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YyacTHuk: KGZ-3

OO6Lwue ykaszaHus

®  JTOT KOMM/EKT 3a4aHUI TEOPETUYECKOTO Typa COAEPHKUT 62 CTpaHuLy.
e Bbl mOXKeTe HaunHaTb PaboTy, KaK TONbKO yC/bILWNTE KOMaHAy «Start».
e Y BacecTb 54acoB Ha BbIMOJIHEHME 3a4aHWNIA.

e Bce pe3ynbTaTbl U OTBETbI A0JIKHbI ObITb aKKYPaTHO HanMMCaHbl PY4KOW B CreLuasibHO OTBeAEHHbIX
AYenKax Ha CTPpaHULaX KOMNJieKTa. OTBeTbI, YKa3aHHble BHe O0TBeAeHHbIX A4YeeK, OLeHNBATbCA He
Byayr.

e Ecav Bam HEOBXOAMM YEPHOBUK, UCMO/b3YiTE 06PaTHbIE CTOPOHbI CTPAHML, AaHHOIO KOMMAEKTa.
MOMHUTE, UTO BCE, YTO HAaXOAUTCA BHE CMeLunanbHO OTBEAEHHbIX AYEEK, OLEeHNBaTbCA He byaer.

e Mcnonb3ayiiTe TONbKO Te PYYKY U KaJbKyNATOP, KOTOPbIE BaM BblAaHbI.

e OduumanbHaa Bepcus KOMIJIEKTa Ha aHI/IMACKOM A3blKe AO0CTYMHA NO 3anpocy TONbKO ANf
YTOUYHEHUA GOPMYIMPOBOK.

e Ecan Bam H806XOAVIMO NMOKMHYTb 3K3aMEHAUUOHHYIO ayaAUTOpUIO (CXO,CI,VITb B Tyanetr wuan
HGDEKYCMTb), NOAHUMUTE COOTBETCTBYHOLLYH KapPTOYKRY. Ha6mo,a,aTenb BacC conposogur.

e ECan Bbl XOTUTE M3MEHUTb OTBET Ha BOMPOC C MHOXECTBEHHbIM BbI60pOM, 3aKpacbTe KBa4paTuUK
NONHOCTbIO, a 3aTeEM HapMCYVITe HOBbIM I'IYCTOﬁ KBagpathKk pAaom C HUM.

° Ha6}1I-O,D,aTEJ'Ib coenaert O6'bFIBﬂ€HME, Korpa octaHetca 30 MWUHYT 00 OKOHYaHUA Typa.

e  Bbl LO/IKHbI OCTAHOBUTb PAabOTy HE3aMEANNTE/IbHO MOC/e TOro, Kak NPO3BYYUT KOMaHaa «Stop».
Ecnu Bbl He NepecTaHeTe NuncaTh B TedeHue 30 cekyHa, Bawa paboTa 6yaeT aHHYIMPOBaHa.

e [locne TOro, Kak Bbl yCabllWnTeE KOMaHAY «Stop», NONOXUTE KOMMNNEKT O6paTHO B KOHBEPT U
oCTaBalTecb Ha CBOeM MecCTe. Ha6mo,£|,aTenb I'IO,D,Oﬁ,D,ET, 3aK/IEUT KOHBEPT U 3a6epeT ero.

YOA4YN!
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CopepxaHune

YyacTHuk: KGZ-3

JaHHbIN TeopeTUYECKU TYP COAEPKUT 9 He CBA3aHHbIX APYr C APYrom 3agay. Mx cootseTcTeyioLLme

6ansbl yKasaHbl B CKOOKax.

3agayva T1: NoTeHUManbHbIN AWMK 1 ByTagmueH

3apava T2: MNonyyeHne BoAOPOAA Pa3NOXKeHMEM BOAbI
3apaua T3: O xnopuae cepebpa

3apgava T4: OT yepHOro nNopoxa K OTKPbITUIO noaa

3apava T5: Komnnekc a3o6eH30/ — B-UUMKNOAEKCTPUH ANA
obpa3oBaHMA HAHOMALLUH

3apayva T6: XapaKktepusayma 610K-cononmmepa

3apava T7: BuxKeHue UMKIOB B [2]KkaTeHaHe
3apaya T8: CnHTE3 N naeHTUPUKaUma MHo3UToNa

3apaya T9: CuHTe3 neBobynuBakanHa
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dPusnyeckme KOHCTaHTbI U YpaBHEeHUsA

YyacTHuk: KGZ-3

B 4aHHOM KOMMJ/IEKTE aKTUBHOCTU BCEX YACTUL, B BOAHOM PacTBOpe NPUHATLI PAaBHbIMW UX MOJIAPHOA
KOHUEHTpaumMmM B Moab/A. Ona ynpouieHns ¢opmyan UM BblpaxeHWU CTaHAapTHas MONApHas

KoHUeHTpaumsa ¢ = 1 moab nt onyweHa.
[Tocrositnnas ABoraapo:
yHI/IBepCELHI)Haﬂ razoBasd IOCTOsSHHAas:
CrangapTHO€ J1aBJICHUE:
ATMocdepHoe naBiieHHe:

Hynp no mkane Ienscus:
[Tocrostnnas ®apanes:

Barr:

kwioBarr-yac:

[Tocrostnnas [lnanka:
CkopocTb cBeTa B BaKyyMe:
DneMeHTapHBIN 3apsi;
DIJIEKTPOH-BOJBT
DIIEKTPUYECKAsT MOIITHOCTb:
KIIJ:

CootHomenue IInanka-OuHIITeHA:
VYpaBHEHHE HI€aTBHOTO Ta3a:
CBobopanas »Heprus ['m60ca:

OtHowenune Q 1S peakiuu

aA(aq) + b B(ag) =c C(aq) + d D(aq):
VYpasuenue ['enaepcona-I'accenpbaxa:

VYpaBuenue Hepucra-Ilurepcona:

rie Q 9TO COOTBETCTBYIOIIEE
OTHOILIEHHUE i1 IMOJIypeaKUuu
BOCCTAHOBJICHUS

3akon JlambGepTa-bepa:

Kunernueckue 3aKk0HbI B UHTETpaIbHOU
dhopwme:

- HyneBou nopsuox:

- [lepBbIil OPSIAOK:

- Bropoii nmopsnok:

Bpewmst nonymnpeBparieHus s peakiuii
IIEPBOTO MOPSIKA:

CpenneuuncnoBas MossipHast Macca M
CpenneBecoBasi MoJsipHast Macca My

WNunexc nonuaucnepcHocTH lp:

51-ag MXO — TeopeTnyeckun Typ

Na = 6.022-:10%% momp t
R = 8.314 JIx momp * K1
p°=16ap=10°TIla

Pamv = 1 atm = 1.013 6ap = 1.013-10° ITa

273.15 K
F = 9.6485-10* Kit Mmonb *
1Br=1/xc!

1 kBr-a = 3.6-10° Tx
h=6.6261-10"* Ix ¢
€=2.998108mc?

e =1.6022:10"%° Kn
1 5B = 1.6022-107° JIx
P=AE x|
n= Pnone3ﬂoe/Pnpnnox<eHHoe
E=hc/l=hv
pV =nRT
G=H-TS
A/G° = —RT InK®
AG° = —n F Ecerl®
ArG = ArGO + RT InQ

o _ [CFID
[A]2[B]°
H=pK, +1 A
E=E° — R—;an
mpu T =298 K, ~In10 = 0.059 B
A=c¢lc
[A] = [Alo — kt

In[A] = In[A]o — kt
1/[A] = L/[A]o + kt

In2
k
M. = i Ny M;
" XiN; ,
M, = i Ny M;
XiNi M;
]p = ﬁn



YyacTtHuk: KGZ-3

Mepuogunyeckasa Tabnuua

1 18
1 2
H 2 13 14 15 16 17 | He
1.008 4.003
3 4 5 6 7 8 9 | 10
Li | Be B|C|N|]O]|F|Ne
6.94 | 9.01 1081 | 12.01 | 14.01 | 16.00 | 19.00 | 20.18
1n | 12 13 | 14 | 15 | 16 | 17 | 18
Na|[Mg| 3 4 5 6 7 8 9 10 11 12 |Al|Si|P | S |Cl|Ar
22.99 | 24.31 26.98 | 28.09 | 30.97 | 32.06 | 35.45 | 39.95

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

39.10 | 40.08 [44.96 | 47.87 | 50.94 | 52.00 | 54.94 | 55.85 | 58.93 | 58.69 | 63.55 | 65.38 | 69.72 | 72.63 | 74.92 | 78.97 | 79.90 | 83.80

37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb|[Sr|Y|Zr|{Nb|Mo|Tc |Ru|/Rh|Pd|Ag|Cd|In |Sn|Sb|Te| I |Xe
85.47 | 87.62 |88.91| 91.22 | 92.91 | 95.95 - 101.1 | 102.9 | 106.4 | 107.9 | 112.4 | 114.8 | 118.7 | 121.8 | 127.6 | 126.9 | 131.3
55 56 72 73 74 75 76 7 78 79 80 81 82 83 84 85 86
Cs|Bals7n| Hf | Ta| W |Re |Os | Ir | Pt |Au|Hg| Tl |Pb| Bi | Po| At |Rn
132.9 | 137.3 178.5 | 180.9 | 183.8 | 186.2 | 190.2 | 192.2 | 195.1 | 197.0 | 200.6 | 204.4 | 207.2 | 209.0 - - -
87 88 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118

Fr|Ral5%; | Rf I Db|[Sg|Bh|Hs | Mt|Ds|Rg|[Cn|Nh|Fl |Mc|Lv|Ts]|Og

57 58 59 60 61 62 63 64 65 66 67 68 69 70 71

La|Ce | Pr |Nd | Pm|Sm|Eu|Gd|Tb |Dy|Ho | Er |Tm|Yb | Lu

138.9 | 140.1 | 140.9 | 144.2 - 150.4 | 152.0 | 157.3 | 158.9 | 162.5 | 164.9 | 167.3 | 168.9 | 173.0 | 175.0
89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
Ac | Th|Pa| U |[Np|Pu/Am|Cm|Bk | Cf | Es |Fm|Md|No | Lr

232.0 | 231.0 | 238.0
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YyacTHUK: KGZ-3

'H AMP

Xumunyeckue caBuru npoToHoB (B ppm (m.A4.) / no otHoweHuto K TMC)

(heHobI:

CIIMPTHI:

AJIKCHBI:

AMUHBI:

_ R CHz—OR’

aMI/IlII)I :NH—COR

66H31/IJII>HI>IG CHn—CsHs --

| Kap6OHOBBIe KI/ICJIOTLI CH3—NR2 “- CH3—S

aJIKI/IHI)I - CH3—CR3 .

iR3:

0 00 90 80 70 60 50 40 30 20 10

KoHcTaHTbI cnuH-cnuHoBoro B3ammogenctTema H-H (B Ny)

0.0

Tun nporoHa [Jan| (T'x)

R2CHaHb 4-20

2-12
IIPH CBOOOTHOM BpallleHuu: 6-8

RoH.C—CR:H
2 2 aKc-akc (IMKIoreKkcan): 8-12

AKC-IKB WJIM 9KB-2KB (LIMKIJIOTE€KCaH): 2-5

1-8

npu cBoOoHOM BpauieHuu: < 0.1
R:H.C—CR>—CRzH; Bo Bcex apyrux ciydasx (3kecTkas CTpYKTypa):

yuc: 7-12

RH.C=CRH, mpanc: 12-18

R2C=CHaH» 0.5-3

Ha(CO)—CR2Hb 1-3

RH.C=CR—CR:zHs 0.5-2.5

9KB = 3KBaT0pMaJ'IbeIf;1, aKC = aKcuanbHbIN
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Ta6nuua UK cnektpockonum

