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Breaneuue

B Hacrosuiee BpemMs npu pazpaboTKe METOAHMKH 10 HM3YUYEHMIO €CTECTBCHHO -
HayvyHbIXx JHMCLMIUIMH B  BhICIIEH LIKose yAelstoT OoJblIoe  BHUMAHHE
CaMOCTOSITEILHOW ~ pa0oTe  CTYAEHTOB. 3HAYUTEIBHYIO  YacTh BpPEMEHH B
roCyAapCTBCHHBIX CTaHAapTax Mo AMcUUIUIMHAM “Obmas xumua” n “Xumua” ans
CTYJCHTOB HEeXHMMHUYECKHX clelManbHocTel, obydarommxcs Ha ¢akynstetax MAIIL,
I3, ACYTII, oTaano nHAUBHUAYAITBHON paboTe cTYNEHTOB.

INpennaraemoe y4ebHO - MeToRuUeckoe nocobue BXOAUT B yueOHO-MeToAWYecK Uil
KOMIUTEKC N0 XUMHUYECKOMY 0Dpa3oBaHUIO yUalllMXCcs B BbICIIEM y4eOHOM 3aBECHHHU.
B nocobuu mnpeacTapieHbl MHAWBHAYAIbHBIE 3a7aHUS U CAMOCTOATENLHOH paBoThl
CTYACHTOB, BBINIOJIHEHHE KOTOPBIX TIOMOXET Y4YaliMmMcid B OCBOCHHMH JaHHOH
OMCLUMIUIHWHBL.  3aJjlaHHs] COCTaBJICHBl B CTPOIOM COOTBETCTBUH C TIOCYNApPCTBEHHBIM
cTaHAaproM. B mocoOMM HalwiM oOTpaxeHWe ClelRyloIlHe TeMbl OOLIeH XHMHU:
“Knaccel HeopraHudyeckHx coeauHeHui”, “Cnocodbl BblpaXeHHs KOHUEHTpalHH
pacTBopoB”, “CTpoeHHe aToMa. XUMH4Yeckasd cBA3L”, “(OCHOBHBIC 3aKOHOMEPHOCTH
NPOTEKaHUsA XUMHUECKUX rponeccoB”’, “PacTsopbl 3nekTposutoB”, “ OKHCIUTENBHO-
BOCCTAaHOBHUTE/bHEIE NIPOLIECCH U OCHOBBI 3/IeKTpoxXxuMuK . lepenl 3alaHUSIMHM KpPATKO .
U3JI0KeHbl OCHOBHBIE TEOPETHUUECKHE BOINPOCHI NEPEHHUCIICHHBIX BbIUle TeM. bosblioe
BHUMAaHHE YJAEJICHO PELIEHWIO TUMOBBIX 3allay, NIPUMepbl KOTOPBIX IIPEJCTABIECHbBl B
KaxioM pasgene. MeTtoaudeckde ykazaHHA cHabxenm TabnvuaMM  aHHBIX,
HeoOXOAMMBIX /IS pacyeToB.

B koHIe Kaxaoro pasaeia npuBejeHa Tabauia BapHaHTOB 3aJaHuH.

B sakmouende nocoOus npuBeaeH OubnuorpaduuUeckuid CMHCOK, KOTOPBIA

OMOYKET CTYIEHTaM MePBOro Kypca B U3YHEHHH Kypca XHMHH.



Hcnonb3yembie 0003HaMeHHS

Z — 4uCIIo 3KBUBAJICGHTOB BEIIECTRBA, 3KB, (MOJb),

) — 3KBUBaJIEHTHAR MAcca BEUIECTBa, /KB,

®(C) - MaccoBas 101 BelllecTBa (IPOUECHTHAN KOHIIEHTpalus), %, N0/H BEIECTBA,
Cn — MonsipHast KOHICHTpPALIUS, MOJIb/JI,

Cy — HopMasibHas (IKBUBATIEHTHAA ) KOHLICHTpallus, 3KB /11,

V — obbem, N1, MI,

p — IJIOTHOCTh pacTBOpa, /M, r/em?,

AH°293 — CTaHAapTHas 3HTaNbIKA IIpouecca, kK,

AS®05 — cTaHzapTHas 3HTponus npouecca, JHx/K,

AG 305 — cranjaprHas 3Heprus [ ub6ea, kx,

E. — 3Heprust aktusauuu, kJx (kkan/Mons), 1kkan = 4,182 kJ[x,
K., K, — KOHCTaHTBI paBHOBECHS XUMHUECKOTO MPOLIECCa,

k — KOHCTaHTa CKOPOCTH pEeaKlyH, ¢,

I — wonnag cuna pacteopa,

@ — aKTUBHAs KOHUCHTPAIUs, MOJIB/II,

a - CTeTNeHb JUccouvanu, %,

pH — BogopoaHelil noxalaTelb,

pPOH — ruapoKcUNBHBIN [TOKa3aTehb,

¢ -3NeKTpPOAHBIN MoTeHuMan, B,

R - yHuBepcanbHas ra3zoBas nocTosHHas, (8,3143 Jix/mone K),
T — abconoTHast TeMneparypa,

F — uncno ®apanes (96500 Kn/mons),

¥ — YHACJIO OTAAHHBIX UJIM MPUHSATHIX 3JEeKTPOHOB,



1. Ki1acchl HEOPTraHH4eCKHX COeAHHEHHH
Knaccupuxauun neopeanuueckux coedunenui

K BaxXHeHIUNM HEOpPraHH4YEeCKUM COCAMHEHHUSM OTHOCATCS OKCUObI, KUCTOMBbL,
OCHOBAHUR U CONU.

Okcuosi

OkcunaMy Ha3blBAIOTCS COENMHEHMS [BYX 3NEMEHTOB, OJHHUM H3 KOTOPBIX
asnaerca kucnopod. Hanpumep: Na,O, MgO, SO,, CO.

Knaccugurayus oxcuooe

[To XMMHYECKHM CBOICTBAM OKCHABI MOAPa3AefIOTCS Ha cojeobpasylolme u
Ha Heconeobpasyromue (Oe3zpaznuunbie). K HeconeoOpasymowuM oTHocstes CO,
N,O, NO. Coneobpasyomue oKcHAB! CIOCOOHB! BCTYNMATH BO B3aUMOICHCTBHE ¢
JAPYTMMH OKCHUAAMHU, KHCIOTaMK, OCHOBaHHUSMH, oOpasys COJIH.

Coneobpasyrolne OKCHIBI ASHATCS HAa KUCIOTHBIE (aHTHAPHABI), OCHOBHBIE U
ampoTepHble. COeAUHASCH C BOAOH NPSMBIM HJIM KOCBEHHBIM ITyTEM, OHM 00pazyioT
cOeIMHeHHUs!, Ha3bIBAEMBIC THAPATAMH OKCH/IOB:

SO2 + Hgo — HzSO3

- Ca0O + Hzo — Cﬁ(OH)z

['MapaTbl KUCIOTHBIX OKCHIOB HA3BIBAIOTCH KHCIOTAMM, a THAPATbh! OCHOBHBIX
OKCHJIOB — OCHOBAHUSMH (THAPOKCHIAMM).

Kucnomnolmu  OKCHMAAMH  HaspiBalOT  OKCHAbL, B3aUMOAEHCTBYHOLIME C
OCHOBHBIMH OKCHAaMH HUJIM OCHOBaHMAMH ¢ obpazoBanunem coneil. Hanpumep: SO;,
P,0;s, CL,0,.

S50, + Ca0 — CaS0,

Cle'; + 2NaOH — 2NaC104 + Hzo

Caenyer OTMETUTD, YTO K KHCIAOTHBIM OKCHJIAM OTHOCATCS TakXe COCIHHEHHS,
obpazoBaHHble  MeTajllaMH, HAXOAAILMMUCA B BbICLUEH CTENeHH OKUCIIEHUS,
Hal:pumep, V,0s, CrO;, MoOs;, W03, MnOs, Mn,0s.

OcnoeHble  OKCHABI — 3TO TAKME€ OKCHAbI, KOTOpble BCTYNAKT BO
B3aUMOJEHCTBHE C KUCJIOTHBIMH OKCUAAMU HJIH KUCIOTaMH, oOpa3ys COMH.

Na;gO + C02 — N82C03

MgQO +2HCI — MgCl, + H,0.

AmMboTepHbIE OKCHIBI - OKCH/IbI, KOTOPEIE B 3aBHCHMOCTH OT YCIIOBUH MOIYT
BCTYNATh B PEAKLMIO CONe00pazoBaHus U ¢ KUCIOTaMH U C OCHOBAHUAMH.

AmboTepHble coeqUHEeHUS 00pa3ylOT 3MEeMEHThl IMaBHbIX NOATPYII, KOTODHIE
pacnonoeHbl Ha auaroHanu Be — Ge u panee Ha Bepruxand Ge — Pb. Ilpasee
sepTHKann Ge — Pb amoTepHble okcHibl 06pa3yroT MbllIbsAK (As) u cypeMa (Sb) B
COU.OSHUH OKMCIIEHUS +3; nesee 310l BepTHKanu — rannui (Ga) u unau# (In).

Takum ofpazoM, aMQOTEPHBIMH ABIAIOTCA OKCHABI INaBHbIX noarpynn: BeO,
A1203, ASQO_}, GEOz, GeO, SHOQ, SHO, PbOz, PbO, Sb203, G3.203, II'I:J_O3; H3
noGouyHsX noarpynn caeayer 3uats: ZnO, CrOs, Fe,05, Mn,03, MnO,.

Bi,O; - ocHoBHOM okcuj. B oCTalbHOM B INIABHBIX ITOATPYILIaX [MPaBee H BBILUC
aneMeHTOB ¢ amoTepHeIMM  okcuaamu B [lepuoanueckodt Tabnuue JH.
MeHieleeBa pacrono)KeHbl IeMEHThI, UMEIOLIHE KUCIOTHRBIE OKCHIBL, JIEBee U HIXKE
— OCHOBHBIE OKCH/JIBL.



Jlna toro, yToOBl n0Ka3aTh aM(OTEpHBIE CBOWCTBAa COEAMHEHHA, HEOOXOIMMO
[IPUBECTH MHHHMYM JIB€ PEaKUUH C KACIOTOMH H OCHOBaHHEM, HallpUMep:

ZnO + 2HCI — ZnCl, + H,0

Zn0O + 2NaOH + H,0 — Nay[Zn(OH),].

Kucnromui

C TOUKM 3peHHs TEOpPHH DBIEKTPOIIMTHUYECKOH AMCCOLHALUH  KUCIOTOH
Ha3bpIBACTCA COCAMHEHME, NPHU JUCCOUMALIMM KOTOpOro odpasyercs TOJIBKO KaTHOH
Bogoposa H'. Tax, HNO; — a3oTHas XucCIOTA — OTHAeT B PacTBOP OAMH HOH
BOLOPOAAa M MOH KucioTHOro ocrarka NO;. [loag KHCHOTHBIM  OCTAaTKOM
[OAPa3yMEBAETCd T4 YacTh KHCIOTHI, KOTOpas OCTAeTcs nocie oraadu uoHos H'.
3apsAa KHCIOTHOTO OCTaTKa paBeH anredpanuyeckod CyMMe CTeNeHH OKUCIeHHS
aTOMOB, BXOJALLHMX B COCTaB KMCIIOTHOIO OCTATKa.

I1o cocTaBy BCce KMCIOTH MOYXHO KnaccUPHUMPOBATE CHEAYIOILHM 0Dpa3oM:

1. Tlo yuciy MOHOB BOAOPOAQ, CIIOCOOHBIX 3aMellaThCid Ha HOHBl METala ¢
obpazoBaHueM coneil. PaznuyaloT KMCIOTHE OJHOOCHOBHBIE, CONEPXKALHME OAUH MNOH
Boaopoaa (HCl, HNO;, HMnQ;), 1 MHOrOOCHOBHBIE, coAepkaliue asa wind Oonee
uoHoB Boaopoaa (H,SO,, H;POy).

2. [To Hanuuuilo  KHCIOpOAa  KHUCJAOTHL  MOJAPAas3AeNdloTcs  Ha
kHcnopoacoaepxaiure (HNO;, HC1O,4) v 6eckucnopoansie (H;S, HBr).

3. Tlo cnocoOHOCTH NPHCOESOUHATh pasHOE KOJTUYECTBO MOJEKYJ BOIBI,
ofpa3sys NIpH 3TOM MeTa-, OPTO- U NUPOHOPMbI KHCIIOT.

Oxcunpl 3nemenToB VI u VII rpynnsi, kax npaBuno, NpUCOEOUHSIOT TOJIBKO
oaHy Mosnexyny Boabl. KucnotHele okcuaw! aneMeHtoB lII, IV u V (UcknioueHue
N,Os) MOTYT COEOUHATBCA C ONHOH, ABYMA WIIH TPEMS MOJEKYTaMH BOJIBI.

Hanpumep: B;0O; + H;O — 2HBO, — MmeTabopHas kucnora.

4. Tlo cnocoOHOCTH JUCCOLMHUPOBATH B BOAHBIX pacTBOPax KUCIOTHI
aenatcsa Ha cunbHble (HCI, HBr, HI, HNO;, H,SO,4, HCIQ4, HMnQ,) u cnabsle - Bee
OCTaJIbHEBIE.

- ~Ocnosanun

OcHoBaHHEM ¢ TOYKM 3pEHUS TEOPHHM 3IJIEKTPOJMUTHUECKON JNUCCOUHALIMH
ABJISETCS COCJMHEHHE, KOTOPOe AMCCOLMHPYET ¢ oOpa3OBaHMEM TOJNBKO aHMOHA
ruapoxcorpynnel OH', nanpumep, NaOH wnu Zn(OH);, xoTopsl# IHCCOLMUPYET
CTYMEHYATO, C MOCTENEHHBIM OTLIEIICHUEM ABYX FHAPOKCOTPYIII.

Ilo pacTBOPMMOCTH B BOJIE BCe OCHOBAaHHS AENATCS Ha PAaCTBOPHMBIE B BOIE,
Ha3bIBAEMBIE LIEJOYAMH, X HHUM OTHOCSATCS OCHOBAHMS LIENOYHBIX M LUEJIOYHO-
seMmenbHBIX MeTamnoB {Li, Na, K, Rb, Cs, Fr, Ca, Sr, Ba, Ra), a Taxke ruapokcun
amMoHusa NH,OH u Bce ocTanbHbIe THAPOKCHBIL.

ITo ¢cIOocOBHOCTH AUCCOLUPOBATH B BOJAHBIX PACTBOPAaX BCE OCHOBAHUA ACIATCA
Ha "d/IbHBIE U cliabble.

CunbHble OCHOBAaHHA — THAPOKCHABI LIEJOYHBIX M LIEJOYHO-3eMENbHBIX
metannos; LiOH, NaOH, KOH, RbOH, CsOH, Ca(OH),, Ba(OH),, Sr(OH),.
Hanpumep: NaOH — Na™ + OH
Bce ocTanbHble THAPOKCUAB! - cllabble, MX JMCCOLMALIHS MPOTEKAET CTYTIEHYATO.
Hanpumep: Mg(OH), SMgOH" + OH

MgOH' S Mg* + OH™




“Coau

C TOYKM 3pEeHHA 3JEKTPOIMUTUYECKON AUCCOLMALHH COJIH - 3TO 3JIEKTPOJIUTHI
Npyd AMCCOUMALMH KOTOPBIX oOOpa3yeTcs TONBKO KATHOH  MeTayla W aHHWOH
KHCJIOTHOTO OCTATKA.

JIro0y10 cob MOXHO paccMaTPUBaTh KaK MPOAYKT PeaKUUH MEXAY KUCIIOTOM u
ocHoBaHHeM. COJM B 3aBUCHUMOCTH OT cOCTaBa OBIBAIOT HOpPMallbHBIE (CpeaHHe),
KUCJIbIE U OCHOBHBIE.

Hopmanenbie O MOXKHO pacCMaTpUBaTh KaK NPOAYKTHI MTOJIHOMO 3aMelleHHUs
HOHOB BOJOpPOJAa B MOJIEKYJIE KUCIOTHBI HAa MeTal, JubO Kak MPOIYKT TOJTHOTO
3aMeLleHUsT TUAPOKCUA — UoHOB OH™ Ha HoHBI KHCIOTHOro ocratka. HopmanbHas
co.ib cynedar Kanbuus (CaSO,;) MoxeT paccMaTpHBAaThCA KaK MPOAYKT 3aMeLleHHs
obonx HOHOB Bojopoaa B Monekyine H,SO; woHoM Ca®, nubo Kax IPOAYKT
3aMellleHHs. oboux ruapokcua — uoHoB B Mouiekyne Ca(OH), uoHoM kHcioTHOro
OCTaTKa.

Kucnvie conu obpasyroTcs NIpU HEMNOJIHOM 3aMELICHMM aTOMOB BOAOpPOIa B
MOJIEKyJle KHCJIOTBl Ha Metayul. Hampumep, kucnast conb YroJbHOH KHCHOTBL -
rugpokapbonart Hatpus (NaHCO;).

JByxocHoBHBIE KUcIOTE H,COs, H,SO; obpasyioT 0MH TUN KMCIBIX COJIeH, B
COCTaB KOTOPBIX BXOAAT OAHO3apAAHbIe oTpUuatenbHbie HOHB HCOy', HSO5'.

Obuiee KOMUYECTBO KMUCABIX cojed, kotopoe MoxeT ObiTb 00pa3oBaHO
MH 0 OOCHOBHBIMHM KMCJIOTAMH, Ha €IMHHUIly MEHBIIE, 4eM YKCIIO aTOMOB BOJOPOAA B
MOJIEKYJIE KACTOTBI.

OnHoocHOBHBIE KUCTOTHI, Takue kak HNQO;, HCI kucnsix coneit He o6pa3yior.

OcHosrbie coau 00pa3yrOTCA HEMOJIHBIM 3aMeLUCHUEM ruapoxkcu - Hoios OH
MOHAMH KUCJIOTHBIX OCTATKOB. Tak, B cllyyae 3aMeLleHHs TOJIBKO OHOIO rHAPOKCUL
HOHa B MOJIEKYjle THAPOKCHIA MarHus KUCJIOTHBIM ocTtaTkoM NGOy obpasyercs
OCHOBHas COJIb — THApOoKcOHUTpaT Maruus (MgOHNO,).

[To aHanmorud ¢ KHCNBIMU COJSMH YHCIO OCHOBHBIX coieil, 00pa30BaHHBIX
OCHOBaHHEM, Ha €IMHUWIy MEHBIIE, YEM YMUCJIO HOHOB TMJIPOKCOTPYINEBI B COCTABE
OCHOBaHUA,

Ipumepl. CocTaBuTh XUMHYECKHe M rpaduueckde (GOpPMYNbl HOPMANBHOM,
KHCJIOM M OCHOBHOM COJIH, KOTOpBIe MOryT 6bITh 06pazoBansl Cu(OH), u H,SO;.

Pewenue. HopmanbpHas conb o0pa3oBaHa HOHaMH Cu® u SO u umeer
dopmyity CuSO; (cynppur Meau). Kucnas conb COCTOMT M3 MOHa Cu”™ n
ofHO3apsaHoro kucinorHoro ocratka HSO; u  umeer cocras  Cu(HSOj),
(rTUOpOCYNBOUT MeIN). ) ) . )

Mopmyaa OCHOBHOM conm, obpazosanHoi noHamu CuOH™ u SO;”, umeeT Bux:
(CuOH),SO;. Huxxe npuBeieHbl XHMHUECKUE pEAKLUH MOJy4YEHHUS COJIEN.

CU(OH)g + H2803 - CUSO3 + 2H20,

Cu(OH); + 2H,80; — Cu(HSO;), + 2H,0,

2Cu(OH), + HSO; — (CuOH);S0; + 2ZH,0.




I1. DxBHBaNeHT. 3aKOH YKBHBAJEHTOB

Ixeusanenmom eeuwiecmeq (Z) HazblBaeTCsl TAKOE €ro KOJUYECTBO, KOTOpOE
coelMHAeTesT ¢ | MoleM aTOMOB BOJOPOA WM 3aMelllaeT OJHH MOJb aTOMOB
BOAOPOAA B XHMHUYECKHX peaKLHAX.

3axon IKBUBASICHMOS.! MACCHI B3aUMOJIEHCTBYIOIIUX BELIECTB
NPCTIOPUHMOHANBHBI HX IKBUBAJIEHTHHIM MaccaM.

Ixeugasienmuoll Maccod Ha3pIBAaeTCAd Macca |- ro 3KBUBaJIeHTa BeIECTBA,
BBIPaXXEHHAA B I/3KB WIH B I/MOIb.

Ha ocHOBe 3ak0Ha 3KBUBJIEHTOB MOXHO BBIBECTH (GOPMYINyY AN BBIUHCIEHUS
3KBUBAJIEHTHBIX MacCC CJI0KHBIX BEIIIECTB.

Doy = —4- | TJie n 3aBUCHT OT KJIACCA HEOPTAHMYECKOIO COCIUHEHHS!.
’ [£]

J1st OKCHAOB » = YUCIO aTOMOB 3JIEMEHTa, YMHOXXEHHOE Ha BaJIEHTHOCTh
371€MeHTa.

Jnst KNCROT # = OCHOBHOCTH KUCJIOTHI (MHCIIO aTOMOB BOJOPOAA).

15t OCHOBaHUM 11 = YUCIIO FUAPOKCOTPYIII,

Jlist conu n» = 4yKcio aTOMOB MeTajUla YMHOXEHHOE Ha BJIGHTHOCTh METallla.

Hpumepl. Onpenenuts Maccy ruapocyibgara HaTpus, 00pasyrollerocsa rpu
HelTpaIM3auMH CEPHOI KUCIOTOR pacTBOpa, coaepxauiero 8 r NaOH.

Pewenue. VI3 3aK0Ha DKBUBAJICHTOB CIIEAYET, YTO MPHU PEIlICHHU OO0 3ana4u
HET HeOOXOAMMOCTH 3HaTh, Kak NPOXOOUT peakuus, a Tem Oojee Kak BBITJIAINAT
ypaBHeHHE XUMHYECKMX peakuuu. HaM HyXHO 3HaTb Maccy OJHOIO W3
pearupymrollux BelllecTB. 3HAYEHUE SKBUBAJIEHTHOH MAacChl MOXEM BbIUHUCIHTE I10
NPUBENEHHBIM BbILLE BbIPAXKCHUSIM.

OnpenenyM 5KBUBAJIEHTHYIO Maccy T'MAPOKCUAA HATPHUA. Immvaon)=Mmaon/1=40
r/Mrnb. CrieqoBaTellbHO, YUCAo 3KBUBaJIeHTOB NaOH, koTopoe NMpUHUMAET yUYacTHe
B praKLHH, MOXKET ObIThH pacCUUTAHO NO Gopmyie

m,.
Zon = =201y cocTapnget Z = 8/40 =0,2 3kB.
Nt JH
NutiH

Y
DKBHBAJIEHTHAA Macca COMH THAPOKCHIIA HATPUS Dy, = % =120 I/MOTb.

N m
CorylacHO 3aKOHY 3KBHBAJICHTOB —22H = _MOH _ "oTCrofa ClenyeT, UTO
natiso, M natso,

m,
_ Myaon _ —-n". —
M yatiso, = 3 'SN'UHS(JJ =Z- 3NaHS(J4 =0,2-120=24T.
Nat it

_Hpumep 2. llpu coenuHeHwn 5,6 r xkenesa ¢ cepod obpazosanock 8,8 T
cynbduna xeneza. HalTH 3KBUBAJIEHTHYIO Maccy XeJjie3a J(pey W €ro IKBHBAIEHT,
eClId U3BECTHO, YTO 3KBUBANIEHTHAs Macca cepbl paBHa 16 r/Moub.

Pewernue. U3 ycoBHA 3agauu cledyeT, 4TO B cyIbhue xenes3a Ha 5,6 1 xenesa
npuxoautcs 8,8-5,6=3,2 r ceprr. CoracHo 3aKOHY 3KBUBAJIEHTOB:
56r(Fe) - 32r(S)
3 (Fe) - 16 r/mMons, rae 16 r/MOJb — IKBUBAJICHTHAs Macca Cephl.
CnenosarensHo: 3(Fe)=5,6-16/3,2=28 r/Mob.
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Macca ogHOTO MO Xene3a paBHa 56 r. [1ockonbKy 3KBUBAJIEHTHAS Macca xelesa
28 r/MoJib, 3KBHBAJIEHT Xene3a Z=1/2 moab.

Ilpn pelieHUH 3a7a4 ¢ YydHacTHEM Tra3000pa3HBIX COENUHEHHU [erlecoodpa3Ho
MOJIB30BaTLCA 3HAUCHUEM IKBUBAIEHTHOTO 0ObeMa.

IKeusareHmMHubIM 00beMOM Ha3zbiBaeTcs 00bEM, 3aHUMAEMbId IIpH AaHHBIX
YCIOBHAX | 3KBUBAJIICHTOM BellecTBa.

Vj(Hl)=£=2—2’i=11,2n/Monb, V.(0,)= Vo =22’4=5,6n/M0nb.

1.2 2 2-2 4

IIpumep 3. HexoTopoe KonH4yecTBO MeTaijia, IKBHUBAJIEHTHas Macca KOTOPOro
paBHa 28 r1/MONb, BBITeCHSET U3 KucioTel 0,7 1 BOAOpOAa, H3MEPEHHOTO IpH
HOpMaJIbHBIX yCIOBUAX. ONpeneuTs Maccy MeTaa.

Pewenue. CornacHo 3aKOHY 3KBUBAJICHTOB,

74 V
P oM ,» OTCI0Zla CIenYeT 4TO, m,,, = . Fe = £’28 =L75T.
3, V,(H,) V,(H,) 11,2

3ananusa k pazaenam 1, 11

Hanucampy peaxkyuu o06pa3osanua KucabiX, OCHOBHbIX U CPeOHUX COJIel,
ROJYHEHHBIX NMpU  B3AUMOJelicCMEUU  NPEOSIONCEHHBIX KUCAOMbI W OCHOGAHUA.
Honyuenvie conu nazeams, Hanucame ux zpaghuseckue popmynst:
|.CepHuucras kucnota + ruapoxkeua xpoma(lll).
2.CepHas xucioTa + ruApOKCHJ MarHus.
3.CeneHoBas KUCI0Ta + THAPOKCUA AJIFOMHHHSL.
4 Xpomoras kucnota + ruapoxcu xenesa(Il).
5.YronbHas xucaoTa + rHAPOKCUA HATpUS.
6.0OprodocdopHas xucnoTa + THAPOKCUA KalUs.
7 IlupodocdopHasn KucaoTa + THAPOKCUA LE3UA.
8 MapranueBast xucjaota + rugpoxkcu Hukens(111).
9.AzoTHCcTas kUcaoTa + ruapokcua BucmyTta(lll).
10. Azornas kucnota + ruapokcu/ xkenesa(lll).
11.CepoBofopoiHast KUCA0TA + FTMAPOKCU MarHus.
12.XmopoBoaopoaHas Kuciota + ruipokcuy ososa(lVv).
13.XnopHas kucnota + ruapokcut xenesza(lll).
14.OpTOMBILIBSIKOBAs KUCA0TA + FTHAPOKCUI KaU.
15.CepoBonioponHas kucnoTa + ruapokcu 6apus.
16.MeTakpemHueBas KUcaoTa + ruIpoOKCH]l CTPOHLIHUA.
| 7. XnopaosatucTas kucnora + rugpokcun xpoma(lll).
18.0pTokpeMHureBas KHCA0Ta + TUAPOKCH KaJIuA.
19.luxpomosas KucigoTa + ruapokcua sucmyTa(lll).
20.MeTaonoBsiHHAs KUCIOTa + THAPOKCH CTPOHLIMA,
21.Maprauuosucrtas kucinora + rugpokcun xenesa(ll).
22.bopHas KdcnoTa + ruApoKcua Gapua.
23.Mertadocdopnasn kuciaoTa + ruapokcus nukena(lil).
24 . XopucTas KUCI0Ta + THAPOKCUA &JIFOMUHHA.
25.MupodochopHas kucnota + ruapokcun kobansTa(ll).
26.CeneHoBas kuciota truapokcun Hukens (III).



27.0Optodocdopras kucnoTa + ruapokena xenesa (I1).
28.0OpTOMBIUIBAKOBAs KUCIOTA + FHAPOKCHA KalbIUA.
29 MoaHnoBaTtcTag kuciaoTa + ruapokeua BucmyTa (111)
30.CeneHoRoaopoiHAS KMUCNOTa + rHApoKeu Mapranna (1) .
31.CepHucTas xucnoTa + rujipokcua onosa (11).
Hanucamsp 3mnupuueckue u 2padhuuecxue hopmynst yrasannsvix coned.
ITpeocmaeums oannbie conu kak nPoOyKmest ezaumooeiicmeusn:
@) OCHOGHO20 U KUCTIOMH020 OKCUO0E8; 0) KUC/10Mbl U OCHOBAHUA:
32.MetadocdaT antoOMUHHS, HUTPHT HATpUA.
33.Ilepxnopar nukens(Ill), cenenat xanus.
34.buxpomart uesus, opTodopaT aITFOMUHHUS.
35.bpomar KajnbLKA, OPTOCHIMKAT OEPUILIHA.
36.Kapbonar anromuuus, oprodochar pyouaus.
37.Hutpurt xenesa (11I), nepmanranat Maruus.
38.ITupocyasdat cTponuus, TeTpabopar HATPHA.
39.MeTaanmoMHHAT Kastus, cYyJb(HT KalbLKA.
40.I'mnononuMT antoOMHHUS, IEPMAHTaHAT Kalusl,
41 . Xnopat HaTtpua, HUTpUT Meau(Il).
42.0OprtoapceHaT HAaTpHA, METaCHIMKAT aJlOMUHMUA.
43 MeTabopart HaTpus, cynbsdat Hukens(11l).
44 MeTaxpOMHT Le3Us, THIIOXJIOPUT KaJbLHA.
45 Manranar pybuaus, nupodocdart altoMMHHUS.
46.MertactanHat Oapus, cynedurt xpoma(lll).
47 Terpabopat xanus, XJIOpUT MarHus.
48.0pTOapceHUT KalbliKd, IepxJiopar pyouaus.
49 Xpomar cepebpa, opTOapceHaT Kajlus.
50.Meradocdar xeneza(lll), GuxpomaT Kanus.
51.MetaantomuHat Oapus, oprodochaT KanbLus.
52.Xnopar xanus, nepmanranat causa(ll).
53.Cynedar xene3za(Ill), nepxJIOpaT CTPOHLMS.
54.Hutput antoMuHMA, Cynb$aT KaIbLHS.
55.I'uno6pomur xenesa(lll), cynsdur bapus.
56.MeTtabopar kainus, NUpocynbdar KaJlbLHs.
57 .MeTaapceHUT HaTpus, OpoMar KalbLuA.
58.TerpabopaT Kanua, XJIOpaT MarHHs
59.I'unoxnoput BucMmyta (III), auxpomat HaTpus
60.Mauranar Kajbliyd, CeNeHaT HaTpu.
61.IMupodocdar xpoma (II1), HHTPHUT Maryms.
62.Ilepuoaat CTpOHLIMA, METAXPOMHT LE3HUA.
Onpedenums IKGUBANEHMHbIE MACCHI CREOPIOULUX COCOUHEHUU
63. CI“QQ3, CU(OH)Q, HQSO4 .
64. ZnO, Fe(OH);, HCI .
65. F6203, CUC];, H3PO4 .
66. Ca0, Alx(SO,)s, Zn(OH), .
67. K,0, HyP,0;, NiCl; |
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68. HzSOg, FC(OH)z, N32C03 .

69. HMHO4, Bi203, HQS

70. KMHO4, SnOQ, HCIO4 .

71. Cl;03, Ba(OH),, H,PbO;,

80. Ni;O;, H;CO,, K5S.-

81. CLOs, Bi(OH);, KNQO;,

82. SbCl3, C&(OH)Q, P203 .

83. N32S203, FCO, H2B4O7 .

84. NaZCrO4, C]207, CI'(OH)3 .

85. Pbh(NOs),, H,SOs, P,Os

86. ZHSO4 ’ H4Si04 BzO} .

87. NaHCO;, C1,04, H3PO, .

88. FCC13, H28203 Mg(OH); ,

39. I\IazHPO4, Cl;gO H3ASO4 .

90. CoCl;, CH;COOH, Sn{OH), .

91. NiSQ,, Al,0;, HP,05 .

92. SI’l(SO4)2 ’ SeO3, HzMI’lO4 .

93. CUSO4, AS;Os, HC103 .

94. H,S,07, Mny05, Niy(S8Oy);

95. HzSiO;, on, FCBI’; .

96. MHSO4, H2C03, HzOz .

97. A1203, H_]ASO4, NISO4 .

98. Cl,0O CoCls, Sn(OH), .

99. :ﬂg(OH)g, Cle’;, ZHSO4 '

100. H3PO4, SI’IOQ, ASzOg, s

Pewumes 3adauy ¢ ucnorb3oeanuem 3aK0Ha IKGUBANECHMOE.

101. Ha HefiTpanuzaumio 2 r ocHoBaHMA uspacxogosaHo 2,14 r HCl. Breiaucauts
3KBHBAJICHTHYH) Maccy OCHOBAHHA.

102. Onpenenuts uucno saxBuBaneHToB Cu(OH),, ecnu ero Macca cocrapnset 97,5r.
103. OnpenenuTdh 3KBHBAJIEHTHYIO MacCy XpOMa B €ro OKCHAE, €CIH B HEM
coaepxutcs 23,53 % xucrnopoja.

104. 0,501 r meranna seiTecHunn 0,04 r BoaOpoXa, BHMHUCIHTL 3KBHBAJIEHTHYIO
Maccy MeTaja.

105 Onpenennts 3xBuBaieHT Cu B ero coequnerunax: CuS, CusP,

106. OnpeneanTe 3KBUBANIEHTHYIO Maccy Cepsl B ee coequHeHuax: SO,, SO,

107. 2, 14 r metanna BBITECHAWT 2 1 BogopoAa H.y. OnpelesiuTs JKBUBAIECHT
MeTasna.

108. OmnpeneauTs Maccy BBITeCHUBIIEro w3 KuciaoTel 0,7 1 Bogoposa H.y., €cJH
SKBUBAJIEHTHAA MAacca MeTajljia paBHa 27 r/Moub.

109. Okcun MeTanna coaepxutT 28, 57 % kucnopona, a raJIoreHU] TOrO *e MeTajuia
48,72 % ranorena. HaliTH >KkBHBajJeHT rajoreHa.

110. Ha BoccraHoBneHue 3,6 © OKCHAa MeTallla U3pacxoAoBaHo 1,7 n Boaopona H.y.
PaccunTaTh 3KBUBaJI€HTHYHO Maccy MeTalla.

i
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111. llpu He#ttpanuzanuu 9,797 r oprodocdoproii xucnoTs uspacxooeato 7,998 r
TMAPOKCMAA HaTpUsi. BBIMHCIMTL 3KBUBATICHTHYK) MACCy KUCJIOThHI B JIAHHOM
peakiuu.

112. Hekotopslii 3nemenT obpasyerT oxcup, cogepxawuid 31, 58% kucnopona.
Halnucats dopMyily OKCHa 3/1eMEHTAa, €CIM BATIEHTHOCTh 3.1eMeHTAa paBHa 3.

115. Ilpu BoccranoBaenuu 1,2 r oxeuaa metaina sogopoaomM obpazosanocs 0,27 r
BOJIbl. BBIYKCIMTE NPOLICHTHOE COAEpXaHde METalla B ero OKCUJIE.

114. DxBuBanenT MeTauia paBeH 56,2 r/Mojb. BeIMUCIUTE NPOLEHTHOE cojepKaHue
METas1j1a B €0 OKCHJIE.

115. Hanucats sMnupuueckyo dopMy1y coendHeHus, cojpepxanero 64,9 % 3onora
U 35 % x1opa.

116. 2 r AByXBalleHTHOro Mmetajula BeiTecHAHOT 1,12 1 Bojopona H.y. BelYMCIHUTH
SKBUBAJIEHTHYIO Maccy MeTaJI.1a U HAMUCaThk ero Gopmyiny

117. OnpenenuTs 3KBUBANEHTHYIO Maccy MeTasuia, 3Has, YTo ero cyJb(ui

conepxut 52 % Metaiia.

