| ] m ] v ] v [ vi_ [ Vi Vi CAHKT-TIETEPBYPI'CKUI F'OCYIAPCTBEHHbBI YHUBEPCUTET
1 1|H 1| Nepuoauyeckas cucteMa XMMHYeCKux anemeHtoB | He 2 _
l;‘,}ﬁ:f,f A.M.MenpeneeBa 22::602 ?)%?)6
1] 2 | L 3| Be 4| B 5[ C 6 N 710 8 | F 9 | Ne 10 "mmmlll“"”’lmﬂm
6,9412 9,01218 10,812 12,0108 14,0067 15,9994 18,99840 20,179 ;z
TMTWA Gepunnui 6op yrnepoa asor KUCNOPOR dTop HeoH 1
|3 |Na 1 Mg 12| Al 13] Si 14 | P 15| S 16 | CI 17 | Ar 18
22,98977 | 24,305 26,98154 | 28,086 30,97376 32,06 35,4563 39,948 ‘
orpi | woh | snown_| pownd___{ oovep | ceps xnop apron sse-MEHHASI PABOTA YYACTHHUKA
v| 4K 19{Ca 20(Sc 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 OJIHMHHAI[BI mKOJIBHHKOB Cnﬁry
Cu 70 2n 30 Ga 3T Ge I A HSe m B omK o H o 2018-2019
5 u a e S r «
63,546 65,38 69,72 72,59 74,9216 78,96 79,904 83,80 3aKJIIO‘II'ITeJ'IBHBII/I oTall
mMeab LHK ranvii TEPMaHUiA MbIUbAK cenex Gpom KPWATOH
V|6 [Rb 37/Sr 38|Y 39[2Zr 40 [Nb 41[Mo 42 |[Tc 43|Ru 44|Rh 45[Pd 46 ITpeameT (kOMIUTEKC peaMeToB) OUMIHALBL XMHUA (11 KJIACC)
85,4678 | 87,62 88,9059 91,22 92,9064 95,94 98,9062 101,07 102,9055 106,4
pybuauii CTPOHUMA UTTpUH LUPKOHUiA Huobui monnGaex TEXHeUWA pyTeHniA pogui nasulagui _ 7y
7TAg 47]Cd 48|In 49]Sn 50 |[Sb &1|Te 52|1 53 Xe 54 T'opon, B xoTOpOM MPOBOZKTCA OTUMIHANA Capmn. =] W”%“," 4
107,868 112,41 114,82 118,69 121,75 127,60 126,9045 131,30 )
cepebpo xagmuit MHAWA 0noBo cypoMa Tennyp von, KCEHOH Hara 23 0%.20149
Vi|8|Cs 55 Ba 56|La 57\Hf 72 |Ta 73|W 74 1Re 75({0s 76 |1r 77 | Pt 78
132,9054 | 137,33 138,9 178,49 180,9479 | 183,85 186,207 190,2 192,22 195,09 ol ok o s o ok ok sk ok sk ke sl o s e sk o ok ke o ok ok ok ok o ok ok o ol ol o ok ok ok e o o ok o ok o s o o ke ok e o e o e o e o o ok ook ke ok ke ok ke o sk e ok ook ok ok e ok ke ok
Lesuni Gapwit NaHTaH x racpHuin TaHTan Bonbgpam peHun OCMUA wpuanii nRaTUHA
9 |Au 79 Hg 80| TI 81|{Pb 82 | Bi 83| Po 84 At 85| Rn 86 BAPHAHT 10
196,9665 | 200,59 204,37 207,2 208,9 {209] [210] [222] )
301070 pryTH TannuMi CBUHeY BUCMYT nonoHu#A acrar PaaoH 3agaga 1 (20 6a.rmon)
ViL|10 | Fr 87 Ra 8 |Ac 89 Rf 104 |Db 105|Sg 106 | Bh 107 |Hs 108 (Mt 109 |Ds 110 OcyImecTBHTE LENOUKy npeBpamenuii. [IpeanoxuTe AByXCTaquiHbIH CrI0CO6 MONTYYEHHs COSAUHEHNA
