIINCHTaH;

3) 2,2-1UMETHIITEKC-3-1H.

B) my1st HaBeieHO1 HMKYE CTIOMYKH HAMMIIITH peakiito B3aemonii 3 HoO, maiite
Ha3BY BCIM PEUOBUHAM:
CHj

HyC—C——CH=—CH,

CHs
Ne 2 A) I[aﬁTe na3su nfrbv CIIOJIYKaM 3a CUCTCMATHUYHOIO HOMCHKIIATYPOIO!:
H CH3 CH3
H3C_CH2-C_CH3 H2C:C_C_CH3 HCEC_C_CH3
CH,—CHj CHg CH3 CHs

B) 300pa3iTh CTpyKTYpHI GOpPMYIIH MOJCKYIT:
a) 2,/-TMMETUIOKTaH,

0) 3,4-guMeTHII-1IeHT-1-¢eH;

B) 3-eTmiI-3-MeTHII-TeKe-1-uH.

B) nns HaBeneHOI HIDKYE CTIOTYKH HAIUIIITH peakilito B3aemoii 3 HoO, naiite

Ha3BY BCIM pEYOBUHAM:
CHj

HyC—C——CH=—CH,
CHs

Ne 3 A) naiite Hazu Nfrbv conykam 3a cuCTEMaTHYHOIO HOMEHKIIATYPOIO:
CH,—CHj

H2C=CH‘(|3H‘CH3 H3C—C==C—CH,—CH,

CH,CI CH,—CHj
CH;

HC=C—C—CHj
CH;
B) 300pa3itTh CTpyKTYpHI GOPMYIIH MOJCKYJI:

a) 2,2,A-TpuMeTHINEHTaH
0) 3,4-numeTunn-rekc-1-ex;
B) 5-eTmi-2,5-mumeTmin-rent-1-uH.
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B) n1st HaBeieHOT HYYKYE CMOJYKH HaIUIIITh peakiiito B3aemonii 3 HoO, maitte
Ha3BY BCIM pEYOBHHAM:

HyC—CH,—C=——=CH—CHj
CH,

Ne 4 A) naiiTe Ha3BU TaKUM CIOJyKaM 32 CHCTEMAaTHYHOIO HOMEHKIIATYPOIO:

H H
H4C CH
N HyC—C=—=C—CH—CHj
c—cC
HC/ AN | | |
3 CH, H H CHs

(CyH5),CHC=—=CCH(C,H5),

B) 300pa3iTh CTpyKTypHI (HOPMYIIH MOJIEKYI:
a) 3-0pomo-2,3-TUMETUIITICHTAaH;

0) 2,2,4-TpuMeTuN-renT-3-eH;

B) 3-€TUJI-3-METUJINEHT-1-uH

B) Cknanite piBHAHHS peakuiil OyT-1-iHy 3 BOJHEM, Y3SITUM Yy HaJUIMIIKY.
Ha3BiTh MpOIyKTH peaKiii.

Ne  5A) paiite Ha3BM HAaCTyIHUM  CIOJyKaM 3a CHUCTEMaTUYHOIO

HOMEHKJIaTypOIO:
H CyHs
HsC—C—C—CHj H3C—C=—=C—CH—CH,
C|:H3 CHj H H CHg
H H
HsC c|: C=cC cl: CHj
b  on

B) 300pa3iTh CTpyKTYpHI GOpMYIIH MOJCKYJT:
a) 4-etun-3,4-TUMETUITENT-2-CH;

0) 3-emun-2,3-TUMETUITEKC-2-€H;

B) 4-OpoMo-3-eTHIIreKCaH

B) Cxmanite piBHSHHS peakiliii OyT-1-iHy 3 OpoMOM, y3THM B HaJIUIIKY.
Ha3BiTh poayKTH peaxiii.
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Ne 6 A) naiiTe Ha3BHM TaKUM CIOJyKaM 32 CHCTEMAaTHYHOIO HOMEHKIIATYPOIO:

CH,
H3C—CH,—C—CHj H,C==C—CH,—CHj
CHs CHs
H3C\|II /CH3
H3C/C = E\CHs

B) 300pa3iTh cTpyKTypHI (HOPMYIIH MOJIEKYI:
a) 3-eTUJI-2,3-TMMETUIITeKCaH;

0) 2,5,5-TpuMeTUII-TenT-3-CH;

B) 3,3-1uMeTHI-0yT-1-1H

B) nns maBeneHoi HMDKUYE CIOJYKW HAIMINITH peakiiio B3aemonii 3 HoO, naiite
Ha3BY BCIM pEYOBUHAM:
CHs
H;,C—C——CH—CH,
CH;

No 7 A) maiiTe Ha3BU TaKUM CIIOJTyKaM 3a CUCTEMAaTUYHO HOMEHKJIATYPOIO:

H CyHs HsC
HsC—C—C—CHj CH—C=—C—CH,—CHjs
CH; CHs H3C CH3 CHs
CHj

HCEC_CHZ_CHZ_C_CHQ,
CHj

b) siki riiporeHkapOOHM B TIOJIAaHOMY TEPETIKY € 130MEpamMHu:
3-eTWI-2-MeTUJINIeHTaH; 2,2,3-TpUMEeTUINEeHTaH; 3,3-11eTHINCHTaH?
B) HanuiniTe piBHAHHS peakiliii MiXk pe4OBUHAMH, HA3BITh MPOIYKTH PEAKITIH:

CH=CH + 2Cl, —
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Ne 8 A) naiiTe Ha3BM TaKMM CIOJyKaM 32 CHCTEMATHYHOIO HOMEHKIIATYPOIO:

H H H H
HiC | |
HsC CHs CHz CHj3
H CH,—CHj

H2C=C—C_C_CH2—CH3
H

H
CH,—CHj

B) 300pa3iTh CTPyKTYpHI POPMYIIA MOJIEKYJI:
a) 4-0pomo-2,2, 3-TpUMeTUIOYTaH,

0) 3,4-mumeTu-rekc-1-eH;

B) 3-eTuin-3-MeTuiI-rekc-1-uH.

