41st INTERNATIONAL
CHEMISTRY OLYMPIAD OAMUNUA:
UK JULY 18-27, 2009
KOO YYACTHUKA: UKR-S1

O6wue ykasaHun

Bnuwwure Ha nepsoi CTpaHuLe CBoIo hamMunuio.

Ha BbinonHeHWe 3afaHnii TEOPETUYECKOTO Typa BaM OTBOAUTCA 5 Yacos.
Hauunnante paboTy Tonbko nocne Toro, kak 6yaet aaHa komanpa CTAPT
(START).

NUcnonbaynTe TONbKO KanbKyNATop, BbiAaHHbLIA BaMm.

Bce pesynbtathl AOMKHBI ObITh 3anUcaHbl B cneuvanbHo NpeaHasHavYeHHbIX
Ans  3TOro Mectax (knevkax). 3anucu, cpenaHHble rae-nubo ewe,
oueHuBaTbcA He OyayT. WcnonbayiitTe O0GOPOTHbIE CTOPOHLI NUCTOB
KOMMMEKTa KaK YePHOBUKMN.

Bespe, rae Tpebyetcs, 3anuckiBaviTe BbIMUCNEHUA W pacyeTkl B cneunanbHo
OTBEAEHHbIX ANA 3TOro mecrtax. Ecnu, orBevas Ha CRNOXHLIA BONPOC, Bbl
haauTe TONbKO BEPHbIA OTBET, HO HE NOAKpPenuTe ero BblYUCNEeHUAMW, Bbi
nony4ute Hynesou 6ann 3a 3ToT BONPOC.

YucneHHble oTBeThbl 06s3aTenbHO [AOMXKHBI 6bLITb NpuBeAeHbl €
Pa3sMepHOCTAMMU. 3a OTCYTCTBMEe pa3MepHOCTel Bbi Gyaere CUMbHO

owrpacoBaHbl. Tawke obpaujaiite BHUMAHWE Ha NpaBUNbHOE YACNO 3HaYAWMUX
undp B oTBETAX.

CuuTtanTe, UTO BCe rasb! naeanbHble.

Bb! AoMKHEI HEMeANeHHO NpekpaTuTb paboTy, kak Tonbko GyaeT aaHa
komaHnga CTOM (STOP). HessinonHeHue atoro TpeboBaHna MOXET NpUBECTU
K gucksanudukauumn n Hynesomy 6anny sa TeopeTUdecKkuin Typ.

Mo oKoHYaHWK Typa BNOXUTE BECb KOMNNEKT B BbiAaHHLIN BaM KOHBEpT. He
3anevarbiBaiTe KoHBepT.

He nokupavite ayauTopuio, Noka Bam He CKaXeT 3Toro caenatb
npenoaasaTtensb.

KoMnnekT TeopeTuieckoro Typa CocTouT U3 44 nucros.

Ecnv BaM 4TO-TO HENOHATHO B pPyccKoin Bepcum, no Bawemy Tpebosanuio
Bam 6yaeT npeaoctaBneHa oduumanbHan aHrnuickas sepcus aAns
YTOYHEHUS.
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®dusnyeckue KOHCTaHTbI

HassaHue Ob6o3HauyeHue 3HaveHue
MocroaHHas Asoraapo N, 6.0221 x 10% monp™
KoHcTaHTa Bonbumana ke 1.3807 x 102 Ax K™’
yHysepcankHan rasosas R 8.3145 [k K™ monb™
MoctosHHan ®apaaen F 96485 Kn monb™
CKopoCTb cBeTa c 2.9979 x 108 mc™
MocTtosHHan Mnaxka h 6.6261 x 107> x ¢
CranpapTHOe AaBneHue p° 10°Na
ATtmocthepHoe aasneHve Dam 1.01325 x 10° Na
Honb no Lienscuio 273.15K
:;;Zﬂi:ue csobopHoro g 9.807 M ¢
MarteToH Bopa Us 9.274015 x 107 1% Tecna™

