Jara

| ] wm v v vt [ v v
|1 |H 1| Nepuoanyeckas cucTeMa XMMUYECKUX 3niemeHToB | He 2
BOAOpOA e renwit
Il 2 | L 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
NWTUIA Gepunnwi Gop yrnepog asor KWCNOpoga, dTop HeOoH
| 3 | Na 11 Mg 12| Al 13] Si 14 P 15| S 16 | Cl 17 | Ar 18
22,98977 | 24,305 26,98154 | 28,086 30,97376 32,06 35,453 39,948
HATpUYiA MarHui ANIOMUHWA KPEMHMiA docop cepa X510p Aprox
V| 4 |K 19{Ca 20| Sc¢c 21| Ti 22 v 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
Kanwa Kanbumii CKaHAni TUTaH saHaawi Xpom Mapramey| xeneso kobanst HUKenb
5 | Cu 29 Zn 30| 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
Menb LMHK rannvi repMaswi MbILLILAK cenex Gpom KPUNTOH
V|6 |Rb 37 Sr 38|Y 39| Zr 40 Nb 41 Mo 42 | Tc 43| Ru 44 Rh 45| Pd 46
85,4678 87,62 88,9059 91,22 92,9064 95,94 98,9062 101,07 102,9055 106,4
pybuawi CTPOHUM#A wTTpHiA - UUPKOHWIA Hnobni monnbaeH TexHeuun pyTeHni poawit nannagwi
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 KagMui WHAWA onoso cypbMa Tennyp voa KCEHOH
VI| 8 |Cs 55 Ba 56| La 57| Hf 72 Ta 73| W 74 |[Re 75|0s 761|Ir 77 | Pt 78
132,9054 | 137,33 1389 178,49 180,9479 183,85 186,207 190,2 192,22 195,09
Le3nn BGapun NaHTaH X ratgHnin TaHTan Bonbgpam peHuiA OCMHMA npngui nnammxa
9 |Au 79 Hg 80T 81| Pb 82 Bi 83| Po 84 | At 85| Rn 86
196,9665 | 200,59 204,37 207,2 208,9 [209)] [210] [222]
30N0TO pTyTb Tannui ceuHel BUCMYT NONOHUA acrar pafoH
Vil | 10 | Fr 87/ Ra 88| Ac 89| Rf 104 Db 105|{Sg 106 | Bh 107 |Hs 108 | Mt 109 | Ds 110
[223]) [226} [227] {261} [262] [266] [269] [269] [268] [271]
hpaHumi pagui aKkTuHuiA xx | pesepcdopaui | ayGHuiA cuboprui Gopuid Xaccui MeWTHepUA  jaapMwTagTwid
11| Rg 11 Cn 112 113| Fl 114 116 Lv 116 117 118
[272] [285]) [289]) [293]
PEHTIEHWA | KOnepHULMA neposnit nnBepMOpHUi
X NaHTaHonAb!
Ce 58| Pr 59 [Nd 60| Pm 61| Sm 62| Eu 63| Gd 64 |Th 65(Dy 66| Ho 67/ Er 68| Tm69|Yb 70| Lu 71
140,1 140,9 144,2 [145] 150,4 151,9 157,3 158,9 162,5 164,9 167.3 168,9 173,0 1749
yepui npaseoaum | Heoaum | npometwit | camapun | esponwd | ragonunvi | TepOGui | Aucnpo3uwA | rosibMuiA | apOuit Tynua wuTTepbuii | nioteuui
XX AKTMHOMAbI )
Th 90| Pa 91U 92|Np 93 |Pu 94/Am 95/Cm 96|Bk 97 |Cf 98 |Es 991Fm100|Md 101{No 102|Lr 103
232,0 { 231,0 238,0 | [237] [244] [243] [247) [247)] [251] [252] [257] [258] [259] [262]
TOpUA | npoTaxTuHwi| ypar HenTyHWH nnyToHui | amepuuini| xiopui Gepknni | kanudopruii | aHWTERHWI | hepmui - | Mmerpenesui | Hobenwii | noypencui
Pag aKTUBHOCTH METANIIOB / 3M1eKTPUUECKUH PRA HaNPSOKeHUA
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
AKTUBHOCTb METANNOB YMEHbLIAETCA -
PacTBOPUMOCTbL KMCIOT, COMNE U OCHOBaHKK B BOAE
VoHs! H* [NH.'|K* [Na* |Ag® |Ba?* [Ca? [Mg?* [Mn?*[Zn?*[Ni**|Sn**|Pb**|Cu® [Hg**|Hg.** |Fe** [Fe*" |A" |Cr**
oH PIPIP|-IPIM|{M]JH|H{H|H]JH]|H]| - - H|H|H|H
NOs~ pipiPlP|lP|lPlPlP|PlP|PiP|P|P|P|-|P|P|[P]|P
F plepipiP|lP|IM|H|[M|[P|H|P[P|IM|P|-|M|M|HIM|M
cr pleplPplPinHlP|P|P|{P|[P|P|[P|M]|P|PlH|P|P|P]|P
Br plpplPplHlPlPiP|PlPlP[P|M|P|IM|H]|P|P|[P]|P
r plepipiPplu|lP|PiP|P|P|P|[P|H|-|H]|H|P|-|P|P
s plP|P|P|{H|-|[-|-{H|H|[H|H|H|[H|H|H]|H|H|-]|-
S05™” pleplPIPIM|IM{M{M|H[M|H|-|H|-|-]~-|M|-]-]|-
S04 piepiPlP|IM|H|M|[P|P|P|P|P|H|P|P|{M|P|P|P|P
COs* plP[P{PI{H|H|H|H|H|H|-|-|H|-|-H|H]|-|-]-
Si0s”" H{ - [P|/P|HI/H{H|H|H|H|H|~-|H|-] -] ~-~]H|=-]-]-
PO (Pp|P{P|P|H|H|{H|H|H{H|[H{H|H|H]|H H H|lH|H{H
ciscoo [p| P |PlPjP|lP|P|P|P|P|[P|PiP|P|P|M]|P|P|P]P

