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HEPEIMOBA

3arasibHa Ta HEOpraHiyHa Ximig € 0a30BOI0 JHUCIUILUIIHOLO,
HEeoOX1HOIO Mg GopMyBaHHS (PYHIAMEHTY 3HAaHb Ta MPAKTUYHHUX
HaBUYOK (paxiBIg y raimysi 010T€XHOJIOT1i, € OCHOBOIO JIJI1 BUBUCHHS
npodeciiiHO OpIEHTOBAHMX Ta CHEIIaIbHUX JUCIUILIIH.3a3HaueHA
JTUCLMIUTIHA BHUBYA€ PEUOBMHM, iX CKJIaJ, OyJIOBY, BIACTUBOCTI Ta
OCHOBHI 3aKOHOMIPHOCTI XIMIYHHMX TIepeTBOpeHb. B  mporeci
BUBYEHHSI XiMii y 3/100yBauiB BUIIOI OCBITH (DOPMYETHCS HAYKOBUI
CBITOTJISI/I, PO3BUBAETHCA  TEOPETHUYHE  MUCICHHS,  3JIaTHICTH
aHaJI3yBaTU SIBUINA 1 3aCTOCOBYBATH XIMIYHI 3aKOHM B MaillOyTHil
npodecii. YcHilHe 3aCBOEHHS Kypcy XiMii 3100yBayaMul BHIIOi
OCBITH mepeadavae BiABIAYBaHHS JICKII, CaMOCTIMHY poOOTy 3
JITepaTyporo, a TAaKOK BUKOHAHHS jJabopaTopHux pooOiT. Came Jekiii
JAl0Th TEOPETUYHI YSIBICHHS 3700yBaueBl BHUIOI OCBITH IIPO
JUCIUIUIIHY 1 € OCHOBOIO Ui BUKOHAHHS J1a00paTOpPHOro
NpPaKTUKYyMy, TOMY JICKIISIM CJiJl NPUJIUIATH HajexHy yBary.Ha
KOXKHIN JIEKIIT PO3MIISAal0ThCA HAWBaXJIUBIII TUTaHHS, IO
BI/INOBIJIAIOTH MPOTPaMi AUCHUILIIHU, OKPEMI PO3JILIM BUHOCATHCS Ha
caMOCTIHHY poOoTy. JlucuuiuiiHa ‘“3arajibHa Ta HEOpraHiyHa Ximis™’
00’enHye 3 HaBYaIbHUX MOAYJA: “OCHOBHI MOHATTS Ta 3aKOHM XiMii,
“Po3umnn. Peakiiii OKHCHEHHS-BITHOBJIEHHA, “XiMia eaeMeHTIB. B
TaKOMY JK TIJIaHI TPEJCTABICHO 1 KOHCIEKT JEKIH 1 3700yBaviB

BHUIIIOT OCBITH.



Moayab 1 «OCHOBHI NOHATTS TAa 3aKOHH XiMiD»
Jlekuis 1. HaiiBakauBIIIiXiMiyHi MOHATTS | 3aKOHU

1.1 OcHOBHI XIMIYHI OHSATTS

1.2 ®dyngaMeHTanbHI 3aKOHH XiMii

1.3 CrexioMeTpu4Hi 3aKOHU XiMii

1.1.0cHoOBHI XiMiYHI MOHATTS

Jlo OCHOBHHMX XIMIYHUX IOHSTh HaJeXaTh aTOM, MOJICKYJa,
XIMIYHUH €JEMEHT, pEeUOBHMHA, BIJIHOCHA aTOMHA Maca, BIJIHOCHA
MOJIEKYJIIpHA Maca, KUTbKICTh PEYOBUHU MOJIb, MOJISIpHA Maca.

ATOM TpejcTaBiisie COOOK HaMMEHINy YacTUHKY XiIMIYHOTO
€JIE€MEHTa, 10 BXOJUTh A0 CKJIaay MOJIEKYJ IMPOCTUX 1 CKIIQJHUX
peuoBUH. XiMIUHI BJIACTUBOCTI €JIEMEHTa BU3HAYAIOTHCS OYI0BOIO
MOro aroMa. ATOM € €JIEKTPOHEUTPAIbHA YACTUHKA, 110 CKIIAJIAETHCS 3
MO3UTHUBHO 3aps/PKEHOTO0 aTOMHOIO sJipa 1 HEraTMBHO 3apsKEHUX
€JICKTPOHIB.

MouJiekyaa - 1i¢ HaliMEHINIa YacTHMHKAa JIaHOI PEYOBHHH, IO
BoJIOHiE€ 11 XIMIYHMMH BJACTUBOCTSIMH. XIMIUHI BJIACTHBOCTI
MOJIEKYJIM BU3HAYAIOTHCS i1 CKIIAJI0OM 1 XIMIYHOIO OY0BOIO.

XiMiuHUMil eJleMeHT € BHUJ aTOMiB 3 OJHAKOBUM ITO3UTHUBHUM
3apsagoM sjpa. Bel eneMeHTH MOAUISIOT, Ha METajdd 1 HeMeTallu.
OpnHak Takuil TOALT YMOBHUM. XIMIYHHMI €JIEMEHT XapaKTePHU3Y€EThCS
MIEBHUM ITO3UTHBHUM 3apsjioM sjipa aToMa (MOPSIAKOBUM HOMEPOM),
CTYIIEHEM OKHMCHEHHS, 130TOITHUM CKJIaJI0M TOIIIO.

[lin pedoBUHOIO PO3YMIIOTH O00’€HAHHS MaTepilAIbHUX
YaCTHUHOK, HamNpWKJIad, MOJIEKYJ, aTOMIB, €JEKTPOHIB TOIIO, IO
MaroTh BJIACHY Macy CIIOKOIO, sSIka MOX€ MEPETBOPUTHUCS Y Macy PyXy.

PeuoBuHM mNOAUISIIOTH HA mpocTi 1 ckiagHi. [Ipocti pedoBuHM
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yTBOPEHI 3 aTOMIB OJHOTO enemMeHTa. Hampukian, mpocrta pedyoBUHA
MiJIb CKJIQJa€Thea 3 aToMiB enemeHTa Kympymy, mpocra pedoBuHA
a30T - 3 aTomiB ejemeHnTa Hitporeny.CkiaaHi peuoBUHH, a00 XIMiYHI
CIIOJTYKH, YTBOPEHI 3 aTOMIB pi3HUX eleMeHTIB.Tak, OKCH KaJbIIito
yTBOpeHu# 3 aroMmiB eiaeMeHTiB Kanbiito 1 Okcureny, Bojia - 3 aTOMiB
enemeHTiB ['iiporeny Ta Okcureny. BajgeHTHICTD npencTaBiisie cOO00
KUTBKICTB 3B’SI3KiB, SIK1 YTBOPIOE aTOM B CITOJTYIII.
KinbKiCHI XapaKTePpUCTUKN ATOMIB I MOJIEKYJI
KinbkicHUMHM XapaKTEpUCTUKM aTOMae MOro maca 1 3apsij
sapa.ATOMU 1 MOJIEKYJIM MalOTh JTy>K€ HEBEJIMKY Macy, Ky BUpaKaTu
y 3BUYAWHMX OJWHHIIX MacH (T,KI') HE3PY4YHO, TOMY KOPHUCTYIOTHCS
BIJIHOCHUMH BEJTUINHAMU.
Amomna oounuya macu npencrasisie cooow 1/12 wactky macu
aromy izoromy KapGony '°C, Ha mmchMi mo3HauaeThes a.0.M. Maca
naHoro izorony popisHoe 19,93 10727 kr. Buxoaguu 3 11b0T0,

-27
oo = 223 1120 M 1.66-10kr =1,66-10 1.

Bionocna amomna maca (Ar, r — relative — BIAHOCHUN) €
BEJINUMHA, 1110 BU3HAYAETHCS BIIHOIICHHSM Macu aToMa €JIeMEHTa J0
BEJIMYMHHU | a.0.M. :

AAat) = m(at)/1 a.0.m;

A(H)=1,67 102 kr/1 a.om. = 1,67-10727 kr/1,66-107" xr = 1,008
A(Fe)= 92,71-1072" kr/1 a.o.m. = 92,71-107%7 xr/1,66-107>7 kr =
55,85.

B IlepionuuHiii cucTeMi HaBeJeHAa CepelHd aTOMHAa Maca
€JIEMEHTAa 3 YypaxyBaHHSIM IMOUIMPEHHS Y MPUPOAl aTOMIB PI3HOTO

CKJIaJly, aji€ 3 OJJHAKOBOIO KUIbKICTIO MPOTOHIB.
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3apsn  sapa atoMa JOPIBHIOE TIOPSIAKOBOMY HOMepy (Z)
€JIEMEHTa Yy MePI10IMYHIN CUCTEMI.

Bionocna monexynapuna maca(M;)— BEJINYMHA, 110
BU3HAYAETHCS BIAHOIICHHSIM MAacH MOJIEKYJH 10 BEJIMYMHH | a.0.M.
BigHocHy MOJEKYyJIApHY Macy pO3paxoByIOTh 3a  XIMIYHOIO
dbopMyII0r0, 119 BEIWYMHA JOPIBHIOE CyMi BITHOCHHMX aTOMHHUX Mac
yCIX aTOMiB, SIKI BXOMSTh JI0 CKJamy MoJiekynu. Hampukmanm, ms
MoJiekyau Boau H>O:

M,(H>O) =24(H) + 1'4(0)=2-1,008 + 1-15,99 = 18.
BigHOCHI aTOMHI Ta MOJEKYJSpHI Macu — O€3pO3MIpHI BEIWYUHH,
YUCEJIBHO JIOPIBHIOIOTH ATOMHINM 1 MOJIEKYJIApHIN MacaM, BUPaKECHUM
y a.0.M. Hanpukias, MoJiekyasipHamaca BoJu JIOpiBHIOE 18 a.0.M.

Monbe KiTbKICTh PEYOBUHHU, IO MICTUTh CTUIBKU CTPYKTYPHHUX
OJMHUIIL (MOJICKYJI, aTOMIB, 10HIB), CKIJIbKH aTOMiB MICTUTBCS B

isoroniKap6ony '*Cmacoro 0,012 kr.

_0,012k2/ monw

4= 6 =6,02* 10” monv™’
1,993 * 107" ke

Ile uuca0 Ha3MBAIOTH CTANO ABOraapo (N4 , po3MipHICTB - Mob ™).
Monapna maca — Mmaca OJHOTO MOJISI PEYOBHUHH, PO3MIPHICTH
I'/MOJIb,4YMCEJIbHOCITIBIIAIAE 3 BITHOCHOIO MOJIEKYJISIPHOIO MacCOlo.

M(r/monb) = M,.

1.2.®dyHaaMeHTAJbHI 3aKOHH XiMil
Jlo ¢dyHmamMeHTaTbHMX 3aKOHIB XIMil HaJleXaTb aTOMHO-
MOJICKYJIApHE BUYeHHs, Tepiognunuii 3akoH J[.I.MenneneeBa, 3akoH
30epexkeHHss Macu 1 eHeprii A. EiHmTeliHa Ta Teopis XIMIYHOI

oynosu O.M. bBytneposga.
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Amomno-monexkynapue  64eHHa  TPEICTABISIE  COOOIO
CYKYIHICTb TEOPETUYHHUX YSBJICHb MPUPOJIO3HABCTBA MPO JAUCKPETHY
IPUPOy PEUOBUH. 3aCHOBHUKOM aTOMHO-MOJIEKYJISIPHOTO BUECHHS €
M.B. JIoMoHOCOB. 3a Oro ysiIBJICHHSIMH BCl PEYOBUHU CKJIAJAAIOThCS 3
“kopryckys”’ (MOJEKyJ), Mojiekynu — 3 “‘enemeHTiB” (atomiB). Lli
YaCTUHKU TlepeOyBaroTh y OesmepepBHOMYy pyci. Ilig yac XiMiuHHX
peakilii HOBI PEYOBHMHM (NMPOAYKTH PEAKIlii) YTBOPIOIOTHCS 3 THX
caMHUX aToOMIB, 3 SKUX Oynu MoOyJa0BaHI IOYATKOBI PEYOBUHU
(peareHTn).

Ilepioouunuii 3aKoH BIACTUBOCTI €JIEMEHTIB Ta iX CIOIYK
nepel0yBarOTh B MEPIOJIUYHIN 3aJIEKHOCTI BiJ 3apsaay sjipa iX aTOMIB.
Po3rtamryBaHHsT €JIE€MEHTIB Yy T[EBHOMY TMOPSAJKY HA3UBaIOTh
NEpPIOUYHOI0  CUCTEMOIO, sika € TpadiuHuM  BUPAKECHHSIM
MEPIOIUYHOTO 3aKOHY.

3akon 30epeixcenHa macu i eHepeiie OJHUM 3 OCHOBHHUX
3aKOHIB MPUPOJIU: CyMapHa Maca Ta €HEPris, o BCTYNWIN B PEAKIIio,
JIOPIBHIOE CyMapHIi Maci Ta €Heprii MpOJyKTiB peakilii.3B’ 430K MixX
MacOI0 Ta €HEPri€r0 KUIbKICHO BUPAXKAETHCS CITIBBIAHOIIICHHSIM

E=mc?,
ne ¢ — mBUAKIcTH cBiTia y Bakyymi (3*10% m/cex), m — wmaca
Mmarepii,joBefeHoElHITeitHOM y 1905 pori.Y 3BUYAlHUX XIMIYHHUX
npolecax KUIbKICTh eHeprii koyinBaeTbes y Mexkax 100 — 1000 kJx.
[{i#1 3miHI BIAMOBIJAE JOyKE€ Majla 3MiHA MacH, Ky HEMOKJIHBO
BUMIPSITU CYYaCHUMHU MNPWIAJaMu, TOMY BBaXKAIOTh, 110 B XIMIYHHMX
peaKkIisiX Maca PEYOBHMH 3AJIUIIAETHCA CTAIOK. Y SJIEPHUX PEAKIIsX
3MIHM €HEeprii CKJaJarTh MUIbHOHU K[, TOMy 3MIHYy MacH MOKHa

3a(hiKCYBaTH, 110 MIATBEPIKY€E JaHUM 3aKOH.



Teopia ximiunoi 6yoosu

AToMH B MOJEKYyJIaX pO3TallOBaHl Yy BIAMOBIAHOCTI JO iX
BaJICHTHOCTI. BmacTWBOCTI peyoBHMH 3ajiekaTh HE TUIBKH BIJI 1X
SKICHOTO Ta KIJIbKICHOTO CKJIay, aje ¥ B1J XIMIYHOI OyJJOBH MOJICKYI.
ATtomu abo TpyIu aTOMIB Y MOJIEKYJIaX B3a€EMHO BIUIMBAIOTh OJWH Ha
OJIHOTO, YHWM BHM3HAYAETHCS PEaKIliiiHa 37aTHICTh peuoBHHU.Teopis
Oyna 3amporoHoBaHa y 1861 polli BUIATHUM POCINCHKHMM BUYCHUM
O.M. bytnepoBum.

1.3.CrexiomeTpH4HI 3aKOHUXIMIl

CrexioMeTpU4HI3aKOHU 00'€THYIOTh 3aKOH CTaJIOCTI  CKJIaay
pPEUOBMH, 3aKOH KpaTHUX  BIJHOIIEHb,3aKOH  ABOrajpo,3akoH
CKBIBAJICHTIB.

3akon cmanocmi cknaody peuosun SIKio xiMigHa Croiayka Mae
MOJIEKYJIIPHY CTPYKTYPY, TO HE3aJE€KHO B1Jl YMOB 1i JOOYBaHHS CKJIa]l
11 3AJIMIIAETHCSA CTAIIUM.

3aKoH KpamHux 6iOHOULEHb SIKIIIO JBA €JIEMEHTa YTBOPIOIOTH
MIK CO0010 JIEKIJIbKa MOJIEKYJISIPHUX CIOJYK, TO Maca OJHOTO 3 HHUX,
10 MIpUMAaJ A€ Ha OJHY M Ty caMy Macy I1HIIIOTO €JIeMEHTa BITHOCSATHCS
MIK CO0O0I0 SIK HEBEJIMKI 11T YK CIIa.

3akon Asozaopo.Y piBHUX 00’€Max pi3HHUX T'a3iB 32 OJJHAKOBHUX
YMOB MICTUTBCSI OJTHAKOBE YHCIIO MOJICKY/I.

3axonekeisanenmie. Macu pe4OBUH, 1110 BCTYNAIOTh B XIMIUHY
PEaKIIIONPSMO MPOTOPIIITHI iX EeKBIBAJICHTAM.

KoHTpoJibHI mUuTaHHS

.o w©Ha3uBawTh MoOJsIpHOIO Macow? Haenite npukianu
BU3HAYCHHS MOJIIPHUX Mac.

2.064ucHITh KiIbKiCTh peuoBUHU B 500 T CyNbpaTHOI KUCTOTH.
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3.ChopmymntoiiTe 3aKk0H ABOTaApo Ta HACIIAKU 3 HHOTO.

4.CKUIbKA MOJIEKYJI MICTUTBCA B OAHIN CTONOBIN JOXKI (25 r)uykpy

C12H22011?

