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UK JULY 18-27, 2009
KOO YHMACTHUKA: BLR-S4

O6Lwue ykasaHus

Bnuwwure ceoto haMunuio TonbKo Ha NEpBON CTpaHuUe.

Ha sbinonHeHue 3apgaHwi TeopeTudeckoro Typa Bam otBoautca 5 4dacos.
Hauunante paboTy Tonbko nocne Toro, kak byaer gaHa komanga CTAPT
(START).

Mcnonb3ayinTe TONbKO KanbKyNaTop, BelAaHHbI Bam.

Bce pesynbTathl AOMKHLI GbiTh 3anucaHbl B CNeyuanbHo NpeaHasHauveHHbIX
ANs 3TOro MecTax. 3anucu, caenaHHble rae-nubo elle, OUEHUBATLCA He
6yayT. Ucnonbayiite 060POTHYI0 CTOPOHY NMCTOB KOMMNEKTa B KayecTee
4YepHOoBMKa.

Besne, rae TpebyeTcs, 3anucbiBaiTe BLIMUCNEHUS U pacyeTbl B cneunansHo
OTBEAEHHbIX ANA 3TOro Mectax. Ecnu, oTBevas Ha CROXHbI BOMpoc, Bbl
Jagute TONbKO BEPHLIA OTBET, HO He NOAKPEnWTe ero Bbi4UCNeHusMn, Bbl
nony4yute Hynesoi 6ann 3a 3TOT BOMpOC.

UucneHHble OTBeTbl AONKHbLI ObiTb 06sA3aTtensHO npuBeAeHbl C
pa3mepHOCTAMU. 3a OTCYTCTBME pa3mepHocTed Bul Gyaere cunbHo
owrtpadoBaHbl. Taikke obpawanite BHUMaHWE Ha npaBUNbLHOE HUCNO
3Havawmx uudp B oTBETaX.

Cuuraitte, 4TO BCe rasbl uaeanbHble.

Bbl QOMKHBI HeMeaneHHo npekpaTutb paboTy, Kak Tonbko 6yaeT AaHa
komanga CTON (STOP). HesbinonHeHue atoro TpebosaHWsa MOXET NpnBecTy
K aucksanucukaumn n Hynesomy 6anny 3a TeopeTUHeckui Typ.

Mo OKOHYAHWW Typa BNOXWUTE BECb KOMNNEKT B BblAaHHbI Bam koHsepT. He
3aneyvaTbiBaiiTe KOHBEpT.

He nokupaiite ayautoputo, noka Bam He ckaxeT 3Toro caenatb
npenogaBsaTtefib.

KoMNneKT TeopeTu4eckoro Typa CoCToUT u3 43 NUCTOB.

Ecnu Bam 4TO-TO HENOHATHO B pycckol Bepcuu, no Bawemy TpeGosaHuio
Bam 6yaeT npegocTaEBneHa oguuvanbHana adrnuickas Bepcua  AnA
YTOYHEHUSA.
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Pusnyeckue KOHCTaHTbI

Hassanue O603HaueHHUe 3HayeHue
MocTosHHan Asoragpo Na 6.0221 x 10% mons™
KoncraHTa BonbumaHa ks 1.3807 x 10% Ax K™
YHuBepcanbHas rasosas -1 -1
NOCTORHHAS 8.3145 Ik K™ monb
MNocTosHHan dapanen F 96485 Kn monb™
CkopocTb cBeTa c 2.9979 x 10°m¢™
MocTtosnHaa MnaHka h 6.6261 x 107 x ¢
CrauaaprHoe aasneHue p° 10° Na
ATmoccepHoe AasneHne Dam 1.01325 x 10° Na
Honb no LUenscuio 273.15K
YckopeHue ceobogHoro g 9.807 M c™2
napaeHnn
MarneTos Bopa Us 9.274015 x 107* x Tecna™

MonesHble hopmynbl

O6bem kyba v="P

4 .3

O6bem coepbl V= gn'r

MoTeHunansHan 3Heprua B

rpasuTaunoHHOM none E = mgh

YpasHeHuve naeansbHoro rasa pV=nRT

YpasHeHue AppeHuyca

MarHuTHbIF MOMEHT

k=Aexp (-Ea/ RT)

e = +/n(n +2) marHeToHos Bopa
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nepuop.uqecxaa Tabnuua 3neMeHTOB C OTHOCUTESTIbHbIMMU
aTOMHbLIMU MaccamMu