(223) | [226] (227 | [61) | {262] (266} | [269] [269) (268] | [271] B u3 tonyona. Pacmmdpyiire cTpykTypy Bemectsa C u ycioBus ero obpasosanus u3 B.
bpaHunu paawi aKTuHui xx | pesepdopavii | AyGHwA cuboprui Bopui Xaccwit MeiATHepwiA  {aapMwTagTui - N
11| Rg 111/ Cn 112 113 Fl 114 115{Lv 116 117 118
[272) [285] [289] [293]
PEHTTeHWI | KonepHuuwid dneposui nnBepMopwi CH; CHBr CHO
X NAHTaHOUA LI ? 2 ?
Ce 58| 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 MnO,
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 CH3CgHs
yepui npaseoaum | Heoaum | npometwni | camapwi | esponvid | raponuHuih | Tepbwi | avcnposud | ronbmui | 3pbun TYNNi utTepbuin | nioreumin N02 C7H7NO3 KUnsdeHve NO.
X% aKTUHOUALI B :
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]
TOPUA | NnpoTaKTuHWA| ypaH HenTyHuit | nnyToHwi | aMepylwii| Kiopui Gepknuit | kanudophnii | aliHwTeirHnin] depmnii | meHgenesnit | Hobenwii | noypeHcui ~ OH
“ ~CO,CH
Psap akTMBHOCTYU METanNnoB / 3NeKTPUYECKUA PAa HaNPsXKeHUA s CO,CH, Bocz0 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 Au DABCO (xar.) DMAP (kar.) -CO
» | OzN C16H1gNO7 2
aKTUBHOCTb METannNoB yMeHblUAETCA E
PacTBOpPUMOCTL KMCHOT, COMei U OCHOBaHui B Boge
VoHbI H* [NHs'|K* {Na' [Ag® |Ba® [Ca®'|Mg? [Mn®*|Zn?*|Ni**|Sn**|Pb**|Cu®*|Hg** |Hg.** [Fe** [Fe*" |AI** [Cr** ~-CO2CH;
OH™ piPp|P|-{P M{M[H|{H|H{H|{H]|H|~-] -]|H|[H{H|H O/\[e J
NOs~ PP |PlP|P{PIP|P|P|P|PIP}|P|PIP|]-|P|P]|P|P O,N N-l O O
F plrilp|PplPp|Mm|H|mle|ulr{P[M[P[-[M|[M][H][M]|M o L&EN 9’ CMOCH cH C17H1sNO;
cr plple|plH|lP|P|P|{P|Pr|P]lP|M|P]P|[H|[P]P]|P|P tBuO 3 H 7
Br P|P|P|IP|H|P|P|P|P | P|IPIPI{M{P|IMIH|P]|P | P]|P G CH.NH
r plep(plp|H|P PP P |P|P|P|[H]|-[H]H][P|[-]P]P 1 ? e
s* plPp(P|P|H|{-|-|~-|H|H[H|[HIH|H]|H|H]|H]|H|[-]- (N
SO plrlelpImm{M|[M[H [ mM[H|[-TH][=-[=--ImM[-T-1- DABCO = /\_/ I C18H22N206
S04 P{P|P|P|{M|{HIM|P|P|[P|P|[P|H|P|P|M|P|P|P|P ; CHs C4HgO, K
CO* plepilplp|HlHulH{H|{H|H][-]-|0]-T-TH]u]-=-T-1- DMAP = N/\___\>—N:
SiOs*” H|-[P|lPIH{H|{H|H|H]|H[H|[-|H]|-]|-]-|H]-]|-]- = CHs T ?
POs* plPIPIPIHIHIH{H|H{JHIHIH]|H|H]JH}|H|H|H]|HI|H L 0 J< CH3CO,H
CHicoO™ |P| P [P|P|P|P|P|P|P|P[P|{Pi{P|P|P | M|P|P|P]|P Boc = E{U\o
P — pacrsopumoe (6onbiie 10 r Ha 1000 r Boaks) M — manopacteopumoe (o1 10 r go 0,01 r Ha 1000 r Boabl)

