NEBSITBHIN KJACC
3aoaua 9-1 (aemop F0.C. I'onoexo)

BuHApHBIMU COCIMHEHUSIMH METala C KHCIOPOJOM MOTYT OBITh OKCHJbBI, IEPOKCHUIBI,
HAJTEPOKCUIBI U O30HUIBI.

Macca monydeHHOTo pactBopa paBHa 998 - 1,049 = 1046,9 r. DTO MeEHBIIE CyMMBI
pearupyromux BemectB (998 + 55 = 1055 r. Pa3nuna B macce — Boigenstomuiics ra3 (1055 —

1046,9 = 8,1 r). CiiemoBaTenbHO OKCHJ UCKIIFOYAETCSI, T. K. PU PEAKIIUH OKCHJIa C BOJAOU Ta3 He

BbIJICTISIETCSL:

Me,O + H,0 = 2MeOH (1)

WIn

MeO + H,0 = Me(OH); (2

[Tepoxcuner 06pazyrotr metawist | u |l A rpymm, HaamepoKcuasl U 030HUIB — MeTALIBL | A
IpyMIbL.

PaccMoTpuM 11en0yHbIE METAIIIBI:

Me,O; + 2H,0 = 2MeOH + H,0; (3)

2MeO; + 2H,0 = 2MeOH + H,0; + O21 4)

2MeO; + 2H,0 = 2MeOH + H,0; + 20,1 (5)

OO0pa3yromuiics MepoKCHI BOJOPOIa NPy KursiueHuu paznaraercs: 2H,0, = 2H,0 + 0,1 (6).

B o0mem Buzne:

2MeO, + H,0 = 2MeOH + (2n — 1)/2 O,1. (7
CocTaBuM MPOTIOPITHIO: 2(Myge +16n) ——— (2n —1)32/2 r xkucopoaa
55 —81

Pemas nmponopuuto, momygaem: My, = 94n — 55

[Ipu n=1nomygaem My = 39. 310 KO unu K,0;, — nepokcun kanus
[Tpu n =2 nomygaeM My = 132. D10CSO, — HaIMIEPOKCH]T TIC3USI.
PaccmoTpuM nepokcupl MEeI0YHO3EMENbHBIX METAJIIOB!

2MeO; + 2H,0 = 2Me(OH), + 01

CocTaBUM TPOTOPIIHIO: 2(Myye + 32) ———32 1 kucaopoaa
55 — 81
Pemas mponopuuio moinydaeM: Mye = 76,6 — MIETOYHO3EMETBHOTO MeTala ¢ TaKoi

Maccoil HeT.



Cucmema oyenueanusn:
Ilepeuenv 4-x 603MONCHBIX COCOUHEHUL MEMAILLA C KUCTIOPOOOM 0,54 =2 6anna
Bv1600 Ha ocnosanuu pacuemos, umo gvidensiemcs 2a3 + Koi-60 2asa 2,5 6anna

Bv1600 06 ucknouenuu oxcuda, noomeepacoennwiil ypasnenuamu peaxyuu (1 u 2)

0,5+12 =25 6anna

Ypasnenus 3, 4, 5 u 6 unu oono cymmapnoe ypasnenue 7 4 6anna
Onpeoenenue K;O, + nassanue 2,5+ 0,5 =3 6ana
Onpeoenenue CSO; + nazsanue 25+ 0,5 =3 6anna
Hcknrouenue nepokcuoos werouHo3eMelbHblX Memaios 3 banna
UTOI'O: 20 6annos

3aoaua 9-2 (aemop A.A. /[po30oes)

Oxkpacka pa30aBIEHHOTO BOJHOTO PACTBOpa OOYCIIOBJICHA THIPATHPOBAHHBIMH HOHAMU
MeTa/utoB. ['0y0oii mBeT pacTBOpY MpUAal0T akBaTHpoBaHHbIC HOHBI Meau (I1), a po3oBbIid —
aKBaTHpOBaHHbIC HMOHBI KoOaimbTa (I1). B KOHIEHTPUPOBAHHOW COJSIHOM KHCIOTE KaTHOHBI
MHOTHX METAJJIOB 00pa3yOT YCTOHUYMBBIC XJIOPHJIHBIC KOMIUICKCHI, HUMEIOIINE MHYIO OKPAaCKY,
YeM aKBaWOHBI. Tak, XJOPUIHBIC KOMIUICKCHI MeIu (Hampumep, [CuC|4]27) HMEIOT JKEJITO-
3eIICHYI0 OKPACKY, @ aHAJTOTHYHBIE KOMITIEKCH KobanbTa (Hanpumep, [CoCly]*) — cunroro. ITpu
paz0aBlieHMH BOJIOM KOMILJIEKCHI pa3pymiaioTcs. B 0aHkax MOIVIM HAaXOJMUTHCS KaKue-Iuoo
ounapubie coenunenus menu (1) u koGangbpTa, pacTBOpUMbIE B KHCIOTax. Hampumep, OKCHI
memu (1) CuO, mutpux memu (I1) CusN,, okemmsr kobansra CoO u C0304%. Bee oHE mMeroT
YEepHYIO OKPACKY, a MPH JIEHCTBUN KOHIIEHTPUPOBAHHOHN COJITHOW KUCIIOTHI pa3iararoTcs:

CuO + 4HCI = Hz[CUC|4] + H,0

UYepHsiit YKEJTO-3€IICHbIN

CU3N2 + 14HCI = 3H2[CUC|4] + 2NH4C|

UepHsrit JKENTO-3€JICHbIN

[Tpu pa3zbaBneHun:

H[CuCl,] + 6H,0 = 2HCI + [Cu(H20)¢]Cl>
KEJITO-3ETICHBII royryoou
CoO + 4HCI = H,[CoCl4] + H,0

YEpHBIN CUHHUU

! Mosxkno 3acuutsBats C0,03.



Co304 + 14HCI = 3H,[CoCl,] + Cl, + 4H,0 mmm Co,03 + 10HCI = 2H,[CoCl,] + Cl, +
3H,0

YEpHBIN CUHUU

ITpu pa3baBnenuu:

H,[CoCl,4] + 6H,0 = 2HCI + [Co(H20)6]Cl

CUHHUHU PO30BBII

Cucmema oyeHusaHusL:

Oyenusaemcsi Kak npasuibHbLil 10001 U3 Hemblpex 8apuanmos.
CuO u CoO,

CuO u Co304 (uru Co,03),

CusN; u CoO,

Cu3N; u Co304 (unu C0,03).

Cucmema OUYeHUeaHus:

3a npasunvroe onpedenenue Kaxio0o2o

U3 KAMUOHO8 Memaiios (Meou, Kooaibma) 2x26 =406,
3a npasunvuyro opmyny Kkaxrcoo2o

U3 08X COeOUHeHUll 8 OAHKAX 2x46 =86
3a kascooe uz 08yx ypasHeHull pacmeopetiis.

UCXOOHDIX BeUleCcme 8 KUCIIome 2x260=406
3a eeproe 0OvsCHeHUEe NPUYUHDL

U3MeHeHUsl OKPACKU npu pazdasieHuu 860001 2x26 =46

HUTOIO: 2006
3adaua 9-3 (aemop A.A. /[po30oes)

B peakmuio BBOAAT MO0 YMCTHIN MapraHell, JU00 METalll, COASPKAIUNA MPUMECh MEIU U
sene3a. KoHIEHTpaIus HOHOB BOIOPoa B pacTBope comsHoit kucnotsl (C(H') = 3 M) 6onbiue,
yeM B pactBope cepHoit kucnotsl (C(H') = 2 M). Bonee sHepruuno MeTamn GyaeT pacTBOPAThCS
B COJIIHOM KHCJIOTE M3-3a O0JIbIIel KOHIEHTPAlMU HOHOB BOAOPOJa M YaCTHUYHOTO 00pa30BaHUs
B PpAacTBOpE XJOPUIHBIX KOMIUIEKCOB. beCHBETHBIM TOpIOYMH Tra3, B3pBIBAIOLIUNCA TIPH
MOAHECEHUU CIUYKHU € XJIONKOM — 3T0 Boaopo. OH Beiaensercs y bypatuno, MansBunsl u Kota
basunmo. bypHoe Beinenenue Bogopona y bypatuno u Korta roBoput 00 HCIIONB30BaHUHA UMH
COJITHOW KHUCJIOTHI, B TO BpeMsi kKak ManbBrHa paboTana ¢ cepHoi kucinoToil. Mtak, oOpatumcs k

JKypHaaM MepCOHaAXKEN.



