: [ 1l [ m ] v ] v | Vi [ v Vil CAHKT-TIETEPBYPI'CKU# I'OCYJAPCTBEHHbBIN YHUBEPCUTET
TT1[H 1] Mepuoaunueckas cMctema XMMUYECKUX anemeHToB | He 2
.BoAopoa e renui
Il 2 | L 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 II’”’”‘””IMI’””’”’I
nuTUiA Gepunnui Gop yrnepon asor Kuenopon ¢rop HeoH
M| 3 (Na 11| Mg 12]Al 13| Si 14 [P 15| 8 16 | Cl 17 | Ar 18 !
22,98977 | 24,305 26,98154 | 28,086 30,97376 | 32,06 35,453 39,948
HATPWiA MarHuit ATHOMUHWA | KPEMHMA docdop cepa xnop apron MEHHASA PABOTA YYACTHHUKA
v|4l}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 U‘“’“JIHHAI[BI INKO/IbHUKOB CII6
Kanui Kanbyuit CKaHAWiA TUTaH Basaawi XpoM maprasey xeneso kobansT HUKenb 2018—2019
5]Cu 29Zn 30|Ga 31[(Ge 32 [As 33{Se 34 [Br 35|Kr 36 3aKIOUMTENBHEL 3TAIT
63,546 65,38 69,72 72,59 74,9216 78,96 79,904 83,80
meab LnHK rannmi repMaxni MBILLILSK cenex Spom KpUNTOH
V|6 |Rb 37[Sr 38|Y 39[Zr 40 [Nb 41|Mo 42 [Tc 43|Ru 44|Rh 45(Pd 46 ITpeamer (komiuiekc npeaMeToB) OnMUMNHaL! XUMNSI (11 KJIACC)
85,4678 | 87,62 88,9059 91,22 92,9064 95,94 98,9062 101,07 102,9055 | 106,4
pyouami CTPOHUWA WTTpUH LIMDKOHUA HUOGU#H monubaeH TexHeuwi | pyrenui _poawii nannaguv W"
7TAg 47]Cd 48|In 49|Sn 50 |[Sb B51|Te 52 |1 53|Xe 54 T'opoz, B xoTOpoM npoBoMTCs OmHMIHAzA W
107,868 | 112,41 114,82 118,69 121,75 127,60 126,9045 | 131,30
cepebpo kanmui vHAWA onoeo CypbMa Tennyp von KCEeHOH I[aTa a? 5 . 0 3 . 73
VI|8([Cs 55Ba 56|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 ke ke s sk ok sk ok sk sk sk ok sk ok o sk o ok ok ok ok ok ok ok ok ok ke ke e e e e e e o o o sk e ok o ok e e e e e e e e e o e ok o o ok e ok ok o6 ok e o e o ok o o o o o ke ok ok ok ke ok
Le3ni Gapwii naHTaH x ragpHui TaHtan sonbgdpam penvit ocMUA npuauii nnaruLa
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]
301010 pryTH Tannui cBuHeyn BUCMYT NONOHUA acrar panoH 3agaua 1 (20 68.!1.]10]3)
VIL[10 [Fr 87|Ra 88 [Ac 89|Rf 104 | Db 105|Sg 106 |Bh 107 | Hs 108 | Mt 100 Ds 110 OcyIecTBHTE LENOUKy TpeBpalenuit. [IpeIokuTe NByXCTaIHIHbIH CTIOCO6 TOTYYEHHsS COEIUHEHHS
[223] [226] [227] [261] [262] [266] [269] [269] [268] [271} A
Huwit | panwi acTwwi xx | pesepdhopavit | ayGHwit cuBoprwit | Gopuik xaccuih MeTHepui_ | napmurranTui ]} u3 ronyona. Pacmm¢pyiite ctpykTypy BemectBa C u ycioBus ero obpasosanus u3 B. ‘
11| Rg 111{ Cn 112 13| 114 116 | Lv 116 117 118
[272] [285] [289] [293]
peHTreHnit | KkonepHuumii chnepoewit SMBEpMOpHiA CH,4 CHyBr CHO
x fiaHTaHoNA! ? ? ? 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 A Cc nL2
140,1 140,9 144,2 | [145] 150,4 151,9 1573 158,9 | 162,5 164,9 167,3 | 168,9 173,0 174,9 C.H-NO CH3CgHs
uepui npaseoguM | Heogum | npometuit | camapuii | esponwii | ragonmHui_| Tepbuii | aucnpoawii | ronomuit | 3p6ui TYnui uTTepbuin | mioteuwi NO, 7TVTTM3  kunsyeHue NO,
XX aKTUHOWObI
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 B D
232,0 | 231,0 238,0 | [237] [244] [243] [247] [247] [251] [252] [257] [258] [259] [262]
TOPWA | npoTakTuHwi | ypan HeNTYHUA NNYTOHWI | amepuumin] Kiopui 6epknui { kanucopHui | anHwTerHui | hepmuii | meHpenesui | HoGenui | noypeHcuia OH
Z > CO,CH COCH;  Boc,0
Psapn akTUBHOCTU METANnoB / 3NeKTPU4EeCKuin pAA HanpsHKeHUH e zvs G2 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') DMAP (Kar') -Co
> OxN E C1gH19NO7 2