118. Cxonsko IUTpOB Bogopoda (H.y.) norpebyercs A1 BoccTaHoBiaenus 112 1
OKCH/Ia MeTajlla, cogepxxaiero 71,43 % Metania?

119. Macca 1 1 kuciopojga H.y. paBHa [,4 r. CKOIBKO JMTPOB KHUCIOPOIa
pacxoyeTcs [IpU cropanuM 2,1 r maruus?

120. Melubsik o0pazyeT OKCHJ, KOTOPbiA conepxUT 65,2% Mpliubsgka. OnpenelIuTs
BAJIEHTHOCTh MBILIBSKA B OKCHjle, HallucaTh POpMyJy OKCHIA.

121. llpu pasznoxenuu 0,4638 r oxcuna Metasuia obpazoBasack 0,4316 r mertaua.
OnpenenuTs 3KBUBAJICHTHYIO Maccy MeTaJlla.

122. Ir ABYXBaJleHTHOrO MeTallla H.y. BeiTecHseT 921 mu. Bopopoaa H.y. Kakoi 310
MeTasn?

123 DnemecHt 00paszycT BOAOPOJHOC coc/MHEHHE, comepxaulee 8,9 % Bomopoxa.
Onpenenuts, KAaKOH 3TO 3JIEMEHT, eclid BaJieHTHOCTH paBHa 3. CocTtaBeTe popMysTy
ero rujipuia.

124, Mrulubsk ob6pa3yeT OKCHI, KOTOphId cozep uT 75,7 % Mbllubsika. OnpeaciuTsb
BATICHTHOCTh MBIILIBSKA B OKCUJIE, HANTUCATL (POPMYJy OKCHIA.

125. Tlpu npokanupanuu 0,954 r Meraya B xuciopoje obpasopanocs 1,194 r
oxcuaa MeTaiuia. HalTy 3KBUBAIEHTHYIO Maccy MeTallla.

126. CxoNBbKO TUTPOB KACIOPOAA PACXOLYETCS IPH OKUCIEHUU 3,2 r Meau?
127.CKONIEKO JKBUBAJIEHTOB M CKOILKO MoJjeH coacpxurcs B a) 200 r xapbomuara
xaneuus, 6) 1,96 r oprodochopnoit kucaoter?

128 B kakom kogudecTBe KOH cofep)XUTCS CTONBKO € 3KBUBAJIEHTORB, CKOJLKO B
370r Ca(OH),?

129. BuIYMCIHTL 3KBUBAJICHTHYIO MAaccy BUCMYTa, CCJIM NIpYM OKUCICHUM 8,71 T cro
obpazosanocsk 9,71 r okcuna. Hanucats hopMyy NONy4YCHHOIO OKCHIIA.

130. OmnpeuennTh 3KBUBAIEHTHYIO Maccy Xellesa, €Cclii 7 I' ero ImpopeardpoBaiu ¢
0,25 3KkBUBaJIEHTAMU CEPHOMN KHUCIOTHI.

131. 2,8 r HaTpus 4 3,4 I XKeJje3d BLITECHSIOT U3 KUCJIOT OJMHAKOBOE KOJIMYCCTBO
Bojopoaa. IlaiiTh 3KBHUBAJICHTHYKO Maccy ele3a U 00beM BBIACIHBLIETOCS
BOIIOpOJA.
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BapuauThl 3aganuil K pasaenam I, 11

HomMmep Howmepa 3ama4 Howmep Homepa 3amau
| BApMAHTa BapHaHTa
1 1,32,63, 131 17 17,48,79, 115
2 2,33,64, 130 18 18, 49, 80, 114
3 3,34,65,129 19 19,50, 81, 113
4 4, 35, 66, 128 20 20,51,82,112
5 5,36,67,127 21 21,52,83,111
6 6,37, 68, 126 22 22,53,84,110
7 7, 38, 69, 125 23 23,54, 85, 109
8 8,39,70, 124 24 24,55, 86, 108
9 9,40,71, 123 25 25, 56, 87, 107
10 10,41, 72,122 26 26, 57, 88, 106
11 11,42, 73,121 27 27,58, 89, 105
12 12,43,74,120 28 28, 59,90, 104
13 13,44,75, 119 29 29, 60,91, 103
14 14,45,76, 118 30 30,61,92, 102
15 15,46, 77, 117 31 31, 62,93, 101
|16 16,47, 78, 116
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I11. PacTBopbl. Cnocofnl BblpaxeHHsl KOHUMEHTPALMH

PacTBOpOoM Ha3splBaeTCcsd FOMOIEHHAasA CUCTEMa, COCTOALNAA U3 IBYyX Hiaun Oonee
KOMIIOHEHTOB, COOTHOLICHHS MEX/JIy KOTOPBIMH MOTYT MeHAThcA. OpHum u3
KOMIIOHEHTOB PacTBOPOB  SBNAETCS pacTBOPHUTENb, JAPYTHM KOMIIOHEHTOM -
pPacTBOPEHHOE BEIIECTBO.

B pamkax JHCUHMIIIHHBI pacCMaTPHBAIOTCH TOJBKO ABYXKOMIIOHEHTHBIE BOJHEIE
pacTBOpLl, T.e. PpPacTBOPBI, COCTOAWIME M3 pacTBOpUTENs /BOALY/ U OJHOIO
pactBopeHHOro BemiecTBa. Konu4ecTBeHHBIH COCTaB pacTBOpa OlpeAensercs
KOHUEHTpalUKWeHh, T.€. OTHOCHUTENBHBIM COJACpXaHHEM B HEM pPacTBOPEHHOIO
BELICCTBA.

B 3aBHCMMOCTH OT KOJIMYECTBA pACTBOPEHHOTO BELIeCTBA pa3jiM4aroT
HECKOIBKO TUIIOB PacTBOPOB:

Hacetugennoim  pacTBOPOM ABJISETCS Takod pacTBOp, KOTOPBIA CONEPXHT
MaKCUMAIIBHO BO3MOXHOE {npH t - const) KONMYECTBO IpaMM  pacTBOPEHHOIO
Bewlectsa Ha 100 r H,O. PacTBop, xoHLEHTpallUs KOTOPOrO HHXe KOHLIEHTpalUH
HACBILIEHHOIO pacTBOpa IpH JaHHBIX YCIIOBMSAX, HA3LIBACTCA HEHACHIU{ECHHbIM
pacTBOpOM.

Konyenmpuposanneim pacTBOPOM  Ha3bIBAETCA pPacTBOP C  BBICOKHM
COJIEPWAHHEM PACTBOPEHHOIO BelUecTBa. PacTBOp, cOAEpX Al Maloe KOJIMYECTBO
pPacTBOPEHHOIO BElLIECTBA, Ha3bIBACTCS PA3GAGAEHHbIM.

IToHsiTue «HACBILIEGHHBIH DPacTBOP» U «KOHLUEHTPHPOBAHHBIH PACTBOP» HE
crnenyeT nyTaTh. HachlI@HHbIE pacTBOPHlI XOPOLIOPACTBOPUMBIX BELUECTB (XJIOPUIIBI
HaTpusl, Kaiuusa W T.J1.) SBJISAIOTCS M KOHLUEHTPUPOBAHHBIMM  pacTBOpaMHu.
HacblieHHBiE pacTBOpBl MAalopacTBOPUMBIX — COEOHHEHHM (xnopua cepebpa)
ABNSIOTCA CUIIBHO pa3daBlIeHHBIMH.

CywecTByeT HECKONBKO CIOCODOB BBIPaXKEHHA KOHLIEHTPALlMM PacTBOPOB:
NpOLEHTHas, MoJIipHas, HopMaikHas U T.1.

Maccogas oonn (npouenmuaa KOHeHMPAKUA) TTOKA3ZBIBAET, CKOJIBKO I'paMM
Bellectea coaepxxurtes B 100 rpammax pactsopa.

Ecnu roBopsT, uto pacTBop xjJopuaa Hatpus 30 %-H — 5TO 3HAYMT, YTO B
kaxaeix 100 rpammax cogepxutcs 30 r NaCl.

IMpumep 1. CkonbKo rpaMMOB pacTBOPEHHOTO BELUECTBA U CKOIBKO BOABI
cogepxutcs B 30 r 10 %- ro pacTBopa caxapa?

Pewenue. CocTaBisieM NpONOPLMIO:

B 100 r pactBopa conepxurcs 10 r caxapa

B 30 r pacTBOpa conepxutca X T caxapa
X = % =3 T caXapa. 3Hasd Maccy pacTBOPEHHOTIO BEIIECTBA, HAXOAAT Maccy
pacteoputens: 30 - 3= 27 r Boanl

Ilpumep 2. B kakom konuuecTse 12%-ro pacTBopa CONEPHHUTC 75 T
pacTEOPEHHOTO BELEeCTBA?

Pewenue. CoctaBisieM NPONOpLHIO:
100 r pacTBopa conepxut 12 r pacTBOPEHHOTO BEIeCTBA
X T pacTBOpa COAEPXUT 75 I pacTBOPEHHOTO BEILIECTRA

14



X:100-75

=625 I pacTsopa.

IIpumep 3. Cronbxo rpammoB BaCl, nyxxHo pactBoputh B 400 M1 BoAbI, YTOOBI
nonyuuth 20%-# pactBop?
Pewenue. 100 r pactropa cogepkut 20r BaCl; n, cnegosarensso, 80 r BogsI.
100 r pactBopa conepxut 80 T BoJkI
X r pactBopa coaepxut 400 r Boasl
100-400
X =
30
500 r—400 r = 100r BaCl,
fIpumep 4. B 1,5 nutpax Boas! pactsopuan 101,5 r conu MgCl,-6H,0.
BBIMHCANTE MacCOBYIO JIOJIKO pacTBOpa 1o 0e3BOHON CoJu.
Coennnenne MgCly 6H;0 HasbiBaeTcs kpucmaatozudpam — BEUIECTBO, KOTOPOE B
CBOEM COCTABE COAEPIUT MOJIEKYBI BOABI.
Pewenue. Monsapnas macca MgCl,-6H,0 pasna 203 r/mois.
MonspHas Macca MgCl; pasna 95 r/mMons.
Onpenennm konuuecTBo 6e3BoaHoil conn MgCl, B 101,5 r MgCly-6H,0 no
MPOTIOPLHH:
203 r MgCl,-6H,0 conepxkar 95 r MgCl,
101,5 r MgCly-6H,0 conepxkar X r MgCi,:

= 500 r pacTBopa

x=102% 47,51, my=1500r+101,5=1601,5r
Ha#iTy npoLeHTHYO KOHILIEHTPALIHIO PAcTBOPa — 3TO 3HAYMUT, UTO HYKHO HalTH
KOJ14ECTBO PacCTBOPEHHOIO BeLleCTBa, cofepialneecs B 100 r pacTsopa.
CrnenoBaTensHO, COCTaBUM CIIEAYIOLLYIO TPOMOPIUIO:
1601,5 r pactBopa cozepxut 47,5 r MgCl,, a
100 r pacteopa conepxur X r MgClh,
x=100:47.5 _ 5 g
1601,5
ITpumep 5. CxONbLKO rpaMMOB THRAPOKCHAA Kalius notpedyeTcs ana
npurorosienus 2 n 35%-ro pactsopa (p = 1,34 r/mn).
Pewenue. HacTosummi npumMep 0TIM4aeTCa OT NPEABILYILIETO TOABKO TEM,
UTO B YCJIOBUH 3a1aH 06weM (V), a He macca pacTBopa. Maccy pacTBopa (m), 3Has
erc -UTOTHOCTH {p), HaxXoauM 1o dpopmyne: m= V-p.
TaxumM 06pa3oM, Mpacracp) — 2000-1,34 = 2680r.
100 r pactBopa coaepxar 35 r KOH
2680 r pactBopa cogepxat X r KOH

_ 2680-35 _ 938 [ KOH.

Monapuan u HOpMaAIbHAA KOHUCHMPAYUU
Monapuan konuenmpayua (MONISIPHOCTb) IIOKa3blBAET, CKOIBKO MOJB
BelecTBa conepxutcs B 1 1 (1000mn) pactsopa. Monsprocts oGosHavaetca Cy -
Mo/, (M), Hanpumep, 1 Monw/n, 0,5 M.

1
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Hopmanbnan  konyenmpayua  (HOpMalbHOCTH)  MOKA3bIBAE€T,  CKOJBKO
3KBHUBAJIEHTOB pacTBOpEHHOro BelecTsa cogepxurces B Lo (1000Ma) pactBOpa.
HopmanbHocTh pacTBopa obo3navaoT bykBamu Cy — sks/in (H).

Hanpumep, | 3kB/n1 — moxasbpiBaeT, 4TO B | JNMTpe pacTBOpa COOEPXHUTCA | 3KB
BelllecTra; 0,5 H - mokasbiBaer, uto B 1 nuTpe pacTBopa cojepxutcs 0,5 3kB
BELLECTBA.

Taxum obpaszom, 0,2 M pactBopa Na,SO4 - 310 o3Hauaet, uto B 1n (1000mi)
conepxutes 0,2 monsa Na; SO, unu 0,2:142=28,4 r NaySOy, (m=v-M).

B 1 n 0,2 1 pactBopa Na,SOy copepxutcs 0,2 MONb YKBHBJICHTOR COJU WUIH
0,2:71=10,6 r Na,S0,, rre 3(Na,SO,4) = 71 r/aks.

fIpumep 6. CxonbKo rpaMMOB pacTBOPEHHOTO BellecTsBa coaepkutces B 0,5 11
0,1 M pactsopa H,SQO,?
Pewenue. 1 monp H;SO,4 cocTaBnsger 98 r
0,1 moab H,SO4 cocTasnsier X T
1000 M1 pactBopa conepxat 9,8 r H;SO,
500 M pactBopa conepxar X r H,SO,
x =998 _4 9 r 1,80,
1000
Hpumep 7. OnpenenuTs MOISIPHYIO M HOPMATLHYHO KOHUEHTPaLHUIO
pactBopa Na,(COs;, B 2 1 kotoporo coaepxutcs 21,2 Nay;COs.
Pewernue. 2000 mn pactsopa cogepxar 21,2 r Na,COs
1000 M pactBOpa cogepxat X r NaCOs

x =1000:21.2 _ 4 6 Na,CO,
2000
MonsapnHasa macca Na,(CO; pasaa 106 r/Monb clienoBarenbHo,
v(Na,CO,)= 106 _ 0.1 Mo
I 106
106 10,
JKBUBAJICHTHAs Macca Dwcen = 3 =53 T/MOJNB, CIEA0BATCABHO, z = 53 = (0,2 DKB.

Orset: 0,1 M, 0,2 H.

ITpumep 8. Onpeaenutb MOIAPHOCTE KU HopMalkHOCTE 49 %-ro pacTsopa
optodochopHol kucnoTel (p =1,33).

Pewenue. VzpecTHa NpolLIeHTHAA KOHUEHTPAUK, T.€. COAEPXKaHHUe
opTodocdopHoit kucaotel 100 r pacreopa. TpeGyeTcs onpenenuTh, CKOIBKO rpaMM
kucaotel B 1000 Ma1 pacTBOpa.

100 r pactBopa H;PO, coaepxat 49 r H;PO,

1000 mn -1,33 -—-- Xr,
x - 100013349 _ o5y 71
100
Macca ogHoro Monsa H,POy coctasnser 98 r/mMone.
KonuuecTBo MoJb 0pTohocHOPHON KUCIOTHI COCTABIACT v = 6;% =6,65 MOIb.

651,7

K¢ '.14ecTBO MOJIb Y9KBHBAJIEHTOB COCTABIACT z = =19,95 mons, rae 32,6 r/mois

IKBHBaNEHTHAs Macca. Takum obpa3zom, B | TUTpe KUCIOTHI COAEPKUTCA 6,65 MOb
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KACIOTHL 1 19,95 sxBUBaIeHTOB KUCIOTHL. [10 OTIpe/ieNeH1IO 3T0 M eCTh MOIAPHAs 1
3KBHBaJIEHTHas KOHUEHTPAIIUH.
OtseT: 6,65 M, 19,95 H.
IIpumep 9. [\ns nelitpanuzauuu 30 Mn 0,1 H pacTBopa lenoun NoTpeboBaioch
12'M2 pacTBopa kuc10Thl. OUpefenMTs HOPMATBHOCT KUCIIOTHL.
Pewenue. Tlockoneky BelllecTBa B3aUMOIEHCTBYIOT B 3KBUBANICHTHBIX
KOJIMYeCTBaX, TO MOXXHO HamHlcaTk
Z ne. = Z oen.
Cug ' Ve™ Cam -V tte Cyy o, Coy iy — HOPMATBEHOCTE KUCTOTHI U ILIENOYH,
Vi Vi — COOTBETCTBYIOIINE O6BEMEL
Corw Vi _ 30010030/ 2

=0,253KB/11.
V, 1243

C HE

3aganue k pasgeny 11

Hpoeecmu neobxodumsie ebtntucnenun
1.Onpenenrite MaccoByio JOM0 a30THOH KHCJIOTBl B pacTBope, ecid Ha
HeATpanuizaumio 200 r atoro pactsopa nouwnto 10 r ruapoxcuaa Kaius.
2. CKOIBKO IpaMMOB MEJAH MOXHO PacTBOpUTH Npu AedcrBuu 150 Mn pacTtBOpa
a30THOW KHWCNOTBl ¢ KoHUeHTpauuedl 65% HNO; (p =1,4 r/mn)? Kakoil ras
BBIAENUTCS MPU 3TOM?
3. Yrnexucnelil ras, nony4eHHblit npu cxuranud 4,48 1 MeTana (H.y.), IpPONYCTHIN
yepes paCTBOP TruApokcyaa Hatpus. Onpegenure Maccy o0Opa3oBaBLIETOCH
xapboHaTa HATpusl.
4V-xoll obbeM rasa (H.y.) BeienuTcs npu geiictBuM Ha 10,42 T M3BecTHsAKA
(conepxaniero 4 % He pearupyrouwux ¢ KucnoTod npumecedd) 36,5 r 24 %-ro
pacTBOpa COJISTHOH KUCIOTBI?
5.Ckonsko 1 H,S BeigenuTcs npu B3auMOJEHCTBMM LMHKAZ ¢ 25 T
KOHLICHTPUPOBAHHOH CEPHOIt KUCIIOTHI, eClH e¢ KOHLEHTPalHs COCTaBHaa 5 MOJB/I
(p = 1,5 r/mn).
6.Cxonbko n H, BbloenuTes npu BlanmopeHcTBHH mueka ¢ 250 ma HCI, ecau ee
KOHLEeHTpauus coctaBuaa 0,5 r/n?
7.BBIUHCINTE MACCOBYIO OO0 KaXA0ro 3neMenTa B coeauHeHnn: (NH,),S,0s.
8.0Onpenenure MolekynspHyio GopMysly oOKcHma xenesa, cojepxaitero 30 %
KH * .opoJa.
9.BplUMCIHTE MaccoBYKO JONK BeLleCTBA B pacTBOpe, IOJAYYEHHOM TpH
pactBopenud 218.,4 1 H,S (n.y.) B 0,75 1 NaOH, ecnu ero ¢ =37 %, p = 1,4 r/Ma.
10.Cxonpko n N; BblAENUTCH HpU B3aMMOJEHCTBMM Xele3a ¢ 25 MI a30THOH
KHCAOTBL?
11. Crxonsko n H, BelgenuTcs npu B3auMoneicTBHM kenesa ¢ 500 ma cepHoW
KUCJIOTHI, €CIM €€ KoHUeHTpauua coctapuna 0,5 % (p = 1,2 r/mn)?
12.Cxoneko 1 SO; BbIOENUTCS TpH B3aMMOAEHCTBUM xenesa ¢ 50 M
KOHLUEHTPHPOBAHHOMN CepHO KMCIIOTHI, €CIIH ee KOHLEHTPAaLUsd COCTaBHIa 2 MOb/NT?
[3.Cxosbko rpaMMOB HUTpaTa cepedpa notpebyercs Ansg B3auMoaeHcTBug co 150 r
pa. .Bopa cOoNsHOH KHCIOTH ¢ MaccoBoH poneit HCI 0,17
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14 Kakoit 06neM xJiopa v kakoH 06beM pacTBopa ¢ koHueHTpauueit KBr 40%(p = 1,2
r/mn) Tpebyetcs s noaydeHus 1 xr 6poma?

15.B 100 Ma 65 % -ro pactBopa azoTHod kuciothl (p =1,4 r/Mn) BHecnu 8 T
MeTaunyeckol Mend. OnpenenuTe MaccoBYK KOHIEGHTpAIMK) HUTpaTa MEad B
MIOJIy4€HHOM pacTBOpe.

16:1xonbko BoAb! Heobxoaumo aobasuth k 600 r 20 % -ro pacTBopa FrHIPOKCcUAA
Kanus, 4Tobsl pazbaBUTh PACTBOP A0 KOHUEHTpauuu 15 %?

17.Cxonbko rpamMMoB caxapa HeoOXOJMMO B3ATh JUIs npurotorienus 29 %-ro
pacTBopa, eciu B pacnopsbkeHuu umeetes 0,2 1 Boabl?

18.K aBym nutpam Bonsl npubasunu | n 30 % -ro pacTBopa THAPOKCHIA HATPHS
maotHocTh0 1,322 r/mMn. KakoBa npolleHTHash KOHUEHTpAUMsA [MOJYYEHHOTO
pactBopa?

19.K 21 10 % -ro pacteopa KOH nnotHocteio 1,092 r/mn npubaeunu | 1 5 %-ro
pacTBopa NNOTHOCTHW 1,045 r/Mn. BBIUMCIHTD MNPOLIEHTHYK KOHLEHTpalUio
MOJIyYEHHOTO pacTBOpa.

20 lakoBa nNpoOLEHTHasT KOHIEHTPALUs pacTBOpa, IIOJYYEHHOrO B pPe3ynbTaTe
cMmelueHud 2 1 32 Y%-# a3oTHOH KHCIOTH! IJIOTHOCTLO 1,2 I/MJ1 U 31 BoABI?

21.Kakoit obvem 20 % -#t HCl nnotrocthio 1,2 r/ma  notpebyercs ans
npuMroToBieHus 3,5 1 5 %-ro pacteopa MmioTHOCTbO 1,12 r/mn?

2213 200 kr 30 % -ro pactBopa cepHOH KHCNOTHI Bbimapuid 50 Kr BoabI.
OnpeaenuTe NPOLEHTHOE COIEPXaHUE KUCJIOTH B TONYYEHHOM pacTBOpe.
23.Cxonbko Boabl Heobxomumo npubasuth K 251 12 %-ro pacTBopa NIOTHOCTBIO
1,131 r/Mn ana nonyuenus 7 % -ro pacreopa?

24.Buluncnuts MonapHocth 10 %-ro pacTBopa cepHol KHCiOTH mioTHocThio 1,07
r/™Mi?

25.1°konbKo MoJielt pacTBopeHHOro BeltecTBa cogepxutcs B 0,8 n 10 %-ro pacTtBopa
a30THOM KWCIOTEI NJIOTHOCTEO 1,054 r/mn?

26.Kakoe konuuecTBo noBapeHHON conu, coaepxaiucit 5 % npumeceii, HeodxoaHMO
J1ns npurorosiiedus 1,25 n 0,15 M pacteopa?

2713 400 n 15 %-ro pacrBopa cepHON KHUCNOTHI IUIOTHOCTB:O 1,1 r/ma
BbinapuBanueM yaanunu 80 kr soasl. KakoBa MONSpHOCTE MOJNYYEHHOFO pacTBOpA,
€CITH €ro NNOTHOCTD 1,3 r/mn?

28 Kakoi 06bem Boasl Heobxoaumo nobaBute K 200 Ma 35%-ro pactBopa a30THOH
KUCJIOThI AMist mony4denus 10%-ro pacTsopa 3TON KUCTOTHI?

29.K 3n 10%-ro pacteopa HNQ; (p =1,054 r/mn) npubasunu 5 n 2%-ro pacTtBopa
TO.~ e KucaoThl {(p =1,009 r/mn). Onpenenuts C % u C, eciau cuuTaTh, YTO 0OBEM
OJYYEHHOTO PacTBOpa paBeH 8 JI.

30.13 700r 60%-ro pacteopa H,SO, BbinapuBanueM yzaanwiu 200r soapl. Yemy
paBHa MaccoBasi 101 OJY4eHHOTO pacTBOpa?

31.Cxonbko BOABI HeoOxoaumo npudasuth k 200 Mn 68 %-ro pacTBopa a3zoTHOH
KHCIOTH (p =1,4 1/M11), 4TO6B! Monyunuts 10 %-i pactBop?

32.K 11 10 %-ro pactsopa KOH (p = 1,092 r/mn) npubasunu 0,5 n 5% - ro pacteopa
(p =1,045 r/mn). Cmechb pa3basuiu ao 5 n. Beruncauts Cum, CH.

33.Cxonbko M 96 %-ii cepHoii kucioTel (p=1,84 r/mn) HeoOXOAUMO B3ATHL AN
npurotosneHus 21 0,5H pacTBopa kucn0THI?
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34 Kakoii obbeM 2H pacTBOpa a30THOM KHCIOTBL MOXHO NPHUroTOBHUTH M3 S0 M
100 %-# azotHoOM Kkucnote! (p = 1,51 r/mn)?

35.Ckoanko mn 38 %-i HCI (p =1,19 r/Mn) HeobGxoaumo ans npurotosnenns g 2H
pacTeopa?

36.K 100ma 96 %-ro pacrBopa H,SO, (p = 1,84 r/ma) npubasuau 400 M BOIBL
[Tonyyuncs pacteopa mnotHocTeo 1.225 /M. Onpeaennts C %, C,.

37 Kakoit obvem 96 %-ii H,SO, (p = 1,84 r/mn) HeoOXomaMMo B3AThL IS
np.:rotonenns 250 mn 0,1M pactropa?

38.Kakue obwemsl 60 Y%-ii H,SO, (p = 1,5 /M) m 14 % - i H,SO, (p = 1,1 r/Mn)
HYXXHO cMeaTh, 4To0sl moayduts 10 127 % -ro pactsopa (p = 1,2 r/mn)?
39.Cmewanu 100mn 10 %-ro rumpokcuga xanus (p=1,08 r/min) u 200mn 20%-ro
pacTBopa ruipokcuaa HaTpHs (p =1,22 r/mi). BeIYHCIUTL MONAPHYIO H HOPMAIBHYIO
KOHLIEHTpallM1 FTMAPOKCHAA B MMOJYYEHHOM pacTBope.

40.Beiuucnuts MonsapHocTs pactBopa KOH, nonyuennoro npu causauum 100mn 10
%-ro pacteopa (p = 1,08 r/mn) u 200 mn 20%-ro pacteopa (p = 1,2 r/mn),
u3MeHeHHeM 0OBEMa MpH CMElIEHNH MOXHO TIpeHedpeys.

41. K 1n 60 %-ro pactBopa oprodoctopHoii kucaotel (p = 1.43) nobasuau 2n
Bo.".1. Onpeaennuts C % nony4yeHHOro pactBopa.

42. B 1n Bogs! pactopunyu 660 r KOH. [TnoTHOCTE mony4eHHoro pactsopa 1,395.
Onpeanenuts C %, Cum, CH.

43. K 100 mn 80 %-Horo pacteopa HNQ; (p =1,46 r/mn) npubasunn 400 M1 ROABL
[Tonyuuncs pactBop ¢ mnotHocThlo 1,128 r/ma. Onpeaennts C % u CH nonydenHoro
pacrBopa.

44. Ckonbko Boabl Hago npubOaBuTe K 100 mn 48 %-Horo pacTBOopa a3oTHOH
kucnotsl  (p = 1.3 r/mMa ), uto6sl nonyuuts 20 %-# pactsop?

45. Ckonbko M 56 %-i cepuo#i kucnothl (p = 1, 46 r/mMn) notpedyercs s
npurorosinenus 3ia 1H pacteopa?

46 _r 3,5 I TEeXHUYECKOTO ¢IKOr0 Kaus pacTBOPUIH B Boae U monyqunu 500 mi 0,1M
pacteopa KOH. Kakoso npoueHTHoe conepxxanve KOH B obpasie?

47. Obpasen TexHHYecKOH KaycTHUYecKol cofsl conepkHT 92 % -it NaOH. Ckonsko
rpaMMOB Tako# coIbl Ha/lO B3aTh Ui npurotosienus 10 m 2M pactropa NaOH?

48. Cwmewmanu nsa pactsopa: 500 mn 0,2M pactBopa NaOH u 2 n 0,1M pactsopa
NaCl. Kakora MonapHas konunentpaunsa NaOH u NaCl B nonyyennom pacteope?

49. Ckonbko Mn 70 %-ro pacTBopa HUTpaTa Kanus (p = 1,6 I/MJI) Hy)XHO B3STh,
4tobb1 nonyunts 0,5 1 0,2H pacteopa?

50. Cmemwanu 100 mn 96 % -ro pactBopa cepHoi KMCIoThl (p = 1,4 r/mm) u 100 ma
10 % - ro pacteopa H,SO, (p = 1,04 r/mn). Cmech pasdaBunam BoAaOH 00 3 I
Oi - eneauTh MOMSPHYIO M SKBHBAJIIEHTHYIO KOHIIEHTPALIMH MTOJIYY€HHOTO pacTBOpa.
51. OnpenenuTh DPOLEGHTHYK KOHUEHTPALMIO pacTBOpa, IIONYYEHHOTO IIpH
ncnapennu 500 mu Bozbt U3 1 11 5 % -ro pacTBopa xnopuza Hatpus (p = 1,02 r/mi).
52. CkonbKO BOABI Halo B3ATh Ui npurorosiaeHus 0,5 1 1,5 MonsgpHoro pactsopa
xnopuaa Hatpus n3 10 r NaCl (p = 1,1 r/mn).

53. Beluncnuth HopMmanbHocTh pacTBopa KOH, nonydenHHoro mnpu CIMBaHHH
100 mn 10 % -ro pacteopa (p = 1,08 r/mn) 1 200 mn 20 % -ro pacteopa (p = 1,2
r/mi). O6beM TIONYUYEHHOrO pacTBOpA NPUHATE paBHbIM 300 M.
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54. K1 160 % -ro pactopa oprodocthopHoit kicaothl (p = 1,43 r/M) noGasrau 2
1 BoAsl. OnpengenuTs NPOUEHTHYIO KOHUEHTPALIHIO,

55. B 600 mn pactBopa (p = 1,1 r/mn) comepxutea 11, 76 r oprodochopHoi
KMCIOThL. OnpefenuTh MONSPHYIO, HOPMANTbHYIO U NPOLEHTHYIO KOHLIEHTPALIUH.

56. Ckonbko mn 30 % - ro pacTBopa a3oTHOH KUcaoThl (p = 1,2 I/MJ) HYXHO B3SThb
ans npurotosiaenus 0,5 n 1 1 pacTBopa?

57. BELIYMCIHTE NPOLEHTHYX) U MOJAPHYIO KOHUEHTpAUMH PacTBOpa, MOJTYYEHHOTO
npy nodasneHnu K 70 mn 4 % -ro pacreopa 6pomuna Hatpusa (p = 1,2 r/mn) 10,5 r
Kpuctayiudeckoro NaBr.

58. K 100 ms1 80 % -ro pactsopa azoTtHoM kucnothl (p=1,46 r/Mmn) npubasunu 400
M1 Bobl. Tonyuuncs pactBop ¢ mnotHocTsio 1,128 r/Mn. OnpenendTh NpOLEHTHYIO
¥ HOPMAJILHYIO KOHLEHTPALUHU pacTBOpa.

59. Cxonpko Bonel Hafpo npubaeute Kk 100 Mn 48% - ro pacTBopa a30THOH KUCJIOTEI
(p=1,3 r/mMn), uyToOB NONy4uTH 20 % -H pactBOp?

60. Cxoneko mMn 56%-i cepHoit xucnotel (p=1,46 r/mMn) notpebGyerca ans
npurotosieHua 3 11 1H pacrBopa?

61. Ckonbko Hutpata Meau (I1I) copepxcutes B S0 Mma 0,96 H pactBopa?

62. Kakoit 00beM BOABI IPY KOMHATHOM TeMmepaType Haao nobasuth K 0,5 11 40%-
ro pacteopa eaxoro xanu (p = 1,43 r/mn) ansa npurorosnenus 10 % -ro pacteopa?
63. OnpenenuTs NPOLUEHTHOE COJAEPAAHHUE BEIIECTBA B PACTBOPE, MPHIOTOBIEHHOM
cmewinBaHdeM 100 mi | — MonsipHOro pactBopa yKcycHOM kucnotel (p= 1,007 r/mn)
u 10 mn 60 % -ro pactBopa Tol xe kucnothl (p = 1,064 r/mn).

64. 3,5 r TeXHWUECKOro eIKOro KaJid pacTBOpUIIM B BoAe U nony4yunu 500 mn 0,1 M
pactBopa KOH. Kakoso npouenTtHoe coaepxanue KOH B o6pasue?

65. OOpazell TeXHHUYECKOM KayCTHYECKOH coabl cogepxut 92 %-ro NaOH. Ckonbko
rpaMMOB Takoit cOAbI HAAO B3ATH Juist purotoBnenus 10 i1 2M pacteopa NaOH?

66. Cwmewanu nsa pactsopa 500 mi 0,2 M pactopa 1 2 n 0,1 M pactBopa NaCl.
KaxoBa monsipuas konuentpauus NaOH u NaCl B nonyyeHHoM pacTBope?

67. OnpenenuTh NMPOLIEHTHOE CONEPKaHUe BEIecTBa B pacTBOPE, NMPUTrOTOBIECHHOM
cm “wmnBaneM 200 M 0,2 M BaCl; (p=1,034 r/ma) 1 50 ma 24 % pacteopa BaCl,
(p=1,06 r/mn).

68. Ckonbko Ma 70 % -ro pacTBopa HUTparta Kanua (p=1,6 I/MJI) HY>KHO B3ATb,
4yTo0s! nonyuuts 0,5 1 0,2 H pactsopa?

69. Uimeercs 40 %-it pactBop rujpokcuaa Hatpus (p = 1,43 r/mn). Kakoil obbem
3TOTO PacTBOpa HYXHO B3ATh Ans npurotosnenda 10 a 15 % pactsopa (p = 1,16
r/mn)?

70. Haittu maccel Boabl ¥ MeaHoro kynopoca CuSQOy -5SH;O , HeoOxoanMoro s
MIPUrOTOBIEHHS 3 J1 pacTBOpa, coaepxauiero 10% bessoauoit conu (p = 1,09 r/min).
71. Cxoneko rpammoB rinaydepooit comu NaySO4 -10H;0 cneayet pacTBOpUTh B
5( 't Boaw! ana nonydenus 20 % -ro pactBopa Na,SO,?

72. Cxoabko rpammoB Al,(SO,); ' 18H,0 coaepxurcs B 1,5 kr 20 % - ro pactBopa
AL(804),?

73. Ckonbko rpamMoB Na,HPO, -12H,0 TpeGyetcs ans npurotosiaeHusa 2 1 10 % -
it pacteop Na,HPO, (p = 1,1 r/mn)?
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74 C KONBLKO rpaMMOB KpHcTamnuueckoit coapl Na,CO; - 10H,0 HeobxoauMo BisTh
ﬂns npurotosaenus 100 r 0,5 % -ro pacrsopa Na,C(0;?

75. Ckonbko moneit MgSQO,-7H,O Tpebyercs ana npurortosienus 2 1 10 % -ii
pactBop MgSQO, (p = 1,1 r/mn)?

76.  Jlna OoppObl ¢ BpeOUTENAMH pACTEHHH MNPUrOTOBAEH pacTteop W3 S0 r
BaCl; -2H,O ¥ | a BoAbI, BBIMHCIHTD NPOLEHTHYK) KOHLUEHTPALHUIO NOJTYYEHHOIO
pacTBopa no 6e3B04HOH CONU.