1 18
1 2
H He

1.008[ 2 13 14 15 16 17 | 4.003
3 | 4 5 6 7 8 9 | 10
Li | Be B|C|N]|O|F |Ne
6.94 | 9.0 10.81[ 12.01] 14,01 16.00 | 19.00| 20.18
1| 12 13 | 14 |15 {16 | 17 | 18

Na | Mg Al Si|P | S |CI|Ar

22.99| 24.31 3 4 5 6 7 8 9 10 11 12 | 26.98] 28.09) 30.97 32.06 | 3545 | 39.95
19 | 20 | 29 | 22 | 23| 24 | 25| 26 | 27 | 28 | 29 | 30 | 31| 32| 33 | 34 | 35 | 36
K|Ca|Sc|Ti|V |Cr{Mn|FejCo|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 [ 58.83 | 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 | 486 | 47 | 48 | 49| 50| 51 | 52 | 53 | 54
Rb[Sr|Y |Zr |INb|Mo| Tc|(Ru|{Rh|Pd|Ag|Cd|In |Sn|Sb|Te| | | Xe
85.47 | 87.62 | 88.91 [ 91.22] 92.91 | 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|lHg| 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 | RalAct

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 | 140.91 | 144.24 1504 | 151.86 | 157.25 | 158.93 | 162.50 | 164.93 | 167.26 | 168.93 | 173.04 | 174.97
g0 |91 |92 [93 |oa [o5 |96 |97 |8 |@9 |100 |101 |102 | 103
*Actinides |Th |Pa| U [Np |Pu|Am |[Cm|Bk [Cf |Es|Fm|Md [No|Lr
2201 238,03
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3apgaua 1 10 6annos.

OnpegeneHue NocTosiHHOM ABoragpo

1fa|1bj|1c|1d | 1e | 1f [1g | 1h | 1i | 1j | 1k | Cymma
4 | 4 | 4| 2 1 2 316 | 4 3 3 36

MHoro Pa3HbIX MeTonosB Bb1N0 cnonb3oBaHoO Ana onpeaeneHns NOCTOAHHON

Asoraapo. B aToi 3agaye paccmaTpusaloTCa TpU U3 HUX.

MeToa A — No AaHHLIM PeHTreHOBCKON Aucdpakuuu (CoBpeMeHHbIn MeToA)

3nemeHTapHan AYenka nNpeAcTaBnseT coboll HauMeHbLUWA NOBTOPAIOWMIACA (hparMeHT B
KpUcTannuyeckon pewetke. MeToaoM peHTreHoBCkol audpakuun 6bio yCTaHOBNEHO, YTO
30M0TO WMeeT rpaHeUeHTPUPOBaHHYIO KyGU4ecKyio 3nemeHTapHylo A4enky (T.e. UeHTpel
aTOMOB 30M0Ta pacnonaralTCcA B KaXaon BeplwuHe ky6a v B LieHTpe Kaxaow rpanu). invHa
pebpa aneMeHTapHOIN AYeitku 3onota pasHa 0.408 Hm.

a) WsobpasuTe anemMeHTapHyIO SYeliKy 30n0Ta U paccuMTaiTe YMCno aToMos
Au, npuxogawmxca Ha 1 auenky.

OnemeHTapHan aYenka:

Uucno atomoB Au Ha 1 svenky:
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b) MnoTHocTk 30n0Ta pasHa 1.93 x 10* kr M~>. Paccuuraiite o6bem u Maccy OAHOU
3aNeMeHTapHOW AYenKu.

Obrvem:

Macca:

¢) Paccuutaite maccy OQHOro atoma 30010Ta ¥ BENUYUHY NOCTORHHOW

ABOragpo, NpUHAB OTHOCUTENbHYIO aTOMHYIO Maccy 3onoTa pasHoi 196.97.

