| ] m | v [ vV [ Vi [ Vi Vil YPI'CKUi1 TOCYJAPCTBEHHBIN YHUBEPCUTET
|1 |H 1| NMepuoanyeckas cucTtema XMMUYeckux anemeHtos | He 2
1,00795 4,002602
Loores R.V.Menpeneesa e RO e
] 2 | Li 3| Be 4 (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 _
nMTwi Gepunnuit | Bop yrepon | asor wcnopos | dvop HeOH 35 /{ S
Nij|3 |Na 11 Mg 12|Al 13| Si 14 |P 1518 16 | Cl 17 | Ar 18
22,98977 | 24,305 26,98154 | 28,086 30,97376 | 32,06 35,453 39,948
rlc(afpuﬁ zamuﬁ asmoMMHu2ﬁ1 KpeMHuit > vtpocd)op ocepa x';op 5 aproM SRR TN = IIMCBMEHHAS PABOTA YYACTHHUKA
V] 4 19| Ca 20 | Sc Ti 2 23(Cr 24 n 5| Fe o 7 | Ni 2
39,0983 | 40,08 44,9559 47,90 50,9415 51,996 54,9380 55,847 58,9332 58,70 OJIHMHHAI[BI mKOJILHHKOB Cnﬁry
Kanui Kanbuui ckangui THTaH BaHagwi XpoM Mmapravey xeneso xo6anbT HUKenb 2018—2019
5|Cu 29(Zn 30(Ga 31[{Ge 32 [As 33|Se 34 |Br 35|Kr 36 ~
T
63,546 65,38 69,72 72,59 74,9216 78,96 79,904 83,80 3a1<moqm‘enbnmn dTan
mefb LMHK rannui repManvii MbilIbAK cenex 6pom KPUNTOH
V|[6[Rb 37/Sr 38]|Y 39(Zr 40 [Nb 41 [Mo 42 [Tc 43|Ru 44|Rh 45|Pd 46 IIpenmMer (koMIUIEKC mpeaMeToB) OMMMIHaIE! XMHA (11 KJTACCO)
85,4678 | 87,62 88,9059 91,22 92,9064 9594 - 98,9062 101,07 102,9055 106,4
pySunwit CTPOHUMI WTTpUiA LUMPKOHUI HUOGMA monubaeH TexHeuui pyvenun poawit nannagui 3 ,t ( 0C. ’Cé Q
7 TAg 47]Cd 48|In 49]Sn 50 [Sb 51 |Te 52|1 53[Xe 54 Topox, B koTopom nposoxuTes OmammHana
107,868 | 112,41 114,82 118,69 121,75 127,60 126,9045 131,30
' i) L) ’ ’ ¥ 1 ) [\
cepebpo | kapmwmii MHAUH onoso cypbma Tennyp " KCEHOH Hara // 0 03 4014,
Vi|8]Cs 55 Ba 656 |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 ke s e sk o ok sk ok e b o i o e o e b ok ok s e ok o b s ke s o sk ok s e sk o ok e o e o s ok ok ke ok e sk sk ke o ok ol sk e b oe ok sk ol ok e ok e ok ok ol s e o s ke ok ok ke ok ok
yesui Gapuit naHTaH x radHui TaHTan sonbgpam | penui OCMuiA vpuani nnatuHa
9 (Au 79 Hg 80 |T 81| Pb 82 |Bi 83| Po 84 (At 85| Rn 86 BAPHAHT 3
196,9665 | 200,59 204,37 207,2 208,9 [209] {210] [222]
30n010 pTyTe Tannmi cBvHel BUCMYT NONOHUiA acrar pagoH 3amaval (20 6aJIJIOB)
VILT10 [Fr  87[Ra 88 |Ac 89| Rf 104 |Db 105|Sg 106 | Bh 107 | Hs 108 | Mt 109 | Ds 110 Ocy1iecTBHTE 1IENOUKy NpeBpamenuii. [IpenioxuTe ABYXCTaAMiHEIH CIoco6 momydeHus coefuHenns B
(223] [226] (271 |61 | [262] [266] | [269] (269 (268) | [71] (c yxa3aHHeM yCIIOBHi peaKuuii) U3 TOTyona.