77. Ckonbko Boael U 6ypel Na,B,O; 10H,O Ttpebyerca nns npurorosnenus | Kr
10% - ro pacteopa Na;B40,?

78. Cxonbko rpamMMoB  kpucTamtoruapara CaCly6H,O Tpebyetcs
npurorosnenus 7 a1 0,25 u pacteopa CaCl,?

79. Ckonbko rpamMmoB NiCl; ‘6H,O Heobxoaumo pacTBOpuTL B | 1 BOABI, YTOOI
noayuuts 20 % - i pacTBOp No Ge3zBoAHOM cOMH?

80. Cxonbko rpammoB FeSO, ‘7TH,O ueobxomumo aobasutes k 400 mn 10 %
pactBopa (p=1,l r/mn) ana nonyuenus 20 % -ro pactsopa FeSO,?

8l. Onpenenuts Maccy ocanka BaCly2H,0 , kortopelit obpaszyercs uz 5 a1 1M
pactsopa BaCl,.

82. Ckonbko rpaMmoB CuSQ, -SH;O u Boabl HeobxoauMo 18 npurotosnenuns 500
r 18 % -ro pacreopa CuSO, (p=1,2 r/mn)?

83. Cxonsko rpammoB 1wasenesoit kucinotel H,C,042H,O Hajgo B34Th 414
-npurotosaeHus 500 mn 0,02 1 pactBopa H,C,04 ?

84. Ckoneko mn 0,5 H pactBopa BaCl, Moxuo npurotosuts u3 24,4 r BaCl;
-2H,O?

85. Ckonbko rpammoB MenHoro xynopoca (CuSQO, -5H,O) obpasyetrca uz 50 mn
0,2 u pactBopa CuSQ,?

86. OnpeneauTs MONAPHYIO koHUeHTparuio FeSOy, MonyvyeHHOro pacTBOPEHHEM B
0,5 n pactBopa 11,44 r FeSO, -7H,0.

87. OnpepenuTh MNpPOUEHTHYIO KOHLeHTpamuio pactBopa SrCl,, noayueHHOro
pactBopedueM 84 r kpucrannoruapara SrCl;'6H,O B 100 r Boas!.

88. Ckoneko rpaMMoB rinaybeposoi conu Na;S0,-10H,;0 cneagyeT pacTBOpHTE B
500 r Boas! ana noaydenus 20 % -ro pactBopa Na,SO,?

89. Omnpenenuts MonsApHyw KoHueHTpauuo CoCly, Hony4eHHOro pacTBOPEHHEM B
1,2 n pactBopa 9,5 r CoCl; -6H;0.

90. OnpenenuTs MOIAPHYI0 M SKBUBAJIEHTHYK) KOHLEHTpalUW pPacTBOPEHHBIX
BELIECTB B Ce1yIOLUMX pacTBOpax:

a) 16% -ro pacrsopa cynbhara Meau (p=1,18 r/mn).

0) 20% - ro pacTBopa xsnopuna uuuka (p=1,17 r/mn).

B) 5% -ro pactBopa opTodocthopHoi kucnore(p=1,2 r/mn).

r) 30,1% -ro pacTBOpa a30THOM KHCAOTH! (p=1,185 r/Mn).

1) 10% -ro pactBopa cynedata Hatpua(p=1,]1 r/mm).

e) ~0% -ro pacTBopa YKCYCHOH KHUCHOTH (p=1,8 r/min).

%) 0% -ro pactBopa opTobopHOH KUCIOTH (p=1,2 r/mi).

3) 98% -ro pacTtBopa cepHOH KHCIOTHE (p=1,84 r/mi).

91. OnpeaesnuTs MOJAPHYIO U NPOLIEHTHYIO KOHUEHTpALMH PaCTBOPEHHLIX BEIECTB
B CJIeJYIOUIMX PAcTBOPAX:
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a)10 H pacTBopa cynsdara meau (p=1,18 r/mn);

©) 7,98 H pacTBopa xyopuaa uuHKa (p=1,17 r/mn);

B) 5 H pacTBopa oprodocdopHoin kucaotei(p=1,27 r/mn);

r) 3,5 H pacTBOpa a30THOM xucaoTs (p=1.185 r/mn);

A) 1 H pacTBopa cynbdara Hatpua(p=1,1 r/mn);

€) 6 H pacTBOpa ykcycHOU KucnoThl (p=1.068 r/mn);

k) 4 H pacTBOpa opTobopHOH KucnoTel (p=1.2 r/Mn);

3) 2 H pacTBOpa cepHoil  kucnots! (p=1,84 r/min).

92. W3 5 r kapbonara HaTtpus npuroTtoBieHo 500 mn pactBopa. Kaxosa
HOPMaJibHOCTb X MOJIAPHOCTB 3TOTO pacTBopa?

93. KakoBa nNpouUeHTHas KOHUEHTpauus SM pacTBopa CEpHOHl  KHCIIOTHI
(p=1,29 r/mn), 2 H pacTBopa cynndara Hukens (I1) (p=1,14 r/mn)?

94. K 100 mn 96 % -ro pacTBopa cepHoii kucnots! (p=1,84 r/mn) npubasunu 400 mn
BoAbl. Orpenenurs @ W MOJSAPHYIO KOHIEHTPAUUM MONYUYEHHOTO pacTBopa
(p=1,22 r/mm).

95. Cxonbko Ma 5 %-ro pacTBopa cepHoOH KucnoTel (p=1,32 r/min) noiiaer Ha
npurotosieHue 2 1 0,5 H pacTBOpa CEPHONH KUCTOThI?

96. 250 Mn 96 %-ro pacteopa cepHo¥ KucnoThl (p=1,84 r/Ma) pazbaBuny BogoH 10
1000 M. OnpenensuTs HOPMAIbHYIO MW MOJAPHYK KOHLIEHTpaUHWH IIOJYHEHHOTO
pacTBopa.

97. Cxoapko Bojbl HyxHO npubasuts k 200 Ma 60 %-ro pactBOopa a3oTHOH
kuenoTsl (p=1,4 r/mMn), UTOOHI NONYYUTH 2 H pacTBOp?

98. CxonbKo BOAbl HYKHO BbiNapuTh U3 2 1 | M pacTBopa ruIpoKcuia HaTpwi,
ytobn! noayduts 10 %-ro pacteop (p=1,1 r/mn)?

99. [o xaxoro o0beMa HykHO pa3baputb 200 Mn 20 %-ro pacTsopa x/nopHaa Meau
(p=1,2 r/mn), yTobBI onyuuts 0,5 M pacteop?

100. Cxonvko Mn 2H pacTBopa HuTpata XpoMa (II1) Tpebyerca xng nonyuenus 0,2
MoneH ruapokcuaa xpoma (I111)?

101. Ha He#iTpanuszanuto 250 mn 0,1 B pacTBOpa cepHOM KHCIOTHl nouuio 150 mn
pacTBOpa ruipokcuiaa HaTpug. KakoBa HOpPManbHOCTB pacTBOpa THAPOKCHIA
HaTpHus?

102. Ckonsko rpaMMOB cepHOHM KHcnoTel conepxutcs B 300 ma pactBopa, ecin Ha
HeHTpaIn3aludIo ero H3pacXoAoBaHo 8 MII | H pacTBOpa rMAPOKCHIA Kanua?

103. B 50 mn pactBopa coaepxutcsa 0,5 r ruapokcuna Hatpua. Ha HeliTpanusaunio
3TOro obveMa pacTBopa mnorpebosanocs 25 M1 pacTBopa KucioTel. Kakosa
HOPMaJILHOCTB PACTBOPa THAPOKCHAA HATPHA?

104, KaxkoBa HOpManbHas KOHUEHTpalWs pacTBopa HHTpaTa cepebpa, ecnn Ha
peakuuto ¢ 0,924 r xJopuaa HATPHA H3pacxoxoBaHO 16 MA pacTBOpa 3TOH con?

105. Cxonsko mMa 20 %-ro pactsopa cepHoit kucnotsl (p=1,14 r/mm) BcTynuio B
pEaKLHIO C LIHHKOM, eCJTH NPX 3TOM BrlAeNuIock 56 1 Bojopoaa? CKONbKO rpaMMOB
UKHKa YYACTBOBANO B peaKuuu?

106. K pactBopy xnopuaa ammonus noGasunu 100 ma 25 %-ro pactsopa KOH
(p 1,23r/Mn). Beruncenure 06beM BBIACIUBILErOCA rasa.

107. Kakoe KOJHYECTBO MOJIb CEPHUCTOTO ra3a HeoOXOANMO IponycTUTh Yepes 200
mn 30% pactsopa NaOH (p=1,33 r/mn) ans obpa3oBaHua KUCIIOHK Conn?
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108.Cxonbko Tpebyercst B3t 2M pacTBopa XJIOPHOH KHCAOTBI, 4TOOBI TpH
B3aUMOJIEHCTBHH ero ¢ kapbonatoM HaTpua nosnyuuts 10 a1 CO; y.u.?

109. Kakoii obwem 20 %-ro pactBopa rugapokcupa kamus (p = 1,18 r/mn)
HeoOXO0AMMO B34Th [u1d peakunu ¢ 200 mn 2 %-ro pacteopa xjopuaa uuHka (p = 1,02
r/1.1), 4ToOBI IOAYYHUTb 0CAI0K M'MIAPOKCHAA LIMHKA?

[ 10. PactBOp, conepxaluui HUTpar Hapust, cMmelas ¢ 42 ma 26% pactropa cyashara
Hatpus (p = 1,3 r/mn). Ckonpko rpaMmoB cyibata 6apus obdpazosanocs?

111. Cmewanu 100 ma 4 %-ro pactropa xiioposogopoanoi kuciotel {(p=1,01 r/mn) u
50 mn IM pactBopa ruapoxcuza Harpds. CKojbko rpamMMoB coid obpazoBanock?
Kakoe Be11eCTBO ¥ B KAKOM KOJIMYECTBE B3ATO B H30BITKE?

112. Ckonbko Mn 6,75 % -ro pactBopa cepHoit kucaoThl (p = 1,16 r/mn) Tpebyetcs
JUIS peakidy ¢ pacTBopoM, coaepxameM 6,1 r BaCly,-2H,0?

[13. Ha 80 r uunxka, cogepxamero 10% npumeceii, gerctsytor 200 mn 20% -ro
pactBopa consiHoit kucyoThl {(p=1,1 r/mn). Cxosbko xnopuaa uMHka odpa3osanock B
pe ¥y/nbTaTe peakuuu?

114. Kakoii o6beM BOomopoxa BLIOENMTCS MpH B3auMojelcTBMM 143 T LIMHKA,
cogepxaitero 10 % npumeceit, sauMogercTBytomero ¢ 200 mn 20 % -ro pactsopa
XJIOPOBOAOPOAHOM KUCTOTHI {p=1,] r/mn)?

[15. Ckonsko kapOonata KajdbLua Mony4utcs npu peakuuu 2,8 1 CO; u 200 r
5% - ro pacTBOpa ruApOKCcHAA KanbLus?

116.KakoBa HOpMansHOCTh pactBopa HCl, ecnu Ha B3aumopedcTsue ¢ 19,46 r
kapboOHATa HATPHUS UJIET 2 1T ITOro pacTBopa?

117.Ilpn nponyckaHud xjgopa 4epes S00 mn pacTBopa wWoAnna Kaaus Bec
BBIACIMBILErOCS HOJAa cocTaBun 75 . BBIUHMCAUTE MOJSAPHYHO KOHUEHTPALHIO
pe " TBOpa HOAMJa KaIus.

118. Jns ocaxnenuss B Buae BaSQ, Bcero Gapus, coxepxamierocs B 500 min
pacreopa BaCl, norpeGosanocs 100 ma 0,3 H pactopa H;SO4. Cxroneko rpaMmoB
BaSQ, Brinano B ocagox?

[19.Kakoii o6sem | H pacTropa KOH notpebyercst ans ofpaszopanus cyneduna
KAMs C CEPOBOJIOPOIOM, ITOJIYYEHHBIM ITPH B3aUMOJCHCTBUH Cylbduia xenesa (I1) ¢
0,7 1 20 %-ro pactsopa HCI (p=1,1 r/mn)?

120. [TnotHocTs pactBopa Na,CO; paBna 1,1 r/mn. M3 4 51 atoro pacTBopa npH
JEHCTBHHU congHoM kucaoThl nonyueHo 60 1 CO, (H.y.). BeluucnuTe NMPOLEHTHYIO
koHUeHTpauro Na,CO; B 3TOM pacTBope.

12}. Kakoii o6vem 4 n pacteopa H,SO, moxer BsaumopeiicteoBate 0,65 1 20% -ro
pacteopa K;CO; (p =1,19 r/mn)? Kakoii o6beM 3aiiMeT BBIACIMBLIMICS a3z HpH
H.y.?

122. K 0,05 n 8 %-ro pacTsopa xnopuia maprauua {p=1,085 r/mn) npubasneto 0,2
1 10 %-ro pactBopa ruapokcuja autusa (p = 1,1 r/mn). Kakoe BellecTso B3ATO B
U3OBITKE U CKONLKO €ro OCTAHETCH JI0CHe peakuu?

123. K 0,1 1 20% - ro pacteopa xnopuaa Gapus (p=1,2 r/'ma) npubasnen pacTsop
cynbara xpoma (III). Beruncnurs maccy obpasosasiierocs ocagka BaSOs,

124. Kakosa macca Al(OH);, ecnu ans ero pactBopenus norpeGosanock 0,2 1 30% -
ro pactsopa HNO; (p=1,18)? Kaxoit o6pem 2,5 H KOH Heobx0auMo 3aTpaTHTh s
p¢  TBOPEHHs 3TOTO KOJIMYeCTBA FHAPOKCHUIA ANFOMHHUS (B rpamMmax)?
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125. Ckonbko Munnuautpos 8 % -ro pacteopa NaOH (p=1,09 r/Ma) TpeGyercs nns
HerTpanu3zauuu 75 ma pactBopa H,SO, , ecnu u3msectHo, uTo U310 ma Toro xe
pacTBOpa MOXHo noay4uts 0,2334 r BaS0,?

126. Cronbko Moned XJI0pHOH KHUCIOTH HeoOX0aUMO A8 HeiTpanuzauuu 1,5 1 0,25
M pacTBOpa ruApoKcUia Kansluus?

127. Crkonbko munmnunutpoB 8 %-ro pactsBopa eakoro Hatpa (p=1,1 r/miu)
HE 2 0X0AMMO s pacTtBopenus 8,1 T okcuaa nuuka (11).

Bapuanrel 3agaunii k pasgeay 111

Homep Homepa 3anau Homep Homepa 3anay
BapUAHTA BapHaHTa
1 1,37,42, 88a, 73, 100 15 15, 26, 55, 893,87, 114
2 2, 38, 43, 886,74, 101 16 16,27, 56, 89¢, 62,115
3 3,39, 44, 888,75, 102 17 17,28,57,64,63,116
4 4,40, 45, 88r, 76, 103 18 18, 29, 58,65,90, 117
5 5,41,46, 88x, 77, 104 19 19, 30, 59, 66,91, 118
6 6, 29,47, 88e, 78, 105 20 20,31,60,67,92, 119
7 7,30, 60, 88x, 79, 106 21 21,32, 61, 68, 93,120
8 8, 31,48, 883, 80, 107 22 22,33,43,69,94, 121
5 9, 32, 49, 89a, 81, 108 23 23,34,47,70,95,122
10 10, 33, 50, 896, 82, 109 24 24, 35,40, 71,96, 123
11 11, 34,51, 898, 83, 110 25 25,36,56.72,97, 111
12 12, 35,52, 89r, 84, 111 26 26,1, 53,63a,98, 115
13 13,24, 53, 894, 85,112 27 27,2,59,64.99,116
14 14, 25, 54, 89, 86, 113 28 28,5,54,65,79,117

IV.Crpoenue aToma. XuMH4ecKast CBH3b

TMosoxeHHe 3NeKTpoHa B aTOMe XapakTepu3yeTcss HabopoM KBaHTOBBIX YHCEI.

I'naenoe xeanmosoe wucio n TOKa3klRAET JHEPTHMIO JJIEKTPOHA H CTEMEHb
yIoaJleHns ero oT fapa, T.€. 3NEeKTPOHHBIA ¢J10#l, B KOTOPOM OH HaxoAuTcs. [ aBHOE
KBAHTOBOE YUCJIO MOXKET MPUHUMATE NIOOBIE LIETOUNCIEHHDIE 3HAYEHHUS 1A PeaJibHO
cywmecTtByroiux atomos 1,2,3,4,5,6,7. HauMeHbluad 3Heprus xapakrTepHa s
1eKTPOHOB NepBoro ypoBHA (n=1). C yBeJMuEeHUEM TJIaBHOTO KBAaHTOBOIO HUCINA
JHEPTrUA 3JIEKTPOHOB BO3PACTAeT. DJJIEKTPOHBI BHEIHero (IoCleaHero) YpOBHS
o0naparoT HanOonbllled 3HEPrucH, MO3TOMY OHH MEHEee [IPOYHO CBS3aHBI C AAPOM.
Ony MOTYT OTpPBIBATHCS OT siipa aToMa MpH [IOTJIOINEHUM KBAaHTOB J3Hepruu M
HepexoAnTh K APYTHM aToMaM, 4TO M HabmogaeTcs BO MHOTHX XHMMYECKMX
npoleccax. HauWHas ¢o BTOPOTO YPOBHS, JE€KTPOHBI, 00pa3ylolne 3JEKTPOHHBINH
Cli A, HECKOJbKO OTIHYalTCAd [0 3HEPrHH, T.€. IHCPreTHUSCKUE YPOBHH
pacIieruaiOTes HA MOAYPOBHU. UHCIO mnonypoBHEH paBHO 3HAYEHHIO TIIaBHOTO
KBaHTOBOTO YUCJIA.

Opbumanvroe keanmogoe uuciao [ OnpelenseT DHEPrHIO JJIEKTPOHA HA
noAypoBHe M (opMy opbuTany. [Ipd [JaHHOM n OHO MOXeT NMPHHMMATL JIFOOBIE
uenouuciaeHube 3nadedus ot 0 ao »-1. Hpu »=1 BO3MOXHO TOJIBKO OAHO 3HAYCHHE
I=0. Jlns n =2 Bo3MOXXHbI ABa 3HaueHus / = 0, / =1, T.c. Ha IEpBOM YPOBHE TOJIBKO
O/IMH NOAYpOBeHb /=0, xoTopsI#t 0603HauawT s ¥ /=1 — p — NOAYPOBEHE U T.A.
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Maznumnoe keanmosgoe wucao — m NpUMHUMAaeT 3HadeHus: m, = - 1 ...0... | .
Beero 2(/+ 1) 3HayeHnii. MarHuTHBIM 3TO KBAaHTOBOE YMCJIO Ha3blBaeTCs OTOMY,
HTO NpH NOMELIEHUH B MATHUTHOE MOJIe 3TH OpOUTANN UMEIOT pazHUHbIE SHEPIHH.

Cnunosoe Keanmosoe 4ucao (cnun) — eIUHCTBEHHOE KBaHTOBOE YHCIIO,
KOTOPO€ UMEET Pa3MePHOCTDb IHEPTHH hv . Mg CIIMHOBOE KBAHTOBOE YUCIIO.

MoxeT NpHHUMAaTh 4715 BCeX IEKTPOHOB TOJIBKO ABA 3HauYeHHs: aubo +1/2, mu6o1/2.
3anosnHeHHe 31eKTpoHamu opburaneil He NPOM3BONLHO, a HAET IO NpuHLKNY [layim,
¥ B MIOPsI/IKe BO3PACTAHUA JHEPIHH JIEKTPOHA HA KAXKIA0M U3 HUX.

Ipunyun Iayau. Bee 31exTpoHBl aTOMa JOJKHBI OTJAHYATLCS APYT OT apyra
XOTs Obl OJJHHM KBAHTOBBIM YHCIIOM.

PacnpefeneHue 3/eKTpOHOB B aTtoMe u300paxalOT B BHIE 3JEKTPOHHBIX
GOpMyYN HWIH 3NIEKTPOHHBIX KOHQUTYPaLMIA,

Ilpasuno Xynoa: MUHMMaIbHOR 3SHEPrUM aroMa COOTBETCTBYET TaKoe
pacnpeacncHe 3NEKTPOHOB IO AaTOMHBIM OpOMUTaAM NAHHOTO NOAYPOBHS, MNpPH
KOTOPOM abCONIIOTHOE 3HAUCHHE CYMMAapHOro CIIMHA 4TOMa MAKCHMAIBHO.

IIpumep 1. HanucaTs 31eKTpoHHBIE GPOPMyJibl aTOMOB Martus M cepsl.

Pewenue. Tlopsaakosoit Homep MarHus 12, ciefoBaTeasHO, B aTOME MarHus 12
3NEKTPOHOB,

n=1 n=2 n=73
2e 8e 2e

OnextponHas ¢opmyna Maraus 1s® 2s? 2p° 3s’.  Amnanoruuno paccyxnias,
NMPUXOJIWM K 3aKITHOYEHWIO, YTO B ATOME CEPbl B TPETHEM Cj0e 6 3IEeKTPOHOB M,
c/leIoBaTelbHO, 3eKTPOHHasA GopMyaa cepsl 18 2s° 2p6 3s? 3p4‘

OCHOBHBEIMM THII@MH XMMHYECKHX CBsA3eH ABJAIOTCA KOBAJEHTHas, HOHHaf,
MeTalIuueckas.

Kosanrenmnaa cea3p — XuMHuecKads CBA3b MEXAY JBYMS aTOMaMH,
ocyliecTBisgeMas oOLeH 1ng 3THX aTOMOB napoi anekTpoHos (Hy, Cly u T.4.).

Honnan ceaze — pe3yasTaT  3MeKTPOCTATUYECKOTO  B3aMMOIEHCTBHUS
[ * THBOMOJOXHO 3apsKEHHBIX HOHOB, obnafarolux o060CoBNeHHBIMY IpYr OT
Apyra 3nexTpoHHbsIMH obonoukamu (Cs'F, Na'Cl 1 1.1.).

3aganue k paigeay 1V
TIpugecmu ROAHYIO INEKMPOHHYIO KOHQUZYDAYUIO AMOMO8 INEMEHMOE CO
credywowen Konguzypauueid ux 6BHEWHUX Cc10ee (INeKMpoHHbLe (hopmyast
npueedens: 8 mabauye OJIR KAX3CO020 sapuanma). YKazamep, y KaKozo U3z Imux
INEMEHMOB U NOYeMy 8 0OO0Jlbuiell CMIENEHU BbIPANCEHb! MeMmA/LTUYEeCKUe Wil
HeMemaAluueckue ceolicmea.

Howmep ] DIEKTPOHHAs | Homep DNeKTpOHHAA

BapUaHTa KOHUrypanus BapHaHTa KOH(Urypaunus
BHEIIHET ¢ CIIOA BHCIIIHETr O cnos

1 35, 657, 5d°6s°, 6 5p 3d’4s’,4d°5s", |

2 2p°, 3p°, 55°p° 7 4s°, 4p°, 3d°4s7,

3 7s°,3d’4s%, 64’75 8 4p>, 5s5°, 3d%4s°, |

4 4p’ 3s°p’, 4s'p’, 9 65°,4p°, 3d'4s°,

5 5p', 5p°, 5d°6s° 10 3d°4s’, 4s', 5d°6s
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Cocmaeump 31eKmMpPOHHbIE CXEMbl CIeOYVIOULHX npespawienuii

Homep Bua npespatienus Homep Bun npespatnieHus
BapHaHTa BapHaHTa

11 Al — AP 16 Mn>" — Mn**

12  [Mn—Mn" 17 Se’— Se®*

13 gl ¢ 18 Pb’— Pb**

14 Cr— Cr* 19 As T —As™

15 N"— N 20 Cl —Cr*

Omeembt noOMeepoump COCMABACHHOIMU ITTEKMPOHHHIMU (POPMYIAMU.

21. C aToMa KaKoro 31eMeHTa BIEPBble HAUWHASTCSA 3anoiHeHue 5d — noaypoBHs?
1) Al; 2) Ti; 3) La; 4) Ga; 5) Sc.

22. CocTaBbTe 31€KTPOHHEIE (HOPMYBl ATOMOB NEPBOTO H NMOCIEAHETO P ~
3NEMEHTOB V NEpUOIA.

23. B aToMe Kakoro 3jieMeHTa HAUMHaeTCs 3anoliHeHue 6p — noypoBHA?
1) Cr; 2)Ga; 3) Cu; 4) Ca; 5) TL.

24. CocTaBbTe NEKTPOHHBIE HOPMYJlbl AaTOMOB NEPBOroO U MOCIEAHETO P -
anemeHTOB [V nepuoa.

25. B aToMe KaKoro 3JeMeHTa HaulHAETCA 3aMI0JIHEHUE P — NOAypoBHA?
1YB; 2) Ar; 3) Be; 4) Na; 5) Li.

26. B aTome KaKkoro aneMeHTa HaUMHACTCS 3aMOJIHEHHE § — NOYPOBHA?
1)K; 2)Ca; 3) Se; 4) Cu; 5) Al

27. B aTOMe KaKoro 3jeMeHTa HauMHaeTcs 3anojiHeHue d — noaypoBHs?
1) Ar; 2) Te; 3) Hg; 4) Fr; 5) Th.,

28. B aToMe xakoro sneMeHTa HauMHaeTcs 3anoiHeHue d — noaypoBHs?
1)Y; 2)Rb; 3) Ag; 4) Jn; 5) Ga.

29. B aTome xakoro 3neMeHTa HaYMHACTCA 3aM0THEHHE P — NIOAYPOBHS?
1) La; 2)Cs; 3) Ba; 4) Ce; 5) TL

30.B aToMe Kakoro 3n1€MeHTa HauMHAETC 3aMoIHeHHe 58 — noxypoBHs?
1)Y; 2)Rb; 3) Ag; 4) Jn; 5) Ga.

31. CocTaBbTe 2J1EKTPOHHBIE (POPMYJITEI ATOMOB ME€PBOr'0 U MOCIEAHETO
d - snemeHTOB V Nneproja.

32.B aToMe Kakoro sJeMeHTa HauMHaeTCs 3anoyiueHue 5d — noaypoBHs?
1)Ku; 2)Y; 3} Te; 4) Au; 5) Ac.

33.B aTtoMe KaKoro »J1eMeHTa HAYMHACTCSH 3aN0HEHHE S — [IOYPOBHS?
1)Ba; 2)La; 3) Ag; 4) Au; 5) Cs.

34.B aTOME KaKoro 3JIeMeHTa HauMHaeTCs 3anojHeHne d — moaypoBHs?
1)Y; 2)Pd; 3) Cd; 4) Sr; S) Rb.

35.B aTroMe KaKoro »l1eMeHTa HAaYMHAETCA 3aM0JHEHHE S — MOJYPOBHSA?
1)Ba; 2) La; 3) Ag; 4) Au; 5) Cs.

36. B aTOMe KaKoro pjeMeHTa HauyMHaeTcs 3anojHeHne 4s — noypoBH:?
1)Ba; 2)La; 3) Ag; 4)Cr; 5)Cs.

37.B aToMe KaKoro »JeMeHTa HauMHAETCsl 3a0NHeHUe d — ToAypOBHA?
1) Ku; 2)Ra; 3) Te; 4) Au; 5) Ac.

38.B aToMe KaKkoro 3neMeHTa HauMHaeTCs 3aroNHeHHe 4p — NOAypOBHs?
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1) Cr; 2) Ga; 3) Cu; 4) Ca; 5) Ti.
39.C aToma xaKkoro 3n1eMeHTa BIIEPREIe HAaUHHAETCA 3anoIHeHHe d — TOAYpOBHS?
1) Al; 2) Ty; 3) Ca; 4) Ga; 5) Sc.
40.B aroMe kakoro sneMeHTa HauMHaeTcd 3anonHeHue f — nogyposHs?
1) Ac; 2) Th; 3) Ku; 4) T1; 5) Fr.
B kauecmee dokazamenbcmea npusecmu I1EKMPOHHbIE (POPMYIBI ITEMEHMOS.
41. Kaxast u3 NpUBEACHHBIX TPYININ 00beAUHAET IEMEHTHI, ABJIAIOIIHECS TTOJHBIMHU
3JIeKTPOHHBIMH ananoramMu? [Touemy?
1)P, V, As; 2) P, Bi, Nb; 3) As, Sb, Bi;
4) N, Sb, Ta; 5)P, As, Nb;
42, K xakoMy THIIy 21EMEHTOB OTHOCHUTCA CypbMa’?

1) s — aneMeHT; 2) p — 3JIeMeHT;
3) d — anemenT; 4) f — 31eMeHT.

43. K xakoMy THIY 3JIeMEHTOB OTHOCUTCA MOJJOHUH?
1) d — anemenT; 2) f— naemMeHT;
3) p — an1eMeHT; 4) s — 3JIEeMeHT.

44. K kaKkoMy THITY 3JIEMEHTOB OTHOCHTCS KPUIITOH?
1) s — aneMeHT; 2) d — aneMeHT; S) p — 3NEMEHT;
3) s — 3JIeMeHT; 4) f — anemeHT.

45. K kaxoMy TUIY 3/I€MeHTOB OTHOCHTCS MPOTAKTUHUN?
1) p — aneMeHnT; 2) f — ameMeHT;
3)d - anemenr; 4) s — 3NEMEHT.

46. K kakoMy THITY 3/1eMEHTOB OTHOCHTCA 0JOBO?
1) s — 3neMeHT; 2) d — anemeHT;
3) p — DJIEMEHT; 4) f — 3neMeHT.

47. K xakoMy THIy 3JIEMEHTORB OTHOCUTCSA TepOUii?
1) p — oneMeHT; 2) f — aneMeHdrT,
3)d — aneMeHT; 4) s — 3IEMEHT.

48. K xakoMy THIY 91IeMEHTOB OTHOCUTCS Dapuii?
1) p — anemeHT; 2) f—anement; 5)g - 3neMeHT;
3) s — 3JIeMeHT; 4) d — aneMeHT.

49, K xakoMy TUNY 371€MEHTOB OTHOCHUTCS BUCMYT?
1) p — aneMeHT; 2) d — aneMeHT; 5) g — 3AEMEHT;
3) s — 37IEMEHT; 4) f — anemeHT.

50. K kakoMy THITy 37IEMEHTOB OTHOCHTCS MarHui?
1) p — aneMeHT; 2) f—aneMeHT; 5) s — JEeMEHT;
3) d — anemeHT; 4) g — 3neMEHT.

51. K kakoMy TUTY 3[1eMEeHTOB OTHOCHUTCS MOIHOIEeH?
1) g — 2MeMeHT; 2) s —aneMeHT; 5)d — 3aneMeHT;
3) p — 251eMeHT; 4) f — aneMenT.

52. K xakoMy THIY 2JJeMEHTOB OTHOCUTCSA T'aJOJTHHHIA?
1) s — 3neMeHT; 2) p — 3sieMeHT; S) d — 3neMeHT;
3) g — aneMeHT; 4) f — anemenr.

53. K KakoMy THITy 3JJeMEHTOB OTHOCUTCHA UHIHH?
1) s — aeMeHT; 2) d — anemeHT;
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3) p — 37€MeHT; 4) f — 3nemenr;
54. K xakoMy TUIY 3JIeMEHTOB OTHOCHUTCA II;IaTHHA?

1) d — anemeHT; 2) p — 3s1emenT;
3) s — 3JIeMEHT; 4) f — anememnr.
55. K KakoMy THITY 3JIeMEHTOB OTHOCHTCS HHAUN?
1) s — a;meMeHT; 2) d — anemenr;
3) p - 2IIEMEHT; 4) f — snememnr.

56. Kakas u3 [IPHBEICHHBIX PYIIIL OGLGHHHHGT DNEMCEHTEI, ABIAKIIHECA ITIO/THBIMHA
ANCKTPOHHBIMHA aHasioramMmu?

1)CI, Br, Re; 2)Ni, Co, Fe; 3) As, Sb, Bi;
4) Ge, Zr, Sn;5) Os, Ir, Pt.
57. 1o kKakoMy IIpU3HAKY 2JIEMEHTHI IIEPHOIUYECKON CUCTEMbI IIOApA3/Ie IS I0TCS
Ha s—p—d—f—3aneMeHTRI?
58.Kaxas U3 npuBeAeHHBIX Tpynn oObeAUHICT 3ICMCHTHI, SBISIONIMECS TOTHBIMHA
3/1eKTPOHHBIMU aHaJOTaMu?
1) Zn, Sr, Ba;2) Ni, Co, Fe; 3)Mo, W, Cr;
4) Ge, Zr, Sn;5) Te, W, Po
59.K kaKoMy THUITYy 3J1€MEHTOB OTHOCUTCA PEHUH?
1) s -- 3j1IeMCHT; 2) d — aneMeHT;
3) p — 3neMenT; 4) f — sanemenr;
60. K xakoMy THIy 371€MEHTOB OTHOCHUTCS IIaTUHa?

Onpedeiiums mun XumMuiecKol C6A3U, mun 2ubpuousayuu u popmy Mojlexyibt
no mMemooy sanenmHubvIX C6A3CH (MOABKO 01 MOJEKYJl C KOBAIEHMHOU CEA3bIO),
(omeem noomeepoums NOACHEHUAMU U PUCYHKAMIL).

61. BeH;, N\, 62. AlCl;, HC1  63.8iCly, Bry 64.PH;, O

65. H;0O, F» 66. AsH,, HBr 67. AlHs, H; 68. SiH,, C12
69. H,S, HI 70. GeCls Na 71. Bel,, Ca 72. NH;, CsF
73. H,Se, KC1 74, NH,', LiH 75. CCly, Na 76. SO,, RbCl
77.CO,, BH;  78. ClL,0, HE 79. 804, [, 80. MgCl,, CH,
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BapuauTsl 3agauui k pazgeay 1V

l

Homep Homepa 3anau Homep Homepa 3anay
BapHaHTa BapHanTa
| I n | |1V I I 111 v
] 20 21 52 | 61 16 5 36 60 76
2 19 22 41 62 17 4 37 56 80
3 18 23 42 | 63 18 3 38 57 77
4 17 24 43 | 64 19 2 39 58 78
5 16 25 44 | 65 20 ] 40 59 79
6 15 26 45 | 66 21 5 26 51 62
7 14 27 46 | 67 22 6 28 52 70
8 13 28 47 | 68 23 7 29 53 61
9 12 29 48 | 69 24 10 21 44 73
10 11 30 49 | 70 25 12 22 45 64
11 10 31 50 | 71 26 15 23 56 65
12 9 32 51 72 27 17 24 47 76
13 8 33 53 |73 28 19 25 58 67
14 7 34 54 | 74 29 14 27 59 78
15 6 35 55 |75 30 9 35 60 80
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V.JHepreTHKa XHMHUYECKHX peaKiHi
XuMuecKan mepmMoounamuxa. Jeuxncyuian cuia u onpedenenue
HANPAGACHUA XUMUYECKUX PeaKUU il

Tennosotm  hhexkmom  XUMUUCCKOW  peakliMM  HA3bIBACTCS  MU3MCHCHHUC
TCIIOBOM JHEPrMU NpH  H300apHOM MCPCXO)NC OJNHOrC 4YHCIa MOJEH HCXOUHBIX
BCUICCTB B COOTBETCTBYIOLLEE YACIIO MOJIEH MTPOAYKTOB PEAKIIMH.

Iumanvnueir (TennoTol) obpa3zoBaHus CHOXKHOMO BELIECTBA W3 IMPOCTHIX
BELIIECTB Ha3bIBACTCS TCILIOBOH 3(QeKT peakiuy 00pa30BaHKUs JaHHOI'O BELIECTBA U3
NPOCTBIX BCIICCTB B CTAHAAPTHBIX COCTOSHHUSAX, OTHECEHHBIX K OJHOMY MO
HOJIyYarolerocs seuectBa. s KpaTKOCTH €€ Ha3bIBAIOT CTAHIAPTHOM 3HTallbIHEN
(TensioTo#) obpa3oBaHus U 0003HAYAKOT AHg5 .