YyacTHuk: KGZ-3

Buna kosedanuii c (CM_l) HNHTEeHCMBHOCTH
ciiupt O—H (BasienTHBIE) 3600-3200 CHIIbHAA
kapOoHoBas kuciora O—H (BaieHTHBIE) 3600-2500 CHIIbHAA
N—H (BanenTHbIC) 3500-3350 CHJIbHAA
=C—H (BasieHTHBIC) 3300 CUJIbHAs
=C—H (BaJ'IeHTHI)Ie) 3100-3000 ciiabas
C—H (BaHeHTHBIC) 2950-2840 ciadas
—(CO)—H (BanenTHBIC) 2900-2800 crnabas
C=N (BasieHTHBIC) 2250 CHJIbHAS
C=C (BasnicHTHBIC) 2260-2100 paszHas
anpaerua C=0 (BajeHTHBIE) 1740-1720 CUJTbHAS
aaruapua C=0 (BaJeHTHBIE) 1840-1800; 1780-1740 cimabasi; CUIIbHAS
crnoskubIi 3¢up C=0 (BalleHTHBIC) 1750-1720 CUJTbHAS
ketoH C=0 (BaJIeHTHBIE) 1745-1715 CUJIbHAs
amu C=0 (BaJIeHTHBIC) 1700-1500 CUITbHAS
anken C=C (BaJcHTHEIE) 1680-1600 crnabas
apomarnudbiec C=C (BaJICHTHBIC) 1600-1400 cnabas
CH2 (redopmanmonnsie) 1480-1440 cpeHsis
CHs (redopmanmonnsie) 1465-1440; 1390-1365 cpeHsis
C—0—C (sanentnie) 1250-1050 CHITbHAS
C—OH (panentbie) 1200-1020 cHIbHas
NO2 (sanenrtibie) 1600-1500; 1400-1300 CHIIbHAS
51-ag MXO — TeopeTnyeckun Typ 7




YyacTHuk: KGZ-3

3apava Bonpoc 1|12|3|4 |5 /|67 8 9 | 10 | 11 | Bcero

T1 Ouku 314|142 |3 |2]2]|45|25]| 3 3 33

6 6annos | PesynbTar

3apava T1: NoTeHUManbHbIN AWMKK U OyTaaueH

®opmyny 1,3-6yTaamneHa yacto 3anmcbiBatoT Kak CH,=CH-CH=CH, c yepeayowwmmmuca ogmMHapHbIMA U
ABOMHbIMUK cBA3AMKU. OAHAKO, €ro XMMMUYecKMe CBOMCTBA HE COMMacytoTca C Takon dbopmynoi m
MOKAa3bIBaOT, YTO T-3/IEKTPOHbI JIy4LLE ONWUCLIBATb KaK pacrnpeaeneHHbIe Mo TPEM CBA3AM:

C=—=—=C=—=—=C=—==C

1 2 3 4

3Ty cUCTEMY MOMKHO pPacCMaTpuMBaTb KaK OA4HOMEPHbI MNOTEHUMANbHbIN AWMK C GEeCcKOHe4YyHo

BbICOKMMWU CTEHKaMW, B KOTOPOM 3/1EKTPOHbLI AOBUXYTCA CBO60,CI,HO. 3Heprl/1$i 3/IEKTPOHA B ALUUKE
2p2
h

AIMHHOM L moXKeT 6bITb onpeaeneHa no ¢opmyne E,, = r4e N — HaTypaabHOE MOJI0KUTE/IbHOE

8m,L?’
yncno.

1. PaCCMOTpMTe ABe pa3Hble moaenun, npeacraB/eHHble HUXe. Hapucyﬁre HEé mMmeHee, 4em no Tpun
HUXHUX 3HEPreTUu4eCKnX ypoBHA En AnA _KaXpon mopgenu Ha COOTBETCTByPOLLI,EVI Avarpamme.
Yutute u OTpa3nTe OTHOCUTE/IbHOE NOJ1I0XKEHUNE ypOBHeVI B paMKax moenn n mexay moaenamn.

0- — N 0'

2d 3d 0 d 2d 3d

-

0

Mogeas 1 («10kaau30BaHHas»). T-IJEKTPOHHI Mopgenb 2 («penokanusoBaHHan»): -
JIOKAJIU30BaHbl Ha KpallHUX CBA3SX, KOTOPBIE 3/IEKTPOHbI Ae/10KaIM30BaHbI MO BCE MOSEKY e,
SIBJISIOTCS AIMKAMM JUTMHHOM 0. KOTOpas ABNAETCA ALMKOM ANMHHOM 3d.

51-ag MXO — TeopeTnyeckun Typ 8



YyacTHuk: KGZ-3

2. PacctaBbTe M-3/1eKTPOHbI B MoZenn 1 Ha npeablaylien AMarpaMmme 1 3anuLimnTe BbipaXKeHue ans

NMOMIHOM 3HEPrUN TT-CUCTEMbI B MoZenn 1 Kak pyHKumto h, me n d.

E(1) =

3. PaccraBbTe 1-3/1€KTPOHbI B MOAENN 2 HA NpeablayLel Auarpamme 1 3anuiumTe BbipaxKeHue ans
NOJIHOM 3HEPrum M-CUCTEMBbI B MoAeNun 2 Kak GyHKuuto h, me n d.

E(2) =

3Hepl'l/lﬂ conpAXeHunA paBHa NoJIHOM Heprmn peaanoﬁ T-CMCTembl MMHYC NOJIHAA 3HEPTUA TI-CUCTEM
HECKOJIbKUX MOJIEKYN1 3TU/IEHA, COAEPHKAWNX B CYMME TaKOe XKe KOZINYECTBO TI-2/1IEKTPOHOB.

4. 3anuwmte 3Hepruto conpsaxkeHna AEconpanenns OYTagMeHa Kak pyHKUMIO h, me n d.

AECOI‘IpH)KeHI/IH -

Mogenn 1 1 2 CANWKOM NPUMNTUBHbBI. HUXKe Mbl NOCTPOMM HOBYIO MOAEb.

5. Hapwucyiite Tpu apyrue cTpyKTypsbl Jlbtonca 6yTagmeHa.

CH
HZCN 2

YT106bI yuecTb COBCTBEHHbIN pa3mep aTOMOB yrnepoaa, NocTPOMM Ha OCHOBE Mogenn 2 moaesnb 3
cneaytoLmm obpasom:

- HoBas gavHa AwmKa pasHa L, ¢ Hayanom no ocu abeumcc 8 0 M KOHLOM B L;

- AToMbI yrnepoaa uMetoT KoopauHaTbl no ocu abecunce L/8; 3L/8; 5L/8 n 7L/8.

[na ypoBHA n BONHOBaA GYHKLMA TT-3/IEKTPOHA UMEET BUA,:

Yn(x) = %sin (nLﬂ)

a TI-9/1eKTPOHHAA NNOTHOCTb ANA cuctembl € N TT-9N1eKTPOHaMM paBHa:

51-ag MXO — TeopeTnyeckun Typ 9




YyacTHuk: KGZ-3

N/2

p() = 2 Y ()P
i=1

YeTbipe TI-BO/IHOBble GYHKUMKM, COOTBETCTBYIOLIME MOJIEKYAAPHbIM  OpPBUTANAM  TT-CUCTEMDbI

6yTagueHTa, NnpuBeaeHbl HUXKe (B caydyaiiHOM nopAagkKe).

A B
> >
- L 3L 5L IL
8 8 8 8 8 8 8 8
C D

W(x)
W(x)

6. Pacnonowurte B pA4 Nno BO3pPaCTaHUKO SHEPIrnn, COOTBETCTBYHOLWMNE 3TUM YETbIPEM TI-BO/THOBbIM

byHKUMAM (En, Eg, Ec v Ep).

7. YKaxure, Kakue opbutanu (A, B, C unmn D) 3anonHeHbl 31eKTpoOHaMK B byTagueHe.

B pamkax mogenu 3, npuseauTte 3Ha4eHUA T-BONHOBbLIX GYHKLUMI 1, ANA 3aHATLIX opbuTanei B
Toukax 0, L/4wv L/2 pnan=1wnn =2, Bbipasns nx yepes L.

121 (0) =

8.

51-ag MXO — TeopeTnyeckun Typ 10




YyacTHuk: KGZ-3

Y, (0) =

9. B pamKax mogenu 3, NpuBeamUTe 3Ha4YeHUNA TT-3N1eKTPOHHOM NNOTHOCTU B ToYKax 0, L/4 un L/2.

p(0) =

10. HapwucyuTe rpaduK T-31eKTPOHHOM naoTHOCTM oT 0 Ao L.

51-ag MXO — TeopeTnyeckun Typ

11




YyacTHuk: KGZ-3

8
e T
6
e e
4
T Tt
2
L
0 1---mm- * . * e
L 3L 5L 7L
8 8 8 8

11. Pacnonoxute yKkasaHHble yrnepoa-yrnepoaHbie (CC) casu (B1, B2, ..., B5) B nopsaaxe yBennyeHus
OJINHbI, UCMONBb3YA CUMBOJIbI = UAN <:

B1: C1C2 B monekyne byTagmeHa
B2 : C2C3 B mosniekyie byTagmeHa
B3 : C3C4 B monekyne bytagmneHa
B4 : CC B monekyne aTaHa

BS : CC B monekyne aTuneHa

51-ag MXO — TeopeTnyeckun Typ
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YyacTHuk: KGZ-3

3apaua Bonpoc 1 2 3 4 5 6 7 8 9 10 | Bcero
T2 OuKK 1 4 2 3 3 6 4 1 8 2 34
76anm08 | pesynprar

3apava T2: NMNonyyeHue Bogopoaa pasnoxeHnem Boabl

[daHHble:

Bewectso Ha(r) | H20(x) | H2O(r) | Oafr)

AH? (kO monb™) 0 -285.8 | -241.8 0

Sm® (O monb ™t K™?) 130.6 69.9 188.7 | 205.2

MoniekynapHbI Bogopoa (Ha) MOMKET CYKUTb afibTePHaTMBOMN TPAAULMOHHbBIM YFNEPOACOAEPHKALLUM
BMAAM ToOMAuBam. BakHol 3apauyell ABASETCA CHUMKEHME ero CTOMMOCTM W BO3AEWCTBUA Ha
OKpYXKaloLLyto cpeay Npu ero NpounssoacTee. PasnoxeHune Boabl — 04HO U3 BO3MOXKHbIX PeLLUeHU 3Tol
3afauu.

1. 3anuwuTe ypaBHEHME pPa3/oKEeHUA KUAKOW BOAbl HA NPOCTble BelecTsa, NPUHAB
CTEXMOMETPUYECKNIM KO3 PULMEHT BOAbI paBHbIM 1.

2. MCFIO/'Ib3Yﬂ TO/IbKO Te TepMoaAnHaMn4eCKne AaHHble, KOTOpble NpuBeaeHbI Bbille, onpeaenuTte
YUCNEHHO, ABNIAETCA /I 3Ta peaKuna TepMmoanHaMnN4yeckun BbII'O,EI,HOﬁ U1 HET Npu 298 K.

Pacuetbl:

BbirogHa nu peakuma TepMO,CI,VIHaMMLIeCKM?

O Aa O Her

Pa3norKeHue BoAbl MOXKHO OCYLLECTBUTb C MOMOLLbIO 3/1EKTPUYECKOTO TOKA, UCNO/b3yA ABa 3NeKTpoaa
B KMCNOW cpefe, CoeaMHEHHble C MCTOYHMKOM ToKa (Puc. 1). My3bipbKK rasa obpasytotca Ha o6oux
3/71eKTpOAaX.

51-ag MXO — TeopeTnyeckun Typ 13




YyacTHuk: KGZ-3

(1) (2)

Puc. 1 — 3nekmpoxumuyveckas a4elika 001 passnoxiceHuUs eo0bl

3anuwinTe ypaBHeHUA 31EKTPOXMMUYECKUX MONYPEaKLMIA, NPOTEKAIOWMX Ha KaXKA0M 3NeKTpoae.

Ha anektpoge (1):

Ha anektpoge (2):

Ncnonb3ya TONbKO Te TepMoAMHaAMUYEeCcKMe AaHHble, KOTopble NpuBeAeHbl Bbile (MAM OTBET Ha
BOMPOC 2), paccunTaiite Afqeop - MUHMMaIbHOE HEODXOAMMOE HanpPAXKeHNEe MeXKAY SNEKTPo4amMM ANs
aneKkTponu3a. MpuBeguTte pesynbTaT pacyeta ¢ 3 3HaKamuM nocne 3anaToi. Onpegenvrte ycnosue,
KOTOPOMY L,0/1KHO YA0B/IETBOPATL MNPAKTUYECKN NPUNOKEHHOEe HanpaxKeHne AEnpumox B CPAaBHEHUN C
AEreop, BN TOFO, YTOObI MPOLLECC PA3NONKEHUA Obll TEPMOAUHAMMYECKM BbIFOAHbIM Mpu 298 K.
BbibepuTe npasBubHOe ycnosme. Bece peareHTbl M NPOAYKTbl HAXOAATCA B CTaHAAPTHOM COCTOAHUM.

