| il [ ]} | v | \' | Vi | Vi Vil PICKHUN I'OCYIIAPCTBEHHI)IFI YHUBEPCUTET
Ij1]|H 1| Mepuoanueckan cucTtema XMMUYECKUX fiemeHToB | He 2
1,00795 4,002602
eoposon A.M.Menneneesa o R
H 2 | Li 3| Be 41 B 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 1
nUTHIA Gepnnnuit 6op yrnepos asor kucnopon ¢$Top HEOH 59S ;.
i3 |Na 11 Mg 12 (Al 13| Si 14 (P 1518 16 | CI 17 | Ar 18
22,98977 | 24,305 26,98154 | 28,086 30,97376 32,06 35,453 39,948 ‘
HaTpHit Eamuﬁ aniomnHwii_| kpewit cocchop cepa xnop spron__ IIMNCBMEHHAS PABOTA YYACTHHKA
V] 4K 19|Ca 20 (Sc 21| Ti 2 |V 23/Cr 24 |Mn 25| Fe 6 | Co 27 | Ni 28
39,0983 | 40,08 44,9559 47,90 50,9415 51,996 54,9380 55,847 58,9332 58,70 O‘]II/IMHH‘AHBI mKOJIBHHKOB Cnﬁry
5 gnuﬁ 5 gnbuuﬁ 30 chauguﬁ31 g'rau 2 aAa;gguﬁ33 )épom e ;_ag@uelé 5 )&eneso % xobanbt HUKEeNb 2018—2019
u n a e e r r -
63,546 65,38 69,72 72,59 74,9216 78,96 79,904 83,80 3aKJIIO‘lI/ITeJILHBIPI oTan
- Mefb LMHK rannmn repManui MbiLIbAK cened 6pom KpUNTOH
V|6 |[Rb 37(Sr 38|Y 39{2Zr 40 [Nb 41 (Mo 42 |[Tc 43|(Ru 44| Rh 45(Pd 46 Ipeamer (xoMIutexc mpeameToB) OMUMIHANRI XUMHAA (11 KJIACC)
85,4678 | 87,62 88,9059 91,22 92,9064 95,94 98,9062 101,07 102,9055 106,4
pyonauii | crponuwi | wrTpuit LIMPKOHWA HuoGuit monubgen | Texweuwd | pyrewwii pogmit nannaguit M
7[Ag 47]Cd 48|In 49(Sn 50 |Sb 51|Te 52|1 53|Xe 54 Topoz, B xoTOpoM MpoBoAHTCA ONHMIHANA
107,868 112,41 114,82 118,69 121,75 127,60 126,9045 131,30 W
cepebpo | xaqmwit uHai onoso cypbma Tennyp wo KCeHOH Hara 40 s M ;9
VI|8 |[Cs 655 Ba 656|La 57|Hf 72 {Ta 73 (W 74 |Re 75|0s 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 o ol sk e ok e ke s e o ok ok oe ke s ke s ke s e s e ok e sk ok K o ok s ke o e ok o sk o ok ok ok o ok o ke sk ke sk e ok e ok s ok sk ok ok e ok e ok e sk ke ok s ok ok e ok sk ok o e o sk ok
ue3nn Gapun NaHTaH x raguui TaHTan sonbtpam peHwui ocmuit npuann niaymHa
9 JAu 79 Hg 80Tl 81|Pb 82 |Bi 83| Po 84 | At 85| Rn 86 BAPHAHT 4
196,9665 | 200,59 204,37 207,2 208,9 [209] [210] [222] 3 1 (20 6 )
30M10TO pTYTH Tannui cavHey BUACMYT NONOHUA acrar pagoH agaavya aL1oB
VII{10 ([Fr 87/Ra 88|Ac 89[Rf 104 | Db 105|Sg 106 |\ Bh 107 | Hs 108 | Mt 109 | Ds 110 OCyIEeCTBUTE LEMOUKy mpeBpameHHii. [IpeIoxKuTe IBYyXCTAIMIHBIA CIOCO0 MOMYYEHHs COSUHEHHUS
[223] | [226] [227} [261] 262] [266] [269] [269] [268] 7] Y Ky IpeBp p yX Tyq
hpaHLmn pagui aKTuHuWiA xx_| pesepdopaui | ayGHuiA cuboprui Hopui Xaccuh MeiTHepui | aapmwiTagriii ]? u3 TOJIYOJIa. Pacmmbpj © Cpr ypy BelnecTBa C H YCJIOBPISI ero OGPaSOBaHm 13 B. -~