Tennoso#t 3¢ghekT XUMHUUECKOR PEAKLIUK UIMEPSETCA U3MEHEHUEM JHTAILITHU
IPU TICPEX0C CHCTEMbI M3 COCTOSIHUS HCXOMHBIX BELIECTB B COCTOSTHHE MPOUYKTOB
peaxkuHu.

Ecin B Xolle XMUMHUYECKOM peaKlMM [IPOUCXOUUT HAI'PEBaHUE pEaKUHOHIION
CMCCH, TO TAKYH) peaklMK0 HA3bIBAIOT IKIOTEPMUUECKON (peaklUus HIET C
BBIUCICHAEM TEILIA), HAIpUMeEp:

C(tB) TOx(r) — CO, (r})  AH%gg = -393 x/JIx.

Peakuuy, nayuiye ¢ MOriolleHUeM JHEPIUH - IHAOTEPMHUYECKHUMHU:

H,O (r) =H, (r) + 1720, (r)  AH%qs =241 kJIx.

[Tockonbky abcoNOTHOE 3HAUYEHHUE TETIOCONEPKAHUS (SHTAIBIIMHA) U3MEPHUTH
HEBO3MOX10, TO OOLICNIPUHATO, YTO CTAaHAApTHOE (IIPM HOPMAIBHBLIX YCJIOBHSAX)
3HAUCHUEC IHTANBITHHA IIPOCTHIX BEUICCTRB paBHO 0, a 3HTATLITUS peakUuuyu oOpa3oBaHus
C/IOKHOTO BELIECTBA HA3blBAeTCsl HHTaNbNHUEHN (Teroroil) oOpa3oBaHUs JAaHHOTO
BC'i|2CTBA.

CTaHjapTHbIE 3HAYEHUS! SHTAIBITMKA U SHTPOIIUM NIPUBEeHb! B | [puioxenuu 2.

3axon Iecca: Tennopol 3¢gQHeKT XUMUYECKON peaKkUMy 3aBUCUT OT NPUPOLBI U
COCTOSIHS PEArHPYIOIMX (MCXO/IHBIX U KOHEYHBIX ) BEIIECTB M HE 3aBUCHT OT UHMCJa
M XapaxTepa MPOMEXYTOYHBIX CTYIIEHEH, uepe3 KOTOPhle MOXKET IPOXOIUTH
XUMUUECKAS PEeaKIHsl,

Hpumep I: OnpepelnTb CTAHAAPTHOE U3MEHEHHE JHTANLIINH AHg¢ peaxiuu
TOPEHUS MeTaHa.

CH4(r) +20,(r) = CO,(r) + 2H,O(r)
AH504(k x/MonB) -74,9 0 -393,5  -241,8
. - Pewenue. 3anulieM TEPMOXUMHYECKHUE YpaBHelns peakluid obpasopanus CHy,
CO,, H,0.

C(1) + Ox(r) = COx(r)  AH%gs=-393,5 x/Ix/mons (1)

Hy + 17205(r) = HO(r)  AH e =-241.8 x/Ix/Mons  (2)

C(T) + 2H, = CH4(r) AH%g4 = -74,9 xJlx/Mons  (3).

Cnoxus ypaBnenue (1) ¢ yABOEHHBIM ypaBHCHHUEM (2) ¥ BBIUTS U3 HAWJCHHOH
CYMMBbI ypaBHeHHUE (3), MO.IyUUM HYXXHOE HAM TEPMOXUMHUYCCKOE YPABHCHUE.

CHa(r) +20,(r) = CO,(1) + 2H,O(r).

AH"55(xiM.p.) = AH"595 (CO,) + 2AH 345(H,0) - AH395(CH,).

Ucnonb3ys JaHHBIE 3878491 JUIsl HCKOMOM BeIMYMHEI, HAHAEM:

AH"3q5(xM.p.) = -393,5-241,8-2 +74,9 = -802,2 x]J[x.
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JaHHBIH NpUMep HIMOCTPUPYET BaXXHOE cleJACTBHe 3akona ['ecca, npumeHeHue
KOTOPOTO YIIpOLIAaeT MHOTHE TEPMOXUMHUYECKHE PaCUETHI,

CraHgapTHoe H3MEHEHHE OSHTAlIblMM XHUMHUYECKOM peaklHH paBHO CyMMe
CTAHAAPTHBIX JHTANBIMH 00pa30OBaHHs NPOJAYKTOB peaKLIHH 33 BBIUETOM CYMMBI
CTAHAAPTHBIX 3HTATBIHH 00pa30BaHUs UCXOAHBIX BEILIECTB.

B xumuueckol = TepMOIMHAMHUKE  Kpumepuem  CAMORPOU3IBOSIBHOZO
npomeranus 106020 npoyecca sBisercs noreHuman ['nb6ca (AG,,), KOTOpLIA

298
MOXeT ObITh BEIYMCIIEH N0 ypaBHeHHO0 [ 'u66ca — [MenbMrosLa:

AGY, = AHY, —TASY, , raie S%gq —3HTPOITHS XHUMHHECKOi peakLHH.

Hamenenue aHeprun ['nb66ca MoxeT ObITh BHIYMCIEHO KAK CYMMa CTaHIApTHBIX
3Hepruf ['nbbGca ob6pa3oBaHMs MNPONYKTOB peakUUW 32 BBIYETOM CYMMEI
CTaHAApTHBIX 3HeprHid ['mO6ca  00pa3oBaHMA MCXOAHBIX BEUIECTB € YHETOM
CTEXUOMETPUYECKHX KO3)PHULUHEHTOB peaKLnH.

B moboli 3aKkpbITOW cHCTEMe MpH [IOCTOSHHOM JAaBIEHHMH W TeMIepaType
BO3MOXEH TOJIbKO TaKOH CaMONpOW3BOJIBHBIM Mpolecc, KOTOPbIH BEAET K
YMEHBIUEHHIO 3Hepruu ['ndbca AG < 0.

* Takum o6pa3oM, ecii AG< 0 , TO paccMaTpMBaeMas peaKlds B BbIOpaHHBIX
YCIOBUAX MAOJKHA NPOTEKATh  CAMOINPOM3BOILHO M € €€ IIOMOILBIO MOXHO
COBEpPILATH HEKOTOPYIO paboTy, ecnu e AG> (0, To caMONpPOU3BOJILHOE TIPOTEKaHUE
paccMaTpUBaeMON peakUMH HEBO3MOXHO U Js €€ OCYIIEeCTBJAEHHS HEOOXOAMMO
3aTpaTHTL padoTy.

0

Ipumep 2. Briuncnaure usmeHenue noreHuuana ['ubbca (AG,;) XUMHUUECKOH
peakuun Fe,Os(k) + 3CO(r) = 2Fe(x) + 3CO»(r) no 3HauYeHHUAM CTaHAApPTHOMH
3HTAJIBIIMKM W CTAHJAPTHOH 3HTPOINHH pearHpylolmx BelecTs. Caenaite BbIBOX O
BO3IMOXHOCTH IPOTEKAaHUS JAHHOH peakIHH.

Pewenue. Ha ocHOBaHUH AHozgg H AS0293 peareHTOB peaKlliH, [IpUBEAEHHbIX B
Tabnuue, onpenendM 3HaueHWe (AGy,) C MNoMowblo ypaBHeHns ['wb0ca-
["'ensMronsua:

0 y
AGhys = AH, — TASy,. , TNIE S” 295 —3HTPOIHNS XHMHUYECKOH peaKkiuu.

BellecTBo AH0293(KI[)K/MOJ'IB) AS 05 (JK/K-MOTB)
Fe,0;(x) -821,32 89,96
CO(r) -110,5 197.,4
Fe(x) 0 27,15
COs(r) -393,5 213,6
. AHOQQB(XHM.pBaKU.HH) = 3AH0293(C02) —(AHozgg(Fezo3) +3 AHozgg(CO)Z-

393,51-3-(-821,32- 110,5-3) = -27,7T1xJIx.
Asozgg(XHM.peaKllHH) = (ZSD(Fe)+3 S% s (CO2) ~(8%0s(Fe,05) +3 30298(CO))=
=(2-27,15+3-213,6)-(89,96+3-197,4)= 12,94 /K.
Briuucnum n3MeneHnne snepruu I nboea
AGY,=-27,71-298-12,94-107=-31,57k /1.
AGy < 0, clemoBaTesNbHO, AAHHAs peaklUs NPH CTAHAAPTHBIX YCIOBHAX MOXET
CaMOMNPOH3BONBHO NPOTEKATh B IPAMOM HANPaBICHHHU.
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3ananue k pazgeny V

Paccuumaiime cmanoapmuyio 3HMalbniio peaKkyuit 4 yemanogume, A81810MCA
AU peakuuu IK30 - uau IHOOMeEpMUHECKUMU (npedeapumensio noodbepume
Kohpuyuermot)
L.HE(ry + Ugry = UFa + Hary;
2.CSa01 + Oy = COxry + SOy
3.Alx(SO4)3x) = Al Oy, + SO3r);
4. Py + CaO) = P20sx) + Caky;
5. 8Oy + HaS¢ry = Sixy + H2Opx;
6. NIO(K) + AI(K) NI(K) + Al203(K].
7. CUO(K) + C(K) CU(K) + CO(]‘),
8. CaCOs ) = CaO, + COxry,
9. U(K) + BaO(K) UOZ(K) + Ba(K),
10. CUO(K) + C.:]() CU(]() + CO(]‘),
11. ZnS(K) + O2(F) ZHO(]() + SOQ(]‘],
12. NaHay) + Oy = Nyt 2HaOyr);
13. MgO(K) + COz(K) = MgCO:j(K);
14. Fe304[|() + Hz(r) = FGO(K) + HQO{F};
15. FCO(K) —+ Co[r) FC(KJ + COQ([‘),
16. Fe304[|<)+ C(K) FCO(K) + CO(]"],
17. F6203(K]+C0(r) Fe304(K)+C02{r),
18. YC13[K) + Na(K) Y(K] + NaCl(KJ,
19. HQO(]“) + FC(K) Hz(” + FE304(K),
20. PbS(K) + 02[]‘) PbO(K) + SOz(r),
21. FC304[K))+CO([‘) FeO(K)+C02(r )
22. CUC!Z[K) + HzO(r) = CUO[](] + HC!([‘);
23. AgNOs) = Agx) T NOzry + Oqry;
24. Fe)Ozky+ Hary=Fe3O4y TH204r,

ITo mepmoxumuueckum ypasHenuam paccuumaime cmanoapmuyio
IHMAABRUIO 00PA3OBAHUR RPOOYKMOS PEaKUU ;

25. 2A!203{K) + 6502([“) + 302([‘) 2A12(SO4)3(K), —-1750 KIL}K;
26. 2CUO[KJ + 4N02(r) + 02 n= 2CU(NO3)2[K], —440 K,H)K;
27. 4N02[r) + 02(]") + 2H20[)K) 4HNO3(}[(], —256 Kﬂ)l{;
28.2H,00x, + 2802 + Oy = 2HaSOu 0 462 k]JTx;
29. HQO[] ) + COQ(] ) + ZCUO(K] (CUOH)2C03 (K)s -101 I{ﬂ)l{,
30, 2Pb0(|() + 4N02[]—) + OZ(F) 2Pb(N03)2(K), —588 KIL)K,
31. NaQO(K) + 2SO3(](] + Hzo()[(] 2N3HSO4(K], —650 Kﬂ}l{;
32, 2NH3([“) + SO3{|‘) + Hzo(r) (NH4)QSO4(K), —451 KI[)K;
33. NayO, + 2COxry + HaO = 2NaHCOsx; 338 kJIk;
34, NaZO(K) + SOZ[[‘) + S(K) = N&2S03S(K), —402 Kﬂ}l(;
35. 4KOH(K] + qulg(]() + 2H20(}[(] 4KH2PO4(K], -1020 Kﬂ)!(;
36. Ca(OH)th) + H3PO4()K) CaHPO4 ZHQO(K], -151 KII}K.

o mepmoxumuneckum ypagHeH UAM pacciumatime CaHOAPMHYIo IHMAIbRUIO

00pa3oeanun peazeHmMos (UCXOOHbBLX 8EH{ECMSE):
37. 2Mg(N03)2(K) = ZMgO(K) + 4N02(]‘) + Oz(r); +510 x/x;
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38. 4N&2803(}() 3Nazso4[x) + NaZS(K),

39. NaHB40}'(K) + NaOH(K) N32B407(K) + HQO()K),
40. 2(NH4)2CI‘O4(K) CI'203(K) + N2[F) + 5H20()}{] + 2NH3(|-);
4], N32C03 10H20{K) 2N30H(K) + C02 () + 9H20(r),

42. 4KClOy, = 2KClO4x) + 2KClixy + 205p;

~176 xJx;
+58 xJIx;

—89 k]Jx;

+ 662 kx;
+ 60 xkIx.
Ilo 3a0annbim mepMoxXuMudecKuM YpasHeHUAM paccuumaiime CIanOapmuyio
IHMATERUIO PeAKUUU 0OPA308AHUR YKAAHHBIX CTIONCHBIX 6CUIECE:

43,1 4AS{]() + 302(]‘) 2A5203(K), —1328 K,H)K; ASzos
I1. As;Oyx) + Oy = As:05x); =261 wkJx;

44, 1. ZC(K] + 02[1") ZCO(]"), =220 Kﬂ}l{; COFz
I1. COyy + Fyry = COF ¢y, =525 xJIx;

45. 1. 2Cr(k) + 3F,5(r) = 2CrF;5(x); —2224 x]Ixx; CrF,
I1. 2CrF3(k) + Cr(x) = 3CrFy{(k); -38 xJIx;

46. 1 2P(x) + 3Cly(r) = 2PCl3(r); —574 xJIx; PCls
I1. PCls(r) = PCl5(r) + Cly(r); +88 kJIx;

47. 1. 2Pb(k) + O,(r) = 2PbO(x); ~438 kJx; PbO,
II. 2PbO,(k) = 2PbO(k) + O4(1); +116 kJIx;

48. 1. Zr{x) + ZrCly(r) = 2ZrCly(r); +215 xJIx; ZrCl;
I1. Zr{x) + 2Cly(r) = ZrCly(r); —867 kJlxk;

49. 1. 2As(k) + 3F5(r) = 2AsF3(r); —1842 xJx; AsFs
I1. AsFs(r) = AsF3(r) + Fx(r); +317 x]JIx;

50. 1. 2CIFs(r) = ClyFg(r) + 2F,(r); +152 xJIx; Cl,Fg
I1. Cly(r) + 5F5{r) = 2CIF4(r); —478 xJx;

51. 1. Ce(k) + Oy(r) = CeOs(x); ~1090 xJIx; Ce,05
I1. 3Ce0y(k) + Ce(k) = 2Ce;0s5(k); -332 kJIx;

52. 1. CuCly(kx) + Cu(k) = 2CuCl(x); —56 kJIx; Cu(Cl
I1. Cu(x) + Cly(r) = CuCl,(x); -216 x/Ix;

53. 1. HgBry(x) + Hg(x) = Hg,Bry(x); —38 kbx; Hg,Br;
I1. HgBry(x) = Hg(x) + Bry(x); +169 xJIx;

54. 1. Ir(x) + 28(x) = [r82(x), —144 x]JIx; Ir,S;
I1. 2IrSy(x) = Ir,83(x) + S(k); +43 kJIx;

55. 1. C(x) + Oa(r) = COy(r); —393,5 x/Ix; CH,
[1. CHy(r) + 20,(r) = 2H,00xk) + COy(1); —890,3 x/Ix;
IT1. Hy(r) + ¥20,(r) = H,O(x); —285,8 kJIx;

56. 1. Ca(k) + Y20,(r) = CaO(x); —635,6 xJIx; Ca(OH),
I1. Hy(r) + Y204(r) = H,O(x); -286 xJIx;
III. CaO(x) + H,O(xk) = Ca(OH)x(x); —65,0 xJx;

57. L C(K) + Oz(F) = COQ_(F), ‘—393,5 K,I[)K C2H4
I1. Hy(r) + ¥20,(r) = H,O(r); —242 x]Jlx;

I11. CyH4(r) + 305(r) = 2C0O4(r) + 2H,0(r); -1323 xJIx;

58. 1. C(k) + Oz(r) = COy(r); -393,5 kx; MgCO;
II. 2Mg(k) + Oy(r) = 2MgO(k); —1202 x/1x;
I11. 2MgO(k) + CO(r) = MgCO;(x); —117,7 xIx;

59. 1. Ca(k) + 20(r) = CaO(x); —635,6 x]Jx; CaC,

+460 xJx;

11. CaO(x) + 3C(k) = CaCy(x) + CO(r);
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60. I. MnOy(x) +2C(x) = Mn(k) + 2CO(r);
II. C(x) + 120,(r) = CO(r);

61.1. B,0s(k) + 3Mg(k) =2B(k) + 3IMgO(x);
II. Mg(k) + 140,(r) = MgO(x);

62. I. SiOy(k) + 2Mg(x) = Si + 2MgO(k);
II. Mg(x) + 20,(r) = MgO(x);

63. 1. 3Mg(k) + 2NH,(r) = Mg3;N(x) + 3H,;
II. ¥2Nay(r) + 3/2H3(r) = NH;(r);

64. 1. 2Al(k) + 3H,S(r) = Al,S;(x) + 3H,;
II. Hy(r) + S(x) = HyS(r);

65. 1. 2Al(x) + 2NHs(r) = 2AIN(x) + 3Hy(r);
II. ¥aNa(r) + 3/2H,(r) = NH;(r);

66. 1. BAl(k) + 3Fe304(k) = 4Al,05(k) + 8Fe;
II. Al(k) + 3/20,(r) = AL,Os(kx) ;

67. 1. 2Al,05(x) + 9C(x) = Al4Cs(x) + 6CO(r);
I1. C(x) + 204(r) = CO(r);
II1. Al(k) + 3/20,(r) = AlL,Ox(k);

68. 1. SOx(r) + 2H,S(r) = 3S(k) + 2H,0(x);
IL S(k) + Oa(r) = SOx(r);
I1I. Ha(r) + %20,(r) = H0(x),

69. I.PbO,(x) + H,(r) = PbO(x) + H,O(r);
II. Hy(r) + Y20,(r) = H,O(r),
III. Pb(k) + ¥205(r) = PbO(k);

Botuucnums npu 298 °C eoimorcnocms camonpouszsonsnozo npomexanus
credyromux peakyuii. Himenenue snepzuu 'ubbca paccuumameo 06yma cnocobamu.

70C82 ()K) + 302 — C02 +2 802
71.Ca0 + HyOp) — Ca(OH)yry

72. 3NO, + H,0O —-2HNQO; +NO

73. 4NH, +30, —2N, + 6H,0(x)
74.% S, (r) +2C0, — SO, +2CO

75. CﬂClz +N8.2CO3 — CaCO3 +2NaCl
76. NaQH +HCI — NaCl + HzO(,K)

77. AgNO; +KCl— ApCl +KNO;
78.Zn + 2HCl i, — ZnClyr, +Hagry

79. C,Hy + 30, — 2C 0O+ 2H,0(r)

80. 2NH3(,-) + HzSO4(}K) —*(NH4)2504
81. CHyy, + 4Clyey — CClg ) + 4HClygy
82. NHjy + HCI(r) = NH4CI(r)

83. 2NHj, +2,505 —2NO, + 3H,0(x)
84. NQO“-) + 1A Oz(r] —>2NO(,~)

85. SOzp) +2H;S p—3S(T)+2H,0(x)
86.2HC1{“¢)+ %! 02 — C12 + HzO(}K)

87. NzO(r} + NO{[-] —’NOZ(r)+ Ng{r)

88. 2HF i+ % O3 (— Fa + HyO(%)
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+293 xJIx;
—110 xJx;
~531 kJIx;
—-601 x/Dx;
—290 x]1x;
—601 xJx;
-369 xJlx;
—46 xJIx;
—446 xx;
=21 xJIx;
—544 x Ik,
—46 xJIx;
-3346 xxk;
-1675 x/Ix;
+2482k x;
—110 xJIx;
=1675 xJIx;
—234 xJIx;
-297 x/JIx;
—286 x/Ix;
—183 kJIx;
—242 kJ1x;
—219 xJIx;

MnQO;
B,0;
Si0,
Mg;N;
AlS;
AIN
Fe;04(K)

Al C,

H,S

PbO,



89. H, + Se(t) — H,Se

90. EHF”)*’ 03 — qu-) +02 + 3H20(){()
91. HzOQE*)‘*‘ 03{,-) — 202”) + HzO()K)
92. CO(,-) +2H2 (i CH},OH(,-)

93. Fe203 +3H2—’ 2Fe + 3H20(r)

94, CH, + 28, — CS, (1) + 2H,S(r)
95. C,Hy(r) + N, —2HCN

96. CH‘;U-) + C02 iy 2CO (F) -+ 2H2(r)
07, ZCO“) +NH3(F) —HCN+ H2+ COz
98.2CH, (— C,Hy(r) + 3H,

99. FCQO3 (T)+ CO(FJ — ZFCO{T) + COz(r)
10P.FeS(B) +H, —H,S;) tFeq,
101.PbOyy+2H, —Pb + 2H,0(r).

VI. KuneTnxa XuMHUYecKHX peakuHi

Cropocmeow pearkyuu Ha3bIBA€TCS M3IMEHEHHME KOHUCHTPALHH OJHOIO U3
pearMpyronMx BelECTB 32 eAMHULy BpeMeHH. CKOpOCThb peakUUM U3MEHACTCH B
MOAB/(f1-C) UK MONB/(J14).

CKoOpocTb XMMMHYECKOH peakUHWH 3aBHCHUT OT MNpUPOAbl M KOHLEHTpPalUH
pesTHPYIOLIMX BEUIECTB, TEMNEPATYPhl, HATUYUS KaTalu3aTopa WM HHrHOHuTOpa.

3aBUCHMOCTh CKOPOCTH XUMHHYECKOM peaklM! OT KOHIIEHTPALIHH ONpelenseTcs
3AKOHOM OCUCMEYIOUW{UX MACC. CKOPOCTh XMMUYECKOH peakuuu MpOoNopLUOHATBHA
MPOU3BEJACHHIO  KOHLIEHTPAaUMH  peardpyrollMX  BelleCTB B CTeMNeHsx
CTEXHMOMETPHYECKUX KOIPPHULUCHTOB.

J171s1 peakliMy, KOTOPYIO MOXHO B 00LLEeM BH/I€ 3allUCaTh:

aAn + bBy— ¢Cqry + dDyy. (1)

CKOpOCTh XMMHYECKOH peaklMU V ONMpeenseTcs BhIpaXeHUEM:

V=kCi C,, rTAe k- KOXpPULUHEHT NPONOPLUHOHANBLHOCTH, HA3biBaEMBbIH
KOHCTaHTON ckopoctd; C§, C;- TeKyllHe KOHLEHTpauud BellecTB A U B, a.b-
CTC -HOMETPUYECKHE KOIPPUIIUEHTHI.

Ilpy rereporeHHBIX peakUUAX KOHIEHTPALWK BeLUECTB, HaXOASLIUXCA B
TBepAoH (a3e, 0OOLIMHO HE U3MEHSIOTCSA B XO/1€ PeakUMU U MO3TOMY HE BKIIOYAIOTCS
B YpPAaBHEHME 3aKOHA JIEUCTBYIOLIUX Macc,

KoncTanTa CKOpOCTH NMOKa3biBaeT MHTEHCHUBHOCTh MPOXOXACHUS XUMHUUYECKOH
peakuuy Kak NpsAMoH, Tak B oOpatHol. Ee BenuynHa 3aBUCHUT rj1aBHBIM 06pa3oM OT
TEMIIEpaTypbl W COCTOSHMUS PEarHpyrolldX BellecTB. 3aBUCUMOCTb KOHCTAHTBI
CKOPOCTM PpeakUWUd K, CJIEJOBaTe/NbHO, CKOPOCTH pe€akuMM OT TeMIepaTypbl

—_—

EJ
ONpENCNACTC ypasHenuem Appenuyca: k=Koexp{—E£;J, roe E, — osHeprud

akTMBalK, Ko — MpemsKCOHeHIMAILHBIA MHOXUTENb (OCTOSHHBIN Uit AaHHOrO
cayvas), BKAOHaOWHA B cebsf COBOKYNHOCTL JBYX (AaKTOpPOB: Z — YHCIO
CTOJIKHOBEHUH MOJIeKYJ B CEKYHly B eAMHULe o0beMa U MHOXUTENS P-cTepuyecKui
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(GaKTOp, KOTOpPBIH NpPOIOPLIHOHANIEH  OTHOLUEHHIO YHCNA ONATONPUATHBIX IS
NPOTEKAHMS peaKUHH CIOcO0OB B3aMMHOI OpUEHTALUH MOJEKYNl K obuieMy auciy

J—

S
BO™ 10HBIX CITOCODOB OPHUEHTALIMM exp| ——=

3aBUCHMOCTh CKOPOCTH H KOHCTAHTBl CKOpPOCTH DpPEeaKLHH OT TeMIIEpaTYpPhI

MOKET OBITh BBIpaXKE€HA ypaBHEHHEM!
'9'!'+l[} - kr+r0 _ 0000
o " g T rae 8.k, - CKOPOCTb H KOHCTAHTA CKOPOCTH PEAKIIUH IIPH
2 ;

temnepatype t°C, 9,,,.k;,,- T€ & BeNM4HMHBI OpH Temmepatype (t+10), y —
TEMIEPATYPHBI KO3(D(QULMEHT CKOPOCTH pEaKklMH, 3HauyeHHe KOTOpOro Anf
DONBIUMHCTBA PeaKLH JISXHT B TIpeaeax 2-4.

Janvoe ypaBHEHHE SABJIAETCA MaTeMaTHYECKUM BBIpaOKEHHEM 3axona Banm-
To¢dga.

CucrteMa HaxoUTCS B PABHOBECUU, €CITH CKOPOCTD NPAMOH U 0bpaTHOH
peakuuy paBHBL. [ TakoM CUCTEMBI CIIPaBE/IMBO PABEHCTBO!

ki [A]*[B]° = ky'[C][D]" oTkyna cnexyer

¢k _[cHio} 0

k,  [4](B]

rae [4}[B}[C][D] - paBHOBecHple koHIEHTparmK (MApUMANLHBIE AABIECHNS)

pearupyouux BellecTs. BenMuuHa K. HOCUT Ha3BaHUE KOHCMAHMbI DAGHOGECUA.

KoHncTauTy paBHOBECHS MOXHO BBIPAa3UTh Yepe3 NapLuaibHble AaBneHus. Jns
peakuUy, B KOTOPOH y4acTBYIOT TOJIBKO ra3ooOpa3Hble BeUlECTBa, ypaBHEHHE (1),
F
Bblp@XXEHHE KOHCTAHThI PABHOBECHS UMEET BUJIL:

< o

=—b__rne P, P,.FP.P,- NapUMabHbIE NaBIEHUA KOMIOHEHTOB A, B, C,

r u bt
A *H

D; a, b, c,d— crexuoMerpuieckue KO3IPQPUIIMEHTE! B peakLHU.
Mexny K,. ¥ K, MOXHO yCTaHOBUTH B3aUMOCBA3E,

b i

— (’(' CH

e rope C,,C,.C,..C,, - KOHIECHTpAallMH raza B ¢MeCH, BbIPAaXKCHHEIC B
A #

{

MOJIB/JI.
Konuentpauus mo6oro BelllecTBa paBHa OTHOLUIEHUIO YUCa MOJICH # B TA30BOM

- — . H
pPaBHOBECHOM CMecH K 00beMy cMmecH V: =3

[TpyHumMas BO BHHMaHUE ypaBHeHUe Menpeneesa - Knainepona PV =n»RT , rne
n - KOIMYECTBO MOJb BeiecTBa, R — rasosas noctosHHas, T — Temnepatypa K,

. PV P
nosyyaeM n=CV = 7 s COKpaTHB 06beM, monyyaem C = =T

)D{_ I3 PH o ] « l Wd
)] R o] o2
RT)\RT) _ RT)\RT) _ PPy prsn

K{' /P o P b 1 a 1 h PP
B el
AL H
RT RT RT RT

K, =K, RT™, rae An=(ctd)-(atb)/
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B TepMoauMHaMMKe TIPHHSTO K3 BEIHYMHBI, XApaKTEPU3YIOWEH KOHEYHOe
COCTOSIHME CHCTEMB], BLIMHUTATH BEJIHUYHHY, XapakTEpUIYIOLLYIO HAa4allbHOE COCTOSIHHE,
MO3TOMY An PaBHO Pa3HOCTH MEXYy CYMMOH CTEXHOMETPHUYECKHX KO3 PUIIUEHTOB
BEUIECTB, CTOAWMX B TMPaBOM 4YacTH ypaBHEHHMA (MPOAYKTBI) U CYMMOH
CTEXMOMETPHYECKHX KOI(POMULIHEHTOB BEILECTB, CTOSIIMX B JIEBOH YacTH ypaBHEHHs
(“cxomHble BewecTna).

K. =K,RT™.

IlapunansHoe nasnenue rasa P,,P,,P.,P, NPpONOPUHOHAIBHO €r0 MOJIBHOH f0e B

rasoBOH CMecH:
44

N, = ! , Tae (na, ng, N¢, Np)— CYMMa MoJie BCEX KOMIOHEHTOB
n,+ ny + n. + ny,
CMeCH.
Ly =P+ P+ B+ P,, CieNOBaTeNbHO: Py =P, .. N3 P, =P, . N,
£.=P ‘N3 Py=P "Ny

it ifmgee

Ilpy pacuerax HeoOXOAMMO YYWTBIBATh e€OWHULBI H3MepeHus ofuwero o
NapUHalbHOTO JaBJIeHHS.

3HaueHNe ra30Boi NOCTOAHHON R B pa3NUyuHbIX €IHHULEAX

Jix/mone'K n-1la/ Monw-K a-at™ / MoiapK ka1 / Mmons K

R 8,3143 8314 0,082057 1,98725

ITpumep 1. PaccunTaTh 3HEPruK0 aKTUBALUM peaKIliM, eCiH KOHCTAHTa CKOPOCTH 3TOH
peakunn npu 273 K u 280 K cooTBeTCTBEHHO paBHEI 4,04-10'5, 7,72~ 10° ¢,

Pewenue. 3anuieM ypaBHeHUs AppeHUyca IUisi NPUBEIAEHHBIX AAHHBIX, [1OJYy4YaeM
CHCTEMY YpaBHeHU, COCTOANIYIO U3 JIBYX YpaBHEHHU ¢ ABYMS [TepeMeHHBIMHU.

4,04-107° = K, exp[— £, }

R.273

7,72-107° = K exp| — £,
R-280

B pesynbrare pellleHHs NJAHHOW CUCTEMBI YPaBHEHUH MOJIYYaeM:

-5
IRACHLIp
4,04-10

E = =58,75 kJx/Monb.
' 280273

Ecniv B ganpHermeM HeoOXomMMO OyIeT paccyUTaTh MpeidKCIIOHEHLHAIbHBIH
MHOXHTEND K, TO HY>XHO NOACTaBUTE YK€ U3BECTHOE 3HAYEHME 3HEPTUM aKTUBALUY B
OIHO U3 YPABHEHHH CHCTEMBI.

IIpumep 2. Hanucats BhIpaXxeHUE 32KOHA JIEHCTBYIOIIMX Mace JUis peaKimii:
a) 2NO, + Clyy — 2NOCl,y

6) CaCOs(k)— CaO(x)+CO4(r).

Pewenue. a) V=k-[NO*[Cl,];
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0) nockoneky xapOOHAT KanbLMs - TBEPAOE BEIIECTBO, KOHUEHTpPAIMS KOTOPOro
He W3MEHACTCS B XOAE PEakl, UCKoMOe BeIpakeHHe Oyaer uMeTh BuA: V=k, T.e. B
JAHHOM CJy4ae CKOpPOCThb PEAKLMH NIPH OnpeaeNeHHOR TeMiepaType TOCTOsIHHA.

Ilpumep 3. Kak usmeHnTCH CKOpOCTh peaklud 2NOy + Oap — 2NOyp, ecnu
YMEHBILWTE 06beM peakLIMOHHOTO cocyaa B 3 pa3a?

Pewenue. B rneppoHadanbHbBIi MOMEHT BPEMEHH CKOPOCTH PEAKIIMU BBIpAXaNach
ypaBHEHHEM: V=k-[NO]2-[02].

BenencTteMe yMeHblIeHHS o0beMa KOHLEHTpaLMs pEardpyroliuX BELECTB
BO3pacTaeT B 3 pa3za.

V'=k-(3[NO*)(3[02]) = 27 k:[NOJ*[O].

CpaBHuBast BeIpaxeHus Ans V 1 V') HaXo[uM, 4TO CKOPOCTH PEAKLMH BO3PacTaeT
B 27 pa3.

IIpumep 4. Koncranta paBHOBECHS! TOMOT€HHOM CUCTEMBI.

COyr) + HyOye»C Oyt Hyy ipu 850 oC paBHa |. Beruuciaure KOHLIEHTpPaUUK BCeX
BEINECTB IIPH paBHOBECHH, €CAH HcXoaHble KOHUEHTpaUrH [CO],=3 Moab/n, [HaO]yex
= 2 MOJIB/ .

Pewenue. Tlpu paBHOBECHMM CKOpOCTH TpsSMoH M 00paTHOW peaxIlid DaBHBI,
OTHOLUEHHWE KOHCTAHT OJTUX CKOPOCTEH TNOCTOSHHO M Ha3blBAeTCS KOHCTAHTOH
pPaBHOBECUA JAHHOH CUCTEMBI.

BrlpaxceHue ayis ckopocTei npaMoi 1 odpaTHON peakLui

V=K1 [COJ-[H201, Vapon p =k [CO2*[H]

_k _[co,]n,]
k, [colH,0]

B nepsoHavyanbHBIH MOMEHT BpEMEHH KOHIEHTpalMs TPOAYKTOB peakluy
[CO,]=0, [H;] = 0.

[Tpn nactyniaenun pasHoBecHs KoHLeHTpauus [CO;|=x Monb/n. COornacHo ypaBHEHHIO,
4yKucsI0 Mosiel 0Opa3oBaBLIerocs Boopoaa pu atoM Oyaet pasHa 0.
CocrtaBuM Tabnuiy, B KOTOPOH 3aMullleM BCe KOHLUEHTPALUHU.

Bewectso | Konuenrtpauus | Usmenerue KoHLeHTpalug
MCX. BEIHECTB | KOHUEHTPALMH | IPOAYKTOB p-U
CcO 3 X 3-x
Hzo 2 X 2-X
CO, 0 X X
. H 0 X X

He3aBUCHMO OT MCXOAHBIX KOHLIEHTpALWii, BewecTBa pearupyoT Mexay co0oi B
COOTHOLUEHHSAX, PABHBIX CTEXHOMETPH4ECKHM KO3 PHIIHEHTaM.
3anuiieM BBIpaXKEHHE 3aKOHA AEHCTBYIOIUMX Macc € YYETOM pPaBHOBECHBIX
KOHLICHTpaLHi:
X2
(3-X)2-X)’
x’=6-2x-3%+x* oTkyaa x=1,2 MOIB/1.
Taxkum 06pa3oM, HCKOMBIE KOHLIEHTPALIHH:
[CO,)= 1,2 mons/n [CO]=3-1,2=1,8 Mons/a
[H;] = 1,2 Mons/n [H,0]= 2-1,2=0,8 Mons/n.
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IIpumep 5. llanucars B oOlIeM BHJE BBLIpAXEHHE U pacyeTa KOHCTAHTI
paBHOBeCHS CHCTeMbI Nyiy + 3Hy,, = 2Ny ¢ y4eTOM MapuuanibHbIX jABIEHHHA
KOMIIOHEHTOB.

