PBYPI'CKUIA TOCYJAPCTBEHHbBIY YHUBEPCUTET

A
Sy

S

IMHUCBMEHHAS PABOTA YYACTHHKA
OJIHMITNAIBI HTIKOJIBHUKOB CII6I'y

[ i [ m v [ v T v T W Vil
11 |H 1| Nepuoanuyeckan cMCTeMa XMMMYECKUX anemeHToB |He 2
soaopos T renui
Il 2 | L 3| Be 418 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
TIUTHA Gepunnuii 6op yrnepog a3oT Kknenopoa ¢rop HEOH
M} 3[(Na 11 Mg 12]Al 13| Si 14 | P 15| 8 16 | CI 17 | Ar 18
22,98977 | 24,305 26,98154 | 28,086 30,97376 32,06 35,453 39,948
HaTpuv MarHui ANIOMUHUIA__ | KpeMHui docop cepa Xnop aprox
V| 4|K 19(Ca 20 (Sc 21| Ti 2 |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
Kasmit Kanbumi CKaHaWA TATaH BaHaaun XpoMm mapraHey xeneso xobanbt HUKeNb
5|Cu 29Zn 30|Ga 31|{Ge 32 |[As 33(Se 34 [Br 35|Kr 36
63,546 65,38 69,72 72,59 74,9216 78,96 79,804 83,80
Meab LUHK rannun repmaxvit MBILLBAK ceneH Gpom KDUATOH
V!I6e|Rb 37 Sr 38|Y 39|{2r 40 |Nb 41 (Mo 42 |[Tc 43|Ru 44 |Rh 45|Pd 46
85,4678 | 87,62 88,9059 91,22 92,9064 95,94 98,9062 101,07 102,9055 106,4
pySuawit CTPOHUMA WTTpUA LMPKOHUA Huobuit mornubaeH TexHeuun pyTeHwuii poanit nannaguii
7 ({Ag 47/Cd 48 |In 49/Sn 50 |[Sb 51 (Te 52 |1 53 | Xe 54
107,868 112,41 114,82 118,69 121,75 127,60 126,9045 131,30
cepebpo KAOMUA nHAWA onoso cypbma Tennyp vog, KCEHOH
Vi|8|Cs 55 Ba 56|La 57 Hf 72 |Ta 73 |W 74 |[Re 75{0s 76|1Ir 77 |Pt 78
132,9054 | 137,33 138,9 178,49 180,9479 183,85 186,207 190,2 192,22 195,09
yeaui 6apwi naHTaH x racHuit TaHTan Bonbhpam penwit ocMui vpnawi nnammHa
9 [Au 79 Hg 80| T 81(Pb 82 | Bi 83|(Po 84 | At 85| Rn 86
196,9665 | 200,59 204,37 207,2 208,9 [209] [210] [222]
30n0T0 pTYTE Tannmwi CBHHe BUCMYT NONOHUA acrar pagoH
Vil | 10 | Fr 87/Ra 88]Ac 89(Rf 104 (Db 105|Sg 106 [Bh 107 |Hs 108 |Mt 109 |Ds 110
[223] [226] [227] [261]} [262] [266] [269] [269] [268] [271]
paHLmi pagun aKTuHui xx | pesepdopauii | OyGHWA cubopri Bopwi Xxaccui MenTHepwWiA | aapmwiTagruit
11 |{Rg 111 Cn 112 113| FI 114 1156 | Lv 116 117 118
[272] [285] [289] [293]
PEHTTEHWA | KonepHuumiA ¢hneposwii NUBEPMOPWA
X naHTaHouab
Ce 58| Pr 59 [Nd 60| Pm 61]Sm 62| Eu 63|/ Gd 64 |[Tb 65Dy 66 | Ho 67| Er 68| Tm69 | Yb 70 | Lu 71
140,1 1409 144,2 | [145] 150,4 151,9 157,3 158,9 162,5 1649 167,3 168,9 173,0 174,9
uepuit npaseoguM | Heoaum | npomeTwit | camapwii | esponwit | ragonumwit | Tepbuit | aucriposwi | ronbmui | 3pbni Tynwa uTTep6uiA | nioteumii
XX aKTUHOMAY!
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
232,0 | 231,0 238,0 | [237] [244] [243} [247] [247} [251] [252] [257] [258] [259) [262]
TOpU# | NPOTaKTUHUiA | ypaH HENTYHWI | nnyToHw# | amepuuwii| kiopwii Gepknuii | xanudophui | artHwTenHni| depmuit | menpenesuit | HoGenuit | noypexcui
PAa aKTHBHOCTU METanNNOB / 3NeKTPUYECKUIA PRA HANPSHKEHWA
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
aKTUBHOCTb METarnnoB8 yMEHbLAETCA -
PacTBOpUMOCTb KUCIOT, CONEA 1 OCHOBaHUN B BoAe _
VoHb H* [NH.'[K* [Na* [Ag*|Ba** |Ca?*[Mg?|Mn?*[zn®*[Ni**{Sn?* |[Pb* |Cu®*|Hg** |Hg.**|Fe** [Fe** |A1** ICr*
OH~ pl|P|lP|-|P| MIM|H|/HH|H{H|IH| -] - |H[H]H|H
NO3" plp(p|lPpiP|P|lPlPlPlP|P|[P|[P|{P|P|-|P|P|P]|P
F plpilp{lP|P{M|{H|M]|P|H|P|P[M|P|-|M|M|H|M|M
cr pleplpl{P|{HlP|P|P|P|P|{P|P|M|P|P|[H]|P|P|P|P
Br- plpip{P|H|[{P|P|P|P|P|P|[P|M|P|M|H]|P|PIP]|P
r plefplPlH|P|{P|P|P|P|P|P|[H|[-|H]|H|[P|-|P|P
s* p|Pi{P{P|H|-|-|-|H|H|H|H|{H]JH|[H]|H|HIH|-]|-
S03* plp|P[PIM|M|[M|MIH|[M|H|-|H|-|-] - {M|-|-]-
S04 p{PlP{P{M[H|{M|P|P|P|P|P|{H|P|P|M|P|P|P]|P
COs*" pPlPIP{P|H[H|{H|H|H|H|-|-|H]|]-|-JH|H|-1-]-
Si0s* H| - |P|P]H|H|H|H|H|[H|H|-|H|-|[-[-|H]-|-]|-
PO4* plPp|P|P(H|H|H|H|H|H|H|H|[H|H|H|H]|H|H|H|H
cHscoo  [p| P (P{P|P|P|{P|P|P|P|[P|P|[P|P|P|M|P|P]|P]|P

