[ ] | 1 ] v ]7 Y | vi [ Vil Vil % L[ Q O sYPICKHUM FOCYHAPCTBEHHbIﬁ YHUBEPCUTET
|1 |H 1| Mepuoguyeckan cuctemMa XMMN4ECKMX anemeHToB | He 2 -
1,00795 4,002602 i
1o D.W.Menpeneesa 4002 PR RN i —
I 2 | L 3| Be 4| B 5|C 6 N 710 8 | F 9 | Ne 10 g -
6,9412 9,01218 10,812 12,0108 14,0067 15,9994 18,99840 20,179
nuTHiA 6epunnuit 6op yrnepoa asoT Kucnopoa ¢rop HEOH
mi{3[Na 11{Mg 12| Al 13| Si 14 | P 15| 8 16 | CI 17 | Ar 18 g@
22,98977 | 24,305 26,98154 | 28,086 30,97376 32,06 35,453 39,948
v 4 "Kamm 19 Eam"ﬁ 20 asmww; 'KlgeMHmZZ 3oc¢op23 t():e:',a 24 :lln:p 25 ;perou 26 |Co 27 | Ni 28 INUCHMEHHAS PABOTA YUACTHHKA
a C i i
39,0983 40,08 44,9559 47,90 50,9415 51,996 54,9380 55,847 58,9332 58,70 OJIHMHI/IA)'II)I mKOJILHHKOB Cnﬁry
5 ::a.nuﬁ 35 zbum‘nso céwﬁm g‘rau 2 aAa;gguﬁas xsp;M o ;_amaﬂelé 5 )'K(eneao % Kobanet HUKerb 2018—2019
u a e r r o
63,546 65,38 69,72 72,59 74,9216 78,96 79,904 83,80 3aK.TIIO‘-II/ITCJIBHBII/I orall
Meab LIMHK rannui FepMaHui MbILLbRK ceneH 6pomM KDUNTOH
V|6 |Rb 37/Sr 38[Y 39/Zr 40 |[Nb 41|Mo 42 [Tc 43|Ru 44 |Rh 45|Pd 46 Ipeamer (KoMILIEKC MpeaMeToB) OMUMITHAREI XUMHUA (11 KITIACCO)
85,4678 87,62 88,9059 91,22 92,9064 95,94 98,9062 101,07 102,9055 106,4 5
pybuawia CTpOHUMA UTTPUA LIUPKOHWA HUOOH#H monubgeH TEXHEUMNA pyTeHwi pogvii nannagvi e
7 [Ag 47/Cd 48|In 49/Sm 50 |Sb B51|Te 521 53|Xe 54 Topox, B koTopoM MpoBonHTCA ONUMIKANa _[2¢ar g Lete )
107,868 112,41 114,82 118,69 121,75 127,60 126,9045 131,30
cepebpo _xagmwit MHAWA onoso cypbma Tennyp won KCEHOH Il,'a'_ra / ¥ - O 3’ 20/ 9
VI|8|Cs 55Ba 56 (La O57/Hf 72 |Ta 73|W 74 |Re 75|0s 76|10 77 | Pt 78
132,9054 | 137,33 138,9 178,49 180,0479 | 183,85 186,207 190,2 192,22 195,09 ke sk ok o ok o ok ok ok oo ok o ok e o ok e s ke s ke o ok e s ke o ok s B ol s ke s ok oo ok s o ke ok o o o e o ok s 8 o o e o ok e e o e ol e s o o e e o e o ke s o ke ok e ok
yeaunn Gapwit NaHTaH x rachHui TauTan Bonbdpam peHni OcMuit Uprann NNATUHA
9 Au 79Hg 80T 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 TYTh Tannwit ceuHey BUCMYT TONOHUH acrar panou 381[8‘]3 1 (20 6aJ1J10B)
VIL{10  Fr 87/Ra 88 |Ac 89|Rf 104 | Db 105|Sg 106 |Bh 107 | Hs 108 | Mt 109 |Ds 110 OcymiecTBHTE LIENOUKY NpeBpamenuii. [IpeToxuTe NByXCTaARHHBINA CIOCO6 MOMYy4YEHHs COEIHHEHHUS
[223] [226] [227) [261] [262] [266] [269] [269] [268] [271] -
oomsi | oo ceommi x| nesepbop o P i oo oo |nepwurram B u3 Tonyona. Pacmmdpyiite cTpykrypy BemecrBa C u ycioBus ero obpazoBanus u3 B. .
