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Oounnaouamelii Kiacc

Pemienue 3axaum 11-1 (aBropnl: Kapaayxos T. M.)

1. Cyna no tomy, uro X pacTBOpSIETCS B IIEJIOYM C 0Opa30BaHHEM JIBYX X-
COZIEpXKAIIUX COEOUHEHHM, a MPOAYKThl peakuuu npu —5 °C oTnmyarorcs, ckopee
Bcero, 3To ranored. Kpome Toro, X — He ¢Top, Tak kKak GpTop pearupyert ¢ X.

BemectBa E u F — dropuast snementa X. Tak xak F momyuaercs u3 E mo
peakiuu ¢ 1 sxkBuBaneHToM F,, TO 3T BemecTBa OTIMYAIOTCS Ha 2 atoMa ¢Topa.
O6o3naunm E xkak XF,, torma F — XF,.,. M0OXHO COCTaBUTh YypaBHEHHE Ha
VU3MEHEHHE MACCBHI:

A-(X)+18,998n+37,996
A-(X)+18,998n

= 1,2776.

Ero pemenue npuBoauT K napam 3Hadenuit n u M(X):

n 1 2 3 4 5 6
A«(X), r/monp | 117,87 | 98,88 | 79,88 | 60,88 | 41,88 | 22,88
X - - Br - - Na?

Takxum o6pazom, snemeHT X — Opom, mpocroe BemecTBo X — Bry, E — ¢Topun
opoma (III) BrFs, F — dTopun 6poma (V) BrFs. Ilpu B3aumoneiictBuu 6poma co
IIEJI0YbI0 TIPU KOMHATHOM TeMIlepaType Mojydaercsi cMech OpoMmuaa U Opomara
kanusi KBr (A) u KBrO; (B) u (peakmus 1), a nmpu HU3K0#M Temneparype (peaxius 2)
obpasytorca runodpomut KBrO (C) u 6pomua KBr (A). IIponyckanue nudropuna
KCEHOHa 4epe3 BOAHBIM pacTBOp Opomara Kajaus MPUBOAUT K oOpa3zoBanuio D —
nepopomara kanus KBrO, (peakuust 3). VI3 HEro Mo)HO MOITYYUTh BEHIECTBO A —
OpoMUI KaJlusl — pa3IMYHbIMU CITIOCO0AMHU, HAITPUMED, PA3TI0KEHUEM MM peaKIuei
¢ BoccranoButeneM (peakius 4). [ericteBuem KOH Ha nentadgTopua 6poma MOKHO
NOJIy4UTh OpoMar kanus (peakuus 7).

[Tpu temneparype Boimie 0 °C runoOpoOMHUT HATPUs TUCTIPOTOPLIUOHUPYET HA
Opomua u GpoMat Kanus (peakius 8).

Coenunenne G oOpasyeTcs Ipu pacTBOPEHUHM 30J10Ta B TpudTopuae 6poma. Ha
pPUCYHKE B OKPYXCHHU aroMma 30JI0Ta HaxoisiTcs 4 aroma, Mpu4éM JBa W3 HUX

SIBJISIFOTCSL. MOCTHMKOBBIMU. BOKpyr 4e€pHOro aromMa Ha pa3jiu4HbIX PACCTOSHUAX
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TaKKe Haxonarcs 4 atoMa, U3 KOTOPBIX JIBa TAK)Ke SIBIISFOTCSI MOCTUKOBBIMU. Tak Kak
BrF; pactBopsier 305010, a B coctaB coeanHeHus G (Cyas Mo pUCYHKY B YCIIOBUH
3aJlaHus) BXOJAT arOMbl TPEX COPTOB, CIEAYET MPEANOJIOKUTh, YTO B OKPY>KEHUU
aTOMOB 30J10Ta 1 OpoMa HaXOAATCS aTOMBI PTOPA, & COCTAB COSAMHEHUS MOXKET OBITh
npenctanieH Gopmynoit AuBrFs unu AuF;-BrF; unu naxe BrF,[AuF,], nocneanee
HE COBCEM COOTBETCTBYET M300paKEHHOM CTPYKTYypE, OAHAKO B JIMTEpAType Takas
dbopma 3amucu BCTpedyaeTcsl.

B cooTBeTcTBUU ¢ METOIOM TOJTy4YeHHUs], BemecTBO H MoXkeT comepkarb aTOMBI
opoma, cypsmbl U (propa. Tak kak BemectBo H comepxut nBa aroma Opoma Ha
bopMYIBHYIO €IUHHUILY, €0 MOJISIPHASI MacCca MOXKET OBITh JIETKO pacCUuMUTaHa:

Mr(H) =79,904-2 / 0,1928 = 828,88 r/M0b.

Monsipnast Macca karuoHna (M) B 4,188 pasa MeHbIIe MacCchl aHUOHA, MOXKHO
COCTaBUTh YPABHEHHUE:

M + M-4,188 = 828,88

OTtkyna mossipHast Macca katuoHa M = 828,88 /5,188 = 159,77 r/monb, 4to
cooTBeTCTBYET 00 [SbF,]™", 6o [Br,]"". Ha annon npuxomurcs 828,88 — 159,77
= 669,11 r/monb. B ciaydyae karnona [SbF,]"" aHHOH IOMKEH COCTOSTH TOJIBKO U3
aToMOB Opoma, OJHAKO MOJISIpHAsl Macca SIBHO MPEBBINIAET MOJISIPHYIO Maccy ABYX
aroMoB OpoMa. IT09TOMY ITOIXOAUT TOIBKO KaTHOH [Br,]™". B TakoM ciaydae, aHHOH
COCTOUT M3 aTOMOB CypbMbl U (ropa. Ilycth dopMysna aHMOHHON KOMILIEKCHOM
gacTuisl [SbyF,]>*Y (3apsn OyaeT TakuM MpU YCIOBHMH, 4TO CypbMa HE MEHSET
CTEIMEeHb OKUCJIEHUS, TOTa €r0 MOJISIpHAsl Macca paBHa

121,76-x + 18,998y = 669,11. MoxxHo caenarh rnepedop 1o KOJIu4eCTBY aTOMOB

CYpbMBI:

X | 2 3 4 5
y 28,81 122,40 | 15,99 | 9,58 | 3,17
Japan |24 |12 |1 +10 | +22

Kak BuanmM, XopoIime 1eible 3HaUYeHUsI X U y, a TaKKe HanOoJiee aJeKBaTHBIN
(1, MaBHOE — OTpHULIATENBHBIN!) 3apsig aHHOHA nony4aercs npu x = 3, y = 16. Utoro,

dopmyna H — [Bry] [SbsFi6]". i1t cypsMBI XapaKTepHO KOOPIMHALIMOHHOE YHCIIO 6,
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T.C. A1Ba H3 16 aromoB (bTopa JOJI?’KHBI OBITH MOCTHKOBBIMH, T.C. HaXOOHUTHCIA B

