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|1 |H 1| Mepuoanueckas cucTtema XMMUYECKUX INeMEHTOB | He 2
1,00795 n N.MeH pgeneesa 4,002602
BOOOPOA s renvia
] 2 | L 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
nTHA Gepunnuii 6op yrnepoa asor Kucnopog ¢rop HEOH
mij|3{Na 11 Mg 12]Al 13| Si 14 | P 1518 16 | Cl 17| Ar 18
22,98977 | 24,305 26,98154 | 28,086 30,87376 | 32,06 35,453 39,948
HaTpui MarHui anioMuHKiA | KpemHuii ¢ocop cepa Xsnop _aprou
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 65,847 68,9332 58,70
Kanui Kanbuui cKaHgui TMTaH BaHagui XpOMm MapraHey xeneso xo6aneT HuKenb
5|Cu 292n 30|Ga 31(Ge 32 |As 33(Se 34 [Br 35!Kr 36
63,546 65,38 69,72 72,59 74,8216 78,96 79,904 83,80
meab LUnHK rannui repManui MbillibAK cenex Gpom KpUNTOH
V|6 |Rb 37(Sr 38|Y 3012r 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 | 1064
pybuguia CTPOHUMIA UTTpHiA LINDKOHUA HuoGwit monuéaeH TeXHeLuiA pyTeHui poauii nannagui
7 |Ag 47(Cd 48 | In 49!8Sn 50 |[Sb 51 |Te 52 (I 53 | Xe 54
107,868 112,44 114,82 118,69 121,76 127,60 126,9045 | 131,30
cepebpo Kagmuit VHAWA onoso Cypbma Tennyp wopn KCEHOH
VIi|8|Cs 55 Ba 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
ueaui Gapuit TIaHTaH x rapHui TaHran sonbdpam peuvi OCMNA upnaui nnaruHa
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]
30110TO pTyTh Tannui cavHey BUCMYT NONOHWA acrav pagon
Vil | 10 | Fr 87/ Ra 88 |Ac B89|Rf 104 [Db 105 |Sg 106 |Bh 107 |Hs 108 | Mt 109 [ Ds 110
[223] [226] [227] [261] [262] [266] [269] [269] [268] [271}
paHumit | paawi aKTuHuiA xx | pesepdopavin | aybuuii cuboprui Bopwn xaccuit MerTHepUi | aapmuitaatuii
11| Rg 111 Cn 112 113({ Fl 114 115 {Lv 116 117 118
[272] {285] [289] [293]
PEHTIeHniA | KonepHuuwni dneposnit NNBEPMOpPUIA
X NaHTaHOUAbI
Ce58|Pr 59 |[Nd60|Pm 61|Sm 62 Eu 63/ Gd 64 |Th 65| Dy 66 | Ho 67| Er 68| Tm69|Yb 70 |Lu 71
140,1 140,9 1442 | [145] 1504 151,9 157,3 1589 | 1625 1649 167,3 168,9 173,0 174,9
L_uepwit npaseoamm | Heoamm | npometwit | camapuit | esponwii | ragonuHui | Tepbuit | aucnposud | ronbmuit | apGuit Tynud uTTepbuit | nioteumi
XX aKTMHOMAb!
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]
TOpPWIA | npoTakTUHUi | ypan HenTyHuh NNYTOHWI | amepuumin| Kiopuit Geprnui | kanudopHwi | siHwTelHwii| depmuii | MmeHaeneBui | HobGenui | noypeHcui
P aKTUBHOCTU METaNNoB / INeKTPUYECKUIA PAL HaNPsHKeHNA
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
aKTUBHOCTbL METANMOB YMEHbLIAeTCA -
PacTBOpMMOCTL KUCTOT, CONel M OCHOBaHUI B Boge
WoHbi H* [NH,*|K* |Na® [Ag® [Ba*" [Ca®*[Mg* |Mn®*|Zn**[Ni**|Sn**|Pb* |{Cu**|Hg*'|Hg.*"|Fe** |Fe®* [AFP* |Cr**
OH~ P|PIP|I-|IPI M| M|H|H{H|H|H|H|-| - |H|[H]|H|H
NOs™ piP|P[P[P|lPlP|PiP|P|P|P|P|P|P|-fP|P|P|P
F p|P|P[P[P|M|H[M|P|H|P|P|M[P|]-|M|[M|H|M|M
cr plp|ep[p[H]lP|P|[P|P]P|P|lP|M|[P|PiH|[P|P|P|P
Br plP|PlP[H|P|P|[P|P|lP|P|P|IM|[P|M|H|P|P|P|P
r piP|PiP[H|P|P|P|P|P|[P|P|H|-|H|H|P|-|P]|P
s* P{P|P|{P[H|{-|-|-|H|H[H|H[H]|H]|H]|H|H|H]|-]-
S0s* PP [P[PIMIM|{M|{M|HIM|H|-|H|[-]|-|-|M]=-]-]-
S04 plP|P|P[M|H|M|[P|P|P|P|P|H|P|P|{M|P|P|P|P
COs* P/ P|P|P|H|H|H|H|[H|H[-|-|H|-|-|H]|H]-]-|-
Si0s*” H{ - {P{P|H H{H|H|H|H|H|]-|H|-|-{ - |H}|]-]-1-
PO.* p|lPPIPIHIHIH|H|H|HH/H|]H|HIH]JH|H]|H|HIH
CHsco0" |P| P [P|{P|P|P|P|P|P|P[P|P|IP|P|P|M|P|P]P]|P