P
 RT Py, P!

K _ _ ! i -2 ¥, a2

‘ PW P Y PP PPy
RT \ RT

3apanue k pazaeny VI

Botuucitume neobxooumsre napamempol.

1. Ilpu 727°C koncranTa CKOpPOCTH peakuuu pasxa 1,8 ¢, a npu 277°C— 0,02 ¢
', PaccumTaTh IHEPrUIO aKTHBALMA B ypaBHeHHH AppeHuyca.

2. KoHcTaHTa CKOPOCTH CropaHusi BOJOpoJa B aTMocdepe Hojaa npu 0°C paBHa
4,525-10%", a ipu 25°C 1,925-10°¢”". Paccuurarn DHEPI'UIKD aKTUBALIMH B YpaBHEHHUH
Appennyca.

3. I'lo npaBuny Baut ['ofda ckopocTs XMMHYECKOH peakuuu yABauMBAETCS IIPH
nouhlllends TeMmmeparypsl Ha 10°, Onpenennts Egup peaxkluu, Ans KOTOPOH DTO
YTBEDKEHHUE BBINOIHSAETCH B MHTEpBRase okoo 300K.

4.Bo ckonbKO pa3  M3MEHUTCH CKOPOCTh peakUMW TIIPH  YBEJIHYeHUH
remnepatypel oT 1000 go 1100 K, eciiu E, =139 kkan/mons?

5. Bo ¢kONBKO pa3 U3MEHUTCS CKOPOCTh XMMHYECKON peakluy NPy yBEIUYeH U
temnepatypsl oT 300 no 400 K, ecny TemnepatypHblii Ko3(pdhuuueHT y paseH 27
YeMy paBHa 3Heprus akTUBALIMU JAHHOM peakluu?

6. ITpu 727°C KoHCTaHTa CKOPOCTH peakuuy pasHa 1,8 ¢, a npu 277°C—0,02 ¢
' Paccuurarts napaMeTpbl ypaBHEHUs AppeHuyca.

7. Bo cxkonkko pa3 M3MEHHTCS CKOPOCTh XUMUUECKOH peakilMy IIpH YBEIMUEHUH
terinepatypel oT 300 no 350 K, ecnu temnepatypubslil kodpduumeHT ¥ paben 37
Yemy paBHA DHEprusl aKTUBALMU JaHHOW peakiuu?

8. Bo cxoapko pa3 yBEJIMUYMTCS KOHCTAHTA CKOPOCTH XMMHYCCKOH peaKLHH
npy noseieHryn TemMnepatypsl Ha 40°C, ecnu TeMnepatypHbli koadduuueHT 3,27

9. Ha ckonbKo rpagycoB clielyeT NOBLICUTh TEMIIEpaTypy CUCTEMbI, UTODDI
CKOPOCTh NMPOTEKAIOLIEH B Hel peakuuu Bospocaa B 30 pas (y = 2,5)7

10. T1pu noBenuenny TeMnepatypsl Ha 50° ckopocTh peakuny Bozpociu B 1200
pa3. BeruucauTe TeMepatyphblii KO3QOUITHUCHT.

11. BpluuciuTe TeMnepaTypHbld KO3(PQHUIMEHT peaklMH, €CIIM  KOHCTaHTa
ckopocth e€ npu 120°C coctannser 5,88:10™, a ipu 30° C paBua 6,7-107.

.- 12. Belpa3uTs B 00uIeM BUJC KOHCTAHTY paBHOBecHst cucTeMbl 2NO; =Ny, +
Oy ¢ YyUCTOM NaplUabHEIX JaBICHUN KOMIIOHEHTORB (ZaB/l€HUE BRIPAKEHO B ATM).
Onpenenuts Kp, ecitu K.=5107

13. Onpenenuts Ko nns cucremsl 2H,0y 521,10y, €cau U3BeCTHO, YTO
npu T =1000 °K K= 4107 ITa.
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14. Bblpa3uts KOHCTaHTY paBHOBecHs cHCTeMbl 2C0O5S2C0O 1 +0;y, ¢ yueTom
NapUHaNbHBIX JaBICHHH KOMNOHeHToB. Omnpenenuts Kp npu 2000 °K, eciu
n3BecTHO, uto K=3-10" Monp-n™' n napuvanbHbBIE JaBJICHUs BblpaxceHs! B [a.

15. Onpenenute uncaennoe 3HaueHne K¢ ans peakunu 28O0y #0210 52S0y .,
ecnu npn 1000 °K koHcTaHTa papHOBecH 3Toi peaxuuu Kp= 3,5 aT™ ™.

16. Umeetca nu pasmepHocTb BemuuuHbl K, Kp? Onpenenuts pasmepHOCTH
3THUX BeJH4HH B cucTeMax: O(r) 520(r)

2H,0(r) S2Ha(r)+0s(r)
ZNO(r)SN,(r)+0;(1).

17. Bo cx0IbKO pa3 BO3pacTaeT cKopocTh peakuuu A— B +C npn ysenuuenun
Temnepatypel Ha 10 ° ecim uzBecTHO, 4TO HauanLHas TeMmIeparypa 800K,
E.i. = 60 kxkan/Monb.

18.Peaxums oOpa3oBaHUA HIH Pa3IOXEHH aMMMaKa MOXET OBITb ONHCAHA
paznu4yHBIMH ciocobaMH.

a) Ng(r)+3H2(r) :ZNH3(rj;

0) 172Ny +3/2Hy) SNHy;

B) 1/3N2“—)+H2(1—) :2/3NH3{F];

1) NHs(ry S1/2Ngy+3/2Hy .

Onpenenuts pasMepHOCTh BenUIUHBI K 1 Kp.

19.01H0# M3 cTaguil NMPOMBILLIEHHOTO CHHTE3a CEPHOH KHMCIOTHl ABIAETCA
peakuus obpazoBanus okcuaa cepbl (IV) 2SOpt0yn52S805. Tpu 1000 °C
KO ‘>TaHTa PAaBHOBECHs 3ToH peakiuu K, = 3,5 atM’'. Ecin nonHoe masneHHe B
pPeaKUMOHHOHN KaMepe paBHO | aT™, a napUWalbHoe AablleHHe HEeHU3PacXoA0BaHHOIrO
O, npu paBHoBecuu paBHo 0,1 aTM, TO KaKOBO OTHOLIEHHE KOHLIEHTPaLKi
npoaykxT1oB 2805 1 pearenta 250yy?

20.Bo ckosbKo pa3 M3MEHUTCA KOHCTAHTa CKOPOCTH XUMHUECKOH peakLHH IpH
yBenudennu temneparypsl oT 500 gol000 K, ecau sHeprud akTUBauWMy paBHa
95,5 kx/mMons?

21.0npepenuTe  KOHCTaHTY  XMMHUYECKOro  paBHoBecust K,  CHCTEMBI
N2Oyry52NOyy npu t=25 °C, ecnu U3BECTHO YTO CTENEHb AUCCOLMALIMH TIPH STOMH
TeMneparype U aasjeHUM | aTt™ cocrtaBnsgeT 20 %, a UcxomHas KOHLEHTpaUHUs
[N24]=4 mone/m.

22 Kakoe oblulee naBneHue JOMKHO [HOJUIEPKUBATHCS B 3aKPBITOM COCYAE, Te
yctaHoBunock paBHopecue PClg;, SPClyy+Cly,y, uTobBl napuuanenoe aaeineHue
PCls B cocTosHWHM paBHOBecHS cTano paBHbIM latMm. KoHcTaHTa paBHOBecUs A
JiaHHoro npouecca Kp= 1,78 at™.

23.KOHCTaHTa CKOPOCTH CTOpaHMs BOLOPofa B aTMoctepe ioaa npu 0°C pasHa
4,525 10° ¢!, a npu 25°C 1,925- 10°¢. OnpenenuTh napaMeTpbl YpPaBHEHHSA
AppeHuyca.

24.B 3axkpeiToM cocyne cMmewaHo 4 Mons SO; u 2 mons O,. Peakuusa nporekaet
npu 25 °C. K MOMEHTY HACTYNNeHWs paBHOBECHS B peaKuuio BeTynumio 50%
ne,soHadanbHOTO KonuuectBa SO;. OnpelenuTh [aBjeHHe Ta30BOM CMecH TpH

PaBHOBECHH, e€ci¥ HcXogHoe pAaBineHue coctraBuno 200 klla B cucreMe
2802“—)"}_ OZ(F)‘:' 2503”).
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25.0npenenute 3HEPrHIO AKTMBAUMH PEAaKIMM, €ClM TpH  U3MEHEHWH
Temrepatypel oT 330 po 400 K koHcTaHTa CKOpPOCTH peaKuuu yBeNHYMIAch B 10°
pas.

" 26.B cucteme npotekaet peakuus 2NO SNy + Oyry. OIpenenuTh KOHCTaHTY
pasHoBecus K, npu t=30 °C, ecnu W3BECTHO, YTO K MOMEHTY HACTYIUIEHHUS
paBHOBecHs cTeneHb pasnokeHuss NO,, nmpu 3Toil TeMmepaType W JaBlEeHHU
101325 Ia coctaBaset 40%, a ucxoaHas koHleHTpauus [NO|=6 Mons/1.

27 Kakoe ofluee napieHue JOMKHO MOMAASPKUBATHCA B 3aKPBITOM COCYIeE, TAe
ycranoBunocek paBHoBecue (COClySCOrytClyy, wT00B  nponopuuoHanbHOE
nasineuve Peoer B cocTossHuM paBHoBecus coctaBasnio (0,1 kIla? KowxctaHTa
paBHOBecHs [l AaHHOro npouecca K=2,5 klla.

28.B 3akpniToM cocyae cmemanHo 8 moned Ny u 4 Mona Oy, peakums
Ny +On52NOy NpoTekaeT npu TOCTOAHHOH Temnepatype. K MoMeHTy
HaclylaeHus paBHOBECHA B peakuuro Berynmuwio 20%  nepBOHA4YaabHOTO
xonuuectra O,. OnpeaenuTs obluee JaBneHHe ra30BOi CMECH B MOMEHT PaBHOBECUS.

29. Tlpu Temnepatype 50 °C B cucreme H,O(y SHyy+1/20;yycTanoBuIOCH
paBHoBecue. OnpeneauTs KOHCTaHTy paBHoBecus K, eciu  u3BECTHO, 4TO
paBHOBECHblE KOHIIEHTpalMH KoMroHeHToB cocraswin [H,Ol,= 0,4 mons/n,
[Hz], =0,2 mons/n, [0,],=0,1 mone/n, a obuiee gaBneHHE B CUCTEME B MOMEHT
paBHOBecHa cocTaBaaio 101325 [a.

30.0npenenuTh cTeneHs pacnaaa MoslekyJ Boaopoja Ha atoMbl Hy S 2H,, npu

temrnepatype 3500 K B 3aBucuMocTu ot naBiaeHus (1 at™, 0,01 at™m, 0,1 at™), ecnu
Ke=2,3 aTm.

Cropocmb XUMUHECKUX peaKyuid U cmeuleHue pagHoeecuil

31. B paBHOBecHyl0 cMech pearupyrowmx mno cxeme: CO+H,O = CO; + H,,
koropasa coaepxut (B mons). 0,2 CO, 0,1 H,O, 0,1 CO, u 0,2 H, , BBeau
pononHuteneno 0,5 wmoneir CO. Onpenenutk paBHOBECHOE  COAECPKAHHE
peakiUMoOHHOM cMecH 3THX I'a3oB.

32. Peakuus uget no ypasHeHuio: Hypytly=2HJ ). Koncranra ckopoctu »>ToH
peaxLUU TIpU 508°C paBua 0,16. HMcxoausie koHueHTpauuu : H, — 0,04 mons/n,
J; — 0,05 Monw/a. BbIYHCIUTE HAYaIbHYK CKOPOCThL pPEaKUMH H €€ CKOPOCTh B
MOMEHT, korjaa koHueHTpauusa H, ctana pasHoit 0,03 Mons/n.

33. B pPaBHOBECHYIO cMech pearupyrouux no CXEME:
CHyiry +CO=C:HarytHaOyry, koTOpas comepxur B Moasx: 0,2 mons CHa, 0,1 Mo
CO, 0,5 mons C,H; u 0,1 H,O Beenn pononnutensHo 0,4 mons H,O. Onpenenuts
paBHOBECHOE CoJepKaHHe peaKIIMOHHOM cMeCH ITHX ra3os.

34. Onpenenurs TeMIEpaTypy, MPUH KOTOPOH paBHBI KOHCTAHThl CKOPOCTH
peal{uuﬁ: NO(F) + Clz(r) = NOCl(r] + Cl(r) H ZNO(F} +C12(r) = 2NOCI(F), €CJIINn AJid
mepsoit K= 4,00 10'%c’, E= 20,3 xJbx/mons, a ans sropoi: Kg= 4,6- 10°c,
E= 13,7 x1x/Moub.

35. Oxkwuenenne cepsl W okcuga cepsl (IV) uzer mno ypasHEHHIO!
SikitO2¢=S0;y )

SCumt Oy =2805, Kak u3MeHUTCS CKOPOCTh 3THX peakuuH, ecnn oObeMbl
KaXX/JI0it U3 CUCTEM YMEHBUINTE B 4 pa3a.
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36.0nst peakunn N,O,=2NO, Ko= 10"¢”, E= 16,63 kx/Monb. Onpenenuts
BEJINMHBI KOHCTaHT ckopocTeit pu —20°C u 20°C.

37 Peakuns uper 1o  ypaBHeHHIO:2ZNO+Oy=2NOy,. KoHueHTpauuu
UCXOAHBIX BenlecTB paBHbl: NO - 0,03 monr/n, O, — 0,05 mons/n. Kak U3MeHUTCS
CKOpPOCTh peaKklMH, €CAM YBeNHYHTh KoHlUeHTpaudiw O, ao 0,1 mones /n wu
koHUeHTpaluw NO go 0,06 moaw/n?

38. Bo ckonpko pa3 neoOxomuMo ysenuunTh C,, uTOOBl NPH YMEHBIIEHHU
KOHLeHTpalu BewectBa B B 4 pasa ckopocTe peakuud 2A, + B, = C, He
H3MEHUNAch?

39. Ckopocts xumuueckoit peakuuu: 2NOqry + Oy = 2NOyry npH
KOHLEHTpaluAX pearupyrowux BeiwecTB NO - 0,3 mons/n u O, — 0,15 mone/n
coctasuna — 1,2 10™ mons/n c. HaiiTu 3HaueHHe KOHCTAHTEHL CKOPOCTH peaKLHH.

40. B cucreme 2NOyr=2NOry + Oy ycTaHOBHJIOCH pPaBHOBECHE IPH
koHUeHTpauuax [NO;|= 0,06 mons/n, [NO] = 0,24 mons/n, [Q;] = 0,12 mouns/f.
Haiitu K¢ ¥ HauanbHy0 koHuenTpaiuio NO;

41. Hpu 508 °C xoHCTaHTa CKOPOCTH peaKiuH HyyH2n=2H])y paBna 0,16,
HavyanbHble KoHueHTpauud H; w J; pasnel 0,04 wmons/n, 0,05 wmons/,
cooTBeTCTBEHHO. ONpeaeIMTh HAYaIbHYI0 CKOPOCTh PEAKLIUU H CKOPOCTb PEaKllii B
MOMEHT, KOT/1a KOHUEHTpaLUs BOAOPOJA YMEHbLIHIACh BABOE.

42. B 4HCIl1+0,=2H,0+2Clyy, Hepe3 HekoTOpoe BpeMs Mocje Havana
peakluu koHuUeHTpauuu BewecTB ctany [HCI)]=0,25 wmoaw/n.; [O;] = 0,2 Monw/m,
[Cl:]= 0,1 monb/n. Beruucnute xoHcTaHTy paBHoBecks K.

43. Peakuna wuaetr no ypasHeHHI0 COyytH,O=COy+Hy,). B HekoTopbiit
MOMEHT BpeMeHHM KOHUeHTpauuu Beuiecte papHbel: CO - 0,24monw/n, H,O -
0,3mone/n, H, — 0,Imons/n. BBIMHCINTE KOHUEHTPAUMH UCXOAHBIX BEIIECTB U
KOHCTaHTy paBHOBECHS.

44. B cucteme  2ZNOyr = 2NO;, + Oyr) ycTaHOBHJIOCHL paBHOBECHE NpPH
KOHLEeHTpalusX [NO;]= 0.06 mons/n, [NO]=0.24 monrs/n, [O,]= 0,12 Mons/n. Haiitu
K¢ M HagansHy10 KoHIEHTpanuo NO,.

45. Tpu cUHTe3€ aMMuaKa IPU HEKOTOPKIX YCIOBUSIX B PABHOBECHH HaXOAUTCH
0,1 Mons/n Ny; 0,2 mons/n Hy; 0,8 Monb/n NH;. BeruscnnTe KOHCTAHTY paBHOBECHS.

46. B pPaBHOBECHYHO) CMECh, pearupyroryo 1o cXeMme:
CHyy+CO=C3Hy(#H, Oy, xoTOpas conepxut (B monb): 0,2 mons CHy, 0,1 Mons
CO, 0,5 mone CyH; u 0,1H,0, Beenu ponoanurensHo 0,4 mons H,O. Onpenenuts
paBHOBECHBIE KOHIIEHTPAI{UH peaKLMOHHOH CMECH 3THX ra30B.

47. HanuiuiuTte BbIpaXeHHE CKOPOCTH peaKuMil, NPOTEeKAoUMX MEXAy: a)
a30TOM M KHCaopozoM; 0} BOAOPOAOM W KHciopoaoM; B) okcuaom asora (1) u
KUCJIOPOJAOM; T') AUOKCHIOM YITIepOa H PaCKaJIEeHHBIM YTIJIEM.

48. Hanuuure BblpaK€HUE CKOPOCTH PEAKLMH, IPOTEKAIIUX IO CXeMe
A + B = AB, ecnu: a) A u B - razoobpasHble BellecTsa, 6) A U B - xunaxocty,
CMellMBaloIIKMecs B MIOOBIX OTHOLUEHUAX; B} A U B - BellecTsa, HaxoasllHecs B
pacTBope; I') A - TBepaoe BelllecTBO, a B - ras3 unu BellecTBO, Haxojslleecs B
pacTBope.

49. HanummTe BhIpa)X€HHE CKOPOCTH XMMHMUECKOH peaklliM, NpOoTEKallel B
IrOMOI€HHOH cucTeME 110 ypaBHeHHI0 A + 2B = AB,, n onpeaenHTe, BO CKOJNBKO, pa3
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YBCUHHUTCS CKOPOCTh 3TOM peakUuH, ecid: a) KOHUEHTpalus A YBENIMUMUTCS B 1Ba
pasa; 0) KOHLEHTpauus B yBennuuTcs B ABa pasa; B) KOHUEHTPaLKs 000HUX BELIECTB
YBEJIUYUTCS B [IBa pasa.

50. Bo ckonbko pa3 ciefyeT YBeNMYMTh KOHLUEHTPALHIO OKCHAZ YIJEpona B
cucreMe 2CO ;)= COyyy + C, yTOOBI CKOPOCTB PEAKUMH YBEIH4UIACH B YETHIPE pasa?

51.Bo cKonpKo pa3 cieAyeT YBENIMUUTh KOHUEHTPALHI0 BOJAOPOAA B CHCTEME
N,+3H;e>2NHj3, utobb! ckopocTs peakinu Bospocaa B 100 pas?

52. Bo cxonmpkO pa3 ciaeayeT YBEIMYUTh JAaBIEHUE, HTOOBl CKOPOCTh
obpazoBanus NO, o peakun 2NOy;y +Oyy —2NO;(y Bospocna B 1000 paz?

53. Hanuumte ypaBHeHure CKOpOCTH peakluu Cy +0; —COyy u onpenenure,
BO KOJBLKO pa3 YBEIMYMUTCS CKOPOCTh PEaKUMU NPH YBeJWYEHWH KOHUECHTpPalUHH
KMCA0pOJa B TPH pasa.

54, Peakuma Mexay okcuiaom aszota (I1) m xnmopoM npoTexaeT o ypaBHEHHIO
2NO;) +Cly; —2NOCl . Kak u3MeHHUTCS CKOPOCTh PEakUMH [P YBEIHYEHHH:
a) KOHUEHTPAlMHM OKCHAA a3oTa B ABa pa3a; 0) KOHUEHTPALMHM XJIOpa B JiBa pas3a;
B) KOHiUEHTpaLuu 0boux BELLECTB B JiBa pasza’

55.Bo CKOJIBKO pa3 BO3pacTaeT CKOpPOCTh npsAMOH peakLHH
2H,5+30,—280,+2H,0 npu yBennueH1H KOHLEHTPAI[WN KUCIO0poLa B 3 paza?

56. Bo cxonbko  pa3z  BO3pacTacT  CKOPOCTh  MpPSMOH  peakuuH
2H,;S+Cl—S,,+2HCI npH yBeIMYeHUH KOHLIEHTPaLKH CEpOBOAOPOa B 3 pa3a?

. 57. Bo cxoneko pa3  BO3pacTaeT  CKOPOCTH  MPAMOW  pEaKUHH
2S0,+¥NO,;—S0O;+NO npH ypeIMUeHUH KOHIEHTpaLHH KHelopoaa B 3 pasa?

58. Kak usMenutcs ckopocTh obpatHoi peaxuun CQO, + C,, — 2C0, ecnu
KOHLICHTpALlMs yrapHOro rasa yBeJuuuTcs B 4 pasa?

59. Bo ckonpko pa3  BO3pacTaeT  CKOpPOCTb  NPAMOM  peakluu
2CH+4Cl,—CCl4+4HCI] npu yBenuueHHd KOHLUEHTPALMHU XJopa B 2 pasa’
H3menenue kakux pakmopos (memnepamypa, 0aeaeHue, UsmeHeHue
KOHUeHmpayuu 00H020 U3 Peazupyiouiix 62ecme) npueedynm K CMeuweHur
PasHogecun npaeo:

60. 4HC] (, + O, = 2H,0,, +2Cl;  AH>0

61 COy, +2H,0y SCO;y +2Hy

62. 2N3202 (T8) + 2 CO;)_[,-) ‘:92N8.2C03 +02(|—) AH<0
63. 2Fe +3H,0;y 5Fe,03 + 3Hy, AH>0

64. 2Mg + CO,52Mg0O + Cfyyyy AH<0

65. PbS +0y,,SPbO + SO, AH<0

66. CHyy,y + 4Clyy SCClyy +4HC ) AH<0
67. 2N,O +0,54N0O + AH

68. HySy +Clyry & 2HCl(y +S AH<0

69. CaCQ (T8} + CO{F) SCa0 (T8B) + 3C {t8) AH<0
70. CuO (T} + H2 SCu {18) + HzO(r) AH<0

71. H,S +3/20; 5 H,0 +S0; -AH

72. 4F€Sztm} +1 102(1-):2F8203 + 8802[r) AH<0
73.COCly,y SCOy,y + Cly+ AH

74. PCls SPCl; + Cl; +AH

75. C§;+30,5C0;+250, - AH
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76. 28053,5 280,10y + AH
Kyoa cmecmumcn pasnosecue 6 cucmeme npu a) yeeauuenuu memnepamypsi, 6)
YeeauneHuu OaeReHunA; 8) NPU yEETHUEHUN KOHUCHMPAUUU 00HO20 U3

Peazupyiouux seuecms.

77.2CO+ 0, 5 2C0O, -AH
78.2H, +0,52H,0-AH

79.C + O, 5C0O, +AH
80. 2N, + O,52N,0 +AH

81. C$;+30,5C0O,+2S0,- AH
82.280; 5 2850, + O, + AH

83. 4HCl + O; 5 2H,0(r) + 2CI; - AH
84. CO, + C(1B)S 2CO+AH
85-4,+C0O, 5 CO +H,O + AH

86. 2F, + 2H,0 54HF + O,+AH
87.2NO; +H,0(x) S2HNO; + 2NO - AH
88. COCl, 5 CO + Cl,2+ AH

89. 4NH; + 50,5 4NO +6H,0 - AH

BapuanTel 3ajaHnii k pazgenam V, VI

‘H o1

Homepa 3anau Howmep Homepa 3anau

B-Ta TCPMOI-Ka KHHETHKA Bap-Ta TEPMOO-Ka KHHETHKA

XUMHYCCKH XUMHAUESCKNX XUMHUYECCKHUX XUMHUYCCKHX

X peakLuH peaklUui peakuuH peakuHi
|1 [1,25,4392 [ 15 31[60]16] 14 [14,38,56,82 | 2 [44 74 30|
2 12,26,44,70 | 14 [32]61 18] 15 [15,39,57,83 |1 |45[75]21]|
3 13,27,4571 [ 13 [34]62[19] 16 116,40,58,84 |20 /4676 |22
| 4 4,28,46,72 | 12 [35]63 28| 17 [17,41,59,85 [25]47]77 23]
5 15,29,47,73 | 11 [36]64[21] 18 [18,43,60,86 [10]48 7824
| 4 16,30,48,74 | 10 [33 (65|22 19 [19,25,61,87 | 9 |49 79 (25
7 17,31,49,75 | 9 [37]67[23] 20 [20,26,62,88 | 8 [50 /8026,
'8 [8,32,50,76 | 8 [38[68|24] 21 [21,27,63589 | 7 |51 81|27
9 19,33,51,77 | 7 [39]69]25] 22 [22,28,64,90 | 6 [5282]28]
10 [1034,52,78] 6 407026 23 [23,29,6591 | S [53/83]29,
11 11,35,53,79] 5 [41[71[27] 24 [24,30,66,92 | 4 |54 84 18]
12 [12,36,54,80] 4 [42]72]28] 25 [2531,67,93 [1155 85|19
_ 13 11337,5581| 3 |43]73[29] 26 [26,32,6894 |12]56]|86]16]

AKUpHeIM  HIPUGHTOM  BBLIAECIEHBI

BL L ONTHAKOTCA 1TO XEJIAaHUK CTYACHTA.
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VII. Hoxnble peakiud B pacTBOpPaXx 3JIEKTPOJIMTOB
Pacmeopbi cunsnotx 3nekmporumos

DNEeKTPOITMTAMH  Ha3BIBAIOTCS  BEIECTBA, [PH AMCCOLMAIMH  KOTODPBIX
o0pa3yloTcs MNONOKUTENBHO 3apAXEeHHble HOHBI (KATHOHA) U OTPHIATEIBHO
3apsHKeHHBIC HOHbI (AHHOHBI ).

DNEKTPONHUTBI, MPAKTUUECKH MOIHOCTHIO JUCCOUHHPYIOLUE Ha MOHBI B BOAHBIX
pac reopax, Ha3blBalOTCS CHIBHBIMH JIEKTPOIUTAMH.

K cUNbHBIM 3J1€KTPOIUTAM OTHOCATCH:
1. TTouTH BCE CcoNM.

2. OcHOBaHU# - THAPOKCHABI IENOUYHBIX U WEJOYHO - 3eMebHbIX MeTaitos: LiOH,
NaOH, KOH, RsOH, CsOH, Ca(OH),, Sr{OH), u Ba(OH),.
3. KucnoTh!:

a) 6eckucnopoanbie- HCI, HBr, HI.

6) xucnoponcoaepxaume- HCIO, , HMnO, , HCIO; , HBrO; , HNO;, H,SO,,
HgseO4.

Jng  onucaHUd COCTOSHHS HOHOB B pacTBOpe MNOJAb3YIOTCS Hapsay ¢
KOYIEHTpaLMed HOHOB HUX aKTHUBHOCTBHIO, T.€. YCJOBHOH KOHUEHTpalLUeHd HOHOB, B
COOTBETCTBHM C KOTOpPOIH OHH ACHCTBYIOT B XUMHUYECKHX Mpoleccax.

Axmusnocms uona a (MOIb/N) CBA3aHA ¢ €ro MOJAPHOH KOHLEHTpaudeHd B
pactBope Cp cooTHouwleHueM o= fC,,, rae f - k03QPUUMEHT aKTHBHOCTH HOHA
(be3pa3mepHas BenuuuHa). [IpnOamxeHHO MOXKHO CUMTaTh, YTO B pa3DaBIEHHBIX
pacTBopax Ko dHUIIMeHT aKTUBHOCTH HOHA 3aBUCHT OT 3apsja HOHA H MOHHOU CHUIIBI
pacTBopa / , KOTOpas paBHAa MOJyCyMMe MPOH3BEJEHNWH MOJISPHBIX KOHLEHTpPaLUH
KaXI0r0 UOHA Ha KBaJgpaT ero 3apsaa z.

1= %(C,zf +C,z} +..C,z})

. - IlpnbnuxenHo xo3¢pdULUUMEeHT aKTUBHOCTH HOHOB B pa30aBleHHOM pacTBOpe
MOXHO BBIMUCIIUTE Mo GopMyne: fgf =-0,5271 .

Ilpumep 1. BpluHCINTL HOHHYIO CHJIY H AKTUBHOCTL HOHOB B pacTBOpE,
conepxantem 0,01 mone/n MgSO, u 0,01 mons MgCl,.
Pewenue. MloHHas cuna pacTsopa:

1 1
I=25(Cpn 22+C 20+ C, 1) = 5(0,02-44,0,1 -4+0,02)=0,07

sl

Koshduuuent akTuBHocTn Mg’ ¥ paBHbii eMy K03hOUUMEHT aKTHBHOCTH
nona SO,” Haitnem no Gopmyne fgf =-0,5z37 =-0,5-4/0,07 = -0,53, cef0BaTENBHO,
7 =0,3.

AHaJIOTMYHO HaX0JUM KO3bGHUIIHEHT akTBHOCTH HoHa Cl°

tef =-0,523 V1 =-0,5-1J0,07 =-0,13, 1 =0,74.

TTonb3ysich NPUBEICHHBIM Bblile COOTHOLICHUEM a = fC,, , HAXOAUM aKTUBHOCTD
Kaxxaoro oxa a .. =0,02-0,30 = 0,006 MOJIb/T1,

@, =0,01-0,30 = 0,003 MOJIB/1,

a . =0,02-0,74=0,0148 MOJB/11.
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Pacmeopur cnabeix snexmponumoe

B pactBopax cnabbIX 3JEKTPOJIHTOB CYLIECTBYET PABHOBECHE MEXAY HOHAMU H
peanbHO CYUIECTBYIOIUMMH HEAMCCOLMUPOBAHHBIMH  MOJIEKynamMH. B Takux
pacTBopax KOHUEHTpalUs HOHOB CpPaBHHTENBHO Majla, 4YTO JaceT OCHOBAHHE
npeHedpeys CcHJIaMH WX 3JJIEKTPOCTATHYECKOTO B3aUMOJCHCTBUA M TNPHUHSAThH, 4TO
CBONCTBA pacTBOPOB CJa0bIX 3INIEKTPOJIMTOB OMNpPEAENSAKOTCA TOJBKO PaBHOBECHEM
JUCCOLIMAIIMK, KOTOPOE NOJIHOCThIO MOAYHHAETCS 3aKOHY JeHCTBYIOIIMX Macc.

KoHncTtanTa, nporekaiolero npud 3TOM PaBHOBECHOrO Iipoliecca, Ha3blBaeTCs
KOHCTAHTOH AWCCOLMALIMM 3IJIEKTPOJIUTA U [peAcTaBiseT coOoM OTHOLUeHHE
MPOU3BEJECHNUS KOHLEHTpalMi# WOHOB B pacTBOpe c<naboro 3EeKTpOSMTa K
KOHLIEHTPALUH €0 HEAUCCOLIMUPOBAHHOMN YacTH.

JTO OTHOLIEHHME OCTAECTCs MOCTOSHHBIM JUI pacTBOpa NOOH KOHLEHTPALHH
cnaboro 371eKTPoJIuTa [PU OAHON U TOM xe TeMmIepaType.

PaccmoTpuM paBHOBecHe B pacTBope ciiaboro anekTponuta HASH™ A

O6o31aunM 00110 KOHUEHTpalUu1o ciaboro anextponuta HA gepes C monb/i,
TO.4a  koHueHtpauus woHos [H']F[A]=Co Monn/n, a  KOHLEHTpalus
HEeJUCCOLMUPOBAaHHOW vacTU anekTponuTa Oyaer paBHa (C- Ca) monw/n, Toraa
KOHCTaHTa JUCCOLHMALINU:

_ lH* IA' _CaCa _Ca’
- [H4] C-Ce 1-a

JlaHHO€e BBIpaXKEHUE SBIAETCH 3AKOHOM pa3baenenus Ocmeansoaq.

B Tex cnyyasx, Korjaa cTerneHb Auccouualuu o << 0,1, nIpu BbIYMCIEHHUAX, HE
TpebyrouX GoNbLIOR TOYHOCTH, MOXHO NIpUHATH, 4TO C-Ca = C uiH, TO ke camoe,
l-a=1.Torna
CaoCa

, [AC O — CTCIEHb AUCCOLHALIUH.

a2 K
HIH K =Ca", OTKYIA o =Vg.
Hpumep 1. KoHCTaHTa IUCCOUMAUHM MYPAaBBHHOM KHMCJIOTBl COCTABAAET
KHM,HZZ,I-IO"’. BBIUUCINTE CTE€NEHb JUCCONMALMM ¢ W KOHLUEHTPALHIO HOHOB
+
Bogopoaa [H'] B 0,3M pacTBOpe KHCIOTEI.

Pewenue. YpaBHeHue aucconmanmu kuciorel umeer Bug HCOOH S H +
HCOO"

K =

-4
o= -}é = \/ﬂ: 2,64-1077 | 4TO COOTBETCTRBYET 2,64 %.

[H'[=Ca=0,3-2,64-107=7,9-10" mons/x.
ITpumep 2. Berancnuts pH 1%-ro pacTBopa MypaBbHHON KHCIOThI, CHHTAs], YTO
[JIOTHOCTB pacTBopa =1.
Pewenue: pH = —fng * J OnpenenuM MOASPHYIO KOHLEHTPALIMIO PacTBOpA.
Macca ognoro nurpa pactBopa pasia 1000 r, T.x. p=1r/mn. B 100 r pactsopa

conepkutcs | r BewecTsa, cnegoparensio B 1000 r pactsopa — 10 1.

v = % = 0,22 Monb. Takum obpaszom Cy=0,22 Monb/1.

¥

[H']=Ca=C \/% =JKC =210 .0,22= /0,46 10" = 6,8-107 MONTB/N
pH=3-{g68=2]17.
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Ilpouzeedenue pacmeopumocmu
B HacellleHHOM pacTBOpe MajOpacTBOPMMOIO  CHJABHOTO  3JIEKTPOJIMTA
YCT@HABIKBAETCS PaBHOBECHME MEXKIAY oOcaikoM (TBeploit ¢a3oil) ayekTpoauTa U
MOHAMM 3JIEKTPOJIUTA B PACTBOpE:
BaSO,% Ba® + 50,”
B OCAAKE B pacTpope
[lockoneky B pacTBOpax CWIBHBIX 3JIEKTPOJIMTOB COCTOAHHE HOHOB

ONpEnENACTCA aKTUBHOCTAMHU, TO BBEIPpAXKEHHC KOHCTAHTBI pABHOBECHUA AJA JIaHHOH

o 74
CHUCTEMBI HMeeT BUI: K =

Ba® U NOF
& yaso,
AKTUBHAs KOHLEHTpauusa cynbdara Oapus B pacTBOpe €CTh BeJWYHMHA

MOCTOAHHAA,  CICAOBATENBHO, MpOM3BeleHHWe K-,  ABIAETCS  BeJIMYUHOM

NMOCTOSAHHON NpHU naHHOU TeMIepaType U obo3zHauyaetca [1P.
Taxum ofpasoM, npousBelleHHe AKTHUBHBIX KOHUEHTPALMH a, .. -a, ., TAKXKE
i . '}

MpeacTaBiIsieT CcoOOOM  NOCTOSAHHYX) BeJIHYHMHY, Ha3bIBAEMYIO [POM3BEAEHHEM
pa:TBOPUMOCTH U obo3HauyaeMyto [1P:
i

Kaso, = Xy " E -

Ilpon3BeneHne  akTUBHOCTEH HOHOB  MaJOpPacTBOPHUMOIO  3JIEKTPOIHTA,
CONEPXALLMXCA B €ro HACBIIIEHHOM pacTBope {IIPOM3BeIEHHE pPAaCTBOPUMOCTH) —
eCcTh BEJIMYMHA NOCTOsIHHASA TIPH JAHHOH TeMIleparype.