_Gpaxuwi__| paawit aKTUHUIA X% | pese vit_| ayGHui crboprui Gopwuii Xaccui MEHTHEpUHA | aapmwiTaaTui - -
11 |Rg 111 Cn 112 113 Fl 114 115 | Lv 116 117 118 %OH
[272] [285] [289] [293] . UO-H “
peHtreHuit | konepHuumi ¢bneposuit nNMBEPMOPYA CHj \-y WA ) %’Yz CH,Br @ \\ CHO
X NaHTaHouabl ? oA o K3 ? ‘ MO
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 . Uc MnO,
140,1 140,9 1442 | [145] 150,4 1519 157,3 158,9 162,5 164,9 167.3 168,9 173,0 1749 @ M CH,CgHs5
uepuit npaseogum | veopum | npometuit | camapuin | esponuit | rapmonmuwd | TepGui | awcnposwii | ronemuin | 3pbuii Ty uTTepbuii_| nioteumnin Téu | C7H7CIO KunsayeHue I
XX aKTUHOMAL b B X
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 2 D
2320 | 2310 - 238,0 | [237) [244] [243] [247] [247] [251] [252) [257} [258] [259] [262] O
TOPUIA | NPOTaKTUHWI | ypaH HEeNTYHUN | ANYTOHWI | amepuuniA| Kiopui Gepknuii | kanudopHuk | aftHIITeHNA| hepmuit | Menaeneswii | HoBenuii | noypeHcwii OH
N
Psa aKTMBHOCTH METannos / 3NeKTPUYECKUA PAA HaNPHKeHUH # ~CO,CHs COCH, Boc,0 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 . . i >
> DABCO (Kat') ci DMAP (¥ar’) C1eH1sCIOs co,
aKTUBHOCTL METaNNOB yMEHbLUaEeTCA
PacTBOPUMOCTbL KMCINOT, CONeil U OCHOBaHUA B Boae
Mombi H* INH.'[K* [Na® [Ag*[Ba?* |Ca?*|Mg? [Mn?*|Zn [Ni**[Sn**[Pb?*{Cu®*|Hg** |Hg.** [Fe** |Fe*" |AI** [Cr
OH" pip{iP|-|P[M[M|H|{HIH|H|H]|H]| - - |H|H]|H]|H
NOs™ P|P|P|IP|P P|P|P}|P|P|P|(PIP|[P|P - P|P|P]|P - J
F p{PI{PIPIPIMIH[M|PIH|P{P|IM|P|-|M|M|H|M|M C16H17CIOs
CI” p|lPiP|IP|H|P|P|P|P|{PIPIP|M|[P|P]|H PI/P|P]|P
Br PP |P|P|H|{P|P|P|P|P|P|P|M]|P|M|H P|IP|PIP
I PP |P|IPIH{P|P|P|P|P|P|P|H|]~-|H|H P|-|P|P NH,
s+ plpP|P|[P|H|-| -] -|H]|H|H|{H|H|H|H|H][|H[|H[-]-
S0;% plPplP[PIMI[MIM|[M|[H|M|H|-|H|=-|-|-IM]-|-]- DABCO C1gH1gCINO,
S0 PplP|P|IPIM{H[M|P|P|P|P|P|H|P|P|M|P]|]P|P|P
- C;HgO .
COs* plPp|P|P|H{H|H|H|H|H|-]|-|H|-|-|H|H|-]-]|- OMAP H0: oy K Mﬂ'q)()\b\ucq ,
T 2 ] o
S0;- W] -~ [plP Hlw W wlrlnlnl-Tul-T-T-[H{-T-T- T 2 MMt Y ELLY
POy p{P|PIPIH/H|H|H|/H{H|/H|H|H|H|H|H | H|H|HIH
CH.coo" |P| P |P|P|P|P|P|P|P|P|{P|P|P|P|P|M|P|PIP]|P Boc ==
P — pactBopumoe (6onbiue 10 r Ha 1000 r Boabl) M — manopacteopumoe (ot 10 r go 0,01 r Ha 1000 r Boak!)
H — nepactBopumoe (mexblie 0,01 r Ha 1000 r Boabl) — — BEeLLEeCTBO pasnaraeTcs BOOAON UMK He cylliecTeyeT { B




