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YyactHuK: UKR-4

OO0mue ykazanus

e DTOT KOMIUIEKT 3aJJaHUN TEOPETUUECKOTO Typa COACPKUT 71 cTpaHUILy.
¢ Brr MoxeTe HaUMHATEH PabOTY, KaK TOIBKO YCIBIIIATE KOMaHIy «Starty.
e VYV Bac ecThb 5 yacoB Ha BBINOJHEHHUE 3aJaHUI.

e Bce PE3YJIbTAaThl U OTBCTHI JOJI’KHBL OBITH AKKYpaTHO HAlTMCAaHbL py‘lKOf’I B CIicnyaJIbHO OTBECACHHBIX
sT9erKax Ha CTpaHUIIaX KOMILICKTA. OTBCTI)I, YKa3aHHBIC BHEC OTBCACHHBIX AYECK, OLICHUBATHCA HE

OyIyT.

e Ecmu BaM He0OXOUM YEPHOBHK, HCIIONB3YHTE 00paTHBIE CTOPOHBI CTPAHUI] JAHHOTO KOMILIEKTA.
[TomawMTE, YTO BCE, UTO HAXOIAUTCS BHE CICIIMATIBHO OTBEJCHHBIX SUCCK, OIICHUBATLCS HE OyIeT.

° HCHOJ’IBByﬁTe TOJIBKO TC PYYKY U KaJbKYJISITOP, KOTOPLIC BaM BBIJJAHBI.

o OdunmanpHas BepcHs KOMIUIEKTa Ha AHTIMICKOM $3BIKE IOCTYNHA MO 3ampocy TOJBKO JUIS
yTOUHEHHS (POPMYIHUPOBOK.

e Ecmm Bam HCO6XO)_II/IMO MNOKUHYTb 3JK3aMCHAIIMOHHYIO ayJAUTOPULIO (CXOI[I/ITB B TyaJIeT WU
HepeK}/CI/ITb), MOAHUMHUTEC COOTBCTCTBYIOIIYIO KaAPTOYKY. Ha6J’IIOI[aTCJ'II> BacC COIMMPOBOJUT.

e Ecmu BB XOTHTE U3MEHHUTH OTBET HA BOIIPOC C MHOXKECTBEHHBIM BBEIOOPOM, 3aKpachTe KBaJIPATHK
MOJHOCTHIO, @ 3aTEM HApUCYHTE HOBBIN MTyCTOW KBaJAPATUK PAJOM C HUM.

e HalGmogaTens caemaetr oObABICHNE, KOTMa ocTaHeTcs 30 MHHYT 10 OKOHYAHHS Typa.

e  BblI JODKHBI OCTAHOBUTH pabOTy HE3aMeUIUTENLHO MOCHe TOT0, KaK MPO3BYYUT KOMaHIa «Stopy.
Ecom BBI He TIepecTaneTe mucaTh B TeueHue 30 ceKyH/I, Bamna padoTa OyIeT aHHYIUPOBaHa.

e [locne TOrO, Kak BBl YCHBIIINTE KOMaHIy «Stop», MOJIOKHTE KOMIUIEKT OOpaTHO B KOHBEPT M
ocTaBaliTech Ha cBoeM MecTe. HabmojaTens mogoiaeT, 3akjIeuT KOHBEPT U 3a0epeT ero.

YIAUU!
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Conepxkanue

YyactHuK: UKR-4

JlaHHBIN TEOPETHYECKHUI Typ COACPKUT 9 HEe CBA3AHHBIX APYT C APYroM 3amad. MIX cooTBETCTBYyIOMINE
OaJuTel yKa3aHBI B CKOOKaX.
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YyactHuK: UKR-4

du3nvecKkrue KOHCTAHTHI M YPAaBHEHHS
B nmanHOM KOMITJIEKTe aKTHBHOCTH BCEX YaCTHIl B BOJHOM PacTBOPE MPHUHSITH PABHBIMH MX MOJIAPHON
KOHIIGHTpal B MOJb/I. s ympomieHus (GopMyn W BBIpOKEHHH CTaHAapTHAs MOJIIpHAsS

KOHIIeHTpaIwys c® = 1 MoJb ! OITyIIICHA.
[TocrossnHas ABoraapo:
VYHuBepcanbHas ra30Basi MIOCTOSIHHAS:
CrangapTHOE AaBJCHUE:
ATMoc(hepHOe TaBlieHHe:

Hynp mo mikane Lenbcus:
ITocTossnnas @apanes:

Barr:

kunoBarr-yac:

[Tocrosinnas [1nanka:
CkopocTb cBeTa B BaKyyMe:
DJIeMEeHTapHbIN 3apsia:
DNEKTPOH-BOJIBT
DJIeKTpUYecKasi MOITHOCTb:
KITA:

CootHomenue [Inanka-OuHmTeiiHa:
YpaBHEHHE UJ1€aTIBbHOTO Ta3a:
CBobonnas sneprus ['udoca:

OtHowenune Q i peakuuu

a A(aq) + b B(aq) = ¢ C(aq) + d D(aq):

VYpasuenue ['enaepcona-I'accennbaxa:

VYpasuenue Hepucra-ITutepcona:

rie (0 3TO COOTBETCTBYIOLIEE
OTHOIICHHE Ui TIOJNypeaKkuuu

BOCCTAHOBJICHUA
3akon Jlambepra-bepa:

Kunernueckue 3akoHbI B MHTETPAITbHOM

dbopme:

- HyneBoiil nopsiaok:
- [lepBblii TOPSIAOK:
- Bropoii nopsiaok:

Bpewms nonynpespatieHus Ui peakuun

MIEPBOTO MOPSIIKA:

CpenneuncnoBas MoJisipHast macca Mh:
CpenneBecoBasi MosisipHasg Macca My:

Nupexce nonuaucnepcHocTH Ip:

51-aa MXO — TeopeTuueckuii Typ

Na = 6.022:10% momp !
R =8.314 I mons ' K
p°=16ap=10°Tla

Pamu=1atm=1.013 6ap = 1.013-10° [1a

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

1 kBt-u =3.6-10° I
h=6.6261-10"* I ¢
c=2.998108mc!
e=1.6022-10"" Kn
1 5B =1.6022-10""° Tx
P=AEx]

77 = PHOHSSHOC/PHPI/UIO}KCHHOC
E=hc/A=hv
pV=nRT
G=H-1S
A:G° = —RT InK®
ArGO =-n FEcello
AG = A:G° + RT InQ

o _ DI

[A]*[B]°
H=pK, + 1o [A]
pH = pK, g[AH]

E=E° —f—;an

mpu T=298 K, 1n10 = 0.059 B

A=c¢lc

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

In2
Kk
M, = i Ni M;
2i Vi
M, = X N; M}
2i Vi M;
Ip M,



YyactHuK: UKR-4

Iepuonnyeckas Tadamnna

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 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

K|Ca|Sc|Ti|V |Cr|Mn|Fe|Co|Ni|Cu|Zn|Ga|Ge|As| Se | Br | Kr

39.10 | 40.08 | 44.96 | 47.87 | 50.94 | 52.00 | 54.94 | 55.85 | 5893 | 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 77 78 79 80 81 82 83 84 85 86
Cs|Ba|s7n|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 |Ra|}; | 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
La|Ce | Pr |[Nd |Pm|Sm| Eu|Gd| Tb | Dy | Ho
138.9 140.1 140.9 144.2 - 150.4 152.0 157.3 158.9 162.5 164.9

89 90 91 92 93 94 95 96 97 98 99

Ac|Th|Pa| U |[Np|Pu|Am|Cm | Bk | Cf | Es

- 232.0 | 231.0 | 238.0 - - - - -
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YyactHuK: UKR-4

'H AMP

XuMHYecKUe CIBUIM NPOTOHOB (B ppm (M.1.) / mo oTHomeHu1o k TMC)

(deHobI:

CIIUPTHI:

AJIKCHBI:

aJ'IKI/IHI:I - CH;—CR3 -

AMUHBI:

: : _ R—CHz—OR’
| Kap60HOBI>Ie KI/ICJIOTBI CH3—NR2: _ CH3—SiR3: B
- anL):[erw:[H _ ZKGTOH:I:I

amuzIpl NH—COR

spowarscs: [N | Gesuuse Ci—Cots: [N

1.0 100 9:0 T80 70 60 50 40 30 20 10 __ 00

KoucranTtsl cninH-cniunoBoro Bzanmojeiicteust H-H (B I'n)

Tun nporoHa |Jan| (')

R>CH:H, 4-20

2-12
npu cBOOOTHOM BpallleHUu: 6-8
aKc-akc (IMKJIoreKkcan): 8-12
aKC-DKB WJIM DKB-IKB (LIUKIIOTEKCaH): 2-5

RoH.C—CR:H,

npu cBoOoHOM Bpamenun: < 0.1

R,H.C—CR>—CRH, Bo Bcex apyrux ciydasix (3kecTkasi CTpYKTypa):
1-8

yuc: 7-12

RALC=CRH, mpanc: 12-18

RoC=CH.Hy 0.5-3

H.(CO)—CR:H, 1-3

RH,C=CR—CR:Hy 0.5-2.5

OKB = 3KB3TOpI/IaJ'H>HI:II71, aKC = aKCHaJIbHBIN
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Tabmmna UK cnekTpockonumn

YyactHuK: UKR-4

Bua xonedanuii o (em™) HNHTEHCHBHOCTH
cupt O—H (BaseHTHBIC) 3600-3200 cribHasA
kapbonoBas kuciora O—H (BajieHTHBIE) 3600-2500 CHJIbHAA
N—H (BaseHTHSBIC) 3500-3350 CHJIbHAs
=C—H (Ba_]'[eHTHBIe) 3300 CUJIbHAas
C—H (BaHeHTHBIe) 2950-2840 cirabas
—(CO)—H (BaneHTHbIC) 2900-2800 crnabast
C=N (BajnieHTHBIE) 2250 CUJIbHAs
C=C (BasieHTHBIC) 2260-2100 pasHas
anpaerun C=0 (BaJICHTHBIC) 1740-1720 CUJILHAS
aaruapun C=0 (BaJICHTHBIC) 1840-1800; 1780-1740 ciabast; cruibHas
cnoxHbIi 3¢up C=0 (BasIeHTHBIC) 1750-1720 CUJIbHAs
ketoH C=0 (BaJCHTHBIC) 1745-1715 CUJIbHAS
amug C=0 (BaJeHTHBIC) 1700-1500 CUJIbHAs
ankeH C=C (BaJeHTHbIE) 1680-1600 criabas
apomatuuHble C=C (BaJI€HTHBIE) 1600-1400 crnabas
CH: (nedopmanmonbie) 1480-1440 CpemHsIs
CH3 (nedopmanuoHHbie) 1465-1440; 1390-1365 cpeHss
C—O0—C (sanenTHbic) 1250-1050 CHITbHast
C—OH (sanentHsie) 1200-1020 CHITbHasT
NO; (sanentire) 1600-1500; 1400-1300 CHITbHAS
51-aa MXO — TeopeTuueckuii Typ 7




YyactHuK: UKR-4

3agaua Bomnpoc 1 213|456 |7 8 9 10 | 11 | Bcero

T1 Ouknu 341423 ]2]2]|45]25] 3 3 33

6 0ayu10B | Pesynbrar

3agaua T1: O amuke

®dopmyny 1,3-0yraauena yacto 3anuceiBatoT kak CH,=CH—CH=CH, ¢ uepenyromumucs ouHAPHBIMU
1 JABOHHBIMU CBs3sMHU. OJTHAKO, €r0 XUMHUYECKHE CBOWCTBA HE COTJIACYIOTCS C Tako (opMysol u
MTOKA3bIBAIOT, YTO T-3JIEKTPOHBI JyYIlle ONMMCHIBATh KaK pacipeesieHHbIE TI0 TPEM CBS3SIM:

C—=—=C=—=—=(C=—==C

1 7 3 4

DTy cHCTeMy MOXKHO paccMaTpuBaTh Kak OJIHOMEPHBIH IMOTEHIWANBHBIN MUK ¢ OeCKOHEYHO

BBICOKUMH CTCHKaMH, B KOTOPOM OJICKTPOHBI ABUXXYTCS CBO6OI[HO. 9Hepm;1 OJICKTPOHa B AIIUKE
232
o n“h
JUTHHHOU L MOJKeT OBITh onpenenena mo popmyne E, = sz A€ 1 — HATypaJIbHOe MOJIOKUTENLHOE
e

YHUCJI0.

