TEOPETUYECKUI
TYP

| C h O

51st — International
Chemistry Olympiad
France — Paris—2019

JIBuraem Hayky BMecTe!

2019-07-26

QOWS

de I'école a I’
, MINISTERE MINISTERE .
) DE L’EDUCATION DE L’ENSEIGNEMENT SUPERIEUR,
Liber ;I,  Fra NATIONALE ET DE LA RECHERCHE
REPUBLIQUE FRANCAISE DE LA JEUNESSE ET DE L’INNOVATION

51-a MXO — TeopeTuyeckuin Typ.

YyacTHuK: TJK-1



YyacTHuK: TJK-1

O0mue ykazanusi

e KOMIUIEKT 3a/IaHUI TEOPETHIECKOTO Typa COIEPKUT 63 CTPAHUIIBI.

e BrbI MOkeTe HaYMHATH PabOTy, KaK TOJIBKO YCIIBIIINTE KOMaHTy «Starty.
e VYV Bac ecThb 5 yacoB Ha BBIIIOJIHCHUE 3aJaHUH.

e Bce pe3ynabTaThl U OTBETHI JOJDKHBI ObITH aKKypaTHO HANMCAaHBI PYYKOH B CIELUAIBHO
OTBEJICHHBIX fYEHWKaX Ha CTpaHUIaX KOMIUIEKTa. OTBEThl, yKa3aHHbIE BHE OTBEIECHHBIX
sYeeK, OLICHUBAThCS HE OyAyT.

e Ecnu BaM HEOOXOJMM YEPHOBHUK, MCIIONB3YWTE OOpaTHBIE CTOPOHBI CTPAHMIl JAHHOTO
KomIuiekTa. [loMHHTE, YTO BCe, YTO HAXOAUTCS BHE CIIEHUAIBHO OTBEJCHHBIX SYEEK,
OLICHUBATbCA HE OYET.

L4 HCHOHLSYﬁTC TOJIBKO TC PYUKY U KAJIbKYJIATOP, KOTOPHIC BaM BbIJAaHbI.

¢ OdununanbHas Bepcusi KOMIUIEKTa Ha aHTJIMHCKOM S3bIKE TOCTYITHA 110 3aIPOCY TOJIBKO /IS
YTOYHEHUS (POPMYIUPOBOK.

e FEciu BaM HEOOXOIUMO MOKUHYTh SK3aMEHAIIMOHHYIO ayJUTOPUIO (CXOIUTH B TyaJIeT WIH
MEPEKYCUTh), MOAHUMHUTE COOTBETCTBYIOIYIO KapTouky. HaGmoaarens Bac cOmpoOBOAMT.

e Ecmm Bbl XOTHUTEC HM3MCHHTH OTBET Ha BOIIPOC € MHOKXCCTBCHHBIM BLI60p0M, 3aKpacCbTC
KBaJIpaTHK IMOJHOCTBIO, a 3aTCM HapHCYﬁTe HOBBIU HYCTOP'I KBaJpaTHK pAAOM C HUM.

e HaGmonarens caemaer oObsBICHUE, KOTria octaHeTcs 30 MHHYT 10 OKOHYAHHSI Typa.

e BBl T0/DKHBI OCTAaHOBHUTH pabOTy HE3aMeIIUTEIHHO MOCIIE TOT0, KaK MPO3BYYUT KOMaH/a
«Stop». Ecnu Bel He mepecraHere nucaTh B TeueHue 30 cekyHn, Bama pabora Oyner
aHHYJIMPOBaHA.

e [locie Toro, KaK Bbl YCJBIIIUTE KOMAHTY «Stopy, MOJIIOKUTE KOMILIEKT 0OpaTHO B KOHBEPT
M OCTaBalTECh Ha CBOEM MecTe. ACCHUCTEHT MOOM/IET, 3aKICUT KOHBEPT U 3a0epeT ero.

YIAUN!
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YyacTHuK: TJK-1

Conepxanue

JlaHHBIN TEOPETUUYECKUN TYP COACPKUT 9 HE CBSI3AHHBIX APYT C IPYTOM 3a/1ay.

0a/LIBI CTp.
3amaua T1: [loTeHIMANBHBIN ANUK U OyTaaueH 6 8
3anaua T2: [lonyueHue BoIopojia pa3ioxKEHUEM BOIbI 7 13
3anmava T3: Xmopun cepedpa 5 19
3amaua T4: Ot yepHOro Mopoxa K OTKPBITHIO HOJA 7 24
3amaua T5: Kommieke a300eH3071 — B-IIUKIOASKCTPHH TS 8 30
HAHOMAIITUH
3amaua T6: Xapakrepu3zaius O6J0K-comoimMepa 8 39
3agava T7: JIBuxkeHue MUKIOB B [2]|kaTeHaHE 6 47
3anmava T8: MnenTudukanus u CHHTE3 HHO3UTA 6 53
3amaua T9: Cunres ieBoOynrBaKanHa 7 59
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du3nyecKkHe KOHCTAHTHI U YPABHEHHSA

YyacTHuK: TJK-1

B naHHOM KOMIILJIEKTE aKTUBHOCTH BCEX YaCTULl B BOAHOM PaCTBOPE IMPHUHATHI PaBHBIMHU HX
MOJISIPHOM KOHIIEHTPAalMU B MOJB/I. [ yrpomienust ¢GopMysl M BBIpaXEHHUH CTaHAApTHAs
MOJISIpHAs KOHIEHTpanus C° = 1 Monb 1 * onymieHa.

[TocrossnHas ABorazpo:
VYHuBepcanpHas ra3oBast IOCTOSHHAs:
CrangapTHoe JaBJICHHE:
ATMochepHoe TaBlieHHe:
Hynp o mikane Lenbcus:
[Tocrossunas @apanes:

Barr:

KuinoBarr-yac:

[Tocrosunas [lnanka:
CkopocTb cBeTa B BaKyyMe:
DneMeHTapHbIN 3apsii;
DNEeKTPOH-BOJIBT
DneKTpuuecKas MOIIHOCTb:
KIII:

®opwmyia [Lnanka:
YpaBHEHHE HICATBHOTO Ta3a:
Oueprust ['mb6ca:

Orrowenue Q 171 peakiuy
aA(soan) + bB(Bomn) = cC(soan) + dD(soan):

VYpasuenue ['ennepcona-Xaccenpbaxa:

VYpasuenue HepHcra:

rae Q — oTHOIIeHUE IS
ITOJIypEaKIIMA BOCCTAHOBJICHUS
3akon Jlambepra-bepa:

Kunernueckue ypaBHEHUS B
WHTETpaJIbHON (opme:

- Hynesoi nopsnox:

- [IepBbIii OPSIIOK:

- Bropoi nopsnok:

Bpemst momympeBpalieHuss Uis peakuuit
MIEpPBOTO MOPSJIKA:

CpenneurnciioBas MossipHas Mmacca Mn:
CpenneBecoBast MossspHast Macca Mw:

Wnpexc nomuaucnepcHocTH lp:
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Na = 6.022-:10%% monp *
R =8.314 ]I monp * K1
p°=16ap=10°TIa
Punu = 1 atm = 1.013 6ap = 1.013-10° 1a
273.15 K
F = 9.6485-10* Ki monp *
1Br=1]xc?

1 kBr-u =3.6-108 JIx
h =6.6261-10"3* Ix ¢
c=2.998108mc?

e =1.6022-10° Kn
1 3B =1.6022-10"%° Tk
P=AE x|
n= Pronessos/ PHpHJ'IO)KCHHOC
E=hc/A=hv
pV =nRT
G=H-TS
AG° = —RT InK®
A/G° = —n F Ecen®
AG = A/G° + RT InQ

o LCrDor
[AF[BI

pH = pK, + log—[A ]

* " °%TAH]
E=E° —=InQ

npu T =298 K, = In10~0.059 B
A=c¢lc

[A] = [Alo — kt

In[A] = In[A]o — kt
U[A] = U[A]o + kt
In2
k

N M.
Mn — Zl 1 1
iV ,
i N; M
o Tl
XiNi M

M,

Ip = Vn




YyacTHuK: TJK-1

Ilepuoguueckas Tadauna

1 18
1 2
H 2 13 14 15 16 17 He
1.008 4.003
4 5 6 7 8 10

Li Be B C N 0] F Ne
6.94 | 9.01 10.81{12.01|14.01|16.00|19.00(20.18
11 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 | Xe
85.47|87.62(88.91(91.22|92.91|95.95 - 101.1{102.9|106.4|107.9|1112.4|114.8(118.7(121.8|127.6|126.9|131.3
55 56 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs Ba |57-71| 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 39- 104 | 105 | 106 | 107 | 108 | 109 | 110 | 111 | 112 | 113 | 114 | 115 | 116 | 117 | 118
Fr Ra 103 Rf 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
- 232.0231.0|238.0( - - - - - - - - - - -
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YyacTHuK: TJK-1

H AMP

XuMuvecKkHe CIBUTH MPOTOHOB (B ppm (M.1.) / mo oTHomenuio k TMC)

(heHoIBI:

CIIUPTBHI:

AJIKCHBI:

AITKHHBL: - CH3—CR3 -

AMUHBI

— R—CH—OR
Kap;SOHo;sble I;HCH(;TBI CHs—NiRzi “ CH3—SiR3: .
- anbz[erm[m _ :KeTOH},I
apOMaTI/IKa m 6eH3HnLHL1eCﬂn_C6H5 _

aMuJIbl :NH:—COR:

110 100 9:0 ~ 80 70 60 50 40 30 20 10 00

KoncranTsl cninH-cninHoBoro B3aumoaeicreus H-H (B I')

Tun nporona |Jab| (T'x)

R2CHaHp 4-20

2-12
MIpH CBOOOTHOM BpanieHuu: 6-8
aKc-akc (IHUKIoreKcan): 8-12
AKC-9KB WJIH 9KB-9KB (IIUKJIOTEKCaH): 2-5

R2H.C—CR2Hp

npu cBoOogHOM BpatieHuu: < 0.1

R2HaC—CR>—CR2Hp Bo Bcex mpyrux ciydasx (3kecTkasi CTpYKTypa):
1-8

yuc: 7-12

RH.C=CRH, mpanc: 12-18

R2C=CHaHp 0.5-3

Ha(CO)—CR:Hp 1-3

RH.C=CR—CR2Hp 0.5-2.5

OKB = BKBaTopHaHBHBIﬁ, aKC = aKCHaJIbHBIMI
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Taoauna UK cnekTpockonuu

YyacTHuK: TJK-1

Tun konedanuit o (em?) NHTEHCMBHOCTD
criupt O—H (BanieHTHBIC) 3600-3200 CUJIbHAs
kapoonoBas kuciora O—H (BaneHTHBIE) 3600-2500 CUJIbHAs
N—H (BasieHTHBIE) 3500-3350 CHJIbHAS
=C—H (BaneuTHbIE) 3300 CUJIbHAs
=C—H (BaneHrtHbIC) 3100-3000 crabast
C—H (Banentnsie) 2950-2840 cnabas
—(CO)—H (BancurHbIE) 2900-2800 crabast
C=N (BaneHTHEBIC) 2250 CHJIbHAS
C=C (BayieHTHBbIEC) 2260-2100 pasHas
anpaerua C=0 (BaJeHTHbBIE) 1740-1720 CUJIbHAs
aaruapua C=0 (BaJeHTHEIE) 1840-1800; 1780-1740 ciaabas; cHiIbHAsS
cioxxubIi 3¢up C=0 (BasieHTHBIC) 1750-1720 CUJIbHAs
ketoH C=0 (BaJeHTHbIC) 1745-1715 CUJIbHAs
amu C=0 (BaJICHTHBIC) 1700-1500 CHJIbHAS
anked C=C (BaJICHTHBIE) 1680-1600 crnabas
apomatuynbie C=C (BaJICHTHbIC) 1600-1400 cnabas
CH: (nedopmarinontsie) 1480-1440 CpeaHss
CH3 (nedopmarinontsie) 1465-1440; 1390-1365 CpemHss
C—0O—C (BaneHTHBIE) 1250-1050 CHJIbHAS
C—OH (BanenTHbIe) 1200-1020 CHIIbHAS
NO; (BajieHTHBIE) 1600-1500; 1400-1300 CWJIbHAS
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YyacTHuK: TJK-1

3agaya | Bompoc |1(2|3|4|5(6|7| 8 | 9 |10 11 | Bcero

T1 Ouku 3|14(412|3|2|2]45|25|3 |3 33

6 0aJL10B

PesynbTar

3amauya T1: IloTeHuHaNbHBIA ANIUK U OyTaaHeH

®opmyny 1,3-Oyramuena 4dacto 3amuchiBaroT kak CH;=CH-CH=CH: c¢ uyepenyromumucs
OJTMHAPHBIMU M JIBOHHBIME CBsI3siMH. OJJHAKO €ro XMMHUYECKHE CBOMCTBA HE COTJIACYIOTCS C
TaKo# (OPMYIIOH M MOKA3bIBAKOT, UYTO T-3JICKTPOHBI JIyUIlle ONMCHIBATh KaK pPacHpeciICHHbIC
10 TPEM CBSI3SIM:

C=—=C=—(C=—C
1 2 3 4

DTy CUCTEMY MOXXKHO pacCMaTpUBaTh KaK OJHOMEPHBIM MOTEHIMAJIBbHBIN AMMK ¢ OECKOHEYHO

BBICOKMMH CTCHKAMH, B KOTOPOM 3JICKTPOHBI ABUKYTCIA CBO60I[HO. 9HepFI/IH QJICKTpOHA B
2p2

SIIUKe mupuHon L umeer Bun: E,, = rJe N — MOJOKHTEIbHOE 1[eJ10€ YUCIIO.

