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i1 |H 1| Nepuoauyeckan cucTema XMMMYECKUX 3neMeHToB | He 2 q q
1,00795 n U.MeH aeneesa 4,002602 (‘\rl
0 — o' =S
] 2 | Li 3| Be 41 B 5| C 6 N 710 8 | F 9 | Ne 10 Hll"mmmm,mmmmm : -
6,9412 9,01218 10,812 12,0108 14,0067 15,9994 18,99840 | 20,179
NUTUA Sepunnuit Gop yrnepoa asor Kucnopog pTop HEOH 1
m| 3 |[Na 11 Mg 121{AI 13| Si 14 |P 15| 8 16 | CI 17 | Ar 18
2298977 | 24,305 26,98154 | 28,086 30,97376 32,06 35,453 39,948
warpwn | warwih | amownsh | pewswi | goopop | cepa xn0p apron ununvIEHHAS PABOTA YYACTHHUKA
vi4]|K 19/Ca 20 |Sc 21| Ti 2 (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 OJIHMHHAI{BI mKOJIBIIHKOB CH6
Karnui Kanbymm cxanguii TUTaH BaHagwn XpoM Mmaprasey xeneso Kobanbr HUKenb 2018—2019
5§|Cu 29/2Zn 30| Ga 31|Ge 32 |As 33iSe 34 [Br 35|{Kr 36 -~
63,546 65,38 69,72 72,59 74,9216 78,96 79,904 83,80 3aI(JIIO‘lI/ITeJ'II>HI>II/I oran
megb LMHK rannuit repMaHui MBILLIbAK ceneu 6pom KpUNTOH
V| 6 |Rb 378 38|Y 39|2r 40 (Nb 41| Mo 42 |Tc 43|Ru 4| Rh 45 |Pd 46 IIpeamer (koMutekc npeameToB) Onumnuanbl XUMHUS (11 KJIACC)
85,4678 | 87,62 88,9059 91,22 92,9064 95,94 98,9062 101,07 102,9055 106,4 4
pySunuit CTPOHUMA WTTPUH LMPKOHMI HUOGUN monnéaeH TexHeuuit pyreHun poaun nannagwi
7TAg 47]Cd 48[In 49[Sm 50 [Sb 51|Te 52 |1 53Xe 54 T'opox, B koropom mposoauTcs OsuMiHaza J 2
107,868 112,41 114,82 118,69 121,76 127,60 126,9045 131,30 !
cepebpo | kagmuii uHawil onoso cypema Tennyp wony KCEHOH Jara '{ ¥ a7 Z A 0/j
Vi| 8 (|Cs 55 Ba 56|(La O57/HfF 72 |Ta 73 |W 74 (Re 75|08 76 Ir 771Pt 78 !
132,9054 | 137,33 138,9 178,49 180,9479 | 183,85 186,207 190,2 192,22 195,09 ok o e b e s ok e e s sk e o s b o ok e se s ok ofe o 3 ok e ok o ok ok e ok sk ok oo ok e o s ok ke ok ok ook ok oo ok ke ook ok o s sk ok ok ok e o o ok o o ok ok e o o ok
uesui Gapui NIaHTaH X raguui TaHTan sonbgpam penwit OCMUi vpuauii nnatusa
9 {Au 79 Hg 80 |T 81|Pb 82 |Bi 83| Po 84 | At 85| Rn 86 BAPHAHT 1
196,9665 | 200,59 204,37 207,2 208,9 [209] [210] [222]
301070 pTyTL Tannui ceuHey BACMYT NONOHU#A acrar panoH 3az|atla 1 (20 68JIJIOB)
VIl 10| Fr 87/Ra 8 | Ac 89|Rf 104 Db 105 | Sg 106 |Bh 107 | Hs 108 | Mt 109 Ds 110 OcymiecTBUTE HENOYKY NpeBpamienuii. IIperiokuTe ABYXCTaTHHHEL CIOCO0 MOTyYeHHs COeTHHEHHS
[223] [226] [227] [261] [262) [266] [269] {269]) [268] [271] *
