H — HepacTeopumoe (meHbiue 0,01 r Ha 1000 r soabl)

— — BELIECTBO pa3snaraeTcsl BOAOW UMM He CylecTByeT

I il | | v | \ | vi [ wi Vil CAHKT-TIETEPRYPICKUI FOCYlIAPCTBEHHLIﬁ VHUBEPCHUTET
1 1]H 1| NMepuoanueckas cucTeMa XMMU4ECKMX anemeHToB |He 2
1,00795 4,002602
107 N.A.MeHpeneeBa 4.00: Lf 3149 |
1 2 | Li 3| Be 4! 8B 5(C 6 N 710 8 | F 9 | Ne 10 Z —
69412 | 901218 | 10812 | 12,0108 14,0067 | 15,9994 | 18,99840 | 20,179 “mmm“mmwm
STV Gepunnmui Gop yrnepoa asor KUCNopog GTOp HEOH
M| 3 |Na 1i{Mg 12 Al 13| Si 14 P 15| 8 16 | CI 17 | Ar 18 1
22,98977 | 24,305 26,98154 | 28,086 30,97376 32,06 35,453 39,948
HaTpWi MarHui gmouuuuﬁ KpeMHUit docdop cepa xnop aprox llMCbMEHHA’I PABOTA quCTI'MKA
vi{a4iK 19 Ca 20 ¢ 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 OJIHMHHA’HBI mKO‘Hl’HHKOB Cnﬁry
Kanui KanbLi CKaHA WA THTaH BaHagui XpOM mapraHey Keneso xoBansT HUKENDb 2018—2019
5 |Cu 29| Zn 30 Ga 31| Ge 32 As 33}Se 34 |Br 35 | Kr 36 3aKTFOYMTENbHbIH 3Tall
63,546 65,38 69,72 72,59 74,9216 78,96 79,904 83,80
meab LUHK rannvi repMaHni MbiLLbAK cenex Opom KpUNTOH
Vv 6|Rb 37[Sr 38|Y 39[Zr 40 [Nb 41|[Mo 42 |Tc 43|{Ru 44 |Rh 45(Pd 46 IpeamMet (koMIUIeKc mpeaMeToB) OnuMIHaIb! XVMMHS (11 KJIACC)
85,4678 87,62 88,9059 91,22 92,9064 95,94 98,9062 101,07 102,9055 106,4 & [) gr
pyouani CTpOHUMi WTTpui LMPKOHWA HuoGWH monubaeH TexHeuun pyTeHui pOAWIA nannagun u[ f,-
7 Ag 47]Cd 48|In 49]Sn 50 |[Sb 51|Te 52 |1 53|Xe 54 Topox, 5 koTopoM nposoxuTcs Omamiuaza c1ep <'1 pi
107,868 112,41 114,82 118,69 121,75 127,60 126,9045 131,30
cepebpo | kapmuwi uHgui onoeo cypbma Tennyp wog KCEHOH Hara Z~ 2. O 3.2019
VI| 8 |Cs 55 Ba 56| La 57| Hf 72 Ta 73| W 74 |Re 75]10s 76 |Ir 77 | Pt 78
132,054 | 137,33 1389 178,49 180,9479 | 183,85 186,207 190,2 192,22 195,09 sk ok ok sk ok o sk ok ok o o ok o s ok ok ok ok s ook ok ok ok ok o sk ok ok ok skl o ok sk ok ok ok sk o ok ok s ok ok o ok ok ok s sk ok sk ke sk ok ok ak ok ok ok sk ok ok sk skeokok ok
yesni Gapui NaHTaH x " rachHuii TaHTan sonbdpam peHunit OCMUiA npuauit nnarnHa
9 |Au 79 Hg 80| T 81| Pb 82 Bi 83| Po 84 | At 85| Rn 86 BAPHAHT 10
17~ | 196,9665 | 200,59 204,37 207,2 208,9 [209] {210] [222]
: .4 sonoto pPTYTH Tanma CBUHEY BUCMYT fIONOHMA acrar pagoH 3a11aqa 1 (20 6a.rmon)
Vi[10[Fr 87/Ra 8 |Ac 8| Rf 104 | Db 105/Sg 106 | Bh 107 | Hs 108 | Mt 109 | Ds 110 OcCyILecTBHTE LIeNOYKy NpeBpalnenuii. [IpeaioxuTe AByXCTaIMiHBINA CIOCOG TOTYYCHHS COEIHHEHHS
[223] {226} [227} [261] [262] [266] [269] [269] {268] [271] s