OKPY’KEHHMH Napbl aTOMOB CYPBMBI:

Y.oon

P e @ e %5! —¢
—® T N
% ¢
HToro, Hem3BeCTHHIE BENISCTBRA:
X | A B C D E F G H
AuBrF¢ unn
Br; | KBr | KBrO; | KBrO | KBrO4 | BrF; | BrFs | AuF;-BrFs; unu | [Br;][SbsF 6]
BrF,[AuF4]

Ypasnenusa peaxyuii:

t°C
1) 3Br; + 6 KOH — 5 KBr + KBrO; + 3H,0
2) Br,+ 2 KOH —= KBr + KBrO + H,0
3) KBrO; + XeF, + H,0 — KBrO; + Xet + 2 HF
4) KBrO, + 4 KNO, — KBr + 4 KNO;

WK pCaKusia ¢ APYI'MM BOCCTAHOBHUTCIICM HJIN PA3JIOKCHUC

t°C
KBI‘O4—> KBr +2 02

5)Br, + 3 F, —2%sF 5 5 B,
6) BrF; + F, — BrFs
7) BrFs + 6 KOH — KBrOs + 5 KF + 3 H,0

T>0 °C

8) 3 KBrO ———— 2 KBr + KBrO;
9) 2 Au + 4 BrF; — 2 AuF;-BrF; + B,
10) 9 Bry + 2 BrFs + 30 SbFs — 10 [Bra][SbsFie]

Cucmema oueHusanus:

1. | Bemecta X, A- H o 1 6amny 10 6a/10B
Crpykrypa anuoHa H (nw06oe cxemamuunoe uzobpasicenue,
8epHO ompadicarouee cmpoeHue anuona) — 1 6a

2. | YpaBuenus peaknuii 1- 10 o 1 6amny 10 6as10B

HUTOI'O: | 20 6an0B
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Pemienue 3anaum 11-2 (aBTop: Pomanos A.C.)

1-2. Cuavana paccuntaem (opmynbl BemecTB A u B. BemecrtBo A: cyns mo
peakiuu ¢ aMMHa4HbIM pacTBOPOM OKCHZia cepedpa BEHIECTBO A  COIEPIKUT
ATBJCTUAHYIO TPYIITy U K TOMY K€ SIBIISICTCSI KPHUCTAJLIOTHIPATOM COJMH HUKEIIS.
Ha ponb aHnoHa B TakoM ciiydae X0opoIio noaxoauT gpopmuar-uoH. Torga BemecTBo A
»10 Ni(HCOOQ),xH>0. Paccunraem 4uciio MOJIEKY/I BOJIbI B 3TOM BEILIECTBE:

Mi(A) = (2 +2x)/0,0324 = 61,73(1 + x) = 149 + 18x.

Ortciona x = 2 u BemectBo A = Ni(HCOQ)2:2H:0. Beriiitu Ha Qopmyny BemecTsa
A MOXXHO U HECKOJIbKO nHaue. CHavalsia paccunTaeM MOJISIPHYIO Maccy BElIecTBa A
M(A) = 12x/0,1297 = y/0,0324 => 92,5x = 30,86y.

PaBenctBo BbImonHsercs npu x = 2, y = 6. Ilonmyyaem M(A) = 185 r/monb. Tenepsb
MIPE/IIONIOKUM, YTO B COCTAB BEILIECTBA A BXOJIUT | aTOM HUKEJSl U aTOMBI KUCIOpOAa
(MpemonaoKuM, 4TO IPYTHX aTOMOB B COCTaBe HET). Torma MOKHO paccuuTarh OpyTTo-
dbopmyity BemiecTBa A: yMciio aroMoB kucnopona = (185 — 24 — 6 — 59)/16 = 6. B urore
dbopmyna A — NiC206Hg. Paccuntaem creneHb OKUCIEHUS YITIEpO/ia B 3TOM BEIIIECTBE:
0=2c.0.(C)+2+6-12=2c.0.(C)—4=>c.0.(C)=+2.

VYriepon B CBOMX COEIMHEHUSIX KaK MPaBUIIO UMEET 4 KOBAJCHTHBIC CBS3M. Takas
CTETIeHb OKUCIICHUS BO3MOXKHA TOJILKO B OJTHOM BapHaHTE, €CJIU YIIIEPO UIMEET 3 CBS3U
C KUCJIOPOZIOM W OAHy cC BomopomoMm. OTcrona BbIXOAMM Ha (popmuar-uoH

u BeniectBo A — NiC206He.

Tenepp npucTtynum K BewlecTBy B: 3TO BEIECTBO SIBISETCS NBOMHOW COJIBIO
1 CKOpPEE BCETO COMEPIKUT CYNIb(aT-uoH, TaK Kak 00pa3yeT ¢ KaTHOHOM Oapusi OeIbIii
ocaaok. JIByMst MmeTayiaMu U3 JBOWHOM COJIM CKOPEE BCETO SABJISIOTCS KAJIMN U XPOM,
torna gopmyny B moxno 3ammcare kak KCr(SOs),xH>O. B xone peakuyuu 5
cynbdara Gapusi obpazoBaniock 1,165/233 = 0,0050 monb. Torma MOXHO HaWTH
MOJSIDHYKO MacCy 2 W 4YHCIO MOJEKYJ BOJAbl B  KPUCTAUIOTHApATE:
M:(B) = 50-0,0250/0,0025 = 500 r/M011b, 4TO MPAKTUYECKH COOTBETCTBYET HATMYHUIO
12 monexyn Boasl u BemectBo B — KCr(S04)2:12H,0.

[Ipu cMemieHUn KPacHOTO € 3€JCHBIM 00pa3yeTcsl KeNThIi, KpaCHOTO C CHHUM
— mypnypHbIH ((hHONETOBBIN UM magenta), 3€JICHOTO C CHHUM — OUPIO30BbIN (CHUHE-

3eNeHbll winM cyan). l[Ber XxpomoxkanueBbX KBaclioB B Bechbma OJIM30K K
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MypIypHOMY, @ IBET AWTUApara opMuaTa HUKENsS OYeHb IMOXOK Ha OMPIO30BBIM.
Torga mociaeaHUM IBETOM OCTA€TCsl JKEJIThIM, a €IMHCTBEHHBIM OWHApHBIM (HE
CoJIeprKallliM KHCIIOPO/I) COSIMHEHUEM CBUHIIA KEJITOTO 1IBETA SBJISETCS €0 MO,
To ecTh C = Pbl.

