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IpeaucaoBue

OpaHOM U3 KIHOYEBBIX MEP TOCYAApCTBEHHON MOJUTUKHU MO Pa3BUTHIO 00pa3o-
BaHUs SBJSIETCS oOecredyeHre o0pa30BaTENbHON YCHEIIHOCTH KaXXI0ro pedeHKa U
BEPTUKAJILHON COIMAIbHON MOOMIBHOCTH uepe3 (hOPMUPOBAHUE CUCTEMBI MOAECPHK-
KH 0COOBIX Tpynn obOydaroruxcs. Co3maHue yCioBHM, 00ECIEYMBAIOIINX BhISBIIC-
HUE, Pa3BUTHE M IICHUXOJOTO-TEJArOrMYeCcKyr0 MOIICPKKY OOYUYalOIIUXCsl MOYKHO
CUMTaTh NPUOPUTETHOM 3ajadeil MoaepHU3alUUKd OOpa3oBaHHs B Hallell CTpaHe.
DopMHUpPOBaHUE CUCTEMBI IICUXOJIOTO-TIETATOTUYECKOM MOIECPHKKU OAAPEHHBIX JETEU
y>K€ Ha paHHUX ATanax U3y4eHHs] XUMUU 00ecrieunBaeT pa3BUTHE TeX UHAUBUAYaJIb-
HBIX XapaKTEPUCTUK IIKOJbHUKOB, KOTOPBIE MTO3BOJISIIOT UM PE3YIBTATUBHO MPOABHU-
raTbCsi B MHTEPECYIOLEH UX 00JIaCTU JeATEIbHOCTH, (OPMUPYS] YCTOMUUBBIN UHTE-
pec K XMMUU 0 NocTyIuieHus B BY 3.

B cucreme HenpephIBHOIO XHMHUYECKOTO 00pa3oBaHUsi OOJIBLIOE 3HAYCHHE
npuoOpeTaeT IeJeHanpaBieHHas pabora mpenogaBateneit BY30B co cryaenTamu,
WHTEPECYIOMMMUCS XUMHUEH, YTO CIOCOOCTBYeT nanbHeleMy 3¢G(EeKTUBHOMY pa3-
BUTHIO TBOPUYECKUX CHOCOOHOCTEM OOyYarOMIMXCS UM UX JUYHOCTHOMY CaMOOIIpese-
neHuto. Heobxoaumon cocTaBisitoliel Takoil paboThl SIBISETCS pellieHUue MPaKTUKO-
OPUEHTUPOBAHHBIX 3aJa4 [0 OCHOBHBIM pa3feiaM XHMHH C LEJIbI0 3aKpEIUICHUS U
yrayOIeHNsl OCHOBHBIX TEOPETUYECKUX CBEACHUM, MOIy4aeMbIX CTYICHTAMH Ha JIeK-
LUSIX U CEMUHAPCKUX 3aHATHUAX, a4 TAKKE€ aKTUBHOE BOBJICYEHHUE CTYACHTOB B OJIMM-
IIAAIHOE JBM)KEHUE U METOJIMYECKOE CONPOBOXKIAEHUE IPOLIECCa UX IOATOTOBKH K
y4acTuro B onumnuanax. llpemmaraemoe n3ganue npu3BaHO 0Ka3aTh BCECTOPOHHIOIO
NOJJIEPXKKY MPENoIaBaTesisiM HEOPraHUYeCKOr U (PU3NYECKON XUMHHU ISl OpraHu3a-
uu 3O PEeKTUBHON TOATOTOBKU CTYACHTOB 1-3 KypCOB XHMHKO-TEXHOJIOTHUYECKUX
crennabHOCTEN BY30B K pelieHnto 3a1a4 pa3HOro YpOBHSI CIIOKHOCTH.

B nanHoMm mocoOuu conepkarcs pa3HOYpPOBHEBBIE 33/1a4H M0 HEOPTAaHUYECKOM
U (U3MUECKON XMMHUU W TPHUBEIEHBI MX MOJApOoOHBIe pemieHus. Ocoboe BHUMaHHE
YAEJIEHO TEMaM, CMEXHBIM C IPOrPaMMHBIM MaTEPUATIOM IO PACCMATPUBAEMBIM pa3-
JeJlaM XUMUH, 4TO B OOJIbIIEH CTENEeHH MO3BOJISIET CUCTEMATU3UPOBATh 3HAHUS CTY-
JIEHTOB U CBSI3aTh UX C MPOPECCUOHAIBHON IEATETbHOCTBIO U MPAKTUUYECKUM MIpUMe-
HeHueM. B Hauane mocoOusi npuBeIeHbl KaU€CTBEHHBI aHAJIN3 KATUOHOB U aHMOHOB
HEOPTraHWYECKUX BEILECTB B pacTBOpE, 0OIasi cXeMa pa3/iesieHUus KaTUOHOB, a TaKXKe
IIPE/ICTABIICHBI CBEICHHSI 00 OCHOBHBIX HEOPTaHUYECKHUX COeMUMHEHusX. /s yaooct-
Ba MOJIb30BAHUS MMOCOOMEM BCE€ 3aJaHUsl CTPYIMIHUPOBAHBI MO YPOBHAM CIIOKHOCTU
(mar |, mar |l v T.1.) 1 pazaeneHsl Ha TEOPETUUECKUE U MPAKTUYECKUE.

Asmopul
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1. OOHapy:keHNe KATHOHOB HEOPTraHMYECKUX BelIeCTB B PACTBOPAX

[Tpexxne yem nepeTu HEMmoOCpenCTBEHHO K pa300py 3aiaHuii, aBTOpaM XOTe-
J0Ch OBl MO3HAKOMUThH YUTATENIEd C HEKOTOPHIMHU NPUHIUIIAMM PELIECHUS 3a/1ay I10
HEOPTraHUYEeCKON U PU3NUECKON XUMUHU.

Peakuyuu no ananm3y KaTMOHOB MU AHMOHOB HEOPTaHMYECKUX BEILIECTB MOYKHO
BBITIOJTHUTH KaK B IIKOJIbHBIX KaOWHETaX XUMHH, Tak U B Jaboparopusx UI'XTY. Psaa
OIBITOB MOYKHO MPOBECTH TOJBKO B JIabopaTopusix Ha Kadeapax oOieil 1 HeopraHu-
YECKON XMMUU, aHATUTUICCKON XUMHH, (U3HUECKOM U KoutouaHou xumun BY3oB
WIH B CIIEHUAIN3UPOBAHHBIX JIAOOpATOPUSIX.

1.1. OkpamuBaHue IJIAMEHH IOPeJIKH

[1aTHHOBYIO (HHXPOMOBYIO) MPOBOJIOKY CMAuyMBalOT B KOHIEHTPHUPOBAHHOIA
comstaoit kucnore (HCI) m BBomsT B mumams ropenku. Onepanuio MpOBOIST J0 TeX
1op, TOKa MPOBOJIOKA HE MEpPEeCcTaHeT OKpamuBaTh mmiams. OUUIIEHHYIO MTPOBOJIOKY
MOTPYKalOT B pacTBOp (WM OepyT KPHUCTaUIbI) C aHAJIM3UPYEMBIM BEIIECTBOM U
CHOBa BBOJAT B IuIaMs ropeniku. OIBIT MOBTOPSIOT HECKOJBKO a3, MoKa He Oyner
TIOJTHOM YBEPEHHOCTH B OKpacke ruiamMeHu. lIpucyrcTBue oOHApyKEHHBIX MO OKpa-
IIMBAHUIO TUIAMEHH KaTHOHOB HEOOXOJIUMO MOJTBEPIUTH C MOMOIIBIO aHATUTHYE-
CKHUX pEaKIuu.

Taﬁ.lmua INBETOB INIAMCHHU I'OPECJIKH IIPH BHCCCHUH PaA3JIUYHBIX KATHOHOB

Karuon | Oxpacka miamenn | Katuon Oxpacka miaMmeHu
Li* KpacHBIN Sr** KapMUHOBO-KpPaCHBIN
Na"* KEJTHIN Ba** KEJITO-3€TICHBIN
K* (buoIETOBBIN Cu®* | 3eneHBIi HITH CHHE-3€IICHBIIT
Rb* aJIBII Pb** 0JIe THO-CUHUI
ca’* KUPIUYHO-KPACHBIN Bi** 3€JICHBIN

Hinke npuBefeHbl KadecTBEHHbIE peakiuu 1 19 HauGonee pacnpocTpaHeH-
HBIX KATHOHOB METAJIIOB.
1.2. O6napy:kenue karuona ammonns (NH,")

o K ucciemyeMmomy pacTBOpPY M00aBISIOT KOHIIEHTPUPOBAHHBIN WM pa30aBiieH-
HBIA (TP 3TOM HEMHOTO HarpeBaroT) pactBop ruapokcuaa Hatpus (NaOH),
Ha0JII01a0T MosiBiIeHne cnernuduueckoro 3amaxa ammuaka (NH3z). Cmouentas
BOJIOM moJiocka GeHo(pTaIenHOBOM Oymaru, MoJHeceHHass K OTBEPCTUIO MPO-

OMpKHU, OKPAILLIMBAETCS] B MAJIMHOBBIN 1[BET:
NH," + OH = NH,OH.

NH; H,0
5
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Ha monocky ¢unbTpoBaHHONW OymMaru NMOMEIIAIOT HECKOJIBKO Karellb HCCIIe-
IyeMOTO pacTBOpa, J00ABISAIOT peakTuB Hecciiepa — mIenoYHoi pacTBOpP KOM-
wiekcHon comu Kjy[HQl4], B pesynbraTe uero oOpasyercs MATHO OpaH)KEBO-
KpacHOTO LIBETA:

NH; + 2[Hgl,]* + 30H™ = [Hg,N]I-H,O! + 71" + 2H,0.
Ha monocky ¢uibTpoBaHHON OyMaru MOMENIAIOT HECKOJBKO Karelb UCCIe-
ayeMoro pactBopa, nobasisiior pactBop Hg,(NO3),, B pesynbrare uero oopa-

3yeTcsl MATHO YEPHOTO 1[BETA BCIIEJACTBUE 00PA30BAHMS DJIEMEHTAPHOU PTYTH:
4NH; + 2Hg,** + H,0 = [Hg,ONH,]" + 2Hg{ + 3NH,".

1.3. O6napyxenue K*

1.4.

K uccnenyemomy pactBopy (pH 4-6) moGasmsror pactBop Naz[Co(NO,)e], B
pesynbrate 4yero odOpasyercs skenthlii ocagok KyNa[Co(NO,)g], kpucramis
KOTOPOT'O 1Ol MUKPOCKOIIOM UMEIOT (hopMy KyOOB U Jipy3 (ipy3a — KpucTall-
JIBI, CPOCIIIMECSI OCHOBAHUEM ):

2K*+ Na" + [Co(NO,)s]* = K;Na[Co(NO,)e] ¢ .
K uccrnenyemomy pacteopy (PH 7) mobasnstor pactBop Na,Pb[Cu(NO,)e¢] u
kpuctaiik NaNO;, B pe3ynbTaTe uero oOpa3yroTcsi KPUCTAJUIbI, UMEIOIINE
10, MUKPOCKOTIOM (hOpMY YEPHBIX U OYpBIX KyOOB:

2K* + Pb* + [Cu(NO,)s]* = K,Pb[CUu(NO,)¢] .
Oonapysxenne Na*
Karmmo uccneayemoro pactBopa (PH 7) momMemniaroT Ha CTEKJITHHYIO ILIACTHHY
U TOpuOaBIAIOT HECKoNbko  Kamenb  pactBopa  (UO,(CH3;COO), +
Zn(CH3COQO),), B pe3yabTaTe 4ero oOpa3yroTCs KEJIThle KPUCTAIUIBI, UMEIO-
IIKE TI0J] MUKPOCKOTIOM (hOpMY TETPa’IpOB U OKTAdIPOB:

Na® + Zn** + 3UO,*" + 9CH3COO" + 9H,0 =
Nazn(UO;)3(CH3;C0O0)4-9H,0.! .

K uccnemyemomy pactBopy (PH 7) mo0aBisioT HECKOJIBKO Kalleidh pacTBOpa
K[Sb(OH)s] u mepememmBaioT HECKOJIbLKO MHHYT, Kacasich CTEKIISTHHOW Ta-
JIOYKOW O CTEHKH NPOOUPKH, B pe3yibTaTe 4ero oopasyercs (13 pa30aBICHHBIX
pPacTBOPOB MeIeHHO) Oenblii KpucTtaummueckuid ocagok Na[Sb(OH)g], pac-
TBOPUMBIH B IEJIOYAX:

Na* + [Sb(OH)s]” = Na[Sb(OH)]+ .

1.5. O6napyxenne Pb**

K uccrnegyemomy pactBopy 100aBisitOT HECKOJBKO Kamenb pactBopa Kl, B pe-
3yJIbTaTe Yero 00pasyeTcs IpKO-KeNThii ocamok Pbl,:
Pb*" + 21" =Pbl, .

6
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K uccnenyemomy pactBopy (PH 4-6) 1006aBiIstOT HECKOIBKO KaIlelb pacTBOpa
K,CrQy, B pesynbpTaTe yero odpasyercs xentoiii ocagok PbCrO,4, HepacTBo-
PUMBII B YKCYCHOM KHUCJIOTE€ U B PacTBOpPE aMMHUaKa, HO CIIOCOOHBIA pacTBO-
PATHCS B CHJIBHBIX IIEJI0YaXx:
Pb* + CrO,* = PbCrO,+ .
K uccrienyemomy pactBopy (PH < 7) 106aBislfOT HECKOJIBKO Karelb pacTBOpa
nro0oro pactBopumoro cynbdara (niau H,SO4), B pesynbrate yero oopasyercst
oeunsblit ocanok PhSO,, pactBopumsblii B HpSO 4oy ) U HI€TOUAX:
Pb* + SO,* = PbSO, ! .

K uccnemyemoMy pacTBopy n00aBIsIOT HECKOJIbKO Kareiab pactBopa HCI, B
pe3ynbprate dero odpasyercs Oenbiii ocanok PhCl,, criocoOHbIIT pacTBOpSATHCS

B BOJC l'IpI/I HaneBaHI/II/IS
Pb%*" + 2CI" = PbCl, { .

1.6. O6napy:xenne Ag’

K uccnexyemoMy pactBopy H00aBISIOT HECKOJBKO Karenb pactBopa HCI, B
pe3yibTare uero oopasyercst Oemblit TBopoxkucThiid ocagok AJCl, pacteopsito-
HIMiics B aMMHUake ¢ oopazoBanueM OeciieTHOro komriekca [Ag(NH;3),]Cl:
Ag" + ClI" = AgCl!,

AgCl + 2NH;3 = [Ag(NH,),]" + CI".
K wuccnenyemomy pacTBOpy WM TMOJIYYCHHOMY PAcTBOPCHHEM B aMMHAKe
ocaaka AgCl nobGasisitor HeckombKko Karenb pactBopa Kl, B pesynbrare dero
oOpasyercs xenroBaTbiii ocagok Agl, HepacTBOpUMBIA B aMMHUAKe:

[Ag(NH3),]" + 1" = Agll + 2NH3+.
K uccnemyemomMy pactBopy 100aBJISIOT HECKOJBKO Karenb pactBopa NaOH, B
pe3ynbTaTe yero oopasyercsi KopuuHeBbiid ocanok Ag,O, pacTBOpUMBIN B am-
MHuake ¢ oopasoBanreM OecrBeTHOro kKomiuiekca [Ag(NH;3),]OH:

2AQ" + 20H = Ag,0! + H,0,
Ag,0 + 4NH; + H,0 = 2[Ag(NH3),]" + 20H".

K uccrnenyemomy pactBopy 100aBISIOT HECKOJIBKO Kalelb PacTBOpa aMMHaKa
M CTOJIBKO K€ pacTBOpa (opMasbAeruaa, MpoOUPKY MOMEMIAIOT B TEILIYIO BO-
Iy, B pe3yibTaTe Yero €€ CTCHKH TMOKPHIBAIOTCS OJECTAIUM HAJIETOM — «Ce-

pPEOPSHBIM 3epKATIOM»:
2[Ag(NHs),]" + HCOH + 20H = 2Ag{ + 4NH3+ + HCOOH + H,0.

1.7. O6napyxenne Ba™*

K uccrnenyemomy pactopy (PH 4—6) 100aBiIstoT HECKOJIBKO Karellb pacTBOpa
K,Cr,07, B pesynbrarte uero odpaszyercs ocagok BaCrO, sxentoro 1sera:

2Ba** + Cr,0,% + H,0 = 2BaCrO, !\ + 2H".
7
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K uccienyemomy pactBopy (PH < 7) 100aBisitoT HECKOJIBKO Karellb pacTBOpa
a1000ro pactBopuMoOro cyibdata (nau H,SO,4), B pe3ynbrare yero obpasyercs
oenbiii ocaok BaSO,4, KOTOpHIN HE pacTBOPSETCS B KOHIIEHTPUPOBAHHBIX KH-
CIIOTaX M MIeNovax (J1aXKe B KIaPCKOU BOJIKE»):

Ba*"+ SO,* = BaSO,+ .
K uccnenyemomy pactBopy mobasmsitor KIO3, Habmogas moa MUKPOCKOIIOM
NosIBJI€HUE OEJIbIX KPUCTAJUIOB B BUJI€ 3BE€3/10YEK U UTIL:

Ba* + 2103 = Ba(103), | .

1.8. O6uapy:xenne Ca’*

K uccnegyemomy pacTBopy 100aBISIOT HECKOJBKO Kalelb pacTBopa J1iro00ro
pactBopumoro cyibdara (wm H,SO,), Habmroaast MOCTENEHHOE 00pa30BaHUe
oenbix kpuctamioB CaSO,-2H,0, umeromux moa MUKPOCKONoM (GhopMy HIIIL.
Ocaiok MOKeT pacTBOpsAThCsA B HachimeHHoM pacTBope (NH4),SO,4 ¢ o6paso-
BaHneM HoHOB [Ca(SO,),]%, IpH yIapuBaHMHM MOIYYEHHOTO PacTBOPA BHOBb
o0OpasyeTcst ocajioK:
Ca’*+S0,” = CaS0,-2H,01,

[Ca(SO,),]* + 2H,0 = CaSO,-2H,0! + SO,
K HebonbmioMy KOJIMUYECTBY HCCIEAYEMOTO pacTBOpa J00aBIAIOT MO OJHOMN
karmie pactBopoB 10% NHz; m NH4Cl, a Ttaxke nBe kamim pacTBopa
K4[Fe(CN)¢].Cmech  kumsatar, HaOmogas oOpa3oBaHue Oeoro ocajika
KNH,Ca[Fe(CN)g], HepacTBopuMoro B 2M YKCYCHOM KHCIIOTE:

Ca” + NH," + K* + [Fe(CN)g]* = KNH,Ca[Fe(CN)g]+ .

K uccnenyemomy pactBopy mobasmsitor KIO3, Habmogas moa MUKPOCKOIIOM
NOSIBJICHNE OEITBIX KPUCTAJIOB B BUJIE pOMOOB 1 OMITUpaMUI:

Ca” + 21057 = Ca(103), ¢ .

1.9. O6uapy:xkenne Zn>*

HccemyeMblit pacTBOp MOAKUCISIOT YKCycHoU kuciotod (PH 2) u noGasis-
IOT CBEXKETPUTOTOBJICHHYIO cepoBoopoaayto Boay uinu (NH,),S, B pesynbra-
Te yero oopasyercs Oenbiii ocagok ZNnS:

Zn®* + H,S=2ZnSy + 2H".
K uccrnenyemomy pactBopy 100aBIIsIIOT HECKOJIBKO Kamenb pactBopa NaOH, B
pe3ynbTaTe 4ero oOpasyercs Oeiblii cTymeHucThid ocanok Zn(OH),, croco6-
HBI PacTBOPATHCS B U30BITKE IIETIOYU ¢ 00pa3oBaHUEM OECIBETHOTO PacTBO-
pa. [Ipy MOOKHCIEHWH TAaKOTO pPacTBOpa BHOBb OOpasyeTcst OCNbIi 0camoK
Zn(OH),, pacTBOpUMBIi B U30BITKE KHCIOTHI:

Zn* + 20H = Zn(OH), |,

Zn(OH), + 20H™ = [Zn(OH).]*,
8
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[Zn(OH),]* + 2H" = Zn(OH), | + 2H,0,
Zn(OH), + 2H" = Zn** + 2H,0.
e K uccrnegyemomy pacteopy (PH 2—4) 100aBistoT HECKOJIBKO Karellb pacTBOpa

K4[Fe(CN)¢], B pe3ynbrate gero odpasyercs 6enbiii ocanok K,Znz[Fe(CN)g],:
3Zn** + 2K* + 2[Fe(CN)e]* = K,Zns[Fe(CN)gl, 4 .

1.10.06napy:xenne Al*

e K ucciegyemomy pacTBopy 100aBIsSIOT HECKOJIBKO Karesb pactBopa NaOH, B
pe3ynbrate dero odpasyercs Oenblii cTyaeHUCThIi ocanok Al(OH)j3, koTopwrii
pacTBopsieTCsi B M30BITKE IeIoYd ¢ oOpa3oBaHMEM OECI[BETHOTO pacTBOpa.
[Ipn moAKUCIEHHMM TAaKOrO pacTBOpa BHOBb oOpa3yercs Oenblil ocaaok
Al(OH)3, pacTBopuMBIi B M30BITKE KUCIIOTHI:

Al%* + 30H = AI(OH); !,
Al(OH); + 30H™ = [AI(OH)s]*,
[AI(OH)6]* + 3H" = AI(OH); L + 3H,0,
Al(OH); + 3H* = Al*" + 3H,0.

e K wucciaegyemomy pactBopy AoOaristor u30bITok pactBopa NaOH, a 3arem
npu HarpeBanuu BBoaAT kpucrammmiaeckuii NH,Cl mo mpekpamienus Beigerne-
Hus ammuaka. K odpaszoBaBmemycs ocaaky Al(OH); noGasnsror anuzapus, B
pe3ynbTaTe HaOII0gaeTCs KpacHOE OKpallliBaHUE.

Al®* + 30H = AI(OH); .,
AlI(OH); + 30H™ = [AI(OH)s]*,
[AI(OH)s]* + 3NH,* = AI(OH)3 ! + 3NH31 + 3H,0.

1.11.06napyxenne Cr®*

o K uccnegyemomMy pactBopy JA00aBISIOT HECKOIBKO Kamnenb pacTtBopa NaOH, B
pe3yJbTaTe 4ero oopasyercs TeMHO-3eJIeHbIH cTyneHUuCThIi ocagok Cr(OH)s,
PacTBOPUMBIN B U30OBITKE IIEJI0UM C 00Opa30BaHUEM HU3YMPYJIHO-3€JIEHOr0 pac-
tBopa. [Ipu moakuciaeHun pactBopa BHOBb oOpasyercs Cr(OH)s, pactBopu-
MBbI{ B U30BITKE KUCIOTHI:

Cr® + 30H = Cr(OH); .,
Cr(OH); + 30H™ = [Cr(OH)¢]%,
[Cr(OH)e]* + 3H" = Cr(OH)5 ! + 3H,0,
Cr(OH); + 3H* = Cr* + 3H,0.

e K pactBopy, comepsxarnemy [Cr(OH)g]*, noGasmstor 3% pacreop H,0, u Ha-
IPEBaIOT B T€UEHHE 3—5 MUHYT, HAOII0asi IOCTENIEHHOE N3MEHEHHUE OKPAacKu
pacTBopa (0T U3yMPYIHO-3EJCHON O JKENTOM) BCICACTBHE OOpa30BaHUSI HO-
HOB CrO42':

[Cr(OH)¢]* + H,0, = CrO,* + 4H,0.
9
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PactBop, comeprxarmmii nonsr CrO,”", moakucisitor pactBopom H,SO, 1 oxa-
KIAl0T, B pe3yJbTaTe Yero OH MPUOOpETaeT OPaHKEeBYIO OKPACKY, BEI3BAHHYIO
00pa3oBaHUEM HOHOB Cr2072‘. 3atem pobasisitor 3% pactBop H,0,, mosBis-
€TCsl HeYyCTOWYMBAs CHHsISI OKpacka nepokcuaa xpoma CrOs:
2Cr,0;> + 2H" = 2Cr0,* + H,0,
Cr,0,° + 4H,0, + 2H" = 2CrOs + 5H,0.
K pactsopy (pH 4-6), conepxamemy CrO,*", nobasmstor Pb(NO3),, B pe3yib-
TaTe 4ero odpasyercs xenthiii ocanok PbCrO,4, HepacTBOpUMEIl B yKCYCHOM

KUCJIOTE U pacTBOPE aMMHUAKa, HO paCTBOPUMBII B CHJIBHBIX IIEI0YaXx:
2+ 2-
Pb™ + CrO,” = PbCrO,!.

1.12.06napyxenne Fe**

K uccienyemomy pacTBopy J00aBISIOT HECKOJIBKO Kareib PacTBOpPa KPacHOM
kpoBsinoii conu Ks[Fe(CN)g], B pesynbrate yero oOpasyeTcsi TEMHO-CHHUI
0CajIOK TYpHOYJUICBOW CHHHU, UMCIOIINHI JIOBOJIBHO CJIOKHBIA COCTAaB B 3aBHUCH-
MOCTH OT COJIepIKaHus B pacTBope nosos Fe** n K
Fe? + K* + [Fe(CN)g]* = KFe™[Fe™(CN)¢] L,
AFe** + 3[Fe(CN)e]* = Fe™,[Fe™*(CN)g]5 L
(mpoucxoauT OOMEH 3JCKTPOHAMU MEXKAYy BHYTPEHHEH W BHeIIHed chepamu
KOMILJICKCA).
K uccnenyemomy pactBopy 100aBJISIFOT HECKOJIbKO Kanesb pactBopa NaOH, B
pe3ynbTaTe dero oopasyercs OnemaHo-3eneHbiii ocanok Fe(OH), Owictpo Oy-
PEIONIHI BCIICACTBUE OKUCIICHHS KUCIIOpoaoM Bo3ayxa j1o Fe(OH)s:
Fe? + 20H = Fe(OH), !,
4Fe(OH), + O, + 2H,0 = 4Fe(OH)3 . .

1.13.06uapy:xenne Fe**

K uccrnegyemomy pactBopy A00aBISIFOT HECKOJBKO Kamelb pacTBOpPa JKEITON
kpoBsiHoit comu K4[Fe(CN)g], B pesynbrate 4yero oOpasyeTcss TEMHO-CHHUH
0CaJIOK OCPIMHCKOM JIa3ypH, UMEIOIIEH JTOBOJIBHO CJIOXKHBIN COCTaB B 3aBHCH-
MOCTH OT COZIepKaHus B pacTBope noHos Fe® u K*:
Fe** + K* + [Fe(CN)g]* = KFe™[Fe™(CN)¢] ¢,
4Fe** + 3[Fe(CN)e]* = Fe™,[Fe**(CN)g]s L .
K uccrnenyemomy pactBopy 100aBIIsIIOT HECKOJIBKO Kamenb pactBopa NaOH, B
pesynbpTaTe 4ero odpasyercs Oypbiii ocamok Fe(OH)s, HepacTBOpUMBIA B W3-

OBITKE pacTBOpA LIEIOYH:
Fe** + 30H = Fe(OH); ...

10
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K wuccnegyemomy pactBopy A00aBisioT Heckonbko Kamenb 10% pactBopa
NH3 B pe3ynbrare uero odpasyercs Oypsiii ocanok Fe(OH); HepacTBOprMBIii
B U30BITKE PACTBOPA aMMHAaKa:

Fe** + 3NH,OH = Fe(OH)5 { + 3NH,".
K uccienyemomy pacropy nodasisitor pactBop NH4SCN (i KSCN), B pe-
3yJbTaTe YEro OH MPUOOpPETaeT KPOBABO-KPACHYIO OKPACKY, BI3BAHHYIO 00pa-
3oBanneM noHoB [Fe(SCN)]¢*. Ipn 106GaBieHHH K IONYYEHHOMY PAacTBOPY
NaF o obecrBeunBaeTcst BCIeACTBHE 00pasoBanus noHa [FeFg]*™:

Fe** + 6SCN™ = [Fe(SCN)]¢*,
[Fe(SCN)]6> + 6F = [FeF¢]* + 6SCN".

1.14.06napyxeHue Mg2+

K uccnenyemomy pactBopy mobasistor kammo pactBopa Na,HPO,, Heckoms-
ko kamenb pactBopa NH4Cl u 10% pacrBop ammuaka mgo pH 9. O6pasyercs
pacTBopuMbIid B kuciiotax Oenbiii ocagok MgNH4PO,-6H,0, umeronuii nox
MHUKPOCKOIIOM (hOPMY JIUCTHEB MAMTOPOTHUKA U IEHTPUTOB:
Mg®* + NH3 + HPO,* + 6H,0 = MgNH,PO,-6H,0. .

K uccnexyemomy pactBopy m00aBisSIOT HECKOIBKO Kamenb pactBopa NaOH, B
pe3ynbTaTe yero obpasyercst Oenblii cTyaeHUCThIN ocagok MQ(OH),, nepac-
TBOPUMBIN B M30BITKE pacTBopa Imenouu. [Ipu mo0aBiIeHMH HECKOJIBKHX Ka-
MeJTh MarHe30Ha 0CaI0K OKPAIlIUBAETCsl B CHHUH IIBET:

Mg?" + 20H = Mg(OH), ¢ .

1.15.06napy:xenne Cu”"

K uccnexyemomy pactBopy m00aBisSIOT HECKOIBKO Kamenb pactBopa NaOH, B
pesynbraTe 4yero obpasyercs ronayboit ocamok Cu(OH),, HepacTBOpHUMBIH B
M30BITKE PacTBOpA IIETOYH:
Cu* + 20H = Cu(OH), ..
K uccnenyemomy pactBopy aA00aBisitoT Heckoibko kamenb 10% pacTBopa am-
MHUakKa, B pe3ysibTaTe 4ero oopasyercs roiay6oit ocamoxk Cu(OH), pactBopu-
MBIii B M30BITKE pacTBOpa aMMHaka ¢ 00pa3oBaHHEM PacTBOpPa BaCHUIBLKOBOTO
1BeTa!
Cu?*+ 2NH,OH = Cu(OH), | + 2NH,",
Cu(OH), + 4NH; = [Cu(NH3),]** + 20H".
K uccnenyemomy pactBopy 100aBISIOT HECKONBKO Kamnenb pactBopa Na,COj3
B pe3yJsibTaTe 4ero odpasyercsi roiryboBaro-3enensiii ocagok Cu,(OH),CO;3 u
BBIJICTISICTCSI YTJICKUCTIBIN Ta3:
2Cu” + 2C0O5* + H,0 = Cu,(OH),CO;1 + CO,*.
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K uccienyemomy pactBopy (PH < 7) 100aBisitoT HECKOJIBKO Karellb pacTBOpa
K4[Fe(CN)¢], B pesyabTare Yero oOpasyeTcss KpacHO-OypbIii —0CaoK
Cu,[Fe(CN)g]:
2CUu** + [Fe(CN)g]* = Cu,[Fe(CN)g] ¢ .
K uccnemyemomy pactBopy n00aBISIFOT HECKOIBKO Kamenb pactBopa Nal, B
pesynbTare uero oOpasyercs ocagok Oyporo 1BeTra, coxaepxammii |,
(xopuuneBbIit) u Cul (Genbrit):
2CU*" + 41" =2Culi + |,
Ha nonocky ¢uiabTpoBaHHOM Oymaru moMemiaroT HECKOJIBKO Karellb Hccie-
IyeMOro pacTBOpa, AO0ABISIOT PyOE€aHOBOAOPOIHOM KUCIOTHI, B PE3yibTaTe
4yero o0pasyercst mATHO TeMHO-3elieHoro 1BeTa. Ecnu punprpoBannyto Oymary
MoJIepaTh HaJl MapaMHu KOHIEHTPUPOBAHHOIO aMMHaKa, TO MSTHO MpuoOpe-
TaeT YEPHYIO0 OKPACKY:
Cu®" + H,(SCNH), = Cu(SCNH), | + 2H".

1.16.06napyxenne Mn>*

K uccnexyemomy pactBopy m00aBisSIOT HECKOIBKO Kamnenb pactBopa NaOH, B
pesynbraTe 4ero oodpaszyercs Oenbiii ocagok Mn(OH),, mocrenenHo Oypeto-
IIMH Ha BO3YyXe, MOXKHO JI00aBUTh HECKOJIBKO Karenb 3% pactBopa H,0,:
Mn?* + 20H = Mn(OH), ¢,
Mn(OH), + H,O, = MnO(OH), ! + H,0.
Uccnenyemsrii pactBop noakucisitor HNO3z u 100aBisitOT HECKOIBKO KpPYITH-
HOK PbO, cMmech HarpeBalT W HEpEMENIUBAIOT B TeueHHE 2—3 MHHYT, MPH
ATOM OKpacKa pacTBOpa CTAHOBUTCS MAIMHOBO-(HOJIETOBOM BCIEACTBUE 00pa-

3oBaHus nona MnO,
2Mn? + 5Pb0O, + 4H" = 2MnQ,~ + 5Pb*" + 2H,0.

1.17.06uapy:xenne Co**

K uccnexyemomy pactBopy m00aBisSIOT HECKOIBKO Kamenb pactBopa NaOH, B
pe3ynbTaTe 4ero oopasyercsi cuHe-¢puoeToBbiit ocamok Co(OH),. Ilpu mo6aB-
JIEHUM K HeMY HecKoJIbKuX Karenb 3% pactBopa H,O, oH Oypeer BciencTsue
obpaszoBanust Co(OH);:
Co”* + 20H = Co(OH), |,
2C0(OH);, + H,0O, = 2Co(OH)3 ! .

K uccnenyemomy pactBopy aA00aBisitoT Heckoiabko kamenb 10% pacTBopa am-
MHUaKa, B pe3yibTaTe 4ero oOpasyercs cuHe-(uoneroBbiii ocagok Co(OH),,
pacTBOpSIOIIUICS B M30BITKE aMMHaka C OOpa3oBaHMEM pacTBOpa TPS3HO-

KEITOTO IIBETA:

Co”" + 2NH,OH = Co(OH), | + 2NH,",
12
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Co(OH), + 4NH3 = [Co(NH;),]*" + 20H".
UccnemyeMblii pacTBOp MOJAKHUCISIOT YKCYCHOM KHUCIOTOM W J1OOABISIOT He-
ckoJibko kpuctaiioB KNO,, B pe3ynbpTaTe 4yero o0pasyercst *KeaThli 0caoK
K3[Co(NO2)e]:
Co* + 7NO,™ + 3K* + 2CH3;COOH = K;3[Co(NO,)s]¢ +

+ NO 1+ 2CH3;COO™ + H,0.
UccnemyeMblii pacTBOp MOJAKHUCISIOT YKCYCHOM KHUCIOTOM W JOOABISIIOT He-
ckosibko kpuctamoB NH;SCN wmnu naceimennsii pactBop NH4SCN, B pe-
3yJbTaTe 4ero HaOJI0JIaeTCs CHMHEE OKpallMBaHUE BCIEICTBHE OOpa30BaHMUS
nona [CO(SCN)4]*:

Co* + 4SCN™ = [Co(SCN).]*.
Ha monocky ¢unbTpoBaHHON Oymaru mOMEMIAlOT HECKOJIBKO Karellb HCCe-
JyeMOIro pacTBOpa, A00ABISAIOT pyOeaHOBOAOPOIHON KUCIOTHI, B pe3yibTaTe

4yero oopasyercs MmsTHO Oyporo IBeTa:
Co* + H,(SCNH), = Co(SCNH), L + 2H".

1.18.06napy:xenne Ni**

K uccnexyemomy pactBopy m00aBisSIOT HECKOIBKO Kamnenb pactBopa NaOH, B
pe3ynbTaTe uero oopasyercs cBetao-3eieHblin ocagok Ni(OH),:
Ni?* + 20H™ = Ni(OH), ¢ .
K uccnenyemomy pactBopy a00aBisitoT Heckoyibko Karenb 10% pacTBopa am-
MUaKa, B pe3yybraTe 4ero odpasyercs cBemino-3eneHbid ocanok Ni(OH), pac-
TBOPUMBIN B M30BITKE pacTBOpa aMMHaka ¢ OOpa30BaHHEM pPacTBOpa CHUHETO
1BeTA!
Ni%* + 2NH,OH = Ni(OH), { + 2NH,",

Ni(OH), + 4NH; = [Ni(NH;),]*" + 20H".
Ha momocky ¢QuibTpoBaHHON OyMarw MOMENIArOT HECKOJBKO Karelb UCCIIe-
AyEeMOTO pacTBopa, M00aBIsAIOT pyOEaHOBOJAOPOAHON KUCIOTHI, B pE3yJbTaTe
4yero oopasyeTcs MATHO (PUOJIETOBOTO IIBETA:

Ni** + H,(SCNH), = Ni(SCNH), | + 2H".
Ha momocky ¢QuibTpoBaHHON OyMarw MOMEMNIAIOT HECKOJBKO Karelb UCCIIe-
IyeMOTO pacTBoOpa, M00aBistoT peakTuB Uyraea (CIUPTOBOM PacTBOp JAMMeE-
TUITJMOKCHMA), B pe3yJIbTaTe Yero 00pas3yeTcs MATHO SAPKO-KPACHOTO IIBETA.