cpanuwin | pagwi axrwiwii xx | pesepdopawi | ay6uwi cuGoprui | Gopwia Xaccuit MediTHepuii  |aapmwTagTwi B n3 Tonyosa. Pacumdpyiite ctpykTypy BemectBa C # ycnoBus ero o6pasosanus u3 B. .
11| Rg 111 Cn 112 113| Fl 114 1156 | Lv 116 117 118 4
[272] [285] [289] [293]
pentreHnit | KonepHUuwiA dneposmi nMBEPMOpHIA CH, CH,Br CHO
X NaHTaHoOUgAb! ? 'IOL ?
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 — . —  C MnO,
140,1 | 140,9 1442 | [145] 1504 | 1519 | 1573 1589 | 162,5 1649 | 1673 | 1689 | 1730 [ 1749 MM oy CH.CeH
{ic) Y , AV 3CeHs
yepwii npaseoaum | meopum | npometwin | camapwi | esponwd | raponunmii | Tepbwit | guenposwi | ronomuir | apGui Tynuit wiTepGuit | nioteunin h‘{( 4 / NO, kL O C7H7NO3 KunsyeHue NO
XX aKTUHOUA bi B :
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 D
232,0 | 231,0 238,0 | [237] [244] [243] [247] [247] [251] [252] [257] [258] [259] [262}
Topuik | nporakTuHui| ypaw HenTyHuiA | nnyTonui | amepuiui| kiopuii Gepwmii | kanudoprni | alHwWwTeRHniA| depmvii | MeHaenesui | HoBenuh | noypeHcui ~ OH
=~ “CO,CH , '
Psin aKTMBHOCTH METanmnoB / 3NeKTPUYECKui pRA HanpsKeHni i Sy $OICHe 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 DABCO (xar.) DMAP (xar.) -CO,
> 02N C16H19NO7
aKTUBHOCTL METAnNSI0B YMeHbLIaeTCR E (/] [3qcc‘aL
PacTBOPUMOCTL KUCIIOT, CONeit M OCHOBaHUNA B Boae m (.‘Jﬁ
Wotibi H* [NH.'[K* [Na® [Ag® [Ba?* [Ca® [Mg®* [Mn**{Zn®* |Ni**|Sn*’ [Pb**|Cu®* |Hg** [Hg."* [Fe** |[Fe** |AP* [Cr** ~CO:CH; 2y
OH™ plPlP|[-{P|M|[M{H|H|HI/H|H|H| -] - |HJH|H|H /©/\[@' J
NO;~ pleplpipiPrlerlPrlPe|P|rlPrlr|P]P|lP|-fP|[P|P]|P O.N N—L 0 O
F plp|plPp|Pp[Mm[H[m[PlH[PIP[MIP][-IM[M[H[M[M o \Cn c ,U\)LOCH oH C17H1gNOy
cr plelpleplHlPlP|P|P|P|P|P|iM|[P|P{H]|P]lP|P]|P tBuO Hs H Zve
Br pleplplplulPirir|P|P|P|P|M|[P|{M|[H]|P]|P]|P]|P G Y CHANH
r plelplPplulple|PpiepiPlPlP]H{-{H]H|[P]-|P]|P o |? /L/aﬁ/), e
s= PIlPlPIPIH|-|-|-|H|H|H|H|H|H|H][RH]RH]H]=-T]- . (,L %0 /s
SO PlPIP| PIM|[M|[M|[M|A[MIA|-|H]|-|-[-m|[-]-1- DABCO = /\_/ I C18H22N;06
2
SO« plpiPplPp|{M|lulM|PlP|P|P|P]lH|P|P|M|P|P|P]|P I\ CHs C4H30, C";COL()JH s K O .
COs~ pP{PI|P|PIH|H|H|H|H|H|=-]|~-|H|=-]|-|H|H]|-|-]- DMAP = N/\:>—N\
Si0s* H] - [pPlPIH]{H|HIH|AH|IHIH]|-|H|-|-|-|H]|-]|-]- =/ CH, T 2%M4Cl o -
PO& P|lP|PIP]IH|H|H]H H{H|{H|H}{H|H]|H H H|H|HI|H 0
Boc = CH43CO,H
CHscoo™ |[P{ P |P{P|P|{P|P|P|P|P|{P|P|P|P|{P|M|P|P|P]|P oc = f‘l\o . L
P — pacTeopumoe (Gonbiue 10 r Ha 1000 r Boaw!) M — manopacteopumoe (oT 10 r go 0,01 r Ha 1000 r BoAbt) 6 Ry
. _J