11 (Rg 111 Cn 112 113| Fl 114 115 | Lv 116 117 118 3y
1272 [285] [289] [293] d
PeHTTeHUiA | KonepHwLwmi cneposwii nBepMOpHit CHg h ‘) y72% 0% CH,Br / A OH CHO
X NlaHTaHonabl ? ? ? MnO.
Ce 58 Pr 59 [Nd 60| Pm 61 |Sm 62(Eu 63|/ Gd 64 |Tb 65| Dy 66 | Ho 67 Er 68/ Tm69 | Yb 70 | Lu 71 C nbz
140,1 140,9 1442 [145] 150,4 151,9 157,3 158,9 162,5 1649 167,3 168,9 173,0 174,9 '0}50"( C.H.-NO CH3CgH5
uepwit | npaseogum | weogum | npometwii | camapwit | eeponwit | ragonuuui | Tepbuit | avcnposui | ronbmwit | ap6wi | Tynwi wrTepbuil | nioteuwit NO, 7 0 3 xunsveHune NO
XX aKTUHOUAbI B H 2
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 1/ *
2320 | 231,0 238,0 | [237] [244] [243] [247] [247] [251] [252] [2567] [258] [259] [262] ~
TOpUA | NPOTaKTUHWIA | ypax HEeNTYHui NNYTOHWH | amepuumi | kiopui Geprnui | kanudgoprni | anHwTerHWiA| depmnia | mengenesuit | HoGenniA | noypeHcuii OH 4 02
Z>CO,CH CO,CH Boc,0
Pag akTMBHOCTY MeTannoB / 3NeKTPUYECKUA PAA HanpPsKeHUA > ' 2CHa i F ? DABCO
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 A . . Kar' -
i a Sr Ca Na Mg n Zn Cr Fe i (H) i CuHg Ag u= DABCO (KaT) ON ‘ DMAP( at’) C16H19NO7 co, |
aKTMBHOCTb METANNOB YMEHbLUAETCA E
PacTBOpMMOCTL KUCNOT, COMNENH U OCHOBaAHUNA B BOAE ' m\ )
MoHb H' |NH4'|K* [Na* [Ag* [Ba®* [Ca®*|Mg®|Mn®*{Zn**|Ni**[Sn®*|Pb**|Cu?* |Hg* |Hg.**[Fe** [Fe** |Ar** [Cr® ~CO2CHs © 9 o/~
OH piP|lP{-|PIM{M|H|H|HH|HIH|-]|] - |HIH]|H|H /©/\[® J /—O O
NO;~ PP {(P|lP|PP|P|P{P|PIP|P|P|P|P|-|P|[P]|P]|P O,N N—L O O S 0-
F P P|P|P|P|M|H|M|P|H|P|P|M|P|-|M|M|H MM o &N e Aoch.cH Cy7H1gNO7 AN
cr plplplPp|H|P| P[P [P |P|P|P|M[P|[P|H|P[P[P]P BuO > H 2 2 ‘
Br PIP|(PIP|H{P|P|P|P|P|{PIP M{iPIM|HI|P|P|P|P G 0 CH,NH, /1/1('/Z
r P|P|(P|P{H{P|P|P|PI!IPIPIPIH|[~-|H]|HIP|~-]|P]|P [ ? ﬁ 0 #
s+ plP{P|P|{H|-]|-]-|H|[H|H|H|{H|H|H|[H]|HIH[=-]- baBco — AN [O &4
S0;% plP|PIPIM[IM|M|M|H|M|Hf-|H|-|-[-|M[-]-]- = /N /'\o/\l C1gH22N206
SO pleplplp{m[u|{M][e|Pplp][r[Pp{H]Pr|P][M]P]PlP]P ; CH, C4H802 K’
COs* PIP|IP|P|H|H{H]|H H{H[|-]-H]|[-1]-=- H H|-|-1|- DMAP — O—M /\OH
S0 |H|-|P|P|H|H|A|H|A|AJA|-|H| -] -] -|H]|-]-|= =/ TH,
PO~ P(P|P|P|H|H|H|H|H|HA|H|[H|H|H|H] H|H|H|H|H Boe — 0 /‘< CH3002H /1\
CH.COO  |P| P |P|P|P|P|P|P|P|P|P|P|P|P|P|M|P|P|P|P o = B{U\o : 0
P — pacrtBopumoe (6onbue 10 r Ha 1000 r Bofbl) M — manopacreopumoe (ot 10 r go 0,01 r Ha 1000 r Boabl)

