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THoacnumenvnan 3anucka
B 3amaHue TeopeTHUYECKOro Typa BXOIUT S5 3alad, Kaxk[as W3 KOTOPBIX MaKCUMAalbHO
oreHuBaercs B 20 0aJuioB, TO €CTh 3a BBHINOJHEHHE BCEX 3a7a4 TEOPETUYECKOTO Typa MOXKHO
noiayuuts MakcuMyM 100 GaiioB. BeimonHeHne npakTHYECKOro Typa MaKCUMaJIbHO OIICHUBACTCA B
30 6amtoB. MakcuManbHOE KOJIMYECTBO 0AJUIOB, KOTOPOE MOXKET MOTYYHTh YYACTHHK 3a 00a Typa,

cocrasiser 130 6aiuios.
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[esamuwtit Knacc

Pewenue 3a0auu 9-1 (asmop. Unoun M. A.)

1. O6o3naunm coctaB xiopuaa A B Bujge XCl,, a aromuyro maccy meramia X — X a. €. M.
Torpa:
35,45n

X +35,45n
[lepeOupast uemourcieHHble 3HadeHuss N oT 1 1o 8, mMpUXOAMM K €IUHCTBEHHOMY pPa3yMHOMY

o(Cl) = =0,7975 = 3545n=0,7975x+28,27n = 0,7975x=718n = x=9,00n.

Bapuanty X —Al, a A — AICl; (M =133,4 r/monb). YUuThIBasi, 4TO CTEXHOMETPHUCCKUN COCTAB
xnopuga E — YCls, Haxonum aroMHyt0 Maccy MeTaiuia Y

(133,4-1,187) — (35,45 - 3) = 158,3-106,4 =519 a. e. m.
Takum o6pazom, Y — Cr.

2. 1lpu B3auMOAEHCTBMM H30BITKA KOHIIEHTPUPOBAHHOIO PACTBOpa IIEIOYU C XJIOPUIOM
QIIOMUHUS B 3aBUCUMOCTH OT PH BO3MOXHO 0Opa3oBaHHE TUAPOKCOKOMILIEKCOB pPa3IU4HOIO
cocrasa (peakmus 2). ['MApPOKCOATIOMHHATHl YCTOWYMBBI JIMIIb B BOJHBIX pacTBOpax, NpU
ylapuBaHUM UX BOJHBIX pacTBOpPoB U mociaenyromem mnpokanuanuu (800 °C) mpoucxoaut
oOpa3oBaHue MeTaantoMuHaToB (peakuus 3). [Ipu nponyckaHun U30bITKA YIIIEKHUCIOIO rasza uyepes
pacTBOp TUAPOKCOATIOMHHATOB  BBINAAAET CTYISHHCTBIM OCaJOK THMIPOKCHIA AJOMHHHUSA
MIEPEMEHHOT0 cocTaBa (peakuus 4), KOTOpbIi Takke o0paszyeTcs npu J00aBIeHUN N30bITKa BOAHOTO
pacTBopa aMMHaKa K pacTBOpy XJopua amoMuHus. [Ipu B3anMoaecTBUY THAPOKCHIA ATFOMUHHS
C MJIaBUKOBOW KHUCJIOTOM B MPUCYTCTBMM (TOpHJAa HATpUsl 0Opa3yeTcsl COeIMHEHME, colepiKaliee
YCTOMYMBBIN reKcaTOPOATIOMUHAT-HOH (peakuus 5).

[lpu noGaBieHWUM BOIHOTO pAcTBOpa CyAbpHUAa HATPUS K PacTBOPY XJIOpHAA Xpoma
NPOMCXOIUT HEOOpaTHMBIM THIPONIN3, B peE3ylbTare dYero oOpa3zyercs O0caJoK THIPOKCHIA
xpoma (1) (peakuus 8). ITpu nobaBneHNN U30BITKA PACTBOPA COMISTHOM KUCIOTHI U METAJUTHUECKOTO
XpoMa B HWHEpTHOW armocdepe obpasyercs pactBop xsopuma xpoma (I1) (peakums 9).
KoHIieHTpHpOBaHHBI pacTBOp Mepokcuaa Bogopoma B mienouroi cpeae (KOH) mpuBomut
okucnernto Cr(lll), B pesynbrare vero obOpasyercss xpomar kamus (peaxius 10). Xpomar-HOHBI
YCTOMYMBBI JIMIIb B HEHUTPAJIbHON W IIENOYHOM cpene, NpU TOJKHUCICHUU PacTBOPOM CHIILHOM
muHepanbHOW  KMCIOTBI  (H2SO4pa5) OHHM  0BOIBHO — OBICTPO — HpeBpalalOTCd B
TUXpoMaT-uoHsbl (peakuus 11), KoTopele B KHUCIOH cpele MpOSBISAIOT JIOBOJIBHO CHUJIBHBIE

OKHMCITUTENbHBIE cBOMcTBA (peakius 12). Takum obpazoMm, popmyssl coennHeHmin A—K:

A —AlICl3; E - CrCl3;
b — Nas[AI(OH)s] (Na[AI(OH)4], Na[AlI(H20)2(OH)a4]); K - Cr(OH)s;
B — NaAIlO,; 3 — CrCly;
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I' — Al(OH)3;
J — Naz[AlFs];
VYpaBuenwus peaxiuii (1-12):
(1) 2Al + 3Cl, — 2AICI5;
(2) AICI3 + 6NaOH .56, xomn, — Nas[AlI(OH)e] + 3NaCl,
(AICIl3 + 4NaOH 56, xomy. = Na[AI(OH)4] + 3NaCl),

N - K,CrOy;
K- K2CI’207.

(AICI5 + 4NaOH 56, rom, + 2H20 — Na[AI(H20)2(OH)4] + 3NaCl);

(3) Nas[AI(OH)s] —— NaAlO;, + 2NaOH + 2H,0,
(Na[AI(OH),] ——s NaAIO, + 2H,0),
(Na[AI(H,0),(0H)s] —E— NaAlO, + 4H,0);

(4) Nas[AI(OH)e] + 3CO3 5. —> AI(OH)sd + 3NaHCOs,
(Na[AI(OH)s] + COp 5. — Al(OH)sd + NaHCO3),

(Na[A'(Hzo)z(OH)4] + COy 5. > Al(OH)ng + NaHCO3; + 2H20),

(5) Al(OH)3 + 3HF . + 3NaF — Nas[AIFe]{ + 3H,0;

(6) AICI3 + 3NH3 5. + 3H20 — AI(OH)3d + 3NH,CI;

(7) 2Cr + 3Cl, —Y 5 2¢rCly;

(8) 2CrCl; + 3NayS + 6H,0 — 2Cr(OH)34 + 6NaCl + 3H,S7T;
(9) 2CrCls + 2HCI + 2Cr — ™A acicl, + HyT,

(2CrCly + Cr — M- Ar_ aercly):

(10) ZCI’(OH)g + 3H202 wory, + 4KOH — 2K,CrOy4 + 8H,0;
(11) 2K2CrOy4 + HySO4 pas6. —> K>Cr,0;7 + K,SO4 + H50:;

(12) 2K5CrO4 vy, + 16HCI toun. —L—s 2CrCl3 + 3CI,T + 4KCl + 8H,0.

3. TpuBuanbHOE (OHO K€ MHHEpalloTM4eckoe) Ha3BaHMe coeauHeHus I — kpuosmrt. J[is

NOJIyYeHUs almoMUHKS uctonibdyercs: cMech Al,O3 (~10-15 %) u Nag[AlFg] (~85-90 %). Kpuomaut

HO3BOJISIET CylIeCTBEHHO NMOHM3UTH TemMIeparypy

MPOBEACHUSA JIEKTPOJIN3a

(tzr.(Al2O3) ~ 2053 °C!), a Takke 3HAYMTEIBHO YBEJIMYUTD YIEKTPONPOBOTHOCTH paciJjiaBa.

4. Bonubiii pactBop xsopuaa xpoma (1) Oyaer ObICTPO OKUCISATBCS KHUCIOPOIOM BO3IyXa 0

coequnaenuit Cr(ll1):

4CrCl, + Oy + 2H,0 — 4CF(OH)C|2

win (B npucyrcreun HCI): 4CrCl; + O, + 4HCI — 4CrCl; + 2H,0
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Cucmema oyenusanus:
1. Memannot X uY (c pacuémamu, b6e3 pacuémos — 0,5 banna) 1 6ann
2. Dopmynel coedunenuti A—K no 0,5 6anna; 17 6a10B
VYpaenenus peaxyuii 1-12 no 1 6anny
3. Tpusuanvhoe (munepanocuuecxoe) nazeanue /[ — 0,5 banna; 1 6ana

Hobasnenue /] (10601l uz éapuanmos 6 peutenuu) — 0,5 o6anna

&

VYpasnenue peaxyuu oxucnenus pacmeopa 3 Ha 8030yxe 1 6ana

HTOro: 20 6anaos

Pewenue 3aoauu 9-2 (asmop. Jlebeoesa O.K.)

1. U3 ycnoBus 3aa4u BUIHO, YTO 3JEMEHT X MOXKET 00pa30BhIBATh MO0 MEHBIIEH Mepe JBe
KHUCTIOTHI, OJJTHAa U3 KOTOPBIX OYE€Hb CUIIbHBIN okuciauTens. Kueaora 1 monydaercs mpu aelcTBUA
A30THOW KHUCJIOTHl Ha MPOCTOE BEIIECTBO. 3HAYUT, DJIEMEHT X — HEMETalll, pacHoJIOKEHHBIN B
IaBHBIX moArpynmax 6-7 rpymn. Hemeramnsl THaBHBIX TOATpyHH 4—5 Tpymnmbsl MOTYT
00pa30BbIBaTh HECKOJIBKO KHCIOT. CHIIBHBIM OKHCIHTENEM, CHOCOOHBIM pPacTBOPATH 30JI0TO,
MOJKET OBITh TOJILKO a30THAsl KMCIIOTa B CMECH C COJISTHOM (LIapckasi BOJKA), HO B YCIIOBUU CKa3aHo,
4TO B peaklnHu He o0pa3yroTcs razoo0pasHble MPOAYKTHI. ['ajoreHsl B MpHUpOJie B BUAEC MPOCTHIX
BCIICCTB HE BCTPEYAIOTCS, 3HAYUT, P€Yb MOXKET HITH TOJBKO 00 3JIeMEeHTe 6 TPYIIbI TIIaBHOU
MOITPYTITIBL.

B mpupone yactel MUHEpaibl, COIEpKaIIe Cepy U cepa BCTpedyaeTcs B CAaMOPOJHOM BHUJIE.
VY 31eMeHTOB 6 IPyYIIIBI MOTYT ObITH KUCIOTHI cocTaBa HyD03 1 HyDO04.(D =S, Se, Te, Po).

OnemeHT Y — cepa. DieMeHT X MOXKeT ObITh CeJIeH, TeJUTyp Wi nojsoHui. [lo nmpoueHTHOMY
coctaBy kucjaorbl 1 HyD03 3sement X — ceien  (Se). (o = M(Se)/M(H,SeO3) =79/129 =
61.2 %). Torna kueaora 1 — H,SeO3 a kucsiora 2 — HySeOy,.

2. 3Se +4HNO;3 + H,0 = 3H,SeO3 + 4NO (peakuus 1, moxxHo u NOy)

H,SeO3 + H,0, = H,SeO,4 + H-0, (peaKHI/IH 2)
2AU+6H,Se04=Au,(Se0y)s + 3H,Se03 + 3H,0 (peaxrust 3) niu
2AuU + 6H,Se0, = Auy(Se0y)3 + 3S5e0, + 6H,0 17001
2AuU + 7H,Se04 = 2H[AU(SeO4),] + SeO, + 6H0.
3. Cenen ot CeneHbl rpedecKoil OOTHHU JTyHBI.
4. VYcraHoBuM coctaB coeauHenus b. Vcxoas m3 Toro, 4ro oHO OMHApHOE W BKIIIOYAET

CCJICH, MOXHO MNPCANOJOXUThb, YTO 3TO COCAMHCHUC C BOAOPOAOM, AJIIOMHUHUCM, HATPHUCM HIIU
6
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okcugl. [lo mpoueHTHOMY COAEp)KaHUIO CEJIeHa ¢ YYETOM TOTO, YTO B COCTaB BXOJAT IICTIOUKH S€4
MOKHO UCKJIIOUYUTH COCAUHCHHA C BOAOPOAOM U KUCIIOPOAOM. 3Ha‘-II/IT, 9TO AIIOMHUHUU U HanHﬁ.
PaccmoTpum coefriHeHNe ¢ HATpUEM:

Na,Sey X:y=(12.6/23):(87.3/79)=055:11=1:2.

[Tpocreiimas popmyma NaSe,. T. k. coequHeHHE CONEPKHUT IENOYKH S€4, TO Gopmyna
B = Na,Se,. Jlns amoMUHUS HET BEIIECTB, YIOBICTBOPSIIONINX YCIOBHIO.

12Se + 2 Al + 8 NaOH = 3NaySes + 2 NaAlO; + 4 H20 (peakuust 4)

Cucmema ouenuesanusn:

1. Vemanoenenue snemenmos X,Y no 2 banna, 4 6as1a
2. Ycemanosnenue popmynvt kucnomot 1 u 2 no 1.5 banna 3 6as1a
3. Vpasuenus peaxuuu 1-3 no 2 6anna 6 6as10B
4. Omeem Ha eonpoc 3 1 6amn

5. Vemanosnenue gpopmynvl sewyecmsea b 4 6ana
6. Ypasenenue peaxyuu 4 2 bayna

HTOIO: 20 é6annoe
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Pewenue 3aoauu 9-3 (asmopwl: Meoseodes H. H., Jlonowcenko B. J1.)

1) TIlocne mepBBIX ABYX OIBITOB HETPOHYTHIM OCTaloch BemiectBO A maccoir 0,6005 r.
Janee ero coXriau W TOAy4ywsid razooOpasublii okcun E, KonuyecTBO KOTOpOro paBHO
1,12 /22,4 = 0,05 mosb. [1ycTh OH COEPXKUT /1Ba aTOMa A B MOJICKYJIE, TOT/Ia KOJUYECTBO A PaBHO
0,1 monb 1

M(A) = 0,6005:0,1 = 6 r/mMoub,
TO €CTh Onm3ko K JuTHIO. HO JuTHil ra3000pa3HBIX OKCHIIOB HE 00pasyeT (K TOMy K€, OH
pacTBOpHIICs OBl B IPEIBIIYIINX OIBITAX).

3nauut, B Mosiekyie E oqun arom A. Torna konuuyectBo A paBHo 0,05 Moib

M(A) = 0,6005: 0,05 = 12 r/MoJib.
Torna 3to yrmepon u ymekucnsii ra3. Urak, A —sto C, E — 310 COs.

3HauuT, B 33/1a4€ UAET peub 00 AMEMEHTaX MOATPYIIHI yIiepoa.