P — pactBopumoe (Gonblwe 10 r Ha 1000 r Boaw)

H — Hepacrsopumoe (MeHbwwe 0,01 r Ha 1000 r Boabt)

M — manopacreopumoe (o1 10 r go 0,01 r Ha 1000 r soabl)

- — BelWecCTBO pa3naraeTcsa BOAOW UK He cylecTsyeT
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XUMUSI (11 KJIACC)

3amaua 1
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BAPHUAHT 10

(20 6ana0B)

OcylecTsuTe LHEeMOYKy mpeBpammenuii. [Ipeioxure IByXCTaqMHHEIA CI0OCO0 MONYYCHHs COSUMHECHUA

B u3 Tonyona. Pacmmpyiite cTpykTypy BemectBa C U yclioBHS ero oGpasoBanus u3 B.

CH, CH,Br CHO
? 2 ?
[ [ MnO
A 2
CH3CeHs
NO, CHNOs  ynauenne NO,
B D
OH
77 C0,CH, _CO,CH;  Boc,0 F DABCO
DABCO (xar.) ON DMAP (xar.) C16H1aNO; -CO, :
E |
|
| O
® - J
O,N Nﬁ) o O
N C17H19NO7
o & H3C/U\)J\OCHZCH3
BuO H
G ” CH3NH,
pABCO = /N
- [NJ l C15H22N205
CH C4HgO,
7 M3 K
DMAP == NC\>—N\
== CH, I?
o)
Boc = ;{U\ /k CHACOH
- (o)




Peaknus monyuenus E u3 D (peaxius beitmica-Xummana) 6bu1a oTKpeiTa B 1967 rofty sHNOHCKHM
XMMHKOM Moputa, a B 1972 neTansHO HCClenoBaHa aMepukaHnmamu beiimcoM u XuUIMaHOM.
IMpemnoxuTe MEXaHU3M HPOTEKAHHUS 3TOH peakLMH U CTPYKTypy MHTEpMeEAMara, oOpasyroumerocs mnpu
B3auMmoIeiicTBuM MeTHiakpwiara ¢ DABCO.