Pacuer:
AEteop = .eeee... B (c Tpems sHakamu nocne 3anatoit)
O AEnpvmowf( = AETeop

O AEnpw10>+< > AETeop
O AEnpvmom < AETeop

Ecnu 86l He cmoenu npoussecmu pacyem, mo 80 8cex nocnedyfouwx 8blvucs1eHuUAX rfnpumume
AETeop = 1200 B

B peanbHOCTU ANA 3/IEKTPOXMMMYECKOINO PasfioXeHnA BoAbl Tpe6yeTc7-| b6onee BbiCOKOE HanpAaxeHune.
Ecnn B3aTb Pt KaTto4, TO MUHMMANBHO HEO6XO,CJ,VIMOG HanpAaxeHue, AE\n, 3aBUCUT OT maTtepuana
adaHO/Ja, KaK NOKa3aHo B Ta6nv1u,e:

AHop, AEw (B)
IrOx 1.6
NiOx 1.7
CoOy 1.7

Fe203 1.9

Pasnnumne mexay AEwm N AEreop NPMBOANT K cHMMKeHMIO KM/ ycTpoicTsa.
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5. NpuBeaute BbipakeHne ana KMNL ycTponcTBa #spexp (8017 NOTpebneHHOM sHepruu, KoTopas
M3pacxofoBaHa Ha pas/ioXKeHue Bogbl) Yepes AEreop U AEwn. Paccuntaite KM anekTposivsa Bogpbl
ana Pt katoga 1 Fe;0s aHoaa. YKaXute camblit 30 PeKTUBHBIN aHOA, U3 TEX, KOTOPbIE NPUBEAEHDI
B Tabanue.

Tanextp =

KN4 snektponusa gna Pt u Fe;03 3NeKTPOA0B, Hanekrp = %

Cambliii 3¢ PeKTUBHbBIN aHOA,:

Ecnu 861 He cMo27U paccHumMame 1snexrp, 015 MOCAEOYIOWUX PACYEMOB MPUMUME 1] snextp = 75%.

Al'IbTepHaTVIBOl‘/JI S/IEKTPO/INZY CNYXUT MpAmoe d)OTOKaTaJ'IVITI/IL-IECKOE pa3noxeHne BOAbl. B Hem B
Ka4yeCTBE KaTa/in3atopa UCNOo/b3yroTCA NOAynpoBOAHWKHKN, KOTOpPbIE NepexogAaTr B nposogAllee
COCTOAHME NMpW nornoweHmnn ceeTa.

2.0 A
ZnS SiC
Zo T
-1.0 A CdsS
2 KTaO3 SrTiO3 = MoSCdSe Si
m
s — e20
EE 0+4-1--4--}-- = . = | WO3_|Fre203 _E 'H+fH2
g 3 > ST > >T 3| 3 -
35 |3 3| 3| B 3| 3| | E] 3T &l
%510-Q®;NNQQ2§01 S
g% Oy M) DL @] o). o vl SN Nl N |~ = ___ 021'H20
) - . - .
0
s 20 1
o =
m j— —— —
= =
5
e 30- 4 1L+ 4L
X =— dopmyna nonynposogHWKa
40 ° == =T ToTeHUWan BOCCTaHOBNEHWA
%4— —  MuHMMaAbHAA 3HePTWA 415 Nepexoia B NPoBoAALLee
> COCTOAHME
— —‘---------HOTEH uuvan OKMCNeHuA

Puc. 2 — Ycnosus nepexoda e npogodAujee cocmosHUE U 371eKmpoOoHble MoOMeHYUasbl pasauyHbIX
n0synpoB8oOHUKO8.  [yHKMUPHbLIMU ~ AUHUAMU  00603HAYeHbl  MOMEHYUAsAbl  OKUCAeHUA U
soccmaHosseHus 800bl. CB3 = CmaHOapmHsbili 000p00HbIl 31eKMpoo.
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Puc. 3 — Jlesaa ocb: CriekmpasnbHoe pacnpedeseHue (3a8UcUmMocmb om OsUHbI 80/HbI) MOMOKA
COMTHEYHO020 U3/y4eHUa ¢. [TomoK — 3mo Yucsa0 pomoHO8 HA eOUHUYY MaAoWaou, Nonadaruux Ha
101yNPoBOOHUK 8 eOUHULUY epemeHU. [1pasas oCb U NyHKMUPHAA AUHUA: UHMe2pasbHell momok (m.e.

00715 TOMOKa 8cex homoHo8 ¢ 0a1UHOU 80/1HbI MeHbWeli 0aHHOU, oM NosHO20 NOMOKA).

6. OueHuTe No rpaduKy MUHUMaNbHYIO A0/0 NOTOKA CONHEYHOro M3/yYeHna, Heobxoaumyro Ans
nepesoa B NPOBOAALLEE COCTOAHUE Caeaylowme nonynposogHukn: TiO,, CdS, Si. MpuBegure B
ABHOM BMAE BbIPa*KEHUA N eANHULbI BEINYMH, UCNONb30BaAHHbIX A5 BbIMUCIEHUNA.

O6bacHeHue / pacuerT:
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MuHumanbHas
A0NA NOTOKA
TiO, %
CdS %
Si %

Mpn BO3BYXAEHUM NONYNPOBOAHUKA MEHSAIOTCA €ro 3/1eKTPoAHble MOTEeHUMas bl OKUCIEHUA |
BOCCTaHOB/IEHWA, MO3TOMY €ro MOXHO MCMO/Ib30BaTh B Ka4ecTse KaToaa M aHoaa.

7. Wcnonb3ya gaHHble Ha Puc. 2, BbibepuTe Te NoNynNpoBOAHWKM, KOTOPbIE MOMKHO MCMO/b30BaTb B
KauyecTBe KaK KaToAa, TaK M aHoZa A1A Pa3fioKeHUM Boabl.

D ZFOZ D Zn0O D TiOz D W03
[ cds ] Fe203 ] CdSe I Si

8. YKaxure nonynposoaHuK, KOTOprﬁ, npu NCNosib30BaHMM B Ka4eCTBe KaK KaTtoAda, Tak U aHOA4a,
OKaxKeTcs Hanbonee Bd)d)eKTMBHbIM npuv pasnoxeHnn soabl Npu 3a4aHHOM OCBELLEHUN.

B ogHOM M3 3KCNEepUMMEHTOB M3ydanocb BblaeneHuve H, u O, npu obnyyeHMM NoaynpoBOAHMKA
COMHeYHbIM cBeTom npu T=25°C u atmochepHOM [aABNEHUU Pam. [1pM MOLLHOCTM cCBeTa
P =1.0 KBT M2  poTo3neKkTpoAe naowaabto S = 16 mm? 3a At = 1 yac Bbigenmnock V = 0.37 cm® Hy(r).

9. Paccuutaiite KMNJ 7qpam NpoLiecca.

Pacver:

Nnpam = %

Ecnu 8bl He cmoanu onpedenums Hapsm, MPUMUME 3HAYEHUE Nnpan = 10% 0414 OanbHeliwezo pacuema.
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B 3akntoueHMe cpaBHMM ABa cnocoba MosyvyeHMA BOAOPOAA NOA AEeNCTBMEM CONHEYHOrO CBeTa:
npamoi ¢oToKaTanmns3 u HenpAMon GOTO3NEKTPOAN3, MPU KOTOPOM COoNHeYHana baTapes coeguHeHa C
anektponusepom. KMJ kommepyeckoin conHeyHon BaTapen NpUmMUTE PaBHbIM Heonn.6ar. = 20%.

10. CpasHurte KIMA 8yx cnoco60B, Mnpam U Muenpam, MPU UCNOB30BAHWUM 3/1€KTPOAOB U3 Fe,0; u Pt ans
3N1IeKTPO/In3a.

Pacuer:

O Tnpam > Nuenpam O Hnpam = 1] wenpam O Hnpam < 1] venpam
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3apava Bonpoc 1 2 3 4 5 6 7 8 9 10 | 11 12 Bcero
T3 Ouku 1 3 3 3 4 2 7 2 2 3 4 6 40

56ann08 | pesynprar

3apava T3: Xnopua cepebpa

CnpaBounble JaHHbIe U1 TeMiepaTypsl 298 K:

pKs1(AgCl) = 9.7; pKs2(Ag2CrO4) = 12

KoHcraHTa ycroiumsoctn komnnekca [Ag(NHs)a]": S, = 1072

3NeKTpoAHble NOTeHLMas bl OTHOCUTENIbHO CTaHAAPTHOrO BOAOPOAHOrO 3/1eKTpoaa:
CraHaapTHbI noTeHumnan ana Ag*/Ag(te): E°(Ag*/Ag(ts)) = 0.80 B

YcnosHbin noteHuman Ox(BoaH)/HO (BoaH) (B mopckoit Boae): E'(O2(BoaH)/HO (BogH)) =0.75 B

Yacrs A: HuTarel u3 dexkuuu I'eii-Jloccaka

MpuBeaeHHble Aanee UUTaTbl U3 Nekuumn Men-lioccaka (PpaHLy3CKOro XMMmnKa u ¢pusmnka, 1778-1850)
OMNMCbIBAOT HEKOTOPbIE CBOMCTBA X10puaa cepebpa.

LUutata A: “Ceituac A pacckaxky o xnopuge cepebpa, KoTopbiit npeactasaset cobon mosoyHo-6enoe
TBEepAoe BewecTBo. [laHHOe BelecTBO MOXKET bbiTb Ierko noslydyeHo nytem Ao6aBieHns CONsHOM
KMCNOTbI K BOAHOMY pacTBOpY HUTpaTa cepebpa”.

UuTtata B: “JaHHan conb He MMeeT BKYCa, TaK KaK IBAsSeTcA HepacTBoOpMmon”.

Uurata C: “JaHHoe coeauHeHWe abCoMOTHO HEpPacTBOPMMO B CNUpTE M Aaxe B KWUCIAOTaX, 3a
WCK/IIOYEHNEM KOHLEHTPMPOBAHHOM CONITHOM KUCIOTbI, B KOTOPOW OHO Jierko pacteopseTca”.

UuTtata D: “C apyroit cTopoHbl, xnopuz cepebpa XopoLuo pacTBOPUM B BOAHbIX pacTBOpax aMmuaka”.
LiuTaTta E: “3aTem Mbl MOXXeM BHOBb 0CaguTb X0pug, cepebpa nytem f06aBAeHMA KUCIOTbI, KOTOPas
6yaeT B3aMmoaencTBoBaTb C amMmuakom”.

LiuTaTta F: “Ec/iv ynapuTb MOPCKYIO BOAY B CEPEBPAHOM TUT/E, TO NONYYUTCA X0PUA HATPUA B CMECH
C MONOYHO-b€enbiM TBEPAbIM Bel,ecTBom.”

1. [Ons ymtatbl A: 3anuwmnTte ypaBHeHWe peakuuu (c koadduumeHTamm) cuHtesa AgCl(Ts).

2. [na umutatbl B: Paccumtaiite pactsopmumocTsb (s) AgCl(t8) B Boae npn 298 K B monb n2.

Pacuer:

s= monb nt
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3. [Ona uutatbl C: B paCcTBOpax C BbICOKON KOHLEHTPALMEN X10pUa-MOHOB 06pasyeTcs KOMMJIEKC CO
crexnometpueit 1:2. Huxke npueegeHa wkana pCl 6e3 macwraba (3HayeHua pCl yBennunsatotea
cnesa Hanpaso). MomecTute B KaxkAaylo obnacTb WKanbl npeobnagatoulyo dopmy cepebpa.
YKasbiBaTb 3HayeHus pCl Ha rpaHuLax obnacten He TpebyeTcs.

.
-

pCl = —log[Cl—]

Ons ymtatbl D: npu gobaBneHUU pacTBoOpa aMMMUaKa K xopuay cepebpa obpasyeTca KOMMIEKC € N
MOJIEKYJTAMM aMMMAKa.

