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] | ] J v | \' | vi | Vit SVPI'CKUM I“OCYI[APCTBEHHI)IFI YHUBEPCUTET
] 1]|H 11 Nepuoanueckan cucTema XMMMYECKUX anieMeHToB | He 2
Bogopon A A renwi \\\\\\\“\\\\\\\\\“
It 2 | Li 3{ Be 4| B 5| C 6 N 7010 8 |F 9 | Ne 10 \\\\\\\\
6,9412 9,01218 10,812 12,0108 14,0067 15,9994 18,99840 | 20,179 : A 7 ’?4 3
TR BSepunnuit Gop yrnepoa asor Kucnopos ¢rop HEOH
i 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
varpm__| warwan | anvowmh | ewwni | qocpop | cepa xnop apron MMChbMEHHAS PABOTA YYACTHHUKA
iv|4]|K 19/ Ca 20{Sc 21| Ti 2 |V 23(Cr 24 (Mn 25|Fe 26 |Co 27| Ni 28
l 39,0983 | 40,08 44,9559 47,90 50,9415 51,996 54,9380 55,847 58,9332 58,70 OJIHMHHAIH,I mKO‘T‘[BHHKOB Cnﬁry
Kanui Kanbluit ckaHaun TMTaH BaHagwi XpOM MapraHey xeneso xobanbt HUKenb 2018—%019
5(Cu 29(2Zn 30|Ga 31{Ge 32 |As 33|Se 34 Br 35 |Kr 36 . o
63,546 65,38 69,72 72,59 74,9216 78,96 79,904 83,80 BaKﬂquHTe{'[BHHH Sran
Megb LUHK rannwi . | _repmanui MbiLLibSK cenex 6pom KpUNTOH
V|6 |Rb 37]Sr 38]|Y 39[2r 40 [Nb 41[Mo 42 [Tc 43|Ru 44 |Rh 45|Pd 46 Ilpeamert (koMruiekc nmpeameroB) OmuMITHaasl XUMHA (11 KJIACC)
85,4678 | 87,62 88,9059 91,22 92,9064 95,94 98,9062 101,07 102,9055 106,4 M (‘_
pySuawii CTPOHUWA UTTpUA LMPKOHUA HUOGUI monubaeH TexHeumn pyTeHuit poawi nannaguit K B
7 [Ag 47]Cd 48|In 49|Sn 50 |Sb 51|Te 52|1 53|Xe 54 T'opox, B xoTopom nposoauTes OnmMMIHaza DEKDA
107,868 112,41 114,82 118,69 121,76 127,60 126,9045 131,30
cepebpo xagMuii | wHgwi 0noso cypoMa Tennyp won KCEeHOH IlaTa {o 03 ’\Olq
Vi|8|Cs 5655Ba 66|(La O67|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 Aok ook ok ook ok ool o ko o ek o ek o e ok ks ke ke ke ks e o e ol ok sk ke sk ook sk ko ok ok o skl o sk ok o ok e
uesui Gapuit naWras x racpuui TaHTan BOnbdpam penui . ocMmuit upuaui naarmHa
9 |Au 79 Hg 80Tl 81|Pb 82 |Bi 83iPo 84 | At 86| Rn 86 BAPHAHT 5
196,9665 | 200,59 204,37 207,2 208,9 {209] {210] [222] 3 1 (20 6 )
3onoro pTyTH Tanmi cauHel BUCMYT NIONOHWA acrat pagoH azavda aLioB
VIE/ 10 (Fr 87/Ra 88| Ac 89| Rf 104 | Db 105)|Sg 106 |Bh 107 | Hs 108 | Mt 109 Ds 110 OcyIecTBHTe IIENOUKy npeBpamienuit. [IpeanoxuTe NByXCTaIMiHBINA cIOCO6 MONyUEHHs COSAUHEHHA
[223] ) [226] [227) ) [261} ) {262} ) [266] ) [2691 [269]_ [268] ) [271) ) B (c YKa3aHHEM YC TIOBHIL peaKunﬁ) U3 TONYOIa.