1.19.06napyxenne Cd**

HccnemyeMblii pacTBOp MOAKUCIISIIOT COJITHOM kuciioTor (pH 2-3) n mobaiis-
IOT CBEXKEMPUTOTOBJICHHYIO CEPOBOIOPOIHYIO BoAy (pacTBop H,S B Boze) miu
(NH4),S, B pesyiabrare uero obpasyercs ocamgok CdAS kaHapeedHO-KeITOro

LBETA:
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Cd* + H,S = CdSy + 2H".
Ha nonocky ¢uibTpoBaHHON Oymaru HMOMEIIAOT HECKOJIBKO Kamelb Hcclie-
JAyeMOro pacTBOpa, 100aBIsA0T qudeHnIKapOa3u 1 AepKaT Hall apaMu KOH-
LEHTPUPOBAHHOTO aMMHaKa, B pe3ysbTaTre 4yero oOpasyercs MITHO KpPacHO—
¢duoneToBoro 1Bera.

1.20.00napyxenue ng+

Heckonpko Kamenb HCCIeayeMoro pacTBopa MOMEIIaT Ha METHYIO TJIaCTHH-
Ky (MOHETY) U HaOJII0IaI0T MOSIBIICHHE OJIECTAIETO HajeTa BCIEACTBUE 00pa-
30BaHUs DJIIEMEHTAPHON PTYTH:
Hg* + Cu = Hg! + Cu®".

K uccrnenyemomy pactBopy 100aBIsilOT HECKOJIBKO Kamnenb pactBopa NaOH, B
pe3yJabTare uero oopasyercs xkentbiid ocagok HgO:

Hg* + 20H = HgO ! + H,0.
K wuccnemyemomy pactBopy M00aBISIIOT HECKOJIBKO Kamenb pactBopa Ki,
BCJIEZICTBUE YETro 00pa3yeTcs spKO-KpacHbI ocanok Hgl,, pacTBopstonuiics B
n30biTKe pactBopa Kl ¢ o6pasoBanmnem pactBopa komiuiekcHon comm K;[Hgl,]
KEJITOBATOTO IIBETA:

Hg* + 21" = Hgl, 1,
Hgl, + 21"= [Hgl.]*.
K HEecKOJNBKMM KarisiM HCCIEAYyEeMOTO pacTBopa M00aBISIOT CTONBKO ke Ka-
nenb 10% pactBopa ammuaka u 1-2 xkammm mudenmnkapobasumga. O6pasyercs
0CaJI0OK HEYCTAaHOBJICHHOTO COCTaBa, OKPAIIEHHBIA B CUHUN WM (PUOJIETOBBIN
IBET.
K uccrnenyemomy pactBopy a00asisioT Heckonbko kanenb 2M HCI u pactBop
SnCl,. Oo6pasyercst Oenbiii ocanoxk Hg,Cl,, mocrenenno TemHuerommii n3-3a
o0Opa3oBaHMsI JIEMEHTAPHOU PTYTH YEPHOTO IBETA!
2Hg? + [SnCI,]* + 4CI” = Hg,Cl, L + [SnCI]*,
Hg,Cl, + [SNCl,]* = 2Hg! + [SnCle]*.
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Taduanma 0CHOBHBIX KA4Y€CTBEHHBIX PeaKIUil B AHAJINTHYECKOI XUMHUHU

HCI

H,SO4

NH3; nam

NH3

NaOH

(pa3o.) (pa3o.) NaOH (M30BITOK) (M30BITOK) Na2COs

. Ag,SO .
Ag | Agel | Ag:0 | [AgINHa)l" | Ag:O AgCOs
Pb* [PbCl,, Pb** | PbSO4 |  Pb(OH); Pb(OH) [Pb(OH)4]*~ PbCO;

2+ 2+ 2+ 2+ Ca”™,
Ca Ca CaSO, | Ca“",Ca(OH), | Ca™",Ca(OH), Ca(OH), CaCOg
Sret Sret SrSO, Sret Sret Sr**, Sr(OH), SrCOs;

2+ 2+ 2+ 2+ Ba”",
Ba Ba BaSO, Ba Ba Ba(OH), BaCO;
Zn* Zn** Zn** Zn(OH), | [Zn(NHs).]*" | [Zn(OH)4]* | Zn,(OH),CO3
Al Al** Al** Al(OH)3 Al(OH); [AI(OH)6]* Al(OH)3
crt cr* cr* Cr(OH); Cr(OH); [Cr(OH)6]*™ Cr(OH);
Mg~ Mg** Mg** Mg(OH) Mg(OH); Mg(OH), | Mg,(OH),COs5
Mn* | Mn* Mn®* Mn(OH) Mn(OH); Mn(OH), | Mn,(OH),COs
Fe®* Fe** Fe** Fe(OH); Fe(OH); Fe(OH); FeOHCO;
Co** Co** Co** Co(OH), | [Co(NH3)¢]” | Co(OH); | Co,(OH),COs3
Ni** Ni®* Ni** Ni(OH). [Ni(NH3)6]* Ni(OH). Ni,(OH),CO4
cu® cu® cu® Cu(OH); | [Cu(NH3),]** | Cu(OH), | Cuz(OH),CO4
cd* cd* cd* Cd(OH); |[Cd(NH3),]** | Cd(OH), | Cd2(OH),CO4
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O6uas cxeMa pa3ieJeHHs KATHOHOB'

NH,", K*, Na*, Pb?*, Ag*, Hg,*", Ba**, Ca*", Sr**, zn®*, AI**,
cr¥ Fe*, Mg?*, Cu®*, Mn?*, Co*, Ni**, Cd**, Hg*

¢ 2M HCI
y
\ 4 \ 4
AgCIl, PACI,{, Hg,Clod NH,", K* Na*, Ba®*, Ca**, Sr**, zn**, Al*, cr¥,
_l Fe3+, Mgz+, CU2+, Mn2+, C02+, Ni2+, Cd2+, HgZ+
HccaenoBanue ocagkoB
1M H,SO4 +
C,HsOH
\4 \4
BaSO4, CaSO4d, SrSO4d NH,", K*, Na*, zn*, AI**, Ccr**, Fe**, Mg™,
l Cu?*, Mn?*, Co®*, Ni**, Cd**, Hg**
HUccaenoBanue ocagKkoB l 20% NaOH +
3% H,0,

+ + +
HUccaenosanue na Haauuue NH, ', K, Na (HarpeBanue)

| !

Mg(OH), 4, Cu(OH)4, Fe(OH)s¥, CrO.%, [AI(OH)e]*,
Co(OH)2¥, Ni(OH),¢, HgO!, [Zn(OH).)*, K, Na*
MnO(OH)2¢, Cd(OH)g»L

l

il 3M HNOj; + 3%H-,0, HccnenoBanue pacTBopa
Fe**, Mg*, Cu22+, Mn22+, Co”*, Ni?*,
+ +
Cd™, Hg 1M Na,CO3 + 25% NH3
(HarpeBaHmue)

\ 4 \ 4

FeOHCO3 ¥, MnCO3l, [CUu(NH3)4]*, [Cd(NH5)4]*,
Mg,(OH),CO3d [Co(NH3)s]*, [Ni(’;lHS)e]2+,

l [Hg(NH3)4]™

HccnenoBaHue 0CaaKoB l

HccaenoBanue pacreopa

1 2+ 2+
Kpome paccMOTpeHHBIX paHee KaTHOHOB, B CXeMy BOILTH Takxke Hgp™ u Sre .
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2. O0HapykeHHe AHMOHOB HEOPraHMYECKHNX BelleCTB B PACTBOPAX

B nanHom pasnene npeacTaBieHbl KaueCTBEHHBbIE peakiuu sl 12 HeopraHu-

YCCKUX aHMOHOB, KOTOPLIC BCTPCUHAIOTCA HA OJIMMIIMAJIHBIX 3aJJaHUAX MYHHIUIIAJIb-

HOTO, PETHOHAJIBLHOTO U BCEPOCCUICKOIrO YPOBHS MO OOILIEH W HEOPraHMYECKOW XU-

MHHM KaK JJIs IKOJIbBHUKOB, TaK U CTYJACHTOB MiaAlunx KypcoB BY3os.

1.1. O6unapyxenue F

K wuccrnenyemoMy pactBopy [00aBIsIOT HECKOJIBKO Kameidb pacTBOpa
Ca(NO3),, B pesynbTaTe yero obpasyercs oeinbiit ocagok CaF:
Ca’* + 2F = CaF,¢.
K uccaenyemomy pactBopy mobasisitor pactBop Ks[Fe(SCN)e], monyuennsrit
CIIMBaHHEM pacTBopa 6ol comn Fe** u m3Gbitka pactBopa KSCN. IIpu stom
KpOBaBO-KpacHasi OKpacKka Mc4e3aeT BCJeICTBUE 00pa3oBaHus OoJiee ycTonun-
Boro nona [FeFq]*™:
[Fe(SCN)s]* + 6F = [FeFg]* + 6SCN".

1.2. Oonapy:xenne Cl

UccnemyeMblii pacTBOp MOJIKHUCISIOT a30THOM KHUCIOTOM W J1O0AaBIAIOT He-
ckosbko Kanenb pactBopa AGNOj3, B pesynbrate 4ero oopasyetcst Oemnblii TBO-
poxucteiii ocamok AQCl, TeMHeOmMUH Ha CBETY BCJICICTBHC PA3IOKCHHS, a
TaKke pacTBopuMbiii B ammuake M Na,S,;03; C obOpazoBanueM OeCIIBETHBIX
KOMILJIEKCOB:
Ag" + ClI" = AgCl|,
AgCI + 2NH3 = [Ag(NH3)2]+ + CI_,
AgCl + 25,05 % = [Ag(S,03),]* + CI~.
K uccrnenyemomy pactBopy nobasisitot pactBop PB(NO3),, B pesynbrare uero
obpasyercs Oenbiii ocafgok POCl,, criocoOHBI pacTBOPATHCS B BOJIE MPH Ha-
IpEeBaHUM:
Pb*" + 2CI" = PbCl, ! .

UccnenyeMplii pacTBOp NOAKUCTSIOT a30THOW KUCIIOTOM, TOOABISIOT HECKOJIb-

ko kpuctauioB KMnO,, HabmogaroT BeIIEICHHE XKelTo-3eseHoro raza Cl:
10CI” + 2MnO,™ + 16H" = 5Cl,1 + 2Mn** + 8H,0.

1.3. O6unapyxkenue Br-

UccnemyeMblii pacTBOp MOJIKHUCISIOT a30THOW KHUCIOTOM W J1OOABIAIOT He-
ckonbko Kamenb pactBopa AGNOg;, B pe3ynpTaTe 4ero odpasyercst KelaToBa-
ThIi ocagok AQBr, pacTBOpUMBI B KOHIIEHTPUPOBAHHOM PacTBOPE aMMHUaKa U
B pactBope Na,S,03 C 06pa3oBaHreM OECLIBETHBIX KOMITJIEKCOB:

Ag" + Br = AgBr!,
17
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AgBr + 2NH; = [Ag(NH;),]" + Br,
AgBr + 25,05 % = [Ag(S,05),]* + Br.
Hccnemyemplit pacTBOp MOAKHUCIISIOT @30THON KHCIIOTOM, JOOABIISIFOT HECKOJIb-
ko kpynuHok PbO,, monydyennyio cmech HarpeBaroT. K mpoOupke MmogHOCAT
¢daropenienHoByI0 OyMary, KOTOpas OKpalIMBaeTCsl B PO30BBIN IIBET BCIIEACT-
BHE 00pa3oBaHus MapoB Opoma:
2Br™ + PhO, + 4H" = Bryt + Pb** + 2H,0.

K nccnemyemomy pactBopy J0OABISIIOT CBEKETPUTOTOBICHHON XJIOPHOW BOBI
(pactBop Cl, B Bozie) ¥ HECKOJIbKO Karenb Toiyoia (0en3oina). Comepikumoe
MPOOUPKH PHEPTHUYHO BCTPSIXUBAIOT U JAIOT OTCTOSTHCS BOAHOMY cioro. Cioit
Tonyona (OeH30ia) OKpaimMBaeTcss OpOMOM B OpaH)XEBBIH (KpacHO-OYypHblii)

OBCT:
2Br + Cl, = 2CI" + Br,.

1.4. O6napyxenue |-

UccnemyeMblii pacTBOp MOJIKHUCISIOT a30THOM KHUCIOTOM W J100ABIAIOT He-
ckonbko Kamenb pactBopa AGNOg;, B pe3ynpTaTe 4ero oopasyercst KelaToBa-
ThI ocafgok Agl, KOTOpbIii HE pacTBOPSIETCS B pacCTBOPE aMMHAKa, HO pacTBO-
psiercs B pactBope Na,S,03 € o6pazoBanueM 0eClBETHOTO KOMILIEKCA:
Ag'+ 1" =Agll,
Agl +25,05% = [Ag(S205).]* + 1.
UccnemyeMblii pacTBOp TMOAKUCIAIOT CEPHOM KHCJIOTOH W J00aBISIOT He-
ckonbko Kamenb pactBopa NaNO,, nabmronas mosiBneHue (HruosieToOBOW OKpa-
CKM BclieqcTBre oOpazoBaHus iona. [Ipu nobaBiennn kpaxmalna pacTBOp OK-
palmMBaeTCs B CHHUM 1BET:
21"+ 2NO,™ + 4H" =1, + 2NO* + 2H,0.

K uccrnenyemomy pactBopy 100aBISIIOT CBEKEIPUTOTOBICHHOM XJIOPHOM BO-
ael (pactBop Cl, B BOJie) M HECKOJIBKO Karellb Toiryosa (0en3oina). Comepiku-
MO€ TPOOUPKH PHEPTUYHO BCTPSIXUBAIOT U JAIOT OTCTOSATHCS BOJAHOMY CJIOFO.

Croit Tonyosna (6eH3071a) OKpanuBaeTcs HOJA0M B (PHOJICTOBBIH IIBET:
21"+ C|2 =2ClI + |2.

1.5. O6uapy:kenne S*

HpPI IIOAKUCJICHUU HccnenyeMoro pacTBOpa BBIICISICTCS I'a3 HZS C 3aIlaxoM
TyXJ'IBIX SANUIL.

S* +2H" = H,S*.
BonbmmHCTBO Cynb(hUI0B HE PACTBOPSIOTCA B BOAE (32 UCKIIIOUYEHUEM CYJIIb-
(I)I/II[OB IMICJIOYHBIX M IICIOYHO3CMCIIBHBIX MCTAJIJIOB, a4 TaK¥XKC aMMOHI/I}I) nu

UMEIOT Pa3JINYHYI0 OKPACKY.
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Cyabdun Ber Cyabdun Ber
Ag,S YEPHBIH MnS TeNeCHbIN (0J1eTHO-PO30BHIN)
CdS KaHapECYHO->KEIThIN CoS YepHBIN
PbS YEePHBI NiS YePHBI
CuS YEePHBI SnS KOPHUYHEBBIH (OypHIii)
FeS YEPHBIH

e Ha nonocky QuibTpoBaHHON Oymaru MOMEMIAIOT HECKOJBKO Karelb UCCIe-
IyEeMOTO pPacTBOpa, MOOABISIOT HECKOJIBKO Kamlellb HUTPOIpYCCHAa HaTpHUs

Na,[Fe(CN)sNO], mpu aTom 06pasyeTcst IsATHO (HHOJIETOBO-PO30BOI0 IBETA:
S% + [Fe(CN)sNOJ* = [Fe(CN)sNOS]*.

1.6. O6uapy:xenne SOz>

e K uccaenyemomy pactopy aoodasisitot pactBop Ba(NOj),, oOpasyercs Genbiit
ocagok BaSOgs, pactBopumsiii B kuciotax. [Ipu stom Beinensercs raz SO, ¢
PE3KHUM 3aIaxoM:

Ba*"+ SO5* = BaSO3,
BaSO; + 2H" = Ba’* + SO,+ + H,0.

e K wuccrenmyemoMy pacTBOpy A0OaBJISIOT HECKOJIBKO Kaleslb pacTBopa Homa B

BOJIE, IIPHU 3TOM PacTBOP Hoja PHOJIETOBOTO I[BETa 0OECIIBEUNBACTCS:

SO + 1, + H,O = 21" + SO,* + 2H",
1.7. O6napyxenne SO,~

e K ucciaenyemomy pactBopy aobasisioT pactBop Ba(NOs),, mpu aTom 00pasy-
eTcsi Oenblii TBOPOXKUCTHIN ocanok BaSO,, HepacTBOpUMBIN B KOHILIEHTPUPO-
BaHHBIX KHACJIOTaX M IMIEJIOYax (JaXke B «I[apCKOW BOJKE»):

Ba*"+ SO,* = BaSO,+ .

o K uccienyemomy pactBopy mob6arisiroT pactBop Ca(NOj),, yepe3 HECKOIbKO
MUHYT 00pa3ytorcs Oenbie kpuctamibl CaSO,4:-2H,0, umeromue moj MUKpPO-
ckoroM gopMy uria. OcaJoK MOMXKET pacTBOPATHCS B HACBHIIIEHHOM pPacTBOPE
(NH,),SO, ¢ o6pasoarnem nouos [Ca(SO,4),]*, mpH yIapHBaHHH MOTyYCH-
HOTO PacTBOpa BHOBb 00pa3yeTcsi 0Ca0K:

Ca’*+S0,” = CaS0,-2H,01,
[Ca(SO4).]* + 2H,0 = CaSO,-2H,0! + SO,*.

1.8. O6napyxenne CO;”

e K uccienyemomy pactBopy no6apisior pactsop Ba(NO3),, o6pasyercs OGenblit
ocagok BaCOg3, XxopoIo pacTBOpUMBIA B KuciaoTax. [Ipu 3ToM BeIaenseTcs ras
0e3 1BeTa u Oe3 3amaxa:
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Ba*"+ CO3* = BaCO34,
BaCO; + 2H" = Ba*" + CO,1 + H,0.

e B 01HO KOJEHO NBYXKOJEHHOW MPOOWPKHU MOMEIIAI0T HECKOJIbKO Karelb HC-
CJIEIyeMOTO pacTBopa, B apyroe — 1-2 mi GaputoBoii Boabl. K ucciemyemomy
pacTBOpy AOOABISIOT PACTBOP CEPHON KHUCIOTHI, U TPOOUPKY 3aKPBHIBAIOT
npoOkoi. Uepes HeCKOJIbKO MUHYT HAOJIOIaf0T MIOMYyTHEHHE OApPUTOBOM BOJIBI:

BaCO; + 2H" = Ba*" + CO,+ + H,0,
CO; + Ba(OH),us5 = BaCO3! + H,0.

1.9. O6uapyxenne SiO;>

e K uccrnenyemoMy pactBopy J00aBJISIOT HECKOJIBKO Kamellb COJSTHON KHCJIOTHI,
HaOMIOAAI0T 00pa3oBaHue OEJIOTO CTYJIEHHUCTOTO OCajika KPEeMHHEBOM KHCIIO-
TBI, PACTBOPUMOTO B IEJIOYAX:

SiOs” + 2H" = H,Si0; 1,
H,SiO; + 20H™ = SiO;* + 2H,0.
e BOJBIIMHCTBO CHIIMKATOB HE PACTBOPSIOTCS B BOJC (32 MCKIIOYCHUEM CHITMKA-

TOB IIEJTOYHBIX METAIIJIOB) U UMEIOT OCIIyI0 OKPaCKY:
Ba* + SiO;* = BaSiO3 .

1.10.06napy:xenne PO >

e K wuccaenyemomy pacTBOpy Ja00aBIIsIOT HECKOJBKO Karmelb pactBopa MgCl,,
pactBopa NH4Cl u 10% pactBop ammuaka g0 pH 9. O6pasyercs Oenblii oca-
JIOK, pacTBOPUMBINA B KucioTax. HabmiomaeM moj MHUKPOCKOIIOM TOSIBIICHUE
KPUCTAUIOB B (pOpME JUCTHEB MANOPOTHUKA U JCHTPUTOB, HAITOMUHAIOIIUX
BETBUCTOE JIEPEBO:

Mg®* + NH," + PO,* + 6H,0 = MgNH,PO,-6H,0. .

e Hccnenyemsbiii pactBop noakucisitloT HNOjyou) ¥ J00aBIAIOT pacTBOp

(NH4),Mo00,. Obpa3syercs ocasiok pKO->KEITOrO I[BETA:

PO,* + 3NH," + 12M00,* + 24H" = (NH,)3[PM0;,0.40]-6H,01 + 6H,0.
1.11.06napyxenune NO,~

e lcciaeayembiii pacTBOp MOJAKHUCISIOT CEPHOW KUCIOTOM M HOOABIAIOT He-
CKOJIbKO Kamenb pactBopa Nal, HaOmonaroT nosiBiieHne (PUOIETOBOM OKpPACKH
BCieACTBUE 0OpazoBaHus ona. [Ipu nobaBieHun Kpaxmaia HaOMIOJAIOT OK-
palIMBaHUE pacTBOPa B CUHUM LIBET:

217+ 2NO,” + 4H" =1, + 2NO* + 2H,0.

e MUccnenyemplid pacTBOp TOAKHUCISIIOT YKCYCHOW KHCIIOTOW, JOOABISIOT He-
ckonbko Kamenb pactBopoB CO(NO3), u KNOj, HaOmomawoT oOpa3oBaHue
xenroro ocaaka Kz[Co(NO,)e]:
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Co* + 7NO,™ + 3K* + 2CH3;COOH = K;3[Co(NO,)s]! +
+ NO 1+ CH3COO™ + H,O0.
e lccnemyeMblii pacTBOpP TOJKUCISIOT YKCYCHOM KHCIOTOM M JTOOABISIOT He-
CKOJIbKO Karmellb peakTtuBa [ 'pucca, HaOmoAar0T 00pa3oBaHHUE KENTO-Oyporo
ocajka.

1.12.06napyxenune NOj3~

e K wuccimemyeMoMy pacTBOpY H00aBisitoT kKpuctauimk FeSO, u  karuto
H2SO4om). Ha Tpannne pasnena sxuaxocTel nossisgercss 0ypoe KoJbLo, XO-
poI11o BUANMOE Ha 6esioM oHe:

[Fe(H,0)4]SO, + NO = [Fe(H,0)sNOJ* + SO,* + H,0.

e Hccnenyemslit pactBop NOAKUCIAIOT HaSOyomy ) U 00ABIAIOT pacTBOp Aude-

HIaMrHa. HabmogaroT TeMHO-CHHEE OKpalliiBaHue.

21

https://www.twirpx.org & http://chemistry-chemists.com



3. CBejleHus1 00 OCHOBHBIX HEOPraHUYECKHUX COeIUHEHUAX

Coan NH," — Genble unu GecrBeTHbIE B PacTBOpe (€CIM aHHOH HE COMIEPKUT
OKpAITMBAIOIINI 3JIEMEHT).

HuTtpatsl — Oenble win OecliBETHBIE B pacTBOpe (€CIM OTCYTCTBYET OKpalllu-
BaOIIMI KaTHOH).

Cyabdatel — Oenbie uin OECIBETHBIE B pacTBOpPE (€CIU OTCYTCTBYET OKpa-
IUBAIOIIUN KaTHOH).

Cyabgursl — 6embie WM 6ecBETHBIE B pacTBOPE (1151 OOJIBIIMHCTBA COSTMHEHHN ).

dochaTbl — Oembie WM OECIIBETHBIE B pacTBOPE (17151 OOJIBIIIMHCTBA COCTUHEHMIN ).

Kapo6onatsbi — Gerbie win OeciiBETHBIE B PACTBOPE (111 OOJILIITMHCTBA COSAUHEHHIA).

I'mapoxapO6oHaThl — O6embie Uin OecliBETHBIE B pacTBOpE (1151 OOJIBITUHCTRA
COCJMHEHUN ).

Xaopuasl — Oenble Uiau OECIBETHBIE B PacTBOpE (€CIU OTCYTCTBYET OKpa-
IUBAIONIAN KaTHOH).

(NH4),Cr,0O7 — opaHXeBbIif;

(NH4)3[PM01,040]-6H,0 — sipko-xenThiii;

[Ag(NH3),]" — GecriBeTHbIif;

[Ag(S,03),]* - 6ecuBeTHbIL;

[AI(OH)¢]* — GecuserHblit;

[CA(NH3).]*" - 6ecrserHsIif;

[Co(NH3)6]* — rpsi3HO-KeTHIif;

[CO(SCN),]* - cunwif;

[Cr(OH)6]* - u3ymMpyaHO-3eICHBII;

[Cu(NH3)4]* — sipko-crHuit (BaCHIBKOBBIIA);

[Fe(CN)sNOS]* - droneroBo-po3oBsiii;

[Fe(H,0O)sNO]SO, — Oypawii;

[Fe(SCN)]¢> — kpoBaBO-KpPACHBIIA;

[FeFs]* — GecuBerHblil;

[Hg,N]I-H,0 — opamxeBo-KpacHbI;

[Ni(NH3)s]*" - cunmit;

[Pb(OH),]* — 6ecrBeTHBIi;

[Zn(NH3).]** - 6ecrBeTHBIIL;

[Zn(OH).]* - GecuseTHsIif;

Ag’(p) — GecLBETHBIIA;

Ag,CO3 — KenThIi;

Ag,CrO, — kpacHO-KOPUYHEBBIN;

Ag,0 — cBeTI0-KOPUIHEBBIH;

Ag,S — dyepHbIi;
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Ag,SO,4 — Genbii;
Ag3PO,4 — spKro-KenThIi;
AgBr — xxenToBathIi;
AQCI - Genbii;

AgF — cBeT0-KeNnThIi;
Agl — xxenroBarblii;
Al(OH); — 6enbri;
Al,O; — OenbIif;

Al*(p) — GecLiBeTHBI;
Al,C3 — 30710TUCTO-KEITHIN;
Ba(103), — Oenbiit;
Ba(OH), — 6emnbii;
Ba®*(p) — GeCLBETHBIIL;
Bas(PO,), — Oenbiii;
BaCO5; — Oemnblii;
BaCrO, — xxenrtnlii;

BaF, — OGenblii;

BaS — Genplii;

BaSiO; — Genbiii;

BaSO; — Oenblii;

BaSO, — Oenblii;

Br, — kopnuHeBbIi;
Ca(l03), — Genbrii;
Ca(OH), — 6enprit;
Ca”*(p) — GeCIBETHBII;
Caz(PO,), — Genbii;
CaCO; — Genblii;

CaF, — Gemnblii;

CaSiO3; — Geublii;

CaS0O; — Oenblii;

CaS0, — Oexnblii;
Cd(OH), — oenbiii;
Cd,(OH),CO3; — 6enbiit;
Cd**(p) — GecLBETHBIIL;
CdS — kanapeeuHO-KENTHIN;
Cl, — xenro-3enenslii;
CO — OeCLBETHBIN;
Co(OH), — ¢uoneToBsIi;
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Co(OH); — oypsri;

Co(SCNH), — Oypprii;

CO, — OecLIBETHBIN;
C0,(0OH),CO3; — po30BHIii;
Co**(p) — pO3OBBIIL;

Co03(POy4), — puoneroBbIii
Coz[Fe(CN)g], — TemHO-OypHIH;
CoS — uepHbIii;

Cr(OH), — sxenThIii;

Cr(OH); — TeMHO-3€e/ICHBIN;
Cr,03 — 3eeHblii;

Cr¥*(p) — TeMHO-(DHONETOBBIIA;
CrO; — KpacHblIif;

CrOs — cunuii,

Cu(OH); — romny6oii;
CU(SCNH), — TeMHO-3¢JIeHbI# (ITOYTH YEPHBIH );
Cu,(OH),CO3; — romyboBaTo-3eieHbIN (OUPIO30BHIi);
Cu,[Fe(CN)¢] — kpacHO-KOpPHUYHEBBIIA;
Cu®(p) — romy6oit;

Cu,0 — kpacHbIif;

Cu,S — uepHbIi;

Cul — 6enbrii;

CuQO — yepHBbIif;

CUOH — rps3HO-KenThIi,

CuS — 4yepHBbIif;

Fe(OH), — 0neaHO-3€NeHbIH;
Fe(OH)3 — kpacHO-KOpUYIHEBBI;
Fe,O3 — KpacHO-KOPUYIHEBBIIA,
Fes[Fe(CN)¢], — TeMHO-CcHHMIA;
Fe**(p) — oparkeBbiif;
Fes[Fe(CN)¢]s — TeMHO-CcHHUIA;
FeO — gepHbIi;

FeOHCO;3; — Gennlii;

FeS — uepHbiii;

FeS, — 3010 TUCTO-KETHII;
H,(SCNH), — GecuBeTHBIN;

H,S — OecriBETHEIN;

H,Si103 — Genblii;
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Hg**(p) — GecLBeTHBIIL;

Hgl, — kpacHbiIii;

HgO — sapko-kenThlif,

HQS — spko-kpacHblii,

|, — dbroneToBkIl (C METATITMIECKUM OJIECKOM);
K*(p) — GecrBeTHBII;
K,Cr,07 — opanxeBbIi;
K,CrO, — TMMOHHO-KENTBIH,
K>;MnO, — 3eneHnli;
K,Na[Co(NO,)¢]- *xenTo-opaHKeBbIif;
K,Zns[Fe(CN)g], — Genbii;
K3[Fe(CN)¢] — xpacubIi;
K4[Fe(CN)g] — xentoii;
KMnO, — ¢uonetoBsiii;
KNH,4Ca[Fe(CN)g] — 0emnbrii;
KSCN - OecriBeTHBIN;
Li,CO3; — Genplii;

Li;PO, — Oenplii;

LiF — Oenblif;

Mg(OH), — 6emprit;
Mg,(OH),CO; — Oebiii;
Mg* (p) — GecLiBETHBIIA;
MgCO3; — Gempiii;

MgF, — 6enbri;

MgHPO, — Genprii,

MgO - Genbrif;

Mn(OH), — 6embrit;
Mn,(OH),CO; — Oebiii;
Mn**(p) — 611eHO-PO3OBbIIL;
MnO(OH), — TemHO-0ypBbIi;
MnO; — Kopu4YHEBBIH;

MnS — 61e1HO-pO30BbIN (TEIECHOTO 1IBETA);
N, — OeclBETHBII;

N,O — OecLBETHBII;
N,O3(x) — cunwmii;

N,Os — Genblii;

Na'(p) — GecLBeTHbIi;
Na,CO; — Oennli;
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Na,HPO, — Oemnblii;
Na,Pb[Cu(NO;)s] — TeMHO-3¢1eHBIiH;
Na,SiO3 — Genblii;

Na,SO, — Oenblii;

Nas[Co(NO;)e] — kpacHO-KOPUIHEBBII;
Naz;PO, — Oemnblii;

NaCl — Gensbrii;

NaH,PO, — 6enbiii;

NaHCO; — Genblii;
Nazn(UQO,)3(CH3COO)g — 3e1eHOBaTO-KEIITHIH;
NH; — OecriBeTHBIN;

Ni(OH), — cBeTiI0—3€1€HbII;
Ni(SCNH), — ¢puoneroBsiii;
Ni,(OH),CO3 — cBeT0-3¢/IeHbINH;
Ni**(p) — H3yMpYy/IHO-3€/IeHBIIf;
NiS — depHbIii;

NO — GeclBETHBIN;

NO, — OypsIi;

O, — OeclLBETHBIN;

O3 — romy0oBaTHIN;

P,Os — Oenbli;

Pb(OH), — 6enblii;

Pb*(p) — GecLiBeTHBIIA;

Pb30,4 — oparkeBO-KpacHBIH;
PbBr, — ;xenToBaThlii;

PbCl, — Gemnplii;

PbCO3; — Oenblif;

PbCrO, — xxenrsIii;

Pbl, — spxko—xenTsrii;

PbO, — yepHO-KOpUYHEBHIH;

PbS — yepHbIi;

PbSO, — Gemnplii;

S — CBETI0-KENTBIH;

SiO, — 3eneHOBaTO-0€EBII;
Sn(OH), — 6embrii;

Sn**(p) — GecIBETHBII;

SnO — yepHbIii;

SnS - OyprIi;
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SNS, — 30JI0THCTO-KEITHII;
SO, — OeclLBETHBIN,
Zn(OH), — Genbrii;

Zn*(p) — GeCcLBETHBII.

Coeaunenus 0€JI0ro BeTa:

BaF,, BaS, BaSO,, BaSiOj;, Ca3(PO4),, CaSOj;, Ag,SO,, AgCl, AlI(OH),,
Al,O3, Ba(10;),, Ba(OH),, Bas(P0O.),, BaCO3, BaSOs, Ca(l03),, Ca(OH),, CaCOs,
CaF,, CaSiO;, CaSO,, Cd(OH),, Cd,(OH),CO;, FeOHCO;, H,SiOs,
K,Zns[Fe(CN)e¢],, KNH,Ca[Fe(CN)g], Li,COs;, LizPO4, LiF, Mg(OH),,
Mg,(OH),CO3, MgCO3, MgF,, MgHPO,4, MgO, Mn(OH),, Mn,(OH),COs, N,Os,
Na,CO;, Na,HPO,, Na,SiO;, Na,SO;, Na,SO,, NazPO,, NaCl, NaH,PO,,
NaHCO;, P,0s, Pb(OH),, PbCl,, PbCO;, PbSO,, SiO, (3enenoBaro-6ensrii)’,
Sn(OH),, Zn(OH),, ZnS.

BecluBeTHbIE COSMHEHHUS";
Ag'(p), [Ag(NH3)l",  [Ag(S:0:).]", AI"(p), [AI(OH)s]", Ba™(p),
[CA(NH5).]*, Ca®*(p), Cd*(p), CO, CO,, Ba*(p), [FeFs]*, N,, NO, N,O, Na*(p),

H,0, H,S, H,(SCNH),, NHs;, Hg*(p), 0., K'(p), KSCN, Pb*(p), [Pb(OH).]*,
Mg (p), SN**(p), Zn**(p), [Zn(NH3)4]**, [Zn(OH)4]*"

CoeauHEeHN KeJITOr0 IBeTA:

Ag,CO3, Ag3PO, (sapxo-xkentsiii), AgBr, AgF (cBerno-xkentsiin), Agl, Al4,Cs
(3omorucro-xkenteiii), BaCrO,4,CdS (kxanapeeuno-xentoiii), Cl, (enro-3eieHsrii),
[COo(NH3)e]* (rpssro-xentsiit), Cr(OH),, CuOH (rpsi3uo-xkenterii), FeS, (3omoru-
CTO-KEJIThIH), Nazn(UQO,)3;(CH;COO)q (3emeHOBaTO-KENTHIN),
(NH4)3[PM01,04]-6H,0 (spxo-xentsiit), HJO (sapxo-xentsiii), K,CrO, (mumonHO-
xenteii), K,Na[JCo(NO;)s] (xenro-opamxkessiii), K4[Fe(CN)g], PbBr,, PbCrOy,,
Pbl, (spxo-xkentsiit), S (cBeT0-KeNThIi), SNS;, (30JI0TUCTO-KEATHIN).

CoenuHeHus1 OPaHKEBOTI0 IBETA:

(NH4),Cr,07, [Hg;N]I-H,O (opamxeBo-kpacHbIi), Fe3+(p), K,Cr,0y,
K;Na[Co(NO,)e] (xento-opanxkessriit), Pb3O4 (opaHkeBO-KpacHBI).

CoeanHeHnsi CHHEro M roJjryooro nuBera:

? CoetiHEHUSI CMEIIAHHOW OKPACKU ISl yI00CTBA MOMCKA PACIOIOKEHBI B Pa3HBIX TPYIIIax IBe-
TOB.

* PasnesnieHre COCTMHCHUIA TI0 OKpacKe Ha Oebie U OECIBETHBIC BECHMA YCIIOBHO, T. K. B TBEPIOM
COCTOSIHMH COCJIMHEHHUE MOXET OBITh OCIbIM, TIPU PACTBOPEHHUH KE B BOJIe 00pazyeTcs 0eCIBETHBIN

pacTBop.
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[CO(SCN)4]* (cmmmit), [Cu(NH;)s]** (spxo-cummii, BacmmbkoBbii), CrOs
(cunnit), Cu(OH), (romy6oii), Cu,(OH),CO; (romyboBaTo-3eieHbINH, OHUPIO30BHIi),
Cu®(p) (romy6oii), Fes[Fe(CN)g], (temuo-cuumii), Fes[Fe(CN)s]s (TemHO-cuHmii),
[Ni(NH3)6]** (cunmuit), N,O3(x) (cunmuit), O3 (romyGoBaTbiif).

