'

[ ] m ] N | vV | W [ Vi Vil ’ 'PBYPI'CKMI TOCYJAPCTBEHHbI YHUBEPCUTET
{1 |H 1| Nepuoauyeckas cucTeMa XMMUYECKUX INeMeHTOB | He 2
1,00795 n n MeHAeneeBa 4,002602
BOZODOA, T renui
Il 2 | Li 3| Be 4|8B 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 "||“MII||||"M|IIWM"H
nuTHiA Gepunnui 60p yrnepog asor KUcnopoa _prop HeoH )
il | 3 | Na 11 Mg 12 ] Al 13| Si 14 P 15| 8§ 16 | CI 17 | Ar 18 2 9(,//02/
22,98977 | 24,305 26,98154 | 28,086 3097376 | 32,06 . 35,453 39,948
hopwi | wanuwn | amowmit | pewmn | goowop | cepa xnop aprox NMACBMEHHAS PABOTA YYACTHHKA
V|4 K 19| Ca 20| Sc 21 Ti 22 v 23 | Cr 24 |Mn 25| Fe 26 |Co 27 |Ni 28 ry
39,0983 | 40,08 44,9559 47,90 50,9415 51,996 54,9380 55,847 58,9332 58,70 OJIHMHHAJIBI IIKOJIbHUKOB CII6
Kanun Kansuuit ckaHanin_ TUTaH BaHaoui Xpom Mapra1ey xeneso xobasnby HUKenb 2018-2019
5§ 1Cu 29 2Zn 30 ([ Ga 31 (Ge 32 As 33| Se 34 | Br 35 | Kr 36 3aKTIOUHTENLHEIH TAI
63,546 65,38 69,72 72,59 74,9216 78,96 79,904 83,80
menb LYMHK rannui repmaHui MbiLLIBAK cenex Gpom KPUNTOH
V|6|Rb 37[Sr 38]Y 39[2r 40 [Nb 41|Mo 42 |Tc 43[Ru 4 |Rh 45]Pd 46 IMpeamer (xoMiuiekc npeaMeToB) OMHMIIHAIEL XUMUS (11 KJIACCO)
85,4678 | 87,62 88,9059 91,22 92,9064 95,94 98,9062 101,07 102,9055 | 1064
pyonamii CTPOHUMi UTTpUiA LUPKOHMA Huobwi MonubaeH TexHeuwn pyTeHui pogui nannagui
7 [Ag 47]Cd 48[In 49]Sn 50 [Sb 5iTe 52 |1 53[Xe 54 Topox, 5 xotopom nposomues Ommvmuana  Nolbo C‘g SC
107,868 | 112,41 114,82 118,69 121,76 127,60 126,9045 | 131,30
cepebpo | xagmwii uHaMit onoBo - cypbma Tennyp uog KCEHOH Hara 06 .03 . A0I%
vVi| 8 |Cs 55 Ba 56|La 57 | Hf 72 Ta 73| W 74 ([Re 7510s 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 ok ook ook o o ke ok s s o sk ok ok ke ke ofe s sk o ok e ke oo s sk ok ke o s s s s sk ok ok ofe o sk kol ok s s s s ok o ke s s sk s ok e e s sk s s ok o s s el e o s ok ok ok
uesui Gapui naxTaH x ragpHui TaHTan sonbdpam peHuii ocMuit Npugun nnaruHa
9 |Au 79 Hg 80Tl 81(Pb 82 Bi 83 Po 84 (At 86| Rn 86 BAPHAHT 1
196,9665 | 200,59 204,37 207,2 208,9 [209) [210] [222]
301070 pTyTL Tannui cBuHey BUCMYT NONOHKiA acrar pagox 3a11aqa 1 (20 6am103)
VIL| 10 |Fr 87/ Ra 8 |Ac 89| Rf 104 Db 105|Sg 106 |Bh 107 |Hs 108 | Mt 109 |Ds 110 OcymiecTBATe LENOYKy NpeBpamennii. [Ipeaioxure AByXcTaaMHHEL CIOCO6 TIONMYYEHHS COEUHEHHS
[223] [226] [227] [261] [262] [266) [269) [2689] [268] 271] s
opanun_| pai s x| pesepbopit | sy oo | conmi o soiimiepo_|asovauragry ]} u3 Tonyona. Pacmmdpyiite cTtpykrypy BemectBa C 1 yciioBus ero oOpa3oBaHus u3 B. _
11 |Rg 111 Cn 112 1131 FI 114 " 115 | Lv 116 117 118
[272] [285] [289] [293]
peHTreHuii | KonepHuumit epoBHit nMBEpMOpUit CH, CH,Br CHO
X NaHTaHoMab! ? ? ? MnO
Ce 58 Pr 59 |Nd60|Pm 61 |Sm 62| Eu 63(Gd 64 (Th 65|Dy 66 | Ho 67/ Er 68| Tm69|Yb 70 | Lu 71 —_— A ' C nY2
140,1 140,9 1442 | [145] 150,4 151,9 157,3 158,9 | 1625 164,9 1673 | 1689 173,0 174,9 C.H.NO CH,3CgH5
uepui npa M | Heogum | npometwii | camapuii | esponuid | ragonunnin | Tepbuit | aucnposwi | ronbmuit | ap6u TYnui UTTEpOUIA | mioTeuwi : NO2 7TM3 kunsueHne NOz
XX aKTUHOWABI
Th 90| Pa g1(U 92|Np 93 |Pu 94 Am 95/Cm 96{Bk 97 |Cf 98 |Es 99(Fm100 |Md 101|No 102|Lr 103 D
232,0 | 231,0 238,0 | [237] [244] [243] [247] [247] | [251] [252] [257] [258] [259] [262]
TOpUA | NPOTaKTUHWI | ypaH HENTYHWA | NRyTOHUIA | amepuuui} Kiopuit Geprnuit | kanmopnni | anHwTednHuiA| hepmuia | menaenesui | HoGenuit OH
. Z > CO,CH, CO,CH;  Boc,O DABCO
- PApg akTUBHOCTU MeTannoB / 3neKTpuYecKuit paa HanpsokeHWi - . —_— F
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 DABCO (Kar') DMAP (Kar' -COo
> O:N C1gH1gNO; 2
2KTUBHOCTb METaNN0B YMEHbLLUAETCH E