4. 3anuwwute ypaBHeHWe peakummn (c KoadpdpuuumeHTamu), KoTopas COOTBETCTBYET CUHTE3y

kKomnnekca [Ag(NHs),]" M3 xnopmpa cepebpa, U paccuutaiiTe COOTBETCTBYIOLLYHD KOHCTaHTY
paBHoOBECKS.

YpaBHeHUe peakumu:

Pacyer:

Ecnu Bam He ydanoce paccHumams 3HaveHue K,
ucronb3yiime eenuyuHy K = 107 npu nocnedyoujux 8b14UCAEHUSAX.

5. K cycneHsun 0.1 monb xnopupga cepebpa B 1 n Boabl A06aBAAOT aMMMaK OO0 MOMEHTa
MCYE3HOBEHMA TBepaoro BeuwiectBa. B 3ToT momeHT [NHs3] = 1.78 monbn™l. Onpegenure
CTEXMOMETPUIO KOMMJIeKca, NpeHebperas pasbasieHmem.

Pacuetbl:
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6. 3anuwuTte ypaBHeHUe peakumm (c KoadduumeHTamn), KoTopas onucaHa s yurate E.

7. Mopckaa Boaa obnagaeT cnabolienoyHoN peakumeit U oboralleHa Kucaopodom. B aaHHbIX
YCNOBUAX MeTannyeckoe cepebpo MoXKeT BOCCTaHaBAMBAaTb KMCAOPOA. 3anulunTe ypaBHEHUE
XMMUYECKON peakuuun (c KoadduumeHTamm), KOTopas COOTBETCTBYET 06pa3oBaHMI0 TBEPAOro
BelLecTBa, ynomaHyToro B ymrate F. s KMCnopoaa cTEXMOMETPUYECKUIA KOIDDULIMEHT A0MKEH
6bITb paBeH 1. PaccunTtanTe KOHCTAHTY paBHOBECUS A5 faHHOM peaKkuumn npn 298 K.

YpaBHeHMe peaKkynm:

Pacuetbl:
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Yactb B: Metox Mopa

MeToa Mopa ocHOBaH Ha KOJIOPMMETPUUYECKOM TUTpoBaHMK xnopua-moHos (Cl°) noHamu cepebpa
(Ag') B npucyTctBum xpomata Kanua (2K*, CrO.%7). Tpu kanam (~ 0.5mn) pacteopa K,CrOs c
KOHUeHTpauuen 7.76:107° monb n™! pgobasnaiot K Vo=20.00Mn pactsopa xaopuaa Hatpua
HEeW3BECTHOW KoHUeHTpauuun Cq. MonyyeHHbIN pacTBOp TUTPYIOT PacTBOPOM HUTpaTa cepebpa (Ag”,
NOs") ¢ KoHueHTpaumeln Cag = 0.050 MO/b 7%, YTO NPUBOAUT K MOMEHTA/ILHOMY BbINaEeHMI0 OCaiKa
TBepaoro BewecTBa A. KpacHblil ocafioK (TBepgoe BellecTBo B) nosasnserca npu Vag = 4.30 ma.

8. 3anuwute ypaBHeHMA ABYX peakuuit (c KoapdpuumeHTamu), KOoTopble MPOTEKAOT B AaHHOM

3KcnepumeHTe. BblYMCAUTE KOHCTAHTbl PAaBHOBECUS SAHHbIX peakuunii.

K°1 =

K% =

9. Hanuwwute dopmynbl TBepAbIX BewecTs A n B.

Teeppoe Bewectso A:

Teeppoe Bewectso B:

10. PaccuuTaiiTe HEM3BECTHYIO KOHLEHTPALMIO X10pUA-MOHOB Co B PacTBOpE XJ0puAaa HaTpus.

Pacuetbl:

Ca = monb nt

Ecnu Bam He ydanoce noay4ume omeem,
ucnone3ytime senu4uHy Cq = 0.010 Monb a1 npu nocnedyrouux 8614UCACHUSIX.

11. Paccumtaiite MUHUMANbHbIN 06beM Vag(MUH), HeobXxoaMMbI Ansa noasneHuna ocaaka AgCl(Ts).

Pacuetbl:
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Vag(MUH) = MA

12. PaccumTaiite oCTaTOUYHYH KOHUEHTpauuto xnopua-moHoB ([ClJoer) B MOMEHT, KOraa HaumHaeTcs
obpa3oBaHMe ocagka xpomara cepebpa. CpaBHEHMEM ABYX BeMUMH 060cHYMTe, nodemy CrO4>
ABNAETCA NOAXOAALLMM MHANKATOPOM ANA OnpeneieHNa KOHEYHOW TOYKU TUTPOBAHMA.

Pacuertbl:

[Cl_]OCT = monb nt

CrO4%” aBnAeTca NoAXOAAWMM UHAMKATOPOM KOHEUYHOM TOYKM TUTPOBAHMA, TaK KaK
(cpaBHUTE BENNYMHBI):
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3apaua Bonpoc 1 2 3 4 5 6 7 8 Bcero
T4 OuKkmn 6 9 8 5 6 2 2 12 50
76anm08 | pesynprar

3apayda T4: OT yepHOro nopoxa K OoTKpbITUIO noaa

B 19 Beke ¢paHuy3ckuii npeanpuHumatens b. KypTya 3aHumancsa nonyyeHmem Hutpata A
(Ma(NO3)m), ncnonb3yemoro B Npou3BoACTBE YepHOro nopoxa. MNepsoHavyanbHO MMAOPTUPYEMBbIA U3

A3uu, A Hayanmn B NOCAeACTBUN NPOU3BOAUTL U3 HUTpaTa B (Mg(NOs),) obmeHom ¢ coeamHeHnem C,
noJly4yaembiM U3 BOAOPOC/EN.

1. YcranoBute dopmynbl HUTpaToB A 1 B, npeacrasastowmx coboit 6e38oaHblE CONMM LLENOYHBIX AN

WweoYyHo3emMesbHbIX MeTannos (Ma 1 Mg). Obpaseu, 04HOTO U3 HUTPATOB COAEPKUT He bonee 1 %
MO Macce He coaep Kalmx meTaanbl npumecei, a obpasel, BTOPOro HATpaTa coaepuT 9+ 3 % no
macce Takux npumeceit. Maccosasa gona metanna Ma B ogHom M3 o6pasLoB pasHa 38.4 %, a

maccoBas gons meTtanna Mg B apyrom obpasue paBHa 22.4 %. MopTteepgute CBOW OTBET
BblK/JIaAKaMM U pacyeTamm.

A: B:
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Onsa nonyydeHus A K pactBopy, cogepawemy 442.8 r sewectsa B, B3aTomy B U3bbITKe, npubasuam
TBepaoe Bewectso Cmaccoin 262.2 r. Mpu atom ob6pasosanoch 190.0 r 6enoro ocagka D, KoTopbiit 6bin
yaaneH ¢unbTpoBaHmem. GUabTpaT BbINAPWAKM, @ NONYYEHHYIO TBEpAyto cmeck E HarpeBanu ao tex
nop, MOKa Macca OCTaTKa (coaeprKallero TonbKko HUTpUTbl, NO,7) He nepectana usmeHaTbeA. MNpu aTom
€[INHCTBEHHbIM ra30006pasHbIM MPOAYKTOM Obin Kucnopos obbvemom 60.48 1 npu 0°C n 1atm
(cumTaliTe KMCNOPOA A EaNbHBIM Fa30M).

2. PaccumTaiiTe MaccoBble [0/ KOMMNOHEHTOB B cmecu E, cocTosel TonbKo ns coeanHeHnini Am B,
M He copep)Kalen HUKaKux npumeceit. Mpu cMHTE3E WMCNOAb30BaNOCL YucToe 6essBogHoe
BewecTso C.

BbiKnaZikK 1 pacyeTbl

w% (A): w% (B):
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3.  YcraHoBute popmynbl coeanHeHuii Cun D, a TakXKe 3anuLInTe ypaBHeHUe peakuum mexay B n C.

BbIknagKu un pacyethbl

Peakuma mexay B n C:
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B 1811 roay, paboTtas c 3010i Bogopocnen, KypTtya 3ameTu, 4yTo MmeaHble cocyabl M3HALLMBAOTCA
6bicTpee, Yem 06bI4HO. Koraa oH M3ydan 3To ABAEHWE, ero KolliKa Bolluna B nrabopaTopuio U npoanna
pPacTBOP KOHLEHTPUPOBaAHHOW CePHOM KMCOTbI Ha Cyxyto 3aay Bogopocnei. MNpu sTom HemeaNeHHO
Bblaennancb GpuoneToBble Napbl (peakuma 1, B Heit cepHas KMCIOTa ABAAETCA okucautTenem). Tak 6bin
oTKpbIT 1Moy, (12)! Mog, 6611 npuymHO Kopposun meam (2). MpumeHeHue Moaa B MeAULMHE NO3BOANIO
KypTya OTKpbITb HOBOE MPOU3BOACTBO MO €ro NoJiyYeHUo AEACTBUEM X/10pa Ha BOAOPOCAU (peaKums
3). B HacToALLee BpeMa ioa nony4atoT, ucnonbdya NOs', I, H (peakuus 4) unm 103, I, H* (peakuus 5).

4. 3anuwmTe ypaBHeHUs (C KoadpduumMeHTamm) ana peakumin 1-5.

1

2

PacTBopuMOCTb MO4a B BOAE OYEHb Masa, HO Pe3Ko Bo3pacTaeT npu AobasneHnn noanag-moHos. Mpu
3ToM 06pasyeTca TpUMnoaMa-1oH l3~:
I"(BogH.) + l(BoaH.) = I57(BOAH.) (6)

PaBHOBecue (peakums 6) MoXKeT HbiTb M3YYEHO C MCMOJIb3OBAHNEM SKCTPAKUUM |; AUXNOPMETAHOM.
MoHbl I~ 1 I3~ He pacTBOpUMbI B OpPraHMYECKOM pacTBopuTene, a |, pacTBopMm XOpOLWO M Npwu
SKCTPaKUUM €ero AuUXI0pMeTaHOM, ero KOHUEHTpaumsa B AuxaopmeTaHe B 15 pa3 npesbliwaeT
KOHLEHTPAUMIO B BOAHOM pacTBope.

Bbln NpoBeaeH creayowmin skcnepumeHT. McxoaHbI pacTBop 6bin NPUrOTOB/IEH MYyTEM PACTBOPEHUA
KpucTannnyeckoro moga B 50.0 mn BoAgHOro pactsopa, cogep:awero 0.1112 r noampa Kanusa. K
ncxogHomy pactsopy gobasmam 50.0 mn AuxnopmeTaHa M CMecb TLWATENbHO Nepemellann Ao
yCTaHOBAEHUs paBHoBecus. Nocne pasgeneHus ¢as Kaxkaaa U3 HUX bblna oTTUTPOBaAHA B NPUCYTCTBUM
Kpoxmana, Ha 4To notpebosanock 16.20 mn (ana opraHuyeckoi ¢pasbl) u 8.00 mn (ans BogHoM dasbl)
CTaHgapTHoro pactesopa, B 1,000 n kotoporo coaepxutca 14.9080 r neHTarnapartata TMocynbdaTta
HaTpuA. Becb aKCNepUMEHT CXeMaTUYECKM NPeACTaB/IeEH HUXKe:

82032' nobasunun
2 4 Kpaxman 6 TUTpOBaHue
_ >
MoYTN 40 TOYKN A0 KOoHua
3KBUBANEHTHOCTU \
PasgeneHue ® 8
_ +CH.CI BOAHas dpasa
McxoaHbin 22 pas
pacTBop
opraHuyeckas casa 9
nobasunu
2-
3 S205 Kpaxman TUTpOBaHue
7 00 KoHua

NOoYTN OO0 TOYKU
3KBMBAINEHTHOCTU
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< 7 7 | 7 7
KOpI/II{ FOHy60ﬁ TeMmuo Kopuunessiit
- o TemHO
. N Temuo
HEBBIU PozoBeiit CHHIH proeToBbl] buoneToBsIit
{ f 7 & 4
BecuBer- KenroparTsrit Keinro- becusernpiit
HbIN Po3oBrIit BaTbIN BecuseTHbIl
J J J

f

g

h

5. YctaHOBUTE COOTBETCTBUE MeXAy HoMepom cmeck (1-9) Ha BepxHel cxeme u byksoit (a—i) Ha
pUCYHKe.
byksa,
Homep cmecun 0603HavatoLan
CTaKaH
1
2
3
4
5
6
7
8
9
6. [MpuBeauTe ypaBHEHWE AOBYX BO3MOMKHbIX pPeaKkuuii B BogHOW ¢dase, NpoTeKalowmx npu
TUTPOBAHMUM, C y4acTUEM Moda U TMocynbdaTa HaTpUA.
7. PaccuurtanTte maccy ﬁop,a, B3ATOro AnAa NnpuroTtoBaeHnAa NCXoaHOro pacreopa.
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BbluncneHus

m(|2) = r

8. PaccumTaiiTe KOHCTaHTY paBHoBecus K° ans peakuuu (6).

BbluncneHuna
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3ap‘aqa BOI'IPOC 1 2 3 4 5 6 7 8 9 10 11 12 Bcero
T5 OuKn 3 4 4 2 5 5 4 3 5 2 2 2 41
8 6annos PesynbTar

3apava T5: Komnnekc azo6eH305 — B-UMKNOAEKCTPUH Ans
HaHOMaLUWNH

HaHOMALLVMHbI - 3TO MOJIEKYNIAPHbIE YCTPOWCTBA, KOTOPbIE NMO3BOAIOT NPe0bpPa3oBbIiBaTb IHEPTUIO B

[ABWXKEHWe, Hanpumep, ANS AO0CTaBKKU eKapcTB. MHOrMe HaHOMALLMHbI UCMOJIb3YHOT U30MEPU3aL M0

asocoeanHeHnin (R—-N=N—R’) npu obnyueHnn.