P — pacrtsopumoe (6onbiue 10 r Ha 1000 r Boab!)
H — HepacTeopumoe (MeHbLue 0,01 r Ha 1000 r Bogbt)

M — manopacreopumoe (o1 10 r o 0,01 r Ha 1000 r sBoawl)
— — BeLWeCTBO pa3naraeTcs BOAOW “nu He CyuiecTsyer
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BAPHAHT 1

(20 6annoB)

OcymecTBHTE LEMOUKY npeBpaieHu. [Ipeanoxure IByXCTaquiHbBIA coco0 MOMyUYEHUs COCIUHEHUS

B u3 Tonyona. Pacmmpyiite crpykrypy Bemectea C u ycioBus ero obpaszoanus u3 B.

CH,

O -
— A

Z > CO,CH,
——————————————.

DABCO (far)
2

DABCO =

-

CHzBI' CHO
? ? MnO
c 2
CH3CgHs
NO CHNOs  nauenme
2 NO,
B D
OH
COch3 BO(‘/ZO F DABCO
DMAP (Kat’
E ar) C1H1gNO7 -CO;

- C02CHs
_— @ J
O,N N

O O
Ly Cy7H1NO;
o \& H3C’U\/U\OCHZCH3 e
H
” CH3NH,
| C1gH22N20g
CH; C4HgO, K




Peaxuus nomydyenus E u3 D (peaximsa betinuca-Xwuuimana) Obuia oTkpeiTa B 1967 romy SIOHCKHM
XuMHKOM MopuTa, a B 1972 peranpHO HccnenoBaHa amepukannamu beitmncom u XwummasHoM.
IIpensoxure MEXaHH3M NPOTEKAHHS STOH PeakMy W CTPYKTypy MHTepMeauara, oOpasylolierocs mpH
B3auMozeHcTBHH MeTrnakpunata ¢ DABCO.

Pacumpyiite ctpykrypy F.
ITpennoxure ycaoBus nomydeHus coeauHerns H u3 ykcycHOM KHCIOTH, pacumpyiite cTtpykrypy L.

Pacumdpyiite ctpykrypsi J u H.
Kaxkoe rerepommximueckoe coennaenne K nomyqaercs npu peakiuu J ¢ MeTHIaMHHOM?

3anaua 2. «KKaTHoH- He OaH3HEN » (20 6anqon)

Honent Cepreit MuxaitoBud oueHb 0OHIENCS HAa IIKOJHHHUKOB, KOTOPHIE B MPOIUIOM TOAY AaXe He
IBITAIHCH PELIUTh 33/1a9y «KaTHOH-ONM3HEID U MO3TOMY NpUAyMal ele OJHY 3aady Ha OmpeaeicHHe
HEHM3BECTHOTO KATHOHA:

YOHbI1 XMMHK Hamren Ha mMojike GaHKY CO CTEPTOi HAINMCBIO «... XJOpHI». MaccoBas moid Xjopa B
3TOM CoelHHEHMH cocTaBiiieT 28.1%. BemecTBo nMeno coneobpa3Hyio npHpoay, 65UIO THTPOCKOHYHO
U XOpOoImO pacTBOPHMO B BOJE, HO HEPACTBOPHMO B HEMONSAPHBIX OPraHUYECKHX PACTBOPHUTENAX.
BonHEIl pacTBOp COeIMHEHHUS MMEN KHCITYI0 peakumio. TeMiieparypa IUIaBlieHHs BeIlECTBa COCTABHIIA
102 °C. Ilpu mobGaBieHUH €ro K pacTBOPY AMXpOMAara Kajldsd PacTBOP OKPAacCHIICA B 3€JIEHBIH IBET H
HOSIBHJICA 3alax rOpbKOr0 MHMHIANIA BCIEICTBHE OOpa30BaHMA COEAMHEHHS, B KOTOPOM MaccoBas HOJA
aneMenTa, oTkpeitoro K. Illeene u HesaBucumo ot Hero k. IIpuctim, cocraBmser 15.1%. Ilpm
BOCCTAHOBJICHHH MCXOJHOTO XJIOpMIa QJIOMOTHADHAOM JHTHS OOpa3yloTcsi JIB€ COJIH H
HECMENIMBAIOMAACA C BOJAOH Ipo3pauHas JXKMIKOCT C TeMIepaTypoil 3amepsamms -80 °C u
TemnepaTypoii kumenns 116 °C. Maccopas noms yriaepoja B 3TOH XHAKOCTH - coctaBiiser 91.3%.
Onpenenute CTpOeHHE COCOUHEHHUS, €CJIM H3BECTHO, YTO KATHOH HE COJEPXKHT aTOMOB MeTaa.
3anuiunTe ypaBHEHHs peakiuii. Kakoii npoiiecc MpoMCXOOUT MpH pacTBOpeHMH BemiecTBa B Bone? Ilo
KakoH Hpu4YnHe cTabuicH naHHbIH KaTHOH? IlpuBenuTte CTpykTypHy1o opMyidy aHHOHA, CTaOMIBHOIO
II0 TO#1 Jk€ camoii TIPHIUHE, 9TO U HEU3BECTHBIN KaTHOH?

3apaua 3. «nanuap» (20 6ann0B)

I'epmeTuHbIM DHIMHAP ¢ BHYTpeHHHM pamuycoMm 10 cMm u BeicoToii 10 cM pasneneH Ha IBe YacTH
TOHKOH II€PErOpoAKOH, IJIOTHO NpHIIEraomeil K CTeHKaM HWIMHIpPa U cBOOOAHO mepememaromeics
BHYTpH ero. B oqHy gacts munuaapa nomemeHo 4,88 r HeoHa, a Bo Bropyio 60 r© TBepAOro mpogyxra
B3aHMOJCHCTBHS M30BITKA HAIIATHIPS H OJIOBSHHOIO Macliia (MaccoBas AOJIA XJIOpa B OJIOBAHHOM Maciie
coctapisieT 54.43 %). IlpenBaputenbHO BO3AYyX M3 00€HX dacTeil ObUT THIaTeNbHO oTKadaH. Cucremy
Harpenu Ao 800 K. Onpeaenure paccTosiHMe OT MEPEropoAKH O OCHOBaHHH LIMIMHIAPA U KOJIMYECTBO
BEIIECTBa TBEPAOTO MpOAYKTa, OCTaBlleecs B KOHJCHCHpOBaHHOH (pase. 3aBUCHMOCTh KOHCTaHTHI
PaBHOBECHS TEPMHYECKOTO DPA3JIOKEHHSA YIOMSHYTOrO BBINIE TBEPAOTO BEIIECTBA OT TEMIECPATYPHI
BHIP)KAETCA YPaBHCHHEM:

Ln K =-(61066/T) + 83.32

Kak u3MeHHUTCS NOJOXKEHHUE NIEPETOPOAKH, €Ci TemnepaTtypy noHu3uTh Ha 50 K? OtBer moarBepaute
pacueTaMu.

3agaua 4. «KBaHTOBbIE TOYKH» (20 6annoB)

Cpeau MHOTOYHCJICHHBIX THIIOB HAHOMAaTEPHAIIOB OAHHM H3 BKHEHIIMX ABIAIOTCA TaK Ha3bIBAEMBIE
K8aHmogele mouky — (GbparMeHTHl MPOBOJHMKA WIH MOJYIIPOBOAHHKA C pPa3MepoM, OJIH3KMM K IJIMHE
BOJIHH 3JIeKTpoHa. K TakoBBIM OTHOCATCH, HampUMEp, HAHOKPUCTAJUIHI CeNieHHMAAa Kaamus. A ux
IIPHTOTOBJICHUSA B MHEPTHOH aTMocdepe K BOJHOMY pacTBOPY XJIOpHIAa KaiaMHUA JNOOABISIOT BOXHBIH
pacTBOp CENEHNTa HATpHS U PAcTBOP OPraHMYECKOTO COSHWHEHMs (HAIpHMep, MEPKANTOATaHONMA) ULk
HPEeIOTBPAIICHUS arperauiy YacTHIl.