1. Paccmotrpute ABe paszHble MOAENH, NpeAcTaBicHHbIe HUke. HapucyiiTe He MeHee, YeM MO TpHU
HIDKHUX SHEPreTUYECKUX YpPOBHA E, AJIs _KaxJI0il MoOAeJM Ha COOTBETCTBYIONIEH Auarpamme.
Yurure U OTpasuTe OTHOCHUTENIFHOE IMOJIOKEHHE YPOBHEH B paMKaxX Ka)I0H MOAETH U MEXIY
MOJIETISIMH.

0_ I = 0-

0 d 2d  3d 0 d 2d  3d

Mogeas 1 («I10KaJaM30BaHHAS»): T-OJIEKTpoHBI Moaeab 2 («1eJ10KATU30BAHHASY):

JIOKAJIN30BaHbI Ha KpaﬁHHX CBSI3IX, KOTOpPBIC OJICKTPOHBI JCJIOKAJIN30BaHbI 110 BCEH MOJICKYJIC,
SIBIIAFOTCS AIIUKAMU JUTAHON d. KOTOpasd ABJIACTCA SAIIUKOM ,Z[J'H/IHOf/’I 3d.

51-aa MXO — TeopeTuueckuii Typ 8



YyactHuK: UKR-4

2. PaccTaBbTe T-3IEKTPOHBI B MOJICIH | Ha MPebIAyIIeH qTuarpaMMe U 3aHIINTE BhIpaKeHHe J1IIs
MOJIHOW YHEPTMH TT-CUCTEMBI B MOZieNn 1 Kak QYHKIUIO A, me ¥ d.

E()=

3. PaccTaBbTe T-3JCKTPOHBI B MOJIENH 2 HA MIPEBIAYIICH qruarpaMMe U 3alUIINTE BhIpaKeHHe TS
MOJTHOW PHEPTHH TT-CUCTEMBI B MOJICIN 2 KaK (QYHKIUIO A, me ¥ d.

EQ)=

3Heer$[ COMPAKCHUSA paBHA ITOJIHOH OHCPTUHU pea.nLHoﬁ T-CUCTCMbI MUHYC IOJIHAA DQHCPTHUA TT-CUCTEM
HCCKOJIbKUX MOJICKYJI STWJICHA, COACPKAIIINX B CYMMEC TAKOC KC KOJIMYCCTBO TT-DJICKTPOHOB.

4. 3anummTe BBIPAXKECHUE UL SHEPTUU CONPSKEHUS AEconpsxenns OyTaJHE€HA KaK (QYHKLUIO /1, me U d.

AECOHpH)KeHI/IH -

Mopenu 1 1 2 caUIIKoM IPUMHUTHBHEL. Hrke MBI TOCTPOUM HOBYIO MOJIENb.

5. HapucyiiTe Tpu apyrue cTpykTypsl JIblonca Oytanuena.

51-aa MXO — TeopeTuueckuii Typ 9




YyactHuK: UKR-4

UroObl yyecTh COOCTBEHHBIN pa3Mep aTOMOB YIiepoJa, IOCTPOMM Ha OCHOBE MOJENH 2 MoAaeib 3

CIeayIomuM 00pazoM:
- HoBast mimuHa smwika paBHa L, ¢ HagayioM 1o ocu abernrce B 0 ¥ KOHIIOM B L;

- ATOMBI yIiiepoja MMEIOT KOOPAMHATSEI 1o ocu abcumce L/8; 3L/8; 5L/8 u 7L/8.
Jlnist ypoBHSI 72 BOTHOBast QYHKIIUS TT-0JICKTPOHA UMEET BU:

PG = [rsin(")

a M-3JICKTPOHHAS IJIOTHOCTH JJISL CUCTEMBI ¢ N -3JIEKTpOHAMU paBHA:
N/2

p() = 2 ) (I
i=1

YeTsipe T-BOJTHOBBIC (PYHKIMH, COOTBETCTBYIONINE MOJICKYJISIPHBIM OPOUTAIISIM TT-CUCTEMBI OyTajneHa,
MIPUBEICHBI HIDKE (B CJIy4ailHOM MOPSIIKe).

A B

Y(x)
WY(x)

6. PacmojioKMTe SHEPrHMH STHX YEThIpeX 7M-BOJHOBBIX (yHkuui (Es, Ep, Ec u Ep) B psx 1o

BO3paCTaHUIO.

7. Yxaxute, kakue opoutanu (A, B, C wnu D) 3anoaHeHs! 2IeKTpOHAMHU B OyTaaucHe.

51-aa MXO — TeopeTuueckuii Typ 10




YyactHuK: UKR-4

8. B pamkax moaenu 3, IpMBEINTE 3HAYCHHS T-BOJHOBBIX (OYHKIMIA P, IS 3aHATHIX OpOUTaiei B

toukax 0, L/4 u L/2 s n=1u n =2, BeIpa3uB UxX uepes L.

¢1(0) =

Y, (0) =

51-aa MXO — TeopeTuueckuii Typ
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YyactHuK: UKR-4

9. B pamMkax mojenu 3, IpUBEINTE 3HAUYCHUS T-3JICKTPOHHOM TIIOTHOCTH B Toukax 0, L/4 u L/2.

p(0) =

51-aa MXO — TeopeTuueckuii Typ
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10. Hapucyiite rpaduk n-31eKTpoHHOM I0THOCTH OT 0 110 L.

YyactHuK: UKR-4

L 3L 5L 1L
8 8 8 8

11. Pacnmoaoskure ykazannwsie yriepox-yrieponusie (CC) ceszu (Bl, B2, ..., BS) B mopsaake

YBEJINYECHUS [UTUHBI, UCIIOJIL3YsI CUMBOJIBI = UJIH <:

B1: C1C2 B Monekyie OyTamueHa
B2: C2C3 B Mostekyie OyTamneHa
B3: C3C4 B monekyne OyraaneHa
B4: CC B Mosiekye 3TaHa

B5: CC B Mornekyne sTHIeHa

51-aa MXO — TeopeTuueckuii Typ
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YyactHuK: UKR-4

3agaua Bomnpoc 1 2 3 4 5 6 7 8 9 10 | Bcero
T2 Oukn 1 8 2 34
7621108 | pesynprar
3apaua T2: O pa3znoxeHun
Jlannbie:
BemectBo Hx(r) | H2O(x) | H.O(r) | Ox(1)
AdH® (x]Ix monb 1) 0 —285.8 | —241.8 0
Sm® (Jx mons K1) | 130.6 69.9 188.7 | 205.2

Momnexynspabiii Bogopoa (Hz) MOXKET CITyXUTh albTepHATUBOM TPAaTUITHOHHBIM YTIEPOICOACPIKAIIAM
BUJaM ToOIUIMBaM. BaxkHOW 3amauell sBIAETCS CHIDKCHHE €ro CTOMMOCTH M BO3ACHCTBUSL Ha
OKPYKaIOIIYIO Cpelly NP €ro Mpou3BOACTBE. PaznoxeHne Bobl — OJJHO U3 BO3MOXHBIX PELICHUHN 3TON

3aJ1ayH.

1. 3anummure YpaBHCHHUC  PA3JIOKCHUSA )I(H,Z[KOﬁ BOAbI Ha MPOCTBIC

CTEXUOMETPHUUECKHI KOYPDUIMEHT BOJbI PaBHBIM 1.

BEILIECTBA,

IIPpUHAB

2. Hcnonw3ys TOIBKO T€ TEPMOIUHAMHYCCKHAE JaHHBIC, KOTOPHIC TIPUBEACHBI BBIIIC, PACCUUTANTE,
SIBJISICTCS JIM ATa peakiys TepMOAMHAMUYECKU BRITOAHON min HeT mpu 298 K.

PacueTsr:

BrIr OHa JIK pCaKuAa TCpMO,I[I/IHaMI/I‘-IeCKI/I?

O da [ Her

51-aa MXO — TeopeTuueckuii Typ
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YyactHuK: UKR-4

PasnosxeHue BoJbl MOXKHO OCYIIIECTBUTH C TOMOIIIBIO AIEKTPUICCKOTO TOKA, UCTIONB3YS JABa AJIEKTPOIa
B KHCJIOW Cpejie, COeTMHECHHbBIE ¢ UCTOUYHUKOM Toka (Puc. 1). Ily3sIppkm raza oOpa3yroTcs Ha 000uX
AIIEKTPOJIAX.

-+

(1) (2)

Puc. 1 — Dnekmpoxumuueckas sueixa 0Jisl pa3nodceHus 600bl

3. 3anummure YpaBHCHUSA DJICKTPOXUMHUYCCKUX HOJ'IpraKL[I/IIjI, MOPOTCKAIOMIUX HAa KAXKAOM 3JICKTPOAC.

Ha snexrponme (1):

Ha snextpone (2):

4. Hcnonw3ys TOJNBKO T€ TEPMOJUHAMHUYECKUE JTaHHBIC, KOTOPHIC MPUBEACHKI BBIIEC (WIH OTBET Ha
BOTIpOC 2), paccyuTaiite AE:q,, - MUHIMaJIbHOE HEOOX0AUMOE HAIPSLKEHUE MEXIY AIIEKTPOIaMHU
Ut snektponu3a. [IpuBeauTe pe3ynbraT pacueTa ¢ 3 3HAKaMH Iocje 3amstod. OQnpeneauTe
YCIIOBUE, KOTOPOMY JTOJKHO YIOBJICTBOPSTH MPAKTUYECCKH MPUIIOKECHHOE HAMPSKEHUE A npunox B
cpaBHEHHU C AFreop, JUTS TOTO, YTOOBI MPOIIECC PAIOKEHHS OBIIT TEPMOIMHAMHYECKH BBITOIHBIM
mpu 298 K. Bbl0epuTe mpaBmibHOE yclioBHE. Bce peareHTBI W TPOAYKTHI HAXOIATCS B
CTaHJAPTHOM COCTOSTHUH.

Pacuer:
AETeop = ....... B (c TpeMs 3HaKaMH TIOCTIC 3arATOH)
O AEHpPIJIO)K = AE'Teop

O AEHpI/IJIO)K > AE'Teop
O AEHpPIJIO)K < AE'Teop

Ecau vl ne cmoenu npouszeecmu pacdent, mo 60 6cex nocxzedyrou;ux BbIYUCTIEHUAX npumume
AETcop = ]200 B

51-aa MXO — TeopeTuueckuii Typ 15




YyactHuK: UKR-4

B PCATIBHOCTU [JIA DJICKTPOXUMHYCCKOT'O PA3JIOKCHHUSA BOJBI Tpe6y€TC$I 0oJiee BBICOKOE HampsA>KECHUC.
Ecmu B3sth Pt Karoa, TO MUHUMAJIBHO H606XOI[I/IMOC HaIps’KCHUC, AEMHH, 3aBUCHUT OT MaTCpurajia aHoaa,

KakK IIOKa3aHO B Ta6J’II/ILIeI

AHon AEyus (B)
IrOx 1.6
NiO, 1.7
CoO, 1.7
F€203 1.9

Pasnuune mexny AEyu U AE+eop TpuBOAUT K cHIKEHHIO KIIJT yeTpolicTa.

5. IlpuBeaute BoipaskeHue st KIIJ[ ycTpoHCTBa 7fsuexrp (IOTS TMOTPEOIEHHOM SHEPTHH, KOTOpas
M3pacxo/ioBaHa Ha pas3ioXeHHe BOJIBI) uepe3 AFrcop U AEyu. Paccumtaiite KIIJl smektponusza
Boabl misi Pt katoma u Fe;O; aHoma. Ykaxkure cambiii 5()(EKTUBHBIM aHOA M3 TeX, KOTOPbBIC

MIPHUBEICHBI B TaOJIHIIE.

Thnextp =

KILJ anexkrponuza qst Pt u Fe;O3 21€KTpOaOB, Monexrp =

Campblii 5 peKTUBHBII aHON:

Ecnu 6v1 ne cmoanu paccuumanms Thexrp, 0714 NOCIEOYIOUUX PACYEMOE NPUMUME T] snextp = /9 6.