PacTBOPMMOCTL KUCNIOT, CONEW U OCHOBaHuUii B Boge

WoHbl H* [NH4'[K' [Na® |Ag® [Ba** [Ca®* |Mg®*|Mn**[zn?*[Ni**[sn**[Pb**|Cu®*|Hg**|Hg.* [Fe** [Fe** [AI** {Cr** ~\CO02CHs
OH" Pp|PIP{-{PIM{M|{H|{H|H{HIH|{H|~-] - ]|H|[H|H}|H . /©/\[® J
NO3~ plP|P|P|P|P{P|P|{P|P|P|P|P|P|P|-|P|P|P}|P O,N N—L O O
F P P|P|P|P|M|H|M|P|H|P|P|M|P|-|M|M|H|M|M o &N ne S Aochcn Ci7H1oNO7
Ccr PP lrplep[H]lP|P|P|P|P|P[P[M|P|P|H]|P|[P]P][P . BuO s H Zers
Br- P|PI|P|{P|H|P|P|P|P|P|IPIPIM|PIM|H|P|P|P|P G CHSNH,
i P(P|P{P|H|P|{P|P | P|P|P{P|H|-|H|HI!P|-|P]|P r ?
s P(P|PIP|H|-|-|-|H|H|H|H|H|H|{H|H]|H|H]|-]- N
SO~ P[P(P[PIM|{M|[M|M|H | M|H|-|H| -] -] - |M|-]-]- » DABCO = /N_/ I C18H22N206
S0.* P|P|P{PIM|H|M|P|P|P|P|P|H|P|PIM|P|P|P|P CHs C4HgO, K
COs% PP lPplPlHlH]H][H]H]|H|=]T-TH[=-T-{H|R[-]-]- DMAP = @—N
sios=  [H| - |PlP|H[H[H][H|[H][H][H]=-TH]-T=-T=TH]-]=]- =/ TH, Y ?
PO.* P/PIP/P/H|H|H|H|H|[H|H[H|H|H[H|H]|H|H|H|H Boc —— 0 k C w O CH5CO,H
CH;coo™ |P| P |P{P|P|lP|P|P|P|P|P|P|P|P|P|MI|P|P|P|P _ = B{U\o 537