Bypatuno. Peakiusi ¢ coysiHONM KHCIIOTOM, pacTBOpeHHE 0€3 ocTaTKa CBUIETEIBCTBYET 00
OTCYTCTBHH M€Y (HEPAaCTBOPUMOM B COJITHOM KUCJIOTE), TO €CTh O YHCTOM MapraHiie.

Mn + 2HCI = MnCl; + H; Q)

[Tbepo. Bolmagenue uepHOro ocajka npu g00aBiIeHUHM Cyiabhuaa HATpUs TOBOPUT O
HAJIMYUU B PACTBOPE COJIM MU, CYIb(U KOTOPOI OKpallleH B YEpPHBIN IIBET U HEPACTBOPUM B
KHCIIOTaX. 3HAYMUT, METAJUT COAEpkKall mpuMecu. M3 mpemnoKeHHBIX KUCIOT MEIb PacTBOPSIET
TOJILKO a30THas. B TO ke BpeMsl BBIJCICHUE TOPIOYEro rasa, COJACpPIKAIIEro JHIIb IMPUMECh
OKpAIIIEHHOTO AMOKCHJA a30Ta, CBHUJETEIbCTBYET OO0 HCIIOJIb30BAHUM DPa30aBIEHHOM a30THOM
kucnotel. M3BectHo, uto 15-20 %-nas a30THas KHUCIIOTa pearupyer C Mapraiiem
MIPEUMYIIIECTBEHHO C BBIJICJIICHUEM BOJIOPO/A.

Mn + 2HNO3 (3 M pactBop) = Mn(NOs), + H; @)

(Cm. Yuebnuk Xumusi-10, npoduibHelil ypoBeHb, aBTop Epemun B.B. u np., poda 2008 T,
c. 166; Heoprannueckas xumus, T. 2. nox pen. akaa. FO.J[.TperbsikoBa, M., Axanemus, 2008r,
c.199-200). 3a mpaBWIBHBIH OTBET MOXXHO NPUHUMATh YPAaBHEHHS pEaKIUi, B KOTOPBIX
MPOyKTaMH BOCCTaHOBIIEHUS a30THON KUCIOTHI siBIsitoTest NO, Na, N, O.

3Cu + 8HNO3 (3 M pactBop) = 3Cu(NO3), + 2NO + 4H,0 (3)

Fe + 4HNO3 (3 M pactBop) = Fe(NO3); + NO + 2H,0 4)

2NO + 0, =2 NO»

Cu(NO3); + NazS = CuS{ + 2NaNO;

MasnbBuna. Pabotaer ¢ cepHOM KHCIOTOHM, wmetamn coaepxur npumecu (Cu),
HEPaCTBOPHUMEBIE B pa30aBIEHHOM PacTBOPE CEPHOU KHCIIOTHI.

Mn + H,SO, = MnSO,4 + H» (5)

Fe + H,SO, = FeSO4 + H» (6)

Jluca Amnuca. IlokpeiTHe oOpasiia MmeTtayia OelechlM HAJETOM COJIM W DHEPrHYHOE
MIPOTEKaHWE pPEeaKIMM NpU pa3daBleHUU TOBOPAT B Moib3y AbiMaAlied 100 %-Hoil a3oTHOM
KkucnoThl. OO0 3TOM K€ CBHJAETENhCTBYET M BBIICIEHUE OKPAIICHHOTO raza — JHUOKCHIA a30Ta.
3eneHoBaTO-KeNTasi OKpacka pacTBOpa, HE MCUe3arolas Mpy KHUISTYeHUU (KOTJa BECh TUOKCHU]

a30Ta yJETY4YUBAETCs ), TOBOPUT O HATMYUHU TTPUMECEH JKelle3a U MEJIH.

Mn + 4HNOj3 (komm) = Mn(NO3), + NO, + 2H,0 )
Cu + 4HNOs (ko) = Cu(NOs), + NO, + 2H,0 (8)
Fe + 6HNO; (komm) = Fe(NOs); + 3NO, + 3H,0 9)

Kot ba3unmo. DHepruyHoe MpOTEKaHWE PEAKIMU TOBOPUT 00 HCIOIB30BAHUH COJISTHOM
KUCIOTBI. TBepaplii OCTaTOK B NPOOHMPKE CBHUAETENbCTBYET O HAIMYUU MPUMECH MEIH,
HEPaCTBOPUMOM B COJISTHOM KUCIIOTE.

Mn + 2HCI = MnC|2 + H>



Fe + 2HCI = FeCl, + H, (10)

OTBeTHI npeacTaBuMm B BUIC Ta6JII/II_H:II

O6pa3zern mapranma (4UCTHIH dopmysia U KOHIEHTPALMS
[Tepconax

WM C IPUMECSIMU) KHCIIOTBI
Bbypatuno YUCTBIN 3M HCI
ITeepo C npumecsmMu 3 M HNO3
MaisBuHA C npumecsmMu 1 M H,SO,
JIuca Anuca C npumecsmu Hemvsimas HNO3 (100%)
Kot bazunmo C npumecsmMu 3M HCI

Cucmema OYeHUueaHus.:

3a kascoyro cmpoky mabauyvl npu NPAsUILHOM ee 3anoaHeHuu — 2 6 (o 00HoOMY OaNy 3a Kaxdcoblll
u3 08yx cmonoyos) 5x2 = 10 6annos
3a xaoscooe ypaenenue peaxyuti — no 1 6 (kaxcooe ypasHeHue oyeHU8aemcsi Mmojibko 0OUH pas,
odaoice ecii OHO NOBMOPAEMCAL Y PA3HBIX KVKOJ) 10x1 = 10 6annos
3a npasunvHbll 0mMEem MONCHO NPUHUMAMb YPAGHEHUs pearkyuill, 8 KOMOpbIX NpPOOYKMAamu
soccmanognenuss 3M azommuoii kucromer mapeanyem asnaromes NO, Na, NoO.

HTOIro: 20 6annoe

3aoaua 9-4 (aemopA.A. /Ipo3oos)

[Mpu neiictBun ammuaka Ha pactBop cynbdara memu (1) oOpasyroTcs OCHOBHBIE COJIH
obmero cocraBa CuSO4-NCu(OH);-mH,0O, koTopele B M30BITKE peareHTa pacTBOPSIIOTCS C
00pa3oBaHNEM aMMHAYHBIX KOMILIEKCOB.

(n + 1)CuSO,4 + 2nNH3-H,0 + mH,0 = CuSO4-nCu(OH),-mH,0 4 + n(NH,),S04

[Ipu npokaJlMBaHUU OCHOBHOM COJIM MPOTEKAET PEAKIUSA:

CuSOy4-nCu(OH)2:mH,0 = CuSO4-nCuO + (m + n)H,O

VYBenuueHne Macchl KOJIOHKM CBSI3aHO C IIOIJIOIIEHHWEM BOJABI, TaK KaK pa3jioXKeHue

cynbdara meau (1) mporcxomuT pu 60s1ee BBICOKOM TeMIieparype.