MonesHble hopMynbl

Ob6vem kyba v="P

O6bvem cdepbl V = (4/3)nr®

MoTeHuuanbHas 3HEpPTUs B

rpasuTauMoHHOM rone E = mgh

YpasHeHue ngeansHoro rasa pV =nRT

YpaBHeHue AppeHuyca

MarHuTHbIA MOMEHT

k=Aexp (-Ea/RT)

per = A/n(n+2) marnetoHos Bopa
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Mepuopguyeckasa Tabnuua aneMeHTOB C OTHOCUTENbHbLIMKU
ATOMHbIMU MacCaMM

1 18
1 2
H He
1.008| 2 13 14 15 16 17 | 4003
3 | 4 5| 6|7 |8 |9} 10
Li | Be B|[C|[N|[O/|F|Ne
6.84 | 9.01 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 |CI|Ar
22.88] 24.31| 3 4 5 6 7 8 9 10 1" 12 | 26.98] 28.08| 30.57 32.06 | 35.45 | 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|2Zn|Ga|Ge|As| Se|Br |Kr
38102{ 40.08 | 44.96 | 47.90 | 50.94 | 52.00 | 54.64 | 55.85 | 58.83 | 58.71 | 63.55 | 65.37 | 69.72 | 72.58 | 74.92 | 78.96 |79.804| 83.80
37 | 38| 39| 40 | 41 | 42| 43 | 44 | 45 | 46 | 47 | 48 [ 49 | 50 | 51 | 52 | 53 | 54
Rb|Sr|Y |Zr INb|Mo|Tc{Ru|Rh|{Pd|Ag|Cd|In | SniSb|Te| | | Xe
85.47 | 87.62 | 88.91 | 91.22 | 82.91 | 95.94 101.07{102.91| 106.4 |107.87[112.40|114.82|118.69]121.75]127.60]126.90} 131.30
55 | 56 | 57| 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
132.91]137.34/138.91|178.49{180.95|183.85| 186.2 | 190.2 | 192.2 |195.09] 196.97]200.59)204.37] 207.2 | 208 98
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 1 151.86 | 157.25 | 158.93 | 162.50 | 164.93 [ 167.26 | 166.93 | 173.04 | 174.97
9 |91 |92 |93 [o94 |95 | e6 (967 |98 | 99 100 [ 101 | 102 | 103
*Actinides |Th|Pa| U |Np {Pu|Am|Cm Bk |Cf [Es|Fm |Md|No|Lr
201 2803
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3agaya1 10 6annos

OnpeneneHue noctositHHou ABoragpo

1a|1b | 1c |1d | 1e | 1f {1g | 1h | 1i | 1j | 1k | Cymma

4 | 4 | 4 2 1 2 316 | 4 3 3 36

MHoOro pasHeix MeToaoB 66IN0 UCNONB3OBAHO ANA ONpeAeneHUA NOCTORHHON
Asoragpo. B aToi 3agadye paccmaTtpuBaloTCA TPU U3 HUX.

MeTtoa A — No AaHHbLIM PeHTreHOBCKOM Audpakunmn (CoOBpeMEHHbIN MeToA)

OnemeHTapHana Adelika npeacrasnseT cobon HauMEeHbLLUK NOBTOPRAIOWMIACA (bparMeHT B
KpucTannudeckoin peweTtke. Metogom peHTreHoBckon gudpakumn 6bIN0 YCTaHOBNEHO, HTO
30N0TO UMeeT rpaHeLieHTPUPOBAHHYI0 KyGUYeCKyl0 3nemeHTapHYylo AuYenKy (T.e. UeHTpbl
aToMoB 30M0Ta pacnonaralTcs B Kaxaon sepiumnHe Kkyba n B ueHTpe kaxpaon rpaHu). AnuHa
pebpa anemeHTapHoOW AYenku sonota pasHa 0.408 Hm.

a) Wsobpasute anemeHTapHyI0 fYeliKy 30110Ta U paccyuTaiite YMCNo aTomoB
Au, NpuxoasLmMXca Ha 1 aveiky.