oo | v acrmi x| pesepbopmi | ayem eotopii | Copmi oo neimieow | napwiuram B u3 Tonyona. Pacmudpyiite ctpykrypy BemectBa C u ycioBus ero o0pa3oBanus u3 B. W
11 |Rg 111/ Cn 112 113| Fl 114 115 | Lv 116 117 118 [
[272) [285] [289] [293]
pentrenmit | xonepruumit cneposuit nNUBEPMOPHI CH, CH,Br CHO
* naHTaHoUAabI ? ? ? MnO
Ce58|Pr 59 [Nd60|Pm 61 |Sm 62/ Eu 63| Gd 64 (Tb 65|Dy 66 | Ho 67| Er 68 Tm69|Yb 70 | Lu 71 — A : C 2
140,1 140,9 1442 | [145) 150.4 161,9 157,3 158,9 162,5 164,9 167,3 168,9 173,0 1749 C.H-NO CH3CgH5
uepuii npaseoaMMm | HeoauM | nNpomeTui | camapud | esponui onuHni | Tepbuin | aucnposui | ronbmui | ap6ui TYNWRA urTepbun | nioteumin NO 773 kunsdeHne
XX aKTUHOMZBI 2 NO,
Th 90|Pa 911U 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]
TOPWA | NPOTaKTUHWI | ypaH HenTyHuh NIYTOHWIA | amepuLnii | kiopuin Gepxnuﬁ xanudopHui | afHwTeiiHwi| depmuit | Menaenesui | HoGenuii | noypeHcuit OH
] ] ZCO,CH,3 CO,CH;  Boc,0 DABCO
Psap akTMBHOCTM MeTannoB / INeKTPUHECKUA P HanpsXEeHUA - . 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 (¥ar’) DMAP (Kar'y -Cco.
> ON C1gH1gNO;7 2
aKTUBHOCTb METaNNoB yMeHbLUaeTCa E
PacTBOPUMOCTL KUCIIOT, COMe U OCHOBaHWH B BO
WoHb! H' [NH,'|K" [Na® [Ag”|Ba®* |Ca®" [Mg* {Mn*"|Zn?**|Ni**|Sn®* |Pb**|Cu?*|Hg** |Hg2**|Fe** |[Fe** |AI** [Cr** ~-C0CHs
OH PiPIlP{-{P M|M|(H|H|H|H|H|H{|-| - JH|H|H|H - /©/\[® J
NO3~ ep|P|(P|P|P|(P|P|P|P|P|PI{P|{P|P|P|-I|P|[P|P]|P O,N N1 O O
F P P|P|P|P|M|H|M|P|H|P|P|M|P|-|M|M|A|M|M o &N e och.ch Ci7H1eNOy
cr pleplplp{ulPPr{P[P|P|PrlPr[M|[P|Pr[HPlP|P|P BuO 3 H 2
Br~ p|P|(PIP|H|fP|P|P|{P|P|P|IPIM|P| M| H {|{P|IP|P|P G CH3NH,
I P|P|(P|P|H|(P|P|P|P|P|P|P|H|-]|H|HI|P|-|P|P l ?
s+ P|P[P|P|H|-|~-]|-|H|H|H|H|H|H|[H|H|[H|H|-]- baco — AN
o %a PlP|P[PIM[M|[M|[M|H|M[H|-[H[=-|-] - |M[-]-]|- = /M7 I C18H22N20s
S04* piPPIPIM([H|M|P|P|P|P|P{H|P| PIMI|IPIP|P]|P y CH, C4HgO, K
COs* P/P|PIPIHIH|H|IH|H|H|{-|-]|H|-|-|H|H]|-|-]|- DMAP = @“
sios [H| -JP[P|H[H]H[H]H][H[H][-TH]-T-T-TH]=-T-1- =/ TH; I ?
PO.> P P|P|P|H|H|H|H|H|H|H|H|H|H|H|H|H|H]|H]|H Boe — o J< CHACO,H
CHscoo [P P |PlP|[P|P PP |P|P|P|IP|P|P|P[M]|P]P|P]|P o = 3{U\0
P — pactsopumoe (6onblue 10 r Ha 1000 r Boas!) M — manopacTteopumoe (ot 10 r go 0,01 r Ha 1000 r soak!) :
H — HepacTBopumoe (MeHble 0,01 r Ha 1000 r Bogbl) — — BELWeCcTBO pa3naraeTcsa BOAOW UNKU He CyluecTsyeT -