5



m(H,O) = 18r, n(H,O) = 1monb, ciaemoBaTeabHO, Ha | MOJb OCHOBHOM COJH ITO
YPaBHEHUIO MPUXOJAUTCS 5 MOJIb BOJBL, T. €. M+ N =5,

[Tpu BBICYIIMBAaHUHU B YIKCUKATOPE OCHOBHAS COJIb TEPSET KPUCTAILIM3AIMOHHYIO BOTY:

CuSO4-nCu(OH)2-mHZO = CuSO4-nCu(OH)2 + mH,0

m(H,0) =7,2 r, n(H,0) = 0,4 mob, ciIe10BaTENBHO, HA 1 MOJIb OCHOBHOM COJIH MTPHXOIUTCS
2 BOJBL, T. €. M = 2,

Taxum obpaszom, n = 3.

CuS04-3Cu(OH),-2H,0 umu Cuy(OH)sSO4-2H,0

VYpaBHEeHUe peakuy 00pa3oBaHUs COJIU:

4CuS0y + 6NH3-H,0 + 2H,0 = Cuy(OH)sSO4-2H,04 + 3(NH4),S04 1)
[pu npokanuBaHUH MOJIyYeHa OKCOCOIb — cyibdar Tpuokcomean(ll):
Cu4(OH)6S04:2H,0 = Cus03S04 + 5H,0 @)
n(CuSQ,) = 0,2 Mo

N(Cus(OH)sSO4-2H,0) = n(Cu403S04) = 0,05 Mo

m(Cus03S04) =201

VYpaBHeHHe peakiuu 00€3B0KUBAHUS B SKCUKATOPE:

Cua(OH)6S04-2H,0 = Cus(OH)6SO04 + 2H,0 3)

Cucmema ouyenueanusn:

3a pacuem n (CuSQy) 1,56
3a pacuem n (H20), svloenuswetics npu npokarueanuu 1,56
3a pacuem n (H20), noznowennoii ceproti kuciomoii 1,56
3a ykazanue na ¢hakm obpazosarus OCHOBHOU CONU 26
3a naxooicoenue npasunvbHou hopmyasl cou 3,50
3a ypasnenus peaxyuii (1 —3) — no 2 6, éceco 606
3a nazeanue conu 26
3a pacuem maccwol conu 26
HUTOIO: 2006

3aoaua 9-5 (aemop C.H. Kapzos)

1. Q = Q1,H2S04(ai) — Qr,H2S04(1) = 909.27 — 813.99 = 95.28 xJ[-MoIb .



2. Beiensromasicst TEIIOTa PacxolyeTcs Ha HarpeBaHUue N MOJIb BOJBI € TEIIOEMKOCTBIO Cp

OT TeMIeparypsl T1 10 TeMueparypsl To, T. €.

Q 95280

= = 16.9 moub.
Cp(l'z -Ty) 753.75

Q=nC,(T,—T;), otkyna n=

Torma m(H,0) =16.9-18 = 304 r.
3. Beipensromniascs TEIIOTa pacXoLyeTcst Ha HarpeBaHUE N MOJIb BOJBI C TEIIIOEMKOCTBIO Cpy
ot Ty 10 Temreparypsl T2 ¥ HCHApEHHE N MOJIb BOJIBI C TEIUIOTOM UCTAPEHUSA Qyep, T. €.

Q 95280

= = 2.06 mMo1b.
Cp (T, -T))+Q,., 75.3-75+40660

Q=nC, (T, -T;)+nQ,,, , OTKyHa n=

Torma m(H,0) =2.06-18 =37 r.

4.Tlpu noGaBieHWU HEOONBIINX TOPUUN KOHIICHTPUPOBAHHOW CEPHOM KHUCIOTHI K
0OJIBIIIOMY KOJHMYECTBY BOJBI KHCIOTA, UMEIOMIasi OONBINYI0 IIOTHOCTh, TOHET B BOAE, a
BBIICTISIIONIASCS TEIUIOTa TOTJIOMIACTCsS OOJIITUM KOJHYECTBOM OKpYyKaroImeld Boawl. Ecim
N00aBIATH BOAY K KHCJIOTE, TO BOJA, HMMECKOMAs MEHBIIYK IUIOTHOCTh, OCTAaHETCS Ha

IMOBCPXHOCTU U MOXKCT 3aKHIICThb, YTO MOXKCT IIPUBCCTU K BbI6p0CY KHCJIOTHI.

Cucmema OUCHUBAHUA.

1. 3a npasunvHolll pacuém 2 banna

2. 3a npasunvHblil pacuém 6 bannos
3. 3a npasunvubilii pacuém 8 bannos
4. 3a npasunvHoe obvACHeHUE 4 6anna
HUTOIO: 20 6annos



JECSATBIN KJIACC

3aoaua 10-1 (aemop A.H. /Kupoe)

Macca oOpa3yromerocss pacTBopa B O0OMX CIydasX MEHbBILIE Macc PacTBOpa KHCIOT U
nobasmsiemoro Bemiectsa (Am(1) = 2,2 r B citydae coisiHoM kucinoThl 1 Am(2) = 1,8 r — B ciryuae
cepHoll KuCIOTHI). ClieoBaTeNbHO, B TPOIECCE PACTBOPEHHS JHOO BBIACISAETCS Ta3, JIMOO
BBINAJACT OCAJ0K MaJlOpaCTBOPUMOTO BEIIeCTBa (MaJl0 PaCTBOPUMBIC XJIOPUIBI M CYIb(aThI
MoryT ObITh, Hampumep, y cBuHna (II) wiu cepedpa (1)). Ho B ciydae Takux ocajakoB macca
MOJYYHMBILIETOCS. pacTBOpa Oblila ObI 3aMETHO MEHBIIIE M M3MEHCHHE MAacChl pacTBOpa ObLIO ObI
OoJIblIIe B Cllydae CEPHOM KUCIIOTHI, a He colisiHOW. Takum o0pa3oM, Oosiee BEpOSTHBIM SBISETCS
cllyyail ¢ BBIJCJICHUEM OJIMHAKOBOIO Ta3a. MOXKHO paccyuTarh KOJUYECTBO MPOTOHOB,
conepxamuxcs B 40 T pacTBOPOB KUCHOT. J1Jist pacTBOpa COISTHOM KUCTOTHI

M(HCI) M meopa” @ 40-0,05
M(HCl)  M(HCI) 3645

V(H") = v(HCI) = = 5,49.10 % oo

a 715l pacTBOpa CEPHOM KUCITOTHI

mpacmeopa "@ _ 2 ) 40 ) 0105

= =4,08-10% Mo
M(H,SO,) 98

v(H")=2v(H,SO,)=2

Torma cepHasi KUCJIOTa B HEJOCTATKE MO OTHOIICHHUIO K BEIeCTBY X, a COJsTHAs B U3OBITKE.
ModsipHy0 Maccy ra3000pa3HOTO MPOJYKTa OMPEeNsieM M0 HEJOCTATKY (T.€. BCE MMEIOIIUECS B
pacTBOpe MPOTOHBI BCTYIIIN B PEAKITHIO), T.€. 10 CEPHOU KHCIIOTE

Am2) _ 18
v(H")  4,08-10°2

M (eaza) = n=44/]n

rzie N — 9uciao NPOTOHOB, YYaCTBYIOIIUX B 00pa3oBaHUM 1 MOJIb rasa.

Jst n = 1 monsiprast macca M(raza) = 44 r/Moab. DTO COOTBETCTBYET Cpa3y TPEM Ta3aM:
COz, NyO, CsHg. IlpotoH (K TOMY € TOJIBKO OJIWH) MOXET YYacTBOBATh B IpoIecce
obpazoBanust CO, u3 ruapokapObOHAT HOHA:

HCO; +H" = H,0 + CO,

B cnydae ¢ coyisiHOM KUCIOTOM, BEIIECTBO X MpOpearupyer MOJTHOCThIO. [1o maHHBIM 1u1st
COJITHOM KHCIIOTHI MOYKHO OMpPEACINTb MOJIAPHYIO MAaCCy HCU3BCCTHOI'O BEIICCTBA X:

M(X) = M(Me(HCOg3)n)

(X) = (CO,)

(CO,) = Am(1) _2.2
M(CO,) 44

= 0,05mo016



M(X) = m(x) _ i=1002/Jl4011b
v(X) 0,05

M(HCO3) = 61 r/momab

M(Me) = M(X) — M(HCO3 ) = 100 — 61 = 39 r/momnb

CremoBaTelbHO HEM3BECTHOE BelecTBO X — ruapokapooHat kamus — KHCO:s.