aKTUBHOCTL METanNos yMeHbLUaeTCA

PacTBOPMMOCTL KMCNOT, CONnen U OCHOBaHKUHA B Boae

P — pacrtsopumoe (6onble 10 r Ha 1000 r Boabt)
H — HepacTeopumoe (meHbLue 0,01 r Ha 1000 r Boab!)

M — manopactsopumoe (o1 10 r o 0,01 r Ha 1000 r Boabt)
— — BELWECTBO pa3naraeTca BOAOW Unu He CyllecTByeT

WoHsi H* [NH4'[K* [Na* [Ag* |Ba®" [Ca?*[Mg?*{Mn**|Zn®*|Ni**|Sn**|Pb**|Cu?’ [Hg** [Hg.**[Fe** |[Fe®" [AI°*|Cr** - CO2CHs
OH plp|P|[-|PIM[M|H|H[H|H|H|H[-]| - |H|HIH|H O/\[@) J
- —
NO; piplPplPlP|lP|[P{P|P]|P|P]lP|PlP|P| -IP|P|P|P O,N . N-7_ 0O O
F PIP|P P|P M|H|M|P|H|P|[P|M|P|-| M | M| H|M|M LN M N C17H1sNO;
_ BuS HsC OCH,CH,
Cl plp|p{PpjH|lP[P|[P|P|P|P|P|M|P|P]lH]|[P|P|P]|P H
Br- pleplp[PplH{PiP|[PlP|P|lP{P|I[M|{P|[{M|[H|[P[P|P]|P G CH,NH,
r plep[p|P[H|{P|P|P|P|P|[P|P|H|-|H|H|[P|-|P]|P ?
8+ PlPIP|P|H|-|~-|-|H|H/H|H|H{H|[H|H|[H[H[-]- bABco — AN
S05% plpP|lPlPIM[M[M{M|H|[M[H|-|H|-]-] - |M|-1~-]|- - [NJ I C1gH22N20¢
S0, plp(Pp{P{M|[H|M|[P|P]P|P|P|H|P|P|M|P|P|[P|P ; CHs C4HgO, K
COs™ PlP|P|PI{HIH|H|H|H]|H|-|-|H|-|-|H]|H]|=-]=]- DMAP = O—N
Si0s% Hl - |P|P|H|H|H|H|H][H|[H][-TH]-]-]T-]u]-T-1- =/ THs T ?
Ppo.> 4 [Pl P[P|[P][H|H|H|[H|H|H|[H|[H|[H|H|[H]|H]|H|[H|H]|H Boc 0 J< CH3CO,H
cHscoo |P| P lPlPlP|PlP|P|P|P|P|P|P|PlP|M]|P|P[P]|P o = 0