Jlekuist 2. CucTeMaTHKA HEOPTaHIYHUX CIOJIYK
2.1. BnactuBOCTI OKCH/IIB
2.2. B1acTUBOCTIKHCIIOT
2.3. BracTuBOCTIOCHOB
2.4. BimactuBocTicoen
2.1.BiaacTuBocTi okcHaiB
Okcuou -  OlHapHI CHOJYKH, OOOB’SI3KOBUMEJIEMEHTOM SIKHX €
Oxkcuren. Pospizastors ocHoBHIOKkcHAN(Na,O, CaO, BaO, Ag0,
HgO), xucnotai (SO2, P20s, N2Os) ta amdoTtepni (ZnO, PbO, Cr0s3,
Al,03).OcHOBHMM  OKCcHAAM  BIANOBIAAIOTH  OCHOBU,KHCIIOTHUM-
KHUCJIOTH. AMpoTepHUMHU HA3WBAIOTh OKCHUJIM, K1 BOJIOJIIOTH SIK
KHUCJIOTHUMH, TaK 1 OCHOBHUMH BJIACTUBOCTSIMH.
XiMiuHi BJIAaCTHBOCTI OKCHIIB
1. OCHOBHI OKCHJIM pearytoTh 3 KUCIOTaMHU, yTBOPIOIOYH CLIIb 1
BOJTY
MgO + 2HC1 = MgCl, + H,0O
2. KuciotHi okcuam pearyrTh 3 OCHOBaMH, YTBOPIOKOYH CLJIb 1
BOJTY
CO; + 2KOH = K,CO3 + H,O
3. KucnoTHi okcuau pearyroTh 3 OCHOBHUMH OKCHJIAMH,

YTBOPIOIOYU ClJIb

CaO + SO3 = CaSOq4
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4. binpIna yacTHHA KUCIOTHUX OKCHUJIIB, a TAKOK OKCUIH JTY>KHUX
Ta Jy>KHO3EeMEIbHUX METAIIB B3a€EMOIIFOTH 3 BOJOIO
SOs5 + H,O = H,SOq4
L1,0 + H,O = 2LiOH
2.2.By1acTHBOCTI KHCJIOT
Kucnomamu 3 Touku 30py Teopii €NEKTPOTITUYHOI JHCOIAI]
HA3WBAIOTh €JIICKTPOJIITH, IT1]T YaC AUCOIIAIl SKUX K KaTIOHU
yYTBOPIOIOTHCSA TinbKHU KaTionu ['igporeny (HY).
Hanpuknan: HNO; << H'+ NOj
OcHoeHicmb Kucomu BU3HAYAETHCS KUTBKICTIO 10HIB ['11poreny, 1o
YTBOPIOIOTHCS MpH ii aucomniaiii. Po3pizusatiors ogHoocHoBHI (HNO;3,
HF.HBr, CH3;COOH), nBoocnoBHi (H2SOs, HyS, HCy04),
TpuocHoBHI (H3PO4, H3AsO4) kucnotu.
XiMIYHI BJIACTHBOCTI KHCJIOT
1.KucnoTu B3a€EMOiIOTh 3 OCHOBHUMH OKCHJIAMHU
CaO + H»>SO4 = CaS0O4 + H>,O
2.Kucnortu B3a€MOAII0Th 3 OCHOBaMU (peakilis HenTpaizalrli)
Ba(OH); + 2HCI = BaCl, + 2H,0
3.KucnoTu B3aeEMOIIOTh 3 COISIMU
CaCO; + 2HNOs3 = Ca(NO3), + CO, T + H,0
AgNO;+ HCl = HNO; + AgCI¥

3.Meranu, mo nepeOyBaloTh B psiagy Hanpyr g0 [igporeny,
BUTHUCKYIOTh HMOr0 3 KHCJIOT, SKIO aHIOHH KHCJIOT HE MAaroTh

OKHUCHIOBAJIbHUX BiactuBocteiZn + 2HBr = ZnBr; + H» 0
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4. Ilpu B3aemomii wmetanmiB 3 HNO;3;, H>SOs(koHi.)(kuciotu -
OKUCHUKM) BimOyBaerhes BimHoBiaenns Hitporeny N ta Cynsdypy
S+6

Cu + 2H,SO4 = CuSO4 + SO, + 2H,0O

Ag+2HNOs;— AgNOs; +NO; + H,O

2.3. BiacTuBoCTi 0OCHOB
OcHoseamu 3 TOYKH 30py TeOpli EJEKTPOTITHUYHOI JMCOIIAI]
Ha3WBalOTh EJIEKTPOIITH, IIIJI 4Yac JAucouialii SKUX SK  aHIOHHU
YTBOPIOKOTHCS TUIBKM Tigpokcua-ionn (OH -). 3arampHa dopMmyia
ocHoB Me(OH)n. KinpKicTh riipokcorpym (n) IOPiBHIOE CTYIEHIO
OKHMCHEHHSI METaly 1 BHU3HA4a€ KHUCJIOTHICTh OcHOBU. Tak, NaOH -
OJHOKHCIJIOTHA ocHOBa, Zn(OH);- 1BOKUCIIOTHA OCHOBA.
XiMiuHI BJIACTUBOCTI OCHOB
1.OcHOBHM pearyroTh 3 KUCJIOTaMHU (peakilisi HelTpaiizailii)
HNO; + NaOH = NaNOs + H,O
2.0CcHOBH pearyrTh 3 KUCJIOTHUMHU OKCHUJaMH (aHT1ApUIaMHU KUCIIOT)
Ba(OH); + SOz = BaSO4 + H,O
3.0OCHOBH pearyrTh 3 COIAMU
Fe(NO3); + 3 NaOH = 3 NaNOs + Fe(OH); 4
AmboTepHi rizpoxcuau
I'iapatu amdorepaux oxcunais Zn(OH),, Pb (OH),, Al (OH);,
Cr (OH)3
BUSBIIAIOTh ampoTepHi BiacTuBocTi. [lpu B3aemomii 3 KUCIOTaMH

aM(OTepHI TJAPOKCUIN BUABIISIOTH OCHOBHI BJIACTHUBOCTI

2 Al(OH)3 + 3H>SO4 = Alz(SO4)3 + 6 H,O
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[Tpu B3aemogii 3 myramu ambOTepHI TAPOKCUIN BUSIBIISAIOTH KUCIOTHI

BractuBocTiZn(OH),; + 2NaOH =Na,Zn0O, + 2H,0

2.4.BanacTtuBocri coJieit
Conamu 3 TOUKU 30py TEOPIi EIEKTPOJITUYHOT TUCOLIAIlll HA3UBAIOTh
CICKTPOIITH, IMMJ Yac AUCOIlaIii  SKUX YyTBOPIOIOTHCS KaTIOHHU,
BIIMIHHI BiJ KaTioHy ['iIporeHy, Ta aHiOHM, BIAMIHHI BiJ T1JIPOKCH/I-
10Hy. Y BOJHHX PO3YHMHAX COJIl JUCOIIIOIOTh Ha KaTioH MeTany (abo
KaTioH aMoHit0 NH4") 1 aHIOH - KHCIOTHUHN 3aJIMIIOK.
XiMivHI BJaCTHBOCTI cojied
1.Koxen Metan psay akTHBHOCTI METaTIB BITHOBJIIOE MEHIIT
aKTUBHHUM METall 3 PO3UYMHIB HOTO coyeit
Fe + CuSO4 = Cu + FeSOq4
2.Couni pearytoTh 3 KUCJIOTaMU
CaCO; + 2 HCI = CaCl, + CO,T +H,0
3.Coii pearyroTh 3 JyraMu
CuSOy + 2 NaOH = Cu(OH)2{ + Na,SO4
4.Comni pearytoTb Mix co000

2 AgNOs + BaCl, = Ba(NO;3), + 2AgCI

KonTpoabHinuTaHHs
1.1I1o Ha3MBarOTh OKCUAOM, OCHOBOIO, KHCIIOTOIO, CLILIIO?
2.5Ik1 XIMIYHI1 BJIACTHUBOCTI BUSBIAIOTH OKCUIH, KHUCJIOTH, OCHOBH 1
coii?

3.JoBenite ambotepHicTs XpoMm (III) riapokcumy.
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4.CknaaiTe pIBHSHHS PEaKIlii, 10 BIAMOBIIAIOTH IEPETBOPEHHSM:
MarHii XJopua—>Mardii—MarHii cyiabhar—>maraii

T1IPOKCUI—>MarHiii OKCUJ—>MarHiii Xjaopujg —>Mardi cynbdar.

Jlexuis 3
OCHOBHI 3aKOHOMIPHOCTI nepediry XiMivHNX peakuin
3.1 llIBuakicTh peaxiiii, 11 3aI€XKHICTh BIJ pi3HUX (aKTOPIB.
3.2 XimiuHa piBHOBara. KoHcTaHTa XiMig4HO1 piBHOBAry.

3.3TemnoBi edextu peakiiil. 3akoHl ecca. Hacninok 13 3akony I'ecca.

3.1.1IBuaKICTH peakiil, ii 3aJ1esKHICTh Bl Pi3HUX (PaKTOPiB

[IIBuaKICTh XIMIYHMX pEaKIid XapaKTepU3y€e€ I1HTEHCUBHICTh
XIMIYHOTO TPOIECy, TOOTO YMCIO €JIEeMEHTAPHUX aKTIB B3a€MOJIIi
PEUOBHUH 3a OJMHHUIIO 4Yacy B OJUHHUII 00'€éeMy TIpU HE3MIHHOCTI
o0'emy cucremMu. 3 KUIBKICHOI TOYKHM 30py IIBHJKICTh XIMIYHOI
peakilii BU3HAYAIOTh SIK 3MIHY KOHIIEHTpAIlil pearyrounx peuoBUH a0o
MPOAYKTIB peaKiiii 3a OJUHMIIIO Yacy. 3MiHAa KOHIICHTpalliil TOpIBHIOE
pI3HUIII MDK KoHIleHTpaliero Cp, 110 BIJAMOBIJIAE MOMEHTY 4acy tai
MOYaTKOBOIO KoHIeHTpauieto C; B MomeHT dacy t;. Cepenns
IIBUJIKICTh PEAKIIil JJOPIBHIOE:

Vcep.:iAC :iC2 —G
At -t

Jlo HaiiBaxnuBimux (pakTopiB, N0 BIUVIMBAIOTH HA MBUIKICTh PEAKIIii,
HaJIC)KATh KOHIIEHTpaIlis; TeMIIEpaTypa; HasSBHICTb
katanizaropy.HeoOx1THOIO yMOBOIO MEpeOiry XIMIUHUX PEaKIiid Mix
JIBOMa PEYOBUHAMU €31TKHEHHS 1XHIX MoJeKkyJ. [IIBUAKICTh XIMI4HOI

peakiiii 3aJeXUTh BIJI 4YMCIa TAaKUX 31TKHEHb B OJUHHUII 00'emy.
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I71M0BipHiCTb 31ITKHEHHS B3aEMOIIOUMX MOJICKYJI JUISI XIMIYHOI peaKiiii
MPOTOPIIiiHA KOHIIEHTPAIISIM Pearyro4Ynux peuOBHH.
3aIeKHICTh IMIBHUAKOCTI peakiii BIJ KOHIIGHTpAlllli pearyrdux
PEUOBUH BU3HAYAE 3AKOH OIHOYUX MAC: MBUAKICTH XiMIiYHOI peakirii
32 CTajJiol TeMIepaTypu MNPsSAMO NPONOPHiiiHA  J00YyTKY
KOHIIEHTPAalliil pearylounmx pe4yoBHH, MiJHECEHUX 0 CTYINeEHs, 1[0
BIAMOBIIAIOTH IX cTEXiOMeTPUYHHUM KoedimieHTam.

Hns peakuii Buny aA + BB—cC + pP mBuakicte npsmoi
peakirii zlopiBHIOGV:kC'jLC%, nek - KOHCTaHTa IIBHUIKOCTI PEaKIii;
Ca, Cp - modYaTKOBI KOHIIEHTpallli pearyruux pEYyoOBHH; a, B -
CTEX10MeTpHUYHI KOe(DIIIEHTH TIEpe]] pearylouuMi PEeUYOBHHAMMU.

Bru  temneparypu. EKCIIEpUMEHTAIBHO BCTAaHOBJIEHO, IO
MiIBUIEHHA TeMmepatypu Ha Kko:xHi 10 rpagyciB 30LabIIYyE
IBUAKICTh peakuii B 2 - 4 pasu (mpaBwio Bant-I'odda)./lns
OLTBIITIMOOKOTOPO3YMIHHSBIIUBYTEMIIEPATYPH CJTIJT 3BEPHYTHUCS O
MOHATTS eHeprii akTuBaiii.BHACTIIOK mepepo3noainy eHeprii
YacTHMHA MOJIEKYJI Y CHCTEMI 3aBXKIU Ma€ NMEBHHUI HAJJIUIIOK E€Heprii
MOPIBHSIHO 3 CEPEIHBOIO CHEPri€l0 MOJEKYJ, TaK 3BaHl aKTHUBHI
MOJIEKYJIH, SIK1 MOXKYTh MOJ0JIaTH CHEPTeTUIHUN Oap’€p 1 BCTYIIUTH B
XIMIYHY B3a€MOJIit0. Pi3HUIIT MK CEepelIHBOI0 €HEPri€l0 CUCTEeMH 1
eHepri€r, HEOOXITHOK ISl Mepediry peakilii, Ha3UBAETHCS €HEPriclo

aKTUBAIIII peakilii, ssika B CBOIO YEPTY 3aJICKUTh Bl TEMIIEPATYPH.

Ea

k=Ae RT
ne k - KoHCTaHTa MIBUJKOCTI PEaKIlii;A - CTEpUYHHN MHOXXHUK, IO

HE 3aJCXKUTh B  TeMIEpaTypu;e - OCHOBa HATypajJbHUX
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norapudmiB;Ea- eHepris akTtuBarii;R - yHiBepcaibHa rasoma cTaia,
8,314 Jlxx/moinb K;T - abcomtoTHa TemnepaTypa B rpaaycax KenbBina.
HIBuAKICTS XIMIYHHUX TIPOIECIBMOXKHA 3HAYHO 301IBIIUTH
3aBASKM BBEJCHHIO Y pEakliiiHy CHCTeMy I[E€BHUX pEYOBHUH, SKi
Ha3MBalOTh Katamizaropamu. Kartamizatop — me pedoBHHa, IO
301JIbIIIY€ MBUAKICTH peakilii, ajie camMa He 0epe y4acTi B peaxiiil.
Mexanizm  a1i  KaTadi3aTOpiB  TOSICHIOIOTH  YTBOPEHHSM
MPOMDKHHMX CHOJIYK 3 MEHIIOK EHeprii akTHUBallii, 3aBASKH 3MiHI
MeXaHi3My peakilii.Po3risitHeMo MexaHi3M Jii Kataiizaropa 3 MOy
YTBOPEHHS MMPOMDKHUX CIOJIYK Ha MPUKJIIAJI1 B3aeMO/I1i peuoBuH A 1 B
3 yrBopeHHsAM cnionykn AB. Hexait cionmyka AB yTBoproeTscs uepes
aKTUBOBaHMN KoOMIUIEKC A....B, eHeprigs akrtuBamii SKOTOAEg,
A+B—A....B— AB.Sk npaBwio, /sl XIMIYHUX TPOIECIB €HEPris
akTuBailil AE.« Ma€e JOCUTh BUCOKE 3HAUCHHS, TOMY peuoBrHU A 1 B
B3aEMOJIIIOTh 3 JyXK€ MaJlUMU IIBUAKOCTIMM a00 30BCIM HeE
B3a€MO/IIF0Th. MOXJIMBUM 1HIIMK cmOciO yTBOpeHHs crnojiyku AB.
Hexaii € peuoBnHa K, sika myke JIeTKO BCTyIa€ y B3aEMOJIIO 3
peuoBuHoro A: A + K — A..K — AK.lerkictp B3aemonii A 1 K
O3Hayae, 110 eHeprid ii akTuBailii AEg« Mana, a mBUAKICTh Beiuka.B
cBol0 uepry, cmnoayka AK Jerko B3aemMojiie 3 pEYOBHHOWO B,
ytBoprotoun AB. AK + B — AK...B — AB + K.OTxe, B Haclii0k
peakiii KaTaai3aTop 3aJUIIUBCA 0€3 3MiH 1 yTBOopuJiach croiyka AB.
3.2.XimiuHa piBHoBara. Koncranra XimiuHoOlI piBHOBaru
XiMIYHI peakiii YMOBHO TMOJUISIOTh Ha OOOpPOTHI Ta HEOOOPOTHI.
HeoOopoTHuMH  Ha3MBalOTh peakilii, SKi BiAOYBalOThCA JUIIE B
OJJHOMY HampsMKYy.J[o HeoOOpOTHHMX peakiliii HajlexaTb peakxiiii

PO3KJIAJaHHs Kajllii mepMmaHraHary rpu 3a HarpiBanHsi 2KMnOy =
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KoMnO4 + MnO; + Oz; po3knaganus 6eptosietoBoi coii 2 KCIO; = 2
KCI + 30, abo B3aeMois qy>kHUX MeTaliB 3 Bojgoo 2 K+ H,O =
2 KOH + H; Ta 6arato iHmwux npoueciB. OOOpOTHUMH HA3UBAIOTh
peakiiii, K1 MOXYyTh BIIOYBaTHCS K Y IPSMOMY, TaK 1 3BOPOTHOMY
HampsMKkax. Jlo O0O0OpOTHMX peakiiil HaJeXuTh, HaIMPUKIaI,
B3aeMoiis kucHIO 3 BogHeM 2 Ho + O, < 2H»0.Cnpaai, npu
temneparypax 800 - 1500°C kuceHb 3 BOJHEM YTBOPIOIOTH BOAY,
B3aeMoJit0un JocuTh OypxauBo. [Ipu temneparypax 3000 - 4000°C,
HaBIlaKW, BOJIa PO3KJagaeTbes 3 yTrBopeHHsM Hz 1 Oz YMoBoioO
XIMIYHOI PIBHOBAaru € PIBHICTh MIBUJIKOCTEH MPsAMOI 1 00OPOTHOI
peakiiii. KoncranTa piBHOBaru Jjis XiMidHoi peakiiii  aA + BB—cC +
pPmac Burnsag Ke = [C][P]P/[A]J}[B]% € Benwumua crama 3a cranoi
temrnepatypu. KoHcTaHTa piBHOBaru mMae Ay’kKe Ba)XJIMBE 3HAYEHHS B
XiMii, 11 BHUKOPHCTOBYIOTh TPH BHUBYEHHI KOHCTAHTH JHMCOIliaIlii
CTaOKOT0 €JIEKTPOJITY, KOHCTAHTH T1ApOJIi3y, KOHCTAaHTH HECTIMKOCTI

KOMIIJICKCA TOIIO.

3.3. TemaoBi epextn peaxkuiin. 3akon I'ecca. Hacuigok i3 3akony
I'ecca
[lim gac XIMIYHUX TEPETBOPEHb BHUBUIBHIOETHCS TIIBKM YacTHHA
eHeprii, SKy MaloTh pe4oBMHHU. KUIBKICTh BUIIJIEHOI a00 MOTJIUHYTOI
TEIUIOTH HA3UBAETHCA MENI06UM ehekmom peakuyii. TepMoXiMiuHi
PO3paxyHKHU I'PYHTYIOThCS Ha 3aKkoHi1 ['ecca.
3axkon T'ecca: mennosuil eghexm (3MiHeHHA eHmAnvhii) peaxyii
3anexcums MmilbKu 8i0 NOYAMK0B020 Md KIHYeB020 CMAHI8 pea2yrouux

PEuoBUH | He 3A]1eHCUMb 8I0 NPOMINCHUX CMAOIl Npoyec).
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Hacniook i3 3axony I'ecca: TemioBuii eheKT peakxiiii JTOPIBHIOE

PI3HUII MK CYMOIO TEIIJIOT YTBOPEHHS MPOIYKTIB PEaKilii Ta CyMOIO

TEIJIOT YTBOPEHHS MOYaTKOBUX PEYOBUH.

TensioTor0 yTBOpPeHHsI Ha3WBAaIOTh TEIUIOBUH e(QeKT peakiii

YTBOPEHHSI CKJAJHOI PEYOBMHU 3 MPOCTUX PEUYOBUH, CTIMKUX 3a

CTaHAApPTHUX YMOB. UHCeNbHI 3HAYEHHS TEIUIOT YTBOPEHHS HABEJICHI

y TOBIJIKOBIN JIITEpATYPI.