$panuni | pagui aktunui xx_| pesepcgopaui | ayGHuit cuBopruit Gopun xaccuit MeiTHepUi _ | napMwITagTui p -
11| Rg 111 Cn 112 13| Fl 114 115 | Lv 116 117 118
[272] [285]) [289] [293]
PEeHTTEHNA | KONepHUUnUW cneposuin NUBEPMOpPHIA CH, CH,Br CHO
X flaHTaHOUOLI ‘ - ? ? ?
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 C MnO,
140,1 140,9 1442 | [145) 1504 1519 | 1573 158,9 162,5 164,9 167,3 168,9 173,0 1749 CH3CgHs
uepwii npaseoguM | HEOAUM | MpOMETWIA | Camapwit | esponui_| ragonunuit | Tepbuir | auenposawd | ronbmwid | 3p6ui TYnui uITepouiA | mioteuwmi r C;H;BrO KMnsyeHue r
XX GKTUHONAbI :
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}
TOpui | npoTakTuHui| ypau HENTYHWt | nnyToHui | amepuumii| kiopwii | Gepknni | kanudpopruii | siHwTeinmin epmuit | meHaenesui | oGenuii | noypercui OH
N
Psap akTUBHOCTU METannoB / 3NeKTpUYecKkuit pAa HanpsXKeHWn # ~CO,CH, CO,CH, 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 (KaT')- DMAP Kar') ——Co—->
> Br CigH1gBOs 72
aKTUBHOCTb METANNOB yMeHblLUaeTCA E
PacTBOPUMOCTb KMCIOT, CONiei U OCHOBaHWii B Bofe i i
VoHbi H* [NH4'IK® |Na* [Ag®|Ba®* [Ca®*[Mg®* IMn®*[Zn**|Ni**|Sn®*|Pb**|Cu?*|Hg* |Hg2**|Fe** [Fe®* [AF* |Cr** CO.CH
OH" plplp]-|{P|[M|IM|{H|[H|[H][H]H][H] -] -TH][H]H]H X
NO3~ PP |P|IP(P|(P|P]JP|P|P|P|IP|IP|P}|P]| - P|P|P]|P - Br ﬁl o o J
F piP(P|IPIPIM|HIM|IP| H|{PIPIM|P|-|M|[M|IHIM|M
N C47H19BrOs
cr plp[p|lP|H[PlP|P|P|P|P[P|[M|P|P|HI|P|P|P]|P BuS K’ HsCJ\ﬁu\OCHzCHa
Br P|P|(P{P|H|P|P|P|{P|P|IPIPIMIP{M{H|P|P|P|P G
- P|P(P|P{H{P|P|P}|P|P|IPIP|H|-{H]|H|P|-]|P|P 2 CH3CH,NH,
s P/PIP|IPIH|l]-|-]-1H|H|[H|H}H|HIH]| H}IH|H]|-|- A ’
2= _ .
SOs2 P P|IPIPIM[IMIM|M|H|M|H|-|H]|-]|]~-]| ~|M|-|-]- DABCO = [NJ I C1gH,4BINO,
SO~ P|P|(PIPIM{H|{M|P|P|P|P|PIH|P|P|M|P|P]|P]|P C.H.O
COs% P[P|P|P|H|H|H|H|H|H|-|-|H|-|-|H]|H]=]=]= omap — N7\ NCH3 Tle2 K
Si0s* H] - {[P|[P|{H]H|H|H]|H|H|H]-]|H!-[-]-|H]-]-]- — =/ n, T ”
PO.* p{P|PI[P/HIH|H|H|H|[H|[H|H[H|H|H|H]|HJH]JH|H o
CH,coo [P P (PlP|P|lP|P|P|P|P|P|lP|lP|{P|P|M|P|P|P]|P Boc = kJJ\ J< CH;CO,H
P — pacTtBopumoe (6onbuwe 10 r Ha 1000 r Boabt) M — manopacrsopumoe (ot 10 r ao 0,01 r Ha 1000 r BoAb!) o
H — HepacTBopumoe (MeHbLe 0,01 r Ha 1000 r Bogbt) — — BELEeCTBO pasnaraeTcs BOAOW UNU He cyllecTByeT )