Pacmeop 1 ue cogepxut A u b, 3HauuT B HEM COAEPKUTCS TOJIIBKO HUTpAT 2neMeHTa B (Tak
Kak pacTBOp IOJIydeH pacTBopeHueM B B a3otHoil kucnote). [Ipuyém a3oTHas KUCIOTa B TaKoOM
KOHIICHTPAIIMK OKHCIISAET 3JIEMEHTHI TPYIIBI YIJepofa TOJIBKO J0 CTeNeHW Okucienus +2. B
onbITe 4 5TOT HUTPAT BBIACTWIN U3 PACTBOpAa U pacTBOpwiId B Boje. Ilocie 3Toro ¢ momoisio
cynbpuaa kKanus OblT ocakaEH, BeposTHO, cynbdun. Torma 3 umeer dopmyny BS (crenenb

OKHCJICHH paBHA +2) Ecnu aromnas macca B paBHa X, TO MaCCoOBas OOJIA B B coennHeHUN 3 paBHa

X
1=y ¥ 32
a mockoJibky Macca 3 paBHa 3,5890 1, To Macca npocToro BemectBa B paBHa
3,5890x
my = wq- 3,5890 = x-|——32

OcraBmyecss 3J1€MEHTHl MOATPYIIBl YIIEPOAA IMPU PACTBOPEHUH B KOHLUEHTPHUPOBAHHOMN
MIEI0YN OKHUCISAIOTCS /0 COEAMHEHUH CO CTeNeHblo OKHciIeHus +4. 3HauuT, npu 100aBICHUU
KHCJIOTHI B OMbITE 5 BhIMagaeT ruaparupoBanHbiii okcun Buna bO2-NH;O. O npu npokanuBanun
nact okcug BO; (on ke BemectBo M). ITycts mMonmspuas macca B paBua Y. Torma, aHaaormaHo

MpEeAbIAYIUM pacCyXAEHUsIM, ucxos u3 Toro, uro macca M pasna 2,1030 r, macca b paBHa

2,1030y

m, = w,*2,1030 = ————
y + 32

Tak kak macca ucxogHou cMecu paBHa 4,6915 1, a macca yrepozga pasua 0,6005 r, To
m; + m, = 4,6915 — 0,6005 = 4,0910

3,5890x 2,1030y
x + 32 y+32

= 4,0910
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_ 4189,184 + 63,616y
X = 71601y — 16,064

PaccMoTpuM Bce BO3MOXKHBIC BAPUAHTHI:

Ecnu b — a10 cBuHen, To y = 207,2, Torna x = 55, To ecTtb Mapranen. Ho on Haxonurcst He B
rpyIIe yrieposa.

Ecimu b — 310 onoBo, To y = 118,71, Torna x = 67,5, TO ecTh MeX1y rajuiueM u nuHkoM. Ho Hu
TOT, HU JIPYTOM HE pacrojaralTcs B TPYIIIE yIiiepoa.

Ecnu b — sTo repmanuii, To y = 72,61, Torna x = 88, T0 ecTh cTpoHIMA. OH TOXKE HE B IPyIIe
yriepona.

Ecimu b — 310 kpemuuii, To 'y = 28,09, Torna x = 207, TO €CTh CBUHEII.

Uucmo paccMarpuBaeMbIX BapHAaHTOB MOXKHO COKPAaTWUTh, €CIM 3HATh, 4YTO B IMIEIOYH
PacTBOPSIOTCS TOIBKO KPEMHHI U OJIOBO, a YEPHBIN Cynb(hu 00pa3yeT CBUHEII.

3nauut, B — 310 Si, B — 310 Pb, 1 — 510 SiO>, 3 — 510 PHS.

a3 I’ — onuH U3 OKCHIOB a30Ta, KOTOPhIC OOBIYHO BBIICTSIOTCS MPH PEAKIHMSIX METAIOB C
a30THOUW KkucioTou. MomspHast macca I' mpu 3tom paBHa 14,88:2,02=30 r/mois. M3 Bcex OKCHIIOB
a3oTa Takyio MoJsipHyto Maccy umeeT Tosbko NO. I' — ato NO.

[Tpu peakuuu KpeMHUSI ¢ KOHLIEHTPHUPOBAHHON IIEI0YbI0 00pa3yercs BOIOPOI. 3HAYUT, Ta3
I — 210 H>.

K KpucCTaTM30BaIOCh U3 PACTBOpA, IOJYYEHHOTO TMPOMYyCKaHUEM dYepe3 MIEN0Yb
VIJIEKUCIIOTO Ta3a. 3HauuT, 3TO KapOoHar Hatpus. Ho maccoBas gons kuciopoga B 2K paBHa
72,68 % (B 6e3BogHOM KapOoHare — 45,28 %). 3nauurt, 310 kpuctamioruapar Buga Na,COsz-nH,0.
MaccoByro J0JTI0 KUCIOPOa B HEM MOXKHO BBIPA3UTh:

(0)—48+16n—072683 =10,0
w =106+ 18n_ " .3Hauut n = 10,

3uaunt, K — 310 Na,COs3-10H,0.
2) Ypasuenusn peaxyuii
1. 3Pb+8HNO;3=3Pb(NO3); +2NOT+4 H,0O
2. Si+ 2NaOH + H,0 = Na,SiO3 + 2 H,
3. C+0,=C0,
4. COz+ 2 NaOH + 9 H,0 = Na,COs-10H,0
5. Pb(NOg3); + K;S =2 KNO3 + PbS ||
6. NaySiO3; + 2 HCI + (n-1) H,O = SiO,'nH,0| + 2 NaCl
7. SiO,'nH,0 =Si0; + n H,0

3) Macchl yriieposa U CBHHIIA pPacCUnTaHbl paHee. Termepb JOBOIBHO JIETKO HANTH MacCOBBIE
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JIOJIM BEIISCTB B UCXOIHOIN CMECH:

o(C) = 2899 _ 41980 ~12.80%
4,6915
w(Pb) = 1980 _ 6625 — 66,25%
4,6915

w(Si) =100 % — 12,80 % — 66,25 % = 20,95 %
KonndecTBO BBIIEIEHHOTO U3 pacTBOpa rHpaTa KapOoHaTa HATPHSL:

8,5637
Na,CO. -10H.,0) = &
v(Na,CO; -10H,0) =50~

= 0,030 monw

T.x. Ha 1 dopmymeayro emuauny Na,CO3-10H,O mnpuxomgmres 1 Moms  yriepona,
makcumanbHoe konudectBo NayCOs3-10H,O paBHO HMCXOMHOMY KOJIHYECTBY MOJb YIJIepona, T. €.

0,05 moib.

Boxoo 7=—"—=2%%_06=60%
Vieop 0,09
Cucmema oyenueanus:
1. Onpeoenenue sewecme A — H no 0,5 b6arna
Pacuémur NO, CO, , PbS, SiO,, Na,CO3-10H,0 no 1 6anny 9,5 6aJs10B
2. Vpasnenus peaxyuii no 1 banny 7 6aJ10B
3. Pacuém maccosuvix donell seujecma 8 UCX0OHOU cmecu — 2,5 bania 3,5 6aana

(6eprbie maccosvie 0onu 0 1oovix 2-x no 1 banny, mpemuii — 0,5 banna)
Pacuém evixooa Na;COsz-10H,0 — 1 6ann
HTOro: 20eéannoe

Pewenue 3aoauu 9-4 (asmopwi: /Ipozoos A. A., Anopees M. H.)

Bypelii a3, BBIICNSAIONIMICA MPU PEAaKLIMU HEU3BECTHOTO BELIECTBA C KOHIIEHTPUPOBAHHON
a30THON kucnoroir — 310 okcua azora (IV) NO,. Ocamox Xz, oOpasyrouuiics Mpu JEHCTBHH
pacTBopa xjopuaa Oapus Ha a30THOKHUCIBIA pacTBOp, MOJTYYEHHBIH NpPU PACTBOPEHUU Xj, 3TO
cynear Oapus BaSOs, HepacTBopuMbIii B kHcioTax (docdar OGapuss B 3TUX YCIOBUSAX HE
oOpasyercs, T. K. B pacTBOpe KHciasi cpelia U3-3a OOJNbIIOro M30bITKa a30THOM KUCIOTHI). Ocanok
X4, OMyYEeHHBINH TIpK 100aBJICHUN HHUTpara cepedpa, 3to xmopun cepedbpa AgCl. JKénterit ocamok
X5, 00pa3yromuiicss Mpu OCTOPOKHOM JTO0ABICHUU MIENOYH, MOXET MPEICTaBIATh COO0M OKCHI
pryta HQO umu docdar cepedbpa AgsPO4. MaccoBoe otHomenune Xz @ Xs = 1,074 qa BaSO, :

HQO, uto He cooTBETCTBYET NMpHBEAEHHOMY B ycioBUH. B ciydae docdara cepebpa MomabHOE
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otHomenue AQ3;PO, : BaSO, =419-1,39:233 = 1:2,5, to ectb 2Ag3PO,: 5BaS0O,, uto

COOTBETCTBYET COOTHOIICHUIO 37IeMeHTOB P : S =2 : 5 u popmyne X; P,Ss.

Hrak,

X1 = P3Ss,
X2 = NOg,
X3 = BaS0y,
X, = AgCl,
Xs = AgsPO,

2) YpaBHeHHUsI peaKIHii:
1. P,Ss+40HNO;3 = 2H3PO4 + 5H,SO4 + 40NO2+ 12H,0;
2. H,SO4 + BaCl, = BaSO4d+ 2HCI;
3. AgNOjz(.) + HCl = AgCIN + HNO3;
4. HNO3z + NaOH = NaNOs + H,0;
5. HsPO4 + 3NaOH + 3AgNO; = AgsPO4 + 3NaNO;3 + 3H,0.

Cucmema oyenusanusa:

1. Onpeoenenue sewjecms X1 — Xs no 2 6anna 10 6amoB

2. Vpasuenus peaxyuii no 2 banna 10 6ass10B

HTOIO: 20 éannoe

Pewenue 3a0auu 9-5 (asmop.: Epémun B. B.)

1. Haiiném MOJIIpHYIO Maccy CMECH.
M = pRT _ 0.968-8.314-288

P 30

O06a rasa MMOTJIOIIAr0TCA H_IéJ'IO"IBI-O, MMO3TOMY JIOTMYHO MNPCANOJIOKHUTh, YTO 3TO — KHCJIOTHBIC

=77.3 r/mMmonb

OKCH/IbI, IOATOMY OJIMH M3 JIBYX JIEMEHTOB — KUCIOPO/I.

OnuH U3 ra3oB UMeET MOJSPHYIO Maccy Oonbiie, yeM 77.3 1/Mob, U MpencTaBiaseT co0oit
KUCIIOTHBIN okcua. Moxno npenmnonoxuts Cl,O, Torma Bropoii razoodpasusiii okcun — ClO;. U3
ycnous N(Cl) = N(O) naxomum, uro N(CI,0) = N(CIO,), T.e. ra3 mpencraBiser coboii
sxBuMoIsipHyto cmeck Cl,O u ClO,. IIposepsiem:

M¢p(Cl20, CIO3) = 0.5M(CI,0) + 0.5M(CIO2) = 77.25 r/M011b — HOIXOIUT.

2. a) IIpu ocBemienuu AaBieHHue yBeln4yuBaeTcs B 1.5 pa3a. TO COOTBETCTBYET MOIHOMY

Pa3JIoKEHUIO 000MX OKCHIOB Ha MIPOCTHIE BELIECTBA:
Cl,0=Cl,+ % 0,
ClO,=%Cl,+ 0,

B pesynberare paznoxenus oOpasyercs skBuMoisipHas cmeck Cly m Oy, Ilpu mobasnenun

IE7I09M BECh XJIOP MOMIOUIAETCS, OKpacka MCUE3aeT, U JaBJICHHE yMEHbINAETCs B 2 pasa:
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Cl, + 2KOH = KCI + KCIO + H,0
(ra3 — XOJIOAHBIN, TOATOMY 00pa3yeTcs TUIIOXJIOPHT).
0) [Ipu HarpeBaHuU JaBlI€HUE MEHSETCA KaK BCIEACTBHE YBEIWYCHHS TEMIIEpPATyphl, Tak U
3a cu€T XUMHYecKor peaknuu. [lepecunTaem gaBieHue Ha UCXOAHYIO Temmieparypy 15 °C:
39.5 klla - 288 K /303 K=137.5 klla.
OTO O3HayaeT, yTo 3a CYET XMMHUYECKOM pEeaklMu OHO YBEIMYWIOCHh Ha Y4 MO CPaBHEHUIO C
nepBoHadanbHbIM. CrienoBarenbHo, 1pu 30 °C pa3noKuics TOJbKO OAMH M3 JIBYX OKCHIOB. Kakoii
umenHo? JlomycTuM, ucxomnas cmech coxepxkaia mo X mosb Cl,O u ClO,, Bcero 2X moms. ITocie
HarpeBaHusi oO0Ilee KOJMYECTBO BEIIECTBA YBEJIMYWIOCH HAa Y4 M cocTaBWiIo 2.5X MOIb, a Mmocie
no0aBieHus MENOYN ocTanock Bcero 0.5X Monb ra3a (JaBlieHHe YMEHbIIUIIOCh B 5 pa3). U xuop, u
HEPA3JIOKUBIIUICS OKCHJ XJOpa MOMIOMIAIOTCS PAcTBOPOM IIENOUHM, CJIEOBATEIbHO OCTAJICs
kuciopona O,. B takom kosmyectse (0.5X Moiib) oH o6pasyetcst ipu pasiokenuu Cl,0:
CbO=ClL+% 0,
Peaxiuu co ménounio:
Cl, + 2KOH = KCI + KCIO + H,0
(B aTOM Cilyyae MOKHO TipuHEMath 1 oopazoBanue KClOs, Tak kak TeMmeparypa 6oiiee BbICOKas),
2CIO; + 2KOH = KCIO, + KCIO3 + H,0.
Omeemul.
1. ITo 50 % Clzo u C|02
2. a) IIpu ocBemreHnu 00a OKcHIa pa3NoKUINCh HA TIPOCThIE BEIIECTBA.

0) IIpu HarpeBanuu paznoxuics Toiabko Cl,0.

Cucmema ouenueanusn.

1. Pacuém monapmnoi maccwl easa 2 das1a
Onpeodenenue opmyn 2azos 2 6an1a
Onpeodenenue coomuoueHus 2 damna

(no monapHol macce uiu nO MOIbHOU 0oJie)

2. 4 VYpasnenus peaxyuii no 2 6anna 8 basoB
(2 peaxyuu paznoaxcenus, peakyuu Cly, u ClO; co wénouwio)
eciu npooyKmvl NpAsuiibHble, HO peakyus He ypagHeHa — 1 6ann 3a xaxcoyw

peakyuro

ObvsicHeHue SKCnepumMenma ¢ 0ceeweHuem, ¢ pacuiémamu 2 6anna
(uoest nonno2o paznodicenuss 6es pacuémos — 1 bann)

ObvscHeHue SKCnepuMenma ¢ Hazpesanuem 4 das1a
U3 Hux

3a UK Pa3N0AHCeHUsL MOAbKO 00OHO020 U3 OKCU008 — 1 ban

3a nepecyém 0asienusi K UCX0OHoU memnepamype — 1 oann

HTOI0O: 20 éannoe
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Hecamuwtit Knacc

Pewenue 3a0auu 10-1 (asmop: benoycos 10. A.)