Peaxius momydenus E n3 D (peakims beimica-XwiniMaHa) 6bu1a oTkpeITa B 1967 romy SImoOHCKHM
xumMukoM Moputa, a B 1972 neransHO HccnenoBaHa aMmepHKaHIaMH beimncoM M XHIUIMaHOM.
IpemnoxkuTe MEXaHW3M MPOTEKAHUS STOH peakMH M CTPYKTYpYy HHTepMenHara, obpa3yiomerocs npu
B3auMoeHcTBHU MeTunakpwiara c DABCO.

Pacumdpyiite crpykrypy F.
Ipeanoxwure yciioBus mnorydeHus coeauHeHus H 13 yKCyCHO#H KHCIOTHL, pacuppynTe cTpykTypy 1.

Pacumdpyiite crpykrypsl J u H.
Kaxkoe rereponuxinieckoe coeaunenne K nomyqaercs mpu peakuuu J ¢ METWIAMHHOM?

3agaua 2. «KaTHoH- He 61M3HeN » (20 6an10B)

Houent Cepreii MuxaiinoBuu oueHs oOHaeNcs Ha MIKOJBHHUKOB, KOTOPHE B MPOILIOM TOAYy AaXe HE
MBITATHCH PEIIMTH 3a/1a4y «KaTHOH-OJM3HEI» W MO3TOMY IIPHIyMall €mie OAHy 3aJady Ha OIpeAclCHHE
HEH3BECTHOTO KaTHOHA:

IOHbnt xuMuK Hames Ha nonke 6aHKY CO CTEpTOH HAAIHCHIO «... XIopua». MaccoBas mons xjopa B
9TOM coeauHeHHH coctaBiier 28.1%. BemecTBo umeno coneobpasHyio MpHpoLy, ObLI0 THTPOCKONMYIHO
H XOpOIIO PacTBOPUMO B BOAE, HO HEPACTBOPUMO B HEMOJSIPHBIX OPraHMYECKHX PpacTBOPHTEAX.
Boanerii pacTBop coefUHEHHS MMEN KHCIYIO peakuuio. Temmeparypa IUIaBlIeHHS BEIIECTBA COCTABHIIA
102 °C. TIpu noGaBneHHH ero K PacTBOpY AHXPOMara KalHs PacTBOP OKPAacHICA B 3€JICHHIA IIBET H
TOSIBWICA 3alax TOPHKOro MHHAAIA BCIEACTBHE 00Opa3OBaHMs COCOMHEHHA, B KOTOPOM MaccoBas HOJLI
anmeMenTa, orkpeitoro K. Illeene m mezaBucmmo ot Hero JIx. Ilpucrmm, cocraBmser 15.1%. Ilpm
BOCCTAHOBJICHHH HMCXOJHOTO XJIOpHIAa QJIIOMOTHAPHAOM JIHTHA 00pasyloTcs JBe COIM H
HECMEIMIMBAIOIIAACA C BOJOH Ipo3padHas JKHIKOCTh C TeMmIleparypod 3ameps3aHus -80 °%C u
Temneparypoii kunenus 116 °C. MaccoBas Jons yriepoma B 3TOH JKHIKOCTH cocTaBiuser 91.3%.
Onpenenure CTPOGHME COCOHMHEHHSA, €CIH H3BECTHO, YTO KAaTHOH HE COAEPXKHT aTOMOB MeTallia.
3anumute ypaBHeHus peakiuid. Kakoil mporiecc mpouCXoauT MpH pacTBOpeHMH BemecTBa B Boxe? Ilo
Kakoii mpuuuHe cTabwieH naHHbI KaTHOH? [IpuBeauTe CTpyKTypHYI0 GOpMyiIy aHHOHA, CTaOMIBHOTO
IO TO# e caMOii IPUIHHE, YTO U HEU3BECTHBINA KaTHOH?

