[ [ wm v TV v T vill
b1 |H 11 Mepuognuyeckas cuctema XMMMIYECKUX 3nemeHToB | He 2
sogaopon ’ renui
I 2 | Li 3| Be 4| B 5| C 6 N 710 8 |F 9 | Ne 10
6,9412 9,01218 10,812 12,0108 14,0067 15,9994 18,99840 20,179
nnTHiH Gepunnuii 6op yrnepon asor kucnopog | drop HEOoH
Il | 3 | Na 11 Mg 12| Al 13| Si 14 P 151 8 16 { CI 17 | Ar 18
22,98977 | 24,305 26,98154 | 28,086 30,97376 32,06 35,453 39,948
HaTpUA MarHui anIoMuHNiA | kpemHui cop cepa Xnop aprox
|4 |K 19/ Ca 20| Sc 21| Ti 22 \") 23 {Cr 24 |Mn 25 (Fe 26 [Co 27| Ni 28
39,0983 40,08 44 9559 47,90 50,9415 51,996 54,9380 55,847 58,9332 58,70
Kanun XanbLui CKaHawA TUTaH saHanuit XpOM Mmaprasey xere3lo koGansT HUKesb
5 | Cu 29 Zn 301 Ga 31| Ge 32 As 33| Se 34 | Br 35 | Kr 36
63,546 65,38 69,72 72,59 74,9216 78,96 79,904 83,80
Meab | uMHK rannui repManni MbiLLIbAK cenex Gpom _KpUNTOH
V|6 |Rb 37]Sr aslY 39 Zr 40 Nb 41| Mo 42 | Tc 43|Ru 4 |(Rh 45| Pd 46
85,4678 87,62 88,9059 91,22 92,9064 95,94 98,9062 101,07 102,9055 106,4
pyGuaui CTPOHUMA MTTpMiA LMPKOHHIA HUoGWiA mormBaen TexHeumi pyTeHui ponui_ nannagui
7 |Ag 47|Cd 48| In 49| Sn 50 Sb 51| Te 52 |1 53 | Xe 54 ,
107,868 112,41 114,82 118,69 121,75 127,60 126,9045 131,30
cepebpo xagmui MHOUA 0noBso cypbma Tennyp voga KCEHOH
VI| 8 |Cs 55/ Ba 56 ] La 57 | Hf 72 Ta 73| W 74 |[Re 75|0s 76 |Ir 77 | Pt 78
132,9054 | 137,33 138,9 178,49 180,9479 183,85 186,207 190,2 192,22 195,09
Leanin Gapui nauTaH x rachHui TaxTan BONbpam peHun OCMUH upuamin nnartuLa
9 Au 79 Hg 80Tl 81{Pb 82 Bi 83| Po 84 | At 85| Rn 86
196,9665 | 200,59 204,37 207,2 208,9 [209] [210} [222]
30710TO pPTYTb Tannui CBUHEL BUCMYT TIONIOHWA acrar pagoH
Vil | 10 | Fr 87/ Ra 88 |Ac 89| Rf 104 Db 105|8Sg 106 |Bh 107 |Hs 108 | Mt 109 | Ds 110
[223] [226) [227] [261] [262] [266] [269] [269] [268] [271]
paHumin pagmit aKTUHUIA xx | pesepdopavn | AyGHui cuBGopruit Gopui Xaccui MelTHepuin | papMwragrni