ANBTEpHATUBOW 3IEKTPOM3Y CIYKUT TMpsMOe (POTOKATATUTHUECKOE DPA3JIOKEHUE BOABL. B Hem B
KadecTBe (POTOKATATU3aTOPa HCIIONB3YIOTCS TOIYIIPOBOAHUKH, KOTOPBIE MEPEXOISIT B MPOBOINEE

COCTOAHHUC ITPU MMOTJIOICHUN CBETA.
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i aneKTpoaHbIA

noTeHUMan oTHocuTensHo CBI /B

CraHAapTHbI

YyactHuK: UKR-4

2.0
ZnS SiC
Zr T
-1.0 1™ CdS
KTa03  SrTiO3 £ G898 o
ot e _____-"l_-__eez___.WQB_ Fe203__ = | =] H+fH2
- > =2 <
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X =—  ®opmyna nonynposoaruka
40 < == =1 TloTeHuman BOCCTaHOBACHNA
%f —  MuHMManbHaR SHEPTHA A7 Nepexoaa B NPOBoAALLee
< cocToAHKe
e[ [OTEH LM EN OKWCNIEHWA

Puc. 2 — Venosus nepexoda 6 npogoosaujee cocmosnue u 21eKmMpoOHble NOMEHYUATbl PA3IUYHBIX
NOAYNPOBOOHUKOS. [IYHKMUPHBIMU TUHUAMU 0D03HAYEHbl NOMEHYUATbL OKUCLeHUS. U 80CCIMAHOBICHUS
600vbl. CBD = Cmanoapmubiii 6000pOOHbBLI INEKMPOO.
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Puc. 3 — Jlesas ocv: Cnexmpanvhoe pacnpedeienue (3a8UCUMOCMb OM OJUHbL BOJIHbL) NOMOKA
conneunoeo usnyyenus @. Illomok — 3mo yucio omonos Ha eOuHuyy HIOWAOU, NONAOAIOUWUX HA
NONYNPOBOOHUK 6 eOuHuYyy epemenu. Ilpasas ocb u NYHKMUPHAS TUHUS: UHMEZPATbHbIL NOMOK (m.e.
00151 HOMOKA 8cex (hOMOHO8 ¢ ONUHOU BOIHLL MEHbULell OAHHOL, OM NOAHO20 NOMOKQ).
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6. OleHHTe MUHUMAJIBHYIO JIOJIIO ITOTOKA CONHEYHOTO M3ITy4eHUs, HeOOXOIUMYIO Ui MEPEeBOa B
MIPOBOJAIIEE COCTOSIHHE CIICIYIOIIUX MOaypoBoaHukoB: TiO,, CdS, Si. IIpuBeauTe B SBHOM BH/IC

BBIPpAXXCHHA U €AVMHUILIBI BEJINYWUH, UCIIOJIb30BaHHBIX JJISA BBIYMCJICHUH.

OObsicHeHue / pacyer:

MuHnnmanbHas J0JIA

MOTOKa
TiO; %
CdsS %
Si %
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HpI/I B036Y)KZ[CHI/II/I IMOJIYIIPOBOAHUKA MCHAIOTCA €T0 OJJICKTPOAHBIC IIOTCHIHAJIBI OKUCICHUA U
BOCCTAHOBJICHH, ITIOOTOMY €I'0 MOKHO MCIIOJIb30BAaTh B KAYECTBC KaTOoda 1 aHOAA. OrtBeyas Ha BOIIPOCHI
Tul IIPUMHUTE, UTO BCC YACTUIIBI HAXOOATCA B CTAHAAPTHOM COCTOSAHUMH.

7. HWcnonp3ysa nanusie Ha Puc. 2, BblOepHTe TE TOIYITPOBOAHUKH, KOTOPBIE MOXKHO MCIIOIB30BATh B
KauecTBE KaK KaTojAa, TaK U aHOJAA JJIsl Pa3JIOKEHUS BOJIBI.

O ZrO, O ZnO O TiO» O WOs3
O CdS O Fe, 03 O CdSe O Si

8. ¥Ykaxnrte MMOJIyIpOBOAHUK, KOTOpLIﬁ, OpU UCIOJBb30BaHUHM B KAaUYCCTBC KAK KaTOJ4d, TaK U aHOJA,
OKaKkeTCst Hauboee 3(1)(1)€KTI/IBHLIM IIpU Pa3JI0KCHUU BOABI IIPU MOCTOAHHOM 3HAYCHUUN BCIMYNHBL
CBETOBOI'O IIOTOKA.

B omHOM W3 3KCIEpHMEHTOB HM3y4danoch BbuieieHne H, m O, mpu oONydyeHHH TONYIPOBOJIHUKA
colHeUHBIM cBeToM Tipu 7=25°C m arMocpepHOM HaBIEHUU pPary. lIPH MOIMHOCTH CBETa
P =1.0 xBt M 2 u porossexrpose miomanso S = 16 mm? 3a At = 1 gac Beigemunocs V = 0.37 cm® Ha(T).

9. Paccuuraiite KIIJ{ 7upqv portiecca.

Pacuer:

Hupsm = %

Ecnu 6wl e cmoznu onpeoenums Napsw, APUMUME 3HAYCHUE Tnpsw = 10% 0151 OanvbHetiwe2o pacuema.
p p
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B 3akmtoueHme cpaBHUM JiBa Crioco0a MOJTyUYSHHS BOJIOPO/Ia IO/ IEHCTBUEM COTHEYHOTO CBETA: MPSMOM
¢dorokatanu3 W HenpsMOH (OTOAIEKTPONIN3, TPH KOTOPOM COJHEYHAs Oarapesi COEJWHEHA C
anekrposmsepoM. KITJ] koMMepueckolt cotHeuHOH OaTaper MPUMUTE PABHBIM 7comm.gar. = 20%.

10. Cpasuute KII/ 1ByX crOCOOOB, 7upsy M Mucnpaw, IIPH UCTIONB30BAHUM ANIEKTPOI0B U3 Feo O3 u Pt
JUTSL DIIEKTPOIIH3A.

Pacuer:

O Hpsm > Tuenpsm O Nupsam ~ 7] wenpsam O anﬂM < nHCHpﬂM
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3 Bomnpoc 1 2 3 4 5 6 7 8 9 10 11 12 Bcero
agaya

T3 Oukn 1 3 3 3 4 2 7 2 2 3 4 6 40
5 0aJsI0B

Pesynbrar

3apaya T3: O xsopuae cepedpa

CnpaBouHble JaHHbIE JJs1 Temnepatypbl 298 K:

pKsi(AgCl) = 9.7; pKo(AgCrOs) = 12

Koncranra ycroitunsocty komimiekca [Ag(NH;),]™: £, = 1072

3NeKTpOAHbIC TOTEHIMAIBI OTHOCUTEIFHO CTAHIAPTHOTO BOJOPOIHOTO AIIEKTPOJIA!
Cranmapraeiii motenmmain s Ag'/Ag(ts): E°(Ag'/Ag(t)) = 0.80 B

VYcnosusrii noreniuan O2(Boan)/HO (Boan) (B Mopckoii Boze): £'(Ox(Boan)/HO (Boan)) = 0.75 B

Yacte A: Huratel u3 gexkunu I'eil-JIoccaka

[IpuBeneHusle qanee 1UTaThl U3 JeKkiuu [ ei-JIroccaka (ppaHiry3ckoro xumMuka u pusuka, 1778-1850)
OTIHCHIBAIOT HEKOTOPBIE CBOMCTBA XJIOpHAA cepedpa.

Hurata A: “Ceifuac s pacckaxy o XJOpuae cepedpa, KOTOPBIH MpeacTaBiIseT cod00i MOIoUHO-0e10e
TBEpAOE BEHIeCTBO. /[aHHOE BEMIECTBO MOXET OBITH JIETKO MOJIYYCHO IMyTeM JO0aBJICHUS COJISHOM
KHCIIOTHI K BOJJHOMY PacTBOPY HHTpaTa cepedpa’.

Hurara B: “JlanHas coib HE UMEET BKyCa, TaK KakK SIBJISICTCS] HEPaCTBOPUMOM™.

Hurata C: “/lanHOe coequHEHHE a0COMIOTHO HEPACTBOPUMO B CIIUPTE W JaKe B KHUCIOTax, 3a
HCKJTFOYCHUEM KOHIICHTPUPOBAHHOMN COJISTHOM KHUCIOTHI, B KOTOPOM OHO JIETKO PacTBOPSETCS .
Hurata D: “C apyroii cTOpoHEI, XJIOPHI cepedpa XOPOIITo pacCTBOPUM B BOJIHBIX pacTBOpax aMMHaKa™.
Hurata E: “3areM MBI MO’KeM BHOBB OCaJUTh XJIOpH cepedpa myTeM q00aBIeHUs KHUCIOTHI, KOTOpast
OyIeT B3anMMOJICHCTBOBATH C aMMHAKOM .

Hurata F: “Ecnu ynapuTs MOPCKYIO BOTY B CEPEOPSHOM THTJIC, TO ITOTYYUTCS XJIOPUI HATPUS B CMECH
C MOJIOYHO-OEJIBIM TBEPIbIM BEIISCTBOM.”

1. [Jns nurarel A: 3anumunre ypaBHeHHe peakiun (¢ koadduuuenramu) cuntesa AgCI(TB).

2. Jlns uurarel B: Paccumraiite pactBopumocts (s) AgCl(TB) B Bozte nipu 298 K B Moutb 1!,

Pacuer:

5= MOJIb JT |
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3. Jusa muratsl C: B pacTBOpax ¢ BRICOKON KOHIIEHTPALEN XJIOPUA-HOHOB 00pa3yeTcs KOMILUIEKC CO
crexuomerpueit 1:2. Huwke npusenena mkaia pCl 6e3 maciirada (3HaueHust pCl yBeIMIMBaOTCS
cieBa HarpaBo). IloMecTHTE B KaXKIyI0 00JIacTh KBl Mpeobiagarontyo Gopmy cepedpa (noH
WJIM TBEPIYIO YacTHIly). YKa3biBaTh 3HaueHus pCl Ha rpaHuIax obacteil He TpeOyeTcs.

EE RN = =" == EEEESn " "= EEEES
P
t

pCl = —log[CI—]

s murarel D: nipu 1o0aBlieHUH pacTBOpa aMMHUaka K XJIOpHIY cepedpa o0pasyercsl KOMILIEKC C 7
MOJICKYJIaMHA aMMHUAKa.

4. 3anummre ypaBHeHHE peakiud (¢ Ko3(h(UIMEHTaMU), KOTOpas COOTBETCTBYET CHHTE3Y
xomiutekca [Ag(NHs)a]" u3 xmopuma cepebpa, U paccuMTaiiTe COOTBETCTBYIONIYIO KOHCTaHTY
paBHOBECHS.

VYpaBHeHUE peaKIuu:

Pacuer:

Ecnu Bam ne yoanocw paccuumams 3uauenue K, ucnonwsyiime eenuuuny K = 107 npu nocreoyiowux
BbIUUCTICHUSIX.
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5. K cycmensun 0.1 monwp xjopuma cepebpa B 1 1 BOABl JOOABISIIOT aMMHaK 10 MOMEHTa
VICUE3HOBEHUs TBEPAOro BemecTBa. B s1or Moment [NH;] = 1.78 mons ', Onpenesnure
CTEXHMOMETPHUIO KOMITIEKCca, IIpeHeOperasi pa30aBieHHAEM.

PacueTsr:

6. 3anumurte ypaBHEHHE peakUuH (¢ KodpPHUIHEHTaMu), KOTopas onucaHa B uurare E.
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7. Mopckas Boma oOnamaer ciaaboIMIeNoYHON peaknueld W oOoraimieHa KUCIOpoaoM. B maHHBIX
YCIIOBHUSIX METAJUITMYECKOE Cepedpo MOXKET BOCCTAHABIMBATH KHUCIOPO[. JalHWIIMTE YpaBHEHHE
XUMHUYECKON peakiuu (¢ K03 pHUIMEeHTaMH), KOTOpas COOTBETCTBYET OOPa30BAaHHIO TBEPIOIO
BelecTBa, ynoMsHyToro B murare F. [l kuciaopona ctexuoMerpruueckuii KodhOUIIMEHT J0KEH
ObITh paBeH 1. PaccuMTaiiTe KOHCTAaHTY paBHOBECHS AJIS JaHHOM peakuuu mpu 298 K.