3aoaua. OGuucoutu TteminoBuid edext musd peakii CaCy(k) +

2H,O(p) = Ca(OH)a(p) + CoHa(r)za crangaptHux ymoB.AHC29g

Ca(OH)2(p) = - 986, 2 x/bx/monb, AHgs CoHa(r) = 226, 75

kJ>x/Monb, AH®298 CaCa(k) = - 62, 7 xJIx/Moab, AH®9s H2O(p) = -

285,84  kJI>x/MOTb

Po3é’a30k:3r11HO 13 HaCJIIKOM 13 3aKOHY I'ecca

3anuimuMo:AH29s=(AH°298Ca(OH )2(p)+AH 298 CoHa(T))-

(AH®203CaC,(x)+2AH 20sH,0(p))

[TimcTaBUMO YKCeNIbHI 3HAUYCHHS TETUIOT YTBOPEHHS PEYOBUH

AH®98 =-986,2 + 226,75 — [(-62,7) + 2 (-285,84)] = - 125,07 x ]Ik

Bionoegios: TennoBuii egekT peaxinii gopiBHioe -125, 07 xk{x
KoHTposbHI nUTAHHS

1.lk  3MIHUTBCS  MIBUAKICTh  pEaKIii yTBOPEHHS aMOHIaKy

N2+3H,=2NH; npu 30151b111€HH1 TUCKY B 4 pa3zu?

2.5Ik BIUIMBaE TeMrepaTypa Ha IMIBUIKICTh XIMIYHOIT peaKirii?

3.1Ipu nesikii Temmeparypi piBHOBaxkHa KoHieHTpamis Cynabdyp

TPUOKCUJY, 110 YTBOpUBCS BHacHigok peakiii 2SO, + 02503

ckianae 0,02monw/n. BuxigHi KoOHUEHTpaIlli CyabQypyaHOKCHUIY 1
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KUCHIO ckiamaroTh BignosigHo 0,06 ta 0,07 mons/n. O0umciauTu
KOHCTaHTYy PIBHOBAaru peaxiiii.
4. Buxonsauu 3 TEIJIOBOTO edexTy peakirii
8Al(xp) + 3Fe;04(xp) = 4ALOs(xp) + 9Fe(xp), AH? = -3180k]Ix

OO6uuncnuTu TemnoTy yrBopeHHs Fe3Oy

Moayab 2 «Po3yuHm»
Jlekuiss 4. 3arajibHa XapaKTepUCTHKA PO3UYMHIB
4.1KoHI1ieHTpalii po34nHiB.
4.2 PO34YHMHHICTb TBEPAUX, PIAKUX Ta FA30M01I0HUX PEUOBUH.
4.3BnacTUBOCTI 1JIeJIbHUX PO3YHUHIB.
4.1.KoHueHTpauii po34uHiB
Po3unHU € OJHOPIAHI CUCTEMU , IO CKJIAJAIOThCA 3 2 — X 1 Olbliie
KOMIIOHEHTIB ~Ta NPOAYKTIB IX  B3aEMOIl. Po3pi3HSI0TH
KOHIICHTPOBAHI Ta po3BeJieHI po3unHU. OCHOBHUMHM KOHIIEHTpAIlISIMU
PO3UMHIB €: MacoOBa YacTKa, MOJIbHA YacTKa, MOJISIpHA KOHIIEHTpaIlis,
MOJISIpHA KOHIIEHTpAllisl €KBIBAJIEHTA, MOJISUIbHA KOHIIEHTpALlisl, TUTP
PO3UUHY.
Cnoco0u BUpasKeHHSI KOHIEHTPALii PO34YUHIB
[To3HaunMO Macud KOMITOHEHTIB @i T; IX CyMy 2. gi; KUIbKICTb
MOJIeli KOMIIOHEHTIB nj; X CyMy 2.nj; MOJISIpHI Macu M, T/MoIib; 00’ eM
po3uuHy V, JI; MOJISIPHI MaCH €KBIBaJCHTIB Megs, I/MOJIb.
1. MacoBa yacTka @; — BIJHOIIIEHHS Macy PEYOBHUHH JI0 MaCH
po3unHy. SIKII0 MacoBa YacTKa BHpa)KeHa y BIJICOTKAXx, ii Ha3WBAIOTh

MaCOBUMHU MPOLIEHTaMHU, a00 MPOIEHTHO KOHIIEHTPAIII€IO:

0, =<=—x100%

g
Zgi
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[IporieHTHa KOHIIEHTpAIllsl YUCEIbHO JOPIBHIOE KUIBKOCTI TpamiB
pedoBunHu B 100 T po3unny.

2. MoabHa yacTtka Ni — BIIHOIIICHHS YKCIa MOJICH PEYOBHUHHU

70 CyMH YHCJIa MOJIeH BCiX KOMIIOHEHTIB:

N, =i , J1€ ni=gi

' Zni ﬁ,
3. MoJasipHa KoHIleHTpalisi a00 MOJISIPHICTh TOPIBHIOE YUCTY MOJIEH

. 3 . n
PO3UMHEHOT pPEYOBMHU B 1 1OM° PpoO3uYuHYy: C,, :7.P03‘II/IHI/I 3

momspaictio 1 i 0,1  Moub/IM’HA3MBAIOTHOTHOMOIISPHUMH,
JEHUMOJApHUMH  TOm[0. CKOpPOUYEHO 3amucyrTh Tak: 1M po3uun
NaOH; 0,1M po3uun HCI .

4. MoJsipHa KOHUEHTpalis eKBiBajeHTa (HOPMAaJbHICTBH)CH —

YUCIIO €KBIBAJIEHTIB PEUOBUHHU (Nexs=g/Mexs) B OJHOMY IM> PO3YHMHY

Posunan, axi mictare B 1 am® 1; 0,1 ekBiBajeHTa pO3YMHEHOI
PEUOBHUHM, HA3UBAalOTh OJHOHOPMAJIBHUMH, JCHUHOPMATbLHUMU
BiIIIOBiTHO.

3riIHO 13 3aKOHOM €KBIBAJICHTIB PEUOBMHU pearyroTh 0e3
samuinky, sakmo CmVi =  CmVa. HaedeHne  BigHOIICHHS
BUKOPHUCTOBYETHCS B KIJIbKICHOMY aHai31.

5. MoasiiibHicTh, 200 MOJAJbHAKOHLEHTPaUisAib, — YHUCIO
n, #1000

MOJIEM PEYOBUHH, 110 MPUIMAAa€ HA | KT pOZUMHHUKA. b, =——
g

g — Maca po3uuHHHKa, T; 1000 — koedilleHT IepepaxyHKy I' y K.
6. Turp po3umny (Ti) OOpiBHIOE Maci pPEYOBUHHU, SIKa

MicTUThCA B 1 ¢M® po3umnHy: T,=—2 1/ cm?

1000 *V
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3B'I30K MIXK TUTPOM PO3YMHY 1 MOJIIPHOIO KOHIICHTpAIIIEIO

%
C,

- M
€KBIBaJICHTa BCTAHOBJIIOIOTH 32 POPMYJIOIOT = T r/ cm?

4.2. PO3YHHHICTH TBEPAMX, PIIKMX TA ra30M0Ai0HUX PEYOBHH
PO34nHHICTh — 3/IaTHICTh PEYOBHUH PO3ZYMHSITHUCH B TOMY UM IHIIIOMY
PO3UMHHUKY. PO3YMHHICT, TBEPAOI PEUOBHMHU 3aJCKHUTh Bif
TeMrepatypu. BuaileHHS peYOBMHUM 3 PO3YMHY NPU 3HIKEHHI
TeMrepaTypu Ha3UBAEThCA KpHUCTaizaliero. Mipol pPO3YHHHOCTI
pPEUOBMHHM 3a TI€BHUX YMOB € KOHIIGHTpaIlsa 1i HACHYEHOTO
po3unHy.HacuueHnii po3unH — po34uH, 10 MMepedyBae B PiBHOBA31 3
PO3YHMHEHOIO0 PEYOBUHOIO.

Po3umHHICTh piauH. BuAiIAoTh OOMEXeHy 1 HEoOMeXeHY
pO34YMHHICTh piauH. KpuTuyHa TeMmmeparypa pO3UYMHEHHS — 1€
TEeMIIepaTypa, 3a AKO0 00OMeXKeHa PO3UYUHHICTh PEYOBUHHU MEPEXOIUTH
B HEOOMEXKEHY.3aKOH po3noodiy: peUOBUHA, 3/1aTHA PO3UMHSTUCS Y
JIBOX PO3YMHHHKAX, K1 HE 3MIIIYIOTHCS MK CO00I0, PO3MOAISIETHCS
MDK HAUMH TaK, 110 BIIHOIICHHS 1i KOHIICHTpAIlIM y [IUX PO3UMHHUKAX

32 CTaJOITEMIIEpAaTypu 3aJUIIAEThCA CTAMM, HE3aJeXHO Bij

. : . c
3arajibHOI  KUJIBKOCTI PO3YMHEHOI PEYOBHUHU C—1=K . Ha panomy
2

3aKOHI ~ 3aCHOBaHa EKCTPakIlisl — CMmoci0 BWIYYECHHS PO3YMHEHOI
PEYOBUHU 3 PO3YMHY 3a JOMOMOIOK0 IHIIOTO PO3YMHHMKA, IO HE
3MIITYETHCS 3 TIEPIITHM.

Po3umnHicTh ra3ziB.HalicmipHillle BIUIMBAa€E Ha PO3YHMHHICTH Ta3iB
TUCK. 3aJIe)KHICTh PO3UMHHOCTI Ta3y BiJl TUCKY BUPAKAETHCA 3aKOHOM
Lenpi :maca eazy, wo posuunsemvcsa 3a cmanoi memnepamypu 6
0anomy 00’emi piounu, NPAMO NPONOPYILUHA NAPYIATLHOM) MUCKOBI

2asy
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C = K*P,
ne C — macoBa KOHIIEHTpallisi rayy y HAacM4Y€HOMY po34uHi, P —
napiiaJgbHUN THUCK, K — koedirieHT npomopiiiiHOCTI(KOHCTaHTa
['enpi)
4.3. BuacTuBOCTI ileaJIbHUX PO3YHUHIB

IneanbHUM HA3WBAETHCS PO3YHMH, B SKOMY B3aEMOJIEID MIXK
KOMIIOHEHTAMHU PO3UYHMHY MOKHa 3HEXTyBaTu. J[0 HUX HAOIMKYIOThCS
PO3UYMHHU OPTaHIYHUX PEUYOBHUH 3 OJM3BKUMH (PI3UIHUMH 1 XIMIYHUMHU
BJIACTUBOCTAMU  (HAMpUKIad, pPO3YMH OCEH3EH-TONYEH) 1 JyXkKe
pO30aBJI€HI PO3YMHU HEEJEKTPOIITIB (HANPUKIIAJ, PO3YUH LYKPY VY
Boai KoHunenrpamii  10* - 10° M).IIpu pO3YMHEHHI B JIETKOMY
PO3UMHHUKY  HEJETKOI PEUYOBMHU TOBEPXHS  BUIMAPOBYBAHHS
3MEHIIYEThCS, 1 TUCK Mapy HaJ TaKUM PO30aBICHUM PO3UYUHOM Oyie
TUM MEHIIUM, YUM OUIbIIEe KOHIEHTpAIliSl HEJIETKOrO0 KOMIIOHEHTA.
KinbkicHO 1€ MOXHa BHUPA3UTH 3a JONOMOTOK) TOHOMETPUYHOIO
3akoHy Payuasi:gionocne 3HUOICEHHST mMUCKY — HaAcuyeHoi  napu
PO3UUHHUKA HAO PO3YUHOM OOPIBHIOE MONbHIU Yacmyi pO3YUHEHOT
peuosunu.Tak, skimo Py — TUCK mapu HaJ YUCTUM PO3UMHHUKOM, P —
TUCK TIAapu HaJ PpO34MHOM, Np — MOJIbHAa 4YacTKa PO3YMHEHOIL

PEYOBHUHHU, TOJI

AP PP _
PO

ne AP=P¢—P — 3HMXE€HHS TUCKY Mapy PO3YMHHUKA HAJl PO3YUHOM.

EOymiockonmiuynmii i kpiockomiunuii 3akonuPaynsi: 360invuenns
memnepamypu KuniHHsA 1 3HUDICEHHA meMnepamypu 3amep3anis
po3uunie nponopyitni ix koHyemmpayiim Atyn = K Cn,

At;00=Kip*Cn, 1ne Ke 1  Kip— BIINOBIAHO €0yIiOCKOMIYHA 1
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KpPIOCKOIIYHA KOHCTAHTHU, XapakTepHi g po3unHHuKa, Cpn —
MOJISITBHICTh PO3YHHY.

Po3unHn XapaKTepu3ylOThCs TAKOXK OCMOTHYHUM THUCKOM Py,
SKAWA CIIOCTEPIraeThCs HA MEXI JBOX PO3YMHIB 3  PI3HOIO
KOHIICHTpAIlI€0, PO3JAUICHUX  HAMBIPOHUKHEHOID  MEMOpPaHOIO.
OcMoc € nudysis dYepe3 HaMIBOPOHUKHEHY MeMOpaHy. Pocy
OOyMOBJICHUY TIParHCHHSIM PO3UYMHHHUKA 3PIBHATH KOHIICHTPAIIIIO IO
oOMJIB1 CTOPOHU MEMOpaHHU.
3akon Bant — I'odda:ocmomuunuii muck oopisHioe momy muckosi,
AKUUL cmeoprosana 6 cucmema, sKOU nepebdysana 8 2a30Nn00iOHOMY
cmani 3a miei oc memnepamypu.Pooy=CMmRT, e Cyv — MossipHa
KOHIIeHTpallis; R — yHiBepcanbHa ra3oBa craina; T — TemnepaTrypa 3a
KenbBiHOM.

KoHTpoJ/ibHI NUTAHHS

1.IIlo Take koHIEeHTparis po3unHy? Ha3BiTh OCHOBHI KOHIIEHTpAIlii
PO3UYMHIB.
2.004uCHITh MOJISIPHY KOHILEHTpAIII0 Ta MOJSPHY KOHIEHTPAIIiIO
exsiBanenra 10-% po3uuny cynsgarsoi kucnoru (p =1,115r/cm?).
3.BusHaure KpioCKOMIYHY KOHCTAHTY BOJH, SIKIIIO BOAHUN PO3YNH

etrstoBoro cupty (w=11,3%) 3amep3ae npu TemmnepaTypi “ —5°C”.
4.CK1IbKY IpaMiB 3a113HOT0 KyOpOoCy NOTPIOHO B3STH IS

3

npurotyBanus 2 am° 0,02 H. po34nHYy.
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Jlekuist 5. Po34nHM eJIeKTPOJIITIB

5.1Teopis eNeKTPOTITUIHOT JUCOITIAITT

5.2 KoHcTaHTa Ta CTyneHb IUCOoIiaIii

5.3Boanesnii nokaszuuk pH. bydepni po3unnn

5.4 T'igpomi3 coneit. KoHcTanTa Ta CTyNeHb T1ApOIIi3y

5.1. Teopisi e1eKTPOJTITHYHOIL AMCOIIAIIT

Po3umHN KHCIIOT, cOJied 1 OCHOB B MOJISIPHUX PO3UMHHHUKAX
BHACJIJIOK JAMCOINiaIi 3 YTBOPEHHSM KaTiOHIB 1 aHIOHIB IPOBOASATH
CIICKTPUYHHUH CTpyM. PedoBHHMU, SKi YTBOPIOIOTH PO3YHMHH, 1[0 MAIOTh
10HHY TIPOBIJIHICTb, HA3WUBAIOTLCA enekmporimamu. Jl0o CUIBHHUX
CJICKTPOJIITIB HajexkaTh Maixke Bci comi, aeski kuciotu (HCI, HBr,
HI, HNOs, H2SO4, HCIO4, HMnO4) 1 0CHOBH - T1APOKCUIN JTYKHHUX 1
Jy)KHO - 3eMeldbHuX  MeTamB( TIAPOKCHUAW  MeTamiB  [A,
tallArpynu,mounnaroun 3 Kanpiriro. Pemra enekTpomiTiB HaJIeKUTh
no cnaOkux.Emexrtponith 'y  po3uuHi  Olaplie  abo0  MEHIIE
JTUCOILIIMOBaHI, TOMY peakilii M)XK pPO3UYMHAMHU COJIeH, OCHOB, KHCIIOT -
IIe peakiii MK 10HaMH, TOOTO 10HHI peakiii. B pIBHAHHSIX 10HHHUX
peaKIliii CUJIbHI eJIeKTPOJIITH 3alUCYIOTh B 10HHINM (opMi, ciabki - B
MOJIEKYJIApHIN (caa0ki eJIEKTPOJITH 3aluCyloTh B 10HHIK (dopMi
TUIBKA B peakIlisiX aucorriaiii). Pe4oBUHM BaXKKOPO3UMHHI Ta Ta3H
3aMKMCYIOTh y BUTIISAI MoJieKy . Hampukman,

Na,SO; + BaCl,— 2NaCl + BaSO4l
2Na® + SO4> + Ba2* + 2Cl'— 2Na™ + 2CI" + BaSO4l
Ba®" + SO4>— BaSO4d
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5.2. KoncranTa Ta cTyneHb JUCOMiamii

Crtynennb auconiamii o € BiTHOIICHHS YUCJIa TPOAUCOIIAOBAHUX
MOJIEKYJl ~ J0  3arajbHOTO  9YHCJIa  MOJEKYJ  PO3YHHEHOI
peuOBUHMU.PO3UMHYN CHUIIBHHUX €JIEKTPOJIITIB MOBHICTIO IMCOIIIOIOTh Ha
10HKW 1 I HUX O Ma€ JOPIBHIOBAaTH OJWHMIlN, TIPOTE s
KOHIIEHTpOBaHUX po3uuHiB (> 0,1 M) cunbHuX enekTpomTiB o<l. [le
OB’ S3aHO 3 €JIEKTPOCTATUYHOIO MI>KIOHHOIO B3aeMO/Ii€r0. Jucormiartis
CTaOKOT0 EJIEKTPOIITY - OOOPOTHHUM TMpoIec, KWW MPHU3BOJAUTH O
BCTaHOBJICHHS XiMiuHoi piBHOBaru. Hampukiang, HCN<H™ + CN-.
KoHcTaHTa piBHOBaru B JaHOMY BHIIAJKy HAa3MBAETHCS KOHCTAHTOIO
€JIEKTPOJIITUYHOI JUCOIIAILi].