1. WU306pasute ctepeonsomepbl azobeHsona (HsCe—N=N—C¢Hs) n npoBeaute B Karkaon monekyne
JIMHUIO MEXAY OBYMS CaMbIMU yAaNeHHbIMXU aTOMaMK yranepoga B UX Mosiekynax. CpaBHuUTe
ONHBI 3TUX IMHUN (drpanc U duyuc), NOCTAaBUB 3HaK “6onblie” nam “meHblue”.

mpaHc- yuc-
CpaBHeHue: Orpanc Aunc
NH;
NH;
COOH
O
/ \\N N \N 0
HOOC COOH
M
~,
P Q

Puc. 1 — Bo3moHble peaeeHmol 014 cuHme3sa M.

2. CoeavHeHne M MoXeT OblTb CMHTE3NPOBAHO B ABe CTagMM M3 MNPOCTbIX peareHToB
(puc. 1). Cpegn npeanoxKeHHbix peareHToB (oT N go Q) Bbl6epuTe Te, KOTOpPble NO3BONAIOT
nonay4ate M C ouyeHb BbICOKOW pernocenektmBHocTbio. Hutput HaTpua (NaNO;) B xonogHom
BOAHOM PacTBOPE CONAHOMN KMCNOTbI MCMONb3YETCA B KAYECTBE peareHTa 415 Nepsoi cTagum 3Toro
CUHTe3a.
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YyacTHuk: KGZ-3

PeareHTb: 7]

OnpepaeneHne KOHCTaHTbI ycToMuYMBOCTH K;

B-umknopekctpuH (C, puc. 2) ABAAETCA LMKAUYECKUM FenTamMepoM [IH0KO3bl, KOTOPbIA MOXKeT
06pa30BbIBaTb KOMMJIEKCbI BK/IOYEHUA C a3ocoeauMHeHuAMU. B nyHkTax ¢ 3 mo 6 ¢ nomoubto
CneKkTpockonuu byaet onpeaeneHa KOHCTAHTA YCTOMYMBOCTM K;, COOTBETCTBYHOLWAA 06pa3oBaHuUio
KomnneKkca BKAYeHUA CMypaue, KK NOKA3aHO Ha puc. 2.

AN { ,*q,; KI
; M M —
/ LN { F

HOOQC

C M rpanc CMpanc

Puc. 2 — O6pasosaHue komnnaekca 8KntovYeHUs CMrpanc.

Bbln NpUroToBAEH pAL PacTBOPOB NyTemM cmelleHuA pacTBOPOB C U Mypauc B PasHbIx nponopuusx. B
NnoJslydeHHbIX PacTBOPax HavaslbHble KOHLEHTpauun ctanun pasHbl [Clo U [Mrpanc]o. B NpurotoBaeHHbIX
pacTBopax [Mrpanclo 0aMHaKoBO ana Bcex, a [Clo - BapbupyeTca. Mpu GUKCMPOBAHHON A/IMHE BOJHbI
U3MEPAAN U3MEHEHME PA3HOCTM B OMNTUYECKOW NAOTHOCTU AA Mexay MOrOLWEHMEM KaXKAO0ro 13
NPUroTOBNAEHHbBIX PAcTBOPOB W  PaAcTBOPOM 4YMUCTOTO Mypane. Bysem 0603Ha4aTb MoAApHble
koadduumenTol nornoweHna CMmpawc MU Mipanc KaK EcMrpanc M Emmpanc COOTBETCTBEHHO. L - AnunHa
ONTMYECKOro NyTU Ny4va Yepes obpasel. MornoweHmem C (eC) MoxKHO npeHebpeyb.

3. Nokaxurte, 4To AA = &[CMypanc] 1 BbipasuTe a Yepes U3BECTHYH KOHCTAHTY(KOHCTaHTbI).

BbiKnagku:
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YyacTHuk: KGZ-3

4. MNokaxute, uyto, Korga C HaxoaAnUTCA B 60bLLIOM M3ObITKE NO OTHOLWEHMIO K Mypauc (TO ecTb [Clo >>
[M:panclo), KOHUEHTpaLMo C MOXKHO cYMTaTb NOCTOSAHHOM, [C] = [Clo.

Briknaaku:

5. Mokaxute, 410, ecan KoHueHTpauma C cunbHO npesblwaeT Mypanc (TO ecTb [Clo >> [Mupauclo),

_ . _BlClo
T0 A A=« THReICly

KOHLEHTPaUMIo (KOHLLEHTpaLMN).

1 BbipasuTe [ yepes NOCTOAHHYIO (MOCTOSIHHbIE) M HAYaNbHYO (HavyasbHble)

BbiKnagku:
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YyacTHuk: KGZ-3

6. Onpegenute K; C MICNONb30BaHMEM CAeAYIOLLEN SKCNEPUMEHTA/IBHOM KaanbpOoBOYHOM NpAMON
(puc. 3).

20 -
13_5 Z (1000, 17.2)—___
16 - '
14 -

12 3

1/AA
=
L

TSYC00;-4:2)

N 1 ! 1 ! I ' I ' I
0 200 400 &00 &00 1000
1/[C], (1/M0.1B)
Puc. 3 - 3asucumocme 1/AA om 1/[CJo.

BbIK/1agKu n pacyeTbl:
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YyacTHuk: KGZ-3

Kt

OnpegeneHne KOHCTaHTbl ycTonumBocTu K.

B nyHKTax ¢ 7 no 9 Bam npeacrout onpenenvtb € NOMOLLbIO KUHETUYECKUX AaHHbIX KOHCTaHTY
yCTOMUYMBOCTM K, COOTBETCTBYHOLLYIO 06pa3oBaHMIO KomnneKkca BkatoUYeHUA CMyuc 3 My, Obpasel,
coaeprKawmii ToNbKO Mipane, 06y4alOT, NoOAyYasn, TakMM 06pasom, M3BECTHOE KoAMYecTBO Myyc,
[Myuclo. Myuc (cBOBOAHDBIN MM B COCTaBE KOMMJIEKCA BKAOYEHMA) 3aTEM TEPMUYECKN M30MEPU3YETCA
B Mupauc. B oTCyTCTBME C M30MEpPU3aLMA ONUCHIBAETCA KMHETUKOM NEepBOro nopafKa C KOHCTaHTOM
cKopocTH k1. Bce paBHOBecus KomniekcoobpasoBaHua sBAAOTCA 60see BbICTPbIMM YeM NPOLLECChl
nsomepusaumn. KnMHeTnyeckaa cxema, COOTBETCTBYIOLLAA 3TOMY 3KCNepuUMeHTy, npeacrasieHa Ha
puc. 4.
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A K
D= Y
GGGOH
C

M IMHAC
XI.‘
C+ n‘lm[c - =
ky
K,
C + \IT]]E.'I{C =

YyacTHuk: KGZ-3

W

M

oo

CM]“[C

CM e

ks

CM TpaHC

Puc. 4 — KuHemud4eckaa cxema uzomepusayuu My, 8 npucymcmesuu C.

CKopocTb pacxogoBaHua r obluero Konuyectsa My, (cBO6OAHOrO M CBA3AHHOTO B KOMMNAEKC)

onpegenaeTca Kak
r= kl[Mu‘uc] + kz[cMu‘uc]

3KcnepmmeHTaano r onncbiBae€TCA KMHETUYECKUM YypaBHEHMEM NEpBOro nopAaaka c Ka>+<yu.|,ei/'|c5|

KOHCTaHTOM CKOPOCTU Kobs:
r = Kobs ([Muyuc] + [CMuyuc])

_ Y+8ks[C]
7. Nokaxwure Yto Kops = TTRUC]

1 Bblpa3ute y n 0 yepe3 U3BECTHYHO KOHCTaHTy(KOHCTaHTbI).

BbiknagKku:
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8. Bblbepute, B Kakom(-1x) ycnoBun(-ux) nepuoa noaynpespaLleHua ti/2, COOTBETCTBYHOLLMM Kobs,

MO>HO BbIPa3nTb Kak ty/, = 1:—2 (1 + K.[C]p), cumntasn, uto [Clo >> [Myuclo. O60OCHYyiiTe CcBOIA

OTBET COOTBETCTBYHOWMMMU BbIKN1aAKaMU .

O OueHb meaneHHaa nsomepusauma Myuc B LUKNOAEKCTPUHE
O OyeHb meaneHHaa nsomepumsauma ceob6oaHoro Myuc

O CMyuc ABNAETCA 04YEHb CTabUAbHBIM

O CM;panc ABNAETCA OYEHb CTAabMIbHBbIM

BblKnagKu:

9. Mpeanonarasa, 4Yto ycnoBue(-us) B MNyHKTe 8 BbINOAHAETCA(-10TCA), C MOMOLLbIO JIMHENHOM
perpeccun onpegenute K., UCNONb3ya AaHHble HMXKe. Bbl MOXeTe MUCNob30BaTh KaNbKynaTop
WM NOCTPOUTL rpaduK.
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YyacTtHuk: KGZ-3

[Clo (Momb 11 %) tio (¢) [Clo (Monb 11 %) two (¢)
0 3.0 3.0-10°° 5.9
1.0-107* 3.2 5.0-107° 7.7
5.0-107* 3.6 7.5-107° 9.9
1.0-10°° 4.1 1.0-107° 12.6

YpaBHEHWNE NNHENHON perpeccun:

Ke
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YyacTHuk: KGZ-3

Hanomammunbl
4
f g #
g A F N e 5
e, $ Al \
T— r
f e, D f — fiv ; y
ra - 2) (C) f, M F; < J
3 1 VY . 1 3
i ;A Al e o
s f/ "
*-_, azobenzoa (Tpanc)
*) azobenzoa (mHC) 1
Puc. 5 — PaspyweHue KOMMAeKca BKAOYEHUA a300eH30/-YUKN00eKCMpPUH, 8bi38aHHOEe

gomou3szomepu3sayueli, 019 00CMAasKU AeKapcmMeeHHo020 cpedcmeaad (MoKa3aHo 8 sUde cepbix cgep).

[pyroe coeanHeHne a3obeHsona (ana Kotoporo K. << K;), nepBoHayasibHO HaxoA4Alleecs B MpaHc-
dopme, KOBaZIEHTHO MPUBMTO Ha AMOKCUA KpemHUa (puc. 5). Mopbl ANOKCUMAA KPEMHUA 3amnoIHEHbI
KpacuTenem (pogamuH B, 0603HaueH cepbiMu KpysKKamu Ha puc. 5). Mpu gobasneHun € obpasyetcs
KOMIMJIEKC BK/IHOYEHMA, KOTOPbIM BJ0KMPYET NOpbl U NPefoTBPaLLAeT BbICBODOXKAEHWE KpacuTens.