YpaBHEHHE peakLyu:

PacueTsr:
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Yacts B: MeTon Mopa

Meton Mopa ocHOBaH Ha KOJIOPUMETPUYECKOM TUTpoBaHMU XJjopua-uoHoB (Cl7) monamu cepeOpa
(Ag") B mpucyrcteuu xpomata kamusa (2K', CrO4*). Tpu xamm (0.500 mi) pacteopa K,CrOs ¢
KoHLeHTpaumel 7.76:107 moms 1! pobapnsior k Vo=20.00 M pacTBOpa XJIOpHAA HATPUS
HensBecTHOU KoHIEHTpau Cei. TTomydeHHBIH pacTBOp THTPYIOT pacTBOPOM HUTparta cepebdpa (Ag',
NO;") ¢ xonuentparuein Cag = 0.050 MOJIb 11!, 9TO IPUBOAUT K MOMEHTAILHOMY BBIIIAJIEHHUIO OCAIKA
TBepaoro BemectBa A. KpacHslii ocanok (TBepioe BemiectBo B) mosBisercs npu Vag = 4.30 Mt

8. 3ammmure ypaBHEHHS ABYX peakiuil (¢ Kod(pUIMEHTaMH), KOTOPBIE MPOTEKAIOT B JaHHOM
JKCIepUMEHTE. BbhluneauTe KOHCTAHThI PABHOBECHUS! ITAaHHBIX PEaKIUi.

YpaBHeHus:

Pacuernr:

K> =

9. Hanumwure GopMYJIBbI TBEPIBIX BelecTB A 1 B.

TBepaoe BemecTBo A:

Tsepaoe BemecTBo B:
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10. PaccumuTaiiTe HEM3BECTHYIO KOHIIEHTPALMIO XJIOpUA-HOHOB Ccl B paCTBOPE XJIOpHIA HATPHUSL.

PacueTsr:

Ca= MOJIb T

Ecnu Bam ne yoanocs noryyums omeem,
ucnonwsyiime genuuury Ccy = 0.010 monw 1~ npu nocredyowux euruucrenusx.

11. PaccuuraiiTe MUHUMAaNbHBIN 00beM Vag(MUH), He0OX0ANMBIN 151 0O6pa3oBanust ocaaka AgCI(TB).

PacueTsr:

Vag(MuR) = MJI
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12. PaccumraiiTe 0CTaTOYHYIO KOHIEHTPAHIO XJIOpUA-HOHOB ([Cl ]ocr) B MOMEHT, KOTJa HAaUWHAETCS
oOpasoBanue ocajka xpomara cepedpa. CpaBHEHHEM ABYX BelMduH 000cHyiiTe, modemy CrO42"
ABJISIETCS TOAXOSIIUM HHANKATOPOM VISl ONIPEENICHHUSI KOHEYHOM TOUKU TUTPOBAHUSL.

Pacuernr:

[Cl_]OCT =

MOJIb JT '

CrO4>~ SBJISETCS TTOIX O ISAIIIM WHUKATOPOM KOHEYHOU TOYKH TUTPOBAHMUSI, TAK KaK (CpaBHUTE

BEJINYUHBI):
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3agaua Bomnpoc 1 2 3 4 5 6 7 8 Bceero
T4 Ouku 6 9 8 5 6 2 2 12 50
761108 | pesynprar

3amaua T4: O nopoxe u iioge

B 19 Beke ¢panmy3ckuii npeanpunuMmareab b. KypTya 3aHumalncs mojiydeHHEM HHUTpara A
(MA(NO3)m), UCITOJIB3yEMOT0 B MPOU3BOACTBE YePHOTO Iopoxa. [lepBoHAYaTEHO UMITOPTUPYEMBIN U3
A3zum, A Havau B MTOCIENCTBUN MTpon3BoANTh 3 HUTpaTta B (Mg(NO3),) oOMeHOM ¢ coennaenreM C,
MOJy4aeMbIM U3 BOJOPOCIEH.

1. ¥YcranoBure Gopmynsl HUTpaTOB A U B, mpencraBisromux co0ol OE3BOIHBIC COJM MICTOYHBIX
WM IIET0YHO3eMeNbHBIX MeTaiuioB (M 1 Mg). O0Opaser 0THOTO U3 HUTPATOB COJICPIKUT He Oolee
1 % 1o mMacce He colepKalux MeTaJUTbl IpUMeEceii, a 00pa3el] BTOporo HuTpara cofaepxur 9 =3 %
[0 Macce TaKux mpuMmeceil. MaccoBas monst metauia Ma B ogHOM U3 00pasuoB paBHa 38.4 %, a
MaccoBast nois meraimia Mg B apyrom oOpasme paBHa 22.4 %. IloarBepamre cBOW OTBET

BBIKJIAIKAMU U pacuyeTaMu.
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A: B:

s momy4eHus A K pacTBoOpy, coaepskaiemy 442.8 r BemecTsa B, B3siToMy B n30bITKE, TPHOaBUITH
TtBepaoe BemectBo C maccoit 262.2 r. [Ipu atom o6pazosaniock 190.0 T 6emoro ocaaka D, koTopsiii ObLT
ynaneH puibTpoBaHnueM. OUIBTPAT yIAPHIH JOCYXa, a MOJyYeHHY0 TBepayto cMech E HarpeBanu 1o
TEX TOp, ITOKa Macca OocTaTka (CoAep KaIiero Toasko HUTpUTHL, NO, ) He mepectana u3MeHIThCs. [1pu
ATOM E€IMHCTBEHHBIM Ia3000pa3HBIM MPOIYKTOM ObUT Kucioponm oobemoM 60.48 1 pu 0 °C u 1 atm
(cumTaiiTe KHCIOPO HICaTHHBIM Ta30M).

2. PaccumraiiTe MacCOBEIC JOJIM KOMIIOHEHTOB B cMecH E, cOCTOSINICH TOIBKO U3 COCAUMHECHUN A B
B, u He coxepkamiedl HUKakuxX npumeceil. [Ipy cUHTE3e HCHONB30BANOCh YUCTOE OE3BOIHOE
BemecTBo C.

Briknagku u pacuersl
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w% (A):

w% (B):

3. YcranoBute hopmyisl coeaunenuii C u D, a Takke 3aNMIINTE YpaBHEHUE PeakMu Mexay B u

C.

Briknagku u pacuersl
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Peakuus mexny B u C:

B 1811 rony, pabotas c 30710# Bogopociei, Kyprya 3ameTuin, yTo MenHbIe COCYIbl U3HAIIUBAIOTCS
OwIcTpee, yeM 00br9HO. Korma oH u3ydair 3To sBJIICHHE, €T0 KOITKa BOIIJIa B JIAOOPATOPHIO U MPOJIHAIIA
pacTBOp KOHIEHTPUPOBAHHOM CEpHOM KHUCIIOTHI Ha CYXYyI0 30:1y. IIpu 3TOM HEMeIUIEHHO BBLAEIHIINCH
¢uornerossie napsl (peakuus 1, B Hell cepHas KUCIOTA SBISIETCS OKUCIHUTENEM). Tak ObUT OTKPHIT HOJ
(I.)! Mox 611 mpuumHOil KOppo3uH Meau (peakuus 2). [IpuMeHeHHe Hofa B MEIUIMHE MO3BOIMIO
KypTya OTKpBITE HOBOE MPOM3BOJCTBO IO €r0 MOTYYCHHUIO JEHCTBHEM XJIOpa Ha BOAOPOCIH (peaKmus
3).

B nacrosimiee Bpems oz moaygaror, ucmoas3ys NOs™, I', H' (peakius 4) wim 1057, I, H (peakuus 5).

4. 3anummure ypaBHeHus (¢ KodpdunueHTaMun) s peakuuid 1-5.

1

PactBOopuMoOcCTS H0n1a B BOJE OYEHb Majia, HO pe3KO BO3pacTaeT Mpu A00aBIeHUH Hoaua-uoHoB. [Ipu
3TOM 00pa3zyercst TpUHOUI-1OoH I3
I'(Bomn.) + Io(BoxH.) = 5" (BoaH.) (6)

PaBHOBecue (peakuusi 6) MOKET OBITH M3YyYEHO C MCIIOJIB30BAaHKWEM DKCTpakuuu l, AuxiiopmeTaHoM.
Houbl I" u I3™ HepacTBOpMMBI B OpPraHMYECKOM pacTBopuTese, a I pacTBOpUM XOpOIIO U TPHU
SKCTPaKIUM €ro AWUXJOPMETaHOM, €ro KOHLEHTpauus B JAuXJopMeraHe B 15 pa3 mpesbllIaer
KOHIIEHTPALUIO B BOJHOM PacTBOpE.

brin poBeneH ciemytonuii SKcrepuMeHT. ICXOMHBIH pacTBOp OBUT MPUTOTOBJICH ITyTEM PAaCTBOPEHUS
Kpuctayumueckoro Woxa B 50.0 M BogHOro pactBopa, cogepxamero 0.1112r #oguna xamua. K
UCXOIHOMY pacTtBopy noGaBuiau 50.0 M AuXJOpMeTaHa M CMECh THIATENBHO IEpeMeIland 0
ycraHoBJeHus paBHoBecusl. [locie paznenenus a3 kaxaas U3 HUX Obljla OTTUTPOBAHA B IPUCYTCTBHU
Kpaxmaia, Ha uyTo norpeboBanoch 16.20 mi (a1 opranmyeckoit ¢aser) u 8.00 M (a7t BOgHOH (a3er)
cTaHgapTHOTO pactBopa, B 1,000 m xotoporo comepxutrcs 14.9080 r meHTraruapara THOCyIbdhara
HaTpHsl.
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Bech SKCIICPUMCHT CXCMATUYCCKU MPECACTABIICH HUXKE!

S,04% no6asunu
2 4 Kpaxman 6 TUTPOBaHWe
MoYTU 4O TOYKU A0 KOHUa
SKBUBANEHTHOCTU \
PasneneHve BogHas dasa 8
+
WexoaHblin CHCl a3
pacTeop
opraHuyeckas dasa 9
noBasunu
2-
3 S20s Kpaxman v /Tw:posaHme
_—
noYTN A0 TOYKN 'qo KOHLla
3KBUBANEHTHOCTU
< 7 & 7 7 &< 7 7
Koo FOJ’Iy60fI TeMmuO Kopurunessrit
P P = CUHUH TemHo Temno
% 030BbIN i
HEBLIU L y Y broneToBbIi (buoneToBbIit
<. f & { =, [ = {
Becuser- XKenroBatsrii Kenro- BecrBeTHbIi
HbIH Po3zoBsrit BaTbIH BecuerHsIit
\ / \ J \ J \ J

f g h i

5. YCTaHOBHTE COOTBETCTBHE MexXIy HOMepoMm cMmecH (1-9) Ha BepxHell cxeme U OykBoii (a—i) Ha
pHICYHKE.

byksa,
Howmep cmecu o0o3Hauaromas
CTaKaH

O (R |\ ||| ==
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6. IlpuBenuTe ypaBHEHHE IBYX BO3MOXXHBIX pEAaKIUi B BOMHOH (aze, MPOTEKAIOIINX IPH

TUTPOBAHUH, C ydacTHeM HoJa u THOCYNIb(haTa HATPHsL.

7. PaccumTaiite Maccy ﬁo;[a, B3ATOr'0 AJid MPUTOTOBJICHUA HCXOAHOI'O pacTBOpA.

Brruucienusa

m(ly) =

8. PaccuuTaiiTe KOHCTaHTY paBHOBecus K 1is peakiuu (6).

Brruucinenusa
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3amaua Bompoc 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | Beero
T5 Ouku 3 4 4 2 5 5 4 3 5 2 2 2 41
8 6ast08 PesynbraT

3agaua TS5: O HaHOMAIIMHAX

HaHoMaImmmHeI - 3T0 MOJIEKYJISIpHBIE YCTPOUCTBA, KOTOPhIE TO3BOJISIIOT TPEOOPA30BBIBATh DHEPTHUIO B
JBIDKEHME, HApUMeEp, Ul JOCTaBKH JieKapcTB. MHOTHE HAHOMAIUHBI HCIIONB3YIOT W30MEPH3AINI0
azocoenuaeHni (R—-N=N-R’) mpu o6iryaennn.