Kn =[H"][CN]/[HCN]

Axmo wmomsapua xkonmeHtparis HCN  gopiBaroe C, a CTyIiHb
mucoriarii - o, tomi [H] = [CN] = Ca, [HCN] = C - aC = (1 -
a).Kz= (Ca*Ca)/a’C = a*C/1 — a. 3a ymoBu, mo o<<l Kn =
0’C.Ocranniii Bupas Ki = a’CaeMoHCTpye 3aKkoH pPO30aBIICHHS
OctBanpaanns eaekrpoiity ckinany KA (K™ 1 A™ -omHo3apsiaHi KaTioH
1 agioH). 3MICT 3aKOHYy IMOJiArae B TOMY,IIO CTyNEHb IWCOIiaIli
CTaOKOT0 EJICKTPOJIITY O OOCpHEHO MPOMOPIIMHUNI0 KOHIICHTpAIli

IIOTO €IEKTPOJIITY.

5.3. pH. BoaneBuii noxkazuuk. bydepHi po3uunu
Boma - cmabkuil eIeKTpOIIT, IKUK JUCOIIIOE 3 yTBOpeHHAM 10HIB H'
(H;:O0") i OH  : H,O <> H' + OH a6o 2H,O <> H;O" + OH"
Koncranra nucoriiamnii ajisi 3a3Ha4Y€HOrO MPOIIECY 3a TeMIepaTypu
20-25°C mae BUTIIAN
Kn=([H'][OH])/[H.0]=1,8*10-1®
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CryneHp naucomiamii BOAM B JaHOMY BHUIIAJKYy JyX€ MaJlUid,
KOHIIEHTpaIlisl Boau mpaktudHo cTana: [H>O]=const=1000/18=55,5
monw/mm® 1 Kp*[H20]=1,8%10"19%55,5=10"'.  Jonnuit 0o6ymox
600unIpecTaBIse Cco000 MO0OyTOK KOHICHTpaliikartionis [H'] i
rigpokcua-ioniB [OH’], BenuuuMHa cTajia 3a CTajoOi TeMIEpaTypu
no3Havaerbcsa K.

Kw=[H"][OH]=10"1

B uucriit Boxi [H']=[OH]=10"7 mons/aM’; nmpu momaBaHHI KUCIOTH
30LIBIIYETHCA ~ KOHIEHTpamiss kaTioHiB [H'] 1 3MeHIIyeThCs
KoHIleHTpallis 1oHiB [OH’], mpu ngoxaBaHHi Jyry - HaBmaku.Ha
OpaKkTUIl  JUJIS  XApaKTePUCTHUKU  KUCIOTHOCTI  CEpeOBHUIIA
BUKOPUCTOBYIOTh BOJIHEBUU NOKa3HUK pH.
pH — € necsatkoBuit Jorapudm koHueHTtpauii ioHiB L'igporeny
B3ATHI 3 mpoTwie;kHuM 3HaKkoM. pH = - Ig [H']. Tax, B uucriii Boxi
[H*]=[OH]=10"7; pH=7; B xucnomy cepenosui [H]>[OH], pH<7; B
nyxHoMy cepeponui [HT][<[OH], pH>7.
BydepHi po3unHu -11¢ pO3UMHU 3 MEBHOIO KOHIIEHTPAIIIEI0 KATIOHIB
['igporeny, 10 HE3HAYHO 3MIHIOIOTHCS IIPU BBEACHHI HEBEJIHUKOI
KUIBKOCTI KHUCIOTH a00 Jyry, KOHIEHTPYBaHHI Ta PO3BEJCHHI
po3unHiB. MexaHi3M Jii Oy(pepHuX pO34YMHIB IPYHTYETHCS Ha TEOpil
CJICKTPOIITUYHOI JAucolliamii. Po3pi3HAI0Th KUCHI 1 JIy>KHI OydepHi
po3unHu. bydepHi po3uMHH ~ MOPEACTaBIAIOTH COOO0KH CIIAOKUA
CJIEKTPOJIT 1 ClIb Ha Woro ocHoBi. Kucnuii aneratHuili OydepHuii
PO3UMH CKJIAJIA€THhCSA 3 AlIETATHOI KUCIIOTHU 1 HAaTpiid anertaty. JIykauit
aMOHiauyHUM Oy(pepHHUil pO3UHH — 1I€ PO3YMH aMOHIaKy 3 J0JaBaHHIM

NH4Cl. pH OydepHux po3uuHIB BH3HAYAIOTh 3 ypaxyBaHHSIM
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KOHIIGHTpAIlli CJIabKOro eJIEeKTPOdITy, COJl Ha WOro OCHOBI 1
KOHCTaHTH JrcoIiaIi c1abKoro eIeKTPOoITy
pH = pK —1gCx/Cc
5.4. T'ixpoui3 cosieil. KoHCcTaHTa Ta CTyNEeHb TiAPOJIi3y
Jlo peakmiii 0OMIHY B pPO3YMHAaX HaJeXaTh B3a€EMOJIS MIX
KHCJIOTaMHU 1 OCHOBaMHM, B PE3YJIbTaTl AKOI YTBOPIOETHCS CLIb 1 BOJA.
Taxki peakiiii Ha3uBarOTHCA peakiisiMu HerTpanizamii. Hanpuknam, HCI
+ KOH—KCI + H;0.Peakuis, o6opoTHa 10 peakiiii HeWTpasizarliii,
TOOTO B3a€EMOJiS COJII 3 BOJOIO 3 YTBOPEHHSM KHUCJIOTH 1 OCHOBH,
HA3UBAETHCA TiAPOdi3oM coJii.llpuunHo0 Trigponizy € ydacTb B
peakiii c1abkoi OCHOBH 1 KUCJIOTH. B maHomy BUMaaky KaTioH cCoIi
(BiAmOBiAHUN claOKili OCHOBI1) MOJIAPU3YE MOJICKYJTY BOIHU 1 3B’SI3Y€
TIPOKCHIbHHUN 10H. YTBOpeHuid ioH H' € NpHYHMHOIO KHCIIOTO
cepenoBuima (pH<7). HaBmaku, aHioH couri, BIAMOBIAHWUN CIIaOKik
KUCIIOTI, 3B’s13y€e ioH H" Boau 1 3BinbHse ion OH™ (pH>7).Posrnsaemo
T17pOJTI3 PI3HUX COJICH.
1. Coni CUIBHOI KHUCIOTH 1 CHUJIBHOI OCHOBM T1IpOJI3y HE
nigsratots, pH=7 (NaCl, Ba(NOs3),, K2SOy).
2. Couni CUIBHOI KHUCJIOTH 1 Ca0KOI OCHOBH TiAPOJI3YIOTH 3i
301IbIIEHHSAM KOHIICHTpaIlii kaTioHiB H'
NH4NO;3 + H,O <> NH4OH + HNOs;
NH4" + H,0 <> NH4OH + H"; pH<7
3. Comi cnabkoi KUCIOTH 1 CHUJIBHOI OCHOBHU T1JIPOTI3YIOTH 31
30UIbIIIEHHSAM KOHIIeHTpallli a"ioHiB OH
KCN + H,O<KOH + HCN;
CN™ + HO<>OH" + HCN; pH>7
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4. Coni cnabKuX KUCIOT 1 OCHOB TiApoJii3ytoTh 1 pH po3unny
3aJIEKUTHh B 1X BIZHOCHOI CHJIM, IO BU3HAYAETLCSA IX
KOHCTAHTOIO JIMCOIaIl
CH3COONHj4 + H,0 <> NH4OH + CH3COOH;
CH3;COO™ + NH4" + H,O <> NH4OH + CH3;COOH;
pH=7
KoncTaHTa rigposi3y € KOHCTAHTO PiBHOBAaru BiIHOCHO MpoIeCy
riapo.isy.
NaCH3;COO + H,O = CH3;COOH + NaOH
CH3;COO" + H,O = CH3COOH + OH-
K =[CH3COOH][OH]/ [CH3COO[H20];
K= K[H20] = Kw/K e
Koncranta riaposi3zy oO€pHEHO mpomoplliiiHa [0 KOHCTAHTH
JMCOIIiallii cJ1a0KOIro €JIEKTPOIIITY.
Crynenb riapoJisy N € BIJHONIEHHS KOHIIEHTpAIll CcoJi
CJIEKTPOJIITIB, IO MIAJIATAIOTH T1APOIi3Y, 10 3arajibHOi KOHIICHTpAIli
COJIl Y PO3YHHI
N=Crinp/Csar
CtyneHb Tiaposiizy 3aleXUTh BlJ TEMIIEpATypH, MNPUPOAH CIAOKOTro
CICKTPOITY, SKUM yTBOPUBCS TICIA peakili Ta BiJ KOHIEHTpAIli
com. Jlas KUIbKICHOTO Bu3HaueHHS pH BHACHIZOK  TiAPOI3Y
BPaxoOBYIOTh, 10 KoHIleHTpalis H" iounie abo OH™ ioHiB mOpiBHIOE

TO0OYTKY CTYIEHs T1APOJi3y 1 BUXITHOI KOHIIEHTpAIIli COi.
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KoHTpoybHI nUTAHHS

1.Ha3Bith cuibHI Ta cinadki enekTpoditi. CKiIaaiTh pIBHSIHHS peakiii

B MOJICKYJISIpHIM, TIOBHIH Ta CKOpOYEHIM 10HHIM  (opmax

H3PO4+Ca(NO3),—

2.IlosicHiTh, womy pH OydepHUX po34nHIB HE 3MIHIOETHCS TIPU

BBEJICHHI HEBEJIUKOI KIJTbKOCT1 KHCJIOTH 200 JyTY.

3. HazBitb comi Fe(NOs3);, KCN, NH4Cl, Hanu1iite B MOJEKYJISIPHIM

Ta 10HHIN (HOpMI PIBHAHHS iX T1APOJIi3y, BKAXKITh CEPEIOBHUIIE

pPO3YHHY.

4. Jlnst conmi NaF o04uciiTh KOHCTaHTy, CTyIEHb Tifgpoiidy Tta pH

BHACNIZIOK TiJpOJIi3y, KOHIIEHTpalisd com ckmagae 102 mons/mm?,

KoHcTaHTa mucortiamii HF = 2%104,

Jlekuist 6. OKUCHO-BiTHOBHI peakuii
6.1. 3aranpH1 MOHSITTS PO OKUCHO-BITHOBHI MIPOIECH
6.2. CxnagaHHas PiBHIHb OKMCHO-BITHOBHUX PEaKIlIN
6.1.3ara;bHi NOHATTS NMPO OKUCHO-BITHOBHI MPoOLecH
Bci xiMiuHi peakiiii yMOBHO MOKHA MOJIIUTH Ha 1Bl Tpynu. Y
peaKkIlisix Teprioi TpPynu CTYIMEeHI OKHUCHEHHS €JIEMEHTIB HE
3MIHIOIOTBCS, a B PpEAKIIAX JPyroi TPyNH CTyNEHI OKHUCHEHHS
CJIEMEHTIB 3MIHIOIOThCI. Jlo mepmioi rpynmu HajlexaTh peakiii
HeWTpasizaiii, TOABIMHOTO OOMIHY, MpUETHAHHS, PO3KIAdy,
noriMepu3zaitii Tomo. Hanpukmnan,
H*Cl' + Na"O2H"=Na'Cl+ H",0~
Peaxiiii, B IKMX CTYNEHI OKHUCHEHHS €JIEMEHTIB HE 3MiHIOIOThHCH,
HA3WBAIOThCS PEAKI[IIMH HEBAJICHTHUX TEpeTBOpeHb.Peakiii, 110

CYIPOBO/KYIOThCS ~ 3MIHOK  CTYIIEHS  OKHCHEHHS  €JIEMEHTIB,
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HA3UBAIOTHCI OKHCHO-BIJHOBHUMM peakiisimu. [ Ipuknamgom
TakoipeakIlii Mo)ke OyTH B3a€MO/Iis IIMHKY 3 COJSTHOIO KHCIOTOIO

Zn’ + 2H*Cl'= Zn"*+Cl, + H’%,

CTyniHb OKHMCHEHHSI — II€¢ YMOBHHUH 3aps] aToMa B CIOJYILIL,
OOUYHCIICHUHN, BUXOSYM 3 JIOMYIIEHHS, IO CIOJyKa CKIagacThCs 3
ioHIB. CTyIiHb OKHCHEHHS MOXE€ MaTHh HeraTUBHE, MO3UTHBHE Ta
HYJbOBE 3HAYEHHS, SKE CTaBJsATh HaJ CUMBOJIOM €JIEMEHTA,
HaMpUKJIAI:

Na2+1S'2, Cl,°, K3+1P+5 04'2
[Ipy BU3HAUYEHHI CTYNEHS OKUCHEHHS CIIJ T[aMm’ siTaTh, 110
anreOpaiuyHa cyMma CTYIEHIB OKMCHEHHS B XIMIUHIN CIIOJYIl 3aBXKIU
JIOPIBHIOE HYJIIO, a B CKJIQAHOMY 10H1 — 3apsay ioHa. Kpim toro, myxe
BXKJIMBO 3HATH €JIEMEHTH, SIKI MAIOTh MOCTIMHI CTYIIEHI OKUCHEHHSI.

B OKHCHO-BIIHOBHUX pE€akKIlisiXx 3MiHA CTYINEHIB OKHUCHEHHS
3YMOBJIEHA 3MIIIEHHSIM a00 TOBHUM TIEPEXOJIOM €JIEKTPOHIB Bij
aToMa OJHOTO €JIEMEHTA JI0 aTOMa IHIIIOrO €JIEMEHTA.

IIpoyec iooasanHs amomom eleKmpOHi68 HA3UBAEMbCS

OKUCHEHHSM, d Npoyec NPUEOHAHHS eleKMPOHI8 — BIOHOBIEHHSIM.

IIpoyecu npueonauus i 8i00aBaHHA eNeKmpoHie 8i00)8aAOMbCs
OOHOYACHO. OOHI CNOJIYKU BIOHOBNIIOIOMbCS, A THULL — OKUCAIOIOMbCAL.

PeyoBuHa, 10 MICTUTH e€JIeMEHT, SKHHA TNPHUETHYE
€JIEKTPOHH HA3UBAETHCH OKHCHUKOM. OKHCHUKH B OKHCHO-
BIIHOBHMX pPeaKisiX 3SMEHIIYKTh CTYIIiHb OKMCHEHHSI.

Pe4yoBuHA, 10 MICTUTH €JIEeMEHT, KU BiJa€ eJIeKTPOHH,
HA3MBA€THCHA BIJHOBHUKOM. B OKHMCHO-BiTHOBHMX peakmisix
BIIHOBHMKH 30UIbIIYHTH CBill CTyNiHb OKUCHeHHs. Hanpukman, y

peaxiiii BUuTicHeHHs 3aji3a HuHKoMFeSO4 + Zn = ZnSO4 + Fe.KaTion
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3aJ1i3a MPUEAHYE €JIEKTPOHM i TOMy € OKUCHUKOM: Fe*" + 2e = Fe’, a
LIMHK Bigmae enexTponu i € BigHosHMKOM: Zn’ — 2e = Zn*?

JIO OKHCHUKIB HalieXaTh PEYOBUHHU, II0 MAIOTh SCKPaBO
BUPKEHY TEHJCHIIII0O 10 NpHEIHAHHS eneKTpoHiB. Hampukmnan,
okncHUKamMu € OKCUTeH, BIIbHI rajioreHu, HitpatHa kuciora HNOs,
KOHIIEHTpOBaHa cyibdaTHa kucnora HoS™04ra geski inmi cronyku.

Bci OKMCHHKM MICTSATH Y CBOEMY CKJIaJl €JIEMEHT, €JICKTPOHHA
KOH(QIrypalis SKoro HecTablaibHa, a JO0 YyTBOPEHHS CTIMKOIi
koH(irypauii Tuny s’p® abo iHmOro Tumy iM He BHCTaYac OJHOTO
(manpuknan, s’p> g Cly, Bra, 1), nBox (manpuxnan, s’p* mia O,) i
OuTbIlIe eNeKTPOHIB. TOMYy BOHHU MPHEIHYIOTh CJICKTPOHH, SKUX HE
BHUCTAYae, 1 3HWKYIOTh CBIM CTYMIHb OKUCHEHHS.

Jlo BIJIHOBHMKIB HaJIe)KaTh PEUYOBHMHM, 3JIaTHI BiAjgaTu
enexkTpoHu. Hampukiiaa, BiTHOBHMKAMHU € METaly y BUIBHOMY CTaH1
(ocobnMBO JIy>KHI 1 JIy’)KHO3€MEJIbHi), BOJIEHb, Byrjienb. Jlo
BIJTHOBHHUKIB HaJle’)kKaTh TaKOX CIIOJYKH HEMETaliB 3 HaWHMWKYUMU
CTYNEHSAMU OKHUCHEHHS, TOOTO CIOJYKH, SIKi MalOTh Y CBOEMY CKJIaJll

S22, Se?2, N3, P, As3, I'!, Br!, CI"! Tomo.

6.2.Cxi1ajaHHd PiBHSHb OKHCHO-Bi/THOBHUX peaKUil
ITpu CKJIaJaHH1 PIBHSHBOKHCHO-BIJTHOBHUX peaxiii
BpPaxOBYIOTh, II0 KUIBKICTh €JIEKTPOHIB, SIKI BiJJa€ BITHOBHUK, MA€
JIOP1BHIOBATH KUIBKOCTI €JICKTPOHIB, AK1 npuiimae
OKUCHUK.PO3rIssHEMO  OCHOBHI ~ TIpaBWIa  CKJAJaHHS  OKHCHO-
BIJIHOBHUX pEaKIiliil Ha MPUKIAJl B3a€EMOAII KaJliii IepMaHraHary 3
Kl HITpUTOM B KuUcCJIOMYy cepenoBuii. I[lpu upomy ciia

JOTPUMYBATUCh Takoi MOCHiIOBHOCTI. CroyaTKy 3alucyloTh Y
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MOJIEKYJIApHIN (opMi pearyrdi pPEeYOBHHH 1 CTYINEHI OKHUCHEHHS
€JIEMEHTIB, K1 MOXKYTbh 3MIHUTHUCS 3a TIEeBHUX YMOB. Hampukan,

KMn+7O4 + KN+302 + H,SO4 = ...