Pacmudpyiite crpykrypy BemectBa C u ycrnoBus ero o0pa3oBanus u3 B.

Peakiua nonydenus E u3 D (peakums beitmuca-Xwinmana) Opiia oTkpeita B 1967 rogy smoHCKHM
xuMukoM Mopura, a B 1972 peranpHO HcclieioBaHa aMepUKaHLIaMu beimucoM B XuIIIMaHOM.
IIpennoxure MexaHH3M MIPOTEKAHUA 3TOH pEeaKUUH M CTPYKTYPY HHTepMeauaTa, oOpasyromerocs Impu
B3aumozekcTBun MeTmiiakpuiaata ¢ DABCO.

Pacumdpyiite ctpykrypy F.
Ipennoxure ycnosus nonydenus coenunenus H u3 ykcycHo# kucnotsl, pacmudpyiite cTpykrypy L.

Pacmudpyiite ctpykrypst J u H.
Kaxkoe rerepormimyeckoe coenunenne K nomyqaercs mpu peakiuy J ¢ sTHiraMuHOM?

3agaua 2. «kKaTnon- ne 6im3nen » (20 6annoB)

Honent Cepreit MuxaitioBuu oueHb oOMIENICSs HAa IIKOJIBHUKOB, KOTOPHIE B MPOILIOM TOAY JaXe He
NBITAIACH PEIIUTDH 3a7a9y «KATHOH ONM3HEID M MO3TOMY HpUAYMall ellle OAHY 3aJjady Ha ONperAcicHHE
HEHM3BECTHOTO KaTHOHA:

IOHBI XMMHK HaIle Ha MoJike 0aHKy CO CTEpPTOi HaANMUCHIO «... 6poMua». MaccoBasg nons 6poma B
9TOM CcoeIuHEHHH coctaBiser 46.72%. BemecrBo uMeno coneoOpa3Hyo mpupony, ObUIO
THIPOCKOITMYHO M XOpPOHIO PAacTBOPUMO B BOJAE, HO HEPACTBOPHMO B HEMONAPHHIX OPraHUIECKHX
pacTtBopuTesix. BomHBIH pacTBOp COeAMHEHHS HMMEN KHCIYIO peakiuio. TemrepaTypa IUIaBICHHA
BemecTBa coctarmia 203 °C. Ilpn noGaBneHnH ero K pacTBOpPy AUXpOMaTa Kajlus pacTBOP OKPAaCHICH B
3€JICHBIH IBET U MOSBWICS 3allaX rOphKOr0 MHHAAIA BCIEACTBHE 00pa30BaHUsA COEAMHEHHS, B KOTOPOM
MaccoBas A0 deMeHTa, oTkpeiToro K. Hleene u we3zaBucumo ot Hero JIx. IIpucrim, cocraBnser
15.1%. Ilpm BoccTaHOBJIEHHMM HCXOJHOro OpoMHIa aNIOMOTHIAPHUIOM JIHTHA 0Opa3ylorcs JIBE€ CONU H
HECMENIMBAIOMIAsACA C BOAOH I@po3payHad >KHUIKOCTh C TeMIepaTypod 3amep3anus -80 °%C u
Temmeparypoii kumenms 116 °C. MaccoBas momst yriepora B 3To# JKHAKOCTH cocTaBiser 91.3%.
Onpenenute CTpOEHHE COCIUHEHMS, €CJIM M3BECTHO, YTO KAaTHOH HE COJEPKHMT aTOMOB MeTalla.
3anunmre ypaBHeHHs peakiuid. Kako#i nmponecc mpoucxoauT nmpHu pacTBopeHuH BemiectBa B Boae? Ilo
Kakoi npuuuHe crabuieH naHHBIH katoH? IlpuBenuTe CTpyKTYpHYI0 opMyiy aHHOHA, CTaOWIBHOTO
IO TO# YK€ CaMOi ITPHYIUHE, YTO U HEU3BECTHHIN KaTHOH?