EcnM 31eKTpoJUT MANTOPacTBOPUM, TO MOHHAS CHJIa €0 HACHIIEHHOTO pacTBOpa
Onn3Ka K HyN0, a KOIQQPHUIINEHT aKTUBHOCTH UOHOB Masio OTJIHHAETCA OT €AHHHULIBL.
B nomobHBIX ciyuasiX NpPOW3BEAEHHE AKTUBHOCTEH MOHOB B BhIpaxeHusx s [1P
MOXET OBITh 3aMEHEHO HAa MX MOISAPHBIE KOHLEHTPALMHU!

1Py, =|Ba™ SO |.

Hpumep 1. IlpounsBenenne pacTBOpAMOCTH HMoauza ceuuHua (II) npu 20°C
paBHO 8-107.

BBIYMCIUTE paCTBOPUMOCTD COJIM B MOJIB/N U I/11,

Pewenue. PaBHOBecHe B cUCTeMe MaylOpaCTBOPHMOMN conu Hoaunga csunua (II)
MOXeT BBITh IPEACTABIEHO B BHIE ypaBHeHus Pbl,S Pb™" + 21,

(O603HaYUM HCKOMYIO pacTBOPHMOCTE B MOJIB/J1 Hepes S. Toraa B HaCkIIEHHOM
pacteope Pbl, comepxkutcsa S mois/n wonos Pb® u 2S moss/n uowos I', oTcroaa

np,, =|pe> [ | =5-(2s) =as°

I1P, 10°°
SJ :f-‘ =1\/8 140 =1,3-107 MoaB/1.

ITockonbky MonbHad Macca Pbl, paBHa 461 r/Mosnb, TO pacTBOPMMOCTE,
BBJpaXKeHHas B I/J1, paBHa 1,3:107-461=0.6 r/x.
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Obmennbie peakyuu 6 pacmeopax ynekmponrumos. I'uopoaus conei

B 0oOMEeHHBIX peakLUsX, NPOTEKAIOIIUX B PacTBOPAX 3IEKTPOJHUTOB, HAPALY C
HCIUCCOUMHUPOBAHHBIMH ~ MOJIEKYJIaMH  clalblX  2JEKTPOJMTOB,  TBEPABLIMH
BEIECTBAMH Y ra3aMH YYacTBYIOT TAKXKE€ HaXOAAIUMECH B pacTBOPE HOHBL [103TOMY
CYIIHOCTB NPOTEKAIOLUMX MPOLECCOB HanboIee NMOJHO BRIPAKAETCS NPH 3aMKCH HX B
dopME HOHHO-MOJIEKY/JISPHBIX YypaBHeHHH. B Takux ypaBHeHWaX crabble
3EKTPOJINTEl, MAJOPAacTBOPHMBIE COCAMHEHMS W rasbl  3alMCBIBAOTCH B
MC eKYJIIpHOH (opMe, a HaXOAfALIMECs B PACTBOPE CHIIBHEBIE 3JIEKTPOIUTEl — B BUAE
COCTaBNSIOLUMX MX HOHOB. Hanpumep, ypaBHeHHE peakUnil HeHTpanu3aluy CUIbHBIX
KUCJIOT CUITBHBIMH OCHOBaHUSMH

HCIO, + NaOH — NaClO, + H;O —~ monexyasipHOe ypaBHEHHE

H" + ClOy + Na® + OH — Na" + ClOy4 + H,O — nojiHoe HOHHOE YPaBHEHHUE

CoxpaTHB B TMOJIHOM HOHHOM YPABHEHHH BCE HOHEI, KOTOPbIE OCTAKOTCH
HEU3MEHHBIMH JI0 U NOCTE peaKlUHH, MONydaeM CleyoLIee ypaBHEHUE

H" + OH — H,0 — xpaTkoe HOHHOE ypaBHEHHE.

Ba(Cl, + H,SO, — BaS0O4|+2HCI MonekynspHOe YpaBHCHUE

Ba® +2CI + 2H' + SO, — 2H" + 2CI" + BaSO,| — nositoe HOHHOE ypaBHeHHe

. Ba®" + SO,” — BaSQ,| — kpaTKoe HOHHOE YpaBHEHHUE,

KCIO + HNO; — HCIO + KNQO; - MonekymsipHOe ypaBHEHHE

K'+ ClO + H + NOy — HCIO + K" + NO;™ — nojiHOoe HOHHO€ ypaBHEHHE

ClO" + H"— HCIO - kpaTkoe HOHHOE ypaBHEHHE.

PaccMoTpeHHBIe puMephl OKa3bIBalOT, UTO OBMEHHEBIE peaklUUH B pacTBopax
3/IEKTPOJIMTOB NMPOTEKawT B HANpPaBICHUM CBA3BIBAHHA HMOHOB, IPUBOMAALIEIO K
00pa3oBaHMUI0 MajopaCcTBOPUMEBIX BELIECTB (0CaZKa WM Ia30B) UIIK MOJIEKYI Ca0BIX
JIEKTPOJIUTOB.

Tudporuzom HazpiBaeTCA IIPOLECC PasNOoXEHHsA pacTBOPEHHOrO BelECTBa
BC, - JMH.

1) rupgponusy noaBepraercsi MOH TONBKO c1aboro sneKTposuTa;

2) npouecc ruApoaU3a HaeT Toibko no I - i ctyneHu 6e3 U3MEHEHUS YCIOBKH,
MO3ITOMY 3allChiBaeM TOJILKO 10 [ - il cTyrneHu.

B 3aBUCHMOCTH OT CHJIBI KHCIOT M OCHOBaHHKH, 00pa3yolNX COJH, TOCTEAHHE
[0 XapaKkTepy IMAPOIU3a MOXKHO pa3fleNuTh Ha 4 rpynmnsl.

a) Conu, 0b6pazoeantvie CUTbHBIMU OCHOBAHUAMYU U CAADIMU KUCTOMAMU

KCN + H,0— KOH + HCN

K*+ CN + HOH— K" + OH + HCN

CN + H,0— OH + HCN. |

1.+ Kak BUAHO M3 KpPaTKOro MOHHOI'O YPaBHEHWUS, B HECBI3aHHOM BHJIC HaxXoAATCH
MOHBI THAPOKCOTPYIIIIbI, CJIEA0BATENBHO PACTBOP NPUOOpPETAET LUETOUHYIO Cpeay.

6} Coau, obpazoeantsie crabbiMu OCHOBAHUAMU H CUAbHBIMU KUCAOMAMU

ZnCl, + H;0— Zn(OH)CI! + HCI

Zn** +2CI'+ H,0— Zn(OH)" + ClI' + H' + CI

Zn* + H,0— Zn(OH)" + H" .
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B nanHOM ciyuae ruiponu3y noJBepraercs KaTHOH COJIW, [IPU 3TOM B pacTBOpE
BO3pacTaeT KOHUEHTPaLXs HOHOB BOJAOPO/A, H OH NPHOOpeTaeT KUCIYIO Cpesy.

6) Conu, obpazoeannsie craboiMu OCHOBAHUAMU U CAADLIMU KUCTOMaMu,

Pb(CH;COO); + 2H,0 — Pb(OH), + 2CH;COOH

Pb’" + 2(CH;CO0)+ 2H,0 — Pb(OH), + 2CH;COOH.

B 3ToM cnyyae peakuus pacTBOpa 3aBHCHT OT OTHOCUTEILHON CHIIBI KUCIIOTH U
OCHOBAHU4, 00Pa3yOUINX COMb.

2) Conu, obpazoeantsie CUTbHOIMU OCROSAHUAMU U CUIBHBIMU KUCTOMAaMU,
2UOPOJIN3Y HE NOOBEPAIOMCA.

B »ToM cryuae obpaTHas TMAPONH3Y PEaKilMg OpaKTHYECKH HeoOpaTHMa,
T.€. IPOTEKAeT 10 KOHLA.

3ananune k pazaeny VII

Ilpouseecmu Heobxooumesie svruucaenun

[.Onpenenrte pH 0,01 M pactBopa HCl B Bome u B 0,01 M pactBope NaCl (6e3
ydeTa HOHHOHN CHIIBI).

2.0npegenuts pH 0,01 M pacteopa NH,OH. (K= 1.8:10").

3.KakoBa KOHIIEHTpalKs BOIOPOAHLIX HOHOB B 0,1 M pacteope HCIO (K= 5-10%)?
4.K(NH;OH)= 1.8-107, onpenennts pH 0,2 H pacTBOpa U CTENeHb AMCCOLHALIKH.
5.KonwuenTtpauus nonos [OH']= 107", onpeaenuts pH pacTeopa.

26.Kar<o:)13a KOHLUeHTpauus BogopoaHblX HoHoB B 0,1 M pacreope HCIO; (K =1,1-10"
)?

7.0npeaenuts pH pactropa, ecnu [OH] =107

8.BbIUMCIINTD KOHLEHTPALMIO YKCYCHOM KHEaoThl, ecms [H']= 10 (K= 1,8 10).
9.0npenenute pH 0,1 H pactsopa HiPO, (K= 107), yuntsBas AHccoLMaLio
TOBKO N0 NepBOH CTYIIEHH.

[0.Jlpr kakoii KOHLEHTPAaUWH OpOMHOBATHCTOM KMCJIOTbI (Kﬂ=2,5-10'9) pH ee
pacTBOpa paBeH 57

11.0npeneuts pH 1%- ro pacteopa NH,OH (K,=107, p=0,9 r/mn).

12 BBIMHCINTE KOHLIEHTpaIMIO YKCycHof kucnotsl, ecnut [H]= 10 ™ (K= 1,8 107).
13.Iloctpouts rpaguk 3aBHCHMOCTH pH YKCYCHOH KHCIOTBHI OT €€ KOHLEHTPaLHuH
0,001,0,01;0,1;0,2; 0,5.

14.Paccuutare usmeHenre pH 0,1 M pacTBopa LIMaHOBOAZOPOZHOH KHCIOTHI IPH
nobasnennu 400 M1 BOABL.

[5.Huxe npuBeneHp! 3HA4YECHHH O AN PacTBOPOB YKCYCHOW KHCIOTBl pasHOM
KOHIIEHTpall{H

C(CH,COOH) |0,1 0,08 0,03 0,01

a 1,34:107 1,50-10 2,45-10™ 4,15:10™

BriaMcionTe B KaXA0M Cllyyae BEIMYNHY KOHCTAHTHI AUCCOLMalMH KHCnoThl (Kp).
16.Beruncanre [H'] B 0,1 M pacteope HCN. Ckonbko rpaMmmoB CN™ B BUiE HOHOB
coaecpxutcs B 0,6 11 yka3zaHHOro pacteopa?

17. Ilpy xako# MONSIPHOH KOHLEHTpALMK YKCYCHOM KMCIIOTBI B PacTBOpPE €€ CTeNeHb
auccouuanydy passia 0,017

| 8.Bouncants o 1 [H'] B 0,05 M pacTBope 230THCTOM KHCIIOTBI.
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19. Bo cxosbko pas [H'] B pacTBOpe MypaBbHHOW KHCIOTBI 60bLIE, Y4€M B PACTBOPE
YK<YCHOHN KHCIOTBI TOH Ke KOHUEHTpauHu?

20. Tlpu xaxo# MoNAPHOH KOHLIEHTPAUMH MYPaBbUHOH KHUCIOTHl 95% ee HaxoauTCs B
HEJIMCCOLIMUPOBAHHOM COCTOSIHHH?

21. Botuucnute [H'] 1 @ B 1%-HOM pacTBope YKCYCHOM KHCIOTBI, TPUHAB p=1T/MJ.
22, Tlpu Kako#i KOHLUEHTpaLWH MYypaBbUHON KUCJIOTBI [H+]=8,4-10'3 ?

23. Boluncauts o v [H'] B 0,001 M pacTBOpe X10pHCTON KHC/IOTSI.

24. Beuuenuts [HT] u [HCOS] B 2:10° M pacTBOpe YLOJBLHOH KHCIOTHI,
JUCCOLMALMIO CYMTATh TOJILKO TIO NEPBOH CTYNEHH.

25. Bewuucauts [H'] u [HS] B 0,7 M pacTBOpe cepoBOAOPOAHON KHCHOTHI,
AMCCOLHaUHeH o BTOPOH CTYIIEHH npeHeOpeus.

26, Bemucants [H'] n [HSO3] B 0,6 M pacTBOpe CepHUCTOH KHCJOTBI,
AUccoLMalUel [0 BTOPOH CTyINeHH! npeHeOpeus.

27. Onpenenuts pH 0,01 H pactBOpa eaxoro Hartpa.

28.0nepenenuTh KOHUEHTPALMIO YKCYCHONW KUCJIOTHI, ecny pH= 3

29. Paccunraiite [H'] v pH B 1M pactsope HCIO.

30. Beiuncnure HopmanshocTh pactsopa KOH, ecnn pH=11.

Konuenmpayun uonoe 8 pacmeopax Maiopacmeopumblx cojiei,

Boivucaume pacmeopumocms (Mob/1):

31-ioanna Meau(l); 46-cynbodupa kaamus (I1);
32-optodocdara xeneza(lll); 47-oproapceHara sucmyTa (II1);
33-cynsduna prytu (I1); 48-xapbonara kaamus (11);
34-xapbonata mapranua (III); 49-okcanaTa KanblLIHi,
35-cynsbuna onosa(ll); 50-okcanara meau (I);
36-cynbdupa sucmyTa (111}, 51-kapbonara xenesa(Il);
37-optodocdaTa aNntoMUHUS; 52-manranara Hapus;
38-cyneduna cepebpa; 53-cynsduaa Meau(Il);
39-ponanuna cepebpa; - 54-kapboHaTa LUHHKa
40-xpomara bapus; 55-xnopuga pryta(l);
41-kapboHaTa bapus; 56-cynppuaa LUIMHKa,
42-fionuaa sucMmyTa (II1); 57-dTopuna ceunua (II);
43-rynbduaa xenesa(ll); 58-oprodocdara HaTpus
44-Fonuna cepebpa; 59- voaun ceunua (I1);
45-cynetduna kobanera (III); 60 —okcanara cepedpa

Boinaoaem nu ocadok npu CAUBARUU.

61- paBHBIX 06beMOB 10 M HuTpara cepebpa u 10® M 6pomuia Kaus;
62- paBHbIX 00BEMOB 10" M uutparta cepebpa u 10° M uopuza HaTpus,
63- paBHbIX 00BEMOB 10"° M uutparta cepebpa 10 M xpomara Kanus;
64- pasHblx 06BeMOB 2% HmpaTa cepebpa u 10° M po,HaHH,ua HaTpHH,;
65- paBHbIX 06beMoB 10 M HuTpaTa cepebpa u 10* M okcanara xanus;
66- paBHBIX 06BEMOB 102 M xnopuza 6apus u 0,1 - XpoMarTa Kanusi,

67- paBHBIX 06BEMOB 107 M xnopuga 6apus u 107 M tdbropuaa kanus;
68- paBHbIX 0OBEMOB 0 002 H xnopuna bapus u 107 M deopHna KaJIus;
69- paBHbIX 0OBEMOB 10™* M nurpara Bucmyta (I11) u 10”° M #iopunaa kanus;
70- paBHbiX 06bemoB 107 M xnopuaa KanbLus u 10™ M okcanara HaTpus,
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71- paBusix 06bemos 10 M xnopuna xansums 1 10-* M oxcanara kanus;
72- paBubIx 06beMoB 10” M Hurpara kansums u 0,002 8 CEPHOI KUCIOTHI;
73- paBHBIX 00BEMOB 10" M HuTpata BUcMyTa (III) u 10-* M Homnaa HaTpPus;
74 - paBHbIX 06beMOB 5% HuTpaTa cepebpa 1 10™ M okcanata Kanus,
75- paBubIx 06beMos 10 M Hutpara cepebpa u 10”° M quxpomara xanus;
76- paBHBIX 06BeMoB 107 M HuTpata BucMyTa (I11) » 107 M iiopuna HaTpwus;
77- paBubix 06bemos 107 1 cynbdara nuska u 10° M kapGonara narpus;
78- paBHBIX 06BemoB 10° M HuTpata pTyTH (II) 1 10° M XJIOpUJA Kallus;
79- paBubix 06BemMoB 10 M uurpara Hukens (I1) u 10° M cynbduna Hatpus;
80- paBHBIX 06beMoB 10-> M uuTpata cepebpa n 107 M quxpomara Kanus;
81- paBHbIX 06beMoOB 10° M XJIOpHIA AJIIOMUHUA U 10°M oprodochaTta HATPHUS;
82- paBHBIX 06bemoB 107 M cynndara uunka u 10° M cynsduna Hatpus;
83- parHBIX 06BeMOB 107 M HuTpara kansumsa u 107 M CEPHOHN KUCIOTHI;
84- papHbIx 06bemos 10” M xnopuaa kansuus ¥ 107 M cepHO#t KHCIOTHI;
85- paBHBIX 06BeMoB 107 M HutpaTa BucmyTa (I11) 1 10° M Hoauna HaTpus;
86- paBubIX 06beMoB 10™ M HuTpata cepebpa u 10" M quxpomara kaus;
87- paBHbIX 06BeMoB 107 M docdara natpus 1 10” M cyabdaTta LHKa
88 - paBHBIX 00BeMOB 4% -HBIX pacTBOpPOB XJopuaa xesnesa (1) u cynbdhuaa HaTpus;
89 - paBHbIX 00BeMOB (0,02 H pacTBOPOB XJIOPKH/IA ANIOMUHHUA U OpTodochaTa Kamus;
90 - paBHBIX 06BEMOB 10°M Hutpara Kby U 0,004 H CEpHOH KHUCIIOTHI.
Hanucamo uonno — MoieKyAApHbIE PeaKyi MeHcOy COCOUHCHUAMU.

91 - HuTparToM cepebpa 1 OPOMUIOM Kajus;

92 - HuTpaToM cepebpa U CONITHONH KMCNOTOH;

93 - opTodocaTroM Kanug U XJOPUAOM ANFOMUHUSA;

94 - 6pomugom Gapus ¥ KapOOHATOM Kasus;

95 - HuTpaTtoM Oapus U.CyNbhOUTOM HATPHS;

96 - nutpatom BrcMyTa (I11) 1 apceHaTOM HaTpus

97 - nutparom BucMyTa (II1) u docdaroM HaTpus;

98 - XNOpHIOM KallbIKs U KapOOHATOM HAaTpHs

99 - kapboHaTOM Kayius ¥ HUTpaToM Kaamus (11);

100 - xnopugom kaaMus (I1) 1 cynrduaOM Kasus;

101 - kapbonaTom kanus u HUTpaToM Meau (I1);

102 - oprodocdarom HaTtpus u HUTpaToM xenesa(lll);

103 - pTOpHAOM HATPUA U HUTPATOM KaJlbLHS,;

104 - oxkcanaTOM HaTpusl 4 HUTpaToM Kaamus (11);

105 - xpoMaTOM HATpPHUsl ¥ HUTPATOM CBHUHIA;

106 - x10puIOM HATPHsl U HUTPATOM CBHHIIG,

107 - cynbdumom kanus 1 HuTpatoM pTyTH(II);

108 - HopaTom HaTpus U HUTpPaATOM Oapus;

109 - HuTpaToM BUCMYTa Y HOJaTOM HATpHS,;

110 - cynspuUTOM HATPHUS U HUTPATOM cepebpa;

111 - HUTPAaTOM KaIHUA U COJISIHON KUCIOTOH;

112 - runobpOMUTOM HATPHS U CEPHOI KMCI0TOH;

113 - nMaHuMAOM HaTPHA U COJSHON KMCIOTOH;

114 - celleHUTOM KaJIUs U CONITHOR KUC/IOTOH;
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115 - aueTaToM HaTpHs M CepHOM KHCIOTOH;

116 - cynbpuaoM Kalus H a30THOW KHCITOTOH;
117 - xnopuaom Kanus v cepHoit KUCNOTOM;

118 - auneratom ceurua(ll) u cynsduaom Hatpus;
119 - oKcanaToM HaTPHS ¥ XJIOPHAOM KAk,
120 - rHAPOKCHIOM Kalus U HUTpUAoM Bapus.

Hanucamb peakyuu zuoponusa cnedyrowiux coneii u onpeoennnts KAKan cpeoaq
pacmeope (Kucaan, wie10UHan uiu HempaaibHan)
121 -xapboHaT MeaH, CyabGUa HATPUS

122 - HuTpaTa Me/H, CyIbGUI Kanus

123 - HuTpUTa Kaaus, cyfnbpaTa Kajaus

124 - cynsdua amoMubug, cynbdart HaTpUs

125 - HuTpata Meau, XNOpHI HATPHS

126 - xnopua kanus, cyasdaT amoMHUHAS

127 - cynbUT KaIusd, HUTPHT MeAU

128 - xnopun antoMuHus, opTopochar Kanus
129 - nudocdar Hatpus, xnopun xeneza(ll);
130 - opToapceHat kanus, HuTpat cBunua(ll);
131 - cynsdar xkenesa (II1), kapbouaT Harpus
132 - cynpdug xanusi, cyibpaT KaJlbiinsg

133 - x10pua xenesa (II), opropochar HaTpus
134 - cynwUT Kasusl, cynbpar HATpUs

135 - xyopuna BUCMyTa, HUTpUTA Oapus.

136 - cynbpata kanus, nupodochara HATPUS.
137 - cynbgura Kanus, aueTaTa UHHKa

138 - xnopuna xeneza (111), xapbonara n1uTHs
139 - auerara xenesa (II), xnopuna xenesa (111)
140 - cynpgara afroMUHUS, CyNbhHAA KATHA
141 - oproapcenarta kanus, HUTpaTa BUCMYTa.
142 - xnopuna aTOMUHUSA, HUTpaTa KaJMHUHA;
143 - xnoparta Hukens (1), cynpduna kanus;
144 - nudocdat HATPUS; HUTPUT MEAH;

145 - cynbdarta xanus, nupogocdara HaTpHs.

52




Homepa BapuanToB k 3aganHio VII

Howmep Homepa 3anau Howmep Howmepa 3anay
Bap-a BapHaHT)
|

1 20 | 31 | 70 | 91 130 16 17 54 61 | 124 | 136
2 21 | 32 | 71 | 92 131 17 18 55 62 | 125 | 137
3 22 | 33 | 72 | 93 132 18 19 56 63 | 126 | 138
4 23 | 34 | 73 | 94 | 133 19 16 57 64 | 127 | 139
5 24 | 35 | 74 | 95 134 20 1 58 65 | 128 | 140
6 25 1 36 | 75 | 96 | 135 21 2 40 66 | 129 | 141
7 26 | 40 | 76 | 110 | 136 22 3 4] 67 | 116 | 142
8 27 | 51 | 81 | 111 | 137 23 4 42 68 | 117 | 143
9- | 28| 52 | 82 | 112 | 138 24 5 43 | 69 | 118 | 145
10 10 | 53 | 83 | 113 | 140 25 6 44 80 | 119 | 132
11 11 | 54 | 84 | 114 | 141 26 7 45 89 | 120 | 132
12 12 | 55 | 85 | 115 | 142 27 8 37 90 | 121 | 133
13 13 | 47 | 8 | 107 | 143 28 9 38 7 | 122|134
14 14 | 48 | 87 | 108 | 144 29 29 39 78 | 130 | 135
15 15 | 49 | 88 | 109 | 145 30 30 46 79 | 123 | 136
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VIIL. OKHCIHTENLHO - BOCCTAHOBHTE/ILHbIE PEAKIHH

Peakuud, B pesyjbraTe NpPOXOXKAEHHS KOTOPBIX MPOMUCXOAMT H3MEHEHHE
CTETICHH OKHCJIEHHUSI aTOMOB HEKOTOPBIX 3JIEMEHTOB, HA3BIBAKOTCH OKUCAUMENbHO-
8O0CCIMAHOBUMETbHBIMU.

OTHOWIEHHE METANJIOB K BOAE, KUCIOTAM H T.[. OTIPEAEAETCH UX [IOJIOKEHUEM B
JICKTPOXMMHUYECKOM DPsIly HanpsukeHus. Bce MeTanibl, pacrnolo)XeHHBIE B Py 10
BOJOpOJA, AOKHBI BBITECHATH €ro H3 BoAbl. OOHAKO TakHe METabl Kak LWHK,
KE.1¢30, OJIOBO, ANOMUHHE TIpH OOBIYHBIX YCNOBHSX BBITECHSIOT BOAOPOX OUYEHE
MEUICHHO MMM COBCEM He BHITeCHAOT. OOBACHIETCS 3TO TEM, 4YTO MpH
B3aWMO/JEHCTBHH ¢ BOZOH Ha MOBEPXHOCTH META/LIOB 06pasyeTcs HepacTROpUMAs B
BOJE TOHYAHIIAA IUICHKAa OKUCH, KOTOpas B TOH WIIM WHOM CTENeHM HpeloXpaHser
MeTall OT JaJbHEHIETO OKHUCICHHUS.

Tonbko oueHb aKTUBHBIE METAIUIBI {(MarHui U Apyrye, CTOSIIKUE JieBee BOAOPOA
B psAdy HalpsbKeHHH) BHITECHSIOT €0 U3 BOAKI IpH 00bIUHOM TemnepaTtype:

2Na + 2H,0 — 2NaOH + H,1.

Bce MeTannei, cTodlllMe B pALy NeBee BOAOPOAA, BOCCTAHABJIMBAIOT €ro M3
pazbaBieHHBIX KUC/IOT.

. Zn +sto4(pa.36.)"__> ZHSO4 + HzT

Zn-2e — Zn*"

2H+ + 2e — H2

Zn+2H— Zn™" + H,.

Meranniel, cToslIME B pAAY HamnpsbkKeHHs TIpaBee BOAOPOMAA, HE BBITCCHAIOT
BOAOPOA H3 KUCJIOT.

Cu + HyS8O4pass )7

ITpuBenennoe Bolllie MPaBUIIO ABAAETCSA OOLIMM NPH B3aUMOJAEHCTBUH METANIOB
C BOJIOH M KHCIIOTaMH, OJTHAKO CYILIECTBYET HCKIIOUEHHE,

Hu ooun memann ne ebimecuaem 6000pod u3z  pazbasaenmod,
KOAYEHMPUPOBAHHOU d30MHOI  KUCIOMB! U KOHUEHMPUPOSAHHOU CepHOl
Kucaomest (mabn. 1).

Tabanua |
IIpoayKTBl BOCCTAHOBJEHHSA A30THOH KUCIOTHI

Ilonoxeuune | Konuentpanus azotHoit | [IpoayKTh! peakiiuu

MeTalfia B  pAAY | KHUCIOTHI

HaIPSKSHUHA
| AKTHBHBIH  MeTasi | oueHs pa3baBieHHas Hutpar metana +NHNO;+ H,O

(no Al BkA.)

AKTHUBHBIH MeTaln | pa30aBiecHHAs | HUTpAaT MeTauia + N,O + H,O

(nu Al BKDL) ]
| AKTHBHBIH  MeTan KOHLCHTPUPOBaHHas HUTpaT MeTasua + NO + H,O

(no Al Bxn.)

MarnoakTHBHbIE pa3baBneHHas HuTpat Metasuia + NO + H,O
_MeTajuel (Mocie Al) B

MasioaKTUBHBIE KOHLEHTPUpPOBaHHasA HUTpat Metaa + NO, + H,O

MmeTabi(nocne Al)
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MeTtanasr Al, Fe, Cr maccuBupyl0OT B KOHUEHTPHPOBAHHOH a30THOI KHCIOTE,
obpa3ys Ha NOBEPXHOCTH METAAA0B OKCHAHYIO IUIEHKY, HE PaCTBOPHMYIO B XONOXHOH
KHuciore. He pearnpyloT ¢ KOHUEHTPUPOBAHHOM a30THOM KHCIOTON TaKXKe
Onaroponnsle Metannsl. Hanpumep, 3010T0 W TNNATHHA PaCTBOPHIOTCH TOABKO B
“uapcko# Boake” {cMecs Tpex 0OBEMOB a30THOM K OTHOTO COITHON KUCIOT).

Hpm!ep 1, 4Mg + IOHNOMO%% pait) —* 4 Mg(NO3)2 + NH4NO3 + 3H20

Mg —2e — Mg2+
10H‘ + N03 + 8e — NH;; + 3H20

4 Mg+ 10H" + NO;y — 4Mg® + NH," + 31,0

pruep 2. Cu+ 4I_INO3(K{}HU.} —r CU(NO3)2 + 2N02 + 2H20
Cu-2e — Cu®
2H™ + NO; + le —» NO»2+ H,0

Cu +4H" + 2NO; — 2NO;+ 2H,0 + Cu®

Ilpu e3aumodeiicmeuu KOHUEHMPUPOBAHHOH A30MHOU KUCAOMbL C
Hesmemaaamu OHAa OKHCIIAET MX 10 COOTBETCTBYIOLIEH KHCIOTEI, B KOTOpOH HeMeTann
HaXOJUTCH B BRICIIEHN CTENIEHU OKUCIEHHS.

pruep 3. P+ 5HNO3{KoHu) — H3P04 + 5N02+ Hgo
P + 4H,0 - 5¢ — H;PO, + 5 H
2H + NO3-+ le— N02+ H20

P+ 4H,0 +10H" + SNOy — HyPO;4 + § H™+ SNO,+ SH,0
CoxpantaeM MoJIEKYJIbl BOABl ¥ MOHBI BOAOPONA, HAXOAAUIMECS B IEBOH ¥ NpaBoi
YACTH YPaBHEHUS NONYpPEeaKL Y.
P+ SH‘ + 5N03 — H3P04 + 5N02+ Hzo

IlpoayxTsl BOCCTaHOBIEHHS KOHLEHTPHPOBAHHOM CEPHON KHUCAOTHI METaJLIAMH
TAKKE 3aBUCAT OT MX MNOMOXKEHHWS B pAAY HanpsXKEHUH, a TakKe OT YCIOBUH
NpOTEKAHHs peaklWW. B3aumopelicTBUe CepHOM KHCAOTBI € MajdOaKTUBHBIMU
METAJIJIAMH Ha XOJIOLE U NIpU HAarpeBaHuy, a TakXe ¢ aKTUBHBIMHU METalJIaMH Ha XOJI0Je
MIPOTEKaEeT 1o cxeme)yxa3aHH0§i B Tabmn. 2.

Tabnuna 2
IIpOfYKTBI BOCCTAHOBIEHUS KOHUEeHMPUPOSAHHO U CEPHOT KHCIOTBI

TTonoxeHue MeTanna B Ycnosus IIpoaykThl peakiinu
DALY HANpHKEHHUH
MarioaKTHBHbIE MeTaJINbI Ha xonome Cynsdart metasuta + SO, + H,O
ManoaKTUBHBIE METaEI Ilpu narpeBaHun
AKTHUBHBIE METaJlJIbl : Ha xonoxe :
AKTHBHbBIE METAILITBI [lpu narpesanny - Cyasdar meranna + H,S(S)+ HO
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Tlpumep 4. 4Mg + SH,S8O4(xonn.) — 4MgSQ, + H,S + 4H,0
! oMg®-2e— Mg”
SO,;” +10H" + 8¢ — H,S + 4H,0

A AD L i oo ) + b
4Mg° + SO +10H" + 8¢ — 4Mg™ + H,S + 4H,0. n 1. JI.
3ananus x paineay VIII

. Onpedenrums cmenens OKUCACHUA KEHMPARBHOZ0 GMOMA 6 CEOYIO U UX
- COCOUHEHUAX

1. K,S, Clp, Na;WQy, HsJOg
MgpS0y4, RbBr, Op, NaClQy4
KO», N3, NoHy, Hy8eO53

HCI1O, NH>OH, CuCly, H3PO4
H>P507, Jo, HAsO,, CuS04
NaBr, HyOp, HyTeO4, KMnOy
CH,, HBrQs, BrCls, HNO
Cu{NQO3),, C2Hy4, HPO3, Cll5

9. PCls, CoH», NH,OH, HCIO
10.HyS70+, NaClO9, H3PO4, Hy
11.KoMnQ4, PH3, MgCly, Py
12.H,S103, K7CrO7, CrCl3, Na Oy
13.H3As04, KMnQy, PCl3, H,S
14.HyB,07, Fp, Na3AsQOqy, CIF3
15.0F», HCIO4, K»>Se(3, HI
16.KoMo0O4, NHj, HyCrOg4, NIz
17.Na3zPOy4, NarO,, WO3, H3PO3
18. H3POy4, CHa, Jo, (CuOH),CO3
19.H5CrQy4, CaSi0y4, AsHz, Sg
20.KBiOs, Bin(S04)3, BiH3, KAsO;
21.K5Sn0s, Sily, OF;, KOy
22.HNO»y, NaSbO3, HaP»09, O3
23.Na,Sn03, KCIO;, HoMoOy, C4Hyg
24 NaClO3;, PH3, HBiO3, ClF4
25.NH4OH, H,CO3, K4P707, CHy
26.HSe, Alp{SO4)3, HsJOg, CIF
27.NaAlO;, AgNO;3, Pl3, C1,O

® N O s W
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Hcxoon u3 cmenenu OKUCAeHUA UEHMPATBHO20 AMOMA & CACOYIOUUX
COCOUHEHUAX, ONpedenimb, KAKOE U3 HUX AGIAEMCA MOTbKO OKUCTUMENEM, MOIbKO

60CCIAHOBUMENEM, obaadaem

deéoiicmeennocmoio, Ilovemy?
28.HCI, HCI10O3, HCIO4

29.PH3, H3PO4, H3PO;5
30.KJ, H2SO3, K2CryO7
31.HNO», H>S, KMnQy
32.K»CrOy, S, KBr
33.HNQO3, HyO,, PH3
34.FeCly, Fe(OH)3, Fe
35.KBi03, H>S5, HS
36.K2CryO7, Cry(S04)3, Cr
37.N;H4, Np, HNO;,
38.H3PO,, PH3, P
39.KoMnQOy4, KMnQO4, MnSO4
40.S0,, SO3, K5>S

41.Cl3, HC1, HCIO;

OKUCAUMETbHO-60CCMAHOEUMEABHOU

42. SnCl,, Bi, NaBiOs
43. As, AsHz, H>SO4

44. SnCl,, SnCly, Sn
45.0,, HyO7, HyS

46, CoCly, Co(OH)3, Co
47. J5, Pbl, HySe(O4

48. MnSO4, KMnQO4, MnO
49. HyC20y4, CHy4, Al
50.Cu, Cul, Culy
51.KCrO,, K>CrQy, Cr
52.NaNOj, NO;, HNO3
53.Cr0O3, CrCls, KoCryO7
54.HgCl,, HgyCly, Hg

Kaxoil u3z yKazanHuix Npoyeccos - OKUCACHUE, KAKOU soccmanoénenue? (cocmagumy

VpasHeHuA ROIypeaKkuil).