8m,L?’

1. PaccmotpuM 1Be pa3Hble MOJENH, IIPEICTaBIeHHbIE HUke. HapucyiiTe HE MeHee, 4YeM 110
TPU HWKHUX SHEPreTUYeCKUX ypoBHS En AJasl Ka’aol MoJeJM Ha COOTBETCTBYIOLIEH
muarpamme. st obenx Mojeneld UCIONb3YHTe eIUHBIA MaciiTad dHEPTHH U OTpa3uTe
OTHOCHTEJIBHOE II0JIOXKEHUE YPOBHEHN B PAMKax MOJAEIIN U MEXIY MOACIISIMMU.

w w
0 — — 0

1 1 1 1 T T 1 1

0 d 2d 3d 0 d 2d 3d
Mogeas 1 («10KaJIU30BAHHASNY): Mogaesb 2 («1e10KATU30BAHHAS):
T-3JIEKTPOHBI JIOKAJIM30BaHbl HA KpallHUX CBS3X, T-3IIEKTPOHBI JICJIOKAIM30BaHbI 110 BCEH
KOTOpBIE CYATAIOTCS M30JUPOBAHHBIMH SIIUKAMU MOJIEKYJIE, KOTOpasd CIUTACTCA AMNKOM INPHHOU
mMpuHOH d. 3d.
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YyacTHuK: TJK-1

2. PaccraBbTe T-3JCKTPOHBI B MOJEH | Ha TarpaMMe BBIIIC M 3aNULINTE BbIPAKEHHE IS
TIOJTHOM DHEPTHH TT-CHCTeMbI B Mozienu 1 yepes h, e u d.

E(1) =

3. PaccraBbTe T-3NEKTPOHBI B MOJCIM 2 Ha NpPEAbIIYNICH AMarpaMMe W 3alHIIATe
BBIpa:KeHHUe JIJIsI [TOJTHOM SHEPTUU T-CUCTEMbI B Mojienu 2 uepe3 h, Me u d.

E(2) =

3Hepr1/1;1 COIIPSPKCHHA PaBHA ITOJTHOM OQHCPIUH peaHBHOﬁ T-CUCTEMbI MUHYC IIOJIHA DHCPI'UA TT-
CUCTCM HCCKOJIbKUX MOJICKYJ 3THJICHA, COACPKAIIUX CYMMAPHO TaKOC K€ KOJUYCCTBO TT-
QJICKTPOHOB.

4., 3anuIIUTE BBIPAKCHUE [T SHEPTHH CONPsKEHUsI AEconpsx OyTaauena yepes h, me u d.

AEconpmx =

Mogaenu 1 u 2 caumkoMm IMPOCTHI. Hixe MbI MMOCTPOUM HOBYIO MOICIIb.

5. Hapucyiite Tpu Ipyrue ctpykrypsl JIbtonca 6yrannena.

HZCNCHZ

Yrto0b! yuecTh COOCTBEHHBIH pa3Mep aTOMOB yIJIepo/ia, TOCTPOUM Ha OCHOBE MOJIENH 2 MOJIEIb
3 caenyromumM oopazom:

- HoBas mmpuna siimuka pasHa L, ¢ Hayanom no ocu adcuuce B 0 v KOHLIOM B L;

- ATOMBI yTiIepo/ia UMEIOT CIIEAYIOIINE KOOPAUHATHI 1o ocu abcuumcc: L/8; 3L/8; 5L/8 u 7L/8.
Jlnist ypoBHS N BOJTHOBast (YHKIHS TT-JIEKTPOHA HMEET BHI:

51-a MXO — TeopeTuyeckuin Typ. 9




YyacTHuK: TJK-1

Yn(x) = %sin (nLﬂ)

a TIOJTHAS TT-DJICKTPOHHAS IJIOTHOCTD ISl CUCTEMBI, coeprkaiiei N m-371eKTpoHOB, paBHa:
N/2

p() = 2 ) i

YeTslpe T-BOJHOBBIE (PYHKIMH, COOTBETCTBYIOIIME MOJICKYJISAPHBIM OPOUTAISM T-CUCTEMBI
OyTaaueHa, IpuBEACHbI HUXKE (B CJAy4aiiHOM MOpsiAKe).

A B
> >
L 3L 5. 1L L 3L s 1L
8 8 8 8 8 8 8 8
C D

W(x)
W(x)

6. PacmoJio:kuTe B psg 1o Bo3pacTaHuio ypoBHU osHeprunm Ea, Es, Ec u Ep,
COOTBGTCTByIOHII/IC 3TUM ‘IGTI)IpeM TT-BOJIHOBBIM q)YHKIII/HIM.

7. Yxaxute, kakue opoutanu (A, B, C unu D) 3amnonHeHs! 3JeKTpoHaMu B OyTaiueHe.

8. B pamkax Mmozenu 3 HaliAWTe 3HAUECHUS T-BOJHOBBIX QYHKIUH Y, IS 3aHATHIX opOUTaeit
B Toukax 0, L/4 u L/2 nnsan =1 wun =2, BeIpa3uB ux uepes L.

Y1(0) =
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YyacTHuK: TJK-1

Y, (0) =

9. B pamkax mozenu 3, HaliIUTe 3HAYCHUS T-IJICKTPOHHOU IIOTHOCTH B Toukax 0, L/4 u L/2.

p(0) =

-

51-a MXO — TeopeTuyeckuin Typ. 11




YyacTHuK: TJK-1

10. HapwcyiiTe rpaduk 3aBUCIMOCTH TT-3JIEKTPOHHOM TUIOTHOCTH OT KOOPAMHATHI HA OTPE3Ke

or 0 mo L.

11. PacnmoJjoxkute ykazanHble yriaepoa-yriaeponssie (CC) cessu (Bl, B2,

YBCIWUYCHUA NJIMHBI, UCIIOJIB3Yyd CUMBOJIbBI = UJINA <

B1:
B2:
B3:
B4
B5:

C1C2 B monexyne OyranneHa
C2C3 B monekyne OyTaaneHa
C3C4 B monekyne OyTaaueHa
CC B Mosekyse aTaHa

CC B MosiekyIie STUjIeHa

..., B5) B nopsiake

51-a MXO — TeopeTuyeckuin Typ.
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YyacTHuK: TJK-1

3ajgaua Bomnpoc 1 2 31415 6 7 8 9 | 10 | Bcero
T2 Ouku 114|123 |3|6|4|1]|8]|2 34
7 6aJ10B | Pesynbrar

3anaqa T2: Ho.ﬂyquue BOJ0pPOaa Pa3jioKEHUEM BOAbI

Jlannbie:

BemectBo Ho(r) | H20(0x) | H20(T) | O2(1)
AfHC (x]Tx Morb ) 0 —285.8 | —241.8 0
Sm® (Jx monms 1KY | 130.6 69.9 188.7 | 205.2

Monekynsapubiii - Bomopon (H2) Moker CiyXuTh  albTEpPHATUBOM  TPAJAMIIMOHHBIM
YTJIEPOJICOAEPIKALIMM BUJAaM TOILTMBA. BaxHOM 3amaueit sIBIsICTCS CHIDKEHHE €r0 CTOUMOCTHU
Y OTPUIIATETILHOTO BO3JICHCTBUS Ha OKPYKAIOIIYIO Cpely IPH €ro Mpou3BoCTBe. Pasnoxkenue
BOJIbI — OJTHO M3 BO3MOJKHBIX PEIIEHUH 3TOH 3a1a4u.

1. 3anummure YPaBHCHUC PA3JIOKCHUA J)KUJIKOM BOJBI Ha IMpOCTBIC BCIICCTBA, IPUHAB
CTEXHOMETPUYCCKUI KOBd)(bPIHPI@HT BOJbI PaBHBIM 1.

2. Hcmonb3ysi TOJBKO T€ TEPMOJUHAMUYECKHE [aHHbBIC, KOTOPHIE TPUBEICHBI BEHIIIE,
onpeeauTe YHCJIEHHO, SIBISIETCS JIM 3Ta PEaKUusi TEPMOJAWHAMHYECKH BBITOJHON WIIH
HeT, rpu 298 K.

PacuerTsr:

Brirogna nu peakius TepMOJIUHAMUYECKHU?

O Ta ] Her

PasnoxeHne BOJbI MOKHO OCYIIECTBUTH C IMIOMOIIBIO 3JICKTPUYECKOTO TOKA, MCIIOJIB3YS JIBa
AJIEKTPOJIa B KHUCJION Cpelie, COCNMHEHHbIE ¢ UCTOYHUKOM Toka (Puc. 1). Ily3bipbku raza
00pa3yroTcst Ha 000MX ANEKTPOIAX.
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YyacTHuK: TJK-1

(1) (2)

Puc. 1. Dnexmpoxumuuecxas suetika 01 pasiodceHusi 00bl

3. 3anumuTe ypaBHEHHS 3JIEKTPOXMMMUECKUX IIOJIYPEaKIMi, MPOTEKAOMUX Ha KaXKJIOM
JJIEKTPOJE.

Ha snexrpone (1):

Ha snexrpone (2):

4. Hcnonb3ys TOJIBKO T€ TEPMOJMHAMUYECKHUE JIaHHBIE, KOTOpPBIE MPHUBEACHbI BBILIE (MU
OTBET Ha Bompoc 2), paccuntaiite AE ., — MUHUMaTbHOE HEOOXOIUMOE MPHUIIOKEHHOE
HaIpPsDKEHUE MEXAY 3JEKTpoJaMu Juis diiekTpoausa. IlpuBeaure pe3ynbrar pacyera ¢ 3
3HaKaMM Iocie 3amarod. OnpeaeaurTe YCIOBHE, KOTOPOMY JAOJDKHO YAOBIIETBOPATH
IPAKTUYECKH IPUII0KEHHOE HAapsKeHUE AEpumox B cpaBHEHUU C AEqeop, 47151 TOTO, 4TOOBI
MpoIIeCC Pa3NoKEeHHs ObUT TepMOJAMHAMHUYECKH BHITOAHBIM mpu 298 K. BblOepure
IIPaBUJIBHOE YCJIOBHE. Bee peareHTsl M MPOYKThl HAXOAATCS B CTAHJAPTHOM COCTOSIHUH.

Pacuer:

ABreop= ... B (¢ Tpems 3HaKamu mocie 3amsToi)
O AEnpxxmoxc = AETeop

O AEannom > AETeop

O AEnpnnom < AETeop

Ecnu vl n1oxo sHaeme uaxumuio u He CMOU NPOU3BECU pACHem, MO 60 6CeX NOCIE0YVIOUUX
gvruucnenusax npumume AEreop = 1.200 B.

B peanbHOCTH ISl 37EKTPOXMMHMUYECKOTO Ppa3fIoKEHUs BOABI TpedyeTcsi Ooyiee BBICOKOE
HanpspkeHue. Ecmu B3are Pt karox, TO MUHUManbHO HEOOXOAMMOE MMPaKTHYECKOE
Hanpspbkenue, AEyys, Oyzier 3aBuceTs 0T MaTepuasa aHo/a, Kak MOKa3aHo B TabJIuIE:
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YyacTHuK: TJK-1

AHon AEyu (B)
| rOx 1.6
NiOx 1.7

CoOy 1.7

Fe O3 1.9

UYewm Gombirie pa3zHOCTh MEKAY AEyun U AE eop, TeM HiKe KIT/] 11 3 pexTrBHOCTS yeTpolicTBa.

