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41st INTERNATIONAL .
CHEMISTRY OLYMPIAD OAMUNUA:

UK JULY 18-27, 2009
KOA YHACTHUKA: MDA-S1

O6wue ykasaHusa

HanuwuTe cBoto hamunuio ToNbKO Ha NepBow CTpaHuue.

Ha BbinonHeHue 3aaaHuii TeopeTudeckoro Typa Bam oteoautcs 5 4acos.
Hauunaiite paboTy Tonbko nocne Toro, kak 6yaet naHa komavpa CTAPT
(START).

Wcnonb3ayiTe TONbKO KanbKynsTop, BblAaHHLIN Bam.

Bce pesynbTaThi A0MKHbI GbITh 3anMcaHe! B cneuvanbHo NpesHasHaueHHbIX
ANA 3TOF0 MecTax. 3anucu, caenaHHble rae-nubo ewe, oUeHNBaTLCA He
6yayt. WcnonbayiTte 060pOTHYIO CTOPOHY NIUCTOB KOMMNAEKTa B kavecTee
YepHOBUKa.

Beage, rae TpebyeTca, 3anucbiBaiiTe BbIMUCNEHUA U pacHeTh! B cneynanbHo
OTBEfEHHbIX ANA 3TOro MecTax. Ecnu, oTBeyYan Ha CNoXHbLIA Bonpoc, Bel
[afuTe TONbKO BEPHbIV OTBET, HO HE NOAKPENUTE €ro BbiYUCNEHVAMY, Bol
nonyuuTe Hyneeown 6ann 3a aToT BONPOC.

UnucneHHble OTBETHI AOMKHbLI 6bITh 06A3aTeNLHO NPUBEAGHDI C
pa3mepHOCTAMU. 3a OTCYTCTBME pa3mepHocTel Bul GyneTte cunsHo
owTpadoBaHbl. Taoke obpallaiTe BHMMaHWe Ha NpaBUNbHOE YNCNO
3Havalux uwdp B oTBeTax.

CuutanTe, 4TO BCe rasbl uaeanbHole.

Bbl AOMKHBI HEMEANEHHO NpekpaTuTL paboTy, kak Tonbko byaeT AaHa
komaHga CTOM (STOP). HesbinonHeHue atoro TpebosaHna MOXET NpuBecTy
K aucksanudukaumn n Hynesomy banny 3a TeopeTU4eCKuin Typ.

Mo okoHYaHWM Typa BROXMTE BECb KOMNNEKT B BbiAaHHbLI Bam koHeepT. He
3anevaTtbiBaiiTe KOHBEpT.

He nokupaite ayautopuio, noka Bam He ckaxeT aToro caenatb
npenoaasaTensb.

KomnnekT TeopeTuyeckoro Typa coctout u3 44 nucTos.

Ecnu Bam 4TO-TO HENOHATHO B pycckoi Bepcuu, no Bawemy TpeGosaHuio
Bam 6yneT npepocraeneHa oduunanbHas aHrnunckan Bepcua Ana
YTOYHEHNA.
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41st INTERNATIONAL

VCHEMISTRY OLYMPIAD
Cm UK JULY 18-27, 2009

OAMUNUA.

KO YHYACTHUKA: MDA-S1

dusnyeckue KOHCTaHThI

Haasaxue O6o3HaveHue 3HauyeHue
MNocTosHHaa ABaragpo N, 6.0221 x 10% mony™
KoxcTtaHTta BonbumaHa ke 1.3807 x 10 ik K™
YHusepcanbHas rasosas - -1
NOCTOSHAAS R 8.3145 Ox K™' mone
MoctosHHan dapagen F 96485 Kn monb™'
CKopocTb ceeTa c 2.9979 x 108 m¢™
MocTtosHKan MnaHka h 6.6261 x 107 Ik c
CranpapTHoe AaBneHue p° 10°Na
ATmocthepHoe Aasnexve Pam 1.01325 x 10° MNa
Honb no Llenscuio 273.15K
YckopeHue ceo6ogHoro g 0,807 m ¢
napeHus
MarxeToH Bopa Us 9.274015 x 1072 A Tecna™