2KHCO3 + H,SO4 = K3SO4 + 2H,0 + 2CO;

KHCO; + HCI = KCI + H,0 + CO,

[To oTHOWmIEHHIO K CEpHOW KHUCIOTE TUAPOKapOOHAT B M30BITKE. B KOHEYHOM pacTBOpe
OyAyT HaxoAMThCA Cynb(aT M rUApokapOOHAT Kanusa. B ciyyae CONSHOW KUCIOTBI — XJIOPUA
KaJIHsl ¥ U30BITOK COJISTHOM KUCIIOTHI.

[Ipu HarpeBaHuM ruApoKadbOHAT Kaius pasjaraercs (B BoAHOM pactBope Bbiie 60 °C,
cyxoii — Boiie 150 °C), oOpa3yst kapOOHAT Kaus:

2KHCO3 = K,CO3 + HO + CO,

[Tpu B3auMoAeWCTBUM pacTBOpa T'MAPOKAOOHATa ¢ XJOPUJIOM Oapus BBINAAAET OCAJOK
KapOoHaTa O0apus U BBIIEISAETCS YIJIEKUCIbIH ras:

2KHCO; + BaCl, = BaCOj3 + 2KCI + H,0 + CO;

Cucmema ouenueanun:

1. Vemanoenenue cuopoxapoonam-uona 3 6anna
Yemanosnenue kamuona xanus 3 banna

Dopmyna 2 banna

Hazeanue 2 6anna

2. /lsa ypasnenus no 20 2x2 =4 6anna

3. Vkazanue sewjecms, Haxooawuxcs 6 pacmeope nocie peakyuu. 3a pacmeop CONSAHOU KUCIOmMbl U
pacmeop cepHoul Kuciomol no 16 Ix2 =2 banna

4. Jlsa ypasnenus no 2 bania 2x2 =4 6anna
HUTOIO: 20 b6annos

3aoaua 10-2 (aemop B.A. Emenvanos)

1. YpaBHeHHUs peakuuii:

[1] 2K + 2H,0 = 2KOH + H,T;

[2] 2K + Cl, = 2KClI;

[3] 2K + 2H,S = 2KHS + H, T mmm 2K + HS = KoS + H, T
[4] 2K + 2NH3 = 2KNH; + H,T;

[5] 2K + H, = 2KH;



[6] 3K + P = K3P.

2. lllectp »>7MEMEHTOB, MAacCOBOE COJIEp)KAaHHE KOTOPBIX B 3€MHOW Kope Ooiblie, 4em y
KaJIHsl.

O, Si, Al, Fe, Ca, Na.

3. Ilpumepsl MUHEPAIOB, B COCTaB KOTOPHIX BXOAUT KaJIHii:

KCI — cunbBuH (XJ10pHI KU );

KCI-NaCl — cuibBUHHT (XJ10pH]] HATPUSI-KAJIHSA);

KCI-MgCl,-6H,0 — xapHamuT (rekcaruapar XJ0opH1a MarHus-Kaius);

KNO3; — unauiickas cenurpa (HUTpAT KaJius);

KCI-MgSQO4-6H,0 — xannuT (rekcaruapar cyibhara Marus - XJIOpHIa Kajius);

K2[Al,SigO16] — opToKias (1naaroMOreKcacuiInKar Kaius) U T. JI.

4, OOmras Macca Kajausi B 3eMHOW Kope 0,024-2,8-1019 = 6,72-1017 TOHH, €TI0 KOJIMYECTBO
6,72:10%"-10°/39 = 1,72-:10%* moueit wu 6,02-10%-1,72-:10%* = 10* wryk atromos.

B 1 1 mopckoit Boasr 0,000371-1,025-1000 = 0,38 t win 9,7-10_3 MoJIsl Kanusi. MomsipHas
KOHIIGHTPALIHS KaJlisi B MOPCKOi Bozie coctasisier 9,7-10% wmm okomno 102 moss/i.

5.B opranmsme wuenoBeka BecoM 70 Kr eXKECEeKyHAHO mpoucxoauT okoio 4000
PaIMOaKTUBHBIX PACIIaJIOB, ClIen0oBaTeabHO, OH coaepkuT 4000/32 = 125 r kamus. MaccoBas
noJis kanust B opranusme coctasisiet 0,125/70 = 0,0018 v 0,18 %.

B cocras m3orona “°K Bxosr 19 IIPOTOHOB, 21 HEUTPOH U 19 311eKTPOHOB.

6. VpaBHEHHs peaKiiuii syIepHOTo pacia/a n3otoma “°K:

WK — sCa+e” (B-pacman); ;oK +€~ — PAr (srekTponHbIif, nin K-3axBar).

OneHka aTOMHOM Macchl 3J€MEHTa MOXET OBITh IMPOBEACHA W3 CyMMbI IpPOHM3BEACHUI
MacCCOBBIX YHCENl M30TOIOB Ha MX OTHOCHUTEIBHOE cojepkaHue B mpupoje. OO03HAYHMB HOIIO
usoroma *'K 3a X, cocrasum ypasuenue 39-(1 — x — 0,000117) + 40-0,000117 + 41x = 39,0983,
pemas kotopoe, momyuuM 2x = 0,0983 — 0,000117, wnu x = 0,0491, 1. e. okono 5 %. Herpynno
3aMeTHTh, 4TO cojepkanne “°K HACTONBKO MAjo, 4TO €ro MpH OLEHKE MOXHO OBUIO W He
VYUTHIBATh.

Ornomenne No/N=2", rme n=tltyp. Orcioma 2"=0,0936/0,0117=8, T.e. n=3.
Cnenosarensto, t = 3ty = 3-1,248-109 = 3,744-109 JIET.

Cucmema OoyeHueanus:

1. Vpaenenus peaxyuii [1-6] no 0,5 6 0,56.x6 = 3 banrna
2. Kaoicowiti npasunvrwiil onemenm 0,5 6 (oyenusaromcs nepsvie 6) 0,56.x6 = 3 banna
3. Dopmynvt, munepanoe. u xum. Hazearus 2-x murnepanos no 0,5 6 0,56.x3x2 = 3 banna
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4. Konuwecmso amomos 1,5 6, monsapuas konyenmpayus 1,5 6 1,56.+1,5 6 = 3 6anna

5. Maccoeas oona 1,5 6, cocmag uzomona 1,5 6 1,56.+1,5 6 = 3 6anna

6. Aoepnvie peaxyuu no 1 6, codepacanue K 1,5 6,

epems 1,5 6 16.x2+1,56.+1,5 6 = 5 b6annos
HTOIO: 20 6annoe

3aoaua 10-3 (aemop A.A. /Ipo30oes)
Cwm. pemienue 3agauun 9-3
3aoaua 10-4 (aéemop U.B. Tpywikoes)

1. OmpenenuM KOJNMYECTBO BEIIECTBA B ABTOKJIABE JO PEAKIMH, UCIONB3YS ypaBHEHHE
MenneneeBa—Kmamneiipona, pV = nRT. 569,48-10 = n-8,31:623. Orcioga n = 1,1 mMonb, B TOM
gucne 1 monb Oz u 0,1 Mons cmecu yrineBoaopooB. [locne peakuuu B aBTOKIIaBE HaXOAUIOCH
1,25 mons cmecu ra3oB (ipu 350 °C).