CoenuHeHus1 Oyporo 1 KOPUIHEBOT0 IBETA:

Ag,CrO, (xpacno-xkopuuneBsiii), AQ,O (cBeTno-kopuuHeBkIi), Br, (kopuune-
BbIii), Co(OH); (Oyperit), Co(SCNH), (0ypsrii), Cos[Fe(CN)¢], (TemHO-OypHIii),
Cu,[Fe(CN)¢] (KpacHO-KOPUYHEBBIN ), Fe(OH); (KpacHO-KOPUYHEBBIN ),
[Fe(H,O)sNO]SO, (Oypsrit), Fe,0Os; (kpacHo-xkopuuheBsiii), MNO(OH), (temHuo-
oypeiii), MnO, (xopuuneBslii), Naz[Co(NO,)s] (xpacHo-kopuunessbiii), NO, (Oy-
paiii), PbO, (uepHo-KOpHYHEBBIIT), SNS (OypHIii).

CoeiHEeHHS 3€JICHOT0 I[BETA:

[Cr(OH)6]*> (u3ympymuo-3enensiit), Cl, (xemro-senensii), Cr(OH); (temuo-
senenbiii), Cr,03, Cu(SCNH), (TemHo-3enensbiii, moutu uepHbiid), Cu,(OH),CO;
(roy6oBaTo-3eneHsii, 6upro3ossii), Fe(OH), (6meqno-3enensiii), Fe*(p) (6aemaHo-
3eJICHBIN ), Na,Pb[Cu(NO;)s] (TeMHO-3€JIeHBIi1), Nazn(UQO,)3(CH;CO0O)q
(3enenoBato-xentoiii), Ni(OH), (cBerno-3zenensiii), Ni,(OH),CO; (cBeto-
senenstit), NiZ*(p) (usympynro-3enensiii), K,MnOy, SiO, (3eneroBarto-Geisiif).

Coenunenusi Gpuo1eTOBOrO I[BETA:

Co(OH),, Co3(P0.),, Cr¥*(p) (temuo-tduomneroserit), [Fe(CN)sNOS]* (¢puomne-
ToBO-p0o30BhIi), Ni(SCNH),, I, (¢ MmeTammmueckum Osteckom), KMnOy,.

CoenuHeHust PO30BOro IBETA:

Co,(OH),CO3, Co®*(p), [Fe(CN)sNOS]*" (dpuoneroo-po3osiii), MnS (6:1eaH0-
PO30BBIiA, TenecHoro usera), Mn?*(p) — 6i1e1HO-PO30BBIiL.

CoennHeHNs1 KPACHOTIO IIBETA:

Ag,CrO, (xpacHo-xkopuunessbiii), CrOz, Cu,[Fe(CN)g] (kpacHo-KOpHUYHEBBIIT),
Cu,0, Fe(OH); (xpacro-xopuuressiii), [Fe(SCN)]s> (xpoBaBo-kpacHsrii), Fe,Os
(xpacHo-kopuuHeBbii), Naz;[Co(NO;)s] (kpacHo-kopuuneBsrit), Hgl,, HgS (spxo-
kpacHbiii), [Hg2N]I-H,0 (opamxeBo-kpacusiit), Ks[Fe(CN)s].

CoeanHeHus1 YepPHOTIo BETA:

AQ,S, CoS, Cu(SCNH), (temuo-3enensiii, moutu 4epusiii), Cu,S, CuO, Cus,
FeO, FeS, NiS, PbO, (uepHo-kopuunessiii), PbS, SnO.
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CBoiicTBa ra3os.
1. BecuBeTHbIE Ta3bl U JIETy4YHe COeTNHEHHA:

H, — Bomopoa, caMblii TIETKUii ra3, XOPOIIHiA BOCCTAHOBUTEIIb.

Me,(CO), — kapOOHHIIBI METAJUIOB, JIETY4HUE SAOBUTHIC COCUHEHUS.

CO; — okcun yrmepona (IV), yraekucisiii ra3, B pacrBope Ca(OH), obpazyer
ocagok CaCOgj, KOTOpBIN 3aTeM pacTBOpsiETCS C OOpa3oBaHMEM TUApPOKapOOHaTa
Ca(HCO3),.

(SiH2042)m — cHaHBI, aHAJIOTHYHBI 1O COCTABY ajKaHaM, JICTyYUe >KHIKOCTH,
STOBUTHI, CAMOBO3TOPAIOTCSI.

NH; — aMmMuak, OeCIIBETHBIN ra3 ¢ pe3KUM 3amaxoM, ¢ razooodpasubiM HCI oOpa-
3yer TymMaHn — NH4Cl (Genbiit npiM), BiakHash WHAMKATOpPHAs Oymara rOKa3bIBaeT
HIEJTIOYHYIO CPENy.

NO — okcwup azora (I1), B mpucyrcreiu O, npeBpariaercs B Oypsiii raz NO,.

N,O — okcun azora (1), «Becemnsimii ra3», MPUMEHSIETCS B METUIIMHE [T HAPKO3a.

PH3 — docdun, 6ectiBeTHBIN ra3 ¢ ppIOHO-Y€CHOYHBIM 3a11aXOM, SIJTOBUT.

AsH;3; — apcuH, ra3 ¢ 4eCHOYHBIM 3aITaxoM, SIJIOBHT.

O, — KHCIIOPO/, B KHUJAKOM U TBEPJIOM COCTOSTHUHM UMEET TOJIyOYyIO0 OKPACKYy.

SO, — cepHUCTBIN aHTUIPH]T, OSCIIBETHBIN ra3 PE3KUM 3aIaxoM.

SnH, — crannan, ra3, croparouuil CHAHAM IIJIaMEHEM.

CO - okcun yriepona (I1), ra3, croparomniuii ToayObIM TUTAMEHEM, ¢ METAJIIAMH
VIl u VIII rpynn obpa3yer kapOOHMIIBI, 00pa3yeT YCTOMYMBBIM KOMIUIEKC C I'€MO-
TJIOOMHOM, TIPEMSATCTBYS MEPEHOCY KUCIOPOIa, SITOBHT.

HF — ¢TopoBogopos, B pacTBopax sIBISETCS KUCIOTOM CpEeIHEM CHIIBI, CIIOCO0-
HOW pacTBOPSTH CTEKIIO, STOBUT.

HCI — xmopoBoiopo, ra3, crmocoOHbI 00pa30BbIBATh TyMaH BO BJIa)KHOM BO3-
JyXe, ero BOAHBIN pacTBOP — CHIIbHAS MUHEpaIbHAs KUCIIOTA.

HBr — 6poMoBO10PO, IBIMUT BO BIa>KHOM BO3JIyXE.

H,S — cepoBomopos, ra3 ¢ 3amaxoM TYXJIBbIX SIUI], TOPUT TOIYOBIM IJIaMEHEM,
BOJIHBIN pacTBOp SBISIETCS cIa00i KHCIOTOM, XOPOUIMI BOCCTAHOBUTENb, O0ECIIBE-
YrBaeT OPOMHYIO BOAY, 00pa3yeT YCTOWYMBBIA KOMIUIEKC C T€MOTIIOOMHOM, MPEMsT-
CTBYS MIEPEHOCY KUCIOPOQ, SITOBUT.

N, — a30T, HHEPTHBIH ra3, pearupyer Npx KOMHATHOH TEMIIepaType C JIUTHEM, C BO-
JIOPOJIOM TIPH TIOBBIIIIEHHBIX TEMITEPaTypax U JaBJICHUH B IPUCYTCTBUH KaTaIM3aTopa.

2. IlIBeTHBIE Ta3bl

Cl,0 — okcun xmopa (1), Oypsrit ras.
ClO; — okcua xnopa (1V), xenthiif Ta3 ¢ XapakTepHBIM 3aIaxoM, B3pPBIBACTCS

IpY HarpeBaHUM.
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F, — dTop, cBETIO-KENATO-3€JICHBIN Ta3 C PE3KUM 3araxoM, CHIHbHEHIIIHI OKHC-
JUTEIb, SITOBUT.

NO, — okcua azora (IV), Oypslii ra3 ¢ pe3KuM 3amaxom, SiJTOBUT.

O3 — 030H, CBETJIO-CUHMM (TOJyOOBATHIN) Ta3 ¢ XapaKTEPHBIM 3amaxoM, 00pasy-
€TCS B BO3MyX€ MPHU YIbTPapUOIETOBOM OOJYyUYCHWHM WU TPHU MPOMYCKAaHUU DIICK-
TPUUECKOTO paspsiga B aTMocepe kuciopoaa, B crparochepe oOpa3yeT 030HOBBIM
CJIOH, 3aJIeP>KUBAIONTUHN YIbTPadHUOIETOBEIC JIYYH.

Cl, — xyop, ’enTo-3eIeHbII Ta3 C Pe3KUM 3aIlaxoM, OTOeIMBATEb, OKUCITUTEIIb,
B KOTOpPOM 3010T0 okuciisiercs 1o AUCls, B mpucyrcrBuun kpaxmana u Kl gaer cunee
OKpaIlTUBaHUE, STOBUT.
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4, TunoBble 3aaHUA

4.1. ar |
4.1.1. TeopeTnueckue 3a1aHusl
IIpumepHbIe 3axaHus
Bapuanm 1.
1. Onpedenume maccy cmecu, codepacawen 11,2 n oxcuoa azoma (l1) u
12,04-10% monexyn oxcuda azoma (IV).

Omanvl pewienusi:
Omnpenenum kordectBo okcuaa azora (1), a 3atem ero maccy:
n(NO) = V(NO) |
Vm

n(NO) = %’i =0,5 (MoJB),

M(NO) =14 + 16 = 30 (r/mo1b),

n(NO) = m(NO) |

M(NO)

m(NO) = n(NO) - M(NO),
m(NO) =0,5-30=15 (r).

Onpenenum KoaraecTBo okcua azota (1V), a 3aTem ero maccy:

n(NO,) :—N(NOZ),
A
12,04 -10%
n(NO,) :—6,02-1023 =2 (MoB),
M(NO,) = 14 + 16-2 = 46 (r/mMo1b),
n(NO,) :—m(NOZ) :
M(NO,)

m(NO,)=n(NO,) - M(NO,),
m(NO,) =2-46=92 (1).
Onpenenum Maccy CMECH:
m(cmecu) = m(NO) + m(NO,),
m(cmecn) =15+ 92 =107 (r).

2. Monapras macca okcuoa HeKOmopo2o Memaiid, Npossiauie2o 8 C8oUux
coeounenusix cmenensv oxkucienus +2, 6 1,941 paza menvue monsapuou maccol 6po-
muoa smoeo sxce memania. Onpedenume Heu38eCMHbIL MEMAll.

Omanvl peweHus.
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O6mrast popMyiia okcuma MeTauia B creneru okucienus +2: MeO.

Mounspnas macca MeO: M(MeO) = (A(Me) + 16) r/moib.

O6mas popmyna 6poMuia MeTaiia B CTeNieHN OKuciieHus +2. MeBr,.
Mounspnas macca MeBr,: M(MeBr;) = (A(Me) + 80-2) r/mouib.

CocTaBUM MaTeMaTHYECKOE YPAaBHEHHE OTHOCHUTEIHLHO aTOMHOW MacChl HEH3-

BCCTHOI'O M€TaJIJIa U pEIINM €T0.

M(MeBr,) _ 1941
M(MeO)

AMe)+80-2_ o\
A(Me) +16

A(Me) = 137 (r/moub).
Takum oOpa3om, HEM3BECTHBIN MeTasuT — Gapwii (Ba).

3. Omnpenenure sneMenTsl A, B u C, eciiu u3BeCTHO, 4TO:

A+ B, =AB,,

2AB; + B, = 2AB;3,

AB; + C,B = C,AB,,

2C, + B, =2C;,B,

AB, + 2C,A=3A +2C,B.

Hanummre ypaBHeHHs IpeACTaBIEHHBIX XMMUYECKUX peakunid. [Ipusenure no

oJHOMY criocoOy nosyueHusi B, u C, B IpOMBIIIUIEHHOCTH U B JIaOOPAaTOPHBIX YCIIO-

BUIX.

Omanvl peutenusi:

3amupoBaHHbIC 3JICMEHTHI CIICAYIOIIUE:

A =S (cepa),

B = O (kucmopon),

C = H (Bomopon).

[IpencraBiaeHHbIC XUMHUYECKUE PEAKIIUH CIICTYOIIHUE!
S+0, — SO,,

250, + 0O, —> 2S0s;,

SO; + H,O — H,S0,,

2H, + O, — 2H,0,

SO, + 2H,S — 3S + 2H,0.

MetonoB noaydenus H, B 1a00paTOPHBIX YCIOBHSIX HECKOJBKO, HAIpPUMED,

creayronme (IpUHUMAETCS JIF000H MPABWIIBHBIA OTBET, IIPU STOM XUMHUYECKas peak-

Ul T0JKHA OBITH 00s3aTEIbHO YPaBHEHA):

Zn+H,SO, — ZnSO, + H, T,
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2Al + 6NaOH + 6H,0 — 2Na3[Al(OH)s] + 3H,1,

2Na + 2H,0 — 2NaOH + H,1 u np.

MetonoB mnonyyeHus H, B HpPOMBIIIJIEHHOCTH HECKOJIBKO, HAIllpUMeEp, Cie-
nyromue (MpUHUMAETCs JII000H MPaBUIIBHBIA OTBET, IIPH 3TOM XUMHUYECKAs PEaKIHsI
J0JHKHA OBITh 0053aTEIFHO YPaBHEHA):

2H20 3HCKTp0HI/I3 ) OZT + 2H2T;
2NaCl + 2H,0 —2mem_y o+ 4+ H,1 + 2NaOH,

0
C+H,0 ——> CO + H, u xp.
MertonoB nonydenusi O, B 1abOpaTOPHBIX YCIOBHUSAX HECKOJIBKO, HalpUMep,

cienyomuye (MpUHUMAaeTCs JIF000H MPaBUIIBHBIN OTBET, IPU 3TOM XMMHUECKas peak-
IUS JOJDKHA OBITH 00s13aTEIFHO YpaBHEHA):

2KMnO, ——> K,MnO, + MnO, + 0,1,
2NaNO; ——> 2NaNO, + 0,1,

2H,0, —— 2H,0 + 0,7 u 1p.

MeronoB nonyudenus O, B HPOMBIIUIEHHOCTH HECKOJBKO, HalpuMep, clie-
ayronue (MpUHUMAETCS 000N MPaBHIILHBIA OTBET, IPU 3TOM XUMHYECKAs PEaKIvsl
JI0JDKHA OBITh 00513aTE€JIbHO YpaBHEHA):

Ileperonka >xuaKoro Bo3ayxa,

2H20 JIIEKTPOIIH3 N OZT +2H2TI/II[p

4. Ilpu coeounenuu oxcuoa nexkomopozo memaiia B (w(B) = 74,19%) ¢ ox-
cuoom nexkomopoeo nememaina D (w(D) = 27,27%) obpaszosanace conb, 6 Komopoi
maccosas 0os kuciopooa pasna 45,28%. Uz 31 2 oxcuoa memanna B moorcrno nony-
yumo 53 2 coau. Onpedenume memainn B u nememann D.

Omanvl pewtenus:

O6mas dpopmyia okcuna meraiia BO,.

MaccoBast 10511 MeTaljia 3alUIIETCs CIIEIyIOIIMM 00pa3oM:

A(B)-x
A(B)-x+16-y

[IpupaBHUBas MOJyYEHHOE BBIPAXKEHUE K MACCOBOM J10JIe€ METalia, YKa3aHHON

x100% .

o(B) =

B 3aj1a4e, U BeIpaxas 3HaueHue A(B), monydaem:
0,7419-A(B) -x + 11,8704-y = A(B)-X,
0,2581-A(B)-x = 11,8704y,

A(B):46—'y.
X
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[lepebupas menbie 3HaYeHUS X U Y, MOIy4aeM, YTO pa3yMHOE pelIeHrue OTBe-
YaeT TOJIbKO CIeAYIOINUM uX 3HaueHusM: X = 2,y = 1, A(B) = 23 r/mous.

Takum o6pa3om, Heu3BeCTHBIM MeTaul — HaTpuid (Na).

O6mas popmyna okcuna Hemeramia DOy,

MaccoBast 1011 HeMeTalIa 3aUIIeTCs CIEIYIOIUM 00pa3oM:

o(D) = A(D)-x

A(D)-x+16-y

[IpupaBHUBas MOJYyYEHHOE BBIPAKEHUE MACCOBOM J10JIe€ HEMETall1a, YKa3aHHOU
B 3ajaue, U BeIpaxkas 3HaueHue A(D), momyyaem:

0,2727-A(D) -x + 4,3632-y = A(D)-x,

0,7273-A(D)-x = 4,3632-y,

A(D):E"Ty.

x100%.

[TepeOupast menbpie 3HAUCHUS X H Y, IMOJIydaeM, 4TO pa3yMHOE PEIIeHUE OTBE-
YaeT TOJIKO CIICIYIOIMM nX 3HadeHusM: X = 1,y = 2, A(D) = 12 r/mous.
Takum oO6pa3om, Hem3BecTHBIH HeMeTan — yriepon (C).
3anuieM XUMIIECKYIO PEaKIIHIO:
Na,O + CO, — Na,COs;.
OmnpeensieM MacCOBYIO JIOJIFO KHCIOPOA B TIOJYUYCHHOM COJIH:
16-3

O = x100% = 45,28%.
OOnaco. =53 2124163 00 ’
Hoxaxewm, uro u3 31 r Na,O moxno nonyuuts 53 1 Na,COs3.
n(NaZO) — M ,
M(Na,O)
M(Na,0O) = 23-2 + 16 = 62 (r/mMo1b),
31

n(Na,O) = e 0,5 (Moub),

0,5moub
Na,O +CO, — Na,CO,,

n(Na,CO,) =y =05 (Moinb),

m(Na,CO.,)

M(Na,CO,)’

m(Na,CO,) =n(Na,CO,) - M(Na,CO0,),
M(Na,CO;) = 23-2 + 12 + 16-3 = 106 (r/moub),
m(Na,CO,) =0,5-106 =53 (1).

n(Na,CO,) =
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5. Boiuucaume maccy oxcuoa cepwi (V1), komopwiii Heobxooumo pacmeopums 6
200 2 20%-11 ceproti kuciomst, umodwl nonyuums 40%-1i pacmeop.

Omanvl pewteHus.

[Ipu pactBopenuu okcuja cepol (V1) B BOIHOM pacTBOpe CEpHOM KUCIOTHI OY-
JIET MPOTEKATh CIACAYIONIAsi XUMHUYECKAsl PeaKITHsI:

SO;3 + H,0 — H,S0,.

[Tycth Macca okcuua cepol (VI), BcTynuBIero B peakiiyio, paBHa X r, TOT/1a

M(H2S04)pp2 = M(H2S04),.,1 + M(SO3),

M(H2S04)pp2 = (200 + X) T.

Haiinem Maccy cepHOM KHUCIOTBI B UCXOJHOM PACTBOPE CEPHOU KUCIIOTHI:
m(H,S0,),

H,SO,), = 100%,
®(H,SO,), m(H,S0,), ., X 0
OJ(HZSO4)1 ) m(stO4) -
m(H,S0,), = 100% P
20% - 200
m(H2804)1 :W:4O (r)

OmnpenenuM Maccy CepHOW KHCIOTBHI, 0Opa30BaBIIEHCS B XOJ€ MPOIYCKaHUs
okcupaa cepsl (V1) uepe3 MCXOIHBIA PacTBOP CEPHON KHCIOTHI. JlJIsi 3TOTO COCTaBUM
IPONOPIHMIO MO MPUBEIEHHOMY BbIIIE YPABHEHUIO XUMUYECKON peaKkiuu:

7(50,) = hrr)l(sos) |

(SO.,)
M(SO3) = 32 + 16-3 = 80 (r/moub),

n(So,) = % (MouB),

X
—MOJIb

S0, +H,0— H,S0,,

1moinb 1mone

n(H,S0,) =y=%(MOHL),

m(H,SO,)

M(H,S0,)’

m(H,SO,) =n(H,SO,) - M(H,S0,),
M(H,SO,4) = 1-2 + 32 + 16-4 = 98 (r/mo011B),

n(H,SO,) =

m(H,SO,)

00p

~ % .98=1225-x (r).
80

OmnpeeNM Maccy CepHOi KHCIOTHI B TIOTY4EHHOM PAaCcTBOPE:
M(H2S04)2 = mM(H2S04)1 + M(H2S04) o6y,
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m(H2804)2 = (40 + 1,225X) T.
Ompenenrm MacCoBYIO OO CEPHOM KUCIIOTHI B ITOJYYEHHOM PACTBOPE!

o(H;S0,), = M(H:50.),
m(H,S0,),-p2
40+1,225-x
200 + X
Pemrast aTo MaremaTuyeckoe ypaBHeHHE, HAX0IUM, 4yTo X = 48,48 r.

x100%,

o(H,80,), = x100% = 40%.

Bapuanm 2.
1. Onpeoenume obvem cmecu (npu H.y.), cocmosweti uz 88 & okcuoa yanepooa
(IV) u 3,01-10% monexyn oxcuoda yenepooa (11).
Omanvl pewteHus.
Omnpenenum koauuecTBo okcuaa yrieposa (1V), a 3arem ero oobem (Ipu H.Y.):
n(co,) = ME9:)
M(CO,)
M(CO,) =12 + 16-2 = 44 (r/mob),

n(CO,) = % =2 (MoIIb),

n(CO,)= V(\Soz) ,

V(CO,)=n(CO,)- V.,
V(CO,)=2-22,4=448 ().

Omnpenenum koaruecTBo okcua yrieposa (11), a 3arem ero oobem (mpu H.y.):

2oy NEO)
NA
3,01-10*
n(CO) = W = 0,5 (MOHB),
nco)= Y2,

V(CO)=n(CO)-V_,
V(CO)=0,5-22,4=112 (n).
Onpenenum 06beM cmecu (TIpH H.Y.):
V(cm) =V(CO,) +V(CO),

V(cm) =44,8+11,2 =56 (1).
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2. MonsapHnas macca xnopuoa HeKOmopo2o Memaia, NPosAGIAULe20 8 C8OUX
coedunenusix cmenensv oxkucienus +3, 6 1,043 paza 6onvwe monapuou maccol oxcuoa
amoeo sce memania. Onpeodenume Heu38eCMHLL MEMAL.

Omanvi pewenus:

Oo6mas ¢hopMyiia XJIOpHIa METaJlIa B CTENICHH okuciaeHus «+3» — MeCls.

Mounspaas macca MeCls: M(MeCl3) = (M(Me) + 35,5-3) r/moutb.

OO6mrast popMyIia OKcHIa MeTalIa B CTETICHN OKUCIeHHs «+3» — Me,Os.

Mounsipaast macca Me,O3: M(Me,03) = (M(Me)-2 + 16-3) r/mouIs.

CocTaBUM ypaBHEHHUE U PEIIUM €ro:.

M(MeCl,)

M(Me,0,)

M(Me) +35,5-3

M(Me)-2+16-3

M(Me) = 52 (r/moib).

Takum oOpa3om, HensBecTHBIH MeTast — xpoM (Cr).

1,043,

=1,043,

3. Hememann X obpazyem HecKoIbKo OKCUOO8 U OOHO 8000POOHOE COedUuHe-
HUue, 8 KOMOPOM 3JleMeHm X umeem cmeneHvb oxkucienus «—2». OOuH u3 oKcuoos
amoeo Hememasna cooepicum 60% xucropooa, a 6odopoonoe coedunenue — 5,88%
6000poda. Onpedenume Heu3BeCMHbLU deMeHm X, Hanuwume ypagHeHue peaxyuu
VKA3AHHO20 OKCUOA € 8000U U HA308UMe NPOOYKM MO PEaKyuu.

Omanvl pewtenus:

O6mas popMyna BOJOPOTHOTO COETUHEHHMS, B KOTOPOM HeMeTall X HUMEeT
CTENEHb OKUCIIeHUs «—2» — H, X,

Haitnem monsipayro maccy coegunenust H, X:

oH) = MH)-2 1500,

M(H,X)

Haiinem mosisipHyto maccy HeMeTtaia X:

M(X) =M(H,X)-M(H)-2,

M(X)=34-1-2=32 (r/mMm0b).

Takum o0pa3omM, HEM3BECTHBIN IeMEHT — cepa (S).

O6mas popmyia okcuza cepa — SxOy.

Haiinem maccoByro 10110 cepbl B OKCHJIE CEPBI:

®(S) =100% — ®(0),

®(S) =100% — 60% = 40%.

Hatinem nnnexcer X 'y B 5,0y
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_ S) . w(0)

M(S) M(O)’
0 0
Xy= 40% : 00% =1,25:3,75=1:3.
32 16

Takum obpazom, popmyia okcuaa cepbl — SO3

3anuiem peakiuio B3aumoaecTsust SOz ¢ BOJOW U HA30BEM MPOIYKT peak-
1107078

SO;3 + H,0 — H,S0y,,

H,SO, — cepHas kucmnoTa.

4. Topusax 0obwvin 1 munnuon mownH ddcenesHoil pyovl, cooepaicauell 8 CheoHem
78% oxcuoa aceneza (Il). Cronvko senocunedos moxicHo uzeomosums u3z 5mou py-

Obl, eCcliu NPUHAMb, YMo HA NPOU3BOOCMBO 00HO20 Gelocuneda pacxodyemcs 15 ke
orcenesza?

Omanwl pewenusi:
Omnpenenum Maccy okcua sxesesa (111) B 1 MutnoHe T yKeJIe3HOH Py Ibl:

m(Fe,0.,) = o(Fe,0,) - m(pyxasr)

100%
% -
m(Fe,0,) = 78%-1000000 = 780000 (r).
100%
OmnpenenuM MacCoBYIO J10JTH0 Kene3a B okcuae skenesa (111):
o(Fe) = M2 10006,

M(Fe,0.,)
M(Fe,03) =56-2 + 16-3 = 160 (r/mo0b),

56-2

o(Fe) = 160 x100% =70%.

Omnpenenum Maccy xkene3a B 780000 T okcunaa xenesa (111):
o(Fe)-m(Fe,0,)

m(Fe) = ,
100%
04 .
m(Fe) = 70%- 780000 546000 ().
100%

OnpenenuM YUCIIO BEJIOCUIIEIOB, KOTOPOE€ MOKHO H3roTOBUTH U3 9546000 T
Keresa:

_ m(Fe)-1000
B 15 '
o m(Fe1)5-1000 _ 5460001000 _ o000 (uryi)
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5. Hekxomopuwiii eanoeenuo kanus maccou 4,98 e pacmeopunu 6 éooe. K nony-
YEHHOMY pacmeopy 0006asuiu U30bIMOK pacmeopa Humpama cepeopa, noyiyyus npu
amom ocadox maccou 1,05 2. Onpeodenume, kaxoii eano2eHud oOvli 83sm OJisl PeaKyuu.

Omansl peuwtenus:

3anuiieM ypaBHEHHE YKa3aHHOUW pEeaKIUuu:

KI' + AgNO; = Agl'| + KNOs.

OnpenenuM KOTMYECTBA TAJIOTCHU/IA KIS U TAJIOTeHH1a cepedpa (ocamka):

n(kn) =,
(KT')
M(KT) = (39 + M(I')) r/mou1b,
n(KT) = 498 (MOJIB),
39+ M(I)
M(Agl)
(AT =+ (AgD)’
M(AgQT) = (108 + M(I")) r/mos,
7,05
n(Agl) = m (MoB).

Haiinem 3HaueHne MOJIIPHOW MACChI TajJOre€Ha, JUIg 3TOrO0 COCTaBUM IIPOMOp-
I[IMIO 110 YPaBHEHUIO PEAKIIUU:
498 7,06
39+M(I) 108+ M(I)’
M(T") =127 (r/momb).
Takum oOpa3om, HEM3BECTHBIN rajoreHu ] Kanus — Hoaua kams (Kl).

4.1.2. lIpakTHYecKne 3a1aHUsA
IIpumepHbIe 3a1aHus
1. B nabopamopnom cmakane HAXOOUMC CMeCb Gewecms, COCMOAWAs U3
NOBAPEHHOU COU, JHCENE3HbIX ONUIOK, PeYHO020 NecKa U NApa@UHOBLIX CMPYIHCEK.
IIpeonoocume cxemy pazoenenust npedioNCeHHbIX euecms ¢ NOMOWbIO PUIULECKUX
Memo008 u onpedenume Maccosvie 00aU KOMHOHEHMO8 CMeCHU.
Qobopyodosanue:. 1a60pamopublii CMAKaH, MAacHum, OUCMULIUPOBAHHAS 8004,

wnameib, 3eKMPULECKasi NIUMKA, BOPOHKA, PUIbmp, 8echi.

Imanwvl peuteHust:

Jlns omnpenesieHUs: MacCOBBIX JOJIEH TMOBAPEHHOW COJIM, KEJIE3HBIX OMUIIOK,
pPEYHOTO Tecka U mapaUHOBBIX CTPYKEK B CMECH MOYKHO TMPEUIOKUTH CIETYIOUTYIO
IOCJIEAOBATEILHOCTD JEHCTBUM:
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1. Tlpu momolyu B3BEIIMBAHUS Ha Becax OMpeessieM Maccy JabopaTopHOro
CTakaHa C HaxoAsIIMMHUCSA B HEM BeulecTBamu. Ilepecbimaem coxpepxumoe J1abopa-
TOPHOI'O CTaKaHa B APYIrOd CTakaH M ONpENeNsieM Maccy IMycToro crakasa. [1o pasHo-
CTH Macc J1a00paTOPHOTo CTaKaHa C BbIAAHHBIMU BEIIECTBAMU U 0€3 HUX ONpeAeIsieM
MaccCy CyXOW CMECH;

2. JlelicTByeM Ha CyXyl0 CMEChb MarHMUTOM M BBIIESIEM W3 HEE KEJIE3HbIC
CTpyKkH. KoJaruecTBeHHO MEePEeHOCUM JKEJIe3HbIE CTPYKKHU B IyCTOM JIaOOpaTOPHBIN
CTaKaH Y IPU MOMOILHY B3BEIIMBAHUS ONPEIEIIAEM UX MACCY;

3. JloGaBisieM B OCTaBUIYIOCS CYXYIO CMECh JTUCTHJIMPOBAHHYIO BOAY U Ie-
peEMEIINBAEM COAEPKUMOE 1a00paTopHOro crakaHa. C MOMOIIBIO MINATENs cooupa-
€M napa(UHOBBIE CTPYKKH C MOBEPXHOCTU MOJIYYEHHOI'O pacTBOpa, MOMEIAsi UX B
nycToil nabopatopusiii crakad. [Ipu momomu GuiIbTpoBaHHONW OyMaru CHUMaeM C
napaUHOBBIX CTPYKEK OCTATKU PAcTBOPA U OMPEILINIIEM UX MACCY;

4. OtpensieM pacTBOp OT PEYHOIO MecKa METOJ0M (PuibTpoBaHus. Brimapu-
BaeM JI0CyXa MOJYYEHHBIN pacTBOP U ONPEEIsEM ITPU NOMOILM B3BEILIMBAHUS MACCy
II0BAPEHHOM COJIM B UCXOJHOMN CyXOU CMECH;

5. Ilo pa3HocTH Macchl HCXOJHOM CMECH M Mace >KeJIe3HbIX OIMUJIOK, napadu-
HOBBIX CTPYEK ¥ IOBAPEHHOM COJIM OIPEIEIISAEM MAacCy PEYHOI0 IECKA B CMECH;

6. BrInonHeHNE MPaKTHYECKOW paOOTHI.

2. B nabopamopuulii cmaxkan ¢ nOMOWb0 MEPHO20 YUIUHOPA Haxetime a M
OUCMUNIIUPOBAHHOL 800bl U 0obasbme makoe koauwecmeo coau (CuSQ,), umobwi
nocie NoaHo20 pacmeopenus 3motl coau noayduics ee b%-uviii pacmeop. Ilom-
HOCMb OUCMUNIUPOBAHHOU 800bl npumume pasnou 1 2/mn. Paccuumatime maccoswvie
00 Kaxcoo2o snemenma 6 coeounernuu CuSQy,.

Qobopyodosanue: nabopamopnuiti cmexiannvii cmaxar (Ha 100+200 ), ouc-

MUIUPOBAHHAS 800A, WINAMENb, CMEKIAHHAS NATI0YUKA, 8ECbl.
(3adaua u ee peuienue ObLIU COCMABIEHbI NPENOOABAMENIMU OUONO20-
xumuueckozo axynvmema Meanosckoco 20cy0apcmeeHHo20 YHUugepcumema).
Omanvl pewteHus.

1. BrimonHseM pacueT HEOOXOIMMOM HABECKH COJIM MO (Gopmyie M = _a-b
100-b
WJTH TIO TIPOTIOPIIHH.

2. bepeM HaBecky cyibdaTa MEAW U MPUTOTABIMBAEM PACTBOP. AKKYpaTHOCTb
MPUTOTOBIICHUS] PACTBOPA KOHTPOIHUPYETCS JIAOOPAHTOM ITyTEM W3MEPEHHUs IIOTHO-
CTH pacTBOpa C MOMOIIBIO apEOMETpA.

3. BrimonasiemM pacueT MacCoOBBIX J0Jiei 2eMeHTOB B coequHeHun CuSQOy:

®(Cu) = A,(Cu)/M,(CuSO,) = 64/160 = 0,40 (mu 40%),
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o(S) = A(S)/M,(CuSO,) = 32/160 = 0,20 (usmn 20%),
®(0) = 4-A,(0)/M,(CuSO,) = 64/160 = 0,40 (um 40%).

4.2. ar 11
4.2.1. TeopeTnueckue 3a1aHUA
IIpuMepHbIe 3a1aHuA

Bapuanm 1
1. Hanuwwume ypagnenus peaxyutl, cOOMEemMcmeyiouwux ciedyruell cxeme

npespaujeHu:
CuSO, —M 5 A MLy B A0 , C L5 DMl 4y F

Onpeodenume sewecmea A<E, eciu uzeecmno, umo ce oHu cooepaicam meob.

Dmanwi Peuternus.

HeussectHile BCHIICCTBA CIACAYIOIIHC:
A = Cu(OH),,

B = CuCl,,

C = Cu(NO3),,

D = CuO,

E =Cu.

YpaBHEHUS PEAKIHM CHEAYIOLINE!

CuSO,4 + 2NaOH — Cu(OH),| + Na,SOy,
Cu(OH), + 2HCI — CuCl, + 2H,0,
CuCl; + 2AgNO; — Cu(NO3), + 2AgCl|,

2Cu(NOs), ——> 2CuO + 4NO,1 + 0,1,
3CuO + 2NH; ——> 3Cu + N1 + 3H,0.

2. Ilpu pacmeopenuu 55,6 2 kpucmannocuopama cyrvghama sxncenesa (1) ovino
nonyueno 121,6 e pacmeopa ¢ maccosoti donell pacmeopernnoco seuecmea 25%. On-
peoenume coCmag KpUCmaiiocuopama.

Omanvl pewteHus.

Haiinem Maccy cynbdara xene3a B 00pa3oBaBIIEMCs pacTBOPE:

m(FeSO,)

@(FeSO,) = x100%,
m(FeSO,), .,
FeSO,) - m(FeSO
m(FeSO,) = o( 4)-m( $p-p ’
100%
% -
m(Fes0,) = 2201218 504 (1)
100%
Haitnem maccy BOJIBI B KpUCTAILIOTUAPATE:
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m(H,0) = m(xFeSO,4-yH,0) — m(FeSQO,),
m(H,0) = 55,6 — 30,4 = 25,2 (1).
Haiinem cootHommenue mosnekyn FeSO,4 u H,O B kpuctaimoruapare:

_ m(Fes0,) . m(H,0)

~ M(FeSO,) "M(H,0) °
M(FeSO,) =56 + 32 + 16-4 = 152 (1/moJ1b),
M(H,0) =1-2 + 16 = 18 (r/moib),

y:?’o—’4:E:O,2:1,4=1:7.
152 18

Takum obpazom, popmyna kpuctautoruapara: FeSO,4-7H,0.

3. bBecysemuwsiii 2az ¢ nromunocmoio no 6030yxy 1,517 u o6vemom 6,65 1, us-
mepennom npu T = 300 K u P = 150 xlla, nponycmunu uepes 166,67 mn pacmeopa
euopokcuoa nampusi ¢ p(NaOH) = 1,2 o/mn u w(NaOH) = 10%. Onpeoderume xaue-
CMBEHHDIU U KOIUYEeCMBEHHbII COCMAB PACmEopa.

