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11 1|H 1| Nepuoanueckas cucTeMa XMMUYECKUX 35iemeHToB | He 2 ’
BOAOPOA i renui

H 2 | L 3] Be 4|8 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
nNTHiA Gepunnuni Gop yrnepoa asor Kuenopoa PTop HEOH

it | 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
HaTpui MarHui anoMuHA KpeMHWH docgop cepa xnop aprox

Vi 41K 19(Ca 20 (Sc 21| Ti 22 v 231 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
Kanvi KanbLwi CKaHA WA TUTaH BaHag Wi XpOM Mapradey xeneso kobanuT HuKens

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
weab UNHK rannuwi repManuiz MbILLbAK 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
pySuawii CTPOHUMA wTTpUi LUPKOHWA HUOGKHA monnGaeH TexXHeLWA pyTeHWH poaunin 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 KagMuiA vHAWA onoeo cypbma Tennyp nop KCEHOH

VI| 8 |Cs 55 Ba 56 | La 57| Hf 72 Ta 73| W 74 | Re 7510s 76| 1Ir 77 | Pt 78
132,9054 | 137,33 138,9 178,49 180,9479 183,85 186,207 190,2 192,22 195,09
uesnd Gapui TNIaHTaH racHni TaHTan BONbGpam peHni oCMUiA npuauh nnaruka

9 |Au 79 Hg 80| Tl 81| Pb 82 Bi 83| Po 84 | At 85| Rn 86
196,9665 | 200,59 204,37 207,2 208,9 [209] [210] [222]
30N0T0 pryTh Tannui cBAHeL| BUCMYT NONCHWA acrar pajoH

Vil { 10 | Fr 87/ Ra 88 |Ac 89| Rf 1/04 Db 105|Sg 106 {Bh 107 [Hs 108 ( Mt 109 | Ds 110
[223] [226] [227] [261] [262] [266] [269] [269] [268] [271]
ppaHumin pagui aKTuHuA xx | pesepdopgnin | ayGHWA cuboprui Gopui Xaccun MeiTHepuiA | gapmiutagrui

11| Rg 111 Cn 112 113| Fl 114 115 | Lv 116 117 118
[272} [285] {289} [293]
peHTreHnid | konepHuumn thneposui JNIMBEPMOPUIA
X flaHTaHouAb

Ce 58| Pr 59 | Nd60|Pm 61 |Sm 62| Eu 63| Gd 64 | Tbh 65 Dy 66 |Ho 67| Er 68/ Tm69iYb 70| Lu 71

140,1 140,9 144,2 [145] 150,4 1519 157,3 158,9 162,5 164,9 167,3 168,9 173,0 1749

uepwi npaseogum | Heoaum | npometuii | camapui | esponuii | ragonunui | Tepbuii | aucnposvin | ronbmuii | apbui TYynui wuTTepbuii | nioreunn

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]

TOpUA | npoTakTuHuiA| ypaH HENTYHWA | nnyToHWA | amepuyuii| Kiopui Gepknui_| xanugopHui | aliHwTerHni| pepmui | meHaeneswi | HoGenwi | noypeHcwi

Psag aktusHOCTH metannos / ANEKTPUUECKUN PSIA, HaNPSDKeHUA
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
. AKTUBHOCTH METANNOB YMEHbLLAETCA g
PacTBOpPMMOCTL KMCNOT, CONEd U OCHOBaHUIA B Boge
Wombl H* [NH4'|K* [Na* |Ag® [Ba** {[Ca®*[Mg? |Mn**|Zn**|Ni**|Sn** |Pb**|Cu*'|Hg** [Hg,*'{Fe** |Fe** [AFP* |Cr**
OH" PIP|IPI-IPIMIM|H{H]|H|H]|H|H]| - - H|H|H]|H
NO; plpipiP|PlP|P|P|P|P]lP|P|P|P|P|-|P|P|[P]|P
F p{PiP[P|P[M|[H|IM|[P|H]|P|P[M|P|[-IM[M|H|M|M
cr P|P{P|P|H|[P|P|{P|[P|PiP|P|{M|P|P|H]|P|P|P]|P
Br plpP|P[PiH|P|P|{P|P|P|P|P{M|P|M|H|P]PIP|P
r plplrplPiHl{P|P|P|P|[P|PlP|[H]|-|H|HIP]|-|P]|P
s* P Pi{PIPIH|{-]-|-|HIH[H|H]|]H]|H]|H H H|IH]|-]|~
S0s” p{PIPIPIMIMIM|{M|HIM|H|-|H|[-|-]-|M]|~-]~-]-
S04 P|P|P{P|{M|H|M|P|P]|P|P|P{H|P|P|{M|P|P|P|P
CO¢*” PlPIPIPI[H|H|H|H|H|H|-|-|H|-]=-|H|H|-]-1]-
Sios* H{-[P{P|{H|H|H|H|H|H|H|-|H]-|=-|=|H|=-|~-]=-
PO P{PI|P|IP|H|H}IH|H HIH]|J]H|H]|H]H]|H H H!H]|H!H
CHcoO [P| P (P|P|P|P|P|P|P|P|{P[P|P|P|P|M]|P|P]|P]|P