Pacumdpyiite crpykrypy BemectBa C u ycioBus ero o6pazopanus u3 B.

Peakuna nomygenus E u3 D (peaxums Beiinmuca-Xuuimana) Gsuta oTKpeiTa B 1967 rooy SmoHCKHM
XxuMHKOM Mopura, a B 1972 perampHO wHccrnemoBaHa aMepHKaHUIAMH beinucomM H XWIIMaHOM.
IIpemnoxuTe Mexanu3M NPOTEKAHUA STOH PEaKUWH M CTPYKTYPY MHTEpMENHATa, 0Opasylomerocs npH
B3auMoJelicTBuM MeTwiakpwiara ¢ DABCO.

Pacmmpyiite ctpykrypy F.
Ipennoxure ycnosus nomydenus coefunenns H u3 ykcycHoii kucnotsl, pacumdpyiire ctpyktypy L.

Pacmmpyiite ctpykrypsi J u H.

Kaxoe rerepormuxmaeckoe coenunenne K nomyuaercs npu peakuuu J ¢ aMmuakom?
3anaua 2. «KaTHoH- He GaH3HEN » (20 6annoB)

Houent Cepreii Muxaiinobud oueHp oOuzesncs Ha HIKOJBHHKOB, KOTOPEIE B MPOLLIOM TOAy IaXe He
OBITAIKCh PEIHTH 33/1a4y «KaTHOH OIM3HEH» M MO3TOMY IpHIyMal elle OAHY 3aJady Ha OmpeAeiicHHE

eﬂ\&q( HCHU3BCCTHOI'O KaTHOHA!

FOH®IH XxMMEK Hamen Ha noike 0aHKy CO CTEPTOH HAIIMMCHIO ... HOIUD. MaccoBas nomng fioga B 3ToM

Q&WCOCMHCHHH cocrapiseTr 58.2%. BemecTBo MMeno coneobpa3Hyio MpHpOAYy, GBUIO THIPOCKOIHYHO H

0% 5t

M,

@L Q,“oncpbrroro K. IHeen&n He3aBucHMO OT Hero JDx. IIpuctim, coct

XOpOIIO PacCTBOPHMO B BOJIE, HO HEPACTBOPHMO B HETIOJIAPHBIX OPraHMYECKHX PAaCTBOPHUTENIX. BomaHbIii
PacTBOp COENMHEHMs HMEN KHCTylo peakumio. Temneparypa miaBnenus BemecTsa cocrasmia 136 °C.
IIpn noGaBneHuu ero K pacTBOpPYy JUXpOMaTa Kaius pa%-lr?%p OKpacHiCs B 3€JIEHbIH IIBET H IOSBHICS
3arax ropbKOro MHHAANS BCIICACTBHE 0Opa30BaHHA COEAMHEHHS, B KOTOPOM MAaccoBas JOJisl 3JIEMEHTA,
eT 15.1%. Ilpu BoccTaHOBIICHHH
HCXOIHOTO CamoMornapunoM IuTHA 06pasyrorcd ABE COMH M HECMELIMBAIOIIASCS C BOJOM
IIpO3padHas JHIKOCTh C TEMIIEpaTypoii 3amep3aHus -80 Og u Temmepatypoit kunermsa 116 °C. Maccosas
JONS yriepoja B 3TOM XHAKOCTH cocTaBuseT 91.3%.'Ompenenure cTpoeHHe COCIMHEHHS, €CIH
H3BECTHO, YTO KATHOH HE COAEPKUT aTOMOB MeTajUla. JalMIIHTe ypaBHeHMs peakimii. Kako#t mporecc
IIPOUCXOJMT MPH pPacTBOpEHHH BemiecTBa B Bofe? Ilo kakod mpuumHe cTaOuileH NaHHBIH KaTHOH?
[lpuBenute CTpyKTypHYI0 (OpMYITy aHHOHA, CTa0HIBHOrO MO TOH € CaMOi NpHYHMHE, YTO H