YpaBHeHus peakuuil
(omcymcmeue KpucmaiiuzayuoHHoU 600bl 8 NPOOYKMAX peaxkyuul He s6Jsemcs
OUUOKOUL):
1) Ni(OH), + 2HCOOH = Ni(HCOO), + 2H,0O
2) K»,CrO7 + 3S0; (mmm K,SO3) + HoSO4 = 2KCr(SO4), + H>O
3) Pb(CH3COO), + 2KI = Pbl, + 2CH3;COOK

emecmo KI oonycmum noboii pacmseopumwlii uoouo, uiu HI
4) Ni(HCOO), + 4[Ag(NH3):]JOH = [Ni(NH3)4](OH), + 4Ag + 2(NH4),COs

unu NH,HCO3
5) KCr(SO4), + 2Ba(NO3); = 2BaSO4 + KNO;3 + Cr(NO3)s

3. X — xene3ocoiepxkalllee BEUIECTBO, KOTOPOE pearupyer ¢ KUcIoTaMu (C
HSCN u HCI). Peaknus ¢ pogaHuJ-MOHOM YKa3blBa€T Ha CTEMEHb OKHUCJICHUS
xKenesza +3, modToMy MOXKHO 0e3 pacueToB MnoHsATh, uTo X = Fe(OH)s. Torma mo
ycioBuio 3aiaun o rekcarujapare BemiectBo F — FeCl3*6H>O BemecTBo TeMHO-

KOPHMYHCBOI'O IIBCTA (I/IJ'II/I TCMHO-OPAaHXCBOI'O, HO HC )KGJ'ITOFO).

Hanee paccuutaem dopmyny Bemecta Z: M(Z) = 56x/0,4558 = 122,86x, rae
X — 9UCJI0 aTOMOB JkeJie3a B Z.. HamMmensImee menoe X mpu KOTOPOM MOJISIpHast Macca
Z. sBisIeTCS TMPAKTUUECKU IETbIM unciioM 310 X = 7. Torma My(Z) = 860 2/monws.
[Tockonbky Z SIBASETCS CHHHM BEIIECTBOM, TO MOXKHO TPEINOJIOKUTHh HATHUYHUE
[IMaHUI-UOHOB B cocTaBe Z (CHHUIM IBET HABOJIUT HA MBICJIb O OEPIMHCKOMN Ja3ypH).
Torga Konu4ecTBO MUAHUI-UOHOB B Z, = (860 — 7-:56)/26 = 18. ®opmyny Z. MOXKHO
3anucarh Kak Z = Fe7(CN)is. CTaHOBUTCS MOHSATHO, YTO YaCTh aTOMOB JkeJie3a (n)
HaxXOAUTCA B CTENIEHU OKUCIIEHU 13, a Apyras yacTh B +2 (m). Beruurcinm 3Ty yactu
aTOMOB JKeJie3a:

3n+2m=18;
ntm=7.

EAMHCTBEHHBIM pElIEHUEM JaHHOW CHCTEMbI YPaBHEHMI SIBIISIETCS napa i = 4,
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m =3. B utore Z = Fe"[Fe**Fe*2(CN)s]3 (wm mr06as apyras 3amuch, yKa3bIBaroIas
Ha KOJIMYECTBO aTOMOB JKe€JI€3a B PA3HBIX CTETICHIX OKUCIICHUS).

Teneps MOXKHO paccunTarh cocTaB BemiecTa Y. O4eBUIHO, UTO BCE Kee30 +2
oepercs umeHHo u3 Y, Tak kak Fe(OH); comepxut »kene3o TOJBKO B CTEIEHU
okucnenuss +3. B Takom ciyuyae crexuomeTpuyeckuid koddduuueHt nepen Y
B peaknuu nonydenust Z paseH 3: M{(Y) = 1/(1,327-3/860) = 216 2/mons. Ilo
YPaBHEHHIO pEaKIIMKM OYEBUIHO, YTO Y COJIEPKUT 6 ITMaHU]I-MOHOB U 1 aToM xene3a,
TOTJa Ha OCTaTOK MpuxoauTcs 4 r/moib, 4To cooTBeTCTBYeT Y = Ha[Fe(CN)g].

Ocranock pasranare ¢opmynsl Bemects D u E. B pacuere Ha 1 monp Y
MossipHast Macca BemiectBa E paBna 1,42-216 = 307 2/mons. Torga 307 — (216 —4) =
95 2/mo1e PUXOIUTCS HA KAaTHOHBI, Hecylue 3apsa 4+. HerpynHo 3amMeTuthb, 4To
sto K™ n Fe**, torna Bemectso E — KFe*"[Fe?"(CN)g|, pactBopumas deprunckas

J1a3ype (BEWIECTBO CUHETO 1IBETA).

®opmyny Bemiectsa D paccunrtars qocTarodHo npocto. [1o ycinoButo 3aqauum Ha
9 monexyn Boasl npuxoaurcs 25,59 % maccsl Bemectsa D, 3HauuT ero MosspHas
macca pasHa: 18:9/0,2351 = 689 r/monb. Ilockonbky nnsi Fe(Ill) nambonee
XapaKTepHO K.4. 6, IPEIoIIOKHUM, YTO B cocTaB D BXOAUT 1I€CTh POJAHU-MOHOB B
COCTaBe BHYTPEHHEH c(epbl KOMIUIEKCHOTO COEIMHEHUS i pealu3alid Takon
Oomb1110M MOJIsipHOI Macchl. Torma Ha ocTarok mpuxoautcs 689 — 58-6 = 341 r/mounb,
Cpa3y ydTeM, 4TO MNpPHU HAJU4YMK 6 pPONAHUI-WOHOB ISl DJIEKTPOHEUTPATbHOCTH
norpelyercs 3 KaTMOHA HAaTPUsl U OJIMH aToM xene3a: 341 —23-3 — 56 =216 r/mMounb.
OcranbHass Macca MOJEKYJAbl TpeacTraBieHa 12 MoyekyaaMyd BOJbI, TOIIa

BemiecTBO D — Nas3[Fe(SCN)g]-12H20 kpucTaiibl KpoBaBO-KPAacHOTO IBETA.

YpaBHeHHs peakuui
(omcymemeue Kpucmaiiu3ayuoHHoUu 600bl 6 NPOOYKMAX peakyuil He AGAemcs
owuoKoL):

6) Fe(OH); + 3HSCN + 3NaSCN = Nas[Fe(SCN)s] + 3H,O

7) Fe(OH); + Hs[Fe(CN)s] + KOH = KFe[Fe(CN)s] + 4H,O

8) Fe(OH); + 3HCI = FeCls + 3H,0

9) 4Fe(OH); + 3H4[Fe(CN)s] = Fe[FeFe(CN)s]3 + 12H,0

tO
10) 2Fe + 3Cl, — 2FeCl;
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Cucmema ouernueanusn’

1. | ®opmymnsl BemectB A, B, C — 1o 0,5 6ama 1,5 6ayi1a
Pacuet ¢opmynsl BemectBa B — 1 Gamn 1 6amn
VYpaBuenus peakiuii [1-5] — mo 1 6amry 5 6aJ/u10B

2. | Bepnoe yka3zanue napsl IBETOB 111 cMenieHus — 1o 0,5 6asna 1,5 6anaa

3. | ®opmymsl BemectB D — F — 1o 0,5 6amna 1,5 6anaa
®opmyiel BemecTB X, Y 1 Z — 1o 1 6amry 3 6asa
VYpaBHenus peakiuii [6—10] — o 1 6amny 5 6assi0B
Bepnble nBeTa BemecTtB 4 — 6 — no 0,5 Oamia 1,5 6aaiaa

HUTOI'O: | 20 6an10B

Pemenne 3anaun 11-3 (aBTop: Ilaonyxuna A.1O.)