3anaua 3. «iuamaap» (20 6annos)

I'epMeTHUHEIH DUWIMHAP ¢ BHyTpeHHUM paauycoMm 10 cM u BwicoTo 10 cM paspeneH Ha [BE 4acTH
TOHKOHM IEPEeropoaKoH, IJIOTHO NpHIleralomed K CTeHKaM LIUIMHApPA M CBOOOAHO NepeMelnaromeics
BHYTpH ero. B omHy 4acts muiuHzapa nomemeHo 4,88 r HeoHa, a Bo BTopyio 60 r TBepaoro nmpogykra
B3aHMOZEHCTBHS H30BITKA HAIIATHIPS M OJIOBIHHOTO Macia (MaccoBas ZI0Ns XJIopa B OJJOBSHHOM Maciie
cocraBiser 54.43 %). IIpeaBapuTeIbHO BO3MYX M3 00emx uyacted ObLT TmIaTeNbHO oTKadaH. CHcremy
Harperu 10 800 K. Onpenenure paccTosiHHE OT NEPErOPONKH A0 OCHOBAaHHMH IIMIMHIPA M KOIHYECTBO
BEIIECTBA TBEPAOro NPOAYKTa, OCTaBllieecs B KOHICHCHPOBAaHHOH ¢a3ze. 3aBHCHMOCTh KOHCTAHTEHI
PaBHOBECHS TEPMHYECKOTO pa3jIOKEHHS YNOMAHYTOTO BBIIE TBEPAOrO BEIIECTBA OT TEMIEPATyphI
BBIPa)KAcTCA YpaBHEHUEM:

Ln K =-(61066/T) + 83.32

Kak M3MeHHTCS MOJIOKEHHE TEPErOpoAKH, eClld TeMueparypy moHu3uts Ha 50 K? OtBer monarsepaute
pacdeTami.

3agaua 4. «KBaHTOBLIE TOUKH» (20 6aanos)

Cpean MHOTOYMCIICHHBIX THIIOB HAHOMATEPHAJIOB OJHHM M3 BAXKHEHINHX SBIAIOTCA TaK HA3bLIBAEMBIC
K6aHmoesle moukyu — (pparMeHTHl POBOJHHMKA HJIH MOMYNPOBOJHHKA C pa3MepoM, ONM3KHM K JUINHE
BOJIHHI 3JIeKTpoHa. K TAaKOBBIM OTHOCATCS, HalpHMeEp, HAHOKPHCTALIBI celeHHAa Kaamus. Jnd ux
IPUTOTOBJICHHS B MHEPTHON aTMocdepe K BOXHOMY PacTBOPY XJIOpHIAa KaJMus NOOABIIOT BOAHBIH
PacTBOp CeJeHHTa HATpHA M PACTBOP OPraHUYECKOrO0 COCAMHECHHUSA (HAIpUMep, MEPKaTO3TaHONa) Ui
TIpeIOTBPAILCHUSA arperaiy YacTHII.

JIns MoTydYEeHHBIX HAHOYACTHIL [IOIOXKEHHE MAKCHMyMa MOTJIOMICHHS B DJIEKTPOHHBIX CHEKTpax 3aBHUCHT
OT pa3sMepa dYacTHI. YBEJIWYeHHE OHaMETpa 4YacTHI IPH YBEIHYEHHH TeMIepaTyphl CHHTE3a
COIPOBOXKAAETCA CIICAYIOIHM CABUTOM IOJIOCH OTIOMICHUS:

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) Hanmumute ypaBHEHHE pEaKLMy, JIEKAIIEH B OCHOBE CHHTE3a CEICHHU 1A KaaMHus,

2) Jlna uero TpeGyercs MpPOBOAMTh CHHTe3 B wuHEpPTHOH armocdepe? Ilo Bo3MOXKHOCTH
MPONJLUTIOCTPUPYHTE OTBET YPAaBHCHHUEM pPEaKIUU.