P — pacreopumoe (6onbie 10 r Ha 1000 r soapl)

H — HepacTteopumMoe (MeHbiwe 0,01 r Ha 1000 r Boabt)

M — manopacteopumoe (o1 10 r go 0,01 r Ha 1000 r Boabt)
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3agaua 1l

BAPHAHT 4

(20 6annoB)

¥ ol OcymiecTBHTE IENOYKY NpeBpaimeHuii. IIpennoxkure NByXCTaAHAHEIN CIOCO0 MONy9IeHHS COCNUHECHHSA
* B u3 Tonyona. Pacmudpyiite ctpykrypy Bemectsa C 1 ycnosus ero o6pasoBanus u3 B.
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Peakiusa nonydenus E u3 D (peaxkuus Beitmuca-Xunnmana) Geuta otkpeita B 1967 rogy AmOHCKMM
XMMHKOM Moputa, a B 1972 netanpHO HccleAoBaHAa aMepukaHuamu beinncom # XuiMaHOM.
IIpennoxuTe MEXaHU3M NPOTEKAHUA STOH peaKIMy M CTPYKTYpY HHTEPMeNMaTa, OOpasyloImerocs mpH
B3auMozeHcTBUN MeTHiakpiiiata ¢ DABCO.

Pacmmpyiite ctpykrypy F.
Ipennoxute ycnoBus nomydeHus coeaunenns H u3 ykcycHoil KHCIOTEI, pacmudpyiite cTpykTypy L

Pacimidpyiite ctpyxrypst J u H.
Kakoe rerepomuismyaeckoe coenunenne K norywaercs npu peakuuu J ¢ MeTHiIaMuHOM?

3anaua 2. «Karnon- He 6H3HeN » (20 6annoB)

Houent Cepreit MuxaiinoBud o4eHs 0OMAeNCS Ha HIKOJNBHMKOB, KOTOPHIE B MPOULIOM TOAYy AaXe HE
NBITATHCH PEIUHTH 33/1a4y «KaTHOH-OJIM3HEI» H MO3TOMY HPHIyMAJl ellie OJHY 3a/1a4y Ha ONpeleieHHE
HEHM3BECTHOTO KaTHOHA:

IOHEIT XMMHUK Hamien Ha moike GaHKy CO CTEpTO#l HAAMMCHIO «... XJOpHA». MaccoBas [ons XJIopa B
3TOM COCIHHEHHH cocTaBiuieT 28.1%. BemecTBo nMeno coneobpasHyro MPpUPOLY, OBUIO THTPOCKOMMYIHO
H XOpOIIO PacTBOPHMO B BOJIE, HO HEPAaCTBOPHMO B HEMOJSIPHBIX OPraHMYECKHX pPacCTBOPHTEIIAX.
BonameIii pacTBOp COeMHEHHS MMeN KHUCIYI0 peaknuio. TeMmeparypa IUlaBleHHs BEIECTBA COCTABHIIA
102 °C. Ilpu moGaBnenun ero pacTBOpy AMXpoMaTa KajlHMs pacTBOP OKpacWICA B 3€JICHBIH LBET H
MOSBHJICA 3allaX FOPbKOTO MHHJIANA BCICACTBHE 00pa3oBaHHs COCIHHEHMS, B KOTOPOM MaccoBas IO
snemenTa, OTKphiToro K. Illeene u nHe3aBucumo ot Hero k. Ilpuctim, coctaBnger 15.1%. Ilpm
BOCCTAHOBJIEHHMM MCXOJHOrO XJOpPHIAa aMIOMOTHAPHIOM JIMTHA OOpa3yloTCA IB€ COIMH H
HECMEIMBAIOMASCS ¢ BOJAOH Mpo3pauHas JKHAKOCTh C TeMmmepaTypoii 3amepsanus -80 °C u
Temneparypoil kumeHus 116 C. Maccosas mons yriaepoma B 3TOM XHAKOCTH cocTaBisger 91.3%.
Omnpenenure CTPOEHHE COCAWHEHHS, €CIH H3BECTHO, YTO KATHOH HE COJNECPKHT aTOMOB MeETajlla.
3anummTe ypaBHeHUs peakimid. Kakoif mpomecc mpoHCXOIUT MpH pacTBOpeHHH BemecTsa B Boze? Io
KaKo npu4uHe cTabuneH JaHHBIH katHoH? IIpuBenuTe CTPYKTYpHYIO (GOpPMyNly aHHOHA, CTAGHIBHOTO
110 TOM )K€ caMO¥ NIPHYHHE, YTO H HEH3BECTHBINA KaTHOH?

3anaua 3. «lmaungp» (20 6annoB)

- I'epMeTHdHBIA LWIMHApP C BHyTpeHHHMM paauycoM 10 cM u BbicoToit 10 cM pasmeneH Ha JBe 9acTH
TOHKOH NEPEropoJKOH, IUIOTHO NMpPHIIETAIONIEH K CTEHKaM LMIMHApa H cBOOONHO MepeMelaiomieics
BHYTpH ero. B mpasyio gacTs munuaapa nomemeHo 4,88 r HeoHa, a B eByio 60 T TBepAOro mpoayKra
B3aHMOJICHCTBHA H30BITKA HAIIATHIPA M OJIOBAHHOIO Macia (MaccoBas 0N XJIOPa B OJIOBAHHOM MAaclie
cocraBisieT 54.43 %). IlpenBapuTenbHO Bo3ayx M3 00cHX dacTe#t ObUI TIIATENbHO OTKauaH. CHCTeMy
HAarpeId IO HEKOTOPoil TemmepaTyphi. ONpenennTe TEMIEPAaTypy, A0 KOTOPOMNHATPENH CHCTEMY H
KOJIHYECTBO BEIECTBA TBEPAOTO NMPOAYKTa, OCTaBIIeecs B KOHACHCHPOBaHHO# (pase, eciii U3BECTHO, YTO
IIEPEropoaKa HaXOAMUTCS HA PACCTOAHHMM 7.5 CM OT JIEBOTO Kpas LHIMHApPA. 3aBUCHMOCTh KOHCTaHTHI
PAaBHOBECHA TEPMUTECKOTO Pa3/OKEHHS YNOMSHYTOrO BBINIE TBEPNOTO BEMIECTBA OT {EMIEPATYpHI
BBIPAXKACTCS YPAaBHEHHEM: .

Ln K =-(61066/T) + 83.32 A

Kak m3MeHuTCS MOoNOXKEHHE MEPEeropoaKu, €CIH TeMneparypy HoHH3uTh Ha 50 K? Otser moarsepauTe
pacyeTamH.

3anaua 4. «KKBaHTOBBIE TOYKH» (20 6annoB)
Cpeay MHOTOYHCIICHHBIX THIIOB HAHOMATEPHAJIOB OJHHM M3 BKHEHINHMX ABJIAIOTCA TaK HAa3HIBAEMEIE
K6aHmoeele moyku — (GparMeHTH MPOBOJHHKA WIM IONYNPOBOAHHKA C Pa3sMeEpOM, OJIM3KMM K JJIHMHE
BOJIHBI 1eKTpoHAa. K TakoBEIM OTHOCATCH, HampHMep, HAHOKPHCTAUIH TeJUTypHaa Kaamus. JUia ux
IIPUTOTOBJIEHHST B MHEPTHOH aTtMocdepe K BOJHOMY pacTBOPY XJIOPHIA KaAMHA NOOABIAIOT BOMHBIA
pacTBOp TEJUTypUTa HATPHA M PacCTBOP OPraHMYECKOro COEIHHEHHs (HalpHUMep, MEPKANTO3TaHOIa) Ui
IIPeIOTBPAIECHHS arpeTalii JacTHII.