11| Rg 111 Cn 112 113 Fl 114 115 | Lv 116 117 118
[272) [285] [289] [293]
PEHTTEHW | KonepHuuWi dneposuii nvBepMopuit CH3 CHzBr CHO
X NaHTaHoNnab! ? ? ? MnO
Ce 58| Pr 59 |[Nd 60| Pm 61|Sm 62(Eu 63|(Gd 64 | Tbh 65(Dy 66 | Ho 67| Er 68| Tm691Yb 70 { Lu 71 — = A C nV2
140,1 140,9 1442 [145} 150,4 1561,9 157,3 158,9 162,5 164,9 167,3 168,9 173,0 174,9 C.H.-NO CH3CgHs
uepui npaseogum | Heogum | npomernin | camapwi | esponuii | ragonunui | Tepbui | amcnposuit | ronbmuid | 3pouii Tynuit urTepouit | nioteumin NO2 TTM3  kunsveHue NOz
XX aKTMHOMGDI
Th 90|Pa 91|U 92iNp 93 |Pu 94|Am 95/Cm 96{Bk 97 |Cf 98 |Es 99{Fm100 {[Md 101|No 102|Lr 103 B D
232,0 | 231,0 238,0 | [237] [244] [243] [247] [247] [251] [252] [257] [258]) [259] [262]
TOPMIA | NnpoTaKTuHWiA | ypa HEeNTYHWH | NNyTOHWI | amepuumit| klopui Gepknui_| kanudopHuii | siiHwTehnui| depmuit | menaenesuit | HoBenui | noypencui OH
Z>CO,CH CO,CH Boc,0
Paa akTMBHOCTU METannoB / aneKTpu4eckuil pag HanpsxeHun e s © 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 (Kar) O.N DMAP (Kat') o HiNO -Co,
> 2 16T 11gNV7
aKTUBHOCTH METanNos yMeHbilaeTcs E
PacTBOPUMOCTb KUCIIOT, COMeil U OCHOBaHUA B BOAe i i
WoHsi! H* [NH4'[K* |Na* |Ag* [Ba?* [Ca? [Mg®*|Mn?*'{zn®*|Ni**|Sn?* |Pb** [Cu**|Hg?* |Hg.** [Fe** |Fe* |AI* [Cr** ~COCHs
OH Pp|IPIPI-|PIM|{MIHIH|H[H]JH]|H| - - {tHIH]|H|H
—_— ® _ J
NOs™ Pp{P|(PI{P|P{P|P|P|P|P|P|P|P|P]|P - P|PI|P|P O;N N_L O O
- — N Cq7H1gNO7
al PlP[P[P[P[M|[H[M[P HIP[P[M]P M| M|HIM|M ol G HyG J\/U\OCHchs
Cl PpP|lP{P|PIH|P{P|P|{P|P|[P|P|M|P|P H P|IP{P}|P u H
Br plPiP|lPIH|P{P|P|P|P|P|P|M|P[M|H P|(P|P}|P G CHNH,
I plP|P|P|H|P|P|P|P|P|IP|P|H|]-1TH|H P|-|P|P ' ?
s* plPp{P|P{H|-]|]-|-|H[H|{H|H|H|H|H|H|H|H|-- oABco =— AN
S03* plpPp(P|lPI[MIMIM|[M|[H{M|H|-[H|-}|-] - [M|~-|-]- = [NJ | C18H22N20g
S0.* p|P|(PIPIM|H|{M|P|P|P|{P|P|{H|P|[P|M]|PIP|P|P ; CH, C4HgO, K
COs> P P|P|[PI|H|H|H|H|H|A|-|-|RA|-|-|H]|H]|-]-]- DMAP = O—M
Si0s* H| - |P|[P|A|H|R|H|H|H|[H|=-|H|[=-]-T-TH[-T-T- =/ THy T ?
PO*> Pp{P{P/IP/H H/H|H|H[H|H|H|H|H]|H H]JH|H|H|H _ 0 J< CH3CO,H
cH:coo- [Pl P |P|P|P|lP|P|P|P|P|P|P|P|P|P[M[P][P]P]P Boc = 3{”\0
P — pactsopumoe (6onbiue 10 r Ha 1000 r Boabl) M — manopacTtsopumoe (ot 10 r go 0,01 r Ha 1000 r BoAbI) i
H — HepacTBOpumoe (MeHbLue 0,01 r Ha 1000 r Boawl) — — BellecTBO pasnaraeTcsl BOAOW unu He CyllecTsyeT .
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( 3agaua 4. «KBanTOBbLIC TOUKI)