[lepBast cTaaust Ha cxeMe NMpeACTaBIseT cOO0H peaknio HUTPOBaHUs OeH3051a
Y TIOCJIEYIOIIEE BOCCTAHOBJIEHUE HUTPOTPYIIIIBI 10 AMUHOTPYIIIIBI, YTO TPUBOJIUT K
oOpazoBanuto anuiuHa (A). [lanee, BepositHo, ctaquu A — B u C — D
MPECTABIAIOT COOOW MOCTAHOBKY M CHATHE CYIb(OTpYyNIbl, OJOKUPYIOLIEH napa-
MOJIO)KEHUE OTHOCUTENIBHO aMUHOTPYMIbl (3MEKTpouibHOE Cyab(HUpoBaHUE
apOMaTHYECKUX COEAMHEHW o00patumMo), uto mno3Boisier (cramus B — C)
CEJIEKTUBHO BBECTH HUTPOTPYIIIY B opmo-nioyioxkeHue. [IpeBpallienue coeTnHeHus
D B OpmMO-HUTPOXIOPOEH30 IPEJICTaBISAET coboii JINa30TUPOBAaHUE
apOMaTHYECKOrO0 aMHHa € MOCIEAYIONIMM 3aMElIeHUeM IUa30rpynibl Ha XJIOp
(peaxuus 3anamaiiepa). Takum 006pazom, A — aHwinH, B — cynbshanunioBas Kucjiaora,

C — 4-amuno-3-HUTpOOEH30IICYIb(DOHOBAS KUCIIOTa, D — 0pmo-HUTPOAHUIINH.

O e ey, O @“
H,SO Pd/C 180 °C H,SO
2o HO5S 2774 HOo,S NO,
B
HZO
H,SO,4
Cl" 1) NaNO, HCl NH;
~ 2) CuCl, HCI

NO, 5 NO,

[lepeitnem k pacmmdpoBke BTOPOH YacTH cxeMbl. Opmo-HUTPOXIOPOEH3O0I

BOCCTAHABJIMBACTCS BOJOPOJOM Ha MaJIaJMeBOM KaTallu3aTrope 0 opmo-
xynopanunuHa E. Crenyromasi craaus NMpeacTaBisieT CO00M HAa30THPOBAHHUE C

NOCHEAYIOIMM  IPEBPAIEHUEM  IOJy4YEHHOM COJIM  JWA30HUSA B Opmo-
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opomxnopOenszon F no peakuum 3anamaiiepa. Jlanee, kak cieayeT u3 Habopa
peareHToB, TPOUCXOAMT pEaKIus aMUHUpoBaHUS 10 byxBampay-XapTBury,
OIKCaHHas B HauaJje 3a7a4uu. B Xoze peakiyu MOXeT IPOUCXOANUTh 3aMEIIeHUE TN00
OIHOTO, 1100 000MX aTOMOB TajloTeHa Ha apUIIAMUHOBBIN (parmeHT. [Ipeanonoxum
3aMeIleHHE TOJIIBKO OJHOro aroma. Torga npoayKt G IoJpKeH coaepkarb 12 aToMoB
ymieposa, oTkyaa ero Mmossipaast macca M(G) = 12,01-12/0,58 = 248,5 r/monb. I10
COOTBETCTBYEeT 3aMEIICHHI0 aromMa Opoma. JlelcTBUTENbHO, apUIOPOMUIBI
BCTYIAIOT B PEAKIUH KPOCC-COYETaHUs OBICTpee, YEM ApMIIXJIOPHUIbL. 3aTeM IpU
00paboTke G 11e104bI0 MPOUCXOAUT ACTIPOTOHUPOBAHUE BTOPUYHOI'O aTOMa a30Ta ¢
oOpazoBaHueM BBICOKOHYyKJIeopuiabHOrO aHuoHa RoN™. Tlog  neiictBuem
TUMETWICYNb(ara MPOUCXOOUT METUIMPOBAHUE aroMa azoTa (10 MeXaHU3MYy
OMMOJIEKYISPHOTO HYKJIEO(DHIIBHOTO 3ameleHus Sy2) ¢ o0pazoBanuem npoaykra H.
Crnenytomasi ctagusi sIBISE€TCS BOCCTAHOBJIEHHUEM HUTPOTPYIIBI B aMUHOTPYIIILY,
IOCKOJIBKY B peakuuu ucnois3dyercs BoccraHoButenb KBH4, a ycnoBus
npepateHus I — J cooTBETCTBYIOT aMMHUPOBAHUIO IO byXBanbay-XapTBury, 1

KOTOPOIO HeO6XOI[I/IMO HaJIMYUC aMHUHOTI'PYIIIIEI B COCAMHCHNHA L

Cre
Cl Cl ) 1) NaNO, HCI Cl NO,
PalC 2)CuBr HBr Pd(dba),
NO, c Br BINAP, Cs,CO; ¢ NO,
120 °C

) KOH
) (CH30),S0,

L,
? % =G e0.0

‘—Q Iz

Bl NAP CSzCO3 Cl
90 °C

[Tocnenyromue craguu (HaKTUYECKHA TMOBTOPSIOT T€, YTO HMCIOIH30BaIUCH
paHee B IIEMOYKEe MpEBpalllecHUW: METUIMPOBAaHUWE BTOPUYHOTO  aMHUHA
METWJIHOAUJAOM, BOCCTAHOBJICHHUE HUTPOTPYMIBI O AMUHOTPYMIBI M, HaKOHEII,
aMUHUpOBaHHE MO byxBanbay-XapTBUry, TPHUBOIANIECE K 3aMBIKAHUIO IHKJIA C
oOpa3zoBaHueM O€H3aHHEIUPOBAHHOW TETPALMKINYECKOW CHCTEMBI C TpeMms

aroOMaMH a30Ta B IIHUKIIC. 3aKIIroYnTeIbHAS cTajusa — MCTUJIMPOBAHHUC aTOMa a30Ta,
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MNPpHUBOAAIICE K COCAMHCHHUIO Xc HOBOpOTHOﬁ OCbKO CMMMCTpPHHU 3-1ro nmopsaaka nu

TPEM: INIOCKOCTAMU CUMMCTPHH.