Omanvl pewteHus.

OmnpenennM MOJIIPHYIO MacCcy HEM3BECTHOTO ra3a:

M(rasza)

D(raza = ,
(rasa) M(Bo3nyxa),

BO3IYX

M(raza) = D(rasa),,..,
M(raza) =29-1,517 = 44 (r/mob).

Cpenu ra3oB ¢ Takoil MoJisipHO# Maccort MoxkHO npuBectr CO,, N,O u C3Hsg,
U3 KOTOPBIX MO YCIOBUIO 33J]a4M MOAX0IUT ToJbKo COs.
Taxum o6pazom, Hem3BecTHBI ra3z — CO,.

-M(Bo3myxa) o

Omnpenenum 06bem CO; Npu HOPMATIBLHBIX YCITOBHUSIX:

I:)o ) Vo _ Pl ) V1
T, T
V, = P -V, T, _ 150-6,65-273 _8.96 ().
T, -P, 300-101,3
Omnpenenum konuyectBa CO, u NaOH:
V(CO,)
n(€0.) ==
n(CO,)= 2’2—912 =0,4 (mop),
m(NaOH
p(NaOH) = ( )p*p ,
V(NaCH)
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m(NaOH)__ =p(NaOH)-V(NaOH)
m(NaOH)  =12-166,67 =200 (r),

p-p’

w(NaoH) = —MNaOH) 1 5006,
m(NaOH), |
NaOH) - m(NaOH
m(NaOH) = il ) ¥ :
100%
04 .
m(NaoH) = 227200 _ 54 (1),
100%
M(NaOH)
M(NaOH) = 23 + 1 + 16 = 40 (r/mob),
20

n(NaOH) = 0 0,5 (mou).

[Tockonpky komuuectBa CO, u NaOH otHOCsTCS ApyT K Apyry He Kak 1:1 wnn
1:2 COOTBETCTBEHHO, TO pEIIeHUE TMPEJIOKEHHON 3a7aun Mpeamnojaraet oopasoBa-
Hue cHavyana cpernaeit comm (Na,COj3), a motoMm ee peakiuio ¢ uzositkom CO, ¢ 00-
pazoBanuem kucioii comu (NaHCO3) no crneayrommm peaxkmusM:

2NaOH + CO, — Na,CO; + H,0 (1),

Na,CO; + CO;, + H,O — 2NaHCO; (2).

CocrasisseM npomnopiuu 1o ypasuenuto (1), yaureiBas uzositok CO, mo cpaB-
Henuto ¢ NaOH (mpoBoauM pacueT mo HEIOCTAaTKy), U HAXOIUM, YTO KOJIUYECTBO
obpazoBasmierocs B peakiuu Na,CO3; paBuo 0,25 MoJb, a KOJIMYECTBO OCTABIIETOCS
B peakunu CO, cocrasmnser 0,4 — 0,25 = 0,15 mous.

CocraBiisieM mponopiuu 1o ypaBHeHHUIO (2), yuntbiBas n30b1Tok Na,CO3 mo
cpaBaeHno ¢ CO;, (MpoBOAUM pacyeT Mo HEJOCTATKY), M HaXOJIUM, YTO KOJUYECTBO
octasierocs B peakiiuu Na,CO3 cocrasmsier 0,25 — 0,15 = 0,1 mMomb, a KOTUYECTBO
obpazosasmierocs B peakiiuu NaHCO3 pasno 0,3 mMoJib.

Takum o6pazoM, kommuectBa Na,CO; u NaHCO; B moaydyeHHOM pacTBoOpe
PaBHBI:

n(Na,CO3) = 0,1 moub,

n(NaHCO3) = 0,3 mMo11b.

Omnpenenum maccol Na,CO3 u NaHCO3 B pactBope:
m(Na,CO,)

M(Na,CO,)’
m(Na,CO,) =n(Na,CO,)-M(Na,CO,),
M(Na,CO3) =23-2 + 12 + 16-3 = 106 (r/moub),

n(Na,CO,) =
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m(Na,CO,)=0,1-106=10,6 (r).

m(NaHCO,)

M(NaHCO,)"

m(NaHCO,) =n(NaHCO,) - M(NaHCO,),

M(NaHCO3) =23 +1 + 12 + 16-3 = 84 (r/mou1b),
m(NaHCO,)=0,3-84=25,2 (1).

OmnpeaenuM Maccy MOJIy4eHHOI'0 pacTBOpA.

m(p-pa). = m(p-pa); + M(CO,),

m(CO,) =0,4-44 =17,6 (),

m(p-pa), =200 + 17,6 = 217,6 (r).

Omnpenenum maccosbie noau Na,CO3; u NaHCOj; B pactBope:
m(Na,CO,)
m(p —pa),

10,6
o(Na,COg) =~ =

n(NaHCO,) =

»(Na,CO,) = x100%),

x100% = 4,87%,

m(NaHCO,)
m(p —pa),

o(NaHCO,) = 222
2176

»(NaHCO,) = x100%,

x100% =11,58%.

4. Jlanwvl cnedyrowue mepmoxumuieckue ypagHeHus:

1) S pousy + Ha ) + 203 () = HySO4 () + 813,99 x/{oic/mons.

2) 2S (pomb) + 302 (2) = 2503 (2) + 791,70 K;HD;‘C/MO]Zb,'
3) SO; @ T H,O (e) = H,SO, o) T 132,31 K,HD;‘C/MOJZb;
4)H; ) + 1120, () = H,0 4 + Q,;

Onpedenume mennogou 3¢pghexm wemeepmoiui peaxyuu (Q,) no ussecmmuvim

mennoguim 3gpgexmam peakyuii 1+3. Onpedenume, Kakoe KoIuuecmeo meniomol

evloenumcs npu peaxyuu 44,8 1 6ooopooa u 48 2 kucropooa?

Omanwi peuleruAl.

Jlis onpexaenenust TerioBoro 3ddekra yetBepror peakuun (Qy) BOCHOIB3Y-

eMcsl aHanuTudeckon (unu rpaduueckoit) dhopmoit 3anucu nukia I'ecca. Jlyis atoro
U3 TePMOXMMHUYECKOTO ypaBHeHHS (1) BbIUTEM TEpMOXMMHUYECKOE ypaBHeHHUE (2),
YMHOXEeHHOE Ha ko3¢ duruent 1/2, u repmoxummdeckoe ypaBHenue (3):

Qx = Ql _1/2Q2 _Qs'
Takum 00pa3om, TEIIOBOM 3P (HEKT YETBEPTON peaKkiMi paBeH:
Q, =813,99-1/2-791,70-132,31= 285,83 (x{x/MOJ1B).
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OnpenenuMm KOIM4ecTBa BOJIOPOJA U KUCIOPOAA:

n(H) =7,
n(HZ):%ﬁ:Z (MOID),
n(oz)=%,
n(0,) :% 15 (vom).

CocTaBiisisi IPOTIOPIIMIO TI0 YpaBHEHHIO (4) OTHOCUTEIIEHO KOJIMYECTBA BOJIO-
poJia, MOJy4yaeM, 4TO Ha PEeaklMio ¢ 2 MOJIb BOJOPOIa HE0OX01uMO 1 MOJIb KUCIOPO-
na. [Tockonbky 1 Monb (Heo6xoauMo0) < 1,5 MoIb (HaHO TIO YCJIOBHIO 3a7a4H), TO KHU-
CJIOPOJ HAXOUTCS B M30BITKE MO OTHOIIECHUIO K BOJOPOLY.

JJ1 HaxOXKACHHS KOJIMYECTBA TETUIOTHI, BBIICISIFOIICHCS MPU B3aMMOICHCTBUH
BOJIOPOJIa U KHUCIIOPOJIa, COCTABIISIEM MPOIOPIIUIO OTHOCUTEIIHHO BEIIECTBA B HEIOC-
TaTKe, T.€. IO BOJOPOY:

2MoIb X

H,,+1/20,,=H0,+ Q

1monb 285,83k /x / Mmonb

X = @ =571,66 (xIx/Momb).

Bapuanm 2.

1. Cocyo c 600opooom umeem maccy 155,4 2 (npu H.y.), a makoii dxce cocyo ¢
Kuciopooom — maccy 161,4 2 (npu n.y.). Onpeodenume maccy maxozo dxe cocyoa ¢
80001, 00PA308ABULENC NPU B3AUMOOCUCBUU MeHcO) coOoll dmux 08yx 2azos. Ka-
Kasi HaUOOIbUUASL MACCA 800bL MOJHCEN NOMECMUMbBCS 8 NYCMOU cocy0?

Omanvl peuteHus:

[Tycth 00bEM MyCTOrO COCyJa paBeH X J, a ero Macca — Y T, TorJa 3amullieM
BBIPXEHUS JJI1 MacChl BOJIOPO/A U KUCIOPOAa B COCyAax, a TakKe JJI MacChl COCY-
JIOB C Ta3aMU CIEAYIOIUM 00pa3oM:

V(Hz) ) M(Hz) ’

m(H,) =~
X-2

m(Hz)zm(F)a

n(0,)~ YOI MO,)

m
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X-32

m(0,) === (1),
(0,) 224 (r)
m(cocyn+H )—y+X—'2
T 22,4’
X-32
m +0,)=y+ :
(cocyn+0,)=y 224
CocTaBUM CHUCTEMY YpPaBHEHUN U PEIIUM €€:
y+ X2 1554,
22,4
+ X332 1614,
X =4,48;
y =155.

Taxum obpaszom, V(cocyna) = 4,48 1, a m(cocyna) = 155 r.
Ormnpe/esiiM KOIMYecTBa BOAOPO/Ia U KUCIOPOa B COCY/Iax:

_V(H,)

n(Hz)_ Vm !

n(H,) :g’z—dj:O,Z (Mob),
_V(G,)

n(oz)_ V '

m

n(o,) = :’2—42 =0,2 (MoJb).

,
3anuinem ypaBHEHHE PEaKIuu:

2H, + O, — 2H,0 ().

CocTaBHB PONOPITUIO TI0 YpaBHEHHIO peakiuu (1), moaydum, 9To Ha PEaKIuio
¢ 0,2 mosp Bomopoaa Heooxoaumo 0,1 moms kucioposa. [lockonbky 0,1 Mmosb (HE0O-
xouMo) < 0,2 MoJb (HaHO MO YCIOBHIO 33/1a4M), TO KUCIOPO HAXOAUTCS B U30BITKE
10 OTHOIICHHIO K BOJIOPOY.

JIJ1s HaXO0XICHUS KOJIMYECTBA BOJIbI, 00pa30BaBIICHCs B pe3ysibTaTe MPOTEKa-
Hus peaknuu (1), cocTaBUM MPOIOPIIMIO OTHOCUTENILHO BEIIECTBA B HEAOCTATKE, T.€.
o BojopoAy. B pe3ynbpTaTe pacyeToB MOIYYUM, YTO KOJMYECTBO BOABI OyIET paBHO
0,2 Mo1b, a € Macca COCTaBHT 3,6 T.

Haiinem maccy cocyna ¢ Bojoi, 00pa3oBaBIleiicsi B pe3yJIbTaTe B3aMOJICHUCT-
BHUSI BOAOPO/Ia M KUCJIOPOA:

m(cocyn+ H,0) = m(cocyn) + m(H,0),
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m(cocyn+ H,0) =155+ 3,6 =158,6 (r).

Haiinem HanGomnpiryto Maccy BOJbI, KOTOpask MOXET MOMECTHUTHCS B ITyCTOU
COCYyA!

m(H,0) =p(H,0) - V(cocyna),

m(H,0) =1000- 4,48 = 4480 (r).

2. Hanuwume ypasHeHU:A peakuud, coomeemcmeyroujux Cﬂeayiomeﬁ cxeme
npespaujeHul:
KOH SO, > A S0O,+H,0 > B H,SO, s C Ba(NO;), s D t° y E.

Onpeodenume sewecmea A<E, eciu uzeecmno, umo éce oHu cooepacam Kaautl.

Omanvl pewenus.

Hewu3sBecTHble BelecTBa ClIeyOIIHUE:
A = K,S03,

B = KHSO3,

C = K,S0Oy,,

D = KNO3,

E = KNO.,.

YpaBHEHUS PEAKIHM CHEAYIOLINE!

2KOH + SO, — K,S0; + H,0,

K;SO3; + SO, + H,0 — 2KHSO3,

2KHSO; + H,SO, — K,S0O,4 +2S0,71 + 2H,0,
K,SO,4 + Ba(NO3), — BaSO,4] + 2KNOs,

2KNO; ——> 2KNO, + O,1.

3. Ilpu oeticmseuu na pacmeop, codepaxicawuii 41,5 2 xaropuoa Hexomopozo
Memanna, u30bIMKOM pacmeopa 2UOPOKCUOA KAlus noayuaemcs 0caook, npu npoKa-
ausanuu komopozo oopaszyemcs 20 e cyxoeo ocmamra. Onpedenume Heuz8eCmMHul
Memali.

Dmanvl pewteHus.
Oomas ¢hopMyiia XJIOpHIa METalIa B CTEIICHU oKuciaeHus «+n» — MeCl,.

3anuiieM ypaBHEHHUS PEaKIUid B 0OIIEM BHUJIC:

MeCl, + nKOH — Me(OH),| + nKCI (1),
Me(OH), ——> MeQ,, + (n/2)H,0 (2).
OHpC,IICJII/IM KOJIMYCCTBA XJIOpHUAa MCTAJlJId, BCTYIIMBIICTIO B PCAKIIUIO, U OKCHU-
Ja ME€TaJliia, 06pa303aBmer0051 B peSYJIBTaTe MMPOKaJIMBAHUA TUAPOKCHUIA MeTajia.
n(MeC|n) — M ’
M(MeCl )
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M(MeCl,) = (M(Me) + 35,5:n) r/mo:b,

n(MeCl ) = 47,5 (MOJIB),
M(Me) +35,5:-n
(MO, ) = WMD),
M(MeOnIZ)
M(MeO,,,) = (M(Me) + 16-n/2) r/moub,
n(MeO, ,) = 20 (MOTIB).

M(Me) +16-n/2
Haiinem 3HaueHne aTOMHONW MacChl METAJLIA, I 3TOIO COCTABUM MPOIOPLUN
1o ypaBHeHHIM peakiuu (1) u (2):
47,5 B 20
M(Me) +355:n  M(Me)+16-n/2’
M(Me) =12-n (r/moib).
Eciun =1, To M(Me) =12 r/mois (C — yriepo, He yaI0BICTBOPSET YCIIO-

BUIO 33J1a4H).
Ecim n =2, To M(Me) = 24 r/monb (Mg — maruuii).

Ecim n = 3, To M(Me) =36 r/mMoub (He yI0BIETBOPSET YCIOBHIO 3aa4H).

Takum oOpa3om, HeM3BeCTHBIM MeTauT — Maraui (MQ).

4. 39,1 2 cnaasa meou ¢ amomunuem oopabomanu pacmeopom wenouu. Oc-
MAmoK pacmeopuiu 8 KOHYEHMPUPOBAHHOU A30MHOU Kuciome, 00pa308a8uLyiocs
npu MOM COb 8blOenUIU U npokanuu. Macca cyxoeo ocmamka nocie npoxKaiuea-
Hus cocmasuna 32 2. Onpederume MONAPHOE COOMHOWIEHUE MeOU U ATIOMUHUAL 8
cnaage u o0b6vem uspacxooosannozo 20,07%-c0 pacmeopa ecudpoxcuoa unampus
(p(NaOH),., = 1,22 2/mn).

Omanvl pewteHus.

3anuuieM ypaBHEHHS peaKIIHii:

2Al + 6NaOH + 6H,0 — 2Naz[AlI(OH)g] + 3H,1 (1),

Cu + 4HNO3 (o — Cu(NO3), + 2NO,1 + 2H,0 (2),

2Cu(NO3); — > 2CuO + 4NO,1 + 0,1 (3).
Haﬁ,HCM KOJIMYECTBO CYXOro oCTaTka I10CJIC IIPOKAJIUBAHUA COJINA.

n(CuO) — M’
M(CuO)
M(CuQ) =64 + 16 = 80 (r/mob),

n(CuO) = % =0,4 (Mob).
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JInst HAaXOXACHUS KOJMYECTBA MEAW B CIUIABE IOCJEAOBATEILHO COCTaBUM
IPOIOPIIKH 0 ypaBHeHUsM peakiuii (2) u (3). B pesynbrare mony4um, 4To KOJIAYE-
CTBO MeJiu B crutaBe Oynaet paBHO 0,4 MOJIb.

Harinem maccy menu B ciuiage:

m(Cu) =n(Cu) - M(Cu),

m(Cu)=0,4-64 =25,6 ().

Haiinem maccy antoMuHMS B CIIJIABE:!

m(Al) = m(crmaBa) — m(Cu),

m(Al) =39,1-25,6 =135 (1).

Haiinem konmuecTBO antOMUHUS:

m(Al)

n(Al) = ,

M(AI)

n(Al) = 1;3—’75 =0,5 (MoB).

Haﬁ,HCM MOJISIPHOC COOTHOHICHHUEC MCXKAY MCAbIO U aITIOMHUHHUCM B CIIJIaBC.
n(Cu):n(Al)=0,4:05=4:5.
Haﬁ,HCM KOJIHMYCCTBO M MacCCy IpOpCarupoBaBLHICTO T'MAPOKCHUOA HATpHA, OJIA
ATOr0 COCTABHMM IPOIOPIIMIO 10 ypaBHEHHUIO peakiuu (1):
n(NaOH) =15 (mounb),
m(NaOH) = n(NaOH) - M(NaOH),
M(NaOH) = 23 + 16 + 1 = 40 (r/mous),
m(NaOH) =1,5-40 =60 (r).
Haiinem o0beM pacTBopa ruApOKCHIa HATPHS:
m(NaOH) -100%
p(NaOH)_  -w(NaOH)
V(NaOH) = 60-100% _ 245,04 (o).
PP 1,22-20,07%

30eco emecmo komnnexcrnozo coedunenusi cocmaséa Naz[Al(OH)g] makorce

V(NaOH) =

MOJHCHO UCNONb308aMb KomnekcrHoe coeournenue cocmasa Na[AI(OH),4].

5. Cmewanu oséa pacmsopa (pacmeop (NHy)2S u pacmeop PB(NO3),) oouna-
KOBOU MACCHL U MACCOBLIMU QONAMU PACMEOPeHHbIX geujecms, pashvimu 10%. Onpe-
Oenumb Maccosvle 00U Coell 8 NOJLYUeHHOM PACmEope.

Omanwl pewenusi:

3anuiineM ypaBHEHUE PEAKIINU:
(NH,),S + Pb(NO3), — PbS| + 2NH,NO; (1).
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[TycTth Macca kaxaoro u3 pactBopoB pasHa 100 r, Toraa

o((NH,),S) = m”(‘((ém“; )g’) x100%,
NH,).S). -o((NH,).S
()9 = TS NS
m(NH,),9) =222 =10 (1),
N((NH,),9) = h”/‘l(ém;?) ,
M((NH.),S) = 14-2 + 1-8 + 32 = 68 (r/mos),
n((NH,),S) = % =0,147 (moup),
o(Pb(NO,),) = mTéE?Iil'\éO;);) x100%,
PB(NO.),) - @(Pb(NO
nFo(10,),) = TEANOLL., oPNO))
M(PB(NO,),) =2 % =10 (1),
n(PO(NO,),) = IR
M(Pb(NO3),) = 207 + 14-2 + 16-6 = 331 (r/mos),
n(Pb(NO,),) = % =0,03 (MoB).

CocTaBHB IPONOPITUIO IO YpaBHEHHIO peakiuu (1), moaydum, 9To Ha PEaKIuio
¢ 0,147 monn (NH4),S Heooxomumo 0,147 monbs Pb(NO3),. IMockonbky 0,147 Mo
(reoOxoamumo) > 0,03 moue (mano mo ycnmoBuio 3amauun), To (NHy),S Haxomutcs B
n30bITKe 110 oTHOImEeHUI0 K PD(NO3),.

s mHaxoxaenust konuuectB PhS, (NH,),S (koTopslit octancs B pacTtBope) u
NH4NO; (koTopbiii 00pa3oBajcs B paCTBOPE) COCTaBUM IPOTOPILIHMH MO YPAaBHEHUIO
peakiuu (1) OTHOCUTENILHO BelllecTBa B HepocTaTke, T.€. o PD(NO3),. B pesynbraTe
PacYeTOB MOJTYYUM:

n(PbS) = 0,03 (moub),

n((NH,),S).., =0147-0,03=0117 (moip),

n(NH,NO,), =0,06 (mos).

Haiigem maccer PbS, (NH4),2S u NH4NO3:
m(PbS) = n(PbS) - M(PbS),

oCT
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4.2.2.

M(PbS) = 207 + 32 = 239 (r/moib),

m(PbS) =0,03-239=717 (r),

m((NH,),S)... = n((NH,),S)-M((NH,),S)

m((NH,),S),..=0117-68 = 7,956 (r),

m(NH,NO,) ., =n(NH,NO,)-M(NH,NO,)

M(NH4NO3) =14 + 14-2 + 16-3 = 80 (r/mommb),

m(NH,NO,) . =0,06-80=438 (r).

Haiinem maccy nomy4eHHOTo pactBopa:

m(p —pa), = mM((NH,),S),_, + m(Pb(NO;),),, —m(PbS),

m(p —pa), =100+100—-7,17 =192,83 (1).

Haiinem maccossie qoau (NH;4),S u NH4;NO;3 B moaydeHHOM pacTBOpE:

m((NH,),S)
m(p - pa),

7,956
NH,),S) =
o((NH.),8) = o gs

m(NH,NO.)..
o(NH,NO,) = “ 1 100%

m(p —pa),

48
NH NO.) = %
o(NH,NO.) =753

00p

o((NH,),S) = o1 % 100%),

x100% =4,13%,

x100% = 2,49%.

IIpakTUyeckue 3aaHus
1. B namu npoouprax b6e3 smukemox Haxo0samcs 800Hble PACMBEOPbl KAPOOHA-

ma Hampus, xaopuoa bapus, Xaopuoda Hampus, cUOPOKCUOA HAMPUs U HUMPaAma

yunka. He npubezas x nomowu opyaux peakmugos, kpome uHoukamopa genoagpma-

JIeUHa, onpedeﬂume, 6 KAKOM cocyde HAXOOUMCSL MO UIU UHOE eeuecmeo. Sanuwume

VPABHEHUsL COOMBEMCMBYIOWUX Peakyuti U 00bACHUmMe OKpACKy uHouxkamopa ¢e-

HOJZ¢I’I’ZCIJZ€MHCI 6 pacmeopdax paccmampusaembplx 6eecms.

Peaxkmugul: pacmeopul paccmampusaemvix ewjecms, genorgpmaneun
Qobopyodosanue: wmamus c npooUpKamu, NUNEmKu.

Imanvl peuteHus:

IInan cemounozo ananusa.

1. HccnenoBaTh KaXIblii 13 paCTBOPOB Ha HAJIMYKE 1IBETA, 3araxa.

2. TloouepemnHo caMBaTh PACTBOPHI B OTJEIBHBIX TPOOHPKAX.

3. C y4eToM KOJWYECTBa OCAJKOB M BBIJICIMBIINXCS Ta30B CAENATh BBIBOJ O

BEII[ECTBAX B KAXKIOM MPOOUPKE.
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B u30biTKe NaOH

YpaBHEHUSA XUMHUYECKUX PEAKIIMM CETOYHOIO aHAIN3a:
BaCl, + Na,CO3; — BaCO3| + 2NacCl,
Ba’* + CO3* — BaCOs|,
O6pa3zyercs Oenblit 0CaIoK;
2Zn(NO3);, + 2Na,CO3 + H,O — Zn,(OH),CO3| + CO,1 + 4NaNOs,
2Zn** + 2C0O5* + H,0 — Zn,(OH),CO3| + CO,1,

OO0pasyroTcs O6enblil CTYJEHUCTHIN 0CaoK U 0/11 ras;

Zn(NO3), + 2NaOH ep0ery —> ZN(OH),| + 2NaNO;3,
Zn** + 20H (uenoey —> ZN(OH)2 |,

Bemecrso Na,CO; BaCl, NacCl NaOH Zn(NO3),
Na,CO;, BaCO;:,l, _— _— an(OH)2CO3l + COzT
BaCl, BaCO;) _ —_ _
NaCl _— _— _—
Zn(OH), |
NaOH (B u36b1TKE NaOH
0CaJIoK PacTBOPSICTCS)
Zn(OH), |
Zn,(0OH),CO3| + 2
Zn(NO3)2 2( )2 3l (B m36b1TKe NaOH
CO,1
0CafIOK PacTBOPSETCS)
2 0esIbIX ocaaka, 1 oeablii 1 Genblii CTYIEHUCTDIH 2 0eIbIX 0CaaKa, OIMH U3
16/u ras 0cajoK 0CaI0K, PACTBOPUMBIii KOTOPBIX PaCTBOPHM B

u30bITke NaOH, 1 6/1 ra3

Oo6pazyeTtcs Oemnblii CTYIECHUCTBIN 0CaIOK;

Zn(OH), + 2NaOH ;5 —> Nay[Zn(OH)4],

ZNn(OH), + 20H (.5 — [Zn(OH),]7,

OO6pa3zyeTcs OeclBETHBIN PacTBOP.

Taxxe JIOTTYCKAIOTCS COCTMHCHUS cocTaBa Na[Zn(OH)3] u

Na[Zn(OH)3(H,0),] B 3aBUCHMOCTH OT KOHIICHTPAITUH IIETOYH.

W3 mpennokeHHBIX PAcTBOPOB coeAuHEHUH TonbKo pacTBopel NaOH wu

Na,CO3; uMEIT IIEIOYHYI0 PEAKIUIO0 CPeIbl M OKpaIIMBaOT UHAUKATOP (eHondra-
JIEWH B PO30BbINA (MAJIMHOBBIN) 1IBET.

VYpaBaenue peakiuu auccormanu NaOH Ha HOHBI B BOJTHOM pacTBOpE:
NaOH — Na' + OH".

VYpasuenue ruaponmsa Na,CO3 B BOZHOM pacTBope:

Na,CO3; + H,O <> NaHCO; + NaOH,

Na,CO; —> 2Na* + CO,7,

CO5* + H,0 <> HCO; + OH".

2. Ilepeo Bamu nams npobupok noo nomepamu 1, 2, 3, 4 u 5, 6 komopwvix Ha-

X00AMcsl BOOHblE PACMBOPbI 2UOPOKCUOA HAMPUS, COJAHOU KUCIOMbL, KaApOOHama

Kanus (nomawa), cyrvgama ammonus u xnopuoa oapus. Onpedenume, Kakoe euye-
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CMBO HAXO0OUMCS 8 KaAXNCOOU Npoobupke, He NPUMEHSS HUKAKUX OONOJIHUMENbHBIX pe-
aKmueos, kpome penopmaneuna.

Omeem npounmiocmpupyime cOOMEEMCMEYIOUUMU YPAGHEHUIMU PearKyuil 8
MONEKYIISIPHOU U COKPAUJEHHOU UOHHOU (OpMAax.

Peaxkmugul: pacmeopul paccmampueaemvix ewjecms, genorgpmaneun

Oobopyodosanue: wmamus c npooUpKamu, NUNEmKu.

(3aoaua u ee peuwieHue ObLIU COCMABIEHbI NPENOOABAMENIMU OUONI020-

xXumudeckoeo axyromema Meano8cko2o 20cy0apCcmeenHo2o yHusepcumema,).
Omanvi pewienus:
Ilnan cemounozo ananusa:
1. HccrnenoBaTh Kbl U3 paCTBOPOB HA HAJMUMUE 1IBETA, 3ar1axa.
2. TloodepenHo clMBaTh PACTBOPHI B OTAEIBHBIX MPOOUpPKAX.
3. C yyeToM KOJMYECTBAa OCAJIKOB M BBIICTUBIIMXCS Ta30B ClIEJIaTh BBIBOJ O
BEIIIECTBAX B KAXK0M MPOOUPKE.

BemectBo HCI K2CO3 (NH4)2SO4 BaCl,
NaOH - NH31 -
HCI COz1 - -
K2CO3 - BaCO3]
(NH4)2SO4 NH3?1 - - BaSO4|
BaCl, - - BaCO3| BaSOg4]
®eHoJITaIeNH | PO30BbII o/11 PO30BBIT 0/11 6/1

1 ocamok +
1 ra3 + u3meHe- 1 ocapok +
1ra3 1 ra3 + u3meHe- 2 ocajgka
HUe nBeta ¢/¢ 1ra3
HHe useta ¢/¢

NaOH + HCI = NaCl + H,0,
H* + OH = H,0.
K,CO; + HCI = 2KCI + H,0 + CO,1,
CO;% + 2H" = H,0 + CO,1.
K,CO; + BaCl, = BaCO;| + 2KClI,
CO;* + Ba* = BaCOs|.
(NH,4),S0, + 2NaOH = Na,SO, + 2NH31 + 2H,0,
NH," + OH = NH31 + H,0.
(NH,),S0, + BaCl, = BaSO, |+ 2NH,CI,
SO,* + Ba” = BaS0,].
K,CO; + H,0 = KOH + KHCO:s.
CO;* + HOH = OH + HCO4”.
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4.3. lar 111
4.3.1. TeopeTnueckue 3a1aHust
IIpumepHbIe 3a1aHus

Bapuanm 1.

1. B pacmeop, cooepocawuii 3,83 2 cmecu xnopuoos Kanus u Hampus, npuiu-
au pacmeop, cooepxucawuti 17 2 numpama cepeopa. Ilocie omoenenus ocaoxa 6 no-
JIYUeHHbI Qurbmpam nomecmunu Meonyo niacmury, npu smom 1,27 2 meou pac-
meopunocsy. Onpeodenume KOAUUECMBEEHHBIU COCIMAB UCXOOHOU CMECU XIOPUOO8.

Omanvl pewteHus.

XUMUYECKUE peaKlni, pacCMaTpUBaeMble B TEKCTE 3a4a4H, CICAYIOIIHUE:

KCI + AgNO; — AgCl| + KNO; (1),

NaCl + AgNO3; — AgCl|] + NaNOs; (2),

Cu + 2AgNO; — 2Ag + Cu(NO3), (3).

OnpenenuM KOTUYECTBA HUTpATa cepedpa U MEU IO YCIOBHIO 3a1a4H:

n(AgNO,) = MAGNO,)
M(AgNO,)
M(AgNO3) = 108 + 14 + 16-3 = 170 (r/mo1b),
n(AgNO,) = % =0,1 (Moub).
n(Cu) = m(cu) :
A(Cu)
n(Cu) = % =0,02 (mop).

CocTaBuM MPOTIOPIUIO 110 YpaBHEHUIO (3) U HaliieM KOJIMYECTBO HUTpaTa ce-

pebOpa, HOIIEAIIEro Ha PEAKIUIO ¢ METAJUTHUECKOM MEIBIO:
0,02mo11B y

Cu + 2AgNO, — 2Ag+Cu(NO,),,

1mone 2MoIb

0,02-2

N(AgNO,) =y = = 0,04 (mob).

Takum 00pa3oM, KOJIMYECTBO HUTpaTa cepedpa, MOIIEIIET0 Ha PEaKLHUI0 CO
CMECHIO XJIOPUIOB Kallusl U HATPUSI, PABHO:

n(AgNO;) =0,1- 0,04 = 0,06 (Mob).

[TycTh Macca xyopuia Kajiausi B MCXOJHOW CMECH paBHa X T, TOTJla Macca XJIo-
puaa Hatpus Oynet paBHa (3,83 — X) r. Haiinem koiuuecTBa XJOPUAOB Kajus M Ha-
TPUS:

(ke — MKSh

M(KCI) '
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M(KCI) =39 + 35,5 = 74,5 (r/mo11p),
n(KClI) = %5 (MOJIB),

H

n(NaC|) — M’

M(NacCl)
M(NaCl) = 23 + 35,5 = 58,5 (r/mou1b),
n(NaCl) = 383-X (MOJIB).

CocraBiisis mporiopiuu 1Mo ypaBHeHusM (1) u (2), HaliieM KOJMIecTBO HUTpATa
cepebpa, OIIEIIIET0 Ha PEaKIuu ¢ XJIOPUAAMU KISl U HATPHS, U TPUPABHSIEM I10-
aydenHoe 3HaueHue k 0,06 monb. Takum oOpaszom, moxydaeM cieayromee MareMa-
TUYECKOE ypaBHEHUE:

X 3,83-X

745 585

Pemmas nony4yenHoe ypaBHeHue, HaxoauM, uto X = 1,49 (1)

OmpeneniM MacCoBBIE TOJU XJIOPUOB KaJlisl U HATPUSI B CMECH:

m(KCI)

=0,06.

o(KCI) = x100%,
m(cmecn)
o(KCI) = 149 x100% = 38,9%,
3,83
o(Nacl) = TMNACD 15006
m(cmecu
o(NaCl) = 383-149 x100% = 61,1%,

1

2. Ilpu oeticmeuu Ha Heyuxiuyeckuil yeneeo0opod A uzbvimxom pacmeopa
bpomHOl 80061 0Opazyemcs coedunenue B, cooepocawee 14,07% o6poma. Ilpu peax-
yuu coedunernuss B co cnupmoswvim pacmeopom NaOH obpazyemcs yenesooopoo C,
npu NOJHOM 2UOPUPOBAHUU KOMOpo2o obpasyemcs yaneeodopod D. Onpeodenrume
cmpoenue eeujecme A+D u nazosume ux, eciu uzgecmmno, umo coeounenue C peazu-
pyem ¢ AaMMUAYHBIM PACMBOPOM OKCUOA cepebpa ¢ 06pa3zosanuem 6eno2o ocaka.

Omanvl pewteusi:

Coenunenue A SBISETCS aIKEHOM HIIM alKWHOM, B 3TOM CIIy4ae MpU peakluu
C M30BITKOM OpPOMHOM BOJIbI BO3MOXKHO 00pa3oBaHue U- U TETPaObpOMIIPOU3BOIHBIX
aJIKAHOB COOTBETCTBEHHO.

PaccMoTpuM AuOpOMITPOU3BOTHOE alTKaHa.

O6mas popmyna nudpomipounsBoaHoro ankana — CpHo,Brs.
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Mounsipaast macca CH,,Br,: M(CrH2,Br;) = (14:n + 160) r/mois.
3anuiieM BbIpaK€HUE JJIsl ONpeAeICHUs MaccoBoit 1oau 6poma B CH,,Br;:
2-A(Br)

M (Cn H 2n Brz)
CocraBnsieM MaTeMaTHYECKOe YPaBHEHUE OTHOCUTEIHHO N U PEIIaeM €ro:
2-80
14-n+160
Takum obpazom, n = 4, a obmiast popmyna yriaeBojgopoaa A — C4Hsg.

o(Br) = x100% .

x100% = 74,07%.

PaccMmoTpuM TeTpaOpoMIIpOU3BOIHOE aTKaHa.
O6mas popmyna TerpadbpomipounsBoaHoro ankana — CpHyq_oBry.

Mounspnast macca C,Hon oBrs: M(CH,,2Brg) = (14-n + 318) r/mosb.
3anuiieM BeIpaXEHUE IS ONpeieTieHus: MaccoBoi moiu Opoma B CHyon 2 Bry:
4-A(Br)
M(CHz,2Br)
CocraBisieM MaTeMaTHYECKOe YPaBHEHUE OTHOCUTEIBHO N M pelaeM €ro:
4-80
14-n+ 318
Takum obpazom, N = 8,14, yTo HE yIOBIETBOPSET YCIOBUIO 3aJIaUHU.

o(Br) = x100% .

x100% = 74,07%.

[TockonbKy B 3amadye yka3zaHo, 4To coequHenne C pearupyer ¢ aMMHAYHBIM
pacTBOpOM OKcHja cepebpa ¢ obpa3oBaHmeM O€IOTO Ocaaka, TO B coeAuHEeHUU A
JIBOMHAS CBSI3b HAXOJHUTCS B IIEPBOM ITOJIOKCHHH.

3am@poBaHHbBIC COCTUHCHHUS CIICIYIONIHE:

A = CH,=CH-CH,-CHj3 (6yren-1),

B = CH,Br-CHBr-CH,—CHj; (1,2-1ubpoM0OyTan),

C = CH=C-CH,—CHj; (0ytun-1),

D = CH3—CH,-CH,—CHj; (06yran).