H — nepactsopumoe (meHbiite 0,01 r va 1000 r Boabi) — — BELEeCTBO pasnaraeTcs BOAON WNK He CyulecTeyeT ~ —~




Peaknus nomyuenns E n3 D (peakuus Beiimuca-Xunnmana) 6bU1a oTKpEITa B 1967 rogy AmoHCKHM
XAMHKOM Moputa, a B 1972 petanpHO HCCIEefOBaHA aMepHKaHIaMHu belnncom u XuuMaHoM.
IIpeiouTe MEXaHU3M MPOTEKAHUA ITOM PEaKMM M CTPYKTYpY MHTEpMEAHaTa, 00pasyloIerocs npu
B3aumMoJieiicTBuM MeTwinakpwiata ¢ DABCO.

Pacmudpyiite crpykrypy F.

IIpeanoxure ycioBus noiydeHns coenuaeHns H u3 ykcycHo# KucnoTsl, pactmdpy#ite cTpyktypy L.
Pacumdpyiite ctpykrypst J u H.

Kakoe rereponuknugeckoe coeaunaenue K nomyyaercs npy peakiu J ¢ METHIaMAHOM?

3axava 2. «KaTnon- He 6am3Hen » (20 6anu0B)

HNonent Cepreii Muxaiinond oueHb OOHIENCA HAa IIKOJIBHUKOB, KOTOPHIC B IPOILJIOM rofy Aaxe HE
NBITATKCEH PEINNTH 3a]a49y «KaTHOH-OIH3HEN» H MO3TOMY MPUAyMal €Ile OJHY 3a1a4y Ha Ompele/eHue
HEH3BECTHOTO KaTHOHA!

JOHBIi XAMHEK Halle] Ha NOJIKe 6aHKYy CO CTEpTOil HaAIHUCHIO «... XJOpHI». MaccoBas Jojs Xjopa B
3TOM coeHHEHHH cocTaBiieT 28.1%. BemecTBo nMeno coneobpa3Hyio Npupoy, 6bUI0 THIPOCKOIHYHO
M XOpOHIO pPacTBOPHMO B BOAE, HO HEPACTBOPHMO B HEMOJAPHBIX OPraHMYECKMX pacTBOPHTEILIX.
BoaHBIA pacTBOP COSAMHEHUS MMe) KHCIyIo peaknuio. Temmeparypa IaBleHHs BEIECTBa COCTAaBHIIA
102 °C. Ilpu moGaBNeHHH €ro K pacTBOpY IMXPOMATA Kalks PACTBOP OKPAacHIICS B 3€JCHBIH IBET H
HOSBHIICA 3amax ropbKOr0 MHHAAIA BCIEACTBHE 00pa3OBaHHA COCAHHEHH, B KOTOPOM MaccoBast JOJs
snemenTa, otkpeiroro K. Illeene m mesasucumo ot Hero k. Ilpmermm, cocrtasnser 15.1%. Ilpu
BOCCTAHOBJICHHH HCXOJHOTO XJIOpHIAa QOMOTHADHAOM JHATHA 0OpasyloTcs [IBe COIM H
HeCMEIIMBAIOINAsACS C BOJOH Mpo3padHas >KHIAKOCTH C TeMmepaTypodl 3amepsanui -80 °%C u
Temneparypoii kumeHus 116 C. MaccoBas nons yriepoia B 5TOM JKHAKOCTH cocrasiser 91.3%.
Ompenienute CTPOEHHE COCOWHEHMS, €CIH H3BECTHO, YTO KATHOH HE COICPXHT aroOMOB MeTajlia.
3anummTe ypaBHeHHA peaxumii. Kakoii mpouecc IpOHCXOIHT NpH pacTBOpeHHH BemiecTsa B Boze? Ilo
KaKoil mpuumHe cTabWilen JaHHKM KatHon? [IpHBEeNNTE CTPYKTYPHYIO (POPMYIy aHHOHA, CTaOHILHOIO
110 TOii JK€ CaMOii NPHYHHE, YTO M HEM3BECTHBI KaTHOH?