Peaxkuus nonyuyenus E n3 D (peaxmms beitnuca-Xwunnmana) 6suta otkperra B 1967 rogy SmoHCKuM
xuMuKkoM Mopurta, a B 1972 nperanbHO wuccienoBaHa aMmepukaHnamu beitnmmcom m XuIUiMaHOM.
Ilpeanoxure MeXaHHU3M HPOTEKAHHUS JTOM peakUHMH U CTPYKTYPY HMHTEpPMEAHATa, 00pa3yioUerocs npu
B3auMozeicTBuu MeTHiIakpuiata ¢ DABCO.

Pacmmpyiite ctpykrypy F.

IIpennoxure ycnoBus nonydenus coequnenns H w3 yKCyCHOM KHCIIOTEHI, pacmnq)pyme cTpyKTypy L
Pacmudpyiite crpyxrypsl J u H.

Kakoe rerepouuimyeckoe coequnenue K nomywaercs npu peaknuu J ¢ MeTHJIaMHHOM?

3agaqa 2. «KaTHon- He 6m3Hen » (20 6a.L10B)

Honenr Cepreit MuxaiinoBud oueHb OOHIEICS Ha HMIKOJBHHKOB, KOTOPHIE B IIPOILIOM TOAYy JaXe HE
IBITAJIHCH PEIIUTH 33J1a9y «KaTHOH-OJIM3HEL» H NO3TOMY NPHAYMA ellle OAHY 3a/adyy Ha OImpeaeeHue
HEH3BECTHOTO KaTHOHA:

IOHBNT XxMMHUK Hamesn Ha mojike 6aHKy CO CTEpTOl HaANMMCHIO «... XJIOpHUA». MaccoBas HoiA Xjopa B
3TOM COCIHUHEHUM cocTaBnseT 28.1%. BemecTBo HMeno coneobpa3nyo Npupoay, 6bUI0 THIPOCKOMHYHO
M XOpOWIO PACTBOPHMO B BOJC, HO HEPAaCTBOPHMO B HEMONAPHBIX OPraHHYECKHX PacTBOPHUTEILAX.
BoszLm pacTBOp COCOMHEHHS HMEIN KMCIYIO peakuuio. Temrieparypa IUIaBieHHs BEMECTBA COCTABHIIA
102 °c. Ilpu mobasneHuu ero x pacTBOpy AMXpOMaTa KalHd PacTBOP OKPACHJICS B 3€JICHBIA I[BET U
MIOSIBWJICA 3allaX TOPHKOro MHHJAIA BCJICACTBHE 00pa3oBaHMs COCOUMHEHMs, B KOTOPOM MaccoBad I0JiA
aneMeHTa, OTKphiToro K. Illeene m He3aBucumo ot Hero JDx. Ilpuctiu, cocrasmser 15.1%. Ilpu
BOCCTAHOBJICHMH HCXOJHOI0 XJIOpHJAa aMIOMOTHAPDHAOM JHMTHA o0O0pa3ylorcs JBE COIMM M
HECMEIIABAIOMAACA C BOJIOH INpO3padHas >KHEKOCTh C TeMIepaTypoi 3amepsanns -80 °C m
TeMieparypoil kuneHus 116 %C. Maccosas moma yrjiepoja B 3TOH JKMAKOCTH coctaBisgeT 91.3%.
Omnpenenure CTpoe€HHE COSIUHEHHSA, €CIIM H3BECTHO, YTO KaTHMOH HE CONEP)KHT aTOMOB MeTallla.
3anumuTe ypaBHeHHMs peaknuii. Kakolf mpoirecc mpoMCXOOMT MpH pacTBOpeHMH BeiecTBa B Boae? Ilo
Kako# npuuuHe cTabuieH AaHHBIA kKaTHOH? [IpuBenuTe CTPYKTYpHYIO Q)opmyny aHHOHA, CTAaOUNHHOIO
IO TO# e caMOoil MPUYHMHE, YTO ¥ HEU3BECTHBINA KaTHOH?