10. Bbibepute Hanbonee noaxogsailee ycnosme (TOIbKO OAMH BapuaHT), 4Tobbl NOpPbl U3HAYaNbHO
610KMpoBaNUCh B NpucyTcTBUM C, U KpacuTenb MOr BbiCBOBOXKAaTbCA NpU 06.1y4eHnN.

Ke>>1
Ki>1nkKc<<1
Kt/Kc<<1
Ki>1nkc>>1
Kc<<1

OoooOooOoano

MOPOLWOK AMOKCUAA KPEMHUA C NPUBUTBIM KOMMNEKCOM a306eH301-LUUKNOLEKCTPUH, 3aMONHEHHbIV
KpacuTenem, NMOMELLAloT B YroNl KloBeTbl (puc. 6), YyTo6bl MOPOLWIOK HEe MOr MepenTy B PacTBop.
MopoLwok 061y4aloT Npu ganHe BOHbI A1, YTOBbI BbI3BaTb BbICBOOOXKAEHME KpacuTens 13 nop (pwc.
5). YT06bl KOHTPO/IMPOBATL 3TO BbICBOOOXKAEHWNE C MOMOLLbIO CMEKTPOCKOMMM NOT/OLLEHUA, U3MEPSAIOT
NOr/oWeHMe pacTBopa Ha A/IMHE BOJIHbI A;.

270 nm 330 nm 550 nm

| J‘

v, Cc )
hv, |

A(nm)
Puc. 6 — Cnesa: akcrnepumeHmasnbHAA YyCMAaHOBKA, UCMOoAb3yemMas 058 KOHMPOss 8bICBOOOHOEHUSA
Kpacumess,; cnpasa: criekmpeol noaaoweHus mpaHc-a3ob6eH304a (CnaAoWHAA AUHUA), Yuc-
0a306eH30/1a (NUHUA MOYKAMU) U podamMuHa B (myHKmupHasa AuHuUs).
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11. Onpegenurte ;.

YyacTHuk: KGZ-3

A= HM

12. Onpegenute ..

Aa= HM
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Bonpoc 1| 2|3 | 4|5 | 6| 7| 8| 9 |Beero
3apava
T6 Ouwnm. | 4 | 4 | 5| 3 |10| 21|96 ]| 55 | 4
8 6annos

PesynbTat

3apava T6: Xapakrepusauusa 6nok-cononmmepa

BrioKk-cononnmepbl, Mosy4aemble MyTEM CLUMBKM pasHbiX noaumepos (6s0koB), obnapatoT
YHUKaZIbHbIMW  CBOWCTBaMM, Hanpumep, CnocobHOCTbIO K camocToaTenbHoOn cbopke B
HaZMOJIEKYIAPHbIE CTPYKTYPbI. B LaHHOW 3a43a4e paccMaTpUBaETCA CUHTES U XapaKTepmn3aLmsa Takoro
noanmepa.

U3yyeHune nepBoro 6noka

o
H2N/\’< \/>OCH3
n

1

B 3Toi yactM Mmbl N3y4ynm BOAOpaCTBOpMMbIﬁ romonosnmmep 1 (Cl-MeTOKCM-w-aMVIHOI'IOﬂMaTMJ'IEH-

r/INKOND).
B cnekTtpe *H AMP coeanHenuna 1 (DMSO-ds, 60 °C, 500 ML) HabaoAal0TCa Caeaytolme CUrHanbi:

Hutee | 3011) | puurencmmocns
a 2.7* 0.6
b 3.3 0.9
c 3.4 0.6
d ~35 133.7

Tabauua 1, *e npucymcmeuu D;0, cueHan ripu 2.7 M.0. ucyezaem.

1. CootHecute nukmn B 'H AMP cnektpe (a, b, ¢, d) u3 Tabanupl 1 ¢ KasKabIM U3 NPUBEAEHHbIX HUXKE
NPOTOHOB.

O o o o4

H
H H H H H [
R
/ 4 ]
H H H H H

O 0O 04 0

2. BblpasuTe cpeaHIO0 CTEMEHb NOAMMEPU3ALMUN N KaK OYHKLMIO UHTErpasibHON MHTEHCUBHOCTU
curHana OCyH4 (Aoconsa) NOBTOPAIOLWLErOCA 3BEHA M MHTErPaNbHON MHTEHCMBHOCTM curHana OCH3
(Aocns). Bbluucnute n.
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Ecnu sam He ydasnoce Halimu n, 861 MoOXceme UCnosb6308ame 3HayeHue n = 100

80 8cex rocnedyrouux nyHKkmax 0aHHol 3ada4u.

M3y‘-IEHI/Ie cononumMmepa, NOCTPOEHHOro 3 AByx 6nokoB

CuHTe3 BTOpOro 6/10Ka conoanmepa NpoBoAUTCA B XO4€e peakuun coeanHeHms 1 c coeguHeHnem 2 (N-
KapboKcuaHrnmapug, n e-(6eH3nnoKkcnkapboHun)-nn3mHa), B pesyabTaTe KOTopol obpasyetca 6/10K-

cononumep 3.
H O
H O e
N NH\H/O .
O:<I\/\/ I
0™ ~o

2: C45H4gN,05, 306.3 g mol™”’

Chz- ©Aoj\f‘

3. Hapucyitte cTpyKTypHyl0 dopMyny MHTepmeamaTa peakumn, KoTopblit obpasyeTca Ha nepsoi
cTaguu npu gobasneHnn 1 K 2. YutuTe, 4To B XO4e BTOPOM CTagmu Bbiaensetcs ra3 G. Hapucyite
CTPYKTYpHyto dopmyny G.

N NH OQ
H2NN<O\/>OCH3 + O:<NI\/\/ Nl . ?
1 n o o , O

NHCbz
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YyacTHuk: KGZ-3

4. XapaKTepusaumio coesnHeHU 4acTo NpoBoaaT no uHepakpacHbiMm (MK) cnektpam. CooTHecute
Tpn UK cnekTpa, npeacTaBneHHbIX HUXKe, € coeanHeHuammn 1,2 n 3.

100

80 CoeauHeHwue:
60

40 0O1 02 O3

20

%T

4000 3500 3000 2500 2000 1500 1000
o (cnfl )

100 ~=

50 CoeauHeHwue:

60

40 01 02 O3

%T

20

4000 3500 3000 2500 2000 1500 1000
o (cm™)

100

o —m\\\J///’\p/f CoeaunHeHwe:

60

40 01 02 O3

%T

20

4000 3500 3000 2500 2000 1500 1000
o(em™)

5. H AMP cnekTp cononnmepa 3 (DMSO-ds, 60 °C, 500 Ml'u) npuseaeH Ha puc. 1. Ucnonb3sys
HEeKoTopble WAW BCE CUrHabl, MHTErpasabHasd MHTEHCMBHOCTb KOTOPbIX yKasaHa B Tabauue 2,
paccuuTanTe CpeaHeYMCIoBYI0 MOJIAPHYO maccy M, MCNo/ab3ya 3HayeHMe N U3 NyHKTa 2.
O6BeauTte KpyKOUYKOM(-amu) rpynny(-bl) aToMoB, KOTOpble Bbl UCNOMb3yeTe A/s PacyeTos, a
TaKKe YKaXKUTe COOTBETCTBYOLWMNI(-1me) um cumeon(-bl) (a, B...).
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3
*
] *
] B o
6 (ppm)

Puc. 1 — cuaHasbl, ToMeYeHHbIe *, 0MmHOCAMCA K pacmeopumernio u 8ode.

YyacTHuk: KGZ-3

Tabauya 2
ITux | Ilmomans
a 22.4
I} 119
Y 23.8
) 47.6
€ 622

H™ <§LN>\”€ v\>OCH3
H n
m
HNT]/O\/©

O
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M, = Kr monb !

3anuwmnTe oTBeT C ABYMA Undpamm nocae 3ansaTon.

Peakuma mexay 1 n 2, nposegeHHan npu 40 °C, npusena kK obpasoBaHuio conoammepa 3a yepes 200y,
cononnmepa 3b uyepes 254 n cononnmepa 3c yepes 30 4. PesynbTaTtbl renb-GUAbTPALMUM, TaKKe
Ha3blBaeMOW 3KCK/O3MOHHOM XxpomaTorpadueli (size-exclusion chromatography, SEC), npuseaeHsl
Ha puc. 2.

Puc. 2. SEC xpomamoepamma coeduHeHuli 3a, 3b u 3¢ 8 sude 3asucumocmu om o6vEmMa aneHma,
Ve.

6. CooTHecuTe CUrHanbl Ha puc. 2 c conoammepamm 3a, 3b 1 3c.

3a: Ox Oy 0z
3b: Ox Oy 0z
3c: Ox Oy 0z
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C uenbio KanubpoBKM XxpomaTorpammbl Bblna MCMNo/b30BaHa CMeCb CTaHAAPTHbIX MOJAMMEPOB C
nssecTHbiMM maccamu (3, 30, 130, 700 1 7000 kr monb™) (puc. 3).
Jlorapndm MmonspHOM Macchl iBaaeTcs IMHEeMHON yHKUMe obbema antoeHTa, Ve.

30 35 40 45 50

55 6.0 65 7.0
V. (mL)

Puc. 3. SEC xpomamozpamMmma cmecu CmaHOapmMHbix rMosumMepos.

7. W3 aHanusa KpuBbIX Ha puc. 2 and 3, onpeaenute V. nosMmepa, KOTOPOMY COOTBETCTBYET KpMBas
X. Ucnonb3yiiTe HallgeHHOE 3HaUYeHWe 419 OUEHKU CTEMeHN NoAnmepusaLmMmM m BToporo 6/10Ka.
MpuBeauTe Balwmn pacyeTbl; 419 OLEHKM Bbl MOXKETE UCMO/Ib30BaTb KaAbKyIATOP WM NOCTPOUTL

rpaduk.

Ve

Mn
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CuHTe3 Tpubnok-cononumepa
Tpubnok-cononnmep 9 moxeTt ObiTb MCMO/Ib30BAaH B OMONOrMYECKUX UCCNEA0BaAHMAX, CBA3AHHbIX C
obpasoBaHuem muuenn. Cononmmep 9 MoXKeT bbiTb CUHTE3UPOBAH NYTEM BHeAPeHUs cpeaHero 610Ka
B c ucnonb3osaHnem moHomepa 5.

kaTanusaTop

O
H I
/O‘@/\O)/ + p5 /O(\/\O)(/\/\/\/O)H
n 110 °C " P
4: A 6: A-B
MsCI/NEt3 NaN 3 Pd/C, H, 7 m?2

8 + mG

(I? C4HgNH»

H

CF3COOH/HBr \O{/\/OWO)/\/\/\/N%NH)

8 no p-1 o m

9: A-B-C

- o8
MsCI: 0-%-0

8. WU306pasute cTpyKTypbl 5,7 11 8.

5
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9. AmdudunbHbii 610K-cononmmep 9: A-B-C HaxoaAUT NpumeHeHMe B meauLMHe, NMOCKOJIbKY OH
cnocobeH camonpousBo/ibHO CObMPaTbCA B MULLENbI B BOAHOM cpeae (pH = 7), uTo MoXKeT bbiTb
MCNONb30BAHO ANA AAPECHON [AO0CTaBKM JIEKAPCTBEHHbIX MPEenapaTtoB. YKaXKUTE CBOWMCTBO
Kaxkgoro 6s0Ka cononumepa. YuuTbiBasa YCTAHOB/IEHHble COOTBETCTBMA, HAPUCYTE Cxemy
MULENNBI, NTOCTPOEHHOM N3 4 MONIeKya conoanmepa.