YpaBHEHUE TOPEHHUS YTIIEBOIOPOJIOB B OOIIIEM BUJIE:

ACxHy + (4x +y)O, = 4xCO; + 2yH,0

To ectp mocine peakuun B cmecu Oymer 0,1x moms COp, 0,05y moms H,O u
{1-(0,1x +0,025y)} momns Oy, T. e. 1 + 0,25y = 1,25. CnenoBatenbho, y = 10.

[Ipn mpormyckaHuu cMecH OO0pa30BAaBIIMXCS Ta30B Yepe3 W3BECTKOBYIO BOJY BBITIANIAET
ocaok CaCOs. Mcacos = 100. CremoBaTelibHO, KOJMYECTBO OCalKa (a 3HAYUT, U KOJUIECTBO
CO3) pasno 0,5 mons. Toraa X = 5. MonekynsipHas GpopMyiia H30MEpHBIX YTIeBoI0poJoB A 1 B
— CsHio.

2. Coenunenusi, nmetontre Gopmyny CsHio 1 He oOecriBeunBaromyie pacTBop rnepMaHTraHaTa
Kausi — IukiIoankanbl. CymiecTByeT 7 M30MEPHBIX YIIIEBOJOPOIOB, COACPKAIIUX 5 aTOMOB
yriepoja U OJIUH UK

c

CH3 H3C H3C H3
CH3 CH3 %
Q > [><CH CHs 1'CHg [>—CH,
3

[TocnenHue nqBe CTPYKTYpPHI ABIISIOTCS 3€pKaIbHBIMM U30MEpaMH (SHAaHTUOMEPAMH).
3. PaccMoTpuM  TIPOXYKTHI ~ THIPUPOBAaHUS  Kaxkmoro m3omepa. OdeBHAHO, TIpU
TUIPUPOBAHUU LIUKIIOTIEHTaHA MOXKET 00pa30BaThCs TOJNIBKO OJUH MPOAYKT — H-TIeHTaH. Bo Bcex

OCTAJIbHBIX CITy4asiX BO3MOKHO 00pa30BaHME JIBYX MPOIYKTOB:
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CHs H3C
\:( _Ha P SN )\/ }>CH3 M N F )\/

Pt t, P Pt t, P
H3C
D /CH3 _H Nt )\/ }>"'CH L SN )V
Pt t, P * PLtLP

[><CHs _Ho )\/

_ 2 +
CHz Pt t, P

Takum obpazom: a) 1,1-TUMETHIIUKIONPONIAH HE YIOBJIETBOPSET YCIOBHIO 3aJadH, T. K.
MPOAYKTHl €ro TUIPUPOBAHHUS OTJIMYAIOTCA OT MPOJIYKTOB THAPUPOBAHUS  OCTAbHBIX

coenunenuit; 0) mpoaykTbl C u D — #-ieHTaH 1 u3omeHTad (METUIOYTaH).

B wmonekyne MmeTwnnukiioOyTaHa wMmeercs 6 THIIOB aTOMOB BOJOpoAa (BBIACICHBI Ha

PHUCYHKE):

2
\:(\Hl H cH H3 CHs HY CHs CHg CHs
R o o O
H5 HG\\

B MOJICKYJIC STUJILUKIIOIPOIIaHa — 5.

CH3 H4 5
/—H?! CHz } CH3 i CH3
H2 H3 |>_/

B monexyne yuc-1,2-qumerunukiionponasa — 4, a B MoJIeKyJiax mpaHc-uzomepa — 3:

H3C 1 H3C H3C H3C
H CH,
o CHy >—ch,
H3 H4

H3C 1 H3C H3C
- H - -
CHs
>— < >=—CHj
H3

Takum obpazom, A - yuc-1,2-nuMeTuiMKIoNponax, a B — MeTunumkinooyraH.
4. IIporonnpoBanue Moxer uAtu Jaubo mo aromy C(1), mubo mo atomy C(3) (atom C(2)
skBuBaneHTeH aromy C(1)). B oboux crmydasx mpucoemunenue HBI mmer B COOTBETCTBUU C

MpaBUIOM MapKOBHUKOBA.
H3C Br H;C B
HBr SV
&CHs — H3C)\ACH * H3C></ CHa

3

npoToHupoBaHue no C(1) npoToHupoBaHue no C(3)

Cucmema OUYeHUeaHus:
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1. Onpeodenenue monexynaproti gpopmynst (no 1 6anny 3a pacuemst Koauvecmsea Mouell 00 U nocie
peakyuu, no 2 banna 3a onpeoenenue x u'Yy). 6 bannos

2. 2 6anna.
3.Cmpyxmypot A, B, C u D no 2 6anna. 8 bannos.
4. Jlsa npooykma no 2 6anna. 4 banna.
UTOIO: 20 bannos.

3aoaua 10-5 (aemopwvr H.A. Cedos, B.B. Epémun)

1. DHTanbnuu  OOpa30BaHUS PACCMATPUBACMBIX COCIUHEHUHN SBISIOTCS DHTAIBIUSIMU

CHEAYIOLIUX PEAKIUM:

1/2Cl, +1/2 F, =CIF AH;
1/2 Br, + 1/2 F, = BrF AH,
1/2 Cl, + 1/2 Br, = BrCl AH3

B kaxn0ii U3 3TUX peaknil U3MEHEHUS KOJIMYECTBA MOJIEH ra30B HE Mpoucxoaut. [loatomy
SHTAJBIMS PEAKUUH C XOPOIIeH TOYHOCTBIO JIOJDKHA OBITh paBHA pPAa3HOCTH SHEPTHi
Pa3pBIBAIOIINXCS  00PA3YIOIIMXCS CBSA3CH:

AH; = 1/2 E(CI-CI) + 1/2 E(F-F) — E(CI-F)

AH, = 1/2 E(Br-Br) + 1/2 E(F-F) — E(Br-F)

AHz = 1/2 E(CI-CI) + 1/2 E(Br—Br) — E(CI-Br)

PemnM 3Ty cuctemy ypaBHEHMI, B KOTOPOW HaM M3BECTHBI 3HAUECHUS SHTAIIBIINNA peakiuil U
SHEPTUM CBSA3M B HMHTepranoreHugax. CI0KUB BCE TPU ypaBHEHHUS, MOXKHO MOJYYUTb CYMMY
SHEPrui CBSA3E B MOJIEKYJIaX TPEX rajJOreHOB:

AH, + AH, + AH; + ECIBr) + EBr-F) + ECI-F) =
= E(CI-CI) + E(F-F) +E(Br-Br) = £ = 620 x/[x'Mo1b .

Teneps MOKHO paccuMTaTh SHEPTHH CBS3€HM B MOJIEKYJIaX rajJoreHoOB:

E(Br-Br) = X — 2AH; — 2E(CI-F) = 222.8 x/Monb ',

E(CI-CI) = £ — 2AH; — 2E(Br—F) = 238.2 xJlxx-Moib |,

E(F-F) = X — 2AH;z — 2E(Br-Cl) = 159.0 x/[-Monb .

BTopoii, TpagulIMOHHBIN TYTh PENIEHUS] CUCTEMBI TPEX YPABHEHUM C TPEMSI HEU3BECTHBIMU.

O603unaunm E(CI-CI) = x; E(F-F) =y; E(Br-Br) = z.

1/2 x = AH; — 1/2 y + E(CI-F) (1)
1/22 = AH, — 112 y + E(Br-F) )
1/2 x = AHs — 1/2 z + E(CI-Br) 3)

KomOunupyst a3t ypasuenus (1 + 2 — 3), momydum:
13



y = E(F-F) = AH; + AH; — AH3 + E(CI-F) + E(Br-F) — E(CI-Br) =

=248.9 +249.4 —215.9 — 50.3 — 58.5 — 14.6 = 159 x/Ix/moib

[ToacraBmsis monydeHHOE 3HaUYeHue B ypaBHeHus (1, 3), Haxoaum

E(CI-CI) = 238.2 kJI>x/M01b

E(Br-Br) = 222.8 xJI>/M0J1b

B 3amanuu tpeGyercs mOCTPOUTh 3aBUCUMOCTD E g3 — A(D) 8 ycnoenom macumade.