PRI S C

Pd(d ba)2

B|NAP, CSch3
g

Rolite Y

X L

130 °C‘

Jumepamypa: A. M. Panagopoulos, M. Zeller, D. P. Becker, J. Org. Chem., 2010,
75, 7887-7892.

CucremMa oleHUBAHHUA:

Crpyxkrypabie popmyibl BemectB A — L o 1.5 6aia 18 6ass10B
CrpykrypHas dhopmyrna BemectBa X — 2 faia 2 f6as1a
HUTOI'O: | 20 6aus10B

Pemenue 3anaun 11-4 (aBTop: Tpodpumos NU.A.)

1. [Ipu penieHny JaHHOM 3aJla4¥l MOKHO TOJIb30BAThCSI KAK MUHUMYM JBYMsI
pa3nuyHbIMK TToaxonamu. [lepBblii OCHOBAH HAa 3HAHWU MPOMBIIUICHHBIX METOJ0B
MOJYYEHUsT PACHpPOCTPAHEHHBIX COEAUMHEHUHN. Tak, MOXXHO CXOHy pacIio3HaTh Ha
cxeMe Bakep-nporiecc — nonydyenue areranbaeruaa u3 stwiena (F — G), a 3arem —
YKCYCHOM KucnoTel u3 auneranpaeruga (G — H), a Takke OCHOBHbBIE pEaKIHNH
COCIMHEHUM apOMaTHYECKOTO psfa (XapaKTepHble ycioBus OpomupoBanus B,
KOTOPBIN MOTYYaroT U3 raza A, UMEIOINIETro MJIOTHOCTh MEHBIIIE, YEM Y BO3/1yXa — 3TO
SBHO YKa3bIBaeT Ha aleTWJICH M TOJMydaeMblid U3 Hero OeH3zon). Jlamee 1memouxy
MpEBpaIEHU MOXKHO PEIIATh «KaK OOBIYHOY.

Bropol momxom OCHOBaH Ha PEUICHUH 4Yepe3 pacu€T cocraBa ajkeHa Y M

IIPOAYKTOB €ro 030HOJIM3a. JTOT MOAXOA 4yTh CIOXHeEe, HO HanéxHee. Jlamee B
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PCUICHUHU IMPCACTABICH KMCHHO TaKoun IMyThb.

YcranoBuM npocreiiinyio GopMyiy ankeHa Y:

12,01n r/mMounb
0,9083

SIcHO, 4TO HEOOXOAMMO paccMaTpUBaTh CIIydau, KOrjaa . KpaTHbI IISATH, HHAYE

M.(Y) = = 13,22n r/MoJib.

M(Y) Oynmer cuibHO OT/IMYaThbes OT nenoi. Torma smmupudeckas dopmyna Y —
(CsHeg)r. OcTaBuM noka BOIIPOC O TOYHOM 3HAUECHUU k OTKPBITHIM U MPOaHATH3UPYEM
BO3MOXKHBIE ITPOIYKTHI 030HOJIN3A ajkeHa. OO0paboTKa 030HUI0B LIMHKOBOM IMBUIBIO
B YKCYCHOM KHUCIIOTE€ MPUBOJAUT UCKIIOUYUTEIHHO K KAPOOHUIIBHBIM COCMHEHUSIM, a
00paboTKa MEPOKCHUIOM BOJOPOAA MOXKET MPUBECTH K KHUCJIOTaM (€Ciau OIUH U3
3aMECTUTENIE TMpu JBOWHOW CBSI3M  SABJISIETCA aTOMOM  BOJOpOAa), UTO
MPOUJUTIOCTPUPOBAHO HA CXEME HUKE.

R Rs )05 -78°c Ri__ Rs 1)0, -78°c R Rs
>=0+0 ' = | =0 +0
R2 OH 2) H202, Hzo R2 H 2) Zn, CH3COOH R2

[Tockonbky coenunenne E oOpasyercs npu o0oux BapuaHTax 00paOOTKU
030HUAa, TO 3T0 KeToH, G — anbaeruna, a H— coorBercTByromas kapOOHOBas
kucnora. Ilpm nonydyenun I u3z H, no-BuamMomMy, TpPOUCXOAUT XJIOPUPOBAHUE
KapOOHOBOW KHCIIOTHI C TOCJENyIomelh »TepuduKanued STUIOBBIM CIIUPTOM.
[Tponyxr B3aumoneiictBus E ¢ I comepxut Bcero 12 aromoB ymiepona (2 u3
KOTOPBIX, BEPOSITHO, MPUILIN U3 3TUIILHOM TPYIIIbI B COCTaBe CIOKHOTO 3dupa I).
Torna E u G qomxHbI OBUIH UCXOTHO COMEpkaTh B cymme 10 aToMOB yriieposia, Torna
k=2 u 6pyrro-dhopmyna Y — CioHjz.

Takast Oonblmas CTENEHb HEHACHIIIICHHOCTH I OOBIYHBIX aJKEHOB HE
XapakTtepHa. Torga MOXHO MOpearojaratb, 4To OAWH W3 3aMmecTtutrenen R;—Rj
spisieTcs penmsiom CqHs (Tem 6onee, uto peHunbHas rpymnna n300pakeHa B COCTaBe
YAaCTUYHO OTKPBITOUN CTPYKTYpbl M). 3a BRIUETOM JIByX aTOMOB yIJIEpOAa, CBI3aHHBIX
JBOIMHOM cBsI3b10, 3amectutens Ry = C¢Hs u atoma Bomopoaa, octaérca pparMeHT
C,Hg, 4dtro coorBeTrcTByeT ABYM MeTWiIbHbIM rpymnnaMm (Bapuant C,Hs + H
OTBEPraercs, IMOCKOJIbKY TOJIBKO OOWH M3 3aMECTUTENIEV MpU JABOMHOWU CBSI3H

ABIACTCA aTOMOM BOI[OpO,IIa). HOCKOJ'IBKy Y saBnsercs E-I/I3OMep0M, TO MCTUJIBHBIC
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Ipynibl B HEM HAaXOASTCS MPU pa3HbIX aroMax yriepoaa. [Ipoagykramu o3oHomm3a Y

sBistioTcs aneropeHon E, aneranpaerun G u ykcycnas kuciora H.

HsC Ho 490, 78%c MG SHa  1y0, 78 HaC CH
0 + o:< <— : - 0 + 0=
H202 Hzo 2) Zn, CH3COOH
H G
E Y E

[Tockonbky E mpencrasiser coboit arieToheHOH, MOKHO MPEANONI0KUTh, YTO
UCXOHOE coeauHeHue B Bkimoyaso O€H301bHOE KOJBLO. MOMKHO Takxke
«PaCKpPYTHUTh» LIEMOUKY NPEBPALICHUI C KOHIIA B HAYaJIO — TAKOM MOAXOJl HAa3bIBAET
«peTpocuHTe30M». Tak U caemnaem.

