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O6Lwume ykasaHus

3anuncblBaTb OTBETbI MOXHO TO/IbKO PYUKOA.

MO>HO 1CMO/Ib30BaTh TONbLKO HENPOrpaMMUpPyeMblil KanbKynaTop.
KomnnekT coctonT 13 9 3agau.

Peluatb 3a4a4n MOXHO B I060M nopsijke.

Bam gaeTtca 5 yacoB Ha peLleHve BCex 3a4au.

HauumHairTe paboTty Tonbko nocie komaHabl CTAPT.

Bce pe3ynbTaThl AO/MKHbBI 6bITh 3aMMCaHbl PYyYKO B COOTBETCTBYIOLLMX NOMAX INCTOB OTBeTa. AN
YepHOBMKOB WCMONb3YliTe 06OPOTHYH CTOPOHY SINCTOB C 3aAaHVAMU. NOMHUTE, YTO OTBETHI, 3a-
NMcaHHble 3a NpejenamMu oTBeAeHHbIX 415 HUX MeCT, He ByayT oLleHeHbI.

3anuceiBaliTe BCe BblUMCAeHUs. [oAHbIV 6ann 3a pacyeTHble BONPOChI JaeTcs TOAbKO, ecin npa-
BWAbHbIA OTBET NOATBEPXAEH pacyeTamu.

OduumanbHbI HabnogaTens npegynpeant Bac 3a 30 MUHYT 40 OKOHYaHMA Typa.

Koraa npo3yunT komaHaa CTONM, Bbl 4omKHBI NpeKpaTUTb paboTy. HeBbinonHeHMe 3Toro Tpebo-
BaHWS NpuBeeT K ANckBanudurkaumn.

Ecnv Bam 4TO-TO HEACHO B NepeBoje, Bbl MoxeTe nonpocnTb 0GULMaNbHY aHTINACKYHO BEPCUIO
3ajaHnN.

Henb3s nokuaaTb cBoe pabodee mecTo 6e3 paspelleHus. Ecnm Bam notpebyetca nomols (cno-
Mascsa KanbkynsiTop, HY>KHO B TyaneT U T.M.), NOAHUMUTE PYKY 1 MOAOXANTE, Noka K Bam He nogoii-
AeT odpuumanbHbIn HabnwaaTenb.

yaAuN!
3apgauum v 6annsl

HasBaHue O6uwme 6annbl | MpoueHT

1 | Bogopog Ha noBepxHOCTW MeTasna 24 1
2 | V13oTOnNbI B Npupoje 35 1
3 | 3akoH byrepa-/lambepTa-bepa? 22 8
4 | Pepokc-xmmumsa LmHKa 32 11
5 | 3aragouHblii KpeMHWN 60 12
6 | Xvmunsa TBepAbIX COeANHEHNI NepexoAHblX MeTanloB 45 13
7 | ApOMaTUYHOCTb He6EeH30MAHOro TMMNa 36 13
8 | AvHamMnyeckre opraHuyeckme Moaekybl N UX XMPaabHOCTb 26 1
9 | YTo Kancynbl 1O6AT, @ UTO HET 23 10
Bcero 100
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Pusnyeckne KOHCTaHTbl, eAUHNLbI N YpaBHEHUSA

KOHCTaHTbI U egUHULbI

CKOpOCTb CBeTa B Bakyyme

¢ = 2.99792458 x 108 m ¢!

[MocTosiHHas NMnaHkKa

h = 6.62607015 x 10734 [x ¢

dnemMeHTapHbI 3apsj,

e = 1.602176634 x 10~19 Kn

Macca snekTpoHa

me = 9.10938370 x 1073 kr

AnanekTpnyeckas KOHCTAHTa
(BAranekTpuYeckas NPOHNLLAEMOCTb Bakyy-
ma)

£o = 8.85418781 x 10712 m~!

MocTtossHHas AsBoragpo

N, = 6.02214076 x 10%* Mmonb™"

MocTosAHHaa BonbuMaHa

kg = 1.380649 x 10723 Ak K

MNoctosiHHaa Papages

F = Nj x e = 9.64853321233100184 x 10* Kn monb~"

YHMBepcaanaﬂ rasoBasd NOCTOAHHasA

R = Ny x kg = 8.31446261815324 I K=" monb~"
= 8.2057366081 x 10721 aT™M K~ monb~!

ATOMHas egnHMLA Macchl

u=1/[a = 1.66053907 x 10-27 kr

CTaHAapTHOe AaBneHne

p=16ap = 10°Na

HopmanbHoe aTMochepHoe gaBneHmne

Pary = 1.01325 x 10° MNa

Honb rpagycos Lenbcuga 0°C=1273.15K

AHrcTpem 1A=10"1m

MukomeTp 1nM=10"12m
DNEeKTPOHBONBT 13B = 1.602176634 x 10~ Ax

MwnnmoHHas gons

Lppm(m.g.) = 10-°

MwnnnnapgHasa gons

1ppb =107°

Tpl/lﬂﬂVIOHHaﬂ aonsa

1ppt=10-12

Yucno "nn”

m = 3.141592653589793

OcHoBaHwue HaTypanbHbIX 1orapudmos
(4ncno diinepa)

e = 2.718281828459045
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YpaBHeHwus

ypaBHEHI/Ie naeanbHO-
rorasa

PV =nRT
, rae P - jaBneHune, V - 06beM, n - UACN0 Mosieid, T - abCcontoTHasa Temne-
paTypa uaeanbHoro rasa.

3aKoH KynoHa

919>
F=k —=
e 7'2 .
, rae F - Chna 31EKTPOCTAaTN4ECKOro B3anMO4encTBu4,

ke(~ 9.0 x 10° HM?Kn=2) - noctosiHHas KynoHa, ¢, W ¢, - BENUMHbI
3apsZoB, 7 - PACCTOSHNE MeXAY 3apsiAamMu.

MepBbIl 3aKOH TepMo-
AVHaMUKN

AU =q+w
, TAe AU - n3MeHeHVe BHYTpeHHel aHepruu, ¢ - TenaoTa, w - paboTa.

SHTanbnua H

H=U+PV

®opmyna bonbumaHa S =kglnW

Ans sHTponun S , rae W - 4ncio MUKPOCOCTOAHMIA.
VismeHeHne 3sHTponuu AS = q;‘fp

AS . TA€ goep - TEMIOTA 06pATMOrO Npoviecca.
DHeprusa mbbca G G=H-TS

AG°=—RTINK = —zFE°
, TAe K - KOHCTaHTa paBHOBECKS, z - YNCN0 3N1IEKTPOHOB, E° - CTaHAApTHas
3AC.

PeakunoHHoe oOTHOLUe-
Hue @

AG =AG +RTINQ
ANA peakumm

aA+bB#§C+dD

, rae [A] - MonsipHas KoHUeHTpaums A.
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Tennota Agq Aq = ne AT
, TAE ¢y - MONIAPHAsA TeNI0eMKOCTb, He 3aBUCALLAsn OT TemMnepaTypbl.
T
YpaBHeHne  HepHcta FE =E°+ R—F In COX
ans OBP “ red

, rae Cy, - KOHUeHTpaums okucneHHoM ¢opMsl, Creq - KOHLIEHTPaL WA BOC-
CTaHOBEHHOW GOpPMBbI.

YpaBHeHne AppeHnyca

E
k= Aex (— = )
P\"&r )
, TAe k - KOHCTaHTa CKOpoCTn, A - NpeAs3KCNOHeHUMaIbHbI MHOXAUTE/b,
E, - 3Heprus aktmsauuu.

exp(z) =e*

YpaBHeHMe
NambepTa-bepa

byrepa-

A=cle
, TAe A-nornoweHme, € - MONAPHbIA KO3PdULMEHT NornoLweHus, [ - AnMHa
OMTNYECKOro NyTy, ¢ - MONIIPHas KOHLEeHTpaLuns BeLlecTBa B pacTBope.

YpaBHeHune [nsa paBHoBecus
leHagepcoHa- HA = HT + A~
Xaccenbbanbxa , C KOHCTAHTOM KNCNOTHOCTUN K,
Al
H=pK,+lo ]
oH = sy +109 ()
SHeprusa ¢oToHa E=hv= h%
, TAe v - 4acToTa, A - /INHa BOJIHbI CBeTa.
Cymma reometpuye- Tlpuazx #1,
CKOVi nporpeccum e
porp 1+JJ+$2+"'+1‘”=Z.7OJ}Z:L
= l—=a
MpubnmxeHHble ¢op- Mpuz <1,
1
My/bl ~14a

1—=x
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AJ Npv BBeAEHNW OAHOW ankKnAbHOM rpynnbl: npuba. +0.4 m.4.
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Boaopos Ha NOBEpPXHOCTU MeTasna

11 6annos
Bonpoc A1l A2 B.1 B.2 B.3 B.4 | Bcero
Oukn 6 4 5 3 3 3 24

OueHka

Bozopos - 04VH 13 NOTeHLMaNbHbIX UICTOYHVKOB SHEPruu B byayLiem. Mbl paccMOTPUM NPOLLecc Nor/o-
LLIeHMA BOAOPOAa METa/IOM, UTO MOXKET BbITb UCMNOMb30BaHO B TEXHONOMMAX XPaHEHWS 1 TPaHCNopTU-
POBKM TOM/MBA.