Jlani Bu3HA4alTh, sKa CIOJyKa BHCTyHaTHUME B peakiiii
OKHCHHUKOM, a fIKa - BIJHOBHHKOM. Y HaBefeHoMY mpukiaai KMnOy
MICTUTh MaHTaH y CTYNEHI OKMCHEHHS +7 1 TOMYy BIH MOXE OyTH
TITbKU OKUCHUKOM. Crnosiyka KNO, , B sKiif a30T Mae TPOMIKHUN
CTyHiHb OKHCHEHHS +3, MOXX€ BHUCTYNAaTH SK BiJHOBHHUK, TaK 1
okucHUK. OTxe, B HaBeneHin peakiii KMnO4 — okuchHuk, a KNO, —
BIIHOBHUK. KpiM TOTO, 31CTaBJIEHHS CTYIEHIB OKUCHEHHS BiJTHOBHHUKA
i OKHMCHEKA MOKa3ye, mo N Moke OKMCHIOBATUCH Tilnbku 10 N™ | a
Mn'7 B KHCIOMY CepeNOBUINI BiZHOBIIOBATHChL 10 Mn™ 3
yTBOpeHHs M MnSQs, Temep Mo)KHA 3amucaTd MPOAYKTH peakiiii i
CTYIICH1 iX OKMCHEHHSI:

KMn'’Q4 + KN30, + H,SO4 — Mn™2S04 + KNTO3

Jlani BU3HA4YalOTh KUIBKICTh €JIEKTPOHIB, K1 BiJJla€ BiTHOBHUK
KNO,, 1 KUIbKICTh €JIEKTPOHIB, K1 pUeAHYE OKUCHUK KMnQOy Jlis
IIbOTO CKJIQJal0Th PIBHSAHHS, B SKUX KUIBKICTh €JIEKTPOHIB, IO
MPUEIHYEThCS a00 BIIJAETHCS, BHU3HAYAETHCS SK PI3HUI MIXK
CTYNEHSAMU OKMCHEHHS 1 BIIHOBHUKA JIO PEaKIIii 1 MiCJIsl Hel.

Mn*’+5e¢ =Mn"? | 2BigHOBIIEHHS, OKHCHUK
N -2¢e=N" | 50KHCHEHHS, BiJHOBHHK

Orxe, BigHOBIEHHS MaHrany Mn'’ — Mn™? Bignosinae
NPUEIHAHHIO II'SITH €JIEKTPOHIB, a OKMCHEeHHS a3ory N© — N*° —
BiJiJaBaHHIO  JIBOX  €JIeKTpoHiB. Jlis  OalaHcy  €JIEKTPOHIB
(OpueaHY€EThCA 1 BIJJIAETHCS JIECSTHh EJIEKTPOHIB) Tpeba, 1mo0 Ha

BiZIHOBJIEHHS ABOX aromiB Mn'’ y peakwii BUTpayanoch 11’ ATh aTOMiB
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azotry N | 106710 Koe(inicHTH B piBHAHHI peakiii Oias OKUCHHKA i
BIIHOBHHUKA JOPIBHIOBATUMYTb JIBOM 1 I’ SITH:
2KMnOQOg4 + 5KNO; + H,SO4 — 2MnSO4 + SKNOs + H,O
[Ticist bOro PO3CTABIAIOTH KOSMIMIEHTH ISl 1HIIUX PEUYOBHH,

mo OepyTh ydacTh Yy peakmii. [lpudomy cmoyatky 3HaxoAsTh
KoedilieHTH a1 BCix KarioHiB (kpiMm H'), a moTiM — mus aHiOHIB.
[Io0 ypiBHATH 1151 3a3HAYEHOT peaKIlli KITbKICTh 10HIB KaJIit0 B JIIBIH 1
nmpaBiii YaCTUHAX PIBHSHHA, MOTpiOHa oaHa MoJekyia K,SO4, a mis
3B’SI3yBaHHsSI BCIX KaTIOHIB MaHraHy 1 Kajiio Tpeba B3SITH TpuU
Mosekynu HoSOg.
2KMnQO4 + 5KNO; + 3H>,SO4 — 2MnSO4 + SKNO;3; + K»SOs.
Ha ocHoBi OajlaHCy aTOMiB BOJHIO BHU3HAYalOTh KUIBKICTh MOJIEKYJ
BOJIH:
2KMnQO4 + 5KNO; + 3H>SO4 — 2MnSO4 + 5KNO3; + K»2SO4+ 3H,0

Jlnst  o04uMCiIeHHST MOJSIPHOI MacH €KBiBaJ€HTAa PEUYOBUHH B
peaKIisiX ~OKHUCHEHHS-BIJIHOBJIEHHS HEOOXITHO MOJSIpHY  Macy
PEUOBHUHU TOAUTUTH HA YUCJIO MPUUHATUX a00 BIJIAHUX E€JIEKTPOHIB.
Hanpukan, 115 HaBeIeHO1 BUILE peakIlli MOJIsSpHA Maca eKBiBaJICHTa

KMnO4 nopiBHtoBatumelS58/5 = 31,6 r/mMonbs. (MaHran 3amiHioe

CTYMHIHb OKUCHEHHS Bif +7 A0 +2 1 mpuiiMae m’ ITbEJICKTPOHIB)

KoHTpoJibHI NUTAHHSA
. IIlo Ha3uMBaKOTh CTYIIEHEM OKHUCHEHHA? SIK pO3paxyBaTu CTYIEHb
OKHCHEHHS?
2. JlaliTe BU3HAUE€HHS MOHATTSIM OKHUCHUK 1 BIJHOBHHK, IpoIlecam

OKHUCHEHHS 1 BITHOBJICHHS. HaBeiTh KOHKPETHI PIBHSHHS PEAKIiH.
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3. Ilo Take OKHCHO-BIIHOBHA JBOIiCTICTh? HaBemiTh mnpukiIamu
PEUYOBHH, SIK1 BOJIOJIIFOTH OKMCHO-BIAHOBHOIO JBOICTICTIO. CKIIAIITh
PIBHSIHHS peaKIliii.

4. IlinOepith KOe]illIEHTH B PIBHIHHI OKUCHO-BITHOBHOI peaKirii
FeSO4 + KyCrO7 + HoSOs—  Fea(SO4)3+ Crz (SO4)3 + KoSO4 +
H>O. OOuucaiTe MOJSpPHI MacH €KBIBaJIeHTa OKHCHHMKa 1

BIJHOBHUKA.

Mopyasb 3. Ximis eJieMeHTIB.
Jlekuis 7.BiaactuBocti enementis I- A Ta II-A rpyn
7.13aranbpHa XxapakTepucTuka ejaeMeHTiBl- Arpymnu
7.2 3aranbHa xapakTepuctuka ejaeMeHTiBlI-A rpymnu

7.3 TBepaicTh MPUPOTHUX BOJ, METOAN YCYHEHHS TBEPAOCTI

7.1.3arajbHa XapakTepucTHKa ejeMeHTiB I- A rpynn

Jlo romoBHoi miarpynu [ rpymu eleMEHTIB TEepiogUYHOl
CUCTeMH HayiekaTh JyxH1 mertanu: JliTid Li, Harpiit Na, Kami K,
Py6ixaiit Rb, [e3iii Cs, ®panuiiiFr. EnemMentu gictanu Ha3BY JIyKHUX
MeTaJliB, TOMY IO TPHU PO3YMHEHHI 1X OKCHIIB 1 BOAl YTBOPIOIOTHCS
ayru. Ha 30BHIIIHLOMY €JIEKTPOHHOMY IIIapi aTOMIB JTyKHUX METalliB
mictuthes  opmHenekTpoH.Hampukman, 19K 1522s?2p®3s23p4s!.
ATOMHU ITUX €JIEMEHTIB JIETKO BIJIJIAIOTh OJIMH €JIEKTPOH, TOOTO MAIOTh
HU3BKY €HEPriio 10HI3aIlli, ika 3MEHIIY€EThCS B MIATPYII 3BEPXY BHU3.
CrymneHi OKMCHEHHsSIMETaliB +1; THMOBI CIMOMYKH MarOTh (HOpMYIH
E,O, ECLEOH.
JIy>KH1 MeTalau € HalOUIbIIT AKTUBHUMH METaJlaMH BIIEP1OAUYHIM

cuctemi JI.I. Menneneepa. JIy>xH1 MeTanu B3a€MOIIFOTh 3 HEMETAIaMU,
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HaBITh 3 BOJOIO 1 KUCJIOTAMHU, BUCTYIAIOTh B POJii BITHOBHHKIB. 3
KHCJIOTaMH, 3aJIeKHO BiJ KOHIIEHTpAIlli, YTBOPIOIOTh Pi3HI MPOAYKTH
8K+10HNO3—8KNO3+NH4NOs+ 3H,O

Oxkcuau my>KHUX METaJliB BUSBIISIIOTb OCHOBHUM Xapaktep. Li 1
Na ytBoprotots mnepokcuau, K, Rb, Cs yTBOpIOIOTH CynepoOKCHIN.
[lepokcuau Ny>KHUX METajlB BUKOPHCTOBYIOTh SK BIJIOLIIOBaYI,
BIIIrparoTh poJib OKUCHUKIB. [lepokcua Na, KBUKOPUCTOBYIOTH s
IPOBITPIOBaHHS 3akpUTHX npuminieHb Na,Or+ CO; — Na,COs3 + O;

[Napokcuau JIy>KHMX MeETaliB J00pe PO3YMHHI y BOJI 1
Ha3UBaIOThCs Jyramu. JloOyBalOTh TIpu B3aeEMOAIl MeETaliB 3
BOJI010.BHACTIIOK BUCOKOI XIMIYHOI aKTHBHOCTI Jy>KHI METaJId B
Opupojal y BIIBHOMY BUIJISIII HE 3ycTpidyaroThes.JIyxkH1 meTranu
100YBaIOTh BUKJIIOUHO €JIEKTPOJII30M PO3ILIABY.
Kaugiii i HaTpiii - 1y’xe BaXJIMBI €IEMEHTH JJIS *KUBO1 npupojau. B
KJIITHHAX 1 OpraHi3MiB JIOJAWHU 1 TBAPUH XJIOPHUJ HATPIIO PEryIroe 1
3a0e3rneuye MeBHY BEIWYMHY OCMOTHYHOTO THCKY. SK (izioyoriuHui
pO34MHBUKOPUCTOBYIOTH0,85 M po3umn NaCl. Wonn kaiito
BIJIITPAIOTh BAXJIUBY POJib y ACSKUX (D1310JOTTYHUX Ta O10JOTIYHUX
mpolecax, 30KpeMa y Tepefadl  HEepBOBUX IMMOYJbCiB. [ns
HOpPMaJIbHOI POOOTH ceplisl HeOOX1JHa IEBHA KOHIIEHTpAIllsl Kajlilo B
kpoBi, K — BIuimBae Ha poOOTy ceplieBOro M’ss3a.

Coni HaTpito 3aCTOCOBYIOTH JUIsi KOHCEPBYBAaHHS ILUIOJIB 1 OBOYIB, B

nanepoBii, TEKCTUJIbHIN MIPOMUCIIOBOCTI 1
muitoBapiHHl(C7H3sCOONa -  muio),Na CIIpUsi€  3aCOJICHOCTI
TPYHTIB.

Kamiit - enemeHt poarouocTi. BrimBae Ha CUHTE3 BYIJIEBOJIIB,

BHOCHUTBCA MiJ] IIYKPOBI KYJbTYpH: KapTOIUIO 1 Oypsk. Jlo kamidHmMX
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no0puB Haynexarh KamiiHa cenitpa KNOs, kamitHa cine KCl, xamii
marHesis KoSO4*MgSOy4; motam K,COs. Jlirouoro  pedyoBUHOIO IS
kamiitaux goopuB € K,O. Kaniii BUKOPUCTOBYIOTH JIsi BUPOOHUIITBA
mopoxy, CipHuKiB, B mnaauBHuUX enemeHTax.Rb, Cs, Fr
BUKOPHUCTOBYIOTH K (poToenmeMeHTH, Li- B akyMymsTopax.
7.2. 3araabHa xapakrepuctuka ejgemeHTiB II-A rpynu
o ronoBHOi miarpynu Il rpynmm eneMeHTIB NEpIOAUYHOI CHCTEMH
HaJIeKaTh Be,Mg,Ca,Sr,Ba,Ra. Enementnn  jgictanm  Ha3By
JTy’)XKHO3eMeNnbHI. Ha 30BHINIHHOMY €JIEKTPOHHOMY IIIapi aTOMIB
JTY>KHO3EMEIbHUX METaliB MICTUThCS JIBa elieKTpoHu. Hampukian,
Mg 1s? 2s? 2p°® 3s%2. B uinomy enementu II A rpynm ume
HE3HAYHOIO MIpOI0 TMOCTYIMAIOTHCS JY)KHUM MeTaiaMm. Bci meranu
rosioBHoi miarpynu II rpymu sk gyke akTHBHI, O€3MOCEpeaHBO
CIIOJyYalOThCs 3  PI3HUMH  HeMeTallamMu  (KHCHEM, CipKoIo,
rajoreHamu, KapOOHOM, KPEMHIEM, a JIeSIKI 1 3 BOTHEM).
CryneHi OKUCHEHHs: +2; TUuNoBi cronyku MaroTh Gopmynu EO, ECl,,
E(OH),.Metanu ronosHoi niarpynu Il rpynu 1erko po3uuHsItOTHCS y
PO30aBICeHUX PO3YMHAX KHCIOT-HEOKHCHUKIB 3 BUJILJICHHSIM BOIHIO.
ITix yac B3aemoii 3 po36arineHum pozunHoM HNOs cepen mpoayKTiB
BIJIHOBJICHHSI HITPATHOI KUCJIOTH MEpeBakae HITpaT aMoHit0. bepuiiii
3IaTHUMA B3A€EMOJIISITA TAKOX 3 JyraMu, YUM 1 BIJPI3HSAETHCSA BiJ
CBOIX aHaJOrIB
Be + 2NaOH + 2H,0 = Na[Be(OH)4] + H» 1.

Okcumgu MeO - TBepjl, TyromiaBki cCHOJdyku. Bci BoHH, 3a
BuHsATKOM BeO, mo Mae TerpaenpuuHy OyAOBy, MalOThb HOHHI
kpuctaniufi rpatku tumy NaCl, iX xiMiuHa aKTUBHICTh 3POCTA€ BiJ]

BeO no BaO.Oxcun xkanbIliro BIIOMUU I HA3BOIO HezauieHe ado
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nanene eanuo. Ilicimst rameHHS BOJIOI0 YTBOPIOETHCS 2auieHe
8anHo, AKe 3aCTOCOBYETHCS Y BUPOOHUIITBI COMH, y OyAIBHHUIITBI.

['iapokcuan KanibIlito, CTPOHIIIIO, Oapit0 — CHUJIbHI OCHOBH, SIKi 3a
CUJIOI0 TIOCTYMHAIOThCA JIMINE TiApoKcHaaM s-eiaeMeHTiB I rpymu. B
pany Ca(OH); - Sr(OH), - Ba(OH), 3poctae oCHOBHHI XapakTep
riapokcuaiB.Pozunn Ba(OH), (6aputoBa BOMa) — BaKJIMBUM
Ja00paTOPHHUI PEaKTUB JJIsl SAKICHOTO BUSBJICHHS BYTJEKHUCIIOTO
rasy.

Mertanu rosioBHoi miarpymnu Il rpynu MarTh CyTTEBE MPAKTUUHE
3acTocyBaHHs. bepuniii 3aBAsiku JIETKOCTI, TBEPJOCTI, KOPO31HHIN
CTIMKOCTI 1 3JaTHOCTI TaJdbMyBaTH 1 BigOMBaTH HEUTPOHU
BUKOPHUCTOBYETHCS y KOCMIYHIH TEXHIIll, aTOMHIM
npoMucIOBOCTI.IIIMPOKO 3acTOCOBYIOTH PIi3HI OEpUIIIEBI CILIABH,
30KpemMa cIuiaB Oepuiito 3 Mijao (2 %) -OepuitieBy OpoOH3y, sKa Mae
TaKky camy TBEPHAICTh, SIK CTajlb, Ta BUCOKY MEXaHIYHY 1 XIMIYHY
CTIMKICTb.

[IpakTUYHO BaXJIMBHUM METajJOM C MarHii. Benmki KiabKOCTI
MarHil0 BUKOPUCTOBYIOTH JJIsi NOOYBaHHS 1HIIMX METajiB (TUTaHY,
ypaHy, piAKiCHO3eMeNIbHUX eJeMeHTIB).OCHOBHA X KUIBKICTh
METaJIYHOT0 MAarHit0 BUKOPUCTOBYEThCS JJisi JOOYBaHHS CILIABIB,

aki kpiMm Mg wmictate Al, Mn, Zn, Zr tomo. lle Halnermi

KOHCTPYKIIIMHI Marepiaiu, K1 3aCTOCOBYIOTHCS y
JiTakoOyayBaHH1.IIpoMuciose 3HAYCHHS Mae XJIOPHU/I
rigpokcomaruitoMg(OH)Cl  (marHe3iaqbHUIl  1LEMEHT),  SIKUU

YTBOPIOETHCSA 3T1HO 3 PIBHSIHHIM

MgO + MgCl, + H,O = 2Mg(OH)CI
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MaruesianbHUN [IEMEHT - BSDKYYHil MaTepiai, BUKOPHUCTOBYEThCS JIIS
BUTOTOBJICHHSI TOUMJIbHUX KaMEH1B, MJIMHOBHUX >KOPEH.

[Ilupokoro BUKOpHCTAaHHS JiCTaB KapOoHAT Kanbiiito. Hampukman,
MapMyp - IIIHHHK OyAiBeNbHHI MaTepiai. Bemmki KUTbKOCTI BalHSAKY
3aCTOCOBYIOTh B IIEMEHTHIM  TPOMHCIOBOCTI.  TepMiuHUM
PO3KJIaIaHHSIM BaIHAKY AOOYBalOTh HETAIlIEHE BAIHO 1 BYTJIEKUCITUN
ra3.ConiCa BUKOPUCTOBYIOTh 3 METOIO XiMiUHOI MeJjtiopaiii rpyHTiB.
TPYHTIB IPOBOJAATHCS TpH BHECEeHH] Tincy CaSOs,

Marmniii i Kaabuiid - BaXIuB1 €JIEMEHTH KUBOI IpUpoaud. Maruii
BXOJUTh 70 ckiany xiopodiny (6musbko 2 %Mg). KaTionu marsito
ctadumi3zyroTe Mojiekyny JIHK. Maruiii BrimBae Ha (POoTOCHHTE3 B
wiithuHl. Kanpiiii - HEoOXimHWM eJeMEHT ISl MIATPUMYBaHHS
MpOIECiB KUTTEAISILHOCTI. Kanbliii BXOAUTh 10 CKJIaay CIHOJYK, 3
SKUX MoOyJaoBaHa TBEpJa OCHOBA BCiX JXMBUX opraHizmiB. Ca
BUKOPUCTOBYETHCSI I 3MIIHEHHSI CKEJIETy, NJii YTBOPEHHS eMali
3y0iB, [Ji1  TpPUNUHEHHS  1HQEKUIMHUX  3aXBOpPIOBaHb Y
BetepuHapii.Ca(OH),BUKOpUCTOBYIOTH JIsi OOpPOTHOM 3 KOPOCTOIO.
HasBHICTh KaJIbII110 MOCUIIOE BMICT BiTaminy D.