1. Ta3 b ¢ mioTHOCTEIO MO Tenuto 16 uMeeT MOJSIpHYIO Maccy 64 r/MOJIb, YTO COOTBETCTBYET
okcuny cepsl (V). M0oXHO TpeArnonokuTh, YTO MHHEpa — Cyab(ua HEU3BECTHOTO MeTaa X, a B
— okcufJ Toro ke merauia. Ilockonbky mpu oOxure oOpa3yroTcs SKBUMOJISIPHBIE KOJIMYECTBA
IPOAYKTOB, MOXHO 3aKJIFOUUTh, YTO COCTaB MUHepana XS.

[Tpu pactBopennn okcuaa B B cepHoil kuciore oOpaszyercs cyibdpar X. [IpoBepum 310

MMPCAITIOJIOKCHUC!
X50, + nH,SO, = Xz(SO4)n + nH->O
n, 2-
o(X) — 2M (X) 0 - 2XX) 3 M(S07)

2M (X)+n-M(SO3") 1-o(X)

M(X) = M(SO4%)-n/2-o(X) /(1 — o(X)) = 96-n/2-(1 — 0.2089)

ITpu n =1 M(X) = 12,68 r/M0jb (HET COOTBETCTBHS)

[Tpu n =2 M(X) = 25,35 r/mM07b (HET COOTBETCTBUS)

[Tpu n = 3 M(X) = 38,03 r/mM07b (HET COOTBETCTBUS),

ITpu n =4 M(X) = 50,70 r/mos (V, HO U3 BoaHOro pactBopa BeiaemseTcs VOSOy).

Takum oOpaszom, cymbdar coctaBa Xp(SOs), He momxomut. [lpu ymapuBaHUHM BOIHOTO

pacTBopa MOkeT o0pa3oBaThes Kpuctamioruapar cyiabharta X: Xp(SOy4)n-mH,0. B nannom cinyuae

npuaETcs nepedupaTh BCE BO3MOXKHBIE 3HAUEHUS N U M.

2
o) = 2M(2X) :>M(X):m(X)n M (SO27)+m-M (H,0)
2M (X)+n-M(S027) +m- M (H,0) 2 1-o(X)
M2(SOq)n
mi 2 3 4 5 6 7 8 9
1 | 1505|1743 | 19,80 | 22,18(Na) | 24,56 | 26,93 | 29,31 | 31,69 | 34,06
3 | 40,40 | 42,78 | 4515(Sc) | 47,53 | 49,91 | 52,28 | 54,66 | 57,04 | 59,41
2(M(SO4)n2-™-H,0)
nm 2 4 6 8 10 | 12 14 16
2 | 30,10 |34,86|39,61(Ca)| 4436 |4912 5387 |5862(Co,Ni) | 63,38(Cu)
4 | 5545(Mn) | 60,21 | 64,96 | 69,71(Ga) | 74,47 | 79,22 83,97 88,73

OTOT crocol He ONTHUMAJIEH, T. K. TpeOyeT MHOTO pac4€ToB, HO HE 1aéT OJJHO3HAYHBII OTBET B
Cly OONBIIOrO YHCiIa BO3MOXKHBIX BapHaHTOB, I PAacCCMOTPEHHUS KOTOPBIX HEOOXOAMMO
NpUBJICUEHHE JOMOJHUTENbHBIX IaHHBIX. Pa3yMHee cHadana BIOpAaTh KPYr BO3MOXKHBIX METAJIOB

Ha OCHOBAHWU JOIMMOJIHUTCIIBHBIX JAHHBIX, d 3aTCM IMPOBOAUTD IJId HUX pacqéT.
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PaccmoTpuM cBOMCTBa ONMUCHIBAEMBbIX COEAMHEHUN. 3€NEHBbIN I1BET KPUCTALIOTHApaTa
cyibdara MoxHO oxunath s coiei BaHamus (I1), xpoma (Il), u wukens (ll). JlobaBnenue
pacTtBopy cynbdara meEIoYn A0KHO IPUBOJUTH K 00pa30BaHUIO OCa/iKa TMAPOKCHIA MeTallia, a
IIPU €ro pacCTBOPEHUH B aMMHaKe 00pa3zyeTcsi KOMIUIEKC (PHOJIETOBOTO LIBETA, YTO XapaKTEPHO IS
menu (1) u muxens (11).

W3 mpeapiaymieit Tabauipl BUIHO, YTO U3 YIIOMSHYTHIX METAJUIOB YCIOBUIO COOTBETCTBYIOT
NiSO4-7H,0 u CuSO4-8H,0. [Tocnenuuii He CYIIECTBYET, T. K. CYJIb(aT MEIU KPUCTAIUIU3YETCS C
5 monexymnamu Bojbl (CuSQOy4-5H,0, MenHbIN KyITOpoc) U KIMEET TOTyOyI0 OKpacKy.

Takum obpazom, A — cynsdua mukens NiS, b — okcun cepsr SO;, B — okenn nukens NiO, I’
— renraruapar cynbgara Hukensi, NiSO4-7H20. Ocanok 1 — runpokcun Hukens Ni(OH),.

Mousipaas macca rajoresa B raorenue kaaus KHal (BemiectBo 3) MokeT ObITh BHIUHCIICHA:

M(Hal) oy @(Hal)-M(K) _ 06714390983
M (Hal) + M (K) 1- w(Hal) 1-0,6714

o(Hal) = ~ 79,9

BemectBo 3 — 3T0 6pomuy kanus KBr.

VYcranosum Qopmyny BemectBa K. Ilo ycnoBusiM ero mnodydeHuss B pe3ynbTare
B3aUMOJICUCTBUSL OOpa3ylolerocs B peaxkyuu 4 KomriuiekcHoro katuoHa E ¢ Opomugom kanws,
MOXHO 3aKJTI04nTh, 4To hopmyina K [Ni(NH3),]Br,. Onpenenum n:

M (Ni) _ :(l—a)(Ni))-M(Ni)_Z-M(Br):

o(Ni) = M (Ni)+n-M(NH,)+2-M(Br) - o(Ni)-M (NH,) M (NH,)

_(1-01830)-586934 _2-79.904
0,1830-17,031 17,031

3naunt Bewectso XK — [Ni(NH3)s]Br2. E — katnon amuzoxkommiexca [Ni(NH3)s]?*. Bunaproe
coeaunenne U, momyuaemoe npu pasioxenun K — ato 6pomus vukesns NiBr.
2. YpaBHEHUS peakiuii:

1. NiS + 1.50, — NiO + SO5;

2. NiO + HpSO, + 6H,0 — NiSO4 7H;0; "

3. NiSOj + 2NaOH —Ni(OH)s | + Na;SOs;

4. Ni(OH), + 6NHz — [Ni(NHa)e]>*+20H " wu N LT
Ni(OH); + 6NHs — [Ni(NHz)s](OH)s: xav” | s

5. [Ni(NH3)]** + 2Br — [Ni(NH3)6]Br2 wiu
[Ni(NH3)s](OH), + 2KBr — [Ni(NH3)e]Br, + 2KOH;
6. [Ni(NH3)6]Br2 —NiBr, + 6NHs.

NH 3

CTpOCHI/IC KaTHUOHAa I'CKCAaMUHHUKECIIA — OKTad3Ap, YTO CICAYCT U3 COCTAaBaA.
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Cucmema OUECHUGAHUA

1 Onpeoenenue snemenma X 1.5 6anaa
Onpeoenenue coeounenuti A—H (no 0.5 3a sewgecmeo) 4.5 6aa
Pacuém cocmasa b, I', K, 3 (no 1 6 3a 6-60). 4 0a1a

2  Ypasnenus peaxyuu (6 peaxyuii no 1,5 6) 9 das10B

3  Cmpoenue kamuona E 1 6aan

HUTOI'O: 20 6annoB

Pewenue 3a0auu 10-2 (aesmopuwi: Meoseoes . H., Honxcenxo B. /1.)

1) B ombite 1 01HO U3 TPEX MPOCTHIX BellecTB B He pacTBOPHUIOCH B MIENOUH.

B omnbiTe 2 monyyeH pactBop HuTpara B ¢ HempopearupoBaBIIUM H30BITKOM a30THOM
KUCTIOTHl (pacmeop 2). Ilocne ymapuBanusi pacTBopa (OHBIT 3) ynanuiau HM30BITOK a30THON
KHUCJIOTBI, TBEP/BIA OCTATOK PACTBOPUJIM B BOJIE IIPH ATOM B PACTBOPE COAEPHKUTCS TOJILKO HUTPAT.
W3 Hero mpu peaknuu ¢ cynb(UIOM Kanus Bbimagaer 4€pHblii ocanok E, BepostHo, cynppuna B.
[Tycte E umeer Gpopmyny B,Sn. Torna, ucxoas u3 Toro, 4To HaM U3BECTHBI Macchl UcXoaHOro B
(0,5180 r) u monyuusmierocs E (0,5982 r), MoxxHO onpeaenuTs MaccoByto A0ii0 B B cynbdune:

. 0,5180 — 08650 = 2M (B)
0,5982 2M (B) +32n

3naunt M(B)=103,3'n, rae N mpuHUMaeT leible 3HA4YeHWs. Torma s pa3IuyHBIX N
M0JIy4aeM BapUaHTBI:

n=1 M(B)=103,3 — G1u3Kk0 K pOJAMIO, HO B YCIOBMSX peakuuu oOpa3oBaHHE CylIbduia
Rh(I) HeBo3MOKHO.

n=2. M(B) =206,6 — 6mu3ko k cBuHIly. CBHHEIl IMEET YEPHBIA HEPACTBOPUMBINA CYIbOUI
PbS.

n = 3 u BeIme — M(B) 6onbiie 300, TaKUX 5IEMEHTOB HET.

3naunt, B — Pb, E — PbS. Cunen naxoaurcs B 14 rpymnme. B cuimy toro, 4ro yriepon
HEpAacTBOPUM B WHIENOYM, BO3MOXKHBIE KaHAWJAThl HA OCTaBIIMECS MPOCThIE BELIECTBA — 3TO
KPEMHHI, F€pMaHUil ¥ OJIOBO.

B omnbiTe 4 mpu HeWTpanuzauuu oOpasyeTcs cMech TMIPAaTUPOBAHHBIX OKCHJIOB, OJWH U3
KOTOpBIX II0 YCIOBHIO 3aJadyd pPACTBOPSIETCS B KOHLEHTPUPOBAHHOM COJISHOM KHCIIOTE.
[TpokanuBaHue OCTaBIIETOCS THIPATUPOBAHHOIO OKCHJIA JIOJKHO MPUBOIUTH K 00€3BOKMBAHUIO U

obpaszoBanuio okcuaa Buaa AQO;. Ero macca paBua 0,1803r, 3Hauutr m(A) = MM32-0,1803 M —
+
MoJIsipHasi Macca A.
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B ombiTe 5 omucano mnonydenue cynbpuga b. Ero macca paBna 0,1828 r. 3nauwmr,

X
m(b) =
(b) X +64

-0,1828, rne X — monspHas macca b. Ham taxke uzBectHa obmas macca A u b B

MCX0/IHOM HaBecke: oHa paBHa 0,7210 — 0,5180=0,2030 r. ITomygaem:

M 01803+~

-0,1828 =0,2030,
+32 X +64

m(A) + m(b) = v

3HauntT M u X CBSI3aHBI COOTHOIICHUEM: M = 415,744+0,6464- X
0,1601- X —1,4528

Teneps MOKHO PaCCMOTPETH TPH CIIydast:
Ecnmu b — aTo kpemuuit, To X = 28,09, Torga M = 142,52. DneMeHTOB C TaKOH Maccoil B Tpymre
yriepojia HeT. 3HauuT, b — He KpeMHHU.
Ecnu b — aTo repmanuii, To X = 72,61, torna M = 45,49. D1eMeHTOB ¢ TaKOW Maccoil B ATOM
rpynne Toke HeT. 3HauuT, b — He repMaHuil.
Ecmu b — 210 0oBo, To X = 118,71, Torma M = 28,06. 3nauut, A u b — 310 Sn u Si. (8 mobom
nopsizke), Bemiecta: M —ato SiO,, K — 310 SNS).
becupernslii, n€rkuii ra3 I', oOpasyroiuiicss npyu pacTBOPEHUH KPEMHUS U 0JI0Ba B
KOHIIEHTPHUPOBAHHOM pacTBoOpe IEIouH, 310 Hy.
Haiiném monspHyro Maccy rasa :

M(@)=M(H,) D, =2,016-14,88=30,0r/moms

W3 Bcex CyIIECTBYIOIIMX OKCHAOB a30Ta, OAWH M3 KOTOPBIX JOJDKEH BBIACIATHCA B XOJE
pEaKkIuu CBHMHIIA C a30THOM KHCIIOTOM, TaKyl0 MOIISIPHYIO Maccy uMeeT Toibko okcun azora (II).
Crnenosarenbro /I — 310 NO.

[Ipu omxure Ha Bo3ayxe cyinbduna ceunia (E) obpasyercs raz 7K u TBEpIOE OpaHKEBOE
BeniectBo 3. 3Haunt, raz JK — 310 SO,. A 3 — 310 o1MH M3 OKCHIOB cBHHIA — arb0 PbO, 6o
Pb3O4. MaccoBas momst ceunma B 3 pasHa 0,5180:0,5713=0,9067, 4T0 COOTBETCTBYET MACCOBOM
none ceuHI@a B Pb3Oy4. 3Hauut, 3 — 310 Ph30,.

2) YpaBHeHUs peaKiuii:

1. Si+2NaOH + H,O — NaySiOs + 2Hy;

2. Sn+ 2NaOH + 4H,0 — Nay[Sn(OH)s] + 2H21;

3. 3Pb + 8HNO; — 3Pb(NO3), + 2NO1T + 4H,0;

4. PDB(NOs3); + K;S — 2KNO3 + PbS|;

5. 3PbS +50; — Pb3O,4 + 3S0y;

6. NaySiO3 + 2HCI + (n — 1)H,0 — SiO,'nH,0| + 2NaCl;

7. Nay[Sn(OH)g] + 2HCI + (n— 4)H,0 — SnO,-nH,0| + 2NaCl,;
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8. SnO,-nH,0 + 6HCl — H,[SnClg] + (n + 2)H,0 ;
9. SiO;'nH,0O — SiO; + nH,0;
10. Hy[SnCl¢] + 2H,S — SnS;| + 6HCI.
3) Macca cBuHIIa B HABECKE HaM JaHa: oHa paBHa m; => 0,5180 .

Macca SiO; paBna 0,1803 r, 3HauuT, Macca KpeMHHS paBHA

ME) . ysio,) = 23980 41503 0,0843r

)= M (Si0,) 60,084

Macca SnS; pasna 0,1828 T, MO’KHO MPOBECTH aHATOTHMYHBIN PAaCUET JJIsE MACChI OJIOBA!