55. MnO4 >— Mn” ;2] —Jp: NOy —NO3~
56.CI03 —Cl~: NOy —NO; NO— NO;
57.NH3—NO; Cry07° —2Cr " NO; —NH;
58.504° —H,S; $°"—80; J,—2J0~
59.Mn’ " >MnO;; $03° —804°7; JO I~
60.S0,—804°": MnO4 — MnO,~"; 27—k
61.H3PO3— H3POy4; H3PO3— PH3; P— HyPOy
62. CrO;>~ — Cry07° ; HyS— HpS04; NoHy—NH;
63.MnO, —Mn>"; MnOy —MnO4>":Mn —MnO,
64.H,S03 —H,S; NOy —NO3~: NO; —NO
65.504°"— §°~; HyOy —Oy: HyOy —20H"
66.NH,OH —N,0; No— NHi; SO3° 8042~
67.8503° — 2804°7; 28,03° 58406 : $*—8°
68.FeSy —SOy : AsHy— H3AsO4; Pb304—3 Pb™"
69.Mn> —MnO4°"; Al—~AIO;": 2NO; —N,
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70.Zn"—Zn0y>"; HyO —Hy; FeCly — FeCls

71.Cly —2CT; Cly—2CI03™; CIO™— CI”

72.Co° " SCo(OH)3; CrOy — CrO4°; Cra07> —2Cr
73.Ni(OH)3—Ni*"; Fe> = Fe 0,°"; NH,0H — NHj
74.8--H,S; Pr—[PtClg]*; S°—505%"

75.H205 — Hp0 ; SO3° > SO4° 7 21 "5
76.Cro07°" —2Cr(OH)3; 2NH3— No; NaHa— NH;
77.Mn° — MnOy; MnO4°~ —Mn0Oy: Bi° T —BiO;”
78.NO3 —NH3; J,2J0™; P— PH;

79.8n"" > $n03%7; Sn?t 800377 Cl—2C10;™
80.Cr0O5—Cr; $° —80,; Cr(OH)3— CrO;~
81.H3PO5— PHj; P—PCl3: NO3 — NO,

Honucams npasyio yacms ypasnenun u paccmasums Ko3ghpuyuenmot:
Okucaumenu — npocmeoie gewyecmaa.

82.07 + HyS—

83.Fe(OH); + O7 + HpO— Fe(OH); +

84.07 + Mn(OH); + HoO— MnQO, +

85.Cls + HbS + H,0—

86.Cl; + KBr—

87.Cl, + KJ—

88.Cl; + Brp+ KOH — KBrOj -+, ..

89.Clp + Jo + HoO — HJO;3 +. ..

90.Clz + Naz§8,03 + HyO ~— NapyS0O4 + HaS04 +...
91.Br; + Nap$§203 + HoO — NapyS0O4 + S +...
02.Br; + KCrO; + KOH — K,CrO,

93.Bry + CrCly + KOH — K,CrO,4 +

94.J7 + NayS»03 — NayS406 +...

95.J» + NaS0O3 — Na,50, +

96.Bry + CoCly + KOH — Co(OH)3 +...
97.Cly + NiCly + KOH — Ni(OH)3 +...



98.
99,

100.
101.
102.

103.
104.
105.
106.
107.
108.
109.
110.

111.
112.
[13.
114.
L15.
116.
117.
118.
119.
120.
121.
122.
123.
124,
125.
126.
127.

OKUCIUTENIA — HOHBI METAJLIOR
FeCl3 + SnCly, — FeCl; +
FeCly; + KJ — FeCl; +
FeCl3 + HyS — FeCl, +
HgCly + SnCly — Hg +
BiCl3 + SnCly + KOH — K»SnO3 + Bi +...

OKHCJ’IHTCJIH — OKCHJILI H THAPOKCU bl MCTAJIJIOB
MnO, + HCl — Mn*
MnQO; +NaBr + HySO4 — Mn*"
MnO; + NaJ + H,SO4 — Mn**
MnO; + Na;SO3 + HySO4 — Mn®" + Nas SOy
PbO;, + MnSO4 + HNO3 — HMnOj4 + PbSO,. ..
Ni(OH); + HCI — NiCl; +...
Co(OH)3 + HCIl — CoCl; +...
PbO; + Mn{(NO3), + HNO3y — HMnQOg4 + Pb{NO;), +

OKucanuTeNH — a30THasA KMUCNOTa U HUTPATHI
Cu + HNOs(koH1. ) —
Zn + HNO3(koH11.}) —
Sn + HNOj3(xonu.}) — HoSnO3 +...
As + HNOs(koni.) — H3AsO4 +...
SO, + HNOs(xoHIL) —
C + HNOj(xoH1L.) —
S + HNO;s(konu,) —
PH; + HNO3(xoHU.} —
Fe304 + HNO3(koHL.) —
FeS; + HNOj(xoHL.) — Fe(NO3); + HpS8O4 +...
H,S + HNOj3(xoH1.) —
As7S3 + HNOj(koH1t.) — H3AsO4 + HpSOy +...
Fe + HNOj(xoH11.) —
J, + HNOs3(xoHL.) —
Cu + HNO3(pa36.) —
Al + HNOs3(ou. pazb.) —
Mg + HNO3(paz6.} — NoO +...
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128.
129.
130.
131.
132.

133.
134.
135.
136.
137.
138.
139.

140.
141.
142.
143,
144,
145.

Zn + HNOjs(ou. pa3b.) —
Fe + 1INO3(paz6.) — N» +...
KNO3 + Al+ KOH — NH3 + ...
Au + HNOj(xonu.) + HCl(konn.) — H[AuCls] +...
Pt + HNOj3(kon1.) + HCl(koui.) — Hp[PtClg] +...
OxucnuTens — KOHUEHTPUPOBAHHAS CepHAasi KHCIIOTA
Zn + HpSO4(kou1r.) — HpS +. ..
Cu + HpSOy4(kon1.) —
KBr + HySO4(kon.) — SO; +...
KJ + HpSO4(konir.) = HpS +...
H>S + H>SO4(koni.) — S + SO5 +....
Al + HpSOy4{xon1.) — HpS +...
Zn + HySOy(xoHI.) — S +. ..
BoccranoBuTeny — MeTaJIb! B HYJIEBOH CTENIEHU OKUCIIEHUS
Al+ KOH —
Pb+ NaOH —
Sn + Ba(OH); —
Z/n+KOH —

Fe + NaOH —
Sb+ KOH —

B npusedeninix Hiice peakyunx, ucxo0n u3 cmenenu OKUCIeH U amomos,
onpederums, KAKoe U3 peazupyiouiux seuiecme A6AAeMea OKUCIHMEReM,
soccmanosumeliem (be3 paccmanosku KoIPPuyuenmos),

146.
147.
148.
149.
150.
151.
152.
153.
154.
155.
156.
157.
158.
159.

KMnQO4 + SO + KOH — K,;MnQ, + K,SO, + H,O

KMnQOj4 + NaySO3 + H3SO4 — MnSQO, + Na,SO, + K,S0, + H,O
KMnQO4 + NasSO3 + KOH — K;MnQO4 + Na,S0O, + H,O

KMnQ4 + NaySO3 + HyO— MnO; + Na,SO, +KOH

KMnOy4 + KJ + H>SO4 — MnSO; + I, + K;SO,4 + H,O

KMnQ4 + K58 + H,SO4 — MnSQO, +S§ + K,S0, + H,O

KMnQ4 + H,SO3— MnSO, + K,50, + H,O

KMnQ4 + FeSO4 + HySO4— MnSO, + Fey(SO4); + K504 + H,O
KMnQO4 + FeSO3 + HySO4— MnSO, + FeSO, + K,50, + H,O
KMnQ4 + Al + HySO4— MnSO, + Al (SO,); + K,SO4 + HO
KMnQ4 + H>C704 + HySO4— MnSO, + CO+ K,804 + H,O
KMnQy4 + CrCl3 + HSO4 — MnSO, + H,CrO,4 + KCI + H,O
K>Cro07 + HCI (xonu.) — CrCl; + Cl, + KCI + H,O

K5CryO7 + NaBr + HySO4— Cry(SO,); + Br, + K,S0, + Na,S0, + H,O
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160.

K7Cr07 + KJ + HaSO4 — Cry(SOy); + 1; + K,80, + HO

161. K2CryO7 + HySO3 — Cry(SO,); + K>SO, + H,O
162. K2CrO7 + HaS + HpSO4 — Cry(SOy); + K80, + Hy,O
163. K2CryO7 + FeSOy4 + HaSO4— Cra(SOy); + K380, + Fey(SQ4); + H,O
164. K7CryO7 + NaNO; + HaSO4— Cry(SOy); + K804 + NaNQ; + H;O
165. K7Cr07 + NayS0O3 + HyS04 — Cr(SOy); + K,SO, + NaSO, + H,0
166. Ko2CrO7 + SO + HpSO4— Cry(SQOy); + K380, + H,O
167. KCIO3 +MnSO4 + KOH— KCl + K,MnQO, + K,SO,4 + H;O
168. KClO3 + KJ + HS04 — KC1 +1; + K,804 + H,0
169. KCIO3 + NaNO; + HySO4— KC1 + K,S0, + NaNO; + H,O
170. KClO3 + FeSO4 + HpSO4 — KCl + Fey(8O4); + K804 + H)O
171. NaNO; + KJ + HySO4 —NaNO; + J, + K380, + H,0
172. NaNO; + KMnO4 + KOH — K;MnO, + KNQ; + H,0
173. NaNO; + KMnOy4 + HyO ~» MnO, + KNQO; + NaNO; + H;0
174. H>SO3 + HJ -~ J, + H>SO4
175. Cly + NaOH -+ NaClO3 + NaCl + H;O
176. KClO3 + HpSO4 —» ClO; + KC1O4 + K5S04 + HO
177. S + KOH -+ K7803 + K,S + H,O
178. Jo+HS — S+HJ
180. J + Cly + HyO — HCI + HJOs
BapnanTs 3apaunii k pasaeny VIII
Homep HE)”Mf:pa 3ajaHniin I Homep ”H'(')Mf:pa jalaHnd ]
BapuadTa BapUaHTa
1 27,28,55,81, 111, 141, 16 12,43, 77,96, 126, 156
2 26,29,70,82,112, 142 17 11,44, 63,97, 127,157
3 25,30,56,83,113, 143 18 10, 45,78, 98, 128, 158
E 24,31,71,84, 114, 144 19 9, 46, 64, 99, 129, 159
5 23,32,57,85,115, 145 20 8,47, 54,100,130, 160 |
6 22,33,72,86,116, 146 | 21 7,48, 79,101, 131, 161
7 21,34, 58,87, 117, 147 |22 6, 49, 65,102, 132, 162
8 20, 35,73, 88,118, 148 23 5, 50, 80, 103, 133, 159
9 119, 36,59, 89,119, 149 24 4,51,66, 104,134, 154
10 18,37, 74,90, 120, 150 25 3,52, 59,105, 135,153
11 117,38,60,51,121, 151 26 2,53,67,106, 136, 155
12 16,39,75,92,122,152 |27 1,36,73,107, 137,151
13 15,40, 61,93, 123, 153 28 118,44, 68,108, 133, 145
L.l.4 14,41, 76,94, 124, 154 29 | 14,42,55,109, 139, 148
15 13,42, 62, 95,125,155 30 26,31, 69, 110,140, 156.
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IX. DnekTpoXHMHS
Tanveanuveckuii snemenm, INeKMpoOHsI G NOMEHLUAN

Tanveanuueckum  Inemenmom  Ha3bIBAeTCA  CHUCTEMa, [IpeBpaLIaKoLlas
XHMHYECKYIO 3HEPTHUIO B JJIEKTPHUECKYIO.

B pesynbrare NpoTeKaHHs XMMHUECKHX PCaklMi B rabBaHHYECKUX 3JIEMEHTax
OCYWIECTBISKOTCA  NpOLECChl, 00YCIaBIHBAKCLIME BO3HHUKHOBEHHE  Pa3HOCTH
[TOTEHUHAJIOB Y JNEKTPUYECKOr0 TOKA,

IIpn norpyXeHHH METANIMYECKOro 3JIeKTpoJda B BOAY HIH B pacTBop
3JIEKTPONMTA BO3ZHHKaeT oOpaTHMas 3eKTpOAHAs peaKins Me <= Me,"  + ne.

[TporcXonuT OKMCIECHHE METaIa, HOHBI KOTOPOro NMEepeXolaT B pacTBOp, eClH
KOHLICHTpaUHs HOHOB MeTalia B pacTBOpe MeHblle paBHOBecHOH. JlaHHas
XHMHYECKast peaKkuus BHI3LIBAET BO3HHKHOBEHHE Pa3HOCTH IOTEHUHATIOB MEXIY
MOBEPXHOCTBIO METalsla W pacTBOpOM (TIPUHATO Has3blBaTh 3TO  SIBICHHE
“BO3HMKHOBEHHEM CKayka MNOTeHUHUalla Ha [paHHLE pa3zfesia MeTalll-pacTBop’ ).
BenyuuHa JaHHOM pa3sHOCTH MOTEHUHAJNOB B HACTOALUEE BpEeMS HE MOXeT OBbITh
U3MepeHa IKCIIEPUMEHTANIbHO.

Dnexkrpoapuxkyuiel cunoii (DJIC) ransBaHHYECKOTO 31€MEHTA Ha3biBaeTCs
HauObOoMblIAs Pa3HOCTh IOTEHLUMANOB €ro 3JIeKTPO/OB.

Cefiyac NpakTUHECKU NPU OTIPeACNICHHH NEKTPOAHBIX MOTEHIUATIOB U3MEpSIOT
DJC ranpBaHWYeCKOrOo  3JIEMEHTA, COCTABIGHHOIO M3 IBYX 3J€KTPOAOB
(r1oy3/IeMEHTOB): HEW3BECTHOTO, MOTEHLHAJ KOTOPOro HEOOXOAMMO Y3HATh, H
CTaHAAPTHOIO (HOPMAaNBHOIO} BOJOPOJHOTO 2JIEKTPOJAa, NOTEHIMAN KOTOPOro
ycnoBHO NIpuHAT paBHbiM 0,00 (B).

B Teopuu U npakTHKE HWMEIOT [eJ0 C JByMs BEJIMYHHAMH: JIEKTPOAHBIM H
CTaHAAPTHBIM 3JIEKTPOAHBIM MOTEHLHAIOM.

DNEKTPOAHBIM IIOTEHIIHAJOM HaszbiBaeTcss BeanudHa DJ1C rainesBaHH4ecKoro
3neMeHTa, 00pa30BaHHOIO [AaHHBIM 3JIEKTPOJAOM M CTaHAAPTHBIM BOAOPOJHBIM
3JIEKTPOIOM.

CraHaapTHeIM  (HOpPMAaNLHBIM)  3JIEKTPOAHBIM  IOTEHIMATIOM  Ha3bIBaeTCA
BenvyuHa 3JIC ranbBaHM4eckoro 3leMeHTa, o0pa30BaHHOIO CTaHAAPTHBHIM
BOAOPOAHBIM 3JIEKTPOAOM H [AHHBIM 3JIEKTPOAOM IPH CTAHAAPTHBIX YCJIOBHAX
(Temrniepatypa 298 K, naBnenue 760 MM. pT. CT., aKTHBHas KOHLUEHTpaUUs HOHOB
MeTajllla B pacTBOpe 1 mons/n).

JInia anexkTpogHOro NOTEHUMHANA CIIpaBeIMBo BhipaxeHue HepHuera

RT
Ap =Agp, +Flnam," ;

rae R — yHuBepcanbHas razoBas nocrosgHHasd, T — abcontoTHas teMneparypa, F
— yueno ®apages (96500 mons/Kn), » — 4HCIO OTAAHHBIX HWIH TNPHHATHIX
anekTpoHos, ¢, -» - aKTUBHAA KOHLEHTPALMS B MOJIB/II.

[Ipn gocratodyHOM pa30aBiIeHHM AKTUBHOCTH B [aHHOM YPaBHEHHH MOXHO
3aMEHHTh KOHLEHTpalliell HOHOB MeTajlla B pacTBOpe, 3@8MEHHB B YPaBHEHHH
HaTypaJIbHBIA JIorapu(M Ha AeCATUYHBIH, N0TyHaeM
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0,059

Ap =A@, + lgC

J"rfe+n .

Hpumep 1. I'anbBaHM4YeCKU 3eMEHT 00Pa30BaH MJIACTHHKAMH MEAM U LIMHKA,
NOrpYXEHHBIMH B pacTBopbl comed CuSO, u ZnSO,, Mexay pacTBOpamMH
3NEKTPOIUTHUECKHH MOCTUK. B KakoM HanpaBneHuH NpoTeKaeT TOK, KAKME peaKlUu
ONpeaengoT paboTy AAHHOTO ANbEBAHUHECKOTO 3]EMEHTA.

Pewenue. Tax xak IMHK OoJle aKTUBHBIA METAIUI, €TI0 3JEKTPONHBIN NMOTEHLHA
MEHbLLIE, 4YeM Y MeAM, TO B [AHHOM TaJbBAHWUUECKOM JJIEMECHTEe OH Oyner
OTPHUATENBHBIM 3J1EKTPOAOM. EC/IM 3aMKHYTh BHELUHIOK LEMNb, TO 3NEKTPOHB! OyIyT
MepeMELaTbCA OT LIMHKA K MEAN.

Beck npouecc MOXHO NPEACTABUTH CIERYIOIIMMH PEAKLIUSIMH:

Zn + CuS0Q,; — ZnSO4 + Cu

Zn-2e— Zn”

Cu®* +2e — Cu

CnenosarenpHO, LMHKOBas IUIacTHHKA OyleT pacTBOpATBCS, a Ha MEAHOHU
BBIJIENUTCS ONPEAEIEHHOE KOJTHIECTBO MEIH.

Takum oOpa3oM, B rajbBaHUYECKOM 3JEMEHTE MCTOUHHKOM 3JIEKTPUUECKON
3HEPIHH CITYXUT 3HEPIUs XUMUYECKOH peaKLIMM OKHCIIEHUS — BOCCTAHOBIIEHHUS.

OTMeTM, YTO HeM HANbIUE PAaclOJIOXEHBl APYr OT Apyra B pPAAY HaNpsXEHUH
mMeTamiel, TeMm OGonemyro JJIC OymeT [aBaTh TanbBAaHUYCCKHHA  JIIEMEHT,
COCTAaBJIEHHBIH U3 STHX METAIOB.

ITpumep 2. T'anbBaHHUYECKHH 3JEMEHT COCTOMT M3 METAVIMHECKOTO LIHHKa,
norpyxenHoro B 0,1 M pactsBop HMTpaTa UUMHKA, M METAJIMYECKOTO CBUHLA,
norpyxeHHoro B 0,02 M pacteBop nutpata cBuHLE@. Beiuucauts 3JC aneMeHTa,
HAMHCaTb YPaBHEHUS 3JEKTPOAHbIX IIPOLIECCOB, COCTABUTE CXEMY 3NIEMEHTA.

Pewenue: UUtobnl onpenennts IAC sneMenrta, HeoOXO0AMMO BBEIYMCIHUTE
3/IeKTPOAHBIE NoTeHUManbl. st 3Toro HaxoAuM B Tabsulle 3Ha4YeHUS CTaHAAPTHBIX

[¢]
3MEeKTPOAHBIX NOTEHLIMANOB CUCTEM:  @,,.. =-0,76B
0

@, ,, =—0L13B, a3atem paccunThiBaeM 3HaueHus ¢ o ypaBHeHHUIO HepHcrTa,
59
@, = -0,76 + 0.0 lg0,1=-0,76+0.030(-1)=-0,79p
Zn
@ =013+ 0,059 1g0,02 =-0,13+0.030(-1,7)=-0,18 B,

Fh
Haxoaum 2 J1 C snemenTa:

E= P+ - @, =-0,18-(-0,79)=0,61B.
Pb “zn

[lockonbky (oiz* > P2, , TO Ha CBHHIIOBOM 3JIEKTpoae GyZEeT MPOUCXOAUTH
Pb Zn
BOLCTAHOBJIEHHUE, T.€. OH OYIeT ClNyXHUTh KaTOAOM:
Pb* +2¢ — Pb.
Ha uuHKOBOM 351ekTpoae 6yaeT POTEKATh NPOLECC OKUCIEHUS
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Zn -2 e — Zn¥, 1.e. stOT 351eKTpoa Oyner aHojoM. CxeMa paccMaTpyHBaeMOro
raJbBaHUYECKOTO 3JIEMEHTAa HMEET CIEAYIOLNHA BUA;
Zn/Zn{NOs), (0,1M)// Pb(NO;); (0,02M)/Pb.

i

Inekmponus pacniagos # 6OOHBIX pACMBOPOE CoReil

OKycaUTeBHO-BOCCTAHOBUTEIBHBIE peakLuH, NpoTeKakLKe npu
MPOXOXACHUH 3JIEKTPHYECKOTO TOKAa uepe3 pacTBOP MIM pacruiaB 3JIeKTPONUTa,
Ha3bIBAKOTCA  372eKmpoausom. KaTnoHbl OynyT ABUraThCsi K OTPULIATENBHOMY
NEKTPOAY, KATOAY, a aHUOHBI K TMOJIOXHUTENBHOMY 3MEKTPOAY, aHoay. IIpH 3ToM Ha
KaTo/e NPOTEKAT NPOLECCH BOCCTAHOBJIEHNS, @ Ha aHO1¢ — NpoLecC OKUCIAeHUA. B
3aBHCHMOCTH OT TOTO, H3 KaKWX MaT€pHaNOB U3rOTOBICH MONOXUTENBHbBINA 2IEKTPO,
pasIM4aroT HHEPTHBIE H PaCTBOPUMBIE aHOABI.

HHepTHBle aHOABI MOryT ObITE MeTannuueckue (Pt, Au) U HemeTaLIMUECKUe
(yronp, rpaMT), pacTBOpHMBIE aHOAbl M3 METAJUIOB: XpOMa, HHKeNs, LUHKa,
cepebpa, MeJTH H T.A.

CylecTsyer onpenelieHHas M[OC/EJ0BAaTEBHOCTh pa3spsKEHU MOHOB Ha
3/1EKTPOJax IIPH AEKTPOIIH3e BOAHBIX PACTBOPOB IEKTPOJIUTOB, @ HMEHHO:!

1.IIpu 3neKkTposnu3e BOAHBIX PACTBOPOB COJIEH METAIUIOB, PACMOJIOXEHHBIX B
pAdy HanpsXEeHHH OT Hadala 4O AIOMHHHA BKIIOUHMTENIBHO, KaTHOHbI KOTOPBIX
obnanalor cnabofl TEHAGHUMEH K NPHUCOCIAUHEHUIO 3JIEKTPOHOB, HAa KaToJe
BOCCTaHABIUBAKOTCS HOHBI BOAOPO/A.

2.11pu 3nexTponu3se pacTBOpPOB COJIEH METAIUIOB, CTOAIMX B pALY HanpsaXeHUH
np-see BOAOPOAA, HA KATOJE BOCCTAHABIMBAIOTCS WOHBI METAIOB, TAK KaK MPOLECC
pasps>KeHHst HMX T[poTexaeT Mpd 0Oojiee HU3KHX 3HAYEHHUSX IJEKTPOAHOIO
NOTEHLUHUANA, U CleA0BaTEeIbHO, YeM MEHbLIEH BOCCTAHOBHTENBHON CMHOCOOHOCTEIO
XapaKTePU3YIOTCS ero aTOMbI, TeM OONbIIIe OKUCIUTENBHAS CTOCODHOCTD ETO HOHOB.

3. [1pu 3neKTpOaM3€e BOAHBIX pacTBOPOB cojiel MetannoB Zn, Fe, Cd, Ni v gp.,
3aHMMaloLLMX B PSAY CTaHAAPTHBIX 3JEKTPOAHBIX MOTEHUHAIOB CPpeHEE NON0KEHHE
MEXIy [epeuHCIeHHBIMH TrpyNnaMy, I[IpoUecc BOCCTAHOBICHHSA Ha KaToAC
MPOUCXOIUT 1o 00enM cxeMaM, Macca BBIAENMBIIErOCS METalla He COOTBETCTBYET B
OTUX CAy4asgX KOJHYECTBY IIPOTEKIIETO 3JICKTPUYECKOrO TOKA, YacTh KOTOPOIO
pacxonyercs Ha obpa3zoBaHue Boaopoaa.

a4, Ilpy anexkTponuse pacTBOPOB CoJled OECKHCIOPOAHBIX KUC/IOT HA WHEPTHOM
aHoje pa3pAXaloTCA aHWOHBlL KHCIOTHBIX octatkoB (I, Br, CI, s, a npu
3MEKTPONIU3E  PacTBOPOB  COJiel  KUCNOPOACOAEpXallMX KHCJIOT Ha  aHoje
paspskarotcs Mosieky sl Boasl: 2H,0 - 4e — O, + 4H

Ecnu aHOA pacTBOPUMBIA, TO NPOUCXOAMT OKHC/JEHHE CaMoro aHopa - OH
pacTBOPAETCH.

Hpumep 3. Kak npoTekaeT 3NeKTPOIH3 pacTBopa HUTpaTa cepebpa?

Pewenue. 3anuiueM YpaBHEHHE 3JIEKTPOJHUTHYECKOH IJHCCOLHALUHH COJIH H
BOABL:

AgNO; — Ag” +NOy

Hzo — OH + I‘I+
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Ha karone GyayT paspsaTbcsi KATHOHBI Ag' , TAK KaK B Sy HANpsXeHUH OH

CTOHUT npaBee

H'.

Ha uHepTHOM aHOAe NpH 3AeKTPONH3e pPacTBOPOB conel

KUCIIOPOJCOIEPIKAILUX KUCIOT Pa3psxKaloTcs MoIeKysl Bogbl: 2H,0 - 4e—Oy+ 4H".
B Mex3eKTpOIHOM NIPOCTPAHCTBE HAKarKBaloTes HOHBL H' u nonsl NOj', T.€.
obpasyercs HNO;. CymmapHOe ypaBHEHHE INEKTPOAM3a MOKET SbITh 3aMIMCAHO.
4AgNQO; + 2H,0 — 4Ag + 4HNQO; + O,.
3apanue k pazgeny IX
Onpedeitums nomeH yual MeMAaIULECKO20 31eKMPood, NOZPYHCEHHO20 8
Pacmeop e20 coiu OUHHOU KOHUERMPAUUY, WIH PACCHUMAMb KOH UEeHMPAUUIO
INEKMPOTUMA NPU UIBECIMHOM IHAYEHUU NOMEHUUAIA, 8 COOMEEMCMEUL C
mabauuei u HOMepom 3ao0anun;

Tabnuua 3
Homep Mertann DIIEKTPOIIHT Konuentpauus | IloreHuuan B
3a/laHds | 3MEKTpoaa 3MEKTPOIUTA | HECTAHJAAPTHBIX
(Monw/) yenosusx (B)
1 IHHK Cyas(haT UMHKA 0,01 ?
2 TJIaTHHA COJIAHAA KUCJIOTA ? 0,05
3 Melb HUTPaT MEIH 0,1 ?
4 ANnIOMHHHHE | XJIOPHZ aJIlOMUHHUA ? -0,125
5 CBUHELL HuTpat ceuHua (I1) 0,001 ?
6 nyaTHHa cepHas KMCJIOTa 0,005 ?
7 raTHHa cepHas KHCJIoTa ? -0,236
8 Mapradel | cyJb(aT mMapraiua 0,01 ?
9 KaaMHUH CynbhaT KaaMus 0,02 ?
10 BHCMYT HUTpat BucMyTa (111) 0,0001 ?
11 HUKeNTb CyNbdhaT HUKENS 0,0] ?
12 cepedpo HUTpAaT cepedpa ? 0,62
13 rnJjaTuHa coJifiHas KUCJIOTa 0,005 ?
14 Maraui Cynb{ar MarHus 0,01 ?
15 KeJ1e30 cynbdart xenesa(ll) ? -0,79
16 naulagHy HUTpAaT naulaius 0,01 ?
17 KoOaNET cynedar kobasbTa ? -0,126
18 CBHHEI] HUTpat ceuHua (1) ? 0,126
19 0JI0BO xnopup onosa (1) 0,1 ?
20 | yrnepoa COJIAHasA KUcJoTa 0,001 ?

21. BBIYHCAUTE 3Ha4Y€HHE 3NIEKTPORHOIO MOTEHIMajla Ipouecca Pb*" —Pb 4+, ecJIu
koHuenTpaLus [Pb> )= 0.01, [Pb "1=107 mons/11.
22 .BBIYACIUTE NOTEHUHAN BOAOPOOHOIO 3MEKTPOAd, HOrpPYMEeHHOro B YMCTYIO BOLY
M ¢ <OHLEHTpaLKeil HOHOB Bofopona 10™ Moss/1.
23. OnpenenuTh KOHLEHTPALMIO MOHOB BOAOPOJA B PAcTBOPE CEPHOM KHUCIOTHI, B
KOTOPYIO NOTPYXEH ILIATHHOBBIH 3/1€KTPO, TOTEHLHAN KoToporo paseH - 0,045 B.

24. BBIUMCIIUTE 3HAYEHME BNEKTPOAHOIO IIOTEHUHaNa npouecca Mn'* —Mn*", ecnu
koHuenTpaims [Mn?']= 0,1, [Mn*]=10" Mons/n.
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25. Paccuutate pH BomopomHoro snexTtpoaa, norpyxeHsHoro B 0,01 M pactsop

COJSHOH KACIIOTBDI.

26. BBIYMCIUTE 3HAYEHUE INEKTPOIHOro moTeHmuana npolecca Co® —Co'’, ecau

xonuenTpauus [Co”"]= 0,01 Mons/n, [Co™*]=107 momns/m.

27. Ipu kakoM 3Hauenuu pH notenuuan BoaopoaHoro snekTpona paseH -0,18B.

28. BblYMCIUTBL 3HAYEHHE NEKTPOAHOTO MOTEHLMana npolecca P’ —Pb", ecnu

koHLeHTpauust [Pb>]= 0,01 mons/n, [Pb*' =107 Moas/n.

29. OnpenenuTs KOHUEHTPALMIO MOHOB BOAOPOAA B PacTBOpE CEPHOH KHCIOTHI, B

KOTOPYIO TOIPYXEH [JIAaTHHOBBIA 3JIEKTPO/, NOTEHLHa)l KoToporo paseH -118 MB.

30. Bbl4MCAUTE 3HAUYEHME MEKTPOJHOTO NoTeHUMana mpollecca 27 —  I,°, ecnu

koHueutpauus [J]= 0,01 Monw/n, [J;go]=10'3 MOJIB/II.

31. BEIMHCIMTE 3HAYEHHE DIEKTPOAHOro MoTeHuuana mpouecca Sn'™ —Sn”, ecnu

koHueHTpauus [Sn**]= 0,01 mons/n, [Sn*]=107 mons/m.

Cxembt zanveanuveckux ynemenmos. Pacuem 3/C.

32. Hanumure ypaBHEHUA 3JIEKTPOOHBIX peakuvd ©  Beiaucaute JC

ranbBaHUYECKOr0 3JIeMeHTa, 00pa30BaHHOTO CoueTaHUEeM KaAMMEBOIO 3JEeKTpoJa B

pacteope CdCl,, [Cd**]=0.01 monb/m u nLuHKOBOTO 3>dekTpoga B pactBope ZnCl,,

[Zn"]=2-10"? moas/1L.

33. Tpu kakol KoHUeHTpauuu moHos Cd®’ (Momw/n) 6yner pasHo Hymo JJIC

3ME€MEHTa, COCTABJIEHHOTO H3 CTAHJAPTHOIO JKEN€3HOTO JIEKTPOoJa W KaJMHEBOIro

DJIEKTPOAA, IOTPYKEHHOTO B PACTBOP, COEPKAILUMA HOHBI Cd*"?

34, . Hanuwute ypaBHEHMA ONEKTPOAHeIX peakuud u  Boruncaute JJC

ranbBaHUHYECKUX Map, AJS KOTOPBIX YKa3aHbl KOHLIEHTPAallUK MOHOB METallla B

pactsope: Ni/Ni?'//Pb**/Pb, [Ni*']=2-107 mons/n, a [Pb*]=5-10" mons/a.

35. HanuuiuTe ypaBHeHHMs 3I€KTPOAHBIX peakudil U Boluuciaute 3JC cepebpsHo-

KaJMHEBOTO  TajbEBAaHHUECKOTO JJIeMeHTa, ecld o0pa3syiollBe ero NIEKTPOIbl

MOrpyXeHbl B pacTBOPB! C KOHIEHTpalued KaTHOHOB, cooTBeTcTBeHHO 0,1 u 0,005

MONB/II.

36.Hanuwure  ypaBHEHMS  IMEKTPOAHBIX  peakuuid W Bbluncaute  IJC

KOHIIEHTPALIMOHHOTO 3IeMEHTa, 00pa30BaHHOIO COUETAHUEM IIMHKOBRIX DJIEKTPOOB,

MOrpyX)eHHsIX B pacTBopbl ZnSO, ¢ KoHueHTpauxeii 4-107 u 3,2-1 0~ Moas/1.

37 HanuiuuTe ypaBHeHWS JNeKTpOAHBIX peakuuit u Berunciaure 3JC cepebpsno-

UMHKOBOTO  TaJbBaHHYECKOTO DJIEMEHTa, ecid o0pasylolue erc 3JIEKTPOIbI

OTPY)XeHEl B pACTBOPHI ¢ KOHIIEHTpalLuel kaTnoHos 0,01 Mone/1.

38. HanuiunuTe ypaBHeHHS 3IeKTPOAHbIX peakuuit u  Beiuueaute OJIC

raabBaHUUecKMX nap, AIS KOTOPBIX yKa3aHbl KOHLICHTpalLlMM HOHOB MeTajla B

pacteope: Ni/Ni*'//Pd*'/Pd, [Ni*"]=4-10" mons/n, a [Pd*']=5-10" mons/1.
CocTaBUTh cXeMY TalbBaHHYECKOTO DJIEMEHTA, 3alUcaTh aHOAHbIE U KaTOAHbIE

peakuud, paccumtare 3JIC nonyueHHoro asneMeHTta (rajJbBaHMueCKasd Iapa U

KOHLEHTPAllMM KaTHOHOB META/UIOB mnpWBeAeHbl B Tabin. 4 B COOTBETCTBHHM C

BapUaHTOM ).
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Tabauua4

Homep | [ManbBanuuveckas napa [Me{“ JMOJ‘Ib/J'l [Me;+ ]MOﬂb/n
3a04a4Hu

39 Pb**, Pb u Co**, Co 0,0004 0,002

40 Ni, Ni*" u Pb*, Pb 0,05 0,07

41 Al AP u AL AP 0,02 0,001 |

42 Fe, Fe* u Sn, Sn*’ 0,005 0,005

43 Ni, Ni** u Cr'*, Cr 0,05 0,07

44 Mg, Mg™ u Sn, Sn”* 0,1 0,1

45 2H", Hy(Pt) u Co™, Co 0,01 0,1

46 Hg, Hg*" u Zn, Zn* 0,001 0,01

47 Mg, Mg™ u Fe, Fe*' 0,02 0,1

48 Mn, Mn*" u Mn, Mn* 0,0004 0,004

49 Hg, Hg™" u Fe, Fe™* 0,02 0,02

50 Au, Au” u Cd, Cd¥ 0,01 0,0001

51 Be”, Be u Nb, Nb** 107 107

52 Zrt, Zru V&, v 107 107

53 Pb**, Pb u Cu’’, Cu 0.01 0,001

54 Sn, Sn* u Ni, Ni*¥ 107 107

.55 | Ni,Ni* uFe’, Fe 0,00001 0,0001

56. COCTaBUTD CXEMBI aIbBAHUYECKHX aeMeHToR: a)AlT, Al; Mn™f, Mn; 6) Co”",
Co; Mg®*, Mg 1 yKasarb B HMX (YHKIMH KaXAOro nonysieMenta. COCTaBUTH
aHOJHBIC M KATO/HBIE [TOJIYPEaKUHH.

57 'la CKONBKO HM3MEHUTCH MOTEHLMaI IIMHKOBOIO 1EKTPOAa, €CJIM pacTBOpP COMH
LIMHKa pa3baBuTh B 10 pa3?

58. Ilpu xakom ycnosuM 6yaeT paboraTh 3IeMeHT, COCTABIEHHBIHN 10 CXEME:
Ni/Ni**// Ni/Ni**, npuBecTH npiMep ¢ JoKa3aTeabcTBOM?

59, . COCTaBHTh CXeMBI [albBaHMYECKHX JneMenToB: a)Pt, Hy/H'; Mn®*, Mn 6); Pt,
Hy/H"; Ag’', Ag ¥ yxasaThb B HHUX yHKUMH KaxIOro nojysieMeHTta, COCTaBHTH
aHOJHBIE H KATOJHBIE MONAYpeaKIHH.