Yactb A

Bogopog nornollaetcs 06 beMoM MeTasl1a Yepes NoOBepPXHOCTb MeTanna. PaccMoTpum npoLiecc afcop6-
umn (ad) Bogopoda 13 ra3zoBoi ¢pa3bl Ha NOBepPXHOCTL: H,y(g) — 2H(ad). Monekynbl Bogopoaa H, anc-
COUMMPYIOT Ha NOBEPXHOCTMN MeTanna (M) n agcopbupytotca B Buae atomoB H (Puc. 1). Ha pucyHke no-
TeHUManbHasa sHeprnsa H, 3aBUCUT OT ABYX NepeMeHHbIX: PacCTOAHMA MeXay SApamMu B Monekyne, d,
N PACCTOSAHNSA OT MOJIEKY/Ibl O MOBEPXHOCTY, z. CUMTaeM, YTO MOJIeKy/la OPUEHTUPOBaHa CTPOro na-
pannenbHO MOBEPXHOCTU, a LEHTP TAXECTU MOJeKybl B npolecce aAcopbLumm Bcerga HaxoAnTca Ha
BEPTUKaNbLHOM NPAMOIA (MYHKTUP Ha Puc. 1). Ha Puc. 2 nokasaHbl AVIHUW YPOBHS NOTEeHLUManbHOW 3Hep-
rN B 3TUX KOOPAMHATAX. 3HaUeHUS SHePrny Mexay coceHUMU CAOLLHBIMU NVHUAMMK Pa3nnyatoTcs
Ha 20 KX MOb~!, a Mexay COCeaHUMMN MYHKTUPHBLIMU ANHUAMM - HA 100 KX MO, pasHOCTb 3Ha-
UEHWI Mexay CNIOLIHOM 1 6AVXKalLLel NYHKTUPHOM HMeR paBHa 80 KX MoNb~'. DHeprus HyneBbiX
KoniebaHWin 34eCb He yUnTbIBaETCS.
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Puc.1. OnpegeneHne KoopanHaT (PUCYHOK He B peasibHOM MacLuTabe)
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A.1 Ansa Kaxaoi 13 npmBeseHHbIX HXKe BennyuH (i)-(iii) BbibepuTe camoe 6m3koe  6pt
3HadeHune 13 A-G.
(i) PaBHOBeCHOe MeXbAAepHOe paccTosiHUe B Monekyne H, B rasoBoli ¢pase
(ii) PacctosiHue mexay LieHTpamMn aToMoB MeTanna (dy Ha Puc. 1)
(iii) PaBHOBeCHOe paccTosiHMe MexAy aToMamu H Ha noBepxHOCTU (h,q Ha Puc.
1)
A.0.03Hm B.0.07HM C.0.11HM D.0.15HM
E.0.19HM F.0.23HM G.0.27 HM
A.2

[na Kaxzaow n3 ykasaHHbIX HMKe BennuduH (i)-(ii) BbibepuTe camoe bamskoe  4pt
3HauyeHune n3 A-H.

(i) aHeprus, Heobxoamnmas Ansa guccoumaunm monekynbsl H, Ha atombl H B raso-
BOW dase

[H2(9) — 2H(g)]
(ii) sHeprus, BblIAENAOLWAACA B pe3ynbTaTe agcopbuum H, 13 rasosoi ¢asbl
[H2(g) — 2H(ad)]

A. 20 kxmonb~'  B.40kAxmonb~'  C.60 kAKX Monb D. 100 kAx monb "
E. 150 kxMonb~'  F. 200 kAxMonb~"  G.300 kAxmonb~"  H. 400 kAxmonb "
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YacTtb B

AZLCOpbUPOBaHHbIE HAa MOBEPXHOCTY aTOMbI U MUTPUPYIOT B 06beM (abcopbupyoTcst), Unu pekoMéun-
HUPYIOT 1 fecopbupytoTca obpaTHO B rasoByto ¢asy, cornacHo ypasHeHusam (1a) n (1b). H(ab) o6o3Ha-
yaeT aToOM BoAOpOAa B 06beMe MeTananyeckoin dasbl (ab - ot absorbed).

k4

H,(g) = 2H(ad) (1a)
k;
k3

H(ad) — H(ab) (1b)

O603HauNM CKOPOCTW peakuuii B pacyeTe Ha OAMH aKTUBHbIV LieHTPp MOBEPXHOCTY Ast agcopbunn, ae-
copbumn n murpauun (aécopbuum) r,[c '], ry[c'] M r3[c”'], cooTBETCTBEHHO. OHM OMMCLIBAKOTCS KMHE-
TUYECKUMUW YPaBHEHUAMM:

T = /ﬁPHz(l —0)? (2)
S (3)
S—; @)

rae ky [c7' Ma™"], ky [C'] W k3 [C'] - KOHCTaHTBI cCkopoCTY, Py - AaBNeHue Hy, 0 (0 < 6 < 1) - 4018 LeHTPoB
Ha NOBEPXHOCTU, 3aHATbIX aToMamu H. MprMuTe, UTo aacopbuns 1 Aecopbums - 6bICTPbIE MPOLECCHI MO
CPaBHEHMIO C MUrpaLieli B 06beM (1,7, > 73), @ 0 - TPAKTUYECKN He MEHSIETCS B XOZA€e MPOLLECCOoB.

B.1 [lna cKopocTun r4 MOJSYyYEHO IMMNVPUYECKOE BbIpaXeHune: 5pt
k3
Ty = ————— (5)
3 L 1
Py, C

BbipasuTte C vepes k; N k.
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O6pa3sel, MeTasna C NIoLaabto NoBEPXHOCTK S = 1.0 x 1073 M2 mnomecTunm B cocyg o6bemoM 1 1 (1.0 x
10~ m3), 3anonHeHHsbIN H, (Py, = 1.0 x 10%Ma ). MoBepXHOCTHast KOHLEHTPaLMs akTUBHbIX LIEHTPOB,

CMocobHbIX afcopbrpoBaTh aTOMbl BOAOPOAA, paBHa N = 1.3 x 10'8 M2, TemnepaTypy NnoBepxHOCTU

nopaepxuneann pasHo T = 400 K. B pesynbTate peakuuii (1a) n (1b) Py, ymeHbLIanocs ¢ NOCTOAHHOW

CKOpOCTbto v = 4.0 x 1074 Ma c¢~'. CumTaiiTe, uto H, - NAeanbHbIV ras, a 06bEMOM MeTanNa MOXHO Mnpe-

He6pe‘-|b Mo CpaBHEHNIO C obbemom rasa.

B.2 PaccumTtanite KonvyectBO aTtomMoB H B Monax, mMurpupylowmx B 06b-  3pt
eM MeTanna B pacyeTe Ha ejuMHMLY MOBEPXHOCTU 3a eANHULY BpemMeHw,
Almonb ¢ 'm72).
B.3 Mpu T = 400K koHcTaHTa C paBHa 1.0 x 102 Ma~'. PaccunTaiite 3HaveHune k;  3pt
npwu 400 K. Ecniv Bl He ymeeTe cuntaTb M HE CMOTIN MOJIyYUTh OTBET B MyHKTE
B.2, npumuTe Ans AanbHenwmnx pacyetoB A = 3.6 x 107" monb ¢ ' M2,
B.4 Mpu HekoTopoli Apyror Temnepatype T KMHeETUYeCcKMe napaMeTpbl paBHbl:  3pt
C =25x10°Na"" n k; = 4.8 x 1072¢". InA 3aBNCMMOCTA CKOPOCTYU 75 OT
AaBneHvs Py npwv 3Toi TemnepaTtype Bbl6epuTe oiHYy NpaBu/ibHYIO KPUBYHO
n3 (a)-(h).
x 1073 x 1077 ) (@
(d)
/ ®
6.0 = © 6.0 /
—IC/J w2
~ ~ /
L 4.0 —— (b) & 4.0 /
— ©)
2.0 ( 2.0
()
// L / -
[ p
1.0 20  x107° 0 1.0 20  x107°
P /Pa P /Pa

H2 H2
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Boaopoa Ha NnoBepxXHOCTU MeTanna

Yactb A

A.1 (6 pt)

(i) (i) (iif)

A.2 (4 pt)

(i) (i)
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YacTtb B

B.2 (3 pt)

MOb €' M2
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M3oTonbl B npupoae

11 6annos
Bonpoc A A2 A3 A4 | Bcero
Oukn 8 8 10 9 35

OueHka

Monekynbl, OTANYaoLWMecs TObKO N30TOMHbBIM cOCTaBoM, Hanpumep, CH, n CH;D, Ha3biBalOT n30T0-
nosoramu. CumMTaeTcs, YTO M30TOMOJIONM UMERT OAMHaKOBbIe XMMYeckme ceolictea. Ha camom gene,
ecTb HeboNbLUME pas3nnyus.

Be3ge B 3TOli 3aga4e cuMTaliTe, UTO BCE BELLECTBA HAXOAATCS B ra3oBoii dase.

PaccmoTpum cnepyrolliee paBHoBece:

[12c1 60180]2

12¢160, +12 C180, = 212C'60'80 K= [12C160,][12C"80,)]

JHTpONMA S pacTeT C yBenMYeHNEeM YNCIa BO3SMOXHbLIX MUKPOCOCTOAHWUI cnctemsl, W:
S =kglnw )

W = 1a1a"2C"%0, n '2C"80,. OaHako, W = 2 ansi moniekynbl 12C'0"80 13-3a 3KBMBaNEHTHOCTY NO3ULMIA
aTOMOB KMC/I0POZAa. B NpaBoit vactu ypaBHeHus peakumm (1) - gse monekynbl 2C1e0'™80, nostomy ans
npoaykTa peakumm W = 22 = 4.
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A1 B peakuun (3) nsmeHeHne sHTanbNUn, AH, - NoNoXxuTensHoe npu nobov tTem-  8pt
neparype.
H, + DI = HD + HI (3)

PaccumuTaiite npejenbHble 3HaYEHUA KOHCTaHTbI paBHOBecUs K ANns peakuum
(3) Npn oveHb HU3KMX (T' — 0) N 0YeHb BbICOKUX (T' — +oo0) TemrnepaTtypax.
MprMnTeE, YTO B 3TUX YCJIOBUAX YPaBHEHME peakLn He MeHSAETCS, a 3HaveHue
AH npu BbICOKUX TemMMepaTypax CTPEMUTCA K KOHEYUHOMY npeaeny.

3HaueHue AH NpuBEAEHHOWN HUXE peakLMy MOXHO paccymMTaTb, pacCMaTpMBas MONEKYNsipHbIEe KoJie-
6aHus.

N _ [Hal[Do]
2HD = H; + D, K= "op @

Mpu T =0 K konebaTensHasi SHePrus 4ByXaTOMHOM MOEKY/IbI C 4aCTOTOM KonebaHuii v [c'] umeeT BUA:

E— %;w (5)
1 k

rae k - cunoBasi MOCTOAHHASA, a@ v - NMPYBEAEHHAs Macca MOJIeKy/bl, KOTopas BblpaXKaeTcs Yepes Macchbl
aTOMOB m; U m, CleayroLmmM obpasom:

= MMy 7)

my + mgy

A.2 YactoTa konebaHusi B Mosiekynie H, paBHa 4161.0 cM~' B eanHMLAX BONHOBLIX  8pt
uuncen. PaccumTaiite AH npuBejeHHON HXe peakumn npu T = 0 K B egnHu-
uax Ax monb—".

CunTaiite, uTo:
* Bknag B AH BHOCUT TONIbKO KOflebaTenbHas aHeprus.
* 3HaueHue k ana monekyn H,, HD v D, - o4HO 1 TO Xe.
* Macca atoma H paBHa 1 [a, a macca atoma D paBHa 2 Ja.
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MonbHoe cooTHoweHue H,, HD n D, B paBHOBECHOW c1CTeMe 3aBUCUT OT TeMnepaTtypbl. O603Ha4YMM
Yepes Ap, BEVNYUVHY, XapaKTepur3yHoLLyto OTK/NIOHEHME COAePKaHNS D, npn gaHHoi TemnepaType OT
npejesbHOro 3Ha4YeHUs NPy oYeHb BbICOKOW TeMnepaType.