11 |{Rg 111 Cn 112 113| Fl 114 115 | Lv 116 117 118
[272] [285] [289] [293]
penTrenui | xonepHuumia dneposuit nMBEPMOpHUIA
x flaHTaHouas!
Ce 58]/ Pr 59 [Nd 60| Pm 61| Sm 62{Eu 63| Gd 64 |Tbh 65| Dy 66| Ho 67 Er 68| Tm69{Yb 70 | Lu 71
140,1 140,9 1442 [145]) 150,4 151,9 157,3 158,9 162,5 164,9 167.3 168,9 173,0 174,9
yepuit npaseogum | Heoaum | npomeTwii | camapui | esponuii onuHvit | TepBuii | gmcnposwii | ronbmui | 3p6ui Tynua uTTepbuin | noteumi
XX aKTUHOUAbI
Th 90(Pa 91{U 92{Np 93 |Pu 94|Am 95/Cm 96|Bk 97 |Cf 98 Es 99/Fm100 (Md 101({No 102|Lr 103
2320 | 231,0 238,0 | [237] [244] [243] [247] [247] [251] [252] [257] [258] [259] [262]
TOpUWA | NpoTakTUHWiA | ypas HEeNTYHWI | nnyTOHWN | amepurumi| kiopui Gepknuin | kanngophuii | anHLTeHWii| depmuii | Merngeneswii { Hobenui | noypeHcui
Psip akTUBHOCTY METanNoB / aNeKTPUYECKUA PAA HanPsXeHUn
Li Rb K Ba Sr Ca Na Mg Al Mn Zn Cr Fe Cd Co Ni Sn Pb (H) Sb Bi Cu Hg Ag Pd Pt Au
AKTUBHOCTL METANNOB YMEHbLLIAeTCA g
PacTBOpMMOCTbL KMCHIOT, COMneil U OCHOBaHuit B Boae
WoHbi H* [NH4*[K* |Na* [Ag* [Ba** |Ca?*{Mg®*|Mn?*|zn®*|Ni**|Sn?* |Pb?* |Cu®*|Hg* |Hg.** [Fe** |Fe** |AI** |Cr**
OH Pp|IPIP|{-IP| M {M{H|H|HI{H|H]|H]| - - H{HJH]|H
NO3~ plpipiP|lP|lP|P|P|P|P|P|lP|P|[P|[P|-|P|P|P|P
F plPp|lPplP{PIM|H|M|P|H|P|[PIM|[P|-|M|M[H|M|M
cr plpP|P|{P|[HlP|{P]P|P|P|P|[P|M|P|[P[H]|P|P|P]P
Br pip|P[PplH|lP]P]P]P|P|P|P|M|P[M|{H]|P|P|P]|P
r plep|p{P|{H|[P|{P|P|P|P|P|P|H|-[H|H]P[-{P]|P
i pfep(P|P|H|-|-|-|H|[H|/H|H|H|H|[H|H |H|H|-]|-
S03* plep iPIPIM[IM|M[M|[H[M|H|[-|H|-]|-|~-|M[-]-]-
S04* plpiP|lP{M|{H]|M|P]|P|P|P|P|H|[P|{P|M|P|[P|P|P
CO3* plPIPIPIH{H|H|/H|H|H|-|[-|H|=-]-]H|H|=-]-]=
Si03*” H{ - |P|P{H|H|[H|H|H|H|H|-|H|-|=-|-|H|-]-]-
PO,* piPp{P|P|H|H|H|H|H|H|/H|[H{H|H|H|H|H|H|H|H
CHscoo™ [P | P |PIP|P|P|P|P|P|P|P|lP|P|P|P|[M|P|P|P]|P