B) nns HaBeneHOI HIKYE CTIOTYKH HAIUIIITh peakilito B3aemoii 3 HyO, naiite

Ha3BY BCIM pEYOBUHAM:
H3C_CH2-C:CH—CH3

Ne 9 A) naiiTe Ha3BU TakKuUM CHOJIyKal\(/:IHB::l CUCTEMATUYHOIO HOMEHKJIATYPOIO:
H H CH,—CHjs
H;C—C—C—CH3j H3C—C—C—CH,—CHj3
(|3H3 CHj CH,—CHjs

CH3CH(CH3),C=CCH(CHs3),
B) 300pa3iTh CTpyKTYpHi GOPMYIIH MOJCKYJI:
a) 2-etui-3,4-TMMETHIITeKCaH;
0) 3,3,4,4-TeTpameTuirexkc-1-cH;
B) 2,2-TUMETHITCIIT-3-1H.

B) HanuiniTe piBHAHHS peakiliii M pe4OBUHAMU, HA3BITh MPOIYKTH PEAKIIIN:

CH,=CH, + O, —
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Ne 10 A) maiiTe Ha3BM TaKUM CIIOJTYKaM 3a CHCTEMAaTUYHOK) HOMEHKJIATYPOIO:

H H CoHs CH3
H4C c|: cl: CHZ—Cli—CHg H4C cl: C=C(CHy3),
bdy b
H

H3C (|3 C=C—~CH;
CHj

B) 300pa3iTh cCTpyKTypHI (HOPMYIIH MOJIEKYI:

a) 2-eTui-2,3-TMMETHIITeKCaH;

0) 4-etun-3,4-TUMETUIITEIIT-2-CH;

B) 4-METUJITIEHT-2-1H.

B) cknanite piBHSHHS peakuid NeHT-l-iHy 3 OpoMOM, y3TUM Y HaJUIMIIKY.
Ha3BiTh NPOIYKTH peaKiii.

Ne 11 A) naﬁTe Ha3BHU TaKUM CIIOJIYKaM 3a CUCTCMATUYIHOIO HOMCHKIIATYPOIO:

CHs3 CHg
H3C C C CH3 H3C C—C CHZ_CH3
CH3 CH3 H CHZ—'CH3

I

| |

H3C Cll C=C (|3 CH;
CHj C

B) 300pa3iTh CTpyKTYpHI GOPMYIIH MOJCKYJI:

a) 2,3,4,- TPUMETHIITICHTAH;

0) 2-MeTHI-0yT-2-€H;

B) 2-CTUJI-2-METUIITCKC-2-HH.

B) HanuiniTe piBHAHHS peakiliii MiXk pe4OBUHAMH, HA3BITh MPOIYKTH PEAKITIH:

CH=CH + 2Br; —
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Ne 12 A) nmaiite Ha3BM TaKUM CIIOJTyKaM 3a CHCTEMAaTUYHOK) HOMEHKJIATYPOIO:

H ||4 CHs CHg
HC cl: T CH,—C—CHj H,C=C—C—CHj
CHs CHs H CHj CHg

H,C—C=C—CH,

B) 300pa3iTh cTpyKTypHI (HOpMYITH MOJICKYJI:
a) 2-eTHJI-2,5-TMMeTHIITeKCaH,

0) 4-eTun-3,4-TMMETUITENT-2-CH;

B) 3-eTwiI-3-MeTHI-TeKc-1-nH.

B) Cknanite piBHSHHS peakiii meHT-1-iHy 3 OpoMoM, Y3SITUM Yy HaJUIMIIKY.
Ha3BiTh IpoIyKTH peaxiiii.

Ne 13 A) maiiTe Ha3BW TaKUM CIIOJIyKaM 3a CHCTEMAaTHYHOI0 HOMEHKJIATYPOIO:

H H CH;H H CHs
H3C—C—C—CHj HsC—C—C=—C cl: CHs
cle3 C|:H3 éHg, CHs

CHs

HC=C (|3 CHs
CHj
b) siki ByrieBoAH1 B IOJIaHOMY MEPETIIKY € 130MepamMu: 3-eThiI-2-MEeTUIINICHTaH;

2,2,3-TpuMeTHINeHTaH; 3,3-11eTHITICHTaH?

B) nns HaBeneHOI HMKYE CIIOIYKHM HAIlMIIITh peakiito B3aemoii 3 HyO, naiite
Ha3BY BCIM pEYOBUHAM:

HyC—CH,—C——=CH—CHj

CHs
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No 14 A) naiite Ha3BM TaKUM CHOJIYKaM 32 CUCTEMATUYHOIO HOMEHKJIATYPOIO:

H CHs
HaC—CH,—C—CHg HaC c|: C=CH,
(|3H2—CH3 |CH3 ||4
H
H;C—C=C cHZ—CHZ—(l:—CH3
s

B) 300pa3ith cTpyKTypHI (HOPMYIIH MOJIEKYI:

a) 3-eTHI-2-METHIINECHTAaH;

0) 4-etnn-3,4- TMMETHIITCIIT-2-CH;

B) 4-eTWI-5-MEeTHII-TeKC-2-HH.