5. IDpuBenute Boipakenue miasi KIIJ[ ycTpoHCTBa 7suexrp (OTHOIICHHS SHEPTHH, KOTOpPas
HoILIa HA Pa3jioKEeHHe BOJbI, K 0O0IIei momydeHHOU 3Hepruu) 4epe3 AEreop M AEyuu.
Paccuuraiite KIIJ[ snekrponusa Boasl mist Pt katona u Fe,O3z anona. YKakuTe caMblid
3¢ pexTUBHBINA aHOJ U3 TeX, KOTOPbIE IPUBEICHBI B TAOIHUIIE.

Thnextp —

KIIJ] anexrponuza mist Pt u Fe2O3 31eKTpoaoB, Msmexrp = %

Camplii 5 QeKTHBHBII aHOI:

Ecnu 6v1 0anexku om 31eKMpoXumMuy u He cCMO2IU PACCYUMAMb Thuexrp, 0151 NOCEOVIOUWUX
pacuemos npumume Mouexrp = 9%.

AJNBTEPHATUBOW AIIEKTPOIM3Y CIYXKUT NpsiMoe (POTOKATATUTHYECKOE paslIoKeHHE BOIbL. B
HEM B KadyecTBe (POTOKATaIM3aTOPa HUCIOJIb3YIOTCS MOJYIIPOBOJHUKH, KOTOPbIE EPEXOIAT B
MIPOBOJISIIIEE COCTOSTHUE MPU TOTJIOIIEHUN CBETA.

-2.0 1
ZnS SiC
0 T
-1.0 19 CdS

2 KTaO3 SrTiO3 = MoSCdse Si

m

Q —_1Z2n0 — TIO 2| =
’%Lé 0___-________:-":_-__g_-‘?____WQS_-_F_e293_ __| .9 'H+a"H2
&E >>>>>>>>-_>>__%%‘_
) ol | o °f @ @ @ ©°| 0@ w| ~
% E 1042 2 S| Y & o @2 T ~| «

. o -—
9 ) ) P @) o) s N N s 02/H20
= 5 L -
0
£ s 20 A
o =
m 0 — ——
g T
T e
Eg 30 - 4 1 4= 4 1
X -— Mopmyna nonynpoeogHMEa
40 = enlss =1=[loTeHUMan BOCCTAHOBAEHWUA
%-&— —  MWHMMaNbHAaA 3HEPTUA 414 Nepexoaa 8 Nposogallee
£ COCTOAHWE
... JOTEH LM AN OKMCNEHMA

Puc. 2 — Owuepeuu nepexooa 6 nposodswee cocmosHue u 31eKMpoOOHble NOMEHYUALb
PA3IUYHBIX NOJYNPOBOOHUKOG. [IYHKMUPHBIMU TUHUSAMU 0O03HAYEHbL NOMEHYUATbI OKUCTEHUS.
u eoccmanosnenus 600vi. CBD = Cmanodapmmbiii 6000poOHblIL I1eKMPOO.
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Puc. 3 —Jlesas ocv: Cnexmpanvroe pacnpedeneHue (3a8UCUMOCHb OmM OIUHBL 80IHbL) NOMOKA
conHeun020 usnyyerus @. Ilomox — amo yucio pomoros Ha eOuHuYyy niowaou, nadarowux Ha
NOLYNPOBOOHUK 6 eOuHuyy epemeru. Ilpasas oce u NYHKMupHas TUHUSL: UHMEZPATbHbIN NOMOK
(m.e. omnowenue nomoxa écex Gomonoe ¢ ONUHOU BONHBL, MEHbUEU OAHHOU, K NOTHOMY
HOMOKY Npu 6cex ONUHAX BOIH).

6. QOuenurte 1Mo rpadUKy MUHUMAIBHYIO JIONIO MOTOKA COJHEYHOTO W3ITy4YeHHs, KOTopas
HeoOXoauMa JJisl TIepeBO/ia B MPOBOJSIIEE COCTOSHUE CIEAYIOUUX MOIYITPOBOAHUKOB!
TiOz, CdS, Si. IlpuBeanTe B SIBHOM BHJIE BBIPAKECHUS W CIUHHIBI BEIUYHH,
HCIIOJIB30BAHHBIX IS BEIYUCIEHNH.

OObscHeHue / pacyer:

51-a MXO — TeopeTuyeckuin Typ. 16




YyacTHuK: TJK-1

MunumMaabHas
JIOJISI IOTOKA
TiO2 %
CdS %
Si %

[Tpu BO3OYX/1€HUH TOIYIPOBOJHUKA MEHSIOTCS €r0 AJIEKTPOAHBIC TIOTCHIMAIBI OKUCICHUS U
BOCCTAHOBJICHHS], II03TOMY €r0 MOKHO MCIIOJIb30BaTh B KAYECTBE KAK KAaTOJa, TAK U aHOAA.

7. MWcnonb3ys nanHble Ha Puc. 2, BblOepuTe TE€ MOJYNPOBOJHUKH, KOTOpPBIE, HAXOSCh B
IIPOBOJIAILEM COCTOSSHUM, MOT'YT CIIY’KUTb KaK KaTOZOM, TaK U aHOAOM IIpU PA3JI0KEHUU
BOAbL. [IpumuTe, 4TO BCE YaCTUIBI HAXOAATCS B CTAHAAPTHOM COCTOSIHUM.

0 ZrO; 0 ZnO O TiO2 0 WOs
O CdS O Fe:O3 O CdSe O Si

8. YKkasKuMTe N0JIyIPOBOJHUK, KOTOPBIU, IPY UCIIOJIB30BAaHUU OJJHOBPEMEHHO B KAUECTBE KaK
KaTojga, TaKk W aHOJa, OKaKeTcss HamOosnee H(PQPEKTUBHBIM TPU PA3TIOKEHHUA BOJBI.
HpI/IMI/ITC, YTO BCC HAaCTHUILIbI HAXOAATCA B CTAHAAPTHOM COCTOSIHUH.

B ognom u3 SKCIICPUMCHTOB U3Yy4aJIOCh BBIACICHUC Hou O IIpu 06J'Iy‘IeHI/II/I MOJIYIIPOBOJHUKA

coiHeYHbIM cBeToM mpu T = 25 °C u atMocdhepHOM HaBIEHUH Parv. [IpyM MOIIHOCTH CBeTa

P=10xBrmM? u doroaiekTpone mwomanaslo S = 16 MM?

V = 0.37 em® Ha(1).

32 At=1 wgac BBIIECITHIIOCH

9. Paccumtraiite KII/] 7mpan Iponecca.

Pacuer:

Nupsm = %

Ecnu vl coscem 3anymanucy u ne cmoziu onpeoenumy Nupsw, NPUMUmMe 3Haderue Mapsy = 10%
0J151 OanbHelue20 paciemad.
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B 3axroueHue cpaBHUM JiBa Cloco0a MOoIy4eHuUs BOJOPO/1a O ACHCTBUEM COJIHEYHOT'O CBETA:
npsMoil  poTokatannz M HEmpsAMOi (HOTOAIEKTPONIN3, MPU KOTOPOM COJHEYHAs Oarapes
coequHeHa ¢ aekrposunzepoM. KIIJ[ kommepueckoil coHEUHON OaTapeu MPUMMTE PaBHBIM
Hcomn.6ar. — 20%.

10. CpaBHute KII/[ aByX cmocoOOB, 7upsm U Muenpsv; MPU HCIIOIH30BAHUH SJICKTPOIOB U3
Fe2O3 u Pt nnst sanexkrponusa.

Pacuer:

([ Nupsm = Mrenpsm O Nnpam =~ 1] menpsam O Nupsv < 7] enpsiv
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3anaua Bompoc |1 |2 |3 |4 |5|6|7]8]9]|10]|11 | 12 | Becero
T3 Ouku 1|3 (3 (3|4 |2 |7|2|2|3 ]| 4] 6 40
5 62108 | Pesynbrar

3amauya T3: Xnopua cepedpa

CnpaBo4Hble JaHHbIE /15 TemnepaTtypbl 298 K:

PKs1(AgCl) = 9.7; pKs2(Ag2CrO4) = 12

KoHncranTa ycroitunBocTd Komitekca [Ag(NHs)n]*: fn = 1072

DNEeKTPOIHBIC MTOTEHIUAIBI OTHOCUTEIBHO CTAaHAAPTHOTO BOAOPOAHOTO 3JIEKTPOIa:
Craugaprubiii morentman 1t Ag*/Ag(ts): E°(Ag*/Ag(te)) = 0.80 B

Peanbhbriii norentman Oz(BoaH)/OH (BoaH) (B MOPCKO# BO/IC):

E'(O2(Boan)/OH (Boan)) = 0.75 B

Yacrs A: llurarsl u3 gekuuu I'eii-JIwoccaka

[IpuBenennnie mpanee nurtatel u3 jgekuun [eii-Jlroccaka (1778-1850) onmuckiBaroT HEKOTOPHIE
CBOWCTBA XJIOpHJIa cepedpa.

Hurara A: “Ceituac s pacckaxy o XJIOpHjae cepedpa, KOTOPbIH MPeCTaBIseT COO0M MOJIOYHO-
Oeroe TBep1oe BEemecTBO. JJaHHOE BEMIeCTBO MOXKET OBITH JIETKO IOIYUEHO ITyTeM 100aBICHNUs
COJISTHOM KHCIIOTHI K BOJAHOMY PacTBOPY HUTparta cepedpa’.

Hurara B: “/[anHas conb HE UMeET BKYCa, TaK KaK SBIISETCS HEPACTBOPUMOIL™.

Hurara C: “/lanHoe coenuHeHne aOCOMIOTHO HEPACTBOPUMO B CIIUPTE U JIaXKE B KUCIOTaX, 3a
UCKITIOYEHHEM KOHILIEHTPUPOBAHHON COJISTHOM KHCIIOTHI, B KOTOPOIH OHO JIETKO PacTBOPSIETCS .
Hurara D: “C npyroif cTOpOHBI, XJIOpUJ cepedpa XOpOIIO pacTBOPUM B BOAHBIX PacTBOpax
aMMuaka’.

Hurara E: “3arem MBI MOK€M BHOBb OCQJIUTh XJIOPHJI cepedpa myTeM A00aBICHUS KUCIOTHI,
KoTopasi OyAeT B3auMOJICHCTBOBATh C aMMHUAKOM .

Hurara F: “Ecnu ymapuTh MOPCKYIO BOJIY B cepeOPSHOM THTIIE, TO MOTYIUTCS XJIOPU HATPUS
B CMECH C MOJIOYHO-O€IIBIM TBEP/ABIM BEIIECTBOM .

1. Jng nurarel A: 3anuuuMTe ypaBHeHHe peakiuu (¢ koapunuentamu) cuaresa AgCI(TB).

2. Jlna uurtatsl B: PaccunTaiite pacteopumocts (S) AgCl(TB) B Boae mpu 298 K B momb 1 2.

Pacuer:

S= MOJIb I
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3. Jlns murarel C: B pacTBOpax C BBICOKON KOHIICHTPAIIMEH XJIOPHUI-MOHOB 00pa3yeTcs
KOMIUIEKC co crexuomerpueii 1:2. Hmke npuBenena mkana pCl 6e3 macimraba (3HaueHus
pCl yBenuumBaroTCs cieBa Hanmpapo). 3aMUIINTE B KXY 00JacTh MIKaJIbl (HOpMYITy
npeoOiasaromell B pacTBOpe WM CYHISCTBYIOIIEH B TBEPJIOM BHJE IMPU ATHX YCIOBHUSIX
dbopmMmel cepebpa. YkaswsiBarh 3HaueHus pCl Ha rpaHuiax odnacreit He TpedyeTcs.

—
-

pCl = —log[Cl—]

Jlns uurarel D: npu no0aBieHn BOAHOTO pacTBOpa aMMHaKa K XJIOpUy cepedpa oopasyercs
KOMIUIEKC C N MOJIEKyJIaMUd aMMHUaKa.

4. 3anumure ypaBHeHHE peakiuu (¢ KodhdummeHTamMu) 00pa3oBaHUS KOMILIEKCa
[Ag(NH3)n]* w3 xnopuga cepebpa M pacCUMTATE COOTBETCTBYIOIIYI) KOHCTAHTY
paBHOBECHS.

YpaBHEHHE pEaKIUH:

Pacuer:

K=

Ecnu 6v1 3a6b11u npocmetiugyio aHaiumuKy u He cMo2iu paccuumams 3navenue K,
ucnonvzyiime eenuuuny K = 1073 npu nocneoyiowux evruucnenusx.