Pacimu¢pyiite ctpykrypy F. ,

Ipennioxute ycnoBus nonydenus coexuaerus H u3 ykcycHoit kucioTsl, pacmadpyiite crpyxrypy L.
Pacmugpyiite ctpyxryps! J u H.

Kaxoe rerepouuxinyieckoe coequuenre K nonydaercs npu peakiuy J ¢ METIIIaMAHOM?

3agaua 2. «KaTHon- e 0Jm3Hen » (20 6an10B)

Houent Cepreii MuxaiinoBuu odeHb oOuzescs Ha MIKOJBHHKOB, KOTOPHIE B IIPOLIOM IOAY JaXe He
IBITANCH PEINNTH 3aa4y «KaTHOH-OJIM3HEN» H MO3TOMY IpUAyMal €Ile OIHY 3aJavy Ha OIpeAciIcHHE
HEH3BECTHOTO KaTHOHA:

IOuEpIil XHMHUK Hamed Ha moJike OaHKy CO CTepTO# HAINMCBIO «... XJIOpHIA». MaccoBas poit xiopa B
3TOM coenuHeHHH cocTaBiaeT 28.1%. BemecTBo uMeno coineobpa3Hyio NpUpoAy, 6BUI0 THIPOCKONIHYHO
H XOpOIIO pacTBOPUMO B BOJE, HO HEPAaCTBOPMMO B HEMOJAPHBIX OPraHHYECKMX PacTBOPHTEIIIX.
BoaHBIit pacTBOp COSAMHEHHA HMEN KHUCIYIO peakuuio. TemIepaTypa ILIaBJICHHs BEIIECTBA COCTAaBHIIA
102 °C. Ilpu noGaBneHHH ero K pacTBOpY IMXpOMaTa KANH PacTBOP OKPAacHIICA B 3€JICHHIH IBET H
MOSIBUIICS 3aIiaXx TOPHKOr0 MHHAAIS BCIEACTBHE 00pa3sOBaHMs COEAMHEHHS, B KOTOPOM MaccoBas IOJd
anementa, oTkpeitoro K. Illeene u nHesaBucumo ot Hero JDk. Ilpuctmm, cocrasmser 15.1%. Ilpu
BOCCTAHOBIICHHH HWCXOJHOTO XJIOpHIA AQJIOMOTHIPUAOM JIHTHA o0OpasyroTcs JBE€ COIH H
HECMEIIMBAIOINA’ACS C BOJOH Impo3payHas >XHIKOCTh C TeMmmeparypodl 3amep3anus -80 °%C u
TeMiepaTypoii kumeHus 116 C. MaccoBas goms yrirepoda B 5TOM JKHAKOCTH cocTaBiseT 91.3%.
Omnpenenure CTPOCHHE COEIUHEHHUS, €CIM W3BECTHO, YTO KAaTHOH HE COAEPXKHT aTOMOB METallla.
3anumure ypaBHeHHA peakimii. Kakoii mporecc mpoucxoJuT IIpH pacTBOPEHHH BemecTsa B Boae? Ilo
KaKo# mpuyHHe CTabmneH Naaubii katuoH? [IpuBenute CTpyKTYpHYIO QOPMYNy aHHOHA, CTROHJILHOIO
IO TO# Jke CaMOll MPHYHHE, 9TO H HEH3BECTHBINA KaTHOH?