Peakuusa nomyuenns E u3 D (peaxims beitmuca-Xwimana) Obuia oTkpeira B 1967 romy AmoHCKAM
XHMMKOM MopuTa, a B 1972 pgetanbHO HccnenoBaHa aMepHkaHiamMu beimucoM u XuuiMaHOM.
- Ilpemnoxure MEXaHH3M NPOTEKAHHSA 3TOH PEaKIMH M CTPYKTYpPY MHTepMequaTa, o0pasyiomerocs mpu
B3aumozeiictBul Metuiaakpmiara ¢ DABCO.

Pacimmpyiite ctpyxtypy F.
Hpennoxure ycrnosus nomydeHus coequnenns H 3 ykcycHo# kucinotsl, pacuudpyiite cTpykrypy 1.

Pacmmdpyiite ctpykrypst J u H.
Kaxoe rerepomuimgeckoe coequnenne K momyuaercs npu peakuuu J ¢ MeTanaMuaoM?

3anaua 2. «KaTHon- He omsnen » (20 6asn0B)

Houent Cepreri MuxaiioBud o4eHb OOHIENCA HA IIKOJBHHKOB, KOTOPEIE B IIPONLIOM TOAY JaXe HE
HBITATMCH PEIUMTH 3a1a9y «KATHOH-OMM3HEL» H I03TOMY NpPHIyMal elle OAHY 3aJady Ha OmpelciicHHE
HEH3BECTHOIO KaTHOHA:

FOHbI XMMHK Hamien Ha NojKe 6aHKy CO CTEPTOH HaANHCBHIO «... XJIOpHI». MaccoBas mois XJopa B
3TOM CoeIHHEeHHH cocTaBieT 28.1%. BemecTBo HMeNo coneobpasHyio IpHpoAy, OBLIO THIPOCKOIMHIHO
H XOpONIO PacTBOPMMO B BOJE, HO HEPAaCTBOPHMO B HEMOJSIPHBIX OPraHHYECKHX PACTBOPHTEILIX.
Bo,uHLm PAacTBOp COEIHMHECHHS MMEN KHCIYIO peakuuio. TeMmeparypa IUIaBJIeHHs BEIECTBA COCTaBHIA
102 °C. IIpn no6aBneHun ero K pacTBOpPY AMXpPOMAaTa Kalius PacTBOP OKPacCHJICA B 3€JICHBIH IBET U
MOSIBUIICS 3allaX rOPHKOro MHMHAANA BCIEICTBUE OOpa3oBaHUSA COEAHHEHHH, B KOTOPOM MacCOBas IO
anementa, oTkpeitoro K. Illeene u HesaBucumo ot mHero k. Ilpuctnm, cocrasnser 15.1%. Ilpu
BOCCTAaHOBIEHHM MCXONHOTO XJIODHJA AaMIOMOTHADHIOM JIMTHS OOpasyloTcd JBE CONH H
HECMENMMBAIOIAACA C BOI[OPI npo3padHas KMJAKOCTH C TeMmeparypoii 3amepsanma -80 °C wu
TemnepaTypoii kumenns 116 °C. Maccosas noms yriepoaa B 3TOi XHAKOCTH cocrtaBiuieT 91.3%.
Ompenenure CTPOCHHE COCOWHEHHS, €CIM H3BECTHO, YTO KATHOH HE CONEPXKHT aTOMOB MeTasia.
3amumurte ypaBHeHHs peakimii. Kakoif npouecc mpoHCXoQuT npu pacTBOpeHHH BemiecTBa B Boze? Ilo
KaKo# npu4uHe crabuieH JaHHBIH kKaTHOH? IIpuBemuTe CTPyKTypHYy0 (OpMYITy aHHOHA, CTAGHILHOIO
I10 TOM )K€ caMO¥ NPHYMHE, YTO U HCH3BECTHBINH KATHOH?