['padmk MOKHO CTPOUTH Ha JIUCTE TETPaaAUd W O€3 yKa3zaHUs 3HAYCHWI BEIWYWH, HO OCH
JOJKHBI OBITH 0003HAUCHBI.

3Ha4yeHUsI DHEPruil CBs3M B MoJieKylax (ropa, xjmopa W Opoma ObuiM paccuutabl. o
MOBOJY SHEPTUH CBSA3H B MOJIEKYJIE #00a@ MOXXHO CAETaTh TOJBKO oOIIee 3aKI0YeHne, YTO OHa

JIO0JKHA OBITH MEHBIIIE, YEM B MOJIEKYJIE OpoMa.

240 .
\.

220 4

JHEPTHUSA CBA3M

T T T T T T 1
20 40 60 80 100 120 140

aToMHas mMacca

2. 1/2 Cl, + 3/2 F, = CIF3

AH = 1/2 E(CI-CI) + 3/2 E(F-F) — 3 E(CI-F)

E(CI-F) = (1/2-238.2 + 3/2:159.0 — (—158.9)) / 3 = 172.2 xJlx-Momb .

DHeprust CBSI3M  YMEHBINACTCS H3-3a TOTO, 4YTO OJeKTpoHHas IIoTHOCTH B CIF3
pacrpeneneHna Mmexay Tpemst cszsimu Cl-F.

3. I[J'II/IHa KOBaJICHTHOM CBS3U paBHa CYMMC KOBAJICHTHBIX paInyCOB aTOMOB!

0.162 =r(Cl) + r(F)
0.176 =r(Br) + r(F)
0.214 =r(Br) + r(Cl)

r(F) = 0.062 um, r(Cl) = 0.100 um, r(Br) = 0.114 um
Juuna cesizu B Mosekyie Cly: r(CI-Cl) = 2r(Cl) = 0.200 am

Cucmema oyenusanusn
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1. 3a 3anuce sumanenuu 06paz08aHUSL KAK pA3ZHOCMU dHEp2UlLL C853¢ell 3 banna

3a npasunvrho cocmasnennyio cucmemy ypagHeHuu 3 banna
3a npasunvhvie pacuémol mpéx sHepeull cesnzell 3 banna
3a epaghux (omnocumenvroe pacnonoscenue F, Cly, Br) 1 6ann
Pacnonoorcenue 1o nuorce Bro 1 6ann

2. 3a npasunbHblll pacuém sHepeul cesa3u 3 banna
3a npasuivhoe obvsacHenue 2 banna
3. 3a npasunvhwill pacuém mpéx paouycos u OIUHbL CE53U 4 6anna
HUTOIO: 20 6annos
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OJIUHHAJIIIATBINA KJIACC
3aoaua 11-1 (aémop A.H. /Kupoe)
Cwm. pemenue 3agaun 10-1
3aoaua 11-2 (aemop A.A. /Ipo30doe)

AHanmu3 onepauuii ¢ NEpBOM NOPLMEN pacTBOpa IO3BOJIIET NPEAINOIOKUTh HAIMYUE B
HCXOJIHOM BellecTBE Meau (Ioj ACHCTBHMEM ILEJIOYM BBINAJ CHUHHMM OCAJIOK, KOTOPBIM CTal
YEpHbIM B pe3ysIbTaTe€ HarpeBaHus) U Xpoma (KENThI I[BET pacTBOpa B IIEJIOYHOM cpene
COOTBETCTBYET TOJBKO XpoMary). B ciydae, eciiv 3TO IpeanoioskeHne BEpHO, Oeblii 0CaioK —
sro womua meam (l), a 3emenslii octarok oT mpokaauBaHus — okcun xpoma (I1). Tannoe

MMPCANOJIOXKCHUC IMOATBCPKAACTCA pE3yJibTaTaMH aHalin3a.

Cul o(Cu)=64/191=0,3351, n(Cul)=n(Cu)=2,865/191=0,015 mons
Cr,03 o(Cr) = 104/152 = 0,6842, n(Cr,03) = 2,28/152 = 0,015 momns; n(Cr) = 0,03 mob
n(Cr) = 2n(Cu).

Taxk kak pacTBop ObLT pa3/ielieH Ha TPU PaBHBIE YACTH, BCETO B HABECKE

n(Cu) = 0,0153 = 0,045 moib

n(Cr) = 0,033 = 0,09 monb

[Tpenmonaras B popmyne X oauH aToM Meau, noixydaem N(Bemectsa) = 0,045 monb,
M(sermtectBa) = 14,22/0,045-= 316 r/mosb. M( CuCr,07) = 280 r/mMou1b.

316 —280=36=2-18

Ouesuano, popmyna X — CuCr,07-2H,0

CuCr,07:2H,0 + 2HNO3; = Cu(NO3); + H,Cr,0; + 2H,0 Q)

Kopuunessriit pactBop — cmech Cu(NO3), u HoCr,0O7

Onepanuu ¢ nepBoil nopuuen pacTBopa:

Cu(NO3); +2KOH = Cu(OH),4 + 2KNO; (2)
Cunuii ocaiok

H,Cr,07 + 4KOH = 2K,CrO4 + 3H,0 3)

JKentelii pacTBOp
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t
Cu(OH), — CuO + H,0 (4)

YEPHBIN MTOPOILIOK

Omnepaiuu co BTOpOil mopLKeit pacTBopa:
2Cu(NO3); + 4K1 = 2Cull + I, + 4KNO; (5)
KopuuneBsiit ocagok — cmech Cul u I,

[Tpu KUMSYEHUHU YacTh MOJIa IEPEXOIUT B Ta30BYIO a3y ((pUOJIETOBBIE MAPHI).

[Tocnie MPOMBIBKM KOPHUYHEBOTO OCAJKa THOCYIb(ATOM HATPHS HOJ YIAISIETCS U OCTaeTCs
Cul 6enoro mBera.

I, + 2NayS;03 = 2Nal + NaS406 (7)

JIMXpoMaT-HOHBI BOCCTAHABIUBAOTCSA HOAUAOM 10 HOHOB xpoma (111):

H2Cr,07 + 6KI + 12HNO3; = 6KNO3; + 2Cr(NO3)3 + 3l, + 7H,0 (pactBop 3€ieHOro msera)

(6)

OcraBumiica Oenbiif ocamok (Cul) momHOCTBIO pacTBOpseTcs B H30BITKE THOCYNb(dara

HaTpus ¢ oOpa3zoBaHHEeM OECIIBETHOT'O PacTBOpA.

Cul + 2Na,S,05 = Na3[Cu(8203)2] +Nal (8)

Omnepanuu ¢ TpeThel mopIyei pacTBopa:

Bpomut HaTpUsi BOCCTAaHABIMBACT JUXPOMAT-UOHBI, HO HE BOCCTAHABIMBAET (B OTJIMYHE OT
noauaa) wousl meau (I1).

H,Cr,0; + 6NaBr + 12HNO3; = 6NaNO; + 2Cr(NO3s)3 + 3Br, + 7H,0 9)

Ammuak ocaxkaaeT xpoM(l11) B Buae runpokcuia cepo-3e1eHoro BeTa:

Cr(NOs); + 3NH3-H,0 = Cr(OH)s! + 3NH4NO; (10)

U BoccTaHaBIMBAET OCTATKH Opoma:

2NH3 +3Br, = N + 6HBr  wym 8NH3 + 3Br, = N, + 6NH4Br (12)

HoHBI MeTH CBS3BIBAIOTCSI aAMMHUAKOM B KOMIUIEKC CHHETO I[BETa!