P — pactBopumoe (6onbLue 10 r Ha 1000 r Boaw)

H — HepacTeopumoe (MeHbwe 0,01 r Ha 1000 r Boab)

M — manopactsopumoe (o1 10 r o 0,01 r va 1000 r BoAbY)
— — BeleCcTBO paanaraeTca BOAOH UNu He CyLiecTsyeT

~arvrm PR YPICKUN TOCY IAPCTBEHHBIA YHUBEPCUTET
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3anaua 1

BAPHUAHT 10

(20 6an0B)
OcymecTBUTE LEMOYKY NpeBpamennii. [Ipennoxure aByXcTauiHbINA CIOCO0 MONYYECHUS COCAMHEHHS

B u3 Tonyona. Pacmmugpyiite crpykxTypy BemecTBa C u ycinoBus ero obpazosanus u3 B.

CHO
NO,
D

CH3 ” CHzBI" 5
?
: s : MnO
—_— A c 2
CH3CeHs
NO, C7HNOs  yynauenne
B
OH
DABCO (xkar.) O,N DMAP (kar.) C1eH1gNO; -co,
E
o C02CH;
- ® J
O5N NI O O
N C17H1gNO7
BuS > 1-130)’\/1’\001-1201-13
uQ H
G , CH3NH,
pasco = /1N
— [NJ l C18H22N206
CH C4HgO,
7 3 K
DMAP = N/\:\>~N\
= CHg ) I ?
(0]
_ J< CH3CO,H
Boc == 331\ o

-




Peaxnus nonyyenus E w3 D (peakuus Beitmnca-Xwuinmana) Opuia oTkpseita B 1967 rony AmMOHCKAM
XUMHUKOM MopuTa, a B 1972 feranpHO HCClIeNOBaHa aMepuKaHlamu beinucom u XuJUIMaHoM.
IIpeAnoxuTe MEXaHU3M MPOTEKAHUS TOU Peakuuy H CTPYKTypy MHTepMenuara, oOpasyrouerocs upu
B3aumoeiicTeun MeTriaakpmiaara c DABCO.

Pacmugpyiire ctpykrypy F.

IIpennoxwure ycnosus noaydeHus coequHenus H u3 ykcycHoit kucnoTel, pacungpyiite crpykrypy I.
Pacimudpyiite crpykrypsi J u H.

Kaxkoe rereponukmmyeckoe coeaunenue K nonydaercs npu peakiiuy J ¢ METHIIAMEHOM?

3anaua 2. «KarHoH- He 6JHu3Hen » (20 6an0B)

Jlonent Cepreit MuxaiiioBud o4eHb oOujelNcs Ha INKOJBHMKOB, KOTOPHIE B IPOIUIOM rofy Aaxe He
NBITAJIMCH PENINTh 3a8ady «KaTHOH-ONM3HEN» M MO3TOMY NpHIyMal ellle OAHY 3a/1avy Ha oIpeleleHHe
HEM3BECTHOTO KaTHOHA:

TOHLI XMMHK Halmell Ha Hojke GaHKy CO CTEpTOM HANIHCBHIO «... XJIOpHI». Maccopas [ois xjiopa B
9TOM COEeMHEHMH cocTapiseT 28.1%. BemiecTBo MMeIO coneoOpa3Hylo IPHPOAY, OBUIO ITMIPOCKONUYHO
H XOpOIIO pacTBOPHMO B BOJE, HO HEPACTBOPMMO B HEMOJSPHBIX OpPraHUYECKHX PaCTBOPHTENAX.
BonHBIi pacTBOp COEAMHEHH MMEN KUCIyIO peakuuio. TemnepaTypa IUIABICHHs BEIIECTBA COCTaBHIIA
102 °C. [Ipu nobaBlieHHH €ro K pacTBOpY AMXpOMaTa KalMs PacTBOP OKpAaCWICH B 3€JIEHBIH LBET U
HOSBHJICA 3aMaX ropbKOro MUHJAIA BCIENCTBHE 00pa3sOBaHUA COCIMHEHHS, B KOTOPOM MaccoBas HOJs
anemenTa, oTkperroro K. Illeene u Hesasucumo ot Hero JDx. Ilpucrim, cocrasmser 15.1%. Ilpu
BOCCTAHOBJICHHM MCXOJHOIO XJIOpPHAA AQIIOMOTHUAPHIOM JHMTHA oOpasyloTcd JBe COIH H
HECMEIIUBAIOMIAACA C BOJIOH npo3paysas JKHIKOCTB C TeMmeparypoil 3amepsanus -80 °%C u
TeMreparypoil kumnenus 116 9C. MaccoBas fois yriepoja B 3TO#f XHIKOCTH cocTaBiseT 91.3%.
Onpenennre CTpoeHHe COSIMHEHHs, ©CJIH HM3BECTHO, YTO KAaTHOH HE COJEPXHT aTOMOB METaa.
3anumure ypaBHeHHA peakuuit. Kakoil mpouecc MpoMCXOMMT MpU paCTBOPCHHH BEINECTBA B 13011e‘7 Ilo
Kakoil npuuMHe crabmwieH naHHbI KatioH? IIpuBenuTe CTPYKTYPHYIO GOpMyNy aHHOHA, CTabHIBHOrO
IO TOM JKe CaMO#i MPHYMHE, YTO U HEN3BECTHHINA KaTHOH?

3amaua 3. (20 6annon)

JUI1 KaueCTBEHHOTO aHANH3a CoAEp Kallell HEKOTOPOe KOIHIECTBO KPE30Ja CMECH CHOXHEIX 3¢upoB X
1 Y, 06pa30BaHHBIX OJHHM CIIMPTOM H JBYMs Pa3HBIMH OXHOOCHOBHBIMH KapOOHOBEIMHM KHCJIOTaMH,
TIpOBENH CleAyomue KcnepuMenThl. [Topiuio Tako# cMecu Maccoit 36 r o6paGoTanu 16% pactBopoM
THJPOKCH/Ia HATPHS, Ha KOJMMdecTBeHHOe B3auMozeiicTere noupto 100 r pactsopa menoun. Takyro xe
NOPIHMIO HCXOJHOM CMECH Pa3s[eNiii Ha ABE PaBHbIE YacTH, NepByio o6paborani u3GHITKOM GpOMHOM
BoAbl ¥ Hony4dwid 34,5 r ocamka, a BTOpyio oOpabotann u30BITKOM peakTuBa ToJUIEHCa, BBUIABLIAM
0CaZioK OT(GHIGTPOBATM M BHICYIIMIHM, ero Macca cocramna 20,35 r. O6paGorka aToro ocamka
M3GHITKOM COJITHOM KHMCIIOTEI yMEHbINaeT ero Maccy Ha 11,67%. VcranoBuTe CTpyKTypsl 3gupos X u Y
U HallMUIMTE YPaBHEHHUS ONHUCAHHBIX PEAKIMM.

3anaua 4. «KBaHTOBbIE TOYKH» (20 6as10B)

Cpeau MHOTOYHCIEHHBIX THIIOB HAHOMATEPHAIOB OJHHM H3 BaXHEHINMX SBJAIOTCS TaK Ha3bIBacMbIC
K6anmoesie moyku — (pparMeHTHl MPOBOJAHMKA WIH INOMYNPOBOAHHKA C pasMEpoM, ONH3KHM K JUIMHE
BOJHBI 3NeKTpoHA. K TaKOBBIM OTHOCATCS, HAampUMep, HAHOKPHCTAIBI ceieHuna Kanmusa. Jlis mx
IIPUTOTOBJIEHHS B MHEPTHOM artMocdepe K BOZHOMY PacTBOpY XJIopuia KajMus NOGAaBISIOT BOIHBIA
PacTBOp CENEHHTA HATPHA ¥ PacTBOP OPraHMYECKOTO COCAMHEHHs (HAIPHMEp, MEPKANTO3TaHONA) JUIs
NpeIOTBPAICHHS arperayy YacTHII.