Peaxunsa nomydenus E u3 D (peaxums Beimnca-Xuuimana) Obuta OTKpeITa B 1967 romy sAImoHCKHM
XHMHKOM MopnTta, a B 1972 peranmbHO mccnedoBaHa amepdKaHIaMH bBeitmicoM ¥ XwIiMaHOM.
Ilpemnoxure MeXaHH3M MPOTEKAaHHS 3TOH PEaKUH H CTPYKTYpY MHTEPMEAHaTa, 00pasyolerocs npu
B3auMozercTBuH MeTwiakpuiara ¢ DABCO.

Pacmmdpyiite ctpykrypy F.
IIpennoxure ycnoBus nomydenus coequaenns H u3 ykcycHo# KMCIOTHI, pacumdpyiite cTpykTypy 1.

Pacumdpyiite ctpykrypst J u H.
Kakoe rerepomuxnuaeckoe coenunenue K nomyuaercs npu peakuuu J ¢ METHIaMHHOM?

3anaua 2. «Karnon- ne 6am3nen » (20 6annoB)

Houenr Cepreit MuxaiinoBuyd oueHb OOHAENCS Ha IIKOJBHUKOB, KOTOPHIE B MPOLLIOM IOAy AaXe He
HBITATMCEH PEINMTE 3324y «KaTHOH-OIM3HEID) M IO3TOMY NpPHIyMall ellie OAHY 3aJady Ha ONpeieicHHe
HEHM3BECTHOTO KaTHOHA:

IOHEBIH XMMHK Hamlen Ha monke GaHKYy CO CTepTOif HaANMMCHIO «... XJIOPHI». Maccosad Hojs XJIopa B
3TOM COeAMHEHHH cocTaBiseT 28.1%. BemecTBo nMeno coneodpasHyio npupoay, ObUI0 THTPOCKOITHIHO
H XOpOIIO PacTBOPHMO B BOJAE, HO HEPACTBOPHMO B HEMOAPHBIX OPraHWYECKHX PAaCTBOPHTEISAX.
BOIIHLIPI PacTBOp COCAMHEHMsT MMEII KHMCIIYIO peakumio. Temmeparypa IUIaBlieHHS BEIIECTBA COCTaBHJIA
102 °C. Ilpu nobGaBieHMH €ro K pacTBOpY AMXpOMAaTa KajMid PacTBOP OKPACWJICA B 3€JCHBIN LBET H
HOSBHWICS 3allaX I'OPHKOr0 MHHJANA BCIEACTBHE 00pa30BaHHA COCAMHEHHH, B KOTOPOM MaccoBas JOJs
sneMenTa, oTkpeitoro K. Illeene m HesaBucumo ot Hero k. Ilpuctnm, cocraBmser 15.1%. Ilpu
BOCCTAHOBIICHHH MCXOJHOIO XJODHAAa ATIOMOTHAPHIOM JIMTHA OOpasyloTcs [Be COIH H
HECMEINUBAIOMAACT C BO,E[OPI mpo3padHas KHIKOCTH C Temmeparypoii 3amepsammus -80 °C nu
Temneparypoii kunenus 116 °C. Maccosas gons yriepoaa B 3TOHM xuaxoctd cocrasiger 91.3%.
Onpenenure CTpOSHHE COCAMHEHHWS, €CH H3BECTHO, YTO KATHOH HE COJEPXHT aTOMOB MeTaiia.
3anumute ypaBHeHHs peakuui. Kakoii npolecc IpOMCXOAUT NpH PacTBOpeHHH BemecTsa B Boze? Io
Kako# npuuuHe crabunen nanueii katHoH? [IpuBenuTe cTpyKTYpHYIO GOpMYITy aHMOHA, CTaGHILHOIO
IO TOH K€ CaMOH NPUYHHE, 9TO H HEU3BECTHBIH KaTHOH?