B) HanumiiTe piBHSHHS peakiliii Mi>k peYOBUHAMM, Ha3BITh MIPOAYKTH PEaKIIiif:

CHs;-CH,—-CH=CH, + HBr —

Ne 15 A) naﬁTe Ha3BHU TAKUM CIIOJIYKaM 3a CUCTCMATUYHOIO HOMCHKIIATYPOIO!:

H
H3C—CH2—(|3—CH3 H3C—C=C—CH,—CHj
CHZ—CHg CH3 CH3
H
H3C\| /CH3
cC—C=C—C
Hoe” | CHs
3 H

B) 300pa3iTh CTpyKTYpHI GOpMYIIH MOJCKYJT:
a) 3-etuii-3,4-TMMETUIITEKCaH,

0) 3,3-numeTuianeHT-1-eH;

B) 2-eTHII-3,5-AUMETHI-TenT-1-1H.
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B) ny1st HaBeieHO1 HMKYE CTIOMYKH HAMUIIITh peakiito B3aemonii 3 HoO, maiite
Ha3BY BCIM pEYOBUHAM:
CHj
H;C—C——CH=—CH,
CHj
Ne 16 A) maiiTe Ha3BM TaKUM CIIOJIyKaM 3a CHCTEMAaTUYHOI0 HOMEHKJIATYPOIO:

CH3 CHj4

HsC—C—C—CHj

CH3 CHs HyC—C==CH

CH;H H CHs

HsC—C—C=—C—C—CHj

CHj CHj

B) 300pa3ith cTpyKTypHI (HOPMYIIH MOJIEKYI:
a) 2-eTUJI-2,5- TMMETUJITeKCaH,

0) 2-MeTHI-0yT-2-€H;

B) 5-eTun-2,5-mumMeTun-renT-1-uH.

B) sxi  rigporeHkapOOHM B MOJAHOMY  TMEPEIIKy €  130MepaMu:
3-eTwiI-2-MeTUJINIeHTaH; 2,2,3-TpuMeTHINeHTaH; 3,3-11eTHimneHTan?

Ne 17 A) nmaiite Ha3BU TaKUM CIIOJIyKaM 3a CHCTEMAaTUYHOK HOMEHKJIATYpPOIO:

CHs
H H
HqaC CH
N I Pk H,C==C—C—CHj
_c—c¢
HaC AN
3 CHs CH; CHs

CHs CHs

H,C—C—C=C—C—CHj

CHj CHj

b) 3006pa3iTh cTpyKTYypHI (HOPMYITH MOJICKYJT:
a) 3-eTui-3,5- TMMETHIITeKCaH;

0) 2-etun-4,4-TMMETUNTENT-2-€H;

B) 3-eTui-2-MeTUI-reKkc-1-uH.
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B) HanumiTe piBHAHHS peakiii MK peYOBUHAMH, HA3BITh MPOIYKTH PEaKIIIii:
CH3-CH,—CH=CH, + HBr —

Ne 18 A) maiiTe Ha3BM TaKUM CIIOJIyKaM 3a CHCTEMAaTUYHOI0 HOMEHKJIATYPOIO:

CHs
HsC T T CH, |
N H3C—C—C=C(CHy),
He” N\ |
CHs CH; H
|
HsC c|: C=CH
CHs

B) 300pa3iTh CTpyKTYpHI GOpPMYIIN MOJIEKYJI:
a) 2,2,4-TpUMETHIITICHTaH;

0) 3,4-mumMeTunin-rexc-1-ex;

B) 5-eTmi-2,5- mumeTnin-rent-1-uH.

B) ckmanite piBHAHHS peakiii OyT-l-iHy 3 OpoMoOM, Y35TUM Y HaUJIHIIKY.

Ha3BiTh IpOIyKTH peaKiii.

Ne 19 A) nmaiite Ha3BU TaKUM CIIOJIyKaM 3a CHCTEMaTHYHOI0 HOMEHKJIATYPOIO:

H CoHs HaC
HaC—C—C—CHj CH—C=—=C—CH,—CHj
CHs CHs H3C CH3 CHg
CH,

HCEC_CHZ_CHZ_C_CH3
CHj

b) sxi  rigporeHkapOOHM B  TOJAHOMY TIEpeliKy €  130MepaMu:
3-eTHII-2-METHIINCHTAH;

2,2,3-TpUMETHIITICHTAH;

3,3-mieTuimenTan?

B) Cknanite piBHsSHHA peakiiid mneHT-l-iny 3 Bomor. JlaiiTe Ha3By BCiMm

pPCHOBHUHAM.
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Ne 20 A) maiiTe Ha3BM TaKUM CIIOJIYKaM 3a CHCTEMAaTUYHOK) HOMEHKJIATYPOIO:

T T
HsC cl: cl: CH2—C|:—CH3 HaC c|: c|:_CH2
CHjz CHaq H CH3 H

H3C C:C CHZ—CHZ—C_CHg
CHj
B) 300pa3iTh CTpyKTYpHI GOpPMYIIN MOJCKYIT:
a) 3-6pomo-2,3-TUMETHUIITICHTAH;
0) 2,2,4-TpUMeTUII-TENT-3-CH;
B) 3-eTHJI-3-MeTHUJITNICHT-1-1H.
B) HanumniTe piBHAHHS peakiliii MiXk pe4OBUHAMU, HA3BITh MPOJAYKTH PEaAKITiH:

CH3-CH,—-CH=CH, + HBr —

Ne 21 A) nmaiiTe Ha3BM TaKUM CIIOJyKaM 3a CHCTEMaTHYHOK HOMEHKJIATYPOIO:

H CHx—CHgs CHs CHj
HsC c|: c|: CHj H4C clt C=cC c|: CHj
CHj3 CHs CHg CHg

H3C—C—C—CH,—CHj
H CH,—CHj
B) 300pa3iTh CTpyKTYpHI GOPMYIIH MOJCKYJI:
a) 2,3-nueTnin-2,5- TMMETUITEKCaH;
0) 3,4,5-TpuMeTHIITenT-2-CH;
B) 3-eTmi-3-MeTHI-TeKc-1-uH.