JI1s TONTy9eHHBIX HAHOYACTHI] II0JI0OKCHHE MaKCHMyMa IIOTJIOMICHHS B DJIEKTPOHHBIX CIEKTPaX 3aBHCHT
OT pa3Mepa 4YacTHIl. YBEIHYEHHE JMaMeTpa YacTHI NpH YBEJIMYCHHH TEMIIEpaTyphl CHHTE3a
COIPOBOX/JIAETCS CIEIYIOIIHUM CIBUTOM MOJIOCH TOTJIOLICHHUS:

t,°C 10 22 30 40 50 60 70
A HM | 420 421 Dlegra2Se 33<——-—440<—fp 8
d, v | 2.78 2.78 2.78 < p0.83 <290 3.03

1) HanuimuTe ypaBHEHHE PEaKIIMH, JIeXKalle#H B OCHOBE CHHTE3a CEJICHHUa KaIMU;

2) Hus uero Ttpebyercs mNPOBOAMTH CHHTe3 B HHeprHOW armochepe? Ilo Bo3MOXKHOCTH
MIPOMJLTIOCTPUPYHTE OTBET YPABHEHHEM pEaKIIHH.

3) Ouenure auaMeTp HaHodacTuil npu 60 °C;

4) Kak H3BeCTHO, B pacTBOpPE IIPOHMCXOJHT MOHOMOJIEKYJSIpHas amcopOumus MOJEeKyl THONa Ha
[IOBEPXHOCTH HaHOYacTHIl. Bo CKONBKO pa3 M3MEHHWTCS KOJIMYECTBO COpPOHpPOBAHHOTO THONA NpH
H3MEHEHHH TeMIepaTypsl cuuresa ¢ 22 °C no 70 °C?

5) BMecTo MepKamTo3TaHONIa MOXKET OBITh UCNONB30BaH U AOAEIMITHON. B kaxoi (bopme oH Oyzer
IPHCYTCTBOBAaTh B pacTBope?

3agaua S. | (20 6an10B)

Ha cxeMe npuBeieHB HEKOTOPHIC PEaKIiK COSTMHEHUI MeTaiia X B HU3KHX CTeneHaX okuciieHus. Ilpu
B3aumozaeiicTBuu ranorenuaa X (o(X) = 17,80%) ¢ u30EITKOM MOHOOKCH/A YTJIEPOA MO AaBJICHHEM B
npucytcTBud LiAlH,4 oOpa3yercs 3010THCTO-)KENTOE JiETydee COeAUHEHHE A (TeMIepaTypa IUIaBJIeHUST
154 °C, o(X) = 28,21%), II10THOCTL MapOB KOTOPOTO IO BO3AYXY paBHa 13.45.

Oxucnenne A 5SKBUBJICHTHBIM KOJMYECTBOM MOJIEKYJISPHOTO HOAA NPHBOJUT K 0Opa3oBaHHIO
coequaenus B (o(X) = 17,08%), koropoe npu HebGonpmom HarpeBanuu nepexoaut B C (o(X) =
18,71%). C npeBpamaerca B B npu gefictBHM MOHOOKCcHIa yriiepoaa moj aaBineHueM. CoenuneHue B
TakXKe pearupyer ¢ KHUCIOTaMH U ocHOBaHMAMH JIbionca. C TpUXJIOPHIOM AJIIOMHHHS B NPHCYTCTBHH
CO nox nasnenneM oOpasyercs coequnenue D (o(X) = 11,38%), a npu neiictBuu tpudenmndochuna
Ha B nocnenoBarenbro o6pasyiorca coeauHenus E u F (o(X) = 7,46%).

BoccraHoBneHne A aManbramMoil HaTpus NpUBOAUT K obpa3zoBanuio coeauHeHusa G (o(X) = 25,23%),
KOTOpoe TIpH aeicTBur $HocHopHOI KHCTIOTH MOXKET OBITH epeBeneHo B coenuierue H. H pearupyer ¢
tpupenunpocpunom c obpasoBannem I (o(X) = 12,79%). MomekyasapHbleé MacChl KaTHOHA B

coenuHeHnn D 1 annoHa B coequHeHuH G oTIHMYAOTCA HA 28 a.e.M.