Macca 1 atoma Au:

MocTosaHHaa Asoragpo:

MeTtoa B - 13 AaHHbIX N0 paanoaKkTuBHOMY pacnaay (Pesepdopa 1911)
PaauvoakTueHbiit pacnaz 2°Ra npoTekaeT B COOTBETCTBUM CO CXEMOIA:

225Ra t 222Rn 3825d 218P° 3.10m 214Pb 26.8m 214Bi 199 m

214P0 164.3 mxc 210Pb 22.3! 21oBi 5.013d 210P0 1384d 206Pb

BenuuuHbl Hag cTpenkaMu NoKasbiBaloT 3Ha4eHue NnepuoaoB nonypacnaga
COOTBETCTBYIOLEro HyKnuaa, a 6yksbl 0603HavaloT: y = roAbl, d = AHW, M = MUHYTLL.
Mepvop nonypacnaaa ans nepeoi ctaguu, o6o3HayeHHbIN {, HamHoro 6onbLue Bcex

OCTasnbHbIX 3HAYEHUN.
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g) Bbino ycraHoBneHo, 4To uepes 163 AHA B repmeTU4EcKoM cocyae
copgepxutca 10.4 mm® He (npu 101325 Ma u 273 K). Paccuuraiite
NOCTOAHHYIO ABOragpo No 3TUM 3KCNepPUMEHTaNbHLIM AAHHbLIM.

h) MpuHAB, YTO OTHOCMTENbHAA aTOMHas Macca Hyknuaa 2°Ra, uamepeHHas ¢
NOMOLLIbIO MAacCC-CNeKTpoMeTpun, pasHa 226.25, u ucnonb3ys CoBpeMeHHoe
3HaueHwe NOocTosHHOW Asoraapo (6.022 x 102 mons™), paccuuTaiite uucno
atomoB ?Ra B vcxoaHOM 06pasue, fra; NOCTORHHYIO PaAVOaKTWBHOrO
pacnaga 2Ra, A; n nepuoa nonypacnapa *®Ra (t, B ropax). YuutbisaiTe

TONbLKO pacnagbl, NpoTekalowme A0 Hyknuaa, ykasaHHoro Bamu B nyHkTe (e).

NRa = ‘A=
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Meropa C - pacnpeaenexue yactuy (Meppun, 1909)

OAgHO U3 caMbiX NEepBbIX TOYHLIX ONpefAeneHU NocTosHHOW Asoragpo 6bino
CAeNnaHo Ha OCHOBaHUW pe3ynbTaTOB W3yYeHWUs pacnpepeneHuss No BbicoTe
KONNOUAHLIX YacTuu, cycneHanpoBaHHbIX B Boae, Noa AelicTanem cunsl Taxectu. B
OAQHOM U3 TakuxX 3KCNEpPUMEHTOB YacTuubl paguycom 2.12 x 10~ M U NNOTHOCTbIO
1.206 x 10° kr M BbinM cycneHanposaHbl B TpyGke ¢ BoAoh npu 15 °C. Uepes
HEKoTopoe Bpemsa, AoCTaToOMHOEe ANSA YCTAHOBNEHUA pasHoBecus, Bb1No noacuuTaHo
cpegHee 4ucno Yactuy B eguHuue obbema Ana YeTbipeX pasHbIX BbICOT (OTCYeT
BLICOTHI NPOU3BOAUTCA OT HWU3a TpyOku). MonydyeHHble AaHHbIE NPEeACTaBneHbl B

Tabnuye:

BbicoTa, MKkm 5 35 65 95

CpeaHee uncno 4actuu B | , oo | 4 8a | 0.90 | 0.48
eavHnue obLema ' ' ' '

i} Cuutaa vacTuubl cthepuHeckumn, paccunuTanTe Maccy OAHOW YacTuubl, m,
Maccy BOAbl, KOTOPYIO OHa BLITECHAET, Muz0; IPMPEKTUBHYIO Maccy HacTuLbl
B BoAe, m* (T.e. ¢ ydeToM Apxumegosoi cunbi). MpumMuTe NNOTHOCTL BOALI

paBHoi 999 kr M.