[D,]
[H,]

MeTUM, 4To Npu T' — +oo pacnpegeneHre N30TonoB MexXAy MoneKy1amu CTaHOBUTCSA CTaTUCTUYECKAM
N onpejensieTcs ToNbKO UX NPUPOAHBLIM COAepXKaHMEeM.

D]

3pechb Rp, 0603Havaer B CMCTeMe MNpu 3aJjlaHHOV TemnepaType, a REZ paBHO [H,] npnT — +oo. OT-

A3 PaccumTtaiite Ay, CNpMpPOAHbLIM cogepxaHviem D B paBHoBecHo cmec n3oto-  10pt
NoaoroB Npu TeMnepaType, NPy KOTOPOM KOHCTaHTa paBHoBecua K peakuum
(4) pasHa 0.300. NMpupoaHoe MosibHOEe cofepxXaHne nsotonos D n H pasHo, co-
OTBETCTBEHHO, 1.5576 x 104 1 (1 — 1.5576 x 10°%).
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B obLiem cnyyae, MonbHas f0Na ABYKPATHO 3aMeLLieHHbIX N30TOMONOrOB, COAEPXALLMX ABa THXeNbIX
n30ToNa B MOJieKy/ie, pacTeT C MOHWXKeHeM TemnepaTtypbl. PacCMOTPUM MONbHOE cofepXKaHne Mose-
kyn CO, ¢ MonekynapHbIMn MaccaMmn 44 n 47, 0603HauunM 3T monekynbl CO,[44] n CO,[47]. BennuunHa
A, onpegensieTcs Tak:

_ Ry
Ay = o 1 (10)
rae R,, paBHO [€O,[47] B PaBHOBECHOI cucTeMe Npw 3ajaHHoON TemnepaType, a R, paBHO [€O,[47]]
[CO,[44]] . [CO,[44]]

npun T — +o0o. MONbHbIE 4O MN30TOMOB B MPUPOAHO CMeC NpuBeAeHbl HUXe. V30Tonbl, 0TCYTCTBYHO-
Wme B Tabauue, paccmMaTpmBaTb He HYXXHO.

12C 13C
MonbHble 40N N30TOMNOB B NpupoaHoi cmecn | 0.988888 | 0.011112

’I6o 170 ’ISO
MoJsibHbIe 0N U30TOMOB B NpupoAHon cmecn | 0.997621 | 0.0003790 | 0.0020000

3aBUCMMOCTb BeANYMHBI A, OT abcontoTHOM TemnepaTtypsbl T (B K) nmeeT BuA:

36.2
T2

AYEES +2.920 x 1074 (11)

A4 3HauyeHne R,;, U3MepeHHoe AN NCKONaeMoro NNaHKToHa, cobpaHHoro c mop-  9pt
CKOro AHa 6113 AHTapKTMKW, OKa3anocb paBHO 4.50865 x 107°. PaccumTanTe
Temneparypy, UCNosb3ysa 3TO 3HaveHvre R,.. [loflydyeHHOoe 3HayeHune xapakre-
pu3yeT TemnepaTypy BO34yXa B 3MOXy XXM3HW NAaHKToHa. [py pacyeTe ncnonbs-
3yliTe TONbKO CaMblli pacnpoCTpPaHeHHbIr nsoTtononor CO,[47].
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M3oTonbl B npupoae

A.1 (8 pt)

T—-0:K= T = +o00: K =
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AH =

Jx monb ™!
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3akoH byrepa-/lamb6epTa-bepa?

8 bansoB
Bonpoc A B.1 B.2 Bcero
Oukmn 10 6 6 22

OueHka

B faHHOI 3ajaye npeHebperaiTe NOrAoLWeHeM S4eikn 1 pacTBopuTens. TemnepaTtypa BCex pacTBo-
POB 1 ra3oB NOCTOsAHHA 1 paBHa 25 °C.

Yactb A

BoaHbIi pactBop X npurotoBuan ns HA n NaA. KoHueHTpauun [A~], [HA] n [HT] B pactBope X paBHbl
1.00 x 1072, 1.00 x 1031 1.00 x 10~ mMosb ™', COOTBETCTBEHHO. B c1CTEME YCTAHOBUIOCH KMCIOTHO-
OCHOBHOe paBHOBecCHe:

HA= A" +H" K= [A[F]I%ﬂ (1

B Yactu A gaviHa onTu4yeckoro nNyTu paBHa [. MpeHebperaite nsMeHeHVEM NAOTHOCTM Npu pa3basne-
HUW. CUnTarTe, UTO B CUCTEME He NpoTeKaeT HMKAKNX peakuuii, Kpome peakuum (1).

AA MornoweHvie X coctaBuiio A; Npu AJINHE BOJHBI A,. [locne nsmepeHusa pac-  10pt
TBOp X pasbaBuan B ABa pa3a AobaBneHnem cosisiHoM kncnoTel ¢ pH = 2.500.
Mocne pa3baBneHWs MOrIOLWEHNEe He M3MEHWNOCb U COCTaBuUao A; npu A,.
OonpeaennTe OTHOLUEHUE eyp/ea-, TAE Eya W Ep- - MONSIPHBbIE KO3GOULINEHTDI
rnornoweHns HA n A=, COOTBETCTBEHHO, Mpu A,.
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YacTtb B
PaccMoTpuM cnegytoLLee paBHOBeCKE B ra30Boit pase
D+=2M (2)

MpsAMOYro/ibHbIN pe3epByap € NPO3PaYHON MOABUXKHOM CTEHKOM NAOLWAALI0 S 3aMOAHWUAN YNCTBIM ra-
30M D (CM. puCyHOK HUXe) NoA AasneHneM P. B cucTeMe ycTaHOBMNOCH paBHOBeCKE, Npu 3TOM obLuiee
JaBneHve He U3MeHWN0Cb U paBHO P. lMNornoweHvie rasa paBHo A = ¢(n/V)l, rae e, n, V nl - Mmonsap-
HbI KO3PPMLUMEHT NOrNoLWeHNs, KONYECTBO rasa B MoJiAX, 06beM rasa un jnHa onTMYeckoro nyTu,
cooTBeTCTBeHHO. CUMTaNTe, UTO BCE KOMMOHEHTbLI ra30BON CMeCU - UjeanbHble rasbl.

Yyl

Wcnonb3yiliTe cnegytolime 0603HaUYeHMS.

McxoaHoe cocTtosHme | Tocne AoCTUXEHNA paBHOBECUS
D M D M
MNapumnanbHoe gaBneHne P 0 b jy
Konnyectso B MonsAx ng 0 np oy
Ob6bem Vy 14
B.1 MorsoLleHvie rasa npu Agq, M3MepeHHoe BAO0/Ib HarnpasneHns z (I = [,) cocta-  6pt

BUNO Ag; KaK A1 UCXOAHOIO COCTOSIHWS, TaK M MOC/Ie JOCTUXEHUsI paBHOBECKSI.
OnpeaennTe OTHOLLEHUE /ey NPWY Agq, TAE €p U €y 0603HAYAOT MOASIPHbIE
K03 dunumeHTbl nornoLieHnst D n M, COOTBETCTBEHHO.

B.2 MNornolleHve rasa npu Ag,, U3mMepeHHoe BA0Jib Hanpas/ieHusa y, coctaBuino Ag,  6pt
Kak ANt NCXOZHOTO coCTosiHMSA (I = [,4), TaK 1 MOC/1e AOCTMXEHWNSI paBHOBeCKs
(l=1,). ONnpeaennTe oTHOLLUEHNE ep /ey NPU Ag,.
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3akoH byrepa-/lamb6epTa-bepa?

Yactb A

A.1 (10 pt)

(MpoaonxaliTe Ha cnepytoLLeit CTpaHuLe)
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Pepokc-xmusa 4MHKa

11 6annos
Bonpoc A1l A2 B.1 B.2 B.3 B.4 | Bcero
Oukn 6 5 4 3 5 9 32

OueHka

LUnHK aaBHo NCNONb3YKT ANA N3rOTOBAEHNA NAaTyHU U I'IOKprTI/II7I ana ctanun. PereHepaLu/m LUMHKa U3
NPOMBbILWTIEHHDbIX CTOYHbLIX BOA MPOM3BOANTCA NYyTEM €ro oCaXXaeHna 1 nocneiyruero BoCcCtaHoBneHWA
OocCajka AO meTanna.

Yactb A

Peakuumn, npoTekaroLLe Npu pacTBOpeHNn rmapokcnaa umHka Zn(OH),(s) npu 25 °C, 1 COOTBETCTBYIO-
LLie KOHCTaHThLl paBHOBeCUs NpmBeaeHbl B ypaBHeHUsX (1)-(4). (34ecb 1 ganee o603HaveHUs: s - TBep-
AbIl, ag - BOAHbIN pacTBop, | - XngKocTb).

Zn(OH),(s) = Zn?*(aq) + 20H"(aq) Koo =174 %1077 (1
Zn(OH),(s) = Zn(OH),(aq) K, =262x107° (2)
Zn(OH),(s) + 20H"(aq) = Zn(OH)Z~(aq) Ky =6.47 x 1072 3)

H,O(l) = H*(aq) + OH (aq) K, = 1.00 x 104 @)
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PacTBopuMOCTb, S, LHKa (06LWaa MonsipHasa KOHLeHTpaLmsa Bcex ¢OpM LHKa B HaCblLLeHHOM BOAHOM
pacTBope) faeTcd ypaBHeHueM (5).

S =[Zn**(aq)] + [Zn(OH),(aq)] + [Zn(OH);~(aq)] (5)

A1 CunTas, uyto paBHoBecus (1)-(4) ycTaHOBUAUCL, paccunTanmTe nHTepsan pH, 6pt
B KOTOPOM KOHLUeHTpauus [Zn(OH),(aq)] - HanbonbLuas cpesm KOHLeHTpauui
BCex YacTuy [Zn?*(aq)], [Zn(OH),(aq)] v [Zn(OH)Z~(aq)].

A2 MpUroToBMAM HacbIWEHHbIM BOAHBIA pacTBop Zn(OH),(s) ¢ pH = 7.00 n ot-  5pt
dunbTpoBanu. K dunetpaty fobasumnm NaOH go pH 12.00. PaccunTaiitTe Mob-
HYI0 o110 (B %) LMHKa, KOTOPbLIA neperijeTr B 0CaZlok Npu rnosbilleHnn pH ot
7.00 go 12.00. MI3meHeHVeM obbemMa 1 TeMnepaTypbl NpeHebperuTe.