3anaua 3. «Huaasap» (20 6annoB)

I'epmeTnunblil nUMMHAP ¢ BHYTpeHHHM paauycoMm 10 cM u Beicotoit 10 cMm pasneneH Ha [BE€ 4acTH
TOHKOW NEperopoAxol, INIOTHO NMpuieraiomeif K CTeHKaM HWIHHApPA M CBOOOAHO INepeMemaromeics
BHYTpH ero. B mpaByio yacte muwmHapa nmomemieHo 4,88 r HeoHa, a B JieBylo 60 r TBEpAOTrO MpoayKTa
B3aUMOJIeiicTBHA H30BITKA HAMIATHIPA U OJIOBAHHOTO Macia (MaccoBas JOJA XJIopa B OJIOBSHHOM Maciie
coctaBisieT 54.43 %). IlpensaputensHo BO3ayXx H3 o0eux uacTedt ObUT TmiaTenbHO oTKadaH. CucreMy
Harpeiau IO HEKOTOpod Temmeparypel. Ompeaenute TeMieparypy, OO KOTOpOHM Harpeiii CHCTEMY H
KOJIMYECTBO BEIMIECTBA TBEPAOrO MPOAYKTA, OCTABIIEECS B KOHICHCHPOBAaHHOH (ha3e, ecli U3BECTHO, YTO
MEPETOpO/IKa HAXOMUTCA Ha PacCCTOAHHH 7.5 CM OT JIEBOTO Kpas HWIMHApA. 3aBUCHMOCTh KOHCTaHTBI
PaBHOBECHS TEPMHUYECKOTO Ppa3IOXKECHHsS YMOMSHYTOTO BBIIIE TBEPJAOrO BEIIECTBA OT TEMIIEPATypHI
BBIPAXKa€TCA ypaBHECHHEM:

Ln K =-(61066/T) + 83.32

Kak u3MeHHTCS NMOJIOKEHHEe MEePEropoAKH, eClIH TeMieparypy noHu3uts Ha 50 K? OrBer moarsepaure
pacdeTamy.

3axaua 4. « KBaHTOBBIE TOUKH» (20 6annoB)

Cpeau MHOTOYHCIICHHBIX THIIOB HAHOMATE€PHAIOB OJHMM H3 BAKHECHIIMX SBIAIOTCA TaK Ha3hIBACMBIC
K6aHmogele mouxku — (parMeHTs MPOBOJHHWKA WM IOJYTIPOBOAHHKKA C PasMEpOM, OIHM3KMM K AJIHHE
BOJIHBI 371eKTpoHAa. K TakOBBIM OTHOCATCS, HANpHMep, HAHOKPUCTAUIBl CelieHMAa Kammusg. i ux
IIPUTOTOBJICHHS B MHEPTHOH aTMocdepe K BOJHOMY pacTBOpY XJIOpHIAa KaaMud N0OaBIAIOT BOJHBIN
pacTBOp CENEHHUTa HATPHA M PacTBOP OPraHHMYECKOTO COCAMHEHMs (HampHMEpP, MEPKalTO3TaHONA) IJIA
NIPEJIOTBPALICHUA arperaliy YacTHll.

JUis oMy4eHHBIX HAHOYACTHII MOJIOKEHUE MAKCHMyMa TIOTJIOMICHNS B JJIEKTPOHHBIX CIIEKTPaxX 3aBHCHUT
OT pa3Mepa 4YacTUIl. YBEJIHYEHHE JHaMeTpa 4YacTHUIl IpU YBEIHYCHHH TEMIICPAaTyphl CHHTE3a
COINPOBOXKIAETCS CIECTYIOMIMM CABHIOM ITOJIOCHI IIOTJIOIEHU:

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) Hanummure ypaBHEHHE peaKkiliy, JieXamied B OCHOBE CUHTE3a CEJICHUAA KaIMHs,

2) Jina uero TpeOyercs TPOBOAMTH CHHTe3 B HHEpTHOH armocdepe? Ilo Bo3MoxHOCTH
TPOWLIIOCTPUPYHTE OTBET ypaBHECHHEM PEaKIIUH.