m= Mu20 =
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B coctosHuu paBHOBecus 4ucno uYacTuL B eavHUUEe OBbeMa B 3aBUCUMOCTU OT
BbICOTbI MOXET ObiTb BblpaeHo C yyeToM BONLLUMaHOBCKOrO pacnpefeneHus
cneayowmm obpasom:

i=exp|:—Eh _Eho]

rae ny —41ucno vYactuy B eguHule obvema Ha seicoTe h,
Npo — HYUCNO YacTUY B eguHuLe obbema Ha HavanbHoW BbicoTe hy HavansHas
BbicOTa paBHa 5 MKM OT AHa Tpybku ¢ BOAO#,

Eh - noTeHunanbHas aHeprus 1 MONA YacTuL Ha BbICOTe h NO OTHOLLEHUIO K
yactuuam Ha aHe TpyBku ¢ Boaon,

R — yHuBepcanbHas razosan noctosHHas, 8.3145 Ik K™ monb™".

lpacduk 3asucumMocTu In(Ny / Nhg) oT (h — ho) ANA 3KCNEpUMEHTanNbHbIX AAHHBIX,

npeacraBneHHbIX B Ta6ﬂl4|.le, NoKa3aH Huxe.
h - ho/ MKM
0 20 40 60 80 100

-0.5

~1.0 \
~1.5 ,x\

-2.5

In(np / Nhy)
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j) BbiBenute BbipaxeHne ANK HAKNOHA NPSMO NUHUK Ha rpaduke.

k) Paccuutaiite nocToaHHy0 ABOragpo Ha OCHOBaHUMN 3TUX 3KCNEPUMEH-

TanbHbIX AaHHbIX.
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3agaua 2 10 6annos

O6pasoBaHue H, B Mex3Be3gHOM
NPOCTpPaHCTBE

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

2|1 2|(4]|]2|6|6|3|2|6 33

pu cTONKHOBEHMU ABYX aTOMOB BOAOPOAA B MEX3BE3AHOM MPOCTPAHCTBE MOXET
obpasoBaTbCcst MONeKyna, Ho ee aHeprus 6ygeTt cTtonb BeNuka, YTO MoneKyna TyT Xe
pacnageTcs Ha aTombl. [ToaTOMY ycTonumBan monekyna Hz Mmoxert obpasoBaTtbea U3
aToMOB TONBLKO HAa NOBEPXHOCTU YacTML KOCMMYECKO nbinu, KoTopble 3abupaiot
n3bbiTouHylo 3Hepruio. [locne atoro mMonekyna Hx 6bicTpo Aecopbupyerca ¢
nosepxHocTn. B pnaHHOW 3apave CpPaBHMBAKOTCA ABE KWHETUYECKWE Moaenu
obpasosaHus H; Ha noBepxHOCTU.

B obeux mopensix KOHCTaHTa ckopocTu aacopbumm atomoB H Ha noBepxHOCTH
coctaensieT ks = 1.4x10°° cm® ¢'. TunuuHaa o6bemHasn KOHUeHTpauua aromos H
(yvcno atomoB H B eauHuue obvema) B MEX3BE3QHOM NPOCTPAHCTBE paBHa:
[H]=10cm™3,

[BaxkHO: B AanbHeillem CKOPOCTU BCEX peakuui BbIpaXaloTcs Yepes YUcno
ancop6bMpoBaHHbIX AaTOMOB Ha NOBEPXHOCTU U 0GBLEMHYIO KOHLIEHTPaUMIO aTOMOB B
razosoi ¢hase COBEpPLUEHHO aHANOrMYHO TOMY, KaKk CKOPOCTU peaKuui B pactsope
BbIPAXAIOTCA Yepe3 MONApHble KOHUeHTpauuu. B pesynbtate pasmepHOCTU
KOHCTaHT CKOPOCTW MOrYT OKasaTbCA ANs Bac HeNpuBbIYHBIMUA. Pa3mepHoCTb
CKOPOCTY peaKLmm — YUCno aToMOB UNK MONEKYN B €AWHULY BpEMEHH.]

a) Paccuuraiite ckopocTtb agcopbuun atomos H Ha NoOBEpXHOCTH HacTuLib
neinu. B AanbHenwmnx pacyeTax 31a CKOPOCTb CYUTAETCH NOCTOSAHHOWN.
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lecopbuun atomoB H C noBepxHOCTM wWMeeT nepsbiii NOPAROK NO 4ucny
aacopbupoBaHHbIX atoMoB H Ha opHy 4actuuy nbinu (aanee — N), KOHCTaHTa
ckopocTh fecopbuum pasHa: kg = 1.9x1073 ¢

b) CuuTtan, 4TO YCTAHOBUNOCL paBHOBECUE Mexay aacopbumein n gecopbuuven,

paccuutaiTe crauuoHapHoe yucno N atomoB H Ha nNOBEpPXHOCTU YacTuubl
AbIU.