[TpencraBicHHBIE XUMUYCCKUE PEAKIIMH CIICTYFOIIHC:

CH,=CH-CH,-CH3; + Br,— CH,Br-CHBr-CH,-CHj,

CH,Br-CHBr-CH,—CHj; + 2NaOH (o, 5.y = CH=C-CH,—CH3; + 2NaCl +

2H,0,

CH=C-CH,—CHj + 2H, —"**— CH3~CH,-CH,~CHj,

CH=C-CH,—CH3; + [Ag(NH3),]OH — Ag-C=C-CH,-CH3| +2NH3; + H,0

3. Kax usmenumcsi ckopocms 00OHOCMAOUUHOU XUMUYECKOU peaKyuu 8 Ha4alb-
Holil momenm epemenu 2A ) + B ) — C 46 npu 00nOBpemennom ysenuvenuu oas-
JleHust 8 cucmeme 6 3 paza u nosviutenuu memnepamypwol Ha 20 °C, eciu memnepa-
mypHuwiti ko3ppuyuenm Banm-I oghgha smoii peaxyuu pasen 4?
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Omanwvl peuwtenusi:

VYBenuueHue NaBleHUs B CUCTEME B 3 pa3a MPUBOJUT K YBEJIIMYEHUIO KOHIICH-
TPALMU ra3000pa3HbIX BEIIECTB TakKe B 3 pasa (BEIecTBO A):

CZ(A) = 3C1(A)

3anuiieM BbIpaXXEHHUE I CKOPOCTH MPEIOKEHHON OTHOCTAIUIHON XuMHUYe-
CKOM p€aklMy B HAYAJIbHBIA MOMEHT BPEMEHU U IIOCIIC U3MEHEHUSI TABJICHUS B CHC-
TEME C YYE€TOM TOTO, YTO BEHIECTBO B HaxoauTCs B TBEPIOM arperaTHOM COCTOSTHUU
(cucreMa sIBISIETCA T€TEPOTEHHOMN ):

x, = K:(C1(A))’,

x,= K-(C2(A))* = K-(3-C1(NH3))* = K-9-(C1(NH3))>.

Haiimem OTHOILIEHHE CKOPOCTEM pPacCMaTpUBAEMOW PEAKUMU II0CJIE U 10
U3MEHEHHUS 1ABJIEHUS B CUCTEME:

& _ K-9. (Cl(NHs))z _

L, K'(Cl(NHs))2

Takum 00pa3oM, NpH YBEJIIMYCHUH JABJICHUS B CHCTEME B 3 pa3a CKOPOCTh pe-
aKIIuH1 B Ha4vaJIbHBI MOMEHT BPCMCHH YBCIMYUTCS B 9 pas.

S _u(t,)

B cootBercTBUU ¢ mpaBunom Bant-T'opda y ° =—=2= nomyyaem:

o(t,)

u(t,) = 4% =4*=16.

u(t,)

Taxum oOpazom, npu nosbieHnH TeMieparypsl Ha 20 °C cKOpOCTh peakliuy B
HavaJIbHBI MOMEHT BpEMEHU yBenuuuTcs B 16 pas.

[Tpu coBMecTHOM JIeHCTBHM IBYX (DaKTOPOB (YBEJIWYCHUE JABICHUS B CUCTEME
B 3 pa3a u nossiieHue Temieparypsl Ha 20 °C) cKOpoCTh peakIiy B HaYadbHbBIA MO-
MEHT BpeMeHu yBenuuurtces B 9-16 = 144 pasza.

Takum 00pa3om, CKOPOCTh MPEIIOKEHHONH XUMHUYECKOW PEaKIINU YBEIHUUTCS
B 144 pa3za.

Bapuanm 2.

1. Onemenmor A u B obpasyrom coedunenue, 6 komopom maccogas 00 dJie-
menma B pasna 64%. Ilpu eudponuze smozo coeourHeHus 8bl0eNsiemcs 2ds, cooep-
arcawuti 8 ceoem cocmaese dnemenm B u 600opoo, maccosasn oons komopoeo cocmag-
qnsiem 5,88%. Onpedenume gopmyny ucxoonozo eewecmsa u Hanuuiume ypasHeuue
peaxkyuu e2o 2uopou3d.

Omanvl pewsenus:

OO6mas popmyiia BOZOPOIHOIO coeinHeHus 3neMeHTa B — BiH,.

3anuiieM MaccoByo 101110 Bogopona B ByHy cienyromum o6paszom:
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oH) =— Y L 100%.
M(B)-x+1-y

[IpupaBHsieM MMOJlydeHHOE BhIPAKEHUE K MACCOBOH J10JIe BOJIOPO/Ia, YKa3aHHOM
B 3aj1a4e, U BeIpa3uM 3HaueHue M(B):

0,0588-M(B) -x + 0,0588-y =y,

0,0588-M(B)-x =0,9412-y,

M(B) =2
X

CocTaBuM Ta0HIly 3HaYCHHUN X 1 Y Jutst onipeneicaus M(B).

) Y11 2 3 4 5 6

1 16 32 48 64 80 96
(©) (S) (eeT) (Cu) (Br) (Mo)

) 8 16 24 32 40 48
(Her) (©) (Mg) (S) (Ca) (Ti)

3 5,3 10,7 16 21,3 26,7 32

(Her) (~B) (0) (rer) (=Al) (S)

4 4 8 12 16 20 24
(He) (rer) (©) (©) (Ne) (Mg)
5 3,2 6,4 9,6 12,8 16 19,2
(uer) (uer) (uer) (uer) (0) (=F)

6 2,7 5,3 8 10,7 13,3 16
(uer) (uer) (uer) (=B) (uer) (O)

Pa3ymHOe pemieHne, oTBeYaroNIee yCIOBUAM 33/1a4d, BO3MOKHO TOJBKO MPHU X
=1,y=2u M(B) = 32 r/mo11b.
Takum 00pa3oM, HEM3BECTHBIH 1eMeHT — cepa (S).
Haiinem maccoByro 101110 d1eMeHTa A B coeiuHeHus A, Sy
®(A) =100% — »(S),
®(A) =100% — 64% = 36%.
Haiinem cooTHolLIeHHE MeX Ty UHIEKcaMu X U Y B A, Sy
_ o(A) . oS)
- M(A) M)
36% 64% 36 18
X:y= : = 2= 1.
M(A) 32 M(A) M(A)

Bripasum 3nauenne M(A) yepe3 X 1 Y.
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M(A) =

18-y

CocTaBuM Ta0HIly 3HAYCHHI X 1 Y U1 onipenencHust M(A).

Yoo 2 3 4 5 6
1 18 36 54 72 90 108
(aer) (aeT) (mer) (aeT) (mer) (AQ)

) 9 18 27 36 45 54
(Be) (uer) (AD (Her) (Sc) (Her)

3 6 12 18 24 30 36
(uer) ©) (uer) (Mg) (uer) (Her)

4 4,5 9 13,5 18 22,5 27
(aer) (Be) (Her) (mer) (mer) (Al
5 3,6 7,2 10,8 14,4 18 21,6
(uer) (=Li1) (=B) (uet) (uer) (Her)

6 3 6 9 12 15 18
(mer) (aeT) (Be) ©) (uer) (mer)

Pa3zymHoe pelieHre, 0OTBeYarolee yCIOBUAM 3aaui, BO3MOXHO TOJIBKO MPH: X
=2,¥Y=3u M(A) = 27 r/moI1b.
Takum 00pa3oM, HeM3BECTHBIH 1eMeHT — amoMuuui (Al).

3anuiieM ypaBHEHUE PeaKlUu:
Al,;S; + 6H,0 — 2AI(OH)3| + 3H,S1.

2. Ilnomnocmov no kucnopoody cmecu oxcuoa cepvl (IV) u oxcuoa yenepooa
(IV) cocmaensem 1,75. Onpedenume maccy ocaoka, nOIYYEHHO20 NPU NPONYCKAHUU
11,2 n (npu n.y.) smoii cmecu yepe3 83amvlil 8 U30bIMKE BOOHBIL PACMBOP 2UOPOKCU-
oa bapusi.

Omanvl pewteHusi:

OmnpenenuM CpeTHIOI MOJISIPHYIO MacCy CMECH T'a30B:
M(cm),,

M(O,) '

M(em),, = Dem)o, -M(O,),
M(cm),, =1,75-32 =56 (r/mob).

OHpC,IICJ'II/IM 00BEMHEIC JOJIX Ta30B B CMECH.
M(em),, = 9(SO,) - M(SO2) + ¢(CO,) - M(CO,),
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M(em), = 0(SO,) - M(SO,) + (1~ 9(SO,)) - M(CO,),
¢(SO,) 64+ (1- ¢(SO,)) - 44 =56,

¢(SO,) =0,6;
{(p(COZ) =0,4.
Omnpenenum o6bem u koaudectBo CO, u SO, B cMecu:
V(CO,) =¢(CO,)-V(cem),
V(CO,)=0,4-11,2 =4,48 (n),

n(CO,) = V(\C/Oz) ,

m

n(CO,) = ;’T‘Ti =0,2 (Momb),
V(SO,) = 9(SO,) - V(em),
V(S0,)=0,6-11,2=6,72 (1),

n(SO,) = V(\S/Oz)’

m

n(So,) = 2’77’2 =0,3 (MoB).

3anuiieM ypaBHEHUS PeaKIuii:

CO, + Ba(OH)2 (136) —> B&CO;;,L + H,0 (1),

SO, + Ba(OH)Z (136) —> Ba803i + H,0 (2)

Haiinem xommyectBo m maccy BaCOj, mnst 3TOr0 COCTaBUM MPOTMOPIUIO 10

ypaBHeHHUI0 peakiuu (1):
n(BaCO,) =0,2 (momb),
m(BaCO,) =n(BaCO,)-M(BaCO,),
M(BaCO3) = 137 + 12 + 16-3 = 197 (1/mou1b),
m(BaCO,) =0,2-197 =39,4 (1).
Haiinem xommuectBo m maccy BaSOgz, st 3TOro coctaBuM MPOMOPIUIO 110
ypaBHEHHUIO peakiuu (2):
n(BaSO,) =0,3 (moms),
m(BaS0,) =n(BaS0O,) - M(BaS0,),
M(BaSO;) = 137 + 32 + 16-3 = 217 (r/™moub),
m(BaCO,) =0,3-217 = 65,1 (r).
Hatinem o6uryro maccy ocanka (BaCO3; u BaSOs):
m(BaCO, + BaS0,) = m(BaCO,) + m(BaSO,),
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m(BaCO, + BaS0,) = 39,4 + 651=104,5 (r).

3. Kakyio maccy 10%-20 pacmeopa conamoil Kuciomsl HeoOXoo0umo 000a-
eumbo x 200 mn pacmeopa cudpoxcuoa nampus ¢ p(NaOH),,., = 1,12 2/mn u wo(NaOH)
= 11%, umobwsl maccosasi 005l CONAHOU KUCTOMbL 8 NOLYYEHHOM PACMEOpPEe COCMA-
suna 2%?

Omanvl pewteHus.
[Tycte Macca 10%-ro pacTBOpa COJISHOM KUCIOTHI paBHA X T, TOTJa
oHCh = —MHED 1000,
m(HCI)
m(HCI) - o(HCI
m(Hcty = MHCD,., - oHCD)
100%
. 0,
m(Hel = X29% o1 (.
100%
n(HCI) = m(HCI) |
M(HCI)
M(HCI) =1 + 35,5 = 36,5 (r/mo1),
n(HCl) = 22X 2000274 x (o).
36,5

3anuinem ypaBHEHHE PEaKIUu:

HCIl + NaOH — NaCl + H,0 (1).

[TockoJbKy IO YCIIOBHIO 33aJ1audl B KOHEYHOM pacTBope npucyrcrsyer HCI, To
HCI 6yxer Haxoautbcest B u30bITKE 110 oTHOIICHHIO K NaOH.

Haiinem maccy u konmdyectBo NaOH B ncxoaHom pactBope:
m(NaOH)
V(NaOH)
m(NaOH),  =p(NaOH)  -V(NaOH)
m(NaOH)  =112-200 =224 (r),
m(NaOH)

p(NaOH) =

p-p’

®(NaOH) = x100%,
m(NaOH)
m(NaOH) -®(NaOH
m(NaOH) = ( )os -0 ),
100%
. 0
m(NaOH) :w: 24,64 (1),
100%
n(NaOH) = M(NaoH)
M(NaOH)
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M(NaOH) =23 + 16 + 1 = 40 (r/mob),

n(NaOH) = % =0,616 (Moub).

CocTaBHB IPONOPIKIO 110 YpaBHEHMIO peakiuu (1), Hoaydum, 4To Ha PeaKiuio
¢ 0,616 moxp NaOH uweooxomumo 0,616 moins HCI.

OnpenenuM KOJIMYECTBO U MacCy XJIOPOBOJOPO/IA, OCTABIIETOCS B pe3yJIbTaTe

npoTekanus peaknuu (1):

n(HCI),.. =0,00274-x —-0,616 (mons),
a(Hc) = MHED
M(HCI)

m(HCI) = n(HCI) - M(HCI),

m(HCI),,, =(0,00274-x —0,616)-36,5=0,1-x — 22,484 (1).

OmnpeaenuM Maccy MOJIy4eHHOI'0 pacTBOpA.

m(p —pa), = X+ 224 (r).

3ammmem BeipakeHue s MaccoBoit qoiu HCI B momydenHom pacTtBope:

m(HCI)

o(HCI) = =t 100%,
m(p —pa),
o(HCl) = 22X 222488 6006 — 204
X + 224

PemmB 310 ypaBHeHUe, moyduM, 4to X = 337,05 1.

4. Cmecv nponauans u ayemoua obpabomanu u30bIMKOM 2UOPOKCUOA Meou
(I1) npu nacpesanuu, npu smom obpaszoeancs ocadox maccou 36 e. Takoe duce Koau-
yecmao UCXo0HoU cmecu codcenu, noayuus 50,4 1 yenexucnoeo eaza (npu n.y.). Onpe-
oenume MoJibHble 00aU NPONAHATIA U AYEeMOHA 8 UCXOOHOU CMeCU U MAcCy 8000pooa,
HeoOX00UMO020 0151 HOTHO20 BOCCMAHOBICHUS 8eUieCms 8 IMOU CMeCl.

Omanvl pewieHus.

3anuiem ypaBHEHUS pEaKIIui:

CH3-CH,—CHO + 2Cu(OH), — CH3-CH,—COOQOH + Cu,0 + 2H,0 (1),

CH3;-CH,-CHO + 40, — 3CO, + 3H,0 (2),

CH3-CO-CH3; + 40, — 3CO; + 3H,0 (3),

CH3-CH,—CHO + H, — CPup CH;3;-CH,-CH,-OH (4),

CH3-CO-CH3 + H, — CPxp CH3;-CH(OH)-CHj3; (5).

Omnpenenum koaudectBo ocazgka (Cu,0):

n (Cu 2C)) — M ,
M(Cu,O)
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M(Cu,0) = 64-2 + 16 = 144 (r/moib),

n(Cu,0) = % =0,25 (MoJb).

JlJis HaxOKJIeHUsI KOJIMYECTBA MPOIAHajsl B MCXOMHOM CMECH COCTaBUM IPO-
HOPITUIO 10 ypaBHEHHUIO peakiuu (1):

n(CH;-CH,—CHO) = 0,25 (moub).

Omnpenenum komuuectBo CO,:

n(CO,) = V(CO,) :
Vm
n(CO,) = %ﬁf = 2,25 (MOJb).

Jlnst Haxoxaenus konmdectBa CO,, oOpa3oBaBmierocs Mpu ropeHUH MporiaHa-
JIsl, COCTaBHMM ITPOITOPIIMIO TI0 ypaBHEHUIo peakiuu (2). B pe3ynbrate moixy4dum, 4To
komuuectBo CO,, oOpa3oBaBiierocsi mpyu TOpeHUW mpomnaHams, Oymer paBHo 0,75
MoJTb. 3Ha4YUT, KomuecTBO CO,, oOpa3oBaBIIerocsi mpyu rOPEHUHU alleToHa 1O ypaB-
Henuto peaknuu (3), cocraBut (2,25-0,75) = 1,5 mMoutb.

JI1st HaXOXKJIeHUsI KOJIMYECTBA alleTOHA B UCXOJHOM CMECH COCTaBUM MPOIOp-
MO 10 ypaBHEHHUIO peakiuu (3):

n(CH3;—CO-CH3;) = 0,5 (moub).

Haiinem monbHBIE OIM TPONIAHAIIS M ALIETOHA B UCXOJHOU CMECH

n(CH, -CH, —CHO)
n(CH, -CH, -CHO) +n(CH,-CO-CH,)
x(CH,-CH, -CHO) = _ 02 x100% = 33,33%,
0,25+0,5
n(CH,-CO-CH,)
n(CH, -CH, -CHO) +n(CH,-CO-CH,)
Y(CH,-CO-CH,) = LxlOO% =66,67%.
0,25+0,5

OnpenenuM KOJIMYECTBO U MAacCy BOJIOpOa, HEOOXOMMOTO /ISl TIOJTHOTO BOC-
CTaHOBJICHHSI TIPOTIAHAISI U AIl€TOHA, JJISI 3TOTO COCTABUM IPOTOPITUH TI0 YPABHCHH-
M peakiui (4 u 5):

n(H,)=0,25+0,5=0,75 (momp),

m(Hz) = n(Hz) ) M(Hz) 1

m(H,)=0,75-2=15 (7).

7(CH, —CH, —CHO) = x100%,

x(CH,—CO—CH,) =

x100%,
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5. Kak usmenumes ckopocms 00HOCMAOUUHOU XUMUYECKOU peaKkyuu 8 Haydlb-
Holll momenm épemenu A ) + 2B ) — C () npu oonospemennom ygenuuenuu Kou-
yenmpayuu eeujecmea A 6 6 pas, nonusicenuu xonyenmpayuu eeujecmeéa B 6 2 paza
u yeeauuenuu memnepamypul Ha 20 °C, eciu memnepamyphwiti Koagguyuenm Banm-
T'ogpgpa smoti peaxyuu pasern 2?

Omanwvt peutenusi:

3anuiieM BbIpaXXeHUE JIJIi CKOPOCTH MPEIOKEHHON OTHOCTAAMITHON XUMHUYe-
CKOM pEaklUMy B HAYAIbHBIA MOMEHT BPEMEHU U IIOCIE U3MEHEHUs KOHUECHTpalun
UCXOJIHBIX BEILIECTB B CUCTEME:

x, = K-C3(A)-(C1(B))?

x,= K-C2(A) (C2(B))* = K+(6-C1(A))(C1(B)/2)° = K-1,5-C1(A)-(C1(B))*
Haiinem oTHOIIEHHE CKOPOCTEN paccMaTPUBAEMOM PEAKIIMU TTOCIE U JO U3MEHEHUS J1aBIICHUS B
CHUCTEMC!

v, _K15C(A)-CB) _,

v,  KC/(A)-C(B)

Takum oOpa3om, IpH yBEJIMYEHUU KOHIIEHTpaluu BemectBa A B 6 pa3 u mo-
HUKEHUHU KOHIIEHTpalluU BellecTBa B B 2 pa3a ckopoCTh peakiuy B HayaldbHBIA MO-

MEHT BpEMEHHU yBenuuures B 1,5 pasa.

t2 7t1

)

B cootBercTBUM ¢ paBuiioM Bant-T'odda y *° = £ MOJIy4yaeM:
o(t,)

u(t;) = 2% =2’ =4,

u(t,)

Takum o6pazom, npu noeieHUH Temneparypsl Ha 20 °C cKOpOCTh peakivu B
HayaJlbHBIA MOMEHT BPEMEHU yBEIMUUTCA B 4 pasa.

IIpu coBmecTHOM acicTBUHM ABYX (hakTOpoB (MpH M3MCHEHHMH KOHIICHTPAILIM
HCXOIHBIX BEIIECTB M MOBbIIeHNU TemrepaTypsl Ha 20°C) ckOpOCTh peakluu B Ha-
YaJbHBII MOMEHT BpeMeHH yBenuuutes B 1,5-4 = 6 pas.

Takum o0Gpa3om, CKOPOCTh MPEIOKEHHON XUMUYECKOM PeaKuu YBEITUUUTCS
B 6 pa3.

4.3.2. llpakTHYecKue 3aIaHUA

1. B mepnoil konbe Haxooumcs pacmeop 2uOpoKcUuoa Hampus, coOeplIcaujuil
npumecu KapboHama Hampus 8cle0Cmaue no2ioujeHUs pacmeopom Weaodu yeaieKu-
cnoeo easa u3 8o30yxa. llpeonosxcume memoouxKy onpeoeieHus CoOO0epHCanusi 2uopo-
Kcuoa Hampusi u KapooHama Hampus 8 8bl0AHHOM pACcmeope Npu NOMOUWU KUCTIOM-
HO-0CHOBHO20 MUMPOBAHUS C PACMBOPOM COJISIHOU KUCTIOMbL U ONpeoerume Maccy
2UOpOKCUOA HAMpUs U KapboHama Hampus 8 8blIOAHHOU KoJlbe.
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Peaxkmuewl: cmanoapmuvwiii pacmeop consnou kucromst (C(HCI) = 0,09904
MOb/1), (henonpmaneun u Memunio8slil OPAHIICEBbLLL.
Obopydosanue:. nunemxa emecmumocmoio 20 ma, 6ropemxa emecmumocmoio

25 Mz, konbwl 0151 mumposanus, mepHas konoa emecmumocmoio 100 .
Omanvl pewteHus.
MeTtoauka onpeesieHusi COAEPKAHUS THAPOKCUIA HATPHUS U
KapOoOHATA HATPHUS MPHU COBMECTHOM NMPUCYTCTBUU.
AHaNMM3UPyEMBI PacCTBOP KOJIMYECTBEHHO MEPEHOCIT B MEPHYIO KOJIOYy BMe-
ctumocThio 100 M1, JOTUBAIOT 10 METKU JUCTHUITMPOBAHHOW BOJIOM, TIIATEIHHO Tie-
peMEIIMBAIOT U OTOMparoT numeTkor 20 MJI MOJIyYeHHOro pacTBOpa B KOHMUYECKYIO
KOJIOY g TuTpoBaHus. JloOaBisioT K pacTBOpY 2 KaIlid WHAWKaTopa (eHondTa-
JeMHa W cpasy K€ TUTPYIOT PacTBOP MAJIMHOBOTO I[BETa CTAHJAPTHBHIM PACTBOPOM
HCI 1o oGecrpeunBanus. 3annchIBaIOT IMOKa3aHUe IIKanbl OropeTku (V). Jobas-
JISTFOT B 0OECI[BEYCHHBIN PACTBOP OAHY KaILIIO0 HHAMKATOPA METHIIOBOTO OPAH)KEBOTO
Y MPOJIODKAIOT TUTPOBAHUE IO TIEPEXO0ia KENTOW OKPACKH pacTBOpa B PO30BYIO. 3a-
MUCHIBAIOT BTOPOE MOKa3aHue mKaibl OropeTku (V).
3aKOHYUB TUTPOBAHUE TEPBOI MPOOBI, OTOUPAIOT U3 AaHAIM3UPYEMOTO PACTBO-
pa BTOPYIO IMKBOTHYIO YacTh W aHAJOTHYHBIM O0pa3oM THUTPYIOT €e, TMOCieI0Ba-
TEJTHLHO MCIOJIBb3YA JIBa MHANKATOpa. /[ pacuera Macc rufipokcuia HaTpus u Kapoo-
HaTa HATpHs OepyT cpeHee 3HaUeHUE TTOyICHHBIX 00BEMOB PACTBOPA KUCIOTHI.
[Ipu TuTpOBaHMM pacTBOpa TUAPOKCHAA HATpHsl W KapOOHATa HATPHUS CTaH-
JTAPTHBIM PACTBOPOM COJISTHOM KHCTIOTHI MPOTEKAIOT CIEAYIONINEe XUMHUECKUE Peak-
1017178
1. C unaukatopoM eHospTarenHom —
NaOH + HCI — NaCl + H,0,
Na,CO3; + HCI — NaHCO; + NaCl;
2. C MHANKATOPOM METHUJIOBBIM OPAH)KEBBIM —
NaHCO; + HCI — CO; + NaCl + H,0.
V /4 COOTBETCTBYET 00BEMY PACTBOPA COJITHOM KHCIIOTBI, M3PACX0/I0BaHHOM
Ha TUTPOBAaHME BCEH MacChl TUAPOKCHAA HATPHUS W TOJOBHHBI MacChl KapOOHATa Ha-
Tpus, a Vy,, — 00beMy pacTBOpa COJITHON KHCIIOTHI, U3PACXOJ0BAaHHOW HAa TUTPOBA-
HHUE BCEH Macchl THIPOKCHIa HATPUS U BCE Macchl kapOoHata Hatpus. Torma pas-
HU1A Vo — V4 COOTBETCTBYET 00BEMY PACTBOPA COJITHON KHCIIOTHI HA TUTPOBAHUE
MOJIOBMHBI MacChl KapOOHAaTa HaTpHs B HccleayeMoM pactBope, a Vo — 2:(Vwo —
Vo) = 2Vgp — Vo — 00bEMY pacTBopa COJISIHONW KUCIOTHI HAa THUTPOBaHUE Bceil
MacChl TUIPOKCHUIA HATPHSL.
Jlyis ompenienieHrs Macc THIPOKCHIA HATpUS U KapOOHATa HATpHUs B aHAIHM3U-
PYEMOM PacTBOPE C yUETOM pa30aBICHUS UCIIONIB3YIOT CIEIYIOMIHE (POpPMyIIbI:
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HCI)-(2- V(HCI - V(HCI
m(NaoH) = SHED (- VIHCD 1y =VIHCD,10) N0y« Ve |
1000 V,
c(HCI)-2-(V(HCI),,,,~V(HCI
m(Na,CO,) = (HCD-2-( (100)8“0 ( )‘1”4’)xM(1/2Nazcog)xVK.

I

2. HUcnonv3ys umerowuecs Ha cmoiie peakmugvl u 000pyoosanue, onpeoeaume
cooepacanue xcenesa (1) 6 epammax 6 svioannom pacmeope. Mznoocume cxemy on-
peodenenus. Hanuwume ypaeuenue peaxyuu u popmyny 0is pacuema.

Omeemvme Ha 80NPOCHI:

1) Mooicno au nepmaneanamomempuyecKu ONPeoeiunms coOOepHCaHue Heeiesd
(1n?

2) Mooicno u 0151 nOOKUCTIeHUsT UCHONb308AMb XA0POBOOOPOOHYIO KUCIOMY?

3) Kaxyro ¢ynxyuro evinoansem gocopnas xucroma?

Peaxmuewt. 0,020/ KMnO,4, 1M H,S0,, 2M H3;PO,.

Qobopyodosanue: 6ropemia Ha 25 ma, nunemka na 20 mua, Koabwl 011 MUMpPoO8a-

Hust — 2 wm., mepras konroba na 100 ma, yununop na 10 ma, enasnas nunemka.

(3adaua u ee pewenue ObLIU COCMABIEHbI NPENOOABAMENIMU OUOO2O-
xumuyecxkozo axynvmema Meanoscko2o 20cy0apcmeeHH020 YHUgepcumema,).

Omanvl pewieHus.

Ornpenenenne Fe** 0CHOBBIBASTCS HA PEAKIIHH:

5Fe*" + MnO, + 8H" — 5Fe”" + Mn** + 4H,0.

Hccnenyemplii pacTBOp HE TOJDKEH JUTUTEIHLHO COMPHUKACATHCS C BO3IYXOM BO
u30exkanue okuciaeHus Fe* 110 Fes*,

AHanm3upyeMblil pacTBOp B MepHOM kosibe Ha 100 M pazbaBisitoT BoJOH 110
METKHU U NepeMennBaoT. B konly 1is TuTpoBaHus nepeHocsT nunerkoi 20 mit aHa-
au3upyemoro pactopa, npubasistor 20 mu 1M H,SO,, 5-6 kanens 2M H3PO,4 u
TuTpytoT pactBopoM KMnO, no OrenHo-po30BOi OKpacKH pacTBOpa, HE MCYe3aro-
nieil npumepHo 1 MuH.

Pacuer mpoBoasT o gpopmyie:
5.¢(1/5KMnO,) - V(KMnO,)
1000
rae m(Fe) — macca kenesa B BbimanHOM pactBope, I; C(1/5KMnO,4) — HopMmasbHast
konreHrpaiss KMnO,, monw/a; V(KMnO,) — 00beMm pactBopa KMnOy4, uspacxoo-

m(Fe) =

V,
x M(Fe x—=,
(Fe)y.

I

BaHHbIN Ha TUTPOBAHUE, MII.
OTBeThI Ha BOIIPOCHL:
3+ 2+
1) Fe” HeoOXoIMMO BOCCTAaHOBHUTH JI0 FE™ ¢ IMOMOIIBI0 BUCMYTOBOTO PEIIYK-
topa i SnCl,:
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3Fe*" + Bi + 4CI" — BiCl,” +3Fe™",

2Fe*" + SnCl,* + 2CI" —2Fe*" + SnClg”".

2) Her, T.x. Ipu TUTPOBaHUHU Fe®* NIEpMAHTaHATOM KaJusl B COJISTHOKHCIION
cpelie BOBMOXKHO MPOTEKAHUE COMNPSHKEHHOW pPEeakiuy, KOTOpask BbI3bIBAET MOBBIIICH-
HBIM Pacxo/l IEpMaHraHaTa Kajaus, KOTOPbIM HENb3sl YYECTh.

10CI” + 2MnO,” + 16H" — 5Cl,1 + Mn** + 8H,0.

3) H3PO, cBsa3piBaeT 00pa3oBaBIIAecs HOHBI Fe3* B GeClBETHBIN KOMILIEKC.

4.4. ar IV
4.4.1. TeopeTnueckue 3a1aHusl
IIpumepHbIe 3a1aHus

Bapuanm 1.

1. @ocgpop, nonyuenmnsviii uz 63,4 2 pocghama ranvyus, cooepacaweco 12%
npumecet, codxcenu 8 usbvimke Kuciopooa. Ilonyuennviil npodykm ceopanusi 006asu-
au x 105 mn 15% pacmeopa euopokcuoa nampus ¢ nromuocmoito 1,15 2/mn. Onpede-
Jiume KauyeCmeeHHblll U KOJIU4eCmeeH bl COCMas pacmeopa.

Imanwvl peuteHus.

Macca ¢ocdara kanabIysa U €ro KOJIUYECTBO B UCXOAHOM CMECH:

o(Ca;(PO,),) =100% — w(npumeceii)

o(Ca,(PO,),) =100% —12% =88%,

®(Caz(PO,),) - m(cmecn)

m(Ca, (PO = ,
( 3( 4)2) 100%
88% - 63,4
m(Ca.(PO,),)=—————" =55792 (1),
( 3( 4)2) 100% ( )
n(Ca3(PO4)2) — m(Ca3(PO4)2) ’
M(Ca,(PO,),)
55,792
n(Ca. (PO = ! =018 (MOJB).
(Ca,(PO,).) 120+ 62 +128 (vob)

KonnuecTBo ruipokcuia HaTpusi B pacTBOpE:

n(NaOH) = @(NaOH) - p(p —pa) - V(p — pa)
M(NaOH) - 100%

15%-115-105
(23+16+1)-100%
YpaBHeHHS peakuu HojaydeHus pocdopa U ero ropeHHs:
Cas(PO,), + 5C + 3Si0, ———> 3CaSiO; + 2P + 5CO1,
4P + 50, —> 2P,0%.

n(NaOH) = =0,453 (MOJIB).
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[To npuBenennsiM peakuusam u3 0,18 mons dpocdara kanpuus noxyqaercs 0,18
- 2 = 0,36 monb pocdopa u 0,36 : 2 = 0,18 monb okcuaa docdopa.

[Tpu pacTBOpeHUU TOTYYEHHOTO OKCHJA B BOJHOM PacTBOpE TMAPOKCHIA Ha-
Tpust nmonyuntcs cmech cotieii (NaH,PO4 u Na,HPO,):

P,0s + 2NaOH + H,0O — 2NaH,POy,,

NaH,PO, + NaOH — Na,HPO, + H,0.

[Tpu peaknuu 0,18 mons P,05 pacxomyercs 0,18 - 2 = 0,36 mose NaOH u 006-
pasyercs 0,18 - 2 = 0,36 monp NaH,PO,. OcraBmmecs 0,453 — 0,36 = 0,093 monn
NaOH pearupytot ¢ o6pazoapmmumcsa NaH,PO,, npu stom nomydaercs 0,093 mosb
Na,HPO,, a Taxxe ocraercs 0,36 — 0,093 = 0,267 mons NaH,PO,.

Macca Na,HPO, u NaH,PO, B mosryuyeHHOM pacTBope:

m(Na,HPO,) =n(Na,HPO,) - M(Na,HPO,),

m(Na,HPO,) =0,093- (46 +1+ 31+ 64) =13,206 (r),

m(NaH,PO,) =n(NaH,PO,) - M(NaH,PO,),

m(NaH,PO,) =0,267 - (23+ 2+ 31+ 64) = 32,04 (r).

Macca KOHeYHOTO pacTBOpa:

m(p'pa) = m(NaOH)p-p + m(PZOS),

m(p-pa) = 105-1,15 + 0,18-(62 + 80) = 146,31 (1),

Maccossie noau Na,HPO, u NaH,PO, B nonyuenHom pactBope:
m(Na,HPO,)

m(p - pa)

13,206
o(Na,HPO,) = > =0

1

o(Na,HPO,) = x100%,

x100% = 9,03%,

m(NaH,PO,)
m(p —pa)

o(NaH,PO,) = 2% 10006 = 21,90%.
146,31

o(NaH,PO,) = x100%,

2. /lana cmecv 08YX OUHAPHBIX COEOUHEHUU ANOMUHUS U KATbYUsL ¢ OOHUM U
mem e INeMeHmoM, Haxo0auWUMCcs 80 8mMmopom nepuooe maoauyst /{.1U. Menoenee-
ea. Ilpu pacmeopenuu Hasecku cmecu 8 u30blmKe pacmeopa COAAHOU KUCTOMbL Bbl-
oenunoco 44,8 1 2azoe ¢ nnomuocmoio no 600opody 10,5. Onpederume xauecmeen-
HbIU U KOIUYEeCMBEHHbIL COCMA8 UCXOOHOU HABECKU.

Imanvl peuteHus:

N3 snemenToB BTOporo nepuosa tabmuiel J[.M. MenaeneeBa ¢ aTtoOMUHUEM U
KaJIbIIueM 00pa3yloT OMHapHbIe coenuHeHus ciuenyomue 3meMeHTsl — B, C, N, O u
F. IlockoJibKy MpH peakuu paccCMaTPUBAEMbIX OMHAPHBIX COCIUHEHUN aTIOMUHUS U
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KaJIBITUS ¢ H30BITKOM PacTBOpa COJITHOM KUCJIOTHI 00pa3yeTcsi CMeCh ra3oB, TO Jelia-
€M BBIBOJI, UYTO M3 YKa3aHHBIX 3JIEMEHTOB TOJIBKO YIJIEPOJ MOXKET 00pa30BBIBAThH CO-
eIMHEHMSI, TIOJIBEPTAIOIINUECS THAPOIU3Y C 00pa30BaHUEM Pa3HBIX ra30B.
[TosTOMYy XMMHUYECKHE pEaKIMH, paccMaTpUBacMble B TEKCTE 3ajayd, Clie-
AYIOIIHE:
Al,C; + 12HCI — 4AICI; + 3CH,1,
Can + 2HCI — CaC|2 + C2H2T.
CpenHsst MoJIsipHasi Macca CMECH T'a30B:
M., (rasos)
M(H,)
M,, (razoB) = D(razos),, -M(H,),
M,, (rasoB) =10,5-2 =21 (r/mons).

D(rasos)y, =

[Tycth 00beM METaHa B CMECH Ta30B COCTABJISAET X JI, TOT/Ia O0OBEM aleThuiIcHa
oyzner paseH (44,8—X) n. @opMyiia ISt ONIPEICICHHS CPEAHEH MOJISIPHOM MacChl cMe-
CH ra30B B YCJIOBUSIX MPEIIIOKECHHOMN 3a/1a4H:

M., (razos) = ¢(CH,)-M(CH,) + ¢(C,H,)-M(C,H,) ,

M(CH,) =12 + 1-4 = 16 (r/™mou1b),

M(C,H,) =12-2 + 1-2 = 26 (r/mo0mb),

M., (rasos) = X164 448-x
44,8 44,8

MareMaTnyeckoe ypaBHEHHUE OTHOCUTENBHO X U €r0 PELICHUE:

X 164 44,8 — X

448 :

V(CHy) =x=22,4 1,

V(C,H,) =44,8-22,4 =224 n.

Maccs! Al,C; 1 CaC, B UCXOIHOM CMECH:

26.