B) HanuiniTe piBHAHHS peakiliii MiXk peHOBUHAMU, HA3BITh MPOAYKTH PEaKIii:

CH=CH + 2Cl;, —
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Ne 22 A) nmaiite Ha3BM TaKUM CIIOJIyKaM 3a CHCTEMAaTUYHOI) HOMEHKJIATYPOIO:

H CoHs H H
HsC—C—C—CHj HC=C—C—C—CHj
CH3 CHj C|:H3 CHs

H CH,—CHjs

H2C_(|: C—C—CH,—CHgj4
H H
CH,—CH;
B) 300pa3iTh CTpyKTYpHI GOpPMYIIH MOJCKYJT:
a) 2,2,3,3,-TeTpaMeTUIOyTaH;
0) 4-etnn-3,4- IMMETUITCIT-2-CH;

B) 2,2-IUCTUI-5-METHIITenT-3-1H.

B) cknaniTe piBHSHHS peakiii 0yT-1-eHy 3 6pomom. Ha3BiTh IPOYKTH peaKiii.

Ne 23 A) naiite Ha3BU TaKUM CIIOJIYKaM 3a CHCTEMAaTUYHOK HOMEHKJIATYPOIO:

CHj CH,—CHj
H;C—CH,—C—CHg HaC—C=—C—CH,—CHj
CHj CH,—CHj
HsC—C=CH

b) sxi ByriaeBoaHI B MOJAaHOMY TEpENiKy € i130MepamMu: 3-METUJITICHTAH;
2,2-mTuMeTHIIOyTaH; 2-eTHII-3-MeTUI0yTaH?

B) ckianite piBHSHHS peakiiii OyT-l-iHy 3 BOJHEM, y34TUM Yy HaJJIMIIKY.
Ha3BiTh MpOayKTH peaKiii.
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Ne 24 A) nmaiite Ha3BM TaKUM CIIOJTYKaM 3a CHCTEMAaTUYHOK) HOMEHKJIATYPOIO:

4 CH,—CHs
HyC—C—C—CHj H,C==C—CH,—CHj
CH;3 CHs CHj

HsC—C==C—CHj

B) 300pa3iTh CTpyKTYpHI POpPMYIIN MOJEKYIT:
a) 2,2,4-TpUMETHIITICHTaH;

0) 3,4-qumeTun-rekc-1-cH;

B) 5-etni-2,5-numeTnia-rent-1-ux.

B) nns HaBeneHOI HIDKYE CIIOTYKH HAIUIIITh peakilito B3aemoii 3 HyO, naiite
Ha3BY BCIM pEUOBUHAM:

H3C_CH2-C:CH—CH3
CHj

Ne 25 A) naﬁTe Ha3BHU TaKUM CIIOJIYKaM 3a CUCTCMATUYHOIO HOMCHKIIATYPOIO!:

H H
HaC

’ >C|)—C|)—CH3 H3C—(|3:C|:—C|:H—CH3
HyC CHj H H CHs

H
HyC—C—C==CH
CHs

B) 300pa3iTh CTpyKTYpHI GOpPMYIIH MOJCKYJI:
a) 3-0pomo-2,3-TUMETHIITICHTaH;

0) 2,2,4-TpuMeTun-rent-3-¢eH;

B) 3-€THJI-3-METHIIIEHT-1-1H.

B) nns HaBeneHOi HIDKYE CIIOTYKH HAIUIIITH peakiito B3aemoii 3 HyO, naiite
Ha3BY BCIM PEUOBUHAM:

HyC—CH,—C=——CH—CHj

CHs
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3ABJIAHHA 12
CIIMPTU. AJVIBAEI'TIN. KAPBOHOBI KUCJIOTHU

Mpukaax 1. Ilpu cnamoBanHi 32 T OJHOATOMHOIO HACHYEHOTO CIHPTY
orpuMaiu 44 r CO;. Ska popmyna uporo cnupty?

Jlano: Po3B’si3aHHs.
M(CxHax+20) =321 3aranpHa  (QopMylla  HACHMYEHHUX  OJHOATOMHUX
m(COy) =44r crupTiB — CxHox+1OH.

3anucyeMo piBHSIHHS 3TOPSAHHS CIIUPTY:
dopMyIta crmpry — ? CxH2x+10OH + (3x/2) O, = xCO; + (x + 1)H0

3Haxoaumo KUTbKOCTI peuoBUH CyxHox+1OH 1ta CO3:
_ m(CO,)  44r
n(CO,)= M(CO,) 44 r/monb

=1 MOJIb -

MounsipHa Maca CIUpTy:
M= (12x + 2x + 2 + 16) r/moub = (14x + 18) r/mMo0I1B
KinpkicTh pe4OBUHU CIIUPTY:
_ m(CH,,,OH) _ 32r
N o O =1 H,_ O~ (14x+ 18)V/moms’
31 cTexioMeTpii pIBHAHHA 3TOPSIHHS COUPTY MA€EMO:
N(CxH,,,OH) _n(CO,).
1 X
32 1,
14x+18 X’
14x + 18 = 32x;
18x = 18;
x=1.
Omxe, popmyna ciupty CH30H — meranomn.

2x+1

Bukonaru 3aBIaHHs
No 1 A) maifTe Ha3BU TaKUM CIIOJTyKaM 3a CUCTEMAaTHYHOK HOMEHKJIATYPOIO:

CHs—CH,~CH,~CHOH-CH(CHs)~ CH,~CHs
CHs-CH(CHs)-CH,-COOH

B) 300pa3iTh cTpyKTYpHI POPMYIIA MOJICKYJI:
3,3-muMmeTwiiOyTan-1-o7;
2,2-TUMETUITIPOTIaHOBA KUCJIOTA.