P — pacreopumoe (6onbwe 10 r Ha 1000 r sBoab!) M — manopactsopumoe (o1 10 r no 0,01 r sa 1000 r Boapi) i

H — Hepacreopumoe (MeHbe 0,01 r Ha 1000 r Boabt) — — BELEeCTBO pasnaraeTcst BOAOW UMK He CyLLecTByeT —




Peaxius nomydenus E u3 D (peakuusa beitnuca-Xwinmana) 6eina oTkpeITa B 1967 romy SAIOHCKUM
XxuMuKOM Mopurta, a B 1972 peranbHO HCclenoBaHa amepukaniiamu beiimicoM u XuinMaHOM.
IIpennoxuTte MEXaHHU3M NMPOTEKaHHS ITOH peakIW{ M CTPYKTYPY HHTEpMeEAHarTa, oOpa3yromerocs npu
B3auMoJencTBHH MeTHnakpuiata ¢ DABCO.

Pacnmu¢pyiite crpykrypy F.
ITpennoxure ycmoBus norydenus coequHenns H u3 ykcycHoO# KuCIOTHI, pacmudpyiite cTpykrypy 1.
Pacnmdpyiite crpykrypst J u H. I

Kakoe rerepoumknuaeckoe coeaunenue K nomyyaercs npu peakiuu J ¢ METHIaMHUHOM?
3anaua 2. «KarHoB- He O1m3HEN » (20 6annnoB)

Honent Cepreit MuxaitnoBuu o4eHbp 00Ha€ICS Ha MIKOIHHUKOB, KOTOPHIE B IPONUIOM Ioxy Hake HE
IIEITATHCh PENIUTD 33/1a4y «KaTHOH-OJIM3HEI» U MOITOMY MpUIyMA ellie OAHY 3a/Jady Ha onpeAecHue
HEH3BECTHOTO KaTHOHA:

IOns1 xuMuK Hamen Ha mojike OaHKY CO CTepTOi HAaANMCHIO «... XJIOpHI». MaccoBas xoid Xjopa B
9TOM coeqHHEHUH cocTaBisieT 28.1%. BemecTBo nMeno coneobpa3Hyio MpHpOAY, ObUIO THIPOCKONHIHO
H XOpOHIO pacTBOPMMO B BOJIC, HO HEPACTBOPUMO B HEMOJIPHBIX OPraHMYECKHX pPacTBOPHTEIAX.
Bonusiit pacTBOp COeIMHEHHS MMeI KHUCIYIO peakuuio. Temreparypa IUIaBICHHS BEIICCTBA COCTAaBHIIA
102 °C. Ilpu noGaBneHHH €ro K pacTBOpPY IUXpOMAaTa Kajus pacTBOP OKPacHICA B 3€JCHBIM LBET H
MOSIBIJICA 3amax IOpbKOIO MHHJANA BCIENCTBHE 00pa30BaHMs COCOMHECHMSA, B KOTOPOM MaccoBas JOJIA
anemenTta, otkperroro K. Illeene u HesaBucumo ot Hero JDk. Ipuctimm, cocraBmser 15.1%. Ilpm
BOCCTAHOBJICHHM HMCXOQHOTO XJIODHJAa AQJIOMOTHIPHAOM JHTHA o0Opa3yloTca JBEe COIH H
HECMEHIMBAIOMAACA C BOZOH IpoO3padHas JXKUAKOCTb C Temmeparypoii 3aMepsamma -80 °C m
TemmepaTypoii kunenus 116 C. MaccoBas mons yriaepoaa B 3TOi XuAKOCTH cocTtaBisieT 91.3%.
Onpenennre CTpOEHHE COENMHEHHMSA, €CIHM HM3BECTHO, TO KATHOH HE COIEPKHT aTOMOB MeTalia.
3anmmmTe ypaBHeHHs peakiuit. Kakoii mpouecc mpoHCXOAMT NPH PacTBOpPEeHHH BemiecTBa B Boze? Ilo
KaKoil mpuunHe cTabwieH AaHHBIHA KaTHOH? IlpuBenuTe CTPYKTYpHYIO (OpMyITy aHMOHA, CTaOHIBHOIO
II0 TOH Xe camo# MPUYMHE, YTO U HEU3BECTHBIH KaTHOH?