1. H3o6pa3ute crepeom3omepnl azobenzona (HsCo—N=N—CsHs) 1 mpoBeauTe B KaXI0H MOJICKYJIE
JIUHUIO MEXKIY JBYMS CaMbIMU YAaJEHHBIMU aroMamu yrieponaa. CpaBHUTE JUTMHBI 3TUX JTUHHUN
(drpauc ¥ dyuc), TOCTABHB 3HAK “O0JIBINE” WK “MEHBIIIE” B MECTE JIJIS OTBETA.

mpaHc- yuc-
CpaBHeHHE: dTpch dpc
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Puc. 1 — Bozmoorcnvle peacenmot 0151 cunmesa M.

2. Coemunenue M MokeT OBITh CHHTE3UPOBAHO B JIBE€ CTaJUM M3 TMPOCTHIX PEarcHTOB
(puc. 1). Cpenn npemioxeHHBIX pearcHTOB (0T N 1o Q) BbIOepHTEe T€, KOTOPHIC TO3BOJISIOT
nmosrydath M C OYEHB BBICOKOM permoceiaekTuBHOCTRI0. Hutpur Hatpus (NaNO,) B XoiaomHOM
BOJIHOM PacTBOPE COJSTHOM KUCIIOTHI UCTIONIB3YETCs B KAUECTBE pearcHTa JUIs IEPBOH CTa UK 3TOTO
CUHTE3a.

Peareursr: Hu
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OnpenesieHue KOHCTAHTHI ycTOUNBOCTH K

B-mmknonexctpun (C, puc. 2) sSBIAETCS HUKINYECKAM TeNTaMEPOM TIIFOKO3bI, KOTOPBIH MOXET
00pa3oBBIBaTh KOMIUIEKCHl BKIIIOYCHHS! C a30COCOMHEHMSIMA. B myHkTax ¢ 3 mo 6 ¢ MOMOIIBIO
CTIEKTPOCKONUK OYyAET OIpeseieHa KOHCTaHTa YCTOWYMBOCTH K;, COOTBETCTBYIOLIas 00pa30BaHHIO
koMmrutekca BKIIOUEHUST CMipane, KaK TIOKa3aHO Ha pHC. 2.

C M TPpaHC C M TpaHC

Puc. 2 — Obpazosanue komnnexca sxmoueruss CMipaye.

Bt npurorosneH psa pacTBopoB myTeM cMerieHns pacTBOPOB C M Mipane B Pa3HBIX MPOIOPIHUAX. B
MOJIYYCHHBIX pacTBOpaxX HavyallbHbIC KOHIIeHTpauuu ctanu paBHbI [Clo ¥ [Mypanc]o. B mpuroToBneHHbIX
pactBopax [Mipanc]o oHAKOBO Juis Beex, a [Clo - Bappupyercs. [Ipu GUKCHPOBaHHOW JTHHE BOJIHBI
M3MEPSUTH M3MEHEHHE PA3HOCTU B ONTUYECKOW IIOTHOCTH AA MEXIy MOTJIONICHHEM KaKJIOro W3
MPUTOTOBJICHHBIX PACTBOPOB M PACTBOPOM YHUCTOTO Mipawe. bByZeM 0003Ha4YaTh MOJISIPHBIC
ko3¢ ¢urueHTs NOrIOMEHUS CMypaue U Mipane KaK ECMrpanc ¥ EMrpanc COOTBETCTBEHHO. L - JTMHA
OIITHYECKOTO MyTH Jiyda uepe3 obpaseu. [Tornomennem C (€C) MoxHO npeHeOpeUb.

3. Hoxaxute, yTo A4 = @[CMipanc] ¥ BBIPA3UTE 0 Yepe3 U3BECTHYIO KOHCTAHTY(KOHCTAHTBI).

Brikmanku:
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4. Hoxaxwute, uto, koraa C HaxoauTcst B OOIBIIOM M30BITKE IO OTHOMIEHUIO K Mipane (TO ecTb [Clo
>> [Mupanc]o), KoHLIeHTpauo C MOKHO cuuTaTh NOCTOIHHOH, [C] = [Clo.

Brikmanku:
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5. IMokaxwute, uro, eciu KoHIEeHTpamus C cribHO TpeBHIACT Mipaue (TO €CTh [Clo >> [Mupanc)o),

—_ . B-[Clo
T0 M A=« TRl

KOHIICHTpAITHIO (KOHIICHTPAIINUN ).

Y BbIPa3uTe £ yepe3 MOCTOSHHYIO (IOCTOSIHHBIE) M HAYaJIbHYIO (Ha4aIbHbIC)

Brikmanku:
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6. Omnpenenurte K; ¢ HCIOIL30BAHUEM CIIEAYIONIEH SKCIIEPUMEHTAIBHON KalnOpOBOYHOW MPSMOM

(puc. 3).
20
18
16
14
12

10

1/AA

Z (1000, 17.2)—

-

TY (100, 4.2)

I I I
600 800 1000
1[C], (1/M0JB)

Puc. 3 — 3asucumocmo 1/AA om 1/[C],.

T T
200 400

BBIKHa,[[KI/I " pacCyCThI:
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Kt:

OnpenesieHue KOHCTAHTHI ycToitunBocTu K

B nynkrax ¢ 7 mo 9 Bam mpencTouTt ompenenuTh ¢ MOMOIIBI0 KHHETUYECKUX JAHHBIX KOHCTAHTY
YCTOHYHMBOCTH K., COOTBETCTBYIOIIYIO 00pa30BaHuI0 KoMIUTeKkca BKIIOUCHHUS CM e 13 Myue. OOpaseri,
cofepXauii TONBKO Mipane, O0JyHaroT, Moydas, TaKUM 00pa3oM, M3BECTHOE KOMUYECTBO Mime
([Muuc]o — xoHueHTpanust Myye cpasy nocie o6aydenus). Myye (CBOOOAHBIN MK B COCTaBE KOMILIEKCA
BKITIOYCHUS ) 32aTEM TEPMUUECKU U30MepU3YeTCs B Mipanc. B 0TcyTCTBHE C M30MEpH3alus OMUCHIBACTCS
KUHETHKON MEepPBOro MOpsAKa ¢ KOHCTAHTOW CKOPOCTH ki. Bce paBHOBecHS KOMILIEKCOOOPa30BaHUS
ABJIAIOTCS 00JIee OBICTPBIMU YeM IpOoIecCh n3oMepu3anun. KnHernaeckas cxema, COOTBETCTBYIOIIAS
3TOMY 3KCIIEPUMEHTY, IIpeAcTaBiIeHa Ha puc. 4.

r."I'l
N
COOH
COOH

C M mHC CM nHC

K,
C + Muoue = = UM e
ﬁl I‘iz
K,
C+ M'rpmc ~ = CM TpaHo

Puc. 4 — Kunemuuecxas cxema uzomepusayuu Myue 6 npucymemsuu C.

CKOpOCTI: pacxoaoBanus r 0611161"0 KOJIM4YECTBaA Munc (CBO6OI[H01"O Hh CBsA3aHHOI'O B KOMHHCKC)

OIIPEACIIACTCA KaK
r=h [Muuc] + kZ[CMunc]
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OKCINEPUMEHTAILHO 7 ONUCHIBAETCS KUHETHYECKHM YpaBHEHHMEM IIEpBOTO TOPSJIKA C KaKyIIeHcs
KOHCTAHTOM CKOPOCTH Kobs:
7= Kobs ([Muuc] + [CMunc])

_ Y+6k2[C]

7. Iokaxute uTo kops = rrq 2 BBIPa3UTe y U 0 Yepe3 U3BECTHYIO KOHCTAHTY(KOHCTAHTHI).

Brikmanku:

8. Bbl0epure, mpy KaKOM(-HMX) YCIOBHH(-X) TIEPUOT TIOTYTIPEBPAIIECHUS ¢1/2, COOTBETCTBYIOIIHU Kobs,
In2 N .
MOXHO BBIPA3UTh KaK ty,, = :— (1 + K([C]p), cumuras, uro [Clo >> [Muuc]o. OB0cHYiiTe CBOIi

OTBCT COOTBCTCTBYIOIIIMMU BBIKJIAAKAMU .

Ouenb MeuieHHas n3oMepu3aust Muue B IMKJIOJIEKCTPUHE
OdeHp MeUICHHAs U30MepH3aIs CBOOOTHOTO Muuc
CMuuc SBIISCTCS OUCHBb CTAOMIbLHBIM

CMipanc ABISICTCS OYCHb CTA0OMIIBHBIM

oooao
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Brixiaagku:

9. [Ilpennonaras, yto ycinoBue(-Hs) B IYHKTE &8 BBIMONHACTCA(-IOTCS), C TMOMOINBIO JTHHEHHOM
perpeccuu onpeaeaute K., ICTIONb3yA TaHHBIE HIKe. BBl MOXKeTe NCTIOIB30BaTh KATBKYIISITOD FITH

MOCTPOUTH rpaduk.

[Clo (Monb 1 ") fi2 (€) [Clo (Monb 1 ") ti12 (€)
0 3.0 3.0-103 5.9
1.0-10* 32 5.0-1073 7.7
5.0-10* 3.6 7.5-1073 9.9
1.0-1073 4.1 1.0-1072 12.6

51-aa MXO — TeopeTuueckuii Typ

42




YyactHuK: UKR-4

YpaBHEHME JINHEWHOU PETPECCU:
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HanomammHbl
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e 2 : ; S
*_, azobenion (Tpanc)
*) azobenH3o. (mHc)
Puc. 5 — Paspywenue KoMHIeKca — BKNIOYEHUS  A300EH30J-YUKIOOEKCMPUH,  Bbl36AHHOE

domouzomepuzayuetl, 015 00CMABKU Kpacumens (NOKA3aHHO20 8 8uode cepbix cghep).

Hpyroe coeauneHune azobeH3ona (st koToporo K. << K;), mepBOHaYaIbHO HAXOISIIEECS B MPAHC-
(opMe, KOBAJICHTHO MPHUBHUTO Ha TUOKCUI KpeMmHUs (puc. 5). [lopbl AuoKcHIa KpeMHUsI 3aIl0JIHEHbBI
KpacureneM (ponamuH B, o6o3HaueH cepriMu Kpyxkamu Ha puc. 5). [Ipu nobasnenun C obpazyercs
KOMIUIEKC BKJIFOUCHHMS, KOTOPBII OJIOKHPYET MOPHI M PEIOTBPAIIAET BHICBOOOXKICHNE KPACUTEIIS.

10. BbiOepuTte Hanbonee MOIXoAdAlIee YCIOBHE (TOJIBKO OJWH BapuaHT), YTOOBI MOPHI M3HAYAIHHO
6nokupoBanuch B mpucyTcTBu C, M KpaCUTEIh MOT BBICBOOOXKIATHCS TP OOy IESHHUH.

Ki>>1
Ki>>1nK.<<l1
K/ K. <<1
Ki>>1nK:.>>1
K. <<1

oooono

[Topotok TUOKCHIAa KPEMHUS C MPUBUTHIM KOMIUIEKCOM a300€H30JI-IIMKIIOACKCTPUH, 3allOJHEHHBIN
KpacuTesieM, TOMEIIAI0T B YroJl KIOBETHI (pHUC. 6), YTOOBI MOPOIIOK HE MOT TEPEHTH B PacTBOD.
[Toportok 00JIy9aroT MPH UTHHE BOJTHBI A1, YTOOBI BEI3BATh BEICBOOOKICHHUE KpacUTEIs U3 TIop (puc. 5).
Uro0Obl KOHTPOJIUPOBATH 3TO BHICBOOOXKJICHHE C MOMOIIBIO CIIEKTPOCKONUH TIOTIIOMICHUS, H3MEPSIFOT
MOTJIOIIECHHE PACTBOpPA Ha JUTHHE BOJHBI ).