B) mpu nii meramiyHOTO HATpif0 Ha HAcWYEHUU crnupT macow 1,15 T,
BuTMII0Ch 280 M1 BoiHIO. BusHaute dhopmyiy cnupry.

Ne 2 A) naiiTe Ha3BM TaKUM CIOJyKaM 3a CUCTEMaTHYHOIO HOMEHKIIATypPOIO:

CH3-CH(CH3)-C(OH)( CHs)~ CH,— CH,~CH(CH3)— CHs
CHs— CH,— CH(CH3)-COOH
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B) 300pa3ith cTpyKTypHI (GOPMYITH MOJIEKYJI:
2-METWITIEHTAH-3-0J1,
2-MeTHI0yTaHOBa KUCIIOTA.

B) sxuii 06’eM BogHIO (H.y.) BUIIISETHCSA MPHU Ail HAIJIAIIKY METATUIHOTO
HATPIIO HA MPOIaH-2 0JI Macoo 15 r?

Ne 3 A) naiiTe Ha3BM TaKUM CIOJYKaM 3a CUCTEMaTHYHOIO HOMEHKIIATypOIO:

CH3—C(CH3),—C(OH)(C2Hs)~CH,~CH,—CH,—CH(CH3)-CH;
CH;-CH(CHs)~CH(CH3)~COOH

b ) 300pa3ite cTpyKTYypHI (HOPMYITH MOJICKYII:
2,3-TUMeTHI0yTaH-2-01,
2,3-TUMeTUIIOyTaHOBA KHUCJIOTA.

B) siky maccy eTWJIEHTJIKONI0 HeoOXiTHO B3sATH aiia AoOyBaHHA 40 Kr
aHTU(PU3Y 3 MACOBOIO YACTKOIO €TUJIEHTITIKOII0 0,627

No 4 A) naifTe Ha3BU TaKUM CIIOJTyKaM 3a CUCTEMAaTUYHOI) HOMEHKJIATYPOIO:

CHs—C(CHs),~CH(OH)
CHs-CH=C(CH3)-COOH

B) 300pa3iTh cTpyKTYpHI GOPMYIIH MOJICKYJI:
2,2,A-TpUMETHITICHTaH-3-01JI;
3,3-TuMeTHIIOyTaHOBA KUCJIOTA.

B) npu HarpiBaHHi €THJIOBOTO CHUPTY 3 OPOMIJTHOIO KHCIOTOI YTBOPHUBCS
eTuopomia macoro 87,2 . CKiIbKH TpaMiB CIIUPTY BCTYMHIIO B PEAKIIiIO, SIKIIIO MacOBa
YyacTKa CIUPTY B PO3UUHI CTAHOBUTH 96 % ?

Ne 5 A) naiiTe Ha3BM TaKUM CIOJyKaM 3a CUCTEMAaTHYHOIO HOMEHKIIATYpPOIO:

H3C_CH(CH3) CH2 C CH3

CH;3-C(CH3)=CH-COOH
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B) 300pa3iTh cTpykTypHI (hOpMYyITH MOJIEKYJI:
2-meTrnoyTaH-1-o11;
2,4-TUMeTHIINEHTaHOBA KUCJIOTA.

B) ckinbku Minimitpis etmnosoro cnupty (p = 0,8 r/cm®) HeoOXigHO IS
no0yBaHHs 22,2 T TIETUIOBOTO eTepy?

Ne 6 A) naiiTe Ha3BM TaKUM CIOJYKaM 3a CUCTEMaTUYHOIO HOMEHKIIATypOIO:

CHs—CH,—CH(CHs)— CH(CHs)—CH,(OH)
CH3-CH,-COOC,Hs

B) 300pa3iTh cTpyKTypHI (HOPMYIIH MOJIEKYJI:
OyT-3-eH-2-017,
2-eTHII-3-METUJITIEHTAHOBA KHUCIIOTA.

B) BuzHauTe MonekysipHy (GopMyily HACHUYEHOTO OJHOATOMHOIO CIUPTY,
SAKIIO TIPU B3a€EMOJIi CHOUPTY Macow 2,4 T 3 HAUIMIIKOM METaJIIYHOrO Kaito
BUNLIsIETHCA 403,2 MIT BOJHIO (H. Y.), IO CTAaHOBUTH 90 % BiJ1 TEOPETUUHO MOMKITUBOTO.

Ne 7 A) naﬁTe Ha3BHU TAaKUM CIIOJIYKaM 3a CUCTCMATUYHOIO HOMCHKIIATYPOIO:

HO—CH;—CH(OH) — HC—CHj,

CH,

CH3-CH(CH;)-CH,-CH,-COH

B) 300pa3iTh cTpyKTYpHI GOPMYIIA MOJIEKYJT:
2-MeTHI-0yT-3-uH-2-01,
3-MeTHIIOyTaHOBA KHUCJIOTA.

B) micns cniamtoBaHHS opraHigyHOi pedoBUHU Macoro 4,8 r 1o0ymu 6,6 T CO»
1 5,42 r Bogu. BinHocHa rycThHa I1i€1 CIIONTYKH 32 BOJHEM AopiBHIOE 16. BuBenitsh
bopmyy pe4OBUHHU.

Ne 8 A) naiiTe Ha3BM TaKUM CHOJyKaM 3a CUCTEMaTHYHOIO HOMEHKIIATypOIO:

CH,(OH)-C(OH)(CH3)-CH2(OH)
CH3;—CH,-CH(CH3)—COH

B) 300pa3iTh cTpyKTYpHI POPMYIIA MOJICKYJI:
npon-2-un-1-o;
2-MeTUI0yTaHOBA KUCIIOTA.
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B) mipu 3ropsiasi 2,4 T peyoBuHH yTBOpUiock 4,4 T kapoou(IV) okeuny 2,7 r
BOoaU. BimHOCHA TycTHHA mapu 3a MOBITPsIM JopiBHIOE 1,59. BusHnaute MoneKyIspHY
(dhopMyITy CIOIYKH 1 3aIUIIITh MOXKJIMBI 130MEpH.