M(Sn) 11871
M (SnS,) 182,842

m(Sn) = m(cmeci ) — m(Pb) — m(Si) = 0,7210 — 0,5180 — 0,0843 = 0.1187 r

m(Sn) = m(sns,) .01828=01187r wm

MaccoBrie nonu:

o(si) = 29843 (1160 211,69%
0.7210

o(sn) = 21187 _ 6 1646 —16,46 %
0.7210

o(Pb) = 22180 _ 6 7184 _ 718496
0.7210

4) Cocras BeriecTBa Y HE HCUEPIIBIBACTCS YKa3aHHBIMH JJIEMEHTAMH, T. K. CYMMa UX J0JeH
He paBHa 100 %. Haiiném pazauny: o = 100 — 2,506 — 56,459 — 23,564 — 3,053 — 3,955 = 10,463 %
Onpenenm MOJIBHOE OTHOILIEHHE JIEMEHTOB, COJIepKaIIuXcs B Y
Na Pb C N H
® 2,506 | 56,459 | 23,564 | 3,055 | 3,955
M 22,989 | 207,2 | 12,011 | 14,007 | 1,008
v=w/M | 0,1090 | 0,2725 | 1,9619 | 0,2181 | 3,9236
v/ Vg 1,0 2,5 18,0 2,0 36,0

Ecnu npuBecty k 1ienbiM 3HaueHussM, ToNa: Pb:C:N:H=2:5:36:4:72.
Monexkyna 2,2,2-crypt umeer dopmyny CigHzsN2Os. 3Hauut, Y
conepxkut 2 monekynsl 2,2,2-crypt. Cootnomenne C @ N : H = 18:2:36,

COBMMAZaeT C TAaKOBBIM Juisi 2,2,2-Crypt, HO MOJEKylna KpHITaH/Ia

COJICPXKUT emI€ M KUCIOPOJ PacCUYUTaeM MacCCOBYIO JIOJIIO KUCIOpoja B
coenHM Y MCXO/s U3 cocTaBa 2,2,2-Crypt: 2,2, 2-crypt

Vo= 6-vn,=0,6540 => ©(0) = voMo = 10,464 %,

17
© LITMK BcOIIl o xumun



BcOI no xumuu, 1l pecuonanvuwiii sman
2015-2016 yuebnwiii 200
Pewenusn 3a0au meopemuueckozo mypa

YTO COBMAJACT C PACCUMTAHHBIM paHEE OCTATKOM, T.€. cocTaB Y BhIpaxkaeTcs (HopMyon
Nasz5C36H72N40121 W Nasz5(2,2,2-crypt)2.
5) U3 Toro ¢axra, 4TO Ha OJWUH ATOM HATPHsI IPUXOAUTCS OJHA MOJICKYJIa KPHUIITAH/a, a B
COCTaB AaHMOHA BXOAAT TOJBKO AaTOMbl OJHOTO COpPTa, MOXKHO
IIPEIIOJIOKUTD oOpa3oBaHue KOMILJIEKCHOTO KaTHOHA
[Na(2,2,2-crypt)]* u annona Pbs”".
CornacHO mIpaBUIy OKTeTa CBUHEI,
KOTOpbIi uMeeT 4 BaJCHTHBIX 3JEKTPOHA,
MOKET o00Opa3zoBaTh 4 OAMHapHBIE CBSI3H,
HaJIMYue y aHUOHA 3apsiia «2—» TOBOPUT O TOM,
4yTo 2 aroMa U3 IATH CMOIYT 00pa3oBaTh TOJBKO 3 CBSA3H. Takum
00pa3oM, B aHHOHE COACPIKUTCS 2 aToOMa CBHHIIA ¢ TpeMs cBsizsimu Pb—Pb
u 3 aroma c ueThipbMs cBs3simu Pb-Pb, sromy ycnoBuio oreuaer

TPUIOHAJIbHas 6nnnpaMnna.

Cucmema ouenuesanusn:

1. Onpeoenenue sewyecms A — 3 no 0,5 6anna 4 6anna
Pacuémur PbS, SiO, , SNSy, Pb304 no 0,5 6anna 2 panaa

2. Vpasuenus peaxyuii no 1 6anny 10 6an10B

3. Pacuém maccoswvix ooneti snemenmos 1 6anna

4  Pacuém cocmasa Y 2 dana

5  Cmpoenue anuona Pbs*.(0,5 6amra), o6ocroBauue (0,5 Gasia) 1 6ana

HTOI'O: 20 6annoe

1p. A. EDWARDS, J. D. CORBETT Stable Homopolyatomic Anions. Synthesis and Crystal Structures of Salts
Containing the Pentaplumbide(2-) and Pentastannide(2-) Anions // Inorganic Chemistry (1977), Vol. 16, No. 4,
pp. 903-907.
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Pewenue 3aoauu 10-3 (aemopwl [ynesuu JI. I, Emenvanos B. A.)

1. Momnbhnoe cootnomenne I'/B B paBHOBecHO#M cMmecu mpu Temmeparype 25 °C u gaBiacHHN
1 arm. cocraBnser 2,16/1. Oto 3Hauut, uro Ha 1 Mons B B Takoii cmecu npuxonutes 2,16 mons T,
TO €CTh M3 cymMMapHoro yucia monet 1 + 2,16 = 3,16 xonumuectBo B cocraBmsier 1 momb, a
koamuecTBo I' 2,16 Momb. OTcrona HaX0IUM MOJIBHBIC TOJIH:

xg = 1/3,16=0,316 uim 31,6 %, Xr = 2,16/3,16 = 0,684, nnu 68,4 %.

Hns peaknuu aumepusaruu 2B = I' konctanTa paBHoBecus K = pr/pBZ, e Pr 4 pp —
paBHOBeCHbIC TapiuaibHble aaBieHus ra3oB I u B. TIoCKONBKY Pr=Xr - Posm, PB=XB Poom,
obmee gasienue 1 atm, nomyyaem Pr = 0,684 arm., pg = 0,316 atm.

Torma K = 0,684/0,316° = 6,85.

2. W3 paHHBIX O IUIOTHOCTHM Ta30BOMl cMecH MO BO3AYyXy OIpenensieM e€ CpeaHIoo
MOJIApHYIO Maccy: My = Diyosy. - Maosy. = 2,67 - 29 r/Monb = 77,43 r/Monb. CpenHsis MolsipHas Macca
ra3zoBOM CMECH paBHA CyMME€ MOJISIPHBIX MAacC KOMIIOHEHTOB, YMHOKCHHBIX Ha UX MOJIBHBIE JIOJIH.
[Tockonbky I' siBsieTcst mumepom B, ero momsipHasi Macca poBHO B 2 pas3a MPEBBIIAET MOJISIPHYIO
maccy B. Ilomyuaem ypaBHeHue ¢ ogHMM Heu3BecTHbIM: M., = 0,316 -Mg+0,684-2 My =
1,684Myg = 77,43, orkyna My = 46 r/MOb.

[ToCcKONbKY TOHWXCHHE TEeMIIeparypbl MPHBOAWT K CMEUICHUIO PABHOBECHS B CTOPOHY
JTUMEPHU3AINH, U3 3TOTO MOXKHO CJIeJIaTh BBIBOJI, UTO PEAKIUs qTuMepu3annu B sx3orepmudeckast.

3. OcHOBHBIE KOMIIOHEHTHI BO3[IyXa — a30T, KHCIOPO/I, aprOH U YIIIEKHUCIbIi ra3. Kucmopon
¥ aprOoH HEe MOTYT 00pa30BaThCs NMPU CKUTAHUU A, a 11 00pa30BaHUs TOJIBKO BOJBI M YITIEKHUCIIOTO
raza HaJio ObUIO CXKUTATh YIJIEBOIOPO, KOTOPHIA HE MOAXOAUT 1o ycioButo. Torma JI — 310 a3oT.
BonoponHoe coenuHeHne azota A, YIOBJIETBOPSIONIEE YCIOBHIO (a3 MPH H. Y., BOAHBIA PAacTBOP
KOTOPOTO OKpAIIUBAET JIAKMYCOBYIO OyMary B CHHUI 1[BET) — aMMHaK.

Torma raz B ¢ momspHoii Maccoit 46 r/moip — muokcun azora (okcua aszora (1V)), raz T' —
TeTpaoKcu I aua3ora (qumep okcuaa aszora (1V)), a ra3 b — monookcu azora (okcu azora(ll)).

YpaBHeHuUs1 peakumii:

1) 4NH; +50,—"™ 5 4ANO + 6H,0;
2) 2NO + 0, =2NOy;
3) 2NO, = N,Oqy:
4) 4NH;3 + 30, = 2N, + 6H,0.
4. OObEmHOE (OHO XK€ MOJIBHOE) COMIEp)KaHHME a30Ta B CyXOM Bo3ayxe coctaBisieT 78 %.

Torma mapruaibHOE JTaBJICHHE a30Ta B OMHMCAHHBIX YCIOBHSAX cocTraBHT pnp = 0,78 101,325 =

79 kI1a.
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5. Cmecp MOHOOKCHJA a30Ta U JHMOKcUAA a3zoTa (eciu Oosiee TOUHO, TO €ro AMMEpa) IpH
CHJILHOM  OXJIXKJICHHM pearupyeT ¢ oOpaszoBanueM okcuga asota (I1l). EauncTBenHas
pacripocTpanéHHas a30TcoepaKalias KUCioTa (U3 KOTOPOH, K TOMY K€, MO’KHO NPUroToBUTh 50%-
HBII BOJIHBINA pacTBOp) — a3oTHas. [Ipu B3auMoaelcTBUM aMMHMaKa M a30THOW KHCIIOThI 00pazyercs
HHUTPAT aMMOHMUSI, TEPMUYECKOE pa3jioKeHne kotoporo gaét okcuy azora (1).

YpaBHEHHUsI peaKkIuil:

5) 2NO + N,04 —_%—C—) 2N,03 (3acuutsiBaetcs NO + NO;, = N,O3);

6) (CeH10s), + 12nHNO; = 6nNO + 6nNO, + 6nCO, + 11nH,0 (MoxKHO 6e3 N);
7) NH3z + HNO3z = NH4;NO3;

8) NHiNO; —245°C  N,O + 2H,0.
CrpykTypHbIe HOpMYIBIL:
20 »0 | >0 _
O= N—N< H—O—I\f< N* O=== N _ O==N=N
E O wK O H h\ H 0 "
3
Cucmema oyenueanus:
1. Pacuém monvHulx doneii 1 6ann, koncmanmol pasHosecus 1,5 6anna 2,5 banna
2. Pacuém monexynsapnou maccol 1 6ann, 3naxk meniogoeo sgpgexma 2 banna
¢ obocHosanuem 1 6ann (6es obocnosanus 0,5 6anna)
3. Dopmynvr gewgecms A=/] no 0,25 b6anna, nazeanus A=/l no 0,25 6anna, 6,5 bannoe
ypaeneHus peakyuti no 1 6ainy
4. Pacuém napyuanvhoco 0asneHus azoma 1 Gamn
5. Vpasnenus peaxyuii no 1 6anny, cmpykmypusie ¢popmynvt E-H no 1 6anny 8 b6ayos

(monexynsipnvie popmynvt E-H ne oyenusaromes)

HTOIO: 20 6anx10B
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Pewenue 3aoauu 10-4 (aemopwi: Anopees I1. A., Tovuukos U. B.)

1. BemecrBo B o0pasyercs npu nuponuse MeTaHa M MCIIOJIb3yeTCs JUIsl Ta30BOM CBAPKU U
pe3ku MetaiioB. Jlerko noranarscs, uro B — anerunen, CoHp. Oxucnenue anetusieHa U30bITKOM
NepMaHraHara Kajusi B CEpHON KUCIIOTe IPU HarpeBaHUH MPpUBOAUT K oOpasosanuio CO, u Hy0.

CrnenoBatenbHO, €IMHCTBEHHOE OpraHMYecKoe coefauHeHue Z, oOpasyromeecs mpu
okucieHun cMecu A u B, sBiasercs mpomykTtoM okucieHus A. Ha nedrpamuzamuio 2.19 v Z
tpedyetcs 3.75 - 0.32 = 1.2 r NaOH, uto coorBercTByeT 0.03 Mmons NaOH. Ecnu Z — oqHOOCHOBHAs
KHCIIO0Ta, TO €€ MOJIEKYIIsipHas Macca paBHa 73 a. €. M. OTO HEBO3MOXKHO, IOCKOJIbKY MOJIEKYIsIpHas
macca coequHeHuit Gopmynel CyHyO, nomkHa ObITh u€THBIM ynciioM. Eciu Z — nByXocHOBHas
KHCIIOTa, TO €€ MOJeKymsipHas Macca paBHa 146. Ona cooterctByeT (popmyne CsHg(CO,H),.
OTcrona MOXXHO ciienaTh BbIBOJ, 4TO A — nukioankeH. I[lockonbky Z He CONEpKUT TPETUUHBIX
aTOMOB yIJepoja, 3TO MO0 aJuWNUHOBas (IeKCaHAMOBas) KHUCIOTa, JUOO0 2,2-TUMETHIISIHTapHas
(2,2-numetunOyranauoBas kuciaoTa). OmHAKO TOCHEAHSS JODKHA TMONy4aTbCs W3 KpaiHe
HECTaOWIBHOTO 3,3-TMMETHIHUKIOOyTeHa. AIMIIMHOBAs KHCJIOTa O0pa3yeTcss MpU OKHCICHHU
LUKJIOreKCeHa, KOTOPbI IMpH HArpeBaHWU B IMPHUCYTCTBUU IJIATUHOBOIO KaTalu3aTopa MOXXET
HOABEpraTbcs JAETUAPUPOBAHUIO ¢ 0Opa3oBaHueM OeH30i1a. Beiaenstomuiics npu 3ToM Bogopon (2
HKBMBAJIEHTA) TUAPUPYET alleTUIEH ¢ 00pa3oBaHUEM 3TaHa. J[elicTBUTENbHO, U OEH30I, U 3TaH HE
OKHCIISIFOTCSI TIEpMaHTaHaTOM Kajusl B KHCIIOM cpeze, a O€H30J1 MOXKHO HOJIYYUTh TpUMEpH3alueit

anetuneHa. Takum oO6pa3zoM, A — IUKIIOTeKCeH, Z — auIHOBas Kuciaora, X — 6eH3on, Y — 3TaH.