P — pacTtBopumoe (6onbuie 10 r Ha 1000 r sogb!)

H — HepacTBOpumoe (MeHbuie 0,01 r Ha 1000 r Bogkt)

M — manopacrteopumoe (ot 10 r go 0,01 r Ha 1000 r BoAbI) .
— — BELLEeCTBO pasnaraeTcs BOAOK UnK He CywecTeyeT
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BAPHAHT 4

3agaua 1 (20 6aanoB)
OcCylecTBUTE LIENOYKy MpeBpanienuii. IIpeanoxuTe AByXCTafHHHEIA CrI0CO0 MOMyYCHHUA COCAHHCHHSA
B u3 Tonyona. Pacmmudpyiite cTpykTypy Bemectsa C H ycnoBHs ero o6pa3oBanus us B.

-

CH, CH,Br 2 CHO
? ?
e MnO
O — » ¢ : —
CH306H5 ©
NO, C7H7NO, KunsyeHne NO,
B D
OH
A CO,CH, CO,CH;  Boc,0 F DABCO
—— _—
DABCO (¥ar') O,N DMAP (¥ar’) C1gH1gNO7 -CO,
E

~-CO2CHs
—_— @ J
O,N N O O

IN C 7H 9N07
o (& Hst\/U\OCHcha i
tBuO H
G ) CH3NH,
DABCO = ﬁ‘l
- [NJ | C1gH22N206
DMAP = @_M‘c )
— H3 T [
2 CH,3;CO,H
Boc == 381\0 /k g2




Peakupa nomydenuss E u3 D (peaxims beitnmnca-Xwuimana) Gsuta otkpeita B 1967 rofy smoHCKHMM
XuMHKOM MopuTta, a B 1972 pgerampHO wHccienoBaHa amepuKkaHmamu beitmucom u XuiiManom.
[Ipemnoxure MEXaHH3M NPOTEKAHHMS 3TOH peakUMH M CTPYKTYpy HHTEpMeauara, o6pa3ylomerocs mpu
B3auMozeicTBuu MeTwiakpwiata ¢ DABCO.

Pacumpyiite crpykrypy F.
IIpennoxure ycnosus nomydenus coequterns H u3 ykcycHoit KACnoTs, pacuupyiite crpykrypy L

Pacumdpyiite crpyxrypst J u H.
Kakoe rerepormxnnaeckoe coenunerne K nomydaercs npu peakuus J ¢ METHIAMHAHOM?

3ana4a 2. «KaTHoH- He OJiH3HEN » (20 6annoB)

Houenr Cepreii MuxainoBud o4eHb OOHJENCA HA HIKOJBHHKOB, KOTOPHIE B NPOLLIOM TOAYy AaXKe HE
ILITAIUCEH PENIMTh 3a1a4y «KaTHOH-OIM3HEID H MO3TOMY NMpPHIyMall emle OJHy 3aJaqy Ha ONpeaciCHHE
HEH3BECTHOTO KaTHOHA:

FOHBI XMMHK Hamlen Ha NONKe GaHKy CO CTepTOH HANNKCHIO «... XJIOpHUI». Maccopas moms xjiopa B
9TOM COeIHHEHHH cocTaBiieT 28.1%. BemecTBo umeno coneobpasHyio IpHPOIY, OBLUIO THTPOCKOIUYIHO
H XOpOIIO PacTBOPHMO B BOAE, HO HEPACTBOPHMO B HEMOMAPHBIX OPraHUYECKHX PACTBOPHTEILIX.
BOI{HBIPI pPacTBOp COEIUHEHMS UMEJ KHCIyIO peakumio. Temieparypa IUTaBJcHHS BEHIECTBA COCTaBHiIa
102 °C. Ilpu no6aBieHuM €ro K pacTBOpY AMXpOMAara Kajus PacTBOP OKPACHICA B 3€JCHBIN LBET H
MOSIBWJICA 3amaX rOPHKOro MHHJANS BCICACTBHE 00pa3oBaHHs COCIHMHEHHS, B KOTOPOM MaccoBas IO
aneMenta, oTKpeitoro K. Illeene u HesaBucumo ot Hero Jhx. Ilpucrmm, cocrasiser 15.1%. Ilpu
BOCCTaHOBJICHHH HCXOQHOTO XJIOPHAA QIIOMOTHIPHAOM JHUTHA OOpasyloTcs JBE COIM H
HECMEIIMBAIOMIAACS C BOIIOPI npo3padHad XHAKOCTh C TeMmmepaTypoii 3amepsanus -80 °C wu
Temnepatypoii kumenus 116 °C. Maccosas gons yriepoaa B 3TOH XHAKOCTH coctaBiser 91.3%.
Onpenennre CTPOCHHE COCAWHEHHS, €CIIM HM3BECTHO, YTO KATHOH HE COAEPKHMT aTOMOB MeTallla.
3anumuTe ypaBHeHus peaknuit. Kakoif nmpouecc npoMCXoauT mMpH pacTBOpeHHH BemecTsa B Boxe? Io
Kako# npuyune crabmieH naHHbIN KaTHoH? IIpuBenute cTpyKTYpHYIO GOPMYTy aHHOHA, CTAOMIBHOTO
IO TO# Xe caMoif IpUYHHE, YTO U HEU3BECTHHIM KaTHOH?