3amaua 3. (20 6anu0B)

T Ka4ecTBEHHOTO aHANM3a CoAepXKallell HEKOTOPOe KOJIMYECTBO Kpe30Ja CMeCH CJIOXKHBIX 3¢HpoB X
u Y, 06pa3oBaHHBIX OJHHM CIMPTOM M IBYMS Pa3sHBIMH OJHOOCHOBHBIMH KapOGOHOBEIMH KHCJIOTaMH,
IpoBENH CIeAyIomue sKcnepumenTs. [lopiuio Takoit cMecu Maccoit 36 r obpaboramu 16% pacteopom
THAPOKCH/IA HATPHUs, HA KOJIMYECTBEHHOe B3auMmozelcTere nomuio 100 r pacteopa menoyn. Takyio xe
MOPIHIO HCXOMHON CMECH Pa3[eNiiA Ha JBe PaBHBIC YacTH, IEPBYIO 06paboTanyu H30LITKOM GPOMHOMA
BOABI M noxyuwntd 34,5 r ocaaka, a BTopy:o obpabotanu H3OBITKOM peakTHBa TOJUIEHCA, BHIIABUIMH
ocaZioK OT(HILTPOBAIM M BEICYIIMIH, ero Macca cocraBmia 20,35 r. OGpaboTka storo ocamka
H36LITKOM COJITHOHM KACIOTH YMEHBIAET ero Maccy Ha 11,67%. YcraHoBrTe CTPYKTYphl 3¢HpoB X 1 Y
M HaIWIIATE YpaBHEHHS ONMACAHHBIX PEAKIHi.

3anaua 4. «KKBaHTOBbBIE TOYKH» (20 6an10B)

Cpeau MHOTOUYMCIICHHBIX THIIOB HAHOMAaTepPHAllOB OJHHMM M3 BAKHEHIIMX SBISIOTCH TaK Ha3bIBACMBIC
K6aHmoevie MmouKy — (PParMEHTH! IPOBOJHUKA WM MONYIPOBOAHHUKA C pasMEpOM, GNIM3KHM K UIMHE
BONHEI 3NMeKTpoHa. K TakoBbIM OTHOCSTCS, HalpHMep, HAHOKPHCTAIBI CeleHHa KamMus. Jlns ux
NpUrOTOBJICHAS B HHEPTHOH armocdepe K BOZHOMY PacTBOPY XJIOpHIA KaaMus HOGAaBIAIOT BOMHbIMA
PAcTBOp CeJEHHTA HATPHUA M PACTBOP OPraHMYeCKOro COeIUHEHHs (HAampHMep, MEPKANTO3TAaHONA) sl
IpeIOTBpAIlEHUs arperaiiy YacTHIl.

JIna monydYeHHBIX HAHOYACTHI] ITOJIOKEHHE MAKCHMYyMa ITOTJIOIIEHHS B IEKTPOHHBIX CIIEKTPaX 3aBHCHT
OT pa3Mepa YacTULl. YBeIMYeHHE [UaMeTpa YacTHI[ NP YBEIMYECHMH TEMIEPATyphl CHHTE3a
COIPOBOXKIAETCA CIIEAYIOIIMM CABUIOM IIOJOCH OTTIOIIECHHUA:

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

1) Hamuinnte ypaBHEHHE peakiliy, JISKAIIEH B OCHOBE CHHTE3a CEJICHUIA KaJMUS;

2) Jlns uyero Tpebyercs NpOBOAMTH CHHTE3 B HHEpTHOH atmocdepe? Ilo BO3MOXKHOCTH
NPOUJUTIOCTPHPYHTE OTBET YPABHEHUEM PEAKLIHH.