A: O ruapodobHbiin O ruapodunbHbIA
O ruapodobHbiin O ruapodunbHbIA
C O ruapodobHbii O ruapodunbHbIi

A \WW\ B == C ---

N7

ownwe” "
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3apava Bonpoc 1 2 3 4 5 7 9 | 10 | 11 | Bcero
17 OuKM 4 | 12 2 2 5 8 5 5 54
6 Bannos | pesynprar

3apaua T7: [IBUXKeHne LUMKIoB B [2]kaTeHaHe

B 2016 rogy Casax, CtogaapT n ®epuHra bbinm yaoctoeHbl Hobenesckon npemuun "3a ousaliH u
CUHMe3 MonekyAapHeix mawuH". Tlpumepom Takon “mawimHbl” aBasetca [2]KaTeHaH, Moneky/a
copep)Kallan ABa CueneHHbIX LMKAa. B aTolh cucteme oauH MaKpOUMKA COAEPKUT BUAEHTAHTHbIN
GEHAHTPOJ/IMHOBLIA /IUTaHd, @ APYrod MaKPOUMKA COAEPKUT ABa AuraHaa: GeHaHTPO/MHOBLIA U
TPUAEHTAHTHbLIA TEPNUPUANHOBLIN. MOH Meau KoopAMHUPYEeTCA K OAHOMY U3 JIMTaHAO0B KaKAoro
MAKpPOUMK/IA MU B 33aBUCMMOCTM OT CTEMEHWU OKUCAEHUA, 4YTO CcTabunmsmpyer ogHy W3 ABYX
KoHdopmaumit (PucyHok 1).

PucyHoK. 1 — MynemucmabunsHOCMb YUKI08 8 [2]JKameHaHe.

Cxema cuHTe3a MaKpPOLUUKIA NnpueeaeHa HUXKE!

Br\/\o/(j

(@)
C
(N N7 LDA _ . THPO (N N7 OTHP ?
AN (2 equiv.) [ B ] (2 equiv.) AN E
[ _
A D
MsCI LiBr
(2 equiv.) F (2 equiv.) G
Et;N C23H27N306S;

1. Npusegute cTpykTypy B.
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2. Npuseaute cTpykTypbl E, F 1 G.

E

F

G

3. W3 npusepeHHbIX HUKe ycnosuii Bbibepute To(Te), B KoTopom(-bix) D npesBpaltaetca B E.
O H* H20

O OH-, H,0

0 NaBHs, CH3OH

O Hy, Pd/C, THF

4. B paHHOM cuHTe3e MsCl urpaeT ponb peareHTa ans co3gaHus:

LI Yxoaawei rpynnbi

O 3awmTHoM rpynnbl

L [OeakTuBupytowei rpynnol

] Hanpasnatowel rpynnsi

5. BeuwectBo G nonyyatot B3aumogeictenem F u LiBr B aueToHe. 3To peakuua:

L] 2neKktpodpmnnbHOro apomaTMyeckoro 3amelleHumn

[ HykneodunbHOro apomatmyeckoro 3amelleHus

O Sy

O Sn2

6. HapwucyitiTe nepexogHoOe COCTOAHWE CKOPOCTb-AMMUTUPYlOWEN cTagun peakuum F > G ¢

YyKa3aHMeM CTepeoXxMmuuM Ha npumepe OAHOro PeakLMOHHOro LeHTpa. YriepoAHylo uenb
ob6o3HaubTe Kak R.
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MepexogHoe cocToAHMeE:

B cMHTe3e [2]kaTeHaHa L ucnonb3yoT TeMNAaTHbIM 3ddeKT B KOMNAEKCE C Meabio:

[Cu(CH3CN)4]PFg

7. 3anuwuTe MONHYI 3/EeKTPOHHY KoHourypaumio Cu(0) B ocHoBHOM cocToAaHuu. MpuBeauTte
cTeneHb oKucieHua Cu B KOMNEKCe J 1 NpuBeaMTe NOJIHYIO SNEKTPOHHYIO KOHOUrypauuo gnn
MOHa MeAM B 3TOM CTENEHM OKUCAEHUA.

MonHas aNeKkTpoHHas KoHourypauus Cu(0):

CteneHb okucneHus Cu B J:

MonHas 3N1eKTpoHHas KoHdUrypaumsa noHa meam B J:
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8. YKaxurte (0TMeTbTe rasioukoit) reomeTpuio MoHa meau B L. B npeanonoKeHnun 4to reometpusa
PacCnoOKEeHNs NNraHA0B BOKPYr Meau uAeanbHasa, HAPUCYUTE AMarpPammy 3S/1EKTPOHHbIX
ypoBHel d opbuTtaneit cornacHoO TEOPUU KPUCTANAZIMYECKOro MoAA. 3ano/IHUTE 3Ty AMarpammy
anekTpoHamu. NMpuBegute MmakcMmanbHOe 3HaYeHMe CnuHa (S) aToro Komnekca.

Freometpua Cus L:

[0 Okrasgpuyeckas

O Tertpasapwuueckas

O NMnockoksaapaTHas

O TpuroHanbHas bunupamuaa

3anonHeHHan 3NeKTPoHaMK aAnarpamma d opbutaneit:

9. W3 npuBeaeHHbIX HUXe coeaAUHEHUIA, BbiBepuTe To(Te), 4TO MoXKeT(-ryT) u3BneKkaTb MOH Mean us
L c o6pasoBaHnem cBoboaHOro [2]KaTeHaHa:

NH,
[0 CHsCN
[0 NH4PFs

N
O KCN HoNT > " NH,
O tren
tren

B [2]kaTeHaHe L, MOH mean MOXKET CyLLLecTBOBaTb B ABYX CTeneHAxX okucneHusa (+1) nam (+11). B kaxkaoi
M3 CcTeneHel MeAb WMeeT pPas3/INYHY0 KOOPAMHAUMOHHYI0 cdepy (TeTpa- MAM  neHTa-
KOOPAMHUPOBAHHYIO, PUCYHOK 2).
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Cu'N;

PucyHok 2 — CocmosHus [2]JkameHaHa L.

CtabunbHocTb Cu(l) KOMNIEKCOB MOMKHO OLEHWTb, COOTHOCA WX 3/1EKTPOHHOE CTPOeHue ¢
3/IEKTPOHHOW KOHPUrypaLumen cooTBeTcTByOWEero 6,1aropo4HOro rasa.

10. 3anonHute NPONYCKN B TEKCTE N NMNOCTAaBbTE ra/IOYKN:

Komnnekc Cu'Ns umeeT ... 371eKTPOHOB BO BHYTPEHHEN KOOPANHALIMOHHOM chepe meTanna.
Komnnekc Cu'Ns umeeT ... 3/1eKTPOHOB BO BHYTPEHHEN KOOPANHALMOHHOM chepe meTanna.

Komnnekc Cu'Ns 6onee O / meHee [ ctabuneH yuem komnaekc Cu'Ns.

11. 3anosHUTE «CNIOLWHbIE» MPSAMOYTroNIbHUKM 0603HAYEHMEM BbILEYNOMSAHYTLIX KOMM/EKCOB W3
PucyHKka 2. 3anosiHMTe «NYHKTUMPHbIE» MPAMOYFONbHUKN YCAOBUAMM 3NEKTPOXMMMUYECKOTO

KOHTPO/A CUCTEMbI UCNOb3YA cneaytolime obo3HaYeHuA: @ (BpaweHmne); +e ;—e".

Cu'N, R —
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Bonpoc | 1|2 |3 |4 |5|6|7|8|9|10|11]|12]13]14]|15 | Bcero
3apaua

T8 OuKku 2 6 2 2 |11 2 4 3 4 2 6 8 2 6 4 64
6 6annos

PesynbTat

3apayva T8: CuHTe3 n ngeHTUdMKauma NHO3INTOB

B aToi 3a4a4e TepMuHbI “npoekumna Muansa” v “nepcneKTMBHaa NPOEKUMA” UCMNONb3YIOTCA, KaK
NOKa3aHOo Ha Npumepe B-rIoKo3bl, cieayrowmm obpasom:

OH
HO 0
HO OH
OH
npoexkumnA Mwunnsa nepcnekTnBHaaA npoexkumna

MHO3MTamn HasbiBalOTCA UMKAOrekcaH-1,2,3,4,5,6-rekcaonsl. HekoTopble M3 HWUX, B YaCTHOCTU
MUO-UHO3UT, NPUHMMAIOT y4acTme B psae 6M0oI0rMYecknx npoLeccos.
CTpyKTypa MUO-UHO3UTA

1. HapucyiTte cTpyKTypHYyto GOpmMyly MHO3UTOB 6€3 YyKasaHUA CTEPEOXUMUM.

3To cemMeicTBo MOJIERKYNT COAEPKUT 9 Pa3/IMYHbIX CTEPEOU3OMEPOB, B YUC/NIO KOTOPbIX BXOAAT
9HAHTUOMEPDI.

2. HapwcyiTe cTpyKTypbl MUAN3a BCEX ONTUYECKM aKTUBHbIX CTEPEOU30MEPOB.

Jna MMO-MHO3MTA YCTONYMBLIM ABNAETCA TO/IbKO O4MH N3 KOHGOPMEPOB KpeceabHOro TUNa, CTPYKTypa
KoToporo 6bina AoKasaHa Ha ocHosaHuK *H AMP cnektpockonuu. CnekTp 6bia nonyyeH npu 600 Mry,

8 D,0. Hukakue Apyrue curHanabl OT 3TOro coeaAnHeHnA He Ha6mo,a,a HOTCA B 3TOM cneKTpe. [Toa Kaxkabim
CUTHa/1I0M YKa3aHa ero nHrerpasibHaa UHTEHCUBHOCTb.
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<+ o < © O <+ M 0 © — 10 O
0 <f < N~ O M AN~ N O 10
o O O O© © 19 1D 1D 10 10 [ e N
< < < MR e B e e o3
— ~ |~ /= ~ | ~
d c a
T T
1.0 2.0 1.0
4.1 4.0 3.9 3.8 3.6 3.5 3.4 3.3 3.2
5 (ppm)

3. Npuegute 6pyTTO-GOPMY/SY OCHOBHOIO COEAMHEHUs, 0DOpasyloLWeEerocs M3 MMO-MHO3UTONA B
nccneayeMom obpasue, KoTopas COOTBETCTBYET UMcy NpoToHoB B *H AMP cnekTpe.

4. Ha ocHOBaHWW KOIMYECTBA CUTHANOB U UX MHTerpaanoﬁ MHTEHCUBHOCTU, 3aNULLUTE KOZINYeCTBO
naockocTemn CUMMETPUNN B 3TOM COEAUHEHUMN.

5. JopucyiTe nepcnekTUBHyO Npoekunto Hambonee cTabuabHOro KoHdopmepa MMO-UHO3UTA.
OTmeTbTe KaXKablii aTom Bogopoaa bykeamu a, b, ¢ 1 d, KoTopble cooTBeTCTBYIOT crHanam B AMP
cnekTpe Bbiwe. MPOTOH a A0/MKEH HAaX0A4MTbCA BO3/E YrN1epoaa a Ha 3TOM pUCyHKe. Hapucyiite

npoekumio Munnsa mmo-uHO3uUTa.

MNpoeKkuma Munnsa:
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CuHTE3bl MHO3NTOB
MacwTabupyemblit CUHTE3 HEKOTOpbIX WHO3UTHOCHATOB ABAAETCA aKTyasibHbIM Ans  pAaa
MeANUMHCKMX 3a4a4. CMHTE3 MHo3MTa 2 U3 Bpomanona 1 uccnesoBaH HUNKe.

OH Br OH
HO,,,_~_,OH OH HOL_~_.OH
B —_—

HO” ™~ ~OH OH HO” ™~ ~OH
OH OH
2 1 3

o

Bbibepute (04MH WM HECKONIBKO BapWaHTOB), KakMM 06pa3somM COOTHOCATCA Mexay coboit
coeguHeHna 2 u 3.

9HAHTUOMEDDI
annmepbl
anacrtepeomepbl
aTpononsomepbobl

OOo0ond

NHO3MT 2 MOKeT BbITb NoSIlyYeH M3 coeanHeHunsa 1 8 7 ctagui:

— . cl
on A mcPBA _ | MCPBA: g :
OH p-TsOH CHCly

1 ’ Q

Bn-OH, BF3+OEt,

BusSnH, AIBN °

n-BusSnH,

5 »  CieH19BroO, 3 > <
BnO o

-10°C THF :
6 OH
7
OH
0s0,4, NMO HCI (aq) A HO,,,_~_OH
7 > 3 9 —>
Acetone / H,0 EtOH, 25°C HO"™ Y~ “OH
el OH
E H H | 2
: ) o) :
! C -
; > NCXN”N CN [@] '
| DS N :
; Bn-} AIBN NMO !
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7. HapucyiTte CTpyKTypy coeguHeHnn 4 B npoekumm Munnsa.