H — nepacteopumoe (meHblue 0,01 r Ha 1000 r Boabl)

— — BelecTBO pa3naraeTcs BOAOK UMK HE CyecTeyeT




Peaxius nonydenns E u3 D (peaxuus Beiinuca-Xunimana) 6su1a oTkpeita B 1967 romy SmoHCKHAM
XHAMHKOM Moputa, a B 1972 peranpHO HccnemoBaHa aMepukaHiamu beinncoM u XHUIMaHOM.
Ipensioxkure MeXaHW3M NPOTEKAHUA TOH PEaKIMU U CTPYKTYypY MHTEpPMENMATa, OOpa3yIoerocs NpH
B3auMozencTBiN MeTwiakpuiata ¢ DABCO.

Pacmmdpyiite ctpykrypy F. X £
Hpennoxure ycnous noydyeHus coeaunerus H U3 ykcycHoO# KHCIOTEI, pacmupyiiTe CprKTyp)(D
Pacimudpyiite crpykrypoiJju H. e+ 36/

Kaxoe rerepounxinydeckoe coennaenue K momyuaercs npu peakuun J ¢ METHIAMHHOM?

0
\/W (20 6ann108)

Houenr Cepreit MuxaiinoBud oueHb 0OHAENCS Ha INKOJFHUKOB, KOTOPHIE B MPOILIOM TOAYy IaXe HE
NBITATHCH PEITHTH 3a/la4y «KAaTHOH-OJIM3HEI» U MO3TOMY NPHIyMA ellle OJHY 3aJady Ha OnpelecHHE
HEH3BECTHOTO KaTHOHA: ;

IOnEIii XMMHUK Hallen Ha nojke 6aHKy CO CTepPTOi HAANMHMCBIO «... XJIOpHI». MaccoBas J0Nd XJIopa B
9TOM COeTHHEHHH cocTasiieT 28.1%. BemecTBo HMeno coneoGpa3Hyo IpHpPOAY, ObLIO THTPOCKOIHYHO
H XOpOIIO pPacTBOPHMO B BOJE, HO HEPACTBOPHMO B HEMOJAPHBIX OPraHHYECKHX pPaCTBOPHTEIAX.
Bonnslit pacTBOp coenuHeHHs MMeN KHCIyIo peakuuio. Temrieparypa IUIaBICHHS BEIIECTBA COCTABHIIA
102 °C. Tlpu mobGaBneHHM €ro K pacTBOpy AMXpOMaTa KaIdsd PacTBOP OKPACHJICS B 3€JECHBIH IBET H
TIOSBHJICS 3aIlaX I'OPHKOr0 MHHIAJIA BCIEACTBHE 00pa3oBaHMs COCAMHCHHS, B KOTOPOM MaccoBas NOJA
onemeHTa, oTKpeiToro K. Illeeme u HesaBucumo ot Hero k. Ilpmcrim, cocraBnger 15.1%. Ilpm
BOCCTAHOBJIEHMM HCXOJHOIO XJOpPHIa alIOMOTHOPHMIOM JIMTHA OOpa3yloTCad JBE€ COIMH H
HECMEIMBAIOMAACA C BOJOH MpPO3PauyHAs SKHAKOCTh C TeMIepaTypoil 3amepsanus -80 °C u
Temnepatypoii kunenns 116 °C. Maccopas nons yriaepoja B 3TOM XHUAKOCTH cocraBiiter 91.3%.
Ompenenure CTPOCHHE COEOWHEHHS, €CINH H3BECTHO, YTO KATHOH HE CONEPKHMT aTOMOB META/LIa.
3anumure ypaBHeHHs peakuuii. Kakoif mpomecc mpoHCXOauT mpH pacTBopeHuH Bemectsa B Bojae? ITo
Kako¥ mpu4uHe cTabWieH NaHHEI KaTHoH? [IpuBemuTe CTPYKTYPHYIO GOpPMY/ly aHHOHA, CTAaGHILHOTO
IO TOH K€ CaMO¥ IPUYMHE, YTO ¥ HEU3BECTHLIA KATHOH?