Yactb B

3atem OCH)KAEHHbIVI rMApoKCna UMHKa HarpesakoT 414 nonyvyeHna okcnaa LMHKa no ypaBHEHUIO!

Zn(OH),(s) — ZnO(s) + H,O(l) (6)

Mocne 3Toro okCuA LIMHKA BOCCTaHaBNMBAOT A0 MeTasl/fla BOAOPOAOM:

ZnO(s) + H,(g) — Zn(s) + H,0(q) (7)

B.1 Ytobbl peakuua (7) npoTekana npwu AaBneHun Bojopoja 1 6ap, Heobxo-  4pt

AVMO MOHMXaTb NapunanbHoe fasneHne obpasyloLlerocs BOAAHOro napa.
PaccunTaiite, Npy KakoM MaKCMMaabHOM MapuMaibHOM JaBAeHUN BOAS-
Horo napa peakuusa (7) 6yaet npotekatb npm 300 °C. CTaHZapTHble 3Hep-
rmn fnbbca obpasoBaHMa oKkcMAa LMHKa U BoAdHoro napa npwu 300 °C pas-
Hbl AG5,0(300°C) = —2.90 x 10%kxmonb~" n AGH,(300°C) = —2.20 X
102 k)X MONb ", COOTBETCTBEHHO.

MeTannuyecknin LUMHK NCNONb3yeTca B KayecTBe maTepuana oTpuLaTeNnbHOro snekTpoja (aHoAa) B
MeTanN0-Bo3AyLUHbIX baTapesix. INeKTPo4 CoCcToUT 13 Zn u ZnO. YpaBHeHMe peakuumn, Ha KOTOpOW
OCHOBAaHO JelicTBue baTapen, 1 ee cTaHAaPTHaA 34¢ nNpu 25 °C v gaeneHnun 1 6ap, E°, npyBejeHbl H/Xe:

Zn(s) + %Oz(g) — Zn0O(s) E°=1.65V (8)

B.2 LMHK-BO3AYyLLHYIO 6aTapeto paspsxkanu npuv Toke 20 MA B TedeHue 24 yacoB.  3pt
PaccuuTanite M3MeHeHMEe MacCbl OTPULLATENBHOMO 31eKTpoja (aHoaa) b6aTta-
pew nocJie Takoro paspsja.
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B.3

BennumHa 34c UMHK-BO3AYLLHON 6aTapeun 3aBUCUT OT YC10BMiA. PaccumTaiite
3/4C Ha BepLUMHe ropbl Pya3n, rae TemnepaTypa 1 BbiCOTa cocTaBastoT —38°C
(B deBpane) n 3776 M, cooTBeTCTBEHHO. ATMOChepHOe AaBneHne MOXET bbITb
paccumTaHo no popmyrne:

5.257

9)

0.0065h
Plbar] =1.01 1— )
[bar] 013 < T 4 0.0065h + 273.15
rae h[m] - BeicoTa B M, T [°C| - TemnepaTypa B °C. MonbHas fons kmcnopoaa
B aTMocdepe paBHa 21%. CTaHAapTHas 3Heprus Mmb6ca peakumn (8) paBHa
AGS,0(—38°C) = —3.26 x 10? kAk Monb~"' npn —38°C 1 1 6ap.

5pt

B.4

PaccuuTaiiTe n3meHeHne cTaHAApTHOWM 3Hepruun Mmb6ca B peakumm (6) npu
25°C. CTaHAapTHble noTeHumansl E°(Zn?*/Zn) n E°(0,/H,0) npn 25°C n 1 6ap
npuBegeHbl B BbipaXkeHuax (10) 1 (11), cOOTBETCTBEHHO.

Zn%* 4 2e~ — Zn E°(Zn?*/Zn) = —0.77V (10)

0, + 4H* + 4e~ — 2H,0 E°(0,/H,0) = 1.23V (1

Ipt
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PH,0= 6ap
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OueHka

XOTS KPEMHWIA N YINepoA HaXoAsATCs B O4HOW 1 TOi Xe 14-0i4 rpynne, NX CBOMCTBA CyLLLEeCTBEHHO pas-
NNYHBI.

Yactb A

B oTnnudme OT TPOWHOW CBA3W yrnepoj-yrnepod, TPorHasa CBA3b KPeMHUA-KPEMHUIA B COefUMHEeHNM
R'-Si = Si-R" (R: opraHuyecknii 3aMecTuTeNb) NMPOSBASET UCKIHOUMNTENIbHO BbICOKYH PeakLMOHHYH
CNoCcobHOCTb. Hampumep, ykasaHHOe Bbille COeAMHEeHVe pearvpyeT C 3TUIEeHOM C obpa3oBaHMeM
LMKINYECKOro NPoAyKTa, COAep>KaLLero YeTblpexyyieHHbIN LK.

—

R'-Si=Si—R! + H,C—=CH, — _Si=Si
R \R1
Mpw B3anmogeiicteum R'-Si = Si-R' c ankuHom (R>-C = C-R?), cHauana obpasyetcs A, cogepaLimnii ye-

ThIPEXUIEHHBIA UMK, JanbHeilas peakums elle ogHon Monekynbl R2-C = C-R? ¢ A npnBoauT K 06-
pa3oBaHuo n3omepoB B 1 C, obnagatoLimx 6eH30/10-N0A06HOV LMKANYECKON CUCTEMOI COMPSXKEHHbIX
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cBA3eli. DTW Tak Ha3blBaeMble ‘4UCIabeH30/bl ' COAepPXaT LECTUYNEHHbIE LKLl U MOTYT 6bITh Mpea-
ctaBneHsbl kak (R'-Si),(R?>-C),.

R2-C=C—R?

R'-Si=Si—R'+ R?-C=C—R2 — A B + C

Mo gaHHbIM '3C AMP cnekTpocKonNuU LMKAnyecknii ckenet Si,C, AaeT gBa curHana B caydae B v oguH
curHan B cnydae C.

A1 N3o06pa3mnTe No oAHOWN pe30HaHCHOM CcTpykType ana A, B n C, ncnonbsys obo-  9pt
3HaueHus R', R?, Sim C.

A.2 PaccumnTaiiTe sHepruno pe3oHaHCHoW cTabunmnsaunm apeHoB (ASE) ans 6eH3o-  7pt
naw coeanHerus C (ans cnydasa R' = R? = H) B BUAE NONOXNUTE/IbHbIX 3Have-
HUIA, NCNOJIb3YS N3MEHEHUS SHTANbNUM HEeKOTOPbIX peakuuii rmapnpoBaHus
HeHacbILLEeHHbIX CUCTeM, NpUBeAEeHHbIX HXe (puc. 1).

H,C—=CH, + Ho > H,C—CH, AH=-135kJmol" (1)
H,Si—CH, + Ho —_— H;Si— CH,4 AH=-213 kJmol" (2)
H,Si—SiH, + Ho — H3Si— SiH; AH =-206 kJ mol”"  (3)

®
]

3 Ho AH=-173kJ mol"  (4)
HSi— SiH H,Si— SiH,
<\ /> + 3 Ho _— < > AH=-326 kJ mol”!  (5)

/—SiH2

HSi 3 Hz H,Si AH=-368 kJ mol-'  (6)

e
|

HSi SiH + 3 Hz —_— H,Si SiH, AH=-389kJmol! (7)

/

L

Punc. 1
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Mpwn HarpeBaHUN KCUNONBHOMO pacTBopa coesrHeHWst C OHO NpeTepreBaeT M30Mepur3aLuio ¢ 06paso-
BaHNEM paBHOBECHOW cMecu coefnHeHnin D n E. YcTaHOBNEHbI CleytoLLie MONSIpHble COOTHOLLEHWS:
D:E=1:40.0npn50.0 °CnD:E=1:20.0 npn 120.0 °C.

A3 PaccuuTavite AH npespatieHns D B E. CunTtaiite, Uto AH He 3aBUCUT OT TeM-  6pt
neparypbl.

N3omepusaums C B D 1 E npoTekaeT yepes npeobpasoBaHue n-CBsA3eil B 0-CBA3M 6e3 pa3pbiBa Kakmnx-
6o o-cesAzeit. Mo gaHHbiM 13C AMP B cnekTpe D NpycyTCTBYET OANH CUTHAN A1 LUKIMYECKOro cKesleTa
Si,C,4, a B cnekTpe E - Ba cuUrHana Ansa Uukanyeckoro ckeneta. B ckenete D oTCyTCTBYIOT TpexyuieHHble
UMKAbl, a B ckenete E NnpncyTCTBYIOT ABa TPeXuaeHHbIX LMK/a € 06LM pebpom.

A4 WN3o06pasuTte cTpykTypsl D 1 E, ncnonbsys o6o3HaveHuns R, R2, Sin C. 10pt

YacTtb B

KpemHuii Take cnocobeH 06pa3oBbiBaTb BbICOKOKOOPANHNPOBAHHLIE COeAMHEHMS (6ONbLUe YeTbipex
3aMecTuTenen) C aNeKTpPooTprLATENbHBIMUN 31eMeHTaMu, Takumm kak ¢Top. Hapsaay ¢ étopugammn me-
TannoB, GpTOPUAbI BbICOKOKOOPANHNPOBAHHOMO KPEMHUS UCMOJb3YHOTCSA Kak GTOPUpYOLLME peareHThl.

Peakuuto pTopmposaHusa CCl, ¢ ncnonbsosaHmem Na,SiFg ocylecTBuam cnegyowmm ob6pasom.

+ CtaHgapTusaumsa pacteopa Na,SiF; :
: MpurotosneHne
BoaHbiin pactop F: 0.855 r Na,SiF, (188.053 rmonb ') pactBopuiv B Boge (061wmii o6bem 200 mn).
BoaHbI pacTBop G: 6.86 1 Ce,(SO,); (568.424 rmMonb ') pacTBOpunm B Boge (06Lwmii 06bem 200 mi).
- Metoavka

MpoBognnn ocagutensHoe TUTpoBaHMe pactsopa F (50.0 mn), fobasnas no kannsm pacrsop G, mc-
Nonb3ys B KaYecTBe NHAMKATOPA KCUIEHO/IOBBIM OPaHXKeBbIi, KOTOPLIA koopanHupyeTcs ¢ Ce3*. Mo-
cne pobaeneHus 18.8 mn pactBopa G LBeET TUTPYEMOro pacTBOpa M3MEHWCS C XXeNTOro Ha NyprypHo-
KpacHblin. O6pa3oBaBLUMIACA 0CAZOK MpeacTaBaseT coboli 6uHapHoe coeguHeHne, cogepxatiee Ce3t, a
eIMHCTBEHHbBIM 06pasyoLLMMCcA coejnHeHneM KpemMHua aBaseTca Si(OH),.