OnemMeHTapHana Aveiika:

Yucno atomoB Au Ha 1 ayeliky:
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b) MnoTHocTb 30noTa paeHa 1.93 x 10% kr M. PaccuuTaiite 06bem u Maccy oHON
3NeMeHTapHON AYEenKn.

Obbem:

Macca:

¢) Paccuutaite maccy 0OgHOro atoMa 30510Ta U BENUYUHY NOCTosHHON ABOraapo,
NPUHAB OTHOCUTENbLHYIO aTOMHYIO Maccy 3onota pasHoi 196.97.

Macca 1 atoma Au:

MocTtosHHaa Asoragpo:

Metoa B — u3 gaHHbIX o paguoakTuBHoMy pacnaay (Pesepdopa 1911)

PaauoakTuBHbIN pacnap 22°Ra npotekaeT B COOTBETCTBUM CO CXEMOIA:

226Ra t 222Rn 3.825d 218P0 3.10m 214Pb 268 m 214Bi 199m

214p, 164.3 mxc 210pp 223y 210p; 5.013d 210pq 138.4d 206pp

BenuuuHbl Hag CTpenkamuM NOKasbiBaloT 3HavYeHWe BpemeHu nonypacnaana
COOTBETCTBYIOLIErO HyKNMAa, a bykebi 0603Ha4aloT: y = roapl, d = AHWU, M = MUHYTHI.
Bpems nonypacnaga Ha nepsoii ctaguu, obosHaueHHoe {, HamHoro Gonble Bcex
OCTanbHbIX 3HAYEHUH.
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f)

CymmapHas cKOpoCTb o-pacnapa ykasaHHoro obpasua 6eina  3atem
n3mMepeHa C NOMOLLbI0 cHeTyMKa U okasanach pasHou 27.7 vwrabk (1 Bk = 1
pacnag 3a 1 c). 3atem obpasey 6bin NOMeWEH B repMeTUHECKN 3aKpbITbIN
cocya Ha 163 aHA. Paccuutante 4ucno o-4actuu, ucnylleHHbIx obpasuom 3a

3TO BpemA.

g)

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

Aaora.qpo N0 3TUM IKCNepuMeHTanbHbIM AAaHHbLIM.

h)

MpuHAB, Y4TO OTHOCUTENbHAs aTOMHas Macca Hyknuaa “®Ra, usmepenHas ¢
NOMOLLbIO MacC-CNEKTPOMETPUY, pasHa 226.25, n ucnonbsys cCoBpemeHHoe
3HauYeHue nocTosHHON Aeoraapo (6.022 x 102 monb™), paccuuraiite uucno
atomoB 2Ra B ucxoaHOM 06pasue, Nra, NOCTOSHHYIO PafUOAKTUBHOIO
pacnaga ?*Ra, A, u nepuoa nonypacnaga °Ra (t, B ropax). YunTbiaiite

TONbKO pacnagpbl, NpoTekalLue A0 HyknNuAaa, ykasaHHoro Bamu B nyHkTe (e).
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Cuutan vacTuubl chepudeckummn, paccuuTanTe Maccy OAHOW yacTuubl, m,
Maccy BOAbl, KOTOPYIO OHa BbITECHSET, Muzo; APPEKTUBHYIO MACCy HaCTULb
B BOAe, M* (T.e. C y4yeToM BbiTankusawouwien cunol Apxumena). Mpumure