HEHM3BECTHBIA KaTHOH? “ . -9 & JZ
' (20 6an10B)

I'epmMeTHYHBIH DHIHMHAP C BHYTPEHHHM paamycoM 10 cM H BeicoToii 10 cM pasjelieH Ha JIB€ YacTH
TOHKOH II€PEropoJKoi, IJIOTHO NpPUJIETAIOMeEH K CTEHKaM IIMHIPA W CBOOOLHO MepeMeIaoIeics
BHYTpH ero. B mpaByio uwacTh mwiMHApa MOMeEINEH JIGOH, a B JIEBYIO 60 r TBepmoro mpomykra
B3aMMOJIEMCTBHA M30BITKA HAIIATEIPA U OJIOBSHHOrO Macila (MaccoBad AOJA XJIOpa B OJIOBAHHOM Macje
cocrapuseT 54.43 %). IIpexsapurenbHO Bo3AyX M3 oOemx uacTeil ObUT TIATENbHO oTKadaH. CHCTeMy
Harpenu 1o 800 K. Ompezennre Maccy HeOHa, IOMEMIEHHOrO B JIEBYIO 9acTh M KOJMYECTBO BEMIECTBA
TBEPAOTO MPOAYKTa, OCTaBHICECS B KOHJCHCHPOBAaHHOH ¢a3e, €Clii HM3BECTHO, YTO IIEPEropoaKa
HaXOAWTCA Ha PAcCTOSHMHU 7.5 €M OT JEBOro Kpas HWIHHIpPA. 3aBHCHMOCTh KOHCTAHTHI PaBHOBECHS
TEPMHYECKOI0 YIOMSHYTOI'O BBIIIE TBEPAOTO BENIECTBA OT TEMIIEPATYPHI BRIPAXKAETCH YPABHEHHEM:
LnK =-(61066/T) + 83.32

Kak u3MenHTCs NONOXKEHHE NEPETOPOIKH, €CIIH TeMIiepaTypy nonusuth Ha 50 K? Orser nogreepaure
pacyeTamu.

3anaua 3. «lmanagp»

3agaua 4. «KBaHTOBbIE TOUKH (20 6annoB)

Cpeny MHOrOYMCIICHHBIX THIIOB HAaHOMATePHAJIOB OJHHMM M3 BaKHEHIIMX SBIAIOTCS TaK HA3LIBAEMBIE
KéaHmogeie mouyku — (HparMEHTH NMPOBOJHMKA WIH HOJYNMPOBOAHHKA C pa3MEpPOM, 6&3 UM K JUTHHE
BOJIHEI 3JIEKTpoHA. K TakOBBIM OTHOCSTCA, HAalpUMeEp, HAHOKPHCTALIH TEILTypHIA Musa. s ux

IPUTOTOBJICHHUS B MHEPTHOH arMocdepe K BOJHOMY PacTBOPY XJIOPHAA KaAMHA NOOABISIOT BOIHBIN
PacTBOp TEJUTypHTa HATPHUA U PACTBOP OPraHHYECKOrO COCIWHEHH (HAalpUMeEp, MEPKANITO3TaHOMA) LS
NPENOTBPAICHUS arperaliy YacTHII.

Jlis noTy4eHHBIX HAHOYACTHII NOJIOXKEHHEe MAaKCHMyMa TIOTIOIIEHHS B 3JIEKTPOHHBIX CIIEKTPaX 3aBHCHT
OT pa3Mepa 4YacTHI. YBEIMYCHHE IHaMeTpa YacTUI [pPH YBEJIHYCHHH TeMIlepaTyphl CHHTE3a
COINPOBOXKAACTCA CIIEAYIOIIUM CABHTOM IIOJIOCH IOTIOIEHHUS:

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) Hanmunine ypaBHEHHE pEeakmiH, JIEXKANIEH B OCHOBE CHHTE3a TEIUTyPHAA KaJAMHS;

2) na uero Tpebyercs MNpOBOAUTh CHHTe3 B HHepTHoH armochepe? Ilo BO3MOXHOCTH
IPOWLIIOCTPUPYHTE OTBET YPaBHECHHEM PEAKIIUH.