B.1 3anuwunTe ypaBHeHVe peakumun Na,SiF; ¢ Ce,(SO,)3. 5pt

* Peakums CCl, c Na,SiFg:

(MpeHebpernTe NoTepsiMK BeLLLECTBA, HaNnpuUMmep, B pesynbTtaTe UCNapeHns, Ha HUXKecneayoLwmnx cTagan-
s1X).

Na,SiFg(z [r]) so6asunu k CCl, (500.0 r) n Harpenn go 300° C B 3anasiHHOM peakLMOHHOM COCyze, Bblgep-
XWNBaLMM NOBbILLeHHOoe fgaBneHne. HenpopearnposasLmnin Na,SiFg n obpasosasmiica NaCl yganmnu

dunsTpoBaHveM. GunbTpat pasbasunu CCl, Ao obuiero o6bema 1.00 51 (pacteop H). CrniekTpsbl 2°Si n °F
AMP pactBopa H nokasanu, uto SiF, NnpucyTCTBYeT B KauecTBe eAVHCTBEHHOIO KPEMHUINCOAepXKaLLero
coeauHeHus. B cnektpe °F AMP, nomumo SiF,, 6b11v 06HapyXeHbl CUrHanbl, cooteetcTeytowme CFCls,
CF,Cl,, CF3Cl n CF, (cm. Tabauuy 1). IHTerpanbHble MHTEHCMBHOCTY B cniekTpax '°F AMP nponopuuo-
HaflbHbl KONWYeCTBY s4ep ¢Topa.
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Ta6bnnua 1
NaHHble °F AMP CFCl5 CF,Cl, CF5Cl CF,
WHTerpanbHas WHTeH- | 45.0 65.0 18.0 2.0
CUBHOCTb

SiF, rmaponusyeTtcsa c obpasoBaHmeM H,SiFg cornacHo ypasHeHuto (8) :

3SiF, + 2H,0 — SiO, + 2H,SiF,

(8)

PactBop H (10 mn) go6aBunm K n36bITKY BOAbI, UTO MPUBENO K MOAHOMY ruaponusy SiF,. NonyyeHHbIV B
pesynbTaTe rugponusa sBogoi H,SiFg, 6b1n HENTpann3oBaH 1 NoAHOCTLIO NepeBeeH B Na,SiF, (BOAHbI

pacTBop J).

Ocagok, cogep>cawnii HenpopearmnposasLnii Na,SiFg 1 NaCl, KoTopbii 6611 NoAyyYeH ¢unbLTPOBaHNEM
paHee (CM. BblLLIe NOAYEPKHYTLIN TEKCT), MONHOCTLIO pacTBopunu B Boge (pacteop K; 10.0 n).

Janee npoeenn HoBoe oCagnTeNbHOE TUTPOBaHME, NCNONb3YyA PacTBOP G. KOHeYHble TOYKMN TUTPOBa-

HUA PaCTBOPOM G npuBeAeHbl HNXeE:

-[nsa Bcero kosmyecTsa pacteopa J: 61.6 mn.

-[lnsa 100 mn pacteopa K: 44.4 mn.

YutuTe, uto npucytcteme NaCl nnm SiO, He cka3sbiBaeTcs Ha pe3ynbTaTax 0CaANTeNbHOMO TUTPOBAHMS.

B.2 PaccuuTtauite maccy NaCl, nonyyeHHoro B peakLUmMoHHOM cocyze (moAadepkHy-  15pt
TbI TEKCT Bblle), U paccumnTanite maccy (z [r]) Na,SiFg, ncnonbsoBaHHoro B
KauecTBe MCXOAHOro BeLlecTBa.

B.3 77.8% CCl;, ncnonb3oBaHHOIO B KayecTBe UCXOAHOroO BellecTBa, ocTanocb  8pt
HenpopearnpoBaBLUM. PaccunTaiiTe maccy obpasoBasLuerocs CF;Cl.
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3arago4Hbl KpeMHUA

Yactb A

A.1 (9 pt)

A (3 pt)

B (3 pt)

C (3 pt)

A.2 (7 pt)

C6H6 :

-1 .
kKIxmonb ', C:

kJx monb "
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Cho 200> Russian (Belarus)
A.3 (6 pt)
AH = KX Monb !
A.4 (10 pt)
D (5 pt) E (5 pt)
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YacTtb B
B.1 (5 pt)
B.2 (15 pt)

(MpoaonxaliTe Ha cnepytoLLeii CTpaHULLE)
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B.2 (cont.)

NaCl : r, Na,SiF; : r
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BLR-4 C-6 C
BLR-4 C-6 C-1 Kiryl Maroz

IChO
Problem 6

Cover sheet

Please return this cover sheet together with all the related question sheets.



3’.; 5 BLR-4 C-6 Q-1
Cho 200> Russian (Belarus)

Xnmwus TBepAbIX COeANHEHU NepexoaHbIX MeTanNoB

13 6annoe
Bonpoc A1 A2 A3 B.1 B.2 B.3 B.4 C.1 C.2 C.3 Bcero
Oukun 6 3 3 6 4 4 4 5 5 5 45
OueHka
BynkaH Ha ocTpoBe Cakypaj3nma
Hactb A

ANOHMA - CTPaHa C HAMBONBLLNM KONMYECTBOM BY/IKAHOB. Korga CMAMKaTHble MUHepansl KpUCTanansy-
FOTCHA M3 Marmbl, 4acTb MOHOB NMepexoAHbIX MeTanios (M) nepexognT 13 MarMbl B CUIMKATHbIE MU-
Hepasbl. MloHbl MM, 0 KOTOPLIX MAET peyb B JaHHO 3ajaue, KOOPANHUPOBaHbLI OKCUA-MoHamu (0%~) n
HaXOAATCSA B YETbIPEXKOOPANHNPOBAHHOM TETPAa34pUYECKOM OKpYXeHunK (Ty) B Marme 1 LLECTUKOOPAU-
HUPOBAHHOM OKTasApunyeckoM (Oy) B CUANKATHBLIX MUHEpanax, B 060Mx Cylyyasix - B BbICOKOCNVHOBOWA
31eKTPOoHHOM KoHbUrypaumn. KoadpduumeHT pacnpegeneHns M mexay cuankaTHbIM MUHEPaAoM r
MarMomn, D, onpejensieTcs BblpaXeHeM:

M,
M

rae [M]s v [M], - KoHUeHTpaumn M™ B cUAMKaTHOM MUHepane u Marme, COOTBETCTBEHHO. B Tabnuue
HVXe NpuBeseHbl 3HaueHus D ans Cr2+u Mn?* B kauecTBe npumMepa.

Cr2x  Mn?*
D 72 1.1
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BeeseM 0603HaueHusi Ag 1 CFSEC ansa sHeprum paciiennerus d-op6utanein M™ 1 sHeprum ctabunmsa-
0

UM Kkpuctannmyeckmnm nonem (3CKr) B none Oy, COOTBETCTBEHHO. AHaNOTMYHbIe BeNYNHBI B none T

0603HauUnM Kak Ay v CFSET .

A1 Paccumnraiite |CFSEC—CFSE' | = ACFSE B eanHuuax Ay ansa Cr¥t, Mn?t n Co?t;  6pt
npumMnTe, uto Ar = 4/9 Ag.

A.2 MoctpoeHwne 3aBucumocT InD ot ACFSE / A Ha HUXenpueegeHHOM rpaduke  3pt
JAaeT NPSMYH0 JINHUIO.
OueHuTe BenumHy D ans Co?™.

2.0

1.5

0 01 02 03 04 05
ACFSE /Aq

Okcngpl meTannos MO (M: Ca, Ti, V, Mn nnn Co) nMeroT CTPYKTYPY KaMEHHO Conu, B KOTOPOI NOoHbI M
nMetoT Oy, OKPY>KeHVE 1 BbICOKOCMMHOBYH 3N1eKTPOHHYIO KOHGUIypauuo. JHeprus KpUCcTananyeckorn
peLeTKM 3TUX OKCUAOB B OCHOBHOM OMpeAensieTcs KyNOHOBCKUM B3aMMOAENCTBMEM NOHOB, 3aBUCS-
LLIMM OT PajnycoB 1 3apsf0B MOHOB, C He6obLM BKnagom CFSE noHa M B none O,.

A3 Bbi6epnTe MOAXOAALLYHO CTPOKY 3SHEpruii KpUCTaNIMJeckux peluetok  3pt
[kAx Monb~'] 13 BapmaHToB (a)-(f).

CaO Tio VO MnO CoO
(a) 3460 3878 3913 3810 3916
(b) 3460 3916 3878 3810 3913
(c) 3460 3913 3916 3810 3878
(d) 3810 3878 3913 3460 3916
(e) 3810 3916 3878 3460 3913
f 3810 3913 3916 3460 3878
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YacTtb B

CMeLuaHHbIV okeng A, cogepxkatymii noHsl La3* n Cu?*, uMmeeT TeTparoHabHyH siueliky, MoKa3aHHyH Ha
puc. 1. B oktasgpe [CuOg], paccTosiHme Cu-0 BAonbL ocn Z (1,) 6onbLue, YeM BAOAb Ocu X (I,), U reoMeTpus
¢dparmeHTa [CuOg] OTKIOHSIETCA OT MAeaNbHOM Oy. ITO UCKaXeHWe MPUBOAUT K CHATUIO BbIPOXAEHUS

opbuTtanen €q (d,2 2 1 d2).

b

D« La3+
@ : Cu*
O 0+

1.3313nm

ﬁsesa nm

y
—»
JA} 0.3833nm

Puc. 1

CoeaviHeHne A MOXET BbITb CUHTE3MPOBAHO MYyTEM TEPMUYECKOrO PasfioXeHUs (MMPOon3a) KOMMAeKC-
HoOro coeanHeHns B, obpasyroLlerocs Npy pacTBOPeHMN CMeCK XN10pUA0B MeTan 0B B pa3baBieHHOM
pacTBOpe aMMumaka, cogepxatiem KksagpatHyto kmcnoty C,H,0,, ABNSIOLLYIOCA ABYXOCHOBHOM. [Mpn Ha-
rpeesaHun B B cyxom Bo3gyxe o 200 °C NnponcxoanT YMeHbLUeHre Macchl Ha 29.1% wv3-3a notepu Kpw-
CTaNNN3aLMOHHONM BOAbI, a NpY AanbHelweM HarpesaHuu Ao 700 °C nponcxoanT 4ONOAHUTENbHAS No-
Tepsl Macchl 13-3a BbigeneHus CO,. O6Lan noteps Maccbl Npu obpasosaHun A 13 B coctaBnsiet 63.6%.
B xoze nuponusa BblgenaoTcs Tobko Boga v CO,.