3anauga 3. (20 6anpoB)

JUIs Ka4eCTBEHHOTO aHAIM3a coAepKameil HEKOTOpoe KOJIHYECTBO KPe30jia CMECH CIIOXKHBIX 3¢pupoB X
H Y, 06pa3oBaHHBEIX OJHUM CIHPTOM H JBYMS pasHEIMH OJHOOCHOBHBHIMH KapOOHOBBIMH KHMCJIOTaMH,
IIPOBEIH ClieAyromue 3KkcnepuMerTsl. [lopumio Takoii cMecu Maccoit 36 r obpabortamm 16% pacTBopoM
THAPOKCHAA HAaTpUs, Ha KOJMMYecTBEHHOe B3auMoaecTue nonuio 100 r pacteopa menoun. Takyro xe
HMOPIHIO UCXOMHOH CMECH pa3JENWIM Ha JIBe PaBHBIE YacTH, HEPBYIO 00paboTamu u30LITKOM GpoMHOM
BOABI ¥ noiy4yuiu 34,5 r ocagxa, a BTopyio obpaboranu u30bITKOM peakTHBa ToJUIeHCa, BHIMABIIUH
0CaJoK OTOWIBTPOBAIM H BHICYIIMIM, e€ro Macca cocraBwia 20,35 r. O6paborka 3roro ocaika
H30BITKOM CONSHOH KHCIOTHI yMEHBOIAET €ro Maccy Ha 11,67%. YcranoBute cTpykTypsi 2¢upoB X u Y
¥ HallMIOHUTE YPaBHEHUS ONHCAHHBIX PEaKITHii.

3agaua 4. «KBaHTOBbBIE TOUKH)» (20 6as10B)

5

Cpenu MHOTOYHCIIEHHBIX THIIOB HAHOMATEPHAIOB OJHHM M3 BAXHEHINHMX SBJIAIOTCA Tak HAa3bIBaeMEIC
K6anmoewvle mouxku — (pparMeHTH MPOBOJHHMKA WIH MOIYIPOBOAHHMKA C pasMepoM, ONM3KHM K IJIMHE
BOJIHEI 3JIeKTpoHa. K TakoBBIM OTHOCATCS, HAampHMep, HaHOKPHUCTALIBI celeHuaa kammus. Jlig ux
IIPHIOTOBJIECHH B HHEPTHOH aTMocdepe K. BOMHOMY pacTBOPY XJIOpHJa KaaMmus I00aBisiOT BOJHBIA
pacTBOp CEJICHHWTAa HAaTpUA M PacTBOP OPraHMYECKOrO COSAHHEHHs (HapHUMeEp, MEPKaNTOSTaHONA) JJIA
NpeOTBPAIIECHHUS arperaiyy YacTHII.

JU1s noTydeHHBIX HAHOYACTH IOJIOKEHHE MAKCUMyMa MOIJIOMIEHNS B JICKTPOHHBIX CIIEKTPaX 3aBHCHT
OT pa3sMepa 4acTHI. YBEIWYCHHE [UaMeTpa 4YacTHI[ NpH YBEIMYCHHH TEMIEpaTypbl CHHTE3a
COIIPOBOXK/IAETCS CIIEAYFOIIUM CIABHIOM IOJIOCH! ITOTJIOICHHA:

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

1) Hanummte ypaBHeHHE peakiiuy, JekKallel B OCHOBE CHHTE3a CEeJIeHUAa KaIMHus,;

2) Ins yero Tpebyercs MpOBOJUTh CHHTE3 B HHepTHOM atMocdepe? Ilo Bo3MOXHOCTH
IPOHLUTIOCTPUPYHTE OTBET ypaBHEHHEM PEaKIIUH.