5. K cycnensun 0.1 monp xjopuaa cepedpa B 1 11 Bojbl J00aBISIOT aMMHUAK BIUIOTH 10

TIOJTHOTO PAacTBOpPEHMs TBephoro BemectBa. Ilocme storo [NHs] = 1.78 moms il

OnpeaennTe CTEXHOMETPHUIO KOMITIeKca. Pa3baBieHueM pactBopa rnpeHeOperure.

PacuerTsr:

n=
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6. 3anummuTe ypaBHEHHE peakiuu (¢ K03 dUIMeHTaMn ), KOTOpast Onrcana B uurare E.

7. Mopckas Bojia 065agaet cabouieIouHoi peakiueit u odoraiieHa Kuciaopoaom. B naHHbIx
YCIIOBUSIX METaNIMYECKOe Cepedpo MOXKET BOCCTAHABIMBATH KHUCIOPOI. 3ANMIINTE
ypaBHeHHE peakiuu (¢ KodhdHIHMEeHTaMH), KOTOpas COOTBETCTBYET 0Opa30BaHHIO
TBEPAOro BellecTBa, ynoMmsHytoro B murate F. Jlnd xucnopona cTeXHOMETpUYECKUI
K02 GUIMEHT J0/HKeH ObITh paBeH 1. PaccuMTaliTe KOHCTAaHTY paBHOBECHS IS TaHHOM
peaxuuu npu 298 K.

YpaBHEHHE peaKIUu:

Pacuersr:

Yacrs B: Merox Mopa

Metonx Mopa OCHOBaH Ha KOJIOPMMETPHUYECKOM TUTPOBaHHM xXyopua-noHOB (Cl7) moHamu
cepebpa (Ag") B npucyrcTsuu xpomara kanus (2K*, CrO4?"). Tpu xanmu (0.5 M) pacTsopa
K2CrO4 ¢ koHIeHTpalmei 7.76-10"2 momb 1 mo6asisror K Vo = 20.00 Mot pacTBopa XJopua
HaTpus Heu3BecTHOH KoHLeHTpauu Cci . [TonyueHHBIH pacTBOp TUTPYIOT pAaCTBOPOM HUTpaTa
cepebpa (Ag', NOz) c xomnentpamueii Cag" =0.050 Monb 1%, 4YTO mNPUBOAUT K
MOMEHTAJIFHOMY BBITIQJICHUIO Ocajaka TBepmoro BemectBa A. KpacHbIii ocamok (TBepmaoe

BenecTBo B) mossnsercs npu Vag™ = 4.30 M.
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8. 3amummrTe ypaBHEHHUs ABYX peakmuii (¢ kodpduimeHTamMu), KOTOpPbIe MPOTEKAIOT B
JAHHOM JKCIIepUMEHTE. BLIYMCINTE KOHCTAHTHI PABHOBECHUS ATHX PEAKITHIA.

9. Hanmummte hopMyJabl TBEPABIX BelIecTB A u B.

TBepnoe BemecTBo A:

Tsepmoe BemecTo B:

10. PaccumTaiiTe HEM3BECTHYIO KOHIIEHTpaLUio Xjopui-uoHoB Cci” B pacTBope XJopujaa
HaTpHsl.

PacuerTsr:

Ceor = MOJIb JT *

Ecnu ¢ ananumuxoti cogcem nioxo, u 6am He y0aiocb NOIYYUMb OMEEMm, UCNONb3YUMe
genuuuny Cor” = 0.010 monb 1™ npu nociedyiouux ebiuucieHusx.

51-a MXO — TeopeTuyeckuin Typ. 22




YyacTHuK: TJK-1

11. PaccumTaiite MUHUMAIbHBIH 00beM Vag(MHH), HEOOXOMMMBIN /IS TOSABJICHHS OCaIKa
AgCI(TB).

Pacuernr:

Vag(MuH) = MUT

12. PaccumTaiiTe 0ocTaTouHyro KoHIEeHTpaiuioo XJIopua-HoHOB ([Cl Jocr) B MOMEHT, KOraa
HauMHaeTcs oOpa3oBaHHE oOcajaka xpomata cepebpa. CpaBHEHHEM [BYX BEJIHMYUH
obocuyiite, mouemy CrOs° sBjiseTcs MOAXOMAIIMM WMHIUKATOPOM JJis OIpeJeleHus
KOHEYHOU TOYKH TUTPOBAHUS.

Pacuersr:

[C Ii] oct — MOJIb J'Iil

CrO4* sBSIeTCS TOIXOISIIIAM WHIUKATOPOM KOHEYHOW TOYKH TUTPOBAHUSA, TAK KaK:
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3ajgaua Bonpoc 1 2 3 4 5 6 7 8 | Becero
T4 Ouku 6 9 8 5 6 2 2 12 50
7 6aJ10B | Pesynbrat

3agauya T4: OT YepHOro MOPOXa K OTKPBHITHIO HOAA

B 19 Beke ¢panmysckuii npennpunuMarens b. Kyprya 3anumancs moiaydenuem HuTpara A
(MA(NO3)m), ucmonp3yemMoro B IPOM3BOJACTBE UYEPHOIro IMOpoxa. BemectBo A crepsa
HMIIOPTHPOBAIM U3 A3WH, a 3aTeM Havau mpou3Boauth u3 Hutpata B (Mg(NO3)n) o6MeHHOI
peakuuei ¢ coequnenueM C, nmoixydaeMbiM U3 BOJAOPOCIICH.

1. ¥YcranoBure dopmynsl HuTpaToB A u B, mpencraBinsrommx coOoil O0e3BOJHBIC COJH
IIEJIOYHBIX HJIH [IET0YHO3eMeNbHBIX MeTa/uioB (Ma 1 MB). M3BecTHO, 4TO 00pasel] 0AHOTo
U3 HUTPATOB CONEPKUT He Oonee 1 % mo mMacce HE coAeprKalluX METallIbl IpUMecei, a
oOpaszer; BToporo HuTpara coaepxut 9 + 3 % no macce Takux npumeceil. MaccoBas 1o
Mmetaia Ma B onHoMm u3 o0OpasioB paBHa 38.4 %, a maccoBas fois merauia Mg B nipyrom
oOpasrtie paBHa 22.4 %. [ToaTBepanTe CBO OTBET pacuyeTaMH.
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Jnst mommydyenust A K pactBopy, comepkamemy 442.8 r BemectBa B, mpubGaBmim TBepmoe
BeuiectBo C maccoii 262.2 r. M3BecTHO, uTo 11pu 3T0oM B Haxoautcs B n30biTke. B pesynbrare
obpazoBanocs 190.0 r 6enoro ocamka D. Ocamox ordmibTpoBaiu, (GUIBTpaT BBHIIAPUIN
J0cyxa, W TOJIyYEHHYIO TBEpAyI cMech E HarpeBamu m0 Tex mop, moka macca ocTaTtka
(conmeprkamero Toapko HUTPUTHL, NO2) He nepecrana u3MeHsAThes. [Ipu 37TOM eTUHCTBEHHBIM
ra3000pa3HbIM IPOAYKTOM ObLIT Kuciopo: ero oobsem coctaBmi 60.48 1 mpu 0 °C u 1 aTm.

2. PaccumTraiiTe MaccoBbl€ J10JI1 KOMIIOHEHTOB B cMecH E, cunTas, 4To OHa COCTOUT TOJIBKO
u3 coenuHeHuil A u B 1 He conepxutT HuKakux npumeceid. I[Ipu cunTtese ncnosp30Banoch
yucToe 6e3BoaHoe BemecTso C.

Pacuernr:

macc.% (A): macc.% (B):

3. YcranoBure dopmynsl coeaunenuit C u D, 3anMmmTe ypaBHCHHE PEAKIIMH MEXITY
BucC.

PacueTnl
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C: D:

Ypasaenue peakiuu mexay B u C:

B 1811 romy, paboras c 3o0moit Bomopocieit, KypTya 3ameTi, 4TO MeIHBIE COCYHbI
M3HAIIMBAIOTCA ObIcTpee, yeMm 00blyHO. Korjma oH m3ywan 3TO siBJI€HHE, KOIIKa BOILIA B
1a0b0paTOPHIO M OMPOKUHYJIA PACTBOP KOHIICHTPHUPOBAHHOW CEPHON KHCIIOTHI Ha CYXYIO 30ITY.
[Tpu 3TOM HEMEIJICHHO BBIACIWINCH (PUOJETOBBIC Taphl (peakius 1, B HEMl cepHas KHCIOTa
sBysiercst okuciuteneM). Tak Obul OTKpBIT HoxA (l2)! Mox Obul NpUYMHON KOPpPO3UH MEIH
(peakums 2). Brnocneacteum KypTya OTKpbUT MPOM3BOACTBO HOJa JCHCTBHEM XJIOpa Ha
Bogopociu (peakuus 3). B HacTosIee BpeMs noJ oyqaroT, ucrnoab3ys NOs ™, I, HY (peakius
4) wm 1037, I, H* (peakus 5).

4. 3anumure ypaBHeHU (¢ KodpuuueHTamu) peakuuii 1-5.

1

PacTBOprMOCTH HO/1a B BOJIE OUEHD MaJla, HO PE3KO BO3pacTaeT MpH A00aBICHUN HOJUA-HOHOB.
[Ipu aTOM 06pazyercst TpUnOAUI-HOH [37:
I"(Bomn.) + I2(BogH.) = I3 (BOIH.) (peaxrmst 6)

PaBHOBecue (6) MOKET OBITH U3YYEHO C TTIOMOIIBIO AKCTPAKIUH [ muxiopmeranom. Mowsl [ 1
I3~ HepacTBOPUMBI B OPraHUYECKUX PACTBOPHUTEISIX, a [z pacTBOpuM xoportmo. [Tpu skcTpakium
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voja IUXJOPMETAaHOM €ro KOHIIGHTpalus B OpraHuveckoil ¢asze B 15 pa3 mpeBbimaer

KOHOCHTPAHIO B BOAC.

bbut npoBenieH ciienyronmi 3KCnepuMenT. McXonHbIid pacTBOp NPUTOTOBWIA PACTBOPEHUEM
Kpuctajmmaeckoro nojaa B 50.0 mi BogHoro pactsopa, cojepskaiiero 0.1112 r noguna xamusi.
K ucxognomy pactBopy aob6asunu 50.0 M 1uxjiopMeTaHa U CMECh TIIATEIbHO NEpeMenIain
710 ycTaHOBJIEeHUs paBHOBecus. [locne paznenenus a3 kaxxaas U3 HUX Oblla OTTUTPOBAHA B
NPUCYTCTBUH KpaxmaJa, Ha 4To moTpedoBaioch 16.20 mu (s opranndeckoii gpaser) u 8.00 mu
(m1s BOHO# (ha3bl) cTaHIAPTHOTO pacTBOpa THOCY Ib(aTa HaTpus. 1.000 1 3TOro pactsopa Obu1
npurotosiieH u3 14.9080 r menrarmpparata THOocynbdara HaTpus. Cxema dSKcIEepUMEHTa

MMpeaACTaBJICHA HUKC!

82032‘ nobaeunun
2 4 kpaxman 6 TUTPOBaHWe
NoYTU A0 TOYKM 00 KoHua
3KBUBANEHTHOCTU \
PaspeneHue BoaHas basa 8
. +CH,CI
WcxoaHbiit CHCl a3
pacTeop
opraHudeckas ¢asa 9
pobasunu
2-
3 S203 Kpaxman 7 TUTpOBaHVe
—_—
MOYTU A0 TOYKU 'u'o KOHU‘a
3KBMUBAIIEHTHOCTU
< 7 < 7 & f = [ S (
v Csetiio
K()pplq- Cunnii Temno KOPHYHEBHIif
= Bueio CHHUIA Temmo Temmo |
HEBBIU droneToBbI droneToBsIit (buoneToBeIi
< 7 & 7 & 7 & 7
CoJIOMEHHO Becuse N
BGCHBeT- JKENTHII CoJIOMEHHO TIBCTHEMH
HBIN MaHHOBLI JKEIITHIN BecupeTHEL
— | - J J
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5. YCTaHOBHTE COOTBETCTBHE MEX/y HOMEPOM cMeCH Ha BepxHeit cxeme (1-9) u GykBoii (a—

1) Ha PUCYHKE.

Howmep cmecu

byksa,
o0o3Haygaromas
CTakaH

O | O N |0 || W IDN|PF

6. IlpuBeauTe ypaBHEHHUS JBYX BO3MOXKHBIX pEaklUil B BOJHOU (a3e, MPOTEKAIOUINX MPU

TUTPOBAHHHU HOJa TI/IOC}/HB(i)aTOM HaTpu.