B.1 HannwwunTte popmynbl Beects A 1 B. 6pt

B.2 PaccuuTaiite [, 1, no puc. 1. 4pt

B.3 Ans Cu?* B nckaxeHHoM okTasgpe [CuOg¢] B BewlecTse A Ha puc. 1 3anuwinte  4pt
o6osHaueHus (d,. . W d.2) pacwienieHHbIX €4 opbutanein B (i) n (ii) n
nsobpasmnTe pacrnpeseneHme 3N1eKTPOHOB MO 3TUM OpOUTaNSAM B MYHKTUPHON
pamMouyke B INCTe OTBETOB.
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Q,\ES

A ABSIeTCs 301STOPOM. ECmM 1oH La3t 3aMeHUTb MOHOM Sr?+, B KpUCTaNINYEeCKOo peLleTke ob6pasyeT-
s AblpKa, 6narofaps Yemy KpUCTaia CTaHOBUTCS MPOBOAHUKOM. [103TOMY OMMpPOBaHHOE MOHaMK Sr2+
BeLLecTBO A NepexoAuT B CBEPXMPOBOsLLee cocTosHMe Hke 38 K. B ogHOM 13 cnyyaes JonmnpoBaHns
A 06paszoBanunchb AbIPKA B KOHLEHTpauum 2.05 x 1027 M3,

B.4 PaccumTaiite 20110 (B %) MoHoB La3t, 3ameLLeHHbIX MoHaMu Sr2t, ocHoBbIBa- 4pt
ACb Ha CTEXNOMETPUM peakumy 3aMeLLeHns. YUTuTe, YTo KOOPANHALUNOHHbIE
yKnCsia MOHOB N CTPYKTYpa KPUCTania He MeHSIoTCA B XOAe peakuuin 3amMelle-

HUA.

YacTtb C

Cu,(CH5CO,), cocTounT N3 yeTbipex MoHOB CH3CO, , KOOPANHUNPOBAHHLIX ABYMS MOHaAMW cu® (puc. 2A).
Cu,(CH5CO,), BLICOKOCUMMETPUYEH: B HEM €CTb JiBe OCY CUMMETPUN, MPOXOAsLLMe Yepes aToMbl yrie-
posa MoHoB YeTbipex CH3;CO, , 1 0Cb CUMMETPUN, NPOXOAALLAsa Yepes jJBa NOHA cu’, npuyem Bce
3TV TPW OCY NeprneHANKYNSpHbI Apyr Apyry. Ecam Bmecto CH;CO, ncnonb3oBaThb AMKapOOKCUAATHBIN
nnrang, obpasyeTtcs “kapkacHblii komnnekc ”. KapkacHblii komnaekc Cuy(L1), COCTOUT 13 NAOCKOro AW-
kapbokcunata L1 (puc. 2B) n cu®” (puc. 2C). Yron 6 mex gy HanpasaeHNaIMN KOOPANHALMW ABYX Kapbok-
CVNAaTOB, NOKa3aHHbIMK CTPeNKaMun Ha puc. 2B, onpeaenseTt CTPYKTYpy KapKacHOro Komnsekca. Yron 6
paseH 0° gna L1. YutuTe, UTO aTtoMbl BOAOPOAA Ha pWC. 2 He NOoKasaHbl.

q

V| 0“0 0”0
2" Vo

( 6=0°
Bc.@oOc

Puc. 2
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CA1 Yron 6 HuxXenpuBeAeHHOro MA0CKOro Amkapbokcunata L2 paseH 90°. O6o-  5pt

2
3HauMB cocTaB obpasymolleroca 3 L2 n Cu”" kapkacHoro kommnnekca Kak
Cu,(L2) , onpeaennTte HavMeHbLUME BO3MOXHbIE Liefible 3Ha4YeHua n v m.

m

MpumuTe, UTo TONLKO rpynnbl CO, nuraHAa L2 o6pasytoT KOOPANHALMOHHbIE

cBA3U ¢ noHamu Cu’",
H
“N &
o] o
o o

'4 N

L2
0 =90°
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LinHkoBbIin kKomnnekc Zn,O(CH;CO,), COAEPXMUT YeTbipe TeTpasApuYeckyt KOOPANHVPOBAHHbBIX MOHA

Zn>", wectb CH5CO, noguH 0%~ (Puc. 3A). B Zn,O(CH3CO,), noH 02~ HaxoAMTCA B LEHTpPE, a TpY ocK,
npoxoAsLune yepes aTombl yrnepoga noHos CH;CO, , neprneHAKyNspHbI A4pyr Apyry. Echm ncnosnb3o-
BaTb n-6eH3onguKap6okcunat (puc. 3B, L3, 6 = 180°) BMecTo CH5CO,, knacTepbl Zn”" okasbiBatoTcs
CBA3aHHbBIMW APYT C APYroM, 1 obpasyeTcs TBepgoe coefuHeHne (X), Ha3blBaeMoe “MopuCTbIM KOopAK-
HaLUMoHHbIM nonnmepoM” (puc. 3C). Belectso X nmeet coctas [Zn,O(L3)3],, U Kybuueckyro Kpuctaniv-
Yeckylo peLleTKy ¢ nopamu HaHOMeTpoBOro pasmepa. Kaxgas nopa nsobpaxeHa cpepoii Ha puc. 3D, a
KaXAblA TeTpasApryecKkuin knactep Zn*" - TEMHO-CepbIM MHOTrorpaHHKoM Ha puc. 3C n 3D. YuTtuTe, uto
aTOMbl BOAOPOAA Ha PUC. 3 He NMoKa3aHsbl.

o )
L3, 6=180°

Punc. 3

C.2 X nmeeT Kybu4yeckyto 3ieMeHTapHY A4eiiky ¢ AanHon pebpa a (puc. 3C) m - 5pt
nnoTHocTbio 0.592 rcm—3. PaccumTaiite a B CM.

C.3 X cogepXxuvT 3HaunTenbHoe Koandectso rnop; 1 r X MoxXeT nornotntb 4o 3.0 x  5pt
102 mn CO, npu 1 6ap n 25 °C. PaccuuTaiite cpesHee uncio monekyn CO,,
NPUXOAALLMXCA Ha O4HY Mopy.
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Xnmwums TBEepAbIX COEAI/IHEHI/II7I nepexoagHbiX MeTaslJyioB

Yactb A

A.1 (6 pt)

Cr2t .

Ao, Mn2+ :

AO , C02+ :
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1.5
Q
c 1.0
0.5
0
0 0.1 02 03 04 05
ACFSE / Aq
D:

A3 (3 pt)
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YacTtb B

B.1 (6 pt)

B.2 (4 pt)

HM, [, =

HM
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B.3 (4 pt)
(i) : o (i) :
Energy TSR T PR
i 0
€ i i
| ! i)
B.4 (4 pt)
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YacTtb C

C.1 (5 pt)

C.2 (5pt)

cM
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ApOMATUYHOCTb HEGEH30MAHOro TUNa

13 6annos
Bonpoc A1 A2 A3 B.1 Bcero
Ouku 5 2 19 10 36
OueHka

Mpodeccop Hosoe (1902-1996) oTKpbIN HamnpasfieHVe UCCAef0BaHUA apoMaTUYeCKNX COefMHEeHNM
HebeH301AHOro TUMa, KOTopble ceivac LUMPOKO NpescTaBneHbl B OPraHNYeckol XMMUK.

doTorpadusa n3 apxmea yHMBepcuTeTa TOXOKY.

Yactb A

NvHeapnndonnaHoH, NpUPoJHOe coeAuHEHME C YHUKANbHOW CTPYKTYpoli, 6bin BbligeneH us Inula
linariifolia. OpHoCcTagniiHOe MpeBpalleHne BaneHceHa (1) jaeT 2, a TpexcTaguiiHoe npeBpalleHue
yepes MHTepMeAnaT 3 NPUBOAUT K KETOHY 4. IpeModusieH (5) NpeBpaLLaeTcs B 6 MO TOMY Xe YeTbIpex-

cTaguiiHoOMy nyTu.
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Inula linariifolia

X
P
N
NaIO4
0304 2
THF, H,O
\ H
—/Si—N—Si—
\S' I
s CHal.i
2
CH3CN THF
80 °C 78 °C OLi -78°C : 0
3 4
B \ H / (i) 0
p —Si-N-Si—
N / \ \ OH
NaIO4 —Si—| . .
0s0, / (i) CHaLi OH
6
THF, H,O CH5CN THF
80 °C -78°C
eremophilene (5)
A1 N306pa3uTte CTPyKTypbl 2 1 6, HETKO YKa3biBas CTEPEOXMMUIO, FAe 3TO Heob-  5pt
XOAMMO.

[Janee keToH 4 npeBpaLLaeTcs B CI0XKHbIN 3¢up 15. B coegnHeHnmn 8 (MonekynapHasa macca: 188) coxpa-
HAIOTCA BCe CTepeoLeHTpsl, npucytcteytoLve B 7. CoegriHeHna 9 1 10 cogepkaT rno 5 cTepeoLeHTpoB U
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He COZEepXKaT ABOVHbLIX CBA3eR yrnepoa-yrnepoa. Aonyctum, uto H,'80 ncnonbsytot Bmecto H,'°0 ana
cvHTe3a '80-MeueHbIx-nHeapumponmaHoHos 13 1 14 13 11 1 12, cootBeTcTBeHHO. CoeanHeHust 13 1
14 asnatotcs '80-meueHbIMM M30TOMOMEpPaMU. ECIN He yunTbIBaTb M30TOMHbLIV cocTas, 13 1 14 gatoT

OAWH W1 TOT NPOAYKT 15 C NAEHTUUYHOW CTEPEOXMMUEIA.