Cu(NOs3); + 4NH3-H,0 = [Cu(NH3)4(H20)2](NO3), + 4H,0 (12)

[Tpu nmpokaivBaHUU THIPOKCH]IA XpOMa 00pa3yeTcsi OKCU/I 3€JICHOTO I[BETa!

t
2Cr(OH); —> Cr,03 + 3H,0 (13)

3eneHbli MOPOILIOK
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CuO

4

(0]

t

Cu(OH), + CrO4*

KOH
2 3
HNO; KI, ° -
CuCr,0,2H,0 41>(Cuﬁ\103)2 +HyCrO7) ———> 1, +Cu’ + {Cul+1}
5,6
7
9-12| NaBr, NH; IPOMBIBAHHE
to Na28203
Cul
Cr(OH 3-
r( )3 + [Cu(SZO3)2] 8 N328203
13 {©
3.
[Cu(S,05),]
Cr203

Cucmema ouenueanun:

3a npasunvroe onpeodenenue Kaxcoo2o snemenma (xpoma u meou) — no 2 banna

2 snemermax2 6 =40

3a pacuem konuuecmea sewjecmea meou 0506
3a pacuem xonuuecmea sewecmaa xpoma 0,56
3a onpedenenue popmynvr sewgecmea X 30

3a kascooe ypasnenue peakyuu (kpome oecuopamayuu 2UOPoKcuoos) —no 1 6

11 ypasnenutix 1 6 =116

3a xasicooe ypasuenue peaxyuu oecuopamayuu 2uopoxcuoos (yp-a 4 u 13) —no 0,5 6

2 ypasnenusx 0,56 =16
HUTOIO: 20 6annos

3aoaua 11-3 (aémopwvt A.K. bepkoeuu, E.A. Kapnywkun)

1.
i~ O
/\\N = 7
aKPUNOHNTPUN 6yTagueH cTupon

18



2. Pacdet MOXHO BECTH pPa3HBIMHU CIIOCOOAMH, PACCMOTPUM CaMbIid TIPSIMOJIMHEWHBIN (HO HE
CcaMblii ONITUMAJIbHBIN).

B o6pasne maccoii 100 r conepxkures (100 — 87,67 — 7,99) = 4,34 r azora (0,31 mons). Tak
KaK B KaX/I0M MOJIEKyJie akpHJIOHUTpuUiIa 1 aToM a30Ta, a B IPyruX MOHOMEpax ero HeT BOBCE, TO
B oOpasiie coaepxutcs 0,31 Momst 3BeHbeB akpuioHUTpWia. 1o 16,43 r, B Tom uncie 11,16 r
yraepona u 0,93 r Bogopona. Torna Ha 3BeHbst OyTaguena u ctupona npuxoaurcs 76,51 r C u
7,06 T H. [TycTh X — 94MCIIO MOJIb 3BEHBEB OyTaJMeHa, Y — YHCIIO MOJIb 3BEHBEB CTHpoa. Torma

76,51 = 48x + 96y

7,06 = 6x + 8y.

Pemas sty cucremy, noayuum X = 0,34 monb, Y = 0,627 moab. COOTBETCTBYIOIINE MAaCCHhI

paBHbL: 18,36 T (OyTaauen), 65,21 r (ctupodn).

OKOHYaTeNbHO:

Monomep AKPUIIOHUTPUIT OyTanueH CTUPOI
MaccoBas mois 16,43% 18,36% 65,21%
MospHasa qoist 24.3% 26,6% 49,1%

3. 1,2-npucoenuHeHue:
R+ AN — = RUAZF

1,4-nipucoenunenue (yuc- U mpawc-):

4. O003HauMB COOTBETCTBYIOIMME MOHOMEpHI A, b, C, monyunm criexyromuii Habop aua,
pasnuuHbIX o MoHOMepHOMY cocTaBy: AA, Ab, AC, BA, bb, bC, CA, Cb, CC. Takum ob6pa3om,
€CIM peaklMH pPOCTa IEeNu SBISIOTCS PETHO- U CTEPEOCENEKTUBHBIMU, BO3MOXHBI 9 map
MOCNIeZIOBAaTEIbHBIX 3BEHbEB. BKitoueHue 3BeHa OyTaauWeHa MOXeT MpoTekarh Kak 1,2-
MPUCOCINHEHUE, Kak yuc-l,4-npucoenquuenne W Kak mpanc-1,4-nipucoenuaerne. Takum
oOpa3om, BO3MOXKHHI cienyromue Bapuantel: AA, Abl, AB2, AB3, AC, b1A, B2A, B3A, b1b1,
b1B2, b1b3, B2b1, b2b2, b2b3, b3b1, b3b2, B3B3, b1C, b2C, bB3C, CA, Cbl1, Cb2, CB3, CC.
Bcero 25 BO3MOXXHBIX Map MOCIeI0BATEIbHBIX 3BEHBEB.

DTOT OTBET SBJSETCS aOCONIOTHO BEPHBIM, €CIM MBI 3HAa€M OTBET Ha «KJIACCHYECKHUH
BONIPOC»: TJIe Y IpeaMeTa Hadano, a rae — KoHen. C Apyroil cTOpOHBI B yKe 00pa30BaHHOM

MOJICKYJIC TTOJIMMECpA «HAYaJ10» U «KOHCILD» MOT'yT OBITE OAHMHAKOBBIMU. Tor,ua, Hanpumep, Auaaa
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AC Heornmuuuma ot muaasl CA. Ecnum paccmaTpuBarh BONPOC C 3TOM TOYKH 3pEHUS, TO
npaBuwiIbHBIM Oyzner npyroit orBer: AA, ABb, AC, bb, bBC, CC npu mnomHoW peruo- u
CTEPEOCENIEeKTUBHOCTH, T.€. 6 Bo3MOXKHbIX auan, u AA, Abl, AB2, AB3, AC, b1b1, b1b2, b1B3,
b2b2, b2Bb3, B3b3, b1C, b2C, B3C, CC, T. e. 15 BO3MOXHBIX IIap IIPU Pa3HbIX TUIAX BKIIOYCHUS
OyTaaueHa.

[[IxoNbHUK MMEET MPAaBO OTBEYATh HA ATOT BOMPOC KaK MCXOHS U3 MPEANOJIOKEHUS, YTO
«HAYaJIo» M «KOHEI» MOJEKYJbl IMOJUMEpa U3BECTHBI, TAK U MCXOAS U3 TOTO, YTO OHU PABHBI
(MM HEW3BECTHO, KaKOM M3 KOHIIOB MOJIEKYJIbI HojiuMmepa sBisercs Havanom). [lostomy B
Ka4yeCTBE MPAaBUIILHOI'O OTBETA PEKOMEHIYETCSI IPUHUMATh KaK «9 U 25», Tak 1 «6 u 15».

5. lnst Toro, 4ToOBI COMOJIMMEP, COCTOSAIIMNA W3 MOHOMEPOB, CBOMCTBA TOMOIIOJIMMEPOB
KOTOPBIX CHJIBHO Pa3JIMYalOTCs, MOT TMPOSIBISATH CBOMCTBA, XapaKTEPHBIE ISl KaXKIOTO U3
TOMOIIOJTUMEPOB, B COMOJIUMEPHOM MaTepHalie JOJDKHBI CYIIeCTBOBATH OTIENIbHbIE MUKPOGa3HI,
COJZIep>Kallli€ MOHOMEpHBbIE 3BEHbS OIHOIO THUMA. OJTO BO3MOXKHO TOJBKO TMpU OJIOYHOM

pacrpeieliecHuH 3BeHBEB.

Cucmema oyenuesanusn:

1. 3 monomepa no 1 6anny. 3 banna.
2. 3 maccosvix donu no 1 6anny, 3 moavusix doau no 1 danny. 6 6annos.
3. 3 ypasnenus no 2 banna. 6 6annos.