T
O + HC=ECH — © + H;3C-CH;, (peaxnus 1)
Pt

B Y
A
_ T
3 HC=CH — (peakmus 2)
yroib X
T
2CHy, =— HC=CH + 3H, (peaxuust 3)
B

T
5 O + 8§ KMnO, + 12 H,S0, =— 5 ngzﬁ + 4 K,SO4 + 8 MnSO,4 + 12 H,O (peakuus 4)
2

A Z

HC=CH + 2 KMnO,4 + 3 H,SO, = K;,SO4 + 2 MnSO4 + 2 CO5, + 4 H,0O (peakus 5)

Peaknus Genszona c¢ xsmopodopmom B mpucyrctBuu AlCl; mpencrasnser coboit mpumep
ankuiupoBanus no Ppunemo—Kpadrcey. [TockoabKy TPOAYKTOM peakiMu SBISETCS YIIIEBOIOPO,
MOXKHO CJ/IeNaTh BBIBOJ, YTO B XJOpPO(pOpME BCE TPH aroMa XJopa 3aMelleHbl Ha (EHUIbHBIC

rpymmsl, To ecTh obpaszoBaics tpubenunmeran, (CgHs)3CH. Ilpu meficTBum Ha HEro HaTpus
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BBIJICJIIETCS] BOZOPO U 0Opa3yeTcst conb. BbIBoA — TpuQeHnIMeTan nposiBIseT ciadble KUCIOTHBIC
CBOMCTBa, a conbto sBiasercs Ttpudenuameranua Harpus, (CgHs)sCNa (D). Ks[Fe(CN)g] —
OMHOZJIEKTPOHHBIM  OKHCIHMTENb,  INPEBpAllAlONMi  TpU()EHUIMETWIBHBI ~ aHHOH B
COOTBETCTBYIOIIMI pamukan E, KOTOpbIi MOXET JUMEpU30BaTbcs JABYMS MYTAMH: a) C
oOpa3zoBaHneM rekcadeHwIdTaHa U 0) B pe3ylbTare aTakd paJuKajIbHOTO LIEHTPA OTHON YaCTHUIIBI
1o (peHWIBbHOMY KOJbIly Apyroil. I'ekcageHnnasTan Comep KUT TOIBKO TPU THIA aTOMOB YINIEpOJa,
cienoBarenbHO, 3T0 He gumep F. Jlumep wumeer 9 THIOB aroMoOB BOAOPOAA, €CIH

TpUGEHWIMETUIBHBIA paJuKal aTaKkyeT Jpyroil paaukal IO napa-TOJOKEHUIO OJHOW U3

T Ph
3 + CHCl; — Ph+H (peakius 6)
AlCl, Ph

(EeHUIbHBIX FPYMIL.

X C
O O Na® Ph
O O + 2Na = 2 o + H, | Ph—-Na| (peaxums 7)
|O |O Ph
c D
O C
a
O @ + NH4CI O O + NaCl + NH;4 (peaxius 8)
D C
Ph Ph
Ph+Na + K;[Fe(CN)g] — Ph)'\Ph (peakuus 9)
Ph

C

(peaxuus 10)

2. Ilpu yBenmnuyennun nmasnenus no npuanumy Jle-1llarense paBHOBECHE TOMKHO CABUTAThCS

B CTOPOHY JUMCEpaA. CHGHOB&T@HBHO, WHTCHCHUBHOCTDH OKpPAaCKH O0JI’KHA ocJ1abeBaTh.
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Cucmema oyenusanus:
1. 9 cmpyxmypuuix popmyn — no 1 dbanny 19 6annoB
10 ypasnenuii peaxyuii no 1 6anny
2. Omeem c obocHosanuem — 1 6ann. 1 6aan
Ipasunvhoiti omeem 6e3 obocnosanus — 0.5 banna

HTOIo: 20 6anx1os

Pewenue 3a0auu 10-5 (aemop: Epémun B. B.)

[Tpu pemeHUN 3a1a4u MPEAToIaraeM, 9To MOIIONICHHE CBETa MOXKET MPUBECTH K Pa3pbIBy
CBSI3U, €CJIM SHEPIHsI CBETa OOJIBbINE MIIM paBHA SHEPTHH CBSI3H.

1. Jnmuuae Bomabl 400 HM  coorBercTByeT dHeprus 12 J[x/moib - 1 cm /400 um =
= 300 k/l»x/momb, a gmuHe BoaHBI 700 HM — sHeprus 170 xIx/mMonb. CBET ¢ TaKO# SHEPTHEH MOXKET
Pa3NIoKHUTh Ha aTOMBbI MOJIEKYITBI Brp 1 |y.

2. 03—>0,+0.

Ces3p OO B Mousekyne 030Ha — MpoMexxyTodHast Mmexxay oaunapHo O—-O u asoiinoit O=0.
Ecnmu  mpenmnonoxuth, YTO OHEPrHs TaKOW CBSA3M pPaBHA CPEIHEMY apUPMETHUYCCKOMY:
(497 +146) / 2 = 321.5 x/I»x/MOnb, TO TaKOM ODHEPrHM COOTBETCTBYET JUIMHA BOJIHBI CBETa:
127321500 - 10" um = 373 uwm. (Ha camom nere, MUK TOIJIOMICHHUS 030HA MPUXOAUTCS Ha 260 HM,
TaK Kak 00pa3yercs BO30YKIEHHBIN MOJIEKYJISIPHBIN KUCTIOPO).

3. DHepruro T-CBI3M MOXKHO OIICHUTH KaK pa3HOCTh MEXKIY OJHEPrHSAMHU JIBOHHOW U
ofuHapHOH cBs3u: 612 —348 = 264 x/{x/Monb. Takoil 3HEpruu COOTBETCTBYET JUIMHA BOJIHBI CBETA!
12/264000 - 10" um = 455 um. Dta ouenka — rpydas, peamsHo TpeOyercs Y@ H3mydeHwe, s
pa3ubix ankeHoB 300-330 M.

4. a) Nnunae Bomubl 500 HM cooTBercTBYeT dHEeprus 240 k/[x/Moinb, €€ HeAOCTaTOUHO IS

paspsbiBa cBsizeit B CBris. Monekyna He pacnagaercs.

6) 300 am ~ 400 x/[x/mMonb. Moxer pazopsarbes cBsizb C—Br. IIpoxyktsi: CF3 u Br. (B
KaueCTBE MPAaBHILHOTO OTBETa IpuHUMaroTcs Takxke CoFg 1 Brry).

B) 200 uM ~ 600 x/[x/mMonb. MoxeT pazopBarhbces Jito0asi cBA3b. BO3MOXKHBIE TPOIYKTHI:
CFs;, Br, CF,Br, F. B xauecTBe mpaBWJIBHOTO OTBETa MPUHUMAIOTCSA TaKXe MPOTYKTHI
PEKOMOMHAIINY YTHX YaCTHII.

Omeemui:

1. Broul,.

2. 373 HMm.
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3. 455 nm.
4. a) Huuero.
6) CF; u Br.
B) CF3, Br, CF,Br, F.

Cucmema oyenusanus:
1. Pacuém suepeuu céema — 2 6anna. 4 6asn1a
Buvibop monexyn — 2 6anna.
3a kasicoyio nenpasuivhyo mMonekyny munyc 1 bann
2. VYpasenenue peaxyuu — 1 d6ann 5 6ass10B
Oyenka sHepeuu cesazu — 2 banna
Pacuém onumwet 6onnvl — 2 banna.

3.  Oyenxa suepeuu ces3u — 2 baniia 4 6ana
Pacuém onumet 6onnvr — 2 banna.
4. a) Pacuém snepeuu — 1 oann. 7 6anJ10B

Bvi600 0 mom, umo nuuezo ne 6yoem — 1 6azn.
(6epHuiti omeem 6e3 pacuéma — () 6anno0s).
0) Pacuém suepeuu — 1 oann.

Ilpooykmoer — 1 6ann (no 0.5 6anna 3a kaxcowiii)
8) Pacuém snepeuu — 1 bann.

Ilpooykmuel — 2 6anna (no 1 6anny 3a npoOyKkmul ¢ pa3pbleom KaricOOU CA3U).
HTOI0: 20 dan10B
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Oounnaouamotii Knacc

Pewenue 3a0auu 11-1 (asmopwi: Canapbaes 3. C., Emenvanos B. A.)

1. 3uas mioTHOCTH ra3a D, MOXHO paccuuTarh €ro MOJISIPHYIO Maccy:

Mr(D) = 1,518 r/n - 22,4 n/moinb = 34 r/MOJIb.

W3 ra3000pa3HbIX BEHICCTB TaKyl Maccy umeror cepoBomopon (H,S) u docoun (PHs),
npu4éM M3BECTHO, 4TO 00a OHU MAaxHYT IUIOXO. TeM He MeHee, THUJIOW phI0Oi MaxHET MMEHHO
docduH. DTO MO3BONIAET CENATh BHIBOJ O TOM, YTO KUCIOTH By u Cy, a, crnenoBarenbHo, U conu A
— C conmepxar ¢ocdop. Ecnmu He momyumnochk BeIOpaTh Ta3 IO 3amaxy, TO y Hac emé Oyaer
BO3MO)KHOCTH OTKA3aThCs OT CEPHI 110 IPYTOMY KPUTEPHIO.

Teneppb monpoOyeM BBIUUCIUTE GOPMYIIBI COJICH, UCXOMs U3 WH(POPMALIMU O MAacCOBOM J0JIe
HATPUs U U3 TOTO, YTO B UX COCTaB BXOIUT docdop (wiu cepa).

JlomycTum, B COCTaB coid A BXOTUT TOJBKO OAMH atoM Hartpus, Torna Mr(A) = 23/0,3239 =
71 t/™monb. Berumraem aromHyro Maccy Harpus (23 r/mMoib), MoiydaeTcs, 4TO MOJISIpHAs macca
KHCIIOTHOTO ocTarka 48 r/mMoib. Ito mubo cepa u kuciaopox, ambdo Gocdop, BOIopoa u KHCIOPOSI.
Torna dpopmyna comu 6yaer (NaSO), unu (NaHPO),.

[pearmonokum, 94To B COCTaB coi A BXOIUT JiBa aroma Hatpus, Torna Mr(A) = 23 -2/0,3239
= 142 r/monb. MonsipHasi Macca KUCJIOTHOTO ocTaTka OyaeTr paBHa 142 —2-23 = 96 r/monb, 4TO
cootBetcTByeT octatkam SO, u HPO4. Torma dopmyna comu NaSO4 nmm NapgHPO,.

Ananornunbeiii pacuér maus conu B nmaér dopmymsr Na,SO; u NagHPOs, mns comm C —
NaHSO, u NaH,PO,.

CaMblil 04eBUIAHBIA KPUTEPHIA, IO KOTOPOMY cepa TOYHO HE MOAXOAUT MOJ] yCIOBHE 3aaul —
OTIUYME KaueCTBEHHOro coctara coiu C (Hanmuuue Bopoposa) ot coctaBa coneit A u B. I[Tomumo
aToro, cepHast kuciora HpSO, mpu 20 °C xuakocts, cepHuctoi kuciorbl H,SO3; 6e3BomHOM He
ObIBaeT (Tak Ha3bIBalOT PAacTBOP CEPHUCTOIO ras3a B BOAE), a cyib(okcuioBas kuciora H,SO; B
CBOOOZHOM COCTOSIHMH M BOBCE HE BBIJICJIEHA, CYIIECTBYIOT TOJIBKO €€ COJIH.

Hannune docdopa B comsix A—C u raze D, HanpoTUB, MOTHOCTHIO YIOBJIETBOPSIET YCIOBUIO
3agayn. Takum o6pazom, A — NapHPO, — runpodocdar narpus, B — NaHPO3 — docdur narpus, C
— NaH2PO; — runogpocdur narpus, D — PHz — pocun.

2. Comsam Na,HPOj3 (B) u NaH,PO; (C) cootBercTBytoT hochopucras kuciora HzPO3; (By)
u H3PO; (Ch). CtpykTypHBIE POPMYITBI:

0] (0]

: ;
/|\ /|\
HO H OH HO H H
Bn Cu

3. YpaBHeHus peakumii:
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1. 2Na,HPO, + 3AgN03 = A93P04l + NaH,PO, + 3NaNO; ;
2. NayHPO;3;+ 2AgNO3; = AgoHPO3] + 2NaNOs ;

AgzHPO; + H,0 ——> 2Ag| + HsPO, ;
NaH,PO, + 4AgN03 + 2H,0 = 4Agl + H3PO4 + NaNO3z + 3HNO3 ;

5. 4HgPO; ——> 3HsPO, + PHat ;
6. 2HsPO, ——> H3PO, + PHs? wiu 3HsPO; ——> 2H3PO; + PHat ;

7. 2NaHPO, ——5 NagP,07 + H0 :

8. Na;HPO; + 2HgCl, + 3NaOH = NagPO, + Hg,Cly] + 2NaCl + 2H,0 ;

9. HgPO, + I + HyO = HaPOs + 2HI st HaPO, +2 I, + 2H,0 = HgPO, + 4HI:
10. PHy + HI = PHql ;

11. PHs + 4Cly ——> PCls + 3HCI.

Cucmema ouenueanusn:

1. @opwmynwr A-D no 1 6anny, nazeanus no 0,5 banna 6 6a10B
Cmpyxmypnule popmynvl kuciom By u Cy no 1 6anny, nazeanus no 0,5 6ania 3 6aq1a
3. Vpaenenus peaxyuii (no 1 6anny) 11 6am10B

HUTOI'O: 20 6aqioB

Pewenue 3aoauu 11-2 (asmop: beszzyoos C. H.)

1. BonHbIM aMMHaKOM MOYKHO OCaJUTh TMAPOKCH]IBI METAJIOB, MPOSABISAIONIUE caadble 1o
CPaBHEHHIO C aMMHAKOM OCHOBHBIE CBOWCTBA, IPU YCIIOBHH, YTO COOTBETCTBYIOIIMI METAl HE
o0Opa3yeT ammHadyHble KoMIiekchl. Ecinu A — ruapokenp anementa X Oyporo 1sera, Torna coib B —
cynbdar, Tak Kak OHa MOJTy4YaeTcsl MPH ASHCTBUH CEPHOM KHCIOTHI Ha 3TOT ruapokcu. Cynbdar B
MPOSIBIISIET OKUCIIUTENBHBIE CBOMCTBA MO OTHOIIEHHUIO K CHJIIBHBIM BoccTaHOBUTENSM (SO», monus,
cynb(Gu MOHBI). 3HAUUT, X — MEPEXOTHBIN MeMeHT. (DTo cieayer u3 Toro, 4to coib C — Toxe
cynb(at, Tak KaKk pacTBOPUMBIE B BOJAE CYIb(GUTHI JAIOT TOJIBKO HemepexoaHnsle MeTauibl.) To ecTh
X obpasyer cynbdarbl B JBYX pa3HBIX CTENEHSIX OKHCICHMS, NpUYEM BOJHBIE pacTBOpbl B
OKpaIIeHbl B XapaKTEPHBIH ISl 3TON CTEeTeHH OKUCIeHH X KENTHIN 11BeT. CMmenanabiid cyiabdar D
— TI0 BCEW BEPOSATHOCTH, KBACIbl, KOTOPHIE AT TOJIBKO TPEX3apsaHble KATUOHBI, 3HAYUT B
COLEPKUT X*3. VaureBas Bce ot cooOpakeHHs, >JIeMEHTOM X MOXeT OBbITh TOJBKO JKene30.
Kpome Toro, menoynoe okucieHHe XJIopoM ruapokcuaa xenesa (111) mpuBoaut mMeHHO K KpacHO-
(GHroNeTOBBIM pacTBOpaMm, conepxanM aHuoHbl Qeppara (IV). Xpom u MapraHenr B TaKHX

. 2— e
YCIOBHSX JaBajd Obl, COOTBETCTBEHHO, KEaThie pacTBopbl xpomara (IV) CrO,° u 3enéubie
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marranara (IV) MnO,*". BripoueM, 1 B HU3KHX CTENCHSX OKHCICHHS B BomHbIX pactBopax Cr(l1l) u
Mn(I11) uMeroT OTIMYHYIO OT KEITOM OKPACKY.

bypseiii ruppokcun okesesa (111), oOpasyromuiicss HENOCPEACTBEHHO IIOCIAE OCAaKICHU,
HalpuMep, aMMHAKOM, Ha3bIBaeTCs Takxke (GeppuruaputoM. BOKpyr ero CTpyKTypbl IO CHX TIOp
UAYT CHOPBI B CBSI3U C YPE3BBIYAMHO MaJBIM pa3smMepoM oOpaszyembix dactull (< 10 am). [TombiTku
BBIPACTUTH 00JI€e KPYIHBIC YaCTHUIIBI, K COXXAJICHUIO, IPUBOJAAT K 00pa3oBaHUIO OoJiee CTaOMIIBHBIX
momaudukanuii rugpokcuaa xenesa (111). deppuruapur BXoAUT B COCTaB OCIKOBOIO KOMILIEKCA
beppuTHHA, UMEIOIIETO KOJIOCCANIBbHOE (DU3MOJIOTHYECKOE 3HAYCHUE JUISI OPTraHM3Ma JKUBOTHBIX U

YCJIOBCKA.