3) Ouenure auametp Hanoyactu pu 60 °C;

4) Kak u3BeCTHO, B pacTBOpe IPOMCXOAMT MOHOMOJIEKYNIIpHas ajcopOuus MOJEKyll THONa Ha
MOBEPXHOCTH HAHOYACTHL. BO CKOJbKO pa3 H3MEHHTCA KOJNHMYECTBO COPOMPOBaHHOTO THONA TPH
H3MEHCHHH TeMIlepaTyphl cuatesa ¢ 22 °C go 70 °C?

5) BMecTo MepKalTo3TaHola MOXET ObITh KCIIONB30BaH H AoAenunTHoN. B xakoil ¢opme on Oymer
[IPHUCYTCTBOBATh B pacTBOpe?

3anaua S. (20 6an10B)

Ha cxeme npHBeIeHbI HEKOTOPbIE PeakUiy coenuHeHNH MeTawia X B HU3KHX CTENeHsX okucuenus. [Ipu
BauMmogeiicteun okcuaa X (o(X) = 76,86%) ¢ u36EITKOM MOHOOKCHIA Yriepoaa mox AaBicHHeM 250
atM obpasyeTcs 30JI0THCTO-XENToe JieTydee coeAuHeHne A (temneparypa mwiasienus 177 °C, o(X) =
57,06%), WIOTHOCTH IIAPOB KOTOPOTro 10 BO3AYXY paBHa 12.5.

OKHCIICHHE A OJKBHBAICHTHHIM KOJMYECTBOM MOJIEKYJIIPHOITO HOJAA HPHBOAMT K 00pa3oBaHMIO
coemuaenua B (o(X) = 41,06%), xotopoe npu HeGonsmoMm HarpeBaHuH nepexoguT B C (o(X) =
43,76%). C npespamaercs B B npu feiicTBEE MOHOOKCHA yriiepoza nox nAasienneM. Coenunenue B
TaKXKE PEarupyeT ¢ KUCIOoTaMd M ocHOBaHMAMH JIbionca. C TPHXIOPHIOM ATIOMHHHUSA B IPUCYTCTBUH
CO nox naenennem obpasyerca coenunenre D (o(X) = 30,27%), a npu pedicteun Tpudennndochuna
Ha B nocnenoarensuo o6pasyrorces coequnenus E u F (o(X) = 20,2%).

Boccranopienre A amanbramoil Hatpus npuBogut kK coexuberuio G (o(X) = 53,3%), kotopoe mpu
neiictBul  QocopHOH KHCIOTHI MoXeT OwTh mepeseaeno B coeaunenme H. H pearupyer c
tpudenmndocdunom c obpasopanmem I (o(X) = 33,16%). MonekynapHusie MacChl KaTHOHa B
coeguacHnd D u anmoHa B coeuHenun G oTmaaiorca Ha 28 a.e.M.

Unentudumupyiire coenunenns A-I, ecnmw m3pectHo, wro BemectBa A, B, E u F sBmmorcs
MOJIEKY/ISpHEIMH KoMIUIekcamy. Hamumure ypaBHenus peakuuii. Uemy paBHa crenenb okucieHds X B
coemuHeHIAX A, B, G? KakoBa CTpyKTypa coefMHEHHS A H KPaTHOCTB CBA3H X—X B 9TOM COeHHCHAN?
OtBer aprymentupyiite. Hapucyiite crpykrypsl kommiekcoB B, E u F. Bnepsoie coemuneHwme,
aHaIorH4Hoe A, 66u10 monydeno B 1890 r Jlroapurom MoHzoM u3 okcupa apyroro metawia. [Ipusenure
YpaBHEHHE 3TOH peaKIuH.
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