Mone3Hble hopMynbI

O6beMm kyba v=P

4 .3

O6beM cohepb! V= gnr

MoteHuynanbHan aHeprus 8

rpaBsuTaLMOHHOM None E = mgh

YpaBHeHue naeanbHoro rasa pV=nRT

YpasHeHue AppeHuyca

MarHuTHbIi MOMEHT

k=Aexp (-Ea/ RT)

pesr = \/n(n + 2) marHetoHos Bopa

Page 2 /44




41st INTERNATIONAL
CHEMISTRY OLYMPIAD
UK JULY 18-27, 2009

OAMUNUA:

KOA YYACTHUKA: MDA-S1

ﬂepuonuquKaﬂ Tabnuua 3aNneMeHToOB C OTHOCUTENbHbLIMYU
aTOMHbIMUX Maccamu

1 18
1 2
H He
1.008| 2 13 14 15 16 17 | 4003
3 | 4 s |6 | 7|8 |9 |10
Li | Be B|IC|N]JO|F |Ne
6.94 | sS.01 10.81| 12.01| 14.01| 16.00 | 19.00§ 20.18
11 | 12 13| 14 [ 15|16 | 17 | 18
Na | Mg Al | Si|{P | S |Cl|Ar
22.99| 24.31 3 4 5 6 7 8 9 10 1 12 {26.98| 28.08| 3097 | 32.06 | 3545 | 39.95
19 | 20| 21| 22| 23| 24 | 25 | 26 | 27 | 28 | 20 | 30 | 31 | 32| 33 [ 34 [ 35 | 36
K|Ca|Sc|Ti|V |Cr|[Mn|[Fe|Co|Ni|Cu|Zn|Ga|Ge|As| Se|Br | Kr
39.102) 40.08 | 44.96 | 47.80 | 50.94 | 52.00 | 54.94 | 55.85 | 58.93 | 56.71 | 63.55 | 65.37 | 69.72 | 72.58 | 74.82 | 78.96 |70.904] 83.80
37 | 38| 39 | 40| 41 | 42| 43 | 44 [ 45 | 46| 47 | 48| 49| 50 | 51 | 52 | 53 | 54
Rb|Sr|Y [Z2r|{Nb|Mo| Tc|{Ru|Rh{Pd|Ag|(Cd|In |Sn|Sb|Te| | | Xe
85.47 | 87.62 | 88.91 | 91.22 | 52.91 | 95.94 101.07]102.91| 106.4 [107.87|112.40{114.82|118.60|121.75/127.60(126.90(131.30
55 | 56| 67| 72| 73| 74| 75| 76| 77| 78| 79| 80| 81| 82| 83 | 84| 85| 86
Cs|Ba|La*|Hf | Ta|W |Re|Os|Ir | Pt |Au|Hg|TI|Pb|Bi|Po|At|Rn
132.911137.34/138.91]|178.49}180.95]|183.85] 186.2 | 190.2 | 192.2 |195.09]196.97|200.59|204.37| 207.2 (208.96
87 | 88 | 89
Fr | Ra|Act
58 | 59 |60 [61 |62 |63 [64 |65 |66 [67 [68 |69 | 70 | 71
*Lanthanides |Ce [ Pr {Nd [Pm [Sm|Eu [(Gd [Tb |Dy [Ho [Er |[Tm |Yb |Lu
140.12 | 14091 | 144.24 1504 | 151.96 | 157.25 | 158.93 | 162.50 | 164.93 | 167.26 | 168.93 | 173.04 | 174.97
90 |91 |92 |93 |94 [95 {96 (97 |98 |99 |100 | 101 |102 | 103
*Actinides |Th|Pa{ U |[Np |Pu (Am |Cm|Bk [Cf|Es|Fm|Md |No|Lr
7201 2803
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41st INTERNATIONAL _
VCHEMISTRY OLYMPIAD PAMUINNUA:

(M UK JULY 18-27, 2009
KOM YYACTHUKA: MDA-S1

3anaya1 10 6annosB

OnpenenexHue noctoAsHHOU ABoraapo

1a |1b|1c |1d | 1e | 1f |1g | 1h | 1i | 1j | 1k | Cymma
4 |44 (2|1 2|3 |6 4|33 36

MHoro pasHeix MeToaos 6bino McNonL30BaHO ANA onpeaeneHns NOCTOAHHOM
Asoragpo. B aToil 3agaye paccMaTpuBaloTCA TpU U3 HUX.

MeTtoa A — No AaHHbLIM PEHTreHOBCKOW Audpakuumn (CoBpeMeHHbIA MeToA)

OnemeHTapHan adelika npeacrasnseT cobol HaMMmeHbWWA NOBTOPAIOWMACA dparMeHT B
KpUCTannuyeckoi pelletke. MeToaoM peHTreHOBCKOW Aucdpakuun B6ino yCTaHOBMEHOD, YTO
30M0TO UMEET rpaHeLeHTPUPOBaHHYIO KyOWYECKyld 3NeMEHTapHYI0 AYeiKky (T.e. UeHTpb
aToOMOB 30N0Ta PacnonaraloTCA B Kaxaoi BepLlunHe kyba u B LieHTpe kaxaow rpanu). [inuHa
peGpa anemeHTapHOW s4eiiku 3onoTa pasHa 0.408 Hm.

a) Wso6pasute anemeHTapHy!o AYeiiky 30f10Ta W paccuuTanTe Yucno atomos
Au, NpuxoaALmUXCcA Ha 1 AYenKy.

OnemeHTapHas sueika:

Hucno atomoB Au Ha 1 AYeiKy:
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41st INTERNATIONAL _
VCHEMISTRY OLYMPIAD GAMUNUA:

UK JULY 18-27, 2009
KOO YYACTHUKA: MDA-S1

b) MnoTHocTb 3onoTa pasHa 1.93 x 10* kr M™. PaccuuTaiite 06bLem U Maccy ogHoI
3NeMeHTapHOW AYEeKu.

Obvem:

Macca:

c) Paccuutaite maccy ogHOro atoMa 3onoTa ¥ BeNUYMHY NOCTOAHHON
ABoragpo, NpUHAB OTHOCUTESNbHYIO aTOMHYIO Maccy 3onoTta pasHou 196.97.

Macca 1 atoma Au:

MocrosHHas Asoragpo:

MeTtoa B — u3 gaHHbIX No paguoakTusHoMy pacnagy (Pesepcopa 1911)

PaguoakTusHblil pacnag 2°Ra npotekaeT B COOTBETCTBUM CO CXEMOIA:

t

226Rgq — L, 222) 38254

218Po 310m 214Pb 26.8m 214Bi 199 m

214PO 164.3 mxc 210Pb 223y 21oBi 5.013d 210P° 138.4d 206Pb
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41st INTERNATIONAL _
~ VCHEMISTRY OLYMPIAD DAMUIIUA:

UK JULY 18-27, 2009
KoA YYACTHUKA: MDA-S1

163 gHA. PaccuuTaite 4vicno o-4actuu, McnylleHHbix obpastoMm 3a 3To

Bpems.

g)

Bbino ycraHoBneHo, 4To Yepe3 163 AHA B repmeTUHECcKU 3aKpbITOM cocyae
copepxutca 10.4 mm® He (101325 Ma u 273 K). Paccuutaiite NOCTORHHYIO

ABoragpo no 3TUM 3KCNEepUMEHTasNbHLIM SaHHbBIM.

h)