2. Takum 00pa3oMm, ONMKMCaHHbBIE MPEBPAIICHUS KaCAKOTCS AIIEMEHTA JKee3a.

X—Fe

A — Fe;03:3H,0 (nnmu Fe;03-xH,0, unu Fe(OH)s3)

B — Fex(S04)3

C — FeSO,

D — 2KFe(S0y)2 12H,0

E — K,FeO, (npunnmaercs mo6oii peppar (VI), B Tom uncie u B noHHoit hopme FeO4”)

F — BaFeO,
Pacuér monsipaoit maccel deppara (V1) Gapus:
MorsipHas Macca yaylUIMBOTO k€nTo-3enéHoro raza Mr(raza) = 22.4-3,17 = 71 (r/monb) — 3TO
xmop. v(Clp) = 0,179/22,4 = 0,0080 (Mob).
Ucnionb3ys ypaBHeHue peakiuu 9) (cM. myHKT 3), v(dbeppara 6apus) = 0,008-2/3 (Monb).
Mr(deppara 6apust) = 1,37-:3/0.008/2 = 257 (r/monb). MonsipHas Macca COOTBETCTBYET (opmyie
BaFeOa,.
Onpenenenue popmyisl kpuctasoruapara C:
dopmyna kpucramutoruapara cyinbdara xenesa (1) — FeSO4yH,0. Haiiném y. Mr(FeSO4-yH,0) =
56 + 96 +y-18 = 152 + 18y (r/mMob).
®(H,0) = 18y/(152 + 18y) = 0,453. Otcrona y = 7. ®opmyna FeSO4-7H,0
Omnpenenenue GpopMyisl Kpucramioryapara F:
CMmemannbiii cynbhar comepxut uonbl sxenesa (I1), xamus, cyabdar u Monekyabl Bomasl. U3
YCIIOBHUSL 3NEKTpOHEeUTpanbHOCTH MoJekyabl comu  ¢Gopmyna — KFe(SOy):zH,0. Haiiném z.
Mr(KFe(S0,)2:zH,0) =39 + 56 +2-96 + z:18 = 287 + 18z (r/moib).
®(H,0) = 182/(287 + 18z) = 0,429. Otcrona z = 12. dopmyna KFe(SO,),-12H,0

ITpoBepka MaccoBBIX AOJIEH Keme3a:
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kpucrautoruapar C: o(Fe) =56/278 = 0,201
F: o(Fe) =56/503 = 0,111.

Bcé€ cxoguTcs ¢ yciaoBueM 3a1auu.

3. VYpaBHenus peakuuii (3acuutbiBaercs Takxke Fe,03-XH,0 win Fe(OH)s):
1) Fey(SO4)s + 6NH3-H,0 = Fe;03:3H,0| + 3(NH4)2S04
2) Fe;03:3H,0 + 3H,SO4 = Fep(S04)3 + 6H,0
3) Fey(SO4); + SO, + 2H,0 = 2FeS0O4 + 2H,S0,

KHCJ1ad cpeja

4) Fey(SOu)s + 2KI ——— 2FeS0, + K804 + 15

5) Fex(SO4)s + HaS = 2FeSO4 + HoS04 + S|

6) Fex(SO4)s + K2SO4 + 24H,0 = 2KFe(S04)2 12H,0|

7) Fe;03:3H,0 + 3Cl; + 10KOH = 2K;FeQ,4 + 6KCI + 8H,0
8) KyFeO, + Ba(OH), = BaFeO,4| + 2KOH

9) 2BaFeQ4+ 16HCI = 2FeCl; + 3Cl,1 + 2 BaCl, + 8H,0

4. Tlpu pacTBOpEHHMH KBacCIlOB B BOJI€ MPOMCXOJUT TUIPOIU3 IO KaTHOHY. B nelcTBUTENHHOCTH,
Fe(OH); maumnaer ocaxmarbcsi yke mpu pH 1, mostomMy B BOAHBIX pacTBOpax BCEX COJICH
xese3a (111) B BBICOKO# KOHIICHTpAIMK TPEACTABICHBI Pa3IMYHbIC TPOAYKTHI THAPOJIN3a, KOTOPbIC
u 00ycClaBIMBAIOT KENTYIO OKpacKy. B JaHHOM NyHKTE 3aCUMTBIBAETCS YpaBHEHUE DPEaKIuu

+ v
TUAPOIH3a Fe** o nro6oi CTYIICHHU, HATIpUMED:

TUApOJIU3

Fe* + H,0 ——— FeOH?" + H*,

rUApoJin3

FeOH?* + H,0 «—— Fe(OH)," + H",

TUAPOJIN3

Fe(OH)," + H,O «—— Fe(OH)3| + H",

WJTU PEAKIUs B MOJICKYIISIpHON (popme:

2KFe(SO4)s 12H,0 5 Fe,05-3H,0| + K,S04 + 3H,S0, + 18H,0

5. Peur muér o mnpespamenun ¢eppuruapura npu 70 °C B IIemIoOYHOM pacTBOpe B Oolee

crabunbHyro Moaudukarmio: rétut (G, Gothite), uto conpoBoxkmaeTcs MoTepeit 4acTh BOJIBI:

70°C,mes104Has cpesa

Fe,053-3H,0 2FeOOH + 2H,0.

[Tpu Gonee BrICOKOI Temmeparype WAET MOTHAS JeTHApaTaIus:

100°C,mes104Has cpesa

Fe,03-3H,0 Fe,O3 + 3H20,

¢ obpazoBanueM okcuma sxeneza (lll), mambomnee wm3BecTHBII MuHEpan kKoroporo remarut (H,
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Hematite).

IIpoBepka MacCOBBIX JOJIEH Kele3a:
G: w(Fe) = 56/89 = 0,629
H: w(Fe) = 112/160 = 0,700.

Bcé cxoauTesd ¢ ycnoBrueMm 3a1auu.

Cucmema oyenusanus:

1. 3a obocHnosannoe onpedenenue scenesa 2 6anna, ycmaHosieHue memania oes 2 6aJu1a
nosicnhenuii — 1 oann;

2. 3a npasunvusie hopmynel euecme A—F no 0,5 banna, 3a pacuém cocmasa 5 6as10B
kpucmannocuopamos C u D no 1 6anny;
3a npasunvhvie ypasuenus peaxyuti 1-9 no 1 6anny; 9 6as10B
3a ykazanue npuyun HcENMOU OKpACKU ¢ ypasHeHuem cuopoiusa 2 obauna, 2 6as1a
oe3 ypasnenusi — 1 bann;

5. 3a npasunvusie hopmyner G u H no 0,5 6anna, 3a ypasnenus peaxyuii 2 6aJu1a
obpazosanus 2émuma u Fe;03 no 0,5 6anna;

HTOIo: 20 6an10B
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Pewenue 3aoauu 11-4(asmop: Cedos U. A.):

1. Hcxonms u3 MaccoBBIX JIOJICH AJIEMEHTOB, ONPENEIIUM IPOCTEUIIIHE (POPMYIIbI BEIIECTB:
A:(85.6/12):(14.4/1)=1:2, (CHy)n;
B: (44.6/12):(6.2/1):(49.3/16) =6:10:5, (CsH100s)n;
C.(40/12):(6.7/1):(53.3/16) =1:2:1, (CH0),.

dopmyna A COOTBETCTBYET ITUKJIOAIKAHAM U allkeHaM. M3 TOCIeTHUX TPU PEaKIMK ¢ BOAOH
nosryqarotcst cnuptbl. @opmynel B u C cooTBercTBYIOT yrieBomam, mpudém dopmyna B — nubo
OpoayKTaM  Jermaparaiuu  rekco3, Jaubo  moimcaxapumam  (CgHyoOs),. C  yuérom
pactpocTpaHEHHOCTH B IPUPOJIE U OTHOCUTEIBHOMN CIOKHOCTH THAPOJIHM3a MOXKHO C/IEJaTh BBIBOJ,
YTO 3TO LEJUTI0JI03a (2 n3oMep u3 myHkra 5 — kpaxmau). Torma C — mmoko3a, CgH1206, KoTOpas, Kak
U3BECTHO, MO JeHCTBHEM (epMeHTOB mpeBparaetcs B 3TuiioBbliit ciupt C,HsOH (X). 3HauunT, A —
striieH CoHg.

CyH4 + H,0 = CoHsOH
(CsH100s)n + N H20 = n CgH1206
CeH1206 = 2 C;Hs0H + 2 CO;,
2. Haiiném cTangapTHBIC MOJIBHBIC SHTAIBIIUK 00pazoBaHus BemecTB A—C:
A AH° (CyHy4) = 1.87 - 28 = 52 x/Ix/moib;
B AH® (CgH100s) =-5.93 - 162 = —961 x/[»/monb;
C AH° (CgH1,06) =—7.07 - 180 = —1273 k/Ix/MOJ1b.
s yao6era o603uaunm AH® (C,HsOH) = x, AH® (H,0) =y, AH° (CO,) = z. Torna:
X—52-y=-43.7,
—1273 +961 -y =-26.2;
2x + 2z + 1273 = -67.7.

Pemras oty cucremy, Haxoaum AH® (CoHsOH) = x = —278 x/Ix/Moib.

Kpome Toro, mist manpHEHIMX pacuéToB HAM MOHATOOSTCS MOJTy4YeHHBIC 3HaueHHus Y = —286
kJI>x/mMonb, Z = —393 kJIk/MOIb.

3. Tomomor — mponen CzHs, w3 koroporo mnomyuaercs mnpomnanon-2 (CHs3),CHOH.
(ITponano:n-1 He oreHUBAETCH).

4. Ucxons u3 npuBeA€HHBIX IU(pP, ceOECTOMMOCTh MPOU3BOACTBA | TOHHBI 3TaHONA W3
stuneHa B Poccum  cocraBiuser 15000 - M(CoHyg) / M(CoHsOH) = 9130 py6Onieit, B Eporme
1000 - M(C3Hy4) / M(C,HsOH) = 609 eBpo; 3 LEJUTIOJIO3EI B Poccun
40000 - M(CgH1005) / M(CgH1206) = 36000 py6ueii, B Eporie 600 - M(CgH100s5) / M(CgH1206) =
540 eBpo. B EBporne BeIrogHee MpOU3BOJCTBO CIIUPTA U3 LEJUTI0NI03b], a B Poccun u3 aTuiieHa.

(Onnako emé 6oJiee BHITOAHO, ¢ YIETOM NMPUBEIEHHBIX BBIIIE [IEH, HUYETO HE TPOU3BOIUTD, &
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npojaBaTh 3THIEH B EBporny.)

5. Kpaxman Takke SBISETCS TOJIMMEPOM TIIOKO3bI, HO C O-TIIMKO3UIHBIMU CBSI3IMHU.
[maponu3 kpaxmaia mpoTeKaeT B ropaso 001ee MITKUX YCIOBUSX.

6. Paccunraem TeruioTy cropanus | uTpa 3TaHoJA 110 peaKuu

C,Hs0H + 30, = 2C0O, + 3H,0

CrangapTHasi SHTaIbIUS cropanust paBHa —2:393 — 3-286 + 278 = —1366 kJ>x/Moinb, wiu
29.7 MJIx/kr. Takoe xommdecTBO »dHepruu Beimenser 29.7/33 =0.9n1 Oensuna. YtoOwl
KOHKYpUpOBaTh C HHM, II€Ha 3TaHOJAa JODKHA ObITh He Oomee 0.9-8 = 7.2 pyOns 3a Kr wim

7200 py0Gueii 3a TOHHY.

Cucmema oyenueanus:

1. Bepnwvie popmynvr A—C no 1.5 6anna; 8 6as10B
3a Hazeanusa no 0.5 6anna;

2. Pacuém cmanoapmmnou sumanenuu obpaszosanus eewecmsea X — 4 banna 4 6asn1a
(3a 8epHyio cucmemy ypasHeHull npu HegepHom omeeme — 2 6ania);

3. Bepnas ¢opmyna npumecu; 1 6aan

4. Buwibop bonee 6ble00n020 memoda 0nsi Poccuu u Eeponwt no 1 6anny 2 0ay1a
(661600 Oe3 pacuémos — () bannos),

5. Ha3zsanue uzomepa sewecmea B — 1 6ann, 2 basna
VKasauue Ha bonee msaekue yciosus — 1 bann,;

6. Pacuém sumanvnuu ccopanus 2 6anna, 3 dam1a
onpeoenenue MakcumaibHou yenol — 1 oann.

HTOIOo: 20 6anaos

Pewenue 3aoauu 11-4(asmopwi: Canvnuxos O. I, Unovun M. A.)