NAOTHOCTL BOABI paBHoOl 999 kr M~

m= Mmy20 =

B coctoaHuu paBHOBECUS YUCNO YacTUL B eauHuue obbvema B 3aBUCUMOCTH OT

BbICOTbI MOXET BblTb BbIPAXKEHO C yHeTOM BonbLMaHOBCKOro pacnpeaeneHus

n, E, —Eho
My, p[ RT ]

cnepyioLmm o6pa3om:

rae Ny, — YMCno Yactuy 8 eanHnue o6bema Ha BbicoTe h,
Nko — YMCNO YacTuL B eanHULE o6bema Ha Ha4yanbHoM BeicoTe hg HavyanbHas

BbICOTa paBHa 5 MKM OT gHa Tpybku ¢ BOAOWK,

E, — noTeHumanbHan sHeprus 1 Mona YyacTuy Ha BbICOTE A NO OTHOLUEHWIO K
yacTuuam Ha gHe Tpybku ¢ BOAOMH,

R — yHuBepcansHas rasosas noctosHHas, 8.3145 [k K- mons~".
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Mpacpuk 3asucumocTn In(nn / Npo) oT (h — hp) ANA 3KCNEPUMEHTaNbHBLIX AAHHbLIX,
npeAcTaBnNeHHbIX B Tabnuue, nokasaH Huxe.

h—hqy/ vk
0 20 40 60 80 100

-0.5

-1.0 ‘\
-1.5 /’“\
-2.0 \\

-2.5

j) BbiBEeauTe BbipaxeHWe ANA HakNoOHa NPAMON NUHUK Ha rpaduke.

In(np / Npy)
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k) Paccuutaiite NnoCTORAHHYI0O ABOragpo Ha OCHOBaHUU 3TUX
JKCNeEpUMeHTanbHbIX AaHHbIX.
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3agaua 2 10 6annos

Ob6pasoBaHue H; B Mmex3Be3aHoOM
NPoOCTpaHCcTBe

22 |2b|2c |2d | 2e | 2f [ 2g | 2h | 2i | Cymma

212|426 |6]3{2]|6 33

Mpu cTonkHoBEHUW ABYX aTOMOB BOAOPOAA B MEX3BE3QHOM NPOCTPaHCTBE MOXET
obpasosaTbcs Monekyna, Ho ee aHeprua GyaeT ctonb Benuka, YTo Monekyna TyT Xe
pacnapeTcs Ha aTtombl. [ToaTomMy yctonunsas monekyna Hx moxert o6pasosathes us
aTOMOB TONbKO Ha NOBEPXHOCTM YacTUL KOCMWUYECKOW nbinu, KoTopble 3abupalor
n3bbiTouHylo 3Hepruto. locne atoro monekyna H, 6eictpo aecopbupyetca ¢
nosepxHocTn. B pAaHHOW 3ajave CPaBHUBAKTCA [OBE KUHETUYECKME MoAaenu
obpasosanus H; Ha noBepxHOCTM.

B obeux mogensx KoHCTaHTa cCKOpocTu aacopbuvmn atomoB H Ha nosepxHOCTW
coctasnset ks = 1.4x107° cm® ¢'. TunuyHan o6beMHan KoHUeHTpauus atomoe H
(umcno atomos H B eauHuue obbvema) B MeX3BE3QHOM NPOCTPAHCTBE paBHa:
[H] = 10 cm™.

[BaxxkHO: B f[anbHeLeM CKOPOCTU BCEX peakuuin BbIPAXAKOTCA Yepes YUCno
ancopbupoBaHHbIX aTOMOB Ha NOBEPXHOCTU U 06BLEMHYI0 KOHUEHTpaLUWio aToMoB B
ra3oBoi ¢hase COBEpLUEHHO aHaNOrM4YHO TOMY, KaKk CKOPOCTU peakuui B pacTsope
BbIpAXAIOTCA Yepe3 MOoMsApHble KOHUEeHTpauwu. B pesynbTaTe pasMepHOCTM
KOHCTAHT CKOPOCTW MOryT 0Ka3aTbCR ANA Bac HenpuBbIMHLIMK. Pa3MepHOCTb
CKOPOCTU peaKkuun — YUCno aToMOB UNKU MONEKYN B EAUHULYY BPeMEHH.]