MpuHAB, UTO OTHOCUTENLHAA aTOMHan macca Hyknupa “°Ra, nsmepeHnHas ¢
MOMOLLLIO MAacC-CNeKTPOMETpUW, pasHa 226.25, u ucnonb3ya CoBpeMeHHoe
3HaueHUe NOCTOAHHOI Asoraapo (6.022 x 102 mons™), paccuuraiite uncno
atomos 2%Ra B ucxogHom o6pasle, Nra, NOCTORHHYIO PaANOAKTUBHOIO

pacnana *°Ra, A, n nepuoa nonypacnapa 2Ra (t, 8 ropax). YuuTnisaiite

TONbKO pacnagbl, NpoTeKalowme A0 HYKNMAa, ykazaHHoro Bamu B nyHkTe (e).
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415t INTERNATIONAL _
wCHEMISTRY OLYMPIAD SAMUNUA:

UK JULY 18-27, 2009
KOA YHYACTHUKA: MDA-S1

NRa = A=

Metona C — pacnpepeneHue yactuy (MeppuH, 1909)

OpHO K3 cambiX NEepBbIX TOYHLIX ONpeaesneHu’t NOCTOAHHOW Asoragpo 6bino
CAeNaHO Ha OCHOBaHUW Ppes3ynbTaToB W3YyYEeHWA pacnpeaeneHns no BbicoTe
KONNOWAHbLIX YacTUL, CYCNeHAMpPOBaHHLIX B BOAE, NOA AEMCTBUMEM CUNbl TAXECTU. B
OAHOM M3 TaKMX 3KCNEPUMEHTOB YacTuusl paauycom 2.12 x 10~ M U NNOTHOCTLIO
1.206 x 10% kr M~ 6bINM cycneHavpoBaHbl U Tpybke ¢ Bomoit npu 15 °C. Yepes
HEeKOTOpOoe BpPeMs, AOCTAaTOMHOE ANS YCTAaHOBNEHWUA paBHOBECUA, BbINO NnoacUUTAHO
cpeﬁuee 4yucno YacTuy B eauHuue obbvema ANA YETbIpeX pasHblX BLICOT (OTCYeT
BbICOTbI NPOM3BOAUTCA OT Hu3a Tpybku). MonyyeHHble faHHble NpeacTasneHbl B

Tabnuue:

BoicoTa, 10°° M 5 35 | 65 | 95

CpeaHee 4ucno 4acTtuy B
eAuHULe obvema 4.00 | 1.88 | 0.90 | 0.48
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41st INTERNATIONAL _
- VCHEMISTRY OLYMPIAD GAMUIIUA:

UK JULY 18-27, 2009
KO YHMACTHUKA: MDA-S1

i) Cuutan yacTuubl chepuyeckumm, paccuutante Maccy OaHON YacTuubl, m;
Maccy BOAb!, KOTOPYIO OHA BLITECHAET, Miy20; 3PMEKTUBHYIO Maccy YacTuub!
B Boge, m* (T.€. ¢ yd4eToM Apxnmenosoit cunbl). Mpumute nNNOTHOCTL BOADI

paBHOit 999 Kr M.

m= My20 =

B coctosHuu paBHOBECHA YUCNO YacTUL B eauHuLe obbema B 3aBUCUMOCTY OT
BLICOTbI MOXET BbITb BhIpaXXeHO € y4eToM BonbLMaHOBCKOro pacnpeaeneHus
cneayouwmm obpasom:

E,-E,
RT

nh
R exp _
Ny,
rae np — YNCNo YyacTuy B eanHuue obvema Ha BbicoTe A,
Npo — YUCAO YacTUY B eauHuLe obbema Ha HayanbHOW BbicoTe hg, HayansHas
BbiCOTa paBHa 5 MKM OT AHa TpyOku ¢ Bogoit,
Ej - noteHyuansHan sHeprusa 1 Monsa YacTul Ha BbicoTe h No OTHOLLEHUIO K
yacTuuam Ha aHe Tpybku c BogoN,

R — yHuBepcansHas rasosas noctosHHas, 8.3145 Mk K™ monb™.
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41st INTERNATIONAL .
VCHEMISTRY OLYMPIAD PAMUNUA:

UK JULY 18-27, 2009
KO YHACTHUKA: MDA-S1

Mpaduk 3asucumocTtu In(ny / Nho) ot (h — ho) ANA aKCnepuMeHTanbHbIX AaHHLIX,

NPEeACTABNEHHBIX B TaBNULE, NOKa3aH HIKE.
h- hO/ MKM
0 20 40 60 80 100
0.0)

-0.5

-1.0 \
-15 x\
-2.0 \\

—-2.5

j) BelBeauTe BbipaXeHWe ANA HaknoHa NPAMOW NUHUK Ha rpaduke.

In(np / Nhy)
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41t INTERNATIONAL .
VCHEMISTRY OLYMPIAD OAMUNNA:

@ UK JULY 18-27, 2009
KOA YHYACTHUKA: MDA-S1

k) Paccuutaiite nocTOsHHyl0 ABOragpo Ha OCHOBaHWM 3TUX 3KCnepu-
MEHTasTbHbIX AAHHbIX.
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41st INTERNATIONAL -
o VCHEMISTRY OLYMPIAD OAMUNNUA:

UK JULY 18-27, 2009
KOO YHACTHUKA: MDA-S1

3apava 2 10 6annos.

O6pa3oBaHue H, B Mex3Be3gHoOM
NnpPoOCTpaHCTBEe

22 | 2b ([ 2c | 2d | 2e | 2f | 2g | 2h | 2i | Cymma
212142 )|6|6|3|2]|6 33

Mpu CTONKHOBEHUU ABYX AaTOMOB BOAOPOAA B MEX3BE3QHOM NPOCTPAHCTBE MOXET
obpa3soBatbca MOneKyna, Ho ee aHeprus GyaeT CToNb BeNWKa, YTO MONeKyna TyT Xe
pacnapeTca Ha aToMel. [ToaToMy ycTonumeas monekyna H; moxeT o6pasoBaTtbes U3
aTOMOB TOMbKO Ha NOBEPXHOCTM 4acTWUL KOCMUYECKOW Mblnu, KoTopble 3abupaiot
u3bbiTouHylo aHepruto. Mocne atoro mMonekyna H; GeicTpo Aecopbupyetcs ¢
nosepxHocTh. B AaHHOM 3ajave CPaBHMBAIOTCA [BE KUHETUYECKUEe Moaenu
obpasosaHua H, Ha noBepxHOCTW.

B obeux momaensax KOHCTaHTa ckopoctu aacopbuuu atomos H Ha nosBepxHOCTW
cocTasnseT k, = 1.4x10°° cm® ¢™'. Tunnunas obbemHas koHueHTpauus atomos H
(wucno atomoe H B eauHuye obbvema) B MEX3BE3AHOM NPOCTPaHCTBE paBHa:
[H] = 10 cm™>.

[BaxHo: B AanbHeiweM CKOPOCTW BCeX peaKuud BblpaXalTca uYepe3 4ucno
ancopbupoBaHHLIX aTOMOB Ha NOBEPXHOCTV U OOBLEMHYIO KOHLIEHTPaUWIo aToMOB B
rasosol ¢pase COBEPLIEHHO aHaNOrM4HO TOMY, KaK CKOPOCTW peakuui B pacTeBope
BbIPAXAIOTCA Yepe3 MOnspHble KOHUeHTpauuu. B pesynbtate pasmepHOCTU
KOHCTaHT CKOPOCTM MOTYT 0Ka3aTbCA [ANA Bac HenpuBblMHbIMKA. PasMepHoCTb
CKOPOCTN peakuun — YNCNo aToMoB UNK MONEKYN B eAUHWLY BPEMEHMN.]

a) Paccuutaiite ckopocTb agcopbuuu atomoB H Ha noBepxHOCTU 4YacTuubl
nbinu. B aanbHeWlwmnx pacyeTax ata CKOPOCTb CYUTAETCA NOCTORAHHOM.
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41st INTERNATIONAL _
VCHEMISTRY OLYMPIAD OAMUNUA:
o~