1. TTonyuenue Li[AlH,] ocymmiecTBistoT B O€3BOMHBIX YCIOBHUAX, TIOCKOJIBKY OH PearupyeT ¢ BOIOH
C BBIZICTICHHEM BOIOPO/IA:

Li[AIH,] + 4 H,0O — LiOH + AlI(OH)3{ + 4 H,T

(umn Li[AlH4] + 4 H,0 — Li[AI(OH)4] + 4 HoT).
2. a) KoHIIeHTprpOBaHHAas COJIsTHAs KHUCIIOTa — 3TO BOMHBIN (~36—38 %) pacTBOp XJIOpOBOIOPONIA.
[lpr B3aUMOACHCTBHHM METAJUTMYECKOTO ATIOMUHHS C COJSHOM KHCIOTOH oOpasyercs pacTBOp
XJIOpUIa aMFOMUHUS, U3 kKotoporo 0e3Bonubiid AlCI; 3akpucrammsoBars He ynacTes:
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2 Al + 6 HCl — 2 AICI3 o, + 3 HoT.
0) [Ipr B3aUMOJCHCTBUM METAJUIMYECKOTO AIFOMUHHUS C XJIOPOM 00pa3yeTcsl OC3BOAHBIN XJIOPH/T
ATFOMUHHS:
2 Al +3Cl, > 2 AICls.
B) [TorbiTka monmyunts Oe3Bomubiii AlCl; npu mpokanmuBanuum kpucrammoruapara AlCls-6H,0

OKa)KeTCs HEYJaYHOH, MOCKOJIBbKY OyJIeT MPOTEeKaTh TUIAPOIIU3:

AICI;:6H;0 —200150°C , A(OHY,CI + 2 HCIT + 4 H,07

(umu ipu 60s1ee Boicokoit Temneparype: AlCls-6H,0 350-400°C s AlLOs; +6 HCIT + 9 HZOT).
3. PaccMoTpuM  BEpXHIOIO 4YacTh TNPUBENEHHOW cxeMmbl mpeBpamieHuii. [Ipucoenunenue
OpoMoOBOIOpO/Ia K aJIKeHaM B NPUCYTCTBUU MEPOKCHAA OEH30MIa MPOUCXOJUT IO PaAUKAIbHOMY
MEXaHH3My TPOTHB IpaBmwia MapKOBHHKOBA, T. €. U3 MpOIeHa moiydaercs l-Opomomnpornan (A).
[Tpu B3aumopeiicTBuM 1-OpomMonpornaHa ¢ HUTPUTOM cepeOpa M LMAHUAOM Kajausl MPOUCXOAUT
HYKICOpHUIbHOE 3aMellleHHe, B pe3yJbrare uero mnonmydatrorcs |-wutpompomnad (B) wu
oyruponutpui (B). Tuaponus coequnenus B B KHCIOH cpene nmpu HarpeBaHUHM JaéT MaCISHYIO

kucnory (I).
" No, S By SN " COOH
b A B r
AJNIOMOTHIpPU]] JHUTUS BOCCTAHABIMBAET HUTPOCOCAMHEHUS W HUTPHIBI 10 TIEPBUYHBIX
AMHHOB, KapOOHOBBIE KHCJIOTBHI — JIO NMEPBUYHBIX CIIHPTOB, a MEPBUYHBIC AIKHITAJIOTCHUIBI — JI0
ankaHoB. CTpyKTypHble popMyibl coenuHenuit 1-1V:

NH OH
S~ NH, ~ N SN
1 11 1 v

[Ipu neiicTBuu TPUATOPHATYKCYCHON KUCIOTHI MPOTIEH OKHUCsIeTcs 10 npornuieHokcuaa (J),
KOTOPbIA TP BOCCTAHOBJICHHH aIIOMOTHApPUAOM JuThs aaét wusomnpomanoi (V). Oxwucienue
IpOIeHa MEPMaHTaHATOM Kallusl B KHCJION cpejie MPUBOIUT K 00pa3oBaHuio yKCycHOM Kuciotel (E),
KOTOpas IpU HarpeBaHUM C 3TAHOJIOM B TNPUCYTCTBHM KOHIICHTPHUPOBAHHOW CEPHOW KHCIOTHI
npespamaercs B stuianetar (2K). B3aumopeiicTBue mocnenHero ¢ METWIAMHHOM TPHUBOIMT K
obpazoBannio N-merunaneramua (3). IIpu BOCCTaHOBICHHH aTOMOTHAPHIOM JIUTHS JTHIIAIETAT

npespamiaercs B atanon (V1), a coenunenne 3 — B N-metrn-N-stumamun (VI1).
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0 0 0
AO /LOH )Lo/\ | NH
A

E X 3

OH V1 vl
\%

4. YpaBHEHME peaKlluy OKHCIIEHUS IIPOIIEHa IEpMAHTraHaTOM KaJjlusl B CEPHOKUCIION cperie:

H3C-CH=CH; + 2 KMnQO4 + 3 H,SO4 — CH3COOH + CO; + 2 MnSO4 + K3SO4 + 4 HL0.

1.

Cucmema oyeHueanus:
Vpasnenue peaxyuu cuoponuza Li[AlH4]
Bozmoocnocmo nonyuenus 6e3600n020 AlCl3:

a) Al + HClyy, (ypasnenue peaxyuu + nosicnenus) — 1 6ann
0) Al + Cl, (ypasnenue peaxyuu + nosicnenus) — 1 6ann

6) AICI3-6H,0 L SN (1r060e u3 ypasHeHull peakyuu, 8 mom ducie 6e3 yKa3aus
memnepamypwsl + noscuenus) —1 6ann
Cmpyxmypnuie gpopmynvr A-3 u |-V no 1 6anny

Ilpumeuanue: ecnu  yuacmuuxom  Onumnuadvsl Ha  nepeou  cmaouu
(npucoeounenue HBr ¢ npucymemeuu Ry;02) 6 cmpyxmype A oonywena owubka
(m. e. nonyuen 2-6pomnponan emecmo [-Opomnponana), mo cmpYKmMypHasl
Gopmyna A oyenusaemca 6 () b6anrnos, a nociedyiowue Ccmaouu NOIY4HeHUs.
coeounenuit b—-I' u -1V (8 cnyuae nornocmvlo npasunbHbix OanbHeUUUX
npespawjeHull (PYHKYUOHAIbHBIX 2pynn 6 cunmese) oyenusaromes no .75 banna.
Vpasuenue peaxyuu oxucienus nponena

Ilpumeuanue: ecnu 6 ypasueHuu peakyuu Hem  CMEXUOMEMPUUECKUX
Ko puyuenmos, Ho ykazamvl éce peazenmovl u npodykmel — 0.5 6anna; 6 unvix
gapuanmax (Hem KOI(DDuUYUEeHMO8 U YKA3aHbL He 6Ce Beujecmea-y4acmHuKu

peaxyuu) — omeem oyenuaemcs 6 () 6annos.

1 0aan

3 0aJs1a

15 6a10B

1 6aan

HTOIoO: 20 6anx10B
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Pewenue 3aoauu 11-5 (asmop: Kapzos C. H.)

1. Ilycth pa, Ps ¥ Pc — MapuaibHbIe JABJICHUS BEUIECTB, Xa, Xg, Xc — UX PAaBHOBECHBIC

MOJIBHBIE JIOJIH, P — 001Iiee JaBlieHHe B PaBHOBECHOM ra3oBoii cMecu. Torma

« _Po_%P_X
1_ - - .
Pa Xa P Xa

AHaTOTU4HO
X
_*c
K, =—,
XA
X
_*c
Xg

2. s pacuyéra cocTaBa pPaBHOBECHOH CMECH B YKAa3aHHOH CHCTEME HEOOXOIUMBI [IBE
KOHCTaHTbI paBHOBeCHs. TpeTbs KOHCTaHTa HE SIBJISETCS HE3aBUCUMOM, a MpeACTaBiIseT coOoil
K

KoMOuHanuio 1Byx aApyrux. Hanpumep, K; = K_ .
1

3. CymMma paBHOBECHBIX MOJIBHBIX JIOJIEH BCEX M30MEPOB paBHA €IMHHMIIE:

Xa+Xg + Xc=1.
[ToacraBisieM Xg = Xa'Ki 1 Xc = Xa*Ko 1 monyuaem

Xa + Xa'Ki + X = Xa' Ko = 1.

OTtcroma
oo L
ALK +K,
1+ K, +K,
1+K; +K,

4. Tlycte u3HayaJbHO B cucTeMe ObLIO & Moib u3oMepa A. Torna Kk MOMEHTY JTOCTHKEHUS
paBHOBecusi oOpaszoBanock 0.28a monbp wu3omepa B, 0.56a mons wu3omepa C u ocranoch
a—0.28a — 0.56a = 0.16a moas m3omepa A. OO0IIIEE YUCIIO MOJICH B CHCTEME PAaBHO & MOJIb.

PaBHOBECHEBIC MOILHBIC JA0JIM U30MEPOB PaBHBI:
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0.16a
Xp = =0.16,
A a
Xg = 0.28a = 0.28.
a
xo =220 _ 56,
a
KoHcTaHTE! PaBHOBECHSA pPaBHBI:
K =Xe 028 175
. 01
K,=2e 0% _35
X, 0.16
K, :X—C:@:2 (mm K, :&:£:2).
x, 0.28 K, L75

5. 3anwmiem peakiuu oOpa30BaHUs U30MEPHBIX TEHTAHOB:
5C+6H,;=u-CsHypo AtG°(1-CsH1p) = 141 x/]x/Momb.
5C + 6 Hy =u30-CsHyp» AfG°(u30-CsH12) = 138 xJIx/Mob.
5C + 6 Hy = neo-CsHy» AfG°(neo-CsHyp) = 145 xJIx/Mons.

Peakmust 1-CsHip, < u30-CsHip (To ecth A = B) mosydaercst BEIMUTaHHEM MEPBOM pEaKIIny

U3 BTOPOH.

3000 j 182

C , AG; = 138 — 141 = -3 k/Ix/ Ky =8| == 600
nesioBatensHo, AG, /biimons 1 1% XIO(8.314-600

Amnanorununo, peaknus H-CsHiz < ueo-CsHip (1o ectb A = C) momydaercs BEIYHTaHUEM

IIEPBOM pEaKIUU U3 TPETHEN.

o 4000
C , AG,=145-141=4 / K, =exp| ——————— |=0.448.
JIe10BaTeIbHO ) k/x/monbs u K, Xp[ 3314 600)

Torma K; = & =0.246.
Ky

xA:;=O.306,
1+K; +K,
xB:L=O.557,
1+K; +K,
KZ
Xo =—5——=0.137 (umu Xc = 1— Xa — xg = 0.137).
14K, +K, (it Xe AT )
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Cucmema oueHueanus.

1. | 3a kasrcooe npasunvroe vipasiceHue Koncmanmsi no 1 6anny 3 6aq1a
2. | 3a npasunvusiii omeem c obwvscuenuem 2 banna, 6e3 obwvscuenus ) bainos 2 0aj11a
3. | 3a kasicoyio npasunvHo evisedennyro popmyny 1.5 banna 4.5 6anaa
4. | 3a kasicooe npasunvHoe 3HaveHue KoHcmanmol no 1 6anny 3 6as1a
5. | 3a kasrcooe npasunvroe 3HaveHue koncmanwmsl no 2 banna 6 0as10B
3a npasunvHbll pacuém Kaxcoou MOabHOU Ooau (dadxce ¢ HenpasunvHo | 1.5 6amna
Hatl0eHHbIMU 3HaYeHusMU Koncmanm) no 0.5 banina
HTOIO: | 20 6ai10B
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Jeeamulit Knacc
(Camopykoga O. J1.)

Tak kak BapuaHTOB OOHAPYXKEHHUSI COCTUHEHUN MOXKET OBITh MHOTO, TO 3[€Ch MBI pa30epém
OMH W3 BapUaHTOB, KOTOPBIM IMOKA3bIBA€T B3aMMOACHCTBHE Ka)XJOr0 M3 BEIIECTB CO BCEMU
IpPYTMMU BEIIECTBAMHM W TO3BOJSET MPaBWIBHO 3amoiHuTh Tabnumy. [Ipenmonoxkum, uyto B
NpoOMpKax BEIIECTBA HAXOAATCS oy cienyrommmu Homepamu: 1 — NH3HO, 2 — KI, 3 —
Pb(NOs3),, 4 — BaCly, 5 — Na;SOy4, 6 — AgNO3, 7 — Na;COs3. B miects 4nucThIX MPOOHUPOK OTOMpacM
mia3Hod muneTrkod mo 10 — 15 kamens pacTBopa m3 mpobupok 2 — 7. Uucrteie mpoOUpKH
MIPOHYMEPOBAHbI AHAIOTUYHO MPOOUPKaM C BeleCTBaMU. B Kaxayro U3 3TUX MpoOUpOK Oyaem 1o
KaIusiM J100aBJISITh PacTBOpP U3 MEPBOM MpoOHpKH U HaOmonaTh 3¢ dekTsr peaknuii. B mpodupkax
Ne3 u N6 OymyT BhImanmarh ocanku. B mpobupke Ne3 — ocamok Oenoro mpera, HEPaCTBOPUMBIN B
u30bITKe peakTuBa. B mpobupke Ne6 — ocamok Oenblii, Oyperominii Ha BO3LyXe U PaCTBOPSIOLIUICS B
u30bITKE peakThBa. Ha OCHOBaHMHM HMEIOIIETrOCs Habopa aHAIM3UPYEMBIX COEAMHEHUH, JelaeM
BBIBOJI, YTO OypeTh MoxeT Toiabko AGOH, mepexomsmmii B Ag,O 1 pacTBOpsrOmIUiicsS B U30BITKE
NH3-H20. Ocanok, Haxoxsiuiics B Apyroit npodupke, MokeT 0biTh TosIbKO PD(OH),, koTOpHIii HE
pactBopsieTcsi B u30bIiTke ammuaka; Ba(OH), ammmakom He ocaxmaercs. [lenmaem BBIBOI, YTO B
npobupke Nel — NH3-H,O, B npodupke Ne6 — AgNO3, B mpobupke Ne3 — Pb(NOs3),. s Gonee
MOJHOT'O MOJTBEPKIECHUs CIeNaHHBIX BBIBOAOB M ONpPEIEICHHs JPYTUX BEIIECTB B MIECTh YMCTBIX
npobupok neperocuM no 10 — 15 xanens pactBopoB u3 npodupok Nel, 3 — 7. B kaxayro U3 HUX
n00aBIIsIeM TO KaruisiM pacTBop u3 mpooupku Ne2. Habmromaem BbImazieHuE KENTHIX OCAIKOB B
npooupkax Ne3 um Ne6. Ocanok B mpoOupke Ne3 mmeer uroiasdaryro (GopMy M pacTBOpsieTCs B
U30BITKE peakTHBa U ropsiueil Bozne. M3 Bcex coeTMHEHUN TOJIIBKO MOHBI Pb®* u Ag® mator xénTee
ocazku ¢ Kl. Takum 00pa3oM MbI OATBEPAMIH, 4TO B podupkax Ne3 u Ne6 naxomsrcs — Pb(NO3);
u AgNO3 u nokazanm, uto B mpobupke Ne2 — KI. B mecTs uncTeix mpobupok nmeperocum mo 10 —
15 xanens pactBopoB u3 mpodupok Nel, 2, 3 u 5, 6, 7. B xaxayro u3 HUX 100aBlIsgeM MO KarisMm
pactBop u3 mpobupku Ned. B mpoOupkax Ne3, 5, 6, 7 BeimajmaroT Oenble ocaaku. BemiectBa B
npobupkax Ne3 u 6 ompenenensl. M3 ocraBmmxcs BeniecTB B mpodupkax Ne5 m 7 mMoryTt ObITh
toapko Na,SO; m Na,COs;. B mpobupke Ne 4 moxer ObiTh TONbKO BaCl,, Tak kak ocamok,
oOpasyromuiicss B npoOupke Ne 3 mpu 1go0aBieHMM K HeMy pacTBopa M3 mpoOupku Ne 4,
pacTBOpsieTCsl TpU HAarpeBaHWM W BBINAJaeT BHOBb IMPH OXJAXACHWU pacTBopa. TakuMu
cBoiicTBamu oOnamaet Toiapko coib PhCly. Ml mokaszanu, uro B poodupke Ne 4 — BaCl,. B miects
YUCTHIX MPoOHpOK mepeHocuM mo 10 — 15 kamens pacTBopoB u3 mpodupok Nel — 4 u 6, 7. B
KaXJIyI0 U3 HUX J00aBJsieM MO KarlsiM pacTBop u3 npooupku NeS. Habmonaem BelnageHne Genbix
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ocankoB B mpobupkax Ne 3, 4 u 6. Tak kak B mpodbupke Ne 6 ocagok Oeoro 1pera, TO 3TO 3HAYUT,

yto B mpobupke Ne § — Na,SO,; a He NayCO; (tak kak AgyCO3; mmeeT KENTYIO OKpacKy).