3agaua 3. «{wamnap» (20 6annoB)

I'epMeTHUHBIN WMIMHAP ¢ BHYTpeHHHM pamuycoMm 10 cM u BeicoToi 10 cM pa3ieneH Ha JABE 9acTH
TOHKOH IEeperopoikoi, IIOTHO MpHieraiomeil K CTeHKaM IUIMHAPAa U CBOOOAHO MepeMelaromeics
BHYTpH €ro. B onHy gacts mumuHzapa nomemnieHo 4,88 r HeoHa, a Bo BTopylo 60 r TBepaoro mpomykra
B3aUMOIEHCTBHA U30RITKAa HAIIATHIPA M OJIOBSIHHOTO Macia (MaccoBas AOJA XJIOpa B OJIOBAHHOM Maclie
coctaBiseT 54.43 %). [IpenBapurensHO BO3AyX M3 oOeux uacTed ObuUT THIaTeNnbHO oTKadaH. CucTemy
Harpend a0 800 K. Onpenenure paccrosiHue OT MEPErOPOAKH A0 OCHOBAHHH LMIHHIpA M KOIHYECTBO
BEIIECTBA TBEPAOro NPOAYKTa, OCTaBIIeecs B KOHAEHCHPOBaHHOH ¢a3ze. 3aBUCHMOCTh KOHCTAHTHI
PaBHOBECHS TEPMHYECKOTO Pa3lOKeHHS YIOMSHYTOTO BEHIIE TBEPAOTO BEIIECTBA OT TEMIIEPATypHI
BBIpaXKaeTCsl YpaBHCHHEM:

Ln K =-(61066/T) + 83.32

Kak u3MeHHTCS HOJNOKEHHE NEePEeropoAKH, ecii TeMiepatypy nonmsuts Ha 50 K? Orser noarsepaute
pacdeTamu.

3agaua 4. «KBanTOBBIE TOUKH) (20 6annos)

Cpeay MHOTOYHCIICHHEIX THIIOB HAHOMATEPHAIOB OAHHM M3 BaXXKHEHINUX SBIAIOTCS TaK Ha3bIBacMbIC
K6aHmogele mouku — (pparMeHTHl MPOBOAHMKA MJIM IOJyNPOBOJHHKA C pasMepoM, ONMU3KHUM K IJIHHE
BOJHBEI 3JeKTpoHA. K TakoBBIM OTHOCATCS, HalpUMep, HAHOKPHCTAUIR celeHHAa Kaamud. i ux
IPUTOTOBIIEHHA B MHEPTHOH aTMocdepe K BOJHOMY PAacTBOPY XJIOpHAa KaaMmus X00aBisAOT BOJHBIH
PacTBOp CEJICHHUTA HAaTPHUA M PACTBOP OPraHHYECKOrO COCIUHEHHA (HAIpHUMep, MEpKaNnTO3TaHONa) JUIf
IpeOTBPAIlEHHs arperaliy 9acTHIl,

Jlns moy4eHHBIX HAHOYACTHI] MOIOKEHHE MaKCHMyMa TIOTTIONIEHH B 3JICKTPOHHEBIX CIIEKTPax 3aBUCHT

OT pasMepa YacCTHI. VBenuueHue AraMeTpa 4YaCTHIl OPH YBCIWYCHHH TEMIICpATyphl CHHTE3a

CONPOBOXKIACTCA CICAYIOINM CABHI'OM ITOJIOCHI NOTTIOMICHHUA:

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) Hanmunmure ypaBHEHHE peaKilvy, JIEKAIIEH B OCHOBE CHHTE3a CEICHH A KaqMHS,

2) Jna uero TpeOyercd NpPOBOAMTH CHHTe3 B HHepTHOH arMocepe? Ilo BO3MOXHOCTH
HPOWUTIOCTPUPYHTE OTBET YPABHEHHEM PEAKIHH.