7. PaccumTaiiTe Maccy noja, B3sTOTO JJIsl IPUTOTOBIIEHUS UCXOJHOTO PACTBOPA.

PacuerTsr:

m(l2) =
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8. PaccumTaiiTe KOHCTaHTYy paBHOBecHs K s peaknuu (6).

Pacuetnl
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3anaua Bonpoc | 1|2 |3 |4|5|6|7|8|9]|10|11]|12 Bf)er
5 OQukn | 3 |4 |42 |5|54 3 |5|2]|2]2] 41
8 6as10B

PesynbTar

3agaua TS: Komiuiekc a300eH3001 — B-UMKI0AEKCTPUH /151 HAHOMAIIIMH

HanomamuHel - 3TO MOJEKYJSPHBIE yCTPOWCTBA, KOTOPBIC IMO3BOJSIOT IMPEOOpPa3OBHIBATH
SHEPTUI0 B MEXAaHMYECKOE JBW)KEHHE, Hampumep, I JOCTaBKH JiekapcTB. MHorue
HaHOMAIIUHBI UCTIONB3YIOT u3oMepu3anuio azocoequuenud (R—N=N-R’) npu o6nyuenun.

1. H3oodpaszute crepeonsomepbl azodenszona (HsCe—N=N-Ce¢Hs) u mpoBeaure B Kakaoi
MOJICKYJIC JTMHHUIO MEXY JBYMS CaMbIMU YIaJCHHBIMH aToMaMmH yriepoja. CpaBHUTE
paccrosHus MKy STHMHA atoMaMH (Orpanc ¥ Ouwc), TOCTaBMB 3HAK ““00JbIe” WM

“MeHbIIE”.
mpanc- yuc-
CpaBHEHHE: Orpaiic e
NH,
COCH
A\
/ N N \ N o
HOOC COOH
M
~
N

P Q

Puc. 1 — Bozmooicnvie peacenmoi 015 cunmesa M

2. Coenunenrie M MokeT OBITH CHHTE3MPOBAHO B JIBE CTAIUU U3 IMPOCTHIX PEarcHTOB
(puc. 1). Cpenn atux pearentoB (ot N 10 Q) BbldepuTe T, U3 KOTOPBIX MOYKHO TOJIYIUTH
M c oueHb BBICOKOW permoceneKTuBHOCThI0. Hutput Hatpus (NaNO:) B X0m0aHOM
BOJIHOM pPAacTBOPE COJISIHOM KHCIIOTHI MCIONB3YETCSl B KA4eCTBE peareHTa s MepBOi
CTaJIuU ATOTO CHHTE3A.
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PearenTsr: u

Onpenenenne KOHCTAHTHI YCTOMYUBOCTH Krpane

B-tmknonexkctpud (C, puc. 2) SBAsSETCS HUKINISCKUM IeNTaMepOM TIIFOKO3bI, KOTOPBIA MOKET
00pa30BhIBATh KOMILJIEKCHI BKJIFOUEHUS C a30COeIMHEHUAMHU. B myHKTax ¢ 3 mo 6 Ha ocHOBE
CIEKTPOCKONMYECKUX JAHHBIX HAJ0 OINPEAeTUTh KOHCTAHTY YCTOWYMBOCTH  Kipanc,
COOTBETCTBYIOILYIO 00pa3oBaHui0 KomIuiekca BKiIIoUeHUsI CMipane, Kak MOKa3aHo Ha puc. 2.

CM

C M rpanc Tpane

Puc. 2 — Obpasosanue xomnnexca exnoueruss CMrpanc

bei1 mpurotoBiieH psn pactBopoB myreM cMmemieHus pacTBOPOB C u Muipane B pasHbIX
otHomreHusx. O003HAYMM HavaJbHbIC KOHICHTpAlMH BellecTB B ATHX pactBopax [Clo u
[M1panc]o. B mpuroroBnennsix pactBopax [Mrpanc]o onHa u Ta xe, a [Clo Bapsupyetcs. [Ipu
(UKCUPOBAHHOHN JUIMHE BOJHBI M3MEPSUIM PA3HOCTH ONTHYECKOH IIOTHOCTH AA MexIy
KaKJbIM U3 IPUTOTOBJIEHHBIX PACTBOPOB U PacTBOPOM UUCTOTO Mipane. OO03HaUMM MOJIIpHBIE
KodQpumreHTs! SKCTUHKIUA CMipane 1 Mupane KaK €cMmpanc M EMipanc, COOTBETCTBEHHO.
L — mmna ontrueckoro myTtH. [lornomennem C MoKHO IpeHEOpeUb.

3. IHokaxmure, uto AA = o[ CM1panc] ¥ BbIpa3uTe O Yepe3 BBEJICHHBIE BhIIlIe (pU3ndecKue
BEJIMYMHBI.

PacuerTsr:

51-a MXO — TeopeTuyeckuin Typ. 31




YyacTHuK: TJK-1

4. Ilokaxute, uto, korqa C HaxoauTcs B OOIBIIOM M30BITKE MO OTHOIMICHHIO K Mipane (TO
ectb [Clo >> [Mupanc]o), kontenTpaiuo C MoxkHO cuuTath noctosuHol, [C] = [Clo.

Brixkinagku:.

5. IHokaxkuTte, uyro, Korna C HaxomuTcss B OOJBIIOM U30BITKE MO OTHOIIEHHIO K Mrpane (TO
-[c]
ectb [Clo >> [Mrpanclo), T0 AA =« 1f1(—[((:)] U BbIpazute [ 4epe3 KoHCTaHTy(bl) H
t 0

HavabHYy0 (bI€) KOHIICHTPAHIO(H).

Briknagku:
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6. Omnpeneaute Kipanc, UCIIONB3Ys IKCIIEPUMEHTaIbHbIE JaHHbIE (pUC. 3).

20 -

1

1

1

1

1

1/AA

8-
6
4-
2

0

Z (1000, 17.2)—__

TSY (100, 4.2)

YyacTHuK: TJK-1

Eﬁl]lﬂ | 4;}0 | ﬁEIlD | EEIH} | 1[]'!]0
1/[C], (7/M0.1B)
Puc. 3 — 3asucumocms 1/AA4 om 1/[C]o

PacuerTsr:

KTpch =

51-a MXO — TeopeTuyeckuin Typ.
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Onpenenenne KOHCTAHTHI YCTOMYUBOCTH Kuue

B nynkrax ¢ 7 mo 9 Bl JOKHBI ONPEICTUTH C TOMOIIBI0 KUHETUUECKUX JAHHBIX KOHCTAHTY
ycroitunBocTu K¢, COOTBETCTBYIOMIYIO 00pa3zoBaHuio koMiiekca BKIIIOUCHUST CMuue 13 Muue.
OOpasell, W3HAYAIBHO COJEPKAIINH TOTBKO Mipane, 00my4arotT, monydas Muue, HaUambHAS
KOHILIEHTpauusi KOTOporo, [Mumc]o, n3BecTHa. Muue (CBOOOIHBIN MM B COCTaBE KOMILJICKCA
BKIIFOUCHHUS) 3aTeM TepMHUYECKH H3oMepu3yeTcsi B Mrpane. B orcyrcTBue C m3zomepuszarus
OIUCHIBACTCSI KMHETUKOW TEPBOr0 MOpsIKa ¢ KOHCTaHTO# ckopoctu Ki. Bcee paBHOBecus
KOMILJIEKCOOOpa30BaHMsl ~ yCTAHABIMBAIOTCS ~ OBICTpEE, YeM  MPOMCXOMAAT  MPOIECCHI
uzoMepusaipu. KuHeTndeckas  CcXeMmMa, COOTBETCTBYIOIIAs 3TOMY  3KCIICPUMEHTY,
npejcTaBlieHa Ha puc. 4.

N‘l
M
COOH
COOH

C M mHC CM oHC
KLI,MC
C + M IMHC - = CNI IHC
'{l ‘.’3
KTpch
C + }IT].'IEI'[C = C"I TPpaHC

Puc. 4 — Kunemuueckas cxema uzomepuzayuu Muue 6 npucymcmeuu C

CxopocTts pacxomoBaHus I' o01iero koaudecTBa Mume (CBOOOTHOTO U CBS3aHHOTO B KOMILIEKC)

OIPEACIIACTCS CIICAYOIIUM 06pa30M:
r= kl[Muuc] + kZ[CMunc]

9KCHepI/IMeHTaJ'IBHO I OIMCBIBACTCSI KHUHCTHYCCKHM YpPaBHCHHMEM IICpBOTO MOpsakKa C

3 PEKTUBHON KOHCTAHTOH CKOPOCTH Ko
r= kaq)q; ([Muuc] + [CMuuc])

Y+8-k3[C]
7. Ilokaxkute, 9T0 Kyggy = Trr[c] 1 BLIDA3HTE y U 0 4epe3 U3BECTHYIO(bI€) KOHCTAHTY(bI).
C

Brixkmagkn:
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YyacTHuK: TJK-1

8. Bbldepure, Mpu KaKOM(KX) YCIOBUHU(SIX) IEPHO MOTyTIPEeBpaIieHus t1,
COOTBETCTBYIOMIHHN Kspp, MOIKHO BBIPA3UTH CIEAYIOIIAM 00pa3om:

In2

tip = o (1 + K.[C]o), cuuras, uto [Clo >> [Muuc]o. O00cHYIiTE CBOI OTBET

COOTBCTCTBYIOIIIMMHU BBIKJIAAKAMH .

Ooooao

Brixknagku:

CMipanc ABIISIETCS OYEHDb CTAOMIIBHBIM

OdeHp MeUIeHHAs n3oMepu3ays Muue B ITUKIOJCKCTPHUHE
OdeHb MeUICHHAs H30MepH3aIis CB000IHOTO Muuc
CMuguc SBISE€TCSI OYEHD CTAOMIILHBIM

9. [Ilpenmonaras, 4ro ycinoBue(usi) B MyHKTE 8 BBIMOIHAETCA(FOTCS), C TIOMOMIBIO JTMHEHHOM
perpeccun omnpeneautre K, UCMONB3ys JaHHBIE HIDKE. BBl MOXKeTe WCIOIh30BaTh

KaJIBbKYJIATOP WU MOCTPOUTH TpaduK.

[Clo (Momb 1Y) t1 (c) [Clo (Moms 1Y) ti2 (c)
0 3.0 3.0-10°3 5.9
1.0-10* 3.2 5.0-10°° 7.7
5.0-107* 3.6 7.5-10°3 9.9
1.0-10°3 4.1 1.0-1072 12.6

51-a MXO — TeopeTuyeckuin Typ.
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YpaBHEHHE TUHEHHON PErpPeECCUH:

KLH/IC =

51-a MXO — TeopeTuyeckuin Typ.
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HanomammHbl
9 .
;:" r" :
g N F N s
; . '-'Tl' I‘._"—:' \I
— L
. fEmB . A
fT et A0 Pees
£ - 2) (C) f M F; < J
. . VAN D288 TH
J-ll f\‘_. ) _F'/ - l? :ISF - .’._‘l
5 f/ L
*-_, azobenzoa (Tpanc)
*1 azobenzo. (mHC) .
Puc. 5 — Paspywenue komniexkca 6KIO4YEHUs A300€H301-YUKIOOEKCMPUH, Bbl36AHHOE

Gpomouzomepuzayueti, 0asi OOCMABKU JEKAPCMBEHHO20 CPeOCmea (NOKA3AHO CcepbiMU
KpyaHcKamu)

Jpyroe coenunenue a3o0eH30ma (17151 KoToporo Kiue << Kipac), IEPBOHAYATBHO HAXOISIIEECS
B mparc-popme, KOBaJCHTHO MNPUIINTO Ha JuOKcua KpemHus (puc. 5). Ilopsl amokcuna
KpEMHUSI 3alIOJTHEHBl KpacuTeleM, UMUTHPYIOIIMM JIEKapCTBEHHOE CpeacTBO (pomamuH b,
o0o3HaUYeH cepbIMU Kpyxkkamu Ha puc. 5). Ilpu noGaBinenun C oOpasyercs KOMILIEKC
BKJIFOUEHUSI, KOTOPBIN OJIOKUPYET MOPHI U MPEJOTBPAILAET BEICBOOOKICHUE KPACUTEIS.

10. BpiOepuTe HambOoyee NOAXOASAIICEe YCIOBHE (TOJIBKO OJHMH BapHaHT), YTOOBI TOPBI
U3HA4YaJIbHO 6JIOKI/Ip0BaJ'H/ICI) B MPUCYTCTBUHU C, " KpaCuTeCiib MOr BI)ICBO60)KZ[3,TI>C$I npu
00JTy4eHUH.