4. 2 6anna 3a yucio ouao npu NOIHOL CeleKMuUgHoCmu npoyecca noaumepusayuu (9 ouao 1ubo

6 ouad) u 2 6anna 3a 4ucio ouaod npu OMCymcmeuu CeleKmueHOCmu. 4 6anna.
S. 1 bann.
HUTOI'O: 20 6annos

3aoaua 11-4 (aémop C.I'. Baxmun)

1. dmgsInc:ny=4/12:1/1=0.33:1=1:3. 3ro aran CH3—CHs. Torga M;, = 30/1.154 =
26, uto cootBerctByer anermieny HC=CH. B C,Hs yrimepox mMeer S -rubpuamsanuio, a B
CoH;, —sp.

2. [IponorapupmMupyeM 3aBUCUMOCTH:

InL=Ina-bK

[ToacraBum B popmyny 3HaueHus: nepemeHHbIX st CoHg (K = 1) u CoHy (K = 3) u perum

CHCTEMY:
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Ina—b=1In154

Ina—-3b=1In1.20

Otcrona a = 1.745; b = 0.125. Vcnonb3ys 3TH JaHHBIC, HAXOUM, 4TO i Oensoia K ~ 1.76,
T.€. KPaTHOCTh COOTBETCTBYET IMPOMEKYTOYHOMY 3HAYCHHUIO MEXIYy OJMHAPHOW W JIBOMHOM

CBSI35IMH, HO OJIMIKE K IBOMHOM.

_ H, HCI M
= Copso. — - Y 9. ~_ Mg
asUy
" pooAcy, O B c
1)+C HBr Na
g " \/\/OH \/\/Br —_— /\/\/\/
2) H;0
D E F G

O6pa30BaHHe OEH30ILHOIO MUKJIa U3 G Moxer IPOTCKATh ABYMsI crocodaMu:

= -7 C-0r

OTmeTruM, 4TO 3Ta peaKiys MCIOJL3YETCS U B IPOMBIIIICHHOCTH (pU(OPMUHT), IpUYEM U3
H-OKTaHa JIEUCTBUTEIBHO 00pa3yercss CMech 3TUIIOEH30J1a U 0-KCUIloJa.

VYraeBogopoaoMm |l MoxeT ObITH TONBKO O-KCHIION, MOCKOJBKY NMPU BOCCTAHOBUTEIHHOM
O30HUPOBAHMU FTUIOEH30J1a 00pazyeTcs cMech ABYX MPOJIYKTOB B COOTHOWIEHHH 2:1, a 1id o-

KCunioJjaa 6J1arozlap;1 «OCHUMJUISAIUH CBS3EH» UMEEM CJICAYIOHICe:

Ecnmu nBe mpenenbHBIE CTPYKTYPHI —pPEAM3YIOTCS B PaBHOW CTemeHHW (T. €. BKJIAJ JBYX
ME30MEPHBIX (DOPM B CTPYKTYPY MOJIEKYJIBI OAMHAKOB), TO U3 ABYX Moyiekys |11 mbr momyanm 1
Mosekyny Oyranauona-2,3 (X), aBe Mmousekynsl 2-okcomponaHans (Y) W TpPH MOJEKYIIbI
sTaHauans (1@aseneBoro anpaeruaa, Z). CoorserctBeHHO, |V — 3tundenson.

4. CootHomieHue Npj : No = 29.51/27 : 34.97/16 = 1.1 : 2.2. B coequHeHUsIX KHUCIOPOT
OOBIYHO TPOSBISET CTEMEeHb OKHCIeHus —2, a amoMuHuid +3. Mcnonmb3yem MNpHHIMIT
AJIEKTPOHEHTPAIIBHOCTH JUTSl «MOJIEKYJIBD) KaTalln3aTopa:

1.1-(+3) + 2.2:(-2) + (35.52/Ax))m =0

rae Ax — atoMHas Macca X, a m = 3apsn X. Ax = 32.5m. IIpu m = 2 Ax = 65, X = Zn. Tlo

MOJIBHOMY COOTHOIIICHHUIO HAX0AMM, 4T0 hopmyina karanuzaropa ZnAl,O4 (ZnO-Al,O3).
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Cucmema OUYeHUueanus:

1. 2 popmyner no 1 6anny. /[ea omeema npo eubpuouzayuro no 1 oainy. 4 banna.
2. Koagppuyuenmot a u b. Ilo 1 6anny. 3navenue K — 1 6ann. 3 banna.
3. 12 cmpykmyp no 1 banny. 12 bannos.
4, 1 b6ann.
HUTOIO: 20 6annos.

3aoaua 11-5 (aemop C.H. Kapzoeg)

1. ITycTs B Ha4aIbHBI MOMEHT BPEMEHU Ha TUTPOBAHUE XJIOPYKCYCHOM KUCIOTHI TpeOyeTcs
No M1 IEI0YH, a B MOMEHT BpeMenu t Tpedyercs (N — X) mut:

CICH,COOH + H,0 = HOCH,COOH + HCI.

No— X X X

Torga obmiee konu4ecTBO MIENOYH, TpeOyeMoe Ha TUTPOBAHME BCeX TPEX KUCIOT, Oynmer
paBHO N =Ng—X + 2 X = (No + X) mu1. OTcroga X = N—Ng, ¥ Ng—X = 2Ng—N.

KoHueHnTpauusi KuCIOTBI MPONOPILMOHAIBHA KOJWYECTBY WIEIOYM, MOLIECAIIEMY Ha
tutpoBanue. [loatToMmy B Qopmydy BMECTO KOHIEHTpAlMii MOXHO  MOJCTaBIAThH
COOTBETCTBYIOIINE O0BEMBI HIETOUH.

Co 1. ng 1 Ny

1
==Ih—==In ==In
t C t n-x t 2ny-n

k

IloacraBnsas nmaHHBIE U3 Ta6.]'II/H_[LI, pacCUUThIBAEM 3HAUCHUA KOHCTAHTBI CKOPOCTH IIpU

PAa3HBIX 3HAYCHUAX t:

Keoo = — n( 12.9 ]:4.24-10‘4MHH",
600 \2-12.9-15.38

Kgog = L In( 12.9 ]:4.25'104MI/IH],
900 \2-12.9-17.0

Kigoo = L n[ 12.9 j:4.25'104MI/IH1,
1800 \2-12.9-19.8

Ko100 = L n[ 12.9 j:4.24'10_4MI/IH_1.
2100 (2-12.9-20.5

CpenHee 3HAYCHHE KOHCTAHTBI CKOPOCTH paBHO K =4.25-107* mun .

2. Eciv KUCITOTHI HaXOJATCS B CMECH B PABHBIX KOJIMUYECTBaX, TO Ng—X =X, WK X = No/2.

[ToncraBnsist 3T0 3HaUEHHE B HOPMYITY, MOIydaeM
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L %In 2 = 1630 mu.

3. [lepuon momypacnajga Mo ONpPENEICHHI0 pPaBEH BPEMEHHU, 3a KOTOpOE IMpopearupyer
MOJIOBUHA MCXOJHOTO KOJMYECTBA XJIOPYKCYCHOM KHCIOTHI, T. €. X = Ng/2, KaKk U B IYHKTE 2.

CrnenoBaTenbHO, IEPUO]I TTOTypacaaa XJI0PYKCYCHOM KUCaoThl paBeH 1630 muH.
" Co
Pe3ynmpTar MOKHO TaKkKe IMONyYUTh NPSAMBIM pacu€ToM mo Qopmyne K-t= InE npu

C=0Co/2.

4. Ecnu B cmecu octaHeTcs 25 % HayalbHOTO KOJIMYECTBA XJIOPYKCYCHOM KHCIOTBI, TO
No— X = Ng /4. CitemoBareibHO,

fetp Mo Ly Mo oo s 3060 v
k ng—-x k ng/4 Kk

Cucmema OYeHUueanus.:

1. 3a npasunvuwiti pacuém 12 6annos
2. 3a npasunbHblll pacuém 3 banna
3. 3a npasunvHbll pe3yrbmam 2 banna
4. 3a npasunvuslii pacuém 3 6anna
HUTOI'O: 20 b6annos
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