270 nm 330 nm 550 nm

frvz (¢ )

hv, /
— |

Puc. 6 — Cresa: sxcnepumenmanvhas ycmano6Ka, UCNOAb3YeMAast OJisk KOHMPOTS blC80O0NCOEHUS.
Kpacumeins, cnpasa: cnekmpuvl NO2I0WEHUs MPAHC-A300eH301a (CRAOWHAS TUHUSL), YUC-A300eH301a
(MuHUS MouKamu) u pooamuna B (NyHKmupHas 1unus).
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11. Onpeneante 4.

YyactHuK: UKR-4

A=

HM

12. Onpeneante A>.

A=

HM
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3anaua Bomnpoc 1 2 3 4 5 6 7 8 9 Bcero
T6 Oukn 4 4 5 3 10 2 9 6 5 48
8 bamton Pesynbrar

3apauya T6: O 0;10K-comosimmepax

Brok-cononumepkl, TOdy4YaeMble IyTeM CIIMBKH pPa3HBIX MOIUMEpOB (OJIOKOB), 007amaroT
YHUKQJIBHBIMH ~ CBOHCTBaMH, HampuMep, CIIOCOOHOCTBIO K  CaMOCTOSTENbHOH cOOpke B
HaJMOJEKYJSIpHbIE CTPYKTYphl. B maHHO 3a7ade paccMaTpuBaeTCs CHHTE3 U XapaKTepHU3amus TaKoTro
MoJIMMeEDa.

N3yuenne nepBoro d/10ka

HZN/\’<O\/>OCH3
n

1

B 3TOli WacTM MBI M3y4MM BOJOPacTBOpPHMEIN romomnoinmep 1 (A-METOKCH-(0-aMHHOTIOIHITUICH-
TJIMKOJIB).
B cnexrpe 'H SIMP coemunenus 1 (DMSO-ds, 60 °C, 500 MI'1y) HaOMI0Aar0TCs CIIELYOIIUE CUTHATIBL:

Hutewe | 304) | purrencmmmocn,
a 2.7% 0.6
b 3.3 09
N 3.4 0.6
d ~3.5 133.7

Tabauya 1, *6 npucymemesuu D>0, cuenan npu 2.7 m.0. ucuesaem.

1. Coornecure nuxu B 'H IMP cnexrpe (a, b, ¢, d) u3 Tabmumps! 1 ¢ KakJbIM U3 NPUBEICHHBIX HUKE
MTPOTOHOB.

O 0o 0O o4

51-aa MXO — TeopeTuueckuii Typ 46




YyactHuK: UKR-4

2. BbIpa3uTte CpeIHIOI CTENCHD MOJIMMEPHU3AIUK 7 KaK (DYHKIUIO WHTETPAbHOW MHTEHCUBHOCTH
curHaia OC;Hs (Aocans) TOBTOPSIOIIETOCS 3BE€HA M HHTETpalibHOM HHTeHCUBHOCTH curHana OCH3
(Aocn3). Beluncaure 7.

Ecnu 6am ne yoanoce naiimu n, évl Modxceme ucnoav3osams 3navenue n = 100 6o gcex nocnedyiouwux
NYHKMAax 0aHHOU 3a0aqu.

H3ydenue comosimmepa, NOCTPOCHHOI'0 U3 ABYX 0JI0KOB

CuHTe3 BTOpOTO 0JI0Ka COTIoJTUMEpa MPOBOANTCS B X0/1€ peaknuu coeauHeHus 1 ¢ coenmnaenneM 2 (N-
KapOOKCcHaHTHapHIa ¢ &-(0CH3UITOKCUKAPOOHHIT)-IM3UHOM), B pe3yJIbTaTe KOTOPOH 00pa3yeTcs OJIOK-

comnonumep 3.
H 0
N NH\H/O m
o:< I\/\/ I
0™ ~o

2: C45H1gN,05, 306.3 r monb™’
NHCbz

0

Chz- ©ﬁo)§

3. HapucyiiTe CTpyKTypHYIO (OpPMYITy HHTEpMEAHUAaTa, KOTOPBI 00pa3yeTcs Ha EpBOM CTaANU MPH
nobaBnernnu 1 k 2. Yurture, 4TO B XOJe BTOpOi craamu Beigensercs ra3 G. HapwucyiiTe
CTPYKTypHYIO dopmyny G.

H
NH o\/©
H2N/\/<O\/>\OCH3 + o:<NI\/\/ \”/ e ?
1 n o o , (o]
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CtpyKTypa HHTEpMEUATA: Crpykrypa G:

4. XapakTepu3ario COeIMHCHNH JyacTo mpoBoasT o nHppakpacHeM (MK) ciekrpam. CooTHecHTe
tpu UK cnektpa, mpeacTaBleHHBIX HUXKE, ¢ coequHeHusaMu 1, 2 u 3.

100
. CoepnHeHue:
g 60
T 40 01 02 O3
20
4000 3500 3000 2500 2000 1500 1000
o (cm™)
100
50 CoegunHeHue:
= 60
X 4 0102 O3
20
4000 3500 3000 2500 2000 1500 1000
o(em™)
100 \—
80 w CoeanHeHue:
= 60
X 40 01 02 O3
20
4000 3500 3000 2500 2000 1500 1000
o(ecm™)

5. 'H SIMP cnextp conomumepa 3 (DMSO-ds, 60 °C, 500 MI'n) npusenen Ha puc. 1. Ucnonssys
HEKOTOpBIC WJIM BCE CUTHAJBI, HHTErpalibHAasi WHTCHCUBHOCTh KOTOPHIX yka3aHa B TaGmuie 2,
paccuuTaiiTe CPeIHCUNCIOBYIO MOJISIPHYIO Maccy M, WCHONB3ys 3HAYCHHWE /7 W3 MyHKTa 2.
Oo0BenuTe Kpy)KOUKOM(-aMu) TPYIIy(-bI) aTOMOB, KOTOPBIE BBl HCIOJB3yeTE JJIS PacueToB, a
TaKKe YKAKUATE COOTBETCTBYOMUI(-1ue) uM cuMBoI(-bI) (a, f...).
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Tabnuya 2

Cursan | WmrerpansHas
MHTEHCHBHOCT

a 22.4

B 119

Y 23.8

) 47.6

€ 622

8 7 6 5

4
6 (ppm)
Puc. ] — CUCHAJlbl, NOMEUYECHHblEC *, OMHOCAMCA K pacmeopumenio u 6006.

*
M
A
3 2 1

H™ N>\J< v\>ocH3
H n
m
HNT]/O\/O

@)
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M, = KT MOJIb |

3anummTe OTBET ¢ ABYMs I paMu Mmocye 3ansToi.

Peakuus mexny 1 u 2, npoeenennas npu 40 °C, npuBena k 00pa3oBaHuio comnonumMepa 3a gepes 20 4,
conoiumepa 3b depe3 254 u comomumepa 3¢ yepes 30 4. PesyiabTarhl reiib-GHIBTPALMU, TAKKE
Ha3bIBaEMOM SKCKIIIO3MOHHON XpoMaTtorpadueii (size-exclusion chromatography, SEC), npuBenens! Ha
puc. 2.

6.0 6.1 62 6.3 6.4 6.5 6.6 6.7
V., (mL)

Puc. 2. SEC xpomamozepamma coedunenuii 3a, 3b u 3¢ 6 suoe 3asucumocmu om o6véma snroenma, Ve.

6. CooTHecUTe CUTHAIHI Ha puc. 2 ¢ conoaumepamu 3a, 3b u 3c.

3a: Ox Oy Oz
3b: Oox Oy 0z
3c: Ox Oy Oz
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C 1menplo KanuMOpPOBKH XpOMAaTOTrpaMMBI Obla WCIOJIB30BaHA CMECh CTAHJAPTHBIX ITOJIMMEPOB C
u3BecTHBIMM Maccamu (3, 30, 130, 700 u 7000 kr mons ') (puc. 3).
Jlorapudm MoJIIPHOI MacChl ABJISETCS JIMHENHON QYHKIMEH 00beMa ditroeHTa, Ve.

AAAAAAAAAA

3.0 3.5 40 45 50 55 6.0 6.5
V, (mL)

Puc. 3. SEC xpomamozcpamma cmecu cmanoapmmuvix HOJUMeEpPOS.

7. W3 ananu3a kpuBBIX Ha puc. 2 and 3, onpeaeante V. moimmepa, KOTOPOMY COOTBETCTBYET KpUBast
X. Ucnonp3yiite HaliilecHHOE 3HAYEHHE 151 OLeHKH CTETICHH TOJIMMEPU3aIlK 7 BTOPOro OJOKa.
IlpuBenuTe Baly pacueTbl; Ui OLEHKU Bbl MOKETE UCIIOJIb30BaTh KAJIBKYJISTOP WIH IIOCTPOUTH

rpaduxk.
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3
I

CuHTe3 TPubI0K-cOMmoIuMepa

Tpubnok-comosmmep 9 MOKET OBITh UCTONB30BAaH B OMOIOTHYECKUX HCCICIOBAHUSX, CBSI3aHHBIX C
obpazoBannem mureinl. ConmomuMep 9 MokeT OBITH CHHTE3UPOBAH ITyTEM BHEAPECHHS CPEIHEro OJI0Ka

B c ucnons3oBaHueM MoHoMepa 5.

@)
Ot ps TP oyl 0),
n 110 °C " P
4: A 6: A-B
MsCI/NEt3 NaN 5 Pd/C, H, 7 m2 8 + maG
C4HgNH,
CF 3COOH/HBr ~0 W M *\)\NH)H
8
9: A B-C
Cl
MsCI: O:SIZO
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8. MHM3o0pasute cTpyKTYphl 5, 7 1 8, eClii M3BECTHO YTO B XOJ¢ peakimu «4: A» = 6 oOpasyetcs
JIMIITEG OWH MPOAYKT, 0003HaYEeHHBIH «6: A-B», a Takke, uTO Ha TOCIIeAHElH cTaauu 8 > «9: A-B-
C» BBIIENsACTCS Ta3.

9. AmbudumibHelii 05ok-conoaumep 9: A-B-C HaxoauT MpUMEHEHHE B MEAUIIMHE, MOCKOJIBKY OH
CIOCOOCH CaMOIIPOU3BOJILHO COOMPAThCsl B MULEILIBI B BoaHOU cpene (pH = 7), 4To MOXKeT OBITh
MCIIOJIB30BaHO JJI51 aIpECHON JOCTaBKH JICKAPCTBEHHBIX MIPENAPaTOB. Y KAMKHTE CBOWCTBO KaXKA0TO
070Ka comoimMepa. YUHTHIBas YCTAHOBJICHHBIC COOTBETCTBUS, HAPHMCYIiTe CXeMy MHIIEIUIBI,
HOCTPOCHHOH M3 4 MOJIEKYJ COIOIMMEpa.

A: O ruapodoOHbIit O ruapoduibHbIi
B: O runpodoOHbIii O runpoduibHbII
C: O ruapodoOHbIit O ruapoduisHbIi
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3amgaua Bompoc 1 2 3 4 5 6 7 8 9 10 | 11 | Beero
T7 Ouku 4 12 2 2 5 5 54
6 Banios | peyyiprar

3agaua T7: O aBUKeHUH

B 2016 romy CaBax, Crommapt u ®epunra Obutn yaoctoenbl HoOeneBckoi npemMun "za ousaiin u
cunmes monexyaapuvix mawun"”. IlpuMepoM TakoW ‘“‘MammHBI’ SBISETCA [2]KaTeHaH, MOJEKYJa
coJiep)Kalliasi 1Ba CICTUICHHBIX IUKJIa. B 3Tol cucTeMe OJMMH MaKpOLMKI COACPKUT OWJICHTaHTHBIN
(DCHAHTPOIMHOBBIN JINTAH/A, a JPYrod MaKpOIWKI COJEPXHT JBa JIMTaHZa: (DEHAHTPOIWHOBBIA WU
TPUICHTAHTHBIN TEPIUPHUINHOBEIN. MOH Memu KOOpAMHUPYETCS K OJHOMY W3 JIMTAHIIOB KaXKIOTO
MaKpOIIMKIIA B 3aBUCUMOCTH OT CTETICHU OKUCJICHUS, YTO CTAOMIU3UPYET OAHY U3 ABYX KOH(popmarmii
(Pucynox 1).