3) Ouenwnre auaMerp HaHodacTHil mpH 60 °C;

4) Kak wH3BecTHO, B pacTBOpe IHPOUCXOJUT MOHOMOJIEKYJISipHas aicopOums MOJEKyJl THONAa Ha
[IOBEPXHOCTH HAaHOYacTHL. Bo CKONBKO pa3 HM3MEHHUTCH KOJIMYECTBO COPOHPOBAHHOTO THOJNA TIPH
H3MEHEHHM TeMIlepaTyphl cunresa ¢ 22 °C go 70 °C?

5) BmecTro MepkanTosTaHONa MOXET OBITH HCIIONIB30BaH W AoAeLWITHON. B kakoit dopme oH Oyzner
IPHCYTCTBOBATh B PacTBOpE? Ci

(20 6annoB)

Ha cxeMe npuBeieHB HEKOTOpBIE peaKIMH coeAMHEHUH MeTayu1a X B HU3KUX CTENEHAX OKucieHus. [Ipu
B3auMoeiicTBuy ramorenuaa X (o(X) = 17,80%) ¢ u36bITKOM MOHOOKCHA2 YTIIEPOAa IO JaBICHHEM B
npucyrcrBuu LiAlH,4 o6pa3syercst 3010THCTO-XKENTOE JIETydee COeqUHEHHE A (TeMIlepaTypa IUIaBICHHs
154 °C, o(X) = 28,21%), IJI0OTHOCTH MapOB KOTOPOTO II0 BO3AYXY paBHa 13.45.

OxucrneHie A 5SKBUBAJICHTHHIM KOJMYECTBOM MOJIEKYJAPHOrO HOJa NPHBOAMT K OOpa3sOBaHHIO
coenunennid B (o(X) = 17,08%), xoropoe npu HeGombmoM HarpeBanuH mnepexogut B C (o(X) =
18,71%). C npespamaerca B B mpu aelicTBHH MOHOOKCHAA yriiepoja mox aasinendem. Coenunenue B
TaKXKe pearupyeT ¢ KHCIOTaMH M ocHoBaHHsMH JIponca. C TPUXJIOpPHIOM ATIOMHHHS B MPHCYTCTBHH
CO nox naenenuem obpasyercs coenunenne D (o(X) = 11,38%), a npu pefictBuu TpudeHmnpochnHa
Ha B nmocnenoBatensHo o6pasyrorcs coenuHenud E u F (o(X) = 7,46%).

BoccranoBnenne A amanbramMoil HaTpus NPHBOAMT K oOpazoBanuio coeauHeHua G (o(X) = 25,23%),
KOTOpoe NpH AeHCTBUH (PochOopHOH KHCIOTH MOXKET ObITh MepeeneHo B coenunenne H. H pearupyer ¢
Tpudperunpochurom ¢ obpasoBaHHEM X) = 12,79%). MonexynspHsle Macchl KaTHOHAa B
coeHeHUH D ¥ aHHOHA B COEIHHE M4aroTCa Ha 28 a.e.M.

WUnentudpunupyiite coenunenns A-I, ecnmm wusBectHo, uro BemectBa A, B, E u F saBmiorcs
MOJIEKYIApHBIMH KoMIUIekcaMu. Hanumiute ypaBHeHus peakiwii. YeMy paBHa cTeleHb OKHCIEHHI X B
coenquHeHnAx A, B, G? KakoBa cTpykTypa coelMHEHHS A M KPaTHOCTD CBA3H X—X B 3TOM COSIMHEHUH?
OtBer aprymentupyite. Hapucyiite ctpykrypsi komiuiekcoB B, E u F. Brmeperie coeamuHeHHe,
aHasioruuHoe A, 66u10 nomydero B 1890 r Jlronurom MoHaoM U3 okcuaa apyroro Meravia. [lpuseaute
YPaBHEHHE 3TOM PEaKIIUH. 04e0 > P 2 4 N. (Q@)“ 7
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