3anaua 3. (20 6annos)

JIisa KauecTBEHHOIO aHAIM3a coAepXKauleil HEKOTOpO€e KOJIMYECTBO Kpe30jia CMECH CJIOXKHBIX 3¢upos X
u Y, 00pa3oBaHHBIX OJHHUM CITHPTOM M IBYMS Pa3sHbIMH OXHOOCHOBHBIMH KapGOHOBBIMH KHCIIOTaMH,
npoBeiH creayiomue skcnepuMeHThl. [Topimio Takoit cMecH Maccoii 36 r o6paGoramu 16% pacTBopoM
THAPOKCHIA HATpHA, Ha KOJIHYECTBeHHOE B3auMmogeiicteue nonwro 100 r pacTBopa menoyd. Takyro xe
TIOPLHIO HCXOAHOM CMECH pasAe/HIU Ha JBE PaBHBIC YacTH, NEpBYI0 oOpaboranu u36sITKOM GpoMHOI
BOJBI M moinydwnm 34,5 r ocajka, a BTopylo o6paborann H3OBITKOM peakTHBa TOJUI€HCA, BbINaBIIHH
0Caiok OTQHIBTPOBATM H BHICYIIMIM, e€ro Macca cocraBuna 20,35 r. O6paboTka 3TOro ocaixa
H30BITKOM COJITHOM KHMCJIOTHI YMEHBINaeT ero Maccy Ha 11,67%. Ycranosure cTpykTyps! 3¢upoB X n 'Y
4 HalMIONTE YPAaBHEHHUA OLUCAHHBIX peaKIuii.

3agaua 4. «KBaHTOBbIE TOUKH (20 6ans10B)

Cpenu MHOTOYHMCIICHHBIX THIOB HAHOMATEPHAJIOB OJHUM M3 BRXHEHIIMX ABJIMIOTCA TaK Ha3bIBaCMBIE
keanmoevle mouxky — GpparMeHTHl MPOBOJHHUKA WIH MOIYNPOBONHHKA C PasMEpoM, OJM3KHMM K JUIHHE
BOJIHBI 37eKTpoHa. K TaKOBBIM OTHOCATCA, HApUMep, HAHOKPHUCTAUIBI celieHHAa Kaamus. s ux
NPUTrOTOBJICHUS B MHEPTHOU aTMocdepe K BOAHOMY pacTBOPY XJIOpHAA KaaMHA HOOaBIIAXOT BOIHbIH
PacTBOp CeJIeHHTa HAaTPHS H PACTBOP OPraHHYECKOro COeIWHEHMs (HalpHMEp, MEPKaNTO3TaHolNa) UIs
IpeIOTBpPAILEHUS arperaliy YacTHIl.

JIns nony4eHHBIX HAHOYACTHII MOJIOKEHHE MaKCHMYMa MOTJIOMIEHUS B NEKTPOHHBIX CHIEKTPaX 3aBUCHT
OT pasMepa 4YacTHIl. YBENHYCHHE JUaMeTpa 4YacTHL NpH YBEIHYCHHH TEMIEpaTyphl CHHTE3a
COIPOBOXAAETCA CJIEAYIOUIMM CIABHIOM MOJIOCHI IIOTJIOIIEHHS:

t, °C 10 22 30 40 50 60 70
A, HM 420 421 421 425 433 440 448
d, aM 2.78 2.78 2.78 2.83 2.90 ? 3.03

4
»~

1) Hanmummre ypaBHEHHE peaKiny, JIEXKalled B OCHOBE CHHTE3a CEICHUIA KaJMHS;

2) Jns dyero Tpebyercs mNpPOBOOUTh CHHTe3 B HHEpTHOH armocdepe? [lo BO3MOXHOCTH
NPOMJUIIOCTPHUPYHTE OTBET YPaBHCHHUEM PEAKIHH.