7.3. TBepaicTb NPUPOJAHHUX BOJ, METOAM YCYHEHHSI TBEPIOCTI
BOAU. TBEPJIICTh BOJAM 3yMOBJIEHA BMICTOM y MPUPOJHIA BOJI MOHIB
Ca?" i Mg?*. V 1Bepaiii BoAi HE MIHUTHECS MUIIO (MHJIO - HATPi€Ba Cillb
BUIINX KAPOOHOBUX KUCIIOT, HAMPUKJIIA]] CTEAPUHOBO1, MAJIbMITUHOBOL
TOII0). YTBOPEHI 3a peakiliero 0OMiHY KajbIi€Bl 1 MarHi€Bl COJl HUX
KUCJIOT y BOJ1 Hepo3uuHHIIIli yac Kun'aTiHHg TBEpJOi BOJAU HA
CTIHKaX NocyAy (KOTJIIB) YTBOPIOEThCA ocaj (HaKuM), 10 CKJIAAA€ThCs
3 KapOOHATIB KaJIbI[II0 1 MarHil0 - MOPOJIYKTIB TEPMIYHOTO

PO3KJIaJJaHHs PO3YMHHUX Y BOJII rigporenkapoonartis 1 CaSO4*2H,0.
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3acTocyBaHHS TBEpJOi BOAW HEMOXKJIHUBE B PsAAl BUPOOHUIITB. Y
pa3i TPUBAJIOTO BUKOPUCTAHHS TBEPAOi BOJIU YTBOPIOETHCS TOBCTUM
miap  HaKWMmy, SKUM  HE  TUIbKM  3YMOBIIIOE  3HH)KCHHS
TEIJIONPOBIAHOCTI CTIHOK amapariB, Y IKUX KUII'ATUTHCSA BOJA, a U
MO>K€ TIPU3BECTH /10 BUOYXY BHACHIOK MEeperpiBaHHS [IUX arapaTiB.

CyMapHuii BMICT COJIEMl MarHir0 1 KaJbI[II0 y BOJI Ha3UBaIOTh
3a2an1bHol0 meepoicmio.3aralibHy TBepAICTbL BOAU TOJAUIAIOTH HA
THMYacoBy, a00 KapOOHaTHY, 1 MOCTIMHY HekapOoHaTHY.Tumuacosa
meepdicmb BOJIM 3YMOBJICHA HAsABHICTIO T1ApPOTeHKapOOHATIB
KaJbI[I0 1 MarHito, il MOXHa yCYHYTH TPUBAJIUM KUIT'SITIHHAM BOJU:
Me(HCO3), =MeCO3] + H,O + CO2 1.
llocmitina meepdicms BOAW 3YMOBJICHA HASBHICTIO y BOJII CoJiei
CUJIBHUX KHUCIOT -CyJb(aTiB 1 XJOPUAIB MAarHil0 1 Kajbllllo;
KUM'SITIHHAM TOCTIMHY TBEPICTh BOJAM YCYHYTH HEMOXJIMBO. TBEpIICTh
BOJIM TPUUHITO BUPaXaTH YHUCIOM MIUTIEKBIBAJEHTIB (MEKB)
ionisMg?* 1 Ca®*, mo mictarecs B 1 1 Bogu (1 mexs = 20,04 mr/n
Ca®" a6o 12,16 mr/m Mg?").Boxy, mo MiCTUTHL MEHII HiX 4 MEKB/I
ionie Ca?" 1 Mg?" , HasuBaroTh M'AKOIO, Big 4 10 8 — cepeaHboi
TBEPJIOCTIi, MOHAJ 8 - TBEPJIOIO.

IcHye pexinbka CcHoco0iB  TMOM'AKIIEHHS BOAW. [HUMYacoBy
TBEPJIICTh YCYBalOTh KHUII'ATIHHSAM. SIKIIIO X BOJa MICTUTH Oarato
riporeHKkapOoOHaTiB, TO i MOM'SKIIYIOTh JTIOOABJISTHHSIM BalHa, SIKe
MIepEeBOAUTD KHCII1 COJIl Y Cepe/IHi:

Ca(HCO3)2 + Ca(OH)2= 2CaCO3l+ 2H,O
AKo TBEpPIICTh 3YMOBJIEHA HASBHICTIO Cyab(aTiB 1 XJIOPUIIB
KaJbIl1}0, MarHiro, To 10 BoAu a00aBisoTh cony abo Ca(OH),. ¥V

IIbOMY pPa3l OCaJXYITbhCS BCl COJIl MarHil 1 KajbIlil0 y BHUIJISII
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CaCO3 1 Mg(OH),. 3amicTe comu Ijisi TOM'SIKIIEHHS BOJM 1HOI
BUKOPHUCTOBYIOTh HaTpiii opTodochar ado Hatpiil momimetadocdar.
Oprodocdar ocamxkye iionn Ca*" i Mg?*, monimeradocdar yreoproe 3
HUMHM PO3YMHHI KOMIUIEKCHI CHOJIYKH, SIKI HE JAlOTh HAKWITY 1 HE
MOCIA0IOI0Th MUHHY 110 MUJIA.

YCcyHyTH TBEpAICTh BOAM MOXKHA TaKOX METOAOM 10HHOTO
oOMIHYy abo KarioHyBaHHSM. JlJg 1OTO TBEpAYy BOAY CIiA
MPONYCTUTH Kpi3b IMap KaTIOHITY, SIKMM 3JaTHUM OOMIHIOBATH
iiornNa* a6o H" ma Ca?* i Mg?*

2Na-R + Me**<=>Me(R); + 2Na*
OckinpKHd 11 peakilisi 0O0OpOTHA, TO KaTIOHIT JIETKO I1JIA€ThCS
perenepaiii. s 1bOro Kpi3b KaTIOHIT JIOCTaTHBO IIPOITYCTUTH
KOHIleHTpoBaHui po3unH NaCl, 1 oro 3HOBYy MOXHa OyJe
BUKOPHUCTOBYBATH.IHO/I1 BOTy MOTPIOHO OYMINATH HE TUIBKHU BiJl HOHIB
Ca’" i Mg?" a ¥ Big iHmMX iOHIB. ¥V 1bOMy pa3i eQeKTUBHIIIUM €
3aCTOCYBaHHs OpraHiYHUX HOHITIB crioyatky B H™-opwmi, a moTim B
OH" - dbopmi (H-kationitu ta OH-anioHiTu). Ilig 4yac nmpoxomKeHHs
BoJiu Kpizb H-katioHiTuTH, OH-aHIOHITHM BOHA OYMIIAETHCS BiJl YCiX
cojiell B3arajii, TOOTO TakKUM CIOCOOOM 1i MOXHa TMEPETBOPUTH Ha
nucTUIIboBaHy. Taka 0OpoOKa BOJM HA3UBAETHCS 3HECOTIOBAHHSIM.
KoHTpoJsibHI nUTAHHSA

l. Sk y npoMucioBOCTI J00YyBalOTh HATpii, TIIPOKCHI HATPIiO,
MarHiii? HaBeniTh piBHSHHS  BIiANOBIAHUX  OKHCHO-BIJTHOBHHUX
MPOIIECIB.

2.MacoBa yacTtka po3uuHy Kaiiil docdary nopiBHwoe 15%, rycruna
posuuny 1,05 r/cm’. BusHauntu MOJISpHY KOHLIEHTPALIO €KBiBalICHTA

1IbOTO PO3YHHY.
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3.Ckinbku Tpeba B3sTH HATpid KapOoHaTy, 1100 YCYHYTH TBEPIICTh
BOJIY, 1110 A0piBHIOE 7MeKB/T 700’ eM Boau 100 1.

4.5IK1 CTIOJIyKH Ha3WBAIOTh HETaIlIeHUM 1 TameHuM BamHoM? CKIaaiTh
PIBHSIHHS peakiii ix moOyBaHHA. SIKka CHONyKa YTBOPIOETHCS TMPH
pokaproBaHHI HeTameHoro BamHa 3 ByruumsiM? Illo € okucHukoM Ta
BIIHOBHUKOM B OCTaHHINH peakmii? CkiaaaiTh €JIEKTPOHHI 1

MOJICKYJIAPHI PIBHSHHSI.

Jlekuis 8. BaractuBocri e1emeHTiB Y - A rpynu
8.1 3arasibHa XxapaKTepUCTUKA €JIEMEHTIB IPyHu
8.2HiTpaTHa kucnoTta. OcoOJIMBOCTI B3aEMO/II1 3 MeTallaMu
8.3A301Hi Ta pocdaTH1 100puBa. Bu3HaueHHS BMICTY J1H0YO1
PEYOBUHU B JOOpHUBaAX
8.1.3arasibHa XapaKTepUCTHKA eJIEMEHTIB IPyNu
Y-Arpyna Bxirouae eiaementd HitporenN, ®@ochop P, Apcen As,
Ctu6iiiSb, bicMmyTBi1. Ha 30BHIIIHEOMY €JIEKTPOHHOMY IIapi aTOMIB
eJIEMEHTIB po3Mimyerbea 5 enekrponis. Hanpukman, 7N 1s? 2s? 2p’
MakcumanbHUM CTYNIeHb OKMCHEHHS +5, MiHIMaapHUH — 3. B mimomy
eJIeMEeHTH Y-A rpynd — HeMeTanu. Sk HeMeTanu pearyrTh 3
MeTaJlaMH Ta IHIIUMHU HEMeTalaMu
N, +3Mg = MgzN»
N> +3H, = 2NH3
N> + O, =2NO
Hitporen 3 KHCHEM 3ajie’)KHO BIiJI KIJIBKOCTI OKCUTI'€HY YTBOPIOIOTH
pi3Hi cnonyku: N>O, NO, N>O3;NO,.Ha mnpukiam mporo psmay
MPOCIIKOBYIOTh MIATBEPKEHHS OJIHOTO 3 OCHOBHHUX 3aKOHIB

dbutocodii - mepexoay KUIbKICHUX 3MIH B SIKICHI.3 BOJHEBHUX CIIOJYK
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Hitporeny HalOlabpllle 3HaYeHHS MarOTh aMOHIaK, TIAPOKCHII aMiH
NH>OH, rigpa3iaN;Hs, T'ippoxkcinamin BUKOPUCTOBYIOTh  SIK
BIIHOBHUK B J1a0OpaTOpHIA MPaKTHIlLTIApa3iH- SK CKIAJIOBY
PaKETHOTO MaJIuBa.
lowupenns 6 npupooi:a3oT3yCTPIYAETHCA B TPUPOAl Y BIIBHOMY
ctanl. Bxomute mo ckmamy moBiTpsa(78% 3a 00’emMoM),KamiitHOT 1
HaTpieBoi cenitpu KNO3z, NaNO;. @ocdop micturbesty pochopurax
ta amatutax Caz(POs),,Caz(PO4),*CaF,; Apcen, Ctubiii, bicmyT—B
MOJIMETaJIYHUX pyaax.
Jlobysanns  pewosun.HiTporeH y IPOMHCIOBOCTI J100YBalOTh
3pIIPKEHHSIM TIOBITPS 13 HACTYMHOIO PEKTHU(IKAIIE€I0,B J1a00paTopisiX
po3kIagaHHIMHITPITIB.Dochop100yBaOTh 3 MPUPOJHUX CHOJIYK 3a
peaKIisIMHu:

Ca3(PO4)2 + S10, + C — CaSi103 + P,Os + C

P,O;+C—-CO+P

bionociuna ponv enemenmis. A30T BIUIUBA€ Ha CHUHTE3 OUIKIB. Biiaku
NPEJCTaBISIIOTH COOOI0 CTPYKTYPHI OJMHUII JKUBUX OpPraHi3MiB,
CKJIaJIAlOThCS 3 aMIHOKHUCIIOT, MICTATh aMiHorpymy. @ochop BXOIUTh
no ckinany AT® (apeno3uHTpudochaTHOI KUCIOTH), 3a0e3Ieuye
KiiTuHy eHepriero. I[lig yac rigponizy 1 monst ATD 3BUIbHSIETHCS 66
kJ[>k eHeprii, 11 eHeprisi BUKOPUCTOBYIOThCA JJIsi CHUHTE3Y KHUPIB,
O1JIKIB Ta BYIJIEBO/IIB B KJIITHHI.

8.2. HirpaTtHa kuciaora. Oco0uBOCTI B3a€EMO/Iii 3 MeTaJ1aMHu
Hitpatna  kumcimora  HNOsHamexuTh 10  HaWBaXXJIMBINIHUX
MiHEpPAJIBHUX KUCIOT, il HOPIYHE CBITOBE BUPOOHUIITBO Jocsirae 50
MJIH TOHH.Y IIPOMHCJIOBOCTI HITPAaTHY KHCJIOTY J00yBaroTh

KaTaJlTUYHUM OKMCHEHHSM aMOHiaKy.
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Bracmusocmi kucromu. 3a 3BU4aiiHUX yMOB 0€3BOJHA KUCIIOTA
-6e30apBHa piguHa (ty, = -41,6 °C, ten = 82,6 °C, ryctuna 1,5
r/cM?), sKa mig 4ac OXOJIOMKEHHS HUKYE TEMIEPATYPH IIJIABJIECHHS
MEepETBOPIOETHCS HA MPO30py KpUCTaliuyHy Macy. KoHlleHTpoBaHa
HNO; wMae Oype 3abapBiieHHS BHACIIAOK TMOCTYMNOBOI0 ii
pO3KJIafiaHHsl 3 YTBOpeHHAM okcuay azotry(lY), mo gobpe B Hil
po3unHseThCsA. HiTpaTHa KHCI0Ta HEOOMEKEHO PO3YUHIETHCS Y
BoJi. Y BOJHOMY pO3YMHI BOHAa € CHJIBHOK OJHOOCHOBHOIO
kucnoToroHNO3<»> H' + NOj™, 1ii BIacTHBI pUCH, XapaKTEpHI s
CUJIBHUX KHUCIOT. Benuuuna ysBHOTO cTymneHs aucoriamii 0,1 H.
po3unny HNOs 3a temnepatypu 25 °C cranoButh 0,93. HiTtpaTHa
KHCJIOTA - CHJIBHUM OKHCHHUK, 3JaTHA OKHUCIIIOBATH OLIBIIICTH METAIIB 1
HemeTaniB. OcTaHHI, K MPaBWIO, HA0YBAIOTh Y IPOYKTaX OKUCHEHHS
CBOIX BUIIMX CTYIEHIB OKUCHEHHS, HATPUKJIIA]I,

S +2HNO; = H2SO4 + 2NOT
3P + SHNO; +2H,0 = 3H;PO04 + 5NOT.
CTifikuMHd B KHCJOTI € TIJIbKM 30JI0TO, IUIaTUHA, OCMIH, 1pHIii,
Hi001i, TanTan, Boibppam. Konnenrpoana HNO3z Ha xo5oji macuBye
NesKl BIAHOCHO AaKTHBHI METalW, 30Kpema ajloMiHid, 3ali30,
KOOaJbT, HIKENb, XpOM Ta iXHI CIUIaBU BHACIIIOK YTBOPCHHS Ha
MOBEPXHI MIIMHUX OKCHUAHUXIUTIBOK IIMX METATIB. Y KOHIIEHTPOBAHUX
po3unHax HNO3 rosoBHUM poAyKTOM ii BigHOBJIEHHS € NO;
Cu + 4HNO3(konn) = Cu(NO3)2+ 2NO»+ 2H20

YuM Oumem  po3baBiieHa KUCJIOTa, THUM TJHOIIEe BOHA
BIITHOBJTFOETHCS

Fe + 4HNO3(50%) —Fe(NO3);+ NOT+ 2H,0;
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4Fe + 10HNO3(6,5%) —4Fe(NO3)+ NH4NOs+ 3H,O0.
Han3zsuuaiino BUCOKY OKHCHIOBAJIbHY 3/1aTHICTh Mae€
CyMilll KOHIEHTPOBAHUX HITPATHOI Ta COJITHOI KUCIOT (YapcvKka
6oda), 1O TOSCHIOIOTh JII€EI0 aTOMapHOTO  XJIOPY, SKHUHU
YTBOPIOETHCS SIK MiJ 4aC OKUCHEHHS COJITHOT KUCJIOTH HITPATHOIO
3HC1 + HNOs = C1,T+ NOC1 + 2H,0,
Tak 1 B pa3l poO3KIaAy TMPOAYKTY peakilii - XJIOpUCTOTO
HITPO3HUITY:
2NOCl«> 2NOT+ C1,T.
3apasaku nuboMmy HNOs3 jerko po3uuHsi€ MiaaTUHY, 30JI0TO Ta 1HIII
HEaKTUBHI METajlu, MEPETBOPIOIOYM iX HAa KOMIUIEKCHI XJOPHUIH,
[0 Y CBOIO UEPry TaKOX CIpHsi€ MEepeOdiry mpolecy OKHUCHEHHS
METaJIiB
Au + HNOs+ 3HC1 = AuCl; + NOT+ 2H,0
AuCls; + HC1 = H[AuCl4]

8.3. A3oTHi Ta ¢pocdarTHi 1oOpuBa. BusHaueHHsS BMicTY Air040i
PeYOBUHHU B 100pHUBax

A30THI 0OpUBa BUKOPUCTOBYIOTh Y BUIJISAI PIAKUX TOOPHUB: caM
aMoHiak — 82%N, , a Tak0X y BUIJISI1I TBEPAUX TOOPUB — COJIEH.
Buainsiorh a30THI 1o0puBa 3 amoniaunor (NH4") 1 mitpatHoo (NOj3
) popmamu. Coui HITpATHOI KUCIIOTH Ha3WBaKOTh celiTpor. CTyIiHb
OKMCHEHHsI HITporeHy +5. Jlng cuHTe3y OUIKIB HITporeH +5
HEOOXIJTHO TIepEeBEeCTH B CTYIIHb OKHUCHEHHS -3.OCHOBHUMHU