3) Ouennre quamMeTp HaHoyacTull p 60 °C;

4) Kak wu3BeCTHO, B pacTBOpe NPOMCXOAMT MOHOMOJEKY/SIDHas aacopOIs MOJNEKysl THONAa Ha
MOBEPXHOCTH HAaHOYACTHI. BO CKONBKO pa3 H3MEHHMTCS KOJIMYECTBO COpPOHpPOBaHHOTO THOJNA IIPH
H3MEHEHHH TeMIieparypsl cunresa ¢ 22 °C mo 70 °C?

5) BMecTo MepKanmTO3TaHONA MOXeET OBITh MCIONB30BaH M moxenwiruon. B kakoit ¢opme on 6yamer
IIPUCYTCTBOBATH B pacTBOpe?

3anauqa S. _ (20 6an10B)

Ha cxeMe npHBeIeHH HEKOTOPHIE PEaKIMH COSTUHEHUH MeTawia X B HU3KMX CTeNeHsIX okucieHus. Ilpu
B3aumoercTeun raorenrnaa X (o(X) = 17,80%) ¢ u30bITKOM MOHOOKCHAA YITIEPOAa IO JABICHHEM B
npucytcTBuu LiAlH4 oOpa3yercss 3010THCTO-XKENTOE JIeTydee COeAMHEHHE A (TeMIiepaTrypa IUIaBICHHA
154 °C, o(X) = 28,21%), IIOTHOCTH IapOB KOTOPOTo MO BO3XyXy paBHa 13.45.

OxuciieHde A OSKBHBAJICHTHRIM KOJIHYECTBOM MOJIEKYJISSDHOTO HOAAa INPHBOAUT K 0OOpa3oBaHMIO
coenuuenus B (o(X) = 17,08%), xotopoe npu HeGompmoM HarpeBanuu nepexomut B C (o(X) =
18,71%). C npeBpamaetcs B B npu neiictBuM MoHOOKcHIa yriepoaa nox nasieHueM. Coenunenue B
TaKXe pearupyer ¢ KHCIOTaMH U ocHOBaHMAMHM JIplonca. C TpHXJIOpHAOM AIIOMMHHS B NPHCYTCTBHH
CO non nasnenuem obpasyercs coequnenue D (o(X) = 11,38%), a npu peiictun tpudenundbocuna
Ha B nocnenosarensro oopasytorcsa coenquHenus E u F (o(X) = 7,46%).

BoccraHoBneHHe A aMaibraMoii HaTpHus MPUBOIUT K obOpazoBanmio coeauHeHus G (o(X) = 25,23%),
KOTOpoe IipH AeiicTBuU (pochopHO#t KMCIOTH MOXKET ObITh nepeBenieHO B coeauHenune H. H pearupyer ¢
tpudennnpochuraom ¢ obpasoBanumeM I (o(X) = 12,79%). - MonexynsapHsle MacChl KaTHOHa B
coequHeHud D 1 aHnoHa B coennaeHnu G oTanvaroTcs Ha 28 a.e.Mm.

Wnentudunupyiite coenuHenus A-I, ecnim wu3BectHo, uto BemectBa A, B, E u F sasugiorcs
MOJIEKYJISpHBIMH KoMIDIekcamu. Hamummre ypaBHeHud peakuuii. UeMy paBHa CTeneHb OKHCICHHSA X B
coenuHenusx A, B, G? Kakosa cTpykrypa coelHHEHHS A U KpaTHOCTb CB#3H X—X B 9TOM COEIUHCHHH?
OrBer apryMmentupyiite. Hapucyiite ctpyktypsl koMmiuiekcoB B, E u F. Bnepsmie coenunenue,
aHasornuHOe A, 65110 IToydeHo B 1890 r JlionsuroM MoHIOM U3 OKCHAA Apyroro Metajuia. [Ipusennte
YPaBHEHHE 3TOH peaKILHH. :
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