Ne 9 A) naiiTe Ha3BHM TaKUM CIOJTyKaM 32 CHCTEMAaTHYHOIO HOMEHKIIATYPOIO:

CHs~CH(OH)-CH(CH3)-CH(OH)-CH3
CHs—~CH(CH3)-CH(CH3)-COH

B) 300pa3iTh cTpyKTypHI (HOPMYIIH MOJIEKYJI:
2-MeTWI-0yTaH-2,3-1110171;
3-MeTHJI-2-XJIOPO-TIEHTAaHOBA KUCIIOTA.

B) sikuit 00’eM eTuseHy noTpiOHUM 411 BUPOOHHUILITBA 4 T €TUIIOBOTO CIIUPTY,
SKILIO MacoBa 4acTKa BUXO/AY CTAaHOBUTH 85 % BiJ TEOPETUYHO MOKIUBOTO?

Ne 10 A) naﬁTe Ha3BHU TaKUM CIIOJIYKaM 3a CUCTCMATUYHOIO HOMCHKIIATYPOIO!:

CHZZCH—CHZ—CHZ(OH)
CHs—CH(CH3)-CH,~CH(CH3s)-COH

B) 300pa3iTh cTpyKTYpHI GOPMYIIA MOJIEKYJI:
2,3-IUMeTHIIIEHTaH-2,3- 1101,
3-eTWII-2-METHIIIIEHTAHOBA KHUCIIOTA.

B) ckinbku rpamiB Boau Ta sxuii 00’em kapOoH(IV) okcuay yTBOPIOETHCS

npu crnamoBanHl 400 © po3urMHY €TUIIOBOTO CHHPTY 3 MacoBor udacTtkorw C,HsOH
96 %?

Ne 11. A) naiite Ha3BU TaKUM CIIOTYKaM 33 CUCTEMAaTUYHOI0 HOMEHKJIATYPOIO:

CH,=CH-CH(OH)-CH;,
CH3-CH(CH;)-CH,-COOH

B) 300pa3iTh cTpyKTYpHI POPMYIIA MOJICKYJI:
4 A-numernnnenTt-1-eH-3-011;
2,3,4-Tpuxn0opobyTaHOBa KUCIIOTA.

B) axa monekynsipHa Macca cnupry, sKio npu aeriapatauii 43,02 r iioro
BUILIMIIOCH 8,8 T BOIH?

Ne 12 A) nmaiite Ha3BM TaKUM CIIOJIYKaM 3a CHCTEMAaTUYHOK HOMEHKJIATYPOIO:

CHz-CH(CH;)-C(OH)(CHs)-C=CH
CHs;-CH2-CH(CH3)-COOH
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B) 300pa3ith cTpykTypHI (hOpMYyITH MOJIEKYJI:
2-MeTHINpOoIian-1-o1;
2,3-TUMeTUIIOyTaHOBA KHUCJIOTA.

B) siky KibKiCTh HErameHOro BamHa MOTPIOHO B3ATHUHU AJI MEPETBOPECHHS
500 r etunoBoro cnupty 3 MacoBor yactkoro CoHsOH B abcomtotuit 96 % cnupt?
Macosa yactka CaO y BamHi ctaHoBuTh 85 %. Bamna motpibno B3atum Ha 20 %
O1JIbIIIE BT TEOPETUYHOT KIJIBKOCTI.

Ne 13 A) naiite Ha3BU TaKUM CIIOJIYKaM 3a CUCTEMAaTUYHOK HOMEHKJIATYPOIO:

HOCH,~CH,—CH,—CH,(OH)

CHs-CH(CHs)-CH(CHs)-COOH

B) 300pa3ith cTpyKTypHI (HOPMYIIH MOJIEKYJI:
2,2-nmuMeTnoyTan-1-om,
2-eTUI-3-METWIIIEHTAHOBA KHUCJIOTA.

B) Bu3HauTe MacoBy YacTKy OLITOBOi KHUCJIOTH B PO3YHHI, I00yTOMY TpH
sminryBanHi 200 T po3unHy olTOBOI KUCIOT 13 MacoBoro yactkoro CH3COOH 40 % 3
800 mu1 BoAIH.

No 14 A) naiite Ha3BM TaKUM CHOJIYKaM 3a CUCTEMAaTUYHOIO HOMEHKJIATYPOIO:

CH,=CH-CH>—CH,—C(OH)(CH3)—CHj3
CH3;—CH=C(CH3)-COOH

B) 300paziTh cTpyKTYpHI GOPMYIIH MOJICKYJI:
2,4-nuMeTuirexkcad-2 -oi;
2,4-TMMETHUIINIEHTAHOBA KUCJIOTA.

B) Bu3Haurte ckian i Oy0BYy OJJHOOCHOBHOI OpPraHIYHOI KHUCIIOTH, SIKIIO
7,87 r ii meitpamisyroreca 20 M po3uuHy Kamii rigpokcumy (p = 1,19 r/em®) 3
MacoBoro yactkoro KOH 24 %.

Ne 15 A) naiite Ha3BU TaKUM CIIOJIYKaM 3a CUCTEMAaTUYHOK HOMEHKJIATYpPOIO:

CH,(OH)-CH(CHs)-CH(OH)-CHj
CHs-C(CH3)=CH-COOH

B) 300pa3iTh cTpyKTYpHI POPMYIIA MOJICKYJI:
2-METWINIEHTAH-2-0J1,
2,3,4-Tpuxa0p0o0yTaHOBA KHUCJIOTA.
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B) siKy KUIBKICTH ONTOBOi KHCIIOTH TOTPIOHO H0O0YTH, 100 OnepKaTu
70,4 T OLITOBOCTHUIIOBOTO €CTEPY 3 MAacOBOIO YacTKO Buxoxy 80 % BiJ TEOPETUIHO
MOJIUBOTO?