I[06pI/IBaMI/I € NaNO3, Ca(NO3)2, KNO3, (NH4)st4, NH4NO3,
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(NH2)>CO(kap6aminabo ceuoBuHA).[[11040I0 PEUYOBUHOIO B a30THUX
T00pUBax € MOJEKYJISIPHUIN a30T.
3AJTAYA
OOYMCIUTH BMICT J[1F040i pEYOBUHHU B aMOHIauHIHN CENITPi.
Po3Bs3anns
® (N2) = M(N2)/M(NH4NO3)= 28 / 80 * 100% = 34,5%

dochop € APYrUM THIIOBUM P-EJIEMEHTOM VTPYIH 1 HAJICKUTD
710 HEMEeTalliB. 3a YMCIIOM BAJIECHTHUX €JIEKTPOHIB HA OCTAaHHHBOMY
eHepreruuHomy piBHi (3523p?) atoMm docdopy € aHamorom asory,
aje BIAPI3HAETHCA BiJ OCTAaHHbOT'O HasBHICTIO BiabHOro 3d-
niapiBHA. ['OJIOBHMM 1 HaWOLIBII BEIUKOTOHHAKHUM HAIPSIMOM
BUKOpUCTaHHS (GocPopHOi KHUCIOTH Ta i1 cojieh € BHUPOOHHUIITBO
dochopuux miHepanbHux aodpus. IIpupoani cmonyku docdopy
MICTATh Hepo3uuHHUU ¢ocdar kanbiiio Ca3(POs);, gxuil moraHo
3aCBOIOETECSA POCIHHAMH. MOro BHKOPHCTAaHHs JOILIBHE JIMIIE HAa
KUCIIUX TPYHTaX, SIKI CIPUSIOTh YTBOPEHHIO JOCTYIHUX POCIMHAM
kuciux coleir  docdopy, Tomy aesky KUIbKicTh  Caz(POs):
3aCTOCOBYIOTh Y BUTJISIZII TaK 3BAHOTO hochopummnozo bopowna. Jis
OTPUMAaHHS TOOPUB, K1 JIETKO 3aCBOIOIOTHCS POCIMHAMM, TIPUPOIHY
dbochaTHy CcHUpPOBHHY MIAAalOTh XIMIYHIA Mepepolill 3 METOIo
oJiepxkaHHs Kuciaux cojei dhochopHoi kuciotu. OCHOBOIWO npocmozo
cynepgocchamy € po3umHHUM auriaporeHdocdar Kaabliio, SKAKU
100yBarOTh 00p0o0KOI0 (pochaTy KaibIliio CyIb(HaTHOI KUCIOTOIO

Ca3(PO4)2 + 2H2SO4= Ca(H2PO4),2 + 2CaS0Oy4

Hirouoro peuoBuHOI0 y (hochopuux go0puBax € okcun pochopy P2Os
Ilpocmuui cynepgpocgpammae MOPIBHIHO HEBUCOKUN BMICT MOKUBHOT

peuoBuHM (MicTuTh 19 % 3acBoroBaHoro P>0s), OCKIIBKKM A0 HMOTO
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ckianxy Bxoauth Takoxk CaSOs. binbmmit BMicT okcuny dochopy(Y)
Mae noositinuti cynepgocgpam (mictuth 40 % 3acBoroBanoro P,Os),
KWW TOOYBaIOTh 3a PEAKITIEI0

Caz(POg4)2 + 4H3PO4 = 3Ca(H2PO4)
BupoOnsaoTe Takox npeyunimam - pochopHe A0OpUBO HA OCHOBI
rigporeddocdary kanpItito. Jlo #oro ckiaay BXOJAUTh HEPOIUYUHHUM y
Boal CaHPOy, sikuil po3unHA€THCS B pa3i BHECEHHS y KUCH IPYHTH 3
yTBOpPEHHAM auriaporeHdocdary kanpiito. Jlyxe IIHHUMHU € 3MIIIaHi
n00puBa, IO MICTATh Y CBOEMY CKJIaJl ACKIIbKAa HEOOXITHUX IS
POCIIMH MOKHMBHUX PEUOBHUH. /[0 HUX HalexkaThb amogoc, odiamogoc,
Himpogocka Tomo. Amodoc € rigporenpocdar amoniro NH4sH2PO4,
niamodoc — auriaporedHdocdar amoHiroNH4sH>PO4. Hitpodocka €
noTpiiiHe OOPUBO, siKe MicTHTH a3oT, (ocdop i xamii. Moro
n00yBalOTh CIUIaBIiHHAM TiagporeHdocdary amonito (NH4)HPOs,
HiTpaTy amoHir0o NH4NOs3; Ta xmopuay abdo cynsdary kamiro KCl1
(K2S0s4).

KoHTpoJibHI NUTAHHS

1.3a3nauTe Giosoriuny poab Hitporeny ta ®ocdopy.
2.CknafiTe pIBHAHHS peakiiil J00yBaHHS HITPATHOI KHUCJIOTHU
KaTATITUIHUM OKHUCHEHHSIM aMOHI1aKy.
3.BuzHauTte BMICT Jit040i pEYOBHHU B KapOaMiii.
4. Slke 3 moOpuUB mijIsArae ripojidy: KajiiiHa celiTpa, aMOHiayHa
cemiTpa, kaiii ¢ocdar? BianoBib CTBEPAITh PIBHAHHSMM PEAKIII.

Sk 3MiHIOETHCSL pH cepeioBUIla BHACHTIAOK T1APOIIZY?
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Jlekuis 9. BaractuBocti eemeHTiBYI -A Ta YII - A rpyn

9.1 3aranpHa xapakTepucTuka ejaemMeHTiB Y [-Arpynu

9.2 CynbarHa KUCI0Ta, BIACTUBOCTI Ta BUKOPUCTAHHS

9.3 3aranpHa xapaktepucTuka ejaeMenTiB Y [[-Arpynu

9.1.3arajpbHa XapaKTepUCTHKA eJleMeHTiB YI-Arpynu
Jlo ronoBHOT miarpynu Y1 rpynu eneMeHTIB MepioAUIHOI CUCTEMU
Hanexats eneMeHt Oxcured O,CynsdypS, Cenen Se, Temyp Te,
[Tononii Po.3aranpHa Ha3Ba €JE€MEHTIB XaJbKOTCHH, TI, IO
yTBOPIOIOTh pyau. EnemenTtd 6-A rpynu Ha 30BHIIIHBOMY Iapi
MalTh 6 €JIEKTPOHIB,TOMY HAWBUINMN CTYMiHb OKHUCHEHHATO.
Hanmpuknan,
16S1s22822p®3s?3p*.  MiniManeHuii  CTyIEHb  OKHCHEHHsS“-2"(
XapakTepHUH JJisl BOJHEBUX CHOJIYK), MPOMDKHUN CTyneHb +2, +4.
Ocob6nuBocti enemeHTiB:OkcureH He Mae d — mMiApiBHS, TOMY HeE
NpOSIBIISIE MAKCUMAJIBHOTO CTYINEHST OKUCHEHHs +6. B  1minomy
€JIEMEHTH BU3HAYAIOTh SIK HEMETAJIM, PEaryloTh 3 METajlaMu, IHIINMU
HEMETalaMu, a TAKOXK 3 KUCITIOTaMHU
S + Fe — FeS
S+ 0,— SO,
S +2HNO3; —2NO +H>SOq4

B Mexax rpynu 13 30UIBIIIEHHAM 3apsija sjapa IMOCHIIOITHCS MeTalIeBl
BJIACTUBOCTI €JIEMEHTIB Ta OCHOBHI BJIACTUBOCTI 1X CIOJIYK.
llowupenus 6 npupoodi.Oxcuren Mictutbes B moBiTpi 20,9 %,
Cynbdyp 3ycTpidaeTbcs y BIIBHOMY CTaHI Yy BHUIJISAI pOMOIYHOI Ta
MOHOKJIIHHO1 cipku. Pemta enemenTiB, a Takox Cynbdyp 1 Oxcurexn
3YyCTPIYalOThCS TaKOXK Yy BHINIAL crnonyk.HalOuipima KiIbKICTh

OxkcureHy MiCTUThCS B amtomocuiikatax, Cynbedyp - B cyibdiiax i
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cyabdarax.Pemra enemenrtiB Temyp, Cenen, IlonoHiit BXoAsTh 10
CKJIaqy O1HapHHUX CTIOJYK.
Jobysannsa. OKcureH y NpoMHUCIOBOCTI J0OYBAIOTh 3P1I>KEHHIM
MOBITPsI 3 HACTYMHOIO pekTudikariero.JlaboparopHi cmocodu
n00yBaHHS KUCHIO ITPYHTYIOTHCSI HA BUKOPHUCTAHHI OKHCHO -
BITHOBHHUX CITOJYK
2KMnQO4 — KoMnOy4 + MnO; +0,

2KCl1O3 — 30,+ 2KClI — po3kiiaganHs 0epToIeTOBOI COJIl
Perty eneMeHTiB 100yBatOTh BITHOBJICHHSIM aKTUBHUMU
€JIEMEHTaAMU.
bionociuna ponv enemenmie. OKCUTreH HEOOXiAHUM Uil JHMXaHHS,
BXOJIUTh JI0 CKJaay 4 HalBaxJIMBIMMX OloreHHuX enemeHtiB: H, C,
O, N, BUKOPHUCTOBYIOTh K CBOEPIIHUN CaHITAp - MEPETBOPEHHS B
KUBOMY Opranizmi.O30H € aJOTPONHOI MOAU(DIKAIli€0 KHUCHIO,
MICTUTh B MOJIEKYJI1 3 aTOMH KUCHIO, 3aCTOCOBYIOTh JJIsl JI€3MH(EKITIT
NpUMIIIIEHb, 3HE3apXKEHHS  BOJU, 3amo0iraHHsA  3TIPKHEHHIO
xupiB.CynbPyp BXOJIUTH JO CKJIATy OKPEMHX aMIHOKHUCIIOT: ITUCTIH,
METIOHIH, IIMCTETH, BIUIMBAE€ HA YTBOPEHHS HITTIB, picT Bosioccs. SO,
BUKOPHUCTOBYIOTH JIJIsi OKYPEHHS 36pHOCXOBHUIIL 1 aMOapiB.

9.2. CyabdaTHa KHCJI0TA, BJACTUBOCTI TAa BUKOPHUCTAHHSA
CynbdarHa KUCIOTAa € OJHIEI0 3 HAWCHIIBHIMIMX KHCJIOT, BUSBIISE
BJIACTUBOCTI 3BUYAHUX KUCIOT. B3aemojii€ 3 0CHOBaMU, OCHOBHUMH
OKCHIAaMH, COJIMH, 3 MeTaiamMu. Po30aBieHa KHCIOTa BHILISE
BOJICHb, KOHIICHTPOBAaHA KHUCJIOTa yTBOPIOE PIZHOMAHITHI MPOIYKTHU:
H>S 1 SO,

Jlobysanns kuciomu BiIOYBA€ThCS B ACKIIbKa €TalllB:

l.BunantoBanug niputy FeS;+ O,— SOzt Fe,Os3
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2.0xucnenns Cyneyp oxcuny( 1Y ) no Cynsdyp oxcuay (YI)
SO+ 0,—S03
3.YTBOpeHHs 0JieyMy, HACUUYEHOro po3urHy SOz B KOHIIEHTPOBaHIM
cyabdatHiit kucinotri  HoSO4 + SO3—H»S,07
[Insxom po3BeeHHS 0JIEyMYy MOKHA OTPUMATU KUCJIOTY HEOOX1THOT
KOHIICHTpAITIi.
Bukxopucmanua H>SO4 ma coneu Ha ii ocnosi. CynbhaTHy KUCIOTY
BUKOPHUCTOBYIOTh NI BUPOOHMUIITBA MaKpo- Ta MiKpogo0opuBK,SOy,
CuSO4*5H0, FeSO4*7H>O, MnSO4, a1 O6opoTbOM 3 THUTTIM
JIepeBrHH, 31 ciinoTor Kyper (NiSO4). 3 MeTor0 XIMIYHOI Meoparili
B TPYHTH BHOCITh Kaibllli cynbdar. Harpiit Tiocynbdar
BUKOPUCTOBYIOTh B KUIBKICHOMY aHadi3l, 30KpemMa B MOJOMETpIi, SIK
poOOUMil pO3YMH ISl BU3HAUCHHS BMICTY MIJIl Y PO3UMHAX.
9.3. 3arainbHa xapakrepucTtuka ejieMeHnTiB YII-A rpynu

Enementu YII-Arpynu nepioandHoi cuctemMu o0’ €HYI0Th Diayop
F, Xnop Cl, bpom Br, Wox 1, Acrar At, micramm 3arajibHy Ha3BYy
rajoreHu,To0TO Ti, III0 HAPOJKYIOTh COJIl. By/10BY 30BHIIIHBOTO MIAPY
posrasHemMo Ha mpukmani  @uyopyoF1s?2s?2p’ MakcumanbHuA
CTyIE€Hb OKHCHEHHS +7, MiHIManbHul -1. B minomy enementu 7A
rpynu BOJOAIIOTh HEMETAJICBUMH BIIACTUBOCTSIMH, € HaWKpalUMHU
OKMCHUKaMH B MEPIOJIMYHIN cucTeMi. PearyioTs 3 MeTtaiaMu, BOJIHEM,
KHCHEM, CKJIAJHUMU CIIOTyKaMHU.

S1 +2F,— SiF4
H,+F, —2HF
O2+F, —>O2F2(OF»)
2F>»+ 2H,0 —>4HF+02T
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B mexax rpynu 13 30UTBIICHHSM 3apsiay sSapa MOCHUITIOIOTHCS METaJIeBl
BJIACTMBOCTI €JIEMEHTIB 1 OCHOBHI BJIACTHMBOCTI ixcmosiyk. Bomnesi
CIIOJTYKHM TaJIOTEHIB y BOJHHX PO3UMHAX MPEACTABISIOTH COOO0IO
CUJIbHI KuCa0TH, 3a BuitHATKOM HF. IlmaBikoBa abo ¢gropoBoaHEBa
kucinora HF wanexurs mo cimabkux kucior.KoHcranTa mucoriamii —
104, OKCUTeHBMICHI CIIOJIYKH TalOreHiB BUSBISIOTH HEMApHi CTYIEHI
okucHenus. Hanmpukman, Cl,O, Cl,03, ClL0s , C1,Oy

bionociuna ponv enemenmis. ®ayop BXOIUTH 0 CKJIAAy eMau 3yOiB,
kictok. Hecrtaua ®dinyopy 0O0yMOBIIIOE KapleC,[ICPEBUIICHHS IHOTO
€JIEMEHTA MPUBOJUTH JI0 PO3BUTKY (PTOPO3y. XJIOP YTBOPIOE COJISIHY
kucinory HCI, mo crpuse tpapiennio. bpom i Moy BUKOPUCTOBYIOTH
K 3aCIOKiiMBHil 3aci6. Mox MICTHTbCS B THPOKCHHI - TOPMOHI
HIATONO10HOT 3aJ103M.

llowupenns 6 npupodi:®@nyop nepedyBae B MOPUPOJL Y BUIIISIL
cionyk: CaF,,Ca3(PO4)*CaF, —  daoopuTu,anaTUTH. XJ10p
mictuthess B crnonykax NaCl, KCl, KCl * NaCl. bpom 1 iioa
nepeOyBaloTh B MOPCHKUX BOJOPOCTSX.

Jlobysanns. ®nyop npoOyBaloTh 3a MeToJoM MyaccaHa -
enekTpoirizoM posmiay KHF, + KF, npu npoMy BUIBHUN TajgoreH
BUAUISAETBCA Ha  aHOAL.XJop J00yBalOThb y  IPOMHUCIIOBOCTI
enekTpostizoM BojiHOro po3unHy NaCl 1 po3miaBy NaCl,B nabopaTopii
3a peakiriero Ileere.

Bukxopucmanna enemenmie ma ix cnoayk. DOnyop BUABIAE
HaWCHJIBLHIII OKHCHIOBAJIbHI BJIACTHBOCTI, BITHOCHA
enekTpoHeratuBHicTb®nyopy nepeBuinye 4 onaunuili. Cojili Ha OCHOBI
TJIaBIKOBOT KMCJIOTH Ha3uBalTh Ppropuaamu. NaF — BUKOPHUCTOBYIOTH

ak aesuHdexuitnuii 3aci6. AlF3 1 NazAlFs — BUKOpPUCTOBYIOTH Yy
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BUPOOHUIITBI aOMiHIIO eneKTpodizoM AlOsz, MIpedOBHUHU 3HAYHO
3HUKYIOTh TEMIIEPATYPY miaBaiHHIALOs.
®dTop 1 WOro CHOJYKHM BHKOPHUCTOBYIOTH JUIsI HAMKCIB Ha CKII,
maBikoBa kucyiota HF kuciaoTa po3duHse CKio
4HF + S10,—S1F4+2H,0

Cnonyku F 30epiraiots B nosieTuiaeHoBUX misimkax. Coyi Ha OCHOBI
rekcaTopkpemuieBoi kuciotu H[SiF]¢ BUKOPUCTOBYIOTH MNPOTH
THUTTS JepeBUHU.XJop, sk 1 Onyop, BUABISLE AyXKE€ CHIbHI
OKHCHIOBaJbHI ~ BJIACTUBOCTI.  XJIOp  BUKOPUCTOBYIOTH  JJIsi
BiIOUTIOBaHHSI TKaHWH, JUIsi 3HE3apa)KCHHsS MHUTHOI BOJW, JJIs
no0yBanHs guxiodocy, xiaopodocy, yrBoperns HCl.Comnsina kuciora
HAJICKUTh JIO OJIHIE€I 3 HAUCWIBHIMIMX KHUCJIOT. BUSBIIsSIE BIaCTUBOCTI
3BUYAMHUX KHUCJIOT. B3aeMojie 3 MeTanaMu, OCHOBHUMH OKCHUIAMU,
ayramu 1 coisamu. Comi Ha ocHoBl HCIL. NaCl — kam’sHa Clib.
3yCcTpiyaeThCsd B MNPUPOJI, CIPHUSE 3aCOJCHHIOIPYHTIB. NaCl
3aCTOCOBYIOTh SIK (P1310JIOTIYHUM PO3UMH,TIATPUMYE OCMOTHYHUM
THUCK KPOBI, 3aCTOCOBYIOTh JJIsl KOHCEpBYBaHHs 0BOUiB. KCl — kaniiina
citb Ta cunbBiHIT KCl * NaCl —minni kamiiini goopusa. CaCly -
BIJIMIHHMI OCYyIIlyBay rasis.
OKCUTEHBMICHI  CHOJYKHM XJIOPY BOJIOJIIIOTH  OaKTEPUIIUIHUMU
BJIACTUBOCTSIMU. B paai HCIO, HCIO;, HCIO;, HCIO4
HaMCUJIBHIIIOW KHUCI0TOI0 € mepxjopaT Ha kuciaota HCIO4, a
HaO1IbII CHIIBHI OKKCHI BilacTUBOCTI BUsABIsie HCIO. Po3uun xnopy
y BOJIl HA3UBAIOTh XJIOPHOIO BO/IOIO.