KTpch >>1
KTpch >>1n Kunc <<1
KTpaHC / Kunc <<1

KTpch >>1n Kunc >>1

Oo0o0ao0oano

Kunc <1

[Topomok JuOKcHIa KpPEMHHMS C MPHUIIMTBIM KOMIUIEKCOM a300€H30J1-IIMKIIOIEKCTPHUH,
3aIl0JIHEHHBIN KpacuTesneM, MOMELIAaloT B YTOJI KIOBETHI (pHC. 6), TPH 3TOM MOPOIIOK HE MOKET
nepeit B pactBop. Ilopomiok o0myyaroT npu JUIMHE BOJIHBL A1, 4TOOBI BBI3BaTh
BBICBOOOXK IEHHE KpacuTess U3 nop (puc. 5). YToOb! caeIuTh 3a MPOLECCOM BBICBOOOXKIEHUS,
U3MEpPSIOT ONTUYECKYIO TNIOTHOCTh PACTBOPA MPH JITMHE BOJIHBI A2.
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270 nm 330 nm 550 nm

14 | J
\

<
hV2 C ( "
i 0.4
02
th o
— | : - -

250 300 350 400 450 500 550 600 650
A(nm)

Puc. 6 — Cnesa: sxcnepumenmanbHas yCmaHo8Ka, UCNONb3VeMas OJis CIeHCEHUs. 34
npoyeccom 8blc8000#COeHUSA Kpacumes, Cnpasa: CneKmpbl NO2N0WeEeHUs. MPAHC-A300eH30/1a
(cniowHas MuHUs), yuc-azoden3ona (Munus moykamu) u pooamura b (nynkmupnas aunus)

11. Omnpexneauntre A;.

A= HM

12. Omnpeneaute Ao.

A2= HM
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Bonpoc | 1 | 2 |3 |4 |5 |6 |7 ]| 8] 9 |Bcero
3amaua
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3anaua T6: Xapakrepuzanusi 0JI0K-conoJuMepa

brok-cononuMepsl, mojiyyaeMble MyTEeM CHIMBKHM Pa3HbIX MOJUMEpPOB (OJIO0KOB), 00sagaroT
YHHUKQJIbHBIMU CBOMCTBaMH, HallpUMep, CIOCOOHOCTBIO K caMOCOOpKe B HAJAMOJEKYJSpPHbIC
CTPYKTYyphl. B maHHOIi 3aaue paccMaTpuBaeTCsl CHHTE3 U XapaKTepu3alus TaKoro MojiuMepa.

HN3y4denue nepBoro 0Jioka

0
H2N/\’< \/>OCH3
n

1

B oroii wactTh MBI UW3y4MM BOAOpPacTBOpUMBIA romomoiumep 1 (a-meTokcu-m-
AMUHOTIOJIMATUIICHTJIUKOJIB).

B cnextpe 'H SIMP coequuenns 1 (DMSO-ds, 60 °C, 500 MI') HabmIOAAI0TCS CIETYIOIIHE
CHUTHAJIBI:

Huexe | 3011 | yurencunmoers
a 2.7* 0.6
b 3.3 09
c 3.4 0.6
d ~35 133.7

Tabnuya 1, *6 npucymemeuu D20 cuenan npu 2.7 m.0. ucuezaem.

1. Coornecure muxu B 'H SIMP criextpe (a, b, ¢, d) 13 Tabmus! 1 ¢ KaxIbIM U3 IPUBEIECHHBIX
HUKE IIPOTOHOB.

O O IZIIZID
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2. BbIpa3uTe CpeAHIOI CTEMEHb MOJUMEpHU3alMk N Kak (QYHKIUIO WHTErPaTbHON
unteHcuBHocTH curHasa OCyHs (AocoH4) TOBTOPSIIOIIETOCS 3BEHA W WHTETPAbHOM
unteHcuBHOCTH curHana OCHs (AocHs) KOHIIEBOM TpyIibl. Berumcaure N.

Ecnu vl 3a6b11u, uemy 6ac yuunu Ha xumegaxe, u He CMO2IU HAUMU N, 8b1 MOJICEMe
ucnonvzoeams 3navenue n = 100 6o 6cex nocredyrowux nyHKmax 0aHHOU 3a0ayu.

N3y4yenue comoimMepa, MOCTPOEHHOT0 U3 ABYX 0JIOKOB

CuHTe3 BTOpPOro OJIOKa COMOJIMMEpa MPOBOJIUTCS B XOJE peakuuu coeAauHeHuss 1 ¢
coenuHennem 2 (N-kapOokcuaHTuApua &-(0CH3WIOKCUKAPOOHWI)-TM3MHA), B PE3yJbTaTe
KOTOpOi1 0Opasyetcs 010K-cononumep 3.

o

(0]
o
H e oo
N NH\H/O m
o=< 5
@) o) 3
2: C45H4gN,0s5, 306.3 T Monb ™
NHCbz
Ji
Chz- ©/\O fﬁ

3. M3o0pa3urte cTpykTypHYyIO (QopMylny HHTEpMEIuarTa, KOTOPBIM 0oOpazyeTcs Ha TEepBOM
cTamuu npu nobasineHun 1 k 2. Yuture, 4TO B X0/€ BTOPOH cTaiauu Bbinensercs raz G.
H300pa3ure cTpykTypHyto Gpopmyny G.

H NH 0V©
H2N/\’<O\/>\OCH3 + O—ﬂ/NI\/\/ g . ?
1 A 0N ) 0

ZT
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4. Xapakrepu3aluio COeAWHEHHN dYacTo mpoBomsaT no uHppakpacHeiM (MK) crnekrpam.
Cootnecute Tpu MK criekTpa, mpecTaBIeHHBIX HIKE, C coenHeHusMHA 1, 2 u 3.
100
80 CoeauHeHue:
o 60
40 001 02 O3
20
4000 3500 3000 2500 2000 1500 1000
o (em™)
100 : —
80 CoeauHeHwe:
., 60
= 01 02 O3
20
4000 3500 3000 2500 2000 1500 1000
o (cm™)
100 1>
80 w CoeauHeHue:
e, 60
X 40 01 02 O3
20
4000 3500 3000 2500 2000 1500 1000
o (em™)
5. 'H AMP cnektp comomumepa 3 (DMSO-ds, 60 °C, 500 MI'm) mpuBenen Ha puc. 1.

51-a MXO — TeopeTuyeckuin Typ.

Hcnonb3yst HEKOTOpBIE MU BCE CUTHAJIBI, MHTETPaJIbHASl HHTEHCUBHOCTh KOTOPBIX YKa3aHa
B Tabnuie 2, paccunTaiiTe CpeHEUNCIOBYIO MOJIApHYIO Maccy Mn, ncnosnb3ys 3HaueHHE
N u3 nyHkTa 2. Q0BeaAuTe KPY>KOUYKOM(aMH1) TpyIITy(bl) aTOMOB, KOTOPHIE BBl HCIIONIb3YyETE
JUTS PACYETOB, a TAK)KE YKAKUTE COOTBETCTBYIOMIHMI(1e) ei(rum) cumBoi(bl) (a, P...).
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£ Tabauya 2
ITuk Hurerpansuas
HUHTCHCUBHOCTDH
o 22.4
] i B 119
*
] B 5 M y 23.8
) 47.6
o)y | . -
. ; : : : . . € 622
8 7 6 5 4 3 2 1
6 (m.4.)
Puc. 1 — cuenanvi, nomeuennvle *, omnocames k pacmeopumenio u
sooe.
H™ NN V}oom
H n
m
HN TOV@
O
Mn = KT MOJIB

3anuiuTe OTBET C IBYMS LU(ppaMHU MOCe 3ansiToM.

51-a MXO — TeopeTuyeckuin Typ.
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Peaxnusa mexxny 1 u 2, npoBenennas npu 40 °C, mpuBena K 00pa3oBaHUIO COMoanMepa 3a uepes
20 4, cononumepa 3b uepes 25 4 u cononumepa 3¢ yepe3 30 4. Pe3ynbTathl refib-QpuiabTpanum,

TaK)Ke Ha3bIBAEMOM IKCKITIO3MOHHOM XpomaTorpadueii, MpuBeIeHbI Ha pHC. 2.

Puc. 2. Xpomamoepamma cononumepos 3, 3b u 3¢ 6 suoe zasucumocmu om ob6wéma
aaroenma, Ve

6. CooTHecHTe KpHUBbIC Ha puc. 2 ¢ cononmmepamu 38, 3b u 3c.

3a: O X ay Oz
3b: O X ay Oz
3c: O X ay Oz

C nenpio KaMMOPOBKH XpoOMaTOrpaMMBbl ObLIa UCTIOJIB30BaHA CMECh CTAHIAPTHBIX MOJIMMEPOB

¢ m3BecTHBIMH Maccami (3, 30, 130, 700 u 7000 xr mMomb 1) (puc. 3).
JlorapndM MOJISIpDHON MAaccChl ABISIETCS INHEHHON MYHKIMEN 00beMa diaroeHTa, Ve.

70

5

5 50 55 60 6
Ve (mn)

Puc. 3. Xpomamocpamma cmecu cmanoapmmusix noaumepos

51-a MXO — TeopeTuyeckuin Typ.
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7. W3 ananm3a KpUBBIX Ha puc. 2 U 3 onpeneaute Ve conoaumMepa, KOTOPOMY COOTBETCTBYET
kpuBasg X. Mcnonb3yiTe HalJEHHOE 3HAYEHUE /U1 OUEHKHU CTENEHU MOJUMEpU3alud M
BTOpOTO OyioKka. IIpuBeIMTEe BAIIM PACYETHI; BBl MOXKETE UCIIOIb30BATh KAIBKYIISITOP WIH
HOCTPOUTH IpaduK.

Ve = MJI
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Cunre3 TpHUOJIOK-CONIOIUMEPA

Tpubmnok-comomumep 9 MokeT OBITH HUCIOIB30BaH B OHOJOTMYECKHUX HCCIICIOBAHUSIX,
CBSI3aHHBIX C oOpazoBanueM wmuuewl. Comomumep 9 MOXKeT OBITh CHHTE3HPOBAH ITyTEM
BHEApEHHs cpeaHero 6sioka B ¢ ncnonpzoBannem MoHoMepa S.

KatanusaTop

0]
H I
/O(\/\O)/ + p5 /O(\/\O)(/\/\/\/O)H
n 110 °C " P
4: A 6: A-B
MsCI/NEt3  NaN3  Pd/C, H, ; m 2

8 + mG
ﬁ C4HgNH,
H
. CF3COOH/HBr \O(/\/OWO)/\/\/\/N?'H)\NH)
n O p-1 O m
9: A-B-C
wscl: T
sCl: 0-%-0

8. H306pa3ute cTpyKTYphI 5, 7 1 8.

5 (YuruTe, uTo 00pa3yeTcs eAMHCTBEHHBIH MPOIYKT «6: A-B)

7 (y‘lTI/ITe, YTO Ha MOCIEAHEN CTaIuU BEIACIIAETCS ra3)
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9. Ambudwibnabii Omok-comomumep 9: A-B-C  Haxomur mnpuMEHEHHME B MEAMIIMHE,
MOCKOJIBKY CIIOCOOEH CaMOIIPOU3BOJILHO COOMPATHCS B MUIIEIUIBI B BOHOM cpeae (pH = 7).
Jns  kaxporo Ojoka CONoJIMMEpa YKaKUTe, SBISETCS OH THAPOQWIBHBIM WM
rupopoOHsIM. M300pa3uTe cxeMy MHULIEIUIBI, TOCTPOCHHOM 13 4 MOJIEKYJ COIOJIMMEpa.

O ruapodoOHbIit O ruapoduibHbIii
B: O runpodoOHBbIit O ruppoduiibHbI
O runpodoOHbIit O ruppoduiibHbI

A \WW\ B == C ---

N f

Lownwe”
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3ajgaua Bonpoc 1123|415 6 71 8| 9 |10 | 11 | Bcero
T7 Ouxku 4 11212 |22 |5|5|8|4 |55 54
6 6a/10B | Pesynbrat

3agaua T7: /IBU:KeHHe HMKJIOB B [2]KaTeHaHe

B 2016 rony CaBax, Ctonnapt u depunra 6su1n yaocroensl HobeneBckoit mpemun "3a ouzatin
u cunmes monekyusapHolx mawun”. IlpumepoM Takol ‘“‘MamvHbl’ SBIAETCS [2]KaTeHaH,
MOJIEKYJIa KOTOPOTO COJIEPKUT JIBa CLEIJICHHBIX LUKIA. B 3TOl cucteme oAMH MakpOLHMKII
COJICP’KUT OMICHTAHTHBIN (PEHAHTPOJIMHOBBINA JIMTAHJI, a APYrOM MAKPOLHUKI COACPKUT JBa
nuranjga:  (EeHaHTPOJMHOBBIA M TPUACHTAHTHBIA  TepnupuauHOBBIA. Mo  wmenu
KOOPJIUHHUPYETCS K OJIHOMY M3 JIMTAaH/I0B Ka)XJI0ro Makpolukia. B 3aBucumoctu ot creneHu
okuciacHus mean (+1 wim +2) obpasyercs oaHa U3 AByx KoHpopMmaruii Huxe (Puc. 1).