JIs noMy4YeHHBIX HAHOYACTHUI] ITOJIOKEHHE MAKCHMyMa TOTJIOLUICHHS B JIEKTPOHHBIX CIIEKTPaX 3aBHCHT
OT pa3Mepa YaCTHL. YBeJIW4eHHE [HaMeTpa 4YacTHI[ NPH YBEIMYEHHH TEMIEpaTypel CHHTE3a

‘COIMMPOBOXKAACTCA CICAYIOIIUM CABUI'OM ITOJIOCHI IIOTJTIOICHHS: / :

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

1) Hanumute ypaBHEHHE PEakluH, exalleii B OCHOBE CHHTE3a TEJLTypHJia KaJMus;

2) Ins uero Tpebyerca MNpPOBOAMTh CHHTe3 B HHEpTHOH artMmochepe? Ilo BO3MOXHOCTH
IIPORILTIOCTPUPYHTE OTBET YPAaBHEHHEM PEAKIHH.

3) Ouenure auaMeTp HaHodacTHI| npH 60 °C;

4) Kak wu3BecTHO, B pacTBOpe NPOHUCXOAMT MOHOMOJEKYJIApHas aiacopOuMs MOJEKyJd THOJNAa Ha
MOBEPXHOCTH HaHO4YacTHH. Bo CKONBKO pa3 HM3MEHHTCA KOJIMYECTBO COPOMPOBAHHOTO THOJMA IMPH
H3MEHEHHH TeMueparypsi cunresa ¢ 22 °C mo 70 °C?

5) BMecTro MepKanmTo3TaHONa MOXeET OBITh MCIONB30BaH M AoxeunwnTuoia. B kakoit ¢gopme on Oyzper
MPHCYTCTBOBaTh B pacTBOpe?
3anaua S. (20 6annoB)

Ha cxeme npuBeIeHBI HEKOTOPBIE PEAaKIMK COSANHEHUH MeTaina X B HU3KHX CTeNeHax okucnenui. Ilpu
B3auMozeicTeuu okcuga X (o(X) = 75,57%) ¢ u30BITKOM MOHOOKCHAA YTiiepoja moJ aaBieHHeM 300
aT™ o0pa3syeTcs 30JI0THCTO-XeJTOoe JieTydee coenuHeHne A (Temmeparypa mwiasienus 160 °C, o(X) =
41,42%), NNOTHOCTH apOB KOTOPOTO MO BO3AyXY paBHa 16.41.

OxucneHHe A JKBHBAJIECHTHBIM KOJIHYESCTBOM MONEKYJSIPHOTO HOAa IPHBOAHT K OOpa3OBaHHIO
coequnenus B (o(X) = 27,05%), xoropoe mpu Hebonpmom HarpeBanuH mepexomutr B C (o(X) =
29,29%). C npespamraerca B B mpu mefictBuu MOHOOKCHAA yriieposa nox aasiendeM. Coeaunenne B
TaKXKe pearupyer ¢ KHCJIOTaMH M ocHoBaHuAMH Jlpionca. C TPHXIIOPHIOM AIIOMHHHA B IPHCYTCTBHH
CO nox naBneHueM obpasyerca coeauenue D (o(X) = 18,77%), a npu neficteuu tpudernndochuna
Ha B nocnenoBarensHo obpa3syrorcs coenunennd E u F (o(X) = 11,87%).

BoccranoBnenue A amanbramoii HaTpus npHBoAMT Kk coeauHeHHIO G (0(X) = 37,79%), xoTOpOE HpH
neiictBuH ¢GochopHOH KHCIOTH MOXeT OwITh IepeBeneHo B coemunenne H. H pearupyer c
tpudpenmwidpochunom ¢ obpazoBanmem I (o(X) = 20,89%). MonexynasapHsle MacChl KaTHOHA B
coequaeHun D u anuoHa B coeunennu G ornuyarootcd Ha 28 a.e.M.

Unentudummpyiite coemunenns A-I, ecnm wu3BectHo, uto Bemectsa A, B, E u F gpisiorcs
MOJIEKYJIIPHBIMH KoMInekcamMu. Hanmumure ypaBHeHus peakuuii. YeMy paBHa cTeneHb OKucIeHus X B
coenuaeHnIx A, B, G? KakoBa cTpykTypa coeMHEHHS A M KPaTHOCTb CBA3H X—X B 3TOM COEHHEHHH?
Otser aprymentupyite. Hapucyiite crpykrypsl komiuiekcoB B, E u F. Bnepeoie coeaunenue,
aHaJloru4Hoe A, 66u10 nomy4deHo B 1890 r JIioasurom MoHnaoM u3 okcuaa apyroro Mmerauia. IIpusegute
YPaBHEHHE 3TOH peaKivu.
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