3apaua 3. «I{uanHAp» (20 6anno0B)

I'epMeTHYHBIH NWIHMHAP ¢ BHYTpeHHMM pamuycoM 10 cM u Beicotoii 10 cM pasneneH Ha JABe 4acTH
TOHKOHM NEPErOpONKOM, IUIOTHO HPHIIETAIONICH K CTEHKaM IWIMHAPA M CBOOOIHO IEpeMeEMIaloNieics
BHYTpH €ro. B onxy dacTs munmagpa noMemeHo 4,88 r HeoHa, a BO BTOpyio 60 I TBEpIOro MPOAYKTa
B3aMMO/EHCTBHS H30BITKA HAMIATHIPS H OJIOBAHHOTO Macia (MaccoBas JO0JIA XJIOpa B OMIOBIHHOM Maciie
cocrapisieT 54.43 %). IIpeaBapurenbHO BO3AyX M3 obenx wacteil ObUl TIHaTeabHO OTKayaH. CHcTeMy
Harpend 1o 800 K. Ompezennre paccTosHHE OT NEPErOpOAKH O OCHOBAHHM IMIMHIPA M KOJHYECTBO
BEIllECTBa TBEPJAOr0 MNPOAYKTa, OCTaBIIeeCs B KOHACHCHPOBAaHHOH (paze. 3aBHCHMOCTh KOHCTAHTHI
PaBHOBECHSA TEPMHYECKOIO Pa3lIOKEHHsI YNOMSHYTOTO BEHINIE TBEPAOTO BEHIECTBA OT TEMIIEPATYpPhI
BBIpa)KaeTcsl ypaBHEHHEM:

Ln K =-(61066/T) + 83.32

Kak u3MeHHTCS NONOXKEHHE NEPEeropoaKH, €CIH TeMieparypy mouusuts Ha 50 K? Orser moarsepaute
pacueTami.

3anaua 4. «KBaHTOBbIE TOUKH» (20 6ana0B)

Cpean MHOTOYMCIEHHBIX THIIOB HaHOMATEPHAJIOB ONHHM M3 BaKHEHINHX SBJISIOTCS TaK HA3bIBacMbIE
K6aHmoseie moyky — (h)parMeHTHI IMPOBOJHHKA HIIM TOIYIPOBOAHHKA C pasMEpPOM, OIM3KMM K JUTHHE
BOJHBI 37e¢KTpoHAa. K TakoBBEIM OTHOCSTCS, HalpuMep, HAHOKPUCTAJUIHI CeleHHMAa Kammus. Jma mx
NPHUIOTOBJICHUA B HHEPTHOH aTMocdepe K BOZHOMY PAacTBOPY XJIOPHAA KaaMHA JOGABISIOT BOJHBIHA
PacTBOpP CEJICHWTAa HATPUA M PacTBOP OPraHHYECKOrO COCAMHEHMs (HAIpUMEpP, MEPKAIITO3TAHONA) LIS
NpPEeNOTBPAIICHHUA arperaiyy YacTHII.

JU1a 1oTy9eHHBIX HAHOYACTHII TOJIOKEHHE MAaKCUMYyMa MOTJIOIEHHS B JJIEKTPOHHBIX CIIEKTPaX 3aBHCHT
OT pasMepa 4YaCTHLl. YBEIWYCHHE AMAMETPa YacTHIl IIPH YBEIHYEHHH TEMIIEPATyphl CHHTE3a
COIPOBOXJACTCS CJIELYIOIIUM CIBHTOM ITOJIOCHI IOTJIOINECHHA:

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) Hanumute ypaBHEHME peakuu, JeXKaIle# B OCHOBE CUHTE3a CeJICHHIA Ka{MHU,

2) Jma d4ero TpebGyerca NpOBONMTh CHHTe3 B HHEpTHOM artMocdepe? I[lo Bo3MOXKHOCTH
IIPOHJLUIIOCTPUPYHTE OTBET ypaBHEHHEM PCaKI[HH.