3) Ouenwure auameTp HaHouactui npu 60 °C;

4) Kak u3BeCTHO, B pacTBOpe IPOHUCXOAMT MOHOMOJIEKYJApHas aacopOIHMs MOJEKyl THOIa Ha
HOBEPXHOCTH HaHOYAacTHL. Bo CKONbBKO pa3 M3MEHHTCS KOIMYECTBO COpOHMPOBAHHOTO THONA IIPH
H3MEHEHHH TeMIepaTypsl cunresa ¢ 22 °C go 70 °C?

5) BMecTo MepKanToITaHONa MOXET OBITh MCIONB30BaH M JOAEIMNTHON. B kakoi dopme o Oyuer
IPUCYTCTBOBAaTh B pacTBOpE?

3agaua S. (20 6annoB)

Ha cxeMe npuBeIeHB HEKOTOPHIE PEaKIMH COeAHHEHUH MeTalia X B HU3KUX CTENEHAX oKucieHud. IIpu
B3aumMoaeiicteum ranoreHuza X (o(X) = 17,80%) ¢ u365ITKOM MOHOOKCHAA yTiepoia NoJ AaBJICHHEM B
npucytctBur LiAlH,4 o6pa3syeTcs 30J0THCTO-XKEATOE JIeTydee COCTUHEHHE A (TEMIIEpaTypa ILIaBICHHs
154 °C, o(X) = 28,21%), miI0THOCTH apOB KOTOPOTO 10 BO3AYyXy paBHa 13.45.

OxuciieHHe A OJKBHBAJICHTHBIM KOJHYECTBOM MOJIEKYJIAPHOrO HOJa MNPHBOAMT K 00pa3oBaHHIO
coequreHus B (o(X) = 17,08%), xoropoe mpu HeOonpmoM HarpeBaHud nepexogut B C (o(X) =
18,71%). C npeBpamaerca B B npu aefictBuy MOHOOKcHIa yriiepoaa noj dasieHueM. Coenunenue B
TaKkKe pearupyer ¢ KUCIOTaMH H OcHOBaHMAMH Jlpionca. C TPUXJIOpHIOM alIOMHHHS B NPHCYTCTBHH
CO non aasnenneM oGpasyercsa coenunenne D (o(X) = 11,38%), a npu gelicteun Tpudenmndochuna
Ha B nocnenoBarenbHo obpasyrorcs coenuneHus E u F (o(X) = 7,46%).

BoccranoBinenne A aMmanbraMoil HaTpus NPHUBOAUT K obpa3oBanuio coenuneHus G (o(X) = 25,23%),
KOTOpoe Tipu AeicTBuH (hocdopHO# KuCI0TH MOXeT ObITh tepeBeieHo B coenuHenue H. H pearupyer ¢
tpudenmnpochunom ¢ obpazoBanmem I (o(X) = 12,79%). MonekynsapHsle MacChl KaTHOHA B
coequneHud D 1 anHoHa B coequHennd G oTIM9aloTcs Ha 28 a.e.M.

Unentudpunupyiite coenunenus A-I, eciu usBectHo, yro BemectBa A, B, E u F saBumorcs
MOJIEKYJIApHBIMH KoMIuiekcamMu. Hamumure ypaBHeHns peaknuii. UeMy paBHa cTeneHb okuciaeHUS X B
coequHeHusx A, B, G? KakoBa cTpyKTypa COeqMHEHHSA A H KPaTHOCTH CBSI3H X—X B 3TOM COEMHEHUHU?
Oteer aprymenTtHpyiite. Hapucyiite crpykrypsl komiuiekcoB B, E u F. Bmepseie coenmHenue,
aHayiornyHoe A, 6u10 nomyueHo B 1890 r Jlrogsurom MonznoM u3 okcuia apyroro merawia. [Ipuseaure
YPaBHEHHE 3TOH peaKIvH.

C
T | |CO
PPh. PPh
B —>E _—»F
§ \AlCl
L, T CO
CO, na6 D
, W30,
Na/Hg
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