Pucynox. 1 — Myasmucmabunorocme yukinos 6 [2]kamenane.

CxeMma cuHTe3a MaKpOIMKJIa ITPUBCACHA HUKE!

Br\/\OO

O
(N N7 LDA _ 0 (N N7 OTHP 2
AN (2 equiv.) [ B ] (2 equiv.) AN E
| = | =
A D

MsCl LiBr
(2 equiv.) E (2 equiv.) G
EtsN C23H27N306S,
3 8
MsCl =H3C-S-Cl THP = LDA =
3 o

1. IlpuBemute cTpykTypy B.
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2. Hpusemnte ctpyktypsl E, F u G.
E

F

G

3. U3 npuBeneHHBIX HUKE YCIOBHH Bbl0epuTe TO(Te), B KOTOpoM(-biX) D mpeBpamaercs B E.
O H", H.O

O OH, H.0

0 NaBH4, CH3;0H

O H», Pd/C, THF

4. B panaom cunteze MsCl urpaet ponb peareHTa Ajs CO3AaHusl:
O VYxopsmiei rpymiisl

O 3amurtHOM TpymIibl

[0 JleakTHBUPYIOIIEH TPYIIIIBI

[0 Hampasnstomie# rpymmb
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5. BemectBo G moxyuarot B3aumoeiricteueM F u LiBr B arietone. 310 peakius:
[ DnexrpoduabHOro apoOMaTHYECKOTO 3aMEICHHUS

L0 Hykneo(duiabHOro apoMaTHUECKOTO 3aMEIICHHUS

O Sni

O SN2

6.

HapucyiiTe nepexoIHOE COCTOSHUE CKOPOCTh-TUMUTUpYIOIEH craguu peakuuun F — G ¢

yKa3aHHEM CTEPEOXUMHH Ha TMPHUMEPE OJHOTO PEAKIMOHHOTO IIEHTpa. YTJIEPOJHYIO IIEeMb
0003HaybTE Kak R.

ITepexoaHoe cocTosaHME:

B cunTese [2]kaTenana L ucmionb3yroT TeMIUIATHBIN 3)PEKT B KOMIUIEKCE ¢ ME/IBIO:
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7. 3anuimTe MOJHYIO 3JeKTpOoHHYI0 KoH(urypamuio Cu(0) B ocHOBHOM coctosiHuH. IIpuBeanTe
crenieHb okucienns Cu B koMIiekce J v NpUBeIuTe TMOTHYIO 3JEKTPOHHYI0 KOHQUTYPAIHIO IS
MOHA MEJH B dTON CTETIEHN OKHCIICHISL.

[TonHas snexrporHas koHpuryparws Cu(0):

Crenenn oxucienns Cu B J:

[TonHas >nekTpoHHAS KOHPHUTYpAITHI HOHA MeTH B J:

8. ¥Ykaxure (OTMETHTE TaJIOYKOW) reoMeTpHI0 HoHA Mean B L. B mpennonoxeHun 4To reoMeTpus
PAacIoIoAKEHUS JIMTaHJ0B BOKPYT MEAM HieajibHas, HAPMCYITe TuarpaMMy 3JIEKTPOHHBIX YPOBHEH
d opOurameii COrmacHo TEOpUH KPUCTALUIMYECKOTO TIONSA. 3amOJHHUTE OTy IHarpaMmy
anexkTpoHamy. IIpuBenTe MaKCUMaIbHOE 3HAYEHUE CIMHA (S) 3TOT0 KOMILIEKCa.

I'eometpus Cu B L:

[0 Oxrasapuyeckas

0 Terpasapuueckast

[0 TlmockokBamparHas

O TpuronanbHas Ounupamuaa

3amoHeHHAs dJIeKTpoHaMu Auarpamma d opOuraiei:
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9. U3 nmpuBeneHHBIX HIDKE COCIMHEHMIA, BRIOEPUTE TO(TE), 9YTO MOXKET(-TyT) U3BIICKATh HOH MEJIU U3
L c ob6pa3oBanueM cBoboaHOTO [2]KaTeHaHA:

NH,
[0 CH3;CN
O NH4PFe

N
0 KCN HZN/\/ \/\NHz
[ tren
tren

B [2]karenane L, moH Memu MOXET CyIIECTBOBaTh B JBYX crereHsx okucienus (+1) wmu (+11). B
KOKIOW W3 CTENEHEH Menh WMeEeT pa3iuvHyl0 KOOPAMHAIMOHHYIO cdepy (TeTpa- WM IeHTa-
KOOPIWHHUPOBAHHYIO, PUCYHOK 2).

Cu''N;

Pucynox 2 — Cocmosnus [2]kamenana L.

CrabunpHocts Cu(l) KOMIJIEKCOB MOXKHO OLIGHHTb, COOTHOCSI HMX DJJIEKTPOHHOE CTPOCHHUE C
3IIEKTPOHHOM KOH(UTYpaLleil COOTBETCTBYIOIIETO 0J1aropoaHOTO Ta3a.

10. 3amoJaHUTE MPOIYCKH B TEKCTE M MOCTaBHTE TAIOUKH:

Kommnekc Cu'N4 uMeeT ... 3JIeKTPOHOB BO BHYTPEHHEN KOOPAMHALMOHHOM cepe MeTaa.
Kommneke Cu'Ns umeeT ... 371eKTpOHOB BO BHYTpEHHEH KOOpIMHAIMOHHOM cdepe MeTasa.

Kommmieke Cu'N4 6onee O / menee O crabuien yem komruieke Cu'Ns.

51-aa MXO — TeopeTuueckuii Typ 59




YyactHuK: UKR-4

11. 3anoJaHNTE «CIUIONIHBIC)» MPAMOYTOJEHUKA O003HAYCHUEM BBINICYITOMSIHYTHIX KOMILICKCOB W3
Pucynka 2. 3amnonHHWTE «IYHKTHPHBIE» NPAMOYTOJFHUKH YCIOBUSMHU 3JIEKTPOXUMHUYECKOTO

KOHTPOJISI CUCTEMBI HCIIONB3YsI CIIETYIOIIIE 0003HAUCHHUS: b (Bpamenue); + ¢ ; —¢.

CUIN4
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3amaua T8: O nno3urTax

B aroif 3amaue TepMunHb “npoexkuua Muwii3a” v “nepcneKTHBHAS MPOEKUHsT™” UCIIONb3YIOTCS,
KaK [MOKa3aHo Ha MpUMepe B-TIF0KO03bI, CIETYIONIIM 00pa3oM:

OH
HO 0
HO OH
OH
poeKkIus Mumza MIEPCIICKTUBHAS MPOCKIINS

MHo3utamu Ha3bBIBAIOTCS ITUKIOTEeKcaH-1,2,3,4,5,6-rekcaonsl. HekoTopsle W3 HUX, B YaCTHOCTH
MUO-WHO3UT, IPUHUMAIOT YYaCTHE B Psijie OMOIOIMYECKUX MPOIIECCOB.

CTpyKTYypa MUO-UHO3UTA

1. HapucyiiTe CTpyKTypHYIO (POpMYITy HHO3UTOB 0€3 yKa3aHUS CTCPECOXHMHIH.

OTO CceMEeHCTBO MOJIEKYN COMEPKUT 9 pasmUYHBIX CTEPEOM30MEPOB, B HYHCIO KOTOPBIX BXOIAT
SHAHTUOMEPHI.

2. HapucyiiTe cTpykTypsl Mmni3a BceX ONTHYESCKH aKTHBHBIX CTEPEOU30MEPORB.

JIJ11 MHO-HHO3UTa YCTOWYUBBIM SIBISICTCS TOJIBKO OJIMH M3 KOH(POPMEPOB KPECEIILHOTO THITA, CTPYKTypa
KOTOpPOro OblIa 1okasana Ha ocHoBanuu 'H SIMP criexrpockonuu. Criektp 0611 onyues mpu 600 M
B D,0O. Hukakue npyrue cWTHajabl OT 3TOTO COCIWHEHWS HE HaOMIomaroTcst B dToMm cruekrtpe. Ilox
Ka)XIBIM CHTHAJIOM YKa3aHa ero HHTErpatbHas HHTEHCUBHOCTD.
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<+ o < © o M 0 O — Y =
0 o< I o 0 © o
S o o © © ® D D I 1D NN
< < < o5 e e e e e s Mo
N P ~N -7~ ~ |~
d c b a
\‘—JHVHL T
1.0 2.0 2.0 1.0
4.1 4.0 3.9 3.8 3.7 3.6 3.5 3.4 3.3 3.2

d (ppm)

3. IIpuBeaure OpyTTO-HOPMYIIy OCHOBHOI'O COCAMHEHHS, OOpPAa3yIOIIErocss M3 MHO-HHO3UTA B
HCCIIELyeMOM 00pasiie, KOTopasi COOTBETCTBYET YKCITy IpOoToHOB B 'H SIMP criekTpe.

4. Ha ocHOBaHMH KOJIWYECTBA CUTHAJIOB U UX PIHTCFpaJ'ILHOﬁ HMHTCHCHUBHOCTH, 3AIINIIHUTE KOJITMYCCTBO
ITIOCKOCTEH CUMMETPHHU B OTOM COCIMHCHWH.

5. dopucyiiTe TEPCIEKTUBHYIO IPOCKITMIO HamOojiee CTA0MIBHOTO KOH(OpMEpa MHO-WHO3HUTA.
OTMeThTe KaXK/Iblii aTOM BOJIOpo1a OykBamu a, b, ¢ u d, KOTOpbIe COOTBETCTBYIOT curHayiam B SIMP
criektpe Boie. [IpoToH a 1oKeH HaXOAUTHCS BO3JIE YIiiepoaa a Ha 5ToM pucynke. Hapucyiite
MpoeKIuio Muiiza MUO-MHO3UTA.

[Tpoeknusa Muuisa:
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CuHTEe3bl HHO3UTOB

MacmtabupyeMbplii  CHHTE3 HEKOTOPBIX HMHO3UT(OCHATOB SIBISACTCS aKTyaldbHBIM I psiza
MEIUIMHCKHX 3ana4d. CUHTe3 nHO3UTA 2 13 OpoMauoa 1 uccaeIoBaH HIXKE.

OH Br OH
HO,, . _LOH OH HO OH
L, — — I X
- —_ =
HO” > “OH OH HO” > “OH
OH OH
2 1 3

o

Bui0epuTte (OAWH WM HECKOJBKO BapHUaHTOB), KaKUM 00Opa3oM COOTHOCSTCS MEXIy COOOM
coenuHeHus 2 u 3.

SHAHTHOMEPHI
SMUMEpPBI

JMacTepeoMeEpBI
aTpONIOU30MEpPBI

ooonO

WHo3uT 2 MOXKET OBITh HOJIYYEH U3 coeauHeHus 1 B 7 craauii:

! HO. ‘:
Br O E Q E
- 4 - 5 ! !
OH p-TsOH CHyCl, o
1 | p-TsOH: Oé-OH |
1 II 1
s o :
Bn-OH, BF3*OFEt n-BusSnH, AIBN ©
5 25 CigHiBrO, itk /©: <
10°C THF BnO” ~~ 7O
6 OH
7
oH
OsO4, NMO HCI (aq) A HO,, _~_LOH
7 » g 9 —>»

Acetone / HyO EtOH, 25°C HO” > “OH
NS . OH
| ! 2
: N/ O :

o ol
| ©/ " NCXN»,NXCN o) |
5 O CH; !
Bn-% AIBN NMO |

___________________________________________________________
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7. Hapucyiite CTpyKTypy coeauHeHus 4 B mpoekuuu Munza.

4

8. B peaknuu mosydeHus BEIIECTBA 5 y4acTBYyeT HauOOJee AJIEKTPOHOOOTAIICHHAS IBOMHAS CBS3b.
O0BeINTEe KPYKOYKOM HamOojee IIEKTPOHHOOOOTAIEHHYIO IBOMHYIO CBs3h B 1-Opom-1,3-
[UKJIOTEKCA/INEHE, KOTOPBIH sBISICTCS aHanorom coeauHeHus 4. OTAETbHBIMH PUCYHKAMU
MOKAKUTE BCE AIEKTPOHHBIE 2P (PEKThH aToMa OpoMa B 3TOI MOJIEKyIIe.