3) Ouenute quaMerp HaHO9acTHII pH 60 °C;

4) Kak u3BeCTHO, B pacTBOpe HPOMCXONMT MOHOMOJEKYNSpHAs aicopOuus MOJIeKyd THONA Ha
NIOBEPXHOCTH HAHOYACTHI. Bo CKOIBKO pa3 M3MEHHMTCS KOJIM4ECTBO COPOMPOBAaHHOTO THONA IIPH
M3MEHEHHUH TeMIepaTypsl cunresa ¢ 22 °C go 70 °C?

5) BMmecro mepkanTosTaHoia MOXeT OHITh MCIONB30BaH M NOACLIITHON. B kakoi ¢opme oH Gyner
IIPUCYTCTBOBATh B pacTBOpe?

3agaqa S. (20 6annoB)

Ha cxeMme npuBeieHbl HEKOTOPHIE PEAKIMH COETHHEHHUI MeTa1a X B HU3KUX CTENeHsIX okucienus. IIpu
B3aumozencTBuM ranoreauaa X (o(X) = 17,80%) ¢ #36bITKOM MOHOOKCHAA YIJIEPOAA ITOJ AAaBICHHEM B
npucytcTeud LiAlH4 o6pasyercs 3010THCTO-KeNITOE JieTydee coequHeHre A (TeMIepaTypa IUIaBIeHHA
154 °C, &(X) = 28,21%), II0THOCTH NapOB KOTOPOTO II0 BO3AYXY paBHa 13.45.

Oxucnenue A DKBHBAJICHTHBIM KOJIMYECTBOM MOJIEKYJSIPHOTO HONAa PHBOOMT K 06pa3013aﬂmo
coequnenus B (o(X) = 17,08%), xoropoe mpu HeGonpmiom Harpepanuu nepexomutr B C (o(X) =
18,71%). C npespamaercs B B npu neiictBHu MOHOOKCHAA yriiepoaa noj gasieHueM. Coennnenue B
TakKe PearHpyeT ¢ KHCIOTaMH M OCHOBaHWAMM JIbtonca. C TPUXJIOPHAOM ATIOMHHHA B IPHCYTCTBHH
CO nox nasnennem obpasyercs coenunenne D (o(X) = 11,38%), a npu xelicteun Tpudennndocduna
Ha B nocnenosarensno obpasyrores coeaunenus E u F (o(X) = 7,46%).

Boccranosnenue A amanbramoll HaTpHs IPHBOJHMT K oOpasoBanuio coeaunenus G (o(X) = 25,23%),
KOTOpOe NPH AeHcTBUM HOochHOpHOH KHCTOTH MOXKET OBITH IepeBesieHo B coemunenue H. H pearupyer ¢
Tpudenunpochunom ¢ obpazosanneM I (w(X) 12,79%). MonekyniapHsie Maccel KaTHOHa B
coenuneHnd D u annona B coeauHenuu G oTnmyaoTcd Ha 28 a.e.M.

Hnentudunupyiite coemmnenns A-I, ecnu wusBectHo, 4ro BemectBa A, B, E u F smmmorcs
MOJIEKyJIpHBIMH KoMiuiekcamu. Hanmummre ypaBHenuns peakimii. YeMy paBHa creneHp okuciacHus X B
coequHeHuax A, B, G? KakoBa cTpykrypa coeiHHEHHS A M KPaTHOCTH CBA3H X—X B 3TOM COEAHHEHHH?
Orser aprymentupyiite. Hapucylite ctpykTypsi kxommiekcoB B, E u F. Brepsoie coemunenue,
aHaNoru4Hoe A, 65u10 monmydyeHo B 1890 r Jlronsurom MoszoM 13 oxcuaa apyroro mMetauia. ITpusemure
YDaBHCHHE JTOH peaKiIuy.
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