3apaua 3. «lnanaap» (20 6an0B)

I'epmeTHaHEIN MMIMHAP ¢ BHYTpeHHMM pamuycoM 10 cMm u BeicoToi 10 cM pasielneH Ha ABE 9acTH
TOHKOM II€PEropoJKOi, IIOTHO NpUIETalomei K CTeHKaM IIMHIAPAa M CBOOOAHO IepeMemaromeics
BHYTpH ero. B npasyro yacTe uwinHApa noMemeHo 4,88 r HeoHa, a B neByo 60 r TBepaOro mMpoayKTa
B3aMMOJICHCTBHS H30BITKA HAIIATBHIPA M OJOBAHHOTO Macia (MaccoBas AOJA XJOpa B OJOBIHHOM MAacije
cocrapnger 54.43 %). IIpeaBapurenbHo Bo3ayx M3 oOeHX YacTeit ObUI TINATENBHO OoTKadaH. CHcTeMy
Harpeiad 10 HEKOTOpod Temmeparypel. Ompeaenute TEMNEpaTypy, A0 KOTOPOH Harpeid CHCTEMY H
KOJIMIECTBO BEIIECTBA TBEPJOTO MPOAYKTA, OCTABIICECs B KOHACHCHPOBAHHOH (hase, eCiy H3BECTHO, UTO
IEpEropoika HaXOJUTCA Ha PACCTOSHHM 7.5 CM OT JIEBOTO Kpas IMIMHIpPA. 3aBHCHMOCTH KOHCTAHTHI
PaBHOBECHSI TEPMHYECKOIO DPa3OXEHHsA YMOMSIHYTOTO BBHIIIE TBEPAOro BEHIECTBA OT TEeMIEpaTypHl
BBIPa’Ka€TCs ypaBHEHHEM:

Ln K =-(61066/T) + 83.32

Kak u3MeHHTCS NONI0KEHHE NEPETOPOIKH, €CIIH TEMIIepaTypy noHu3uTh Ha 50 K? OtBeT moareepaure
pacueTami.

(20 6annoB)

Cpeay MHOTOYMCIIEHHEIX THIIOB HAHOMATEPHATOB OJHMM H3 BaKHEHIIMX SBIAIOTCA TaK HA3HIBAEMEBIC
Kéanmoseie moyxu — HparMeHTHl NPOBOJHUKA WM MOIYMPOBOAHHMKA C pasMepoM, GIM3KMM K JUIHHE
BOJIHEI 3j1eKTpoHa. K TakoBBIM OTHOCATCS, HapHMeEp, HaHOKPHCTAUIBI TeLTypHAa Kaamus. J[ms ux
NPHTOTOBJIEHHA B MHEPTHOH arMocdepe K BOOHOMY pacTBOPY XJOPHAA KaaMHs NOGABIAIOT BOJHEIMA
PacTBOp TEIUTypHTa HATPUS H PacTBOP OPraHMIECKOrO COCIMHEHHS (HalpHUMEDP, MEPKAITOITAHOMA) JUIS
IpEJOTBPAIICHUS arperaiiy YacTHII.

Jls noTydeHHBIX HAHOYACTHI NTOJI0KEHHE MAaKCHMYMa TOTJIOMIEHUS B 3JIEKTPOHHBIX CHEKTPax 3aBHCHT
OT pa3sMepa 4YacTHLl. YBEIMYEHHE OMaMETpa YacTHI[ NpPH YBEIHYCHHH TEMIIEpaTyphl CHHTE3a
COIPOBOXKAETCA CIIEAYIOIHUM CABUTOM IIOJIOCH! IIOTJIOIECHHUS:

t, °C 10 22 30 40 50 60 70
A, HM 420 421 421 425 433 440 448
d, aM 3.09 3.09 3.11 3.25 3.40 ? 3.67

vV 3anaua 5.