Br

9. HapucyiiTe CTpyKTypy OCHOBHOTO AHacTepeoMepa COSAUHEHUS S B MpoeKuu Muisa.

5

10. Yxkaxute obliee KOJTHMYECTBO CTEPEOH30MEPOB COEANHEHNUS 5, KOTOPBIE MOT'YT MOJTYYUTHCS B STOM
CHHTE3€, €CJIM UCXOJUTh U3 SHAHTUOMEPHO YHCTOr0 COeAUHEeHHUs 1.
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11. B mpeBpamennu 5 — 6 obpa3yercst Takxke M0OOYHBIN MPOIAYKT C TakoH ke OpyTTo-hopMyIIoH,
KOTOpBIH 0003Ha4daeTcs 6°. HapucyiiTe CTpyKTypHI BEmecTB 6 u 6’ B mpoekinyn Mumiza

6 6’

12. HapucyiiTe CTpyKTypbl OCHOBHBIX TUACTEPEOMEPOB coeAuHeHUH 8 1 9 B mpoekiuu Mun3za.

13. BblOepure npaBUIbHBIN(-¢) HAOOP(-bI) YCIOBUIM A ISl TOTYYEHUS COeTMHEHUS 2.

L H», Pd/C

O K.COs, HF

O HCOOH, H,O
O BF;-OEt;
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14. Tlpu otcyrcTBUHM Opoma B coequHeHHH 1, KpoMe coelWHEHHS 2 B BBHIIETIPHUBEACHHON CXeMe,
Hojy4aercsl euie oauH crepeousomep. Ilosaras, 4To CTEpeOCENEKTUBHOCTh BCEX pEakUuil U
JKBUBAJICHTHbIE OTHOLIEHUS BCEX pEarecHTOB B JTOH CHUHTETHYECKOM CXEME OCTaloTCs
HEU3MEHHBIMH, HAPUCYHTE CTPYKTYpPY BTOPOTO CTEPEOM30MEPA B IPOCKIIMU MUIlI3a 1 YKAKUTeE,
KaK €T0 CTEPEOXUMUS COOTHOCUTCA C COEAMHEHUEM 2.

SHAHTHOMEPBI
AMUMEpPbI

acTepeoMephI
aTpOIIONU30MEPBI

ooonO

—_
9]

. BblOepuTe Kakue cTamusa(-uu) SBJISFOTCS CTAOMSIMH CHSATHS 3allMTHBIX/HAMPABISIONIMX IPYII B
cxeMe chHTe3a coeqnHeHus 2 us 1.

1—4
4 -5
5—-6
6—-7
7—8
8§ -9
9 -2

OooOooOood

51st IChO — Theoretical Exam 66




YyactHuK: UKR-4

3amaua Bomnpoc 1|23 |4]|5 6 |7 (8|9 |10 |11 | 12 | 13 | Bcero
T9 Ouku 2121413 12]17]|1 12| 4 2 2 2 44
761108 | pesynprar

3amaua T9: O Gos1eyTOIAOIIUX

Yacts 1.

MecrtHbIi anecTeTnk OyrmmuBakanH (Marcaine™) Bxoaut B niepedeHb BO3 0CHOBHBIX JIEKapCTBEHHBIX
BeriecTB. HecMoTps Ha TO, UTO MCHOIB3YEMBIH TIpenapaT MPUMEHSIETCS B BUZIEC PAlleMUYEeCKOW CMECH,
OBUIO MPOJEMOHCTPUPOBAHO YTO OJMH M30Mep OyNUBaKaWHa, Ha3BaHHBIN JICBOOYIUBAKAWH, UMEET
MEHBIIYI0 KapJAUOTOKCUYHOCTh M TOdTOMY Oe3omacHee panemara. JIeBOOyNmUBakamH MOXET OBITh
CUHTE3MPOBaH U3 MIPUPOJTHON aMUHOKHUCIIOTHI L-Tn3uHa.

+

cl” NHs" _

+ (o]
HgNw
(o]

rnapoxnopua L-nnsnHa

1. ¥Ykamure KOHQUTYypaIMIO XHPATHHOTO [IEHTpa B ruapoxiopuae L-mu3nHa, MosSCHUTE Balll BHIOOP
YKa3aB MOPAIOK CTAPIINHCTBA 3aMECTUTENCH NPU XUPATbHOM LIEHTpE.

Kougurypanus: CrapmuHcTBo 1 > 2 >3 > 4!
OR NH3*. - NH3* olele} H
> O 8 boo

[pedukc L B L-IM3WHE COOTBETCTBYET OIPEICICHHOW KOHMOUTYpalM XWUPaJIbHOTO IEHTpA.
Bui0epuTe BCe MPaBUIbHBIC YTBEPKICHUS:

N

Bce npuponnbie L-aMUHOKHCTOTHI JIEBOBpPALIAIOLIHE.

[IpupoaHbie L-aMUHOKHUCIOTEI MOTYT OBITh KaK JICBOBPAIIAOIIUMU, TaK U TPaBOBPAIIAOIIIHMHU.
Bce npupoabie L-aMUHOKHCIOTE HIMEIOT KOHPUTYPAILIUIO XUPaIbHOTO TeHTpa (S).

Bce mpupoaHbie L-aMUHOKHCIOTH KIMEIOT KOHGUTYPALIMIO XHUPAIbHOTO HEeHTpa (R).

oooa

YacTo TpebyeTcs, 9To0BI TOIBKO OJHA aMHHOrpyNna B L-nmusuHe BeTynana B peakuuo. Comn Cu?t B
MPUCYTCTBHU W30BITKA BOJHOHM INEIOYM MOTYT CEJICKTHBHO CHIKATh PEAKIMOHHYIO CIIOCOOHOCTh
onHOM u3 nBYyX amuHorpynm. [locie oOpa3oBanus komIuiekca, Toabko NH» rpymmna, He cBsi3aHHAS B
KOMIUIEKC, MOXKET pearupoBarth.

3. VuurhiBasg, uTo L-IM3MH BBICTYIAET B PojiM OMIEHTAaHTHOIO JIMTaHaa U K ogHomy umony Cu®' B
BOJHOHM IEJI0YM KOOPAUHHMPYETCsS nBa L-Iu3uHa, HAPHMCYHTE CTPYKTYpPHYH (OpPMYIy 3TOrO
KOMILIEKCA.

Kommekc
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K cyacteio, B cHHTE3€ JI€BOOyIHMBaKanHa, M300paKCHHOTO HA CXEME HIIKE, HET HEOOXOIUMOCTH
CHIKATh PEAKIIMOHHYIO CITOCOOHOCTh OJHOM M3 aMHUHOTPYIII B PEAKITAN C OCH3AIbICTHIOM:

- NH;*
Cl, i o 1) 1eq. LiOH 1) NaOH, Cbz-Cl B
HaN™ > = A aman HOl . CiaaoNoO
o 2) 1 eq. PhACHO ) pasbasn. 14H20N204
rugpoxnopug 3) BogHbIN Bydhep
L-nu3unHa pH 6.2
NaNO,, NaOAc C NH; D 1) K2CO3, H,0 E
AcOH C16H21NOs DCC 2) TsCl, NEts C29H34N206S
{ AcO = CHiCOO0
NH
H,, Pd/C peareHT H ~__N '
£ - F —_ —— > JleBoGynuBakauH
(@) NEt3
C2qH2gN>04S G C1gH2gN20

peakUMOHHOCNOCOGHbIN NHTepMeauaT

N=C=N
©eH3unnokcnkapdoHun N,N'-puupmknorexkcun F-TONMNCYNbAOXIOPH
xnopua kapboguumng Y puA

I[JIH OTBE€TOB Ha IOCJICAYIOUIUE BOIIPOCHI BBl MOXKETE HMCIIOJIB30BATh COKpAUICHHA, IIPUBCACHHBIC Ha
CXCMC€ BBIIIIC.

4. HapucyiiTe CTpYKTYpHYIO GOPMYIIy COSTUHEHHS A C yU€TOM CTEPEOXUMUHU.

A

5. [Ilpespamenne L-mm3una B coenuHeHne A 3TO (BBIOEPHUTE ITOAXOSIIHNA(-1Ee) OTBET(-bl)):

[l »HaHTHOCEIICKTUBHAS PEAKIIHSL.
[0 suHanTHOCHCHHM(HUUCCKAsT PEAKIIHSL.
[0 perwocencKTHBHAS PEAKIIHSL.
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6. Hapucyiite ctpykTypHbIe opMyJisl coenuHeHnit B-F ¢ yueToM cTepeoXumMum.
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B Ci4H20N204 C CisH21NOg

D E Cy9H34N206S

F C21H2sN204S

Kaxosa pons DCC B npespamiennun C — D?

3amuTHas rpymnia JUisi aMUHOTPYIIIIBL.
3amyTHas rpymnma JUisi THAPOKCHTPYIIIBL.
AKTUBHUPYIOILIUIA peareHT B Peakuuu 00pa30BaHusl aMUIHON CBSI3H.

ooo)

TsClI ucnonb3oBanu JJIs1 TOrO YTOOBI CACJIaTh BO3MOXXHBIM:

HyxkneodunpHoe 3aMeIieHne aMUHOTPYIIIIBL.
DnekTporITbHOE 3aMelleHHE AMUHOTPYIIITBL.
HyxneodwnipHOE 3amenieHne TiAPOKCUT PYIITIHL.
OneKTpohUILHOE 3aMEIICHIE THIPOKCUTPYIIITH.

aooog| <
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9. OTMeTbTe Bce BOZMOXKHBIE PEareHThl, KOTOPhIe MOTYT OBITH UCIIOIB30BaHbI Kak pearent H:

[ paz6asi. HCI O Zn/HCI

O K»COs 0 H2SO4

O pazoasi. KMnO4 O pa3o6asi. NaOH
0 SOClL, O PCls

10. Hapucyiite cTpykTypHYI0 (OpMYyITy JeBOOYIHBaKanHa BKJIIOYAsi CTEPEOXUMHUIO.

JleBoOynuBakauH CigH2sN2O
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Yacre I1.

CuHTe3 neBoOyNmMBakanHa TPeOYeT MCIONIB30BaHUS ONTUYSCKU ducToro L-musmna. OOmwmii MeTof,
WCTIONB3YEMBIH IS TTOATBEPIKICHHUS 3HAHTHOMEPHON YHCTOTHI aMHHOKHCIOT — 3TO HMX IEPEeBOi B
aMUIIBI ¢ UCTIOJIB30BaHUEM KUCIOTE Morepa (cTpykrypa (S)-m3oMepa nmpuBecHa HIDKE).

~0, CF;
HO_ X
(S)
0

(S) kucnota Mowepa

11. HapucyiiTe cTpykTypHy!0 (OpMyldy amuga C Y4YeTOM CTEpEOXMMHH, 0O0pas3ylollerocs mnpu
AIMJIMPOBAaHUH O-aMUHOTpyIbl L-nmu3nHa (S)-u30Mepom KucaoTsl Moiepa.

12. CK0JBKO MPOIYKTOB 00pa3yeTcs U3 palleMHUYSCKOro ju3uHa u (S)-uzomepa KuUcIoThl Moriepa?
Cuwnraiite, 9TO TOJHKO 0.-aMUHOTPYIINA JH3UHA AlMJITHPYETCS B 3TUX YCIOBHSIX.

JBa muactepeomepa.

UeTslpe nuacrepeomepa.

Panemudeckast cMech IByX SHAHTHOMEPOB.

UeTblpe cCOeIUHEHUS: ABA YJHAHTHOMEDPA U JIBa JUACTEpeoMepa.

oood

—
W

. BblﬁeEI/ITe MCTOZ[(—I:I), KOTOpPBIC MOTYT OBITh HCIIOJIB30BAHEI AT KOJIMYCCTBCHHOT'O ONPCACIICHUA
3HaHTHOMepHOﬁ YUCTOTHI JIN3WUHA NTOCJIC MOJTYYCHUA TPOU3BOJHBIX C KHUCIIOTOM Momepa:

SIMP cniektpockomnusl.
Kunkoctras xpomarorpadusi.
Macc-cnekrpoMeTpus.

Y ®-crieKTpoCKOmnus.

oooa
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