Atombl H moryT nepemeuwjatbcs NO nNosepxHOCTU. BecTpevasach Apyr ¢ ApPYroMm, OHW
pearupyioT, u obpasytowmecs monekynsl Hz aecopbupytotcs ¢ nosepxHocTu. B AByx
paccMaTpUBaeMbIX KMHETUYECKUX MOAENsX 3Ta peakuun y4uTbiIBaeTCA No-pasHoOMY,
oaHako ans obeux Mogenei KOHCTaHTbl CKOPOCTW apcopbuum ks, Aecopbuun kg u
peakuuu k, oOaHuU U Te xe:

ko=1.4%x10° cm3 ¢’
ks=1.9x103 ¢’
k,=5.1x10% ¢’
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Mogens A

Peakuus obpasosaHus H; cuuraeTtcs GumonekynsapHoil. Ha noeepxHOCTM YacTuub
NbINK CKOPOCTb YMeHblueHuna vucna (N) atomoB H B pesynbTate peakuwy pasHa

kN?.

c) 3anvwuTe BblpaxeHWe ANA CKOPOCTU WU3MEHEHWUA BenuuduHbl N, yuuTbiBas
apcopbuuio, necopbuuio u peakuuio. CuuTan YMCNO aTOMOB CTALMOHaPHbIM,

Hanaute 3HaueHue N.

N=

d) PaccuuTaiite ckopocTb o6pasoBaHua morniekyn Hz B pacyete Ha oaHy
yacTuuy nNbinu B 3TOW Moaenu
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Moapens B

B mogenu B paccmaTtpuBaeTcs BEPOATHOCTb TOrO, YTO Ha NOBEPXHOCTU YacTuuibl
Haxoautcs 0, 1 unu 2 aroma H. [lpouecchl, cBR3bIBAOLWME 3TU COCTOSHUSA,
nokasaHel Ha cxeme. lMpepnonaraeTca, YTO Ha NMOBEPXHOCTU YaCTULBl HE MOXEeT
aacopbupoeaTbea 6onee AByx aTOMOB BOAOPOAA OAHOBPEMEHHO.

AN

0 —X 2

Ponb KOHUEHTpaUMiA B KWNHETUHMECKMX YPaBHEHUAX UrpaloT Xg, X1 U X2 — AONK YacTuy,
ancop6buposaswux 0, 1, 2 atoma H.

Ans vyacTuubl, HaxoasweWcs B COCTORHMW m (C AONeA Xm), CKOPOCTH Tpex
BO3MOXHbIX NPOLECCOB paBHbI:

Apcopbuusa (m — m + 1): ckopocTb = Ka[H]xm
Hecopbuua (m — m — 1) ckopocTb pasHa = KgMXm

Peakuusa (m — m - 2): ckopoctb = Y2 ke m(m—1)xnm

e) SanuwmTe KMHeTUYecKue ypaBHeHUa ans ckopocten dx,/df, m=0, 1, 2.
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f) CuuTan cucteMy KBasnCTauMOHapHOMR U UCMONb3yN YPaBHEHUR, NONYYEHHbIe

B NpeAbliayLiem NyHKTe, BbIBEAUTE BbIDAXEHUA AN OTHOLUEHWI A0NeN Xa/x1 U X1/xg U
paccuUTaiiTe 3Ha4YEHNA 3TUX OTHOLLEHWUHA.

g) PaccuuTanTte ctaunmoHapHkIe 3Ha4eHUs Aonew Xo, X1 U X2

[Ecnw Bbl HE cMornK paccuuTaTh oTHOWweEHKUA B nyHKTe (f), ucnonbayiTte
ob6o3HaueHun x2/Xy = a u X1/Xp = b v BeipasuTe gonu B anrebpanyeckon

cdopme].
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