Bpom i Moa. BpoM Bonozie CIb030TiHHUME BIIACTHBOCTSIMH,
BUKOPUCTOBY€EThCS sikiakpimaTop. [Ipemapar Jlrorosns mpencrasiise

coboro po3uuH rony B kamii onumi K[I(I2)], BukopuctoByeThes s
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JTIKyBaHHS BEPXHIX AUXaIbHMX NUIAXIB.10%-HUI po3uuH Homay y
CIIUPTI JICTaB Ha3By WOJHOI HACTOWKW. BHUKOPHUCTOBYETHCS TIpHU
o0po6i1i pan. Nal Ta NaBr BHKOpPHCTOBYIOTH SIK CHJIbHI B1JHOBHHUKHU
B JabopatopHid mnpaktuili.NaBry BeTrepuHapii € 3acCHOKIMIMBUAM

3ac000M, BUKOPHUCTOBYETHCS B MIKCTYpi [1aBioBa.

KoHTposbHI nUTAHHSA
1.5k 3MIHIOIOTBCSI OKMCHI BJIACTUBOCTI TaJOTCHIB MPU TEPEXOal Bijl
®nyopy mo Hoay, sk 3MIHIOIOTbCS BiJHOBHI BIIACTHBOCTI IX
HEraTUBHO 3aps/KEHUX 10H1B? BiMOBIb MOSCHITS.
2. CkJIaaiTh €IEKTPOHHI 1 MOJIEKYJISIpHI PIBHSIHHS PEAKIIiil:
a) Clo+ I, + H20;
0) KI + Br, .BkaxiTh OKMCHHUK 1 BITHOBHHK.
3.CKUIBKM COJII 1 BOJIU HEOOX1HO B3sTU AJisi npurotyBaHHs 300 mu
0,05 H. po34uHy KynpyM cyJbdary.
4.1T0osICHITh OKHCHI BIJIACTUBOCTI PO3BEJICHOI Ta KOHIIECHTPOBAHOI
cyibpaTtHOi KUCIOTH. Ha OCHOBI  €NEKTPOHHUX PIBHSHb CKJIQIITh
PIBHSHHSA  peakiii B3aemojaii @depymMy 3  pO3BEACHOI Ta
KOHIIGHTPOBAHOK CYJIb()aTHOIO KHCJIOTOK. BKaXiTh OKHCHUK 1

BIJHOBHUK.

Jlekuis 10. KomniekcHi cmosyku

10.1. OcHOBHI NOJ0KEHHS KOOPAUHAIIIMHOT TEOpil
10.2. Homenknartypa Ta kiacu@dikailis KOMIIEKCHUX CIIOTYK

10.3. Jlucorriairisi 1 CTIMKICTh KOMIIJIEKCHUX CITOIYK

10.1. OCHOBHI OJ10KEHHS KOOPAUHALINHOI Teopil
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Cnonmyku, B  SKHX  €JIEMEHT  BHSBISIE  CBOIO  3BHYANWHY
MOXJIMBYBAJICHTHICTh,  HA3WMBAIOThCS  BAJICHTHO  HACHYCHUMH
CroJlyKaM# abocmosrykaMu mepmioro mopsaky. [Ipu Bzaemomii mux
CIIOJIYK YTBOPIOIOTHCSCIONYKH BHILOTO TOPSAKY a00 KOMILIEKCHI
cnonykud. Hampukmam,MoxkinBa  B3a€MOJisI  TaKMX  BaJE€HTHO
HACUYCHHUX CTIOJTYK
CuSO4 + 4NH3 — [Cu (NH3)4]SO4
AngzO3 + 3Na2S203—>2Nag[Ag(8203)2]
Fe(CN);+3KCN—K3[Fe(CN)g]
[IBetinapcrkuii XiMmik A. BepHep 3anponoHyBaB OCHOBU TEOPii
KOMIUIEKCHUX CIOJIYK.
. KowMmmjekcHi CHOAyKH MalTh 30BHIIIHIO 1  BHYTPIIIHIO
chepu.BayTpimHio cdhepy, SK MpaBUIIO, 3aMUCYIOTh Y KBaJpaTHUX
nyxkkax. BzampomoHoBaHMX mpukiazax BHYTpimHI chepu - [Cu
(NH3)4]**,[Ag(S203)2]%, [Fe(CN)g]*", 30BHimHI chepu SO*4, Nat, K.
2.BayTpinHs cdepa CKiIagaeTbes 3 KOMIIEKCOYTBOpIOBaya 1 JIIraH/IiB
aboaZieHiB. 3apad eHympiuwinboi cghepu uucearbHO O00pPIGHIOE
3apsaoy308HiWIHLOT chepu I mae npomunexcruit 3naxk. € i
HEUTPaIbHIKOMIUIEKCH, SIKI MarTh TIJIbKA BHYTpIIHIO cdepy,
Hanpukiaa [Cu(NH3)4Clz].
3. KommiekcoytBoproBauem (KVY) abo sapom KoMILIeKca MOXKe
OyTHOy/ib-sIKa YaCTHUHA, Y SKOi € BUIbHI €JIEKTPOHHI OpOITali.
HaituacTime e 1ouu d — eJeMeHTIB, ajie MOXYTh OyTH 10HU S - 1 P —
€JIEMEHTIB, JIeSIKIHEUTpadbHI MOJEKYJIH 1 aToMU. B nmaHomy BUNajky
KOMIUIEKCOYTBOPIOBAYAMHU € 10HU KyNpyMmy, apreHTymy Ta Qepymy.
KVYxapakrepu3ytoTs koopauHamiiHum umciaom (KY) - KUIbKICTB

MICI[b YBHYTPIIIHIA cdepl KOMIUIEKCY, SKI MOXYTh OyTH 3ailHATI
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mirangamu.Haluacrime 3yctpivatotbes KU 2, 4, 6. 1li uwmcna
BIIMOBIZIAIOTh HAWOUIBI  CTIMKUM KOHQITypamisiM KOMILJIEKCIB:
oKTaenpuuHil (6), TerpaeapuuHid (4) 1 muiHIA (2). 3apsag KY
TOpiBHIOE anreOpaiunHiii Ccymi 3apsaiB BCIX IHIIMX 10HIB 1 Mae
MPOTUJIEKHUHN 3HAK.

4. Jliranam abo afgeHau — e MOJICKYJIH a00 10HH, K1 KOOPIUHYIOTHCS
HAaBKOJO  KOMIUJIEKCOYTBOpIOBaWiB. JliraHam  3aBXIW  MaroTh
HETO IIJICHIENEKTPOHHI Tapu. 1{e MoXXyTh OyTH HEHTpadbHI MOJEKYJIH
H,O, NH;, CO,NO, a6o iomu CI1"Br-, FI',NO,", NO; ,SO04* ,CN~
tomo. Jliramam MOXyTh OyTH MOHOJEHTaTHI, BOHH 3JaTHI
yTBOPIOBATH TUIBKM OJIMH 3B 430K 3 KOMIUIEKCOYTBOPIOBAUEM,
OigeHTaTHi — 3/10HI YTBOPIOBATH 3 KOMILUIEKCOYTBOPIOBAYEM JBa
3B’s3kH Ta nojijaentatdi. Hanpuknan, HyO — MOHOIEHTaTHUI JTITaH/I,
B SIKOMY OJIHAa 3 HEMOJIJIEHUX eJIeKTpOoHHUX mnap OkcureHy OepyTb
y4acTh y 3B’SI3Ky (Jpyra e€JeKTpOHHa Ilapa HE YTBOPIOE3B SI3KY
BHACNIJOK CTEPUUYHHUX Tepemikona); okcanatHa kucimora COOH-
COOH- HaitnpocTimuii OiA€HTaTHUM JIraHJ, Ma€ JBlI HEIMOJLICHI
MapUENICKTPOHIB, SIK1 YTBOPIOIOTh KOOPAMHAIIIIHI 3B’ A3KHU.

10.2. Homenkiaatypa ta kiacudikamiss KOMIJIEKCHUX CIIOJIYK
Homenknamypa cnonyx. HazuBarouu KOMIUIEKCHUN KaTIOH, CIIOYAT-
Ky BKa3ylOTh KUIbKICTh ( Mi- , TpU-, TE€Tpa-), TOJ1 HA3BU JIraHJIB —
aHIOHIB

13 3akiHueHHsM o (Cl™ - xjmopo, OH™ - TiApoKco — TOILIO ), MPUUOMY
BOJIaHA3MBAETHCS AKBa, AaMOHIAaK — aMmiH 1 OCTaHHI BKa3ylOTh
KOMIUIEKCOYTBOPIOBAaY, TMOKAa3ylOuUW WOro CTYNEHb OKUCHEHHS.

Hanpuxnaz :[Pt(NH3)3Cl | Cl — xnoporpuaminnnaruna (11) xnopup;
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[Co ( NH3)sBr ]SO4 — 6pomonenTaaminkobanst (II1) cynbdar.Hazsa
KOMIUIEKCHOTO aHIOHAa CKJIQJa€ThCAd AHAJNOTIYHO  13aKIHUYETHCS
cydikcoM -ar. Hanpuknan: Ba[Cr(NH3)2(CNS)4]2 —
oapiniterpapoganogiamiaxpomat  (III).Ilpu Ha3BI  HeWTpambHOTO
KOMIUIEKCY KOMIUIEKCOYTBOPIOBAaY BKAa3ylOTh B Ha3WBHOMY BIJIMIHKY,
HEe O3Havatoud CrymHb  HorookucHeHHs: [Pt(NH3).Cly] -
JIXJ0pO/IIaMIHIIaTHHA.
Knacughixayis komnnexcrnux cnonyk. IcHye nexiibka kiacudikarin
KOOPAMHAIIIMHUX CIOJIYK: 3@ HAJEKHICTIO JI0 TIEBHOTO KJIACy CIOJYK,
3alpUPOJIOI0 JIIFaHJIB, 3a 3HAKOM 3apsjly KOMILJIEKCHOrO 1oHYy. 3a
HaJIC)KHICTIO JIO TIEBHOTO KJIacy CIOJYK BUAUIAIOTH KUCI0TH Hy[ SiFs],
H[AuCls], ocHoBHM [Ag(NH3)2]JOH, [Co(H20)s](OH), Ta comi
K4[Fe(CN)s], Ks[Hgls], [Cr(NH3)s]Cls. 3a 3Hakom 3apsay
KOMILJIEKCHOrO 10HY BUIUIIIOTH KaTioHHI [Cr(NH3)6]Cls, anioHHI
Na[Ni(OH)s] Ta nelitpanbai komiuiekcu [Co(NH3)3Cls]. 3anexHo Bif

IPUPOM JIITAHAIBBUISIOT HACTYHI KOMIUIEKCHI CIIOTYKH

Jlirann Hazpa komIuiekciB [Tpuknan

H>O aKBaKOMILIEKCH [Co(H20)6](OH)2

NH3 aMIHOKOMILIEKCH [Cr(NH3)6]Cl3

OH T1JIPOKCOKOMILICKH Na[Ni(OH)s]
KucnoTHi 3aUIIKK  aliAOKOMILIEKCH Ks[Fe(CN)s

10. 3. Jluconiamis i CTIMKICTh KOMIIJIEKCHUX CIOJIYK
lonu 30BHINIHKOI chepu 3B’s13aHI 3 KOMIUJIEKCOM B OCHOBHOMYCHUJIAMHU
€JIEKTPOCTATUYHOI B3a€MO/I1i (TOOTO 10HHUM XIMIYHUM 3B’SI3KOM)i B

pO3UMHAX  JUCOLIIOITH  MOAIOHO  CWIBHUM  €JIEKTPOJIITaM.
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[saucomiamiss Ha3WBAETHCI TIEPBUHHOIO 1 BiIOYBAEThCA Makke
MOBHICTIO.
[Cu(NH3)4]SO4 <> [Cu(NH3)4]*"+ SO4*

OmHOYACHO 3 IIUM MPOIECOM HE3HAYHOIO MIPOI0 BHYTPIIIHBOI cepu
KOMIUIEKCY, B SKIH JIraHayd TOB’si3aHI 3 KOMIUIEKCOYTBOPIOBAaYEM
KOBAJICHTHUMHU  3B’SI3KAMU,YTBOPEHHMM  BHACTIZOK  JOHOPHO-
aKIIENTOPHOT B3a€MO/I11

[Cu(NH3)4]*" <> Cu*"+4NH;
Hitporen BUCTynae JOHOPOM, Ma€ BUIbHI €IEKTPOHHI MTapH, KyNIpyM
aKIIENTOPOM, BOJIOJI€ BUIbHUMHU OpOITATISIMU. BCTaHOBIIOETHCS
pIBHOBara MiX KOMIUIEKCOM, KOMILJIEKCOYTBOpPIOBAYEM 1 JIIraHIaMH.
BukopucTtoByroun 3akoH JIOYMX Mac JO IIbOrO  PIBHSHHSA,
BU3HAYA€EMOBUPA3 JIJI1 KOHCTAHTH JIUCOIIiallli, SKa B JAHOMY BUIAJKY
HA3WBA€TbCIKOHCTAHTOK)  HECTIMKOCTI  KOMILIEKCHOTO  iOHA.
3HaYeHHSI KOHCTAHTHECTIMKOCTI KOJIMBAIOTHCS B IIUPOKUX MEXKAX 1 €
MIPOIO CTIMKOCTIKOMIUIEKCIB. UUM CTiiiKillle KOMIUIEKCHUI 10H, TUM
MEHIIIE€ HOTOKOHCTAaHTa HECTIMKOCTI. Tak, cepesl OTHOTUITHUX CIIOTYK

[Ag(NO2)2] (Kyeer=1,3 . 107%)

[Ag(CN)2] (Kyeer=1. 10721)

[Ag(NH3)2]" (Kieer=6,8.10%)
HaOuIbIl cTiMkuM € koMiuieke [Ag(CN).], a HaliMeHII CTIHKUM -
[Ag(NOy)2]". 3HaueHHST KOHCTaHT HECTIMKOCTI MPUBEJCHI B
JOBIJIKOBIMITITEPATYPI.
3agava. Busnaumtu koHmenrtpamito Ag' B 0,05 M po3uuni
K[Ag(CN):],sxuii mictuth, kpiMm Toro, 0,01mons KCN B 111 po3unny.
Po3B’s30k. [Jucomialiis koMIuiekca BiJ0yBa€ThbCs 32 PIBHSIHHSAM

[Ag(CN),] <> Ag* + 2CN-
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3a HamMmKy miaHia- 10HIB CN°, yTBOpEHUX BHACHIIOK IUCOIAIli
KCN, piBHOBara 3MilnyeTbcst y OIK HEIMUCOLIMOBAHOTO KOMIUIEKCY
kuibkicTio CN°, yTtBOopeHux mpu aucomiamii [Ag(CN)2],, MOXHO
3HextyBatu. B Takomy Bunaaky C(CN) = C(KCN) = 0,01mons/1. 3
TiIEl K TpUYMHK MOXHO mpuitHATH, 1m0 [Ag(CN)]- =
0,05moms/n.Kuect = [Ag'][CN]* [Ag(CN).]

[Ag']= K mect * [Ag(CN)]/[CN]*= 102'*0,05/(0,01)> = 5*10"
MOJIb /71
Binmosigs: KoHueHTpanis ionis Ag" nopisaioe 5*10"mouns/m.
KoMmiekcH1 CroyKku BUKOPUCTOBYIOTh Y SIKICHOMY Ta KUIbKICHOMY
anamizi. Jlnsa BusBIEHHS KaTioHiB Fe’' xopucryroThcs peareHToM —
kamit rekcamiadogepar (II) (»xoBTa KpoB’siHa CuIb), 10 YTBOPIOE 3
JTAHUM KaTiOHOM TEMHO-CHHIN ocaj “OepiaiHChKOi Ja3ypi”
4Fe**+3 [FG(CN)6]4'—> Fes[Fe(CN)s]zl
IIpu nonaBanHi pearenty kamii rekcamianodepary (I1I) Ks[Fe(CN)g]
(uepBoHa KpoB’siHa cuIb) A0 po3uuHy FeSOs cnocrepiratorh
YTBOPEHHSI TEMHO-CUHBOTO 0Cajly “TypHOYJIHOBO1 CHHI”
3Fe?™+2[Fe(CN)s]**—Fes[Fe(CN)s]2|
B kinbkicCHOMY aHadi3i BU3HAQYEHHS 3arajibHOi TBEPAOCTI BOJHU
TPYHTYETHCS HA KOMIUIEKCOHOMETPUYHOMY TUTPYBaHHI. SIK TUTpaHT
BukopucTOBYIOTH TPUWIOH b ,JIBOHATPIEBY CLIb
€TUJICH/IIaMIHTETPAAIIETATHOI KHUCIIOTH, W0 YTBOPIOE KOMIUJIEKCHI
cnostyku 3 kKatioHamu Kanpiito Ta Maruio. Y npakTuill CiIbChKOTO
rocrnoAapcTBa KOMIUIEKCOHOMETPUYHE TUTPYBAHHS 3aCTOCOBYIOThH JJISI
BCTAHOBJICHHSI CYMHU TOTJIMHYTHUX OCHOB (BMICTY OOMIHHUX KaTiOHIB
Kalplito (2+) Ta Marmito (2+) y BOZHOMY BHUTATY 3 IPYHTY),

BU3HAUCHHSI BMICTY KaJbIlil0 B MOJIOIll, JOMIIIOK CIOAyK MarHito B
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KaJIMHUX J00puBax, BMICTy okpemux eneMmeHTiB Fe, Ni, Zn, Co sk y
POCIMHHOMY, TBAPMHHOMY MaTepiali, Tak 1 B IpyHTaX. I 'emMormno06in ta
xj0podin, MO MarTh CYTTEBE 010J0TTYHE 3HAYEHHS, TaKOX HaJIe)KATh
70 KOMIUIEKCHUX CTOJIYK, KOMIUIEKCOYTBOPIOBaYaMHU B IIUX CIIOJTyKax
BIIMOBITHO € KatioHu depymMmy Ta Marsiro.

KoHTpoJbHI NUTAHHSA
1. 1o  Ha3uBawTh  KOMIUICKCOYTBOpIOBaueM,  JIraHIaMH,
BHYTPIIIHHOIO Ta 30BHIIIHLOIO ChEepOI0 KOMILJIEKCIB?
2.CknaaiTh KOOpJIUHAIIWHI (OPMYJIM HACTYNHUX KOMIUIEKCHUX
cnonykkoOanpty:  CoCl3*6NHs,  CoCl*S5NHiz, CoCl3*4NHs.
Koopaunamiineuucino kob6anety (III) mopiBHioe mectu. Hamumnite
PIBHSIHHS IMCOIIIAIlli 3a3HAY€HUX CIIOJIYK Y BOJHUX PO3YHHAX.
3.Ha3BiTh HaMBaXJMBIIIl KOMIUIEKCHI CIOJIYKH, IO MaloTh
010JIOT1YHE 3HAYCHHS.
4. Busnaute  3apsi =~ KOMJIGKCOYTBOpIOBaya B  CIIOJyKax

K3[Co(NO2)s],K[Au(CN)4], [Pt(NH3)4Cl2]Cls.
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