Pucynox. 1. Komnnexcoobpazosanue meou c [2]kamenanom

Cxema cuHTE3a MaKpOLIHUKJIa IIPUBCACHA HHUKC:

Bf\/\o/(j

o)
C
(N N7 LDA THPO (N N7 OTHP 2
| I
A D
MsCI LiBr
(2 akB.) F (2 akB.) G
—_— —_—
EtsN Cy3Ha7N306S2
MsCI = H,C-S-Cl THP = ”{(oj LDA =

1. IlpuBeaure cTpyKTypy B.

B
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2. IIpuBeaute ctpyktypsl E, F u G.

E

F

G

3. U3 npuBeneHHbIX HUXE yCIOBUN BblOepuTe TO(Te), B KOTopoM(biX) D npespamaercs B E.
O H, H0

O OH7, H0

0 NaBHs, CH3OH

O Hy, Pd/C, TT®

4. B mannom cunTeze MsCl urpaer posib pearerTa st CO3JJaHus:
O yxopmsimeit rpymibt

0 3amuTHON TPYMIIEI

[l neakTUBUPYIOLICH TPYIIITBI

0l nHanpaBistonien rpymisl
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5. BemectBo G nmonyuator B3aumozeiicteueM F u LiBr B anierone. 9to peakius:
L s1ekTpoduIbHOTO apOMATUYECKOTO 3aMEIIICHHSI

O HykI€0(pUIBHOTO apOMaTHYECKOTO 3aMEIIECHHUS

O Sal

O Sn2

6.

HapucyiiTe nepexoqHoe COCTOSIHIE CKOPOCTh-IMMUTHPYIOIIEH cTaanu peakuuu F — G ¢

yKa3aHHEM CTEPEOXHMHUH (H300pa3uTe TOJBKO OJUH PEAKIIMOHHBIN LEHTP). YTIECPOIHYIO
ek 0003HayesTe Kak R.

IIepexonHoe cocrosiHuE:

B cuntese [2]karenana L ucnonbp3yroT TeMIIaTHBINA 3P GEKT MEHOTO KOMIUIEKCa!

[Cu(CH3CN)4]PFg

7. 3anummTe TOJHYIO J3JIeKTpoHHYIO KoHpurypamuioo Cu(0)) B OCHOBHOM COCTOSTHUH.
Omnpenenunre creneHb okuciaeHus Cu B KOMIUIEKCE J ¥ IPUBEAUTE TIOTHYIO AIEKTPOHHYIO
KOH(UTYpAIHIO CBOOOIHOTO MOHA ME/IH B ATOW CTETICHH OKUCIICHHS.
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[Tonnas snekrponrnast koHpuryparms Cu(0):

Creneunn okuciaenud Cu B J:

[TonHas snekTpoHHast KOHPHUTyparus CBOOOHOTO MOHA MEH B TOH K€ CTETICHH OKUCIICHHSI,
qyro U B J:

8. ¥YxkaxkuTe (OTMETHTE TaJOYKOI) Fr€OMETPHUIO OKpYKeHHs noHa Meau B L. Cuuras, uyto 3Ta
rCOMETPHUS HjealbHas, M300pa3UTe auarpaMMy paciierieHus 0 MmoaypoBHS B IOJC
JIMTaHIOB U 3alOJHUTE ¢ 3ieKTpoHaMu. IIpuBeIMTe MakCHUMaIbHOE 3HaUeHUe criuHa (S)
3TOro KOMILIEKCa.

I'eometpus oxkpyxenust Cu B L:
O Oxrasapuyeckas

U Terpasapuueckas

O TlmockokBamparHas

L TpuronansHasi Ounupamuia

3anosHeHHas QJICKTpOHAMH JHarpaMma pacCiiCIriJICHUS d NOAYPOBHS:

9. U3 npuBeneHHBIX HUKE COCTUHEHUIA, BbIOEpUTE TO(TE), KOTOpOoe(bie) MOKET(I'YT) YAATUTh
noH Mequ u3 L ¢ o6pa3oBaHreM cBOOOAHOTO [2]|kaTeHaHa:
NH,
O CHsCN
O NHsPFs
O KCN H2N/\/N\/\NH2
O tren
tren
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B L voH Meau MOXeT CyliecTBOBaTh B JABYX CTENEHsIX OKUciIeHus (+1 wiu +2), B KOTOpPbIX

KOOPAMHAIMOHHBIE c(hephl pa3TuyaroTcs (TeTpa- WM MCHTa-KOOPANHUPOBAHHBIM HOH MEIH,
Puc. 2).

Puc. 2. Cocmosnus L

YcroitunBocth  komruiekcoB Cu(l) MOXHO OIIGHHTh, CPaBHHUB DIIEKTPOHHOE CTPOCHHE
IIEHTPATBLHOTO aTOMa B KOMITJICKCE C 3JICKTPOHHOW KOH(UTYpaIFed HHEPTHOTO Ta3a.

10. 3anoJHUTE MTPOMYCKH B TEKCTE YHCIIAMU U MMOCTABbTE FAJIOUKY:

Kowmmnekc Cu'Ns uMeer ... »71€eKTPOHOB BO BHYTpeHHel KOOPAMHAIIMOHHOM cepe MeTala.
Kowmmnekc Cu'Ns uMeer ... »71eKTPOHOB BO BHYTPEHHEH KOOPAMHAIIMOHHOM cepe MeTasa.

Kowmmnexc Cu'Ns 6onee [0 / menee I ycroiiuus, yem kommneke Cu'Ns.

11. 3aBepuminTe NPUBEICHHYIO HMXKE CXEMY, BIHCAB B «CIUIOIIHBIE» MPSIMOYTOJIbHUKU
0003Ha4YeHMs KOMIUIEKCOB U3 Puc. 2, a B «IyHKTHpPHBIE» NPAMOYTOJIbHUKH — 0003HAYEHUS:

@ (Bpamienme); + e ; —¢ .
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Cu'N,
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Bonpoc 11213145 |6|7|8/9[10|11|12]|13]14 |15 | Beero
3agaua

TS Oukn |2|6|212|11]2]4|3|4| 2|6 |82 |64 64
6 0a/10B

PesynbTar

3anaua T8: UnenTuduxanus v CHHTE3 HHO3UTOB

B »sTo0i1 3amade TepmuHbl “‘nmpoeknus Mwuwii3a® v “IepcrneKTHBHAasi NpPoeKIus’”
UCIOJB3YIOTCS CICAYIOIIMM 00pa3oM (MOKa3aHO Ha MPUMEpPE PB-TIIFOKO36I):

OH
HO 0
HO OH
OH
HpOCKHI/IH MI/IJ'IJ'I?»a HepCHeKTI/IBHaﬂ HpoeKL[I/I}I

NHo3utamu Ha3bIBalOTCA LUKIOreKcaH-1,2,3,4,5,6-rekcaonbl. HekoTopble W3 HUX, B
YaCTHOCTH MUO-UHO3UT, IPUHUMAIOT YYaCTHE B Psijiec OMOIIOTUYECKUX MPOIECCOB.

CTpyKTypa Muo-NHO3UTA

1. H300pa3ure CTPYKTYpHYIO (POPMYIIy HHO3UTOB 0€3 yKa3aHUS CTEPEOXUMUH.

DTO ceMeNCTBO MOJIEKYJI BKIIIOUAET 9 CTEpeon30MepOB (C yU€TOM BCEX DHAHTHOMEPOB).

2. H3o6pa3ute cTpykTypbl MIII3a BceX ONTHUYECKH aKTUBHBIX CTEPEOHN30MEPOB.

Y Muo-uHO3UTa yCTOMYMBBIM SIBJISIETCS TOJBKO OJMH M3 KOH(GOPMEPOB KPECEIbHOIO THIIA,
CTPYKTypa KOTOporo Obla jokazana mpu nomonn ‘H SIMP criexrpockorim. ITpeacTaBieHHbIH
HIKe cnekTp Obur momydeH npu 600 MI'm B D.O. Hukakue npyrue CHUTHaIBI OT 3TOTO
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COCTMHECHMS HE HAOIIOMAIOTCS B IPUBEACHHOM crieKTpe. [1o1 KaXapIM CUTHAJIOM yKa3aHa ero
WHTETpaJIbHAasi MHHTEHCUBHOCTb.

<+ o < © O M W © — —~ 10 O
0 A —H S M A o0 © 0
o O O © © 10 10 10 10 0 [N e NN
< < < MR e e e o3
— ~ |~ /= ~ | ~
d c a
T T
1.0 2.0 2.0 1.0
4.1 4.0 3.9 3.8 3.7 26 3.5 3.4 3.3 3.2
5 (m.4.)

3. IIpuBeaute OpyTTO-(POPMYILYy OCHOBHOI'O COEIUHEHHUS, 00pa3yoLIerocs U3 Muo-uHO3UTa
B YKa3aHHBIX BbIlIE yCIOBHsAX peructpamud ‘H SIMP-crekTtpa, cornacyiomyrocs c
KOJIMYECTBOM IIPOTOHOB HA IPUBEIEHHOM BBILIE CIIEKTPE.

4. Ha ocHOBaHMH KOJHYECTBA CUTHAJIOB U HMX HHTerpaHBHOﬁ HHTCHCHBHOCTH, 3AaIIMILIMUTEC
KOJIHWYECTBO INIOCKOCTEM CUMMCTPUU B UBYUCHHOM COCAUHCHUH.

5. JlopucyiiTe NepCNEeKTUBHYIO MPOEKIUI Hambonee cTabMIbHOrO KoH(opmepa Mmuo-
nHo3uTa. OTMEThTE KaK/Iblii aTOM BOIoposa OykBamu &, b, € u d, KOTopbie COOTBETCTBYIOT
CUTHaJIaM B IIpUBEAECHHOM Bbllle cnekrpe SAMP. IIpoToH a nomkeH HaXOAUTHCS BO3JE
yrieposa a Ha pucyHke Huke. Hapucyiite npoeknuo Muisa muo-uHO3UTA.

[Ipoexnns Muin3a:
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Cunre3 HHO3UTOB

MacmTabupyemblii CHHTE3 HEKOTOPHIX HHO3UT(OCHATOB SBISACTCS aKTyalbHBIM JUIS psaa
MEUIIMHCKUX 3a1a4. CHHTe3 HHO3UTA 2 U3 OpoMarona 1 uccieoBaH HUKE.

OH Br OH
HO, ~__OH OH HO._~__OH
- E——

B — e
HO” >~ ~OH OH HO” >~ ~OH
OH OH
2 1 3

6. BbIOepUTE OJMH WM HECKOJIbKO BAPHAHTOB TOTO, KAKAUM 00pPa30M COOTHOCSTCS MEKIY
co00M coequHeHusa 2 u 3.

SHAHTHOMEPHI
SMUMEPHI

JIACTEPEOMEPbI
aTpPOION30MEPhI

oooad

WHo3ut 2 MoKeT OBITh TOy4eH U3 coeuHeHnst 1 B 7 cTaauid:

g HO. E
on A m.CPBA | MCPBA: g Cl 5
4 5 |
OH p-TsOH CHCl; ; o
1 | p-TsOH: Oé_OH |
! I !
e o I
Bn-OH, BF3+OEt n-BusSnH, AIBN ©
5 ’ 8 2> C16H1gBrO4 8 ’ > /CEOK
-10°C THF BnG™ ~
6 OH
7
OH
0s0, NMO HCI (aq) A HO,, _~_,OH
7 > 3 9 /C(
Acetone / H,0 EtOH, 25°C HO® ~~ "OH
e OH
i HH : 2
: | 0 E
E Co [ ] .
E ©/ r‘f NCXN’,NXCN ('3 E
5 O CHy |
Bn-$ AIBN NMO |
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7. HapmucyiiTe cTpykTypy coenuHeHus 4 B mpoeknnn Mui3a.