1) Hannmmmre ypaBHEHHE peakuuH, Jexalei B OCHOBE CHHTE3a TEUTypHAa KaJIMHs;

2) Jina uero Tpebyercs MpOBOAWTH CHHTe3 B HHEpPTHOH atmocdepe? I[Io BO3MOXKHOCTH
IMPOHJLTIOCTPUPYHTE OTBET YPABHEHHEM PEaKIIHH.

3) Ouenure quameTp HaHouacTui pu 60 °C;

4) Kak H3BECTHO, B pacTBOpe IIPOHMCXOJHT MOHOMOJCKYJIpHAsA afcopOLms MOJEKYl THOJA Ha
MOBEPXHOCTH HAHOYACTHH. Bo CKONBKO pa3 H3MEHMTCS KOJIMYECTBO COPOHMpPOBAHHOTO THONA IIPH
W3MEHEHHH TeMNepaTypsl cunresa ¢ 22 °C go 70 °C?

5) BMecTo MepKanTo3TaHONa MOXET OBITh MCIONB30BaH M HOACITHON. B kakoil ¢opme oH Gynmer
IIPHCYTCTBOBATh B pacTBOpe?

(20 6an10B)

Ha cxeMe npuBeieHb! HEKOTOPhIE PEAKIUM COSAMHEHUH MeTalna X B HU3KHX CTENeHaX okucneHus. IIpu
B3aumozeiicteun okcuaa X (o(X) = 75,57%) ¢ M36BITKOM MOHOOKCHAA ymepona o pasneHueM 300
at™ obpasyeTcs 30JI0THCTO-XKeIToe JIeTydee coeanHeHne A (Temmeparypa mwiasnenus 160 °C, o(X) =
41,42%), MNOTHOCTH MapOB KOTOPOrO IO BO3AYXY paBHa 16.41.

Okucnenve A 3KBMBAaJICHTHBIM KONMYECTBOM MOJIEKYISAPHOTO HOJAa NPHBOAHT K OOpPa3OBaHHMIO
coequuenns B (o(X) = 27,05%), xotopoe npu HeGombmom HarpeBanud nepexoaut B C (o(X) =
29,29%). C npespamaercs B B npu gefictBiMu MOHOOKCHIa yriepoaa mox aasienueM. Coenunenne B
TaKIKE PearupyeT ¢ KHMCJIOTaMH H OCHOBaHHAMH JIptonca. C TPHXJIOpHIOM QIIOMHHHS B MPHUCYTCTBHU
CO mon nasnenueM obpasyercs coequnenre D (o(X) = 18,77%), a npu neiicteun tpudenmwidochuna
Ha B nocnenoBarensHo o6pasytores coenurenus E u F (o(X) = 11,87%).

BoccraHoBnenne A aManeramoii HaTpus HpuBOAHT K coemunennio G (o(X) = 37,79%), kotopoe mpu
neiicteun  pochopHOM KHCIOTH MoxeT ObITh mepeseneHo B coeaumnenne H. H pearmpyer ¢
Tpudennndocpurom ¢ obpazoBanumeM I (o(X) = 20,89%). MoneKynspHsle Macchl KaTHOHA B
coenuHeHud D u aHnoHa B coenuHeHnn G oTnyYaoTcs Ha 28 a.e.M.

Hnenrndunupyiite coemmnenus A-I, ecim wm3BectHo, uto BemectBa A, B, E u F ssmarorcs
MOJIEKYJISIPHEIMH KoMIuieKcaMH. Hanmmmre ypaBHenus peakumii. YeMy paBHa cTelieHb OKHCIEHHSI X B
coenuHeHnAX A, B, G? KakoBa cTpykTypa coefUHEHHS A W KPaTHOCTH CBA3H X—X B 3TOM COEAMHEHHH?
Orser aprymentupyiite. Hapucyiite crpykrypei kommiekcoB B, E u F. Buepsue coenunenwue,
aHAOruyHoe A, 610 nomydeHo B 1890 r Jlrogsurom MoHaoM u3 okcuaa Apyroro Merawia. Ilpusenute
YPaBHEHHE 3TOH peaKIHH.
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