3anaua 3. «lnauaap» (20 6annoB)

I'epMeTHUHBIH IHIMHAD C BHYTpeHHUM pamuycom 10 cM u Beicoroit 10 cM pasfesieH Ha JBe 4acTH
TOHKOM IE€PEropoaKOH, IJIOTHO NMpHJIETaloniel K CTeHKaM IMIMHApa W CBOOOAHO mepeMemiaronieics
BHYTpH ero. B npaByro gacte nmmmHzapa noMeieHo 4,88 r HeoHa, a B neByio 60 r TBEPIOro MpoAyKTa
B3aMMOJICHCTBHA M30BITKA HAMIATHIPS H OJIOBIHHOTO Maciia (MaccoBas JOJIS XJIOpa B OJIOBSHHOM Macile
cocrapiser 54.43 %). IlpenBapuTenbHO BO3AyX M3 0OEHX dacTeil ObUI TiiaTeabHO OTKauaH. CucTemy
HarpeiM X0 HEKOTOPO# Temieparyphl. Onpenendre TEMNeEparypy, A0 KOTOPOH HarpeiM CHCTEMY M
KOJIMYECTBO BEILECTBA TBEPAOTO MPOAYKTa, OCTaBIlleecs: B KOHIEHCHPOBAaHHOM (a3e, €ClIH H3BECTHO, YTO
MEPEropoaiKa HAXOAUTCA HA PACCTOSHHMHU 7.5 CM OT JIEBOTO Kpasd IIMHApA. 3aBHCHMOCTh KOHCTAHTHI
PaBHOBECHS TEPMHYECKOTO DPa3jioKEHHsA YHOMAHYTOro BEINIE TBEPJOTO BEMIECTBA OT TEMIEPATyphHI
BBIPAJKACTCS YPaBHEHHEM:

Ln K =-(61066/T) + 83.32

Kak n3MeHHTCS NONT0XKEHHE NEPErOpPOJIKH, €CIIH TeMIepaTypy moHu3uTh Ha 50 K? OtBer moxrsepaute
pacueramu.

3agaua 4. «KBaHTOBBIE TOYKH» (20 6ann0B)

Cpeny MHOTOYHCICHHBIX THIIOB HAHOMAaTEPHAJIOB OJHHM M3 BaXXHEHIIHX SBJISIOTCA TaK Ha3hbIBaeMEBIE
K6anmoseie moyku — (HparMEeHTE MPOBONHHMKA WM MOMYHNPOBOAHHKA C pa3MepoM, ONH3KHMM K JJIMHE
BOJIHEI 3JIEKTpOHa. K TakoBEIM OTHOCATCS, HalpuMep, HAaHOKPHCTAUTH Te/UTypuaa Kaamus. Jis ux
TIPUTOTOBJICHHS B MHEPTHOH aTMocdepe K BOJHOMY PAacTBOPY XJIOpHAA KaAMHS HOOABISIOT BOAHBIH
PacTBOp TEUTypHTAa HAaTPHSA H PaCTBOP OPraHHYECKOro COENMHEHHs (HalpuMep, MEPKANTO3TAHOMNA) ist
IPEAOTBPALIEHUS arperaljii YacTHIL.

Jl7is OMy9YEeHHBIX HAHOYACTHII NMOJIOKEHHEe MAKCHMYMa TIOTJIOIECHHSA B SIEKTPOHHEIX CIIEKTPaX 3aBHCHT
OT pa3Mepa 4YacTHI. YBEIHYEHHME IMaMeTpa YacTHI NpPH YBEIHUYEHHH TEMIEPATYPhl CHHTE3a
COIPOBOXKAAETCS CIIEAYIONIMM CABUIOM HOJIOCH IOTJIOIICHHUA:

t, °C 10 22 30 40 50 60 70

A, HM 420 421 421 425 433 440 448

d, aM 3.09 3.09 3.11 3.25 3.40 ? 3.67

1) HanuminTe ypaBHEHHE PEaKLUH, JIeXKalled B OCHOBE CHHTE3a TEJLTypHIA KaJIMHS;

2) Jna dero TpebyeTcd NPOBONWTH CHHTE3 B wuHEpTHO#H armocdepe? Ilo BO3MOXKHOCTH
POWLITIOCTPUPYHTE OTBET YPaBHEHHEM PEAKIIHH.