UK JULY 18-27, 2009
KOA YHACTHUKA: MDA-S1

Oecopbuns atomoe H C nosepxHOCTM UMEeeT nepsbli NOPSAOK MO  uucny
aacopbupoBaHHbix atomoB H Ha oaHy 4actuuy neinu (aanee — N), KOHCTaHTa
ckopocTu aecopbuvn paeHa: kg = 1.9%x1073 ¢™.

b) CuuTtasn, 4TO yCTAHOBUNOCH paBHOBECUe Mexay aacopbuven u gecopbumen,

paccuutanwTte crauyunoHapHoe uucno N atomos H Ha noBepxHOCTU YacTUubl
AbNW.

Atombl H mMoryT nepemewiatsCa no nosepxHocTu. BeTpevaach Apyr ¢ Apyrom, oHu
pearvpyioT, u o6pasytowmecs monekyns! H, aecopbupytotes ¢ nosepxHocTu. B asyx
paccmaTtpuBaeMbIX KMHETUYECKUX MOAENAX 3Ta peakuus yuuTbiBAaeTCA No-pasHoMy,

OQHAKO KOHCTaHTbI CKOpOCTH aacopbuum k., aecopbunmn kg n peakunu k. — ogHU U Te
Ke:

ko= 1.4x105 cm3 ¢!
kg=1.9%x10"3 ¢!
k. =5.1x10% ¢!
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41st INTERNATIONAL _
VCHEMISTRY OLYMPIAD OAMUITUA:

UK JULY 18-27, 2009
KOA YHACTHUKA: MDA-S1

Mogens A

Peakuus obpasosaHua Hy cuutaetca 6GumonekynsapHoi. Ha noBepxHOCTH YacTuubl
NBIIM CKOPOCTb yMeHbLeHUs yucna atomos H (N) B pesynbTate peakuuu pasHa

kN>

c) 3anuwmnTte BbipaXeHWe ANA CKOPOCTU U3MeHeHua N, yuutbiBasa aacopbumio,
hecopbunio 1 peakuwo. CyuTas 4YucNoO aTtoMOB CTaLMOHAPHbLIM, HanaUTe

3HaveHue N.

N=

d) PaccuuTaiite ckopocTs 06pasoBaHua monekyn Hz Ha oaHy 4acTuuy nbinu B
3TON MoAenu
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41t INTERNATIONAL .
~ VCHEMISTRY OLYMPIAD OAMUNUA:

UK JULY 18-27, 2009
KOO YYACTHUKA: MDA-S1

Moanens B

B mopenu B paccmatpusaeTca BEPOATHOCTb TOrO, YTO HA NOBEPXHOCTU YacTuupbl
HaxoauTca 0, 1 unu 2 artoma H. [pouecchl, cBA3bIBAOWMNWE 3TU COCTOAHURA,
nokasaHbl Ha cxeme. lNpepnonaraeTcs, YTO HA NOBEPXHOCTU YACTULbI HE MOXET
HaxoauTbca bonblle AByX aTOMOB BoAopoOAa.

AN

0K 2

Ponb KOHUEHTpauui B KWNHETUYECKNX YPaBHEHUAX UFPAIoT Xg, X1 U X2 ~ AONKY YacTul,
apcopbuposaswux 0, 1, 2 atoma H.

Ana JacTuubl, HaxopAWEWcs B COCTOsHMM m (C AoOned Xm), CKOPOCTU Tpex
BO3MOXXHbIX NPOLIECCOB paBHbI:

Apncopbuusa (m — m + 1): ckopocTb = Ka[H]Xm
Adecopbuma (m — m — 1): cKOpOCTb paBHa = kaMXm

Peakuma (m — m - 2). ckopocTb = Y2 ke m(m—1)Xm

e) 3anulmTe KMHeTUYeckue ypasHeHus ana ckopocten dxp,/df, m=0, 1, 2.
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