4

8. B peakuuu nosyyeHun BellecTBa 5 yyacTByeT Hambonee aneKTpoHoboraweHHas ABOMHAnA CBA3b.
O6BepuTe KpyKOYKOM Haubosiee 371eKTPOHHOOOOralWeHHYO ABOMHY0 cBA3b B 1-6pom-1,3-
LUMKIOreKcaaneHe, KOTOPbIA ABNSieTCA aHanorom coeguHenus 4. OTAeNbHbIMW PUCYHKaMU
NOKa)XUTe BCe 3/1IeKTPOHHbIE 3pPeKTbl aToMa Bpoma B 3TON MoNeKyne.

Br

9. HapwucyiTe CTpyKTypy OCHOBHOIO AMacTepeomepa coeauHeHnn 5 B npoekumm Munnsa.

5

10. YKaxure obLiee KOMYECTBO CTEPEOM3OMEPOB COEAMHEHUA 5, KOTOPbIe MOTYT NOJIYYUTHCA B 3TOM
CUHTE3E, eCIN UCXOAUTb U3 IHAHTUOMEPHO YUCTOrO coeguHenus 1.

11. B npeBpaweHnn 5 - 6 0b6pasyeTcs TaKkKe NOBOYHbIN NPOAYKT C TaKOM Xe HpyTTo-dopMyol,
KoTOpbIi 0603HavaeTca 6’. Hapucyiite cTpyKTypbl BewecTs 6 1 6’ B npoekunn Munnsa

6 6’

12. HapwucyiiTe CTPYKTYypbl OCHOBHbIX AMacTepeomepoB coeguHeHui 8 1 9 B npoekunn Munnsa.
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13.

Bbibepute npasuabHble YCA0BUA A A1A NONYYEHUA coegMHeHnA 2.

OoOoa

H,, Pd/C
K2COs, HF
HCOOH, H,0
BF3-OEt;

14.

I'Ile OTCYTCTBUMUN 6poma B coegunHeHuun 1, Kpome coeguHeHunA 28 BbILIJEI'IpMBe,LI,EHHOﬁ cxeme,
nony4yaeTca ewe oauH crtepeonsomep. Monarana, uto CTepeoCenekTMBHOCTb BCEX peaKLI,Ml‘/JI n

9KBMBA/NIEHTHble OTHOLIEHWA BCEX pPEeareHTOB B 3TOM CUHTETMYECKOW Cxeme OCTaloTCH
HEeM3MeHHbIMM, HAPUCYIiTe CTPYKTYPY BTOPOro CTEPEOn3oMepa B NpoeKkumMmM Munnsa v ykaxkure,

KaK ero crepeoxmmma COOTHOCUTCA C COeEANHEHUEM 2.

oooad

9HAHTUOMEDPDbI
annmepbl
Anacrtepeomepbl
aTpononsomepbobl

=
ol

. BbIGEEMTe KaKkune CTaAMﬂ(-MM) ABNAKOTCA CTagUAMUN CHATUA 3aLLI,MTHbIX/HaI'IpaBJ'IFHOLLI,MX rpynn B

CXeMe CUMHTe3a coeguHenms 2 ns 1.

OO0O0O00O0nO

154
4-55
526
6->7
7->8
8->9
9->2

51-ag MXO — TeopeTnyeckun Typ

58




YyacTHuk: KGZ-3

3apava | Bornpoc | 1|2 |3 |4 |5|6 |7|8|9|10)11]|12|13]Beero
9 Oowm |2 2|43 |2]17[1|1|2]|4]|2]2]2] 4

7 6annos PesynbTaT

3apayva T9: CuHTe3 neBobynnBakanHa

Yactb .

MecTHbI aHecTeTUK BbynueakauH (Marcaine™) BxoauT B nepeyeHb BO3 OCHOBHbIX /IEKapCTBEHHbIX
BellecTB. HecMoTps Ha To, YTO MCMOJIb3yeMblli NpenapaTt NPUMEHSEeTca B BUAe paLemMuyeckon cmecu,
ObI10 NPOAEMOHCTPUPOBAHO YTO OANH M30Mep bynuBaKauHa, Ha3BaHHbLIN 1eBOOYNMUBAKaUH, UMeeT
MEHbLUYIO KapAMOTOKCUMYHOCTb M no3Tomy besonacHee pauemata. J/leBobynuBakanH MoXKeT 6biTb
CUHTE3UPOBAH U3 NPUPOAHON aMUHOKUCNOTbI L-1M3nHa.

- NH3+
Cl B —
+ (0]
H3Nw
(0]

ruapoxnopug L-nuavHa

1. YKaxute KOHOUIypaumio XMpasbHOro LLeHTpa B rmapoxnopuae L-nmsnHa, noscHUTe Baw Bbibop
YKa3aB NopAL0K CTapPLUMHCTBA 3aMecTUTeIe Npu XMPabHOM LieHTPE.

KoHourypaums: CrapwuHctBo 1>2>3 >4

OR NH5* . - NH;* Ccoo H

ar NOSOAMET AMT 00
[] [ ] (][]

n

MpeduKc L B L-IM3NHE COOTBETCTBYET OMpeAeNeHHON KOHOUIypauuu XMpanbHOro LEHTpa.
Bbi6epuTe BCe NpaBU/IbHbIE YTBEPKAEHUA:

Bce npupoaHble L-aMMHOKMCNOTbI NE€BOBPaALLatoLLME.

MpupoaHbie L-aMUHOKUCAOTbI MOTYT BbiTb KaK 1€BOBPALLAIOLLMMM, TaK U MPABOBPALLAOLLMMM.
Bce npupoaHble L-aMUHOKMUCNOTbI UMEIOT KOHUIYpaLMIO XMPaAbHOTO LEeHTpPa (S).

Bce npupoaHble L-aMUHOKMUCNOTbI UMEIOT KOHUIypaLMIo XMpaabHOro LeHTpa (R).

oooo

Yacto TpebyeTtca, uTobbl TONbKO OfHA amuMHOrpynna B L-nn3uHe BcTynana 8 peakumto. Conmn Cu®t B

NPUCYTCTBUM M3ObITKA BOAHOM LLENOYM MOTYT CENIeKTUBHO CHWMKATb PEaKUMOHHYI CnocobHOCTb

opHOM U3 AByx amuHorpynn. NMocne ob6pasoBaHna Komnaekca, Tonbko NH rpynna, He cBA3aHHanA B

KOMMNJIEKC, MOXKET PearMpoBaTb.

3. YuuTbiBas, uyTo L-1M3MH BbICTyNaeT B poin BUAEHTAHTHOrO AWUraHaa U K ogHoMy MoHy Cu®' B
BOAHOWM LWENOYM KOOpAUHUpPYeTCA ABa L-NM3MHA, HapUCYyUTe CTPYKTYPHYH GOopmyny 3TOro
KomnieKca.

Komnnekc
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K cuactbilo, B cMHTe3e nieBobynMBaKkamHa, M306paxeHHOro Ha CXemMe HUKe, HeT HeobXxoAMmocTu
CHUXKaTb peaKkUMOHHYI0 CMOCOBHOCTb OA4HOM U3 aMUHOTPYNM B Ppeakuun ¢ beH3anbaernaom:

- NH3*
Cl, o 11eq.LiOH A 1) NaOH, Cbz-Cl B
H N/\/\/\[( > >

3 2) 1 eq. PhCHO 2) pasbaen. HCI Cy4H2oN,O4

rugpoxnopua 3) BoAHbIN Bydep
L-nIu3nHa pH 6.2
NaNO,, NaOAc C NH, D 1) K2CO3, H0 E
- _— .
AcOH C1gH21NOg DCC 2) TsCl NEts - CogH34N,06S

___________________

= H
H,, Pd/C peareHT H - N ",
ey _ > —— JleBo6ynuBakauH
F e y
0 ts C1gH0sN,0
Cy1HgN,0,4S G 18772872
peaKLMOHHOCMNOCOBHbIN MHTepMeanat
0
A %
chzel go “ bec- TsCl = /©/ 0
N=C=N
6eH3nnokcmkapboHun N,N'-guumknorekcun
n-Tonuncynbgoxnopua
xnopua kapboanmmug

[na oTBeTOB Ha Nocneaytowme BOMPOChl Bbl MOXETe UCMNO/Ib30BaTb COKPALLEHUs, NPUBEAEHHbIE Ha
CXeme BblLLe.

4. HapwucyitTe CTPYKTYpHYI0 Gopmyay coeguHeHnaA A C yY4ETOM CTEPEOXMMUMN.

A

5. TMpeBpalleHune L-nu3nHa B coegnHeHne A 31o (Bblbepute noaxoaawmii(-ne) otset(-bl)):
[ sHaHTMOCeNnekTMBHasA peaKkuums.

[ sHaHTMOCneuuduueckan peakuus.

[ pervocenekTnBHan peakuus.
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6. Hapwucyiite cTpyKTypHble popmynbl coegmuHeHunit B—F ¢ yueTom cTepeoxmmmu.

YyacTHuk: KGZ-3

Kakosa ponb DCC B npespaweHun C - D?

B C14H20N204 C C16H21NO6
D E Co9H34N206S
F C21H28N204S

7.

O 3awuTHan rpynna gna ammHOrpynmbl.

OO0 3awuTHana rpynna gna rmapoKcurpynnbl.

0 AKTUBMpPYIOLWMIA peareHT B peakumm obpa3oBaHMA aMUAHOMN CBA3W.

TsCl ucnonbzosanu ana Toro yTOObI COeNaTb BO3MOXHbIM:

oooo|e®

HykneodunbHoe 3amelleHne aMmMHOrpynmbl.
dneKTpodUIbHOE 3aMeLLLeHNE aMUHOTPYMMbI.
HykneodunnbHoe 3amelLeHMe TMAPOKCUIPYNMbI.
dneKTpodUIbHOE 3aMeLLeHNE TMAPOKCUTPYMMbI.

©
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] pas6asn. HCI [ Zn/HCI

[ K,COs [ H,S04

[ pasz6asn. KMnO,4 [ paz6asn. NaOH
1socCl, [ PCls

10. Hapucyiite CTpYKTYpHYIO dopmyny neBobynmBakanuHa BKAOYAA CTEPEOXNUMMUIO.

NeBobynueakaunH CigHsN,0

YacTsb ll.

CuHTes I'IEBOGYI'IMBaKaMHa TDE6VET MCNONb30BAHMNA ONTUYECKU YucToro L-nmnsmHa. O6LLI,I/II7I meTona,
MCHOﬂb3yeMbIVI AnAa noarsepxaeHunAa 3HaHTVIOMepHOﬁ YNCTOTbl aMUHOKUCNIOT — 3TO UX NepeBo B
amubl C UCNoNb3oBaHUEM KMCNOTbl Mollepa (cTpyKTypa (S)-u3omepa npuseaeHa HUxe).

0, CF;
HO_ X

(S)
o

(S) xucnota Mowepa

11. Hapucyite CTpyKTypHyt0 dopmyny amuaa C y4eTom CTepeoxmmuu, obpasyloweroca npu
aUMAMPOBAHUMN O-aMUHOTPYNMbI L-1n3umHa (S)-usomepom KncaoTsl Mowepa.

12. CKoAbKO NpoayKToB 06pasyeTca U3 paLeMUYECKOro M3unHa u (S)-nsomepa kncnotel Molepa?
CuunTaiTe, YTO TONLKO O-aMUHOTPYNNa IM3MHA aLUINPYETCA B ITUX YCAOBUAX.

[Ba gnacrtepeomepa.

YeTbipe guactepeomepa.

Pauemunyeckas cmecb ABYX SHAHTUOMEPOB.

YeTbipe coeanHEHMSA: ABA S3HAHTMOMEpPa U ABa AMacTepeomepa.

Hgooagd

. Bb|6e|:_vme MeTOA(-bI), KOTOpble MOTyT 6bITb UCNONb30BaHbI AnAa Konan4yecTtsBeHHOro onpeageneHuna
3HaHTMOMepHOl71 YUCTOTbI IN3NHa Nocne noayvyeHnA Nnpon3BoaHbIX C KMcnoTton Mouwepa:

AMP cnekTpockonus.
MnpKocTHaa xpomatorpadus.
Macc-cnektpomeTpus.
Y®-cneKTpockonus.

ogooao
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