3) Ouenure nuamerp HanodacTuil upu 60 °C; »

4) Kak u3BECTHO, B pacTBOpE IPOHCXOIHT MOHOMOJIEKYJSpHasd afcopOuuMs MOJIEKyJd THOJNA Ha
TIOBEPXHOCTH HAHOYACTHII. BO CKONBKO pa3 H3MEHHTCA KOJIMYECTBO COPOMPOBAHHOIO THOJA IPH
H3MEHEHUH TeMIepaTyphi curtesa ¢ 22 °C no 70 °C?

5) BmecTo MepKanTo3TaHONA MOXET ORITH HCIIONB30BaH H AOAEUMITHONL B Kakoit ¢popme oH Gyner
IIPHCYTCTBOBATh B pacTBOpe?

3agaua S. ‘ 7 (20 6anu0B)

Ha cxeme npHBeeHB HEKOTOPHIE PEAKIIMH COCAMHEHMH MeTawna X B HU3KHX CTENEHAX OKUCIeHus. IIpu
B3auMoeHcTBHH OkcHAa X (0(X) = 75,57%) ¢ m30BITKOM MOHOOKCHAA YTJiepoja nox aasicHueM 300
arM o6pasyeTcs 30J0THCTO-XKENTOoe JeTydee coequHeHne A (Temmeparypa miasienus 160 °C, o(X) =
41,42%), IIOTHOCTH TApOB KOTOPOTO 1O BO3AYXY paBHa 16.41.

OxucieHne A OSKBHBAICHTHHIM KOJIHYECTBOM MOJIEKYJISPHOTO HOJAa INPUBOAHT K 0Opa3sOBaHHMIO
coenunennd B (o(X) = 27,05%), xoropoe npu Hebombmom HarpeBaHud nepexomut B C (o(X) =
29,29%). C npepamaerca B B npu geiictBHH MOHOOKCHAA yriiepoaa noj AaBneHdeM. Coenunenve B
TAK)KEe pearupyeT ¢ KHUCIOTaMH H OCHOBaHMAMH JIpionca. C TPUXJIOPHIOM aJIIOMHHHA B IPHCYTCTBHH
CO non naenennem obpasyerca coequnenue D (o(X) = 18,77%), a npu aevictBum Tpudenmipocduna
Ha B nocnenosarensHo o6pasytores coequnenns E u F (o(X) = 11,87%).

Boccranosnenue A amanbramol HaTpus pHBOIMT K coexuHeHHI0 G (0(X) = 37,79%), koTopoe mpH
nedicteud  ¢pochopHOH KHCIOTHI MOXeT ObiThb mepeBeeno B coemmuenue H. H pearmpyer ¢
tpudennndocpunom ¢ obpazoBanmeM I ((X) = 20,89%). MonexynapHsle Macchl KarHOHa B
coenuneHur D u anMoHa B coenunennu G orauyalorcd Ha 28 a.e.M.

Wnentnduuupyiite coenunenns A-I, ecnu wu3sectHo, 49ro Bemectsa A, B, E u F sBasorcs
MOJIEKYJIIpHEIMM KoMIulekcamu. Hanmumre ypaBHeHus peakuuii. YeMy paBHa creneHb OKHCICHHSA X B
coemuHenusx A, B, G? Kaxosa cTpykrypa coennnenus A U KpaTHOCTb CBA3H X—X B 9TOM COEAHHEHHH?
Orser aprymentupyiite. Hapucyiite crpyktypsi komiviekcoB B, E u F. Bnepsoie coeauHenwue,
aHaNOTH4YHOE A, 65110 MomydeHo B 1890 r Jlioxsurom MoHoM U3 okcHaa Apyroro Merajuia. IIpuseaute
ypaBHEHHE 3TOMH peaxmm.
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