60. ByneT 1M paboTaTh 3eMeHT, cocTaBieHHsI no cxeMe: Cd**/Cd// Cd¥/Cd, ecnn
[Cd*'],= 0.01M, [Cd*],= 0.02 M.

IACKMPONU3 BOOHBIX PACMEOPOE U PACNIABO8 ITEKMPOIUMO8.

61. B xaxoii nociiefoBaTeIbHOCTH OYAYT BOCCTAHABINUBATLCH KATHOHBI M3 pacTBOPOR
coneid, comepxamux Housr: Co’*, Ni?*, Ca®, Na™?

62. [lokasaTh, CyLIECTBYET JIM pa3HHIA B MPOAYKTax 3JIEKTPOJIH3a pacTBOPOB U
pacnnaBoB cosiel xnopuaa Hukens (11), vonuna kanus.

63. Hanucare ypaBHEHHs O3JeKTPOJIM3a HA [UIATHHOBBIX JJIEKTPOJaX BOJHBIX
pacTBopoB cyabsbarta Hukend (111), oprodochopHont KUCTOTHI.

64.Dnexrponus Ha Pt anexTponax pactBopos HuTpara onosa (1I), cynbdara kanus.
65. DnexkTpoiu3 pacTBOPOB HUTpara cepebpa, xiopuaa xenesa (II) ¢ NMHKOBBIMH
37eKTPOAAMH.

FL’
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66. B xaxoil nmoce10BaTeIBHOCTH OYAYT BOCCTAHABIHBATECSH KATUOHBI U3 PACTBOPOB
cosedl, conepxammx uoxsl: Fe?', Ag’, Bi**, Pb**?

67. HanucaTe ypaBHEHHs 3JIEKTPOJIM32 Ha MEAHBIX AJIEKTPOAaX BOJAHBIX PACTBOPOB
nutpata ceuHua (II), xiopuaa mean (11).

68. DnexTponus Ha Sn 371eKTpoax pacTBOPOB HUTpaTa cepebpa, HuTparta onora(ll).
69. Tloka3zaTp, CylIeCTBYET JIM pa3HUlla B MPOAYKTaX 3JIEKTPOJH3a pPacTBOPOB H
pacniaBoB colel Xsopuia tutasa (1), noauaa TUTHs.

70. B Kako#i nocjie/1oBaTebHOCTH OyAYT BOCCTAHABIHBATLECS KaTHOHBI U3 PacTROPOB
conel, comepxalux Honst: Zr-*, Ag®, Pt*, Pb*"?

71. DOnexTponui Ha HMPHAMEBBIX IJEKTPOAax pacTBopobB HuUTpaTta cBHHLa (II),
XJIOpUAa MeaH.

72. Hanucatbs ypaBHEHHs 3JIEKTPOJIH3a Ha YIOJABHBIX 3JIEKTPOAAX BOAHBIX PacTBOPOB
XJIOpHAA Kanblus, HUTpaTa KaJMHSL.

73. B xako#l nocnegoBaTesIbHOCTH Oy YT BOCCTAHABIWUBATHCA KATHOHBI H3 PacTBOPOB
coneit, conepxawux noubl: Fe?*, Hg?', Ni**, Pb?*?

74.3nexTponn3 BoAHOrO pacTBopa cynbara mMeau (11) Ha HHHKOBBIX W MEAHBIX
3L KTPOJAX.

75. DNEeKTPOXUMHYECKUM cIocoOOM mony4uTh yucThiii KOH.

76. DnexTponu3 paclljJaBOB OKCHIA aNlOMUHHA, THAPOKCHAA HaTpHs, XJIOpHAA
HaTpHA.

77. U3BeCTHO, UTO NPH INEKTPOJIM3E HA KAaTOJE MPOUCXOAUT BOCCTAHOBIEHHE HOHOB
MeTajljla, a Ha aHOIe OKHCJIeHHe BoAnl. llpHBeauTe nmpHMep 3JIEKTPOJIM3a COJH,
npoxoadied Mo JaHHOU cxeme.

78. Dnexrtponus Ha Pt anexTponax pacTsopoB HUTpaTta onosa (1), Xnopuaa xanus.

79. HWmeetca pacTBOp, cozepxauiuii HuTpar kobansta (II) M xnopua kanus.
[Tpeanoxute Haubonee npocToi cnocod nonydyeHHs MPaKTHYECKH YUCTOrO HHUTpaTa
Ha "pusl.

80. B xako# nocnegoaTeNbHOCTH Oy AyT BOCCTAHABIHUBATHCS KATHOHBI U3 PACTBOPOB
cMmecd cojied cyabthara Hukens, cyiabbaTta Meaw, cynbsdara xenesa (II), cynsdara
KaaMus1?

81. Iloka3aThk, CYLLECTBYET JIH pa3HULIA B IPOAYKTAX 3JEKTPOIU3a PACTBOPOB COJICH:
XNopuaa 6apus U XJOpUaa LUUMHKA.

82. I'loxa3arh, CylIECTBYET N1 pa3HMLA B MPOAYKTaX JJIEKTPOJIH3a pacliaBoB CoNeH:
xnopuna maprauua (1) u xnopuza prytu (II) Ha MeOHBIX 3nEeKTpoAax.

83. B kakofi noclnedoBaTeNbHOCTH OYAYT BOCCTAHABIMBATHLCA KaTHOHBI U3
PacTBOPOB collel, cofepxxammx nousr: Ge**, Ag’, Bi*", Pb*™?

84" INeXTPONIN3 Ha HPHAUMEBEIX aHOJAX HHTpara Kamus, cynsduta BucmyTta (1II).
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BapunauThl 3aaaHui aaa paszaeaa IX

Howmep Homepa HoMep Homepa Homep | Homepa
BapHaHTa 3ajaHui BapvaHTa 3aaHUH BapUvaHTa 3afAaHui
1 21,32,70 11 1,42, 76 21 11, 28, 68
2 22,33,71 12 2,43, 64 22 12, 48, 82
3 23,34, 72 13 3,44,77 23 13, 49, 69
4 24, 35, 60 14 4,45,78 24 14, 50, 83
5 25,36, 73 15 S, 46, 65 25 15,51,71
6 26,37,61 16 6,47, 79 26 16,52, 84
7 27,38,74 17 7,58, 66 27 17,53, 74
8 28,39, 62 18 8, 57, 80 28 18, 53,78
9 29,40,75 19 9, 59, 67 29 19, 55, 62
10 30,41, 63 20 10, 60, 81 30 20, 56, 75
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INPUJIOXKEHHUS

Ipunoxenue 1

Ha3zsanusi rTHAPOKCHAOB H HX HOHOB, KOTOPbIE OHH 06pa3yloT

JNIeMEHT Oxcug | DopMyibl HaspaHHs rHAPOKCHAOB B HX
TUIPOKCUIOB H UX OCTATKOB
OCTATKOB
1 2 3 4
Li, Na, K, 3,0 I(OH) ['unpoxcua + HazBaHHe 37IEMEHTA
Rb, Cs{2) B PORHMTEJILHOM NaJeKe
Be BeO | Be(OH), ['mopoxcun deprinus
Be(OH)" " HapoxcoGepHILTHiA
BeO,” Bepunnat
[Be(OH),]* TeTparuapoxcobepuiLIaT
Mg.Ca, Sr, |20 3(0OH), ['napoxcun + HasBaHUE 31eMEHTa
Ba B POAMUTEILHOM IafexKe
3(0OH)" ['unpokco + Ha3BaHHE NIEMEHTA B
HMEHMTEILHOM TNafiexe
3% HaspaHue aneMeHTA B
. HMEHHUTEJIBHOM I1aJIeXe C
yKa3aHHEM CT. OKHCIICHHS
Zn ZnO Zn(OH); ["'mapokcHa UMHKA
Zn(OHY'
ZnO,*> [{nukaT
[Zn(OH)4]2' TeTparuapoKcollMHKAT
Al AlL,Os; | AI{OH); AHamornuHo sneMeHTam Il
IPYIIIBI
Al(OH),"
Al(OH)"
Al
AlOy MeTtaanoMUHaT
[AI(OH)e]™ I"excaru APOKCOATIOMHUHAT
C CO, CO,'H,0O YronpHas KUCJI0Ta
(H2CO3)
HCOy ['mapoxapboHar
COy* Kap6onar
Si S10, S5i0,-H;0 (H;S105) MeTakpeMHHEBasA KHCIOTA
cpy 2-
Si0; MeTtacHIHKaT
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[Tponomxenue Ipun.l

2 3 4
Ge GeO | Ge(OH), ['uapoxcus repMaHus
Ge(OH)”
GeO,” ['epManut
[Ge(OH),]* Terparuapokcorepmanut(ll)
GeO | GeO;'H,0, HyGeO;4 I'epmaHHeBas Kncnora
GeO5” ["'epmaHar
Sn SnO Sn(OH), I'unpoxcun onosa(ll)
Sn(OH)" M'uapokcoanoso(I1)
Sn* Onoso(I1)
SnO,” CraHHHAT
[Sn(OH),]* TerparunpoxcocraHHut(Il)
! SnO,; ' SnO;-H,0O, (H,SnO3) | OnoesdHag KdciaoTa
‘ SnO;> CraHHaT
| [Sn(OH)ﬁ]z' ['excaruapokcoctaHHaT(IV)
Pb PbO Pb(OH), I'uppokcna cBuHua(1l)
Pb(OH)" I'uapoxcocsunren(Il)
Pb** cureu(Il)
PbO,” TLiroM6uT
| | [Pb(OH),]> TerparuapoxcoruttoMbuT(1l)
N N,O, \ HNO, A30TUCTas KUCNIOTA
NO, Hurput
N5Os | NO;” Hurpar
P P,O; H;PO; DocopHcTas KUCnoTa
H,POy” Qocdur
P,Os; | HPO; MeradochopHas KHCI0Ta
POy’ MeTtadocdar
H;PO, OprodochopHad KUCI0Ta
H,PO, Jurunpodocdar
HPO,* I'uapodocdar
PO, @ocar
H,P,04 HubochopHas kucioTa
H;P,0; | Tpuruaponudocdar
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Ipoponxenne [pun. 1
{ ? 4
H,P,0,~ Hdurugpoaugochar
HP,0O, l"H,upo,uchocd)aT
P,0," Hudocdar
| As As;0z | H3As0O4 MEIIBAKOBUCTASA KHUCIOTA
As”* MEIeak (3+4)
AsQOy MeTaapceHUT
H>AsO5 IUTHAPOAPCEHUT
As,O5  H3;As0, MeinpskoBas KuciaoTa (OpTo)
H,AsOy JurunpoapceHat
HAsO42' I'mapoapcenar
AsQ4” ApceHar
Sb Sb,0; | Sb(OH), I'napokcun cypeMbI(111)
Sb(OH), Huruapokcocypema(lll)
Sh(OH)* 'iapokcocypoma(IIl)
Sb** cypema(lil)
SbO5” MeTaaHTUMOHHT
Sb>Os | H3SbO, CypeMsaHasa KHCIOTA
H,SbOy4 JlurugpoaHTHMOHAT
HSbOf' ['ugpoaHTHMOHAT
SbO,*> AHTUMOHAT
S SO, SO,-H,0, (H,S0;) CepHUCTas KHCIIOTA
HSOy I'uapocynbpuT
SO5* Cynbdur
SO, H,S80, CepHnas kucnoTa
HSO, I'napocynbdat
S04~ Cyasgar
Se Se0; | HySeO, CeneHHcTasi KHCIIOTA
HSeOy’ ["'MppoceneHUT
SeO,” CeneHuT
Se0; | H,SeO, CeneHoBas KHCIIOTA
HSeO, [uppocenenat
SeO,* Cenenar
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Ilpoaonmxenwne [Tpun. 1

1 2 3 4
Te TeOQ, H;TeO, Tennypucras kucnoTa
HTeOy I'uaporennypur
TeOs™ Tennyput
TeO; H;TeO, Tennyposas kucnora
HTeOy ['mapotennypat
TeO4” Tennypar
Cr Cr,0O5 | Cr(OH), Muapokcun xpoma(lll)
Cr(OH)," Juruapokcoxpom(I1I)
Cr(OH)* Cunpoxcoxpom(III)
Cr* Xpom(I11)
CrOy MeTtaxpoMuTr
[Cr(OH)6]3' [Nekcaruapoxcoxpomat(IIl)
CrO; | H,CrO, XpoMoBas KHCI0Ta
CrO” Xpomar
H,Cr,04 JluxpoMmoBas KucnoTa
Cr,0," Huxpomar
Cl CLLO | HCIO XJIOpHOBATHCTAS KUCIOTA
ClO I'wnoxnopur
ClO, | HCIO, XnopucTas KHCIOTA
ClL,Os; | ClOy Xnopur
ClO; | HCIO; XJopHOBAaTas KUCIOTA
ClL,O,; | CIOy Xiopar
HClO, XnopHas KHcIoTa
ClOy [Tepxnopart
Br Br,O | HBrO bpoMHOBaTHCTas KUCIIOTA
BrO I'nnoGpoMHUT
Br;O; | HBrO, BpoMucTas kucnora
BrOy bpomurt
Br,Os | HBrO, bpomHoBaTast KHejoTa
BrOy bpomat
I [0 HIO HMonHoBaTHCTas KHCI0Ta
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OxkoHuyanue [lpun.]
f 2 3 4

10 ['unonogur

10, HIO, Hopucras kdcioTa
10y Hoput

1,05 HIO; HoanoBaras kucniora
10y Hopat

- HIO, (H5IO04) Honnas xuciora
104 (106™) Ilepuoaar

Mn MnQO; [HzMnO4 MapraHiuoB4CTasA KUCIIOTA

MnQO,> ManraHat

Mn,O; HMnO; MapraHuoBas Kuciota
MnOy, Ilepmanranar

CylleCTRYIOT Tak)Ke 0€CKUCIOPOAHBIE KHUCIOThI, OCTATKH KOTOPBIX
moryT odpasoBats cosmu: HCI — conanas kucaora, Cl” — xmopua; HBr —
OpomMoBogOpoAHas KHcaoTa, Br — 6pomua; HI — nogoBoaopoaHas KMCIOTa,
['— vomua; H,S — cepoBomopoanas kucnora, HS™ — ruapocyasdun, §* -
CybhULI.




P — BOIHBIH pacTBop

TepmoauHamMuyeckHe XapaKTePUCTHKH BeleCTB
ATpEraTHbIe COCTOSHUS BelleCTB 0603HAUEHBI: K — KPUCTAIIHYECKOE, 3K — MHIKOE, T — razoobpaznoe,

[lpunoxenue 2

®opmyna AHf, 298, [S298, dopmyna AHf, 298, |S298,
(cocTosHue) kx/Mone  [JIw/(mone-K) |(cocTosnue) kJx/MoAb %ﬁf"(MOHb
1 2 3 4 5 6
A8k 0 42,6 BeO(x, —609,2 13,8
AgBri, -100,7 107,1 Bryr 30,9 2454
AgCliy, ~127,1 96,1 Brio 0 152,2
AgFw) —205,9 83,7 CNS 74,3 146,0
Aglik, 61,9 1154 COm ~110,5 197,5
AgNO;(a) -120,7 140,9 COxny -393,5 2137
A0, -30,6 121,7 COClyy —220,9 283,7
AgaS(at) -33,2 140,6 COS(, ~141,8 231.4
Al 0 28,3 CSqry 230,1 210,4
AlCa, -208,8 89,0 CSa(k) 87,8 151,0
AI{CH;COO0)3, —1890,7 — CSamy 116,1 237.8
A1C13(K; —707,2 109,3 Ca(x) 0 41 0
AIN —318,1 202 Ca(AlO2)2k, ~2326,0 1142
AlOs -1675,7 50,9 CaCak, ~59,8 70,0
Al(OH)3, 12943 70,1 Ca(HCO3)yk, —2344,0 155,0
AlS3k, ~723,8 — CaCOsx, ~1206.,8 91,7
AL (SOD3k) —3441.8 239,2 CaBryx, ~685,8 130,1
As 0 35,1 CaCly, =795, 108.4
AsCly 2992 3272 CaClyp -877,3 56,6
As203x, —656,8 107,1 CaFyx) ~12209  |68.4
As;0513 -918,0 1054 Calyk, —-536,8 145,3
As:Syk —723.8 96,0 CaHjy;, -177,0 41,0
Al 0 474 Ca3Ny) —431,8 105,0
B,0s S12640  [53,9 Ca(NO3)2x) -939,0 193,0
BF3 -1110,0 2542 CaO, —635,1 38,1
Bax, 0 62,4 Ca(OH)zx, —985,1 83,4
BaCOjyx, ~1210,8 112,1 CaHPOux, -1808,6 111,4
Baly, -1192 96 CaHPQ42H,0, [-2403,0 189,0
BaClyy, -859,8 125,5 Ca(Hz2PO4)2x) —1753,9 —
Ba(NO3)ax, 9790 213,8 Ca(POs)ak) —4120,8 236,0
BaO, ~548,1 72,0 CaS) —477,0 57,0
Ba(OH ), —941 4 108.8 CaSOux) ~14363 106,7
BaS.y«; ~1459.0 132,2 CaSiOsyx; ~1635,0 81,0
Be, 0 9,5 Cd, 0 51,8
BeCOuyx, ~1046,0 51,9 CA(OH)xx; -561,5 93,0
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[Tponomxenue Ilpun. 2

1 2 3 4 5 6

Ce(K, 0 71 ,5 Fezo3(1(] —822,2 87,4
Cl([‘} 121,3 ]65,1 Fe304[K) "*1117,1 146,2
Clyr 0 2230 |Fe(OH)xx) -561,7 | 879
CLO 75,7 266,3  |Fe(OH)s, ~826,6 | 104,6
ClO, 104,6 2513 |FeS, 100,4 | 603
Co 0 30,0 FeSyk, ~-163,2 | 52,9
CO(OH)Z(K} 541 ,4 83 ,7 FeSO4(]() —927,6 107,5
CoClyx, -325,4 106,6 Fe (S04)3x) —2580,3 | 282,8
COSO4(K] "867,9 1 13,3 GC[K] 0 3],1
CrClyk, -570,3 124,7 GeO, —255,2

Cry05x) ~1140,6 812  [GeOp 30,7 | 2238
Cr(OH)s —-1013.,4 —248,0  |GeOyy, —580,2 39,7
Cra(SO4)s, ~3308,0 | 2830 [Hp 2180 | 114,6
Csiky 0 852  |Hyp 0 130,5
CS(r} 76,9 175,4 I‘[BI'(]"] —36,3 198,6
CsOux, —286,2 1423 |HBry, ~1214 | 833
CsOx, ~270,9 1339  |HClp -92,1 | 186,8
CuFy; —537,6 68,6 HCl —108,3 101,0
Cu(NOs )k, ~310,0 192,0  |[HClyp ~167,1 | 56,5
CuO,) ~162,0 426  |HFEg, —270,7 | 173,7
Cs:0x) ~346,0 1469  |HFs 318,5 | 91,7
Cs:0k) ~451,9 1799  |HIp 26,6 | 2064
CsOH, ~416,0 102,5  |Hlp, 552 | 111,4
CU(K} 0 33,1 I{N02[p) -1 15,9 164,4
CuBrx,) 1427 1464  [HNOy, ~135,0 | 266,9
CuCly, ~215,6 108,1  |HNOs, ~174,1 | 155,6
CuF, -256,0 66,1  |H:COsp ~699,0 | 190,0
Cu,O; ~173,2 92,9  (HCNp, 107,2 | 127,3
Cu(OH)yx) 4443 83,7  |[H,04 291,8 | 39,3
CUS[K) —53,] 66,5 HzO(}K) -—285,8 70,1
CuSik, 79,4 1209  |HOpn —241,7 | 188,7
CUSO4(K] -—770,9 109,2 HzOz(r) —136,1 232,9
Fary 0 202,7 H;0x, —-187,8 109,5
FG[K] 0 27,2 H3PO4(K) —1279,0 1 10,4
Fepx, 13,1 343 |H;POu ~1271,9 | 200,8
FeClz[K) —341,7 1 18,0 H2S(]") *—20,9 205,7
eClyky -397,0 142,0 H,Sp) -39,7 123,6
FeOy ~264,8 60,8  |[H;SOsp —613,4 | 217,0 |
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ITpoponxenue [Ipun. 2

1 2 3 4 5 6
H,SO0um —743.9 300,8  |KSik —387,0 | 113,0
H;SOu0x, —814,2 156,9  [K;SOux, ~14393 | 1756
Hgx) 0 76,1  |Lig, 0 29,1
HgBro, -169,4 162,8 Lir 1593 138,7
Hg,Bry, -206,8 —212,9  |LiBrp, -399,9 93,7
HgClyx, —230,1 1443 LiClpy —445,6 67,0
Hg,Clyw, ~264.8 1958  [Li,COs ~1215,0 | 90,2
HgOw, ~90,4 73,2 |LiFy -614,0 | 35,7
HgS, -582 81,6  |LiFp ~609,9 | 3.4
[k, 0 116,1  |Lilp, -333,7 | 121,9
Ly 62,4 260,6  |LixOw ~597.9 | 37.6
II’I(K) 0 58,1 LizOz[[() —‘633,9 58,2
10,05, -926,7 112,9 LiOH, —484,9 170,8
102(804)3(1() —2907,9 280,8 LiOH{p) -5 08,4 -*0,4
K, 0 64,7  |LiNOs, 4823 | 1054
KBI‘(K) —393 ,4 95,9 LigS(K} —447,0 63 ,0
KBrp, ~373,7 184,2  |Li,SOux ~14372 | 114,0
KB]’O}(K} -3 76,1 149,2 Mg([(} 0 32,7
KClx, —436,6 82,6  [MgClyx ~644,8 | 89,5
KClyp, -307,4 2123  |MgCOs, ~1095,9 | 65,1
KClO3) -389,1 1430  [MgOy, —601,4 | 27,1
KClO4x) —433,0 151,0  [Mg(OH) 9247 | 632
K,COs ~1153,0 155,5  |Mg(NO3)xx) ~790,1 | 163,9
KF ) ~566,1 66,5  |MgSOsx ~1287.4 | 915
KF p) ~583,8 87,1 [Mng, 0 32,0
Kl ~327,7 106,  [MnOg, -385,1 | 61,5
Kl | —307,4 212,3  |MnOyy, ~521,4 | 53,1
Ko>CrOyxy - —1383,0 200,0 Mn;04, —857,7 110,4
K:Cr0n, ~2033,0 291,2  {MnyOapx 7263 | —
KMnOy, —833,9 171,7  [Mn3Oq, | —1387,6 | 154,8
KzMnO4(K) -11 79,9 -— MHS(K) —205,0 78,2
K200 ~362,3 96,2 |Nyn 0 191,4
KOH, —424.7 78,9  |[NFyp ~133 | 26l
KOH,p) 4823 90,1  [NoHin 95,3 | 2384
KNOs, ~370,6 152,1  |[NHyp 46,2 | 192,6
KNOs —494,5 1329  |[NHsux 69,5 | 953
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[lpopomxkenue [pun. 2

1 2 3 4 5 6
NH,Cl, —314,2 95,8 Na,HPOy, —-1175,3 150,1
NH4OH([J) -3 66,2 181,7 N33P04(K) —1916,9 173,8
(NH4)2CFO4(KJ —1287,3 173,1 Na.quO'}'{K) =31 66,1 269,9
NH4N02[K) —256,1 S NﬂzS(K) “389,1 94,1
NH4N02[p] 23 6,9 - N&HCOg(K] '—947,4 102, 1
NH,NOs, ~365,4 1510 |Na;SOs ~1094,9 | 146,0
NH,NOs ) ~339,7 NaHSO4, ~1132 125
(NH,),SOu, ~11793 | 2203  |Na;SOu, ~1389,5 | 149,6
NOr 90,2 210,6 Na;S,0; () -1117,0 225
NOu 33,4 2402 |Nig, 0 29,9
N,Opn 82,0 2199 [Ni(OH)z, 5314 | 825
N;Our, 168,6 —  |NiOg ~239,7 | 38,0
N2O5m) 83,3 307,1  |Ni(NOs),-6H,O(| 2215 511
N2O04qr 9,6 303,8 NiSOyx, -873,5 104,0
N2Osq 1] 3556 O 2492 | 1609
N;Osx) 427 178,2  |Oxn) 0 205,0
NOCl,r, 52,4 261,6 |0y 1423 | 2388
Na, 0 51,3 P(6enbiit) 0 41,1
NaAlOy, -1133,0 70,7 P(xpacHbrit) -17.4 22,8
Na,B4O, -3290,0 189.5 P(uepHszrit) -38,9 22,7
NEIBI'(K) —361,2 86,9 P(]‘) 3]6,4 163,1
NaBr,, -361,8 142,01 [Pan 1438 | 217,9
NaClg, 4114 721 [Pyn 59,0 279,9
NaClp, 4075 1154 [PClyq 2770 | 311,7
Na,COj3, -1129,4 135,0 PCls -369,4 362,9
Na,COyp) ~1157.4 618 [P0y 8200 | 173,5
Na,CO5 10H, Ok, | —4080,0 5640 P05 —1492,0 114,5
NaF g, -572,8 512 PO 2984,0 | 2289
NaFp, —571,9 45,1  |Pby, 0 64,8
NaI(K) —288,1 98,6 PbCO3(K) '—799,6 130,9
Nalp) ~295.6 1703  [Pb(NOs)xx, —452,0 | 218,0
NaNH; ~1243 769  |PbOsy 2766 | 719
NaNOs, ~359,0 121,0  |PbyOug 7234 | 2113
N&NO;(K] —468,2 11 6,4 PbS{K) -—94,3 91 ,2
NaNOp, 4478 206,1  |PbSOux, —920,6 | 148,6
NaOHy, 425,9 64,4  [Pdg 0 37,7
NaOH;p, —470,4 48,1 Ptk 0 41,5
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Oxonyanue [Tpun. 2

1 2 3 4 5 6

Rb, 0 76,7 |SrOw, 5905 | 55.2
RbO, -279,1 130,1 Sr(OH);k, —964.,8 93,7
RbO; —~263,6 121,3 SrCO5, —1225,4 97,1

Rb, 0O -338,9 125,5 Sr(NOs )k, —984,1 195,0
RbOH, —418,7 92,0 SrS8O4k, —-1459,0 [122,0
Six, 0 31,9 [Ta 0 42

S{r) 272,9 167,7 TaC15(K) -858 236

San 127,5 2280  |Ti 0 30,6
SO 0,4 2218 |TiClyr ~761,1 |352,1
SO 296,9 248,1  |TiClyp 8042 |252,4
SOy, _337,6 TiOx 9439 | 50,3

SOz -395,8 256,7 Tl 0 64,2
SO,Clyr,y —358,7 311,3 TICl, —204,9 111,2
Sii 0 188  [TICly 3149 |325.2
SiOn ~103,3 2114 |Zng, 0 41,6
SiUs) -910,9 418  |ZnClyy, 4151 |111,4
Sneky 0 51,5 [ZnOw, _350,6 | 43,6
SnClag, -349,6 136,0  |Zn(OH)x, —644.6 | 753

SnClyx, 5449 258,5  |ZnS, 2010 57,7
SHO(K) '—286,0 56,4 ZDSO4(K} —981,4 1 10,5
SnO,) -580,8 52,3 Zry 0 38,9
SI'(K) 0 55,7 ZFOZ(K) —1094,0 50,3
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IIpoH3BeieHHE pACTBOPHMOCTH

Ilpunoxenune 3

Qopmya coM 1P plIP $opmyia coiiu ‘ ITP pI1P
B [ 2 3 4 5 6 |
Ag 10, 3,1*107% 752 Bils 8,1*107"” 18,09
Ag,C20; 1,0¥107" 11,00 BiOC! 7,0 107 | 8,85
Ag,CO; 8,2*10" 11,09 BiPQ, C1,3*%107% 22,90
_ ApCrO, 1,1%10° 11,95 Bix(C,0.);3 4,0¥107%°
AgyCr0, 1,0*10° 10,00 Cos(AsOa); 7,6*107 28,12
Ag;S 6,3*107" 49,20 CoC,04 4,0¥10° 7,40
Ag2S0s 1,5%10" 13,82 CoCO; 8,010 | 12,10
Ag;S0q 1,6*10” 4,80 CoS (u) 4,0%10"7 20,40
Ap3AsOq 1,010 22,00 CoS (B) 2,0,10% | 24,70
 AgBr 53*101% 12,28 Co(OH); 2,0*107° -
ApBrO; 58107 Co(OH); 4,0*10™
AgCH,CO0 4,0*10° 2,40 Ca(AsOs); 6,8*107"° 18,17
AgCl 1,8%1077 9,75 CaHPO, 50%10°
~ AgClO; 2,0¢10° | Ca(H,PO,); 1,0¥10° 3,00
AgClO; 5,0%107 1,30 Ca(I03) 7,0*107 6,15
AgClO, 2,0*107 3,70 Ca(PO.); 2,0*107 28,70
AgCNS 1,1*¥107 11,97 CaC50)4 2,3*107 8,64
gl 8,3*10"" 16,03 CaCO;s 4,8*107 8,32
AgNO, 1,6¥107 3,80 CaCrQs 7,1¥10° 3,15
- AgPO, 1,3*107% 19,89 CaF, 4,0¢ 10" 10.40
AIPO; 5,8*107" 18,24 CaHPO, 2,7¥107 6,57
Al(OID); 3,7¢10° Ca(OH); 6,3*10°
AlAsO; 1,6¥107° CaSO; 1,3*10" 7,89
Ba(Br(s)s 5,5*10° 5,26 CaCO; 9,3*10” B
Ba(103), 1,5%107 8,82 CaS0,2H,0 1,3-10"
Ba;(As04): 7,8%10™ CaSO4 24*10° 4,62
BaC,04 1,1%107 CdCO; 5,2*%107"7 11,30
Ba,P,0; 3,0%107T 10,52 CdC,04 1,5*10°% 7,80
~ Ba(NO;);  4A5t10° [ 1296 Cd(OH), 2,210
Bay(PO4)s 6,0¥107% 38,22 CdSeO;, 1,3*10”
BaMnO, 2,5%10° 9,60 CdS 7,9*107 26,10
Ba$S,0; 6.0*107 4,22 CdSOs 1,0*10° 6,00
BaSO; 8,0*107 | 6,10 CrAsQ; 7,8*107 3512 |
RaSO; 1L,1*107 997 CrPO;4 1,010 17,00 !
BaCrQ; 1,2*10"° Cr(OH), 1,010
Ba(Ot), 5,0*107 Cr(OH) 6,3*107%
Bak, o 1,1%10°0 Cu(103), 7,4*107 7,13
BeCO; 1,0%107 3,00 CuBr; 5,8*10” 828
Be(OH), 6,3*10“ CuC,04 3,0%10° 7,52
BizS: 1,0*1077 CuCl, 1,2%10° 5,92
BiAsOq 2.8*107 9,36 Cu(OH), 2,2%107°
CuCrO, 3,6*10° 5,44 CuCO; [ 2,5*107% 9,60
Cul; L1107 [ 11,96 CuCNS 48*107 14,32
CuS 6,3*10°° 35,20 NalO, 3,0*107
CuSe 1,0*10% 49,00 Ni(103); | 1,4*10° 7,85
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Oxonyanue [Ipun.3

F(Ol);

B 1,0¥10°7 15,00 NiC;0, 4,0¥10° 9,40
Fe(OH), 3,2¢107 37,50 NiCOs; 6,6%10° | 818
FesS; 1,010 88,00 Niz(AsOa)s 3,14107%° |
FeAsO, 5,8%10° 20,24 Ni(OH), 204107 |
FeC,04 2,0*107 6,70 Pb(CNS); 20%10° 1 470 |
FeCOs 3,5%107 10,46 Pb3(AsO,); 4,1%107° 35,39

| FePO, 1,3*10°% 21,89 Pby(POy), 7.9%10% 42,10
FeS 50107 | 17,30 PbBr, 9,1*10° 504
HgoBry 5,8*1077 17,88 PbCO;  1,0%107 13,00 |
Hg,Cly 1,3*1078 17,88 PbC,04 8,3*10 11,10
Hg,l, 4,5%10% 17,88 PbCrO, 1,8*10" 13,75

1 HgS 1,6%10™ 51,80 PbCl, 1,6*10° 4,79

KsNa(Co(NOa)e) | 2,2*107 10,66 PbF, 2,7*10° 7,57 |

Ky(C(NOye) | 4,3*1077 937 Pbl, 1,1¥10° 8,08
KClO, 1,1*107 3,70 Zny(POy), 9,1*107 32,04

] K10 8,3*10" 3,70 ZnC,04 1,5%107 8,80
[1,CO; 1,9%10° PbS 2,5%10°% 26,60
Li;PO4 3,3*107 PbSOs 1,6*107° 7,80
LiF 1,5%107 PbSe(); 3,0%107"2
LiOH 4,0*107 Pb(BrOs), 8,0%10°
Mg(103); 3,0%10° Pb(OH), 7,9*107®
Mg(OH), 5,5*%1077 11,26 Pb(10:); 2,6*107"°

Mis(AsQq) 2,1*10°% 19,68 ShyS; L 1,6%107% 92,80

Mg3(POy), 1,0%10°7° 13,00 PbSeOs 1,4*107

MgC0, 8,6*10° 4,10 Snl 1,0,.10% | 4,00

MgCO; 4,0%10” 4,40 SnS 1,0,107 | 2500
| MgF; 6,5%107 8,19 Sn(OI1); 6,3*10°%7

MgNHPO4 2,5*10" 12,6 Sn(OH), 1,010

~ Mg80; 3,0%¥107 2,52 Sry(AsOq)z 1,3*10°° 17,79
Mn(OH); 1,9%107° Sr3(PO4); 1,0¥10™" 31,00
Mn(OH); 1,0¥107° ~ StG0s | 58*10% 725
Mn(OH); |, 1,0*107° SrS04 3,2%107 6,49

Mny(AsO4); 1,9*10% SrSO; 4,010
2.InCy04 1,0*10" 15,00 Sr(OH); 3,2*10°
MnCO; 1,8%10" 10,74 SrSe0s 4.4%10°
MnNH.PO, 1,010 12,00 SrCO; 1.1¥107% 9,96

i MnS - 2,5%10°T° 9,60 Sr(103); 3.3*107 7,40
NiS (a) 3,2*107" 18,50 SrCr0y 3,6%¥107 4,44
NiS (B) 1,0*10°% 24,00 SrF, 2,5%107 8,60
Ni(CN); 3,0*107% Sr(HCOs); 1,83*10°
ZnS (&) 1,610 23,80 ZnAsO4)y, | 1,1%107 26,97
7Zn{103); 2,0*10°
7nCO; | 6*10" 10,84
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[IpunoxcHuc 4
Cranpaprubie 3J1eKTPOJHBIE NOTEHUHAJb] METAJLJIOB B BOHBLIX PACTBOPaXx

DneKTpo ApMe” a B DnexTpo ApMe %/! e B
f,% -3,011 Cd /dz 0,403
'!“ (‘- -
* 2,982 Cof 0,277
Rb" -
K -2,925 Ni /. 0250
K- Ni
Cs -2,919 Sn -0,136
N /Cs* /S‘nz'
Ba B -2,905 Pb/pf,h 20.126
.
’ S/ -2,888 Fe/ NIE,
N o
C -2,866 | 0
o 2 /
H
Na -2,714 Ge 0,000
B Na Ge’
Mg/ 2,363 Sn/ ) 10.007
Mgh Sn
SC% 3 ‘2,077 Snd'% ) +0’151
Se™ 2
% /se 1847 Bl +0,215
Be” 2
Ay -1,663 C;% 2 10337
Al o
\ s LI o/ +0,418
Mn” RE
Cr / 0,913 Ag / 70,799
Cr** te*
e Hg/ S—
- ng'
C‘r/ . -0,744 Au /s +1,498
Cr™ L
4.
\ ) Fe Fe™ -0,440 Pb Ab?* +1,694
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