26 =21,

n(CH,) = V(CH,) :
Vm
n(CH,) = %:j =1 (momb),
1-1
n(Al,C;) =—=0,333 (momnp),

M(AI,C3) =27-4 + 12-3 = 144 (r/mo1b),
m(Al,C,;) =n(Al,C;)-M(Al,C,),
m(Al,C;) =0,333-144 = 48 (7).
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V(C,H
n(csz):—(V2 2):
m
n(Csz):%:jzl (MOJIB),

n(CaC,) = 1—11 =1 (Mo1b),

M(CaC,) =40-1 + 12-2 = 64 (r/m0b),
m(CaC,) =n(CaC,)-M(CaC,),
m(CaC,) =1-64 =64 ().

Macca ncxoaHou cMecu:

m(cmecu) = m(Al,C;)+m(CaC,),
m(cmecn) =48+ 64 =112 (7).

Maccossie goiau Al,C; u CaC, B HCXOIHONM cMeCH:

o(AlLC,) = MALCS) 16004,
m(cMmecn)
48
o(AL,C,) =8 100% = 42,86%,
112
o(CaC,) = ™€) | 10006,
m(cmecn)

o(CaC,) = 2% «100% = 57,14%.
112

3. [Iponanosas kucioma yacmo 3azpsasHeHa MemaHo8ol KUCIOMOU U NPONAHO-
aom-1. K obpaszyy mexunuuecxoui kuciomst maccou 150 e npubasuniu uzovimok euopo-
Kapbounama kanus, nonyuus 2az oovemom 44,8 1. K maxomy sce obpasyy mexuuue-
CKOU Kuciomsl 000a8uiu U30bIMOK aMMUAYHO20 PACmMBEopa okcuoa cepebpa, 8 pe-
3yabmame ye2o obpazoeancs ocadox maccou 2,16 2. Onpederume maccosvie 0onu
npumecell 8 Kuciome.

Imanvl peuteHus:

C aMMHayHBIM PaCTBOPOM OKCHIA cepedpa OyJeT pearnpoBaTh METaHOBAs KH-
cloTa:

HCOOH + 2[Ag(NH3),]OH — 2Ag| + CO,1 + 4NH31 +2H,0.

C rugpokapboHaTOM Kanmusi OyayT pearupoBarh MPOMAaHOBAs U METAaHOBAs KH-
CJIOTHI:

HCOOH + KHCO3; — HCOOK + H,0 + CO,,

C,HsCOOH + KHCO3; — C,HsCOOK + H,0 + CO,.

KommuecTBo cepebpa, 00pa3oBaBIIErocs MO PEaKIUu:
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216
n(AgQ) =—=0,02 (moub).
(Ag) 108 (Mo1b)
KoymuecTBO 1 Macca METAHOBOM KUCIIOTHL:

n(HCOOH) = % =0,01 (momn),

m(HCOOH) =0,01-(1+12+16+16+1) =0,46 (r).

KomugectBo CO,, BRIIEAUBIIIETOCS B 00€MX PEAKIIUSIX:

44 8
n(CO,)=—"—-=2 (Moub).
(€O,)= ', =2 (stom)
KommyectBo CO,, BEIAETUBIIErOCS B PEAKIIUH C METAHOBOM KHCIOTOM:
0,011

n(CO,)= - 0,01 (momb).

KonnuectBo CO,, BBIICIUBIIETOCS B PEAKIIMH C TIPOITAHOBOM KHUCIOTOM:
n(CO,)=2-0,01=199 (moms).

KosmuecTBo 1 Macca nponaHOBOM KHUCIIOTHI:

n(C,H,COOH) = % =1,99 (Momb),

m(C,H,COOH) =199-(24+5+12+16+16 +1) =147,26 (r).
Macca npomnanona-1:
m(C;H,OH) =150-147,26-0,46 = 2,28 (1),

MaccoBsle 1011 TPUMECEN B KUCIIOTE:

o(HcooH) = MHEOOH) 45006,
m(cmecn)
o(HCOOH) = 248 10006 = 0,3106,
150
o(C,H,0H) = MCEHOH) 10006,
m(cmecn)
o(C,HOH) = 228 4 10006 = 1,52% .

150

4. Ilpu 15 °C peakyus medxncoy pacmeopom smuiayemama u pacmeopom 2uo-

poKcuda Hampus npomekaem Kaxk peaxyusi nepeoeo nopsoka, npuuem (5% smun-
ayemama peazupyem 6 meuenue 20 munym. Onpedenume 8pems, 3a KOmopoe npo-
peacupyem 50% smunayemama npu 30 °C, u sunepeuro akxmusayuu peaxyuu, eciu

memnepamypuwlil Koo puyuenm Banm-I'opgpa ons peaxkyuu pasen 2.

s peakyuu nepeoco nopsioka usmeHenue KOHYEeHmpayuu 3muiayemama 60
8pemMeHU umeem CledViouull 8U0:
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—kt

20e ¢ — KOHYyermpayusda smuiayemama 6 MOMeHN 6pemMeru t, Co — UCXOOHASL KOH-

yeumpayus smunayemama, K — koncmanma cxopocmu Xumuueckou peakyuu.
Imanwvl peuteHus.
KoHncranta ckopoctn xumudeckoir peakiuu mpu 15 °C mo mpemmokeHHOMY
YPaBHEHUIO U3MEHEHUSI KOHIICHTPAI[MU STUJIAleTaTa BO BPEMEHHU:
C

C oM Skt k=—T.In
Co Co t

C
T
Co

k(T,) = —%- In0,25 = 0,0693 (MuH ).

KoncranTa ckopoctu xumudeckor peakiuu npu 30 °C mo ypaBHeHuto BaHT-
Todda:
TZ _Tl TZ _Tl

k(Ty) _ .1 _ 1
k(Tl)_y 0, K(T)=k(T)-y

30-15
K(T,)=0,069-2 1 =0,196 (mun).

Bpewms, 3a kotopoe npopearupyet 50% stuianerara npu 30 °C:

© oM IS okt t=—tnS,

Co Co kK ¢

t= —i- In0,5=2354 (muH).
0,196

DHeprus akTUBAIMK, pacCCUYUTaHHAs 110 YpaBHEHUIO AppeHuyca:
nkT)_ E(1 1
kM R, 1)
k(T,)

R-In-—-*2~2
k(T,)

E,=——t,
Tl
Tl T2
0,196
n

E - 0.069 _ 50 49 (xTx/moms).

) (1_1j
288 303

Bapuanm 2.
1. Ilnacmuuky antomunusi maccou 20 2 ouucmuiu om okcuda AIOMUHUS U
nomecmunu 6 200 2 pacmeopa cynvgpama meou (1). Yepes nexomopoe epems nia-
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CMUHKY U3GIEKIU U3 pACMBOpa U 836ecuiu, ee macca cocmasuna 26,9 e. Buiuuciume
Maccosyio 00110 cyibghama antoMuHUs 8 NOJIYYEeHHOM PACMBEope.

Imanwvl peuteHus.

3anuiieM ypaBHEHUE PeaKluu:

2Al + 3CuSO, — Al,(SO4)s + 3Cu (2).

[TycTh KOJIMUECTBO AIFOMUHUS, BCTYIIUBIIETO B PEAKIIUIO, PABHO X MOJIb, TOTJA
Macca aJIOMUHUS, BCTYITUBIIETO B PEaKIHio0, OyeT paBHA:

m(Al) =M(AI)-n(Al),

m(Al) =27-Xx (r).

CocTaBUB MPOMOPIIHIO 10 ypaBHEHHIO peakiuu (1), moyrydum, 4To B pe3yJibTa-

npopear

npopear

3-X
T€ peakiuu oopazyercs > MOJIb ME/]IH.
Omnpenenum Maccy Meu, 00pa3oBaBIIeiics 0 ypaBHeHUI0 peakimu (1):
m(Cu) . = M(Cu)-n(Cu),

:64-3TX=96-X ().

06p

m(Cu)

o0p

M3MeHeHne Macchl IUTACTHHKH aFOMHHUSI IPOMCXOAUT 33 CYET PacTBOPCHHS
AIIOMHUHHUS U BBIACTICHUS Ha €€ TIOBEPXHOCTU MEIH, IMOITOMY 3aITUIIIEM BBIPAKCHUE
IUTSL MACChI TUTACTUHKY aTFOMUHUS MTOCTIE PEaKIUH CIEAYIOIINM 00pa3oM:

m(mact), = m(mwracr), — m(Al) +m(Cu)

269=20-27-x+96-X.

PemmB 310 ypaBHeHue, nmonxydum, 4to X = 0,1 (Mob).

mpopear o0p !

CocTaBUB MPOMOPIIHIO IO ypaBHEHHIO peakiiuu (1), morydum, 4To B pe3yibTa-
te peakiuu oopasyetcst 0,05 moib Al (SOy)s.

Omnpenenum Maccy Al,(SOy)s:

m(Alz(SO4)3) = n(Alz(SO4)3) ) M(Alz(so4)3) ,

M(AI,(SO4)3) =27-2 + 32:3 + 16-12 = 342 (r/mo11B),

m(Al,(SO,),) =01-342=34,2 (r).

OmnpenenymM Maccy pacTBOpa, MOJIy4eHHOTO B Pe3yJIbTaTe MPOTEKAHUS PEaKIUH
(1), m maccoByto gomro Al,(SO,4)3 B 3TOM pacTBOpe:

m(p —pa), = m(p—pa), + m(Al)__ .. —m(Cu), ,

m(p —pa), = 200+ 27 -x —96- X = 200+ 27-01-96-0,1=1931 (1),

m(Al,(S0,),)
m(p —pa),

34,2
Al,(SO,),) = ——=x100% =17,71%.
(’0( 2( 4)3) 1931X 0 0

®(AL(S0,),) = x100%,
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2. Kaxyro maccy 10%-20 pacmeopa eudpokcuda kanus Heob6xo0umo 00da-
eums k 100 mn pacmeopa conanoiu kucnomer ¢ p(HCI),, = 1,09 o/mn u w(MHCIl) =
18,43%, umobwl maccosas 005 2UOPOKCUOA Kaus 8 NOJYYEHHOM PaAcmeope coCma-
suna 3%?7?

Imanvl peuteHus:

[Tycts macca 10%-ro pacTBOpa ruIpoOKCcHIa Kajaus paBHa X T, TOTJa

m(KOH)

o(KOH) = x100% ,
m(KOH)
m(KOH) - w(KOH
m(KOH) = ( )or, O ) :
100%
. 0
m(KoH) =X 29% _o1.x @),
100%
n(KOH) = MKOH)
M(KOH)
M(KOH) = 39 + 16 + 1 = 56 (r/mou),
n(KOH) = 21X _0,00179- x (mom).

3anuiem ypaBHEHHE PEaKInu:

HCl + KOH — KCI + H,0 (1).

[TockonbKy MO YCIOBHIO 3a/1auu B KOHEUHOM pacTBope npucyrcrsyer KOH, to
KOH 6yneT HaxonuThes B U30bITKE 110 oTHOMEHUIO K HCI.

Haiinem maccy u konmuyectBo HCI B micxoHOM pacTBope:

_m(HCl),,
p(HCD), , = V(HCl)

m(HCI), = p(HCI), - V(HCI)
m(HCI),  =109-100 =109 (r),

p-p’

oHeh = —HED 1000,
m(HCI) _
HCI) - w(HCI
m(Hc) = MHED,., - o)
100%
. 0,
m(Hcl) = 202-1843% _ 54 589 (n),
100%
n(Hct) = MHCD.
M(HCI)

M(HCI) =1 + 35,5 = 36,5 (r/mo1),
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20,089
n(HCl) = ==

= 0,55 (moub).

CocTaBHB MPOMOPLUIO IO YpaBHEHHIO peakuuu (1), momy4yrm, 4To Ha pEaKiuio
¢ 0,55 Mo HCI mHeo6xoaumo 0,55 mons KOH.

Omnpenenum KOJMYECTBO U MacCy THAPOKCHIA KaJlWs, OCTABIIErOCs B Pe3ylib-
TaTe mpoTekanus peakun (1):

n(KOH) , =0,00179-x —0,55 (momns),
n(KOH) = M,
M(KOH)

m(KOH) = n(KOH) - M(KOH),

m(KOH)__. =(0,00179-x—-0,55)-56 =0,1-x —30,8 (1).
OmpenenyiM Maccy MOJIYYEHHOTO PacTBOpA:

m(p —pa), =x+109 ().

3anumiem BeipaxkeHue i MaccoBoit goaun KOH B mosryaeHHOM pacTBope:

o(KoH) = MK 10006,
m(p - pa),
o(KOH) = 21X =398 10006 = 30,

X +109
PemumB 310 ypaBHeHHE, MOTyduM, 4To X = 486,71 1.

3. Cwmecwv smanana u nponanansa maccou 19 e nonnocmoio npopeazuposana c
UBOBIMKOM AMMUAYHO20 PACMBOPA OKCUOA cepebpa, npu 3mom obpazosaiocs 86,4 2
ocaodka. Onpedenume MOIbHbIE OO0AU IMAHANA U NPONAHANIS 8 UCXOOHOU cMecu U
maccy 8000pooa, Heobxooumozo 0/l NOJHO20 B80CCMAHOGIEHUS. 8eecms 6 MOl
cmecu.

Imanwvl peuteHus.

3anuiineM ypaBHEHUS PEeaKIIUi:
tO
CH3—CHO + 2[Ag(NH53),JOH —> CH3;~COONH, + 2Ag + 3NH; + H,0 (1),
tO
CH3—CH,—CHO + 2[Ag(NH;3),JOH —> CH3-CH,~COONH, + 2Ag + 3NH; + H,0
(),
CH;3-CHO + H, —"2*25 CH,-CH,~OH (3),
CH3—CH,—CHO + H, —“22 5 CH,CH,~CH,—OH (4).

HYCTB KOJIMYECTBO 2TaHAJJIA B HCXOHHOﬁ CMCCH PABHO X MOJIb, @ KOJIMYECTBO
npomnaHajsl — Y MOJIb, TOrZla BBIPAXKCHHUC IJIsI MACChI I/ICXOI[HOI\/’I CMECHU MOKHO 3aIin-
caTh CIEIYIOUIUM 00pa3oM:
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HUAM

m(cm) = M(CH; —CHO) - x+ M(CH; - CH, —CHO) -y,

M(CH3;—-CHO) =12-2 + 1-4 + 16 = 44 (r/momb),

M(CH3;-CH,—-CHO) =12-3 +1:6 + 16 = 58 (r/moib),

m(cmecn) =44-x+58-y =19 ().

Jliis HaxoXAeHHus KojaudecTBa ocaaka (AgQ) cocTaBHM MPOMOPIHHU O YpaBHE-
peakiuii (1 u 2). B pe3ynpTaTe pacueroB MOJYYHM, YTO KOJUYeCTBO A( IO

ypaBHeHHIO peakiuu (1) paBHO (2:X) Moib, a Mo ypaBHeHHIO peaknuu (2) — (2-Y)

MOJIb.

Onpenennm Maccy ocaaka (AQ):

m(Ag) = N, (Ag) - M(Ag),

M(Ag) =(2-x+2-y)-108=(x+Yy)-216=86,4 (1).
CocTaBUM CHCTEMY YPAaBHCHHIA U PEIIUM €¢:

44 .x+58-y=19;

{(x +Y)-216 =86,4,

x=0,3;
y=0,1.
Haﬁ,Z[CM MOJIBHBIC JOJIU 3TaHAJIA U IIpoIiaHaJIsl B HCXO,HHOﬁ CMECH.
+(CH, —CHO) = n(CH, — CHO) x100%,
n(CH, — CHO) + n(CH, — CH, — CHO)
4(CH, —CHO) = —2% _100% = 75%,
0,3+01

%(CH, — CH, — CHO) =100% — % (CH, — CHO),
7(CH, — CH, — CHO) =100% — 75% — 25%.

OHpC,Z[CJ'II/IM KOJIHMYCCTBO U MAacCCy BOJOPOAA, HCO6XO,Z[I/IMOI‘O JJIA II0JTHOT'O BOC-

CTAHOBJICHUA dTaHAJIA W IIpOoIIaHalld, JJIs1 9TOIr0 COCTaBUM IIPOIMOPHHU 11O YPAaBHCHU-

sM peakiui (3 u 4):

n(H,)=0,3+01=0,4 (momb),
m(Hz) = n(Hz) ) M(Hz) ,
m(H,)=0,4-2=18 (1).

4. Haeecxy mexnuueckoeo xaopuoa oapus maccou 4,2403 2 pacmeopunu 6

meprotl konoe emecmumocmoio 100,00 mr. K 10,00 mn noayuennoco pacmeopa npu-
oasunu 40,00 v 0,1320 M pacmeopa numpama cepeobpa. Ha mumposanue uzovimxa
Humpama cepeopa ovlio uspacxooosaro 15,00 mz 0,0991 M pacmeopa dpomuoa xa-
qus. Onpedenume mMaccogyro 000 npumeceli 8 MexXHUYecKoM Xaopuoe dapus.

Imanwvl peuteHus.
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3anuiieM ypaBHEHHS peaKiHii:
BaCl, + 2AgNO; —> 2AgCl| + Ba(NO;),,
AgNO; + KBr — AgBr| + KNOs.
IIo 3aKOHY ODKBHBAJICHTOB I1O0JIYYHUM, qTo.
n(/2BaCl,) =n(AgNO,) —n(KBr),
m(BaCl,) _ c(AgNO,)-V(AgNO,), , B c(KBr)-V(KBr),
M(1/2BaCl,) 1000 1000 '
Macca BaCl, 8 10,00 mu pactBopa OyneT paBHa:

c(AgNO,)-V(AgNO c(KBr) - V(KBr
m(BaCIZ) _ ( g 3) ( g 3)p*p . ( ) ( )p—p M(l/ZBaC|2),
1000 1000
m(BaCl. ) = (0,1320 +40,00 0,0991.15,00j 104123 = 03950 (1),
1000 1000
Macca BaCl, 8 100,00 mi1 ucxogHOro pactBopa OyAeT paBHa:
100,00

m(BaCl,) = 0,3950 - ———=3,950 (r).
(B2Cl,) 1000 = 3950 ()

Haitnem maccoByto nomto BaCl, B Texandeckom xiopuse Gapus:
m(BaCl,)
m(BaCl,)

o(BaCl,) = >0
4.2403

1

»(BaCl,) = x100%,

TEXH

x100% = 93,15%.

Haiinem MaccoByro OO MPUMECEN B TEXHHUECKOM XJIOpHUIe Oapusi:
o(mp) =100% — o(BacCl,),
o(p) =100% —93,15% = 6,85%.

5. Ilpu cruseanuu 40 mn pacmeopa consinou kuciomst (¢(HCI) = 1,25 monw/n)
u 80 mn 8,28%-20 pacmeopa cudpoxcuoa nampus ¢ nromuocmoio 1,09 o/mn evioenu-
nocw 2,8 xk/lc mennomol. Onpedenume meniogou d¢hghekm peaxyuu Heumpaniuzayuu
(6 K/[orc/mob).

Imanvl peuteHus:

3anuiemM ypaBHEHHE pEaKliy HEUTpaTH3aIlim.

HCI + NaOH — NaCl + H,O + Q (1).

Haiinem maccy u konmdyectBo NaOH B pacTBope:
m(NaOH)
V(NaOH)

m(NaOH) _ =p(NaOH)  -V(NaOH)

p(NaOH) =

77

https://www.twirpx.org & http://chemistry-chemists.com



m(NaOH) _ =1,09-80=87,2 (r),

o(NaOH) = —(NaOH) 5006,
m(NaOH),
m(NaOH)_ - ®(NaOH
m(NaOH) = ( )or, O ) ,
100%
. 0
m(NaOH) = 87,2-8,.28% _ 7,22 (r),
100%
n(NaOH) :M’
M(NaOH)
M(NaOH) = 23 + 16 + 1 = 40 (r/mou),
7,22

n(NaOH) = 0 0,18 (moib).

Haiinem xonuaectBo HCI B pactBope:
¢(HCI) = M’
V(HCI),

n(HCI) = c(HCI) - V(HCI) __,

n(HCI) =1,25-0,04 = 0,05 (mob).

CocTaBUB NPOMOPIIMIO IO YPaBHEHUIO peakiuu (1), moaydum, 4To Ha PEaKIHio
¢ 0,05 moxp HCI seo6xonumo 0,05 moxas NaOH.

[Tockonwky 0,05 momb (HE0Ox01MMO) < 0,18 MOJIB (1aHO IO YCIIOBUIO 3a7a4H),
to NaOH naxoautcs B n30bITKe 110 oTHOIIeHHIO K HCI.

JIis HaXOKIEHUS TEIIoBOro 3¢¢ekra peakiuu HEHTpaau3allid COCTABHM

MPOTIOPIIMIO 10 ypaBHEHHIO peakiinu (1) OTHOCHUTENBHO BEIIeCTBa B HEAOCTATKE, T.€.

o HCI:
Q= % =56 (x/[>x/MoIB).

4.4.2. llpakTHYecKue 3a1aHUs

1. B namu npobupxax Haxo0samcs 600Hble paAcmEopbl UHOUBUOYATbHBIX COJlEl —
cynvpama yunka, cyrvgpama amomunus, cyivgpama meou (1), cynogpama sncenesa
(1) u cynvgpama nuxens (11). Ucnonwsys umerowuecs na cmone peakmugol u 060py-
0osanue, onpederume cooepacumoe Kaxcoou npooupxu. Hanuwume ypasnenus xu-
MUYECKUX peakyuti ¢ pacmeopamu. amMMuarka u 2uOpoKCcUOa Hampus.

Peaxmuswt: NH;-H,O, NaOH (p-p).

Qobopyodosanue: wmamus c npooUpKamu, NUNEmKu.

Imanwvl peuteHus.
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VYpaBHEHHs BCEX XUMUYECKUX peaKkuil ¢ HepocTaTkoM pacTBopa NHj:

ZnSO4 + 2NH3-H0 (yepoery —> ZN(OH)2] + (NH4)2S0,,

Zn* + 2NH3-H,0 (ieroery —> ZN(OH), | + 2NH,",

OO6pazyetcst Oemnblif CTYICHUCTBIA 0CaI0K;

Al5(SO4)3 + 6NH3-H20 (yenoery —> 2AI(OH)3| + 3(NH,4)2S04,

AP*+ 3NH3-H20 (uenoer) = AI(OH) 3]+ 3NH,",

OO6pa3zyetcs Oenblil CTYIEHUCTHIN 0CaIOK;

CuSO4 + 2NH3-H30 (yepoery = CU(OH)2 | + (NH4)2SOy,

CU”* + 2NH3-H,0 (uegoey —> CU(OH),| + 2NH,",

O6pa3zyercs roiay0oi ocaioxk;

Fe,(S04)s + 6NH3-H20 (ienocry —> 2Fe(OH)3] + 3(NH,)2SOy,

Fe** + 3NH3-H,0 (uex0e) = FE(OH)3 |+ 3NH,",

Oo6pa3zyetcs Oypblil 0CaI0K;

NiSO4 + 2NH3-H20 (4en0ery —> NI(OH)2 | + (NH,4)2SO,.

Ni* + 2NH3-H,0 (uen0er) —> Ni(OH),| + 2NH,",

OOpasyeTcst CBETIIO-3€JIEHBIN 0CaOK.

B u30bITKE pacTBOpa aMMHaka MPOUCXOIUT PACTBOPEHHE OOPa30BaBIIMXCS
panee ocankoB ZN(OH),, Cu(OH), u Ni(OH), ¢ oOpa3oBaHreM KOMILJICKCHBIX CO-
€VHCHUN:

Zn(OH); + 4NH3-H,0 (4569 —> [Zn(NH3)4](OH), + 4H,0,

Zn(OH); + 4NH3-H,0 (5 —> [Zn(NH3)4]*" + 20H™ + 4H,0,

OO6pa3zyetcs OeclIBETHBIN PacTBOD;

Cu(OH); + 4NH3-H,0 (4550 — [Cu(NH3)4](OH), + 4H,0,

Cu(OH);, + 4NH3-H,0 (456) — [Cu(NH3)4]** + 20H™ + 4H,0,

OOpasyeTcst pacTBOP BaCHJIBKOBOTO 1[BETA,;

Ni(OH), + 6NH3-H,0 (1550 — [Ni(NH3)6](OH), + 6H,0,

Ni(OH), + 6NH3-H,0 (1.5 —> [Ni(NH3)s]*" + 20H™ + 6H,0,

OO6pa3zyeTcs pacTBOp CUHETO IBETA.

VYpaBHeHHs BCeX XUMUUYECKUX peakluil ¢ HerpoctatkoM pactBopa NaOH:

ZnSO4 + 2NaOH (yep0ery —> ZN(OH)2| + Na,SOy,

Zn*" + 20H" (uenoery —> ZN(OH)2 |,

OO6pazyetcst Oemnblif CTYICHUCTBIA 0Ca0K;

Al3(SO4)3 + 6NaOH (yep0ery —> 2AI(OH)3| + 3Na,SOy,

Al 4 30H" (menocr) — AI(OH)Sla

OO6pa3zyetcs Oenblil CTYIEHUCTBIN 0CAIOK;

CuSO, + 2NaOH (yez0ery = CU(OH), | + Na,SOy,

CU”* + 20H™ (uenoer) —> CU(OH)2,

O6pa3zyercs roiny0oi ocaiok;
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Fe,(SO4)3 + 6NaOH (ep0e) —> 2Fe(OH)3| + 3Na,SOy,

Fe®" +30H" (uenoey —> Fe(OH)3l,

Oo6pa3zyetcs Oypblif 0CaIOK;

NiSO,4 + 2NaOH (ep0ey —> Ni(OH)2| + Na, SOy,

Ni* + 20H" (o) —> Ni(OH),,

OO0pa3zyeTcs CBETI0-3€JIE€HBIN 0CaJI0K.

B u36siTke pactBopa NaOH mpouncxoaut pacTBOpeHUE CIETYIOMIMX OCaJAKOB —

Zn(OH), u Al(OH)3 ¢ obpazoBanreM KOMIUICKCHBIX COCTMHECHUI:

Zn(OH), + 2NaOH ;5 —> Nay[Zn(OH)4],

ZNn(OH), + 20H (.5 — [Zn(OH),]7,

OO6pa3zyeTcs OeclBETHBIN PacTBOD;

Al(OH)3 + 3NaOH ;55 — Naz[AlI(OH)g¢],

AI(OH)3 + 30H (.5 —> [AI(OH)s]%,

OOpa3zyeTcst OecIBETHBIN PacTBOP.

Bmecmo xomnnexcnozo coeounenus cocmasa Naz[Al(OH)g] maxoce oonycka-

tomest Na[AI(OH) 4] u Na[AI(OH)4(H,0),], a smecmo Na,[Zn(OH)4] — Na[Zn(OH);]
u Na[zn(OH)g(Hzo)g]

2. B uemvipex nponymeposanHuix npoodUpKax Haxoo0amcs 600Hble pACMEOpbL.
® anbOyMUHA,
® Kpaxmana;
® C2/IIOKO3bl,
® Ciuyepuna.
Hcnonvzys monvko ceexcenpuecomosnennviii cuopokcud meou (1), onpedenume

cooeparcumoe Kaxcoou npobupku. Hanuwume ypasnenus xumuyeckux peaxyu.

Peaxmuenwt. CuSO, (p-p), NaOH (p-p).
Qobopydosanue: wmamus c npooUpKamu, NUNemKu.

(3adaua u ee peuienue ObLIU COCMABIEHbI NPENOOABAMENAMU OUONO20-

xumuueckozo axyrvmema Meanosckoeo 20cy0apcmeeHHo20 YHugepcumema).

Omanwl pewrenus:

YpaBHeHHe peakiuu oopa3oBanus ruapokcuaa meau (11):

CuSO, + 2NaOH — Cu(OH),| + Na,SO,

(oOpazyercst 6€510-Toy00 0caIoK).

C pactBopoM anbOymuHa ruapokcua meau (1) maet puoaeToBoe okpanirBaHue

(buyperoBas peakiusi Ha NENTUIHYIO CBSI3b):
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A—HN-CH—C—HN—CH—C—HN —CH—C—~
R, O R, O R, O
KCTOHHAas (bopMa IIoJIMIICrnTuaa

l

A =N-CH—C=N—CH—C=N—CH—C—~
R, OH R, OH R, OH

eHoJIbHas GopMa IOJIUTIEIITH A

lCuz"; NaOH

Ffl C|)_ Ffz cu) Ff3 I
AA—HN-CH—C=N—CH—C—N—CH—C—~~

C

AA—HN-CH—C—N—CH—C=N—CH—C—~
R, O R O Ry O
OWNYpEeTOBBIN KOMILIEKC MeAu (HOJIETOBOTO I[BETa
C pacTtBOpOM TiMIieprHa (MHOTOATOMHBIN ciiupT) Tuapokcu meau (I1) maer cu-

HCC OKpalllMBAHUC.

H—
CH,-OH CH,-0 O-CH
2 H-O é: ) Cu< 2
2 CH-OH + H-O/Cu —> CH-O <H O-CH +2H,0
H,-OH H,-OH H,-OH

C pacTBOpPOM TITIFOKO3bI (MHOTOATOMHBIN CIUPT, ajibaeru) ruapokcu meau (1)
CHavaJja JaeT CUHEe OKpalllMBaHUE, 3aTeM MPU HarpeBaHUU MPOTEKAET KAYECTBEHHAs

peakiys Ha allbJETHIHYIO TPYIITY ¢ oOpa3zoBanueM xentoro ocaaka CUOH u kpacHo-
ro ocajka Cu,O:

0 0
CH C0OH
H——0H H——OH
O cuon o=~
+
H—oH UuOH); ——> hlon * 2 CuOH + H,0
H——0OH H——OH
CH,;OH CH,OH

2CUOH —~ Cu,0 + H,0.
[pu nHarpeBanuu ruapokcuna meau (I1) ¢ pactBopom kpaxmarna BUJUMBIX H3Me-
HEHUH HE IPOUCXONUT, IIPU JUIMTEIBHOM HarpeBaHUU UAET Pa3IoKEHUE THAPOKCUIA
Ha COOTBETCTBYIOIIMI OKCUJ U BOLY:

Cu(OH), —~» CuO + H,0.
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45. lar V (3adayu u ux pewerus npedcmasisaiom cooou 3a0anus OJUMNUAO Pa3-
HbIX Jlem OJisl CMYOeHmMOo8 XUMUKO-MeXHoI02uieckux cneyuaivnocmei BY308, mek-
Cmbl 34044 U UX peueHutl NPUSOOSIMCsL C USMEHEHUSIMU U YIMOYHEHUSMUL)
4.5.1. TeopeTnueckue 3aaHusl
IIpuMmepHbIe 3a1aHusA

1. Ha uawkax eecos ypasHoseuienvl 08a cocyod, 8 Komopule Halumvl pagHvle
00BeMbl 00H020 U MO20 JHce Pacmeopa CONAHOU KUCIOMbL. B 00uH u3z cocyoos Hacwl-
nam 1 2 mena. Cxonvko HYsHcHO 006agums KapooHama bapus 8 0py2ou cocyo, 4mo-
Obl pagHogecue 8eco8 He HapYUULOCh?

Imanwvl peuteHus.

YpaBHEHUS PEAKLINI:

CaCOj3; + 2HCI = CaCl, + H,0 + CO,,

BaCO; + 2HCI = BaCl, + H,0 + CO,.

Macca pactBopa yBenmumnBaeTcs 3a cueT podasieHust CaCO; u ymeHbIaercs
3a cuet Beigenenus COs,:

Am =m(CaCO,) -m(CO,),
m(CaCoO,)
M(CaCO,)’

n(CaCoO,) = i = 0,01 moub,
100

n(CaCoO,) =

n(CO,)=n(CaCoO,) =0,01 momns,

m(CO,) =n(CO,) - M(CO,),

m(CO,) =0,01-44=0,44 (1),

Am=1-0,44=0,56 (7).

1 r kapOoHaTa KaJbIHs JaeT yBeTUYeHne Macchl pacTBopa Ha 0,56 r, criegoBa-
TEJIBHO, Macca J00aBICHHOTO KapOoHaTa Oapus Takke JOJHKHA YBEIUYUTH Maccy Ha
0,56 r. Ilycth Macca nqo6aBiaeHHOTO KapOoHaTa Oapus paBHa X T, TOTa
m(BaCO,)

(BaCO,) M(BaCO,)

n(BaCoO,) = % MOIJIb,

X
n(CO,)=n(BaCoO,) = o7 MOJTb,
m(Coz) = n(Coz) ) M(COZ),

m(CO,) = 1917 [44=0,223-% (1),
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Am =m(BaCO,) - m(CO,) =0,56 (r).

CocTaBUM MaTeMaTHIECKOE YpaBHEHUE!
x—0,223-x=0,56.

PemmB »To ypaBHeHue, mosrydumM, 4to X = 0,72 .
3Ha4uT, Mmacca kapOoHara Oapus Oyaet paBHa 0,72 1.

2. Hcnonvsys mepmoxumuieckue ypagHeHus
1) FeS; o) = FeS o + S (ous), 4H1 = 62,8 ke,
2) 2S (ows) = S22y AH, = 127,6 x/onc,
3)S; ) +20;, ) =280, (), 4H3 = - 721,4 k/{oc,
4) 4FeS () + 70, () = 2Fe,03 () + 4SO, ), 4H, = — 2430,4 k/]xc,
onpeoenume:
a) sHmanvnuto okucienus 1 monv nupuma;
6) snmanvnuio oopasosanus SOy ) no peakyuu S (o) + Oz ) = SO2 ()5
8) 0bwuil cocmas u 0b6vem 2a3080U cmecu, NOJyYeHHbll npu obocuzce 4 monw
nupuma 6 1232 1 6030yxa (npunsmoe, umo 6030yx cooepaxcum no oowvemy 20% rucno-
pooa u 80% azoma, 06vem 6030yxa yKazam 6 nepecueme Ha HOPMATbHbLE VYCIO0BUSL).
Imanvl peuteHus:
Paccunraem sHTanpnmi0 okucieHus 1 Mons mupuTa 1o 3akoHy ['ecca, s 3To-
IO 3aMUIIEM UCXOIHbIE TEPMOXUMHYECKHE YPAaBHEHHUS B CIICIYIOIIEM BHIC:
(1) 4FeS; () = 4FeS () + 4S (ous), 4-AH1,
(2) 4S (pows) = 2S2 (1), 2-AHo,
(3) 2S; () + 40, (y =4S0; (), 2-AHj,
(4) 4FeS () + 70, () = 2Fe,03 () + 4SO, (), AH,.
[Tpu cnoxxennu ypasuenuii (1), (2), (3) u (4) nonygaem ypasaenue (5):
4FeS; (o + 110, () = 2Fe,03 () + 8S0; (), AHs,
AHs =4-AH, + 2-AH, + 2-AH3 + AH, = — 3366,8 xJ[x/MO0J1b.
3HAUYUT, SHTAJIBIHUSA OKUCICHUs 1 Moib mupuTa OyAeT B 4 paza MEHbIIE, YeM
AHs, T.e. 6ynet paBHa 841,7 kJ[>x/mMoib.
Paccunraem sHranenuio obpaszoBanus SO, ) mo 3akony I['ecca, mmnst 3Toro
CIIO’KUM MCXOJIHBIE TePMOXUMHUYECcKUe ypaBHeHU (2) u (3), monyunB ypaBHeHue (6):
2S pows) T 207 ) =280, (1, AHs,
AHg = AH, + AH3 = 593,8 x/[>x/M011b.
[TockonbKy SHTANBIHS 00pa30BaHUSI OTHOCHTCSA B 1 MOJIb HCXOTHOTO BEIIECT-
Ba, TO SHTaNbIUA 00pazoBanus SO, ) Oyzer B 2 pasa MeHblue, ueM AHg, T.e. Oyner
paBHa 296,9 kJI>x/MoJIb.
B 1232 n Bo3myxa Oyaer conepxkarbes 246,4 1 xucnopona u 985,6 1 asora.
Jnst cxxuranust 4 moute impuTa 1o ypasHenuto (5) tpedyercs 11 mons (246,4 i) xu-
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CJIOpPOJIa, TIOATOMY BECh KHCIIOPOJ, COAEPKAIIHMIACST B BO3AyXe, BCTYIUT B PEAKIUIO
0e3 ocratka, npu 3ToM obpasyercs 8 moinb (179,2 ) SO,. Takum 0Opa3zom, OOIIHIA
00beM ra3zoBoit cMecu OyzaeT paBeH 985,6 m + 179,2 1 = 1164,8 .

3. Ilpoxanume ...(1)... kaws u ommemvme GvlOeicHUE 2A3000PAZHOCO NPO-
oykma. Pacmeopume cyxou ocmamox 6 6ode u 0obasbme HeMHO20 pa3da6ieHHOU
ceprotl kuciomel. Ommemvme noseienue ¢ pacmeope ...(2)... ygema gewecmsa (npu
oxnaxcoenuu 0o memnepamypul Hudxice 0°C), npedcmasngiowe2o coboli KUCTOMHbILL
oxcuod, coomsemcmayowuil ...(3)... kuciome. Obvschume o0bpazosanue HAO pac-
MBOPOM NPU KOMHAMHOU memnepamype oonauxa ...(4)... yeema.