a) Paccuutante ckopocTb apacopbuun atomoB H Ha noBepxHOCTU 4acTulbl
nbinn. B ganbHenwnx pacyeTax ata CKOpOCTb CHUTAETCA NOCTOAHHON.
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Hecopbumns atomos H ¢ noBepxHOCTU MeEET NepBbIi NOPSAOK NO YUCAY
apacopbupoBaHHbix aToMoB H Ha oaHY YacTuuy nbinu (aanee — N), KOHCTaHTa
ckopocTu aecopbumm pasHa: kg = 1.9x1073 ¢

b) CuuTas, 4To ycTaHOBUNOCH paBHOBECME MeXAay agcopbuuen n gecopbuuei,
paccuutaunTe crtaumoHapHoe 4ucno N atomMoB H Ha nNoBepxHOCTU 4YacTulpb!
NbINn.

Atomb! H MOryT nepemeLlaTbcs No NOBepXHOCTU. BcTpedasch Apyr ¢ ApYrom, oHu
pearupyioT, u obpasyiowmecs monekynsl Hz aecopbupylotes ¢ nosepxHocTu. B asyx
paccmaTpuBaemMbiX KWHETUHECKUX MOAENSAX 3Ta peakuuna yuuTbIBAETCA NO-pa3HOMY,
OfHaKO KOHCTaHTbI CKOPOCTH ancopbuun ks, Aecopbuum kg u peakuwu k, — ogHN 1 Te
xe:

ko= 1.4x10° cm® ¢’
ks=1.9x103 ¢’
k.= 5.1x10% ¢’
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Moaenb A

Peakuus obpasosaHna H, cuutaetcs GumonekynapHoii. Ha noBepxHOCTU YacTuLb!
NbIAKW CKOPOCTb YMEHbLLeHns uyucna atomos H (N) B pesynbTaTe peakuuu pasHa

kNP,

c) 3anulunte BbipaXxeHue ANA CKopocTu usmeHenns N, yuutbiBas agcopbuuio,
Aecopbuuio u peakuuo. CuuTan YUCNO aTOMOB CTaLMOHapHLIM, HauawuTe
3HaueHue N.

N=

d) PaccuuTaiite ckopocTb 06pasoBaHus monekyn Hz Ha oaHy YacTuuy Nbinu 8
3TO Moaenu
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Mogens B

B mopenu B paccmaTtpuBaetcs BEpOSTHOCTb TOrO, YTO Ha NOBEPXHOCTU YacTUubl
Haxogutca 0, 1 wnn 2 atoma H. MMpouecckl, CBA3bIBaOWME 3TW COCTORHUS,
nokasaHbl Ha cxeme. lMpeanonaraeTcs, YTO Ha MOBEPXHOCTU HaCTULLI HE MOXET
HaxoauTbCA Bornblue ABYX aTOMOB Boaopoaa.

AN,

0% 2

Ponb KOHUEHTPaLMiA B KWHETUYECKUX YPaBHEHUAX UIPaIoT Xg, X1 U X2 — AONU YacTuy,
apcopbuposaswmx 0, 1, 2 atoma H, cooTBeTCTBEHHO.

Ans yacTuubl, HaxoaAWeEWca B COCTORHWUM m (C Aonew Xm), CKOPOCTM Tpex
BO3MOXHbIX NPOLIECCOB PaBHbI:

Agcopbuua (m — m + 1): ckopocCTb = ka[H]xm
Hecopbuua (m — m - 1): cKOpOCTb paBHa = KyMXm

Peakuua (m — m - 2): ckopoctb = Y2 km(m—1)xm

e) 3anuwmTe ypasHeHUs ans dx,/dt - cCKopocTen WU3MEHEHUA Xp, X1, X2.
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