3) Ouenute auamerp Hanouactuy 1pu 60 °C;

4) Kak H3BeCTHO, B pacTBOpe HPOHCXOJUT MOHOMOJNEKYJISIpHas aicopOuMs MOJIEKY] THONA Ha
[OBEPXHOCTH HAHOYACTHI. BO CKONBKO pa3 HM3MEHHTCS KOJIHMYECTBO COPOMpPOBAHHOIO THOJNA IIpH
M3MEHEHHH TeMIlepaTypsl cunTtesa ¢ 22 °C o 70 °C?

5) BmecTo MepKanToO3TaHoNa MOXET OBITh HCIONB30BaH U JojenwnTuon. B kakod ¢opme on 6yner
IPHCYTCTBOBATh B pacTBOpe?

3aga4a S. (20 6ann0B)

Ha cxeMe mpuBeieHbI HEKOTOPBIE PEaKIMK COeAUHEHHH MeTaina X B HU3KHX CTCIICHAX OKMCIICHH. [1pu
B3aumozpeiicteun okcuaa X (o(X) = 76,86%) ¢ n30LITKOM MOHOOKCHAA YTJIEpoAa IO/ JaBieHueM 250
aT™ o0pasyeTcs 30JI0THCTO-XKENTOoe JieTydee coequHenre A (Temieparypa miasieHus 177 °C, o(X) =
57,06%), ILTOTHOCTH IIAPOB KOTOPOTO 110 BO3AYXY paBHa 12.5.

OkucieHHe A 5SKBHBAICHTHHIM KOJHMYECTBOM MOJIEKYJIIPHOIO HOJA IIPHBOJUT K OOpa3oBaHHIO
coenurenus B (o(X) = 41,06%), xoropoe mpu HebGonpmoMm HarpeBanuu nepexomutr B C (o(X) =
43,76%). C npeBpauiaercs B B npu aeifictBrn MOHOOKCHAA yriepoda nox nasneHueM. Coequnenue B
TAK)KE pearHpyeT ¢ KMCIOTaMH M OocHoBaHWsMH JIbionca. C TpUXJIOPHAOM AJIOMHHHAA B IPHCYTCTBHH
CO nopx nasneHueM obpasyerca coemunerne D (o(X) = 30,27%), a npu aefictBuu TpudeHmIdochuna
Ha B nocnenosarenbHo obpasyrorcs coenunenns E u F (o(X) = 20,2%).

BoccTaHoBlicHHE A aManbramoil Hatpus npuBoAMT K coeauHenuio G (o(X) = 53,3%), koTopoe mpH
neiicteun  pocdopHoit kucIOTH MoXeT Owrrh nepepeaeHo B coequHenue H. H pearmpyer ¢
tpudenmwipochunom ¢ obpazoanmem I (o(X) = 33,16%). MonexynapHble MacCh KAaTHOHA B
coeauHenun D u annoHa B coeauHennu G oTimyalorca Ha 28 a.e.m.

Unentuduumpyiite coemunenns A-I, ecimm wussectHo, 9ro BemectBa A, B, E u F sasisorcs
MOJIEKYIAPHBIMH KoMIUTekcamu. Hanmamure ypaBaeHus peakiuii. Yemy paBHa crenieHb OKHCHEHHA X B
coequHeHuax A, B, G? KakoBa cTpykTypa coeauHeHHs A M KPaTHOCTb CBA3H X—X B 3TOM COCAHHECHUH?
OtBer aprymeHtupyiite. Hapucyiite ctpykrypsl komiuiekcoB B, E u F. Bnepseie coenunenue,
aHaJOrH4HOe A, 66U10 momydeHo B 1890 r JlrogsuromM Monaom u3 okcuaa apyroro metamna. [Ipusenure
YpaBHEHHE 3TOH peaKIuH.

C
T1lCcO
PPh PPh;
B 3 E 3 F
AlCl,
D
CO. us6,
Ockmn X o
Na/Hg

H;PO, _ PPh;
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