Bcmasbme nponywennvle cnosa u Hanuwiume ypagHeHus COOMEemcmeayiouux
peaxyui.

Omanvl pewteHus.

OcTaTok mociie MPOKAIMBAHUS KaJTMEBON COJIM MPEACTABISIET COOOM TOXKE Ka-
aueBast cosib. COOTBETCTBYIOIIAsl €l KUCIIOTa, KOTopas B cpezie pa30aBieHHON cep-
HOM KHCJIOTHI NPU OXJIAXKIEHUU 10 Temreparypbl Hrxke 0°C npeBpaniaeTcs B OKCHJ,
JOJHKHA OBITH C1a00M KUCIOTOM. JJaHHBIM YCIOBHSIM TIOJTHOCTBIO YTOBJIETBOPSIET OK-
cun N,Oj3 romy6oro 1Beta (2), KOTOpOMY B PEaKIUAX KUCIOTHO-OCHOBHOTO B3aMMO-
neicTBus cooTBeTcTBYeT a3otuctas kuciora HNO; (3). IIpu stom okcua N,O3 moc-
TATOYHO HEYCTOWYUB U YK€ MPHU 0ObIUHBIX ycnoBusax pasnaraercsa Ha NO u NO,, mo-
ATOMY HaJl paCTBOPOM B MOMEHT JOOABJICHHS CEPHON KUCIIOTHI MOSBISETCS 00JIaYKO
Oyporo 1Bera (4). Mcxomuoii conbio siBisiercst HuTpat kamust KNO;3 (1).

YpaBHEHUS PEAKLINI:

2KNO; —— 2KNO; + O,,

ZKN02 + H2804 — K2804 + N203 + Hzo (HpI/I t<0 OC),

N203 — NO + N02

4. Oobpazey meoHo-yunK08020 cniasa coodepicum 26 e meou. Eciu usmens-
yennwvili oopaszey oopabomams 100 2 14,6%-20 pacmeopa consanoti kuciomsi, mo
npoyenmHoe cooepaiicanue YUHKA 68 Npunoe NOHUUMCS HA CMOIbKO dice, eciu Obl 8
cniag oononumenvuo egenu 13 2 meou. Onpeodenume npoyeHmHulll COCMA8 CHIA8A.

Omanvl pewteHus.

Zn + 2HCI| — ZnCl, + H,.

m(HCI),_, - o(HCI)

100%
. 0
m(HCI) :—100 14,6% =14,6 (1),
100%
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m(HCI)
M(HCI)’

n(HCI) = % =0,4 (monp),

n(HCI) =

n(Zn) = 0;24 =0,2 (Moib),

m(Zn) =n(Zn)-M(Zn),
m(Zn)=0,2-65=13 (1).
[IpuHsB Maccy IMHKA 32 X T, MO’KHO COCTaBUTh CJIEAYIOIIYIO TaOJIHILY:

OTHocUTEIbHOE
Macca nunka, r | Macca cnjiaBa, r
coJep:KaHue INHKA
Hexonmbii X 26 + X x/(26 + X)
CILIaB
Cnnag mocae X—13 13 + (X = 13)/(13 + X)
00padoOTKN KUCJI0TOM
Cnnas mocae X (26 + 13) + X X/(39 + X)
JX00aBJICHHUS Meau

CocTaBUM MaTeMaTHIECKOE YpaBHEHUE!

x-13 X

13+x  39+X

PemmB »To ypaBHeHHE, moyduM, 4To X = 39 .
MaccoBble 10711 KOMITOHEHTOB CILTaBa:

ozn) =—1E) 1000,
m(Zn) + m(Cu)
o(Zn) = —) % 100% = 60%,

26 +39
®(Cu) =100% — »(Cu),
®(Cu) =100% — 60% = 40%.

5. Ilpu pacmeopenuu oxcuoa HeKOMopo2o Memaia 6 cmeneHu OKucieHus +2
6 Heobxooumom obveme 40%-20 pacmeopa ceproii kucromol noayyuncsa 45,18%-ii
pacmeop e2o coau. Onpeodenume, OKCUO KAKO20 Memania Ovll 63am 0Jisl pacmeope-
Hus?

Omanvl pewenus:

YpaBHEHHUE peakuu:
MeO + H,SO4 — MeSO, + H,0.
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[Tpeamomnoxum, uTo ObLT B3AT 1 MOJIH OKCHAA METAJIIA, TOTA IS PEAKIINH T10-
tpeOyercst 1 monb cepHoii kucioTel (98 r), koTopsiii OyaeT comepxkarbes B 98/0,4 =
245 r pactBopa. [Ipu 3ToM B pacTBope noayuutcs 1 mosb coau maccoi (M(Me) + 32
+ 64) r, a Macca Bcero pactBopa OyJIeT paBHa CyMME MacC HCXOJHBIX BEIICCTB
(M(Me) + 16 + 245) r. 3anuceiBacM BBIpaKEHUE JIJIT MAaCCOBOM JI0JIU CyibdaTa Me-
Tajjia B IOJYyYEHHOM pacTBOpe U mpupaBHuBaeM k 0,4518.

PemuB 310 ypaBHenue, noixyuum, uro M(Me) = 40 r/mouib.

Takum oOpa3om, HEM3BECTHBIN 1eMeHT — Kabinid (Ca).

6. B kpocceopde 3auwiugposanvl pycckue HA36aHUS INEMEHMOB, U36ECTNHBIX
yenogeuecmsy ¢ opesHetuux epemen. Mcnonwv3ysa noockasku, pazeaoaume HA36aHUs
INIEMEHMO8 U 0I5l KAXHCO020 U3 HUX CPeoU NPeoCmasieHHbIX YPAGHEeHUU Peakyull Hati-
oume 00HO Nooxoosiuee.

Ilo ropusonTanu:

1. Cynbdun 3T0r0 MeTamia «IIOBHHEH» B MOTEMHEHUHU CTapbIX KapTHH, U3 3TO-
ro MeTajljia OTJIMBAOT 3HAUUTENbHYIO YaCTh OXOTHUYbEH JPOOU U MYJIb.

2. «XKunkoe cepedpo».

5. 13 aroro Mmerasia ObulM clienaHbl MyTOBUIIBI HA MyHAupax apmuu Hamone-
OHa, KOTOPBIA HE MOT IPENOJararth, 4YTO PyCCKHUE MOPO3bI MPEBPATIT 3TH MPOYHBIE
U OJecTsIIMe MyTrOBUIIbI B HEB3PAYHBIN CEPhIil MOPOIIOK.

6. B apeBHEpYCCKOM M CTAapOCIaBSHCKOM SI3bIKaX HA3BaHHME JTOTO AJIEMEHTa
0003HaYaeT roprovee CoeTMHEHNUE.

8. MeTaii, u3 KOTOpOro eaatoT IT'BO3/IH.

ITo BepTUKaAIN:

1. DToT B51eMEHT UMeeT J1Ba JATUHCKUX Ha3BaHUS, OJJHO U3 KOTOPBIX B IIEPEBO-
JI€ 03HAYaeT «IPOTHUB MOHAXOBY.

3. OKHCh 3TOrO 3JIEMEHTa MCTONb3YeTCs Uil U3TOTOBJICHUS 3yOHBIX IIOMO U
MPOU3BOJICTBA OEIIHIL.

4. I'maBHBINA 3JIEMEHT OPraHUYECKON XUMUU.

7. bnaronapsi ’TOMy 3J€MEHTY 3aKOHUYMJICS KaMEHHBIM BEK 4€JI0BEUECTBA.

9. Haubonee «coBepIIEHHBII» METalI, «1aph METAJUIOBY.

10. MeTann, coryiacHo MOBEPHSIM, BPEIHBIN 1JIs «310pPOBbs» BaMIIMPOB U 000-
POTHEHN.
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10

YpaBHeHHMs XUMHYECKUX PeaKun:

a) XS + 4H,0, — XSO, + 4H,0,

0) X(NO3), + 2KI — Xl,| + 2KNOs,

B) 2XCl; + SO,+ 8HCI — S| + 2H,[XCl¢] + 2H,0,
r) X+ HNO3; + 4HCI| — H[XCI,] + NO + 2H,0,

1) XNO3 + 3NH;3 + H,0O — [X(NH3),]OH + NH4NO3,
e) XCl; + H,O — XOCl| + 2HCI,

x) X(NOj3), + 4KOH — K;[X(OH),4] + 2KNO3,

3) 2XBr; + 3Br, + 16KOH — 2K,X0, + 12KBr + 8H,0,
n) K, X0, + BaCl, — BaX0,| + 2KClI,

K) Al X3 + 12H,0 — 4AI(OH);3| + 3XH,T,

1) X+ 2H,SO, — XSO, + SO, 1 + 2H,0.

Imanvl peuwtenus:

OTBETHI Ha KPOCCBOPI:

1o ropusonTaNIN:

1. CBunen.

2. PTyTh.

5. OnoBo.

6. Cepa.

8. Keneso.

ITo BepTHKaNM:

1. Cypsbma.
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3. [luHK.

4. Yraepog.

7. Menp.

9. 3onoTo0.

10. Cepebpo.

YpaBHEHUS XUMUUECKUX PEAKIIMM:

a) PbS + H,0, — PbSO, + H,0,

0) Hg(NOs3), + 2KI — Hgl,| + 2KNO3,

B) 2SnCl; + H,SO3; + 8HCI — S| + 2H,[SnCl] + 3H,0,

r) Au+ HNO; + 4HCI — H[AuUCl,] + NO + 2H,0,

1) AgNO; + 3NH;3; + H,0 — [Ag(NH3),]JOH + NH,NO3,

e) SbCl; + H,O0 — SbOCI| + 2HCI,

x) Zn+ 4NH;3 + 2H,0 — [Zn(NH3)4](OH), + H,,

3) 2FeBr; + 3Br; + 16KOH — 2K,FeO, + 12KBr + 8H,0,

n) K,SO, + BaCl, — BaSO,| + 2KCl,

k) Al,C3 + 12H,0 — 4AI(OH)3;| + 3CH,T,

1) Cu+ 2H,SO, — CuSO, + SO,1 + 2H,0.

[TosicneHust (11 HEKOTOPBIX PEAKIUN BO3MOXKHO HECKOJBKO BapHAHTOB, HO
TIOJIHBIM IPaBUJIbHBIA OTBET TOJIBKO OJWH):

a) 3aMeTHM, UTO B 3TOM pEaKLUU CTETIEHb OKUCIICHUS 3JIeMeHTa paBHa +2. U3
IpeIoKeHHOro Habopa 3inemenToB noaxoaat Pb, Hg, Sn, Fe, Zn u Cu. Cynsdumsr
MeIH U PTYTH OKUCIATbCA HE OyAyT coBceM, a B ciay4ae Fe u Sn momyuarcs cynbda-
o1 (I11) u (IV). [Togxomsar Pb u Zn.

0) CteneHb OKHMCJICHHS Ta K€, YTO U B MyHKTE a). SN, Fe u ZNn He ya0BIEeTBO-
PSIOT ATOM peakiuu, T.K. y HUX pacTBopuMbl ioausl, woaua Cu(ll) e cymectsyer,
noaromy octatorcs Pb u Hg.

B) Crenenp okucnenus + 2 u +4. U3 mpencraBieHHOro Habopa MOAXOAMT
TOJIBKO SN.

r) Crenens okucienus +3. [Toxxoxsar Fe u Au.

n) Crenens okucienus +1. I3 Habopa moaxoaut Toyibko Ag.

¢) CtenieHb OKHMCICHHs +3 U U3 PACTBOPA BBIMAJAIOT OKCOCOJIM — 3TO CypbMa,
Sb. Fe He npoxoauT, MOCKOJBKY OyayT 00pa30BhIBATHCS THIPOKCOXIOPHU/IBI.

) MeTannoB, JaronuX MPOYHbIE KOMILIEKCH ¢ aMMHUAKOM, B TIPEJICTABIEHHOM
Habope HECKOJIBKO, HO TOJIbKO ZN B peaknuu BoiaensieT Hy.

3) Cteniens okucnenus +3 u +6. M3 Habopa moaxoaut Tonbko Fe.

1) Brimanaromast B 0cazok coiib Gapus sl SJIEMEHTa CO CTETIEHbIO OKUCIICHUS
+6. Takumu 3;1eMeHTaMu MOTYT OBITH S WH Fe.
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k) OOpa3oBaHHe yCTONYMBOT'O BOJIOPOJIHOTO COSAMHECHUS C TAKHM COCTAaBOM U
B TaKOM peakiuv BO3MOXKHO TOJIbKO iist C.

1) Crenens okucieHus +2. 3 mpeaiokeHHOro Habopa 3J€MEHTOB TOAXOSAT
Pb, Hg, Sn, Fe, Zn u Cu. Eciu B cityuae Fe u Sn okucienue moiaer 10 +3 u +4, 10 B
cirygae Pb, Hg, Zn u Cu Takas peakiusi BO3MOKHA.

7. Kakue sewecmaa 00N#CHbL NPOPeazuposams medicoy cooot, ymodwvl noy-
YUUCL MOILKO Clledyioujue nPooyKmvl peakyuu:
1. ... —> NaOH,
...— NaOH + H,,
.. = [Ag(NH;),]OH,
.. = AI(OH); + SO, + NaCl,
.. — Ag + Cl;,
.. — AgCl + CaF,,
— PbSO,,
— PbSO, + Oy,
. — PbSO, + H,0,
.. = PbSO, + NacCl,
.. > K380, + K3[Cr(OH)g],
12. ... - KCI + MnCl, + Cl, + H,0.
Hanuwume ypasnenusi peakyuil, paccmagome cmexuomempuyeckue Kodghgu-

©ooNOE WN

=
= O

Yuenmsl, YKaxjicume yCio8usl npo8eoeHUst Npoyeccos.
Omanvl peutenus:
YpaBHEHHS XUMUYECKUX PEAKIIAM:
. Na,O + H,0 — 2NaOH,
. 2Na + 2H,0 — 2NaOH + H,,
. Ag,0 + 4NH;3; + H,0 — 2[Ag(NH3),]OH,
. 2AIClI; + 3Na,SO; + 3H,0 — 2AI(OH);3 |+ 3SO, + 6NaCl,
.2AgCl —™ 5 2Ag + Cl,,
. 2AgF + CaCl, — 2AgCl|+ CaF,/|,
. PbO + SO3; — PbSO, (B npucyrcTBHM MapoOB BOBI WK ITPU HAIPEBAHHH );
. PbS + 403 — PbSO, + 40,,
9. Pb(OH), + H,SO4 — PbSO, + 2H,0,
10. PbCl; + Na,SO, — PbSO, |+ 2NaCl,
11. K,Cr,07 + 3K;,S03 + 4KOH + 4H,0 — 3K,S0,4 + 2K3[Cr(OH)g¢],
12. 2KMnO, + 16HCl oy — 2KCI + 2MnCl; + 5Cl, + 8H,0.

00 NOo O hWDN P
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8. Ooun uz naubonee y0ooHwviX cnoco608 noayueHus coeounerus A ceooumcs
K nposedeHuro g3aumooeticmeaus mexcoy kpaxmaiom u 50%-ii azommuoil xuciomotii
(006b1uHO npu Hacpesanuu). 1azoeyo cmeco, 0OPaA3VIOWYIOCA 8 X00€e MOl peakyull,
nponyckatrom uepe3 U-00pasnyto mpyoKy, nomMeweHHy0 8 0OXaanicoarouyro cmecsb u3
CoNu U 1604, 8 pe3yibmame 4e20 Noay4aemcs CUHASL Hcuokocms (eeuecmeo A). Ilpu
oxnaxcoenuu nudice 101 °C orcuoxocmv 3ameepoesaem, obpasys cieeka 201y0608a-
mole, noumu decygemmuvie kpucmainwl. Ilpu nacpesanuu eewecmsea A eviute 0 °C cu-
HAS1 OKPACKA HCUOKOCMU CMEHsemcs Ha OYpyio.

Xumuuecku sewgecmso A ouensb akmusHo, SHEPSULHO pedazupyem co werodami,
PazdasIeHHbIM U KOHYEHMPUPOBAHHBIM PACMBOPAMU AMMUAKA, 20pAYell U X0I00OHOU
80001, KOHYEHMPUPOBAHHLIMU CONAHOU U cepHou Kuciomamu. C KUCI0poOoM OHO
szaumooeticmaeyem yoice npu — 10 °C, ¢ medwto — npu nacpesarnuu 0o 600 °C.

Bonpocur:

1. Hanuwwume ypasnenue peakyuu, npomexarowell npu Hazpesanuy Kpaxmaia
(eco popmyny modxcno yenoeno zanucams kak CeHq19Os) 6 50%-1 azomnou kucrome.

2. Hazosume eewecmeo A. Uem 006ycnosieno cmonb 3amemHoe usMeHeHue
OKpaAcKU JHcUoKoeo gewgecmea A Kax npu HazpesaHuu, max u npu OXAaAHCOeHUuu 00
meepoozo cocmosanusa? Jlaiime pazeepHymoiti omeem (YpaeHeHUs peaxyutl, CmpyK-
mypHble popmynol).

3. Hanuwwume ypasnenus ecex peakyuil, ONUCbIBAIOWUX XUMUYUECKYIO AKMUG-
Hocmb A 6 yciosuu 3a0ayu.

4. Bewecmeo b, obpasyioweecs npu pacmeopenuu geujecmea A 6 x0100HOU
800e, umeem 0ge maymomepHvle opmol. OHO maxdice OYeHb PeaKyUuoHHOCHOCOOHO U
JIe2KO 83aUMOOeUCMByem ¢ pacmeopamu uoouodd Kauus, 2uopasuna, 2uOPOKCUIAMUHA
u bpomnoi 8oooti. M3zobpasume cmpykmypHuvle hopmynvl maymomepos eewjecmea b
U Hanuwume ypagHeHUsi YNOMAHYMbIX PeaKyuil, XapaKmepusyrouwux e20 peakyuoH-
HY10 CHOCOOHOCTb.

Omanvl pewteHus.

1. CsH1pO5 + 12HNO3; — 6NO1T + 6NO,1 + 11H,0 + 6CO,1.

2. Okcup azota (I11), a3otucTeiil aHruapua. B KUAKOM COCTOSIHMM M B Iapax
IpU HU3KOW TeMIIepaType MMEET MOJICKYJSIPHYIO CTPYKTYPY, COIEPIKAIyI) aTOMBI
a30Ta B Pa3HBIX CTEIMEHSIX OKHCIEHUS, DJIEKTPOHHBIC MEPEXOAbl MEXIY KOTOPBIMU
00ecreunBaroT ITyOOKYI0 CHHIOK OKPAacKYy:

N,O3 — NO7 + NO, (0ypsrii, pactBop B N,O3).
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B TBepaoM cocTosHuu umeeT nonHoe crpoerue: NO'NO, .

3. 2NaOH + N,03 — 2NaNO, + H,0,

2NH30a56) + H20 + N2,O3 — 2NH4NO,,

2NH3(omy + N2O3 — No1 + 3H,0,

H20 xom0n) + N2O3 — 2ZHNO,,

H20top) + 3N203 — 2HNO; + 4NOT,

2HCl (xouy + N2O3 — 2NOCI + H,0,

2H5S0 4(x0my) + N203 — 2NOHSO,4+ H,0,

O, + 2N,03 — 4NO; (2N,0,),

3Cu + N,O3 —»3CuO + N,1.

4. CTpyKTypHBIE POPMYJIIBI TAYTOMEPOB a30TUCTON KUCIIOTHI:
O OH

N{ N/
\\ \

0
2KI1 + 4HNO, — 2KNO, + 2NO1 + I,| + 2H,0,
N2H4 + HN02 i HNg + 2H20,

NHon + HN02 — H2N202 + Hzo,
Br, + HNO, + H,0 — 2HBr + HNO:s.

9. Kapbonam memanna, cmoswe2o 8 psaody HAnpsdiceruil 00 6000pooa u npo-
ABNAIOWE20 8 CEOUX COCOUHEHUSX CMeneHb OKUceHus +2, pasniazaemcs npu Hazpe-
sanuu 0o 400 °C, npu smom mepsemcs 35,1% nauanvroii maccol obpasya.

Bonpocur:

1. Hanuwume peakyuio paznodiceHus u onpeoenume HeuseecmHbulii Memall.

2. Kax meepowiti ocmamox om pa3znodicenusi 6yoem peazupoéams ¢ KOHYEH-
MPUPOBAHHBIMU PACMBOPAMU CONAHOU KUCTOMbL U Weouu?

3. B omauuue om xapbonama, numpam 3mo2o Memaia MO*cem co0epiHcanmy
PA3HOE KOIUHECB8O MOJEKYNl KPUCMALIUZAYUOHHOU 800bl. [Ipu Hazpesanuu 00HO20
uz maxux xpucmannoeuopamos oo 130 °C on obeszsoocusaemcs, mepss npu 3mom
36,3% wauanvroli maccel. Onpedenume KOIUYECMBO MOJEKVI 800bl 8 IMOM Kpu-
cmaniozuopame.

4. Ecau maxou kKpucmaniocuopam nHazcpems aub 0o 40 °C, mo on niasumcs
u npespawaemcsi 8 800Hbl pacmeop Humpama. Onpederume npoyeumuyio (%),
Maccosyro (2/mn) u MONAPHYIO (MOJIb/MI) KOHYEHMpayuu coau 8 00pa308a8uLeMcsl
pacmeope, nI0MHOCMb Komopo2o cocmagnsem 1,4 2/mn.

5. Koeoa nasecxy 6e3600n020 Humpama 3mozo memasia naepeau 0o 400 °C,
OH NOJIHOCMBIO PA3IoNCUICA ¢ 0Opa3zosanuem 2,16 1 cmecu 2eazos (npu smoti memne-
pamype u oasenenuu 1 amm). Hanuwume ypasuenue peaxyuu pasnoxcenus. Onpeoe-
Jiume Maccy 63amotl HagecKu.

Omanvl pewteHus.
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1. TloTteps mMacchl B peakiuu pasioKeHUsi KapOoHaTa JBYXBAJIEHTHOTO Me-
tayyia npuxoaurcs Ha CO;:
MeCO; —~> MeO + CO,1.
Ha oxcun meranna npuxoasarcs 64,9%, nostomy
M(MeO) 64,9 _1
Me(CO,) 35,11
M(MeO) = 44,0-1,85 = 81,4 (r/moub).
Taxum obpazom, moayuum, uro M(Me) = 65,4 r/MoJIb, a 3IEMEHT — IUHK (ZN).
2. YpaBHEHUS XUMHYECKUX PEaAKIIUNA:
Zn0O + 2HCI — ZnClI, + H,0,
ZnO + 2NaOH + H,0 — Na,[Zn(OH),].
3. Jlus onpeneneHus KOJWYECTBA MOJIEKYJI BOJIbI B KPUCTAJUIOTHAPATE COCTA-

BUM YpaBHCHHUE:
M(Zn(NO,),-nH,0) 189,4+18-n  100%
Me(zZn(NO,),) 1894  63,7%
PermB 310 ypaBHEHHME, MOIyYnM, 94TO N = 6.
Taxum obpazom, hopmyna kpucramtoruapara — ZN(NOs),-6H,0.
4. TlpoueHTHass KOHIIEHTpalus npuBeaeHa B ycmoBuu 3agaun: o(Zn(NO3),) =
63,7%.
MaccoBasi 1 MOJISIpHasi KOHIICHTPAILIMU COJIM B 00pa30BaBIIEMCsl pacTBope Oy-

=157.

IyT PABHBI:

Cuace(ZN(NO3),) =

M = 0,892 (r/mn),
100

Con(ZN(NO3),) = Suace(ZNNO5),)
M(Zn(NO;),)

5. VYpaBHeHHE XMMUYECKOU PEaKIUU:

2Zn(NO3), ——> 2Zn0 + 4NO,1 + O,1.
KonmdecTBo 00pa30BaBIIMXCSl Ta30B MOXKHO OTMPEIEINTh, COTIACHO ypaBHE-

=0,00471 (monb/mi).

Huto Kianepona-Menneneesa:
pv _ 1-2,76
RT 0,082-673
Toraa MosxHO paccuntath konudectBa NO;, u O, 1 Maccy B3ATOW HABECKU:
n(NO;) = 0,04 mouts,

n(0,) = 0,01 mob,

n(Zn(NO3),) = 0,02 mous,

m(Zn(NO3),) = 0,02 - 189,4 = 3,79 (1).

n(rasos) = = 0,05 (moib).
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10. Cpeodu npouux eazos ammuax vioensiemcs c8oell 02POMHOU pacmeopuUMo-
cmoio 8 ode: npu H.y. 1 mn 600v1 cnocoben pacmeopums 1170 mn ammuaxa. Ilnom-
Hocmb obpazylowezocs npu smom pacmeopa cocmasisiem 0,850 2/em®. Pacmeopu-
MOCHb XJI0POBO00POOA MaKi#ce 00CmamodHo evicoxkas. 6 Hacviennom npu 20 °C
pacmeope consnoti kuciomui (p = 1,198 2/em®) eco codepocumes 40% (no macce).

Bonpocwi:

1. Paccuumatime o6vem Xi10po8000pooa (MOI’CHO 8 nepecueme HA H.).), KO-
mopbwiti Ha0o pacmeopums 8 1 M 8600v1 01 noayuenus e2o Hacviuyenno2o npu 20 °C
pacmeopa.

2. Onpeodenume npoyeHmHy10 KOHYEHMpAyuio amMmuaka 6 e20 HACbIUeHHOM
npu H.). pacmeope.

3. Kak peacupyrom medxncdy cobou ammuax u Xxiopoeodopod? Hanuwume
VpasHeHue peakyuu u Hazosume 00pasyrOWUIC NPOOYKM.

4. Onpedenume MaKCUMANbHYIO MACCYy 3MO20 NPOOYKMA, KOMOPYIO MOICHO
ROJYYUUMb, UMesl 8 HAIUYUU ONUCAHHblE 8 3a0aue PACmEOopbl 8 Cledyioujem Koauye-
cmee: T mn pacmeopa ammuaxa u 10 mn pacmeopa conanoii kuciomol. C Kakumu
mpyonocmamu Bam npudemcsi cmoikuymscsi npu npogedeHuu 3mozo npoyeccd, u
Kak Ovl Bul Oeticmeosanu, umes smu ucxoOHvle pacmeopsl U Jiceds NOJAY4ums yno-
MAHYmMbIU NPOOYKm?

5. Hanuwwume ypaeuenus peakyuti, komopwvie Bam npudemcs nposecmu,
YmMoObL NOYUUMb AMMUAK U XTOPOBOOOPOO U3 06pazosasuie2ocs 6 n. 4 sewecmaa.

Omanvl pewteHus.

1. 1 ma Boasr umeet maccy 1 r, mpudem B HackimennoM npu 20 °C pactBope
HCIl ykaszannas macca Boasl cocraBisier 100% — 40% = 60%. OrtHoleHne Macchl
HCI k macce Boabl B 3ToM pactBope coctaBisieT 40% / 60% = 2 / 3, caenoBaTenbHO,
macca HCI, pactBopuBmiasics B 1 r Boabl, paBHa 0,667 r. Koaunuecrso HCl Oyzer
pasuo 0,667 / 36,5 = 0,0183 moub, a 00bem HCI (u.y.) coctaBur 22,4 - 0,0183 =
0,410 i (410 man).

17-1,170

2. B 1 mu Boapl pacTBOpseTCS = 0,888 r ammuaka. [1pu s3ToM Macca

Bcero pactBopa Oyzaet pasHa 0,888 + 1 = 1,888 r, Torna maccoBas 10151 aMMHaKka B
0,888-100%
HEM ————————
1,888
3. NH;3; + HCI = NH,CI (xmmopun ammonus).
4. B 7 mn pactBopa ammuaka coaepxutcs 0,47 - 7 - 0,85 = 2,797 r ammuaxa,

= 47,03%.

2,797 / 17 = 0,165 mons ammuaka. B 10 M pacTBOpa CONSHON KUCIOTHI COAEPKUTCS
0,4-10- 1,198 = 4,792 r xyopoBoxopona, 4,792 / 36,5 = 0,131 mMob XJI0pOBOIOPO-
na. V3 mpencTaBiaeHHBIX pacyeToB JeiaeM BbIBOJ o ToM, uro HCl — B HemocTatke,
NH; — B n30nITKE.

MakcumainbHas Macca xjopuaa ammonus coctaBut 0,131 - 53,5 = 7,0 r. I[lpu

ITOIIBITKC CJIMBAHUA TAKUX PACTBOPOB OoJIbIIIast YacTh xJjiopuaa aMMOHUA TTOJTYUYHUTCA
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B BHJIC JIbIMa, IO3TOMY PACTBOPHI CIEIyET Mepel CIUBaHHEeM pa30aBuTh (Harpumep,
B 10 pa3), a mocJje HeldTpaau3aluy — yrapuTh Ha BOJISHOM OaHe.

5. UtoOBl MOJYy4YWTh aMMHAK, JOCTATOYHO OOpaboTaTh XJOPUJ aMMOHUS
CWJIbHBIM OCHOBaHUEM, a 4YTOObI BEPHYTH JETYYUH XJIOPOBOAOPOJ], HAAO HArpeTh
XJIOPUJIHYIO COJIb C HEJeTydel KHCIOTOW (Hampumep, KOHIEHTPUPOBAHHON CEpHOM
KHCIIOTOH):

NH,Cl + NaOH = NaCl + H,0 + NH;T1,

NH,Cl + H,SO0 4xomyy = NHsHSO, + HCIT.

Paznoxenue xyopuna aMMOHUS TPY HAarpeBaHUU HE MO3BOJISIET «BEPHYTh 00-
paTHO» HCXOJHbIE BEIECTBA, IMOCKOJBKY IMPU OXJAXIACHUU OHH MPOPEarupyroT
BHOBb.

11. Hacvuyennwiii 600HbIU pacmeop yenekucio2o 2asa umeem pH, npumepro
pasuwiil 4 (0asnenue CO, pasno 1 amm, t = 20 °C). Uzsecmno, umo auwe 0,25% om
0buje2o KoIuuecmea 2mo2o 2asa 6 pacmeope HAxoo0umcs 6 gopme y2o1bHolU KUCIO-
mol, a bonee 99% — 6 popme axsamuposanuwix moaexkyn CO,. [Ipoyecc pacmesope-
HUSL Y2NIeKUCI020 2A3ad 8 800€ MOdCen Oblmb ONUCAH Cledyioujeli CUCTNEeMOL NOC1e00-
samenbHblx pasHosecull (Koncmanmol marxoice npusedenwt ons t = 20 °C):

CO; () T H20 < CO; (4001 <> H2COg3,

H,CO; <> H'+ HCO;3 (Ku= 1079,

HCO;™ « H'+ CO3" (K= 5-10"").

Bonpocur:

1. Oyenume xonyenmpayuu cex uacmuy, NPUCYmMCmMVIOUWUX 8 HACLIUEHHOM
BOOHOM pAcmeope YeleKUcio2o 2a3a 6 ONUCAHHLIX YCI0BUSIX U e20 00wy pacmeo-
pumocmo 6 800e (MOJIb/1).

2. Onpeoenume xouyenmpayutro CO, 8 600HOM pacmeope, HAXOOAWEMCS 8
pasrosecuu ¢ 8o30yxom npu t = 20 °C? Oyenume pH maxoeo pacmeopa.

3. Pacnonooicume 5% pacmeopwi crnedyrowux eewecms 6 pso no 603pacma-
HUIO ux cnocobrnocmu pacmeopsamo (noerowams) yenexkucaviti 2az: NHs, NaCl,
NaOH, Na,CO3, KOH, NH4CI, HCI, NaHCO3;. Kakoe mecmo 6 smom psdy saiimem
oucmunnuposannasn gooa? lloscnume mecmo Kaxncoo2o pacmeopa 8 noCmpOoeHHOM
pAoy.

Omanvl pewteHus.

1. Tlokazarenp kucnotHoctu (pH) pactBopa ompeaensieTcss AUCCOIUALIUECH
YTOJIBHOW KHUCJIOTHI O TMEPBOM CTYIEHH, TMOCKOJIBKY KOHCTAHTa JMCCOIMAIMH 10
BTOPOW CTYNEHU 3HAYUTEIHHO MEHBIIIE KOHCTAHTHI JUCCOIUAIIAN TI0 TIEPBOU CTyIIe-
Hu. Clie0BaTebHO, MOKHO MPHUHSATH, YTO KOHIIEHTPAIMK TPOTOHOB M THAPOKapOO-

HAT-MOHOB IpakTHdecku pasuel [H'] = [HCO;] = 10" = 107 mous/m.
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W3 BbIpaXkeHus A1 KOHCTAHTHI pABHOBECHS CIIEYET, UTO
[H,CO,]= [H]-[HCO,] 10™* moub/m,
Kal
Ka, -[HCO5] _
[H']
[Tockoneky B popme H,CO3 Haxonutes 0,25% OT pacTBOPEHHOTO YIIIEKHCIIO-

[COZ 1= K,, =5-10"" moms/m.

ro rasa, ero o01as KOHIIEHTPAIUs B BOJIE COCTaBUT 10/ 10,0025 = 0,04 mob/11.

[CO2 (woun] = 0,04 -2:10"* =510 = 0,04 (Moms/m).

2. Ilo 3akoHy I'eHpH pacTBOPUMOCTH T'a3a B KUIKOCTH MPOIOPITHOHAIIEHA €T0
nasnennto. Conepxkanue CO, B Bozayxe coctapisieT okosno 0,04 %, ero mapiuanb-
HOE JaBJIeHHe cooTBeTcTBeHHO paBHO 4-107" atm. Konmentpaums H,COs; mpomop-
nroHasHO cocrasut 107 - 4-107 = 4-107° momnb/i.

[H'P® = Ka - [H,CO5] = 41077,

[H]=2-107,

pH =5,7.

3. UeM MeHbIIIE KHUCIOTHOCTH PacTBOpa, TeM OoJbllle OyaeT paBHOBECHAs
KOHIIGHTpAIUs THAPOKApOOHAT- U KapOOHAT-WOHOB, COOTBETCTBEHHO 3TOT PacCTBOP
CMOJKET MOTJIOTUTH OOJIbIIE YIIIeKHCIoro ra3a. Psa mo Bospacranuio pH: HCI (cuib-
Hokucias cpeaa), NH,Cl (cmabokucias — cosib ¢1aboro OCHOBaHHS M CHIILHOW KH-
ciotel), NaCl (aefitpansaas), NaHCO; (cmabomenounas — cob ¢l1aboi KUCIIOTHI),
Na,CO; (cpenuemnienoynasi — cojib 04eHb ciaabor kucnoTsl), NH3 (cpemnemenounas
— c;1aboe OCHOBaHWE, HO MOJISIPHAsl KOHIIEHTPAIKMS 3aMETHO BBIIIC, YEM B MPE/IbIIY-
mem ciydae), KOH (cunpHomenounas — cuibHoe ocHoBanue), NaOH (cunbHoIe-
JIOYHAs — CHJIbHOE OCHOBaHME, HO MOJISIPHAsI KOHIICHTPAIIMS BBIIIC, YEM B TPEIbIIY-
meM caydae). B pactBope NaCl yriekuciblii ra3 pacTBOpsETCS XyKe, YeM B BOJIE U3-
3a HAJIMYMS COJIEBOTO (POHA, MOITOMY BOJIa C HEMTPAIbHON CpeAoi MONaaaeT MEXIY
pactBopamu NaCl u NaHCO:.

12. Tennomwr pacmeopenus 1 mono KCl 6 200 mr 600wt (P = 1 amm) npu pasz-
JIUYHBIX MEeMNEPAMYpPax paeHbl.:

t,°C 21 23
AH, xan 4339 4260

Onpeoenums AH®(298) u cpasnume eco ¢ sxcnepumeHmanbHo NOJIYHEHHbIM
3Hauenuem, pasuvim 4194 kan.
Omanvl pewteHus.
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T.k. TeMmeparypHbIii MHTEpBaJl, B KOTOPOM H3MeEpsieTcs TEIuioBoil 3ddexT,
OYeHb Maj, TO MOKHO CYHTATh, YTO TEMIIEPATYPHBIH KOAIPPUIIUEHT TEILIOBOTO 3(-
dexra (OAH®OT), BenMUMHON MOCTOSHHOW, TOrZa B COOTBETCTBUH C ypaBHEHHEM

Kupxroda moxHo 3anucarts:

AC, = % =-39,5 (xan/rpan).

Torna AH®(298) MoxHO paccUuTaTh CIEAYIOMIUM 00pa30M:

AH°(298) = 4260 + (-39,5-2) = 4181 (xaux).