\ K /
—Si-N-Si—
/ \ .
(KHMDS) >7L|4<
N
A |
THF, -78 °C O.4-CFs
7 77\
0
Cl _OH
o)
(mMCPBA)
8 NaHCOj4 9 . 10
MW: 188 C14H200 C14H200
CH,Cly, 0 °C 1420 1420
\ Q
—$i-CF;Br OS—OH
I
Nal O 13
THF, 80 °C 11 H,'80, THF
C+=H 180 160
9 C H F O 151122 n 3-n
15M202 (n=0-3)
\ 0
—Si-CF,Br —@—S—OH
/ 11
Nal (0]
THF, 80 °C 12 H,'%0, THF 14
10 C45H0,180,10;,_
C15H2oF20 15(r122= O—nS) 3
N i)
NN

160-13/160-14
(C15H22'%03) CH3OH
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A.2 Bbi6epuTe cTpyKTypy A. 2pt
O\ O\
9 9 O:\f]:‘.’CF3 O:\$,CF3
| FsC-S-OH Il FsC-S-NH, n N.g-CFs \'; HN.. -CFs
O O 77\ 77\
A3 N306pasuTte cTpykTypbl 8-14, 4eTKO yKa3biBas CTEPEOXMMUIIO, F4e 3TO Heob-  19pt

xoanMo. Takxe oTMeTbTe aToMbl 180, BBegeHHbIe B 13 11 14, Kak NOKa3aHo Ha
npumepe Hixe.
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YacTtb B

CoesHeHMe 19 CMHTE3MPYIOT, KaK MOKasaHO HuXe. B npogosxeHne obCyxeHUs apoMaTUUYHOCTU
HebeH30MAHOro T1Na, 19 MoXeT 6biTb MCMOJIb30BaH Kak akTMBaTOp CNMPTOB, a 20 6bin NpesBpaLleH B
22 c obpasoBaHMeM MHTepmeamaTa 21, NpeacTaBastowero 13 ceba MOHHY0 rnapy. XoTs obpasoBaHme
21 66110 nogTBepXAeHo AMP cnekTpockonmeri, 21 nocTeneHHo pasnaraeTcs, A4asas 18 n 22.

2 Q0 =
CHSCOOH
16
EtsN s
CH,Cl,
C15H100

OH
20

"H NMR (CD4CN, ppm)

-HClI

17

wn=0

Cl” ~cl

19

C15H1oCl2

21

21: 58.5-7.3 (15H), 5.5 (2H), 3.4 (2H)

20: 57.4-7.2 (5H), 3.7 (2H), 2.8 (2H), 2.2 (1H)

Cl
s
22

B.1 N306pa3uTte cTpykTypbl 17-19 1 21, 4eTKO yKasbiBasg CTEPEOXMMUIO, FAe 3TO

HeobxoAnMmo.

10pt
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BLR-4 C-7 A-1

A7-1

Russian (Belarus)

ApOMaTI/I‘—IHOCTb H666H3OVIAHOFO TNa

Yactb A

A.1 (5 pt)

2 (2 pt)

6 (3 pt)

A.2 (2 pt)
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3’.; 5 BLR-4 C-7 A-2
Cho 200> Russian (Belarus)
A.3 (19 pt)
8 (3 pt)
9 (2 pt) 10 (2 pt)
1@py) 12 (2 pt)
13 (4 pt) 14 (4 pt)
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IO )F BLR-4 C-7 A-3
o7 Russian (Belarus)
YacTtb B
B.1 (10 pt)
17 (2 pt) 18 (2 pt)
19 (3 pt) 21 (3 pt)
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Q8-1

Russian (Belarus)

AnHamMmunyeckune opraHnyeckme mMoJsiekysibl 1 X Xumpalib-

HOCTb
11 6annos
Bonpoc A1 A2 A3 B.1 B.2 Bcero
Ouku 9 3 7 3 4 26
OueHka
Yactb A

Monnumknnyeckne apoMaTnyeckme yrneBoAopoabl ¢ nociegoBaTenbHbIM OPTO-COUNEHEHNEM LINKI0B
Ha3bIBalOT [n]kapborennueHamun (rae n 0603HavaeT KONYECTBO LUECTUYNIEHHbIX KoneLl) (CMOTpY HU-
xe). [4]Kap6orenunueH ([4]C) 6bin ycrneLwwHo Noay4YeH No nokasaHHON HMKe GOTOXUMNYECKON peakLumu,

I'IpOTeKaI'OLLI,er/’I yepes nHrtepmMmeanat (Int.), KOTOprI7I NNErKO OKNCIAeTcda nogomMm.

® )
(jﬂpph3 Br

NaOEt
A
EtOH
B
hv
hv

CigH14

[4]carbohelicene ([4]C)

CigH12
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BLR-4 C-8 Q-2
Cho 200> Russian (Belarus)

Q,\GS
PN

doToxmmMmnyeckas peakuna npoTekaeT aHa/10rlM4Ho cieayrolemMy npnmepy:

_ | hv | N hv
= =

BHMMaHMe: Nnpu oTBeTe Ha Bce BOMpPoChbl 3agaum 8 Ucnonb3yiiTe uepeayloLmecs oguHapHble 1
ABOIiHble CBA3M, KaK NOKa3saHo B NpMMepax ¢ kap6orenvueHamun. He ncnonb3syiite Kpy>XKv ans
0603HauYeHUsA CONPSKEHHbBIX T -CUCTEM.

A1 N306pa3ute cTpykTypHble dopmynbl coeanHeHnin A-C. Ctepeomsomepbl  9Ipt
BO/KHBI 6bITb Pa3ANUYUMBI.

A2 MonbITKK cCMHTe3MpoBaTh [S]kapborennueH 13 Tol xe camoll dochoHmeBolrr  3pt
COMN U MNOAXOAALLEr0 NCXOAHOMO BeLlecTBa NpUBennN K 06pasoBaHMIi0 NLb
CnefoBbIX KonnyecTB [S5]kapborennueHa. BMecTo Hero nony4ancs npoaykT D,
MOJeKyNsipHas Macca KOToporo 6biia Ha 2 [la MeHbLue, yem y [S5]kapborenu-

LeHa. Huxe npusegeHsbl xumndeckune caeurv B 'H AMP cnekTpe Bewectsa D.
N306pa3uTte cTpykTypHYO dopmyny Bellectsa D.

[D (4, m.4., B CS,, KOMH.Temr.), 8.85 (2H), 8.23 (2H), 8.07 (2H), 8.01 (2H), 7.97 (2H),
7.91 (2H)]

[5] - v 6onee kpynHble [n]kapborennueHbl 061aAat0T CANPaNbHON XMpPanbHOCTBIO, @ B3aUMHOe npeBpa-
LeHMe 3HAHTUOMEPOB 3TUX re/INLLEHOB NPOoTeKaeT A4OCTaTOYHO MeA/IeHHO NP KOMHATHOM TemnepaTy-
pe. KoHpurypaumto xmpanbHbix [n]kapborennueHoB o6o3HavatoT 6yksam (M) 1 (P), Kak MOKa3aHo HUuXe.

&2
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Chozo1™ Russian (Belarus)

[n]Kap6orenuvueHbl ¢ N 60nbLUe 4 MOryT 6bITb pa3geneHbl Ha SHAHTUOMEPbI C MOMOLLLIO XMPaNbHOM
KOMIOHOYHOW XpomMaTorpadum, paspabotaHHol npodpeccopomM Mowno OkamoTo.

®oT0 ntobe3Ho npegoctasneHo The Japan Prize Foundation
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Cho 200> Russian (Belarus)

MHOXeCTBEHHbIMUK refrLeHaMM Ha3blBalOT MOMEKY/bl, KOTOpble coAepXaT ABa Unu 6osee rennLeHo-
noAo6HbIX dparMeHTa. Hannume cnupansHoOM XMpanbHOCTU NPUBOANUT K TOMY, UTO Y MHOXECTBEHHbIX
renvLeHoB CyLLecTByeT HeCKOIbKO cTepeon3oMepoB. Hanpumep, coeguiHeHmne E cogepxxut Tpu [5]kap-
6orennueHoBbIX dparmeHTa B o4HOM Monekyne. OAVH U3 CTepeon30MepoB C KoH$urypaumei (P, P, P)
nokKasaH Huxe,

E

(1,2,3) = (P, P P)

A3 Hukenb-kaTanusmpyemas Tpumepusaums 1,2-ambpombeH3ona npmMBoanT K 06-  7pt
pa3oBaHuo TpudeHuneHa. Ecam Ty e peakLmo UCNOAb30BaTk A1 O4HOIO 13
3HaHTMomepos F, (P)-F, obpasyeTcs MHOXecTBeHHbIN renmueH G (CgsHsg). Mpu-
HMMas, UTO CTepeon30Mepbl He MOTYT B3aMMOMNPeBPaLLaTbCs B X0/e peakumu,
ycTaHOBUTE BCe CTepeon3omepbl G, 06pasoBaHMe KOTOPbIX BO3MOXHO B AaH-
HOM npoLiecce. He gonyckainTe NoBTOpPOB. /119 CNpaBKW: OAMH N3 N30OMepOoB
AO/KEH 6bITb HAPUCOBAH MOMHOCTLIO CO CTepeoxmmMuen, 0603HaUYeHHOM Kak
B NpvIBeJeHHOM BbIlLe MpUMepe, a TakKe YMCNOBLIMU MeTKaMu; Apyrve cre-
peon3somMepbl JOMKHbBI 6bITb NepeyvncsieHbl C HOMepamMm No3nuuin 1 0603Have-
HUAMN M 1 P B COOTBETCTBUIN C TOW Xe Hymepauuen. Hanpumep, Apyrve cTe-
peovsomMepbl coefmnHeHus E onxHbI 6bITb NepeuncneHsl kak (1, 2, 3) = (P, M,
P), (P, M, M), (P, P, M), (M, M, M), (M, M, P), (M, P, P), (M, P, M).

Ni(cod),
Br _ N
- QL = O
Br , ,

o 1]
Br (CeeHas)
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YacTtb B

CyMaHeH - 370 yrnesozopos B ¢opme valluum, 0 KOTOPOM BriepBble coobwman B AnoHum B 2003 rogy.
HasBaHve "cymaHeH" NpouCXOAUT OT CAHCKPWUTCKOro "cymMmaH” - MOACO/HYX.

CVHTe3 cyMaHeHa 6bin1 OCyLLEeCTB/IeH NMOCPEACTBOM MOCAeA0BaTENbHOCTA peakuunii, BKatoUatoLeli Me-
TaTe3MC C PacKpPbLITUEM KOJbLLA Y METATe3MC C 3aMblKaHNEM KO/bLA.

TUNUYHbIE NPUMeEpPbl peakLnii MeTaTesnca, KaTan3nupyemMblix pyTEHMEBLIMW KaTanmusaTopamu (Ru*),
MpeACcTaBNeHbl HUXE.