Unentuduuupyiite coenuueHHs A-1, ecnm wu3BecTHO, uto BemectBa A, B, E u F seumorcs
MOJIEKYIIpHEIMHA KoMIUIekcaMH. Hamummre ypaBHeHus peakuumii. UeMy paBHa CTeneHb OKUCIEHHS X B
coenuHeHusx A, B, G? KakoBa cTpykTypa coequHEHHS A H KpPaTHOCTB CBSI3H X—X B 3TOM COEJHHEHHU?
OrtBer aprymentHpyite. Hapucyiite crpykrypnl komiuiekcoB B, E u F. BnepBoie coenuneHwne,
aHaJorH4YHOE A, 6bu10 noTydeHo B 1890 r JlionBurom MonzioM 13 okcuza apyroro merania. [IpuBeaure
YPaBHEHHE 3TOH PEaKIHH.

L @c&u

co
Moo MW
PPh; M-
Ur(COL T Mk‘B PP E O F
AlCl,
L, T co

D o(®3 2
"““Mﬁ}}lﬁ A'\lm 1094
&

Na/Hg
Y H;PO, _ PPhy
G

—aH —]




i |\ ymrih QIO bx60d0yadu -

G0% A o | X-¢91'0 B
ey L Mm.orsf 055'0= 90000y fpei'o=X € —y=9 “ 9=)
Hd 1o A0Sk = | Y™\Woo

o S R7S910 ¢ gl MR
gao,.ou X & Eupfﬂwcw_sb =346 =9
'@wu 9- —a  Xx0t

A IR X&E 1= TEE
e 759'0= W ayfiony | ateggily = TTRUSTMNY  ooweawsitod
9q-q o TR < TET= qg= 1 TVIY 4 oo~ =W
“RUS -+ PR TNT Sy U Rus] T RN

AQ. = 3 1= A X I 1

BRUESEE § = e S o TR
— g

—

— 5 o= P
{ . AR
_ OUPATaN]
ASSI Y M AN TSN T Lok U ..wdy

A

Tyond = fsm#qw.,wﬁwmﬂﬁ; — EOug 1 Bl
L WN) - RS ¢ rJ@WaMA Qéd?trga&go.ﬂuw@

M-V W W
3&30 ST W
AU AR \ AT
WOWRA T T ot | WeR, = aﬁo g
~
N Y
R T
oy
LT OOl =1
W0l = N,

i
L markogaeTARg
fuunsididAgdaLay-LiHe)




.u Y
No, S0, 430dCl, +31, 0 — Ca%e 301, 1IN0 + 206H). |
3 wormy: —

AV ¢ 96 W

3

L 3

- — —

3 8P ——

Wo~ .
-

| _
,, vawta” 1| _. |
T T e T Ar\\T
. Wsow 0 =Td2 = M1~ W~’m gﬁ v :

Mdno .NJ»;W .l
...V»}WNN y.uv I*V.N - W%@ &u f@@/\

.NV.WO,GGBD Q) oo, \ : A
. wlofle” wioraiiuiti LI

- 285e ¥, =>040 .SW@Or —

¢,
.r.u.vorwafcr 5. X- éﬂry B
L ,f/%\ov,o &\ & Na _”zs.AnovL
B - (95T i H [Mn (0]

T?ﬁﬁ?g%l
b -Wnfede]T, = S

E - g Mn(PPhR(CYB T — |
F &:Q?&S@\ —
JUNT + Co + LiAlH, = Wnlo) o+ LioH MOH),

Mn (Do F Tq ~> 2 nls L

1UnCORL +22 [ {(OR] T, +1.c0
WnCOET + PPh,— Mn (PPh)(COT 200 @

An (PPN ) (CO)a T + PPhy =D dun (PPh 5) fco)T (npooor)



NEKCT M\ <= * g gt ESAN
M#@Es x Foglioy < ooy -+ L2eywi 1 °N

DATTeROY ,:%n%wﬁ 9%@ S O

0 ETIITRIO SMBYdW? 0D g,
ShedSseadionsy ¢ e ne M /

ol ©3 -~ upp -y
N ﬁ%xggf, o’ ) AN 0



Cankr-NeTepGyprekuii |

FTOCYAADCTROHRLIA |

by o T ysr/-maepcmer |

I — '
A

oM
zﬁ.
o DUy p
W i
%@no@ ,u\/\\m

SQTPH.