Ne 16 A) maiiTe Ha3BM TaKUM CIIOJIyKaM 3a CHCTEMaTUYHOK0 HOMEHKJIATYPOIO:

CHs-CH(OH)-CH(CH3)-CH;
CHs— CH,-COOC,Hs

B) 300pa3iTh cTpyKTYpHI POpPMYIIA MOJEKYIT:
3-eTmi-2-MetTuirexkcad-1-om;
2,3-TMMETHIIOyTaHOBA KUCJIOTA.

B) nHa He#tTpanizailito 0JJHOOCHOBHOI OpraHidyHOI KHCJIOTH Macowo 1,2 T
3atpadeHo 20 mu 1 M po3uuny nyry. fka ne kuciora?

No 17 A) naiite Ha3BM TaKUM CHOJIYKaM 32 CUCTEMAaTUYHOIO HOMEHKJIATYPOIO:

CH3-CH,—CH,-CHOH-CH(CH3)-CH,—CHj3
CH3—CH(CH3)-CH,—CH,—COH

B) 300pa3iTh CTPyKTYpHI POpPMYIIA MOJIEKYJT:
3,3-mumeTmoyTad-1-o1;
2,2-TAMETHIIITPOIIAaHOBA KUCIIOTA.

B) pospaxyiiTe Macy ectepy, Ssky MoxkHa oaepkatu 3 40 1 eranony ta 40 r
MPOITIOHOBOT KUCIIOTH.

Ne 18 A) nmaiite Ha3BU TaKUM CIIOJIYKaM 3a CHCTEMAaTUYHOK HOMEHKJIATYPOIO:

CHs-C(CH3)z—C(OH)(C2Hs)-CH,~CH,~CH,~CH(CH3)-CH;
CHs—CH(CH3)-CH,~COOH

B) 300pa3iTh cTpyKTYpHI GOPMYIIA MOJIEKYJI:
2-METHJIIIEHTAH-3-0J1,
2-eTHI-3-METWITICHTAHOBA KUCJIOTA.

B) pospaxyiite macy ectepy, Ky MoxHa ojaepxatu 3 40 r 1300yTaHOIy
Ta 15 r ouTOBO1 KUCIOTH.

Ne 19 A) naiite Ha3BM TaKUM CIIOJIYKaM 3a CUCTEMAaTUYHOI HOMEHKJIATYPOIO:

CHs-CH,-CH(CHs)-CH(CHs)-CH,(OH)
CHs—CH(CHs)-CH,-CH(CHz)-COH
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B) 300pa3iTh cTpykTypHI (hOpMYyITH MOJIEKYJ:
2,3-TuMeTUII0yTaH-2-011,
2,3,4-Tpuxa0p0o0yTaHOBA KHCJIOTA.

B) Ay Macy eTHJIGHTIIKOII0 HEOOX1AHO B3sATHH s A00yBanHs 40 Kr
aHTU(PPU3Y 3 MACOBOIO YACTKOIO €THJICHTIIKOII0 0,627

Ne 20 A) naiiTe Ha3BU TaKUM CIIOJIYKaM 3a CUCTEMAaTUYHOK HOMEHKJIATYpPOIO:

CH,(OH)-CH(OH)-CH(CH3)-CHj
CH3—CH(CH3)-CH(CH3)-COH

B) 300pa3iTh cTpyKTYpHI POPMYIIA MOJEKYIT:
2,2, 4-TpUMETIIIIIEHTaH-3-01T,
2,4-nuMeTHIIIIEHTaHOBa KUCJIOTA.

B) Bu3Haute MonekysipHy (GOopMyily HACUYEHOTO OAHOATOMHOIO CIIUPTY,
AKIIO TpPU B3a€EMOJIl CHOUPTY Macow 2,4 T© 13 HAAJUIIKOM METAIIYHOIO KaJlilo
BuauUIsIETHCS 403,2 M1 BOAHIO (H. Y.), 10 CTaHOBUTH 90 % B1J] TEOPETUYHO MOKIUBOTO.

Ne 21 A) naﬁTe Ha3BHU TAKUM CIIOJIYKaM 3a CUCTCMAaTHYHOIO HOMCHKIIATYPOILO:

CH,(OH)-C(OH)(CHs)-CH(OH)
CHsCH,-CH(CHs)-COH

B) 300paziTh cTpyKTYpHI GOPMYIIH MOJICKYJI:
2-MeTrnoyTaH-1-o11;
2,2-TUMETHIIITPOTIaHOBA KUCJIOTA.

B) npu cnamtoBanHi 110 T 0JHOATOMHOTO HACHYEHOT'O CIUPTY OTpUMA-
au 275 t CO,. Ska popmyna 11p0ro cnupty?

Ne 22 A) nmaiiTe Ha3BM TaKUM CIIOJIyKaM 3a CHCTEMaTHYHOI0 HOMEHKJIATYPOIO:

CHs-CH(OH)-CH(CH3)-CH(OH)-CHj
CHsCH(CHs)-CH,-CH,~COH

B) 300pa3iTh cTpyKTYpHI POPMYIIA MOJICKYJI:
2-MeTun-0yT-3-uH-2-01;
2,3,4-Tpuxa0poOyTaHOBA KUCJIOTA

B) mnpu cnamoBanHi 56T OJHOATOMHOTO HACHYEHOTO CHUPTY
orpumanu 77 T CO;,. fxa popmyna miporo cnupty?
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Ne 23 A) nmaiiTe Ha3BM TaKUM CIIOJTYKaM 3a CHCTEMAaTUYHOI) HOMEHKJIATYPOIO:

CH,=CH-CH,~CH,(OH)
CH3-CH,-COOC,Hs

B) 300pa3iTh cTpyKTypHI (GOPMYIIH MOJIEKYJI:
npomn-2-uH-1-o1;
3-eTWI-2-MEeTHIIIIEHTaHOBAa KUCJIOTA.