HOI[TBep,Z[I/IM Halm IPEAIIOI0KCHUA ,I[aJIBHeI;'IHIHM OKCIICPUMCHTOM. B mecth umcThIX HpO6I/IpOK

nepenocuM 1o 10 — 15 kamens pacTBopoB u3 nmpodupok Nel — 5 u 7. B kaxayro u3 HuX H00aBiseM

[0 KaiuiiM pacTBop u3 npobupku Ne 6. Habmromaem BbIaJieHHE OCAJKOB BO BCEX MPOOMpKAX,

kpome mpobupku Ne 3. B mpobupkax Ne 2 u 7 ocajiku >KEITOro I[BETA, B OCTAIBHBIX MPOOHpPKaX

OCaJKU UMEIOT Oenbli mBeT. Tak Kak Mbl Tokazad, 4To B nmpoodupke Ne 2 — Kl, To B mpoOupke Ne 7

— NayCOs. Takum 06pa3om, MBI OOHAPYKUIIH COSAMHEHUS BO BCEX MPOOUPKaX.

Bapuanr pernienust B Bujie TaOJIUIIbL:

NH;3-H,0 Kl Pb(NO3), BaCl, Na,SO,4 | AgNO3 Na,COs
NHs-H,0 _ | Genbrii, — - 1 Ag,0 Gypeiii, -
HCpacTs. B pacTs. B u30.
u36. NHg-H,0
Kl LxénTeii, — — LKEnThIH —
pacTs.
B u30. Kl u
ropsiuet
BOJZIE
Pb(NO3), | Genpiit, pacte. | | Genbrii - | Genbrit
TIPH HATPEBAHUH
BaCl, | Genprit | Gemit, | Genniit
pacTB. B u30.
NHH,0
Na,SO4 | 6enmiit —
AgNO; | xénrerit
Na,CO3

YpaBHeHUs peakumii:
1. Pb(NOs); + 2NH3-H,0 = Pb(OH),] + 2NH4NO3
2. 2AgNOj; + 2NH3-H,0 (semoct.) = Ag.0| + 2NH4NO3 + H,O
3. AgNOj3 + 2NH3'H,0 (u36.) = [Ag(NH3),]NO; + 2H,0
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OTBeT Ha TeOpeTHYECKHIA BOMPOC
Pb(NO3), B u30sITKe aMmmuaka pactBopsAThcs He OymeT. AQNO3 mpu B3aMMOICHCTBUN ¢ aMMHAKOM
o0pasyeT THAPOKCH], KOTOpPHI Ha BO3Ayxe mepexomuT B okcull. B m30wbiTke NH3-H,O Oymer
pactBopsThcs TONbko AQO, Tak Kak OH oOpa3yeT C aMMHAKOM pPAacTBOPUMOE KOMILJICKCHOE

COCOAMHCHUC.

Cucmema OUCHUBAHUA .

1. | Omxpvimue 7 coeounenuii no 3 6arna 21 6ana
2. | Tabnuya 5 6am0B
3. | Vpasnenus peaxyuii e3aumooeticmeus PH(NO3s), u 3 dayu1a

AgNO; ¢ ammuakom no 1 banny

4 | Omseem Ha meopemuueckuti B0npoc 1 6ana

HTOIO: | 30 6a1710B

Metonnueckne ykazanus: Yucrble npoOUpKH AOKHBI MMETh TaKyl K€ HyMeEpaluio, 4To U

pacTBOPLI C BCIICCTBAMMU.
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Hecamuwtit Knacc

(Camopykoga O. J1.)

1. Onpenenenue CKISIHOK ¢ KUcAOTaMu. B Tpu poOMpKHU NEPEHOCUM IVIa3HOM MUIIETKON IO

10-15 xamenb pacTBOPOB KHCIOT. B Kaxmyro mpoOUpKy H00aBiisieM IO KaluisiM PacTBOP XJIOPUAA
Oapus u HabarOMaeM, uro mpoucxoaut. [Ipobupka ¢ pactBopom HCI ocranercs npospaunoii. B aByx
JIpYTUX TpOOWpKax BBIMAAYT Oenbie ocamku. K ocagkamM B MpoOUpKax MeEMIEHHO, MO KaruisiM
nobagisieM pactBop u3 npodbupku ¢ pactBopoM HCIl u nmepemennBaem cTekissHHON nanoukoil. B
npobupke, rae Haxomurcs ocanok Baz(POy),, Oymem HabmogaTth €ro MeIEHHOE PAaCTBOPCHHE.
3HauuT, B 3TOU npodupke Haxouics pactBop HsPO4. B npyroii npodupke ocaiok pacTBOPATHCS HE
Oynmer naxe mpu podOaBieHuu Oosbinoro u3obiTka HCl. 3Hauut, B 3TOM mpoOUpKe HAXOIMICS
pactBop H,SO,.

YpaBHeHus1 peakumii:

H,SO, + BaCl, = BaSO,| + 2HCI

2H3PO,4 + 3BaCl, =Ba3(PO4),] + 6HCI

2. Cranmapru3aus pactBopa NaOH. C momorsio BOpOHKH 3amoIHIEM OIOPETKY pacTBOPOM

NaOH. B xonOy st TuTpoBaHus nepenocuM numneTkoid Mopa 10 min pactBopa H,C,0,4, mobaBnsiem

2-3 xamnu MHAMKatopa (eHondTalenHa U NMpH nepeMernrBaHuu TuTpyeM pactBopoM NaOH no

NOsIBJICHUSI OJEHO-pO30BOM OKpacKM pacTBOpa. 3amucbiBaeM OObEM pacTBOpa IIENOUH,

M3PaCXO/I0OBAaHHBIA HA TUTPOBaHKE. THUTPOBAaHHNE IMMOBTOPSIEM HECKOJIBKO pa3 J0 TOSBICHUS HE MEHEe

TPEX CXOMAIIMXCS PE3YAbTATOB. PacyéT KOHIEHTpaMy MIEI0YH IPOBOANM 110 GopMyIIe:

2:¢(HpC304) -V (H2C504)
V (NaOH)

3

c(NaOH) =

c(NaOH) — konteHTpanus meénoun, MoJb/1;

€(H2C,04) — KOHILIEHTpALMSI CTAHJAPTHOTO PACTBOPA ILABEIEBON KHCIOTHI, MOJIB/I;
V(NaOH) — 00béM 1ménoun, n3pacxo10BaHHbII HA TATPOBAHUE, MIT;

V(H2C204) — 00bEM pacTBOpa IIABEICBOI KMCIIOTHI, B3ATHIN [IsE TUTPOBAaHUS, 10 MJI.

3. Onpenenenue konneHTpauuu HySO,4. 3anonusem 6ropetky pactBopoM NaOH. B konby s

TUTpOBaHUs mNepeHocuM nunetkod Mopa 10 mu pactBopa HoSOs M3 CKISIHKM € KHCIOTOH,
noOapisieM 2-3 Karuid MHAMKaTopa ¢eHonTagerHa U IpU MepeMelliBaHud TUTPYEM PacTBOPOM
NaOH no mosiieHus OJIeJTHO-PO30BOM OKpPACKH pacTBOpa. 3ammchbiBaeM 00BbEM pacTBOpa IIEI0UH,
U3pacXO/I0OBaHHBIA HAa TUTPOBaHHE. TUTPOBaHHE MOBTOPSEM HECKOJIBKO pa3 J0 MOSBJICHUS HE MEHEe

TpéX CXOAAIIHXCA pE3YIIbTAaTOB. Pacuér KOHIOCHTPALUHU KUCJIOTHI ITPOBOAUM I10 (I)OpMYJ'ICZ
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c(NaOH) -V (NaOH)
2-V(H,S0,)

C(H280,) =

9

€(H2S0O,) — xoHIIeHTpAIHsI pacTBOpa CEPHOM KUCIIOTHI, MOJIB/JI;

c(NaOH) — toynast KOHIIEHTPAIHS MIET0YH, MOJIB/II;

V(NaOH) — 06bEMm miénoun, u3pacxo0BaHHbINA Ha THTPOBAHUE, M,

V(H2S0O4) — 00bEM pacTBOpa CEpHOI KUCIOTHI, B3ATHIN AJ1s1 TUTPOBaHUs, 10 M1

Cucmema OUCHUBAHUAL.

1. | Onpeoenenue kuciom 8 CKIAHKAX no 5 6annos 15 6ans0B
2. | VYpasnenus peaxyuii no 1 o6anny 2 das1a
3. | Pacuém xonyenmpayuu Kuciomol 3 6angaa
4 | Tounocms onpedenenus KUCIOMbL 10 6ana

(MakcumanvHulil 6a1n 36 OmHOCUmMeENbHYI0 nocpeutnocms < 2 % npu 6016uux

OUUOKAX CHUNCAMb NO OOHOMY DALY 3a Kaxicowlil npoyenm ceviute 2 %)

HTOIO: | 30 6annoB

Metonnueckne ykazanusi: JKenarenbHO NPUTOTOBUTH 2—3 BapHaHTa pacTBOPa CEPHOM KHUCIOTHI €
Onmu3koil KoHIeHTpanueil. ToyHas KOHLEHTpalus CEpHOM KHUCIOThl, YCTAHOBJIEHHAs TEM K€

croco0oM, UTO U B 3a/1aue, COOOIIAETCs TPOBEPSIOLIUM.

41
© LITMK BcOIIl o xumun




BcOI no xumuu, 1l pecuonanvuwiii sman
2015-2016 yu. 200
Pewenus IKcnepumernmailbHo2o mypa
Oounnaouamotii Knacc
(Ansipu B. B.)
[TockonbKy, Kak CKa3aHO B YCIIOBUM, IPH B3aUMOIEWUCTBHMM HOHOB MetaiwioB ¢ JJ[TA

o0Opasyrorcs KoMIuIeKchl coctaBa 1 : 1, To pacu€r konueHntpanuu 3/{TA ¥ MOHOB CBHHIIA MOXET

OBITH OCYIIECTBIIEH 1O (hopmymnam:

Cznso,Vznso, WG . = ConraVoura

PR = y , TIe:

CS[I,TA =

DATA Pb**

Conra — KoHUeHTpauus pactsopa SATA (monb/i);

V 5nra — 00béM pacteopa DJITA, nowenmmii Ha THTpOBaHHe (MI);
Cznso, — KOHIEHTPALHs PacTBoOpa ZnSO4 (MOnB/N);

Vznso, — 00BEM pacTBopa ZnSO,, B3ATHIM HAa TUTPOBAHHUE (MII);

C — KOHIIGHTPALIMs pacTBOpa Pb** (Momb/m);

P b2+

Vv — 00BEM aHATTM3UPYEMOT'O PACTBOPA, B3SITOTO HA TUTPOBAHUE (MJI).

P b2+

Jlanee paccYMTBHIBAIOT MAaCCOBYIO KOHIICHTPAIMIO CBUHIIA 110 (hopMmyIie:

Cpp (/) = Cp - (MOnB/11) - Mpyy, T
M, — monspHas Macca ceuHua (207,2 r/mMonb).

Omeemot Ha meopemudecKue 6onpocsul

HOOC—CHa, /CHQ*COQH
N-—CH,—CH,—N’
L HOOC—CH;” CH,—COQH
B oOpazoBanuu cBsizeil ¢ KOMIUIEKCOOOpa3oBaTeieM Y4acTBYeT 6 aToMOB (BBIIEIICHBI
JKUPHBIM MOTYEPKUBAHUEM ).
2. B crpykrype komiuiekcoB ¢ OJITA MOXHO BBIAEIUTH MATh S-WIEHHBIX IUKIOB C

ydyaCTuem KOMHJ’IGKCOO6p330BaTeJ'I$[. 6-4JICHHBIX IUKJIOB B IAHHOM CJIydac HET:

"00C—CHj. _CH,;—COO
\\\\ N\*CH2*CH2*/N\ ////
"00C—CH,; . /" "CH;—COO"
N

3. KoMIiekCOHOMETpHYECKOE TUTPOBAHUE HE MTPOBOASAT B CUIILHOKHCIION Cpelle, TOCKOJIBKY
B OTUX YCJIOBHSX MPOUCXOIUT MPOTOHUPOBAHHE OCHOBHBIX IEHTPOB D/ TA, oOpa3yrommx cBs3b ¢

HOHOM MCTaJUIa U NPOYHOCTb KOMIIJICKCA YMCHBIIIACTCA:
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"00C—CH,., _CH,—COO HOOC—CHy, + + CHp;—COOH
N—CHp—CHy—N_ +6H — > 'NH-CHp—CHp—NH
"00C—CHy~ CH,—COO" HOOC—CH; CH,—COOH
nin
"00C—CHy., _CH,—COO HOOC—CH,. _CH,—COOH
N—CH,—CH,—N_ +4H > N—CHy—CH—N
"00C—CHy~ CH,—COO HOOC—CH; CH,—COOH
KoMIuiekcoHOMeTpruYeCKOe TUTPOBaHUE Zn** u Pb** me IIPOBOJAAT U CUJIbHOILEIOYHON

cpeac, NOCKOJIbKY B OTUX YCIOBUAX JAHHBIC HOHBI O6pa3YIOT MMPOYHBIC TUAPOKCOKOMIIJICKCHI:

Zn"" +40H  —>  [Zn(OH)y

Pb?" +40H ——»  [Pb(OH)*

Cucmema ouenueanusn:

Tounocmo onpeodenenHus KOHYUEHMPAYUU C6UHUA: 20 6as10B
Maxcumanvuwiii 6ann npu noepewnocmu 6 npedenax + 0,1 2/x,

oanee cHumams no 1 6 3a kascovie auwnue + 0,1 2/1;

Omeembul Ha meopemuuecKue 60NPoCHL: 10 6ani10B
1. Vkazanue oonopHuix amomos ¢ cmpykmype ITA — 1 6
Iloocuém xonuwecmea 0oHopHbix amomos — 1 6
2. I[loocuém ronuuecmesa yukios — 2 6
3. Obocnosanue 015 cunbHOKUCIOU cpeovl: 1 ypaenenue (n110boe uz ykazanuvix)—2 6

ObocHosaHue 01151 CUNbHOWENOUHOU cpeobl: 2 ypasueHus no 2 baiia —4 6

HTOIO: | 30 6anaosB

Metonnueckne ykazanus: Crenyer NpuroroBuTh 2—3 BapuaHTa pPacTBOpa CBHHIIA C MacCOBOM
KOHIIEHTpanue no csuHuy 4—6 r/n. Tounas koHIeHTpauus cBuHLA Qukcupyerca 1o + 0,1 /1 u

IIPOBEPSIETCSI TEM K€ CIIOCOOOM, UTO U B 3a]aye.
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