Ru*
+ R \)\/Oj\/A

r *
g") T (CarHsg)

B.1 N306pa3uTte cTpykTypHYO dopmyny nHtepmegmarta I (6es ctepeoxumunn). 3pt
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40 207 Russian (Belarus)
(0]
Me cl CN
G Cl CN
Ru o) K
(Co4H1g)
| Me
Me
J
B.2 Ecnn ncnonb3oBaThb B KauecTBe MCXOAHOIO BELLLeCTBa ONTUYECKN aKTVBHOe co-  4pt

eZIHeHe J, TO aHaNorMyHas NocnefoBaTeNbHOCTE peakLmii NpuBeseT K 0bpa-
30BaHUK OMNTUYECKN aKTUBHOrO Npon3BoAHOro cyMaHeHa K. CTepeoLeHTpbl
B COeAVHEHNM ] He NpeTeprneBatoT obpallleHna B Xo4e peakunu meTtartesumca.

N306pasuTte cTpykTypHYyt0 dopmyny coeanHeHnss K ¢ ykasaHMeM CTepeoxu-

MUnn.
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Q,\GS

AnHamMmunyeckune opraHnyeckme mMoJsiekysibl 1 X Xumpalib-
HOCTb

Yactb A

A.1 (9 pt)

A (3 pt) B (3 pt) C(3pt)

A.2 (3 pt)
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A.3 (7 pt)
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Russian (Belarus)

YacTtb B

B.1 (3 pt)

B.2 (4 pt)
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Russian (Belarus)

UTo Kancynbl JIIO6GAT, @ UTO HET

10 6bannos
Bonpoc A1 A2 A3 A4 A5 Bcero
Oukn 13 2 2 3 3 23
OueHka

Ecnv Bbl pa3pexeTe TEHHUCHBI MSIUMK, TO CMOXeTe pa3o6paThb ero Ha ABe U-o6pasHble 4acTu (xopoLune

JeTV TaK He Aenator).

>

~

'

PYKOBOACTBYSICb 3TOW MAeeil, CMHTe3MpoBanu coearHeHus 1 1 2, senstowmecs U-06pasHbIMU MONeKy-
Namu pasnnyHoro pasmepa. CoegrHeHve 3 66110 NMOAYYEHO ANA CPAaBHEHUS C coeguHeHnem 1. Bbiio
NCCNes0BaHO MNOBEeAEHE 3TUIX COEANHEHWNI B MPoOLLeccax MHKaMNCyIMpoBaHus.
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Choz01™ Russian (Belarus)

Q,\ES

0 1 o)
it OH 0 o} OH 9
HNJ(N N \ NJ\NH
hig b
5 OH 0 , 0 OH o

o
HN/[(N CH,
oD
HN\mN CHs
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Q,\GS

MyTb CMHTE3a coeAMHEHMS 2 MPUBEAEH HMXKE. INeMeHTHbIN cocTaB coeanHeHns 9: C; 40.49%, H; 1.70%,
O; 17.98% no macce.

CH,OH =
o) o) o QO
=+ o - . 4
H A

HO o)
C20H180s
OCHj,
CO,PMB
s |~ & | — (I
Pd/C, H, CoaHosO5 TiC|4/|_ié\|H4 CO,PMB
(=T

OCHs
CO,PMB
ot EN .
CO,PMB CooH1806 A
OCH3
ooy
4x v 8 |—
H;CO OCHg3;

J( OCH3
HN N
2x R R NH
0 HN_ N NH
Cl \”/
Cl OCHj
0 0]
8 _ 9
C:40.49%, H: 1.70%
0:17.98%
o OH (@) o] OH %
HNJJ\N N)X\NH
R R E | | E R R
HN\”/N NTNH
0] OH (0]
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A1 N306pa3uTte CcTpyKkTypHble GopMynbl coefuHeHn 4-9; cTepeoxnMmnio MoxHoO  13pt

He yKa3blBaTb. Micnonb3yinTe 0603HaveHne "PMB" BMeCTo MOAHOM CTPYKTYpbI
napa-MeToKCMBeH3UNAbHOM rpynmnbl, Kak NOKa3aHo B NpuYMepe BbiLue.

B macc-cnekTpe coeagnHeHUs 1 MK, COOTBETCTBYIOLUI ero AnmMepy (1,), YeTKo BUAEH, B TO BPeMS Kak B
Macc-cnekTpe 3 nuk grumepa 3, otcyTcTByeT. B 'H AMP cnekTpe pactBopa 1,, Bce NH NpoToHbI 13 1 5BASi-
FOTCA XUMUYECKN 3KBUBANEHTHLIMU, @ UX XUMUYECKUIA CABUT CYLLECTBEHHO OT/INYAETCs OT XUMMUYECKOro
cagura NH npoToHOB coenHeHMs 3. 3TU AaHHble yKa3bIBakOT Ha Hanu4vme BOAOPOAHbIX CBA3EN MeXAy
rpynnamu NH ogHoin monekynbl 1 1 atomaMm X apyrori Moniekynbl 1, 06pasytoLmx BMecTe ANMepPHYHo
Kancyny.

A.2 0O6BeanTe KPY>KKOM BCe NOAXOAsALLIMe aTOMbI(aToM) X B 1. 2pt

A3 MpuneeauTe UMCNO BOAOPOAHBIX CBA3EV B AMepHO kancyne (1,). 2pt
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Chozor™ Russian (Belarus)

Q,\GS

AviMepHas kancyna 1, MMeeT BHyTPeHHee MPOCTPaHCTBO, B KOTOPOE MOXET 6bITb MHKaNCyn1MpoBaHa Ma-
nas Monekyna Z. 370 iBieHNe MOXHO ONUCaTb CNeAYHOLLUNM YpaBHEHNEM:

Z+1, - Z@1, 1)
Bblpa)KEHVle ANA KOHCTaHTbl paBHOBeECUA npouecca NMHKancynnpoBaHuA /B 12 npmBegeHO HMNXe:

[2@1,]
Tz @

MHKancynmpoBaHme MOXHO 13y4aTb C NomoLlbio AMP-cnekTpockonun. Hanpumep, 1, B CgDg AaeT pas-
NINYHble curHanbl B 'H IMP cnekTpe o 1 nocne go6asneHust CH,.

CoezivHeHMe 2 TakKe 06pasyeT XeCTKyr AVMEPHYHo Kancyny 6onbliero pasmepa (2,). 'H SMP cnekTp
2, 6bin 3apeructpupoBaH B CgDg, CsDsF, 1 B cmecn pactBoputenein C,Dy/C;DsF, npryem Bce octanb-
Hble YyCNoBUS 6bINU OANHAKOBLI. XUMUYeckme casmurii H? NpoTOHOB CoeAuHEHMs 2 B YKa3aHHbIX pac-
TBOPUTENAX NPUBEAEHbI HXKE. HUKaKnX APYrux CMrHanoB NpoToHoB H? B 2, KpoMe nepeynciieHHbIX,
He Habntoganocb. CuMTanTe, YTO BHYTPEHHEe NPOCTPAHCTBO Karcy/bl BCerja 3arnoiHeHo Makcnumalib-
HO BO3MOXHbIM YC/IOM MOJIEKY/T PaCTBOPUTESS, @ KaXAbIA CUTHaA COOTBETCTBYET O4HOMY M3 COCO60B
3ano/IHeHWA Kancynbl.

o] o]
HN/[(N OH O H O OH N)LNH
R R E P4 E R R
HN_ N N.__NH

T | b

o OH O H* O OH o

2
pacTBopuTenb § (m.4.) H?
CsDg 4.60
CgDsF 4.71
CgDg / C¢DsF 4.60, 4.71, 4.82

A.4 OnpeaenuTte yuncnio mosnekyn CgDg 1 CgDgF, MHKancynnmpoBaHHbLIX B 2,, COOT-  3pt
BETCTBYIOLLIeE KaXJ0MY curHany H2.
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Choz01™ Russian (Belarus)

'H AMP n3amepeHus B C;Dgy MOKazanu, 4to 2, MOXET MHKANCYIMPOBaTb O4HY Mosiekyny 1-agamaHTaHKap6oHOBO
kucnoTel (AdA). KoHcTaHTa accouunaumn (K,), BblpaxeHue Aasi KOTOPOM NpeacTtaBneHO Huxe, bblna
n3MepeHa npu pasHbiXx TemnepaTypax. O6o3HayveHme [solvent@2,] cOOTBETCTBYET KOHLEHTpauunun
yacTumu, cogepXawmx o4HY UK HECKObKO MOJIEKYT pacTBOPUTENS.

__ [2@2,]
@ [Z][solvent@2,]

3)

AHanornyHo, sHaveHus K, ana CH, n 1, n3 BblpaxeHus (2) 6binn M3MepeHbl NPy pasHbIX TemnepaTtypax
B CxDg c nomoLypbto 'H AMP cnektpockonuu. Fpadukm TeMnepaTypHoOl 3aBUCMMOCTY Ast ABYX KOHCTAHT
accoumaumm (B koopguHatax In K, ot 1/T) nokasaHbl H/Xe.

InK,
| CO,H
0 .._c. ®e - 1 /T
‘.‘ ..-. (K_1)
|
AdA

1, He nHckancynmpyet Mmonekyn C¢Dg. Ana nnHnum II nsmeHeHve sHTponun AS (1), nUsmMeHeHve 3HTab-
num AH (2 ), NO3TOMY ABWXYLLEN CUNO HKancynnpoBaHus ana avHuu I asnsetca (3 ). CnegoBatenb-
HO, nHKA I cooTBeTcTBYeT ( 4 ), a NHWA II cooTBeTCTBYET (5).

A5 Ans Kaxgoro 3 BapuMaHToB, 0603HayeHHbIX Bbilwe uudpamm (1) - (5), B nucte  3pt
OTBETOB BNIMLUNTE NpaBuibHYH 6ykBY (A 1nun B), COOTBETCTBYIOLLYHO BEPHOMY
napameTpy 13 Tabnuubl.

A B
(M MONTIOXNTENBHO oTpuuaTesibHO
(2) NONOXNTENBHO oTpuvuaTtesisHo
(3) AS AH
(4) 1, nCH, 2, n AdA
(5) 1, nCH, 2, n AdA
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Russian (Belarus)

UTto Kancy/bl N6AT, a UTo HeT

A.1 (13 pt)
4 (2 pt) 5(3pt)
6 (2 pt) 7 (2 pt)
8 (2 pt) 9 (2 pt)
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Choz01™ Russian (Belarus)

A.2 (2 pt)
O O
HNJ(N N)X\NH
HN\[(N N\[]/NH
O O
A.3 (2 pt)
A.4 (3 pt)
0 (m.4.) H? umncno monekyn CgDg umncno monekyn CsDsF
4.60 m.4.
4.71 m.a.
4.82 m.A.
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