3) Ouenure quameTp HaHo4acTHll pu 60 °C;

4) Kax wu3BecTHO, B pacTBOpe IPOHCXOIUT MOHOMOJICKYJISIpHast a[AcopOLMs MOJNEKyn THONA Ha
IMOBEPXHOCTH HaHO4YacTHH. Bo CcKompkO pa3s H3MERHTCA—KOMHIECTEO cOpOHPOBaHHOTO THONA IIpH
U3MEHECHUH TeMIepaTyphl CHHTE3a ¢ ZH§fC no(70 °C? ¢

5) BmecTo MepKanTo3TaHONA MOXET OBITH MCHONB30BaH M JOACIMITHON. B kakoii ¢opme on Oymer
IIPHCYTCTBOBATh B pacTBOpE?

3agaua 5. (20 6an108B)

Ha cxeme nmpuBeieHBI HEKOTOPBIE peakiiy COeqUHEHUH MeTauTa X B HU3KUX CTeNeHAX okucienus. [Ipu
B3auMozeicTBHM okcHaa X (o(X) = 76,86%) c u30BLITKOM MOHOOKCHAA YTiIepoAa HoJ AaBieHueM 250
aTt™M obpa3yercsi 30JI0THCTO-)KENITOE JieTydee coequnenne A (temmeparypa miasienus 177 °C, o(X) =
57,06%), mroTHOCTH MApOB KOTOPOTI'O 11O BO3AYXY paBHa 12.5.

OxucneHne A 5KBHBAJICHTHEIM KOJNMYECTBOM MOJIEKYJIIPHOTO HMOJA NPHBOOUT K O0Opa3oBaHHIO
coequHeHus B (o(X) = 41,06%), xoTtopoe npu HebonpmoM HarpeBaHuH nepexogutr B C (o(X) =
43,76%). C npeppamaercs B B npu aeficTBHM MOHOOKCH/IA yTiiepoja nox JasieHueM. Coequnenne B
TaKXe pearHpyeT ¢ KUCIOTaMH M ocHOBaHHAMHM JIptonca. C TpHXJIOPHIOM ATIOMHHHSA B NMPUCYTCTBHH
CO nox naBienueM obpasyercsa coeaunenne D (o(X) = 30,27%), a npu geiictBuu TpudeHmwipocuna
Ha B nmocienoBarensHo o6pasyrores coeauHeHds E u F (o(X) = 20,2%).

BoccranoBnenne A amanpramoii Hatpus NpuBoguT K coeguneHmio G (o(X) = 53,3%), koTopoe npH
neicteuu  docdopHoii KHCIOTHI MoxeT ObiTh mnepeBeneno B coemudenne H. H pearmpyetr ¢
TpudenundpocpuroM c¢ obpazoBanumeM I (w(X) 33,16%). Monexynsapapic MacChl KaTHOHAa B
coenvHeHud D u annoHa B coequHeHnH G oTIH9al0oTCA Ha 28 a.e.M.

Unertudummpyiite coemunenns A-I, ecnm m3BectHo, 4yro BemectBa A, B, E u F sBnmorca
MOJIEKYJIAPHBIMH KoMIUiekcaMH. Hamumure ypaBHeHus peakiuii. YeMy paBHa cTeneHb OKHCICHHA X B
coequHeHUAX A, B, G? KakoBa cTpykTypa coeliHEHHS A U KPaTHOCTb CBA3Y X—X B 3TOM COCTHHCHUH?
OtBer aprymentupyiite. Hapucyiite crpykryppr kommiekcoB B, E u F. Bnepeoie coeaunenue,
aHaslorH4Hoe A, 65110 nomydyeno B 1890 r Jiogsurom MormoM U3 okcuia npyroro Merayua. Ilpuseante

YPaBHEHHE 3TOH peaKLiH. ) I
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