3) Ouenure guameTp HaHouacTl 1pu 60 °C;

4) Kak HM3BEeCTHO, B pacTBOpE IPOUCXOJHT MOHOMOJEKYJspHas aacopOIHMs MOJNEKyl THOIa Ha
TIOBEPXHOCTH HAaHOYACTHI[. BO CKOJNBKO pa3 H3MEHWTCS KOJIMYECTBO COPOHPOBAHHOIO THOJNA IHpPH
H3MEHEHHH TeMIIEpaTyphl cunresa ¢ 22 °C no 70 °C?

5) BMecTo MepKanTodTaHOJIa MOXET OBITh MCIONB30BaH U JOAEINUITHON. B kakoii ¢popme oH Oyner
MIPHCYTCTBOBATH B pacTBOope?

3anaua S. (20 6annoB)

Ha cxeme nmpHBeieHBI HEKOTOPEIC PEaKIMK COSAHMHEHHH MeTauia X B HH3KMX CTENCHAX okucieHus. [Ipu
B3auMmogeiictun ramoreruaa X (o(X) = 17,80%) ¢ u30b6ITKOM MOHOOKCH/AA YTJIEpPOAa MO AaBIECHHEM B
npucyTcTBud LiAlH, o0pa3yeTcs 30J0THCTO-KENTOE JIeTy4ee CoeAUHEHHEe A (TeMIteparypa IUIaBICHHA
154 °C, o(X) = 28,21%), mI0THOCTH TAPOB KOTOPOTO O BO3AYXY paBHa 13.45.

Oxucnenne A 5SKBHBAJICHTHBIM KOJNHMYECTBOM MOJEKYISPHOTO HOJA MNPHBOAMT K 00pa30BaHHIO
coenuuenus B (o(X) = 17,08%), xotopoe mpu HeGonbpmoM HarpeBaHuH mnepexomuT B C (o(X) =
18,71%). C npeBpamaercs B B npu nelicTBuM MOHOOKCHIIa yTiiepoAa nox nasiacHueM. CoenuHernne B
TaKXXe pearHpyer ¢ KUCJIIOTaMH U OcHOBaHMAMH JIbionca. C TpHUXJIOPHAOM ATIOMUHHS B NMPHCYTCTBUH
CO nox naenenueM obpasyercs coequaenne D (o(X) = 11,38%), a npu aeiicteun Tpudenundochuna
Ha B nocnenosarensHo o6pasyiorca coequnennsi E u F (o(X) = 7,46%). -
BoccranosiieHne A aMaibramoif HaTpua TPHUBOAMT K oOpasoBanmio coemuneHHI G (0(X) = 25,23%),
KOTopoe Tipu AeiicTBuH $ocopHOI KHCIOTE MOXeET ObITh NepeBeneHo B coenuHenue H. H pearupyer ¢
tpudenmndochuaom ¢ obpazopanueM I (o(X) = 12,79%). MonexynsapHele MacCel KaTHOHA B
coequaeHud D u aHHOHA B coeauHeHnu G oTiM4aoTcs Ha 28 a.e.M.

Hnentudpumupyiite coenunenus A-I, ecnu m3BectHo, uro BemectBa A, B, E u F sapmarorcs
MOJICKYJIIPHBIMH KoMILTeKcaMu. Hanumure ypaBHeHus peakimii. UeMy paBHa cTeneHb OKHCICHHA X B
coenuHenusx A, B, G? Kakosa cTpykTypa coequHeHus A ¥ KPaTHOCTD CBS3H X—X B 3TOM COCAMHEHHH?
Oter aprymentupyiitre. Hapucyiite CTpyKTyphl KOMILIEKCOB BnepBrie coecnuHeHHE,
aHajoru4Hoe A, 66110 orydeno B 1890 r Jlrogsurom MonoM 13 okcuza apyroro Metaiuia. Ilpuseaure
yPaBHEHHUE ITOH peaKiuu.
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