4

8. B peakuuu moiydyeHHus BEIIECTBA S Y4acTBYET JABOHAs CBsI3b C OOJBIICH AJIEKTPOHHOU
IJIOTHOCTHI0. OOBeINTE KPY/KOUKOM JBOWHYIO CBSI3b C HauWOOJIBIICH AIEKTPOHHOMU
IUIOTHOCTBIO Ha HIDKENPUBEIEHHOM cTpykType 1-Opom-1,3-1uKiorekcagueHa — aHaiora
coeaunenus 4. Ilokaskute Bce 31eKTpOHHbIE 3 (HeKThI aToMa OpoMa B 3TOM MOJIEKYJIe.

Br

9. HapucyiiTe CTpYKTypy OCHOBHOI'O AMAaCTepeoMepa COSUHEHUs S B IpoeKuy Muui3a.

5

10. Ykaxkure oOILIee KOJIWYECTBO CTEPEOU30MEPOB COEIMHEHHMS 5, KOTOpble MOTYT
MOJIYYUTHCS B TOM CHUHTE3€, €CIIM UCXOJIUTh U3 SHAHTHUOMEPHO YHCTOTO coeluHeHus 1.

11. B npeBparienuu 5 — 6 oOpasyercs moOOUYHBIN MPOJIYKT C TaKol ke OpyTTo-hopMyIioH,

KOTOPBIi MBI 0003Ha4MM Kak 6. HapucyiiTe cTpyKkTyphl BemecTB 6 1 6’ B IpOEKIHH
Munnza
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12. HapwucyiiTe CTpyKTyphl OCHOBHBIX IHACTEPEOMEPOB CoeqMHEHWH 8 m 9 B mpoeknuu
Mumnisa.

13. BoiGepuTte npaBmibHOe(bIe) yciaoBue(s) A (cM. cXxeMy) IUIs TIOTy4eHHs COSAUHCHUS 2.

H,, Pd/C
K2COs, HF
HCOOH, H.0
BFs-OEt,

oooan

14. Ecnim B coenmuHeHmH 1 OTCyTCTBYeT aToM Opoma, TO, KpOME COEAMHEHUs 2 B
BBIILICTIPUBEICHHON cxeme, oOpasyercs eme oJauH crepeouszomep. Ilomaras, uto
CTEPEOCENIEKTUBHOCTh BCEX IMPOTEKAIOIINUX PEAKINI M KOJIMYECTBEHHBIE COOTHOLICHMS
BCEX pPEareHTOB OCTAIOTCS HEM3MEHHBIMU B OTCYTCTBHE Opoma, HapHCyilTe CTPYKTYpy

BTOPOTO CTEPEOM30MEpa B MPOCKIMU MWi3a M YKAKHUTE, KaK €ro CTePEOXUMUS
COOTHOCHUTCS C COEIUHEHUEM 2.
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SHAHTUOMEPBI
SMUMEPBI
JIMaCTEPEOMEPHI
aTpOIIOU30MEPbI

OoOo0Od

[ER
(62}

. Bpioepute, Kakas(ue)  cragusi(uu) — ABISACTCA(FOTCS) — cTaAMel(sSIMH)  CHATHS
3alMTHBIX/HAMPABJISIOIIUX PYII B CXEME CHHTE3a cOeTuHeHHS 2 13 1.

1—-4
4 -5
5—56
6—7
7—8
8—9
92

OO0O0O0O0O0O
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3amaya | Bompoc |1 |2 |34 (5|6 |7 (8|9]10|11|12|13 | Bcero
T9 Ouku |2 |2 |43 |2|17|1|1|2]|4|2]|2]|2| 44
7

GAILIOB PesynbTar

3anauya T9: Cunre3 1eBOOYyNIMBaAKAUHA

Yacrs I

MectHbiii aHecteTuk OynmBakawH (Marcaine™) BxoauT B mepedeHb BO3 OCHOBHBIX
JIEKapCTBEHHBIX BellecTB. HecMOTpst Ha TO, UTO UCIIOTB3YEMbIi Tpenapat NPUMEHSIETCS B BUAIE
paleMuueckoi cMecu, ObUIO MOKa3aHo, YTO OJWH U3 YHAHTHOMEPOB OyIMBaKanHa, HA3BaHHBIH
neBoOyNUBaKauH, UMEET MEHBIIYI0 KapJIMOTOKCHUYHOCTh U MOATOMY Oe30omacHee palemara.
JleBoOynuBaKauH MOXET ObITh CHHTE3UPOBAH U3 MPUPOJAHON aMUHOKHUCIIOTHI L-113uHa.

- NH*
Cl B -
+ o)
H3N/\/\/\n/
(0]

rmgpoxnopua L-nusuHa

1. ¥Yxkaxxure KOHQUTypaIHIO XUPATHHOTO IIEHTpa B ruapoxiopuae L-nu3una. IlosgscHuTe Barn
BBIOOD, YKa3aB MOPAIOK CTAPIIMHCTBA 3aMECTUTENEH MIPU XUPATLHOM LIEHTPE.

Kondurypanus: Crapmuncto 1> 2 > 3 > 4:
OR z{\/\/NHJCI— E{NH; g{coo' z{H
as

[ ] [ ] (1 [

[Ipedukc L B L-TU3MHE COOTBETCTBYET OMPEICIICHHON KOHPUTYpAIIMU XUPATLHOTO IICHTPA.
Bri0epuTe BCe MpaBUIIbHBIE YTBEPKICHUS:

N

Bce npuponsbie L-aMUHOKHUCIIOTHI — JIEBOBpPALAIOLIHE.

[Ipuposanble L-aMMHOKHUCIOTHI MOT'YT OBITh KaK JIEBOBPALIAIOIINMHU, TaK U
IIPaBOBPAIIAIOIINMH.

Bce npupoasbie L-aMHUHOKHCITIOTE UMEIOT KOH(DUTYpAIIUIO XUPATBHOTO TIeHTpa (S).
Bce npupoasbie L-aMHHOKHUCIOTH HMEIOT KOH(GUTYpaIiio XupanbHoro mnentpa (R).

o0 OO0

Yacto Tpebyercs, 4ToOBI TOJBKO OJJHa aMUHOTrpyNna B L-nu3uHe BeTynana B peakiuio. Conun
Cu?" B mpHCYTCTBHH M30bITKA BOIHOH IIETOYH MOTYT CENeKTMBHO CHUKATh PEAKIMOHHYIO
CIOCOOHOCTh OHOM M3 nBYyX amuHorpymnn. ITocie oOpasoBanust komiuiekca Toinbko NH2
IpyIa, He CBA3aHHAsA B KOMIUIEKC, MOYKET BCTYIIATh B PEAKLIMIO.

3. VYuuthiBas, 4To L-TM3UH BBICTYyNaeT B pOjM OWJEHTAHTHOIO JIMTaHMA, U YTO K OJHOMY
nory Cu?* B BOIHOM IIeN0YH KOOPAMHUPYIOTCS JBa L-nu3una, HapucyiiTe cTpyKTYpHYIO
(dopMyITy 3TOr0 KOMILIEKCA.

Kommiexc
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K cuacTpio, B cHHTE3¢ JICBOOyNMBaKaWHa, M300PaKEHHOTO HA CXEME HIDKE, B PCAKIIUIO
BCTyIaeT Hy)KHAas aMHHOTPYIIA Jaxe 6e3 ucnonp3oBanus coneit Cu?':

- NH3*
Cl, o 11eq.LOH 1) NaOH, Cbz-Cl B
H3N/\/\/\H/ A
o) 2) 1 eq. PhCHO 2) pa36aBn. HCI C14H20N204
ruapoxnopua 3) BoAHbIN Bychep
L-Nnu3nHa pH 6.2
NaNO,, NaOAc C NH, D 1) KoCO3, Ho,O E
- —_— >
AcOH C16H21NOg DCC 2) TsCl, NEt3 C29H34N206S
' AcO = CH,COO |
NH
Hy, Pd/C peareHT H “__N "By
_— —— B
F JleBoGynuBakauH
O NEt3
Cp1HgN,0,S G C1aH28N20

peaKLl,I/IOHHOCFIOCO6HbIl7I nHTEepmMmeamnaTt

N=C=N
©eH3nnokcnkapboHun N,N'-guumknorekcun
n-ronuncynsgoxnopug
xnopug kapboannmma

I[J'Ifl OTBC€TOB Ha MOCICAYIOIIHUE BOIPOCBI Bbl MOXCETC HCIIOJbB30BATH COKpPALICHHA,
IMPHUBCACHHBIC HA CXEMEC BBILIC.

4. HapucyiiTe CTpyKTYpHYIO (DOPMYILY COEJUHEHHS A C YUETOM CTEPEOXUMHUH.

A

5. TlpeBpamenue L-mu3uHa B coequHeHNE A — 5TO (BbIO€pPHUTE MPaBIIbHBIN(BIC) OTBET(BI)):

L] oHaHTHOCENEKTHBHAS pEaKIus
O suanTHOCHenUbHYSCKas PEAKITHSI
[0 permocenekTHBHas peakuus
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6. Hapmucyiite ctpykTypHbIe hopmyibl coenqunenuit B—F ¢ yaerom crepeoxumun.

B C14H20N204 C C16H2:NOe

D E C2o9H34N206S

F C21H2sN204S
7. Kakoa poias DCC B npespamennun C — D?
O 3ammrHas rpynmna Uit aMUHOTPYIITIBI
O 3ammrHas rpynmna i THAPOKCUTPYIIIIEL
[0 AKTHUBHUPYIOIIMI peareHT B peakiuy 00pa3oBaHus aMUIHON CBSI3U

TsCI ucnonp3oBanu JJIA TOTO, YTOOBI CACIaTb BO3MOXXHBIM:

oooa) <

HYKJICO(DUIbHOE 3aMELIeHHE aMHUHOTPYIIIIBI
3NIEKTPO(PUIbHOE 3aMEIIEHNE AMUHOTPYIIIIBI
HYKJIeODUIbHOE 3aMEICHHE THAPOKCUTPYIIIIBI
ANIEKTPO(UIbHOE 3aMEeIIeHNE THAPOKCUTPYTIITBI
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9. OTMeTbTe BCE BOBMOXKHBIE PeareHThl, KOTOPbIE MOYKHO HUCIIOJIb30BaTh Kak pearent H:

] paz6asi. HCI [ Zn/HCI

O KoCOs O H2S04

[ paz6asin. KMnOs [ pasz6asi. NaOH
O SOCI» O PCls

10. Hapuwucyiite cTpykTypHYIO (hopMyITy JIeBOOYHBAKaHHA C YKa3aHUEM CTEPEOXHUMUH.

JleBoOynuBakanun C1gH2sN20

Yacte 11

Cunte3 neBoOynuBakanHa TpeOyeT WCHOJIB30BAHUS SHAHTHOMEPHO dYHCTOro L-nmu3uHa.
OO0muit MeTo HOATBEPKACHUS SHAHTHOMEPHOM YHCTOTHl aMUHOKHCIIOT — IIPEBPAIEHUE UX B

aMUJBI C UCTIOJIB30BAaHUEM KHUCJIOTHI Mortiepa, cTpyktypa (S)-u3oMepa KOTOpPOU MpuBeIeHA
HHNXKCE.

~Q CF;
HO_ X

(S)
0

(S) kucnota Mowwepa

11. Hapwucyiite crpykrypuyo ¢opmyny amuga (C yKa3aHHEM CTEPEOXHMHH KaKIOTO
CTEepeoIeHTpa), 0Opa3yroIIerocss MpH AaluIMPOBAHUU O-aMHHOTPYMMbl L-nmusuna (S)-
M30MEpOM KUCIOTHI Moriepa.

51-a MXO — TeopeTuyeckuin Typ. 62




YyacTHuK: TJK-1

12. CK0JbKO TPOAYKTOB 00pa3zyercs M3 paleMHYecKoro Ju3uHa M (S)-m3omMepa KHCIOTHI
Mortuepa? CuuraiiTe, 4TO TOJBKO O.-aMUHOTPYIINA JIU3UHA ALIMIIUPYETCS B TUX YCIOBHUSX.

JBa nnacrepeomepa

Yetslpe nuacrepeomepa

Panemnueckas cmech 1ByX SJHaHTHOMEPOB

YeTbIpe COEIMHEHHUS: IBa SHAHTHOMEpPA U JBa AHacTepeomMepa

oood

=
w

. BoiGepute wmeron(bl), KOTOPBIH(bIE) MOKHO HCIOJIB30BATh JUIS KOJUYECTBEHHOI'O
onpefesieHUs] YHAHTUOMEPHOM YHCTOTHI JIM3MHA TOCIE €ro MOAU(UKAIMK KHCIOTON

Morepa:

SIMP-cniekTpockonus
XKunkoctHas xpomarorpadpus
Macc-cniekrpomerpust
Y®/Buaumasi CieKTPOCKOMHUs

o000
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