Peaknust D ¢ muMeTnincyib(pOKCUIOM U OKCATHIIXJIOPUAOM HE OUEBHUIHA; JIJIS
MOHUMAaHUS TTPOUCXOJISIIETO 3aMUIIEeM JIEMEHTHBIN 0allaHC MEXIy pearecHTaMu U
npoaykramMu ((pakTUUEeCKH, YPaBHEHHUE PEAKIMH), YTOObl HAWTU OpyTTO-hopMymTy
BelecTsa D:

(CHs3),S0O + (COCl); + D + 2(C,Hs)sN = (CH3),S + CO, + CO +
2(C,Hs);sNHCI™ + CgH;O.

Orcrona BugHo, uro D — CgH;0O; Takum obOpasom mpespamieaue D — E
npencTaBiseT co0oi okucnenre. EqMHCTBEHHBIN pa3syMHbI BapuaHt, 4to D — 310
1-penunytanon-1. Tak kak oH oOpa3zyercss nmpu A0O0ABICHUM alleTalIbACTUIA K
peaktuBy [puHBSApa, MOXKHO TOHATH, UYTO pEaKkTUB [puHBsIpa— 3TO
dbenunmaranitopomus, otkyaa scHo, yto C — OpomOen3zon u B — Oenzon. Torma

KOHECUYHBIN BUJ] BEPXHEW YaCTH LEMOYKHU IMPEBPALICHHM:

OH ¢, 0o 0
1) (CH3),SO, > (
Br
© Br, @ 1) Mg, (CoHs),0 o ¢
FeBr3 2) CH3CHO 3) H30+ 2) 2(C2H5)3N
B D -(CH;),S, -CO, -CO, E

-2(CoH5)sNH*CI
[IpencraBneHHbIN HA CXeME METOJ MOody4YeHus aueranpaeruaa G Ha3pBaeTcs
«Bakep-npouieccom», UCXOIHBIM BELIECTBOM B 3TOM Ciy4ae BbICTynaeT 3TuieH F.
Hanee B npucyrctBun cosieid mapranua(ll) mpu HeOOIBIIOM HarpeBaHUU MPOBOAST
okuciaenue aueranpaeruaa G 1o ykcycHou kuciotsl H, KoTopyro 3ateM noaBeprarot

KaTaJUTUYECKOMY  XJIOPUPOBAHUI0 1O  O-IOJIOKEHHUIO (00  OIHOKPAaTHOCTH
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XJIOPUPOBAHUS MOKHO CYIUTh TIO MIPUBENEHHON B YCJIOBHHM MacCOBOMU JI0JIE XJIopa B
Beniectse I), a 3aTeM moaBepraroT sTepudUKaIy ¢ 00pa30BaHUEM ITHIIXJIOpAIleTaTa

I

@) 2+ O] @)
O, CuCl, PdCI O, Mn 1) Cl, (CH3CO),0 (kaT.
H,C=CH, 22 uCly, 2 H3C—< 2, H3C—< ) Cly (CH3CO),0 (kaT.) /< Y
H OH Cl (0]
|

F 130 °C, 4 6ap L 60°C 2) C,HsOH, H*
G

@duHaNBbHOW CTaaue, B XOJ€ KOTOpPOM aneToPeHOH M STUIIXJIOopalerar
o0pa3ytoT nponykt X, sBisgercs peakius Japzana. Ona He 00111en3BECTHA, TOITOMY
paccMoTpuM pasHuily B OpyTtro-coctaBe: CsHsO + C4H,ClO, = Cj,H 1405 + HCI —
TakuM 00pazoM, CKOpee BCEro peakiius Mpoliia Mo o-nojoxkeHuto B coctase 1. Tak
KaK peakiiys MpoTeKaeT MoJl IeUCTBUEM OCHOBaHUs (TUIpHUIA HATPHUA), TO CHaJala
MPOUCXOJIUT JCTPOTOHUPOBAHUE JTUOO XJIOPMETUIBLHON T'PYIIIbI, TUO0 METUIILHOU
rpynimsl anetoeHona. PaccMoTtpum niepBblil BapuanT. OOpa3oBaBIIniics KapOaHUOH
araKkyeT aroM YyIjiepoAa KapOOHWJIBHOM TpYyIIbl B COCTaBe aleToOPeHOHa C
oOpa3oBaHUMEM HMHTEpMEMAaTa, B KOTOPOM MPOUCXOAUT BHYTPUMOJICKYIIPHOE Sn2-
3aMelleHne XJIOpuA-uoHa ¢ oopazoBanueM npoaykra X. Kak Bunno, anpaeruaom X
He SIBJIIETCS (K ATOMY OTChUIaeT anurpad JaHHOM 3a7a4uu, a TAK)KE OMMCAaHHAas B 1. 2
CXOXKeCTh X C JAPYrUMHU COEOUHEHUSIMU, TPUBUAJIbHBIE HA3BaHHUS KOTOPBIX HE

COOTBETCTBYIOT UX COCTaBY).

)
E ,
%OJ \\* OJ'SLN;»O OJ

ct)

o}
/< NaH
o o/ -Hp, -Na" ¢l
| X
Paccmorpum  BTOpOM  BapuaHT. ArTaka aHHMOHA, I[IOJYYEHHOTO MpH
JETIPOTOHUPOBAHUM alleTO(PEeHOHA, 110 KAPOOKCUATUILHOM TpyMIe STUIIXJIopalierara
HE TOJXOAMT, TaK KaK B 3TOM Clydae MPOAYKT OyIeT COAEep)KaTb MEHbIIE aTOMOB
yIeposa u3-3a TMOCIEAYIONIET0 OTIICTIICHUSI 3TOKCUIIbHOTO (parMenta. Jpyroii
BO3MOXXHBIN MyTh MPEBpAlIEHUs] — Sy2-3aMEIIEHUE 3TUM aHUOHOM XJIOPHUJI-MOHA B

ATUIIXJIOpAIeTaTe — MPUBOJUT K BelecTBY X' ¢ TOi ke OpyTTOo-hopmMyioi, uto u X:

40



@)
S Cl) OV
-H2 Na -CI (SN2) (@)
X

BemectBo X', XOTh ¥ MOAXOMUT 0 OPYTTO-HOPMYITY, MOXKHO TTOYIUTH U3
OeHzona ropas3mno Oonee MPOCTHIM IMYyTEM — alMJIMPOBAaHUEM OCH30J1a SHTAPHBIM
anrunpugaoM no Opunpento-Kpadrcy, noayueHueM XJIOpaHTUIPHUAA, a 3aT€M €ro
o0OpaboTkoit ciuproM. [IpocToTa momydenus no gpyromy METOAY, XOThb U JIEIAET STOT
BapuaHT Oojiee COMHUTEIbHBIM, HE SIBISIETCA IOJHOLEHHBIM OCHOBAHHMEM JIJIS
UCKIIIOYEHUST aHHOW (opmynbl. JIJisi 4ecTHOM NMpPOBEPKH PAacCMOTPHUM, Kakas U3
npeanosaraeMbix cTpykTyp (X miam X') MOxeT ObITh MOJydeHa aJIbTePHATUBHBIM
METOJIOM CHHTE3a U3 J.