3agaua 3. «Ilmmlmp»{ ? (20 6a108B)

v
e

I'epMeTHYHBI UWIHMHIP ¢ BHYTpeHHHM paauycoM 10 cM u BeicoToif 10 cM pasjiiefieH Ha JIBE 4acCTH
TOHKOH IE€PeropoAKoi, IIOTHO MpPHIEralomed K CTeHKaM IWIMHAPAa H CBOOOAHO IepeMEMAIOmENncs
BHYTpH ero. B onny uacte muimHapa noMemeHo 4,88 r HeoHa, a BO BTOpyo 60 I TBEpAOro mpoayKTa
B3aMMOJICHCTBHA M30BITKA HAIIATHIPA H OJIOBIHHOTO Macia (MaccoBas JOJIA XJIOpa B OJIOBAHHOM Macie
cocraBiger 54.43 %). IlpeaBapuTenbHO BO3MYX M3 00EHMX 4acTelt ObUI THIATENBHO oTKayaH. CHCTEMy
Harpemu 10 800 K. Onpenenure pacCTOSHHE OT NEPErOpOIKH A0 OCHOBAHWMN IIIMHIPA H KOJIMIECTBO
BEHIECTBa TBEPAOro MPOAYKTa, OCTaBileecs B KOHICHCHPOBaHHOH ¢aze. 3aBUCHMOCTh KOHCTAHTHI
PaBHOBECHA TEPMHMYECKOIO Pa3lIOKCHHS YTOMSHYTOrO BBIIIE TBEPAOTO BELIECTBA OT TEMIEPaTypbI
BBIpaXKaeTCsl yPaBHECHUEM: o Moy GactC (2 G

InK=-(61066/T) + 83.32

Kak M3MEHUTCA MON0XKEHHE MEPETOPOAKH, €CIIH TeMueparypy monusuts Ha 50 K? OtBeT nmoareepaute
pacuyeTaMmu. -

(20 6ann0B)

Cpen MHOTOYMCIICHHBIX THIIOB HAHOMATEPHATOB OJHHMM M3 BAXKHEHINMX SBJIAIOTCA TaK Ha3hIBacMbIC
K6aHmogele mouku — GparMeHTH MPOBOJHHKA WIH MOTYIPOBOAHHMKA C pasMepPoM, OIHM3KUM K JUIMHE
BOJIHBI 37€KTpoHa. K TakoBEIM OTHOCSTCS, HAampHMeEp, HAHOKPHCTALIHI CeJicHHAAa Kaamus. g Hx
IPUTOTOBJICHHA B MHEPTHOH aTtMocdepe K BOJHOMY PACTBOPY XJOpHAA KaaMHs HOOABIIAIOT BOMHEIMA
PacTBOp CeJICHUTa HATPUA M PACTBOP OPraHHYECKOTO COCNUHEHMS (HanmpuMep, MEPKamTO3TaHOIa) I/
[IPEIOTBPAIIICHHS arperalii 9acTHII.

Jna moy4eHHBIX HaHOYACTHUI] MOJIOKEHHEe MAKCUMYMa TIOTJIOIEHHUS B 3JIEKTPOHHBIX CIIEKTPax 3aBHCUT
OT pa3Mepa 4YacTHL. VYBEIHYCHHE IUaMeTpa 4YacTHIl HpPH YBEIMYCHHH TEMIIEPATYphl CHHTE3a

COIIPOBOXOACTCA CICAYIOITUM CABHI'OM IIOJIOCHI ITOTJIOHNICHHS

IO /0 {0 /p

t, °C 10 22 30 40 50 60 70

ALEM 1420 (] 421 21 ‘U425 €51433 th440 14 448

d,am [2.78 2.78 2.78 2.83 2.90 22,96 1.3.03

G- tF 416, ~ +L

N/ 1) Hannuiute ypaBHEeHHe peaKiMH, JEXKAIEH B OCHOBE CHHTE3a CEICHHA KaIMHS;
\/2) JUuis dero TpeOyercas mNpoBOmuTh CHHTe3 B HHEpTHOH arMmocdepe? Ilo Bo3MOXKHOCTH