Jns moJTy4eHHBIX HAHOYACTHI] MOJIOKEHHE MAKCUMYMa TIOTJIOMIEHHMS B 3JIEKTPOHHBIX CIICKTPaxX 3aBHCHT
OT pa3Mepa 4YacTHil. YBeIWdYeHHe AMaMeTpa 4YacTHLl NpH YBEIWYCHHH TEMIEPATYphl CHHTE3a
COMPOBOXIAETCA CICAYIOIHM CIBHIOM ITOJOCHI ITONIOIICHHMSI:

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

1) Hanmuute ypaBHEHHE PEeaklMH, JIEKAIIEH B OCHOBE CHHTE3a CEICHH/IA KaMUs;

2) Jna dero Tpebyercs NPOBOAMTH CHHTe3 B HHeprHo# armocdepe? I[lo BosmoXHOCTH
IIPOMILTIOCTPUPYHTE OTBET YPABHCHHEM PEAKIIMH.

3) Onenure auameTp HaHowacTun mpu 60 °C;

4) Kak H3BECTHO, B PacTBOpE IPOHCXOAUT MOHOMOJIEKYJIIDHAs aJicopbuusa MOJIeKyn THOla Ha
MOBEPXHOCTH HAHOYAaCTHL. BO CKOINBKO pa3 HM3MEHHTCA KONMYECTBO COPOMPOBAHHOIO THONA NPH
H3MEHEHHHA TeMIlepaTypsl cuntesa ¢ 22 °C mo 70 °C?

5) BMecTo MepKanTo3TaHO/Ia MOXeT OBITh HCIIOJNB30BaH M IOACIMITHON B kakodl ¢opme oH Oyzmer
IIPUCYTCTBOBATh B pacTBOpe?

3anaqa 5. (20 6annoB)

Ha cxeMe npHBEIEHEI HEKOTOPhIE Peakyy COeAMHEHUH MeTawia X B HU3KHX CTENEHsX OKucienus. I1pu
p3aumoneiictBun okcuaa X (o(X) = 76,86%) ¢ H3OBITKOM MOHOOKCHAA YIiepoAa Hoj AaBicHHeM 250
atM oOpasyeTcs 30JIOTHCTO-XKENTOE JieTydee coennHenne A (Temneparypa miasienus 177 °C, o(X) =
57,06%), INIOTHOCTH APOB KOTOPOr'o IO BO3AyXy paBHa 12.5.

OKUCIICHHE A OSKBHBAICHTHBHIM KOJIMYECTBOM MOJIEKYJISPHOIO HOJAa IPUBOJUT K 0OGpa3soBaHHUIO
coeaurcuna B (0(X) = 41,06%), xotopoe npu HeGonsmoMm HarpepanuH nepexoguT B C (o(X) =
43,76%). C npespamaercs B B npu AeficTBun MOHOOKCHAA yriepoda nox JasineHueM. Coequnenue B
TAKX€ pearupyeT ¢ KHCJIOTaMH B ocHOBaHHSMH JIbronca. C TpHXIOpHAOM aMIOMHHUS B IPHUCYTCTBUH
CO nox nasnesneM obpasyercs coequuenue D (o(X) = 30,27%), a npu neficteun Tpudpenmnpochuna
Ha B nocaenoBarenmsno o6pasyrorcs coequaenus E u F (o(X) = 20,2%).

BoccraHoBieHHE A aMaikramoii Hatpus npuBoguT k coepmuenmio G (o(X) = 53,3%), xoropoe npu
neiictBud  GocPopHON KHCIOTHI MOXeT ObiTh mHepeseneHo B coexuHenme H. H pearmpyetr ¢
tpudennndocpunom ¢ obpasopanmeMm I (o(X) = 33,16%). Monekynspubie MacChl KarHoHa B
coenunennu D ¥ anyoHa B coequHenun G oTMyalorcs Ha 28 a.e.M.

Unentudunmpyiite coemunenns A-I, ecimu m3BectHo, uro BemectBa A, B, E u F smmmorcs
MOJIEKyIIpHEIMH KoMIUlekcami. Hanumure ypaBHeHHs peakiuuii. UeMy paBHa cTeneHb OKHCIeHUA X B
coenuHeHIAX A, B, G? KakoBa CTpyKTypa coeMHEeHHA A U KPaTHOCTh CBA3H X—X B 3TOM COCIMHCHHH?
Otser aprymentupyiite. Hapucyiite crpykrypsl komiulekcob B, E u F. Brmepseie coenunenue,
aHanorm4Hoe A, 65U10 nonydeno B 1890 r Jlironsurom MonzoM H3 okcua Apyroro Metawa. Ilpuseaute
YpaBHEHHE 3TOH peaKuu.
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