[Mony4yennas BennunHa Ha 13 Kaj OTIAMYAETCS OT MPUBEICHHOTO SKCIIEPHUMEH-

TaJIBLHOTO 3HaueHus, uTo cocTaBisaeT 0,31 %.

13. Onpeoenume usmenenue sumanvnuu npu nacpesanuu 1 xe NaCl,) om
300K 0o 800K, ecru 3asucumocms €20 menjioemKoCmu om memnepamypbl MONCEm

ovimo svipasicena ypasnenuem: Co(T) = 45,94 + 16,32:107%-T ([orc/monwK).

Omanvi pewienus:
Cornacno ypaBHenuto Kupxrodga, MOKHO 3amucaTh:

800
AH’ = [(45,94+16,32-107°-T) -dT = 27,46 (kJlx/MO1B).

300
Hnsa narpesanus 1 kr NaCl ) Heo6xoaumo:

AH° = 27,46-1000 _ 469,4 (xJIx)
58,5
14. Onpeoenrume xoncmanmy pasnosecus peaxyuu CO.) + 2H,,) < CH,0

npu 298 K u cocmag pagnosechou cmecu.

Omanvl pewenus.
N3menenue ctanaapTHOM 3Hepruun ['nb0ca 11 JaHHOM peaKiuu:

AG" = A(G'(CH4O() — (A{G"(COp) + 2 A;G" (Ho),
AG® =-162,38 — (137,15 + 2 - 0) = ~25,23 (Jlc/mo).
25230
P 8,31-298
K, =e""*® =26590.

Pacuer cocraBa paBHOBECHOU CMECH:

InK =10,19,

CO(F) + 2H2(r) = CH4O(F)
Uucio MoJib pearupyrolmx BEIecTB B
1 MoB 2 MOJb 0 momb .
MICXOJTHOW cMmecH (N,)
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YHUCII0 MOJIb PearupyroIinuX BEIIeCTB B
1-x) 2-(1-x) X y
paBHOBeCHOH cmecu (X N; = 3 — 2X)

1-x 2-(1-x) X MosnbHbIe 10U KOMIIOHEHTOB
(3—2x) (3-2x) (3—2x) B cMecH (1)
1—X 5 2-(1-X) 5 X ~ [TapupnaneHble naBiIeHNUs
(3—-2x) (3—2x) (3-2x) pearenTos B cMec (P,)

[pu nasnenun 101,3 kI1a otHOCHTENBHOE naBneHne (P ) pasHo 1.
 x-P-(3-2x)-(3-2x)>  x-(3-2x)?
P (3-2X)-(1-X)-P-4-(1-x)?-P? 4-(1-x)%.P?

Pemas ypaBuenue, Haxoaum, uyto X = 0,975.

=26590.

%(CO) = 1-097% 0,024,
3-2.0975
- 2.(1-0975)
H,)= ~ 0048,
W)= 0975

%(CH,0) =0,928.

15. Ilpu nosviuenuu memnepamypst om 60 °C do 70 °C koncmanma cxopocmu

peaxkyuu eospocia 6 osa pasa. Boruucnume IJHeEpcUIio akmusayuu peakyuu u mou-

Hocmb, C KOI’I’ZOPOL? OHA onpedeﬂeﬂa, €ClU MOYHOCNb USMEPERUA memnepamypbsl CO-

cmasnsiem 0,1 °C. Toynocmwio onpedenenus KoHCmanm CKopocmel peaxkyuu npu
PA3HBIX MEMNEPAMypax MONCHO NPeHeOpeyb.

Omanwi peulerus.

DHeprus akTUBAILMK, pacCUYMTaHHAs 110 YpaBHEHUIO AppeHuyca:

.n@__i(i_ij,

kT) R\T, T
Ea ( 1) ’
11
Tl T2
E, = 81’31' '”12 — 65,82 (iJI/MOTB),
(333 - 343)

TouHOCTH B OIIPCACIICHNH DHCPIU aKTHBAIIMU, CBA3AHHAA C TOYHOCTBIO OIIPC-

ACIICHUA TEMIICPATYPBI, MOKCT OBITH pacCUnuTaHa 110 YPABHCHUIO!

97

https://www.twirpx.org & http://chemistry-chemists.com



(F) () () ) ()
(A_Ej :(3454133) ( j (3453233?@13)2:2'10_4’

=0,0142 (1,42%).

?

16. Paccuumatime nopsioox u KOHCMAHmMy CKOPOCMU peakyuu pacnaa oume-
MUN08020 3upa 6 2a3080ll hasze, eciu U38eCmHo:

Bpems, ¢ 390 77 1195 3150 o0
AP-107, Ia 1,28 2,35 3,33 6,23 8,25

Hauansroe dasrenue oumemunogo2o s¢upa pasro 4,16:10* Ia.

Omanvt pewienusi:

[IpenmnonaoxumM, 4To peakiys NPOTeKaeT M0 yPaBHEHHUIO MIEPBOTO MOPsAKa, TO-
rJla pacyeT KOHCTAHThI CKOPOCTU PEAKIIMH MOXHO MPOBECTH C MCIIOJIb30BAHUEM Clie-
JYIOIIETO YPAaBHEHMUS:

k=2.nP==Fo
T P,-P

HpI/I YCJIIOBHH, YTO IMOJYYCHHBIC 3HAUCHUSA KOHCTAHT CKOPOCTHU PCAKIIUH, pacC-
CUMTAHHBIC JIA pa3JIMYHbIX MOMCHTOB BPpEMCHHU, UMCIOT Onm3KHe 3HA4YUCHHA, paCcCUr-
ThIBACM €€ CPpCAHCC 3HAUYCHUC.

17. Paznoscenue nepokcuda apomamuseckozo yenesodopooa (P) ycxopsemcs
UOHAMU NePexoOHbIX Memaios U NpUeooum K 06pasz08aHuro Kemona u 0ovl. Kumue-
MUKy 9MOU peakyuuy U3y4aiu 8 NpUCymcmeuu 8 Npucymcmeuu Kamaiuzamopa — op-
eanuueckoti conu kobamsma (C), konyenmpayus komopoti cocmagisna 2-107* monv/n.
Llpu smom 6Ly nonyueHwvl credyrowue OanHble:.

Bpewms, c 0 279 564 856 | 1159 | 1475 | 1811 | 2179 | 2605 | 3171
[P], monv/n | 0,20 | 0,18 | 0,16 | 0,14 | 0,22 | 0,10 0,08 | 0,06 | 0,04 | 0,02

Kakue kunemuueckue oannvie MOIHCHO paccuumams no SMum napamempam?

Imanvl peuteHus:

[TockoJIbKYy pacxXoji MCXOJHOTO BEIIECTBA MPOUCXOJUT CEJIIEKTUBHO, MOXKHO
MPEANOJIOKUTD CIETYIONIYIO CXEMY PEaKIUU:
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P + C < PC — ketoH + BoJa.
Hcnonb3yst KBa3uCTalMOHAPHOE MPUOIMKEHNE, MOKHO TMOJYYUTh BBIPAKEHUE
JUISl CKOPOCTH PEaKIIHH:

d[P] _ k4[C,][P]

dt K+[P] '
K:k2+k3
k,

rne C, — HavajbHas KOHIEHTpAIMs Katamusaropa, [P] — Texymas xoHIEHTparus

nepokcuaa, K — KOHCTaHTa paBHOBECHS MMPOMEKYTOYHOTO COSTUHEHUS M MCXOTHBIX
BEIIIECTB B MPEANOJIOKEHUN YCTAHOBJICHUSI paBHOBecHs (B MPUOJIMKCHUN KBa3HCTa-
IIHOHAPHOCTH).
WHTerpupoBaHue JTaHHOTO YPAaBHEHUS IO3BOJISICT TOJYYHUTh 3aBUCHUMOCTb
KOHIICHTPALIMH IEPOKCHIA OT BpeMeHH (B JIMHEHHOM (popme) B BHIE:
T [Po]-[P] ) |n[Po] " K '
P~ Kol [Pl KelCol

[P]
)
[TocTpoeHHE SKCIEPUMEHTANIBHBIX JaHHBIX B KoopauHaTax T/ In% oT
[Po] y
([P,1-1IPD) - Inﬁ MO3BOJISIET PACCUUTATh KUHETHUECKHUE TTapaMeTPhl H3ydyaeMou pe-

akuuu. TaHTreHc yria HaKJIOHa NPsIMOM K OCH aOCIMCC paBeH BEJIMYUHE

a

1
ks[Col’

OTPC30K Ha OCHU OpANHAT —

ka[Col

Pe3ynbTarhl pacyeToB MpUBEACHBI B TAOIHIIE:

Bpewms, ¢ [P], Mmons/n ([PO] - [P]) . |nM , MOJIB/JT T/ |nm, c

[P] [P]
279 0,18 0,1898 2648,0
564 0,16 0,1793 2527,5
856 0,14 0,1682 2400,0
1159 0,12 0,1566 2268,9
1475 0,10 0,1443 2128,0
1811 0,08 0,1316 1976,4
2179 0,06 0,1163 1809,8
2605 0,04 0,0994 1618,6
3171 0,02 0,0782 1377,1
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Takxum obpaszom, k3 = 0,44 ¢, K = 0,0428 mons/i.

18. Ilpeononacas npomonumuueckuil MexaHuzm NPOMeKaHus peaxkyuu, noKa-
Jrcume, UmMo KUHEMuKy KaxK cneyuguueckozo, maxk u ooue2o KUCI0mHO20 Kamaaiusd
MOJHCHO ONUCAMb, UCHONB3YS K8ASUCMAYUOHAPHOE NPUDTIUICEHUE.

Omanwvt pewrenusi:

[IpoTonuTHYECKHI MEXaHU3M COOTBETCTBYET CIIECIYIOLIUM CXEMaM:

1) S+ BH" <> SH" + B (upu crenuduyeckoM KUCIOTHOM KaTaluse),

2) SH* + H,O — P + H30" (npu 0611ieM KHCIOTHOM KaTajuse),
rje S — pearupymoliee BemecTBo, P — IpoayKThl MpeBpalieHus!.

[ToMmuMO TIpUBEEHHBIX CTAJIMN, TAKKE CYIIECTBYET PAaBHOBECHE C KOHCTAHTOMN
paBHoBecus K:

BH" + H,0 < B + H;0".

Ionaras, 4To KOHLEHTpaIys yacTHIbl SH' HU3Kas U UCTIONB3ys KBa3HCTALHO-
HapHOE MPUOIIKEHNE, HAXOIUM, YTO

ka[SIBH'T - k-1[SH'I[B] - k[SH'I[H-0] = 0.

ockombky K,[H,0]=Kkj, T0
_ K[SI[BH"]

k,[BI+k; -
a cCKopocTh 00pa3zoBanus npoaykra P OyaeT paBHa:

k—l[B] + k2

HpI/I6J'II/I}KCHI/IC KBA3UCTAIMOHAPHOCTHU Ha HCpBOﬁ CTaaiuu MOXXHO HNPHUMCHSATDH

[SH']

npu ycnosun K_[B] >> K, Torna nocnenee BEIpaxkeHHe IpeodpasyeTcs K BUIY:

W = klk2[S][BH+] .
k_,[B]

[BH']
[B]
HOJIyYMM ypaBHEHHE CKOPOCTH AJIS Cllydas Cielu(pU4ecKoro Karaansa:
W = KikaISIHO0'T

k_ K

3aMEHUB OTHOIIICHUE KOHHGHTpaHI/Iﬁ 4€pe3 KOHCTAHTY PaBHOBECHII,

Ecmm k_,[B] << k,, To pacnan komIuiekca peareHta ¢ KaTaJau3aTopoM IpPOWC-

XOJIUT TOpasno ObICTpee, T.e. B MPHUOIMKEHUU KBA3UCTAIMOHAPHOCTH MOJIYIHM, YTO
CKOPOCTh PEaKIMH ONpeesieTcss 00meld KOHIICHTpaIuel KUcioTel (ypaBHEHUE IS
cliydasi O0IIero KUCJIOTHOTO KaTajiu3a).
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19. B 3axpvimoii mpexgaznoui cucmeme «K—=T-I"» npu nocmosnnom enewinem
oasnenuu, pashom 1 amm, npomexaem npoyecc HacvlujeHuss NOBEPXHOCMU 2emepo-
2EHHO20 Kamanuzamopa 2a3000pasHvim 6000po0oMm. Ilpu nposedenuu sxcnepumenma
ObLIU UCNONB308AHBL HECKOJILKO 00pa3y08 UCXOOHO20 KAMAaiuzamopd, Kaxicobli U3
KOMOPBIX COOEPAHCATl HEKOMOPOe KOIULECBO a0CopOUPOsanHo2o 800opoda (0opas-
yor 1+5).

B mabnuye npusedenvi Kunemuueckue OauHvle, Xapakxmepusyrowue npoyecc
HACbIWEHUSI NOBEPXHOCIMU 2eMEPO2EHHO020 KaAManu3amopa 0Jis pasiuyHulx 00paszyos.
Hcxoonoe konuuecmeo kamanuzamopa 60 8cex CAyyasx Obli0 NOCMOSHHLIM U CO-
cmagnano 5 2. Mzeecmno, umo KOHyeHmpayus 6000pooa 8 obveme pacmeopa co-
cmasnana C(H,) = 2,14 MOIL/M® U makoice 6vlia NOCMOSHHOT, a npeoevbHas 6enu-

yuna aocopoyuu éooopooa a.,(H,) cocmasnana 0,965 monv/ke.

115¢ 0 5 10 15 20 30 40 50 60 80
V,mn |0 7,5 104 113 12 123 125 12,7 128 128
5| T 0 5 10 15 20 30 45 60 80
V,mn |0 8,6 115 126 129 132 134 135 135
3| o¢ 0 5 10 15 20 30 45 60 80
V,mn |0 126 195 221 233 24 24,7 25 25,2
415 0 5 10 15 20 30 40 50 60 80
V,mn |0 139 242 29 31 321 326 331 336 338
5| o¢ 0 5 10 15 20 30 40 50 60 80
V,mn |0 14 27,3 35 37,1 39 399 403 41 41,3

Haiioume kxoncmanmy cxopocmu aocopoyuu 6000pooa, eciu OaHHbLL RPOYecc
Mmooicem 6vimb onucan ypasnenuem Hy + xamanuzamop <> Haypgs), a koncmanma
pasnosecusi K = 13,1 1 /mons. Booopod cuumams udeanshvim 2azom.

Omanvt peuteHus:

Haxonum oOmiee KOJIM4YeCTBO aKTMBHBIX IIEHTPOB HAa MOBEPXHOCTH KaTalu3a-
TOpa, CIIOCOOHBIX a7CcOPOMPOBATh BOAOPO. KoIWdecTBO IIEHTPOB MOBEPXHOCTH, HA
KOTOPBIX HE COJEPKUTCS BOAOPOJ, MOXHO BBIPa3UTh Yepe3 COOTHOIICHUE
a06m —ap (HZ) .

ITo 3aKOHyY IEMCTBYIOIIUX MACC:

KC — am (HZ) ’
c(H,) - (aysn —am(H,))

a06111 = am(HZ) +am(H2)1
Kc-c(H,)
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. __ 0965
oom T 131.214

JInst HaXOXKIEHUSI TIOBEPXHOCTHON KOHIIEHTPAILIMKM BOJIOPO/ia B HAYaIbHBIM MO-

+ 0,965 = 0,999 (Moub/Kr).

MCHT BPCMCHH H€06XOI[I/IMO HAUTH pasHuny MCxKAy MpeACJIbHbIM COACPIKAHUCM BO-
A0poJa U KOJIMYICCTBOM IIOTIOMICHHOIO BOAOPOZd, OTHCCCHHOI'O K MaCCC KaTaJIn3a-
TOpAa:
V
aHaq(HZ):aKOH(HZ)_anorn(HZ):am(HZ)_ '
Vm "My

roe a,,,(H,) u a,,(H,) — konuyecTBa Bogopoaa B HauaJIbHBIN U KOHEUHBII MOMEH-

THI BpeMeHH, a a_ .. (H,) — kommuecTBo Bomopoia, MOTTIOMIEHHOTO CUCTEMOH, V,, —

MOJIAPHBINA 00beM Ta3a (22,4 1/MoJb).
12,8-10°°
22,4-5.107°

IIo JAaHHOMY YPaBHCHHIO PACCYUTHIBACM 3HAYUCHUA BCIINYUH az:cop6u1/11/1 BOOO-

(H,)=0,965—- = 0,851 (MOB/KT).

a Ha4

poja K I-TOMy MOMEHTY BPEMEHH U 3aHOCUM HX B TaOJIHILY:

V.
ai(HZ) = aHal{(HZ) +anom,i(H2) = aHa'-[(HZ) + Y, : :
m "~ 'Hkar

T, C 0 5 10 15 20 30 40 50 60 80
V, M 0 75 10,4 11,3 12 12,3 12,5 12,7 12,8 12,8
aj(Hy),

'( 2) 0,851 0918 0944 0952 0,958 0,961 0,963 0,964 0,965 0,965
MOJIB/KT

Hcnons3ysa ypaBHeHue H, + katammsaTop <> Hyegs), 3aIMCBIBAEM KHHETHYE-
CKOE ypaBHEHHUE MPOIIECCa, XapaKTEPU3YIOIIETo aacopOIio BOAOPO/Ia Ha TTIOBEPXHO-
CTH TE€TEPOTEHHOI0 KaTaanu3aTopa:

da(H k*®
ER =K ) (e —alH) -2,

rac kads — UCKOMas KOHCTAaHTa a,Z[C0p6HI/II/I BOIOPOJA Ha ITOBCPXHOCTH KaTaIu3aTopa,
kads
A COOTHOIIICHUEC —— OTBCYACT BCIIMUYMHC KOHCTAHTHI I[CCOp6HI/II/I BOOOpPOaA.
C

T.x. 3HAYEHUs] CKOPOCTEH MpoIEecca HEM3BECTHBI, MOJTyYeHHOE TUdpepeHin-
aJIbHOE YPAaBHEHUE PEIllaeM C MCIOIb30BaHUEM YHCIIEHHBIX METO/10B. BriOnpaeM Ha-

3 -1, -1
qanpHOe puOmmKenne K (manpumep, 0,1 mM>Monb ¢™) U mAar HHTErPUPOBAHUS
(mampumep, 1 c). PaccunteiBaem 3Hauenus a;(H,) s kaxmoro MoMeHTa BpeMeHH

o opmyiie:
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a;,,(H,) =2a;(H,) +M-
dt

CooTBeTCTBHE IKCIIEpUMEHTaNbHBIX (8, ") u pacyerHpix (a’’) 3HaveHmid

IMPOBCPACM 110 MCTOJY HAMMCHBIINX KBA/[PATOB!:
N
JKCII pacuy 2
> (@ " —aj™)
i=1

N-1

rne S — ocratounas aucnepcus, N — KONMYECTBO H3MEPEHHIA.

S* =

Bapbupys k**, MUHHMH3HpYeM 0CTATOUYHYIO AHCIEPCHIO S°:

k¥ \Evoms et | 01 009 0,08 007 006 005 004 003 002 0,01

$2.10°, momp>xr? | 1,33 1,24 114 1,02 090 077 065 060 0,77 2,00

3HaueHue, COOTBETCTBYIOLIEE MUHUMYMY JHUCIEPCUHU OCTATKOB, OYJET COOT-

3 11
k®* (B mamrem ciyaae k** = 0,03 m*momp ¢ ).

BETCTBOBATh HCKOMOW BEJIMUMHE
4.5.2. IlpakTHYecKUe 3a1aHUA
Onpedenume cocmas 3a0aHHOU CMeCU CONel, cooepicawyeli Xa10puo Hampus u
XJ10pUO Kanusl.
Qobopyoosanue: xumuueckue cmaxanvl Ha 200 mn u 250 mn, meprwviti yurunop,

CMEKIAHHAS NATIOYKA, WMAMUE ¢ KOIbYOM, XUMUYECKAsl 6OPOHKA, dJIeKMPOHHbIE 6e-
Cbl, CYUUTLHBLU KA, puibmposanvhas 6ymaza, HONCHUYbL.

Peakmuegnt. cmecw conetl (X10puod Hampus u X10puo Kauus) maccou 2,5 2, meo-
nas naacmunka, 0,5M pacmeop AgNQO3.

DKcnepumenmanvHas 4acmo.:

1. Ommepvme mepnvim yurunopom 50 mn oucmuiiuposanHol 800bl, Npu-
Jelime 800y 8 CMAKAH € 3A0AHHOU CMeCbio XJI0pUO08 HAMpPuUs U Kaius, pacmeopume
COJlU, nepemewusas CMeKIsIHHOU NALOYKOU,

2. Mepnvim yununopom ommepovme 85 mn 0,5M pacmeopa numpama cepeopa
u npunelme pacmeop 8 CmakaH ¢ pacmeopom cmecu conet, gvioepaicume 10 munym;

3. Coenaiime u3z urbmposanrvHou Oymacu 0B0UHOU urbmp u ompuibm-
pytime noyiy4eHHslil 0caooK, Ucnonb3ys 01 gurempa cmaxan oo6vemom 200 mwr,

4. Bssecbme Ha 21€KMPOHHBIX 8eCax NAACMUHKY,

5. Onycmume meomnyro niacmuuky 6 guibmpam. Yepesz 60 munym evinome
NIACMUHKY U3 Quibmpama, npomoime OUCMUIIUPOBAHHOU 000U, GblCyUiUme 8 C)-
wiunvHom wkagy ne mernee 15 munym (T = 60°C) u 636ecome;

6. 3anecume sxcnepumenmanvHvie danuvle 6 maon. 1.

103

https://www.twirpx.org & http://chemistry-chemists.com




Tao6auma 1

3KCHepI/IMeHTaJIbeIe JaAaHHBbIC

Macca cMecu XJIOPUI0B HATPUS U KaJTHS 25r
KoHnentpanus pactBopa HUTparta cepedpa 0,5M
O0nem pacTBOopa HUTpaTa cepedpa 85 M

Macca MeHOM IIaCTUHKA

Macca MeqHOM ITaCTUHKHU MOCJIE POBEICHUS ONbITa

IIposedume nodpobHvle pacuemuvl O IKCNEPUMEHMALLHBIM OAHHBIM, UCHOIb-

3ys maon. 2.
Taoauna 2
O0padoTKa IKCIEPUMEHTAJIBHBIX TaHHBIX

Pacuer nusmeHeHus: Macchl MEAHOM IJIACTUHBI Amp, =
Pacyer konudecTBa BelecTBa HUTpara cepedpa, n1(AgNO3) = momb
POPEarupOBABIIIErO ¢ MEIBIO
Pacuer kosryecTBa BelecTBa HUTpaTa cepedpa, n(AgNO3)=__ momb
conepxarierocs B 85 mi ucxoxnoro 0,5 M pactBopa
Pacuer xonuuecTBa BeiectBa HUTpaTa cepedpa (1), mpomeamero | N(AgNOs3) = moub
Ha B3aUMOJICHCTBUE CO CMEChIO XJIOPHIOB HATPHUS M KU
Pacuer konudecTBa BelecTBa XJI0pHUIa HATPUS U n(NaCl)=__ momsp
XJIOpHU/Ia KaJIvst n(KCl)=__ momb
PacueT Macchl XJTIOpUIa HATPHUS M XJIOPUIa KaHsI m(NaCl)=___ r

mKChH=__r
Pacuer MaccoBoii 1omu XJI0pUAa HATPHS B CMECH o(NaCl)=__ %
Pacuer MaccoBoii 10U XJIOpUAa Kallis B CMECH o(KCh=__%

Omeemvme Ha 60npocsl.

1. Cocmasvme ypasnenue e3aumooeicmsusi humpama cepedopa (1) ¢ xaopu-

00M HaAMPUsl U XJ10PUOOM KAUSL

2. Cocmasvbme ypasHnenue peaxyuu ezaumooeticmsus numpama cepeopa(l) c

Meobio.
Imanwvl peuteHus.
YpaBHEHUS PEAKIIUNA:
NaCl + AgNO3; = NaNO; + AgCl,
KCI + AgNO; = KNO3; + AgCl,
Cu + 2AgNO; = Cu(NO3), + 2Ag.

104

https://www.twirpx.org & http://chemistry-chemists.com




bubauorpagus

1. BcerynutenbHble SK3aMEHBI M OJIMMITUAJIBI IO XUMUU B MOCKOBCKOM YHH-
Bepcutere: 2007 / mox obmeit pen. H.E. Ky3pmenko u B.. Tepenuna. — M.: U3a-Bo
MockoBckoro yausepcurera, 2008. — 106 c.

2. Tabpuensn, O.C. Xumus. 8-11 kmaccel. Pernonansusie onummnuazst / O.C.
["a6puensn, A.H. [Ipouutenos. — M.: [Ipoda, 2005. — 287 c.

3. T'ycokos, W.II. TepMoauHamMuka ¥ KMHETHKAa XUMUYECKUX peakuuil. Xu-
Muyeckoe paBHoBecue: yueoHoe nocodue / M.II. I'ycekoB, M.B. Illenenes. — Bano-
Bo: M31-B0 ABTOHOMHOTrO yupexaeHus «MHCTUTYT pa3Butus oOpazoBanus MBaHOB-
cKol obmnactuy», 2014. — 54 c.

4. EwmenbsHoB, B.A. XuMmuueckue omumnuanbl. 3aganus u pemeHus / B.A.
EmenbsanoB, M.A. Unbun, K.A. KoBanenko [DnexktpoHHsblil pecypc]. — Pexum moc-
tyna: http://www.niic.nsc.ru/education/problem-book/task/?problemid=1 (mara 06-
pamenus: 12.03.2014).

5. 3amanusa III (ouHoro) Typa Bcepoccuiickol CTYJIE€HUYECKOW OJMMITNA]IbI
«O6mas u Heoprannueckas xumus» / KHUTY. — Kazans: U3-8o KHUTY, 2013.

6. Kapamerbsuu, M.X. O6mas u Heoprannueckas xumus / M.X. Kapanersb-
sun, C.U. Hpakun. — 3-¢ uza. — M.: Xumus, 1994. — 532 c.

7. Kucenesa, E.E. CoopHuk npumepoB u 3aad mno ¢puszndeckoit xumuu / E.E.
Kucenesa, I'.C. Kapernukos, M.B. Kynpsmos. — M.: Beiciias mkona, 1991. — 455 c.

8. Kouepruna, JI.A. CoopHuk 3a1a4 no ananutrueckor xumuu / JI.A. Kouep-
ruHa, T.J[. Opnosa, H.I'. JImutpuesa, P.I1. Mopo3osa; nox pen. M.U1. bazanosa. —
HUBanoso: U3n-so UT'XTY, 2006. — 120 c.

9. Kouepruna, JI.A. Teoperuueckue 000CHOBaHUSI U pacyeThl B KauyeCTBEH-
HOM aHanu3e: ydyeOHo-Mmetoauueckoe mocooue / JILA. Kouepruna, M.M. bazaHos,
B.I1. BacunbeB; mon pea. M.U. bazanosa. — UBanoso: Uza-so UT'XTY, 2007. — 84 c.

10. Kpatkwii cipaBOYHHK (PU3MKO-XUMUYECKUX BeanuuH / moxa pea. A.A. PaB-
nenst, A.M. ITonomapesoii. — CII6.: Ban ®emopos, 2003. — 240 c.

11. Ky3smenko, H.E. Coopuuk koHKypcHbIX 3amau o xumuu / H.E. Ky3bmen-
ko, B.W. Epemun, C.C. Uypanos. — M.: Dx3amen, 2001. — 576 c.

12. Mansakua, A.M. XuMHA4YecKHe OJTMMIINAAbI IIKOJIBHUKOB: [lonroroBka, op-

raHuzanus, mpoBeaeHue. 9 kiacc: yueoHo-MeTouueckoe nocooue / A.M. MansikuH.
— Benukuit Hosropoa, 2006. — 266 c.

13. Mansakun, A.M. XuMudeckue oJIMMIIUaAbLI MKOJIbHUKOB: [loaroroBka, op-
ranuzanus, nposenenue. 10-11 kmaccrl: yaebHO-MeToanueckoe nocooue / A.M. Ma-
nakuH. — Benukuit Hosropoa, 2006. — 120 c.

105

https://www.twirpx.org & http://chemistry-chemists.com


http://www.niic.nsc.ru/education/problem-book/task/?problemid=1

14. TTanvenkoB, ['"M. Xumudeckass KMHETHKA W KaTamu3. ydeOHOE mocoowme
s By3oB / I''M. Ilanuenkos, B.II. JleGeneB. — 3-¢ uzn., ucnp. u gon. — M.: Xumus,
1985. - 592 c.

15. IlpakTuyeckas XuMuuecKasi KHHETUKA. XUMUYeCcKas KHHETHKA B 3aJja4ax C
peueHusMu: yueoHoe nocobue / mon oduieit pea. M.S. MenbaukoBa. — M.: U3n-Bo
MI'Y; CII6.: U3xa-Bo CIIOI'Y, 2006. — 592 c.

16. CemnukoBa, I'.B. OCHOBBI XUMHUHU B pacueTax: CaMOY4HUTEIb PACUETHBIX
xumudeckux 3aga4d / I'.B. Ceemnukosa. — CI16: Xumusgat, 2002. — 240 c.

17. CtpomoOepr, A.I'. ®usndeckas Xxumus: yue0. aus xum. creil. By3oB / Al
Crpomb6epr, J.I1. Cemuenko. — 5-¢ uz., ucap. — M.: Beicmias mkosa, 2003. — 527 c.

18. Xomuenko, I'.I1. [TocoOue mo xumuu aus nocrymnaromux B By3bl / I, I
Xomuenko. — M.: Hosas Bonna. — 2005. — 480 c.

19. lllenenes, M.B. KadecTBeHHBIN aHaAJIU3 HEOPraHUYECKHX COEIUHEHUH.
MeTonpl ypaBHUBaHHS OKACITUTEIHHO-BOCCTAHOBUTEIBHBIX PEAKIUil: yaeOHOe MOoCco-
oue / M.B. lllenenes, N.I1. I'ycbkoB. — 4-¢ u3 ., nepepad. u gor. — MBanoso: M3n-Bo
ABTOHOMHOTO yupexaeHus «MHCTUTYyT pazButus oOpa3zoBanus MBaHoBcko# obiac-
™», 2012. — 58 c.

20. [llenenes, M.B. Xumusi B OTMMIIUAIHBIX 3a]ja4aX: OT TEOPUHU K MPAKTHUKE:
yuebHoe nmocooue / M.B. Illenenes, A.C. Bamypun, E.B. Pymsities; moa oo, pen.
M.B. lllenenesa. — UBanoso: N3a-Bo UI'XTY, 2013. - 95 c.

106

https://www.twirpx.org & http://chemistry-chemists.com



Yuebnoe uzoanue

[llenenes Makcum BragumupoBud
Bamypun Aptyp CepreeBuu
Jledbenosa Onbra BanentuHoBHa
ITyxoBckas Csetnana ['eHHaibeBHA

HEOPI'AHUYECKASA U PU3NYECKASA XUMMUSA
B BOITPOCAX 1 OTBETAX

1100 obweil pedaxyueti KAaHOUOAMA XUMUUECKUX HAVK,
cmapwe2o Hayunoz2o compyonuxka M. B. [llenenesa

TTonnucano B neyats 16.04.2014
Ve mey. 1. 6.51. Yu.-u3zg. 1. 7.22 Tupax 150

®OI'bOY BIIO «MBaHOBCKUM rocy1apCTBEHHbBIN
XUMHKO-TEXHOJOTHYECKOr0 YHUBEPCUTET»
153000, r. MBanoBo, np. @. DHrenbca, 7

https://www.twirpx.org & http://chemistry-chemists.com



leneseB Makcum BaagumupoBuy

Kangupgar XMMHUUYECKMX HayK, CTapliuil Hay4HBIH
COTPYAHUK Kadeapbl GU3NUECKON U KOIITOUIHON XUMUU
UI'XTY, poueHnt xadenpsl o0nieodpa3oBaTEIbHBIX
nucuuiiive - MHctMTyTa  pasButus  0OpasoBaHMUS
MBaHOBCKOW 00JacTH, YYUTEJIb XUMHHM U IEAaror
JIOTIOJTHUTEIIBHOT O oOpa3oBaHMs BBICLLIEHT
KBaTM(UKAIMOHHON  KaTEeropuu, JlaypeaT MpeMUHU
IIpesunenra P® B obiactu oOpazoBaHus, 3aciyKeHHbIN
paborHuk Hayku u oOpazoBanus, npodeccop PAE.
Croneuuanuct 10 METOJMKE IMpernojaBaHusi XUMHUHU B
cpeaHel U BeIcHIeH 1iKoJie, aBTop Oosiee 100 HaydHBIX U
y4eOHBIX padoT.

E-mail: vicount@inbox.ru

Bamypun Aptyp CepreeBuu

Kanaumar XuMMHUYECKMX HayK, CTaplidid Hay4dHBIU
corpyaHuk kadenpsl Heopranuvyeckon xumuu UI'XTY,
nejaror  JIONOJHUTEIBHOTO  OOpa3oBaHMsl  BBICLICH
kBaMpuKalMOHHON KaTeropuu. Crienuaiuct B 00JacTu
XUMUU TOpPUPHUHOB U (PTATOLMAHUHOB, a TaKXe
METOAUKHU [MPENOoAaBaHUSI XUMHUUYECKUX JUCIUIUIUH,
aBTop 60snee 100 HayuyHBIX MyOJIUKALIUN.

E-mail: asvashurin@mail.ru

IlyxoBckasa CBeriiana ' eHHaabeBHA

JIOKTOp XMMHUYECKHUX HaykK, mpodeccop Kadeapsl
Heopranuyeckod xumuu MUI'XTY. Choenuanuct B
objacT XHUMHUU TOP(GUPHUHOB HOBBIX CTPYKTYPHBIX
THIIOB, a TaKXKe METOJUKHU TMPENnoJaBaHUsl XUMUHU B
BbICIIEH 1IKOJE, aBTOp Oosiee 250 HayuHbIX U yueOHBIX
pabor.

JlepenoBa Osibra BajieHTHHOBHA

JlokTop XuMHYeCcKUX Hayk, Ipodeccop kadeapsl
dbusuyeckoit u kowtouaHou xumuu UI'XTY, [loyeTHbin
paboTHHUK BbICHIErO MPO(ECCUOHAIBHOTO 00pa30BaHUS.
Crnenuanuct B 00J1aCTH KUHETUKU XUMUYECKUX pPEaKIuii
M TEeTepOreHHOro Karanaus3a, a TakXke METOJUKHU
IpenojaBaHus XUMHUM B BBICHICH MIKOJE, aBTOp Oolsee
200 nay4HbIX U y4eOHBIX paboT.



	Обложка
	Неорганическая и физическая химия в задачах и решениях
	Аннотация
	Содержание
	Предисловие
	1. Обнаружение катионов неорганических веществ в растворах
	1.1. Окрашивание пламени горелки
	1.2. Обнаружение катиона аммония (NH4+)
	1.3. Обнаружение K+
	1.4. Обнаружение Na+
	1.5. Обнаружение Pb2+
	1.6. Обнаружение Ag+
	1.7. Обнаружение Ba2+
	1.8. Обнаружение Ca2+
	1.9. Обнаружение Zn2+
	1.10. Обнаружение Al3+
	1.11. Обнаружение Cr3+
	1.12. Обнаружение Fe2+
	1.13. Обнаружение Fe3+
	1.14. Обнаружение Mg2+
	1.15. Обнаружение Cu2+
	1.16. Обнаружение Mn2+
	1.17. Обнаружение Co2+
	1.18. Обнаружение Ni2+
	1.19. Обнаружение Cd2+
	1.20. Обнаружение Hg2+
	Таблица основных качественных реакций в аналитической химии
	Общая схема разделения катионов

	2. Обнаружение анионов неорганических веществ в растворах
	2.1. Обнаружение F–
	2.2. Обнаружение Cl–
	2.3. Обнаружение Br–
	2.4. Обнаружение I–
	2.5. Обнаружение S2–
	2.6. Обнаружение SO32–
	2.7. Обнаружение SO42–
	2.8. Обнаружение CO32–
	2.9. Обнаружение SiO32–
	2.10. Обнаружение PO43–
	2.11. Обнаружение NO2–
	2.12. Обнаружение NO3–

	3. Сведения об основных неорганических соединениях
	4. Типовые задания
	4.1. Шаг I
	4.1.1. Теоретические задания
	4.1.2. Практические задания

	4.2. Шаг II
	4.2.1. Теоретические задания
	4.2.2. Практические задания

	4.3. Шаг III
	4.3.1. Теоретические задания
	4.3.2. Практические задания

	4.4. Шаг IV
	4.4.1. Теоретические задания
	4.4.2. Практические задания

	4.5. Шаг V
	4.5.1. Теоретические задания
	4.5.2. Практические задания


	Библиография
	Титул back
	Обложка back