MIPOMJLTIOCTPUPYHTE OTBET yPABHEHHEM PEaKIIHH. A O —otececea

) Ouenure auameTp HaHodacTuy IpH 60 °C; Chtbeer G towe 7@ T
4) Kak H3BeCTHO, B pPacTBOpE IPOMCXOAHUT MOHOMOJIEKYJApHasd aacopOuMd MOJEKY]T THOlIA Ha
IIOBEPXHOCTH HAHOYACTHL. Bo CKOIBKO pa3 H3MEHHTCS KOJIMYECTBO COPOMPOBAHHOrO THOJNA MPH
M3MEHEHUH TeMIIepaTyphl cuuTesa ¢ 22 °C go 70 °C?
5) Bmecro MepkanTo3TaHONa MOXET OBITh MCMONB30BaH H AomemwiTHoil. B kakoii dgopme on Oyzer
MIPUCYTCTBOBATH B pacTBope?

3agaua 5. (20 6annoB)

Ha cxeme npuBeZicHBI HEKOTOPHIE PEAKIHH COCHHEHUH MeTaluia X B HU3KHX CTENEHAX OKHCIEeHHS. [Ipu
B3auMozercTBuH ranoreanga X (o(X) = 17,80%) ¢ #306EITKOM MOHOOKCH/IA YTIIEPO/A IO/ IABJICHHEM B
npucyrcteud LiAlH4 obpa3syercs 3010THCTO-XKeNTOE JieTydee COeAMHEHHE A (TEMIIEpaTypa ILIaBIeHUs
154 °C, o(X) = 28,21%), IIOTHOCTH NapoOB KOTOPOTO II0 BO3AyXy paBHa 13.45.

OxucieHHEe A 3KBHBAJICHTHBIM KOJIHMYECTBOM MOJIEKYJIIPHOTO HOAA IPHBOAHT K OOpa3OBaHHIO
coenuHenus B (o(X) = 17,08%), koropoe mpu HeGonbmioM narpeBamun mnepexomutr B C (o(X) =
18,71%). C npeBpamaercsa B B npu neiictBHH MOHOOKCHAA yriepona mox aasieuneM. Coenunenue B
TAKXXe pearupyeT ¢ KMCIOTaMH H OCHOBaHHAMH JIsronca. C TPHUXJIOPHIOM QJIOMHHHS B MPHUCYTCTBHH
CO non nasnenmem obpasyerca coemunenue D (o(X) = 11,38%), a npu neficteuu Tpudenmwipocpuna
Ha B nocnenoBarensHo obpasyrorcs coenurenus E u F (o(X) = 7,46%).

BoccraHoBneHne A amanbraMoii HaTpus NpHBOIMT K oOpa3soBanuio coemuneHud G (o(X) = 25,23%),
KOTOpoe nipH AchcTBHH (ochopHOi KHCTOTH MOXeT ObiTh nepeBereHo B coequnenue H. H pearupyer ¢
tpudenmndocdurom ¢ obpazoBanuem I (o(X) = 12,79%). MoneKyasapHsle Macchl KaTHOHA B
coenuHenny D u aHnoHa B coequHeHnn G oTiMyaloTcs Ha 28 a.e.M.

Wnentnduumpyiite coepuHenus A-I, eciM H3BECTHO, YTO BemECTBA A, E u F saBmmorcs
MOIEKyISPHBIMA KOMILICKCAMH. Hanuiwre ypaBHeHus peakuuii. YeMy paBHa cTelieHb OKHMCIeHHA X B
coequneHusx X, B, G? Kakosa cTpykxrypa coennHeHmM KpaTHOCTb CBA3H XX B 3TOM COCTUHEHUH?
Otser aprymentupyiite. Hapucyiite crpykrypn komiiekcoB B, E u F. Bnepseie coenuHeHue,
aHaIorH4HOE A, 66110 nomy4ueno B 1890 r JIronsurom MoHIoM U3 okcHaa apyroro Metaiuia. [lpusenure
YPaBHEHHE 3TOH PeaKIiH. KO —= 1cQ,

C (M, (O%3L,

T||CO
C ﬂ’MZQ O),a}? PPh; E PPh; F
AlCl;
12, T CcO

D
xHak, C0- " A X y
L Hny (O

Na/Hg
G

—sH —]
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