Onpenenum mpocreimue romonorn A u J. Tak kak U3 A B OJHY CTaaHIO
MOKHO TIOJTy4YUTh U O€H30J1, U ITUJICH, HE OCTAETCsl COMHEHMI, YTO 3TO alleTUIICH
HC=CH. BapuanTel ycnoBuUil NOpOBEICHHS peakuuid (AJisi OTBETa JOCTATOYHO
yKa3zarb MO OJHOMY BapUaHTy, TOYHOE YKa3aHHWE TEMIEpPaTypbl W JaBJICHUS IJIA

peakiuu A — B He TpeOyercs):

H, Pd/BaSO, xuHonuH akT. yrons, 400 °C
H2C:CH2 - . HC=CH
E unn Hy Pd/CaCOs Pb(CHsCOO), 5 wam Ni(PR3),(CO),, 70 °C, 15 atm
nnn Na, NH3 (knak.) B

bimxkaiimmit romosnor anetuiiena J — nponun HC=C—CHs. Ilpu neiictBuu Ha
nponuH | »SKBUBaJieHTa H-OyTWJUIUTHS, CHUJIBHOTO OCHOBAaHMS, MPOUCXOIUT
oOpa3oBaHME COJIM ajJKWHA, KOTOpas 3aTreéM 3aMeliaeT aroM XJjopa B
stwixiiopdopmuare ¢ obpasoBanueM coenuHeHuss K. Ero rumpupoBanue Ha
OTPaBJICHHOM KaTaJlu3aTope MPUBOAUT K moiydeHuro BemiectBa L. Cremyromas
CTaiusl SIBIIETCA  PEaKUMeM  KpOoCC-coYeTaHuss Mexay ankeHom L wm
bennnboponoBoit kucioTor. [Ipu 3TOM BO3MOXKHO 00pa3zoBaHWE ABYX M30MEPHBIX
IPOAYKTOB, OTIMYAIOMIMXCSA PACHOJIOKEHUEM (EHUIIBHOM TPYIIbl MPU JBONHOM
cBs3u. PasMemenne (heHMJIbHON TPYyNMbl MPU 0-aTOME YIIEpoAa OTHOCUTEIHHO
KapOOKCHUATUIILHOW TPYIIIBI HE MPUBEAET HAC HU K OJHOMY M3 TMOJYYEHHBIX paHee

BapuaHTOB cTpoeHuss X. OTcrona OJHO3HAYHO YCTAHABIMBAETCS CTPYKTypHas
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dbopmyna npoaykra M, KOTOpBIH MO IEHCTBUEM OPraHUYECKONU HATKUCIOTHI MOYKHO

IIPEBPATUTH B AMOKCH]T X paHee YCTAHOBIEHHOTO cTpoeHus (peakuus [Ipunexaesa).

1) C4HoLi (1 akB.), -78 °C P H, Pd/BaSO, O
H;C—C=CH — ( . X P
J 2) )OJ\ 0 / XNHOJINH (@)
K L
cI” Yo7

ar

© O, (CH3;COO),Pd
< o)
- O C|/©\f
00 X
070"
M

|
o H

X

ITouemy xe X Ha3bIBACTCS «3EMJIIHUYHBIM aJIbJICTHIOM», XOTS 9TO BOBCE HE
anpaerua? Jlemo B ToM, 4TO M3-3a HECOBEPIICHHBIX METO0OB aHann3a B XIX Beke mo
pe3ysibTaraM AKCIEPUMEHTOB OBUIA CJlI€JIaHbl HEBEPHBIE BBIBOALI OTHOCHUTEIHHO
ki1acca X. Ckopee BCero 5TO MPOMU3OIILIO, IMOCKOJbKY B BOJAHOM PacTBOpE
AMOKCUJIHASI Tpynma B cocTaBe X pacKpbIiBaeTcsi ¢ 00pa30BaHUEM BUIIMHAIBHOTO
nuona. I'WapokcuiapHas Tpynmna B O-MOJOKEHUM K KapOOKCHUJIBHOM Tpymre
MOJIBEP)KCHA  PA3JIMUHBIM ~ PEaKIUsIM  OKHCIICHHS, KOTOPBIE MOTYT  OBITh
HEXapaKTEPHBIMU JIJIs1 OOBIYHBIX CIIUPTOB, a 00JIee XapaKTEPHBIMU JJIsI aJTbJETUI0B —
OTCIOJIa ¥ MOTJIa BOBHUKHYTh ITyTaHUIIA.

2. CBsi3b MEXAYy YNOMSHYTHIMU XUMHYECKH HEMOXOXKUMH JPYyr Ha Jipyra
BEIICCTBAMHU 3aKJIFOUACTCA B TOM, YTO UX TPUBHUAJIbHBIC Ha3BaHUS HE OTPAXKAIOT UX
COCTaB WM CTpOCHHE (3EMIITHUYHBIN ajbJeruj, K IpUMEpy, HE SBISIETCS
aJbJACTUIOM).

Kanvyunuposannas cooa — Na;COs, He COAEPXKUT KalbliMsl; €€ MOTy4aroT
MpOKAIMBaHUEM  Kpuctaiummueckod  combl  Nap,CO;-10HO, a  tepmun

Kajlvyurnuposearnue 0003HaUaeT «IIPOKAJIIMBAHUC)).

Cepnoiii 3¢hup — (C2Hs)20, Takxke HE COASPIKUT CEPhl; HOCUT TaKOe Ha3BaHHUE,
MIOCKOJIBKY IPH €T0 MOJyUYECHUH UCIIOIb3YETCS KOHIICHTPUPOBAHHAS CepHas KUCIIOTA.
Kapbonunvnoe suceneso — Fe, He CONEpKUT HH yIIIepoaa, HU KapOOHHUIILHBIX

IpyNIl; TaK Ha3bIBAIOT BBICOKOUHCTOE JKEJIE30, IOIYYAaEMOE IMPU Pa3JIOKEHHUU

42



nenmaxapoonunxenesa Fe(CO)s, mo kiiaccy coeIMHEHUS-TIPEeKypcopa.

Cucrema OllCHUBaHUA:

1. | Crpykrypnsie popmynsl BemectB A — L, X u Y — no 1 6amny | 14 6a/uioB
(mmst coenuHeHHsI X CTEPEOXUMHUSI HE OLIEHUBAETCS)
Crpoenue 3amectureneii Ry u R, B coctabe M — 1o 0,5 6aymma | 1 6ann
YcnoBus nporekanus peakunii A > Bu A — F—mno 1 6amny | 2 6aaaa

2. | ®opmynbl BENIECTB M MPUYKUHBI Ha3BaHuil — o 0,5 Oasnna 3 0asu1a
HUTOI'O: | 20 6an10B

Pemienue 3agauu 11-5 (aBTop: Epémun B.B.)