B) pospaxyiite Macy ectepy, sSiky MoxHa oAep:xkatu 3 90 r eranony ta 40 T
OLITOBOI KUCJIOTH.

Ne 24 A) maiiTe Ha3BU TaKUM CIIOJIyKaM 3a CHCTEMAaTHYHOI0 HOMEHKJIATYPOIO:

CHs-CH(OH)-CH(CH3)-CH;
CH;-CH(CHs)-CH,-COOH

B) 300pa3iTh cTpyKTypHI (HOPMYIIH MOJIEKYI:
4 A-numeTnineHT-1-eH-3-011;
3-MeTHJI-2-XJIOPO-TIEHTAHOBA KUCIIOTA.

B) ckinbku rpaMiB Boau Ta sikuil 00’eM kapOoH(IV) okcuay yTBOprOETHCS MpU

cnaimoBanHl 400 T po3uMHY €TWJIOBOTO CHHUPTY 3 MacoBor dYacTkoioo C,HsOH
96 %?

Ne 25 A) nmaiite Ha3BM TaKUM CIIOJIyKaM 3a CHCTEMaTHYHOI0 HOMEHKJIATYPOIO:

CH,(OH)-CH(CH;)-CH(OH)-CHj
CHs-CH(CH;)-CH(CH3)-COOH

B) 300pa3iTh CTpyKTYpHI GOpPMYIIN MOJCKYJT:
2,2-nmuMeTHI0yTan-1-om,
2-eTHII-3-METWINEHTAHOBA KUCIIOTA.

B) BusHaute MosekyssipHy GopMyiTy HACHYEHOTO OJTHOATOMHOTO CITUPTY, SIKIIO
MIpU B3a€EMOJIIT CIUPTY Macoio 2,4 T 3 HAJTUIIKOM METAJTIYHOTO KaJil0 BUIISETHCS
403,2 mi1 BoAHIO (H. y.), 10 cTaHOBUTH 90 % BiJ] TEOPETUIHO MOYKIIUBOTO.
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JIOJATOK A

Ta6mumg A.1 — CtangapTHi TepMOAMHAMIYHI BEIMYMHU JJIsI TPOCTUX PEYOBUH
1 ciosyk (AH Y, — cTanIapTHi eHTanbnii yTBopeHHs, S

0

PeuoBuna AHY,, S,
kJ[>k/MOJIb Jlx/mMoneK
Cl, 0 223,0
CO -110,5 197,4
COx -393,51 213,6
COClyy -223,0 289,2
CaCOsy -1206 92,9
CaOy -635,1 39,7
Ca(OH)yx - 986,2 83,4
Han 0 130,6
HCl - 92,30 186,7
H20 - 241,84 188,74
MgO - 601,24 26,94
Mg(OH)z(T) - 924,66 63,14
Na) 0 191,5
NH3r - 46,19 192,5
NH.Cl - 315,39 94,56
NO 90,37 210,62
NOy 33,89 240,45
N2O4r 9,37 304,3
Oz 0 205,03
Som 129,1 227,7
SOy - 296,9 248,1
SO.Clyry - 358,7 311,3
SO;(p - 395,2 256,23
CHar - 74,85 186,19
CoHy 52,28 219,4
CaHem - 84,67 2295
CeHer 82,93 269,2
CeHi2 -123,1 298,2
CH3;OH -201,2 239,7
CoHsOHy -235,3 282,0
CH3;CHO; - 166,0 264,2
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Tabnuis A.2 — CtaHIapTHI €JIeKTPO/IHI MOTEHIIaIH ((PO) y BOJHUX PO3YMHAX
npu 25°C

Enexrpon E°, B Enexrpon 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 Sh3*/Sh +0,20
Na*/Na 2,71 Bi**/Bi +0,23
La’*/La 2,37 Cu?*/Cu +0,34
MgZ* /Mg 234 Cu*/Cu +0,52
AF/AI 1,67 Ag'/Ag +0,80
Mn?*/Mn -1,05 Pd?*/Pd +0,83
Zn?*[Zn -0,76 Hg?*/Hg +0,86
Cré*/Cr 0,71 Pt2*/Pt +1,20
Fe?*/Fe -0,44 Au*/Au +1,49
Cd?*/Cd -0,40
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Tabmums A.3 — Tabmuis po3YUHHOCTI KUCIIOT, OCHOB 1 COJIEH y BO/II

= Karionn
E H* | NH; '\llg Ag* | Mg?" | Ca?* | Sr** | Ba?* | Zn?" | Cu?* | Sn?* | Pb?* il?zzj M+n2 Cfl 2 F+e 2 F+e 3 Al|3 C+r3
OH |- | P P|-| M| M|M| P |H|H|H|H|H|H|H | H|H|HI|H
F P| P P | P H H|H| H|H/| H P H| M| M| P | H|H| M| M
Cl- 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
Sz P| - P | H| - -~ | P P | H| H| H|H | H | H | H|H|-|-]|-
SO | P| 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
COy |P| P P M| M H| H|H | H| - - | H|H|H|H|H| - |- |-
Sio |H| - P|H| H H| H|H | H| - - | H| H|H |H|H|H|H|H
PO | P| P P|H| H 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 Pl P|P|-]|P ]| -

Ipumimka. P— po3uunsemoca y 600i, M — mano pozuunsaemocs, H — ne po3uunaemocs, npOKpecienns — He icHye abo y 600HOMY pO3UUHi pO3nadaemovcs
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