1. CO, + H,O = H" + HCO5~

_[H][HCO,] _[H'T N [H'T
o [CO,] [CO,] C(CO,)

PaBHOBecHass koHueHTpauuss CO, B BOOJHOM pacTBOpE INPAKTUYECKH paBHA
UCXOJTHOM, MMOTOMY YTO YroJjibHas KHCJIOTa — OYEHb CJIa0blil AneKkTponut. McxonHas
KOHILIEHTpauus IponopuuoHanbHa pasieHuto CO,. A naBieHue, MO 3aKOHY

JansToHa, nponopiioHanbHO MoibHOM foiie x(CO,). OTcrona cienyer, 4To

[H']~/K,C(CO,) ~/P(CO,) ~/x(CO,),
[H],  [%(CO,) _[5
M, {%(CO,) _ﬁ’

[H'], f4 1,4
H,-pH,=lg—*=Ig,/[-==lg—=-0.048~-0.05.
pH2 —pHy 9[H+]2 g 5 295

pH ymensmmmtcs Bcero Ha 0,05, omHako B mI00ajdbHOM MaclTade Aake TaKoe

HEOOJBIII0EC U3MEHEHNE KUCIIOTHOCTH MOXET MPUBECTH K CEPbE3HBIM U3MEHEHUSIM B
MPUPOIHBIX IKOCUCTEMAX.

2. a) 3anumem (GOpMyITy LIEOUTA, BBIICIUB B SBHOM BUIC TUOKCHI KPEMHUS:
Na,Al,0,,(S10,),. CocTaBuUM NPOMOPILHIO JIs1 MACCOBBIX JOJEH:

xM(NaAlO») ~ 38,3 %
yM(Si0,) ~ 61,7 %
yix=61,7-82/(38,3:60) =2,20 = 11/5.
dopmyna neonuta: NasAlsSi;1Os,, i SNa,0-5A1,05-22S10,.
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0) Bo3bmem 1 monb NasAlsSi;03; maccoit 1070 T 1 3aMecTUM X MOJIb HOHOB
Na" na x/2 mons nonos Ca**, momayunm neonur maccoii 1070-0,9888 = 1058 .
1070 — 23x + 40-x/2 = 1058,
x=4.
3amectmiioch 4/5, nnu 80 % monos Na'.

3. CocraBuM cucTeMy IBYX ypaBHeHui it agcopOuuu CO; mpu pa3HbIX

JABJICHUAX
4 — nmax ]'O—K
1+10K
3.6= nmax ﬂ
1+ 30K

Pemmas cucremy (Harpumep, MOEIUB BTOPOE YpaBHEHUE HA TIEPBOE), HAXOIUM:
K=0,1 xI1a™", nnmax = 4,8 MMoOmb/T ieonura = 4,8 Mons CO,/KT 1eonura.

MunumanpHas Macca COOTBETCTBYET MAKCMMAJIbHOMY HACBHIIICHUIO 11€OJUTA
YIJIEKUCIIBIM Ta30M MpU OOJIBIIIOM JTABJICHUU MOCIIEHETr0. Pacuer — 4epes fimax.

m(ueonuta Ha 1 xr CO,) = 1000 / (44-4,8) = 4,7 kr.

4. a) CkopocCTb JIF0O0T0 TIpoIiecca, B TOM YHCIIE U aJICOPOITUH, YBEIUINBACTCS
C pPOCTOM TeMIepaTyphl (UCKJIIOUEHUS O4€Hb peakun). Eciin Obl CTpyKTypa MEHsIach
IIpU HarpeBaHWM, KAk, HAMpUMEp, MPOUCXOAUT C OelKaMH, CKOPOCTh Morjia Obl
YMEHBIIIATHCS, HO, TI0 YCJIIOBUIO, ’TOTO HE TIPOUCXOTUT.

0) AacopOuus UAET C BbIJEICHUEM TEIUIOThI, TO3TOMY KOHCTAHTa PaBHOBECHS
aacopbuuu K yMeHbIIAeTcss C POCTOM TEMIepaTypbl H, CJEI0BaTEIbHO,
YMEHBIIAETCS KOJIMYECTBO aJICOPOMPOBAHHOIO Ta3a Haye (KP/(1+KP) — yobiBaro1as
dbynkiusa K pu P = const).

B) [Ipu Gonbiiom maBnenun, P >> 1/K, nape —> Aimax, KOTOPOE HE 3aBUCUT OT K
U, CJIEI0BATENILHO, HE 3aBUCUT OT TEMIIEPaTypPHI.

OTser.

1. pH ymenpmurces Ha 0,05.

2. a) Na5Al5Si11032; 6) 80 %.

3. 4,7 Xr 11eonura.

4. a) yBenuuutcs; 0) yMEHBIIIUTCS; B) HE H3MEHUTCHL.
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Cucmema ouenueanusin.’

Ces3b pH ¢ xonnenTpanueit — 1 6amn 5 6as1oB
VYTBepxknenue, uto pH ymenbinaercs — 1 6amn

Pacuet oTHOIIeHUs KOHIeHTpanuii [H'] — 1 6amn

3nauenue ApH — 2 6anna

a) O0mas opmyna 1eonurTa, oTpaxkaroias paBeHcTBo Na u Al, 5 0aJu10B
a TaKKe AIEKTPOHEUTPATBHOCTD IieonuTa — 1 Gamn

YpaBHenue s MaccoBoi qonu Si0; — 1 6amn

[IpaBwibHas hopmyna 1eonura — 1 6a.

0) [IpaBunbHBI OTBET — 2 Oaa.

Cucrema ypaBHeHUH — 2 6aia 5 6as10B
Pacyer nmax — 2 Oanmna

Pacuet maccel — 1 6amn

(Ecau macca paccyumana no adcopoyuu He npu MaxKCUMaibHOM

oaenenuu, a npu arooom opyeom, Hanpumep, 10 klla unu 30 xklla —

2 banna us 5)

a) 1 6ain ¢ obocHoBanueM, 0 6amioB 6e3 000CHOBAHUS 5 0asu10B

0) 2 6amta ¢ obocHoBanuem, 0 6amioB 6€3 000CHOBAHUS

(u3 nux 1 6ann — 3a ymenvuenue K npu nacpesanuur)

B) 2 Oasuta ¢ obocHoBanueMm, 0 6amoB 6e3 000CHOBaHUS

(u3 Hux 1 6ann — 3a udero 0 mom, YMmo Ny, He 3asucum om K)

HUTOI'O:20 6ana0B
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